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USING MODELLING AND SIMULATION BASED STUDY METHODS IN COAL INDUSTRY TECHNOLOGICAL
IMPROVEMENT

The trend towards the increase of the role of coal in the electricity production reveals its importance among the primary energy resources balance. So, from the
point of view of the structure of the primary energy, the evolution forecast performed by IEA highlights that in the future, a quarter of the worldwide used
energy primary resources will be based on coal. The share of coal in energy production will grow, as the total energy demand growth with 60% in the next 20
years.

It can be deducted the importance and the opportunity of the analysis performed in the present thesis, in accordance with the
recently delivered Energy Strategy of Romanian Government which pleads in the favor of the increasing role of domestic coal ,
mainly the lignite in the total national energy balance.

From the point of view of the technological infrastructure, it must be noticed that the main equipment asset is obsolete.
Maintaining them in operation implies major works of rehabilitation in order to replace the worn parts and of modernization in
view to increase their performance.

Previous experience has shown that only the increase of technological level of the equipment is not enough necessarily the
needed outcome in terms of performance as it is stated in the prospects. This implies that beyond the modernization and/or
replacement of assets, the connected technological problems must be solved, among which the adaptation of the equipment to the
operating environment, reduction of downtimes through an appropriate maintenance policy, correlation of the equipment chain
parameters, improving operational management, making flexible of production lines, adapting the production capacities to the
variations of the demand and management of intrinsic process variability are the main actions to be performed.

All these aspects are related to the technological components of the restructuring, which is one of the main topics of the
process.

Correlating the data regarding the coal industry evolving trends, and the energy policies worldwide, taking account the pro
and counter coal utilization increase arguments, we can conclude that worldwide, as in Europe and Romania, the coal will play
an important role in the energy mix due to its important reserves, relatively uniformly distributed, and at accessible price and the
inherent evolution of the extraction and beneficiation technologies towards the reduction of its aggressiveness against the
environment.

The main idea related to the restructuring of Romanian coal industry issued from the new “Strategy of Romanian Coal
Sector Development” is that the future development of the Romanian coal sector follows the resuscitation of overall activity in
view to cover the internal demand of solid fuel in a perfect compatible way with the requirements of the European energy market.

The low technological level, the difficult and complex geological mining conditions, the oscillating shape of the demand
curve and of the market price, the quasi permanent financial blocking imposes the restructuring of all components of the coal
industry, i.e. technical, technological, managerial and financial ones.

All the delivered strategies consider the coal as an important and indispensable element of the energy strategy, at medium
and long term, and place the technological issues of the restructuring process among the first ones.

In the coal industry restructuring, the synergic combination of technological, economical, environmental and social aspects
is compulsory, deals with the main conceptual elements of the technological restructuring which the aim is the improvement of the
technical and economical performances of the involved production systems.

The theoretical background of the technological systems modernizing is able to scientifically fundament the restructuring
solutions in the case of coal mining production systems.

The main ways towards the technological restructuring of these systems were request to be treated in a different way the two
representative issues, i.¢. the technological systems for underground hard coal mining and the open pit lignite extraction.

For the first topic, a theoretical study of the underground longwall fully mechanized faces performance, in a multi-criterion
approach can be an example of scientific approach, and the implementation of top coal caving fully mechanized technology can
be a possible solution of technological restructuring,

For the second topic, the open pit lignite extraction technology, the methods to support the rehabilitation, reengineering and
modernization of the assets and the open pit mine layout redesign are to be considered.

In this respect, studies were performed in order to delivery some models assisted by computer applications towards
detailing several aspects of the optimization of technological processes from coal industry in view to improve their performance
in the framework of technological restructuring process.

Starting from the idea , widely disputed in the literature that in the process industries and namely in the coal mining industry
the production processes are characterized by an accentuated variability of outputs, an analysis of this phenomenon was
performed using new analytical tools.

In this sense, a classification of the variability sources was realized, which were explicited using the probability
distribution representation. Due to the randomness of the variability sources — the intrinsic process variability and the external
factors induced variability — it was concluded that these phenomena can be described using the concepts of uncertainty theory.
For this reason, using ina new context the concepts and relations issued from the process reliability theory, simulation models
in conditions of uncertainty of continuous production systems used in coal industry can be delivered.

Another kind of models of simulation of production systems operation which is taking into account the statistical



distribution of the duration of operation with imposed succession and parallel deployment as in case of underground longwall
faces in which the operation of the three main equipment is realized in partially superposed, can also be delivered.

In this kind of models inter-conditional dependence between different operations is modeled using graphs, and the critical
path method, but taking into account the influence of the random character of the duration of each operation.

As results, having the panel width as independent variable, we obtain the working cycle duration which is the base for
calculating other face performance metrics.

The face performance is influenced by a large variety of factors, having different nature, with inter-conditioned and even
contradictory action, direct or indirectly affecting the result. In order to describe the influence of these factors on a significant
performance metric, such as the face advance rate, multi-criterion analysis allows to establish the optimal advance rate in
different conditions.

The use of such methods and models allows to establish the technical factors (e.g. the yield capacity of the cutting machine)
geological mining ones (methane flow from the face) and economic ones (realizing a requested output) which are limiting
upward or downward the face advance rate.

Defining and quantifying the technological aspects of the coal industry restructuring lead to the approach of the
following elements :

-upgrading and/or renewing the asset inventory with correlated solving the related technological adaptation problems;

-adapting the equipment with the concrete geologic/mining conditions existing in each coalfield;

-reducing the downtimes of equipment by an appropriate maintenance policy;

-correlating the equipment in the production lines;

-adopting operative management measures;

- making the production lines flexible in view to adapt the production capacity to the variation of the demand fluctuations;

- managing the intrinsic variability of production process.

In a scientific approach, these issues can be solved when using up to date asset management and industrial engineering
tools, such as:

Simulation models in conditions of uncertainty of the contimious production systems from coal industry, using in a new
context the concepts of process reliability theory;

Simulation models of operation of production systems, which is taking into account the statistical distribution of the
duration of operation with imposed succession and parallel deployment as in case of underground longwall faces in which the
operation of the three main equipment is realized in partially superposed, imposed by the technology

Multi-criterion analysis based models which allows establishing the optimal advance rate in different conditions, such as
the output reduction need by lack of demand or upstream downtime in order to ensure a hazardless low advance rate to avoid
harmful effect of roof convergence on the support shields.

References: 1. Pavoviic, V. — Continuous mining reliability and capacity. Minres.eng. vol 2, no 3, 1989. 2. Hackett, C, S. - Environmental and Natural
Resources Economics, - Humbold State University, 2003. 3. Fisher, C, A. - Resources and Environmental Economics, - Cambridge University, Press, 1981. 4. [ias,
N., Andras, I, Gaf-Deac, I, Gruneantu, I, llias, L., Mihaileanu, A. — Analiza corelatiei dintre consumul de produse minerale si dezvoltarea economica —
Buletinul AGIR, nr. 4, 2006.

S. Puchikov, L.A., - Consmuption of-mineral products and macroeconomics: the strategic analysis, - Gornai Jumal, nr1/2006, Moscow. 6. llias, N., Gaf-Deac, .
L, Cioara, I, Capotescu, I. M., - Opportunity costs in natural resources exploitation and valorization — International Conference “Economic Growth in Conditions
of Internationalization”, Chisinau, 2007.

ITocmynuna ¢ peoxonnezuio 15.05.2008



YAK 621.923:621.90.17

C. M. bparan, a-p texs. Hayk, FO. K. HoBoceioB, a-p TexH. Hayk,
H. A. Munaes, CepacTomnons, YkpanHa

PA3PABOTKA MATEMATHYECK O MOJEJIN POIECCA JIEK TPOXHMHUYECKOTO NITAD®OBAHUS JJIST
OBPABOTKH ITPENU3HOHHLIX JETAJIEA IPHEOPOB

The article is devoted development of mathematical model of process of the electrochemical polishing for to high exactness treatment of non-rigid
details, workings at the variable sign loading, in the devices of fine mechanics. The results of researches are in-process presented as evaluated by the capacity
of wares, treated this method of polishing.

Beeoenue

OI[HOfI U3 OCHOBHBIX 33041 MAIMMHOCTPOCHHU A ABJIACTCS MOBBILICHUC MMPOU3BOAUTCIIBHOCTH TCXHOJIOTHICCKUX IMTPOLCCCOB
HA OCHOBC KOMIUICKCHON AaBTOMATH3AIMM, CO3JAHHS ABTOMATH3HPOBAHHBIX ITPOM3BOACTB M INPOTPAMMHO-YIPABISICMOTO
obopyzoranms. OcoOCHHO aKTyaTbHA 3TA 337a4a IPH MPOM3BOACTBE MPEIHU3HOHHBIX IPHOOPOB TOYHOH MEXAaHHKH, HAITPUMED
TAKWX, KaK arkcelIepoMeTphl. TpeOOBAHHE TOBBINICHHS INPOM3BOAUTECIHHOCTH IPH OOpadOTKE AeTalel TakuX HPHOOpPOB
couyeTacTcs C TpPeOOBAHHEM TIIOBBIICHHA KauecTBa OO0OpaboTKH mOBepxHOCTEH. OMHOBPEMEHHOE MOCTIDKCHHE 3THX
MOKa3aTeeli MOXKET OBITh OOCCHEUCHO TOJBKO 34 CUCT TNPHMCHEHHS HOBBIX IPOTPECCHBHBIX METOAOB 00pabOTKH W
ONTHMAIBHOTO YIIPABICHUSA TEXHOJOTHYCCKUMH onepanusaMu|1].

B kauectse HIIMIOCTPAIUHU PACCMOTPUM TCXHHICCKHC Tpe60BaHI/I}I H BO3MOXHOCTDH PCATHU3AINAN ITHX Hal'[paBJ'IeHI/Iﬁ Ha
nmpuMepe 00paboTKH MASITHUKOB aKCEICPOMETPOB, IMPEACTABILIIONMX COO0H KOHCTPYKIHIO, BBITOJHCHHYIO B BHJC IUIOCKOTO
TENa CIOKHOH KOH(Hrypauuu ¢ (PaCOHHBIMH IMOBCPXHOCTSMH, M3TOTOBICHHBIMH IO 5 -6 KBAIHTETaM, C INEPOXOBATOCTHIO
noBepxHocTu Ra=0,16 - 0,8 MKM.

[Ipumep TakolH KOHCTPYKUMH TpHBEAEH Ha puc. 1(a,0,8.). TpamuumoHHO a1 00padOTKH JeTajnc JAHHOTO Kiacca
HCTIOTB30BATICH MCTOABI a0pa3sHBHO-aIMa3HOH 00padoTku [2]. OOpadoTka mum()OBAHHCM MASTHHKOB akcenepomerpa JA-9
COTIPOBOKIACTCS OOIBIIMM KOJIMHECTBOM JIOBOJOYHBIX ONEpaIMi, TPEOYET BHICOKOTO HHAMBHIAYAJIbHOTO MACTEPCTBA PadOUETo.
[Tpu 3TOM CTAOMIBHOCTH KaYECTBA TOTOBBIX AeTanci cocrapmwieT 13 - 15% ot o0mero xommdecTsa 00pabOTAHHBIX H3ACTHH
MPH TPYAOSMKOCTH onepanmii 1-3 1aca Ha OJHY ACTaNb.

AHaTH3 TATCPATYPHBIX JAHHBIX [3,5] MO3BOMCT CAETATH 3AKMIOUCHHE, YTO OJHHM W3 OCHOBHBIX HAPABICHUH CO3IaHHUA
VOPaBIICMOTO Tponecca 00padOTKH SABIACTCS KOMOMHHUPOBAHHOC MITH(OBAHHC B TMACCHBHPYIOIMX cpeaax. [Ipm 3tom
COBMCIICHHE IPOLECCOB CYIIECTBEHHO IMOBHINACT BO3MOXKHOCTH VIIPABICHHWS OIEPAlMEH, TAK KAaK YBEJIMUMBACTCSA UHCIIO
VIIPABJLTIONMX BO3ACHCTBHUN M MTOAOMPACMBIX BXOTHBIX IEPEMEHHBIX.

Janubii crocod (opMooOpa3oBaHuA OO0CCICUMBACT BBICOKYIO TOYHOCTH 00paboTKH (5 - 6 KBAMHTCT) W HH3KYIO
IepOX0BaToCTh MOBEPXHOCTH (Ra=0,16 MKM), TUIICH OOIBIIMHCTBA HEAOCTATKOB, MPUCYIIMX OCTAIBHBIM METOAAM (PMHHINHOH
00paboTku, U ABIAeTC Hanbonee 3pPexTuBHbM 11 (HOPMOOOPA30BAHNS MPCHH3HOHHBIX TOBCPXHOCTCH.

OnHako JanmpHEHINEE pacImMpeHue Cep UCTONB30BAHMS METOJA CACPKUBACTCS OTCYTCTBHEM (PH3MUESCKUX aACKBATHBIX
MareMarn4IeCcKUX MOJIEJCH TAHHOTO MPOLECCa.

[NosToMy 1embI0 JaHHOW pPadoTHI SABIACTCS Pa3padOTKA MATEMATHYCCKHX MOJCICH CheMa IPUIYCKA HA ONMEPAlsIX
KOMOWHHPOBAHHOTO NITH(OBAHUS B MACCHBHPYIOMIMX CPCIAX.

COXHOCTDH BBIPAOOTKH CTPATCTHH PANHMOHATIBHOTO YIPABICHHS 3aKIIOYACTCS B CIOKHOCTH CaMHUX (DH3HUCCKUX
MPOIIECCOB 00PA30BAHMS MOBEPXHOCTEH, CBI3AHHBIX C OONBIIMM YHCIOM TEXHOJIOTHYECCKHX (DAKTOPOB, C IIOMOIIBI0 KOTOPBIX
MOYKHO M3MEHSTH APaMETPBI 3TOTO IPOIIECCa.
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Puc. 1. Ilpumep oOpabaThiBaeMBIX MTOBEPXHOCTEH.

OcHognoe cooepoicanie pabomul

J14 mosyueHHa MaTeMaTHYeCKOi MO, MO3BOJLIOIEH pacCUUTHIBATh ChEM MarepHala MPU AHOJHO-MEXaHHYECKOM
U ()OBAHMM, PACCMOTPHM IIPOLIECC B3AMMOJCHCTBHS aOpa3MBHOIO HMHCTPYMEHTA C 3arOTOBKOM HA MHKPOYPOBHE IIPH
B3aHMOJCHCTBHHE JNICKTPHUYESCKOTO MOJI Ha 00pabaThBacMyt0 IOBEPXHOCTh C 00pa30BAHUEM HA HEl MAaCCHBHPYIOIMUX MICHOK.
INpu aHamu3e yYUTHIBAEM LMIEPOXOBATOCTD MOBEPXHOCTH, C()OPMUPOBAHHOMN HA MPEABIIYIIMX PAO0OUYHX MTPOXOAAX.

[Ipn KOMOWHHUPOBAHHOM NIH(POBAHUM CBHEM MATEPHATa MOXKET IPOTEKATh 3a CYET AHOAHOIO PACTBOPEHHS

00pabaTsBacMOTO METAJLIA Qﬂ:r, MHKPOPE3aHUS MOBSPXHOCTH 3aTOTOBKH 3CPHAMH HHCTPYMCHTA Quu’, yAaJCHUE METasIa
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W3BecTHO, UTO MPOLECC AaHOAHOTO PACTBOPCHHUS MCTAJIIOB MPH AHOTHO-MCXAHIYCCKOM IITH()OBAHHH HOCHT AUCKPCTHBIN
XapakTep B KAKIOH JOKATHHON 00IACTH MOBSPXHOCTH aHOAA. BCACACTBHC 3TOTO HCTIOIB30BAHHSA HMITYTHCHOTO HATIPSKCHHS
HC YIYYIRACT MOKA3aTCIH 00pabOTKH MO CPABHCHHUIO C HCHOJIB30BAHHCM TCXHOIOTHUYCCKOTO HampspkeHuU:A|3]. Takum o6pasom,
TIpH JaJbHEHINEM aHATH3E Ipoecca OyIeM paccMaTpHUBaTh BO3ICHCTBHE MMOCTOSHHOTO TOKA HA IOBEPXHOCTH 3aTOTOBKH.

JonycTum, YT0 peaabHBIH MPOICCC AHOTHO-MCXAHIYCCKOTO IITH(OBAHMS MPOTCKACT MPH YCIOBHAX, KOTIA:

1. OTCYTCTBYOT JJICKTPHYUCCKHC AYTOBBIC Pa3psaabl MEKAY 3JICKTPOAAMH H, COOTBSTCTBCHHO, JJICKTPO3IPO3HOHHAS

KOMITOHEHTA CheMa 23# |

2. OOMEH JNEKTPOJIMTAa B PEAKIMOHHONH 30HE JOCTATOYHO OOWJBHBIA M IPOIIECC AHOTHOTO PACTBOPCHHUS HE
JUMHUTHPYETCS AKTOM OTBOJA MPOAYKTOB PSAKLHHU OT MOBEPXHOCTH AHOAA.

YunThBasT KOHCTPYKTHBHBIC OCOOCHHOCTH OOBCKTA MCCJCIOBAHHS, OCTAHOBUMCS HA CXEME BPE3HOTO NUIH(OBAHUSL.
OcCOOCHHOCTh 3TOM CHCTEMBI 3aKIIIOYACTCS B TOM, 4TO 00padarbBacMas MOBCPXHOCTh MOXKECT KOHTAKTHPOBATH C KPYIoM
HEnpepsIBHO. M3BECTHO, YTO TIPH BO3ACHCTBAH 3ICKTPHUCCKOTO MO B MACCHBHPYIOIMX CPelaX, TAKHX KaK JKHIKOS CTEKIIO,
BOAHBIC pacTBOpel comed NaNO;, NapSO4 W T O , HAa TOBSPXHOCTH 3arOTOBKH (AHOAA) MPOHCXOAHT OOPA30BAHHC
HEPACTBOPUMBIX, BBICOKOOMHBIX MACCHBUPYIONMX IUICHOK Y 3HAYUTECIBHON IPYIIBI METAIIOB U CIIABOB, HAPUMED, Y CTAICH,
OCpHIUTHEBBIX OPOH3, JNATYHEH, THTAHA W Ap., YTO MPHBOJMT K CHIJKCHHUIO (TOPMOYKCHHIO) CKOPOCTH AHOJHOTO PACTBOPCHHS
METaJIa 0T MAKCHMAJIBHOTO 3HAYCHHA 10 HY/I1. C HACTYIUICHHEM MOJTHOM MACCHBALIMHM ITPH KAK HA3BIBACMOM MOTeHImae Oname
AHOJHOE PACTBOPCHHUE METAJLIA MOJIHOCTBEO peKpammaeTcs [3].

CKOpoCTh AaHOTHOTO PACTBOPCHHS METAUIA B NACCHBHPYIOLIMX CPeJaX SKCIOHCHIHAJIBHO 3aBHCHT OT BPEMCHH
00paboTKH (CM.PHC.2) B OMPEACTACTCS BRIPAKCHHCM

O() = cxe™0), 1)
rae © - MTHOBCHHAS JIMHEHHAS CKOPOCTh AHOAHOTO PACTBOPSHHS METANIA, t- JAHHBI MOMEHT BPEMEHH, ¥ - BpeMsI aKTHBALIHA
TMTOBCPXHOCTH 3aTOTOBKH, & - KO3(P(PHUIMCHT MACCHBALIHH.

IlomHOXkHUB BeIpazkeHuE (1) HA Y pif , IOJY4MUM CBhEM, BbI3BAHHBIN AHOAHBIM PACTBOPCHHEM METAJUIA HA JIEMEHTAPHON
TIOIIAIKE
A0y, = (1) 5, = 5, -c-af-exp[-af-1)],

rac Sﬂ— IIOAAb SHGMGHTapHOfI TUIOMAAKH.

B cBorO ouepenp, JTOKATbHAS JTHHCHHAA CKOPOCTh AHOJHOTO PACTBOPCHHOTO METAJIA MOKCT OBITh BBIMHCJICHA MO
3aBUCUMOCTH [3]
C=E,XI XN ,

100

g

(- .
e J - IMHEHMHBI JMEKTPOXMMHUYECKUM SKBHBAJCHT CILIABA, G - TPOLCHTHOE CONEPYKAHKE OTACTIBHOIO KOMIIOHEHTA B

crinaBe, %7 —3eKTPOXMMHYCCKE SKBHBATICHT KOMIIOHCHTA, | — ITOTHOCT TOKA, 7 — BHINO TTO TOKY.

[Ipn aHOmHO-MEXaHUYECKOM NUTM()OBAHWH MACCHBALMS COIPOBOKIACTCS aOpa3MBHBIM BO3ICHCTBHEM HWHCTPYMEHTA. B
pesynsTate cpesaHMs >neMcHTapHoM miomamkd 43 aGpa3uBHBIM 3epHOM MPOMCXOAMT NOKANBHAS AKTHBAIMSA AHOTHOM
MMOBEPXHOCTH, TO €CTh MOCIC IMPOXOXKIACHMS aOpa3WBHOTO 3€pHA HA 3ICMEHTAPHON IUIOIAJKE AHONA BOZHUKACT AKTHBHAS
30HA, B PE3YIBTATE YETO MPOMCXOTUT YMEHBIICHHUE MOJSPU3AIMH W IIEPEPACIPENCICHIE MAACHHS HANPSLKCHUS MEXKIY IPH
AQHOMHOW O007aCTBE0 M clOoeM 3iekTpormTa. CABHT NMOTEHIOHANA B OTPHUATCIBHYIO CTOPOHY AKTHBH3HPYET IIPOLECC
PacTBOPEHHSI METAIIA, OJHAKO 3aTPYAHSCT NPOTCKAHWE HA AHOJAEC APYIHX IMPOIECCOB, TPEOYIOMMX OONBIIMX 3HAYCHHH
TIOJLIPU3ALIHHL.

T0 BBHIPAYKAETCA B IOKATBHOM YBETMUYSHMH BBIXOJA MO TOKY 7.

BpeMs akTHBHOTO PaCTBOPCHHSA COCTABIICT BSIMHMHY IMOPSAKA HECKOIBKHX MKC. M 3aBHCHT OT COCTABA HJICKTPOIUTA U
Marepuana o0padaTbIBACMOH ACTATH.

ITnoTHOCTH TOKA B AKTHBHOM 30HE (IE Cpe3aHa IUIOAIKA) BO3PACTACT, B MACCHBHOM (IIE IUIOMAIKA HE YIAJICHA) MAJAcT B
pe3vAabTaTe mepepacpeicICHUS 3KBUMOTCHIUAIBHBIX U CUJIOBBIX THHUN 3JICKTPUYECKOTO MO (CM. pUC.3), MPOHCXOMAIETO H3-3a
PA3IHHYS P AHOTHBIX MOTCHIMAIIOB B 30HAX. [IpH 3TOM YMEHBIIAFOTCSI PA3IHYHBIC IIOO0UHBIC PEAKINH B IACCHBHOM 30HE.

[NosTomy Aarke mpu MPUMEHEHUH TTACCHBUPYIOIMX 3JICKTPOIUTOB CYMMAPHBIH BBIXOJ IO TOKY OJIM30K K CANHUIIC.

Tlo 310l sk MpUYKMHE C POCTOM HANPSDKEHHUS HA HJICKTPOJAX YBEIMYUBACTCA BBIXOA IO TOKY [3].

JlaHHBIC 3aKOHOMEPHOCTH MOATBSPIKIAKOTCA SKCIICPHMCHTATIBLHO TIPH 00paboTKe OCPHIITHEBBIX OpoH3 (CM. puc.4).
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Puc. 2. 3aBucumocts ckopoctu |
Puc. 3. Pacnpenenenue cunoBbIxX TMHUN -
aHOJHOTO PacTBOPEHUS OT BPEMEHHU B
O6pa6OTKI/I B [TIACCUBUPYIOIIUX Cpeaax AKTHBHas 30Ha aHOJAHOIO pacTBOPCHUS, —
[

TNaccuBHas 30Ha aHOAHOIO pacTBOPCHU, =

f
CHUJIOBBIE IMHUW B aKTMBHOM 30HC, C =
CHUJIOBBIE IMHUHU B NTAaCCUBHOU 30HE

n—>1

Cumras, 4ro BBIPOYKCHUE JJISI pacyeTa MTHOBCHHOW JIHMHECHHONW CKOPOCTH AHOAHOIO PACTBOPCHHUSI METaIa

samumercst © T €4 . JlomycTEM, YTO peabHBIA MPOLECC COMIACYETCS ¢ 3akoHOM OMa, TOrZa TOK B UEMH JIEKTPONHTA
BBIMHCTIACTCS 0 H3BSCTHOM 3aBUCHMOCTH

Z XU u

===

R

rac ¥ — MAJCHHC HANMPSDKCHHS B ICTIH, A_ CONMPOTHBIECHAE MEKIICKTPOTHOTO 3a30pa, © — MEKINEKTPOTHBIA 3a30p, Z —
JNEKTPOMPOBOIHOCTD 3NCKTPOIHUTA.

RT3z D
e v X
B wuccaemosanusx [3], mo R V4, JYYCHO BBIPAKCHUC JUIA OMPEACICHUS 3JICKTPOIMPOBOJHOCTH C YUYETOM
Ta30BbIICICHIL
R-T,-z-D
Z = Zp eXp-— 3—",
2F, -V o

T,

rae K — yHuMBepcambHAs ra3oBas MOCTOSHHAS, *2— TEMIIEPATYPa 3MCKTPOIHTA, D— Ko3()(HULHEHT, YIUTHIBAOMMI JaBICHHE

BOZIOPOJA B TA30BBIX My3BIPHKAX, Fy _ romcranta ®apazes, “:— WIOTHOCTH Tasza, Z0—

QJCKTPOJIHTA.
Ha ocHOBaHHH BBIIICH3I0KCHHOTO BBIPAKCHHUC UL pacucTa ChEMA MCTAJIA, BBI3BAHHOTO AHOAHBIM PACTBOPCHHUCM HA
3J'IeMeHTapHOI\/’I IIOAAKE, 3AITHINCTCA:
Eq U Zp- S, - Af
A Q ( f.v) - ; a

yOCbHAS DICKTPOMPOBOIHOCTH

exp[—x—a(t—r)]

>

e ﬁQ(tj — CKOPOCTb PACTBOPCHHS METAJIIA HA 3ICMCHTAPHOH TIIOIAKE.
Ipu mpoxo:KACHUE a0pPa3HBHBIX 3CPCH UCPE3 YPOBCHb HAa 00pabaThIBACMON MOBEPXHOCTH OOPA3YIOTCS 37ICMCHTAPHBIC

TIOMAKH. €CIH H3BECTHO YUCIO Maomanok DN | BO3HHKAOIMX B M0G0H MOMEHT BPEMEHH, TO MOYKHO BBIMHCITHTD
- ¢ . . .
AQoy =[AQ(r") 5, -AN(r)] Af , @
rae 4 - ymcno mnompaok, 4f — mpupaleHuE BpEMEHH.

ENMHCTBEHHOH HEH3BECTHOM BeIHMUMHON B ypaBHeHmH (2) sBmserca 4N - upcio MuomANOK, BO3HMKAIOIMX B THOOOM
MOMEHT BPEMCHH.

JUIe TOMydYCHHS 3aBHCHMOCTH, MO3BOJMIONICH PACCUMTHIBATE KOJHYCCTBO IDIOMAIOK, BO3HHKAIOIIMNX B JHOOOH
3aJaHHBI MOMEHT BpeMerH ! | paccMoTpuM puc.S.

’-
Lo

Puc. 4. 3aBucuMocTh BBIX0OJA 11O TOKY OT Puc. 5. Cxema k pacuety
HanpspkeHUS Ha dnekTposax U s feTaneif us SIEKTPOXMMHUIECKOTO cheMa MeTalna ¢
OepunnmeBoit OpoH3el U ctamu 30XH2M®OA y4eTOM OOHOBIICHH SI TOBEPXHOCTH B

(6e3 yueTa abpasuBHOTO BO3/IEHCTRUS) pe3ynberaTe abpa3suBHOTO BO3AEHCTBHSL.



fo Yepe3 pacCMaTpUBAEMBIN YPOBCHb 3aTOTOBKM HAYMHAIOT IPOXOAMTH BEPIIMHBI HAHOOICE

IIycts B MOMEHT BPEMECHH
BBICTYIAOIMX a0Pa3HBHBIX 3¢PCH.

B caydac xoHTakTHpoBaHHA aOpa3sHUBHBIX 3CPCH C MCETAJUIOM HA €T0 MOBEPXHOCTH MOSBISIIOTCA 3ICMCHTAPHBIC
maonpaku. OTHAKO BCICACTBHE HAJIOKCHHS CIMHUYHBIX CPE30B APYT HA JpPYyra V 3HAYHUTEIBHON HYACTH 3€PCH KOHTAKT C
MarepuanoMm Oymer HemouHbIM. OH PacIpOCTPAHHUTHECS HE HA BCHO MIMPHHY aOpa3uMBHOTO 3epHA. [lpyras yactb aOpa3HMBHBIX
3epeH BOOOIIE MOMAJACT B CAMHUYHBIC PHCKH. B 3TOM ciiyuac miomaaKu He 00pasyroTcs.

YHrcno 3epeH, KOHTAKTHPYIOIMX C MAarepHanoM, POTIOPIHOHATFHO BEPOATHOCTH €TI0 HE YAAJICHHSA, TO €CTh HA OCHOBC
aHATH3a BEPOATHOCTH KOHTAKTA BEPIIHH 3EPEH C MATEPHAJIOM MOXKET OBITh BBIMHCICHO KOMHYCCTBO IUIOMATIOK,
o6pasoBaanxc;1 B MOMCHT BPCMCHH t. BepO}ITHOCTI) TOABJICHUS IJIOIAAKHA PAaBHA BEPOATHOCTH CO6I>1TI/I}I, 3AKIIOYAOIICTOCA B

TOM, 4TO TOYKA MPOQUI 36pHA MPOUIET uepe3 Metasmt. Ecu, manpumep, 3a Bpems Dt yepes yposens 44 pacnonokeHHBIH B

npenenaxt =0 1o ¥ = s mpoiiner 44 sepen, TO YHCIO MOABIAOMIXCS TIOMAIOK GYACT PABHO:
By= 42 P()

rae F (M) - BSPOATHOCTH HE YAAJICHHS MATCPHAa B MOMCHT BpeMeHH t Ha ypoBHe W
OnHAKO YaCTh IUIOWRIOK, OOPA30BABIIMXCS B MOMCHT BpcMeEHH t, MOMagaeT ¢ yueroM MEpeKpBITHA B 30HY OCHCTBHS
OZHOTO M3 3¢PCH H MOKET OBITH CPEe3aHa B IFOOOH MOMCHT BPEMCHH
t'=t-r
rae ! — qaHHBIH MOMCHT BPEMCHU, ' BpeM: CYLIECTBOBAHUA IIOLIAIKH.
OueBHIHO, A8 TOTO YTOOBI OMPEACTATH YHCIIO IUIOMANOK B JIOO0H MOMCHT BPEMEHH /, HY)KHO JOMHOKHTb BEPOATHOCTb

TOABCHNS IVIOMAAKH » Ha BEPOSTHOCTb COOBITHS, 3AKIFOUAOIIETOCS B TOM, UTO ILIOMAIKA, 00PA30BABIIAACS 3a BpeMs & T

Ha ypoBHe W | He OyaeT cpesaHa.
¢
AN(t') =A% P{R). Py (A1) -
Fe (B _ 5 At W s G
e BEpPOATHOCTH TOTO, YTO ILIOMIAIKA, 00pA30BaBIIAsCA 32 BpeMa 4T Ha ypoae W He OymeT cpesana.
Yucio 3epeH, MPOMEIIIX Yepes CEUeHHe W 3a Teprom L T | BRIMHCIHAETCS TI0 IIIOTHOCTH PACTIPEICTICHHS

ﬂzi,,=Vx-n,»f(uj-é.uﬂt,

rae "™ - KOMMYECTBO 3epeH B enMHHLE 00BEMa PAbOYEro CIOS MHCTPYMEHTA, X — PACCTOSHHE OT YCIOBHOH HAPY/KHOM

TMOBCPXHOCTH HHCTPYMCHTA A0 BCPINWHBI 3CPHA, Vk — OKPYKHaA CKOPOCTb HHCTPYMCHTA.

Anmpoxcumupys (PYHKIHIO pacTpeacIcHus KOIHUECTBA PAOOUIX 36peH HHCTPYMEHTA J (u) CTCIICHHON 3aBHCHMOCTBIO

X,’t’ u;r—l
Hy

BHOA LJOTIY UM

x —
u” ldu At
H X

B 5 €
rae Hy _ perwamma cros paboucii MOBEPXHOCTH KPYTa MO TIyOMHE, B MPSACTAX KOTOPOH MOACUHTHIBACTCA UHCIIO A0Pa3HBHBIX
3epeH 113 , 4 — MOKA3aTeNb CTETCHH.

Ilocne MHTETPUPOBAHUA N0 1 3aBUCHMOCTS (4) MPHUMET BHA;

W
A= Vk n3é

V. on, -W*
Afom % At
Hy : &)
BepOsTHOCTb HEYIATCHHS MATEPHAJIA B MOMEHT BPEMEHH T HA YPOBHE W  OIpPEAEIAETCS 3ABHCHMOCTBIO |
P(Iﬁf) = exp[—a(}’;f)] ©)

f

rae a(y;7) . CyMMa TIOTIEPEYHBIX CEUEHHH 3€PEH Ha YPOBHE W 32 BpeMs oT ‘8 10 T OMpPEeAemsIeTcs BHIPAKECHAEM:

alyie) =k by ()2
e e KOO(PPUIMEHT  CTPYKKOOOPA30BAHMA, A  —YMCIO 3€PEH, MNPONEMIMX YEPE3 EIMHHYHOE CEUCHHE,
b, +h,.+..+h
El31 32 b3n
50 = .
n - mupuHA mpoduiIeH abpa3HBHBIX 3CPEH.
[Tpu anmpoxcuMaruy mpoQuist 3epHA CTENICHHOH 3aBHCHMOCTBIO (B MMPOCTEHINEM CIIydac MapadoIonI0M BPALICHHUS)

53 [y)=cb[r¢—y—u:r,
o

e “&,M - kod(@uuueHTH GopMbI 3epHa, ¥ — PacCTOAHHE OT HAPY/KHOM TOBEPXHOCTH 3arOTOBKH 0 PACCMATPUBACMOTO
YPOBHSL.

14

. L
kﬁr.

r (v
3aBpeMs 4T yepes MOBEPXHOCTH 3arOTOBKH MPOXOIUT YYACTOK C ATHHOM IyTH

W3 oOmero umcia 3epeH, MpomeJmnX Yepe3 CeUCHHUE, MUPUHY PO (HIst blr) OyIyT MMETh 3€pHA, BEPIIMHBI KOTOPHIX



. . . L
Db Py A" Yyeno Takux BEPIIMH BRYMHCCTCS 110 ITIOTHOCTH PACTIPEACIIC HIL O

b=y Vi f(u) du-bet

PACIIOJIOKCHEL B CIIOC KPyTa

ba(y;t)

TTocne BHIMOTHEHHUS COOTBETCTBYIOMMX MOACTAHOBOK MOTYYHM BbIPAKEHHE TS PACUETa
‘ m ]
ﬁa(y,r):kc~n3~VK~Cb[f¢ -y-ul” f(u) hu Ar

[pu ycraHOBHBHIEMCS MPOIECCE AHOTHO-MCXAHHYCCKOTO NUTH()OBAHHA pasMep ACTANH H3MCHACTCA HCIPEPBIBHO H
MPONOPIMOHATLHO BPEMEHH 00paboTku. JIId y4acTka MOBEPXHOCTH, PACTIONOKEHHOM Ha paccTosHHE + OT 6a30BOM

TJIOCKOCTH, MATCPHATT HAYHHACT YAAIATHCA B MOMCHT BPCMCHH fﬂ , KOI1a BCPIIMHBI HauboIee BBICTYITAKOIIUX 3CPCH HAYHHAKOT

MPOXOTUTH YEPE3 PACCMATPHBACMBIN YPOBEHb. MaTepHal HOTHOCTHIO YAAACTCS MOCNE BBIXOAA 3¢PHA M3 30HBI KOHTAKTA.
Tlepexomst OT AMCKPETHOH MOAETM K HEMPEPBIBHOMN, MOJYYMM HHTETPAJBLHOE YPABHCHHE, ONMPEACTAIONIEE HW3MECHEHHUE
MmapaMeTpa BEPOATHOCTH B 30HE KOHTAKTA JAETAJA C KPYTOM B MOMEHT BPEMEHH T Ha ypoBHE W :
r
- S}, T )
ﬂ(}’;f)=n3~V;c~kcJ Ol by - f (u)-du-dr
0

Anmpoxcumupys (QyHKOUIO pacmpeacicHUs ¥ (u) CTEINCHHON 3aBUCHUMOCTBIO, IOCIC MHTETPHUPOBAHMA MO ¥ ® T
TTOJIYYHM:

e ‘Cb -f(m +1).I'(x)-n3 .Vk .[Sy (f—fo)]x"'mﬂ

aly;t)=
s) H (m4x+1)-T(x+m+1)-5y
rae r (m"' 1);f (o r (x+m + 1) - 3HaueHWs ['- QyHKUmIA; SJ‘ - CKOPOCTH ABIDKCHUS paboucH MOBCPXHOCTH HHCTPYMCHTA B
MATCPUATIC 3aTOTOBKH B HAMPABICHUHA MMOOATH.
O0o3HAIAM:

k)

b

X fp - G -J"(m+l)AJ"(x)w,_;;-V}C
COH, (xem41) Txem+1) T Q= A5

f0 - MOMEHT IIPONOSKICHHS YCPE3 YPOBCHE IEPBOTO 3¢pHa, (POPMYIA TS pacyera a(y:7) OPUMET BHL,

a(y;t)=A~.S’,""-t"'“. )

ToncTasus (7) B (6) , MOJIY4YHM BBIPAXKCHUS UL PACUCTA BEPOATHOCTH HEYAAJCHHUS MAaTepuaia B MOMCHT BpeMeHu t Ha
yposre W

YuuTeBas, uro

P(if) = exp[—Qf"H]. ®)

Py {ﬂ‘? ) W A '
BeposaTHOCTS TOTO, YTO MIOMRAIKA, 0GPA30BABIIASCA HA YPOBHE W 3a Bpems 4T | He GymeT cpesaHa 3a Bpems ©
, MOYKHO BBIMHCITATD:

Py (#1) = exp[-a(c)] = exp[-a(t)-al(r)] )

BomonHuB aHATOTHYHBIE NMPEOOPA30BAHUS, MONYYMM HHTETPAIbHOC YPABHCHHE, ONPCACILIOIEE H3MEHCHHE CYMMBI
TIONEPEUHBIX CCUCHHMI 36PEH Ha ypOBHE W 33 BpeMs T,
5,0 c 5
a(f)=[ [ &y slu)de™ a(e)=] [ & 1) dc’
c 0 , oo ) (10)
Hcnonesys st anmpokcuManuu nmpoduiaeit abpa3uBHBIX 3¢peH W (DYHKIHMH PACIPEICICHUS CTCIICHHBIC 3aBHCHMOCTH,
nocie uHrerpuposanud (10) moayuum:

_ xke €y Tm+1)-T (x) g ¥ [, e77 p_ k€ T (ma1)-T(x) ¥[8y

b
Hy," [x+m +1)I'(x+m+1)5'y H,* -(x+m+l)f'-(x+m+l:|-5'y
0O003HaIHB Uepe3

a(t)

)

xdy o T(m+1)-T(x) -y V578
Q= HY (x+m+1)-T(x+m+1)-5,

TOIYHM YPABHCHHE [T PACUCTA TIOKA3ATEIS () :
a(z')=a(t)—a[t)=®<r""’“—E)f“"". an

Ilocne moacranoBku (11) B (9) BbIpaKCHHE A1 pacyeTa BEPOATHOCTH HE Cpe3aHus 3a Bpemsa T " mIomanky,
obpasosasielics 3a mepuon 4T ma yposre W | mpumer Bu:

By () = exp[-® [ - ™))
Tloncrasus (5) , (8) , (12) B (3) , mpumemM:

. (12)



) V&n,'[é’fr]’d

¢ . (. L | _m fexted  _xiwd
AN[) 7 { exp[ @1 :| exp[ ® {f T )]
Obosmamm: 17 x+m+l=K
Torga ypaBHEHHUE 1714 pacyeTa AN [t ) , C YUETOM 0003HAUCHHH, IIPUBEACHHBIX BBIIIC, 3AMTUINCTCS:

AN(z) =G t"At exp(-® 1¥) (13)

Tlocne nmoacranoBku (1) u (13) B (2) 3aBUCUMOCTD 11 pacyeTa MPUPALICHUA JICKTPOXUMHUYECKOTO ChEMA METAUIA C
YUETOM OOHOBIICHHS TIOBEPXHOCTH 3a CUET a0Pa3HBHOTO BO3ACHCTBHS 3AIHIICTCS:

AQoy =S, it ¢ emp(-aft - 1)) G- t7AT - exp(-® %)

O603Haumym ~a 4f ¢ G=1L , TOLIa

ADy =L-t" exp(-aft-1)) exq(-O 1) Ar =L ¢" exp(-at + ar - @ t¥) At (14)

IMocme wurerpupoBanuss 1o Tt Bepaxkerus (14) monyduMM HHTETPATIBHOS YPABHCHHC, OIMHCHIBAIOIICE
JNEKTPOXMMHUYECKHN ChEM METaILIA C YYETOM OOHOBIICHHA IIOBEPXHOCTH 3a CUET aOpa3sHBHOTO BO3ACHCTBHA.

&
Doy =1L~ If’ explat —oof - @F%) - dr
7 : (15)
JlanbHeHIIee HHTErPHPOBAHIE BO3MOKHO TOJIBKO IIPH M3BECTHBIX 3HAYCHHAX nokazarencit * u X .
Ipu * =1.5,K =3 pppaxenne (15) npumer Bu:

& &
Qur = L[ ™% a0 = L[ explarr-aut -@f") - dr
) , 2 (16)

VYpasraeHue (16) MO3BOMSIET PACCUMTHIBATH 3ICKTPOXMMHUYCCKUHA ChEM MaTepHala C yUETOM OOHOBICHHS ITOBEPXHOCTH
3arOTOBKHM 32 C4YeT aOpasHBHOIO BO3ACHCTBHA B HOOOH TOUKE 30HBI KOHTAKTa JETalIH C KPYTOM H IIPOCICIUTD
3aKOHOMEPHOCTH CPE3aHMSI IUTOAIOK CAMHUIHBIMA A0pa3HBHBIMHE 3EPHAMH.

ITpumep:

Paccunrars e pH IUTH(OBAHIE ACTANCH W3 MCIH.
Pexxnm o dosaHms;

V. =5m/ic; S, =107 Mm/c;

OI(py)KHa}I CKOPOCTH HHCTPYMCHTA ? CKOPOCTh ABHKCHHUSA HHCTPYMCHTA B HAIIPABJICHUH IIOAAYH ¥ o

. _ _ -1 _ 1
miotHocts Toka =10 A/’ Ke=08 0, =21x1070,  ny=3,2x107 \2 13g xpyroB sepumcrocTsio 250 MEKM.,

- - 10
MekTpoxuMmeckuit dxpuBanent megm & &= Us 021 MMIA MM pacuer pymommmv mpu Fu = 10.87x107m Ar=1e,

a= 0,8, f=lc.

BeMucIuM HHTETPAT YHCACHHBIM HHTETPHPOBAHUEM, HHTEPBA MOUCKA [0;3].

Jannsie pacuera (CM. pUC. 6) MOKA3BIBAIOT, YTO MPH MPOXOXKACHUHM MOBEPXHOCTH 30HbI KOHTAKTA KPyra C JACTAJbEO
CKOPOCTh ChEMA MCTANIA YBCIMYHBACTCS B Mpeaesax (PakTHUeCKOH INMyOMHBI PE3aHHSA 0 HEKOTOPOTO YPOBHS, JOCTHTACT

MAKCHMyMa, a 3aTeéM YMEHBINACTCS MO MEPe MPHOMIDKCHHS K YPOBHIO, COOTBETCTBYIOIIEMY t@; mpubmmKacTcs K Hyo. Ha
OCHOBAHUH JAHHOTO PACUCTA MOKHO MPEAMOIOKHTH, YTO MPH MEPBOM KACAHHH 3arOTOBKH C KPYroM (B MOMCHT BPEMCHH 1) )
Marepuaj HAYMHACT YHAMATHCA. [IpH 3TOM YHCIO POKYOMX KPOMOK, BCTYHAIOIMMX B padory, Oyaer OoJbpme wmCIa
00pa30BABIIIXCS TIOMATOK.

BemenctBre 31010 YHCIO 00pA30BABIIMXCS TUTOMATOK MEPBOHAYANBHO OyIeT VBEIUYMBATHCA. [10CIe HEKOTOPOTO YMCIa
KaCaHHH Kpyra ¢ OCTANb0 YHCIO PEOKYIMX KPOMOK Kpyra, BCTYNAKOIMX B PaboTy, OyAET YPABHOBCHIMBATHCA UHCIIOM
00pa30BAHHBIX 3JICMCHTAPHBIX IIOIIAIOK, 4 3aTE€M CTAHOBHTHCS MCHBIIE.

Takum 00pa3oM, YHCIO OOpA3yIOIMXCSA 3ICMCHTAPHBIX IUIOMAJOK HA IOBEPXHOCTH 3arOTOBKH OyACT JOCTHIATh

MAKCHMYMa, a 3aT¢M YMCHBIIATHCSA M HA TIyOHHC 2 '8 mcno sTHx TIOMAIOK OYACT CTPEMHTECS K HYJIFO.

Ha snexTpoxuMuyecKuii ChbeM METANIa, C YYSTOM OOHOBICHHS IIOBEPXHOCTH B pe3yasTare adpasuBHOTO BO3ICHCTBUS,
OKa3BIBAIOT BIHAHHC BCC pekuMbl mum(oBanusa. C MX M3MCHCHHCM H3MCHACTCS HAKJIOH BO3PACTAIONICH W HHCHANAOMICH
BETBEH KpPUBOH, NMPOTSLKEHHOCTh U MOJOKCHUE MakCHMyMa (cM. puc. 7)Ilpu yBenMYEHHHM CKOPOCTH Kpyrd, CTCICHH
TMACCUBAIIMK 3arOTOBKH, CHIDKCHHH MAKCHMAJTBHOH TIyOMHBI PC3aHHS YMCHBIIACTCSA NPOTSHDKCHHOCTh KPHBBIX, MAKCHMYM

KPHBBIX CMCITACTCS B CTOPOHY MCHBIIHX 3HAYCHUH W .

IMpu & =0 | 10 ecTh KOTIA OTCYTCTBYET MACCHBAIHAS, SICKTPOXHMHYECKHH CHEM METAILTA o MPHUHAMACT MAKCHMAIBHOE
3HAYCHHE IS 3aaHHBIX PSKIMOB IIUTH(DOBAHMSL

i
Qaxa = L[ 7™t

[Nony4yeHHBIC AaHHBIC MOKA3BIBAFOT, YTO HA TPOIIECC CHEMA METAJUIA CYIIECTBEHHOC BIMSHHC OKA3bIBACT ITACCHUBALU,
HMEIOIRASI MECTO TPH AHOAHO-MEXaHH4YecKoM Hmu(oBaruu. C MOBBIICHHEM (ITACCHBUPYIOIICH CIIOCOOHOCTH 3NEKTPOJINTA)
MACCHUBAIIMM YMCHBIIACTCH CKOPOCTH 3JICKTPOXHMHYCCKOTO CBHEMA, MOBBIMACTCS TOYHOCTH 00paboTku. IIpH OTCYTCTBHH
MACCHUBALIMHM TPHBOTUT K PACTPABTHBAHHIO IMOBCPXHOCTH 3aTOTOBKH MO TPAHHLIAM 3CpPCH. [II1 YNPOIICHHUS BBIMHCIICHHI



napaMeTpa Qﬂ' BBCACM IOKA3ATCJIb KN, Y‘H/ITBIBaIOH.[I/Iﬁ BIWAHUC NMACCHUBAIIUH Ha C-)JIGKT'pOXI/IMI/I‘{eCKI/Iﬁ ChCM MCTAJLIA C

YIeTOM OOHOBJICHHUS TIOBEPXHOCTH 32 CUCT a0Pa3HBHOTO BO3ACHCTBHSL.
i &
Ky= Itu expf-a-f+a-1-@ -f3)d1'/It“ expl - -£3 )df
] ] .
Torma BBEIpaKCHHE, ONMHCHIBAIOIIGE CKOPOCTH JICKTPOXHMHYCCKOTO ChEMa MarepHana C Y4eTOM OOHOBICHHA
TOBEPXHOCTH A0PA3UBHBIM BO3ACHCTBHEM, PUMET BH;

Q” = EQ-I.']?-K.” - BK,."

6-107 . (17)
% .
%3 a=08
/-\\
m / \\
) s
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Puc. 6. 3aBucuMocTs cKOpoCcTH cheMa MeTajlla U 11a YPOBHSX 30HBI KOHTaKTa B
npezenax GhakTHueckol Iy CUHEI pe3aHust

Q. M I 1

ALt

=

¢ oS30 18" 1830 2.18°% 2510 Fow

Puc. 7. 3aBucuMocTh CKOpOCTH cheMa MeTalia Qrx OT IapaMeTpoB peKUMA.
lLa=01 Vy=lml, z=04 V,=1ml. 5 5-08 V,=08mlc, 4=12
vV, =05mlc

>

Boruucneaune CKOPOCTH CBEMA MATCPHATIA 3d CUCT MCXAHHUICCKOTO PE3aHHUA BO3MOKHO HA OCHOBAHHMH ONPCACICHHA
CMCUICHUA YPOBHA paBHOfI BCPOATHOCTH YAAJICHWA MCTAIA A0 H MOCJIC KOHTAKTA YYACTKA MOBCPXHOCTH 3ArOTOBKH C

HHCTPYMEHTOM [4].
JLia cnydad Bpe3HOTO NUTH(DOBAHHSA 3ABUCHMOCTH HMCCT BH;

ke2a m Ve 3t

-
P(M)=1-exp S-H_”

(18)

rae % — pamMyc OKpYIICHHS BEPIIMHBI 3€PHA.
To ecTb CKOPOCTBH cheMa MaTepHana 3a CYeT MEXAHHYECKOTO PE3aHMs YUCJICHHO PaBHA CKOPOCTH ABIDKSHHUA paboucii

MOBEPXHOCTH HWHCTPYMCHTA B MAaTCpHAle 3aroTOBKM B HANMPARICHHH Tmoxadyd. [locrme HECHOKHBIX IpeoOpa3oBaHHH
3aBUCUMOCTH (18) mOAY4MM BBIpAKEHUE, MO3BOJIIOINCE PACCUUTHIBATE CHEM MATEPHANIA 3d CHET MEXaHUYECKOTO PE3aHUs.

_themVte 25

Coar 25,296 -H}? . (19)
25,296 H

O003HAYHM )
Cymmupyst Bopaxkermst (17) , (19) momydmM ypaBHEHHE UII pacueTa CyMMAapHOH CKOPOCTH ChEMa MaTepHanaa IpH

BPE3HOM AHOAHO-MCXAHUICCKOM H.U'II/I(I)OBaHI/II/II
— 1
{y = B, + Af," (20)



Anamm3 ypaBHCHHA (20) MOKA3BIBACT, YTO B CPABHCHHH C OOBIMHOM a0paswBHOM 00pabOTKOH KOMOMHHPOBAHHOC
IUTU(POBAHKE TTO3BOJSICT YBEIHUUTh MPOM3BOIAUTCIBHOCTh 0OPAOOTKH HA BEITHYUHY CKOPOCTH JJICKTPOXUMHUYCCKOTO ChEMAa C
yaeTOM a0pPa3HBHOTO BO3ICHCTBHSL.

O . mfc

Puc. 8. 3aBucuMocTh CKOpPOCTH CheMa MaTepualia OT CTCIICHHU IMacCHBAalluH cpezu;lﬂ

U TI0Jjauil HHCTPYMEHTa SJ’WC npu I= SA;’cmz R V. =05mc R

& 0@ _ SKCICPUMCHTAJILHBIC JaHHBIC

IpoBepKy aACKBATHOCTH IOJYUCHHBIX MATCMATHYCCKHX MOICNICH PEANbHOMY ITPOLECCY MPOM3BOIWIH COMOCTABICHHCM
PACUCTHBIX M SKCIICPHMCHTANBHBIX JAHHBIX HA CICHHATIBRHO pa3paboTaHHOM oOopymosanmu (cM. puc. 8 a,06,B). CreM Marepuama
OTIPEICIIN C TOMOMIBE0 MuKpockonma BHIM-5 kak cpefHee 3HAUCHHWE PA3HOCTH JUAMETPA M YABOCHHON DIyOWHBI JIYHKH /1 TIOCIHE
00pabOTKH, H3MEPCHHBIX B ABYX B3AHMHO MCPICHAMKY/LIPHBIX HAMpPaRTeHHAX. [lorpemHocTs m3MepeHns coctaprier £0.0005 MM
OTHOCHTCITFHAA MOTPCIIHOCTh PACUCTHBIX W 3KCIICPHMCHTAIBHBIX JAHHBIX HE MPEBhImACT 15%, YTO VKA3BIBACT HA JOCTATOMHYIO
CTCTICHD AICKBATHOCTH PAa3pabOTAHHBIX MOJCIICH peaTbHOMY IPOLIECCY.

JLia BBIIBACHHA PAaO0TOCTIOCOOHOCTH H3ACTHH MOCIC ICKTPOXHMHUICCKOTO NUTH(OBAHUA HX CPABHUBAIH C 00paslaMH,
00paboTaHHBIMH MEXaHHYCCKHM IH(oBaHWEM, - HamOOJNEe PACHPOCTPAHCHHBIM METOIOM OKOHYATCIHHOW 00padOTKH
metajxe mpuoopoB. C 3TOH UEHABI0 OBTA CHPOCKTHPOBAHA W HM3TOTOBICHA CIICHHATBHAL YCTAHOBKA (HH3KOYACTOTHBIH
penakcarop), o0 BHJ KOTOPOTO MPHBEICH HA PHCYHKE 9.

e

Il

|
N

Puc. 9. HU3KOYaCTOTHBII pelrakcarop

[Ipu cpaBHUTEIBLHBIX HCIBITAHUAX OBLTH MCIOIB30BAHBI MASTHUKH akcexepomerpa JA-9 u3 bpb2 u cramn 36 XHIO-BU
C OJMHAKOBOH IIEPOXOBATOCTHIO MOBEpXHOCTH Ra=0.16.

PaborocriocoOHOCTE JeTaneil Ompene/siId Yepe3 WX JONTOBEYHOCTh. JIONTOBEYHOCTh PACCMATPHBAIH KAK PE3yJIBTaT
JeHCTBHUS CIydalHBIX (DAKTOPOB, T. €. KAK CIYYAHHYIO BEIMYMHY. 32 CIYYAWHYIO BEIWUMHY NMPHHAMAIH YUCIO IHKJIOB J10



paspyeHus D.
JLit IpoOBEPKH 3TOTO OBLTH MCTIBITAHBI IO BC MAPTHH 00pa3nos w3 Ocpmummesoit Opoussr bpb2 u cram 36 XHIO-BY,

oOpaboraHHbIe NUTM(OBAHUEM HA CICAYIOIMX PSIKUMAX:

e = . —' -—
UF=38 % =510 w':, Ve =13 M/C  (comacho peHTreHOrpadHuECKIM HOCTICTOBAHSM TH JIAHHOM POKHME B

-l
HOBSPXHOCTHOM CJIOE JICTATCH (POPMHPYEOTCA CHKHMAIOIME OCTATOMHBIC HampspxeHus) [5]; 2 — maprua U =35 Sx =10 MIC,

1- maprums -

Ve=15mle (K0T B IOBCPXHOCTHOM CTIOC JICTAJICH OCTATOMHBIC HAMPSDKCHIS HE3HAYHTCIBHBI) [S]; 3— maprist 00pa3uoB ObIa MOIYUCHA

- . -I -
MEXAHMUCCKUM IITH(OBAHMEM JAHHBIX MaTepuanos; U =05 Sy =310 WC,Vk =15 wlc |5

OO0pasubl MOABEPIIH [UKIMUCCKOH HATPY3KE 10 PA3pYIICHHS
o mAHHABIM HCIBITAHIIH TIOCTPOWITH 3AKOHBI PACTIPEICICHIS 00pasnos (puc. 10).

a

Puc. 10. 3axonwl pacupenenenus obpasnor u3 bpb2 (a), cranu 36XHIOD-BU (6)

Amnamn3 pucyHka 10 TmOKa3pBacT, 4YTO CTAOMIIBHOCTH XapakTepUCTHKH D 1 o0pa3umoB, 0O0pabOTaHHBIX
JMEKTPOXHMHUYCCKHM NITH(OBAHUEM, 3HAYUTEIBHO BHIE CTAOWMIBHOCTH XapakTepucTHKH D 00pasnos, oOpabOTaHHBIX
MexaHnueckuM mmposaHueM. [IpuuyeM CcTaOMIBHOCTh JAHHOM XapAKTCPHCTHUKH BBIOLIE V H3ICIHH, HE HMCIOIMX B
TMOBEPXHOCTHOM CJI0€ OCTATOYHBIX HANPSHKCHUH.

TakuM 00pa3oM, MPUMCHCHHC 3ICKTPOXHMHYCCKOTO NUm(OBAHUSA MpH 00padOTKE ACTanch mpHOOPOB CHOCOOCTBYCT
SHAMUTCIIBPHOMY MOBBIICHUK) UX JOJTOBCITHOCTH.

Buisoowi

1. HpOBeE[eHHBIe KAUCCTBCHHBIC W KOJHYUCCTBCHHBIC OLCHKH CBHUACTCIBCTBYIOT 00 AACKBATHOCTH MATCMATHYCCKHX
Mozene. OTKIOHCHHS 3KCIICPUMEHTAIBHBIX 3HAYCHHH OT pacueTHBIX cocTaBmid 5 — 10%, YTO MO3BOIIET MCIONB30BATH
JAHHBIC MOJCTH U YNPABICHHA MOKARATCISAMH MPOLECCOB B INMPOKOM JAHANA30HE BAPBHPOBAHHSA MPH IITH()OBAHHU
PA3THYHBIX MATCPHAIIOB.

2. DJCKTPOXHMHYCCKOS NNMH(OBAHHE TO3BOJCT TOBBICHTH pPabOTOCTIOCOOHOCTh ACTAJCH, pPaboTArommX MPH
3HAKOTICPEMECHHBIX HArPy3Kax, B CPaBHCHMHM C MeXaHW4eckmM ImmmdosanmeM. [IpumyueM 3HAYEHHS TapaHTHPOBAHHOH
JOJITOBCYHOCTH BBIILE Y H3ACTHH, HMCIOIMX B IOBEPXHOCTHOM CJI0C¢ COKUMAIOIIHAC OCTATOUHBIC HAPSHKCHHSL

3. Uccrenosanne onmepanui 3MCKTPOXHMHYCCKOTO IDTH(OBAHMA MOKA3HIBACT [5], UTO B HAYATGHBIA MOMCHT BPCMCHH
PpaboTHl MHCTPYMCHTA TMOCTIC MPABKH HPH MPABHIBHOM MOAOOPES Cr0 XAPAKTCPHCTHKH, PCKUMOB 00paOOTKH, ONMTHMAIBHOM
MOCTPOCHUH IHKIA NIMH(OBAHHSA, KAK MPABHIO, OOCCICUHBAIOTCA 33JAHHBIC MAPAMETPBHI TOYHOCTH H IICPOXOBATOCTH
TTOBEPXHOCTH JICTAIIH.

B pesynsrare M3HOCA HMHCTPYMEHTA 3CPHA HA €TI0 MOBEPXHOCTH 3ATYIUIOTCA, HA BEPIIMHAX MOABIAIOTCSH IUIOAIKH,
KOTOPBIC MPOTPSCCHPYIOT. JTO OKA3BIBACT BIMAHHC HA KAYCCTBO 00padaThiBacMOI MOBESPXHOCTH. BHIICYKA3aHHBIC SBICHHUS
HCOOXOMMO YYHTHIBATh NMPH Pa3pabOTKS MATCMATHUICCKUX MoaencH mpouecca. CHopMyrmnpoBaHHAS 3a4a4Ua MPEACTABIACT
C000¥ MePCIIEKTHBHI JATbHEHIIINX pa3pad0TOK B JAHHOM HAIIPABICHHH.

Cmicok smreparypbl: 1. AGpasuBHas U anmasHas oO6paborka Matepuanos. Cupasounuk / [Ton pen. A.H. Pesnuxosa.- M.: Manmmnoctpoenue, 1977.—390 c. 2.
Axumos A.B. Ontumuzanus nponecca mmdopanus/ A.B. Sxkumos. - M.: ManmHoctpoenue, 1975.-176¢. 3. ITodypaes B.H. ABTOMaTHYESCKH PETryIHpYeMbIe
KOMOWHHUpPOBaHHbIE Mpollecchl pesanusy B.H [Todypaes. — M.: Mammuoctpoenue, 1977, 304 c. 4. Hosocenos FO.K. Jlunamuka GopMooGpasoBaHus
moBepxHOCTeM mpu abpasuBHOM obpaborke/ FO.K. Hosocenos. — Caparos: Usn-po Capar. yH-Ta, 1979. — 232 ¢ §. Bpaman C.M. TexHOJOTTUHI OCHOBH
3a0e3MeUSHHS AKOCTI 1 MITBUIICHHS CTaOUIFHOCTI BUCOKOIIPOAYKTHBHOTO YHCTOBOTO TOHKOTO HUTihyBaHHS: aBTOped. quc. Ha 3100yTTS HAyK. CTYIICHS JIOKT. TeXH.
Hayk: crier. 05.02.08 «Texuonoris ManmHoOyayBanHs»y C.M. Bpaman. — Opneca, 2006. —35 ¢.
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DETERMINATION OF THE LIFETIME OF ROPES USED IN MINING INDUSTRY BY STATISTICAL METHODS

Statistics made on the basis of the operation of a cable mining extraction

Analysis of rope breaking situations under normal operation conditions proved that the material fatigue is the most important
factor. The method of specific mechanical work, which consists in comparing the performance aspects of different types of ropes
to compare the mechanical work consumed, related to 1 kg of its own weight, taking into account the elapsed working time of the
rope.

This criterion is not relevant, because one do not take into account the intensity of transport in the shaft, which is still a
significant factor in rope fatigue and wear.

The method critical speed of growing number of broken wires, comnsist in the determination of a parameter which is
particularly important for the assessment of the operation lifetime of the rope, the so called critical speed of growth of the number
of broken wires. The practice has proved that the number of broken wires in the external layers, due to the fatigue, increases with
the operating time is given by a relationship of the form:

n=B-t (D

The speed of growth of the mumber of broken wires is defined by relationships:

v=d—'=a'3-t’"1
4 )
where a> 1
The speed of growth in the number of broken wires in outer layer is not an index of fatigue comparable for all the ropes,
because at the same degree of fatigue, the number of broken wires depends on the length of cable span considered , on the step of
wiring, the number of cable wires in the outer layer.
For these reasons, the comparable number of broken wires defined by the relationship:

1 s Se 3)
where:
. - comparable number of broken wires, for all ropes, related to one wiring step and a wire from outer layer;
Se - the number of wires in the outer layer;
n - the number of broken wires from outer layer;
ip - the number of wiring steps on the trial span of the rope given by the relationship:

L

? “)
where:

1, - is the length of the span the most charged

p - is the step of wiringp=(7.5-8) d

d — the rope diameter

It may noticed that:

g e (5)
The comparable speed of growth of the number of broken wires in outer layer is an index of the degree of fatigue of a rope
and is expressed as follows:

V= —— = ———

v
d-f IP ‘Sg (6)
Applying the logarithm to the relationship above we obtain:

an,‘=1nIp +1nv = (a-1)-Inf+(a +5)
P. L 4
Inv, =C - Inf+C}
ay =1n
PR
Cy=a,+h =In—L_+b+1lna
'] (]
Ip-5,
C'1=a—1 (7)

Based on this fatigue index it was formulated an effective method of the assessment of expected lifetime of the rope, which



should follow many stages.
If the critical value vy, is known for all ropes being into service, we calculate the allowable limit speed of growth of the
mumber of broken wires from outer layer, of each rope, using the relationship:
i-s

Vim = Viklim

¥

The value of /nt corresponding for the value /nvyy, on the horizontal axis of the diagram /n v = ¢ (/n t), will represent /ntyy
which is the maximum lifetime of the rope.

Given that the rate of increase in the number of broken wires might not have the expected shape during all the operation time
of the rope , the value t, determined from the graphic will adjusted with a correlation coefficient les than 1.

This method, presents the advantage of a fair assessment of the progress over time of the fatigue of the rope and provides the
opportunity, knowing g, to mitigate the cases of premature replacement of the rope .

As an example, we extracted from the survey register of a hoisting rope from Petrila Mine, equipped with a monocable
hoisting device type DEMAG (D), whose technical characteristics and operating conditions are:

- Rope type BRINDON - England A ;

- External diameter of the rope 68 mm

- structure 6x60 wires

- vegetal sisal core impregnated with grease

- Operated 24/24 hours ;

- Shaft depth of 670 m :

- Rope length 820 m;

- Extraction vessel cage 4x2 ;

- Hoisting Speed 4m/ s.

Changes in the number of broken wires depending on length of service is given in the table below:

Analyzing the statistics of the two cables studied, we notice that until a period of 2 years of operation, the mumber of broken
wires is moderate, at 3 years of operation, the number rises when the vertiginous and when 90 broken wires appear, which
represents 25 % of the rope section, the rational limit for maintaining the rope in function is reached.

Table 1

Duration of operation Number of broken Duration of operation Number of broken
(days) wires (days) wires
0 0 884 42
152 1 886 45
295 2 893 47
462 3 897 48
546 4 913 49
600 5 950 50
653 6 971 51
685 7 974 52
691 8 985 54
703 9 1094 57
718 10 1104 58
758 11 1118 60
772 13 1129 86
776 14 1130 90
803 15 1131 92
804 16 1132 93
809 19 1138 94
814 22 1144 95
816 23 1178 99
835 27 1242 100
838 28 1268 101
851 29 1271 102
874 30 1275 103
878 33 1283 105
880 34 1299 106
883 39 1313 110

The analysis of perturbing factors which influence the quantitative and qualitative performance of rope operation, led to the
following conclusions:

1. Durability of ropes is determined both by the manufacturing and operating conditions.

2. To ensure a proper durability for ropes working in corrosive environments, they must be made by coated wires.

References : 1. Adam, C.,D.- Mining hoisting machines - Universitas Publishing, 2008. 2. Meret N., St.-Novac-Rational use of steel cables in the industry, Technical
Publishing, Bucharest, 1967. 3. Othe.S —Finite element analysis of elastic contact problems, Bulletin SME,16(95), pag.797-804, 1973. 4. Ratiu M. - About degradation
of surface-sun action of a pressure contact alternative, Timisoara, 1965. 5. Ratiu M., PrexLR. - Consideration of the resistance crushed steels, Metallurgical Research,
1964.
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NUMERICAL SIMULATION ON AN AIRFOIL PLACED IN A UNIFORM VELOCITY FIELD

The problem

In the year of 1983, A. Nakayama conducted several experiments in the acrodynamic tunnel on a conventional airfoil,
designated name “model_a”, at zero incidence [11]. He followed the determination of pressure coefficients distributions over the
profile lateral surface, velocity distributions in the boundary layer and flow characteristics in the wake (using wire anemometry).

The Reynolds mumber attached to the flow, computed with the chord length (c=610 mm) was equal to Re=1.2f10° (the mean
velocity in the wind tunnel was #=30.5 nvs). In Figure 1 is represented the profile “model a”, as it is stored in the Furopean
Research Community on Flow, Turbulence and Combustion (ERCOFTAC) Database Classic Collection.

model_a

Fig. 1. Conventional airfoil, designated code “model a”, that was used in the experiments of
Nakayama [11]

The work that is described in this paper aimed to set up a numerical method to be used in studies regarding the airfoils
aerodynamics. The experimental data that exists due to Nakayama’s experiments were used to validate the numerical method. For
the computational process we used the commercial expert software FLUENT v. 6.23. The grid was generated using the software
GAMBIT v.2.4.6. The results were postprocessed in TECPLOT 360 2009 and FLUENT v. 6.23.

The fluid domain

The airfoil was placed in a circular fluid domain, with a diameter of 11 m. The distance between the leading edge and the
inlet section and respectively between the trailing edge and the outlet section, measured along the Ox axis, is equal to 5 airfoil
chords, assuring in that manner the existence of a section placed at a sufficient distance upstream the acrodynamic profile, in
order to report the values of different parameters in respect to it. Additionally, the consistence of the mimerical simulation results
is assured and also, its independence relative to the geometrical conditions.

The circle that surrounds the fluid domain was divided in two equal parts, one of the circular arcs representing the inlet
frontier, and the second one, the outlet frontier. That solution was chosen in order to avoid the using of solid boundaries at the
edge of the domain that could debase the numerical solution, as a result of the discarding of the theoretically infinite fluid domain
condition.

The simulation was effected considering a reference system attached to the model. The Ox axis is aligned to the profile
chord.

The fluid domain was meshed using an unstructured grid, made from almost 400000 quad cells. The boundary layer zone
had a special treatment. Here, the grid was adequately thickened in order to detect correctly the strong variations of the flow
parameters. Hereby, the boundary layer zone was discretized in 20 layers, with a mininmum characteristic dimension along the

normal to solid surfaces of 10 and a growth factor of 1%. Consequently, the number of the cells attached to the boundary layer
zone is approximately equal to 40000, i.e. 10% of the total number of cells (Figure 3).

Starting from the frontier of the boundary layer throughout the exterior boundaries of the domain, the grid has a size function
attached with a growth factor of 1%, starting from a mininmim characteristic length of 1 mm (near the solid surfaces) and ending
to a maximum one of 10 mm (near the exterior of the fluid domain).

Regarding the grid quality, it may be considered that is almost excellent. As it may be observed fin Figure 2, 90% of the
total number of cells are beneath the value of 0.2 for the Fquidngle Skew parameter, and 99 % are beneath 0.4 for the same
parameter.

[4]
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Fig. 2. EquiAngle Skew histogram repartition fo the prsent case
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Fig. 3. Grid detail

Boundary conditions

The inlet of the fluid domain is made trough that frontier determined by the circular arc with a radius of 5.5 profile chords,
subtending an angle of 180°, placed at a distance measured along Ox axis, equal with 5 profile chords, in respect to the leading
edge. The velocity distribution is constant along the Oy axis, with a magnitude of 17.53 m/s, corresponding to a Reynolds number
equal to 1.2 f10°.

The outlet of the domain is materialized by the second circular arc with a radius of 5.5 profile chords, which is subtending
an angle of 180°. This is placed at a distance, measured along Ox axis, equal to 5 profile chords, in respect to the trailing edge of
the airfoil. On the entire outlet frontier the pressure is equal to 0 on gage scale.

The curves that materialize the upper and lower surface of the aerodynamic profile have a no slip condition and they are
rigid frontiers that do not permit mass or energy transfer.

Numerical model

Because of the fact that the phenomenon is developed at velocities that implies a high Reynolds number, the flow regime is
turbulent. In order to describe correctly the fluid motion, it must be taken into account the viscosity effects. An inviscid solver is
out of discussion. An LES solver is too nmuch computational expensive. The most advanced RANS model implemented in
FLUENT is RSM (Reynolds Stress Model). It offers a detailed description of the flow using the Reynolds Averaged Navier-
Stokes equations.

In opposition to the isotropy of the turbulent viscosity hypothesis and its description using the
Boussinesq linear approximation, the RSM model solves all the Reynolds stresses, adding seven additional
equations for a 3D simulation and five for a 2D one. The RANS system, written in a Cartesian coordinate

system, for an incompressible fluid, is written as follows:

du  dv aw

—+—+—-=0
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where & | V| W are mean values of the velocity along Ox, Oy and Oz axis, u' , v , W' are velocity pulsations, P is the mean
pressure, and ¥ is the kinematical viscosity of the fluid.

In order to solve the closure problem, is necessary to add another transport equation, used to describe the dissipation rate of
the turbulent kinetic energy, similar to that utilized in a 4-€ turbulence model.

The solver selected for the computational process was a double precision pressure based one (pressure based solver). In

2™ order discretization schemes were

order to discretizate the continuity, momentum and turbulence model specific equations,
used.
In the table no.1 are presented, synthetically, the computational parameters used for sinmilation.

Table 1

Parameter name Parameter used
Model 2D

Turbulence model RSM

Time steady

Solver pressure based




Discretization schemes ond o der
Precision double precision
Results

In order to validate the mumerical method, we aimed to compute the values for the pressure coefficient C;, on the upper part
and lower part of the airfoil, and also, velocity distribution in the boundary layer of the upper part, near the trailing edge. Those
were compared to the experimental data available.

The pressure coefficient C,, is computed using the following relation:

c,=2"2=
Ay
2

where p represents the value of the static pressure corresponding to a certain point placed on the airfoil surface, #w the value of

the staic presuure, upstream, in the inlet section, » the density of the fluid and ¥w= the veolocity of the fluid in the inlet section.
In Figure 5 are represented the pressure coefficient variation on the upper part and lower part of the airfoil, for numerical
and experimental data.

g
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Fig. 5. Presuure coefficient Cp variation in respect with nondimensionalized distance x/c for the ,,model a” airfoil
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Fig. 6. Nondimensionalized velocity distribution H}{ Y on the upper part of the ,,model a” airfoil for x/¢=0.593

In Figures 6 to 10 are represented the velocity profiles (computed mumerically and determined experimentally) for five
sections placed at distances x/c equals to 0.593, 0.893, 0.940, 0.970 and respectively 1. The velocity is nondimensonalized in

respect to the velocity in the inlet section ( u}; Ly,
The numerical results are validated with a sufficient accuracy by the data obtained in the acrodynamic tunnel experiments,
for the pressure coefficient distribution but also for the kinematical ones. The errors are in normal limits, no more than 5%.

Conclusions
We tried to set up a numerical method to be used in studies regarding the airfoils acrodynamics. In order to do that, a RANS
approach was chosen, using for that the most advanced turbulence model, i.e. RSM. The solver was a double precision pressure

based coupled one and the discretization schemes used were of 2" order.

The numerical results are validated by the data obtained in the acrodynamic tunnel experiments. The errors are in normal
limits, no more than 5%. We may observe that, for the velocity distribution, in the boundary layer, near the wall (0...5 mm), the
mumerical model gives the largest errors. That may be caused by the fact that the precision of the RSM model is still limited by

the closure problem (a 2™ order one), which may be solved more or less correctly, in respect to the hypothesis used for modeling
different additional terms in transport equations for Reynolds efforts.
The method may be used in mumerical studies regarding the airfoils acrodynamics.

Bibliography: 1. ANSYS, INC., ,FLUENT 6.3 User’s Guide”, 2006. 2. ANSYS, INC., ,,GAMBIT 2.4 User’s Guide”, 2007. 3. BALINT D.I, ,Metode numerice de
calcul al campurilor tridimensionale in distribuitorul §i rotorul turbinei Kaplan”, Tezd de doctorat, Universitatea ,.Politehnica” din Timigoara, Romania, 2008.
4. BENJANIRAT S., SANKAR L.N., ,Evaluation of turbulence models for the prediction of wind turbine acrodynamics™, 41st Aerospace Sciences Meeting and Exhibit,
Reno, Nevada, Jan. 6-9, 2003. 5. BERNAD, I.S, , Hidrodinamica echipamentelor de reglare pentru actiondri hidraulice™, Editura Orizonturi Universitare, Timigoara, 2005.
6. BERNAD S.I, BARBAT T, GEORGESCU A.M., GEORGESCU S.M., SUSAN-RESIGA R. ,Unsteady Flow Simulation in the Achard Turbines Mounted in
Hydropower Farms”, Scientific Bulletin of the Politehnica University of Timisoara, Transactions on Mechanics Tom 53 (67), 2008. 7. COSOIU C.I. ,Contributii la
optimizarea proiectarii gi functiondrii agregatelor eoliene”, PhD thesis, 2008. 8. COSOIU C.I. Grant PN II TD-242, , Contributii la optimizarea proiectarii si finctionarii
agregatelor eoliene”, Research Raport, 2007. 9. FERZIGER J., PERIC M., ,Computational Methods for Fluid Dynamics”, Springer, 1996. 10. GEORGESCU AM,,
GEROGESCU C.S., DEGERATU M., BERNAD S., COSOIU, C.1, ,,Nurerical modeling comparison between air flow and water flow within achard-type turbine , Proceeding ofthe
2nd TAHR mtemational meeting of the workgroup on cavitation and dynamic problems in hydraulic machinery and systems, Timigoara, Roméania, October 2007.
11. NAKAYAMA A. ,Characteristics of the flow around conventional and supercritical airfoils”, Journal of Fluid Mechanics, 160, 155, 1985. 12. PRANDTL L. ,Uber die
Entstehung von Wirbeln in der idealen Fliissigkeit, mit Anwendung auf die Tragfliigeltheorie und andere Aufgaben”, In: von Karman and Levi-Cevita, Editors, Vortrige aus
dem Gebiete der Hydro und Aerodynamik, Springer, Berlin (1922).
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MOBBIIIEHUAE KAYECTBA OBPABOTKH U30BPAKEHUIA 30H H3HOCA B CHCTEMAX OAJAEPKAHUS
PABOTOCHHOCOBHOCTH HHCTPYMEHTOB

Quality improvement of cutting tool wear zones images processing in systems for their working efficiency maintenance. Methods of quality improvement
of cutting tool wear zones images processing in systems for their working efficiency maintenance are considered.

KauecTBO aBTOMATHU3HPOBAHHOIO AUATHOCTHPOBAHHA COCTOSHMM PEKymMX HHCTpyMEHTOB (PH) B 3HaumTeaBHON
CTCTICHH 3aBHCHT OT KaueCTBA NEPBUYHBIX M BTOPHYHBIX 00pa30B MX 30H HM3HOCA, (POPMHUPYEMBIX B COOTBETCTBYIOIX
cucremMax moaaepskanusa padorocnocoonoctu (CITP PU). B Takux kOMIDICKCAX BCE 0O0JCC MHPOKOC MPHMCHCHHC HAXOIAT
cucremsl Texuuyeckoro 3perus (CT3) [1]. B mpoueccax (popmupoBanus 00pazos 30H u3Hoca PU BaKHAS POIh IPHHAIJICKAT
OTICPALMH MMOBBIICHHUS KOHTPACTHOCTH COOTBETCTBYIOIIMX H300PAKEHUH U BBIACICHUS UX KOHTYPOB.

Lempto HACTOSMIICH CTATBH ABRTACTCA WM3JI0KCHHC PC3YIBTATOB BHIOOPA MCTOAOB MOBBIICHHSA KOHTPACTHOCTH
n3o0paskeHu 30H m3n0ca PU, popmupyembix CT3, 1 MOBBIICHHS KaUECTBA BBIICICHUSI UX KOHTYPOB.

eMaTHKe 00paboTKH 300paKCHHH MOCBAINCHA OOImMmMpHAsA auteparypa [2 - 9], cpeam KOTOpoH Hamboace ONMH3KHUMH K
TEMATHKE CTATHH SIBILSTEOTCS padoTsI [6 - 9]. AHamu3 IMyOmMKaUMKi MO BOIIPOCAM IMOBBIICHHS KOHTPACTHOCTH H300PaKCHHH
MOKA3aJI NENeCO0OPa3HOCTh MPUMEHEHHS METOIOB, OCHOBAHHBIX HA TAK HA3BIBACMBIX THCTOTPAMMHBIX IPEOOPA30OBAHUIX U
BBIPABHHBAHHH rHCTOTPAaMM [9]. OHH BKIIOYAIOT MCTOABI DIOOAIBHOTO TPCOOpa30BAHHMA KOHTpPAcTa (aOCOMFOTHOTO,
OTHOCHTCIHPHOTO H B3BCHICHHOTO KOHTPACTHPOBAHMA) H JIOKAJABHOTO MHpPeoOpa3oBaHHS KOHTpacta [6 - 8] (AmHEHHOTO,
MOTH(DHUITHPOBAHHOTO JTHHCHHOTO M HCTHHCHHOTO MPSOOPaA30BAHKUA KOHTPACTA).

Ha puc. l.a mpuBeacHO H300paKCHHC 30HBI HM3HOCA 3aIHUX TOBCPXHOCTCH pe3ma, BKIFOUaromee -~ QoH” —
T T
HCH3HOIICHHBIE YYACTKU IJIABHOM (I‘n) M BCIIOMOTraTeIbHOU (1,,) 3aJHUX MOBEPXHOCTEH, Y4aCTOK M3HOLICHHOW MEpeaHel

3,
TOBEPXHOCTH ( 5 ) ¥ 30HY PEXKYIIEH KPOMKH ( %1 ). Ha puc. 1.6 mokazana cOOTBETCTBYIOIIAS THCTOTPAMMA.

[MoBepXHOCTH PEXKYIIEH YaCTH PE3LA AL TOHKOTO TOYEHHS XAPAKTEPHbI CIOXKHOH (POPMOM, YTO HE MO3BOILET B PsNE
CIy4acB KOHTPOISI JOOWTHCA PABHOMEPHOTO OCBCIICHHWS 30H M3HOCA M MX OKPECTHOCTEH, YTO IPUBOJUT K CYICCTBCHHBIM
TMOTPCIHOCTAM MTPH BBIACJICHUU COOTBCTCTBYHOIIMX KOHTYPOB. HOC-)TOMy H BO3HHKACT H606X0£[I/IMOCTI> IMOBBIIICHU A
KOHTPACTHOCTH H300paKEHUS 30H H3HOCA.

Konrpactuposanue n300paskeHUH IPOBOAMTCS B MEPBYIO OYCPEIb B ABTOMATH3HPOBAHHBIX CHCTEMAX, KOTJA B OICHKE
cocrosgaust PU mpuaUMaeT yuactue 3kcnept. [Ipn npuMeHeHIn 60iee MPOCTHIX ANTOPUTMOB BRIZICIICHHS KOHTYPOB 30H H3HOCA
PH, obecrieunBarompX BHICOKOE OBICTPOICHCTBHE TPH HEKOTOPBIX IMTOTEPSX KAUCCTBA, KOHTPACTHPOBAHUE TAKKE AKTYAIIBHO.

Ha puc. 2 — 7 mpuBCOCHBI PE3YABTaThl KOHTPACTHPOBAHHSA HCXOAHOTO H300PaKCHHSA HA3BAHHBIMH BBHIIE IICCTBHEO
METOJAMH C HCIOIb30BAHUEM CIICITHAIBHOM IPOTPAMMBL

B mnpaBoM OKHE KaXIOTO M3 H300pOKCHHH padoducii NaHe M MPHUBESACHA THCTOrPaMMa, IPEeoOpa30BaHHAS C
HCIOJIb30BAHUEM OJHOTO M3 INECTH HA3BAHHBIX BBIIIC METO/IOB.

B acBoM KakAOTO W3 H300paKeHHI PadOuYCH MAHCTH MPHBSACHO H300paKCHHE, CHOPMHPOBAHHOC B PC3YIBTATC
COOTBETCTBYIOIIETO IPEOOPA3ZOBAHML.
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Puc. 1. Ucxonnoe nzobpaxxeHre H3HOMEHHON 3aHeH MOBEPXHOCTH pesiia (a) ¥ COOTBETCTBYIOMA T'MCTOTpaMMa 3HaueHHH spkocT (0)
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Puc. 2. Ilpeobpasopanue nzodpaxenus PU P ¢ ncmons3oBanneM aaroputMa abcoIIOTHOTO KOHTPACTHPOBAHUS
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Puc. 3. IlpeoOpazoBanue uzodpaxenns PU PU ¢ ucnonbzoBaHreM alropuT™Ma OTHOCHTEILHOTO KOHTPACTHPOBAHUS
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Puc. 4. IlpeoOpazosanue nzodpaxenus PU PU ¢ ucnons3oBaHHeM alropuT™Ma B3BEIICHHOTO KOHTPACTHPOBAHUS
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Puc. 5. IlpeoGpazoBanue uzodpaxenns PU PU ¢ ucnons3zoBaHreM alropuT™Ma JTHHEHHOTO KOHTPACTHPOBAHUS
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Puc. 6. IIpeobpaszoBanne nzobpaxenus PU P ¢ ucnons3oBaHreM alropuTMa MOAU UIPOBAHHOTO IMHEHHOTO KOHTPACTHPOBAHHU L.
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Puc. 7. IlpeobpazoBanne nzodpaxenus PU PU ¢ ucnons3oBaHreM HETMHEHHOTO KOHTPACTHPOBAHMS.

[IpoBeneHHBIC WCCNENOBAHMS IMOKA3aldHM, YTO AJTOPHUTM B3BCIICHHOTO KOHTPACTHPOBAHHA OOCCIICUMBACT HAMIIYHILECE
KaueCTBO BBIJCJICHHI KOHTYPOB. JUII BBIJCNCHHS TEKCTYPHBIX COCTABIDIOIMX 30H H3HOCA, OTOOPAKAIOHMMX XapakTep
pazBuBaronmMxca Je(EKTOB M MHUKPOAC(PEKTOB, MPEAIMOUTHTEIBHBIM SIBILIETCS ANTOPUTM MOTU()HIMPOBAHHOTO JHHEHHOTO
KOHTPACTHUPOBAHMS. B aBTOMAaTHUYECKUX CHCTEMAX IOCJIE 3Tana KOHTPACTHPOBAHUS BRIIONHACTCS OMHAPH3ANUs H300PaKeHHSA
JUIA VIPOLICHHS BBIJCJICHHA KOHTYpa 30HBI HM3HOCA. KpoMme TOro, 4acro mpUMEHSIOTCS MOP(OJIOTHHECKHE ONCpPAIHH
00paboTKH H300PAKCHUS — AT KOPPCKIIHH CTO JIOKATHBIX TS(DCKTOB,

[NepeiimeM K paccMOTPEHHIO METOJA BBIACICHHSA KOHTYpa MO OMHAPHOMY H300pPaKCHUIO 30HBI M3HOCA. M3BecTHO
MHOKCCTBO PA3NHYHBIX AITOPHTMOB HAXOKACHUA KOHTYPOB [2-5]. IlpakTmka BBIACICHHS KOHTYPOB 30H H3HOoca PH (B
OCHOBHOM PC3LOB) I MPCUH3HOHHOH 00padoTku [1] ¢ MCHONB30BAHHEM ANTOPHTMOB PA0OTHI [2] mOKa3ama, uTO B PsAIc
CIy4acB OHH COJCP/KAT PA3PbIBBL, IETIM, YYACTKH IMOBBINCHHOW IMpPWHBI (0oJee OTHOTO mmkcena — puc. 8. a, 6). 10
TIPUBOAMT K MOSBICHUIO PSIA TIOTPEIIHOCTEH B OnpeaeacHuH (GopMBl, MI0mAAN 30HbI H3HOCA PU — 0coOeHHO mpH HEOOIBIIMX
¢¢ pasMepax (Ha HAYaabHOH CTAOWUH H3HOCA WHCTPYMCHTA). [lo3TOoMy mad AampHCHICH OOpaOOTKH BBHIOPAH H3BCCTHBIN
amroput™, noryunBmmi HasBaHHe «Radial Sweepy» [10] BcmencTBHe BBICOKOH CKOPOCTH PadOTHI M MPOCTOTHI PECaTH3ALHH.
[NoBpImEHMST KAYECTBA KOHTYPA MOKHO JOCTHYb ITyTEM HCKIFOYCHHS BCEX €TI0 3JIEMEHTOB, HE YIOBICTBOPSIONMX YCIOBHIO
HAJTH4HS KAK MUHAMYM JBYX COCETHHX (¥, ITABHOE — PSIIOM PACTIONIOKEHHBIX) TOUYEK H300paKEHUS 30HBI M3HOca. Ha puc. 8.8
TIPUBCICHA MOACTb “OPHCHTHUPOBAHHOH TOYKH P, KOTOPAs HCIOIB3yeTCsA Ml Momubukanuu anroputMma. [IpexcrasneHue
TOUKH TOJNHKO JABYMS JCKAPTOBBIMH KOOPAMHATAMH TPHBOAWT K 3HAYMTEIBHBIM IOTPECINHOCTSIM BBIICICHHUS KOHTYpa
BCJICICTBHE HEKOPPEKTHOTO 3aBEPIICHUS MPOIIECCA ETO BBIACICHHUS.
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L. I. €. K.
Puc. 8. OcoGenHocTH cTpoeHus pparMeHTOB KOHTYpOB 30H U3Hoca PU u mpumep paGoTs! anroput™a GuibTpalidn KoHTypa (a, 6 -
MOTPEITHOCTH (PparMeHTOB KOHTYPOB; B — “OpHEHTHPOBaHHAs TOYKAa KOHTYpa M €€ OKPECTHOCTH, T, [, €, 5K - CXeMBI BBIZICTICHIS
(pparMeHTa KOHTYpa B paiioHe “KpHUTHUCCKON ™ TOUKH)

Hanpumep, mpu HATHYUU ABYX KOHTYPOB, COCAMHCHHBIX THINb OJHON TOYKOH (HAIPHMEP — KOHTYPHI ABYX COCETHUX
JIYHOK — CJICIOB aATC3HOHHBIX BBHIPHIBOB), BOBHHMKACT CHTYAIWs, OTOOpakeHHAs Ha puc. 8.1 - ¢. [IpeanonoskuM 4ro MOUCK
KOHTYpa OAHOPOAHOM 00macTu 30HbI H3HOCA PU (puc. 8. T) HAYHHACTCS C TOYKH «a» H MPOAOCIDKACTCS BAOJb KPHBOW THHHH B
HAIPABICHUH CTPEJIOK. AJITOPUTM IPOXOJUT «KPHTHYECKYIO» TOUKY «b» IEpBbIi pa3, M MPUXOTUT B HEE¢ BTOPUIHO, OTHAKO
3Ta TOYKA Y)K€ HAXOMUTCA B KOHTCHHepe (MpH “CKAHMPOBAHWU H300paKECHUS 30HBI m3HOCa PU amropuTMoM BbIZEICHUS
KOHTYpa KaXkKaas HaHACHHAA CTO TOYKA MOMCIIACTCA B “KOHTCHHED ). [103TOMY AemacTCs BBIBOA O TOM, YTO JOCTHTHYT KOHCI]
KOHTypa. Pesymsrar 3T0ro mpomecca mpeacTaBiIcH Ha puC. 8.6, XOTSA AODKEH OBITh TaKMM, KaK HA puc. 8.1. YCTpaHuWTh
MPUYHMHY TAKOTO HEKOPPEKTHOTO PE3yJIbTaTa MOXKHO, BBEAS JOIOJHHTEIBHBIC XAPAKTCPUCTHKU TOUKH H300pPKCHHA (pHC.
8.8). KpoMe nexapToBBIX KOOPAMHAT, IPEUTATACTCSI BBECTH CIIE /IBE YMCIOBBIC XaPAKTCPUCTHKY TOYKH (MHCIIA, YKA3BIBAIOIMC
HA OPUCHTALMIO TOYKH OTHOCHTECIILHO CICAYIOWCH U mpeapiaymei). Just Touku p(n) Ha puc. 8. x (HCXOI U3 MOJACTH TOUKH,
MPCIIOKCHHON HA PUC. 8.B), YHCJI0, VKA3BIBAOIEE HA COCCHHIOKD TOUKY, Oyaer 1, a Ha mpeapimymyro - 4. Tak pemmercs
mpoOieMa HEOTHO3HAYHOCTH. 1103TOMy OKOHYAHHE OOX01a KOHTYPAa MPOM30IMAET TONBKO TOLAA, KOIZA aAropuTM 00X0xa
KOHTYpA «BOHIET» B HAYANBHYIO TOUKY «CO CTOPOHBDY TOUKH, IIPEABIAYIICH AT HEE.

Pa3paboTaHbl COOTBETCTBYIOIMH ANTOPHTM M IIPOTPAMMA, HEKOTOPbIC PE3yIbTarsl pabOTh KOTOPOH MPUBEACHBI HA PHUC.
9. Ilpu ux co3gaHMK MCTIONB30BAH annapar a(pUHEBIX Mpeodpa3oBaHuil. OUEBHIHO BBICOKOEC KAUECTBO BBIICICHHS KOHTYpA
30HBI H3HOCA.
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Puc. 9 .BurapHoe H300paxeHne 30HbI H3HOCA 3a/HEH TOBEPXHOCTH peslia (2) U pe3yibTaT BLIACICHHS KOHTYPOB 30HbI H3HOca (0)

Ha puc. 10 npuseacH oOmpit Bua padoveH MaHETH MPOTPAMMHOTO KOMIIIIEKCA, CO3TAHHOTO C MCIIOIB30BAHIEM Ha SI3BIKA

C#. B 1eBOM OKHE NMAHEIH MPUBEACHO HCXOTHOE H300PAKCHHE 30HbI A; pesua, B IPaBOM — BBIICJICHHBIA KOHTYD CO CICAAMHU
BIIUCAHHOW W OMHCAHHOH OKpY)KHOCTCH. VX pammychl mpHHAAICKAT K HaOOpPY MPH3HAKOB (POPMBI OCHOBHOTO KOHTYpa

(Makpome(exTa) 30HBI H3HOCA.
i [

Puc. 10. O6muit Buj pabodeit maHeny nporpaMMHOTO KOMITJIEKca JUIs O peJieTICHHUS IPU3HAKOB 30H H3HOCA M3HOIIEHHBIX TOBEPXHOCTEH
PU

B pesymerare mpoBSACHHBIX HCCIICTOBAHUN YCTAHOBCHO, YTO AJITOPHTM B3BCIICHHOTO KOHTPACTHPOBAHMS 00CCTICUNBACT
HAWIYYIEE KAYECTBO BBIICJICHHS KOHTYPOB 30H W3HOca PU. [Ind BbIACICHHS TEKCTYPHHX COCTAB/LIIOIMX 30H H3HOCA,
OTOOPAKAIOMMX XAPAKTCP PasBHBAIONMXCA ACPCKTOB H MHKPOAC(PCKTOB, MPCAMOYTHTCIBHBIM SBIACTCA ANTOPHTM
MOIM(DUITMPOBAHHOTO  JTMHCHHOTO KOHTPACTHPOBAaHHS  Pa3paboTaH  mpOrpaMMHBIA  KOMIUIEKC, OOCCHEUMBAOIMH
KAYCCTBCHHOC BBIACICHHC KOHTYPOB 30H H3HOCA W (DOPMHPOBAHHEC COOTBCTCTBYIOIMX AMATHOCTHUCCKHX MPH3HAKOB. [1o
MHCHHIO aBTOPOB, JAHHBIC PC3YNIBTATHI ABAIOTCA MCPCICKTHBHBIME T Uconb3oBanusa B CIIP PU COBPeMCHHBIX CTAHKOB
kmacca I'TIM.

Cmucok yureparypoi: 1. Jepesanuenxo AT, Iasnenxo B.J[., Anopees A.B. JIAarHOCTUPOBAHUE COCTOSHUM PEXKYIMX UHCTPYMSHTOB IPH NPCSIM3HOHHOMN
obpabotke.- Onecca: Actponpunt, 1999. — 184 c. 2. [Ipamm V. lludpopasa o6pabotka uzobpaxenuit. — T 2. — M.: Mup, 1982 . 3. Anucumos B.B., Kypearos
BJ[., 3nobun B.K. PacnosHaBanue u 1udpoBasi oOpaborka uzobpaxeHuii. - M.: Beicmas mkona. 1983. -295 c¢. 4. MeToapl KOMIBIOTepHOU 06paboOTKH
uzobpaxenuii / [Tox pen. B.A. Coiidepa — 2-¢ uzn. — M.: OUIMATIHNT, 2003.— 784 ¢. 5. [oucanec P., Byoc P. Iludporas o6paboTka nzobpaskeHui. - M.:
Texuocdepa, 2005. — 1072 ¢. 6. Frei IV. Image Enhancement by histogram hyporbolization/Computer Graphics and Image Processing.- Ne 6(3), 1987.- P. 286-294.

7. Hummel R.A. Histogram modification techniques Computer Graphics and Image Processing/ Ne 3(4): 209-224, 1988. 8. I'vypos A.A., [Hopdupvesa H.H. Bonpocsl
OIICHKHM KOHTpacTHOCTH 300pakenuii / Tpymel TOU um. C.U.Bapunora — 1. 44, Bein. 178. — JI. 1979. — C. 31 — 34. 9. Bopobens P. I'moGanbHi HepeTBOpSHHS
300paskeHb 3 BHKOPUCTAHHSIM KOHTpacTy ix enemeHtiB/IIparii ne’siroi Beeykpaincbkoi MikHapomuoi koHdepennii “O0poGiaeHHS CUTHAIB 1 300paskeHb Ta
posuiHaBaHHs oGpasie”. — Kuis.: IK AHY. 2008. — C. 155 — 158. 10. http/www. imageprocessingplace.com/ contur tracing Abeer Gorge Ghuneim.

Hocmynuna e peoxonnezui 29.05.09
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VAK 621.914.2

A B. JIoOpOBOJBCKHH, KAHA, TCXH. HAYK,
10.C. KpacHomek, KaH/. TEXH. HAyK, XapbKOB, YKPaWHA

KHHEMATHKA CBOBOJTHOOBKATHOI'O PE3AHMS ITPU OBPABOTKE HAPYKHOM COEPHYECKOM
MNOBEPXHOCTH

Ananiz KiHeMamuxu 6inbHOOOKAMYBANLHOZO PI3AHHA NOKA3A8, WO HA OKPeMUX OULAHKAX Oyeu KOHMAaKmy pisys i 3020MOeKU WeUOKICMb PISAHHA MOdMCe
nputimamu 0oo0amue i 6i0 'eMHe 3naueHHs. Ilpu O0OamHbOMYy SHAUEHHI WEUOKOCMI Pi3anHA I00Y8AeMbCE 3HIMAHHA Mamepiany, npu 6i0 eMHOMY —
BUSNAOHCYE AHHS.

The analysis of kinematics of freely rolled cutting displayed that at certain sections of the contact arc both of cutter and material treated, the
cutting speed can gain positive and negative values. Treated material is removed under the conditions of cutting speed, but in the case of negative value of
cutting speed-smothing is occurred.

BHeapeHne B IPOH3BOACTBO HOBBIX IPOTPECCHBHBIX TEXHOJIOTHH /:éeT BO3MOXKHOCTh 3(dexTnBHO 00padaThBATH
pasmuyHBIC AcTanu. BechbMa NMEPCHCKTHBHBIM METOAOM (DHHHIIHOM o6p@on<n SBIICTCS TMPOUECC CBOOOTHOOOKATHOTO
pesanus [1,2.3], mo3BossrOIIM 00pabaThBaTh PA3TMYHbIE TPYAHOIOCTYIHBE CIOKHONPO(PUIbLHBIE MOBEPXHOCTH. B nanHOM
paboTe TPEACTAaBICH AHATW3 KHHCMATHKH CBOOOJHOOOKATHOTO PE3aHHSA 2[3] mpu 00paboTKe HapyXHOH cdepuiuccron
TTOBEPXHOCTH. g

PaccMOTpHM CXeMy CBOGOTHOOOKATHOTO PE3aHHUs AT CIy4as, KOLa HEBTP CHMMETPHE PEKYIICH KPOMKH 3 — Touka O
HE JISKHT HA OCH BPAICHUA 3aTOTOBKH (pHC.1), a CMEIIEH B CTOPOHY MHCHpyMEHTa (sHM3) Ha BemmumHy B. CMmemcHue B
MPOTUBOIOIOMKHYIO CTOPOHY ICOMCTPHYCCKHMH MOCTPOCHUAMH HC JOIYCKACECS.

HHCTPYMEHT 2 MMEET BO3MOKHOCTb CBOGOIHOTO BPAIIEHHUS B CBOMX OTIOPAX M BHINOJIHEH B BHJIE YAEYHOTO PE31A ¢ KPYTOBOH
POKYIIRH KPOMKOH 3, CONMPsDKCHHON O 3aKOHAM 00KaTa ¢ mpodumem o6pa60§:nnoﬁ TMOBCPXHOCTH 4. [Ipn 3TOM 00padoTaHHAS

TIOBEPXHOCTH OXBATBHIBACTCS PEXKYICH KpoMKoH pesra. Och BpallCHHA HHCTPYM T YCTAHABTMBAFOT MO YINIOM V K OCH BPAIICHHS

@
3ar0TOBKH | B OTHOM C HEH MIIOCKOCTH. 3aTOTOBKE COOOIIAIOT IPHHYIUTEIBHOE S)aH.BTeJTLHOG JBIKCHIE KPYTrOBOU MOJAYH Do 5
OOBIMHO, IIPOTHB YACOBOH CTPEIIKH. —

Cremyer OTMETHUTh HEKOTOPHIC TEXHOJOTHYECCKHE OCOOCHHOCTH OORI00OTKH HAPYKHOH CQepbl paccMaTpHUBACMBIM
MerogoM. Bricora mapoBoro cios oOpaborannHo# cdepet H 3amaetcs depTeskoM [AeTamm B COOTBSTCTBHH C €
()VHKUMOHATIBHBIM HA3HAUCHHEM. JlHAMETp peXymed KPOMKH HHCTPYMEHTA [, JODKEH OBITh BCETAA MEHBIE AMAMETPa
oOpabarsmaemoit chepst D, M €T0 3HAUCHUE BRIOMPAIOT B MPEACIAX

Di=(0.85 = 0,95) D, (1)



pudd

B:
=+

D = —
4 4 ) Tpumyck

cepsr (mapamerpa B), TCOPSTHUCCKOS 3HAYCHHE KOTOPOTO MOYKHO ONPEACTHTH MO (hopMmyie ( ‘
IIPH 3TOM PEKOMEHIyETCA MPHHUMATh B mpeaenax 0,3 + 0,5 M.

JUIT UCCnenoBaHMA KHMHEMATHYECKUX MApPAMETPOB PACCMOTPHM BEKTOP OKPYKHOH CKOPOCTH MPOH3BOJIBHOH TOYKH
KOHTAKTA M, MPHHAAICKAIICH PEKYIeH KPOMKE 3, M BEKTOP OKPY)KHOH CKOPOCTH TOM K€ TOYKH KOHTAKTA, MPHHAIJICKAECH
TMOBEPXHOCTH pe3aHus 4 (puc.l), U pemmM U3BECTHYIO B TCOPETHUECKOM MEXaHUKE 3ajauyy [4] o BpalleHHMHM CHCTEMBI ABYX
TBEPABIX TN , KAKMMH ABIAIOTCA PE3EI U 3aTOTOBKA, BOKPYT HETOABIDKHBIX MEPECEKAIONMXCA OCeH MX BpameHus. J11 oT4eTa
BBCJICM JICKAPTOBY CHCTEMY KOOPAMHAT X1/, Ha4ajI0 OTCUETa COBMECTHM C TOUKOH O, PACIOIOKCHHOW B MECTE MEPECCUCHHS
OCeH BpAIICHMS 3aTOTOBKM M MHCTPYMEHTA, 0Ch ()Y HampaBUM IO OCH BPAIICHUS 3aTOTOBKH B CTOPOHY ITPOTHBOIIOJIOKHYIO
MOBEPXHOCTH PEe3aHmsA, 0Ch (JZ — BEPTHKAIBHO BBEPX, a 0Ch OX — NMEPIECHANUKYISIPHO TEPBBIM JABYM TaK, YTOOBI OPTHI i,k
xoopauHATHEIX ocelt OX, OY, OZ 00pa30BbIBaIH MPABYIO TPOHKY.

IlepBoHA4YaIPHO PACCMOTPHM KHHEMATHYCCKHE MAPAMETPHI MEPEMEIICHUA MPOU3BOIBHON TOUKH KOHTAKTa /7 (puc.1) Ha
TMOBSPXHOCTH DPE3aHHA 4, MPHHALICIKAIICH TBEpAOMY TEIy — 3arOTOBKE /, PABHOMEPHO BPAIAKOINCHCA BOKPYT CBOECH

HETIOJBIKHOM OCH C YITIOBOH CKOPOCTHIO |W 3| OKpy’KHOE MOJOKEHHE TOUKH /71 OTPEACTAETCA YIIOBOH KOOPAMHATOH ¥ |
OTCUMTAHHOH OT €€ KpAaWHErO0 BEPXHErO0 MOJIOKCHHA 1, (Ha PEKYIEH KPOMKE) B CTOPOHY BPALICHUA HHCTPYMEHTA A0

TCKYIICTO MOJIOKCHHUA pamuyca mHcTpyMmeHTa O;m=0,5D, . Pagmyc-BekTop ¥ mpoBeAEM W3 Hadaja orcdyera TOYKH O B
paccMaTpuBaEMyI0 TOUKY 7. B pesymsrare BpalicHHA 3aTOTOBKH BOKPYT CBOCH OCH TOYKA 71 HMEET OKPYKHYHO CKOPOCTB,

BEKTOD KOTOPOH ¥ s HAMpPaBICH MO KACATEIBHOM K TPACKTOPUH 3TOMH TOYKH.
Kenas COCIMHHTBH C MOHATHEM YITIOBOM CKOPOCTH HMPEACTABICHHC O HANMPABICHHH OCH, BOKPYT KOTOPOH IMPOHMCXOTHT

BPAIICHHE 3ATOTOBKH, BBEAEM BEKTOD YINOBOM CKOpocTH W a. Ero MOAymb ONpeneseTcss KAK MPOM3BOIHASA OT YIIOBOM

KOOpAUHATHL ¥w MO BpeMeHH T, a HAMpAaBICHUE HEOONOAMMO CBA3aTh C OCHK BPAIICHHA 3arOTOBKH — €IMHCTBCHHBIM
HEM3MCHHBIM HAIPABICHUEM BO Bpamg@romeMmcs Tene. [Ipu 3ToM Takke HEOOXOAMMO YKAa3aTh B KAKYO CTOPOHY IO OCH



BPAILCHMA HATIPABJICH BEKTOp W 1. OOmenpuHATO [4] HANPABIATH 3TOT BEKTOP, IO OCH BPAILEHHA TBEPAOLO TENA TAK, YTOOBI
HAOMOOATCAh, CMOTPAMMH C KOHIA BCKTOPA, BHACH BPAICHHC 3aTOTOBKH B IOJIOKHTCIHHOM HANMPABICHWH, T.C. MPOTHB
YaCOBOU CTPENKHU MPHU MPABOH CHCTEME KoopAuHAT XTZ.

PaccmarpuBast yITIOBYEO CKOPOCTB KaK BEKTOP, OTKIAABIBACMBIN M0 OCH BPALICHUSA 3aTOTOBKH, MOJKHO OIIPEACTUTE BEKTOD

OKPY/KHOH CKOPOCTH ¥ s IpPOM3BOIBHOM TOMKH KOHTAKTA /71, MPHHAMICKAIICH BPAIIAOIICHCSA TOBCPXHOCTH pe3aHus. OH
PACCUUTBIBACTCA KAaK BEKTOPHOE MPOM3BEACHHE BEKTOPA YIIOBOH CKOPOCTH HA PAAUYC-BEKTOP 3TOH TOYKH OTHOCHTEIBHO
TMF000M TOUKH HA OCH BpaIncHUA [4], B TOM YnCIC B TOUKH O — HAYAIA OTCUCTA
Vow =Wa x ¥, Q)
BekropHoe npousseacHHE (2) MOKHO 3aMMCaTh YE€PE3 OMPEACIUTEIb BUAA:

I

= !
V=W, W, W,|=iW, -Z-W, Y)+jW, X-W, 2)+W, T-W,_ X
X ¥

N

-3

rae Wn, Wv, Wa - MPOCKIMH BCKTOPA YIJIOBOH CKOPOCTH COOTBCTCTBEHHO Ha oCH koopmuHar OX, OY, OZ; a XYa _

KOOPAMHATHI KOHLA PaJUyCa-BEKTOpa ¥ Ha Te »Ke OCH (Ha puc. 1 He MOKa3aHbI).
Taxkum oOpa3oM, B YpaBHCHHH (3) COMHOKHUTCITH MPH OPTAaX i,j,k ABIOTCSA MPOCKIMAMH BEKTOPA OKPY’KHOH CKOPOCTH

¥ 2w [4] IPOU3BONLHOM TOUKH KOHTAKTA 72 IOBSPXHOCTH PE3aHHA Ha koopauHaTHbie ocu OX, OY, OZ

Vo = Wiy L= W, ¥ @)
Vg = W X =W 2 5)
Ve =W Y-W, - X ©

TTpoeKILMH BEKTOPa YITIOBOM CKOPOCTH M 1 (puc. 1) HA KOOPAUHATHBIE OCH MOKHO 3aIHCATh B BUAC

i
Wy — g Wy

W=y, @)

a KOOPIMHATHI KOHLIA PaJryCa-BeKTOpa ¥ Ha TE ’KC OCH BBIPA3HM Yepe3 TEKYIICE 3HAYCHHE PAAMyCa MHCTPYMCHTA OM — B
BHJIC

1 ™
X =05D, siny, ——=0,5D, -siny
cosn
¥=0,5D, cosy, -siny =0,5D, -cosy,, - siny
# cosm v > ®
1
Z2=0,5D, cosy, - ——=0,5D, cosy,, -cosw
cos
A

e 7 = const — yron npu 0CHOBAHUH KOHYCa, 0GPA30BAHHOTO KPYTOBBIM MEPEMENMICHHEM PAANYCA-BEKTOPA ¥ , OMHPAFOIIETOC

cospy = &
HA PEHKYILYI0 KPOMKY, a o .
Tloncrasmss 3HaueHus (7) u (8) B (4) ... (6), mOAYUYUM BBIPAKCHHS IS MPOCKUUH BEKTOPA OKPYKHOM CKOPOCTH TOYKH
KOHTAKTA 71 Ha KOOPAUHATHBIC OCH B CJICAYIOLIEM BUAC:

V. =W.|0,5D. - :
- | i i CDSW' COSI-", (9)
Py =0 (10)
V. =-[#,.[0,5D -si

Tenepb pacCMOTPUM CKOPOCTb TOM K€ TOUKH KOHTAKTA /77, HO NMPUHALICKALICH pekyied kpomke 3. B pesymbrare

BPAIICHMS MHCTPYMEHTA TOYKA /7 HMEET OKDPYKHYK) CKOPOCTb, BEKTOP KOTOPOH ¥ we HANpABICH MO KACATENbHOM K

v v 7|
TPACKTOPHHU 3TOU TOYKH B MPOUCCCEC €€ KPYTOBOTO0 NMEPEMCHICHHA BOKPYI OCH HHCTPYMCHTA C YINIOBOUM CKOPOCTBIO | "

Bekrop 310H CKOPOCTH W\ AHATOTHYHO COBMECTHM C OCHIO BPALICHUA HHCTPYMEHTA U COPHEHTHPYEM €T0 B MOIOKHTEIBHOM

HAIPABICHUH.

OKpy:XHOE MHOJOKCHHE TOUKH KOHTAKTA /1 ONpeciAeTcd ToH ke yIIoBol koopmuHaroii ¥We a pamuyc-extop ¥ 1,
TPOBEAEM M3 TOUKH ()7 B PaCCMATPHUBACMYIO TOUKY /17, TIPH 3TOM

|g|= Gm=0,5-D, 12)

BekTop OKpYKHOM CKOPOCTH ¥ we MPOM3BOJBHON TOYKH KOHTAKTA /71 BPANRAKOIIEHCS PEKYIIEH KPOMKH HHCTPYMEHTA



MOZKHO OIPEACTUTH AHATOTHYHO (2), KAaK BEKTOPHOE MPOU3BEACHUE BEKTOPA YIIOBOH CKOPOCTH HA PAAUYC-BEKTOP ITOM TOUKH
OTHOCHTEJIBHO OO0 TOYKM HA OCH BPALICHUS HHCTPYMEHTA, B TOM YHCIC ¥ TOUKH O

LAY (13)
IIpoexkuuu BEKTOPA YITIOBOM CKOPOCTH W, (puc. 1) Ha KOOPAUHATHBIC OCH MOYKHO 3aIUCATh B BUJE!
Wn=0, W_}=6?_~cosv W‘=—|ﬂ€_’.|~smv, (14)
a KOOPIMHATHI KOHLIA PaJHyCca-BEKTOpa Y | Ha Te %e KOOPJMHATHBIC OCH B BHAE:
X =X=05D ~singp", H=0,5D, -cosy,_-sinv+E-cosy .
Z,=0,5D,  -cosy,-cosv+ B -siny (15)

ITpoeKuHH BEKTOPA OKPYKHOH CKOPOCTH PEKYIIEH KPOMKH ¥ we IPOH3BOTBHOM TOYKH KOHTAKTA /1 HA KOOPIMHATHBIE
OCH 3anmuieM aHaxorudHo (4) ... (6) B BuIC:
v =W,-21-W_ﬂ -B

: (16)
Vg =W Xy Wi Ty an
Ve = W =W B (18)

Tloacraemstst B (16) ... (18) 3Hauenust (14) u (15) moay4uM BBIpOKCHUS IS MPOCKIUUH BEKTOpPA OKPY)KHOH CKOPOCTH
PEXKYIIEH KPOMKH B paCCMaTpPUBACMON TOUKE KOHTAKTA 171

Ve = FV. 0,5D,- cosw‘_, (19)
Vg =~ [ 0,5D, siny,, sinv. a0
Vw=—FE;. -D,5D.~sinw'-cosv. @1

K nmpou3BOMbHOM TOUKE KOHTAKTA /71 TPHJIOKCHBI OMHOBPEMCHHO JBA BEKTOpA cKopocTed Vs u ¥ | cricmoBaTembHO,
30CCh UMCCT MECTO MPOCKATB3BIBAHUC PCKYIICH KPOMKH 3 OTHOCHTCIIBHO TOBCPXHOCTH pe3aHus 4 (puc. 1, sug A), Bekrop

CKOPOCTH KOTOPOTO ¥ MOIKHO OTpPEETHTD, KAK TEOMETPHYECKYEO PA3HOCTh HCXOIHBIX BEKTOPOB
V=Vow= Ve, 22)

3Has MPOCKIHH BEKTOPOB Var (9) ... (11) Ha koopauHatHble ocu X,Y,Z U Ve Ha TC 5KC OCH, 2 TAKOKS YYUTBIBAA TOT
(hakT, YTO OHH MPHJIOKCHBI B OMHOHW M TOH JKE TOUKE /77, 3AIMIICM TCOMCTPHICCKYIO PA3HOCTH (22) B BHAC MPOCKIUI BEKTOPA
CKOPOCTH MPOCKAJIb3bIBAHHS

v, =U,5Acosw,( PF, D, cosv - [ ‘D-) (23)
7, = |z?f. .0,5D, siny,_ -sinv 249
V,=U,5-siny/,( F?.‘D.'CC'SV‘ 5?! ‘Do) (25)

IIpoanamu3upyeM COCTABISIOLIYEO CKOPOCTH MPOCKAIb3bIBAHHS Y (23), xoTOpas pacmoNoKEeHA B INIOCKOCTH PEXKYILEH
KpOMKH (8) M SABIICTCA «CTALHOHAPHBIM MPOCKANB3BIBAHHCMY IO OMPCACICHHIO PAdoTHI [5]. CKOPOCTh «CTAHOHAPHOTO

V_':f( PI/,; Wul, D,; D,; v) |z?,| 5

MPOCKATB3bIBAHUA? - CIIOKHAA (I)YHKI.[I/I}I , TIC BCIIHYHHA — 3aJ4aHa 1aCTOTOH BPAIICHUA

OIMTAHACTS CTAHKA, TAPAMETPhI D-; Dy w v — samamm TCOMETPHUYCCKAMHE YCIOBHAMHE CXCMBI PE3AHHUSA, a YIIOBYIO CKOPOCTh
Wal= 1 .]: Dy Dui v)

HHCTPYMCHTA HEOOXOIUMO ONPCACTUTh AHATUTHYICCKH. Z[JI}I 9TOr0 pacCMOTPHUM HHTCTPAIBHOC

3HAYEHHE CKOPOCTH «CTAIHOHAPHOTO MPOCKAMB3BIBAHKD (23) 32 OOMH MOMHEI 060poT HHCTpyMeHTa 0<¥w <27 ITpu 3TOM
VUHTBIBACM HAYATbHBIC YCIOBHA MOACTHUPOBAHHA (IMHAMHUKY IPOLIECCA PE3AHHA HE YUHTBHIBAEM, 4 CLCINICHHE PEXKYIICH
KPOMKH C MOBEPXHOCTBIO PE3AHMSA CUMTACM HICATbHBIM)
[
D, ) Icosr,cx,~dy/, =0

Zr -0 fe (26)

W3 ypaBHeHUA (26) NOIYYHM BBIPAKCHHE A1 HCKOMOM YITIOBOH CKOPOCTH

-Da~cosv—|§’.

7

= .

Do
+—-COSV
D, : 27)

Kpome TorO, camMa mo ceOc CKOPOCTh «CTAMOHAPHOTO MPOCKATB3BIBAHMDY Y (23) HE MOXKET SBIATHCA COCTABHOU
YACTBHEO CKOPOCTH CBOOOTHOOOKATHOTO PS3aHHUS BBHIY €€ PACIIOIOKCHHUS B INIOCKOCTH PEKYIIRH KpoMkn 3 (puc. 1), a Taroke B
CHJIY TOTO, YTO TFOOOH MPOLECC PE3AHMS C OTXOAOM CTPYKKH MOMET OCYIIECTBILITHCA TOIBKO NP YCIOBHH HANMPABICHHOCTH

BEKTOPA CKOPOCTH PE3aHHA HA PEKYIIYED KPOMKY HIM MEPEIHIOK MOBEPXHOCTH Pesla. [103TOMY TOUKH KOHTAkTa e M "

(puc. 1) craparoTcs MO BO3MOKHOCTH BBIBOOHTH W3 30HBI PE3aHHA, T.K. B 3TOM MeCTE¢ HAOMOOAeTCd MAKCHMAJIBHOS
«CTALHOHAPHOE MPOCKATIB3BIBAHUCY, 4 COOCTBEHHO PE3aHHE C OTXOAOM CTPY)KKH OTCYTCTBYeT [5].


file://-/wJ/D

CropocTh CBOOOZHOOOKATHOTO PE3aHHS TpakTyerca [3, 5] Kak CKOPOCTb TPOCKANB3BIBAHMS PEKYIIEH KPOMKH
OTHOCHUTEJIBHO MOBEPXHOCTH PE3AHUS B MPOU3BOJBbHOM TOUKE KOHTAKTa M, 3Has cocrapmonme (24), (25) u yuurssas (27)
OTIpeJICTNM €€ A0COMOTHOE 3HAYCHHE B BHIC:

Ve ievi=f. 28)

B mocreanei (hopMye MOAYIb YIIOBOH CKOPOCTH 3aTOTOBKH BBIPA3HM UCPE3 €C YACTOTY BPAIICHHUSA
W

0,5D, -siny, -siny

ni

=27-n
’, 29)

TOTZA HCKOMAs CKOPOCTH CBOOOTHOOOKATHOTO PC3aHHA B OKOHUATCIHHOM TPATUIIHOHHOM BHAC, C yueToM (29), a Tarxe

MEPEBOJA 3HAYCHUH JHAMETPA U3 MIUDIUMETPOB B METPBL, MPUMET BHA!
aD,-n . ;

V=+”-smg/~-smv
1000 ) 30

C uW3MECHCHHEM YITIOBOH KOOPIMHATBHI Y TOukM KOHTakTa ™ B npegenax 0< Ve <7 pemmumHa CKOPOCTH
CBOOOAHOOOKATHOIO pe3aHus (30) MPUHHMAET MOIOKHUTEILHOE 3HAYECHME ¥ > (), A €€ BEKTOp HMEET HANpPABICHHOCTh HA
POXKYIIYIO KPOMKY HHCTPyMCHTA. VIMGHHO B 3TOH 30HC MPOMCXOANT CBOOOTHOOOKATHOC PE3AHHC C OTXOAOM CTPYKKH. [lpm

M3MEHEHHH yIia B npeaenax ¥ <Yw <24 penmumna cxopocTu pesanms (30) IPHHUMAET OTPULATEIBHOE 3HaYeHHE ¥ < 0, a
€¢ BCKTOP HMEET HANPABICHHOCTh B CTOPOHY OT PEXYyIeH KPOMKH. B 3TOH 30HE NPOUCXOAMT CBOOOTHOOOKATHOE
BBIITAKUBAHKUC VKE 00PaOOTAHHOH MOBCPXHOCTH PCKYIICH KPOMKOH HHCTPYMCHTA 0¢3 0TX0Aa CTpyKku. Kpome Toro, mpm

sHavueHuAX yria ¥m= 0, Ym= 7 BrOuRax ™e m ™ (puc. 1) pe3aHmME OTCYTCTBYET, T.K. CKOPOCTB pesanus (30) paBHA HOIO.
TTo3TOMY 3TH XapaKTEPHBIE TOYKH CTAPAKOTCS, MO BO3MOYKHOCTH, BBIBOJMTH M3 30HBI 00paboTkm. ITpakTHueckas 00macTh

HCTOIb30BAHMS PACCMOTPEHHON CXEMBbI PE3AHUS MO YIIy NMEpeceucHUs 0Ccei cocTapisier 0 <V < 60 [5]. Bomee moapoOHBIH
AHAMTHYCCKUH aHATH3 KHHEMATHYCCKH AHANOTHYHON CXEMBI PE3aHMs MPEACTABICH B paboTe [5], KOTOpBI ClipaBeaMB U
JUTL pACCMaTPHBAECMOTO CIIy4ast.

MozempoBanne mpouecca CBOOOTHOOOKATHOTO PE3aHUS MPH 00PadOTKS HAPYKHOH CPSPHUICCKOH MOBSPXHOCTH MOKHO
MPOBOJUTH TAK)KEC KAK M IPH OOpabOTKE BHYTPCHHEH ILMIMHAPHYCCKOH M cepuueckort mosepxaocred [3]. Ilpm 3tom
OCTAHABJIMBACM 3aTOTOBKY / (pHC. 2), M1 4ET0 pe3ly 2, HMEIOIIETO PEKYIIYI0 KPOMKY 3, COOOMAEM BPAATEIHHOE JBIKCHUC
BOKPYT OCH 3aroTOBKH C YIJIIOBOH CKOPOCTBIO PABHOW IO BEIMUMHE YIIOBOM CKOPOCTH 3arOTOBKH M HAIPABICHHOH B
TPOTHUBOIOJIOKHYFO CTOPOHY [4].

[IpuMmeHsIsE TeOpeMy O CIIOKCHHH BPAIlGHHH ABYX TBEPABIX TENX BOKPYT IEPECEKAFOUMXCS OCCH, HAXOJMM BEKTOP

a6COTIOTHOM YIOBOH CKOPOCTH CHCTEMBI /¥ KaK TEOMETPHYECKYIO CYMMY BEKTOPOB — W a  Wu  KOTODBIH B HEMOABHIKHOM
MPOCTPAHCTBEC U BO BPAIIAOMICMCA TCJIC OMHIKT B HUX YCJIOBHBIC JTHHCHYATHIC TMOBCPXHOCTH. HOBerHOCTI), CBI3AHHAA C
3aroTOBKOW M 00pa30BAaHHAS JBIPKCHHECM MTHOBSHHOHW OCH B HEIOABIKHOM ITPOCTPAHCTBE, OyZIET HETOIBHKHBIM AKCOHIOM,
nMerommM (opMy HApYKHOTO KPYTOBOTO KOHYCA.

[ToBepxHOCTH, KOTOpas CBA3AHA C BPAIAFONIMMCS HHCTPYMEHTOM H 0Opa30OBaHA [OBHOKCHHEM MTHOBCHHOH OCH B
MOABIKHOM TPOCTPAHCTBE, OYACT MOABMKHBIM AKCOHIOM, HMEHOIMM (JOPMY TAKKE HAPYKHOTO KOHyca. Takumm o0pasoM,
00paboTaHHAS HAPYKHAS C(hePHICCKAST IOBSPXHOCTH (DOPMOOOPA3YSTCI METOIOM 00KATa.

AHaH3 cxeMBI CBOOOAHOOOKATHOTO PE3aHUS TOKA3al, YTO MOIYUCHHBIC 3aBHCHMOCTH JOCTATOYHO IOJHO OTPAXKAOT
KHHCMATHYCCKHC W HCKOTOPBIC (DM3HYCCKHUE OCOOCHHOCTH mpomecca pe3anud. JaHHBIH METOx 00pabOTKH ABIACTCS
NCPCUCKTUBHBIM H I[aJ'IBHefIH.Iee HCCICAOBAHUEC OTACIBHBIX ACTICKTOB €TO ABJLACTCA AKTYAJIBHBIM.

Puc. 2 Cxema o0xaTku cBOOOAHOOOKATHOTO pe3aHUs

Cmucox smreparyper: 1. Ilarent RU 2311991C2, Poccumiickas denepaunus. Jooposonvexusi A.B., Tuumpues C.J. CrnocoG BBICOKOTOUHOU 00pabOTKH
chepuueckoil mopepxaoctu. — Ne 2004137691/02; 3asei. 23.12.2004; Onyon. 10.12.2007, Bron. Ne 34. 2. Jlobposonvexuti A.B. u dp. CKOPOCTb pe3aHus NpU
npodHIHPOBAHUH TTOBEPXHOCTEH CBOGOIHOOGKATHBIM pe3nioM. — M3gecTus BY30B No 12. — M.: Manunoctpoenue. — 1988. — C.111 ... 117. 3. Jobposonvckuii
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MIIrO TOBKA BAXITHOI IHOOPMAIIII /)11 CACTEMH ABTOMATH30BAHOI'O IPOEKTYBAHHA
MO/JYJAbHUX TEXHOJOTTYHHUX ITPOLIECIB

The article deals with describe machine parts are based on modular technology.

BaxumBuM €I€MEHTOM B KOMIUICKCI POOIT MO CKOPOUCHHIO TEPMIiHIB TEXHOJOTIUHOI IMIATOTOBKH BHPOOHHITBA €
CTBOPEHHSI C(ECKTHBHMX CHCTEM AaBTOMATH30BAHOTO IIPOCKTYBAHHS TEXHOJOTIUHHX IPOICCIB BHTOTOBJICHHS BHPOOIB.
BupiHCHHSIM THTAHb BAOCKOHAJICHHSI MCTOIIB MPOSKTYBAHHS TCXHOJOTIUHHX MPONeciB i apromarm3anii TIII1 3atimamuics Taki
pugai yucHi sax C.IL Mitpoganos, A.Il. Coromoscekmii, A H. Kammpin, B.M. Kosan, b.C. bamakmmu, B.C. Kopcakos,
A.A. Maranin, B.E. Yemimes, ATl Tappum, I'K. Topaucekuii, B.JI. Ligetkos, B.M. Baspos i in. Ix mpamsamu po3po6acHi
METONM TPOCKTYBAHHS 1HIWBIAYaNbHHUX, THIIOBHX, TpPYIOBHX, MOAYIPHHX TEXHOJIOTIYHUX TIPOIECIB, PO3pPOOICHI
ABTOMATH30BAHI CHCTEMH TCXHOJIOTIUHOI MiATOTOBKH BHPOOHHIITBEA.

Benmky CKIaaHICTD IPH CTBOPCHHI TAKMX CHCTEM MPCACTABIAE MPOICC OMACY CaMOi ACTANI, AKHH € JOCUTH CKIATHUM i
TPYAOMICTKHAM, TAKHM, I0 BHMATA€ CICI[ANBHHX 3HAHH 1 HABHWKiB. CKIATHICTH MPOLECY OMHCY ACTANI 3YMOBIOE BHCOKY
BIPOTIJHICTh MOMIJIOK, SIKI MOXKYTh IPHUBECTH J0 TOMIUIOK B TEXHOJIOTIMHOMY mpoueci. TakuM YHHOM, BCi IIepeBaru
aBTOMATH3aLil MPOLCCY MPOCKTYBAHHA 3BOAATHCSA HAHIBESHb BHCOKOK) TPYIOMICTKICTIO OmMHUCY Actami. JOCATTH CIpPOINCHHS
TPOIIECY OIMHCY ACTANTI, 4 TAKOX CAMOTO IPOIIECY MPOCKTYBAHHS TEXHOJIOTIYHOTO MPOIIECY MOXKHA, SIKIIO B OCHOBY CHCTEMH
CATIP TI1 moknacTv MPUHITHITH MOJAYIbHOI TEXHOJIOTI].

MeToro naHoi poOOTH € (GOPMYIOBAHHS MPUHIUIIB MiATOTOBKH BUXIAHOI 1H(OpMALIi AT CHCTEMH aBTOMATH30BAHOTO
MIPOCKTYBAHHS MOAYIbHHUX TEXHOJOTIYHHX IPOIICCIB.

Ha BiaMiHy BiZ 3BHYAWHHUX METOMK, ¢ 00pa3 Actam (opMyeThCs 32 JOTIOMOTOI0 CYKYITHOCTI OKPEMHX €JICMEHTAPHUX
TTOBCPXOHB 1 3B'13KiB Mi’K HUMH, B MOAY/IbHIH TEXHOJIOTI ICTAJIb OMHUCYETHCS CYKYITHICTIO MOY/IiB TOBSPXOHB
[1, 2]. OckinbkH MOAYIh MOBCPXOHB € THMOBOK) CYKYIHICTIO MOBCPXOHB, TO CIPOIYETHCH MPOLEC OMHCY ACTANI, 3HAYHO
CKOPOUY€eTHCS 00'eM 1H(OpPMALii, IO BBOAUTHCS, CIPOIYETHCS CTPYKTYPA CAMOi CHCTEMH IPOSKTYBAHHSL.

VY pazi po6iT [2, 3, 4] mpONOHY€ETHCSA MCTOAUKA OMTUCY ACTANI I MOAYIbHOI TeXHOI0Tii. [IpoTe B 000X poOOTaxX B OCHOBY
ONMHCY JCTalNCH NOKIAJCHHWH OINHMC CJIEMCHTAPHHUX IIOBCPXOHB JeTancH 1 3B'3kiB MDK HuUMH. [lami OKpeMi HOBEpXHi
00'€THYFOTECS B TPYIIH TO PSIY PI3HHUX O3HAK, SIK SKI MOKYTh OYTH BHKOPHCTAHI CJIY;KO0BE MPH3HAYCHHS, Pi3HI TEXHOJIOTIUHI
o3HaKkH. )11 OMHCY CICMCHTAPHOI MOBEPXHI BHKOPHUCTOBYFOTECA Pi3HUX MOETHAHHS XapPaKTCPUCTHK. Y po0oTi [3] HIME € THI
TMOBCPXHI (MUTIHAPOBA, KOHIYHA 1 TaK Jaii), BUA MOBCPXHI (30BHIMIHSA, BHYTPIIIHSA, TAKa, IO OXOILTIOE, OXOITFOBAHA) 1 BHJ
mpo (im0 moBepxHi (TBUHTOBHI, IITINBOBAHN 1 Tak Aami). Pi3Hi KoMOiHAMIT ITX XapaKTEPUCTHK YTBOPIOKOTH O€31TY €IIEMEHTIB,
YACTHHU KX HAOYBA€ IMOPOKHE 3HAYCHHS. TaKWM YHHOM, BHKOPHUCTAHHS TAKOTO IIJAXOAY IO OIMHKCY ACTall IPHUBOIUTH 10
HCOOTPYHTOBAHOTO 30iMbImCHHA iH(pOpPMAaUiiiHOi 0a3m CHCTCMH AaBTOMATH30BAHOTO TPOCKTYBAHHS, HCPALiOHAIBHOTO
BHKOPHCTAHHS PECYPCIB CHCTEMH.

BuxopucTaHHS 3a3HAYCHHX METOMAIB OMHCY KOHCTPYKIIi AeTami HE JO3BOJUTH IIATOTYBATH BUXiAHY iH(opManiro B
00Cs131, IOCTaTHROMY I ITPOCKTYBAHHS TEXHOJIOTIYHOTO IIPOIIECY, TAK K OyIyTh ONMMCAHI JIMIIE OKPEMi MOyl MOBSPXOHb Ta
ix po3mipHi xapakrepuctuku. Lliei inopmarii HEIOCTAaTHRO AT BUPIIICHHS TAKUX MMATAHb TEXHOIOTIYHOIO MPOCKTYBAHHS,
SIK AOULIBHICTh BUKOPHCTAHHS PI3HUX TPYIl BEPCTATHOTO OOIATHAHHSA TA HOTO PO3MIpPIB, METOMIB OOPOOKH, THPY Ta PO3MIpIB
IHCTPYMEHTY 1 T.II.

Bcro in(hopManiro mpo KOHCTPYKINIO ACTA MPH MPOCKTYBAHHI MOAYABHOTO TCXHOJIOTIYHOTO MPOLECY MOKHA PO3ALTATH
HA /1Bl YACTHHHU:

— 3arajbHA, KA OMHCYH0 (DOpMy meTai, MePeTik MOIYIIIB MOBSPXOHB, 3B A3KH PO3MIPHI Ta TOYHOCTI MK MOAYIIIMH, ii
rabapuTHI pO3MIPH Ta, BIAMOBIAHO, BHU3HA4A€ MOTPIOHI Po3MipH PoOOYOIO MPOCTOPY OOIATHAHHS, NMEPEBAKHI METOIH
00poOKM i T. I,

— BHYTPIIIHBOMOYIIBHA, SIKA OIHCYE HASBHI B MOJY/Il MOBEPXHI, IX PO3MIPH Ta TOUHICTB.

Jns ommcy 3aradbHEX JAHHX IPO JeTans MOXe OyTH BHKopucTaHa kiacu(ikamis, pospodrena E.TIIT.Ksacosum i
BHKIAACHY B po0oTi [4]. CrpykrypHa cxeMa KiracH(pikamii mpeaCTaBICHA HA PUCYHKY 1.

Sk BHZHO 3 TPEACTABICHOI CXEMH, JaHA Kiacuikamis MicTuTh 4 piBHI TpyIyBaHHA metancii. Ha mepmomy piBHI
TMPOBOAUTHCA BU3HAUCHHS THITY JAHOI ACTaNi (TiJI0 0OCpTaHHA, HE TiJI0 0OCPTAHHA).

Jpyruit piseHp kiaacu(ikamii BEChb MACHB AHANI30BAHHX ACTANCH 3 YpPaXyBaHHSAM BHKOPHCTAHHS MCTAIOPIKYIOTO
VCTaTKyBaHHSI 1 MIPUCTOCYBAHb YTBOPIOE IT'SITh TEXHOJOTIUHHX KJIACiB AeTanc, mo oOpoOIIOTECS: ¥ ICHTPAX, Y MATPOHI;, IIPH
KpiIUtleHHI Ha KyOi a00 muuTi; IumTi, TmoOycHOM ctoii. TpeTid, IHCTPYMCHTAJIbHUH pPiBEHb KiacH(ikarii BH3HAYAETHCS
KITBKICTIO iIHCTPYMCHTIB, KA MOKC OyTH BCTAHOBJICHC B MAaraswHi (Pi3LETpHMAaYi) YCTATKYBAHHA, MO BHKOHYE OMCPALIIO 3
MAKCHMAJIBHO MOYKJTHBHM YHCIIOM Pi3HHX 0OPOOIIOBAHUX MIOBCPXOHb.

Kokern ocpivueHmif migknac paeraneii (HE3aNCKHO BiJ PO3MIPHEX XapaKTEPUCTHK OOPOOIIOBAHHX IIOBCPXOHD)
XapaKTCPU3YETHCA €THICTIO BHAY OOPOOIOBAIBHOTO YCTATKYBAHHA, YCTAHOBKH OOPOOMFOBAHOI ACTANi i 1HCTPYMCHTANBHOL
HATAOKH., YTBOPCHHA TPYH ACTANCH, INO XapaKTCPHU3YIOTHCA CHIMBHICTIO TCXHOJIOTIYHOIO MPOHECY i OOpoONFOBAHUX HA
VCTarKyBaHHI OJHOTO THIIOPA3MEpa, MPOBOJUTHCSI MO PO3MIPHHX XapaKTEPHCTHKAX POOOUMX 30H BEPCTATiB, € UCTBEPTHM
piBHEM Kiacu(ikamii.

ITlin poOOY00 30HOK YCTATKYBAHHA POSYMIETBCA 00'€MHA XapaKTCPHCTHKA MPOCTOPY, B MOXKAX AKOI MOXKE OyTH
MPOBCICHA YCTAHOBKA 1 00poOKa AeTai IHCTPYMCHTOM .
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Pre. 1. CTpyKTypHA CXe Ma TPYTIVBAHHA METANe i

Ha ocHOBI Takoi CXeMH MOKIMBO YTBOPUTH TEXHOJOTIUHUH KO JIETA.

KomysanHs aerami 341 HCHIOETHCS IIECTH3HAYHIM OYKBEHO-IH()POBHM KOZIOM, SIKHH MA€ BHITIST

ABCDEF

e A — o3Haka kiacy aetani (1 — 1imo odepTaHHs; 2 — HE TiO 0OCPTAHHSA);

B — mepeBaxkauit cioci6 0a3yBaHHA AcTali mpH 00poOI;

C — HasBHICTH OTBOPY 1 HOTO THI (A7 TiNTa 00EPTAHHS — IICHTPAIBHE);

D — nomxuHa aerani;

E — Hali0impmmif iaMerp AeTam Tijio 00epTaHHs a00 MAPHHA T KOPITYCHOL IS

F — miameTp HeHTPaXbHOTO OTBOPY A Tijla 00epTaHH a00 BUCOTA U1 KOPILYCHHUX JCTAJCH.

Sk BIiIOMO, MOIYIICM TIOBCPXOHB € CTAOLTbHE TO€THAHHA JCKITBKOX MOBSPXOHB. TOMY Mpomec OMHCY ACTAT 3BOAMTHCS
JI0 OIIACY HOMCHKJIATYPH BXIAHUX B HEI MOZYIIB IOBSPXOHb, IX B3AEMHOTO PO3TAIIYBAHHS 1 3B'13KiB Mi>K HUMH. OIUC KO’KHOTO
KOHKPETHOTO MOJYJII IIOBEPXOHB TAKO’K JOCHTH MPOCTE, OCKIIBKH CKIAJAETHCS 3 MEPETIKY MPUCYTHIX 1 BIACYTHIX €IEMCHTIB
THITOBOTO MOZYJIA 1 IX TEOMETPUYHHUX 1 AKICHUX XaPAKTECPUCTHK.
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Puc. 2. Tunosuit Moayns noBepxous MIIB312

Po3rstHEeMO mpHKIAA OMUCY THIOBOTO Momayns mosepxoHb MITB312, gxuii MICTHTH DWITIHAPOBY IMOBEPXHIO 1, TOPUIEBY
MOBEPXHIO 2 (KOMIIEKT 0a3) 1 TEXHONOTiuHI ejeMeHTH: (hacKy 1 KAHABKY M1 BHXOAY IHCTPYMEHTY (PHCYHOK 2).
KoucTpykTOpchke 0(hOPMIICHHA BOTO MOAYIA B PI3HHX JCTAJIAX BiAPI3HAECTHCA PO3MipaMH CICMCHTIB MOJY/SA, BUMOTAMH A0
(PHUBHKO-MECXAHHICCKOMY CTAHY MOBSPXHEBOTO MAPY 1 BHAOM TEXHOJIOTIYHOI KAHABKH I BHXOAY 1HCTPYMCHTY. TaKHUM YHHOM
OTIMCATH LEH MOAYIIb MOKHA 32 JOTIOMOTORO Ta0mmi 1.

VY BUNazKy, KMo SKAH-HEOYAb CICMEHT BIACYTHIH, TO BIANOBIAHA HOMY PO3MipHA XapakTECPHCTHKA abo0 BIACYTHiH abo
TMPHUPIBHIOETECA 10 Hyml. Bemmumaa po3mipy d2 € J0BIIKOBOKO 1 ACTANBHIMIC OMUCYETHCA B CYCIAHBOMY MOmymi. BemrunHu
JIOTYCKiB OOMOBJSIFOTHCSL TITBKH 71 OCHOBHHX IIOBSPXOHBb MOJYIA, OCKIMBKH J/ISI PEIITH IOBCPXOHb BOHH 3a3BHUYAN



CHEUIAIBHO HE OOMOBILIFOTECS 1 MPUHMAIOTHCS 1O 14 KBATUTETY TOUHOCTI.
Tak caM0 MO’KHA OIIMCATH TAKOX 1 BC1 1HIN MOAYII MOBEPXOHD 3 YPAXYBAHHAM X CIICHH(ITHIX 0COOINBOCTEH 1 MEPETIKY
BXiTHHUX B HUX IIOBCPXOHb.

Tabnus 1 — Omuc Tunosoro Moayt mosepxoHs MITb312

PosMipHa xapakTepHCTHKA
dp dp 1 b b1 by a al 1
10 9,5 20 15 3 2 3 45 45 2
TounocTHAS M KAYECTBEHHAS XAPAKTEPHCTHKA
Td Tdy Tl Teepaicts | [TlopeTkicts | Jomyek Jlomyck
MOBEPXHI, MOBBEpxHI, | dopMu B3aEMHOTO
HRC Ra, Mxm po3TalyBaHHs
es ei |es| ei es | ei 1 2 1 2
0 ]1-0.05] 0]1-05]0,1]-0,1] 42 — 1,6 | 3,2 — —
Bucnoexu

SIx BHOHO 3 BHKJIAACHOTO, MOTIOHMH MiaXiA JO OMHCY ACTANI AO3BOJIIE 3HAYHO CIPOCTHTH OMHUC ACTAJI, 30epirmm HoTo
MOBHOTY, 1, SIK HACIITOK, CKOPOTHTH 00'eM HEOOXiaHOI iH(opMamii, 3MEHIIMTH TPYJOMICTKICTh i CHPOCTHUTH IiATOTOBKY
MOYATKOBUX JAHUX A ABTOMATH30BAHOTO NMPOCKTYBAHHS TEXHOIOTIUHMX NMPOLECIB. 3MEHINCHHS ITOYATKOBOI iH(popMamii i
CHOPOICHHA il CTPYKTYPH TaKOX IIPHUBCAC [0 CHPOICHHS CTPYKTYPH CHCTEMH aBTOMAaTH30BAHOIO ITPOCKTYBAHHS
TCXHOJIOTIYHHX MPOLCCIB, MO MO3HAYUTHCA HA SAKOCTI ii poOOTH 1 BAPTOCTI.

Cmucok Jgitepatypu: 1. Sunosves HI., ymanuyx M.FO. HoBble aclieKThl TCOPHH MPOSKTHPOBAHUS TEXHOJIOTHUCSCKUX IIPOLECCOB (MOMYIBHBIN MOAXOM). //
Brlcokde TeXHOJOTHH B MAMHHOCTPOCHHH: TCHACHIIHH PAa3BUTHSL, MEHODKMEHT, MApKeTHHT: Tpyasl VII MexxIyHapogHOTO HaydHO- TSXHHUISCKOTO CeMUHApa
'Untepnapthep-97", 24-28 cenTsiOps, Xapbkop-Aunyirma, ¢. 91-96. 2. Baspos EA. CoBeplIcHCTBOBaHHE IIPOU3BOJCTBA JIeTaJed Ha OCHOBE MOIYIBHOM
Texnonoruu. M.: HudopmopuGop, 1989. Bein. 4. TC-9 "Texnonorust npuGopoctpoenus.” — C. 52. 3. Hosukos O.A., Tanmos A.A. ABTOMAaTH3UPOBAHHOES
MPOCKTHPOBAHUE MOTYIBHBIX TEXHOJIOTHYESCKUX Mpolieccor // CtaHku W UHCTpyMeHT. 1989 No 11. c. 21-26. 4. Mamsuenxo A.B., Muxaiinos A.H., JJoporun
J.H. CTpyKTypupoBaHHe MOIYIBHBIX TeXHOJIOTHUSCKHX HporieccoB // [IporpeccHBHbIC TEXHOIOTHH H CHCTEMBI MAIIMHOCTPOSHHS: ¢O. HAYIHBIX TPYAOB. —
Jonenk: Jou-1"TY, 1998. Bem. 5. ¢. 106-112.

S. Keacos E. II. OCHOBBI TeXHUKO-d5KOHOMHUSCKOTO OCOCHOBAaHMS BbIOOpa YpOBHS aBTOMATH3AI[MH MEXaHOOOpaOaTHIBAIOMETo MHPOH3BOACTBA. M.:
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TESTING RIG FOR EXPERIMENTAL STUDY OF THE MECHANICAL ROCK CUTTING

This paper presents some problems as for the characteristics experimental determination when mechanically cutting coals and rocks. The booth for cutting
heterogeneous material, dedicated to the determination of specific resistances when cutting the lignite and sterile rocks is consisted of an hydraulic shaper
model 7310 D, a strain dynamometer used for the measurement of the stress in the dipper tooth, the standard dipper tooth, the sample of lignite or rock, the
installation for remaking and registering experimental data, and the electrical power plant and central office, both needed for electrical supplying and
commanding the booth. The booth provides the existence of cutting forces with values between 5000... 28000 N, cutting rate from 0,05m/s up to 0, 8 m/s and a
1000mm forward motion. Also the set of standard dipper teeth allows a variation of the front rake angle between 10 and 50° and simulation of the dipper
tooth abrasive wear. The working table allows using a test sample having the maximum size of 600x500x400 mm.

INTRODUCTION

Ore issue in bettering efficiency in the mechanization of coal and sterile rocks extraction from the uncover is bettering work
parameters of the bucket-wheel excavator, considering the technical endowment glory-holes of lignite from Romania.

Thus, establishing mechanic cutting rocks through chip removal characteristics, such as dipper teeth of the bucket-wheel
excavator cut them in practice, represents an essential issue and underlies the concrete knowledge of rock dislocation.

Laws of interdependence among the geometrical and technological parameters of the dipper teeth, dislocated chips
parameters and the cut-off conditions parameters that can be established qualitatively and quantitatively for each rock fractionally
must be the result of the dates obtained through experimental attempts.

DESIGN FOR PROPER BOOTH

When performing experimental attempts for dislocating coal and mineral rocks using the bucket-wheel excavator which
have dipper teeth as the cutting element, it is necessary to conceive and manufacture an experimental attempts booth that contains
a suitable shaper, a strain dynamometer which allows measurement of forces that operates upon the dipper teeth and a
measurement, processing and recording installation equipped with an electronic computer and the necessary peripheral
equipment.

The booth for the inhomogeneous material cutting, designed for experimental attempts in sight of establishing specific
cutting resistance of lignite and sterile rocks is shown in figure 1.

-~ l..- ~ .1,

Fig. 1 — The booth for the material inhomogeneous cutting

In this figure we noted:

1 — stone bolts; 2 — rubber carpet; 3 — shaper model 7310 D; 4 — strain dynamometer; 5 — Data processing and recording
device; 6 — sample screwing on the work table device; 7 - sample of lignite or sterile rocks fixed in the sample box; 8 — standard
dipper tooth for attempts (set made up of six standard teeth: 5 dipper teeth with the variable rake angle ranging between 10-50°
and a dipper tooth which simulates wear); 9 - crane for lifting samples on the working table; /0 - electrical power plant and
central office; // — protection screen ; /2 — iron cable for samples handling; /3 - shelf for material keeping.

As figure 1 shows the booth for the experimental attempts is made up of a hydraulic shaper 3 upon which the dynamometer 4
is mounted, the standard dipper teeth 8 that help in cutting the lignite and sterile rock proof samples, packed in the proof boxes 7.
Handling sample boxes, in order to fix them on the work table of hydraulic machine through the device 6, is done using a
monorail system with the manual crane 9. As for the protection of the operator and experimental data recording and processing
device, the screen 11 was designed.

The hydraulic shaper is fixed on the foundation by the screws /, as it is laid on the rubber carpet 2, which provides systems
“machine-teeth-sample™ elasticity. The hydraulic shaper offers the possibility of mounting the standard dipper teeth 8 by means of
strain dynamometer 4 used as a bounded strain gauge for the measurement of on-tooth forces.

The strain dynamometer is part of the data measurement, recording and processing device. The hydraulic shaper allows
achievement of cutting forces ranging between 5000 and 28000 N, and also of adjustable cutting speeds ranging between 0,05 nvs
and 0,8 nv/s, having a maxinum forward motion of 1000mm.

DESIGN DEVICES FOR THE FIXATION SAMPLES ON BOOTH

The device designed for the sample fixation on the booth is shown in figure 2.
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Fig. 2 — The device designed for the fixation samples on the booth

When designing the fixation samples on the booth device, we had in view the fulfil of the following conditions:

- the device canbe well fixed on the attempt work table;

- the device has the overall dimensions according to work table and proof box dimensions

- the strong fixation of the proof sample together with it’s packing on the device is to be granted;

- the rigidity of the system “work table — proof box”, during tests should also be granted,

- the device is to have a simple and attempt solicitations resisting

In respect of these conditions we designed the device presented in the figure above, which consists of the foot plate 7,
pillars 2 and 3, the wall 4 and the frontal and lateral attachment screws 5 and 6.

The base plate / composed of iron plate (OL 37) with thickness of 10 mm, is equipped with 4 bezels needed for the fixation
of the devices, with screws, on the work table. The pillars 2 are made of equal angle iron, 80x80x10 mm. They are 250 mm high
and are endowed with the screws 5 (M16) for the longitudinal fixation of the sample pack.

In order to provide proper fixations and good rigidities for the system, the screws 5 are mounted in 3 couples of holes
located 80 mm away from each other. Between the sample box and screws is also located an iron plate 10mm thick upon which
the compression is executed. This plate provides the rigidity of the “device of fixation — box for sample” system, during
experimental attempts. The device is equipped with a set of 4 1ron plate of this type, having the different heights, which replace
each other during the experiment.

The pillars 3 are also made up of the same equal angle iron, 80x80x10 mm, and have the height of 150 mm that allows the
ram of shaper’s penctration down to depths close to sample’s base.

The wall 4 located on the same side as the human operator, is also equipped with the screws 6 (M16) so as to transversal
lock the sample. When compressing the sample box with the transversal clamping bolts some plate shall interpose between the
wooden wall of box and the heads of the screws to prevent its penctration.

In order to increase bending resistances of pillars 2 and 3, when welding on the iron plate /7, we will strengthen them with
gussets made of iron plate 10 mm thick.

DESIGN OF THE STANDARD DIPPER TEETH

Standard dipper teeth used-up in tests are due to carry out the following conditions: they must have a similar geometry to
that of the dipper teeth that equip the dipper real cutting process; they must have the size to allow their fixation on dynamometer
and, by default, test machine; they must provide a rigid fixation during testing periods; they must be made up of wear resistant
material to keep the geometry during attempts.
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Fig. 3 — Sketch general of a teeth standard

The general sketch of the standard dipper tooth used in attempts is presented in figure 3. Inthis figure: L represents the total
length of the tooth; / - length of the active part of the tooth; b - the width of the cutting edge of the tooth; a, ¢ - the fixation in
dynamometer tail transversal section sizes; a - the angle rake; f - the bottom rake; y - the cutting angle; 6 - the angle of keenness; 6
- the lateral angle.

The sizes L, [, a, b and ¢ are constant in the whole set of standard teeth. The size of these values come out from the mounting
in dynamometer conditions, from the sizes of fitting on the booth, from the experience accunmlated with cutting as well as from
other examples existing in the world. Thus, we adopted the values Z = 150 mm, / = 106,5 mm, ¢ = 20 mm, » = 40 mm and ¢ = 33
mm,

The angle rake o is variable in order to contains all types of used teeth, choosing the values 10°, 20°, 30°, 40° and 50°. The
bottom rake S is dependent on dislocated material’s elasticity and it has the values ranging between 5...15°. We choose the
constant value of 8°. The cutting angle y is complementary to the back rake angle and has the values of 80°, 70°, 60°, 50° and 40°.
The angle of keenness comes out from the values previously defined, because it complies with the relation 6=90-a-f (degrees),
and has the values 72°, 62°, 52°, 42° and 32°.

The lateral angle & was picked to have the value of 3°, considering that he eliminates the lateral frictions between teeth and
material. This is the solution adopted by the manufacturers with renown in domain.

THE DESIGN OF THE MEASUREMENT DEVICE SCHEME AND THE CHOICE OF NECESSARY APPARATUS

In figure 4 is shown the schema of measurement, recording and processing device scheme for the experimental sizes (forces
Fx, Fy. and F;) which result in from the cutting process.
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Fig. 4 — Schema of the measurement and recording device

In figure 4 we used the following notations: /-strain dynamometer; 2- amplifier; 3-osciloscope; 4-analogue-digital plate;
5-calculator; 6-monitor; 7- printer.

Electric signals produced the resistive transducer, pursuant to the unit deformations that appeared in tensometric bar (which
is a constitutive part of the strain dynamometer), are took over and amplified by the amplifier in the shape of an analogical signal
which is then converted into a digital signal by a converting plate and recorded by the computer as a data file. This data file may
be processed with of numerical analysis programs, and the results are printed by a printer.

Choose the necessary apparatus.

For the measurement, we use a tensometric device N2300, Romanian manufactured.

The tensometer N2300 is used for the measurement of diverse mechanic sizes such as: deformation and unit efforts, forces,
couples, pressures etc. The transducers we use may be of resistive or inductive nature, and they are made of half deck resistance
or complete deck resistance.

The results of static measurement are read on prompter. For dynamic measurements an exterior recording instrument can be
connected. The measurements may be done in 12 points, providing their individual equilibration and the successive commutation
of the amplifier. Reading output measurers can be done on an instrument analogical display instrument (N2321, N2322) or
through numerical display (N2323).

Technical characteristics

- the number measurement points: 12;

- the measurement range: 0+100000 um/m (050000 puV/V for K=2 and the power-supply of the deck 4 V¢p in 10 scales;

- output: 10V 20mA;

- the linearity: 0,03 %;

- power-supply of the deck: 1, 2, 4, 8 Vg

- useful transducers(in half deck resistance or complete deck resistance): R=50£1000 Q; [=2+25 mH;

- the equilibration in 11 steps;

- the possibility of a utilization of unique compensation transducer for 12 active transducers.

The measurement amplifier with carrier frequency N2314

The amplifier of measurement with carrier frequency N2314 is the part of the “Modular system of tensometric apparatus
N2300”. The apparatus can ply with sensitive tensoresistive and inductive elements constitute in half deck resistance or complete
deck resistance, to which it delivers power-supply, and whose variations generated by the size of mechanical input quantity,
converts them in output voltage.

With proper transducers, having sensitive element of the forenamed types, the apparatus can be used for the measurement of
diverse sizes such as: mechanic deformation, forces, couples and pressures. Along with other systems N2300 modules, the
amplifier N2314 can constitute specialized measure ensembles.

His functional characteristics and the metrological parameter turn the N2314 amplifier into a large usability apparatus in
diverse measurement and check devices and in industry.

The output signal of the N2314 amplifier can be introduced into one of the processed modules (N2331, N2334). The
extension of the usability considering the transducers and incoming circuit can be achieved by using the N2315 bridge
preamplifier and N2336 modulator adapter, and the extension of the calibration possibility is done using the N2338 module. The
3pp§1ratus can also be comprised in the many measurement point with manual and automatic commmitation and measurement

evices.

The functional description of the N2314 amplifier

The N2314 is a carrier and demodulation amplifier that supplies deck of transducers (5kHz, AC.) and outcomes the
gnbalance of the deck using the direct indications method. The functional description comes out from block diagram shown in

gure 4.

The internal sinusoidal generator of 5 kHz (15-20), symmetrically supplies the bridge of floating transducers given the earth
mass (without point of table). The deck can be connected with 4, 5 or 6 lines. The last two cases provide the appreciable
decrease of errors brought about by cable even in the case of great distances measurements. This effect is obtained through the
self-governing of generator’s amplitude, so that to maintain constant supply voltage of the deck. The tuning of the oscillator is
accomplished using control threads of the cable.

The calibration of the apparatus can be accomplished using the internal two polarities signals (10000 pm/m) or from the
N2338 external drawer, or from another calibration device, (for instance the DIT-5K or UL 2001 laboratory inductive dividers).
The N2314 module has no supply switch. The supply is done through connecting-up in the system 220V/50Hz of the display and
supply modules(N2321, N2323) or through the connecting-up to the external power supply, which is accomplished by connection
at terminals + 24, 0, -24 from the back panel of the N2321 power supply mounted in same box with N2314.

Connecting-up the transducer

The resistive transducers between 25 and 1000 Q or inductive transducers between 5 and 25 MHz can connect to the
apparatus. Before attaching the bridge, it is necessary to verify the isolations of transducers against the piece on which they are
attached and their continuity.

In connecting the transducers CETYY 3x2 (18%0.10) cable is used

CONCLUSIONS

The booth for the inhomogencous material cutting designated to the determination of cutting unit resistance when cutting
lignite and sterile rocks is formed of the 7310 D hydraulic shaper, a strain dynamometer used for the measurement of stress in
dipper teeth, the standard dipper tooth, a lignite or rock sample, the processing and recording experimental data device and the
electrical power plant and central office.

The ram of shaper is hydraulic manipulated, that allows easy adjustment of forces and cutting velocity. The maximum pressure
in the hydraulic circuit 6.3 MPa. The flow of the hydraulic pump is maxinmm 100 1/min and mininmm 50 1/min.

The booth provides a cutting force ranging between 5000...28000 N, cutting velocity ranging between 0,05 and 0,8 n/s and
a forward motion of 1000 mm. The set of standard teeth allows a variation of the angle rake from 10 and 50° and the simmlation
of the tooth wear. The work table permits the use of a sample having the maxinmmm sizes of 600x500x400 mm.

The proof sample can be fixed on the booth’s work table through a bolting device that permits the longitudinal and
transversal clamping of the box.

The shaper and the processing and recording experimental data device are surrounded by a metallic screen in order to




protect the device and the operator. The overall size of the booth along with protective screen is 6886x3010%2640 mm.
Conclusively the designed booth permits the determination of the cutting characteristics when cutting the lignite and sterile
rocks, as well as the establishing of laws that relate these characteristic to the parameters of the used teethand dislocated slivers.

References: 1.* * * - Studiul comportarii la tiiere mecanica a rocilor sterile din descoperta stratelor de lignit §i a lignitului in carierele apartinind CNL ,,Oltenia” in vederea
cresterii performantelor tehnice §i economice a extragerii cu ajutorul excavatoarelor cu rotor. Faza 2/2002: Conceperea i realizarea standului pentru efectuarea
incercrilor experimentale in vederea stabilirii caracteristicilor la taiere mecanica a rocilor sterile din descoperta stratelor de lignit §i a lignitului. Stabilirea metodologiei de
cercetare. Contract de cercetare stimtificd nr. 2/30.07.2002, incheiat cu Compania Nationald a Lignitului ,,Oltenia” Targu-Jiu. 2. * * * - Documentatia tehnicd a
sepingului, model 7310D, conform GOST 1105-74. 3.* * * - Cartea tehnica a instalatiei tensometrice tip N 2300.
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acmueocmes aiMa3HUX 3eper I 36'93Kku Ha cmaodil eucomoeneHHA
363K, AIMASHUX 3epeH | IXHbOI KOHYyeHmpayil 6 3anedCcHOCHI 6i0

KPBITHE r I Merannodaza

Pa3pa60maHa Memooonoeus onpedeﬂeyuﬂ ONMUMANLbHOSO COYEMAHUS NPOYHOCHHBIX C60UCME AIMASHBIX 3epeH U CeA3ZKU Ha CMaouy u320MoeRAeHUs
AIMASHBIX KPYeos U Memooonocus pacdema onmuManlbHOcO0 COOMHOUWLEHUI NPOYHOCIMU CEAZKU, ANMAZHBIX 3epPEH U UX KOHYEHMmpayuu 6 3a8UCUMOCHU Om
NPOUHOCHIHBIX ceoticms oﬁpaﬁambzeaemozo Mamepuana

(P (eKTHBHOCTH MPOLECCa AAMA3HOTO MITH(OBAHKS OMPSACIHICTCS KAUSCCTBOM H XAPAKTCPHCTHKAMH A IMA3HBIX KPYTOB H
MPABHIFHOCTHI0 BBIOOpa ycmosmii mumdosanug. [lepBoe ycrmoBue B OOmpIICH CTCICHH OOCCICUHBACTCH HA CTATHH
H3TOTOBICHUS aIMA3HBIX KPYTOB, BTOPOE — HA CTAJHH HX 3KCIUTYaTALHH.

B mpouecce mmmQoBaHUS MATEPHATIOB, TBEPAOCTb KOTOPBIX HE IO3BOICT OOCCHEUHTH KIACCHYECKOE TpPeOOBaHHE
TEOPHH PE3AHMS O 2-X KPAaTHOM IPEBBIICHUH TBEPAOCTH MHCTPYMEHTAIbHOTO Marepuana (MM) Hag obpabarsmacmbm (OM),
OTIPEICILIFOIM MOJKET SIBILATHCS COOTHOINCHHE IPOYHOCTEH 3MEMEHTOB CHCTEMBI "00padaThBacMbIl MAaTEpHAaN - aIMa3HOE
3¢pHO - CBA3KA Kpyra". Hampumep, nmpu amvaszaoM numu()oBaHHH CBEpXTBepAbIX MarepuamoM (CTM), xorma teepaoctu UM u
OM mpakTHYCCKH OTUHAKOBBL 3(P(HEKTHBHOCTH MPOIECCa MOTHOCTHIO ONPEACTIICTCA ONTHMAIBHOCTHE) BEIOOPA COOTHOIICHHS
npounocTeit CTM, anmMa3HBIX 3¢PCH U CBI3KH Kpyra [1].

B Hacrosmmee BpeMst B YKpaWHE CYIIECTBYET HECKOJBKO COTECH MAPOK CBA30K IMPHUMEHICMBIX B aJIMA3HBIX KPyrax. JTH
CBSI3KH CYIUCCTBEHHO PA3IHYAIOTCA IO CBOMM MPOYHOCTHBIM CBOMcTBAM. HampHMep, TONPKO METATHYESCKHE CBA3KH UMCIOT
JOBOJIBHO H.II/IIZ)OKI/IfI AUAA30H MPOYHOCTH OT ATFOMHHHEBBIX 10 TBCPAOCIIIIABHBIX.

TakuM ke MHPOKUM MPOYHOCTHBIM THAMIA30HOM XaPAKTCPH3YEOTCH MPOYHOCTHBIC CBOHCTBA AMMA3HBIX IITH(IOPOLIKOB
ot AC2 mo AC160T, pazmHyarommMuCS IO TPOIHOCTH B COTHH Pas.

OnHAaKO B HACTOAIIGE BPEMS OTCYTCTBYET METOAOJOTHS BBIOOpPA ONTHMAJTBHOTO COYMCTAHHSA MPOYHOCTHBIX CBOMCTB
AITMA3HBIX 3¢PCH U MCTALTHYCCKON CBA3KH MPUMCHHTCIBHO K 00pab0TKES KOHKPESTHOTO 00pabaTeIBACMOTO MATCPHATIA.

CyIeCTBYIOIME B JIMTCPATYPE PSKOMCHAANH MO MPHMCHCHHIO TEX HITH WHBIX aJIMA3HBIX 3¢PCH U MCTAJUTHUCCKHX CBA30K
HOCAT JOOCTATOYHO OOOOIICHHBIA XapakTep H HMCIOT IUHPOKHE AHAMAROHBL TAKHE PEKOMCHIALHH, C YYCTOM BBICOKOM
CTOMMOCTH AIMA3HBIX 36PCH (OTIHYACTCS B COTHH Pas, B 3aBHCHMOCTH OT MAapPKH 3¢PHA) MPHBOIAT K HU3KOH 3()(PSKTHBHOCTH
WX HWCTONB30BAHUS W, KaK CJICACTBHE, BBICOKOH CEOCCTOMMOCTH IPOLECCA alMAa3HOTO NUTH(OBAHWS, YTO CYIICCTBEHHO
CACP’KMBACT €T0 IPHUMCHCHHE B Iporeccax o0padoTku. K HepanmoHAIbHOMY HCHONB30BAHHIO AJMA3HBIX 3E€PEH TAKKE
MPUBOAMT HE BCETAa 0OOCHOBAHHOC HA3HAUCHHE YPOBHS MX KOHICHTPAIMH B AJIMA3HBIX Kpyrax. TpaauInOHHO MPUMEHSIEMAs
B CCPUIHO BBIIYCKACMBIX KPyTraX KOHIICHTPALNS aIMa3HBIX 3epeH (25,50,100,150,200%) TpeOyeT CYIECTBEHHOTO YTOYHEHHSL.
Hamm mnpensapuTenbHBIC WCCIETOBAHHS IOKA3aldM, 4YTO MM 00paboTKHM KOHKpeTHOro OM HOmKHBI OBITh BBIOPAHBI
KOHKPETHBIC MO NPOYHOCTH (M IICHE) AIMAa3HBIC 3EPHA, OHHM JOJDKHBI OBITH 3AI0KCHBI B OMPSICICHHYIO, MO CBOHM
MPOYHOCTHBIM CBOWCTBAM, CBA3KY H HX KOJHYCCTBO (KOHICHTpAUHSA) B KPYyre JODKHA OBITH CTPOTO ONPSACICHHOM
(pacueTHOM).

C 1eTBI0 SKOHOMHH AJIMA3HBIX 3¢PEH X KOHICHTPAUMA HE JOJDKHA OTPAHHUYHBATHCA CCPUITHO BBITYCKASMOM, MMPH 3TOM
JOJDKHA PEIIATECH TAKKE 3a7a4a ONTHMAIBHOTO COYCTAHHA MPOYHOCTHBIX CBOMCTB MCTANIHYCCKOM CBA3KH M AJMA3HBIX
3€PEH, C TOUKH 3PECHUS COXPAHEHHS UX IEJIOCTHOCTH B ITPOIIECCE CIIEKAHMUS aJIMA3HBIX KPYTOB.

B pabote caenana momeITKa pa3padoTaTh PaCUSTHYIO METOJONOTHIO PEIICHIS JAHHOW MpooOireMbl. MeTomomorust pacuera
6asupyercst Ha 3D MOAETMPOBAHHUH HANMPSKEHHO-AC(OPMHPOBAHHOTO COCTOSHHS 30HBI IUTH(OBAHMS W aHATH3E IPOLIECCOB
Pa3pyLICHUS MPOHMCXOAAIAX B OTOH 30HE B 3aBUCHMOCTH OT MPOYHOCTHBIX CBOWCTB aJMa3HBIX 3EPCH, CBA3KH H
00padaTbIBACMOTO MATCPHATIA.

Hosbic BOBMOKHOCTH H3YUCHHUS HAMPHKCHHO-AC(HOPMHPOBAHHOTO COCTOSHHS MPH CTIICKAHAUH (M3TOTOBJICHHH) aTMA3HBIX
KPYTOB M 30HBI OUMM()OBAHKSA OTKPBUIUCH C MOSABJICHUEM IMAKETOB IPOTPAaMM IO METOAY KOHEYHBIX 3neMeHToB (MKD) Tuma
"Cosmos", "Nostran" u "Ansys". PeanmnzoBaHHAas ¢ HCHOJB30BAHHEM TAKHX NAKETOB Merofonorus 3D MomenupoBaHHs
HanpsokeHHO-1epopmupoBanuoro cocrosausa (H/IC) 3oub1 mumdosarus CTM mo3BomIa pacCUCTHBIM IyTEM (TCOPCTHUCCKH),
0e3 AMUTEIBHBIX B TPYAOEMKHUX JKCIICPUMEHTOB, pa3padoTaTh HKCIEPTHYIO CHCTEMY MpoLecca NUTM(OBAHMSA, TO3BOJLIIOIIYIO
MPOTHO3HPOBATh M ONTHMH3HPOBATH Mpouecc Oe3acexTHol 00padOTKH KaK CYIICCTBYFOIMX, TAK W BHOBb CO3JABACMBIX
CBCPXTBEPABIX MATEPHAIIOB [2].

C wucmoms3oBaHmeM paspabotannoit Metomomormu 3D moaemupoBanms HJIC mpoBemEHBI HCCIICIOBAHUSA TPOLECCA
CICKAHUA AJIMA3HBIX KPYIrOB HA MCTANIMYCCKHUX CBA3KAX H 30HBI H.U'II/I(I)OBaHI/I}I PasIUIHBIX prI[HOO6pa6aTI>IBaeMI>IX
MarepuajoB, C ICIBI0 OIPEICICHIS ONTHMAJIBHOTO COYCTAHUS IMPOYHOCTHBIX CBOMCTB alIMAa3HBIX 3€peH, 00padaTrpBacMoro
Marcpuaga u METAJUTHYC CKOH CBA3KH, KAK HA CTAAWH H3TOTOBJICHUA AJIMA3HBIX KPYTOB, TAK U HA CTAAWH HX SKCIUIyaTalluu

(puc.1).
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Puc. 1 - HOCJ’IeZLOBaTeHLHOCTL OIMpeACIICHU A ONITUMAJIBHOI'O COUYCTAaHU
IIPOYHOCTHERIX CBOUCTB OGpaGaTLIBaeMOI‘O MaTepuala, METANINYECKON CBA3KH,
AJIMa3HbIX 3¢pCH U WX KOHICHTpalluu

3agaueii mporiecca 3D moaenmposarma HJC 30HBI CrieKaHUS aIMa30HOCHOTO CJIOS KPyra Ha METAIIMYCSCKOM CBSI3KE
SBISICTCS  ONPEACICHUE ONTHUMAIBHOTO COUCTAHWS IIPOYHOCTHBIX CBOMCTB AajMAa3HBIX 3€PCH M CBI3KH, IPH KOTOPBIX
00CCIIEUNBACTCSI COXPAHCHHE [EJIOCTHOCTH AIMA3HBIX 3¢PEH B ITPOLIECCE CIIEKAHUS aJIMA3HOTO KPyra.

Bompeku CyLECTBYIOIMM MPEACTABACHUSM O MOJCIN AJIMA30HOCHOIO CIIOS KPYIOB, KaK COBEpIEHHOH [3.4.5], Hamm
VCTAHOBJICHO, YTO CTPYKTYpa aJMAa3HOTO CJIOS KPYTOB COACP)KUT HCXOTHYEO JC(EKTHOCTh B BHJC IIOBPESKIACHHBIX ATMA3HBIX
3¢pCH, KOTOpas KOIHICCTBCHHO OMPEACTIACTC OC3pa3MePHOHN BSIMUUHOM CTCIICHH MOBPCKICHUS AIMA3HBIX 3¢PeH [6].

B pa6ore H.B. Hosuxopa [6] yCTAHOBICHO, YTO TPAHYIOMCTPHUCCKHI AHAMH3 3CPCH CHHTCTHYCCKHX amMa3oB ACS0
400/315, W3BICUCHHBIX PeKyINepanuc U3 00pasma TBECAMA, MOKA3AN, YTO B MPOIECCCE CNCKAHUA OCTAKOTCA HEPA3PCIICHHBIMHA
TOMBKO 0K0T0 10-20% 3epeH. [Ipn 3TOM MOKA3aHO, YTO HA CTCTICHD MOBPSKIACMOCTH aJIMA3HBIX 3CPCH B MPOILCCCE CIICKAHHUS
KOMIIO3UIIMOHHBIX aIMazocoaepxammx Marepuanos (KAM) cyIecTBEHHOE BIMSHHC OKA3BIBACT KOHICHTPAIMS B HUX AJIMA3HBIX
3epeH. Tak ysenmueHue KoHUeHTpanuu ¢ 50 10 150% moBbImacT MOBPEKAACMOCTD aIMA3HBIX 36PCH B IPOLECCE CIICKAHMUS B 2,8
paza.

[NockONBKY TEXHOJIOTHS CIICKAHHS aIMa30HOCHOTO CJIOS Kpyra, HampuMep, Ha TBEPAOCIUIABHON cBi3ke tmma BK,
MPAKTHICCKU HMACHTHYIHA C TCXHOJIOTHUCH CICKAHHS KAM, OOBCKTHBHO IPCATOJIOKHUTD, YUTO W NPH CICKAHUH AJIMA3HBIX
KPYTOB B 3aBEPIICHHOM KPYTE YaCTh 3€PCH TAKKE Pa3pyIIacTCs.

[Tpomecc crekaHus aIMa3HBIX KPYTOB COIPOBOMXKIACTCS YMEHBIICHUEM MPOIICHTA OCHOBHON (Ppakumu (KPYIHBIX 3€PEH)
Ha 20 — 30%][7].

[Tpruem anxMasHble 3e€pHA PA3IMYHON MPOYHOCTH, OUCBHAHO, OyIyT IOJBEPraThCsl Pa3pyIICHUIO B IPOIECCE CIIEKAHM
mo-pa3HoMy. be3ycrmoBHO, M COCTaB METAIMYECKOH CBSI3KH, M, KaK CICIACTBHE, TEXHOJIOTHUYCCKHE NMAPAMETPHI CHCKAHUS
KPYTOB, OVAyT OKa3bIBATH CYIICCTBSHHOC BIMSHHC HA CTECTICHB MTOBPEKIACMOCTH aJIMA3HBIX 3EPEH.

IMpu 3D mMuTamHH TPOLCCCA CHOCKAHUSA, (PPArMEHT aIMA30HOCHOTO CJIOS KPyra MOJACTHPOBAJICA KyOOM C pasMepamMu
300x300x300 MKM, C HOMCHICHHBIM B LECHTPE aJIMa3HbIM 3¢pHOM B (opMe okTa’mpa c¢ paszmepamu 100x100 MM, [TO
cooteercTeyeT 100% roHIEHTpaumu aaMazHoro kpyra. [Ipu moaenupoBanuu kpyra ¢ 50% KOHIEHTpAIMeH aaMa3HbIX 3¢PEH,
pasmep KyOa yBeIMUIMBAJICS B BA pa3a u T.1. MoAeab HArpy>»Kajaachk JABICHHUEM M TEMIICPATYPOH COOTBETCTBYIOICH peatsHOMY
MPOLECCY CTIEKAHMA AIMA3HBIX KPYroB. IIpHHATO, YTO €CAM MPUBEACHHBIC HAMPOKCHHA B AIMA3HOM 3EPHE MPEBBINAIN IPEACT
€r0 MPOYHOCTH, OHO CUMTANIOCH Pa3pymeHHBM (aAe(exkTHbIM). Momeauposancs mpoIecc CHeKaHus aIMa30HOCHOTO CIOS Ha
Pa3IAIHBIX MCTAITHYCCKHUX CBA3KAX OT ATIOMHHHCBBIX OO0 TBCPAOCHIIABHBIX C PA3TUYHBIMHA IO MNPOYHOCTH AJIMA3HBIMH
3epHamu, oT AC2 mo AC160T. IlyreM BapbHPOBAHUSA COYCTAHHEM IMPOYHOCTH AJTMA3HBIX 3€PCH M MX KOHICHTPALUH B KPyre
JUTA PA3IUYHBIX METAJUIMYECKUX CBA30K OIPEIACIUIOCh TAKOE HMX COYCTAHHS, NMPH KOTOPOM OOCCIICYHBAIOCH COXPAHCHHE
LEJOCTHOCTH aIMA3HBIX 3€PEH, T.€. OHH HE JOJDKHBI Pa3pyIIATHCS B IPOLIECCE CICKAHMUS.

B MOACJBHBIX JKCIICPUMCHTAX I aHAJIN3a BIUAHUA MAPKH MOKPBITHA HA COXPAHCHHUC LEJIOCTHOCTH AJIMA3HBIX 3CPCH
HCTIOJTb30BAINCH MIOKPBITHSA M3 HUKEIS M HATPHEBOOOPOCHIMKATHOTO CTEKIA. B pacuerax Marepuan cesizku M6-14, matepuan
3epHa AC6, marepman metamrodassl ¢ MPCOOTAmarOmiM CONCPIKAHHEM JKENie3a, OCTABATHCH HCH3MCHHBIMH. Moaemn
HATpyXaxuch Temmeparypoit or 800 o 1000 °C.

Mozaemu st Mapku mokpsrrist Ha 3D HJC B ameMeHTaxX CHCTEMBI «3€PHO — METAanI0(ha3a — MOKPBITHE — CBI3Ka»
mpu Temreparype 1000 °C mpeacrasieHs! Ha puc.2.



a) 6)
Puc. 2 — Brusane mMapku nokpeitis Ha 3D HJIC B sleMeHTax CHCTEMBI « 3¢pHO — MeTallnodasa — MOKPHITHE — CBA3Ka» | ) HUKENb; 0)
HaTpHeBOOOPOCHINKATHOE CTEKIIO.

[TpoBeneHHBIC pacyeThl MOKA3AIHM, YTO NPHMCHEHWE ITOKPHITHS H3 HATPHECBOOOPOCHIIMKATHOTO CTEKJIA YMCHBINACT
BCTHYHHY Pa3pyIIAIOIINX HAMPSHKCHUHA B 3¢PHE TPUMEPHO HA 15% O0mbIe, YeM MOKPHITHE W3 HUKCITL.

YCTaHOBICHO, YTO JAJNECKO HE BCE CEPHUHO BBIMYCKAEMBIC KPYTH C HCIONB3YEMbIM COYCTAHHEM MAPKHU aIMA3HBIX 3¢PEH H
MapKH METAJUIMYCCKOH CBS3KH MOTYT OBITh H3TOTOBJICHBI CO CTAHAAPTHOW KOHIICHTPALMEH aJIMa3HBIX 3¢PeH O3 HApYIICHUS
X IIENOCTHOCTH. Tak HampuMmep, NPH CICKAHWH Kpyra Ha cBa3ke M6-14 ¢ ammasHsiMm 3epHamMu Mapku AC6, ux
KOHLICHTpANMsI B KPyI€ HE JODKHA TPEBbIATh 7%, B MPOTHBHOM CIIy4ac OHH OVAyT pa3pymiarsCs y:Ke B IIpOILEcce
H3T0TOBNCHUA Kpyra. [lokazaHo, 4TO A4 TapaHTHHHOTO COXPAHEHHSA HEJOCTHOCTH AJIMA3HBIX 3€PSH MPAKTHYCCKH BO BCEX
CCPHHHO BBITYCKAGMBIX KPYraX, MX KOHIICHTPAUMS JOJLKHA OBITH CYIICCTBCHHO MCHBIE HMPUMCHICMOH. Takas TCHACHUHA
XOPOIIO YBSA3BIBAETCSI C BO3MOMKHOCTHIO M HEOOXOAMMOCTBIO CHIPKCHHS KOHIICHTPAMH AJMAa3HBIX 3€PEH B KPyIe A0 YPOBHS
10-15% mpu mmoBaHME CBEPXTBEPABIX MATEPHATIOB [8].

YCTaHOBICHO, YTO AJISI COXPAHEHHSI IEJOCTHOCTH aJIMA3HBIX 3€PCH B IMPOLIECCE CIIEKAHUS KPyra AOLKHO OBITH CTPOTO
COOMIONICHO COYCTAHHC MAPKH AJIMAa3HBIX 3¢PCH M MApKH MCTAUTHYCCKOH CB3ku. CnemomarembHO, mma kpyra 100%
KOHLCHTPAIIMHY 3¢PEH B PA3IUYHbIC METATMUECKAC CBI3KHA MOTYT OBITh 3AJI0KCHBI aJIMA3HBIC 36PHA IO MPOYHOCTH HE HIKE
VKa3aHHBIX B Ta0muIe 1.

Tabmuma 1 — [IpeneapHO JOMYyCTHMBIC MPOYHOCTH AJIMA3HBIX 3¢PCH I PA3THIHBIX CBI30K

Ces3ka M1-01 M2-09 M6-14 BK
3epHO AC6 AC32 AC50 AC160

TakuMm 00pa3oM, HA IEPBOM 3TAIlC UCCICAOBAHUN YCTAHOBICHBI ONTHMAJIBHBIC COMCTAHMS MPOYHOCTEH METAIUTHICCKOH
CBI3KM W aJIMa3HBIX 3CPCH C MPEACTAbHO JONMYCTHMOH KOHICHTPALMEH HX B Kpyre, OOCCIICYMBAOIIMC COXPAHCHUC
LEJOCTHOCTH aJMAa3HBIX 3¢PEH B MPOLECCE M3TOTOBICHUS AJIMA3HBIX KPyros. I1oydeHHBIC HA MEPBOM 3TaNe ONTHMAIBHEIC
COOTHOLICHHU T HpO‘H—IOCTGfI CBA3KH, AIMA3HBIX 3€PCH U UX KOHUCHTPALWH, SBJLIFOTCS JTHIIb OTPAHWUIHBAOIMMHA IapaMCcTpaMu
(XapakTCpHCTHKAMH), M JODKHBI OBITH YTOUHCHBI JJI MPOLCCCAa AMMA3HOTO MITH()OBAHUA B 3aBUCHMOCTH OT MPOMHOCTHBIX
CBOHCTB 00pa0areIBACMOTO MATEPHAIIA.

[Nocne monyyueHHsI YCTAHOBICHHBIX OTPAHWYICHAUN OMPEACIIEM ONTHMAIBHOE COYSTAHUE MPOYHOCTH 00padaThBacMOro
Marepuaia, CBI3KH, aJMa3HbIX 3€PEH W HX KOHICHTPALMH B Kpyre, OOCCIICUHMBAIOIEC MAKCHMAIBHYIO 3()(EKTHBHOCTH
mporecca mumposaHusa. B mpornecce 3KCIIyaranuu, ONTHMANIBHOE COYCTAHHE IPOYHOCTEH CBSI3KH, aJIMA3HBIX 3€PEH H HX
KOHLECHTPAINH, OIIPEACTIIEM B 3aBUCHMOCTH OT ITPOYHOCTHBIX CBOMCTB OM. /111 3TOTO TaKKe MCHOIB3yeTCs MeToaoxorus 3D
moaemmposanwst HJIC, Tomsko 1 30Hb! mu(hOBaHMUSL.

OnTuMaTbHOS COUCTAHUE MPOYHOCTEH CBA3KH, 3¢PCH U MX KOHICHTPAIH JOLKHO obecmeunBaTs Takol yposers H/IC B
30HE NUH(OBAHMUS, TTPH KOTOPHIX:

- 00eCTICUHBACTCS YACPKAHUCE AJIMA3HBIX 3EPEH B CBA3KE;

- HCKJIFOYACTCS XPYNMKOC MHKPOPA3PYIICHHC AIMA3HBIX 3¢pCH (mpH mUmn(poBAHHH "MATKHX' MATCPHANOB) WA HX

camo3aTaynBaHuUs 0e3 00paz0BaHIsI IUTOAIOK H3HOCA (Tpy 1wr(oBaHuH "TBEPABIX" MATEPHATOB);

- 00eCTICYHBAFOTCSI MAKCHMAITBHBIC HANTPSDKCHUS B 00padaTbiBacMOM MaTepuaie (CheM MPUIYCKa);

- HCKITIOYACTCS 00pa30BAHHC HEIOMYCTUMOTO AC(DEKTHOTO C104 (Opak).

HcxXomHbIMH TAHHBIMH JOJDKHBI OBITH (PH3MKO-MEXaHHUCCKHE CBOHCTBA OM W/MHOO0 MPOYHOCTH ANMA3HBIX 3CPCH H
CBSI3KH, TOTJA pPE3YITaroM pacuyeta OyAeT SBIATHCA KOHICHTPAUHWS aJIMA3HBIX 3CPECH, THOO MPOYHOCTh CBI3KH H
KOHLCHTPALHS aIMA3HBIX 36PCH, TOTAA PE3YIBTATOM pacdeTa OyJAeT MPOYHOCT AIMA3HBIX 3¢PEH H.T.1.

PacuerHas cxema u mpumep pesynbratos paciuera 3D HJC cuctemsr "CTM -3epHO- CBA3KA" MPUBCACHBI HA PHC.3
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Puc. 3 — Pacuetnas cxema 3D mMonenu 30HbI TH GoBanus (a) U mpuMep pesynsTatoB pacueta HJ[C cuctemsl "CTM-3epHo-cBs3KA"

TakuMm 00pa3oM, TEOPETHUCCKH ONPEACICHA 00NACTh ONTHMATIBHOTO PA3pPyIICHIA 3JIeMEHTOB cucTeMbl "CTM - 3epHO -
CBI3KAa", B KOTOPOH 3EpPHO YIACP/KHMBACTCA B CBI3ke W He paspymmaercs, a CTM pazpymaercs B KOHTakTe, HO HE
PACTPECKHUBACTCSA M3-3a OOIICH HATPY3KH BCEX 3¢PCH (MCKIFOUACTCS Opak) (puc.4).
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KoHUeHTPaLMA 3epeH B Kpyre

Puc. 4 — PeSy.]'ILTaTLI pacueTa OINTUMAaJIbHOH KOHIOCHTpAallUuW ajIMa3sHbIX 3¢pCH U nonepequﬁ nogauu 1mo nNpoIHOCTHLIM cBOMCTBAM
SJICMCHTOB 30HBI H.I.]'II/ICl)OBaHI/Iﬂ

TeopeTuieckr MOKET OBITH OMPEACICHA 00NACTh OMTHMAIBHBIX YCIOBHH aIMA3HOTO ILTH(OBAHUS PA3THUHBIX MAPOK
CTM, B TOM YHCJIC W BHOBb CO3MAaBACMbIX. JlaTbHCUIIME IKCOCPUMCHTAIBHBIC HMCCICIOBAHUS C LCIBI0 COKPAIICHUS UX
0o0BeMa, OyIyT MPOBOTUTHCA B 3TOH 001ACTH.

[MpUMEHUTEABHO K AJIMA3HOMY ULTH(OBAHUIO CBCPXTBEPABIX MATCPHAJIOB OMPSACICHBI OMTUMANBHBIC XAPAKTCPUCTHKH
ATIMA3HBIX KPYTOB H YCIOBHA 00paboTKH (Tadm. 2).

Tabnuna 2 — OnTHManbHBIC XaPAKTEPUCTHKH AJIMA3HBIX KPYTOB HA 3TANC MX 3KCILIYaTalHA

IIpo4nOCTH },I
Oo6pabarsr- | Ipounocts meramnm- | KoHuenTpa-im Cxopocts | Hopmams-aHOC
BACMBII AIMAa3HBIX| YECKOH anMasHeIX | mmmQoBa-HUS| ~ABICHHC,
CTM 3epeH CBSI3KH, 3E€PEH B KpyTe Mm/c MIla
I'Tla
ACIIK AC160 600 3-7 40-50 3-4
ACB AC85 500 8-11 35-40 2.5-3
JATT AC60 400 12-15 30-35 2-25
CKM AC32 300 17-22 25-30 1,5-2
I'excanut-P ACI15 100 25-35 20-30 1-1,5
Dmpbop-P AC15 100 35-50 20-30 1-1,5

Takoe COOTHOIICHHE MPOYHOCTHBIX CBOMCTB 00pabaThIBACMBIX MATCPHAJIOB, CBA3KH H AJIMA3HBIX 3CPSH OOCCIICUHBACT
Oc3aepekTHYIO 00paboTKY TMpH YCIOBHH MAKCHMATGHO BO3MOXKHOH HMPOH3BOAUTCIFHOCTH H MHHHMATIBHOTO VACIBHOTO
pacxoia 3epeH B mpouecce aaMasHoro mmdosaHus. OmpeneicHae TOZ00HBIX ONTHMABHBIX COOTHOIICHUH MPHMCHUTCIEHO
K Tpoueccy aaMasHoro mmdosanug He Toapk0 CTM, HO W TBEPABIX CIUIABOB, KEPAMHKH, MOTHMEPOB H IPYTHX MATCPHAIOB,
SBIICTCA OOHUM W3 BAKHBIX PS3CPBOB MOBBIIICHUSA 3(P(PECKTHBHOCTH JAHHOTO BHAA 00PAOOTKH.

Takum o0Opa3oM, pa3paboTaHa MCTONOJOTHS ONPCACICHHS HAYYHO OOOCHOBAHHBIX PCKOMCHAAIMH MO MPHMCHCHHIO
ONTHMAJFHOTO COYCTAHMSA IPOYHOCTEH CBA3KH, AJIMAa3HBIX 3€pEH W HMX KOHLIEHTpanuu Al 3(PEeKTHBHOTO NUTH(OBAHHUS
MATCPHAJIOB PA3THYHON MPOYHOCTH. YCTAHOBICHO, YTO MPOYHOCTH CBI3KH KPyra SIBIUICTCS BAKHCUINMM MAPAMETPOM,
ONPSACIHIFOMMM HE TOJBKO CTEICHB AJIMA30YAC/KAHHSA, HO W MPOU3BOAMTEIILHOCTE Mpouecca mmm(posaHus. KoHueHTpanms



aTMAasHBIX 3¢PCH B KPYIe OO/UKHA HA3HAYATHCH HCXOOM H3 COOTHOICHHSA MPOYHOCTCH 3IEMCHTOB CHCTEMBI "OM-3¢pHO-
cBa3ka". YpoeeHB Ac(PekTHOCTH mpr anMaszHoM mymadosannn CTM onpeaemsaerca cootHomeHneM npouHocTel CTM, CBA3KH,
a7IMa3HBIX 3€PEH M WX KOHIICHTpamWeH B Kpyre. BBIOOp 3€pHHCTOCTH aIMAa3HOTO KPyra CICAYET HMPOBOAMTH C YUECTOM
TIPOYHOCTHBIX CBOMCTB PA3JIMIHBIX II0 BEJIMUMHE AJIMA3HBIX 3¢PEH.
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ASSESSMENT OF THE COSTS RELATED TO THE EXPLOITATION AND BENEFICIATION OF NATURAL
RESOURCES

1. IDENTIFICATION OF OPPORTUNITY COST IN ECONOMICAL RATIONALITY

Natural resources exploitation and valorization in real terms could not be operated in random, hazardous regime because of
finite physical amassments, quantitative and qualitative limited or delimited.

In essence, is finding out existence of a natural capital stock subject to laws and economic transformation toward goods
and services techniques.

Results of transformations (production and reproduction) are rediscovered in ecosystem (in ecology economy
respectively), which is not only supplier (from natural amassment — deposit) of resources but also collector of productive results
obtained under laws and economic techniques.

In the same context is present environment economy, which quantifies in particular results effects of natural resources
exploitation and valorization as pollution, productive externalities from technological flows (junks, wastes), etc.

Apart from consequences, causes, and effects in environmental economy are formalized techniques, procedures, and control
instruments through environmental economic policies, as reflections of basic economic policy applied in the area holding
exploitable natural resources.

Natural resources economy is rediscovered operational between ecology and environment economies. Mainly, natural
resources exploitation and valorization production, management, and marketing have dimensions (amplitude) and intensities
which could determine appreciations if there are practiced rational or abusive activities against interconnected system (Figure
D).

Economical rationalization of natural resources exploitation and valorization is strictly related to natural resources
exploitation and valorization techniques and economy. Searching for competitive comparable options must anticipate benefit,
profitability, expected advantage respectively in connection with opportunities cost which is dimensional characterized by
economical conjuncture in the area in which are situated natural resources assessments.

From natural resources assessments sufficiency are extracted (allocated) to valorization quantitative and qualitative parts
directed as use related to request. If is picked up the most acceptable alternative for use of exploited resources and putting into
use decision became operative the cost related to respective alternative is characterized by opportunity.

- -~

o Ecology economy
— T
,~/. .\‘\ \
" Environment economy™ N

s/ g ———— N 1
/ - - \ A\l
-~ b

-

’

/ p
J ,.'" / Natural * ) v
| || ! resources <__\]._— ) Raniagernsit
b \ \ economy . L bl gt iz

— hY _—"/‘-
i o

T N -

Results
{ (goods and services)

Fig. 1 — Ecology, environment, and natural resources economy influences
on physical exploitation and valorization of natural resources.
Measurement of cost opportunity is difficult and presumes “finite elements” differentiation type, but practical solving of
particular request for specific natural resources overflow in importance direct cost and became possible identification of real
advantages in indirect costs.

2. RELATION BETWEEN SUFFICIENCY AND OPPORTUNITY COSTS

A decision is rational from economic point of view if net revenue (Vper) overflow opportunity cost (C,). Profit value (Vp) is
expressed in net revenue as difference between sale price (P) and opportunity cost.

In natural resources valorization and exploitation for conventional positive operative conditions (through proper rational —
economical decisions) are expressed as follows:

{V_, -3+
V,[e V~]=P—C', M
Proportional to real cost (C;) opportunity cost could record three reporting situations, naming;

1. Opportunity cost is lower than real cost:



{C, <C,
Ve > (C,< C,) 2

This is the most favorable situation in natural resources exploitation and valorization decision. It is visible ascertainment
that if usual real cost have a specific level (scale) generalized meted, due to some particular or circumstantial situations which
refers to a specific natural resource operation cost, opportunity cost respectively, is lower and as such are generated advantages
which determines taking of productive engagement decisions in exploitation and valorization.

2. Opportunity cost is equal with real cost:

{Cﬂ = C’
i -
o ™ (Cp= C,) 3)
Identity between conditions that justify natural resources exploitation and valorization decision, productive flow being
confirmed as feasible engagement in generality situations accepted by decision bodies is ascertained in this case.

3. Opportunity cost is greater than real cost:
C,>C,
lVL (B ) @)

This situation represents reason for extremely careful managerial concern from decision bodies regarding their engagement
in natural resources exploitation and valorization process.

It has been founded that reported to usual level of costs for the same natural resource type in a specific location where
assessment is located, proper cost (opportunity cost) overflow known average used on international or global scale. Operating
with greater costs risk of non-achieving acceptance level for net revenue to ensure expected profit value arise.

At the same time, usually:

vL>vi >yl (5)

1 173 171
In exchange in absolute value, it is always necessary to be fulfilled requests for recording profit values (V Ve Ve ) which

has to be strictly positive:
Vea = (¥ >0)
Ve = (75 >0)

1 1
Ve = (75 >0) ©
A
Comparisons between ranges of profit values shows that, in practice, could be differentiate one from another (Q‘) and
hierarchy related to quality of decisional, technical, technological, infrastructural, etc. elements founded from ore type of natural
resource to another.

{6V =ap)=avl}>0 ™

Therefore, opportunity cost attenuate sufficiency of natural resources, offering the chance for nultitude of their exploitation
and valorization alternatives.

Romanian economic environment is frequently confronted with need to take decisions in sufficiency of resources conditions.
Not only natural resources enter under the incidence of complex decisional process, but also other micro- and macro-economical
segments which necessitates allocations and distributions (national public budget, public domain management, water,
environment).

Decisions in sufficiency conditions could affect both human communities and material domains or structures, physical from
general country infrastructure. In comes out that, almost every time, opportunity cost is take into account as fundamental
decisional parameter in formalization of productive and reproductive operational alternatives.

Essentially, opportunity cost participate to resources allocation solving or to identification of most feasible natural
resources exploitation and valorization ways, motivating economic operators in productive values system engagement.

3. ORIGINAL CONTRIBUTIONS AND CONCLUSIONS

Starting with 1989 when was produced economical system change in Romania productive operators in national economic
environment approach opportunity costs, but their engagement aim toward speculative — circumstantial side in micro-economy.

Frequently, incipient decisions for resources exploitation and valorization was finally invalidated by non-obtaining profit
values.

In other cases level of profit values proved to be exaggerated and dematured “input — output” reports in transformation
productive flows.

For the first tine, in this paper is considered that economic rationality nust have included in valuable judgments parameter
denominated “opportunity cost”.

Reports between ecology economy elements, those of environment, and natural resources ones presumes manifestation of
opportunity costs, which may sustain registration of expected profit values.

Between sufficiency and opportunity costs exists maximum importance relations in respect of solving optimal resources
allocation and distribution.

Original relational expressions on opportunity cost related to real cost represent outstanding contributions to identify
translation ways of natural resources sufficiency towards their physical, dimensional, and qualitative conventional normality.
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CALCULUS OF LOADS TRANSMITTED TO THE EXTRACTING TOWERS WITH THE HOISTING
INSTALLATIONS OF WINDING MACHINES WITH MULTICABLE DRIVING WHEELS ON IN THE CASE OF THE
APPLICATION OF THE SAFETY BRAKE

In the paper there are presented certain aspects concerning the determination of loads transmitted through the bearings of the extracting pulleys of the
structure of the metallic towers of the extracting installations in the case of the application of the safety brake. The exemplification of the determination of the
loads transmitted to the metallic tower in the case of the application of the emergency brake has been done by taking into study the extracting installation ,,Put
nou cu schip* belonging to E.M. Lonea

1. Introduction

The normal development of the schedule of the movement of the extracting vessels or the stopping of the machine in a
certain position of the vessels (mancuver braking) and the automated stopping of the machine (safety brake), independent of the
will of the operator in one of the cases considered perturbations or distress, is insured by a braking device supplied with every
extracting machine. Cases considered perturbations or distress are: lack of tension, a decrease in fluid pressure required for
acting the brake, over-height of the extracting vessels, passing the max. speed limit overweight etc.

In the paper there are presented certain aspects concerning the determination of loads transmitted through the bearings of the
extracting pulleys of the structure of the metallic towers of the extracting installations in the case when the emergency brake is
applied due to an overcome of the max speed allowed. In order to study the loads from the extracting cables transmitted to the
structure of the metallic towers of the extracting installations through the extracting pulleys in the case when the emergency brake
is applied it has been taken into study the tower of the extracting installation ,,Skip Shaft” from Lonea Mining Plant. The general
and exploitation data of the installation taken into study are presented as follow.

2. The extracting installation taken into study

The extracting installation that operates on the new skip well from Mining Plant Lonea, is destined [7] for the extraction
from the underground of minerals. The extraction is done from the horizons +169,40; +203,3 and 403,45 to the surface (the
surface level is +704,5m; and the skip unloading level is +715,5m).

The installation (fig.1) is ballanced and has an extracting machine type MK 5x2 (fig.2) equipped with two motors type
M2M-1000-213-4Y XP/1986, of 1000 kW power and a nominal rpm of 54 rot/min (fig.3).

The cables are wrapped around a moving wheel of F 5000 mm (fig.4).

The extracting cables with diameters of F 46,5 mm and a mass (on a linear meter) of 8,049 kg/m are wrapped around the two
extracting pulleys of F 5000 mm witha

Fig.3. The motor Fig.4. Wrapping organ



Fig.5. Extracting pulleys Fig.6. Metallic tower
mass (the pulley, the axel of the pulley and the bearing of the axel) of 12.108,84 kg for the top and 11,948.3 kg for the bottom
(fig.5), laying on the tower at a height of 47 m (pulley axel) the top and 40 m the bottom. The ballanced cables have a section of
135%20 mm and a mass (on a linear meter) of 9,062 kg. The extracting vessels are skips having a mass (own mass, plus D.L.C.,
plus DE.C. and suplimentary mass) of 24.120kg (19.276kg+2x557kg+1230kg+2500kg) from Petrila branch and 21.620kg
(19.276kg+2x557kg+1230kg) from Cimpa branch.

The effective load is 7000-8000 kg/skip. Another main component of the extracting installation is the metallic tower (fig.6)
with a height until the pulley axel of 47 m. The structure of the tower is composed of the extracting pulley platform sustained by
the leading component and the one abutment set up as a frustum pyramid.

The extracting machine lies on the ground (at a height of 6,45 m to the 0 level of the well (well collar), sideways from the
tower (well tower), at a distance (of the wheel axel), towards the vertical portion of the extracting cables which enter the well of
45,06 m.

The length of the cable chord (the distance between the tangent points of the cable to the deviating pulley from the tower and
the wheel of the extracting machine, in the central position of the chord (perpendicular on the wheel axel)), is for the bottom
branch L;=52,54m, and L=58,78mfor the top branch.

The incline angles of the cables chords are b; = 45% 08" 24” for the bottom branch and b, = 43% 36 527, for the top branch
[7].

3. Determination of loads

For the determination of the loads(efforts) which act upon the installation taken into consideration it has been taken into
study the case when one of the skips is descending (ascending) on one of the branches.

On the calculation of loads it has been considered the fact that their variation is determined not only by the kinematics of the
installation (kinematical parameters) but also by certain geometrical elements which define the position of the extracting machine
towards the well geometrical elements regarding only the installations where the extracting machine lies on the ground.([1],[3],
[41.[5].[6D.

For this purpose it has been taken into analysis the case when the skip is descending on the top branch (case 1, the skip of
the bottom branch is climbing and the top one is descending) and the case when the skip is descending on the bottom branch (case
2, the skip of the bottom branch is descending and the top one is climbing). The diagrams for the space, speed, and acceleration
for the two cases taken into analysis are presented into fig 7 case 1 and in fig 8 case 2. The variations of acceleration and space
have been used for the calculation of the loads applied to the tower. The determination of the loads acting upon the tower through
the deviating pulleys has been done using the d’ Alembert principle (the kinetics-static method [2]) taking into consideration the
static forces (the weight of the extracting cable, the cage the trolley the pulley and the load), the friction forces (multiple friction

and aero-dynamic resistances which for installations with cages is approximated with a coefficient of k’=0,2 from the useful load
[1]) and the dynamic forces (which intervene only in the acceleration and deceleration periods, fig. 7 and fig. 8)).

The variation of the components of the forces from the bearings of the extracting pulleys for the two cases taken into
consideration in the case of the application of the security brake on the surpassing of the max admitted speed is presented in fig 9
and fig 10,case 1 and fig 11 and fig 12, case 2.
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Fig.7. Speed acceleration and space for case 1
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Fig.8. Speed acceleration and space for case 2

The variation of the resultant forces from the bearings of the extracting

pulleys for the two considered cases in the case of the application of the safety brake on the surpassing the max admitted speed is
presented infig 13, for case 1,
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Fig.9. Forces on the bearings of the top pulley for case 1
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Fig.10. Forces on the bearings of the bottom pulley for case 1
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Fig.11. Forces on the bearings of the top pulley for case 2
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Fig.12. Forces on the bearings of the bottom pulley for case 2
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Fig. 13. Reactions from the bearing of the top and bottom pulley when the top cage
descends and the bottom one climbs, case 1
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Fig.14. Reactions from the bearing of the top and bottom pulley when the top cage
climbs and the bottom one descends, case 2
for the top and bottom pulley and fig 14, for case 2, also for the top and bottom pulley.

The variation of the total resultants (reactions) the forces from the extracting pulleys for the two cases taken into
consideration in the case of the appliance of the safety brake on the surpassing of the max speed is presented infigl5 case 1, loads
when the top cage descends and the bottom one climbs and fig 16, loads when the top cage climbs and the bottom one descends case 2, for
both pulleys.
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Fig. 15. Total loads when the top cage descends and the bottom one climbs case 1
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Fig. 16. Total loads when the top cage climbs and the bottom one descends case 2

4.Conclusions

The calculation the structure of the mining extracting towers is done taking into consideration all the unfavorable
combinations practically possible of the different loads called groups of loads.

Following the classification and grouping of the loads transmitted to the extracting mining towers in the paper there are
presented certain aspects concerning the establishing of the exceptional short term loads due to the extracting cycle in the case of
the appliance of the safety brake which are transmitted to the structure skip and the wrapping organ of the extracting machine is
moving wheel.

The loads transmitted to the tower through the bearings of the extracting pulleys from the tower due to the efforts from the
extracting cables have been considered in the case when the emergency brake is applied due to an overcome of the max speed
allowed when the skip are climbing and descending on one of the two extracting branches.

The variation of loads is due both for the cinematic parameters as well as for thegeometric parameters of the extracting
installation.

As noticed from the variation of the total loads which act upon the tower during an extracting cycle in the case of the
appliance of the safety brake the maxinmum values are in case 1 of the cycle and in case 2 at the beginning of the cycle (fig 15 and
fig 16).

The maximum values of the loads determined are further used to determine the values of mechanical stress and strain from
the elements of the structure of the metallic tower of the installation in order to verify its resistance.
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Iocmynuna e peoxonnezuw 15.03.09



VIK 621.91
B. Karpuschewski, J. Pieper, F. Welzel, Magdeburg, Deutschland

AKTUELLE TRENDS UND PROBLEMSTELLUNGEN
IN DER FERTIGUNG VON ZYLINDERLAUFFLA CHEN
VON VERBRENNUNGSMOTOREN

In the research programme “Automotive” running at the Otto-von-Guericke-University of Magdeburg the structuring of cylinder running surfaces is
one of the main tasks. In this paper a short summary of innovative techniques for the production of these surfaces is given and the aims of the specific project
within the “Automotive” programme are presented.

1. Einleitung

Die Fakultit fiir Maschinenbau der Otto-von-Guericke Universitit Magdeburg hat es sich im Forschungsschwerpunkt
Automotive zur Aufgabe gemacht, dic Problematik der optimierten Zylinderlauffliche zu beleuchten und Verfahren zur
Herstellung dieser Funktionsflichen zu untersuchen. Auf der Basis eines 4 Zylinder 2.0 TDI-Common-Rail Motors der Firma
Volkswagen sollen Modifikationen der Laufflichenstruktur generiert und analysiert werden.

Im Folgenden soll ein kurzer Uberblick zu aktuellen Trends in der Herstellung von Zylinderlaufflichen gegeben werden und
das Forschungsprofil der Universitit Magdeburg beziiglich dieser Thematik dargelegt werden.

2. Das tribologische System

Der mechanische Wirkungsgrad von Verbrenmungsmotoren und die dlbedingten Kohlenwasserstoff- und Partikel-Emissionen
werden maBgeblich durch die an der Kolbengruppe ablaufenden tribologischen Prozesse bestimmt. Insbesondere bei hohen
spezifischen Belastungen betrigt der Anteil der Kolbengruppe an den gesamten mechanischen Reibungsverlusten des Motors bis
zu 60 % [1]. Ein besonderes Augenmerk im tribologischen System Kolben-Kolbenring-Zylinderlaufbahn liegt auf der
Oberflachenstruktur der Zylinderlaufbahn Diese Struktur bestimmt maBgeblich das Laufverhalten, den Verschleil und die
Emissionen des Verbrennungsmotors und bietet daher immer wieder Ansatzpunkte fiir Optimierungen, angefangen bei der Wahl
des geeigneten Werkstoffs bis hin zur Bestimmung der tribologisch optimalen Makro- und Mikrogeometrie.

Verbesserungen des gesamten tribologischen Systems und damit auch der Zylinderlaufbahn sollen zu einem niedrigen
Olverbrauch und zu einer geringen inneren Reibung des Motors beitragen. Um dieses Anforderungsprofil erfiillen zu konnen,
sollte die Oberfliche der Zylinderlaufbahn im Idealfall hart und glatt sein, wenig Ol speichern, aber dennoch eine gute Olhaftung
bzw. Olberetzbarkeit sowie Mikrostrukturen aufweisen, welche einen hydrodynamischen Druckaufbau begiinstigen. Zudem
ergeben sich hiufig im Motorbetrieb, aufgrund thermischer und mechanischer Einfliisse, Verziige der Zylinderform, welche die
Laufeigenschaften der Kolbenring-Zylinderpaarung stark negativ beeinflussen und den Blow-by-Effekt hervorrufen. Hierbei
kommt es zum ungewollten Gasstrom vom Brennraum ins Kurbelgehiiuse, der aus konstruktiv- oder fertigungsbedingten Spalten
zwischen Kolben und Zylinder herriihrt.

3. Fertigungstechnische Ansdtze

Um diesen Anforderungen fertigungstechnisch zu begegnen, stehen zurzeit unterschiedliche Verfahren aus Forschung und
Industrie zur Verfiigung, welche sich konkret, auf Grund der zu erzielenden Strukturdimensionen, in der Erzeugung der
Endgeometrie unterscheiden. Zum einen wird auf die Generierung einer definierten Makrostruktur der Lauffliche hingearbeitet.

Hierbei sollen Verziige der Zylinderbohrung, welche durch thermische Ausdehnung und statische sowie dynamische
Krafteinwirkung resultieren, vorgehalten werden (Abb. 1).

Abb. 1: Verziige der Zylinderbohrungen im Motorbetrieb [2]

Um im Motorbetrieb eine annédhernd optimal zylindrische Hauptbohrungsgeometrie sicherzustellen, wird serienméiBig das
Honen mit einer sogenannten Honbrille durchgefiihrt. Diese Honbrille wird mittels Zylinderkopfschrauben auf den Zylinderenden
fest verschraubt und deformiert somit gezielt die Zylinderkonturen. Nachdem der Honprozess beendet ist, wird die Honbrille
wieder entfernt und der Zylinder dehnt sich in seine Ausgangsform zuriick. Dieses Verfahren eignet sich zur Erzeugung von
Zylinderformabweichungen der Ordnung entsprechend der Anzahl an Schraubverbindungen je Zylinder. Einen wesentlichen
Nachteil gegeniiber anderen Verfahren stellt der zusétzliche Arbeitsgang des Verspannens der Zylinder dar, da hierbei die Taktzeit
der Honbearbeitung erhoht wird. Zudem sind die Zylinderschrauben, speziell das Schraubengewinde, in ihrer Lebensdauver
begrenzt, da durch die hohen Drehmomente beim Auf- und Abschrauben der Kopfschrauben die Gewinde verschleiBien. Eine
typische Lebensdauer der Schrauben liegt bei 5 bis 20 Verwendungen [3]. Neuere Ansitze zur Steigerung der Schrauben-
Lebensdaver gehen dahin, die Verspannung mit separater Aufbringung der Verformmngskraft, beispielsweise durch hydraulische



Spanneinrichtungen oder Federn, zu realisieren, sodass die Schrauben lastfrei eingedreht werden konnen [3]. Deutliche Vorteile
bietet dieses Verfahren hinsichtlich der Definition der zu erzeugenden Geometrie und ihrer anschliefenden messtechnischen
Erfassung, da als Bezug die Kreis- bzw. die Zylinderform angenommen werden kann. Um die im Motorbetrieb durch thermische
Verziige sich einstellende Zylinderformabweichung in der Vorbearbeitung zu beriicksichtigen, kann das Zylinderkurbelgehiuse
wihrend der Bearbeitung zusitzlich extern erhitzt werden. Lediglich das Vorhalten der dynamischen Deformation im
Motorbetrieb kann durch den Einsatz einer Honbrille nicht realisiert werden.

Hier setzt das Verfahren des sogenannten Freiformhonens an, bei dem ein adaptronisches Honwerkzeug zum Einsatz kommt,
das im Vorfeld festgelegte Vorhaltekonturen in die Zylinderlauffliche einbringt. Uber die aktiv gesteuerte Variation des
Anpressdrucks wird ein ortlich unterschiedlicher Materialabtrag hervorgerufen. Durch die pulsierende radiale Aufweitung des
Werkzeuges iiber Graduierung des Zustelldrucks oder durch den Einsatz piezoaktorischer Komponenten kénnen laut Entwickler
komplexe Strukturen und Zylinderformabweichungen bis zur 8. Ordnung durch Uberlappung kurz- und langwelliger Pulse gezielt
erzeugt werden. Ein hierbei verwendetes Werkzeug mit dynamischer Zustellung einzelner Formhonleisten zeigt 4bb. 2.
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Abb. 2: Formhonwerkzeug [4]

Analog zur Herstellung der Makrostrukturen zielen weitere Fertigungsverfahren auf die Generierung definierter
Mikrostrukturen der Lauffliche ab. Die dafiir eingesetzten Fertigungsverfahren kénnen wie folgt untergliedert werden:

Spanende Verfahren mit geometrisch unbestimmter Schneide
Honen

Lippen

Strahlspanen

Magpetabrasive Bearbeitung

Optische Verfahren

Laserstrukturieren

UV-Photonen Laserbelichten
Beschichtungsverfahren

Galvanische Verfahren

Thermische Verfahren

Plasmaspritzen

Lichtbogen-Drahtspritzen
Hochgeschwindigkeits-Flammspritzen
PTWA-Spritzverfahren (plasma transferred wire arc).

Den elgenthchen Kernprozess in der Herstellung der Mikrogeometrie von Zylinderlauffliachen stellt das Honverfahren dar.
Hierbei wird eine kreuzférmige Struktur von kommumizierenden Riefen zur Schmierstoffspeicherung erzeugt. Um zusitzliche
Mikrokavititen zu schaffen, werden aktuell weitere Fertigungsverfahren dem Honprozess angegliedert. Beim Laserstrukturieren
werden mit einem Nd: YAG Laser gezielt Mikrotaschen in die Oberfliche eingebracht und somit eine definierte, systematisch
angeordnete Textur in der Grébenordmng 10 x 50 pm (T x B) erzeugt (4bb. 3).
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Abb. 3: Oberflichentopogratic beim Laserstrukturieren [5]

Im Gegensatz zur geometrisch definierten Strukturierung setzt das Konzept der UV-Photonen Laserbelichtung bei Grauguss
mit Graphitlamellen (GJV) auf die Generierung von Schmiertaschen durch Freilegung von vorhandenen Strukturen. Hierbei
erfolgt ein Verdampfen der obersten Schicht mit einem Excimer-Laser entlang der gesamten Zylinderbohrung. Neben dem
Freilegen der Graphitlamellen, welche als Schmiertaschen dienen, hat das Verfahren den Vorteil, dass sich eine nanokristalline
Schicht mit hohem Stickstoffanteil bildet, die der Lauffliche keramische FEigenschaften verleiht (4bb. 4). Diese Oberfliche weist



nach der Herstellung keinerlei systematische Honstrukturen auf.

Abb. 4: Oberfliche links vor und rechts nach dem UV-Photonen Laserbelichten [6]

Neben den optischen Bearbeitungsverfahren kann auch tiber mechanische Fertigungsverfahren eine schmierstoffspeichernde
Oberflache erzeugt werden. Beim Konzept der thermischen Beschichtung wird eine pordse Oberflichenschicht mit
Hartstoffpartikeln und Hohlrdumen zur Schmierstoffspeicherung erzeugt. Diese Hohlrdume und keramischen Hartstoffe des
Metall-Matrix- Verbundwerkstoffes werden durch das Honen freigelegt (4bb. 5).

Abb. 5: Gehonte Spritzschicht [7]

Eine weitere Moglichkeit der Freilegung von Strukturen bietet das Strahlspanen. Hierbei wird beispielsweise iiber einen
Fluidstrahlprozess lose anhaftendes Material von der Oberfliche entfernt. Die Wirkungsweise besteht in der Kombination mit der
Gusslegierung, also hauptsichlich tiber die Ausbildung kleiner, kraterdhnlicher Metallausbriiche. Diese entstehen gesteuert iiber
Titancarbide und Titannitride wihrend der Honbearbeitung. Das Fluidstrahlen bewirkt ein Offenlegen dieser Metallgriitbchen und

ein Freilegen verschmierter Honriefen (4bb. 6).

Abb. 6: Gehonte und fluidgestrahlte Oberfliche [8]

Weitere Potentiale bictet eine Weiterentwicklung der Honstruktur, welche iiber eine VergroBerung des Honwinkels realisiert
werden kann [6]. Durch diese Anpassung soll die Reibleistung verringert und der Verschleil reduziert werden, da abgeloste

Partikel besser an der Zylinderwand abgleiten.
4. Der geplante Projektinhalt

Im Forschungsschwerpunkt Automotive der Universitit Magdeburg sollen anhand von tribologischen Untersuchungen an
bestehenden Zylinderoberflichen in Bezug auf die Anforderungen im Motorbetrieb eines 4 Zylinder 2.0 TDI-Common-Rail



Motors FEigenschaften von Laufflichentopografien ermittelt werden. Hierzu werden Softwaretools zur Berechnung und
mumerischen Simulation von tribologischen Parametern im Kolbenring-Zylinderkontakt auf Basis der Reynoldsschen
Differentialgleichung, der Verformumngsgleichung und der Energiegleichung erarbeitet und diese mit kommerziellen Programmen
zir Mehrkorpersimulation gekoppelt. Im Rahmen des geplanten Forschungsvorhabens soll unter Beriicksichtigung der
Oberflachenstrukturen an Linien- und Flichenkontakten ortlich aufgeldst an den Mikrokontakten sowohl die Verformung, die
Reibungskraft als auch die Temperatur und der Verschleill berechnet werden. Nach der Analyse existierender Oberflichen sollen
weiterhin Empfehlungen zur Fertigung tribologisch optimierter Mikrostrukturen fiir Laufflichen gegeben werden. Daraufthin wird
unter Anwendung des Honverfahrens eine iterative Annitherung an diese Strukturempfehlungen erfolgen. Ausgewihlte Strukturen
werden anschlieffend im Schwingungs-Reibverschleib-Priifstand auf ihre tribologischen KenngréBen hin untersucht und bewertet.
Eine abschlieBende Bewertung der erzeugten Strukturen soll in Motortestldufen erfolgen, Abbildung 7.
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Forschungsschwerpunkte:

- Petenziale des Honens und Feindrehens

- Mikrostrukturierung der Zylinderwand
mittals hochdynamischer Schneide
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Strukturierung mit geometrisch bestimmier
Schnaide
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Abb. 7: Forschungsschwerpunkte am [FQ

Hinsichtlich der wirtschaftlichen Fertigung definierter Strukturen sind Untersuchungen zum Feinstdrehen und Glattwalzen
der Oberfliche vorgesehen. Durch ecinen fertigungstechnisch giinstigen Walzprozess kann die Laufflichenrauheit definiert
eingestellt werden, Graphiteinschliisse freigelegt und giinstige Druckeigenspannungen in der Randzone erzeugt werden. Zudem
liegen die Fertigungskosten des Walzens weit unterhalb von denen des Honprozesses. Des Weiteren sind Untersuchungen im
Hinblick auf den Finsatz adaptronischer Werkzeuge zur Feinstbearbeitung mit definierter Schneide vorgesehen. Mit diesen
Werkzeugen sollen Makrogeometrie, also definierte Zylinderformabweichungen, und Mikrogeometrie, also definierte
Mikroschmiertaschen, in einem Arbeitsgang erzeugt werden.

Literatur: 1. Golloch, R.; Kessen, U.; Merker, G. P.: Tribologische Untersuchungen an der Kolbengruppe eines Nfz- Dieselmotors. MTZ Motortechnische Zeitschrift
63 (2002) 6, S. 494-500. 2. Conze, T.;Munier, J.: Interaktion von Kolben und Zylinderlaufbahn bei einem Hochleistungs-Ottomotor. VDI Tagung Zylinderlaufbahn,
Kolben, Pleuel 2008, VDI-Berichte Nr. 1994, S. 17-31. 3. Weigmann, U.-P.: Formhonen von Kolbenlaufbahnen. Jahrbuch Schieifen, Honen, Lappen und Polieren, 63.
Ausgabe, 2007, S. 298-318. 4. Flores, G.; Klink, U.; Abeln, T.: Honen von Funktionsformen in Zylinderkurbelgehiausen, VDI Tagung Zylinderlaufbahn, Kolben, Pleuel
2008, VDI-Berichte Nr. 1994, S. 79-90. 5. Firmenschrift der Firma Gehring. 6. Schmid, J.: Optimiertes Honverfahren fiir Gusseisen-Laufflichen. VDI-Tagung
Zylinderlaufbahn, Kolben, Pleuel 2006, VDI-Bericht Nr. 1906, S. 217-236. 7. Barbezat, G., Schmid, J.: Plasmabeschichtung von Zylinderkurbelgehdusen und ihre
Bearbeitung durch Honen. MTZ Motortechnische Zeitschrift 62 (2001) 4. 8. Klink, U.; Flores, G.: Honen - Fortschritte durch optimierte Werkzeuge. VDI-Z 143, Nr. 6

(2001), S. 49-56.
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B.JI. XaBuH, kaHA. TeXH. HAyK, J1.B. ABTOHOMOBA, KAH/, TCXH. HAyK,
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MATEMATHYECK AL MOJAEJb PACUETA BUBPAITMOHHBIX XAPAKTEPHCTHK JJ1A MPOHECCOB
OPE3EPOBAHUA

Poboma npucssuena pospobku MameMamuyHol Mooeni sibpayiiinux npoyecie npu Qpe3epyeanti 3 ypaxyeanHam inepyil obepmanns i KpydeHnHus gpesu
3anponoHosaHa 60OCKOHANLEHA MAMEMAMUUHA MOOENb, 6 KIli 6PAXOSAHO NIHINHI nepeMilyeHHs y HanpsaMmi eONOSHUX ocell, KYMOo6i nepeMiients 6 20N06HUX
NAOUUHAX [ KPYMUTIbHI NepeMiyeHHs IHCIMPYMEHMY.

Work is devoted to construction of mathematical model of vibration processes at milling taking into account inertia of turn and twisting of milling
cutter. The improved mathematical model is offered the linear displacements in the direction of main axes, angular displacements in main planes and turning
displacement of instrument.

YHuBepCcATH3AIMA MCTALIO00PA0aTHIBAIOIICTO O00OPYIOBAHHSA, MOSBICHHC MHOTOICIICBBIX 00PA0ATHIBAIOMINX LCHTPOB
TIPHUBCIN K CO3OJAHUEO MHOKCCTBA PCKYIIMX WHCTPYMCHTOB OAHOIO BHOA. HpI/I 9TOM HCAOCTATOMHOC PA3BUTHUC MOTIYyIHTIH
PACICTHBIC MOAXOABI LI OUHCHKH AWHAMHYCCKOIO MOBCACHWA HHCTPYMCHTOB HA CTAAWUU MOATOTOBKH TCXHOJOTHYUCCKHUX
OIEpanuii, YTO TO3BOSIET OOOCHOBAHO BBHIOMPATH ONTHMAIBHOE COYCTAHHE OJJICMCHTOB B CHCTEME HMHCTPYMCHT-
TEXHOJOTHYCCKHH PEIKUM.

Jlo HACTOSIIETO BpPEMCHH M1 ONMCAHUS AWHAMHYCCKOTO MOBEACHHS PEKYIIETO HHCTPYMEHTA HCIOJIb30BATIACh
OTHOMACCOBBIC KOJICOATCIGHBIC MOACTH C JByMA CTCHCHAMH CBOOOABI [1-3], B KOTOPBIX BIAMSAHHC CHCTCMBI 3aTOTOBKH
3aMEHSICh ACHCTBHEM JHHAMHYECKOH CHIIBI pe3aHmsl. B MOCIeTHME TOAbI MOSBHINCH MOACTH, II€ MOMHUMO OJHOMACCOBOH
JUHAMAYECKOH MOJCIH MHCTPYMEHTA PAaCcCMAaTPHBAIACh B3aMMOICHCTBYIOMRAS C HEil OMHOMACCOBAS JMHAMHYECKAS MOACTH
CHCTCMBI 3aTOTOBKH, HMCIOMAS 3 CTCNCHH CBOOOABI [3], YTO MO3BOHIO MOBBICHTH TOYHOCTh AWHAMHYCCKUX PACUCTOB.
OnmHako A7 OTPEJCNICHHOTO KJIAcCa PEXyIIMX HHCTPYMECHTOB- TOPLEBBIX (pe3 OONBIIOTO AMaMETpa KOPPEKTHO OIICHHTH
B3aHMOJCHCTBHE MOACUCTEM MHCTPYMCHTA M 3aTOTOBKHM MOKHO JIHIIb IIPH O0JIEE TOUHOM YUETE PEaTbHBIX MACCOTA0APUTHBIX
W TEOMETPHUICCKHX IMAPaMETPOB HHCTPYMCHTA, IyTEM 00JIee TOUHOTO yUeTa €r0 HHEPIMOHHBIX CBOKCTB IPH M3THOE, a TAKKE
KPYTHJIBHBIX IIEPEMEIICHHH.

Lems manHOM padoTHI — pa3paboTKa YCOBSPIICHCTBOBAHHON JHHAMHYCCKOM MOACTH PEXKYIIETO HHCTPYMEHTA ((PPE3hI), B
KOTOPOH YUHUTBIBAIOTCS W3IHO W KPYUCHUE HHCTPYMEHTA.

HnuctpymeHt ((pe3a) TpeAaCcTaBIACTCA B BHAC OXHOMACCOBOMH MOJCTH C S5-10 CTCICHAMH CBOOOOBL, KOTOPBIM
COOTBETCTBYIOT IIPUBEACHHBIC MACCOBO-’KECTKOCTHBIC XaPAKTCPUCTHKH.

Ha pmc. 1 mokaszaHBI cxeMa HWHCTPYMCHTA W CTCICHH CBOOOJBI CTO JHHAMHYCCKOW MOACTHM: X, ) — JIHHCHHBIC
HEPEMEIICHHA OTHOCHTCIBHO INMABHBIX OCCH 0X0y, ¥%, ¥}, — YIIOBBIC NECPEMEINCHMA B IUIOCKOCTAX X0Z H YOZ 6 — yron

3aKPYYHBAHUS, @ — YIIOBAs CKOPOCTh BPAIICHHA MHCTPYMEHTA; [ — muamerp ¢pessr, Sz — mojada Ha OJuH 3Y0; ?_ yIoX

TMOBOPOTA (PPE3HI; o _ LICHTPATBHBIN pabounti yroa Qpessr; P yToa BxoAa (hpe3sL

Puc. 1. Cxema HHCTpYMEHTa U CTEIICHU CBOOO/BI JMHAMUIESCKOM
MOJICTTH

Cucrema mudepeHIHaNTBHBIX YPABHEHUH ITPOIIECCa HMEET BH!



[ &% ax
mx—,+y;rx§+€xx=P_X(X,}’,Wx:wr"gsf)
8’}?
My ——+ Py —+ = P X, ¥, s ,9,
r 3 Ty v =By, vy vy, 6.0

y Ay
4IX_X+%_X+CQWWI = MX(X’}?’WI’WY’Q’!)

a¢? ot
My Ay,
I 3?r ey 3fy +CpWy = My(x, 7. W29y, 6,0
e
le 5 005+ Caf = My(x.3, w3, . 8.0)
] (D

TAC My, My — NPHBCACHHBIC MACCHL A1 HANPABICHUH OX, OY: /x, /y, [p — IPHUBCACHHBIC MOMCHTHI HHCPIHH HHCTPYMCHTA
OTHOCHTEIBHO IIABHBIX OCCH OX, OY.0Z ; #x, Hy. Hyx, Hyy. Ho — Kodpdumuentsr aemnpuposanust; Cy, Cy, Cy, Cyx, Cyy —
NPUBSICHHBIC JKECTKOCTH, Py, Py, My, My, Mp — COOTBETCTBEHHO YCHIMA B HANPABICHHM OX,0y H BHCINHME MOMECHTBI
OTHOCHUTEIBHO INIABHBIX OCEH OX, OY ,0Z; [ — BpeMsL.

B3amMmozaeHCTBHE MEXKAYy  HHCTPYMCHTOM H [JCTANBI0 NPH (PPC3CPOBAHMM 3aMCHACTCA ACHCTBHEM HA CHCTCMY
HHCTPYMEHTA CHJI PE3aHMs. OCEBOHM — Py, paguadbHOH — Pgr, TAHICHUHMAIBHON — P;. B 3aBUCHMOCTH OT THIIA MaTepuaia U
YCIOBHH 00Pa0OTKH M3 IKCICPUMEHTAIBHBIX PS3YABTATOB I YCHIIHH PE3aHMISA HMCCT MECTO CICAVIOIHC COOTHOMICHHS,

Fy/P.=0,3+0,4,P,/P. =0,4+0,45 @)
e
B =Y Py .
zx: ¥ B =kayOby(H) k= k"’ 3)

rae Pr — cyMMapHOE YCHITHC TIO BCEM 3yObAM, HAXOJIIMMMHCS B KOHTAKTE C 00pabaThiBacMBIM MaTepHaoM; ax () u hg(f)
— IMHAMHYCCKAS TONIMHA W MHPHHA cpe3a mas K-10 3y0a; k; — yaembHAd CHIA Pe3aHud; k, a, f/ — IKCICPUMCHTAIBHBIC
KOHCTAHTBHL

OnpenencHue mMpaBbIx yacTeld cuctemsl (1) mpeaycMarpuBacT CyMMHPOBAHHE 3JICMEHTAPHBIX CHIOBBIX 1 MOMEHTHBIX
COCTaBIMFOIIX U 3yOBCB (PPE3bI, HAXOAAMCHCS B KOHTAKTE C 00padaThIBACMBIM MATCPHATIOM.

B pabore [4] momyueHBI BbIPA’KEHHS A1 CHII I MOMCHTOB, JICHCTBYIOIIMX HA CHCTEMY HHCTPYMEHTA CO CTOPOHBI K-10
3y0a ppesbL

Py = By sin(g, +8)+ F, cos(@, +8)
P}x = ucos@x+9)—Pd Sir(fﬁx_g),

D . D D
My = —Fysit(§p +8) My =—Fycof(fp+8) My=—F
2 : 2 : LA (6)
CyMMHPOBAHHEM CHMJI H MOMEHTOB JJIS BCEX 3YObEB, KOTOPHIC HAXOMATCH B JAHHBIM MOMEHT BPEMEHH B KOHTAKTE C
3arOTOBKOM, ONPEAEISIOTCH PE3YIETHPYIOIIME YCHIIMA:

¥ ¥ ¥
Px=zpn; Pr=zpm,Mn=Zer;
Xal Xal Xal @)

N N
My = ZM}X,MI‘ = ZMIX:
Xl Kl

rae N — KOTHYCCTBO KOHTAKTHPYFOIUX 3YOBeB (PPe3bL.

[epememenus x, v, yy, yy, 0 H3MEHMIOT UCXOTHYIO TONIIMHY M IHPHHY CPE3a, 3T0 OOYCIOBIMBACT HAIMYHC BIIHSHI
cieaa oOpadOTKH OT MPOXOAA MPEIBIIYINETo 3y0a, a, CIEIOBATEIbHO, M3MCHACT W YCHIME pe3aHus. Takke M3BECTHO, HTO
HM3MCHEHHUE CHJIBI PE3aHUA OTCTAET BO BPEMECHH HA HEKOTOPYHO BEIMYHMHY T OT H3MCHECHHA FEOMETPHUYCCKUX MAPAMETPOB CJIOA,
KoTOpBIH cpe3actea [1], B (3) mpH OmMpeACICHUH BBIPAXKCHHH a(f) W h(f) YIMTHIBACTCSA MHCPLIHOHHOCTH 3TOTO MpoIecca
(oTcraBaHme Ha 7) B padoTa IO «CIEaY».

3HAYCHHA MTHOBCHHOW TOJMMHEBI Cpe3a af" W MTHOBCHHOW MHMPHHBI cpe3a bx(f), ciemya [4], ompeaersrorcs
CICOYIOIMM 00pa3oM

gy = Qg + F(t — ©) COS(@y +8) + Xt — ©) sin(gy +6) -

=y(E-T-t)cog(@y+) - x(f-T - 0)sin(@, + ), ()
by(f) = by +[wy(f - ) sit @y +8) + w5 (f - 1) cos(py +8) -
~wy(f =T - D) sty +8) ~w, (£ =T - 1) cos(@y +9)]*%, ©)
rae
a" =5, sm(gvx +@ , (10)

a T — Bpems omHOTO 000pOTa (PPE3BL
Takum 00pa3oM, 3aBHCHMOCTH (2)-(9) MO3BOAIOT OMPCACTHTH MPABBIC 4YACTH CHCTEMBI (1) C Y4eTOM CHIIOBOTO
BO3ICHCTBHA BCEX 3Y0BS (PPE3BI, KOTOPHIC HAXOIATCS B JAHHBIH MOMCHT BPCMCHH B KOHTAKTE C 3aTOTOBKOH.



HauaneHbie yemoBusa i cucteMsl (1) mpuHIMaroTesa B Buac (11) u oTpaskaroT TOT (PakT, UTO 3a CUCT BIHAHHUA (Da3oBOH
XaPAaKTCPUCTHKH CHIOBOC BO3ACHCTBHC HAYMHACTCA HCPE3 BPEMS T, a BIUSHHC PAOOTHI IO CIICAY — Uepe3 HHTCPBAA BPCMCHH
t+ T

fx(f— =0 mpu f-v=<0,

yiE-)=0 mm f-7v=0;

t-T-1v)=0 mpu f-T-v=0,

yE-T-0=0 mpu f-T-7v50;

wylf-t)=0 mpu f-v=20;

W}(f—fj= 0 mpu f-v=0,

wy(-T-1)=0 nmpu -T-7v20,

wy(-T-1)=0 npu -T-v20,

8@0) =0,

LQ(D) =0, 1n

JUI1 WHTCTPHPOBAHUSA CHCTCMBI ypaBHCHHH (1) B peamsHOM BPEMCHH OBUIA MPHMCHCHA CHCTEMA MOACITHPOBAHHA
JTUHAMAYCCKUX CHCTeM — Simmilink, 0OCCHCUMBAOIAS ABTOMATH3ALHIO BCCX 3TANMOB MPUMCHCHHSA YHCJICHHBIX MCTOIOB
pEeIICHUST MATEMATHUYCCKUX 33734 B PEaJbHOM BPEMCHH, a TAKKe HCmonb3yercsa rpaduueckuit murepdeiic. [Tockombky B
mpaBoi yactu audepeHmanbHbIX ypaBHEHUH (1), KOTOPBIE OMMCHIBAIOT MPOLECC BOSHUKHOBEHHS U PA3BUTHS BHOPAIHIL IPH
(pe3epoBaHUH, BO3MOKHO HAJIMYHE PA3PhIBOB, CBI3AHHBIX C BHIXOJIOM HHCTPYMCEHTA M3 KOHTAKTa C M3/CIHEM, TO B BBIOOpPE
METO/a MHTETPUPOBAHHUS TPUHUMANIACH CICAYIOIAS IIOCIICI0BATEIBHOCTb!

— MPOH3BOAUTCA MPOBCPKA YCIOBHS HCMPEPHIBHOCTH KOHTAKTA 3YObCB (PPE3BI ¢ 00padaThIBACMBIM MATCPHAIOM H CCJTH
TAPAaHTHPOBAH IIOCTOSHHBIH KOHTAaKT XOTA OBl  OZHOTO 3y0a C 3arOTOBKOM, TO MPHMEHSCTCS MHOTOINATOBBIA METOZ
HHTErpupoBaHus AmaMca-bameopra-MynToHa NEPEMEHHOTO TOPSIKA, NMPEAHAZHAYCHBI UIT HHTETPHPOBAHUS «IIAJKUX»
cucreM ((ynxmus Matlab odel15);

— B CJIyya¢ HAPYIICHHSA KOHTAKTa (Pe3bl ¢ 3aTOTOBKOM, UTO MPHBOTUT K PA3PHIBAM B MPABBIX YACTAX CHCTEMBEI (1),
MpUMEHSUICST MeTon uHTerpuposaHus odelSs (Matlab), pa3paGoTaHHBIH A1 WHTETPHPOBAHUSA (OKECTKHX» CHCTEM
muddepeHInaNbHBIX ypaBHCHUH. [1lar HHTETpHpPOBAaHHS BHIOHUPAIICS MEPEMEHHBIM H 00CCIICUHBAIl MOTPEIHOCTD &) = Se — 6.
[Neprnonnvecku, A1 MPOBEPKH TOYHOCTH HCIIOIB30BANIOCH HHTEIPHPOBAHKUE C MAaJbM IOCTOSHHBIM IIATOM HMHTCTPUPOBAHHKS
Tonin/4, T T131iyy — MUHUMAJTGHBIH TCPHO KOJICOAHHH, COOTBETCTBYIOMIMI MAKCHMATBHOH YaCTOTE CIICKTPA YaCTOT CHCTCMBL

Jlnst ompeieIeHuUs! CHUTBI PE3aHusI, KOTOPask ACHCTBYET B HATIPABICHUHU OCH OX, BXOXHBIMH JAHHBIMH SIBIDIFOTCS 3HAUCHHS
MEPEMEIICHUN (KPOME KPYTHIbHBIX), BRMUCISIEMbIC HA MPEABIIYIIMX dTamax ¢ 3ama3asBaHueM Ha Bpems 7' u 7 + 7. Taxoke
337af0TCSl HOMHHAIBHOE 3HAYCHHE IMMPHHBI CPe3a W TEKYIMH yroa mosopota (pe3sl [Ipu 3TOM mporiecc pacueTa COIep KT
JIBA IIMKJIA C BJIOYKCHHBIMH B HUX YCIOBHAMHE. [IePBBIH IIUKI CIY;KUT A1 HEIOCPEACTBEHHOTO OIMPEACICHUS 3yOBEB, KOTOPHIC
HAXOZATCSI B KOHTAKTE C 3aTOTOBKOM HA JAHHOM 000poTe. BTopoii - mpoBepseT BO3MOKHOCTh HAJHYMS B KOHTAKTE 3yObEB U3
MIPEABIAYIIETO 000POTa. 3aTEM IS TTOJOXKEHISI KAXKIOTO 3y0a MPOBOIUTCS BBIMHUCIICHUE JHHAMUYCCKON TONMMHBI U IIHPHHbI
Cpe3a M BBMHCIICTCS CHJIA PE3AHUS B HEOOXOAMMOM HAIPABICHUH. B KOHIIE 000MX ITUKIIOB IPOUCXOAUT HAKOIUICHUE CYMMBL,
KOTOPAst OTBEYACT CHJIC, YTO BOSHHUKACT B HAIpapiIeHUH 0OX.

JIst IMCIIeHHOTO pacieTa 1o MpeasaracMoit Moaenu Obuia pa3paboTaHo MPOTPaMMHOE 00CCIICUCHHE, COOTBETCTBYIOIIAS
6ok cxeMa KOTOpOro m3o0pakeHa Ha puc.2. B ee cocTaB BXOMAT IATh MACKHPOBAHHBIX ITOACHUCTEM ISl PEUICHHS
I pepeHIHANTEHBIX YPABHEHHH BTOPOTO MOPSAKA; IATh MACKHPOBAHHBIX IOACHCTEM UIS 3aMEIJICHUS COOTBETCTBYIOIX
CHTHAJIOB, MYIBTHIUICKCOP Ha 10 curHanos; miare OnokoB (yEkumid Matlab, obecrneumBarommx MOIyYCHHUE MPHUBEICHHBIX
JUHAMAYECKHX YCHIIMH AJIS1 BCEX CTENEHEH CcBOOOBL;, a TAKKE OIOKHU UL 331aHHS UCXOMHBIX MMAPAMETPOB M MPEACTABICHHS
PE3yABTaTOB.

B kauecTBe mpuMepa PaCCMOTPEH pacueT BHOparmit 1ig mporecca 00padotku crmmasa AK32ITKM TopuesbM (hpe3cpoBaHHEM
[3]. MaCcTpy™MeHT — TOpuesas (pesza amamerpom D = 125 vm, nmpuHa ¢pesepoBanmst 5 = 110 MM, cropocTs (pezepoBanHus

v = 110M/MuH, yrembHAS cuna pezanmst k = 3580 H/M3, (hazoBas xapakrepucrura 7 = 0,001 ¢, KoIH4ecTBO 3yObeB z = 6, MoAA4Ya HA
3y0 Sz =0,1 MM/3y0 .
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Puc. 2. CrpyxrypHas cxema Simulink, 771 BRIYHCICHU S aMITTATYL BUOpaIuit

Io yTO‘IHeHHOﬁ MOJACIIH

XapakTepuUCTHKH THHAMHYCCKOH MOJCIH C IATHIO CTEIICHAMH CBOOO/IBI IIPUBEACHBI B TA0M. 1.

Tabmuna 1 — McxoaHbie JaHHBIE

Hanpagnenue YacToTa Kectkocts ¢, Macca Jlemnuporanne
fi ! Hm - 10° m, H- Zm nH-c/m- 10°
X 213 3,7 20,6 2.3
Y 200 3.2 20,3 1.9
0 416 0,0893 0,13 1.4
Yy 660 0,112 0,065 1.4
¥y 660 0,112 0,065 1,5

Meron maTerpupoBanus — odell3 (Matlab) ¢ mepeMCHHBIM MMATOM HWHTCTPHPOBAHHA. Kakabll TATHII pacyeT ObLI

nposeacH MeroaoM ode45(Matlab) ¢ TOCTOAHHBIM MATOM HHTETpUPOBAHUS Af = e — 6.

Pesyasrarsl pacueToB B BHAC 3ABHCHMOCTH CPCIHCH AMIUTHTYABI KOJCOAHHWH OT HMPHHBI CPe3a DIyOWHBI PC3aHHA
MPSACTARICHBI HA PHC. 3, 4, TIC HIDKHSA KPHBASA — PE3YABTaThl PabOTHI [3], BEPXHAST — PE3YIBTATH BHIMUCIICHHH, MPOBSACHHBIX B
JAHHOH padoTe. Kak BUIHO W3 MPHBCACHHBIX PE3Y/BTATOB YUCT JOTOMHHTCIIBHBIX CTCIICHCH CBOOOIBI T03BOIIeT HA 10 % yTOUHUTH

SHAUCHUC CPCTHCH aMILTUTYABI BHOPALIHH.
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Puc. 4. 3aBucuMocTh aMITATY/IBI BUOpPAIIH OT IMUPUHEL cpe3a B HampaeieHuu 0Y

Brvigoowt:

1. TlpennoxxeHa AMHAMMYECKAS MOJCIb HHCTPYMEHTA ((pe3bl) Juid pacueTa
BuOpanuii mpu (Hpe3epoBAHUH, HMEIOIRAS 5 CTETICHEH CBOOOIBL

2. Ha ocHOBE ICEBIOAHANOTOBOTO MOACIMPOBAHWSA NpPH HOMOIM moAcucTeMbl Simulink CO37aHO TMPOTPAMMHOE
obecneyeHHE, MO3BOIOICE MYyTEM YHCICHHOTO HHTCTPHPOBAHHUS IOJYYHTH XAPAKTCPUCTHKH BHOpALHN HMHCTPYMCHTA B
peanbHOM BPEMEHHU.

3.  Yder AOMOJHHUTEIBHBIX CTEIECHEH CBOOOABI mMo3BoisieT HAa 10 % YTOYHHTH 3HAYCHHE AMIUIMTYABI BUOpanui IO
CPaBHEHHIO C PaCYCTaMH, IPOBEACHHBIME Ha 00J16€ MPOCTHIX MOJCIIAX.

Cmucok sureparypsl: 1. JKapxos I'H]. Bubpauuu nipu oGpaGoTKH Je3BUHHBIM UHCTpyMeHTOM. — JlenuHrpan: Mammuoctpoenue, 1986. — 178 ¢. 2. Yusuf
Altintas Manufacturing automation: metal cutting mechanics, machine tool vibrations, and CNC design // Cambridge University press, Australia, 2000. — 282 p. 3.
Iooypaes B.M., Manuein BH., Kpemnvosa JI.B JlaHaMi9HA MOJISITh €JICMEHTIB TEXHOJIOTTIHOI CHCTEMH 3 YPaxXyBaHHSIM KIHEMAaTHYHOI HECTaGUILHOCTI IIpoIiecy
pianns // BicHuk ManmuoGyayBaHHs. — 1996. — Ne 6. — C.18-23. 4. Asmonomosa JI.B., I1ozopenos C.I0., Ilpeso H.JI., Xasun B.JI. JlaHaMAU9ecKasi MOJIEITb
npoteccoB dpesepopanus // BectHuk HallmoHaIBHOTO TEXHUUSCKOTO YHUBEPCUTETA «XapbKOBCKHH MO TSXHUYSCKHM HHCTHTYTY. — Xapbkor: HTY «XITH». —
2008. — Bpim. 47. — C.13-18.
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ANALYSIS OF ROCK CUTTING PROCESS WITH BUCKET WHEEL EXCAVATORS

The paper describes the use of chip breakout pattern method in the analysis of rock dislocation using BWESs. This method allows analysis of rock dislocation
and setting the correct parameters of buckets: teeth number, distance between teeth, angle during work or teeth positioning.

1. GENERAL ASPECTS

Conducted research, obtained results, observations and measurements on site led to the development of a new bucket model,
based also on the existing research worldwide.

In the Romanian open pit mines the research has been focused on the classic bucket construction, symmetrical buckets with
rounded.

The goal of conducted research was to conceive and design an asymmetrical bucket for older bucket wheel excavators. As a
result, a series of components and elements of the classic bucket were reused in order to obtain a new solution, which can be
rapidly implemented and also cost effective. The solution is developed in such a way that permits the transformation, during the
refurbishment of classical buckets in asymmetrical buckets with polygonal cutting edge.

2. ANALYSIS OF ROCK DISLOCATION PROCESS WITH BUCKED-WHEEL EXCAVATORS USING THE CHIP
BREAKOUT PATTERN METHOD

Based on this, from the point of view of rock or lignite dislocation it proved to be an advantage that each tooth or the bucket
itself is evenly stressed, regardless of the cutting phase. This means that each tooth is cutting chips with the same transversal
section for turns both left to right or right to left.

For such an analysis of the dislocation, a method - applicable to any rock dislocation machine - had to be developed, named
the chip breakout pattern method.

This method graphically reconstructs what happens during interaction between the machine (the BWE rotor) and the rock in
a plane crossing the rotation centre of the rotor. Conventionally the case when the chip detachment occurs at the intersection of the
main horizontal and vertical planes is considered representative.

When the chip breakout pattern method is used we have to consider the constructive parameters and placement of the teeth,
the constructive parameters of the buckets, and the functional parameters of the BWE and the chipping characteristics of the
material to be cut (mainly the breakout angle of the chips - ).

Next we will analyse the waste rock dislocation with a breakout angle of vy = 45° and lignite dislocation with a
breakout angle v = 65°, for three distinct situation: cutting with classic buckets with rounded cutting edge and cutting with
buckets with five different segment polygonal cutting edge, asymmetrical by its own geometrical axis and symmetrical by the turn
radius. For each case the chip breakout pattern method was used for a chip thickness of h, = 0,5 m.

Three different situations were analysed for the same cutting capacity of the studied excavator (EsRc 1400), Qy, = 3000

m’/h. For the mentioned working conditions: R = 5,75 m; H; =30 m; H= 7,5 m o, = 107,7° and h, =0,5 m the obtained chip
thicknesses were b = 282 mm; b = 212 mm respectively b = 170 mm, to which the minimal turning speeds of the excavator, of
Vpmin 10 Vpmax are corresponding.

Next graphic representations are shown for five consecutive bucket positions, using different colours, at the intersection of
the main cutting planes, in contact with the rock, for turns both to the left and to the right and also there are graphic
representations for the working bucket teeth and chip shapes obtained.

Infigures 1 and 2 the corresponding chip breakout patterns for the classic bucket are shown, for h, =0,5 mand b = 170 mm.




Fig. 1 — Representation of classic buckets in contact with the rock for h, = 0,5 m

Infigure 2 it is observed that at the turn to the left 2 teeth are working and at the turn to the right 5 teeth are working, caused
by the asymmetry of the classic bucket related to the turning radius. This leads to an uneven stress and wear out of the teeth and to

a disadvantageous and irregular working condition, dependent on the turning direction for the BWE.

555
325
651

e

Fig. 2 — Chip breakout pattern for the classic bucket and h, = 0,5 m

Figures 3 and 4 represent the chip breakout patterns for the polygonal asymmetrical bucket for h,=0,5 m.

Fig. 3 — Representation of the proposed polygonal asymmetrical bucket
in contact with the rock for ho = 0,5 m

Fig. 4 — Chip breakout pattern for the proposed polygonal asymmetrical bucket
in contact with the rock for ho = 0,5 m

We can conclude that the polygonal asymmetrical bucked has a more advantageous behaviour over the previous two types.

3. CONCLUSION

Based on the presented facts we can conclude that for the proposed asymmetrical bucked: at each turn all the teeth situated
onthe same side of the bucket are working; the transversal section of the chip is the same for one tooth for both turning directions;
there is no significant difference of tecth stress and wear off between the two sides of the cutting edge of the bucket; differences
between chips are smaller, and the working conditions of the BWE are the same regardless of the turning direction, being



advantageous because of less teeth, bucket and rotor wear off, even stresses in the rotation and turning mechanical and electrical
systems and energy consumption for cutting is reduced; teeth and cutting edge consumption is lowered; BWE stability is
improved; improvement of excavation parameters leads to lower operational expenses of the excavators and the increase of its
lifetime.

References: 1. Kovacs I, Iliag N, Nan M.S. - Regimul de lucru al combinelor miniere, Editura Universitas, 2000. 2. Nan M.S. - Parametrii procesului de excavare la
excavatoarele cu rotor, Editura Universitas, 2007.
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TECHNICAL AND ECONOMIC PARAMETERS OF CO; CAPTURE FROM POWER PLANT FLUE GASES

The paper investigates the technical and economic (cost) parameters of the release, capture and disposal of CO2 from the flue gases of power plants
using fossil fuels (coal, natural gas), making comparisons and generalisations on the basis of the analysis of a wide range of data in the literature. First, the
paper gives reasons why the topic is a hot issue and proves the role of fossil fuels in future energy supply with forecast data. During the technological
improvement of power plants in the last 50 years, block capacity has shown a considerable, 5-8 times increase with thermal efficiency increasing by 50-60%,
resulting in a 30-40% decrease in specific carbon dioxide release. The paper briefly refers to the theoretical possibility of the sequestration of CO2 in geological
Jformations. The effects of the implementation of CO2 capture on increasing investment costs and decreasing fuel utilisation (thermal) efficiency are analysed.
The efficiency of CO2 capture and the parameters of atmospheric carbon dioxide emission are given for the different fuel types and technological solutions. In
relation to the technological solutions of capture, it is indicated what amount of specific costs (USD/tco2) is expected for CO2 capture-avoidance and to what
extent the costs of electric energy production are increased by capture-avoidance.

1. Introduction: Financing CCS (Carbon Capture and Storage) projects

Like every fundamentally new technological solution, the research and development of energetics systems of large capacity
integrating a wide range of technologies and their industrial application require considerable financial resources. The complex
technical tasks of large capacity energetics systems (involved in fuel production, processing, combustion, the conversion of heat
ernergy into electrical energy, the treatment and disposal of the combustion products — in this case, those of flue gas CO; content),
exceedingly high investment costs and long lifecycle raise specific problems. The risks involved in technological solutions and
financial (economic) investments also deserve separate consideration.

In relation to the financing of research and particularly investment costs, the different countries apply different solutions.
Experts indicate public-private partnership as the precondition for the successful elaboration and actual implementation in
industry of CCS or other technologies of similar effect.

The situation in Germany, where RWE Power AG operates two CCS projects bearing the full risks and financial burdens of
research and the demonstration plant, is almost unique. [1] One of these projects involves the development of an IGCC
(Integrated Gasification Combined Cycle) coal-fired power plant of zero CO; emission and 450 MW output while the other is
concerned with the implementation of a lignite-fired plant of 1,000 MW output with CO; scrubbing.

The condition of development financing is state support, in lack of which economic considerations favour power plants without
capture. According to expert opinion, the state should bear the first specific risks of construction and capture. Expectedly, these risks
may only be eliminated in the long run. In all probability, it will be unavoidable to compensate first users and initial risk takers.

2. Development of coal-fired power plant technologies towards CO» emission reduction (capture and storage)

If one has just a brief overview of the 50 years’ past (the period since 1950) and the (currently foreseeable) 15-20 years’
future development of coal-fired (coal, brown coal, lignite) power plant technologies, one can say that there is an almost “paved’
way to the minimisation of carbon dioxide emission, and the solution of CO; capture from flue gases and its related storage.

In the period between 1950 and 1970, block capacities of 50, 150 and 300 MW operated with thermal efficiency varying
between 25-31%. In the period between 1970 and 1990, unit capacity increased to 300-600 MW, which raised thermal efficiency
to 31-36% by about 30%. Coal combustion first applied AFBC (Atmospheric Fluidized Bed Combustion) and then PFBC
(Pressurized Fluidized Bed Combustion) optimized technology for brown coal fired power plants (German abbreviation: BoA).
The current (1990-2010) technology makes 1,000 — 1,100 MW block outputs possible, thus enhancing the parameters of the
31-36% thermal efficiency of the previous period by another 30% and yielding 40-45% efficiency.

In the general course of development, BoA-Plus technology (involving flue gas scrubbing) achieves 38-41%, while CGCC
(Coal Gasification Combined Cycle), IGCC (Integrated Gasification Combined Cycle) and gas- and steam-operated (GuD)
power plants yield 38-43% efficiency. In addition to enhancing technical parameters (250-270 atm pressure, 500-700°
temperature) and flue gas scrubbing, BoA-Plus technologies provide 41-43% efficiency. In this arca, the further increase
possibilities of technical parameters (p, T) are limited by material quality problems. The technologies of the future (2010-2020)
aim at 45-50% efficiency with CO; capture although the latter may actually result in an efficiency reduction of 8-12%.
Technologies beyond 2020 represent the day after tomorrow with the promise of 55-60% efficiency in the case of certain
solutions. (Hybrid-KW 58-63%, SOFC (Solid Oxide Fluid Cell) 50-57%) [9].

The other basic development trend, aiming at the mitigation of adverse environmental impacts, is desulphurisation flue gas
scrubbing, widely applied in practice. The development trend of our age and the future is the minimisation of carbon dioxide
emission. An essential, reasonable solution to specific carbon dioxide release has been and may remain an increase in thermal
efficiency (tco2/MWh, gcoz/kWh) in the future, as well. Any increase in efficiency reduces specific CO; release and emission
proportionately. With 150 MW blocks, CO; release is 1.3 tco2/MWh while with 600 MW units, this value is 1.15-1.20
tco2/MWh. With BoA-Plus technology, specific COz is only 0.8-0.9 tco2/MWh while with BoA-Plus +700°C, IGCC and CGCC
technologies, not even 0.7-0.8 tco/MWh is impossible. It is a fundamental objective for the technologies of the near
(2010-2020) and more remote (2020 and beyond) future to achieve CO; capture (minimisation of emission) and the achievement
of zero emission (ZEC, ZECA) withthe “final” sequestration and storage of the CO; captured. [10]

These latter technologies of the future (Oxyfuel, Hybrid-KW, SOFC) take into account a decreasing, 600-700 g/kWh
specific CO; release even without capture.

3. Variation of power plant investment costs for different fuel types, and technologies with or without CO capture



At the turn of the millennium, fossil fuels accounted for more than 85% of the world’s energy demand. On the basis of the
investigation of coal and hydrocarbon reserves and the prognostication of the changes in energy demands, several experts are of

the opinion that until the middle of the 21 century, the rate of fossil fuels will surely be between 50 and 80%. [15, 16, 17, 18,
19]

In the investigation of this topic, it is often crucial to compare the “use’ features of the different fuel types, i. . coal and
hydrocarbons.

With a traditional steam turbine system (PC), specific investment cost is 760 USD/kW with gas combustion and 1,600
USD/kW with coal combustion, the rate being 210%. The surplus specific investment cost of the gas combustion system is 520
USD/kW withia combined steam-gas cycle while that of the coal combustion system with IGCC is 1,700 USD/kW, the latter being
327% of the former. With steam injected gas turbines, the values 410/3,100 give a rate of 317%. The rate of the extra cost of coal
use is 258% (400/1,300) witha steam-injected gas turbine with intermediary cooling and 167-188% (600-800/1,000-1,500) with
‘state-of-the-art’ fuel cell technology. [20]

The technical implementation (and, naturally, the energy demand) of CO; capture increases power plant investment costs
considerably. Different capture technologies and obviously, different cost enhancing factors present themselves for the different
fuel types (gas, coal) and the application of different combustion technologies.

According to 2004 data, the specific investment cost for the gasification combustion of bituminous coal is 1,410 USD/kW
without capture and 1,917 USD/kW with capture, the extra cost amounting to 507 USD/kW or 36%. For the gasification
combustion of sub-bituminous coal, specific investment cost is 1,502 USD/KW and 2,190 USD/KW, respectively, with an
increment of 688 USD/kW or 46%. With the combustion of lignite of lower heating value, for gasification and amine flue gas
scrubbing, the increment is 1,184 USD/KW with a rate of 72% for the respective values of 1,644/2,828 USD/KW. For oxyfuel
combustion technology, the increment is 2,330 USD/kW equalling a rate of 142% for the respective values of 1,644/3,974
USD/kW. The latter technology requires more than double investment costs to solve capture due to oxygen use and the ‘recycling’
of carbon dioxide. [21]

In their paper, J. David and H. Herzog [22] developed a complex costing model of CO, capture drawing on publications in
this topic.

They calculated the ‘additional’ investment cost for a 1 kg/hh CO, capture capacity, as well. The specific additional
(surplus) cost of CO; capture capacity (performance) is lowest for coal powder combustion [~ 300 USD/(kg/h)] while it is ~ 500
USD/(kg/hy for combined cycle coal combustion and 800-900 USD/(kg/h) for gas combustion. The significant, two or three times
difference is due to the difference between the CO, concentrations and pressure parameters of the flue gas produced and appears
in the energy demand of capture, as well.

With gas combustion, flue gas CO, concentration is “only’ about 3% and the energy demand of capture is 0.354 kWh'kgcoa,
while with coal powder combustion, concentration is about 13% and the specific energy demand of capture is 0.317 kWhv'kgcos.
In IGCC power plants, carbon dioxide is in a concentrated flow at a relatively high pressure so the specific energy demand of
capture is lowest here with a value of 0.194 kWhvkgc o, (vear 2000 data). Forecast values of specific energy demand for the year
2012 are: 0.297 — 0.196 — 0.135 kWh/kgcop.

4. Efficiency of electricity production and heat use for different fuel types and technologies

From the aspect of the technological-economic assessment of the different technologies and the variations of flue gas
production rate, one of the essential parameters is thermal efficiency. In addition to thermal efficiency, the different sources give
specific heat use and also often, relative energy output as basic parameters. As the energy demand of CO; capture reduces
efficiency parameters (gross-net efficiency), it may serve as one of the qualifying parameters of the technological and economic
characterisation of capture.

In the investigation of paper [20], the comparative assessment of the different fuel types gave the efficiency values of 36%
for gas combustion in a traditional steam turbine system, and 34% for coal combustion in the same period. With coal combustion,
thermal efficiency was 94% compared to that of gas combustion. In the case of a combined steam and gas cycle, 47-42% is the
efficiency parameter achieved, with the efficiency of coal combustion being “only” 89% of that of gas combustion. For a steam-
injected gas turbine, the respective values of thermal efficiency are 40% and 36%, the thermal efficiency of coal combustion
being 10% lower. For the gas-injected gas turbine technology with intermediary cooling, thermal efficiencies are 47% and 42%,
giving the rate of 89%. With a modern heating cell solution, estimated efficiency values are 50-55% and 45-52%, with a rate of
90-95%.

The authors of paper [22], relying on a technological and cost model claborated during the investigation of the issue,
characterise the impact parameters of reference (traditional) and capture technologies on the basis of specific heat consumption.
In the paper, the dimension of specific heat consumption is BtwkWh, where the dimension of Btu equals approximately 1,055
Joule.

Table 1 — Data published for the years 2000 and 2012 as per technology

Reduction of

Specific heat Specific heat specific ener
Technology year consumption without consumption with CO2 gutput due t%)y
capture [Btu/kWh] capture [Btu/kWh] capture [%]
2000 8.277 11,037 250

PC

2012 8,042 9,461 15.0




2000 8,081 9,462 14.6
1GCC

2012 7,137 7,843 9.0

2000 6,201 7,131 13.0
NGCC

2012 5,677 6,308 10.0

Table 1: Specific heat consumption for different technologies (2000 and 2012)

As it can be seen from the data presented, the reducing effect of CO, capture on thermal efficiency may generally be
10-15%, depending on technology. For some projects under planning, it is 6-12%, and according to the paper published in 2007,
it is 8% with more state-of-the-art coal-lignite fired systems. The combined reducing effect of capture + disposal (including
transportation?) may be 14-28%, according to paper [12].

5. The amount of carbon dioxide released during combustion, the éfficiency of CO; capture for different technological
solutions

In the use of fossil fuels — especially nowadays, when carbon dioxide release is, in ajustified or doubtful way, a hot issue
due to technological, economic and environmental considerations — carbon dioxide release/production and atmospheric emission
are major considerations and as good as primary assessment parameters. The amount of CO; released during fuel combustion
basically depends on the type (natural gas or coal) and quality (coal, brown coal, lignite) of fuel and the type, performance,
up-to-dateness and thermal efficiency of the combustion system (power plant). Atmospheric emission depends on the flue gas
cleaning technology also affected by flue gas CO; concentrations and the technological solution and efficiency of CO; capture.

With a traditional steam turbine technology, specific CO; output is 510/920 g/lkWh, with a rate of 180 % (+80 %) while
with a combined steam-gas cycle, it is 370/730 g/kWh, witha rate of 197 % (+97 %). With gas injected gas turbines, this value is
440/880 g/kWh, with a rate of 200 % (+100 %) while in the case of steam injected gas turbines with intermediary cooling, the
respective values are 370/730 g/kWh, giving a rate of 197 %. For state-of-the-art fuel cell technology, a 330-370/620-700 g/kWh
CO;, release is expected with a forecast rate of 188-189 %.

For the different coal types and the different combustion-capture technologies related to them, data can be found in
publications [21] and [23]. Presumably, the authors of both relied on the same input data (Table 2).

Table 2 — Specific CO; release for different fuels and technologies

Fuel technology Release Bituminous coal Sub-bituminous Lignite Lignite Amine Lignite
emission efficiency Gasification coal Gasification . . scrubbing Oxytuel
Gasification
COy release [21] 771 852 883 883 883
[g/kWh] 23] 766 851 892 880 835
[21] 641 750 701 823 738
Capture [gkWh]
[23] 650 740 710 820 740
Capture [21] 87 92 85,7 95 90
7 )
efficiency [%] 23] 85 87 80 93 84
. [21] 130 102 182 60 145
Emission
[e/kWh [23] 116 111 182 60 145

From the data presented and taken from various publications, it can be concluded that with the currently operating or
planned coal (coal, lignite) combustion technologies, CO; release/production is generally 800-900 g/lkWh
(0.8-0.9 YMWh) amount of CO,. With natural gas (gas) combustion, specific CO; release is 300-500 g/kWh, exactly half of the
amount for coal combustion. (Naturally, it is another issue that with gas combustion, flue gas CO; concentration is considerably
lower (1/3-1/4) than with coal combustion, which increases the technological and cost parameters of capture/concentration).

The efficiency values of CO; capture from flue gas are (80) 85-90 (95) %, atmospheric emission is 80-190 g/lkWh with coal
combustion, 60 g/kWh with flue gas scrubbing, and 40-50 g/kWh with gas combustion. (with 90 % efficiency)

6. Costs of capture and avoidance

In the assessment of fossil fuel use, on the one hand, the technological parameters investigated for the main components give
orientation and, on the other hand, it is worth investigating and comparing economic/cost indicators, as well. The effect of CO;
capture on investment/establishment costs has already been covered. Now, the effect on operational and total production costs is
going to be investigated. The costs of production and CO; capture generally include investment costs, as well.

Paper [22], which, using a cost model, takes into account detailed input data (e.g. 1.24 USD/MMBtu fuel costs for PC and



IGCC technologies, 2.93 USD/MMBtu for NGCC, which is more than two times higher for gas), as well as capital, operational
and maintenance costs in production costs, presents the following parameters. (Table 3).

Table 3 — Specific costs of CO; capture for different technological solutions

Technology, period PC 1GCC NGCC
Cost 2000 2012 2000 2012 2000 2012
Electricity cost without capture
[USDe/kWh] 4.39 4.10 4.99 4.10 3.30 3.10
Electricity cost with capture
[USDe/kWh] 7.71 6.26 6.69 5.14 4.91 4.33
Cost enhancing effect of capture 76 53 34 55 49 40
[*o]
Cost of CO capture 49 - 2% 18 49 A1
[USD/tco2]

From the assessment of the mostly actual data on CO; capture or avoidance highlighted above, which are confirmed by
several other sources, it can be calculated that during the application of current power plant technologies or power plant
technologies forecast for decades ahead, the specific cost of CO; capture is 30-80 USD/tcoy while the cost of avoidance
(capture + disposal) is 50-100(120) USD/tcoz. COz capture from flue gases increases the costs of electricity production by
40-80% (or by 100-120% with oxyfuel technology).

7. Summary, conclusions

According to forecasts concerning the meeting of future energy demands, fossil fuels, i..e. hydrocarbons and coal, will
remain dominant in the long run, for another 30-50 years. In view of this fact, it is worth investigating the technological
development possibilities of power plants along with expected technological and economic parameters. It is a particularly
important current task to specify expectable environmental impacts and particularly, the extent of carbon dioxide production, to
forecast technological and economic parameters of capture technologies and define their efficiency, to investigate the chance of
minimising CO2 capture and specify the cost limits involved.

It is demanded and expected that R&D on CO2 release, its capture from flue gases and disposal in (underground, undersea)
storage places, the establishment of pilot plants, R&D organisations involved in this topic as well as production plants — with: the
exception of RWE — will mostly be financed from state/central resources.

In the last 50 years, the technological development of power plants using fossil fuels (oil, natural gas, coal, lignite) has been
in the direction of modernisation and the enhancing of unit performances. In the last decade, developments have been focussing on
the capture of flue gas components (SO2, CO2) causing adverse environmental impacts (SO2, CO2) and the minimisation of their
impact. As a result of power plant technological developments, thermal efficiency has increased from 30-32 % to 42-50(55)
%-ra, with the direct consequence of a proportionate decrease in specific carbon dioxide release (g/kWh).

The techological implementation of capture from flue gases considerably enhances power plant system investment costs.
According to sources, with the currently operating systems, the extra investment costs due to capture amount to 40-90 %, with the
new developments, this value is 30-70 %. According to more recent data, for coal, CO2 capture increases specific investment
costs from 1.2 - 106 EUR/MW to 1.68 - 106 EUR/MW (~40 %), and for lignite, from 1.35 - 106 EUR/MW to 1.75 - 106
EUR/MW (~30 %).

Depending on the fuel type used and the capture technology applied, the application of CO2 capture generally reduces the
thermal efficiency of the system by 10-15%. For some projects currently under planning, a 6-12% reduction in efficiency is taken
into account. A more recent paper gives the value of 8% for state-of-the-art coal-lignite combustion.

Thejoint efficiency reducing effect of capture + disposal (transportation, sequestration) may amount to 14-28 %.

A wide range of the publications considered take into account a CO2 release of 800-900 g/kWh (0,8-0,9 t/MWh) for coal
(coal, lignite) combustion and 300-500 g/lkWh CO2 release with gas combustion.

The efficiency of CO2 capture from flue gases is (80) 85-90 (95) %, while atmospheric emission is 80-180 g/kWh for coal
combustion, 60 g/kWh for flue gas scrubbing and 40-50 g/kWh for gas combustion with: 90% efficiency.

With respect to the specific costs of CO2 capture/avoidance and its enhancing effect on electricity costs, it is not an easy
task to interpret and assess data found in professional literary sources. Data may come from different periods (effect of inflation)
and in many cases, ‘cost data content’ is not unambiguous, cither. The enhancing effect of capture (avoidance) on specific
electricity costs may considerably depend on fuel types and the capture technologies applied, as well.

According to source [21], capture enhances production costs by 40-90% (120% for oxyfuel technology) while source [23]
gives the value of 50-90 (110) % for the cost enhancing effect of capture (avoidance?).

Relying on cost model calculations, paper [22] indicates a 50-80 % increase in production costs for traditional coal
powder technologies, 25-35 % for IGCC, and 40-50 % for gas combustion (NGCC) due to CO2 capture.

The commonly used parameter for the specific costs of CO2 capture is usually given in USD/tCO2. According to several
publications, depending on fuel and technology type, specific capture costs may amount to 30-80 USD/tCO2 with the cost of



avoidance (capture + disposal) being 50-100(120) USD/tCO2.

With natural gas combustion, CO2 concentration in flue gases is “only’ 1/3-1/4 of the 8-12 % value for coal combustion,
and the cost of CO2 capture (USD/tCO2) exceeds the costs with coal combustion considerably: capture from flue gases increases
the costs of electricity production by 40-80 % (by 100-120 % with an oxyfuel technology).

On the basis of both the specific capture costs (USDACO2, USDc/kWh) given in the sources, and Hungarian technological
and cost data concerning CO2 sequestration, approximate values are specified for CO2 “avoidance’ for the different receptive
geological formations. In an average case, 9(10)-14(16) HUF/kWh cost may be estimated for coal (lignite) combustion,
practically equalling the cost of the current technologies (without CO2 capture), which means that avoidance costs would
increase present production costs by a round 80-100 %, in itself a higher value than the full cost of muclear power plant
electricity production.
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PO3POBKA KOHIIEIII CIEIATI3OBAHOI BA3H 3HAHD
AK 3ACOBY KOMILTEKCHOI CTPYKTYPU3 AL
IPOCTOPY PIIIEHDb TEXHOJIOTTUHHUX 3ATAY

In the article with position of the system approach are described principle, structure and perspectives of the use specialized knowledgebase as facility
complex structurization of decision space of the technological problems. On example of the successful using stated concepts specialized knowledgebase for
decision of the actual problems of using CAD and CAD TP, is proved efficiency and perspectiviency described methodiks.

Po3BuToK iH(pOpMAII HHUX TSXHOIOTIH MPU3BOJUTH 0 MBHAKOTO HAKOMMHYCHHS BSJIMKOI KiTBKOCTI CTATHCTHYHHX TAHUX
IPI0 MMHPOKOTO CIIEKTPY TEXHIYHUX 1 TEXHOJIOTIYHUX IMPOLECiB Ta sSBUIL [TOXOMKEHHS X JAHUX MOXKE OVTH Pi3HOMAHITHHM
— CKCIICPUMCHTH, PO3PAXYHKH, PE3YIBTATH MATCMATHIHOTO MOJCIIIOBAHHA Ta iH.. [IpoTe 301 TPMICHHS KiTBKOCTI TAKUX JAHHX
HC TPHU3BOOUTH A0 IMOKPAINICHHSA TPOILCCY IX 3aCTOCYBAHHA, OCKUTBKH IMOCTAIOTh MPOOJACMH iX CYMICHOTO 30CpiraHHA,
BIPOTIAHICHOI i€papxii, HEOOXITHOCTI BHOOPY 13 PSAy CHHOHIMIYHHMX MOfeicH ad0 HAITMIIKOBOCTI BXIZHHX UM BHXITHHUX
JaHux. BupimeHHS naHoi mpoOIeMH AO3BOJMTH IOAONATH ICHYFOWI CKJIATHOCTI H 3HAYHO MOJCTIIMTH IPOIIEC BUPIMICHHS
PI3HOMAHITHHX TEXHIUHHX 1 TEXHOIOTIYHUX 33131

Psa yueHHX po3rIagae 3araJbHOMCTOAOJNIOTIUHI MAXOAM T0 CHCTEMATH3amii cmemiamizopanmx 3HaHb., Tak, PL.Cimiu
BH3HAYAE MMHTAHHA CHCTCMATH3ALli 3HAHD K KIFOYOBHH MOMCHT HAYKOBOTO-TCXHIUHOTO mporpecy [1], a JI. . ITorHoMapsoB
pO3TIAAae MIaTHOCTYBAHHA SIK CHCTEMHHH miaxig Ao ympasmuHA [2]. [Ipore v BigoMmX poOOTax HE CTAaBUTBCA 3a1ada
PO3pPOOKH TaKOi METOAOINOrii, sKa A03BOMMIA O i3 €IWHUX MO3HMIIH IPOBOAWUTH CHCTEMATH3AIIO TIPOLECIB 30CpiraHHs,
BUKOPHCTAHHS M aHATI3Y TEXHIYHUX 1 TEXHOJOTIYHUX JAHUX 1 MOJCIICH.

Meroro crarti € po3poOka KOHIECHIII CHemiami3oBaHOI Oa3W 3HAHB, KA JAO3BOJUTH BHPIMIHTH O3HAYCHY MpoOIeMy
IIUBIXOM KOMILICKCHOI CTPYKTYPH3AIIii MPOCTOPY PIEHb TEXHOIOTIYHIX 3a1a4.

Heo06xixHO0 YMOBOFO 718 po3pOoOKH I 3aCTOCYBaHHSA 3a3HAYCHOI KOHIICHINi crieniamizoBanoi 6a3u 3uanb (b3) asropamu
BH3HAYCHO BHKOPHUCTAHHS CHCTCMHOTO ITiIXOAY K KIFOYOBOTO METOAY CHCTEMOIOTIT [3].

CucreMHuI MiAXIT — PO3TIII CKIATHUX, AN IITICHUX 32 CBOEIO CYTTIO 00’ €KTIB SIK CHCTEM, CITPIMOBAHUHA HA BUSBICHHS
1 BHBYCHHS THINB 3B f3KiB MK CJIEMCHTAMH Ta 3BCACHHA iX Y €JHHY TCOPETHYHY KapTwHY. ToOTO CHCTEMHHH miaxia €
METOOJIOTI €10 TOCTIMKECHHS 00°€KTiB AK cucteM. CHCTEMa B 3araJbHOMY BHIVIIIL CKIANAETHCS 3 JBOX KOMIIOHCHT:

— BHIIE OTOUYCHHS, IO BKJIFOYAE BXiJI 1 BHXIiJ CHCTCMH,

— BHYTPIIIHA CTPYKTYPa — CYKYITHICTh B3a€MOIIOB I3aHUX KOMIIOHCHTIB, SIKI 3a0€3MEUYIOTh IEPETBOPEHHS BXOAY Y BHXIT
CHCTEMH H JOCSITHCHHS IiJICH CHCTEMH.

TakuMm YHMHOM, peamizanis CHCTEMHOTO IiIXOAy A0 MOOYIOBH CTPYKTYPH CHCIANi30BAHOI 0a3W 3HAHB MPHU3BOAHTH 10
HEOOXITHOCTI CTBOPEHHS KOMILIEKCY CTPYKTYPHHUX MOZACIICH CIEMEHTIB, B3AEMO3B 130K MK SIKHMH BH3HAYAETHCS IPHHHATOO
1€PAPXIYHOI0 CTPYKTYpOr0. HeoOXiZHOIO YMOBOIO Al IIHOTO € CTBOPSHHS, i3 BHKOPHCTAHHAM (DOPMAi30BAHOTO OIIHCY
CHCTEMHHUX CJICMCHTIB, 1€pPApXiYHOI W XapakTepHCTHYHOI Kiach(ikarii MoaeneH [JAHWX, MO BHKOPHCTOBYIOTHCS LA
BUPIIICHHS TEXHOJOTIYHUX 3a7a4, Tad BU3HAYCHHS IMiAX0Ay A0 e(eKTHBHOI mporpamMHoOi peamnizarii Takoi 0a3u 3HAHb 3aJ€KHO
BiJ BU3HAYCHOI KIacH(pikarii.

AHami3 iCHYFOUMX MOACICH JaHHX (CHOCO0iB 30CpITaHHA TEXHIYHOI TAa TECXHOJOTIWHOI iH()OpMamii), BIAMOBIZHO 10
HABEJCHOI CTPYKTYPH IIICHCTEM 32 CHCTEMHHUM ITIX0A0M, BU3HAYNB HACTYITHI eJIeMEHTH Mozeneit nanux (Puc.1):

6nox BXigHOI iH(OpMalii (TTapaMeTp, OTHOBUMIPHUH Ui OAraTOBUMIPHUIH MACHB TAPAMETPIB);

BUKOHABYHH MCXaHI3M MOJei (Tadmmis, rpadik, MaTeMaTHYIHA MOACIB, TCOPEMA Ta iH..);

610k BUXigHOI iH(pOPMATII] (TapaMeTp, OTHOBUMIPHUH U1 OaraTOBHMIPHHI MACHB IAPAMETPIB).

\
Bnox BEHKOHABYA n|  Bmox
EximHoi W MEXAHIZM BrociHO
epopmarit [ s V| ipopmai

Puc. 1. ®opmanizoana cTpykTypa eneMenTy b3

Mopemi, mo BUKOPHCTOBYIOTHCA U PIIICHHS TCXHOJOTIYHHX 33044, 32 CXCMOI0 BUKOPHCTAHHS W KOPCKTHICTIO BHXITHHX
3HAYCHDb MOMITFOTECS HA HACTYIHI KiacH (Tadmms 1).

Excnepumenmanvni moOeni MICTATh MAaCHBH YHCIIOBHX CIIIBBITHOIICHb ITAPAMETPIB, OTPUMAHI EKCICPHMCHTATbHUM
moraxoM. BiamoBigTHO, CKCTICPUMCHTANBHI MOACI € HAHOLTBII KOPCKTHUMH 13 iCHYFOUHX. 3BHYAHHOI (OPMOr0 30¢piraHHA
JAHUX Y EKCTICPUMCHTAIbHUX MOJCIIIX € TaOMHIIS.

Ananimuuni modeni — ne METOAWKH, SIKI HA OCHOBI MEeBHUX (popMyn, (YHKUIH, aJTOPHUTMIB, TEOPEM JO3BOILIEOTH IIO
BIIOMHX JAHHX BH3HAYHTH B3HAYCHHSI HCBIIOMHX MapaMeTpiB. BHACHIIOK MOXKIHBHX MOXHOOK 1 HETOYHOCTCH mIpH
(hopMyIIIOBAHHI MATEMATHYIHUX MOJICNICH aHANITHYIHI MOJCI MAFOTh MCHIIY BIPOTLAHICTH, HI>K YUCJIOB. ICHYIOTH /1BA IMiKIAaCH
AHANMITHYHAX MOJCIICH — AETCPMIHOBAHI H IMOBIPHICHI.

Tabmut 1 — 3MicT BHKOHABYIOTO MEXAHI3MY MOICIICH



Monemni dopmMa BUKOHABYOTO MEXaHI3MY MOJIEIi

ExcnepumentanbHi TabNuIll, MACUBH, MACHBH TaOIHIIb,
rpadiku (TabnuHiI), MACUBH TpadiKiB;
nporpaMu Ha 6a3i BUITICTIEPETIUEHOTO.

AmnaniTuuHi dopmynu, Habopu HopMy, MACHBH GOPMYI, PYHKIIIL,
JieTepMIHOBaH1 rpadiku (BEKTOPHL),

AIITOPHTMH, KOMITJIEKCH aJITOPHTMIB;

TEOPEMH, JIEMH,

nporpaMu Ha 6a3i BUITICTIEPETIUEHOTO.

AHanITHYHI IMOBIpHICHI dopmynu, Habopu HopMy, MACHBH GOPMYI, PYHKIIIL,
AIITOPHTMH, KOMITJIEKCH aJITOPHTMIB;

ANITOPHUTMHU I TYYHOTO HTENEKTY,

nporpaMu Ha 6a3i BUITICTIEPETIUEHOTO.

Tucaosi TabNuIll, MACUBH, MACHBH TaOIHIIb,
rpadiku (Tabnu4HI Ta BEKTOPHI), MACHBH TpadikiB;
nporpaMu Ha 6a3i BUITICTIEPETIUEHOTO.

Jlemepminogani (a0 KIACH4HI) MOOeni BAUKOPHCTOBYIOTH (DOPMYIH, TEOPEMH, AJMTOPHUTMH 1 T.J. Uil BH3HAYCHHS 32
BIJOMHMMH JAHUMH 3HAYCHb HEBIJOMHX IMapaMeTpiB. JleTepMiHOBAaHA MOACIH 3aCTOCOBHA, SIKIIO 33a49a MOBHICTIO OIHCYETHCA
TICBHOF) MOJCIUTIO (ICSIKAM HAOOpOM BiaoMuX (PYHKMHIiH i mapaMeTpiB). Y BHIMAIKY 3aCTOCOBYBAHOCTI ACTCPMIHOBAHI MOACTI
JIAFOTH TOUHHUH 1 OMHO3HAYHUH PE3yabTaT

ImogipHicni mMooeni TIOB’SI3aHI 3 CIIOCTEPEKCHHSAM BHIIAJAKOBHX BEIMYMH — HANPHKJIAL, TPH BH3HAYCHHI HAJIHHOCTI
TCXHOJOTIUHHX CHCTEM. OCKIIBKH I MOTIOHHX 33034 HCMOYKITHBO TOOYAYBATH ACTCPMIHOBAHI MOJCT, TO BHKOPHCTOBYETHCA
MPUHIUIIOBO 1HIIHMH, iMOBIpHICHWH minxia. [lapameTrpm iMOBIPHICHHX MOACICH — HE PO3MOMIT BHIIAAKOBHX BEIWMYHH, iX
CepemHi 3HA4YCHHA, Aucrepcii 1 T.1. 3BMYAWHO Il MApaMeTPH HEBINOMI, a A iX ONIHKH BHKOPHCTOBYEOTHCS CTATHCTHYHI
MCTOH, IO 3aCTOCOBYIOTHCA 0 BHOIPOK 3HAYCHB (HAMPHKIAJ, ICTOPHYHMX 3HAYCHB). BuXiaHI JaHi iMOBIpHICHHX MOACICH
MEHIII BipOTiAHI, HI>K BUXIJHI JaHI ACTEPMIHOBAHIX MOJACICH.

Yucnogi mMooeni MICTITh MACHBH YHCIIOBUX CITiBBIJTHOIICHB ITAPAMETPIB, OTPUMAaHI (HA BIAMIHY BiJl €KCIIEPUMEHTAIBHUX
MOJICTICH) HETPSIMUM IULIXOM (HAIIPUKIAJ, B PE3yIBTaTi 3aCTOCYBAHHS AHAJNITHIHHX MOACICH), a TAKO’K CKCIIEPTHI OLIHKH,
TINOTCTHYHI CHiBBITHOMCHHA 1 T.1. BUXiTHI JaHI YHCIOBHX MOICICH MAIOTh MiHIMATbHY KOPCKTHICTD.

XapakTepuCTHKH MOJAHOI Kiaacu(ikamii Ta MeTomy 30cpiraHHsA MOACTCH 3a0C3MCUYIOTh HACTYIHI MOMKIMBOCTI 1X
3aCTOCYBAHHS:

30epiraHHs SIK po3pOOICHHX, TAK 1 OTPHUMAHIX TCOPETHIHO H EKCIICPUMEHTAIBHO JAHHUX I MOACIICH.

[Nomyk moTpiOHUX MOAETCH 3a KPUTEPLIMHU (10 HAOOPY BXiTHUX AAHUX, HA0OPY BHXiTHUX JAHUX, THUIy MOJICNI Ta iH..).

CyIpoBix eKCTIEPUMEHTIB — 30epiraHHs PE3y/IbTaTiB EKCICPUMEHTIB 1 iX MoAaIbINe BHKOPHCTAHHS.

IHTerpanis Mozeneil pizHOTO MOXOLKEHHSL, IO ONMMUCYIOTh €JMHHUN 00’ €KT Y SIBUIIC.

[NlepeBipka KOPEKTHOCTI HOBHX Ta ICHYFOUMX MOACICH (KOPEKTHICTH AHANITHYHHX MOJCICH BCTAHOBIIOETHCS MUIIXOM
MEPEBIPKY HA IACHTHYHICTH iX BXIJHHX 1 BUXITHHUX JAHHUX BIATIOBIJHHM JAHHM ICHYIOUHMX CKCIICPHMCHTAJIBHHX MOJCICH;
KOPEKTHICTh YHCIOBHX MOZCIICH — BIAMOBITHO aHAJI THYHUX Ta/a00 EKCIICPUMEHTAIBHUX MOZCIICH).

[Nomyk onTHMambHUX PINICHb IS IMMPOKOTO CHEKTPY TEXHIYHUX Ta TEXHOJOTIUHHMX 337a4 IUIIXOM BH3HAYCHHS
TMPUHHATHAX JUI1 3aCTOCYBAHHS B PAMKaxX ICHYIOUOi 3a7adui MoOAeNeH Ta iX MOpIBHSAHHA (HANMPHKIAZ, 3aJa4i ONTHMI3arii
BHKOPHCTAHHS PIXKYUOTO 1HCTPYMCHTY).

BaxnuBuM acmeKTOM 3aCTOCYBAHHS BHKOHABIMX MCXAHI3MIB € iX BUKOPHCTAHHS 11 CTBOPCHHS HOBHX BHKOHABUHMX
MexaHi3MiB. Tak, MOKITHBE TOCATHCHHS HACTYITHHX IIJICH:

BUPIOICHHS MPOOIEMH ONEPAIii 13 MPOMLKHUMH 3HAYCHHAMH Y UHCJIOBHX 1 CKCIIEPHMEHTANBHUX MOJCILIX
(IULIXOM 3aCTOCYBAHHS YHCIIOBHX 1 CKCTIEPHMEHTAIBHIX MOACTICH B PSKUMI aHANTHYHUX MOJCICH, A00 SMYIILi YHCITIOBHX 1
EKCIICPUMCHTAIBHUX MOZCTICH Ha 0431 aHATI THIHHX MOJIEICH);

3an00iraHHs HAAIHIIKOBOCTI a00 HEAOCTAYl BXIAHUX TA BHXITHHX JAHHX,
omTuMizanis ONOKY BXITHHX JAAHHX IUDIXOM 3TOPTKH, BH3HAYCHHS MiHIMAIBPHOTO a00 HAHOMDKYIOTO 10

MOTPIOHOTO OIOKY BXITHHX JAHUX CEPe] MPUHHATHIX BUKOHABINX MCXaHI3MiB;

KOPEKIIisl MCHII BIPOTiTHUX JAHWUX OiJbOI BIPOTITHMMHE JAHWMH 13 AHANOTIMHUX MOJCNCH Pi3HUX THIIB, ab0
B32€MOJOTIOBHCHHA MOACTICH.

Jia 3a0c3meueHHA BHKOHAHHA NepermidcHuX (yHKUWil, HeoOXimHa Kinacu(ikamis eneMmeHTiB B3 3a HACTYMHHMH
O3HAKAMHU:

BrokiB BXITHEX JAHUX — 32 PO3MIPHICTIO, THIIOM (TIApaMETPH TEXHOJIOTIUHI, CKOHOMIYHI Ta iH..), KIacoM (000B’SI3KOBI
mapamMeTpy UM JOMOMDKHI TAPAMETPU — HANMPHKIAL, JAHI PO YMOBH CKCIICPHMEHTY), TOUHICTIO (3BHYAIHO YMM OibINe
MOJICTIb MA€ BXITHUX JAHUX, THM ITOBHIIIE PO3IILIAAE YMOBH ii 3aCTOCYBAHHS 1 BiIIOBLAHO, THM TOYHIMIOIO BOHA €).

BuxoHABIMX MEXaHI3MIB — 32 MOACILIFO JAHUX, THIIOM MoACTi ((opmya, Tadmuns i iH.).

BroKiB BUXITHUX TAHUX — 32 PO3MIPHICTIO, THITOM, TPAHHYHOIO TOYHICTIO.

[NonokeHHA BUKIAACHOI KOHIEMIIi cremiamizosaHoi 0a3u 3HaHL OyaM 3aCTOCOBAHI ABTOPAMH I BHPIIICHHS Py
MPUKIATHUX 3a7a4. Tak, mpwm po3poOui CHCTEMH TPOTHO3YBAHHS IPALC3JATHOCTI 1HCTPYMEHTY IIpH OOpoOmi MeTamiB
pizaHHsM [4] 13 METOrO aHAMI3Y BILIMBY KyTa HAXWIy (PacKu HA IEpeHiil MOBEPXHI HA CTIHKICTH PI3LiB IPH TOUiHHI Oyio
BHKOPHCTAHO KiHICBOCJIECMECHTHY MOJCIb IPOIIECCY PI3aHHS K AaHAIITHYHY JCTCPMIHOBAHY MOJCIh BHKOHABIOTO MexXaHisMy B
SAKOCTI KiHOCBOTO CJACMCHTY OV/IO B3ATO TPHUKYTHHH CHMILICKC-CIICMCHT, PLKYYHH IHCTPYMCHT PO3IIAAABCA K 1ICaTbHO



JKOPCTKE TIJIO, 4 HA MOBEPXHI JOTHUKY IHCTPYMEHTY M Marepialy Peai30oBaHO YMOBY ifcanbHOTO KOB3aHHS. OTpuMaHi 3a
JIOTIOMOTOX0 JaHOI aHANITUYHOI MOJACTI BHXITHI JaHi (YMCIIOBI MOzenmi) Oyid MOPIBHSHI 13 €KCIICPHMCHTATBHHMHE JAHHMHU
(CXCTICpUMCHTATBHI MOJICII), IO TTOKA3AITO iX BiAMOBIAHICTS.

AHanorivHEM YHHOM OYIIO IIPOBEICHO AHAJII3 BIUIMBY TEOMETPIi epeTHbOT MOBEPXHI P130I HA PO3BUTOK 30H IJIACTHYHOI
Jedopmarii pixkyuoi KpoMKH [4], mO Jam0 MOXIMBICTE HA OCHOBI aHAII3y IiAOMPAaTH HAMIHHI TCOMETPHUHI IMapaMEeTpH
PpLKydOTO iHCTpYMEHTY [5].

JHmIMIM TpEKIATOM BHKOPHCTAHHS KOHIICMIII CIEmiami3oBaHOi 0a3M 3HAHB K 3ac00y KOMIUIEKCHOI CTPYKTypH3amii
MPOCTOPY PIMICHb TEXHOJOTIUHHMX 33Ja4 € ii 3aCTOCYBAHHSA A PO3POOKH aBTOpaMH CHCTEMH OararoKpuTepiaabHOL
onTHMi3anii mpoekTyBaHHA TexHOOoTiYHAX mpouecis (CBOITTII) [6], mo m03BOAE, BUKOPHUCTOBYIOYH €TWHHH AHMHAMIYHHN
MAaCHB BXITHUX JAHUX TA CTATHYHHI MACHB MAaTEMaTHYHHUX MOJACTICH KPUTEPIiB ONTHMAIBHOCTI, BH3HAYATH ONTUMANbHUH TT1
32 Oyab-SIKUM 13 0230BUX KPHTEP1iB ONTHMATBHOCTI, ¥ BLAIOBITHOCTI 13 MOTOYHHMHY BHPOOHIIMMH BHMOTAMH.

CKiHYCHHICTh MaTEMAaTHYHIX MOJeeH KpuTepiiB onTuManbHOCTI TI1, MO BU3HAYAETHCS BUPOOHMYHNMHE 3aBIAHHAMHE, TA
CKIHUCHHICTh 3arajbHOi 043 BXIIHHUX JAHHUX, IO BH3HAYAETHCA TAPAMETPAMH MATCMATHUHMX MOJCICH KpHUTEpiiB
ONTHMATBHOCTI, BH3HAYIIH MOXTHBICTH cTBOpeHHS CBOITTIIL. JdocmimikeHrsamu [6] Oyao BCTAHOBICHO, IO PO3OMPCHHS
KOMILIEKCY MareMarHIHHUX MOJCJICH KpuTepiip onTuManbHOCTI TI1 MpH3BOIMTE 10 HE3HAYHOTO 30IMBIICHHS 3arajibHOi 0a3u
BXITHHUX JAHHX, OCOOIMBO IIPH JOAABAHHI KPHTCPIiB y IPYMH i3 BKE ICHYIOUMMH KpuUTepiiMu onrtuMambHOCTI TII, mo
BH3HAYHJIO MOXKITHBICTH CTBOPCHHS CHCTEMH OaraTOKpHUTCpianbHOi omruMizamii mpoekTtyBaHHsA TII, sfka BpaxoBy€ BECh
MOKJIMBHH CIICKTP TCXHIKO-CKOHOMIYHHX HiNICH BHPOOHHWITBA. PO3pobiacHAa CTpykTypa cCheniami3oBaHoi ©0a3d 3HAHB
JIO3BOJIMJIA T0AABATH, KOPETYBATH Ta BHIAITH BIACHI H y3aranbHIOO4I KpuTepii ontumanbHocTi, a CBOITTII € edexrnBHOO
B SIKOCTI HAZOy#IOBH 11 TeHeparopis TexHonoridaux mpoueciB CAIIP TII i mae MOKIMBICTH NMPOBEACHHS MOPIBHILHOTO
aHATI3y CHOPIAHCHHUX KPHUTEPiiB onTuManpHOCTI TII mUTaxoM iX OJHOHAIPABICHOTO 3aCTOCYBAHHS B INThOBIH oOmacti. B
paMKax BUPIIICHHS 3334l CTBOPCHHS CHCTEMH OaraTOKpHTEpiadbHOI ONMTHMI3AIil MPOCKTYBAHHS TEXHOJIOTIUHHUX MPOIECIB,
apropaMu Oymo po3poOmeHo TectoBy cucteMy CBOINTIT |, VuiCATIPTII2” [7], mo HA OCHOBI €AMHOI 0a3W BXiTHHUX TAHHX
pm3HA4Uae ontuMambHUH TII 3a 7 BHmaMu KpUTCpiiB ONTHMATBHOCTI (HAmIHHICTH 1HCTPYMCHTA, MAKCHMAJIGHA
MIPOAYKTHBHICT, MiHIMalIbHA COOIBAPTICTh W iH..) Ta 5 BHAAMH Y3arajJbHIOIOYHX KPHUTEPiiB omrmMaibHOCTI. IlepeBaroro
po3podaeroi CBOITTII BH3HAHO MOXKIHBICTH OKPEMOTO BHKOPHUCTAHHS ii mepmoro piBHA sk audepeniinoro moayns CATIP
TIL, a gpyroro — sk iHTerpampHOro Momymi. Kommuekcue sk 3acrocysanHs CBOITITI Tumy ., VaiCAIIPTII2” no3sossie He
TIIBKU MOEJHATH HEpeBaru TU(PEPeHIIHHOTO W IHTETPAIbHOTO MiAXOAIB 10 onTuMizalii mpoekrysaHHs TI1, a # HaOyTH HOBI
BUINCBKA3aHI BIACTHBOCTI, MO € HACTIJKOM 3aCTOCYBAHHS CHCTEMHOIO II/XOAY [0 BHPIIICHHSA 3aJadi ITiABHINCHHS
eexrusrOCTI podotu CAITP TIL

Bucnosxu. B crarti 3 mo3uIiii CHCTEMHOTO MiAXOAY PO3KPHTO IPHHIMIL, CTPYKTYPY Ta NEPCHEKTHBH BHKOPUCTAHHS
crenianmizoBaHux 0a3 3HaHb SIK 3aCO0y KOMIUICKCHOI CTPYKTYpPH3Alii MPOCTOPY PiicHb TEXHOIOTIYHMX 3a1a4. Ha nmpukmani
VCIIIIHOTO 3aCTOCYBAHHS BHKJIAICHOI KOHIENIII CHEIiami30BAaHUX 0a3 3HAHb 1 BHUPIMICHHS AKTYAIBHHX HPOOIEeM
3actocysanHs CAITP ta CAIIP TII (po3poOka cucreMu MPOTHO3YBAHHS MPALE3JaTHOCTI iIHCTPYMEHTY IpH 00podii MeTamiB
pi3aHHSM ¥ CTBOPECHHS CHCTEMH OAaraTOKpUTEpiaitbHOI OMTHMIi3anii NMPOCKTYBAHHS TEXHOJOTIYHHX IPOLECIB) JOBEACHO
¢(DCKTHBHICTH TA MCPCICKTUBHICTH OMTUCAHOI MCTOAMKH.

Cmucok gireparypu: 1. Cunun P.J. Yenosek u Beenennas. — Xmensnunkuii: XHY, 2007. 133c. 2. [Jonomapes JI.J[. JInarHOCTUpOBaHHE — KAK CHCTEMHBIH
MOAXO/T K YIpaBJieHHIo // 30IpHUK HayKOBUX Mpallb ,,Ha ilHICTh IHCTPYMEHTY Ta ONTUMI3aIlisl TeXHOJIOTUHUX cucTeM”’, Bumyck 13. Kpamaroperk — Kuis — 2003.
— C.126-131. 3. Cmapiw O.I". Cucremosoris. — Kuis: Ilentp HapuansHoi nitepatypu, 2005, — 232¢. 4. Macuwes A.A., Kosamuyx C.C. PazpaboTKa CHCTEMBI
MPOTHOZHPOBAHUS PabOTOCIIOCOOHOCTH MHCTPYMEHTa HpH 0oOpaboTke MeTaJUIoB pesanueM // MixkHapomHuil HaykoBuil sxypHan ,JIIpoGiemu TpuGoiori”.
XmenpHunbkui, 1998, Nel(7). — C.98-104. 5. Kosanvweyx C.C., Mazypeyo O.B., Pubax JI.II. BpaxyBaHHs KpuTepie HaaiiHOCTI poOGOTH HCTPYMEHTY HpH
aBTOMATH30BAHOMY NPOSKTYBaHHI TEXHOJIOTTIHHX Hpoliecis // MexTyHapoTHbIH HayIHO-TeXHHUSCKAN cOOpHUK ,PesaHHe W MHCTPYMEHT B TEXHOJIOTHICCKHX
cucteMax” Xapekor: HTY. «KIIHW», 2007. Bemm. 73. — C.112-118. 6. Mazypeyv O.B. 3actocyBaHHSI HEHPOCXEMHHX TSXHOJIOTHM Ui MYIBTHKOSDIIEHTHOT
ONTUMI3aIlii TPOSKTYBAHHS TSXHOJIOTMHMX IIPOICSCIB BUTOTOBJCHHA JeTaneii ManmH // 30IpHHK HayKOBHX IIpallb 3a MaTepiajlaMH HAyKOBO-TEXHIYHOI
KoH(epeHII «AKTYaJIbHI MPOOIeMH KOMIT FOTepHUX TexHoori 2006». XMmenpaunpkuilt — 2006. — C.15-23. 7. Kosanvuyx C.C., Masypeys O.B. Teopetnuni
3acali  pO3pPOOKH CHCTeMH OararoKpUTepiaJibHOT ONTHMi3allii MPOSKTYBaHHS TeXHOJIOTIUHMX mHpouecie // HaykoBuit sxypHan ,BicHUK XMEIBHHIIBKOTO
HaIliOHAJILHOTO YHiBepcuTeTy . XMeIbHUIBKUH, 2008, Ne2(108). — C.26-34.
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YTIPABJIEHUE PABOUYNMMHA OPTAHAMM IPENNU3NOHHBIX TEXHOJIOI'MYECKHUX CUCTEM H
KOMIIEHCAIIAA BO3HUKAIOIIUX B IPOIECCE PE3AHUS IOT'PEINHOCTEX

Acnexmu npaxmuunol peanizayil adanmusHo20 KOHMPONIO MOUHOCMI PYXY POOOHUX Op2aHie NPeyusiiHuX IMEXHONOZIUHUX CUCHEM 30 OONOMO20H
axmyamopie npedcmasieni y oauiti cmammi. Ocobnuea ysaza npuomaemves po3enady NUMAHHA GUCOMOBNIEHHS VbMPanpeyusitHux opmaneMOonoiiHUX
acheput HUX H3 3 NOLIMEPHUX Mamepianis.

The aspects of practical realization of adaptive control of precision technological systems working bodies by means of actuators are presented in this
article. In particular the question of manufacture of ultraprecision ophthalmologic aspherical lenses from polymeric materials is considered.

Hcnone3ys TeopeTHIeCKHE MPEANOCHUIKA OPTaHU3ALMH CHCTEM QJANITHBHOTO KOHTPOJI B KAUECTBE KOHTPOIMPYIOIMX U
VIIPABJLTIONMX BO3JCHCTBHH HA paboume OpPTaHbl MPESHHU3HOHHBIX TEXHOJIOTHYCCKHUX CHCTEM MOKHO HCIONB30BaTh KOHTPOIh
BO30Y’KIAFOIICTO BO3ICHCTBHS CHJIBI PE3aHUS WM KOHTPOJIb BOZOYKICHHS CHCTEMBI IOJ JCHCTBHEM HMITYJIbCA. B 0COOBIX
CIYJasIX YIBTPANPEIM3HOHHOTO PE3aHMs HEOOXOMMMO IPUMEHSTh KOMIUICKCHBIA KOHTPOIIh JBIXKCHIS pA0OHIX OPTaHOB, TO €CTh
KOHTPOJIMPOBATh OJHOBPEMEHHO BO3OY)KIAIOICE JCHCTBHE CHJBI PE3aHHA, HMIYIbCAa M COBMECTHOEC BO30y:KIArOIEE
BO3ACUCTBHE CUJIBI U UMITYJIBCA, T.€. CMEMIAHHBIA KOHTPOJb [1-5].

Tak Kak NPEHM3UOHHAS W YIBTPANPECHHM3HOHHAS NC3BHHHAS MCXaHHYECKas 00padOTKa OCYIIECTBISICTCS, IIIABHBIM
00pa3oM, ¢ BBICOKMMH CKOPOCTSIMH PE3AHUSL, TO UL OMPEACICHUS KPUTEPHS ONTHMHU3AILMH BOSHUKACT HEOOXOMMOCTh PEINaTh
33734y BBICOKOCKOPOCTHOTO KOHTPOISI (DYHKIHMH IO3UIIMOHHPOBAHUS pAa0OYHMX OPTraHOB B HANPABICHUH IIIABHOTO JBHIKCHUS
pe3aHus M TOTAA YTOUHCHHBIM KpHUTEpHEM onTuMmmu3auuu (Ke) OymeT MAKCHMH3aIHs CPEAHEH CKOPOCTH IBIKCHHS
a0COFOTHO TBEPIOTIO TEMA - PEXKYIIEIO JIEMEHTA B BHJE pe3Lia MIIH PEKYIIEH BCTaBKH, SKBUBAJICHTHAA CKOPOCTH pe3aHus (V):

K = V’ (1)

B kauecTBe rpaHHYHBIX YCIOBHH BHIOMPAIOTCS CICAYFOIINE:

| a | - ycropeHHE BO BpeMs padovero Xoaa;

|R | - MaKcHMaIbHOE 3HAYCHUE CHITBI PE3AHU,

| X | - TOpH30HTAIBHOE CMEMICHUE BO BPEMSI JBIXKCHUS (OIMOKA TTO3HIHOHHPOBAHIL).

Pemast 3ana4y co3maHus aTanTHBHON JUHAMHYECKOH CHCTEMBI YIPABICHHS, MBI MOJIYUIIN HIACANBHYIO TPACKTOPHIO
KOHTPOJSI B (Pa30BOH IUIOCKOCTH /I AAHHOTO IPOMEKYTKA BPEMEHH [6] M B YCIOBHAX PEaNBHOTO Mpolecca
MPEIM3HOHHOW MEXaHUYECKOH 00paboTKH HEOOXOMUMO CTPEMHUTHCA K MAKCHMAJIBHOMY HPHUOIKCHAIO K TOH MOJCIIH.

VI3 BCeX JIOTYCTHMBIX KOHTDOGHBIX AKIH (719 KOHTPOIA CHIbI Pesanms U = mom mvmymsca © = 8 ompexemsiem
VIIPABILIIOMEE BO3JCHCTBHE, KOTOPOE IEPEBOAMT HAMy Oa30BYI0 CHCTEMY M3 HAYaIbHOW TNMO3HWIUH X) B BBIOPAHHYIO
KOHCYHYIO TTO3HUITHIO X ;.

2= fitxu)+ At )
i , Q@

a4 TAKKC TAPAHTHPOBATH MAKCUMAJIBHOC HJIH MUHAMAJIBHOC 3HAICHUC ONNTUMHU3AIITHOHHOTO KPUTCPHU:

4
K, = If, (¢, 5,8t
‘o

©)
>
€CIM CYIIECTBYIOT JOTIONHHTEIBHBIE OTPAHHYEHHS TI0 (PA30BBIM KOOPIMHATAM H YIPABISEOIIAM HMITYJTbCAM:
<y lxl=<dm<m, 2>
| = vy [x] _5,m_m,,z_r,, @

Tac. Vg - OTPAHUICHUC CKOPOCTH PE3aHUA,

5‘ = OTPAHU'ICHUEC TOYHO CTH MOSHIMOHUPOBAHU A pa60‘leI0 opraHa;

™y - MAKCHMMATBHOE YHCJIO YIPABISIONMX HMITYTHCOB;

0 - MHHHMATTBHBIH HHTEPBAT BPEMEHH MESKIY YIIPABIAIOIIAME

HAMITYJIECAMH,
OnpeaemaeM yIpap/LIoIce BO3ACHCTBUE 10 H3MEHEHUEO COCTOSHMS CHCTEMBI C OMHOM CTCHICHBEO CBOOOIBI:
m¥=—-cx+ }{f) (5)

W3 wagampHO# mo3mumH Xg(-4;0) 6 KOHCUHYIO TO3HIHIO X;(0;+A4) 3a MHHUMATBHOC BpeMS fy,=1=K, ecim
KOHTpoaupyemas cuia R(t), SKBUBANICHTHAA CHJIC PE3aHUA HMEET MPEACT:

R = R (6)
Tak kaK MBI HMEEM CIIy4all MePEeMEICHHA C BBICOKOH CKOPOCTBIO, TO:
4
K=[1-a&
b O

MMpunss ty=0, at; =ty =1, MBI OyACM HMETH BBITOJIHCHHUC paBeHCTBA K =T



fy=- =y +ul)

[IpeoOpasys ypaBHCHHE CHCTEMBI (0.6) mpH X; = X; =% omm h T A , MBI HMEEM (DYHKIITHEO
l'amunsToHA:
c
H =yn +uqx, +yy(— —x +u(f)
H ®
woTH H=y X 9)
% 0

w=quyp X=9%
rae: ¥

Ipu 3TOM CKASIPHOE IMPOU3BEACHAUE BEKTOPHBIX (D)YHKIHIT i 1 X B TFOO0H MOMEHT BPEMEHH U1 MAKCUMM3auuy (yHKuww /7
JOIDKHO OBITh MAKCHMAJBHBIM. [IJI1 TOCTHKCHHS 3TOTO YIPABLIOIICS BO3ICHCTBHC (7)) JOJDKHO OBITH OTPAHHYCHO MPCACIAMHE
#(t) =tu, 3ABACAIAMHE TOJBKO OT (PYHKIHH />, TO CTh [1 = max!,

y/,(—ixl +u(f)) = max

ecln m :
BeneacTsue 3toro, ecmu v > 0, 10 u(t) =+ugu, ecam yo <0, Torma u(t) = -up. I'padudecku 3170 MPSACTABICHO HA puC. 1.
Tak Kak KOHTPOJIHMPYEMOE IABHKCHHE Pab0OYEIo OpPraHa MEXaHWYECKOH CHCTEMBI JOCTATOUHO MAJo, TO YIPABILIOIECE
BO3ACHCTBHE MOYKET HMETh OJMH MOMCHT IICPEKITFOUCHIS U rpa()MHeCKy MPEACTABIATHCS CICAYIOMIM 00pa3oM (CM. puc. 2).

B kauecTBe mpmMepa pealm3aluy HA IMPAKTHKE 3THX PE3yIBTATOB MOXKHO HMPHBECTH Pa3pabOTAHHYIO C YUACTHEM
aBTOpPa BBICOKOCKOPOCTHYI0 HMITYJBCHYEO CHCTEMY KOPPEJIUH OIMOOK, BOZHHKAIOMHWX B IPOIECCE PE3aHUs, C
HCIIONBb30BAHUEM ITbE303JeKTpHiIccKoro mpusoaa Burleigh PZL-015.

-my‘
uit)=+ue iy = 0)

g e

- oy L "',.f" 111“, .\’_‘ b ;'”-_n h_

e 1 U

() = -ue (yr < 0)

Puc. 1. OHTI/IMI/ISI/IpOBaHHOe YIpaBJICHUEC ¢ MOMCHTaAMU MEPCKIIIOUCHUS OT +ug 10 -up
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I Tllo 1 h'

e 0 |~ o
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Puc. 2. Yipasnenue apuskenneM paGouero oprafa Iperi3HOHHON MEXaHUIECKOH CHCTEMBI
¢ OTHUM MOMEHTOM MEPEKITIOICHHUSI.

CrpykTypHast cxXemMa peajtm3alii TEXHOJIOTHYCCKOH CHCTEMBI U1 VIBTPANPEHU3HOHHOTO aJMAa3HOTO TOUCHHUS
0(TaTBMOIOTHYCCKUX ACTHTMATHUYCCKIX MOJTMMEPHBIX JIMH3 MpeAcTaBicHa Ha puc. 3. CTaHOK MMEET BHOPOU30IHPOBAHHYIO
CTAHHHY B BHJAC MACCHBHOIO I'DAHHTAHOBOTO OCHOBaHMA. Ha cTaHWMHE HA cana3KkaxX MPOJOIBHOTO MEPEMEIICHUA KPEMUTCA
BBICOKOCKOPOCTHOM IIMHUHACHBHBIN y3€7, OCHAICHHBIA BO3AYIIHBIMH NOAMMIHHKAMH. Ha cama3skax momepedHOro
MEPEMEIICHUS KPEMUTCA PE3LEACPIKKA, OCHACHHAA AKTYaTOPOM.

®opMupyeMas HA TOKAPHOM CTAHKE MOBEPXHOCTD JIMH3BI - 3T0 YaCTh MOBEPXHOCTH TOpouaa. ECau MBI MPpHHHMAEM, 4TO
MOCTOSHHASL CKOPOCTH PE3aHUs V; HE 3aBHCHT OT PaaWyca, TO aMIIMTYAAa YCKOPECHHWS BEPIIMHBI HHCTPYMCHTA TAaKKe OyAeT
HE3aBUCHMOH OT paamyca:

1
A
s 10)
Hanpumep, qma ckopoct v = 10 M/c ipr 7= 40 MM U # = 5 MM YCKOPCHHC BCPIIHHBI PEKYIITO KJIHHA COCTaBHT 1250

X




M/c2

Ha puc. 4 npencrapneHa IPUHIUMIHAIBHAS CXEMAa MEXATPOHHKH BBICOKOCKOPOCTHOW CTAHOYHOMN CHCTEMBI KOPPEIIIHH
MpPH TOMOIHM AKTYaropa. 3aKpeIUICHHBI HA MPOAONBHBIX CAlTa3KkaX IMAHACTHHBIA Y3€T ¢ XOpOomo CACMI(PHPOBAHHOMN
COOCTBCHHOHW PE30HAHCHOM 4AaCcTOTOM BO3AYMHBIX moamumHHKOB 400 I'm KOHTpOIMpYETCS MPOMOPLHOHAILHO-
muddepeHIMaTbHBIM KOHTPOIUIEPOM € 4acToTol mpomyckanus 30 I'm. JImHEHHOE MOJOKEHWE HA OCH HMPOAOJBHOHW IONAuM
KOHTPOJHPYSTCS CCHCOPOM, SBIFOIMMCH YacThI0 HHTCpdepomerpa OCmoro CBETa, C PE30HAHCHOH uacroror 150 T'm.
IlpuHuMaeM B JAHHOM MOAEIH, YTO OTBETHAA PEAKLMS BO3ACHCTBHS AKTyaropa Ha MHCTPYMEHT HAIPABJICHA YEPE3 JKECTKUE
CaJIa3K| IOIEPESUHOTO MEPEMEIICHHS HEITOCPEICTBEHHO HA CTAHUHY CTAHKA.

Puc. 3. CtpykTypHas cxeMa peain3allii BHICOKOCKOPOCTHON CHCTEMBI
KOppeTAIIH OIHO0K MpH YIBTpanpel{d3HOHHOM aTMa3HOM TOUSHUH acepruecKuX JIMH3

Macca rpaHuTaHOBOH CTaHUHBI /71, = 500 KI, Macca MPOAOIBHOM HAMPABILAOIECH 772, = 75 KL, Macca IMUHACIBHOTO Y371
my, = 16 kv W Macca akryaropa m, = 0,05 xr Peakuma BO3ICHCTBHS aKTyaTOpa HANPABICHA JHOO HCMOCPEACTBCHHO HA
CTAHHHY CTaHKa () mH00 HAa PCAKTHBHYIO MACCY B JKeI00€ Cana30K MOMECPEIHOTO NEPEMEIICHHIS /71, = 2 KT (£72).

Ha puc. 5 npencrasrens! rpadukn nepenarodHbx (YHKUMHA UM ABYX CIy4acB: KpuBas 1 - mpH mpsAMOM BO3ICHCTBHH
AKTyaTopa U KpHBasA 2 - MPH BO3ACHCTBHH HA PECAKTHBHYIO MACCY.

Ha rpaduke spko BeIpakeH MUK pe30HAHCA B HHTEpBANE 4acTOT 150 - 170 I'tr, 9TO OOBACHIETCS PE30HAHCOM CHCTEMBI
HM3MEPEHHSI MEXaHM3Ma TPOJOJBHOTO TEPEMEICHHUS. JTOT PE30HAHC HE3HAUYMUTENBHBIM, HO CleIyeT oOpamarb ocoboe
BHHMAHHUC HA KCCTKOCTh CHCTCMBI HCHIOTHUTCIIFHBIX MCXaHU3MOB, 0COOCHHO YIHTHIBAS BSITHYHHY YCKOPESHHA AKTYaTOPa.

[TpomoproHanEHO - PepeHINATEHOE PETYANPOBAHNE AMILTUTYTHO-YACTOTHOW XapaKTEPUCTHKH KOJICOAHHH CHCTEMBI
CTaHOK-IIPUCIIOCOOICHUE-HHCTPYMEHT-3aT0TOBKA TIPH ITOMOINM BO3ACHCTBHS aKTyaropa HA PEAKTHBHYIO MAacCy IO3BOJIIET
CIIQ)KUBATH HMITYJIbCHI, BO3ZHHKAIOIEE B PE3yAbTaTe ONMOOK YIPABEOIMX BO3ICHCTBHH HA pabO4YME OpPraHbl CTAHKA.
Oco0cHHO 3aMETHO YIYUIICHUE aMIUTHTYIHBIX XAPAKTEPUCTHK TP (JOPMHUPOBAHKMH 3KBHIMCTAHTHI PO HIL JIMH3BI BOJM3H €
OCH, [A¢ OKPY>KHAS CKOPOCTh NIABHOTO ABHYKCHHUA PE3AHMS CTPEMHUTCA K HYIFO (CM. PHC. 6).

A— bt
AwphepeHupancuied
MOHTDONNED

Puc. 4. HpI/IHL[I/IHI/IaJ'ILHaSI CXeMa MCXaTpOHUKH BLICOKOCKOpOCTHOﬁ
CUCTEMBI KOppeJIanu o 60K



WmEETIA
B P
2
-

1

Hacroma, Iy

Puc. 5. I'paduxu nepenarounsix Gynkmnmii: (1)- mpu npsMoM BO3ACHCTBHH aKTyaTropa;
(2) - npu BO3/IEHCTBMHU Ha PEAKTUBHYIO Maccy
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Puc. 6. AMOnuTyHbIe XapaKTepUCTUKY (pOPMUPOBAHUS MPOGUILST TUH3EL:
(1) - O6paboTka 63 YIpaBIAIOMETO BO3ACHCTBUS Ha paboUumii opraH cTaHKa
(2) - O6paboTka ¢ YIPaBISIOMAM Bo3/eiicTBHEM Ha pabounii opraH cTaHKa

Cmucox smreparypbl: 1. Kymabs /[ Bubpanmonnoe pesanme. / Ilep. ¢ sm. - M.: Manmuoctpoenue, 1985. - 424 c. 2. IlpoGiembl uaeHTHGUKAIUA
HECTAI[HOHAPHBIX OOBCKTOB B M3MEPHUTENILHON TexHuke. - HoBocubupcek: Uzn-Bo Cubupckoro Hayd.-Hccsie]l. HH-Ta MeTpostorun, 1971. - 212 c. 3. Paiibman
H.C, Yaoees BM. AnanTuBHBIC MOJICIH B CHCTEMax yipasieHus. - M.: Coperckoe paauo, 1966. - 159 ¢. 4. Advances in Optimization and Control. / Eiscit B. A.
and Pederoli G./ - Berlin: Springer- Verlag, 1988. - P. 37- 42. 5. Viba J. Adaptive Control. // North Atlantic Treaty Organization - ASI "Responsive Systenms for Active
Vibration Control" - Brussels, 2001 - 10 p. 6. Jaspunenxo C.H. OUTAMHU3AIMS TPOIECCOB YIPABJICHUS TBHKECHHEM paGouMX SJICMCHTOB TNPEIU3HOHHBIX
HEeJIMHEWHBIX MeXaHU9eckux cucteM // Bectauk HTY "XITU" 36. nayun. Tpygoe. Bemn. 11, 2002, C. 11-18.
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IKCIHEPUMEHTAJIBHOE HCCJIIE[JOBAHHUE
YPOBHSA HAIIPSDKEHUN B PAMHBIX CBAPHBIX KOHCTPYKIAAX METOOM TEH3OMETPHUPOBAHUS

Haseoeno pesynomamu OOCRiOdNCeHb MemOoOOM eleKmpOomeH30Mempil pieHs HANPYICEHb & KOHCIPYKMUSHUX elleMeHmMax SaHmasiconiotioMHol woanu 1y
6UNAO0T NPOCMOPOEOI 36 APHOI PAMHOT KOHCMPYKYIT npu I HABAHMADICENHT 6 Npoyeci unpodyeans.

The results of research by the method of tenzometry for level of tensions in the structural elements of vantage mast as the spatial welded frame
construction at its loading in theprocess of tests are reduced.

OnHolt M3 BAKHEHIIMX 3324 COBPEMEHHOTO ITPOMBIIIIICHHOTO MTPOM3BOICTBA MAIIMH M COOPY)KCHHH SIBISICTCS CHIDKCHHC
MATEPHATIOEMKOCTH C OJHOBPEMEHHBIM MOBBINCHHEM HANCKHOCTH H PECypca MO KPUTEPUAM MPOYHOCTH. Pa3BUTHE TEXHUKH
MPUBOAUT K Y/KECTOUCHHIO YCIOBHI SKCILIYaTAl[UH, YTO CO3AAET 3HAYHTEIBHBIC TPYIHOCTH B PEHIICHHH MOCTABICHHON 3aJa4H.

Bce Oonmee mmpokoe HMCTOIB30BAHWE B NMPOMBHIUICHHOCTH HAXOIAT CBAPHBIE COCIMHCHHS B PAMHBIX M OAaJIOUHBIX
METAINIOKOHCTPYKIMAX. M3yueHne MPOUHOCTH TAKUX OOBCKTOB TAKKE MPEACTABIIET 3HAYUTEIBHBIA IPAKTHUCCKUH HHTEPEC.
['aBHBIM 3TamoM pemeHms MpodneM OOSCIEUCHUS MPOYHOCTH M PECypca IPH MPOSKTHPOBAHUH MAINMH M KOHCTPYKIHH
SABIICTCA OmpenciacHue AchopManni, HANPSDKCHHH, MCPEMCINCHHA W YCHJIHH, BBI3BIBACMBIX CHJIOBBIMH H TCILIOBBIMH
Harpy3kamu [1, 2].

Boicokas 3((eKTHBHOCTh COBPEMEHHBIX BBIMHCIMTCIBHBIX METOJOB pAcueTa C WCIOIB30BAHHEM KOMITBIOTCPOB
MO3BOJIET PEIIaTh MHOTHE 337a4d IPH IMPOCKTHPOBAHMH MAIIMH, BKIIOYAS ONTHMH3AIUI0 (JOPMBI M Pa3MEPOB NCTANCH.
OnHako NeHCTBUTEIBHBIC HATPY3KH, OOYCJIOBICHHBIE CIIEHU()MKON 3KCINIyaTalui, OCOOCHHO MPH ABAPHITHBIX W HEINTATHBIX
PEeKMMAxX, MOTYT CYIMIECTBEHHO OTIMYATHCA OT APHOPHO MPHHATHIX IIPH MPOCKTUPOBaHHH. Kpome TOT0, B paae ClIy4aeB MpH
CIOKHON KOH(HUTYpanuu JeTancii U y37I0B M PA3IHUHBIX COUYCTAHMAX BOICHCTBYIONIX HATPY30K YHCJICHHBIE METOIBI MOTYT
0Ka3arbCsi HEI(P(EKTUBHBIMH IJISI PacyeTa HANPSHKEHHO-IC(DOPMHUPOBAHHOTO COCTOSHHS H3-3a CYIIGCTBCHHBIX M 4acTO
HCOOOCHOBAHHBIX yIIPOIICHHH, [103TOMY AT ONMPEACICHHUS PCabHOM HATPYKCHHOCTH ACTAJICH MAIIMH W KOHCTPYKIHH KAk HAa
CTaJuU MPOCSKTHPOBAHHUS, TAK U B MPOLIECCE JTOBOAKH OIBITHBIX 00PA3LOB, H OCOOCHHO B PCATbHBIX YCIOBHIX IKCILIYATAIMH,
OoypInoe 3HAUCHHE MPUOOPETAFOT METOABI IKCIICPHMCHTAIBHONH MEXaHWKH W, B YACTHOCTH, TEH30MeTpus. HarypHas
TEH30METPHUS MO3BOJIET OMPEACTHTD NCHCTBUTEIbHBIC 3HAUCHIS HANPSLKCHUH 1 AcopManyii B MAINMHAX U KOHCTPYKINIIIX, a
TAaKKe WX M3MCHCHMS B PabOYMX YCIOBUAX, T. €. IOJYYHTh HAJAC/KHBIC NAHHBIC L1 OLCHKH IMPOYHOCTHBIX M PECYPCHBIX
XapAKTEPUCTHK.

Lemsto HacTOsmEeH padOTHI SIBILIIOCH HCCICAOBAHHE METONOM TCH30MCTPHPOBAHMS YPOBHS HANPSOKCHHH B
KOHCTPYKTHBHBIX JJIEMCHTAX TIPY30IOABEMHOM MauTHI, NPEACTABILIOICH cO0O0H IMPOCTPAHCTBEHHYIO CBAPHYIO PAMHYIO
KOHCTPYKIHUIO, IPH €€ HATPY;KCHUHU B MPOLECCE HCTIBITAHMIA.

BeicoTa rpy30moabseMHON MauThl cocTapieT 35,8 M. KOHCTPYKTHBHBIC 37IEMEHTHI MAYThI — ITOJIbIC TPYOUATHIC 3aTOTOBKH
¢ pasmepamu 100,5%100,05%6,05; 80,5%80,05%6,05; 60,5x60,05%6,05 MM u3 cramu 10XCH/I, MCXaHHYC CKHE XapaKTCPHCTHKH
KOTOPO¥ IpuBeACHHI B Tadmune 1.

Tabmuma 1 — Mexarnueckue xapakrepuctuku ctamun 10XCH/ (cpeanne 3HAYCHAS A1 HCIOIB30BaHHBIX TPYO)

IIpenen IIpenen Monynb
IIpOYHOCTH, Cp, TCKY4YCCTH, O, YHPYrocTH, E, HHOTHOC;L, Kﬁag)ilgﬁzeHT
MITa MITa ITla p.KI/M Y > W
580 390 197 7640 0,3

WzyueHne 3HAUCHHWH HANPSDKCHHH HMPH HATPY)KCHHM MAdThl IIPOBOAMIM B PA3IHYHBIX TOUKAX, PACMOJIOKCHHBIX HA
HECKOJIBKHX YPOBHSIX ITO [UIMHE KOHCTPYKIWH. J[711 MCCIIeI0BAHMS HANIPSDKCHUH BRIOMPATHCH HANOO0IIeEe HATPYKEHHBIC TOUYKH B
COOTBETCTBUU C MPOYHOCTHBIM PACYECTOM MAuThL. PacueTHAs MOAETb MOCTPOCHA HA OCHOBE MAKETA MPOrPaMM MOACIHPOBAHUA
n KoHeuyHO-31eMeHTHOTO aHamm3a MSC/NASTRAN for Windows [3]. Touknm m3MEpEeHHS HAXOJMINCh HA BEPTHKAJIBHBIX
CTOHKAX MAauyThl, IPEIACTABILIOIMX coOoH TpyOsl ¢ paszmepamu 100,5x100,05%6,05 mM. YCTaHOBICHHBIE B PE3YABTATE
MPEABAPUTENBHBIX YHCIOBBIX PACYECTOB JOIMYCKACMBIC HANPAKCHHUA B MATEPHANC MAYTHI IPH HATPYy3KE, COOTBETCTBYIOLICH
JKCIUIYaTAIHOHHOM, JOCTUTAOT MO a0CcomoTHOH BemanHe 350 MIIa u IBITI0TCA COKUMAIOTIMH.

Omnpenencune medopManuii Uil pacueTa HAUPSHKCHUH B 3aJaHHBIX TOYKAX IIPH HATPYKCHUH MAuTHI ITPOU3BOIIIA
METOAOM JICKTPOTCH30METPUH [4]. Mcnmomb30BaHuEe MPAMOYTOIBHBIX PO3CTOK TeH30pe3ucTopoB Tunma K®5IT1-10-100-612 ¢
KO3(p(OUIMEHTOM TEH30YYBCTBHTCIBHOCTH paBHbIM 2,02 TO3BOIMIO IONYYUTH JOCTATOYHO TOJMHYIHO KAPTHHY
Je(OPMUPOBAHHOTO COCTOSIHHS B 3aJAHHBIX TOUKAX. TEPMOKOMIICHCAIMOHHBIC TCH30PE3HCTOPHI HAKICHBATIHM AHAJOTHIHO
padounM Ha mmactuHbl U3 cramm 10XCH/I, koTopble KpEemiIM Ha CTOWKH MayuThl HETTOCPEICTBEHHO BONM3H PAOOUMX PO3ETOK.
Or BO3ACHCTBHS OKPYXKAIOMIEH CpeIsl TEH30PES3UCTOPHI 3aIFIIANN C MOMOIIBI0 PE3MHOBBIX IIACTHH. /I ompencicHHs
JedopMmaruii ObIIM WCIIOIB30BAHBI ITOMYMOCTOBBIC H3MCPHUTCIBHBIC CXCMBI ITOAKIFOUCHHSI TEH30PE3HCTOpPOB. Pacuer
MaKCHMAJBHOTO M MHUHUMAJIBHOTO HANPSLKEHHH MTPOM3BOIMIIICS MO H3BECTHBIM (opmymaM [4].

BbIxogHBIC CHTHANIBI TCH30PE3UCTOPOB B HEHATPYKCHHOM COCTOSHHH W IIPH HATPY)KCHHH MAaduThl ()MKCHPOBAIHCH C
MOMOIIBE0 H3MEPUTEIbHBIX TeH30MeTpuueckux cucreM CHUT-3. CoBpeMEHHBIM TEH30METPHUCCKHIT IKCIIEPUMEHT, KaK
MPaBUIIO, TPEOYEeT OAHOBPEMEHHONH M CHHXPOHHOH perucTpamuu AchopMarmii M IPYTHX BEIWUHMH, IO3TOMY B IOCJICIHES



BpPEMs HAXOZAT BCE OOJbIICE MPUMCHCHHE HH(POPMANUOHHO-H3MECPHTCIBHBIC CHCTEMBI, MO3BOJIOMME PCIIATH 3TY 3a7a4y.
Coop m obpaborka mHGMOPMALUH, MOIYIACMOH OT TECH30PE3HCTOPOB, OCYIIECTBILUINCH B HACTOSAINEM HCCICTOBAHUHU C
HCTIOJB30BAHUCM CIICIHATBHO CHOPMHPOBAHHOTO HH()OPMAIMOHHO-M3MCPHTCIBHOTO KOMILICKCA, CTPYKTYpPa KOTOPOTO
MPUBSACHA HA pHC. 1.

Puc. 1. Cxema uHpOpMaIHOHHO-U3MEPUTETLHOTO KOMITTEKCA:
1, 2 — TeH30pe3nCTOPHI; 3, 4 — MOHTAXKHBIC KaOenu JTHHON 5 M;
5, 6 — Onoku aucTaHNMOHHOTO peneitnoro nepekmodenus (bJ[PII) cucrembr CUT-3;
7, 8 — kabenbHBIe chcTeMbl, 9, 10 — Groku usmepenuii (B1) cuctemsr CUNT-3;
11, 12, 15, 16 — coenunutenshbie kabdenn; 13, 14 — agantepusie yetpoiictea AYC-CIL
17 — myneTuniopToBas mnata MOXA CP-114 IS; 18 — cuctemnsiit Grok nepconantbHoro kommbiotepa (1K), 19 — monutop I1K; 20 —
MpUHATEP

Pazpaborano mporpaMmmMHOe OOCCIEUCHHE, IO3BOJLIOIMECE IIPOBOANTh KOMIIBIOTEPHYIO 00pabOTKY MOCTYIANOIEH
I/IH(I)OpMaI.[I/II/I U PaCcCUHUTBIBATH 3HAUCHUA Hal'[p}DKeHI/II\/II B JJICMCHTAX KOHCTPYKIHMH MA4YThl HCTIOCPCACTBCHHO B X0AC
WCIBITAHWH, a, CJIETOBATCIbHO, OINCPATHBHO OICHHUBATH TCKYIIEE COCTOSHHE HATYPHOTO OOBCKTA M BIMATH HA X0
JKCIICPUMEHTA.

Jia oueHKH paboTOCTOCOOHOCTH HH(OPMAMHOHHO-H3MEPHTCIBPHOTO KOMIUTCKCA W MPOrPAMMHOTO 00CCIICUCHHA ObLTa
MPOBEACHA IMPEIBAPUTEIBHAS TAPUPOBKA H3MECPUTEIBHON CXEMBI C MCIOJIb30BAHHEM HATYPHBIX 0OPA3IOB, BHIIOJHEHHBIX U3
moJoit Tpyouaroit 3arorosku 100,5x100,05%6,05 MM, npuMeHIEMOH PH M3TOTOBICHNH MauThl. OaWH W3 00pa3IOB SBILLIICA
PadoYHM M MOABCPTAJICH CTaTHICCKOMY CxkaTmro yemmeM ot 0.4 a0 0,8 MH na ruapasmueckoM mpecce moaemu [1]1 476. Ha
BTOpOH 00pa3el] HAKICHBAIUCH TCH30PE3HUCTOPHI, HCIIONB3YEMble B KAaUeCTBE TCPMOKOMIICHCAMOHHBIX. JaHHBI 00Opasen
pacmosiarancs BOIM3M pabouero, HO HArpPYKEHUIO He moasepraics. [Ipm 3ToM B 1aboparopuu ObUM IPOMMHUTHPOBAHBI BCE
YCaoBU n€PEaAIA I/IH(I)OpMaI.[I/II/I, TJIAHUPYEMBIC K HCTTIOJIb30BAHUI) B YCTIOBHAX HCTBITATCIIBHOTO IMOJIHUIOHA.

Crarucrudecku 00pabOTaHHBIC PE3YIIBTATHI TAPHPOBOUHBIX YKCTICPHMEHTOB IIPUBEICHBI B TAOIHIIE 2.

Tabmuua 2 — Pesyasrarst TapupoBKH 00pa3uos u3 cramm 10 XCH

3nauenus HanpsxxeHui, Mlla
VYeunue HarpyxeHHS
SKCIIePUMEHTaIbHOE
Ha npecce, MH pacueTHOE
(ycpeHeHHOE)
0,4 -165.3 -158,3
0,6 -268 -261,7
0,7 -314 -318,4
0,8 -350 -352,4

[MonyucHHBIE  PE3yABTATBI  CBHACTCIABCTBYIOT O  paboTOCTOCOOHOCTH — C(HOPMHPOBAHHOTO  MH(POPMATHOHHO-
HM3MEPHTEIBHOTO KOMIIJICKCA, €T0 CTAa0MIBHOM M HAJACKHOH paboTe B TaOOPAaTOPHBIX YCIOBHSX IPH CO3JAHHU B 3JICMEHTAX
KOHCTPYKIMH MauThl Hampspkenmd a0 350 MIla. 3HaucHHS HampsDKeHHWH, NONYYCHHBIE B Ipolecce oOpaboTkm C
HCIONB30BAHUEM NEPCOHATBHOTO KOMITBIOTEPA MMOKA3aHUH TCH30PE3UCTOPOB IIPH HATPY;KCHUH 00pa3na, OIM3KH K PaCUCTHHIM
JAHHBIM 711 COOTBCTCTBYHOIIMX BCIIHYUH YCHIIUA HATPYKCHHA. Pasnnua MCXKIAY PACUYCTHBIMH H JSKCIICPUMCHTAJBHBIMHA
3HAYCHUAMH cOCTaBmLIeT 0,6-4.4 %.

@uxcanus U aHAIN3 TMOKA3aHHH TEH30PES3UCTOPOB IPH HATPYKCHUH TPY30TIOBECMHOMN MauThl B MPOIICCCE HCIIBITAHHIA,
pacyeT 3HAYCHUI HANPSLKCHHUH B 3aJaHHBIX TOYKAX M IIOCTPOCHHE IpapUKOB pacTipeeICHNS HANPSHKCHHUI MO BBICOTE MAYThI
OCYIIECTBILIINCH HETMOCPEACTBEHHO B YCIOBUSX HCIBITATEIBHOTO MOJHMIOHA. B COOTBETCTBHHU C TPEOOBAHMAMH HHCTPYKIIUH
MO0 3KCILTyaTamuu TeH3oMeTpuueckoit cuctemMbl CHUUT-3 amuHa xabenedt ot TeH30pe3uctopoB Ao B/IPIT He momkHA
npebmath 5 M. [Toaromy 6moku BAPIT (ukcupoBamu B 3a0aHHOM MOJOKCHHH W PA3MCINAA B CIICITHATHHBIX KOHTCHHEPAX,
3aKpeIICHHBIX HA Maute. biaoku BU m aganrepHbc yCTpOHCTBA PACHONATATH BOIU3H MAYTHl H C MOMOMIBEO KaOeneH CBI3H
coeauHsH C cooTBeTcTByrommMHA BJIPIT u mepcoHambHBIM KOMIIBEOTEPOM, HAXOAAIMMMCA B Oc30macHOM 30HE. Temmeparypa



HCTBITAHAH HAXOOMIACH B peacnax + 15...+18°C.

H3mepenne TMOKA3aHUH TEH30PE3UCTOPOB B HEHATPY;KCHHOM TMMOJOKCHHHM MA4Thl IMPOM3BOAMIOCH TPIDKABL, H
OTIPEIEeISUIACh PAOOTOCTIOCOOHOCTD KAKAOTO TEH30PE3UCTOPa. 3aMep MOKA3aHUH TEH30PE3UCTOPOB IPH HATPY;KCHUH MadThl X
PaciuCcT BCIMIMHBI Hal'[p}DKeHI/II\/II B 3dJAaHHBIX TOYUKAX OCYLICCTBLIIIMCH B COOTBCTCTBHU C YKA3AHHBIM YCHIIMCM HATPYKCHHA.
[NorpemHOCTE ONpeneICHUs 3HAYCHUH HAPsLKEHUH cocTapiraia 5-10 MIla. Madopmanms o pe3ynsraTax TEH30METPHPOBAHHS
MIPEACTABIBUIACH B BUAC TAOMHI W TPa(hPUKOB PACTIPEACICHHUS HAPSDKCHUH B COOTBETCTBYIOIIMX TOYKAX MO BBICOTE MAYTHL

B IPOUCCCC MNMPCABAPHUTCIBHBIX H CHATOTHBIX HCIBITAHUH TPYy30IMOABCMHAA MadTa MNOABCPrajlaChb CTATHUCCKOMY
Harpy;keHuro ycumueMm ot 0,3 mo 1,7 MH.

WsyucHHE pacnipecicHud HANPSDKCHHH MO BBICOTC MAYTHI MOKA3BIBACT, UTO HAMOOJICEC HATPY)KCHHBIMH B OOJIBIIHHCTBC
CIIy4AeB ABJSIOTCS TOUKH, PACIOJIOKCHHBIC HA MPABOU U JICBOH MEPEAHUX €€ CTOWKAX HA BBICOTE 17,8 M OT YPOBHS OCHOBAHUSL.

Ha puc. 2 rpaduueckn mpeacTaBieHb 0000MCHHBIC PE3YIIBTATHI TCH30MCTPHPOBAHASA MAYTHI B MPOLCCCE HCHBITAHHH.
[MonyucHHBIC TAHHBIC CBHACTCIABCTBYEOT O TOM, YTO TpaHyCCKad AnmpoOKCHMAIUSA OOOOMCHHOH 3aBHCHMOCTH 3HAYCHHUI
MaKCHMAJIbHBIX HANPSDKCHHH OT BEJIMMUHBI YCHIIS HATPY;KCHHS MAUTHI IO XapaKTepy OIM3Ka K TUHCHHOM, T.€. KOHCTPYKIHS
padoTacT B yIpyroi 00IacTH.

MaxkcuManbHEBIC HANPsOKCHUSA, BOSHHUKAIOUME B 3JICMCHTAX KOHCTPYKIHUH MAYTHI, ABIAIOTCA CKUMAKIIMMHA BO BCCX
CIIyJasIx. MuHuMATBHBIC HAPSOKCHU A, O6yCJ'IOBJ'IeHHI>Ie OOHOBPCMCHHBIM BIHAHUCM I[G(I)OpMaI.[I/II/I CIHKATHA, u3ruba u
CKPYUHMBAHISL, 3a(PMKCHPOBAHBI KAK CKUMAIOIIMMH, TAK M PACTSTHBAFOIIAMHE.

Hambonpmee 3HAUCHWE MAKCHMANBHOTO HANPSDKCHIS, IIOJMYYCHHOC IIPH HATPYKEHHH MauTsl ycuimeMm 170 Tc,
cocrapmier - 181,13 MIla. Ilo abcomoTHON BEIMYMHE YKA3aHHOE 3HAUCHHE B 1,9 pa3a HIDKE JOIYCKAGMOH BEIHUMHBI
HanpspKkeHHH pasHoi 350 MITa

[NokazaHus TEH30PE3UCTOPOB B HEHATPY)KCHHOM COCTOSIHHH M ITOCIIC CHATHS YCHJIHS HATPY’KCHHS OITM3KH MEXKIY COOOH.
3T0 MOATBEP)KIACT, UTO TCH30PE3HCTOPHI COXPAHWIN PAdOTOCIIOCOOHOCTH, a Ae(opMAaITis Ma4Thl B MPOIIECCE HATPYKECHH
SIBIIETCSL YIIPYTOH.

Bemnarra Harpysr, MH
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Puc. 2. I'paduueckas annpokxcumaryst o600meHHON 3aBUCHMOCTH
3HAYeHU I MaKCHMANLHBIX HAPSDKCHUH OT BETMUMHBI YCUNINS HATPyKSHU S

[IpoBeaCHHBIC HCCICOOBAHHSA IO3BOIIOT JOCTOBCPHO OLCHHTH HMPOYHOCTH HATYPHOTO OOBEKTA H YTOUHHTH PECYpC
JKCILUIyaTaIlHH ¢ YYSTOM PEaTbHON HATPYKCHHOCTH MO JTAHHBIM TSH30MCTPHH.

Taxum 00pazoM, BBIIONHCHHAS Pa0d0oTa MO TCH3OMETPHUPOBAHHIO H HCCICAOBAHHIO HANPSDKSHHO-AC(HOPMUPOBAHHOTO
COCTOSIHHSI CBAPHOHM TPy30MOABEMHON MAYTHI MPH €€ HATPY)KCHUH B MPOLECCE HCIBITAHHN MOKA3BIBACT, YTO KOHCTPYKLHS
Ma4THI 00CCIIEUHBACT HOOOXOAMMBII 3aMaC MPOYHOCTH IS TPY30TOIBEMHBIX YCTPOHCTB.

Crmcox smreparypsr: 1. Javivux ML, ITpucoposcxuii H ., Xypuyoos I'X. MeTonbl ¥ cpeicTBa HaTYpHO!M TeH30MeTpuH. — M: MammnocTpoenue, 1989. — 240 c. 2.
Kyopssyes H.B., Haymuenxos H.E. YcrajocTh CBapHBIX KOHCTpyKiuit. — M: Mammuocrpoenune, 1976. — 271 c. 3. Hlumxosuu JII. PacuerT KOHCTPYKIHH B .
MSC/NASTRAN for Windows — M: cepus «IIpoexruposanuey, 2001. 4. [/ yuixesuy B.A. OCHOBBI IEKTPOTCH30MSTpHH. — MuHcKk: Boimiimas mxoma, 1975, —352 .
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3.P. Menymepos, U.®. SIky0oB, KaHI. TEXH. HAYK,
W.3. Ameros, kara. xuM. HayK, Cumpeponons, YKpanHa

HOBBIIIEHUE OKHACIUTEABHON CTOMKOCTH COTC PACTUTEJIBLHOM IPUPO/ALI IPHCAJKAMH U3
AHTHOKCHJIAHTOB

The opportunity of increase of oxidizing stability of vegetable oils is considered with the help anti-oxidants. The choice optimum anti-oxidant for
metalworking fluids is made on the basis of vegetable oils. In research was used anti-oxidant alpha-tocopherol. Also practically is proved necessary and
sufficient quantity anti-oxidant in sunflower oil, as basic oil for metalworking fluids.

Hapsny ¢ uaTeHCH(DHKAIMEH COBPEMEHHBIX MMPOM3BOICTBEHHBIX IIPOLECCOB BO3PACTAIOT M TPEOOBAHUS HKOIOTHUCCKOH
Oc3omacHOCTH. Tak, TPATHIHOHHO HCIOMB3yeMbIe TTpu MeTamioo0padorke COTC HA OCHOBE MHHEPATBHBIX MACCIT ABIAFOTCS
OJHHMH W3 OCHOBHBIX 3arpsi3HHTCJICH OKPYXKAMOLCH CPeabl W BIEKYT 3a CO00M (PMHAHCOBBIC 3aTparhl IPEINPHITHH,
CBSI3AHHBIC C YTHIM3ALMECH, XpAHCHHUEM, TPAHCIIOPTHPOBKOH | T.J. 3TO 0OCTOATENBCTBO (POPMHUPYET ITOMCK HOBBIX PCIICHUN B
o0nacTu MexaHHICCKOH 00padoTku Marepuanos ¢ mpuMeHeHHEM COTC. OmHHIM M3 TAKOBBIX MPEACTABIICTCS BO3MOMXKHOCTD
ucmoms3oBaHmst B KadectBe COTC macem pacTHTCABHOTO TNPOHCXOXKACHHS, KOTOPHIC IO CBOCH HPHPOAC ABIAIOTCS
Oe3BpeIHBIME A OKPY)KAIOMICH CPEAbl M HCIOBEUCCKOTO OPTaHM3Ma, a TAKKe MMCIOT OO0Jee BBHICOKHE TPHOOIOTHICCKHE
XapaKTEPUCTUKH, YEM MHHEPaJbHbIC Macna [1,2,3].

TeM HE MCHEE, B MPOLCCCE AKCINTYATAMH PACTHTSIBHBIX Macen B kauecTee COTC BRHBIICTCA P HEAOCTATKOB, OJHHM H3
KOTOPBIX fABIIETCA WX HH3KAI OKUCIHTEIbHAS CTOiKOCTh. C OmHOW CTOPOHBI, MPH TOBBIICHHBIX TEMIICPATypax
TPHOOJOTHUCCKHUE XAPAKTCPHCTHKH PACTHUTCIBHBIX MACEJl 3HAYUTEIBHO VXVANRIOTCSI, YTO OOYCJOBICHO ITPOLECCAMHU
TepMookucuTenbHON aectpykuuu [1]. C agpyro#i, COTC Ha OCHOBC PACTHUTCIBHBIX MACC] MOMAAAd HA V3Bl CTAHKA,
HHCTPYMCHT, ACTAJIb, CTPYKKY H T.A. C TCUCHUCM BPCMCHH BBICBIXAIOT H Tpe6y10T MPOBCACHHU A CIICTUATIbHBIX MGpOHpI/I}ITI/Iﬁ 10
OYHUCTKE 3arpA3HCHHBIX MOBEPXHOCTEH.

CyHECTBYCT ps pCHEHHH TAHHOM MpoOneMbl. OHHM U3 TAKOBBIX ABIACTCA BO3MOYKHOCTD ITOIYMCHHAS CTOHKUX K OKHCIICHHIO
PACTHUTENBHBIX MACEN IIYTEM M3MEHEHHS UX COCTaBa, HA OCHOBE TCHHOU MHKCHEpHH [4]. B 3TOM Cllydae cOCTaB Macesl H3MEHSIETCS
B CTOPOHY VBCIIMUCHMS KOJMYCCTBA HACHIICHHBIX KHCJIOT W CHIDKCHHS KOJMHMYCCTBA HCHACHIIEHHBIX, INC IOCICIHHC
HHTCHCU(UIMPYIOT MPOLIECCHI WX HMOIMMEpPU3anuy. Bo BropoM MOBBIICHHE OKHCIUTEIBHOW CTOHKOCTH PACTUTCIBHBIX MACET
JOCTHTACTCA IYTCM TOOABICHUS PA3THIHBIX MPUCAI0K, TAKHX KAK TIHIICPHH WX AHTHOKCHAAHTHI [3,5].

Hpe/:maraeMLIe MCTOABL TCHHOM HHKCHCPHUHU CITHIIKOM JOPOTH W HU3MCHCHHC COCTABA MACC]I NMPHUBOAUT K U3MCHCHHUIO HX
TPHOOIOTHICCKIX CBOMCTB. JI0OABNCHUC TMHMICPHHA K MAcIaM TPeOyeTcs B OOmpImixX kommuecTBax (0 15%), uro mpueoauT K
TOBBIIICHHFO MX CTOMMOCTH M YXYIIICHHIO HX TPHOOJIOTHICCKIX CBOMCTB (YMCHBIIACTCS conepkanue [TAB B BHIC TPUIITHLIICPH/IOB).
B 3TOM 1UTaHE TIpHCATKH HA OCHOBC AHTHOKCHIAHTOB NPEACTABIEOTCS ONTHUMAIBHBIM PEIICHHEM IPOOICMBI OKHCIMTEIBHOH
croitkocTd. OmHAKO OOMBIMHCTBO MPCTATACMBIX AHTHOKCHIAHTOB SABJIAIOTCSA TOKCHIHBIMH.

B mamHOM padoTe HCCICAYCTCS BO3MOKHOCTH HCIIONB30BAHHA B KAYCCTBE aHTHOKCHIAHTHOH mpucagkd k COTC Ha
OCHOBE PACTHTCIbHBIX Macen BuramuHa E (o-Toxodepona), kak Hambomee 0E30MACHOTO M HE YCTYNAOIIETO IO CBOHM
AHTHOKHCIHUTCIBHBIM CBOMCTBAM JAOpPOTUM CHHTCTHUCCKAM AHTHOKCHIOAHTAM. Taxcke OPCATOKEH METOO BI)I60pa
ONTHMAJILHOTO COACPKAHUS AHTHOKCHAAHTA B PACTHTEIFHOM MacJe.

[Ipomecc TEPMOOKHMCIUTEIBHON MACCTPYKIMH UIS PA3IMYHBIX PACTHTEIBHBIX MAcEl MPOTEKACT I0-pazHOMy. B
3aBUCHUMOCTH OT BHAA MAacCjia TCPMOOKHCIUTCIIBHAA ACCTPYKIHUA MOKCT NMPOABIIATHCA B BHAC MOJIAMCPH3ALIUA (BBICI)IX.':IHI/I}I
Macna ¢ 0Opa3oBaHHMEM IUICHKH) MM PA3lIOKCHHS MAaclia HA COCTABHBIC KOMIIOHCHTHL [IpHUMHON TEPMOOKHCIHTEIHHOH
JECTPYKIMH SBIBICTCS B3aHMOACHCTBHE PACTUTEIBHBIX MACET C KHCIOPOJOM BO3IyXa.

Tak, pacTHUTEIbHBIE MAacjia II0 OTHOIICHHWIO K [CHCTBHIO KHCIIOPOJA BO3AyXa Pa3ACiLIOTCS HA  BBICHIXAIOIINC,
TTOJIYBBICBHIXAIOMIIE ¥ HEBBICHIXAIOIIHC.

K BBICHIXarommM pPacTUTEIBHBIM MACIAM OTHOCSTCS: JBHSHOE, MAKOBOE, OPEXOBOE, KOHOILULTHOE, IIOICOTHEYHOE, COCBOE,
JpeBecHOE (TYHIOBOE) U Ap. K MOIYyBBICHIXAIOMMM OTHOCATCS: XIOMKOBOE, MAHCOBOE, PAIICOBOE, MACIO JIHMITIOBOTO IEPEBA | Jp.
K HEBBICHIXaONMM - MHHAAIBHOE, KACTOPOBOE, OJIMBKOBOE, KOKOCOBOE, MAJIBMOBOC, (PHCTAMKOBOE i MHOTHE JPYTHE.

B BBICHIXAOIIMX PACTHUTENBHBIX MACIAX MPOMCXOAUT IIOJMMEPH3AIMS C OOpa30BaHHEM HEPACTBOPHMOM IIIICHKH.
[NonyBBICHIXarOIME PACTHUTEIBHBIC MACIA TAKXKE MOJTMMEPH3YIOTCS, HO C MCHBIIEH CKOPOCTHIO. HeBbIChIXarompe Macia He
pearupyroT ¢ KHCJIOPOIOM NPH OOBIMHOHM TEeMIIEparype, OAHAKO IPH HATPEBAHWHU PA3NATAFOTCA HA TIHICPHH M CBOOOTHBIC
SKHPHBIC KUCJOTBL, KOTOPBIE B JAJTBHEUIIEM PA3/Iarar0TCsl HA HU3KOMOJICKY/ISIPHBIC KHCJIOTHI U AIbAETHIBI [6].

[Ipomecc monmMepH3aluy PACTUTEIBHBIX MAacENl 3aKIOYACTCS B COCTMHCHHH MOJICKYJ OCTAaTKOB YXHPHBIX KHCIIOT,
BXOAIMX B COCTAB PACTUTCIBHBIX MACCTI, APYT C APYTOM IPH NMOMOIIU KOBAJICHTHBIX CBI3CH C 06p330BaHI/IeM HOBBIX BCIICCTB
(monmMepa), MOJNEKY/SIPHAS MAacCa KOTOPOTO 3HAYHMTEIBHO OOJbINE, YeM Y MCXOJHBIX. [lommMepu3aust XapakTepHa, IJIaBHBIM
00pa3oM, 11 COCOAMHCHHHA C KPAaTHBIMH (ABOWHBIMH WM TPOHHBIMH CBI3AMH) |[7]. HCHACHIICHHBIC >KHPHBIC KHCJOTHL,
BXOAIKME B COCTAB BBICBIXAKOMIMX W MOJIYBBICBIXaHOIIMX PACTUTCIIBHBIX MACCI, UMCIOT KPATHBIC CBA3H.

OnHako CHOCOOHOCTh MAceN K IOJMMMEPH3AIMH 3aBHCHT HE TOIBKO OT KOJMYECTBA JBOMHBIX CBA3EH, HO M OT HX
pacmionokeHmsa. MeXaHu3M B CKOPOCTh OKHCIHTEIFHON ITOJMMEPH3aluy (HA KOTOPBIC B CBOIO OYEpPEab BIMSAIOT TEMIEPArypa
W HAJIMYHC KaTaau3aropa) OVAyT 3aBHCETh OT CONMPSLKEHHOCTH WM H30IMPOBAHHOCTH CHCTEM JTBOWHBIX CBA3CH APYT OT ApyTa.
Karami3aropaMu MOTYT BBICTYIIATh HOHBI MOJICKY/IBI KHCIIOPOIA M KHCIOPOJ, HAXOMSIIIMHCS B OKCHIAX METAJUIOB, C KOTOPHIM
KOHTAKTHPYET MAacJ0, a TAK’KE CAMH HOHBI MCTAJLIIOB.

J1st iporiecca MOMMMEPH3aliH XapaKTePHO COCTMHECHUE ABYX MOJICKYN JIHOO Yepe3 YIIepoa — YIiuepoauyto ces3s C—-C,
0o depe3 KUCIopod ¢ oOpaszoBaHHeM mpoctoit 3QupHOit R—O-R mmm mepexmcroit R—-O-O-R rpymmer Hammume B
MOJICKYJIaX MAacJa HECKOJBKHMX JABOWHBIX CBS3CH, BSACT K OOBCAMHCHHIO OOJBINEIO KOXHMYESCTBA MOJICKYN. (Cxema MOSCHSET



00pazoBaHHE TOMMMEPOB C IPOCTPAHCTBEHHOH CTPYKTYPOH, YTO COIPOBOKAACTCS 3aIYCTEBAHHUEM, ICPEXOMIIIMM B
3areepacsanue (puc. 1).
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Puc.1. Cxema mpocTpaHcTBEHHON CTPYKTYPHI, 00pasyomeiics mpu OKUCIUTEILHON MOTHMEPU3AIIHT BHICHIXAIOIETO PACTHTEILHOTO Macia
[8]

W3 mpeacTaBaeHHON CXEMBI BHIHO, YTO B PE3YIBTATE PACKPBITHA ABOMHBIX CBA3CH KUCIOPOAOM MHOKECTBO MOJIECKYI
TPUTHICPUIOB COCTUHSACH APYT C APYTOM 0O0PasyIOT OHY MAKPOMOJICKYY [8].

Takum 00pa3oM, 3 PEKTHBHOCTh HCIONB30BAHMUS PACTUTEIBHBIX MACEN IIPH IOBHIIICHHBIX TEMIICPATYPax CHIDKACTCA
H3-32 TUICHKOOOPA3yIONMX IMPOLECCOB MPOUCXOIANMX MO/ BIIMSIHAEM KHCIOPOIa BO3AYXA.

Ha cerogusmewnii 1eHP HAHOOIEE ONTHMAIBHBIM CIIOCOOOM IPEIOTBPAICHUS OKUCIUTEILHON JSCTPYKIIMHA IIPH BHICOKUX
TEMIIEPaTypax ABSCTCS BBEACHUE B COCTABbI PACTUTE/ILHBIX MACE]I AHTHOKUCIUTEIbHBIX MPUCAJOK (AHTHOKCHIAHTOB) [3,9].

AntnokcuaanThl (AQ) — MPHUPOTHBIC HIH CHHTCTHUCCKHC BEICCTRA, 3AMCIULIIONINC HITH MPSIOTBPAIIAIOIING OKHCIICHHE
OPraHMYECKUX COCTMHEHUH. 3TO HHTHOUTOPHI OKMCICHUS, TPEAOTBPAIAIONIIEC XHMHYECKYIO PEAKITHIO MAcia C KHCIOPOAOM B
VCIOBHSIX BBICOKHX TEMIEPATyp W IepeMEIMBaHUSI. VHTHOMTOPHI TAKOTO THIIA JHOO CBA3BIBAIOT CBOOONHBIC PATUKATbL B
YACTHOCTH HMOHBI MOJCKYIBI KHCIOPOJA WM aTOMa METauIa, JTHO0 B3aHMOACHCTBYIOT C HMEPOKCHAAMH, 3aMEIII IPOIIECC
pOoCTa BA3KOCTH Macaa BCICACTBUE €10 OKUCaeHus [ 10].

Mexannsm meiictus AO obecreunBacTCsA OOPBIBOM pPCaKIHOHHBIX HemeH. Tak, B3amMomeicTBHe MOmCKyn AO ¢
AKTUBHBIMH pAJAMKAJaMH TIPHBOJUT K OOpPA30BAHHIO YCTOWYHMBBIX PATUKATIOB. Y)KE HE3HAUUTEIBHOE KOIHICCTBO
(0,01—0,001 %) AO cHIKaeT CKOPOCTh OKUCICHUS, PH 3TOM IPOAYKTHI OKHCICHUS HE 0OHAPY>KUBAIOTCSL.

IIpu BBemenmm AQO B COCTAaB PACTHUTEIBHOTO MAcla B TNEPBYIO O4YCPEnb IMPOMCXOJUT HX XHMHYCCKAs PEAKIHS C
KHCJIOPOJOM WM AKTHBHBIMH PAJHKAJIaMH, T.€. MHTHOMPYETCS Impolecc momuMmepum3aumu Mmacia. C TEUCHHEM BPEMCHH,
HCUCPIAB CBOM PECYpC AHTHOKUCIUTCIGHOW CIOCOOHOCTH (TOTHOCTBE) OKUCTHBIICH) AQ MEPECTAIOT BBHITOTHATH CBOIO
BOCCTAHOBHTCIIBHYIO (DYHKITHFO.

Hawmbonee pacrpocTpaHCHHBIMH AHTHOKHCTHTCIBHBIME IIPUCATKAMHE SIBJUIFOTCS: OCH30IHBIN aIbICTHA, APOMATHUCCKHUC
aMHHBL, HOHOJL, cTabmmm3aTop-2246, suramud E (a-Toxogepomn) [3,11,12].

C mempro BeIOOpA onmTHUMANBEHOTO AO mia MOoIu(HUIHPOBAHUA COCTABOB dKojormuccku YHUCThIX COTC pacTuremsHON
TIPUPOIBI OBUT MPOU3BEICH AHAIN3 X AHTHOKUCIHTCIBHOH CIIOCOOHOCTH M OE3BPEAHOCTH I YETOBEUYCCKOTO OPTaHU3Ma M
OKpY’KaromeH cpeasl (Tabmmma 1).

Tabmuma 1 — CpaBHUTEIHHBI AHATH3 PA3IIIIHBIX MPHCAIOK TT0 AHTHOKHUCIUTEIBHON CIIOCOOHOCTH W TOKCHUHOCTH [T YEJTIOBSUECKOTO
Oprau3Ma

AHTI/IOKCI/IZ[aHTLI U cXeMaTU4eCKuit Imponece ux
OKHUCJICHHU A

ToxcnuHOCTE

1

2

Bensoiinvrit anvoezuo nocie OKHCIICHHS
npeBpamaetcss B OeH30HHYIO KHCIOTY. B MambIx
KOJIMYECTBAX U aJIbJCTUM, U KUCIOTa IIPUMEHSIIOTCS B
KauecTBe KOHcepBaHTOB. OOmajfacT TOMBKO OAHOM
AKTUBHOM TpyImol, cnocobHOM K OKHCICHHUIO:

ToxcuyeH.

Pasgpakaer masa u BepxHue
JbIxaTelibHble myTd npu 10
CEKYH/IHOM BO3IEHCTBUH yixKe
0,015 wmr/n.  Pazmpaxenue
cnusucToit  ofomoukw  Hoca
3aMedacTesl TpPH IEPBOM  Ke
Bjoxe 0,1 mr/m [13].




Apomamuuecrue amMumnbl, B YacTHOCTH, | SnoBHUTHL
T peHITaMIH: Knunnueckas xaptuna
CUMIITOMOB:
- TOJIOBHBIE OONTH, HCXy/IaHUE,
- UL EBapUTEIILHOE
[Q paccTpoicTBO;
—— - paccTpoicTBO
H | MOYEOT/EIICHUS,
H - KOXHbIE 3a007IeBaHUS,
- Pa3paiKeHUE CIU3HCTBIX
obosouek [13].
Honon (2,6-nuTperOy TUI-4-Me TUIDEHOT) B | He Toxcuuen.
pesyibrare OKUCIICHU S [peBpalaeTcs B
apoMaTUiecKu i KETOH (2,6-nuTpeTOy THI-

4-vetundenunketon). Ero jgedicteue [14] xax
aHTHOKCHJAHTa OTHOCHTENbHO chaboe (B 2,5 pasa
cmabee, deM v cTabunmzatopa 2246), uTO
0OyCIOBIICHO HaJIWYMEM TOIBKO ONHOW aKTHBHOM
TPYIIIBI, CTIOCOOHON K OKUCICHHIO:

1

CH 0
O] | A
7

B cmabumuzamope 2246  [2,2'-meruneH-6mc
(4-metun-6-1petOy THAPeHON)| JiBE aKTUBHBIE
TPYNIEL, CIOCOOHLIE K OKUCIICHHUIO, BCICACTBHE UETO
€10 aKTUBHOCTh, KaK aHTHOKCHAaHTa B 2,5 pasa
BHIIIE, Ye€M Y HOHOIA!

He toxcnuen.

Bumamun E (@-moxogpepon) M PUPOIHBIH
xkupopacTBOpuMBIE ~ AO,  cozepxuT  (eHOMbHOE
KOJIBIIO ¢ CHCTEMOM COIpPSDKCHHBIX JIBOWHBIX CBS3EH.
WmeeT yeThipe aKTUBHBIE TPYIIIIEL:

HO
0
5,7.8-TpuMetrnTokon (@-tokodeporn)
)
u]
u]

O-TOKOXHHOH

(]

u]
OH

a-Tokode pUITXUHOH

He toxcnuen.
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7,8-IMMeTUITOKOTpUOH-1,5,6

Kak BHOHO W3 mpHBEICHHOTO aHAMM3a, HAHMOOJEE MOAXOMIIMM PEArcHTOM H3 BCEX paccMOTpeHHBIX AO sBmseTcA
putamuH E (a-toxodepon). B cocraBe ganHOTO AQO COACPKHUTCA HYCTHIPS AKTHBHBIC TPYIBL, CKIOHHBIC K TMPOLECCY
oxucneHus. Kpome TOro, B MPUCYTCTBUH CBOOOTHBIX PATMKATIOB BUTaMUH E criocoOeH k auMepu3anuu (00pa30BaHUIO HOBBIX
BCIIECTB), BOCCTAHABINBAS UX IIPH 3TOM 0 HEPEAKIHOHHOCIIOCOOHBIX yacTu. Hapsay ¢ stuM BuramuH E TepmocTabuineH n
VCTOWYHMB B NMPHCYTCTBHH KHCIOpoaa aaxe mpu temmeparype 200°C, saBmich aOCOMOTHO O€3BPEAHBIM I YEIOBEUECCKOTO
opranm3Ma u okpy>karomeii cpeapl [15]. CmocobroCTs e BuTaMuHA E mocire OKMCICHNS MPOSBILITh CBOMCTBA MTOBEPXHOCTHO-
AKTHUBHBIX BEIIECTB, YTO CBA3AHO C MOSBICHHEM KHCIOPOAA B (DEHOIBHOM KOJIbIIC, B CBOIO OUEpPEIb OIAaronpusATHO CKAa3bIBACTCSA
Ha TPHOOJIOTHHECKHX XaPAKTEPUCTHKAX PACTHTEIBHBIX MACE] CMEMIAHHBIX C TaHHBIM AQ.

Hrak, MOKHO TIPCIAMOIOKATE, YTO BuTaMuH E 001agad 3HAaYATS TbHBIMH AHTHOKHUCITHTSIIEHBIMA CBOUCTBAMH (HE YCTYIAA
JOPOTUM CHHTCTHUCCKHM) SBIICTCA AaOCOMIOTHO OC3BPENHBIM M IOJHOCTHIO OTBCUACT KPHUTCPHAM 3IKOJIOTHYCCKOM
HAIPABICHHOCTH JTAHHBIX HAYIHBIX HCCIICTOBAHHH.

HauaneHbemM 3TamoMm wmecnemoBaHuii pamsaama AQO HA OKHCIHTCIBHYIO CTOMKOCTh PACTHTCIBHBIX Macenl ObLIo
OTpeJeNICHUE ONTHMAaIbHOTO KommdecTBa AO B pacTHTENIbHOM Macie. B kauecTBe pacTHUTEIBHOTO MAacjia HCIOIb30BAJIOCH
TTOACOTHCYHOS, KAK HAHOO0JICe PpacpOCTpaHCHHOS B YikpamHe (95% B 00meM 00BeMe BCEX PACTHTCIBHBIX MACCIT), & HMCHHO
o0paser] YUCTOT0 TMOACOTHCYHOTO MACIa H CMECH moacomHeuHoro Macma ¢ AQ B mpomopmsax ot 1% AO B macne g0 10%.
3arem 00pa3mbl Maciaa W KKAOH M3 CMECed HAHOCHIIMCh TOHKHMM CJIOGM HA CTAaHJAPTHHIC CTECKJIA IIPH ITOMOINM BAJHMKA.
[NoaroroeneHHbIe 00pa3up! cynmuuchk mpu temmneparype 170+5°C (amst yekopeHms mporiecca momumMmepmsaumm). [Iporecc
CYIIKH KOHTPOJIHMPOBATH MPOKATHIBAHKEM II0 TOBEPXHOCTH 00pa3Ia METAIMYECKOTO mapuka. CKOPOCTh MIICHKOOOPA30BaHHU A
OTIPEJICISUIACh BPEMEHEM OT MOMEHTA HAHECCHHUS CII0S PACTUTEIBHOTO MACa IO MOMEHTA, KOIZA IIAPHUK HE OCTABILICT CIEAa
TP MPOKATHIBAHUH. Pe3yIsTaTsl HCCICAOBAHUA IPEACTABICHBI B BUAC THCTOIPAMMBI (PHC. 2).

Kak BHIHO W3 IPOBCACHHBIX UCCIICIOBAHHN, HCOOXOTHMBIM M JOCTATOYHBIM ABTICTCA 3%-HOC COAcpKaHHe BUTaMuHA E
B IIOJCONHEYHOM Macie. [IOBbIICHHE KOMMYECTBA AHTHOKCHIAHTA HE IPUBOJUT K 3aMETHOMY VBCIMUCHUIO BPEMCHH
uHAYKOAH. [10 CPAaBHEHHIO C YHUCTHIM ITOJCOTHEUHBIM MAcCIOM BPEMSI TOPMOXKEHHS ITPOIiecca OKUCIeHms 3% CMECBIO Macia C
AO cocTaBuIo OKOIO 7 MHH.

Takum 00pa3oM, HA OCHOBE IPOM3BEACHHBIX TCOPETHYCCKHX M IKCIHCPHMCHTAIBHBIX HCCICIOBAHWH, ITOKa3aHA
BO3MOKHOCTH TIOBBIICHHSI OKHCIHTCIPHOH CTOMKOCTH PACTHTEIBHBIX MACEN, B YACTHOCTH IIOJCOJIHEYHOTO C ITOMOINBIO
AHTHOKCHJIAHTOB. A TPHMCHCHHE B KAaUeCTBE AHTHOKCHJAHTA HEIOPOTOTO, IMPHUPOJHOTO M HKOIOTHYCSCKH OE3BPEIHOTO
BUTaMHHA E, OTKPBIBACT BO3MOKHOCTB €TO HCIIOJIb30BAHMS B KAUECTBE OCHOBHBIX aHTHOKUCIMTEIbHBIX Iprcagok k COTC Ha
OCHOBE PACTHTEIbHBIX MACEIL.
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Puc. 2. Bpems nonumepusaliny paziuuHbIX cMecelt mojconHeynoro macia ¢ AO.
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OCOBEHHOCTH CHHTE3A CTPYKTYPbI @YHKIITHOHAJTBHO-OPUEHTHPOBAHHBIX
TEXHOJIOTMYECKHUX MPOIIECCOB KOMBUHUPOBAHHOM O TAEJIOYHOM OBPABOTKH OCEBBIX
JE3BUHBLIX AHCTPYMEHTOB

In the given work we are developing a general approach & method for the synthesis of the technological finishing processes of axial cutting tools. They
are based on morphological and functional-oriented synthesis of the rational structure of operations. In the work identifies specific structure of the
technological process and completed its implementation. Investigation of some parameters of the functional elements for the axial cutting tools. Established an
effective mechanical process.

B nactosimee Bpems, 1711 U3TOTOBJICHUS PazIMYHbIX U3IEIUN U BBIIOJIHCHUS CIIOKHBIX OIepaluii
TEXHOIOTMYECKOIO IIpoLiecca, B MAIMHOCTPOCHUM IIHMPOKO UCIONB3YIOTCS PasIdUHBIC OCEBBIC
nie3BuiiHbie HHCTpyMeHTHI (puc. 1) [1, 2]. K ocHOBHBIM BUJIaM OCEBBIX JI€3BUHHBIX MHCTPYMEHTOB
MOYKHO OTHECTH CIIC/IOMIMe: CBEpIia, 36HKEPbI, PasBEPTKH, METUMKH, KOHIIEBLIE (pe3bl U IpyIve
WHCTpYMeHThI. OceBOM JIE3BUMHBIN HHCTPYMEHT TIPEIICTABISICT OO0 CTEpIKHEBOW HHCTPYMEHT,

) UMEIONMH  MHOXECTBO ~ (DYHKIMOHATBHBIX IEMEHTOB, OPHUCHTUPYEMBIX Ha HHCTPYMEHTE
OTHOCHTEIBHO €TI0 MPONOIBHOW OCH BpallleHWsi B COOTBETCTBHH C YCJIOBHSMH 00paGoTKH U
napaMeTpam hopMooOpa3oBaHus, W BBLITONHSIONIMI 3aJaHHBIe DKCIUTyaTAI[MOHHBIE (QyHKIHH

' OIpeZiclicHHOH  Olepalliyl  TeXHOMOTH4eckoro mporecca. C  MOMOIMIBIO OCEBBIX JIE3BUHHBIX

HUHCTPYMCHTOB B MaIMUHOCTPOCHUU BBITIOTHACTCS 3aJaHHOC MHOKCCTBO onepaulzlﬁ
TEXHOJIOIMICCKOIo  IIporecca, OG@CHG‘II/IBaIOH_[I/IX 3aJJaHHbIC TIapaMeTpbl TOYHOCTU W KaveCTBa
W3ICTA.

MOKHO OTMETHTB, YTO [UI1 H3IOTOBICHHSI OCCBBIX JIC3BUITHBIX HHCTPYMCHTOB
LIIMPOKO HCTIOJIB3YIOTCSL  TPOTPECCUBHBIE  TEXHOMOTHMYECKUEe mpoueccsl [1, 2],
00CCTICUNBAOIIC 33IAHHBIC TAPAMETPHI MX KauecTBa. [Ipy 3TOM 11 TOBBIICHHS
3(PEeKTHBHOCTH PAOOTHI OCEBBIX JC3BUHHBIX HHCTPYMEHTOB M YBECIHUCHHSA HX
CTOHKOCTH HA COBPEMCHHBIX MAIIMHOCTPOUTEIBHBIX 3aBOJAX HCIONB3YIOTCA
HHCTPYMEHTHI C BAKYYMHBIMH HOHHO-IUIA3MCHHBIMH MOKPBITHSIMH, HAHOCHMBIC
MCTOJAOM KOHACHCAUWH W wOoHHOW OomOapmuposku (KUB) [3, 4, 5]. Otm
TOKPBITHS  OOCCIEUMBAIOT CYIICCTBCHHOE TIIOBBIICHUE CTOWKOCTH OCEBBIX
JIC3BUHHBIX HHCTPYMCHTOB IPH BBITOJHCHUN BBICOKOHATPY)KCHHBIX OICpPAIMH
TEXHOJIOTHUYECKOTO IPOLECCA.

[TpoBeacHHBIT aHATM3 COBPEMEHHOTO COCTOSHHSI BOIIPOCA HCCJCAOBAHUS
MOKA3aJ, YTO B HACTOSINEE BPEMs pa3pabO0TaHO MHOMKECTBO TEXHOIOTHUCCKHUX
MPOIIECCOB HBTOTOBICHHUS OCEBBIX JIC3BUHHBIX HHCTPYMCEHTOB C BAaKyyMHBIMH
HOHHO-TLIA3MCHHBIMH TOKpHITHsMHE [1, 2, 3, 4, 5]. OTH TEXHOMOTHUYCCKHC MPOUCCCH MO3BOJIIOT H3TOTABIHBATH OCCBBIC
JE3BHIHHBIC MHCTPYMEHTHI C 3aJaHHBIMH ITAPAMETPAMHU HX KadeCTBA M CTOMKOCTH. BMecte ¢ TeM, ¢ pa3BUTHEM HAY4HO-
TEXHHYCCKOTO IPOTPECCca HEMPEPHIBHO MOBBIIAIOTCS TPEOOBAHMUS K MAPAMETPAM KAaUECTBA OCEBBIX JIC3BHHHBIX HHCTPYMCHTOB.
[Tpu 3TOM CyIIECTBYIONIME TEXHOJIOTHUCCKHUE POIIECCHI HE MO3BOILIOT CYIIECTBEHHO MOBBINATH IKCIIYaTAllHOHHBIE CBOMCTBA
OCCBBIX JIC3BHHHBIX HHCTPYMCHTOB. JTO BBI3BIBACT HCOOXOAMMOCTH MPOBCACHHS MATBHCHIINX HMCCIICTOBAHHH B 0ONACTH
TOBBIIICHUSI 3KCIUIyaTAIMOHHBIX CBOMCTB JIE3BHHHBIX OCEBBIX HHCTPYMCHTOB C BAKYYMHBIMH HOHHO-IUIA3MCHHBIMH
TTOKPBITHSIMH.

JlarpHelllee MOBBIICHHE CBOHCTB OCEBBIX JIC3BUUHBIX HHCTPYMECHTOB C BAKYYMHBIMH HOHHO-IUIQ3MEHHBIMHU
TOKPBITHAMH, BO3MOKHO BBITONHITH 3a CHET Pa3pabOTKH JONOJHHUTCIBHBIX TEXHOJIOTHYECKHUX IPOLECCOB OTACTIOUHOH
00paboTKH, 0a3UPYIONMXCA HA (PYHKITHOHATBHO-OPHCHTHPOBAHHOM [0, 7] 1 cucreMHOM moaxone [8]. OmHako mid permeHuUs
3THX BOIPOCOB HECOOXOMWMBI JANbHCHINME WCCICIOBAHMA M CO3JAHWC OONMX IOAXOAOB CHHTE3d JOTONHHTEIHHBIX
TEXHOJIOTHUYCCKHUX ITPOLIECCOB OTACIOUHON 00pabOTKH OCEBBIX JIC3BUHHBIX HHCTPYMECHTOB.

Lemsto maHHOWH pabOTHI SBISIETCSI TOBBIIICHHEC KAa4EeCTBA W IPOM3BOAWUTEIBHOCTH OTICIOYHOH OOpabOTKM OCEBBIX
JC3BUHHBIX WHCTPYMEHTOB C BAKYYMHBIMH HOHHO-TUIA3MCHHBIMH TOKPBITHAMHE ITYTEM COBCPIICHCTBOBAHMS CTPYKTYPHOTO H
TEXHOJIOTHMIECKOTO OOCCIICUCHHUS MPOIIECCOB HA OCHOBE MOP(OIOTHYECKOTO M (PYHKIMOHATHHO-OPUCHTHPOBAHHOTO CHHTE3a
PALMOHATBHOHN CTPYKTYPBI OIICPALIHH.

B cooTBercTBHE C TIOCTABICHHOHN ILIETBIO B pabOTE IUIAHHUPYETCSA PEHIMThH CICAYIOINFE OCHOBHBIC 3a7au: Pa3padboTarb OO
TOXOA, ¥ METOJWIKY CHHTE3A PALMOHANBHOM CTPYKTYPBI TEXHOJOTHMMECKOTO MPOLECCAa JOMOTHUTEIBHON OTICTOMHOH 00padoTKH
()YHKIMIOHATIBHBIX ~ NICMCHTOB OCEBBIX JIC3BHITHBIX MHCTPYMCHTOB HA OCHOBE MOP(OJIOTHHYECCKOTO H  (DYHKIMOHAJIBHO-
OPHCHTHUPOBAHHOTO CHHTE3d; BBITOIHHUTH AHANIN3 OCOOCHHOCTEH Ppa3pabOTAHHOTO PAMOHAIBHOIO TEXHOJOTHYECKOTO IIPOIECCa;
HCCNIEA0BATh OCOOCHHOCTH (DOPMHPOBAHMS IIEPONOBATOCTH PAOOUMX TIOBEPXHOCTEH HHCTPYMEHTA MO ONICPALFSIM TEXHOJIOTHUCCKOTO
TIPOIICCCA; YCTAHOBUTD 3aBUCHMOCTD (DOPMHUPOBAHISI TCOMETPHH PSKYIIETO KIIMHA MO OTIEPALIIIM TEXHOIOTHUYECKOTO IIPOTIECCa.

J1d cuHTe3a PANHOHABHOTO TCXHOJIOTHUCCKOTO MPOLCCCa JOMOTHHTCIBHON OTACIOUHOM OOpPabOTKH OCEBBIX JIC3BHITHBIX
HHCTPYMEHTOB HCHOMNB3yeTCA (DYHKIIMOHAIPHO-OPHECHTHPOBAHHBI IOAX0A B Pa3pabOTKE TEXHOJOTHMHECKHX IIponeccoB [6, 7).
OcHOBHBIC 0COOCHHOCTH CHHTE3 (DYHKIHOHATBHO-OPHCHTHPOBAHHOTO TCXHOJIOTHICCKOTO OA3HPYFOTCS HA CIICAYEOIIRM:

- TEXHOJIOTHYCCKUE BO3ICHCTBHSA W CBOMCTBA OCEBBIX JIC3BHITHBIX HHCTPYMCHTOB PEATH3YIOTCS NPEIM3HOHHO HA MECTHOM
VPOBHE;

- TEXHOJIOTHYECKHE BOZNCHCTBHS M CBOMCTBA OCCBBIX JEC3BUHHBIX HHCTPYMCHTOB BBITONHSIOTCS B 3aBHCHMOCTH OT
0COOCHHOCTEH 3KCIUTYaTaliy UX ()yHKIHOHATIBHBIX JJICMCHTOB;

- TEXHOJOTHYECKHE BO3ACHCTBHI M CBOWCTBA OCCBBIX JIC3BHHHBIX HHCTPYMCHTOB PEAM3YIOTCS IO YPOBHSM INYOHHBI

Ocerrie
JIEIBHINLIE
HTCTPYMENTDI

Creepna
Jenrepsl
Merunxn

Puapeprkn
Konuncebi¢ ppezbr

Puc. 1. BiIel oceBEI JTESBHIHELX
HHCTPYMEHTOE



TEXHOIOTHH,
- TEXHOJIOTHYECCKHUE BO3IACHCTBHA W CBOMCTBA OCEBBIX JIC3BHHHBIX MHCTPYMEHTOB BBIIOJHSIOTCS HA 0a3e TPYIITBI OCOOBIX

TIPUHIMIIOB OPHCHTALINH.

MOXHO OTMETHTh, 4YTO TIPH peam3alnuy  (yHKIMOHATHHO-OPHCHTHPOBAHHOTO — TEXHOJIOTHYCCKOTO — ITpomecca
TEXHONOTHYCCKUE BO3ACHCTBHA M CBOMCTBA OCEBBIX JIC3BHMHBIX HHCTPYMCHTOB JOJDKHBI PEAM30BBIBATECA NPCIU3ZHOHHO HA
MCCTHOM YPOBHC. 3716Ch, OCEBOH JIC3BHHHBIH HHCTPYMCHT ACTHTCA HA ()YHKIHOHAIBHBIC 3JICMCHTHI H TCXHOJIOTHUYCCKHC
BO3JCHCTBHA U CBOUCTBA JOJKHBI BBITOTHATHCA NPEIU3HOHHO HA MECTHOM YPOBHE.

Ilpu 3>TOM TEXHONOTHYCCKHE BO3ACHCTBHA M CBOMCTBA OCEBBIX JIC3BHUITHBIX HHCTPYMECHTOB JO/DKHBI BBITOTHATHCS B
3aBHCHMOCTH OT OCOOCHHOCTEH JKCIDTyaTanuMu HX (YHKIMOHAJBHBIX 3JIEMCHTOB IPH PE3aHHH. 37ECh, TEXHOJIOTHHUCCKHC
BO3JICHCTBHS M CBOMCTBA (JYHKIIMOHATBHBIX 3JIEMCHTOB OCEBBIX JJC3BUHHBIX HHCTPYMEHTOB MOTYT OBITh CICAYIOIMX BU/IOB:

- 3ABUCHMBIC U HE3aBUCHMBIC,

- MOCTOSIHHBIC M TICPCMECHHBIE,

- H3MEHAIOIUECS W HEH3MEHAFOIIMECS,

- MOAY/BHBIC ¥ TPAAUCHTHBIC,

- CIICIHAIbHBIC U HETPATHIOHHBIC.

OYHKIHOHATBHO-OPHEHTHPOBAHHBIN NOAXOA [6, 7] mpeayCMAaTpUBACT ACICHHE OCEBOTO JE3BHMHOIO MHCTPYMEHTA HA
(D)YHKIIMOHATBHBIC 3JICMEHTHI ITO YPOBHAM INIYOHHBI TEXHOJIOTHH (PHC. 2):

- YPOBEHb H3ACTUS (YPOBEHD BCETO OCEBOI0 JIE3BUHHOIO HHCTPYMEHTA),

- YPOBCHB YaCTEH HHCTPYMEHTA,

- YPOBCHB COCTABILAOMINX,

- YPOBCHB 30H.
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S FPue. 2. Uepapieckad cTPYETYPa O YHKIMOHATPHBIX JIEMEHTOE OCEEBIX

TeSBMAHBIX SMeMEHTOE (Ha IpMMepe CIIMPATBHOTO CEEpI )

Ha puc. 2 moka3aHa uepapXaiIeckas CTPyKTypa (PYHKIHOHATBHBIX 3JICMCHTOB OCCBBIX JIC3BHITHBIX HHCTPYMCHTOB. 31ECh,
HAa KQKAOM YPOBHEC JCJCHHS PACIHONATAIOTCS PA3IMYHbIC BHABI (DYHKIHMOHATBHBIX 3JEMEHTOB OCEBBIX IIC3BHHHBIX
HHCTPYMEHTOB.

MO»XHO OTMETHTB, UTO B HEIOM (PYHKIHOHAIbHO-OPHCHTHPOBAHHBIM MOAXO B CO3TAHUN TEXHOJIOTHUCCKUX MPOIIECCOB
JOTOIHUTENBHO MPEAYCMATPHBACT ACICHUEC H3ACIHA CIIE MO CACAYIOIMM YPOBHAM: YPOBEHb HAHO30H, YPOBEHb MHKPO30H H
VpoBeHb HAaHO30H. OMHAKO B JAHHOH padoTe BBHIOIHACTCA ACICHAUE OCEBOTO JIC3BUHHOTO HHCTPYMEHTA 110 YETBHIPEM YPOBHIM
(puc 2).

[Nocne aenenms m3neausa Ha (PYHKITMOHATHHBIC 3JIEMCEHTHI Pa3padarblBACTCS CTPYKTYPA TEXHOJOTHUCCKIX BO3ACHCTBHH
WIA ONEPAalUi TEXHOJOTHUYECCKOTO IPOIECCA. 3/1ECh, TEXHOJIOTHHCCKHME BO3ACHCTBUS OpPYIHMH M CPEACTB OOPabOTKH H
00cCIICUECHUS 3aJaHHBIX CBOHCTB OCCBBIX JEC3BHHHBIX MHCTPYMCHTOB PCANM3VIOTCA Ha 0a3ze IPymmbl OCOOBIX NPHHIHUIIOB
opuerranuu [6]. K rpynme 0coObIX MPUHIIMIIOB OPHCHTAIINH TEXHOIOTHYCCKHUX BO3ICHCTBUH U CBOHCTB M3ICIHH OTHOCSTCS
CACAYOIMCE:

1. OYHKIHOHATBHOTO COOTBETCTBHS OCOOCHHOCTCH ACHCTBHS 3IEMCHTAPHOH (DYHKIMH B KaXKI0M (PYHKIHOHAIHHOM
3IEMEHTE M3ACTHS, XaPAaKTEPUCTHK PEANM3AIUH TCXHOJIOTHUCCKUX BO3ICHCTBHI M MapaMeTPOB 0OCCIICUCHHS HEOOXOAMMBIX
CBOHCTB 3TOM (DYHKIIHOHAJIHLHOM 3JICMCHTE H3ICIUS HA KA’KIOM YPOBHE IIyOHHBI TEXHOJIOTHH.

2. 'TomONOTHYECKOTO COOTBETCTBHSI TCOMETPUYCCKHX MHMAPAMETPOB (DYHKIMOHAIBHOTO 3JIEMEHTA W3ACTHS, B KOTOPOM
JICHCTBYET 3EMCHTapHAs (PYHKOMS TPH SKCIUIYATAl[MH, TCOMETPHYCCKHM IIAPAMETPaM 30HANBHOTO 3JIEMEHTA PEaTH3ALMH
TEXHOJIOTHMECKUX BO3ICHCTBHH MOTOKOB MATCPHH, SHEPTUH M MH()OPMAIIMH HA M3ICTHC W TCOMETPUYCCKUX IIAPAMETPOB 30HHOTO
3JIEMEHTA OOCCTICUCHHST HEOOXOMMBIX CBOICTB HA KKIOM YPOBHE IIIYOHHBI TEXHOIOTHH.

3. KomiecTBEHHOTO COOTBETCTBHS MHOKECTBA ()YHKIMOHAIBHBIX 3ICMEHTOB, B KOTOPBIX JICHCTBYET MHOMKESCTBO PA3IHIHBIX



JNEMEHTAPHBIX (PYHKIMH TPH SKCIUIYATALMH, MHOXKCCTBY PEAM3ALMH TCXHOJOTHUCCKHX BO3ICHCTBUH W MHOXECTBY JJICMCHTOB
00eCIeUeHIUS HEOOXOIMMBIX CBOMCTB B ()YHKIIMOHAJBHBIX JIEMCHTAX H3CIUS HA KA7KA0M YPOBHE IIIYOUHBI TEXHOIOTHH.

4. AnexBaTHOHM 3aBHCHMOCTH IIPOCTPAHCTBCHHBIX OCOOCHHOCTEH ACHCTBHS 3JCMCHTAPHON (PYHKIHH TIPHU HKCIUIYATALHH,
TEXHOJOTHUECKUX BO3ICHCTBHUHI M SKCIIyaTallMOHHBIX CBOMCTB B MPOCTPAHCTBE KAXKIOIO (DYHKIIHOHAIBLHOIO 3JICMEHTA M3CTU Ha
KKI0M YPOBHE [IIYOUHBI TEXHOJIOTHH.

5. AnexkBaTHOW 3aBHCHMOCTH BPEMCHHBIX OCOOCHHOCTCH JCHCTBHS 3JCMCHTAPHOH (YHKIMH IPH 3KCIUIYaTALHH,
BPEMCHHBIX WJIH IPOCTPAHCTBCHHBIX OCOOCHHOCTEH peanm3alud TEXHONOTHYSCKHX BO3ICHCTBHA W BPEMEHHBIX
JKCIUTYaTAI[HOHHBIX CBOMCTB B KOKIOM (DYHKITHOHATEHOM 3JIEMEHTE M3/ICIH HA KAKJIOM YPOBHE TIIYOHHBI TEXHOJIOTHH.

6. CTpyKTYpHOTO COOTBETCTBHS JCHCTBHA MHOMKECTBA JJIEMCHTAPHBIX (YHKIMIT, peatm3anuy MHOXCECTBA
TEXHOJIOTHYCCKUX BO3ICHCTBUI WM BBIIOJHCHHUS MHOXKSCTBA CBOWCTB B (DYHKIIMOHAIBHBIX JJICMCHTAX HM3JCIUS M3 YCIOBHSA
o0cCIeUeHHUS 3aJaHHBIX, TPEOYEMBIX HUIH IPEACIbHBIX CBOMCTB BCETO M3ICUS HA KAKIOM YPOBHE INIYOHHBI TEXHOIOTHH.

7. AICKBATHOTO CTPYKTYPHO-(DYHKIMOHANFHOTO COOTBETCTBHSI CBOWCTB B IIPOCTPAHCTBC W BO BPEMEHH KA’KIAOTO
()yHKIHOHATIBHOIO 3JIEMEHTA 3aJaHHOMY, TPEOYEMOMY MM IPEACIbHOMY IOTCHIHATY OOMMX CBOUCTB BCEIO H3CTHA B LIEIOM
HA KQKTOM YPOBHE IIYOMHBI TEXHOJIOTHH.

8. AIECKBATHOTO CTPYKTYPHO-(DYHKIIMOHAJIBHOTO COOTBETCTBHS CBOMCTB B OKPECTHOCTSIX KAXKIOTO (D)YHKIMOHATIHHOTO
JJICMEHTA B NMPOCTPAHCTBC M BO BPEMCHHU 3aJaHHOMY, TPeOyeMOMy WM NPEACIbHOMY IOTCHIMATY OOIMX CBOMCTB BCETO
H3ICTHS B HEJIOM HA KAXKIOM YPOBHE ITyOHHBI TEXHOIOTHH.

Mo>KHO OTMETHTb, YTO MPOLECC CO3JAHMA PALHOHAIBHOIO TEXHOJIOIHYECKOIO MPOoLEcca JOMOMHUTEILHOM OTACIOHOM
00pabOTKH OCEBBIX JC3BHHHBIX MHCTPYMECHTOB C IIOKPBHITHEM OCHOBBIBACTCS HA BBIOOPE €TI0 CTPYKTYPHI HA MHOKECTBE
(O)YHKIIMOHATLHO-OPHEHTHPOBAHHBIX TEXHOJOTHUCCKUX OTICPALIUH:
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e D' _ nomxoe muokecTso CYLICCTBYIOIMMX (DYHKIHOHATBHO-OPHCHTUPOBAHHBIX IOTIOMHUTEIBHBIX ONCpaluil; < —

mr00ast 3MEMEHTAPHAS (PYHKIIMOHAIBHO-OPUECHTHPOBAHHAS TEXHOIOTHICCKAS ONICPAIIHST, N _ o0Imee KOIMYECTBO BO3MOKHBIX
(P)YHKIIMOHATBHO -0 PHEHTHPOBAHHBIX JOTIOTHUTCIBHBIX OTICIOYHBIX ONEpauii 00padOTKH OCEBOTO JIC3BUHHOTO HHCTPYMEHTA.

306Ch, W3 TMOTHOTO MHOXKSCTBA CYIICCTBYFOIMX (DYHKITHOHATHHO-OPHCHTHPOBAHHBIX JOMOTHHUTCIBHBIX OTICJIOMHBIX
omcparuii, MpeACTABICHHOTO BhIpakeHHEeM (1), HEOOXOOMMO BHIOpaTh TPeOyeMOC MOAMHOKCCTBO OICPALlHH, M3 KOTOPOTO
OyIeT CO3MAH PAIMOHATBHBIA TCXHOJOTHUCCKHH MPOLECC MOMOIHHUTCIBHON OTACIOUHOH 00pabOTKH OCCBBIX JIC3BHITHBIX
HHCTPYMEHTOB. 3TOT IPOLECC MOKET OBITh PEaNTHN30BaH HA OCHOBE MOP(OIOTHUECKOTO CHHTE3Aa TEXHHYCCKHUX PEIICHUH [9,
10].

[Npouecc MOP(HOIOTHUECKOTO CHHTE3A PAIMOHAIBLHOTO TEXHOJIOTHYECKOTO MPOIIECCa TOTIOTHHTEIBHON OTACTIOUHON 00paboTKI
OCEBBIX JIE3BUMHBIX HHCTPYMEHTOB COCTOUT W3 CACAYOLMX ATANOB (puc. 3):

1. TlocTanoBKA 3a0a4H.

2. Bbi6op Mop(otoreckux mpusHaros L Cms TAEM =1, 2, .., M)

3. BeIIBICHHE BO3MOKHBIX BAPHAHTOB KA/KIOTO MPU3HAKA (m=KD

4. CocraBmeHHC MOP(OTOTHICCKOH MATPHIIBL

5. TeHepupOBAHUE MHOKECTBO BO3MOKHBIX BAPHAHTOB TEXHOIOTHYCCKHUX POLECCOB (17]).

6. OnpeneneHne KpHTEPUEB BEIDOPA TEXHOJIOTHYECKOTO ITPOLIECCa.

7. BRIOOp parEoHAIBHON CTPYKTYPBI TCXHOIOTHUICCKOTO MPOIICCCa.

Ha puc. 3 mokazamo: ¥ - BXOOHOHM TOTOK HH(OPMANMH IO TOTHOMY MHOKECTBY CYIECTBYFOIHX (DYHKIHOHAJBGHO-
OPHEHTHPOBAHHBIX [IOTIOTHHUTE/IHBIX OTIEPALMH OTICIOMHON 0OpA0OTKH OCEBBIX JIe3BHITHBIX HHCTPYMEHTOB;, W - BHIXOIHOM MOTOK
uH()OPMAIMHK O CTPYKTYPE PAIHOHAIBHOTO TEXHOJNOTHYCCKOTO IIPOLECCa JOMONHUTEIBHOH OTACIOYHOH 00pabOTKE OCEBOTO
JIE3BHITHOTO MHCTPYMEHTA. 3ECh, PH IIOCTAHOBKE 33a4M CHHTE3d, OCHOBHBIMH ITAPAMETPAMHK CHHTE3Q SIBILICTCS BHIOOP CTPYKTYPbI
PAIMOHATIFHOTO TEXHOIOTHYECKOTO TIPOIIECCA JOTOJMHUTEIBHON OTACNOYHOM OOpabOTKH OCEBBIX JIC3BUIHBIX HHCTPYMCHTOB IO

TapaMeTpaM MPOM3BOIUTEIBHOCTH /1 | KAYECTBA M3TOTOBICHHS MHCTPYMEHTa K M CeOCCTOMMOCTH M3TOTORICHUS MHCTPYMEHTA C
y4eToM ero croiikoctu £
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Puc. 3. OcHOBHEIE >TaIlbl MCTOJUKHU CUHTE3a CTPYKTYPLI palliOHaIbHOIO
TCXHOJIOTHYCCKOIO IMporecca

MOKHO OTMETHTB, HITO BEIOOP MOP(OTIOTHHUICCKIX TIPH3HAKOB O e = L2,...M _

KOJTAYCCTBO CTPOK MOP(OTIOTHHCCKOH MATPHIBL, B JAHHOH Pab0Te OCYIIRCTRICTCS HA OCHOBS
(POPMHUPOBAHKST TPYIIT CXOAHBIX ONCPALMH JOTIONHUTEIBHOH OTACTIOMHOW OOpabOTKH 10

KOKIOH CTPOKS MOIIHOCTBEO K. TlprueM ¢ yBeTMUEHHUEM HOMEPA CTPOKH TIOBBIIAKOTCS

MApAMETPBl  KAMECTEL  JOMONHHUTCIBHBIX OTICTCMHBIX OICPAMH HM3TOTORICHHA OCCBBIX
JIC3BUITHBIX HHCTPYMCHTOB.

3aMCTI/IM, YTO BBEIRICHUC BO3MOYKHBIX BAPHAHTOB KAKIOIO IMPH3HAKA Kﬂ MOXCT

BBITOJTHATHCS CIICAYFOIIAME METOIAMH.
- Ha 0a3¢ (DYHKIMOHATTHHO-OPHCHTHPOBAHHOTO TIOMXIA;
- Ha 043¢ TPATUIMOHHOTO TIOTXD/TA.
Mop(onoriieckas MATPHALIA IMECT CTICIYEOLLYEO CTPYKTYPY:
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TPYIITBI CXOAHBIX OmMCpanuii MOPQPOIOTHUCCKOH MATPHIIEL, M . xommaectso CTPOK MOP(OIOTHICCKOH MATPHIIET, K .
MOIIHOCTh TPYIITBI CXOTHBIX ONCPAIHi AOMOTHHUTCIBPHOH OTACTOYHOW OOpPabOTKH MO KAKIOH CTPOKE MOp(domormyeckoit
MAaTPHIBL

B mop¢onornyeckoll Marpuie TOPH3OHTANBHAS CTPEJIKA IMOKA3BIBACT PACIIONOKECHUE 3ICMCHTAPHBIX ONCpAINid, B
KOTOPBIX MOCICI0BATEILHO YBETHYHBAKOTCA TAPAMETPhI IPOM3BOAUTEILHOCTH /1 1 cebecTouMocTh C H3rOTORTCHHUS OCEBBIX
JC3BHHHBIX HHCTPYMEHTOB, 4 BEPTHKAIBHAS CTPEJIKA MIOKA3BIBACT PACTIONOKEHHE TPYIIIT CXOAHBIX OTCPALUH TOMOIHUTEIBHON
OTACIOYHOM 0OPAbOTKH, B KOTOPBIX TAKkKe MOCICIOBATEILHO TOBBIIAKTCA MapaMeTpsl kauectBa K u cebecTommocTs
H3TOTOBJICHHSA OCCEBBIX JIC3BHHHBIX HHCTPYMCHTOB.

Ha sranme reHepHpOBaHHWS IIOJIHOTO MHOXKEGCTBA BO3MOJKHBIX BAapPHAHTOB CTPYKTYP TEXHOJOTHHMECKOTO IIpoIlecca
BBIIIOTHSCTCS OMPEACICHUE 3TOTO IMOJHOTO MHOMKECTBA. [IOMHOE MHOMKECTBO CTPYKTYPHBIX BAPHAHTOB TEXHOJIOTHYCCKHUX
MPOIICCCOB JOMOMHUTEIBHON OTACIOYHOM OOpPAOOTKM OCEBBIX JIC3BHHHBIX HHCTPYMCHTOB OIPEACIUIETCS IO CICAYIOMEH
dhopmyne:

172 73

rae K - NoJHOEe MHOKECTBO CTPYKTYPHBIX BAPHAHTOB TEXHOIOTHYCECKUX TPOLIECCOB AOMOTHUTEILHOM OTACTIOMHOM 00paboTKH
OCEBBIX JIC3BUHHBIX HHCTPYMECHTOB.

Jlanee, BBITOTHSCTCS OMPECIICHIE KPUTEPHEE BRIOOPA PAMOHATIBHOTO TEXHOJIOTHYECKOTO Ipoliecca. B manHoM ciyuae,
B KaUCCTBE KPHUTCPHEB BHIOOPA CTPYKTYPHI PALMOHAIBHOTO TEXHOJOTHYECKOTO IIPOLECCA JOMOJHHUTCIBHOH OTACIOYHOH
00pabOTKH OCEBBIX JC3BUMHBIX HHCTPYMCHTOB NPHHATHI MpOHM3BOAMTEHbHOCTH I, kauectBo X m cebecTommocTs &
H3TOTOBICHHUA OCEBBIX JIC3BHITHBIX HHCTPYMEHTOB.

[Nocne ompenencHUs KPUTEPHUEB BHIOOPA CTPYKTYPHI PAMOHAIHGHOTO TEXHOJOTHYECKOTO IPOIIECCA BBIMOJHICTCS BHIOOP HA
MOJHOM MHOJKECTBS CTPYKTYPHBIX BAPDHAHTOB TEXHOJIOTMYCCKUX MPOLIECCOB PALMOHANBHBIA TEXHONOTHUYCCKHU IMPOLIECC
JIOTIONTHUTEIILHON OTICIOUHON 00pab0TKH KOHKPETHOTO OCEBOTO JIC3BUMHOTO HHCTPYMEHTA, HAITPHUMED, CIIHPAILHOTO CBEPIIA.

Ha puc. 4 mnpencraBneHa wHepapxuyeckasd cCxXeMa CTPYKTYPHI PAIHOHATIBHOTO TEXHOJIOTHYECKOTO IpoLecca
JOTIONTHATCTGHOW OTACIOMHOH 0OPAOOTKH OCCBBIX JIC3BHHHBIX HHCTPYMCHTOB. JTOT TCXHOJOTHUCCKHH MPOLECC COCTOUT H3
CICAYIOIMX 3TATOB!

- IPE ABAPUTENBHBIC OTACTIOYHBIC OTIEPALIMH OCEBOTO JIE3BUHHOTO HHCTPYMEHTA,

- OIepalMy MOATOTOBKH OCEBOTO JIC3BHHHOTO HHCTPYMEHTA K HAHECCHHIO MOKPBITHS,

- OIEepalud HAHECCHH BAKYYMHOTO HOHHO-ILTA3MEHHOTO MOKPBITHA HA OCEBOM JI¢3BHITHBIN HHCTPYMEHT,

- JOMOTHUTENBHBIE OTACIOYHBIC ONMEPALIMH OCEBOTO JE3BUIHOTO HHCTPYMEHTA,

- OIepanuu KOHTPOJIA KQUYECTBA OCEBOTO JIE3BUIMHOTO HHCTPYMEHTA.

Kaxapi w3 3THX 3TamoOB TEXHONOTHYECKOTO IPOLECCA HMMEET ONPEACICHHOE KOJMHYECTBO 3JICMEHTAPHBIX
TEXHOJOTHYECKUX OTICpaLui.

Hccnenosanme 0COOCHHOCTEH JOTMOTHUTEILHON OTACIOYHOH 0OPAabOTKH OCEBBIX JIC3BUHHBIX HHCTPYMCHTOB, B JAHHOM
CIy4ac, BBIMOMHEHO HA MPUMEPE PEATHM3AIUH TEXHOIOTHYECKOTO MPOLECCa AN CIIUPATBHBIX CBEPIL

M
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Puc. 4. I/IepapxplquKaﬂ cXeMa CTPYKTYPhI palluOHAJILHOI'O TCXHOJIOTMYECKOTO Mponecca JOMOIHUTCIIBHO

JIC3BUMHBIX UHCTPYMCHTOB
B uacTHOCTH, MOXHO OTMCTHTH, YTO HA IICPBOM 3Tal¢, MPOLECC a0pasHBHOW 0OpabOTKH (3aTBUIOBKA) 3aAHCH

TOBEPXHOCTH CBEP BBIIOMHSJICA HA MOIYaBTOMATE 3aTOMHOM AJIA CBEPI, 3€HKEPOB M MeT4uKOB MoAeau 3E653. Ha puc. 5a

— 30HA 3aTBUIOBKH 3a7HCH MOBSPXHOCTH HHCTPYMEHTA,

0

Ha PHC. 5,B — MPHUCIIOCOONCHHUE 11 Oa3HPOBAHHUA WHCTPYMCHTA B MATPOHC;

>

Ha pHC. 5

s

MMOKA3aH OOMMH BH/ MOJTyaBTOMATa C IPHCIIOCOOICHUIM,

MCXAHU3M MOATOYMKH MONMCPCIHOU

I =

Ha pHC. 5

s

KPOMKH.



Puc. 5. O6muii BUJ modyaBTOMATa 3aTOYHOTO JJIS CBEPT, 36HKEPOB M METUHKOB Mojienu 3E653: a — o0immit BUJL mofyaBToMara ¢
MpUCTIOCOONEHUAMH; 6 — 30HA 3aThUTOBKH 3a/iHEH TTOBEPXHOCTH HHCTPYMEHTA, ¢ — MpHcoconenne s OasipoBaHus HHCTPYMEHTA B

TMAaTpoHC, ¢ — MCXaHU3M NOATOYKH HOHCpC‘IHOﬁ KPOMKH

B)

Puc. 6. O6mmit Buj npodunorpada-npodunometpa u mpucrnocobIeHU Ui 3aMepoB MapaMeTPOB IMIEPOXOBATOCTH Ha Pa3TUIHBIX

MOBEPXHOCTIX CBepa:
a — obmuii Buj npodunorpada-npodunoMeTpa ¢ IprcHocoOIeHHEM T 3aMEPOB IapaMeTpoB IMEePOXOBATOCTH 3a/{HEH MOBEPXHOCTH
cBepia; 6 — NpHUcIocoOICHIE AT 3aMEPOB NapaMeTpOB IIEPOXOBATOCTH 3aJHeH OBEPXHOCTH cBepia; ¢ — oOmuit Buj npodurorpada-
npodusoMeTpa ¢ HpucHocoOICHIEM JUTS 3aMePOB TTapaMeTPOB IEPOXOBATOCTH MEpeAHEH OBEPXHOCTH CBEpIA; & — IPUCTIOCOOICHNE IS
3aMepOoB TTapaMeTpPOB IIEPOXOBATOCTH MepeHell TOBEPXHOCTH CBEpia

HpOBGI[eHHI)Ie OKCHCPUMCHTAJIBHBIC HCCIICAOBAHUA, BBIIOJHCHHBIC C HCIOJB30BAHHUCM ITOJIYABTOMATA 3dTOYMHOIO IJIA



CBEpJI, 3€HKEPOB U MeT4YMKOB Moaeau 3E653 (puc. 5), mpouecca 3aTbUIOBKM 3aJHEH MOBEPXHOCTH CHHPATIbHBIX CBEPA AU
OTBEPCTHH PA3IMYHOIO JUAMETPA MOKA3AIU, YTO NPEACAbHBIE MAPAMETPhI HIEPOXOBATOCTH 3aIHECH MOBEPXHOCTH CBEPJIA MOTYT

OBITH JOCTHTHYTHI R, =0,63..0,32 vmm (puc. 6). OTH 3HAYCHHUSA MAPAMCTPOB INCPOXOBATOCTH MOIYUCHBI IS CBEPA U3

OpicTpopekymer cram Mapok P18 mwmm POMS. Tpumensemsni kpyr mumosansasiii Tama 111 (TOCT 2424-83) u3 6enoro
aekTporopyHaa 24 A, seprucroctsio 16-I1, cremenu Teepaoctu C2, co cTpykrypoi No7, Ha kepamuieckoii cesske KS.

JUia ompeAcncHHS MapaMETPOB IICPOXOBATOCTH TNICPEAHCH W 3aJHCH MOBCPXHOCTH CBEPNI OBLIH  HM3TOTOBICHBI
CIICITUATBHBIC TPHCTIOCOOICHHA (PUC. 6), KOTOPBIC MOHTHPYIOTCS B 3QKHMHOM YCTPOMCTBE HAa CTaHWHE mpodumorpada-
mpo(HIIOMETPa W IO3BOJLIIOT BECTH PETYIMPOBKY IMPOCTPAHCTBEHHOTO ITOJIOKCHUS IIOBEPXHOCTEH CBEpIa OTHOCHTEIILHO
TPACKTOPHUH ABMKCHUS HIJTbI (HAKOHECYHUKA) TPHOOPA.

oo o WK, pot
a)
Puc. 7. O6mmuii Buj yeTpoiicTBa A ecKOCTpyHHONU 006pabOTKH 0CEBOTO JIE3BHHHOTO MHCTPYMEHTA: a — OOMUN BHUJT 30HBI 00paboTKH; 6 —
VCTPOHCTBO B mpolecce paboThl

B cooreerctBuM € pPa3pabOTAaHHBIM PANHMOHATIBHBIM TEXHOJIOTHYECKHM IIPOLECCOM JOMOJHHTEIBHOH OTICIOYHOH
00paboTKE OCEBBIX JIC3BHHHBIX HHCTPYMEHTOB IPEAYCMOTPEHA MECKOCTPYHHAs 00pab0OTKa PEKYIMX KPOMOK HHCTPYMEHTA.
Ha puc. 7 mpeacrasiacH oOnmii BUI YCTPOWCTBA I MECKOCTPYHHOH 00pabOTKH OCEBOTO JIC3BHHHOTO HHCTPYMCHTA. 3ACCh, HA
pnc 7.2 mOKa3aH o0mmit BH 30HBI 00pPabOTKH, a HA PHC. 7,0 — YCTPOHCTBO B MPOIECCE PAOOTHI ¢ 3AKPHITHIM OKHOM.

INeckocTpyitHast 06pabOTKa OCEBOTO JIC3BUITHOTO HHCTPYMEHTA 00CCTICYHBACT

pEIICHHUE ABYX 337
1. BBmONMHACTCA TOBSPXHOCTHO-ITACTHYCCKAS AC(OPMALHA POKYIHX KPOMOK
(OCHOBHBIX, BCHOMOTATCABHBIX M TIONCPCUHOM KPOMKH), IEPEIHMX M  3aJHHX
TIOBEPXHOCTEH MHCTPYMEHTA U MX YIIPOUHCHHE. 31ECh, BRITOIHSICTCS TAKKE TPEHUPOBKA
POKYIIHX KPOMOK K JATbHCHITCH pad0Te HHCTPYMCHTA.
2. QObecneymBacTCsl CKPYIICHHE PEKYIMX KPOMOK HHCTPYMEHTa  (UIt
OBICTPOPEKYIICH CTAMH 10 BEXH4uHBI - ¥=10 ... 15 MKM, 111 TBEpPAOTO CIIJIaBa 10
pemumHBL #=15 ... 30 MkM). CkpymieHHE PEXYIMX KPOMOK 3TO HEOOXOAMMAas
omepanusi Ui JATBHCHIIETO HCKIFOYEHHUS IPOLECCOB MHKPOBBIKPANIMBAHI
PEKYINErOo KIWHA M OOpa30BAHHS MHKPOKOHLICHTPATOPOB HANPSDKCHHUM, a TAKIKES
MPECAHA3HAYCHHAS B PAAC CIIYYacB A YAAICHUS 3dyCCHILIEB, OOPA3VIOIMXCS B MPOIECCE 3aTHUIOBKH 3aTHECH MOBSPXHOCTH
HHCTPYMCHTA.

INocne meckocTpyiiHON 00pPabOTKM OCEBOIO JIC3BHITHOTO HHCTPYMEHTA HEOOXOOMMO BOCCTAHOBHUTH W VIIyUIIHTH
MapamMeTpsl MEPOXOBATOCTH IOBSPXHOCTH OCEBOTO JIC3BHWHOTO MHCTPYMEHTA. B maHHO# padoTe 3TOT MPOLECC BHIIONHSIIC
TTOJTMPOBKOH IOBEPXHOCTEH HHCTPYMECHTOB C MMPUMEHEHUEM BOHJIOYHOTO KPyTa M CIICIHATbHON a0pa3uBHOM macTel. [Ipomecc
MOJTMPOBKH pabOvMX IMOBEPXHOCTEH OCEBOTO JIC3BHITHOTO MHCTPYMEHTA (CBEpPI) BBITOIHCH C HCIONB30BAHHECM CTAHKA LA
MOJUPOBKU OCEBOTO JIC3BHMHOTO HMHCTpyMeHTa (puc 8). IlapameTpsl MEpOXOBATOCTH IOIMPOBAHHBIX IOBEPXHOCTEH

coCTaBHH creayromye eamunast 1t = 0> 08 .0, 06 roaa

Ha Bropom 3Tane panMOHAJBHOTO KOMIIJIEKCHOTO TEXHOJOTHYECKOIO mpouecca (puc. 4) AOMOJHHUTEIbHON OTACIOUHOM
00paboTKH OCEBOTO JIE3BHHHOTO WHCTPYMEHTA BBIIOJHSIOTCS OTECPALNHU MOATOTOBKH OCEBOTO JE3BHMHOTO MHCTPYMEHTA K
HAHECCHUIO MOKPBITH. Ha 3TOM 3Tame peanmsyroTcsi CIeayompme onepannuu: 00e3KHPHBAHIE HHCTPYMEHTA C MPUMEHEHUEM
VABTPA3BYKA, TPOMBIBKA HWHCTPYMCHTA, CYIIKA HHCTPYMEHTA. 371€Ch, JOMOJMHHUTCIBHO MOTYT BBIIOIHATHCS OIICPALIUHU
XAMHYECKONH OYHMCTKH WM THAPOAOpa3WBHON OYHCTKH. /I 3TOTO NMPHMEHSIOTCA CHEIHANBHBIC CTaBBI CPEX H PEXKUMBI
00padoTKH.

Ha puc. 9 mpeacraBneHa YCTAHOBKA I KOMILICKCHOH YIIBTPA3BYKOBOH 00PAOOTKH OCCBBIX JIC3BHHHBIX HHCTPYMCHTOB. B
KaueCTBE HMCTOYHHKA KOJICOAHWH INPHMEHCHA YCTAHOBKA YIBTPA3BYKOBBIX KojeOaHuit Y3I' 3-4 M MarHHTOCTPHKIMOHHBIC
mpeodpaszosaremn [IMC  2.5-18, CMOHTHPOBAHHBIC HAa CHCHHANBGHBIX BaHHAX. (OOCIHKUPHBAHHUC BBHITOTHAIOCH ITyTCM
TMOTPYKCHHA HHCTPYMCHTOB B pacTBOp mpu Temmeparype 50-60 °C. Cocras pacteopa: TpuHaTpuh(ochaTr TCXHHUCCKHH —
30-40 1/1;, coma KameIUHUpPOBAHHAA TexHUICCKAA 20-30 /1, moBepxXHOCTHO akTHBHOS BermecTso OI1-7 mmm OI1-10 — 3.5 1/m
JononHuTEenbHO 31eCh MOKeT puMeHsThes OcH3uH «["amoma» (BP-1) TOCT 443-76 ¢ mocnenyromeil IPOMBIBKON B CITUPTE
3THJIOBOM PeKTHU(PHKAIHOHHOM. Bpems obe3xupusanus 3-7 MUH.

Ha Ttperbem 3Tame KOMIUIEKCHOTO TEXHOJIOTHUCCKOTO IIPOLIECCA JOTOMHHUTEIBHOH OTACTIOUHON 0OpabOTKH OCEBBIX
JC3BHHHBIX HHCTPYMCHTOB BBIITOJIHSFOTCS OTIEPALIMH HAHECEHUS BAKYYMHOTO HOHHO-IITA3MEHHOTO TOKPHITHA. Ha 3TOM 3Tame
MIPEAYCMOTPEHO BBIMIOJIHEHHUE CJICIYIOIMX OTICPALIHH:

- a30THPOBAHHE MHCTPYMEHTA B TICIOIIEM paspsac (BbIACpKKA - 30 MuH, arMocdepa - a30THPYIOMAS Pa3psHKCHHAS 10
135 ... 665 Ila, pabouee HanpspkeHue - 350 ... 550 B);

Pre. 8. CTaHOK 1A NOUTHPOBKK OCEBOID
TESBMHHOTO HHCTRYMEHTA



- HOHHAs1 OOMOAPAMPOBKA U MPOTPEB HHCTPYMEHTA 5 ... 10 MuH;

- MeTaM3anus (YHKIMOHATBHBIX 3JICMCHTOB HHCTPYMEHTA 3 ... 5 MUH;

- HAHECEHUE MHOTOCIOMHOIO KOMIIO3HIHOHHOTO HUTPUA-TUTAHOBOTO MOKPRITHA (15-20 cmoeB);
- OXJIAKICHHC HHCTPYMECHTA.

Prc. 9. VeTaHDBKa IILA KOMITIEKCHO B VI TRATEYROB0H 0fpalfoTEH 0CeBEIX IESEHEHELX
HHCTRYMEHTOE

Ha puc. 10 mpencrasmeH oOmmit Bux ycraHoskn HHB 6.6-M1 qmg BakyyMHOTO HOHHO-TLIA3MCHHOTO HAMBLICHHA
TIOKPBLITHH HA OCEBOH JIC3BUHHBIN HHCTPYMEHT. JlaHHAs YCTAHOBKA MO3BOJLICT PEAIN30BATh MOJIHBIM KOMILICKC BCEX ONECpalui
TPETHETO 3TaNa KOMILIEKCHOTO TEXHOIOTHYECKOTO IPOIECCAa OTACIOYHOH OOPAOOTKHM OCEBBIX JIC3BUHHBIX HHCTPYMEHTOB.
YcTaHOBKA HMEET TOBOPOTHBIA CTON C IUIAHETAPHBIM JBIDKCHHEM OCEBBIX JIC3BHITHBIX HMHCTPYMEHTOB. llukimosas
MIPOU3BOIUTEIBHOCTD YCTAHOBKH ONIPEACILIETCS IO CICAYIOMEH (hopMyTe:

P P

I, T4,

.. =k=l ”_ k=l .
I TII fatip

- OUKJIOBAA MPOU3BOAUTCIBHOCTH YCTAHOBKH AJIA BAKYYMHOI'O HOHHO-IUIA3MCHHOIO HANBIICHUA l'IOI(pI)lTI/Iﬁ Ha

Iy

rac

o o 2 o
OCCBOH JIC3BUMHBIM HHCTPYMCHT, ko KOTHYICCTBO pa6oqnx TO3HIHI moACHCTEM k-TO Ki1acca TIOBOPOTHOTO CTOJIA YCTAHOBKH,

o 4
q. BpEMA MOJHOTO KHHCMATHYCCKOIO ITHKIIA O6pa6OTKI/I OCCBBIX JIC3BUUMHBIX HHCTPYMCHTOB, 0. OCHOBHOC BpCMA

. 4
00pabOTKH OCEBbIX JIC3BUHHBIX HHCTPYMCHTOB, ~ £ - BCIIOMOTATEIBHOE BPEMs PAOOTHI YCTAHOBKH, £ . xomruectso k1accos
MOACHCTEM HOBOPOTHOTO YCTPOHCTBA YCTAHOBKH.
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Puc. 11. 3aBUcHMOCTL OTHOCHTEIHLHOM

LICPOXOBATOCTH Rd f Rd MOBEPXHOCTH

WHCTpYMeHTa ¢ oKphITHeM TiN oT uexomHoi
Puc. 10. O6muit Bux yeranopku HHB R
6.6-F1 15151 BAKYYMHOTO HOHHO- IIEPOXOBATOCTH ~ 'd MOBEPXHOCTH (MaTepHat

ILIA3MEHHOTO HANBLICHHS IOKPBITHI Ha ~ OATOKKH -4ch)anL MHCTPYMCHTALHAS ICTHPOBAHHAA
JIE3BUWHBIA HHCTPYMEHT XBAD, nexoHas MAKPOTBEPAOCTS —

(0,3-0,4) 107 MITa

, TOJIIMHA TOKPLITUA

I,=160 A

h=6m,TOKZ[yFI/I A )

B x0[¢ BBIIOHCHHS DKCICPHMCHTATBHBIX HCCICIOBAHHIA MAPAMETPOB HAHCCCHUS HUTPHI-THTAHOBOTO MOKPBITHS HA
s THEY . R, /R
0CEBOH JIe3BHIHBII HHCTPYMEHT (CBEPJIa) YCTAHOBICHA 3aBHCHMOCTD OTHOCHTCIIBHOH IIEPOXOBATOCTH a [Fa MOBCPXHOCTH

) . R
HHCTPYMEHTA ¢ MOKphITHEM TiN OT HCXOAHOM IIEPOXOBATOCTH ~ @ MOBEPXHOCTH (puc. 11). MccnenoBaHua BBIMOTHAINACH C



HCIIOIB30BAHUEM MATEpPHAN MOIOKKH - CTANh HHCTPYMCHTANBHAA JECTHPOBAaHHAA XB4®, uMCXogHAA MHKPOTBEPAOCTH —

—0.4.10? _
(Fh2=04:10" Hllin , TommgHa nokperras ? =6 MM o vy Tg =160 A. Anamusupys rpaduk puc. 11 MOKHO OTMETHTS,

YTO 30HA PAIMOHATBHOH MCPOXOBATOCTH NMCPSAHCH W 3aIHCH MOBCPXHOCTH A0 HAHCCCHHS TMOKPBITHS JIOKHT B MPEACIAX
R, =0,63..0,32 vxm

R

Ha puc. 12 mpeacraBieHa 3aBHCHMOCTh MIEPOXOBATOCTH MOBEPXHOCTH “'al HHCTPYMEHTA C HHTPHA THTAHOBBIM

nokpeirueM TiN OT €ro TommmHBL # MM PasTMYHBIX MAPAMETPOB TOKA AYTH s Ilpn mCcCIegOBAHMAX HCTIONB30BANC

Marepual TMOMIOKKH - CTalb HHCTPYMCHTAJNBHAA JerHpoBaHHAs XB4®d, ero mucxogHas MHKPOTBEPAOCTh —
1l

(0,3-0,4)107 MIla By peex coryyassx TomHHA TOKPHITIA COCTABDLIA 7 = 6 MEM | HCXOHAS MEPONOBATOCTD TOBEPXHOCTH -
Ry =0,080 nmaa T'paduku Ha puc. 12 IOCTPOEHSBI A/ YETHIPEX SHAYCHHH TOKA AyIH: ITg=100 A, Ig=120 A, Ig=140 A,
Iy =160 A. MOHO OTMETHTB, YTO I OCEBOTO JIC3BUHHOTO HHCTPYMEHTA HAWOOJICe PAMOHANBHBIC MAPAMETPBI TOIIHBI
HHTPH/-THTAHOBOTO IOKPHITHS HAXOTMTCA B mpeetax = 2 -0 MEM
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Puc. 12. 3aBucumMocThb 1mepoxoBaToCcTH Puc. 13. 3aBucumMocTh MUKPOTBEPJOCTH

HUTPpHUJ THTaHOBOTO TiN ITOKPBITHS OT €ro
TONIMUHBI (MaTepHall MOATOKKH - cTallb
WHCTpyMeHTalbHas ierupoBanHas XB4d,

MOBEPXHOCTH R UHCTPYMEHTA C HUTPHUJ
THTAHOBBIM ITOKpPBITHEM TIN OT €ro TONMIIUHBI

P s pasnmmuneix mapamerpos Toka fyri -4 UCXOJHAS MUKPOTBEPIOCTb —
- _ 1n?
(MaTepual MOIOKKH - CTalb (0,3-0,4)10" MIIa  Hexonas
WHCTpyMeHTalbHas JerupoBanHas XB4D, R 0.080
_ =l MEM
HCXO/IHAs MUKPOTBEPIOCTh HIEpOXOBATOCT - al )

(0,3-0,4)-10" MIIa

, TOJIMKWHA TTOKPLITUS

h =86 MEM | yexonHast mepoxoBaTOCTh-

R, =0,020 MM

3aBHCHMOCTh MUKPOTBEPAOCTH HUTPUA THUTAHOBOTO TiN MOKPBITHS OT €r0 TOJNIIMHBI IpHUBEICHA Ha puc. 13. 3mecs,
1n?
Marepuaa MOJIOKKH - CTAllb HHCTPYMEHTANIbHAA JerHpoBaHHAA XB4®, ucxoqHas MHKPOTBEPAOCTD — (0,3-0,4)107 MIIa ,

HCXOAHAS MIEPOXOBATOCTH Ry =0,080 roaa [Ipn wmccrenoBaHUSAX HMCIONL30BANACH IOMIOKKA, BBITOTHCHHAS M3 HE
3aKancHHOW cramu XB4®. 310 ObUIO BHIIOTHEHO IS MCKIFOUCHHS BIISIHUS TBEPIOCTH ITOJUIOKKH TPH HCCICIOBAHUHI
MHKPOTBEPAOCTH HHUTPHA-THTAHOBOTO IOKPHITHA. JTOT IrpaMK TAKKE AAET BO3MOMKHOCTb TEXHOIOTY OMPEACIATH 3a/ITAaHHBIC
napaMeTpbl MHUKPOTBEPAOCTH MOBCPXHOCTHOIO CJIOA HHCTPYMCHTA B 3aBUCHUMOCTH OT TOJIIMHBI IOKPBITHA, a4 TAKKE
OTBICKHBATH €TO PATHOHATIBHBIC 30HBIL

Ja m3ydeHns 0COOCHHOCTCH M3MCHCHHA paguyca R 3aKkpyIICHHS PeKyIEro KIHHA HHCTPYMCHTA TIPH HAHCCCHHUH HUTPHI-
THUTAHOBOTO TIOKPBITHS TOMIIMHOM h B 3aBUCHMOCTH OT HAYAIBHOTO €10 PAIMYyCa I' BBITOJIHCHBI TAKHE HCCIICIOBAHMS HA 00pa3max

a
=60
CBHACTEILIX C YIIIOM PEKYIIETO KIIMHA 8 . JIaHHBIC WCCICAOBAHMS BBITIOJHCHBI MO OTICYATKAM HA TUTACTHIIMHE C
HCHOJB30BAaHUEM MHKpockona. Ha puc. 14 mpeacrasneHa 3aBUCHMOCTD paauyca R 3akpymieHus pesKyILero KIHHA HHCTPYMEHTA
=600 . .
(oOpasuoB-cBUAETENCH IPH A =60 ) C HUTPHJ-THTAHOBBIM MOKPBITHEM TOMIMHOM h OT HAYAIPHOTO €10 paiyca T Il MOKPHITHH

CIICYFOTIMX TOJIIAH: h=2 MEKM, h=5 MEKM, h=10 MEKM.
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Puc. 14. 3aBucumocTts paguyca R Puc. 15. 3aBucumocts paguyca R 3akpyrienus

3aKpYIICHUS PEXKyYINero KInHa pexyIero KIMHa HHCTpyMeHTa (06pasoB-
HHCTpyMeHTa (00pasijoB-cBUleTeNeH py . 8= 40e
o cBUJleTeNeH MpH ) ¢ HUTPH]-
A =60 ) ¢ HUTPHJ-THTAHOBLIM THTaHOBLIM IOKPBITHEM OT TONIIUHEI /1
MOKPBITHEM TOMIIUHONA /1 OT HAYaJBHOTO €T0  ITOKPHITUS U HAYaJIbLHOTO pPajilyca » PEKyIIero
paauyca r KJIMHA

Ha puc. 15 npeacrapicHa 3aBHCHMOCTD Paguyca R 3aKPYIICHUS PEKYINCTO KIIHHA HHCTPYMEHTA (00Pa3I0B-CBHACTCIICH

npu A= 600) C HUTPHI-THTAHOBBIM TMOKPBITHCM OT TOJIIWHBI /I TIOKPBITHA H HAYAJIBHOTO PAINyca » PEXKYINCTO KIHHA. OTH
rpaguKu IMOCTPOCHBI HA OCHOBAHWHU JAHHBIX NPEACTABICHHBIX HA PUC. 14 W BBOIONHEHBI Il 0OPa3LOB-CBUICTEICH C
MOKpBITHEM C mapamerpamu: R=5 MkM, R=10 mxMm, R=15 mxMm, R=20 MxM. 3tH rpadukm HCOOXOTUMBI TEXHOJIOTY LI
OTIpeIcICHHUSI OCOOCHHOCTEH 3aTOYKH HHCTPYMEHTA 10 HAHECCHUS MOKPBITHSL

Ha uerBeproMm 3Tame KOMIIJICKCHOTO TEXHOJIOTHYECKOTO IMPOIECCA AOTONHHUTECIBHON OTACIOYHOH OOpabOTKH OCEBBIX
JIC3BUIHBIX HHCTPYMECHTOB MOTYT BBINOJIHATHCS CIACAYIOMME OMECPALIIH:

- IOBOAKA TICPCAHCH MOBCPXHOCTH HHCTPYMEHTA T OOCCTICUCHHS OCTPOTHI KPOMKH,

- DUIHIECBaHUE (DYHKITHOHAIBHBIX 3JICMCHTOB HHCTPYMCHTA (TIEPEAHS M 3aTHS IIOBEPXHOCTD HHCTPYMCHTA),

- MOTHHTOHMMITYJILCHAS1 00pab0TKA OCEBOTO JIC3BUHHOTO HHCTPYMCHTA.

OTH JONMOTHHUTEIBHBIC ONIEPANHNH HEOOXOMMBI U1 OKOHYATCIFHOTO 00CCIICUCHIS 3JAHHOH COBOKYITHOCTH HMAPaMETPOB
OCEBBIX JIC3BHHHBIX HHCTPYMCHTOB. A HMCHHO JTOBOJKA TEPEIHCH MOBEPXHOCTH HHCTPYMEHTA HEOOX0AMMA J1s1 OOCCIICUCHU S
HCOOXOMMMOH OCTPOTHI PEKyIMX KpOMOK. [TgHIEBAaHHE ()YHKIHOHAIBHBIX 3JICMCHTOB MHCTPYMCHTOB BBIIOJHSCTCS
CHENHMATIbHBIMU KPYTAMHU W3 OPraHUYECKUX BOJIOKOH C MPUMEHEHHEM MHPOILTH()IOPOMKOB. MOTHUTOMMITYJIbCHAS 00padoTKa
00CCIICUNBACT CHIDKCHHE BIHMSHUS BO3HHKAIOMMX BHYTPCHHHX KOHIICHTPATOPOB HAMPSDKCHHSA M3-32 OCOOCHHOCTEH
TEPMUYECKUX BO3ACHCTBUN HA HHCTPYMCHT.

Ha marom 3rame pannoHATbHOTO KOMIIEKCHOTO TEXHOJOTHYECKOTO MPOIECCa JOMOIHUTEIBHON OTACIOUHOH 00pabOTKH
OCEBBIX JIC3BUHHBIX HHCTPYMECHTOB BBINOJIHAKOTCS CIACAYIONHE OMCPALIIH:

- AHAJIM3 BHEIIHETO BUA M TIAPAMETPOB TOMHOCTH OCEBBIX JIe3BHITHBIX HHCTPYMCHTOB,

- OIIpeACICHAIE TIAPAMETPOB MIEPOXOBATOCTH MOBEPXHOCTH (DYHKITHOHAIBHBIX JICMEHTOB HHCTPYMCHTOB;

- OIIPECICHHE TIAPAMETPOB MUKPOTBEPAOCTH MMOBEPXHOCTHOTO CII0S ()YHKIIHOHATBHBIX 3JIEMCHTOB HHCTPYMCHTOB;

- OIpeAcIcHUE CTOMKOCTH HHCTPYMEHTOB.

Puc. 16. OceBble ne3BuitHbIe HHCTPYMEHTHI ¢ MHOTOCIOWHBIM KOMITO3UIIHOHHBIM HUTPHJ| THTAHOBBIM NOKpEITHEM TIN — KoHIIeBbIe (pe3b
IpOU3BOACTBA PyMbIHus

MOXHO OTMETHTH, UTO B HACTOSIIEE BPEMs ITPOBEACHBI UCCICIOBAHMS MO PCATH3ALMH PAIHOHAIFHOTO KOMILICKCHOTO
TEXHOJIOTHICCKOTO MPOLECCa AOTMOJHHTEIBHON OTACIOYHONH OOpabOTKH OCEBBIX JIE3BHIHBIX HHCTPYMCHTOB. BhIIONTHEHA
peamm3anys IMOJTHOTO MHOMKECTBA OIEPAlMH Uil CIHPAIbHBIX CBESPI, M3TOTOBICHHBIX HA YKpamHe, W KOHIEBBIX (pes,
H3TOTOBICHHBIX B Pympmmm (puc. 16). Ilostomy cremyrormmii 3tam 3TOH padOTHI OyAET CBA3aH C HMCIBITAHUEM 3THX
HHCTPYMCHTOB U CPABHUTCIIBHOMY OIPCACICHHUIO HX CTOMKOCTH B PCATBHBIX MPOU3BOACTBCHHBIX YCTIOBHAX.

B 3akmoueHHE MOKHO OTMETHThH, YTO B JAHHOH Pa0OTE NMPEICTABICHBI KOMIUICKCHBIC HCCICIOBAHMSA MO CO3JAHHIO
CHENMATIBHBIX TEXHOJIOTHYCCKUX MPOIECCCOB JOTIOTHUTEIBHON OTACIOYHON 0OPabOTKH OCEBBIX JC3BUHHBIX HHCTPYMECHTOB C
BAKYYMHBIMH HOHHO-IIJIA3MCHHBIMH IOKPBITHAMHA. Z[JI}I CO3OaHH ITHX TCXHOJOTHYCCKHUX IMPOUCCCOB B pa60Te BBIIIOJTHCHO
o8 (145 {11 TeK

1. Pa3pabotan oOmmi mOAX0D W MCTOAWKA CHHTE3a PAIHOHATBHOH CTPYKTYPHI TECXHOIOTHYCCKOTO TPOILCCCa
JOTIOTHUTCTGHOW ~ OTACIOYHOW 00padOTKM (PYHKIHOHATHHBIX JJICMCHTOB OCCBBIX JIC3BHHHBIX HHCTPYMCHTOB. OHH
OCHOBBIBAIOTCS HA MOp(omormyeckoM H ()YHKIHOHAJIHHO-OPHCHTHPOBAHHOM CHHTE3C PAMHOHANBHBIX TEXHOJIOTHUCCKUX
MPOLECCOB.

2. BemonHCH aHATH3 OCOOCHHOCTCH pPa3pab0TAHHOTO PANHOHAIBHOTO TCXHOMOTHUCCKOTO MPOLCECCA. YCTAHOBICHBI
3aBUCHMOCTH U CBSI3b IAPAMETPOB TEXHOIOTHICCKOTO MPOIIECCA O BBITOIHIACMbIM OTICPALIHM.

3. Hccnenopanbl 0cOOCHHOCTH (POPMHPOBAHMS IIEPOXOBATOCTH PAOOUMX MOBSPXHOCTEH HHCTPYMEHTA IO OICPALHSIM
TEXHOJIOTHYCCKOTO IMPOLECCA M YCTAHOBJICHA 3aBHCHMOCTb (DOPMHPOBAHMS T€OMETPHH PEKYIIECIO KIMHA IO OICPALHAM
TEXHOJIOTHYECKOTO IPOLIECCa.

4. B pabore mpuBeacHA KOHKPETHAS PEaHM3alusl PAalHOHAIBHOTO TEXHOJIOTHUYECCKOIO IPOIECCA JIOMOJHHUTEIBHOH
OTAETIOYHOH 00PaOOTKHU OCEBBIX JIC3BUHHBIX HHCTPYMEHTOB HA KOHKPETHBIX IIPUMEPAX.
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I''B. HoBukoB, kaHA. TCXH. HAyK, B.A. Aranmaxaii,
0O.C. Knenos, XapbkoB, YkpanHa

AHAJINTHYECKASA OINEHKA SHEPTOEMKOCTH OBPABOTKH
PH NNTH®OBAHUHN

Hpou%’eaeya AHATUMUY ECKAA OYEHKA DHEPIUU PE3AHUI U MPEHUA 6 Oﬁm@M SHEpeeMUY eCKOM banance mﬂu¢08al—!u}l, cqbopmyﬂupoeaybz OCHO6HbLE
HAanpasierHus CHUNCEHUS IHEPSOEMKOCHIU oﬁpaﬁomKu npu m/luqboeal-tuu

OCHOBHBIM HEJOCTATKOM Mporecca numm(hOBAHKS SBISCTCS €T0 BHICOKAS IJHEPTOEMKOCTb, UTO IPUBOJUT K 3HAYUTECIHHBIM
TMOTPCIMHOCTAM O00pabOTKH W BOSHHKHOBCHHIO TCMIICPATYPHBIX ACPECKTOB HaA 00padarbiBacMBIX MTOBCPXHOCTAX [1.2].
CyIIECTBYIOT Pa3IMYHBIC TEXHOJOTHYCCKHE IPHEMBI CHIDKCHHS IHEPTOCMKOCTH 00pabOTKH Ipw IUHM()OBAHWH, CBSI3AHHBIC
IJABHBIM 00Pa30M C YMEHBIIICHHEM HHTCHCHBHOCTH TPEHHS CBSI3KH KPyra ¢ 00padaThIBacMbIM MaTEPHAIOM. 3TO TPUMEHCHUE
HMIIPETHUPOBAHHBIX (TEPMOOOPAOOTAHHBIX), BBICOKOMOPHUCTBIX W IPEPHIBUCTHIX AOpPA3HBHBIX KPYTOB, HCIIOJIb30BAHUC
3((CKTHBHBIX MCTOIOB MPABKH KPyTa, TCXHOJIOTHICCKHX cpea U T.a. [3]. BMecte ¢ TeM, B HACTOSIEE BpEeMS HCIOCTATOYHO
H3y4CHBI YCIOBHA ()OPMHPOBAHUSA SHEPTCTHYCCKHUX TMAapaMeTpoB mumr(poBaHuA. OTCYTCTBYIOT TEOPSTHUYECCKHE OCHOBBI
PA3ICIBHOTO YUCTA AONH PC3aHHA M TOMH TPCHHA B OOIMCM SHEPICTHUCCKOM Oamance Imm(OBaHHA. A 3TO HE MO3BOJACT
Hay4HO OOOCHOBAHHO IOJOWTH K BBHIPAOOTKE YCIOBHH CHIPKCHHS JHEPTOEMKOCTH 00paboTku. Ilo3ToMy menbto paboThl
SIBIICTCS Pa3padOTKa MAaTEMATHYESCKOW MOJCIH OMPECICHHS IHEPTOCMKOCTH 00pabOTKH C YUYETOM IIPOICCCOB PE3aHUs U
TPEHHS IIPH IUTH()OBAHUH.

Kak nokazano B paborax [4,5], sHEproeMKocTs 00pabOTKH 10 (DH3HIECCKON CYTH M Pa3MEPHOCTH COOTBCTCTBYET YCIOBHOMY
HAMPSKCHUIO PE3aHus O , PAaBHOMY OTHOIICHHIO TAHICHIMAIBHOH COCTABMLIFOICH CHIIBI PE3aHMS K CYMMApPHOW MTHOBEHHOH
IUTONAIM TOTIEPEYHOTO CEUCHMS CPE3a BCEMH OJHOBPEMCHHO PAbOTAIOMMME 3epHAMH Kpyra (TIpH IIC3BHMHOH 00paboTKE —
IUTONAIM TIOTIEPEYHOTO CeueHUs cpe3a). IlostoMy B padore mMOCTAaBICHA 337344 AHAIHUTHYCCKOTO OTPEACICHHS YCIOBHOTO
HAMPSKCHUS pe3aHnsa © npu mumdoaHum. /Ul 3TOT0 NMEPBOHAYAILHO PACCMOTPHM CXeMy MUTM(OBAHUS MPSIMOIMHCHHOTO

v

00pasma, IBIKYIETOCA M0 HOPMATH K pabouci MOBCPXHOCTH KPyra C MOCTOSAHHOW CKOPOCTBIO ' pa, puC. 1,a. BosHukarommie

TAHTCHIUAJIBHYHO P; 1 paauaIbHYHO P}' COCTABJLIFOIIUE CHUJIBI PE3aHUA MPEACTABUM B BUAC
= = P
R=R_+R_. H=h.+5, 1)
“'E;:J-S'Q}'M:J'V_
"
Pxpﬁ = Jpss qu,w = Jpei ' I
xp

" A @)
F F Fr F

rac “%ee, “Fm — COCTABIUIOIME CHJbBI PE3aHUWS, OOYCIOBICHHBIC IPOLECCOM pE3aHMs 3epHAMH Kpyra, H, ““m = K= —
COCTAaBJIIOIIME CHJIBI Pe3aHus, OOYCIIOBICHHBIC IMPOILIECCOM TPEHHUS CBA3KH Kpyra ¢ oOpabdarbmacMbIM MarepuaioMm, H;, & —

= 7
VCIIOBHOC HAMPSDKCHUE PE3aHHA (IHCPTOCMKOCTH HUTH()OBAHHA), H/MZ; Sq- Q”v— MTHOBEHHAs CYMMApHAasd IUIOLAdb
TIOTIEPEYHOTO CEUCHHSI CPe3a BCEMH OJHOBPEMEHHO PabOTAIONIMMH 3¢PHAMH KPYTa, M2, Q_ TIPOM3BOJUTEIHHOCTD 00PadOTKH,
M/c; Ve — CKOPOCTB Kpyra, M/C; © pa — YCITOBHOE HAIPAKEHHE PE3AHHA (YUHTHIBACT IPOIECC PE3AHHS 3CPHAME KPyTa, HO HE
VUHTHIBACT TPSHUE CB3KH Kpyra ¢ 00padaThIBAEMBIM MATEPHAIIOM), H/MZ; J — Ko3()(MIMEHT TPEHMS CBA3KH Kpyra C

. Vo = {V vV }~r

00padaTrIBACMBIM MATCPHANIOM; € — MPHBCACHHAA JKCCTKOCTH TCXHOJNOTHYCCKOH cuctemsl, H/m;, * ™ S -
BCJIMYMHA YIPYTOTO MEPEMEIICHHS, BO3HUKAIOMIETO B TEXHOJIOTHIECCKOH CHCTEME BCJICACTBHE HETOIHOTO CheMa MOABOIHMMOTO

V .
B 30HY pe3aHus o0padaThIBACMOTO MaTepuana, M, P& — JTHHEHHAs CKOPOCTh CheMa 00padaTsiBacMOro mMarepuaia, M/c; © —

=P /P .
BpeMsa 00paboTkH, C; K-,, *m ' *Jm: Ypa— pemmumHA YIPYIOTO mEpEMCIGHHS, BO3HMKAIOEIO B TEXHOJOTHYCCKOH
CHCTCME BCJICICTBHC BHCAPCHHS PEIKYIIMX 36PCH KPyra B 00padaThBACMBIN MATCPHAT, M.

- iy
TlepBas 3aBUCUMOCTS (1) C YIETOM COOTHOILCHHUS g= VP'% “ mpumer Bua
Vv c-f-t-V
O = Cpqt V"'—1< fS ¥
- . 3)

rae < — IOMAIb HONEPEHHOIO CeYCHH 06pabaThBAEMOro 00pasLa, M2,



W3 3aBUCHMOCTH (3) CHEAyeT, YTO OPH YCIOBUM Vea=" P20 , T.€. KOLIa MPOMCNOAMT MOJHBIA CheM MOJBOAUMOIO B 30HY

pe3aHusa 00padaTEIBACMOTO MATEPHATIa, BTOPOS CIIATACMOE PABHO HYIFO H YCIOBHOC HANPIKCHUE PE3AHHA & (IHCPIOCMKOCTD
o (oBaHus) OOYCIOBICHO JIHMIb MPOLCCCOM PE3aHHA, TPCHHC CBA3KH Kpyra ¢ 00pabaThIBACMBIM MATCPHATIOM OTCYTCTBYCT.
Ecmu >ke¢ num(oBaIbHEIN KPYT HE 0OCCIICYHBACT MOTHBIN CHEM MOIBOAUMOTO B 30HY PE3aHH 00padaThBACMOTO MATCPHANA, TO
Vea>' P30 y g xorraxr ¢ 00pabaThBACMBIM MATEPHATIOM BCTYNAET CBA3KA. B pesyIsTare BIOpOE CIAracMoe 3aBUCUMOCTH (3)
OPHHAMACT 3HAYCHHE, OTIMYHOC OT HYIA, M YCIOBHOC HANPHKCHHE PE3aHHMA & ONMPeOelacTCd CYMMOH JBYX CIAracMBIX.

ITpuueM, ¢ TeUCHHEM BPEMEHH 0OpabOTKH T BIOPOE CIATAEMOE YBEIHUMBACTCA (JaKe TIPH MOCTOSHHOM cropoct  £2°0 ), uto
BEJIeT K YBETHUEHHEO YCTIOBHOTO HATIPS/KEHIS PE3AHHA O M HEOONOIUMOCTH MPEKPAIIEHHAS TIPONICCCA IITH(OBAHILS.,

Puc. 1. Pacuernas cxema nmapameTpos nuindoanus: 1 — kpyr;, 2 — aetaib

Jake mpH HEGOMBINOM OTIMYHH BEIHIHH Vea w = P20 BTOPOE CIATAEMOE 3ABHCHMOCTH (3) C TCUCHHEM BPEMCHH
00paGoTkU T OyIeT NPMHMMATL OTHOCHUTEIBHO OOJNBIIME 3HAYCHMS, OCYIICCTBICHHE IPOLECca NUTU(OBAHHS IIPH KOTOPbIX

HEBO3MOKHO. Hampumep, mpu ¥ pm / VP“U =2: ¢ =10 k['c/mm; T =60 c; S =0,5; Ve =30 m/c; §=20 mm? BTOpoe craraemMoe
3aBUCUMOCTHU (3) paBHO 15:10% xTc/mm?. Kak BUJHO, JAHHAA BEJIMYMHA MHOTOKPATHO (B THICSMH Pa3) MPEBBILACT MPEACT
MPOYHOCTH HA CXaTHE o00pabaThIBACMOTO MATEPHANA H COOTBSTCTBCHHO IIEPBOC cClaracMoe 3aBHCHMOCTH (3), 4TO
CBHACTEIBCTBYCT O HCBO3MOMKHOCTH BCACHHS TpOLecca IUMM(OBAHHA B TAKHX YCIOBHAX. M3 3TOrO BBITEKAEeT, UTO IPH
7
1 (OBAHAN HEOOXOMMO OOECTIEYMTh PABSHCTBO CKOPOCTEH Vea u P20 33 cuer NPUMEHEHUSA KPYTOB C MOBBILCHHOH
POKYIICH CIIOCOOHOCTHIO, (DAKTHYCCKHM HCKJIFOYAROIMX KOHTAKT CBA3KH C 00padarblBacMBIM MatepuajaoM. JIsa 3TOTO Kpyr
JOIDKCH 00CCIICUHBATH YBSIMUYCHHOE BRICTYIAHHC PEXKYIIMX 3CPCH HAJA YPOBHEM CBS3KH U CBOOOTHOC PA3MCIICHHE MPOAYKTOB
00paboTKH B €10 MCEK3CPCHHOM MPOCTPAHCTBE mpu mumu(oaHmm. BakHO Tamke B mpouecce NUTH(OBAHHA MOAACPKHBATH

BBICOKYIO PEKYIIYEO CTIOCOOHOCTD KPYTa, HE JAOMYCKAs YMCHBIICHUA 27U B CBA3M C M3HOCOM M 3aTYIJICHHEM PEKYIIHX 3CPCH.
-
Vea/ PE0)
B mpoTuBHOM Cnyuyae OTHOIICHHC &/ C TCUCHHEM BpPEMEHH 0OpabOTKH OyIeT YBEIMUHMBATHCA W IIPHBOAWTH K POCTY
VCJIOBHOTO HATIPSDKCHHS PE3AHASA & .
C (u3muecKoil TOUKH 3PCHHA CYMICCTBCHHOC VBCIHUCHHC BTOPOTO CIIATACMOTO 3aBHCHMOCTH (3) ¢ YBCIHUCHHCM

o = (Voen = Vpeg ) ©
BPCMCHH 00padOTKH T OOYCIIOBICHO POCTOM BCITHYHHBI YIPYTOTO HMCPCMCIICHHS o { pe P . [pu ycnoBun o =
P naumas BeOMYMHA PaBHA HYMHO. B 3TOM Clyyae, KaK MOKA3AHO BBIIC, YCIOBHOC HAMPSKCHHE PE3aHMsA & OyleT
3aBHCETH OT CHJIOBOM HANPSDKCHHOCTH MPOLECCA PE3aHHA 3¢PHAMH KPyra H HE 3aBHCETh OT HHTCHCHBHOCTH TPSHHS CBA3KH
Kpyra ¢ 00padarsIBacMbIM MATEPHAIIOM.

v
ITpu ycnoeuu Vm >" PP yCIOBHOC HANPSDKCHHC PE3aHUA © OyIeT OMPEICIITHCS TIABHBIM 00Pa30M BTOPHIM CIaTaCMBbIM

3aBUCUMOCTH (3). YMCHBIIUTD €10 MOKHO YMEHBIICHUEM MAPAMETPOB € , ¥ , T, Vv u yBemmderueM < . CIIeIOBATENBHO, C

v

v V
TOUKH 3PCHHS YMCHBIICHHA & 1Ie7eco00pa3Ho ' # yMeHbmarb. OTHAKO, 3TO CIIPABEIJIMBO IPH YCIOBHH ' pa> P& [lpn

v
YCIOBHH VP" =" P& y3-33 OTCYTCTBUS BTOPOIO CJIAaraéMoro 3aBUCHMOCTH (3) CKOPOCTb Kpyra Vv He OyAeT BIHATh HA &

HeoOX0qMMO OTMETHTb, YTO B MPOLECCE MUTH(OBAHHMSA BCCIAA OYIET HMETh MCCTO YIPYIOE MEPCMCIICHHC * pe
00YCIIOBJICHHOC BAABIHMBAHHCM PCKYIIMX 3¢PCH B 0OpadarsiacMblii Marepranr. OTHAKO JAHHAS BETHYMHA CBA3AHA C TICPBBIM
ClAaracMbIM 3aBHCHMOCTH (3) W HE OKAa3bIBACT BIMAHHSA HA BTOPOS ClaracMoe, T.K. B OOEM CIy4ac OIMCBHIBACTCS
3aBHCHMOCTBIO

y :Plzi-_
= C'f{‘,_ C'K.*_ V, 4)

a K

Kak BHIHO, BCTHYMHA +pe ONpPENCIACTCA DIABHBIM OOPA30M OTHOIIGHHEM '~ #2 ' ““™u H IPOH3BOTHTEIBHOCTHIO

00padoTkH £ Yewm Gombme 1H IapaMeTpel, TeM Goibie + e . TakuM 06PA30M MOKA3AHO, YTO TPH BHIIOTHEHHH YCIIOBHS



Vea=" Pes0 (DaKTHYECKH HMCKIIOYACTCS TPECHHE CBA3KH KPyra ¢ 0OpabaTBIBACMBIM MATCPHAIOM, COCTABILIONIME CHIIBI
R P

pE3aHMsA fw, ~Fw DPABHBI HYIIO, 4 YCIOBHOE HATPSDKCHHE PE3aHUA O OOYCIOBICHO IHINb TPOLECCOM PE3AHHSA 3EPHAMH

KpYyra, YTO PE3KO CHUYKACT 3HEPrOeMKOCTh IITH(OBAHUA.

Tpa MIHOHHO CUMTACTCS, UTO YBEIMUCHUC COCTABMFOIIX CHIIBI PC3AHUS A , 5w VCIOBHOTO HANPSDKCHUS PE3AaHHS T IIPH

nrm()OBAHMM BBI3BAHO B OCHOBHOM 3aTYIUICHHEM 3¢pPEH Kpyra. B IeHCTBUTEIBHOCTH, KAK TOKA3aHO BBIIE, 3TO CBI3AHO C
V _ Vp e 30

HEBBIMOJTHEHUEM YCJIOBHS — P8 = JIAKS TIPH PaboTe OCTPBIM KPYTOM, B PE3VIBTATS HUCTO BTOPOC CIATacMOC 3aBHCHMOCTH (3) €

TEUCHHUEM BPEMCHH 00pPabOTKH T HETIPEPHIBHO YBEIMUMBACTCS, BBI3BIBAS POCT & W COOTBETCTBCHHO COCTABILIFOIIMIX CHIIBI PE3aHMS

E5.

W3 3aBucuMocTH (4) BBITEKAET, YTO YMCHBIIMTL & M COCTAB/LIIOIME CHUJIbI PE3aHUS A R Py MOYKHO 34 CYET YMCHBIICHHSA

ko3 dunmenTa TpeHu S ek Kpyra ¢ oOpalarpBacMbM MarepuaioM. OTHAKO 3THM MOXHO IIHIIb YMCHBIIHTH BTOPOC

7
ClaraeMoe 3aBUCHMOCTH (3), TOLIA KAK BBIIOIHECHHEM YCIOBHSA Vea=" PN _ cro ncxmoums,
OnpeaemnM YCIOBHOS HANPSDKCHHE Pe3aHUsA © TpH IUIOCKOM mmm(osaHuu, puc. 1,6, Jma 3T0T0 BOCIOIB3yeMCS
3aBUCUMOCTSIMH (2) C YYETOM COOTHOLICHUH

=B Vouly. J’o=(f‘f¢)‘”, 5)

e 5 — mmpuna nmmdosanus, M; o CKOpOCTh aetamd, M/C; ! u fs — HommHaTbHAT T (akrHueckas TIyOHHbI
o (OBAHMS, M; ¥ — KOJTMYECCTBO MPOXOIOB KPyTa.

Tloncrasmsas cootHomeHuE (5) B (3), nMeeM
c-f-nV¥
O =0+ : ®

pa PO o
A BV, ©

Kax BuAHO, MO CTPYKTYPE 3aBHCHMOCTBH (6) HACHTHYHA 3aBUCUMOCTH (3) C TEM OTJIMYHMEM, YTO BO BTOPOM CJIAaracMoM

COTEPIKATC HOBbIC mapaMeTpsr M u !/ fs . Uem omm 6outpine, TEM OONBIIE YCIOBHOE HANPDKECHUE pe3anus & . [loatomy Bee
BBIBOZIBI, CACIAHHBIC INPH AHAIHM3C 3aBUCHUMOCTH (3) NMPUMEHHUTEIBHO K cxeMe MUM(OBAHHS MPAMOIMHEHHOTO 00pasia,

JBIDKYIIETOCS IO HOPManW K PaboueH MOBEPXHOCTH KPyra C IOCTOSIHHOHM CKOPOCTBHIO Vrﬂ, OCTAKOTCA CHPABCITHBBIMH H

MPUMEHUTEIBHO K CXEME IUTOCKOTO Ium(oBaHWA. VICKIFOUMTH BrOPOE CIAracMoe B 3aBHCHMOCTH (6) W TakuM 00pazoM

YMEHBIMTL & MOXKHO IPH YCIIOBHH 1=ty . JTO AOCTHTIAETCs YBEIMUCHUEM BBICOT BHICTYTIAHWS BEPINMH 3€PEH HAJ YPOBHEM
CBA3KHM Kpyra W HCKIFOUYCHHCM KOHTAKTA CBA3KH Kpyra ¢ oOpabaremBacMmbmM MarepuaioM. ClenoBaTeIbHO, HEOOXOIUMBIM
VCIOBHEM CHIKCHHS YHEPTOEMKOCTH MU (DOBAHKS CIIEAYET PACCMATPHBATh OOCCIICUCHIE YBEIMUCHHOTO BHICTYIIAHHUS BEPIIIMH
3¢peH HAX YPOBHCM CBA3KHM Kpyra, puc. 2. JIOCTaTOYHBIM YCIOBHCM SBIICTCS CBOCBPECMCHHOC YHANCHHEC C padouch
MOBEPXHOCTH KPYyTa 3aTyIHBIOMXCS 3EPEH 3a CUET HMPHMEHEHHUS 3((EKTHBHBIX METOAOB MPABKH KPYTra WM OCYIICCTBICHUS
paloTHI Kpyra B Pe)KHME CAMO3aTAYMBAHUS. 3TO MO3BOJIMT, BO-NIEPBBIX, MOAACP/KUBATH B MPOIecce NUMM()OBAHMS HA 33JAHHOM

YPOBHEC BCIIM'IHHY Gl"ﬂ , 4 BO-BTOPBIX, obecmeunt YBCMYICHHOC BRICTYIAHUC BEPIIWH 3CPCH HAA YPOBHEM CBIA3KH KpyTa.

OCHOBHEBIE YOIOBHA YMEHBIUEHIA SHePIOEMKOCTH LOTHPOBaHHA

| Heofixomumoe yomosme < » JocTaTOYHOE YOIDEHE
Ofecneyerie VHEIHYEHHOID CEOSBPEMEHHOE YIATEHHE C
BBICTYTIAHHA BePILHH 3ePeH Kl pafiouei MOBEPXHOC TH KPYTa
1
VPOEBHEM CBA3KH KOYTa = SATYTUIEHHELX SePeH

! v

[Tprmererme 3¢ deKTHEHEIX METOIDE MPABKH H PeEHMA Ca MOTaTAuHEa HIA
IMHHOBABHOTD KPYTa

Puc. 2. CrpykrypHas cxeMa yCIOBUH YMEHBIIESHHUS YHEPTOSMKOCTH ITH oBaHUSA

TTpouseeaeM KONMYECTBEHHYEO OLIGHKY BIOPOIO CJIATAeMOT0 3aBUCHMOCTH (6) IS HCXOMHBIX JAHHBIX. | / fs =2, ¢ =10’ " chi, T
=60 c; J =0,5; yv =30 m/c; B =20 m; Voo =30 M/vuH. B wrore TIOJIYYECHO 30-10° kTc/mv?. Kaxk BUIHO, 3TO 3HAUCHUE CYIIECTBCHHO
MEHBIIE AHAJIOTHYHOTO 3HAYCHUS (15-106 Kl C/1\41\/I2), TIONYHCHHOTO A CITy4as I (DOBAHKS TPAMOJIHHCIHOTO 00Pa3iia, IBHKYIIETOCS 110
HOpPMAJH K padoucii moBepXHOCTH Kpyra (puc. 1,a). CrenopareibHO, TPHMEHCHHE CXEMBI TIIOCKOTO TITTH(DOBAHHA TIO3BOJEICT YMCHBIIATD

VCTIOBHOC HAMPSDKCHHE PE3aHUA O |, T.€. C TOUKH 3PCHAS YMEHBIEHHA O LENecO00pa3HO OT CXeMbI INTH()OBAHHAS, TOKA3AHHOH HA PHC.
1.a, MEPCHTH K CXeMe TIOCKOTO Tr(hoBaHmA, puc. 1,0. 310 CBI3aHO ¢ 00JIee BRICOKOH TPOH3BOANTCIIFHOCTHIO 00PAOOTKH, JOCTHTACMOH

TIPA ITIOCKOM IlU'II/I(I)OBaHI/II/I, H MCHBIIIMMH 3HAYCHIAMH ‘F"'!‘ %
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THE RELIABILITY INDICATORS OF THE INDUSTRIAL SYSTEMS

The more the industrial equipment has a higher value and a high technical complexity, the more complex is the analysis of the economical efficiency of its use. In these
conditions, it is very important to know which are the expenses that the user has to make to maintain in a functioning state the equipments in order to realize the proposed
incomes, and also the expenses that the equipment can make in normal conditions of exploitation.

1. Expenses with the preventive maintenance
The preventive maintenance represents the totality of the works necessary to prevent the loss of the equipment’s working
capacity. The operations specific for the preventive maintenance are: oiling works, adjustment, filters cleaning, chains and belts
stretching etc. and they are ordered by the designer in the technical book of the product. So, the works’ volume in the preventive
maintenance is practically dictated by the designer as a result of the technical level of the adopted solutions.
The total expenses made with the preventive maintenance reported to the total volume of work made by the machine
represent one of the economical indicators of reliability and they are called specific expenses for the preventive maintenance.
¢
Comp = 2 ™F lei fore
B (D,
where: ¢mp — the sum of the expenses with the preventive maintenance until the exhausting of the machine’s resource (lei); Tiot —
total resource of the machine (working volume in hours made until the resource exhausting).
2. Expenses with the good functioning (expenses specific for restarting a machine after the accidental failures)
The expenses specific for repairing the exploitation failures or the expenses specific for the good functioning represents the
most significant economical indicator of the equipments’ reliability.
This indicator s defined as a report between the total expenses made with repairing of the exploitation failures and the total
volume of work:
2. Cmee

Comee = lei f hour
“u ).
where: cyee - total expenses made with repairing of the exploitation failures, lei;
Tiot. - total volume of work, hours.
Cinee = Cps + Cats 3)
where: Cpg - expenses with the sparing parts, lei;
Cats — expenses with technical assistance and service, lei.

3. Expenses with the corrective maintenance

During the life time of a machine more complex repair works can be executed. This is the reason why the expenses with the
corrective maintenance are reported to the working volume — hours — executed by the machine from the purchase until the
shut-down.

c, = ZL" (Iez’fhour)
Torer @)
where: Cy; — total expenses with the repairs on the entire life time of the machine; Tiotef — working volume of the machine on the
entire machine’s life time, hours.
4. Expenses with the fuel,
The expenses with the fuel are determined as a report between the fuel consumption made for realizing a certain work
volume:

¢ = e Pa (o)
T ©)
where: C; — the registered fuel consumption, 1; Tio — the work volume, based on which the fuel consumption was made, h; Py, -
fuel unitary price.
5. Expenses with the retribution of the machine operator
They are determined based on the tariffs or wage (negotiated):

¢, = E—(Ieiihour]
" (0)

where: S — monthly wage of the machine operator, lei/month; n. — medium number of working hour monthly, hours/month.

6. Specific expenses with the conservation and transport maintenance

This indicator, to which no importance is shown regularly, has a considerable importance at some equipment, especially the
complex ones.

Specific expenses with the conservation and transport maintenance are determined as a report between the total expenses
with stocking, conservation and transportation and the total volume of work:

Cy= &(!ez' Fhowr )
= ()



where: Cg; - total expenses with stocking, conservation and transportation, lei; Ty - total volume of work, hours.

7. The incomes realized with the e quipment

The equipment holders who made final products with their machines will find that the incomes made are influenced in a big
way by their reliability.

The specific expenses in the case of using own equipment are determined as following:

C.+Cpp+C mp o
Cy = ————+c, +c(leifh)
Tou (8)
where: C, — total expenses with the fuel, lei;

Cince — expenses with sparing parts, fees for repairing the accidental failures and for repairs, lei; Cyyp — expenses with the
total technical maintenance, lei; ¢, — specific expenses with the expenses in equipment; ¢y - specific expenses with stocking;
TrtoT. —total volume of work made by the equipment (h).

8. The influence of the reliability level on the final product’s price

Because of the low reliability level of some equipment, the maintaining expenses, the repairing expenses ratio and the
amortization represent 50-70% from the fee.

On the other hand, when establishing the fee a profit ratio is consider (maximum 10%), which ensures the supplier the
possibility to reinvest. As a result, the value of the fee will be higher.

Example:

Take into consideration 2 types of equipment A and B, A having a low reliability level, and B a high reliability level. After
complex reliability trials, in exploitation conditions, the following dates were obtained:

Equipment A: selling price 30,000,000 lei, medium time of good functioning 20 hours, medium time of immobilization for
repairing 2.5 hours, medium cost of intervention 120,000 lei, medium productivity per hour 3t/hour, annual volume of works
made 150 hours, specific consume of fuel 3.5 1/t, retribution of the operating personnel 2000 lei/hour, technological losses 4.5%,
expenses with the preventive maintenance 10,000 lei/hour.

Equipment B: selling price 300,000,000 lei, medium time of good functioning 150 hours, medium cost of intervention
300,000 lei, medium productivity per hour 10t/hour, annual volume of works made 600 hours, specific consume of fuel 1.7 1/,
retribution of the operating personnel 5000 lei/hour, technological losses 1.8%, expenses with the preventive maintenance 80,000
lei/hour.

Incomes made: Vror=Wh X TrorxCp * T1  lei/year, where:

Wi, — equipment’s productivity per hour; Ttor — anmal working volume, hours; C,- product’s price, lei/tone; Tj — work’s
tariff in % from the production.

Considering that a tarrif of 15% from production is requested, we have:

V1 =3 x150 x 200 000 x 0,15 =13 500 000 lei

V2 =10 x 600 x 200 000 x0,15 = 180 000 000 lei

Expenses:

- Expenses with the repairs of the failures

b
¢, == c_fe)
L where:
Cee — specific expenses with the repair, lei/def,
tm — medium time of good functioning, hours.

150 600

', =——x120000 =900000 (', =-——2x300000 =1200000
* 20 %150

- Fuel expenses:

pm= 350 lei/l, Cca=3,5 x 150 x 3 x 350 = 5512501ei, Cep= 1,7x700 x 10 x 350 - 41650001ei

- Preventive maintenance expenses:

Cipa = 10000 x 150 = 1500000 lei, Cyypp = 8000 x 600 = 4800000 lei

- amortization:

A1 =30000000 : 10 = 3000000 lei, Az = 300000000 : 10 = 30000 00 lei

- Stocking expenses. The stocking expenses are approximately equal and represent the retribution of a maintenance
worker for 3 days. Considering the hour tariff of the maintenance worker equal to 2 lei/hour:

Canps > = Cuups™ = 2000 x 24 = 48000 lei

- expenses with the retribution of the operating personnel:

CretA = 2000 x 150 = 300000 Iei, CretB = 5000 x 600 = 3000000 lei
Total annual expenses;

Cra=Ce + Cc + Ay +Cpps + Cret (thousand lei)

CTaA =900 + 551250 + 1500 + 3000 + 48 + 300 = 6300 thousand lei

CTaB= 1200 + 4165 + 4800 + 30000 + 48 + 3000 = 43213 thousand lei

To these expenses are added the expenses with debts to the state budget, insurances, transfer etc., expenses which represent
approximately 70% from the Cg expenses. The real total expenses are:

Ca=1,7 x6300 = 10710 thousand lei, Cg =1,7 x43713 = 74312 thousand lei

The gross profit made by the two equipment:

Pa = 13500000 — 10710000 = 2790000 lei/year, Pg= 180000000 — 74312000 = 105688000 lei/year

It results that while the equipment Ca makes a gross profit of 27,900,000, equipment Cg makes 105,688,000.

To cover the non-performant expenses for the equipment Ca a tariff of 15% of the production was paid. This tariff was
adopted by the equipment Cp , although with a tariff of 8-9% it would make a gross profit of 30 million lei anmually.



References: 1. Oprea, S. The economical influence of the reliability level of the industrial equipment in exploitation, Durability and Reliability of the Mechanical Systems
Simpozion, “Constantin Brancusi” University from Targu-Jiu, Mechanical Engineering Faculty, Targu-Jiu, June 2008. 2. Oprea S. The diagnosis analysis of the industrial
companies, “Maintenance of the Company’s Performances” Simpozion, held at University of Petrosani in cooperation with the Association of Engineers from Romania and
the Association of Terotechnic and Terotechnology from Romania, September 2007.
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AIPONNHAMHUYECKHE XAPAKTEPUCTUKHA
15 CTYIEHYATOTI'OKOMITIPECCOPA
TA3OTYPBHHHOI'O ABHUT'ATEJIA I'T] — 110

IIpusedensl pe3yromamul pacuemos U IKCHEPUMEHMATLHOL NAMHAOYAMUCHIYNEHY AMO20 0Ce6020 KOMIPECCOPa HA CeMUCHYNEHYamMOoli MOOe Nepebix
cmyneneii. C UCNONb306aHUEM CHAMUCIUYECKUX MEMOO06 NAGHUPOSAHUA IKCNEPUMEHMA NOMYYEHb. ONMUMANLHBIE V2lbl YCHIAHOGKU NEPebix Mpéx
Hanpagnaiowux — annapamos, obecnequeaiougue Mmaxcumaneuviti KITJ na nomunaneHoii uacmome spaujenus. llpeocmasnenst dKcnepumeHmanvHoie
2a300UHAMUYECKUE XAPAKMEPUCTIUKYU KOMnpeccopa, nonyueHHble 6 cocmase I'TI] - 110.

This paper presents the results of the experimental refinement of a 15-stage axial compressor in a 7-stage model of the first stages. Using statistical
methods of test planning optimum blade angles for the first guide vane assemblies have been obtailled which ensure maximum efficiency when operating at
nominal rotational speed. Test gas dynamic characteristics of the GTE-110 compressor aze provided.

lazorypOmunbni apurarens cozgan Ha npeanpuaruu [T HITKD «3ops-MammpoekT» A HCHONb30BAHUS B COCTaBe
Tapora3oBOH YCTAHOBKH CYMMApPHOM MOIHOCTHIO 325 MBT (Puc.1).

Puc.1. Konerpykrusnas cxema I'TJ[ — 110

OcHoBHBIE TapaMeTpbI oHOBATBHOTO Agurarerrt [ T/1 — 110 mpusenensr B a0 1.

Tabmuua 1
ITapamerp 3uaueHue
MomHocTs Ha KIeMMax TypOoreHepatopa, MBT 110
IIpuBeneHHbIN pacxo Bo3Ayxa uepes JBUTraTeNb, KI/c 360,8
CTelieHb NOBLIIMEHUS IOTHOTO AAaBJIEHUS B KOMIIpeccope 14,75
Temnepatypa raza nepex TypouHoit, K 1483
KIIJ] agurarens cormacao MCO, % 36,0
YacToTa BpalleHus potopa, 00/MUH 3000
OO0muii pecypc JABUTATENS, 4ac 100000

[Tpu co3maHWH KOMIPECCOpa B KAUCCTBEC MPOTOTHIA BTOPOH-CCIbMOM CTYNCHEH OBLT MCHOJIb30BAH MICCTHCTYICHYATBIH
oceBoil koMmpeccop Bbicokoro aaencHust (KBM) mzaemua «99», MMEOIIET0 AOCTATOYHO BbicOKHE mokazarenau nmo KIIJ u
3amacy ycTonumBoil pa0oTsl [lapaMeTphl MEpBOH CTYIICHH BHIOHPATHCH W3 YCJIOBHSA MPHUCTHIKOBKH ¢¢ kK Moxmean KBJ/I-99 B

TIOJIC XapaKTEPUCTHK ¢ BBICOKUM 3HaueHueM KI1J] u nocratouHbiM ‘U{y .

+
TaK, IpH CTCTICHHU MOBBIMCHUA MOTHOTO AABJICHHUA HepBOfI CTYNICHH g = 1.37 napaMeTpsl, TPUBCACHHBIC K BBIXOOAY U3

Hee (xoay B KB/1-99) OyayT ciaeayromue

O, =273.9

— MPUBEICHHBIA pacxod ~ =i KI/C;



— MPUBEICHHAS YACTOTA BPAIICHHS Mg = 2853 00/MUH.
Ha pacuerHOo-3kcTIepuMeHTAT HOH Xapaktepuctuke KBJ/I-99 wa muamm makcumamesHoro KIIJ[ BbIOpaHa TOUKa I

Neg = 0,899 (1, =10115) G, =218 Ay =550

TMOCIICAYIOMCTO MOICTHPOBAHUS: 00/MHH, KI/c W Takum oOpasom,

K03 PHUIIHCHT MOACTHPOBAHKS OYACT PABCH = "'JEB’ 9/21,8.

Opunokackagubii kommpeccop m3gemmst ['TJL — 110 cocromT w3 NEpBOH BHOBb CIPOCKTHPOBAHHON CTYIICHH,
cmozmenupoBaHHOTO KB/l — 99 B BOCKMHCYNICHUATOTO BBIXOJHOTO OoKa. st mepBOi CTyNeHH OBLT BEIOPAH 3aKOH 3aKPYTKH 110

BBLICOTE H3 YCIOBHA IOJYYCHHSA TCOMETPHYCCKOTO VITIA Y BIVAKH He Gompme 90°. B.ormaume ot KB/ — 99 a1 yBemucHuS
3aMacoB YCTOMYMBOCTH W YIYYIICHUSA NMPOYHOCTHBIX XAPAKTEPHCTHK B NEPBBIX IATH CTymeHAX kommpeccopa I'TH — 110
VMEHBIIRHO YUIMHCHHE JOIATOK 32 CUET YBEIUHUCHUS XOpAsI mpoduirt. [t BceX CTyIeHEH, KpoMEe IEPBOT0 pabouero Koxeca,
. (? =0, 45}
mpusar ucxoxusit mpodmrs BC — 10. Cpeawsist muHma mpodst — ayra rumepOoIb
LEHTPOM TSDKECTH MPO(PUICH.
Crexyer OTMETHTH, YTO MOJCIHMPOBAHHUIO HE IOJBEPTANNCH BEIMYMHBI PATHAIBHBIX M OCEBBIX 3a30pOB. PammanbHbIH
Fil
r

, d OCh JIOIATKH COBHAAACT C

3a30p C NMEPBOil MO BOCBMYKO CTYIICHH NMPUHAT PABHBIM 2 MM, a B OCTAJbHbBIX CTYNEHAX — 1,7 mM. Ilpu Takux BearmunHaxX
OTHOCHTCIIFHAS BETHYHHA PATHATBHOTO 3230Pa ¢ MSPBOH MO MATHAAATYIO CTYIICHH H3MCHACTCA B peaenax 0,47...1,68%.

[Ipn peryampoBaHHH KOMIIPECCOpa HA HEPACUCTHBIX PEKUMAX PabOTHI MYyTEM CYIICCTBCHHOTO TNPHKPBHITHS JIOMATOK
BXOAHOTO Hampasmsromero ammapata (BHA) mo pexomenpmarmsam [{AAM Opiim BRIOPAHBI OTPHIATCIBHBIC VIR ATAKH,
KOTODBIC TIPHHATHI PABHBIME —5°.

C menpro TOBBOICHUS 3(P(PEKTUBHOCTH pPadOTHI BHIXOJHOW CHCTEMBI KOMIIPECCOPA €I0 IOCICIHHH CIPSIMIISFOIIMH
anmapar BHIOTHEH MO JBYXPATHOH CXEME C PACYETHBIM YINOM TOBOPOTa moToka 52°. TIpu 3TOM MPOMCNOMHT CHHKCHHE
aGCoMmOTHOI CKOpocTH ¢ 260 M/c 10 120 M/c ¢ K03 QHIEEHTOM BOCCTAHOBICHHS MOMHOTo AaBicHmsa & = 0,95

Ha puc. 2. mokazaHa THHUSA H3MECHECHHA MAKCUMATbHBIX 3HaYcHHH KIIJ[ CIpOEKTHPOBAHHOTO MATHAAUATUCTYIICHYATOTO

KOMITPECCOPA B 3aBUCHMOCTH OT PacXo/a BO3AYXa Yepe3 MALIMHY IIPU HCXOHOM YIVIE YCTaHOBKH jtonarok BHA (Ao = 0°).
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Puc. 2. I'paduk usmenenns MmakcumMansHoro snauenuns KI1JI xkommpeccopa I'TJ[ — 110

npu Aa=0°

Jst obecnieueHmsT OECIOMIIAKHOTO 3aIyCKa JBHTATEII KPOME IMOBOPOTA JIOMATOYHBIX BeHIOB BHA mpuMeHsercs Taxxe
MEPENyCK BO3AYXa MOCTE MATON U AECATON CTEIEHEH KOMIIPEccopa.
CyMMapHBIe Tra30IMHAMUYCCKHAC XapaKTEPUCTUKN KOMITpeccopa mo JuHuH 3amycka apurarenst [T/ — 110 mpu Aa = —

30° M mepemyckax 3a MATOM M AECATOH CTYNEHAMH COOTBETCTBEHHO paBHbME AGs = 4,5% u AG1o= 13% TpuBEICHBI HA PHC.
2. Ha 3TOM >ke pPHCYHKE IPHBEIACHA TAKKE PACUCTHAS IPAHHUIA YCTOWUMBOCTH C YUETOM HKCIIEPHMCHTAIBHBIX JAHHBIX IO
XapaKTCPHCTHKAM TCPBBIX CCMH W TMOCICTHHX BOCBMH CTYNCHCH W mepemyckax AGs = 9% u AGio= 16%. g pacuera
TOJIO’KEHHS TPAHUIBI YCTOMYMBOCTH M AHANH3a XaPAKTCPUCTHK HCIOJB30BANHCH MOACIMPOBAHHBIC 3IKCICPHMEHTAIbHbIC

XAapAKTEPUCTUKU IPYIIbl IEPBbIX CEMH CTymeHed mpu Ao= — 25° 6e3 mepemycka 3a IATOH CTYIEHBIO, KOTOPbIC
MEPECUNTHIBATUCH [ PA3AMYHBIX BEIHYMH TEPENyCKAa, a 3aTEM CYMMHUPOBAIUCh C PACUETHO-IKCIEPUMEHTATbHBIMHU
XapaKTEPUCTUKAMH BOCBMOU-IISITHAALATON CTYIICHEH.

Ha sToM pucyHKke moka3zaHa U CyMMapHas TPaHHUIA YCTOMYMBOCTH KaK A1 MEPEIyCKa BO3Ayxa HCXoAHOTO BapuaHTa (AGs
= 4,5% u AGio= 13%), Tak u ama otdopos mopaborannoro BapuaHTa (AGs = 9 % u AGip= 16%). U3 puc.2 caeayer, uro

TPAHULA YCTOMYHMBOCTH KOMIIPECCOpA HA Pe:KUMaX Mg = 1000...1700 00/MHH OTIPEICIHICTCS 3aMacaMU YCTOHYHBOCTH MEPBBIX

CTyneHeH. B cnyuae mepemycka ¢ MOMOIIBIO JOpaOOTAHHOW CHUCTCMEBI 3a MATOM W mecATod crymeHsMu npu AGs = 9 % u
AG10= 16% 3anacsl ycroiiumsocTr OyayT coctasmars AKy = 10% mpotus AKy = 5% B ucxoqaom Bapuante (AGs = 4,5% u

=1000...1700 oo nosieso

AG10= 13%). JlanbHeHmce yBeTHUCHHE 3aMIACOB YCTOMUYMBOCTH KOMIPECCOPA HA PEKUMAX | #p
TOJIYYUTh BBEACHUCM TICPEIYCKA 32 JBCHAALATOMN CTYIICHBIO.

[TpoBeneHHBIC pacyeThl MOKA3BIBACT, YTO MEPEIYCK 32 ILITOH CTYICHBIO 00bmmit 9% HE MPUBOIUT K POCTY CYMMApPHBIX
3aI1acoB YCTOHYHBOCTH, YTO YKa3bIBACT HA HELIEIECCOOOPA3HOCTh JATBHEHINETO YBEIMUYCHH IEPEIyCKa B 3TOM MECTE.

KIIJ xoMmpeccopa IpH 3aKPBITOM MEPEMYCKE B KAMEPE CTOPAHUA H OTKPBITHIX KIAMAHAX 34 MATOM U ASCATOM CTYNCHAMH

¢ AGs = 4,5% u AGjp= 13% cocTaBmsieT o =0.815.0,83 Tpu 3toM 3amac ycroiumsoctr AKy = 14% Ha pexume e =



2625 o0/muH. PacueTHBII 3amac YCTOWYHBOCTH C YUIETOM 3KCIEPHMEHTAIBHBIX JAHHBIX O KoMmpeccopy mpu AGs =9 % u

AG1g= 16% Ha uacToTe BpamcHHs = = 2600 06/MuH cocTasmieT 25%.
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Puc. 3. Xapakrepuctuka xomnpeccopa B cucteme I'TJ[ — 110 Ha myckoBBIX pexumax
———— Pacuetnas I'YP npn Aa gga =-30°u AG5=9 % , AG1g= 16%
— »— Pacuetnas I'YP npu Aa gga =- 30° 1 3aKpbIThIM NeperyckoM 3a 5 1 10 cryneHsmu
—+— Pacuetnas 'YP npn Aaga =-30° u AGs5=4,5%, AG10= 13%

IIpu 3aKkpeITHH KJIANAHOB MEPEMyCKa 3a IATOH M ACCATON CTYNMEHAMH PACUCTHBIM 3aIac YCTOMYMBOCTH HA 4YacTOTE

ppameHus 2600 06/MuH cocrasmeT A, = 20%. [TosTomy Ha pexumMe = = 2700 06/MHH HEIeCOOOPA3HO 3aKPHITh TICPEMYCK
3a IATOH CTYIIEHBIO, 4 3aTEM MO3TAIHO 3AKPHITh MEPEIYCK 32 ACCATON CTYICHBIO, KOHTPOJIUPYS TOUKY Ha KOMIIPECCOPE.

CymMapHast XapaKTEpPHCTHKA KOMIIPECCOPA, MOJIYUCHHAS 3KCIICPUMEHTAIBHBIM IyTEM B CHCTEME JBHTATEIS, MOKA3aHA
Ha puc. 4.
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Puc. 4. Xapakrepuctuka xomnpeccopa B cucreme apuratens I'TJ[ — 110

Jlst BeIOOpa ONTHMANBHBIX YITIOB YCTAHOBKH BXOJHOTO Hampasiproiero ammapara (BHA) m Hanpasmmompx ammaparos
TMCPBBIX BYX CTYINCHCH HCIONB30BANCS MCTOX MATCMATHYCCKOTO IUIAHHPOBAHHA B (opMe apoOHOTO (DaKTOPHOTO

JKCIEPUMEHTA C MOJYPEILTUKOM g3l [1]. 2tu uccnemosarusa KI1J W OTHOICHHUS NABJICHHUH BBIIOTHCHB B ICIIAX CHIDKCHHUS

MAaTepHaIbHBIX 3aTPAT HA MPOBEICHIE (DH3MIECKOTO IKCIIEPUMEHTA.

B rauecTse HE3aBHCHMBIX IIEPEMEHHBIX MTPUHATHI YIIIbI ToBOpoTa BHA, HA-1 1 HA-2.

BeuI0 Takke MPHHATO, YTO CTYNMEHb C1ad0 BIMACT HA TAa30JWHAMHYCCKHE XAaPAKTEPHCTHKH COCETHUX BCHIIOB IIPH
337JaHHOM IIIATE BAPbHPOBAHMS VIJIOB YCTAHOBKY HATIPARLIIONMX ammapatos. Hyneeble ypOBHH YINIOB BHIOPAHBI PAaBHBIMH AQ
BHA= - 0.5, Aaga-1 =+ 1.5, Ao ga-2 = -1.5. Llenepo# QPyHKIMCH ABISICS CYMMAPHBIN KITT KOMIpPEccopa mpH kKo3h(OHIHCHTE
3amacoB ycToiuuBoCcTH AKy = 15%. Marpuna naaHupoBaHUs SKCIICPHMCHTA IPUBCACHA B TaOI. 2.

Tabnuuma 2
Howmep UncnoBble 3HAUCHNS HE3ABUCHMBIX TIEPEMEHHBIX, TPa] IleneBas pyHKIAS
JKCIepU-MEHTA X1=Ad BHA Xo=Au gA-1 X3= Ad ga-2 ,7;‘
1 -5 +3 0 0,863
2 -8 +3 -3 0,859
3 -5 0 -3 0,867
4 -8 0 0 0,860

Pacuernas Moaens ObUIa HACHTH(PHIUPOBAHA C FKCIICPUMEHTANBHBIMY JAHHBIMA 1IpH 7 = /0000 06/MuH 1 Ao pgaA=AQ
HA-1= Ad ga-1= 0. TIpu mMOIYy4CHHOM ONTHMATBFHOM COUCTAHWH VIJIOB YCTAHOBKH Ad BHA= - 5, Ad HA-1= 0, Ad ga-1= - 3
JKCICPUMEHTAIBHO MPOBEpeH ypoBeHb KIIJ MoaenpHOro Kommpeccopa. MCmonp30BAHHE METOAOB IJIAHUPOBAHUS
JKcnepuMeHTa Mo3Bommiao moBsicuTh KIIJ| MozempHOTO cemmcrymeH4aToro kommpeccopa Ha 0,8% mo cpaBHEHHIO C
HCXOAHBIM BAPHAHTOM.

Cmucok smreparypol: 1. Cnuyein B.E., Pomanos B.B., Hllaposcxuii M.A. PazpaGoTka U JIOBOJKA MHOTOCTYIICHYATOTO OCEBOTO KoMIipecocpa asuratess ['T]]
110/ Uzpectust UHsxeHepHOM akaskeMun Hayk, Ne 1, 1999, ¢. 160-163.

Iocmynuna e peoxonnezuro 12.03.09
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IKCIHEPUMEHTAJIBHOE ONIPEAEJTEHHUE IN30ANHAMUYECKHX XAPAKTEPUCTHK MOJAEJBHOI'O
KOMITPECCOPA I'TJ1-60

PaCCMOmp@Hbl pesytemameol OnNblMHLLX UCCEO08AHUTE CEMUCMPYNEHUAMO20 0Ces020 KoMrpeccopa OOHOBANLHOI 2a3omyp6ul-moﬂ 9Hep2@muuec;<oﬂ
YCMAaHoeKu FT,ZZ—60 npu  pasiudHblx SaApUAHMAX 1nOEOpOmMA HANPpASAAWUX annapamos ¢ pasiudHbiMu Yelamu YCmMAaHOSKY JIONAamo4HbiX 6€HYOS.
Hpoayaflmupoeaybz 3aNACHl 2A300UHAMUY €CKOTE ycmoﬂuueocmu.

Bemynnenue

PaboThI TI0 CO3MAHTEO HOBOH TA30TYPOHHHOH YCTAHOBKH C HOMHHABHOH MOMHOCTHIO 60 MBT (I'T3-60) W1 3HSPreTHKH ObUTH HAYATHI
TTITHIIKT «3ops-Marmmpoekr» B 00eCIie¥eHIE TOCYIAPCTBCHHBIX IPOrpaMM MITHITPOMIIOMTHEKY, MIHTOISHEPTO, YTBSpXKICHHBIX KabrHeToMm
MutHrcTpoB YKparHbl, CBI3AHHBIX C COKPAITEHIEM NoTpeOreHyst suepropecypcos [1,2]. K 2003 © npeanprsiie yrke HMeTIo 3HAMHTEIBHbIH OIbIT
padotet o co3marmro ['T]1 Sopmoit MomHocTH. B Msanosckoi [POC (PD) Gbrm YCICIHO TPOBCACHBI MSKBEIOMCTBCHHBIC HCTIBITAHHS
razorypouHHOH yeranosku [ T/1-110 MompocTsro 110 MBT (pric. 1), KoTopast MOMHOCTHEO TIOATBCPIIMIIA CBOH TCXHHICCKHC TOKA3ATCITH.

Puc. 1. Konerpykrusnas cxema suepretuueckoro I'TJ[-110

B kauecTBe 00BEKTAa HCCICIOBAHWSA BBIOPAH MOJCTBHBIH CEMHCTYIICHYATHIH OCEBOM KOMIIPECCOp, KOTOPBIH OBLT
CKOMIIOHOBAH HA OCHOBC IIECTHCTYNICHYATOTO HATYPHOTO KOMITPECCOPA BBICOKOTO JABICHUS HU3neus "99" ¢ MPUCTHIKOBAHHON
HyneBoii ctymeHbro. Koagdunuenr monenuposanus paseH 0,38.

Iocmanosxa 3aoauu.

C mexpro ompeneneHuUs Ta30JMHAMHUYCCKUX XapPaKTEPUCTHK HATYPHOTO KOMITPECCOpAa HA MyCKOBBIX pekmMax [3, 4] u
BBIOOpAa CIOCO0C €TI0 PeryIMpoBaHHUSA (IMOBOPOTA HampaBrmoumx ammapatoB (HA) w mepemycka Bo3ayxa) HEOOXOAMMO
HCCIIEIOBATh MOJICIbHBIM KOMIIPECCOP B IMMPOKOM JHANA30HE PEKUMOB C OIIPE/ICIICHUEM 3aIlaCcOB €10 YCTOWYHBOH pabOTHL

Hznooicenue ocnognozo mamepuana

OKCTIIEPHMCHTAIBHBIC HMCCICTOBAHUS TPOBCACHBI HA KOMIIPECCOPHOM CTEHJE, B CXEME KOTOPOTO IIPEIyCMOTPCHA
CICAYIOMAS MPEMAPHPOBA MPOTOYHOM YaCTH MAIIMHBEL:

* B MepHOM mumuHApe (¢ 450 MM), paCHONOKECHHOM HA BXOAC PA3MCEIICHBI TPH IATHIIOSICHBIE TPEOCHKH IOJIHOTO
JABIICHUS, PA3HECEHHBIC MO OKPY>KHOCTH,

* B CCUCHHH TIEPE/, BXOIHBIM HampassronmM anmaparoM (BHA) xommpeccopa, pacnonoxensoM nocie pecusepa (L= 1500
MM), TAKKE YCTAHOBJICHBI TP IHATUIIOSCHBIC TPEOCHKH MOJIHOTO JABICHHUS M MPHEMHUK CTATHYCCKOTO JABICHHS HA KOPITyCe
MAIIMHEL,

* 32 KOMITPECCOPOM C OCEBBIM CMCIICHHEM YCTAHOBJICHBI IIECTh YCTHIPEXIIOSICHBIX TPEOCHKH MOJTHOTO JABICHHI M BOCCMb
YETHIPEXIOSACHBIX TPHEMHHKOB TEMIICPATYyPhl 3aTOPMOKCHHOTO IOTOKA. Kpome TOTro, 37eCh HAXOAATCS IPHEMHUK
CTaTHYECKOTO JABICHUS M TCH30MECTPHUCCKHE JATYWKH, PETUCTPUPYIOIME €r0 M3MCHCHHS NMPH MPUOMMKCHHUH K TPAHHIE
YCTOWYHBOH PabOTEHL,

* B CCUCHHSX 32 NMEPBOH M IOCIEAHEH CTYNCHSIMH IONMAPHO YCTAHORICHBI ISITHIIOACHBIC TPEOCHKY ITOITHOTO JABICHUS H
COOTBETCTBYIOIFE TEPMOTIAPBL, 4 TAK)KE KOPIYCHbIC IPHEMHHKH CTATHYCCKOTO JABJICHHSL

[TpenapupoBka MPOTOMHON YACTH KOMIIPECCOPA ITO3BOJBIET IMPOU3BOJUTh H3MEPCHHUS YITIOB BBIXOJA MOTOKA C IMOMOIIBIO
30HIOB-YTIIOMEPOB.

B HOMHHATBHOI TOYKE MOIEIBHBIN KOMIIPECCOP HMEET caeayrompe mapameTpsl npu Py=0,0 101 MIa u T, =288 K:

* PUBEACHHBIA Pacxo Bo3ayxa — 28,7 Kr/c;

* CTCMICHB MOBBIMICHHUS TTOJTHOTO AABICHUA — 5.4

* yacroTa BpameHua — 10680 o6/mMuH;

* m3o3HTponmyeckuit KITJ] —0,87.

OTHOCHTEIbHBIC MOTPEIIHOCTH OIPEACICHHUS OCHOBHBIX MAPAMETPOB COCTaBHIH: YacTOTHI BpameHus — 0,01%; pacxoga
Bozayxa — 1,2%; crenenu mopenmeHus nasaeHmI — 0,66%; TeMIepaTypsl Ha BBIXOAC U3 KoMIpeccopa — 1%); moTHOTO JaBIeHusI
HA BRIXOIC W3 kommpeccopa — 0,6%, KT — 1,2%.

Ha mnepBom 3ranme ObUM HCCICA0BAHBI TA30JMHAMUYCCKHE XAPAKTCPUCTHKH MANMHBI C TPEMS ITOBOPOTHBIMH
nomarouHbiMa BeHIaMu — BHA, HA-1 w HA-2. Tlpw 3TOM YIIBI HOBOPOTA AaNIAparoB, MOJAYUCHHBIC C IOMOIIBIO
MIAaHUPOBAHUS (PAKTOPHOTO IKCIIEPUMCHTA, IPHBEACHBI B Ta0mue 1.

Tabnuna 1 — MI3MeHeHne yIII0B OBOPOTA JOMATOK TPEX JIOTMIATOYHBIX BEHIIOB
| Ne i/ | BHA | HA-1 | HA-2




1 250 200 -150
3 -20° -15° -10°
3 -30° -15° 20°
4 20° 25° -20°
5 300 250 -10°

ODKCTIIEPHMEHTATBHASL XaPAKTCPUCTHKA MOJCIBHOTO KOMIIPECCOpAa € TPEMS MOBOPOTHBIMHU JIOTIATOYHBIMH BCHI[AMH
MOKa3aHa Ha puc.2.
W3 ananm3a pe3ynpraToB CIeayeT, YTO MAKCHMAIBHBIC 3a1achl yCTOHIMBOM padoTs! mpu mpuemiaemom KI1JI caeayror npu

yIIaX MOBOPOTA JIOMATOK A = 250, 200, 15°, Craeayer OTMETHTD, UTO MO CPABHCHHUIO C MCXOJHBIM BAPHAHTOM TIOJIOKCHHS

nmoBopoTHBIX HA Ao = — 300, 00, 0° samacsr ycrodumBocTH Ha pexkume N =7500 06/muH yemmanauck Ha 0AKy = 5%.
YKa3aHHBIH PeKUM OBLT BRIOPAH IS CPABHCHHS, MOCKOIBKY B aHAIOTHYHOM kommpeccope I'T/] - 110 MuAMMATHHBIC
3aMacel yCTOMYMBOCTH OBUIM MOMYYCHBI HA 3TOM PEKHME ( Nlpp I'yi-110 = 2100 006/MuH).
Ha Bropom stame ObUTH OIpENEICHBI SKCIICPHMEHTABHBIC XaPAKTEPUCTHKH MOJCIBHOTO KOMITPECCOPA C HETHIPHMSI
moBopoTHeME anmaparamu — BHA., HA-1, HA-2 uw HA-3. Tlpu 3roM ymisl yCTaHOBKH peryiampyemblx HA wm3MeHsHCH B
COOTBCTCTBHH C MATPHIICH, TPUBCICHHOH B TAa0IHIIC 2.

a
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Puc.2. 9KCHepI/IMeHTaHLHLIe ra3’0JJMHaMUYICCKUC XapaKTCPUCTUKHU TIPHU TPEX IMMOBOPOTHLIX JIOMATOUYHLIX BCHIIAX
Tabnuma 2 — I3MeHeHnE YITI0B TOBOPOTA JOTIATOK YETHIPEX JOMATOYHBIX BEHIIOB

by

< e o &g 28 7 JO X A T
[ B P 1 252018 == 15=20 0 =25 =M 20, -25 -1

Ne n/m BHA HA-1 HA-2 HA-3
1 —25 —20 -15 -10
2 -30 25 —20 —5
3 -20 —15 -10 -15
4 -30 -15 —20 -15
5 —20 =25 —20 -5
6 -30 25 -10 —15

Ha puc.3. moka3aHsl 3KCHEPUMEHTATIBHBIC XAPAKTCPHCTUKHA KOMIIPECCOPa TPH PA3NIHYHBIX YIIAX IIOBOPOTA JOIATOK
YETHIPEX IEPBHIX AMIAPATOB.

W3 puc. 3 creayet, 4TO MAKCHMAJBHBIC 3aIaChl YCTOMYHUBOCTH HA PEXKHME
n1p = 7500 06/muH momyueHs! mpu Ao =-30°, —25°,-20°, -5°.

[Tpu BBeAcHWHU MOBOpoTa UYeTBepTOro HA-4 yBenmMUeHHE 3amacoB YCTOWYMBOCTH B BAPHAHTE C ONTHUMAIBHBIMH YIIAMHU
ycTaHOBKM PaBHO SAKy = 9% HO CPABHCHHIO ¢ TAKHM K¢ BAPHAHTOM IIPH TPexX perymupyeMbix HA, a yBeauyucHHE 3amacoB
YCTOHYMBOCTH, O CPABHCHUIO C BapHaHTOM -30°,0°,0°,0°, paseH 6AKy= 1 4%.

B mpomecce pazpaborkm HarypHOoro KoMmmpeccopa I'T/I-60 W wmacHTH(UKALIMM PACUCTHBIX XapPAKTEPHCTHK C
SKCIECPUMCHTATIBHBIMHU JAHHBIMHE, ObLIO MCCICIOBAHO BIMSHHE KOJMYECTBA PETYIHPOBACMBIX MOBOPOTHBIX HA W BenMUMHBI
TIEPEIyCcKa BO3AyXa 3a ACCATOH CTYNMECHBIO HA TA30JMHAMHYCCKHC XAPAKTCPUCTUKH MAINHMHBI. PacueTHBI aHANMH3 BHITOJHCH
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mpu nap = 2000...2200 o0/MuH A7

* HCXOTHOTO BAPHAHTA PETYIHpPOBAaHHUA koMmpeccopa Aa .= — 30°, 0°, 0°, 0° u orbopaMu AG 33 5 1= 9% , AG 55 10 or =
16%;

* TPEX PETyIMpPYEMBIX MOBOPOTHBIX HA mpm Ao =-25°,-20°, —1 5° n orbopamu AG3a 5 ct = 9% , AG 3a 10 cr = 16%;

* YETBIPEX PETYANPYEMBIX MOBOPOTHBIX HA mpu Aa = — 30°, —25°, —20°, —5° u mepemyckom AG 3a 5 cr = 9% , AG 3a 10
ct = 16%;

* YETHIPEX PETyIupyeMbIX moBopoTHIX HA mpu Ao = -30°, —25°, —-20°, —5° u or6opamu AG3a 5 cr=9% , AG3a 10 cr
=8%.
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Puc.3. DxenepumenTanbible XapakTepUCTUKU
KOMITpeccopa IPH YeThPeX MOBOPOTHBIX BEHIIAX JIONMATOUHBIX alllapaToB

Amanm3 3aBUCHMOCTEH ITOKA3bIBACT, UTO NPH BBEACHHHU TPEX MOBOPOTHBIX HA 3amackl yCTOHYMBOCTH KOMIIPECCOpa B
YKA3aHHOM JHAMA30HC YBCIHIMBAOTCA HA OAKy=4%, a mpm derwpex perymupyembix HA eme ma 6AKy = 8%, Ilpm sToM
abcomorHoe ypemmicHHE AKy coctasmer 12%. IosTomy At 4eThipex perymupyembix HA ¢ Ao = —30°, —25°, —20°, —5° 6pima
JIOTIOJTHUTCTHHO PACCUNTAHA BO3MOKHOCTD CHIDKCHHS BSIMUHHEI Tepermycka 3a 10 ctyneHpio ¢ AG 55 5 o= 16% 10 AG 55 10 o1
=8%.

W3 momydeHHBIX PE3yNbraToB CIEAYCT, YTO B PACCMOTPCHHOM BApHAHTE 0€3 YUeTa W3MCHCHHS IOJOKCHHS JIHHHH
PpadovHX PSKUMOB CHIDKCHHC TIeperycka 3a 10 crymeHbio Ha 1% yMEHBIIACT 3amachl YCTOMYHBOCTH KoMIpeccopa Ha 0,8%.

Saxnrouenue.

1. Tlony4yeHHBIC SKCIIEPUMEHTAIBHBIC TA30JHHAMHUYCCKAC XaPAKTEPUCTHKH MOJICIFHOTO KOMIIPECCOPA MOKA3BIBAIOT, YTO

pexnve 11 1p =7500 06/MHH MHHHMATBHBIC 3AIACH! YCTOMYMBOCTH TPH TPEX perympyeMsix HA (Ao = —25°, — 20°, -15°)
BBIPOCTH HA 5% TI0 CPABHCHHIO ¢ HCXOJHBIM BAPHAHTOM C OAHOM perymupyeMoM BHA (Ao =-30°, O°, O°).

2. Tlpm uerpipex perymmpyembrx HA (Ao = — 30°, - 25° — 20° -5°) MHHHMAaIbHBIC 3aIIaChl YCTOIUMBOCTH
JOTIOHUTEIFHO BRIPOCHH HAa 9%, MO CPAaBHCHHIO C TPEeMs MOBOPOTHBIMH HA, a, B meioM, mo CPaBHEHHIO C HMCXOJHBIM
BapranToM yBemmaeHue AK y cocrapmger 14%.

3. Ha ocHOBaHWHM TOJYYCHHBIX IKCIIEPUMEHTAIBHBIX JAHHBIX HA MOJCIHFHOM KOMIIPECCOPE IPEIAracTCs B JBUTATEIC
I'T-60 BBECTH YETHIPE MOBOPOTHBIX PEryIUpPyeMbIx HA.

4. Ha oCHOBAaHHH IIOJYYCHHBIX 3KCIIEPUMEHTAJIBHBIX XapPAKTEPUCTHK CTYIICHEH, C MCIIOIb30BAHUEM PACUECTHOTO METOAA
HX COTJIACOBAHMS MOJYUCHO. UTO NMPH BBEACHHH YCTHIPEX MOBOPOTHBIX HA MOJKHO YMECHBIMTH KOJMHYECTBO IEPEIYCKACMOTO
BO3ayxa 3a 10 cTyneHbr0 Ha MyCKOBBIX peskuMax ¢ 16% 1o 8%. Ipu 3TOM MEHHMAIBHBIC 3aMAChl YCTOWIMBOCTH OYAYT PaBHBI



AKy=8%.

Cmmcok smureparypbi: 1. JlepikaBHa nporpaMa po3BUTKy npoMucioBocTi Ha 2003 — 2011 poku. CxsaseHo nmoctaHoporo KaGinery MinicTpie Ykpainu Bin 28
nunas 2003 p. Ne 1174, 2. Enepretuuna crparerisi Ykpaiiu Ha nepion A0 2030 poky Cxpajieno nmoctanoporo KaGineTy Minictpie Bin 15 Gepesnst 2006 p. Ne
145. 3. MeTofoorus co3IaHus MaTEMAaTHISCKOM Moyesi ofHoBajibHOTO MBurarens ['TD-45/(60A) H.E. Aunononecxas, B.A. Kosane, B.B. Pomarnos. BicHHK
HarioHanbHOTO TEXHIYHOTO VHIBEPCHTSTY , XapKIBCHKHHM MONITeXHUHUN iHCTHTYT . 30IpHMK HAyKOBMX mparb. TeMaTH4HUN Bumyck: TexHoiorii B
ManmHoOyyBanHi — Xapkis: HTY  XIII”. — 2008. — Ne 34. — 136 c.

4. Xon paboT o CO3AAHUIO HOBBIX Ta30TypOUHHBIX YCTaHOBOK. Pomanos B.B., Paumos P.H., Qepnuiii I'B. // CydacHi TeXHOJIOTIH B MAaIMHOOYTyBaHHi: 36. HayK.
mpaik. — Bumn.2. — Xapkis: HTY, XTI, 2008. — 280 c.
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EXPERIMENTAL RESEARCHES ABOUT ACHIEVEMENT OF A PROTECTION VALVE WITH SILFONIC TUBE,
FOR BURNING INSTALLATION WITH GAS

In this work the authors present their research results on the achievement of a valve protection tube silfonic for combustion plants with fuel gas.

The valve with silfonic tube has been designed in such a way as to interrupt the Accidental flame burner gas to stop automatically feed it gas, and a nine
ignition can not be achieved except through human intervention. The valve has been designed for burning gas at low speeds suitable facilities for cold type
cars FRAM 22.

1. Introduction

Using LPG gas burner at low speeds with refrigeration facilities for cars type FRAM 22, involves following the imposition
of safeguards.

-- Accidental interruption flame automatically to stop supplying gas and fuel;

-- Ninth in the service of re-burner can be realized only with mamual human action,

-- Crossing the functioning of the cold aggregate to slow motion ordered by thermostat, the burner flame to work with the
Observing stable and low gas;

To meet these requirements the authors of this article were designed, developed and studied practically a valve protection
which ordered the shutdown is a silfonic tube (undulate).

Also the valve was combined with a manual striking device of flame, acted by human operator.

2. Theoretical notions about conversion of variation in temperature of linear variable displacement, with silfonic tubes
Silfonic tubes (undulate) occurred in the technique of measurement and automation processes, as a result of technical
progress achieved in the manufacture of metal tubes with thin walls. These tubes are known as undulate sack. In Figure 1 is
presented a section through such a tube and the geometric dimensions to be taken in extremely complex calculation of these
sensitive items.
In most cases, the arrow (f) of silfon (Figure 1) may be expressed in an approximate way, as follows:

(1‘ o )l] be!

f=Fl T, 3
Aradra'sr B

where: F — axial force
n— number of undulation
E — material elastic module

" _ Poisson constant

Ag, A1, Ay, By — coefficients determined from nomogrames, and is special for every silfon type
e — undulation angle

R; — intern radius

hg — wall thickness

Incase of ¢ =0 thenarrow (/) is determined by relation:

Fap




Because the supply of burner gas fuel can be automatically stopped when the flame for some reason stopped is necessary in
power supply circuit to be mounted a protection valve.

The valve nust stop automatically feed fuel gas burner and a new filling is permitted only to mamial human intervention.
Also, after the flame lighting, the valve muist to remain on the open position.

From the point of view constructively, it involves equipping the valve with a supervisor with the flame able to give the
order stopping gas when the flame has disappeared and with a valve allowing manual feed gas burner when it wants to relighting
the flame.

Literature specialist recommended several procedures for overseeing the flame. Of these, we believe that the most
straightforward is that based on conversion of temperature variation burner flame in a lincar movement of the valve rod and
overcome the axial forces FR of the spring of closing. This technique can be applied successfully when it has a technology for
making and loading silfonic tubes with a liquid that is vaporize over 200°C but not flammable at a temperature of 800°C.

3. Experimental model proposed.
Since Sadu Mechanical Factory has a line of manufacturing technology of silfonic tubes, we have designed and built a
virtually automatic protection valve supplying gas a fuel combustion plants for refrigerators FRAM 22.
Infigure 2 is presented general model of this valve with it components:
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1, 7 — manual action button; 2 — tighten nut, 3 — gland; 4, 6, 10 — tighten ring; 5 — ward spring, 8 — valve garnish; 9 — seat gland; 11 — valve
seat; 12 — valve body; 13 — valve rod; 14 — guide nut; 15 — closing valve spring; 16 — gland of flame detector; 17 — silfonic tube support; 18 —
flame detector
Fig. 2

We designed the protection valve as a combined valve can be closed / open on supervisor command of the flame with
silfonic tube and can be opened manually ordered by the action of operator. Opening manual the valve was designed without the
"restraint on the open position”. He used this possibility, since to operate automatically command after ignition flame, is taken by
the supervisor of flame.

Also we have designed a supervisor with the flame silfonic tube shown in Figure 3 and which party has the following
components:

The supervisor probe was made of copper capillarity tube inside diameter of 1.5 mm. Silfonic tube was made of band CuSn
6, STAS 94 / 1990 thickness of 0.6 mm, an automatic machine technology under license by Thomson take by Mechanical Factory
Sadu.

1 .- ring limitation; 2 .- silfonic tube; 3 .- glass; 4 .- probe; 5 .- siliconic oil; 6 .- bulb;
Fig. 3.
Assembly glass 3 with probe 4 and silfonic tube 2 was designed by tinning on a special machine. To limit the arrow of
silfonic tube during the operation, pushing it over a limitation ring 1.
The glass 3 has been made of brass and was fitted with threaded with assembling outside for the protection valve.
Supervisor itself was filled with siliconic oil on the plant UMSadu after the first was vacuumed. After filling and probe 4
mounting was applied by welding oxyacetylene of a packing bulb.

4. The principle of operation.

Gas LPG fuel type of low pressure enter through the entrance I of the protection valve compartment A. The valve being
closed gas stops inthe A (Figure 2), but can pass inthe B. By pressing a button mamual 1, seat 11 mobile gas fuel allows passage
through the compartment B, the exit E of the valve and then to the burner where the lights from an appropriate source of heat.
After lighting gas, bulbul 6 (Figure 3), it warms facilitating vaporization of siliconic oil from capillary probe. By vaporization,



oil pressure increases in silfonic tube producing a trip to axial ring limitation 1. Meanwhile rod of the valve 13 (Figure 2), is the
axial displaced. If the button is released manually 1 gland of the valve no longer reach mobile chair and passage of gas between
the two compartments is made casy.

5. The results of the measurements

As the flame of supervisor means that converts the temperature variation in lincar movement, we conducted two
experiments:

-- Determine gradient of silfonic tube before filling with siliconic oil;

-- Determine gradient of silfonic tube after filling;

Both experiments are based on the fact that the silfonic tube behaves like an ordinary spiral resort, with similar mechanical
characteristics.
.,-——!—--

Fig4

For both experiments we used a stand verification (Figure 4), which consists of:

1 .- comparator (0 - 25 mm)

2 .- standard weights;

3 .- supervisor of flame;

4 .- thermocouple 0 - 1000°C;

5 .- source of heat from O to 800°C;

The results of the measurements are presented in tables 1 and 2, and after processing results were obtained curves of figures
5and 6.

Tabelul 1.
Nr. G f Nr. G f
crt. [grame] [mm] crt. [grame] [mm]
1 50 0,16 9 600 0,68
2 100 0,26 10 700 0,73
3 150 0,35 11 800 0,79
4 200 0,44 12 900 0,83
5 230 0,49 13 1000 0,89
6 250 0,50 14 1100 0,94
7 400 0,58 15 1130 0,95
8 500 0,63 16 1200 0,95
Tabelul 2.

Nr. T f G f G f G

crt. [o C] [mm] [grame] [mm] [grame] [mm] [grame]

1 60 0,018 1200 0,025 1000 0,040 700

2 100 0,020 1200 0,040 1000 0,058 700

3 200 0,048 1200 0,075 1000 0,115 700

4 300 0,072 1200 0,126 1000 0,185 700

5 350 0,120 1200 0,162 1000 0,225 700

6 400 0,175 1200 0,235 1000 0,300 700

7 500 0,330 1200 0,392 1000 0,550 700

8 600 0,500 1200 0,550 1000 0,625 700

9 700 0,710 1200 0,712 1000 0,795 700

10 750 0,726 1200 0,790 1000 0,910 700

11 800 0,924 1200 0,990 1000 1,000 700
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6. Conclusions.

After measurements and experime

ntal data processing with the ORIGIN
software were formulated following
conclusions:

1). -- Siliconic oil is a liquid that can
be used successfully in the process of
conversion of wvariation in temperature
lincar movement through silfonic tubes;

2). -- Movement of linear silfonic tube
start after the temperature reached 60°C
one, with a variation on the linear interval
[350°C - 750°C];

References: 1. - MICU C. si altii. - Aparate i sisteme de misurare in constructia de magini. Editura Tehnicd, Bucuresti, 1980. 2. - PALADE D. D. Traductoare si
senzori. Reprografia U.P.Bucuresti, 1994. 3. STANESCU M. si altii- Sisteme de automatici pneumatice. Editura Tehnica, Bucuresti, 1987.
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OIIPEJEJEHHE TEXHAKO-DKCIUIYATAITHOHHEIX CBOMCTB THBPHIHLIX TATOBO-TPAHCIIOPTHEIX
CPEJCTB

PaCCMOmp@Hbl 80NPOCHL, OMHOCAUUECH K MEXHUKO-IKCNYam AyUOHHbIM ceolicmeam miaco60-MpAaHCROPMHbLX cpeacme, umeruux KOMﬁuHupOSCIHHble
OHEPSOYCM AHOEKU. y}’lOp coenan Ha CYENHBIX ceoticmeax u CONpOMUENEHUA OBUINCEHUIO MAULUH, UX MAC060-OUHAMUYECKUX KAYECEAX.

Hamnpasnenue pa3zsutusa padoT mo CO3TAHHIO M BHEIPEHUIO HA3EMHBIX THOPHIHBIX TATOBO-TPaHCIIOPTHEIX cpencTs (TTC)
B HACTOSINEGE BpPEMsI CTalO BIOJHE OMNPEACICHHBIM. JTO OOYCIOBHIO HEOOXOAMMOCTh PACCMOTPEHHS TEXHHUKO-
JKCIUTYaTaIlMOHHBIX CBOHCTB ruOpuanbix TTC. B wuacTtHOCTH, crnenoBamo OBl OICHUTh MX BO3MOJKHOCTH OTHOCHTEIBHO
CHCIIICHUSI, HANPUMEp, KOJIeCa C MOBEPXHOCTHIO KAUCHHS (OMOPHBIM OCHOBAHHEM - MOPOToH). Croma MOKHO OTHECTH TAKKE
BOIIPOCHI COITPOTHBICHUS KAUCHHUIO ABIDKATENCH. Bee 310 00ecmeunT BOBMOXKHOCTD, B YACTHOCTH, CYAUTh O TAKMX CBOWCTBAX
KaK MaHEBPEHHOCTD, POXOAUMOCTD, YIIPABILIEMOCTD, YCTOHUMBOCTD JABHKCHHS, M APYTHX CBOHCTBAX.

Kaxk m3BecTHO, ClIETIIICHHE KOJIECA C IOBEPXHOCTHEO KAUCHUS M COITPOTHBICHHE KAaYCHUIO OOYCIOBICHBI PAIOM (PaKTOPOB.
CremncHue 3aBHCHT OT BHCIIHETO TPCHHSI Marcphana Koieca (pPEe3WHBI) O IMOBEPXHOCTh KAUCHHSA, XapaKTEPU3YEMOTO
K03(D(PUIIMEHTOM TPEHUS CKOIBKCHHSA |lc, BEJIMYMHBI W XapaKTEepa PACIpeaCICHUS HOPMAJIBHOTO JABICHHA MO ILIOINAIKES
KOHTAKTA INMHBI C MIOBEPXHOCTHEO KAYCHUS, TAHTCHIUATGHOH A¢(OpMAIiH IIMHBI B 30HC KOHTAKTA M KACATECIBHBIX CIBUIOB
TPYHTA IO KATSAIIAMCSI KOJIECOM, a TAK)KE OT 3aLCIUICHUS OCTOBOH JOPOKKH IIHHBI C IIOBEPXHOCTHIO KAUCHUSL.

Ilocne moCTHIKECHUSA MAKCHMATBHOH CKOPOCTH BPALICHHUA ABIJKHTEICH AaNbHEHINCE YBEIMYCHHE CKOPOCTH JBHIKCHUA
MAIIMHBI MOXKET OBITh JOCTHTHYTO JHINb 3a CUCT YMEHBIICHHS IPOOYKCOBKH ABIOKHTENCH Ha rpyHTe. [locienanee TecHO
CBA3AHO CO CLCHHBIMH CBOMCTBAMH [JBIDKHTCICH. OTH CBOMCTBA OLCHHBAKOTCA KOI(P(QUIUCHTOM CUCIVICHHS (e,
MPEACTABILIOIMM COOOH OTHOIICHWE MAKCHMAIBHOM CHJIBI TATH O CHEIICHUIO Toq K HOpMamsHON Harpyske Gy,
BOCHPHHUMACMOH ABIKHTENCM, Qo= Ten/ Gk

Ha smaucHWE Q¢ BIMAHHC OKA3BIBAIOT, TAKKE, KPOME KO3((GHMIMCHTA |l PACHONOKCHHEC TIPYHTO3alCIOB H
HACBIIICHHOCTh MMH PHCYHKA IIPOTEKTOPA, IAPAMETPHI TPYHTO3aLENa, IPOJAOJDKHTEIPHOCTh M IDIOMAADL KOHTAKTA C
HOBEPXHOCTBIO KAYCHHA W MHOTO¢ Apyroe. CpeaHee 3HAYCHHE Qgy, PA3IMYHO AIA PA3HBIX YCIOBHM M PCKHMOB JBHKCHHA.
Tak, 111 CHEKHOM (YKaTaHHOI) moporu oHO paeHO 0,1...0,3, a qa cyxoro acdamsra —0,7...0.9.

BosnelictBue koiec Ha JOPOTY BO MHOTOM 3aBHCHT OT PACHPENCICHHS HATPY3KH IO OCSIM MAIIMHBIL, JABICHHI,
OKa3bIBACMOTO KOJIECAMHM MANIMHBI HA TPYHT, YPOBHS KOICOAHWH W PEKMMOB NBIDKEHHS MammHbl Cienosanxo Obl 0cobo
OTMETHTD IIEPEMCHHBIN XapaKTep JCHCTBYIOMIMX HATPY30K.

ConpoTuBICHHE KAUCHHIO KOJNEC OOycIOBIEHO nByMs (akropamum: aAcdopMmanmell IOBEPXHOCTH KAUCHHSA H
JedopMmare IMMHBL JHEPIHsA, 3aTpaynBacMas Ha JAc()OPMAIMIO HIMHBL, 3aBHCHT OT HATPY3KH HA IOMHY, €€ Pa3MEpoOB,
KOHCTPYKIMH, MATEpHaNa W JABICHUS Bo3ayxa B mmHe. OnpenemmommMu (PakTopaMu SBISFOTCS (PH3HKO-MEXaHUICCKUC
CBOMCTBA TPYHTA, 4 TAKKEC HATPY3KH, IIEPEIaBacMble KOJIECCOM, pa3Mepsl U (popMa IATHA KOHTAKTA HIMHBI C MOBEPXHOCTHIO
KaueHHsL. B 4aCTHOCTH, YACTHHOE CONPOTHBICHAE KAUCHUIO, OOBIMHO HA3bIBACMOE KOI(PPHUIMCHTOM COMPOTHBICHUS KAUCHUIO

Fy
fo ="
k | (Pr — cuma conporusieHus kaueHuro, Gy — BeC BOCHPHHMMACMbIM Kojecamu). JInd BEAYLIEro Komeca
k03¢ dumueHt f; Ha 20...40% BROIC, YeM AJIA BEAOMOTO KOJICCA. DTH JAHHBIC OTHOCATCSH K KAUCHHIO MO CYDIIHHHUCTBIM HITH
CYIIECUAHBIM TPYHTAM IIPH IIPOYHX PABHBIX YCIOBHIIX.
[Mpeapimymme paccyKICHUA HCH30CKHO CBA3AaHBI C BOMPOCAMH, BO3ZHHKAroOmMH mpu dkcmayaranun TTC. Cpean 3Tux
BOIIPOCOB, B YACTHOCTH, HEOOXOAMMO HA3BATh CJICAYIONICE: KAKUE CIyYar KAUCHHS BEAYIIMX KOIIEC HAaHOOIIee BAsKHBL
[lo xpaiiHe# Mepe, 3TO SBIETCS IEPBOCTCIICHHBIM IPH aHATM3EC THOPUIHBIX MammH. [Ipeskae Bcero, MMeeM B BHAY
TATOBO-THHAMHYCCKHE KAYCCTBA U IPOXOAMMOCTH IO Ae(opMuUpyeMbIM rpyHTaM. He BBI3BIBACT COMHEHHS UTO YMCHBIICHHUC
CONIPOTHBJICHUS KAUCHUIO MAIMHBI MOXKET OBITh AOCTHTHYTO NPH PANHOHAIBHOM COYCTAHWH  KPYTSIX MOMCHTOB C
BEJIMYMHAMH HOPMAJIbHBIX PEAKIMHA HA HUX.
HzBecTHO, 4TO OCHOBHBIM yCI0BHEM ABIKeHHS TTC ecTh HEPABEHCTBO:

Pf"’:‘Pp

JIOTIOJTHUTE TLHO CIIEAYST MOMHUTD U IPYTUE YCIIOBHS:

P> Py <Pg — YCIIOBHE BHKCHUS MALIMHBL,

Py > Py > Py — ycnoeue OyKCOBAHHS,

Py < Px < Py — yCIOBHE MEPETPY3KH.

3meCh MMECTCA B BHAY, 4TO Py — CHIIA TATH, KOTOPYIO CIIOCOOCH PECaTn30BaTh ABHIATCb (TATa MO JBUTATEN0); P — cra
TATH, KOTOPAs MOKET OBITh PCATM30BAHA 32 CUCT 0COOCHHOCTCH MOYBHI H KOJIeCa (TATa MO CUCIUICHHIO);

Pk — daxruueckas cuna TATH, peaau3yeMas B CO3IABIICHCS CUTYAIHH.

JUI1 mcchaenoBaHWS CIEAYeT BHIOPArb CHCTEMY «ABHUTATEIIb-TPAHCMHUCCHS-IBIDKUTEIB». [lo cyTm, 3Ta cmcrema
OXBATBIBACT YCIOBHS U peKUMbI aBrkeHIs TTC.

Boire Ha OCHOBE M3BECTHBIX MCCICIOBAHMI NPHBEICH BBIBOX, YTO B OMPEACICHHBIX YCIOBHIX YBEIMUCHHUE CKOPOCTH
JBIDKCHHSI MAIIMHBI BO3MOKHO 33 CUET YMCHBIICHHS OyKCOBaHWS. B CBOIO ouepenh OYKCOBAHHE CBA3AaHO C TATOBOW CHIIOH,
MPIJIO’KEHHOH K Kosiecy. Ho TaroBas cumia He MOKET ObITh OONBING CHIIBI TATH IO CHEIUICHHIO. /I OoibImMHCTBA
Ie(hOpMHUPYEMBIX TPYHTOB OYKCOBAHHE, COOTBETCTBYIOIRES MAKCHMATBHOU cuie Tarw, mpocturacTt 30...40%, a ama Teepaor
mosepxHocTH 10...15%. [pr 3TOM BO3MOXKHA peanu3anud u Oompmiei Cuisl Tsrd. [ OCTh HAKIAORIBAIOT OTPAHWYCHHS HA



OyKCOBAHHE (B LEAX FKOJOTHUCCKOH OC30MACHOCTH).

B PCATBHBIX YCIOBUAX ABIDKCHHUA, KOTAA BCIIMYIHHA HOpMaJ'II)HOI\/II PCAKIHA HA KOJCCC HM3MCHACTCA B CAMBIX HIMPOKHUX
mpeAenax (BIUIOTh 0 OTPhIBA KOJECA OT MOBEPXHOCTH JOPOTH), TATOBASI CHJIA HA KOJIECE OTPAHUYCHA BEITHYMUHOH (P C yUETOM
MAPAMETPOB KOICOATCTHHBIX MPOLECCOB. Tak, MpH mpoboe MOABSCKH YCKOPCHHA KOPITyCa MAMMHBI MOTYT J0CTHTATh (3...4)g
(ycxopeHHsI CBOOOTHOTO MAICHHS TEIA).

Bospacranne HarpykeHHocTH TTC, omeHmBaemoe KO3((UIMEHTOM IWHAMHYHOCTH K, TO €CTh OTHOIICHHEM
MAKCHMAJIBHOTO AUHAMHAWYICCKOTO MOKA3aTC/ I HATPYKCHHOCTH H}l K €T0 CTaTHICCKOMY 3HAYICHUIO HCT CBA3AHO C JBHJKCHHCM
IO HCPOBHOCTAM AOPOTH, H3MCHCHHUCM TATOBOM HArpy3Kkv, WHCPUAOHHBIMH CHJIAMH. 310 TAaKkKE OTHOCHTCA K PeKAMAM
TPOTAHUA U PA3TOHA MAIIMHEL

Xapaxrep MpoTEKaHUS YKA3aHHBIX IPOLECCOB Y THOPHIHBIX MANIMH OOJIEE IIABHBIA, YeM Y MAIMH TPAJHIHOHHBIX. JTO
B KOHEYHOM HTOTE CKa3biBacTcA 1 Ha OykcopaHnu TTC, 4To paBHOCHIIBHO YIAyUIICHHIO TATOBBIX CBOMCTB.

Bo3MmoxxHOCTH TATOBO-TPAHCHOPTHBIX MANMH MPOABILIFOTCA, KOrAad AWHAMHYICCKHC MPOLCCChI MOXKHO OTHECTH H K
MEIJICHHO MCHSOIMMCS, HE BO30YKIAFOIMIMH KONCOAHWH B TUHAMHYECCKOM YIPYTOMHEPIMOHHOHN cmcteme. Hampmmep, B
MAaIMHE COBEPIIAIOMICH IBMKCHHE MO KOCOTOPY, CBOMCTBA TPYHTA KOTOPOTO CPABHHUTEIBHO MEAJICHHO MCHSIOTCA. JTO
MPUCYIIE, TPEKAC BCErO, MANMHAM, HMCIONMM MOTOP-KOIECAa, TO €CTh CIIOCOOHBIX BOCIPHHHMATH IIEPEIABACMBbIH
JBUTATCIICM MOMCHT KQJKIBIM KOJICCOM HE3aBHCHMO OT APYTHX KOJIEC.

B 3toMm ciyuae Oonee HArpyKCHHOE KOJIECO IO CPABHCHHIO C MCHEE HATPYKCHHBIM MOKET PEANM30BaTh OOJBIIYIO CHILY
Taru. YTO B KOHCUHOM HTOTC TO3BOJIICT 000HTHCH O¢3 muypepeHInana.

Cne;:[yeT OTMCTHUTD, UTO CHCIIJICHHC IIMHBI C MOBCPXHOCTHIO KAYUCHUA BJIMACT HEC TOJIBKO HA TATOBBIC CBOMCTBA MalMH, HO
H Ha €€ yCTOfI‘{HBOCTB ABHKCHHUS, YIPABIACMOCTDh, MAHCBPCHHOCTD, MOBOPOTIHUBOCTD, IJIABHOCTHh X044, S(I)(I)GKTI/IBHOCTB
TopMOXKeHHA. COCOOHOCTH TPYHTOB OKA3HIBATh CONPOTHBICHHC KACATCIBHBIM CIOBHTAM IMPOMOPIHOHATBHA JTOMYCKACMOMY
JUIS JAHHBIX TPYHTOB HOPMAJTBHOMY JABICHUIO.

BosaelcTBue ABMXKUTENEH HA TPYHTBI M TOYBbI OKA3bIBACT CYIIECTBCHHOC BIMSAHHE HA HHUX. [103TOMY YCIOBHS H
PCKUMBI IBIKCHHUS CIICAYCT PACCMATPHBATH TAK KE KAK (PaKTOPBI IKOJIOTHICCKOM OC30MaCHOCTH.,

[Ipu paccMOTpeHHHM TEXHHKO-IKCIUTyaTalMOHHBIX CBOHCTB TTC ¢ ruOpMAHON IHEPIOYCTAHOBKOH CIEAYET YIACIUTH
BHHMAHHC YCIOBHSAM W PE;KUMY PabOThHI MAIIMHBL B 4aCTHOCTH, HY;KHO BHHMATEIBHO M3YUHTh BO3MOXKHBIC XapaKTCPHCTUKA
JBUTATCIICH, CUCIUICHHC ABIXKHTCICH ¢ MOUBOH, compoTtuBicHHC ABmkeHHIO TTC. Tlpm 3TOM BO3MOMHO HCIOJB30BAHHC
ypaBHCHHE 0aIaHCa CHIL, TO €CTh AHPPESPCHIHATEHOTO YPABHCHIS IBIKCHHI S MANIMHBI KAK MATCPHATEHOH CHCTCMBI

-~ d‘v ~ur
md -~ = P~ E3 Py
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)

I7e M — Macca MamuHbL ~ — KO3()(QUIIMECHT YCIOBHOTO MPHUPALICHUS MACChl, V — CKOPOCTb JABMKCHHUS MAIIMHBI,
CHJIBI, YHOMAHYTBIC B HAYaJIe JAHHOU CTAThU.

[Ipu TakoM moaxoxe HAWIYUIICH MAMMHON OyleT Ta, KOTOpas MMEET CAMYIO0 BBICOKYIO 3((EKTHBHOCTH B 3aJTaHHBIX
YCI0BHAX. B HaIEM cay4ac 3TH TEXHUKO-3KCIIIyaTAHOHHEIC CBONCTBA HA3BAHHBIC PAHEE.

P, HPf_

Crmcox ymreparypel: 1. Pocrasyes A.B. TlpuMeHeHHe B CENBCKOXOBSICTBCHHOM IIPOMBBOJICTBE DKONOTHYSCKH OE30I1aCHBIX TATOBO-TPAHCIIOPTHBIX CPSACTB C
MHHUMAJILHBIMH 3aTpaTaMH SHEPTUH. «CydacHi TEXHOJIOT B MAIMHOGYI0BaHHD 30IpHIK HayKOBBIX mpails, Bumyck 1, Xapkis HTY «XTII» 2008.
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SUGGESTIONS ON PROPER CIRCULAR FREQUENCIES ESTABLISHING FOR THE SUCKER ROD PUMPING
UNITS

There are comparatively analysed many methods of determining the fundamental circular frequency of a column of sucker rods with sectioned geometry,
for a rod pumping unit and there are given utilisations recommendations.
Keywords: proper circular frequencies, rod pumping units

1. Theoretical Considerations

For a corect performance of a sucker rod pumping unit is necesary to have a very accurate knowledge of the fundamental
circular frequency and there is choosen the pumping frequency avoiding the resonance ranges. The most used method implies a
simple relation demonstrated by Drigotescu N and corrected in [1] by Popovici Al.:

_2x _2m-c _2m-c_x-c 8000
P7"771 Tam THTH . o
where: 4 - length wave ; T - own oscilation period; /7 - depth of plunger;
¢ - speed of propagation of the sound in steel, c=57100 n/s, deduced by considerating of a steady wave system in the column of
sucker rods with a node at the surface and a ventrum at the plunger.

The maximal force is the main characteristic of the pumping unit, according to which they are named and determining its
right value is a fundamental condition of a good projecting and utilisation. Because of the complexity of the phenomenon during
pumping process, the calculus formulas in the specialized literature offer different results. Some were theoretically deduced and
they are affected by different simplifying hypothesis, other are empirically and other although theoretically deduced they have
been introduced some correction terms for corresponding with experimental data, terms which refer to condition of work. No
matter the criterion, at the upward stoke there is a moment when the force from the polished rod will have a maxinum value Fyy.
In [2], it was created a comparative analyses between the experimental values of the maximal forces obtained by help of
dynagraphs provided us with ecometrical experimental values from 40 wells of Moinesti area and the values resulted from the
calculations done with the most commonly used formulas in the specialized literature, shown in a table and a graph, by giving
directions for use. This way it was recommended the employment of (2) formulas, deduced by Al. Popovici.

7= D13+l ps.wwom-si J— A

Fu _Gb+G+35 D-10 +Z pes-@-wem sm;ﬁl +§ m-s-@ cos(g:i +E] o

where: - Gp, column of fluid weight who acts on brute section of the sucker; G, weight of the sucker rod in the air; D, sucker
diameter; p, fundamental circular frequency of a column of sucker rods; m , sucker rod mass; @ , angular velocity of the pumping
unit cranks;

- k’
Ytk ; )
ky, elasticity constant of tubing, ki, elasticity constant of the rods;
gci = arcr:os[-l— ,&]
= SRS 4)

r, crank radius; 1 - crank angle where it finishes static deformation of the sucker rod and the tubing, at the taking over of weight
of fluid column, calculated with elementary kinematical hipothesis (it may be calculated with much accuracy with exactly
hipothesis).
A=A, +4, (5)
A total elongation of the sucker rod and the tubing; A, (,Z,) - elastical elongation of the sucker rod (tubing) at taking over the
weight of liquid column. Being the most appropriate formula for the experimental results, it will be used (2) for determining the
fundamental circular frequency. The calculus is facilitated by Mathcad program.

2. Comparatively analysis between the calculus methods for fundamental circular frequency

Table 1 presents the values of fundamental circular frequencies of sucker rods for 40 wells, from Moinesti area. (results are
systematized in [2]).

The dynamometratrion was performed using the dynamometer incorporate in the Echometer (fig.1).
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Fig. 1 ECHOMETER equipment
Having the purpose of doing dynamometrations measures, the general assemblage schema from fig.2 was used and the
necessary elements for dynamometrations measurements are:
- hard requirements:
- power transducer;
- current transducer;
- connection cables;
- computer;
- soft requirements:
- DYN.EXE program - carries on measurements and dynamometrations analyses.
- RODMASTER program - detail analysis.
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Fig. 2. Assemblage configuration for dynamometrations measurements
From the ecometrical obtained dynagraphs there were emphasized the experimental values of the maximal forces.
- The completion of wells with pumping units varying between:
® Maximal force: 5tf - 12tf (5000daN - 12000daN),
Pumping frequency: 4,3strokes/min - 10,33strokes/min,
Stroke length: 0,97m - 3,3m,
Variety of pumps: TB, TLM, TLC, PCM, HHBC, THM, TH, RLAC, RLB,
Dynamical level: 6m - 384m,
Depth of plunger: 473m - 1907m,
Diameter of the pump plunger: 1 " in- 2 *in (0,03175m-0,0698m).
- Measurements were done at wells where:
The filling of the pump is varying in the domain 6% - 92%,
The leakage at the travelling valve test:
- there are not
- there is small leakage 0.2 - 2,8 B/D (0,0318-0,4452m/7),
- there is great leakage until 12,7B/D (2,019m3/zi).
- 4 of the measured wells are new ones, with new projected equipment and extracting system, with proper dynagrafs and
valve tests, the rest are old wells that don’t work at optinmm parameters. The comparative study is shown in tablel.
The results due to column , method 1, refer to the circular frequency calculus with (1) fornula.
The results due to column , method 2, are obtained using the finite elements method by help of COSMOS program [2].
Column, method 3, was completed determining the fundamental circular frequency from (2) relation, by help of Mathcad
program, where the maximal force has an experimental value.
The graphic fromfig.3 offers a comparison of the three methods obtained values.
It finds out:
- the results offered by finite elements method are very close with the experimental ones (the error reach the maximum
value of 1,7%).
- the results obtained with relation (1) have a maximum error of 4% for rod lines with only one section, a maxinum



error of 9% for 2 sectioned rod line and of maximum 12% for 3 sectioned rod line.
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Fig. 3.

3. Recommendations for establishing fundamental circular frequency method

The fundamental circular frequency is an important characteristic of pumping units that allow the choosing of
the optimal technological parameters in order to have a well function of the entire equipment, avoiding the resonance

ranges.
Table 1
s Calculus method of'the circular frequency (p)
e Bxpetimint method1 method 2 method 3
1 8.26 8.45 8.5
2 10.32 10.48 10.4
3 13.29 13.49 13.5
4 11.64 12.98 12.8
5 8.75 7.58 Tl
6 8.64 9.14 9.1
7 12.68 12.87 13.15
8 16.77 17.04 17
9 10.58 11.08 11.2
10 7.33 7.46 7.4
11 7.16 7.93 7.9
12 9.63 10.54 10.7
13 6.72 7.38 7.3
14 8.09 8.96 8.9
15 7.61 8.41 8.3
16 8.86 9.28 9.2
17 8.93 7.81 7.9
18 8.08 8.98 8.9
19 5.68 Sil5 5.8
20 10.38 10.54 10.6
21 10.38 10.54 10.5
22 7.92 8.78 8.7
23 8.45 9.32 9.16
24 9.29 9.36 9.3
25 11.48 11.65 11.6
26 8.34 7.36 7.9
27 7.977 8.62 8.6
28 8.35 8.52 8.5
29 8.39 7.39 7.4
30 8.29 8.48 8.62
31 11.48 12.65 12.6
32 11.05 11.49 11.4
33 4.44 4.92 4.8
34 6.31 6.99 6.92
35 9.66 9.85 9.94
36 5.39 5.43 5.4
37 9.7 9.91 9.94
38 11.54 11.72 11.6
39 4.195 4.65 4.6
40 8.49 9.32 9.2

Because of its simplicity and the very close values due to experimental ones (maximum error of 12%), relation (1) is
recommended to be used both for uniform and sectioned rod lines.

References: 1. Popovici, AL, Utilaj pentru exploatarea sondelor de petrol, Editura tehnicd, 1989.
2. Rusu L., Studiul cinematicii i dinamicii unitdtilor de pompare cu balansier pentru extractia petroluli, teza de doctorat, 2008.
Iocmynuna e peoxonnezuro 15.03.09



VIIK 621.9

A. Tanasoiu, PhD, Lecturer, 1. Copaci PhD, prof., Arad, Romania,
A. Nicola, Petrosani, Romania, G. Mihai, Bucharest, Romania

CONNPOTUBJIEHHUE U TBEPAOCTb METAJLNIMYECKHUX BUHTOBBIX CIIMPAJIBHBIX ITPY/KUH ®31MM,
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BATOHAX

On the strength and reliability of ®31mm metallic helical springs, used for Y25Lsdi bogie suspension mounted at freight cars

Generalities

The elastic metallic elements, under the form of helical springs, torsion springs and laminated springs, are used, on a large
scale, as suspension elements, for railway vehicles. Just as the other types of elastic elements used for suspensions, the metallic
springs are machinery parts with a high degree of elasticity. Due to their elasticity, these elements stock a deformation energy, the
greatest part of which, when the load action ceases, being given back to the mechanical system, as kinetic energy. The above
mentioned characteristic, as well as, the conditions imposed to suspension (in vertical and horizontal planes, the space available
for spring mounting, type of load impact) lead to different types of springs [1], [8]. [3]. [5]. [4].

Compared with the laminated springs, the helical springs, as well as, the torsion springs have a high degree of material
economy, the manufacturing and repairing technology is, relatively, simple, need no maintenance operations and are sensitive to
small disturbances.

Finite element method for stress analysis by ALGOR program

Presentation of ALGOR program

In order to establish the compatibility pf the analyzed model, several analytical techniques are available. The Superview IV
Results program permits access to these techniques, offering, at the same time, both gross stresses, in local coordinates, and many
values derived from them. The derived values include von Mises and Tresca criteria, stresses minimmm and maxinmm principal,
as well as, the elements specific results. Because the accuracy of analytical results depends on the way the digitization was
chosen and MEF parameters were applied, Superview IV Results program offers an estimation of precision in common nodal
points [6]. This value of precision helps to establish the model compatibility.

Further, the following stresses offered by the program, will be defined:

Von Mises stress

The results will be displayed under the form of Von Mises equivalent stresses. They can be displayed for surface elements
(2-D, plates, etc.) and for volume clements.

The equation used is the following:

o, = \(0’54[{5’_ gy)’ +{0'7 —62)3 +(o, - cr,)’:'+3 . [r; + f; + r:,] (LD)

Where, oy, oy and o are axial stresses, in global directions, and 1xy, Tyz, Txz (Fig. 1.1) are cross forces. The
Von Mises stress is, always, positive. Depending on the stresses principal 61, 62 and o3 , Von Mises
equivalent stress is given by the relation:

Cp= JD,j'[(O‘l—CII:]; +(oy _al):+(‘51_51)1:|

(1.2)
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Fig. 1.1. Stress condition of an element and
Mohr Circle - minimum principal stress (63)



Displays the minimum principal stresses (o3). It can be displayed for surface elements (2-D, plates, etc.) and for volume
elements. The sign (+) indicates an elongation and the sign (-), a compression (Fig. 1.1).

- intermediate principal stress (62)

Displays the intermediate principal stresses (o2). This is the stress in normal direction, at stresses minimum and maxinum
principal. It can be displayed for surface elements (2-D, plates, etc.) and for volume elements. The sign (+) indicates an
elongation and the sign (-), a compression (Fig. 1.1).

- maxinmum principal stress (67)

Displays the maximum principal stresses (o1). It can be displayed for surface elements (2-D, plates, etc.) and for volume
elements. The sign (+) indicates an elongation and the sign (-), a compression (Fig. 1.1).

- Stresses tensor

It displays, in the selected direction, the stress components. It, practically, uses both the stress tensor and the local
components of stress. The stress tensor can be displayed for surface elements (2-D, plates, etc.) and for volume elements.

Direction xx — the components of the stress tensor which represents the normal stress in the direction x. The sign (+)
indicates elongation, the sign (-), compression.

Direction yy — the components of the stress tensor which represents the normal stress in the direction y. The sign (+)
indicates elongation, the sign (-), compression.

Direction zz — the components of the stress tensor which represents the normal stress in the direction z. The sign (+)
indicates elongation, the sign (-), compression.

Direction xy — the components of the stress tensor which represents the shearing stress in the plane xy (x indicates the
normal direction; y indicates the direction of the shearing stress). The sign (+) indicates elongation, the sign (-), compression.

Direction yz — the components of the stress tensor which represents the shearing stress in the plane yz (y indicates the
normal direction; z indicates the direction of the shearing stress). The sign (+) indicates elongation, the sign (-), compression.

Direction zx — the components of the stress tensor which represents the shearing stress in the plane zx (z indicates the
normal direction; x indicates the direction of the shearing stress. The sign (+) indicates elongation, the sign (-), compression.

Calculation for Y25Lsdi bogie suspension helical springs

The calculation was done for the helical springs of the bogie suspension, used for freight cars, with coils having a diameter
of @ 31mm. The load impact type is of axial compression. The analyzed spring was supported, in transversal section, on the end
of the bogie pivot, the compression forces being applied on the opposite end, according to the operational situation.

The spring was digitized in volume elements (brick and tetrahedron), with 3483 nodal points, having 7485 digitization

elements; the force applied was of 49000N.

Fig. 2.3

The mechanical characteristics of S0CrV4 steel used for springs are the following
yield limit Rpgz = 1511 N/mm’
fracture strength Ry, = 1636 N/mm?

The maxinum tensile stresses, in all analyzed situations, are with, at least, 24% under the yield limit value of 1511 N/mm2,
this way, the possibility of a crack occurrence being eliminated.
The results are presented in Table 2.1 and in figures 2.1 — 2.4

Table 2.1.
Calculated stresses Spring @ 31mm
Omax [N/mmz] Omin [N/mmz]
Von Mises stresses 1672 0,27
Stresses maximum principal 1150 -28,14
Stresses intermediate principal 408 -37,17
Stresses minimum principal 156,40 -1128,58

The spring camber is of 100mm.



A theoretical calculation, obviously, demonstrates that, since the admissible values required by the materials used for
fabrication are not exceeded, the spring will resist in operation.

Endurance tests

Table 3.1 presents the pulse operation of @3 1mm metallic helical springs used for Y25Lsdi bogie suspension, at freight cars
[51. [9]-

The endurance tests presented in Table 3.1 were performed in accordance with German norms DB no. Fwg 696.0.02.023.002. These norms
conply with the Furopean ongs.

Table 3.1
Compression springs (exterior ®31)
Load Length under static Upper stroke Lower stroke Stroke Number of
increment load [mm] [mm] [mm] [mm] cycles
1. 1.1=200 Lo=210.5 Ly=189.5 +10.5 20x10°
2. 1.1=200 Lo=212.6 Ly=1874 +12.6 1.0 x 108
3. 1.1=200 Lo=1216.7 Ly=1833 +16.7 1.0x 106

During the endurance tests, the pulse operation was checked-up and the mumber of cycles was counted. The results of these

tests are presented in Table 3.2.

Table 3.2.
Compression springs (exterior) ) 31
Spring no. Number of cycles Remarks
1 4000000 Load increment 1-3 passed
2 4000000 Load increment 1-3 passed
3 4000000 Load increment 1-3 passed

Analyzing the experimental results, we have come to the conclusion that the ...31mm springs positively answered to the
endurance tests and, that no defects, cracks or fractures were found out.

Conclusions

As a corclusion, we may state that the @ 3 1mm springs have presenied calculated stresses positiored within the limits imposed by the mechanical
characteristics of S0CrV5 steel. A corresponding reliability of these types of elastic elements for railway vehicles boges canbe obtained and gratarieed by
mears of strictty observing the mechanical characteristics of the material. In other words, an adequate reliability canbe obtained by means of cbserving the
manufactring technology, the thermal treatnent rules, as well as, the peening treatent technology.

Bibliography: 1. Ayadi S., Hadj-Taieb E., Pluvinage G. The numerical solution of strain wave propagation in elastical helical springs. 2. Ayadi S., Hadj-Taieb E. Simulation
numerique du comportament dynamique Iineaire des resorts helicoidaux, Transactions of the Canadian Society of Mechanical Engineeting In Press, 2006. 3. Becker L.E., Chassie
G.G., Cleghorn W.L. On the natural frequencies of helizal compression springs, International Journal of Mechanical Sciences, vol 44, 2002, p. 825-841. 4. Chou P.C., Mortimer
RV Solution of one dimensional elastic wave problems by the method of characteristics, Joumnal of Applied Mechanics, Trans. ASME, vol 34, 1967, p.745-750. 5. Copaci I, et
all. Strength at variabk loads which occur in raitway vehicks operation, Publishing House MIRTON, Timisoara, 2005. 6. Dammak F., Taktak M., Abid S., Dhied A., Haddar M.
Finte element method for the stress analyis of isotropic cylindrizal helical springs, European Journal of Mechanics A/Solids 24, vol 12, 2005, p. 1068-1078. 7. Popa Dorel
“Contributions to the wagons springs reliability improvement”, Paper no. 3 to the doctorate thess * Methods of improving the chatacterstics and reliability of railway vehicles springs”
8. Sebesan I, Hanganu D. Design of railway vehicles suspensions, Technizal Publishing House Bucharest, 1993. 9. Tanasoiu A. Influence of railway vehicles supportirg structures
elasticity upon the guiding/direction security, PhD thesis, Bucharest, 2006.
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OBECHIEYEHME HAJAEXXHOCTH BYMATI'OPE3AJIBHBIX MAIIIMH
HA OCHOBE JUAT'HOCTHUKH TEKYIIEI'O COCTOAHUA U HHOOPMAITMOHHOT'O COIMPOBOX/IEHNUA
HA 3TAIIAX
ZAKM3HEHHOI'O IUKJA OBOPYJOBAHHSA

V oanisi cmammi posenaoaromses NUMAHHI OlGZHOCMYSAHHS NANEpOpIi3aibHOc0 OBRAOHAHHI HA OCHOBI KOHMPORIO NApaMempis 6i6poaxycmuiHo2o
CUSHANY, WO SeHepYEMbC NpoYecoM pisanus nonizpagpiunux mamepianis. IIpobrema nonseac 6 cmeopenti Memoois i 3acobig OIazZHOCMYSAHHA MEXHIUHO20
CIAHY KOMANEKCY Pi3aHHs NONEpadiuHux Mamepianie «npoyec-0ONaAOHAHHA-IHCIMPYMEHM y, OPIEHMOBAHUX HA Oe3nepepsHull iHGopmayitinuil cynposio
BHPOOOBIHC 6CHLO2O HCUMMEBO20 YUKILY, NOUUHAIOUY 810 3apOOdNCenHs i0el i POpMySaHHs mexHIYH020 3a80aHHs | 00 ymunisayil. 3anponoHoOsana Memoouxa
doseonums nepelimu 610 KaneHOApHO-NAAHOEOI MeXHONOSHT 0DCNY208Y6aHHA MAMUN 00 MeXHOROSH 0DCYe08y6aHHA IX NO DAKMUUHOMY CIMAHY Pidcyd020
HCMPYMEHMY.

In this article the questions of diagnosticating of 6ymazopesanwrozo equipment are examined on the basis of control of parameters of vibroacoustic
signal, cutting of polydiene materials generated a process. A problem consists in creation of methods and facilities of diagnosticating of the technical state of
complex of cutting of polydiene materials «process-equipment-instrument », oriented to continuous informative accompaniment during all of life cycle,
beginning from an origin ideas and formings of requirement specification and to utilization. The offered method will allow to pass from the calendar-planned
technology of maintenance of machines to technology of service them on the actual state of toolpiece.

BseOenue. AHanW3 TEPCIICKTHUB PpA3BUTHA MOMMTPA(HUCCKOTO IPOM3BOACTBA IOKA3bIBACT, YTO BO3PACTAIOIMC
TPeOOBAHMA K TOYHOCTH M KAaUCCTBY BBITYCKACMOM IPOAYKIHH, B CBOIO OYEPEAb, NMPEAONPEICILIOT COBSPIICHCTBOBAHIC
TexHonmornd. B HacTosmee Bpemsi BCe Oonee IMIMPOKOE TNPHMEHEHHE HAXOAWT JOPOTOCTOAIICE ABTOMATH3HPOBAHHOC
OymaropesanbHOE 000PYIOBAHHE C MEKPOIIPOIICCCOPHBIM VIIPABICHHEM.

Pacmmperne kpyra 3a1a4, PeIaCMbIX NOTHTPAQHICCKAMHA TPCAMPHATHAMHE, TOBBIIACT TPSOOBAHAA K MACCOTA0apUTHBIM
MOKA3aTEIIIM | TIOKA3aTEIIM HAIS)KHOCTH M KaUECTBA COBPEMEHHBIX OyMarope3aabHbIX MALIHH.

OgHuM W3 BOKHEHIIMX 000OMAOIIMX CBOHCTB, 0 KOTOPOMY OIICHHBACTCS ILIEIECOOOPA3HOCTh NMPUMEHECHHS TOTO HIIH
HHOTO 00OPYIOBAHMS, SBISICTCS €10 HAJACKHOCTb.

HageskHOCTh 3aBHCHT OT COUCTAHHS CBOWCTB: OC30TKA3HOCTH (CBOHCTBO OyMarope3ajbHBIX MAIIMH BBITOTHATH
TpeOyeMy 0 (PYHKIMIO TPH 3aJAHHBIX VCIOBHAX B TCUCHHC 33JaHHOTO HWHTCPBAJIA BPCMCHH), JOJATOBCUHOCTH (CBOHCTBO
OyMaropesaibHBIX MAMWH COXPAHATH PabOTOCIIOCOOHOCTH IO HACTYIUICHHUS TPEACIBHOTO COCTOSHHS IPH YCTAHOBICHHOH
CHCTEME TEXHHYICCKOTO OOCIY;KHBAHHS M PEMOHTA), PEMOHTONPHTOAHOCTH (IIPHCIOCOOICHHOCTh K OBICTPOMY, YIOOHOMY
MPOBCACHHIO PEMOHTA) M COXPAHACMOCTH (CBOMCTBO OyMAarope3albHBIX MANIMH HCTPCPHIBHO COXPAHATH (B 33JaHHBIX
TpeAcax) 3HAUCHH YCTAHOBICHHBIX U1 HIX ITOKA3aTeIcH KaueCTBA BO BPEMsI M IIOCIIC XPAHEHHUS U MPH TPAHCIIOPTHPOBKE).
HanexxHOCTD 3aKiafpBacTCs HAa 3TaNe MPOCKTHPOBAHWSI M M3TOTORICHHS OOOPYIOBAHMA M IOAJICPKUBACTCA HA 33JaHHOM
VPOBHE B IIPOIIECCE €T0 IKCIUTYaTALHH.

BeposTtHoCTs 6e30mKasHoii pabonivi TEXHOTOTHICCKOH CHCTEMBI MPHHATO OLCHHBATH KAK BEPOSATHOCTH OC30TKAZHOM
PpaboTHI ¢ MeMEHTOB [ 1]

P(H)=R 5. h=]]A
I=l

)
>
e /1 — KOJIMMECTBO CTPYKTYPHBIX 3JIEMECHTOB TEXHOJIOTHIECKOW CHCTEMBI.
Pemonmonpueoonocne ONpeneIeTcs BpeMEHEM BOCCTAHOBICHUS [2]:
TB = Tﬂ + TI" (2)

rae 7, — BpeMs BOCCTAHOBJICHHS TEXHOJIOTHYCCKOTO 0OopyaoBaHus, 7j7 — BpeMs moucka acdekra; 7y — BpeMs yCTpaHCHHS
medexra.

Bpems BOCCTAHOBICHHS HWIPACT BAKHYIO poOidb B oOcCmcucHHH KO3(p(QuIHeHTa TOTOBHOCTH K, KOTOPBIH
PETIAMEHTHPYETCS TEXHHUCCKIM 3JAHHEM HA 000pYIOBAHHUC
gy T

T" + TB (3)
rae 7y — BpeMs HapaOOTKH MEKIY OTKA3aMH.

Bpems ycrpanenus aedexra 7y 111 BRIOPAHHOTO KOHCTPYKTHBHOTO HMCHOJHEHHUS MOXKET OBITH OIPEJCICHO 3apaHEe H
TIPUHAUMATECS 32 TIOCTOSHHYIO BETHUIHY.

T, = const

Kax npasuio T, >>Ty, npu 31oM Kr® 1.

THocmanosxa 3a0ayuy. TpaTHIHOHHBIN MOAX0T K 00CCICUCHUIO TPEOyEMOTO CPOKa CIY>KOBI (T.€. MPSACTBHOTO BPSMCHH OT
Ha4yana MOTPEOICHUS W JKCIUIYaTally, B TCUCHUE KOTOPOTO OH (PYHKIMOHHpYET C TpeOyeMoH 3((EeKTHBHOCTHIO, BKIFOUAS
BpeMs padoThl IO TMPSMOMY HA3HAYCHWIO) B JKH3HCHHOM LHUKJIC W3ACIHs Oa3HpPyeTCsS B OCHOBHOM HA CTaTHCTHYCCKOM
MPEACTABICHUN YKa3aHHOTO TmeprnoAa. OHAKO, COBPEMCHHbBIC YCIIOBHS, XapaKTCPHU3VIOIMECS BBHICOKOM CTCICHBIO
JUHAMHAYHOCTH, JICIA0T TAKOH MOAXOX HE BCerna 000CHOBAHHBIM. M3BECTHO, UTO WHAMBUAYAIBHOE TEXHHUCCKOE COCTOSHHC
n3aenus (POPMHUPYETCS, IIABHBIM 00pa3oM, B NPOIECCE €ro M3TOTOBICHHA. BMecTe ¢ TeM, B MPOLECCE 3KCIUTYyaTaldd 3TO
TEXHHUYCCKOE COCTOSIHUE HAXOAWTCS IO BO3ACHCTBHEM Kak (DaKTOPOB, HAIPABICHHBIX HA €r0 W3MEHEHHE, TaK M (PAKTOPOB,
HAIPABICHHBIX HA €r0 BOCCTaHOBICHHE. COBOKYIHOCTb 3THX BO3ACHCTBHH, a Takke (opM M METOOOB MX pealH3alUu



MPEACTABILIOT OJHO M3 BAKHCHINMX HAIPABICHUN B MCCICAOBAHUHU 3(P()CKTHBHOTO YIPABICHHUS COCTOSHHEM TEXHHYCCKHUX
CHCTEM.

PaccMmoTpuM peImeHHE 3a7a4d OLCHKH W HMPOTHOBHPOBAHUS TEXHHUCCKOH 3(P(EeKTHBHOCTH MANIMHOCTPOHTEIHHOTO
W3ICTHs HAa IpuMEpe OyMarope3anbHOH MammHbL J{I JAHHOTO THIA OOOPYAOBAHHA 3TO OCOOECHHO AKTYAJbHO, HMOCKOJBKY
TMOAOOHBIX HCCTICAOBAHNH I HUX PAHCC HE MPOBOJUIIOCH.

Lemsto gaHHON paOOTHI ABIACTCA IMOMCK HOBBIX IOJXOJOB, JICKAMMX B OCHOBE IPUHSITHS PEIICHUHA IO OOCCIICYCHHUIO
TpeOyeMoro Ccpoka CIyKOBI TOmZOOHOTO CcHeru()HYHOTO moaurpapuIcckoro  odopyaoBanus. OmHuM W3 HAHOOJICC
NMECPCIEKTUBHBIX, B HACTOSAINCE BPEMs, SBILICTCS MOAXOA, OCHOBAHHBIA HA YYETe (KOHTPOJIC) PEATbHOIO TEXHHUYECKOIO
COCTOSIHHMS MAIIMHBI B IOOOH MOMEHT BpEMCHH €€ pa60T1>1 ", COOTBETCTBCHHO, MPUHATHHU AACKBATHOIO 3TOMY COCTOAHHIO
pEICHHUS — BOCCTAHOBJICHHSA PAabOTOCIIOCOOHOCTH, €CIM 3TO BO3MOXKHO, OCTAHOBKH MAIIMHBI W T.II. 3TO, B NPHHIHIIE,
BO3MOXHO TOJBKO 3a CUCT BHCAPCHUA S(I)(I)GI(TI/IBHBIX MCTOOAOB AUATHOCTHPOBAHHUA TCXHHYCCKOTO COCTOAHHA MAIIMHBI.
PaccmarpuBas 3()(SKTHBHOCTh OPTaHU3AUHH MPOLCCCOB KU3HCHHOTO mukima (JKL[) Oymarope3ambHOTO 00OPYIOBAHHSA Ha
sramax. HUP, mpoekTHpOBAHHA, TPOHM3BOACTBA W OSKCINIYATAHH MOXKHO OTMCTHTH CIICAYIOMIYEO TIOCJICAOBATCIBHOCTH
ONPEICICHHS €T0 TEKYILErO COCTOSIHUA (puc. 1).

PaccmarpuBas 3 dexruBHOCTS Opranm3anmu mporeccoB KL Oymarope3aabHOTO OOOPYIOBAHHA MOYKHO OTMCTHTH
HH()OPMAITMOHHBIC «PAa3PbIBBD», CBA3AHHBIC C PA3HBIM HWH()OPMALUMOHHBIM OOCCIICUCHHCM KOHCTPYKTOPA, TCXHOJOTA,
MPOU3BOACTBCHHUKA U OKCILTyaTallHOHHHUKA.

[NonmManue 3TOTO OOYCIOBHIIO HHTEPEC K CO3TAHHIO MHTCTPHPOBAHHOH mH(opmanmonHo# cuctembl XKL, TIpoOiema
3aKIIIOYACTCS B CO3NAHHH METOJOB W CPEICTB AMATHOCTHPOBAHHS TEXHHYCCKOTO COCTOSHHUS KOMIIICKCA PE3aHHUs
MOMUTPAPHUCCKUX  MATCPHATOB  IIPOLCCC-O000PYAOBAHMC-HHCTPYMCHT»,  OPHCHTHPOBAHHBIX  HA  HCIPCPHIBHOC
HH()OPMAITMOHHOE COMPOBOKACHHE HA TpoTsokeHnn Beero KL, HaumHAA OT 3apokacHUA macu W GopmupoBanus T3 w 10
yramusannd. [Tpu sTom oprarusanua XK1 momkHa 6a3upoBaTECA HA CACAYFOIMX MIPHHIATIAX:

- HH(POPMATHA O COCTOTHHH TCXHOJIOTHUCCKOH CHCTEMBI (000PYIOBAHMS) AOJDKHA OBITH AOCTYITHA HA KAXKIOM W3 3TANOB
KL

- mH(OPMAIMOHHBIC JaHHBIC HA MPOTsLKeHUHU Beero YKL H0IKHBI OBITH PETYIBIPHBIME (PABHOMEPHBIMH);

- PETTIAMEHTHPOBAHUE M YIOPSAOUCHHUE PabOT M0 THATHOCTHIECKOMY odecreueHuro ramos KL

Ohrp e e Te HEG: TTADAMETPOE
X9 FTPECY HIIPIIT EYLLE & L
cocTo FEe (paborocrocofiEoe
COCTOFEE ) 060D y7I0 BAHE THA
3THITe 3 BT T ALEE

Hccmeso B FENEHUEEE 3THX
TAPAMETPOE T 7 BT ST CTEREN

—— ) PASTEMHEDS PETODOE
HOCITETOE ATENEL K HX BECYTDEHEECE CO CTODCECET
pabor HHP T KEOOTT CUERL & CEOOET CROC TENTEL B
EHMILEELX CO CTOPOEET
OED Y348 HLLRF{ CDeTEl
(T 78 TR BECe ATy CTRMED
T TIOE BCENE He HELTS TICK
TRPANMETPOE, KOTOpOe He |
CECAIEIEL T ETELECE Hi
pabom aroc ofHoe COCT EoE Hitp opreazpe o
oy BEeL SOECTPSIOpCRIO
° TeXHOTITHY e CEHX
— ECENOHELDCTIX 10 CTECKEHELT
3 l OTTHM ATEHELL TP AMUTPOE
K GHCTPYRTOPCK 0—
TEXHODIH L& 0H — OfecTeEHEM O TTENTATTREDS I |
R — TTAPANETDOE Ha JT4IT
TP R ETHD O BAEEA [l
NP GHIEOICTER
Iran OfecTeMeHE® OTTHNTATREDL | PesymEmmarrorgponaza |
NP GHIEOCTEA TTAPANETDOE 4 T4 Fale CTRON ZAITD TECOMEDC
TPE(IBOI TEL TP ATEEE
Fran K®Ipoms 34 FEME HEHEE T
Hrpoproarpes
INCLMyATAUHH =~ —— TTAPAMETDOE Ha FT4rTe
S ELTOTy T At 0b oTEasax ofopy D BEELE

Puc. 1. IlocnenoBaTenbHOCTE ONpeNeICHUS TEKYINETO COCTOSHUS 000pYIOBAHUS
Ha pas3nuuHbIX 9Tanax ero JKI]|

Pesynomamer uccieoosanuil. JIMATHOCTHYSCKUE CPEACTBA M METOABI JHATHOCTHPOBAHHS SIBISIOTCS HEOTHEMICMOM
YACTHKO ABTOMATH3HPOBAHHBIX MPON3BOACTBCHHBIX CHCTEM, BKIIOYAOMIMX, B TOM YHCTIC, H OyMaropes3areiabHoe 000pyIoBaHHE.
ABTOMATHYCCKHIT KOHTPOJIb COCTOSHHS OyMarope3areIbHOT0 000PYIOBAHHS MTO3BOJIICT:

TMOBBICUTh HAACKHOCTD MPOLECCA PE3KH HOJ'II/II'pa(I)I/I‘ICCKI/IX MATCPHUATIOB;



OTIPEICIIITH MPABUILHOCTD €TO MPOTCKAHMS,
ABTOMATHYCCKH BOCCTAHABINBATH PA0OTOCIIOCOOHOCTH O0OPYIOBAHHSA IIPH OTKA3aX HHCTPYMCHTA,
VYMEHBIIMTH PACX0] HHCTPYMCHTA,
VAYUIINTH KAYECTBO 00pAabOTKH U COKPATHTH OPaK;
MIPEAOXPAHAUTH MEXAHHM3MbI U Y376l OyMarope3aabHOW MAIMHBI OT MOTEPH TOUHOCTH W MPESKICBPEMEHHOM
TIOJIOMKY,
TIOBBICUTH PEXKXUMBI 00pabOTKH.

[Tpu 3TOM 0CO0OE BHEMAHUE CIIEAYET YACIATH PEXKYIIEMY HHCTPYMEHTY - HOXKY, TAK KAK HECBOCBPEMECHHOC OOHAPYKCHHUE
OTKA30B HHCTPYMEHTA MOKET HMETh CAMBIC PA3JIMIHbIC TIOCICACTBYS - OT HMOABICHUS OpaKa 10 aBapuu 00OPYIOBAHUSL.

3TOT BOIPOC MOXKET PEIIATHCH HECKOIBKHMH MY TAMHU:

CO3JAHHEM CHCTEM, KOHTPOIHMPYIOIIMX TOJIBKO PaboTOCIIOCOOHOCTh HHCTPYMEHTA IEPE ] HAYAIOM BBITOJHCHUS
TPOIIECCa PE3aHMS,

(hukcanme MOJIOMOK HHCTPYMCHTA B MMPOLECCE 00paboTKH;

TICPHOAMYICCKON WM HEMPEPHIBHOM OILICHKOH M3HOCA MHCTPYMEHTA C LEIBI0 KOPPEKITHH YCIOBUH 00pabOTKH U
TIPOTHOZHPOBAHMUS €T0 OCTATOYHOTO Pecypca.

Paboune moBepxHOCTH OyMArope3aJbHOTO HOXKA B IIPOLECCE PE3aHUS MOABEPTAOTCS JCHCTBHIO PAa3HOOOPA3HBIX
HATPy30K, B pE3yiIbTaTe dYero OHW paszpymarorcs. K OCHOBHBIM BHIAM HapyHOIeHHH pPabOTOCIOCOOHOCTH PEKYIIETO
HHCTPYMEHTA OTHOCAT CTEIICHb €r0 M3HAINMBAHWSI WM COOTBCTCTBYIOIIEE €My VXVAIICHHE, MO MEPE VBEIWYCHHUS H3HOCA,
TEXHHYCCKOTO COCTOSIHHSI MHCTPYMCHTA, XapaKTCPH3YIOIIETOCH, B OIPEICIIOICH MeEpe, KAa4eCTBOM €ro padboumx
TMOBEPXHOCTEH, MeToIbI KOHTPOJIS H3HOCA HOXKA MOAPAACILIIOTCS HA npsamble U KocgeHHvie (puc. 2).

Kak moka3pIBAlOT PE3YABTATHI HCCIACAOBAaHAHN [3], B HAYANBHBIN MEPHOI PaOOTHI HOBOTO OyMAarope3aabHOTO HOXKA HACT
TMOBBIMICHHBIH PA3MEPHBIH H3HOC, 3aTeM - CTAOWJIBHBIA TCPHOA HOPMAIBHOTO H3HOCA, MPAKTHYCCKH MPOTIOPIHOHATEHBIN
IyTH PE3aHMs, a B KOHIE — KaracTpoduueckuid m3HOC. IIpH 3TOM 0COOCHHO BAXKHO YUHTHIBATH TOT (DAKT, UTO HA NMPAKTHKE
33aKa3bl B THUHOTPA(QHIO IOCTYHAOT B CIyJalHBIC MOMCHTHI BPEMCHHM, BBI3BIBAS TEM CAaMBIM YCPEIOBAHHE IICPHOIOB
H30BITOYHOCTH HATPY3KH H, HA000POT, HEA03arpy3Ky OyMarope3aabHOTO 000PyIOBAHUA

B cBsI31 ¢ 3THM MOET HOBBIIIATHCS MPOLEHT Opaka mpHu padoTe B HAYAIBHBIM W KOHCUHBIH NMEPHOABI PA0OTHI HOXA. IJTO,
B CBOIO 0YCPSAb, MPUBOIMT K YMCHBIICHHIO MPOHM3BOAHUTCIBHOCTH TCXHOMOTHUCCKOH CHCTEMBI «npoyecc-o60opyoosaHile-
uHcmpymenn IpH 00padoTKe MOIUrpahuueCKUX MaTEPHAIIOB.

[TomBITKH  TPAKTHYECKOTO IIPUMCHCHHUS YHHBEPCATIBHBIX MCETONOB JHATHOCTHPOBAHMA AIs OyMarope3aibHOTO
00OPYIOBAHMS CTAIKUBAKOTCS C CEPHE3HBIMH TPYIHOCTSIMH TIPH YUETEC TEX MIIH WHBIX KOHKPETHBIX 0COOCHHOCTEH OOBEKTOB
JUATHOCTHPOBAHMS, UTO, KAK MPABHIIIO, ICJIACT HEBO3MOKHBIM X IMPOKOE MMPUMCHEHYE.

MeTno kI ¥IMEp EHIA HIHOCA HOZEA 6 YMATOPeI2ITE HEIX MALUMH
: i

ITp somre Kocrexnse
| I
Hameperme
TTa FA ME TPOB B 1 poaKKyCTH- CrmoEsE
obpaba TEBaEMorD B0 KHE HIMEPEHH A
OnTHYeCKHE ——
MeTo |
Y ITETas BYROBOH Koxrpoms Hemeperme Hameperme
METO TOYHOCTH KT Ga Hi COCTARILAROLLEX
PASMEROE TEXHOIOTHUEC FDH [ CHITEI pesaHuA
HIETHA C HCTEMEL
SIEKTROMEXA-
HHUEKEHIT Homepere e perate
Homepe mue AMTUTHTYIIEL KpPYTALETD
MeTOR e FOXOBATOCTH p—_ MOMEHTA
o0 pab0TaHHOK AKYCTHIECIDN e
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KHMH METOTT TUBOINEX
NIEKTRO-
TEHTATETEH

Puc. 2. Metoap! koHTpoIs M3HOCca OymMarope3aabHOTo HOXa

B nmaHHBIX HCCIEIOBAHMSAX B KAUECTBE HMCTOYHUKA JUATHOCTHYCCKON WH(POPMAIIMHM HCIIOIB30BAICH AKYCTHYCCKHH
CHTHAN, TCHEPHPYEMBbI mpomeccoM pesaHmsa Oymard. [lpm mMCCIEmOBAHMM AKYCTHUCCKHX CHTHAJIOB OIPENEILUIC HX
CHEKTPAJbHBIA COCTAB C MOCICAYIOMIM aHAIN30M XapakTepa H3MCHCHHS BEIHMUMHBI CIICKTPATIbHBIX ITHKOB II0 MEPE M3HOCA
HOka. Ha OCHOBC mOJNy4aeMOro mpH 3TOM IPOTHO3a (akTHUECKOW crokocTH HOXa (T¢d) oumeHWBAIOCH €10 TEKyIEe
cocrosiHue [3.4].



[Ipr 3TOM HMCXOOMIM M3 CIEAYIOIMX IPEANOCHUIOK. B 00mem ciydae 3aBHCHMOCTh TEKYIIETO COCTOSHHA X(f) OT
HAYAJIBHOTO X(f;) MOXKHO 3amucarb B BUIE [5] x(¢) = Flx(fp)], tae F - AeTepMUHUPOBAHHBIN 3aKOH (MM ONEPATOP), KOTOPHIH
OCYIIECTBIACT CTPOTO OAHOZHAYHOC MPCOOPa30BaHHC HAYAIBHOTO COCTOAHHUSA x(fp) B Oyaymee x(f) mia mo0oro f>f). ITOT
3aKOH MOXKCT MPSACTABIATH CO00H (yHKIHI0, mu(h(hePCHIHATBPHOSC HIIH HHTCTPATBHOS YPABHCHHC, HITH HCKOTOPOC MPABHIIO,
3agaHHOC Tabmmuel, rpadurkom m T.n1. [maBHOe, uToOBI 3ak0oH F 0aHO3HAYHO TpaHC(HOPMHPOBAN HAYATHHOE COCTOSHHC
(mpuumHy) B OyayIiee COCTOSHUE (CACACTBHE), T.C. B HAIICM CJTy4ac MPOTHOZHPOBANT (DAKTHICCKYIO CTOMKOCTD HOXKA.

IIpn BBIOOpPE MOmENMM HM3HOCA HOXA ONHPAINCh HA MPOTCKAIOIWE NPH 3TOM (PHU3HUECKHE IPOLECCHI HM3HOCA.
@axruyeckas CTOMKOCTh HMHCTPyMEHTa T(¢ ompeiensanach IO Pe3yibraraM anmpOKCHMAINH HM3MEHEHHS BO BPEMCHH
MaKCHMAJILHOTO YPOBHSI AKyCTHUYCCKOTO CHTHajna A TpadMKoM CICAYIOIECH AHAIHTHYCCKOH 3aBHCHMOCTH, OTPAKAIOIICH
(u3uKy m3HOCA

LLJ
f-fo
A= Ao|1+8 | ——
Tg-fo
“
rae T — nckomas CTOHKOCTh MHCTPYMEHTA (MHH);, Ag — YPOBEHb aKyCTHUECKOTO CHTHAJIA B HA4ale PE3aHUS HOKOM IIPH
HapaboTKe f( (10). f — HapabOTKa HOXKA HA TEKYIIEE BPEMS JHATHOCTHPOBAHUS €TO COCTOSHUSL. (CYT).
I'paduk ¢yrkumu (4) W IKCHEPUMEHTAJBHBIC TOYKH MPUBEICHBI HA PHUC.3, a OIECHKA TEKYIIETO COCTOSHHSA HOXKA HA
MOMEHT HapaboTKu ¢ = 21 cyTku npuseacHa B Tadbmue 1.

Tabnuna 1 — OneHka TEeKyImero COCTOSHUS PEKYIIETO HHCTPYMEHTA
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Puc. 3. Usmenenue YPOBHS aKyCTUYCCKOTO CUTHAJIA B 3aBUCUMOCTHU
OT U3HOCa 6yMaFOpeSaJ'ILHOFO HOXa

Bvisoow.

DakTHICCKOE COCTOSHHE O60pyI[OBaHI/I}I HAa KOKIOM H3 3TANOB XH3HCHHOIO IHUKJIA MOKHO OUCHHBATH TOJIBKO 34 CUCT
BHEIPCHUS 3(PPEKTHBHBIX METOJOB M CPSACTB HEMPEPHIBHOTO KOHTPOJIS U JUATHOCTHPOBAHMS €10 TCXHUYCCKOTO COCTOSTHHS.
Jua mosemmcHuA 3(dexTuBHOCTH opranm3ammu Beero JKL[ Oymarope3anbHBIX MAIMH HCOOXOAHMO PEIIATH BOTPOCH
JUATHOCTHYCCKOTO 00CCICUCHMS, HAYMHAS C CAMBIX PAHHUX TAIMOB MPOCKTHPOBAHHMSL

[Ipennaracmas METOAMKA AMATHOCTHUPOBAHUS OyMarope3ajbHOr0 OOOPYIOBAHHS HA OCHOBE KOHTPOIS IAPAMETPOB
BHOPOAKYCTHYECKOTO CHTHAJA, ICHEPHUPYEMOIO IIPOLECCOM PpE3aHHs, IO3BOJUT IIEPEHTH OT KaJICHIAPHO-IUIAHOBOH
TCXHOJIOTHH OOCTY’KHBAHUS MAIIHH K TCXHOJIOTHH OOCTY)KUBAHHA HX 0 (DAKTHICCKOMY COCTOAHHIO PCKYIICTO HHCTPYMCHTA.
3T0 TOBBICHT 3(P(PCKTHBHOCTH HCTIONB30BAHHA OyMAarope3aIbHOTO OOOPYIOBAHHS 32 CUCT MCKIIFOUCHHA, C OJHOH CTOPOHBL,
HEIPEIBUACHHBIX OCTAHOBOK H3-3a Opaka W, C APYrod CTOPOHBI, HCHY)KHBIX OCTAHOBOK HA PEMOHT IO rpaduky
MPEAYMPEAUTE THHO-TIIAHOBBIX PEMOHTOB.

Cmucox mureparypor: 1. Kanapuyx B.€., Honancxkuii C. K., Juumpies MM, Haniitaicts mammmn: Hinpyunuk. — K.: JIuGins, 2003. — 424 ¢. 2. IIponuxos A.C.
Hanesxxnocts ManmH. — M.: Manmuoctpoenue, 1978. — 592 c. 3. 3anoza B.A., Hazopuwiii BM., [Jaowpa K.A. ToebineHue 3¢eKTHBHOCTH MPOIEcca pe3aHus
moNUrpadUIecKuX MaTepHaJloB Ha OCHOBE JHATHOCTHKHM TeKYIETO COCTOSHHS HOXA IO aKycTHUYeCKOMY CHTHaJy //BHcoki TexXHoNOr B MamHHOGYIyBaHHI:
36ipHuk HaykoBuX nipaib HTY «XII». — Xapxkie, 2008. — Bum. 2(17). — C. 142-147. 4. JJacwpa K.A.,
Sunuenxo P.H., Hacopreii B.B. ONTHMHA3AIU MEXaHUYSCKOM 0GpaboTKH a/TaITHBHBIM YIIPaBJICHHEM Ha OCHOBE aHaJIM3a ImyMa pezanus // KomnpeccopHoe u
SHepreTuueckoe MammuocTpoeHue — Cymbr, 2008 - No3(13) — C. 63-69. 5. Anunyenxo B.C. lunamuueckue cuctemsl // CopoBckuil oOpazoBaTesIbHbIN JKypHAJL.
—2000, .6 Ne6 C. 105-109.
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Jlns daxiBuiB B 00sacTi ManmmHOOYyBaHHsI, HAyKOBO-TEXHIYHUX MPALIBHUKIB 1 CTYICHTB.
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