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ENERGY EFFICIENCY IMPROVEMENT OF THE HOT METAL
PRODUCTION

Efficient use of energy is one of the most important indices of the enterprise effective
performance in the whole especially it is true for metallurgical enterprises with high energy
consumption. The purpose of energy saving is to reduce energy consumption, i.e., costs for power
resources acquisition.

The report [1, p. 5 - 8] identifies the following major activities to reduce energy consumption by
means of energy - intensive metal. These areas largely confirm the importance of the proposals
made in other researches [2, p. 30 - 33; 3, p. 66 - 73; 4, p. 19 - 23]. The direction to reduce energy
intensity of steel products is due to the transition to new modern energy - saving technologies and
the introduction of energy efficient new modern technological equipment [5, p. 438].

The report [1, p. 5 - 8] confirms the conclusion [5, p. 671] that the energy efficiency is one of the
priorities of Russia's energy strategy.

Now in Russia only 35 % of natural gas is used out of primary fuels in ferrous metallurgy, 8.5 -
11.5 % of plants primary fuels energy is blown with natural gas in the blast zone of blast furnaces.
The main consumers of fuel in the ferrous metallurgy are blast furnaces and heating enterprises of
rolling and thermal plants. The blast furnace process remains the most energy - intensive
production, it accounts for 50 % of fuel used in the steel industry. The main task of improving the
blast furnace is reducing coke consumption as the main source of energy [6, p. 69 - 77; 7, p. 371 -
372].

The main amount of energy in the production of iron from the mineral raw materials (ore) is
spent on the stage of recovery (80 % ). Therefore, energy savings in this sector of the production
cycle can provide the most tangible effect [8, p. 19]. According to [4, p. 20], the world's average
specific energy consumption for production of 1 ton of steel is 24 GJ (819 kg of coal equivalent),
the best performance in steel production from ore is 19 GJ /t.
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Figure 1 - Schematic representation of the steel and rolled stock production
and specific energy consumption at separate stages of the processes.
The figures are the specific energy consumption, GJ / t.

It is clearly seen that the blast furnace occupies the most energy - intensive position in the
scheme, which is 11.8 GJ /t [9, p. 412].

The drawback of the blast furnace process is the necessity to use critical reducing agent - coke,
natural gas and ore raw materials of high quality. Table 1 clearly shows the structure of sector
balance of the primary energy consumption as a percentage from the total consumption of fuel
energy resources [9, p. 390].

Table 1
COKE..coevvereieeraerie ittt ettt e et 37
NaULA] @8S.....eeeeeeieie s et eaeees 29
Blast gas.. SRR 14
COKE 2S....ovvmrerierireieerneeseeereeens SO 10
FUIMACE fUCT Ol sss s ssse e sssssssseees 5
Power - generating coal 4

The recovery process is carried out at low power density released in unit volume of the working
space. For example the power density in the blast furnace is 0.4 - 1.0 MW / m”. The result is a low
specific volume capacity of the unit, which is about 2 t / (m ** d). The energy intensity of metal
recovery from mineral raw materials should be reduced by 1.5 - 2 times, recovery units specific
productivity should be increased by two orders of the magnitude.

Directions to reduce energy consumption in the steel industry in the production of pig iron:
temperature increase of the hot blast air, increase of the iron content in the iron blast charge, use of
bell - less charging arrangements, losses reduction of the blast furnace gas, use of furnace top gas
overpressure energy, pulverized coal injection in blast furnaces, blast moisturizing, oxygen
enrichment of the blast, gaseous, liquid and solid fuels injecting into the furnace hearth.

The main source of energy, replacing 15 - 20 % of coke in Russia is natural gas, the price of
which is constantly increasing, and may reach the critical value 0.7 - 0.8 per 1000 m® of the coke
price. Under these conditions, the natural gas becomes economically disadvantageous. Most of the
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blast furnaces abroad work with pulverized coal injection (an average of 150 kg / t of pig iron, and
the best plants use up to 240 kg / t of pig iron) in the first place in Japan and Western Europe. When
using pulverized coal fuel the savings of 20 - 30 % and 40 - 50 % will be achieved in the long term
[10,p. 5].

Under conditions the adoption of international obligations by Russia to reduce emissions of the
green - house gas by 25 % by 2020 compared to 1990 (Presidential Decree number 752 of
September 30, 2013 [11, p. 7]), development and implementation of the activities aimed at saving
the output of coke and natural gas from the blast furnace in Russian ferrous metallurgy will reduce
the gap in indices of energy consumption of different kinds of metal products and cut down
emissions of the green - house gas.

In order to improve energy efficiency of the iron production and consequently the production of
converter steel in Russia, the blast furnace gas recycling technology has got the greatest
development. In particular, in the conditions of the Scientific Industrial Union "Tulachermet" the
experimental - industrial complex (MIC) for hot reduction gases (HRG) output and their injection
into the blast furnace Ne 2 was built in 1989 - 1990. During the operation of the blast furnace
number 2 in the experimental mode during the blowing the HRG about 200.0 thousand tons of pig
iron have been smelted [12, p. 103]. Major technological problems have been solved: construction
of gas - oxygen lances have been worked out, the techniques of the technological process control
have been developed and mastered.

Injection of the blast furnace gas instead of natural gas enriched by oxygen appeared to be a very
effective measure. Coke consumption was reduced from 606 to 353 kg / t of pig iron ( - 58 % );
daily capacity of the blast furnace increased from 1067 to 1800 tons of cast iron / day (+68.7 % )
[12, p. 104]. Environmental performance of the blast furnace improved: pollutant emissions and
greenhouse gases into the atmosphere half decreased.

The essence of the new technology of HRG is as follows. Coke carbon in the blast furnace
becomes a heat - transfer agent and a metal oxides (iron) reductant according to the following
formula:

MeO+ C =Me+CO (1)

This reaction takes place at high temperatures (1400 - 1500 © C). The necessary heat influx is
provided by the coke carbon and air - blowing, heated up to 1150 °C. By enriching the blast air
with oxygen, nitrogen in its structure is substituted by oxygen which leads to the replacement of the
solid reductant (carbon) by the substitute gas (carbon dioxide) according to the formula:

MeO + CO =Me+ CO, (2)

The gas CO, is not captured but is released into the atmosphere, causing great damage to the
ecological environment and climate. Replacement of the solid reductant by the gaseous one leads to
reducing the carbon feeding with coke, and hence decreases its flow [12, p. 105].

For producing the HRG the blast furnace gas is used in the process of its recycling. The blast
furnace gas is purified from CO, on special gas producing sets using the corresponding chemicals.
When blowing the hot reducing gas it is possible to work without atmospheric blast because the
hearth tuyeres temperatures are provided during the usual blast furnace process. This reduces the
heat rate balance associated with heat entrainment through the furnace top [12, p 105].

The novelty of this technology consists in injecting into the hearth of the hot reducing BF gas
and the cold process oxygen except the normal heated atmospheric blast. The advantage of this
new technology is that it permits to use the chemical energy of coke carbon almost completely and

5



enrich the blast furnace gas by reducers. Coke is needed to obtain gaseous carbon which
regenerates metal oxides. Feeding gaseous carbon leads to the metal reduction reaction flowing
much quicker, which leads to increased productivity of the blast furnace and decrease of the solid
coke consumption.

This work has shown a promising direction of the blast furnace development with an effective
reduction in the energy intensity of the iron production and the improvement of environmental
conditions. Today, the scientific industrial unit "Tulachermet" has brought out the best performance
in comparison with other industrial countries in Europe and the East to reduce the share of coke in
the charge and to increase the blast furnace iron productivity based on research and industrial
testing of new technologies.

Conclusions

1. The blast furnace process stage in metallurgical production is the most energy - intensive one
and has the greatest reserves to reduce the power intensity of the iron and converter steel.

2. Application of hot reducing gases blowing technology provides full realization of the energy
potential in the blast furnace process: coke consumption is reduced by 40 % , increasing the
productivity of the blast furnace by 60 % , full withdrawal of natural gas by replacing it by the
furnace gas washed from CO, which can be sold as a commercial product for use in refrigeration
equipment.

3. CO, emissions due to the use of hot reducing gases technology are decreased by 78.4 % ,
significantly improving the environmental situation in metallurgical regions.
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METO/IMKA U IIPOI' PAMMA BBISIBJIEHUSI TBOPYECKHUX CIIOCOBHOCTEM
CTYJEHTOB

Annomayus: Pa3paboTaHa METOMKAa M HPOrpaMMa BbIBICHHS TBOPYECKUX CIOCOOHOCTEH
cryzieHToB. [l peanusaryy 9ToH e/ HeoOXOANUMO ObLIO PELIUTh CIIELYFOIIHE 33 [auH:

1. U3yunth aHanoruyHbie pabOThl U MPOBECTH CPABHHUTEIIBHBIA AHATH3 METOIMKHA OLICHKH
TBOPYECKOTrO PEUTHHIA CTY/IEHTOB JIPYTHX By30B CTPaHbI U 3apyOe/KHBIX.

2. Pa3paboTaTh CBOIO METOIMKY BBIABJICHHS TBOPUYECKUX CIIOCOOHOCTEH CTY/ICHTOB.

3. Hammicats mporpamMMy yuera pa3padOTaHHBIX KPHTEPHEB 1 IOJCUETa TBOPUECKOTO PeHTHHTA.

B ocHoBy pabots! 6epercs cymiectBytoias Ha DUCT cucrema. OnieHUBaIMCH CTYACHTHI 3 U 4
xypca ®UICT 1 Ha cpaBHEHHH NOJTyYEHHBIX PE3YJIHTAaTOB IPOBE/ICHO HCCIIEIOBAHME.

Kmouesvte cnosa: CTYAEHTHI, PEWATHHI, TECT, OJIAPEHHOCTDB, HAVKA,
CAMOPEI'YJIAIMA, KPEATUBHOCTbB, MOTUBALIMAL.

Posnb o1apeHHOCTH ¥ MHTEIUIEKTa B COBPEMEHHOM MHUPE IOCTOSIHHO Bo3pactaeT. CriocoOHOCTh
K COXPaHEHHIO M PUYMHOKCHHIO MHTEIUICKTYaIBHOIO MOTEHIMANA YKU3HEHHO HEOOXOAMMA JUIst
obmectBa. OIapeHHOCTb SBIISETCS COOOH CIIOXHOE HHTErpabHOe O00OpasOBaHUE, B KOTOPOM
CBOCOOPA3HO COEIMHEHbl MOTHBALMOHHBIC, II03HABATENIbHBIC, SMOLMOHAIBHBIC, BOJICBBIC,
HcrXO(U3UOIOTHIECKHE U IpyrHe cepbl ICUXUKI. To eCTh, ypOBEHb Pa3BUTHUS, KAUECTBCHHOES
cBoeoOpase M XapakTep OJApeHHOCTH — 3TO BCErJa pe3ysbTarT  B3auMOJIEHCTBUS
HACJIE/ICTBEHHOCTH ¥ COIMAIBHOM cperpi[1].

B Haieil ctpane B mocieqHee BpeMsl IIMPOKOE PACIPOCTPAHEHHE TOTYUHIIM BCEBO3MOKHbIE
TECTbl, HANPABJCHHBIE HA BBIABJICHHE ONAPEHHOCTH. OOBIYHO JMArHOCTHKA OJApEHHOCTH
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MPOBOJIUTCS. B LIEJSIX CO3J@HUs OCOOBIX YCJIOBHMI OOy4eHHs Ul JIeTeldl C He3aypsIHBIMH
CIOCOOHOCTSAMH B PaMKax CHELMAIbHO Pa3spabOTaHHBIX [UI TOTO YYeOHBIX M Pa3BHUBAFOIIMX
HPOrpaMM, KOTOPBIE PEATU3YIOTCA B CIICHUATBHBIX TPYTIIAX IS ONAPEHHBIX.

CootBercTBytomas padora Mo OOy4eHWIO ¥ BOCIHTAHWIO OJAPEHHBIX CTY/ICHTOB JOJDKHA
OCYIIECTBISITECSL HA  OCHOBE  B3aUMOJCHCTBHS, B3aHMOIIOHMMAHHUS, COIJIACOBAHHOCTH
JIeSTEeIBHOCTH BCEX YYACTHHKOB YUeOHOTO Iporiecca.

ITepBblii aTart paboThI C OAPEHHBIMH CTY/ICHTAMHU MArHOCTHYECKUH - BBISBICHUE CTY/CHTOB,
KOTOpbIE HMMEIOT CIIOCOOHOCTH K  ONpPEACTCHHBIM BHAAaM  JESTEIBHOCTH, OTINYAIOTCS
HECTaHAaPTHOCTHIO MBIIUICHUS ¥ TBOPYECKUM IIOJIXOAOM K PEIICHHIO IPOOIeM.

Bropoii 3tan paboThl, ¢ OJapEHHBIMU CTYICHTaMH (POPMHPYIOIINH, KOTOPBIH pean3yeTcs B
y4eOHBIX IUIaHAX, NporpaMmax, (opMax M MeTomax paboTbl, Ieb KOTOPBIX — CO3AaTh
OJIaroNpUSTHYIO Pa3BHBAOLLYIO CPEIY ISl CAMOPEATH3ALIH, YIOBIETBOPEHIS IOTPpeOHOCTEH B
HOBBIX 3HAHHUSIX, OOIICHHUH, CAMOBBIPYKEHNH, BOCIIMTAHNN B3aHMOOTHOIIICHHI.

Vyactue cTyaeHTa B HaydHOW paboTe SIBISETCS OCHOBAHHUEM ISl NPUYHCIICHUS CTYACHTOM
camoro ce0st K po(heCCHOHATIBHOMY, HHTEIUICKTYaJIbHOMY KJIaccy OOIIecTBa.

HayuHast JeqTesbHOCTH TPOTEKAET B Pa3IMYHBIX  (OpMax —  HCCIIEOBATENBCKOM,
nH(popManoHHoi. Haydno - wmccienoBarensckas pa0oTa CTYNEHTOB IPEACTABISIET COOOH
OpPraHM30BaHHYIO CHCTEMY JICHCTBHI, HAPABJICHHYIO Ha [IOTyYeHHE HOBBIX 3HAHUH.

JUtst BeISIBIICHUS OoJiee OZlapEHHBIX CTY/ICHTOB, KOTOPBIM OyIeT Jierde 3aHHMAathCsl HayKoif,
ObUTa Co3aHa METOAMKA M IPOrpamma BBIBICHHS TBOPUECKHX criocobHocTeil. CyTh B 9TOM
IPOrpamMMe B TOM, YTO CTYZCHT 3aXOIHT B CHCTEMY, POXOIHT TECTBI, MY BBITAIOTCS PE3YJIBTATHI
IO €ro CIOCOOHOCTSIM.

INporectupoBas mannyto cucremy Haj crygentamu CIACY OHCT 3 u 4 kypca Obuio
BBISIBJICHO, YTO BCE CTYZCHTHI CIIIBHBI Ha pasHble npodum. CTymeHTHI IPOXOmST 6 TECTOoB, B
KOHEYHOM HTOTe MOSBIICTCS TAabiMI@ C pe3yNbTaTaMH, IJie HAlMCaHO, CKOJNBKO OAIOB OH
HaOpaJ ¥ 9TO 3TO 3HAUMT|2].

PucyHok 1 - DieMeHTBI 4eJI0Be4eCKOro noTeHnuana
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TToArOTOBNEHHOCTD JONEH K KOHKPETHOM JSATENHHOCTH O0YCIIOBIICHA MX CIIOCOOHOCTSIMH -
HHIUBUIYATHHBIME  OCOOEHHOCTSMH JIYHOCTH, SIBSTFOITAMHUCS CYOBEKTHBHBIME  YCIIOBHSMU
YCIIENTHOrO OCYIIECTBICHUs OMPE/IETICHHOT0 pojia ISITebHOCTH. Ha KadeCTBeHHBI cOCTaB
CMOCOOHOCTEH ¥ TEMITBI MX Pa3BUTHs OKa3bIBAIOT BIMSHHIE, KaK HACIEICTBEHHOCTD, TAK U CPEIa.
COOTHOIIIEHIE HACIETyeMOr0 M MPHUOOPETEHHOTO, Pa3BUTOrO B TECUCHHE HKH3HH, C TPYIOM
rojytaeTcst u3MepeHuro[3].
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YIK 004
C.B.A0pamoBa
PBIOUHCKHI TOCYIAPCTBEHHBIN ABUAIMOHHBIA TEXHIUYCCKUN YHUBEPCUTET

NH®OPMAINMOHHASI CUCTEMA MOHUTOPUHI'A COCTOSIHMA
310POBbSI MAITMEHTA HA OCHOBE JHEBHUKA CAMOKOHTPO.ISI

AKTUBHOE BHEIPEHHE COBPEMEHHBIX MH()OPMAIOHHBIX TEXHOJOTHH B PasHuHbIe chepbl
YEJIOBEUECKON IKI3HEACATEIFHOCTH OfHA W3 OCOOCHHOCTEH COCTOSIHWS aBTOMATH3MPOBAHHBIX
MH(OPMAIIIOHHBIX TEXHONOTHIT cerojtHs. [IoBBIIICHHEI HHTEpEC OTMEYAeTCs K MEIUIIMHCKIM
TIPUJIOKEHISIM, KOTOPBIE TIPEIOCTABIISIIOT MAIMEHTAM CPEZICTBA MOHHTOPHHTA COCTOSIHHSI CBOETO
370POBbS U PSIL APYTUX MOJIE3HBIX (PYHKIMH.

PazpaboTka MEIMIMHCKAX NPWIOKEHHH TpeIHa3HAYeHHbIX UT1 MOHUTOPHHIA XPOHHYECKHX
3a00JIEBaHMH SBIAETCS HE TOJIBKO aKTYAILHOM, HO M BOKHOH B MEIUKO - COLMAILHOM CMBICIIE.
KoHTpob 32 COCTOSIHUEM 370POBbs TAKUX MALMEHTOB BO MHOTOM 33/1a4a CaMoro MAllLEeHTa, a He
TOJNBKO Jieyarmero Bpada [1]. B aToit kateropwm JMa@pyroT MpOrpamMMbl IS TMAIMEHTOB C
3aboneBanueM caxapHoro auadera (CII) u cepiedyHo - cocyaucToil cucTeMbl. B ciyuae
CaxapHOro JHadeTa, CBOeBPEMEHHBI KOHTPOJIb SBIIETCS 3a/1a4ell epBOCTEIICHHOH BKHOCTH B
CHWKCHHUU PHUCKA THKCIIbIX OCJIOKHEHHH ¥ IIOBBIIICHUS KayecTBa >KHU3HHU TIAITMCHTOB.
Mumnsznpasom Poccuu yzensiercs 00/bl1oe BHUIMAHUE Pa3BUTHIO HHHOBALMOHHBIX TEXHOIOIMII B
00prOE ¢ pacIpOCTpaHEHHEM CaxapHOro jauabera, T.K. CaxapHbId JUa0eT 3aHMMACT OJIHO W3
BEAYLIMX MECT B MHUPE 0 YPOBHIO 3a00NEBaHMS U CTOMT B DSy IEPBbIX IPHOPUTETOB
HAIMOHAITBHBIX CHCTEM 3/IpaBOOXpAHEHMs TPaKTHIecKH Bcex crpaH mupa [3]. B Poccmiickoit
@eneparyy, Kak 1 BO BCEX CTPaHAaX MHpa, OTMEYAIOTCS] BBICOKHE TEMITBI POCTa 3a0071eBaEMOCTH
CIl, no nanHbIM I'ocynapcTBeHHOro peructpa, Ha siHapb 2015r. B PO Takux GONbHBIX O
oOpariaeMocTd B JiedeOHbIe yupekaeHus HacuutbBactess 4.04 miH. uenoBek. [Ipu stom
GosbIMHCTBO nanueHToB ¢ CJI mepBoro Tuma Jiroau paboTOCIIOCOOHOIO BO3pacTa, 3a00IEBLINE
710 35 ner. IlpuHnMast 3T0T (pakT BO BHUMAHHE, CIPABEIIBO MPEITIONIOKATE, YTO HCIIONB30BaHIe
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MOOMJIBHBIX TEXHOJIOTHI MOXKET ChIrpaTh KIIOUEBYIO POJIb B TEKYILEM KOHTPOJIE M MOHUTOPUHIE
HX COCTOSIHHSI 3/10POBBSI.

TIpoBe/icHHBII  CPAaBHUTENIBHBI  AHAJIM3 CYILIECTBYIOIIMX KOMIUICKCHBIX, JIECKTOIHBIX,
MOOWJIBHBIX, YIIPOIICHHBIX KAIIBKYJIITOPOB U IPUIIOKEHHUH ¢ pexomenaatsivu 1o auete (Diabetes
24 / 7, AccuCheck 360 MySugr, Diabetik, InsulinCalc, MyGluckoHealth, OneTouch wu
GmateSmart, GlycemicLoad u DiabetesDiet, GlucoseTracker u LifeBringera), a Taioke m3ydenue
OT3BIBOB [0JIB30BATENICH 0 UX (YHKIIMOHAIIE [TO3BOJIAIIO C/IEIATh PsiJi BHIBOJIOB:

e QOJIBIIMHCTBO M3 PACCMOTPEHHBIX MPOrPAMMHBIX PEIICHHH MOJUICP)KUBAIOT KaKyH - TO
onHy (DYHKUMIO, HarpuMep, BeICHHWE IHEBHHMKA CAMOKOHTPOJI, CNPAaBOYHMKA MO JHETe VI
JIHa0ETHKOB;

® [IOYTH BCE PACCMOTPEHHBIC CHCTEMBI HE UMEIOT PYCCKOSI3BIMHON BEPCHH MM OONaJaloT
reorpadIecKUMH OrpaHUYCHUSIMU;

®  OTCYTCTBYeT BeO - HHTEpeHC /UTsi MOOMIIBHOTO JIOCTYTIA K JTAHHBIM.

Tlomydennsle pe3ymbTaThl M aHAIM3 TIPEAMETHON OONACTH BBIABIUIM CBOCBPEMEHHOCTH
Ppa3paboTKu MOOKITbHOM HH(OPMAIIOHHOM CHCTEMbl MOHHTOPHHIA 310pOBbs TarueHToB ¢ CJ1 Ha
OCHOBE MHTErpallii OCHOBHBIX PEryJPHBIX IOKa3aTeeld CaMOKOHTPOIs (YpOBEHb caxapa B
KPOBH, MCIOJIb3yeMasi JO3UPOBKA MHCYJIMHA JABJICHUE) M DA BOKHBIX VI TAKMX NALUEHTOB
GbyHKUHIL: yuer npoUIIaKTHIECKUX MEPOPUSITHIA, OpraHU3alist CUCTEMbI [INTAHMUSI, CIPABOYHBIC
Marepuanbl B OOJIACTH MEIMIMHCKOrO 3aKOHOJATENbCTBA. Kakaplii W3  PacCMOTPEHHBIX
9JIEMEHTOB OpraHMW30BaH B BHJEC OTAEIBHOTO MOIYJs HMH(OPMALMOHHOM CHCTEMBI, Kak
COBOKYITHOCTH CIIPABOYHHKOB M JOKYMEHTOB Ul BBOJQ JAHHBIX. J[11 aHamm3a J@HHBIX |
OpraHM3alii MOHUTOPUHIA UCIIONIB3YETCsI OT/ICBHBII MO/TYJIb OTYETOB.

OCHOBHBIMH MOTYJISIMH, 00CCIICUMBAONINE (DYHKIIHOHATBHOCTD HPUIIOKCHHUSI SIBIISFOTCSL:
JIn4HbIe TaHHbIE NOJIL30BATEIIA.

JIHEeBHUK CaMOKOHTPOJISL.
AnHanmm3bl.

IMpo¢unakruka.

310pOBOE MUTAHKE.
MoHUTOpHUHT.
JlomomHuTENbHBIC CBEACHUSL.

Toncucrema IMoncucrema
TToncucrema
«JInuHbIE «/lHeBHMK
«IIpoduiakTuka»
JaHHbIE» CaMOKOHTPOJIS»

Ba3a gaHHbIX

IToxcucrema
«AHAJIU3BD)

IToxcucrema
«MOHHMTOPHHI»

Tloncucrema
«3n0poBoe
NUTAHHE)

IToacucrema
«/lonmo/THHTEIbHbIE
CBE/ICHH S

Puc. 1 O0mast cxema opraHu3aniy Moysei
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Monynb «JIndHbIE JaHHbBIE MOIB30BATEND TO3BOJISIET BECTH JIMUHBIC JAHHBIE TIOJIB30BATEI,
(HKCHPOBATH TOCEIICHHE Bpadel U JOPMUPOBATH BBI'PY3KY JIAHHBIX B BUJIC B BUJIC HICKTPOHHOM
KapThI MAIMEHTA.

Monynb «/IHEBHUK CAMOKOHTPOJISD» COAEPYKHUT PsAZl PEryJISIPHBIX MOKa3aTeseil CaMOKOHTpOIIA,
oToOpakaeMbIX B BUJIE, KOTOPBIN YrKe IPUHAT MHOTHMH TALeHTaMH. BakHO npeocTaBiisiT He
TOJILKO CPEJCTBA JUISI XPAHEHUs M YIPABIEHMS €XKETHEBHBIMHM IIOKa3aTesIMH, HO M JaTh
BO3MOKHOCTB TIPH HEOOXOMMOCTH KOPPEKTUPOBKY JI03UPOBKH MHCYJIMHA C LEIIBIO TTOBBIICHNUS
3(hEeKTUBHOCTH YIIPABICHHUSI STHM XPOHUYESCKUAM 3a00JICBAHUECM.

Monynb «AHanM3bD» UCHIOMB3YETCsl AUl PErMCTPALIMY JAHHBIX MALUEHTA O CIAHHBIX aHAIU3aX
n uxX pacumdpoBku. Bce BBeneHHbIE TaHHBIE W B JAJIBHEHIINM HICTIONB3YIOTCS B TIOACHCTEME
MOHHUTOPHHI'A /151 COCTABJIEHHs] OTUETOB.

Monyms  «IIpodunakrrkay 0OecrieurBaeT pPErUCTPALMIO W BEACHHE PEKOMEHIOBAHHBIX
NpOMMIAKTHYECKMX MEPONPHATHIL C Y4eToM TMoKasareNisi HMX perymsipHocTd. [IpoesneHue
MPO(UIIAKTHKY SIBISIETCS BKHBIM CPEIACTBOM CHIDKEHHS PHCKA TSHKENIBIX OCIIOKHEHHIA.

Monyns  «310poBoe TIMTAHHE» MPEAHA3HA4YeH Il OPraHM3aliH IIPaBIUIGHON CHCTEMBI
NUTAHUSI C yYeTOM KaJIOPMITHOCTH THTAHWSI C YYEeTOM pa3HbIX MOKasaresei: (Oenku, JKHpbI,
YIJIEBO/IBI, XJICOHBIC €IMHULIBI, XOJIECTEPHH), BO3MOKHOCTD B3aHMMO3aMEHSAEMOCTH HPOLYKTOB TI0
XJ1eOHBIM enrHMIIAM. Kpome 3Toro HeoOX0IMMBI CPEICTBA COCTABIICHHUS KEJHEBHOTO MEHIO.

Momyimb «MOHHTOPUHDY 0obOecredrBaeT (pOPMUPOBAHUE PA3INYHBIX OTUYETOB MO (DHIIBTPAM
BCEX HCXOMHBIX JAHHBIX ManuenTta. dopma oT4eToB TaOIIYHAS U TpadHIeckas ¢ BBIICICHIEM
KPAaCHBIX 30H B CIIy4ae MPEBbIILIECHNUS IOy CTHMBIX ITOKA3aTeIIeH.

Monmyms  «/loTONHUTENBHBIE  CBECHMSD HCHONB3YeTCsl  JUI1  TOMICP)KKH  aKTyaJIbHBIX
CIIPaBOYHBIX MATEPUATIOB.
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YK 629.1 - 46
AL.IL Byiinocos, 11.1.H., ipodeccop YpI VIIC,
r. ExarepunOypr, Poccuiickas ®eneparus,
N.O. Llenenesa, actimpant Ypl YIIC

CIIOCOB BOCCTAHOBJIEHUSI BAHIAJKE HAILTABKOI
BE3 BIKATKU KOJIECHOM APBI U3 - [101 JOKOMOTHBA

beuto  nokazano [1], 4YTO BENMMUMHBI MEKOAHIAKHBIX PACCTOSHUH, MPH  KOTOPBIX

TEXHOJIOTMYECKUI N3HOC — MUHUMAJIEH WM OTCYTCTBYET, HaXOAATCs B npeaenax 1437-1438 mm,
a aHAIOTHYHBIC TOMIMHBI TpeOHs, B mpexenax 25-30 mm. [lpn yka3aHHBIX BeIMUMHAX
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MeKOaHIKHBIX PACCTOSIHUN M TOJIIMH IPeOHst pecypc OaHIaa 10 CIIMCAHKS ONPE/IEISETCs ero
€CTECTBEHHBIM U3HOCOM [2, 3].

B cB3u ¢ a3TMM, aBTOpamMM pa3paboTaH NPUHIMIMAIBHO HOBBIM CHOCOO COOMIOICHMS
ONTHMAJIBHOTO MEXOaHIKHOTO paccTosHus [4, 5], a 3HAUMT ONTUMAIBHBIX AMILIUTY/
BO3MOYKHBIX TOTIEPEYHBIX TIEPEMEIICHNH KOJIECHOH Maphl IOKOMOTHBOB — HAaIUTABKA BHYTPEHHNX
rpaHeil rpeOHeil OaHIakel, OTIMYAIOMIACS TeM, YTO MPEIOKEHO IpeOeHb HAIUIABILITH I10
BHYTpEeHHel OOKOBOI MOBEPXHOCTH OaHIakKa, IIPOTHBOIIOJIOKHON H3HOIIIEHHOW TIOBEPXHOCTH [6].

IIpenmnonaraercst B OTNIMYKME OT TPAJUIIMOHHOTO CII0c00a HAILIABIATH IPeOEHb HE C HApYKHOM
CTOpOHBI, a C THUIbHOH. B cylrecTByroleil 11aHOBOWH TEXHOJOTMM TP HaIUIaBKE TPEOHS C
Hapy>KHOW CTOPOHBI HAIUIABJICHHBIH MaTepuall U3 MaJOyIJIEPOIUCTON MPOBOJIOKK HE oOnanaer
HE0OXOAMMOM M3HOCOCTOMKOCTEIO, TBEPAOCTBIO M MPOYHOCTEIO [7, 8]. Ilpn HarmaBke rpebHS ©
BHYTPEHHEH CTOPOHBI, HAIUIABJICHHBIN CJIOM METalla HAXOIUTCS B CKATOW 30HE, 3TO MOBBIIIACT
ero npoyHocTs [9, 10] 1 cHkaeT TpeOOBaHMS K KaUeCTBY HATLIABKH.

Verpanuth  omepanuio  MOAOrpeBa  MO3BOJSIET  CHOCO0 — HAIUIABKUM  rpeOHeit
BBICOKOYTJICPO/IUCTBIX OaHIaKel ByMs dyramM, TOpSIIMMH B pasHbix BanHax [11]. Hdyru
pacrionararoTcesi TIoC/IeZI0BaTeNbHO Ha pacctosHur 50-55 MM, ofHa OT JApYroil ¢ HeOONBIINM
TIOTIEPEYHBIM CMeIlleHreM B mpenenax 1,5-2,0 Mm mx ocedl. Bropas, Gomee mommmast myra,
MIePEIUIaBIIIeT METAILT, HATUIABJICHHBIM TMEPBOM Jyroi, M 3THM HUCKIIIOYAEeTCsl HETOCPECTBEHHOE
€e BO3/IeHICTBIE Ha BBICOKOYTIICPOMCTYIO OaHIaKHY0 cTaisb [12, 13].

Hawnyunme pe3ynbTathl MpH TMPUMEHEHHH MPOBOJIOKH HAMETPOM 2 MM, TMOJy4aeTcs Ha
CIIeyIOLIEM peXxuMe: cuiia Toka Ha mepBoit myre 180-200 A, na BTOopoil myre 280-300 A;
CKOPOCTB T0JIa4H AJISKTPOIHON MPOBOJIOKH TiepBoi ayru 120124 m / 1, Bropoit — 205-208 m / ;
HanpsDKEeHUE Ha NepBoit 1 BTopoid ayre 34-38 B; paccrosaue Mexy sekrponamu 50 mm [14].
VYKa3aHHBIC PEKUMBI TO3BOJISIIOT IPOU3BECTH HAIUIABKY IOJIPE3AHHOrO0 IpeOHst Ha KOJeCo,
YCTaHOBJICHHOE T10CJIE BBIKATKM B BEPTUKAIBHOM IOJIOXKEHHH, B 2—3 npoxoya. bes BbIkaTku [y
HaruaBku rpebHst TpeOyercst 5—7 mpoxonoB. Bce HammaBounble paGoThI MPOM3BOASTCS IO
cranaaptabiM Gmocom AH - 348A, AH - 60 mim OCLL - 45. B mpouecce KCIutyaTaryu
HAIUIABJICHHBIX 10 OITMCAHHOM TEXHOJIOTHH KoJiec ObUI OTMEUEHBI CIlydan 00pa30BaHMUs TPEIMH
B IpelHsIX, U Jake paspymieHne oanmaxkeii [15, 16].

Tlpruem TpenwHbl MOSBIUIMCH TOJBKO Ha YYacTKax, HAIUIaBKa KOTODPBIX BBIIOJNHSJIACH CO
cMelIeHneM MeKTpooB [17]. TmarenpHoe M3ydeHne MOTyYeHHbIX JaHHBIX JaeT BO3MOXKHOCTB,
BO - NEPBBIX, €IIIe Pa3 TOATBEPIHUTH IIPEUMYIIECTBA aBTOMATHUECKON HAIUIABKU TpeOHEH Kojec
nepesl Py4yHOH M, BO - BTOPBIX, YCTAHOBUTh HEKOTOPBHIC HEJOCTaTKU CyIIECTBOBABILECH
TEXHOJIOTMH aBTOMATHYECKOH IByX TyrOBOM HarutaBku rpedHeii [ 18].

JleticTBuTeNIbHO, HA B ONTHOW HAIUIABKE, BBITIOJIHEHHOM Ha aBTOMATe, HE OOHAPYKEHO HH
BHYTPEHHHX, HU Hapy)XHbIX Je(EKTOB, aHAJIOTMYHBIX MMEIOIMMCS B Py4HBIX HaIllaBKax. B To
JKe BpeMsl B HaIUIABKaX, BHIIOJHEHHBIX aBTOMAaTaMH, COJEp)KaHUE YIJIEpoJia, KaKk MpaBUiIo, He
npesbimiaer 0,14 % u TONBKO JIMIIE B MeTajUle, HAIUTABICHHOM Ha aBTOMAaTe OWHOYHBIM
SMEKTPOIOM, cozeprkanue yriaepopa gocruraer 0,28-0,36 % [19]. Ilpu anamize momydeHHBIX
JJAHHBIX OTMEYEHO, YTO TPH aBTOMATHYECKOH HAIUIABKE C TIONEPEYHBbIM CMEIEHHEM JIEKTPOJIOB
B 3—4 MM, cofiepykaHre YIIIepoa B HAIUIABJICHHOM MeTaJlle HECKOJIBKO BBIIIIE, YeM IPH HarlIaBKe
6e3 cmereHus nekTpoios [20].

Ipu aBTOMATHYECKOH HAIUIABKE TPeOHS OAMHOYHBIM 3JIEKTPOIOM TBEPOCTh HAILIABICHHOTO
crost B 1,5-2,5 pasa mpeBbImaeT TBEpAOCTh OaHmakHOi cramm [21]. Ilpuuem 3amedeno, 4to
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TBEPJOCTh HAIUIABICHHOIO MeTa/la TMOBBILIACTCS OT II€PBOTO BaIMKa K IOCIEHEMY.
AHANOTHYHBIA POCT TBEP/OCTH, HO MEHee SPKO BBIPXEHHBIH, HAOIIOMAETCS M B HAIUIaBKax,
BBINIOJIHEHHBIX JBYyMs onekTpomamu  [22]. OtuemmBedl 3TO 3aMETHO B HAIUIABKaXx,
BBINOJIHABILMXCS C TONEPEYHBIM CMELIEHHEM 3J1eKTPooB. [IprMeHeHne Ha MepBoi ayre CHIIbI
Toka 180-200 A, TpHBOIUT K JOBOJBHO TIIyOOKOMY TPOIUIABICHHUIO BBICOKOYTIIEPOMCTOM
OGaHA@KHOM cTamm M OONBIIOMY TIepexody yriaepoja B HammaBky. C Ipyroil CTOpOHSBI,
YMEHBILIEHHE CUJIbl TOKA Ha repBoi ayre Hwke 160 A, mpu toke 280-300 A, Ha BTOpOIi qyre
WHOT/Ia IPUBOUT K CKBO3HOMY TIPOIUIABIIEHHIO HAIUTABKH OT IIEPBOTO AJIEKTPOAA BTOPOH TyTOH 1
HEMNOCPEeICTBEHHOMY BO3/ICHCTBHIO € Ha OaHIaKHYIO CTallb. TaKoe COOTHOILIEHHE CHIIbI TOKA Ha
MIEPBOI M BTOPOH Jyre MOJKET NPUHECTH K M3JMILIHEMY COJICPYKAHHIO YIJIEpo/ia B HAIUIABKE, YTO
HexenatenbHo [23]. LlenecooOpasHO OrpaHHYUTE CHITy CBApOYHOTO TOKA B TpEIesiax: Ha TIePBOM
nyre — 160-180 A; na Bropoii myre —260-280 A.

Ha ocHoBaHNM BBINOIHEHHOH PabOTHI MOYKHO CIENaTh CIIS/yIONME BHIBOIBI U TPEIOKEHHUS:
KauecTBO HAIUIABJICHHOTO METAJUIa TIPY aBTOMATHYECKOI HATUIaBKE 3HAYMTENBHO BBIIIE, YEM MPH
PYUHOH HArUIaBKe, 4TO TOATBEPKIACTCS OTCYTCTBHEM B HAIUIABICHHOM METaUle BHYTPEHHHX
nedpexroB [24]; mpu aBTOMATHYECKOW [BYXIyrOBOM CBapKe HAIUIaBKy rpeOHeil Oanmaeii
TIPOM3BOJTUTH HA PSKUMAX: a) JUIs ITepBoit ayru: cuiia Toka 160-180 A, Hanpsokenne 34-38 B; 6)
Jlns Bropoit ayru: cuia toka 260-280 A, Hanpspkenne 34-38 B. Ckopocts cBapku 2024 M /
BIIPE/Ib JI0 NMPOBEACHMS HCCIENOBAHWI O BJIMSHUM MOINEPEYHOrO CMEILEHUs JIEKTPOJOB Ha
00pa3oBaHKe ropsUYMX TPEIMH B HAIUIABICHHOM METajlle 11e71ecO00pa3HO OrpaHUYHTh BEITMUNHY
TIOTIEPETHOTO CMEIIEHHUS 2MIEKTPO0B 10 1,5-2,0 Mm.

TiuarenbHOe M3y4eHHE JaHHBIX, MOJTYYCHHBIX HPU BBIIOJHEHMH HACTOAIICH paboThl, Iaer
BOSMOXKHOCTb ~ YTBEp)KIATh  CleNylollee. BennuumHa BHYTpPEeHHMX  HanpspkeHud — [25],
BO3HMKAIONIMX B OaHaxe MpH HAcaJKe Ha IIEHTP U IIPH aBTOMATUYECKON HaIllaBKe IpeOHs, He
HPEBOCXOJUT MEXaHUYECKHMX CBOKCTB MeTa/LIa OaH/aka M HAIUIABJICHHOTO METAJLIA U MOITOMY
HEJIOCTaTOYHA JUIl paspbiBa OaHjaxa. BHyTpeHHHE HalpsDKEHHS MOTYT SIBUThCS HPUYMHOM
paspyieHnst OaHIaka TOJBKO MPHU HAIMYMK Je(EKTOB, KOTOPBIC SBJISOTCS KOHI[CHTPATOPaMH
HanpsvkeHnd. OCOOSHHO OMACHBIMU KOHIIGHTPATOPAMU HAIPSDKCHUH  SIBISIFOTCSL  TPEIIMHBL.
BHyTpeHHHe HanpspKeHHMSI MOTYT SIBUTHCA TAKOKe NPUUYMHON MOSABICHHS TOPSHUX TPEILWH,
00pa3oBaHie KOTOPHIX BO3MOYKHO TPH HAPYIICHUH TEXHOJIOTHY ABTOMATHIECKOH HarutaBk. [1pn
HApYILEHNU TEXHOJIOTMH HAILIABKU BO3MOYKHO TOSIBJICHUE 3aKAJIOYHBIX CTPYKTYDP U CBSI3aHHBIX C
HUMHU HAIpsDKCHUH, KOTOpbIE, CYMMHPYSCh C PEaKTHBHBIMH, MOTYT BbI3BAaTh TPELIMHBI U
paspymeHne GaHmaxka. B 9ToM ciydae HY)KHO WMETh B BHY, YTO CKJIOHHOCTH K XPYITKOMY
Pa3pyIICHHIO 3aKAJICHHBIX 30H BO3pacTaer.

JleficTBUTENbHO, HANPSDKEHHMS], BO3HHUKAIOIINE B OaHa)ax MpHU Hacajlke Ha KOJIECHBII LIEHTp 1
IpY HAIIABKE TpeOHsi, He MPEBBIIAIOT 25,7 KT / MM A TPeeN TPOUHOCTH CTATH OIBITHBIX
Oanpmaxxeil paBeH cooTBeTcTBEHHO 92,6-97,4 KT / MM A HanBOJIBIIIE HAIpsDKEHUs], IOTyYeHHbIE
B DJIGKTPOBO3HOM OaHI)Ke TONIIMHOW 57 MM TIOCNe HACaJKM Ha LIEHTP ¢ HarTsrom 1,7 MM u
HAIUTAaBKH TPEOHsI, COCTABILIOT Bcero b 24,8-26,9 % or mpenena MPOYHOCTH CTalH
Oannaxeil. M3 ckazaHHOTO BBIIIE CIIEIYET, YTO HAMPSHKEHHUSI, COCTABIISIOIIIE IIPU MaKCHMATIBHOM
JIOIYCTHMOM HatsAre Oannaxa b 24,8-27,7 % oT nperena NpoYHOCTH OaHIKHOM CTalIH, He
MOTYT SIBIISITECS €THHCTBEHHOM IPUYHUHON TTOSIBJICHHUSI TPEIIMH U pa3pyIIeHHsT OaHaKeH.

Ha ocHoBaHuMM IpOBEJIGHHON pPabOTHI MOMKHO CJENaTh CIEYIONIME BBIBOJBL HAcaka
OaH/@Kell B MPOM3BOJICTBEHHBIX YCJIOBUSX KOJIECHOTO II€Xa IPOW3BOIMTCS C HATATAMH, HE
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BBIXOIAIMMH 33 HPEENbl BEIMYUH, OTOBOPEHHBIX COOTBETCTBYIOIIMMY MHCTPYKLIMAMH, T. €. B
npenenax 1,0-1,5 mm Ha 1 M tmamerpa Oannaxa; npy Hacajike OaH/aKel Ha KOJNECHBIN LICHTp B
HUX BO3HUKAIOT PEaKTUBHbIC HATPsLKEHUs. BenmunHa 3THX HanpsbKeHuit Y HaTATe B Hpeienax
1,0-1,5 mm Ha | M mmametpa He npeBbimaer 22,6 kr / MM’; BEIMUMHA HarpsoKeHHi B OaHaxke
3aBUCHT OT HATATA W TOJNIMHB! OaHTaka. MaKcHMaTbHbIC HANPUKEHHS BO3HUKAIOT B TOHKOM
GaHmaxe, HACHKEHHOM Ha IICHTP C HAMOOJBIIMM JIOMYCTHMBIM HHCTPYKICH HATATOM; HpH
ABTOMATHYCCKOW HAIUIaBKe TIpeOHS BEMMYMHA PEAKTUBHBIX HANPSIKCHMH B OaHIaxke
yBenuuuBaercs. Hanbonblime 3HaueHns CyMMapHBIX HAMpspKeHUH B GaHIake MOCyIe HarIaBKu
He peBbiaeT 25,7 Kr'/ MM’; CyMMapHbIe PEaKTHBHbIC HAPSDKEHHS, COCTARIISIONIHE JHIIb 24,8—
27,7 % oT mpeaena MPOIHOCTH OAHAAKHOK CTANHM, HE MOTYT SIBIIATHCS CAMHCTBEHHON MPIYMHON
TOSBNICHAS TPEIMH W PaspyIIeHus OaHmaxeil; CyMMapHBIE PEaKTHBHBIC HAIPSHKCHHS MOTYT
SBUTBCA TIPIYMHON TIOSBJICHHS TPEIMH W paspylIeHns OaHmaXeH TONBKO TpH HANIHINN
KOHIIGHTPATOPOB HAMPSUKCHHI B BHJIC CKOIUICHHS ITIOp, CBHUILCH, HEIPOBAPOB W JIP., a TAKXKE
Je()eKTOB, TOSBUBIIMXCS B OAaHI@KE B CTAJMU €r0 M3TOTOBJICHHS; BHYTPEHHHC HAIPSHKCHUS
SABIISFOTCS TIPUUMHON BBIPOXKACHHS TOPSYMX TPELIMH TPU HAPYIIEHHH TEXHONOTHH HAILTABKU
TpelHs.

HapymieHnst TeXHONOTMHN BBI3BIBAIOT MOSBIICHNE 3AKANOYHBIX CTPYKTYp ¥ CBS3AHHBIX C HUMHI
HaNpsDKCHHH, KOTOPBIC, CyMMEpYACh C DEAKTUBHBIMH, MNPHBOAAT K paspblBy Oammaxka.
Hapyrmmennst onTUMaabHON TEXHONOTMM OCOOCHHO CHIIBHO BIIMSIIOT HA TOSBICHHE TPCIIWH,
NPUBOMAIIMX K paspbiBaM, MpH HAIUIaBKE JIOKOMOTHBHBIX OaHpaxked. Ilpu Hamaduu
KOHLIGHTPATOPOB HAMpsDKEHHII B 30HE HAMUIABKM MeTa/iyeckas oOpaboTka HarulaBIeHHOTO
rpeOHsl He SBISETCS Mepol NpeAyNpeKIeHUs paspbiBa OaHIaxked. BeposTHOCTH MOSBICHUS
TPSIMH W paspyIeHust OaHmaxeil pe3Ko CHIDKACTCS MPH CTPOrOM COOJIOZICHHH TEXHOJOTHN
HAIUTaBKU IPeOHEH ¢ HANOXKEHIEM OTKHTAIONICTO BAJIMKA M OTCYTCTBHEM HApYKHBIX JIeheKTOB
CBApKH.

B pesynsrare MOXKHO clenaTh BBIBOZA O Pa3pabOTKe MHHOBALMOHHOTO CIOCO0A HAILIaBKH
GaHnaxel KOJECHBIX Tap JTOKOMOTUBOB 0€3 BBIKATKU M3 - MOJ TedexKu. Kax mokaszaHo BIIIE,
OMaceH!s1 BO3MOMKHOCTH TIOBBIIICHHOTO TPEIMHOOOPAa30BAHMS Yy HATUIABNICHHBIX OaHTaxeH,
0COOEHHO B 3WMHEE BpeMst, 0e30CHOBaTeIBHBL. [Ipi cOOMONEHIH pacCMOTPEHHOH TEXHOJIOTHIH
MHTEHCHBHOCTB TPEIMHOOOPA30BaHMS HE 3aBUCUT OT TOTO, BEIKAYCHA MM HET KOJICCHAsl Mapa 1
OT KJIMMAaTUYECKHX YCTOBHIL.

Crioco0 obecrieunT 3HAUMTEILHOE CHIDKEHHE TPYIOEMKOCTH M CeOECTOMMOCTH Tpoliecca U
TIO3BOJIUT BIIEPBBIE MACCOBO TMPUMEHSTH HAILIABKy. Kpome Toro, mpakTHHecKas ero peammsarist
TI03BOJIMT TIOBBICUTD JIOJTOBEYHOCTh OaHAaka He TONbKO 0 1200 ThIC. KM, Kak TOro Tpedyer
Crparermdeckast mporpamMMa 00CCIICICHIS YCTOMIMBOTO B3AMMOJICHCTBHS B CHCTEME «KOJECO—
pense», Ho Oormee. be3 mprMeHeHMs HOBOTO CII0c0o0a HAIUIABKH PEAM3AIs ITOCTABICHHON
3a71aun HEBO3MOKHA.

Crnucok HCnoJIb30BaHHOM JIMTepaTyphl:
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ATIITAPAT AJIA HOBBIIIEHUA DPP®EKTUBHOCTHU IMPOLECCA
IBUIEYJIABJIMBAHUS

B macrosimee Bpemst Oonbllioe  3HAYCHWE YACTSAETCS HKOIOTMYECKOH 0e30macHOCTh
MPOM3BOCTBEHHBIX TPOLIECCOB, B YaCTHOCTH MPOLECCAM PACTIBUTUTENBHOM CYIIKH M MOKPOTO
meuteymaBmBanus [1,¢.73; 2,¢.17; 3,c.22]. Paccmotpum cxemy ckpyOoepa [4,c.21; 5.c.14],
NPE/IHA3HAYCHHOTO  JUIi  TOBBILEHUS  O()(QEKTMBHOCTH W HAJSKHOCTH  Ipolecca
TBUICY/IABIMBAHNSI [TyTeM YBETMUCHHUSI CTETIEHH PacIibliia OPOCHTENBHOTO YCTPOHCTBA.

Ckpy0O0ep ¢ mozxBrkHOH Hacajkoit (¢pur.l - 4) comepxur xopryc 1 ¢ marpyOkamum 2 u 3
COOTBETCTBEHHO JUIsl 3aIlbICHHOTO M OYMILEHHOTO a3, OPOCUTENIBHOE YCTPOHCTBO 7, HIDKHIOKO
OTOPHO - PACTIPENEIUTENBHYIO Tapelky 4 M BEPXHIOI OIPAaHUUYMTENBHYIO Tapeiky 6, MEexIy
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KOTOPBIMH PACIIONIOXKEH CIIOH Hacajika 5, OpbI3rOyJIOBHTENb 9 M YCTPOMCTBO VTSl OTBOZA IIIama 8
(¢ur.1). Hixwsist 4 onopHO - paclpenenuTebHast 1 BEpXHss 6 OrpaHHUNTeNbHAs Tapeikd U
HacaJka 5 BBINOJHCHBI U3 YNPYIMX MarepuatoB. Ha HipkHeil OHOPHO - pacHpeneMTeIbHOM
Tapenke 4 MOXKeT ObITh YCTAaHOBIIGH BHOpaTtop (Ha dYepTe)xe He IokazaHo). Ha BepxHeit
OIPaHUYMTEILHOM Tapeske 6 MOXKET ObITh YCTAHOBJIEH BUOpATOp (Ha YepTexe He rnokasano). Ha
HIDKHEH 4 OMOpHO - paclpeIeUTeNbHON 1 BepXHEel 6 OrpaHIMIHTEITbHON Tapenkax MOXeT ObITh
YCTaHOBIICHO 1O BHOparopy. Hacaika 5 BbINONHEHa B BUJE MOJBIX IIAPOB, HA C(EPUUECKOM
HOBEPXHOCTU KOTOPBIX MPOpE3aHa BUHTOBas KaHaBKa ((ur.2) wiM B BUAE BUHTOBOH JIMHMY,
00pa3oBaHHON Ha CepUUecKOil TMOBEPXHOCTH, M MMEIONICH B CEYCHHH, MEpPEeHINKY/IIPHOM
BHHTOBOH JIMHMM, NpoGWiIb THMA Kpyra, MHOTOYIOJBHMKA, «cemia bepmspy wmwm  cemna
«Urannoke» (pur.4).

®ur.5

dopcyHka ((ur.S) conepKUT IAITMHAPHYECKUiA nobiid koprryc 10 ¢ kananom 12 1 noisoza
JKHUJIKOCTH U COOCHY!O, KECTKO CBSI3aHHYIO C KOPITYCOM BTYJIKY 11 ¢ 3aKpeIieHHbIM B €€ HIDKHEH
YacTH COIUIOM, BBIIOJIHEHHBIM B BU/IE IIWJIMHIPHYECKOH JIByXCTYIEHUATON BTYJIKU 13, BepXHss
[AIMHAPHYECKAs CTYNeHb 15 KOTOpOil COSJMHEHa MOCPEICTBOM PE3bOOBOrO COCMHEHHUS C
LEHTPAIbHBIM CEPICYHUKOM, COCTOSIILIM U3 LIAIMHIPUYECKOH YacTH 16 1 COOCHBIM € Held MOJIbIM
KOHYCOM 17, yCTaHOBJIEHHBIM C KOJIBLIEBBIM 3a30pOM 18 OTHOCHTENBHO BHYTPEHHEH ITOBEPXHOCTH
muHapraeckod BTynku 13. KombreBoit 3a3op 18 coemuHen, mo KpaifHeil mepe, ¢ Tpems
pasuaTbHBIME KaHaiaMu 14, BBITTOTHEHHBIME B JIBYXCTYIIEHUYATOH BTYIKe 13, COSTMHSIONINMIE
€T0 C KOJBLIEBOH MOMOCTBIO 23, 00pa30BaHHON BHYTPEHHEH MOBEPXHOCTHIO BTYIKH 11 11 BHEIITHEH
MOBEPXHOCTBIO BEPXHEN IIMITMHIPHUECKOM CTyHeH! 15, mpudeM KoblieBas oJI0CTh 23 CBsI3aHa ¢
kaHaioM 12 kopryca 10 mis moxBona skunkocti. K koHycy 17, B ero HIDKHEH 4acTu, JKeCTKO
TIPUKPETUIEH C MOMOIIBI0 BUHTA 22 pactbUUTeNb 21, KOTOPBI BBIONHEH B BHIE TOPIIEBON
KpPYTJIOW IUIACTHHBI, Kpasi KOTOPOM OTOrHYThI B CTOPOHY KOJIBLIEBOT'O 3a30pa 18 Mex1y coruiom u
nonbIM KoHycoM 17. Ha GoKkoBo# MOBEpXHOCTH KOHYca 17 BBITIONHEHO, N0 KpaliHel Mepe, JiBa
Ppsiaa IMIMHIPUYECKUX ApOCccebHBIX oTBepeTnii 19 u 20.
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Bperoynopurenns 9 ckpyOOepa BBIIONHEH B BHIC KOHICHTPHYHO —PACITIONOMKCHHBIX
LWIMHAPUYECKUX KOJell. 3albUICHHBIH Ta3oBbIA IOTOK IIOCTYIIAET B KOPIyC 1, yepe3 BBOJ
3aIIbUIEHHOTO Ia30BOr0 MOTOKA 2, U BCTPEUaeT Ha CBOEM IyTH 3aBECy U3 HACaAKH S5, KOTopas
CMayKBaeTCsi BOJAOW WM JpyruM aOCOpOGHTOM U3 OpOCHTENIBHOTO ycTpoiictBa 6. Jlus
MHTEHCHU(UKALMH THAPOJUHAMIYECKOTO PEKMMA HA HIDKHEH OINOPHO - paclpenenuTeIbHON
Tapenke 4 MoxeT ObITh YCTAaHOBJICH BHOpatop (Ha 4epTe)Ke HE IOKa3aH), MM BEpPXHEH
OTPaHUYMTEILHOM Taperke 6 MOKET ObITh YCTAHOBIICH BUOPATOP, T OTHOBPEMEHHO Ha HIKHEH
4 OMOpHO - pACHpPEICIUTEILHON W BEPXHEH 6 OrpaHMYMTEIIBHOM Tapesikax MOXKET ObITh
YCTaHOBJIEHO MO  BHOpaTopy OTO  NO3BOIMT  CKpyOOepy  HepeiiTh B peskuM
BUOPOIICEBIOOKIDKEHHOIO CIIOSI, P KOTOPOM YBEIUUUTCsl 3((EKTUBHOCTL B3aUMOAEIHCTBI
Hacajka S5, OpOLIAEMOro JKUIKOCTBbIO, C Ta30BOH (pa3oi, a, ClIENOBAaTeNbHO, U YBEIUYUT
3(heKTUBHOCTB pabOTHI anIapaTa B LEIOM.
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IMPUMEHEHHE [MPOIECCHOT'O MTOAXO/A JISI OLIEHKH 3ATPAT
W ITOTEPD [IPU PEMOHTE CEJIbCKOXO3SIICTBEHHOM TEXHUKH

B AIIK crpaHbl HCHONB3yeTcsl pa3sHOOOpa3Has OTEUECTBEHHAs TEXHUKA, IOKa3aTelu
HAJIeKHOCTH KOTOPOH JIOCTATOYHO HHU3KH, MO CpaBHEHMIO ¢ uMIoptHOi [1]. TIpobGmemsr ¢
HAJIeKHOCTBHIO BO3HHKAIOT M TIOCNe peMoHTa [2]. B coBpeMeHHOM MpakTHKe aHa3a KauecTBa
TIPAMEHSTIOT AJIEMEHTBI MPOLIECCHOTO TToxoa [3].
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DIeMEeHTBI 3aTpar Ha KaueCTBO YBSI3bIBAIOT C MPOLIECCOM, MHJICHTU(GHULIMPYIOT U PACIIPEAEIISIOT
10 KateropusiM [4]: TpyIoBbIe pecypchl, TeX000pyI0BaHNE, MaTepUaiIbl U OKpYJKaroIas cpeza.
3arpatel Ha COOTBETCTBHE — BHYTPEHHME 3aTparbl Ha obecriedeHue Haubonee 3(h(eKTHBHBIM
CrocoOOM COOTBETCTBHS NMPOJYKIMH WM YCIYyr TPeOOBAaHMSAM HOPMATHBHBIX JIOKyMEHTOB M
noTpeduTeNIs ITyTeM OpraHU3allii COOTBETCTBYIOILETO TIporiecca. 3aTpaTbl Ha HECOOTBETCTBHE —
CTOMMOCTh 3aTpadeHHBbIX PECYPCOB, CBSI3AHHBIX C MPOLECCOM IOCTYIUICHHS, IMPOM3BOJICTBA,
OTIPY3KM W WCIIPABICHHS HEYJOBJIETBOPUTEILHOM MNpPOIYKIMM W YCIyr, 3aTpaThl M3 - 3a
Hea(hpeKTHBHOCTH TIporiecca [5].

OyHKIMOHANBHAS ~ Mozieib  mporecca  «TexHuueckoe — OOCIy)KMBaHHE M PEMOHT
CEIBCKOXO3SICTBEHHON TEXHUKID CTPOUTCS JIs1 MIICHTH(HKAIIMH TIOTOKOB [6].

Kaxnaprii Bz paboT BKIIOYAET SJIEMEHTHI 3aTpaT HAa COOTBETCTBUE M BCIIC/ICTBHE
HECOOTBETCTBUSI, KOTOPBIC CUCTEMATH3UPYIOTCS B BUjie Tabnmit [7].

Ortuetsl 0 3aTpaTax Ha KaueCTBO OPraHU3AlMs] yCTaHABIIMBACT CTAHapTaMH MpeaAnpusTys [8].
VlcTOUHMKOM JJaHHBIX MOTYT OBITh KaK peaibHbIE 3aTpaThl, TAK U HOpMaTuUBHBIC. OTUET 0JDKEH
CONCPIKATh: MACHTH(UKALIMIO BCEX BXOIHBIX, MPOMEKYTOUHBIX ¥ BBIXOAHBIX IOTOKOB,
YIIPaBIISIOIIMX BO3JCHCTBUI U PECYpCOB; yKa3aHHE O TOM, UCHOJB3YIOTCS JIM peabHbIE WIH
HOPMATUBHBIC 3aTPaThbl, METOAMKHM pacyera KaxIOro 3JIeMEHTa 3aTpar; MCTOYHHMK JIaHHBIX O
3aTparax.

Ipouecchplii moaxosn (OpMUPOBAHMS 3aTpaT HAa KAyeCTBO PEMOHTHBIX MpeAnpusTuid [9]
OTIMYACTCS OT MAIIMHOCTPOUTEIBHBIX HATMYMEM Hporiecca NedeKTaliy, Iie KOHTPOIb JeTalei
OCYIIECTBIISACTCS YHUBEPCAIBHBIMU CpeICTBAMH M3MepeHHii [ 10], a uX BBIOOp OCYIIECTBISETCS TI0
metomuke [11]. Pacuer 3arar Ha KOHTpOib JeTaieil Tawoke Oyner HeoOxomum [12]. Tlpm
nedeKTalry W3HOIICHHBIX JeTaiell HeoOXoiMMa OIeHKH BHYTpeHHHX motepb [13], Tme
HCTIONB3YIOTCSI TAKHUE MHCTPYMEHTHI KOHTPOJIS KAUeCTBA, Kak KOHTPOJIGHBIE KapThl M AUATPaMMBI
pasbpoca. M3 - 3a NpUMEHEHHS CTApOro TEXHOJIOTHYECKOro OOOpYJOBaHMS BO3MOKEH
TexHonormieckuii Opak [14]. BaemHue notepu or Opaka OOBIMHO OIIEHHBAIOTCSI C TIOMOIIIBIO,
KOHTPOJIBHBIX JINCTKOB, THarpaMmMbl «PeiOuit ckene» u guarpammsl [lapero [15].

Takum  oOpasoM, JUId pealu3aldyd  OLEHKM 3arpaT W II0Tepb IIPU  PEMOHTE
CEJIBCKOXO3SHCTBEHHON TEXHUKN HEOOXOAMMO MACHTH(UIIPOBATH TIPOLIECCH, MPUMEHNUTh CEMb
MHCTPYMEHTOB KOHTpOJISI KauecTBa, BBIOPATh CPEACTBA M3MEPEHHH M C(OPMUPOBATH CHCTEMY
OTYETHOCTH O 3aTparax BCJEICTBHE HECOOTBETCTBHMS M 3aTpaThl Ha COOTBETCTBHE. TaKast
[OCJIE/IOBATENBHOCTh  PeIM3alK  JIGHCTBUHA  mpWBeAeT K Hawiydmemy  Sddekry
(hyHKIMOHMPOBAHWS CHCTEMBI MEHE/PKMEHTA KadeCTBa Ha IepBOHAYAIBHOM Tarle €€ BHEAPSHHS
Ha PEMOHTHBIX TIPEIPUSITHSIX.
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MYJIbTHIIVIEKCUPOBAHHUE C OPTOI"OHAJIBHBIM YACTOTHBIM
PA3JEJIEHUE KAHAJIOB - ORTHOGONALFREQUENCY -
DIVISIONMULTIPLEXING (OFDM)

TexHONOTHsT  OPTOrOHANBHOTO YacToTHOro MysstumuiekcupoBanuss OFDM - (Orthogonal
Frequency Division Multiplexing) ocHoBana Ha (OpMHUPOBAHMM MHOTOYACTOTHOTO CHTHAJIA,
COCTOSILLET0 13 MHOYKECTBA [OJHECYIIHX YacTOT, OTIMYALOLIMXCS HA BEIMUMHY , BBIOPAHHYIO U3
YCIIOBUSI OPTOTOHATBHOCTH CHUTHAJIOB Ha COCEHMX MOAHECYIIHMX KOeOaHMsX ((n — pajuanbHas
YacTOTa Nl - IO TIOJIHECYIIETO KOJIEOaHHs).
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Tpu popmuposarnt OFDM curHaia moTokK Mocie0BaTeIbHbIX HH(POPMAIIMOHHBIX CHMBOJIOB
JUTMTENIFHOCTBIO  pa3OmBaercsi Ha Omokw, comepkamme N cuMBonoB. Jlamee G0k
TI0CITeIOBATEIFHBIX MH(OPMAIMOHHBIX CHMBOJIOB TIpeoOpasyeTcsl B MapaUIeIbHbIH, B KOTOPOM
KKIBI U3 CHMBOJIOB COOTBETCTBYET OIPEIEIICHHON ITOJHECYIed MHOTOYacTOTHOTO CHTHAJIA.
[prdem mpu STOM JUTUTENBFHOCTH CHMBOJIOB yBenmumBaercss B N pa3, M BO CTOJIBKO e pa3
YBEJIMYMBACTCSI TUIOTHOCTD Tiepenaun 1udposoit uHpopmarmu (6ut / ¢) / I'n. Takum obpasom,
CyMMapHasi IIMpHHA CIIEKTpa MHOTOYAaCTOTHOIO CHIHAJIA COOTBETCTBYET LIMPUHE CIHEKTpa
HCXOJTHOTO TTOCIIC/IOBATEIEHOTO CUTHAA.

Ienbto Takoro npeoOpa3oBaHKs SBISAETCA 3alliiTa OT Y3KOMOJIOCHBIX IoMex (Jbo or
YaCTUYHBIX ~WCK&KEHWI CIIEKTpa B pe3yibrare IIepeOTPAKEHUH ¥ MHOTOJIyYeBOIO
pacipocTpaHeHust). OTO JOCTUTAETCsl TEM, YTO IapajulelibHbIe CHMBOJIBI MHOIOYAacTOTHOIO
CHTHAJIA MPEJICTaBISIOT COO0M KOJJOBOE CIIOBO MOMEXOYCTOMUYMBOIO KoJia (Harpumep, kozxa Puna -
CoroMOHa), KOTOPbI MO3BOJSIET MX BOCCTAHOBHTH B CIIy4ae OLIMOOYHOIO MpHEMa 3a CUeT
WCKakeHui criektpa[1].

JlaHHbIi criocod GopMHUPOBAHNSI CHTHAIOB MOPA3yMEBAET HCTIONIH30BAHIE CYMMBI MHOXKECTBA
TapMOHMYECKMX  KOJICOAHMH, YacTOTHI KOTOPBIX BBIOMPAIOTCS HUCXOISl W3 YCJIOBHS
OpTOrOHANLHOCTH. JUjIst BBITIOJIHEHMSI YCIIOBHS OPTOrOHAJIBHOCTH, HEOOXOAMMO, YTOOBI 3a
JUINTEIIBHOCTh CHTHAJIA YJIOKHJIOCH IIEJI0€ KOJIMYECTBO IEPHUOJIOB TAPMOHHMYECKHMX KOJIeOaHHit
Ka)KJIOr0 YacTOTHOTO TOJKaHa A (MOJHECYLMMH), a TaKKe, YTOObl KOI(D(HUIMEHT B3aMMHOM
KOPPEJAILIMI MEX]Ty COCSTHUMH MOHECYIIIME ObLT paBeH Hyimo. Takoi criocod (hopMHupoBaHust
CHTHAJIA TIO3BOJISICT ITIOBBICUTH €r0 CIEKTPAIBHYIO IUIOTHOCTH ITyTeM HAIOXKEHHS CIIEKTPOB
COCeNTHUX TonHecymuX. [Ipu 3ToM cMexHble ToHecynme He uHTepdepupyror. Hapymienne
YCIJIOBHS OPTOrOHAIIBHOCTH TIPUBOIUT K MEKYAaCTOTHON MHTepdepeHtmn [2].

OFDM - MOJEM

VYmpomennas crpykrypHas cxema OFDM - mepematdmka m300pakeHa Ha pHUCYHKE 1.
[epenatunk comepkut TmocCnenoBatensHo - mapawienbHbid komep (1K), komupyromee
cozsezue (KC), obparnoe muckperHoe mpeoOpazoBanusi Dypre (OIID), Giiok mobaBieHuUst
rkdgeckoro npedukca (L), mapamrensHo - mocnenoBarenshbii kozmep (IpIIK), Gmok
JIeTIeHHs] Ha peallbHy o M MHMMYIO YacTh (JIPM), mudpo - ananorosiit npeodpasosarens (LIAIT),
rereparop Hecymieii uactotel (I'H), dazoBpamatens (®B), mnepemuoxurens (IIm),

cymmupyroriee yerpoiictso (CVY).

Pucynox 1 CrpykrypHas cxema OFDM — mozyssitopa
Ucxoanbiii mdposoii notok NRZ M (pucyrok 1) B TITIK paznensiercst #Ha N napauiebHbIX
TIOTOKOB, KoTopble noctymnaroT Ha Bxox KC. Ha Bexome KC MBI MeeM mpoMOTyIMpOBAHHBIH

CHTHAJI, IMEIOIIMH MHUMYIO 1 peanbHyro dactd. Ha 6mox OJIII® moctymaroT mapauienbHbIi
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BEKTOp OTCYETOB CHMrHaj1a. Kak Ham W3BECTHO, PeabHble CHUTHAIBI MOTYT OBITH OIMCAHBI
BBIOOpKAaMH KaK B CHEKTPIBHON Tak W BO BPEMEHHOH oOJacTsX. B aHHOM citydae CHrHaJIBI
MOCTYTIAOIME Ha BXOJI SBJISFOTCS aHAJIOTOM BBIOOPOK CHTHANA BO BPEMEHHOM 00JIaCTH U 1OcIe
OJII1® ™Mbl mosTyyaeM CHTHAJ BO BPEMEHHOH 00JIaCTH, CIIEKTPaIbHbIE COCTABIIAIOLINE KOTOPOTro
oproroHaneHbl Apyr npyry. Ilocne Gnmoka OJIID u nobaBneHMs IHUKIMYECKOTO Ipeduxca
netictBuTenbHas M MHUMas dactu noctynaoT Ha L[AIL C momomsto LIAIT ocymiectsrsiercs
BoIOopka 3navenmnii O/I[1®. Yactora v JIIMTENBHOCTD BHIOOPKH KaXKJIOTO 3HAYCHUSI OMpe/IesieT
LIMPHHY CIIEKTpa IOJHECYINX U YaCTOTHBII pa3HOC Mesky HuMH. [loce mudpo - aHaioroBoro
npeoOpasoBaHus IU(POBbIC MOTOKM MMEPEMHOMKAIOTCS C KBAIPATyPHBIMH COCTaBILSFOLMMHE
HECYIIEro KoJeOaHus, MOCIe Yero MPOMCXOHUT CIOKEHNE KoJeOaHWH BBICOKOH 4acToThl B CY.
Ha Bexoze CY o6pasyercs OFDM curnait.

MOIEJIMPOBAHHUE CUCTEMBI B CPE/IE SIMULINK

B cpene Simulink 6pu1a moctpoena pynkimonansaas Mozieins OFDM .

Bapuant peammzamyy  (yHKIMOHATBHOH MOZENM MOJEMa, COCTOSIIEH W3 IepenaTdrka,
NPUEMHHKA M KaHaa CBSI3U IPE/ICTaBIICH Ha PUCYHKE 2.

MopzenupoBaHue NPOU3BOIMIIOCH IPH CIETYIOIIMX NTapaMETPax:

- BpeMs1 MOJIeITpoBaHws - 512¢.;

- JUIMTEIBHOCTL OMTOB — 1C.;

- JUINTENBHOCTH JJMOUTOB - 2 C.;

- 4aCTOTA HECYILEro KoeOaHus - ;

Pucynok 2 - CtpykrypHas cxema OFDM - monema

OFDM [TEPEJIATYUK
Ha Bxoz Mozien ojraeTcst TICeBIOCITy YAl HBII OHTOBBII ITIOTOK (PHCYHOK 3)

PrcyHok 3 — MTH(pOpMAIMOHHBIH TIOTOK Ha BXOZIE TepeiaTuiKa
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IpeoOpazoBanue OUTOBOI TOCIEIOBATEIFHOCTH UMITYJILCOB B KBAJpaTypHOE Ipe/ICTaBlICHUE
PEaTM30BaHo IyTEM MOJIAYN TEKYIIETO U 3aepXaHHoro Ha ouH TakT (650K Unit Delay) motokos
Ha MynbTamiekcop (Mux). danee paciipeHrne OMTOB B 2 pa3a W 00pa3oBaHHE KBAJIpaTypHOIO
MOTOKA JTUOUTOB OCYIIECTBIISICTCST OJIOKOM KCTPANONsITOpa HyseBoro nopsiaka Zero - OrderHold ,
KOTOPBIIT yIep)KHBaeT Ha9aIbHOrO YPOBEHb CHTHAIA Ha IPOTSDKEHIH HHTEPBAJIa BPEMEHH.

Ha BBIX0zIe MOZYJIATOpa MOTyJaeM KOMILIEKCHBIN CHTHAI U IojaeM B ero Oydep. Ha Bbixone
osoka IFFT moy4aem KOMILIEKCHBIE BPEMEHHBIE OTCUETHI B BUIC KOMITO3UIIMIA MTap UMITYJIHCOB
COOTBETCTBYIOIMX JCHCTBUTEIBHBIM W MHUMBIM 4acTsiM Bektopa. st  QopmupoBaHus
PaIMoCUTHANIA BBIIOJIHACTCS Olepalwst iepedpoca CIIEKTpa CHrHajla BBEPX, 4TO OCYILECTBIIIECTCS
IyTeM IEPEMHOKEHISI KOMIUIEKCHBIX COCTAaBILIIOIIMX CHTHAIA C HECYIEH TTOCPEICTBOM OJIOKOB
(Sum) u (Sine Wave).

K BbIXOZy meperardynka MOJKIIOUeHbl SCOPe (PUCYHOK 4) M CHIeKTpoaHaamsaTop Spectrum
Analyzer (pucyHok 5)

Pucynoxk 4 — Paquocurnan ¢ OFDMHa BbIxojie repenaTiuka

Pucynok 5 — Criektp OFDM curnana
C OPTOrOHAILHBIMU HOJAHECYIIIMMH YaCTOTaMH Ha HECYILeH YacToTe

OFDM ITPUEMHHK

Ha mpremHO# CTOpOHE PajoCHTHAT TIOCTYIACT HA BXOJ MOJIOCOBOIO KAHATBHOTO (PHIIBTPA
(6mox Analog Filter Design), st ¢usstparmn omex kanara. OFDM pamrocuraan QuibTpyercs
H, Pa3BETBIICH, IOACTCS HA TICPBBIC BXOJIBI YMHOXKHUTENICH KaHAIIBHOIO [EMOJYJISITOpa, a Ha
BTOpBIC BXOIBI IOCTYNAKOT KOJNEOAHWsS HeCyliell 4YacTOThl C OINOPHBIX T'E€HEPAaTOpOB,

