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TECHNICKE VEDY

Metalurgie

J.1.1. UcarymnoB A.3., k.T.H. Kysaukos B.1O.,
PhD Illepdakosa E.Il., maructp KoBanésa T.B.

Kapaeanounckuii cocoyapcmeennwiti mexuuueckuii ynugepcumem, Kazaxcman

PA3PABOTKA NPOrPAMMBI AN ONPEOENIEHUA ONTUMAJIbHbIX
TEXHONOMYECKUX NAPAMETPOB U3rOTOBNEHUA
OBOJIOYKOBOWU ®OPMbI

O} hekTUBHOCTH TIEPEeBOa OTIIMBOK HA JINTHE B 000JIO0UYKOBBIE (HOPMBI MOKHO

OoNpCACINUTb CPABHCHUCM C APYTUMU PA3JIMYHBIMU BApUAHTAMHU ITOJIYYCHUA 3arOTOBOK.

HpOMBIIIIJ'IeHHBIG HUCIIBITAHUA ITOKa3aJIu, 4YTO Ha JATHE B 000JI0YKOBEIE q)OpMBI

PCKOMCHAYCTCA IICPCBOAUTL ACTAJIN:

1) e TpeOyrormiye pazbéMa UM UMEIOIINE MPOCTEHIIHM pa3bEM, ¢ BO3MOXKHO

HaAaMMCHBIIIUM KOJIMYCCTBOM CTGp)KHGfI;

2) IUThE KOTOPBIX B IMECYAHO-TIUHUCTBIE (OPMBI CBA3AHO C TPYAOEMKOM

OUYUCTKOM, MOBBIIIEHHEM OpaKa 1o MOBEPXHOCTHBIM Je(heKTaM 1 ra30BbIM PAKOBUHAM;

3) MexaHn4eckass 00paboTKka KOTOPBIX MOXKET OBITh YCTpaHEHA WM JOBEeHA
70 MUHUMYMa TI0 CPaBHEHHIO C JTUThEM B IMECYAHO-TIIMHUCTHIE (DOPMBI, TpeOyIoIIHe

MOBBIIIICHHON TOYHOCTH Pa3MCPOB 1 YUCTOTHI IOBCPXHOCTHU.

Hcronp3oBanne 000I0YKOBBIX (1)OpM A4 HU3TOTOBJICHU OTOIIUTCJIBbHBIX
paanuaTopoB 3HAYUTCIBHO COKpalacT IIPOOCHT 6pa1<a, IIO3BOJIAACT IIOBBICHUTD

TCINIOOTAAYY paauaTOpPOB 3a CYET IMOBBILICHUS YUCTOTHI ITOBCPXHOCTH.

Hcnonp3oBanue mpeccoBaHUS IMPU TEPMUUYECKOM HarpeBe (BKyHe C
HEKOTOPBIM YBEJIMUYEHUEM JABIICHUSI — IMOJIIIPECCOBKA) CMECH MTO3BOJIIET PABHOMEPHEE
pacupeneNnTh CBIA3YIollee Ha 3€pHaAx IECKa, IMOBBIIIAET YNAKOBKY 3€pPEH, BCE ITO
MIPUBOJUT K MOBBIIIEHUIO MPOYHOCTH HA CXKaTue, Ha pa3pbiB, Ha u3rud. [loBbimaercs
M TUIOTHOCTh CMeCH 3a CYET Ooyiee TUIOTHOW YMAaKOBKH TECUYMHOK W yAaJCHUS
BHYTPHUIIOPOBOTO BO3JyXa. DTOT METOJ HE TpeOyeT UCHOJIb30BaHUS INIAKUPOBAHHBIX

cMecel, TO eCTh, HET HEOOXOAMMOCTH B JOMOJHHUTEIBHBIX 3aTpaTtax. Bcé€ 3To
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MMO3BOJISICT B KOHCYHOM HTOIC CHHU3WUTH COJCPIKAHHC CBA3YIOHICTO, YTO BeI[éT K

YACHICBJICHUIO OTJIMBOK.

Ha TOO “KaparanaivHCKHHA  MAIIMHOCTPOWUTENBHBIA  3aBOJ  HMMEHHU
ITapxOMEHKO” TNpPOBENEHBI JKCIEPUMEHTAIBHBIE HCCIENOBAHUS II0 OIPEACICHUIO
ONTUMAJIbHON TEXHOJOTHHU M3TOTOBJICHUS OTJIMBOK JETAIH «3BEHO» FOPHOLIAXTHOTO

KOHBelepa JIUThEM B 000JI0YKOBBIE (POPMBI.

Ha wMonenpHyl0 IUIMTY YCTaHaBIMBAJIM MOJENIU OTIMBOK «3BEHO», Ha
oOpaTHOW CTOPOHE KOTOPOM HMMENHUCHh NPYXKUHHBIE TOJKATENW (IJIsI TOro, 4TOOBI
rOTOBYIO 000JIOUKOBYIO IIOJTYy(POPMY OTIEIUTE OT MOZAEIIN) U 3JIEKTPOHATPEBATEIbHbIE
npubopel. Tam ke pacmomarancs TEpPMOAATYMK, C IOMOIIBIO KOTOPOIO
KOHTPOIMPOBAJICS HArpeB IIHTHI 10 240-260 °C.

[leub popMOBOUHON MaMIMHBI B pa0OYEM COCTOSIHUM TMOJHUMAETCS BBEPX, U
HAa MOJENBHYIO IUIMTY MPOCHINAETCS IecYyaHO-CMOJsiHas cMech. [Ilpu 3TOoM Ha
HAIOJIHUTEIBHYIO PaMKY OIYCKAaeTCsl IUIMTa, BO3JIEUCTBYSl Ha CMECh C JIABJICHUEM B

0,2-0,25 MlTa. 3aTeM mirTa BO3BpaliaeTcs B UCXOIHOE COCTOSTHUE.

HO,II ,ZIGI‘/JICTBI/IGM TCIIa OT MOI[GJ'II)HOﬁ IIIIUTHI, I'IYJII)BCp6aK€JII/IT B HWKHCM

CJI0C, HCIIOCPCACTBCHHO IIPUJICTAIOIINM K MOI[GJ'II)HOﬁ IINTC, IIJIaBUTCHI.

[Tocne ¢opmupoBaHuss O0OOJOYKH TUIMTA BO3BpAIIATICTCS B HCXOTHOE
MOJIOKEHUE, a MOJENU C OOOJOYKOW HAKPBIBAIOTCA TI€Ubl0, BHYTPH KOTOPOU
temneparypa coctaBiasger 350 °C. BmecTo raszoBbIX (OPCYHOK Ha I€YM ObLIM

YCTaHOBJICHBI JICKTPUYCCKUE cipasid. TommHa 000J09KH cocTaBseT 8-12 M.

[lo pesynbpraTam wuccineoBaHuii OblIa pa3paboTaHa MporpamMma pacyéToB
TEXHOJOTUYECKUX MapaMeTPOB B 3aBUCHMOCTHU OT rabapuTOB OMOKHU, TEMIIEPATYPhI U
naBiaeHuss Ha cmechb (Pucynok). WuTtepdeiic mporpaMmbl st BBOJA Ha4dalbHBIX
JAHHBIX MpEICTaBlIeHbl HA pUcyHKe 1. Pe3ynbTaThl BBIYMCIECHUN NMPEICTABICHBI Ha

PHUCYHKE 2.
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Pa3_1tep ONOKU € ceemy:.

Haghenue, gozoelicmeyroujee Ha cMecsb:

0,25 Mila

Buiyucaums

Pucynok 1 — [Ipumep BBO/Ia HaYaIBHBIX JAHHBIX

Result

H anpa@ceHue. =

™ 1,04166666666667 MITa/»?

* IIpeden noasyuecmu:

S 2,41804027577014 M.

Kosd@uyiiernm yOeroHol mennoémMrocmu:

Mooyas ynpyzocmu:

905227,616719059 /x2 - °C E= [

© Koagduyuernm mennoaxkymMyaayuu:
972,587605497185
Hynecoe nanpasxcenue:
0,416666666666667

Ixcnonenma:
Henoma mexinepamypuor: 2,718281
225
Hyneeoe epems Hazpesa:
ITrowade onoxu:
0,24

Kosdguyuerm nponopyuonansHocmu:

El

Pucynok 2 — Pe3ynbTaThl BHIYUCICHHIMA

Hcnonp3oBanue I[aHHOﬁ nporpaMmbl AJ1s1 OHIPCACIICHUA TCXHOJOIHMYCCKHUX

napameTpoB 000JIOUKM 00ECTIEUNBAET €€ 3a/JaHHbIE CBOWCTBA C OTKJIOHEHHEM He OoJiee
5-7 %.
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Zhiguts Yu.Yu., Segeda Yu.M., PoroKhnavets V.P.
Uzhhorod National University, Ukraine

THERMITE HIGH STRENGTH CAST IRON: TECHNOLOGY OF
OBTAINING AND PROPERTIES

Introduction

The termite reactions have been known for more than a century and they are
used to produce ferroalloys and to heat exothermic foundry profits in the foundry
industry [1, 2]. The thermite reactions use for the synthesis of materials opens up wide
opportunities for the production of cast alloys of virtually any chemical composition
and structure.

Purpose and statement of the research task.

The problem of complex study of thermite irons, the determination of their
mechanical, technological and service properties arose, taking into account the
advantages and specific, uses of thermite methods for obtaining high-carbon alloys,
and on the basis of the obtained data, the establishment of the most optimal areas for
the use of these alloys.

Analysis of the research method

The termite alloys have many advantages and synthesis of thermite processes,
namely, their autonomy, the absence of the need for electric power sources, the
simplicity and cheapness of technological equipment, the high productivity of the
process (the duration of the synthesis lasts depending on the mass and volume of the
metallothermic charge from several tens of seconds to several minutes) [1-3]. In
addition to aforesaid, attention is drawn to the possibility of using metalworking and
thermic industries (iron scale, aluminum chips and graphite electrode cadmium, cutting
out alloyed steel dust from filters in foundries, etc.). Thus, the manufacture and repair
of shaped parts and metallothermic methods from high-strength cast irons, it is possible
using to production.

Theoretical and experimental research
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Use of metallothermic methods change the chemical composition of the charge
with the metallothermic synthesis method, the cooling conditions of the casting, allows
formed thermite iron with a ferrite, perlite, sorbitol, martensitic, austenite structure and,
accordingly, with specified strength and performance properties. The results of
mechanical tests of the cast iron obtained in table 1 are shown. Analysis and
comparison of the obtained data testified the main mechanical properties of thermite
grades of high-strength cast irons are not worse than industrial ones.

Table 1 — Mechanical properties of thermite high-strength cast iron?

No Termite cast iron — Ob 002 0, an,
. . HB
industrial analogue MPa % | MPa
1 “BY 45-0” 470 | 380 — — 210-250
2 “BY 45-5” 460 | 360 5 20 190-210
3 “BY 50-1,5” 510 | 370 | 15 | 15 220-240
4 “BY 60-2” 600 | 430 2 15 210-240

1The mechanical properties of cast iron were determined on samples @10 mm, 50 mm long, cut from samples of

a shamrock.

The spherical form of graphite and the pearlite structure of the base showed in
thermite irons the highest values of the tensile strength, and the maximum plasticity
was obtained with the ferritic structure. The strength reached of the thermite cast iron
with perlitic structure in the cast state — 600...700 MPa, the compressive strength of the
thermite high-strength cast iron was ~ 2000 MPa, the bend was 700...1200 MPa, and
the deflection bend varied within 4-30 mm, the tensile strength at torsion was 440 MPa
with a ferritic structure and 700-800 MPa with pearlite structure. The yield point is of
termite iron higher than that of carbon steel and was 320...430 MPa, and for some
samples it reached 800 MPa. The ratio of yield stress to tensile strength in termite cast
iron was 0,75...0,8 (for comparison, 0,55...0,61 in industrial steel). The relative
elongation was of the thermite high-strength cast iron in the cast state 1,5-3,0%. The
termite cast iron was formed with a phosphorus content of more than 0,15% in, a friable
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phosphide eutectic with a microhardness of 11,000-14,100 MPa, which reduced the
elongation.

The hardness of termite cast irons varied depending on the structure of the
matrix (for ferritic — 160...210 HB, for pearlitic — 190...260 HB, for bleached thermite
cast iron — 280...340 HB), temperature and carbon content. The investigation showed
that the thermite cast iron had the highest impact strength with a ferritic structure, while
the increased content of silicon, manganese, phosphorus and sulfur lowered the
toughness.

Conclusions

1. The proved the possibility of using thermite high-strength cast iron not only
for the production of castings, but also for the technology of thermite welding
theoretically and experimentally. 2. The mechanical properties of the thermite high-
strength cast iron (strength, hardness, elongation, impact strength) are established. 3.
The technological properties are determined of thermite iron, namely the fluidity and
the influence of temperature, machinability, etc. on it.
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3. Zhiguts, Yu.Yu. Grey and white special thermite cast iron [Text] / Yu.Yu.
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Marucrpant Mopo3sos A.1O.
Ilasnooapckuii 2cocyoapcmeennvlil ynueepcumem, Kazaxcman
HoxTop PhD, accou. npodeccop Tackapuna A. K.

Ilasnooapckuii 2cocyoapcmeennvlil ynueepcumem, Kazaxcman

NnYTU CHUXEHUA COOEPXXAHUA BAHAOUA B NEPBUYHOM
AJNTIOMWHUU B YCITOBUAXMAO «KA3AXCTAHCKUNA
ANEKTPOJIN3HbIXA 3ABO»

AO "KazaxcTaHCKHI 3JIEKTPOJIM3HBIN 3aBOJ" M €ro IiaBHbIM maptHep — AO
"Amomunuii Kazaxcrana" — Bxomar B coctaB xoiauHra Eurasian Resources Group
(ERG), 00beaMHSIOIIEr0 KPYITHBIE OTEYECTBEHHbBIC METAJUTYPTHUCCKUE U 3apyOeIKHBIC
ropHojnooObiBatore npeanpusatuss. Ha ero 0aze oOpa3oBaH MeTauTyprudyeckui
KJIACTEP C MOJTHBIM IIUKIIOM MMPOU3BOACTBA: J00bIYa OOKCUTOB, OJyUYEHHE TIIMHO3EMA,
BbIpaboOTKa "KphLIaTOro MeTaya'.

TexHuueckuii ypoBeHb BBIITYCKA€MOI'O MEPBUYHOTO AJTIOMUHHUS OTPaKaeTcs
ypOBHEM KOTUPOBOK IleH Ha JloHmoHCkoW Oupxe metamioB. s MEpBUYHOTO
aMOMHUHMS ¢ cogepxkanueM 99,7...99.8 % 0CHOBHOro KOMIIOHEHTA yCTaHABIUBAETCS
MaKCHMAaJIbHOE 3HaYEHUE KOTUPOBOK.

[Tony4yaeMblii TIEpBUYHBIN allOMUHUNA Mapok A7 u A8 NOMKEH coaepkaTb

MUHUMAJIBHOE KOJIMYECTBO IIpuMece, He npebimatomux 200 ppM, B COOTBETCTBUHU C

I'OCT 11069-2001 (tabmuua 1).
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Tabmuma 1 — MexrocynapctBennsiii  crangapt ['OCT  11069-2001.

ANOMUHUN TTIEPBUYHBINA

[Ipumecs, He O6onee % macc.

Mapxka _ _ [Ipoune | Al, He
Si Fe |Cu Mr Mg [ Zn | Ga Ti

npuMecu | MeHee

A85 | 0,06 |0,08 [0,01] 0,02 | 0,02 |0,02f0,03 |0,008 0,02 99,85

A8 0,10 0,12 |0,01| 0,02 | 0,02 {0,04]0,03 | 0,01 0,02 99,80

A7 0,15 0,16 |0,01| 0,03 | 0,02 {0,04]0,03 | 0,01 0,02 99,70

A7E | 0,08 |0,20 |0,01 - 0,02 |0,04] 0,03 |0,01Y 0,02 99,70

A79 | 0,10 | 0,20 [0,01] 0,03 - 10,03{ 0,04 {0,012 0,03 99,70

A6 0,18 0,25 |0,01| 0,03 | 0,03 |0,05]0,03 | 0,02 0,03 99,60

ASE | 0,10 [0,35¥(0,02 - 0,03 |0,04] 0,03 10,0157 0,02 99,50

AS 0,25 10,30 |0,02| 0,05 | 0,03 |0,06]0,03 | 0,02 0,03 99,50

A35 | 0,65 | Si+ [0,05] 0,05 | 0,05 [0,10| - 0,02 0,03 99,35
Fe?

A0 0,95 | Si+ [0,05] 0,05 | 0,05 |0,20| - 0,02 0,03 99,00
Fe?
[Ipumeyanus:

D Jlns cyMMBI THTaHa, BaHAIHsA, XpOMa U MapraHIa.

%) Maccoast nons Banaaus ue 6oiee 0,03 %.

3 Jlomyckaemas MaccoBas 10 skene3a He MeHee 0,18 %.

Y B 10KyMeHTe O KauecTBe yKa3blBaeTcs (PAKTHUECKOe 3HAUEHHE MAaCcCOBOM
TIOJN KeJie3a M KPEMHUS OT/ICTTBHO.

TpakToBaTh mTpeabsABIsEMblE TpeOOBAaHUA K QITIOMUHHUIO HEOOXOIMMO
CIEIYIOIIUM 00pa3oM:

- IS DJIEKTPOTEXHUUYECKUX MApPOK BBEIICHBI KECTKUE OTPAHUYCHHS Ha

CYMMAapHO€ KOJIMYECTBO THTaHa, BaHaausA, xpoma U mapranua no 0,01 — 0,015 macc.

10
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%. B TO ke Bpemsi, KOJIMYECTBO Oopa B MeTailjie He MoJkHO npeBbimath 0,02 — 0,03

macc. %.

- I OCTaJIbHBIX MAapOK OTPAHUYMBAETCS COJIEpKaHWE TUTaHA B Mpelesiax
0,008 — 0,02 macc. %. Conepxanue Banaaus u 6opa gomyckaercs a0 0,02 — 0,03 macc.
% xaxaoro [1].

OnHUM U3 KITIOYEBBIX CHIPhEBBIX MATEPHUAJIOB MPU MPOU3BOJICTBE ATFOMUHUS
SBJISIETCS. 000 KEHHBIM aHoA. ChIpbeM JJisi MPOU3BOJICTBA O0OXOKEHHBIX aHOJOB U
AQHOJHOM MacChl CIIy)KaT KaMEHHOYTOJIbHbIE TEKHM W HEPTAHBIE KOKCHI, KOTOPHIC
SIBJISIIOTCS TIPOJIYKTaMU KOKCOBaHUSI HEPTEIIPOAYKTOB OT TneperoHku Hedtu. C TOUKH
3peHHs] KOHEYHBIX (PU3UUYECKUX CBOWCTB aHOJOB, B YAaCTHOCTH IUIOTHOCTH H
AJIEKTPONPOBOIHOCTH, HAMOOJIee TPEATIOUTUTEIILHBI TAK Ha3bIBAEMBbIC TSKETbIC HePTH
C BBICOKMM cojiepkanneM acanbreHoB. Ho ux ucnonb3oBaHHE B MPOU3BOJICTBE
aQHOJIOB CJIEPKUBACTCS TIOBBIIIICHHOW KOHIIEHTpaIMei B acdaibTeHax mpumecei
metasio (Fe, V, Ni, u ap.), KOTOpbIe NMPHU KOKCOBAHUU MEPEXOJIAT B KOKC, a 3aTEM U
B aJIIOMUHMM [2, 3].

C npyroii cTOpOHBI, 3amackl Tsbkesnod HedTtu coctaBistoT okono 80%
oOmeMupoBbIXx HepTsAHbIX pecypcoB. B Kazaxcranerspkenas HedTh cocTtaBisierT
npuMmepHo 60% ot o00lero KojJu4yecTBa 3amacoB HEMTAHBIX pecypcoB.B aTux
YCIIOBUSAX BOBJICUEHHUE TSKEIONW HEPTH B repepaboTKy OyneT Hen30eKHO BO3pacTaTh
B CBSI3U C BBIPAOOTKON MECTOPOXKICHUH JICTKUX U CpeaHuX HedTu [4].

C 2015 AO «KazaxcraHCKUM SJEKTPOJU3HBIA 3aBOJ», KOTOPOMY IS
IIPOU3BOJICTBA O00MOKEHHBIX AHOJIOB HMCIOJB3YeT HEPTSIHOM KOKC, MPOU3BOIUMBIN
TOO «VYIIHK-IIB». DT0 mO3BOJIMIO CHHU3UTH CE0ECTOMMOCTh TPOU3BOIUMOIO
ATIOMHUHUS U YBEJIUYUTh COJIEp’KaHHE OTEYECTBEHHOro mnpoaykra. Ho s momHoro
nepexoja Ha MCIOJIb30BaHME Kokca, BbImyckaeMoro B TOO «YIIHK-IIBy»,
CYILIECTBYIOT ONPE/IEIICHHbIE MPENATCTBUS, B YACTHOCTH, MECTHBII KOKC BIHUSET Ha
COPTHOCTH BBIITYCKA€MOI'0 AIFOMUHHSL.

CornacHo TEXHUYECKOW TOKYMEHTALUH, JOMYCTUMOE COJIEpKaHUE BaHAIMS B
HedtasaOM KOokce He Oosee 350 ppm. Ilo pesynpraram ananuza kokc TOO «YITHK-
I[IB» mmeer xoHueHTpauuto BaHaaus a0 800 ppM, 4TO MPEBBIAET JOIYCTHUMOE
coAepKaHue BaHAaus B 2-2,5 pasa.

Conepxanue npuMeced TSHXKENbIX METaUIOB B aIIOMUHUU OTPAHUYEHHO IS

QJICKTPOJIN3HOIO IIPOU3BOACTBA IICPBHUYHOI'O AJIIOMHHMUA. HaHpI/IMep, COACPKAHNC

11
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BAaHA/IMS B TOBAPHOM aJOMHHUM cBbIE 200 ppM OrpaHUYMBAET €TI0 UCIOJIB30BAHUE,
BCJICJICTBHE HEBO3MOKHOCTH €r0 NPUMEHEHHUS B H3ACNMAX, MPEIHA3HAYEHHBIX IS

ANEKTPOTEXHUUECKHUX HYXA [5].

[loatoMy yxe cellyac HEOOXOJUMO BECTH TMOHUCK PaIlMOHAJIBLHOTO
UCIIOJIb30BaHUSI KOKCOB C BBICOKMM COJIEpKaHUEM TsDKENbIX MeTaisioB. Hapsny c
BO3MOXHOCTBIO MOJIYYEHHS] KAYECTBEHHBIX aHOJOB, 3TOT IIYTh MOXKET ObITH OCOOEHHO
3 PEKTUBHBIM U PEHTAOCIBHBIM, €CITU METALTUYECKUE MPUMECU KOKCOB MOTYT OBITh
UCIIOJIb30BaHbI B YIYUILIEHUN TEXHOJOTHYECKUX MApaMETPOB IEKTPOJIN3a ATTFOMUHUS
U JKCIUTyaTallud CBOMCTB KaTojoB. Mcxons u3 o01meMHpoBON MpPaKTHKH, MOKHO
ceNaTh BBIBOJ, YTO HA JAHHBI MOMEHT CYLIECTBYET TOJbKO OJUH 3(()EKTUBHBIN
crnoco0 BBIBEACHHUS NpPHUMECEl TSHKENbIX METAJIOB M3 alOMUHHA B TpolEecce
AJIEKTPOJIN3a — BBEJCHUE B PACIUIaBbl 3JIEKTPOJIUTA U AIIOMUHUS COeIMHEeHU 6opa. B
nporecce AEKTPOIN3a AFOMUHUS, TPOTEKAIOIIET0 B TEYEHUH JJIUTEILHOTO IEPHOIA
BPEMEHH, MPOUCXOAUT OOpa30BaHHWE HHTEPMETAJUIMUECKUX COCIWHEHUN BaHaIus,
KOTOpPBIE CO BpPEMEHEM OCENal0T Ha NOoAMHE JyeKkTpoiusépa. M3-3a Oonbiioro
yIeTbHOTO Beca WMHTEPMETAUIMIOB BaHAAUS 10 CPaBHEHUIO C AJIIOMUHUEM

IMPOUCXOAUT €TO0 OYUCTKA, 06y0J’I&BJII/IBaI-OH_Ia}I IMOBBIIICHUEC JJICKTPOIIPOBOJIHOCTHU.

Oxkomno 80 % BaHanus B aIIOMUHUN MEPEXOAUTHU3 aHOJOB, YTO OOYCIIOBJICHO
3amMeTHbIM B mociennue 20-30 yier  yBeNIMYEHHEM  JOJIM  TOTpeOJIeHUS
BBICOKOCEPHUCTBIX HEQPTAHBIX KOKCOBIJISI HM3TOTOBJIICHHS aHOJOB, HWMEIOIIHNX
MOBBIIICHHOE CcoJiepKaHue BaHaaus. M3 obiiero mpuxoaa mpuMecei B JIEKTPOIU3Ep
JI0JIS TIOCTYIUICHHS MX B KaTOAHBIM METa/ll COCTaBisAeT g BaHamus 32-56 %.
OcrasibHas 4acTh 3TUX MPUMECEH MEPEXOAUT B IEKTPOIUT U YIAIACTCS B CUCTEMY
razoorcoca. IloaTomMy 3aKOHOMEPHO OTMEUEHO YBEIWYEHHUE KOHIICHTPALIMU STUX
IpUMece B TJIMHO3EME IOCe CYXOH Ta3004MCTKH ((PTOPUPOBAHHBIM TIHMHO3EM).
Conepxanne BaHagusg BO  (TOPUPOBAHHOM TJHMHO3EME Ha  3apyOCKHBIX
3aBOJIaXIOBBICJIOCh TIPUMEPHO B 3 pa3za MO CPaBHEHUIO C COOTBETCTBYIOIIMMU

JaHHBIMH B CBCKCM I'TIMHO3CMC.

bopupoBanne amoMuHHS MHOTHE TOABI pa3padaThIBAIOCh YUYEHBIMU U
MPOU3BOAUTEIAMUA METAJIa JUIsl CHWKEHHUS COJAEPKaHHS MUKPOIPUMECEH, B
O0COOCHHOCTH — BaHAJMWs U TUTaHA. BrepBrie crocoO ObuT mpemioxked B 1954 romy
[letepcoM NPUMEHUTENBHO K JMHEWMHOMY IIEpeNeNly W Npearnoiaral OYHCTKY B
MHKCEpPE, JIMTEMHBIX KOBIIAX WIH B JPYTHUX €MKOCTAX, COJEPKAMMX KUIKUI
aJIFOMUHUH [6].

12
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Meton GopupoBaHHUS HPUMECEH TSKEIbIX METAIIOB B AJIIOMUHUU -ChIpLE
npejnoiaracT BBEJACHUE B paciuiaBbl okcuaa 6opa (Oypy -NaBiO7(5-10) H,O wnm
oopnyto kucinory HzBOs3) HenmocpenCTBEHHO C 3arpyaeMbIM CBHIPBEM WM 4YEpe3
aHozbl. BoccTaHoBIIEeHHBIN Ha KaTo/ie OOp MOCjae PacCTBOPEHUS B AIIOMUHUU aKTUBHO
B3aUMOJICHCTBYET CO cpelodl 70 oOpa3oBaHUs OOPHUIOB AIIOMUHHS U TSKEIBIX
metaiioB AlBy, TiBy, VB; u np. I'paBuTaniioHHOe BO3ACHCTBHE HA 3TH COCAMHCHUS
MO3BOJIET 0KUIATh, C OAHOM CTOPOHBI, BBIBEICHUS IPUMECEN U3 COCTABA AITFOMUHUM -
ChIpla, a ¢ apyroi — (GopMupoBaHMsS Ha MOAMHE CIUIOIIHOIO CJOS
MaJIoNoIBIXKHON Al-BaHaauii-tutaH-00opuaHoi cycrniensuu (Al — AlIB; — VB, — TiBy).
W3BecTHO, YTO CJIOM TaKoW CYCIEH3UM CMAuMBaETCSd aIIOMUHUEM, [03BOJISA
peanu3oBaTh TEXHOJOTHIO CMAuyMBaHUS ATIOMHHHEM YTIJIEPOAHOTO Karoaa. ITOT
(eHOMEH CBS3BIBAIOT C MCYe3HOBEHHEM 3JeKTpoauTHOM 100+500 MKM mpOCIOWKU
MEXIy QIIOMUHHEBOW TMOJYIIKOM W TOBEPXHOCTHIO  YIJIEPOAHOM  TOJMHBI,
NPUCYTCTBUE KOTOPOH TOKa3aHO B JAOOPATOPHBIX YCIOBHIX U Ha 00pasiax 0JI0KOB U3
NPOMBIIICHHBIX BaHH. HWHCTpyMeHTanbHbIE 3aMepbl OOHapyXHMBalIu TMepenaj
HanpspkeHust 50+80 MB B 3To# a5eKTpoauTHOM mpocioiike [7-9].

Takum o00pa3oM, Ha OCHOBAaHMUHU BBHIIIE OMHUCAHHOTO B  ycjoBusx AO
"KazaxcTaHckuii AIEKTPOJU3HBIN 3aBoj" IJIAHUPYETCS MPOBECTH
HKCIIEPUMEHTATbHBIE UCCIICIOBAHUS 10 J00aBICHUIO OOpCOAEpkKAIINX COSTUHEHUN B
cocTaB 000XOKEHHBIX aHOOB, YTO TTO3BOJIUT CHU3HUTH COJICPKAHUS MPUMECEH BaHA s

" IMOBBICUTDH KAYCCTBO IICPBUYHOI'O aJIIOMUHUA.

Jlutepatypa
1. MexrocynapctBennbiii crangapt ctpan CHI. TOCT 11069-2001

AnroMuHuN nnepBuuHbIA. — Munck, 2001.

2. Slako  D.A. AHOAB aMIOMHHHEBBIX ODIEKTPOIM3EpOB. — M.:
Mznatenbckuit nom «Pyaa u metamis», 2001. — 670 c.

3. Banerjee, D.K. Oil Sands, Heavy Oil & Bitumen — From Recovery to
Refinery / D.K. Banerjee // Penn Well. XVII. —2012. — P. 185.

4, Slmenxo WM.I'. KoMIuteKcHBIN aHaNMW3 JaHHBIX 1O (PU3HKO-XUMHUYCCKUM
CBOWCTBAM  TpyIHOU3BIECKaeMoW HedpTH B  WHPOPMAIMOHHO-

BbIunciauTensHoi cucreme / W.I'. Smenko // ['opHbIE BegoMocTh. —
2011. — No 7. - C. 26-36.
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. 5. TexHosornueckass MHCTPYKLMS IPOU3BOJACTBA aJIOMUHUA—CHIpLA
TU-K23-032  AO KazaxcrtaHckuii 3JIEKTpOIU3HBIN 3aBoA, [TaBnonxap,
2013.- 13c.

. Peters H. Verfahren zur Herstellung wvon Aluminium durch
Schmelzflusselektrolyse // Patent DE000001029168, C 40 C 60/4, 1958.

. Rolseth, S. Studies on possible presence of an aluminium carbide layer
or bath film at the bottom of aluminium electrolysis cells / S. Rolseth, E.
Skybakmoen, H. Gudbrandsen, J. Thonstad // Light Metals. — 2009. — P.
423-428.

. Ostrem, @. Cathode wear in Hall-Heroult cells: Ph.D. thesis, Norwegian
University of Science and Technology. — Trondheim, 2012. — 243 p.

. I'opnanos, E.C. Pazpabotka TexHosoruu cosnanus Al-cMauuBaeMoro
NOKPBITUSL Ha yriaepoaHoM Kartone. Yacte 1. IlocnepoBaTenbHOE
anekTpoocaxxkaenne Ti m B w3 kpuonutoBbix pacruiaBoB / E.C.
I'opnanos, I'.B. Apxunos, A.M. UBanora // C6. HayuH. ctateit XXXI
MexnayH. koHD. «MKCOBA» u XIX MexayH. koHd. «ATIOMUHUN
Cubupuy», Kpacaospck. — 2013. — C. 634-642.
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Mechanika

JIumapenko O.M., lamenko O.0., Auuniok O.M.
Ooecckuil HAYUOHAILHBIN NOTUMEXHUYEeCKUU YHUugepcumem, Yxpauna
Ooecvka Oepaicagna akademis MmexHiuH020 pe2yI08aHHs ma AKOCMI

AUWHAMIYHI NPOLIECU NMPU HEBCTAHOBJIEHUX PEXKUMAX POBOTHU
NMPOMUCITIOBOIO YCTATKYBAHHA

Bcranosnenuii pyx B poOOTI MigHOMHOI MaIllMHU HACTa€, KOJIU JOCSTHYTa
3ajlaHa MIBUJIKICTh pyXy pobouoro oprany (6apabana, X0o7oBOTO Koiieca, hepMu
KpaHa).

B xoxxHoMmy poOodyoMy pyci KpaHa MOXKHA CIIOCTEPIraTé TP MEpiojin: Mepioj
nycKy (po3riH), BCTAHOBJICHUMN pyX, MepioJ 3yNnUHKH (TanbMyBaHHA). B nepioa mycka
HeoOXiIHa JOaTKOBA 3aTpaTa poOOTH Ha MOJI0JIAHHS THEPIlIT CITOKOI0 Mac MeXaHI3MiB
KpaHa 1 BaHTaxy (poOoTa MPUCKOPEHHS); B Mepioja 3yNUHKHU JIOAATKOBY pPOOOTY
pyxomux Mac (iHepllisi pyXy) MOTJIMHAIOTh raigbma. OTKe, HaBaHTa)XCHHS HAa JBUTYH
KpaHa B IepioJi pO3roHy Oy/e BHUIIE, HIX B MEPI0Jl BCTAHOBIEHOIO PyXy TOYHO Tak

camo 1 po3paxyHOK raJibM TOBUHEH BUKOHYBATHUCH 3 YPaXyBaHHIM BILTUBY CHJI IHEPITIi.

k1o Ti10 3 MOMEHTOM iHepITii J 0o0epTaeTbes 3 KyTOBUM IIPUCKOPEHHS €, TO

JTUHAMIYHAN MOMEHT, SIKMI BUKJIMKA€E 3MIHY IIBUIKOCTI 00€pTOBUX Mac, Oyjie

M. =]s

3rigHo npunnumy Jlamambepa, 00epTOBHII MOMEHT JABUTYHA B MEPioj MyCKy
OyJze TOpiBHIOBATH

M=M.+M,,, =M, +]e,

1e M¢ — MOMEHT CTaTHYHOTO OTIOPY, MPUBEICHUH 710 Bally IBUTYHA.

Sxmo m i G — maca 1 Bara Tina, sike o0epTaerbes, a Q i D — panxiyc i miameTp

foro iHepIii, TO

2 _ 6D* 2
] =mg =— Krm- c”,
4g

ne g =9,81 M/c? — mpUCKOPEHHS BIILHOTO HaiHHS.

Jlo6yTok GD?HocuTh Ha3By MaxoBOro MOMeHTY. IIpu LbOMy

15
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M _ G0 c (1)

OWH 4g

Jlana ¢opmyna AOLUIbHA JHIIE JJIS PO3PaXyHKY OJHOI 00E€pTOBOI CHCTEMHU.
3a3Bruyail KOXKHUM MEXaHI3M KpaHa SBISIE COOOI0 TSKKY CHUCTEMY, B SKY BXOISATh
JAHIIOTH K 00epTOBUX (3 PI3HUMU KYTOBUMHU IIBUIKOCTSIMHU), TaK 1 PYXOMHX

MOCTYMAJBHO.
Buxonsiuu ¢ yMOBH MOCTIHHOCTI ®HUBO1 CUJIM, TOOTO PIBHOCTI KUBHUX CHJI 200

KIHEMaTUYHUX €HEPTii €KBIBAJIEHTHOI 1 IIMCHOT CUCTEMH

JFE[E}.EEP 7 jmz jlmi JFE mg— jﬂm‘l‘gl
ap.=p — + + -t
2 YT T 2 2

a00, BUpakat0Yl MOMEHTH 1HEpLii yepe3 MaxoBl MOMEHTH, OTPUMAEMO

GDZ,, = GD* + G, D? (%)2 + G,D? (%)2 44 G,D? (%”)2

1€, Jup.sp. i GD%psp. — MPHBEIEH] 10 Baly JIBUTYHA MOMEHT iHEPIIii 1 MAXOBHIA
MOMEHT €KBIBaJEHTHOI CHCTEMU;

®, J, N i GD? — kyToBa MBUKICTh, MOMEHT iHEpIIii, YucI0 06epTiB i MaxoBuii
MOMEHT SIKOpSI IBUTYHa, My(DTH 1 IHIIUX JeTajiell Ha Bajy JBUTYHA,

®1, 2, ... Op; KyTOBI MIBUJKOCT1, MOMEHTH 1HEpIii Ji, J2,...Jn;, uncia o06epTiB
N1, Ny,...NK 1 MaxoBi MOMEHTH 3y0YacTHX Kojic, BamiB i iHmux GiD1% G,D22...GyDy?

00epTOBUX YaCTHH MEXaHI3MY.

Tak sx epeaTouHe BiHOIICHHS

TO

G,D? G,Dz G,Dz
171 2

n-mn
;2

;2 72
i i3 i

GDZ., =GD*+

pEp.

Tak sx i,>12 >l1, TO MO Mipi BiIJJAJICHHS JIAHKH BiJl BaJIy JBUTYHA BCE OLIBIIE
3MEHINYEThCS BIUIMB JIAHKM Ha BEJIWYHMHY IPUBEICHOIO MaxOBOIO MOMEHTY.
HaiiGinbia 105is B MPUBEACHOMY MaXxOBOMY MOMEHTI HAJICKHTh JIETaasIM Ha Baiy
JIBUTYHA. 3 IUUI0 CIPOIINCHHS PO3pPaxyHKIiB, BIUIUB OOEPTOBHX MaxOBHX Mac
MEXaHI3My BPaxOBYIOTh JCSKHM 30LIBIIICHHSIM MaxOBOTO MOMEHTY Bij JeTallcd Ha
Bajly JIBUT'yHa, MOKJIaJal0uu

GD? ~ 6GD?,

np.Ep.
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ne, & = 1,1 — 1,25 — koediieHT, sIKUil BpaxOBY€ BILUIUB Mac MEPEIaTOYHOTO
MEXaHI3MYy;

GD? — MaXxoBuii MOMEHT SKOPS JABHTYHA i My(TH.

AHaNOr1YHO MPUBOASATHCS MOCTYNAIBHO PYyXOMi MAacH 10 Baly ABUTYHA.

[Moznaunmo yepe3 My, Q 1V mMacy, Bary i JiHIHHY HIBUIKICTh MOCTYIAIBLHOTO
PYXOMOI JJaHKH ME€XaH13My, TO/I1 )KUBa cuiia OyJie JOPIBHIOBATH:

mv?  GDZ ocr @

2 4g-2 '

Je, GDZHp_HOCT, — KyTOBUI MaxOBUH MOMEHT €KBIBaJIGHTHOI CHUCTEMH, SKUU
3aMiHIO€ COOO0I0 MOCTYNAIBLHO PYXOMHUH.

Jjist KoMIeHcallii BTpaT MeXxaHi3My, skl BAHUKAIOTh MIPU Nepeaadl IMHaMI4HO1
NOTYKHOCT1, BBOASATH B (hopMyily Koeil[leHT KOPUCHOI Jii MEXaHI3My mepenadi 1.
Toni, nst mporiecy mycky
cD2 _ 365Qv?

op.macT. — ngn
1 17151 TIPOIIECY TaJIbMyBaHHS

D2 B 36517

op.mocT.

ne -

[Tpu HasSBHOCTI MOCTYNATBHOTO PYXOMHUX 1 00€PTOBUX JIAHOK ITOBHUI MaXOBH I
MOMEHT €KBIBaJICHTHOI CHCTEMHU

GDZ, = GDZ,,, + GD;

np.Ep. mp.mnocT.

3BiJicM TIOBHHI AMHAMIYHHI MOMEHT Ha pPO3riH (a0o rampMyBaHHS) Bciel

CUCTEMH, siIka Ma€ OOepTOBi 1 MOCTYMaIbHO PYyXOMi Macu 1 MPUBEACHOI JO Baiy
nBUTYHA 3rigH0 dhopmynu (1), Oyne

y GD:, dw GDZ, dn

A5 T T4g  dr 375 dt

(2)

Lle piBHAHHS, K€ HA3WBAETHCS PIBHSIHHAM PyXy, IPHIATHE SK JUISI BUTIATKY
MPUCKOPEHHS, TAK 1 JUIsl BUMAJIKY T'aJIbMyBaHHS.

MomeHT naBuryHa npu mycky Moy« OyZe BHTpadaTthcs Ha MOAOJaHHS
CTaTHYHOTO OTIOPY 1 CHJI 1HEPIIii, TOOTO

My =M. +M,,,.

mycx
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Tak camo BU3Ha4YaeThest 1 MOMEHT M, HOTp1OHUH 715 TalIbMyBaHHS MEXaHI3MY
nigiomMy (TajibMyBaHHS MPU OMYCKaHHI BAHTAXKY), 3BIIKU 1 OTpUMYEMO GOPMYITy

My =M + M.

Tak sk mpu raJbMyBaHHI MEXaHI3MIB PyXy MOMEHT CUJI OINOpPY HepeCcyBaHHS
MTcnie mpoTH 0OepTaHHs, JOMOMATal0uy TaIbMyBaHHIO, TO

ML, =Ml + Mg

OMH

OTXKe, TaJIbMIBHUI MOMEHT, IKUH pO3BUBAIOTh rajbMa MEXaHI13MYy,

My =ML, —M].

3 JAOCTaTHIM CTYMEHEM TOYHOCTI JUHAMIYHUN MOMEHT (PIBHSHHS 2) MOXXHA
BBA)KaTW HE3MIHHUM B MpoIlecax IMYCKYy 1 raJbMyBaHHS CUCTeMHU. ToJ1 OCTaTOYHO
OTPUMAEMO

M. = GDEF’ n

At 375t

npuuomy Mg mycky yac t = t,, a ansa ranemyBanns t = tr. Kpim toro, nms

raJlbMyBaHHS IIOTPIOHO 3aMiCTh My mocTaButd M1 . Toni wac mycky
2
GDzn

" 375 (Mo — M) ©)
1 9ac raJlbMyBaHHS JIJIs1 MEXaH13MY HiAHOMY:
IIPH OITyCKaHH1
GDzin
= 37504, — D) )
IpH Tigiomi
GDZn
tr = S?S(M:: MT)’ (%)
JUTSL MEXaHI3MY PyXy
o GDZn )
T 375(Mp+ MT)
CrinbHUN TUHAMIYHUN MOMEHT MPU PO3TOHI CUCTEMU
8GD’n  0,975Qv?
= : (7)

= +
A 375t nt,n
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CrinbHUNA JUHAMIYHUN MOMEHT MPHU raibMyBaHH1 CUCTEMHU

T

_565‘2?1 0,975Qv?n
A 375t nty

(8)

30UIBIICHHST TPOAYKTUBHOCTI MeXaHi3My moTpeOye, mob vac t, 1 tr Oymm
HaliMeHmMMU. ToMy NBWUTYHH, TpPU3HAYEHI Ui TPUBOAY MEXaHI3My 3 YacTUMHU

IMIyCKaMH, HaMararOTbCs KOHCTPYIOBATHU 3 HCBCIIMKHUM MaXOBHM MOMCHTOM.

Bci npuBesieH1 HUXKYE PIBHOCTI CIPABEAJIMBI TUIBKUA MPU YMOB1 MOCTIHOrO
NPUCKOPEHHS 1 YMOBUIbHEHHS, TOOTO BOHHM 3aCTOCOBHI JJI PO3pPaxyHKy IYCKY 1

raJibMyBaHHA X MTOCTIMHUM MOMEHTOM JABHUI'YHA 1 IIOCTIMHHUM TaJIbMIBHUM MOMEHTOM.

JIist moJierHIeHHsT PO3PaXyHKy MaXxOBHUX MOMEHTIB OKPEMHMX YacTUH KpaHa
JOLITBHO KOPUCTYBATUCS PO3PAXyHKOBUMU (HhOpPMYJIaMu, IPUBEIEHUMHU B CIIPABOYHIN

JiTeparypi

JlitepaTypa

1. Jlumapenko A.M. OntuMuzanus maryHa aBToMoOuasHoro asurarens /|  A.M.
Jlumapenko, A.A. Pomanos, M.A. Anekceenko. // Tpyast OHITY, 2012r., Boim 2 (39).
c. 98 —100.

2. Jlamenko O.®. Po3paxyHOK HampykeHO-Ie(OpMOBaAaHHOTO CTaHy CTaHUHH
rinponpecy / O.®. Jlamenko, B./[. Kopanwos, O.M. Jlumapenko. // Tpyast OHILY,
2012r., Boim 2 (39). c. 35 —43.

3. V. Orobey, O. Daschenko, L. Kolomiets, O. Lymarenko, Y. Ovcharov (2017)
Mathematical modeling of the stressed-deformed state of circular arches of specialized

cranes Eastern European Journal of Enterprise Technologies. 5/8 (89). 4-11.
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Vétev inzenyrstvi

Koctiok 10.0., I'opaees A.lL., Ypoanwok €.A.
XmenbHuybKull HAYIOHANbHULL YHIGEpCUmem

YOOCKOHANEHHA TEXHONON4YHOI o nNPOLIECY BUTOTOBJIEHHA
KOPMYCHUX OETANEN TA KOHCTPYKLIA OCHACTKU HA BEPCTAT 3
UnK

B nam gac myke Ba)Xko BUWTH, HA BUCOKHH piBeHb BUPOOHUILITBA. [{11s Toro, 1100
BUTOTOBJIATH BUCOKOSIKICHY TPOIYKIIiIO, sika MOrja 0 OyTH KOHKYPEHTOCITPOMOXKHOO
HE TUIBKM Ha TepuTopii YKpaiHu, a 1 3a 11 MexamMu MOTPiOHO MPUKIACTH YUMAJIO
3ycwib. Bucokuit piBeHb BHUPOOHMIITBA, TOYHICTh Ta SAKICTh MNPOYKIIl, IO
BHUITYCKA€ThCs, 0arato B YoMy 3aJICKHTh BiJl 3aCTOCYBAHHS CY4aCHOTO TEXHOJOTIYHOTO
obOnanHaHHs 3 4MCciIOBUM mporpamHuM kepyBaHHsM (UIIK), mporpecuBHoi ocHacTKH.
Buxoasun 13 curyarmii, mo ckjgagacs Ha BUPOOHUIITBI, MIABHUIIECHHS TOYHOCTI
BUTOTOBJICHHS BUPOOIB Ta MPOTYKTUBHOCTI Tpalli, 3HUKEHHS cO01BAPTOCTI MPOAYKIIIT €
aKTyaJIbHUM 3aBJIaHHSIM. MeTor poOOTH € CTBOPEHHS TEXHOJOTIYHOTO TpPOIEeCy
BUTOTOBJICHHS JeTal Kopiyc 13 3acTocyBaHHaM BepcTaTiB 3 UIIK dipmu HAAS (CIIA)
Ta CTBOPEHHS TEXHOJOTIYHOI OCHACTKU JJisg O0OpoOJieHHs HaWOIIbIIOT KIIBKOCTI

ITOBCPXOHb /:[eTani 3 O,ZIHiC'l. YCTaHOBKH, 11O JO3BOJIUTH Hi,Z[HHTI/I TOYHICTH BUTOT OBJICHHS.

o

5, =
=3 #@.

—
L

Puc.1 — Ecki3 xopmyca Puc. 2 — 3aranpHuil BUTTIAA
Bepcrara EC-1600
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Jetanp kopnyc puc.l € 0HI€I0 3 CKJIaJJOBUX YaCTUH ONTUYHOTO MPUCTPOIO,
pO3paxoBaHOTo JjIsl poOOTH B Jiana3oHi Temmeparyp Big -40°C no +50°C.

[IpoananizyBaBimy 0a30BHI TEXHOJIOTTYHHMM MPOIIEC BUTOTOBJICHHS KOpITyca
OyJ0 BCTaHOBJIEHI 1Or0 OCHOBHI HEAOJIKH: 3aCTOCOBYETHCS 3acTapiie yHIBepcajbHE
oOnaaHaHHs, Benuka nudepenuianisa onepaiiil. [Ipu cTBopeHi HOBOro MpOTrpPEeCUBHOIO
TEXHOJIOT1YHOTO TpoIecy 0oOpoOKH KOpPIyCy 3alpoOlOHOBAHO 4YOTHUPH  (pe3epHi
omepauii 6a30BOro TEXHOJOIIYHOTO MPOIECY, SKI BUKOHYIOTHCS Ha BEPTUKAJIbHO-
dpesepHomy Bepcrati 6P136, 3aMiHUTH Ha TPOTPECHBHHI BEpPCTAT CBEPIMIIHHO-
bpesepHo-po3TouyBasibHUN 00poOmtoBansHuii 1ieHTp EC-1600 dipmu HAAS (puc.2)
o0’e€THaBIIM iX B OJHY OIEpallilo, 10 3HAYHO CKOPOTHTH Yac 0OpoOkHu. 3amiHa
BEPTHKAJIbHO-(PpE3epHUX BEPCTATIB Ha OOPOOIIIOBAIBHUI IIEHTP 13 KOHUEHTPAIIEIO
TEXHOJIOT1YHUX TEpPeXOiB Ta OOpOOJEHHI 3 OJHI€E] YCTAaHOBKH J1a€ MOXJIUBICTH
MIBUIIATH TOYHICTh BUTOTOBJICHHS, 30UIBIIYE MPOAYKTUBHICTH mpari. lle
Bi/I0YBA€THCS 32 paXyHOK 3MEHIIIEHHS JOTIOMIKHOTO Yacy Ta 4acy Ha MDKoOTepalliiiHe
TPAHCTIOPTYBaHHS JeTaliel, 30UTbIIYEThCA CTYIIHb KOHIEHTpAIIli OTepariii.

Jlist  BUKOHaHHS —ofepamii 3ampoNOHOBAaHO KOHCTPYKIIIO BEPCTATHOTO
IPUCTPOIO, CXeMa SKOro MmokazaHa Ha puc.3. KOHCTpYKTUBHO NpUCTPIH sIBiIsiE COOOIO
KOHCTPYKIIIIO, SIKa CKJIaIa€ThCS 3 3BAPHOTO KOPITyCy 1 Ha SIKOMY pO3TalIoBaHO 0a30Bi
€JIeMEeHTH: IUIACTUHY 2 Ta 3pi3aHuil manens 3. Y KopIiyci Ha Bici 4 po3TalioBaHO
BaX1Ib 5, IKUU 3’ €THYETHCS 3 TATOIO 6 Biccto 7. Ha TsTy 6 BCTAaHOBJICHO NMPYXUHY 8 Ta
3aTHCK 9, BCTaHOBIICHHH Ha chepuuny maidy 10, 1 raiiky 11 mis 3aTHCKy, a TaKOX
3aTHCK 9 BOIUPAETHCS Ha perytoBaabHuii 60aT 12. JIiBuii 3aTHCK 9 3’ €THAHO 3 BayKeJIeM
5 3a gonmomororo 6oxnra 13.

JleTasib  BCTAaHOBIIOETHCS HA IUIOMMHY Ta manens 1o3.3. Jlertanb
3aKPITUTFOETHCS 32 JOTIOMOTOIO JIBOX 3aTUCKIB 9 MOBOPOTOM Taifku 1mo3. 11.

Ha cTomi Bepcrata mpucTpiit Opi€HTYETHCS 3 JOTIOMOTOIO ABOX HaibIliB 14 1 15.
Jlanuit TpUCTpili BUKOPHCTOBYETHCA Ha OaraTouUIbOBIM omeparlii (BepctaTr -
oopooOmoBanibanit 1ieHTp EC-1600) ne BHKOHYETBCS (pe3epyBaHHS TOBEPXOHB

KOpITyca 1 pO3TOYY€EThCS OTBI.
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Puc.3 — CxeMma crieniaapHOro TEXHOJIOTIYHOTO OCHAIEHH: 1 — KopIyc;

2 — TIacTuHa; 3 — 3pi3aHuil majieis; 4 — BICh; 5 — BaXib; 6 — Tsra; 7 — BICh;

8 — npyxwuna; 9 — 3atuck; 10 — cpepuuna maiida; 11— raiika; 12 — 6oxat; 13 —
00T;

14 — nmanenp MWTHAPUYHKN; 15 — majgens NUIIHIAPUIHUN

3anporioHOBaHa TEXHOJIOT1S Ta TEXHOJIOT1YHA OCHACTKA JIO3BOJIUTH ITIIBUIIIUTH
MPOYKTUBHICTh MPOIECY Ta SIKICTh BUPOOIB 32 paxyHOK KOHIICHTpAIIil oreparlii ta
3aCTOCYBAaHHS CIICIIAIBHOTO TEXHOJIOTTYHOTO OCHAIIECHHS.
Jlimepamypa
1. Pynenko I1.O. IIpoekTyBaHHS  TEXHOJOTIYHMX MPOIECIB Yy
MamuHoOyyBaHH1: HaBuansuuii mocionuk /I1.0. Pynenko. — K.: Buma
mkoia, 1999. — 214 c.

2. KypcoBe Ta qumiioMHe MPOEKTYBAaHHS 3 TEXHOJIOT1 MalTMHOO Y IyBaHHS

Ta MeTajopizaibHUX BepcTaTiB. HaBuanpuwmii mocionuk / A.l. Topaees,
€.A.Ypbaniwk, A.€. besnocos, B.I'. Mirans. — XHY, 2005. — 300 c.
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Transport

Koancauuenko C.B., Koamucanuenko C.H.
Cesepo-Kazaxcmanckuti 2cocyoapcmeennulii ynusepcumem umenu M. Kosvibaesa

CNocCoObBbbIl NOBbIWEHUA QHEPTO3®®EKTUBHOCTU
ABTOTPAHCIOPTA

Ha ceromnsimauii 1eHb BO BCEM MHPE aKTyaJbHBIM SBISIETCS BOIPOC
SKOHOMHMM 3HepropecypcoB.  [loBcemMecTHO  uaeT mpolecc — mepexoia Ha
aJbTEPHATUBHBIC UCTOYHUKHA SHEPTUHU, YMEHBIIICHUS YTIIEBOIOPOIHON 3aBUCUMOCTH,
YTO TIO3BOJIIET CHU3HUTH 3arPSA3HEHUE OKPYXKArOIIEeH Cpellbl U SBISCTCS 3aJ0TOM
YIYUIICHUST dKOJIOTHYECKOU cutTyaruu. [Ipu HU3KON cTrouMoctn HedTH pa3paboTKu
sHeprocOeperarmmux TEXHOJOTHH HE HAXOAWIM I[IUPOKOTO  MPAKTHYECKOTO
NPUMEHEHHsS, B CBSI3M C BBICOKOM CTOMMOCTBIO BHEIPEHUSI U COOTBETCTBEHHO
OTCYTCTBHEM 3KOHOMHYECKOW 3¢ dexTuBHOCTU. B mocnegHee necatuieTue B CBI3U
PE3KUM YBEIMYECHHEM I1IeH Ha HedTepecypchl W YXYIUIEHHEM 3KOJIOTHMYECKOU
CUTYyallud aKTyaJbHBIM CTAJO BHEAPEHHE TEXHOJOTHN peKylepaluu KHHETHYECKON
sHeprun. Kak uzBectHo KIIJ[ nBurarenss BHyTpeHHero cropanusi okono 30%, HO
TEXHUYECKHUI TMPOrpecc He CTOUT Ha MECTE€ M CO3JAI0TCA NPHUHIIMIHAIBHO HOBBIC
KOHCTPYKIIMM aBTOMOOMJIBHOTO TpPAHCIIOPTa M CUJIOBBIX MalluH. MUpoBOe
aBTOMOOWJIECTPOEHUE UACT MO TMYTH pPa3BUTUS THOPUIHBIX TEXHOJOTUUA U
ANEKTPUUYECKOTO TPAHCIIOPTA, KaK B JISTKOBOM TPAHCIOPTE, TAK U B TSAXKEIION TEXHHUKE.

Uem xe Tak MNpUBIEKATENEH 3JIEKTpOoTpaHcnopT? Bo-mepBbIX, CTOMMOCTH
ANEKTPUUYECKOW SHEPruM BO MHOTHX CTPaHaX B HECKOJBKO pa3 HHMXKE CTOUMOCTH
YTJIEBOJIOPOIHOTO ChIPbsl, YTO 3HAYUTENIBHO CHUXKAET SKCIUTYTAIIMOHHBIE PACXObI,
TaK)Ke DJIEKTPOTPAHCIOPT HE TPEOYET 3aMEHbl MacJja U APYTHX KOMIUIEKTYIOIIHX, U,
CJIeI0BaTEINIbHO, pacxolbl Ha TEXHUYECKoe oOciykuBaHue. Bo-BTOpbIX
AMEKTPOTPAHCTIOPT HE MPOU3BOIUT BPEIHBIX BRIOPOCOB B aTMOC(hepy M CO BpeMEHEM
OyZneT SBISETCS TOJHOCTHIO OKOJOTHYHBIM (C y4eTOM crmoco0a MOIydeHHs
ANEKTPOIHEPTrUM), TaK KaK BO MHOTHX CTpaHax MPOU3BOJICTBO AJIEKTPOIHEPTUU
MOCTENEHHO MEPEXOJUT HAa BO30OHOBISIEMble MCTOYHUKU AHEpruu. Tak, Hampumep,

Kocra-Puka mnpoBena 3KOJIOTMYECKH SKCIIEPUMEHT - B Te4YeHUE 2,5 MecAleB
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HCII0JIb30BaTh TOJBKO albTepHATUBHYIO 3Hepruto. B utore Kocra-Puka crana nepsoii
CTpPaHOM B MHUpE, KOTOpasl MOJHOCThIO oOecneuusia ceds 3a CYeT BO30OHOBIIIEMBIX
MCTOYHUKOB. ODTO MpPU TOM, 4YTO UYyTh Oombmie 65% 3neKTposHEprum 37ech
BbIpAa0aThIBAIOT TUAPOITIEKTPOCTAHIINM, OKOJIO 16% - BETpsiHbIe, OCTAIbHOE - 32 CUET
reoTepMalibHON M cojHeyHOW dHepruu [1]. Kpome Toro smekrpoaBuratesiv MMEKOT
HU3KUH ypOBEHb IlIyMa, 4YTO TakKXKe SBJISETCA IOKa3aTelieM 3KOJOTMYECKOU

0€30MacHOCTH.

be3ycnoBHO, y 3MEKTpOTpaHCHOpTa MOKAa HMMEIOTCS M MHUHYCHI, 3TO 0OoJjiee
BBICOKAasi CTOMMOCTb, [0 CPABHEHUIO C AHAJOTUYHBIMM  O0pa3luaMu TEXHUKU C
JBUTATENIIMU BHYTPEHHETO CrOpaHusi, OTHOCHTEIbHO HEOOJIbLION 3amac Xoja Ha
OJIHOM 3apsi/iKe, a TaKKe JIMTeNIbHOe BpeMs 3apsaku. OnHaKo, BCe 3TU HEJOCTATKU
JI0OCTaTOYHO OBICTPO MPEOJI0NIeBAIOTCsA, Tak B KuTae KOTOpBIN sIBIsSETCS MUPOBBIM
JTUACPOM IO TpoAakaMm 3JIEKTpoMoOuseH, HoBelIel pa3padoTkoit koHuepHa BAIC
CTaJI TOPOJICKOM JBYXMECTHBIN anekTpokap Arcfox Lite, koTopsiii BecuT Bcero 895
KT, B€J[b B KOHCTPYKIIUHU €r0 Ky30Ba IIUPOKO MPUMEHEHBbI aJJIOMUHUN U J1axe KapOoH,
AIEKTPOMOTOP pa3BuBaeT 49 . c. u 00J1aJaeT MaKCUMaIbHBIM KPYTSIIIUM MOMEHTOM
B 120 H/m, uto mo3BossieT pa3BuBaTh 110 kM/4. AKKymy/asiTopHas Oatapes Ha 16,4
kBt/u mo3Bomser mnpoexath 170 kM 0e3 mom3apsakd. Kynute KuTaickuii
aeKTpoMoOmIIb MOxHO 3a 93 800 — 106 800 roameir ($14 150 — 16 100), uro

COIMOCTAaBUMO IO CTOMMOCTH C aBTO C JBHraTesieM BHYTpEHHEro cropanusi[2].

[IpoGnema  anmuTenbHOrO  mMpolecca  3apsAaKH, TaK K€  SBIAIOTCS
npeogoauMbiMu. Tak B HOsiOpe 2017 roga komnmanun BMW, Daimler, Volkswagen u
Ford o6bsiBUM 0 co3nanuu KoHcopimyma lonity, KOTOPBIH 3aiimMeTcs pa3pabOTKON H
CTPOUTEIIBCTBOM  €BPONEHCKON CETH  OBICTPBIX  3apsANOYHBIX  CTAHIMH IS
anekTpokapoB. Ha ceronnsmnumii news B ['epmanuu u Hopseruu yxe cymecTByeT ceTh
20 aBTO3ampaBOK ISl AIIEKTPOTPAHCIIOPTA, PACCTOSIHUE MEXKIY KOTOPHIMU 0K0J10120

KHJIOMETpoB, a k 2020 roxy ruranupyetcs 3amyck 400 aBTo3anpaBoOYHbIX cTaHIni [3].

He crour Ha wmecTe TEXHMYECKHMUA MpoOrpecc M B OOJACTU TSIKEIOU
CTpOUTENbHOW TexHWKH, Tak B Mae 2017 roma kommanms Volvo Construction
Equipment npencraBuia npoTOTUN MOJTHOCTBIO 3JIEKTPUYECKOIO MUHH-IKCKaBaToOpa
EX2. HoBas monens 3KCKkaBaTopa, HE 3arpsi3HSIET BO3AYyX BPEIHBIMU BhIOpOCamW,
pabotaet B 10 pa3 adgdextuBuee u B 10 pa3 Tuiie, a Takke CyIeCTBEHHO JCIIEBIIC MTPU
AKCIUTyaTallluy, MO CPaBHEHUIO C TPAJULHUOHHBIMU JU3EJIbHBIMM MAllIMHAMHU TaKOIo

kiacca. [Ipororun Volvo ykoMmIiekToBaH JMTHEBO-MOHHOW OaTapeei MocieaHero
24



Materialy Xlll Mezinarodni védecko - prakticka konferencex 22 - 30 prosinct 2017 r.

MOKOJIEHHS, KOTOpass O0EeCIEeYMBAET BBICOKYIO MPOM3BOJUTEIBHOCTh 3IKCKaBaTOpPA.
[IpencraBurenu komnanuu Volvo CE mogyepkHynu, 4To OpOTOTUI pa3paboTaH AJis
TECTUPOBAHMSI, U €T0 KOHPUTYpaIUs CO BpeMeHeM OyAeT MEeHsThcs. MallnHa Kiacca
3,5 TOHHBI paboTaeT 6€3 TPaJULIUOHHBIX THPABIMYECKUX JIUHUHI, YTO BBIACISET €€ U3
psaa Apyrux 3JIEKTpUYECKUX dKckaBaTopoB. 'maBHbI TexHomor Volvo Group Jlape
CrenkBuct (Lars Stenqvist) otmeTnn: «boubliie HE UCHOIB3YIOTCS THIPABINYECKUE
HAaCOCBhI, IOTOMY YTO MbI UCIIOJIB3YEM AJIEKTPUUYECKUE CHIIOBBIE MPUBOJBI. W, Tak Kak
Mbl  UCIOJBb3YEM DJEKTPUYECKHE CWIOBBIE MPHUBOJABI, Yy MAIUWHBI BbIIIE

XAPAKTCPUCTHUKH U TPOU3BOJUTCIILEHOCTDY.

Kpome TOro s5ekTpuyecKkyro TEXHUKY JI0CTATOYHO MPOCTO MOKHO MEPEBECTH
Ha TUCTaHIIMOHHOE yrpaBicHue [4].

OJnHaKo BCe ONMMCAHHbBIC BbIIIE HOBUHKHU BCE K€ SBJISIIOTCS ISl AKUTENICH CTpaH
CHI' yxe He oueHb JallekuM, HO Bce ke OynymuMm. Ha Hamem peiHKe Hambosee
OKOJIOTUYHBIM TIOKa SBJISCTCS TUOPUAHBIN TpaHcropT. [IpakTuka sKcruTyaTanuu
THOPHUIHBIX TPAHCTIOPTHBIX CPEJICTB IMOKA3bIBAE€T, YTO HCIIOJb30BAHUE THOPHIHBIX
JIBUTATECeH Mmo3BOJIIeT SKOHOMUTL 20-30 % TOomauBa, U COOTBETCTBEHHO CHU3UTH
BpeHbIe BRIOPOCHL. V3HauanbHO rHOpUIHBIE CUIIOBBIE YCTAHOBKH MCIIOJIH30BAJIMCH B
percoBBIX aBTOOycaX, KOTOPBIC IOCTOSHHO pPabOTalOT B PEXHME CTOM-CTapT. B
CpemHel M TSOKEIOM TEeXHUKEe HauOojiee MNPUMEHUMBI THOPHIHBIC TEXHOJIOTUH
OKa3ajucCh B MYCOPOBO3aX M TPY30BOM TPaHCHOPTE, 3aHUMAIOIIUMCS JOCTaBKOM
TOBApOB B MarasuHbl, IMOCKOJIbKY OHHM pPa0OTalOT B PEKHMMaX YacCThIX OCTAHOBOK.
NMeHHO B TakoM pEXHME XOpOIIO TOKa3bIBaeT ceOs CUCTEMa PEKyNepaTHBHOIO
TopmokeHusi. Ilpyu JBUXKEHWU TpaHCHOpTa TOSIBISETCA KUHETHYECKas DSHEPTHS,
KOTOpasi TepseTCS B MPOIECCEe TOPMOKCHHS, M30BITOK SHEPTUHU BBIICIIICTCS B hopMe
tera. [Ipu aBkeHHHM aBTOOyCa B PEKHMME YaCThIX OCTAHOBOK Ha IMEPEKPECTKAX H
OCTaHOBKAaX, 3TO JOCTATOYHO OOJBIIHME 3amackl d3Heprur. CUcTeMa PeKyIepaTHBHOTO
TOPMOKEHHUSI HE PACXOAYET KHMHETHYECKYIO SHEPrUI0 BIIYCTYIO, @ MCHOJIB3YET ISk
3apSIKA aKKyMYJIITODHOM OaTapeW W 3allaceHHas TaKUM 00pa3oM JDHEPTHs uepes
HEKOTOPOE BPEeMsI BHOBb CIY>KHUT JIJIsI IBUXKEHHUSI aBTOMOOWIIS, TO €CTh UCTIOJIB3YeTCS
MMOBTOPHO.

Kak ormedanocs BbIIE BO BCEM MHPE AaKTyaJdbHBIM SBISIETCS BOIPOC
SKOHOMUH SHEPTOPECYPCOB, CO3JaHUE HOBBIX MOEICH THOPUIHON U DJICKTPUUECKOM,
KaK JIETKOW, TaK WM TSKEJIOW TEXHUKH, YIYUIIEHHE CHUCTEM pEKyIlepalu, 4YTO

IMMO3BOJIACT YJIIYUHINTD SKOJOTHYHOCTh U 9KOHOMHWYHOCTD TPAHCIIOPTHBIX CPCACTB. Tak
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K€ TIEPCIEKTUBHBIM SIBJISIETCS HAMPABICHHE MPOCKTHPOBAHHS JIEMEHTOB TSKEION
TEXHUKH, KOTOpBIE YIYYIIAIOT MaHEBPEHHOCTb, MO3BOJISIOT Oojee 3(P(HEKTUBHO
MPOBOAUTH paboyre Onepann, yaIyqimaTh YdKOHOMUIHOCTh U HKOJIOTUYHOCTD TSIKEION

TCXHUKMU.

Jlutepartypa:

1. http://24.kz/ru/news/in-the-world/item/138998-kosta-rika-pereshla-na-

vozobnovlyaemye-istochniki-enerqii

2. http://news.infocar.ua/v Kitae predstavili karbonovyy elektrokar po cene v
w polo 117666.html)

3. http://www.ionity.eu/ionity-en.html#whoweare

4. http://tbau.ru/new volvo ex2.html
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Energeticka

ICyaranosa K.)K., 2Apuno6aesa XK. E.

Kazaxcman, 2. Anmamet, *KasHITY um. Abas, *Ne 24 quyeti

HAHOTEXHOJ1IOIN'M U X NPUMEHEHUE

CoBpeMeHHBI ypOBEHb Pa3BUTHUSI HAHOTEXHOJIOTMU. B Hacrosiiee Bpems
HaHOMAaTEepHUalbl UCHOJIB3YIOT NI U3TOTOBJIEHHUS 3aIIUTHBIX U CBETOMOTJIONIAIOIINX
MOKPBITUH, CIOPTHBHOTO OOOPYJIOBaHUS, TPAH3UCTOPOB, CBETOMCIYCKAIOIINX
JIMOJI0B, TOIJIMBHBIX 3JIEMEHTOB, JIEKAPCTB U MEIUIIMHCKOM anmnapaTypbl, MaTEpUaIoOB
JUISl YIAKOBKU MPOJYKTOB MUTaHUs, KOCMETUKHU U OJIeK1bl. HaHOTIpuMecH Ha OCHOBE
OKCHJIa LIepus yxKe ceiuac J00aBIISIIOT B IU3EJIBHOE TOILIMBO, YTO MO3BOJILET Ha 4-5%
noBeicuTh KIIJ[ ABUraTenss U CHU3UTH CTENEHb 3arpsi3HEHUs BBIXJIONHBIX ra3os[l, C.
51-55].

OOmeMupoBbIe 3aTpaThl HA HAHOTEXHOJIOTHYECKHUE TIPOEKTHI MPEBhIMaT $9
mipa. B roa. Ha momro CHJA mnpuxoguTcss NPUMEPHO TPETh BCEX MHUPOBBIX
MHBECTHIIMH B HAHOTEXHOJOTWH. Jlpyrue TriaBHbIE HIPOKHM Ha 3TOM TOJIE -
EBpomneiickuit Coro3 u SAnonus. MccnenoBanus B 3Toi cepe aKTUBHO BEAYTCS TAK¥Ke
B ctpanax OwbiBiiero CCCP, Apctpanum, Kanane, Kurae, FOxnoit Kopee, WUzpaure,
Cunranype, bpaswmn u TaiiBane. [Iporaossl mokassiBaror, 4to K 2015 romy oGmas
YUCJIEHHOCTh nepcoHanga  Pas3IMYHbIX oTpacinein HAHOTEXHOJIOTUYECKON
MIPOMBIIIJIEHHOCTH MOXET JOWTH 10 2 MJIH. Y€JIOBEK, a CyMMapHas CTOMMOCTH
TOBAapOB, MPOM3BOJUMBIX C UCIIOJIB30BAHUEM HAHOMATEPUANIOB, COCTAaBUT, Kak
MHUHHMYM, HECKOJIbKO COTEH MUJIIMAP/I0B J0JIJIAPOB U, BO3MOXKHO, MPHOIM3UTCs K $1
TpJH. B o0uieit ciioKHOCTH aMepUKaHCKasi MPOMBIIUIEHHOCTh U UHAYCTPUSL IPYTHUX
Pa3BUTHIX CTPaH celyac MPUMEHAIOT HAHOTEXHOJIOTHH B MPOLECCE MPOU3BOJICTBA, KaK
MUHUMYM, 80 TpyII MNOTPEOUTENHCKUX TOBApOB U cBbilie 600 BUAOB CHIPHEBBIX

MaTepHaIOB, KOMIICKTYIONMUX H3ACIUA U TPOMBIIIIICHHOTO 000OPYIOBaHMS.
Hanosnexktponuka u HaHOGOTOHUKA
Cy1iecTBYIOT CJIeIYIOIINE OCHOBHBIE HAITPABICHUS HAHOSJIEKTPOHUKU

1. KpemHueBas 3JIeKTpOHUKA.
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. DIIEKTPOHUKA Ha MEXaHOTPAH3UCTOPAX.
. DIIEKTPOHUKA Ha HAHOTPYOKax.

. MonekymnsipHasi 3JIeKTPOHHUKA.

. OTHORNEKTPOHUKA.

. CIUHTpOHHUKA.

. KBaHTOBas1 3JIEKTPOHUKA.

. MHOT030HI0BEIE CUCTEMEI.

O 0 3 N D K~ WD

. 'ubkas snexTpoHuKa.

DJNeKTpoHUKa Ha MeXaHoTpaH3ucTopax. [lo cBouM pa3mepaM COBpEeMEHHbIE
TPaH3UCTOPHI MOTYT OBITH BCETO B HECKOJIBKO pa3 0oJIblle MOJeKyabl. OgHaKO aaxe
ATH KOMIIOHEHThl HAMHOTO OOJIbllie, Ye€M HOBOE ITOKOJICHHE HAHOXJEMEHTOB, B
KOTOPBIX BMECTO KpeMHHsI OyIyT HCIOJb30BAaThCS OPraHWYECKUE COCIMHEHUS U
yriaepoAaHble HaHOTPYOkH. HaHOTEeXHONOTrMHM TMO3BONSAT HE TOJBKO YMEHBIIUTH
pa3Mepbl MHUKPOCXEM, HO U YBEIWYUTh KOJIMYECTBO TPAH3UCTOPOB B HUX, YTO

3HAYUTEJIBHO MOBBICUT NPOU3BoOANTEIbHOCTH[2, C. 3-13].

DJNEeKTpOHUKAa Ha HAHOTpPyOKax. PasMepsl yriiepogHBIX HaHOTPYOOK
COIIOCTaBHMBI C pazMepamu MoJieKyin. CpeaHuii JHaMeTp OTHOCIOWHOM yriepoaHON
HAaHOTPYOKHM COCTaBJIsIeT OKoJo | HaHoMeTpa. Ecnum ke ymacTcs «3acTaBUTH» OIHY
HAaHOTPYOKY XpaHHUTh OAMH OUT HH(OPMAIINH, TO TaMSITh Ha UX OCHOBE OYET XpaHUTh
KoJoccalbHbIe 00BeMBbl WH(pOpMalmu, BeAb COBpeMeHHble sueiiku flash-mamsiTw,

XpaHsIye oauH OUT HHPOPMAIUU, UMEIOT pa3Mepsl oT 50 10 90 HaHOMETPOB.

OnHOM W3 MEPCHEeKTUBHEHIIUX OTpaciiell NPUMEHEHHUS HAHOTEXHOJIOTHM
SBJISICTCS] KOMIIBIOTEpHAs TEXHUKA. HecMOTps Ha 3HaYMTENIbHYI0 MUHUATIOPU3ALUIO U
ONTUMH3ALUIO COBPEMEHHBIX YCTPOMCTB, UMEIOIIUXCS HA PBIHKE, HAHOTEXHOJIOTHHU
CMOTYT COBEPIIUTH B ATOM chepe HACTOSNIYIO PeBOTIONNIO. B 3TOM cirydan pa3mepsl
JEHUCTBYIOIINX AJIEMEHTOB MHKPOIIPOIIECCOPOB M YCTPOUCTB MAMSATH MPUOIUKAIOTCS
K KBAaHTOBBIM IpeJiesiaM, TO €CTh FPAHULIAM MEJIbYANIINX €AUHUL] MATEPUU U SJHEPTUU
- Korja paboTaeT OJIMH AJIEKTPOH, OJMH CIIUH, KBAHT MAarHUTHOTO MOTOKA, SHEPTUU U
T.4. O10 cynut ObicTpoaeiicTBue mnopsanka Tl (~1012 omepauumii B cekyHmy),
MI0THOCTH 3armucu uHpopMmanuu ~103 TOuT/cM2, 4TO HAMHOTO TTOPSIAKOB BHIIIIE, YEM
JOCTUTHYTBIE CETOJIHSI, a SHEPronoTpeOIeHre - Ha HECKOJIBKO MOpsaKoB HUxe. [Ipu
TaKOM IUIOTHOCTH 3aIHCH B JKECTKOM JUCKE - pa3MepaMu C Hapy4YHBIE YaChl - MOKHO

ObUTIO OBl Pa3MECTUTh TPOMAIHYIO OHOJIMOTEKY HAIMOHAIBLHOI'O MaciiTada WIH
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¢dotorpadum, oTreyaTKH NaNbLEB, MEAULIUHCKHE KAPThl U OMOrpaduu BceX KUTEIEH

3eMITH.

HanodoTtoHnuka. Komnanuw, 3aHUMAIOIIHECS HAaHO(OTOHUKOM,
pa3padaThIBalOT BEICOKOMHTEIPUPOBAHHBIE KOMIIOHEHThI ONTUYECKUX KOMMYHHUKAITUN
C IPUMEHEHUEM TEXHOJIOTMM HAHOONTUKUA WM HAHONPOU3BOACTBA. TakoM MOAXOH K
M3TOTOBJICHUIO ONTUYECKUX KOMIIOHEHTOB IIO3BOJIAET YCKOPUTH IIOJIYYEHHE HX
MPOTOTHUIIOB, YJIYYIIUTh TEXHUYECKHUE XapPaKTEPUCTUKH, YMEHBIIUTh pPa3MEpbl U

CHU3UTb CTOMMOCTb.
Hanosnepreruka. Haosnepreruka Biatoyaet B ce0s[3]:
1. DHepreTrueckne CUCTEMBI

2. FeHepaHI/IH OHCPTUU: COTHCUHBIC 6aTap€I/I, TCPMOIJJICKTPUICCKUC IJICMCHTHI,
MUKPOKUIAKOCTHBIC T'CHEPATOPBI, AACPHBIC YCTAHOBKH, TCPMOAICPHBIC YCTAHOBKH,

OaTapelKu U aKKyMYJIATOPBI.

3. TommBHBIE 3JIEMEHTBI: BOJOPOJHBIC D3JIEMEHTHI, Iiepelada JDHEPTUu
(BBICOKOTEMITEpATypPHBIC CBEPXITPOBOIHUKH, (OPMHUPOBAHUE TPATUCHTA TEMIICPATYP)

Conneunbie Oatapeu. CollHeUHyI0 OaTapero TONIIHUHONW B OyMa>KHBIN JIUCT,
KOTOPYIO MOXXHO THYTh M CBOpauMBaTh, CO3J/lajia AMOHCKAs AJIEKTPOTEXHUYECKas
komnanus Sharp. Kak coobimaer ceronnst Tokuiickas eyaTh, 6atapes B BUE TUICHKU
UMEeT TONIUHY OT 1 10 3 MHUKPOMETPOB - TO €CTh, OT OJHOM JO TPEX THICIYHBIX
MUJIAMETpa. DTO MEHbBIIIE COBPEMEHHBIX aHAJIOTOB MPUMEPHO B cTO pa3. Kommnanus
coOupaeTcsi HauaTh MPOMBIIIJIEHHOE TPOU3BOICTBO HOBUKH yKe B 3TOM roay. Cinosamu
COJIHEUHBIX OaTapeil mIaHupyeTcsl MOKPhIBaTh MOOMIIbHBIC TelIe(pOHBI, aBTOMOOWIIN U
Jaxke crenuanbHyto onexay. [InmeHka miomaapio B JBE BU3UTHBIE KAPTOYKUA BECUT
BCEr0 OJIMH TpaMM U o0JajaeT MOIIHOCThIO B 2,6 BaTT. Ilo cioBaM pa3pabOTYMKOB,
ATOTO YK€ JOCTaTOYHO, YTOOBI OOECIEUYUTH AJICKTPONUTAHUEM BEIIOCHUIICTHBIN
dboHaps.

barapeiiku u axkymynartopsl. Kommanust Toshiba pazpaborana nutueBo-
MOHHYIO 0aTapero Ha OCHOBE HAHOMATEpPHAJIOB, KOTOpas 3apshKaeTcsl mpuMepHOo B 60
pa3 ObicTpee 0ObIYHON. 3a OAHY MUHYTY €€ MOKHO 3anpaBuTh Ha 80%, a monHas
€MKOCTh akkymyIaTopa (y mepBoro odpasiia ona 6s1a paBHa 600 MIITHAMIIEP-YaCcOB)

3aIOJTHSAETCS Yepe3 HECKOJIbKO MUHYT (CM. puc. 2).

Pucynok 2. HanoGarapeiika (3,8x62x35 Mm)
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Co3znaTth HaHOOATpElKy yaanoch Omarogapss HOBOM TEXHOJIOTUH, OCHOBAHHOM
Ha UCITOJIb30BAHUM HAHOYACTHUIL, HAXOIAIIMXCS B COCTaBE MaTepuaia OTPULATEIBHOTO
anektpoa Oarapeu. [Ipu 3apsake Oatapen, HAaHOYACTHUIIBI OBICTPO COOUPAIOT U XPAHSAT
noHbl TuTHs. Ha peiHke ckopocTHas Oatapeiika nosisunack B 2006 roay.

B camom pnene, 4ToObl HAHOTEXHOJIOTUM HE OCTAUCh HAYYHOU (DaHTACTUKOM,
OHM JIOJDKHBI HANTHU CBOE MECTO B JKOHOMHMKE, BKJIIOYUTHCS B CYIIECTBYIOLIUE
HKOHOMHUYECKHUE IIUKJIIbI WJIM CO3J]aTh HOBBIE. DTO TpeOyeT aKTUBHOTO MOHUTOPHUHIA U
COIMPOBOK/ICHUS Ha BCEX 3Tarax ot JJa00OpaTOPUH 10 PbIHKA. DTO KAYECTBEHHO HOBBIN
YPOBEHb YIPABJIEHUSA, MO3BOJISIIOIINN pElIaTh OPraHU3alMOHHO-D)KOHOMUYECKUE
npo0JIeMbl HEBUJIAHHOTO YPOBHS CJIOKHOCTH.

HI/ITepaTypHBIe HNCTOYHHUKU

1. I'ycee A.1. HaHomarepuanbl, HaHOCTPYKTYpbl, HAHOTEXHOJIOTMU. M.,
2005.C. 51-55, 78-91.

2. Andepor K.M., Acee A.Jl., I'anonoB C.B., Komnser I1.C, IlanoB B.U.,
[Monropauxkuit  2.A., Cubenpaun H.H., Cypuc P.A. Hanomarepuansl u

HaHOTexHoJorul // Muxkpocuctemuas texuuka. 2003. Ne§. C. 3-13.

3. http:// www.nanotube.ru
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A.T.H. TatkeeBa I'.I'., Ibsikon FO.I1., Tymuiaosuu E.A.
Kapaeanounckuii cocyoapcmeennuiti mexuuueckuii ynugepcumem, Kazaxcman

MOAOEPHU3ALNA MAJbIX KOTEJIbHbIX — MPUOPUTET B PA3SBUTUUN
XKX PECNYBJINKN KASAXCTAH

Ha cerogusAmnuii 1€Hb SHEPrETHUKA SBJIAECTCS TJIABHOW JBHXKYIIEW CHUIION
r100aJbHOTO AKOHOMHMYECKOTO IMporpecca, M OT Hee HalpsSMyl 3aBUCHUT

01arocoCTOSIHHE MWIJINapa0B JIIOACH.

Yro kacaeTcsi OCHOBHBIX OCOOEHHOCTEH Ka3axCTaHCKOM 3HepFeTI/I‘I€CKOﬁ
CUCTCMBI, TO CJICAYCT OTMCTUTHL, YTO OHA XAPAKTCPUIYCTCA  HCPABHBIM
PAacCIIOJIOKCHUEM €C 00BEKTOB 110 BCEH CTpaHe. BHG,HpeHI/Ie HaY9YHO-TCXHOJIOTHUYCCKOTO
KOMIUICKCA OJIA MOJACPHH3aAIIUN CYHICCTBYIOHNINX KOTCJIBbHBIX BHCCCT CYHICCTBCHHBIfI
BKJIad B PCHICHHUC HpO6JICM TEIUIOCHAOKEHUS | HMHHOBAIITMOHHOT'O PA3BUTHA

Pecny6nuku KazaxcraHn.

Ananu3s rocyapcTBeHHOTO perynupoBanus B chepe XKKX cBUIeTeIbCTBYET 0
TOM, YTO JICWCTBYIONIME HOPMBI JKCILIyaTallMOHHBIX XapaKTEPHCTHK JKHIIBIX H
00IIIeCTBEHHBIX 3/1aHUH, pa3paboranHbie B niepuoa ObiBiiero Coserckoro Corosa, He

COOTBETCTBYIOT COBPEMEHHBIM CTaH/IapTaM YHEProcOepeK CHUS.

DHepreTuka B TEKYIIMX PHIHOYHBIX OTHOUIEHUAX C BBICOKUM YPOBHEM
UHQISIUA U HECIOCOOHOCTBIO HCIIOJIB30BaTh IEHTPAIM30BAHHBIE CPEICTBA IS
3aMEHBl yCTAPEBIIEr0 HHEPreTUYECKOr0 OOOpYIOBaHUS OKazalach B CIIOKHOU
cutyanud. Jlo cux mop Ha MHOTHX KOTEIbHBIX pabOTAarOT KOTJIbI HE TONbKO 50-60-x
TOJIOB MPOILIOTO Beka, HO naxke u 40-x rogoB. Kpome TOro, KOTIIbI, TPOU3BEACHHBIC
30 umu 40 ;mer Ha3zam, ycTapeiud HE TONbKO (DU3MYECKH, HO W MOpPAIbHO, U HE
COOTBETCTBYIOT COBPEMEHHBIM SKOJIOTMYECKUM U SKOHOMUYECKUM TpeOoBaHuAM. 13-
3a HU3KHUX TEMIIOB Pa3BUTHUSl SHEPreTUKU BHYTPEHHHU PBIHOK XapaKTEpU3YyeTCs
HU3KUM CIIPOCOM Ha HOBOE O0OpYJOBaHHE, HO B TO K€ BpPEMs PacTeT CHpPOC Ha
MPEIOKEHUS] IO PEKOHCTPYKIUHU CYIIECTBYIOIIETO.

OcHOBHOI 11€7TB10 SHEPro3P(HEeKTUBHOCTH U SHEprocOepexenus B PecnyOnuke
Kazaxcran sBisieTcss co3laHue YCIOBUM i1 CHMKEHUs 3Heproemkoctn BBII u

TIOBBIIICHUS SHEPTOAI(PHEKTUBHOCTH 32 CUET CHIKEHHUS HEYCTOWYHUBOTO MOTPEOICHUS
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OHCPIrun u YMCHBUICHHA HGB(l)(beKTI/IBHOFO HCIIOJBb30BaHUA TOIIIIMBHO-

DHEPreTHUECKUX PECYPCOB.

KorenbHble SBASIOTCA BaXHBIMU OOBEKTAMU SKUIIUIIHO-KOMMYHAJIBHOTO
XO3sIIICTBA M OKa3bIBAIOT CYILECTBEHHOE BIMSHHE Ha OKpyXkaroulyro cpeay. Ha
CEroJHSAUIHUMI JIeHb, IO JaHHBIM AreHTcTBa PecnyOnuku KazaxcTtan mo crarucrtuke,
oko0J10 30% TernoBoi PHEPruU BbIPAOATHIBAETCA MAJIBIMU KOTeJIbHbIMU - MeHee 100
I'kan/yac. M3 Hux 59% paGortaror Ha TBepaoM TorumBe. 60% JTaHHBIX
TEIUIOMCTOYHUKOB XapaKTepU3yroTcs KO3 PUIIMEHTOM MOJIE3HOT0 JEeHCTBUS MOPsAKa
60% ¥ BBICOKMM YJEIBHBIM PAcX0JIOM TOIUIMBA. DTO NMPUBOJIMT K Imepepacxony 645
300 TOHH YyCJIOBHOrO TOIUIUBA B roj wid 1,75 wmapa. TeHre, a Takke K

JIOTIOTHUTENIBHBIM BEIOpOCaM B OKPY’KAIOIILYIO CPEy.

OCHOBHBIMU HanpaBJICHUAMHU T'OCYAAPCTBCHHOI'O PCTYJIIMPOBAHHA B obnacTu

MOJICPHU3AIMH KOTEIbHBIX SBIsFOTCS [1]:
[ToBeimienne kodPuIeHTa NoaE3HOr0 JEUCTBUS KOTIOB OT 85 %0;

OOGecrieueHne  OOOPYTOBAHUEM  XUMBOJOMOJATOTOBKHM, YTO  IO3BOJIUT
UCIIOJIb30BaTh OUYMILCHHYO BOAY, YAOBJIETBOPSIOLIYIO TEXHUYECKUM

XApaKTCPUCTHKAM KOTJIOArperaTos,

ObecnieueHre KOHTPOJIS KaueCTBA MPEIOCTABISIEMBIX YCIIYT ITyTeM BHEIPEHUS
KOHTPOJIbHO-U3MEPUTENBHBIX O000PYJOBaHUN M MacIITaOUpPYEeMBbIX CHCTEM cOopa

JAaHHBIX, a4 TaK K€ OIICPATUBHOI'O JUCIICTUCPCKOT'O YIIPABJICHH,

MopepHu3anus KOTeJIbHOW HeoOxoauma, Koraa (hU3WYECKH U MOpPaTbHBIN
M3HOC KOTEJIBHOI0 000pyI0BaHUs BIUACT U Ha 3 (PEKTUBHOCTH PaOOTHI KOTEIBLHOM 110
BBIPA0OTKE TEIJIOBOM sHEpruu. J[aHHOe MepompusTHEe BKIIOYAET B ceOsl KOMILIEKC,
HAIPaBJICHHBIA HA 3aMEHY yCTapeBIIero oO0OpyJoBaHUS HAa COBPEMEHHOE HOBOE, W
OCYIIECTBIISIETCS, KOTJ]a YMEHbINAETC KOA((HUIIMEHT IMOJIe3HOT0 NEUCTBHS KOTIA,
MPOU3BOIUTCS 3aMEHA IPUMEHIEMOTO BUJa TOTUINBA, MOIITHOCTh YCTAPEBIIErO KOTIa

HE COOTBETCTBYET MOTPEOISIEMON MOIITHOCTH.

B Hacrosmee Bpemsi UMEIOTCA pealbHbIE TEXHUYECKHE BO3MOMXKHOCTH JJIS
MOAU(PUKAIIMKA CYMIECTBYIOIMNUX YTOJbHBIX KOTEIBHBIX C IIENBbI0 3HAYUTEIHHOTO
MOBBIIIEHUS WX SKOHOMHUYECKON A((PEKTUBHOCTH C OTHOBPEMEHHBIM CHIDKEHHUEM
BEIOPOCOB  3arpsi3sitonux BemecTB [2]. PaccmaTtpuBaempie HIDKE BapHaHTHI
MOJICPHHM3ALIMN PA3JIMYaOTCS MO CTENEHW YCOBEPIICHCTBOBAHUSA W MOJECPHU3ALUU

000pyI0BaHUS CTAHIUH.
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Tabnuia 1

BapI/IaHTBI MOJCPHU3AINH CYHICCTBYIOINX YT'OJIbHBIX KOTCIbHBIX

Mepornpusrus,

BapuanTt moaepHuzanuu
IIPOBOIUMBIE IIPU MOJIEPHU3BALIUU

1 YactuuHoe [lepeobopynoBanue
nepeoOOpy/IoBaHUE  YCTapEeBIIUX CTaHIUHU OCYIIECTBUMO
CTAaHIIUM C YCTAaHOBKOM Ha HHUX | HE3aBUCHMO, JTUOO MapauiebHO B
YCTPOWCTB, 00eCIIeYnBaIOIINX TpEX €€ CEKUUAX, UMEHHO:
COKpaIIeHHEe BPEITHBIX BEIOPOCOB TOIUIMBONOJATOTOBKHU, COKUTAHUS U

OYUCTKHU IIPOAYKTOB CrOpaHUs.

2 CymecTBeHHOE YITydIlIeHNe [Ipennonaraer KOPEHHYIO
TEXHHUKO-IKOHOMUYECKHUX U PEKOHCTPYKIIMIO CTAHITUH C
DKOJIOTUYECKUX  XapaKTEPUCTHK 3aMEHOW 3HAYMTEIIBHON YacTH
CTaHIINU cTaporo o0opyoBaHMs Ha OoJee
COBepIIIeHHBIE U 3P (HEKTUBHBIC

TCXHOJIIOTHH

B pamkax nporpammsbl 110 MOJIEpHU3AIMN YTOJIBHBIX KOTEIbHBIX B Kaparanae
ObLT 3amylieH MWIOTHBIM mpoekT. s peanmu3amuu TpoekTa ObUla BBIOpaHa
CylllecTByromiasi KoTeiabHas KOMMYHanbHOrO TOCYJApCTBEHHOrO MPEANPUSATUS
«PonunbHbI 10M T. Kaparaaas». [lorpedHast MomHOCTh KOoTeNnbHOU cocTaBiseT 0,8
MBt (0,688 I'kan/gac). B 2016 romy mpoBeneHa MoOAEpHU3ANMS KOTEIHHOM,
YCTAaHOBJIEHBI JIBa MHUPOJIE3HBIX KOTJA JJIUTENbHOro ropenus Mouipio 400 kBT
KaxAplil. Takxke npu MOJEPHU3ALMU KOTEJIbHOW YCTAHOBJIEHA CUCTEMA TEILUIOBOTO
ydeTa, MO TOKa3aHUSAM KOTOPOH BO3MOXKHO OIEHUTH (PaKTUYECKOe MOTpeOeHHe
TEIJIOBOW SHEPTHUH.

B Teyenuu Tpex wmecsleB pabOThl HOBBIX KOTJIOB W MEPONPUATHI
SHEPrOMOHUTOPUHIA U DHEPrOMEHE/KMEHTa OBbUIM JIOCTUTHYTHI CJEAYIOIINE

nokaszateu (Tadmura 2):
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Tabnuua 2

OHeproadPpeKTUBHBIC MOKA3ATEIH

SKOHOMHUS TOIIJIMBA Ha HYXI5bI | 89,6 TOHH, 4TO cocTaBiAeT Okoio 50%
OTOIUICHUS (M0 CPaBHEHUIO CO CPEIHUM | OT IMPOILIOTOIHETO MOTPEOIeHUs

MecauHbIM noTpebaeHuem 2013-2015r.)

JNEHEe)KHAsg J3KOHOMHUA B cpaBHeHuu ¢ | 448 000 Tenre

2013-2015 rr.

cHmKeHue BeiopocoB CO2 yMeHbmiaoch Ha 55,7 % (2,5 paza) unu

Ha 106,3 ToHH/TOX

Buenpenue »sHeprocOeperammmux MEpONpPUATANA TO3BOJUT 3HAYUTEIBHO
CHU3UTH PAcXo TOIUIMBA JI YAOBJIETBOPEHUSI MOTPEOHOCTEN B TEIJIOBOW SHEPTHUU.
MogepHu3anuss YW PEKOHCTPYKLMS  KOTEJIBHBIX  JOJDKHA  IIPOBOJAUTHCS €
MCIIOJIb30BAaHUEM HOBBIX IHEProcOeperaronux TEeXHOJOTHH, KOTOpble MPUBEAYT K
YMEHBIICHHIO BBHIOPOCOB TAPHUKOBBIX Ta30B HAa EAUHUILY MPOIYKIIMH, MTOMOTYT
BBIBECTH W3 OJKCIUTyaTaluu HEed(P(PEKTUBHOE OCHOBHOE U  BCIIOMOTaTelIbHOE
000pyA0OBaHNE U 3HAYUTEIBHO CHU3UTH YJETbHBIM pacXo/l TOIUIMBA Ha TTPOU3BOJICTBO

TCILJIA.

Jluteparypa:
1. [Toctanosnenue [IpaButenbctBa PecnmyOnuku Kaszaxctan ot 28 uions 2014
roga Ne 728 O6 yrBepxaeHuu [Iporpammsel pa3zsutus pernoHoB a0 2020 roxa.
2. [Tpoext EDK OOH. Ananutndeckuii 0630p. DKOJOTUYECKN YUCTHIE YTOIbHBIC

TCXHOJIOI'HH.
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Inzenyru elektrotechniky a elektroniky

IIpucayncbka O.1.
Votceopoocwkutl nayionanvuul ynieepcumem, Yxpaina

NMEPEOABAJIbHA XAPAKTEPUCTUKA NMEPBUHHOIO
BUMIPIOBAJIbHOIO NEPETBOPIOBAYA TEPMOMETPA BOJIOKOHHO-
OMNTUYHOIro

VY 3B'a3ky 3 OypXJMBHM PO3BHUTKOM aBTOMATHU30BAHUX CHUCTEM KOHTPOJIO 1
YIpaBIiHHA 1 TIEPEXOJOM JI0 THYYKHX aBTOMATH30BaHUX BHPOOHHIITB CTPIMKO pOCTE
notpeba B HAAIMHUX JATYUMKAX pI3HUX (I3UYHUX BEIWYUH, 30KpeMa, JaT4YHMKIB
TEMIIEpaTypy 3 IIMPOKUM Jlalma30HOM BHUMIipoBaHb. OKpIM BHCOKHX METPOJIOTTYHUX
XapaKTEePUCTHUK, JaTYMKU IIOBUHHI MaTH BUCOKY CTAOUIBHICTD 1 HAA1HHICTh. [{luM BUMoram
MaKCHMAaJIbHO 33JJ0BOJIBHSIOTH BOJIOKOHHO-ONTHYHI Aartuyuku Ttemmepatypu (BOT),
OCHOBHUM BY3JIOM SIKUX € TEPMOUYTJIMBUI €JIEMEHT, L0 BU3HAYA€ EKCIUTyaTallliH1
XapaKTepUCTUKU JTaTUMKA.

[HdopmaliinumMu  TTapamMeTpaMyd  CBITJIOBOTO CUTHAJIY MOXE BHOUpATUCS
IHTEHCUBHICTb, (ha3a, yacToTa, MOJApU3allis, CIeKTp 1 iHmi. Jlali ONTUYHE BOJIOKHO
NEPEHOCUTh NPOMOAYJIbOBaHMU, 3rAHO 3 JI€I0 30BHIIIHBOIO CEPEJOBUINA, CUTHAT IO
npuiiMaya. Y nesaKuX BUMaJKaX BXIJHE BOJIOKHO MOKE BUCTYIATH 1 B IKOCTI BUXIJHOTO.

OcHOBHI nepeBaru BOJIOKOHHO-ONITUYHOTO TEPMOMETpA:

1) GaraTokaHaJIbHICTh;

2) TUCTaHLIMHUN PEKUM BUMIPIOBAHHS;

3) Maii reoMeTpUYHI IapaMeTpu;

4) MOXIMBICTb BHUMIPIOBAHHS TeMIlepaTypd B yMoBax Jii 3HA4YHUX
€JIEKTPOMArHiTHUX IOJIIB, pajialii, XIMIYHO arpeCUBHUX CEpeAOBHIL O€3 BTpATH 3a/1aHOT
TOYHOCTI;

5) MOXJIMBICTh €KCIUTyaTallii B yMOBaX MiJBUILIEHOI BOTHE- 1 BUOYXOHEOE3MeKH
0€e3 CTBOPEHHS aBapIiHUX CUTYaIllH.

OAHOBOJIOKOHHI CXeMHU 3a0e3MeuyloTh Nepeladyy ONTHYHOIO CHUTHAY BiJ

mkepena BunipomidioBanHsg A0 TUE 1 B HacTynmHOMY 70 npuiiMaya BUIIPOMIHIOBAHHS 10
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oIHOMY omnTHYHOMY KaHanmy. lle 3a0e3medyeThCsi BUKOPHCTaHHAM Y -pO3rairyxyBaya.

Bubpana mramu cxema npuBeeHa Ha puc. 1.

B
TYE
\ OB 1\ E‘O
=2
— —> £
=1
/ ==
| =
1IB
T

Puc.1 Ontryna cxeMa 0JJHO BOJIOKOHHOTO TICPBUHHOTO BUMIPIOBAIBHOTO
neperBoproBaua BOT
B Takiii cxemi 3a0e3neuyeTbCs 3MEHIICHHS JOBXUHU ONTUYHOIO TPAKTY, aje 1

SMCHIIYETHCA BCIIMYMHA BI/IHpOMiHIOBaHHH, SAKE IIoIlaJga€ Ha q)OTOHpI/IP’IMa‘I. TOMy

HEOOX1HO 301IbIIyBaTH KOC(IIIEHT MiACUIICHHS B €JICKTPOHHOMY MOTYJI.

JIJBI BU3HAYEHHS 1HTEHCUBHOCTI CBiTJ'Ia, SKE IIoIlaa€ Ha (bOTOHprIMﬂ‘I, HaMu

OyJu BU3HAYEH1 IHTEHCUBHOCTI CBITJIa HA OCHOBI ONITUYHO1T CXEMHU X0y TPOMEHIB — pHC.2.

Iy
I
I3
Il \
I

Puc.2 Xin npomeniB B THE o/1HO BOJTOKOHHOTO TEpMOMETpA

d3eprano
AieJJeKTPHIHe

BuxigHuil curtan y upoMy BUMNAJKY Oyne NpONOPLIHHUN MOTY>KHOCTI BUX1THOTO

BUIIPOMIHIOBAHHS:
Ly =L+ 1, +1,+... (1)
TemnepatypHy 3miHy mnponyckaHHs — 6(7) Bu3Hayalucsd 3 HACTYIHOIO
CIIBB1IHOIICHHS:
o) __ rM+r -f-rMf -exp[-2-a) 1] @

@273  r(273)+r1, -[L-r273)] -exp[-2- 2(273) 1]’
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1e r— Koe]iIieHT BiAOMBaHHS,

r,— Koe(ilieHT BIAOMBAaHHA J3€pKaya SKUH MpHU PO3paxyHKax MPUHHATHI HaMu
piBauM 0,95

KoedimieHT mornmuHaHHsA  PO3paxOBYBaBCs 3a MpaBUIIOM Y pbaxa

O'(E; —hv)

KT )

o =a,exp(—

bazyrounch Ha Bupasi (2) HaMu MPOBEICHO PO3PAXYHKH TEMIIEPATYPHOI 3aJI€KHOCTI
BITHOCHOI 3MIHU TPOIMYCKAaHHS MJi1 TEPMOUYTIIMBOTO €JIEMEHTa Ha OCHOBI CTEKOI
cuctemu Ge-Se-Sb TopmmHO 30 MKM SIKi TpUBE/IcHI Ha puc.3.

Bubip cTekon 1iei cucteMu 00yMOBJICHHUI THUM, IO BOHU 3a0€3Me4yI0Th HallKpale
y3TO/DKCHHS TI0 ONTUYHHUX MapaMeTpax MPOMHUCIOBUX (DOTO- Ta CBITIO-TIOMIB ILISXOM
3MIHU CKJIaJly MaTepiaiy.

B pe3ynbrati npoBeneHUX pO3paxyHKIB BCTAHOBJIICHO, 1[0 HAMOUIBINY KPYTICTh B
intepBani 300-400K 3a6e3neuye ckian GezpSesoShoo, a HalOIbIIa 00IACTh JIIHIHHOCTI
XapaKTepUCTUKU JJIs  LbOro CKJIaay Mae Micue npu  ToBumHI 10 MM

(puc. 3).

1.0 g
0,9
0,8

0,7

0,6

©
N
@’ —o— 10 mkm
E 0,51 —o— 20 mkm
® 4] —2-30 mkm
—v— 40 mkm
039  —o— 50 mkm

0,2 4

T T T T T T T 1
300 350 400 450 500

Puc. 3 3anexHicTb BIIHOCHOI 3MIHU MPOITYCKAHHS Bl TEMIIEPATypH Ul PI3HUX

toBiuH Matepiany TUE (Gez0Ses0Sh2o) onHo Bosokonuoro TTBIT

B sKkocTi mxepena BUIPOMIHIOBAaHHS HaMU BHOpPaHO BUIIPOMIHIOBAIBHUH 1101
AJI135A [1], a B axocTi npuiimada — (oromion ®A265A [2]. Lli gioau 3abe3neuyr0Th
HaWKpalie ONTHYHE Y3TO/PKeHHS 3a ONTUYHUMH IapaMeTpamMu BUOpaHOro martepiany
TYE. OkpiM 1IbOTO BOHU BHUITYCKAIOTHCS B METAJIEBUX KOPIyCaX 3 ONTUYHHUM PO3’€MOM,

KU 3a0e31euye 3’ € THaHHS 3 ONTUYHOIO JITHIEKO 3B’ 13Ky 0€3 10JJaTKOBOTO IOCTYBaHHSI.
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TeMmriepaTypHa 3aJI€KHICTh CTpyMY (OTOJII0/Ia pO3pax0BYBajach BIAMOBIIHO 10
CTaHJAPTHUX METOJMK BUKIAAeHUX B mociOHukax [3, 4]. Pesympratu po3paxyHKiB

MPUBEJICHO Ha puc.4.

1,8 1
1,6 o,
1,4 N

12 N
1,04 A

€ 08+ N

06 \\
04 A

0,2

~~~~~
T T T T T T T T
280 300 320 340 360 380 400 420 440
T, K

0,0

Puc. 4. TemmniepaTypHa 3aJ1€KHICTh CTpyMy (DOTO10/1a IEPBUHHOTO
BHUMIPIOBAJILHOTO TIEPETBOPIOBAaYA
SIx BUJIHO 3 IUX PE3yNbTATiB BETUYHHA CTPYMY (OTO/I10/1a IPU 3MiHI TeMIepaTypu
B mianazoni 300 — 350K nmnpuBoauth 110 3MiHM CcTpyMmMy (doTodiona Ha
0,8 MkA. Xapakrep 3MiHM CTpyMy, y BKa3aHOMY IHTEpBaJli TEMIeEpaTyp € MPaKTHUYHO

JiHIAHUA. B niiomy oznep)xanuii pe3yiabTaT 3aJ0BUIbHSE TOCTABIEHUM BUMOTaM.

Jlitepatypa:

1. IOmma A.M. OntosnaeKkTpoHHbIE NPHOOPHI M HUX 3apyOEKHBIE aHAJIOTHU:
CnpaBounuk. T.1. —M.: PaquCodrt, 1998. -512c.

2. IOmmu AM. OnrtosnekTpoHHbIE NPUOOPHI M HUX 3apyOeKHbIE aHaJIOTH:
CrnpaBounuk. T.3. -M.: PaquCodrt, 1998. —564c.

3. SAxymenko A.C., Conomarun B.A., Enmzapenko FO.I'. Ontuko-3iekTpoHHBIE
CUCTEMBI B HCCIENOBAaHUAX IPUPOIHBIX pecypcoB. —M.: Henpa, 1984, 215c.

4, mranwH I'.T., ITaakos 2./1., AuapeeB A.JL., [Tonpmmkos I'.B. Uctounuku
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Materialy ve strojirenstvi

I'onuapenko M. B.

[lenmpanvroyKpaincvKuu HayioHaAIbHUL MeXHIYHUU YHigepcumem, Ykpaina

METOAU KOMBIHOBAHOI TEPMOLUKI Iv‘-IHO'I' OBPOBKU
BIAHOBJIEHUX OETANEWN

Sk mokazanu MpOBEAEH! MOCHKEHHS, B CHIY CcHelu(iKi MpoLeciB
BUCOKOTEMIIEPATYPHOTO BIAHOBIIEHHS HaWOUIbIINN e€(eKT TePMOIMKITYHOT 00poOKU
(mama TIIO) moxxe OyTH AOCATHYTHH y BHMAAKy ii KOMOIHAIii 3 OCHOBHUM
TEXHOJIOT1YHUM TIPOIIECOM a00 3 IHIITMMHU METOJaMU aKTUBHOTO UM IMTACUBHOT'O BILUIUBY
(mo, micas YM Mix Yac BIAHOBJICHHS) HAa CTaH MOBEPXHEBUX IMAPIB BIJHOBJICHOTO
MeTaay ¥ Ha BeCh KOMIUICKC (PI3MKO-MEXaHIYHUX XapaKTePUCTHK JAeTaneH, sKi
BITHOBIIOIOTHCS [1]. 3a UMM O3HaKaMHM Taki KOMOIHAIli MOXXHA PO3JIUIMTH Ha

HACTYIIHI TPYIIU:

1) momepenniii ab0 MONYTHIA TEPMOLMKIIYHUN BIUIMB IPU BiTHOBJICHHI;

BigHoBieHHs mmig yac T1O;
2) sukoHanus TLO 31 3SMiIHHHMH IMapamMeTpaMu;

3) koMbiHoBaHa TepMoaedopmMalriifHa IUKIiYHa 00poOKa BiIHOBIECHOT ACTAli

Ha PI3HUX eTarax OCHOBHOT'O TEXHOJIOTTYHOTO MIPOIIECY, TEPMOIMKIIIYHE BiTHOBJICHHS.

OmgHuM 3 TIpeACTaBHUKIB METOIB JIPyroi I'pylmd MOKHA BBaXKaTH CHOCIO
BIIHOBJICHHS J€TaJicii MAaIMH Ta30TePMIYHUM HAMWICHHSM ITOPOIIKOMOMIOHUX
matepianiB y mporeci THO [2] (puc. 1).

JleTasib yCTaHOBIIOETHCS HAa BIATIOBINHE MPUCTOCYBAHHS IJisi HANWJICHHS 3
THIYKTOPOM MICIIEBOTO HarpiBaHHS MOBEPXHI, SIKa BITHOBIISIETHCS, Ta TA30TEPMIYHOTO
najgpbHUKa. [lomepesH0 BKITIOYAETHCS IHAYKTOP, KU BUKOHYE HATrpIBaHHS METAJLTY
B MEKax MEpIIOro IUKITY 10 TEMIIepaTypH BUIIE TOUKK Ac1 TaHOTO MaTepiany Ha 30-
50 °C 3 BUCOKOIO MIBUIKICTIO, IO MPUBOJUTH JO YTBOPECHHS B TIOBEPXHEBOMY IIapi
MeTally BIIHOBIIOBAHOI JeTajil ApPiOHO3EPHUCTOI ayCTEHITHOI CTpykTypu. Jlami

THAYKTOP BIIKIIOYAETHCS K BUBOJUTHCA 3 pOOOYOi 30HH.
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Puc. 1 Cxema razorepmiunoro HanuieHHs B nporeci THHO

BrrouaeTbesi maNibHUK 1 TPUBIN 00€pTaHHS AeTali (SKIIO BITHOBIIOETHCS
NOBEpXHS OOEpTaHHs), HA HArpiTy IOBEPXHIO SIKOI HANMWISETHCSA IMOPOITKOBUN
matepian. Ilpoliec HamuaCHHS TPOJOBKYETHCS JIO JOCSATHEHHS ITOBEPXHCIO, sKa
BIJTHOBITIOEThCS, Temreparypu An+ (30-50 °C), micis 4oro najbHUK BiTKITHOYAETHCS.
OXxoJo/KEeHHsT IeTalli B MEKax IMEepIIoro IUKIY BEIyTh Ha MOBITP1 A0 JAOCATHEHHS
noBepxHero Aerani temmepatypu Apt (30-50 °C), ToOTO TemmepaTypu, MpH SKii
¢da30Bi MEpeTBOPEHHS BXKE€ HE MPOTIKalTh. Jpyruili TEpMOUMKI BUKOHYETbCS 0e€3
HaIWJICHHS B TeMIlepaTypHoMy iHTepBaiti Ac+ (30 - 50 °C) — A1 - (30 - 50 °C). Tperiit
1 HACTYIHI HEMapHi TEPMOIMKIA BHKOHYIOTH 32 CXEMOIO IEpIIOTO, a YEeTBEPTHUH 1
HACTYITHI MTapHi - 32 CXEMOIO APYToro.

VY npomy Bunaaky B npoiieci TIHHO po3BuBatOThCS IHTEHCHUBHI MIKPOTUIACTHYHI1
nedopmMarliii, SKi CyMpPOBOKYIOTH IPOIEC pellakcallii HampyXeHb 1 BEAYThb 0
dbopMyBaHHS CYOCTPYKTYp, IO IMJABHINYIOTh JU(DY3ilHY TIPOHMKIUBICTH 1
MPUCKOPIOIOTh AU(Y3iI0 MeTany BiAHOBIECHHS. OJHOYACHO 3 MMM OuIbINa, HIK y
3BHYAHUX BHUIAJKaX, KUIBKICTh NPIOHUX 3€pEeH ayCTEeHITY chpuse 30UTbIICHHIO
KUTBKOCT1 IHEHTPIB KpUCTANI3aIii pPO3IJIABICHOTO MOPOIIKOBOTO Marepiamy 1, SK
HACJIIOK, yTBOPEHHIO IPIOHOIUCTIEPCHUX CTPYKTYP HAMMIICHOTO MIapy. Y CyKyMHOCTI
i 1Ba (akTopu 3a6e3meuyroTh (popmyBaHHA TepexigHoil Audy3iiHOT 30HN OUTBIIOT
TOBIIIMHY 3 BIAHOCHO PIBHOMIPHUM PO3MOIUIOM JIETYIOUHUX 1 OCHOBHUX €JIEMEHTIB 1
MABUIIYIOTH MIITHICTh 34ETUICHHS HATUJICHOTO MIapy i OCHOBHOTO METay. 3HIKCHHS
TeMIEepaTypu MOBEPXHI, K€ BUKIMKAHE Nay30l0 IiJl Yac BIABOAY IHAYKTOpa Ta

BKJIIOYEHHS TMaJbHUKA, KOMIICHCYETHCS TEMIEPATYpPOIO IUISIMUA TOPIHHS a IMOBEPXHI,
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110 BITHOBIIOEThCS. HakmananHsi BEKTOPIB TeMmepaTypHUX HOJIB OXOJIOIKYBAHOI 3
TeMIiepaTypu Aci JleTanl ¥ MajJbHUKA TaKOXK IHTEHCU(DIKYIOTh qu(y3iiHI MPOLECH B
nepexigHid 30HI. HarpiBaHHs # OXOJOJKEHHS JeTaldl y APYroMy Ta NapHHX
TEPMOLIMKJIAX BUKOHYE (YHKIIT yTBOpPEHHS Haja JpiOHO3EPHUCTOI CTPYKTYpH IO
nepepizy AeTall, ika BIIHOBmoerses, TOAATBIIIOT0 BUMIPIOBAHHS 1 CTa01113a11il XIMIYHOTO
CKJIaJy Ta BHYTPIIIHIX HANPYXEHb Y HANWJICHOMY IIapi i OCHOBHOMY MeTalli, IO
BUKJIIOYA€ TIOSIBY XOJOJHUX TPILIMH. 3arajibHa KUIbKICTh TEPMOLIMKIIB BUOUPAETHCA
JOCTaTHBOIO JJI TMOBHOTO BIJIHOBJIEHHS BIJMOBIAHOT MOBepXHi. OXOJOJKEHHS B
MeXaxX OCTAHHBOTO IHMKJIY BUKOHYETHCS MPUPOJHUM HUIIXOM, a00 MPUMYCOBO - Y
MAacCTHJI1 YXA BOI.

3aci0 BUKOPUCTOBYBAaBCS TMpH Ta30TEPMIYHOMY HaNWICHH! MIUWKHU
NEPBUHHOTO BajJdy pO3MOJAUIBHOI KOPOOKM 3 JiaMeTpaMH TOBEPXOHb, SKI

BITHOBIISIFOTHCA, 45 135 MM 31 ctani 40XHM tBepaictio HRC = 35- 40.

JlitepaTypa
1. berynos . C., YepsousanoB B./., Auapees B. I1. BoccTtanoBnenue mecteper
u nunieBbiX BasioB.- M: ITHUMUTOU IN'ockomcenbxoztexuuku CCCP, 1978.-33
C.
2. Tlar. 97030951 Vkpaimn. Croci®O BiIHOBJICHHS CTajeBHX JeTajend /

Kopogaituenko 0. M. ta in. — 1997.
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Myasp L. O., Onociii 3. M., JleckoBuu II. €.
leano-Dpanxiscokuil HayioHaIbHUL MexHiYHULl YHigepcumem Hagmu i eazy, Yxpaina

BMJINB TEXHONOIN4YHUX ®AKTOPIB HA MILHICTb 34EINJIEHHA
APMOBAHOI 30HU

TeXHOMOTIYHMI TPOIIeC BUTOTOBIICHHS CYIIUTBHOTO IHCTPYMEHTA CKIIAAa€ThCS
13 MOEAHAHHS OIlepaliil BIILIEHTPOBOT'O JUTTS 1 apMyBaHHsI, 1 3a0€31e4eHHs HaJIHHOTO
3’€THAHHS BIJIIEHTPOBO-apMOBaHOT 30HW 3 Marpuleto. CyMIlIEHHS TPhOX
TEXHOJIOT1YHUX OMepalliii Hakiagae OOMEXEHHS Ha 3arajbHI IMapaMeTpu, sKi
BIUIMBAIOTh HA BUX1AH1 MOKa3HUKU MPY BUTOTOBJICHHI CYIIUTBHUX (pe3epiB, JOMATEBUX
JIOJIIT 1 JIONATEBUX KajliOpaTopiB.

3’enHaHHSA KopIyca J0Ji0Ta, ¢pe3epa 1 kKajgiOpatopa 3AIMCHIOETHCS JBOMA
croco0amMu: MEXaHIYHUMH 3YETUICHHSIMHU 1 CIUTABJICHHSIMH.

MexaHiuHe 34YeIUICHHS JBOX MeETaliB BinOyBaeThbcsi 0€3 B3a€EMHOTO
MDKATOMHOT'O TIPOHUKHEHHs, 0e3 audy3ii 0JHOTO METally B 1HIIUH, 110 MOSCHIOETHCS
BIJICYTHICTIO B3a€MHOTO 3MOYYBaHHS 1 IIBHJIKOIO KPHUCTATI3aIlI€l0 MOTPAHUYHOTO
mapy. Cuiam MeXaHIYHOro 3YerUIeHHS OOYMOBIIOIOTHCS YCAJKOI 3aCTHTarvoro

PIAKOr0 METany 1 BAHUKHEHHSM MiXK HUMU CHJT TEPTS.

3’e€qHAHHS CIUIABJICHHSM TIOJUISETHCS HA 3MOYYBaHHS IOBEPXHI MeTaly
PIAKOIO CTAJUTIO, PO3UMHEHHS, B3aeMHA TU(PY3is 1 KpUCTaTi3aIlis.

Jlns BWHUKHEHHS 34YCIUICHHS MIDK dYacTHHAMHU OIMETaJIidYHOTO BHIIMBKA
HEOOXITHO, HacaMmmepes], W00 aTOMH pO3IJIABICHOTO MeETady BCTYyMald B
Oe3mocepeiHiii KOHTAKT 3 TOBEPXHEBUMH aTOMaMU TBEPAOTO METaIy.

IIpomiec B3aeMomii TBepaOi YAaCTMHM OIMETAIYHOTO BHJIMBKA 3 PIIKUM
METaJIOM CYNPOBODKYETHCS PAAOM (PI3UKO-XIMIYHUX MPOIECIB, OCHOBHUMHU 3 AKHUX €:

A) pO3UMHEHHSI METaTy TBEpJ01 YaCTHHH BUJIMBKA (In(]y3is aTOMIB TBEpOTO
MeETally B pO3ILJIaB);

b) aromna mudy3is ckaagoBUX €JIEMEHTIB PO3IUIaBy B TBEpPJy YacTUHY

BUJIMBKA,
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B) peaktuBHa nudy3is MK PO3IUIABOM 1 METAJIOM TBEPJI0T YACTUHU BUJIMBKA 3

TBOPEHHAM Ha MEK1 MDK HAMMU 1Py IHTEPMETATIYHMX 3’ € THAHbD.
y Yy

IcHye pexkuibka METOAIB BUPOOHMLTBA OIMETaiB: CyMICHAa IPOKAaTKa,
raJIbBaHIYHE TMOKPUTTS, 3’€IHAHHS BHOYXOM, HAIUIABIIIOBAaHHS TEPTAM, HaJMBaHHS

pO3ILJIaBy OJIHOTO METajy Ha 1HIIUHN, OUIBII TYTOTUIABKUM Ta 1H.

He 3ynunsiourich Ha aHamizi BCIX METOAIB BHUPOOHHIITBA Oimertany[l],
BIIMITUMO, IIO BiJIOMI1 JBa METOJIU OJiepKaHHs OIMETAIIUHUX BUJIMBOK: TOCIIIIOBHE
3aJIMBaHHS JBOX PI3HMX METAJIB B OJHY 1 Ty X (OpMY 1 3aJMBaHHS PO3ILJIABICHUM
METaJIOM PaHillie BUTOTOBJICHUX YacTUH BUPOOY. [IpocTimmm € apyruit Meros, Tomy i
YaCTIIIe 3aCTOCOBYETHCSI B TPOMUCIIOBOCTI.

OnepsxaHHst 6IMETaIIYHOTO 3’ €THAHHSI IBOX CILJIaB1B, BUTOTOBJICHUX Ha OCHOBI1
OJIHOTO 1 TOTO X KOMIIOHEHTA, HAMPUKIAd, CTaJll HAUMPOCTIIIE B TEXHOJIOTTUHOMY
mwiaHl. Yucra TOBEpXHS TBEPAMX KPUCTATIIB MPEKPACHO 3MOYYETHCS BIACHUM

po3IIaBoM 0e3 3aCTOCyBaHHS (JIIOCIB.

Jlist Toro, mo0 oAep)KaTH B3a€EMHE 3MOYYBaHHS JBOX OJU3BKUX IO CKJIAay
CIUIaBiB, HEOOXITHO MAaTH TUIbKH YHUCTY TOBEPXHIO TBEPJOTO MeETajay, BUIBHY Bij
CTOPOHHBOTO 3a0pymHEHHS. BIM3BKICTH TemrepaTyp IUIaBICHHS TaKHUX CILIaBiB
3BHYAfHO TPHU3BOJAUTH JIO PO3YMHECHHS ITOBEPXHEBUX IIIApiB TBEPIOTO MeETaly,

JO0AAaTKOBOI'O OYHMIIICHHSA Hi€I HOBerHi 1 PO3KPUTTA aKTUBHUX IIJIOITWH KpI/ICTaJ'IiB.

Mera pobotn — moOyaoBa MaTeMaTHYHOI MOJEl MPOLECY CIUIaBJICHHS
BiJIIICHTPOBO-apPMOBAHOI 30HM 3 MATPHUICIO JUIS BHU3HAYCHHS 4YaCTKU BIUIMBY
TEXHOJIOT1YHUX MMapaMeTPiB Ha MIIHICTh CILIABJICHHS 1 3HAXOKEHHS TeXHOJIOTTYHUX

napaMeTpiB, SKi 3a0€3MeuyI0Th MaKCUMAIbHY MIIHICTD 3’ €AHaHHS [2].
dakropamu, 110 BU3HAYAIOTh TEXHOJOTTYHHI MPOIIEC CIUIABICHHS €:

X1 — TeMriepaTypa 3aiuBaHHS cTaji; Xz — TEMIEpaTypa HarpiBaHHS KOPITyca;
X3 — Kpok mpoisito, HAHECEHOTO Ha MOBEPXHIO KOpiyca; X4 — BHCOTa MPOQUIIO,
HAHECEHOTO Ha MOBEPXHIO KOpITyca; X5 — BEIMYMHA 3BOPOTHOTO KOHYCa; X — YHCIIO
0o0epTiB BIAIEHTPOBOI MAaIMHU; X7 — 4YaC BUTPUMKH KOPITyca HEPYXOMHUM ITiCIIs
3a7auBaHHS cTajl; Xg — KUIBKICTb CTalll, IO 3aJIMBA€ThCI; Xg9 — Bara cTakaHa; Xio —
IIBUKICTH 3aJIMBAHHS CTajl; X11 — TEMIIepaTypa 3ajJuBaHHs kKepaMiuHoi popmu; X2 —
X21 — KOMIIOHEHTH, $IKI BHU3HAYaIOTh CKJIAJ CTaJl, IO 3aJMBAEThCA; X22 — X31 —

KOMITOHEHTH, SIK1 BU3HAUYaIOTh CKJIaJl CTaIl KOpITyca.
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[IpuitHsaTe pilieHHs 3MIHIOBaTH B eKcrepuMeHTl ¢pakropu X1, Xo, X3 Xa, Xs,
X, X7.

Tabmuis 1 — dakropw, sKi BU3HAYAIOTH MPOIIEC CIUIABIICHHS KOpITyca

IlosHadeHHA Hassa aktopa Poswmip- Plsri paxropa TounicTs
HICTh -1 0 +1

X1 TeMIIepaTypa 3aJIMBaHHs CTaJl e 1520 | 1570 | 1620 +10
X2 TeMIIepaTypa HarpiBaHHs Kopiyca e 20 | 510 | 1000 +10
X3 KPOK HaHECEHOTO MPodiIto MM 02 | 21 4 +0,1
Xa BHCOTa HAHECEHOTO MPOQLTIO MM 0,5 | 2,25 5 +0,1
X5 BEJTMYMHA 3BOPOTHOTO KOHYCA rpa. 0 4 8 +0,05
Xe 4uCII0 00EPTIB BiALIEHTPOBOT MAIIMHU 00/xB 400 | 500 | 600 +5 %
X7 yac BUTPUMKH KOPITyca HEPYXOMUM c 0 2 4 +0,2

@aktopu X8, X9, X10, X11 HocATh BUMAAKOBUN XapaKTep, CYTTEBO HE
BIUTMBAIOTh HA BUXI1/IHI TapaMeTpU IIPU MPOBEICHHI JOCII1B 1 TIOBUHHI OyTH B MEXaX,
10 BU3HAYEH1 €KCIIEPUMEHTAIIBHO.

Tabmuus 2 — Jlomyck Ha BUTIaaKOB1 pakTopH

.. Tounicts
llosHagenns HazBa daxtopa Bemnunna | Po3MipHicTh .
MiATPUMAHHS
Xs KIUIBKICTh CTaJIi, IO 3aJIMBAECTHCS 7500 r +200
X9 Bara cTakaHa 2500 r +50
X10 LIBUJIKICTH 3aJIMBAHHS CTaJIl 1000 r/c +100
TeMIIepaTypa 3aIMBaHHs
X11 patyp . 150 rpa. +10
KepaMigHOi hopMu

[Ipokanena B omoIll kepamigyHa (opMa BCTAHOBIIOETHCS Ha BIIIIEHTPOBIM
MalIiHi, MOTIM KPIMUTHCS Ha CTEIialIbHIN OMpaBIli 1 BBOAUTHCS B (OpMy, HATPITUHN 10
MEBHOI TeMIIepaTypu KopItyc. BifiieHTpoBa MalinHa MPUBOAUTHCS B PYX 13a7TUBAETHCS
Metan. Kopmyc BUTpUMYeEThCS TEBHUN Yac HEPYXOMHM, a IMOTIM BHUBUIBHSETHCS 1
IIPOJIOBXKYE 00epTATHUCS Pa30M 3 OIOKOO JIO 3aKiHYeHHs KpucTamizamii crami. [Totim
BIJIIIEHTPOBA MAIIIMHA 3YMTUHAETHCS, 3BUTLHSAETHCS BiJ KPIMJICHHS Ha OMPAaBIIi KOPIYC 1
OTIOKA Pa30OM 13 3AIUTHM 1HCTPYMEHTOM 3HIMAETHCA 3 BIAIIEHTPOBOT MAIIIUHH.

[TapameTpoM onTHuMmizailii, sSIKHA BH3HAYAE MIIHICTh CIUTABJICHHS KOPITYCa,
MPUITHATA BEJIMYMHA 3MIIIEHHS KOPIyca BiIHOCHO BIJIMBKA MPY HaBaHTaxeHHI B 50 T.
3amipu 3MilIEHHST KIpKOBOi ()OPMU BIAHOCHO KOpITyca MPOBOAWINCH B YOTHUPHOX

B3a€MHO MEPNEHIUKYIIPHUX TOUKAX 1HIUKATOPOM FOAMHHUKOBOTO THUITY 31 CTIHKOIO.
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JlocnimpKeHHsI TEXHOJIOTTYHOTO MPOLIECY CIUIABJICHHS Kopiyca BigOyBajocs y
BIJIMIOBIJHOCTI 3 MaTPHULIEIO TUTaHyBaHHs Tabiuis 3. KuibKicTh ZOCTIAIB IPH peatizarii
IOBHOTO ()aKTOPHOTO eKCIepuMeHTy cknagae 27 = 128. Jlis 3MEHLIEHHS KiIbKOCTi
mocmifis OyB NpUMHATHI IUIaH 3 ApoOoBUMH perurikamu 274, axwmii cknagascsa 3 8
JOCIIAIB, peaji3oBaHUM K JJIsl cUpuX Y1 Tak 1 TepMooOpoOieHux Y it B3IpLIB.
Jlucnepciss BIATBOPIOBAHOCTI BH3Hayanacsl MPOBEACHHSIM TPbOX EKCIEPUMEHTIB B
HYJIbOBIM TOYIII.

Tabnuus 3 — Marpuns 1iaHyBaHHS €KCIEPUMEHTY TEXHOJIOT1l BIUIABJICHHS

Kopryca
i Pascropi sapavienp
Xo X1 X2 X3 Xa X5 X6 X7 Y1 Yir
1 + + + + + + 0,08 0,04
2 + + - - - - + + 1,82 1,73
3 + - - + + - - + 1,29 1,34
4 + - + - - + - + 0,44 0,29
5 + - - - + + + - 0,18 0,21
6 + - + + - - + + 1,34 1,20
7 + + + - + - - - 1,12 0,98
8 + + - + - + - - 0,24 0,21
Hucnepcis

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0

[Tpu 00poOI1Ii excriepuMEeHTATBHUX JaHUX OJIepKaHa MaTeMaTH4Ha MOJETb
TEXHOJIOTIYHOTO TIPOIIECY CIUIABIEHHS KOpIyca B MaTpuyHiil (opmi cupux i
TEPMOOOPOOIeHNX B3IpIiB. 3 1€l MoOjeN MOXYTh OyTH OfepKaHi PpIBHSIHHS
MHOXHHHOI perpecii s BeIMYUHU 3MIIIEHHS KOPITyca BITHOCHO BHUJIMBKA SIK CUPOTO
(1), Tak 1 TepMooOpobdIEHOTO B3ipIIs (2).

Y1=0,814 —0,146X4 — 0,696 X5 1)

Y11=0,75-0,122X; - 0,107X4 — 0,656 X5 + 0,1 X7 (2)

BceranosneHo, mo mi piBHSHHS aJeKBaTHI €KCIIEPUMEHTAJIBHUM JTAHUM TIPH 5
% pI1BH1 3HAYUMOCT!I.

Bennunna 3MillleHHS Kopoyca BIJHOCHO BWJIMBKA B CHUPHUX B3IpIIB

BH3HAYA€TBCA B OCHOBHOMY BCJIMYHMHOIO 3BOPOTHOI'0O KOHYCa KOpIIyCa 1 BHCOTOIO
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HaHeceHoro mnpodumo. I[licns XiMiko-TepMiyHOT OOpOOKM 3HAYMMHMM CTalOTh
Koe(DILIEHTH TEXHOJIOTTYHMX IMapaMeTpiB: TeMIepaTypa HarpiBaHHs KopIlyca 1 4ac
BUTPUMKH KOPITYCa HEPYXOMHM.

BucHoBOK. AHani3 MaTeMaTU4HOI MOJENl MOKa3ye, 110 SIK Y CHUpUX, TaK 1y
TepMOOOPOOJICHUX B3IPIIIB BEIMYMHA MIIIHOCTI CIUIABJICHHS KOPITyCa BU3HAYAETHCA
BEJIMYMHOIO 3BOPOTHOIO KOHYCa KOpHyca. 3HAYEHHs BEJIMYMHU 3BOPOTHOTO KOHYCa
KOpIyca BHM3HAYA€EThCS KOHCTPYKIIEID I1HCTPYMEHTa 1 JUIsl BCIX 1HCTPYMEHTIB
3MIHIOETECA B Mexkax (8 — 12)°,

Cnucok BUKOPHUCTAHOI JITepaTypu

1. byrait IO.H. Texnonoruss 1IeHTPOOEKHOTO JIUThS aAPMUPOBAHHBIX
oyposbix nonot / FO. H. Byraii // JIuteitnoe mpoussoactso, Ne 10, 1981.
—c. 18-22.

2. T'onoBauoB b. A. Bricokonpounsie 6umeTannnyeckue coenuuenus / b.

A. T'omoBauos, H. A. Komapos. — JI.: Mamunoctpoenue, 1974. — 202 c.
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Mining

Hypaun6aesa b.M., Xamuayaiaues J1.X.
Kacnuii kozamowvlx ynusepcumemi, Anmamuol

CAMKIUHI NPOLECIHIH TUIMOUTIIH XXOFAPBINATY 91ICTEPI

['a3 KOHJEHCATTHl KE€H OPHBIH MTEPreHJIc KOHJCHCAT TMeH ra3 OeprimTik
KOA(UIMEHTIH ocIpy YIIiH Oenruil Oip yakbIT apaiblFbiHAa KypaMmblHaH Co+ sxoHe Ca+
KypamIapbl aJiIbIH — aja ajlblHFaH OHIpUIreH Ta3abl KabaTka KalTa aifjay apKbUIbI
XKy3ere aceIpyra 0oaabl. KypaMbina xorapbl KOHICHCAT 0ap KaOATTHIK Ta3 bl aTyabl
KaMTaMachl3 €TETIH UTepy PEKUMIH CAMKIIMHT — ITpolriecc Aciimi3z. MyHsbI anrar pet 30
— TIIBI JKBULIAP/IBIH asFbIHAH OacTar KoJaaHbl. EKIHIIN JyHHUE KY31TIK COFBIC Ke31HIe
CYMBIK KOMIPCYTEri OHAIpICTE MOTOP OTBIHBI PETIHAE KAKETTUIIK TYFBI3BIIN, all
KOMIPCYTEKTI Ta3fa JiereH cypanbic ToMeH 00iabl. 1944 kbl AKII — Th1H 224 Ta3
— KOHJICHCATThl UTE€PETIH KeH OpHBIHAAPbIHIA CANKIMHI MPOIECIH KOJJaHAThIH 37
KOHABIPFBI KYMbIC *Kacaipsl. Coi ke3eHjae «OeH3WHCI3ICHIIPUIreHy Tra3/pl KabaTka
kepi aifnay ek AKII — ta rana emec, connait — ak Kanamana xoHe je OeTeH ras
OHJIpYIII enyiep e, TINTi a3 KypaMbIHarbl 6acTanksl KoHaeHcar 150 — 180 r/m® rana
0oJIaThIH ra3 —KOHJICHCATThI KEH OPBIHIAPBIH/IA Aa KoJiaHa 6actaasl. COFbIC OITyIMEH
KOMIpCYTEKTep/ll naigaiany KYpbUIBIMBI ©3TepyiHe OaillTaHBICTBI ~ CYHBIK opi Ta3
TOpi3Nll KOMIPCYTeKTepiHe jaereH Oara TemeHaeni. CaWKIMHT TPOIECIH KOJIJaHa
OTBIPHITT KAaHAFATTAHAPJIBIKTANl TEXHUKA — YKOHOMUKAJIBIK KOPCETKIIMTEP/l TeK KaHa
ra3 KypambIHAarsl KoHaeHcat 250 — 300 r/m® Tan ToMen 6omaiiTeiH T'KKO we 6011bl.
Heri3ri KymTi CaWKIHHT MPOIECIH OOJMICKTEI JKy3ere achlpy  TYpiHE CaJIbl.
byHnnaii »xarnait kabaTka aijaiaTelH Ta3 KejaeMi KabaTTaH allbIHATHIH ra3 KeJIEMiHEH
a3 OoJsraHga KOJAaHbUIIBL. bip Mesrimme kabaTka aimalaTblH KOMIPCYTEKCi3
ra3fapably yieci aitapabikTail ecin ketTi. CoHmail — aK aimbl CAHKIUHT MPOIIECIH
KOJIIaHATBIH OO0BEeKTUIep caHbl oTe TomeHaen kerti.  Coran kapamactan AKIII,
Kananma >xone Oacka nma enmaeplieH ra3 — KOHJEHCATThl K€H OPBIHIAPABI CANKIMHT
MPOIIECT PEKUMIH KOJIJIAH bl KOHE KOJIJIAHBIII KaThIp. Op TYpJl Karaaia xKoHe Typil
reOJIOTUSIIBIK KOCIMIIUTIKTE KEH OPhIHAAPBIH UT€PYTe KUHAIIFAH TIKIPUOE CUTIATHI o

urepy >ko0achlHAa TYMKUTIKTI 3epTTeyal KaxeT erTi. CoHmalh — aK Kyprak Tasibl
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alalThiH OO0BEKTI KaOaTTapbIHBIH OPTEKTUIINIH TEPEH 3€pTTEy KEpeK OOJIIbI.
ConpimMen katap BHUUI'A3 3eprTeyi keneciHi Aanenaeai: OipiHIIiIeH, KaOaTThIK
KBICBIM TOMEH OO0JIFaH/1a 0eJIIEeKTey CAUKIMHT MPOLEC 63 KOPCETKIIITEPIMEH HKOFaPhI
OOJFaH >KarJaigarsl MPOLECTEH KalbICIIAl/Ibl; €KIHIIIAEH, Ka0aTThIK KOcHa KypaMblH
€CKepe OTBIPBII MPOILECCTIH TUIMAUIIH KeTepyre 0osiaabl. byi skapbuUibic Ke3eHIHEH
KEWIH ra3aplk azara peTporpaarhl KOHACHCATTHIH OyJIaHybIH apaliblK KOMIPCYTEKTEP
(3ran — mpomaH —OyTaHAbIK (pakuus) apKbUIbl >KY3€re achbIpyblH TYCIHAIPEIL.
CoHbIMEH KaTap peTporpaarbl KOHJIEHCATThIH OyJlaHybl Y3aK MPOLECC eKEHIIT1 KoHe
KONl >KbUIJapJaH KeWiH aljanFaH ra3 jKapblll 6TKEHHEH KEWIH YHFbIMaJaH >KOFapbl
KQCINTIK KypaM/Jibl KOHJIEHCAT OHIMIH aJly MYMKIHIIUTIr 60761, HapbIKTHIK *Xarnaiaa
ra3 OeH CYMBbIK KOMIp CYTEKTEpiHE CYPAHBICTBIH aybITKbIIT OTHIPYbIHA OaiIaHBICTHI
Kazakctan keH oOpbIHAApbIHAA CAWKIMHT TPOLECIH KOJJAaHy MYMKIHIIUIIN ecyi
MYMKIH >KOHE OHBI KOJITAHYABIH dJIEMIIK TOKIPUOEC] YIIKEH KbI3bIFYIIBUIBIK TYIbIPbII
OTBIP.

TeMeHne callkIMHT MPOLECIHIH IIETeNAe OpbIHAAIFaH HOTHXKeIepl
TangaaHazasl, coga —ak TMJI engepi OOMbIHIIA KaTFBI3 )KY3€Te aChIPbUIFaH CAMKIUHT
npoiiecinin HoBorpowutik (YkpanHa) ra3z — KOHJAEHCAT K€H OPHBIHIAFbI HOTHIKEIEPI J1e

TaJqaHabl.

Kanananbig ipi ra3 — KOHAEHCAT KeH OpbIHAAPBIHBIH Oipi Kelt60oOThIH urepy
K00aCBIHBIH TXipuOeci — maijansl KazOamapabl KOpIIaraH OpTa MEH KOWHAYIbI
KOpFay TaJlaiTapbIMEH cail MmaiijaJaHfaHjga I[ICeMUIreH MoceleNepl >KarblHaH
KBI3BIFYIIBUTBIK TYABIPAIBL.

1961 xbutbl ampiirad Kpii000 ra3 — KOHJIEHCAT KEH OpHBI DJIMOHTOH
KaJlaCchIHaH CONTYCTIK — Oartbicka Kapaih 300 KwiIoMeTp KalIbIKTBIKTa AJbOepTa
MIPOBHHIIMACHIHIA OpHajackaH. Heri3iHje KeyeKTi MONOMHUTTEH KypaliFaH Manalibl
MeT1HIIEP CONATYCTIK — OAaThICTaH, OHTYCTIK — IIBIFBICKA CO3BUIFaH ImamMaMeH 80 Km
Y3BIHABIKTAFbI KoHE 3,5 — 9 KM eHal 60JaThlH KYPBUIBIMABI KypalThiH CBou XuiM
CBUTACBHIHBIH XOFaphl 0eIiriHiH puOTreH 1l MacCUBIMEH yInTackaH. by merinminep
KiKeHTai emem i pudapanblk Kyperi O0IbIT OpHATACKaH KOHE OHBIH OpHAJIACyhI
aHplK OenrinenOereH. Kamutanm CTBOPBI THIFBI3 OKTACTAPMEH TOJTHIPBUIFAH.
Kabarraps! aiimak OoiibiHINIA OHTYCTIK — OaThic OarpiThiHAH 1,05 M/KM — Tre eHkeiie
KYKTEJIT€H KEH OPHBIHBIH OapiibIK ay/iaHbl OOWbIHIIA eHIM/II meriHauiep Crou Xuiic
CBUTACBIHBIH 33 M opTailla KyaTTbUIBIKTaFbl TOMEHI1 O6JIIriHIH Kapa OyTUMUHO3/bI

KapOoHaTTapbiMeH TeceireH. CoHpall — aK MYHJla ThIFbI3 OKTACTAPMEH KEYEKT1
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JTOJIOMUTTEP 1€ Ke3aeceal. OHIMII rOpU30HTTBIH KyaTrTbulbliFbl 0 — nen 109 metpre
JEeIH apaiblFbIHAA e3repin oTbipaabl. KenimTiy >ka0biHbl peTinae beepxwmn Jleik
CBUTACBIHBIH ThIFbI3 OUTYMUHO3/bI 9KTacTapbl Kei3MeT ereai. ConbiMeH Kellbo0 ken
OpHBI OPHBIHJIAFbI ra3 OCH KOHJIEHCATTHIH JIOBYIIKACHI PETIHIE COJTYCTIK —0aThICTaH,
OHTYCTIK — IIBIFBICKA CO3bUIFaH 16°2 KWJIOMETp ejIeMJeri aHTHUKINHAIb OOJIbII
Tabbu1afbl. Exi ropuzontTars! ra3 Kopbl (Cs (pakuusIbl) 6 MIH.M® IIAMAChIH KyPaJIbl.
Cs (axims Kypamsl 2 — ropu3oHTThI razaa — 1030 cm®/m3, 3 — ropusontTsl razaa — 510
cm®/Me,

Anrammkel Ka0aTThIK KeIChIM 65,7 MIla TeH 60b1, a1 KabaTTBIK TEMIIepaTypa
114°C. 2 — ropu3OoHTTarbl KaOaTTHIK Ta3/blH OacTanKbl KOHACHCAIIUSIAY KbICHIMBI
Pronn = 45,1 Mlla, 3 — ropusonttsiki P = 38,9 MIla. ['mapocTraTukanbiK KbICHIMHAH
Ka0aTThIK KBICBIMHBIH a3 FaHa ecyl KaOaTThIK ra3 —KOHJIEHCATTHI Xylere esrepic
enri3ai. JKylene MyHaiIbIH KOHJICHCATIICH KAHBIFYBI dKOFAPbI OOJBIM, Pyoun, Pras— Fa 2

— ropu3oHT yuiid 20,6 MIla — ra, 3 — ropusont yuin 26,8 MIla — ra e3rere.

JlaGopaTopUsIBIK KOHE KOCIMIIUIIK 3epTTeyiep bpomaiig cBUTACBIHBIH
KYMTac KYPbUIBICBIHBIH ©3TellIeNiri KabaTTarbl KOHICHCATThIH TOMEHIEYIMEH COMKeC
ra3 yuiiH oHbIH (ha3ajblK OTKI3TIIITITTHIH )KbUIIaM TOMEHEYIHE OKEJIETIHIH KOPCETTI.
KepH mmugin 3epTrerenie KoHAeHcaT IIEHKACHIHAAFb KyMTac OeJIeriHeH KbIHbIC
OTKI3TIMITITIH TOMEHICTETIH KacHeT TaObUIFaH. 3epTTEYIIUIeP/IiH ra3 OONbIHINA aJIFaH
(hazanpIK OTKI3TIIITIK KUCHIFBI CYHBIKIICH KaHBIFY TIporecci 50% — Fa )KeTKeHHEH KeliH
ra3JiblH Ccy30elieHyl KbUIJaM TOKTaWTHIHBIH KOepCeTTi. byn HoTWXKeneH wurepy
peXHMiHAE Ta3 OeprimTiK Kod(UIMEHTIHIH TOMEHT1 mamachl KyTurai. backamra
alTKaHJa TYNTIK 30HAFaKeNeTIH KOHACHCAT Ta3lbl KeH OpHBbIHIA YCTaml Kajlajbl.
EcenTeynep OoifbiHIIa apeITy pexxkuMiHAe (MyHaa KabaTka eIIKaHIal ocep eTIew,
Ka0aTThIH a3 KYIIIMEHMYHall TayChUIFAHINIA UTEPLICTIH CATBICHl) UTEPTreH e He Oaphl
900 mia.M® raz6en 850 MpIHM® KOHEHCAT OHAIPYre MYMKIHIIK Oepir, Oy skaraaiina
KEH OpHBIHBIH peHTabenbai urepinyi 1965 xbutbl TokTatbutap eai. Con yakpITTa 5
MIPA.M® ra3 xkoHe 5,25 MIIH.M® KOHJIEHCAT KbICBIMIBI KAJIBINITH YCTAIl TYPY apKaChIHAA
urepinai. Kabarrarpl KbICBIMIBI (TYNTIK ayMakTarbl) Pyow,— Fa KaparaHia KOFapbl
nramaza ycram Typy Kepek Oomnnabl. MyHaail sxaraaia Pryn™> Prouy MIAPTHI maiigansl
(TYynTik 30HaFa KeJeTIH KOHJIEHCAT OFaphl KAHBIKKAHJIBIFBIHA Kapamai xai
KBUDKUTBHIH OOJIBIN Kajia Oepei HeMece OpTaHbIH TOMEHT1 CY3TIIITINHE 0aiIaHbICTHI

TINT1 KO3FAJIBICCHI3 KaTybl MYMKIH).

49



Véda a vznik -2017 % Volume 10

["a3 aifHBIMaTIBICBIMEH UTEpPY K00achIiHA coiikec 10 maiijanaHaTblH YHFbIMAHbBIH
YLICYIH aiiaymibl peTiHAe NaijanaHfbichl Kennl. AlpganateiH keimeM 450 — 600
MBIHM®/TOyn feHreiinge, amy Kapkbiel 400 — 500 MbeiHM3/Toyn neHreiiinge
Oenrinenai. byn ra3 KypamblHaH KOHACHCAT aJIbIHFAH, OHIIPTEH Ta3/bIH KOJIEMIHIH
a3alifaH OPHBIHA OTHIH IIBIFBIHBIHA, COHJIAN — AK KOHJAEHCAT albIPbUIFAH CalbIH I'a3/IbIH

CBhIFTBLIIFBIIITHIFBIHBIH O3T prlHlH OPHBIH TOJTBIPAABbIL.

Hokxc — bpomaiin keH OpHBIHAA YHFbIMAa OHIMJIUIIIT TOMEH OOJFaH Ke3[e
arbICThl KYIICUTY HIapanapsl jkoHe OIpiHINI Ke3eKTe KabaTTa ruipoxapbulbic Kacay
KapacThIPbLIJIBL.

JlyHue xy31 OoMbIHIIA €H aJIFalllKbl PET YTHIM/bI KYPTri3UIre€H THIPOKaAPBLIbIC
Hokc — bpomaiin ynreiManapeiana 4600 —4800 M opbeiHaanabl. by KeH OpHBIHIA
alfHaNaThIH TPOIECIH KE3JeCKeH TEXHHUKAJIBbIK, JKOHOMHKAJBIK, TEXHOJOTUSIIBIK
KUBIHABIKTapFa Kapamail KOJIaHbUTYbI, OYJ1 Urepy MpoIEeCiHIH KON MYMKIHIILTIKTEPIH
KOPCETII OTHIP.

Tarpl ga Oip KBI3BIKTBI MBICAT peTiHAE 8 KbUI O6JIM OChl Ta3[bl KabaTka
Kaiitapa aiinay oficid KoinganraH Jla ['mopust keH opHbI kaiibl aliTyra 6omaasl. Coo
yaKbITTarbl KOHACHCAT ally MaKcaTbIH/1a KabaTKa ras ainay >xo0achIH jxacaraH Texac

IITaTBIHJIaFbI €H YJIKEH xK00aHbIH 01pi O0IATHIH.

Kenim oBanp mimmiHi KYphUIBICTICH YIITaCKaH, oHIMAUTIK ayaad — 1070 rekrap
Kypaiasl. ["a3aer kabaTer 100 M mamaceiaaa.

bapnay sxoHe maiinanany ymiin Oypreuiay nporecinae 40 yHFpIMa OYpPFUTAH/IBL.

KypBbUIBICHIHBIH OpTaIBIFBIHA OHIMII KHUEKTIH KaThIC TepeHiri — 1955 wm,
KYMTACTBIH OpTallia KyaTThUIBIFEI Oy aiimakTa — 10 M. Opramra keyekTiik — 22,2%,
oTKi3rimTik — 0,52-102 M2, BacTanksl KabaTTlH KbIchiM — 23,9 MIla, TeMneparypacsl

— 95°C. baiinansickaH cy Kypamsl — 20%.

KenimmTeri ra3 Kops! 3.95 Mipa.m® (KaIbInThl kKary) TeH, ajl KOHAEHCAT KOPbI
(npomnan) — 1,07mmn.Mm3. Ocbl MoHHeH neHTaH — 0,639 muH.M3 Kypaiisl, H30 — KoHE

3

KaaeInThl 6yTan — 0,78 miu.M3, an nponas — 0,252 MiH.M® KypaibL.

Jla I'mopust xeH opHbIHAA Ta3abl aaay 1941 xbeuiel O0acTanasl. byn yakpiTTa
KeH OpHBIHAA 6 OHIMIIK >XoHE 2 aimaymisl YHFeIMasap Oonabl. Kemneci sKbuimapsl
naijanany YHFbIManapbl 8 — re AeiiH, aiigay yHFbIManapbl 4 — Ke JCHiH ocCTi.
Aunramker 4 xpuiaa kadatran 1415 mpiam® (ToyJik ra3 anbIH/bl). Opl Kapal aigabIn

KAThIpFAH KYpPFaK Tra3jbplH NaijanaHy YHFbIMACblHA OTIN TYPYBIHBIH cajiapblHaH
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xabarTan eHipy kejemi 595 MbiHM® (ToyniriHe TemeHzeni). OHIIPUIreH Kyprak
ra3zibiH 97% — bl KabaTKa KalTapbUIFaH.

OHlpy KapKbIHBl Kall KoHE OHIIPUIreH KYpFaK Ta3/blH IC XKY31HIE
OapJ bIFBIHBIH Ka0aTKa Kepl aljayablH apKachlHAa Ka0aT KbICBIMBIHBIH TOMEHJIEY1
outiHOe1. COHABIKTaH Ka0aTThl KOHJIEHCATTHIH >KOFAIYbl )KOHE TYCINl KaMThUIMaraH
30HaJ]a aKThIK OYpFbUIaraH/la KOHIEHCATThIH KYpPaMbIHBIH OacTamKbl MEH COHFBICHI
apacblHIarbl ailblpMalIbUIBIK JKOKTBIFBIHAH Kepyre Oonanbl. ['a3 aiigay mpouecinie
OpPBIH ayBICTBIPYBIH OakpliayFa op YHFbIMaJaH 3 ail caiflblH Ta3 KypaMbIHIAFbl

KOHACHCAT aHBIKTAY YH_IIH ra3 YJ'IFiJ'Iepi AJIBIHBIIT OTBIPABI.

3epTTey HOTHXKECIH/E Tra3 O€H KaMTbUIFaH aiiMakTap/aa bIFbICY KOA(UIIMEHT1
80% — ra xerkeH. [laliganany »oHe aiifjlay YHFbIMaJApbIHBIH OpHAJacybl OOMbIHIIA
KaMTy K03(UIIMeHTi ecentey apkacbinaa 80% — abl KypaJibl.

[Ipomniecc maiimamany apkachbiHIa KaOaTThIH ajiFamkbl 68% KOHJACHCATHI
urepuiai.  Keneci apeuity urepyidiy apkaceiHna kKabarteiy 20,8% — bl urepuiil.
KabatTeiH anramkel KypambiHaarsl (Cs+) KOHIEHCATTHIH allbIHFaH OapJIbIK IIaMachl —
88,8%.1949 xpInbl OHIMACT1 KOHAEHCAT XKbULIAM TYCII KETKEHAIKTEH KYPFaK Ta3Jlbl
aiilay TOKTaThUIIbI.

OTaHIbIK Ta3 — KOHACHCAT KEH OPBIHIAPBIHAA UTepy MPOIECIHIe CAUKIMHT
IpolleciHe OTKI3yre TaIMbIHIABIL, OipaKk TeK (U3UKAIBIK, MaTeMaTUKAJIBIK

MOJICNBICYIMEH, TEXHHKA — SKOHOMHUKAJIBIK €CeNTeyJIePMEH FaHa MIEKTEI/I.

Kapampiranak KeH OpHBI CAaHKJIMHT TIPOIIECIH KOJIJIaHyFa OOJIaThIH €H 1p1 KeH
opeiHAapAbiH Oipi 6omae1. BHUNI'A3— na BykThulbCK KeH OpHBIHAA 9p TYpJii Kabat
KbICBIMBIHBIH JICHI€HIHEe KYPFaK ra3 aiijiay apKbUIbl KOHACHCAT aJIy/bIH €CenTeyIepiH
KYPrizi.

ByKTBUIBCK KEH OpHBI VIIIH KYpFaK Ta3fa epyiMeH Koca ecenTereHIe
KOHJICHCATTBhIH oHAipity kKoddummenti 70 — 75% — man acmamgel. Conma Oyn omic
KOHJICHCATThl ~ apblITy (MCTOIIEHME) OJICIMEH OHIIPreH Ke3neri  OeHIIpLTy
kod¢unueHTiMeH cansicthipranga 30 — 35% ecipyre MyMKiHIIK TyFbi3aabl. OHBI
KabaTKa aijgasFaH KypFakK Ta3 oJIiCiHEH KaOaTTarbl KOHJCHCATTBIK (DPaKITHSITBIK
KYPaMBIHBIH aybIpJaybIMeH TyciHaipyre Oomnansl. byn ecemreynmiH aBTOpHI
I'.C.CtenanoBa eHAipily KO3(HMIMEHTIHIH >KOFaphl IIaMachlH KaOaTKa ai1ajaThiH
KYpFaK Ta3 MeJllepl a3 JKOHE JMKOFapbl KbIChIMJa 0oJica KeTyre OOJaThIHJIbIFBIH

)ob0anaael. by sxarmaiina eHaIpeTIH KOHACHCATTHIH (PpaKIUsIbIK KYpaMbl aybIpiiar,
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OHBbl KOCINIIUTIK KOHJBIPFbUIApAA Ta3faH aubIpblll ally KOA(PULHUEHTI NI€ >KOFapbl
Gonanel. Erep rasger 5 — 6 Mlla KeIchIMMeH aiinacak, oHaa ras (asaceiHa 60 r/m°
memmepinaeri 150 — 180°C — ka (Gen3unal ¢pakuus) AeillH KallHaFaH KOHJEHCAT
¢dpaxumsice! eteni. [laliganany YHFRIMACHIHBIH CaFaChIHIAFbl TOMEHT1 KBICBIM Ta3]IbIH
CaJIKbIHJIaybIHA dKeneal. MyHal sxaraaiiia KOHAEHCATThl allbIphIN ajly YIIiH albIpy
npouecin —40 —50°C TemeHri Temmepartypana Xyprizy KaOarTelK KbickiM 20 Mlla
’KOFapbl O0JIMaraH/a, OHJIa albIPFBIIITa TOMEH TeMIIepPaTypa, JKYPri3y YIIiH aibIPFBIII
iriHe TypOoeTanaepiaap opHaTyra 0onaibl.

ABTOpIIapAbIH 01p1 KAOATTHIH TOMEHT1 KbICHIM aFAailbIHAa TypOOo1eTaH e P abl
KOJIJIaHy CXeMachIH >kacaibl. TypOoeTaHap KOMIIPECCOP CTAHLUACHIHBIH )KYMBICHIHAH
OypbIH OpHANIACTHIPHLTY KepeK Ooiabl. ByKTBIIBCK KE€H OpHBI YIIIH MYHJail cxema
Oenrii Oip yakbIT apajbIFbIHIA Ta3 O€H KOHJEHCATTHI TachIMajjiayFa €H BIHFaIbl
oonael. TypOoaeTanaepai KoJgaHFaHa KENATIPETIH KeaepriHiH Oipi KabaT KbICHIMBI
TOMEHJIETeHIe TypOOoAeTaHAEPAIH IIIHACT1 KBICHIMHBIH TOMEHJEYIHIH aybICIIaJIbI
6omysl. Erep ra3 aiinay y3ak yakpITKa CO3bLIICa, OHJIa TypOOIeTaHapIap TOHA3BITKBIII
KOHJIBIpFbIJIapFa KaparaH/a 3KOHOM/bI 0oJiafipl. OHIIPUINeH ra3fiaH HEFypJibIM Kell
KOHJIEHCAT albIpBIN ajly YIIIH TOMEHI1 TeMIepaTypabl Maiibl aacopOLus HeMece a3
LIUKJJIbI aICOPOLMSAHBI KOJAaHy Kepek. COoHZla KOHEHCATThIH IIBIFbIHFA YIIbIpayhl 1

azas/bl )KOHE KabaTKa aiiiayiaThlH KYpFaK rasJiblH ocepl Je KOFapbl 00IaIbI.

ConbiMeH BYKTBUTBCK KE€H OpHBIHA CAaWKIMHT MPOIECi KOJIaHbLIMAIbI )KOHE
1968 xbutBl OacTarm apbLITy pexuMinae urepiie 6acranbl. KabaTka kaiitapa ras ainay
omiciHeH ©Oac TapTKaH ce0ell: KabaTThIH KOJUJIEKTOPBI OIPTEKCi3 >KapPBIKIIAKTHI
OoJIFaHJIBIKTAH aljiay areHTIH Te3 KaObUIIai aJMaWThIH OOJIIbI; MaTEPAJIBIK YKOHE
Kap bl JKaFbIHAaH TUIMJII KaFbIH KapacTBIPJBI, €€ OHEPKICIN CajJachlHIIa KOFaphl
HaITOPJIBl KOMIIPECCOPJIbI JKOHE KYOBIp KYpalJdapbIHBIH JaMbIMaybl; XaJIBIKTBIH Ja

0acka peXUMIe )KYMBIC ICTEyTe IICUXOJIOTHSIIBIK JaHbIH OOJIMaFaH bIFbI.

["a3-KoHIeHCAT KE€H OPBIHIapbIHAAFBI a3 KYPAMBIHIAFbI 5KOFAPhl MOJIEKYJIAJIbI
KeMipcyTekTepai anmy ymiH Peceit skone Kaszakcran rasmpliapsl KEHIIITI Kabarra
KBICBIMJIBI YCTaml TYPYy apKbUIBl OHIIpyre KanTagaH KOHUT Oeui. TeXHUKaIblK —
HSKOHOMHKAJIBIK €CENTeYy apKbUIbl CANMKIWHT-TIPOIECIH KOJJaHFaHma YpeHraid,
Kapamsiranak xoHe Tarbl 0acka KeH OpBIHAAPBIHBIH KOHAeHcaT OeprimTiri 10% — ra
eceTiHAIrH kepcetin 0epai. 2003 xbuibl 0acTan 00BEKTIre KypFak Ira3 aiijiay apKbLibl

urepiie 0actajpl.
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Robotics

MscimeB O.A., [lIsens B.B.
Xmenvrhuyvkuti HayionantbHul yHigepcumem, Ykpaina

PEXUMU NOJIbOTY KOHTPOJIEPIB MNMOJIbOTY APM 2.6 | PIXHAWK
BrNA

Po3poOka Ge3ninoTHux mitanbHux anapatiB (BITJIA) - ogHe 3 HalOLIBII
NEPCIeKTUBHUX  HANpsAMKIB  PO3BUTKY  Cy4yacHOi  aBiamii.  3apa3  BOHH
BUKOPHUCTOBYIOTHCS JIJISl JOCIIJKCHHSI MICIICBOCTI, JJIsi TIPOBEACHHS PATYBAIBHUX
onepauii MHC, B poOOTI MOXEKHUX CIy*kO, BIMCHKOBOiI PO3BIAKH, JAOCTABKU
BaHTaXiB. B maHuii 4ac po3poOJIeHO BEJIMKY KUIBKICTh KOHTPOJIEPIB MOJBOTY 3
nporpaMHuM 3a6e3nedeHdsM. Lle koutponepu Multiwii, ArduCopter (APM 2.6, APM
2.8), Pixhawk, xontpomepu DJI (Naza-M Lite, DJI Naza-M V2, DJI Wookong),
MicroKopter, Zero UAV X4 / X6, AutoQuad, KK., XAircraft ta iH.

B 3anexno Bim Bukopuctanus BIIJIA, HeoOXigHO NMpaBWIBHO BHOpATH
MOJLOTHAM KOHTPOJIEp CHUTBHO 3 TMPOTPaMHHUM 3a0€3MEYCHHSM JUIS  HOTO
¢dbyHKIioHyBaHHA. B crarTi posrnsaatotecs koHTposiepu ArduPilot Mega APM 2.6 ta
Pixhawk, siki IBISFOTBCS TIOCUTD MOTY>KHUMH KOHTPOJIEPAMH TIOJIHOTY.

ArduPilot Mega APM 2.6 (puc.1) e noBHomiHHUM pimeHHsSM BITJIA, sxuii
3aCHOBAaHMI Ha IIBUIKO PO3BUBAIOYii Ta BIOCKOHaJeH I apxiTekTypi ArduPilot Mega

a60 «APMy, BinkputoMy nipoekTi 3 3DR pobGoToTexHIKH.
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Puc.1 - konTponep APM 2.6
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Kontponep kpiM paaioKepOBaHOTO JUCTAHIIIMHOTO MUIOTYBAaHHA Mae
Macy pI3HUX NOJbOTHUX PEXKHUMIB, B TOMY YHCJIl 1 aBTOMATHYH1 MIC1i, TaKi K IMOJIT 11O
KapTi a00 3aJlaHOMy MapHIpyTy 3a BCTaHOBJIEHMMH ToukaMm. DYyHKIiS mepenadi
TeraeMeTpii B oOHUJBI CTOPOHU JI03BOJUTH YIPABISITH anapaToM MPOTATOM YChOIO
MOJIbOTY uYepe3 cMapT(OH, IUIAHIIET a00 KOMI'IOTEp. A TaKOX HaJa€e MOKJIMBICTb
BECTH 3aIKC 1 IeperisiiaTH TEXHIYHI MOKa3HUKH, TaKl K MOKa3HUKU JaT4ukiB, GPS i

IHIIIE.

ArduPilot Mega APM 2.6 mae Takuii HaOlp JAaTYMKIB: aKCEJIEPOMETP,
ripockorn, 6apoMeTp, MarHiTOMETP Ha OCHOBI MOKA3HUKIB SIKUX KEPYETHCS aTOPUTM
MOJIHOTY.

Kontponep Pixhawk (puc.2) 1e HOBa MpoCyHyTa CHUCTEMa aBTOMLIOTA
nobyoBaHa Ha 0a3l MPOEKTY 3 BIAKPUTUM KoaoMm PX4 1 BupoOieHa kommadiewo 3D

Robotics. Pixhawk siBisieTbest HOBiMow0 po3poOkoro Hixk APM 2.6.

Puc.2 - xoutponep Pixhawk

[TpunnumnoBa BinMiHHicTh Big ArduPilot Mega APM 2.6, mo HoBwii
KOHTPOJIEp Ma€ BUCOKONPOJIYKTUBHUHN 32-pO3psAAHUIN MPOLIECOp, SIKUM Mae 3HAYHUUI
3amac mam'saTi. Ile poOuUTh HOro OLIBIN MEPCIEKTUBHUM 11 PO3BUTKY HACTYITHHX
MOKOJIIHb TMPOIIMBOK. B maHuii 9yac ICTOTHOIO BIAMIHHICTIO € T€, IO MPOTPaMHE
3abe3neuenns Pixhawk, Ha BimMiny Bim APM 2.6 no3Boisie BUNpOOyBaTH poOOTY
¢dutpTpa Kanbmana st 611b11 TouHOT 00pOOKH 1MOKa3aHb ceHcopiB. s kopuctyBaya
1€ MOXK€ O3HAYaTH 10 TaKU KOHTPOJIEP 3MOXKE MPAIIOBATH OUIBII CTIHKO B yMOBax
BiOparriii. Cercopu Bin Bimomoi kommanii ST Microelectronics i onepariiiiHa cuctema
peanpHOTO Yacy NuttX 3abe3nedye HEWMOBIpHY NPOAYKTHUBHICTh, THYYKICThH 1
HAJIMHICT NP yNPaBIiHHI OyIb-IKUM aBTOHOMHUM MPUCTPOeM. Takok mepeBaramu
Pixhawk wag APM 2.6 € T1e mo cucremun Pixhawk Bkimrodaroth B cebe
0araTormoTOYHICTh B TAKMX CHUCTeMaXx mporpamyBanHs, sk Unix \ Linux, a Tak camo
OHOBJICHI PEXMMH aBTOMUIOTYBaHHS, Takux sk Lua Scripting, a crnemianizoBaHui

npaiisep PX4 nae Ouiblln TpUBaIKiA Yac AJis MOJBOTY.
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Pixhawk no3Bomsie kopuctyBauam APM i1 PX4 miaBHO mepelTd a0 1€l
CUCTEMH, OCKUIBKM BOHA € iX JIOTIYHMM MPOJOBXKEHHSM, a 3a PaxyHOK XOpOIIOi
JOKYMEHTAIlll Ta MPOJAYMAHOI CUCTEMH YIPAaBJIIHHS 3HIKYEThCS Oap'ep s BXOILY
HOBUX KOPUCTYBayiB.

OcHoBuuit monynbp Pixhawk moxxke Oyt po3mmpeHuil JA0JaTKOBUMU
OMIIISIMU, TaKUMU SIK UA(PPOBUH JAaTUMK TMOBITPSHOT IIBUAKOCTI, 30BHILIHBOTO
KoMIiaca Ta iH. Best nmepudepis aBToMaTUYHO BU3HAYAETHCS 1 KOHPITYPY€EThCS.

OcHoBuuM HepodikoMm Pixhawk siBnserscs ioro mina. ArduPilot Mega
APM 2.6 saBngeTsCs OUIBII JIENIEBIIOK MOIEIIO.

IcHye 3HayHa KUIBKICTh TOJBOTHUX PEXKHUMIB, ska no3Bojisie BITJIA
BUKOHYBAaTH psAJ KOPUCHUX (GYHKIIA. Bumm BkazaHi KOHTpoJiepu ayke OararTi
PI3HOMaHITHUMH PEKUMAMH TOJIBOTY, SIKi KOJKEH MUIOT MOYKE BUKOPHCTOBYBATH JIJIS
CBOIX ITLJICH.

bes Bukopuctanus monynst GPS Mo)kHa cKopUCTaTUCS JIHILE JEKUTHKOMA
peXUMaMU TOJBOTY:

Stabilize - ocHOBHHMIT peXXUM, B IKOMY PEKOMEHIY€EThCS 3JITATH 1 311HCHIOBATH
MOCAJIKY.

ACro - pexxum, NpH SKOMY MOXHA JOCSITTH OUIBII PI3KOTO 1 IIBUIKOTO
HOJIBOTY.

AltHold - pexwm yrpuMaHHS BUCOTH.

PosHold - e noBuii pexxum mast AC3.2. Bin cxoxwuit Ha Loiter B ToMy, 1110
KOIITep MIATPUMYE IOCTIMHE MICIIE pPO3TAlllyBaHHS, HAMPSIMOK 1 BHUCOTY, ajie, SK
IPaBUJI0, OUTBIN MOMYJISIPHUN, TOMY IO MUIOT amapaTyporo MPsSMO KOHTPOJIOE KYT

HaXWIIy KONTepa, 3a0e3Mmedytoun OUThII «ITPUPOTHE» BIMUYTTS.
Auto Tune — aBromiaOip 3Hauens PID.
Land - pexxuM aBTOMaTHYHOT IMOCAIKU B IIOTOYHOMY TIOJIOKEHHI.

Simple - pexum, skuil 103BOJISIE «3a0yTH» PO OPIEHTAIl0 KONTEpa IIMOI0

mijoTa.
[Tpu nasiBHOCTI MOAYst GPS MOYKHA CKOpHCTATHCS TOJATKOBUMH PEKUMAMHU:
Loiter - pexxum yTpuMaHHS TOYKH (110 KOOPIUHATI 1 BUCOTI).
RTL (Return To Launch) - moBepHyTHCS 10I0MY, B TOUYKY 3JIbOTY.

Brake - pexxum 3ynuHSE MOJIT KOMTEpa SIK MOKHA IIBHIIIE, BAKOPUCTOBYIOUH

pexxum Loiter.
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AUtO - moJiT 1Mo TOYKaM Micii.

Position - yrpumanHs mo3wuiii (TUIBKH 10 KOOPJIMHATI).

Drift - monpoTHHI pexuM, B SKOMY "3aHOCHTH (iNieiiHy 4acTUHY KomTepa'.
3anaroun moBOpoT cTUKOM Y AW, JIerkuil Haxuil Mo poity 3aKjIafaeTbes caM, sIK HIOU
MU JIETUMO Ha JIITaKy 1 IOBEPTAEMO €JIEPOHAMHU.

Sport - naHuif pexuM TaKOX BiIOMHM, SIK "KOHTpoJibOBaHa cralimizaris"”
CYMICHO 3 yTpUMaHHSIM BHUCOTH. BiH OyB po3poOneHuil, mo6 OyTH KOPUCHUM ISt
nosiboTiB FPV 1 3lioMOk abo moyiboTax Ha MaijlaHuYMKax, TOMY IO BU MOJXKETE
BCTAHOBUTH arapaT IiJ IEBHAM KyTOM Haxwiy i BiH OyJae yTpHUMYBaTH II€H KYT.
Konrep He Oyne Haxunsitucs ounbliue 45 rpaaycis.

Circle - mostit Mo OKpy>KHOCTI HOCOM JIO IICHTPY.

Throw - 11e HeOGe3nevHni PeKUM MOBOTY JO3BOJISIE MIJIOTY KAHYTH KOMTEP Yy
NoBITpst (200 CKUHYTH KOMTEP), 1100 3aIyCTUTU JBUTYHH.

FailSafe - pexxum psaTyBaHHsI, SKUH BIANPABUTH KOMTEP JICTITH JJOJIOMY.

Guided - mouiT o KOMaHAi, JaHOI 3 Ha3eMHOI CTaHII] .

FollowMe - mosit 3a Begy4IuMm.

Super Simple — ganwii pekMM BBaXKalOTh A00aBKOK a0 Simple, ame TyT
noTpiOHo BuKopuctoByBat GPS. Super Simple 1ie pexxum, sikuit 10 10 M pajiyca He
BHOCHTH TIIONPABOK B YIpaBIiHHA, a Ha BiggadeHHs Ouipmie 10 M mpairoe Ha
«IPUTATYBaHI I0OMY», TOMY SIKIIIO CTUK TaHTa)ka TATHYTh Ha ce0e, TO KOMTep JIETUTh
10 Micist Toukd. binbine 10 MeTpiB TaKOXK HE BaXKIIMBO, K KOIITEP OPIEHTOBAHUMA, TO
npatoe. sik Simple. 3pydHo, SIKIIO «3apyTUITUCS.

[lepen TuM K cpoOyBaTH IIi PEKMMU - HAM CIOYATKY iX HEOOXiJTHO
HajamrTyBaTtd. HamamTyBaHHS 3[1HCHIOEThCS uepe3 mporpamy Mission Planner Bifg
koManu DIY drones.

OTxe 11 HANMAIITYBaHHS PEKUMIB TIOJTBOTY B 3arajJbHOMY HEOOX1THO 3pOOUTH
HACTYMHI il

Ha mazemHiil craHmii ciijy BCTAHOBUTH TporpamHe 3abesmeueHHs Mission
Planner.

VYBIMKHYTH pajiioniepeaTInK.

[Tinkntrouutu koHTposep 1o Mission Planner.

3aiitu B po3xin Initial Setup -> Flight Mode.
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5-ii KaHal NaHOro MepeaTyvKa BIAMOBIAAE 32 PEXKUMHU IOJNbOTY, 3€JEHa
110JIOCa B MPOrpaMHOMY 3a0€3MEUYEeHH] BKa3y€ MOTOYHUN PEXUM, MPHU MEPEKITIOUEH1
anapatypu (pajionepenaTunka) 3eJieHa nojioca 0yJie nepemMimaTucs.

BukopucToByoun BUNaAat0ulil CIUCOK B KOXXHOMY MOJIOXKEHH1, CJI11/1 BUOpaTH
pexuM 1mosiboTy. IIprHaliMHI OJWH 3 PEKMMIB MOBUHEH OyTH pexuM cradimizaiii
(Stabilize).

3a OaxXaHHSM MOXXHA TOCTaBUTH TajlouKy Simple HampoTH KOXHOTo 13
PEXHUMIB, IO J03BOJUTH 3A1MCHIOBATH YNPaBIiHHA Haye MEpe/iHd YacThHA arapara
3aBXkIM HampasieHa Big Bac.

Konu pexxumu BcTaHOBIIEHHI, ¢l 30€perTy HajallTyBaHHS, HATUCHYBIIU Ha
kHOMKy Save Modes.

Ha puc. 3 HaBeieHO BIKHO HanamiTyBanHs B mporpami Mission Planner.

Mission Planner 1.2.88.1 build 1.1.5027.13489 - o

FLIGHT DATA  FLIGHT PLAN  INITIAL SETUP | CONFIGITUNING ~ SIMULATION TERMINAL HELP DONATE DISCONNECT

B SlH| S DW= P
\

Install Firmware

>> Mandatory Hardware .

Frame Type

Compass

Accel Calibration

Radio Calibration
" Figh Modes

FailSafe

>> Optional Hardware

Puc.3 - BikHO HanamryBauHs B mporpami Mission Planner
BucHoBku
1. Ha nanmit MomMeHT KoHTposiep noisoty ArduPilot Mega APM 2.6 minkom
3aJI0BOJIbHSIE BC1 HEOOXiMHI yYMOBH [JIsi MOBHOIIIHHOTO (yHKIioHyBaHHa BILJIA.
Opnnak mopiBHsHHS KOoHTposiepiB Pixhawk ta APM 2.6 mokazano, mo nepmui

SBJISIETHCS HOBIIIOIO PO3POOKOIO 1 € OUIBII e(PEeKTUBHUM.

2. APM 2.6 ta Pixhawk maioTh BeNHMKYy KUTBKICTh PEXKHUMIB MOJIBOTY, a MIPH

BUKOpucTaHHI MOoayisi GPS MoykHa 1€ BUKOPUCTOBYBATH JTOJATKOBI PEIKUMU.

3. lna nanamryBanas BITJIA na 6a3i konTponepa APM 2.6 abo Pixhawk ciin

BUKOPHCTOBYBAaTH MporpamHe 3abesmeueHHss Mission Planner, MoXiuBOCTI SIKOTO
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NepeBepIIyI0Th 0arato IiaTHI aHajaoriuHi mporpamu. Takox 3a qormomoror Mission

Planner moka3aHo sk cJIiJl HAAIITOBYBATH PEKHUMU TOIBOTY JJISl KOTITEPA.

Jlitepatypa

1. MaTennexkTyanbHble pOOOTOTEXHUUECKUE U MEXaTPOHHBIE CUCTEMBbI: yueo.
nocoobue / mox pen. B.W.Ceipsmxuna. - Tomck, 2017. - 256 c. (Cepus:
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poboroTexHuka')).
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Automatizované systémy fizeni ve zpracovatelském primyslu

IMN Mukhtarova, 2RB Akhmetkaliev, !AK Danlybayeva, !AK Sariyeva, ‘EM
Zulbukharova

'Al-Farabi Kazakh National University, Kazakhstan Republic

2Almaty University of Power Engineering and Telecommunications, Almaty,
Kazakhstan Republic

STRUCTURE OF THE TECHNOLOGICAL COMPLEX

The mobile technological complex consists of three main principally new
devices : a rotary hydraulic (hydrodynamic) mill (RGDM), a multicommodity multi-
product hydrocluster (CIM) and centrifugal concentrators (CCC).

The hydrodynamic mill (MHD) is a kind of rotary hydraulic cavitation mill,
designed for finely grinding various materials of any strength and abrasiveness. The
mill can provide grinding of granular material to a size of 0.1 microns (a characteristic
feature - the thinner the grinding of the raw material is required, the more effectively
the hydrodynamic mill operates), and also for mixing various liquids, liquids with gas
and solid materials.

Experimental-industrial tests of a mill with a productivity of ~ 100 t / h have
confirmed the high efficiency of grinding. At the same time, it became necessary to
increase the wear resistance of the mill units. This problem was solved by the method
of electropulse hardening of the working surfaces of the mill and the use of special
polymeric and metallic nanopowder materials.

The technical and economic comparison of the rotary hydraulic cavitation mill
(RHCM) with serially produced domestic and foreign vibro-ball mills indicates that
the rotary hydraulic mill with the same degree of grinding is almost five times less than
the energy consumed per 1 ton of the raw material . Its mass is 30-90 times, and its
dimensions are 7-10 times smaller than in the best vibro-ball mills. In addition, the new
mill easily fits into the technological line for hydraulic processing of granular
materials, since it can suck in and pump up the original pulp to a height of up to 20 m
or more.
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Multicommodity shelf hydroclassifier (CGS) provides effective separation of
various granular materials at any size and density, including fine particles, as well as
productive and quality enrichment and separation of such materials by fractions with
different granulometric and chemical compositions of the incoming slurry.

As a result of studying the process of precipitation of suspended grains of
minerals in laminar flows, it was possible to separate fine-grained materials with
relatively high accuracy, and also to brighten the polluted waters.

The dependence of the distribution of various components of the slurry (noble
and heavy metal ores, mercury-containing components, and other toxic products) on
the zones of MGC is established. The distribution is determined by calculation,
allowing to establish a qualitative-quantitative plot of precipitation of various
components in different zones of multi-product hydroclassifier.

The enlarged characteristics of shelf thickeners-hydroclassifiers of different
firms are given in Table. 2. Advantages of a shelf thickener-thickener: own weight and
production cost are reduced by 1.7-2.0 times, and the simplicity of the design allows it
to be manufactured in small workshops. The latter is achieved due to the transverse
(horizontal) flow direction in the interlam space, when the liquid phase of the pulp-
flows perpendicular to the direction of the sediment movement.

Table. 2 Comparative data of shelf thickeners of hydroassifiers

Characteristic, Form-developer (manufacturer)
indicator Ecoresources Uralmashobr Research Denver (USA)

Hydrotechnics Institute

Hydromechanism

Output by initial | 165 165 165 165
pulp, m3/h
Total mass, t 12.0 24.0 28.0 23.5
Overall height, | 3.0 6.0 9.0 111
m
Cost of | 400 780 840 1600
production,
thousand rubles.
Laminarization | stream missing missing stream
of the flow | laminarity laminarity
(liquidation  of
the counterflow)
Flow direction horizontal vertical vertical combo
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The horizontal arrangement of the thickener with several bunker discharges of
condensed products compared to vertical single-bunker designs of shelf thickeners
made it possible to reduce the overall overall height of the apparatus by 1.5-2 or more
times.

Centrifugal concentrator gives off heavy metals, incl. And mercury containing,
as well as gold and platinoids from technogenic wastes (tailings) of concentrating
plants. With this method, extraction of heavy metals, incl. Mercury-containing and
precious metals, from tailings will be 95-99%. After the recovery of heavy metals, it is
possible to use waste as building materials and, in particular, as a backing material for
underground mining. Land that has been freed from the tailings, after reclamation, can
be used for farmland, construction and other areas of economic development.

The proposed technology makes it possible to use environmentally friendly
solvents for the transfer of precious metals into the ionic form and to extract them on
selective ion-exchange filters having a fiber base. It is also promising to use ceramic
filters.

The proposed technological complex and the equipment included in it have no
analogues in the world practice of hydraulic processing of granular materials due to
their efficiency, low material intensity and cost. The novelty of technical solutions is
protected by more than ten author's certificates of inventions and patents.

The technological complex works as follows (puc.1): waste (tails) from the
tailings (tailing dump) are transported (2) by road (3) to the receiving hopper through
the grate screen, which releases inclusions of fineness +50 mm. Sand from the bunker
with the help of a belt feeder and a tray (4) is fed to the vibrating screen (6), mounted
above the sump (7). Pulp preparation is carried out by supplying technical water to a
tray, a vibrating screen and a sump in a volume of 3-4 m® / t of the starting product.
The oversized product of the vibrating screen (+2 mm ... 50 mm) is fed by a conveyor
(5) belt to the storage area, and the sub-product (-2 mm ... +0 mm) from the sump in
the form of a slurry flows through the suction nozzle into the cavitation hydrodynamic
rotor mill (8). Here, grinding (dispersing) occurs, the disclosure of fine-grained
materials due to high-intensity hydrodynamic impacts and cavitation.
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Fig. 1 Diagram of connections of devices of an autonomous mobile technological complex
for processing and utilization of technogenic and natural-technogenic deposits
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The destruction of the intergrowths of the minerals of heavy metals (Cu, Zn,
Pb, Kd, Se, etc.) in noble metals (gold, platinum, palladium, silver) with quartz and
other minerals occurs on weaker metal contacts with nonmetals Effect of Rebinder),
which to a large extent facilitates the removal from the tails of RP of mercury, heavy
metal toxins and precious metals.

From the mill, the pulp is sent to multi-product hydrocracker (MGC) (9), where
the stream is laminated in a labyrinth of parallel plates and is divided into fractions
characterized by the density and granulometric composition of the granular material
that settle on inclined surfaces made of special material (lamellas). The fractions (+0.2
mm ... 2.0 mm) are separated in the first compartment of the hydroclassifier, which are
sent to a hydrodynamic mill for re-grinding by a vibrating screen (6). In subsequent
sections, minerals, heavy metals, mercury, harmful components are released, Cu, Zn,
Pb and others.

In the lower storage chambers of MGC (9), precious metals and heavy metals,
as well as other ores, are enriched to a concentration of 10 times or more from the
initial (1st stage). Further (up to 80%), most of the pulp with dissolved toxins,
radionuclides and other fine dispersible harmful inclusions through the drain pipe of
the hydroclassifier is sent to the thin-layer settler (20). From the accumulating lower
chambers of the hydroclassifier, the enriched slurry of minerals is sent to the second
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stage of enrichment in concentrators (11), in which the degree of concentration of
metals increases by 2-3 orders of magnitude (for example, 2-3 kg / t of the starting
product in gold with an annual concentrate output of 8-20 Tons).

From the concentrators (11), the bulk of the pulp in the form of an obsolete
product, the yield of which is more than 90%, with the toxins and radionuclides
dissolved in it through the fixed drainage boxes and the waste pulpwood (10) is sent to
the thin-layer settler (20) with the coagulator (21). In the settling tank the slurry with
finely dispersed particles (less than 5-40 microns) is condensed with the help of
coagulator to the state T: XK = 1: 1. The condensed fine suspension with demilitarized
products sent to the storage card — blade (15), which has a dumping well (16). Clarified
water with dissolved toxins and radionuclides is sent to the radionuclide and toxin (22)
release unit, after which they are sent to the respective disposal facilities of radioactive
waste and toxins (23). Purified from fine particles and harmful impurities, the technical
water from the well enters the sedimentation pond (17), from where it comes from a
circulating water pump (18).
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Kyineiiic E.A.

Kapaeanounckuii cocyoapcmeennviii mexuuueckuii yHugepcumen,
Kazaxcman

MCCINEQOBAHUE U PASPABOTKA ABTOMATU3UPOBAHHOIO
KOMMJIEKCA ONA NMPOUECCA YCTPAHEHUA NOBPEXOEHUA
ABOHEHTCKOI'O AOCTYINA AO «KA3AXTEJIEKOM» HA BA3E TOPOOA
KAPATAHOA

1. MupoBo#i ONBIT ayTCOPCUHTA.
1.1 AkTyanbHOCTb IPOOIEMBI U MUPOBOU TPEH/

B nocnennue roasl onepaTopsl MOOMIBHON U (DUKCUPOBAHHOMN CBSI3U BO BCEM
MHUpPE CTOJKHYJIUCh C HEOOXOAUMOCTBIO PEBU3MM TPUBBIYHBIX IEMOUYEK CO3AaHUS
CTOMUMOCTH U, TPEXKIE BCEro, C MpoOJIEeMON KapAHMHAIBHOTO MEpecMoTpa CBOEH
CTPYKTYpBI 3aTpat. Takas HEOOXOAMMOCTH BbI3BaHa OBICTPOM 3aMEHOM TPaIUIIMOHHBIX
TEXHOJOTUY KOMMYTAIIMU YCIYT Ha 00Jiee MUPOKOTIOIOCHBIC, TPUHOCSINNE OOTbIINNA

JIOXOJ OT YCIAYTH ¢ KOMMYyTallMEN TaKeTOB.

Hapacrarouwas
pPasHMUua mexay
Aoxozaamu m
pacxogamm Ha
ceThb

Fonocoeasspa !

LUudposaaspa

T'oost
Pucynok 1.1 «HoxxHuIb» Tpaduka U J0X0J0B B IHPPOBYIO 3Py

B pesynbraTe omepatopbl (PUKCUPOBAHHOW M MOOWJIBHOM CBSI3M, €CIU OHU
XOTSIT COXPAaHUTh CBOU OM3HEC MpUOBUILHBIM, BCE Yallle BBIHYKICHBI IEPEXOJIUTh Ha

pa60Ty C IIapTHCpaAMHU. I[J'I?I KPYIIHBIX CECTCBBIX UT'POKOB YK€ IIPUBLIYHBIMHA CTAHOBATCA

65



Véda a vznik -2017 % Volume 10

TaK{e ONepallMOHHBIE MOJIEIH KAK ayTCOPCUHT PECYPCOB, ayTCOPCUHT 000PYIOBAHMU,
ayTCOPCUHI OOBEKTOB CBSA3HM, a TAK)KE€ COBMECTHOE BIAJ€HUE CETEBbIMH AKTHBAMHU.
TeopeTnuecky BO3MOXKEH IMUPOKUM CIEKTP YPOBHEH B3aMMOOTHOILIEHUN ITAPTHEPOB,
OT ayTCOPCHUHTa OT/ACJIbHBIX CETMEHTOB /10 Iepeauy B YIIPABJICHHE OCHOBHBIX OM3HEC-
npoueccoB, Takux kak omtuHr 1 CRM. Bee Oosnbliie 1 6osibliie onepatopoB CEroIHs
HE CUMTAIOT O0JiajlaHue CeTeBOM MHPPACTPYKTypOl CBOMM TJIABHBIM aKTUBOM. DTOT

Ka)XyILUICS apaJoKc 00BACHAETCS YCKOPEHUEM TEXHOJIOIMUECKOro Iporpecca:
NHHOBallMOHHBIE LIUKIIBI CTAHOBSITCS BCE KOpOUe

dakTop CBOEBPEMEHHOT0 BBIXOJIa HA PHIHOK MPHOOpPETaeT Bce Oojee BaxKHOE

3HAYCHHUC

Puck CTapTOBBIX I/IHBCCTI/IHI/Iﬁ B HOBBIC TCXHOJIOTHUH CHUIKACTCA, IMOCKOJBKY
OLOCHHUTDH OM3HEC-3HAUECHUE HOBBIX yciayr CTajlo BO3MOXHO OO0 MTIHUPOKOIro HX

pa3BEPTHIBAHUS
Cetb nepectasia ObITh YHUKAJIBHON TOYKON MPOJIAYXKH YCIyT

AyYTCOPCHHT SBJISIETCS HauOOJIee MOIIHBIM, HO HE €IMHCTBEHHBIM CPEJICTBOM
YMEHBIICHH 3aTpaT ONepaTopa Ha pa3BepThIBAaHUE, IKCILTyaTallMIO U 00CITyKHBaHUE
cetd. Ecnu uaTH OT MOJTHOM caMOI0CTATOYHOCTHU K MOJTHOMY ayTCOPCHHTY, TO MOXKHO
BBIJIENIUTh HECKOJIBKO CIIEHAPHEB YMEHBIIEHHUsI CETEeBBIX 3aTpar omeparopamu. C
ONTUMM3AIMM BHYTPEHHUX PECYpPCOB OMNEPATOPbl YACTO TMBITAIOTCS HAYUHATh
cokparienue oneparnoHHbix 3atpat (OPEX). Tako# cuenapuii He cnenududeH s
0o0JacTH CBSI3M M PEIKO NPUHOCUT 3aMETHBIE pe3ynbTarbl. Mcronb3ys HOBBIE
TEXHOJIOTUU U apXUTEKTYPHI, OMEPATOPbl MOTYT JOOUTHCS HEKOTOPOT'O COKpAIEHUS
OPEX, HO 9TOT clieHapuil BcCerjia CBA3aH CO 3HAYMTEIBHBIMH KalUTaJbHBIMHU
3atparamu (CAPEX) Ha HauanbHBIX 3Tanax.

Aytcopeunr 1&C cetn : MonTaxk u BBOj B 3kcruryaranuto (Installation &
Commissioning, 1&C) mnpeamonaraetT mepeaady Ha ayTCOPCHUHT OOJBIIYIO WU
MEHBIIYI0 4YacTh palOOT MO Pa3BEPTHIBAHUIO CETU. SIBISETCS MOIIHBIM CPEICTBOM
skoHomuu OPEX. Kpome Toro, mpoucxoaut u cokpaimenne CAPEX, T.kx. oneparopy
He Tpebyercsi mnpuoOperaTth CHENUATU3UPOBAHHYI0 TEXHUKY M O0OOpYyJIOBaHMUE,
HE0OXOIMMBIE TOJTBKO Ha dTOW CTaIUU.

Aytcopcunr O&M cetu: Ympasnenue u o0cinyxkuBanue cetu (Operations &

Maintenance, O&M) — B HacTosiiiee BpeMsi BTOpOM 1o momyispHocTH mocie 1&C
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cueHapuii aytcopcunra. [1o aToMmy clieHapuro cepBUC-TIpoOBaiiiepaMu (ayTcopcepamu)
BBICTYIAIOT KaK MPaBUJIO MPOU3BOJUTEIN 000PYAOBaHUS.

ITonHbIM ayTCOpCHUHT: BBICIINM pa3BUTUEM ayTCOPCUHIA SBIISICTCSA CLICHAPUU
MOJIHOTO ayTCOPCHUHIa BCEM COBOKYMHOCTU CETEBBIX AJIEMEHTOB MHQPACTPYKTYpBHI.
Omnepatop oTIaeT Ha ayTCOPCUHT BCE MPOIIECCHl pa3BEPThIBAHUSA CETU U BCE (PYHKIIUU
yIpaBieHUus M O0CIyXuBaHus. B sTOMCHEHapuM CyIIECTBYET MHOTO OILIMMH,
HampuMmep, KOrjJa TpeTbsd CTOpOHA  SIBISIETCS  COOCTBEHHHMKOM  aKTUBHOI'O
obopynoBanusi wiu backhaul-cetn, ITpumeHuTenbHO K MOOWJIBHBIM OIlEepaToOpamM
CYLIECTBYET CHEIHAIU3UPOBAHHBIA cleHapuil monHoro aytcopcunra UTRAN
(Universal Terrestrial Radio Access Network, UTRAN) .

Aytcopcur O&M cetu JenuTcs Ha JBE COCTABISAIONIME, KOTOPHIE OYEHb
OTJINYAIOTCS HA0OPOM (YHKITUH, KaJPOBBIM COCTABOM U UCTOJIb3YEMBIMU pecypcamMu
cepBuUC-TIpoBaiepa.

CeTeBoil ayTCOPCUHT- BKITIOUYAET B ¢€0sl OOBIYHO Clieaytonue QyHKINU:

MOHUTOPHUHT CETH

VYrpaBnenue KOHGUTYPAITUIMH CETH

VYpaBneHue Npou3BOAUTEILHOCTBIO CETH

[Tonnepxka cetn

Oty QYHKIUU UCTIONHSIIOTCS Yepe3 Crelnaln3upoBanubiil LleHTp ynpasienus
cetbto (Network Operation Center, NOC), umeroriero unrepderic ¢ NOC ki1ueHTCKON
cetu. Pabora B NOC aytcopcepa opraHu3yeTcs Mo KpyriiocyTouHoMmy rpaduky. Js

CETEeBOr0 ayTCOPCUHTa OOBIYHO HE TPeOyeTCs MHOTOYUCIICHHBINA TTEPCOHAT.

[ToneBoli ayrcopcuHr - TmpeamnoyiaraetT oOCIy)KMBaHHE MHOTOYHCICHHBIX
00BEKTOB CBS3HU, MPUHAUICKAIINX KIUCHTY, MPEXKJIC BCETO YAAICHHBIX JJIEMEHTOB

ceTH (UKCUPOBAHHOM CBSI3M WM CAWTOB CETe MOOMIIBHBIX OTIEPATOPOB.

J1J1st IoJIeBOTO ayTCOpCHHTA TpeOyeTCs MePCOHANl YUCICHHOCTHIO B IECATKH U
COTHHU COTPYAHHUKOB. 371eCh BECOMBIMH CTAThSIMHU PACX0JI0B KpoMme QoH/1a 3apabOTHOM
IJIaThl SIBJISIIOTCS 3aTpaThl Ha TPAHCIOPT M TOIUIMBO K Hemy. Pabora moneBoro
ayTCOPCHHTA CTPOUTCS TO TpadukaM pa3audHON mepruoAudHOCTH. OTIEHUTh 00BeM
pBIHKa ayTCOPCUHIa CETE€M CBA3M HE IMPOCTO, IOCKOJIBKY BO MHOTHX CIIy4asx
(¢rHaHCOBasi CTOpPOHA 3aKIIOYaEMbIX KOHTPAKTOB oOcCTaeTcsi 3akpbiToil. Hinke Ha
PUCYHKE IIOKa3aH pe3yJbTaT KOMIIO3UIHUHM JIAHHBIX BEAYIIMX KOHCAJITUHIOBBIX

arC¢HTCTB.

67



Véda a vznik -2017 % Volume 10

B 2012 roay o0beM pbIHKa ayTCOPCHHT CETEW CBSI3U OLIEHUBAETCS BEJIMYUHON
62-64 mupa. USD. Ecau npussts, uto B 2005 roay onenku nasaiu 51-52 mupa. USD,
TO YCPEAHEHHBIN TOJOBOM pOCT 3a cemuiueTHuM nepuo ¢ 2005 no 2012 roga cocraBui
ok010 3%. OnmHako, €CiM YYHMTBIBATh TOJIBKO MOCT Kpu3ucHbie rojbl, To CAGR

ucuucisercs 8% (Pucynok 1.2).
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Pucynok 1.2 O6beM U [uHAMUKAa MUPOBOTO PbIHKA ayTCOPCUHTA CETEH CBSA3HU

B 2005-2012 rr., mipa. USD

N3 obmiero o6beMa 10X0A0B YIIpaBisieMble CEPBUCHI COCTABUIM OKOJIO OJTHOM
TpETH W 3Ta [J0Js HenpepblBHO pacrer. [lo pe3ynbTaTaM MapKETHHIOBBIX
MCCJIeIOBAHUI MOYKHO CHIENIaTh BBIBOJ, YTO OKOJIO TPETH OINEPaTOPOB MOOWIBHOU U
(UKCUPOBAHHOM CBSI3M YXKe ceiiuac B OOJbIIEeH MM MEHBIIECH CTEEHH HCIOIb3YIOT
ayTCOPCUHI TpU OpraHu3alluyd M JKCIUTyaTallud CBOMX ceTed. B KpaTkocpouHOM
MEPCIIEKTUBE JI0 TOJOBHUHBI ONEPATOPOB BOCIOJB3YIOTCS AayTCOPCUHIOM, a B

CPEAHECPOYHOM — JI0 TPEeX YeTBepTeil Bcex mpoBaiaepoB ycayr cBs3u (Pucynok 1.3).

Bonpoc
6avxaiumx
12 mecauyes
24%

Ye
npumeHserca
31%

Bonpoc
oTAaNneHHOM

nepcnexkTUsbI
24%

Pucynok 1.3 TIpoHMKHOBEHHE ayTCOPCHHTA CETEH CBSI3U
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B mepuon cTaHOBIEHMS CETEBOr0 ayTCOPCHUHIa Hambojiee €MKHM PBIHKOM
aytcopcunra ocraBaici EMEA4. B Hacrosiee BpeMsl ONEpEek)aIMMU TEMIIAMHU
00bEM CETEeBOTO ayTCOPCUHTa HabMoaeTcsa B A3uu, 3a cuet Kuras u Uuauu. B 2010-
2017 rr. oTmMeyeH mepexol a3uaTCcKoW Ionu 3a oTMeTKy 50% MHpOBOIO pBIHKA.
TpaguumMOHHO OYEHb KOHCEPBATUBHBIM B OTHOILIEHWU CETEBOTO ayTCOPCUHIA
OCTaBaJICA aMEPUKaHO-KaHAJCKUW pbIHOK. Takue oneparopsl kak Verizon Wireless u
AT&T Mobility Ha TPOTSHKEHUM MHOTHX JIET UMEIU CUIIbHBbIE OaJIaHChl U BUIUMO,
nosromy cokpamiearne OPEX He oTHOCHIIOCH K YMCITy IPUOPUTETHBIX 3a7ad. Y 3THX
OMEepaToOpOB U JPYTUX JIHJIECPOB aMEPUKAHCKOTO PbIHKA CHOPMHPOBAIOCH TITyOOKO
YKOPEHHUBILIEECS] MHEHHE, YTO TMo0eqy B KOHKYPEHTHOH OoppOe NpHUHOCAT
NPEUMYIIECTBA B 0XBATE U MPOIMYCKHOU CITOCOOHOCTH, a ayTCOPCUHT HE SIBIIAETCS TEM

CPEIICTBOM, KOTOPBI OyAEeT MPUHOCUTH OLLYTUMbIE BBITO/I.

B 2009 roay mpousomien ONpeaeseHHbI MPOpPbIB B 3TOM KOHCEPBATUBHOM
MO3UIMH, KOTJ]a KPYTIHYIO CIENKY ayTcopcuHra 3akitoumin Ericsson u Sprint, oqHako
nonsi CIIA Ha MUPOBOM pBIHKE ayTCOPCHHIa MO-TIPEKHEMY HEMPOMOPLHUOHATBHO

MaJjia Ijisl CaMOT0 Pa3BUTOI'O TCICKOMMYHHUKAITMOHHOT'O PCTHOHA

1.2 MupoBbl€e TeHJAeHIUHN Ay TCOPCUHTA.

Omnepatopsl CBSI3U UITYT CIIOCOOBI COKPATUTH PACXO/IbI K COCPETOTOUUTHCS HA
CBOEM OCHOBHOM OM3HECE, TI0O9TOMY OHHM BCE Hallle 3aJyMBIBAIOTCS O IMepeaadye Ha
ayTCOPCHHT MPOIIEAYDP YIPABICHUS CETIMU U MEPOIIPUSATHH MOJIEBOTO 00CTYKUBaHUSI.
MapKeTUHTOBBIE MCCIIEIOBAHUS MTOKA3bIBAIOTO, UTO MHOTHE ONEPATOPHI YKE OTAAIH
Ha ayTCOPCUHT HEKOTOPbIE WIIU Bce CBoM (DyHKIMU B cdepe yeiyr. Jpyrue oneparopbl
B3BEIIMBAIOT NPEUMYLIECTBA U HEJNOCTATKH TAKOTO MOAXO0JA K CBOEU AECATEIBHOCTH.
[To GonpIIOMY CUeTy, 3Ta MPAKTUKA OMPABIBIBAET UX OXKHIaHUS. | TaBHBIM IpaiiBepoM
OTOM TEHACHUWUM SBISIETCS KEJAHUE CHU3UTh CBOU OIEPALMOHHBIE PACXOJBI.
Crtpemienue k nanpHenemMy audGepeHIInPOBAHIIO CBOUX YCIYT 32 CYET MOBBIIICHUS
3¢ ()EKTUBHOCTH HAYMHAET pAaccMaTPUBATHCS HE Kak Oapbep A ayTCOPCHHTA, HO
CKOpee, KaK JOMNOJHUTEIbHbIA CTUMYN JUIsl HEro. ODBOJIOLUS CEPBHCOB HJIIET OT
GyHKIMH mepeBoja 0OCTYKUBAOIIETO MEPCOHANA, TEXHUIECKOTO OOCITY)KUBAaHUS U
aBapUIHO-BOCCTAHOBUTEIBHBIX PA0OT K MOJHOMY Ha0OPY CEPBUCOB AyTCOPCUHTA CETH

U JlaJiee K MOJHOMY ayTCOpcuHry. [Ipy 3TOM Ha paHHHMX CTaAUsIX BHUMaHUE

cocpenoroueHo Ha OPEX ceTu, a B ajibHENIIIEM ONTUMH3ALIMS 3aTPAaruBacT B

pasHoi1 ctenienn u OPEX u CAPEX.
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Beicine craguM  9BOJIOIMM  ayTCOPCHHIA  NPEIyCMAaTpUBAIOT  TaKUE
HEINPUBBIYHBIE CETOAHS (YHKLUMU KaK YBEJIMYEHHUE JOXOAOB ONEepaTopa, pas3jielieHue
PHUCKOB C MapTHEPOM, MOBBIIIEHUE KOHKYPEHTOCIOCOOHOCTH, YIYUIIEHHE JTOTUCTUKA

u MHoroe apyroe (Pucynok 1.4) [1].

BbiCTpbIi OTBET Ha
[lononHutenbHble  _ YBenuuenue Poct Tpe. pbiHka
YCNYri KNHeHTam peBeHio KIIONEBbIX DoKyC Ha OCHOBHYIO
nokasarenen AeATENLHOCTL
3KOHOMMYECHA SchheKTUBHBIN
aHanus naj
o | caoewe | (5 ey =
o OPEX CTOMMOCTH AdpextusHoe

TpeGoBaHun aKTNEOS 06HOCTH snp::mrr;auuu Ha Shoieiis
cHinkenne CAPEX ynyuweHHble SLAs

Onmimusaums |
CHWXeHWe NHBEHTOPH Oc
AdexTusHoe OAvH KOHTpareHT
ynpaenexue Ynyuwerue JphexTHBHOE
aKTUBaMK paborbi ceti ynpaBneHue cetsio

nanTHeDoM

:;x::::::e Ynyuuwenve HoBbie TexHoNorMH

Koxtponb TIOTUCTUKM U 3 dexTHoe
Pa3speneHue puckos PUckos cepBuca _L ynpaeneuue
cnapTHepoM 3aNaCHBIMK YaCTAMMN
BbicTpoe Ynydwenue HR _ pacumpenme
BOCCTaHOBMeHWe MeHeKeMeHTa BOIMOXHOCTH

nepcoxHana

Pucynok 1.4 [IpoHUKHOBEHUE ayTCOPCUHTA CETEN CBSI3U

[lo mporHozaMm o00OBEM MHUPOBOTO pBHIHKA ayTCOPCHHIa CETe CBA3U B
CPEIHECPOUHOM TMEPCIEeKTHUBE COXPAHUT MOJIOKHUTEIbHBIA TPEeH]I pocTa. Brime yxke
TOBOPUJIOCH, 4TO B 2012 roay 00beM phIHKAa ayTCOPCHHTA CETeH CBSI3HM OLICHHBACTCS
BenuuuHou 62-64 mupa. USD. IIporuo3upyercs, uro k 2017-2018 rr. peIHOK JOJKEH
BbIpactu 10 75-78 mupa. USD, 1.e. CAGR coctaBuT 5%, 4TO HECKOJILKO MEHBIIIE, YEM
B 2009-2012 ronax (8%). Bce akcnepTsl CX0a4TCsI BO MHEHHH, YTO B OJIMDKAMIITNE TOJIBI

MOOWIIbHBIN CETMEHT OyJIeT 3aMETHO OTIEPEKaTh (PUKCUPOBAHHBIMA.

Ecam naTe et Haza 1071 3TUX CETMEHTOB OBLIN MPHUOIU3UTEIHHO PABHBI, TO B
2014 rTomy oXupaeTcs, YTO YCIYTM ayTCOPCHUHTa JUIsi MOOWJIBHBIX OIEpaTOPOB
coctaBsaT He MeHee 60% pbiHKa . HenpaBuiibHO mosiaraTh, 4TO CETEBBIC TEXHUUECKUE
CITY>KOBI SIBIITFOTCS CAMBIMH OOJIBIITUMH DHTY3HMACTAMH ayTCOPCHHTA. JlemapTaMeHThI,
3aHUMaroIIHecs: o0caykuBaHueM KimeHToB, UT u BcmomorareabHBIMH () YHKITUSIMH
MMEIOT 00Jjiee BBICOKYIO JIOJII0 ayTCOPCHHTA IMEepCcoHana, 4YeM CIyKObl MapKeTHHTa,

TEXHUYECKOT0 00CTyKMBaHUS U pa3pabOTKu MpoayKkToB. Ha pa3BuBaromuxcs ppIHKax
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JI0JI1 AyTCOPCUHTA BBIIIE, YEM Ha 3peJbIX PbIHKaX. DTO KacaeTcs BceX (DyHKIMM 3a

UCKJIIOYCHHEM 00cTyKuBaHus KiaueHToB (Pucynok 1.5).

i 3penble poiHkv [ Pa3BuBaoOWMECA PbIHKK

Oneparop B uenom

Pa3BuTHE NPOAYKTOB

DYHKUMWM NOAAEPHKM
IT
Cetun

O6cnyHUBaHWE KNUEHTOB

MapKeTUHr 1 Mpoaaxu

0% 10% 20% 30% 40% 50%

[ona wTata Ha ayTcopcuHre (B cpegHem)

Pucynox 1.5 HMcnonb3oBaHHe ayTCOpPCHUHTa Pa3IUYHBIMU JIeTIapTaMEHTaMU

MOOMITLHOTO orepaTopa (yCpeIHEHHBIE TAHHBIC)

[lo ymcny 3aKIIOYEHHBIX KOHTPAKTOB AayTCOPCHUHT B MHTEpECAaX OIepaTopoB
(GUKCUpOBAaHHON CBsI3W Bce Ooyiee M Oojee yCTyNaeT ayTCOPCHHTY B HHTepecax
OIepaToOpOB MOOMIIBHOM CBA3U. MOKHO MPEIOJIOKHUTH, YTO MEHbBINAS MOMYJIIPHOCTh
ayTCOpPCHHTa JIsl OMepaTopoB (HUKCUPOBAHHOW CBSI3U OOBIACHSETCS CIEIYIONIUMHU
npuunHamu: Cetn ¢uUKCHUpOBaHHOW cBsizu B cpeaHemM Ha 10-15 nmer crapiue
MOOWIIbHBIX ceTeil. McTopruecku OHU CO3/1aBAINCh TIOCTETIEHHO U BIHUTAIU
MHOECTBO Pa3JIMYHbIX TEXHOJOTHI HECKOJIBKUX MOKOJIEHUN. DTH CETU CIOXKHEE s
OoOCTy)KMBaHHMSI M MEHEe TMPUBJICKATEIbHBI JIs1 TMOTEHIIMAIBHBIX ayTCOPCEPOB,
OTTACAIOIINXCSA CKPBITHIX PUCKOB B ycTapeBIIUX ceTsX. CeTu GUKCUPOBAHHOM CBS3HU
MMEIOT 000py0BaHUE OT TOpa3a0 OOJIBIIETO YKCiIa MOCTaBIIUKOB, yeM backhaul wim
RAN MOOMIBHBIX OmEpaTOpoB W TPYAHO HAWUTH ayTcopcepa, HMEIOIIEro
KOMITIETEHITHIO TI0 MHUPOYANIIIEMy CIIEKTpy o0opymoBanus. CMeHa TEXHOJIOTHUECKUX
MOKOJIEHU B PUKCUPOBAHHBIX CETSIX UET C MEHbIIIEH CKOPOCTHIO, MOITOMY MpodIieMa

OCBOCHHMHS U O6CJ'Iy>I(I/IBaHI/I$I HOBOM TEXHHUKHU HE TaK OCTpa KakK B COTOBOM CBSI3H.
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B ¢dukcupoBaHHOI CBsI3M 3HAYMTENIBHO 4Yallleé BCTpPEYAECTCS CIELUaTU3aIus
MPOBaNIEPOB, T.€. C€TeBbIe (DYHKIIMU YACTO COCPEIOTOUCHBI Y KPYITHBIX OMEPaTOPOB
TPAHCMOPTHBIX CETEH, a MOoJIeBble PYHKIIUM SIBIISIOTCS MPEPOTaTUBOM 00JIee MEJIKUX
MpoBauJIepoB cerer nocryna. llone mist TpaHCHOPTHBIX OMEPATOPOB U CETh IS
MpoBalIepoB J0CTyna TpeOYIOT OTHOCHUTEIIBHO YMEPEHHBIX 3aTpaT, KOTOpbhie HE

MOATAIKUBAIOT K CKOPEHIIEMY BHEIPEHUIO ayTCOPCUHTA.

B 1O xe Bpemsi umeercs IeNbld psag  ApaldBepoB, KOTOPHIE TO3BOJIAIOT
IPOrHO3UPOBATH HApACTAIOUIMH TEMI BHEAPEHHUS ayTCOPCUHTa B (DUKCUPOBAHHbBIE
ceTd. MHOrue onepaTopbl UMEIOT MHOTOJIETHUE OTHOLIEHUS! C BEHJ0paMHU, KOTOPbIE
OPUHUMAJIA YYacCTHE B CTPOUTEIBCTBE U MPOEKTUPOBAHUU CETEH ITHX OINEpaTopoOB.
D10 caMo 1o cede 1aeT BO3MOKHOCTD JUJIsl KPYIHBIX POU3BOAUTENEH 000py10BaHUS
npeaarath NMpUBIEKATENbHBIE PEIICHUs NIl ayTCOPCUHTa (PUKCHPOBAHHBIX CETEH.
[TosiBNSIFOTCSI HOBBIE CIIOXHBIE TEXHOJIOTHH, KOTOPbIE BHEJPSIOTCS HAa CPaBHUTEIBHO
KOPOTKOM HCTOPUYECKOM OTPE3KE MPAKTUUECKH 10 BCEMY 36MHOMY 1LIapy, HallpuMep,
HacCUBHbIE oONTHYECKUE ceTH. VcTopuuecku omepaTopbl (PUKCUPOBAHHOW CBSI3U
UMEIOT YMCICHHO OOJbIIMe IITaThl, YEeM OIepaTopbl MOOWIBHOW CBSI3U U
HOJIOKUTENIbHBIN ONBIT NEPEeBOA MEePCOHaNa U3 MOOMWIBHBIX KOMIAHUM HE OCTaeTCs

HE3aMCUYCHHBIM.

NuTEepecHO OTMETUTH, YTO ONEPaTOphbl (PUKCUPOBAHHOW CBSI3H, KOTOPHIE OOBIYHO
TPAaTAT OrPOMHBIE CpEJACTBA Ha OOCITY)KMBaHHE CBOMX CETEH, TOTOBBI B CIllydae
ayTCOPCUHTa NPUHITH 3KOHOMHUIO OT 10 10 20 mpoIeHTOB, B OTINYUE OT ONEPATOPOB
MOOWIIBHOM CBSI3HM, KOTOPBIC MPEATIOYUTAIOT MUHUMAIIbHBIN TTopor B 30% .

CoBpeMeHHBIN PBIHOK ayTCOPCHHTA ceTeil B3 hopmupyet «bombiras YerBepka
MUPOBBIX IPOU3BOJUTENICH TEICKOMMYHUKAIIMOHHOTO o0opynoBanus - Ericsson,
Nokia Solution Networks7 (NSN), Huawei Technologies u Alcatel-Lucent (AlcalLu).
[To oOBemMy moOIydaeMbIX JTOXOJOB O€3yCIIOBHBIM JIHJIEPOM SIBISICTCS IIBEACKUN
npou3Boautenb Ericsson, monyuuBmuii B 2012 1. 0OKOJIO TpeTH BCEX I0XOJIOB
ayTCOPCUHIOBOTO pblHKA. [lanee uayT repmMaHo-(UHCKOE COBMECTHOE MPEINPUATHE

Nokia Solution Networks u kutaiickuii npousBoautesnb Huawei Technologies — mo
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21%. YetBepThlil KpymnHbII Urpok - (paHko- amepukaHckuid Alcatel-Lucent nmeer
okono 10%. Bcero na momio «boinbmoi YerBepku ayrcepcepoB» mpuuuioch 85%
noxomnoB [2].

OTUM 4YEThIpEM KOMMAHUSAM MPUHAIICKUT 65% ayTCOPCUHIOBBIX KOHTPAKTOB B

Tenexom cermente . [IporHosupyertcs, 4to B Onuxkaiime asa-Tpu roaa «boinbimas

YerBepka» OyneT KOHTPOJHMPOBATH ¥4 KOHTPAKTOB MHPOBOTO CETEBOTO
ayrcopcuHra. Ilo duciay 3akiTrOYCHHBIX KOHTPAKTOB Takke nuaupyeT Ericsson,
KOTOpOMY, IO BCEH BHJIMMOCTH, NPHHAIICKUT YECTh OCHOBAHHS BCETO 3TOTO
HaIlpaBJICHUS B TCICKOMMYHHKAIUAX. «CepeOpsSHBIM METaIMCTOMY  SIBIISICTCS
kuTaiickuii npousBoautenb Huawei Technologies — nHaumbomee »HepruuHas
ayTCOPCUHTOBAas KOMIAaHHUS MOCIHeAHuX JieT. [lodTn Takoe ke 4HuciIo KOHTPAKTOB Y

Nokia Solution Networks. Alcatel-Lucent — 3axirouni B 1Ba-Tpu pa3a MEHbIIIE
KOHTPaKTOB, ueM ero koyieru (Pucynok 1.6).

BaxxHO OTMETHUTbH, YTO YHUCIO KOHTPAKTOB OOBIYHO BJBOE - BTPOE MPEBBIIIACT
YHCJIO ONEPaTOPOB, C KOTOPBIMH 3TH KOHTPAKTHI 3akitoueHbl. Hampumep, Huawei
3akr04niI cBou 250 koHTpakToB Ha ayrcopcuHr co 100 omepatopamu B 60 crpanax

MUpa.

500
450
a00 {7,
350 17
300 7 -2
250 -
200 7
150 17,
100 1
50 77

|

NSN Huawei Alcalu Ericsson Opyrue

Pucynok 1.6 Uncino KOHTPAKTOB KPYITHEHIIIUX CETEBBIX ayTcopcepoB, 2016

1.3 Ayrcopcunr B AO Kazaxrenekom
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C menpro COKpalleHus W3AEPKEK, U YBEIUYEHUS KOHTPOJISI 3a pacxoJamMu Ha
MIOAIEP/KAHUE CETH, PEKOMEHIYETCS PACCMOTPETh MEPEXOJ] HAa ayTCOPCHUHI JaHHBIX
yCIYr, B paMKax MapTHEPCKOrO COIJAall€HHWs C OJHUM W3 NPOU3BOAUTENIEH
TEJIEKOMMYHHKAIIHOHHOTO 000pyAOBaHUS WIn CIIEUAIN3UPOBAHHON
ayTCOPCUHIoBOM komnaHuel. [loMrUMoO 3HaUNTENBbHON SKOHOMUU CPENCTB (COrIACHO
MUpOBOMY ombITy, OT 10% 10 30%), AO «Kazaxtenekom» MOIYYHUT JOMOTHUTENBHO:
JOCTYIl K TEXHUYECKOW JKCHEPTH3€ M CIEeHU(PUUECKUM KOMIIETEHIUSM NapTHEpa,
pa3lielICcHHEe PHUCKOB, IOBBICUTh KAayeCTBO YCIYI M YBEJIHYUTH «IIPO3PAYHOCTHY
ousHec-niporieccoB B gaHHOM cdepe. Ilepexon Ha ayrcraddunr mospomutr AO
«Ka3zaxrenekom» JTOCTHYb CIEAYIOIMIMX LENEH: COKpAlleHHE aJMHUHHCTPATUBHBIX
U3JIEPXKEK; pelieHue MpoOJeM, CBSI3aHHBIX C OrPAaHUYEHUEM IITaTa; ONTUMM3AIUS
OTHOLLIEHUM C MEPCOHAJIOM, 3aHATHIM Ha OTHAEJIbHBIX MpOeKTax. Takike, 3TO MO3BOJIUT
PEIINTD CIASAYIOIINE MPOOIEMBI:

e ympornieHue OyxraiaTepckoro y4uéra (1Mo apeHjae oH Mpole, YeM M0 3apIuiate);

® CTOMMOCTHh AapEHIbl I[EepCOHAja HUXKE pPAacXoJOB Ha MPUHATHIX B IITAT

PabOTHUKOB;

® JIOrOBOp apeHJbl NPOUIE PACTOPTHYTh, YEM TPYAOBON KOHTPAKT;

e pemraercs MpoOjemMa IMOMCKAa KaapoB, OMpeNeieHUs HMX KBaTUpUKAIUU U

IIPOBEPKHU KaHAUIATOB CITY)KO00# O€30MacHOCTH;

® TMOSABJISIETCS BO3MOXHOCTh MCIIOJIb30BAHUS YCIYI YHHKAJIbHBIX CIEIUAIUCTOB,

CoJiep’KaHUE KOTOPBIX B LITaTe TPEOYET CEPhEIHBIX PACXOIOB.

Kak yxe ynomunanoce panee, cetu aocryna AO «Kazaxrtenexkom» XapaKTepHbI
BBICOKUM YPOBHEM reorpaduueckoil pacnpeneaéHHOCTH U YaCTUYHO PACIIOIOKEHBI B
TPYJIHOOOCTYNMHBIX MecTaX. [Ipu 3ToM pazButue BOJIC B kauecTBe nocineaHen MM,
3aJI0)KEHHOE B CTPATETHMI0 KOMIIAHWH, JOIOJHUTEIBHO YBEJIWYHUT KAK HArpy3Ky Ha
JTUHEHHBIA TIEPCOHAN, TaK U Ha TpeOOBaHUS K YPOBHIO ero kBanudukarmi. Ha Bpems
nepexona Ha HoBble TexHojorun ot AO «Kazaxrtenexkom» BEpOSTHO MOTpedyeTcs
3HAQUUTENIbHO pACIIMPUTh IITAaT, TaK Kak OO0BEM MOJKIIOUEHHS YCIyr Oyner

IIPCBLIIIATH HCTOpH‘-ICCKHﬁ. I[OHOHHHTGJII)HI)I@ CJIIOKHOCTH BHOCAT IIPOAYKTEI JTIMHEUKH
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FMC, npennonararoomue, B OOJIBIIMHCTBE KOH(QUrypaluuid, BOCTPEOOBAHHBIX
noTpeduTeNnsIMu, TeCHOe B3auMojeicTBue nByx kommanuii (AO «KazaxTtenekom» u
AO «AnTen») Kak Ha 3Tarne MOJKIIOYEHHUS, TaK W Ha dTale dKCIUTyaTallud yCIyTH.
Ananornynas cutTyauus OyneT BO3HHMKATh W Ipu pa3BéprbiBaHuu WLL Ha ocHOBe
LTE.
MupoBasi pakTHUKa B 3TOM CIIy4ae PEKOMEHIYET COXPaHUTh BHYTPU KOMIIAHUU
(GYHKUIMU TJAHUPOBAaHUS W KOHTPOJISEI W BBIHECTH (DYHKIMHU, CBS3aHHBIE C
BBIMOJTHEHUEM PYTUHHBIX pabOT, HAa Ay TCOPCUHTOBYIO KOMIIaHUI0, 00€CI€UYMBaIOIYIO,
B TOM uyucie, 3QpPeKkTuBHOE MaclITaOMPOBAHUE MITATHOTO PACIUCAHUS HA MOMEHT
IPOBENAECHUS MACCOBOM MUTPALIUH.
Tak kak AO «KazaxrenekoMm» He mpeanojaraer (popMaibHOTO CIUSHHUS 000MX
orepaTopoB, Harbosee 3(PEKTUBHBIM PEIICHUEM B 3TOM Ciydae SBISECTCS CO3JaHue
€AMHOW TOYKU OTBETCTBEHHOCTH, IMPEJCTaBICHHOW OTAENbHONM OW3HEC eIUHUIIEH,
OTBETCTBEHHOM 3a KAYECTBO KOHKPETHOM YCIYTU U JTOCTYITHOCTD €€ ISl KIINEHTA, a He
paborocniocoOHOCTh pecypcoB €€ cocraBistomux. Co3naHue eAuHOW TOYKHU
OTBETCTBEHHOCTH IMO3BOJIUT:
e JloBbICHTH Ka4yeCTBO YCIYrd 3a CUET ONTUMHU3ALMMU IIPOLECCOB U JIYyYLIEro
KOHTPOJISI, YBETUYMB TEM CaMbIM 00BEM MPOJAXK U I0XOAbl KOMITAHUU

o COKpaTUTh YHUCIO CIEHUATUCTOB, 3aHATHIX OOCITYXHUBAaHUEM CETU U CHUCTEM,
OTBETCTBEHHBIX 3a pPabOTOCIMOCOOHOCTh TMPOAYKTOB U YCIYT, 3a CYET
00BbeIMHEHUS AYOIUPYIOMUX QYHKIUN

e VYMEHBIIUTH 3aTpaTbl HA JIMLECH3UPOBAHUE M IOAJNEPKKY IPOrPaMMHOIO

obecrniedeHus 3a CYET COKPALLIEHUS] HOMEHKJIATYPhl M YMCIIa MOJIb30BaTeNeH
e CoOKpaTuTh AOJI0 YNPABICHYECKUX 3aTpaT B pacxojax 3a CUET YIPOILUEHUS
CTPYKTYpbI NOAYAHEHUS

e CokpatuTh O00BEM KaNMUTAIBHBIX 3aTpaT 3a CcuéT OO0BESIUHEHHOTO
IJIAHUPOBAHUS, PA3BUTUSA U ONTUMU3ALUU CETH

e CokpaTuTb 3aTpaThl Ha MOAAEpKaHNe UHDPACTPYKTYPHI, BKIIFOYAsT PACXOJIbI Ha

ANEKTPOIHEPTUIO, TPAHCIIOPT, OXPAHY
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Bmecte ¢ TeM, HCNONB30BaHHUE OTHECNbHOW OWM3HEC E€IUWHHULBI CO3HAET psiA

AOIMOJIHUTCIIBHBIX PUCKOB, KOTOPBIC JOJI’KHBI OBIThH YUYTCHBI ITPH INIAHUPOBAHWH:

OTcyTcTBHE MPO3PAuYHOCTU TMPOIECCOB BHYTPU OWBHEC EIUHHUIIBI JJIs
Mo/Ipa3/ieJIeHuH ONepaTopoB

Cuamxenue 3QHeKTUBHOCTU PabOTHI KaK CIIECTBUE U30BITOYHON YHUDUKAIIUU
MPOLIECCOB

Poct OusHec puckoB u3-3a mepefadyd M30BITOYHOTO yucia (PYHKIUMA, B TOM
YHUCJIE OTHOCAIIMXCS K KPUTUUHBIM JIJIs1 OM3HECA KaXKJIOT0 U3 ONIEPaTOPOB

[ToTeps BHICOKOKBAIM(PUIIMPOBAHHOTO MEPCOHAJIA, paHEe UCTIOIHSBILIETO

nyonupytone QyHKIMUA B KaXKI0OM U3 ONEPaTOpPOB

C y4€ToM PTUX PUCKOB MpEJJIaracTcs MOCTPOSCHUE OTACIbHOW OW3HEC €IUHUIIBI

(enMHOTrO LEHTpa OOECIeYeH s Ka4ecTBa yCIIyT), 3aJja4eil KOTOPOil SABJISIeTCS:

DKCIuTyaTaus BCeX BUAOB CETEH CBSA3U: MAaruCTPaabHOM, OTIOPHOM, MOOUIIEHOMN
pacnpenenuTeNbHON, (GUKCUPOBAHHON paclpeaeuTeIbHON, GUKCUPOBAHHON
CETH JI0CTYyIIA U T.II.

OKcrutyaTanusi BCeX BUIOB JHMHEHHOro 0O0OpyAOBaHHS, BKIIOYAsh 3JIEMEHTHI
paanocetu u AMC, npyrue 31eMeHTbl HHPPACTPYKTYpPbl CETH J0CTyMa
DKcIuTyaTanusi BCeX BUIOB PEIICHHM, OTBETCTBEHHBIX 3a peaju3alyio yCIyTr B
ceTu

[Tpuémka B 9KCILTyaTaI[MIO HOBBIX CETMEHTOB CETH M 000PYI0BAHHUS

[Iprém B 3KCILTyaTalMi0 HOBBIX yCIYT

MOHHUTOPHUHI BCEX BHJOB CETEH CBS3UM M YCIYT, NPEAOCTaBISIEMBIX HAa KX
OCHOBE.

Ilepenaya B ciy>kKObI IJIAHUPOBAHUS U PA3BUTHS CETU TPEOOBAaHMI, CBSI3aHHbBIX
C pacIIMPEHUEM CETH, OCHOBAHHBIX HA TEHACHUHIX POCTA HATPY3KU HA PECYPCHI
1 4aCTOTY BO3HHUKAIOIIUX MPoOJIeM

[IpenocraBnenue cnyx0am, OTBEYAIOIIUM 3a OOCIYKMBaHUE KIHEHTOB,
MHpOpMalIMK O TEKYIlleM CTaTyCce YyCIyr B LEJIOM U YCIYr KOHKPETHOTO
KJIMEHTA, IMArHOCTHKA TPo0IeM
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CoBpemMeHHass MHUpOBas MpPaKTHKa TMpejjaraer MNpoCTOM KpUTepuid BbIOOpA
(GyHKIUH 17151 BBIBO/IA BO BHEITHUM ayTCOPCUHT. 3a/1auu, 00eCIeurBaroue KOMIaHUU
KOHKYPEHTHbBIE MPEUMYIIECTBA, TOKHBI OCTABATHCA BHYTPU KOMIIAHWH, B TO BpEMS
KaK 3aJa4d, HCIOJB3YIOIINE ATH MPEUMYIECTBa ISl TOJYYEHUs] TPUOBLIA U
TpeOyrolre MaciTabupOBaHus, MOTYT ObITh BbIBEJICHBI B ayTcopcUHT (Pucynok 1.7)

[3].

[10: MHOXECTBEHHbIE HE3aBNCUMbIE (DYHKLUN U MPOLECChI Mocne: GOKYCUPOBKa HA BAXHOM

BT | - - -

End-to-End Systems Engineering
End-to-End Process Improvement

INTERNAL FUNC:TIONS

Account Management
Architecture, and Asset Management
Integrated Cross-Domain
Test Demand Management
Service and Operations Management

Strategic Planning, Cross-Domaln Integration,
End+o-End Customer Experience Management

- CoxpaHeHHble (yHKLM KOHTPONS W ynpaBeHus
QYHKLUA Ha ayTCOpCUHre

Pucynok 1.7 [Ipumep BoiHOCA QYHKIMN HA ayTCOPCUHT

Tak kak KauecTBO YCIYT'H CTAHOBHUTCS OJTHUM M3 KOHKYPEHTHBIX MTPEUMYIIECTB
(ocobenno nocne 2015 rona, korga Ha peiake ceteit LTE mosiBITCS apyrue urpoku),
ONTUMANIbHON (OpPMOI 11l OpraHu3aluK IIeHTpa oOecredeHusl KadecTBa Oyjaer
co3znanue ngouepHeid kommanuu AO «Kazaxtenekom» (BHYTpeHHHI ayTcopcuHr). B
CBOIO OYepe/Ib, TOUCPHSIST KOMIAHUS MOXKET MPHUBJICKATh BHEITHUX MMOCTABIIUKOB JIJIst
WCIIOJIHCHUS YaCTHBIX 33/1a4. JIOMOTHUTENbHOE MPEUMYIIIECTBO OT CO3JaHUS TAKOTO
IeHTpa OyJeT MmoxydeHo B ToM ciydae, eciu AO «KazaxTenexom» IpUMET pelieHne
0 CO3/IaHME KOAIHIINH C JPYTHUMH OTIEPaTOPAMH CBS3U JJIsl COBMECTHOTO TTOCTPOCHHUS

cetu LTE. B aTom ciydae y oneparopa yxe OyAeT CylecTBOBaTh CTPYKTypa, KOTopast
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MOXET OBITH JICTKO BbIJICJICHA B HC3aBUCHUMOC IMPCANPHUATHC, OTBCUAIOIICC 3a

SKCIUTyaTaluio o0beauuénHon cetr (PucyHok 1.8).

s
AQ «Kazaxtenexom» % EnunHan cnyxba Anten
% SKCMAyaTaLmm
% MN&HNpOBaHME PaSBMTIS M
% ONTMMU3aLMM
MnaHnpoBaHne passwTks ¥ MOHHTOPMHT CETH
DITUMH3ALIMK ¥YnpaeneHue npoaykTaMi
SKCMNYaTaUMA Cot!
YnpaBAeHne NpogyKraMu
MoAKNOYeHE YOIYT YnpaeneHue npoaaxaMm
YnpaeneHnto NpoamKamy —
VNpaBAeHHe NapTHepamu 7 ’ - YNpaeneHUe napTHepaMu
YNpaBneHke KNHeHTam .
WHibopmaLua nna 3 WHhopMalA ana
NNaHWPOBaHWA NNAHUPOBAHWSA
Crotyc cem u CTaTyc CetH W
yonyr yemyr
WMHUMAeHTE! M WHWHAOEHTBI 1
3AKA3-HAPAAD 33KA3 HAPSANbI
Onnata yonyr Onnata yayr

Pucynok 1.8 B3aumopericTBie onepaTopoB ¢ €IMHON CITyKO00H dKCTUTyaTalluu

JIOTIOJTHUTEIIEHO PEKOMEHTyeTCS CO3/IaTh €IUHOE IMOAPa3IeICHIE, OTBESUAOIISE
3a 00pabOTKy 3asBOK-HApSAIOB Ha TOIKIFOYECHHE YCIYT 3a pPErIaAMEHTUPOBAHHOE
Bpemsi. 3ajadeil eAMHOro IIEHTpa JKCIUTyaTallud OyAeT KOHTPOJb padOThI 3TOTO
nmoApaseacHus U ooecreueHrne HeoOX0MMOTO YPOBHS KauecTBa 00ciykuBaHus. [Ipu
HEOOXOIMMOCTH €JIMHBINM IEHTP OHKCIUTyaTallik CMOXKET 3aKIIouYaTh JIOroBopa C
MOAPSATINKAMU, TPU3BAHHBIMU KaK YBEIHWYUTh YHUCIO PECYPCOB OMEpaTOpa,
JOCTYIHBIX JIsi OOCTY>KMBAaHHMSI M DPAa3BUTHS CETH, TaK M OOECIECYUTh HAITMUNE
nepcoHana Heo0xoaumoi kBanudukanuu. C MpakKTHIECKOW TOYKH 3pEeHHs] Hanboee
3¢hPeKTUBHBIM Oy/IeT MPUBICYECHUE KOMITAHUH, 00JaJAr0ONINX OMBITOM BBITIOTHEHUS
aHAJIOTUYHBIX paboT Ha Tepputopun Poccum w wmMerommx ombIT padotel ¢ AO

«Kazaxrenexkom.

B clydac, €Clinu 00beM pa60T, BBINTOJIHACMBIX IIPUBJICKACMBIMHA IMOAPAAYNKAMU,
CTAaHOBHUTCA 3HAYMMBIM B paMKax CAWMHOI'O HOCHTpA OKCILIyaTalluK HGO6XOI[I/IMO
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o0ecreyuTh BBIMOJIHEHUE psAJla YCIOBUM AJIA 3aKIIOYEHUs COTJIAlIeHWM M Hayaia
paborT .

e PaszpabGortats HaOop u3MepuMmbix OO0OBEKTHUBHBIX KPI, K KOTOpPBIM MOXKHO
MPUBSA3BIBATH MPOIECC MPUEMKHU paOOT U OLIEHKH Ka4eCTBa UX MPOBEACHUS

e PazpabGortath jAeTanbHble periaamMeHTsl pabdoT 1Mo  OOCITYKHMBAHHIO U
MOJIKJIIOYEHMUIO. PermameHThI JIOJKHBI YETKO KOHTPOJIUPOBAThH
IIOCJIE0BATEIIbHOCTh  JICMCTBUM M YYWTHIBAaTh  YPOBEHb  OXXUJAHWH,
dopMUpyEMBIX y KIMEHTa B paMKaxX MapKeTHMHIOBBIX KaMIIaHUW oreparopa.
Hanpumep, Boznukias npu pazsépreiBanun GPON cetn B MockBe npobiiema
C HE3aBUCHUMbIM IUIAHUPOBAHHEM pabOT MOHTAKHUKOB  KJIMEHTCKOTO
o0opy10BaHUS U crieruaaucToB 1o pacnaiike BOJIC nmpuBoauT K yBETUYEHUIO
quclia HeOOXOUMBIX JJIs TIOJIKIIFOUEHHsI BUSUTOB C OJTHOTO JI0 ABYX (B Ciy4yae
€CIM TOJKIIOYEeHHE ObUIO YCHEIIHbIM M HE MOTpeOOBaNoCh THAarHOCTHKA
PEMOHTHBIX paboT)

e Pazpabortath mnpoueaypy YOpaBi€HHUs, MPEAINOJIAralollyl0 peryJsipHbIi
KOHTPOJIb cTaTyca paboT (He peke OIHOTo pa3a B JI€Hb) U MPOBECTH OLIEHKY
HKOHOMUYECKON 3(PPEKTUBHOCTH NMPUBJIEUEHUSI COTPYAHUKOB 10 CPAaBHEHUIO C
paclIMpeHueM CBOEro mrara B ciyyae, ecnu NpUYMHOW NPUBIICYECHUSA
HOJPSIIUMKA SBIISETCS HEXBaTKa COOCTBEHHOM JKCHEpTU3bl, 00ecHeduTh
HaJIN4YKe NPOLEyphl Iepejaul 3HAaHUM U OpraHu30BaTh paboOTy B CMEIIAHHBIX
KOMaH/1ax ¢ TeM, YTOOBI POUCXOINIO HAKOIJICHUS] HABBIKOB PabOThI U OIBITA
y IITATHBIX COTPYIHUKOB

e PazpaboraTh npoueaypy peryisipHOro ayJauTa KauecTa padoT

Peanusanus 3TuX mnpaBui MO3BOJIUT JOCPOUHO S(P(PEKTUBHO CHUBHUTH PHUCKH,

CBA3AaHHBIC C IPHUBICYCHHEM BHEIIHUX IIOCTABIIMKOB W IIO3BOJIMT COXPaHUTh U
PaCIIMPUTh KIFOUEBYIO 3KCNEPTU3Y BHYTpH Ipynnsl komnanuii AO «Kazaxrenexkomy,

4TO, HCCOMHCHHO, ABJIACTCA KPUTUYHBIM JJIS OIICpATOPAa HAOMOHAJIBHOI'O MacmTaoa.
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2. 3akiIouenue

PaccmarpuBas TEHAEHIMHU N0 MOKA3aTeNI0 PACIPOCTPAHEHUS (PUKCUPOBAHHOMN
CBA3M HAa MHUPOBOM pBIHKE, (UKCHUPYETCS 3aKOHOMEPHOCTb [0 CHHXEHHIO
MCII0JIb30BaHUS CTallMOHAapHOTo Tenedona. Hamo otMeTuTs, 4To B MUpe HaOI0AaeTcs
oO1ee najgeHue KoJmyecTBa TuHUM pukcupoanHoit cBss3u, B CLIA ¢ukcupoBanHas
TeneOoHHAsI CBA3b MPU3HAHA «YXOSLIEH yCIyroi», a B BenukoOpuTaHUM KOJIMYECTBO
¢ukcupoBaHHbIX Tene@oHHBIX NTUHUN nagaer ¢ 2007 roxa [42], B A3uu KOIMYECTBO
¢ukcupoBanHbix TenedoHHbix JuHui ¢ 2007 mo 2012 rox cokpaTtuiiock Ha 55
MUIUTHOHOB, B MIEPBYIO ouepe/s - 3a cuet Kutas [4].

W3 ropa B roa naHHas TEeHIEHLHUs coxpaHsercsa. Kimaccuyeckuil ronocoBoit
TpauK pacTeT, HO C KaXIbIM ToJ0M Bce MmeniieHHee. Hamportus, Tpaduk romoca u
COOOIIEHU B TakKUX CHCTeMax Kak SKype TMpoJoKaeT YyBEIUYMBATHCS B
yckopeHHbIMU Temnamu. B 2016 roay MexayHapoaHbIN roJIoCOBOM TpapuK U BUIEO
tpaduk Skype-to-Skype Beipocnu Ha 44% no 167 Miapa. MUHYT. DTO yBeTUYEHHE Ha
51 miupa. MUHYT OOJIbIIIE, YEM NMPUPOCT TpaduKa BCEX MUPOBBIX ONMEPATOPOB BMECTE
B3SITHIX.

JlaBneHnnue Ha TpPaJWLIMOHHBIX TeNe(OHHBIX ONEPATOPOB  MPOAOTKAET
yBenmuuBarbes. Kpome camoro uzBectHoro VolP mpunoxkenus Skype, cymiectByer
ellle MeJIbli PsI IPEeTEeHACHTOB Ha rojocoBoii Tpaduk: Whats App, Google (Talk and
Voice), WeChat (Weixin), Viber, Nimbuzz, Line u KakaoTalk ctanoBsatcs odeHb
nonynsipHeiMu. bonee Toro, Facebook HemaBHO mo0aBui OECIUIATHYIO TOJIOCOBYIO
CBsI3b B CBOE IPUJIOKEHNE Messenger.

JlaHHOe OOCTOSTENbCTBO, BIUSAET HA CHIDKEHHE O0IIero yucia aOOHEHTOB
dukcupoBaHHOUN Tene(OHHOW CBSI3M BO BCEX cTpaHax EBpormbl, A3MM U mepeToka
Tpapuka u3 cermeHta fixed-to-fixed B cerment mobile-to-mobile. AGoHEHTHI,
KOTOpBIE paHee MOJIb30BATNCh UCKIIOYUTENIBHO (PUKCUPOBAHHBIM TeNe(POHOM, CTaIU
MOJIb30BAaThCSl  MPEUMYIIECTBEHHO  MOOWJIBHOM  cBsi3blo. Ha ~ MupoBom
TEJIEKOMMYHUKAIIUOHHOM PBIHKE, CHUKEHHWEM KIACCUYECKUX JIMHUM, pa3BUBAIOTCS

ycayru [P-tenedonmus.
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B HacTosimee Bpems takke B AO «Ka3axTesnekoM» UCIIBITHIBAET CYIIECTBECHHBIE
CJIO)HOCTH C HEOOXOAMMOCTBIO MOJJAEPKUBATH U OOCITYKUBATh ABE HHPPACTPYKTYPbI
— cTapble MeIHbIe Kabenu GuKkcupoBaHHOM Tenedonuu , yeuyr ADSL u obopyaoBanue
JMHEWHBbIE COOpYyXeHus oTHocsmeecs Kk TexHoinormn GPON. B pspe permonos
MIPUCYTCTBUS ATO (DAKTUYECKH BEJIET K MOJHOMY JyOJIUPOBAHUIO PYHKIIUMA TTOIICPIKKH
U TEXO0OCITyKUBAHUS.

Hcxonss M3 TeKylero MeEXAYHapOJHOIO OIbITa, JOCTHXKEHUE OOoJblIei
3peJOCTU TEJIEKOMMYHUKAIIMOHHOTO PBhIHKA BEJET K CTa0MIM3aluu MPUOBUIBHOCTU
OlepaTopckoro OW3HECa, 4YTO BBIABUTAET IE€pel] ONepaToOpoM HOBBIE 3aJaud -
CHW)KEHHME OIEpallMOHHBIX 3aTpaT U ynep:kaHue aOOHEHTCKOM 0a3bl. B 3Toil cBs3u
aKTyalu3upyercs TeMa ayTcopcuHra. HHTepecHO OTMEeTHTbh, YTO OINEepaTOpbI
(UKCUpOBAaHHON CBA3M, KOTOpble OOBIYHO TpaTSIT OrPOMHBIE CpEACTBA Ha
00Cy>KHBaHHE CBOUX CETEH, TOTOBBI B Clly4ae ayTCOPCUHTA MPUHITH SKOHOMUIO 0T 10
10 20 MpOLEHTOB.

AyTCOPCHHT TO3BOJIIET CYIIECTBEHHO COKPATUTh OINEPALMOHHBIE PACXOIbI 3a
CYeT BO3MOXKHOCTHU NMPOTHO3UPOBAHUS 3aTpaT Ha obOciyxkuBaHue cetu. Kpome Toro,
COXpaHEHHE PECypCcoB olepaTopa JOCTUTAETCs Oyiaronapsi SJKOHOMUM Ha Mmaciitabde
00CITy>)KUBaHMS.

UcTtopuuecku omnepaTtopbl PUKCUPOBAHHOM CBSI3U MMEIOT YUCICHHO OOJBIIHE
IITAaThI, Y€M OMEPATOPHl MOOMILHOMN CBSI3U U TOJOXKUTEIBHBIN OIBIT IO MIEPCOHATIAM
13 MOOWJIHHBIX KOMIIAHUHN HE OCTAETCS HE3aMEUYCHHBIM.

[Ipu mepemaue B ayTCOPCHUHT (YHKIIMU OOCITYXKMUBaHUS MEIHOM CETH
JTUHEHHBIX COOpYKeHUH, 00opynoBanus Texnonorun ADSL onepaTopy He0oOXoaMMO
aBTOMATU3UPOBATh IMPOILIECC YCTPAHEHHUsI TMOBPEKJCHHUS B aOOHEHTCKOM ceTwu.
Hampumep oTKpbITHE/3aKPHITHE CTAHITUHN, OTKPBITHE/3aKPHITHE CMOTPOBBIX YCTPONCTB
(KOJIOATIIBI), OTKPBITHE/3aKPBITHE PACTIPECTUTENBHBIX MKA(OB U paCTIPEACITUTETLHBIX
KOpPOOOK.

B mpormecce paboTel mpoaHaIU3UpPOBAaH MHPOBOM PBIHOK U pbIHOK AQO

«KazaxTenexkom» 1o CHUXKEHUIO (PUKCUPOBAHHON MEJTHOM CETH, a TAK:KE PACCMOTPEHO
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BAPWAHTBl  ABTOMATH3alMHM. ABTOMAaTH3alUs  IUIAHUPYETCS  BBINOJHHUTH  C
MCII0JIb30BAaHUEM MEJHOW CETH, TaK KaK CBOOOIHBIX Map B CETH TEIEKOMMYHUKALIUH
NOCTAaTOYHO I opraHu3anuu asroMarusauuu. llpu aBromatmszamum cetm AO
«Kazaxrtenexkom» Heobxonumo Takxke mnoakimoyate K IIJIK Bech kaOenbHble
COOpY>KeHUs1, Uil NpOo(UIAKTUKH NPECTYIUICHHUsS CBSA3aHHOW C KpaxkaMu KaOens
MEIHOM CETHU U JIFOKOB CMOTPOBBIX YCTPOMCTB.

[Ipu aBTOMaTH3aMK JOCTYINA K CMOTPOBBIM yCTpOMCTBaM (KOJOJLIaM) CBSI3H
MOXEM KOHTPOJMPOBATh HHPOpPMALMIO 00 OTKPBITHM WJIA O 3aKpPbITUU JIIOKOB.
YcTaHoBKa 1aTYMKOB B CMOTPOBBIX YCTPOMCTBAX, U KOHTPOJIb O 3aKPBITUA CMOTPOBBIX

YCTpOﬁCTB MMO3BOJINT CHUKCHHUIO TPpaBMATHU3Ma CPCAN HACCIICHUS.

Jlureparypa:

1. «Kopnoparusnas npe3entanust Huawei Technologies, 2012.

2. «Kopmnopatunas npesenraruss WIRELESS@KTH, 2013»

3. AO "Kazaxrtenkom", «Ctparerus texunueckoro pazsutrus AO "Kazaxtenexom"
1o 2022 romay.

4. http://www.budde.com.au/Research/Asia-Fixed-Voice-Market.html
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Boiko G.V.

NATIONAL TECHNICAL UNIVERSITY OF UKRAINE "IGOR SIKORSKY KYIV
POLYTECHNIC INSTITUTE"

THE MOTION OF THE HULL OF THE HYPERSONIC AIRCRAFT AT AN
ANGLE

We will analyze the side surface of the float gimbal and and its resilient co-
operating with acoustic radiation penetrating from outside.

A sound-wave unavoidable results in the resilient moving of the surface in radial
W and tangential V directions (relative motion), that in the conditions of the portable
angular motion of the aircraft fuselage with velocity @ will be responsible Euler forces
(forces of Coriolis inertia, and more precisely, moments of inertia forces ) and,
naturally, inciting moments M¢ (W) and M¢ (V) (Fig. 1).

Constituents M, and M, of these moments will result in precession of the main
axis and, accordingly, the error of measuring will appear :

M, = 20 o L (1) 0 (1) =2 — 20 V(1) W ()] 1)
R R HRsin(H &%)

where [, - is a moment of inertia of the float, H - is the angular momentum of the
gyroscope.

Now will find out the degree of influence of the forced bend moving W; of the
surface of head ends of the float. The presence of relative and portable motions, as in
the previous case, will result in inciting moment of Coriolis inertia forces of M (Fig.
2)

M =2m, LaW, (t)sin[@ W, ()] )

In accordance with the Resal theorem this moment will form the instrumental

errors
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A =

m,LaW; (t)sin[& W, (t)] |
H sin(lfl @

wi(t)=2

©)

ce A
®F )

Fig. 1. Inciting Euler forces inertia in gimbal og gyro

Thus, the integral error of the gyroscope will equal:

@ =af +of =
mTLsin[c?)TVgT (t)} .

A W (t) ¢~
sin( c?;?j
20

=oALV (£) + W (1) ] +m RLW, ()] 4)

Will analyse the inciting motion of the float in flight. We will hard bind the system

_20 [V (t)+ 2 (1)]+

H | Rsin(H &%)

of co-ordinates Oxyz: with the body of aircraft: Ox will be sent along the axis of the
aircraft, Oy and Oz will be placed in the former plane. For the supporting system of
co-ordinates we will choose the axes which are related to Earth. Axis O will be sent
vertically downward, axis Og . horizontally (for example, directed on the line of the
set course), axis On constitutes the right three of axes O&7g  with the first two axes.

Let the aircraft at the moment of start occupies a free position. Let’s draw a plane
through its mass center, perpendicular to the longitudinal axis (the former plane) to the

crossing with the horizontal plane O&7¢ . For the crossing lines of these planes ON
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(lines of knots) we will direct axis Oz, and will draw in the horizontal plane axisO¢&, ,
perpendicular to On,. For the Euler angles we will choose the angle of turning round
the vertical line of the horizontal co-ordinate plane O&n to its coinciding with the axes
of the system O¢&n, (let’s call it the angle of yaw ¢), the angle of turning round the
line of knots £0¢ ON of the co-ordinate plane to coinciding of axis O¢&, with the
longitudinal axis of the airplane. We will call Ox - the angle of pitch (in this case axis

O¢ will occupy the position of OZ; in the former’s plane) and the angle of turning of

the plane 7,0¢, about the longitudinal axis of the fuselage Ox (angle of roll 8). The

—

corresponding angle rate will be directed along the vertical line ((p), the line of knots
(1/7) and along the axis of the vehicle (5)

The angle rate of the aircraft can be shown as hands for the unitary vector ¢ ,é,,é,
of axes Or,, OZ and Ox
& =Ep+8&y +60, (5)
or in projections on the axes which are connected to the body of the vehicle -
o=8w,+8w,+€w,. (6)
When the aircraft starts from an immobile base (the axes O&nS are immovable),

the projections of angle rate on axis Oxyz, which are connected with the fuselage, are

calculated by the formulas (fig. 3, fig. 4) :

0. =0 -psny; w, =®,C0s B —w,sinf;
@, =@sin@cosy +ycoso; o, =0, + [ (7)
w, =@cos@cosy —ysin b, o, =0 sinf+ . cosp,

where 0=0(); v =w(t); o=0lz).
Conversely, when the start is carried out from a mobile base (for example, a

carrier-aircraft), at first it is necessary to resolve angle rate into the axesO&n¢ . It also
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conserns the case, when it is necessary to take into account the angle rate of day's
rotation of Earth.
Assume that the angles y and @, and also their derivatives in time, small. The
angle rate of yaw we will show as -
P=w,+0,, (8)
where @, - the size which is measured by the angle rate sensor, for example, at

the aircraft rotation, and ®_ <<, is rather small indignation of this angulator.

Fig. 3. Scheme angles turn of FA: ¢ - angle of yaw, y - angle of pitch, & - angle of roll

Obviously, that constituents (o, ) , and (@, ) , do not carry out the influence on

the error of gyroscope, because they coincide after direction from the figure. At the

same time, kinematic inciting (e,), and (@), will result in the additional error of

measuring (Fig. 4)[1]:

of (t) = %(a)xsinﬁ+ o, cosﬂ){ln[\/' (t)+ W (t)] +m,.RLW, (t)} -

- %[(é—win z,//)sin,B +(gcos@cosy —yrsin 0)COSﬂ}<

x {1,V (©)+ 7w (O)]+ m, RLWY, (1)}, ©)
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The angle rate vector o (¢) and angular acceleration ¢y (¢) are directed along the
initial axis of the unit.
The analysis proves that the angle rate @, of the fuselage during the acoustic

vibration of the float butt ends results in a spiral motion, that, itself, is a necessary

factor, because it reduces dry friction on the float axis. But together with the resilient
radial motion ¥ (¢) of the side surface of the float, the angle rate @, will start the
appearance of the moment of Euler forces (forces of Coriolis inertia) and, naturally,
will result in the origin of angle rate @, directed parallel to the ingoing axis, the axis

of sensitivity, and the device (Fig. 5), :

®; = %Ina)yW(t) 4y (¢sin @cosy +yrcosOW (t). (10)

" HR

Fig. 4. Origin of angular acceleration  Fig. 5. Origin joint action to gyroscope

@ (t) kinematic and acoustic action
The tangential resilient displacements V (t) of the side surface, at the given angle
rate w,, lead to appearance of forces of Coriolis inertia, which lines of action will

cross the center of the gimbal and will not create the inciting moment.

Thus, the aircraft angular motion with velocities o, and @, serves to negative

influence of acoustic vibration on the device as a factor o on the outgoing axis. In its

turn, the angle rate w, of the fuselage will underline the radial resilient movements of
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the side surface of the float W (t), imitating the presence of "erroneous" input value of
the device w; .
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STAVEBNICTVi A ARCHITEKTURA

Yeltayev A.T.

L.N.Gumilyov Eurasian National University, Kazakhstan

THE PRODUCTION TECHNOLOGY OF CONSTRUCTION CERAMICS

Abstract. In modern economic conditions, the construction of facilities and the
production of building materials tend to unite into a single construction complex.
Among all the variety of wall building materials facing ceramic bricks which differ in
architectural expressiveness and durability are still in demand and in the future will
retain their positions in the market. Obtaining facial ceramic products at brick factories
in Kazakhstan is associated with a whole complex of problems. One of the first places
in the importance is the lack of any significant reserves for high-quality clay raw
materials. Very important for the improvement of technology is reliable information
about properties of clay. Meanwhile, even with the construction of modern plants in
the period preceding the design and procurement of equipment, careful scientific
studies of clay raw materials and the development of optimal technology parameters
are not always conducted.

Key words: brick, resource-saving, energy-saving, loam, coal, granulated slag.

Actuality of work. The issue of improving the quality of ceramic materials
remains an important task for not only because of worn out equipment, but more often
because of insufficient knowledge of many factories in the country. Old factories often
produce poor quality products and raw materials and weak development of the main
technological regimes. The issues of technology are not given proper attention, and
they are often based on scientific possibilities of a century ago.

Even with the construction of modern plants in the period preceding the design
and procurement of equipment, careful scientific studies of clay raw materials and the
development of optimal technology parameters are not always conducted. This occurs
either by the inertia of thinking, or, based on the opinion that there would be good
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equipment, and the quality of the products itself will come, or for some other reasons.
The same can be said about the reconstruction of existing plants.

In the former Soviet Union, it was customary to conduct laboratory and semi-
plant trials of clay raw materials. But often laboratory studies reduced to a formal
minimum, which did not allow to identify and use all the potentialities of clay raw
materials. Accordingly, the quality of products manufactured in the future was
relatively low.

In industrially developed countries, the problem of detailed research of raw
materials has traditionally been paid much attention, which often makes it possible not
to conduct semi-plant tests and debug the technology directly at the start-up of the
plant, relying on careful and complete laboratory studies of clay raw materials. The
total cost of such research can reach several tens of thousands of dollars, but these costs
pay off with high quality products.

The purpose of the article is to develop a resource and energy-saving
technology and to study the properties of semi-dry wall ceramics on the basis of loess
loams using mechanically activated composite additives.

To achieve this goal, it was necessary to solve the following tasks:

- establish patterns of structure and phase formation in ceramic masses with
mechanically activated compositional additives depending on the firing temperature;

- to investigate and develop rational technological modes of production of wall
ceramics with mechanically activated composite additives;

- carry out pilot-industrial tests and development of semi-dry pressing
technology using loess loam and mechanically activated composite additives.

In connection with the deficit of high-quality clays, one of the most important
tasks is the possibility of using a low-grade, widely distributed clay raw material in all
regions of the country without sacrificing the quality of the cobalt product. The solution
of this problem requires modification by additives and use of various types of
activation of raw materials, which to a certain extent contribute to quality
improvement. In the process of mechanical activation, mineral raw materials are
subjected to intensive mechanical action in grinders-activators, where mineral particles
are not only crushed, but also undergo complex structural changes. As a result of these
changes, raw materials accumulate a significant part of the applied mechanical energy
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and become more reactive in various technological processes. The choice from the
point of view of rational use, grinders as mechanoactivators is of great importance.

There are many ways of mechanical activation by finely grinding clay raw
materials, for example, grinding in ball and vibrational millstones. In batch ball mills,
it is possible to grind the materials in dry and wet ways. In our opinion, the mechanical
activation of raw materials on these milling equipment has a positive perspective from
the point of view of their practical implementation directly in production conditions,
since this equipment has proved itself in the technology of cement production, lime-
bricks, and in the production of various types without firing binders substances.
Proceeding from objective analytical studies, the ball mill was chosen as the most
widespread and accessible type of mechanoactivator for carrying out experimental
work.

To solve the problems of complex use of mineral raw materials and industrial
wastes in ceramic technology, the method of plastic molding is not acceptable. The
production of semi-dry pressing products, which includes, as a rule, the initial
preparation and dosage of raw materials, drying, grinding, sieving, dampening and
mixing of the powder press, pressing, drying and firing products on the kiln car, is
characterized by a number of disadvantages and advantages. Proceeding from this, for
today the following ways of obtaining high-quality ceramic products of equidistant
structure from the widespread poly-mineral clay raw materials by the method of semi-
dry pressing are outlined. It:

- development of special technological methods for processing raw materials,
depending on its structural and mechanical properties;

- obtaining more dense press powders of the specified granulometric
composition and fraktsionnoy humidity;

- selection of the optimal composition of the charge, ensuring the production of
caked high quality crust;

- Pressing of products from press powders with moisture below critical,
ensuring the integrity of compacts at high-speed drying and firing regimes;
- selection and development of pressing devices, pressing modes.

The limited availability of high quality clay raw materials in the Republic of
Kazakhstan requires a scientifically grounded approach to the rational use of these raw
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materials in compositions with mechanically activated composite additives that include
industrial wastes for the production of quality and competitive products.

Investigated materials and methods for evaluating their properties.

As the main raw material for the development of a mechanically activated
composite additive, a blast-furnace granular slag of the Karaganda metallurgical plant
was used as JSC "ARSELOR MITTAL Temirtau" (Temirtau city). Blast-furnace
granular slag is a granular material of gray color. The size module is 3.9 - 4.1.The
granular composition of the slag is characterized by the ratio of the fractions shown in
Table 1.

Table 1 - Granulometric composition of blast-furnace granulated slag

Diameter of sieve holes, less
2,5 1,25 0,63 0,315 | 0,14

mm 0,14

Sieve residue, % 14-17 35-37 26-30 |[14-17 | 2-5 2-4

The chemical composition of blast-furnace granulated slag of the Karaganda

Metallurgical Combine is presented in Table 2.

Table 2 - Chemical composition of blast-furnace slag

Oxide content, wt.%
Name of raw <] o d .
) @) o | O q N =
materials Ol RQIARI2| 23| & 2399|Q =
wnwl < | L © | S| ZI X9 F |9V C
Granulated blast o
f P ™ o | & S| &
urnace slag | o | <« | 3 ol 2 | 2
ol |l 4| Q19| 8 dl c |« g
fromKaraganda | s | o | & o . . 2l o J 3 ' )
» o o — ) (9N} (9N} i o
Metallurgical D IR = ™ ~ © |-
Plant 9 o S ©l o c | o
an

92



Materialy Xlll Mezinarodni védecko - prakticka konferencex 22 - 30 prosincti 2017 r.

According to the classification of clay-sandy rocks, the loams of the Kaskelen
deposit belong to the class of silty fraction (0.50-0.01 mm), an average of 62.4%. The
content of clay particles with a particle size of less than 0.001 mm averages 14.9%.

Loams are: according to the content of Al203 * TiO2 in the calcined state, to
the group of acid rocks, since their sum is 12.66 i.e. less than 15, Fe203 content - to
the raw materials with a high content of coloring oxides (Table 3). On the content of
finely dispersed fractions - to coarsely dispersed raw materials.

Table 3 - The chemical composition of the loam of the Kaskelen deposit

Name of Oxide content, wt.%
raw o o|o o =
. °) - ol 9 > 2 | O S 51 & | Q
materials %) < [ S| & |4 8 8 cZG 4 g
Loam from 0, 2,3
55,09| 12,00 0,66| 11,5/ 2,24| 5,29 -10,07] - 11,18 9,78
Kaskelen 15 3

The plasticity of the loam is 7-8. As the second component, the coal of the
Karaganda coal basin, which is the main in Kazakhstan for the extraction of coking coal,
was used to create the composite additive. The color of coal varies from brown to intensely
black, shine from matte to glass, hardness on the Mohs scale is from 1 to 5, density is from
0.92 to 1.7 g/cm3. The coal of the Karaganda basin is characterized by the heat of
combustion for the fuel mass from 8000 to 8300 kcal/kg.

To evaluate the properties of samples and conduct detailed studies, standard
techniques, modern instruments and equipment were used.

The frost resistance test was carried out in accordance with GOST 7025-91. The
strength of the samples was tested in accordance with GOST 530-2012. Firing samples-
cylinders with a diameter of 5, a height of 5 cm and beams (4x4x16 cm) was carried out
in a special electric muffle furnace. The firing of natural products was carried out in a
special electric furnace. The determination of the complex of physic-mechanical
properties of the samples was carried out according to standard methods.

Composition, structure and properties of facial ceramic bricks using loess
loams and mechanically activated composite additives
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One of the effective techniques for producing high-quality ceramic products is the
introduction of various thin-milled additives. At the same time, ceramic raw systems
containing composite additives are still poorly understood. In this connection, complex
investigations of the ceramic masses on the basis of loess loams in a composition with
mechanically activated composite additives were made, taking into account the specific
properties of specific raw materials and in the interrelation of the dominant factors of each
technological transformation (pre-treatment of raw materials, molding, drying, roasting).

The loess loam of the Kaskelen deposit of the Almaty region as the main clay raw
material was chosen as the raw materials to be studied, and blast-furnace granular slag and
coal were chosen to create a composite mechanically activated additive. To achieve this
goal, raw materials were first dosed according to the experimental design matrix, the
preparation of the composite additive blast-furnace granulated slag-coal was mechanically
activated by co-grinding in a laboratory ball mill to a specific surface of 1500-2000 cm2 /
g.

An analysis of the change in the properties of the samples under study from the
content of the composite additive made it possible to optimize the compositions of the
ceramic mass. For the optimal compositions of the ceramic composition, mixtures having
high indices of the investigated properties were adopted. These requirements correspond
to compositions of the ceramic mass located in the region limited by the following limiting
concentration of components, mass%: loess loam 79.0-84.0; Composition additive 16.0-
21.0 As the results of the study show, with an increase in the content of mechanically
activated granulated blast furnace slag and coal due to a decrease in the content of loess-
like loam, there is an increase in compressive strength and bending strength, and also frost
resistance. In this case, the greater the specific surface area of the ground composition, the
higher the parameters of the indicated properties under study. For example, the increase
in compressive strength and bending with a change in the specific surface from 820 to
2100 cm2 / g is from 10.2 to 17.4 MPa and from 2.6 to 4.0 MPa, respectively. It should
be noted that the increase in compressive and flexural strength is generally more than 50%.
With an increase in the specific surface area of the composite mixture, a significant
increase in frost resistance is observed. Comparative analysis of changes in these
properties compared to samples based on pure loam general showed that an increase in
compressive strength is 61%, with a bend of 79%, and an increase in frost resistance from
16 cycles to 49 cycles, i.e. an average of 3.5 times.
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As for changes in the average density, although the specific surface area of
the added composite additive assumes an increase in the average density of the samples
due to the increase in the packing density of the raw system as a whole, there is a
significant reduction in the average density of heat-treated samples based on the ceramic
composition studied. The decrease in the average density in comparison with the average
density of samples based on pure loam is from 1840 to 1700 kg / m3, which is about 8%,
that is, the mass of 1 m3 of the product on the basis of the test samples is easier compared
to 120-140 Kkg.

Conclusion
The main regularities of the change in physical and mechanical properties at
different ratios of ceramic compositions before and after heat treatment are revealed.
Before the thermal treatment, the dependencies of the sensitivity coefficient to drying, raw
strength, air shrinkage and average density of the molded samples were established. In
addition, the influence of humidity and pressing pressure on these properties was

investigated.
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GEOGRAFIE A GEOLOGIE

K.r.n., nouent I'punky B.C.
Yepniseyvkuili Hayionanvuutl yHisepcumem im. FO. @edvkosuua, Ykpaina

NEPCMNEKTUBWU BNPOBAMKEHHA IHHOBALIIA TA 3ANYYEHHSA
IHBECTUUIN Y TYPUCTUYHY FANY3b YEPHIBELbKOI OBJIACTI YEPE3
TPAHCKOPOOHHI MEXAHI3MUA

[lepciekTuBH PO3BUTKY TYpPUCTUYHOI JISJIBHOCTI B yMOBax OJM3BKOCTI Ta
MOCTIMHOT MOPIBHIOBAHOCTI 3 3apyOIKHUMHU KOHKYPEHTaMH y MPUKOPAOHHHUX O0JAaCTIX
VYkpainu, 10 SkuX HaNeKUTh YUepHiBenbka 061acTh a00 bykoBrHA BUMararoTh OMopu Ha
30epeKeHHs] CaMOOYTHOCTI W TPaJAUILIMHOCTI TYPUCTUYHUX aTpakiii. OHOYacHO MOBa
e ¥ mpo HEOOX1HICTh TOCTIMHOTO YIOCKOHAJICHHS TYPUCTUYHUX MPOIYKTIB Ha 3acajaax
IHHOBAIIIM, MIJBUILICHHS SKOCTI TYPUCTUYHUX MOCIYT BIAMOBIIHO 1O €BPONEHCHKUX
crauaaptiB. [lpm 1pbOMy I1HHOBaLli CTOCYIOTHCS, HacaMIepen, 0e3nocepeIHbO
TYPUCTHUYHOI JISTILHOCT1 (0OJAIITYBaHHS CUIBCBKHX 3€JIEHUX arpocaau0; BIAKPUTTS
3aKjIaJiB  OpPraHiyHOrO XapuyyBaHHS a0o/Ta MpoJaxiB OpraHiyHOI MPOJAOBOJIBYOT
OpOJYKIii; mporpaMHe 3a0e3nmeyeHHs  OMepaliiiHOl  JISJIBHOCTI  TYPUCTUYHHUX
HIJIPUEMCTB; CTBOPEHHSI pEKJIAMHUX TMPOAYKTIB, 1H(QOpMaliiiHux ©0a3 JaHUX;
MapKyBaHHS TYPUCTUYHMX JCCTHHAIlId 1 MapHIpyTiB Ha MICISX, OpraHi3alis
MOHITOPUHTY 1 KOHTPOJIIO iX BUKOPUCTAHHS Ta iH.).

[Ipore moBa ¥ae ¥ mpo CymyTHI BUAU IISUIBHOCTI, SIKI 4aCTO HE 3HAXOMSTh
HaJIEKHOTO B1I0OpaXXeHHS y CYCHIUIbHO-TeorpadiuHuX IOCHIIKEHHAX, alle € JOCUTh
CYTTEBUMH y IPAKTUII 3A1MCHEHHS Typu3My. Lle nuTanHs MOAeHHOT yTUiTi3allii CMITTS Ta
IHITMX TOOYTOBUX BIAXOMIIB; JOCTYIIHICTh IWTHOI BOAM Yy Mall03aCEICHUX MICIIIX;
ocobucTa 6e3neKa TYpUCTiB; pIBEHb TOCTUHHOCTI MICLEBUX KUTENIB; HASIBHICTh CY4aCHHUX

TEJIEKOMYHIKAI[IHHUX MEpeX, (PIHAHCOBUX, TOPTIBEIbHUX Ta 1H. BIPTYaJIbHUX MOCIYT.

Takox 1e BIAMIHHOCTI ab0 TOTOXHICTh HOPMATHBHO-TIPABOBUX IHCTUTYTIB,
MEHTANITETY ¥ NmoTped HacelIeHHsS NMPUKOPAOHHUX TepUTOpiil. BupimieHHs BKa3aHHX Ta
IHIIMX THUTaHb CTOCYETbCS HE TUIBKM MIJBULIEHHS KOHKYPEHTOCIPOMOKHOCTI
TYPUCTUYHUX MiANPUEMCTB [ 1]. BoHO cripusie BCTaHOBIIEHHIO JOOPOCYCIACHKUX BIAHOCUH
MDK NMPUKOPAOHHUMHU OOJACTAMHU ¥ KpaiHamu; MONEepe/ka€ BUHUKHEHHS €KOJIOTTYHHX

npo0sieM, COIaIbHOI HaIpy>KEHOCT1, Oe3MiJICTaBHUX MIrpaliid, 3aiHATOCTI MICHEBUX
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KUTEIB, 3MIIHCHHIO HaIllOHAJIbHOI Oe3mekn. B cBOO  uepry, MOXKJIMBOCTI
TPAaHCKOPJAOHHOTO CIIBPOOITHUITBA TOIIUPIOIOTHCA HA 3aJIydeHHS 1HBECTHIIIH,
Onaro/ifHO1 JOMOMOTH, KOIITIB y BUTJISAI CIUTBHUX TPAHTIB Ta MPOEKTIB I BUPIIIICHHS
mpo0JIeM TYPUCTUYHOT AISUTBHOCTI Ta BIAMOBIAHUX PETIOHIB Y IIOMY.

HeoOxigHo 3a3HayuTH, 10 OCHOBM HOPMATHBHO-TIPABOBOTO 3a0e3IMeyYeHHS
TPAHCKOPIOHHOTO CIIBpOOITHUIITBA MK YKpaiHOto Ta PymyHniero Oynu 3akiajieHi B
cepenuni 90-x pp. XX crt. bazosuit morosip «IIpo mpyxO0y i criBpoOITHULITBOY» OyIIO
mignucano 02.06. 1997 p. y M. Koncranna. ¥ HbOMy 3aKiIajicHO OCHOBHI NMPUHIIAITH
CHiBpOOITHUIITBA MIDK Jep)kKaBaMH, a caMe: TMPUHIUI CYBEPEHHOI pIBHOCTI,
HE3aCTOCYBaHHS CHJIM Ta TMOTPO3HM CHIJIOK, HEMOPYIIHOCTI KOPJAOHIB, TEPUTOPIAIbHOI
HUTICHOCTI Iep>KaB, MUPHOTO BPETYJIIOBAaHHS CIIOPiB, HEBTPYUYaHHS Y BHYTPIIIHI CIIPaBHU.
Takox 1€ MPUHIMIK TOBard J0 TpaB JIOJUHH, PIBHOMPABHOCTI Ta MpaBa HAPOIIB
PO3MOPSIKATUCS BIACHOIO JI0JICI0, CHIBPOOITHUIITBA MK JEpKaBaMU Ta CYMJIIHHOTO
BUKOHAHHS B3ATHX 3000B's13aHb BIJIMOBITHO 0 MI»KHAPOHOTO MpaBa.

BaxxnuBoro 1HBECTUIIHHOK OCHOBOIO BIIPOBA/KEHHS 1HHOBALIN y TYpPUCTUUHY
JISUIBHICT, Ha DByKOBMHI Hapa3l € MOXJIMBICTh 3aJIy4€HHsSI KOLITIB Ha BUKOHAHHS
TPAHCKOPJIOHHUX MPOEKTIB, MPUHAMHI, 3 TpboX [Iporpam €Bponeiicbkoro IHCTpyMeHTY
CycincrBa 1 IlaptaepctBa [1]: «Yropmmna — CrnoBauunHa — PymyHis — Ykpaina»
(3akapnarceka, IBaHo-®paHnkiBchbka, UepHiBelbka 001acTi — B AKOCT1) 3 OIOKETOM
maixe 74,0 maH. eBpo; «YkpaiHa — PymyHis» (Opecbka, YepHiBenpka, IBaHO-
®pankiBchbka 3akapnaTchka, Binnuibka, TepHonuibcbka Ta XMelbHUIbKA 001acTi) 3
oromketom — 60,0 miH. €Bpo; «baceitn Yopnoro mops» (Bipmenis, AzepOaiimxaH,
bonrapis, I'peuiss, I['pysis, Pymynis, MonnoBa, Typeuunna, VYxkpaina (Oxecbka,
XepcoHchka, MukomnaiBchka, 3anopisbka i JloHenbka o6acTi) 3 0rompkeTom nonazn 39,0
MiH. €Bpo. Ilpu mpomy y UYepHiBenpkii 007acTi HampalbOBAaHO 3HAYHUN JIOCBIJ
3alydeHHd TaKUX TPaHTOBUX KOWITIB. Hampukman, rpoMaJaChKOIO OpraHi3ali€ro
ByKOBHHCBHKUI LIEHTP PEKOHCTPYKIIIT 1 pO3BUTKY M1/ IHHOBALIMHI IPOEKTH y TYPU3MI, Yy
rajiy3l OXOpPOHM TPUPOJHU, COILIAJIBHO 3HAUYWMI TPOEKTU 4Yepe3 MeXaHi3Mu
TPAHCKOPJOHHOT'O CHIBpOOITHUIITBA, ounHaouu 3 1999 p., Oyno 3anyuyeHo nmonaxa 12

MJTH. €BPO 1HBECTHIIIH.

TpaHckopZoHHE CIIBpOOITHUUTBO MK YKpaiHOw Ta PymyHi€ro 311HCHIOETBCS,
nepeBakHo, y ¢GopMi pPI3HOMAHITHUX TMPOEKTIB 3a BHILIEHA3BAaHUMHU MpOTrpaMaMu
€BpONECHKOT0 IHCTPYMEHTY CYC1JICTBA 1 TAPTHEPCTBA, @ TAKOXK Y paMKaX €BpO PErioHIB
[2]. Tak, 13 3aJdy4eHHSIM NPUKOPAOHHUX pErioHiB Ykpainu Ta PymyHii cTBopeHo Ta

¢dyHKII0HY€e yoTUpH €Bpoperionu: “Kapmarcekuid”, “Huxniil dynait”, “Bepxniit [Ipyt”,
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“Yopue Mope”. Y KOKHOMY 3 HHX, KPIM OCTaHHBOT'O, 3aJlIIHa TEPUTOPIs i pecypcu
UepniBenpkoi obmsacti. Ile me pa3 Bkazye Ha BaroMuil MOTeHIlial TPAHCKOPIOHHOTO
CHiBpOOITHULITBA [T ii TYPUCTUYHOI cPepH.

VY crpaterisix poO3BUTKY aJMIHICTPaTHUBHO-TEPUTOPIATBHUX  YTBOPEHb
YKPaiHChKO-PYMYHCBKOI'O TPAHCKOPAOHHOI'O PErioHy 3 YKpaiHChbKOi CTOPOHU Ha
BXJIMBOCTI  PO3BUTKY  TPAHCKOPJOHHOTO  CHIBPOOITHUIITBA  HAroJOLIYETHCS
HalyacTilie B KOHTEKCTI (OpMyBaHHS KOHKYPEHTOCIIPOMOKHOI Ta IHHOBaUIAHOI
ekoHOMIKM (3akaprnarchbka 00JacTh), PO3BUTKY MIINPUEMHUITBA HA 1HHOBAI[IWHIN
ocHoBi (UepHiBenbka 00J1aCTh), a TAKOX PO3BUTKY TYPUCTHUYHO-pEKpealiiinoi chepu
(IBano-®pankiBchka obnacTh). Ha BinmoBinHuX OMIMiiHUX PYMYHCHKHX caliTaX BCS
iH(pOopMaIlis MOJAETHCI PYMYHCHKOIO MOBOIO, IO YCKJIAJHIOE TIMOOKHM aHami3 ix
CTpaTeriuHuX JTOKyMeHTiB. Halwactime, cmiBmpars 3 YKpaiHOO pO3IIISIAAETHCS 3

MO3UIIIM HEOOXITHOCTI CIUIBHOI y4acTi y mpoekTax 1 mporpamax €C.

Pazom 3 THM, TpaHCKOPAOHHE CHIBPOOITHUIITBO BHU3HAYEHO OJHHUM 13
OCHOBHHUX MPIOPUTETIB PO3BUTKY YepHiBelbKoi 0bacTi. «YepHiBelbKka 001acTh — 11e
€KOJIOTIYHO YUCTHH TPaHCKOPJOHHHUM PErioH 13 €BPONEUCHKUMU CTaHAAPTAMHU KUTTH,
BUCOKMM HAayKOBHM TIOTEHIIIAJIOM, MYJIbTUKYJIBTYPHHN IIEHTp KpaiH, Jigep 3
PO3BUTKY Majoro Ta CepeaHboro Oi3HeCy Ha IHHOBaIiiHIH ocHOBI» [2]. HaitOimbIm
YCHIITHUM ~ TPUKIAIOM TPaKTUYHOI  peamizamii TpPaHCKOPJOHHUX  IHII[IaTUB
Bi3HavYaeThes CriibHA omepaliitHa mporpama «Pymynis - Ykpaina - Moagosa 2007-
2013 pp.». Bona no3Bosmia 3adyddTH 3HAYHI TPAHTOB1 KOINTH Ha BHUPIMICHHS
aKTyaJbHHUX TPOOJIEM IPUKOPIOHHUX PET10HIB BKa3aHUX KpaiH, y T. 4. IOJ0 TypU3MY,

€KOJIOT11, COLIAJIBHOTO PO3BUTKY.

[Ipy 11bOMY OCHOBHUMH 3aBIAaHHSIMU PO3BUTKY YKPaiHCHKO-PYMYHCBHKOTO
TPAaHCKOPAOHHOTO  CIIBPOOITHHUIITBA B KOHTEKCTI BIPOBAKCHHS I1HHOBAIIIH,
3aly9eHHS 1HBECTHIIM y TYPUCTHUYHY MiSUIbHICTH, €BPOIHTETPAIIMHUX NparHeHb
Kpainu y UepHiBeIpKii 001acTi BUSHAYECHO!

- BCEOIYHMI PO3BUTOK MPHUKOPAOHHOT IHOPACTPYKTYpH Ta BIAKPUTTS HOBUX
MyHKTIB TEPETUHY KOPJOHY uYepe3 IiJBHUICHHS HaBaHTAKEHHS B pE3yJbTaTi
JBOCTOPOHHIX YTOJI, a TaKOXK 0€3Bi30Boro pexkumy 3 €C;

- € po3poOKa CHUTBHOI TBOCTOPOHHBOT YKPATHCHKO-PYMYHCHKOI €KOJIOT19HO1
CTpaTerii mpUpOJOKOPUCTYBaHHsS Ta exosorii Kapmat (30epekeHHsI peniKTOBHX
OYKOBUX JIICIB 1 3aJICHEHHS CXWJIIB, BUKOPUCTAHHS TPAHCKOPJIOHHHMX PIK Ta iX

OaceliHiB, 3aJICHEHHSI CXWJIIB, OpraHi3allisi €KO- Ta CUIbCHKOT'O 3€JIEHOTO TYPU3MY);
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- BHUBYEHHS JocBiny PymyHii momo TpaHcdopmaliii TpaHCKOPJOHHOIO
CHIBpOOITHULITBA Ta PO3BUTKY 1i NPUKOPJOHHMX PErioHIB Ha BCIX eTamax

€BPOIHTErpaLlii.

Jlitepatypa:

1. Indbopmamniiina JOBiAKA IIO0 MIATOTOBKU CHUTBHUX OMNEpaIiMHUX Mporpam
OPUKOPJOHHOTO CHIBPOOITHUIITBA €BPONENUCHKOro0 IHCTPYMEHTY cyciacTBa 2014 —
2020 POKIB [ EnekTpoHHUI pecypc]. — Pexum JIOCTYITY:
http://www.me.gov.ua/Documents/Print?lang=uk-UA&id=15d70f98-fdc3-4383-
92bd-cdel7c8ee224

2. Ctpareriss po3BuTky YepHiBenbkoi obOmacti Ha mnepion g0 2020 poky
[EnexTpoHHUIA pecypcl]. — Pexum JOCTYIY:
http://dfrr.minregion.gov.ua/foto/projt_reg_info_norm/2015/07/Strategiya-
rozvitkuCHernivetskoyi-oblasti-2020.docx.
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FYZIKA

Teoreticka fyzika

Annoues /I.b., Kaxkukenosa A.IIl.
Kapaeanouncxuii cocyoapcmeennwiii ynusepcumem um. E.A. Bykemosa

UTEPALUUOHHbIA METO B METOAE ®UKTUBHbIX OBJIACTEW ANA
YPABHEHWUA HABBE - CTOKCA B NEPEMEHHbIX ®YHKLIUXA TOKA U
BUXPb CKOPOCTU B MHOIOCBSA3HOW OBJIACTU

[IpakThka WCMNONIB30BaHUS METOAOB MAaTEMATHYECKOTO MOAEIMPOBAHUS
pPa3sTUYHBIX (PU3NYECKUX MPOIECCOB CTUMYJIMPOBAJA TEOPETUUECKHUE HCCIEAOBAHMUS
CUCTEM HENUHEHHBIX Au(epeHMaNbHBIX YPaBHEHUM B YaCTHBIX IPOU3BOJHBIX,
BXHOE MECTO CPEIM KOTOPBIX 3aHMMAKOT MOJEIU MEXAHWKU CIUIOIIHON Cpensl,
¢u3uka miasmsl ¥ ap. BBUny HETMHENHOCTH U MHOTOMEPHOCTH MOJIENEeH MEXaHUKH
CIUIOIIHOM cpesbl aHATUTHUYECKUE METOJbl MCCIIEOBaHMs HE MO3BOJISAIOT B OOLIEM
Clly4ae IOJy4YUThb IMOJHBIX pemeHud 3amad. OgHUM U3 OCHOBHBIX METOJOB,
NO3BOJIAIOIINX KAK IIPOBOJUTH TEOPETUUECKHUE UCCIECIOBAHNS CAMUX MOJEIEH, TaK U
IPUMEHATh MX K PEIICHUIO NPAKTUYECKH BAXKHBIX 3aJay, SBIAIOTCS YKUCIICHHBIC

METO/IbI.

MHOTOMEpHOCTh TaKUX 3a7a4 BBIJBUTAET, B YHWCJIO TJABHBIX, MPOOJIEMY
MIOCTPOCHUSI U HUCCIEAOBAHUS SKOHOMUYHBIX YHUCJIEHHBIX aJITOPUTMOB, OJHUM U3
OCHOBHBIX MPHUEMOB TOCTPOCHUS KOTOPBIX SBIAETCS METOJl paCIICIUICHUS
muddepeHnmanbHbIX ypaBHeHU. VccenoBaHusM KOPPEKTHOCTH CMEIIaHHBIX 3a7a4
st ypaBHeHuit HaBpe - CTOKca BSI3KOM HEC)KMMAEMOW >KUAKOCTH IOCBSIIEHO
JI0OCTaTOYHO OOJIBIIOE KOJWYECTBO paboT. TeM He MeHee, U3yYeHUI0 KOPPEKTHOCTH
Pa3HOCTHBIX CXEM B IMEPEMEHHBIX "(YHKIINS TOKA - BUXPb CKOPOCTEH" y/IeJIeHO OUCHb
Majo pador.

MBI uccienoBaan CXOAMMOCTh UTEPAIIMOHHOTO METO/1a THITA TPOOHBIX 11aroB
B MEpPEMEHHBIX (YHKIMU TOKAa U BUXPS CKOPOCTH U MOKAa3aJld KOPPEKTHOCTh
Pa3HOCTHOW CXEeMbl JjIsi OMrapMOHHUYECKOTO YPaBHEHHUSI C KPAaeBbIMU YCIIOBHUSIMU

[TonexaeBa. KpoMe TOro, 4nciieHHO peajin30oBaHa B MEPEMEHHBIX (YHKIIUHU TOKA U
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BUXpSl CKOPOCTEM OJIHA HEKJIACCHMYeCKas KpaeBas 3ajada Uil YPaBHEHHs BA3KOU
HEC)KMMAEMOM KUIKOCTH.

OCHOBHBIM cIIOCOOOM ISl YUCIEHHOTO peleHus ypaBueHust Haspe - Ctokca
ABJIAIOTCS €CTECTBEHHbIE NEPEMEHHbIE 'T0JIe CKOopocTel - naBieHue" u "'(QyHKUHUU
TOKa - BUXpPb CKOpPOCTHU'. OCHOBHBIM METOJIOM SIBJISIETCS METOJ| dHEPreTHUYECKOIro
TOXKJIECTBA. 37€Ch IOCTPOECHA PA3HOCTHAsI cXeMa C MajbIM napamerpoMm. Cxema
CXOJUTCSI TIPH OTIPEICICHHBIX YCIOBUAX: ONPECIICHHOM € U Iarax CeTKu G,N.

Pa3HocTHBIE cXeMbl APOOHBIX IIATOB MPUMEHSJIUCH TaKXKe JJI PELIeHUs
JIBYXMEpPHOW HecTalmoHapHou 3anaun. [Ipu pacué€rax ObUIO HAMIEHO 1O0CTATOYHOE

ycaoBue ycroiunBoctd cxembl: At < min (hy.h,)c”

Cxema pacuierieHust s TpexMmepHoro ypaBHeHusi HaBbe-CrTokca Oonee
MEHEe C TPaKTUYECKH peaTu3yeMbIMU YCJIOBUSIMH HCCJIEIOBaHBl B paboTax
Kysuenora B.I', Jlanaesa H.T, )Kymarynosa Bb.T, Cmarymnosa I11. [1].

CramuonapHoe ypaBHeHue HaBre - CTOKCa B IepeMEHHBIX (PYHKIIMU TOKa

" BUXPS CKOpOCTeﬁ B MHOT'OCBSI3HOHM 00J1aCTH CBOAUTCA K PCHICHUIO YPABHCHWA

Re ((qp},m)x — (qpxm]},) =Aw+fB1N

Ap = w
_%0 —{]jga&—{}'—lz
qph,—anwh_— 3 - w=01=12,..,n
d
& ?l, =0

¥i
. ]
rae  ¥i- rpanunsl obmactu 2;,i =12,..,n,0; €, 5, - KacaTenmbHas

MPOU3BOIHOM 110 ¥;. 3anauy (58) pemmm MeTon0oM GUKTUBHBIX 00JIacTei
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rae [@], - o3HauaeT npubIMKEHHOE 3HAYEHUE BHYTPU M U3BHE TPAHMIIBI V.

Teneps paccmoTpuM pasHOCTHYIO cxemy s (1), (2):

Re[(@y,w);: + (@:0);] = Ayw — div, é vnﬁﬂ) +

Ap =w 3
n 2
@ |}"'n = Ujmom = _E@l:f
PaccMOTpuM HTEpanrOHHbIH MeTo 1 ais (3):

n+1/2 — wn
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= D" +div, (2V, 07 V?) + Bt 2 4
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rie onepatop B (x) - onpenenen tak kak B (2).
JIaHHBIN UTEPALMOHHBIN ITpoLeCC CXOauTcs. FiMeeT MecTo oleHKa

e —@ll} +zllo™* —wl} =az**(l0®-wl}) u a <1.

Jlutepatypa
1. Ky3neunos b.I'., [lanaes H.T., ’Kymarynos b.T., Cmarynos 1. ccrnenoBanue

CXOJMMOCTH HSKOHOMHYHBIX KOHEUYHO-PAa3HOCTHBIX CXeM [ ypaBHeHuM HaBbe-
Crokca B mepeMeHHbIX (U,V,P). /MoaenmupoBanue B MexaHnuke. - HoBocubupck, 1992,
T.6 (23), Ne 2. ¢.25-27.

3. Babumesuu [1.H. Peanmu3amnusi kpaeBbIX yCIOBUH MPU PEUICHUU YpaBHEHUN
HaBpe-Ctokca B mepeMeHHBIX "(QYHKIUS TOKa - BHUXPbh CKOpOCTH'. UmWCIeHHBIC

METOJbl MEXaHUKH CIUTONTHOM cpeapl, 1985. - T.16, Ne 6. - C.9-27.
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Solid state physics

Golovko O.K.

Zaporizhzhia State Engineering Academy, Ukraine

OXYGEN ATOMS IN AN OPTICALLY NON-ACTIVE STATE
IN SILICON SINGLE CRYSTALS

Condition of the problem. Silicon single crystals, grown by the Czochralski
process (Cz-silicon), are widely used for the manufacture of microelectronic devices
[1]. The study of atomic processes occurring in silicon single crystal during its growth
Is an actual problem at the present stage of improving the parameters of Cz-silicon.

Formulation of the problem. Atoms of oxygen impurities are placed in a crystal
lattice of silicon in the interstitial positions, forming a solid solution. Such atoms
absorb infrared light with a wavelength ~ 9.1 um, which allows us to control their
concentration by the standard method of infrared absorption [2]. However, some of the
oxygen atoms in a single crystal of silicon fall out of a solid solution. Such atoms are
involved in oxygen precipitation and in the formation of chemical complexes and
structural microdefects. Due to the formation of chemical bonds with silicon atoms or
other impurities, oxygen atoms lose their optical activity. The concentration of
optically non-active oxygen atoms can not be measured by the method of infrared
absorption, so it is not controlled neither by manufacturers nor consumers of silicon
single crystals. Oxygen complexes reduce the important parameter of monocrystalline
silicon — the lifetime of nonequilibrium charge carriers, and also can cause
deterioration of the parameters of devices and decrease the yield of suitable silicon
chips.

The purpose of this work is to estimate the concentration of optically non-active
atoms of an impurity of oxygen in Cz-silicon based on experimental data of the
concentration of optically active oxygen atoms.

Mathematical modeling and evaluation of the concentration of optically non-
active oxygen atoms in Cz-silicon. The methodological approach to modeling is based

on experimental observation of a decrease in the effective segregation coefficient of
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oxygen in silicon during the growth of a single crystal [3]. According to the Kinetic
theory [4], due to a certain change in the parameters of the technological process during
the growth of a silicon single crystal, the change in the effective segregation coefficient
of oxygen in silicon k may be less than 1%. Calculation using the experimental data of
the concentration of optically active oxygen atoms shows a decrease of k by 19% [5].
On the basis of such contradiction, we assume that the observed changes are only
related to the optically active oxygen atoms of the kac: and associated with the transition
of a number of oxygen atoms into various complexes.

According to the theory of directional crystallization [6], the effective
segregation coefficient of the impurity k taking into account the uneven density of the
liquid and solid phases:

e No(@) 7 No(1-g)e"*’

where ym — silicon melting density, g - cm™; y. — density of the crystal, g - cm
3 g — fraction of crystallized melt; N. — concentration of impurity in a crystal, cm;
Nm — concentration of impurity in the melt, cm; No — initial concentration of oxygen
atoms in the melt, cm=,

_7m . N.(9) Ym-N.(9) 1)

We consider (1) in silicon monocrystal the presence of concentration of oxygen
atoms in two different states — optically active N¢eacry and non-active Nemon-act):

k = I NC(aCt)(g)+ NC(nOn—act)(g) .
Ve Nm(g)

We denote the segregation coefficient of optically active oxygen atoms:

_7_m' Nc(act)

e Nule)
Determine the concentration of optically non-active oxygen atoms in a silicon
single crystal:

N N.—-N

c(non-act) = c c(act) "

We determine the ratio of the concentrations of optically non-active and active
oxygen atoms in a silicon single crystal:

Nc(non—act) — kNO(l_ g )(7c ket _ kact (g )NO(]_— g)(% 17 KoL
NC(aCt) kact (g)NO(l_ g)(}’c/}/m)kact—l

] K
_ (1 g ckuatol 1
t-9) K.e:(9)

(2)
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We use the developed model (2) to estimate the ratio of the concentrations of
optically inactive and active oxygen atoms in four silicon single crystals with a
diameter of 135 mm with a crystallographic orientation {100} which were grown in a
single Czochralski plant from identical raw materials. Single crystals doped with
boron, specific electrical resistance p = 0,5 ... 1,7 Q - cm. Measurement of the
concentration of optically active oxygen atoms was carried out with an infrared
spectrometer with a Fourier transform. To determine the ka«(g) of oxygen atoms at
different stages of growing a single crystal of silicon, use the previously developed
mathematical model [7]. The results of the evaluation on the model (2) of the
concentrations ratio of optically non-active and active oxygen atoms along the length
of a single crystal are shown in Fig. 1. The first intersection of the cylindrical part of
the single crystal is selected as the beginning of the reference x = 0.

[EXY

Nc(non-act)/ Nc(act) ’ %

0 20 40 60 80

X, cm

Fig. 1 - Distribution of the concentrations ratio of optically non-active and
active oxygen atoms along the length of a silicon single crystal

It can be seen from the figure that the concentration of optically non-active
oxygen atoms in the lower parts of it increases with respect to the upper part of the
single crystal. From this fact it follows that complexes and microdefects with the
participation of oxygen atoms are formed at high temperatures near the crystallization
front. During the growth of a silicon single crystal its temperature decreases in a
accordance to the distance growth between this single crystal's cross section from it's
crystallization front. There is a restructuring of oxygen complexes, some of the oxygen
atoms return to interstitial positions and become optically active.

Conclusions. Using the developed mathematical model for the first time, the
concentration of optically non-active oxygen atoms in Cz-silicon is estimated. It is
shown that oxygen atoms move to complexes and microdefects, preferably at high
temperatures near the crystallization front. With a decrease in temperature in those
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parts of a single crystal of silicon, which during the growth are removed from the
crystallization front, there is a partial annealing of some oxygen complexes.
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