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OTkpuBaHe ¥ BCTHIUTEIHO c10BO Ha Ilpencenarens
Ha O0wecTBOTO HA TPUOOI03UTE B bBirapus

YBaxxaeMu K0JIerH-TPH00J103M U TOCTH HA KOH()epeHIUATA
»bBYJITPUB'11”,

2011 roagumna Oemie W3OBJIHEHA C TPOBEXKAAHETO HAa AaKTUBHU
MeponpusAThsg B obiactrta Ha TpuOonorusta. Mmam mnpeasBup OankaHcKaTa
koH(pepenuus ,,bAJIKAHTPUB'11” B ConyH, aBere koHpepeHuH ,,KOHTaKT”
Ha HMHI'A xpm bankanckara TpuOonornyna Aconuanuss ¥ HacTosiiaTa
,bYJITPUB'11”.

»bYJITPUB'11” e ocmara mopen koHdepeHuuss Ha OOIMIECTBOTO Ha
Tpuboso3ute B bbiarapus u ocoOeHOTO 3a Hes € (PakThT, 4ue T € IbpBaTa
HAIlMOHAJIHA KOH(EPEHIMS C MEXKIYHapOJHO ydacTue. ['ocTM Ha Hamara
KOH(EpEeHIUs ca MPEACTABUTEIIM Ha TPUOOJOTHYHUTE OOIecTBa OT PymbHUS,
Cop6us u Typrus. Jpyra ocoberocrt Ha ,,bYJITPUB'11” e, ue T4 3a mbpBU BT
ce mpoBexkaa Ha Teputopusita Ha TY-Codus. Bcuuku octananu KoH(pEpeHIHH
,bYJITPUB” nocera ca ce mpoBeXIadu TMapaleIHO ¢ KOH(EpeHIUUTE
,,Kontakt” Ha MHI'A na tepuropusita Ha ®HTC. [locnenHoTo 00CTOSITENCTBO €
MOpoJIecHO OT (akTa, 4ye TpUOOJIOTHsTa TMOJY4Yd IMpU3HaAaHUE B MainHHO-
texHonornynus daxkyirer (MT®) npu TY-Codusst B yueOHO-METOAUYECKU U
OpraHU3allMOHEH IJIaH, BKIIOUUTEITHO HEOOXO0AMMOTO (PMHAHCOBO CIIOHCOPCTBO,
npenoctaBeHo oT HUC kM TY-Codusi.

Hacrosimata koHdepeHIuss ce sBABa CbOUTHE, KOETO 0OoraTsiBa
(GYHKIMOHATHOTO MPOCTPAHCTBO Ha yaboparopusita no Tpubonorus xkem TV -
Codus kaTo HaIMOHAJICH KOOPAMHAIIMOHEH IIEHTHP 3a crpaHara. llo
nnunmatuBa Ha OTB u llenThpa mo TpubOJIOTHUS HA HACTOSIIATa KOH(EpEeHIIUS
ce MOANMCBA JABYCTPAHHO CIOPA3yMEHHE 3a JBIATOCPOYHO ChTPYJHUUYECTBO
Mexay MTO- TY-Codus u Mammnckus dhakynteT B YHUBepcuTeTa B benrpa.

Odummanuu roctu Ha Hamarta koHpepennusa ca Jlexkana na MT® npu
TY-Codus npod. a-p 'eopru Tomopos u [Ipeacenarenst na MHI'A npod. atH
Hsron Manounos.

Nmam yaoBOJICTBHETO J1a MPEIOCTaBs yMaTa Ha OCHOBATEIA U MOYETHUS
npeaceaaten Ha OTb npod. nte H. ManosioB u 1a ro mo3apaBs 3a HErOBUS
Poxnen aen 28 okromBpu 2011 roguna!
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Opening Speech by the Chairman of the Society of
Bulgarian Tribologists

Dear colleagues-tribologists and guests of the Conference BULTRIB’11,

Tribological initiatives were plenty in the year 2011. | have in view the
conferences SERBIATRIB’11 in Kragujevac and BALKANTRIB’11 in
Thessaloniki, the summer and autumn conferences CONTACT of the
Interdisciplinary Civic Academy at the Balkan Tribological Association in
Sofia, and the present conference BULTRIB’11.

BULTRIB’11 is the eighth conference of the Society of Bulgarian
Tribologists. It is the first National Conference with International Participation.
Delegates in our conference are representatives of the tribological societies of
Romania, Serbia and Turkey. Another essential element of BULTRIB’11 is the
fact that the Technical University of Sofia is host of the conference. The
previous conferences BULTRIB were carried out in the Federation of the
Scientific-Technical Unions in parallel with the conferences CONTACT of the
Interdisciplinary Civic Academy. Last but not least is the feature that tribology
gets its recognition in the Faculty of Industrial Technology at the Technical
University of Sofia in the aspect of teaching-methodology and in organizational
aspect, receiving also a financial support by the R&D Division of the Technical
University.

The present conference is an event enriching the functional space of the
Laboratory of Tribology at the Technical University — Sofia acting as National
Coordination Center for the country. On the initiative of the Society of
Bulgarian Tribologists and the Tribology Center, was signed the bilateral
Agreement for long-term cooperation between the Faculty of Industrial
Technology at the Technical University of Sofia and the Faculty of Mechanical
Engineering at the University of Belgrade.

Official guests of the conference BULTRIB’11 are Prof. Dr. Georgi
Todorov, Dean of the Faculty of Industrial Technology and Prof. DSc Nyagol
Manolov, Chairman of the Interdisciplinary Civic Academy.

| am pleased to give the floor to Prof. DSc Nyagol Manolov, founder and
honorary chairman of the Society of Bulgarian Tribologists, congratulating him
with his birthday of today, October 28", 2011!



Assoc. Prof. Dr. Mara Kandeva

Yeaxaemu npodecop Manoaros,

Obwecmeomo na mpuborosume 6 Boazapus
Hail-copdeuno Bu no3opassea c Bauus poxger dex !

BcsaKa z200umuHUNA e 10600 3d pasHocmemKd. 3a Bac masu
pasHocmemKa e buoepagusama Ha eouH MANAHMAUE U AMbUUUO3EH
yoeeK, buozpagus Ha 6UCOKUS NPOPECUOHAAUIBM U 0MOAOeHOC Ha
no3HaHuemo.

3a Obwecmeomo wna mpuborosume, Bue cme uoséex, Koiimo
HEYMOPHO 0mOdéa céoume CUAL U YMeHUS 3d NPeo00As6aAHeMO Ha
8CUMKU MPYOHOCU U NPEBPATIHOCTU HA HAWLEMO CbePeMUE.

Bauwusm e0AIM HAYHeH U AOMUHUCTIPATMUEEH ONUM, e NpuMep 3d
BUCOK POPecuoHarer CManoapm.

B Kauecmeomo cu HA OCHO8AMEA HA MPUDOAOZUMHAMA WKOAD 6
Borcapus u Helin O0vA20z00uMmer PBKosooumes, Bue ycnsxme 0a
coxpanume Odobpume mpaduuuu u nod Bawemo pbKOBOOCME0 Hue
mpuborosume u36bpesi eOUH He AeK NbHL.

HeKa mo3u der 0a He e camo 10600 3a pasHocmemKd. Hexa moil
da bvde edno obewanue, ue 3ae0HO e CbXPAHUM U NPOOBAKUM
dobpume mpaduyuu 6 obracmma HA NO3HAHUEMO KAMO O00CMOUHU
zpakganu na ceemd.

Yecmum Poxen Den!
XKeaaem Bu om copue owe dvacu 200unu 3dpase,

meopuecKy ycnexu u AuUMHO wacmue!
JIPEDCEDAIITEA HA OJITE

Mapa Kanoesa



Dear Professor Manolov,

Many happy returns of your birthday on behalf of
the Society of Bulgarian Tribologists!

Each birthday is a reason to strike a balance. This balance is for
you the biography of a talented and ambitious man; the biography of
high professionalism and devotion to the science.

For the Society of Bulgarian Tribologists, you are a man who
tirelessly lays down his forces and sKills to overcome all difficulties and
vicissitudes of our time.

Your great scientific and organizational experience is an example
of high professional standard.

As founder and Rey man of tribology in Bulgaria, you managed
to Reep the good traditions: under your direction our Society made a
non-easy way. We believe that you will continue your work, in the
typical for you hunger, developing tribology with the same ambition
and great professionalism.

Let this day provides not only matter for balance: let it be a
promise that we will continue our search for Rnowledge together.

Happy Birthday, Professor Manolov!
We wish you long years of health,
achievements and good [uck!

Chairman of the Society of Bulgarian Tribologists

Mara Kandeva
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ITPUBETCTBUE

Ha [Ipod. n1-p unx. I'eopru TOJOPOB - [Ilekan Ha MamMHHO-TEXHOJIOTUYHUS
¢dakynrer npu Texuuueckus: yauBepcurer-Codus
KbM y4JacTHHUIIUTE B KoHbepenius ,,bYJITPUB2011”

YBaxkaemu 1aMM U rocnoja, CKbIU roCTH M y4YaCTHULM B

»bBYJITPUB'2011”,

[IpeameTsT Ha nEeHHOCT HA HalUA (AKYJITET — MaTepUATTUTE, MAIIIMHUTE U
TEXHOJIOTUUTE, € OPraHWYEeCKH CBBpP3aH C MpoOJeMUTEe Ha TpUOOIOTHATA B
o0JjacTTa Ha TPUEHETO, U3HOCBAHETO U Ma3aHETO Ha TejaTa.

JlaGoparopusita mo Tpubosiorus U HEMHUAT PHKOBOAUTEI JIOL. J-P UHXK.
Mapa KanneBa ce BKJIIOYBAT aKTMBHO B HAay4YHO-U3CJI€/IOBATElICKaTa U yueOHa
JeHHOCT Ha (pakynrTera.

B naBeuepuero Ha Hacrosmara KoHpepenuus ,bYJITPUB2011”
noanucaxme CrnopazyMeHHEe 3a JBYCTPAHHO CBHTPYJIHHYECTBO, BKJI. U MO
npobjieMuTe Ha TpuOOJIOTHUATA, MEXIYy Hamwus (akyaTeT U MamuHHUS
dakynret kpM YHuBepcutera B benrpan — Copousi.

Karo Jlekan wa MamuHHO-TEXHOJIOTHYHUS (akynTreTr OWX HCKanl 1aa
noAvepTasi, 4e ¢ IeMHOCTTa Ha JlabopaTopusTa 1o TpruOoJIoTHus ce pa3iupsBa U
KaueCTBEHO ce€ MOoA00psiBa (HYHKIIMOHATHOTO HAYyYHO U y4eOHO-METOIUYHO
MPOCTPAHCTBO Ha HAmUs PaKyyTer.

Nmam ynoBosictBreTo na Bu nmozapass ¢ 1o6pe gouuiv v ga Bu nmoxkenas
yCTENIHa U TOJI30TBOpPHA paboTa MO BpeMe Ha HacTosAmaTa KOHGEpPEHIUS C

MexayHapoaHo yudactue ,,bYJITPUB2011!

28 oxrtomBpu 2011 r. Ilpog. 0-p unxnc. I'eopeu TO/JOPOB
Codus
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WELCOMING SPEECH

by Prof. Dr. Eng. Georgi TODOROV,
Dean of the Faculty of Machine Technology at the Technical University - Sofia
to the participants in the Conference “BULTRIB’2011”

Ladies and gentlemen, dear guests and participants in the Conference
“BULTRIB’2011”,

The objects of interest for the activity of our faculty, i. e. materials,
machines and technologies, are closely related to the problems of tribology in
the field of friction, wear and lubrication of solids.

The Laboratory of Tribology led by Assoc. Prof. Dr. Eng. Mara Kandeva
takes active part in the research and development, and in the educative work of
our Faculty.

On the eve of the present Conference “BULTRIB’2011” we signed an
Agreement between our Faculty and the Faculty of Mechanical Engineering at
the University of Belgrade, for bilateral cooperation in the problems of tribology
inclusive.

As Dean of the Faculty of Machine Technology | would like to underline
the fact that the activity of the Laboratory of Tribology enlarges and improves
the functional scientific and educational-methodological space of the Faculty.

| have the pleasure to welcome you and to wish you successful and
beneficial work during the present Conference with international participation
“BULTRIB’2011’!

October 28", 2011 Prof. Dr. Eng. Georgi TODOROV
Sofia
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BCTBIIUTEJIHO CJIOBO

ot IIpod. nta Hsron Mano:os,
OCHOBATeJI Ha ObJrapcKaTa IIKoJa 0 TPUOOJIOT U

YBaxkaemu Ko0JIeTd ¥ TOCTH,

Mowu yuutenu ca Ounm Anekcanabp CepreeBud AxmaTtoB u Jmutpuii
Muxaitnosuu Toncroii. ToBa ca ¢pusuum or MockBa, KaTo BTOPUAT € BHYK Ha
JleB Hukonaesuu Toictou.

IIpe3 1970 r. nmox TSIXHO PBKOBOJCTBO 3AIMTHX ITBPBUS CU AOKTOPAT IO
npoOJIeMUTE Ha YATPa3ByKOBaTa MIPOBOJUMOCT Ha KOHTAKTA.

B mnpoabmxkeHue M pa3BUTHE HA TAXHUTE HJIeU Oe€lie OCHOBaHA U
ObirapckaTa INKOJa IO TPUOOJIOTHS HAa TEPUTOpHUATA Ha TeXHUYECKHUs
yauBepcuteT-Codus B karenpa ,,Mexanuka”.

BrnusHue BbpXy pa3BUTHETO Ha Ta3W LIKOJA OKa3zaxa KPYMHHU OBIrapcKu
CIEIUAIMCTH B OOJIaCTTa HAa MEXaHMKAaTa U MAIIMHOCTPOCHETO KaTto mpod.
['eopru Jlanos, npo¢. I'eopru Anrenos, npod. Muxaun KoHcTaHTHHOB, aka.
Anren banescku, npod. Apkaauit CrosiHoB, npod. K. Kaumes, mpod. A.
Cyuxos, npod. 1laBug0B 1 Ipyru.

dopmupaHeTo Ha OBArapckata TprUOOJOTUYHA IIKOJA CTaHA C AKTUBHOTO
y4acTUe Ha JIECETKH MOW YYEHUIM U ChTpyaHui. Ciel MOeTO IEHCUOHUPAHE
npe3 2000 r. gefiHOCTTa Ha Ta3| WIKOJa roe aou. 1-p Mapa Kanzaesa, kosiTo € u
npencenaren Ha OpraHu3alMOHHUSA KOMUTET Ha HACTOSIIATa KOH(PEPEHIIHS.

OO6uiecTBeHUTE U3ABH Ha OBJIrapcKara mkojia mo TpudoIorus ca:
Hannonanaa koHIENIys 3a pa3BUTHE Ha Tpubosorusita B bearapus
O6mecTBo Ha TprbOOIO3UTE B bharapus
bankanckara TpruOoI0oruyHa aconuaIus
NuTepaucuuminyHa rpakaancka akagemus MHI'A
Bucma akanemuyna mkosna no tpudosioruss MAIII BAJIKAHTPUb
Cnucanue Ha bankaHckara TpuOOJIOrMYHA acolMaIlMs Ha aHTIUHCKHU
e3uk u criucanue ,,Konraktu” Ha UHI'A Ha Obarapcku €3uK.

A3 uckam na Bu noszapass ¢ JloOpe monuiv oT UMETO Ha MOMUTE KOJIETH,
CBBP3aHM C YCTOUTE Ha TpuOosiorusara B bbiirapus u B peruona, v OT TAXHO UME
na Bu mpenam ropeiatra HaJexa, 4e 1€ MPEHECEeTe TEXHUTE MOCTHKEHUS B
ChBpPEMEHHATa €BPOIECU3UpAIIa C€ KOHIEIINS Ha TPUOOIOTHsTA.

Tyk ¢bM ® 3a Ja MO3ApaBs YYaCTHUITUTE B Ta3W KOH(PEPEHIHSI OT UMETO
Ha MHI'A kaTo HellH mpe3uJIeHT U Jla oJAHEeca MPU3HAHUETO HAa AKaJIeMUYHUS
ceBer Ha MHI'A 3a 3acmyrute Ha aBama u3siBeHH Tpubonozu ot CwupOus u
PymbHus, a umenno npo¢. Anekcanabp Pan u npod. Munonopa Purma.

oghkwhrE
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OPENING SPEECH

by Prof. DSc Nyagol Manolov,
Founder of the Bulgarian School in Tribology

Dear colleagues and guests,

My teachers were Alexander Sergeevich Ahmatov and Dmitrii Mihailovich
Tolstoy, grand-son of Lev Nikolaevich Tolstoy. They were both physicists in
Moscow. In 1970 | defended my first Doctor degree elaborated on the subject of
ultrasonic contact conductance under the direction of both of these great persons.

The Bulgarian School in Tribology was founded at the Technical University
of Sofia — the Department Mechanics, as continuation and development of their
ideas.

Eminent Bulgarian specialists in the area of mechanics and industrial
technologies have influenced the development of the School, to enumerate just
some of them: Prof. Georgi Danov, Prof. Georgi Angelov, Prof. Mihail
Konstantinov, Acad. Angel Balevski, Prof. Arkadii Stoyanov, Prof. Kaishev, Prof.
Suchkov, Prof. Davidov and many others.

The Bulgarian School in Tribology was established with the active
participation of dozens of my followers and collaborators. After my retirement in
the year 2000, the activities of the School were taken up by Assoc. Prof. Dr. Mara
Kandeva who is also Chairman of the Organizing Committee of the present
Conference.

The public contributions of the Bulgarian School in Tribology are as follows:
National conception for the development of tribology in Bulgaria
Society of Bulgarian Tribologists
Balkan Tribological Association
Interdisciplinary Civic Academy INGA
Higher Academic School in Tribology MASH BALKANTRIB
Journal of the Balkan Tribological Association in English and Journal
“Contacts” of INGA in Bulgarian language.

I would like welcome you in the name of my colleagues related to the pillars
of tribology in Bulgaria and in the region, and in their name to convey the ardent
hope that you will transmit their achievements in the European style of the modern
tribology.

I would also like to bring my greetings to you, the participants of the
Conference, in the name of the Interdisciplinary Civic Academy INGA as its
Chairman and to pay the respects of the Academic Council of INGA for the merit
of two eminent tribologists from Serbia and Romania, namely Prof. Dr. Aleksandar
Rac and Prof. Dr. Minodora Ripa.

L
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MMCS BASED ON HYPOEUTECTIC AL-SI ALLOY:
TRIBOLOGICAL PROPERTIES IN DRY SLIDING
CONDITIONS

Aleksandar Vencl

Tribology Laboratory, Faculty of Mechanical Engineering, University of
Belgrade, Kraljice Marije 16, 11120 Belgrade 35, Serbia;
avencl@mas.bg.ac.rs; http://tribolab.mas.bg.ac.rs

Abstract: This paper presents a short summary of the researches
conducted in past few years concerning the MMCs with A356 Al-Si
alloy matrix and different second phase. The results are divided in
two groups. In the first group are the results that concern the
influences of amount and size of reinforcement (Al,O3), and in the
second group are the results that concern the influences of type of
reinforcement (Al,O5; and SiC) and graphite.

1. Introduction

Aluminium-silicon (Al-Si) alloys have attractive physical and mechanical
properties. They are lightweight (app. 3x lighter then gray cast iron and steel),
low costs production (with sand casting technology), easy to machine and have
satisfactory mechanical properties with good recycling possibilities (up to 95
%). There are lots of applications of the AI-Si alloys, and one of them is
replacing gray cast iron in engine cylinder blocks. Use of Al-Si alloys in this
application has positive and negative aspects. Positive aspects are: reduction of
engine mass, lower fuel consumption and reduced pollution; Shortcoming is,
first of all, inappropriate tribological properties. Possible solutions for
improving the Al-Si alloy tribological characteristics are: use of the tribological
coatings, development of the new technologies of Al-Si alloys production (e.g.
thixoforming) and production of the MMCs with Al-Si matrix [1,2].
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2. Materials

The matrix material for all tested composites was A356 hypo-eutectic Al-Si
alloy (EN AlSi7Mg0.3) with chemical composition shown in Table 1.

Table 1: Chemical composition (wt. %) of A356 Al-Si alloy
Ele Si Cu Mg Mn Fe Zn Ni Ti Al
Percentage 720 | 0.02 | 029 | 0.01 | 0.18 | 0.01 | 0.02 | 0.11 Balance

Tribological test were conducted in two phases: In the first phase influences
of amount and size of reinforcement were investigated, and in the second phase
influences of type of reinforcement and graphite were investigated. The
materials that have been tested are as follows.

Phase | — Influence of amount and size of reinforcement:

« MMC 1 - A356 + Al,O3 particles (3 wt. %; 12 um), ref. as 3-12;

« MMC 2 - A356 + Al,O3 particles (10 wt. %; 12 um), ref. as 10-12;

. MMC 3 - A356 + Al,O3 particles (10 wt. %; 35 um), ref. as 10-35;

. Reference material — gray cast iron, ref. as SL 26.

Phase Il — Influence of type of reinforcement and graphite:
. MMC 1 - A356 + Al,O3 particles (10 wt. %; 35 um), ref. as 10-35;
« MMC 2 - A356 + SiC particles (10 wt. %; 39 um), ref. as 10-39;
. MMC 3 — A356 + SIiC (10 wt. %; 39 um) and Gr (1 wt. %; 35 um)
particles, ref. as 10-39-1;
. Reference material — matrix alloy, ref. as A356.

Technology for producing the composites was compocasting method.
Experimental procedure and apparatus used in compocasting processing are
described and discussed elsewhere [3]. Composite specimens were thermally
processed applying T6 heat treatment regime, which consists of solution
annealing at 540 °C for 6 hours, water quenching and artificial aging at 160 °C
for 6 hours. Microstructures of the tested materials have been presented and
discussed elsewhere [3-6]. Hardness and other mechanical properties for the
phase | materials have been presented and discussed in [4,5,7,8], and for the
phase Il materials in [6,9].

3. Tribological test procedures

Both tests were under dry sliding conditions, in ambient air at room
temperature. The phase | tests were carried out on the standard pin-on-disc
tribometer with cylindrical pins made of tested materials. The phase 1l tests were
carried out on the ball-on-barrel tribometer with linear (reciprocating)
movement. Moving body with cylindrical geometry was made of tested
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materials. Diagrams of the load, sample, counter body and the direction of
movement for both tribometers are shown in Fig. 1. Main tribological test
parameters are summarised in Table 2.

(a)
Weight
Test , :
sample | :

(b)

Friction force
sensor

—

Test sample—

Ball-Zad >

= Weight

Elasticarm

/

N 4

Wear track

Figure 1: Schematic drawing of tribometer used in: (a) phase | and (b) phase 1l
Table 2: Main tribological test parameters

Test parameter

Phase | values

Phase Il values

Sliding speed 1m/s 0.038 m/s (average)
Normal load 1,2,3and 4 MPa 1N

Sliding distance 5000 m 500 m
Counter body disc (nodular gray cast iron) ball (alumina)

4. Results and discussion

4.1 Phase | — Influences of amount and size of reinforcement

The steady-state coefficient of friction values did not change significantly
with the change of load and one mean value per material could be accepted for
the whole applied load interval (Fig. 2).

Coefficient of friction

0.7
0.6
0.5 1
0.4--.
0.3 1
0.2 1

0.1 1

0.53

0.38

SL 26

A356 3-12 10-12

10-35

Tested materials
Figure 2: The coefficient of friction average values of tested materials
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Attained values of coefficient of friction were in expected range for dry
sliding conditions. Both composite materials with 10 wt. % of Al,O; had higher
values of the coefficient of friction than gray cast iron (SL 26), principally due
to the presence of hard reinforcing particles. Confirmation for this statement is
the value of the coefficient of friction obtained with composite containing 3 wt.
% of Al,Os. In this case we have the same matrix and the same reinforcement
but in lower amount, which induced lower coefficient of friction.

The wear rates (calculated for the steady-state period) at different loads are
presented in Fig. 3. Tendency for all materials was the same, i.e. with the
increase of specific load the wear rate also increases.
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KXY KXX
| R 2
% oo
Dk
; R s,
0%,
J KX XA KB
08,
- o o
0 KX XS

SL 26

Tested materials

Figure 3: Wear rates of the tested materials for different specific loads

Comparison of the tested materials, by wear resistance, showed that 3 wt. %
of Al,O; was enough just for loads up to 1 MPa while both composites
containing 10 wt. % of Al,O; could be accepted as a possible substitution for the
gray cast iron. Composite 10-35 showed the highest adhesive wear resistance in
dry sliding conditions. For low loads bigger size (35 um) of Al,O3 decreased the
wear rate more than the smaller size, and for high loads the effect is less
pronounced i.e. the wear rate starts to grow.

After the visual inspection, analysis of the worn surfaces was performed by
scanning electron microscopy (SEM). At lower loads (1 and 2 MPa) gray cast
iron samples were not in full contact with the counter body, and basic lamellar
structure of the material could still be clearly noticed. At higher loads more
intensive abrasive wear starts. Adhesive wear also occurs due to the presence of
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high pressures and contact temperatures. Worn surfaces of both composites
containing 10 wt. % of Al,O3; showed similar appearance indicating adhesion as
dominant wear mechanism. At lower loads (1 and 2 MPa) presence of
transferred counter body material to the samples could be noticed.

Wear products were also analysed by SEM. Morphology and size of wear
products for all tested materials were similar. Mainly sharp edge, plate-like
particles prevail, without any visible grooves on them, which is characteristic for
adhesive wear. Only in case of composite 3-12 presence of the rod-like particles,
longer than 50 um were noticed, which indicates existence of severe wear.
Dimensions of the wear products in case of all other materials were app. 10 pm
(some of them were 20 to 30 um in diameter, but less than 50 um, i.e. severe
wear did not occur).

4.2 Phase Il — Influences of type of reinforcement and graphite

Obtained average steady-state values of coefficients of friction and wear rates
are presented in Fig. 4. Values of coefficients of friction were in expected range
for light metals in dry sliding conditions, and all tested materials showed very
similar values.

10 —— - 10
- | :lfm % 28 % [ 1Wearrate 1 a
S 97 T [ Coefficient of friction 0.9 &
2 ] 42% ] os =
= 1 8;|Q% 148% |77 &
£ 7. 2.8% T lo7 7
g ] T 61%| | 197 ¢
0 6 1 l 4 0.6 E’
5 °7 - |7 8
5 54 - H05 S
5} | |
= 4] 0.67 0.73 071,065 | o4
J 2% i
37 1 403
7 - l H0.2
9.05 7.76 6.08 2.71 .
1- 401
0 0.0
A356 10-35 10-39 10-39-1

Tested material

Figure 4: Wear rate and coefficient of friction values of tested materials
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The A356 Al-Si alloy showed the smallest variation of results since it was the
most homogeneous material. This material also showed the lowest wear
resistance. Higher wear resistance of composites reinforced with SiC particles
(10-39 and 10-39-1) in relation to composite reinforced with Al,O3 particles (10-
35) can be explained by favourable arrangement of SiC reinforcing particles in
the composite matrix, i.e. clusters B [10]. Addition of the graphite particles in
composite 10-39-1 reduced wear rate and coefficient of friction. Since the
presence of graphite was small (only 1 wt. %) this should be considered with
caution and only noticed as a possible trend of behaviour.

SEM analysis of worn surfaces confirmed that the adhesive wear was
dominant type of wear. Protruded SiC particles (more obvious for 10-39-1)
protected the matrix and lower the wear rate. Presence of Al,O; particles on the
surface was not noticed. Morphology and size of wear products for all tested
materials were similar. Mainly sharp edge, plate-like particles prevail, which is
characteristic for adhesive wear.

The wear products of A356 matrix alloy and composite 10-35 showed
variations in size and in some cases individual particles, larger than 50 pm in
diameter, could be detected. This indicates existence of severe wear. The
maximum sizes of wear products for composites 10-39 and 10-39-1 were
smaller, with maximum particles sizes of app. 20 um in diameter.

5. Conclusions

. The composite materials with better tribological properties in relation to
matrix alloy can be obtained by compocasting process.

. For the investigated conditions (dry sliding, adhesive wear), some
composites could be an adequate substitution for gray cast iron as a
standard material for cylinder blocks.

. A hybrid composite (with SiC and Gr particles) showed the lowest values
of wear rate and coefficient of friction in dry sliding conditions.

. Addition of graphite (1 wt. %) improved tribological properties but an
optimal amount should be determined for each application.
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TRIBOLOGICAL BEHAVIOUR OF HYDROGENATED X-65
STEEL SAMPLES

C.SPANU’, C. TELETIN, I. CRUDU
"Dunarea de Jos" University of Galati, Romania
E-mail: constantin.spanu@ugal.ro

TPUBOJIOI'MYHO INOBEAEHHUE HA OBPA3IH OT
XUIAPOT'EHUPAHA CTOMAHA X-65

K. Cnany, K. Tenemun, H. Kpyoy

Abstract: The paper presents tribological behavior of hydrogenated X-65 steel used
for oil facilities (pipes and pressure recipients) aiming to determine how hydrogen
affects the structure of the steel. The samples were assayed from the surface and from
the middle of a slab that is obtained by continuous casting. The behavior has been
determined using the friction coefficient developed during a sliding indentation test.
To identify the influence of hydrogen on the tribological behavior of steel, some
samples were hydrogenated 96 hours, others 192 hours and some remain
nonhydrogenated. After testing it was observed a decrease in friction coefficient with
the increasing of the hydrogenation time. The coefficient of friction for the surface
samples is higher than for the samples from the middle of the slab.

The tests shows that the hydrogenation impaired mechanical properties of steel.
Keywords: sliding indentation, hydrogen embrittlement, friction coefficient.

1. INTRODUCTION

The steel for oil pipes and pressure recipients gets a
particular attention due to the negative implications in
environment, health and economic life [1],[2],[3].[4].
Such a steel is X 65 PSL 2 (according API 5L standard)
that is the object of this paper.

5
 w s

_v' ae
Y ’.‘E‘ p

Fig. 1. Crack gener- The hydrogen exist in steel (called “metallurgical

ated by hydrogen [1] hydrogen”) during elaboration and supplementary can be

added from the petroleum products (sulphide compounds in special). Mainly in

“ For correspondence.
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the presence of the mechanical stress, all that hydrogen may damage the pipes
and other parts of the installation [5],[6]. In Fig. 1 can be seen a crack due to
hydrogen embrittlement.

In time the hydrogen diffuses to the surface from the moment of the steel
elaboration. The concentration decreases and reaches to a constant value after a
few days [7].

The chemical composition of the X 65 steel used in this research is
presented in Table 1. The hydrogen in Table 1 is the metallurgical hydrogen.

Table 1. Chemical composition of the slab

Chemical composition [%0]
C |Si|Mn| P | S | Al | Cr | Ni |As| Ti |[Nb| Ca | N
0,065/0,29|1,59|0,013|0,008|0,037|0,250|0,155|0,005|0,018|0,058|0,0010(0,0090 5,9

Hz [ppm]

The action of the hydrogen embrittlement on steel can be appreciated by all
the investigation test methods that deliver information about steel behavior
during deformation and fracture processes [6]. Among the test methods it is used
the classical mechanical hardness tests. Sliding indentation can be a better test
method than hardness. It can determine some characteristics of the bulk and
superficial layer of the steel, like plastic deformations, friction coefficient, type

of plastic deformation etc.
F The sliding indentation method, [8],[9],
3 ,2 Vv - 1 where to the normal indentation force a
\ / - ®I tangential one is added, is more difficult to put
Ll' o 25 in practice than hardness test but provide a

: ‘K more complex state of stress in the sample
than simple indentation [10],[11].

Fig. 2. The tribomodel for sliding

3- support surface, v- horizontal THE SAMPLES
sliding speed, F; - tangential force,
Fn - normal indentation force The tests were performed on a special
designed device [12],[13]. In Fig. 2 it is
presented the tribomodel for this test.
As indenter, a 12.675 mm diameter ball was used. The ball material is
hardened Romanian steel RUL-1 (SREN ISO 683-17:2002).

25



The holder of the indenter (Fig. 3) doesn’t
allow the ball rotation. For each test, a new ball
was used. The sliding speed of the holder was
v=0.172 mm/s.

Both normal and tangential force values
were monitored and recorded. The measuring
system consists of two identical force
transducers, one for normal force and other for
Fig. 3. The indenter (1) and the tangentl_al one, and a data acquisition and
holder (2) processing system.

The test specimens were taken from the
surface
and the middle of a slab obtained by continuous casting. The surface ones are
noted with S and the middle ones with M (Fig. 4).

For the study of the hydrogen
influence on the mechanical S S S
characteristics of the X 65 steel, ) L/
two specimens (S and M) were e ——
hydrogenated for 96 hours and
coded S 96 and M_96. Other two )

specimens (S and M) were ﬁ’m

.

hydrogenated for 192 hours and
coded S 192 and M 192. The i
remaining specimens coded S_0 cmﬁég@m
and M_0 are nonhydrogenated zane

(they contain only “metallurgical
hydrogen”). Fig. 4. The position of the samples related to the

The hydrogenation was done slab
by bubbling sulphured hydrogen
into acidulate salt solution (5% NaCl, 0.5% CH3;COOH). The test specimens are
rectangular parallelepipeds 10 x 40 X 70 (the dimensions are in millimeters).

The slab is heterogeneous in its section, which can be seen form
metallographic microscopy analysis and scanning electron microscopy (Fig. 5)

From the Fig. 5 for nonmetallic inclusions analyses (nonchemical treated
samples) it can be observed that the samples taken from the slab surface (Fig. 5
a) have, in generally, some small nonmetallic inclusions only (many of then are
oxides) and gas holes. Contrary, samples taken from middle of the slab (Fig. 5
b) have many gas holes and larger and denser nonmetallic inclusions, like a net.
Inclusions are oxides, sulphides and nitrides like.

As concerning the microstructure analyze (2% nital treated samples) results
that the samples taken from the slab surface (Fig. 5 c) have a ferrite-pearlite
structure with smaller and inhomogeneous grains, right on the slab surface. The
ferrite is lamellar and globular. Samples taken from middle of the slab (Fig. 5 d)

=

-
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have a ferrite-pearlite casting structure with bigger and inhomogeneous grains.
Borders between grains are not always obvious. It is noticed many gas holes
specific to casting and chemical inhomogeneity.

Ay 20 " ~
-~ -"\,—'/, -
a) Sample S_0 (100X) c) Sample S_0 (200X) e) Sample S_0 (1211X)
metallographic microscope metallographic microscope scanning electron microscope
nonchemical treated sample 2% nital treated samples 2% nital treated samples

-

b) Sample M_0 (50X) d) Sample M_0 (500X) f) Sample M_0 (1202X)
metallographic metallographic microscope scanning electron microscope
microscope 2% nital treated samples 2% nital treated samples

nonchemical treated sample

Fig. 5. Images from metallographic and scanning electron microscopy for S_0 and M_0
samples

The same things it can be observed from the scanning electron microscope
images (Fig. 5 e,f). From the Figs. 5 b,d,f it can be seen the association of the
nonmetallic inclusions and gas holes that forms a net. This observation is
typically to the structure of the central segregation zone. So, the structure of the
samples from the surface is superior to those from the middle of the slab.

The surface roughness has the value indicated in Table 2. For these values it
was used a portable profilometer with a resolution of 0.01 — 0.04 pum.

The normal forces used for indentation were: 0.036; 0.7216; 1.4432; 2.1648;
2.8864; 3.608 in kN.

27



Table 2 Roughness values for test specimens

Average  value For each tests the indenter is pressed
(um) onto the surface with the above normal
Nonhydrogenated 2.082 forces. Then the indenter is pushed and
:igiggiﬂigg igzhh gggg a_ta_ngent_ial forc_e Is developed. During

sliding indentation process, due to
constant normal force, the indenter leaves on the
sample surface concave tracks, Fig. 6.

Specimens type

3. EXPERIMENTAL RESULTS

In a previous paper [14] it were presented some
experimental results concerning the tracks width and
the type of the deformation during  sliding
indentation tests for the same steel. In this paper are
presented experimental results concerning the
tangential forces and friction coefficient developed
during the same test.

Fig. 6. Indentation traces

3.1. THE TANGENTIAL FORCES COMPARISON

This forces were measured during the indentation at fixed intervals (0,2 s) and
then an average of those data has been made. The number of data was the same
for all the samples. The results are shown in Table 3.

Table 3. The averages of the tangential forces

Normal The averages of the tangential forces F; (kN)

indentation Sample Sample Sample Sample Sample Sample
forces F, (kN) S0 S 96 S 192 M 0 M_96 M_192
0.7216 0.1010 0.0303 0.0048 0.0588 0.0452 0.0193
1.4432 0.1763 0.1828 0.0328 0.1169 0.0947 0.1324
2.1648 0.3317 0.3314 0.0470 0.2195 0.1748 0.2649
2.8864 0.2887 0.5351 0.2290 0.3328 0.2104 0.1592
3.608 0.3930 0.4799 0.2663 0.3987 0.3753 0.2486

Using this data, the chart in Fig. 7 was made. In the chart is was noticed
that:

- for all samples, both the nonhydrogenate and the hydrogenated ones, there
Is a tendency of growth of tangential forces, together with the growth of normal
indentation forces:

- there is a trend of reduction of the tangential indentation forces with
hydrogenation time;
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- tangential forces are smaller for the samples from the slab centre, than for
those from the slab surface.

The tangential forces comparison

O Sample S_0 B SampleS 96 B SampleS_192
Sample M 0 SampleM 96 B Sample M 192

0.6

0.5

0.4

7

0.3

0.2

0.1 —J -
O .
0.7216  1.4432 2.1648 2.8864 3.608
The normal indentation forces [kN]

The tangential forces [kN]

e L 1
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Fig. 7. The averages values comparison for tangential forces
3.2. THE FRICTION COEFFICIENT COMPARISON

Tribological behaviour of the X65 steel was determines by the friction
coefficient, that was calculated with well-known formula:
F

H:E

n

where:
u is the friction coefficient;

F. is the tangential force;
F is the normal indentation force.

The values of the friction coefficient are shown in the Table 4.

For the average values of the friction coefficient that correspond to a
specific sample it was calculated the maxim and the minimum values with the
formulas:
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and Jn

— S
umax=u+t(P,k)-ﬁ

where:
p is the average friction coefficient;
t(P,k) is the value of the student distribution for 90% confidence level and

a degrees of freedom k=n-1 (n is the number of values);
s is the standard deviation values.

Table 4. The values of the friction coefficient

Normal The values of the friction coefficient
indentation Sample Sample Sample Sample Sample Sample
forces F, (KN) S 0 S_96 S_192 M_0 M_96 M_192
0.7216 0.1400 0.0420 0.0067 0.0815 0.0626 0.0267
1.4432 0.1222 0.1267 0.0227 0.0810 0.0656 0.0917
2.1648 0.1532 0.1531 0.0217 0.1014 0.0807 0.1224
2.8864 0.1000 0.1854 0.0793 0.1153 0.0729 0.0552
3.6080 0.1089 0.1330 0.0738 0.1105 0.1040 0.0689

The average values

01249 | 01280 | 0.0408 | 0.0979 | 0.0772 | 0.0730

The minimum and maxim values of the fiction coefficient are presented in
the Table 5.

Table 5. The minimum and maxim values of the fiction coefficient

Sample Average values | Standard deviation Maxim values Minimum values
values
S0 0.125 0.022 0.146 0.104
S 96 0.128 0.053 0.179 0.077
S 192 0.041 0.033 0.073 0.009
M 0 0.098 0.016 0.113 0.083
M _96 0.077 0.017 0.093 0.061
M 192 0.073 0.036 0.108 0.039

The graphical representation of this values is shown in Fig. 8.
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The maxin and the minimum values of the friction
coefficient

0.200
0.150
0.100 |— ] ]
0.050 I _|L
0.000 l

S0 S 96 S 192 M_0 M_96 M_192
Omax | 0.146 0.179 0.073 0.113 0.093 0.108
mmin | 0.104 0.077 0.009 0.083 0.061 0.039

Fig. 8. The values of the friction coefficients

From the Fig. 8 it can be seen that for both samples (S and M) there is a
decrease trend of the friction coefficient values with hydrogenation time. The
cause is the embrittlement of the X65 steel. Also, for the surface samples (S) the
values of the friction coefficient are bigger than for the middle samples (M),
except those where the hydrogenated time was 192 hours. This behavior needs
further investigation. The explanation is the structure with big grains and the
association of the nonmetallic inclusions and gas holes (see Fig. 5).

4. CONCLUSIONS

The hydrogen introduced during hydrogenation process encounters on test-
pieces (especially those from middle of the slab) non-metallic inclusions, lattice
defects, goals, etc., which may consist of traps for hydrogen. The pressure
created by trapped hydrogen, plus the increased level of internal tensions could
lead to the emergence of microcracks. These internal tensions and microcracks
decreases the mechanical properties of the hydrogenated samples.
From the roughness values it follows that the values are higher for
hydrogenated samples than for the nonhydrogenated ones.
The sliding indentation test shows that:
1. the tangential forces have an increase tendency, with increasing of the normal
indentation forces for all the samples;
2. there is a tendency to reduce the value of the tangential forces with the
hydrogenation duration;
3. the tangential forces are lower for the samples from the middle of the slab,
than for the surface, aspect that is connected with a higher hardness on the
surface of the slab;
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4. there is a decrease trend of the friction coefficient values with hydrogenation
time, because of the embrittlement of the steel;

5. the values of the friction coefficient for the surface samples (S) are bigger
than for the middle samples (M), aspect connected with the structure of the
steel in the middle of the slab that have big grains associated with
nonmetallic inclusions and gas holes.

REFERENCES

[1] R. A. ORIANI et al.: Hydrogen Degradation of Ferrous Alloys Noyes
Publications, Park Ridge, New Jersey, U.S.A. (1985).

[2] A. O. NOSOCHENKO, et al.: Properties of pearlite-free pipe steel of type
0.03C-1.5Mn-0.09Nb in strength class X65-X70, Metallurgist, VVol. 47, Nos.
11-12, pp. 491 (2003).

[3] B. FANG et al.: Stress corrosion cracking of X-70 pipeline steels by
eletropulsing treatment in near-neutral pH solution, J. of materials science
40, pp.6545-6552 (2005).

[4] B. FANG et al.: Hydrogen in stress corrosion cracking of X-70 pipeline
steels in near-neutral pH solutions, J. of materials science 41, pp 1797-1803
(2006).

[5] C. TELETIN, I. CRUDU: Hydrogen presence in the continuous casting
process of steel, The Annals of the University “Dunarea de Jos” of Galat,
Fasc.1l, pp.102 — 112. (2007).

[6] A. MILLION, C. MILLION: L’hidrogene dans les aciers et dans les joints
soudés, Les Editions Dunod, Paris (1971).

[7] C. TELETIN: Studies and researches on the presence of hydrogen in the
steel continuous casting process, Ph.D. Thesis, Galati (2009).

[8] K.L. JOHNSON: Contact mechanics, Cambridge (1985).

[9] S.J. SHARP et al.. Material response under static and sliding indentation
loads, Acta Metallurgica et Materialia, VVol. 41, No. 3, pp. 685-692 (1993).
[10] D. A. HILLS: Mechanics of elastic contacts, Butterworth - Heinemann Itd.,

Oxford (1993).

[11] A. SACKFIELD, D.A. HILLS: Some useful results in the tangentially
loaded hertzian contact problem, Journal of Strain Analysis, Vol. 18, pp.
107-110 (1983).

[12] C. SPANU: Studies and researches on tribomodels as regards surface layer
plastic deformation under rolling and sliding, Ph.D. Thesis, Galati (2002).
[13] C. SPANU: Tribomodel, specimen and device for the study of deformation
into superficial layer during free rolling, The annals of Dunarea de Jos

University of Galati, fascicle V111, Tribology, pp. 102-104 (1997).

[14] C. SPANU, C. TELETIN, I. CRUDU, et al.: Sliding indentation behaviour
of the X 65 hydrogenate steel, The annals of Dunarea de Jos University of
Galati, fascicle VIII, Tribology, pp. 109-114 (2009 ).

32



Tribological Journal BULTRIB, Papers from Conference BULTRIB '11, October 28™, 2011, Sofia
Compiled by: Assoc. Prof. Dr. Mara Kandeva, Society of Bulgarian Tribologists
Published by: Publ. House Technical University - Sofia

SPECIFIC TYPES OF WEAR OF PROFILED TOOLS

Bogdan Sovilj!, Mara Kandeva?, Galina Nikolcheva?, Juliana Javorova?, Ivan
Kolev# Aleksandar Makedonski?, Ivan Sovilj-Nikic?

tFaculty of Technical Science, University of Novi Sad, Serbia
2 Department of Mechanical Engineering, Technical University—Sofia, Bulgaria
s Department of Applied Mechanics, University of Chemical Technology and
Metallurgy, Bulgaria
‘Rusenski univerzitet "Angel Kancev”, Ruse, Bulgaria

Summary: Nowadays in industrial countries as well as in our
country, wear and corrosion of tools cause a great amount of costs.
It is, therefore very important lo design proper hob milling tool,
which will enable minimal costs in use of tools. This includes the
constructive and cutting geometry of hob milling tool as well as the
proper choice of material. The scarcity of information in this field as
well as the present overall economic situation demand further
development of research in this field. This paper presents the
correlation between parameters in the hob milling process and
chipping occurrence on the tool.

1. INTRODUCTION

The development of the production tools, special industrial and civil
engineering machines on the one hand, and prime movers on the other has
brought about the occurrence of different designs of the power gear and turning
moment, with the prominence of toothed gearing.

The problem of producing toothed wheel has been analyzed both in theory
and practice in different ways; whereby the toothed wheel has been identified
both as a part of a machine and as an element of production, that is a finished
product.

The basic types and methods of serration, the basic and up-to-date tools for
machining serration have been given in Fig. 1. The hob milling is most widely
applied in the course of machining serration of the cylindrical gear due to the
high productivity of the process.
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The knowledge and investigation of the process of machining serration is of
extreme importance for the manufacturers of the toothed gear.

The hob milling process is one of the most important elements in the chain of
gear mechanical machining, since productivity; final geometrical accuracy and
quality of serration surface depend heavily upon it.

The improvement of the hob milling process is important and useful in the
production of both toothed gear and hob millers. The directions of improvement
of the hob miller serration are presented in Fig. 2.
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Fig. 1.The basic types and methods of Fig. 2. Directions of advancement
serration, the basic and up-to-date of hob milling gear serration

tools for serration machinina

The wear is one of the utterly negative occurrences in the machining
processes. A relatively high pressure and high temperatures on the contact
surfaces of the conjugated pairs, as well as the relatively high speed of the
conjugated pairs are thought to represent the basic causes for the occurrence and
intensive progression of the tool wear process. The wear of the working
elements of the cutting wedge is continuous at all points of the process, as well
as in all technological conditions and working regimes.

A distinction should be made between the tool wear and wear-out. The wear
is a form of hob miller wear-out, because we can divide the causes of the wear-
out, that is the loss of the cutting properties of the tool, as shown in Fig. 3, into
four basic groups.
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The process economy of the hob milling depends first of all on the type of
tool wear. A great number of values and their alternating influence impede the
research into the process of wear.

Fig. 3. The basic forms of
the tool wear-out

The wear of a single hob milling machine tooth depends, inter alia, on the size
of axial feed and a number of the feeds. The progression of wear on a certain
hob milling machine tooth depends, as well, on the combination of tool and
workpiece material, the machine and the coolant and lubricant used; it also
depends on the machining parameters presented in Fig. 4.

Tool and workpiece geometry and the milling procedures influence the hob
milling machine wear (Fig. 5). In order to estimate the tool wear, it is necessary
to know which factors influence the process of hob milling; the degree of
influence of particular parameters on the process itself is presented in Tablel.

Tool geometry Workpiece geometry Hob milling procedures Table. 1. Matrix of factors influencing hob

milling (x-significant impact, o-small or

indirect imonact

3 Conditons of culting MITing sna cutting geametry [ateriss
factors 5 5 ; % g i N E
Modulus Engagement Axial i 5 tlzl%]1 R -5; H ﬁ £
Profileangle  angle Slant ety N HIF § HHEF {!F%'ﬁ HE Z E
Profile head Gradient Diagonal 3 i B i g 5 ;!Ei HHE
height angle Radial-axial E‘cna-wvm ¢ . ofe]s
Outer Number of i-milling E
diameter teeth Uni-direction/uni- ] G
Number of Profile feed direction § [cresicanees
feeds Head height Opposite-direction/uni- = [cempression
Number of factor direction g Detachmant dsruption
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Profile direction e
correction Opposite —
Direction of direction/opposite Numbar ot ot
helix direction £ Blcittng time
Fglhmmbu-

Fig. 5. Tool and workpiece geometry
and milling procedures
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For the last thirty years a considerable advancement has been made in
creating new tool materials, new tool designs, in heat- treating and
automatization of the machining process. Further research has been directed
towards the problem of how to improve the surface of the tool for machining
cutting.

Nowadays, parts and tools for machining cutting are more frequently made of
composite materials; the core of these materials serves to ensure the hardness
and rigidity while the surface layers serve as rust preventives, wear preventives;
they have to meet optical, esthetical, heat-treat and electrical demands. Such
materials can be produced by using different coating techniques. The importance
of these technologies is characterized by a fact that by coating them with thin
layers we can ensure that they bear the required load on the one hand, and that
we economize with the basic material on the other.

On the basis of the analysis of the linkages among all the participants in the
coating process (Table 2.), the need to inform the tool manufacturers about the
specific additional requirements of coating their tool with materials having wear
proof properties becomes evident.

Table.2. Linkages among all the participants in
the process of coating and their skills

Tool manufacturer Tool coating Tool user
Specialized in:

The automobile and

; tractor industry

- tool design, recognizes the benefits
- tool manufacture, of advantages of the
coated tools

- tool material

Coating
Lacks knowledge in: | department, -greater speed and feed
s -greater durabili
- plasma physics, 2 g v
- highvacuum = -better quality
technique, a o
- thin coats, -shorter processing time
- surface physics
However:
he has been asked to| getting the PVD Therefore: Ask them to
supply the coated center for coating supply the coated tools

tools
Distributor

2. CHIPPING OCCURRENCE ANALYSIS

During cutting, the contact of the cutting tool and workpiece material is
accomplished between sawdust spur wheel and cutting cotter front surface and hob
mill back surface and the work piece-forming surface. Tribological processes,
which occur in the course of front/back cutting surfaces of the tool, develop
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under specific conditions [3]. The specific conditions for accomplishing contact
between hob mills and workpiece material significantly complicate the recognition
of the related tribological processes, so that today we know more of its influence
upon the forming surface and tool cutting element, and less about its nature.
Higher productivity is reached by reduction of costs of energy, lubricant, and work
resources. In order to find the best tribological solutions for numerous cases in
industry and transport, it is necessary to approach tribology both as a science and
as a technology, in an interdisciplinary way.

The hob miller wear (Fig. 6) is one of the utterly negative occurrences in gear
serration. A distinction should be made between the processes of tools wear and
wear-out. Wear is one of the forms of hob milling wear, since the reasons for the
wear, i.e. the loss of the tools’ cutting attributes, can be divided into four basic
groups:

« tools wear along the cutting elements;

« chipping of the cutting edge of the cutting tool;

* Dbreaking of the cutting tools elements;

» plastic deformation of cutting tools elements;

Chipping and breaking are utterly negative forms of hob mill wear, because
when they occur the tool will in a relatively short time stop working in the
course of cutting. If the size of the chipped particles is from 0,03 to 1 mm, such
a process of tool wear is called chipping, and if the size c: the particles is over 1
mm, then such a process is called breaking. Chipping and breaking often follow
interrupted cutting and cutting of the workpieces of great strength and hardness.

Chipping and breaking, and state of stress and overload respectively, are
influenced by the characteristics of the material, as well as by the tool and
workpiece and the machining conditions, cutting regime, hob milling geometry
etc. It is manifested in the occurrence of micro cracks in a short cutting interval.
After the occurrence of micro cracks the stress in cutting cotter changes up to the
critical condition when the chipping and breaking of the cutting parts of the tool
appear. Besides, chipping and breaking appear when the wear of the back surface
reaches the critical value after which the process of chipping and breaking
begins. This can be avoided by means of the choice of wear-out (h) criteria below
the critical value.
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Fig. 6. Hob miller wear
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Plastic deformation appears as a form of the wear of tools, in terms of high
temperature and mechanical load of the hob mill gear in the process of gear
serration machining. Chipping, breaking, plastic deformation and gear of the hob
mill wear can be, up to a degree, lessened by choice of the appropriate conditions
of machining and appropriate tools etc.; however, they can by no means be
completely avoided, especially in the course of machining of the materials of great
strength, which is always accompanied by high temperatures and stress in the
cutting area. It is therefore necessary, from the point of view of the occurrence
of these aspects of hob mill wear, to be extremely careful while choosing
conditions and machining regime in the process of machining these and similar
materials.

3. MATHEMATICAL ANALAYSIS

Owing to the affability of the organization's staff, the authors of this paper
were allowed to conduct the experimental part of the research on all the
machines used for machining gear serration by hob milling method; we were
only asked not to impede the regular course of production.

The research was conducted on the workpieces, which were being produced in
that particular period. Such an approach requires a minimum of expenses and
allows obtaining results that correspond to production conditions in a production
line of the gear serration. If data about all the relevant parameters of the hob
milling are tracked and systematically gathered for a period lasting long enough, it
would be possible to get ample useful data.

The initial experiments included a major part of workpieces, which were being
produced at the time.

The following conclusions could be reached on the basis of the initial research:

« the miller wear-out (h) was lower than the optimal in most of experiments;

« even when the hob milling wear-out is low, me influence of chipping
hmax 1S very evident and in most of experiments the size of chipped
parts was greater than the optimal wear-out.

(lnp ing } Machining procedure | ’ Chipping _ unit cﬂcunu feed s, (um) ‘
o value | .5 ‘m 10| (10515 | (15)-20 | over20 |
o] g ——

|
I 3
1 2 4 £ | 4 - 0
2t a1 4 @ v 1 v 1 1
3 0 | 6 | 8 2| o “\
|
|

l

J \

2

experiment No.
£
experiment No.,

A &

Ll A N 7 |

T VALDK 3wt 3

VALLEQami 1 VALLY 2 00d 2

Fig. 7. Correlatlon of the occurrence of
chipping and a combination of approaches
to machining serration

Fig. 8. Correlation between chipping
occurrence and unit effective feed



We can conclude that we need to pay attention to the occurrence of chipping,
because only when this has been obviated, hob millers can be used to the fullest
potential. The occurrence of chipping, which has been considerable while
conducting the experiment, was a limiting factor for work regime increase. There
Is scarce information about the chipping of the high-speed steel hob millers. While
conducting the experiment, and in the regular course of hob millers'
exploitation, the occurrence was frequent in a production line observed.
Chipping appeared as an irregular breaking of bigger or smaller parts of the
tool material and it, as a rule, happened on the transition from front to side
cutting edge. The chipping occurred both at the inlet and outlet of the hob miller
flank of a tooth. With some hob millers almost all the teeth in the area of
engagement were caught, and with some a smaller number was caught. The aim
of this paper is to point to some of the factors, i.e. parameters that have an
influence on the occurrence of chipping. In order to show the correlation of the
occurrence of chipping and the deployed combination of approaches to machining
serration in an analytical way, the table of correlation was made and a program for
testing the correlation was applied (Contingency table analysis); the results of the
test are presented in Figure 7.

It has been said in the directions for obviating the occurrence of chipping [5] that
one should work with saw dust greater cross-section, and in order to highlight
this influence in the experiment a table of correlation of the occurrence of
chipping and unit effective feed was given (Figure 8).

The result of the table analysis shows that there is a correlation between the
chipping occurrence and unit effective feed, and the graph shows that the number
of experiments with the chipping occurrence decreases with the increase of unit
effective feed.

With uni-direction milling the cutting force radial component is greater than
the same component's force at opposite direction milling. The presence of the
radial force is the cause of system deformation: hob miller-workpiece-clamping
equipment-machine. This is a critical occurrence in the initial period of hob
milling when there is only one tooth in the area of engagement [2]. The force
oscillates between a maximum value and zero. At the moment of tooth exiting
the area of contact with the workpiece, a decrease of the radial force occurs and
the forces caused by system elastic deformation press the hob miller close to the
workpiece and cause a greater tool wear-out, so that it can lead to hob miller
chipping under specific conditions. Analyzing the system: hob miller-workpiece-
clamping equipment-machine and bearing in mind the influence of the axial force
clamping of the hob miller upon the rigidity of the system, an attempt has been
made to change the manner of hob miller clamping and determine its influence
upon the occurrence of chipping.

When a nuts with hydraulic increase clamping force was applied, a few
examples have shown that the manner of clamping can influence the occurrence
of chipping. (Figure 9 and 10).
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The analysis of the correlation table for a few cases with or without nuts with
hydraulic increase clamping force shows that there is a certain, but weak
connection between these parameters (Fig. 11). Very few experiments do not allow
a deduction of a firm conclusion on the influence of hob miller clamping upon the
occurrence of chipping. The experiments have nonetheless shown that it would be
interesting for further investigation.

The possible causes of the occurrence of chipping could also be certain flank
clearances, which differ considerably among machines; the experiment included
hob millers of different age. The table of correlation between the occurrence of
chipping and the machine is represented in the Fig.12 and it shows that there is
no correlation between the occurrence of chipping and the machine on which the
experiment was conducted.

The hob miller material and its thermal processing with its own
characteristics could also be among factors influencing greatly the occurrence of
chipping. Hob millers used in the experiment were made of steel S9780 (made in
steel works Ravne), of Phonix steel K5M (imported from Austria) and from
Poldi max special 75 Mo steel (imported from Czech republic), The analysis of
the correlation table of origin and thermal processing of the hob miller material
and the occurrence of chipping has shown that in the range of experiments
presented in the paper, the hob miller material had no influence on the occurrence
of chipping (Fig.13).
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Fig.11. Correlation of chipping occurrence and manner of hob miller clamping
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By means of the analyses presented in the paper we have tried to elucidate the
occurrence of chipping in high-speed steel hob millers, which has very
unfavorable effects on the machining costs and should be a subject of further

research.

4. CONCLUSION:

On the basis of the analyses presented, directions and suggestions for obviating
the occurrence of chipping in hob millers have been reached. The occurrence of
cutting edge chipping is present in a considerable degree and has a very
unfavorable effect on the overall expenses of gear serration in hob milling. The
occurrence of chipping is more frequent in experiments in which cutting was uni-
direction. With the increase of the unit effective feed the occurrence of chipping

Is present in a smaller degree.

If a nut with hydraulic increase clamping force was used, and that means that
the rigidity of the system-hob miller-axle was greater, the occurrence of chipping
was alleviated. The occurrence of chipping in the cutting regime and conditions
used in the experiments did not depend upon the hob miller material and the

machine on which it was machined.
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Abstract: Mixed oxides with Fe,O3:TiO, ratio of 1:1 were synthesized
using mechanochemical activation of hematite and rutile powders in
high-energy ball mill in argon atmosphere and varying milling
procedure. The obtained materials were characterized by low
temperature nitrogen physisorption, and Moesbauer spectroscopy. The
catalysts activities were tested in a fixed bed continuous flow rector
operating under atmospheric pressure. The Fe,O5-TiO, wet milling
mixed oxide exhibited the best activity in test reaction methanol
decomposition.

Keywords: mechanochemistry, mixed oxides, Moessbauer spectroscopy,
methanol decomposition

INTRODUCTION

Hematite is one of the widely used oxides, with application in scientific and
industrial fields. It can be used as catalyst [1], gas sensor [2] and semiconductor
compound [3] As an important n-type semiconductor (Eg=2.1 eV), hematite is
stable, nontoxic, low-cost, corrosion-resistant, and environmental compatible
[4]. Titanium oxide has found photocatalytic application for environmental
protection. It can decompose organic and inorganic pollutants [5]. Fe,Os-TiO,
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binary mixed oxides were reported to be good catalysts with improved
photocatalytic properties and enhancement of visible light response [6].

Methanol decomposition to CO and H, has received significant interest not
only because it is the reverse reaction of industrial methanol synthesis, but also
because it is promising in several practical applications [7-11].

There are many methods for preparation of mixed oxides, such as
hydrothermal method [12] and sol-gel technique [13]. Among the many types of
preparation techniques, the non-conventional mechanochemical synthesis has
been recognized as a powerful route to low-cost mixed oxides preparation 14-
18]. In main properties of the mixed oxides which are involved in the catalytic
process are redox, acidic and basic properties, presence of defects which are able
to activate molecular oxygen [19].

Methanol is regarded as an alternative fuel for automobiles in the future, in
order to solve the energy crisis and environmental pollution problems. The
methanol decomposition to CO and hydrogen is of concern. The decomposition
of methanol is an endothermic reaction.

In the present work, one-step synthesis of Fe,Os-TiO, mixed oxides via
mechanochemical processing is reported. Our work reports of catalytic
properties of prepared mixed oxides using methanol decomposition as test
reaction.

EXPERIMENTAL

Mechanochemical synthesis of mixed oxides was performed in a laboratory
planetary mill Pulverisette 6 (Fritsch, Germany) by high-energy milling of
hematite powder and rutile powder in argon (dry milling, sample FeTi dry) or
argon + isopropanol (wet milling, sample FeTi wet). The following experimental
conditions were used for the mechanochemical synthesis: loading of the mill, 50
balls of 10 mm in diameter; material of milling chamber and balls, tungsten
carbide; volume of milling chamber, 250 mL; mass of hematite and rutile, 2 g
and 4 g, respectively; ball-to-powder ratio, 20:1; room temperature; rotational
speed of the mill planet carrier, 400 min™* milling time, 20 min.

Specific surface area was determined by the low temperature nitrogen
adsorption method in a Gemini 2360 sorption apparatus (Micromeritics, USA).

The Mossbauer spectra were obtained at room temperature with a Wissel
(Wissenschaftliche  Elektronik  GmbH,  Germany) electromechanical
spectrometer working in a constant-acceleration mode. A 57Co/Cr source and an
a-Fe standard were used. The experimentally obtained spectra were fitted to
mathematical processing according to the least-squares method. The parameters
of hyperfine interaction such as isomer shift (I1S), quadrupole splitting (QS),
effective internal magnetic field (Heff), linewidths (FWHM), and relative
weight (G) of the partial components in the spectra were determined.
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The catalytic experiments were performed in a fixed-bed reactor (0.055 g
catalyst) at a methanol partial pressure of 1.57 kPa, argon being used as a carrier
gas. The temperature was raised with a rate of 1 K/min in the range 350-770 K.
On-line gas chromatographic analysis was performed on a Porapak Q and a
molecular sieve column using an absolute calibration method. Before the
catalytic experiments the samples were pretreated in situ in air or argon at 650

for 1 h.

RESULTS AND DISCUSSION
Textural properties of initial hematite and rutile and mechanochemically

synthesized mixed oxides are presented in Table 1.

Table 1. textural properties

Sample SgeT Pore volume
ng-l cmm?2
hematite 3.0 0.002
Rutile 12.6 0.009
Fe-Tiwet | 12.7 0.009
Fe-Tidry | 18.0 0.013

The specific surface area of the
sample prepared by wet milling
with isopropanol as similar to the
that of initial rutile. The surface
area and pore volume of the sample
prepared in argon atmosphere with
dry milling increase with 50% in
comparison with that of initial

rutile.

Figure 1 shows the methanol conversion as a function of reaction temperature
over the two mixed oxides. There was difference in the methanol conversion
between two samples, reflecting on the difference in the BET surface area, as

mentioned before.
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Figure 1. Conversion of methanol decomposition and CO selectivity at different
temperatures over Fe,03-TiO, catalysts

45




The selectivity to CO of both samples was low below 300 °C. It sharply
increased for the FeTi wet sample above 315 °C as the reaction temperature
increased, indicating the onset of CO selectivity. It suggests that methanol is
decomposed into carbon monoxide and hydrogen over FeTi wet catalysts with
high selectivity. By—products such as methane and dimethyl ether were detected
under reaction condition. For the sample FeTi dry the CO selectivity retains low.
Better selectivity to CH, and CH;OCHg3 is registered for the sample FeTi dry.
This behavior could be ascribed to some phase transformation with the catalysts
by the influence of the reaction medium.

The experimental Mossbauer spectra of the initial samples represent sextets or
combination of a sextet and a doublet. The mathematical processing has been
carried out in accordance with the pattern of the spectra — for the sample “FeTi
wet” a matrix has been used with a single component (sextet), while for the
sample “FeTi dry” two components were involved — a sextet and a doublet. The
sextet components in both cases possess parameters identical with those of the
a-Fe,O3 (hematite) standard. The doublet component belongs to a compound
having paramagnetic (for instance Fe,TiO,) or super-paramagnetic state. In all
the cases the iron ions are high spin ones, in third oxidation state having
octahedral coordination.

The values of the determined parameters are listed in the table below.

Sample Components IS, mm/s QsS, Hetr, T FWHM, | G, %
mm/s mm/s

FeTi dry Sx-a-Fe,03 0.37 -0.09 51.5 0.46 93
Db 0.36 0.61 0.56 7
FeTidry Sx1-Fe;0, 0.28 0.00 48.8 0.37 30
After test Sx2-Fe;0, 0.67 -0.01 45.7 0.46 50
Sx3-Fe 0.00 0.00 32.9 0.40 7
Db-Fe®* 0.38 0.68 0.55 13

FeTi wet Sx-a-Fe,04 0.37 -0.10 51.3 0.41 100
FeTi wet Sx1-Fe;0, 0.28 0.00 49.0 0.37 39
after test Sx2-Fe;0, 0.66 0.00 45.7 0.41 57
Sx3-Fe 0.00 0.00 325 0.42 4

The spectra of the same samples after carrying out the catalytic test differ
considerably. The ,,spent” catalyst sample “FeTi wet” displays superimposing
lines of 3 sextets. The evaluated parameters of the first two sextet components of
this superposition show the presence of Fe in different oxidation states:

e Sx 1- Fe* ions in tetrahedral coordination (a component with a higher
magnetic field)

e Sx 2 — Fe* ions in octahedral coordination (a component registering a
magnetic field of lower effectiveness), Fe** ions in octahedral coordination,
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which due to the occurring electron exchange are impossible to be distinguished
are combined into 1 sextet component, corresponding tentatively to an oxidation
state of the iron 2.5.

The parameters of the two magnetic sextet components (Sx1 and Sx2) show
that the magnetite is non-stoichiometric i.e. magnetite with cationic defficiency
(Fes<xO4). One could suppose that the reason for this is the formation of
vacancies in the octahedral sub-lattice. In order to determine the degree of non-
stoichiometricity (i.e. the content of vacancies), denoted by x the formula of H.
Topsoe was applied, in which the data from the Mdéssbauer spectrum of the
magnetite are introduced as starting values:

2 Se

x — =, (1)
6 +5—F
A

where Sg and Sp are respectively the areas of the lines of octahedrally and
tetrahedrally coordinated iron ions, whereupon it is supposed that the factor of
Moessbauer-Lamb (the probability for resonance and recoil-free absorbance and
emission of gamma-quants) of the iron ions, located in the two sub-lattices of
the magnetite are identical.

Upon substituting the respective relative weights of the sextet components in
Equation 1 for the FeTi dry sample after the catalytic reaction one obtains: x =
0.02 or non-stoichiometric magnetite of the formula: Fe,q0,4. For the non-
stoichiometricity of Fe in the magnetite of the sample FeTi wet after the
catalytic reaction a value of x = 0.04 is obtained or this is Fe, g¢Oy.

The third sextet (Sx3) in the spectra in accordance with the computed
parameters belongs to a-Fe. On the basis of the determined relative content of
Fe in the samples after the catalytic reaction, as well as based on the determined
non-stoichiometricity of the magnetite in them, it can be supposed that the
sample FeTi dry has been reduced to a greater extent in the middle of the
catalytic process compared to the FeTi wet sample.

CONCLUSION

The physicochemical and catalytic results reveal a facilitated effect of the wet
milling with isopropanol for mechanochemical preparation of Fe,O3-TiO, mixed
oxides.

Different selectivity in methanol decomposition over Fe,Os-TiO, mixed
oxides synthesized by wet or dry milling was observed depending on the
reductive transformations of iron particles influenced by reaction medium as
shown by Mossbauer spectroscopy.
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Abstract: The method of mechanochemical activation is a
possibility to prepare new materials or their precursors with
enhanced properties and highly disperse structure. This method
allows to produce previously designed compositions under simpler
preparation conditions in comparison to standard synthesis
methods. In order to obtain highly disperse ferrite materials with
nano-metric size and high dispersion, the first step of our
investigation was to study preparation of their precursors. In the
course of this study the choice of appropriate preparation
conditions using mechanochemical activation method, was studied.
The second step was to find the optimal conditions of thermal
treatment of these precursors when nano-sized ferrite material will
be prepared. The phase composition and dispersity of synthesized
samples were studied by number of physicochemical methods -
XRD, Moessbauer spectroscopy and thermal analysis.

Key words: mechanochemical activation, green rusts, ferrite
materials.
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1. INTRODUCTION

The research in nanoscience can be framed with three aims: to synthesize,
understand and explore new nanomaterials and the related phenomena.
Nanoparticles of spinel ferrites are of great interest in fundamental science for
addressing relationship between physical properties and their crystal structure
and chemistry [1].

The properties of the ferrite materials, which decide the application areas are
generally governed by the chemical compositions and procedures followed for
their preparation. Thus the chemical aspect has become the most important
factor in the design and preparation of nanoferrite materials as their properties
are quite different from the bulk materials. Magnetic properties are considered
as the most important parameters of ferrite, as they decide the significance of the
materials for any technological consideration [2]. Magnetic properties of the
ferrites strongly depend on the microstructure, particle size and surface-to-
volume ratio. Various properties such as superparamagnetism and
superferromagnetism are observed when the particle is reduced to nanometric
size [3].

The spinel crystal structure is close packed face-centered cubic array of an
ions with holes partly filled by the cations. The oxide spinel can generally be
described by the formula (A)[B,]O4, where A and B denote divalent and
trivalent cations, respectively. In the case of a normal spinel structure, all of the
A atoms are tetrahedrally coordinated while the B atoms are octahedrally
coordinated by oxygen atoms. In the case of an inverse spinel structure, the A
atoms occupy half of the B sites [4].

Mossbauer spectroscopy has been effectively used in the study of cation
distribution in spinel ferrites. The Mdssbauer parameters are also influenced by
the type of ferrites and the superparamagnetic behaviour due to smaller particle
size [5].

Mechanical activation of solid substances is one component of modern
scientific disciplines of mechanochemistry. At present, mechanical activation
exhibits a wide range of potential applications [6-10]. One of them is the
possibility to synthesize new materials and such with enhanced properties at
easier and ecologically cleaner preparation conditions in comparison with
conventional methods.

Thus mechanochemical method for preparation of nano-sized ferrite materials
was studied in order to verify this possibility. Our investigation includes two
main steps — preparation of: 1.) precursor material by mechanochemical
activation; I1.) ferrite material by calcination of as-prepared precursor.
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2. EXPERIMENTAL

The appropriate amounts 2:1 of FeCl;.6H,0 and FeSO,4.7H,0 are mixed in a
milling container with volume 250 ml. High energy planetary ball mill type PM
100, Retsch, Germany is used for mechanochemical treatment. The mass ratio of
sample:balls is 1:20, air media, milling speed is 500 rpm and the activation time
Is varying 7, 17, 30 and 48 h. The obtained samples are characterized by
Moessbauer spectroscopy, X-ray diffraction and TG, DTG and DTA analysis.
The Moessbauer spectra are recorded with Wissenschaftliche Elektronic GmbH
spectrometer (Germany) working in a constant acceleration mode (°’Co/Cr
source and o-Fe standard). The parameters of hyperfine interactions are
obtained by computer fitting - isomer shift (IS), quadrupole splitting (QS),
effective internal magnetic field (Hes), line widths (FWHM) and component
relative weights (G). The XRD studies are made by TUR MG62 apparatus
(Germany), HZG-4 goniometer with Bregg-Brentano geometry and CoK,
radiation. JCPDS database (Powder Diffraction Files, Joint Committee on
Powder Diffraction Standards, Philadelphia PA, USA, 1997) was used for the
phase identification.

The TG, DTG and DTA analysis are studied with a “Stanton Redcroft”
(England) installation, connected to a PC at the following operating conditions:
temperature interval of heating — 20 — 1000 °C; heating rate - 10 °C/min;
gaseous medium — 100% air, debit — 11/h; sample mass - 10.00 mg. Stabilized
corundum crucible is used.

Ferrite sample was produced by calcination of mechanochemically prepared
precursor. It was thermally treated for 2 h in air at annealing temperature 250 °C
(furnace ”Eurotherm”, England).

3. RESULTS AND DISCUSSION

The exact conditions of mechanochemical activation were varied within a
wide range, while the formation of studied precursor material is observed.

The X-ray diffraction patterns of initial materials and mechanically treated
samples at different activation times are shown on Fig. 1. The observed patterns
indicate decreasing of the intensity of initial materials reflections. New broad
and low intensive reflections appear attributed to new Layered Double
Hydroxides (LDH) structure. An increase of the time of mechanical treatment up
to 17 and 30h leads to a sharp decrease of the diffraction pattern of the
precursors. The line shape broadening of patterns changes during the
mechanochemical treatment, the latter indicating a change in the sample
crystallinity degree. The disappearance of iron chloride and sulfate reflections
was observed after 48 h mechanochemical treatment. Thus, the data obtained
indicate that the mechanical activation of the initial mixture of iron chloride with
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iron sulfate leads to the formation of green rust-type precursor material wit
complicated chemical composition.

The results obtained with X-ray diffraction analysis were confirmed by the
Moessbauer study of the samples. Moessbauer spectra of samples were
registered at each step of mechanochemical treatment and are shown on Fig. 2.
The spectra of initial materials are shown for comparison, also. Moessbauer
spectra of mechanochemically activated samples include superposition of
doublet lines only. The calculated parameter values of components of
mechanochemically prepared material (bottom of Figure 2) could be attributed
to iron (II) cations in hydrotalcite lattice. The sample has magnetic behavior -
particles sprinkled on paper, can be dragged move by moving permanent magnet
(B = 1 T) on the back side of paper. Therefore the prepared precursor material
shows the presence of both paramagnetic and superparamagnetic doublet-type
spectra [11].
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Fig. 1. XRD patterns of precursors and Fig. 2. Moessbauer spectra of precursors

activated mixture at different milling and products of mechanochemical
activation time : 7 h; 17 h; 30 h milling synthesis (MCS).
time and 48 h.

DTA —TG method provide a great deal of information about the structural
changes of mechanochemically prepared precursor material, which will be done
during thermal treatment, as well as the appropriate calcination temperature.

Thermal decomposition of mechanochemically prepared precursor material
was studied and the obtained results are in agreement with previously
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investigated mineral samples [12]. The TG-DTG-DTA-curves are presented on
the Fig. 3. They illustrated three main intervals of precursor material
decomposition and Fe** ions oxidation: 20-200°C, 250-500 °C and 550-800°C.
The main mass losses are in the first region - about 15% and in the second
region - about 18%. In the third region the mass losses are about 7%. The first
step of thermal treatment leads to the removal of water from interlayer space.
The TG curve corresponds to multi-step decomposition process and broad DTA
and DTG peaks indicate the overlapping decomposition processes. Endo-
thermic effects observed at higher temperatures are likely to be connected with
both the chlorine removal process and with the dehydroxylation of hydroxide
packings. This leads to the rupture of the structure of initial compound and to
the appearance of solid phase product during thermal treatment over 300°C. X-
ray diffraction pattern (Figures 4) and Moessbauer spectrum (Figures 5) of
produced material after thermal analysis are registered. High temperature
calcination (in air at 1000 °C) of the precursor material leads to preparation of
hematite phase [13].
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Fig. 3. Thermal analysis of precursor material, prepared by mechanochemical
activation.

Taking into account the obtained data from thermal analysis the precursor was
heated for 2 h at 250 °C and air media in order to obtain ferrite material. XRD
pattern of calcination product (Figure 6) represents pattern of two phases —
magnetite and hematite [13]. The registered Moessbauer spectrum of the
calcinated sample confirms this result (not shown). As a result the single phase
preparation of magnetite will be done at the same synthesis conditions, but in
protection media.
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Fig. 6. XRD pattern of obtained material after calcination for 2 h at 250
°C.

4. CONCLUSION

The presented study shows that the mechanochemical activation is a suitable
and easy way for preparation of green rust-type materials as precursors for
magnetite-type compounds synthesis. On the other hand the easy ferrite
synthesis provides the possibility to prepare new nanosize materials with
enhanced properties. The chosen preparation conditions show the great impact
of used initial materials on the preparation rate and synthesized products.
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Abstract: Nanodimensional powders of cubic CuysCoqsFe,O, are
synthesised by two-steps procedure of co-precipitation of copper-
cobalt- iron hydroxide carbonates, followed by mechanochemical
treatment. XRD,  Thermogravimetry-Differential ~ Scanning
Calorimetry and Madssbauer spectroscopy are used for the
characterization of the obtained materials. Their catalytic
behaviour is tested in the reactions of methanol decomposition to
hydrogen and CO. It is established that the catalytic behaviour of
the samples depends not only on their initial phase composition, but
also by the concomitant ferrite phase transformations by the
influence of reaction medium.

Key words: mechanochemical synthesis, copper-cobalt ferrite,
Massbauer spectroscopy, methanol decomposition.
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1. Introduction

Transition metal spinel oxides are technologically important as magnetic
materials, semiconductors, pigments and as effective catalysts for number of
industrial processes, such as oxidative dehydration of hydrocarbons,
decomposition of alcohols and hydrogen peroxide, oxidation of various
compounds such as CO, H,, CH; and chlorobenzene etc. [1, 2]. It is well
established, that depending on the preparation method, CuFe,O, can crystallize
either in tetragonal or cubic symmetry [3 — 5]. Among the various preparation
procedures, the high-energy milling solid-state method has the advantages to be
easily operated and produce large amounts of nanostructured powders in a short
time. Furthermore, the highly nonequilibrium nature of the milling process
allows one to prepare solids with improved and/or novel physical and chemical
properties. The catalytic behaviour of unsubstituted copper ferrite obtained by
thermal decomposition [5] and mechanochemical synthesis [6] has been studied
in reactions of methanol decomposition to H, and CO, as well as total oxidation
of toluene.

The aim of the present work is to investigate the possibility of synthesizing
mixed copper-cobalt ferrites, as nanodimensional powders by co-precipitation of
the corresponding hydroxide carbonate followed by mechanochemical treatment
and to investigate the influence of the structure on catalytic properties.

2. Experimental

Iron-copper oxide powders (CugsCoqsFe,O4) were prepared by two-steps
procedure of co-precipitation and mechanochemical treatment. The starting
solution of Fe(NOs3)3.9H,0, Cu(NO3),.3H,O0 and Co(NOs),.6H,0 was
precipitated with drop-wise addition of 1 M sodium carbonate solution up to pH
9 at continuous stirring. The initially obtained precipitate was dried at room
temperature (RT) to form precursor powder (CuysCosFe,04-HC). At the
second step the obtained precursor was milled using a Fritsch Planetary miller.
The balls-to-powder mass ratio was 10:1. The samples are denoted by
CupsCogsFe,0,-MSx, where x = 1, 2, 3, 5 is duration of mechanochemical
treatment in hours.

The powder XRD patterns were recorded using a TUR M62 diffractometer
with Co Ka radiation. The observed patterns were cross-matched with those in
the JCPDS database. The average crystallites size (D), the degree of microstrain
(e) and the lattice parameters (a) of the studied copper ferrites were determined
from the experimental XRD profiles by using the Williamson—Hall equation [7].
The RT Mossbauer spectra were obtained with a Wissel (Wissenschaftliche
Elektronik GmbH, Germany) electromechanical spectrometer working in a
constant acceleration mode. A *’Co/Cr (activity =10 mCi) source and a a-Fe
standard were used. The experimentally obtained spectra were fitted to
mathematical processing according to the least squares method. The parameters
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of hyperfine interaction such as isomer shift (I1S), quadrupole splitting (QS),
effective internal magnetic field (Hes), line widths (FWHM), and relative weight
(G) of the partial components in the spectra were determined [8]. The
simultaneous Thermogravimetry-Differential Scanning Calorimetry (TG-DSC)
was carried out by Linseis STA1600 thermobalance in static air at 10°C/min
heating rate. The catalytic methanol decomposition experiments were carried out
in a flow reactor with argon as a carrier gas and methanol partial pressure -1.57
kPa. On-line gas chromatographic analysis was performed on apparatus
equipped with flame ionization and thermoconductivity detectors, on a PLOT Q
column, using an absolute calibration method.

3. Results and Discussion

TG-DSC analysis of NigsZngsFe,04-HC sample represents several thermal
effects. The endothermal effects are accompanied with mass loss of sample and
could be assigned to hydroxide carbonate decomposition — dehydration,
dehydroxylation and decarbonisation. The well expressed exothermal effect
could be associated with formation of ferrite phase. Thermal effects are not
observed at higher temperature therefore the spinel phase formation has been
completed at temperature about 504°C [8].

XRD patterns of the obtained materials are presented in Fig. 1A. Well defined
reflections of cubic spinel phase (S.G.: Fd-3mS, No. 227) are registered even
after one hour of milling and the process of crystallization continues with the
increase of milling time. The degree of microstrain decreases from 9.69x10° to
4.40x10° with increasing the duration of treatment from 1 to 5 hours. The
average crystallite size of the obtained ferrite nanoparticles varies between 8-11
nm depending on the duration of the milling procedure.
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Fig. 1. XRD patterns (A) and RT Mdssbauer spectra (B) of the investigated CugsCogsFe;04
samples
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RT Mossbauer spectra of the samples are presented in Figure 1B. The
Cuo5C0gsFe,04-HC sample exhibits a quadrupole doublet with parameters,
indicating that the precursor is paramagnetic and that the iron is in the trivalent
state. The mechanochemically synthesised samples show spectra consisting of a
central doublet, with relative weight (G) from 62 to 88 %, in relation to time of
samples treatment, and sextet components corresponding to Fe**ou,- and Fe** eya-
coordinated ions in spinel ferrite lattice.

Data from catalytic behaviour of the samples in methanol decomposition to
CO and hydrogen are presented in Fig. 2.
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Fig. 2. Methanol conversion (A) and CO selectivity (B) vs. temperature for various
Cug5Cog 5Fe,0, materials

The materials exhibit significant catalytic activity in methanol decomposition
with a high selectivity to CO and hydrogen (Fig. 2) just above 500-550 K.
Methane, CO, and negligible amounts of dimethyl ether and C,-Cs-
hydrocarbons are observed as by-products as well. Better catalytic activity and
selectivity to CO and hydrogen is registered for the sample, obtained at longer
mechanochemical treatment. Mdssbauer analysis of the samples after methanol
decomposition demonstrate significant changes in the phase composition due to
the influence of the reaction medium. The Mdéssbauer spectra are well fitted with
three sextet components with parameters typical of iron carbide (yx-FesC,) one

sextet of iron-cobalt alloy, as well as two sextets of magnetite (Fe;0,) phase in
MS1 sample [8].
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4. Conclusions

The method of co-precipitation, followed by the high-energy ball milling
results in the formation of nanocrystalline mixed copper-cobalt ferrites with
cubic crystal structure. The crystalline size of the ferrite phase increases with
increasing of duration of mechanochemical treatment. The preparation of highly
active and selective catalysts is facilitated by the increase of mechanochemical
treatment duration. The catalytic behaviour of the samples depends not only on
their initial state but on the following phase transformations, which occur with
the sample during the catalytic process.
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Abstract: A manipulator for inspection of coatings of renovating
shafts is designed. The manipulator is a part of robotised systems
for inspections of coatings with high mechanical wear-resistance
and surface-smoothness for renovation of the working area of
shafts for extruding sheet material (PVC, Plexiglas, other plastics)
by laying and polishing of new types of highly wear-resistant
coatings based on ultra disperse nickel coatings with nano-
dispersoids and/or nano-particles included. Experimental results
are presented. Three and four links manipulation mechanism with
actuator links for the shafts coatings inspection are proposed.. Also
simulations of displacement and stress due to driven forces of
actuators are performed.

Keywords: micromanipulators, nickel coating, nano elements.
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I. INTRODUCTION

Extruding (pressing by pushing) of sheet material from non-metal materials
(Plexiglas, PVC, other plastics) is widely used in households. Gifts, flowers,
sugar and chocolate packing is made from thin aluminum sheets. Thin Plexiglas
sheets are used to make pack-boxes, and thick nylon sheets are used to make
bags, raincoats, etc. With the time and at high production rate shafts age, their
surface wears out, and sometimes scratches appear in incidents. All this makes
the shaft surface not precisely circular and even. Because of a new shaft’s very
high price, renovation of the defected shaft is applied in such cases by applying
a new coating and polishing it to mirror shine.

A technological line for chrome based smooth shaft renovation should include
at least the following technological cells and operations: 1. Grinding of the old
chrome layer at a given roughness; 2. Coating of a new chrome layer in a
galvanic (cyanide) bath; 3. Rough grinding of the coating down to a
predetermined diameter and roughness; 4. Fine grinding of the shaft down to a
predetermined roughness; 5. Polishing of the chrome to a predetermined
smoothness (Ra ~ 0.02 - 0.03). The grinding of the old chrome layer is a routine
and easy operation if one has lathes with long guides, accurate screws and good
bearings. Usually 120 um to 150um of the old chrome are taken off, where
greater roughness is required to enable the new chrome layer to stick better.

The laying of the new layer of chrome can be done in a galvanic bath where
part of the shaft is dipped and it is slowly rotated. Thus relatively big thickness
(120-150 pm) and unevenness of the coating is achieved. The evenness is
improved through the next operation. The idea of polishing the steel base of the
shaft to the necessary smoothness emerged on the basis of these studies and it
also included laying a thin (15-25 um) nickel coating with nano-particles in it,
or a thicker one (25-40 um) including other micro - and nano-dispersoids for
increasing hardness and wearing out resistance.

A.Dispersoids of the micro-area

As dispersoids can be served micro-dusts of hard-fusible oxides, carbides,
silicones, borides, nitrides, diamonds, ect. (Tabl. 1). Micro dusts are produced in
two ranges of grains — wide and tight. The size of the grains of the basic fraction
set by screening through two sieves — allowing and holding, for tight rage micro-
dusts, and for wide range — through three [1].

Table 1;: MICRO-AREA DISPERSOIDS
Dia- Silicon Electro- Wolfram Boron Titan
mond |Carbide Corundum Carbide Carbide Carbide
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B.Dispersoids of the nano-area

It is considered, that nano- technologies are one of the high achievement in
the science for the last few years and they have found a hundreds applications in
the wide range of areas — from medicine to solar panels, from ecology to coating
fils with surprising new features.

Some of the companies offer different nano- elements, mainly nano- powders.
These are Oxides, Carbides & Nitrides. Some of them, included in our
experiments are:

C — Diamond Synthesized - 4-25 nm

sic — Silicon Carbide - 50-60 nm

Al,03 — Aluminum Oxide - alpha, 200 nm

The shafts for renovating have following properties: the biggest diameter - 3,5
m, max length-4,5m, mass-16t., the type of coatings is Ni+P and additional
dispersion materials, 250 pieces per year. The requirements related to accuracy
of geometrical form, dimensions and roughness are very high. These
Requirements impose to achieve a high degree of automation of measurements
and electronic reporting of measurement results [2].

The aim of the present study is to design a manipulator - holder for micro-
nano-positioning and orientation of the touchless sensors and gauges for
measuring roughness, thickness of coat, deviation from cylindricity or micro-
hardness of the shaft coating. The manipulator is positioned on the mobile
platform of a specialized robot for measuring shaft coatings. The co-operation of
the macro and micro robots is necessary when the manipulated object has to be
handled into a macro-space and carry out a precise finishing operation in a
micro-zone. In mechanisms with incorporated macro — micro structures DoF, as
well as the accessible area increase, the structures are compact and have fewer
backlashes. Finally it will be investigated how the length variation of the piezo-
ceramic links will influence the motion of the working tool.

Il. THEORETICAL BACKGROUND

Nowadays the robotisation of various operations in domain of micro-biology,
micro-electronics, nano technologies is developing rapidly. Robots with
appropriate kinematic systems, gripping devices, actuated by piezo-actuators are
under development [3-5]. The direct piezoelectric effect consists in the ability of
certain materials to generate electric charge in proportion to externally applied
force [6-8]. Effects are lasting if force or electric field is acting. Effects have
been used for actuating/sensing functions in engineering applications. It is
known a linear cylindrical piezo-element (actuator) with inherent physical
properties. Some parameters of piezo-element or actuators which are necessary
for control of devices for micro and nano technological operations can be
defined from relations (1)—(4). The basic parameters of cylindrical actuators [9]
are:
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L=3D, (1)

4L
V=—>09s3F (2)
7D
AL:d33V (3)
2
7D T
C:I_kg 6'0 (4)

where

L — length of element; D — diameter; V is the generated voltage; p — voltage
coefficient; F — force; d — charge coefficient (piezo-electric constant); AL—
displacement (extension); C — capacity; k' — relative dielectric constant; €T -
dielectric constant. The lower number indices show the direction of parameters.

In this study three and four-links mechanisms for manipulators with actuators
links (fig.1.c) are synthesized. The manipulator is intended to position and
orientate the noncontact sensors for inspection of shaft coating. It is positioned
on a mobile platform of a specialized robot. In the kinematic scheme (fig.1a)
piezo-ceramic links are illustrated as prismatic pairs. It is seen from the
structural scheme (fig. 1b) that the basic loop is a five-link with two DoF (with
two piezo-ceramic links), one of the links being the quarter link 3, which is also
a part of a second closed four-link loop. In link DE of this loop the third piezo-
ceramic element is built-in and link CH (number 8) is the output link (OL) [10].
The small displacements realized by the piezo-ceramic links (actuators) require
the use of elastic joints illustrated by arcs on the construction scheme of (fig.1c).
OL of the manipulator can position point H and orientate link 8 in the plane of
motion. According to equation (5) manipulator mechanism for micro positions
has 3 DoF

h=3n-2p5 =3.7-29=3 (5)
Where: h—number of DoF; n— number of mobile links; ps—kinematical joints
with 1 DoF.

In most cases, when measuring roughness or hardness, as well as deviation
from cylindricity of shafts and their micro-coating, it is required that sensors and
gauges should be positioned exactly perpendicular to the shaft (along the shaft’s
normal). This requires that the output link of the manipulator (sensor or gauge)
should to be orientated or shifted along the normal to the measured surface. This
is the motivation for the synthesis of a mechanism (manipulator) that moves
along rectilinear trajectory. Therefore the inverse problem of synthesis of
manipulator must be solved, when a linear trajectory is given have to find a
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configuration of mechanism and control of the actoators. Geometric relations of
the 8-link manipulator mechanism for shafts coating inspections are shown on

the figure 1 (a). The link 1 in the kinematic chain OAB is fixed. All linear and

angle parameters are shown on the figure (fig.1a). The displacement of point
C(x,y), and the rotation of links 2 and 3 are due to the variable lengths of links 2
and 3 wherein the piezo-ceramic elements are built-in. In the previous authors
paper [11] the Forward problem of kinematics for the mechanism on fig. 1.c. are
solved as well as the transmission ratios of actuators are determined.

Y
/

\ “(KN,YN)

Fig.1. (a) Kinematic; (b) structural; (c) construction schemes of the manipulator
mechanism

65



A. Inverse problem of synthesis of the manipulator for inspections of shafts
coating

The objective of this study is to synthesize a rectilinear trajectory with
dimensions of several nanometres. With given coordinates of point H (x,y) and
H'(x,y) or line H-H" of the mechanism’s output link (fig.2). The problem of
control of the manipulator will be solved if the following conditions are given
(known):

- linear equation;

- angle of the slope of the straight line;

- linear equation passing through 2 points.

The strategies of control of manipulator as well as the transfer functions of
actuators can be obtained from equations (6)-(10). We assume that the slope of
line (x) 1.e. necessary linear trajectory is given.

k=tgy , (6)
Where v is a given slope of the line.
Kyy' = M (7)
XH — XH

From relations (6) and (7) the transfer ratios of the actuator -4; and A, or
elongation of the links OA and AB can be find by equations (8)-(10)

Xg :x'H —l*cosO, yc = y'H +1*sin @ (8)

Xp =Xc —l2cos(@—05), ya=Yc —l2sin(p—5) )

ilzwlx'%ﬁyi, ﬂz=w/Xi+Yi (10)

where
|*=CH.
The obtained relations are at the base of the algorithm of control of

manipulator mechanism. They are valid for two types of suggested mechanisms
(fig.2.) for manipulators.
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B. Graphcal analisis of the working area of designed manipulators

The micro-nano working area of manipulators is illustrated more clearly by
graphical representation figure 2. It is seen the tetragonal working zone of the
manipulators.

& 1 AN

Fig.2. (a) Accessible areas of the manipulators when actuators -, and 4, are
switch on

B. Simulations of manipulators

In this section virtual model and simulations of the two constructions of
the manipulators are done. The simulations will help us to chose the most
appropriate material, geometry and revolute joints to in order to make the
manipulator. There are various type actuators and firms which make it.
Multilayer piezo actuator P882.51 type of the firm Pl are chosen. The maximal
displacement and blocking force are 18um and 210N, respectively. The
following two types of plastic materials: Poly carbonate and ABC for
manipulators are used in simulations.

We define relations between the driven force of the actuators and
displacement of the construction and end-effector of manipulators (Fig.3 and 4).
Also the stress and stiffness of the constructions due to actuators forces are
defined.

i

PSS U —

it

i

SREREANRREAE D

Fig.3.(a) Displacement of the manipulator made of ABC material under the influence
of the actuator’s force 50N; (b) 170N.

67



Fig.4.(a) Displacement of the manipulator made of Poly Carbonate material under the
influence of the actuator’s force 50N, (b) 200N.

I11. DESIGN OF THE FRAME OF THE MECHATRONIC SYSTEM FOR
COATING INSPECTION

The shafts intended for coating are placed on the frame. The frame must bear
the load of 16 tones. Also, the mechatronic system for coating inspection adds to
the frame. In designing of the frame the Finite Element Method (FEM) is used.
After some simulations are performed, we choose the profile Bosch Rexort —
L200x100mm (fig.5) for making the frame.

x x/

¥/

Fig.5. Bosch Rexort profile.

The maximum stress inside the frame calculated by FEM was less than the
allowable stress the aluminum alloy—100MPa. The results of stress analysis - 33
167,48 MPa demonstrated the sufficiency of the frame structure. The safety
coefficient of the frame is about 3,01. Also after stress analysis we choose the
appropriate geometry of the frame (fig.6).
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(a) (b)

(©)

Fig.6. The frame of the mechatronic systems for coating inspection. (a) FEM analysis
of the frame; (b) and (c) CAD model of the frame.

The driving unit for mechatronic system should be mounted on the body
frame. After some calculations we chose motor with a planetary gearbox
produced by company Frienteded Transmission machinery Ltd. The motor has
to drive the shafts. The motor has the following properties: P=0,14-75 kW,
M=20-30 kN.m, n=9-87min™.

IV. EXPERIMENTAL RESULTS

The laboratory experiments were made for chemical nickeling with nickel —
phosphorus matrix with micro/ nano scale dispersoids addition — silicon carbide,
diamond synthesized. As optimal temperature is assumed 90-92° C, optimal pH
— 4,7 to 4,9 and relation between cultivated area and volume of the solution (S
V) 1-2 dm?/l.

In approximately observing of the parameters above, the mass percents of
phosphorus are between 8 — 10 mass %. This value is corresponding to the
matrix relative weight. From here we deduced a theoretical (average) speed for

coating — 24-25 um/h.

The coating for combination of experimental models was made — fig.7. The
combinations for the different models were chosen to be close to the assumed
value of the relation S/V.
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In this series of experiments, where silicon carbide nano-filter 700 nm was
used, the concentration of the working solution was chosen to be 0,4 g/l. In the
experiments the dispersoid we added on the 15-th minute from the beginning of
the process.

The weight measures of the polishing plates from 0,25 dm? proved calculated

deposition speed — 23,8 to 25,2 um/h. The coating follows the relief of the base

and keeps the same smoothness [12].

Same experiments were made also with nano-filter 150 nm

Same experiments were made as well with dispersoid— nano — diamond dust.
The following depositions were made:

e Pure nickel — phosphorus matrix

e + Diamond Synthesized - 4-25nm

The relief and smoothness of the coating are remaining.

In some of the experiments the temperature was increased (for about 40 min
up to 96° C). Harmful effects (decomposition of the solution) were not observed.

For a test in working conditions we designed a stand for high temperature
testing (200°C) — fig.8.

The stand is consists of hollow shaft, driven by electric AC motor, and heater,
blowing the shaft with hot air. A heat-resistant Teflon roller is pressed to the
shaft, which serves as extruded material.

PLC Allen Bradley is used for stand control and inverter SEW Eurodrive (fig.
8) is used for driving mechanism. The personal computer is used to collect data
regarding tests of wear resistance after continuous work, [13].

Fig. 7. Coating of experimental models Fig. 8. Experimental stand for testing in
work conditions
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V. CONCLUSIONS

After the experiments in laboratory and work condinions, two types of
mechanisms for shafts coating inspection manipulators are suggested. The
manipulator is positioned on the mobile platform of a specialized robot for
measuring shaft coatings. Manipulators have to micro-nano-positioning and
orientation of the noncontact sensors and gauges for measuring roughness,
thickness of coat, deviation from cylindricity or micro-hardness of the shaft
coating. In most cases, when measuring roughness or hardness, as well as
deviation from cylindricity of shafts and their micro-coating, it is required that
sensors and gauges should be positioned exactly perpendicular to the shaft
(along the shaft’s normal). This requires that the output link of the manipulator
(sensor or gauge) should to be orientated or shifted along the normal to the
measured surface.

The paper provides also a design of a mechatronic system and technology for
coating inspection of renovating shafts
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ABSTRACT: In this research, the electroless method for iron
layering on super hard nanosized particles is investigated. The
electroless plating on the surfaces is one well-known method for
improving the surface properties. The main advantage of this
method is the possibility to coat with metal films metals as well as
dielectrics even if they have a complicated shape.

In this study the electroless iron solution contains Fe2+ ions as a
metal ion and H2PO?- as a chemical reducing agent. The optimal
conditions for Fe deposition are specified. EDS and TEM analysis
on the coated surfaces are also performed. TEM analysis proves
the presence of new formed nanoglobules on the basic material of
TiN. EDS analysis of the nanoglobules chemical composition shows
presence of 0,174 mass% of iron in relation to TiN.

1. INTRODUCTION
The unique properties of nanosized particles in consequence of their small
size are accountable for their increasing popularity in nanotechnology
investigations. The improvement of materials properties is observed by addition
of nanosized particles to different objects, namely [1-3]:
- increasing wear resistance,
- better corrosion resistance
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- better wet ability in different surroundings
- improved lubrication.

But as it is mentioned in our previous work one of the big problems is that it
IS not easy to hold nanoparticles in place into the matrix [4]. A tighter
connection effect and increase of the average service life could be achieved by
metal plaiting of the nanoparticles [5-8]. Metallic coatings are deposited by
electroplating, electroless plating, spraying, hot dipping, chemical vapor
deposition and ion vapor deposition. Some important coatings are cadmium,
chromium, nickel, aluminum and zinc [9].

Electroless metal plating is a chemical reduction process which depends upon
the catalytic reduction process of metal ions in an aqueous solution (containing a
chemical reducing agent) and the subsequent deposition of a metal without the
use of electrical energy. In the plating process, the driving force for reduction of
metal ions and their deposition is supplied by a chemical reducing agent in a
solution.

This driving potential is essentially constant at all points of the surface of the
component. Therefore electroless deposits are uniform in thickness all over the
part's shape and size [10], what explains the scientist to be interested in
electroless plaiting of nanoparticles.

The aim of the present study is to investigate possibility for plating nanosized
particles with electroless iron solution. SEM and TEM analysis of the coated
particles is carried out.

2. EXPERIMENTAL AND RESULTS

Starting material: TiN nanosized powder with physical properties as
represented by Table 1 below (delivered by Neomat Co, Latvia) is used in this
investigation.

Table 1. Physical properties of nanosized TiN

Avarage size, nm Weight, r | Specific surface area (m?/g)

70+5 5 2515

TiN surface does not have catalytic activity towards electroless iron solution.
Sansitization and activation of the surface with 40g/l stannous chloride (SnCl2)
with 3,5 g/l hydrochloric acid (HCI), and 1 g/l palladium (II) chloride (PdCI2),
are used as sensitizer and activator, respectively.

Electroless plating solutions consisting of FeSO4-7H20 (20-40 g/l) and
reducer natrium hypophosphyte (NaH2PO2.H20 - 5-15 g/l) is used for iron
deposition. The TiN concentration is fixed at 2,0 g/l. The plating process is
performed in a 1 | glass reaction vessel with a heater and a stirring device.
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The pH of plating bath in the range of 8-11,5 is controlled by sulfuric acid
(H,SO,4) and sodium hydroxide.

The work conditions are the following:

pH: 8,0 - 10;

T =50 £ 80°C;

coating time —30 - 60 minutes.

Covered nanoparticles are washed few times with distilled water to pH 7. The
solid phase is separate and dried in rotary vacuum evaporator.

Composition and surface characteristics of TiN powder covered with iron are
investigated using Philips TEM 420 and analytical system EDAX 9100/70 on
increasing accelerating voltage of 100 kV.

The tests are carried out by Institute of Mineralogy and Crystallography —
BAS. The investigations consist of obtaining and processing of nanoparticles
lighting images, micro diffractions and EDS analysis. TEM objects are prepared
by ultrasonic material dispersion in alcohol. The resulting suspension is placed
on copper grids with carbon padding.

mechanism of plating process

In order to initiate the deposition of metallic iron species, the active sites are
required. Such PdO active sites are formed on the surface of the TiN particles
followed by activating and sensitizing steps:

Pd2+ + Sn2+ — Sn4+ + Pd0

The electroless iron deposition using hypophosphite as a reducer can be
divided in two processes: (1) anodic and (2) cathodic reactions.

The anodic reaction is the oxidation of H2PO—2 on the catalytic surface (1).

The cathodic reactions are: (2) reduction of iron ions, (3) reduction of
hypophosphite, (4) reduction of hydrogen ions.

[H2PO2]—- + OH— — H+ + [H2PO3]—- + H + e (1)

Fe2+ + 2e — Fe (2)

[H2PO2]- +e — P + 20H- (3)

H+H++e— H2(4)
The chemical reaction for Fe deposition reduced by hypophosphite can be
expressed as follows:

2[H2PO2]— + 20H- + Fe2+ — 2[H2PO3] — + Fe + H2
TEM analysis proves the presence of new formed nanoglobules on the basic
material of TiN (Figure 1).
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Figure 1: Morphological type particles (crystals I, 11, 111)

Cryst|

Cry’st I

Cryst I
Cryst il

Cryst |

Morphological type particles specified in the nanopowder are 4 types differing
from one another in size and in morphology:
(a) longprismatical crystals: from 500 nm to 1-2 mm (type | - Figure 1)
(6) flat, short prismatic and slab crystals: 100-300 nm (type Il — Figure
1,2)

Figure 2: Morphological type particles (crystals I, 1, 111, covered with
nanoglobules )

Cryst Il +
nanoglobules
Crystl +
nanoglobules

Crystlll +
nanoglobules

(8) cubic and slab nanocrystals: 20-60 nm (type 111 Figure 1,2)
(r) nanoglobules: 2-5 nm (Figure 2,3).
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Figure 3: Nanoglobules covering the basic crystals of TiN

50 nm

EDS analysis of the nanoglobules chemical composition shows presence of
0,174 mass% of iron in relation to TiN.
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Phase composition and structure of tested nanomaterial

The crystals of the base material correspond to the TiN phase with a cubic
structure.

This correspondence is confirmed by EDS analysis as well as by X-Ray
diffraction analysis.

X-Ray diffractograms of the TiN crystals and nanoglobules represent
polycrystalline diffraction images with point reflexes, grouped in cycles,
corresponding to TiN dhk (Figure 2). There are sporadic point reflexes not
typical for TiN phase. We suppose they are due to the new formations of
Nanoglobules resulting of the chemical treatment.

Figure 4: Polycrystaline diffraction image of TiN crystals and nanoglobules

— d,,=2.45A
| ——— d,,=2.12 A
| d220:1 S50 A
. d,,=1.28A
d,,=1.22 A
— d,,=1.06 A
~— d,,,=0.97 A
~—— d,,,=0.95 A
N d,,,=0.87 A

There are no new additional circle reflexes on the X-Ray diffractogram, which
suggests very low stage of structure arrangement or amorphous conditions of the
nanoglobule’s material.

Chemical condition and relationship between nanoglobules and
nanocrystals in the tested nanomaterial

(a)The observed nanoglobules form very compact layers on the surfaces of
the nanocrystals. The bond between the nanoglobules and the crystal surface is
stronger than the bond between the nanoglobules. It is also visible in the fact
that the nanocrystals are covered with monolayer of nanoglobules.

(b) Chemical composition: Sn, Fe, Pd u Ni. Assumed quantity of Fe in % in
the nanoglobules is 49,9%.
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3. CONCLUSIONS:

e The technology for layering of nanosized TiN powder with iron is
developed

e |t is proved the iron coating is a layer from nanoglobules

e The nanoglobules are with very low stage of structure arrangement or
they are in amorphous conditions

e The nanoglobules size is 2-5 nm

e The nanoglobules form very compact layers on the surfaces of the
nanocrystals

e The nanoglobules form monolayer on the surface of the TiN nanocrystals.
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Absract: Composite nickel coatings composed of Ni; Ni + TiN are
investigated. EFFTOM - Nickel Method for electroless nickel
plating is applied. Nanosized TiN particles (50nm) are used as a
strengthening material. The coatings are plated on samles from
ductile cast iron. The wear tests of the coatings are carried out
using a classic design “back-to-back” disc on a TABER ABRASER
test machine. The investigations on the samples microstructure and
the microhardness measurements by Knoop Method are performed.
The wear resistance, the thickness I microhardness of the samples
before and after thermal processing at 290 °C, 6 4 are defined.

1. INTRODUCTION

Ductile iron is a family of cast graphitic irons which possess high strength,
ductility and resistance to shock. cast ductile iron can be bent, twisted or
deformed without fracturing. Its strength, toughness and ductility duplicate
many grades of steel and far exceed those of standard gray irons. Yet it
possesses the advantages of design flexibility and low cost casting procedures
similar to gray iron. The structure of ductile iron, which is graphite nodules in a
relatively pure iron matrix, has several useful properties. Firstly, the metal
expands slightly on solidifying as the graphite precipitates, resulting in sharp,
well defined castings. The graphite content also offers good corrosion resistance,
particularly when compared to mild steel. Due to the shape of the graphite,
ductile iron is not brittle like normal cast iron and can therefore be used where
toughness and resistance to shock loading is required. The mechanical properties
of ductile irons are more that of basic cast steels and ductile iron can often be
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used as a cheaper alternative, whilst still offering acceptable service
performance. Graphite also acts as a lubricant, improving wear resistance(1).

The wide range of properties mean that the various grades of ductile iron can
be used in a variety of applications. Ductile iron castings have production and
machining cost advantages over steel fabrications, forgings and castings within
the limitations of the ductility and impact properties and have strength to weight
advantages over grey iron castings where breakage is a problem (2).

Austempered ductile iron (ADI) is an austemper-treated ductile iron
containing acicular ferrite and high-carbon austenite constituents in its
microstructure (3). It is well known that the traditional surface treatment at high
temperature is not available to treat ADI because of the austempering
temperature in the range of Ms ~ 450 °C. This study utilized electroless nickel
(EN) and cathodic arc deposition (CAD) technologies with lower processing
temperature to treat ADI and then evaluated the availability of applying the EN
and CAD-DLC duplex coatings on ADI. Characteristics of the resultant coatings
such as roughness, hardness, and adhesion were analyzed and microstructures of
ADI before and after surface treatment were observed. Also, polarization curve
test was carried out for further understanding the effects of the coatings on the
corrosion resistance of ADI. The results showed that microstructures of ADI did
not deteriorate after EN and CAD surface treatments. Moreover, both the EN
and CAD-DLC coatings were identified to be amorphous type and they could be
well deposited on the ADI substrate. The surface of CAD-DLC-coated specimen
was rougher than that of EN-coated specimen due to the globular particles
deposited by CAD process. In the case of hardness, it showed that the duplex
coated DLC/EN-ADI had the highest hardness (1312 HV, ), followed by DLC-
ADI (1088 HV,s), EN-ADI (409 HVqs) and then uncoated ADI (396 HVgs).
In the performance of corrosion resistance, all coated specimens were better than
that of the uncoated one in 3.5 wt.% NaCl aqueous solution, and the sequence
was DLC/EN-ADI > EN-ADI > DLC-ADI > ADI. Also, corrosion resistance of
uncoated ADI was better than that of uncoated as-cast iron due to ADI's unique
microstructure. It implied that the austempering treatment could improve the
corrosion resistance of ductile iron in NaCl solution.

Austempered ductile iron (ADI) is an austemper-treated ductile iron with
acicular ferrite and high-carbon austenite as the matrix of microstructure. In
general, the austempering is isothermally treated about in the temperature range
from M, to 450 °C, thus the traditional case hardening of high temperature
cannot be available to treat ADI. In recent years, physical vapor deposition
(PVD) technique using lower processing temperature has been widely adopted
to coat various films, such as diamond-like carbon (DLC), CrN, TiN and so on,
on the engineering material for surface modification. In particular, DLC film
possesses excellent mechanical properties such as high hardness and low friction
coefficient. Electroless nickel (EN), another lower temperature coating process,
has also a wide field of application such as the industrial components and
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machine parts. Thus, the purpose of this study is to investigate the effect of EN
and PVD-DLC surface coatings on mechanical behaviors of ADI, especially the
tensile and fatigue properties. Analyses of the resulting films were also
performed for correlating the mechanical properties attained to the coating
characteristics (4).

The aim of this study is to investigate the microstructure, mcrohardness and
wear resistance of the composite nickel coatings with nanosized strengthening
particles of TiN, deposited on ductile cast iron samples.

2. MATERIAL AND INVESTIGATION METHODS
2.1. Material, composition and heat treatment of the coatings

The nanocomposite nickel coatings were obtained by electroless nickel
plating method EFTTOM-NICKEL. This method was developed in Technical
University — Sofia (5). Nanosized TiN powder (50 nm) is used as a
strengthening material.

The composite coatings are deposited on alloyed with copper ductile cast iron
samples. The samples composition is: Fe — 3,63C — 2,59Si - 0,30Mn — 0,010S
- 0,034P-0,53Cu wt %. Cast iron samples are in casting condition with a ferrite,
perlite and graphite structure (Figure 2(1)).

Table 1. Samples’ material, thermal processing, microhardness and coatings’
thickness

Sample Coating
number | Composition Thermal Microhardness Coating
processing HKO0,02 thickness
O, UM
1 Ni - 466 10
2 Ni 290°C,6h 950 10
3 Ni + TiN - 604 8
4 Ni + TIN | 290°C,6h 1020 8

Two types of coatings are investigated: electroless nickel coating Ni and
composite nickel coating with nanosized TiN (Ni + TiN) (Tablel).

After plating procedure some samples are thermally processed at 290 °C, 6 hs
for adhesion improvement of the coating and for microhardness increase (Table
1).

The microstructure of the padding and coatings, and coatings’ thickness & are
investigated on optical metallographic microscope GX41 OLIMPUS.

The microhardness measurements are carried out by Knoop Method at 20g
loading.
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2.2. Device and method for wear resistance testing

The experiments on the wear resistance of nickel coatings are carrying out
using a classic design “back-to-back” disc on a TABER ABRASER test
machine 503, modified in accordance with the developed by the authors’
method. The device design is shown on Figure 1.

The ring shaped sample 1 (solid) with a coating 2 is fixed on a horizontal disc
3, which is moved by an electric motor 4 with a constant angular speed ». The
antibody 5 is a disc from a special abrasive material CS10, mounted on a
horizontal axis 6 in a device, which is set the desire normal load P in the contact
surface K. In this way the body 1 and antibody 5 are fixed on two cross axes and
upon the constant angular speed »=const 0of the sample 1 and upon a constant
nominal contact pressure p, =const through the friction in the contact surface K a

constant rotation speed of the antibody 5 is kept.

Figure. 1

The test method description:

1.All samples with the same ring shape and size, before the coating process
are subjected to a mechanical treatment, namely grinding and polishing to
ensure an equal surface roughnessra=o0,4:m. This is a binding requirement for
the reliability of the wear testing, because the electroless coatings “copy” the
samples surface by the plating process and the coatings thickness is in the range
of few microns.

2.When choosing the integral parameter “massive wear” the weight of the
sample is weighed before and after a determinate number of the disc rotation by
an analytical balance WPS 180/C/2 précised to 0,1 mg. The samples are treated
with a special solution to neutralize the static electricity before the weighting.

3. Sample 1 is fixed on a horizontal disc 3 and by the lever system the desire
normal load P is set. The friction road L is determined by the number of cycles
N, accounted with a cyclometer 7.

Test basic parameters are:
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« absolute massive wear m, [mg]- this is a coating lost weight in the process
of the wear, estimated as a difference between the samples weight before and
after the appointed number of friction cycles.

« speed of massive wear m [mg/min] - the lost weight of the coating for a
minute.

« intensity of wear i - this is the lost coating thickness for one friction cycle.
The result is a dimensionless number, which could be calculated by the formula
having in mind the lost weight:

i__m kgm®
p.Aa.L’ kg.m2.m

1)

where:
p Is the coating density ( in our case this is Nickel density):

p=178.10% [kg/m°]

A, = 26.10‘6,[m2] Is the nominal interaction contact surface:
L, [ m] is the friction road, estimated by the number of cycles N:

L=27zRN ()

where R is the distance between the rotation axis of the bearing disc and the
mass center of the contact place between the sample 1 and the contra body 5
(see Figure 1).

« absolute wear resistance | - this is a dimensionless number and it is
determined as a reciprocal value of the wear intensity, namely

1 pAL
=1 Phak ©
[ m
« nominal contact pressure pa,[N/cmz] is the normal load, per a unit of a
nominal contact interaction surface A, i.e.

Pa = (4)

P
Aa

« comparative index of wear resistance ¢j, what means the ratio between
the wear resistance of the tested sample I; and the wear resistance of a sample-
standard 1., i.e it is a dimensionless number, indicating how many times the

wear resistance of the tested sample is higher compared to the sample-standard
under the same contact interaction conditions:
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g=— (5)

The parameters of the contact interaction are presented in Table 2.

Table 2: Test parameters

Nominal contact surface
Ay, [M?] 26.107°
Nominal contact pressure
0a, [N/cm?] 47,15
Average speed of sliding
V ,[cm/s] 17,90

2.3. Experimental results and analysis

In Table 1 and in Figure 3 the results of the microhardness measurements HK
0, 02 of the tested coatings are presented.

y - coating without
14 - b f |
HKo,02 b (et e D heat treatment
- coating with
12001 - heat treatment
4
10001 2
800 T
3
600 T
1
400 T
200 T
Ni Ni+TiN

Figure 3. Microhardness HKO0,02 of coatings with composition (Ni, Ni + TiN), plated
on ductile cast iron samples.
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The heat treatment of the coatings at 290 °C, 6 hs increases the microhardness
of the coated samples twice. The thickness of the measured coatings is within 8
— 10 um (table 1).

The microstructure of the coatings appears as white strips following the
surface relief of the sample (Figure 2(2) and (3)). The microstructure of the
padding from ductile cast iron consists of perlite, ferrite and graphite (Figure 2

(1).

i_ ,’ | 50 um
Ni + TiN (3)

;-l‘

Cast iron (1)

Figure 2. Microstructure of samples from ductile cast iron without coating (1) and
with Ni coating (2) and Ni + TiN (3) without heat treatment at 290°C, 6 4s.

Experimental results for the massive wear m of the different coatings during
a different contact interaction time t are presented in Table 3.

Table 3. Variation of the massive wear with the time

Ne
of the 2,5 min 5 min 7,5min | 10min | 125 min | 15 min
sample
1 2,4 4,3 7,3 10,0 11,1 12,2
2 45 51 6,8 8,8 9,2 10,4
3 3,8 55 7,2 9,0 9,5 10,4
4 1,8 2,5 3.8 51 6,6 7,2
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Drawings of the dependence of massive wear m of the samples on the time
of a contact interaction t are shown in Figure 4.

—p—] wogme? 3 1

14

12 +

m [mg]

0 2 4 6 8 10 12 14 16
t [min]

Figure 4. Dependence of the massive wear m on the time of the contact interaction t
(samples Ne 1+4).

Drawings of the dependence of the speed of massive wear m on the rotation
road L in accordance with the experimental data in Table 4 are shown in Figure
5.

Table 4. Variation of the speed of the massive wear m with the rotation road L

Ne L=26,85| L=53,70 | L=80,55 | L=107,4 | L=134,25 | L=161,1
ofthe ' “rml | m | m | [m | [m | [m]
sample

1 0,62 0,7 0,79 0,8 0,81 0,81

2 0,35 0,45 0,5 0,58 0,65 0,69

3 0,45 0,53 0,62 0,65 0,68 0,69

4 0,4 0,52 0,5 0,48 0,48 0,48
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Figure 5. Variation of the massive wear speed with a rotation road (samples Ne 1+4)

Experimental results for the massive wear m of the different coatings during
a contact interaction t =15 min ., the speed of the massive wear m and the value
of the intensity of wear i as well as the absolute wear resistance | are presented
in Table 5. The intensity of wear i and the absolute wear resistance | are
calculated by the rotation road L; =1611 [m]- formulas (1) and (3).

Table 5. Intensity of wear 1 and absolute wear resistance |

Ne
of the m ! Intensity of | Absolute wear
sample [mg] ™ il wear i resistance |

1 12,2 0,81 3,43.10’ 0,27.10°

2 10,4 0,69 3,18.10’ 0,31.10°

3 10,4 0,69 3,18.10’ 0,31.10°

4 7,2 0,48 2,2.10° 0,45.10°

Analysis of the wear resistance value (Figure 6) show: the sample with Ni
coating with heat treatment at 290 °C, 6 h (sample Ne 2) as well as sample with
coating Ni + TiN with heat treatment at 290 °C, 6 h (sample Ne 4) indicates
higher wear resistance than this one of the same coatings but without heat
treatment (samples Ne 1 u 3). The measured higher microhardness of the heat
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treated coatings compared to this one of the coatings without a heat treatment
(Figure 3) corresponds to the higher wear resistance (Figure 6).

-7
1.10 1+4 - number of sample
- coating without

0,6 4 D heat treatment
) . - coating with
O heat treatment
| o
J
0 04T
2 2 3
D 1
| -
Bo24
2

Ni Ni+TiN

Figure 6. Wear resistance of coatings with composition (Ni, Ni+TiN), plated on
ductile cast iron samples

CONCLUSIONS

1. On samples from ductile cast iron the electroless nickel coatings are
plated: nickel Ni; nickel with nanosized titanium nitride (50 nm) - Ni + TiN.
The thickness of the coatings is determined: 8 — 10 pm.

2. The microhardness of the coatings is measured. It is specified that the
coatings have 2 times higher microhardness after a heat treatment at 290 °C, 6 h
compared to the coatings without a heat treatment.

3. The method for a wear resistance testing is developed and tests for a wear
resistance of nanostructured composite nickel coatings are proceeded according
to a classic method “back-to-back” disc on a TABER ABRASER test machine
503.

4. The results for the dependence of the massive wear on the time and of the
massive wear speed on the friction road are received; the intensity of wear and
the wear resistance of samples with Ni and Ni+TiN coatings are determined. It is
concluded that the wear resistance of tested coatings after heat treatment at 290
°C, 6 hs is 15-45% higher compared to this one of the samples without heat
treatment, what corresponds to higher microhardness.
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TEPMOI'PA®CKHU KOHTPOJI HA U3BHOCBAHETO HA
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THERMOGRAPHIC INSPECTIONS OF HARD COATINGS
WEAR OUT

Anna Andonova
Technical University - Sofia, ava@ecad.tu-sofia.bg

Absract: An experimental study of thermographic inspection of
hard coatings wear out by dry friction test was conducted. In this
paper, results was reported to visualize and analyze thermal and
dry friction behaviour of the surface near to the interface of steel
test samples under heavy wear condition by means of the infrared
thermography. The techniques development in the field of
temperature measurements by the non-contact methods, which uses
energy of heat radiation, suggests the possibility of application
those methods to identification of temperatures field in the dry
friction process.

1. INTRODUCTION

The main techniques used to evaluate the temperature during machining tool-
chip thermocouple, embedded thermocouple and thermal radiation method are
used. The tool-work thermocouple technique is easy to apply but only measures
the mean temperature oven the entire contact area [1]. Standard thermocouples
can be used to measure the temperature at a single point or at different location
to establish the temperature distribution in the tool. Embedded thermocouples
have been found to provide a good indication of the transient changes in
frictional heat generation that accompany contact area changes. Other
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temperature measurement techniques includes the metallographic examination
of used inserts, a thermosensitive paint technique and a PVD (physical vapour
deposition) film method which is used to temperature distribution in tools. All of
these measurement techniques have various limitations and were deemed
unsuitable for some experiments as dry friction.

The development of an infrared detection method came about because, in
view of most tool materials such as ceramics used as well as new nanostructure
coatings used, the significant brittleness and electrical resistance make it
difficult to use contact-type sensors such as embedded of tool-work
thermocouples for measuring temperature at the tool-work interface [2]. The use
of infrared cameras to measure the temperature of a body is becoming
increasingly popular for research in recent years [3]. The main advantage
offered by an infrared camera is that it is a non-contact technique and therefore
there is no disturbance of the temperature field.

This work presents a new technology for the inspection of hard coatings wear
with infrared images. The thermometry with infrared is a non-intrusive method
that allows positioning flexibility. On the other hand it is known that the
accuracy of 1°C with infrared sensor compared with the accuracy of 1,4°C given
by the thermocouples.

2. EXPERIMENTAL PROCEDURE

TherrnaCam
thurah-disk systern SCEAN

It -
slznal Pre-
|:> translation |:> processimg
1nterpretationg feature -
<11:| and decision <11:| ex traction <11:| processig

Output

Fig.1: Experimental set up

The apparatus consists of: system thumb-disk without mask (dry friction)
over a disk, infrared camera and PC. The upper patterns have got cylindrical
shape with a diameter of do = 14.3mm and height h=10mm. The tribological
material of the used dry friction thumb and disk is steel CT-3 covered with two
kinds of powder coatings by hot flame piled — the one with rigidness HEC-35
and the other with HRC-65, and by piled in layers electric arc (LEA), and
surface tempered with high frequency current (THF). The load as the average
nominal contact pressure, the disc spinning and the working time of this
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tribosystem are regulated. The wearing out Am of the five used patterns of the
same material with different coatings at identical conditions of working was
measured [4].

The remote-sensing infrared camera was placed to look on the friction process
at a distance of 20 cm. The radiation temperature distribution was measured by
means of the infrared radiometer using a Focal Plane Array (FPA) uncooled
microbolometer with 640x 480 pixels which detected in the 7,5 to 13 um
wavelength band.

2. ESSENCE OF THE THERMOVISION MEASUREMENT

A thermovision task can be divided in four items: signal translation, pre-
processing, feature extraction and feature interpretation as seen in figure 1.

In the signal translation, the sensor is responsible to transforming the infrared
energy in electric signal and so a digitized scene can be loaded in a memory
buffer. As an example of thermal sensor we have the infrared ThermaCam SC
640 camera. This step is very important, because the performance of any scene
analysis program is intimately limited by the nature and quality of the input data.

Pre-processing improves the signal that comes from the sensor. It could be
implemented by software or hardware. Pre-processing routines are filters applied
to eliminate noises and to detect borders.

In the feature extraction step, it’s extracted the object meaningful
characteristics that best define an input model. Some are natural features defined
by the visual appearance of an image, while another is called artificial because
they result from specific image manipulation. Examples of artificial
characteristics are the histogram width and the spatial frequency spectrum.

The feature interpretation tries to find in the database or in the knowledge
bank, those characteristics that approach to the object extracted features. Then
the system tries to understand the scene and to take a decision (to classify or to
control a process).

The decision is rarely accomplished having a simple feature of the input
model. Usually, several measures are necessary to be capable to distinguish
appropriately objects that belong to different categories or classes. The vector of
characteristics combines the measures used in a classifier and the number of
elements of the vector (n) creates an n-dimensional space of characteristics.

The success of a thermovisual system depends on, besides a good acquisition
of the input data, the right choice of the characteristics. Good characteristics
give good functions allowing the discrimination among classes. There are three
methods to extract good characteristics: statistical method, structural method and
spectral method. The spectral method is based on the Fourier spectrum.

The software and hardware used to the proposed monitoring system,
implement a dedicated solution. It specifies the necessary automation levels to
execute the following requirements: to create a friendly user interface, to
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calculate temperatures in the areas of interest for different materials, to facilitate
image visualization, to show the isotherms, to calculate histograms, to extract
characteristics and to trace statistical graphs.

The wavelength of infrared radiation changes with the increase of the object
temperature. The total amount of infrared radiation emitted by an object
increases in the reason of the fourth potency of the increase of the temperature
and it can be calculated by Stefan-Boltzmann law. On the figure 2 the spectral
emissivity of various materials is shown [5].

0.1 Sheq | Electropoli

04 Ty ipolished Jiver
1 2 3 4 5678910 20 30 40
Wavelength (um)

Fig. 2. Spectral emissivity of various materials (NIST standard indicates Inconel®.
The enclose vertical area marks the spectral range of the infrared camera)

Generally, the radiation temperature (apparent temperature) Ta, measured by
means of the infrared radiometer, is influenced by the radiation reflection from
surrounding surfaces and does not coincide with the real temperature of the test
piece. So it is necessary to calibrate the radiation temperature to the real
temperature Ts. This calibration can be done in the environment of the used
software Researcher. The radiation temperature Ta is smaller than the real
temperature Ts in the case when Ts is larger than the environment temperature
Tenvi. The emissivity € of the steel material was measured at different
temperatures before experiments commencement.

After a thermal image is acquired and converted to apparent temperatures Ta,
the next step is to convert apparent to true temperatures. The radiance
temperature is the temperature predicted by Planck’s equation without taking
reflections into account. By contrast, apparent temperature includes both light
emitted by and reflected from the body being measured. The conversion of
apparent to true temperature is the second category of uncertainty sources
considered[6]. This category directly affects the amplitude uncertainty of the
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temperature measurement. While uncertainties in emissivity generally dominate,
other issues may be important as well. The three main issues are:

» Non-uniform surface textures.

On figure 3 are shown the visible and thermal spectrum image of a segmented
piece with non-uniform surface texture heated to a known temperature. The
relatively planar portion of each segment we call the face of the segment. The
area between segments we call the gap. A piece often has some areas of side
flow where metal has flowed toward the camera. The side flow is often out of
focus due to the limited depth of field of the camera system. Emissivity € ~ 0.3
for the segment faces while € ~ 0.5 for the gap and side flow portions of the
image. It is not uncommon for emissivity values to vary from 0.2 to 0.6 on a
single segment face. With such large variation in emissivity, a large temperature
uncertainty is difficult to avoid.

Fig.3. A visible (6a) and thermal spectrum image of apparent temperatures with
corresponding emissivity values (6b). The 172 °C segmented piece is about 0.6 mm
thick (up and down in the image).

Figure 4 shows a gap between segments during machining. It appears to be
much hotter than the piece itself. The lowest apparent temperature detectable at
these camera settings is 230 °C. Using an emissivity value of 0.3 (from Figure
3b), the hottest true temperature possible for the segment faces is about 345 °C.
Using an emissivity value of 0.5 for the gap (also from Figure 3b), the true
temperature of the gap is somewhere between 370 °C and 510 °C. If one had
assumed an emissivity of 0.3 for the gap, a true temperature between 440 °C and
620 °C would have been computed instead. Thus, the gap is actually hotter than
the face, but not by as much as one would have predicted if the non-uniform
emissivity was not correctly accounted for.

590
330
470
410
350
290
230

[sHsBsEsEsEsIs]

Fig. 2. A synchronized high-speed visible (a) and medium-speed thermal (b)
spectrum movie of chip formation. The thermal movie shows apparent temperature.
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The motion of the chip causes each pixel of the resulting images to be an
average of many locations on the chip surface. It is then claimed that this yields
an average temperature. However, while each pixel may represent an average
intensity, it does not yield an average (arithmetic mean) temperature. This is
because the equation converting intensity to temperature is highly non-linear.

« The form of the equation used to convert to true temperature.

There are multiple modifications of Planck’s equation in the literature. Some
take into account effects such as reflectivity, transmittance, atmospheric
absorption, multiple reflections, changes in emissivity as a function of
temperature, or whether to use a single wavelength or integrate over a range of
wavelengths. Also, some are more numerically well-behaved (less susceptible to
round-off errors) than others. The used formula is

w28 Bow, 28 w8
Ul xp(cz /4T, )1 dl} _{gﬂ{ exp(c, /AT, )-1 dﬂ} _((1_ g)z{ exp(Cy /ATenyi) dﬂj‘

Dry friction of metals is still not completely understood because of the highly
non-linear nature of the process and the complex coupling between deformation
and temperature fields.

» Oxide layer changes.

The oxidation is a reaction that takes time to occur and is sometimes
exothermic (produces heat). It should be noted that oxidation is not always
exothermic. It may also be either endothermic (receives heat from the
surroundings) or temperature neutral.

3. EXPERIMENTAL RESULTS

For temperature measuring by infrared radiation it’s necessary to consider
parameters as the object emissivity, the distance of the object to the infrared
camera, the relative humidity, the atmospheric temperature, as well as the
characteristics of the object surface. The infrared camera captures the images
showing the sample material making warm. Such images are digitized in gray
tones (or other appropriate palette) equivalent to the same sample material
making warm time.

On the figure 5 a thermogram of wear out of the CT-3 with HRC-65 sample is
shown. The working time of this tribosystem is t = 1 min, that being the case of
friction road is 53.128 m. The temperature at the bottom part of the cylindrical
sample is 29°C. On the fig.5 can be also seen the histogram of the area in
marked rectangle. Because of the large mass of the base disk the temperature is
uniform spread between 22°C and 23°C. for Te,i=22°C. On the lower left angle
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of the figure5 can be seen the positions of the marked spots, line and rectangular
area.
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Fig. 5. Thermogram and some results for CT-3 with HRC-65 test sample after 1
min.

On the figure 6 is shown other view of the spreadsheet of the same sample.
The working time of this tribosystem is t = 5 min, that being the case of friction
road is 265.64 m. The temperature distribution on marked line shows
temperature of 26°C near the contact area. The temperature at the bottom part of
the cylindrical tested sample is 47°C.
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Fig. 6. Thermogram and results for CT-3 with HRC-65 test sample after 5 min.
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By using close-up lenses the boundary area between the two contacted bodies
of the tribological system is studied. On the fig.7 a thermogram of this area for
the same sample is shown. The working time of this tribosystem is t = 3 min.
Temperature distribution in horizontal and vertical directions is shown for
marked three lines. The temperature gradient between the two contacted bodies
is 2,16°C. The thermogram shows the central part of the contact between the
tested sample and base disk.
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Fig. 7. Spreadshhet with thermogram, object parameters and the temperature
distribution
A relation between the surface temperature on the boundary surface area and
the calculated wearing resistance is found. The relation and regression equation
are going to present in next work.

4. CONCLUSIONS

It is well known that the friction force at the interface produces heat
generation and temperature rise. The excess heat generation of the dry friction
interface under heavy wear condition increases the temperature and the friction
force. The temperature of the friction interface under heavy wear condition
(flashing temperature spot) becomes larger than that of the normal friction
condition and causes the temperature to rise.

Those phenomena play an important role in the life evaluation of tribological
components, such as wear. In order to analyze the dry friction interface, the
point temperature near the surface has been generally measured by
thermocouples.
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The temperature distribution of the hot contact and near contact surfaces of
the rotating interface under heavy wear condition was measured using infrared
thermographic technique. In this paper, an experimental study was reported to
visualize and analyze thermal and dry friction behaviour by using an
experimental system thumb-disk without mask of the interface of steel materials.
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DETERMINATION OF MECHANICAL PROPERTIES OF
METAL LAYERS CAUSED ON THE CRYSTAL
POLYSTYRENE

Part One
GET METAL LAYERS

Polina Milucheva
University "Prof. Dr. Zlatarov "Burgas, Bulgaria

Abstract: A base layer of the polymeric material — crystal
polystyrene has been coated with Ti and Fe-Cr-Ni alloy using
vacuum deposition. The technological regimes of cleaning the base
and the deposition of the metal film have been established. The
microhardness of the layers has been measured. The results of the
tests that have been carried out are graphically represented and
conclusions are made.

Keywords:  Ti, Fe-Cr-Ni, crystal polystyrene, microhardness,
cathode sputtering, thin layers.
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YBOJI

[lnacTMacuTe W METaJWTE Ca HAW-4eCTO M3MOJ3BAaHH B JIHEIIHO BpEME
matepuand. Ha Tax He TpsiOBa Ja ce riea KaTo Ha KOHKYPEHTHH MaTepUaIIH.
TBBpACHUETO, Y€ ITACTMACHUTE IIIe U3MECTAT METAIMTE, HE Ce OKa3a UCTHHA. B
ChBPEMEHHOTO TPOU3BOJCTBO HA JACTAWIM M HW3JCNUs, BCE IO-4ECTO Ce
U3I10J13Ba KOMOHMHAIUS OT TE3H JIBa MaTepuaa.

3aMeHSIKA METATHUTE M3JCNUs C M3JICNUs OT METaJIM3MpaHa IlacTMaca, ce
IOCTUTa paIMOHAIHO M3IMOJ3BaHE Ha METAIUTE, YIIOTPEOSBAHETO UM B TaKOBa
KOJINYECTBO M CaMO TaM, KbJETO ca HEOOXOAWMH TEXHHUTEC METaJIHH CBOMCTBA.
ViasmKaBa Ce€ EKCIUIOATAIHOHHHUAT JKABOT Ha IOJUMEPHUTE MaTEpHAJIH.
MeTaaHHAT CIIOH, HAaHECEH BBPXY MOJIMMEPEH MaTepHall, 3allliTaBa CHIIUAT OT
YB-1b4eHNETO, TOIUIMHHUTE MOTOIM, HaMajsiBa MPOHUIIAEMOCTTa Ha Biara u
kuciopoa. Te3n cBOMCTBa HA METAJIHUTE MOKPUTHUS TpEa3BaT MOJIMMEPHHUTE
MaTepuaid oT Obp30 cTapecHe. V3MOI3BaHETO Ha METAIM3alMs Pa3lIMPsABaA C
noBeye oT 300 XU aCOPTUMEHTA TIACTMACOBH M3JICIIHS, TIO3BOJISIBA TAXHOTO
IIeJICHACOYCHO M3no3Bane. [1,2]

HEJ A 3AJAYN

[lenTa u 3agaunTe, MOCTABEHH B HACTOSIIATA pa3pabOTKa ca MoTydyaBaHE Ha
nokputus ot T1 u Fe-Cr-Ni (Cmomana X18H9T) Bopxy I[lorucmupon Bycmpen
kpucmanen mapxka bC 190, 4pe3 MarHeTpOHHO-WOHHO pAa3MpaliBaHe W
U3CJIEIBAHE MEXaHUYHUTE XapaKTEPUCTUKU HA CHIIUTE.

INOJYYABAHE HA METAJIHUTE IOKPUTUA

3a Marepuaiy 3a MeTaTHUTE MOKputus ca uzdbpanu Cmomana XISHIT un
Tuman. [1,4,5]

Tumanvm € NeK, 5K, ONEeCTsI, YCTOMYUB Ha KOPO3Us, YCTOMUUB KbM MOpPCKa
BOJIa U XJIOp, MPEXOAECH MeTal ¢ Os1 cpedpuct meTasieH LBAT. MeTanbT uma
HUCKA IUTBTHOCT, J00pa 3/IpaBHHA, JIECHO CE€ MPOU3BEXKJIAa M HMMa OTJIMYHA
KOPO3MOHHA yCTOMYMBOCT. HempexkbCcHAaTUAT CTpeMexX KbM  MO-A00pa
e(eKTUBHOCT, BKJIIOYBAIl paboTa MpHU MO-BUCOKH TEMIEPATypH, HAJIATaHUS U
CKOPOCTH, 3a€HO C HEOOXOJUMOCTTa B HAKOU MPWIOKEHUS 3a II'bJIHA
HAJSKHOCT HAa CHhOPBHKEHMATA € MpUYMHATa 3a HapacTBallara ymnoTpeba Ha
TUTaHa B MHOTO c(hepu Ha MHAYCTPUSITA U OCUTYPSABAHETO MY 3a OBACIIETO.

Cmomana XIS8H9T e BHCOKO JieTHUpaHa HepbKJIaeMa TOIIOYCTOMYNBA
KOHCTPYKIMOHHA cTOMaHa. ChAbpKAHUETO HA XPOM OIpPEAEIs YCTOMYMBOCTTA
# KbM KOpO3us, a JOOAaBEHUSAT HHUKeENl IO3BOJSBA IMOJHpPAHE 10 OrjenajeH
OJsICHK, TOJO00PsIBa KOPO30YCTOMUMBOCTTA MPU BUCOKHU TEMIIEpATypH U MpUAaBa
3JpaBUHA.
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Mexanuunu ceoticmea na mamepuaiume X18H9T u Ti

HAxkocm na I'panuya na Ommnocumenno
Mapka 0 Tewvpoocm
mamepuan ONnBbH npoenaugane YOvaicenue HRC
MPa MPa %
Cromana
X18HOT 490 206 40 55
Turan Ti 434 183 45 51

Karo marepuan 3a momioxka e uzdbpan [lorucmupon Bycmpen kpucmanen
maprka BC 190. Toili npexncrasiasiBa XOMOIIOJIUMEP Ha CTHPOJa C HOpMallHa
TEWIMBOCT M CpeJHAa TOIUIOycTOMYMBOCT. I[IpousBexna ce BBB BHI Ha
HEOIIBETEHH, NMPO3PAaYHU U IUTHTHU TPAHYJIU U C€ U3IO0J3Ba 3a MPOU3BOJICTBO Ha
JIETCKU UTPAauyKy U Ha u3zenus 3a obimia ynorpeda B 6uta. JlecHo ce oOpaboTBa
MexaHnuHo. KaTo HegocTaThbK MOXKE J1a C€ MOCOYM MajKkaTra MOBBPXHOCTHA
AKocT. [2,3]

Cneyugpuxayus na I[lonucmupon Bycmpen kpucmanen mapxka bC 190

No Hloxazamenu IIC 190 kp Memoou sa
usnumeane

1 |Sxoct Ha ynap mo M3ox ¢ Hape3, J/m, He 0-MaJIKo OT 15 ASTM D 256

2 |Cpappxanue Ha eTiiBr, Wt %, He ToBede oT 0,3 BJIC 12603, 1. 5.8

3 |Cpabpxanne Ha Biara, Wt %, He moBede ot 0,2 BJIC 12603, 1. 5.8

4 |ToroycroiunBoct no Buka, °C, He mo-MaJko oT 90 ASTM D 1525

5 |Uupekc Ha cromuika mpu 200 °C, matoBapsane 5 kg, /10 min 4-7 ASTM D 1238

3a na ObAAT MOJNYYEHH TMOJIOKKUTE, OT HACUITHUS TpaHyJaT C€ U3TOTBAT
obpasmu ¢ pasmepu 30 x 40 mm, uype3 3aTamsHe B Ipeca. YCIOBHUATA 3a
MpecoBaHe Ha TPaHyJIUTE ca:

- Ttemmneparypa Ha 3atansne — 190 °C;

- BpEMe Ha 3artarsie — 5 min;

- HaJsiraHe npu noArpssane — 12 Mpa;

- IPOABKUTEIHOCT Ha MOArPsABaHEe NpH Haysirane — 1 min;

- oxmaxaaHe cbc ckopoct — 30 °C/min

Upe3 MarHeTpoHHO MOHHO pasnpallBaHe BbB BaKyyM C€ IOJIy4yaBaT
CIIHOCIIOWHU METalHK TOKpuTUs OT 11 u Cmomana XISH9T. W3nonsea ce
MHOTO(YHKIIMOHATHA BakyyMHa uHcrananus BYTII-5 kem UE Ha BAH. [8,9,10]

3a J1a ce MoJIy4H MOKPUTHE C OTIPEICTICHN EKCIIJIOATallMOHHN XapaKTePUCTUKHI
€ HEOOXO0IMMO TOJIJIOKKHUTE MPEBAPUTEHO Ja ObJaT 100pe MOYHCTCHH.

[TounicTBaHETO HA TMOJMMEPHHUTE TMOJUIOKKA B KOHKPETHUSAT Cily4yall ce
W3BBPIINBA B CIEAHATA MOCTIEAOBATEIIHOCT:

- C IIeJT J]a C€ TIOJyYH OTpe/IesieHa IParaBoCcT Ha TOBbPXHUHATA, BBPXY KOSITO
IIe C€ HaHACS MOKPUTHETO M YCIIOPETHOCT MEXIy ABETE YEIHW MOBLPXHUHH,
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noJIMMEpHUTE 00pasiu ca o6paboreHu ¢ mkypku ¢ mkypka P600 mo P1500, B
pe3ynaTar Ha KOeTO € IoCcTUurHara rpanasoct Ra 0,2 — 0,4 um.

- XMMUYHO TIOYMCTBAaHE, KOETO BKJIOYBA MOYMCTBAaHE Ha MOBBPXHUHATA C
NOBBPXHOCTHO AaKTHUBHO BENIECTBO, HW3MHBaHe ¢ Tomia Boaa ~55°C w
U3IUIaKBaHE C IECTUIIMpaHa BoJia.

- TOJJIOKKHUTE C€ MOCTaBSAT BbB BaKyyM-KamepaTa, B KOATO Ill€ CE HaHacs
METaJIHUS CJIOH, KbJETO CE€ M3CYIIABAT JO JOCTUTAHE HA MTOCTOSIHHA Maca.

3a ;a ce ch3nazaT aKTUBHU OKMCHU [IEHTPOBE € HEOOXOAMMO NPEIu HaHACSHE
Ha MOKPUTHETO MOJUMEPHUTE 00pa3I| Aa ce 00paboTaT ¢ kuciopoa. OKUCHUSAT
CJIOW c€ TojlydaBa NpH CICIHWATE IOKa3aTelIHW: HalsiraHe — po, — 6 Pa;
Hanpexkeare Ha paspsma — U = 390 V; toxk Ha paspsma — [ = 0,8 A u
BpeMeTpaeHe Ha mporieca — t = 4 min,

HenocpeacTBeHo ciien NpUKIIIOYBAHE Mpolieca Ha MTOYMCTBAHE CE MPEeMUHABa
KbM HaHACSHE Ha IMTOKPUTHUETO.

OTynTaliku KOHKPETHUTE 0COOCHOCTH Ha JIaOOPaTOPHOTO 000PYIBAHE U CIIE]
cepusl OT €KCIIEPUMEHTH, Ca YCTAaHOBEHHU CJICIHUTE TEXHOJIOTUYHM MapaMeTpu
Ha pekKMMa Ha HaHaCsHE:

Ne Iapamempu na npoeca na O3nauenue | Cmomana X18HI9T Ti
Hanacsane Ha c1os
1 | PaborHO HansArane p, Pa 0,07 0,09
2 | Hanpexenne Ha pa3psiga Up, V 500 450
3 | Tok Ha pa3psa Ip, A 0,8 0,8
4 | Pa3cTossHHE MHUIIIEHA-TIOMIOKKA h, mm 160 160
5 | Bpeme Ha HaHACsTHE tp, min 40 40
HN3BOIN

OT HanpaBeHUTE EKCIIEPUMEHTH MOTAT J]a CE HAMPABST CICTHUTE U3BOIU:

+ mnonyuenu ca nokpurus ot Fe-Cr-Ni cniae Cmomana XI1SHIT u Ti BBpXy
KpHUCTaJIEH MOJUCTUPOI IO METOa Ha BAKYYMHO MarHETPOHHO pa3MpalliBaHe;

+ YCTAaHOBEHM ca TEXHOJOTMYHM IapaMETPH HA PEXKUMA HA HAHACIHE HA
METAJIHUTE CJIOEBE;

+ TpenBapuTenHaTa 00pabOTKa € KHCIOPOJ, BOAM [0 Ch3JaBaHE Ha
MOJISIPHU  KUCTIOPOJOCHAbPIKAITM (YHKIIMOHAIHU TPYNMH Ha MOBBPXHOCTTA Ha
MOJI0KKaTa, OCUTYPSIBAILU MO-100p0 CIEIIJICHUE;

#+ BpEMETO 3a HAHACAHE HA IOKPUTUATA € ChOOPA3eHO C TepMUYHATA
YCTOMYMBOCT Ha TMOJMMEPUTE; HE C€ JIOMYyCKa 3arpsBaHe J0 TeMIepaTypu IMo—
Brcoku oT 80°C, mopaau HaCTHIBAIIU AECTPYKTUBHU MPOMEHH, & TIPU OLIE MO-
BHUCOKH TEMIIEPATypH U TOTICHE;

# II0IyYeHUTE IIOKPMTHS Ca PABHOMEPHHM M C JAeOelMHa, MO3BOJISABAINA
U3MepBaHe Ha MUKPOTBBPJIOCT;

* pesynTaTMTe OT HM3CIEABAHUTE MEXAHUYHH XAPAKTEPUCTHKU  HA
METaJTHUTE CJIOeBe ca okazanu B yacT Il Ha HacTosmaTa pa3paboTka.
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OITPEJAEJIAHE HA MEXAHUYHUTE XAPAKTEPUCTUKHU
HA METAJIHU CJIOEBE, HAHECEHU BbPXY
KPUCTAJIEH IIOJIUCTUPOJI

Yact BTOpa
N3CJIIEABAHE HA MEXAHUYHUTE XAPAKTEPUCTHUKHA
HA METAJIHUTE CJIOEBE

Honuna MUJIYIIIEBA
Yuusepcumem ,,IIpogh. 0-p Acen 3namapos” ep. bypeac, bvaeapus
pmilusheva@abv.bg

DETERMINATION OF MECHANICAL PROPERTIES OF METAL
LAYERS CAUSED ON THE CRYSTAL POLYSTYRENE

Part Two
INVESTIGATION OF MECHANICAL PROPERTIES OF THE METAL
LAYERS

Polina Milucheva
University "Prof. Dr. Zlatarov "Burgas, Bulgaria

Abstract: A base layer of the polymeric material — crystal
polystyrene has been coated with Ti and Fe-Cr-Ni alloy using
vacuum deposition. The technological regimes of cleaning the base
and the deposition of the metal film have been established. The
microhardness of the layers has been measured. The results of the
tests that have been carried out are graphically represented and
conclusions are made.

Keywords:  Ti, Fe-Cr-Ni, crystal polystyrene, microhardness,
cathode sputtering, thin layers.
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YBOJI

[lnacTMacuTe W METaIWTE Ca Hai-ueCTO W3MOJ3BAaHU B JIHEIIHO BpEME
matepuand. Ha Tax He TpsiOBa Ja ce riea KaTo Ha KOHKYPEHTHH MaTepUaIIH.
TBBpAEHUETO, Y€ ITACTMACHUTE III€ U3MECTAT METAINTE, HE CE OKa3a UCTHHA. B
ChBPEMEHHOTO TMPOM3BOJCTBO Ha JCTAWIM W W3JEIHS, BCE I0-Y4ECTO Ce
U3M10J13Ba KOMOMHAIIUS OT TE3H JIBa MaTepUaa.

3aMeHSIKA METATHUTE M3JCNUs C M3JICNUs OT METaJIM3MpaHa IlacTMaca, ce
IOCTUTa paIMOHAIHO M3IMOJ3BaHE Ha METAIUTE, YIIOTPEOSBAHETO UM B TaKOBa
KOJINYECTBO M CaMO TaM, KbJETO ca HEOOXOAWMH TEXHHUTEC METaJIHH CBOMCTBA.
YabmKkaBa €€ CKCIUIOATAMOHHUAT JKMBOT Ha IOJMMEPHHATE MaTepHalu.
MeTamHUST CJI0M, HAHECEH BBPXY MOJMMEPEH MaTepual, 3allluTaBa ChIIHUIT OT
YB-1b4eHNETO, TOIUIMHHUTE MOTOIM, HaMajsiBa MPOHUIIAEMOCTTa Ha Biara u
kuciopoa. Te3n cBOMCTBa HA METAJIHUTE MOKPUTHUS TpEa3BaT MOJIMMEPHHUTE
MaTepualid OT Obp30 cTapeeHe. V3MOI3BaHETO HAa METAIM3AlMsl Pas3IIMpsABa C
noBeye oT 300 XUJISIIM aCOPTUMEHTA TUIACTMACOBH M3JICIHS, TIO3BOJISIBA TAXHOTO
IIeJICHACOYCHO M3no3Bane. [1,4]

N3CJIEABAHE HA MEXAHUYHUTE XAPAKTEPUCTUKHU HA
METAJIHUTE CJIOEBE

TBBpHOCTTa Ha THHKUTE CIIOEBE CE€ ONpenens 4Ype3 H3MEpBaHE Ha
MUKpPOTBBPJAOCT, C IOMOINTa HAa HAHOTECTEPU ChC WU 0€3 KOMIIOTHPHO
yBenuueHue. Thil KaTo MoJydeHUTe MOKPUTHS ca ¢ Majika AebenuHa = 2,5 pum,
W3CJIEIBAHETO HA MEXaHWYHUTE UM XapaKTEPUCTUKH CE€ CBEXKIAa O M3MEpPBAaHE
Ha TAXHAaTa MUKPOTBBPAOCT. [6,7,8]

3a menra ce  M3M0JI3BAa HAHOTECTEP C€ KOMIIFOTBPHO  YIIPaBJIEHUE

FISHERSCOPE® H100 (I'epmanns). [2,5]
Hacrosioro usmepBane Ha MUKPOTBBPAOCT € 10 MeToj1a Ha Bukepc.
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HanoTtectepa ocurypsiBa MaKCHUMalHa YYBCTBUTEIHOCT U  TI03BOJISIBA
n3MepBane npu HatoBapBaHe oT 0,4 mo 1000 mN. MHaeHTOp € AuamMaHTEHA
nupamMua, a HaroBapBaHero € 5 MN, mopaau Qakra, ye MOJIIOKKATA €
noyimMepHa. MzaMepBanusTa ca U3BHPIICHH B PAa3IMYHU TOUYKH OT MMOBBPXHOCTTA,

IIpu CIICAHUSA PCIKUM:

Nunpentop:

Hauun Ha pabora:

Pexxum Ha pabora:
HatoBapBara cuna:
bpoit CThIIKM 32 €UH IUKBIL:
3anbpiKkaHe MEXKIY BE CTHIIKH:
OO6110 BpeMe Ha HaTOBapBaHE:
Bpeme Ha 3anbppikane npeau crapra:

HaroBapBane B Touka

Buxkepc

HaroBapBase, ¢ mocieasamio pa3roBapBaHe
Hapactsama ot 0,4 mN 10 5 mN

60 crpnku npe3 0,766 mN

1s
60 s
2s

W3mepenn ca TBBpAOCTTa Ha oOpaszena OT cTpaHaTta 0Oe3 MOKPUTHE U
TBBPJOCTTAa OT CTpaHa ¢ Nokputue. OTYETEHUW ca CPEAHUTE CTOMHOCTH OT
u3BbpiieHuTe usMmepBanus. OcBeH TBBpAoctra HV mpu u3mepBaHeTo ce
OTYUTAT CTOMHOCTUTE HAa MOJYJIA HA €TaCTUYHOCT E*, GPa meanata eaeprust W,
NJ u eHeprusara Ha mactuuyHa aepopmanus W, %. Pesynrarure, mocoueHu B
TabauIara ca OTYETEHHU 3a JABe mpodu ¢ nmokputue ot Cmomana XI18HIT u 3a

IBE OT T1.
0 Abnaoounna Ha Monya na Moana Eneprus na
eKT Ha TBBLPAOCT | NPOHMKBAHE HA JIACTHYHA
Ne €JACTHYHOCT | eHeprus
u3MepBaHe HV HH/IEHTOPA £ GPa W 1) nedopmanus
h, pm ! b Wi, %
be3 mokpurtune 1 9,6 4,436 0,210 9,150 50,820
- 1 159,0 1,090 2,940 2,120 55,930
osmor L2 146,0 1,138 2,680 2,060 56,600
Cp.CT. 152,5 1,114 2,810 2,090 56,270
1 81,0 1,526 2,970 3,400 80,260
IMokpurue ot Ti 2 190,0 0,998 4,700 2,030 65,510
Cp.CT. 135,5 2,524 3,835 2,715 72,885
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I'pa¢uunu 3aBUCMMOCTH HA MUKPOTBBbpAOCTTa HV 0T HaTOBapBaHeTo,
MOJIyYeHH 3a eJHa mpoda ¢ mokputue or Cmomana XI8HIT w enna ot Ti, KaKTO
U 32 cTpaHa 0e3 NOKPHUTHE

Po.cmerkrPSs 1 um 5 mh 4,435 um 9,6 MPa

KRO HRED 18.06.2009

18.06,2009
B T T T T T
40 |- -
™
ks
E
E a0 —
s
=z
I
o 20 |- -
o
2
o o
= v+ "fefcsgnsu,osmsagga
whk e, —
1 1 1 1 1
0 1 2 3 4 5
Lood [ mH 1] =
Indentar 1 Uiskers —Fi=schei—
PolomerkPS T 1 um S mM 1,526 um 81,0 MPa KRETH HRD 18.06.2009
18.06.2009
T T T T T
500 -
400 (- -
[y]
<
E
E
- 300 n
=z
i
1 200 -
o
2
=} Bag,
S 5
wol- T e ]
0= 1 1 1 1 1. =
0 1 2 3 4 5
Load [ mH 1 =
Indentor * Vickers —Fi=chei—
FolomerkrFS/CrHE L um 5 mM 1,138 um 146 MPag KROCRMIZHRD  18.06,2000
18.06,2009
T T T T T
260
240 +
ooz
E
E
w200 -
=
. 180}
it
g o
B o800 e,
a " "ataggggaggn
- L L L L L P
140 +
120 +
100 1 1 1 1 1
0 1 2 3 4 5
Load [ mM 1 =
Indentar = Uickers —Fi=schei—
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I'padpmunu 3aBucIMOCTH HAa MUKPOTBBpPAOCTTa HV OT Ab100YMHATA HA
NPOHMKBAaHe HA MH/AEHTOPA, NMOJY4YeHH 32 elHa Ipo0a ¢ nokputue or Cmomana
XI8HIT w enna ot Ti, KAKTO M 32 cTpaHa 0e3 MOKPHUTHE

PolomerkrPS, 1 um S omH 4,426 um 9,6 MPa KRQ HRD 12.06.2009
18.06.2009
50 T T T T
ol ) 5 3asucumocm na
A - MUKPOMBBPOOCHM
< Or ] a HV om
PO . ] 0v100UUHAMA HA
a 20 —
H [ - ] NPOHUKBAHE HAa
[ ] uHoenmopa 3a
10 - "% innag, —
[ ] cmpana b6e3
: . . . . . noxpumue
Indent.ation depth [ om 1
Indentar ¢ Vickers _I:iEI:hEI_
FolomerkPSATi 1 um 5 mH 41,526 um 21,0 MPa KRETIL HRD 15.06.2009
1&8.06.2009
S00 :— —:
wal ) ] 3asucumocm Ha
s | . ; MUKPOMEbPOOCHMm
f 300 — — a HV om
PO " ] ovbouuHama Ha
g °F T B NPOHUKBAHE HA
100 — ............................ _ MH()eHn/IOpa 3a
' noxkpumue om Ti
DD.E . 0.z 0.4 0.5 0= 1.‘0 1.2 1.4 1.6 =
einion 1 e 2" [Fischei—|
PolomerkKrPSACrdi L um 5 mM 1438 um 146 MPa KROCREMIZHRD  18.06.2009
18.06.2009
260 F
ol | 3aeucumocm Ha
- MUKDPOMBBPOOCIM
w20} . i
: : a HV om
~  zo0f = —
= - 0v100UUHAMA HA
. Lo} 1
’ NPOHUKBAHE HA
g v uHOeHmopa 3a
| 1 nokpumue om
120+ i X. ] 8H 9 T
100 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Indentation depth [ pm 1
Indentor = Vickers _I:iEI=|'IEI_
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I'pa¢uunuTe 3aBMCHUMOCTH HA U3MEHEHNETO HA IHJIHATA €HEPrusl U eHeprusita
HA I1acTu4Ha aedopmManus, NoJyYeHHU 3a eHA Npoda ¢c nokputue or Cmomana
XI8HIT w enna ot Ti, KAKTO M 32 cTpaHa 0e3 MOKPHUTHE

PolcmerkrPSA 1 um 5 mH 4,436 um 9,6 MPa KRS HRD  18.06.2009
18.06.2009
S T T T T T =
P e ]
- R ] Ilvana enepeus u
L
- 4
5 e[ ] eHep2us Ha
h=] L 4
[= -
£ . naacmu4Ha
T L ]
5 7 Ooepopmayus 3a
i T T E RN ] cmpana oe3
st bEoENd i Bt ]
F r n. o B u 4
5 EAl1-w"2) [ GPa ] 0.2 +/= 0,02 E nOKpumue
H plast. [ M/mm™2 1 16.2 +7= 1.0 i
L hort [ um1l e ) +¢/- 0102
u} 1 [l [l 1 1
1) 1 2 3 4 =1
Load [ mH ] =
Indentor & Uickers _I:IE-I=|'IEI_
ISE correction using AVEKOR4T.HMI on 10.05.2002

PolomerkPS/Ti 4 um 5 mH 1,326 um 21,0 MPa KRETIL .HRD 12.06,2009
18.06.2009
18 F T T T T T
1.6
AU DRSPS
BN 1.4
T 1.2
-
o
i ., Ilvana enepeus u
: .
-_E o eHepcusl Ha
bl =T
c
T niacmudHa
L b 1
o e E—— | Ooepopmayus 3a
i o o# e
r n. . .. o
5 0z k EA/l1-w2] [ GPa ] 297 +/- 0,35 J nOKpumue Om Ti
- H plast. [ H/mm™2 1 88 +/- 3
hr? [ um1] 1.462 +/= 0022
0.0 1 Il Il 1 1
1) 1 2 3 4 =1
Load [ mM 1 =
Indentar @ Uickers _|:IE=|'IEI_
ISE correction using AVEKOR4T.HMI on 10.05.2002

PolomerKrPS/CrHi 1 um 5 mi 1,438 um 146 MPa KROCRMIZHRD  18.0.2009
18,06,2009
T T T T T
o Ilvana enepeus u
e eHepcusl Ha
3
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5 -
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C
i
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[
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T naf
£ Wt
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w o oozl W [nli 146 SE.50 3%
@ " E/-u"2) [ BPa 1 268 +/- 026
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hr' [ onl [EEE +/- 0.032
0.0 1 1 1 1 1
0 1 2 3 4 5
Load [ mH 1 =
Indentar @ Uickers _|:IE|E|'IEI_
ISE_correction using AVEKOR4T.HMI on 10.05.2002
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U3BOIU

OT HampaBeHHWTE HW3CJICBAHUS HA MUKPOTBBPAOCTTA MOTAT Jla CE€ HAMPaBAT
CIICTHUTE U3BOJIU:

% TEXHOIOTMYHUTE PEXHUMHU 3a IOJTydaBaHe Ha MOKpHTHATA OT Cmomana
XI8HI9T w Ti, ca 00eKT Ha pa3riiexaane B 9acT | Ha HacTosmaTa pa3padboTka;

% W3MEpPBAHETO HA MHMKPOTBBPIOCTTA € HU3BBLPIIEHO C IOMOINTA Ha YITpPa-
HUCKO HaTOBapBaHa JIMHAMUYHA CHUCTEMa 32 MUKPO OTCTBHII, TO3BOJIsABAILA OBP30
U JIECHO aBTOMATH3UPAHO TECTBAHE HA MHKPOTBBHPAOCT U APYrd (U3UYHH
CBOICTBA, O€3 BIUSHUE HA CyOEKTUBHUSA (DAKTOP;

%+ 32 TOYHO M KOPEKTHO M3MEpPBAaHE, MHAEHTOpA Ha MHUKPOTBBPIAOMEPA
TpsiOBa /a momaja B LEHTpajHaTa 30HAa Ha 3bpHATa, & HE B MEXIy3bPHECTUTE
IPOCTPAHCTBA; TOBA € HM3BECTHO 3aTPyJHEHHE, MOPOJEHU OT CHIIHOCTTA U
CTPYKTypaTa Ha OJNMEpa;

% M3MEPEHUTE CTOWHOCTH Ha MMKPOTBBDPAOCT 3a CHCTEMATa IMOKPHTHE-
HOJIIOXKKA, OT CTpaHa C MOKPUTHE, HAJBUIIABAT 3HAUYUTEIHO CTOMHOCTUTE Ha
TBBPJIOCTTA HA TOJIUMEDPA;

+ aBTOMATM3MPAHOTO M3MMTBAHE HA TBBHPIOCT, IO3BOJIABA M M3MEPBAHE Ha
MEXaHUYHUTE CBOMCTBA — €aCTUYHOCT, TNIACTUYHOCT ¥ MOJYJ Ha €IaCTUYHOCT.
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WEAR RESISTANCE OF MODIFIED WITH NANO-MODIFIERS GG25
CAST IRON AND GX120MN12 STEEL

P. Kuzmanovl, V. Manolovl, M. Kandeva?

L Institute of metal science, equipment and technologies "Akad. A. Balevski"
with hydroaerodynamics centre, Bulgaria

Technical university-Sofia, Centre of Tribologyq Bulgaria

Abstract: The cast iron and steel must have a good set of
properties. This means that along with high strength they must have
sufficient ductility, toughness, wear resistance and others. This set
of properties is achieved through different methods: modification,
alloying with different chemical elements, purification from
harmful impurities, suitable heat treatment, etc. The capabilities of
these methods are not unlimited and through them, the
corresponding property can be improved to some extent, but often
for the account of another. The methods of refining the crystals of
microstructure are the single ones, which consistently increase the
complex of properties on which they influence. A new method for
modification by using the exogenous nano-sized modifiers is
offered. These are nano-particles of refractory compounds, usually
carbides, nitrides, carbonitrides, whose surface is covered with
elements that can provoke the heterogenization of the melt.
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1. BBBEJIEHUE

UyryHnure u cToMaHuTe TpsiOBa Ja uMat Jo0OBbp KOMILIEKC OT cBoicTBa. ToBa
O3HayaBa, Y€ HapeJ C BHUCOKA SIKOCT TpsOBa Ja MpuUTEkaBaT 3aJ0BOJUTEIHA
IJJACTUYHOCT, KUJIABOCT, H3HOCOYCTOMYMBOCT M Jp. TO3M KOMIUIEKC OT
CBOMCTBa c€ NOCTHUra 4Ype3 pas3lIMyHUu METOAU: MOoAu(UUUpaHe, JETHpaHe ¢
pa3IMYHU XUMHYECKH €JIEMEHTH, OYHCTBAHE OT BPEAHU NMPUMECH, MOIXOIAIIA
TepMuyHa 00paboTKa M T.H. BB3MOXKHOCTUTE HAa CIIOMEHATHTE METOJIU HE ca
HEOTPAaHWYEHU MU Ype3 TAX CHOTBETHOTO CBOWCTBO MOXKE Ja €€ MoJ00pH A0
OIpEJIENIeHa CTEIIEH, HO U 32 CMETKA Ha Ipyro. MeroauTe 3a u3apeOHSIBAaHETO HA
KPUCTAJIUTUTE OT MHUKPOCTPYKTypaTa Ca €IWHCTBEHHTE, KOUTO HEOTKIOHHO
MOBUIIABAT KOMILJIEKCA OT CBOMCTBA, BbPXY KOMTO BIUSAT.

2. U310 KEHUE

[Ipensara ce HOB MeTOJ 3a MOAMQUIMPAHE C TOMOINTAa HAa EK30T€HHU
MoAU(UKATOPU C HaHOpa3Mepu. ToBa ca HAaHOYACTHIIM HA TPYIHOTOIHUMHU
CheIUHCHUS, OOMKHOBEHO KapOuau, Hutpuan, kKapoouutpuau (TICN, TiN, TiC u
1p.), 4YHATO TOBBPXHOCT C€ TIOKpUBAa C €JEMEHTH, CIOCOOHU Ja
xeteporenusupar cromwikara (Y,O,, Cr, Fe u nap.). KonuuectBoro Ha Te3u

MOAM(PUKATOPH € JECETH OT NPOLEHTa, a pa3MepbT Ha HaHoyactuuute € 0.01 -
0.05 um. HanoyacTumure ce mojydaBaT upe3 IIa3MeHOXuMuueH meton [1, 2,3].

B pesynrar Ha MomudunupaHeTo ce mojgydaBa MUKPO- U MaKpOCTPYKTYpa,
KOSATO OCUTYpSIBA BUCOKH SIKOCTHH, TUIACTUYHU U E€KCILJIOATAIIMOHHU CBOMCTBA
Ha KpUCTaIN3MpaiaTa OTJIMBKA B TOBA YMCJIO U HA M3HOCOYCTOMYHMBOCTTA M.

B mHactosimiara cratus ca TpEACTaBEHH peE3yJNTaTd OT JabopaTOpHU
W3CIICJIBaHUA 32 BIMSHHETO Ha JOOABKUA OT YACTHIM OT TUTAHOB KapOOHUTPHU
BbPXY HM3HOCOYCTOMYMBOCTTa Ha Moauduiupan cuB uyryH tun GG25 wu
TUTAHOB HUTPH] BBPXY HM3HOCOYCTOMYMBOCTTa Ha cromana GX120Mnl12 ((DIN
1.3816). Haii-Bucoka m3HOcoycroiunBocT mMa uyryH ¢ 0.025 term.% TICN.
N3nocoycroiturBocTTa My € ¢ 100% mo-mo06pa ot uyryn 6e3 TICN.

Otmstr 0o6paszmu ot cromana GX120Mnl12, mogudurnupanu ¢ 0.025 ter. %
yuct TIN uMmaT mo-Bucoka u3HOcoycToruuBocT ¢ 50 mo 80% oT Tasu Ha
HEMOAU(PUIIUPAHUTE.

2. 1. ExcniepuMeHTAJIHU NPOLEXYPH

IMosryyaBaHe HA OTJIUBKHUTE.

OOpa3znute OT HaHOMOAWU(MUIIMPAHW CTOMaHa M YYTYH ca TIOJy4YeHH Ha
nabopaTtopHa nHaykunonHa e Laybold Heraeus, ¢ kamanurer 1o 10 kg. Tasu
WHCTAJAIMS € YHUKATHA, 3all0TO B 3aBUCUMOCT OT HY)KJIUTE Ha €KCIIEPUMEHTA,
MOe Ja paboTu mpu aTMochepHO HaysraHe, B ycioBusTa Ha BakyM 0.02 MPa.
Wik nox Hamarame 1m0 5 MPa. Wuacramanusara aaBa BB3MOXKHOCT ga Oble
U3CJICJIBAHO BJIMSIHUETO HA HAHOMOJU(UKATOpUTE MPU MUHUMAJIEH Pa3Xxo] Ha
pecypcu (metan, depociuiaBy, ejleKkTpoeHepruss u ap.). PazpaboreHu ca aBa
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TUIA OTJIUBKU C €HAKBa KOH(HTrypalus, pa3udaBaniy ce no teryio. Popmara
Ha OTJIMBKUTE € MoJ0OpaHa Taka, 4e Ja MMHTHUPA TOIUIMHEH BB3eN, NMPU KOHUTO
yCIOBUSITA 3a KpUCTANIM3aIMs ca Hai-HeOmaronpusTHH. OT OTJIMBKUTE Ce
HoJIy4aBaT MPOOHM Tella 32 MUKPOCTPYKTYPEH aHallu3, MEXaHHMYHHU CBOMCTBA U
U3HOCOYCTOWYHMBOCT. TErjaoTro Ha OTJIMBKUTE € W30paHO Taka, 4e OT ejHa
CTOIMJIKA J]a Ce IOJIyYaBatT OT JIBE JIO YETUPH OTIUBKH. TOBa JJaBa B3MOKHOCT
B €IHA CTONWIKA Ja C€ BHACAT pa3IMYHH KOJHMYECTBA MOIH(PHUKATOP.
ExcriepuMeHTHpaHH ca HSIKOJKO METOJa 3a BHACSHE Ha HAHOYACTHUIIUTE, KaToO
Hal-e)eKTUBEH CEe OKa3a TO3W, IIPH KOWTO TE Ce BBBEXKJAT B CTOIMJIKATA Ha
JTHHOTO Ha TUTEJIA C MPUCIIOCOOIeHNEe N3pad0TeHO OT CTOMaHeHa TPhOa.

2.2. MeToauKa M YCTPOMCTBO 32 U3CJeBaHe HA U3HOCOYCTONYMBOCT.
N3cnensana e um3HocoycroitunBoctTa Ha ctomana GX120Mnl2, kosto ce
U3MOJ3Ba OCHOBHO 3a TMIOJy4aBaHE Ha W3HOCOYCTOMYMBHU OTJIMBKH, W
Moauduiupad cuB uyryH tun GG25.
W3cnenBaHeTo ce OChIIECTBSIBA C MOMOIITa HAa YHU(PHUIIMPAHO YCTPOUCTBO,
YUSATO CXeMa € ToKazaHa Ha ur. 1.

®@ur. 1 Vuuguyupano ycmpoticmeo 3a usciedsane Ha U3HOCOYCMOUUUBOCH.

OO6pazenbT 2, KOWTO ce M3Clie/Ba HA N3HOCOYCTOMYMBOCT, UMa IIUJIMHIPUYHA
dbopma ¢ guamerbp 15 mm u Bucoumna 30 mm. OOpas3uuTe OT CTOMaHa
GX120Mn12 ca tepmooOpabOTEHH, Ype3 BHCOKOTEMIIEpAaTypHa 3aKalika IpH
temneparypa ot 1050 C° — 1080 C° B oxnaxnaima cpena Boga. OOpasuure ot
yyryH Tun GG25 ca u3cneBaHu Ha U3BHOCOYCTOMYUBOCT B JIATO ChbCTOSIHHE.

MeTonukata Ha U3CIEABAaHE CE€ CHCTOM B CJIEIHOTO: BEPTUKATHUST
MUJIMHAPUYEH o0paser] 2, KOHTaKTyBa Ype3 aKTUBHUS CH MTOBBPXHOCTEH CIOM 4
c abpa3uWBHAaTa MOBBPXHMHA 5 HA MPOTHBOTSIIOTO 1, KOETO TMpECTaBIsIBA
nunuHapudeH Oapaban. Ocra Ha Oapabana ce HuBenupa. OOpasembTr 2 ce
3aKperBa KbM HATOBapBalla riaBa 6 MOCPEICTBOM €JaCTHYHA BPB3KA, KOATO
MO3BOJIIBA CaMOHAarakgaHe Ha oOpaszema 2 chopsMO NOBbPXHHMHATa S5 Ha
Oapabana 1 W BB3MOXHOCTTA My Ja CE€ BBPTH OKOJO COOCTBEHaTa CH
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BepTUKaJHA OC. Te3u OoOCTOSTENCTBA rapaHTUpPAT YCJIOBHS 3a M3HOCBAHE Ha
sjJaTa HOMHMHAJIHA KOHTaKTHa IUIoll Ha oOpasema. 3axBaianioro
npucnocoOsieHre 6 BKIIOYBA U XOPU3OHTAJICH MPHCTEH, KOWTO Ype3 BBHHIIIHATA
CM TIOBbpXHMHA C€ 3allellBa B HEMOJBIKHATAa peilka 7, ycmopeaHa Ha
oOpa3oBarenHaTa Ha Oapabana 1. ToBa 00OCTOSITENCTBO OCUTypsiBa pejlaTUBHA
TpaHCanus Ha obOpasema mo oOpa3yBaTenHaTa Ha Oapabana 1. LlentpamHOTO
HOpMAaJIHO HATOBapBaHE Ce OCUTYpsBa upe3 U300p Ha TeXKeCTUTe 8.

TBbpaO3aKpeneHUAT abpa3uB ce MOJEINpa C UMIPETHUPAH KOPYHI MOJEIN
Smirdex 330 Duroflex, P 80, 117 S V, 3akpeneH HENOIBHKHO IIO
WIMHIpUYHATA TOBPXHUHA Ha Oapabana 1. bapaGaHbT M3BBpIIBA POTAIHS C
MOCTOSIHHA BIJIOBA CKOPOCT @ =CONSt. PenatuBHOTO ABM>XEHHE Ha oOpaszena 2
MPE/ICTaBIIIBA PABHUHHO JIBI)KCHHME: HOMMHAJIHATA KOHTAKTHA Iulomaaka 4
U3BBpIIBA TpaHcHalMs Mo oOpa3oBaTenHaTa Ha OapabaHa UM €IHOBPEMEHHO
poTHpa OKOJIO BEpTUKaJHA OC, MUHABallla Npe3 HEWMHMS HEeHTHp. TOUKUTE OT
KOHTaKTHaTa 30Ha MMAaT PA3JIMYHU IO TOJEMUHA U MOCOKa CKOPOCTU B J1aJeH
MOMEHT OT BPEMETO, TbH KaTO pEIaTUBHOTO JIBUJKEHHWE Ha aKTUBHATa
NOBbPXHMHA Ha o0pa3ena € paBHMHHO. B rmpoleca Ha KOHTaKTHO
B3aMMOJCHCTBUE MPHU PEJATUBHOTO JIBUKEHUE OTACIHUTE TOYKU NEPUOAUYHO
MPOMEHSAT MOJOKEHUETO CH CcHpsiMo abpa3uBHaTa cpeia Ha Oapabana. Tosa
OOCTOATENICTBO OIpenessi PaBHOMEPHO pasmpesielieHne Ha H3HOCBAHETO Ha
BCUUKM TOYKM B aKTHUBHAaTa NOBBpXHMHAa 4 Ha oOpazena. Tpuenero u
M3HOCBAHETO C€ OCBHIIECTBSIBAT BMHArM MO CBeXa abpa3WBHA MOBHPXHWHA Ha
OapabaHa, Bcle/ICTBHE Ha TOBa, 4ye OapabaHa potupa. OTHOIIEHUETO MEXKAY
BIJIOBUTE CKOPOCTH Ha OapabaHa 1 Ha oOpasera € MOCTOSHHO.

UennaTa akTHBHA MOBBPXHHWHA Ha o0OpasnuTe ce 00paboTBa MpeaBapUTEITHO
ype3 HUIM(OBaHE ¢ MIKYPKU C pa3iMyHa epuHa Ha 3bpHATa U HaKpas ce MmoJupa
c AMaMaHTeHa nacta. [1o To3u HauMH ce ocurypsiBaT eJHaKBU HayaJlHU YCJIOBHUS
Ha U3CJIEIBAHUTE MOBbPXHUHHU.

[TouncTBaneTo Ha alOpa3uBHATa MOBBPXHMHA 5 OT (PUHUTE MPOAYKTH HA
U3HOCBAaHE B IIpolleca Ha H3CIEABaHE CE€ M3BBPIIBA C MOAXOASIIA 4YeTKa,
MOHTHpaHa KbM HaTOBapBaliata TJiaBa 6, cJea KOETO JOMbIHUTETHO
MOBBPXHUHATA CE 3aCMYKBa C BB31IyX.

M3HOCOYCTOMYMBOCTTa €€ MpecMATa Karo peuunpoyHa CTOMHOCT Ha
WHTCH3MBHOCTTA Ha MAacOBOTO M3HOCBAaHE |, KOSATO M3pa3eHa upe3 3arydara Ha
Maca AM Tpu U3HOCBaHE, ce mpecMsITa Mo Gopmyrara:

L 1)
p.S.L
KbJETO: AM e 3arybara Ha Maca NpPU KOHTAKTHOTO B3aMMOJEHCTBHE MpH
onpejeNieH MbT Ha TpueHe L; p e IMIBTHOCTTa NMOBBPXHOCTHHUS CIOW Ha

obpazera. IHTEH3MBHOCTTa HAa MacoBOTO H3HOcBaHe (i) € 6e3TMMEHCHOHHO

YUCJIO U MPECACTABIsIBA UBMCHCHHECTO Ha BUCOYMHATAa Ha O6p&36113. 3a €ANMHUIA
II'bT HA TPUCHE.
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Ot dpopmymnara (1) 3a u3HOcoycroitunBoctTa | creasa:

| 1 _pSL

: )
I Am
M3HOCOYCTOWYMBOCTTA HAa M3MUTBAHUTE 00PA3IH ce mpecMsiTa 1o (2), KaTo Ha
OCHOBaTa Ha MPOBEJCHOTO EKCICPUMCEHTATHO H3CIEIBAaHE IO ITbPBUTE JBE
TOYKH C€ YCTAHOBSIBAT YCJIIOBHSTA HA KOHTAKTHO B3aUMOJICHCTBHUE, TPU KOHUTO CE
Ompeaesns U3HOCOYCTOMYMBOCTTA, @ UMCHHO — YCIIOBHS Ha CTAIIHOHAPEH PEKUM
Ha M3HOCBaHe, NIPU KOUTO CE OIpesens 3arydata Ha Maca AM MpU: HOMHUHAIHO
KOHTAaKTHO Hassrane - P=6,01 [N/cm?], bt Ha Tpuene L=94,2 [m], mrsTHOCT

0 =7,72.10° [kg/m°]

CpaBHUTENTHUTE W3NHWTAHUS HA W3HOCOYCTOMYMBOCT Ca IMPOBEICHHU IIO
€KCIIEpUMEHTAaJIHA METO/IMKA U YCTPOWCTBO B CHOTBETCTBUE C M3UCKBAHUATA U
ycioBusta Ha crannapt bJIC 14289-77 ,Meton 3a u3nuTBaHe Ha aOpa3UBHO

W3HOCBAHE IIPU TPUEHE BBHPXY 3aKperneHu aOpa3uBHU YACTUIIM, KOWTO €
xapMoHu3upas 1o 1SO.

2.3. EkcnepMeHTAJIHU pe3yJTaTH.

2.1 H3cnexBane Ha BausaHMeT0 HAa HaHO 4Yactumu or TiCN BBpXY
cBoiicTBaTa Ha Moauduupan cuB yyryn GG25.

OTTH ca OCeM CTOINUJIKA OT YyryH, OT KOMTO JB€ 0€3 HaHOYacCTULHU, a B
OCTaHAJIUTE KOIM4YecTBOTO UM ce u3MeHs oT 0.015 mo 0.040% ter.% uuct TiICN
(Tabnwuma 1).
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®ur2. [ pagpumnu niacmuru 6 moouguyupan cug wyeyn, mun GG25, x100, kaxmo
cneosa.: a u 6) 6e3 TICN, ¢) ¢ 0.015 me2.% TiCN, 2) ¢ 0.025 mez.% TiCN u 0) ¢ 0.040
mee.% TiCN.
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Metanorpadckute W3CIEABaHHS TOKAa3BaT HEOCIOPUMO, Y€ 00pasluTe OT
crommikute ¢ 0.015% u 0.025 ter.% TICN umar mo-¢uHM U paBHOMEPHO
pasmpenenacHu rpapuTHy miacTuHy (Gur. 2. B ¥ r) B cpaBHeHue ¢ Te3u 6e3 TICN

(¢ur. 2. a u 06).

Ta6muua 1. [Jannu 3a obpabomeanemo na mooupuyupan cue uyeyn GG25 c¢
nanouacmuyu om TiCN 6 nabopamopna uUHOYKYUOHHA newj 6 M.4.. XUMUHECKU
CbCMAs, KOIUYeCmeo U mun Ha HaHouacmuyume.

Ne | O3naue XHUMHUYECKH ChCTAB, YUCT Terso n Tun
HHe Ha Tery.% CHCTOSIHHE HA Ha TICN
CTONHJI TIiCN, OTJIMBKATA,
Kara wt.% kg
C Si Mn
1 620 3.30 2.22 0.59 bes 2.0 -
3.08 TICN
2 621 3.52 1.97 0.59 0.015% 2.0 TiCN+
3.14 TiCN Y,0,+Cr+Fe
3 622 3.32 2.01 0.67 0.025% 2.0 TiCN+
3.10 TiCN Y,0,+Cr+Fe
4 623 3.49 2.02 0.56 0.04% 2.0 TiCN+
3.30 TiCN Y,O,+Cr+Fe
5 624 3.33 1.99 0.55 bes 2.0 TiCN+
3.32 TiCN Y,O,+Cr+Fe
6 625 3.26 2.18 0.51 0.015% 2.0 TICN+
3.18 TICN Y,O,+Cr+Fe
u 0.4%
SL-6Ba
7 626 3.43 2.14 0.54 0.015% 2.0 TiCN+
3.20 TICN Y, O0,+Cr+Fe
8 627 3.55 1.90 0.53 0.025% 2.0 TiCN+
3.26 TICN Y,O,+Cr+Fe

OnpeneneHa € M3HOCOYCTOMYMBOCTTA Ha IuiaBku 620, 621, 622, u 623 B
CbOTBETCTBUE C OINKMCAHATA METOJMKA. YCTAHOBEHH Ca CTOMHOCTHUTE Ha
HW3HOCBAHETO AM B MUJIUTPAMU B 3aBUCUMOCT OT Oposi HUKIU. BposT nukim ce
m3Meast ot 500 mo 2000. YcraHoBeHa € W JIUHAMHWKaTa Ha HW3HOCBAHE B
MuWIMrpaMu Ha mMuHyTta (Mg/min) B 3aBucuMocT OT BpeMeTo. CTOHHOCTUTE Ha
TE3U Pe3yATaTH ca MpeICcTaBeHu B TaOmuiu 2 u 3 u B rpa@uuHO U300paKeHUE
Ha ¢urypa 3.
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Tab6auuna 2. Macoso usnoceane na uyeyn GG25 6 3agucumocm om o6pos yuxiu.

Bpoii nukau N
Ne InaBka Ne 500 | 1000 [ 1500 2000
MacoBo u3Hocsame Am, mg
1 620 105.4 178.4 250.5 279
2 621 28.7 96.0 130.5 209.1
3 623 21.7 85.2 118.2 136.3
4 624 49.9 70.9 118.1 154.5

Ta6auna 3. Juuamuxa na usnoceanemo na yyeyn GG25 6 sagucumocm om gpememo

t.
Bpeme t B min.
Ne IiaBka Ne 2.35 | 4.7 | 7.05 9.4
JlnHamMuKa Ha M3HOCBaHe, Mg/min.
1 620 44.85 37.96 35.53 29.68
2 621 12.2 20.42 18.51 22.2
3 623 9.23 18.13 16.76 14.5
4 624 21.23 15.09 16.75 16.45
300 — 50 —
11
40 —|
E 20 — 4
12
10 — 3
0 I I ° \ \ \ \ \ \ \

500 1000 1500 20
6poit unknu

®ur.3: Usnocoycmotiuusocm na cus uyeyn GG25 (Am) 6 zasucumocm om 6post yuxiu
N (z5260). Junamuxa na uznoceanemo mglmin e sasucumocm om épememo t (0scno).

H3HocoycTonYnuBOCTTa (I ) € M3YHUCJIEHA KaTO pELUIIPOYHAa CTOMHOCT Ha
WHTEH3UBHOCTTA Ha W3HOCBaHe-popmyna (2). [loayueHnure cTOMHOCTH MMOKa3Bar,
ye ooOpasuute ¢ TICN umat usHocoycroiuuBocT ¢ 20 1o 100% 1o - Bucoka OT
ta3u Ha oOpasiu 0e3 TICN (Tabmuna 4).
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Taoauna 4. Unumenzusenocm na Maco8omo usHoceaHe (I )

HNHTEH3UBHOCT HA IHonoOpenne Ha
Ne IlinaBkaNe MacoBOTO MacoOBOTO
u3HocBane, 10. H3HOCBaHe B %
1 620 0.5.10° 3
2 621 0.6.10° 20
3 622 1.0.10° 100
4 623 0.8.10° 60

Haii-no6pa wu3HOcoycroiunBoct mma uyryH c¢ 0.025 Tern.% TiCN.
N3nocoycroiunBocTTa My € ¢ 100% mo-Bucoka orraszu Ha uyryH 0e3 TICN.

2.3.2. M3caenBane Ha BJWSHUETO HAa HaHo4YacTHIH oT TIN BBpXy
cBoiicTBaTa Ha cromana GX120Mn12.

Ottt ca yetupu cronuiaku ot ctomaHa GX120Mnl2, ot kouto emHa 6e3
HAHOYACTHIIM, a B ocTaHaiuTe KoJmdecTtBOoTOo MM ¢ 0.025 Tter.% umcr TIN
(tabmuna 5). Xumuaeckusat cbetaB € C=1.1-1.3%, Mn=11.5-13.5%, Si no 0.5%,
P 1o 0.06%.

Tabauua S. Hzcreosanu oopasyu om cmomana GX120Mn12 .

Konuenrpauus Ha Muxporsspaoct HV
Ne IMnaBkaNe YHCTHS HAHO- [kg/mm?]
Moau(puKaTop,
Ter. %
1 629 0 300,4
2 630 0,025% TiN 312,2
3 631 0,025% TiN 284,6
4 632 0,025% TiN 273,1

Ha ¢urypa 4 e mpencraBeHa MakpoCTpyKTypaTa Ha 00pas3ld OT CTOMaHa
GX120Mnl12. Scro ce BmwkIa U3APEOHSABAHETO HA KPUCTAIUTE B
HaHoMouuiupanute odpasiu. Hali-cuiiHo usnpeOHsaBaHe ce HaOJ01aBa mpu
oOpaserr oT cTonuiika 632.

OnpeneneHa € M3HOCOYCTOMYMBOCTa Ha TaBku 629, 630, 631, u 632 B
ChOTBETCTBUE C OINMCAHATA METOAMKA. YCTAHOBEHM Ca CTOMHOCTUTE Ha
W3HOCBAHETHO A M B MIJIUTPaMH B 3aBUCUMOCT OT Opost UK. bposar mukmm ce
m3mena ot 500 mo 2000. YcraHoBeHa € M JUMHAMHKAaTa Ha H3HOCBAHE B
MUJIMTpaMHi Ha MuHYTa (Mg/min) B 3aBHMCHMOCT OT BpeMeTo. 3mepBaHusTa ca
HaIlpaBEHU MPHU JIB€ CTOMHOCTH Ha KOHTAKTHOTO HAaJAraHe, ChOTBETHO P=3.33
N/em? u p= 6.01 N/em?. CTOWHOCTUTE Ha TE€3U 3aBUCUMOCTH Ca MPECTaBEHU B
Tabmumm 6, 7, 8 u 9 u B rpaduuHo n300paxeHue Ha ¢purypu S5, 6, 7 u 8.
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629-6e3 monudukaTop

630-c 0.025% uuct moaucukarop TiN

631 ¢ 0.025% umct moaudukarop TiN

632-¢ 0.025% unct moaucdukarop TiN

bur. 4: Maxpocmpykmypa na oopasyu om cmomana GX120Mn12.

[TomydeHuTe pe3yiaTaT 3a M3HOCOYCTOMYMBOCTTA MOKa3BaT, ue 00pasIuTe C
TiN umat nzHocoyctoiuuBoct ¢ 50 10 80% 1o - BHCOKa OT Ta3u Ha oOpasnu 0e3
Ti N(tabauma 10).

Tabauua 6. 3asucumocm na macosomo usmoceane AM om 6pos yuxaiu N npu

HOMUHATHO KOHmaxkmuo Hanseane p=333N/cm?].

Ne N;=500 uuxaun N,=1000 uukau N3=1500 uyukaun | N,=2000 muxau
1. 629 A m;=34,7 mg A m,=48,5 mg A m3=73,1 mg A my=93,0 mg
2. | 630 A m;=12,8 mg A mp=19,9 mg A m3=31,3 mg A my=43,6 mg
3. 631 A m;=27,9 mg A mp=49,1 mg A m3=57,8 mg A my4=69,4 mg
4, 632 A m;=17,8 mg A my=29,4 mg A m3=39,8 mg A my=48,0 mg
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Taémuua 7. 3asucumocm na macosomo usnoceane AM om 6pos yuxau N npu
HOMUHAIHO Konmaxmuo nanseane P=6.01 [N/cm?].

Ne N1=500 pukan N>=1000 uuxau | N3=1500 uuxam | Nz=2000 uuxaun
1. 629 A m;=32,5 mg A m,=57,8 mg A m3=86,9 mg A mys=103,9 mg
2. 630 A m;=21,9 mg A m,=40,2 mg A m3=50,6 mg A my=67,4 mg

3. 631 A m;=19,5 mg A m,=46,1 mg A m3=88,2 mg A my=108,2 mg
4 632 A m;=18,3 mg A mp=32,1 mg A m3=47,2 mg A m4=57,0 mg

Ta6auua 8. Cxopocm na usnoceanemo AM [mg/min] na cmomana mun GX120Mn12
I'13 6 3a6ucumocm om epememo t npu HomuHanHO KOHMakmuo Hanseane P=3.33

[N/cm?]

Ne t,=2,35 min t,=4,7 min t3=7 min t=9,4 min

1. 1629 | Am,=14,76 mg/min | Am,=10,32 mg/min | Am,=10,37mg/min | Am,=9,9 mg/min
2. | 630 | Arh,=5,45 mg/min Am, =4,23 mg/min Am,=4,44 mg/min | Am,=4,64 mg/min
3. | 631 | Am,;=11,87 mg/min | Am,=10,45 mg/min | Am,=8,2 mg/min Am, =7,38 mg/min
4. | 632 | Am,=7,57 mg/min Am, =6,25 mg/min Am,=5,64 mg/min | Am,=5,1 mg/min

Ta6auua 9. Cxopocm na usnoceanemo AM [mg/min] na cmomana mun GX120Mn12
I'13 6 3asucumocm om epememo t npu nomunanno konmaxmuo nansiearne P=6.01

[N/cm?]
Ne t;=2,35 min t,=4,7 min t3= 7 min t4,=9,4 min
1 629 Am,=13,4 mg/min Am, =12,3 mg/min Am,=12,33/min Am, =115 mg/min
2 630 Am,;=9,32 mg/min Am, =8,55 mg/min | Am,=7,18 mg/min | Am,=7,17 mg/min
3. | 631 Am,;=8,3 mg/min Am,=9,81 mg/min | Am,=12,5mg/min | Am,=11,5 mg/min
4. | 632 A, =7,78mg/min Am,=6,82mg/min | Am,=6,69 mg/min | Am,=6,06 mg/min

Taoauua 10. umenzusnocm na macoeomo usnoceane | 3a omoennume obpaszyu.

Ne Hua. Ne 3ary0a Ha maca H3HoCOyCcTOYNBOCT IHonoOpenne Ha
Am;, [9] I MAacOBOTO
H3HocBaHe B %
1. 629 0,1039 1,24.10° 0
2. 630 0,0674 1,92.10° 54.8
3. 631 0,1082 1,18.10° -4.8
4. 632 0,057 2,25.10° 81.5
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0,025% TiN, 4 — nr. 632 - 0,025% TiN
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¢ur.7: Junamuxa na usnoceanemo mg/min na cmomana GX120Mn12 6 3asucumocm
om epememo 1.1 — nn. 629 — 6e3 mooughuxamop, 2 — nn. 630 - 0,025% TiN, 3 — nr. 631
- 0,025% TiN, 4 — na. 632 - 0,025% TiN

14 —

1 P=6.01 [N/cm?]
12 — \

10 —

Am [mg/min]

t [min]

¢ur.8: Junamuxa na usnoceanemo mg/min na cmomana GX120Mn12 6 3asucumocm
om epememo t.1 — nn. 629 — 6e3 mooughuxamop, 2 — na. 630 - 0,025% TiN, 3 — nr. 631
- 0,025% TiN, 4 — na. 632 - 0,025% TiN
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Otnsatu o6pasum ot cromana GX120Mnl2, monudunupanu ¢ 0.025 ter.%
yrct TIN uMaT mo-u3gapeOHEHa CTPYKTypa B CpaBHEHHE ¢ HEMOAU(DHUIIMpaHHS
oOpas3err.

N3HocoycToiunBocTTa Ha Moauduiupanure odpasmu ¢ ¢ 50 mo 80% mo-
BHCOKA.

3. BAK/IIOYEHUE

1. UscnenBanusita MOKa3BaT HEOCIOPUMO, Y€ OOpa3UTe OT CTOMMIKHUTE
moaudunupan cuB uyryH tan GG25 ¢ 0.015% wu 0.025 terin.% TiCN umar mo-
GbUHI ¥ paBHOMEPHO paslpeiesicHn TpauTHHU MJIACTUHU B CPABHEHHE C TE3U
6e3 TICN. Haii-nobpa m3HocoycroiunBoct uma 9yryH ¢ 0.025 term.% TIiCN.
W3HocoycTorunBoctTa My € ¢ 100% mo-moopa ot uyryn 6e3 TICN.

2. Otnatu oOpa3ud OT wu3HOcoycToumBa crtomana GX120Mn1l2,
momudumnmpanu ¢ 0.025 ter.% uuct TIN umar mo-usapeOHEHa CTPYKTypa B
cpaBHeHHE ¢ HeMmoauduiupanute oOpasuu. HM3HOCOycTOMUMBOCTTa Ha
Moauduiupanute oopasiu ot ctomana GX120Mnl2 e ¢ 50 mo 80% mo-go6pa
OT Ta3W Ha HeMOU(UIIUPAHUTE.
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I'EOMETPUYEH U KHHEMATHYEH
CHUHTE3 U AHAJIN3 HA ®PUKIIMOHEH BAPUATOP C
HEHTPOUIHU OBPA3YBAIIIA HA PABOTHUTE
IHOBHPXHUHU

Kocmaoun Cmouukos
TY-Cogus, MTD, kam. TMM, E-mail: kks@tu-sofia.bg

GEOMETRICAL AND KINEMATIC SYNTHESIS AND ANALYSIS OF
FRICTION C.V.T. WITH CENTRODE TYPE CONTOURS OF
WORKING SURFACES

Kostadin Stoichkov

TU-Sofia, Faculty of Machine Technology, Depart. TMM, E-mail: kks@tu-
sofia.bg

Abstract: Made is geometrical and kinematic synthesis and
analysis of friction C.V.T. with centrode type contours work
surface. Shown is

the necessity from these mechanisms. Presents are two schemes-
with internal contact and external contact. Find are relationship
between the changing of ratio and the mathematical equations at
contours. Given are formulas for definition of changing ratio
diapason.

1. YBOJ

B paGorute [1] u [2] ca pasrienaHu HAKOW MPOOJIEMU CBBP3aHU C
MEXaHM3MHUTE, TpeaaBally JBUKECHHE IOCPEJACTBOM CHIIMTE Ha TpueHe. B
pabortata [1] e pasrieman ciydaid, MpU KOWTO (PPUKIMOHHHUAT MEXaHHU3bM
pabOTH TPU MOCTOSIHHO TPENABATETHO OTHOIICHUE, HO MO3BOJISIBA M3MCHECHUE
Ha B3aMMHOTO PA3MoJIOkKeHUE (BIIIOBO U JIMHEWHO) Ha 3BeHATa Ha MexaHHU3Ma. B
ChBpPEMEHHATA TEXHUKa CHIICCTBYBAT MpenaBku (rinodouaHu) [3], KOUTO ChINO
MI03BOJISIBAT U3MEHEHHUE HA bI'bjIa HA MPECUYAHE HA OCUTE HA 3BEHATA MO BPEME
Ha paboTa, HO NpPU TAX MPEAABATETHOTO YUCIO MOXe na Obae camo 1. 3a
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(PUKIIMOHHUS MEXaHU3bM OT [1] TOBa OorpaHHMYEHHUE HE CHIICCTBYBA, TOW MOXE
na ObJC CHHTE3MpaH Taka, 4Ye Ja MMa ONTHMAJIHO MpPEJaBaTeHO YHUCIIO B
3aBUCUMOCT OT HEroBOTO mpwiokeHue. OCBEH TOBa TMPH  BBIPOCHUSIT
MEXaHU3bM T'COMETPUYHOTO IUTB3TaHE € PaBHO HAa HyJla, KaTo MPOOJEMBT
,,FEOMETPUYHO ILIB3rane” e pasrienad B MHoro m3tounmnu [3], [4], [5] u e
0006mieH Hakpatko B [1]. Jpyro mpemuMcTBO Ha BBIIPOCHUS MEXAaHH3BM €, Ue
IpU M3MEHCHHE HA PA3IOJIOKCHUETO Ha 3BEHATa TE ce 00ThpKaiBar, 0e3 ja ce
IUTH3TAT €JHO CIIPSIMO JPYTO T.€. 00pa3yBaluTe KOHTYPHU Ca IICHTPOUIH.

B paborara [2] e HampaBeH reoMeTpUYCH CHHTE3 W aHAJIU3 Ha MEXaHHU3bBM,
KOWTO MOXKE Jia MPOMEHs OE3CTEMEeHHO MPEAaBaTEIIHOTO CH OTHOIICHHE IO
BpeMe Ha pabora T.e. Bapuartop. IIpu TO3M MEXaHU3bM T'€OMETPUYHOTO
IUTb3raHe OTHOBO € HyJa, HO TPU JBIKCHHETO C IeJd MpoMsSHA Ha
IpEeIaBaTeTHOTO OTHOIICHHE KOHTYpUTE HE ca IEHTPOUIM T.6. HE Ce
00TBHpPKAJBAT, a ce IUTh3raT eIUH CIPSIMO Jpyr. B HacTosmaTa padoTa me 0ble
HampaBeH TEOMETPHYEH CHHTE3 M aHalu3 Ha (QPUKIMOHCH BapUaTOpEH
MEXaHU3bM, TPU KOHTO T'COMETPUYHOTO IUTB3raHe HE € HYJIMPAaHO HO
oOpasyBaluTe KOHTypH Ha paOOTHHUTE MOBBPXHHMHHU Ca IICHTPOUIM, KOETO
OCUTYpsiBa ThpKaliiHe O€3 TIUIb3raHe MpH MPOMsSHA Ha MPEIaBATEIHOTO
OTHOIIICHHE.

2. YCTPOUCTBO U NPUHIUII HA PABOTA HA ®PUKIMOHEH
BAPUATOP C HEHTPOUJAHUMU OBPA3YBAIIIU HA PABOTHMUTE
IHOBBPXHUHM.

Ha durypu 1 u 2 ca najieHu KMHEMaTUYHUTE CXEMHU Ha JIB€ KOHCTPYKIIUU
(GPUKLMOHHU BapuaToOpH C UEHTPOUIHU oOpazyBamiu. Ha ¢ur.1l e nagena cxema
Ha BapuaTop C MapajelHd OCH Ha BXOIAIIOTO M H3XOJAIIOTO 3BEHO, KaTo
YCTPOMCTBOTO W MpUHIHMIIA Ha paborta ca ciaemanute: Ha Bxomsuusar Ban (1) ¢
Bb3MOKHOCT 32 OCEBO MPEMECTBAHE € MOHTHPAHO 3BEHOTO (2), KOETO uMa
(GpukIMOHHa paboOTHAa TMOJlydeHa OT BBPTCHETO Ha KOHTypa K, okoo

reomeTpuyHaTa oc Ha Bai (1). Ha 3Benoto (3) ca uzpaborenu nBe GpUKIHMOHHA
HOBBPXHHUHU MOJYYCHU OT BHPTEHETO CHOTBETHO HA KOHTYpuTe Ky u Kj okoso

octa Ha (3). Ha usxomsuusar Ban (4) ¢ Bb3MOXHOCT 32 OCEBO IPEMECTBAHE €
MOHTHPAHO 3B. (5) ,unsATo paboTHA MOBBPXHUHA MMa O0Opa3yBaiia KOHTypa K.

[Ipu 3aBbpTaHe Ha BXOASAIIUAT Bajl JABUKEHUETO ce npeaana oT (2) mpes (3) ao
(5) mocpencTBOM CHIIMTE Ha TPUEHE B TOYKUTE Ha KOHTAKT P,y u Pjs.

N3MeHeHneTo Ha MpeAaaBaTeIHOTO OTHOIIEHHE C€ TIOCTUra IMOCPEJACTBOM
3aBbpTaHe Ha (3) okoino HenojBwxHata Touka O; mnpu koeto (2) u (5) ce

npemMecTBaT oceBo 1o (1) u (4).
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N

2
®ur.1. Ppukyuonen éapuamop ¢ yeHmpouoru 0opa3ysawiu Ha pabomHume
NOBbPXHUHU NPU NAPATLETHU 6X00AU U U3X0O05U Al

B cnexctBue Ha Te3M NpPEeMECTBAaHUS C€ NMPOMEHS MACTOTO Ha P,; u Py
PECIIEKTUBHO KOHTaKTHUTE JUAMETPU Ha 3BEHaTa, a OT TaM U IIPeJaBaTeIHOTO
OTHOILICHHE Ha MeXaHW3Ma. MexaHu3MbT OT ¢Qur.2 ce paziauyaBa OT TO3HM Ha
¢ur.l enMHCTBEHO ¢  TOBa, Y€ TEOMETPUYHUTE OCH HA BXOIAIIUAT U
U3XOSIIMAT BaJl ChBHAAAT TOeCT MexnayoceBoro pascrossaue A=0. Ot
CXEMHUTE € BHUJHO, Y€ 3a J1a C€ OCUT'YpH ThbpKalsiHe 0e3 MIb3raHe KOHTYPHUTE
nBonnu K, —K; u K3 —K: TpsiOBa ma ca KOHTypH OT LEHTPOHMICH MEXaHH3bM
npeoOpasysau porauusaTa Ha (3) okoso O; B TpaHcnanus Ha (2) u (5). Touxure
P,; u P;;ce sBABAT Moocu 3a CbOTBETHUTE LIEHTPOUIHU JIBOUIIH.
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®ur.2. PpukyuoHer 6apuamop ¢ YeHmpouoHu oopasysawju Ha pabomHume
NOB8BLPXHUHU NPU CHOCHU 8X00UY U U3X0O0AU| 8AL

3. AHAJIN3 HA TIPEJABATEJIHATA ®YHKIUA HA ®PUKIIMOHEH
BAPUATOP C NEHTPOUJIHU OBPA3ZYBAIIIM HA PABOTHUTE
INOBBbPXHHUHMN.

B cwotBerctBue ¢ ¢ur.l wu ¢ur.2 npenaBarenHute (QYHKIIMKM Ha
(GPUKIIMOHHUTE BapUaTOPU M300pa3eHN HA TAX MoraT Ja ObJaaT ONpeaesieHH 10
CJICTHUTE HAYMHU:

3a BapuaTopa ¢ mapayieHu ocu OT ¢ur.l ce BUXKIA, Y€ MPEJaBATEIHOTO

OTHOIIEHHE OT BXOJSMIUAT 0 U3XOASLIMAT BaJ |y, :ﬂ, KBIETO @ U @,, ca
Wy

ChOTBETHHTE BIJIOBH CKOPOCTHM Ha BXOJa M3X0Jla Ha MEXaHHW3Ma MOXKE Jia ce

TIOJTyYH OT U3Pa3bT

_ﬁ.ﬁ_ (1)

Koopaunature Y; ¥ Yy, KOUTO ONPENENAT PAJAHyCUTE HAa KOHTAKT MEXKIY
3BEHATa CE AaBaT OT U3Pa3UTE
Y3 =p3(6)sin 6, y3 = p3(6;)sin 6, (2)
B kouto p5(6;) m pi(6;) ca choTBeTHWMTE pajMyc-BEKTOpHM HA TONIOCHTE
P,; = P;s. Koopnunature Yy, u Yy (¢ur.1) ce nomaydasar ot paBeHcTBaTa

Yo =h—,03(493), Y5:A_[h+P§(93)] 3)
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Cnen 3amectBane Ha (2) u (3) B (1) 3a mpeaaBaTeIHOTO OTHOLICHUE |, € B
CHJIa PaBEHCTBOTO

,03( ) A- [h"‘Ps( )] 4
iy = - - (4)
P3 (‘93) h— P3(03)
M3pa3pT AaBall MpeaaBaTeHOTO OTHOIIEHHE i14(2) Ha Bapuaropa or ¢wur.2

MO3K€ J1a c€ MOJIy4H OT (4) mpu HajlaraHeTo Ha JiBe ycioBusi: Kakro ce Buxkaa ot
CXEMHUTE BXOJSIIUAT M M3XOASAMIMAT BaJl HA MeXxaHu3Ma oT ¢ur.l ce BupTIT B
€IHAKBU TIOCOKH, a Ha MeXaHHu3Ma OT (ur.2 mpoTuBomnoiaoxkHo. ChIo Taka 3a
MEXIyOCEBOTO pa3CTOsIHUE Ha BTOpHs € B criia A =0, creoBaTeHO:

,03(93)' h + pé(Hs) (5)
Pé(es) h _Ps(es)

i14(2) -

PaBeHcTBOTO (5) moOKa3Ba, 4e ako ca IO3HATH IOJAPHUTE YPaBHEHHS Ha
koHTypuTe K; m K;, KakTo M cTOHHOCTHTE Ha KOHCTaHTUTe A M h MoxeM

€JHO3HAYHO Jla CE OIpEeAeNd 3aKOHAa 3a M3MEHEHHE Ha MPeJaBaTEIHOTO
OTHONIEHWE HAa pA3MIeKIAHUTE BAPHATOPH BBB  BHAA iy, =iy(6;)

i14(2) = i14(2)(‘93)-

[pyra BaxkHa XapakTepUCTHUKA HA BAPUATOPUTE € TUANA30HBT HA PETYJIUPAHE
Ha TMPEIAaBaTEIHOTO OTHONIEHHE. [[Mama3oHBT Ha peryjaupaHe ce JaBa OT
OTHOIIICHUETO HAa HAW-TOJAMOTO KbM HaW-MaJIKOTO IPEAABATEIHO OTHOIICHUE
T.€.

D= ilnfx D..\ = Iln:(l)é) 6
- Im|n ' (2) _W ( )
14 14(2)

CTolHOCTUTE HAa MAKCUMAJIHOTO U MUHUMAITHOTO npeaaBaTcIHO OTHOLICHHUC,
KakTO M CTOMHOCTHTE Ha 03 IIpu KOUTO CC€ IIOCTUIraT, aKO Ca IIO3HATH

ps=ps(6;), pi=p5(0;), Auh cenomyuasar ot uzpasute

di di14(2) g d 2i14(2)
a6, ao, * d¢9124< agz g
3 3 3
nu
' di 2 d?i
ha_g, S o Chayg, E oy ®
dé, d6, dé: 46

kato (7) ce oTHACAT 3a MakCUMyMa, a (8) 3a MUHMMYyMa Ha TpeIaBaTeIHOTO
OTHOIIICHUE.
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Hopam/I T'OJIIMOTO pa3Hoo6pa3He Ha 3aJa4YUTC B IIPAKTHKATAa € BB3MOXKCH
BapHUaHT, IIPU KOUTO Oa Ca U3BCCTHHU HC IIOJLIPHHUTC YPABHCHUA Ha k3 u k3', a

JIeKapTOBUTE ypaBHEHUS Ha KoHTypure K, u K. ToraBa wm3pasure 3a
Tpe/IaBaTeITHATE OTHOIICHHS 11Ie UMAT ChOTBETHO BHJIA:

i, = ys(xs). h—y,(x,) 9)
Yo(%,) A=[h+ys(x)]

i Ys(Xs) h=y,(x,) (10)
14 = h ( )
Yo (Xo1) N+ Y5 (g
Crnen xato ca 3anucanu (9) u (10) peaHo e 1a ce oTOeIeKH ue 3a pa3ifuKa OT
ciydyas B, KOWTO ca 3aJlaJIcHH IOJSIPHUTE YPaBHCHHUS MMM €JIWH U CBhIIl
aprymMeHT- 6,, TO Tpu JeKapTOBUTE ypaBHEHHS Y, =Y, (X2 ), Ve = Vs (x5)

aprymcHTHTE Ca JBa - X,, X5 . I[BaTa 4AprymCcHTa HC Ca HC3aBUCHMMH M BpPBb3KaATa

MCXKAY TAX CC HaMHpa II0 CICOIHHUSA HAYMHI Ot TCOPpHUATA HA HCHTPOUIHUTC
IIPHJIOKCHA 3a PA3TJICKIAAHUAT cnyqaﬁ Ca B CUJIa paBCHCTBATA

6,
X = IP3 (65 X6, (11)

X5 = J.Pé(93)3|93- (12)

Cnen npeobpasysane Ha (11) u (12) u xkaro ce uma B ipeaBu, 4e p; =h -yl
u py=A—(h+ys) ce momyuasar

0, = (13)
’ 5 h-y,
T dx
0, = 2 (14)
i '([ A—(h+ys)
Ot (13) u (14) cnenBa paBEHCTBOTO
T odx, T dx;
= (15)
'([h—Y2(X2) '([A_[h"‘)’s()%)]
3a MEXaHu3Ma C mapajieIHd OCU U
)jl‘ dx, _ ] dxs (16)
Oh—Y2(X2) 0h+Y5(X5)
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32 CHOCHHAT MeXaHm3bM oT ¢ur.2. Ilpu mosHaté QyHKIHE Y =Ys(X) u
Y, =Y, (Xz) ot (15) nmu (16) Mmoxke na ce Hamepu Bpb3KaTa MEXIY X, U Xs.

[IpenaBatennara QyHKIMS Ha pasriekIaHUTE BapUaTOPU MPHU JEKAPTOBUTE
3a/1aBaHus Ha KOHTypHTe K, 1 K ce momydaBa BbB BHIA

i =ha[X2, % (%, ), AR]. (17)

3a OIIPCACIIIHC Ha JUAlla30Ha Ha BApUATOPUTC ITOCPCACTBOM MHUHHUMAJIHUTC U
MAaKCHUMAJIHUTC IIPCAABATCIIHU OTHOIICHUA CC ITOJI3BAT PCIIALIMUTC

di14(X2) di14(X2) do, ~0 di14(X5): di14(X5) do, _

dx,  dg, dx, = dx do, dx,

di124(X2) _ di124(X2)_ do, 4 di14(X2). d293 (0 (18)
dX22 d(932 dX2 dHB dX§

di124(X5) _ di124(X5)_ do, n di14(x5)_ d293 (©
dx; do; dx, do, dx

3a HAMHMPAaHE MaKCUMAaJIHUTE CTOMHOCTH Ha I;, ¥ pelaluuTe

di14(xz) di14(X2) do, ~0 di14(X5): di14(X5) do, ~0

dx,  d6, ‘dx, = dx do, dx

di124(X2) _ di124(X2). do, n di14(X2). d203>0 (19)
dx? do;  dx, dg, dx

dify(x,) _ dify(x) 6, | di(x) %0y,
&¢  doZ dg  de, dx

32 HAMUpaHe MUHHMMAJIHHTE CTOWHOCTH Ha I,. [IpoW3BomHHTE ywacTBammy B

TOPHUTE U3pa3u ce mnoiydyaBaT oT uzpasurte (13) u (14) B 3aBUCUMOCT OT TOBa
KaKbB BapuaTop (ChOCEH WJIU C MapaJieIHA OCHU) CE pasriexkia.
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4. BAKJIIOYEHUE

B nacrosimiara paborta ca gajeHu JABE CXeMHU Ha (PPUKIMOHHU BapuUATOPH C
LHEHTPOUIHN 00pa3yBallli Ha paOOTHUTE MOBbPXHUHU, OCUTYPSIBAIIN ThPKAJISIHE
0e3 MIb3raHe MeXay KOHTYpUTE Ha MOBBPXHUHUTE NpPU HU3MEHEHHE Ha
IpeIaBaTeIHOTO OTHOILIEHUWE Ha Bapuartopa. W3BeneHu ca HeoOXOIUMHUTE
3aBUCUMOCTH 3a ONpEJEsHE NpPeJaBaTeIHUTE OTHOIICHHWS W JAHana3oHa Ha
peryiaupaHe Ha paslieKJIaHUTe BapuaTopu. PasrmexpaHusta U H3BOAUTE ca
HaIlpaBEHU 3a JBE CXeMH — (DPUKIIMOHEH BapuaTop ¢ mapaineiaHu ocu (¢wur.l) u
CbOCEH (PpUKIHOHEH Bapuatop (¢wur.2).
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GEOMETRICAL AND KINEMATIC SYNTHESIS AND ANALYSIS OF
FRICTION C.V.T. WITH CENTRODE TYPE KONTOURS WORK
SURFASES, BY THE KNOWN FIRST TRANSMITION FUNCTION OF
THE CENTRODE TYPE MECHANISM

Kostadin Stoichkov

TU-Sofia, Faculty of Machine Technology, Depart. TMM, E-mail: kks@tu-
sofia.bg

Abstract: Make is geometrical and kinematic synthesis and
analysis of frictions C.V.T. with centrode type contours work
surfaces. The ratio changing C.V.T are received bay the known first
transmition function of the centrode type mechanism. Received are
the law for changing ratio of C.V.T. in dependence from the mode
of contours. Given is also changing ratio diapason. The
dependence are shown as well as graphics.

1. YBoa

B pa6orute [1], [2] u [3] ca pasrienanu xapakTepHU MPOOJIEMH CBBP3aHU C
(PUKIIMOHHKTE TIPEIaBaTeIH MEXaHU3MH, KaTo HAcTosIaTa pabora ce siBsiBa
npoabnkerue Ha [3]. B [3] ¢ HampaBen aHanu3 Ha aBe cXeMH Ha (DPUKIIMOHHH
BapUaTOPH, KOUTO Ca XapakTepHH C TOBa, Y€ OOpasyBallUTe HAa TEXHUTE
pabOTHUTE TIOBBPXHMHU Ca KOHTYpH OT IICHTPOUJICH  MEXaHU3bM,
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npeoOpa3yBalll  POTAIMOHHOTO  JBH)KCHHE Ha  BXOJSIIOTO 3BEHO B
TPAHCIAIMOHHO Ha wu3xoasmoro. Ha naBere cxemum ot [3] ca ganeHu
JIBYCTBIIATHK  (PUKIMOHHM MEXaHU3MH, ChABPXKAINM JIBa IICHTPOUJIHU
MEXaHU3Ma: BXOJAIIO 3BCHO-MEKIMHHO 3BEHO, MEKIMHHO 3BCHO-H3XOJSIIO0
3BEHO, KOMTO 00pa3yBaT W ChOTBETHUTE (DPUKIIMOHHU JBOMKH. B HacrosmaTa
paGota mie OBbA€ U3BBPIICH CHUHTE3 HAa E€AHOTO CTHIANO OT (DPUKIUOHHHS
MEXaHU3bM C YrOBOpKAaTa, Y€ CHHTE3BT HAa JPYTrOTO C€ MPaBH IO aHAIOTHYCH
HaunH. PaGoraTa [3] aknieHTHpa BBpXY aHaJIM3a HA IIpeIaBaTeIHaTa (YyHKIUSA Ha
BapHaTOp C IEHTPOUIHH OOpa3yBalld Ha pPa0OTHUTE MOBBPXHHUHHU, KaTO ca
JaieHu 3aBUCHUMOCTHTE 3a ONpeJeliiHe W3MEHEHHETO Ha IpelaBaTeliHaTa
¢ynknus. HanpaBeHusAT aHanm3 Ha mpegaBaTenHarta (QYHKIUS MO3BOJISBA
HAMHUPAHETO HAa OCHOBHH XapaKTEPUCTHUKHA HA BapUATOpUTE, a HMEHHO
MUHHMAJHO ¥ MAaKCHMAJHO IPEIaBaTEIIHO YHUCIIO, YHETO OTHOIICHHE J1aBa
JIMana3oHbT Ha peryJupaHe Ha Bapuaropa.

2. llpenaBatesna (GpyHKIUS HA eJHOCTHNAJEH (PUKIMOHEH BaApUATOP C
HEHTPOUIHU 00pa3yBalld HA pa0OTHUTE MOBHLPXHUHH.

Ha ¢ur.l e namena reomerpuyHa cxemMa Ha €AHOCTBIANEH (PPUKLIHMOHEH
BapuaTop CbC LIEHTPOMJHM OOpasyBalld Ha pabOTHUTE MOBBPXHHUHH.
CeBMecTHO Mmie ObIaT pasrieaHd JBa MexaHusMa: [IBpBUSAT LEHTpoOHIEH
MEXaHH3bM CHCTaBEH OT 3BeHaTa | M 2, IMaIIy HEeHTPOUIHN KOHTYpH Kq 1 Ko |

KOWTO TIpeoOpa3yBa poranusaTa Ha 1 B Tpancnamus Ha 2. Bropust ppukinronexn
BapuaToOp CBhC 33JBIKBAIIO 3BEHO 1, 4MATO (PUKIMOHHA TOBHPXHHUHA €
oOpa3zyBaHa OT BBPTEHETO Ha K| OKOJO Xq W 3aJABWXBAaHO 3BEHO 2 YHATO

(pUKIMOHHA TOBBPXHMHA € IMONy4YeHAa TP BBPTEHE Ha Ko OKOJO Xo.

M3MeHeHneTo Ha NpeaaBaTeIHOTO OTHOUIEHUE Ha BapuaTopa ce MoJlydaBa B IIPH
3aBbpTaHe Ha 2 okosio O, Ha BI'bil 6, B CIEACTBUE HA, KOETO 1 ce mpemecTBa 1o

X, Ha pa3CTOSIHME S U Ce NPOMEHAT pPAJUYCUTe Ha KOHTaKTa I, u TI,.
[IpenaBaTeIHOTO OTHOILIEHHE HA BApHUATOPA CE€ MOJIy4aBa OT OTHOIIEHHUETO:

. r
ivip =2 (1)
7

Ot ¢urypa 1 e BUOHO, Y€ KOHTAKTHMAT paguyc lp MOXKE Ja C€ U3pa3H C
paguyc BEKTOpa HAa LEHTPOUIHUAT KOHTYD L2 (6?2) U TOJSIPHUAT BI'bI 6o
IIOCPEICTBOM U3Pa3bT:

134



®@ur.1. ['eomempuuna cxema Ha hpUKYUOHHA 6APUATNOPHA NPeOABKa ¢
YeHmpouonu 06pasysauu Ha PPUKYUOHHUME NOBHPXHUHU.

) = 09.C0S65. (2)

PammychT 1 ce mody4aBa OT pasiMKata MEXOy pascTossHueTo h u
CTOMHOCTTA Ha TEKYLIUAT PaAUyC 09 (6’2) T.€.

n=h-p,. (3)

IIpn Taka W3pa3seHM KOHTAKTHM paguycH u3paszsT (1) 3a mpemaBaTeaHOTO
OTHOILECHUE HA BApUaTopa i1, AOOUBa BUAa

10 === (4)

Ot (4) ce BWxXa, 4e MPEJABATSIIHOTO OTHOIIEHHWE Ha BapuaTopa 3aBUCH OT
neHTponnara Ky nepuHUpaHa B Ciiydas ¢ MOJSPHOTO YPAaBHEHUE P = 09 (92) ,

OT BIBIBT @) OINpeNeNsall  IOJIOKEHHETO Ha TOoYKara Ha KOHTaKTa H
pascrostaueto h. [lo aHanmormueH HauyMH MOXE Ja C€ 3amuIIe hyqp, MPH
3a7a7IeH0 ypaBHeHHE Ha Kj. AKO ypaBHeHHETO Ha K; € 3a1afeHo BBB BHIA
y1 =Y1(X ) npemaBaTenHOTO OTHONIEHME HA BapHMaToOpa i€ CE MONYYH OT
U3pa3bT
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) h—yq ).cos@
/12 _(h=x)cost, : (5)
Y1

3. CuHTe3 HAa pa0OTHUTE MOBHPXHUHU HA BAPpHATOPA NMPHU 32/a/leHA TbPBa
npegaBaTe;iHa QyHKIUS HA HEHTPOUJAHUST MEXaHU3bM
ITepBara npenaBarensa GyHkuus (ig1o) Ha HEHTpOUIEH MexaHu3bM (¢ur.1)

npeoOpasyBall] POTALMOHHO B TPAHCJIALMOHHO JBM)KEHUE, ce AepUHUpa KaTo
OTHOUIEHUE Ha BIJOBaTa CKOPOCT HA BXOJSIIOTO 3BEHO KbM TpaHCIALMOHHATA
CKOPOCT Ha U3XOJSIIOTO U C€ 1aBa OT PaBEHCTBOTO

ic1p =2, (6)
V2
[Ipm ycnoBue, 4Ye 3aBBPTAHETO HA BXOASAIIOTO 3BEHO CE€ OMpEACHs OT
KOOpJMHATaTa ¢, a MOJIOKEHUETO Ha U3XOJIIIOTO 3BEHO OT IMPEMECTBAHETO S
TO (6) MoOMBa BHIA
_ Aoy /dt @

Cnen enemeHTapHU mpeoOpa3yBaHUS M, HUMalKu IpeiBUJ TeOopusATa Ha
IEHTPOM/INTE, KAKTO ¥ o3HaueHuaTa Ha ¢ur.l (¢ =—6,, So=-%) ot (7) ce

MOJIy4aBa U3pa3bT

dxq = 1y 0. (8)
Ic12

Karto ce 3Hae, ue p,(6,) e Texymmsar paguyc-BekTop Ha K, npu TonsApeH
BI'BbI 0, , X; TeKyllaTa CTOHHOCT Ha aOcuucara Ha K;, cbIl0O OT TeopusATa Ha
LIEHTPOUIUTE MOKE J1a C€ 3aIUILIE U3Pa3bT

dx, = p,(6,)d6,, (9)
a ot uzpasure (8) u (9) ce nmoiyyaBa paBEHCTBOTO
1
pa(02)=—"—. (10)
Ic12

Cnen 3amectBane Ha (10) B (4) W Wu3BBpIIBAHE HA CHOTBETHUTE
npeoOpa3yBaHus Ce CTUTA JI0 U3Pa3bT

: C0s6Ho
0 )= :
v1z(62) ic12(62)h -1

(11)
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KOWTO JaBa Bpb3KaTa MEXIy IpeJaBaTeIHOTO OTHOIICHHWE Ha BapuaTopa
/12 ((92) W T’bpBaTa IpejaBaTeliHa (PYHKIMS i012(92) Ha IEHTPOUIHUSAT

MEXaHU3bM YHHTO IICHTPOWJHM, C€ SBSBAT oOOpa3yBally Ha pabOTHHUTE
MOBBPXHUHU HA BapuaTOpa.

[Tonyuenoro paBeHcTBO (11) € ymoOHO nma ce u3MmoJi3yBa B Ciiyyaidl ue €
3a7a71eHO TIOIAPHOTO ypaBHeHHeE Ha Ko .-, po = po(6s), B ciiydaid, de e 3amaneHo

ypasHenneto ki ..y; =yj(X]) Moxke ga ce H3Beme 3aBUCHMOCTTA MEKILY
iy12(X1) 1 ic12(X1 ) KaTo ce mporenupa 1Mo CleHUAT HAYMH:
PaBenctBOTO (8) Cce mpeoOpasysa B

0, = J‘iClZ(thxl (12)
0

cien koeto (12) ce 3amecTBa B (5) U ce moJiydaBa 3aBUCUMOCTTA

x1

(h- Y1)-COSJiC12(X1)jX1

i, = 0 (13)
V12 y1

4. Hsakou npuMepu 3a MNPUWIOKEHHE HA H3BeJeHUTE 3aBUCHUMOCTH
NpeIaBaTeJJHOTO OTHOIIIEHHE HAa BapUaTOp W IbpBaTa mnpegaBaTeHA
(GyHKIMS HA [EHTPOMJAHMSAT MeXaHU3bM, UYHMHTO IEHTPOWAU, Ca
oOpa3yBaiy Ha pa0OTHUTE MOBLPXHUHM HA BApUATOpPA.

[TepBHAT IpUMEp € NPHUIIOKEHUE HA U3BEIECHUTE 3aBUCUMOCTH B CIy4ai, IIpH
KOHTO € 3aJaJicH0 IMOJAPHOTO YypaBHeHHE Ha Ko :po =p» (6’2). Hexka

HEHTPOUTHHUAT KOHTYp K, oT dur.l na Obae enurca ¢ MOISIPHO ypaBHEHHUE

b
2= )
\/1—52 cos? )

p (14)

KOETO TIOKa3Ba, Y€ IICHThPBHT Ha €JIUIIcaTa ChBIMAJa C IICHTHPHT HA POTAIHSI
O,. Ot (10) u (14) cnenBa u3pa3bT 3a IbpBaTa NpeAaBaTenHa (QYyHKLIUS Ha

OCHTPOUAHUA MCXaHU3bM

2 2
) 1-g“cos“ @
Ic12 = \/ 0 2. (15)
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Cnen 3amectBane Ha (15) B (11) ce monyuyaBa

bcosH,
h\/l—g2 cos? 07 —b

iv12(62)= (16)

[Tpy mo3HATH CTOMHOCTH Ha MapaMeTPUTE Ha €IMIcaTa; SKCICHTPHTET-
£=0,8, mewkuHa Ha Manmkara noiyoc-b=50mm wu pascrosame h=80mm

(¢ur.1) moxe na ce u3ueprae rpadukaTa Ha QyHKUIUATA /12 = /12 ((9)

.5

04

.34

02

0 02 04 06 08 1 12
I
®ur.2. I pajuka na pynkyuama iV12 = iv12(‘9) npu erunmudHa

yenmpouona obpasysawja Ha pabomHama NOEbPXHUHA HA
3a08UINCBAUOMO 36€HO HA BAPUAMOPA.

BbB BTOpUHSAT mpuMep e ObjAe pasrienaH ciydyail NMpu KOWTO € 3a/iajeHa
[EHTpOoUJaTa, KosITO € oOpasyBamia Ha paboTHaTa TOBBPXHUHA HAa
3aIBUKBAHOTO 3B€HO Ha BapuarTopa.

Hexa koHTYp®BT K{ € 3a7a7eH B 1eKapTOBH KOOPIMHATH C YPAaBHEHHETO

y1=Yo +t9a.x 17)

Ot (17) u ¢ur.1 e BuaHO, ye Taka 3aqaJACHUAT KOHTYp € oOpasyBaia Ha
paboTHA MOBBPXHHMHA, KOSATO € KOHYC C pajuyC Ha OCHOBaTa Yo U BI'BI IPH
BbpXa 2.(7z—a). B to3u mpumep me Obae u3non3zBaHa 3aBucumoctra (13),

KOSITO € MOAXO/IAIIA PU JEKAPTOBO 3aJaBaHE HA U3XOSIIHAT KOHTYP.
Ot (10) 1 umaiiku npeaBul Bpb3Kata
p2=h—yi1(x) (18)
JUPEKTHO CE€ MoJTydaBa MpeaaBaresiHaTa GyHKIMS Ha HEHTPOUTHUAT MEXaHU3bM
U3pa3eHa MoCPEICTBOM apryMeHTa X{

138



1 (19)

Ic12 ="—7—-
h—y1(x)
Cnen 3amectBane Ha (19) B (13) ce ctura 10 u3pasbt
(h—y,).cos J ﬁdxl
. X
12 = (20)

Y1
U, UMalKU NPEIBU, Y€ € TIo3HaTa QyHKIUATA Y| = yl(xl), T0 (20) noOuBa BUIa

x1

1
h - tga.x, )} d
. [h=(y, +tgarx,)] Cosv([h (Y, +tgax,) Xy
iz = : (21)
Yo +tga.xl

Cnen unTerpupane B unciautens Ha (21) u enemeHnTapHu npeoOpa3yBaHus 3a
npenaBaTeHara (yHKIUSA Ha BApuaTopa OKOHYATEIHO Ce I0y4YaBa

[h—(¥o +tgax, )]-CO{Ctg a.ln (1_ tgaxlﬂ
e il (22)
- Yo +10a.X; '

. T
IIpu 3aganeHy CTOMHOCTM Ha mapamerpure ; Y, =50mm, tga:Trad,

h=100mm ce usueprana rpadukata ($pur.3) Ha QyHKIHATA b1, = by15(X; ).

0 5 10 15 20 25 30 35
x1

®ur.3. I paguka na ¢hynxyuama iv12 = iV12(X1) npu npagoruHeuna
obpazysawia Ha pabomHama n-Ha Ha 3a08UNCEAHOMO 36€HO.
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5. I3Boau

Hacrosmmata paboTta pasriexaa €IHa BB3MOXKHOCT 3a IPHIOKCHUE Ha
KOHTYpUTEC Ha 3BEHAaTa OT IICHTPOMJHM MEXaHHW3MH, KaTo oOpasyBamld Ha
pabOTHHUTE TOBBPXHUHU Ha (PUKIMOHHM BapuaTopu. B mocTaHoBKaTra Ha
3ajlayata ca JCUHUPAHH ITOCPEICTBOM aHAIMTHYHU H3pa3u (TMOJSAPHO WIIH
JIEKapTOBO) YpaBHEHHUE IIECHTPOUTHU KOHTYpH. [Ipn Taka 3amaeHUTE IEHTPOUIH
Ce WCKa HAMUpPaHETO Ha 3aKOHA 3a M3MEHEHHWE Ha (PUKIIMOHHUS BapuaTop,
YUUTO OOpasyBamd Ha (QPHUKIMOHHUTE MOBBPXHUHU C€ SIBSIBAT BBIIPOCHUTE
neHTpouan. M3BeneHW ca 3aBUCHUMOCTUTE, KOUTO J1aBaT BpPB3KaTa MEXIY
YpaBHEHUETO Ha IIEHTPOWJATAa W 3aKOHA 32 M3MCHECHHE Ha IPEIaBATEIIHOTO
OTHOIIICHWE Ha Bapuaropa. JlameHm ca aBa mpuMepa 3a TPWIOKCHHE Ha
W3BEJICHUTE 3aBUCUMOCTH, KaTo EIWHMUAT € TMpHU TOJSIPHO 3aJaBaHe Ha
IEHTPOUIHUS KOHTYp, a JPYTUiAT mpu JepuHUpaHe HAa KOHTYP C JEKapTOBO
ypaBHenue. Iloctpoenute Tpaduky Ha U3MEHEHHME Ha IIPEAaBaTEIHOTO
OTHOIIICHHE Ha BapuaTtopa JaBaT BB3MOXKHOCT 3a OIpeieisHe auama3oHa Ha
HETOBOTO peryJIupaHe.

JIMTEPATYPA

[1] Crowmukor, K., HwuxomoB, H. Cunte3 u aHanu3 Ha QPUKIUOHCH
MpeaaBaTeICH MEXaHW3bM C MHUHUMH3HPAHO TUTB3TaHe. 1pubonocuuen
acypnan BYJITPUPB, op.1. 2010z., c.54.

[2] CrounukoB, K., ['coMeTprueH W KHHEMATHYCH aHAIM3 Ha (QPUKIMOHEH
BapUaToOp CBhC ILIEHTPOUJHU OOpa3zyBallM Ha pPaOOTHUTE TMOBbPXHUHH,
Tpubonocuuen scypuan BYJITPUPB, 6p.2. 2011 2 ...[1oo neuam.

[3] Crounukos, K., T'eoMeTpuyeH M KHHEMATHYCH CHHTE3 M aHAJIN3 Ha
(GpUKIIMOHEH BapuaTop ChC LIEHTPOUIHM OOpa3yBallly IO 3a/ajJieHa MbpBa
npenaBaTenHa (YHKIMS Ha [EHTPOUJHUS MEXaHU3bM, [pubonozuuen
arcypnan BYJITPUPR, op.2. 2011e.....1100 neuam.

140



Tribological Journal BULTRIB, Papers from Conference BULTRIB '11, October 28™, 2011, Sofia
Compiled by: Assoc. Prof. Dr. Mara Kandeva, Society of Bulgarian Tribologists
Published by: Publ. House Technical University - Sofia

I'EOMETPUYEH CUHTE3 U AHAJIN3 HA ®PUKIITMOHEH
BAPUATOP C HEHTPOUIHU OBPA3YBAIIIKX HA
PABOTHUMTE HOBBPXHHUHMU, 110 3AJAJTEH 3AKOH 3A
N3MEHEHWUWE HA ITPEJABATEJIHATA ®YHKIUSA HA
BAPUATOPA

Kocmaoun Cmouukos
TY-Cogus, MTD, kam. TMM, E-mail: kks@tu-sofia.bg

GEOMETRICAL AND KINEMATIC SYNTHESIS AND ANALYSIS OF

FRICTION C.V.T. WITH CENTRODE TYPE CONTOURS WORKING
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Abstract: Make is geometrical synthesis and analysis of friction
C.V.T. with centrode type contours of working surfaces. Equation
of contours are received by known law for changing ratio of C.V.T.
Given is analytical and graphical presence changing ratio and
diapason on the him alternation.

1. YBOJ

[Ipe3 mocneaHuTe HIKOIKO TOJWHU BCE MOBEUYE c€ mpuiarat (GPUKIIMOHHU
npeaaBaTCiIHi MCXAaHU3MMU, 0Cc00€cHO TaKuBa, KOUTO II03BOJIABAT 0e3CTEeNeHHO
U3MEHEHHE Ha IMPEeAaBaTeNIHOTO OTHOUIeHWEe (Bapuatopu). Tazu TeHAEHLMS
HaMUpa Hal-CUJIHO M3pakeHHe B 00JIacTTa Ha aBTOMOOWJIOCTPOEHETO, KaTo
TpS[6Ba Ja c€ OT6€JI€>KI/I, ¢ B HAKOM OT CXCMUTC Ha arperata 3a
NEPCIEKTUBHUTE €JIEKTPOMOOWIN (PPUKIIMOHHUAT BapuaTOp € OCHOBHO 3BEHO
OCHUTYpPSIBAIllO ONTHUMAJIHO YIIPABJICHUE HA MOTOKA MOITHOCT.ChIIO Taka PeIHO €
Jda C¢€ OT6€J’IC)KI/I, 9C MHOTO OT HPOU3BOJUTCIIM IIpHJIaraT B ABTOMOOMIHUTE
tpancmucuu T.Hap. C.V.T.- (Continuously Variable Transmition), kouto 1o
CBIIHOCTTA CH Ca TUMUYHHU (HPUKIMOHHU BAPUATOPU C PA3TUUYHU KOHCTPYKIIUH.
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[TpunokeHneTo MpH  EIEKTPOMOOWIUTE 3a Cera € OCHOBHO B CHCTEMHUTE C
kuHeTHyHM akymynaropu Ha eHeprus (K.A.E.) [5], kouto ympasisiBaHu
MIOCPECTBOM BapHATOpP OCHUTYPSIBAT MUHHMAJICH Pa3XoJl Ha CHEepTUs-ToKa3aTeln
OT pelaBaio 3HaYeHHe 3a OBACIIETO HA IEKTPOMOOHIIA.

B mnopemuna nyomukamuu [1], [2], [3], [4] Osixa pasriaemanu BbIOpOCH
CBBbp3aHU C (DPUKIMOHHUTE BapuaTopu. BHHMaHHETO B TOpHHUTE PabOTH ¢
(doKycupaHO BBPXY TOBa Kak Ja ObJe W30erHATO T€OMETPUYHOTO TUTH3TaHe Ha
pabOTHUTE TOBBPXHWHMA W IUTH3TAHETO TPU W3MEHEHHE Ha TPEIaBaTeIHOTO
OTHOIIICHHE. BBIPOCHT 3a TEOPETHYHOTO HYJIUPaHE HA TEOMETPUYHOTO
IUTh3raHe € pemeH B [2] KbpAETO € JajeHa W KHHEMaTHYHa cxXeMma Ha
(PUKLHMOHEH BApUATOPEH MEXaHU3bM, C KOMTO ce peanu3upa TOBa pEIICHUE.
[TpoGyieMbT 3a TUTB3TaHETO TIPH W3MECHEHHE Ha MPEJaBaTeIIHOTO OTHOIICHUE CE
pemraBa, kKaTto oOpasyBamiuTe Ha paOOTHUTE TOBBPXHWHU Ha (PPUKIIMOHHUS
BapuaTop Ce€ CHHTE3WpaT, Taka dYe Jia ChCTaBIAT IICHTPOWJHA JBOWIA B
OTHOCHTEITHOTO CH JIBIDKEHHE TIPU MPOMSIHA Ha MIPEIaBaTETHOTO OTHOIICHHUE HA
Bapuaropa. ['eoMeTpuueH M KWHEMAaTHYEH aHAJIM3 HAa BapuaTop, MPU KOWTO
U3MEHEHHETO Ha IPENaBaTEIHOTO OTHOIICHHE CE OCBHIIECTBIBA MOCPEIACTBOM
0O0TBpKaJIBaHe, a He ITb3raHe MEX 1y pabOTHHUTE ¢ HampaseH B [3].

B pabotata [4] ca u3BeneHn 3aBUCHUMOCTHTE, KOUTO JaBaT BB3MOXKHOCT IPH
3ajajiecHa IMbpBa TMpeaaBaTesHa (QYHKIUS HA LEHTPOMIHHUS MEXaHH3bM,
ChCTAaBEH OT oOpa3yBalllUTe Ha PaOOTHUTE MOBBPXHUHM, Ja ObJie MOIy4YEH
3aKOHBT 32 W3MEHEHHE Ha MpeAaBaTeTHOTO OTHOIICHHWE Ha BapuaTropa Karo
(GYHKIHS Ha B3aMMHOTO Pa3IoJI0KEHUE HA HETOBHUTE 3BEHA.

B Hacrosimjata pabota 1ie Obe CUHTE3UpPaH UEHTPOUJEH MEXAHU3bM, YHUTO
[EHTPOUIU C€ SIBSIBAT 0Opa3yBalllk HA paOOTHUTE MOBBPXHUHU Ha (PPUKIIMOHEH
BapHaTop ChC 3a/1aJIcH 3aKOH 32 U3MCHCHHE Ha MPEIaBaTeITHOTO OTHOIICHHUE |
OTIpEJICTICH TMana3oH Ha peryJInpaHe.

2. IOCTAHOBKA HA 3AJIAYATA
Ha ¢ur.l e moka3aHa kuHeMaTH4Ha cxeMa Ha (PPUKIMOHEH BapUaTOp C
IICHTPOUIHU oOpasyBamu Ha pabotHuTe moBbpXxHUHH. KoHTypute ki m Ky ca

LHEHTPOUIU OT IIEHTPOUIEH MEXaHWU3bM IpeoOpasyBaill poranusira Ha 3B.1 B
TpaHcnanus Ha 3B. 2. [Ipu BepTeHe Ha KoHTypuTe K1 1 K9 0OKOJ0 choTBEeTHHTE

OCH Ha poTauus X; M Xp ce€ ModydaBaT  paOOTHUTE MOBBPXHUHU Ha
GpukmonHus Bapuatop. [IpegaBaTtenHOTO OTHOIIEHUE Ha Bapuaropa (i,,) ce
ompezieNsi OT OTHOMIEHHETO I,/F;, KOETO ce MPOMEHs IMpU H3MEHEHHE Ha
TOYKaTa HAa KOHTAKTA, KOSATO CE SIBSIBA MOJTFOC 32 IICHTPOUTHUSAT MEXaHU3ZHM.
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®@ur.1 ['eomempuuna cxema Ha 6apuamop ¢ YeHMpPoOUOHU 00Opaszyeauju Ha
dpuKYUOHHUME NOBLPXHUHUL.

ITspBata npenaBatenna GyHKius (ic;,) Ha IEHTPOMIHNS MEXaHU3BM CE JaBa
oT: Ic;, =0S/d@, , KbaETO S € MMHEHHOTO MpeMecTBaHe Ha U3XOIAIIOTO , & (-
3aBBPTAHETO HAa BXOJAIIOTO 3BEHO OT LIEHTPOUIHMAT MeXxaHu3bM. KakTo ce
BIDKIA OT ¢ur.l MONOXKEHHWETO Ha MOJIFoca Ha IEHTPOHMIHATa TNpeJaBKa Ce
IPOMEHS C U3MEHEHUETO Ha BI'BJI (,, OT KOETO CIIE/Ba, Y¢ M3MECHEHHETO Ha @,
e JOBEAE M 0 M3MEHEHHE Ha NpEeAaBaTeTHOTO OTHOLICHHWE Ha Bapuaropa.
KontypsT K, ce neduHHpa ¢ NOISIPHOTO YypaBHEHHE L, = P, (492), KbJIETO 32
HOJSIPHUAT BI'bI 0, € B cuna 0, =—@,.

3ajavyara 3a CHHTE3 Ha LEHTPOMJHUTE KOHTYPU B Cllydyasl C€ 3aKJII04aBa B
TOBa NPHU 33JaJeH 3aKOH 3a M3MEHEHHE Ha INpeJaBaTeIHOTO OTHOIICHHE Ha
BapHaTOpa BB BUIA i1, = hy1,(¢,) Ja ce HaMepu MONAPHOTO ypaBHEHHE HA

K, :p,=p,(6,), TakoBa ue na ce peamusupa GYHKUHATA i1y = iy15(0).

3. CUHTE3 HA HEHTPOUJIHUA MEXAHHU3BM IO 3AIJAJTEH
3AKOH 3A UBMEHEHME HA NNPEJABATEJHOTO OTHOLIEHMUE
HA BAPUATOPA.

HpeﬂaBaTeJ'IHOTO OTHOIICHHC Ha BapuaTopa CC AaBa OT OTHOIICHUCTO

. I
i =2, (1)
n
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KOCTO CBINIACHO (1)I/II“.1MO)K€ Ja CC 3allniIC, KaTo

p2(65).cos(6,) | 2)

iV12(02): h—,OZ(HZ)

Hexka 3akoHa, o KOHTO TpsiOBa Jja ce MpPOMEHs MPEJaBaTEeTHOTO OTHOIICHHE
Ha Bapuaropa, iMa BU1a

iv12(62)=k.cos6y, (3)

OCBCH TOBa € H3BCCTHO, Y€ JUAIIA30HBT HaA PCEryJvupaHce Ha CBBPCMCHHUTC

1
BapuaTopu IIO3BOJIIBA PCAIM3HUPAHC HaA IMPCAABATCIHU OTHOIICHHA OT § a0 3

: 1
T.€. lyqp = 3 +3. Ot popmynupaHuTe 10 TYK U3UCKBAHUS MOXE Ja ce AeduHupa

CJIeIHATa 3a/1a4a:

Jla ce cuHTe3upaT paOOTHH MOBBPXHUHU HAa (PUKUMOHEH BapuUaTtop C
LHEHTPOUJIHM O00pa3yBalli NOpH KOCMHYCOB 3aKOH 3a HM3MEHEHHE Ha
[IPEIABATEIIHOTO OTHOLICHHE W JAMAla30H HA pPEryaupaHe OIPENENeH OT

1 .
HEPaBEHCTBATA 3 <ly1, 3. OT yCIOBHETO HA 3aJa4aTa JUPEKTHO CE ONpenens

KoepuuueHTsT K, Ipu Iy qomy =3, K =3 clenoBaTeqHo 3aKOHBT 32 U3MEHEHHUE
Ha TIPEIaBaTeIHOTO OTHOIICHUE CE 1aBa OT U3Pa3bT.

iy12(62)=3.cos6; (4)

Or HU3pa3bT 3@ MUHUMAJTHOTO IMPCAABATCIIHO OTHOIICHUC 3aIIMCAH KAaTO

h/12 min = 3.C0s6, (5)

clell 3aMeCTBAaHE Ha k,j,y, CBC CHOTBETHAaTa CTOWHOCT M IpeoOpasyBaHEe ce
HoJy4aBa

.
69i min =arcco % (6)

KOETO JlaBa CTOMHOCTTa Ha @, ChOTBETCTBAllAa HAa MUHHUMAJIHOTO MpPEIaBaTEIHO
OTHOLIEHWE Ha BapuaTopa. I'padukara Ha H3MEHEHUETO HAa NPENaBaTEIIHOTO
OTHOILIEHUE € J1aZieHa Ha ¢ur. 2.
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®ur.2. [ paduxa na gynxyusma 1, =1, (19) KOCUHYCO8 3AKOH U

0Uanaszou Ha pezyiupare om 1/ 3 00 3.

Ot uzpazure (3) u (2) MOKe Ja ce 3amuIiie paBeHCTBOTO

k.cosédy = p2(02)c0s0, (7)
h—p2(62)

OT KBJIETO CJIe]] ChKpalllaBaHe U MpeoOpa3yBaHe ce MoaydaBa u3pa3bT

,02(92)=% : (8)

Or (8) e BuaHO, ye mpu k=const m h=const koutypsr Kk, e wact ot
OKPBXKHOCT C PaadyC OIpeneieH OT CTOMHOCTHUTe Ha K wm h, um ueHTsp
ceBragan ¢ Oj. 3a ocurypsBaHe quana3oHa Ha peryjivpaHe MOJSPHUST BI'bJ
(6) TpsioBa ma ce m3mens B rpanuny ot 0° no 83°. [Ipu 3aBbprane Ha Ky okono
Xp ce TmojyyaBa YacT OT cdepa, KoiITo € paboTHaTa NOBbPXHMHA Ha
3aJIB’KBAHOTO 3BEHO Ha (PPUKIMOHHUA Bapuatop (¢wur. 3).
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®ur.3. PpukyuoHHa NOBLPXHUHA HA 3A08UNCEAHOMO 36E€HO HA
sapuamopa.

3a ompexnensHe paboTHAaTa TMOBBPXHHWHA Ha 3aJBIXKBAIIOTO 3BEHO Ha
BapuaTopa € HEOOXOJUMO MHPBO Ja OBJE€ HAMEPEHO YpPAaBHEHUETO U
napamerpute, neguHupaiy KoHTypbT Ko. Cropen yclnoBHeTO Ha 3ajavara 3a

cuHTe3 KOHTypuTe K; m Ko, ca HEHTpOWAM, OT KOETO CBITIACHO TEOpHUATA Ha
HeHTpouanTe, Ki ce 3amaBa ChC CIIEIHUTE KOOPAWHATHO-TIAPAMETPUYHU

YpaBHCHUS:
02 )
X1 = | po(6y)do
1 (f)z 2 JAG2 9)
y1=h-p2(62)

ITpu usBecTHA GyHKIMA Py = po (65 ), 3amucana kato (8), (9) nobusa Buma

X = j %d&
" (10)
K.h
—h-—1
iz 1+k
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OT KBJETO Ce MOoJydYaBa OKOHYATESIHUAT BUJ Ha KOOPJAMHATHO MAapaMETPUIHHUTE
ypaBHEHUS Ha Kj

« k.h
1=, V2
1+k (11)
yi=h— k.h
1 1+k

Ot ypaBHenusita (11) e BuAHO, Ye KOHTYpBT K; € mpaBa ycrmopenHa Ha
KOOpJIIMHAaTHAaTa OC X; W OTCTOsAIIa OT Hed Ha pa3CTOSIHUE Y,, KOETO ce

ompenaens oT koHcTtanTuTe K m h. PaboTHara mOBBpXHHWHA Ha 3aJIBHKBAIIOTO
3BEHO TIOJIyu€Ha OT BBPTEHETO Ha Ki; OKOJNO X 1me ObJe IWIMHIBD C

oOpasyBamia orceukara Kq (¢ur.4).

®ur 4. PpukyuonHna NOBbLPXHUHA Ha
3a08UNCEAUIOMO 36€HO HA 8APUAMODA.
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4. UI3BOAN

B nHacrosimara paboTa ca W3BEIEHU 3aBUCHMOCTH, JaBalll BB3MOXKHOCT 32
neguHUpane Ha oOpa3yBaly Ha (GPUKIMOHHUTE MOBBPXHUHU HAa BapHaTOPUTE,
Taka dYe B TIpoleca Ha W3MEHEHHE Ha TpPeJaBaTeTHOTO OTHOIIEHHUE
o0pa3yBaluTe J1a UMaT MOBEJCHUETO Ha IIEHTPOHIH.

ChIIECTBEHOTO B Cilydas €, Y€ ypaBHEHHTA, Ne()UHUPALIN LEHTPOUITHUTE
oOpa3yBaiiy, ce T[OJy4aBaT TMpH 33JaJeHUd 3aKOH 3a HM3MEHEHHE Ha
npenaBatenHaTa GyHKIUS Ha BapuaTopa M JUana3oH Ha PerylupaHe.

HeoOxomumocTTa OT ch3JaBaHe Ha BapHaTOpU IMPH CHHTE3a, HA KOUTO €
HEo0X0IMMO pelIaBaHeTO Ha ropeolnrcaHaTa 3ajgada, € 00OCHOBaHA B yBOJa Ha
paboTara.
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AHAJIN3 HA TEOMETPUYHOTO IIVTB3I'AHE IIPH
OPUKIIMOHHU BAPUATOPHU C HEHTPOUJIHU
OBPA3YBAIIIU HA PABOTHUTE NIOBBbPXHUHU

Kocmaoun Cmouukoe
TY-Cogpusi, MT®D, xam.TMM, E-mail: kks@tu-sofia.bg

ANALYSIS OF THE GEOMETRICAL SLIDING IN FRICTION C.V.T.
WITH CENTRODE TYPE CONTOURS OF WORKING SURFACES

Kostadin Stoichkov

TU-Sofia, Faculty of Machine Technology, Depart. TMM, E-mail: kks@tu-
sofia.bg

Abstract: The work concern about geometrical sliding in the
frictions C.V.T. with centrode type contours of the working
surfaces. Determinate are the parameters from what dependence
these phenomena. Find is the relationship between value of
geometrical siding and the mode centrode type contours, also and
the him alteration in the contact zone between working surfaces.

1. YBOJ

B pa6otute [1], [2], [3] e HanpaBeH reoMeTpUyYeH U KHHEMATHYEH CHHTE3 U
aHaau3 Ha (PPUKIMOHHU BapHaTOPHU MPEIaBKU C IIEHTPOHMIHU OOpa3yBallyd Ha
(PUKIIMOHHKUTE MOBBPXHUHU. TO3M THI FreOMETpUs Ha PabOTHUTE MOBBPXHUHH
¢ CIMHCTBEHHAT, KOWTO TO3BOJIIBA M3MEHEHHETO Ha IMpeAaBaTeIHOTO
OTHOIIICHWE Ha BapWatopa Ja C€ OCBIISCTBsIBA HE Ype3 IUTb3raHe, a
MOCPEICTBOM OOTHhpKaBaHE MEKIy 3BeHaTa Ha MexaHu3ma. HeoOxoaumocTra
OT Ch3JaBaHe Ha (PPUKIMOHHH BAPHATOPU IPH, KOUTO OOpa3yBallUTe Ha
(PUKIMOHHKUTE TOBBPXHUHHM, Ca IEHTPOUAM B OTHOCHUTEIHOTO CH IBIKCHHE €
obocHoBaHa B [4] u [5].

B mtupanute no-rope paboTu € JajeH TEOPSTUYHHUAT arapaT 3a CHHTE3 Ha
BBIIPOCHUTE (PUKIIMOHHU TOBBPXHUHH I10 3ajajieHa IbpBa MpeaBaTe/iHa
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GYHKIMS Ha [EHTPOMIHUS MEXaHH3bM ChCTaBEH OT O0pasyBalluTe Ha
paboTHHTE TOBBPXHHHM [2] W 1O 3agaJeH 3akoH 3a M3MCHEHHE Ha
npefgaBareiaHara (QyHkius Ha Bapuaropa [3]. B ngBere myOmKaruu
TCOPETHYHMAT amapaT € MPWIOXKEH B IMOAXOISAINNA IPUMEPU IOSCHSIBAIIN
HETOBOTO JEHCTBHE. BBIpPEeKkn 0OCTOMHOTO TEOPETUYHO ONMCAHHE U JaJCHHUTE
IPUMEPH 3a HETOBOTO MPHIIOKEHHUE, HE € pasriiefaH BBIPOCHT 3a €IHO JAPYIro
HE)KEJIaTETHO SIBJIEHUE MPH paboTaTta Ha (PPUKIIMOHHUTE BapHATOPH, & UMEHHO
rE€OMETPUYHOTO IUIH3raHe Ha MOBBPXHUHKUTE 10 BpeMe Ha padorTa.

['eOMeTpHYHOTO TIB3raHe KaTo SBJCHHE Ipu paborara Ha (PHUKIIMOHHHUTE
BapHaToOpH € pasriieano B MHoro padotu [6], [7], [8] , kaTo 3akiroueHueTO €,
ye TOBa ¢ HEOJArompHUSATHO SIBICHHE BOJCIIO IO HHTEH3WBHO H3HOCBAHE Ha
OBBPXHHHHTE, 3arpsBaHe u crnafgade Ha K.IL.Jl., kaTo B ciaencTBhe Ha BCUYKO
TOBa C€ BIOIIABAT CKCIIOATAI[HOHHUTE XapaKTCPUCTUKH Ha MexaHm3ma. Ot
Ka3aHOTO JI0 TYK SIBEH € U3BOIBT, Y€ € HeOOXOIUMO [1a CC HalpaBU aHAJIN3 Ha
T€OMETPUYHOTO ILIBh3raHe U BPb3KaTa MEKIY HEro pa3IMYHUTE IapaMeTpu Ha
(GPHUKIMOHHN BapHAaTOPH C IICHTPOMIHN 00pa3yBallly.

2. TEOMETPUYHO IIJIB3I'AHE ITPU BAPUATOP C IEHTPOUJIHU
OBPA3YBALIHU

Ha ¢ur.l e pagena cxema Ha (PUKLMOHEH BapuaTtop C LEHTPOUIHU
oOpa3yBaliy Ha (DPUKIIMOHHUTE MOBBPXHUHH. Y CTPOMCTBOTO M NMPHUHLMIIA HA
pabota ca ciuennute: DOPUKIIMOHHWTE MOBBPXHMHM Ha 3BeHaTa 1 u 2 ca
oOpa3yBaHH TIpM BBPTEHE Ha KOHTypuTe K; M Ko CBOTBETHO OKOJIO

KOOPAMHATHUTE OCH X| U X9, KOUTO Ce SIBABAT OCH HA pOTaLus Ha 3BeHara | u 2
ot Bapuaropa. Kourypure k| 1 Ky chio taka ca ¥ HEeHTpOUAH OT HEHTPOUIHUS

MEXaHU3bM, IPe0oOpa3yBalll 3aBbPTaHETO Ha 3BeHO 2 0kojio T. O B TpaHCIaIHs
Ha 3B. 1 mo ocra X;. IIpu pabora Ha BapuaTopa OT 3aJBMXBAIOTO 3BEHO |
MOCPEICTBOM CHUJIMTE Ha TPHUEHE B 30HATa HAa KOHTAKTa JIBF)KEHUETO CE MpejaBa
Ha 3aJIBIDKBAHOTO 3BeHO 2. B rmpolieca Ha W3MEHEHHE Ha IPEIaBaTCIHOTO
OTHOIIEHHE 3B. 2 ce 3aBbpTa okono 7.0, mentpougaute KoHTypu (Ki,Ko) ce

oOThpKanBaT M 3B. 1 ce mpemecTBa mo X;. B ciencrtBue or ABMXKEHHUATA Ha

3B€HATa OT LIEHTPOUJHUS MEXAHW3BbM C€ MPOMEHS MOJIOKEHUETO Ha MOJIHOCA
(r.C) Ha meHTpougHATA JBOUWIA, a OT TaM U CHOTBETHO TOJEMUHUTE Ha
KOHTAaKTHUTE PAJAyCH W TMPEJABATETHOTO OTHOIICHWE Ha (QPUKIIMOHHUS
BapUaTOP.
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®ur.1. Cxema noscHasawia 2eoMempuyHOmo niv32amne npu apuamopu ¢ YeHmpouoHu
0bpazysawu Ha PPUKYUOHHUME NOBBPXHUHU.

3a nma ce rapaHTUpa  HYJEBO TE€OMETPUYHO IUTh3TaHE € HEOOXOAUMO
IpeceyHaTa TOYKa Ha OCUTE Ha pOTalMA X| U Xo N1 JIEXKH BbPXYy TaHT€HTaTa

B TOYKaTa Ha KOHTakTa - 7 — 7 . KakTo ce Bixkaa oT ¢ur. 1 ToBa He € U3IIBIHEHO,
CIICIIOBATENIHO B TIONIOCA Ha IIGHTPOMJHMA MEXaHu3bM — T. P 3BeHara ce
IUTB3raT CbC CKOPOCT Vi, .

CkopocTra Ha Ib3raHe -Vqp MeX1y INOBBPXHUHWTE Ha 3BeHara 1 m 2
pasrnexxaana B T. C ce moiydaBa OT M3pa3bT

Vp12 =Vp1 —Vp2, (1)

kbaeTo Vp 1 Vp, ca ckopoctute Ha T. P Karo To4ka CbOTBETHO OT 3B. 1 mim
3B. 2. CkopocrraHaT. P (Vpl = rl.a)l) KaTo TOYKA OT 3B. |, KAKTO € BUIAHO OT
(urypara ce 1aBa 4pe3 paBeHCTBOTO

Ver=(h—p2)ay )

3a ckopoctTa Vpo =I.w9 OT TPUBI'BIHMKA, BKIKOYBAIL O U Iy, MOXKE Ja CE
3amulLe :

Vp2 = p2 C086.07 3)
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Cnen 3amectBane Ha (2) u (3) B (1) 3a ckopocTTa Ha IUTh3TaHE B MOJIOCA HA
IIEHTPOMIHATA JBOUIIA CE MOTydaBa

Vp12 =(h—p2 )eon — pp c0565.00. (4)

3a OOCHKa Ha TICOMCTPUYHOTO IIIB3TraHC € YIAAa4YHO Jda CC€ HU3II0JI3Ba
OTHOIICHUCTO

Vp1 -V
&p = P1 P2 ’ (5)
Vp1

KOETO M3pa3sBa B MPOLEHTU ChOTHOIIEHHUETO MEXAY CKOPOCTTA Ha IUTb3raHe U
abCoJIOTHAaTa CKOpPOCT B pasriexjaaHara Touka. Crnopen ChBpPEMEHHHTE
M3HMCKBAaHMS TOBA OTHOIICHHE HE TpsAOBa Aa Hajasumasa 20% u To B cioydaid, ue
(PUKIMOHHUTE MOBBPXHMHU Ca OT CTOMaHa M € OCUTYPEHO HEOO0XOAMMOTO
OXJaXJaHe Ha Bapuaropa. B ciydyail 4e NOBBPXHUHHUTE c€a IOJUMEPHU
cToifHOCTTa Ha & ce Jomycka B rpanunure 1% +5%.

Cnen 3amectBane Ha (1) u (4) B (5) ce nosty4aBa u3pasbT

£p = (h—p2)ax — pp cosy.p | (6)
(h—p2 )y

OT KOWTO CJIe]l eJIEMEHTApHH MPeoOpa3yBaHUs CE CTUTA 10

@y poCOSHH

. 7
o (h=p2)ay 0

cp=1

. 0,
[IpenaBaTeHOTO OTHOLICHHE HA BAPUATOPA iy, = —2=, KOeTo ydacTsa B (7),
2]
r
MOJKe JIa C€ 3aMEHHU ¢ OTHOIICHHETO — >, KBJETO fyq M Kyo ca PajdyCcUTe Ha
2
(pUKLMOHHUTE Tejla B Mojtoca Ha Bapuaropa - R, . Toukara R, nexu BBpXy
ocTa X,, ChbBIAJAIA C TAHTE€HTaTa 7 —7 , HA Pa3CTOSHUE ,, X~ OT IOJICa Ha

IeHTpouIHATa aBoMIA - T. P . [TnomaakaTa Ha KOHTaKTa B CiIyJasl € eurcara C
rojsiMa oc a —b ¥ reomMeTprUUeH EHTHP ChBIaaamI ¢ T. P.
CpobOpazHo dur. 1 Moxe 1a ce 3anuIiaT peranuuTe

er:rCl+X_COSﬂ:h—p2+X.C05ﬂ (8)
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R/2 =Tco +X.c087 — (605 + 1) = po cOsOy — x.CO8(05 + 1) (9)

y w, I
¥ MMaiiky IpeJBUJ PaBEeHCTBOTO —= = —1 cren 3amectsane Ha (8) u (9) B (7)
@ Iy,

CC CTuUra a0 u3pasbT

h— py + X.COS P2 C0SHyH
2 €086, —x.co8(05 + 1) (h— o)

sc =1- (10)

Pa3scrostHueTo ,, X [6] ce mpoMeHs ¢ i3MEHEeHHEe Ha BHHITHOTO HATOBapBaHe,
T.€. TO HE MOXE Ja ce ompenenu 0e3 Oa ce 3Hae IpeJaBaHHs OT BapuaTopa
BBpTALl MOMeHT. M3pa3sT (10) maBa Bpb3kaTa Mexay <&c M IapaMeTpuUTe
h, 02,05, 1, X , HO WUMalKu TpPEABHI, Y€ Lo =p2(6?2) 151 ,u:,u(é’z) pu
h=const u mosnara gynkuus py = po (6, ) Moxke 1a ce MOCTPOM MOBLPXHHUHA,
uneto ypasHenue nma suna F(&c,6,,%)=0.

HanpaBenure 10 TyK U3BOAM JaBaT BbB3MOXKHOCT 3a HAaMHUpaHE Ha
reOMETPUYHOTO IUTB3raHe B IOJIOCA Ha LIEHTpoMIHATa Ipeaaska. Kakro obaue
€ M3BECTHO OT TeopusATa [6], To € Haii-roimsAMO B Hal-OTHANIeUYeHATa TOYKA OT
nojroca Ha Bapuaropa -R;. B ciaydas MakCMMaqTHOTO T€OMETPUYHO ILIB3raHE
me Obae B Touka b u anamormyno Ha (10) koedunueHTsT &)y IIE ce MOTydyaBa
OT U3pasa
h— py +(x + Pb).cos P2 C0S6,

P2 €080, —(x + Ph).cos(@y + i) (h—psy) (1)

ch =1-

KOWUTO JaBa BB3MOXHOCT Jda 613,[[6 IMOJIYYCHO MAKCHUMAJIHOTO I'COMCTPHYHO
IITB3TraHC B IICTHOTO HAa KOHTAKTA.

3. HAMUPAHE MAKCUMAJIHOTO T'EOMETPUYHO IIJIB3I'AHE
IHPU ITIO3HATO YPABHEHHUE HA E/IUHUSA KOHTYP

Heka e moO3HAaT UEHTPOUIHUAT KOHTYp Ki; (B pasriexnmaHus mpuMep
JIOTapUTMHUYHA CIIHpaia) MOCPEACTBOM HETOBOTO MOJIIPHOTO YPaBHEHUE:!

py =aek? (12)

3a BreJBT L MEKIY PaguyC-BEKTOpPA M TAHTEHTAaTa B TOUKAaTa HA KOHTAKTa €
M3BECTHA 3aBUCUMOCTTA

P2
tqu=—"+2_— (13)
dpz/d6;
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3a pas3riiexIaHus ciydan T 100MBa BUaa

k6,
L =arctg ai.(ee = arctg (Ej . (14)
da.ek?2 /dg, k

Cnen 3amectBane Ha (12) u (14) B (10) ce momyyaBa ypaBHEHHUETO

1
h—a.eké'2 +(x+ Pb).cos| arct (j
( ) [ J k a.ek02 C0s6y

1- : —&p =0, (19)
ko
a.eX% cosg, — (x+ Pb).co{é’z +arctg GD (h —ae’? )

KOETO € ypaBHEHHE Ha IIOBbPXHMHA OT BHUJIA F(fb,é?z : X): 0. Tyk e ymecTHO na

ObJe HampaBeHO mojaranero X+ Pb= X, B ciencTBue Ha KOETO YPaBHEHHETO
Ha MOBBPXHHUHATA I IPUEME BUA F(fb,é?z, X). [Ipu onpeneneHn KOHCTAHTH

B ciaydas - h=50mm,a=25mm,k=05, wmoxe pga ce Bu3yaausupa
OBBPXHHMHATA, KOSTO € JajcHa Ha (ur.2

®ur.2. [logvpxuuna onpeodeniwa 2eoMempudHoOmo HNIb32aAHE  6b8
@dyHKYUs OM NONAPHUAM b (92 U pazcmosHuemo om noca Pv Ha

00 Hau-omoaneyeHama moykda 6 nemHomo Ha KOHMaxKma

Kakro ce Bmxkna ot ¢urypara &, IOCTUTA 'PaHUYHHATE CU CTOMHOCTU IPH
m3menenne Ha @, or O[rad] mo 1[rad] u usmenenue ma X or —3[mm| o
3[mm]. Cpmo Taka kato ce mMa TpemBHI TpenaBaTENTHOTO OTHOMIEHHE Ha
BapHaTopa, KOETO Ce J1aBa OT pelanusiTa
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K1 h— pp + X.COSp
Ko pP2C0SOy — X.CO8(6, + 1)

/o1 = (15)

ClIell 3aMECTBaHE C IIO3HATUTE IIapaMETpPU C€ II0JydyaBa M3MEHEHUETO Ha
IpeaBaTeIHOTO OTHOIIEHHWE BBB (yHKIUS OT aprymeHture 6, u X,

npejcTaBeHa Ha ¢wur. 3.

®ur.3. Mzmenenue na npeoasamennomo omuouenue na eapuamopa b, ,, 6ve

¢yHKZ/ﬂ/l}Z Oom NOJIAAPHUAM B2l 92 Uu pascmosinuemo Meofcay noJjrocume Ha sapuamopa

u ueHmpoudHuﬂm MEXAHUIBM

CbBMECTHUAT aHAJIU3 Ha TOBBPXHUHUTE OT ¢ur. 2 u ¢ur. 3 mokaspa
ClIeHOTO: JlOCTMraHeT0 Ha MAaKCUMAaJHO JONYCTUMHUTE CTOWHOCTH Ha
TEOMETPUYHOTO TTh3raHe (¢pur. 2) craBa Mpu U3MEHEHUE Ha MPEAABATEITHOTO
OTHOILICHHE Ha Bapuatopa I, ,, oT 0,3 mo 1, KoeTo mokasBa, ye JHAMa30HBT Ha

perynupane € 3. Karo ce uma mnpeasuja, 4ye IMana3oHUTE HA pEryjIupaHe Ha
CbBPEMEHHUTE BapuaTopu ca okono 10 Bapmaropa pasriieaH B HacTOAIIATA
paboTa e ¢ KpaifHO HEeJJOCTaThUYCH 3a OOIIUAT CIyyald Juana3oH.

CrnpaBeyIMBO € /a c€ OTOENEXU ChIO, Y€ € MKENaTesIHO MPeAaBaTeIHOTO
OTHOLIEHWE Ja C€ M H3MEHS, Taka 4Ye Ja C€ pealu3upa M PEeAyKLHs, H
MYJITUIUIMKALMS Ha BXOJSIIATa BIJIOBA CKOPOCT, KOETO B PA3MJICKIAHUS CITydail
€ HEBB3MOXKHO.
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4. I3BOAU

HacTtosmaTa pabota € ecTecTBeHO Mpoab/keHue Ha padotu [1], [2], [3] xaro
HEOOXOJMMa YacT OT TICOMCTPHYHMS CHHTE3 M aHalu3 Ha (QPUKIMOHHU
BapUaTOPHU ChC LIEHTPOUTHN 00pa3yBalllH.

M3BeieHUTE 3aBUCHUMOCTH W JAJCHUAT MPUMEP COYaT, Ye MPU BBIIPOCHHUTE
BapUaTOPU TE€OMETPUYHOTO TUTh3raHe OCTaBa HepeleH mpobiaeM. OcBeH ToBa, 3a
IIOCOYCHHS MPUMEP C€ BHXK/A, Y€ TPAHUYHHUTE CTOMHOCTH HA FCOMETPUYHOTO
IUTh3TaHe 3HAYUTEITHO (32 HAKOM CIyYad U HEeOMyCTUMO) CTECHSIBAT JMana3oHa
Ha peryJupaHe.

Cnen ka3aHOTO N0 TYK € CHOpaBeIIMBO o0ade na ce OTOelIexu, dYe
HApaBeHUTE aHaIM3M Ce OTHACAT caMO 3a CIUH MpuMep —oOpasysaina,
Je(pUHUPaHa KaTo JOrapuTMHYHA CITUpaJa.

[To-HATATBIIHUTE TEOPETUUHHU U3CIICIABAHUS € PEIHO Ja ObJAaT HACOYCHHU KBbM
BBIIPOCA 32 HAMUpPAHE Ha JIPYTH IICHTPOUJHM OOpa3yBallld KPWUBH, MPU KOUTO
Te€OMETPUYHOTO ILIB3raHe Jia Objie HaMaJIeHO, KOETO I MO3BOJHU peallu3upaHe
Ha MO-TOJICMHM JIMaNa30H| Ha peryInpaHe.
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SMOOTHING THE ROUGHNESS OF STEEL ST 304
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Abstract: The paper is aimed to experimental study and analysis of
the micro milling laser technology capabilities for manufacturing
and follow surfaces roughness improvement by cleaning and
smoothing. The study was worked out of the case of steel ST 304.
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1. BBBEJIEHUE

JlazepHoTo MHUKpO (hpe30BaHEe € HOBa U OBP30 pa3BuBaila ce TexHoorus [1].
[IponiechT Ha JyiazepHa 00pabOTKa ce OCHOBaBa Ha ()EHOMEHA Ha JIa3ePHOTO
OTpa3siBaHe, KbJACTO MAaTEPUATBT € U3JI0KECH Ha BUCOKO(POKyCHpaHa, UMITYJICHA
Ja3epHa cBeTyiMHA. [lopaay BUCOKAaTa CH €HEPrHifHA TUTBTHOCT JIA3CPHUST JIbY
HarpsiBa MaTepuaia J0 MHOT'O BUCOKa TEMIIEpPaTypa, MpU KOETO MaJbK 00eM OT
HEero ce u3mapsBa MoMeHTanHo, ¢wur.l. [IpemaxBaHeTo Ha Marepwana 4pe3
00X0KIaHe Ha MOBBPXHOCTTA [0 TO3W HAYMH € MHOTO CXOJHO ¢ OOMKHOBEHUTE
MeTOIH 32 00padoTKa.

(Ababr umnync) (KpaTtbKk mmnync)

AGcopbupana ceeTauna

E 3
Harpasane

PasronasaHe u M3napaBaHe

MNpemaxsane

MNnasmen crenb MpemaxHar matepuan
NosbpxHocTHI Naasmen cToab

ocTabym

Mpepabotena dpopma

YaapHu 8vaAHN

3acerHara o

TOMNANMHATA 3043 HaTHHI Hamanena
-

Jacernara or
TONANHATA 30Ha

®@ur. 1. Cxema na nazepua obpabomka

HMmnyncsT Ha Ja3epHaTa CBETIIMHA € OCOOEHO Ba)KEH 3a KayecTBOTO U
CKOpocTTa Ha oOpaboTkaTa Ha Marepuana. Beue mma paspaboTeHU nazepu ¢
UMITYJICH Ha CHUTHaJIa OT Topsabka Ha (emTocekyHau. KoimkoTo mo-ronsm e
UMITYJICBT Ha JIb4a, TOJKOBAa MO-OBp30 1€ ce 00padoTBa Marepuasna, HO
NOJTy4eHaTa TOBBPXHOCT IIle OBbJe ¢ MO-JIOMOo KayecTBo. B MHOrO ciryuam mma
JOIBIIHUTEITHN M3MCKBAHMS 3a TPANaBOCTTa Ha 00pa0OTEHHWTE MOBHPXHUHH U
Clle[] Ja3epHOTO TMpeMaxBaHE HA MaTepualia Ce Hajarar JOMbIHUTEIHH
00paboTku 3a mogoOpeHueTro WM. TeXHHKUTE 3a MOJ00psBaHE Ha Ja3epHO
(dpe3oBaHa MOBLPXHUHA MOTAT Jla ObJAT IPYIMUPAHU B JIBE OCHOBHU KaTCTOPHH.
[IppBaTa rpymna BKJIIOYBA TEXHUKHM 3a ToOcleqBaiia oOpabOTKa MOYMCTBAHE,
HApUMep YATPA3BYKOBO IOYMCTBAHE W JCOKCUAANMS dYpe3 OailBaHE WIN
CIICKTPOXMMUYHO TonupaHe. KbM BTOpara rpyma ce OTHACSIT TEXHUKHUTE 32
MAIlMHHO TMOA0OpsiBaHE Ha TOBBPXHMHATA, KBM KOHWTO CE€ OTHACA H
pasriexmaHoTo B Ta3su paborta jnasepHo moaupane (Laser Polishing) [2-5],
M3BBHPIIBAHO HA CHIIUTE MAIIMHU, HA KOUTO CE€ U3BHPIIBA MUKPO (ppe3oBaHe.

[IpakTrueckara gactT OT HacTosmara padorta € oOpadboTkata Ha cromaHa ST
304, xaTo 3a/mayara € yCTaHOBSIBAHETO HA ONTUMAJIHU NTapaMeTpH Ha Mpolieca 3a
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NOCTUTAaHE Ha HAW-TOJMSIMO TOHW)KAaBaHE Ha TpamaBOCTTa HA HW3CICABAHHUS
Matepuain. OOpaboTkaTa 1€ c€ H3BBPIIM Ha MallMHa 3a JIa3€pPHO MHKPO
dbpe3opane Lasertec 40.

2. JASEPHO IOJIMPAHE

HepaBHocTUTE © TrpamaBoCTTa IO TOBBPXHOCTTa WM IO 4YacTH OT
MOBBPXHOCTTA Ha JIeTaijla OKa3BaT CUJIHO BIUSHUE BHPXY HETOBUTE CBOMCTBA U
GYyHKIUH, BKIIOYUTETHO U3HOCBAHE U YCTOMYUBOCT HA KOPO3USl, TPUOOIOTUIHH
CBOMCTBA, ONITUYHH CBOICTBA, KAKTO M BU3yaJHAaTa MpPECTaBa KOSTO Ch3/laBa y
norpedurens, ur. 2.

®ur. 2. Jlazepro noaupara nogbpPXHOCm

BvB ¢opMoBaHeTO, u3pabOTBaHETO HA JETAWIM M Pa3IUYHH BUIOBE
IPOJIYKTH, MOJUPAHETO 4YECTO € IOCJeIHaTa cThlka 3a o0paboTka — B
aBTOMOOMJIOCTPOECHETO, MALTUHOCTPOEHETO U MHOTO JIPYTH CEKTOPH OT JieKaTa U
TEXKa MPOMUIIIEHOCT, 32 Ch3JaBaHe Ha MEIUIUHCKA MHCTPYMEHTH U JOpH 3a
Xamnyera ¥ HSAKOM BHUJOBe XpaHH. [lonnpaHuTe MOBBPXHOCTH TpsiOBa 1a ca 0e3
3aMbpCSIBAaHUS U J1a Ch3/1aBaT MUHUMAJIHO TPUEHE WU CICTUICHUE.

be3 cbMHeHHe nMa MHOTO-TOJIsIMa TaMa OT MEXaHUYHU MAIIMHHU 34 MOJIUpaHe,
HO Ha MpakTUKa T€ MOraT Ja Ce€ M3I0JI3BaT CaMO 3a CPABHUTEIHO MPOCTH
reOMeTpUYHU MOBBpXHOCTH. Koraro ¢opmaTta € Mo-CIOXKHM WIH ca HaJIUIE
TPYAHO IOCTHIIHM YacTH — KAKTO YECTO C€ Clay4yBa C IMpUIOPMUTE 3a
TUTACTMACOBH M3/ETHUSl — SAMHCTBCHUTE BapHAHTU Ca PHYHO WU aJITEPHATHBHO
HOJIpaHe.

HoB meTon 32 aBTOMaTH3UpaHO MOJIMpPAaHE HAa METAIHA U HEMETAIHH JIeTalin
€ IMOJIMPAHETO C JIa3epHO JbUYCHHE. 3a pasiMKa OT KJIACHYECKUs MpoLecC, MpH
KOMTO 3a MOJHMpaHEeTO ce MpeMaxBa MaTepuai upe3 Ilaidane, mpouechT Ha
Ja3epHO TMOJUpaHe He BKJIIOYBA HUKAKBO MpEMaxBaHE HAa MaTepHall, HUKaKbB
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JONUp C MHCTPYMEHTa OT KOETO Clie[iBa Y€ HE CE MOJy4yaBa M MEXaHUYHO
HaTOBapBaHE BbpPXY 00paboTBaHATa MOBBPXHOCT.

JlazepHOTO MOJIMpaHE € OTHOCUTEIHO MPOCT MPOLEC, HO MPHJIATAHETO MY Ce
BB3MPEISATCTBA MOPaAl TPYAHOTO MOCTUTAHE HA 3aJJOBOJMTEIHU PE3yIATaTH B
CIICZICTBHE Ha CJIOXHUTE SBJICHHsI, KOUTO BH3HUKBAT M0 BpeMe Ha oOpaboTkaTa.
[IpouechT mnpeacraBiasiBa NOBBPXHOCTHA 00pabdOTKa, MO-TOYHO KAa3aHO
NOBBPXHOCTHO pAa3TONSIBAaHE HAa MHUKPOM3JATHMHM C TIOMOINTAa Ha Jia3epHa
e”eprus. Cien Kato ce pa3Tonyu Marepuaia ce OTJIMBAa B MUKPOBUIbOHATUHUTE
OT chlaTa MOBBPXHOCT U TU 3ambJiBa. [1o TO31M HauMH ce 3a0ensa3Ba ye UMalKu
HayaJHa BUCOKA IpanaBoCT Ha MOBbpXHUHATA (¢ur.3.a), ciaes pa3TONsIBaHETO Ha
TBHBK CJIOM MaTepuajg MOXe Ja C€ MOIy4Yd 3HAYUTEIHO NOA00psBaHE Ha

MUKPOICOMCTpPHUATA Ha CJI0S — HaMaJIABAHC Ha HCIOBAaTa I'pallaBOCT ((1)1/11“36)
{

s

.
A

(a)
®@ur. 3. IIpoghun na nosvpxnocmma: npeou (a) u crneo (6) 1azepro noaiupare

Ha mbepBO MsicTo, B mpolieca Ha MOJHMpaHe, € BaXKHO €HEPrusAra J1a 3acerHe
camMO MaTepuajia OT 30Hara 3a 00pa0oTka, TOECT MPOPUIHHUTE
MUKpPOHEpPAaBHOCTH, TBHH KaTo TIpolieca HsIMa 3a IeJl TMpoMsHa Ha
MaKkporeoMeTpusiTa Ha JeTailna. ToBa 3HauUM 4ye HaAMaJIEHO KOJIMYECTBO EHEPIHUs
TpsiOBa 1a ObJle KOHIIEHTpUpaHa B 30HaTa 3a oOpaboTka 3a Ja ce u30erHe
npoMsiHa Ha paboTHaTa GopMa (B cilydail Ha ThbHKOCTEHHU Jerainu). Ot apyra
CTpaHa IMpEeKaJeHO BHCOKaTa €HepruiiHa IIBTHOCT (OMM3Ka A0 Ta3W 3a ps3aHe
WIM 3aBapsiBaHe) OW yBeNIMYMIIa TBBPJAE MHOro JebennHaTa Ha maTepuasa 3a
pa3TorsiBaHe U JOPH € Bb3MOXKHO Jla U3Mapy HEHYHO 4acT OT HEro.

CraBa $5ICHO, Y€ OCHOBHHUAT TapaMeThp KOWTO TpsOBa da ce cilemu e
KOJIMYECTBOTO €HEPTHs C KOETO ce 00bYBa MaTepuasa B 30HaTa 3a 00padoTKa.
Ta3u eHeprus 3aBUCH OT JBa OCHOBHH (pakTopa:

CkopocT Ha NpUABMKBAHE HA JIa3ePHMA JbY — IIPU BUCOKU CKOPOCTH HA
NpUJIBUKBAHE, JIbYBT MOKPHUBA TOJIIMO MPOCTPAHCTBO OT paboTHATa 30HA, OT
KOETO CJIe/IBa, Y€ MOBBPXHOCTTA c€ 00IbYBA C MMO-MAJIKO KOJIMYECTBO €HEPTHUs U
Cce 3aTOIUIS MO MAJIKO.

EHepruiiHa mIbTHOCT HA JIbYa — 10 CBOSITA CBHIIHOCT, C€ Pa3/eyisi OCHOBHO
Ha JiBa TapaMmeThpa:

- OOmra MOIIHOCT — MOIIHOCTTa KOHIIEHTPUpaHa B JIb4a, KOSTO MOXE J1a
OB KOpUTHpaHa Ype3 MpoMsiHA Ha UHJEKCa OT TeHepaTopa.

- JlmameThp Ha JTbUYA — WM TUAMETHP HA TOYKATa HA JIa3€PHUS JIbY, KOSTO
OCHOBHO 3aBHCHM OT THNAa Ha Jlazepa U  (HOKYCHOTO pa3CTOSHUE.
PasnpenenenueTo Ha eHeprusita ce€ OMpEeNs OT JIa3epHHUs PEeXUM Ha padora,
KONTO 3aBHCH OT TUIIA HA T€HEPATOPA.
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B mporieca Ha monmupane, ¢ 1€ Ja ce u30erHe pa3TOIsIBaHETO Ha TBBPC
JTBIOOK CJIOH, KOJMMYECTBOTO EHEPTHs BBPXY IMOBBPXHOCTTa 3a 00paboTKa
TpsiOBa na Obme pemyuupano. ETo 3amo ckopocTTa Ha Ja3epHUS ThU €
MaKCHMHU3HpaHa, KOETO BOJIH JI0 HaMallsIBaHE Ha paOOTHOTO BpeMe 3a 00paboTKa
Ha u30paHus ydacTbk. Cxemara 3a oOpabOTKa MpencTaBiisgBa MOCIEI0BATEITHO
CKaHHpaHe Ha TTOBBPXHOCTTA KaKTO € IMOKa3aHo Ha ¢ur.4.

Ot npyra cTpaHa cjen KaTo MpouechT Ha paboTa ce yCTaHOBH, Bb3HUKBAT
JIB€ Bb3MOXKHOCTHU: HaMaJIIBaHE Ha MOIIHOCTTA WJIM YBEJIMYaBaHE HA TUaMeThpa
Ha Jla3ep-HaTa TO4YKA. [e3W JBa BapWaHTa HWMaT €IHAKBB €(EKT, TOecT
eHepruiiHaTa IIbTHOCT HaMaJsiBa, UIMAWKU B TIPEABUI TPAKTUICCKUS aCIIEKT Ha
oOpaboTkara. Ako u30epeM BapuaHTa 3a YyBEJIMYaBAaHE Ha JUaMEThpa Ha
Ja3epHaTa TOYKa, MOXeM Ja oOpaboTBame N0 TOJsMa MOBBPXHOCT OT
MaTepHuaa 3a eJMHUYCH X0/ Ha JlazepHus Jby. To3u (akT € BaxkeH, Thil KaTo 3a
I'BJIHOTO TIOJIMPAHE Ha JajJieHa TMOBBPXHOCT € HEoOXOJIMMO HacjarBaHe Ha
I'BTHUIIATA 110 KOUTO CE JBMXKH JIazepHus Jb4. OT TOBa c€ BIK/A, Y€ KOJIKOTO IO
roJIsSIM € TMaMeThpa Ha JIa3epHUST JIbY Ha TOBBPXHOCTTA 332 00paboTKa, TOJIKOBA
noBeYe HaMassiBa paOOTHUSAT BT HA J1a3zepa 3a 00paboTBaHe, KaKTO € MOKa3aHo
Ha ¢ur.5.

Nasepen nuy
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3a MOMEHTa HMMa JIBa MEXaHHM3Ma, KOMTO CIYXaT 3a MOBBPXHOCTHOTO
Monu(puLrpaHe NOpu Ja3epHOTO mojupaHe: [IOBBPXHOCTHO IUIMTKO TOIEHE
(Surface Shallow Melting — SSM) u [ToBbpxHOCTHO TpeTonsBane (Surface Over
Melting — SOM). [IpuHIMIIBT 32 BCEKH €MH OT JIBaTa MEXaHH3Ma Ce€ OIpPees
OT KOMOMHALMATAa MEXKIY MOIIHOCT U CKOPOCT Ha JIa3epHUS b4, KAKTO U OT
HavayiHaTa rpamaBoct (Ra) Ha moBBpPXHUHATA TIpean 00padoTKaTa.

IIoBbPXHOCTHO IUVIUTKO TomeHe. Hapuya ce miuTKO Mopagu TOBa 4e ce
00paboTBa MOBBPXHOCTEH MPO(UI OT pabOTHHUA MaTepuan, KONTO MoOxke Ja
Oblle BUISH CBC CKaHupall enekTpoHeH Mukpockon (CEM), chabpixail
MUKPOBATBOHATUHU U MUKpou3aaTuHu. Koraro nasepeH Jb4 € JOCTATHUHO
CHeprusi € HaCOYCH KbM MOBBPXHOCTTA, MUKPOU3AATUHUTE OBP30 JOCTUTAT IO
TEMIIEpaTypa Ha TOIIEHE.

AKO CKOpOCTTa Ha JBMKEHHME HA JIA3EpHUS JIbY € JOCTaThbUHO rojsiMa, ToraBa
ce pasrans ThHBK CJIOM MaTepuain. To3u CTONEH MaTepuai Ile Ce CTe4e B
MUKpPOBAIBOHATUHUTE TOPaJAd HAKIOHA, IOBBPXHOCTHOTO HANpPEKEHUE U
cuiiata Ha TexkecTTa. [1o To3u HauuH 11e ce MoIy4yHd HaMallsiBaHe Ha npoduia Ha
BHCOYMHA U 1bI00YHNHA HA MUKPOI€OMETPUATA HA TOBBPXHOCTTA.

3a mpuMep MOXe Jja c€ B3eME€ METaJHO-CHUHTEPOBaHA MOBBPXHOCT, KOSITO €
CbCTaB€Ha OT c(depu, OOCAMHEHH OKOJIO CpPEAHUS CH JAHAMETHp, KOWTO €
CKBUBAJICHTEH Ha HAYAIHMUS Tpax (CypoBus marepuan). MUKpOU3ZATUHUTE CE
SBSIBAT KaTO TOpPHATa 4acT OT cdepure, a MUKPOBUTHOHATHHUTE CHBIAIAT C
IPOCTPAHCTBOTO 00pa3yBaHO MEXIY TAHTECHIIMAIHU CHEPH.

®ur. 6. Cxemamuuno npedcma@ﬂne Ha npoyeca HA NOB8bPXHOCNTHO NJAUMKO nionene

Koraro mazepHuar b4 TMOMaJHE BBPXYy pabOTHATa MOBBPXHOCT,
MOBBPXHOCTTA, BKJIIOYUTEIHO U BBTPEIIHUS AHaMEThp Ha chepuTe JAOCTUrat
TeMreparypa Ha TorneHe. Cien KaTo 3alovHe Mpolieca Ha TOINEHE, Pa3TONEHUs
MaTtepuall ce€ CTMYa OT ropHaTa 4acT Ha cdepure KbM MHKPOJICIPECHUTE,
U3paBHsABANKK Tpoduiia HA MOBBPXHOCTTA KAKTO CXEMAaTHYHO € MOKa3aHO Ha
¢ur.6. ot 1 1o 4.

IHoBbLpXHOCTHO NpeTonsiBaHe. AKO paOOTHATa CKOPOCT Ha JIA3ePHUSAT JIbY
Ce HamaJM, TOTaBa IIe C€ MOJyYH MPETOIUIsTHE Ha paboTHATa MOBBPXHOCT. B
pe3yaTaT OT TOBa IlIe MUMaMe€ IbJIHO CTOMSBAHE HA KOHTAKTHATa MOBBPXHOCT,

¢ur. 6.
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Havanua rpanasocr
Monupana nosbpxHoCT HA NOBBLPXHOCTTA

MNperonen cnos
[SRCSTHATE BT TOMHETS G0

®ur. 7. Cxemamuuno npedcmaeﬂﬂe HA npoyeca Ha NO6bPXHOCMHO npemonAieaHe

[Ipy MOBBPXHOCTHOTO IUIMTKO TOIEHE TpamaBOCTTa CE HaMalsiBa KaTo ce
YBEJIMYU CKOPOCTTa Ha 00paboTKa C ya3epa. AKO HaMaauM CKOPOCTTa, BPEMETO
3a B3aMMO-JICUCTBHE MEXIYy Ja3€pHUAT JTbY M MOBBPXHOCTTA CE YBEINYABa,
KOETO BOJU JI0 MOBBPXHOCTHO NPETOMSIBAHE, W JOPU MOXKE Ja IOBEIe [0
yBeJIMYaBaHE Ha rParaBoCTTa.

Kakto e moka3aHo Ha Qur.8, IBWKEHHUETO Ha JIa3epHUS b4 IMPUUMHSBA
IPOTUYAHE Ha PA3TONEHMsI MaTepuai, KbM BTBBPACHUSA (PPOHT, KOETO OT CBOS
CTpaHa ch3JaBa Moji00ue Ha BBIHU. T03U (PEHOMEH € MPUUMHEH OT pa3juKaTa
MeXy 00J’bUBaHATa U KpUCTAIM3MpaIaTa 30HU, B Pe3yiTar OT JBHKEHUETO Ha
Ja3epHUS JTIbY.

Nazepenaw

g Lo S
Havama rpanasoct TpasHEHT ' pae. P ofpabomka | g
Ha pal. NeBbPXHECT &8
\ FP3agHEHT Ha NoBBp-
—d 5 { T OpoHT Ha ETELPATEAH YHOCTHOTO HANPeKEHH
e A~ hny
(= =
e
FpasnTauna & TewHoCT
Q"_.u
MATEPHAN —

®ur. 8. Cxema na evmpewnume HanpelceHus

JApyr mnoBBPXHOCTEH (PeHOMeH. AKO TOJHPAHETO € CBhIPOBOJAEHO C
IPUCHCTBUETO HA KUCIOPOJ, MOJ ONPEACIIEHO HAIATaHE, MATEPUATBT B 30HATA
3a pa3ToNsBaHE MMa JOCTaThYHO BpeMe Ja pearupa u aa chopmupa CTaOUIHU
okcuau. I1o Bpeme Ha BTBBPASIBAHETO € BB3MOYKHO TE€3U OKCHJIU /1A CE U30JIMPAT
KbM (pOHTa Ha BTBBPJSBAHE W Ja 3acerHAT MpoMsHaTa Ha MOBBPXHOCTTA,
MopaJl HUCKATa IUIBTHOCT HA TE€3UW XHUMHYECKH cheauHeHus. Olle mnoBeue,
nudy3usaTa B TEYHOCTUTE C€ W3BBPIIBA MHOIO ObBp30, MO3BOJISIBANKU
chopMHUpaHETO Ha OMNpPEACIICHH OKCHUIU, B 3aBHUCUMOCT OT TemIeparypara u
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YaCTUYHOTO HaJsiraHe Ha Kuciopoaa. B pesynrar ce ohopMmsAT CpaBHHUTEIHO
J'BJITK 30HU MaTepuai, BbB BTBBPIACHOTO BEIIECTBO OT OCHOBHHSI MaTepual.
[Topanu chopmupanuTe €HTPONMHM OKCHIWUTE MpHemaT Ta3u ¢Gopma, KOATO IO
KbCHO IPEICTABIISIBA 11O IJ1a/IKa MOBBPXHOCT, OTKOJKOTO OCHOBHATA MAaTpUlia OT
Matepuana. B To3u cMHCBHI OKCHUIUTE TIoMarar 3a HamaliiBaHEe Ha rpanaBoOCTTa
Ha MOBBPXHOCTTA.

OcHo8HU mexHO02UYHU napamempu Ha npoueca. Ilpu na3epHOTO
TIOJIUPAHEe OCHOBHHUTE €JIEKTPO-TEXHOJIOTHYHU TapaMeTpH 3a paboTa ca CXOHH
C T€3W Ha OCTAHAJIMUTE Ja3epHU 00paOOTKH, KAaKTO ca MPEICTaBEHH 110 HAI0Y:

- IopaBaTenHa ckopoct (Va)

CkopocTTa Ha JBWKCHHE Ha JIa3epHAaTa IIaBa, KbM paOOTHATa MOBHPXHOCT,
u3pa3eHa B JIMHEHHO/CKOPOCTHAa 3aBHCUMOCT, Hal-uyecTo MM/MUH. To3u
mapaMeThp € MIpKa 3a CKOpPOCTTa Ha 0o0paboTKa W OIpeneis BpeMeTo 3a
B3aMMOJICHCTBHE MEKy M3TOUYHUKA Ha TOTUIMHA U paboTHATa MOBBpXHOCT. [Ipu
MaJKd CKOPOCTH, JjeOelrHaTa Ha TEPMUYHO 3acerHaTHsl MaTepuail ce
yBEJINYaBa, IOKATO MPH 110 TOJIEMH CKOPOCTH €PEKTHT € CaMO IMOBBPXHOCTEH.

- EHeprus Ha o0.1bUBaHe

ToBa € OTHOIICHHETO MEXIy CHEprusiTa Ha Ja3epHUAT b4 (OOMKHOBEHO
u3MepeHa B JDKAyJM WM BaTOBE) M BpEeMeTO (M3MEPEHO B CEKYHJIH).
[lnbTHOCTTA Ha MowmHocTTa (Qp) Ce mM3pasdBa KAaToO OTHOLICHWE Ha

KOHIECHTPALUATA HA JIA3EPHUSAT JIbY U IIOBBPXHOCTTA [VV/ cm2] .

- MOKYyCHO pa3cTosiHue (X)

[IpencraBisiBa mo3uumsTa Ha (OKyca, B pa3CTOSIHUETO OT paboTHara
HOBBPXHOCT JI0 TOYKaTa Ha (OKycupaHe, KBbAETO JIa3epHUAT JbY €
KOHBEPI'€HTEH.

To3u mapamersp onpenens KOHLEHTpauusATa Ha €HEprus, KOSTO C€ JOCTHra
0 paboTHATa TMOBBPXHOCT. AKO OTAEIHHW, NpPaBU U HAMPEYHU CEKUUU OT
Ja3epHUs JIbU C€ pa3rpaHuyar Mo AbJDKMHATa My, MOXKeE /1a ce 3a0eliexKu ye Hail-
rojsiMata €HepruiiHa KOHUEHTpALKs € ChCPEeIOTOYEHa B 30HATa pasMojioKeHa
OKOJIO TOouykara Ha (okycupaHe. Biemaiiku B mpeaBuJ M3UCKBAHUATA Ha
npoiieca, (oKycHaTa TOYKa C€ M3MECTBa OT paboTHaTa MoBBpXHOCT. Korarto
Ja3epbT € (POKyCHpaH TOYHO HAa MOBBPXHOCTTA, €HEPIHsiTa KOATO IOCTaBs €
MaKCUMAaJHO KOHIEHTpHpaHa HAa MMUHMMAaJIHa TOBBPXHOCT OT paboTHATa 30Ha,
KOETO BOJM JI0 NPEKAJEHO 3aTOIUIIHE M JIOpHM M3MapsiBaHE HAa Marepuana. 3a
npoleca Ha JIa3epHOTO MOoJIMpaHe (OKYChT MOXKE Ja C€ M3MECTBa KAaKTO B
MOJIOKHUTEIIHA TOCOKa (Haa paboTHAaTa MOBBPXHOCT), Taka W B OTPHIlATEIIHA
nocoka (1moj; paboTHaTa MOBBPXHOCT), Gur.9.
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®@ur. 9. Jlazepro muxpo ppeszosane (1), 1azepno noaupawe ¢ Goxyc Hao
obpabomearnama nogvpxuocm (2) u noo ues (3)

- T'a30BO Ha/IsATaHe

Bcexkn na3zepeH mpolec M3I0J3Ba Pa3IMdYHU BHUJIOBE Ta30BE, KOUTO HMAaT
OTJIMYUTENIHA pOJIs 3a Mpoiieca Ha oOpaboTka. PaznmuyHu BUJOBE MOMOIIHU
ra3oBe, KakTO M ra30BETE OT MpOolieca C€ HAMUPAT IO MPOTEKEHUE HA JIA3EPHUS
abp4. B 3aBUCUMOCT OT mpolieca U Marepuana KOWTo 1me ce o0paboTBa, ra3bT
MOXKe Jla ObJIe aKTHBEH, KaTO KUCJIOpPOJa, WM MHEPTEH ras, KaTo aproH Wid
xenui. KucinopoabT ce u3Moi3Ba NpU psi3aHe Ha METald, OCHOBABAaIlld CE€ HA
€K30TEpMUYHU PEaKIMU, KOUTO YJIECHSBAT Ipolieca Ha ToneHe. B To3u ciydait,
ra3oBOTO HaJIAraHe OKa3Ba BJIMSHUE HA M3TETJITHETO HA Pa3TONCHUAT MeTal. B
JIpYrd ciiydau, UHEPTeH ra3 Moxke Ja ObJe H3MOJ3BaH 3a Ja Ce€ MOJIy4H
paszieneHue MexJy 30HaTa 3a 00paboTKa M BBHIIHATA CPEJa, MPU MOCTOSHHO
KOHTPOJUPaHU pabOTHU yCI0BUA. TakbB € U cllydasi C JIa3epHOTO MOJIUPaHE.

Ananumuuen mooen nHa npoyeca. Hexka na B3eMem 3a mpuMep MOJI€NIa HA
METaJHO - CHHTEPOBaHA MOBBPXHOCT, CXeMAaTUUHO MpeicTaBeHa Ha ¢ur. 10.

NasepeH novM
o2 o] \ 3 T
// O N ™ =
/- B 4 N | N
] ,/ \ \\ / \\
| / \‘ \\ \
\\»_ v" \ _’/—/ B "‘\ - =
- | ¥ i o USSR o
% | Lt

a) cxema mna cgepuuna nosvpxnocm ©0) cxema Ha NOBLPXHOCMMA CleEO
npeou 1a3epHOmo 8b30eliCeue 6bpxy Hes  Kamo 1d3epvbm e pa3monui Kynoaume Ha
cghepume
®ur. 10. Cxemamuuen mooen Ha MemanHa — CUHMEPOBAHA NOBLPXHOCT
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[Ipu Hero mpuemame, 4e MOBBPXHOCTTA € ChCTaBeHa OT cepu oOeqMHEHU
OKOJIO CpEIHUS CH JAUAMEThp, KOWTO MpHeMaMe 3a €IHAKBB MO MOBBPXHOCTTA.
MuKpou3gaTUHUTE ce sBsBAT KaTo TropHata 4acT oT cdepure, a
MHUKPOBUILOHATUHUTE Ca TMPOCTPAHCTBaTa OOpa3yBaHM MEXAYy BCEKH TpHU
TaHTeHIMAJTHU cepu. MoaensT uMa 3a 11el Ja AeTepMUHUpPa HOBOCh3/la/leHaTa
Mop(doyiorusi Ha MOBBPXHOCTTA OT PA3TONEHHUTE MONTychEepH U 3aIbIIHEHUTE
y4acThIH.

[IbpBaTa cThIKA € Ja HAMUIIEeM CHIIMHCKOTO YpaBHEHHE 33 CHEPIHUHUST
Oamanc (1), B3emailku B TpeaBHJ MOBBPXHOCTHOTO pAa3TOMSIBAaHE U
IPETOIJISTHETO B CJIEACTBHE HA MOTOKA OT €Heprus (T.e. CTAlMOHApHUS Ja3epeH
ap4). EHepruiiHusaT GanaHc € M3pa3eH B YCIOBHMETO Ha pa3TONEHUs 00eM OT
enHa nonycdepa VMeLT. HyxHo e na ce mpencraBat aBarta napamerspa f; u fo

(mokazanu Ha ¢Qur.11.a) 3a mpecMmsiTaHe HA OTHOLIEHUETO MEXIYy oOema Ha
TEPMHUYHO 3acerHaTusi mMarepuan noj jasepHus ap4 ( f;) m oOmmsaT obem ot

34arpCTH U Pa3TOIICHHU HOJ'IYC(bCpI/I OT AT| CaMoO 3a IIOBBPXHOCTTA, IIPCACTAaBCHA C
fy.
P(1- EH) *Alyreraction = [psCPsATr, ' fl + (p,}L + pchzi“Tr) ' j: ] 'YMELT (1)

bt | taa

-

D

L‘-\.SER (') )

4-R;

PARTICLE

fo 0, * Alreracrion 1

1 R

E’ARTIC']_E

BpemeTo, mpe3 koeTo ABMKEUIHS ce Ja3epeH b4 Bh3AecTBa Ha chepuyHaTa
MOBBPXHOCT, € ONPEICICHO OT HETOBUS JUAMETHD HA BH3JICHCTBHE U CKOPOCTTA
Ha CKaHUpaHe, IPEeACTaBeHO B ypaBHEHUE (3).

D
At LASER {4 )

INTERACTION — v
TRAVERSE

To3u u3pa3 ¢ MHOro A00po HpuUOIMKEHHE TOKa3Ba BPEMETO, 3a KOETO
CTAllMOHAPHUAT JIa3epeH JIbY 3arpsiBa cepuyHaTa MoBbpxHOCT. B Tabdn. 1 ca
IpeCTaBEeHU BCUUKHU MPOMEHJIMBU U3I0JI3BaHU B TOPHUTE YPaBHEHHUS.

O6eMbT TIONycdepu u3pazeH upe3 GyHKIUS HA BHUCOUMHATA Z, U3MEPEH OT
BUCOYMHATA HA cdepaTta 10 Oa3oBaTa paBHUHA, € MPEICTABCH C ypaBHeHUE (4).
AKO TO3W u3pa3 ce MpupaBHU KbM VMELT, OT ypaBHenue (1), Torasa
IbI00YMHATA HA CTOMSIBaHE Zp,, MOXKE Ja ObJe HM34YMCICHAa KaTo ce peu

KyOWUYHHS TIOJTMHOM 32 Z.

Vep(z2)==17" (3R -2) (4)

)| =
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Taba.l. /Jepunuyus u o3nauenus Ha u3NoI36aHumMe
8 YpasHeHUuama npoMeHIusU

MpomeHnuea OedunHnuma
P NaszepHa MowHoOCT
R Kodp. Ha oTpakenune
Ps MnbTHOCT Ha TBLpAaTa (paza
Pi MnbTHOCT Ha TeyHaTa rasa
Cp. TonnuHen KanauurTeT Ha TBbpAaTa asa
C'p, TonnuHeH KanauuTeT Ha TeyHaTa ¢asza
L. Teumnepartypa Ha ToneHe
s Tepununa andysna Ha Teepaara pasa
Diaser OuameTbp Ha NazepHaTa ToYKa
RparTICLE Pagnyc Ha chpepuyuHOTO 3BPHO
AUNTERACTION Bpeue 3a B3auMogencnkie ¢ nasepa
AT, Makc. Temneparypa Han TonexHe
AT, MuH. TemnepaTtypa nog TonexHe
VIRAVERSE PaboTHa CKOpOCT Ha NbY4a

O6embT chepuyHH CEerMeHTH € MpejcTaBeH OT ypaBHeHue (5). M3passr,
IpeacTaBsn] odeMa Ha MPa3HUHHUTE, KOWUTO IIe ObJaT 3ambIHEHU OT VMELT,
npecTaBisiBa ypaBHeHHE (6).

. 1 2 2
Veoment (2) = g nz-(6R° -2z") (5)

Virrep(2) = 4R’ Z-Vgeaent (2) (6)

[TocnenHOTO € MOTy4YeHOo OT M3BAXKAAHETO Ha oO0eMa chepUIHN CErMEHTH
KbM BHCOUYHHATA Z, ypaBHEHHUE (5), 0T obema Ha mapajiesienures (pa3sMepuTe My
ca: ocHoBa 4R? 1 BUcouYnHa Z), KaKToO ¢ mokasaHo Ha ¢ur. 11.0.
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MoBBPXHOCT v 7Y
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/
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- JacerHara 3oHa Z S x
Marepuan L

a) obnacm, npedcmasawa cvuurnckomo ©0) nonycghepa, énucauna 6 napaienuneo
VpasHuHeHue Ha enepeueH 0anianc
@ur. 11. Cxema na mooena na pasmonsgane Ha chepuuna nOBBLPXHOCM
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3a 1a HaMepuM BUCOYMHATA Ha CKPUTUTE BIJILOHATUHU Z ¢ , ypaBHEHHUE (6) ce
IIPUpaBHSBA Ha ypaBHEHUE (4), OT KOETO ce IoJlydyaBa CTOMHOCT 3a Zy,, TOBAa €
n3o00pa3eHa Ha ¢ur.12.a. 3a HaMMpaHe Ha CTOMHOCTTA Ha Z§ OTHOBO TpsOBa Ja

ObJle pellleH MOJIMHOM OT TPETU PEl.

NE

R.
\_ - 1
\| R

z f \ <
)

R
a) omuouleHue medxcoy oOvibouunama Ha 0) udearusupau paspes cied idA3epPHO
pazcmonseane u 8UCOYUHAMA HA 3aNvieane NOIUpaHe
®ur. 12. Cxema 3a onpedensine Ha HepaBHOCMuUMe HA NOBLPXHOCMMA
u cmounocmma Ha Ra

VYpaBaenue (7) npenacrtaBs HM3pas3a 3a CpEAHOAPUTMETHYHATA I'PANlaBOCT Ha
NOBBPXHOCTTa KaTO (PYHKIUS OT paguycuTe Ha cQepure, OTHECEHO KbM
cnequuyHaTa TroJIeMHHa Ha cepudyHUTe cerMeHTH. W3pa3bT u3uucisBa
CPEIHOAPUTMETUYHOTO PA3CTOSIHUE OT BbpXa Ha M3JAaTUHATA, 10 JBHOTO Ha
BUIbOHaTHHATa (T.e. Rj—Zzy,—2Z¢), 32 N Ha Opou paznuuHu chepuuHU 3bpHA

(¢ur.12.6).

i {Ri _Zm)_zf
. _i=l 2
! N

R (7)

3. EKCIEPUMEHTAJIHO U3CJIEIBAHE

N3non3BaHusAT mMaTepuai 3a TOBa M3CJIEABAaHE € Hepbkaaema ctomaHa ST
304, xapaktepusupania ce ¢ (U3MKO-TEPMHYHHM CBOMCTBA, MPEACTABEHU B
Tab1.2.

Tabauua 2. Quzuxo-mepmuunu ceoticmea na ST 304

CaoiicTBa HA MaTepHaJIa ST 304

[rsrHOCT pr 21°C, [kg/m’] 8238

Tomnonporoaroct, [W/m.K] 13.4

CrnernuduueH TOIUIMHEH  KalaluTeT, 468
[J/kg.K]

Temneparypa na Toniene, [K] 1670

Temmneparypa na kuniene, [K] 3173
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MartepuanbT € u3dbpan nopaau nodpara cu obpadorBaemoct. C 1en nga ce
n30€rHe HACIIEJCTBEHOCTTa OT TomorpadusiTa Ha IbpBOHAYaIHATa TIOBBPXHOCT,
npobara e numdorana o Ra,, = 0,167 = 0,035 um. 3a nHamansBaHe Ha
HETaTUBHUTE €(EeKTH BBPXY I'palaBOCTTa Ha KpaliHaTa MOBBPXHOCT, MOTyUEHHU
OT UHTEH3WBHOTO OKHUCIISIBAHE MPH JIOCETA C BB3IyX HA HATPETH MUKPOOOEMHU OT
MeTaja, Mpeau N3MEepPBaHe 3ar0TOBKATa CE TTOYNCTBA B YITPa3BYKOBA BaHa.

[TapaMeTBHpBT, YHATO TIPOMSIHA 1Ie OBJIC U3CICABaHA B HACTOSIIUAT OIUT, €
M3MECTBAHETO Ha (DOKYCHOTO Pa3CTOSHHUE CIPSMO Hai-TOpHATA MOBHPXHOCT Ha
MaTepuana. B pamMkuTe Ha TOBa €KCIIEPUMEHTAIHO U3CIEABAHE OTMECTBAHETO
Ha (okyca Bapupa OT -2 mm g0 2 mm. 3a Ja ce OIeHW MOJ00psSIBaHETO HA
pe3yaTaTHaTa MOBBPXHOCT ca 00paboTeHU IKOO0BE BBPXY 3aroTOBKaTa C
HYJICBO OTMECTBaHE Ha (POKyca, MpENCTaBIsABAIIO HOpMaJTHa 00paboTKa Ha
na3epHo (pe3oBaHe. 3a J1a ce HaMepsT ONTUMAITHUTE IMapaMeTpH Ha mpoleca 3a
o0paboTBaHe Ha MaTepualia ce U3BBPIIBAT cepusi OT ekcriepuMeHTH. Ha Bceku 8
CJIOSl Ce W3MepBa AbJIOOUMHATA clie]] 00padoTKa M C€ H3YMCIsABA CpeaHara
nebeMHa Ha CcJosi OTHET Marepuai. Upe3 Ta3u HUTepaTMBHA MpoIeaypa €
HACTPOEH TNPOIEChT 3a JlazepHO (pe3oBaHe Ha ciod c aebenwHa 1 pm.
HacrpoiikuTe Ha nporieca ca npecTaBeHu B Tadl. 3.

Tabauua 3. Hacmpotuixu na npoyeca 3a obpabomra

ITapameTpu ST 304
['onemuHa Ha TOKa Ha

21,5
na3epHus m3rpuBaredn, 1 [%]
Yecrota, f [KHZ] 30
CkopocT Ha ckanupane, V [mm/s] 300
[TpoabmkuTeIHOCT Ha UMITyJca, [US] 10
CrbIKa Ha mpuxoBaHe, [Um] 8
Pasmep Ha mxoba, [mm] 10x10

Excnepumentute ca Hanpasenn B MT® HA TY-Codus ¢ nazepHa mamivHa
DML Lasertec 40 ¢ nanocekynaeH Nd:YAG naszep. Ciaenx obpaboTkara Ha
JeTaiia Ipyu pa3IMYHUTE PEKUMHU Ha paboTa, paboTHATa MOBBPXHOCT J100MBa
BUJa nipenctaBeH Ha ¢ur.13. Beceku enuH OT KBaJpaTHUTE CEKTOPU KOUTO CE€
BIDKJAT Ha (purypara, cbOTBETCTBA HAa 00pabOTKa MpHU Pa3IuYHO U3MECTBAHE Ha
dbokyca Ha JIa3epHUST JTbY.
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®ur. 13. Pabomna nosvpxnocm na onumuama npobda cied obpabomkama

Cnen wu3MepBaHe Ha TpamaBOCTTa € IOCTPOCHa TIpaduka, oTpassBaiia
3aBUCUMOCTTa OT MOJIydeHaTa CTOMHOCT CHPSIMO M3MECTBAaHETO Ha (POKYCHOTO
pascrosinue, ¢ur.14.

3abemns3Ba ce, ue 3a cromana ST304 rpadukata € OTHOCUTEIHO CUMETPUYHA
COpsIMO HyJlaTa, KOSTO TIPEACTaBliABa IMPOIEChT Ha camara oOpaboTka.
[TomyuenuTe TpamnaBoOCTH B CpeiaTa Ha MHTEPBAIa ca ChC CTOWHOCTU OJHM3KH 10
Te3W Ha 00paboTKara, TOBA € Taka Thid KAaTO OTMECTBAHETO € HE3HAUUTEIHO U
WHTEH3WBHOCTTA HAa JIa3epHUS JTbY € IOCTaTh4Ha, 3a J1a O'bJie M3BBPILEH Ipoleca
Ja3epHo (¢pe3oBaHE W OT TOBBPXHOCTTa pealHO MPOIBJDKaBaT naa ObaaT
OTHEMaHU cJoeBe c jaelennHa Onm3ka 1m0 lpum. OnTumaneH pesyiaraT oOT
nporieca Ha mnoiupaHe Ha crtomaHa ST304 ce HaOmomaBa B HMHTEpBaia
2+1,75mm wHan- u noadoKycHO pascTrossHue. B To3u HWHTEpBal OT Taka
n3OpanuTe mapameTpu Ha mnporeca ce Habmomaa IIIIT wa marepuana, B
CJIEJICTBUE OT KOETO CE IOJIydaBa €IHOBPEMEHHO OTpsI3BaHE HA BBPXOBETE Ha
TpamaBUHUTE W CTOMSBAHE HA YAaCTH OT TAX, KOUTO C€ Pa3iuBaT B MO-HUCKUTE
yuacTbli. ChbIIO Taka OT pe3yJiTaTUTe ce HallIoJaBa WHTEpBaJl, B KOWTO
CTOMHOCTHTE 3a TIpalaBOCTTa HAABHUINABAT HM3MEPEHUTE TMPU HOPMaJHA
oOpabotka, +/- 0.5 mm. IloBumaBaHeTO Ha TrpamaBoCTTa C€ ABDKH Ha
MOBBPXHOCTHOTO TIPETOIMSIBaHe, MPUYMHEHO OT HEIOCTHra Ha CHeprusi 3a
u3MapsBaHe Ha Marepuala, HO B JOCTaThYHO KOJHMYECTBO 3a pa3TOIsBaHE Ha
1sJ1aTa MUKPOTIOBBPXHOCT MPU 00padoTKaTa.
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®ur. 14. Bpvska medncoy uzmepenama spanagocm u U3Mecmeanemo Ha )oKyCcHOmo
pascmositue

Paznukata wmexnay HavanmHarta, JiazepHO (pe3oBaHAaTa W MOJMPAHUTE
MOBBPXHOCTH SICHO C€ BWXJA HAa JUArpaMUTe TMOJYYeHH MpU TPOYUIHOTO
M3MEpBaHe Ha Y4acThIIM OT TSX, TOKa3aHU Ha Gur.15.

OT npuarpamMuTe c€ BIDKIAa MaJKOTO pa3celiBaHe Ha TpalaBUHUTE ClET
HOpMasiHaTa 0O0pa0OTKa Ha Jla3epHaTa MalluHa. Bbopekun ye mpouurbT crien
HOpMasiHa oOpaboTka (¢ur.15.6) e Bce omie n0ocTa HEpaBeH U PBHOECT, cien
00paboTKaTa MOBBPXHOCTTA € MOJ00pEeHa KaTo MOKa3aHUeTo 3a Ra ce moHmkaBa
c 0.1 pm.

Ha cnenpamure ase nuarpamu (¢ur.15.8,r) ca npeacTaBeHu JuarpamuTe OT
00pabOTKUTE TpU HAW-CIOMYyWIMBUTE MapaMeTpW Ha Tpolieca, OT MOJ U Haj
MOBBPXHOCTHOTO M3MECTBaHe Ha okyca. CMATAT ce 3a HAM-CIONYWINBU, ThU
KaTo MpH TAX ca M3MEpPEHU Hal-HUCKuTEe cToifHocTh 3a Ra: Ra = 0.32 um 3a
U3MecTBaHEeTO Ha (okyca moa odpadborBaemara moBbpxHOCT M Ra = 0.302 um
npu (HOKYCHO M3MECTBaHe Haj MOBBpXHOCTTA. OT AMarpaMuTe SICHO C€ BIDKIA
paznuKara Tpead W ClIeNl JIa3epHOTO TMOJIMpaHe, KaTo CJed TMOJHMPAHETO
nporIIHUTE OUarpaMu TOKa3BaT MHOTO MO TJIagka W Tojierata rpaduka B
CpaBHEHHE ¢ TpaduKuTe peau nmojupanero. Pa3numkara Moxe 1a ce BUIU U Ha
¢ur.16, Ha KOSATO ca TOKa3aHM CHUMKHA Ha 00paboTeHaTa MOBBPXHOCT MpHU
HOPMAJTHO JIa3epHO (pe30BaHe U CJe] Ja3epHOTO Moyipane npu x = 1.75 mm.
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a) npoghun na mamepuana npeou oopabomra, Ra =0.827 um

0) npopun cred mupo nazepno gpesosane (X=0), Ra=0.725um

B) npogun cieo nazepro noaupane npu X =-2.00mm, Ra=0.320um

r) npoghun cred nazepro noaupare npu X =1.75mm, Ra=0.302xum

®@ur. 15. Ilpogunna ouacpama na onummnus mamepuai
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a) nosvpxrocm cieo aazepro gpesosane (X =0)

a) nogvpxHOCM Cleo azepro noaupare, X =1.75mm

®@ur. 16. [losvpxrocmu cneod nazepna oopabomka

4. BAKJIIOYEHUE

B mHacrosmara pabota e TpeacTaBeHa  TEXHMKAa 32 MHKPO
MOYMCTBAHE/TIOIUPAHe Ha MPEIBAPUTEIHO Ja3epHO (pe3oBaHa MOBHPXHHUHA.
TexHukaTa U3noJi3Ba 1ePpOKyCUpaH Ja3epeH b4, KOUTO CKaHHpa MOBBPXHOCTTA
0 ChHIIUS HAYWH, KAKTO TIPH OOMKHOBEHO JIa3epHO (ppe3oBaHe.

Crneundukara Ha Tpoileca 3aBUCH OT MHOTO (paKTOPH, HSIKOM OT KOUTO CE€
SIBABAT KaTO HEIOCTAThIM, HO B MOBEYETO CIy4yau, MOTJETHATO OT JIPYT BI'bI,
TE3W HEJOCTATHIIM C€ TPAaHC(POPMHUPAT B €AHHU OT HAN-TOJIEMUTE MPETUMCTBA HA
nporeca.

PesyaraTHoct — ToBa € Hal-rOJISIMOTO M Ba)KHO MPEAMMCTBO Ha JIA3€PHOTO
nosnupane. Camara neduHuIMS Ha Tpolieca JaBa KaTo Pe3yiTar 3arjiakJaHeTo
Ha paboTHaTa MOBBPXHOCT, KOETO € M OCHOBHA 1Nl Ha mnpoiieca. Hait-goOpute
pe3yiTaTH TOCTUTHATH 3a cera ca 3arjmaxaaHe a0 Ra = 0.28 um, Ha nmpoba ot
WHCTPYMEHTAJIHA CTOMAaHa.

Mammunu 3a M3BbPIIBAaHE HA Npoleca — ['0J1sM0 NpeIMMCTBO Ha Ja3epHOTO
MOJIMPAHE € Y€ Ce M3BBHPIIBA OT CHIIUTE MAIIMHU HAa KOUTO CE€ U3BBPIIBA U
na3zepHoTO (pe3oBaHe. ToBa cmecTsiBa MpEyCTAHOBSIBAHETO Ha JeTailia Ha
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OTJ/IeJIHA MaIuHa 3a (UHUIITHA 00padoTKa (KaKTo M Hy»XjJaTa OT TakaBa), KaTo
[0 TO3M HAaYyWH NOJ00psBa OOHIOTO Bpeme 3a 00paboTKa Ha TOTOBUS JETail.
To3u mpu3HaK MMa U CBOUTE OTPULIATEITHU YEpPTH, Thil KaTo MaIIMHUTE 32
Ja3zepHa o0paboTKa U TAXHATA MOAJIPHKKA Ca U3KIIIOUUTEITHO CKBITH.

Pasmep Ha oOpadorBanute aerailiim — Ilopamu dakra, 4ye na3epHOTO
MOJIUPAHE C€ M3BBPIIBA OT CHIIMWTE MAIIWHU, KAaKTO U Ja3epHOTO (pe3oBaHe,
rojieMMHaTa Ha 0OpabOOTBAHMUTE JIETAWIM 3aBUCH OT rOJIEMHUHATa Ha paboTHaTa
uM 30Ha. HemocTaTek e, ue MalIMHHUTE ca MPUTOACHU 3a 00paboTKa Ha MHOTO
MaJIK{ JE€TaiiId, HO UMEHHO Ta3u MM CIeHHaIN3alusl € MPUYMHA 32 €IHO OT
roJIEMHUTE MPEAUMCTBA Ha JA3€pPHOTO TMOJHMPAHE, a UMEHHO BB3MOXKHOCTTA 3a
MOJIUPAaHe HAa MUKPOJETANIN M MUKPOTTOBBPXHHUHHU.

Hacrtpoiika Ha npoueca — [IpouecsT Ha na3epHO NOJUPAHE € CIOXKEH U CE
BIUsie OT MHOro (paktopu. 3a mojlydaBaHE Ha 3aJIOBOJIMTEITHU M ONTHUMAHU
pe3ydTaTd BCUYKMU TIMapaMeTpu TpsiOBa Ja ca B IBJICH CHHXPOH, a
MPEABIKIAHETO U TIPECMATAHETO HA TOYHUTE PE3yJITaTh MPU MPOMSHA JOPHU Ha
€IMH OT TIX € M3KIIOYUTENIHO TPyIHO. ToBa € eIWH OT OCHOBHMUTE IpOOJIeMHU
OpU TMpoleca, Karo 3a HEroBOTO peIlllaBaHe Hal-4ecTo ce€ U3IMO0JI3BaT
U3CIIe/IBaHUs, TMPU KOUTO Ype3 HUTEepaTUBHA 00padOTKa Ha Marepuana Mpu
IpoMsiHa Ha OCHOBHHTE IMapamMeTpu Ce€ ThPCH HAW-CHOMYWIMBHUAT PEXKHUM 3a
oOpaboTtka. Ilo TO3M HAYMH HE camMO C€ OCKBIISBAT JETalauTe, HO C€
M3pa3x0/BaT JOMBIHUTEIHO BPEME U PECYPCH CaMo 3a 3aro4YBaHe Ha Mpoleca.

Mexanu3zanusi Ha npoueca — MexaHu3anusaTa € MPEIMMCTBO Ha TIpoIleca,
THl KaTo CIlieJi HErOBOTO 3allOUYBaHE HE C€ HM3WUCKBA HUKAKBa OMMBIHUTEITHA
HaMmeca 10 HErOoBOTO 3aBbplBaHe. Kato HeqocTaThK MOXKE J1a ce MprueMe TOBa,
ye 3a 3aJaBaHe Ha MOBBPXHOCTTA 3a MoJimpaHe ce u3uckpa tpumsmepen CAD
MOJie] Ha 30HaTa, KOsTO Iie ce o0paboTBa, KaTO TO3U MOJIEN BIIOCIEICTBUE CE
npeoOpa3yBa OT copTyepa Ha MallMHaTa B paOOTHH KOPAMHATH, MO KOUTO CE€
U3BBPIIBA 00paboTKaTA.

Marepuanaun 3a o0padorka — JlazepHOTO MojupaHe AaBa Bb3MOKHOCT 3a
00pabOTBaHETO HAa MHOTO pa3JIMYHU BHUJIOBE MaTepuaiu. Bbrnpeku ye oCHOBHO
Ce M3IO0JI3Ba 332 CMHTEPOBAHM METAJHU MaTepuaid W TMOJMpaHEe Ha METaIHU
MOBBPXHHUHH, MPOIIECHT MOXKE Ja Ce MpHUjiara U BbpXy HEMETaJIHH MaTepUalH U
CTIJIaBH.

Cnenuduka Ha odopadorkara — Crneuru@uUUHUAT METOA HA MPOTHYAHE Ha
MOJIUPAHETO TIOpaXKJla Hall-ToJIeMHUTe MTPeAUMCTBA Ha npoiieca. [lopaan numcarta
Ha 00paloTBall HWHCTPYMEHT HMa BB3MOXKHOCT 3a o0paboTka Ha
TPYAHOJOCTHITHU MOBPXHOCTH. be3koHTakTHaTa 00paboTKa BOJIH | JI0 JIUTICATa
HAa KakBUTO W Ja OWIO JOMBIHUTEIHH HAMPEKEHUS BBPXY paboTHATa
HNOBBPXHOCT 10 BpeMe Ha mpoliieca. ToBa 1aBa Bb3MOXKHOCT 3a 00paboTkara Ha
MHOTO KPEXKH JIeTaiIu, HEMOo IekKaIl Ha MeXaHu4Ha 00padoTka. ChIo Taka
METOABT HE BKJIIOYBA KAaKBAaTO W Jla € MPOMSHA Ha MaKpOT€OMETpHsTa Ha
0o0paOOTBaHMAT [EeTaill, Karo caMO HaMmalsBa MHKPOTpanmaBUHUTE  Ha
o0paboTeHaTa MOBbPXHOCT.
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Bpeme 3a u3BbpiHIBaHe Ha mpoieca — B cpaBHEHHE ¢ PHUYHOTO TMOJMPAHE,
IpH KOETO CPEIHOTO BpeMme 3a 00paboTka e oT mopsaabka Ha 10 ma 30min/cm?,
Ja3epHOTO TIOJUPaHe € B IBTH M0 OBP3U KaTO MPHU HEro MOTaT Jia ce JOCTUTHAT
ckopoct oT 10 mo 200s/cm2. He camo, 4e mporechT € 1o Obp3, HO H
KauyeCTBOTO Ha IMOBBPXHUHATA MPH PBYHOTO IMOJMPAHE N0 TOJIIMAa CTEICH
3aBUCH OT yYMCHHATAa W ONUTAa HAa YOBEKA, KOMTO W3BBHPINBA ONEpanusTa, a
MOpaId TOYHOCTTA U MOHOTOHHOCTTA Ha OTEpaIusiTa MHOTO TPYIHO CE HAMHUPAT
CIIOCOOHU XO0pa.

[Ipn BcuukM pa3riieaHd W3CICIBAaHMSA, KAaKTO M OT pE3yJTaTUTe OT
MPAKTUYECKUAS OMUT, KOMTO Oelie W3BBLPINCH, ce HaOiromaaBa mogoOpsBaHe Ha
pe3yNTaTHaTa MOBBPXHOCT MPHU OMNpEAeeHH peXuMU Ha padorta. JlokazaHara
pPEe3yATaTHOCT Ha Mpoleca € MpUYMHATa 3a BCE MO-TOJSIMOTO MYy HABJIM3aHE B
WHXXCHEpPHATa TMpPaKTUKa M TO0-4eCTOTO My wu30upaHe 3a ¢uHaIM3Upania
o0OpaboTka. Bbhnpeku MHOTOTO CH NpEeIUMCTBAa IMped OCTAaHAIUTE METOJIH,
U3CIIE/IBAHUATA BHPXY JA3€PHOTO MOJMpaHe MPOIbIKaBaT, C 1IeJI OTCTPAHSIBaHE
Y Ha HEMAJIKOTO HEJ0CTATHIIU, XapaKTepU3UpaIlly mpolieca.

WuTepec 3a mHKEHEpHATA MpPAKTUKA OM MPEJICTABISBAIIO ChUYETABAHETO Ha
Ja3epHO TMOJMPAHE U MOCIEABAIIO E€IEKTPOXUMUYHO TMOJIMPaHe, KOETO Iie Obie
TI0JIC Ha CJICIBAIIM U3CJICIBAHNS Ha aBTOPHUTE.
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1. YBOJ

[Ina3MeHOTO HaBapsBaHE € BHJ TEXHOJIOTMS 332 HAHACSHE HA MOKPUTHUS OT
pa3IMYHA METAIU M CIUIaBU BBPXY MOBBPXHUHUTE Ha JAECTAMIUTE C OTJEN
Ch3/laBaHE Ha MOBBPXHOCTEH CJION ChC crenuaiHu cBolcTBa. HaBapsiBaHeTo Ha
paboTHHUTE MOBHPXHOCTU HA JICTAMIIMTE, YpE3 HAHACSHE Ha METall C ONpe/eseH
XUMHYEH CBhCTaB M (PU3UKO-MEXaHWYHHM CBOMCTBA, TIOBUIIABa TSIXHATa
JBATOTPAMHOCT W HM3HOCOYCTOWYMBOCT. EKCIIOATallMOHHWUTE CBOMCTBA HAa
HABAPEHUTE MOBBPXHUHU JI0 TOJIIMA CTENEH CE MPEIONPENEIAT OT XUMUYECKHS
CbCTaB HA HaBapeHWs MaTepuas. JlermpaHero Ha HaBapeHUsT MeETal ce
OCBIIECTBSIBA B MpOIECa Ha KamkooOpa3yBaHETO IMOCPEACTBOM KOHTAaKTa Ha
pa3ToneHusl €JIEKTPOJICH METall ¢ ra3oBara cpeia M JOIBIHUTEIHO BHECEHUS
MaTtepuan (Merai win (iroc).

OcCHOBHUTE IPU3HALM, IO KOUTO CJIEABA A CE OLEHSABA METOABT 3a JIETHUPAHE,
ca: eHOPOJAHOCT Ha CbCTaBa MO Oo0eMa Ha HABapeHUsl CJION; MKOHOMHYHOCT;
yZ00CTBO IIpU MpHJIaraHe Ha METOoJia Ha Jierupase u mp. Jlerupanero moxe aa ce
U3BBPIIN 32 CMETKA Ha: - OOMEHHU peaklMd MEeX1y MeTaja U IUIAaKaTa; - 4pe3
ra3oBara cpena; - 4ype3 BbBEXJAaHE Ha cleuuanHu AoOaBku. Haii—mmpoko
IIPWIOKEHUE € MOJYUYUIIO JETMPAHETO Ype3 BBBEXK/IAHE B 3aBapbUHATA BAHA HA
METaJIHU CIUIABH, YUCTH METAJIM, KapOWaW, HUTPHUIHA, KOUTO OOMKHOBEHO C€
MOCTHUTa C TOMOILITa ChOTBETHUTE METOIM 32 HaBApsIBaHE.

3a BHACSHETO Ha JIETHpalIUTe €JIEMEHTH B HABAPEHHUs METaj Ce W3MOJ3BaT
CJIEIHUTE METOJU: - U3MOJI3BAHE HA IUIBTHU EJIEKTPOJHM TEJIOBE WIU JIEHTH; -
U3MOJI3BaHE HA IIHUXTOBU €JNEKTpoAM (TpbOHA €NEeKTPOAHA TeN WM LIMXTOBA
JIEHTA); - U3MOJI3BAHE HAa HUCKOBBIJIEPOJIHA EJIEKTPOAHA TeJl WIA JIEHTa H
aerupal (iaroc, KepaMUYHU (UIFOCH U Jp.; - U3MOJI3BaHE HA HUCKOBBIJIEPOJIHA
eJIEKTPOJIHA TeJI WJM JIEHTa M TONEeH (UIIOC C MpEeABapUTENIHO HaHACsHE Ha
JIETUPALIUTE €JIEMEHTH BbpPXY HaBapsBaHaTa OBbPXHUHA.

Jlernpanero Ha HaBapeHMs MeTaj C IUTbTHA E€JIEKTPOJIHA TEJl WJIM JICHTAa €
TPaJAMLIMOHHO TNPHUET TOXBAaT, IPU KOWTO 3aJaJCHHs] XUMUYECKH CBCTaB CE
[oJly4aBa IpPU CPABHUTEIHO IIMPOK JHANA30H HAa H3MEHEHUE peXuMa Ha
HaBapsiBaHE, NPH KOWTO JATO JIETUPAIIWTE €JIIEMEHTH C€ pPasNpeacisrT
PaBHOMEPHO B HABapEHUs METAJL.

Jlerupanero Ha HaBapeHHs] MeTaJll C IIMXTOBU EJIEKTPOJM HUMa peaula
NPEeIMMCTBA, & TO3H METOJI 32 IOCTUTaHE Ha CJIOEBE ChC CIEM(PUUHN CBOMCTBA
€ Hal-IIMPOKO pa3npocTpaHeHusAT. HaBapeHUsT MeTall € eqHOPOJEH MO ChCTaB,
noo6pe ce popmupa, CBOOOIECH € OT MOPH U IJIAKOBU BKJIFOUBaHMS. [[nama3zoHbT
Ha HaBapsiBaHe, NpPHU KOWTO c€ I[oJy4yaBa HABapeH MeTal C OIpeAesieH
XUMHUYECKA CBCTAaB € JOCTAaThYHO IIMPOK, KAaTO XHWMHYECKHMIT CHCTAB Ha
HABAPEHUSI METAJI CE€ OINPEENsl OCHOBHO OT XMMHUYECKHUSI ChCTaB HA LIMXTOBHUSA
EJIEKTPO/I.

[Ipu Tpetust METOI HaBapsSIBAHETO CE€ M3BBPIIBA OT HUCKOBBIJIEPOIHHU JICHTA
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WIH TEJ C U3MO0JI3YBAHETO HA KEPAaMUYHU (PIIFOCH MM (PIIFOCOBU CMECH, OT KOUTO
JeTUpalluTe €JIEMEHTH IPEMUHABAT OT (PJIr0ca KbM HAaBapeHUsI METAJl B IIpolieca
Ha HaBapsiBaHe. [Ipu TO3u MeToz (IIOCHT € OCHOBEH M3TOYHMK 3a JIETMpaHEe U
KOJIKOTO € MO-TOJSIMO KOJMYECTBOTO Ha pa3TONEHMs (IIOC, TOJIKOBA € IIO-
rOJasIMO KOJIMYECTBOTO Ha NPEMHHABaHE Ha JIETUPAIIUTE €JIEMEHTH B
pazroneHuss Mmertan. I[lopagu ToBa ChCTaBBT HAa HABApEHUs MeETajl 3aBHCH
OCHOBHO OT ChCTaBa M OTHOCUTENIHATa Maca Ha (proca, KakTo M OT pekuMma Ha
HaBapsIBaHe.

[Ipu yeTBBPTHUS METOA 3a JIETUPAHE MOCPEACTBOM IACTH, KOUTO CE€ HAHACIT
Ha HaBapsiBaHaTa NOBBPXHMHA C MOCIEABANIO0 HABAPSABAHE C HUCKO BBIVIEPOJCH
€JIEKTPOJIEH MaTeprall, XUMUYECKUST ChCTAaB HAa HABApEHHsI METAJl C€ ONpeness
OT KOJIMYECTBOTO JO3MpaHa MacTa, a Taka ChIIO OT CBOTHOLIEHUETO HA
KOJIMYECTBOTO PA3TONEH JIETMpall MaTepuanl U €JIEKTpoJHara Tell. TOYHOTO
JO3UpaHe Ha IIMXTaTa WIM I1acTaTa, HAaHECEHAa KAaTO INOBBPXHOCTEH CIIOH, €
TpyAHa 3a/1a4a, 0cOOEHO IPH HaBapsBaHE Ha JIETAlIM ChC CJIOKHA (hopMma.

Ilenta Ha HacTosAmIaTa paboTa € Ja ce U3cieaABa Bb3MOXKHOCTTA 32 Ch3/1aBaHe
Ha MEXJIMHEH JIETUPaH CJIOW C BUCOKO BBIVIEPOJAHO CHIBPKAHME W IOBHILIECHA
TBBPAOCT B MaTpHIA OT HHUCKOBBIJIEPOJAHA CTOMAaHa 4pe3 IPEABAPUTEIHO
HAHECEH JIeTHpall MaTepuanl Ha TpauTHa OCHOBA B PEXHMM Ha IUIA3MEHO
HaBapsIBaHE C HHUCKOBBIVIEPOJEH €JIEKTPOJEH Marepuall. I3mon3yBaHeTo Ha
HUCKOBBIJIEPOAHA TE€JI € HAJIOXKEHO OT HWKOHOMHUYECKH CBhOOpaXeHUus H
NPEANoJIOKEHUETO 3a HaMmalsiBaHE Ha Je(eKTUTe B HaBapeHUs CJOH, B
CpPaBHEHHE C METOJUTE 3a JIETUPaHe NP U3I0JI3YyBAHE HA €IEKTPOAEH MaTepual
C BUCOKO ChJIbP>KAHHE HA JIETUPALIUTE €IEMEHTH.

2. U310 KEHHUE

2.1. MeToauka 3a npeaBapuTeJTHO HAHACSIHE HA JIerdpanuTe eJJeMeHTH
BbPXY HaBapsiBAaHATA MOBbPXHUHA

[ToBUIIEHOTO CHABPKAHWE HA BBIJIEPOJ B HABApEHUS METaJl CE€ OCHUTypsiBa
Yype3 JIETUPaHEe C JOMbIHUTEIHEH HIMXTOB MaTepuai OT rpaduT, HAHECEH BbPXY
IUIOCKa OCHOBAa OT HHUCKOBBIVIEPOJHA CTOMaHa. 3a JEerupallyd KOMIIOHEHTH ca
nonOpaHu JBa IMUXTOBH MaTepualia Ha TrpaduTHA OCHOBA: - CPEOPHUCT
(kpucTasien) rpaduT; - yepeH rpaduT; - U MBJIHEXK OT KBAPIOB MACHK, Mapka 01
ITK 016-80 ¢ eapuna okojo 0.16 mm u chabpxkanue Ha SiO; Hag 98%.

MeTtonukaTta Ha HaHAcsiHE Ha JIETUpAlUs IIMXTOB Marepuan Mpeau
HABAPSIBAHETO BKIIIOYBA CJIETHATA MOCIIEIOBATEIHOCT:

1. [TogroroBka Ha cMecTa 3a HaHACsIHE — TPaUTHT CE€ CMECBA C BOJHO CTHKIIO
B choTHOIIeHHe 1 kbM 10, pa3zpexaa ce ¢ Boja u ce pa30bpKkBa MHTEH3UBHO 10
NOJIy4aBaHE HA XOMOT'€HEH pa3TBOp.

2. OOpa3zerbT OT HUCKOBBIVIEPOJIHA CTOMaHa (ChIbpXKaHUE Ha BBITIEPO] 10
0.12%) ce HarpsBa B ner g0 220°C.
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3. XoMOreHu3upaHusT rpauTeH pa3TBOP Ce HaHACS BbPXY MOBBPXHOCTTA Ha
HarpeTusi oOpasel Jo MOJyuYBaHE Ha IUIBTEH HENPEKbCHAT MOBBPXHOCTEH CIION
oT rpadur.

4. OOpazeupT ¢ HAHECEHUS! NMMOBBPXHOCTEH CJIOM C€ OCTaBs Ja U3CTUHE IPU
CTaillHa TeMmIieparypa. 3a OCUTypsIBaHE Ha AOCTAThYHO JIETMPALl MaTepuai IpU
HaBapsIBaHETO T.€. MOBBPXHOCTEH CJOW C JOCThTHhUa AeOenrHa oOpas3enbT ce
HarpsBa M IIKUXTOBUS MaTEpHAJl C€ HAHACSA HEKOJIKOKPATHO.

5. I[ImazmeHo HaBapsiBaHE ¢ HUCKOBBIJIEPOJHA TEJ MPU CIACAHUS pexum: |=
80 [A], Vi = 30 [mm/min], cterka 3[mm], Opoii HaBapeHH UBHIIH 6.

BposT Ha npenBapuUTEIHO HAHACSHUTE MOBBPXHOCTHH CJIOEBE € OT €IMH JI0
TpU, KaToO HaW-moOpW pe3yJaTaTH Clel HaBapsSABaHETO C HUCKOBBIVIEPOACH
€JIEKTPOJIEH MaTepHuall ca MOJIy4eHH CJIe]l TPUKPAaTHO HAaHACSAHE, ITOPaau KOETO
T€ Ca NPEICTaBEHU 3a TUCKYCHSI 1O JOJTy.

3a cpaBHEHHME € U3NOJ3yBaHaHAa T.HAp. ,HyJeBa~ Mpoda, MpU KOSATO €
HaBapsIBAHO C HUCKOBBIJIEPOJECH EJEKTPOJEH MaTepuanl BbpXy CBOOOAHA OT
Jerupail MaTepuaj, YUCTa IOBBPXHOCT Ha Mpoda OT HUCKOBBIJIEPOJHA
CTOMaHa.

2.2. ExciepuMeHTAJIHU Pe3yJITATH

Mertanorpadckure u3ciaeABaHUS Cca MPOBEJECHU C ONTHYEH MeTalorpadcku
mukpockon ,,0lympus — GX41”, ¢ nururanHa nBetHa kamepa “Altra 207.
[nudoBanero e u3BbpiieHO Ha MWKypku oT 220 mo 1500, momupanu ca c
nuaMmaHTeHa macta 1 pum u 1/4 pum. MuxkpocTpykTypara Ha OCHOBara OT
HUCKOBBI'POJIHA CTOMAaHA M HaBapeHMsI MeTall € TIposiBeHa ¢ pa3TBop 2% HNO;

AHanu3bT Ha TMOJYYEHUTE CJIOEBE, CJI€J, HM3BBHPIIBAHE HAa HABAPSBAHETO
MI0Ka3Ba, Y€ Hal-sICHO OPOPMEH € MEXIUHHUSAT JIETUPAH CJION cliel TPUKPATHO
HaHacsHe ¢ yepeH rpadut. HaBapeHusar mMeran BbpXy Te3u 00pasiu € ¢ J00bp
BBHIIEH BUJ, KATO PABHOMEPHOCT, HEMTPEKBCHATOCT U IUIBTHOCT, MOPaAN KOETO
10 HAJI0JTy Ca IPEICTaBEHU CAMO TE3H PE3yITaTH.

2.2.1 MuxkpocTpyKTypeH aHajau3 cJel IUIa3MeHO HaBapsiBaHe 0e3

NPEeABAPUTECIHO HAaHACAHE Ha JICrHpall MaTepuaJl BbpPXy HaBapsiBaHaTa
IMMOBbPXHHUHA
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®ur. 1 Mukpocmpykmypa 6 30Hama Ha CHNAAGAGAHE HA  HABAPEHUs Memal C
HUCKOBb2IEPOOHAMA MAmpuya Oe3 HaHeceH Jecupauy Mamepua.

MuxkpocTpyKTypa B 30HaTa Ha ciiiaBsiBaHe - yBenuueHnue 500 mvtu (BisiBo) u 1 000 mbTH (BASCHO)

[Ipu  wmetanorpadckuTe  UW3cneABaHUS HA  MHKPOCTpYKTypara  0e3
MpEeIBapUTEITHO HaHECeH Jerupail marepuan (¢pur. 1) e ycTtaHOBeHO, 4e B
30HAaTa Ha CIUIABSIBSIHE Ha HaBapeHUs MeTal ca oopMeHW caMoO JBa BHUAA
CTPYKTYpH — Ha OCHOBHHSI MeTal (PEpUT W CPABHUTEIHO MAJKO MEPIUT TIO
rpaHMIlaTa Ha 3bpHATa, KOSNTO CJIEJl HaBapsBaHE C€ TMPOMEHS BBHB
Buamanmierenos depur.

B cTpykTypata Ha HaBapeHUs MaTepHall TOMHUHHPAT TPYNU OT WU3IBIDKEHU
ocTtpu Kpuctanu (BuamanmieTeHoB peput), moTyuyeHH MpU BUCOKATa CKOPOCT Ha
OXJIaKOaHe CJeJ KpUCTaIM3alus Ha TEYHHS MeTal U Ch3JIaBaHEeTO Ha
HEPaBHOBECHU CTPYKTypH. JIumcata Ha MEXAWHEH CIIOM € MOTBBpPACHA U OT
U3MEpPBAaHETO B ABJIOOYMHA Ha MHUKPOTBBPIOCT Mo Bukepc, umiito rpadudcH
BUJ € AaneH Ha ¢wur. 7. [loBumaBaneTo Ha TBBPAOCTTAa KbM MOBBPXHOCTTA HA
HaBapeHMsI METaj Ce IBbDKM Ha OCBHIIECTBEHOTO JIETUpaHE B TeyHaTa (a3a u
BHCOKAaTa CKOPOCT Ha OXJIAXKIAHE CJIe/l KpUCTAIU3AIMITAa HAa TEUHUS METaJl.
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@ue. 2 Muxkpocmpykmypa 6 30nama Ha HAGApeHus Mmeman 0Oe3 HameceH necupauy 6vpxy
HUCKOB8b2N1epOOHAMA MAMpuya Mamepua

MukpocTpykTypa B 30HaTa Ha cruiaBsiBane - yBenudeHue S00 mptu (BisiBo) U 1 000 mbTH (BIsICHO)

2.2.2 MHUKpOCTPYKTYpPEH AaHAJW3 W MHKPOTBBPAOCT CJeJ IJIA3MEHO
HABapsiBaHe C NPeABAPUTE]HO HAHACSAHE HA JIerHpall MaTepuas OT YepeH
rpadgur BbpXy HAaBapsiBAHATA NOBbPXHUHA

[IpeaBapuTenHO ca U3BBPILIEHU TPU MOBBPXHOCTHU HAHACSHUSA Ha JIETHPAILL
MaTepuaia OT YepeH rpaduT U BOAHO CTHKIO, KOWTO Ca JaId CPAaBHUTEIHO
paBHOMEpEH IIBTEH clioil ¢ nebenmnHa ot okono 0.5 mm. [loBbpxHOCTTAa Ha
IpeIBapUTEeIHO HAHECEHUsS CJION € 3/paBa, a TOM € Jo0pe MpHUKpEeneH KbM
OCHOBHMS MaTepuai. HaBapeHUAT BbpXy Ta3u OCHOBA MaTEpHall € pABHOMEPHO
pasnpeneneH (pasisar) 6e3 BuauMu 1eeKTH U CHITHA U3MEHEHHUS B HAPEYHO Ha
NOBBPXHOCTTA HANPABIICHUE.

I[Ipu  Meranorpadckutre  HW3ClENBaHHMA  HAa  MHUKPOCTPYKTypara  C
IpeIBapUTEIHO HAHECEH Jerupail Matepuan (pur.3) e ycTaHOBEHO, ue B 30HaTa
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Ha CIUIaBSIBSHE HA HABapeHHs METall U MaTpullaTa € opopMeHa CTpyKTypaTa Ha
MEXIMHEH JIeTUpaH cloi. MeXIUHHUAT CJIOW BEpPOSTHO € C IMOBHUIICHO
ChABbpXKAHUE HA BBIJIEPOJ U C€ CbCTOM OT (EPUT U YBEIMUYEHO ChAbPKAHUE HA
nepyut (BeposiTHO copOuUT), B choTHOIIEHHE 1 © 1.

®ur. 3 Mukpocmpykmypa 6 30Hama HaA CHIAGAGAHEe HA  HABAPEHUs  Memall
HUCKO8b2IEPOOHAMA MAMPUYa ¢ nped8apumento HaHeceH lecupaw Mamepuan om pagum

MukpocTpykTypa B 30HaTa Ha cruiaBsiBane - yBenudeHue S00 metu (BisBo) U 1 000 mbTH (BASICHO)
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®ur. 4 Mukpocmpykmypa 8 30Hama Ha HABAPEHUsE MEMA ¢ NPeOBAPUMENHO HAHeCeH Jlecupauy
cot om epagum

MukpocTpykTypa B 30HaTa Ha cruiaBsiBane - yBenudeHue S00 mptu (BisiBo) U 1 000 mbTH (BIsICHO)

CrpykTypata Ha HaBapeHHUS MaTepHal € u3apeOHeHa CTPYKTypa, MoJydeHa
IpH KPUCTATU3AIMATA HA TSYHHS] METaJ, H CE ChCTOM OT ()epUTHA MATpHIA U
nepyut (Copour).

Hammumero Ha MexauHeH cioi ¢ mebenwHa oT okojo 200 + 300 um e
MOTBBPJICHA U OT U3MEPBAHETO HA MUKPOTBBPIOCT 10 Bukepc, uniito rpadudcH
BUJI ¢ fmajzeH Ha ¢ur. 7. TBepAOCTTa HA MEKIUHHUS CJIOH € ITO-BHCOKA C OKOJIO
20-30% ot 3a00uKanAIaTa ro MaTpHIIA.
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2.2.3 MuUKpOCTPYKTYpPeH aHAJIM3 W MHUKPOTBBPIOCT CJieJ ILUIA3MEHO
HaBapsiBaHe C MpPeJIBAPUTEIHO HAHACAHE HA JIerHPAIl MATePHAJ OT YepeH
rpaguT ¥ KBapuoB NACHK BbPXY HABAPSIBAHATA NOBbLPXHUHA

[IpeaBapuTenHO ca U3BBPIUICHU TPU MOBBPXHOCTHU HAHACSHUS OT YEpEeH
rpauT ¥ BOAHO CTHKIIO, KaTO MOCIETHOTO € ¢ 100aBeH (PUH KBAapLOB MACHK. Te
ca oOpa3yBaJidi CpaBHUTEIHO IUIBTEH CIOM C HEPAaBHOMEPHO BKIIOYCHH
nechbYnHKY U ¢ AedenuHa okojo 0.5+0.7 mm. [ToBbpXHOCTTA HA TIPEABAPHUTEITHO
HAHECEHUs CJION € 3/IpaBa, a TOH € JoOpe MPUKPENeH KbM OCHOBHHUS MaTEpHal.
HaBapeHusT BbpXy Ta3u OCHOBA MaTepual € ChIIO PABHOMEPHO pa3lpelesicH
(paznmar) 6e3 BuauMu AehEKTH W W3MEHEHUS B HAMPEYHO HAa TIOBBPXHOCTTA
HaIlpaBJICHUE.

®ur. S Muxpocmpykmypa 6 30Hama Ha CHIAGAGAHEe HA HABAPEHUs Memail C
HUCKO8b2NepOOHAmMa Mampuya ¢ npedeapumento HAHeceH Mamepuanl om yepeH pagum u Keapyos
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MHuKpOCTpYyKTypa B 30HaTa Ha cruiaBsiBaHe - yBenauuenue 500 nbtu (BisBo) u 1 000 mbTH (BASICHO)

[Ipu  metasmorpadckuTe  U3CIAEABaHUS  HA  MHUKPOCTPYKTypara  C
MpeBapUTEIHO HaHECeH Jerupail marepuan (pur. 5) e ycTaHOBEHO, uUe B
30HaTa Ha CIUIaBSIBAHE HAa HaBapeHUss MeTadl W Marpuuara € odopMmeHa
CTPYKTypaTa Ha MEXAWHEH JIErMpaH CI0U. MEXIUHHUAT CIOW BEPOSITHO € C
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MOBUIIEHO ChAbpPKAHUE HAa BBIJIEPOJ U CE€ CHCTOM OT CETPerupaHd MBHUIU OT
jgerupan GepuT U NepiauT (MIaCTUHYAT U 3bPHECT).

®ur. 6 Muxkpocmpykmypa 6 30Hama Ha HABAPEHUS MeMAll C NPeO8aApUMeNHO HAHeCeH 1ecupauy

cnou om 2pa¢um U Keapyoe nsic
b v

MukpocTpyKTypa B 30HaTa Ha ciiaBsiBaHe - yBenuueHnue 500 mvtu (BisiBo) u 1 000 nmbTH (BASCHO)

CtpykTypaTta Ha HaBapeHUs MaTepual € JpeOHO3bPHECTA, MOJYyYEHU MpU
HEpPAaBHOBECTHATA KPHCTAJIM3AlMSA HAa TEYHHUS METal M C€ ChCTOM OT (hepuTHA
MaTpulla U TPYNH NEPJIUT (BEPOSATHO COPOUT).

Hamuumero Ha MexauHeH ciod ¢ jaebenmmHa OoT okojio 150 + 200 um e
MOTBBPJICHA U OT U3MEPBAHETO HAa MUKPOTBBPIOCT M0 Bukepc, uniito rpaduueH
BUJI € JajieH Ha (ur. 7. TBbpaOCTTa HA MEXAUHHUS CJION € MO-BUCOKA C OKOJIO
30-40% ot 3a00uKasIaTa ro HUICKOBBIJICPOIHA MaTPHUIIA.

2.3. U3nuTBaHe HA MUKPOTBBPAOCT HA HABAPEHHUS MeTaJl cJie/l IIa3MeHO
HaBapsiBaHe

3a ompezensHe Ha TBBPIOCTTa € MH3MOJA3BAH MHUKPOTBBpAOMEp Zwick
(I'epmanus), ¢ ooxsar 100 N. M3nutBanero e nposeaeHo mpu HatoBapBane 200
g ¢ mpogbikuTenHoct 10 s, cerimacuo bJIC EN 6507-1:2001.

[Ipodunute Ha TBHPAOCTTA ca MOCTPOCHHU ChC CThIIKA Ha u3mepBaHe € 100
MM B apnbounHa. Te 3amodBaT OT OCHOBHHUSI METal, IPEMHUHABAT Mpel 30HaTa
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Ha CIUIaBABaHE W MPOJBKaBaT KbM IOBBPXHOCTTa HAa HABapeHHsS MeETall.
[IpoBeneHOTO W3MHUTBaHE HAa TBBPAOCT € 3a JBa OT CIyYauTe 3a HaBapeHU
CJIOEBE C MpEABApPUTEIIHO HAHECEHW Jierupamiyd KommnoHeHtu: - III - Tpu cros
yepeH rpadut; - 11+ - nBa cios yepeH rpadut ¥ TPETU C MBJIHEXK OT KBApIIOB
MSCHK; U 3a T.Hap. HyJIeBa Mpo0a - HaBapsiBaHE C HUCKOBBIJIEPOJICH €JIEKTPOCH
MaTepHuas BbpXY CBOOOIHA OT JIETHPAIIl MAaTEPHAT TOBHPXHOCT.

HannmareTro Ha MEXKIWHEH JIETUPAH CJIOW ¢ BHCOKO BBIVIEPOJAHO ChIBPKAHUE
B MaTpullaTa OT HUCKOBBIJIEPOJHA CTOMaHa C€ BIKIA OT M3MECHEHHETO Ha
MUKPOTBBPJIOCTTA B IBJI0OYMHA HA HABApCHHs METAJ W B JBaTa cliydas Ha
MIPEIBAPUTEITHO HAHECEH JISTUPAII IO - (ur. 7.

Haii-Bucoka muxporBbpaoct Hag 200 HVy, Ha MeXaauHHUSA CJIOH €
MOJIy4eHa TPH JIB€ HAHACSAHMS Ha YepeH IpadUT U TPETO C MIBIHEX OT KBAPIIOB
MSICHK, KaTo Jebennnara Ha To3u cioi € okosio 100 — 150 um (mexay 300 u 400
KUM). CpaBHUTEIHO TOJEMHUTE CKOKOBE B TBBbpJOCTTa ((ur. 7) B AbI00OYMHA CE
JBIDKAT HAa HEPBHOMEPHOTO pas3MpejiesieHUe Ha YacTUIIMTE KBapIlOB IMSCHK B
HaBapEHUs MeTaj

[Ipu Tpu HaHacsiHMST HAa 4YepeH TpaduT C BOJHO CTHKIO JeOenrHaTa Ha
MexIUHHUS ciolt e okono 200 — 250 pm (mexamy 200 m 400 pm), a
MUKpoTBBpaocTTa € Hag 180 HVj,. Cnost nmoBuiiaBa paBHOMEPHO TBHPAOCTTA
CH KbM MTOBBPXHOCTTA U € CPABHUTEITHO XOMOTEHEH.

W mipu nBata jnermpaHu ciios ce HaOMroJaBa MOBUINABAHE HA TBBPIOCTTA JIO
HUBaTa Ha MEXKIWHHUSA CJIOW OJM30 O MOBBPXHOCTTA HAa HAaBAPEHUS MeETall.
ToBa yBenuM4aBaHe HAa TBBPAOCTTA B 30HM, OJU3KH JI0 TOBBPXHOCTTA Ha
HaBapeHUs METal, C€ ABDKM Ha OCBIIECTBEHOTO JIETHPAHE C BBIJIEPO],
MPEMUHABAHETO MY B TOBBPXHOCTHUTE HABApEHU CJIOEBE, KAKTO M Ha TIO-
BHUCOKAaTa UM CKOPOCT Ha OXJIaXKIaHE.
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3. 3AKVIIOYEHHUE

B pabGorata e moTBbpJieHA BB3MOXKHOCTTAa 3a Ch3JaBaHE Ha MEXKIUHEH
JIerupanl cjaoil ¢ BHUCOKO BBIJIEPOJHO CHABPKAHME WU IMOBUILIECHA TBBPJIOCT B
MaTpulia OT HUCKOBBIJIEPOJHA CTOMAaHa 4Ype3 NPEABAPUTEIHO HAHACSHE Ha
Jerupan] cioil B PEXHM Ha IUIA3MEHO HaBapsBaHE C HUCKOBBIVIEPOJCH
€JIEKTPOJEH MaTepHall.

OCHOBHUTE H3BOJU OT MNPEACTABCHUTE EKCIIEPUMEHTH WU TEXHUAT aHAIINU3
Morar Ja 0b1aT 0000IIEeHH OT CICTHUTE PE3yITATH:

1. IlorBbpAcHa € BB3MOXKHOCTTA 3a JIETUPAaHE IIPU HABAPSIBAHE HA
HUCKOBBIJIEPOJAHA MaTpHIla C HUKCOBBIJIEPOJEH E€JIEKTPOJIEH MaTepuan upes
MIPEIBAPUTEITHO HAHECEH HIMXTOB MAaTepual Ha OCHOBaTa Ha IpaUT U BOIHO
CTBKJIO.

2. YcraHOBEHa € BB3MOYKHOCTTA 3a MOJy4aBaHE Ha HEEIHOPOJECH HaBapeH
METaJl ¥ HAJIMYME HA MEXKIUHEH CJIOW C BEPOSITHO IMO-BHCOKO ChIbpKaHUE Ha
BBIVIEPO/I, TIOBUIIIEHA TBHPAOCT U MOBUILIEHA TBBPJIOCT CIPSMO 3a00MKajsIaTa
ro MaTpHiia.

3. IloBuIIaBaHETO HA TBBPJIOCTTA HA HABAPECHHS METAJ MPHU MPEABAPUTEIHO
HAHECEH JIerupalll MaTepuall He € CBbP3aHO C MosiBaTa Ha BHTPEIIHU JePeKTu
(MyKHAaTUHM, TOPH, HEMETAJIHU BKJIOYBAHUS, LIJIaKa W Mp.) WIKM HA BUIUMA
MPOMSIHA BbB BHHIIIHUS BUJ] HA HABApCHUS METaJl.

baaroxapuocTu

Astopute 0narogapar Ha Jorosop Ne JIVHK-01/03 ot 12.2009 3a npoekt 3a
ch3gaBane Ha ,,YHUK 3a mHoBaumu u TpaHcdep Ha 3HaHUS B oOjacTTa Ha
MUKPO/HAHO TEXHOJOTMM U MaTepuaid, CHepruiiHata eQeKTUBHOCT H
BUPTYAJIHOTO HHXKEHEpCcTBO® mpu Texnuueckun YuuBepcutrer — Codusa 3a
oKa3aHaTa (pMHaHCOBA IOMOIII.
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Abstract: The paper presents the results obtained for hardness,
porosity and roughness of three type gas-thermal composite
coatings deposited through HVOF — technology, using three type
powder composites for three technological regimes of deposition.
The results are given in tables and as diagrams. The optimum
regime of coating deposition as regards the enumerated above
characteristics is being determined.
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1. BBBEJIEHUE

TpubotexHoNorUsATA 3a HaHACAHE HA TMOKPUTHA dYpe3 Ta30TepPMUYHA
cBpbx3ByKkoBa cTpys (HVOF-mporiec) npencrapisiBa KOMIUIEKC OT IPOIECH, ITPH
KOUTO IO/IaBaHMST Ha BX0Jla MaTepHall Ce 3arpsBa M ce€ U3CTpeBa 1moj ¢popmara
HAa CaMOCTOSITCJIHM 4YaCTHIM WM KalKd BBPXY JajieHa MOBBPXHOCT.
YcTpoilcTBOTO TeHepHpa HeoOxoauMaTa 3a IMpolieca TOIUIMHA C MOMOIITa Ha
TOPUMH Tra30Be MPONaH U KHCIOPO/I.

[Ipu 3arpsBaHeTO CH TPAXOBHUTE YACTUIM MPEMHUHABAT B IUIACTUYHO WIIH
pa3TONEHO CHCTOSIHHME, YBIWYAT C€ U CE YCKOpPSIBAaT B CTPyATa OT Ta30BE IMOJ
HaJIsTaHe KbM 0a3oBaTa MOBBPXHHUHA. Y IPSUKHU CE B MOBLPXHUHATA, YACTUIIUTE
ce aedopmupar (cruieckBaT) M oOpazyBaT THHKHU JiaMelld (MIPBHCKH), KOUTO
dbopmupaTr aaxe3nOHHN KOHTAaKTHU BPB3KH OT €/HAa CTpaHa C HEPABHOCTUTE HA
MOJTOTBEHATA MOBbPXHUHA, a OT JIpyra — KOXE3UOHHU BPB3KU ChC CHCEIHUTE
namenu. Ilpu ynapa cu ¢ moBbpXHMHATa YacTUIMTE (KallKH) C€ OXJaXJaT U
HaIJIacTSABaT MPbCKAa BBPXY MPBhCKA B JIAMUHApPHA CTPYKTypa, (Gopmupaiia
KOMITO3UTHOTO TIOKPUTHE.

Ha ¢ur. 1 e npencraBeHo cxeMaTHYHO HANMPEYHOTO CEYEHUE HA JIAMUHApPHA
CTPYKTypa Ha HAHECEHOTO MOKpUTHE. Ts € HEXOMOT€HHa, ChAbpKa OMPEIECICHO
KOJIMYECTBO IMOPH M OKUCH B CIydall Ha JeTIOHWpaHe Ha MmeTan. HaHeceHHsT
MaTeprai Moke Ja ObJe BCAKO BEIIECTBO, KOETO MOJJICKH HA Pa3TOISBaHE —
MeTaji, METATHA CheANHEHUS, IIAMEHTH, OKMCH, TIOJTUMEPH | JIP.

| 3
4

¢ur.1: Cxema Ha munuuno nanpeuHo ceyenue Ha IAMUHAPHAMA CMPYKMYPA HA
0enoHUpano noKkpumue

Oo6o3nauenusita Ha ¢urypa 1 ca: 1 — nopu; 2 — oxucuu exmousanus, 3 —
KOXE3UOHHU KOHMAKMU MexcOy uacmuyume HA nokpumuemo, 4 — npwvcku
(namenu); 5 — a0Xe3uOHHU KOHMAKMU MeHCOY NO8bPXHUHAMA U NOKpumuemo, 6
— HEepasHOCMU HA NOBBPXHOCMHUSL CJIOU HA 6A308amMaA NOBLPXHUHA 7.

dopmupaniara ce KOHTaKTHa BpPB3Ka MEXKIy IIOKpUTHETO M 0Oa3oBaTa
MOBBPXHWHA MOXE Ja ObJe MEXaHWYHA, XUMUYHA W/WIM METAITypPTHYHA, WM
KOMOMHAIUS OT TPUTE.

CpoiicTBaTa Ha TMOKPUTHETO 3aBUCAT OT CHBMECTHOTO ACHCTBHE HA MHOTO
dbakTopu — CBCTAaB W Pa3MEPHOCT Ha IMpaxoBaTa CMEC 3a HaHACSHE Ha
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MOKPUTHETO, MapaMeTpy Ha TEXHOJOTHYHHS MPOLIEC, €CTeCTBO, I'PamaBoCT Ha
0a3zoBaTa MOBbPXHUHA.

OcHOBEH KpuTepHil 3a HW3MOJ3BaHE Ha MaTepuajia B KadyecTBOTO MYy Ha
MOKPUTHE € BBH3MOKHOCTTA YACTULIUTE MY Jia TIPEMHHABAaT B PA3TONEHO HIIU
BHUCOKOIUJITACTUYHO ChCTOSIHUE M BIIOCJEACTBHE Ja ce neGopMupar rnpHu yaapHus
CH KOHTAKT C TIOBbpXHMWHATa. BuHcOkHTEe TeMIepaTypu B ChUYCTaHUE C
BB3MOKHOCTTA 32 IIMPOKO pEryjHpaHe Ha ChCTaBa, CHEPrusiTa Ha CTpysTa H
MPOCTPAaHCTBEHATa W KOHGUTYpaIus CHPSMO TOBBPXHHUHATA OCHUTYPSBAT
rojsiMo pa3HooOpa3ue OT MaTepualu u OOCTOATENCTBa 3a (opmHupaHe Ha
MIOKPHUTHS C pa3JIMIHK cBoiicTBa [1,2].

HVOF e enun ot Haii-HOBUTE METOAM B TPHUOOTEXHOJIOTUUTE 32 TEPMHUIHO
JIENIOHUpPAaHe Ha TMOKPUTHSA. Ta3u TEXHOJIOTHS MUHHMMM3Upa HU3MOJ3BaHaTa
TOIUIMHHA €HEPTus U MaKCUMH3Upa KHHETHYHATa €HEeprusi Ha 4YacTUIIUTE 3a
HAaHACSHE Ha TOKPUTHUS C TOJsAMa IUTBTHOCT, HHMCKAa MOPUCTOCT M BHCOKA
anxe3noHHa skoct [3,4,5].

[lenta Ha HacTosimata paboTa € Ja ce€ H3CIeABaT XapaKTEPUCTUKUTE
TBBPAOCT, TIpamaBoOCT M TMOPUCTOCT Ha TPU BHUAA TOKPUTHUS C pa3IUvHA
nebenuna, HaneceHu upe3 HVOF-mipoiiec mpu Tpu TEXHOJOTUYHU pEXUMa U Ja
ce OMpe/ e ONTUMAITHUAT PEXKUM 32 BCIKO MOKPUTHE.

2. XAPAKTEPUCTUKH HA IIPAXOBUTE KOMIIO3UIIUU H
TEXHOJIOI'MYHUA ITPOLEC

B wuscnenBaHeTo ce U3MNOA3BAT TPU BHJA MPAXOBU KOMIIOZHUIIMU - C
o6o3nauenus 602 P, F382F u WC/Co (88/12), monydenu upe3 araoMepanioHeH
MpoIleC C BKJIKOYEH €Tall Ha CUHTepoBaHe. CpeaHUST pa3Mep Ha MPaXOBUTE
JacTUIIX € B rpaHunuTe 45+ 2,5 um. IlokputusTa ca HAaHECEHH ChC CHCTEMaTa
Muxkpoxet [Ipax -GMA, benrus.

B Tabmumu 1,2 u 3 ca npeacTaBeHd JaHHU 3a XUMHUYECKHS ChCTaB U HIKOU
(bU3UKO-MEXaHUYHH CBOMCTBA HA MPAXOBUTE KOMITO3HUIIUH.

Tabauua 1: /lpaxosa komnosuyus 602 P

Ne XuMHYeH mibTHOCT | Temneparypa Tebpaoct

ChCTaB o, kg/m?® Ha no Mooc
TOmeHe,° C

1. Cr,13,2% 7.19.10° 1850 9

2. Si, 3,98 % 2’33_103 1414 7

3. B,2,79% 2.3.10° 2300 9

4, Fe, 4,6 % 7,87.103 1535 4

S. Co, 0,03% 8,76.10° 1490 5,5

6. C,0,63% 22.67.103 3500 -

7. Ni, OamaHc 8,91.103 1455 3,8
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Tabauua 2: Ilpaxosa komnozuyus F382F

Ne XuMHU4YeH mIpTHOCT | Temmepartypa TeBpaoct

CbCTAB 0, kg /m3 Ha no Mooc
TomeHe, ° C

1. Cr,17,3% 7’19_103 1850 9

2. Mo, 2,2 % 10,21.10° 2620 -

3. C, 0,019 % 22,67.103 3500 -

4. S, 0,009 % 2.07.10° 119,05 -

S. P, 0,02% - 44,15 -

6. Si, 0,9% 2.33.10° 1414 7

1. Mn <0,3 % 7’21_103 1246 -

8. Fe, bamanc 7.87.10° 1535 4

Ta6auua 3: /Ipaxosa komnoszuyus WC/Co (88/12)

Ne XuMHYeH mibTHOCT | Temmepartypa Tebpaoct

ChCTaB o, kg/m?® Ha no Mooc
Tomnene,° C

1. Co, 12 % 8,76.103 1490 55

3. C,54% 22.67.10° 3500 -

4, Fe<, 0,1 % 7,87.103 1535 4

5. Ni<, 0,1 % 8,91.10° 1455 3,8

6. W , Oayanc 18,91.103 3370 9

OTHOCHO crienu(UIHATE 0COOCHOCTH Ha €IEMEHTUTE, KOUTO MPHUCHCTBAT B

xomno3uiuure 602 P, F382F u WC/Co (88/12):

- IpH TIpU BHCOKHM TemmepaTypH XpombT (Cr) ce cBp3Ba ¢ BBIIEpOsa
(C), cumumus (Si) u 6opa (B) xaro obpasysa meramommau. C Kuciopona
o6pasyBa okcumu (CrOs3;CryOg). Ilpu Temmeparypa Ham 196°C (CrOg)
ornens (O, ) u oGpasysa TpyIHOTONMMA, TBBPAA CTPYKTYpa —(Cr203);

- sxenmsoro  (Fe), xobantst (Co) m mmxemst (Ni) mposmssar
(dbepoMarHuTHUA CBOMCTBA;

- Tpu BHCOKM Temmepatypu 6opbT (B) ce chenuHSBA ¢ HAKOM METamu
(Fe, Ni) U C BBIVIEpOJA (C), KaTo 00pa3yBa CHOTBETHO OOpuIu U KapOun
(B4C), oTmiuaBamu ce ¢ ToIsAMa TBEPIOCT;
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- MommbaensT (Mo) obpasysa crias ¢ xenszoro (Fe), a mpu BucOkH
TemriepaTypu B3aumojeiictBa ¢ kuciopoga (O,) Kato 06pasyBa OKCHA
(MoO3);

- Bondpamsr (W) Bimsa BB B3ammoseiicTBue ¢ BBraepoga (C) w
oOpasyBa BoJippaMoB KapOu (WC) — CBEIWHEHHWE C BHUCOKAa TBBPJOCT.
KoGanTsr (CO) m3mbiHABa ponsTa Ha CBBP3BAII €IEMEHT C BON(ppaMoBaTa
MaTpHIa.

[TonydeHn ca TMOKPUTHS C TPUTE KOMITO3UIIMU TPH TPU TEXHOJOTUYHU
peKHMa, YUUTO IMapaMEeTPH ca MpeICTaBeHH B TabuIa 4.

Taouuua 4: [lapamempu na mexnono2uuHume pescumu npu HaHacsHe Ha

NOKpumuama
Ne [TapameTsp TexHnonornuen | TexHonornueH | TexXHOIOTHYEH
pexum TR-I pexum TR-II | pexum TR-III
Otnomenue C3Hg /Oy, % 45/100 55/100 55/100
Ckopocrt Ha cTpysiTa, m/ S 700 1000 1000
3. Pascrosinue ,,n103a-
noKpuTHe” 80 120 160
L, mm

4, ‘brea mexny nro3zara u

TIOKPHUTHETO, O ,° 90 90 90
5. Hansrane Ha Bb31yXa oT

KoMmIipecopa, bar 5 5 5
6. Hansrane Ha a3ora B

J03UPAIIOTO YCTPOICTBO, 4 4 4
bar
7. CkopocT Ha oJjaBaHe Ha
MpaxoBusl MaTepua, 1,5 1,5 1,5
tr /min

8. | MacoB nebut Ha MpaxoBHs

Mmatepuai, ¢/ min 22 22 29

3. EKCOEPUMEHTAJIHU PE3YJITATU

[TonydyeHn ca eKCEpUMEHTAIIHU PE3YJITAaTH 34 U3MEHECHUETO HAa TBBPAOCTTA
Ha TIOKPUTHSATA OT TAXHATa JabalinHa, 3a TMOPUCTOCTTa W TPAMaBOCTTa Ha
MOKPUTHS C €IHA U ChIla JedennHa 6 =350um 3a TPUTE TEXHOJIOTUYHH PEKUMA
Ha HaHacsiHe. B tabmuum 5, 6 u 7 ca npeacTtaBeHU pe3yiTaTUTE 3a TBBPAOCTTA
Ha MOKPUTHS C pa3ivyHa AcOerHa 3a BCAKA MPaxoBa KOMITO3UIIUS MPU TPUTE
pexuMma.
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Tabauua S: 3asucumocm na mevpoocmma HRC na noxpumuemo om necosama

oeberuna -602P

o, um 0 50 um 100 150 200 250 300 | 350 um
peKUM Aam Aam Aam am am

TR-I 57,5 58,2 58,6 59 59,4 60,2 60,4 60,6
TR-II | 57,5 58,4 59,1 59,9 60,7 60,9 61 61,4
TR-1II | 57,5 57,8 58,4 58,9 60 60,1 60,2 60,4

Tabéauna 6: 3asucumocm na mevpoocmma HRC na noxpumuemo om necosama

oeovenuna -F382F

O, um 0 50 um 100 150 200 250 300 | 350 um
pexum 4m 4m 4m 4m 4m

TR-1 | 14 155 | 16,5 17 18 19 20 20
TR-II | 14 18 20 23 | 245 | 255 26 26
TR-III| 14 195 | 215 | 24 | 248 25 25 25,1

Tab6auna 7: 3asucumocm na mevpoocmma HRC na noxpumuemo om necosama

oeoenuna —\WWC/Co (88/12)

S, um 0 [50zm | 100 | 150 | 200 | 250 | 300 [350m
pexum 4m 4m 4m 4m 4m

TR-1 | 67 | 6835|6835 | 684 | 6845 | 68,48 | 685 | 685
TR-II | 67 68,6 | 6865 | 687 | 688 | 6809 70 70
TR-III| 67 673 | 675 | 679 | 683 | 684 | 685 | 685

Ha ¢urypu 2, 3 u 4 e npeacraBeHa rpa@uyHO U3MEHEHUETO Ha TBBPIOCTTA OT

nebenuHaTa Ha MOKPUTHETO MPU TPUTE TEXHOJOTHYHH PEKMMa ChOTBETHO 3a
nokputust 602P, F382F u WC/Co (88/12)

192




bur 2. Hzmenenue na mevpoocmma HRC na nokpumue 602P om necosama oebenuna

TBbLpAocT, HRC

¢ur 3. Uzmenenue na mevpoocmma HRC na nokpumue F382F om necosama
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ExcniepumenTtanaute pesynratu 3a mopuctoctra P,[%] u rpamaBoctTa

Ra,[xm] 3a Bciko MOKpUTHE TIpU TPUTE TEXHOJOTMYHU pEXKUMa  ca
IpeCTaBeH! B Ta0IMIU 8 U 9.

Tadauua 8: MUzcrneosane na nopucmocmma, P,% npu oeberuna Ha nokpumuemo
0 =350 um

Ne | TexHOJIOTHYEH PeKUM 602P F382F WC/Co
(88/12)
1. TR-I 3,4 % 3,7% 3,3%
2. TR-IT 1,45 % 2% 1,4 %
3. TR-III 4,3 % 4,3 % 4,3 %

Tadauua 9: Hzcneosane na epanasocmma Ra, um npu Oebenuna Ha NOKPpUMUEMO

0 =350 um

Ne TexHOTOTHYEH pPeRUM 602P F382F WC/Co
(88/12)

1. TR-I 10 um 10 gm 13 um

2. TR-II 10 um 10 gm 10 um

3. TR-II 10 um 10 um 12 um

Ha ¢urypu 5 u 6 ca npencraBern TaboiorpamMu CbOTBETHO HA TOPUCTOCTTA U
IpanaBoCTTa Ha BCUYKU ITOKPUTHUS IIPU TPUTE TEXHOJIOTUYHU PEKUMM.

4,5
4,
o 35
oo 37
5 25
o 0602 P
E2
S WF382F
2 15
2 OWC/Co

0,51

TR-I

TR-II

TR-II

TeXHONOrn4Hu pexummm - TR

¢bur 5: H3umenenue na nopucmocmma P, % npu mpume mexHono02UUHU pexicuma npu
oebenuna Ha nokpumusma 6 =350 um
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o602 P
B F382F
41 OWC/Co

panaBocrT, Ra

TR-I TR-II TR-III

TEeXHONOrN4YHU pexxumu - TR

¢ur. 6: Hzmenenue na epanasocmma Ra, ym npu mpume mexHoI02UYHU PEHCUMA NPU
oebenuna na nokpumusma & =350 gm

4. AHAJIM3 HA IOJIYYEHUTE PE3YJITATU U KOHCTATAIIUU

[Ipu ananu3a Ha pe3yiATaTUTE 32 U3MEHEHUETO Ha TBHPIOCTTA HA MTOKPUTHUSITA
Ha ¢urypu 2, 3 u 4 € O4YEeBHJHO, Y€ TBBPAOCTTA HapacTBa C YBEJIWYaBaHE
nebenrHaTa 0 Ha TpUTE BUJA MOKPUTHS NIPU TPUTE PEXUMA, HO UMa PA3IUYHU
CTOMHOCTM M XapakTep Ha M3MEHEHHE. 32 BCUYKH MOKPUTHUS U PEXKUMH C
n3kmouenne Ha mokputue or WC/Co (88/12) mpu pexum TR-1 — ¢ur.4,
3aBUCUMOCTTa Ha TBBPJAOCTTa OT JAeOenuHaTa Ha NOKPUTHUETO MMa CHIIHO
HEJIMHEeH Xapakrtep. MakcumallHa TBBPAOCT C€ IMoJydaBa NpPU MOKPHUTHE
WC/Co (88/12) - 70 HRC mnpu Ttexnomoruuen pexum TR-Il. TIpasu
BIIEYATJIEHUE, Y€ Ta3u TBBPJAOCT C€ MOjJyyaBa C PsA3bK CKOK B oOjacTra Ha
n3MeHeHue Ha aedenunara ot 250 gm mo 300 4m. Haii-Hucka e TBBpIOCTTa Ha
nokputue F382F mpu TR-I mpu nebenuna 50 gm - 15,5 HRC.

[Ipu ananuza Ha pe3yJTaTUTE 3a MOPUCTOCTTA (Tabnuia 8) u Tabosiorpamara
Ha ¢ur. 5 ce BWXKAa, Y€ HAKW-roJsIMa MOPUCTOCT U € OJIM3KKM CTOMHOCTHU MMAT
Bcuuku nokputus npu TR-I11, T.e. npu Haii-oTAaneyeHa a103a OT MOBbPXHUHATA
L=160[mm] u cwotHOmEeHHe Ha mpomnan/kuciopon 45%/100%. Haii-manka
MOPUCTOCT 3a BCUUKHU MOKpUTHS ce noiyyaBa npu [R-1l, karo naii-manka e Ha
nokputrero WC/Co (88/12). Tabonorpamara Ha rpamaBocTra Ra mokasBa, ye
Hali-BUCOKa TpalaBoCT CE€ MOJydyaBa MPU TPETUS TEXHOJOruueH pexum [ R-I
npu nokputus 602P u WC/Co (88/12). I1pu apyrute aBa pexuma rpamnaBocTTa €
Mo-MaJjKa v MPUOIU3UTEIHO ¢ €IHa U Chla cToiHoCT - 10 zm .

OT HampaBeHUsl aHAJIM3 Ha TOJYYEHUTE PE3yITaTH MOXE Jla ce KOHCTAaTHUpa,
Yye ONTUMAJHUAT TEXHOJOTMYEH pPEXMM Ha CBPBX3BYKOBAaTa CHUCTEMA
»~MHUKPOXET-ITPAX” OT rienHa Todka Ha XapaKTEPUCTUKUTE TBBPIOCT,
MOPHUCTOCT U IPanaBocT € BTOpUAT pexum TR-11.
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B Ta6JII/IHa 10 ca MNpeaACTaBCHU OIITUMAIIHUTC TCXHOJIOTHYHH PCKHMH 3a
BCAKO IMOKPHUTUC U CBOTBCTCTBAIIUTC XAPAKTCPUCTUKU — ITOPHUCTOCT, I'PaAIllaBOCT
U TBBPAOCT.

Tadmuua 10: Onmumannu mexnonoecuyru pesxcumu u napamempu 3a pasiudHume

NOKpUmMusl
Ne IHokpurue Texnosornuyen | [lopucrocr | I'panaBocrt | [debesmuna | TBbpaoct
pexumM P,% Ra, um o, um HRC
1. 602P TR-11 1,45 % 10 gm 350 um 61,4
F382F TR-11 2% 10 gm 350 um 26
3. | WC/Co (88/12) TR-I1 1,4 % 10 gm 350 um 70

5. BAKVIIOYEHHUE

B pabGorara ca moiydeHH pe3yaTaTd 3a TBBPJOCTTA, IOPUCTOCTTA U
rpamaBoCcTTa Ha TpU BUJA TOKpuTus, HaHeceHu upe3 HVOF — mpomec
TEXHOJIOTHATA, C TPU BUJIA TTPAXOBH KOMIIO3HUITUH 33 TPH TEXHOJOTUYHU PEKUMA
Ha HaHacsiHe. Pe3ynTaTute ce npejcTaBeHu B TaOIMYEH U IpaUyueH BH/I.

OnpeneneH € ONTUMATHHUAT PEKUM 3a HAHACSIHE HA TOKPUTHUATA 10
OTHOIIICHUE Ha MOKAa3aTEIUTE TBBPIOCT, IOPUCTOCT U TPAIaBOCT.

HUcneosanemo 6 nHacmosiwama nyoiukayus e c8bp3aHo ¢ npodiemamuxkama u
e punancuparno no oocoeop J[VHK-01/3 na Texnuuecxus ynusepcumem-Cogust
¢ MOH na mema:

»Cb30asane na ,,Ynueepcumemcku HayuHo-u3ciedoeameicku Komnjiexc”
(YHHUK) 3a unosayuu u mpancghep na 3nanusa 6 odiracmma Ha MUKpPO/HAHO
mexHoI02uu U Mamepuaiu, €eHepeUilHa e@eKmusHocm u GUPMYAIHO
UHIHICEHEePCm 8o ™.
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Abstract: By means of the procedure is developed by us, wear
and wear-resistance have been studied according to the acting
standards for three type composite coatings under conditions of
fixed abrasive friction. The coatings were deposited by gas-thermal
supersonic stream (HVOF-process) under conditions of two
technological regimes. Results are given in tables and graphs.
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1. BBBEJIEHUE

TpubotexHoNorUsATA 3a HaHACAHE HA TMOKPUTHA dYpe3 Ta30TepPMUYHA
cBpbx3BykoBa ctpys (HVOF — mporiec) mpeacraBisBa KOMIIEKC OT MPOLIECH,
IpU KOUTO TIOJIJaBaHUAT HA BXOJIa TIPAXOB MaTEpHall CE 3arpsiBa U C€ M3CTpeBa
nox ¢opMara Ha CaMOCTOATETHH 4YacCTHIIM WM Kamkd BBPXY JajeHa
ITOBBPXHOCT.

Hacrosmoro wm3ciieziBaHe € NpoabDKeHHe Ha pabora [1] m mma 3a men
pazpaboTBaHe Ha METOAMKA M  M3CJEIBaHE Ha  HW3HOCBAHETO U
U3HOCOYCTOMYMBOCTTA HA KOMIIO3UTHHUTE TTOKPHUTHS, MOJTYICHH TIPH ONTHMAJICH
TEXHOJIOTHYEH PEKHUM, B YCIIOBHS Ha TPHUEHE IO 3aKpeIeH adpa3uB.

2. METOJJUKA U YCTPOUCTBO 3A U3CJIEJIBAHE HA ABPA3ZUBHO
N3HOCBAHE

EKCIIepUMEHTaIHOTO H3CJENBAaHE C€ OCBUIECTBABA II0 METOAMKA M C
YCTPOMCTBO 3a YCKOPEHM M3IWTAaHUSA MO KMHEMATHYHATa CXeMa ,,l1allel-IUCK .
@dyHKIMOHAIHATa CXE€Ma Ha YCTPOMCTBOTO € mpeicTaBeHa Ha ¢wur.l.
Metonukara e pazpaboTeHa B 1aboparopusra 1o TpuOoJIOTHs U € ChoOpa3eHa C
W3MCKBaHUATA Ha JICHCTBAIIUTE cTaHaapty [2,3,4].

N3cnenBanusT umiauHapuueH oOpaszen 3 (Tsu10) ¢ mokputue K ce MOHTHpa
HEMOJABM)KHO B HaTOBapBalla TJlaBa 6 KaTo C 4YelHaTa CU MOBbPXHUHA
KOHTaKTyBa C aOpa3uBHaTa IMOBBPXHMHA 2 Ha XOPHU3OHTAJNEH JUCK |
(npotuBoT10). IIpOTUBOTAIOTO 2 ce BBPTH C NMOCTOSHHA BIVIOBA CKOPOCT
@=CONSt 0KOJO BepTUKaTHATaA CU Oc. bposaT Ha obopoTHTE CE€ OTUMUTa C
obopoTomepa 5. VYCTpPOMCTBOTO TMO3BOJISIBA HM3MEHEHHE Ha CKOPOCTTa Ha
IUTh3TaHe Ype3 U3MEHEHHE Ha BIJIOBAaTa CKOPOCT Ha JUCKA OT yIpaBJisBall OJIoK
U 4pe3 HU3MEHEHHE Ha pa3crosHueTo R Mexay ocra Ha BBpPTEHE Ha
MPOTUBOTSIIOTO 1 1 ocTa Ha oOpazerna 3.

®ur. 1: Qyuxkyuonanna cxema Ha yCmMpoLCmMeEo 3a U3cieosane USHOC8AHEeMOo Ha
NOKpUmMus npu mpueHe no 3aKkpeneH abpaszus
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AOpa3uBHaTa TOBBPXHWHA 2 HAa MPOTHBOTSAIOTO 1 ce Momenupa dYpes
UMIPETHUPAH KaOpOKOPYHA C TBBPAOCT MHHMUMYyM 60% TO-BHUCOKa OT
TBHPIOCTTA Ha W3MUTBAHWUTE TIOKPUTHS B CHOTBETCTBHE C HW3HUCKBaHHUATA Ha
crangapra [2].

MeTtoauKkaTa ce OChINECTBSBA B CJIEIHATA TOCICIOBATEIIHOCT OT ONEPAIIHH:

e [loarotoBka Ha eaHaKBU MpuU3MaTUYHU oOpasiu 3 c¢ pasmepu 13x15x5
[mm].

e II3mepBane Ha Macata Ha oOpa3uuTe NMpeAu U CieJ W3MUHABaHE Ha
OIpEeJIeJICH BT Ha TpUeHe S ¢ momolnTa Ha enekrponHa Besna WPS 180/C/2 ¢
tounoct 0,1,[mg]. IIpu Bcsko n3mepBane oOpa3luTe Ce MOYNCTBAT C MTOIX OIS

pa3TBOp 3a MPEIOTBPATABAHE HA CTATUYHOTO €NEKTPHUUECTBO;
e OOpazenpT 3 ce MOHTHpaA B HaTOBapBalllaTa IJiaBa, 3ajaBa Ce€ OMPECIICHO
HOpPMAaJIHO HaTOBapBaHe P mo ocTa Ha oOpa3ela u ONpeesieH IbT HAa TPUCHE S
ype3 Oposiy Ha 000pOTH 5.
e Cren u3MHHABaHEe HA CHOTBETHHS 3aja/ieH bT Ha TpueHe S (Opoi mukiu
N ) ce u3MepBa OTHOBO MacaTa Ha oOpasera.

3. TPUBOJIOI'MYHU XAPAKTEPUCTUKH

Omnpenensr ce CIeTHUTE OCHOBHU XapaKTePUCTHKH HAa N3HOCBAHE:!
* aOCOJIFOTHO MAacoBO W3HOCBaHe, M,[MQ] - pa3nmmka Mexay MacuTe Ha

oOpaseria npean U cjie/] i3MUHABAHE Ha ONPE/ICIICH ITbT Ha TPUCHE S .
* CKOpPOCT Ha MacoBoTO m3HocBaHe dm/dt,[mg/min] - pa3spymrenara maca

OT KOHTKAaTHaTa MOBbPXHUHA HA MTOKPUTHUETO 32 BpeMe €JHa MUHYTA.
* a0COJIFOTHA WHTCH3MBHOCT HAa M3HOCBAHE |: IpEJCTaBIIsABa pa3pyllicHaTa
nebeauHa Ha IIOKPUTHETO, OTHECEHa 3a €JWHWIlA IIbT Ha TpHEHE S.
AOcoroTHaTa WHTEH3UBHOCT HA M3HOCBaHE, MPEACTaBEHA 4Ype3 aOCOIIOTHOTO
MacoBO M3HOCBaHE M, ce mpecMsTa o (Gopmysara:
m

- p.A.S @

KBICTO: O € IUITBTHOCTTA HA IIOKPUTHUCTO, Aa - HOMHMHAaJIHAaTa KOHTAaKTHaA I1JIOII]

Ha B3aUMOJCHCTBHE, a S - MBTAT Ha TPHUEHE, KOUTO Cce MpecMmsTa upes
chOTBeTHUsI Opoit ki N Ha KOHTaKTHO B3auMOJEHCTBHE, 1O (popMyraTa:

S =2/RN (2)

* a0COJIOTHA WM3HOCOYCTOMYHMBOCT |: mpecMmsiTa ce KaTo perunpovyHa
CTOMHOCT Ha WHTEH3MBHOCTTA HA M3HOCBAHE M CHOTBETHO ChIIO €
0e31MMeHCHOHHA BEIMYHHA, T.€.

|:%:La's 3)
i m
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* CHCHI/I(bI/I‘IHa HMHTCH3MBHOCT Ha HM3HOCBAHC isi pa3pymeHara Mmaca M OT

TOKPUTHETO, OTHECCHA 32 €MHHUIIA HOMHHAJIHA KOHTAKTHA IUiom A, = 1[mm2]
3a eIMHUIIA TBT HA TpueHe S =1[m], T.e.:

s = (4)

CHCHI/I(i)I/ILIHaTa HHTCH3MBHOCT HaA  H3HOCBAHC I s nMa JHMMCHCHA

[mg/ m.mmz] :

* CHGI_II/I(I)I/ILIHa HSHOCOYCTOI‘/JILII/IBOCT IS: InpecMiATa CC KAaTO PCOHUIIPOYHA
CTOMHOCT Ha CHCI_[I/I(l)I/I‘-IHaTa HWHTCH3NBHOCT Ha MU3HOCBAHE, T.C.:

1 S.A,
IS ==
is m

()

CHG]_II/I(i)I/ILIHaTa I/IBHOCOYCTOﬁ‘IPIBOCT IS € 4MCJIO, KOCTO IIOKa3Ba KOJIKO MCTpa

IITbT Ha TPHUCHC S mec HM3MHMHC KOHTAKTHa INIoImaJgKa C IIJIOI] 1 KBaaApaTCH
MUIHUMCTBpP, 3a Aa CC pa3pylln OT HEA BCIICCTBO C MacCa 1 mg . ﬂI/IMeHCI/IHTa Cc

CHOTBETHO [m.mm2 /mg].

* HOMHMHAJIHO KOHTAaKTHO HamsraHe Pg, [N/ sz]: NpEICTaBIsIBA

HOPMAJIHOTO HaToBapBaHe P, koeTo ce pasmpenens Ha €IMHHMIIA HOMHHAJIHA
(reoMeTpUYHAa) KOHTAKTHA IUIOI] Ha JAOMUpaHE, T.C.

P 2
Pa =—, [N/cm?] (6)
Aa
B Tabnuna 1 ca npeacTaBeHu JaHHU 3a TTOKa3aTEIUTE Ha EKCIIEPUMEHTA, TIPU
KOUTO € MIPOBEJICHO TPUOOJOTUUHOTO U3CJIC/IBaHE.

Tadommua 1: Excnepumenmannu napamempu

[Tapamerpu CroiiHocTH
Homunanno xonmaxmmno nanaeawne, p, [N/ cmz] 5,82
Cpeona ckopocm na navseare, V' [cm/s] 15,5
Homunanna xonmaxmua niowy, A, [mm?] 195

B pabGorara ce u3cienBa M3HOCBAHETO HAa 7 Opost 00pa3uu OT MOKPHUTHS,
HaHeceHU ¢ 4 BUJa MPaxOBH KOMIO3HIIHH.
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4.

TEXHOJOI'MYHUSA ITPOLEC

HAaHECEHO ¢ IpaxoB MaTepuaa oT CryOs.

B Tabmumm 2, 3, 4 u 5 ca npeACTaBeHH JaHHU 32 XUMHUYECKHS ChCTaB M HAKOU
(hU3MKO-MEXaHUYHUTE CBOWMCTBA Ha IpaxoBUTE Kommo3uiuu 602P, F382F,
WC /Co(88/12) u Cr,03.

Tabauua 2: IIpaxosa komnosuyus 602 P

XAPAKTEPUCTUKHN HA IIPAXOBHUTE KOMIIO3MIIUU U

B wuscnenBaHero ce M3MONA3BaT TpU BHUAA IPAXOBHM KOMIIO3ULUHU - C
obo3nauenus 602 P, F382F u WC/Co (88/12), nonyuenu dype3 arjioMepanroHeH
IpOLEC C BKIIIOYEH €Tan Ha cuHTepoBaHe. CpemHUAT pa3Mep Ha IMpPaxoBUTE
yacTulM € B TpaHunmre 45+ 2,5 um. [lokpuTHsaTa ca HaHECEHH ChC CHCTEMaTa
Muxkpoxer Ilpax—GMA, benrus. B uscnenaBaHero € BKJIIOYEHO MOKpPUTHE,

No XYMMHYEH ChCTaB IUTBTHOCT Temneparypa TBBpHOCT

0, kg! m3 Ha o Mooc
Tonene,° C

1. Cr,13,2% 7’19_103 1850 9

2. Si, 3,98 % 2’33_103 1414 7

3. B,2,79% 2’3_103 2300 9

4. Fe, 4,6 % 7,87.103 1535 4

5. Co, 0,03% 8,76.103 1490 55

6. C,0,63% 22,67.103 3500 -

7. Ni, Oaranc 8,91.103 1455 3,8

Tabauua 3: /lpaxosa komnozuyus F382F

Ne XUMHUYEH ChCTAB ILUITBTHOCT Temnepatypa TeBpIOCT
o, kg/ m3 Ha ToneHe,° C mo Mooc

1. Cr,17,3% 7’19_103 1850 9

2. Mo, 2,2 % 10’21_103 2620 -

3. C, 0,019 % 22,67.103 3500 -

4, S, 0,009 % 2’07_103 119,05 -

d. P, 0,02% - 44,15 -

6. Si, 0,9% 2’33_103 1414 7

1. Mn<0,3 % 7’21_103 1246 -

8. Fe, OanaHC 7.87 103 1535 4
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Taomauua 4: /lpaxosa komnozuyus WC/ C0(88/ 12)

No XUMHUYEH ChCTAB IUTBTHOCT Temneparypa TBBpIOCT
0, kg/m3 Ha 1o Mooc
ToneHe,° C
1. Co,12% 8,76.10° 1490 5,5
3. C,54% 22,67.103 3500 -
4, Fe<,0,1% 7.87.103 1535 4
5. Ni<, 0,1% 8,91.103 1455 3,8
6. W, GanaHc 18,91.10° 3370 9
Tabauua S: /lpaxoe mamepuan CryOg
No XUMHUYEH CHCTAB ILUTBTHOCT Temneparypa TBBpIOCT
o, kg/ m3 Ha o Mooc
ToreHe,° C
1. Cr, 99,99 % 7’19_103 1850 9

B Ttabnuna 6 ca mpencTaBeHHM JAaHHU 3a MAapaMeTPUTE HA TEXHOJOTHYHMS
peXUM, TMPU KOMTO ca HAHECEHW IIOKpUTHUATA, a B Tabmuma 7 — HIKOU
XapaKTePUCTUKH Ha U3CJICABAHUTE OOpasIIH.

Tab6auna 6: Ilapamempu na mexnono2uinus. pexrcum npu HAHACsIHEe HA NOKPUMUSIMA

No [TapameTsp TexHosorn4yeH TexHonornyeH
pexum TR-I pexum TR-IT
1. Ornomenne C3Hg/05,% 45/100 55/100
2. CkopocT Ha cTpysaTa , m/s 700 1000
3. PazcrosiHue ,,1t03a-nokputue”
L, mm 80 120
4, ‘brea Mexay aro3ara u
TIOKPUTHETO, & ,° 90 90
5. Hansrane Ha Bb31yXxa ot
KoMIIpecopa, bar 5 5
6. Hansarane Ha a3zora B
JIO3UPALIOTO YCTPOMCTBO, bar 4 4
1. CKOpOCT Ha TIoJITaBaHE Ha
MpaxoBusl MaTepuall, tr/min 15 15
8. MacoB neOuT Ha TpaxoBHs
Marepuan, g/min 22 22
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Tabauua 7: Xapakxmepucmuku Ha uzciedsarnume oopasyu

Jebenuna na IlabTHOCT Ha

Ne OGo3HAYCHIEe nokpuruero, | Tevpaocr | I'panmaBocr | Ilopucrocr, Marpuuara
odpasen O, 1m HRC Ra, um P % 0, kg/m3
1 602P -TR | 350 zm 60,6 10 zm 3,4 % 801.103
2 602P -TR 11 350 um 61,4 10 gm 1,45 % 8,91.103
3 F382F -TR | 350 um 20 10 um 3,7% 7,87.103
4 F382F -TR II 350 um 26 10 um 2% 7,87.103
5 WC/Co(88/12) | 350 um 70 10 zm 1,4 % 18.91.10°

TR-11

6 Cr,03-TR | 350 zm 57,5 12 zm 4,5 % 719.103
7 Cr,03-TRII 350 xm 58 12 pm 3% 719.103
8 1710 D (DIN) - 45 10 gm 4,6% 7,87.103

5. EKIEPUMEHTAJIHU PE3YJITATH

C ommcaHWTe METOMWKA W YCTPOMCTBO Ca TIOJIYYEHHW EKCIICPUMEHTAITHU
pe3yJaTary, npejacTaBeHu B tabmuiy 8, 9, 10, 11, 12, 13, 14 u 15, 3a MacoBoTO
U3HOCBAaHE M, cKopocrra Ha wu3HocBaHero dm/dt, abcomrorHata | u
crienuduyHa iy THTEH3UBHOCT Ha M3HOCBaHe, abcomroTHaTa |, cnennduyuna |g

H3H000yCTOI>'I‘IPIBOCT Ha MOKPpUTHUATA U TAXHOTO UBMCHCHHUC BbB BPECMCTO.

Taﬁ.mzma 8: EKcnepuMeHmaﬂHu pesyimamu 3a Macoeomo uUsHoceane, ckopocmma Ha

U3HOCB8AHE, UHMEH3UBHOCMMA Ha USHOCBAHE U uswocoycmoﬁlmeocmma HA 06pa3eu Nel -

602P (L =80mm)

[IsT Ha Tpuene, S [M] 116 232 348 464 580
Bpoii wicm , N 500 1000 1500 2000 2500
Bpeme , t[min] 2.35 47 7 0.4 14.1
H3HocBane, M [mg] 150,2 180,8 200,5 215 217,2
CKOpOCT Ha H3HOCBaHE 63,91 38.47 28.64 22 87 18,48
[mg / min]
Hiremsisiioct 1a 7441077 | 4481077 | 3,31.1077 | 2,66.10" | 2,15.107"
U3HOCBaHe, |
Wswocoycroifuusocr, | 0.13.107 022107 | 030107 | 037.107 | 0,46.107
Cremndurina uRTEHsUBHOCT | ¢ 60 19-8 | 3971073 | 2.94.10°3 | 2.36.10°3 | 1,01.1073
Ha U3HOCBAaHE, IS
Crieungura 0,15.103 025.103 | 034.10° | 042.10° | 052.10°
HU3HOCOYCTOMUYUBOCT, |S
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Taﬁ.lmua 9: EKcnepuMeHmaszu pesyimamu 3a Macoeomo U3Hoc8aArne, cCKkopocmma Ha

U3HOCB8AHE, UHMEH3UBHOCmMmMa Ha U3HOcCeaHe U u3Hocoycm0ﬁuueocmma Ha 06])(13814 Ne 2 -

602P (L =120mm)

ITeT Ha Tpuere, S [mM] 116 232 348 464 580
Bpoii akn , N 500 1000 1500 2000 2500
Bpewme , t [min] 2,35 47 7 9,4 14,1

Usnocsane, M [mg] 45 59 7,2 7,9 8,8

CKOpOCT Ha H3HOCBAaHE 1,9 1,2 1 0,84 0,75

[mg / min]
Meremmmroct Ha 0221077 | 014.107" | 012107 | 0,1.107" | 0,09.107"
H3HOCBaHe, |
Hsnocoyerofiamsocr, | 4,48.107 714.10" | 8,83.107 | 10,2.107 | 11,46.107
Cremuuiag URICKSBHOCT | ) 5 4 -3 0,13.10° | 01.10° | 0,05.10°% | 0,08.1073
Ha U3HOCBAHE, IS
Crienuuira 5,05.10° 7.7.10° 9,5.10° 20.10° 12,5.10°

HU3HOCOYCTOMUYMBOCT, | s

Ta6nauna 10: Excnepumenmannu pe3yimamu 3a Macog8omo u3HOCeane, CKOpocmma Ha

U3HOCB8AHE, UHMEH3UBHOCmMma Ha U3HoceaHe u u3H000ycm0L7queocmma Ha 06pa3eu Ne 3 -

F382F (L =80mm)

I[IbT Ha Tpuene, S [M] 116 232 348 464 580
Bpoit akin , N 500 1000 1500 2000 2500
Bpeme , t [min] 235 47 7 9,4 14,1

Wsnocsare, M [mg] 13,5 17,8 24,5 29,6 33,4

CKOpOCT Ha U3HOCBaHe 5,7 3,78 3,5 3,1 2,84

[mg / min]
Himensupiioct ia 076107 | 05107 | 046.107" | 0,41.10" | 0,37.10”
H3HOCBaHe, |
Hsnocoycroitamsocr, | 1,32.107 2.107 2.18.107 2.4.10" 2.66.107
Criemudna witersusroct | £g 19-8 | 391073 | 036.10°° | 0,32.10°% | 0,29.1073
Ha U3HOCBaHE, IS
Crendirna 1.68.10° 255108 | 278.10° | 3,07.103 3,4.10°

U3HOCOYCTOMUYHUBOCT, I s
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Tabauna 11: Excnepumenmantu pe3yaimamu 3a MACO80MO UHOCEAHE, CKOPOCMMA HA
U3HOCBAaHe, UHMEH3UGHOCIINA HA U3HOC8AHE U USHOCOYCcmotudugocmma na oopasey Ne 4 -

F382F (L=120mm)

HU3HOCOYCTOMUYUBOCT, | s

TIsT Ha Tpuene, S [m] 116 232 348 464 580
Bpoii akn , N 500 1000 1500 2000 2500
Bpeme , t [min] 2.35 47 7 9,4 14,1

Mznoceane, M [mg] 10,2 15,7. 20,5 29,4. 32,8.

CKOpOCT Ha U3HOCBaHe 4,34 3,34 2,93 3,13 2,79

[mg / min]
VIHTCH3HBHOCT Ha 057.10~" | 044.107" | 0,38.10~ | 0,41.10~ | 0,37.10°
H3HOCBaHe, |
Hsnocoycroitumsoct, | 1,75.10" 2.27.107 2.6.107 242107 | 2,71.107
Crewndurina wtensusrioct | g 40 99-3 | 0341073 | 0301073 | 0.32.10°3 | 0,29.1072
Ha u3HocBane, lg
Crewnpiia 223.10% 20.10% | 333.10% | 309.103 | 347.10°

Tabnuna 12: Excnepumenmannu pe3yimamu 3a Macog8omo uU3HoOceane, CKOpocmma Ha
UBHOCBAHE, UHMEH3UBHOCIINGA HA USHOCBAHE U UZHOCOYCMOUYUBOCMma Ha oopazey Ne 5 -

WC/Co(88/12) (L =80mm)

I[IbT Ha Tpuene, S [M] 116 232 348 464 580
bpoii mukmm , N 500 1000 1500 2000 2500
Bpewe , t [min] 2,35 47 7 9,4 14,1

U3znocsare, M [mg] 0,6 0,8 1,0 14 1,6

CKOpPOCT Ha U3HOCBaHe 0,21 0,17 0,14 0,15 0,13

[mg / min]
Hurensiproct Ha 0,014.107" | 0,009.107 | 0,008.10~" | 0,008.107" | 0,00710~"
HU3HOCBaHE, |
Hsrocoycroifiusocrt, | 716107 | 1074107 | 129.107 129.107 134.107
Criemipuana RTCTSBIOCT | 031073 | 0,010 | 0,01.107° | 0,015.1073 | 0,014.1073
u3zHOCBaHe, lg
Crenupiia 37,9.10° 56,9.10° 68,2.10° 65.10° 71,1.10°
U3HOCOYCTOWYMBOCT, |S
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Tabauna 13: Excnepumenmannu pe3yimamu 3a Maco8omo uU3HOC8ane, CKOpocmma Ha

U3HOCB8AHE, UHMEH3UBHOCmMmMa Ha U3HOcCeaHe U u3Hocoycm0ﬁuueocmma Ha o6pa3eu Ne 6 -

Cr,O3 (L =80mm)

TIsT Ha Tpuere, S [M] 116 232 348 464 580
Bpoii mam , N 500 1000 1500 2000 2500
Bpewme, t [min] 2,35 47 7 9,4 14,1

Wsnocsare, M [Mg] 18,6 30,2 423 56,1 66
CKOpOCT Ha U3HOCBaHe 7,91 6,42 6,04 5,97 5,62
[mg / min]
VIHTeH3MBHOCT 2 1,14.107" | 092207 | 0,86.10" | 0,86.107" | 0,81.10'
n3HOCBaHe, |
Hsnocoycroitumsoct, | 0,87.10" 1,08.10° | 1,16.10" | 1,16.10" | 1,24.10'

Criemnna WRICHBHOCT | g5 19-3 | 0 66.1073 | 0,62.10°3 | 0.61.10°3 | 0,58.1072

Ha u3HocBane, lg
Cremmiria 1,22.10° 15102 | 161.10° | 162.10% | 1,72.10°

HU3HOCOYCTOMUYUBOCT, | s

Tabnuna 14: Excnepumenmannu peyimamu 3a Maco8omo U3HOC6ane, CKOpoCmma Ha

U3HOCBAHE, UHMEH3UBHOCMMA Ha USHOCBAHE U usHocoycmodqueocmma Ha 06pa3eu N7 -

Cr,03 (L =120mm)

[IbT Ha Tpuene, S [M] 116 232 348 464 580
Bpoii wam , N 500 1000 1500 2000 2500
Bpeme , t [min] 2.35 47 7 9,4 141

W3znocsane, M [mg] 17,5 25,4 35,1 40,8 44.6

CKOpPOCT Ha U3HOCBaHe 7,45 54 5,01 4,34 3,79

[mg / min]
Hirersisiioct 1a 1,07.107" | 0,78.20" | 0,72.20" | 0,62.207" | 0,54.10”'
U3HOCBaHe, |
Wswocoycroifuusocr, | 0,93.10/ 1,29.107 1.4.107 16.10° | 1,83.107
Crewnursa uRteRsBrocT | g 29 99-3 | 0561073 | 051,103 | 045.10°3 | 0,39.1073
Ha u3HocBane, lg
Crewnpiia 1,3.10° 1,79.10°% | 1,94.10% | 223.10% | 2,55.103

I/I3H000YCTOI>1‘IPIBOCT, I S
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Tabnuna 15: Excnepumenmannu pe3yimamu 3a Maco8omo uU3HOCeane, CKOpocmma Ha

U3HOCB8AHE, UHMEH3UBHOCmMmMa Ha U3HOcCeaHe U u3Hocoycm0ﬁuueocmma Ha o6pa3eu Ne 8 -

1710 D (DIN) (L =80mm)

ITeT Ha Tpuere, S [mM] 116 232 348 464 580
Bpoii akin , N 500 1000 1500 2000 2500
Bpeme , t [min] 2,35 4,7 7 9,4 14,1

Wsnocsane, M [mg] 18,2 30,1 456 52.4 611

CKOpOCT Ha H3HOCBaHE 7,74 6,4 6,51 5,57 5,2

[mg / min]
VIHTeH3MBHOCT 2 1,02.107" | 0,840 | 0,85.10" | 0,74.207" | 0,69.10”'
n3HOCBaHe, |

Hsrocoycroifinsoct, | 0,97.107 1,18.10" | 1,17.10" | 1,36.10" | 1,45.107

Cremuuing URICKSBHOCT | ) g 4 =3 0,66.10° | 0,67.10° | 057.10°% | 0,54.1073
Ha u3HocBane, lg
Crewnpiia 1,25.10° 1,51.10° 1,5.10° 1,74.10° | 1,86.10°
HU3HOCOYCTOMUYUBOCT, | s

Ha cnenpamure ¢urypu ca npencraBeHd rpaduyHO: 3aBUCUMOCT Ha
MacoOBOTO M3HOCBaHE M OT Opos UMKIM Ha u3HOcBaHe N (¢ur.2), 3aBUCUMOCT
Ha CKOpPOCTTa Ha H3HOCBaHEe OT BpemeTo t (¢ur.3), 3aBucMMOCTTa Ha
abCOJIOTHAaTa MHTEH3MBHOCT HA M3HOCBaHE i OT MbTA Ha TpueHe S (¢ur.4),
3aBHCHUMOCT Ha creuu@uyHaTa MHTEH3UBHOCT Ha M3HOCBAHE ig OT BT Ha

Tpuene S (¢wur.5).
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qur. 3: 3asucumocm na ckopocmma na uznoceane m om epememo t

WHTEH3UBHOCT Ha U3HOCBaHe, i.10-7
w
z
10
I

e

! _4$- ——3 e N6
0 %3 - %

116 232 348 464 580 —— e 7

NbT Ha TpueHe, S [m] —= Nes8

(])nr.4 . 3asucumocm na abcoromuama UHMEH3USHOCH HA USHOCBAHE |
om nvm:A Ha mpueHe S

T T T = T —
116 232 348 464 580
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Ha ¢ur. 6 u ¢ur. 7 ca npencraBeHru TabOJOrpaMUTe CHOTBETHO HAa a0COJIIOTHATA
U3HOCOYCTOMUYMBOCT | M Ha cnenuUYHATa U3HOCOYCTOMYMBOCT | Ha oOpasmure 3a

€IuH U cbll T Ha TpueHe S =580 [m], cborBeTcTBan) Ha N = 2500 HUKBIIA.
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¢ur. 8: Tabonoepama na usnocoycmotivusocmma Ha oopasyume, UsKIOU6aUaA
noxpumue om WC/Co(88/12)
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6. AHAJIN3 HA PE3YJITATUTE

[TomyueHn ca  eKCIEpUMEHTAJIHHM pe3yiATaTH 3a HM3HOCBAHETO W
W3HOCOYCTOWYMBOCTTa HAa 7 BHJAa KOMIIO3UTHU TIOKPUTHS, MPEICTABEHU B
rpaduyeH BUI, 3a:

* 3aBUCUMOCTTa Ha MacOBOTO M3HOCBaHE OT OpoOsi IUKIIM Ha TPUCHE,

* 3aBUCMMOCTTA Ha CKOPOCTTa HA MaCOBOTO U3HOCBAHE OT BPEMETO;

* M3MCHCHHMETO Ha abCOJIOTHATa WHTEH3WBHOCT HA M3HOCBAaHE OT IThTA HA
TPUCHE;

* W3MEHEHWE Ha crnenuduIHaTa WHTEH3WBHOCT HAa M3HOCBAaHE OT BT HA
TpUCHE.

BbB Buj Ha TabojorpamMa ca NpeACTaBeHM a0CONIOTHATa W crenuduyHa
M3HOCOYCTOMYMBOCT Ha BCUUKHU MOKpUTHS npu 2500 HUKBIA BT HA TPUCHE.

OCHOBHHUTE KOHCTATaI[MU CE CBEXAAT Jia:

e TOKPHUTHE, HAHECEHO C MpaxoBa Kommno3uiusa 602 P mma cuiHO u3paseH
HEJIMHEEH XapaKTep Ha M3HOCBAHETO OT Oposi MuKIX (BT HA TPUEHE) U TO-
OPOIBIDKUTENICH TEepUuojJ Ha MpupadoTBaHE B CpaBHEHHWE C OCTaHAINUTE
nokputus [5,6];

e Hall-HUCKA U3HOCOYCTOMYMBOCT MMa nokputue 602P npu L =80mm;

e Hali-BHCOKa H3HOCOYCTOMYMBOCT HMMa TMOKpuTHe WC/Co(88/12), umsATO
CTOMHOCT € HEChH3MEpPUMa ¢ H3HOCOYCTOMYMBOCTTA HA OCTAHAIIUTE TIOKPUTHS —
TS € C HAKOJIKO TIOPSIbKa MO-BUCOKA;

e OT OCTaHAJWTE IIOKPUTHUS HAW-BUCOKA € H3HOCOYCTOMYMBOCTTA HA
nokputue F382F mpu pexxum L =120mm.

Karo 3axiroueHne mMoke Ja ce HampaBu CJeJHaTa MpenopbKa: B yCIOBUS HA
abpa3MBHO H3HOCBAaHE Hail- TMOAXOAAIIM 3a eKCIUIoaTallds ca TMOKPUTHS,
HaHeceHn upe3 TexHojorussta HVOF-mpouec, ¢ mpaxoBu KOMIIO3UIIMH
WC/Co(88/12) u nokpurre F382F npu peskum L =120mm.,

Hcneosanemo 6 nacmoswama paboma e c8bp3aHo ¢ npodlemamukama u e
Gunancupano no ooeosop J[VHK-01/3 na Texnuueckus ynusepcumem-Cogus c
MOH na mema:

»Cb30asane na ,,Ynueepcumemcku HayuHo-u3ciedoeameicku Komniekc’
(YHHUK) 3a unosayuu u mpancghep na 3nanusn 6 odaracmma Ha MUKPO/HAHO
MEexXHONo02UU U Mamepuaiu, eHepeuliHa epeKmueHocm u BUPHLYATHO
UHIHICEHEPCm B0 ™.

i
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METO/ 3A OITPEAEJIAHE HA U3HOCBAHETO B 3bBHUTE
IHPEJABKHN HA PEAYKTOPUTE OT MUHHHU U OBOT'ATUTEJIHA
MALINHHU

B. Hosicuoaeea, M. Kanoeesa, E. Acenosa

Abstract:The article treats the issue of gear wheels wear in speed
reducer gearsof mining and  ore-processing  machines.
Relationships illustrating gear wheels wear were obtained on the
basis of the hydro-dynamic theory for lubrication of rubbing pairs

and the roughness of these surfaces in characteristic points of the
line of meshing.
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INTRODUCTION

The operational reliability of mining and ore-processing machines is directly
related to the technical condition and quality of the speed reducers from their
driving. These machines operate in the conditions of high dynamic loads of
casual nature and aggressive ambience with regard to dust loading, abrasiveness,
moisture, etc., which is a prerequisite for low degree of wear-resistance of the
reducer parts. The most vulnerable in this respect are rolling bearings and gear
drives with evolving meshing, which prevail in the speed reducers of mining
machines. While for rolling bearings, there are methods of calculating the wear
resistance, for gear drives the wear-resistance factors can not always be reliably
accounted for.

It is well known that the wear processes are related to the lubrication regime
through the so called lubrication regime coefficient A, which illustrates the

relationship between the thickness of the oil film hy (um) and the roughness of
the contact surfaces R, (um)

A=-0 (1)

where:

_ 2 2 .
Ra = /Raa +Rab ; Ra, and Ry

are roughnesses of the two contact surfaces from the teeth in the meshing.
To determine h, we shall refer to Kodnir’s D. (1976) method, where for

cylindric gear wheels with straight teeth, the thickness of the lubrication layer
hy in the well-known five characteristic points from the line of active meshing

is of primary interest from the point of view of gear serviceability (points A, B,
P, C, D from Fig. 1).
In each one of these “i ” points, h, can be determined from:

o 31770 o, +uy P
15 (2 + 2 )0

[m] (2)

To calculate the corresponding h,, it is necessary to determine in advance the
quantities for each “i”” point from Formula (2).
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1. REDUCED CURVATURE A, £ 4y

1000 1
ﬂua L ﬂ»b = y E (3)

Pnpi

where:
Pp; Is reduced radius of curvature for each one of the five points of the two

gear wheels from the meshing, designated by indices a and b (,oai and Phy ).

The symbol (+) refers to external meshing, and the symbol (-) for inner
meshing.

Lsina

Pop . P

T

aD

Poc { Pac
1

Pop \ Pap

A
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e
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b
T
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Fig. 1. Characteristic points from the line of active meshing

215



Curvature radii are as follows:
a) for point 4:

_ |Ip2 .2
Pop =\ Rep ~Ton
Pa, = Lsina—wlRezb —r02b
b) for point D:

2 2
Pap =V Rea —Toa

R2 2

Pop = Lsina—+/R5, —15a
c) for point B:
2 2
Pag =VRes —Toa —1o

Pog =Lsina - (wlReza roa—toj

d) for point C:

R2

ot

e) for point P:

Pop = 'h sina

where:

Req» Rep - radii of the top circumferences of the two gear wheels, mm:;
I'oa fob - radii of the main cicumferences of the two gear wheels, mm;
L — inter-central distance, mm;

o.° - angle of meshing;
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Iy, 1y - radii of the initial circumferences of the two gear wheels, mm;
tp - main step.

2. ROLLING SPEED FOR EACH 1™ POINT Uag, AND up OF THE
TWO GEAR WHEELS

Up, = pp, @y 10, [mm/s] (7)

where: @, and @y are the angular speeds of the two gear wheels, 1/s.

3. RELATIVE LINEAR LOADING Kj

Ko=k(Ko,, +Q) [N/m] (8)

where:

k — coefficient of loading;

Ko7 - useful relative linear loading, [N /m];

Q — dynamic relative linear loading, [N /m];

The estimation of Kg,;, Q, x is illustrated in Semencha P. and Zislin U.

(1990).

4. VISCOSITY OF THE OIL FOR ATMOSPHERIC PRESSURE OF 4,

[N.SM2] AND PIEZO-COEFFICIENT OF THE LUBRICANT FOR
RESPECTIVE TEMPERATURE OF N, [M2/N], (SEMENCHA P., ZISLIN
U. 1990).

The roughness R, of the contact surfaces (formula 1) for gear wheels in
speed reducers of mining and ore-processing machines is standardized as limit
values in three intervals: Ry =125-0,63; R;=25-125; R;=10-25
(Semencha P., Zislin U. 1990). The parameter R4, according to the definition in

standard (Russeva Sl. et al. 1988), represents the height of a rectangle with a
base equal to the base length for roughness control and a face equal to the
amount of profile faces on both sides of the middle line. This definition fully
corresponds to Kragelskij’s thickness Ah [um] of the idealized volumetric layer
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of material separated from the contact spots of the teeth upon their wear out
(Kragelkij I. et al. 1977).

The correction of reduced curvature radii in the five characteristic points from
the meshing line with the quantity 4h gives possibility to normalize the
parameters in formulae (1) to (8) for limit gear wear in each specific case of
building.
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BENCH IMPACT-ABRASION.
PECULIARITIES INHAMMER MECHANISM

Alexander Monov

Trasport Higher School "Todor Kableshkov" - Sofia, Bulgaria

Abstract: The communication scheme are presented and design of
bench-impact and abrasion characteristics in the design of stroke
mechanism. The new proposal is consistent with contemporary
trends in tribological testing under certain conditions. The
presented solution is compared with like, based on that defined the
benefits of the proposed structure. E shared experience in solving
some technical issues of designing the hammer mechanism.

Keywords: tribology, shock-abrasion, bench, bench construction

1. BBBEAEHHUE

ExcrioaranimoHHaTa JIbATOTPAMHOCT, HAACKIHOCT, PabOTOCIOCOOHOCT U
KOHKYPEHTHOCIIOCOOHOCT Ha MPOMUILIJIEHUTE U3JEIHS 3aBUCST OT U3MOI3BAHUTE
MaTepHad U MPUIIOKEHUTE pazHOOOpa3Hu (MEeXaHUYHH, PU3NYHU, XUMUYHU U
1p.) BB3ACUCTBHSI BBPXY TSIX.

B cexTropuTe Ha MMHHOAOOMBHATa IMPOMUIUIEHOCT M MAaIIMHOCTPOEHETO €
YCTAaHOBEHO, Y€ B IIOBEYETO CJIy4al OCHOBHAaTa NpPUYMHA 33 CHH)KaBaHE
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IBIATOTPAHOCTTA HA ACTAHINTE HA MALIMHUTE, MEXaHU3MHUTE U UHCTPYMEHTHTE
e U3HOCBaHeTo. B pe3ynTar oT Hero ce HaMmansBa e(eKTUBHOTO BpeMe 3a padoTta
U ce HM3pa3XolBaT CPEACTBAa 3a PEMOHT W BB3CTaHOBsiBaHe. Ha cBoil pen,
pa3iMKara B yCIOBHTA Ha paboTa Ha TPUEIIUTE CE JABOMKHU MPHU €KCIII0ATaIHS
Ha MalIMHUTE, 00yCcIaBs MOsBaTa Ha MPUHIUITHO Pa3JIMYHU BHJIOBE U3HOCBAHE.

3a nma ce HampaBAT peaulla EKCIUIOATAIlMOHHU HW3MHUTaHUS Ha HaBapeHH
JIeTaiiii, BKJI. U Ha TE3W OT IbTHO-CTPOUTENIHATA TE€XHUKA U PyA0J00MBHATa
IPOMMIIUIEHOCT, € HEOOXOIMMO Ja C€ U3Cie/[Ba TSIXHOTO MOBEICHUE B YCIOBUS
Ha yJIapHO-abpa3MBHO WM3HOCBAaHE - KPUTEpUN omperendi] eheKTUBHOCTTa Ha
NOKPUTHUATA. Y IapHO-aOpa3MBHOTO H3HOCBAaHE C€ MpOsBABAa MpH yAap Ha
TBHPAM YACTHIM, CIIOCOOHM Ja MPOMEHST KOHTAKTHAaTa MOBBPXHOCT, KaTo
oOpa3yBar cjeau oT NPsKO AMHAMUYHO poHuKBaHe. [lo/oxenara Ha To3u BUA
U3HOCBAaHE IOBBPXHOCT HSMa HacoyeHa rpamnaBuHa (HaIp. IpackoTHHA), a
CJIEIOBATENIHO HAMAa U OTHOCUTEITHO IPEMECTBAHE HA TBBHPAU YACTHUIIM 110 HEsl.

[TporechT Ha U3HOCBAHE CE MPOSIBSIBA CJIEH MPSK yaap HAa U3MUTBAHOTO TAJIO
U €TaJOHEH o0pasell, NpU HEMOCPEICTBEH KOHTAKT ChC CBOOOIHO Majalu
abpa3uMBHU YacTULM NOJ opmaTa Ha MsAChyHA Maca. B MexaHu3ma Ha yJapHo-
abpa3MBHOTO M3HOCBAHE CE MPOSABSABA MAJOLUKINYHA YMOpPa HA MUKPOOOEMH Ha
MeTayia, TMpeAu3BUKaHa OT TIOBTOPHOTO NPUIIOKEHHWE Ha JUHAMUYHOTO
HATOBapBaHE MU €IACTUYCH U €IaCTUYHO-IIJIACTUYEH KOHTAaKT. B ocHOBara Ha
TO3UW MEXaHU3bM € MPSIKOTO AWHAMHUYHO MPOHUKBAHE HAa TBBpAATA YacTHIA B
MeTajla M CBbp3aHaTa C Hed Jedopmallys, 3aBbpIIBaIla C pa3pyllaBaHe Ha
MHUKpOOOeMH Ha MeTaja u 00pa3yBaHe Ha YaCTHIIM OT U3HOCBAHETO.

[lenTa Ha HACTOSIIOTO CBHOOIIEHHE € J1a NPeAcTaBH (PYHKIMOHAIHATA
cXeMara W MPUHIUI Ha JEHCTBHE Ha CHIIECTBYBAIl U HOBOMNPEJIOKEH CTECH],
KaKTO U 0COOEHOCTHUTE MPU MPOECKTUPAHETO HA YIAPHUS MEXaHU3bM.

2. U310 KEHUE

2.1. CxemMa, NpUHIUN HA JelicTBHe M KOHCTPYKTHBHHU HeIOCTATHUM HAa
ChIIECTBYBALl CTCH/I 32 YIAPHO-a0pa3uBHO U3HOCBaHE.

3a oIeHsBaHE Ha Pa3MICKIAHOTO yJIapHO-aOpa3uBHO W3HOCBaHE (¢ue.l) €
MpENCTaBeH ChINeCTBYyBall CTeHJ. KOHCTpyKIMATa Ha amapatypara 3a
M3MUTAHUS € M0Ka3aHa B CTaH1apT, 03akoHeH B Pycus npe3 1979 r.

M3nuTaTenHUAT CTEHJ C€ ChCTOM OT HAaKOBaJTHA 1, B KOSTO HEMOABUKHO €
3aKpETNeHO €TaJOHHO TS0 2 C OMpEeNeNieHW TBHPAOCT W pa3Mepu. Y IapbT ce
OCBIIECTBSIBA MIPE3 CJION OT a0pa3uBEH Mpax S ¢ MOMOIITAa HA YAAPHUK [, KOUTO
Ce TPUTHUCKA B CIWHUSA CH Kpal OT TbpOWYHUSA Banm 9, 3aaBWKBaH OT
CIIEKTpoaBUTATENN. B TOpHUSA Kpali Ha yJapHHWKA HETOJBIIKHO CE 3aKpernBa
W3MMTBAH WK €TaJOHEH 00pa3ell, YHMsITO CHUJIa U CKOPOCT Ha JBMKEHHE MOXKE J1a
ce perymupar. ToBa ce OCBIIECTBSIBA KaKTO 4pe3 M3MEHEHHUE IbJDKMHATA Ha
ycykBamus ce TopcuoHHHUs npbT 10, Taka u 4pe3 noOaBsHE M OTHEMaHE Ha
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CMEHsIEMUTE TeXeCTH 8. AOpa3MBHUSAT Mpax S € ¢ TOYHO OIpe/elieHa CpellHa
e/lpvHa Ha 3bpHATa U Ce ChXpaHsiBa B OyHKEp 3 ChC 3aTBOP 4.

50-55°
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(a) (b)
¢ur.1 Cmeno 3a usnumeane na yoapro-abpasueno uznoceate (@)
u mexanuyen mooen Ha oeticmsue na yoapuama yacm (b)

[Io BpemMe Ha wu3NUTAaHUATA CTEHIBT TpsIOBAa Ja OCHTYpH BapUpaHe B
OTIpEJICIICHH TPAHUITN Ha HAKOJIKO MapaMeThpa, a UMEHHO:

- CKOpOCT Ha yAapHHKA — V,,;

- eHeprus Ha ynapa — E,;

- YecTOTa Ha KOHTaKT MEXJy U3MUTBAHOTO TAJIO M €TAJIOHHUS 00pa3ell.

EnHO OT OCHOBHHUTE M3MCKBaHUs, TapaHTHPAIIU JOCTOBEPHOCT HA TAHHUTE OT
U3MHUTAHKATA, € YCJIOBHETO 32 OTKJIOHEHHE OT YCHOPETHOCT Ha YETHUTE
MOBBPXHUHU HA U3MUTBAHOTO TSJIO U €TAJOHHUS 00pasell — To TpsiOBa Ja Obiae
He no-rossimo ot 0,05 [mm].

[Ipu ynoBneTBOpsiBaHE YCIOBHATA HAa CTaHIApTa 3a MPOBEKIAHE HA OMUTUTE
Ce TpOSBSIBAT M KOHCTPYKTHBHUTE HEAOCTATBHIM HA MOPAJTHO oOcCTapsiara
KOHCTPYKITUS, KOUTO MOTaT Jia Ce OTPEEIAT B HIKOJIKO OCHOBHH HaIlpaBJICHUS:

- TPCUIKH, BH3HUKBAIIM BCICACTBUE N3HOCBAHETO HA CYXOTPHEIIU CE YaCTH
B KOHCTPYKITUsITA —ThpOUIIaTa 9 Ha 3aBIKBAIIMS BaJl 1 KOHTAKTa C yIapHUKA,
Hajarat MOCTOSTHHO M3MEPBaHE M KOPEKIIHS bI'bjla HA YCYKBaHE Ha TOPCHOHA;

- OTKJOHEHHUS OT YCIOPEIHOCT Ha KOHTAKTHUTE TIOBBPXHUHU Ha
U3MHUTBAaHUTE OOpasly, W3JIMU3AIlM W3BBH 3a/1aJICHUTE TPAHWIIM, BCIICJCTBUC
KOH30JTHOTO 3aKpENBaHe HAa YIapHUKA U U3I0JI3BaHE HA TEXKECTU C TOJIsIMA Maca
—uan 10 [kg];

- HEBB3MOXKHOCT 3a MPOMSHA Ha e[pruHaTa Ha 3bpHATa Ha a0pa3uBHUS Mpax
W HeroBus AeOUT (KOJMYECTBO Mpax 3a €IUHUIIA Bpeme), ThH KaTo HE €
NPEABUACHO pErylIHpaHe ,,CBETIMS OTBOP Ha HampaBisBallUsS KaHal B
OyHKepa;
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- TPyAHO DperyjJupaHe uecToTara WM Opos Ha yJapuTe II0 BpeMe Ha
M3IUTAHUATA, TOPAJIA OTCHCTBUE HA €JIEKTPOHHO YIIPABJIICHUE HA 3a/IBUKBAIUA
en. /IBuraren.

2.2. N300p Ha penieHUe 32 MOAECPHU3UPAHE U KOHCTPYKTHUBHO NMOA00pPsiBaHe
HA CTEH/I 32 yIapHO-a0pa3uBHO U3HOCBaHe

B nponeca Ha paborta 3a nogoOpsiBaHe KOHCTPYKLUATA HA ChIIECTBYBAILUsA
CTEH/I, Bb3HUKBAT BBIIPOCH U NMPOOJIEMH, YUETO Pa3pelllaBaHe € OT ChILECTBEHO
3HA4YCHHE 3a 3ala3BaHe KOPEKTHOCTTA Ha U3IUTAaHUATA, @ UMEHHO:

- CTaTUYHO M JUHAMHUYHO NMPECMATAHE HA HAKOJKO HOBH KOHCTPYKIIUH MPHU
CIa3BaHe Ha 33Ja/ICHUTE 10 CTaHAapT I'PAHULIM HA TapaMETPUTE;

- 1oa0op Ha MOJAXOJAIAa KWHEMAaTUYHA CXEMa 3a 3aMsHa Ha OpUTMHAJIHATA
KOHCTPYKIUSI © MOTUBUPAHO 0OOCHOBaBaHE HAa M300pa, ChIVIACHO CTATHYHUTE U
JUHAMUYHU TPECMITaHUS;

- peliaBaHe Ha MPOOJEMHU, KOUTO € Bb3MOXKHO J1a Bb3HUKHAT MO BpEME Ha
M3MHUTAHMATA IPU OTPEIETICHA YECTOTa Ha YIApUTE;

- pa3paboTBaHE Ha HOBA TEXHOJIOTHUS 3a MOJTrOTOBKA M MPOBEXKIAAHETO HA
OIMTHUTE;

- OIpenessiHE Ha HOBU MaTepHalld 3a U3MUTAaHUS ChOOPA3HO pa3LIUPEHUTE
BB3MOKHOCTH 3a ITPOMSIHA IApaMETPUTE Ha OINTA;

- 3aMsgHa Ha MEXaHWYHUTE Yypeau U YCTpPOMCTBAa 3a H3MEPBAHE C
€JIEKTPOHHU TaKHBa.

3a ma ce OCUTypAT KOPEKTHO 3aJaJ€HUTE YCJIOBHsS € HEOOXOIMMO HOBO
pellIeHue 32 MOJICPHU3MPAHE HE CaMO Ha OTIEJIHU €JIEMEHTH B ChLIECTBYBaIlaTa
amaparypa, HO U MpOMsiHa B KUHEMAaTUKaTa Ha U3MUTBAHOTO Ts10. PazButuneTo
Ha TEXHOJIOTUUTE, MO3BOJISBA A C€ MPEIJI0KU HOBO PEIIEHUE ChC 3HAUYUTEIHO
YCHBBPILIEHCTBAHA KOHCTPYKIMS (ue.2), u3noi3Bania €JIeKTPOHHO yIpaBiIeHUE
Y 33JIBUKBAILl CUJIOB €JIEKTPOMArHUT.

[TpencraBenusT Ha (urypata MOIEpHU3UpPAH CTEHJ € C OChbBpEMEHEHa
KOHCTPYKLMS M pa3lIMpEeH JWana3oH Ha MU3CIEABAHUTE IapaMeTpH.
OnTuMu3NpaHEeTO Ha KOHCTPYKLHUATA CE€ ChCTOM B NPOMSHA JBHKEHUETO HA
ylapHUKa OT MapaboJMyHO B TMPABOJMHEHHO, MPU KOETO CBOCHOCTTa M
OTKJIOHEHHETO OT YCHOPEAHOCT Ha KOHTAKTHUTE ITOBBPXHUHU CE FrapaHTUpa.

OnutHuT 00pa3en ce 3aJBUKBa OT IMWIMHAPUYHA BUHTOBA MPYKHUHA, KOSITO
Ce CBMBAa M OTIYCKa IIOJ BB3IACHCTBUETO HA CHJIOB EJIIEKTPOMArHuT.
KoHCTpYKTHUBHO ce€ Ch3JaBa Bb3MOXKHOCTTA 3a MPOMSIHA Macara Ha yJapHUKa
(cMeHsieMH TEXKEeCTH), KaKTO M HacTpoBaHE I'bpBOHAayalHaTa IbDKMHA Ha
yJapHaTta npyKuHa (peryiauparia raika).
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38080 Enexmpones GNok 3a yrpaencHue

Bymwop Mpedna onopa

¢pur.2 Mooepnusupan cmeno 3a usnumeare Ha YyOapHoO-abPA3UBHO USHOCBAHE
KopaBunata Ha mpyXumHaTta, a OT TyYyK U OCHOBHHUTE M TNIApaMETpH, Ce€
omnpeaessIT Ha 0a3aTa HAa CTaTUYHU U JUHAMHYHM WM3YMCIICHUS, B OCHOBAaTa Ha
KOWUTO € YBCIMYAaBAHC IHAIlIa30Ha HA CKOPOCTTA U OTAdaBaHaTa CHCPIrvusd B 30HATA
Ha KOHTakT. C momoITa Ha KOMIUIEKT MPY>XUHU C Pa3IMYHU XapaKTEPUCTUKU
MOJEPHU3UPAHUAT CTEHJ pPa3lIUupsABA U HOMEHKJIIATypara OT W3NUTBAHU
matepuanu (¢ue.3)

Omeop 2a cmazeane

Ydapna npyxuna

Peeynupawa 2atixa

Ocuzypreawa 2alixa

Ocuzypreaws eunm

Haxpaiinux i
Hanumean o6paseu\

fIpedna onopa

$bur.3 Yoapna uacm na mooepruzupan cmeno 3a usnumeaue
Ha yOapHO-abpasu8Ho U3HOCBAHe.
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[TapameTpuTe Ha CUIOBHS €IEKTPOMArHUT c€ U30UpaT Taka, 4ye U3IM0JI3BaHOTO
Halpe)XeHne naa Obae Oe30MacHO 3a W3MNUTBALIUS, a CaMHUSAT COJICHOW[I JAa
OCUTYPU JOCTATBYHO TOJSM YECTOTEH JWANa30H Ha yAApuUTe MO BpEME Ha
u3nuTaHuATa. M3moi3BaHETO HA EJIEKTPOMArHUT OT Jpyra CTpaHa JaBa
BB3MOKHOCT 3a BBBEXKJAHE HA EJIEKTPOHHO YIPABICHHE W TOYHO CIIa3BaHE
oOmIHst Opoit KOHTAKTH MEXKIY ABETE Teja 0 BpeMe Ha U3MUTaHUsATA.

2.3. OcobeHoCTH NIPM NPOEKTHPAHETO HA YIAPHATA YaCT HA CTeHAa

KoHcTpyupanuar  creHa €  TIpelHa3HayeH  3a  M3NWTBAaHE  Ha
MaITUHOCTPOUTEIIH MaTepUaI, KOMIIO3UIIMK Ha METaJHa OCHOBAa U METATHH
MOKPUTHUS Ha yAapHO-aOpa3suBHO M3HOCBaHE. TOBa M3MUTBAHE CE€ OCBHIIECTBABA
Yype3 MHOTOKPAaTHH JUPEKTHH YyJapu Ha H3HOCBAIlaTa Cce€ MOBBPXHOCT B
eTaJIOHEH o0paselr, mpe3 oM OT adpa3WBHH YaCTHIM C OMpesecHa eapruHa Ha
3BppHOTO. JlMana3oHbT Ha U3MUTBAHETO 00XBAIa METAIH U METATHHU TIOKPUTHS C
TBBpAoCcT mo-rosisiMa oT 100 HV, mopectn Marepuanu che CpelneH pa3Mep Ha
nopute He mo-roysim ot 0,10 [mm], a Taka cbio 1 MOKpUTHS ¢ JeOeTnHa HE 1M0-
maska ot 0,6 [mm].

['eHepupanuTe OT CTEHAA yAapy OICHSIBAT OTHOCHUTETHATa HW3HOCOYCTOM-
YUBOCT Ha MaTePUAIMTE U Ca C OMpeaesieHa CKOPOCT, 4eCTOTa M eHeprus. Ta3u
OIICHKA CE MPaBH Ha 0a3a CpaBHEHHUETO Ha PE3yJITATUTE OT U3MUTBAH U €TAaJOHEH
oOpasuy, TpH €IHAKBU YCIOBUS Ha MPOBEXKIAHE Ha OMHUTAa OMpPEICIICHU B
JICUCTBAILMS CTaHIAPT:

- CKOpOCTTa IpH yAapa Ha M3MUTBAHOTO TSJIO MO CMEHAEMHs €TaJOHEH
oOpasell, 3aKpeleH B HaKOBaJIHATa, € He00XoAuMo Aa Obae B auanasoHa V,,=0,5
+ 5[ m/c], ¢c Tou”oct £ 2.5%);

- GHeprusita Ha yjapa Ja ce u3MeHs B rpanuuure £ = 2,94 ~ 29 4[ J] ¢
TOYHOCT + 2.5%;

- OyHKepbT C HampaBJsIBaIll KaHAJI € HEOOXOJIMMO Jia ToJaBa B 30HATa Ha
KOHTAKT, HEIIPEKbCHAT CJIOW OT abpa3MBHH YacTHIM ¢ AcOenuHa 1 [mm];

- HEMOJBW)XHATa HAKOBAJIHs TPsAOBa J1a MMa Maca He nmo-maika ot 50 [kq];

- CMEHSIEMMST eTajJlOHEeH 0Opasell, 3aKperneH B HaKOBAJIHsTA, ce€ M3paboTBa
or ctomana (45, ¢ tBbpaoct 640+675 HV (3akansiBane 840° C BobB BOJA,
Temieparypa Ha orBpbigane 150° C);

- W3HOCBAHETO Ha 0Opa3IMTE CE ONPEACIIS IMPU MPETETITHETO UM C TOUHOCT
He no-manka ot 0,0002 [g]. npeau u ciaex U3NMUTAHUETO;

- 3arybara Ha Maca Ha o0Opasena B CJIEJCTBUE HW3HOCBAHETO IMIPHU
U3MUTBAHETO TPsiOBa 1a Obje He mo-mainko ot 0,005 [g].;

- 32 MOYKMCTBaHE Ha oOpa3lUTe MPEAN M3MUTBAHE U CJIE]] M3HOCBAHE Ja Ce
U3M0JI3Ba TEXHUYECKU OSH3WH WU alleTOH;
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- aOpa3uBHUAT MaTepHall - KapOWJ Ha YePEH CHIIMIIMKA, ChC CpeaHa eIpuHa
Ha 3ppHaTta 0,63 [MM] u ¢ OTHOCHTENHO ChIbp)KaHHE HA Bllara HE IOBEYE OT
0,15 % o maca.

3abenexcka: 3a oyeHKa Ha UBHOCOYCMOUYUBOCMMA HA Mamepuaid,
OMHECeHO KbM KOHKpemHume YCI08usi HA u3numeame, ce OONycKa
U3NOA36AHEMO HA AOpA3U8eH Mamepuai, CbOmeemcmeauy Ha 8b30eUcmeauyusm

mamepuail npu ekcnjioamayusd, HO ¢ pdsmepu Ha dacmuyume He no-cojemu om
0,8 [mm].

[Ipy wm3uucnsBaHe Ha yAapHaTa 4YacT Ha CTEHJa TpsOBa Ja ce OCUTYpH
BapHUpaHe B ONpEAEICHUTE TPAaHUIM HA TIOCOYEHUTE MO-TOpe NapaMeTpH, a Taka
CBIIO IPU BB3MOKHOCT T€ Ja ObaaT pasummpeHu. Hall-BaXHUAT €lIeMEHT OT
ylapHaTa 4acT Ha CTEeHJa 3a yJAapHO-aOpa3suBHO M3HOCBaHE, € LMJIMHIPUYHATA
BUHTOBA NpyXHHa. HellHUTE KOHCTPYKTUBHHU NapameTpu (AMaMETHp Ha TEJTa,
BBTPELICH, BRHIIEH U OCHOBEH JUaMEThHp, CThIIKA U Jp.) TpsOBa 1a ce uzdepar
TakKa, 4ye TS Jja OCUTypsBa ONpPEAESIEHO KOJIMYECTBO OT/aJeHa €HEprusl B 30HaTa
Ha KOHTAKTa MEX1y N3NUTBAaHUS oOpasel 1 mpoOHOTO TsuI0 (E),), pH cria3BaHe
Ha 3ajajeHa ckopoct (V).

[IpecmsiTaneTo Ha Te3W MapaMeTpyd M TOCTenBamIus H300p Ha TPYXKHUHA,
IPEMHHAaBA MPe3 CICTHUTE €TaIu:

- HW3YHCIsABaHE Ha KMHETUYHATA W TMOTEHIMAHA CHEeprusi B moyiokenue 1
(mpyxuHaTa € AegopMHUpaHa OT CHIIOBHUSI €JICKTPOMArHWT) U B TMOJIOKCHHE 2
(cBOOOIHO WU TIPEABAPUTETHO AePOPMUPAHO CHCTOSIHUE) - ue.4

¢

: e
VAVAYA v'"-\f"\/\/\v/"'\v"‘v‘\/\.-"{‘v’\./"v\ AAANNAAANN 7 E i =0 (1j
: ” (1 ,
E?, —z.c.[ﬂ—i-x] (2)
TN . 1
2 ) (2 _ 2
— (\V) , E—~ = 3 W (3)
A BINNAANNANANNNNEY
o AC 4 2
x A~ |
| (1)
DNe 3 S ;
v 200N : :
- X 1#«*-NW WAMAAAAMAAN 2
ot : /s

¢ur.4 : Hauanno (1) u pabommuo nonoxcenue (2)
HA YOapHama npyjcuHa no epeme Ha u3numeate.

KBJICTO:

lo— cBOOOIHO ChCTOSIHUE HA TIpyKUHaTa [M];

C — KopaBHHA Ha npyxuHara [N/m];

A — mpeaBapuUTETHO KOHTPOJIMPAHO aeopMHUpaHe Ha MpyxuHata [M];
X — nedopMUpaHe Ha IPYKHHATA OT CUJIOBHS JICKTpOMaraut [Mm];
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M — Maca Ha yxapHarta 4act [Kg];
V,» — cKopocT Ha yaapHuKa [m/s].

1 1 1
Eiflsz_Eij.c.(ﬂ—i— x)2=§.m.vz+§.c.ﬂﬂ (5)

- peliaBaHe Ha YPaBHEHHUETO CHpPsIMO C M MOJy4YaBaHE HA TEOPETUYHU
MUHHMAJIHA ¥ MaKCUMaJIHa CTOMHOCTH 3a KOpaBUHATa Ha MpPY>KUHATAa;

m.V?

- onpexaensHe Ha reomerpuunute napamerpu (d, D,N) u marepuana Ha
MpY>KMWHATA, B 3aBUCUMOCT OT KOpaBUHATA;

G.d* N /m)
C=—"""2 m
8.£N.D?3
KBJIETO:
- G, [Pa] -moxy:n Ha pritoBuTe Aeopmanuy,
_ 3 (d
- E=1- " (E) — KOC(UIIMEHT, OTYUTAI] HAMPEKCHUSITA OT YUCTO

Cps3BaHE B TeJla Ha MPY)KUHATA,;

- d [mm]- auameThp Ha MPY>KHHHHS TEJ,

- D, [mm] — ocHOBeH auaMeThp Ha MPY)KUHATA.

N3060pbT Ha mapamMeTpuTe Ha TpY)KHUHATa TPsSOBa Ja € ChOOpa3eH U ChC
CJIETHUTE KOHCTPYKTUBHH OTPAaHUYCHUS :

- BBTPEIIHMUAT JUAMEThp Ha MpyKUHATa TpsiOBa na ObAE MO-TOJSIM OT
BBHIIIHUS JUaMEThp Ha BoJaua Ha OpOH30BaTa BTYJIKA;

- BBHIIHUAT JMaMeThp Ha NpyXHUHAaTa TpsAOBa nga ObAE MO-MaidbK OT
BBTPELIHUS IUaMEeThp Ha TSUIOTO Ha MpeAHaTa Ornopa;

- MakcuMmaniHata AedopmMainus Ha mpyxuHata TpsoBa na O0vae ¢ 10% mo-
MaJika OT TpaHHIlaTa Ha JONMUpPaHe HAa HABUBKUTE.

I1I. 3BAKJIFOYEHME.

[IpenctaBeHOTO HOBO TNPEMJIOKEHHE € ChOOpPa3eHO ChC CHBPEMEHHUTE
TPUOOJIOTUYHU TEHJCHIIUU 32 U3MUTBAHE NMPU OMPEACICHU YCIOBHUS.

MopaepHu3upaHusaT CTEHJ 3a YyJIapHO-a0pa3uBHO M3HOCBAHE OTCTpaHSBA
KOHCTPYKTUBHHUTE HEIOCTAThIIM HAa MOpAJHO OcCTapsuiata KOHCTPYKIIUS
nmocoyveHa B ctanjapta ot 1979 r., a uMeHHo:

- 3HAYUTEIHO C€ PA3IIMPSBAT I'PAHUIIUTE 32 U3MUTBAHE U HOMEHKJIATypaTa
OT MaTepuaiu, KOUTO MOTarT Jia C€ U3CJIe/IBaT;
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- TNpPOMEHs C€ JBWKEHUETO Ha yJapHHUKa OT Napa0OJM4YHO B IIPABOJIM-
HEIHO, MpH KOETO CBOCHOCTTA M OTKJIOHEHMETO OT YCIOPEAHOCT Ha
KOHTaKTHUTE MOBbPXHUHU CE FapaHTUPA

- U30srBaT ce HETOYHOCTH, NMPEAU3BUKAHM OT HM3HOCBAHE HA KOHTAaKTHU
HOBBPXHOCTH C BJIOLIEHO CMa3BaHE M €JIACTUYHUTE JedOopMaluy Ha KOH30JIHO
3aKpeneHus yJapHUK;

- HOBaTa ONUIMS 3a pEryJlupaHe Ha OTBOpa, Mpe3 KOHWTO NpeMHHaBa
aOpa3uBHUSA Npax, JaBa BB3MOKHOCT 3a M3MOJ3BaHE HAa aOpa3vBU C Pa3IU4HH
CpellHa eaprHa Ha 3bPHOTO U CBOMCTBA, KAKTO U J1a CE€ pEryjupa MacoBUs JEOUT
Ha U3THYanys abpa3uBeH MNOTOK;

- U3MO0J3BaHE Ha E€JIEKTPOMATrHUT W BBbBEXKAAHE HAa OJOK 32 EJIEKTPOHHO
ylnpaBJjeHUE, JaBa BB3MOXHOCT 3a (MHHA M TOYHAa HAcTpoiika Ha Opol H
YecTOTa Ha KOHTAaKTUTE 110 BpEME Ha U3IUTBAHETO;

- [pU U3YUCIIABAaHE Ha YyJapHaTa 4YacT, 4Ype3 HU3MEHEHHE Ha pPA3IUYHU
KOHCTPYKTMBHU NapaMeTpH, MOXe Ja ce wu3depaT HAOOp OT MpPYKUHHU,
pasiMpsABaIly Bb3MOXKHOCTTA 3a U3MUTBaHE Ha MaTEpUajl C BUCOKA TBBPJAOCT U
HW3HOCOYCTOMYHUBOCT;

- 32 pa3nMKa OT KOHCTpPYKUMsATa IIoco4YeHa B craHjmapra ot 1972 r.,
MOJICPHU3UPAHUSAT CTEHJT ce 3axpaHBa ¢ HamnpexeHue (12V), koero e 6e3omacHoO
32 U3MUTBALIUS OMEpPaTop.
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1.BbBEJIEHUE

Enna oT ocHOBHUTE 3afauyd Ha TPUOOTEXHOJOTMUTE C€ CBEXAa M0
pa3paboTBaHe Ha METOJU M CPENICTBA 3a yIpaBlIeHHE Ha ChCTaBa, CTPYKTypaTa
CBOMCTBAaTa Ha TOBBPXHOCTHHUTE CJIOEBE B KOHTAKTHUTE CHEIUHEHUS IO IMOCOKA
MOCTUTAaHE Ha OMNpEAeNieHM TPUOOJOTHYHU TOKa3aTeld — (PPUKIMOHHOCT U
U3HOCOYCTOWYMBOCT IIPU MUHUMAJTHO 3aMbpCSIBaHE Ha OKOJTHATA Cpejia.

[lepciekTrBHA TPUOOTEXHOJIOTHUS C IIMPOKH OO0JIACTH Ha TPUIOKECHHE B
UHAYCTpUATA, ChYETaBalla BHCOKA TMPOM3BOAUTETHOCT M HKOHOMHYECKA
e(eKTUBHOCT, CE fABSIBa €JIEKTPOABrOBOTO HAaBapsiBaHE C TPHOHA TEN B cpeda OT
3alIUTHU ra3oBe.

OCHOBHOTO MPEIUMCTBO Ha TPHOHUS EIEKTPOJ, € Y€ C MOMOLITA Ha Pa3IuiHu
Jerupally eJIeMEeHTH, HaMUPaIly Ce B ChpLEBUHATA Ha TPHOHATA TENT MOXKE J1a
ce MOoJy4yaT KOMIO3UTHHU MOKPUTHS C TOYHO OIpPENEIEHH ChCTaB, CTPYKTypa U
CBOMCTBA, KOETO TPYAHO CE€ MOCTUTA C IUTbTHA TEJl 32 HaBapsIBaHe.

B cbcraBa Ha TpbOHATAa TEN, OCBEH JIETUPALLU EJIEMEHTH, C€ ChIbpPKaT
razoo0pasyBaiiy 1 nuiakooOpa3yBallid KOMIIOHEHTH, KOUTO OCUTYpPSIBAT 3allluTa
Ha Jbrata, MPaBWJIHO NpPOTHYaHE HAa (U3UKO-XUMHUYHUTE M METayprHuHU
MPOIIECH Ha B3aUMOJICHiCTBHE C 0a30BaTa MOBBPXHUHA, U CHOTBETHO MO-BUCOKHU
KauyeCTBEHH MOKa3aTeI! Ha MOKPUTHSITA.

Karo 3akmtounTeneH eTamn Ta3u TPUOOTEXHOIOTHS C€ BKIFOUBA 33 IBJKUTEITHO
MeXaHW4YHa 00padoTKa Ha MOJIy4eHOTO mokputue. [lokputusara, moaydeHu npu
HaBapsiBaHe, IMAT BIUCOKA TBBPAOCT, B PE3yJTaT Ha KOETO U300pPHT HA €IHA WJIH
Jpyra TEXHOJIOTUSl 32 00pa0OTBAaHE € OT ChHIIECTBEHO 3HAUYEHHWE U 3aBUCH OT
¢dbopmarta, pazMepHUTe U yCIOBUATA HA EKCILIOATALINS Ha JACTalJIHTe.

[lenta Ha HacTosiaTa paboTa € 1a ce pazpadoTH METOAMKA 3a U3CIICBaHE Ha
TP TEOMETPUYHU [apaMeThpa, OIpeNessiid KayeCTBOTO Ha IOKPUTHS,
HAHECEHM 4Ype3 eJIEKTPOABIOBO PAaBHHHHO HaBapsiBaHE, a UMEHHO - YCHUJIBaHE,
IIMPOYMHA Ha II€Ba U JIOMYCK 3a MEXaHW4YHa 00padoTKa.

N3cnenBa ce KOMIUIEKCHOTO BB3/CHCTBIE HA YETUPH TEXHOJIOTUYHU (haKTOpa
(cunma Ha TOKa, HampeXeHHWe, CKOPOCT Ha HaBapsBaHE M EJCKTPOACH WM37a3),
BbPXYy BCEKM OT TpHUTE Ka4deCTBEHH TlapaMeThpa, KaTo TMOCJIECTHUTE Ce
ONTUMM3UPAT MO MMOCOKAa MUHUMHU3UPAHE Ha MEXaHWYHaTa 00padoTKa.

B TexHOmOrMuUeH pexXuUM C ONTHMH3UpPAHW TapaMeTpu ce pa3padoTBa
METOJMKa M C€ W3CleIBa EKCIEPUMEHTATHO MAacOBOTO HW3HOCBAaHE U
W3HOCOYCTOWYMBOCTTA J[Ba BHUAA TIOKPUTHS B YCIOBUS Ha CyXO TpPHUEHE IIO
HNOBBPXHHUHA C TBBPJO 3aKPETeHN a0pa3uBHU YaCTHIIH.
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I1. U3JIO’KEHUE

2.1. Meroauka H wu3CJeIBaHEe HA TreOMETPUYHHMTE TMAapaMeTpPpH Ha
Ka4eCTBOTO.

MeroaukaTa ce OCHOBaBa Ha METO/Ia 32 MHTEPIIONAUs Ype3 MOJMHOM. Tbpcu
ce GyHKIHS OT BUJA:

y= fl(x)= Ymax — Ymgx X2, (1)
A
YIOBJIETBOPSABAILM YCIOBUATA:
y
f1(0)= Ymax f1(0)= Ymax — —ZSX 0% = Y max

y
f1(A)=0; f1(A)= Ymax - ng INE Ymax — Ymax =0

¢ur. 1: Hasapssane 6e3 npunoxkpusame bur. 2: Hasapssane c npunoxpusane
Ha wegogeme Ha wegoseme

HpI/I HU3BCKIAHCTO HA MCTOJHUKATA Ca M3IIOJI3BaHHU CIICIHUTC O3HAUYCHMA:

Ymax =H o=H (2)
2A=B a2 3)
2
p-__ ()
Ymax
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dopmupa ce pyHKIUA g2 (X) OT BHJIA,

92(x)=g1(x-5) (5)

TOraBa q)YHKHI/I}ITa OIIMCBallla BTOPHUAT clioun IIpucMa Bua:

fz(X)= Ymax _3’2_2ax(x_5)2 (6)
h=f1(&)= (&) ©)
Ymax _Ym_zaxégZ = Ymax _Ym_zaX(eg_é)Z (8)
A A
- Jmax g2 Imax (s )2 ©)
A A
E2=(£-06) £2=¢2 285+ 652 (10)

Crnen n3BbplIeHUTE PEe0Opa3yBaHMS CE MOTYy4YaBa:

265-0% 26=5; £= (11)
o Ymax [ 0 2
f1(&)= f1(§)= Ymax —7(5) (12)

2 2
f2(§)= fz(éj= Ymax _yz_zax(é_éj = Ymax _yz_zax(_ é) (13)

f1(&)=fo¢ (14)

(2)- of2)-n -

N3pa3sbT 3a ,,uncTO” HaBapeHaTa MOBBPXHOCT MPUA00MBA BUIA:

2 2
o o
h=Ymax - yz_zax(_j = Ymax [1_ —] (16)



52
h=Ymax|1- 5 (17)
4N
ChIriacHO O3HAYCHUATA HA YepTexka u3pasbT 3a h nmpuema Buja:
S 2
h=H|1- — (18)
B

[Ipuaraiiku METOJIMKATa € Bb3MOXKHO Ja CE€ U3BEJE YPAaBHECHHUE, CBbP3BAIIO
CThIIKaTa W MOKa3aTelsl 32 PABHUHHOCT CJIe/l HaBapsiBaHe - P,

P=— (19)

Karo ce uznonssar Beue AepuHUpPAHUTE O3HAUCHMUS:

2 2
o o
h=Ymax| 1=~ | i P=|1-2 (20)
4A 4A
2 2
pzl_i@ ;p:1_(i) (1)
4\ A 2A

0< P <1 - no ycnoBue % >0 - mo ycnoBwue,

o

—=+/1-P 22
A (22)

CC I10JIydaBa Bpb3KaTa MCKAY 3aCTHIIBAHCTO U ITOKA3ATCJISI 3a PABHUHHOCT!

5=2AV1-P (23)

HJIK, aKO CC H3II0JI3BAT O3HAUCHUATA OT YCPTCIKaA, Ta3HU BPb3Ka IIpUCMa BHUAA:

h
S=B /1—ﬁ (24)

['eomerpusita Ha TONXYYEHOTO TOKPUTHE CE€ OMpPENeNsi B 3aBHCUMOCT OT
CTETIEHTa Ha W3HOCBaHE M mpubOaBKata 3a MeXaHWyHa 00paboOTKa, KaTo
TEOMETPUYHUTE TMapaMeTpU Ha HABapEHUsl CIIOW ca B MpsKa 3aBHUCHUMOCT OT
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pexMMa Ha HaBapsiBaHe, KOWTO ce ompedens OT cuwiara Ha Toka |,
Hanpexxenueto U u ckopocTTa Ha HaBapsiBaHe V... Pasnnunure komOuHamu
MEXIy TAX ¢GOopMHpAT MHOXKECTBO OT TEXHOJOTHYHU DPEXKUMH, KOUTO
peanu3upar W paszIMyHa TeOMEeTpus Ha IeBa. BowmpockT 3a Qopmara u
pa3MepuTe Ha HaBapbUHUS LIEB € MPSIKO CBBbP3aH C MPOU3BOAUTEIHOCTTA MPH
BBH3CTAHOBSIBAHE HA M3HOCEHA MOBBPXHOCT U KAUECTBOTO HA HABAPEHUS CIIOM.

3a mocTUraHe Ha MOCTaBEHATa IIeJl ca MPOBEACHU TUIAHUPAHU €KCTIEPUMEHTH
KaTo IpH Ja0OPAaTOPHUTE OMMTH Ca HABAPEHU IUIOCKH 00pasuu ot Cm20 c
TprOHA enektpoana tea Fluxofil 58 -1.4 mm (¢pupma OERLIKON) DIN - 8555,
ChC CJEIHUS XUMHUYECKU CHCTAB:

C-0.5,Mn-1.5, Si-0.5, S-0.007 , P-0.012, Cr-5.41 , M0-0.64
3anMTHaTa razoBa cMec ce ¢betou oT 83% apron u 17% CO,.
['panunure Ha (aKTOPHOTO MPOCTPAHCTBO Ca MPEACTaBEHU B mabauya 1.

Tab6auuna 1: Cmoitinocmu na ynpasiasawume gpaxmopu

OcHoBHH (pakTOpH
(X1) (X2) (X3) (X4)
Tox | Hanpexxkenue | CkopocT Ha Enexkrponen usia3
HaBapsiBaHe

[A] [V] [m/min] [mm]
OcnoBHO HUBO (0) 200 22 0,82 13
CTbIKA Ha M3MEHEHHUE 50 4 0,54 3
Joana rpanunua (-1) 150 18 0,28 10
Iopna rpanuna (+1) 250 26 1,36 16

Karo ce B3exa moj BHUMaHWE TEXHOJOTHYHUTE PEKUMU M BHIAa Ha
HaBapsiBaHe, 3a MPOBEXkKIaHE HAa OMUTUTE € U3IMOJI3BaHa ClieJ{HaTa anaparypa:
TOKOWU3TOYHUK M34—1"315;

TEJI0T0IaBaII0 YCTpOcTBO ¥V 7-5;
aBTOMAaT (TpakTop) 3a 3aBapsBaHe Kometa 2;
ra3oBa ropesika RM 36M-RZ2 - 1,.- 360A (CO,); 320A (Ar+CQOy,).

HapapsBanusT Marepuan MpeAcTaBisiBaT ONUTHU oOpasuu ot Cm20 ¢
pasmepu: mupuHa 250 mm, aemxuHa 500 mm u nebenvnaa 20 mm.

Bceku eiH OT TeOMETPUYHUTE MMapaMeTpH Ha 1meBa (ycuiBane H, mmpodnna
B u momyck 3a mexanudHa oopadotka H-h) ce omucea ¢ perpecnonen momen, ¢
KOWTO TO3W MapaMeThp pearupa Ha BH3JACUCTBUETO HA (PAKTOPHUTE OT mabauya
1. JomyckbT 3a MexaHWYHA 00pabOTKa € OompenesieH MPU MPUIIOKPUBAHETO Ha
IIEBOBETE C €IHA TPETA OT JbJLKHUHATA HA €JMHUYCH IIIEB.
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W3non3Baliku cTaHIapTHa MeToauka [3], 3a M3cleBaHUTE MapamMeTpH Ha
KaueCTBOTO C€ MOIy4YaBaT CICAHUTE PErPECUOHHU 3aBUCUMOCTH:

B =6,179+0,866X1 +104X  ~178X3 —0137X 4 +0,215X +0,148X; X 5 —
~0,42X1 X3 —0,058X1 X 4 +0,393X 5 —0,437X X3 +0,542X 5 ~
~0179X3X4 ~0,392X }

(25)

H =1559 +0,225X; —0,19X 5 —0,63X 3 +0,033X 4 +0,085X 2 +0,021X1 X 5

~0112X1X 3 +0,078X1 X4 +0,246X 5 +0,226X 5 X3 +0,04X 5 X 4 +0,476X 2 —
—0,076X3X 4
(26)

H—h=0,734+0,061X; —0119X, —0,268X 3 —0,026 X 4 +0,032X? —0,006 X1 X, +
+0,003X X3 —0,053X1 X4 +0,113X 2 +0,071X X3 + 0,026 X » X 4, + 0,196 X 3 +
+0,053X3X 4 —0,069X 2

(27)

AnpokcuManusTa urpae U3KI0YHUTEIHA POl IPH Ch3/1aBaHETO Ha MOJICTIUTE,
T KaTO TIO3BOJIABA Jla C€ M3IMOJ3BaT YAOOHU TOJWHOMH, OOBBP3BAIIM
CJI0KHOCTTA Ha MOJIEJIMTE C IIOCTABEHUTE N3HUCKBAHHS.

AJIEKBATHOCTTA Ha MOJICITUTE C€ OTPEACIII OT KOe(PHUIIMEHTa Ha MHO)KECTBEHA
Kopenanusl U ce MOTBBPKIaBa OT W3UMCICHATa CTOWHOCT Ha F-xpumepus na
Quwep, KoOITO € HeoOxoaumo jAa ObAe Tmo-rojisiMa OT TaOJWYHAaTA.

W3BeneHuTe perpecMOHHM MOJETW TO3BOJIIBAT Ja ce  (GopMysIupa
MHOTOKpUTEpPHATHA 3a/lada, OT pPEelIaBaHETO Ha KOSATO MOTAT Ja C€ ONPEACIIAT
Hal-TIPOU3BOIUTEITHUTE PEKUMH B U3CJICABAHUAT AUAa30H.

3a pemaBaHETO Ha MHOTOKpPHUTEpHAIHATA 3ajada Ce H3IO0JI3Ba IIBPBHUSAT OT
UTUpaHuTe B [6] MeTomu. 3a Ja ce MPWIOKH METoAa € HEeOOXOAMMO /a ce
OTpENENIT EKCTPEMYMUTE Ha W3CJICIBAHUTE TE€OMETPUYHU TapaMeETpH.
PesynTaTuTe OoT TOBa M3cNeABaHE ca MpeICcTaBeHu B maobauyu 2, 3 u 4.
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Tadauua 2. Excmpemannu cmouHocmu Ha WUpo4uHama Ha HaeapeHus ciou

CToiiHOCTH HA TEXHOJIOTHYHUTE NApaMeTPH
B X1 X5 X3 X4
[mm] Tok | Hanpexenue | Cxopoct Ha HaBapsiBaHe | Ejaexkrtponen uzina3
[A] [V] [m/min] [mm]
1 1 -1 0
12,02 (max)
250 26 0,28 13
-0,75 -0,5 1 1
3,92 (min)
163 19 1,36 16

Tabéauua 3: Excmpemantiu cmotuHocmu Ha 8UCOYUHAMA HA HABAPEHUsL CLOU

CTOIHOCTH HA TEXHOJIOTHYHHUTE mapamMeTrpu
H X1 X X3 X4
[mm] Toxk Hanpexenue | Cxopoct Ha HaBapsiBaHe | Eaekrtpoaen usia3
[A] [V] [m/min] [mm]
1 -1 -1 1
3,87 (max)
250 18 0,28 16
-1 0 0,5 1
1,19 (min)
150 22 1,09 16

Tabauua 4: Excmpemanuu cmoiunocmu Ha 00NYcKa 3a MeXaHuuyna oopabomxa Ha
wegogeme cvc 3acmvneare npu 1/3 om oviadcuHama Ha eOUHUYeH ues

CTOiHOCTH HA TEXHOJIOTUYHUTE MapaMeTPu
H-h X1 X2 X3 Xa
[mm] Tox |Hampexenue| Ckopoct Ha HaBapsiBaHe | EjaekTpoaen uszia3s
[A] [Vl [m/min] [mm]
1 -1 -1 -1
1,69 (max)
250 18 0,28 13
_ -1 0,5 0,75 -1
0,46 (min)
150 22,5 1,225 13
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Cw3maieHaTa METOUKA 3a OIpeAC/ITHe o0eMa Ha MeXaHUYHa 00paboTKa IpH
HaBapsBaHE, JaJ¢ BB3MOXKHOCT Jia CE€ HANpaBH KOPEKIUS BBB BHCOKO-
MIPOU3BOJMTEIIHATE TCXHOJIOTHYHM PEXKHUMH, C 1€ HaMaligsBaHE Ha
MoCJeABaIOTO 00paboTBaHE.

Cnen perraBaHeTO Ha MHOTOKPUTEpHMAJIHATA 3ajada C ONMCAHHUS METOH Ce
MOJIyYrXa BHICOKOIIPOM3BOJIUTEIIHA PEXUMHU 3a HaBapsiBaHe. PemeHuero Ha
BTOpaTa MHOTOKpUTEpPHAIHA 3ajada, BKIIOYBAINA W JIOMyCKa 3a MEXaHWIHO
o0OpaboTBaHe, € IpPeICTaBeHO B mabauya J.

Taoauua 5. Onmumusupanu pesxcumu no OmHoOUleHUe Ha WUPOYUHAMA, BUCOYUHAMA
U 0onycka 3a nociedsauio oopabomeane Ha HasapeHus Ciou

Ckopocrt Ha Enexrponen
OnTumusupanu Tox Hanpezenne HaBaI;mBaHe nsnl;s
Ne napamMeTpu [A] V] [m/min] [mm]
[Tapamersp| CroitHoct | Kon | Croitnoct | Kon | Croitnoct | Kog | CroiinocT |Koa| CroitHOoCT
% 70,37
B
[mm] 9,61
1 250 0,5 22,5 -0,75 0,42 1 16
% 58,9
1| H
[mm] 2,77
% 35,83
H-h
[mm] 0,9
% 83,3
B
[mm] 10,67
1 250 1 26 -0,75 0,42 1 16
% 60,2
2| H
[mm] 2,81
% 36,54
H-h
[mm] 0,91

2.2. TpwubGosiornyHo wu3cjeJBaHe B YCJIOBHSI HA CYX0 TpHeHe IO
NMOBHPXHUHA C TBbP/I03aKpeneHn adpa3suBHU YACTHIH

Pa3zpaboTena e MeToauka u € MpoOBECHO U3CIEBaHe HA U3HOCBAHETO HA JIBA
Buja nokputust LNM 420 FM u FLUXOFIL 58 B ycioBust Ha cyXxo TpHUEHE 1O
MOBBPXHHWHA C TBBpAO3aKpeneH aOpa3uB. [lokpuTusita ca HaHeCeHW 4Ype3
TEXHOJIOTUYEH PEXHUM C ONTUMHU3UPAHU MapaMeTpy B ChOTBETCTBUE C TaOIHIIA

5.
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Metonukara € xapMOHM3UpaHa ¢ nectBamus cranaapt bJC 14289 ,Meton
3a u3Ccle[ABaHE Ha aOpa3sMBHO W3HOCBAHE IMPU TPUEHE BBPXY 3aKPEICHU
aOpa3vBHU YaCTHUIN .

MeronukaTa ce peaausupa ¢ YCTPOMCTBO, pabOTeIIo MO MPUHIUIA ,,[1ajell-
JUCK”, YusATO (PYHKIIMOHAIIHA CXEMa € MpeJcTaBeHa Ha dur. 3.

O6pazeusT 1 (Ts710) ¢ HaHECEHO MOKpUTHE 2 UMa (opMa Ha JIUCK C Paguyc
10 mm wu Bucoumna 10 mm. [IpoTtmBoTsuiIOTO 3 mMpencTaBisiBa abpa3uBHA
MOBBPXHUHA, KOSTO CE€ MOJIEIUpa 4Ype3 UMIIPETHUPAH KOPYHJ C OMNpelelieHU
XapakTepUCTHKU. M300pBT My ce choOpa3sBa ChC 3aABIKUTEITHOTO YCIOBHE Ha
ctanaapta — TBbpAocT 60% mo-BUCOKa OT TBBPJOCTTA HA IOKPUTHETO.

[TpoTuBOTSIIOTO 3 € TBBPIO 3aKPENEHO 3a HOCEI XOPHU30HTAJIEH TUCK 4 U ce
MOJIMEHs TIpU BCSKO u3MepBaHe. C TOBa ce€ TapaHTUpaT €JHAKBUTE HAYaIHU
YCJIOBUSI HA KOHTAKTHOTO B3aUMOJICCTBUE MEXKITY MMOKPUTHETO 2 U abpa3uBHATA
noBbpXHUHA 3. B G1M30CT /10 MbTEUKaTa Ha TPUEHE € BKJIIOYEH HAKpaWHUK Ha
BaKyyMHa IOMIIa, C KOHUTO c€ 3aCMYyKBaT OTJEJICHUTE YaCTHUIM B Mpolieca Ha
M3HOCBAHE.

LA TNRGSVETT S

$ur.3 Oynkyuonanna cxema Ha ycmpoucmeo 3a uzcieosane
Ha abpa3ueHo U3HOC8aHe

HocemmsT xopuszoHTtaneH auck 4 3aenHo ¢ aOpa3uBHATa MOBBPXHUHA 3
pOTHpa C TIOCTOSHHA BITIOBA CKOPOCT @=CONSt OKojJ0 coOCTBEHAaTa CH
BepTUKaTHA OcC. brioBata CKOpPOCT c€ 3ajlaBa C €JEeKTpOJBHUrares 5, a Opos
IUKJIM, PECIIEKTUBHO MBTS HA TpUEHE S, ce oTuuTa ¢ Oposiua 6. O6pazensT 1 ce
3aKpernBa MOIXOAII0 B HATOBapBaIlara riiaBa /, KbJAETO C JJOCTOBA CUCTEMA CE
OCHUTYpSIBa >KEJTAHOTO HOPMAJHO HaTOBapBaHe P B IIEHThpa Ha TEXECTTa Ha
obpazenia 1. CpenHata CKOpPOCT Ha IUTB3TaHE NPH TPUCHE C€ 3a7aBa d4pe3
W3MEHEHHUE Ha pa3CTOSHUETO R Mexy octa Ha aucka 4 u octa Ha obOpasena 1.

MeToaukara Ha WH3ClEJABaHE BKIIOYBA ClEAHATA IOCJIEI0OBATEIHOCT OT
oTIepaITuu.

- TloBbpxHHMHATa Ha BCHYKH OOpasly, W3pabOTeHH C enHakBa Gopma u
pa3Mepu, Ipeau HaHACSHE Ha MTOKPUTUETO Ce IMojijlara Ha MexaHnyHa o0paboTka
B TpH eramna — rpy0a, nudoBaHe W/WiIM MOJIUpaHe 10 MOCTUTaHe Ha €IHAKBa
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KenmaHa TpamaBocT, B caydas R;=0,4+0,6um. ToBa e HeoOXomgumMo U
3aILJDKATEITHO YCJIOBHE 3a TapaHTUPAHE HAa €JHAKBU HA4YaJHU YCJIOBHUS TIPH
MOCJICIBAIIOTO CPAaBHUTEIHO W3CJIEIBAHC HA W3HOCOYCTOWYMBOCTTA Ha
MOKPHUTHATA ¥ ONITUMHU3HUPAHE HAa TEXHOJIOTHATA 32 HAHACSHE Ha IIOKPUTHATA,

- HW3mepBa ce nebenuHaTta Z Ha HaHECCHHTE HMOKpUTHS ¢ ypeaa “Pocket
LEPTOSKOP 2021 Fe” na aBere IIOCKK CTpaHU Ha oOpa3zena B 10 Touku u ce
B3€Ma CpPETHOAPUTMETUYHATA i CTOWHOCT;

- H3mepBa macata Ha oOpasena mpeau W clie] U3MHHABaHE Ha ONpE/EIICH
T Ha TpueHe (Opoi MKMW Ha B3aWMOJICHCTBHE) C MOMOIITA HA €JICKTPOHHA
Besna tunn WPS 180/C/2 ¢ tounoct mo 0,1mg. Ilpeau Bcsko u3MepBaHe C
Be3HaTa OOpasmuTe Ce IMOYMCTBAT C Pa3TBOP, HEYTpPAIU3HMpAI] CTATUIHOTO
CIICKTPUYECTBO;

- OOpazeupr 1 ce 3akpenBa B HaTOBapmaillaTta TyiaBa / B OINpEIEICHO
MOJIOKEHUE M Ype3 JIOCTOBAa CHCTEMa Ce€ 3ajlaBa HOPMATHOTO IICHTPAJTHO
HaTtoBapBaHe P.

Ckopoctta Ha MacoBoTo u3HOcBaHe (dm/dt) mpencrasisBa paspyiieHaTa
Maca OT MIOBBPXHOCTHHUS CJIOW Ha MIOKPUTHETO 3a BpeMe | MuHyTA.

Ha ¢urypu 4 u 5 rpaduuHo ca TpEACTaBCHH EKCIICPUMEHTAITHU
pesynTaTH 3a M3MEHEHHETO HAa MAacoBOTO M3HOCBaHE (M) M CKOpOCTTa Ha

MacoBoTo u3HocBane (dm/dt) or 6pos muknm N u TBTA Ha TpueHe -S Ha
oOpasuu ¢ ABaTa BUJa MOKPUTHS.

180
[mg]

160

140

120

LNM 420
100

80

Axofil 58
60 /
40

20

Macoeo u3sHoceaHe

500 1000 1500 2000 2500 3000
Bpou yuknu - N

¢ur. 4: 3asucumocm na macosomo uzHoceane M om opos yuxiu na mpuerne N
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15
[mg/min]
14

13 LNM 420

12

11 A\

o\

9 \ Fluxofil 58
\/\

CKkopocm Ha macoeo usHoceaHe

144,5 285 433,5 578 722,5 867

lMbm Ha mpueHe S, [m]

¢ur. 5 3asucumocm na ckopocmma na macosomo usrnoceane dm/dt
om nvms Ha mpueHe S

Ot xapakTepa Ha KpUBUTE C€ BUXK/IA, Y€ U MIPU JBETE MOKPUTHUS CKOPOCTTA Ha
U3HOCBAaHE MMa HEJIMHEEH XapaKTep C BPEMETO Ha B3auMoJeicTBue. 3a aBere
HOKPUTHSI BPEMETO 3a JIOCTUTaHE Ha CTAllMOHAPHO M3HOCBAHE € pa3jiMyHo, TO €
no-MaJjko 3a nokputuero FLUXOFIL 58 , koeTo choTBeTCTBa HA ITBT HA TPUEHE
okono S ~ 450 [m], noxaro npu noxpuriero LNM 420 FM - S ~720 [m]. Tesu
(hakTH MMaT OTHOIIEHWE KbM MPOLECUTE HAa NpUPAaOOTBaHE HA INOKPUTHSTA,
KOMTO UMaT ca MPSIKO CBBP3aHU C TEXHMSI PECYpC U ca 0OEKT Ha CaMOCTOSITEITHO
OBACIIO U3CIEABAHE OT aBTOPUTE.

JIuneitHOTO M3HOCBaHe N TIpencTaBNsABa pa3iuKa MeXIy AeOenuHara Ha
HNOKPUTHETO Z; Mpenud H3HOCBaHe W JebenuHaTa Ha MOKPUTHETO Zp CleA

WU3HOCBAHE, T.€.
h= 1 — 1o (28)

VIHTEH3UBHOCTTAa Ha W3HOCBAHE I, MPEACTaBIsABAa OTHOIICHUE HA JIUMHEHHOTO
U3HOCBaHE N W ITbTS HA TPUCHE S:

. h
Ih=—= (29)
S
N3HocoycToriunBoctTa | € OE3IUMEHCHOHHO 4YHUCIO, TMOJIY4eHO Karo
penunpoyYHa CTOMHOCT HA MHTEH3UBHOCTTA HA U3HOCBAHE:
1
Ih
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WMHTEeH3UBHOCTTa HA W3HOCBAHE, PECIEKTUBHO H3HOCOYCTOMUMBOCTTA €
KOMILJIEKCHA XapaKTEPUCTUKAa HAa KOHTAKTHOTO B3aMMOJCHCTBUE MEXKIY
NOKPUTUETO M KOHTAPTSAJIOTO, 3aBUCH HEJIMHEMHO OT peauua (axkTopw,
BKJIFOUHMTEIIHO U OT IIBTS HA TPUEHE.

B Tabmmua 6 ca nmpencTaBeHW JAaHHU 3a JIMHEWHOTO W3HOCBAaHE, MHTEH3WB-
HOCTTA HAa U3HOCBAHE Y M3HOCOYCTOMYMBOCTTA HA TOKPUTHSATA.

Tadbmuma 6. Jluneuno  usmnoceawe, UHMEH3UBHOCM  HA  U3HOCB8AHe U
U3HOCOYCMOUYUBOCN

JIuneitno | MHTEH3UBHOCT .
Ne OGpasent sHocBame | Ha msHocsame | V3HOcoyctoiumpocr | IIbT Ha Tpueke
- MIOKPUTHE .
P h, [zm] | in, [em/m] ' S, [m]
1| LNM 420 FM 190 07 1,4.10° 282,6
2 F'—Uégo FIL 170 0,6 1,7.10° 282,6

I11. BAKJIIOYEHUE
OCHOBHHTE IPUHOCH B HACTOSIIaTa paboTa ce CBEX AT J10:

1. PazpaboTeHa e MeTOAMKA, MPOBEACHO MHOTOKPUTEPHAITHO U3CIICIBAHE U Ca
MOJIYYeHH PE3yTaTH 32 TEOMETPUYHUTE MapaMeTpy Ha KOMIIO3UTHH MOKPUTHUS
IIPU €JIEKTPOABIrOBO PABHUHHO HaBapsBaHE, MO-KOHKPETHO:

* TIOJy4eHHM ca TPH PErpeCMOHHU HEIMHEWHU aJeKBaTHH MoOjelia 3a
3aBUCUMOCTTA Ha TPU FEOMETPUYHU TlapamMeThpa (yCHIBaHe, IUPUHA Ha [IEBa U
JIOTTYCK 3a MEXaHW4YHa 00pab0TKa) OT YeTUPHU TEXHOJOTMYHM (hakTopa (cuiia Ha
TOKa, HAITPEXKEHNE, CKOPOCT HA HaBapsBaHE U €JIEKTPOJICH U3J1a3);

* Ha OCHOBaTa HAa PETPECHOHHHUTE MOJenu € (opMmyiaupaHa W pelleHa
MHOTOKpUTEpHAIHA 3a7a4ya, B PE3yJITaT Ha KOCTO Ca TMOJYyYCHH ONTHMU3UPAHH
TEXHOJIOTHYHU PSKHUMHM 110 OTHOIIIEHNE HA TPUTE TEOMETPUYHU TTapaMeThpa.

2. Pazpaborena e Meroauka, MPOBEACHO € M3CJCABAHE W CE€ IOJYYCHH
pe3yATaTH B YCIOBUS Ha aOpa3MBHO M3HOCBAHE Ha JBa BUA TTOKPHUTHS:

* 3aBUCUMOCT Ha MacOBOTO M3HOCBAaHE M CKOPOCTTa Ha MAaCOBOTO M3HOCBAHE
OT ITBTS HA TPUCHE;

* ONpPENCNICHO € JUHEWHOTO M3HOCBAaHE, MHTCH3WBHOCTTA HAa M3HOCBAHE U
M3HOCOYCTOWYMBOCTTA HA TIOKPUTHATA TIPU €HU U CHIIM CTOWHOCTH HA ITHTS Ha
TpHUEHE U HOMHMHATHOTO KOHTAKTHO HaJIsTaHe.
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CTPYKTYPA U MEXAHNYHU XAPATEPUCTUKH HA
BUCOKOSAKA CTOMAHA S700MC CJEJ OTT'PSABAHE 1
3ABAPSIBAHE

Casuna /lemuposa
Texnuuecku ynusepcumem-Cogus, cemi@abv.bg

STRUCTURE AND MECHANICAL CHARACTERISTICS OF
FERRITIC STEEL S700MC AFTER ANNEALING AND WELDING

Savina Demirova
Technical University — Sofia — Bulgaria, cemi.cemi@abv.bg

Abstract: In the work examined the structure, mechanical
characteristics tensile and hardness of the strengthened steel
S700MC after annealing at different temperatures and welding.
Experimental results are obtained in tensile testing of samples at
several annealing temperatures and welding to conventional yield
strength welding, has analyzed the microstructure of different
samples.

I. BbBEJIEHUE

BHCOKOSKUTE  TEpMOMEXaHUYHO  YSIKYCHU HUCKOBBIVICPOAHU U
HUCKOJITUPAHW CTOMAaHW HaMUpaT MIMPOKO MPWIOKEHUE B TMpaKTUKaTa 3a
n3paboTBaHE HA KOPIMYCHU, KPAHOBU JIETAWIN U U3JIETUS, ChUETABAIIHA TOJIEMH
rabapuTy Tpy MaJika Maca U HEOOXOJMMHUTE 3a KOHKPETHUS CiIydail Ha paboTa
MEXaHUYHH Xapaktepuctuku. M3nenusta or cromana STO0MC oz dopmarta Ha
JUCTOB MaTepuajd HW3WCKBAT IMPOKO TMpHUJIaraHe Ha 3aBapbyHU OIlEpaIuu.
W3non3BaHeTo Ha JOMBIHUTENCH 3aBapbUy€H MaTepuaig, ChUYETaHO C
HarpsBaHETO HA MaTepHalia B 30HATa Ha 3aBapbYHUS IIEB BOJIU 1O MPOMEHU B
XUMHYHUS ChCTAB, CTPYKTypaTa U PECIIEKTUBHO - MEXaHUYHH XapaKTEPUCTHKH.
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[lenta Ha HacTosIIaTa paboTa € 1a Ce U3CIeABAT CTPYKTypaTa, MEXaHUIHHUTE
XapaTepUCTUKU MPHU OITbH U TBBPJOCTTa Ha BUCOKOsika ctomana S7T00MC cnen
OTrpsIBaHE MPH PA3TUIHHA TEMIIEPATYPHU U 3aBapsiBaHe.

3a mocturaHe Ha 11eJITa C€ pellaBar CIeAHUTE 3aaun:

- OtrpsBane Ha oOpasuu ot ctomana S7/00MC mpu 200, 400, 600 °C,
u3paboTBaHE Ha 3aBapeH oOpasell OT W3clie[ABaHaTa CTOMaHa B YCIIOBUSATa Ha
,,CITAPKU - A1”;

- Meranorpadcku aHainn3 Ha 00pa3luTe;

- OnpenensHe Ha TBHPAOCTTA M MEXaHUYHHUTE XapAaTEPUCTUKNA Ha 00pas3IuTe
MIPY U3MMTBAHE HA OIBH.

I1. U3JIO’KEHUE

2.1.00ma xapakTepucTuKa u Hsakou ocobeHoctu Ha Cromana S7T00MC

OO6exT Ha HacTodIIaTa paboTa € TEPMOMEXaHUYHO ySIKYEHA JUCTOBA CTOMaHa
S700MC, nonyuena upe3 HTMO, ¢ nebenuna Ha nucta § mm. CpeaHUsT U
XUMHYEH ChCTaB, ChITIACHO Tabiwuia 1, Bapupa B U3BECTHH TPAHUIIUA CIIOPE]
dbupmaTa-nipousBoauten. To3u cbcTaB U TEPMOMEXaHUYHA 00pabOTKa TpsiOBa /1a
OCHUTYpSIBAT MEXaHWYHHU TToKazaTemn Ry, = 750 - 950 MPa u R, >700 MPa.

Taoauua 1: Xumuuen cocmas na cmomana STOOMC

Al
Esnemenr | C Si Mn P S . Nb \Y Ti Mo B
(min)

% 0.12 | 060 | 210 | 0.025 | 0.015 | 0.015 | 0.09 | 0.20 | 0.22 | 0.50 | 0.005

Pasrnexxmanata cTomMaHa — mOpHUTEeXaBa — peaMIla  NPEIUMCTBAa  IIpei
TPaIUIIMOHHUTE BUCOKOSIKM CTOMaHH, MOJyYCHHU Upe3 3aKajssBaHe M OTBPBIIAHE
- 3HAYUTEJTHO HAMaJICHO BBIJICPOJHO ChIBPKAHUE, HAMaJCH BBIVICPOJCH
CKBUBAJICHT, MTOJ00pEHAa 3aBapseMOCT, MHOTO IO-HUCKO CHOTHOIIICHHE IPaHHUIIa
Ha TIPOBJIAYBaHe / IKOCT Ha OTIaH, IMO-TOJISIMa KHUJITABOCT, MO-TOJISIMS HAJCKTHOCT
Ha W3JIETUATA, MO-BHCOKO KAadeCTBO Ha TOBBPXHOCTTA, IMO-KPaTKO BpeMe 3a
npou3BoaAcTBO. Ilopamu TOBa, mMpewMyIecTBaTa MO OTHOIICHHWE METOJIUTE 3a
o0paboTBaHE Ha CTOMAaHaTa 3a MojyyaBaHe Ha u3aenus ca [4]:

[Ipu cTynenHa maacTudHa aedopmarius:

- Munumanen paouyc na oeveéare Topaau IpeOHO3bpPHECTATAa CH XOMOTEHHA
CPYKTYpa,

- Yemotiuusocm npomue Hanykeane 6narofapeHue Ha BUCOKOTO Ka4ECTBO Ha
MOBAapPXHOCTTA CH, CIIE]] CTYJCHO U3TETIISHE.

[Ipu 3aBapsiBaHe:

- Jlecna noocomosxa 3a 3aeapseane - PpPHOOBETE, OIpeEACICHA 3a
3aBapsiBaHE,MOTAT Jla ce€ pexaT 0e3 MpeIBapuTETHO HarpsiBaHE KaKTO C Ta30BoO,
TakKa ChIO M Ype3 Ja3epHO WU TUTA3MEHO ps3aHe; MPEABAPUTEITHOTO HATPsSIBAHE.
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HpI/I H3II0JI3BAHC HA 3aBAPUYHU MATCPUAIN C HUCKO CBABPIKAHNUC HA BBIJICPOL
HC € HGO6XOI[I/IMO MPpCABAPUTCIIHO HAr'psIBaHC.

2.2. ExcnepyMeHTAJIHU Pe3yJTATH U aHAJU3H

Pezyimamu om uznumeanemo Ha ONbH

Pesynratute “F — AL” OT M3NUTBAHETO HA pa3IMYHUTE 0Opa3IM ca MOKa3aHU
0000meHo Ha ¢ur. 1 3a mo-ym006HO CpaBHSBaHE Ha pe3yaTaTute. Bmxkaa ce, de
KpUBUTE Ha oOpasela B CHhCTOSHME Ha JOCTaBKa U OTTpeTUTe oOpas3lu ca
Onu3kK momexy cu. M3kimoueHnune npaBu KpuBaTta OT 3aBapeHust oOpasell.

— [locTaBka

— Orrpsiate 200 *C
| OrtrpsisaHe 400 *C
— Orrpsizane 600 *C

— 3aBapeHa

2 0 2 4 6 8 10 12 14 16 18 20
AL, mm

¢ur. 1: Kpusu “F — AL” na obpazyume

B Xoma Ha m3NMTBaHMWATA € YCTAaHOBEHO, Y€ C WM3KIIOUYCHHE Ha 3aBapeHUS
oOpaser], ocTaHajguTe oOpalW WMaT aHAJIOTHYHO IoBeAcHHEe. [Ipu BCHYUKH
obpasmu ce ¢opmupa go0pe H3pa3eHa IUIONIAAKa Ha IpoBiadBaHe. I[lpwu
oOpa3yBaHETO Ha IIHIKa HE Ce CTUTA JI0 KJIAaCHYECKOTO CKhCBaHE Ha oOpaseria, a
B 00JlacTTa Ha MIMKAKaTa HAIBKHO MO OCTa Ha MPOOHOTO TsIO ce dopmupa
nykHaThHA. [Ipu 3aBapeHHMs oOpaser IUIOIIaJKa Ha TPOBJIaYBaHE HE Ce
HaOJro1aBa, MyKHATHHA HE ce 00pasyBa M TOH ce paspyllaBa 4pe3 CKhCBAaHE,
CTPaHMYHO Ha IIIeBa, T.€. B 30HaTa HA TEPMUYHO BIIMSHHUE.

Ha 6a3a monydyeHuTe qJaHHU ca MPECMETHATH CTOMHOCTUTE Ha TpaHUIlaTa Ha
MPOBJIAYBAaHE W 3aCIHO C SIKOCTTAa Ha ONbH Ca TPEICTaBeHH OO0OOIICHO B
Tabmnura 2.
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Tabauuna 2: Axocmuu u decpopmayuoHnu xapaKkmepucmuxu.

O6pa XapaKTepuCcTHKH
pasell R™. Moa R, Mpa RmMpa A%
&**
HocraBka 818 780 825.43 o Je
Otrpsir 200°C 794 760 804.10 >
Otrpst 400°C 760 750 800.14 26
Otrpsar 600°C 854 796 854.12 %
3aBapeH 660* 753 %

IHosicnenus1 mo Taduua 2:

* onpedenena e ycio8Ha epaHuya Ha NPoBIAYEaAHe

** omHocumenno yowadceHue 6e3 omuumaue, ue paspyulasaHemo e 6 Kpas Ha
UBYUCTUMETHANA ObIIHCUHA

X omHOCUMENHO YOBIICEHUE ¢ Omuumaue, ye paspyuasaHemo e 6 Kpdas Hd
UBYUCTUMETHANA OBIIHCUHA

100000 +

AL, mm

bur. 2: Onpedenane ycnoenama epanuya Ha nposIayeane Ha 3aéapeHus oopasey

Pe3ynraTtute mokasBar, 4ye SKOCTHUTE XapaKTEPUCTHKH B CBCTOSHHE Ha
JIOCTaBKa U CJIe/ OTTPsiBaHE ca B TPAHUIIMTE HAa U3MCKBAHUATA 32 Ta3U CTOMAaHa.
Brneuernunue npaBu, 4ye ¢ MOBUILIABAHE HA TEMIIEpaTypara, CTOMHOCTUTE UMAT
MuauMyM Iipu 400°C Temrepatypa Ha OTIPSIBAHE W PSI3KO YBEJIMYABAHE MPH
600°C — mo-BHUCOKHU OT T€3U B ChCTOAHUE HA J0cTaBKa. [[pu KoMeHTHpaHeTO Ha
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TE3W M MO-HATAThK Pe3yJTaTH TpsiOBa Ja c€ MMa MPEBUJI, Y€ TE Ca MOIYYEHU
IIPY U3MUTBAHETO IO HA €UH o0pa3ell OT BUJ.

3a 3aBapeHMsl oOpasel] € MpecMeTHaTa yCJIOBHA I'paHUIA Ha IPOBJIAYBAaHE.
[lopanu HEW3NON3BAaHETO HA TEH30METpPUpPAHE, HEOOXOJUMO ChIJIACHO
CTaH/JapTa, € HAlPaBEeHO MPUOIMU3UTEIHO ONpPEACIISIHE Ha TpaHUIlaTa M0 METoAa
Ha gonupareaHute - pur.2. CTONHOCTUTE Ha IKOCTHUTE XapaKTEPUCTHKH ca MO0-
HUCKU OT Te3u Mo cepTudukar. IlpuumHarta 3a ToBa MOXE /Ja c€ THPCH B
npoMsiHaTa Ha CbCTaBa M CTPYKTypaTa Ha CTOMaHaTa B IIeBa M 30HaTa Ha
TepMu4HO BiusiHUE 3TB 0K0O HEro mopaau BBBEXKIAHETO HA 3aBapbu€H Tell,
noJilydyaBaHe Ha KpHCTaJU3upallla TeuHa BaHa U MperpsiBaHe Ha MaTepuaa.

Jannute 3a nedopmarmoHHara xapakrtepuctuka A,%, 00001IeHN B TabauIa
2 TOKa3BaT, ye ChUIECTBEHA pa3jiMKa MEXAY CTOMHOCTUTE, MOJIyYeHU C U 0e3
OTYUTAHE MSCTOTO Ha pazpyuiaBaHe HsMa. OTHOCHUTEIHOTO YABKEHHE Ha
OTrpeTuTe O0pas3lu € MO-TOJSIMO OT TOBa NPU CBHCTOSHUE HAa JOCTaBKa, HO
YCTaHOBEHA 3aBHUCHUMOCT MEXJIy YyIbIDKEHHE U Temmneparypa Hsama. Haii-
3HAUUTEIIHO € YABDKEHHETO Ha 3aBapeHusi o0pasell, BEpPOSITHO MOpaau
IPOTEKIIUTE IPOMEHHU B CTPYKTypaTa U ChCTaBa B 30HATa Ha IIIEBA.

Makpocmpykmypen ananu3
Ha ¢wur. 3 e mpencraBeHa MakpoOCTPyKTypaTa Ha 3aBapeHHS oOpa3er.
SIcHO ce BIKAAT /BaTa IIeBa M 30HUTE Ha TepMHUYHO BiusHue. [locneanure ca ¢
mmpuHa B uHTepBasia 1.5 — 2 mm. [Ipu u3nuTBaHeTO HA OMBH HA TaKBB 00pa3ell
CKBCBAHETO € JIEKO B CTpaHW, T.6 B 30HATa HA TEPMUYHO BiHsSHHE. To3H
pe3ynTaT Kopenupa ¢ JaHHUTE 3a TBBPAOCTTa — IOCJIETHATa Ce TMOBHINABa B
o0JacTTa Ha 3aBapbUHUS IIIEB.

gue. 3: Makxpocmpykmypama Ha 3a8apeHus oopasey
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Mukpocmpykmypen anaau3

Pesynratute OT MUKPOCTPYKTYpHHUSI aHAIM3 HA OTTpeTUTE 00pas3Iy, TO3U B
CHCTOSIHME Ha JOCTaBKa U 3aBapeHUs ca IpeAcTaBeHu Ha (ur. 4.

N3o6paxxkenus a, 6 mokasBaT cTOMaHaTa B ChbCTOSIHME Ha jocTaBka. [Ipu mo-
MankoTo yBennueHue (¢ur.4-a) ce HaOII0AaBa U3pa3eHa HBUYHOCT, MOJIy4YEHA B
pe3ynTaT Ha U3TETIIIHETO Ha JucTa ctoMaHa. [locokara Ha M3TETJIsIHE CHBIAAA C
Ta3u Ha MMyKHAaTWHATA B 00J1acTTa HA MIMHKATA MPU M3MTUTBAHETO HA OITBH.

¢pur. 4:Muxkpocmpyxmypa na obpazyume: a, 6 — cbcmosanue Ha 00CMasKa, 6 —
obpazey omepsam npu 600°C; 2, 0 — 3a8apen obpasey

[Topanu 0OCTOSITENCTBOTO, Y€ W3TETJSHETO 3aBbpIIBA Ha CTYIEHO, €
BB3MOKHO 00pa3yBaHETO Ha MUKPONYKHATHHU MEXIY HU3IbIDKEHHUTE 3bpHA,
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npepacTBallld B MaKpOIyKHAaTHHA. TakuBa MUKPOITYKHATUHU HE ce HaOJto1aBaT
U TIpU TO-TOJIIMOTO yBenunueHue (¢ur. 4-0). Tora mokas3Ba, ye ca HEOOXOIUMHU
JOMBbJIHUTETHN M3CICABAHUS W W3MOJI3BAHETO HA MO-TOJEMHU YBEJIMYCHHUS 3a
NOTBBPKJABAaHE Ha TMPEIJIOKEHOTO oOsicHeHue I300pa)keHuss Ha OTIPETUTE
oopasuu mpu 200°C u 400°C He ca mnpeAcTaBeHU, NOpaau JHIcCAa Ha
3a0€eneXUMHU U3MEHEHUS B CPYKTypaTa. TakuBa U3MEHEHUS ce HAOJI01aBaT MpH
obpazernia otrpsaT npu 600°C (dur. 4-B). Hamuiie € u3BeCTHO yeapsBaHe Ha
CTpyKTypara.

OOpa3yBaHETO Ha MyKHAaTUHA MPU U3MHUTBAHETO HA BCUUKU OTTPETH 0Opa3LH
MOKa3Ba, Y€ BEPOATHO KOMEHTHpPAHUTE MyKHATHMHU ocTaBaT U npu Tax. Lo ce
OTHACs 10 Hali-BUCOKHUTE SIKOCTHU TOKa3aTeau Ha oOpaszena ot 600°C, moxe na
Ce MPEIIOJIOXKHU JOMBIHUTEIHO OTAEISHE AMCIEepCHU (a3u B 3bpHATA U IO
IPaHULIUTE, KOETO BOAM JI0 TO3U €(eKT.

¢ur. 4-r nokaspa OT JSCHO HaJSABO MpPEXoja OT HEIPOMEHEHA CTPYKTYpa KbM
CTpyKTypaTa B 30HAaTa Ha TEPMUYHO BIMSHHME W MmeBa. B pesynrar or
KpUCTAJIU3UPAHETO HAa TEYHUSI METal C€ MOoJydyaBaT yeJpeHU 3bpHa U MOsBa Ha
CTPYKTypa, Hamojo0sBaIla BHJ MaHIIeTOBa WM OciiHuTHA (dur. 4-n).
['01SIMOTO KOJMYECTBO JIETUPALLY €IEMEHTH B €JIEKTPOIHUS Tea u3mecrtna ,,C-
KpUBHMTE Ha CTOMaHarta HajisacHO. Ilpu oxiiaknaHeTo Ha maTepualia TOBa JaBa
BB3MOKHOCT 3a IOJIy4aBaHE HAa HEPABHOBECHU CTPYKTYpU — OCHHHUT W/WIH
MapTeH3uT. HezaBucumo, 4e Te3u CTPYKTYpU ca HHCKOBBIJIEPOJHU, TSIXHATA
TBBPAOCT € MO-BUCOKA OT Ta3W HA OCHOBHUS MaTepHual.

I11. OBOBIIEHU N3BOJIN U 3AKJTIOYEHUSA

1. Otrpseanero Ha ctomana S/00MC mnpu Temmeparypu 1o 600°C He
IIPOMEHSI TIOBEJIEHUETO W IIPpM M3NUTBAHE HA OINBH B CPABHEHUE CbC
ChCTOSIHHETO Ha JOCTaBKa. BBB Bcuuku ciiydan ce ¢opmupa IUIOMagKa Ha
MPOBJIaYBaHe, a B 00JIaCTTa HA IIUMKATa HAIIBHKHO MO OCTa Ha MMPOOHOTO TSJIO
ce (popmupa mykHaTHHa 0€3 CKbCBaHE Ha oOpasema. 3aBapeHUAT oOpasel] He
MOKa3Ba IUIONIAJKA HAa MPOBJIAYBAHE M TOW C€ pas3pylllaBa 4pe3 CKbCBAHE B
30HATa Ha IIEBa.

2. SIkocTHUTE XapaKTEPUCTUKU B CbCTOSHHUE HA JIOCTAaBKAa W CJeJ OTrpsIBaHE
ca B TpaHMIIMUTE HAa HM3UCKBaHUATa no ceprudukar 3a ctomana S/00MC. C
MOBUILIABAHE HA TeMIeparypara Te umaT MUHUMYM nipu 400°C temnepaTypa Ha
oTrpsiBaHe M yBennuaBaHe Ipu 600°C — mo-BUCOKH OT TE€3U B CHCTOSIHUE Ha
JIOCTaBKa. YCIOBHATa TIpaHMIla Ha MPOBJAYBAHE M SKOCTTA HA OIbH Ha
3aBapeHwusi 00pasell ca Mo-HUCKHU OT TE3H M0 CEpPTU(PUKAT.

3. Otrperute o0Opa3ny UMaT MO-MajKka TBBPAOCT OT Ta3u B CHCTOSIHHE HA
JIOCTaBKa MOpaju pelakCUpaHe Ha HampexeHusta, nojgydeHu npu HTMO nHa
ctomanata. Ilpm 3aBapeHust oOpaszery TBBpAocTTa B 378, KBACTO €
paspyliaBaHeTo, HE ce NpoMeHs. [loBuimaBaHe Ha mocieqHaTa UMa B CaMUs
IIEB.
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4. MetanorpadckusiT aHaIN3 MTOKa3Ba U3BMEHEHHE Ha CTPYKTypaTa B o0pasena
otrpAT npu 600°C. I'0aIMOTO KOJMYECTBO JIETUPAIIHN €JIEMEHTHA B €IEKTPOIHUS
TEJI € BeposiTHaTa MPUYMHA 32 MOJy4aBaHE HAa HEPAaBHOBECHU CTPYKTYpH —
OCHUT W/MIM MapTeH3UT B 30HATa Ha IIE€Ba, KOETO KOpeIupa C JaHHUTE 3a
TBBPAOCTTA.

5. Tlomydyenute pe3ynaTaTd MOKa3BaT, Y€ ca HEOOXOJUMH MO-HATATBIIHU
U3CTIeIBAaHUS TI0 Mpo0ieMa: U3CiIeBaHe Ha MO-ToysM Opoii 00pasiu, OTrpsiBaHe
IIPY TI0-BUCOKH TEMITEpaTypH, OTTPSIBAHE HA 3aBapeHHs 00pa3ell u Jap.

H3zcneosanemo 6 nacmoswama nyonuxkayus e obekm Ha pa3pabomka u
3awuma Ha OunIoMHa paboma Ha asmopa 3a npudobusare Ha
obpazosamennama cmenen «oaxanasvp» 6 Pycencxus ynusepcumem ,, Ancen
Kvnuee”- ep. Pyce. Aemopvm uskazea ceosima O0wv100Ka 061a200apHOCH,
NPUSHAMETHOCM U Y8adceHue Ha C6805l HayieH pvKosooumenl 0oy. 0-p H.
Jlepmenocues u koncynmanm undic. M. Paoynosa.
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XAPAKTEP U MEXAHU3MHU HA TPUBOEMUCHUSATA BbB
BAKYYM

Tunka I'pozoanosa

HHcmumym 3 KOCMU4YecKu U ClvH4e60-3eMHU I/IS’C]ZQOSCZHM}Z, FAH

CHARACTER AND MECHANISMS OF TRIBOEMISSIONS IN
VACUUM

Tinka GROZDANOVA

Abstract: The paper describes the triboemission phenomena
produced by friction of solids in vacuum. It presents classification
by tipe as well as some of the mechanisms of triboemission.

Keywords: vacuum, friction, triboemission.

1. BbBEJIEHHUE

B mpomeca Ha MeXaHWYHO B3aMMOJCHCTBHEC MEXIy TBBPAU Tella Ce
Ha0JII0/1aBaT peauiia sIBJICHUsI, 0000IIEHH MO0JT Ha3BaHUETO MeXaHoeMucHs. ToBa
IIOHSTHE BKJIIOYBA MHOXKECTBOTO OT MEXAHHUYHM IEHCTBHUS U M3IBYBAHHUS OT
pa3IMuHO (PU3UYECKO €CTECTBO, KOHTO 3aBHCAT OT THIIA Ha MaTepuaa,
oOKpBXkaBalaTa Ccpela H  YCJIOBHSITAa ~ HAa  W3BBPIIBAHETO WM.
MexanoemucroHHUTE e(heKTH ca OOEKT Ha M3ydyaBaHe OT YUEHUTE B 00JIACTUTE
dbu3MKa U XMMUSA, KaTo B IOCIEIHO BpEME M3CJICABAHMATA Ca HACUOCHHU IIO-
CHEIUAITHO BbPXY €JICKTPOMATHUTHUTE ACTIEKTH.
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3a geduHUpaHEe Ha €MHUCHATA TMpPU PaA3IUYHUTE BHUJIOBE MEXaHUYHO
B3aMMOJICUCTBHE Ca BbBEICHM CHelU(UYHU ompeneneHus. Taka HampuMmep: 3a
TpUEHE — TpUOOEMHUCHS, 32 CUylIBaHE — (PAKTOEMUCHS U T.H.

TpuGoeMUCHOHHUTE SBJICHUS MOraT Ja ObAaT KiIacUu(PUIIMpPaHU MO HAKOJIKO
MpU3HaKa: Mo BHJ, MO (PU3NYECKO €CTECTBO, MO CpeJla Ha pa3npoCTpaHECHHE,
nocoka u ap. O60coOeHu ca oceM IJIaBHU TUIA: | — eMHUCHS Ha Ta30BH aTOMHU H
Monekynu, II — emucus Ha enexkrpo-marnutHa pammanus, III — emucus Ha
enekTponu, IV — emucus Ha HOHHU, V — eMUCHUS HA MarHuTHO noise, VI —
E€MHUCHs Ha €JeKTpuuecko mnoisie, VII — emucus Ha IIyM, aKyCTUYHU BBIHHU U
BuOpanuu, VIII — emucus va tormHa [1] .

OO6pa3Ho Te ca npeacTaBeHu Ha ¢wur. 1.

E IIeKTp OMArHHTHA PaJEIaLis:
P AMIOBBIHIL HH(}ppa-depBeHo
IBIBYBAHe, BHINM CITeKTh],

Y JITp ABHOJIET, PeHTTeHOBH JIb I

EnexkTpoHH T'a30B11 aTOMIT 1
MOJIeKY T

N\ %

o <::| |:> Torunma

3BYK, aKY CTITIHII
Mar-rrHo e v :

B'BJIHIT II Bllﬁpﬂmﬂl

E.TIEKT]) e CKH 3apAamrl
E JIEKTPITIeCKO I1oJ1e

¢ur. 1. Cxemamuyno npedcmassane Ha Kiacugurayusama Ha mpuboemucuama.

2. YCJIOBUA N MEXAHU3MHU HA OBPA3YBAHE HA
TPUBOEMUCHSATA.

W3BecTHO €, e MEXaHOEMHUCHUATA MPOU3IN3a OT 00pa3yBaHUTE B MaTepuasa
BUCOKOCHEPTHITHU aKTUBHUPAHU CHCTOSIHUSA B TBBPAUTE Tena. B mporeca Ha
MEXaHUYHO BB3JCHCTBUE WM MEXaHWYHA 00paboTKa ce MojyyaBa pa3KbCBaHE
Ha XMMUYECKUTE BPB3KH BCIIE/ICTBUE HA IJIACTUYHA JePopMalivsi, CUyBaHE WU
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U3TPUBAaHE Ha MOBBPXHOCTHU cioeBe. [Ipenu na ce pa3cee BbB BUJ Ha TOIUIMHA,
MexaHu4HaTa paboTa, KOSATO TMPEAU3BHKBA IUJIACTUYHATA Jedopmaius Hu
Pa3KbCBAHETO HA XUMUYECKUTE BPB3KHU, Ch3/1aBa TE€3U €HEPTUUHO-CTUMYIIUPAHU
ChCTOSIHMSI Ha MaTepusTa. Te ce ¢popmupar, 3a10TO KOJIUYECTBOTO OCBOOOICHA
CHEpIUs HaJBUIIIaBa KOJMUYECTBOTO paszcesHa eHeprus [1,5]. ChcraBenu ca ot
BUOPALIMOHHO- U €NIEKTPOHHO-BB30YACHH BPB3KU, HOHHU, METACTAOMIHNA aTOMHH
TPpyOd U JIPYTH METacTaOWIHUM OOEKTH, W JONPHUHACIT 3a BBH3HUKBAHETO Ha
CBOOO/IHU €IEKTPOHH, HOHH, MOJICKYJIH U JP.

[Tpu TpueHnero, OeNbT U BIUSHUETO HA €IEKTPUUYECKUTE e(PEeKTH HapacTBa B
pe3yaTaT OT HAaeJIeKTPU3UPAHETO Ha MOBBPXHOCTTA. TpHOOHAECTEKTPU3UPAHETO
e JeduHUpaHO KAaTO TEHEpUPAHE Ha EJIEKTPUYECKH 3apsAau, MOPOJIEHO OT
B3aMMHOTO TUTh3TaHe. B ycioBusiTa Ha BaKyyM MpU METalIuTe ce HalJroaBat
HSKOJIKO sIBJICHMS: KOHTakTHa mnoTeHianHa pasnuka (KIIP); aecopOrwms,
ancopOuusi, abcopOuusi M pas3TBapsHE Ha ra3oBe; IUIaCTHYHA JAeopmarius;
U3HOCBAHE U JIp.

KTIIP ce obpa3yBa B pe3yJsiTaT Ha MPEeHOCa Ha 3aps/id MKy KOHTAKTyBalUTE
TeJa M € B 3aBUCHMOCT OT OTJENHTeNHaTa paboTa Ha €JEKTpOHA  Ha JBaTa
matepuana [3,8].

TpuOGoctumynupanara aecopOums, ancopOuusi, abcopOuMs W MEXaHUYHO
MPEAU3BUKAHOTO pa3TBapsHE Ha ra3oBe B oOeMa Ha marepuaia ca e(ekTH,
KOUTO TMpeodiagaBaT B TPHOOCHCTEMHUTE U Ca CBBP3aHU C EMUCHATA HA AaTOMU H
MoJekynu [2,5].

MHoro BHIOBE TPUOOKOHTAaKTH CE€ XapakTepHu3UpaT ¢ TACHA U paslieneHa
dbopmMa Ha Hampeunoto uM cedenue [1]. Illupwnrara Ha NeMHAaTHHATA
MIOCTENIEHHO C€ YBEJIM4YaBa C HApacTBAaHE Ha PA3CTOSHUETO OT KOHTaKTHaTa
obnact. llemHaTuHHO-IOAOOHUAT Tpodmsi Ha TPUOOKOHTAKTAa JIEWCTBA KaTo
KaImuisp 3a KOHJEH3alusITa Ha mapHUTe a3y, a Taka ChIIO U KaTO YIOBUTEN HA
ajgcopbupanute MoJiekynu. Jlopy ¥ Npu BHCOK BaKyyM TIOBBPXHOCTHATa
KOHIICHTpAIUs Ha aJicOpOMpaHu BOAHU MOJICKYJIH OKOJIO TPUEIIHs KOHTAKT € Ha
HOPSAABK MO-BUCOKA, OTKOJIKOTO BBPXY CBOOO/HATa MOBBPXHOCT. B crencrtaue
Ha MEXaHUYHOTO BB3/IEUCTBUE KOJUYECTBOTO aJCOPOMPAHU MOJIEKYJIN MOXKE Ja
ObIe pa3TBOPEHO B MaTepuana. ToBa ACHCTBHE € T0Ka3aHO EKCIIEPUMEHTAITHO U
CBHIIECTBYBAT HAKOJKO XUIIOTE3H 3a HETOBOTO OOSICHEHHE:

1. TIpenoc Ha agCcOPOIMOHHN MOJICKYJIHM OT IUCIOKAIIMUTE B MaTepuaa.

2. OpUKIMOHHO 3aTOIUISIHE W CHhOMpaHe Ha MEXaHWYHO-U3CTHCKAHMS
azcopoar.

3. TpuboxuMHYHM peakuMd ¢  HEOOpaTUMO-XMMHUYHA abcopOuus,
MOJTMIOMOTHATA OT TOINTMHHATA AU(Y3us HA aAcOpOeHTa B 00eMa Ha MaTepHaia.

4. MexaHMYHO CMECBaHE Ha BPHXHUTE CJIIOEBE HA KOHTAKTHUTE MOBHPXHOCTH
u np.CrerneHTa Ha BIMUSHUE HA Te3W MEXAHW3MH 3aBHCH OT BHJIa HA MaTepuaa,
OT mapaMeTpUTe Ha TpUOoIpolieca, OKOJIHATA CPeia U T.H.
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3. 3AKVIIOYEHHUE

W3cnenBanero W M3ydyaBaHETO HA TPUOOEMHMCHOHHUTE SIBJICHUSI MoraT Ja
MOJAMOMOTHAT MpaKTHYecKaTa AEMHOCT U Pa3BUTHETO Ha MHOTO MHYCTPUATHU
npuioxkeHus. Tpuboemucusita MoXKe Jla c€ M3MO0JI3Ba KaTO M3TOYHUK Ha Ba)KHA
uHboOpMaIlus MpU TPUEHE HAa METAJIUTE M BHOOIIE HA TBBPAU Tena. T Moxe Ja
MOKa)Xe CTENEeHTa Ha W3HOCBaHE IUPEKTHO OT TPHOOKOHTAKTa, KOETO Ja
NOCIY’)KM 3a JUMarHoCTHKa Ha TPHUEIIUTE C€ MOBBPXHOCTU. BaxHocTTa Ha
CJIEKTPOHHUS TpaHc(hep U EK30eNEeKTPOHHATa €MHUCHS 3a TPUOOXUMUYHHUTE
peaxiuu € Joka3zaHa oT/aBHa. Upe3 KOHTpOJIMpaHe Ha TPHOOEMHUCHITa MOXKE Ja
ce MoJI00pU CUTYPHOCTTA, HAJICKAHOCTTA U TPAMHOCTTA HA TPUOOKOHTAKTA.
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TPUBOJOI'MYHU XAPAKTEPUCTHUKHU U ABJIEHUS B
ANTYMUHHUEBU MATEPUAJIN B YCJIOBUATA HA BUCOK
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TRIBOLOGICAL CHARACTERISTICS AND PHENOMENA IN AL
MATERIALS UNDER HIGH VACUUM CONDITIONS

Tinka Grozdanova, tinka_gr@abv.bg
Institute for Space and Solar-Terrestrial Research, BAS,Bulgaria

Abstract: The paper describes the properties of aluminum, which
are important for the practical usage of the material in different
aerospace technologies. However, the tribotechnical testing results
shown below prove that it is not suitable in case of friction in
vacuum.

Keywords: aluminum, vacuum, friction, emission of elektrons.

1. BBBEJEHUE

AJyMUHHSAT € Hal-IIAPOKO PA3MPOCTPAHEHUAT METAN B 3éMHaTa Kopa. Tou
MIPUTEXKaBa peAulla KauyecTBa: MAJIKO OTHOCHUTEIIHO TETJIO U IUIBTHOCT, BUCOKA
TOILIONPOBOIUMOCT U EJIEKTPONPOBOIUMOCT, J0OPa KOPO30yCTOHYUBOCT, 1000
OTpak€HHE, BB3MOXKHOCT 32 TOBBPXHOCTHa 00paboTka U JieKoTa 3a
W3IBJIHEHHUE, IIIMPOKA IaMa OT CIUIABH, HUCKA 1IEHA U T.H.

ManransT MOBHUIIABAa HEroBaTta W3APHKIUBOCT, MarHe3usiT MOoA00psBa
KOpPO30yCTOMYMBOCTTA M MEXAaHWYHATA 3/pAaBUHA; MAarHe3usAT W CUJIMLHUAIT
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yBeJIMYaBaT MexaHu4YHaTa YCTOMYHUBOCT, dbopMoBaHETO u
KOPO30YCTOMYMBOCTTA; MEJITa TOJI00pSABA SIKOCTTa U 3aBapsieMOCTTa; [IUHKBT, B
KOMOMHAIMA C JpYyr'dM €JEMEHTH, CbhIIO YyBEJIMYaBa SIKOCTTA, CHJIMIHST
TIOHM)KaBa TOYKAaTa Ha TONIEHE U 3aCHJIBa H3HOCOYCTOWYMBOCTTA [1].

W3cnenBanusita moka3BaT, ue alyMUHUST HE € MOJXOJAL] MaTepuan 3a
TPUOOTEXHUYECKA MPUIOKEHHS MOPagu CBOSITA IUIACTUYHOCT U CPABHUTEIHO
BHCOK KOC(UIIMEHT Ha TPUEHE, KOETO BOJIH /IO pa3pylllaBaHe.

2. EKCOHEPUMEHTAJIHU JAHHU

[Ipu cyxoTo TpHeHEe Ha METalu BBB BAKyyM C€ H3BBHPIIBA B3aWMOJCHUCTBHE
MEX/y TOBBPXHOCTH, M3YUCTEHU OT OKHUCHU U Jpyru cioese. [lomydeHusT
IOBEHUJIEH KOHTAaKT C€ XapaKTepuzupa C BHCOKa TeMIlepaTypa, CHUJIHA
XAMHUYECKa aKTUBHOCT W YBeIIMYeHa ruiactiyHa aedopmarms [2,3].

W3scnensanero Ha TpuboaBoiika ot cwiymuH (AlSI,C) u 6pon3 (Cu,Sn,C)
NOKa3Ba, Y€ ChABPIKALLUAT CE B TSIX IpaduT HE ce MPOsABsIBA KaTO TBbP/AA CMa3Ka
HIOpaJi CBOsTA JICTIMBOCT U € Hee(DeKTUBEH B OTCHCTBUETO Ha Biara [4]. OcBeHn
TOBa c€ Ha0IIoAaBa IposiBaTa Ha aOpa3uBEeH €PEeKT OT CHIIMIIMEBHS KapOuI,
MOJIy4eH OT CBOOOJHM aTOMH BBIJIEPOA M CUIUUMA. ENHOBpEMEHHO C TOBa
HACThIIBA IJIACTUYHA JeopMalus 1 HapacTBa CUiIaTa Ha aaxe3us. ToBa OT CBOs
CTpaHa BOJMW /0 CHUJIHO HapacTBaHE Ha IYCKOBHUS TOK Ha €JIEKTPOABUIATEN,
3aJIBIDKBAIIl MEXaHM3Ma Ha cUCTeMaTa BaJl-BTYJIKa.

C mpoBeneHUTE CHBPEMEHHU €KCIIEPUMEHTH MpU adpa3usi Ha aTyMUHUHN ce
npaBu HaONoJeHHe Ha oOpasyBaHata TpubOoemwucus (dur.l). Anamusute ca
HAaCOYEHHU KbM HaMHpaHe Ha Kopeialus MeXIy NapaMeTpuTe Ha Tpubompoleca,
TPUOOJIOTUYHUTE MMOKA3ATEIN U TPHOOEMUCHOHHUTE SIBICHUS.

Hartnex
e
©
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®ur. 1. Tpuboemucus Ha enekmporu, UOHU, HEYMPATHU YACTMUYU U
Gomonu nonyuenu 8 pe3yimam Ha MpueHemo
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Kakto ce Bwxkna ot ¢urypara, B 00jacTTa Ha TPUOOKOHTAKTa HACThIIBA
€MHCHsI Ha €JIEKTPOHU, HOHH, HEYTPAJIHU YaCTULH, (POTOHU U JIp., IOPOJAEHHU OT
OPOTUYALUTE B MaTepuana (PU3MKO-XUMUYECKHM Hu3MeHeHus. KomnuecTBoTo
€JIEKTPOHM, OTAEJIEHU OT MOBBPXHOCTTA B OINpEAesieHa 00JIaCT 3a ONpeAesICHO
BpEME C€ CuuTa 3a Hal-BaXXHUAT OIpeneisall (akTop NpU THPCEHE Ha
3aBHCHMOCTTa MEXAY TPUOOEMHUCHATA U TPHOOXUMHUECKUTE PEAKIIHH.

W3mepBanusi Ha TpuOOEMUCHSATA HAa ATyMUHUN BBB BaKyyM IIOKa3Bar, 4e
KyMyJaTHBHaTa €MHUCHS Ha €JICKTPOHH Bapupa W HACThIIBA Ha TOPLHUHA B
IPOU3BOJIHM HHTEpBad OT Bpeme oT 10 enexkrpona 3a cexkynga mo 1000
enekrpona 3a 0,1 cex. [5].

Hsikom aHanm3m mokasBat, ye MMa KOpeNalus MEXAy JOKaIHaTa CTPYKTypa
Ha TOBBPXHOCTTA HAa NMyKHAaTHMHATAa U HAMaJISBAHETO Ha PE3yJITaHTHATa €MHCHS
[6].

YCTaHOBEHO €, Y€ CBh3/1aBaHETO M Pa3MpOCTPAHEHUETO Ha IyKHATUHU B
AIyMUHHEBUSI OKHUC B CJEACTBUE Ha JAeQOPMAIMOHHO pAa3TsAraHe € MpsKo
CBBbp3aHO ¢ Tpuboemucusara. EqHOBpeMeHHO ¢ 00pa3yBaHETO Ha IyKHaTHHATa
Ce perucTpupa v akycTuuHa emucus [7].

Masuny u Purtep [6] mpoBexaar ekCepuMEHT C alyMHUHHEB JHUCK C
IVaMeThp | MHY ¥ TMaMaHTEH UHACHTOP BBB BAKYyYyM Ipu cuia Ha TpueHe 10N
u 20N cwc ckopoct 0,28-0,03 mm/s. EnexkrpoHHaTa emmucHsi € OTYETCHA
MIOCPEICTBOM TYHEJICH €JIEKTPOHEH mpeolOpa3yBaTell U € U3MepeHa ¢ eNeKTPHEeH
neTeKTop Ha yecTury. [Ipu eqHakBy yCcIOBUS Ha MPOBEKIAHUTE U3MEPBaHUs, 32
pa3MYHU MPUMEPH € PEeTUCTpUpaHa ToJisiMa MPOMEHIIMBOCT HA JaHHUTE.

3. 3JAKVIIOYEHHUE

OturTa ce, 4e KyMyJIaTUBHATa €MHCHS Ha €JIEKTPOHH € MPOIOPIIMOHATHA Ha
cujiaTta Ha Bb3/iecTBHUE. JlomycKa ce ChIIo Taka, Y€ uMa 3aBUCUMOCT MEXKy Hes
¥ KOJMYECTBOTO HA MATaJIHU YaCTHUIM, oOpa3yBaHu npu TpueHeTto. Uma u apyra
BB3MOXKHOCT - €MHUCHSITA Ha €JIEKTPOHMU Jla € MPOIMOPIIMOHAIHA HA TOTAJHATA
MOBBPXHOCT Ha 00J1aCTTa Ha A0pPa3UBHUTE YACTHIIH.

YcTaHOBSBAaHETO HA CTPOTa KOpPEJaIys MeXKIy KyMyJaTUBHATA TPHOOEMHUCHS,
CUJIaTa Ha TPHUEHE M CTEICHTAa Ha M3HOCBAHE MPEBPHINA TPUOOCMHCHATA BHB
BHCOKOE(EKTUBHO CPEICTBO 3a MPOyYBaHE HA N3HOCBAHETO B PEaTHO BPEME.
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BUJOBE IIOKPUTUA U METOU 3A HAHACAHETO UM BBPXY
METAJIOOBPABOTBALLIA UHCTPYMEHTU. HAKON HACOKMU 3A
N3B0PA HA ITOAXOIAIIIN MATEPUAJIN U METO/IN 3A
HAHACSHE HA IOKPUTHUATA

Tooop Ilenawku, bvicapus, tpeniashki@abv.bg
TYPES OF COATINGS AND METHODS FOR THEIR DEPOSITION ON THE
MACHINE TOOLS. SOME GUIDELINES FOR SELECTING SUITABLE
MATERIALS AND METHODS FOR COATING

Todor Peniashki, Bulgaria, tpeniashki@abv.bg

Abstract: The objective of this work is to navigate and facilitate researchers,
technologists and engineering employees in choosing suitable material and
method for coating of metalworking tools. Indicated is the relationship
between the development of tribology and mechanical treatment also the
influence of production machining tools on the development of machine tools
and equipment. It is shown the place and role of the endurance coatings in
manufacturing technology. Formulates the basic requirements for tools
coatings are created classifications of coatings and their deposition methods
mentioned are advisable coating materials, their properties and districts to
use. Here are the basic principles in the selection of appropriate materials and
methods for its application to specific conditions. The results and data can be
used for research, teaching and production technology activities.

BbBenenue: Tpubosiorusi, psizane 1 MEXAaHUYHA 00PA0OTKA HA MATEPUATUTE—
HHTEPIMCHUILIMHHA BPb3Ka

HezaBucumo oT mosiBata Ha MHOTOOPOMHHM NPOTPECHUBHM TEXHOJOTMHM M TPOLECH —
MEXaHUYHU,ENEeKTPOPU3NIHH, E€IEKTPOXUMUYHA W JPYTH, PSI3aHETO HA METAINTE OCTaBa
OCHOBHMSI TEXHOJIOTHUEH Ipolec 3a o0paboTka, © TOH THPNU HENPEKbCHATO
ycbBbplIeHCTBaHe U pasButhe. Han 50% ot ¢opmoobOpasyBauure omnepanuu B
MAaIIMHOCTPOCHETO C€ peaNn3upar d4pe3 psi3aHe U cTpyxkkooTHemaHe [1]. MexaHuunara
00paboTKa € BayKeH MPOMHMIIUICH MPOIIEC, B KOMTO ca 3aeTH JIECETKH MUJIMOHH XOopa T0 CBETa
U 3aeMa ToJisIM OTHOCUTENIEH s B NPOMMIUIEHOCTTa. ABTOMOOMIIHATA MPOMHIILIEHOCT,
€JIEKTPOTEXHUYECKATa, IKENIe30IbTHATA, CBHIOCTPOUTEIHATA, AaBHAIlMOHHATA, OWTOBATa,
CEJICKOCTOIAaHCKaTa ¥ CaMOTO MAIIMHOCTPOEHE MMaT XIS 3aBOAM U MUJIMOHHM paOOTHMIIY,
3aeTH ¢ MexaHuuHa oOpaborka. Camo BBB BenukoOpurtanusi pabGoTiat Hax 1MuiaMoH
MeTanoo0paboTBamy MamuHu, OT KohuTo 85% ca wmetamopexemu [1]. CroliHocTTa Ha
MexannyHaTa oOpabotka B CAIl mpe3 1971r. e 40 munmapna moiiapa, a TTOHACTOAIIEM —
MHOT'OKpPaTHO TOBEYE.

Ps3anero Ha MeTanuTe € €IWH OT HaW-CIOKHUTE TPUOOJOTMYHM Tpolecu. Bakna
0COOEHOCT MpPH PA3aHETO M MEXaHUYHOTO 00pabOTBaHE €, Y€ YCJIOBUATA, B KOUTO pabOTST
pEeXEUTe HHCTPYMEHTH Ca MHOTO TO-TEXKKUM OT TE3H Ha OCTAaHAIUTE KOHCTPYKTHUBHU
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eJleMeHTH. To mNpoTHYa NpPU MHOrO IO-BUCOKM HAJSTaHWs, OTKOJKOTO M MpH Haii-
HATOBAapEHUTE TPHUENIM C€ JeTalau /Hamp. Turb3rammre Jsarepw/. Ilo KOHTakTHHUTE
MOBBPXHUHMU C€ peanu3upar HopMmaiaHu HanpexkeHus a0 1200 MPa u TaHreHuuaiHu
nanpexxenuss g0 200-400 MPa, temmeparypara goctura go 1200°C. B Te3um ycioBus
IPOTUYAT UHTEH3UBHO TPHUEHE, aIX€3MOHHU U JU(PY3MOHHU IPOLIECH, TOHAKOI'a XMMUYECKH.
[Tpu Te3u ycnoBus HE € B cujla U 3aKOHAa Ha AMOHTOH-KYyJIOH 3a TpueHeTo, eHCTBUTEIHATA
Bpb3Ka MEXKIY CHJIaTa Ha TPUEHE M HAJSTaHeTO MMa eKCIIOHEHLIMAJIEH XapaKkTep, a cucTemMara
Ha TPUEHE IIPU PA3AHETO € TEPMOJANHAMUYECKU HEPABHOBECHA [2]. 3a psA3aHETO € XapaKTEpHO
CBIIO BHCOKO HHMBO Ha TemIeparypaTa M TOIUIOOOMEHA 3a CMETKa Ha KOHTAKTa C Harpsrara
3aroToBKa, TpueHeTo u Aedopmarnusta. Hamuumero Ha OBP30M3MEHSANIM CE BHB BPEMETO
TeMIIepaTypHU I'PaJMEHTH BOAU J10 I0sBaTa HAa TEPMUYHM HAINPEKEHHsS B ITOBBPXHOCTHUTE
CJIOEBE Ha 3aroTOBKaTa U MHCTPYMEHTAJIHUS MaTepuan. Be3nelicTBusATa Ha HalpEXKEHUATA U
KOHTAKTHOTO HaJisiraHe NpeAu3BUKBAT IUlacTM4yHa Jedopmauud. I[Ipotuuamumre mnpu ToBa
nporecd Ha ysKYaBaHe M pa3skdaBaHe, (Da3oBM W CTPYKTYPHH MpPEBPBIIAHUS OKa3BaT
3HAUUTEJIHO BJIMSHUE BBPXY HM3HOCOYCTOMUMBOCTTA Ha MHCTpyMEeHTa. B Te3u ycnoBus cu
B3auMoJieiicTBar pen (dakropu, ompenensuy (OPMOM3MEHEHHETO HAa HMHCTPYMEHTa, B
pe3yiTar Ha KOeTO TOW MOCTENEHHO 3aryOBa peXelUTe CU KayecTBa U KOUTO C€ Bb3IpHUeMaT
KaTo M3HOCBaHe. EQEKTMBHOCTTa Ha ps3aHETO B 3HAUMTENHA CTENEH C€ ONpeAesis OT
TpalHOCTTa Ha MHCTPYMEHTAa U YCJIOBUSATAa Ha ps3aHe U CTPYKKOOTBEXKIAHE.
N3HOCOYCTOMYMBOCTTA € HAW-BaXXHUAT I10KA3aTEJ HA HWHCTPYMEHTAIHUTE MAaTepUally,
onpeneNdl] BpeMeTo 3a paboTa Ha MHCTPyMEHTa. XapakTepbT Ha M3HOCBAHETO Ha
MHCTPYMEHTHUTE 3aBUCU OT OTHOCUTEJIHATa CKOPOCT Ha IpeMEecTBaHE Ha MaTepuansa u
MHCTPYMEHTA, KOHTAKTHOTO HAJSTaHe /CUJIUTE Ha psA3aHe/ U TeMIIepaTypHHUTE YCIOBHUS Ha
paboTa Ha MOBBPXHOCTHUS CJIOM HA MHCTPYMEHTA .

B 3aBucuMocT OT BuJa Ha JBOHKaTa MaTepHald, YCIOBUSTa Ha o00paboTka u
F€OMETPUYHUTE MapaMeTpyd Ha HHCTPYMEHTa H3HOCBAaHETO MOKe Ja Objae: abpa3uBHO,
aJIX€3MOHHO, TOTIMHHO U OKUCIUTEIHO [3].

[Tpu HUCKHK ckopocTH Ha 00paboTka [3,4] nmpoTryaT abpa3uBHO U AAXE3MOHHO U3HOCBAHE,
C YBEIMYEHUE HA CKOPOCTTa — OKHUCJIMTENIHO, NPEMHUHABAlIO0 B CXBallaHE U TOIUIMHHO.
Pesynrarure oOT MHOroOpOMHUTE ONWUTHM TMOKa3BaT, Y€ M3HOCOYCTOMYMBOCTTa Ha
MHCTPYMEHTAITHUTE MaTEpUAIIH CE ONPEIEIIS INIaBHO OT TEMIIEPATYPHOTO ChCTOSIHUE B 30HATA
Ha xontakra. [3,4]. Ilpu temmeparypu ot 400-600° C mnpeoGnagaBa OKHUCIUTEIHOTO
W3HOCBAHE — XapaKTEPHO € HETOJISIMO M3MEHEHHE Ha NeOMETpHsSTa W MOYTU OTCHCTBUE Ha
MHKpO3aBapku ¥ cxpaianus. [Ipu temmeparypu 600 — 800°C ce HabomaBa TOILTMHHHO
W3HOCBaHE W OTHenHM MuKposaBapku. Ilpu T wmax 800° C ce pasBuBa IUIACTHYHA
nedopMaiys, KOATO C€ HWHTEH3UUIMpA C TO0- HATATBIIHOTO yBenudenue Ha T° C,
MpeIu3BUKaHa OT MaJaHe Ha SKOCTHUTE XapaKTEpUCTUKW Ha MaTepuaja Ha MOBBbPXHOCTHHS
cinoii. ToBa ce ompenenss U OT APYrd MapaMeTpU — OCHOBHO OT BHMJa M CBOWMCTBara Ha
JBOIKaTa MaTepuald HHCTPYMEHT-3arOTOBKA, CKOpPOCTTa Ha 0oOpa0oTKa M KOHTaKTHOTO
HaJIsSITaHe, TOIUIONPENABaHETO, TOIUIOTEXHUYECKUTE CBOMCTBA Ha JBaTra MarTepuana,
FeOMETPUUYECKUTE MapaMeTpyd Ha MHCTPYMEHTa a ChIIO U TEPMUYHOTO CHIPOTHUBIIEHUE HA
TPAaHUYHHUS CIIOH.

Pexmpocnekmueen unmepoucyuniuneH cpes:

Paszeumue na uncmpymenmanHomo npouseo0cmeo

[IbpBUTE UHCTPYMEHTH, M3MOJI3BaHU OT YOBEKa ca Tosirata W Kambka. Brocnenctsue ot
ylapa Ha JIBa MOJIXOJSIIO0 MOAOpPaHM M 3aTOYEHH KaMbKa, M3MOJI3BAKK TPUOOJIOTHMYHHUTE
3aKOHU U SIBJIEHHS, YOBEKHT 3amoyBa Ja J00uBa orbHA.. C OTKPUBAHETO HA METAUTE Ce
OTKpUBAaT ¥ WBPBUTE METAN000padOTBAIlM HMHCTPYMEHTH — 3a ps3aHe, IpoOuBaHe,
CTpYroBaHe, IIpecoBaHe, cedeHe Ha MOHEeTH. C BEKOBETe MHCTPYMEHTHUTE HEIPEKbCHATO Ce
pazBuBar u ycbBbpuieHcTBaT. B XIX u XX Bek ce mosIBABaT CbBPEMEHHUTE
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MeTai000padoTBaIlld MHCTPYMEHTH - CBpelia, 3€HKepH, paidepu, pa3iuyHU HOXKOBE U
dpe3u, 3p00HaApe3HH 4YepBsiuHU (pe3u, 3600ABI0AYHN KOJIeNa, MPOTIKKA U KOMOWHUPAHH
WHCTPYMEHTH, JOKATO CE€ CTUTHE 0 ChbBPEMEHHUTE BHUCOKOIPOU3BOJIUTEIHU UHCTPYMEHTH.
W3cnenBanust Ha mipolieca ps3aHe ce mposexaar oT 140 roguau HacaM. B tasu obmact pabotu
msda miesga yuenu karo Tume, Tresca, koilTo 0o0OCHOBaBa IJIACTHYHUS XapakTep Ha
pa3pyiiennero, 3BopeikuH, Ernst u Merchant, kouto nopa3BuBar moxaena Ha Tresca, H.H.
3opes, Jlonamze, I'panosckuii, boopos, Pomaun, Taylor, Oxley, , Welsh, Trent, Hastings,
Matew, a y nac - C. Ilonos, II. Cb0ueB, A.Hensuikos, U. Angonos, C. Benues, I'. XKekos, u
JIPYTH..

BB3MOKHOCTHTE HA PEKEIUTE HHCTPYMEHTH Ca ONPEIeIsUIA Hail BaXKHUTE TapaMeTpH Ha
KMHEMaTUKaTa U KOHCTPYKIIMATA HAa METAIOpeKeUIuTe MaluHu. M3noia3BaHuTe 10 HAa4aIoTo
Ha XX BEK BBIVIEPOJHM CTOMAaHU ca PabOTENM ChC CKOPOCTH Ha ps3aHe a0 10 m/MHH..
BwBexaanero Ha Obp30pekKeMUTEe CTOMAHU M METaJOKepAaMUYHHUTE MaTepHald IMO3BOJISIBA
Ta3u ckopocT na ce yenuuu g0 200..300 m/min ¥ mpeau3BUKBa KaueCTBEHH MPOMEHH B
KOHCTPYKIIMUTE Ha MAIIUHUTE MO OTHOIICHHWE HAa MOIIHOCT, MPOU3BOAUTEIHOCT, CKOPOCTH,
3aJIBIDKBAaHE Ha Pa3IMYHUTE KWHEMAaTUYHH BEPUTH, YCTPOIMCTBA 3a TApaHTUPAHO HAYYIIBAHE U
oTHeNsiHe Ha cTpyXkuTe u Jp. [losBsaBar ce mamuHu aBTomartu, mamuau ¢ LITY u uemu
ABTOMATHYHU JIMHUH. YUYCHUTE H KOHCTPYKTOPUTE HENPEKHbCHATO pa3BUBAT W
YCBBBPIICHCTBAT MHCTPYMEHTAIHUTE MaTepuaiu, jopMara U reOMETPUYHUTE MapaMeTpu Ha
UHCTpyMeHTHTE. [IpoMEeHUTE MpOaBIKaBaT M C BBBEKIAHETO Ha pEXellara KepamukKa M
CBPBXTBBPJUTE MaTepHalu OT KyOuueH OOpeH HHUTPUA U [UaMaHT B TOCJIEIHUTE
JIECETUJICTUS Ha BEKa.

Paszsumue na mpubonocuama

C tpubonorusiTa YOBEKbT CHIIO CE € COTBCKAI CHIO OT 30para Ha CBOETO CHIIECTBYBAHE.
OT mony4aBaHeTO Ha Or'bHSA, OTKPUBAHETO Ha KOJIETIOTO KAaTO CPEACTBO 3a MPHJBH)KBaHE U
TPAHCIIOPT, IBPBUTE PHYHU MEITHUIN, TPHHYAPCKHS KPBI,IPUMUTHBHUTE TLTH3TAIH JIATePH,
IBbPBEHUS BUHT M MACJICHHTE TPECU, Ch3AaJeHH OT ApXHMell, OTKPUBAHETO HAa MbPBUTE
3aKOHOMEPHOCTH Ha TPUEHETO OT ApPHCTOTEN, ApXWMe], MbPBUTE CMa3KH M 3aKOHU Ha
CyXOTO TpueHe, ch3naneHu ot Jleonapao na Bunum, koedunmenta Ha TpueHe, GopMyIupaH
ot Jlaitouwui, Briocnencteue KyinoH u AMOHTOH, BBBEJIM 'O KaTO OTHOIICHHE HA CUJIaTa HA
TpHEeHE KbM HaToBapBaHeTo, Oiinep, cMa3oyHUTe MaTepranu Ha J[keitmc Yar, BrnociencTaue
OT IIsUIa peIiia YYeHH U uHxkeHepu karo: Penu, Crokc, Peitnomnac, 3omepdenn, H. [Terpos,
HIpubek, 3aitues, Kparenckuit, Kocrenxuii, Manomnos u apyru.

Humepoucyuniunna epwv3xa

Pa3BuTHeTo Ha 1BeTe AMCUUIUIMHA BHB BEKOBETE € BBPBJIO YCIOPEIHO W B3aWMHO
cBbp3aHO U oOycnmoBeHo. C BpemMeTo BPB3KUTE M KOHTAKTa MEXAYy TpuOoiorusara u
MHCTPYMEHTHTE BCE TIOBEUE Ce 3abJI004aBaT U pa3BuBat. TSIXHOTO pa3BUTHE € HACOUEHO KbM
YBEJIMUEHUE Ha TPAHOCTTa, a TOBa € MPSIKO CBBP3aHO C HEMPEKbCHATO H3CJIEIBaHE Ha
NpoLEecUuTe Ha psA3aHe, TpPUEHETO U H3HOcBaHeTo. [loHacTrosimieM mporecuTe Ha
dbopMooOpa3yBaHe upe3 psizaHe M HANsTaHe ce MpeBbpHaxa B 000COOEHa, caMOCTOSATETHA
yacT oT Tpubosyorusita. Tpubosoruara Ha ps3aHETO HAa METAJTUTE H3ydaBa IPOLECUTE Ha
B3aMMOJICHICTBHE Ha WHCTPYMEHTATHUS U OO0paOOTBaHMS MaTepuand, MeXaHu3Ma Ha
M3HOCBAHETO, BIUSHUETO Ha (PU3MKO-XMMUYHHUTE CBOMCTBA Ha 00pabOTBaeMHTE MaTepHaly,
TeOMETPUYHUTE TTapaMeTpH Ha MHCTPYMEHTA, YCIOBUsATA Ha ps3aHe /KMHEMaTUYHATa CXeMa |
napaMeTpuTe Ha peKUMa Ha psi3aHe/ U BbHIIHATA Cpelia BbPXY U3HOCBAHETO U TPaHOCTTAa Ha
WHCTPYMEHTHTE B 0000IaBaiiku T€3H CBEACHMSI, M0Jlara HAyYHUTE OCHOBH Ha YIPABICHUETO
Ha MPOU3BOJUTENHOCTTA, KAYECTBOTO M TOYHOCTTA HA 00pabOTEHHUTE MOBBPXHOCTH, a CHILO U
CH37]aBAaHETO HA HOBU U BCE MO-€()E€KTUBHU WHCTPYMEHTAITHU MATEPUAIIH.
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Ponama na uncmpymenmume 6 Cb8peMeHHOMO NPOU3B00CHIEO

[ToBuiaBaHeTo Ha NPOM3BOAMTEIHOCTTAa M KayeCTBOTO HA MPOAYKTUTE B Hal-rojsma
CTEIEH Ce OmIpezesss OT MHCTpyMeHTUTe. PaboTocnocoOHOCTTa U TEXHUKO-MKOHOMHUYECKHUTE
UM IIOKa3aTead B CE€ ONpelneNaT OT CBOWCTBaTa HAa MaTepuana Ha pekellara UM 4YacT.
EdextuBHOCTTa OT paboTaTa Ha MHCTPYMEHTHUTE H3UCKBA OOOCHOBAaHM MEpPKHM KakTO 3a
noa0upaHe Ha HAN-TIOAXOJSAIIUTE YCIOBUS Ha paboTa (cpencTBa M METOAM 3a MOJaBaHE Ha
Ma)KeIl0-OXJaXJallld Cpear, OOOCHOBaBaHE Ha pa3Mepa Ha H3HOCBAaHETO, Taka M 3a
aHAIN3MpPaHE HAa HEM3IPABHOCTHUTE, Ch3/1aBaHE Ha IPABUJIA 3a PEMOHT U Bb3CTAaHOBSIBaHE U
ap.). Yecro mopaaM HE3aJO0BOJIMTEIHM KauyecTBa HAa HHCTPYMEHTHTE HE Morar jaa ce
U3MOJI3BAaT IIBJIHUTE IPOU3BOACTBEHM MOIIHOCTM Ha MamuHuTe. Hemo mnoseue -
MHCTPYMEHTBHT MO’KE J]a OKa)K€ PEBOIIOLIMOHU3UPAILO Bb3ACHCTBUE BbPXY OCTAHAIUTE 3BE€HA
OT TEXHOJNOrMyHara cucremMa. Karo eneMeHT Ha TEXHOJIOTMYHATa CHCTEMa, OKa3Balll
HEMOCPEACTBEHO BB3JICHCTBHE BbPXY 3ar0TOBKaTa M (popMuUpal] KaKTO EKCIUIOATAlMOHHUTE,
Taka U UKOHOMUYECKHUTE MOKA3aTeM Ha MPOU3BEACHUTE JETANIU, PEKEIIUTE NHCTPYMEHTH
ca Hal-IMHAMMYHOTO CPEICTBO 3a BbB3JEHCTBHE BBPXY €(PEKTUBHOCTTa Ha TE€XHOJIOTUYHUS
npouec. CBETOBHUTE TEHJIEHUUU 3a pa3BUTHE HAa MEXaHMYHaTa 0O0paboTKa: HENMpPEeKbCHATO
yBEJIMYEHUE Ha MHOrooOpa3zueTo Ha (OpMH, HOMEHKJIATYpU U KOJIMYECTBA HAa HU3JENUATA,
paslupsiBaHe Ha HOMEHKJIaTypaTa Ha W3MO0JI3BaHUTE TEXHOJOTUU U MaTepUalli, YBEIUUYEHUE
Ha I'bBKABOCTTA HA BCUYKH MPOU3BOJCTBEHU CTPYKTYpPH, YCKOPEHO pa3BUTHE U OOHOBJICHHE
Ha TEXHUYECKOTO O0O0OpyABaHE, YCJIOXKHSABAaHE Ha MAIUIMHOCTPOUTEIHUTE M3/EIus,
HaMaJsiBaHE CpPOKOBETE 3a IIOArOTOBKAa Ha IPOU3BOJCTBOTO,IIOCTABAT BCE IIO-HOBU H
OTIOBOPHU M3MCKBaHHUS KbM HMHCTPYMEHTHUTE W MHCTPYMEHTAJIHATa eKAMTUpOBKa. OCHOBHHUTE
HACOKHU B Pa3BUTUETO HA HHCTPYMEHTHUTE MPOTUYAT B CJICAHUTE HAIIPABICHUS:

- Ch3/1aBaHE Ha HOBU MHCTPYMEHTAJIHU MaTEpPHUAIIH ;

- noaoOpsiBaHE Ha KayecTBaTa Ha IOBBPXHOCTHMS CJIOW Ha MHCTPYMEHTa 4pe3
TepM0o0OpaboTKa, HamMaJIIBaHE Ha IPanaBoOCTTa;

- pa3BUTHE U YCHBBPIICHCTBAHE HAa KOHCTPYKLHUATA M T€OMETPUYHUTE IMapaMeTpu Ha
pekeriara 4acT Ha MHCTPYMEHTa;

- YChBBPUICHCTBAHE HA KWHEMATUYHUTE CXEMHU U Ha yCJIOBUsATA Ha PSA3aHE;

- Ch3J]aBaHE M YCBOSIBAHE Ha TEXHOJOTHMH 3a MOBBPXHOCTHO ysKYaBalld OOpabOTKU U
HaHaCsHEe Ha U3HOCOYCTOWYMBU MOKPUTHSL.

Thil KaTo MHCTPYMEHTAJIHUTE MaTepualy ca CKbIU U Je(QULNUTHU, KOHCTPYKLUUTE ca
CJIO’KHU U TPYJOIOTTBIIAEMH U CKBIIN 32 U3pab0TBaHe, a MPOMSHATa Ha CXeMaTa Ha psi3aHe €
CBbp3aHa C MPOEKTUPAHE U M3paObOTBaHE HA HOBM MAIMHU U MPUCIOCOOJIEHUS, OT TOPHUTE
HACOKM IMOcJeHaTa € Hal-TNepCleKTHBHA, Hal-Jleka U JOCThIIHA U MKOHOMHYECKH Haii-
u3rojHa. M3nocoyctoifunBuTe NOKPUTHS ca Haii-e()eKTUBHOTO CPE/ICTBO 3a MOBUINABAHE HA
TpallHOCTTa M HAJAEKIHOCTTAa HA MAIIMHOCTPOUTEIHUTE HW3JEIHs, B TOBAa YHMCIO M Ha
UHCTPYMEHTHUTE.

VY Hac ysK4aBalUTe TEXHOJIOTUH CE U3IOJI3BAT a0COIIOTHO HEJOCTAaThYHO. B mocnennure
roJMHM OOJacCTUTE Ha U3MOJ3BAaHE HAa HAIJACTEHUTE HHCTPYMEHTH 3HAUYUTEIHO Ce
CTECHHXa, a ce HalJJaBa U ONpe/elIeH0 oTciaabBaHe Ha MHTepeca KbM TAX. [Ipu ToBa
HAIllUTe 3aBOJU MPOIBIDKABAT Jia MPOU3BEKAAT U M3IOJI3BAT MHCTPYMEHTH C HEAOCTAThUHA
M3HOCOYCTOMYHMBOCT, Thil KaTO HAJMYHUTE JIOCTHKEHUS B HayKaTa U TEXHOJOTUUTE HE Camo
ye HE Ce BHEApSABAT, HO HEe ca M J00pe MOo3HATH Ha HamuTe Mpou3BoauTenu. Hsmame
MIPOU3BOJICTBO HAa OOOpYyJBaHE M KAYECTBEHH MaTepuald 3a MOKpuTusta. B pesynrar cme
JOCTUTHAJIN 0 MOJIOKEHNE HA XPOHMUYECKO M30CTaBAHE HE CaMO OT BOJEUIUTE CTPaHU, HO U B
cpaBHenne ¢ mpenu 20-30 romuwHM. W mpm ToBa Hamara WHAYCTPUS TPOABIDKaBa Ja
IIPOU3BEXKIA U3AEIUS C HEIOCTAThYHO Ka4eCTBO U U3HOCOYCTOMYNBOCT.
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B mas3u eépv3ka yenma na nacmoawiama paboma e

1. Jla ce pa3kpue MsCTOTO, poJiATa U 3HAUEHUETO HAa MHCTPYMEHTUTE C U3HOCOYCTOMUMBU
HOKPUTHSI B CBBPEMEHHHUTE MAIIMHOCTPOUTENIHM TEXHOIOIMUHU, Ja ce (opmynupar
U3MCKBAaHUATA KbM IOKPHUTHUSATA, JIa CE CUCTEMATU3UpAT MHOTOOPOWHUTE TUTEPATYpHU JaHHU
B Ta3u 00JIaCT U Ja ce HalpaBy KJIacU(pUKALMs Ha BUAOBETE MOKPUTHUS BbPXY HHCTPYMEHTU U
METOAMTE 3a HAHACAHETO MM OT IJIeJHA TOYKA TEXHOJOTMYHU BB3MOKHOCTH Ha METOJA,
KAaueCTBEHM XapaKTEPUCTHKH, CBOMCTBA U HM3HOCOYCTOMYMBOCT Ha IOJIyYEHUTE ITOKPUTHS,
Karo ce II0COoYaT IPEHOPbUMTEIHM MaTepUaM M METOAM 3a HAHACAHE 3a PA3IUYHUTE
KOHKPETHH 00JIaCTH M YCIIOBHSI Ha U3I0JI3BaHE.

2. Jla ce OpHEHTHpPAT ¥ MOANOMOTHAT HAYYHO-TEXHUYECKUTE PAOOTHUIM, MHKCHEPH H
TEXHOJIO3H, KaTO C€ pa3Kpue pa3spOCTPAaHEHUETO U CbCTOSHUETO HA METOIUTE U CPEICTBaTa
3a HaHACsHE HAa U3HOCOYCTOMYMBHU IIOKPUTHS y HAC M CE€ I0COYAT OCHOBHUTE IMOAXOIAU U
OPUHIUIM Opu U300pa Ha MOAXOJAIIMTE MaTepual U METOJ 3a HAHACSHE 32 KOHKPETHHUTE
YCIIOBUS Ha €KCILIOATALIMSA.

HN3a0KeHHnE

HN3HOCOYCTOIYMBH NOKPUTHS

[ToxputHero e marepuall, HAaHECEH Ha THHBK, 37PaBO 3aXBaHAT BbPXY MOBBPXHOCTTA Ha
uznenuero cinoi. [lokpurust MoraT Ja ce HapeKaT U CJIOeBeTe, MOJIYIeHU Ype3 MOBBPXHOCTHA
TepMHuHa 00paboOTKa, T.€. TOBA € MOBBbPXHOCTEH CIIOW, YUHTO XUMUYEH, (Pa30B U CTPYKTypEH
ChCTaB W CBOWMCTBA Ca pa3MYHM OT TEe3W Ha MNpoaykTa. llenra Ha MOKPUTHITA BBHPXY
WHCTPYMEHTHUTE € Ja C€ IMOBUIIM TPAMHOCTTa UM B pe3yJTaT Ha HaMalsiBaHE HA BCUYKHU
BUJIOBE M3HOCBAHE U TeMIIepaTypara B 30HaTa Ha KOHTAKTa .

Om mpubonocuuna 2iedna moyxka MOKPUTHETO Ch3AaBa TPAaHUUECH, TPOMEXKIYTHUYECH CIIOM,
MpeJIas3Bail TPHEIUTE IMOBBPXHOCTH OT TMPSK KOHTAKT M B3aUMOJICHCTBHE M BOJEII [0
HaMaJIsiBaHe M 3a0aBsHE Ha BCUYKW BHJIOBE M3HOCBaHE. 3BeCTHO € , 4e B3aMMOJCHCTBHUETO
Ha CJIEMCHTHUTE HA TPUOOTEXHHUYECKATA CHCTEMA € JIOKATM3UPAHO B MOBBPXHOCTHUTE CIIOCBE
U pe3yiTaTuTe 3aBUCAT OT CBOIWCTBaTa Ha Te3M CJIOEBE, KOETO YTBBpPXKAaBa
1enech00pa3HoOCTTa Ha MOKPUTHATA. [IOKpUTHATA BOAST JIO 3HAYUTEIIHO HaMaJsIBaHE Ha
pa3ceiiBaHeTO Ha eHeprusTa [5] M Ha IleHaTa Ha TEXHUYECKUTE CHCTEMH, YBEIMYaBalKU
CBIIEBPEMEHHO TSIXHATa PabOTOCIIOCOOHOCT M TPAHHOCT.

B unmepoucyuniunen cpe3 TOKPUTHETO MOXKE Ja C€ pas3riiexkaa KaTo Bph3KaTa MEXIY
JOTIMPAHETO, TPUEHETO M KOHTAaKTa —M3pa3uTel Ha OOEKTUBHHU, CYOEKTHUBHU U XMOPHUIIHU
B3aMMOJICHCTBHS U BB3JACHCTBHUS BHPXY JOMHPAHETO, TPUEHETO U U3HOcBaHeTo. [lokputuero
€ BHJ BB3JICHCTBHE BBPXY KOHTaKTa. 10 € TOBa, KOETO MO CBOMTE CBOWCTBA, CBHCTAB,
CTPYKTYypa U GYHKIIMH HE MOKE J]a C€ Peaylupa J0 HUTO €UH OT KOHTAKTYBAIIIUTE €IEMEHTH
[6].

Om 2nedna mouka Ha HAYYHO-MexXHUuYecKus npoepec - Ponsta, MACTOTO U 3HAYMMOCTTA HA
MOKPUTHATA B CBBPEMCHHHS HAyJYHO-TEXHUYECKH IPOrpeC HEMPEeKhCHATO HapacTBarT.
[TonacrosimieM Te HAMUPAT BCE MO-IIMPOKO U MO-MAaCOBO MPUIOKEHHE BbB BCHUKH 00JIACTH
HAa TEXHUKATa —CJCKTPOTEXHHKA, W EJICKTPOHHKA, MAITHHOCTPOCHETO BHB BCHUKHTE MY
pa3zenu - aBTO, CAMOJIETO M CBHIO CTPOEHE, MeTajroo0paboTBaHEe M MeTanoo0padoTBaIN
MAaIllHHHA, CEJICKOCTOITAHCKO MAIIMHOCTPOCHE, METAyprus, XpaHHUTEIHA WHIYCTPHS,
CTPOUTENCTBOTO U MH. JApyru. [lo craructudecku naHHu Hajg 60% OT MpPOU3BEIACHHUTE U
W3I0JI3BaHU B CBETOBEH Mainad HHCTpyMeHTH U HaJl 80% OT TBBPAOCIUIABHUTE HHCTPYMEHTH
ca ¢ U3HOCOYCTOMYUBY TTOKPUTHS.

Om mexnuuecka enedna mouxa — VI3mon3yBaHEeTO HA HHCTPYMEHTH C MOKPUTHUS ITO3BOJISIBA
Jia ce MoI00pu Ka4yecTBOTO Ha N3pa0OTEHUTE U3/IEIHs, 00JIEKUEHOTO TIOCTUTaHe Ha TT0-BUCOKA
TOYHOCT Ha pasMepuTe W (OpPMHTE, HAa Majlka BHCOYMHA Ha TpalaBUHUTE Tpu (puHA
00paboTKa, a ChIIO0 Taka U Ha BUCOKU (PU3UKO-MEXAaHWYHH TOKA3aTEeNId HA TTOBBPXHOCTHHS
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CJIOW M J1a ce paslupsAT BB3MOXKHOCTUTE Ha GopmoobOpazyBaHeTo. OO0OOMIEHUAT €heKT OT
U3II0JI3BaHETO HA MHCTPYMEHTH C TIOKPUTHS CE OCHOBABA Ha:

- HaMaJIsIBaHe Ha HACJIOMKaTa IpU psi3aHe;

- BHCOKO CBIIPOTHBIIGHHE CpeIly H3TPUBAaHE BCIEACTBUE BHCOKAaTa TBBPAOCT Ha
MOKPUTHUETO;

-HACKa  TOIUIONPOBOJHOCT, KOETO 3alllUTaBa HMHCTPYMEHTAJIHHS Marepual  OT
TeMIepaTypara Ha ps3aHe;

-BHCOKA pa3MepHa TOYHOCT;

-HaMaJIsiBaHEe Ha CHJIMTE Ha psi3aHe M BUOpAIMUTE B pe3y/TaT Ha MOJ00psBaHE OTAEISTHETO
Ha CTPYXKKara.

B MHOro cinyudau M3MoJ3BaHETO HAa MOKPUTHUATA C€ SBSIBA €IMHCTBEHO BH3MOXKHOTO, WIIU
MKOHOMHYECKH Hal-U3TOAHOTO PEIICHUE Ha PEHIa TEXHUUYECKU MPOOIeMHu.

Om mexuonocuuna enedHa moyka — VI3MON3BaHETO HAa MHCTPYMEHTHU C MOKPHUTHUA
MO3BOJISIBA Jla C€ YBEIUYM NPOM3BOJUTEIHOCTTa Ha mporeca / Ype3 H3MON3BaHE Ha
MOJIXO/SAII0 TOKPUTUE PEKEUTUAT UHCTPYMEHT MOXKeE Jja paboTH MPHU 3HAUYUTEIHO MO-BUCOKU
CKOPOCTH M TEMIIEPAaTypH JaBalKH BB3MOKHOCT 32 yBEIMYEHUE HA CKOPOCTTa Ha 00paboTKa
0e3 1a ce HaMaisBa TpaiiHOCTTa/. EqHOBpEeMEHHO ¢ ToBa TpallHOCTTa My ce yBeIn4ara /10 3-5
'bTH, B HIKOW CIIy4au M MOBEYE; HAMAJSBAT U HEMPOM3BOAUTEIHUTE BPEMEHA M MPECTOUTE
Ha MAaIIMHUTE 3a Tpe3aTouBaHe, CMSHA M HACTpoWBaHe Ha HHCTpyMeHTuTe. [loxpurtusara
yBEIIMYaBaT MPOU3BOJAUTEIHOCTTa M Ha TBBPAUTE CIUulaBu. ChYeTaHHMETO Ha JKWIIaBa
MeTaJloOKepaMHyiHa OCHOBA C TBBPJO MOKPUTHE MPABU PEKEIIUTE eIEMEHTH MO-YHUBEPCAITHU
- Bmecto Tpu Mapku P10, P20 u P30 moxxe na ce u3nons3Ba eaHa MapKa MOKpHUTa CIUIAB,
MOJIXO/IAIIA 32 OCHILIECTBABAHE HA YUCTH U MOTYYHCTU 00pabOTKH.

Om uxonomuyecka eneoHa moyka — WHCTPYMEHTHTE C€ H3paboTBaT OT CKbIU U
nedUIUTH MaTepHhaliv, M3UCKBAT BHCOKA TOYHOCT, CJIOXKHU Ca KaTO KOHCTPYKLHS U ca
TPYZIOEMKH U €HEPrOEMKH, a TOBa C€ OTpa3sBa BbpPXY IIeHATa Ha mpoxykuusara. [TokpuTusra
BOJST JI0 HAMaJsiBaHE Ha Pa3XOAUTE 32 MHCTPYMEHTH U €HEPrusi, CBbp3aHa C U3pab0TBaHETO
UM, W 3HAYUTEIIHW WKOHOMHU Ha TPYI, CKBIHM JNeOUIIMTHA WHCTPYMEHTATHH MaTepHald U
BpEMeE U KaTo II5UI0: 10 HaMalsiBaHe Ha ce0ECTOMHOCTTA Ha U3/IENUATA.

Bucokama mexnonocuuna u uKoHomMuuecka epekmugHocm om U3NOA36AHEMO HA
UHCMPYMEHMU ¢ NOKPUMUSL € 8 pe3yImam Ha

-yBeJNWYaBaHE Ha TPAWHOCTTA BCIIEICTBUE HAMAISIBAHETO HA BCHUKY BUIOBE H3HOCBAHE;

- ChKpalllaBaHeTO Ha Pa3xo/a Ha CKbIU U Ae(UIIUTHU MaTepUaIH;

- OTHOCHTEJIHATAa MPOCTOTA MPH OCHIIECTBIBAHETO HA TEXHOJOTUYHU OMEPAIH TPYIHO
W3MBIHAUMHU WM HEU3IMBbJIHUMHU C TPAJIUIIMOHHUTE HHCTPYMEHTH;

- IOBUIIIEHATa TIPOU3BOJUTEIHOCT MPH 00pabOTBAHETO HA 3aTOTOBKH;

- BB3MOXKHOCTTA 32 H30pad0TBaHe HA U3MIETHUsS OT TPYAHO 00paboTBaeMHU MaTepHAIIH;

- BB3MOXKHOCTTA 3a IOJyyaBaHe Ha OOpabOTEHU MOBBPXHOCTH C BHCOKO KauyeCTBO M
CTPYKTYpA.

- o0JeKYeHaTa Bb3MOKHOCT 32 MEXaHU3HPaHE U IIBJIHO aBTOMATH3UPAaHE Ha MPOIIECUTE 3a
obpaboTBaHe.

- 00NIeKyaBaHETO Ha YCIOBUSTA HA TPY/a.

Pa3bupa ce, HHCTpyMEHTUTE C TIOKPUTHS Jajieue HE ca IMaHales W He MoraT Ja peraT
BCUYKM TPOOIEMH U BBIPOCH HA MAIIMHOCTPOUTETHOTO pa3BUTHE, Makap ue B
MHOTOOpOifHaTa JHTepaTypa ce 3a0ens3Ba OTYETIMBA TEHICHIHUS 3a 3HAYUTEITHO
npeyBelruaBaHe MSCTOTO U pOJsATa UM, a M PE3YNTaTUTE OT TIX B CHBPEMEHHOTO
MamuHoCcTpoeHe. MHCTpyMEeHTaTHUTE TIOKPUTHS ca €PEKTHBHO CPEACTBO 32 yBEIMUYEHHE Ha
MIPOU3BOUTEIIHOCTTA, ChKpalllaBaHe Ha MPOU3BOJICTBEHUTE PA3XOJU 3a €AMHUIIA MPOTYKIUS
U nogoOpsiBaHe Ha (PyHKIMATHUTE Bb3MOXHOCTH M KAa4eCTBO Ha U3PaOOTEHUTE JAETaliIu, HO
TE HE JIOBEI0Xa JI0 TaKWBa PEBOIOIMOHHM NMPEOOpPa30BaHUA B MALIMHOCTPOCHETO, KAKBOTO
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Oemre HampuMep OTKPUBAHETO M BHEIPSBAHETO Ha TBbpAWTe cruiaBu. Pakt e obave, ye
Pa3sBUTHETO HA ChBPEMEHHATa WHAYCTPHs 0€3 TOKPUTHS € HEMUCIIUMO.

H3uckeanus Kom nokpumuama:

B 3aBucuMOCT OT MHOTOOpPOWHHTE KOHKPETHH YCJIOBHS 32 MEXaHMYHA 00paboTKa, WiH
psi3aHe, KbM MHCTPYMEHTAIHUTE IOKPHUTUS C€ TpeNsBIBAT Pa3HOOOpa3HU M Pa3IUIHU
U3MCKBaHUS. B emnHu cioyyanm ce W3KMCKBa BHCOKO CBHIIPOTUBJICHHE Cpelly aOpa3suBHO
U3HOCBaHE, B IPYTHU - BUCOKAa YCTOHYMBOCT CPELLy TOIULIMHHO HaTOBapBaHe, B TPETH — BUCOKA
XUMHUYCCKa yCTOﬁ‘IHBOCT u T.H. B moBedeTo CJIydan OT HOKpUTHATA CC U3UCKBA KOMIUICKC OT
CBOHMCTBa, o0e3MeyaBalld MPOABDKUTENIHA padOTa HAa WMHCTPYMEHTA IPH OIPEIeTICHU
CKCILIOATAIUOHHHA YCJIOBUS, OCHOBHUTEC OT KOUTO Ca:

- Bucoxa usnocoycmouiuuéocm W 3ama3BaHe Ha IOTPEOMTEICKUTE CBOICTBA B LIENHUS
JanasoH

Ha U3MEHEHHE Ha TeMIlepaTrypara B 30HATa Ha psi3aHe, B T.4. ¥ Ipu TeMneparypu ao1100-
1200 C. H3HOCOyCTOMYMBOCTTa Ha MHCTPYMEHTHUTE C€ U3pa3sBa B CBHIPOTUBICHUETO UM
Cpelly OTHeNIsTHE Ha YacTHIM OT PEeKEIUTe PhOOBE M KOHTAaKTHUTE MM HOBBPXHUHH. TS
3aBHUCH OT (1)I/ISI/IKO-MGX3.HI/I‘-IHI/IT€ CBOMCTBA Ha MaTCpraAJINTC HA MOKPUTHUETO, HHCTPYMCHTA U
3aroTOBKaTa, OT KOe(UIMEeHTa HAa TPHEHE MEXIy TAX, OT JACHCTBAIIMTE B 30HATA HA Ps3aHE
CUJIM U TCMIICPATYpHU U HAJIUMYUCTO Ha HHq)y3HOHHH, AIXC3MOHHU MJIM XMMHWYHU SABJIICHUA IO
KOHTaKTHUTE TOBBPXHMHM HA HWHCTPYMEHTa M 3aroTOBKaTa, HAJIMYMETO HA OCTaThYHU
HaNpEe)XEHUS B CaMOTO MOKPUTHE, Ha TpaHUIATa C OCHOBAaTa W aJXe3usAra C OCHOBATA.
[TogOopa m ympaBieHHETO HA Te3W (AKTOPU TapaHTHUpPa 3[paBa Bpb3Ka Ha MOKPUTHETO U
CIIOCOOCTBA 32 YBETMYCHUETO HA N3HOCOYCTOWYHBOCTTA.

- Xumuyeckama u KOpO3UOHHA YCMONUYU80CH N MHEPTHOCT HA MaTepuala Ha TIOKPUTHETO
COpsSMO TO3W Ha 3aroToBKaTa B YCIOBHATA Ha psA3aHe (TeMIEpaTypHU, CHUJIOBH U
TpUOOJIOTHMYHH) € CBBbpP3aHa ¢ U3HOCOYCTOHUMBOCTTA. [Ipy XMMHYecka eAHOPOIHOCT Ha JBaTa
Marepuana (ps3aHe HAa AJIYMUHUEBH CIUIaBU C WHCTPYMEHTH C TOKPUTHS OT OKCHJIHA
KepaMUKa, WIN Ha YEPHU METaIM C JUaMaHTHH MOKPUTHS ), WK XUMUYECKH aQUHUTET MEXTY
JBaTa Marepuaja B YCIOBHsS Ha TEMIEpaTypuTe M HalsraHusTa B paboTHAaTa 30HA ce
HaOmronaBa karacTpoamHo ObpP30 M3HOCBAHE IMOPAAM B3aMMHOTO IPOHMKBAHE Ha JBara
Marcpurajia, HC3aBMCUMO OT rojiiMara TBbpA0CT Ha TIOKPUTHUCTO.

- Koegpuyuenmvm na mpuene € CBBbp3aH CbC cuiuTe M paborara npu pszane.C
YBCIUMYCHUCTO MY HaMaJIsBa I/I3HOCOYCTOI\/'I‘~II/IBOCTT3 N HapacTBa HWHTCH3MBHOCTTA Ha
u3HocBaHe. HUCKUAT KOe(UIIMEHT Ha TpUEHEe OCUTYpsiBa U OBP30 OTBEXJaHE Ha CTPY)KKaTa
W3BHH 30HATA Ha ps3aHe.

- 3amMTa Ha MHCTPYMEHTAJIHMS MaTepuan oT JEeHCTBHETO Ha BHCOKaTa TeMIepaTypa,
OTCBHCTBME Ha BIUSHHE BbPXY U3XOJHATA peKellla FTeOMeTpUsi Ha HHCTPYMEHTA, OCUTYypsiBaHe
Ha BHCOKa CKOPOCT Ha JIBIDKEHHETO Ha CTPY)KKaTa B TIOCOKA M3BBH 30HATA HA PsI3aHE.

-Bucoxama mukpomevpoocm € OCHOBHO H3MCKBaHE. 3a Ja MOraT Ja IpOHUKBaT B
3aroTOBKHUTE U J1a TM 00paboTBaT 0e3 caMuTe Te Ja ce M3HOCBAT 3HAYMMO, UHCTPYMEHTHUTE
TpsiOBa Jla UMAT 3HAYUTEIHO MO-TOJsIMAa TBBPAOCT OT Ta3H HAa MHCTPYMEHTA, KOETO BUHATH €
CBBP3aHO C TO-TOJIsIMA

U3HOCOYCTOMYMBOCT. MUKPOTBBPOCTTA U3pa3siBa yCTOWYMBOCTTA HA TOKPUTHETO CPEILy
abpa3uBHO U3HOCBAHE.

-Axocmma u orcunasocmma OTpa3siBaT CHOCOOHOCTTa Ha MOKPUTHETO Jia H3IbpiKa
HaIpEeIKCHUATA U }Ie(bopMaHI/II/ITe B YCJIIOBUMATA HA pA3aHE, Ja IOTJIbIIa MCXaHWYHAaTa CHEPIruAa
py TUHAMAYHYM HAaTOBAapBaHMs, /1a HE CE pa3pyllaBa Mo JeHCTBUETO Ha BUCOKOTO HaJsiraHe
U TeMmIepaTypa BbPXY MOBBPXHOCTTa My, Ja 3ala3W IeNIOCTTTa CH, Ja TpPeAOTBpaTsIBa
00pa3yBaHETO M PA3BUTHUETO Ha MyKHATWHHU. ToBa rapaHTHpa M yCTOMYMBOCTTa MY CpELLy
OTCJIOSIBAaHE TIPH €KCIUIOATAIMs B YCIIOBHS HA IIPOMEHIMBO HAaTOBapBaHE, YAApH U BUOpaIHU.

264



CnocoOHocTTa Aa MpeaoTBparsaBa 00pa3yBaHETO HAa MYKHATUHU C€ TapaHUTHpA M OT METOoAa
Ha MOJIy4aBaHe.

- Tonnoycmouyueocmma ce U3MepBa € TEMIIEpaTypara, J0 KOSITO MOKPUTHETO 3ara3Ba
TBBPAOCTTA, SIKOCTTa W paborocmocoOHOCTTa cu. Ham Tasu TtemmepaTypa cTaBa psI3KO
M3MEHEHHE Ha MEXaHUYHHUTE CBOICTBa, CBBpP3aHO C (ha30BU NPEBpbBIIAHUSA, HaMaJsBaHE HA
TBBPAOCTTA U U3HOCOYCTOMYMBOCTTA M KaTacTpodaiHo Obp3a 3aryda Ha paboTOCIIOCOOHOCT.

TomioycTouMBUTE MOKPUTHS JOIMYCKAT MO-BUCOKM CKOPOCTHM Ha ps3aHe W Morar Jaa
00paboTBaT MO-TBHPIU 3aTOTOBKH.

- Tonnonposoonocmma € HEOOX0AMMa 32 OTBEXKJAaHE HA TOIUIMHATA, 0Opa3yBaHa B 30HATa
Ha psi3aHe IMpe3 TSAJIOTO Ha WHCTpyMeHTa. HemocrarpuHara TOIUIONMPOBOJHOCT BIIOIIABa
HAJEXKJHOCTTa HA pEXKEUUTE HWHCTPYMEHTH. T 3aBUCH OT XUMHUYECKHUS CbhCTasB,
TepMooOpaboTkaTa 1 paboTHATa TEMITEpaTypa.

- Koeguyuenmvm Ha mMONIUHHO pa3uwiupeHue € BAXKEH 3a MPEUU3HU U pPa3MEpHU
WHCTPYMEHTH, MPU KOUTO TOIUITMHHATa AedopMaius He OuBa J1a NMPEAU3BUKBA PA3IIMPEHUS,
MpEeAN3BUKBAIIY TPOMSIHA HA pa3MEPUTE HA 3arOTOBKATA,

- Texnonocuynu U3UCK8AHUSA

TexHOMOTMYHNUTE W3UCKBAHUS 3acsiraT IapaMeTpUTE M CBOMCTBAaTa Ha MOKPUTHETO,
MPOSIBSIBAILIA CE€ M 3aBUCEIIM OT Mpolleca Ha HAaHACSHETO My. Te ca pemiaBaiid OTHOCHO
BB3MOKHOCTTa MOKPUTHETO Aa OBJ€ OTIOKEHO Upe3 ONpeAeNieH TEXHOJIOIMYECKH MapuipyT,
OTHOCHO TIPOM3BOAMTEIHOCTTAa Ha IMpoleca MW CeO0SCTOWHOCTTa My, BB3MOXKHOCTTA 3a
MoJlyyaBaHEe Ha TOKPHUTHUS C OMpPENETeHH CBOICTBa, ChCTaB, CTPYKTypa u Mopdororus,
MOBTapsIEMOCTTa HAa KA4YE€CTBEHUTE IMOKA3aTelu M MapaMeTpuTe My U BB3MOXKHOCTTA 3a
KOHTPOJI Ha IIPOLIeCca U OLIEHKA Ha MOJIYYEHUTE MOKPUTHS.

-UKxoHoMmu1ecKku u3uCKeaHus

NKoHOMHUYECKHTE W3UCKBAaHMS C€ U3pa3siBaT B MUHUMHU3UPAHE Ha pPa3XoJuTe 3a
WHCTPYMEHTH M TIOKPUTHS U BKIIOYCHUTE KOJMYECTBA HA ACPUIIUTHUA U PEIKU CbCTaBKU KATO
BosippaM, K0OanT, TaHTaN, TUTAH U Ap. KOHTponupar ce OCHOBHO pa3XOAHTE 32 HHCTPYMEHTHU
3a u3paboTBaHE HA €IUWHUIIA TPOAyKIus. Haif-BakHUS MKOHOMHYECKH KPUTEPHUH 3a OIICHKA
Ha TpaBWIHUA M300p Ha MaTepualia, KOHCTPYKLHMATA W PEKUMa Ha eKCIuloaTalus Ha
WHCTPYMEHTHTE € Te Ja ObJaT Taka MOJ0MPAHH, Y€ J1a OCUTYpsSBAT MUHUMAIHU Pa3xoJu 3a
MeXaHuyHaTa 00paboTKa Ha MPOU3BEXKIAHUTE U3JIEHsI TP MaKCHUMallHA MPOU3BOIUTEITHOCT
Ha Tpolieca.

Knacudukayun na nokpumuama

CBeThT OTHENS M3KIIOUUTETHO TOJIIMO BHMMAaHHE HA HMHCTPYMEHTHUTE C TOKPUTHS.
N3cnenBaneTo U ch3AaBaHETO Ha MOKPUTHS €A IIEJIM HA OTPOMHO MHOYKECTBO M3CIIEIOBATENH.
Hatpynanu ca MHOroOpoWHHU M pa3HOOOpa3HH JaHHH B JHUTEpaTypara, KOUTO 3aTpYyAHSIBAT
OOMKHOBEHHUS YMTATENl JaXe Ja C€ OpPUEHTHpa, a KamMo JM Ja TH TPOYYHd U H3IOJI3BA.
Hannunure B Hamata nuteparypa kinacudukanuu [7,8,9] He maBar mbiHA MpeacraBa 3a
WHCTpYMEHTATHUTE MOKpUTHA. C IIeT yIIeCHsIBaHE HAa OPUEHTAIIMATA Ha YATATENS Ce Tpeyiara
KIacuuKalys Ha THCTPYMEHTATHUTE TOKPUTHUS TI0 CIICAHUTE OCHOBHU Tpu3Hanu: (ur.1:

Cnopeo cmpoedica — €THOCIOWHA U MHOTOCIIOWHHU- CHCTOSIINA C€ OT JBa W TMOBEYE CIIOA,
HAaHECEHU €JIMH cie] Apyr. EMHOCIONHUTE MOKPUTHS OCUTYpsSBaT PAa3IMYHHU CBOMICTBA, HO
LHENMUSIT KOMIUIEKC OT CBOWCTBA, IMOBUIIABAIIM H3HOCOYCTOMYMBOCTTAa W TpanlHOCTTa Ha
MHCTPYMEHTA € TPYAHO Ja C€ ChbBMECTU B €IMH MaTepuain. MHOrocIoiMHUTE MOKPUTHS ca
ChbBpEMEHHA TEHACHITUS B MHCTPYMEHTAJTHUTE TeXHOJIOTHH. [loydaBaHEeTO Ha MHOTOCIIOWHH
HAHOCTPYKTYPH JOMBIHUTEIHO MMOA00pSABa Ka4eCTBEHUTE W ()YHKIIMNOHATHHU XapaKTePUCTUKH
Ha HaHeceHUTEe ciioeBe. OTiaraHeTo WM BBPXY PA3HOPOJHU WHCTPYMEHTAIHU MaTepHaIN
BOJIM KaKTO J0 MOAM(HUKAIMS Ha MaTepralia Ha MOBBPXHOCTHUS CIIOM, Taka U 10 00pazyBaHe
Ha MPHUHIMIIHO HOBU KOMITO3UIMOHHU Marepuanu. ChbBpEeMEHHHUTE MOKPUTHUSA- AeOernn u
THHKH- Ca MPEAMMHO MHOT'OCIOMHH. MHOTOCIOMHUTE NMOKPUTHS MMAT MO-BUCOKA SIKOCT HA
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Or'bBaHe, KOETO I'M MPaBHU MOJIXOAAIIM 3a MpekbcHaTO psizane [10]. Cb3naBaHeTO HA TOKPUTHS
C peayBallli Ce CJIOEBE C Pa3IMYHU CBOMCTBA W HAJTMYMETO HA MEKH MPOCIONKH MEXAY TAX
croco0OcTBa 3a yBeIMUEHUE Ha €TaCTUYHOCTTA.

B 3asucumocm om oebenunama Ha nokpumuemo — 1e0eiu, CPeTHA U THHKH.

Hebenute ca ¢ pazmepu Hag 50 pum U ce mpuiaraT NMpU IIAHIOBH, IITAMIIOBU U JIPYTH
¢dopmooOpasyBam WHCTPYMEHTH HE CaMO 3a IMOBHIIABaHE Ha TpalHOCTTa, HO U 3a
BBH3CTAHOBSIBAaHE Ha pa3MEpPHUTE Ha U3HOCEHUTE UM pabOTHHU YaCTH.

Cpennute mokputHs umar pasmepu 15 - 50 pm wu ca mpeaHasHayeHH 3a Tpydo H
MOJIYYUCTO Psi3aHe ChbC CHEMaHE Ha 3HAUUTEIHU PUOaBKHU OT 00pabOTBaHUs MaTepHal.

TeHKHTE 10 15 UM - 32 UHCTPYMEHTH 3a MOJYYHCTa, YUCTA U PUHUIITHA 00paboTKa.

Cnopeo epw3kama c¢ mamepuana Ha ocHoéama — aaxe3uoHHa u audysuonHa. Ilpu
nuQy3nOHHATAa BPbB3KA, XapakTepHa 3a IMOKPUTHUATA TOIYYEHH UYpe3 TEPMUUYHHTE U
UMITyJICHUTE METOIU MEXIy MOKPUTHETO UM OCHOBaTa ce HalrofaBa MPEXOJEH TpaHHueH
CJIOi, KOMTO € CMeC OT JBaTa M3XOHH MaTepralia i HOBOIIOJIYYCHH ChEIUHEHHUS MEXY TIX U
€JIEeMEHTUTE OT OOKphIKaBallaTa Ccpella U MO ChCTaB U CTPYKTypa c€ paziinuyaBa OT TE€3M Ha
u3xoaauTe Matepranu. OcobeHo BHCOKaTa axe3usi Ce OCUTYpSBa OT MPEXOJHU MOKPUTHS Ha
rpanunara ¢ uacrpymenta, TiN u TiCN, 6opoB mutpua BN, GopoB kapbonutpun BCN,
tutan-60poB HuTpua TiBN [ 9,11,12] .

OTchbCcTBHETO Ha ajgxe3us C Marepualia Ha 3aroToBKaTa Mpejmna3Ba oT oOpazyBaHE Ha
HACJIOWKa, aaXxe3us Ha CTPYKKaTa M HaTPYIBAHETO i B KAHAIWTE HA WHCTpyMEHTa. TUIU4HU
npencraButenu ca ca TiAIN, AITiN, MoS; u np.[9]

Cnopen cwhctaBa u Oposs Ha €IEMEHTUTE M KOMIIOHEHTUTE B TOKPUTHETO:
€HOKOMITOHEHTHU, MHOTOKOMITOHEHTHH U KOMIIO3UIIHOHHHU.

EHOKOMITOHEHTHHTE CE ChCTOST OT €AMH EIIEMEHT, WU eIHO CheTUHECHHUE.

MHOroKOMIOHEHTHUTE MOKPUTHSI ca U3rPaZCHU OT MOBeuYe OT J[Ba €JIEeMEHTa - HallpuMep,
Ha tTutaHa Tiu Boappama W u Beriepona — (Ti,W)C, na Ti u Cr u azota - TiCrN u np.

Komno3uimonHuTe MOKPUTHS ca M3TrpajieHd Ha 0a3aTa Ha CMECUTE Ha JIBE WM IOBeue
CBHEIMHEHHUSI C €JHa, WJIM TI0BEeYe KOMIIOHEHTH TJAaBHO KapOWaW, HUTPUIAH W OOpuUaM Ha
TPYJIHOTOIMUMHUTE METalu,a Chllo U okucHu, Harnpumep, WC- TiC-Co, umu TiC- Ay03-TiCN.
CpueTaBaHETO Ha CJIOEBE C PA3IMYHA KOMIIOHEHTH OT J[Ba, WJIM HIKOJKO Pa3HOPOIHU
MaTepHaia 1o3BoJisiBa U3M0JI3BaHe HAa MPEJUMCTBATa Ha BCHUKU OT/JICTHM KOMIIOHEHTH, a U Ha
JOITBJIHUTEITHH, TIOYYeHH OT TAX. Taka HampuMmep, ChYeTaBaHETO HAa MaTepUaAld C BHUCOKa
TBBPJOCT U U3HOCOYCTOMUYMBOCT /KapOUI1, HUTPUIH/ C TPYIHO TOIMMMU OKHCH MO3BOJIsIBA
Cce MoJTy4yaT MOKPUTHS, TPUTEKABAIIHN SJHOBPEMEHHO BUCOKA SKOCT, U3HOCOYCTOHYHUBOCT U

temneparypoyctoitunBocT — Harpumep TiC + Al,Oz nmu TiC + TOCN, wmn TiC +Al,O3
+TiN, KOMTO MacoBO c€ M3MOJ3BAaT NPH HHCTPYMEHTUTE OT METAJIOKEPAMUYHU TBBPAU
crutaBu. KepamuuHusAT cioii o0esneyaBa IUIIOC BHCOKAaTa HM3HOCOYCTOMUYMBOCT M BHCOKA
TEMIIepaTypoyCcTOHYUBOCT, a TiN urpae ponsra Ha cMaska, KOSITO BB3IIPENATCTBA KpaTepuTe
Ha M3HOCBaHE 110 MpeHaTa MOBbPXHIHA Ha MHCTPYMEHTA U 3aBapsBAHETO Ha CTPYKKATa, T.C.
oOpa3yBaHeTOo Ha Hacjolka. VI3BBHpPETHO TMEPCHEKTUBHO Ce€ sBABAa Ch3JAaBAHETO Ha
KOMITO3UITUM C peIyBalld Cce CJIOeBe C pa3jMyHU CBoiicTBa. Hammumero Ha mO-MeKH
IPOCIIONKH MEXIY TSIX CrocoOcTBa 3a yBenuueHue Ha enactuuHocTTa[10]. [TonoGHuM crnoese
ca TIOJXO/IAIIH 32 HHCTPYMEHTH pa0OTeIIn NP MPEeKbCHATO PsI3aHe W yAapHU HATOBapBaHUS
— ¢pe3u, 36001bI0aUHN KOJIETA U JP.

Buoose noxpumus cnopeo mamepuanume — HACOKU 3a U300P HA MAMEPUANU:

- Memannu — TOBa ca TIOKPHUTHUS TJIABHO OT €IHH, Wwin noedye unuctu metamu — Ni, Cr,
Ni+Cr, Cr+V u3moa3Bar ce rIaBHO MPH TOJISIMO U CPEIHO rabapuTHH IIAHIIOBH, IAMIIOBU H
KOBAILIK{, THCTPYMEHTH, MIPULIOPMH U Ap. TOT00HH.

- Ha memanna ocnosa.

[ToxkpuTHsTa HAa METaTHA OCHOBA Ca MHOT'OEJIEMEHTHH U MHOTOKOMITOHEHTHH.
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Haii-yecTo n3non3BanuTe Metanu ca Tutan Ti, Boadpam W, amymunuii Al, monmu6aen Mo,
xpom Cr u mo-psako mupkonud Zr, xapuuit Hf, HmoOuit Nb, Tantan Ta. Tunuaxu
npencrasutenu ca nokputusta or WC, TiC, TiN, Al,Oz, TIiCN, TiAIN, AITIN, TiCrN,
TiZrMoN, HfC, ZrC, ZrB, , ZrO,, B4C, SiO; SiC, HfO, MoS; u ap. OxcukapOOHUTPUIUTE
MOBUIIABAT PabOTOCTIOCOOHOCTTa HAa MOKPUTHETO M C€ IMOJydaBaT dpe3 J00aBsHE Ha
kucnopon O, B pabotHaTa kamepa nipu PVD meroaute. ATyMUHUEBUAT OKHUC (YEPEH IIBST) €
MMOKPUTHUETO C TOJIIMa TBBPAOCT, TOIJIOYCTOMYMBOCT U CHIIPOTHBJICHUE CPEIly U3HOCBAHE 10
npenHa MOBbPXHUHA HAa MHCTPYMEHTA. TUTAHOBHUAT HUTPHUA (KBJT LBSIT) € C Hal-rojisIMa
XUMUYECKa CTAOMITHOCT, HUCHK KOS(DUIIMEHT Ha TPUEHE M pean3upa BHUCOKA TPAMHOCT IO
npenHaTta TOBBbPXHHMHA. TUTAHOBUAT KapOOHUTpHA (CHUB 1BSIT) OCHTYpsSBa BHCOKA
M3HOCOYCTOMYUBOCT 110 3aJHaTa MOBbPXHUHA.

-Komnosuyuonnu — MHOTOKOMIIOHEHTHH MHOTO()a3HM TOKPUTHSL OT HSKOJKO OT TOPHUTE
MaTepHa - M3IMOJ3BaT CE€ CMECH M TBBPAM Pa3TBOPH OT METAIM M METaJonoa00HH
ChCIMHEHUS — TJIABHO KapOuaw, OOPUIM M HUTPUIH U OKHCH HA TPYTHOTOIMUMHUTE METATH —
V-VIII rpyna ot Tabnunara Ha Menenees. Te ca Hail-uecTo chueTaHUE Ha JIBa, WIH HIKOJIKO
Pa3HOPOJHHM MaTepHala, MO3BOJISBAIIM HAK-TIBITHO J]a CE€ W3IOJI3BAT MPEANMCTBATA Ha BCSIKA
or ormennute KommoHentu.- WC-TiC-Co, WC-(Ti,Ta,Nb)C-Co, TiN-Mo-Cr, TiC-TiB,,
(Ti,W,B)C, (Co,W,B)C, TiC- A,03-TiN, TiC- TiAIN, AITiN u ap. IIpu u3dop Ha Marepua
3a TMOKPUTUE BHUHArM C€ Hajara Ja ce u3bupa MexXay TBHPIOCT M HM3HOCOYCTOWYHBOCT H
J)KMJIABOCT M SKOCT. PelleHHeTo ce 3aKkioyaBa B CBh3JAaBAHETO HAa KOMIIO3HMIMU C
0JIaronpHATHO ChUYETAaHUE HAa TOPHUTE cBoMcTBA.CIIOpe/ MOBEYETO OT aBTOPHUTE OBICIIETO €
HA MHOTOCJIOWHHUTE KOMIIO3UIIHOHHHU TIOKPUTHSI.

Buaoose
NOKPUTUSI BbPXY
VNHCTPYMEHTU

EnHocnoiHu

MHorocnoinxmn

| TbHKM | | CpepHu | | [ebenun |

[

AXE3UOHHU Cmecenn

Tebpay CBpbXTBLPAM

5 p—
EnekTpoxummninm TepMoXuMuiHN TepmuuHn BakyymHu ENeKkTpoduanyHu

MeTanHu Ha metantHa ‘
ocHosa Hemetanxu
KomnoaunuyuoH
EIHOKOMMOHEHTHMU
MHOrOKOMMOHEHTHY,
MHOTOKOMMOHEHTHU

Cr,B,Co, W,Ti,

WC(Ti,Ta,Nb)C,
TiC-TICN, TICIN-
TICN, TIAIN

HuTpuaHn
TiN, AN, ZrN,
TiAIN, SiN, BN,
HfN

Kap6ugru
TiC, TaC, WC,
NbC, ZrC, HfC,

Cr2C3

KapGoHutpuarm OxkeungHu [vnamanT, BN,
TIiCN, TiOCN, IAI203, TiO2, Zr02 DLC,C,N,CN

durypal. Knacudumkaums Ha noKputusTa Bbpxy
MNHCTPYMEHTH
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- Ha nememanna (6venepoona) ocrosa.

M3non3Bar ce rmaBHO quaMaHt u amopden Beriepon [13,14,15].

[lpy MertasopekeuMTe WHCTPYMEHTH C€ H3MOJ3Ba TJIAAKHS JHaMaHT, [OPaIH
BB3MOKHOCTTAa MYy Jla C€ HaHacs BBPXY OCTPH PEXKEIH PHOOBE, KOETO TMO3BOJIABA Ja CE
3ama3y pekeliata TeoMeTpus Ha HHCTpyMeHTa. [lokputueto oT amopdeH Bwriepox [
Diamond Like Coating (DLC) [16] uma mo-manka MUKPOTBBPAOCT H OCHTYpsIBA U TIO-HUCKA
TPaHOCT HA MHCTPYMEHTA.

OCHOBHHTE CBOICTBAa Ha HA-ueCTO W3MOI3BAHUTE M HA TMOJXOMISINM 3a H3IOJI3BaHE
MaTepHaJIH 3a OKPHUTHS ca naaeHu B Taomwmmal. [1,4,17,18] .

Thil KaTO TpH CHBPEMEHHATa WHTCH3U(UKAIMS HAa PEKUMUTE Ha ps3aHE, MOBEYETO
UHCTPYMEHTH pPaOOTAT MPU BHUCOKH CKOPOCTH W PECIEKTUBHO — BUCOKHM TEMIEpaTypH Ha
psizaHe, TOMUHHUpANIo € AU(y3nOoHHOTO M3HOCBaHe. Haii-0bp30 B 00paboTBaHMs Marepual
mubyanupa C, nmo-6aBHo W, Ti, u Co. Hamune e u obpatHa nudy3us —Ha Kelns30TO U
BBIVIEpOAA B TBBpAaTa cmiaB, win B HSS cromanara u oOGpa3yBaHe Ha cMecH OT TBBPAHU
pa3tBopu Ha W, Ti u Co B Kens30T0, KPEXKH MHTEPMETATIONITHU HUCKOBBITIEPOIHHN KapOuu
or tuna Fe,W,C, CoxFe,C u ap, [3,4] kouto BOAAT 10 pa3pyLIeHHE HA MOBBPXHOCTTA HA
UHCTPYMEHTA U KaracTpodaiHo u3HOCBaHe. ToBa mpemornpeneis U3UCKBAHETO 3a MOKPHUTHUS
Jla Ce HW3IOJI3BAaT HE CaMO TBBPIAM M M3HOCOYCTONYHMBH, HO M XUMHUYECKH YCTONYMBH IIPU
BUCOKH TEMIIEpAaTypH MaTepUald C HUCHK XMMHUYECKH a(QUHUTET KbM EJIEMEHTHTE Ha
obpaborBanus marepuai. Takua matepuanu ca Al,Os, TIAIN, ZrC, TiB,, TiN, (TIC+TiBy) u
Te TpsOBa na OBJAT OTVIOKEHU /HAHECEHW/ B HAW-TOPHHUS CJIOH Ha MOKPUTHETO, 3a Ja
BB3MpenaTcTBar audysusara. Ocobeno Bucoka ycroiuuBoctT umar AITIN u TUTaH-XpOMOB
autpug TiCrN. [19].

-O0paTtHO — 3a HPBUS CJIOW TPsAOBA Ja ce MOAOMpAT MaTepuanu, obe3rneyaBariy 37paBa
aJXe3roHHAa BPh3Ka C OCHOBaTa — TOBa Moxke Aa O0bae oTHOBO TiBj, a cwiio u TiC, TiCN,
Oco0eHo BHCOKa aaxe3usi MPUTEkKaBa JIMaMaHTHT. 3a J1a UMa 3[paBa aJXe3MOHHA BpPb3Ka €
HEOOXOUMO M JIOJIHUTE cioeBe TpsiOBa na 6bpaar ¢ Hucko (TiCN) HUBO Ha OCTaThbUYHHUTE
HaATIPEIKEHUS.

Mare | HV Temn | Tornn | Moayn VYeroit- | SAxoct Axocr | IlneT | TIpenopbku 3a
puan MI3’a. epary | o Ha YHUBOCT | Ha Or'b- Ha Ha- HOCT,3 H3MOI3BaHe
10 pa Ha | IpOB | ejacTUuH | c/y BaHe TUCK g/lcm
TO omHo | oct, GPa | okmc MPa.10® | MPa.10
meHe | CT JIsIBaHe 3
Tt°C -
mg/cm?
TeMImeparyp
a Ha
JUCOLIUALIN
A
TiC 3200 | 3250 | 0,016 | 4,6.10° +1,5-7 150 1380 4.95 BHCOKO CHIIPOTHBIEHHE
1200°C cpery abpa3uBHO,
I(hy3UOHHO u
TOIINIMHHO H3HOCBAHC
.3a TMOKPpUTHUA OCHOBHO
Ha pexenmu u"-Tu OT
TBbpAU CIUIaBU H I10-
psaako ot HSS cromanu
[Tonxonsmi 3a Hempex.
BHCOKOCKOPOCTHO
psA3aHe Ha CTOMaHH
IIBCTHHU MeTalIn u
CIIJIaBHU
TiN 2050 | 2950 | 0,16 2,6.10° +25 1300 5,43 Bucoka  u3HOCO- U
1473°C TEPMO YCTOMUYMBOCT U
XUMHYECKa HHEPTHOCT,
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HHUCBK KOepHIMEeHT Ha
TpueHe. 3a IOKPUTHA Ha
u-ti oT HSS u tBBpIOHN

CIUIaBHU. IIpu 1o-
CBTHHU HW-TH MOXE Ja
ce oTiara B
e[HOCIONHM ,a 1pH
TBBPIOCILIABHUTE -
MPENOPHYUTEITHO B
MHOTOCJIONHH
MOKPHTHSI.

TCN Karo  emeMeHT  OT
MHOTOCJIONHH
TTOKPUTHS BBPXY
TBBPIOCIUIABHH U-TH, U
npu HSS unctpymentu
KaTo  CaMOCTOSTEIHO
MOKPHUTHE, WK YacT OT
KOMITO3HUIIHS npu
CJICKTPOUCKPOBO,
TJ1a3MEHO u Ip.
HaIUIaCTsBaHE.

AIN 0,03 |[35.10° |1273°C 312 | Karo emementr or
MHOTOCIIOWHH
MTOKPHUTHS BBPXY
TBBPIOCIUIABHH ~ U-TH,
paboTeIy NpH BUCOKH
CKOPOCTH u
TEMIICPATYPH.

SisN, 0,046 | 0,47.10° | +5, 160 13,4 3,19 |Karo enementn ot

1673° MHOTOCIIOIHHI

MTOKPHUTHSI BBPXY
TBBpAM criaBd u HSS
CTOMaHHU

ZrN 1670 2980 | 0,06 0 1000 7,09 Karo  enement  or
KOMITO3HIINS npu
TEPMHUYHUTE METOTH

BN 3000 | 0,022 |0,86.10° |0 32 2,2 3a WHCTpyMEHTH 3a
BHCOKOCKOPOCTHA
gicToBa 00paboTKa Ha
TBBPAU MaTepHay,
KaTo CIIEMEHT  OT
MHOTOCJIOWHO
MOKPHUTHE.

NbN 1780 2300 | 0,04 4)9. 1073°C 8,4 3a CIIEMEHT oT
KOMITO3UIIAU npu
TEPMHUYHHTE METOIH

wC 2200 2785 | 0,07 7,1, 10° OKUCIL. 340 2720 15,7 3a eJIEMEeHT oT
KOMITIO3HUIINH npu
TCPMUYHUTE METOAU

TiB, 3370 2790 | 0,154 5,4.105 [+12/ 245 1350 4.4 Hucka CKJIOHHOCT KbM
angxesws. 3a  IaMIy,
[IaHIIH, H3TETIISTYHH
MaTpuoM ~ H-TH 32
TOpEIIo BalI(yBaHE W
H3TCTJIaHC, MHWHHH u
JIp.M-TH,
BHCOKOCKOPOCTHO
pA3aHe Ha  TBBPIU
ABHMAIIMOHHU MATEPUAIIH

CrsC, | 1800 | 1890 | 0,046 | 3,8.10° 0, 5 1048 6.68 Karo  emement ot

800°C KOMIIO3UIUSA

CrB, | 2100 | 2200 | 0,076 +8 620 12,8 522 | 3a HaIUIaBbYHa
MeTaTH3aIUs u
BB3CTAHOBAaBaHE Ha

pasMepu  Ha  IIaMIIH,
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MIAHIH U WIPHIPOPMH,
HHCTPYMEHTH oT
XMMHYECKaTa
araparypa u Jp.

NbC

2480

3613

0,027

3,5.10°

1000

680

2423

7,56

Karo nobaBka 3a
YBEITHYaBaHEe Ha
SIKOCTTA

TaC

2380

3985

0,05

101

14,3

Kato €JICMCHT oT
KOMIIO3HITHS 3a
yBEITHYaBaHEe Ha
SIKOCTTAa W HaMaJissBaHe
Ha HacJIOMKaTa

ZrC

2600

3500

0,028

+20
1250

76

834

6.9

ITo-u3HOCOYCTONYMB OT
TiC, HO mO-CKBI H
panpk. Karo ememeHT
oT MHOTOCJIOMHU
TIOKPUTHSA BBPXY
TBBPAOCIUIABHA H-TH U
YacT OT KOMO3HUIMHUTE
npu TEPMUYHHUTE
METOH

ZrB,

2250

3200

0,14

3,5.10°

+30

93

1580

6,17

3a Msrernmamm Aro3u H
HHCTPYMCHTH,
pabotemu TpU BUCOKU
TeMIeparypu, Karo
TiB,

HfC

3200

3890

0,015

3,6.10°

+20

1300°C

12,6

IIpu BucoxockopocTHa
00paboTKa Ha TBBPIU U
TpyZHOOOpaboTBaEMH
matepuamn. C apyrure
KapOuau obpazyBa
BHCOKOSIKH TBBPAN
pastBopu. OrinueH e
KaTo  go0aBka  KbM
KOMIIO3HUIIHSI.

VC

2800

2830

0,023

900°C

620

5.36

Karo €JIEMEHT oT
KOMITO3UIIHS 3a
yBeJIn4aBaHe Ha
SIKOCTTa Ha MOKPHUTHATA
HaHECEHH 4pe3
TEPMUYHUTE METOTH

B.,C

2450

0,11

340

180

2,51

M3kmrounTenHo BHCOKA
TBBPIOCT u
HU3HOCOYCTOMYMBOCT —
MOXE Ja ce H3I0I3Ba
KaTo eNIeMEeHT oT
KOMITO3HIIHS 3a
UHCTPYMEHTH 3a
o0paboTBaHe Ha TBBPAU
MaTepHalIH.

AlLO,

Karo ciou oT
MHOTOCIIONHHU
TTOKPUTHS BBPXY
TBBPIOCIUIABHU
HHCTPYMEHTH.
[To3BomsiBa BUCOKH
CKOPOCTH Ha psi3aHe, HO
€ KPEeXbK.

TABJINIAL. Csoticmea Ha mamepuanume usnOA36AHU, ULU NOOXOOAUU 3d NOKPUMUSL 8bPXY
Memanopejiceuu UHCmpymeHmu
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METOAW 1 TEXHONOTWW 3A HAHACAHE HA
13HOCOYCTOMHMBM MOKPUTIS BLPXY
MNHCTPYMEHTU

=

MOBBPXHOCT
ENEKTPOOHSNY
XAMAYECKM —| TEPMMUHN 1 BAKYYMHY HA u

BVCOKOTEMIMEPA MOOUOUKALIMA
\ TYPHY

["asonnambyy EnexTpoHHo-
EnekTpoxumnyHm TepMoXuMU4HM Mnasmenn P Enekrpouckposv CVD meToan PVD motoau
METanu3aLyoHHn ITb4eBm 1 nasepHy
‘J; ‘ ‘ 1N1a3MeHo, BakyyMHO,
OPYPaKe, ’7 €NneKTPOIbIoBo,
XpoMupaHe, Mdby3MOHHO Enextpogbrosu
e'aneHTE aHe IJH;?; ane | Rerorauvorn nnapamneﬂm I~ CVD, PACVD MarHETPOHHO
L paHe, L C HannacTssaw N u3napeHue, IfIOHHO
—as0Tupate ) enexTpog paxosy NnaTUpaHe, iioHHo-
‘ nnasmexo
a3npaluaBaHe v p.
MoriekynHo-IbyeBo,
BucokoyectoThu TTEKTPOHHO-
TDEHBAPVTEITHO) | —‘ ra304UHaMI4HO 1 P
HUCKOTEMNEpaTypHO nTbyeBa, nasepHa,
CMECeH Mpaxosm u KoHTaKTH ©
pvcy3ioHeH npbTOB NNa3MeHo NpeHacsaHe Ha MarHTHO-
BeaKoHTaKTHI BuGpupaLy napuTe MMOyrCcHa
_u.uayM}.K_ enekTpon
C KoHpeHsaums,

ChC 1 6e3 ifoHHa
6GomBapavpoBka

Our.2. MeToam 3a HaHacsHe Ha NOKPUTMA
BbPXY MHCTPYMEHTH

- MexauHHUTE clioeBe TpsOBa Ja oOe3meyaBaT Bpb3Ka MEXKIY CIOEBETe W Jla MpHUIaBatr
Hapel ¢ M3HOCOYCTOWYMBOCTTA SIKOCT M KWJIABOCT Ha IOKpUTHETO. TakuBa marepualu ca:
TiC, TiCN,

Temmneparypata Ha [ucoLMAIMs Ha KapOUANUTE OT MOKPUTUETO € MHOTO BaXkeH (pakTop mpu
n30opa Ha marepuan. Ts TpsOBa aa e Mo-BUCOKa U ChbU3MEpPUMA C TeMIlepaTypaTa Ha TOIEHE
Ha oOpaboTBaHus MaTepuai. Haii- Bucoka temmneparypa Ha aucounanus uMmat TiC, ZrC, HfC,
TaC, NbC, [3,17]. Kapoumgute ot V-VIII rpymna ca uaTEpeCHN HE CaMO TTOOT/EIHO, HO U KaTO
CMeC U ChUYETaHHUs MEXIY TAX BbB BUJ Ha JBOMHU U MO-CIOXKHU cheauHeHus. OOpa3yBaHeTo
Ha TBBP/U Pa3TBOPU MEXAy KapOUAWUTE, UM HA CMECEHU KapOuau, BOIU 10 MOBHUIIIABAHE HA
MUKpPOTBBPAOCTTA U TEMIIEpaTypaTa Ha AUCOLMALUSA U XMMHUYECKa ycTOMYMBOCT. ETO 3amo
OpY HaHACAHE HAa TMOKPUTHS BBPXY HHCTPYMEHTH OT Obp30peKeld, IIaHLIOBH U
TOIJIOYCTOMYMBH CTOMAaHU Ype3 TEPMUYHUTE METOJIU € IMPENOPBUUTETHO U3MOI3BAaHETO HE HA
cMecH OT KapOuaM, a Ha TBbPAM Pa3TBOPHU Ha KapOWAW - BOMHM, WJIM TPOWHU CIIJIaBH, WIN
I'bK U3I0JI3BAHETO HAa TaKMBa METOJU U PEXHUMM, JaBallld Bb3MOXKHOCT 3a MOJIy4aBaHETO Ha
TE€3U CIUIaBH B Ipoleca Ha (OPMUPAHETO HA MTOKPUTHUETO BBPXY MOBBPXHOCTTA HA OCHOBATA.

Hanpumep MHOro 100py €KCII0ATallMOHHU XapaKTEPUCTUKH / 0 3 MbTH yBEJIUYEHHUE Ha
TpallHOCTTa M BB3MOXHOCT 32 yBEJIHMYEHHE Ha CKOpPOCTTa Ha pszaHe ¢ Omu3o 20%/ mmar
METAJIOPEkKEIIN HHCTPYMEHTH C €JIEKTPOUCKPOBO HAIJIACTEHU MOKPUTHUS OT KOMIIO3UIIMOHEH
matepuan Ha ocaoBa WC,(T1,Ta,Nb)C [20].

Metoau 32 HaHACSIHE HA U3HOCOYCTOWYMBHU NOKPUTHS BbPXY MHCTPYMEHTH - perjes
HAa TeXHOJOTHYHUTE Bb3MOKHOCTH. O0JIaCTH HA NPUJIOKEHHE.

B nureparypara ca u3BeCTHHU MHOTOOpPOWHHM M Hall-pa3NU4yHU METOIM 3a HaHACsSHE Ha
M3HOCOYCTOMYMBH NMOKpUTHs. McTopusta Ha mosiBaTa Ha MBPBUTE NOKPUTHUS BbPXY TBBPAU
crutaBun 1959 1. e ommcana ot Shell. MHoroo6pasueTo M CiIOXKHOCTTa Ha MPOIECHUTE,
MHOTr00oOpa3HHUTe YCIIOBHs Ha 0OpaOoTBaHE M ps3aHe, NPU KOUTO MPOTHYA M3HOCBAHETO Ca
JIOBEJIM 110 Ch3/1aBaHETO Ha MHOTOOPOMHM METOJIU W CPEJICTBA 3a HAHACSIHE HA TOKPUTHS
BbPXY MHCTPYMEHTH, Ha YHMATO OCHOBa ca pa3palOTEHH pPAa3IMYHU IO BB3MOXKHOCTU HU
napamMeTpu amaparypa M o0OpyABaHE, a ChII0O M [0 Hal-pasHOOOPAa3HM METOJIUKU 32
M3NHATBAaHE. BONIIMHCTBOTO OT CH3/IaJICHUTE METON U YCTAaHOBKM CE€ M3MOJI3BaT HE camo 3a
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WHCTPYMEHTH, HO U 32 Pa3jIM4YHU HATOBAPEHU M OBbP30M3HOCBAILMU c€ AeTailinu u uinenus. Ha
¢ur. 2 e mangena kinacupuKanUATa Ha METOIMTE, W3TPaJeHa BbH3 OCHOBA HAa HAYYHUTE
MPUHIIMIIY 32 Pealu3upaHeTo UM. st MOXe Jja ce Jopa3BHe M MPOIBIIKH, KaTO ce BKIOYAT U
pa3IMYHUTE MPOLIECH U CXEMH, U3MOI3BaHU B KOHKPETHUS METOJ, pa3jIMuusiTa B CBOMCTBAaTa
Ha MOKpUTHATA M Ap. Bb3 OCHOBa Ha mIpoIECUTE, Ype3 KOUTO C€ peallu3hpa HaHACSHETO
METOAMTE MOTaT J1a ObJaT pa3/ieeH! YCIOBHO Ha CIEIHUTE IPYIIH:

o Xumuuecku memoou — TpPU KOUTO TMOKPUTHUATA C€ OTJIaraT 4pe3 ONpelesieHU
XUMHUYHU TponecH v peakquu.OT CBOSI CTpaHa Te ce pa3/IessaT Ha:

- eIeKMPOXUMULECKO /eeKMPOIUMHO / om.iaeane — IPU KOETO MOKPUTHSITA CE MOTyyaBat

ype3 OTJiaraHe B €JeKTpoiMTHa BaHa. [lopaau mo-HucCKaTa cTeneH Ha MOBUIIaBaHE Ha
TpallHOCTTa, TE3M METOAM MMaT CpPaBHUTEIHO OrPAHUYEHO IPUWIOKEHHUE  IIPU
METAJIOpEXKEIUTe MHCTpyMEeHTH [7]. Hali-momynsipHu ca LEMEHTalusATa U a30THPAHETO,
KOUTO BCE OILIE CE€ M3MO0JI3BAT 3a HSIKOU OCEBU MHCTPYMEHTHU — CBpPEJIA, METUUIU, 3€HKEPH, a
CBIIO M 3a OTAeNHU mpechopmu, Marpunu u maHnu. [lebenmHata Ha TOKpPUTHUATA CE
peryaupa cpIilacHO 3akoHa Ha Papaneil ype3 Toka u Bpemero. [Io To3u HauuH ce oriarat
Hali-paznuyau enHocnoinu — Cr, Ni 1 MHOTO JPYTH, a ChIIO U MHOTOCJIONHH nokputus - Cr-
Ni u gp. Ilpu ToBa B 3aBUCHMMOCT OT YCIIOBHSTa Ha OTJIaraHe MoOraT Jia Ce IOoJlydyaBaT
MOKPUTUSA C Pa3lU4YeH CTPOEK — HalpUMep: MaToB, ONECTsII, MOpPUCT, wWiu TBepA Cr.
MeronuTe Morar Ja ce HM3IMOJI3BAaT M 3a HaHAacsiHE Ha Je0eOoCIONHU H3HOCOYCTOMYMBU
MOKPUTHS.

- Tepmoxumuyecku — KbM KOUTO C€ OTHAcCs rojsMaTa W IIMPOKA rama MOKPUTHUS
HaHECeHH 4pe3 AU(PY3MOHHO HACHILAHE C MPAaXOBE M PeareHTH - TEYHOCTH, WM ra3ose. Upes
T€3U MOKPUTHSI CE€ U3MEHAT XMMHUYECKUST ChCTaB, CTPYKTypaTa U CBOMCTBaTa Ha MaTepuaia
Ha OCHOBATA.

Hacumanero ce u3BbpIIBaA IPH BUCOKH TeMmeparypu — Hag 900°C, a ocHOBHHU (akTopH ca
TEeMIepaTypara U BpeMeTo, YNETO YBEJIMUECHHE BOJH J0 YBEIMUEHHUE Ha JeOeTuHaTa Ha Clios,
KOSITO MOXe€ J1a IOCTUTHE J0 HAKOJKO JECETH OT MIJIMMEThpa. MeTonuTe AaBaT Bb3MOKHOCT
3a TONlydyaBaHE HAa TIOKPUTUS OT pa3IMYHU MaTepuaiv, a ChII0 W KOMOMHHpPAHU
KOMMO3UIIMOHHU MOKPUTHUSA, C TBBPAOCT 1020.10.> MPa , Bucoka W3HOCOYCTOMYMBOCT U
3apaBa AuQy3uMoOHHA Bpb3Ka C OCHOBaTa. MeToIuTe ca MOAXOASIIN KaKTO 33 HallJlacTSIBaHe Ha
(GOpMOBBYHHU, IIAMIIOBU IIAHIIOBH U W3TETJSYHU HWHCTPYMEHTH OT HWHCTPYMEHTAIHU
cToMaHU. B moBeueTo ciydau ciiell HaCHIaHETO € HeoOXoauMa AOMBIHUTETHA MeXaHWYHa
00paboTka U TepMOOOpadOTKa HA HAIJIACTEHUTE MHCTPYMEHTH. B mpakTukara Haii-uecTo ce
U3MOJ3BAT CJEIHUTE PAa3HOBUAHOCTH — XpOMHpaHe, OOpupaHe, HUTPOLIEMEHTHUpPAHE,
HacHIllaHe ¢ Kapouau, BKIounTenHo u B4C n komMmno3unmonnu kapouanu Matepuanu [21, 22,
23]. Andy3uoHHOTO HACHINaHE MUMa U CHUIECTBEHH HEIOCTATBIM KAaTO: 00e3BBIJIEPOIsBaHE
Ha TOJIMOBBPXHOCTHUSL CJIOM, BOJELIO 10 KPEXKO paspyllaBaHE Ha MOKPUTHUETO, BHCOKA
rpanaBoCT U3MCKBAIIA JOMBIHUTEIHA 00paboTKa, 3aTPyAHEH KOHTPOJ Ha PaBHOMEPHOCTTA,
IUTBTHOCTTA U JeOeMHaTa Ha MOKPUTHATA, HEOOXOIMMOCT OT ChU€TaBaHE Ha yCIOBHTA Ha
HACHIIIaHe C peXXrMa 3a TepMooOpadOTKa Ha CTOMaHaTa | JIp.

. Tepmuuecku memoou /memanuzayuonnu/ - Peamnsupar ce ype3 npeBpbllaHe Ha
MaTepuaia B CTOIEHU YacTULIM, KOUTO CE€ HAHACIT C BUCOKA CKOPOCT BbPXY MOBBPXHOCTTA HA
HaIJIaCTSBAHUSI UHCTPYMEHT M c€ crosiBaT ¢ Hesl. HaHacsiHeTo ce u3BbpIlBa Upe3 ropelika, B
KOSITO Ce BKapBa HaIUIacTSBaHUs MaTepuai U ce cMecBa ¢ ropsuus ra3z. O0pa3yBa ce cMeceH
(aken, KOWTO C BHUCOKAa CKOPOCT ce CON'bCKBA C MOBBPXHOCTTa HAa OCHOBaTa. Yactuuute
3anenBaT, oOpa3yBaiiku nokputueto. Hayunure npuHIunm Ha GOpMUpPAHETO HA MOKPUTHITA
Yype3 Te3U METOU Ca €IHAKBHU, Pa3IuYMsITa Ca CaMO B KOHKPETHATa TEXHUKA U TEXHOJIOTHUS 3a
HaHacsHe.[24, 25]. Te3u MeToau ca €IHHU OT HAW-TIONYJISIPHUTE U PA3MPOCTPAHEHU B CBETOBEH
mamabd. Bonemu ¢upmu-npousBoautenn Ha oOopyaBaHe ca: ,,Kacromun™- IlIBeiimapus,
»Metko” — CAI, ,,JOunon xap6aiin xkopnoperimbsn” CAILLl u ap. YV Hac ca monyssipHH
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pyckute ycraHoBku Tun YIIH u VYIIY wu neronammonuure ,llepyn” u ,Pamyra”. B
3aBUCHUMOCT OT HauMHa Ha CTOISIBAHE Ca U3BECTHHU:

- [azonnamvyna memanuzayus - U3BbPIIBA CE UpPE3 CTOISBaHE HA HAHACSHUS MaTepual B
MeTaiau3atop. PaszronmeHuTe 4yacTunM ce HaHacsAT cbc ckopoct 100 —150 m /s. Ipu
MornajiaHe BBPXY IMOBBPXHOCTTa Ha HAIUIACTSBAHOTO U3JENHE T€ C€ CIOsSBaT C Hes.
Hanecenusat marepuan Moxxke aa Obae Ten, WiM npaxoBe. Upe3 To3M METOJ ce€ MoiaydaBaT
BHCOKO TBHPAU U U3HOCOYCTONYUBH MOKPUTHUS OT BCIKAKBU MaTE€pUAIU BbPXY METAIHHU U
HEMETAJIHW TIOBBPXHOCTH, KaTo Je0enmHaTa MM MOXE Ja JOCTHTHE HIKOJIKO
MuiIuMeTpa. Te3u NOKpUTHs OOMKHOBEHO C€ HYXKIAsAT OT NOMbIHUTENIHA 00paboTKa, Thi
KaTo ca HEPAaBHOMEPHU U C BUCOKA IpanaBoCT.

-lemonayuonno maniacmséane - TMPaXOBETE C€ HAHACAT uYpe3 H3MOJI3BaHE Ha
E€HEprusTa Ha B3pUB OT all€TUICHO-KUCIOPOJHU WU ApYyru cMecu. OCHOBHM NapameTpu
Ha Tpolleca ca BUCOKAaTa CKOpPOCT, TEMIEpaTypa W HajsAraHe, IpH KOUTO YaCTUIUTE Ha
MOKPUTHUETO CE Pa3TOIMSABAT U CbC CBPBX3BYKOBA CKOPOCT CE YAPAT U 3ajienBaT KbM OCHOBATa.
[TonmyuyeHuTe TMOKPUTHS 1O CBOWCTBA M CBhCTaB TIOKPUTHS ca yHUKanHu. Haii-
BHCOKOKAaYE€CTBEHUTE MOKPUTHS OT KapOWAM, KOUTO IO IUIBTHOCT, CTPOEX M CBOMCTBA ce
ToOIMKaBaT 10 Ta3u Ha MOHOJMTHUTE M3ACNUs, C U3KIIOYUTEITHO 3[[paBa Bpb3Ka C OCHOBATa
ce Ioiyd4aBaT ype3 JeTOHauuoHHUTE MeTonu [18] . B moBewero ciydau NmOKpuTHSTAa ce
HYXKJasT OT IOIBJIHUTENHA 00paboTKa .

-IInasmeno nannacmsaeane — NpU KOETO U3TOYHUKBT HA TOIJIMHA € IJIa3MEHa CTPYyH.
Martepuanure B mpaxooOpa3HO, WU KOMIAKTHO CHCTOSIHHE C€ IMOJaBaT B IJIa3MOTPOHA U
YBJIEYEHH OT IJIA3MEHUS MOTOK B Pa3TOIIEHO ChCTOSHUE CE OTJarar BbpXY OBbPXHHUHATA Ha
3arotroBkara. Pazmepure Ha dactunure ca B nopsaabka Ha 0,005 - 0,1 mMm. [lonacrosimem
Hal-IIMPOKO  pa3mpoCTpaHEHHE €  MOJYYMWJIO  IJIa3MEHOTO  BHUCOKOYECTOTHO
HaIulaCTsIBaHE, KOETO MO3BOJISIBA HAHACSAHE HA INOKPUTHUS OT BCAKAKBU TPYAHOTONHUMHU U
u3HocoycTtoiiuuBu Marepuanu [18,25]. Bucokata ckOpoCT Ha KpUCTajlu3aluaTa Hpu
nnazmenoro Hammactssane 10°-10° °K/s, crmoco6cTBa 3a ChXpaHeHHE Ha H3XOJHATA
CTPYKTypa Ha MpaxoBHs MaTepual, HaMajlsiBaHEe Ha JUCIEPCHOCTTa, oOpa3zyBaHe Ha
OpPEeCUTEHU TBBPAM pPa3TBOPU, MOsiBa HAa HOBU ¢a3sm M aMop(U3UpPaHH YYACTBLH.
[TokpuTusTa ce HaHACAT OT MPaxXOBU U NPBTOBU MaTepuanu. Ilocnennure obe3neyaBar
NO-HUCBK pa3xoJ Ha MaTepual M Mo-A00pa paBHOMEPHOCT Ha MOKPUTHETO.
CbBpeMeHHa TEHJEHIMS € HaHacsgHe Ha MaTepuaja OT TIbBKaB IIHYp — OT
NpPEIBApUTEIHO IPECOBAHU M IOJYCIEUYEHU IPAaXxOBE, KOWTO MOJAJEH B IJIa3MeHara
CTpyd ce pasnaja Ha HU3XOJHHMTE uvacTulM.ToBa NO3BOJISIBA MOJyYaBaHETO Ha
KOMIIO3MLIMOHHU INOKPUTHS C BHUCOKAa PAaBHOMEPHOCT M enHopoaHocT. [lpu nmpaxosure
METO/M KaueCTBaTa Ha MOKPUTHATA 3aBUCIT OT PaBHOMEPHOTO MO1aBAHE HA IIPAXOBETE
B ropenkata. M3mon3yBaT ce TjaBHO MEXaHMYHM W THEBMAaTHUYHU TOJABaTEHU
cucTeMd. MeToapT JaBa BB3MOXKHOCT 3a HAaHACSIHE Ha IOKPUTUA OT BCSAKaKBU
MaTepualiu, BKIIOYUTEIHO U TUaAMaHT.

dile A

®ur.3. Hpeﬂocwwa 6uCOK0€H€p2u1/7Ha niaasmeHa cucmema 3a ()enOHupaHe Ha Kepamuka u
memajlokepamuKka. yHueepcaﬂHa 3d 6bHUIHU U 8bNMIpeUuLen pasmepu.
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B nocneanute rogMHM MacoBO HaBIM3aT TEXHOJIOTMH U YCTPOMCTBA 3a CBPBX3BYKOBU
BHCOKOCKOPOCTHH, BUCOKOSHEPTUIHHM TuTa3MeHHU U razomiaMmbynu cucremu /HVOF/-¢ur.3. B
T€3M CHUCTEMH CE€ MHUHUMU3UpA H3IO0JI3BaHATA TOIUIMHHA €HEPrusi U MaKCHUMalu3upa
KMHETUYHATa CHEeprusi Ha YaCTUIUTE B MOKPUTHUS C rojsiMa ITBTHOCT, HUCKA MOPUCTOCT U
BHCOKa siIKOCcT Ha cBbp3Bane. [Ipy HVOF kakto 1 HVAF — Mukpomker cBpbX3BYKOBH /3
II'BTH CKOPOCTTTA HA 3ByKa/ YCTAaHOBKH JeOeMHaTa Ha HarutacteHus ciou € ot 0.02+1.0 mm
Y Harope B 3aBUCHUMOCT OT JieTaiila U MeTajiHaTa ciuiaB. TBepaoctTa € 10 75 HRC u noseue,
anxesusara: - min 83MPa — 3a WC/Co; nman 100MPa — 3a kepamuka; Hag 200MPa — 3a
Ni,Cr,Si,B; ITopso3aoctTa ¢ He moBede oT 0.1%. HVOF “Top gun” - mpeHocumara cucrema
3a HaHAcAHE Ha KapOWIU, HUTPUIU, KepaMUKa M METaJlOKepaMHKa € CBPBbX3BYKOBa -
u3THUYallaTa ra3osa cTpys € oT 3 10 5 mbTH Haj CKOpocTTa Ha 3BYKa.CBpPBX3BYKOBHTE
cucreMu SPII u 5GII no3BonsiBaT HaHacsHE HA MOKPUTHS C K€paMUKa M METaIOKepaMuKa
/mpax/ ¢ nebenuna 1o 2-3 mm u TBepAocT 80 HRC.

¢  Baxkyymnu memoou

- Xumuuyecko omaacane om napoea ¢aza (CVD) - mpu TO3W METOJ TMOKPUTHATA CE
MoJIyyaBaT B pe3yJTaT Ha XMMHUYECKa peakius, MpHU KOSITO pearcHTUTE ca B mapoBa ¢asa
npu temnepatypu no-sucoku ot 900°C. Peakuusara ce ochLIeCTBSIBA B CI0XKHHU U CKBIIU
BaKyyMHHM MHcTananuu. [1o To3u HauuH ce moyly4aBart IUTbTHH U PAaBHOMEPHHU €IHOCIONHU
¥ MHOTOCJIOWHH TOKPHTHS C MHOTO BHCOKa TBBpaocT 40 30.10°MPa, n3HOCOyCTOHUNBOCT
u 100pa angxe3us ¢ ocHoBara. JleGenmHaTa Ha Te3W MOKPUTHS MOXKE Ja Ce H3MEHS B
rpaauy ot 2 -30 pm. Ilpu Te3m MeToam upe3 pa3IM4YHU peareHTH ce MoJaydaBar
nokputust ot TiC, TiN, TiC-TiN, TiC- TiCN TiC-A1,0s, ZrC, HfC, SiN,[Ti,Cr)B, TiC- TiAIN,
TiC-TiB,, TiCrN,ZrO,,HfO,, u ap. [Mokputus ot TiN ce oTiaratr B mpOU3BOJICTBEHU YCIOBHUS
[JIaBHO BBPXY PEXKEIM HHCTPYMEHTH [26], Karo XMMHYHUTE IMPOLECH MPOTHYAT NpPH

o
temneparypu Hag 950 C. CVD meronaure ce HM3MON3BaT HIMPOKO 3a MOJy4YaBaHE W Ha
kapooHuTpuHu nokputus kato TiC N (B cpena oT razoBa cMec Ha TiCI4-CH4-N2-H2), BBPXY
X X

pa3IMYHU METalu, CTOMAaHU U IOpHU rpadut u quamanT. /[uamMmaHTeHUTe MOKPUTUS CE OTJIaraT
OT aKTHUBHpaHa naposa ¢aza. M3napeHus: BbB BakyyMHa KaMepa BbIPEpPOo/I B IPUCHCTBUETO HA
aToMapeH BOJIOpoj, oOpa3yBalll ce B YCIOBHUS Ha IJIa3Ma Ce OTjara BbPXY MOJIOKKATa BbB
BUJI HA TUaMaHTeHO nokpuTHe [27]. HoBoTo o0opyaBaHe M M3MOJI3BAHETO HA JOMMBIHUTEIHA
ria3Ma IO3BOJISIBA MOJYYaBaHETO Ha MOKPUTHS C TMO-OCTPU PEXKEIM PbOOBE M OIle TO-
BUcoka TpaiHocT. [lo manHW Ha peauna ¢GUPMH W M3CIEIOBATENM TpaWHOCTTa Ha
HaIJIACTEHUTE MHCTPYMEHTH C€ yBenuvana ¢ 2,5 - 5 mbTu. M3non3BaHeTo Ha T€3U METOIU 3a
CTOMAHEHU WHCTPYMEHTH € 3aTPYJHEHO MOpajyd BHUCOKUTE TeMIIEpaTypH Ha OTJIaraHeTo U
HE0OXOAMMOCTTa OT ChUETABAHETO MY C TepMOOOpaboTKaTa Ha cToMaHuTe. HegoctaTbk Ha
TE€3U METOJM € M CKBIIOTO U CIOXKHO oOopyaBane. [IpeaBu 3ApaBOCTIOBHUTE M €KOJIOTUYHU
M3UCKBaHMs, B TMOCJIEAHOTO JAeceTwiieThe ce Hainara npemuHaBane or CVD ksm PVD
texHosiornu. Boxemo B cBeta € obopyaBaneTo Ha ¢(upmurte ,, bammeps”,"Jlenibonn
Xepeyc", "bepuekc", ,,Comno” u ap.
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®ur 4. CVD meroam - Memanokepamuuna cniaé a/ ¢ eOHOCIOUHO 6/ ¢ MPUCIOUHO
NOKpumue - npeoumMcmea — Modxce 0a ce HAHACA 6bpXy OCMpuU pbOOGe, UMA HAMUCKOBU
OCMAMbUHU HANPENHCEHUS, - He0OCmamvyu — no-ciaba aoxesus. ¢ OCHO8AMA U HEPABHOMEPHA
oebenuna.

- Qusuuecko omaazane om naposa gasa - PVD memoou. ToBa ca HUCKO

TEMIIepaTypHU BaKyyMHH METOJU, IPU KOUTO IIOKPUTHUATA C€ IIoJydyaBaT 4Ype3
¢du3MYeCcKo OTiIaraHe Ha mapu BbB BakyyM mipu temreparypu no S00 -700°C. 3a mokpurue
Haii-uecto ce u3noa3sa TiN. IIpouechT ce CbCTOM B U3MAPEHUETO HA €UH OT pEareHTHUTE,
"Ti” 1 chenMHSABAHETO MY C APYrus peareHt, “N”, KOWTO ce BKapBa BbB BaKyyMHaTa KaMmepa.
I[Mokputusita ca c¢ npedbenuan or 1 - 30 um u He OTCTBIBAT MO TBBPAOCT H
M3HOCOYCTOMYMBOCT Ha MOKpUTHUATA, HaHeceHH upe3 CVD wmeroaute, uiu mjiasMeHa
MeTaju3aluus, HO HMMaT MHOIO JPYrd MpPeJuMCTBa, KOETO THM HpeBpblla B Hail-
HNONYJISIPHUTE M Pa3NpOCTPAaHEHHM METOJIM 3a OTJIaraHe Ha NOKPUTHUSI HE CaMO BBPXY
UHCTPYMEHTH, HO U C Hall-pa3IMyHO NpeHa3HaueHue. Te3n mpeauMcTBa JOBEXKIAT 0
HaMaJIsIBaHE Ha CHJIMTE U TeMIleparypara 0COOEHO NMpH CyXo M rpaHu4HO TpueHe[9] u
MOBHUIIaBaHE HAa W3HOCOYCTOMUYMBOCTTA Ha HamjacTteHute uzaenus c¢ 1,5 - 5 mptu. B
3aBUCUMOCT OT HauMHa Ha MOJy4YaBaHETO HAa TUTAHOBUTE MOHM M Mapu METOIUTE CE
pa3zeNnaT Ha JBE OCHOBHU TPYyNH: C TEPMHYHO H3MapeHHe (eIeKTPOHHO IbYEBO,
eJICKTPOIBTOBO W JIp.) W C KAaTOJHO pasmpamaBaHe (4pe3 HoHHa OomOapampoBka). U
JIBETE TPYNH BKJIIOYBAT HOHM3MpaHE HAa MaTepuajuTe 3a HaHACAHE Ha MOKPUTHUSITA, KATO
[0 TO3M HAayWH MpeaaBaT MO-BUCOKA €HEpPrus U MO3BOJIABAT MPOTHYAHE Ha peakuusTa
npu HucKkM Temneparypu - 500 - 600°C. JlebenunaTta, TBBPJAOCTTA, ChCTaBa W
KpUCTaJHUSl CTPOEK Ha MOKPHUTHSATA CE OMpEeAeNaT OT MPOABJDKUTEIHOCTTAa Ha Ipoleca,
TeMIepaTypaTa M CTENeHTAa HAa HOHM3aIlMs HA METANHHTE Hapu. VoHm3amusaTra Biuse U
BbPXY MpEINoYUTaHaTa OPUEHTAIMS Ha KPUCTAINUTE B MOKPUTHSATA, KOSATO € KpUTEpHH 3a
TPUOOJOTUYHUTE UM XapaKTEPUCTHKU. Makap ue yBEIMYEHHETO Ha TBBPJIOCTTA IOKa3Ba
TEHJCHIIMS KbM yBEJIMYaBaHE Ha M3HOCOYCTOMYMBOCTTA, KOpealusaTa He e npska. Hanpumep
TiN nokputus ¢ opueHranus Ha kpucraiaure [2,0,0] ca mo-U3HOCOYCTOWYMBH OT TE3H C
opuentanus [1,1,1]. TouHOTO KOHTpOJMpaHE HA TOPHUTE MapaMeTpu obade € TPYAHO
OCBIIECTBUMO U 3aToBa Ipu PVD MeTonuTe HsiMa abCOMIOTHA BB3NPOU3BOIUMOCT.

BakyymauTe metoau 3a otnarane Ha mokputus PVD u CVD ¢ TexHuTe pa3HOBUIHOCTH:
PAPVD - ¢usnyno napHo otnarase ¢ miazmeHo noanomaraie ¥ PACVD - xuMu4yHO mapHO
OTJIaraHe C IUIa3MEHO TMOJANOMaraHe HMMaT pa3iIMYHU BB3MOXKHOCTH, MPOU3TUYAIIU OT
o0acTUTe Ha BapHpaHe Ha OCHOBHUTE TEXHOJOTMYHH NapamMeTpu. MHOroobpasuero Ha
(U3UKOXMMHUYHUTE MPOLIECH MPU U3MAPEHUETO Ha METAJIUTE, B3aUMOJICHCTBUETO C ra3oBeTe,
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METOJUTE 3a MpeHacsHe Ha HOHM3UpPAHUTE METAIHW Mapd U BHUJA HA KOHJICH3AIUATa
3aTpyAHABAT Ch3JAaBaHETO Ha eAuHHA Kiacudukamus Ha PVD merogure. Ilokazanara Ha
¢ur.2 TakaBa NPUHIMIIHO CE OCHOBaBa HAa OTAEIHUTE MPHU3HAIM, [0 KOUTO CE pearu3upar
eTaluTe Ha Tpolleca — HU3MApEeHue /paslpallaBaHe/, MpEHAcSHE Ha MapuTe, PEaKkIus ¢
rasoBete, BUj Ha KoHAeH3amwsTa [7,19 | , HO He ¢ mbJIHA M MMa 3a e Ja TMOKaKe caMo
OCHOBHHUTE Pa3HOBUJHOCTU Ha METOAMUTE B KOHTEKCT HA pa3jIMuuATa B IPOU3BOAUTEIHOCTTA
U e(peKTUBHOCTTA Ha MPOIIECUTE, ChbCTABa U CBOMCTBATA HA OTJIOKEHUTE MOKPUTHSL.

Upes PVD ce mnomyyaBar €QHO M MHOTOCIOWHM, HAaHOCTPYKTYPUPAaHU U TPAJUEHTHO
OpPUEHTUPAHU U3HOCOYCTOMYUBHU MOKPUTHSI C KPUCTAJIEH U aMOp(dEeH CTPOexK, C aIXe3UOHHA U
nudy3nonna Bpb3ka ¢ ocuoBara ot TiC, TiN, Al;O3, TICN, TiAIN, AITIN, TiCrN, TiZrMoN,
HfC, ZrC, ZrB, , ZrO,, B4C, SiO; SiC, HfO,, MoS; ,TiC- A;05-TiN, TiC- TiAIN u MH.1pyTH.

B 3aBucuMoOCT OT HaunHa Ha paslpailaBaHe Ha MeTanHus peareHT PVD Meroaute ca cbe
CIIEIHUTE PA3HOBHUIHOCTU: HOHHO /WM KaTOJHO/ paslpaliBaHe - JAUOAHO, C HHUCKOBOJITOB
IbIOB paspsii,c TIEell pas3psill, BUCOKOYECTOTHO[ 27], MarHETpOHHO; MOHHO IUIATHpaHE C
pa3iMYHM UW3TOYHMIM HA Tapu- TJeeml pa3psl, HUCKOTeMIlepaTypHa  IUia3Ma,
€JIEKTPOHHOJIBbYEBO HU3IIAPEHUE, EIEKTPOHHO JbUEBO C KyXW KaTOAM W JIp.; WM BaKyyMHO
TEPMHYHO  M3MapsiBaHe  /UHAYKUHUOHHO,  EJIEKTPOABIOBO,  EIEKTPOCHIPOTUBHUTEIHO,
€JIEKTPOHHOIBYEBO, B3PUBHO H Jp/.

PVD- metomuTe ce Hajarar Bce MOBedYe Mpe3 MOCIeAHUTE JaeceTmerus. Pazpaborenure
TEXHOJOTMM B Ta3uW 00JacT MO3BOJIABAT BCE IO-YCIEUIHO YIpaBIEHHE HA CTPYKTypara U
cBOiicTBaTa Ha mNOKpUTHATa. Hapen ¢ ToBa Te MMaT W peauiia HEJOCTaThLU KarTo
HEOOXOIUMOCT OT Jo0pe oOydeH mepcoHan, CKbIU W JACPUIUTHH MaTepuaid |
KOHCYMaTUBU 3a OTJaraHeTo M HEBB3MOXKHOCT 3a a0CONIOTHA BB3MPOU3BOJUMOCT Ha
pe3yaratute. MeToauTe ca BUCOKO NMPOU3BOAMTENHH, HO C€ pEaJU3UpaT uype3 CKbIO U
CIIO)KHO 00Opy/BaHe,a MOKPUTHATA HE BUHArM MOHACAT TOJEMH MEXaHWYHM M yJapHHU
HaToBapBaHus. Boaemmu B cBera ca pupmure ,,JIeitbonn Xepeyc” — ABctpus, ,,CaHIBUK” —
[IBenus, ,,bepuexc” — IlIBennapus, ,,Ankaren” — ®@panuus, ,, banuep3” — JIluxrexnmaiiy, ,,
TexBak” — Awurmms, ,Wuteparom, ,,YnBak”, ,Xaysep”,”Myntuapk”. TexHomorusra Ha
¢upma ,,Quest HiTUS” e ocHoBaHa Ha eBoJIIOLMATAa HAa TPaJUIMOHHATA MarHETPOHHA
TEXHOJIOTHS, IIMPOKO M3MOJ3BaHAa B MHIYCTPUAIHUTE U HAYYHO H3CIEIOBATEICKU CPEAH.
TexHomnorusTa 3a oriaaraie Ha ThbHBK “PQL” ¢uiM BbpxXy nmpegHaTa NOBbPXHUHA U PEXKEIINS
pBO Ha HHCTPYMEHTA C JUCTAHIIMOHHO FeHepUpaHa BUCOKA MJIa3MeHa MHTEH3UBHOCT J1aBa pej
IIPEIUMCTBA, KOUTO Ca HEJOCTHIIHUA 33 MarHETPOHHOTO pa3lpallaBaHe, HOHHOTO IJIaKUPAHE,
TEPMUYHOTO W3MapeHue U Xumudeckoto cBbp3BaHe Ha mapu/CVD/. HiTUS mnpormeca
OCUTYpsIBa BUCOKO KayeCTBO HA MOKPUTHATA C MOYTH HJeaTHU (PU3HMUECKU CBOMCTBA, MHOTO
HUCKH HallPEXEeHUs U OTJIMYHA aJIXe3Hsl.

o Enexkmpoguzuunu memoou - nokputusTa ce HaHacIT Ha Oa3aTa Ha

onpeneneHu ¢usnuecku mnpouecu.ToBa ca MarHUTHOMMITYJICHO, €JIEKTPOEPO3UOHHO,
€JIeKT-POHHOIBUEBO, CBETIIMHHOIBYECBO (JIA3€PHO) | IMJIa3MEeHO o0paboTBaHe.3a BCEKH METO/I
EHEeprusiTa c€ BBBEXKJAa MMIIYJICHO C MHOIO BHCOKa MOIIHOCT. Bceku meTon Moke na ce
U3II0JI3BA B JIBE HAIIPABIICHUS:

- TexXHOJIOTUYHHU MpOoIecH 3a MOAU(DUIIUPaHE Ha TOBBPXHOCTHUTE CJIOE€BE HA 3arOTOBKATa-
MOBBPXHOCTHO XMMHKO— TEPMUYHO 00paboTBaHe.

- TeXHOMOTMYHU TpolLecH 3a MOAU(HUIMPAHE HA XUMHUYHHUS ChCTaB HA MOBBPXHOCTHUS
CJIOM - JIOKQJIHO pa3TollsiBaHe, HOHW3HMpaHe, NPEHACSIHEe M OTJaraHe Ha M3HOCOYCHOWYHBH
TPYAHOTONUMH MaTepHalIH.

[To cBosiTa CHUIHOCT TE€3M METOAM MMAT CHIIECTBEHU pPa3InyMsi, HO TH CBbP3Ba €IHO —
JENCTBUE C BUCOKOKOHLEHTPUPAHU M3TOYHMIIM HAa TOIUIMHA, MOJYYEHH 4Ype3 OINpEAEICHU
¢busndecku ABIEHUS U npouecu. Hall-nmonynspHuTe OT T€3U METOMHU ca:
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-Memanusayuonnu memoou - TONy4aBaT Cc€ TMOKPUTHUS AaHAJOTHUYHM HAa T3 OT
ra3omlaMb4HOTO HAIUIACTSABAHE C Ta3W pa3jiMKa, Y€ C€ H3I0J3BaT JAPYrd H3TOUYHULHU Ha
TOIUIMHA.

-Enexmpooveoea memanusayus, TPy KOSITO U3TOYHUKA HA TOIIMHA € eNIEKTPUYECKA JIbTa.

-Ilnazmena memanusayus, KOSTO JaBa BB3MOXKHOCT 3a HaHACSHE Ha MOKPUTUSA OT
TPYAHO TOMMMMU MPAXOBE, KAPOUIU, HUTPHUIH ¥ OKCUJIH HATPYIHOTOIMUMHUTE METAIIN

['opuure Meroau ca OPUIOKHUMU 3a BB3CTAHOBSIBAHE HAa pa3MEpUTE Ha H3HOCEHU
[IAMITIOBH, MIAHIIOBH, (DOPMOBHYHU HHCTPYMEHTH U M3TErNISYHU MATPUIM, a CHIIO U 3a
[IPEIBAPUTEIIHO HaHACSHE HA MOKPUTHUS BbpXY TAX. OCHOBEH Mpo0OsieM Ha Te3u METO/HU €, ue
HAIUIACTEHUAT MHCTPYMEHT B IOBEYETO CIydyau C€ HYXKJae OT JOIbJIHUTEIIHA MEXaHUYHA
obOpaboTka.

- Enexmponnonvuesa, nazepna u macHumuo umnyicha oopabomka oOXBamia rpyma ot
METOJIM, OCHOBaHM Ha YIPaBIsEMO, BHUCOKOKOHIICHTPUPAHO, TOIUIMHHO, EHEPTUUHO
BB3JICHCTBUE C oJIIMa IUTBTHOCT B PE3YJITAT OT TPaHC(HOPMUPAHETO HA KHHETUYHATA CHEPIHS
Ha MOTOK OT EJEKTPOHHU IMPHU PA3KOTO CMaJaHE Ha BHUCOKAaTa UM CKOPOCT B MOMEHTa Ha
cOIbChKa B MaTepuaia Ha 3arotoBkara. ToBa ca MeTOAM, 3a NOBBbPXHOCTHAa 00paboTKa Ha
WHCTPYMEHTHUTE, MPU KOUTO TOIUIMHHOTO M HMIIYJICHO BB3JIEHCTBHE HA W3TOUYHHMKA Ha
EHeprus BOAM JI0O HU3MCHCHHE Ha (U3UKO-XMMHYHUTE CBOWCTBA W ysAKYaBaHE Ha
MOBBbPXHOCTTA HA HHCTPYMEHTA , KOETO BOJIHU A0 0130 3 MbTH MOBUIIABAaHE HA TPATHOCTTA .

- Enexmpouckpoeo nannacmsaeane(EH)- ocHOBaBa ce Ha Ipolieca eIeKTpUUecKa epo3usl B
ra3oBa Cpe/ia M Ce ChbCTOU B IPEHACAHE HA MaTepuaj OT HAIlJIACTABAIl €JIEKTPOJ BBPXY
HaIJIACTSBAHOTO MH3JENIME I0J JEHCTBUETO HAa MMIIYJICHU €JIEKTPUUECKU paspsiiu.
®opMHUpaHETO HA CIOSl MPOTHYA B YCJIOBUS HA JIOKATHO JEHCTBHE Ha BUCOKH TeMIIEpaTypu
(o 10000°C) n nansranus. [lox neficTBUETO HA UCKPOBUTE pa3psAu NIPOTUYAT CTOISBAHE U
U3MapeHne Ha eNEeKTPOJHUTE MaTepuanu, TUdy3us U XUMUYECKO B3aUMOJICHCTBUE MEXKIY
MaTepHaIuTe Ha aHOJa, KaTojJa U OOKpbKaBalllata ' cpejia U ce mojydaBaT pUKCUpaHU
BHCOKO-TEMIEPATypHU CBHCTOSHUSA, KpallHO HEpaBHOBECHU (a3u U CTPYKTYpH, KOHUTO
PA3KO TPOMEHST (PU3MKO XMMHYHUTE CBOWCTBA Ha TMOBBPXHOCTHHs ciioi. [lomyueHute
MOKPUTHSL C€ XapaKTepusupaTr cbhc 3ApaBa AU(PY3MOHHA BpPB3Ka C Marepuaila Ha
OCHOBaTa, BUCOKa IUIBTHOCT, PAaBHOMEPHOCT U J00pa IMOBTOPSEMOCT HAa KayeCTBEHUTE
XapaKTepUCTUKU. MeTOObT € yHUBEpCalleH — IMO03BOJIsIBA HAHACsSHE Ha IOKPUTHUS C
nedenuHa 3-200 pm oOT BCAKAKBM TOKONPOBOASAIIM MaTepuald, HO Haif-gecTo 3a
WHCTPYMEHTH C€ M3MOI3BaT TBHPAOCIUIABHU KOMIIO3UIIMOHHU MaTepuanu Ha ocHoBa WC, TiC
u TiN. OOopyaBaHETO M TEXHOJOTHATAa ca MPOCTH M JOCTHINHU.TBBpAOCTTA Ha
HaHECEHUsl yNTpaaucClepCUpaH TOPEeH Osa CIOW TocTUra 10 20.10°MPa, a TpallHOCTTa Ha
HaIJIacCTeHUTE u3zenus ce yrenuvana 1,5 - 4 mptu [20,29]. EH e ¢ u3kmounTenHo mupoka
o0JacT Ha MPUIOKEHHE, Thi KaTo € €AUH OT Hal-JIEKUTEe, MPOCTH M YHUBEPCATHU METOAU
3a JIOKAJHO HAaHACSAHE Ha W3HOCOYCTOWYMBU TIOKPUTHS, JaBall BB3MOXHOCT 0e3
0COOEHM TEXHHYECKHM YMEHHUs Ja Ce€ pelaBaT Hal-CI0XHUTE NpoldiieMu 1o
MOBHUIIIABAHETO HA TPAaWHOCTTAa Ha AETAWIU WM MHCTpyYMEHTH. OCHOBEH HEIOCTAaThK Ha
METO/la € HHUCKaTa MPOU3BOJUTEIIHOCT M TO-HUCKATa CTENEeH Ha I[OBUIIECHUE Ha
TpallHOCTTa, KOSITO IO MpaBU MO-MaJIKO MPUTOJEH 3a TOJEeMU CEepPUU HHCTPYMEHTHU B
CpaBHEHHE ¢ MeTaln3aunoHHUTE U PVD Meronu.

- Jlasepnomo u Enexmponno-nvueso ysxuaeane U HaIlUIacTABaHE Ca BUCOKOTEMIIEPATypPHU
METO/IM C BUCOKA CTEIMEH Ha JIOKAJU3alMs Ha MOKPUTHUATA TPU KOUTO KAaTO TEMIIEPATypHHU
M3TOYHUIIM CE€ HW3MOJ3BAT JIA3€pHU M €JEKTPOHHM JbuM. KpaTkara mpoabKUTETHOCT Ha
BB3/ICHCTBUETO BOJAU 10 PA3TOMSBAHE HA MOKPUTUETO, NMPEABAPUTEIHO HAHECEHO BBPXY
MHCTpyMeHTa 0€e3 Ja ce BiIMse BbpXY HETOBUTE CBOWCTBA. TOBa MM0O3BOJISIBA B TOBBPXHOCTHHS
CJIOH J1a ce Ch37aAaT MPUHIIUITHO HOBU CTPYKTYPHU CHCTOSIHHS- HApUMep U3apeOHsIBaHEe HA
3ppHaTa MOYTH A0 MPeXoa B aMOP(PHO CHhCTOSHUE, IPOHUKBAHE HA €IEeMEHTH OT MaTepHalia
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Ha TMOKPUTHETO B OCHOBaTa, oOpa3yBaHE HAa MHTEPMETAJOUIHU KapOUIU U XUMUYECKU
ChEAMHEHUS MEXIy €JeMEHTUTE Ha JiBoiikata martepuanu [30] m B kpailHa cMmeTKa - 110
3HAYUTEIHO MOBHIIIABaHE Ha H3HOCOYCTONYHUBOCTTA.

JlazepHUTE ABYU CE M3IOJ3BAT KAKTO 32 MOBBPXHOCTHA TEPMOOOpPAOOTKA, Taka U 3a
JOMBJIHUTEIHO YSKYaBaHe Ha HAHECEHH IIC APYr METOJ MOKPUTHUS, WU 3a HaHAcsHE,
AQHAJIOTUYHO Ha AU(Y3MOHHOTO HACHILAHE.

- Maenumnoumnyncnomo 6v30eticmeue YCHEIIHO C€ IMpWiara 3a IOBUIIABaHE Ha
TpallHOCTTa Ha METAJIOPEKELIUTE NUHCTPYMEHTU. IHCTpYMEHTUTE c€ BbBEXKIAT B MHIYKTOpA.
B pe3ynTar Ha BB3/1€HCTBUETO B MOBBPXHOCTHUS CJIOM Ha MHCTPYMEHTHUTE CE€ IMPEIU3BHKBAT
HeoOpaTUMU CTPYKTYPHH IIPOMEHH, BCJIEACTBUE HA KOUTO CE MOBUILIBAT €KCIUIOATAIIMOHHUTE
UM Ka4ecTBa.

ChopbKeHUATa 32 MAarHUTHO-UMITYJICHO 00pabOTBaHe ca JIEKU U MPeHOCUMH. Te chIbpikaT
reHepaTop Ha UMMYJICHHUS TOK BB30yAMTEN, MaTpUlla M JONBJIHUTEIHU EJIEMEHTH,
o0e3reyaBaniy MPOBEXIAHETO Ha MpoIieca.

[TonacrosimeM B cBeTa Hail-roiiMO BHUMaHHE ce oOpblia Ha TepmMuuHute, PVD u
eNEKTPOPUZNIHUTE METOIH.

[TonydyeHuTe MOKPUTHS UMAT Pa3qUUCH CHCTaB, CTPYKTYpa M IUTBTHOCT, a JeOenuHaTa
UM B 3aBUCHMOCT OT OCOOEGHOCTUTE HAa KOHKPETHHSI METOJ M YCTAaHOBKA 32 HaHACSHE MOKeE Ja
0bJie OT HAKOJIKO MUKPOMETPA 110 HAKOJIKO MUJIUMETpA.

Bpp3kara ¢ ocHoBaTta MOXe Ja ObJae aaxe3WOHHA /3ajieNBaHe HAa YacTHIMTE Ha
MOKPUTHUETO KbM OCHOBATa/ - KAKBATO Hail-uecTo € MPH BaKyyMHUTE METOIU U AU(PY3MOHHA
— Hali-4ecTo Npu TepMUYHUTE MeToau. CBOIMCTBATa Ha MOKPUTHUSATA, CE ONPEAEIAT IJIABHO OT
yCIOBHATa M (U3UKO-XMMUYECKHTE TPOLECH Ha B3aUMOJCHCTBHE MEXAY OCHOBaTa M
yacTULIMTE OT Nokputuero. [Ipu TepMuyHHTE M €NEKTPOPU3NYHM METOAM Ha TpaHHUIaTa
OCHOBA-TIOKPUTHE NMPOTHYAT AU(Y3UOHHU IpolecH, 00pa3yBaT ce XMMHUYECKH ChEIUHEHMUS,
TBBPAU PA3TBOPH U HOBU (ha3u, MPOMEHS C€ U CTPYKTYPHHS CTPOEXK U Bb3HHKBA MPEXOJHA
30Ha, B KOSITO MPOTHUYa 0O0eIMHEHNE Ha PA3HOPOJHU aTOMHU M HaMajsiBaHE Ha pa3NUYHsiTa B
CBOIiCcTBaTa Ha JBoiKaTa marepuanu, ToBa obe3nedaBa eqHa MO-3/IpaBa BPb3Ka C OCHOBATA,
OTKOJIKOTO MpPHM OCTAHAJIUTE METOJU U TU NPaBU MO-TOAXOAAIIM 3a paboTa C BUCOKH U
MPOMEHJIMBU yJIapHU HATOBAapBaHUs — INTAMIIOBU W IIAHIIOBU WHCTPYMEHTH, Gpe3u u
36001JI0aYHN KOJIeTIa, TPYOH peKMMHU Ha ps3aHe ChC CHEMaHE Ha rOJIeMH TPUOABKH.

HannacTeHusT cioil Hali-4e€CTO C€ ChCTOM OT JBE O YETUPH PA3JINYHU 30HU, HIKOU
OT KOMTO NPH ONpeAeTIeHH METOAN MOXKeE U Jia OTChCTBAT (ur. 5):

bs caoi

Monxenoi

TepMuyHO MOBJIMSIHA
30HA

®ur.5. Mukpocmpykmypa Ha nokpumue, noy4eHo 4pe3 8UCOKOMeMNepamyper Memoo
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['opHa - KOSTO MpU BHCOKOTEMIIEpAaTypHUTE METOJM HE C€ IOoJaBa Ha pa3spKIaHe U
U3IIIeK]IA KaTo Os1 cioid. T e ¢ BUCOKa TBBPAOCT U ChCTaBa U CE ONMPEIEs IIaBHO OT BUAA
Ha HAIUIACTSBAHUA MaTepHall U XUMHUYECKUTE ChbeJUHEHHS C €JIEeMEHTUTE Ha OKOJIHATA Cpela,
¥ 0COOCHOCTHTE Ha METO/a 3a HaIlJIaCTsIBaHE.

[Toxcnoit - Haii-yecTo TOBa € 30Ha Ha AU(PY3MOHHO HACHIIAHE Ha MOBBPXHOCTTA Ha
OCHOBaTa ¢ Marepuana Ha NOKpUTHETO. ChbCTaBbT Ha IOJCIOS HAl-4eCTO € CMEC, TBBPIU
pa3TBOpU U XUMHYECKH (MHTEPMETANOMIHHM) CBhEAMHEHUS MEXAYy JBaTa Marepuana u
eJIEMEHTUTE Ha OOKpBKaBamiara cpena. JleGennnata Ha Ta3u 30HA 3aBHCH OT METOAa 3a
HaHacsiHe (MPU HSAKOM METOAM TakaBa 30Ha HsAMa) M MaTepualuTe Ha cyOcTtpata H
HNOKPUTHETO. TBBPIOCTTA € MMO-HUCKA OT Ta3W Ha OenHs cJIol U ce T00IKaBa 10 TBBPAOCTTA
Ha OCHOBATA.

TepMUYHO-TTIOBIKMAHA 30HA - KOSTO CE€ MOSBSIBA MPU HAKOU OT METOJIUTE C BUCOKO
EHEpruiiHM M3TOYHUIM Ha TOIUIMHA, OCHOBAaHM HA HMITYJICHO-TEPMHUYHOTO BB3JECHCTBUE
BbpPXY Marepuaia Ha ocHoBaTa. JlebennHara Ha Ta3u 30HA CE OIpEJEs IJIaBHO OT CTENEeHTa
HAa TEPMUUYHO BB3JEICTBHE U CKOPOCTTA HAa HArpsABaHEe M OXJaXJaHe Ha cyOcTpara, a
TBBPAOCTTA U € CbU3MEPHMa WM [10-HUCKA OT Ta3u Ha OCHOBaTa. B moBeuero ciyyau tasu
30Ha MpPEJCTaBIsABa OTTPAT WU OOE3BBIVIEPOJIEH MaTepHall Ha OCHOBAaTa, B pe3yjiTaT Ha
IIPEMECTBAHE Ha BBIVIEPOJHUTE aTOMU 110 IOCOKA HA TOPHUS 051 CII0M.

Bceku oT TopHHTE METOM e OTIIMYaBa ChC CreNU(DUIHN 3aKOHOMEPHOCTH, OMPEIACIISIIN
ChCTaBa, CTPYKTYypaTa, CTpoexka U (U3NKO-MEXaHUYHHUTE CBOMCTBA HA HAHECEHUTE MTOKPUTHS
Karo (YHKIUS Ha YCJIOBHUATA 32 HAHACSHETO UM (TMapaMeTpuTe Ha paOOTHUS PEKUM U
MaTepuala Ha HOKPUTHETO). Bapupaliku ¢ Te3u mapaMmeTpu € Bb3MOXKHO TE€3U CBOMCTBa J1a ce
WU3MEHST B OMPEJICTICHU OT CHITHOCTTAa Ha METO/a TPAaHUIIH.

B nutepatypara chlmecTBYBaT pa3zHOOOpa3HM W MHOTOOPOWHU JaHHU 1O
M3y4aBaHETO Ha CTPYKTypara, CTPOEKa M CBOMCTBATa Ha HM3HOCOYCTOMYMBHU TOKPHUTHS,
HAaHECEHU Ype3 pa3IMyHU METOAU W MpHU pa3iuuHu ycioBus. [lo-romsimata yact ot Te3u
JJAaHHW C€ OTHACAT J0 KOHKPETHU PE3YJITaTHU IO OTHOIICHHE Ha HAIUIACTSIBAHUTE W3JEIHS,
pabotemu npu onpeaeneHu ycinopus. Onutu 3a 00001meHne Ha TOTYYSeHUTE pe3yITaTu
ca Hampasenu B [1,2,3,5,7,21,23,26,28,29,31], kbeTo ca AaJeHH HSIKOU OT OCHOBHUTE
3aKOHOMEPHOCTH Ha (opMHpaHe Ha MOKPUTUSATA, & CHIIO U MHOXKECTBO M3CIIECIOBATEICKU
JIAHHU 32 CBOMCTBAaTa M ChCTaBa HAa MOKPUTHATA, XapaKTepa U BUJA HA U3HOCBAHETO UM MIPH
Pa3JIMYHU YCJIOBHUSL M PE3YJATAaTUTE OT MPUIIOKEHUETO Ha HAIUIACTEHWUTE W3JENIUs, KaTO Ce
otuuta oT 1,3 mo 10 mpTM moBUIIaABaHe Ha TpaWHOcTTa. HezaBucMMoO OT TOBa
NpPOLIECUTE U MEXAaHU3Ma Ha U3HOCBAHE HA MOKPUTHATA B PA3JIMYHH YCIIOBUS HA TPUEHE
BCE OIlle HE ca J00pe M3y4yeHU M JIMICBAT JIOCTATHYHO JAHHU OTHOCHO BpB3KaTa MEXIy
BUJIa M XapaKTepa Ha M3HOCBAHETO U (PU3UKO-XUMUYHHUTE U (U3UKO-MEXAHUUIHUTE
CBOMCTBAa Ha NOKpUTHATA. 3a e(PEeKTUBHOTO UM H3IOJ3BaHE € Heobxoauma
uH(popMaIMsl 3a BHJIOBETE HM3HOCBAHE M paspylleHHe B Ipolleca Ha eKCIUIoaTalus B
3aBUCUMOCT OT MHOTOTO (DaKTOpPH KaTO: OTHOCUTEITHUTEC MEXaHWYHW HATOBAPBAHHS W
CKOpOCTTa; MaTepuajluTe Ha TpuemuTe ce [aBoMku u mnp. ToBa 3arpyaHsiBa
CHIIECTBEHO M3rpaXkJaHEeTO Ha o0ma mnpeacTaBa 3a METOAUTE, YCTAHOBKHUTE U
3aKOHOMEPHOCTUTE MIPH HAHACSAHE HAa U3HOCOYCTOMYMBHU MOKPUTHS U MPU U3HOCBAHETO UM,
a OTTaM W 00IIa METOJOJIOTHS U TPETOPHKU 3a MPHUIIOKEHUETO MM B MPAKTHUKATA, KOETO
OTrpaHMYaBa M BB3MNPENATCTBA OLIE MO-IIMPOKOTO UM Pa3NpPOCTPAHEHHE KATO CPEACTBO 3a
yAbJDKaBaHE Ha JKHBOTAa HAa MHCTPYMEHTHUTE M TMOCTUTAHE Ha 3HAYMTEIIHM WKOHOMHUM Ha
TPy, EHEprusi U Marepuanu. XapakTepHHU 3a BCUUYKHU MOKPUTHUS, HE3ABUCHUMO OT METOJa
3a HaAHACSHETO WM, ca II0-BUCOKAaTa WM TBBPAOCT, TEMIEPATypOYCTONYHBOCT |
M3HOCOYCTOMYMBOCT OT MaTepuajia Ha ocHoBara. [lo NaHHM Ha TOYTH BCUYKHU aABTOPH,
M3IOJI3BAHETO HA T€3M MOKPHUTHS MO3BOJsSIBA Ja C€ HaMaJAT CUJIHMTE Ha TPUEHE U
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TeMIIepaTypuTe B KOHTAKTHAaTa 30Ha, KOETO B ChYETAaHUE C BUCOKOTO CHIIPOTUBIICHHUE CPEILY
M3HOCBaHE, 3HAYUTEITHO 3a0aBsi Pa3BUTHUETO HA MOCIETHOTO BHB BPEMETO M MPOTUYAHETO HA
B3auMHaTa AuQy3us u agxe3us. CHIDKEHUETO Ha N3HOCBAHETO Ha U3/ENIUSTA C T€3U MOKPUTHUS
ce 00sCHsBA Hail-4eCTO ¢ BUCOKOTO UM CHIIPOTHBIICHUE Cpelly adpa3uBHOTO M3HOCBAHE
U CIIOCOOHOCTTA UM Jla e yAK4YaBaT B Mpolieca Ha TPUEHE.

Pa3npocrpaHeHnue HA MeTOANTE 32 HAHACSIHE HA U3HOCOYCTOMYNBHY MOKPUTHSA Y HAC

Y Hac HM3HOCOYCTOMYMBHUTE MOKPHUTHS, HE3aBUCHMO OT CPABHUTEIHO IIUPOKOTO CH
NpUJIIOKEHNUE, BCE OLIE HE ca HAMEpWUJIM I[I0JlaraloTo UM ce wmsacto. Teopusta u
MpakTHUKaTa Ha METOAMTE 3a IOKPUTHS € PA3KO Hamaisiga W no3zadpaBeHa. Hamwure
TEXHOJIOTUYHU IIPOLIECU ca Jajieye Ha3zaJ OT CBETOBHUTE aHaio3u. IIpouecure ce peanusupar
Ha CBIIECTBYBAIIOTO CTapo OOOpy/ABaHE, KOETO € C HUCKM BB3MOXKHOCTU. Hamuunute B
u3cJeoBaTeNcKara JIeHHOCT JOCTHMKEHUS HE CE BHEIPSBAT MPOMUIIEHO, @ B IOBEYETO
Clly4ad OCTaBaT caMO Ha XapTHs U Ha JabopartopHu oOpasuu. Yecto u3cienBaHusATa Ha
OTJEJTHU €Taly Ha TEXHOJOTUYHUTE MPOLIECH Ce U3BBPIIBAT 0€3 BPBh3Ka C OCTAHAIMNTE CTAIlH.
Jluncea opueHTalus KbM IPAKTHKATA.

Haii-pasnpocTpaneHuTe y Hac ca KOHBEHLHMOHAJIHUTE €JIEKTPOMXUMUUYECKH METOJIH,
KOMTO BCE OIl€ NpoAbJDKaBaT naa ce usnonsyear. OmpenereHo MsICTO B Haliara
UHJYCTpUS 3a€MaT METOJAUTE 3a AU(Y3MOHHO HAHACSHE Ha NOKPUTHUSA, OT KOUTO Hail-
MOMYJISIPHU ca:

-Jludy3nonnoro Hacumane ¢ Cr, MpuU KOETO C€ HM3IOJI3BAT MpPaxoBe OT (HEepoXpoM U
akTuBaTOpH. Ha moBBpXHOCTTA HA MHCTPYMEHTAJIHUTE CTOMaHU ce o0pa3yBa CIOH ChC
CIIO’KEH CTPOEX OT HUCKOBBbIiepoaHu kapouau ot tuna(Fe,Cr)23Ce | (Fe Cry7Cs u npyru
nogo0HU, KaTo TBBPAOCTTAa MYy MOXKE Ja JOCTHUTHE 0 16.10> MPa. Axo npu
xpoMupaHeto ce wusnon3Ba u amoHueB xuopua (NH4Cl), To npu HarpsiBaneto
MOCJIEHUAT C€ pasjlara, KaTo Ce€ IOoJIydaBaT JONBIHUTEIHO KapOOHUTPUIM OT THUIA
Fea(NC)s m Fey(NC), xouTo oIne IMoBedYe IMOBHINABAT HM3HOCOYCTOWYMBOCTTA Ha
MOKPUTHUATA.

-Jlu¢y3nonHoTo TuTaHUpaHe ¢ npaxoBu cmecu[24], crerosuu ce ot Ti u TiO, obe3neuana
nony4asaseto Ha cnoit ot TiFe, TiC u FeTi, ¢ MUKpOTBBpIOCT A0 18.10°MPa n neGenuna 10
0.3 MM, TOAXOAAII 32 YCIIOBHUS HA CYyXO ¥ TPAHUYHO TPUEHE.

- Jlu¢y3noHHOTO GOpUpaHe € €IUH OT MOMYJISIPHUTE y HAac METOJIM IMOpaaMu BHCOKaTa
TBBP/IOCT, U3HOCOYCTOWYMBOCT U TEMIEPATypOYCTOMUMBOCT Ha NoJyuyeHUuTe nokputus. [lpu
HacHIllaHE Ype3 Ta30BO-KOHTAKTEH METOJ B MIPAXOBU CMeCH, ce o0pa3yBa CIIOi, ChbCTaBEH OT
Fe-B, Fe;B4(Fe,Cr),B ¢ TBBpIOCT 10 18.10°MPa. Bopupanero nmosumasa 10 40% skocTTa Ha
CTOMAaHHUTE U 3HAYUTENHO — JI0 JBa IbTU CHUKABA TAXHATa MJIACTUYHOCT U SIKOCT Ha yzaap. 3a
n30sArBaHE Ha KPEXKOCTTa C€ MpOBEXIa €IHOBpeMeHHO HacumaHe c¢ B-Al, uwmu B-Cu c
nedenuHa Ha ciog 10 0.1mm.

Te3u mokpuTHUs ce OTIMYABAT C BUCOKA a0pa3vBHA M3HOCOYCTOWYMBOCT. V3Mos3BaHeTO UM
BOJAM J0 HSIKOJKOKPAaTHO YyBEJIMYEHHE Ha TpallHOCTTa Ha MHCTpyMeHTuTe. ChBpEMEHHOTO
Oopupane ce u3BbpiIBa B paciiaB ot B4C (40%) u 60% NayB4O; nmpu temmneparypu oT
nopsirbka Ha 900°C WM MPOABIDKUTENHOCT Ha IMKBIa 4-8 waca. B To3m ciydail B cios ce
HaOromaBat Tpu 30HH. ['opHara ce chctoum oT FeB m FepB, mexmunnara ot Fez(BC) —
OOpHIEH LEMEHTHT, a JI0JIHaTa OT 00e3BbIVIEpOJIeHAa CTOMaHa. Y Hac € pa3lpocTpaHeHa U
Jpyra pa3sHOBHUIHOCT, H3pa3siBallla ce B OOMa3BaHe Ha U3JEIMETO CbhC CIelHaTHa
OopchIbprKalia racTa v MociieBailo HarpsiBaHe.

- JIpyr usnon3yBaH METOJ] € XUMHYECKOTO oTiaraHe ot naposa ¢aza (CVD). ¥V nac Tto3u
METOJI C€ pealu3upa upe3 HAKOJIKO YycTaHOBKM Ha ¢upmure ,banmeps”,"Jleitbonyg
Xepeyc", "bepHekc" , KaTo Te c€ M3MOJ3BAT IJIaBHO 3a HAHACSHE HA IOKPUTUSI BBPXY
TBBP/U CIUIaBH.
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- M3nmon3Bar ce M MeTaau3allMOHHUTE METOJM, KOUTO HaMHUpaT HPUIIOKEHHE 3a
HAaHACsHE HAa M3HOCOYCTOMYMBHU MOKPUTHUS U PELUKIMPAHE HA W3HOCEHW JETailiiu, KaTo
pasnpoCTpaHEHUE ca MOJYYWIM Ta30IUIaMbYyHOTO, €JIEKTPOJBrOBOTO M IIa3MEHO
HaljacTsBaHe. Upe3 Te3u METOAM CE€ HaHacAT IOKPUTHS HE caMO BbpPXY CTOMAaHHU, HO H
BbpXY IUIACTMAcCH, ABPBO U Jp. U TO BBPXY U3AENHUA C BCAKakBa (Gopma u pasMepu.
[TonyuenuTe MOKpUTHUSA ca C NO-BUCOKA TBBPAOCT U U3HOCOYCTOMYMBOCT, OTKOJIKOTO MpHU
IU(QYy3MOHHOTO HacHIlaHe, a pAebeluHaTa MM B ONpeJeNeHU ciydah AOCTUIa [0
HAKOJIKO MuimMeTpa. [lo-rossiMaTta 4act oT T€3M METOAM CE pealu3upa Yype3 IpoCTO, EBTUHO
U JIOCTBIIHO 00OpyJBaHe. YCTaHOBKUTE ca JIEKM M INopTaTuBHU. HemoctaTbuu Ha Te3u
METO/JY Ca HEPAaBHOMEPHOCTTA M BHUCOKaTa rpanaBoCT HAa MOKPUTHUATA, KOETO BOAHU 10
HE0O0XO0IMMOCT OT AONBIHUTENIHA 00pabOTKa, a ChIO U BUCOKHUTE LICHU HAa IIPaxoBeTe,
U3IO0JI3BAaHU 3a IOKPUTHS, OLIE IIOBEYe, Y€ B IIpolleca Ha HAHACSIHE CE€ pa3NuiIsBaT
3HAYUTEITHU KOJIMYECTBA OT TX.

¢ O@usuyeckoTo oTiarane oT mapoBa ¢aza (PVD) y Hac ce peanusupa TIIaBHO
ype3 pyckute yctaHoBku "bymar" u "Ilyck", Owarapckute "Turtan", aHrmuiickure
"TekBak", aBcTpuiickure "Jleibona- Xepeyc" u aAp., KOUTO HU3NBIHSABAT HOPBUKHU 3a
HaIUIacTsBaHE HAa PAa3JIMYHU U3JEus.

®ur.6. bvaeapcka ycmanosxka 3a PVD nokpumus ¢ Xubpuonu 8axyymHu mexHoaio2uu 3a
e1eKmpo0b2060 U3NApsABaAHe U MacHempoHHO pasnpauisane — ep. Pyce

[Tonacrosimem y Hac mo PVD MeTonnuTe U TEXHOJOTUUTE C€ MPOBEXKAAT U3CIIEI0OBATEICKH
paboTH B HAKOJKO Hay4yHU 3BeHa /5-6 Ha Opoii/. 3a chkajeHue JeMHOCTUTE Ha T€3H 3BEHa He
ca CTHUKOBaHHM, 4YacT OT paboTtuTe ca AyOnMpaHu, a TNPAKTUYECKUTE pe3yaTaTH ca
HE33/10BOJUTENHU. TpH opraHuzanuy y Hac MPOM3BEXIAT M Ipeiarar 3a npoaaxou PVD
YCTaHOBKH, KOUTO C€ pa3iinyaBaT MO0 HauMHA Ha M3MApeHue, MpPEeHacsHE UM KOHJEH3alus Ha
napute, obemMa Ha pabOTHUTE KaMepH W CTENeHTa Ha aBTOMATH3alUs W TEXHOJOTWYHATa
o0e3neueHoct- ¢ur.6 u 7. Pe3ynraTh Ha BHCOKO HAay4yHO HHBO IMOCTUTHaxXa YYEHUTE OT
Pycenckus texumuecku ynuepcuter /HI[ BTC mpu PY “A.Kenue”/. B HLIBTC xbM
karenpa MTM ca pa3paboTeHr HOB THIT CHOPBKEHHUE W TEXHOJOTHUYEH IMPOIIEC 3a HAaHACSHE
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Ha BaKyyMHHM MHOI'OCJIOHHM HAHOCTPYKTYpUPAaHU TBBPAM H3HOCOYCTOHYMBU IOKPUTHUS Ha
ocunoBara Ha TiN u CrN. [Tony4yenu ca MHOTOCIIOMHN HAaHOCTPYKTYPUPAHU NOKPUTHS OT BHJIA
TiN/CrN u CrN/TiN upe3 eaHOBpeMEHHa M IIOcjeaoBareilHa paboTa Ha JBa THIA
IUIa3MOTPOHU - enekTpoabsroros /ARC/ u maruerponen /MS/- ¢ur.8 .

®ur.7. Asmomamuzupana npoMUUIEHA YCMAHO8KA U MEXHONO02USL 3d eleKmpPo-0b2060
nanacsime na mevpou nokpumusi om TiN, CrN, ZrN, Ti(N,C), Cr(N,C), Zr(N,C), (TixAl1-x)N
8bPXY pedcewy UHCMPYMERmu, npec-ghopmu, cepeoid, mampuyu u op.- 2p. Iosous

®ur.8. [lpunyunna cxema na komournupan MS/ARC memoo 3a nanacsine na
noxpumusi[19].

. EnekTporckpoBOTO HamIacTsIBaHE € METO/I, KOMTO € 100pe Mo3HaT U uMa

HIMPOKO pa3NpoOCTpaHEHHWE y HAac M B JBET€ MYy OCHOBHM Ppa3HOBHIHOCTH:
BHOpAIIMOHHO ¥ OE3KOHTAaKTHO, YHWHUTO TIPEACTABUTENH ca OBjarapckutre QamMuauu
yctaHoBku "Uckpornact" u "Enga". Ilpu ycranoBkute "Enda" [20] ce u3mon3sBat
U3TOYHUIIM C HUCKO EHEpPreTMYHM HMIYJICH, KOUTO I103BOJIABAT MOJy4aBaHETO Ha
IUTBTHU U PaBHOMEPHU MOKPUTHUsS ¢ HUCKaA rpanaBocT (Ra ot 0,3 ym; u gebenuna 3- 5 pm,
1o Ra=2 pm; um pgeGemmna 5-15 pum. Be3KOHTAKTHUAT METOJ MO3BOJABA IbIIHA
aBTOMaTH3allMs Ha rpoleca HaMmepuia u3pas B MmamuHute ¢ CNC ynpasienue "Enga-731".
IIpu ToBa, Bapupallku ¢ peXKUMHUTE 3a HalJlacTsBaHe M MaTepualuTe Ha
HaIJIACTABAIIMTE €JEKTPOAM MOXKE Ja Ce€ IMOoJIydaBaT IOKPUTHUS C TPEIBAPUTEIIHO
3a/1aJIeHU Ka4eCTBEHHU M0Ka3aTeNlH, CbCTaB, CTPYKTypa U CBOMCTBA.

Upes BHOpallMOHHUTE YCTAHOBKH C€ MOJydyaBaT MOKPUTHUA C MO-TroyisiMa Jie0enuHa - 110
50 pm, HO M mo-BHCOKa rpamaBocT. Te ca JeKku, yqoOHH M PBUYHO NPEHOCUMH, HO
napaMeTpuTe Ha MOKPUTHATA HIMAT 100pa Bb3MPOU3BOAMMOCT.
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Hsakou nacoku npu u3oopa na memoo 3a nOKpumue Ha UHCMpPYyMeHmu

KakTto ce BuXkIa, BCEKM €IUH OT TIOPHHUTE METOAM HMa CBOU IIPEIUMCTBA U
HEJ0CTaThLIM, KOUTO I'0 IPABSAT MOBEYE, MU MO-MAJIKO MOIXOASIIL 3a PA3IU4YHU 00JacTH Ha
npuioxenue. HUTo equH OT Te3u METOAM HE € YHUBEPCAJIEH U BCEKH OT TSAX B ONpPEIEICHU
KOHKDPETHH YCJIOBHS U 34 OIIPEAECICHU HHCTPYMEHTH MOXKE J1a C€ OKa)ke I10BeYe, UK 110~
Manko e(peKTUBEH OT APYruTe. 3aToBa M BCHUUYKU TE CHINECTBYBAT B apceHalla Ha
MHCTPYMEHTAJIHATA IPOMUILIIECHOCT.

3a u300pa Ha HAW-TIOJXOMASALIMS METOJ 32 HAaHACSIHE HAa M3HOCOYCTOMYMBHU MOKPHUTHUS 3a
KOHKPETHH IPOM3BOJCTBEHHM YCIOBHMS € HEOOXOOMMO Ja C€ HampaBAT CbOTBETHU
TEXHOJOTMYHH UM UKOHOMMYECKH DPa3dyeTH KaTO C€ HM3XO0XKJa HE CaMO OT CTEIEHTa Ha
IIOBULICHUE HA TPAHOCTTA CJIe] HAIUIACTSBAHETO, HO U OT:

-XapaKTEePHUTE OCOOCHOCTH, MPEAUMCTBATa U HEJOCTATHIUTE HA METOJIUTE U CBOMCTBATa
HAa MOJyYEHUTE C TSIX NOKPUTHS U IPUTOJHOCTTA UM 32 KOHKPETHUTE YCIOBHS HA PA3AHE;

-CJI0KHOCTTA Ha 000PYIBaHETO U TEXHOJIOTMUTE, IPOU3BOJIUTEIHOCTTA U LIEHATA MY;

-IIPOM3BOJICTBEHUTE Pa3XOAH 3a HAaHACSAHE HA IIOKPUTHATA;

-BujJa, ¢popmMaTa U pa3MepUTe, KOJIUUECTBOTO U lLl€HaTa Ha MHCTPYMEHTHUTE,KOUTO 1€
ObJaT HAIUIACTSBAHU;

- Bb3MOKHOCTHUTE 32 YBEIWYEHUE HA CKOPOCTTa HAa 00paboTKa /MPOM3BOJUTEIHOCTTA HA
npolieca/ Ipu ChIlaTa, UiK M0-BUCOKA TPAHHOCT HA UHCTPYMEHTA CIPSIMO HEHEIUIACTEHUS .

[Ipu yHuBepcallHUTE HMHCTPYMEHTH € IO-1I€JEChOOpPa3HO H3MOJI3BAaHETO HAa MO-€BTUHU
MaTepUaIu U NOKPUTHUSA ¢ KOMIIPOMHUC 1O OTHOILIEHUE Ha E€KCIIJIOATAlMOHHUTE UM KauecTBa, a
IIPU CHEUUATHUTE BUCOKONPOU3BOAMTEIHN HHCTPYMEHTH 3a MAacOBO IIPOM3BOJCTBO CE
U3IOJI3YBAT IMO-CKBIIM MAaTepUaIM M METOOU C LEJ B IIO-BHCOKA CTENEH Ja C€ W3I0JI3BaT
€KCTPEMHHUTE €KCIUIOATAllMOHHU Bb3MOKHOCTH HA UHCTPYMEHTHUTE.

N3xoxmailku OT ONMCaHUTE MO-TOpe OCOOEHOCTH Ha METOJIUTE, MOrar Jia ce mocoyar
CJIEAHUTE MPENOPBUYUTEIHH 00IaCTH 32 U3MOI3BAHETO UM:

- CVD metoau — riaBHO 3a TBbPAOCIJIABHU HHCTPYMEHTH 332 HEMPEKBCHATO MOJYYUCTO U
YHCTO psI3aHe Ha CTOMaHH, YyT'yHH, IBETHU CIUIaBH, IPECOBAHU KAPTOHU, OAKEIIUT,IIIACTMACH
IPYU BUCOKHM CKOPOCTH, CPETHM U HUCKH CTOMHOCTH Ha MOJABaHETO U ABJIOOYMHA HA ps3aHe
10 3-4 mm. [loaxoasiiiy rIaBHO 3a 3aBOJIM IPOU3BOJUTENN HA TBbPAOCIUIABHU HHCTPYMEHTH.

- PVD meroam — mnpeaMMHO 3a HMHCTPYMEHTH OT OBp30pekeld U HHCTPYMEHTAIHU
CTOMaHW, HO Ca MOAXOAINM M 32 TBBPAOCIUIABHM HMHCTPYMEHTH 32 HENPEKbCHATO M
IIPEKBCHATO C JIEKU YAApHU HATOBapBaHUs, MOJYYHUCTO U YUCTO psA3aHE HA CTOMAHU, YYT'yHH,
[[BETHU CIUIaBH, MPECOBAHU KAapTOHU, OAKENIUT,INIACTMACH IPHU BUCOKH CKOPOCTH, CPEAHH U
HUCKHM CTOMHOCTH Ha MOJAaBaHETO W AbJIOOYMHA Ha ps3zaHe 10 3-4 mwm. Ilopaau Bucokara cu
IPOM3BOJIUTEIHOCT €a MOAXOJAIIM KaKTO 32 3aBOJM IMPOU3BOAUTENN Ha OBpP30pEkKeld U
TBBP/OCIUIaBHU MHCTPYMEHTH, TaKa U 3a MOTPEOUTENTH HA rOJIEMU KOJIUYECTBA MHCTPYMEHTHU
— CBpeIUIa, 3eHKEPH, METYULIU, IPOTSHKKU, CTPYrapCKU HOXKOBE, OMAIIKOBU (hpe3H, CMEHSIEMH
TBBPAOCIUIABHU IIACTUHW U MOHOJMTHHU TBBPIOCIUIABHM MHCTPYMEHTH. Mertonurte naBar
BB3MOKHOCT 3a YBEJIMUEHUE HA CKOPOCTTA HAa psI3aHE IIPU ChLIaTa, WU I10-BUCOKA TPAHHOCT
OT Ta3u Ha HEHAIUIACTEHUTE MHCTpyMeHTH. [lokpuTuara nonydenu upes paznuuaure PVD
YCTAaHOBKM Ca IPHUHIMUIIHO PaBHOCTOWHHM, HO KA4ECTBEHUTE UM XapaKTEPUCTUKHU
3aBHCAT OT OCOOEHOCTUTE Ha METOJa M Bb3MOXKHOCTUTE 3a PETyJIHpaHe Ha mpoueca. Taka
HallpUMeEp paslpallaBaHeTO € IMOAXOMAIIO 3a MHOTOKpPaTHH CEpUM U U3ACIHS, a
U3MApUTEIIHUTE MPOLECH - 3a M3JENMs ¢ pa3nuyHa ¢opma U pasMmepu. TpsabBa na ce mma
npeasuz, ye PVD Meroaure Bce olie HE ca YHUBEPCAJIHOTO CPEACTBO 3a YBEIMYECHHE Ha
TpaiiHocTTa. Ha mbTS Ha MacoBOTO MM BHEApSBAHE MMa OIl€ MHOTO HEpelIeHU MpoOIeMHU
KaTo BHCOKaTa II€HA U CII0KHOCT Ha 000pyIBAaHETO, HEOOXOIUMOCTTA OT MPEABAPUTEITHO U
MOCJIEABAILO [TOYACTBAHE HA MWHCTPYMECHTHUTE, CPABHUTEIHO THHKUTE IOKPUTHS, IIPH KOUTO
JOITYCTUMOTO M3HOCBAaHE HE MOXke Ja npesumiasa 0,5 MM, 3aTpyJAHEHOTO HaIIaCTSBAaHE Ha
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CJIO)KHU BJUTBOHaTH (hOpMH, HENbIHATa IOBTAapAEMOCT Ha KauyecTBaTa M CBOMCTBAaTa Ha
NOKPUTHTA, CKIIOHHOCTTA KBbM HAIyKBaHE M OTCIOSBAHE Ha IMOKPUTHUATA MPH MO-TEXKKH
YCIIOBUS Ha psi3aHe U Jp.

- Tepmuunu wmeromu — OT TAX HaW-TOAXOMAIIO 32 HHCTPYMEHTH € IUIA3MEHOT
HamiacTsBaHe. Moxe Jja ce M3MOoJI3Ba KakTO 3a MPEJBAapUTENIHO HAIUIaCTsABaHe, Taka U 3a
pEeLMKIUpaHe Ha M3HOCEHH HMHCTPYMEHTH. Hanmmunero Ha NpPEeHOCUMH YCTAaHOBKHU IPaBH
Bb3MOKHO HAIUIACTSABAHETO Ha TOJIIMOrabapUTHU U TPYAHO AEMOHTHPYEMH MHCTPYMEHTHU Ha
msicto. Haii-nienecho0pa3Ho € U3MOI3BaHEeTO Ha METOAUTE 3a MPECOBH, LIAHIIOBH, IITAMIIOBU
U (OPMOBBYUHU MHCTPYMEHTH, a ChLIO U METAIOPEXKELI HHCTPYMEHTH OT MHCTPYMEHTAIHU
CTOMaHHM M TBBPJU CIUIaBU — HOXOBE, (hpe3u, 3600/1bI0AUHN KOJIeNa U Jp., padoTeImu mpu
BUCOKHM yJIJapHU HaTOBapBaHUs ChC CHEMaHE Ha rojieMH IpHOaBKU.

- Enextpodusnunn meromu — OT TAX HAH-TEKUAT, JOCTBICH M Hail-yHHBEpcalieH e
€JIGKTPOMCKPOBOTO HAIUIacTsBaHe. MoO)Ke Ja ce U3I0J3Ba BbB BCAKO IMPOMUILICHO H
PEMOHTHO TpPENNpHUATHE 3a TOBUIIABaHE HA TPAWHOCTTA HA BCAKAKBU HMHCTPYMEHTH OT
MHCTPYMEHTAJIHU CTOMaHM 33 HENPEKbCHATO U NMPEKbCHATO psA3aHE, C rojJeMU 00eMH CHET
MaTepHual, IO0-HUCKA W3WCKBAHUS KBM KAueCTBOTO Ha OOpa0OTEHHTE IOBBPXHUHH,
MaKCUMAaJIHH JIbJIOOYMHHU U MOJIABAaHUsI C YIapHU U BUCOKM MEXaHUYHHM HATOBAPBAHMsI, HUCKU
CKOpPOCTH, TOJIEMU CHUJIM Ha psi3aHe, KOBAaHU W JIETH 3arOTOBKU C TOJIEMH U HEPaBHOMEPHHU
npubaBKU, KOpU C TBBPJIM BKIIOYBAHMS, — HOXOBE, CBPEUIA, 3€HKEPH, pallObepH, BCHUKU
BUJIOBE (ppe3n, 36001bI0AYHH KOJIeNa, TIPECOBH, IMAHIOBH, (hopMooOpasyBaliy, U3TETIITIHI
U BaIlyBallM MHCTpyMeHTU. Ilpn TOBa € AONYCTMMO M YBEIMYEHHME Ha CKOpPOCTTa Ha
obpaborka 10 20%. OcHOBEH HeNOCTaThK Ha METOJa € HHCKAaTa MY IPOU3BOIMTEIHOCT,
1opaju KOeTo TOM He € MOAXO/AII 32 33 FOJIeMU KOJIMYECTBA U CEpUU MHCTPYMEHTH, 0COOEHO
TE3U C MO-MaJIKH Pa3MEpH — CBpPEJia, METUYHIIM, OTAIIKOBH ()pe3u,a ChII0 U 32 HHCTPYMEHTH
3a yucToBa 00pabOTKa Mopaju MO-BUCOKATA IPANlaBOCT Ha MOKPUTHUSATA.

-ChI10 Taka JIECHO ¥ YI00HO € MarHUTHO-UMITYJICHOTO TpETHpaHe, MpeIHa3HAYeHO TIIaBHO
3a ONAIIKOBU MHCTPYMEHTHU. T03HM METOJ JjaBa Bb3MOXKHOCT 3a 00pa0OTKa U Ha HHCTPYMEHTH
C TIPEIBAPUTEITHO HAHECEHH MTOKPUTHSI, KOETO OIIe-TIOBEYE YBEIINYaBa TPAHHOCTTA UM.

M3non3BaHeTo Ha Jpyrure eiaeKTpOPU3MUHM METOAM — JIa3epHO, EJIEKTPOHOIBYEBO,
€JIEKTPOMMITYJICHO HAIJIACTSBaHE TIOPAIy BUCOKATA IIEHA U CI0KHOCTTA Ha 000pyABaHETO OU
MOTJIO J1a ObJie €(DEeKTUBHO B ONpPEe/IeH KOHKPETHHU CIIydau 3a TOJIEMH KOJUYECTBA €THAKBU
UHCTPYMEHTH.

- OT XMMHMYHHMTE METOIM Hal-1ienecboOpasHM U MKOHOMMYECKH H3TOJHHM, OCOOEHO 3a
roJIeMH KOJMYECTBa HHCTPYMEHTH ca a30THPAHETO M KapOOHUTpUpaHeTo. Te ca Mmo-eBTHHH U
NPOM3BOIUTENHN B cpaBHeHUEe ¢ PVD u TepmuunutTe meronu. Moxe J1a ce M3MO0JA3BaT MpU
UHCTPYMEHTH OT MHCTPYMEHTAJIHM CTOMAaHM KaTo CBpeAjia C MaJKU U CPEeIHHU IAUAMETpH,
3eHKEpH, paiidepu, MeTYWIH , OmamkoBW ¢pe3wm u ap. HesaBucmmo, 4ye cremeHTa Ha
MOBMIIIEHHE Ha TPAHHOCTTa € Mo-HUCKa B cpaBHeHue ¢ PVD, ninasmenure u enekTpopu3nyHu
METO/H, XUMUYHUTE METOIM IMOpaad TO-HHCKAaTa CH IeHa, BUCOKAa MPOHM3BOIUTEITHOCT U
BH3MOKHOCTTa Ja YsAKYaBaT MHCTPYMEHTH C MaJKM pa3Mepu 0e3 Ja ce 3aKkpbIyisaBar
peKeImunTe UM pHOOBE B peHIIa CITydan ca MKOHOMHYECKH TT0-M3TOAHU U ehekTuBHU. Brcoko
e(EeKTHUBHO € M M3IOJI3BAHETO UM MPU MHCTPYMEHTH 3a M3TEIJIAHE U (JOPMOBAHE Ha W3JENUS
OT I[BETHH METAJIH U CIUIaBH, a CHIIO ¥ 32 IIAHIIOBH W TPECOBH HHCTPYMEHTH.

- udy3nonnoro Hacumane ¢ Cr, B, 1 kapOuau Moxxe a ce U3M0J3Ba ¢ JOOpU pe3yiTaTu
32 BCSKAKBU NIAHIIOBH, INTAMIIOBH, TPECOBH BAJIyBalld M W3TETJISIYHA WHCTPYMEHTH.
[Tonxoxsmo € 3a MpeanpusTUs CbC COOCTBEHM TEPMHUYHU MEUM U WHCTPYMEHTAIHO
MIPOM3BOJICTBO, Thil KATO B OOJIIIIMHCTBOTO CIIyYad HE M3MCKBA CIIEUAIN3UPAHO 000pYIBaHE.
BopHuTEe MOKPUTHS ca MOIXOIIM 32 HIKOM BUAOBE LIAHIIM, MAaTPULU U GopMooOpa3yBaIiu
uHCTpyMeHTH. M3non3Bar ce B o0nacTTa Ha (POPMOBBUHMTE MHCTPYMEHTH, IPU KOUTO C€
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M3UCKBA TJIaJKa U TBbPAA MOBBPXHOCT CHIIUTE MOKPUTHUS MIPUTESKABAT M BUCOKH aOpa3MBHU
CBOI{CTBa, 3a TOBA ce yIoTpedsBar u 3a npechopMu.

SAK/IIOYEHUE

BwrpochT 3a monbupaHe Ha MHCTPYMEHT M MOKPUTHE OT HAW-MIOAXOMAALIUS MaTepual,
HAaHECEHO Ype3 HaW-TOAXOMSIINS METOJ U ONpPEACNITHETO HA HAM-MOIXOAIIUTE PEKUMHU Ha
pszaHe 3a o00paboTBaHE Ha MHOTOOPOMHUTE MapKH KOHCTPYKIMOHHM MaTepuaiu B
ONpeJIeJICHUTE MPU BCEKU MPOU3BOAMUTEI YCIOBHS (HAIMYEH MAIIMHEH MapK), U U3UCKBAHUS -
pa3MepH U KauecTBO Ha 00paboTEeHUTE MOBBPXHUHU, CEPUHHOCT Ha MPOU3BOJICTBOTO U JIp. €
€/IHa eXeTHEBHA 33/a4a Ipe] CIeHUANIUCTUTE 110 MexaHnuHa oOpadotka. [Ipu u3nonsBanure
MHOTOOpOMHU MapKu 00pabOTBaHM W MHCTPYMEHTAJIHU MaTepHAId U TOKPUTHUS U30HMPaHETO
Ha MOJXOsIIa JBOKAa MaTepraiy 3ar0TOBKa-MHCTPYMEHT - TOKPUTHUE € CII0KEH TEXHUUECKH
U MKOHOMHYeCKH BbIpoc. [loHacTosimiem B nuTepaTypaTa y Hac HsMa pa3paOoTeHa siCHa
NO3UIMS 33 NPENOpbKU 3a M3IO0J3BaHE Ha TO3M, WM JPYr METOJ 3a HaIUlacTsBaHE Ha
KOHKPETHUTE WHCTPYMEHTH 3a KOHKPETHHUTE YCIOBHS Ha ps3aHe. Bce mo-Hamexamo e
Ch3J]aBaHETO Ha MH(pOpPMalUsi HE CaMO 3a TEXHOJIOIMYECKUTE OCOOEHOCTH Ha METOJIUTE U
000py/IBaHETO 332 M3HOCOYCTOMYUBU IMOKPUTHS, HO U OTHOCHO KOHKPETHUTE O0JacTu 3a
M3MOJ3BaHE HA BCEKU €MH OT TE3W METOJM, KaKTO U KOHKPETHUTE PEKUMHU, MATepUaIU U
YCIIOBUS 32 HAHACSTHE HA MTOKPHUTHUSTA.

[To-HaTaTHIIHOTO M3ClIE/BaHE Ha 3aKOHOMEPHOCTUTE Ha TpPUEHE M M3HOCBAHE Ha
WHCTPYMEHTH C TOKPUTHUS B PA3IMYHMU YCIOBHS, YCTAaHOBSIBAHE Ha KOpENalus MEXIy
(U3UKO-MEXaHUYHHUTE CBOWCTBA, KAUECTBEHUTE XapaKTEPUCTUKH, CbCTaBa M CTPYKTypaTa Ha
MOKPUTHUATA M YCIOBUSTA 3a HAHACSHETO UM, 1€ MO3BOJM Ja C€ YCTAaHOBU HE CaMmo
MeXaHHW3Ma Ha U3HOCBaHE M o0I1aTa KapTUHA Ha MpUpPOJlaTa Ha U3HOCBAHE, HO U WIE Jlajie
Bb3MOKHOCTHU 32 KOHKPETHM MNPENOPBKU MO H3IOJ3BAHETO HAa METOIUTE, PEXKUMHUTE U
MaTepHuaJnuTe 32 HAHACSHE HA MOKPUTUS B 3aBUCHMOCT OT KOHKPETHUTE yCIIOBUS Ha paboTa
Ha U3JIEeTUsATA.
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PEKJIAMHUAT NIOTEHIHUAJ HA COIUAJIHUTE
NHTEPHET MPEXMU.

HPAKTHYECKOTO NPUJIO’KEHHUE HA
TPUBOJIOI'MYHUA MOIEJ B CONUMAJTHUTE UHTEPHET
MPEXMN.

11 Xpucmoel, A. Epdemuﬂnl
Packlan Advertising Studio, Sofia 1415, 58 Narcis Str.
hristov@packlan.com, erdeklian@packlan.com

ADVERTIZING POTENTIAL OF SOCIAL NETWORKS.

PRACTICAL APPLICATION OF TRYBOLOGICAL MODEL
IN INTERNET SOCIAL NETWORKS

P. Hristovl, A. Erdeklian?
Packlan Advertising Studio, Sofia 1415, 58 Narcis Str.
hristov@packlan.com, erdeklian@packlan.com

Abstract: The Internet foundation begins in the 60°’s with an US
project for a stable computer network. After 50 years almost a third
of Earth population uses the Global Network called Internet. The
first online advertising appears in 1994 and two years later the
advertising market is 301 million US dollars. After Google, the
largest search provider, the social networks appeared as preferred
field in advertizing battles. But to understand the phenomenon of
the social networks we have to look close to their onthology. Their
shorter latency and sharp feedback characterise the advertising
propagation through the members so there is much less possibility
of lie to become unpunished. Stating that the social networks are
contact networks and utilizing the Resonance approach one can
achieve better advertizing efficiency.
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I. BbBEJIEHHUE

HapsipHo Bceku 3Hae kakBo € MHTepHeT U kak ce ymoTpeOsiBa. Koraro ce
Hajara Jia HalWilell yBOJ [0 TeMa, CBbp3aHa ¢ VHTEpHeT, pucKyBaml [a
OoOUUII ayAUTOpUsATA C MOAPOOHU OOSICHEHUS, KaKk € Bb3HUKHaN WHTepHET u
KAaKBO MpEACTaBiisABa. Pa3MuNUIsIBallKM MO TeMaTa, CE€ CellaMe 3a €MU30[ Ha
CIHMH TelieBU3MOHeH koMenueH cepuan “IT Crowd”, kbaeTo ClieHapHCTUTE IO
JIOCTa CIOJY4YJIMB HA4YMH OsXa MNpeACcTaBWIM ChIIHOCTTA Ha HWHTepHeT —
3aTBOpEHA KyTHUSl C HSKOJKO MHUTallyd CBEToauoAa. ToBa sBJIEHUE, 32 MHOIO
KpaThK IMEpPUOJI, HaBjle€3€ JO TOJIKOBA B HAIIIMS >KUBOT, Y€ BEUE CHU H3BOIOBA
MPaBOTO Jla C€ TOBOPU 3a HETO KAaTO JAJICHOCT W BBIPEKH TOBAa CHIIHOCTTA
ocTaBa CKpHTa 3a moBe4eTo norpedurenu. [Ipeamnonara ce, ye moM cu rpaMoOTeH
M MOXEII Ja 4YeTell M MUIIENI Ha POJHUS CH €3UK (10 Bb3MOXHOCTH U Ha
aHTJIMACKU W JIp. €3WIM), MOXKEII M Ja Mpaimiam WMEWId, Ja CU 4YaTUIl U Jia
rosopuiil o SKype, kakto U TpsOBa jga umani npodui BbB ¢GeiicOyK U T.H.
Bcekn ChbBpEMEHEH IMBHIM30BAH YOBEK 3aJbJDKUTEIIHO W3MOJI3BA YCIYTHUTE,
npefgoctaBaHu mpe3 MHtepHer. Heka Bce Mmak, HaKpaTKo, Ja CH IMPUIIOMHUM
UCTOPUSITA HA MpEXKarta.

3apaxxnaneto Ha MHTepHeT mgatupa ome oT 60-Te TOOUHU C MPOEKT Ha
CAIll (ecTrecTBEHO 3a BOCHHHM HYXKJHM) 32 YCTOMYMBA KOMITIOTBPHA MpEKa.
Koraro mpe3 cpegata Ha 90-Te roguHM Ha MHHAQJIHAS BEK TO3M IMPOEKT CTaBa
IMBWICH, 3all04BaT J1a C€ CBBP3BAT €IHU JIOKAJIHU MPEXHU C JIPYyrd U Taka A0
2009 romunHa, KOraTo €IHA YETBBPT OT JKUTEIWTE HA IUJIaHETaTa MOJI3BAT
ycnyrute Ha WHTepHer — Hapuuan [7oOamnata mpexa. Ta3u 4eTBBPT ce
npejmnosiara, 4ye € MBUJIN30BaHATa YyacT OT KUTEIUTE Ha TJIaHeTaTa.

I1. U3JIO’KEHUE

EcrecTBeHO, KaToO Ha BCSKO MsCTO, KBJIETO XopaTa ce chOUpaT U Teue
HSIKaKBa KOMYHHUKAlMsl WM MHGpOpMaiusi, HE3aBUCUMO Jaldd HMMa oOpaTHa
BpBb3Ka WIM HE, peKilaMaTa HE 3aKbCHsABA Ja CE€ NOSBU. TyK € MOMEHTHT Ja
YTOYHMM, Y€ peKjamMara B MHTEPHET € AO0CTAa Pa3MUTO NOHATHUE. Jlanu naxeHo
IIOCJIaHUE € PEKIIAMHO WJIM HE, 3aBUCHU OT CKPUTUTE CTUMYJIM 3aJ HEro, Jajlu ca
KOMEPCHAJIIHU, KAaKBO LEJIAT B KPAaTKOCPOYEH M IBIATOCPOYEH IJIaH U T.H.
Hanpumep, ako HSIKOW TBBPAH, Y€ MMA U3KIFOYUTEIIHA CUJIOBH ITOCTUKEHHUS B
ONpEJEeNeH CHOPT, TO TOBa MOXE Ja € pekiaMa (Ha XpaHWUTENIEH PEeXHM,
CTUMYJIAHTH WJIM MPOTpaMa) WK IbK He, BHIIPOC Ha LIEJH ...

[Ipuero e na ce npuema narara 12 anpun 1994 roguna, KaTo MOMEHTHT Ha
nosiBaTa Ha I'bpBaTa OHJIAKH pekiama, korato JlopsHe Kantep m Mapra Cuiirsi
IIbPBU M3IIPAIlAT MACOB HMMEWJI, NMPOMOTHUpAL aJBOKATCKATA UM KaHTOpA B
CAIll. B nnemno Bpeme, ToBa € HapedyeHo ,,CITAM” wmm ,,HemouckaHo
ThproBcko chodmenne” (SPAM - Sending Phenomenal Ammount of Mail).
®dupmuTe, 3aHUMABAIIN c€ MPO(HECHOHATHO C TO3U U1 HAa OHJIAWH peKiiaMaTa,
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ro Hapuyar ,,Jlupexren mapkeTur”. IIpe3 okromBpu chinata roguHa HotWired
nyOJMKyBa MbPBUTE OHJIAH OaHepH, KOUTO pekinamupar oupa. [Ipe3 1995 r. u
Yahoo unterpupar 6anepu. Ilo ToBa Bpeme MHTEpHET MMa Bede 5 MHUIMOHA
notpebutenu. ['omuua nmo-kbcHO Yahoo 3a mpbB BT BbBEXIA 3alllalllaHE Ha
pekiama Ha KJIMKOBe, a He Ha uMmrpecu. [Ipe3 1996 r. ce mosBsiBa OpaHaupaH
caiit — devi's Dockers na Hot Wired Dream Jobs. 1996 r. — 00110 noxapuenu 3a
onnaiiH pexnama 301 miH.qonapa. 3a oHNaliH ma3apyBane — 1,3 mupa. nomnapa.
Cw3naBa ce IAB (Interactive Advertising Bureau) — cBeroBHa opraHu3aIus,
3aHMMaBalla ce ¢ moJrnomMaraHe Ha oHyaiH pekiamarta. [Ipe3 2001 r. — 00embT
Ha MIHTEepHeT pekyiaMarta Beue € HajJ 5 MIIpA. 1oapa.

3a bwparapus He MOXe Ja c€ TBBPAM ChC CUTYPHOCT KOs € IMbpBaTa JaTa,
KOraTo ca CTapTUpaId OHJIAWH peKJIaMHUTe Ha ObJIrapcku cait. B Haganorto y
Hac OCHOBHO C€ peKJIaMupaT OHJIAH NpOeKTH U NHTEpHET T0CTaBUUIIM, KAKTO U
Typuctuuecku pupmu. HsiMa sicHu 1ieHoOOpa3yBallyd KpPUTEpUU U HAM-4ecTO
OaHepHaTa pekjiamMa € Ha pa3MEeHEH NPUHIUI. ByMbT Ha HHTEpPHET peKiamara €
npe3 ssaTotro Ha 2002 1. m uaBa c¢bCc CBETOBHOTO ITBPBEHCTBO IO (pyTOOII.
HNmenno torasa Biu3at Tomn OpangoBere. [Ipe3 ecenra na 2002 r. Dir.bg npasu
OCHOBEH peJIM3aiiH, KONTO ce OOsACHSBA JO TOJsMa CTENEH C M3YeplBaHE Ha
npeiaraHuTe 10 MOMEHTa PEKJIAaMHU TO3WIMKM HAa MbpBa CTPaHMIA MOPaaU
HapacHajausg MHTEpec KbM TsX. ToraBa ce BbBekIar egHoBpemeHHo HTML
KapeTto u OaHep-HeOocThprad. Kato 1sio mazapbT ce AUKTYBa OT TOJIEMUTE -
Dir.bg u Hetundo. Ilpe3 2003 r. Mail.bg ce yrBbpxkaaBa kato TpeTaTa OHJIANH
Menua y Hac. Mail.bg € u mbpBUAT caliT y Hac, MPEIJIOXKWI TapreTupaHa
pekiama. 3a nepuoaa 2007 — 2010 r., ciope nanau Ha Piero 97, eaquHcTBeHATa
pekiiaMHa menusi B bwiarapusi, Kosato Oenexu pbCT B pEKIaMHUS OIOKET, €
HNurtepner. @opmute Ha pekiiama B MIHTEpHET ca MHOTO M pa3HOOOpa3HH, IIIe
OTZI€JIUM MaJIKO BHUMAaHUE Ha HIKOU OT TSX.

baunepu

banepsT € mpaBobrweieH (opmaT 3a pekiama, BrpaJeH B CalT WU MEWHIL.
banepure chabpKaT WM HECHIBPKAT, JUHK KbM KOHKPETEH CalT, WIH
ctpanuia. llenta mM Moxe ga Oble KakTO Aa pabOTIAT 32 KOHKPETHO HME
/OpeHIMHT/ WU 1a IPEAN3BUKAT KbM JICHCTBUE — J1a C€ KIIMKHE BBPXY TAX.

Konnenmusra, kpuedTtuB u wu3paboTkata Ha OaHEepH ca HUCTHHCKO
MpPEIU3BUKATEIICTBO, KOETO HWJABa OT  HApacTBAlIUTE  TEXHOJIOTHYHH
BB3MOKHOCTH | TOJisiMa CBOOO/Ia 0 OTHOIIIEHUE Ha CBAT, ABUKCHUE U BPEME.

banepure ce pa3nmuaBar 1Mo pasmep, TEXHOJOTHS W T.H. MOAPA3NCIAT Ce B
pasznuyHu GopmarTHu:

* HebGocTbprau — Hali-paznpocTpaHeHusT 6aHep-popmar y Hac. Hait-uecto ce
MO3UIIMOHUPA BASCHO HAa BBTPEIIHU CTPAHMIIM ChC CIBP)KAHUS, KOCTO U3HCKBA
nmoBeYe OT E€IWH CeKpaH. [oleMusaT pa3Mep JaBa JOCTaThYHO TIPOCTOpP 3a
IIOCJIaHue, aHMMallii, Bb3MOKHOCTH 3a rich media.

* KBagpar — moaxo/s1i] 3a Ha4aJiHa, BXOIAIa CTPaHUIIA
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* Tlone — xopu3oOHTajeH OaHep, HAMUpaIll C€ Hal-4eCTO B rOpHATa 4acT Ha
caiTa, 1o/ WIH HaJ JICHTATa C JIOTOTO

* Byron — anumupanu GIF ¢aitnose ¢ HaTpanmuuBO MUTaHe, ¢ MaJika IJIOII U
ChABPIKAIIA CaMO MPUKAHBAIIM JIyMU KaTo “KIUKHU, “free” u np.

* TlnaBamm GaHepu — CTaHJAPTHU MO pa3Mep, KOUTO CE MOSBSIBAT BBPXY
ChABPKAHUETO HA JIaJICHa CTPAHHUIIA 32 HSAKOJIKO CEKYHJU W W34e3BaT WUIIU Ce
cMaJsiBaT

* HecrammapTHu OaHepw — T€ ca C BrpajJeH 3BYK, “pa3TpbCKBAIIN~ €KpaHa,
“mpenuTaniy’ mpe3 eKpaHa

* banepu 0e3 JTMHK — TOH caMO HOCH TTOCJIAaHUETO, O6€3 1a BOJU KbM CalT

TeKkCcTOB JIUHK

3apexaar ce mo-0pp30 oT OaHepuTe, oOXBalIaT MOBEYE AYIUTOPHS, APYTro
MPEAUMCTBO € HUCKaTa IleHa. TeKCTOBUAT JIMHK € (hopMaT, KOUTO ce JOroBaps
3aKyIlyBa 3a MO-ABJIbI IEPUOI.

MyarumeauitHu popmMaTu

* Rich media ¢ KOMYHMKAalIMOHHOTO CPEJICTBO, ChUETABAIl0 aHUMAIIUS, 3BYK,
BUJICO W/WIW WHTEPAKTUBHOCT. M3moi3Ba ce KakTO TPH CTaHIAPTHHUTE yeb
MIPWIOKEHUS, TaKa U MPU O€3KUIHU TPHIIOKECHHS, a CHIIIO MOYXKE Ja CE BIPaJIn B
calT, MCHII.

* cTpudMHHT pexsiama € (opMma, Ipu KOSITO B PEaIHO BpeMe ce “‘U3Teris’ u
MOKa3Ba PEKJIAMHOTO TOCJIaHWE Ha MOHHUTOpA, C KOETO ce A00Ju»KaBa M0
TEJIEBU3UATA.

IMon-bn mpo3open

Te ca maskyu mpo30pIKM, KOUTO CE OTBAPSIT aBTOMATUYHO IIPU 3apEXkIaHE Ha
naneH yed aapec, HO ToBa BOAM JI0 pa3Apa3sHEHUE Y MOTPEOUTENS 1 3aTOBA HE ca
YECTO U3IOJI3BAHM.

OnJuaiid cb0uTHA

* OHNaiiH UrpH, KOHKYPCH, aHKETH — T€ pabOTAT Ha HUBO OpaHIUHT, CIIyKatT
3a M3TpaXKIaHe Ha JIOSUTHA ayJUTOpHs, CTUMYJIMpAaHE HA TPOJAXKOUTE U T.H

* OnJlaiiH ceMUHApU

MexXIUHHN CTPAHULM

* IPEIXOJIHA CTPAHULIA — Ta3H, KOSATO CE MOSABABA MEXKY JIBE CTPAHULIA

* W3XOAHA — B TO3M CIlydyal IIpM M3XO0J OT MOIla WIM Jpyra yciyra
MOCETUTEIISAT aBTOMATHIHO OMBA IIPEXBBPJISTH KbM OIIPEACIICH CalT.

IIpomocTpanuua UM CauT

Ts chabpka Manko Ha Opoii cTpaHuIy ¢ 001a nHpopMalus 3a MPOMOIIHTA,
Ho-moApoOHO omucaHue Ha mnpoaykra. OOMKHOBEHO [AM3aMHBT Ha TE3H
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CTpaHMIIM HOCHU LSJIOCTHATA BU3USI HA MPOAYKTA U KOMIIAHUSATA, @ HE TOJKOBA Ha
¢dbupmarta, KOSITO o JJAHCUPA.

[IpomocTpaHuIaTa U3UCKBA ONMPEEICHO ICHUCTBUE OT MOCETUTEINTE /aHKETA,
urpa/. CpllleCTBYBAaHETO HA TPOMOCTPAHUIIATa € JIUMUTUPAHO BbB BPEMETO, U TS
€ OHJIaliH OT HaYaJ0TO Ha KaMITaHUATA JIO HSKOJIKO JIHU CJIE/ KpasT M.

CnoHcopupaH caft

ToBa e TO3M, KOMTO € QpuHaHCHpaH OT PUpMarTa C ONpeNeTCHH IIeJIU, HO 3a
pas3imKa OT IPOMOCANTA, TOM € C MO-ABIATOCPOYHH LEIU U € OHJIANH 32 NO-ABJITO
BpEME.

dopmaTu U3BBH Opay3bpa

* TEKCTOBHU JIMHK B U3XOJIIA TOIIAa — aBTOMAaTUYHO MPUKPETICHO ChOOIICHUE
KbM HU3XOJISIII0 MUCMO 101 (hopmaTa Ha TEKCT C JIMHK, KApTHUHKA

* aBTOMAaTHYEH OTIOBOP — TOW C€ M3Mpallla aBTOMATUYHO TPH MMOJTyYaBaHE HA
3anmuTBaHe MoJ (hpopMara Ha MUCMO OT MOTPeOUTE.

* MEIUIMHT KaMITaHUM — U3MPAIAT ONPEACIICHO PEKIAMHO ChIbPIKaHHUE 10
Y(S70)

* MoOWJieH MapKeTHHT — mpe3 MHTepHET MoraT Ja ce MmopbhuBar Jjora H
MeJIOANH 32 MOOUITHY TenedoHu U u3npamiaie Ha SMS.

Ili1aTeHo ThpceHe

Enna ot Obp30 HaOupammte ckopocT ¢GOpMU Ha OHJIAWMH pekiamara e
KOHTEKCTHATa peKjlaMa Wi “TUIATeHO ThpceHe . be3cnopen nwmaep €
Google.com. [Ipyr TakbB KaHall ca COIMAITHUTE MPEXH, HA KOUTO III€ CE CIPeM
0-00CTOMHO.

CoumnajaHuTe MpEeXH, MOMYISIPU3UPAHA B HAYaJIOTO OT TUUHEWIKbpHU, BeUe
HaBJIs130Xa B OM3HEC cpeuTe U OJiarolapeHue Ha TSX MHOTO NMPpodeCHOHATNCTH
OT pa3IUYHU UHIYCTPUH OOMEHST €KeIHEBHO IleHeH onutT. CailToBeTe OT TO3U
TUIl Ca HalNpaBeHH OT TMOTpeduTenuTe 3a mnoTpeduTenute. JIMCKyCHOHHH
dbopyMu, yaT cTam U M3MpalllaHe HAa UMEHJIM ca 4acT OT TEXHUTE EJIEMEHTH.
['onemuTe Kopmopanuu oTAaBHa pa3dpaxa Moji3ara OT TO3U THI MPEXU U Ce
OMUTBAT Ype3 PaA3IMYHM METOIM M CTPATErMy Ja CIEYENSAT OT “KOMIOHUTH
oOmecTBoTOo. B mpoleca Ha couuanuzanus U KOHTAaKT € MOTpeOUTENuTe,
xomrmanuu kato ‘“Warner Bros” um “Coca Colla” cv3magoxa mpopwim B
cormanHuTe Mpexu Myspace, Facebook wu ap. JlHec Hal-roiasMoTo
MPEAU3BUKATEIICTBO 3a KOMIIAHUUTE € Jla OTKPUSAT HauMHa 3a peKiiama u
nevyanda OT KOMIOHUTH oOmiecTBara. ColMamHuTe MPEXH CTaHaXa Ba)KHA YacCT
oT Ou3Hec-mei3axka. Te MPOMEHST OHJIANH MPOCTPAHCTBOTO OT €HA CTaTHYHA
yeb cTpaHuIla J0 KMBa, BUOpUpala Mpexa OT CBbP3aHU WHIWBHUIIN, KOUTO
CIIOJICTISAIT CBOMTE HABUIU, )KMUBOT, OMUT M WHTEpPECU. B chBpemMeHHUs OM3HEC
HSKOM KJIMEHTH 3aryoumxa JOBEepHe B TPAIUIIMOHHUTE THPTOBCKA M MAPKETHUHT
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yciyrd. Pekiiamara B OOHIMTE COLMATHU MpPEXH 00adye ThpPIU Kpax — MHOTO
noTpeduTeNnu 3akpuBaT Tpoduiia cH, 3apaJd HAIIECTBUETO Ha HEXKellaHa
pexknama B MySpace u Facebook. I'oisiMma 4acT OT MOTpEOMTEIUTE HA TE3U
MpeXH He 3a0emsi3BaT peKJIaMUTE W MO-CKOpPO €€ APA3HAT OT HaTparBaHUTE
MOCJIaHUsI, ThI KaTO OCHOBHUAT UM HHTEpEC € CBBbp3aH c oOuryBaHeTo. ETo
3al10 € OT CBHIIECTBEHO 3HAYEHHE KaK, KbJI€ M MO-KaKbB HAYMH KOMITAHHHTE
y4acTBaT B COLMAIHUTE MPEXH. 3a 1a MOXKE €/1Ha MOJ00OHA MpEeKa J1a IOCTUTHE
yCcHex M Ja IO 3aJbpKH, € HEOOXOAMMO J1a U3rpaJd CBOW TeMaTWyeH OOJUK 3a
onpenened tun nocerutend. CoruanHara OW3HEC MpeKa, HalpUMEp, J1aBa
Pa3IUYHM MOJI3U 32 KOMIIAHUHUTE U NMOTpeOuTenuTe. Taka MOTEHUMAIEH KIHEHT
MOXE€ Jla YCTAaHOBM JIECHA Bpb3Ka HAa HHUBO JMYEH KOHTAKT C JaJieHa
opranu3anus. ToBa mpemaxBa yCELIAHETO 3a CTEpUiieH o0pa3, Karo ce
aKIIEHTUpa HA UHAUBUIYATHU JUYHOCTH, KOUTO C€ UJICHTU(DUIIMPAT C JUIETO Ha
KoMIaHusATa. TO3U TUI MpEXM CIoMaraT ChIIO 3a HAMHMpAHE Ha EKCIEpTH,
KOUTO Morar jaa ObgaT OT TMOMOII B €IHa WM JApyra cutTyamus. B Tsax
NoTpeOUTENNTE MOraT Jia Mojiydar LeHHa MHpopMalus 3a AajaeH NpoOieM OT
npo(heCHOHAUCTH, KOUTO Bede ca ce cOmbckBanu ¢ Hero. OT npyra cTpasa,
coupaigHaTta OW3HeC Mpeka rmomara Ha mpo(ecHOHAIMCTUTE Aa ce 00rpaisr ¢
n00pHu MapTHBOPHU, C KOUTO Ca B ChCTOSHHUE Ja OCUTYPST II'BJIHO OOCITyBaHE Ha
KineHTa. He Ha mocieTHO MSCTO, ydacTBaKM aKTHMBHO M Pa3yMHO B OHJIAWH
OOILIECTBOTO, MPEICTABUTENINTE HA OM3HECA CH M3TPaKAaT MO3UTHBEH UMUK B
cBosita cpena. CouuanHUTE MPEXKH, aKyMyJUpaly OKOJo cede CH OrpOMHHU
Macu OT IeJieBa ayAuTOpus, NPOABJKABAT Ja MPUBIMYAT PEKIaMOJATEIUTE,
MakKap 4e, ChJACUKH IO PEe3yJITaTUTE OT H3cieaBaHeTO Ha kommaHusAtra [DC,
noTpedbuTenanTe He oOpbBIIAT MHOIO YeCTO BHUMaHHE Ha pekiaMmara B TaX. B
caenctBrue Ha ToBa CTR mokaszarensar Ha ,,conuaiHuTe” OOSIBH € ITO-HHUCBHK,
OTKOJIKOTO IpU OOMKHOBEHaTa OHJaiiH-pekyama. Hampumep — mo gaHHM OT
MUHanata roguHa, 79% ot norpebutenutre B VHTEpHET MOHE BEAHBXK ca
KJIMKHAJIA BHPXY peKJIIaMHa 00s5Ba, JOKATO MPOLEHTHT Ha KIMKOBETE OT CTpaHa
Ha TIOTPEOUTENINTE HA COIMAIIHU MPEXH € Janed mo-HUChK — 57%. Takosa e
NOJIOXKEHUETO W TIPHU IMa3apyBAaHETO OHJIANH. YCIyTrUTe, NPEIOCTaBIHH OT
COLIMAJIHUTE MPEXH, MPUBJIAYAT TOJsIMA ayAUTOPHS, TeHEpUpaT OrpOMEH 00eM
or Tpabpuk u yHukaaHo chabpxkanue (UGC). W Bweopeku ToBa TE3U
MOJIOKUTEIHU (PAKTOPU HE paboTAT €(pEeKTUBHO B I0J3a HA PEKIaMOJATEIUTE.
[ToTpeOuTenuTe Ha COLUATTHUTE MPEXKHU UTHOPUPAT peKamaTa Hali-Bede mopaau
TOBA, Y€ XOpaTa ce ChOMpAT TaMm He 3a J1a ThbPCAT ThPrOBCKHU MPEMAJIOKEHUS, a 3a
na obmryBar. Jpyrun npuuMHHM, KOUTO KapaT MOTPEOUTEUTE J1a H3IO0JI3BaT
COLIMaJIHUTE Mpexu crnopeln MHeHHeTo Ha IDC, ca moTpeOHOCTTa OT MOYMBKA U
pa3BlileyEHHUE, ITPOCTO OT COJUAAPHOCT WM MOPaaH HYKIU, CBBP3aHU C TSIXHATA
pabora. Bbmopeku TOBa COIMATHUTE MPEXKH NPOABIDKABAT Jla MPUBIAYAT
noraeauTe Ha pexnamoparenure. Cropen AaHHUM OT aHKETa, IMPOBENEHA OT
komnanusTa Collective Media cpen amepukaHCcku pekiaamMoAaTeNd U peKIaMHH
areHiuy, OT MyOJUWKyBaHETO Ha pekjamMa B CalToBeTe, OOCIyXBallu
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COILMAJIHUTE MPEXH Ca C€ OTKa3aiu caMO OKojJo 26,8% OT y4acTHUIIUTE B
3alIUTBAHETO, KOETO oO3HayaBa, 4ye 73,2% ca TOTOBM M NPOIbKaBaT Jia
WHBECTUpAT CPEJACTBA W YCHJIUS, ONMUTBAMKMU C€ Ja W3BJIEKAT AWUBUJICHTH OT
MO3UITMOHUPAHETO cH TaM. Jlo rosisiMa cTeneH epeKTUBHOCTTA OT U3IOI3BAHETO
Ha COLIMAJIHM €JIEMEHTHU B PEKJIaMHHUS OM3HEC 3aBUCH OT YCIICIIHOTO Pa3BUTHE
Ha CrocoOW 3a pas3mojiaraHe Ha pPEKJIaMHH OOSBHM B Mpekara, KOUTO Ouxa
MO3BOJIWJIM B II'bJIHA CTEIEH Ja CE€ M3BJIEKAT MPEUMYIECTBATa OT CBOOOIHOTO
oOlryBaHE ¥ WHTEPAKTHBHOCTTA Ha Cpeaara, XapaKTEepPHH 3a COLUATHUS
uHTEpHET. B moBeueTo ciayuanm dopMmuTe Ha peKiiama, XapaKTepHU3UPAIIUA CE C
Hal-BUCOKa €(EKTUBHOCT B KOHTEKCTA HA COIMAJIHATA MPEXa, CHIIECTBEHO CE
OTJINYaBaT OT CTAaHJAPTHUTE OaHEPU M TEKCTOBU CHOOIICHUS, KIACUYECKH 3a
CalTOBETE ChC CTAHJIAPTHO ChIBPIKAHUE.

Tpudosormunusart moxea B CUM

3a na pazbepeM ¢eHOMEHa Ha TO3U TUIl MPEXH TpsOBa Ja pasrieaame
TaxHata OoHToyiorus. COLMAIHUTE MPEKHU Ca KOHTAKTHU TaKHBa, CBbP3BaNKH
MUJIMOHU (,,2.2 MJIH. aymu u3noisaT Facebook MHOro 4ecro, KOeTo € OKOJO
30% oT usJI0TO HaceleHue Ha cTpaHara u noseue oT 60% oOT xopara, KOUTO
u3noyi3Bat uHtepHet - Puxk Kenu - oupexmop npooascou 3a Eepona, bnuzxus
Hzmox u Appuxa 6ve Facebook), Te ch3naBar cpefa 3a akTUBHO U HACUTEHO
oomyBane. B CHUM BpeMero 3a pasnpocTpaHeHue Ha wuHpoOpManuara e
HaMaJieHO JpPAacTUYHO 4Ype3 CHUCTEMHUTE 3a CIOJENIIHE Ha BIEYATICHUS H
KoMeHTapu. Pasriexmaiiku pekiiaMHaTa KOMyHHUKAIlMs KaTO YacTeH OOMEH Ha
uHpopmanust B CUM, Tps6Ba na oTOenexum Hail-rojisiMara pasjivka. A UMEHHO
- JOKaro TMpU CTaHAAPTHUTE KaHalud 3a pa3NpoOCTPAaHEHUE Ha peKIamMa
KOMYHHKAIIAATA € €IHONOCOYHA MPOU3BOAUTEN = > KIHEHT, To npu CUM T4
MOX€E Ja Ce MPEICTaBU KATO MO-KMBA U JUHAMHUYHA. JOpM M mpH MOCIIaHMS,
KOUTO HE MPETEHAMPAT 3a JABYMOCOYHOCT HAa BPbB3KATa, CHIIECTBYBa OOpaTHA
peakiusi OT CTpaHa Ha KJIMEHTHUTE, KOSITO BE€YE HE € aHOHMMHA. TyK BCEKH
WHJVMBUJ TPEACTaBSd CBOETO MHEHHE B 3aBUCHMOCT OT apCeHaya, ¢ KOWTO CHU
CIIy’KH, HO TOBa MHEHHE YECTO HaMHUpa MOCIETOBATEIH, KOUTO C€ OOSIUHSIBAT
OKOJIO HETO, & MHOTO YE€CTO M MOKpal Beue "neknacupaHu ydactHuuu'. Hos
oOpa3eH TEpMHUH, KOMTO oXxapakrepuzupa CyOeKTH, H3TJIACKaHU OT
KOMYHHMKAIIUOHHMS KaHaJ, OWJI0O Ype3 MPUCMEX, MHIUPEKTHU WIM JUPEKTHU
HaIlaJIKu - XOpa, KOUTO ca MPUHYJACHU Ja HaIlyCHAT ClIeHaTa W Ja mpuemart, 4e
HeljaTa ca mo-roJIieMH M He 3aBUCAT OT TAX. T0oBa € CTaHJapTeH MOAXO[ Ha Mo-
CUJIHUTE, a CUJIHUTE Cca Te3U, KOWUTO JUKTYBaT MpaBWjiaTa, U KOUTO ca THU
nucanu. Ho 8 CUM cutyarnusita € o0bpHaTa, TYK cUjiaTa HE HIBAa OT €IHOTO U
HE C€ Pa3NpoCTpaHsIBa KbM MHOTOTO, HE, TYK UJIBA OT BCEKU OTIECIEH UHUBU] U
ce o0eMHsABa B HAKAKBa HMJES WU 1eJ1. A TOBa € BH3MOXKHO OlarojapeHue Ha
MPOCJIEIUMOCTTAa U Bb3MOKHOCTTA 3a JOKYMEHTHpaHE Ha KOMyHUKanuaTa. Taka
BCEKM, HECHpPaBEIJIMBO IMpeHeOperHat, MOXe M IMoJlydaBa IOAKpernara Ha
OCTaHAJIUTE, KOUTO S JAaBaT (3a paszauka OT ‘“KUBHUS >KUBOT ) MOPaAH
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CUTYPHOCTTA Ha TOIJIOTO MSICTO 3a]] KOMITFOThPA.

Heka ce cripem Ha To3u (heHOMEH, KOMTO I1I€ MpeIonpeiesd X0/a Ha 10CTa
cbOUTHSI, HA KOUTO 1Ie cTaHeM cBujeren. Komynukanusta B CUM HaucTtrHa
MMa XapaKTepUCTHUKWTE HA peajHaTa TakaBa C HSAKOHW pa3JIMKU, KOWUTO IIO-
noipoOHO ca 3acThieHu B ctatusaTa HU "Conuannute mpexku B Untepuet". Tyk
xopara u TexHure odpazu B CMIM morat u 4ecto ce pa3MHHABAT, HAIIPABEHO C
el JAa ChbXpaHW PAaBHOBECHETO BBbB BCEKM MHIMBHJ Ha YHCTO 0a3MCHO HUBO -
ToBa € (akt u uma cBoutTe mnociuencTBus. OOpasute B CHM ca uecrto
UAeanu3upaHoTo HU A3, KOETO, JIMIIEHO OT OrpaHWYCHHITa Ha (DU3HUECKUS
CBSIT, C€ pe€ BbB BbOOPAKEHUETO HU HAKBAE BUCOKO. AKO TpsIOBa Ta3u cUcTEMA
OT ceOernpe/cTaBsHE /1a C€ MPUBBPKE KbM ““KUBHUSI )KUBOT YECTO CE€ OKa3Ba, 4e
pa3MHHaBaHUATA Ca CEPHO3HU U JBETE€ CHCTEMM HE MOTIaT J1a ChIIECTBYBAT Ha
eIHO U cbIlo MsAcTo. OT eAHa cTpaHa CTpaxbT OT pa3o0iMyaBaHe, OT Apyra
HEKEJIAHUETO 3a MHAMBHIyaIM3allis U HaKpas MbP3eJIbT NpedyaT Ha CyOeKTUTE
or CUM pna ce npebpHAT B 00€KTU OT peanHocTTa. [IpuMepu 3a HHUIIMATHUBY,
3armouHanu B CHMM u mpoBasieHu B KpailHata uM (a3a Ha MaTepuaIu3anus,
MOKEM Jla IMOCOYUM MHOTO, HO HAal-W3BECTHUST, MOXE OW, 1€ € MPOTECTHT
Cpellly LeHuTe Ha ropusaTa oT npoierta Ha 2011r. Mma u ciiydan Ha ycnenu
HAaYMHAHUS, KaKBU Ca MPUYMHUTE Tam? SICHaTa MO3UlMs Ha OPraHU3aTOPUTE U
JUIcaTa Ha JOPH Kalka CbMHEHHUE 3@ yYaCTHULIUTE, Y€ ca MaHuIyIupanu. Heka
a 00bpHEM BHUMAHUE HA KallkaTa ChbMHEHHE, KOATO MOXE Ja MpeoObpHe
HACTPOCHHETO M Ja TMpPEeHacoYd eHeprusAra Ha VIHTepHeT-uoBeUHUTE B
IpOTUBONONIOKHATa TNocoka. KonueHrtpupanara eneprus B CHUM e wmHOrO
BOJIATMBHA U OOpPABEHETO C Hesl € ThHKA U Kpexka 3aaada. B CUM unauBuaute
ca MHOIO IO-KpailHU M PEIIMTENIHU, OTCTOSIBAT BWKAAHUATA CH U PSIKO ce
NOJIIaBaT HA HEYHWH aBTOPUTET, OCBEH aKO HE € M3rPaJCH Ipex TAX - TaM Ha
msicto. ToBa npaBu u pexnamara B CMM cnenuduyHa v TpyaHa 3a OlLETsBaHEe
BBB BU/IA, [I03HAT HU JO MOMEHTA. M1 ak0 OCHOBHMSAT HEJOCTATHK HAa peKJiaMara
B KJlacudeckara i (opma e ynmrcara Ha auaior, To npu tazu B CUM 1psi6Ba na
uMa JBymnocouyHa KoMyHHKanus. Ilopagum wu3bpoeHuTe mo-rope MNPUYUHU
peKIaMHHUTE MOcCiaHusl TpsiOBa Ja ca OTKPOBEHW M YECTHH, 3alIOTO JIECHO
yCWIMSITA, XBBPJIEHU 3a MOMYJSApU3UpPAHE HA JAJEH MPOAYKT, MOrar Jia ce
OKa)kaT MHBECTUPaHU B aHTUpeKIamaTta My. M He Ha mociiefHo MACTO TpsiOBa aa
Obratr nmpemepeHu. be3 M3MMIIHO HaTpanmBaHEe Ha CBOETO MPUCHCTBUE U 0e€3
oOMYaifHOTO 3a OpaHIlla arpeCMBHO MOBeJeHUE. PekiiaMHuTEe mociaHusi TpsiOBa
J1a ObJIaT KOHTEKCTHO OPUEHTHUPAHU U TOYHO TapreTUpanu. ToBa OT eJHa CTpaHa
€ ToBeYe TPy 3a MeAus-TuIaHbopa (BMXK MyOJUKalMsITa Ha CHIIUTE aBTOPH OT
Bynatpu6 2010) u mo-mpenu3HO CErMEeHTHpaHe Ha PEKJIAMHUTE TOCIaHUs TI0
TUIIOBE KJIMEHTH 3a KpUEUTUB oTaena. Heka nageM mpumep, ako a3 CbM HYOBEK
Ha Cpe/iHa BBH3pacT U ChbM Mpe]] KOMIIIOThpa Beuep ciell paboTa, MpoBepsBANKH
Kak € mpoTekbd AeHda B CUM, u uera myOnukanus 3a NpeACTOSL] KOHIIEPT,
MOCJIETHOTO, KOETO 11I€ HCKaM Jia BUJd, € peKiama, HalpuMep, Ha Ipax 3a NpaHe
C TOoJIsIM uepBeH OyToH murain Ha ekpaHa "Kymu 3 kr. cera u 111e moyyduin e
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oesmiatHo!!!" Ho ako TaMm CTOST M3/I0KeHH ajlOyMH Ha rpyraTta OT KOHIIEpTa,
TO MOXXe OU TOBa e MU € mojie3Ho. Minu moxke Ou pekiama Ha 3aBejiCHHE,
npejaraio J0CTaBKa Ha XpaHa B Mos kBaptan? Poxenust npe3 1838 JkoH
Yonameiikbp € kazan: "llosoBuHaTa OT mapuTe, KOMUTO Xapya 3a pekjamMa ca
XBBPJICHU Ha BATHPA, MPOOJIEMBT €, Ue HE 3HaM TOYHO KOs mojoBuHa." ToBa
BEPYIO XapaKTEpPU3Hpa B IIbJIHA CTEIEH ChCTOSHUETO HA peKIaMHaTa UHAYCTPUS
U cera MoyTH JiBa BeKa Mo-KbCHO. [lopu € mo-akTyanaHo, 3all0TO cera pekjiiamara
¢ opueHTHpaHa 1o edekra, a He mo edexTuBHOCTTA. Heka ma ro oOscHUM ¢
npuMep. JlHec MoxkeM J1a u3npaTuM eneKTpoHHa noma 10 100 caydaiiHu 4oBeka
B €JIMH U ChIIl MOMEHT, C €JHO U ChIIO ycuiue. M ako ABama OT TSAX cuerar
nH(opMarusiTa 3a 1nojae3Ha, Tosa e Hu gaae 2% ycneBaemoct. Ho ako npatum
ChC ChINOTO ycuiue noma Ha 1,000 yoBeka, mpu ChIUs KOSHUIIMEHT 111e UMaMe
20 3auntepecoBanu. ToBa ¢ epexThT! Ho ako HamuieM nepcoHaIHu MucMa 1o
30 yoBeka, moaAOpaHu OT HAC, TO BEPOSITHO 1€ C€ ChIIACUTE, UMa IaHC rmoHe 10
OT TSIX J1a TNPELEHST, Y€ M3MPATeHOTO MPEACTaBIsIBA UHTEpPEC, a OOBPHATO B
MPOIIEHTHO OTHOIIIEHHE ToBa ca uenu 30%. Buknare Koiko rojisiMa € pa3iaukara
U B JEUCTBUTEIHOCT € TOYHO TakaBa. OCBEH BEPOSATHOCTTA J1a U3NPATUTE MOIIA,
KoATo na ce mpueme kato HexenaHa (CIIAM), HamansiHETO Ha MPOILIEHTA
3aMHTEPECOBAHU UJIBA U OT HETaTUBHUS €(EeKT, KOMTO ce CBbpP3Ba MPSIKO C TOBA
HEXKEJIaHO TOCJIaHWe W KOCBEHO ¢ mi3mpamaya. [IpuunnHaTta € oT jurcara Ha
WHJMBUAYyaM3alys, Hellla, KOUTO BBIIPEKH Y€ ca €Ha OT XapaKTepPHUTE YepTU
B HalIETO ChbBPEMEHHO OOLIECTBO, HE ca xapakTepuu B CUM.

A cera ga pasriegame MpakTUYECKOTO MPUJIOKEHHE HAa TPUOOJOTUYHUS
mojen B CUM.

CounaHUTeE WHTEPHET MPEXKHU, KAKTO IMOKa3axMme MOo-TOpe, ca MICTO Ha
YCKOpeH OOMEeH Ha cBOOOJHA W HelleH3ypupaHa uHopmaiusa. Ts He BUHATH €
JIOCTOBEpPHA, HO 3a CMETKa Ha TOBa C€ Ma3W MCTOpPUS HA KOMYHUKAIIMOHHHUTE
KaHaJli, KOETO MPaBH pa300JIMIaBaHETO HA HEUCTUHCKUTE TBHPACHUS JIECHO BHB
BpeMeTo. AKo TpsiOBa na mepudpasupame ObIrapckara
IIOrOBOPKA ,,Ha JIbKaTa Kpakara ca Kbcu, Ho B CHM ca [ wall
ome mo-kbcu“. M ako HAKOM cu MO3BOJMM Ja OBAEC [E] Info
HEHUCKPEH B TOBEIEHUETO CH, TO TOBa IIE JOBEAE 10 Fhatos (25)
OTKBCBAHETO MYy OT colpaiinus kuBOT B CUM. 3a na ce 4 Friends
WHTETpUpa OTHOBO II¢ TpsOBa Jga WU3MO0J3Ba HOB
MICEBJOHUM, KaTO CaMO TaKa MOXE Jla 3alo4yHe Ha  Friends (327)
yucTo. 3a TOBa IoAYEepTaBaMe, 4Ye TYK € BaKHO
JIOBEPUETO, KOETO C€ WM3rpaxkiga MexJy 3BeHara OT i Like * Comment * Share
KOHTAKTHAaTa Mpexa, HE CcaMO MEXAYy OTIEITHUTE
WHJVMBUAM, 2 MEXKJY BCHUYKM YYACTHHIIM B KOMYHHUKalUATa TaMm, JIOPU U HaA
peKiIaMHuTE nocnanus. Tyk, TOBeUe OT BCAKOTA, € BAKHO J1a CTAHEII MPUAITEI C
NOTpeOUTENsI, Ch3JaBAWKN WHIAMBUIYATU3UPAHU BPB3KA. T1€3U OTHOIICHUSA
JIeICTBAT MO KaueCTBEHO HOB HauuH OjaroaapeHue Ha opranusanusra B CUM.
AKO B CBETa Ba)Ku MOroBopkKarta: ,,EJJMH I0BOJIEH KJIUEHT I1I€ KaXe Ha OIIE €MH,
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a eJIMH HEeJOBOJIEH 1€ Ka)ke Ha JeCeT’, TO TyK OpoiiKkaTa € Mmo-CKOpo U3paBHEHA.
Bcesika Bpb3ka ce cb3faBa Ha 0a3a MOJIOKHUTENIHATA peslalds Ha XapecBaHETO.
Enun cyOGektr pedepupa apyr wid oAoOpsiBalkM  ChAbpXKAHUE, WIH
NEKJIApUPANKH, Y€ € IPUSITEN.

I11. BAKJIIOYEHUE

B emna mama cratms o3arnaBeHa: ,,CbCTOSSHUE U PABBUTUTE HA
CUCTEMATA: MNPOU3BOJICTBO-PEKJIAMA-IIOTPEBJIEHUE”,
pasrienaxme HyxauTe, kouto 3anbiaBaT CHM u  ToBa MOJIOAKUTETHO
pedepupane mokaszaxme TaM, UMa CBOSITA OHTOJIOTHYHA (DYHKIHMS B AW3aiiHA HA
cuctemMara. Ho TO mo3BoisiBA M CH3IaBAHETO HA BBJIHA, KOATO JOCTHTA
MOTPEOUTENNTE, U CIEABAIA BbJIHA, KOSTO IIE Mpejiee U3BBH TAX, JOCTUTANKU
HOBH, U TpEeTa BbJIHA, MUHABAKU OTBBJ. BCAKO AEHCTBHE Ce XapaKTepU3nupa C
€IHAKBO YyCWJIHE, W TopaaW crenudukara Ha cpegara U Ha MeEToja Ha
pa3npocTpaHeHue, OT mbpBaTa J0 IMOCeIHaTa CTUMYJIalUs ¢a C €IUH U ChIIU
WHTEH3UTET, HO C JpacCTUYHA Pa3JIMKa B ayIMTOPUSITA.

ToBa € ChIIHOCTTA HAa PE30HAHCHUA METOJ — Jla C€ IOCTUraT OTPOMHU
pe3yiTatd 4Ype3 MaJKM MO0 aMIUINTyAa, HO C ONpeaesieHa MNEPHUOJIUYHOCT
BB3JCUCTBUS BbPXY Cpeaarta.

MHoro MoOXe Ja ce TOBOpHM 3a peKiamaTa, 3a TOBa KakBa ¢ B Owmiia B
MUHAJIOTO, KaK CE€ € pa3BWJIa U B KaKBO, MOKE OM, I11€ C€ MPEBbPHE. 3a TUIIOBETE,
BUJIOBET€ U XAPAKTCPUCTUKUTE. 32 TEHUAIHUTE PEUICHUS W 3a KOJOCAJTHUTE
npoBasiv. Ho Heka fa ce BbpHEM KbM TyMUTE Ha Y OHAaMEWKbp, KOUTO IPU3HABA,
4e MOJIOBUHATA OT TMApUTE, KOUTO XapyM 3a peKjiaMa, ca XBbPJCHU HA BIATHpA.
KoJiko ca BEKOBHUTE CHUCTEMH, KOUTO MoJi3Bame, nmpu kouto KIIJl B Hawanorto e
ouno 50%, a ¢ Bpemero e crnanHano? He ce cemam 3a TakuBa, a Bue? A ako
pekaMara MOXe Jia CTaHe MO-TIPUSTHA, IMO-I0CTOBEPHA U MO-MaJIKO arpecruBHa?
3a macTue uMa Ha4MH - HaOJIsAraiku Ha MHGOpPMATHBHATA YacT OT PEKIAMHHTE
MOCJIaHMs M U3MOJ3Baliku Pe30oHaHCHUS MeETOoJ, MOXKE Jia OYakBaMe
peanu3upaHeTo Ha MaJIKo Mmo-e(heKTUBHU KammnaHuu. [IpoBeneHute TecToBE B
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Ta3h HACOKa HM HaBaT BApad, 4C HHUC U I/IHTepHGT-LIOBGHI/ITC ricgamMec B CIHaA
ITIOCOKA — G(bCKTI/IBHOCTTa.
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TPUBOMETAMOP®HUTE CJOIOAEHU HIUCTHU
KATO JIYBPUKAHT B TEKTOHCKUTE 30HHA
HA TPUEHE
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on. 24; 1113, ekozhoukharova@abv.bg

THE TRIBOMETAMORPHIC MICASCHITS AS A LUBRICANT IN
THE TECTONIC ZONES OF FRICTION

Evgenia KOZHOUKHAROVA
Geological Institute of BAS, ekozhoukharova@abv.bg

Abstract: The micaschists are metamorphic rocks, consisting of
micas, feldspar and quartz. Their specific texture is foliation due to
preferred orientation of the platy micas. The micaschists are
formed by crystallization of pelitic sediments or by tribological
processes in the shear zones of friction among granites and
gneisses. The destructed rocks have been transformed into
muscovite micaschists with similar chemical composition.
Micaschists at zones of friction favour the tectonic movements
playing a role of lubricant.

I. YBOJ

CmomennTe muMcTH ca MeTaMOphHU CKajdl, OCHOBEH KOMIIOHEHT B
pEerMoHaTHUTE MeTaMOp(HM KOMIUIEKCH, KBJETO T€ AacOlMMpaT C THAMCH,
am(puOoIUTH, MPaMOPH, KAJIKOIINUCTH, KBapIuTH. [lIucTuTe ce chbeToAT TIIaBHO
or cmoau (OMOTUT, MYCKOBUT, CepulluT, (GeHTruT, (moronut), denmmmar u
kBapil. Haxou oT TAX ChIbpiKaT KaTO JOMBIHUTEITHN MUHEPAIH TpaHaT, KHAHUT,
CTaBpOJUT, pyTWwin U Ap. OTnuuurteneH Oeler Ha CIIOJCHUTE MINCTH €
MINCTO3HATa TeKCTypa (donuamnus), MpU KOSATO CIIOJUTE, IMOPaad CBOSTa
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IJIaHapHAa CTPYKTypa, C€ pasmojarar OpHUEHTHPAHO, IapajellH0 Ha eJHa
IJIOCKOCT, (OPMUpANKU THHKU CJIOEBE MEXAY APYTUT€ MUHEpad WU  Ce
CMECBAT C TSX, 3aMa3Baliki OPUEHTUPAHOTO CU MOJIOKEHUE.

0 51015 2
[S S W]

fhverps caees ¢ rod parernabeoe | ]
oo - Lo L] @ ] - Pradlas 7/\ aprenanpey ¥ UANITHTR —— PERN

¢ur.1: I"eonosxcka kapma na Pooonckus macus

VY Hac cirofeHHWTe MHMCTA UMaT MIUPOKO Pa3BUTHE B CTapuUTE METaMOP(PHH
KOMIUIEKCM Ha 1uiaHuHute oT lOxna bwarapus - Pomonm, Puma, Ilupun,
Bepuna, Orpaxnaen, Bmaxuna, Cpennoropuero um Caxap. Tam cmroaeHure
IIMCTH B ajTEpHALMs C THANCOLIMCTH, MpaMoOpH, aM(PUOOIUTH, KaJIKOUIUCTH,
KBapLMTH, XJIOPUTOBH LIUCTH, CEPIICHTUHUTH U Apyru popmupar T.H. [IscTpu
ceutu (¢ur.l). IIbcTpuTe CBUTH TOKpUBAT TOJEMH JMHEHHU U JOM-
AHTUKIIMHAIM, YUUTO SIpa ca M3rPaJieHu OT KBapIl-(esalnaToBu CKald -
THAalCU U TPAaHUTOTHAMCH.

2. TEHE3UC HA CJIIOAEHUTE LIUCTHU

[IpeameTamopHHUSIT TPOTOJUT HA CIHIOJICHUTE IMUCTH € (HUHOZBPHECT
MEJTUTOB MaTepHall, KOUTO ce 00pa3yBa MpHU CETUMEHTAIINS WA Ype3 TPUCHE Ha
ckasieH Marepuai. [Ipu mocnenBanusT pernoHaieH MeTaMop(Uu3bM TMEIUTOBUAT
MaTepuan MNpeKpUcTamu3npa B CHOJeHM MmUcTH. ChoOpa3HO MTPOTOJIUTA
TE€HE3UCHT Ha CIIOACHUTE MIMCTH MOXE Jla C€ ONpEeNeir KaTo CEIUMEHTHO-
MetamopdeH u TpudboMeramopdeH.

A. Cedumenmno-memamopgen 2enesuc. CeauMEHTHUTE TEIUTH CE
dbopmupar 1o ABa IbTS: a. KaT0 Hal-QUHU yTallku OT peueH HAaHOCEH MaTepHal
BbB BOJHU OacerHM WM O. MpU U3BETPSHE HAa KHUCEIM CKald - TPaHUTH,
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PHUOJIATH U THaucCHU. [Ipu BTOpUs Ciaydall U3BETPUTEIHUAT MaTrepuaj MOXKE Ja
OCTaHe Ha CBHIIOTO MSCTO WM JAa OBbIEe OTMHUT M CHIIO TPAHCIOPTHPAH BBHB
BojeH OacewH. CIIOACHUTE MIUCTH OT CEAMMEHTHO-MeTaMOp(deH NpoH3Xo.
uMaT pa3HOOOpa3eH MHUHEpPaJICH CbhCTaB, B KOWUTO YydacTBaT pa3IdnYHU
JOMTBTHATEITHN MHUHEPAIIH. ;

b. Tpuoo-memamopghen zenezuc. 11enuTOBUAT NPOTOIUT HA TO3HU BUJI IIUCTU
ce ToJy4yaBa TpH TPUCHE HA CKAJTHY TUIACTHHH B TEKTOHCKU 30HU Ha CpPs3BaHE.
BcnencTeue Ha TEKTOHCKH TPOIIECH B CKAIMTE CE MOSIBSIBAT 30HU HA CPSI3BAHE U
TpueHe — TpuOo30HM C paznmmuyau pasmepu (Kozhoukharova, 2008). Te ca
CUTYUpaHH TO: a. Pa3iOMH, MPECHYalld CKalIHWUTE IiactoBe (¢ur. 2a) ; 6.
JMTOJIO)KKHTE KOHTAaKTH MEXIY CKAJIA C PA3IMYHA PEOJOTHYHU KadecTBa
(MTBTHOCT, TBBPIOCT, €IACTHYHOCT, IUIACTHYHOCT, aAXE3WOHH M KOXE3MOHHU
CBOICTBa), KOUTO ca Pa3IoJIOKEHU MPEIUMHO 10 KpUilaTa Ha aHTUKIMHAIUTE U
cunkinHanute (¢ur.20); B. MOBLPXHOCTUTE Ha Hapmauute (¢ur. 2B). B MHOrO
ClIydad cyOmapasellHO Ha TJIaBHaTa TpUOOJIOTHYHA 30HA HA TPHECHE CE TIOSBSIBAT
BTOPUYHH TOBBPXHOCTH Ha JUCIOKAMA M TPUEHE, KOUTO Ca C IO-MaJKH
pasmepu (¢ur. 3). Haii-uecto ToBa ce cirydBa Mpu HEEAHOPOJHOCT HA TPUEIIUTE
Ce CKaJIHU IUIACTUHH, KOTaTo T€ UMAT CIOUCT cTpoex. HabmogaBanu ca chIio
Cllydau Ha TOsIBA Ha T0-CJIA00 Pa3BUTH BTOPHYHH 30HU HA CPSI3BaHE U TPU
Tena ¢ €AHOPOJEH CTPOEK. MHUKPO30HU Ha Cpsi3BaHE W TPHEHE CE€ pa3BUBAT
CBIIIO0 B KPUCTAJTHATA PEUIETKA Ha OTICIIHU MHHEPAJH, MOJJI0KCHA HA HATUCK

(¢ur.3).

¢ur. 2: Paznuunu 30Hu Ha cpA3eane
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¢ur. 3. [ 1asnu u emopocmenennu 30Hu Ha mpueHe

3. MPOLHECH B TPUBO3OHUTE

[Iponecute Ha TpUEHE B HAYAJTHUTE MOMEHTH Ha IpoIleca BOIST 0 KaTakJia3
U MUJOHHTH3AIMS Ha CKAJIUTe, a B MO KBCEH €Tam J0 NMPEKPUCTAIM3aIls Ha
CcTpuTHsl Marepuai. TpueHeTo B TpuOo30HATa 3acsira LsjaTa cKajga U ce
MPOSIBSIBA KAaTO: a. BHTPEIIHOJIAMHUHAPHO TUTh3TaHE MEXIY MHKpOCJIOoeBeTe; O.
MEXIy CaMUTE MUHEPAIH MPHU JE3UHTETPaIlis Ha cKajaTa, MPU KOETO HIKOU OT
TAX C€ pa3pylIaBaT Mo-O0bP30, JOKATO JAPYTU MO-PE3UCTEHTHH (KaTo rpaHaTa
HaIpuMep) camo ce potupat (¢Gur. 4); B. BBTPEIIHN TPAHCIAIIMN B KPUCTAIHATA
peleTka Ha MHHEpajdu KaTto KBapll, KaiuuT, rpadur. B 30HUTE Ha TpueHe
nedopmaimsiTa Ha MHUHEpATUTE MPEMHUHABA TPE3 HIKOJIKO eTama: TMosiBa Ha
nedeKTH B KpUCTaaHaTa perieTKa, pa3maJaHeTo ¥ Ha ONTUYECKH HETHOPOIHU
JIOMEHM, pa3pylllaBaHe Ha MHUHEpaja A0 MOJIEKYJSIPHO U aTOMHO HUBO,
pa3KbCBaHE HA KPUCTAJOXUMHUYHUTE BPB3KH U €JIEKTpOHHA Aucnepcus (Xenda u
Unuunanze, 1989). CymapHusT epekT ce nposBaBa B 3HAYUTEITHO MOBHUIIIABAHE
Ha TeMmIlepaTypaTa, HaJISIraHeTo, XMMHUYHATAa AKTUBHOCT HA KOMIIOHEHTUTE B
TprOO30HATa, TOCJICABAH OT KpUCTanu3anus Ha ctputus matepuan (Heinicke,

1984).
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¢bur. 4. {umepnamunapnu 30nu na mpuene

4. XAPAKTEPUCTUKA HA TPUBOMETAMOP®HUTE CJIIOAEHU
HUCTH

TpubomeramopdHHUTE CIIOAEHM MIMCTH UMAT OrPAHUYEHO JIATEPATTHO
pa3BUTHE M HE 3aeMaT MSCTO B cTpaTuUrpadckata KOJOHKA Ha KPUCTAJIUHHUS
KOMIUIEKC, Thil KaTO T€ C€ pa3BMBAT MO 30HU. 3a pa3jiHKa OT TAX CEAUMEHTHO-
MeTaMOp(GHUTE CIIOJICHU IIMCTH, CBBP3aHH ChC CEAMMEHTAallMs B OOI BOJICH
Oacelin, oOpa3yBaT IUIOIIHMA XOPU30HTH C PETHOHAIHU pa3MEpH TOCTHUTAIIN
JIECETKH W CTOTHULM KBAJPATHU KUJOMETPH M 3aeMaT OMNpPEIEICHO MSCTO B
cTpaturpadckara mocie0BaTeTHOCT.

Mexny paBaTa TEHETWYHH THIA IIMCTA CBHIIECTBYBAT pa3ludus W B
MUHEPATHUS UM cheTaB. TpuboMeramopHUTE MHUCTH, KOUTO c€ 00pazyBaT Ha
MSICTO Cpel €JHOPOJHHU CKajih, CBhOTBETCTBAT HA XHUMHUYHHS CBbCTaB Ha
U3XOJlHATa CKaja, T.e. M3MEHEHHUATAa Ca ChIIECTBEHO H30XMMHMYHH, JOKATO
CIIOICHUTE IIUCTH OT CEAMMEHTHO-METaMOp(peH NPOU3X0Jl HMaT IOo-
pa3HoO0pa3eH MUHEPAJIEH ChCTaB, B KOMTO y4acTBAT Pa3InYHU JOMbIHUTEITHU
MUHEpanu. XapakTepHU NpPUMEpPH 3a CEAUMEHTHO-METaMOP(pHHUTE MIMCTH ca
NOBEYETO OT OWOTUTOBUTE W JIBYCIIIOJICHUTE LIMCTH, KAaKTO M OoraTute Ha
ATYMUHUH KHAHWUTOBM IIHMCTH, OOpa3yBaHM 3a CMETKAa Ha W3BETPUTEIICH
MaTepuaj, TPeThPISTI HE3HAYUTENIeH TPaHCIOPT BBHB BOACH OaceiH.
TpubomeramopHHUTE CITIOIEHN IUCTH, BH3HUKHAIH CPEJl THANCH WM TPAaHUTH
ca ChCTaBEHM IJIaBHO OT KBapll, enammar u Osu1a cioaa (MyCKOBUT, CEPUIIMT,
mapraput) o 15-20%, oOGpa3yBaHa 3a cMeTKa Ha pa3pylleHUTe (esIunaTu.
ToTamHUAT UM XUMHUYEH ChCTaB CHOTBETCTBA Ha WM3XOAHATa CKajia. Yecto Te
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ChABPKAT MUHEPAIU-HANKATOPU 3a MMOBULIEHU HAJSITAHMS, KaTO I'PaHaT, PyTUII
U Os1a cirojia ¢ MOBUIIEHO (PEHruTOBO chAbpxkaHue. [IoHsKora nmpu nogoOHU
IIMCTU KBApLBT € C IOHWKEHO KOJIUYECTBO, Thil KaTO TOM ,,04ra” OT 30HaTa Ha
HATHUCK, OJlarofjapeHue Ha BhTPELIHO-KpUCTAIHU TpaHcaauuu. [lonoOHu ciayyan
ca HaOJIIOJJaBaHU TpU CIIOJEHU LIMCTH OT HaBiayHa 30Ha B TsH-LlaH, mpu
KOETO BTOPUYHM BHTPEIIHU 30HUTE HA HAal-UHTEH3UBHA Ae(opMalus U TpUEHE
ca MapKMpaHU OT MBULMU HAa (UHOKPHUCTAJIEH PYTHUI — MUHEPAJI C MHOT'O IUTbTHA
KpUCTallHA pemieTka. To3u (akT ce pasriexka Karo J0Ka3aTeJICTBO 3a MposiBa
Ha KbCHH MOCTIAICOTEHCKU ANMUUCKH METaMOpP(U3BM.

MuxkpocTpykTypHata KapTHHa Ha TpuOOMeTaMOp(HUTE MIMCTH CHIIO
XapakTepu3upa TexHus npousxoi. HabmonaBar ce IUIBTHH CIIOEBE OT CIIOAM, C
nedenuHa 10 HAKOJIKO MUJIMMETpa, 00THYAIIM MUKPOsIpa OT OTHOCUTEIHO I10-
3ara3eH rHaiicoB MakeT WIX MO-ToJIEMU NOPPUPOKIACTH OT (PEAIIIAT.

5. CIVJAEHUTE HIUCTU KATO JIYBPUKAHTU IIPU
TEKTOHCKUTE TPOLHECHU

[Tpu TEKTOHCKUTE MPOLIECH 30HUTE HA CPsA3BAaHE U JIBIKEHUE ce (opMupar
IPEANOYUTENIHO 110 CBHINECTBYBAIIUTE XOPU30HTH OT  CHIOJAEHU UIMCTH,
HE3aBHUCHUMO  OT  TEXHHUA  TEHE3UC  CEIUMEHTHO-MeTaMop(deH  Wu
TpuboMeramopdpeH. IlmaHapHaTta CTpyKTypa Ha CIIOJAUTE U TSIXHOTO
OpPUEHTUPAHO pasnoyioKEeHUe Cbh3hgaBa OTHEIHM IUIOCKOCTH C TJaJKU
MOBBPXHOCTH, KOUTO OJIArONMPUATCTBAT IUTH3TAHETO HA CKAJHUTE CJIOEBE WM
0JI0kOBE TO TAX. TEKTOHCKUTE [IBM)KEHHMSI Ha CKAJIHUTE Mach C€ W3BbPIIBAT
MMEHHO MO 30HH, MOKPUTU OT CIIOJEHU IIHUCTU. B TakbB CMUCHI CIIOJICHUTE
IIMCTH UTPasiT pOJisl HA €CTECTBEHU JIyOPUKAHTH.

B Popornickust MacuB ca HaOII0JJaBaHU HA MHOTO MECTa 30HU Ha Cps3BaHe, 10
KOUTO CE€ U3BBPLIBAT TEKTOHCKH JBH)KEHHM. B ciyyauTe koraro 30HHTE ca cpea
TBBPAM CKaju, TPYAHO TIOJAaBallli CE€ Ha pas3pyllaBaHe, KaKBUTO ca
ampuboUTUTe, TPU TPUEHETO TEMIIEPATypUTE C€ MOBHUIIABAT 3HAYUTEIHO IO
800-1000°C, a mansranusta g0 15-20 kbar u xpucranmusupar xapakrepHuTe 3a
BUCOKOTEPMOOApUYHUST METaMOP(PU3bM EKJIOTUTH W TPAHATOBU JIEPIIOJIUTH
(Koxyxaposa, 1980, 1999), kouTo He ChABpKAT CIIOAU U JO TOJisIMA CTEIEH
ype3 KpHUCTaM3alusaTa T€ KOHCOJIMIUPAT TEKTOHCKaTa 30Ha Ha Cpsi3BaHe.
TpubomeramopdHUTE CIIOJCHU MIUCTH CPeJl THAWCH U TPAHUTH CcE€ 00pa3yBar

mpu mo-HucKH Temmeparypu — 480-500°C wu mamsramms 4-7 kbar, Ho
OnmarogapeHue Ha BUCOKOTO CHU ChIbp)KaHHWE HA CIIO/a, T€ ACWCTBAT KaTo
TyOpUKaHTH.

TpuGomeraMopPHU  CIIIOCHU IIMCTA MO 30HM Ca YCTAaHOBEHH B

Lentpanaure u HM3tounu Poponu mnmo CTpbMHO 3amajaliuTe Kpuia Ha
THAMCOBUTE KYIIOJIM KAaTO BTOPUYHU 30HU HA CPA3BAHE UM TPUEHE CPEJl THAKCH.
3oHHUTE ca cyOmapasielIHM Ha TpaHMIlaTa MEXAY U3JIUTHATUTE THANCOBU siapa U
MOKPUBAIIUTE TH NBCTPU CBUTU (dur. 1). YuacTueTo Ha CIIOJEHUTE IIUCTU
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6HaFOHpI/IHTCTBa IIOTBBAHCTO Ha IINIACTOBCTC Ha IIBbCTPHUTEC CBUTH B
CUHKIIMHAJIHUTC ITPOCTPAHCTBA.

6. SAK/IIOYEHUE

- B 30HuTE Ha cpsa3BaHe W TpueHe (TpuOO30HM) cKaiuTe ce aedopmupar,
JIE3UHTETPUPAT U CE MPUBPHIIAT B PUHOZbPHECTA Maca;

- brnaronapenue Ha MOBHUIIEHUTE TeMmIlepaTypa M HalsAraHe B TpUOO30HUTE
CTPUTHST MaTepUal MPEeKpUCTaIN3Upa B HOBA TpruboMeTaMop(pHa ckana;

- B cnyuyaute xorato Tpubo30oHHUTE ce POpMHUpAT Cpe] TPAaHUTU WM THaicH,
CKaJH ¢ mpeoOianaBail KBapi-(peaAmnaToB cbCTaB, TPHOOMETAMOPPUTHUTE ca
MYCKOBHUTOBH CIIOICHU HIHCTH;

-CrofieHdTe WIMCTH, TMOKPUBAIIM OTACIHU IUIOCKOCTH HWIpasT pOJsl Ha
€CTECTBEHU JTyOPUKAHTH U OJIArOMPUATCTBAT TUTH3TAHETO HA CKAIHUTE Tella Mpu
TEKTOHCKHUTE JIBH>KCHHUS.
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MMPOYUBAHE HA B3AUMOJIEUCTBUETO MEXIY
CTPYKTYPATA, POPMATA U IIBETA B
CBBPEMEHHUA IN3AUH HA JTAMCKO OBJIEKJIO

Ilenka lumumposa

Texnuuecku ynueepcumem-Coghus

AN EXAMINATION OF THE INTERACTION BETWEEN
STRUCTURE, SHAPE AND COLOR IN CONTEMPORARY WOMEN'S
WEAR DESIGN

Penka Dimitrova
Technical University of Sofia, Bulgaria

Abstract: The article observes the geometric style and its
constructive methods used in clothing. The author study some
structural clothing features and shape movements depending on the
composition construction. Examine are geometric styles trough
different periods of fashion development. Furthermore, a famous

designer's work is being studied. Spread examples are given
showing ways of sculpted shapes with guidance movement. Shown
are methods of slashing, twisting and spinning used in assortment
of geometric and plastice structures.

BbBEAEHHUE

B mpomeca Ha Xym0XeCTBEHOTO MpoeKTHpaHe (opmara 3aemMa €IHO OT
rmaBHUTE MecTa. L[BeThT U dakTypara Ha MaTepUaINTE C€ U3MEHAT MO-0BP30 OT
dbopmara.

Kpacorara Ha ¢Qopmara ce ompenenss OT HeWHara MSJIOCTHOCT W
opranuszupanoct. [IpuHIunuTe u opraHuzanusara Ha (opmara ce paxkaar B
pe3yaTaT Ha JIBJIBI colMalieH moadop. B kmacuueckute GopMu € HaMEpeHO
PaBHOBECHETO MEK/y €CTETHUECKaTa U yTUINTapHaTa (PyHKLIHUA.

Wznenusita BRHIIHO CE€ XapaKTepU3WpaT KaTo MPOCTPAHCTBEHA CTPYKTYpa,
KOsITO oThens ¢opMara OT BBHIIHATA cpeda. 1s OuBa ejleMeHTapHa U 0a3oBa.

305



[Tox enemenTapHa opmMa ce pazdupa eIMHUYHO SIBICHHE, KOETO HE € €JIEMEHT
OT cepuiiHu u3nenus. bazoBata ¢opma e 3a0keHa B CEpUUHUTE U3IEIUSI U 32
Hesl ca IPUCHILN:

1. Hanuume Ha omnpeneneHa CTPYKTypa, KOSITO OTpas3siBa HAy4HO-
TEXHUYECKOTO U €CTETUYECKO HUBO Ha J]aJIeHO 00IIECTBO;

2. OTHOCUTEIHA YCTOMUYUBOCT HA OCHOBHUTE JIETANIIN B ONPECICHO BPEME;

3. XapMoHWYHA BPH3Ka U ISIJIOCT, SAUHCTBO U CTAOMITHOCT HA CHCTABSIIINATE S
CJIICMCHTH,

4. Cp3maBaHe Ha ONpeiesieH TUTacTUIeH 00pas;

5. EnuHCTBO Ha OCHOBaTa Ha TeoMeTpUYHATa (hopma.

[Ipomecbt Ha pa3BuTHe Ha ¢dopmara € JAUHAMHUYCH — H3pa3siBa
NICUXOJIOTUYHUTE U EMOIMOHAJIHUTE W HampexkeHus. B mporeca Ha
dbopmoobpazyBane 6azoBaTa (opmMa Ha KOCTIOMAa C€ JBM)XH — H3MEHS CBOS
pUTBHM, JleTallau u einemMeHTH. ETo 3amo, 3a ja ce ompelenu rpaHuliaTta Ha
6azoBata (opma, TpsAOBa J1a ce OTAeNW HeWHaTa CTpykTypa. B cTpykTypara Ha
U3JIeTUsATa C€ OTACNAT KOHTYpUTE Ha BbHIIHATa (QopMa KaTo c€ MpaBH
CHIIOCTaBsIHE Ha KOHTYpa C BBTPELIHOTO pa3jeisiHe Ha opMara.

3a ;1a ce moCTpOM CTPYKTypaTa Ha JaJeHO H3Jeiue, TpsOBa Ja ce HaMepsT
Hall-TUNIUYHUTE JIMHUU 3a JajeHa ¢opMa U Te Ja C€ CBeJarT 0 Hal-MpoCT
reoMeTpudeH BUJ. EleMeHTHTEe Ha CTpYKTyparTa ce MPOMEHSAT IO BIHUSHHUE Ha
W3MCHEHHATA, KOUTO HACTBIIBAT B camaTa CTPYKTypa. B HIKOW W3menus HAKOH
€JIEMEHTH Ca MOABWXHHU, & JIPYTM — YCTONUMBHU. [l006udxcHume €IEeMEHTU ca
MajKkuTe (GopMooOpaszyBalld €IWHUIIA, KOUTO OCHUTYPSBAT KOMITO3UIIMOHHOTO
pa3HooOpasue Ha CTpykTypatra. KbBM TAX c€ OTHAaciIT CTPYKTYypHO-
JEKOpaTUBHUTE JIMHUM, OTJACIHUTE AeTainu, popmara, BETHT U (akTypara.
Te3u eneMeHTH ca MHPBUYHU U JEHCTBUETO UM € OTPAHUYEHO B KPaTHK
uHTEepBal OT Bpeme. CmabunHume €JIEMEHTH ca HaW-ToJisiMara OCHOBHA
eIMHMIIA B CTPYKTYypaTa Ha U3JEIUITA, TIOPAJAU KOETO TS PEATHO CE€ OMPEEIsl OT
Tax. Kakto mojaBWKHUTE, Taka U HEMOJIBI)KHHUTE €JIEMEHTH HE ChIIEeCTBYBAT
caMoCTOATeNHO. Te MOCTEeeHHO B3auMOJCHCTBAT U 00pa3yBaT HOBU BPBH3KHU U
KOMOHWHAIIMH, KOUTO OTPEAENIAT KOMIIO3UIIMOHHUSI XapaKTep Ha U3JIEIHUTA.

W Ttaka mnpu yTBBp)KJIaBaHE Ha HOBaTa OOEMHO-NPOCTpaHCTBEHa (opmMma,
OTJICJTHUTE TPYIH MOABUKHHU CIIEMCHTH C€ TIOBTAJISIT, a TP HEWHOTO OTPHYAHE
T€ ce pa3pylIaBar.

["onsiMoTO pazHooOpasue Ha GOpMHU B U3ACIUATA CE MOCTUTA YPE3 ChUeTaBaHE
Ha HETOBHTE ITBPBUYHU €JIEMEHTH, KbM KOUTO CE€ OTHACHT:

* TeOMETPHYCH BHJI Ha (hopMaTa KaTo IISI0 M HCHHUTE YacTH;

* Maca Ha popMaTa KaTo ISUI0 U HEHHUTE YacTu;

* BUJ M CTPYKTypa Ha MaTepHaia, OT KOUTO € N3paboTeHO 00JIaKII0TO;

* IBSIT ¥ I[BETOBO O(DOpPMIICHHE.

Jnu3aitnbT Ha OOJICKIOTO € OT OCOOCHO 3HAYCHHE 32 KauyeCTBOTO, KOETO Ce
ompeseNsi OT Ch3/1aBaHETO Ha (DYHKIIMOHAHU BB3JH, ChBBPEHU KOHCTPYKIIUH,
ChBPEMEHHU TEXHOJIOTUU U HOBU TEKCTHUIHU MaTepUaIIH.
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HanpaBeH e aHanu3 Ha CTPyKTypara Ha JaMCKH OOJIeKJIa , Ha yCTOWYHMBaTa
opranuzainus Ha (OPMUTE B 3aBHUCHMOCT OT CBIBPKAHHUETO, KAKTO Ha
T'PaJINBHUTE €JICMCHTH M B3aMMOJICHCTBUETO Ha CBOMCTBATA MEXKTY TAX.

[IpociieieHO € TOJy4YaBaHETO HAa MHOTOOOpPa3HM CHUCTEMH MOJCITH 4pe3
noJuepTaHa IUIaCTUYHA WJAes Ha OCHOBHAaTa 0a30Ba KOHCTPYKIMS W Ha
dhopmMooOpazyBamuTe qETANIH.

Ha ¢wur. 1 ce mpocnenssa pa3nudao opopmiieHHe Ha kKopcaxa. Cb3maBa ce
OIpEJIeNICH IIACTUYCH 00pa3 B JAMCKOTO OOJIEKIIO Ype3 pas3iIryHU CPSI3BAHUS U
KOHCTPYKTHUBHU JCTaNIH.

¢ur. 1: Paznuuno ogpopmnenue na kopcasica

Ecrernueckute kadecTBa ca OMPENEICHU OT WU3BUTUTE JUHUU HAa OCHOBHUS
KOpCaXX, KOUTO ONPEIESAT METOAUTE 32 KOHCTPYHUPAHE U MOCTUTaHe Ha 00EMHO-
npocTpaHcTBeHarta opma.
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KOMHOSI/IHI/IOHHI/I}IT HOCHTBHP € CbCPCAOTOUYCH HA JTUHAMUYHUTC U3BUTH JIMHUHA

Opy €AUH KIACHYECKU MPEKAJTICHO CIOKOEH W CcleABall TSI0TO KIACHYECKU
CUITYET.
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¢ur. 20
OCHOBHHUAT CWJIYET CJI€ABAa €CTECTBEHHUTE MPOIMOPIHUM Ha >KEHCKOTO TSJIO.
OOGeMHO-TIPOCTpAHCTBEHATa KaTeropus € IoA4YepTaHa 4Ype3 TEKTOHMKATA.
TexkToHMKaTa B OOJIGKJIOTO € €IHO OT Hal-BaxxHUTE (HopMooOpa3yBallu

CpelcTBa W € Bpb3KaTa Ha MAaTEpUATHO-KOHCTPYKTHMBHATA TMPHUPOJA C
XyaoxecTBeHaTa ¢opMma. Ts e 3puMOTO OTpa3siBaHe Ha KOHCTPYKIUATa U
matepuaia BBB (¢opmara. Ts mpencTtaBisgBa B3aWMOBpPB3KaTa MEXIY
KOHCTPYKIIMATA M (opmaTa, U3pa3eHU OT KOHKPETEH MmaTepuan. TeKTOHHMKaTa
OCUTYpsiBA BSIPHO W3TPaXKJaHE Ha KOHCTPYKIUSATA B 3aBUCHMOCT OT
IUTACTUYHHUTE CBOMCTBA U (paKkTypaTa Ha MaTepuanTe, OOCANHSIBA €IIEMEHTHUTE B
ISUTOTO.

TexkToHMYHUTE 3aKOHOMEPHOCTH CE€ TPOSBABAT B €CTETUYECKH OCMHCIICHA
B3aMMOBPB3Ka MEXIy MaTepuana W QopmaTa, MEXKIy pa3wieHSBaHETO Ha
KOHCTPYKLUATA U POTNIOPLIMOHUPAHE.

3a TbpceHe Ha pa3zHOOOpazHU (OpMHU Ce€ U3MNON3BAT MPUHIUIIUTE Ha
MaKeTHpaHEe Ha MAaKEeTH, OpPraHuU3Mpally IUiaTa J0 MOCTUTaHE Ha KeJlaHaTa
dbopma 1 06eM B 3aBHCHUMOCT OT IJIacCTUKaTa Ha MaTtepuana (¢ur.2 a,0).

MHoro yecto B €qHa KOHCTPYKIHMS C€ M3MO0J3BAaT pa3jiMuyHU BUJOBE
MaTepHuai, KOUTO ce KOMOMHUpAT B eaHa o0Ia npocTpancTBeHa gopma. Tosa
MOe 7a ObJie pUTHM M CH3BYYHE, KAKTO OT Pa3IWMYHU TUIACTHYHU MaTepHa,
Taka U OT Pa3IMYHU [IBETOBH PEIICHUSI.

HeoOxoaumo ycioBre 3a IOCTUTaHE Ha XapPMOHUYHOCT TIPH XYy10KECTBEHOTO
pernieHre B 00JeKI0TO € HATMYUETO Ha TPOTIOPIIMOHATHOCT.

[TpomopiinuTe B 3HAYMTETHA CTETNICH OMPEACIAT MSITOCTHATA KOMITO3UITMOHHA
cTpykTypa. KomMmno3unnonHaTa cTpykTypa B JaMCKOTO OOJIEKJIO MOXKe Ja Obie
pasnpeeneHa B XapMOHUYHUTE MIPOMOPIUH Ha “371aTHOTO ceyeHue” — ur. 3.
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¢pur. 3
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I[a Pa3aciiiM OTCCUYKAaTa AB Ha JIB€ 4aCTH, TaKa 4ye€ rojiaMara 1 4acT ce sBsBa
CpCAHO IIPOIMOPHHUOHAIHO OTHOIICHUC MCIKAY MaJIKaTa U LCIINUA OTPA3BK.

Axo 0003HaYNM ThpCCHATA ABJDKHMHA HA rojrsiMara 4acT ¢ X, TO AbJDKHMHATa
Ha MaJIKaTa 4acCT 1IIc 6’5,[{6 paBHa Ha 1- X u Moxe Jda CC U3pasu IporopuuATa:

1 X

X 1-x
NJiIn

x2 =1-Xx.

[lonoxxutenHusT KOPCH Ha IIOJIYYCHOTO KBaJpaTHO YPABHCHHUC HMaA

CTOUHOCT:
-1+ \/g

2
TaKa 4€ OTHOHICHUATA B IIPOIIOPHOHATA Ca PABHU HaA!

12 of+s) 14465
X —1++5 (-1++5J1++5) 2

Henenuero B T. C ce Hapuya ,,371aTHO CEUCHUE .

AKO ce B3eMe OTpHILATEIEH KOPEH Ha ypaBHEHUETO, TO Aelsmara Touka Co
ce OKa3Ba BBH OT JejeHueTo AB W ce Hapuua ,,BBHIIHO J€JICHUE B
reoMetpusaTa. CbOTHOIIIEHUETO Ha 3JTaTHOTO CEYEHHUE CE MPEACTaBs BbB BHU/IA!

CoB_AB _
AB  CoA
B npaBobreiaHus cuiyeT Ha JAMCKOTO OOJIEKJIO B CTPYKTypara Morar Ja

6’b)Z[aT H3II0JI3SBAHU IWHAMHWYHU IIPABOBI'BIIHUIU C MOYJI \/g U MOAyJl ) , TACHO
CBBbpP3aHU IIOMEKIY CH
_ J5+1

D

e
4
N\

¢ur. 4
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C’BIIIGCTBYB& IIPpOCT HAYHH 3a XapMOHHWYHH PA3IIOJOKCHHUC BHPXY IJIOIITA HA
AUHAMHWYHUSA  IIPAaBOBI'BJIHUK, CbCTABCH OT KBAaJApaT W IIPABOBI'bJIHHUK.
PaznonoxeHueTo Ha IMPaBOBI'BIIHUIUTC HA (1)I/II‘. 5 CHOTBETCTBA HA BIIMCAHUTE C

MOOYJIN \/ECD 151 \/g , IOJIYUYCHHU OT IMPOCTUTC BAPpUAHTHU HA TOBA IIOCTPOCHHC.

(ur. Sa

e e e ——4

i
R R G
B

PE— 2 L

2 : \
1 {\ y
1 V2SS

¢ur. 5 6: cmamuunu nNpagovLAHUYU

3
¢ur. 6: cmamuunu npagoveLAHUYU
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Ha ¢wur. 56 u ¢ur. 6 ca n300pa3eHn CTaTUUHU MPABOBIBIHUIIM (3/ 2;4/3), a

Ha (ur. 7 — TMHAMUYHU TTPABOBT'BIHUIN C MOTYJN J2 , J3u \/g .

N

bur. 7: JJunamuunu npagovevinuyu ¢ MoOyIu J2 : V3 u 5.
Ha ¢ur. 8 e mnpexncraBeH MNpaBOBI'bIHUK, TMOJY4YeH OT MOJA00HU

MPABOBI'BJIHUIIM UPE3 JICJICHUE HA €THU U CBIIU yucia. [[paBObIbIHUK, B KOUTO
ca BIKMCaHU MOJA00HU KBaJIpaTH, € peACTaBeH Ha ¢ur. 9.

A

B

D = ¢

¢ur. 8: Ilpasovevanuk, nonyuen om no0oOHU NPABOLSHLIHUYU Upe3 OelleHue Ha
eO0HU U CHUU YUCTA
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dur. 9: Ilpasovewvanux ¢ enucanu nodooHU Keadpamu

[Ipy MPOMHNIIEHOTO MPOEKTHpPaHE Ha OOJEKIOTO 3HAYMTETHH TPYIHOCTH
BB3HUKBAT OT HEOOXOAMMOCTTa AM3AMHEPHT Ja C€ CHhOOpas3siBa C YOBEUIKOTO
TS0, HETOBUTE MPOTIOPIIMH U yI0OCTBOTO TIPH IBUIKEHHE.

[Tpu ch3gaBaHe Ha MPOMOPIMHUTE HA OOJEKIOTO TOJSIMO 3HAYCHHE MMa KOS
4acT OT TAJIOTO 1Ie ObJe MpueTa 3a MOJyJIHA €IMHUIIA.

B cBosta mociaenoBaTeNHOCT MPOMOPLUOHAIHOTO pa3eisiHe 3aBUCH OT
IpeJICTaBUTE 3a KpacoTa Mpe3 paziIMyHUTE enoxu. B3zaumonencTBUETO MEXTy
OCHOBHUTE €JIEMEHTH B OOJIEKJIOTO U OTIEIHUTE YaCTU CE OCCHILIECTBSABA Bb3
OCHOBA Ha THXKJECTBOTO (PaBEHCTBOTO), HIOAHCA (CXOJICTBOTO) U KOHTPACTHUTE
OTHOILICHUSI.

Twvorcoecmeo vma, xoraro pasmepure ca eaHakBu. Hampumep Ha ¢ur.10
KOPCaXXbT U TI0JIaTa ca €JHAKBU O pa3Mep.

Koraro 065ek0To moBTaps €CTECTBEHUTE MPOTIOPIIMH Ha YOBEIIKOTO TSUIO U
pa3MepuTe Ha OTJECITHUTE YacTU CHOTBETCTBAT HA MPOMOPIIMUTE Ha OOJIEKIIOTO,
ejleMeHTuTe Ha (popmara ca noooonu. IlogoOHU enemMeHTH ce 3a0ens3BaT B
HAPOIHHS KOCTIOM.

Korato enementure Ha ¢opmara ca OJM3KMA MO OYEpTaHHUS U MO 00eM 110
CbOTBETHUTE 4YacTH Ha (QUrypure, HO HSAIMAT TOYHO IIOBTOPEHUE HAa
IPOMOPIUUTE Ha YOBEIIKOTO TS0, TE3U OTHOILICHUS Ca CXOOHU.
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Koumpacmlmme OmHoutéHus CC Hapudar TC3U, IIPpU KOUTO COAHOPOIHHUTC
CJICMCHTH Ha (bopMaTa CUJIHO CC OTJIMYAaBAT IIO pasMCp U CC IIPOTHUBOIIOCTABAT

1o popMa euH Ha JIpYT.
EnemenTture B3aMMOAEICTBAT Ha MPUHIMIIA HAa KOHTpacTa, HIOAHCA U

IIOAYUHCHUCTO.
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Konmpacmwvm e enquH OT OCHOBHHUTE NMPUHLMUIIM 33 U3TpaxiaHe Ha (popmata
Ha KocTioma. Toli BHacs paszHooOpa3ue W JUHAMUKA B KOMIIO3UIIMSTA.
[IpeacraBnsiBa TPOTUBOIIOCTaBSIHE Ha BHCOKOTO C HHCKOTO, Ha TEXKOTO C
JIEKOTO, Ha HU3SIIHOCTO C MOHYMEHTAJIHOTO, Ha KpbIVIaTa C MpaBObI'bIHATA
dbopma u T.H.

KonTpactute morart na 6b1aT MEXKAY:

- 1uHuy (TIPaBH U KPUBH, THHKH U J1€0€JIH, BEPTUKAIHA U XOPU30HTAJIHN);

- ygemoese (TOIUIM U CTYJICHH, HACUTCHU U HEHACUTEHN);

- monoge (CBETI U ThMHH);

- paznuynu gopmu (MaJKU ¥ TOJIEMH, OBAHU U MPABOBI'BIHU, C MPAaBUIHA U
HernpaBuiHa ¢popma u ap.) — ur. 11.

Bcuuku Te ce HaMmupaT BbB B3aMMHA BPb3Ka M MOTAT Jla y4acTBaT B €{HA WUJTU
Jpyra KOMOMHAIUsl B KOMIIO3MIIMATA Ha KOCTIOMAa. Possita Ha KOHTpacTa BbHB
dbopmara e paznuyHa. B eHu citydaun Toi pa3kpuBa KOHCTPYKTHBHATA OCHOBA, a
B JIPYTH € CPEJICTBA 32 OPraHU3UPAHE HA HEWHATA CTPYKTYpa.

Ilpunyunu na noodobue ce HAOMIOAABAT B CIIydauTe, KOTaTo B OCHOBHATa
CTPYKTypa € B3€T €JMH TreoMeTpudyeH obem (dopma), KOHUTO ce pa3BHBa U
MOBTaps B pa3IMuHU BapuaHTu — ¢ur. 11.

KoHTapcThT 1 10og00HeTO onpeaessiT OCHOBHATA CTPYKTypa Ha (popMara Kato
CBIIIEBPEMEHHO MPEIU3BUKBAT HEOOXOJWMOCT OT JOMBJIHEHUS Ha IO-MEKH
,»KUBOITUCHU~ €()EKTH.

Hwancom e npexolHO ChCTOSTHUE MEXAY MOJ0OMETO M KOHTPACTa, KOETO
Ch37aBa JOIBIHUTECIIHO BPB3KA W B3aUMOJCHCTBHUS MEXKAY CIEMCHTHUTE U
criomara 3a XapMOHHYHOTO M3TpaXkaHe Ha CTPYKTyparta.
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CEAMA MEXAYHAPOJHA KOH®EPEHIIUA 11O
TPUBOJIOI'UA “BAJIKAHTPHUB'2011” B COJIYH, I'bPLHUA

Emunua Acenosa,
Obwecmeo na mpubonozume 8 bvneapus, emiass@abv.bg

SEVENTH INTERNATIONAL CONFERENCE ON
TRIBOLOGY “BALKANTRIB’2011” — THESSALONIKI,
GREECE

Emilia Assenova
Society of Bulgarian Tribologists, emiass@abv.bg

MexayHapoIHUSIT  OKTOMBpUWCKM  HayueH (ectuBan "HHxkeHepHO
MPOU3BOJICTBO U TpuboJiorus" ce nposene B CosiyH ot 3 10 5 okromBpu 2011 .
Kondepennusara «bAJIKAHTHUB'11» Gemie eqHa ot TpuTe KOHGEpPEHIIMU Ha
decrtuBana.

1. Pe3rome Ha ¢decTuBaIa

Kondepenmusara “A” Coatings ([Tokputusi Ha TOBEPXHUHHUTE) € PE3yiTaT
OT OOIIUTE yCWJIHS Ha YETHUPHU aKaJeMUYHU HUHCTUTYIMU: Jlaboparopusra 3a
MalIuHU U HHXeHepHo nipon3BoicTBO (EEAM) Ha ApuctoTeneBusi yHUBEPCUTET
B Conyn, MHcTuTyTa 32 MHX)EHEpHO MNpou3BoAcTBO W mammHu (IFW) xbM
VYuuBepcutera B XaHoBep, JlabopaTopusita 3a MPOU3BOJCTBEHH TEXHOJIOTHH
(LFT), YauBepcutera B Epnanren — HiopemOepr, UHcTuTyTa MO WHXKEHEPHH
noBbpxHuHU (IOT) u VYHuBepcutera B AaxeH C IIeJI Ja cB3aanar
MEXIYHapOJeH (GopyM 3a MPUIOKEHHWE Ha TMOBHPXHOCTHUTE TOKPUTHS B
MIPOU3BOJICTBEHUTE TEXHUKH, KaTO c€ OOXBamaT W OBbJCHIUTE HACOKU B
W3CJICIBAHUATA HA TIOBBPXHUHUTE.

“A” Coatings ce pemysatT B I'spuus um ['epmanus, KaTo Ta3d TOAMHA Ce
IpoBeJie JIeBeTaTa Mo peji KoHhepeHus.

ICMEN, MexnyHapogHata koHdepeHIUsT MO0 HWHXXEHEPHO IPOU3BOJICTBO
Oemie cb3gajzeHa MOpe3 BpeMe Ha IpblLKOTO mpeacenarenctso Ha EUREKA
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2001- 2002 (www.eureka.be), oOenMHSABAMKM CHUHEPTUMHO  HAYYHUTE
U3CTIeIOBAaTeI W WHXEHEpUTE, KOUTO TpsiOBa 1@ OTroBOpSAT OBP30 Ha
HapacHAJINTE U3UCKBAHUS HAa MPOMUIIUICHUTE TIPUIIOKEHUSI.

Btopara (1996 r.) um ceamara (3-5 oktomBpu 2011) xoHpepeHIun
,BALKANTRIB” 6s1xa npoenenu B ConyH, ['bprius.

Kongepenuuure ,,BALKANTRIB” ca uzsBa Ha aeliHocTTa Ha bankanckara
TpubosiornyHa acouuanusi (BTA), opranusupatr ce Ha BCEKM 3 TOAWHU B
pa3znuunu Oankancku ctpanu. BTA 0Oe yuepenena mpe3 1993 r. B Codus,
KBICTO ce mpoBeae u mbpBara koHbpepenuus ,.BALKANTRIB'93”. Tesu
KOH(EpEeHIINU CTUMYJIUPAT CHTPYIHUUECTBOTO MEKIY OAJIKAHCKHTE W JAPYTH
CTpaHU B PA3BUTUETO HA HAYYHHUTE U MPUIIOKHU 00JIACTH HA TPUOOJIOTHUSTA.

MexayHapoIHUST OKTOMBPUNCKH HaydeH ¢ectuBain cbhOpa 250 ydacTHUIM
OT Pa3JIMYHU CTPAHU, KOUTO MPEJCTABUXA B TPUTE KOH(DEPEHTHHU 3aIM HA XOTE
,,Makedonia Palace” mocieanute mOCTHKECHUS B CBOUTE HAyYHH 00JIACTH.

2. CrOpaHue Ha DaJIKaHCKATA TPUOOJIOTHYHA ACOUMALUS

CnOpanunero Ha BTA ce mposeme B 3aima ,,Amphitryon” wna ,,Makedonia
Palace” na 5 okromepu 2011 mox npeacenatenctsoTo Ha npod. K.-J1. By3akuc B
IpHCHCTBUETO Ha ciaenuute wieHoBe Ha BTA: A. Michailidis, S. Mitsi, 1. Tsiafis
(I'sprust), Slobodan Mitrovic, Branko Skoric, Aleksandar Vencl (Cepous), H.
Cimenoglu, M.B. Karamis, C. Sinanoglu (Typius), N. N. Andonescu, A. Tudor
(Pymbaus), N. Manolov, M. Kandeva, E. Assenova, S. Ivanov, M. Manolova-
Daneva (bbirapus).

CbOpaHueTo moyere maMerra Ha mnouynmHajaurTe 4ieHoBe Ha BTA mpod.
I'eopruyc lerponoayc, I'spuus u npo¢. Emanyea /Isaskonecky, PymbHus.

Mannatrst Ha npencenarenctBoro Ha BTA Oemie npenaneH 3a cienBamiuTe
TpU TOAWMHU OT OBJrapckara crpaHa Ha ['bprus. 3a myOnMKyBaHETO Ha
OKOHYATEJTHUSI BApUAHT Ha OOIIMS JOKJIA]] 32 U3MUHAJIUS MaHJIaT € He0OX0 MO
na ce cb0epaT BCHYKM OTYETH Ha crpaHuTe-wieHku. OOcbaeH Oere
aktyanusupanusT cratyc Ha BTA, npenioxken ot Owirapckara crpasa. Jlo To3u
MOMEHT 6 cTtpanu ca uineHku Ha BTA - bwarapusa, 'spuusa, Makenonus
(FYROM), Pymbuus, Copoust u Typuus. TpsOBa na ce M3mparsAT MOKaHU 3a
YICHCTBO JIO IPYTH CTpaHu Kato: Anbanusi, bocna u Xeprerosuna, XbpBarcka,
Kunsp, Pycusi, CnoBenus. Beska crpana ot ceramnute uieHkd Ha BTA TpsiOBa
Jla IOThPCU KOHTAKTU C MOTEHUUATHUTE HOBH ujeHKU. [Ipod. by3akuc TpsoBa
J1a TIOJTy4d Ta3u MH(POPMALIMS U J1a U3MPATH MUCMA-TIOKaHU 3a YJIEHCTBO.

Nudopmanus 3a cnucanmero Journal of The Balkan Tribological
Association: Mwmakrt-¢dakropbr Ha crnmcanuero ¢ 0,182 (2011 r.), karo e
HapacHan ot 0,101 mpe3 2008 r., OGnarogapeHre Ha BUCOKOTO HHUBO Ha
nyOnuKyBaHuTe cTaThd. [Ipenoxku ce na ce yBenuau OposiT Ha yOJUKyBaHUTE
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CTaTUM, KOeTo O JOBEJ0 10 YyBelIWYaBaHe Ha uMIMakT-¢akrtopa. 60% ot
CTaTUUTE ca OT OaJKaHCKUTE cTpaHu, a octaHanute 40% - OT ApPyrd CTpaHw.
[TybnukyBanu ca paboTu oT 47 pa3nIu4yHU CTPaHH, KATO MOBEYETO ca B 00JacTTa
Ha TpuboxumusTa. [Ipenoprua ce na ce yBenuuu OpOSAT HA CTaTHHM OT JAPYTHU
00JacTH, Kato TpuOoMexaHUKa, TEXHOJIOTUS Ha TOBbPXHUHUTE, OMOTPUOOTIOTHS
u ap. Typuus npenopbyua craTuuTe Ja ObIaT PElEH3UPaHU MO-CTPOro, 3a Ja Ce
MTOBUIITN OI[E TIOBEYE KAYECTBOTO HAa CIHCAHUETO W UMITAKT-hakTopbT. OuepTa
ce ujesTa 3a MPOMOILIMS Ha CIHCAHUETO Ype3 MHTEPHET, KaTo ce ch3haae yed
CTpaHMIIA C BH3MOXKHOCTH 3a M3IIpallaHe Ha cratuute upe3 mpexarta. [Ipod. C.
MuTpoBHuY U3pasu KeJlaHue Ja Ch3aje MbpBaTa Bepcus Ha yed CTpaHMIlaTa Ha
BTA.

OO6cbenu 0sixa 1 PUHAHCOBHU BBHIIPOCH HA CITUCAHUETO.

[To BbIpoca 3a MexaAyHAPOAHATA IIKOJIA MO TPUOOJIOTUSI M CTATYTA HA
BTA npod. ManonoB u gou. KangeBa u3sicHUXa IIeMTE HA IUIAaHUpaHATA
IIKOJIAa W TPOMEHUTE B CTaryTa, KakTo Oemie O0OCHIEHO U PEIICHO Ha
npeauiHoTo crOpanue Ha BTA B Cozonon, bearapus, npes centemBpu 2010 r.

THil KaTO MO MHEHUETO HAa YYACTHHUIIMTE B ChOpPAaHMETO HE BCUYKH CTPAHU
Osixa OOCHXKJAIM TE3W BBIPOCH MPEABAPUTEIHO, O€lie MPeaAIOKEHO
O0OCBHXKJIaHETO U PEIIABAaHETO MM Ja MPOABJDKAT Ha CJIEABAIIOTO ChOpaHHEe HA
bTA. bearapckara generamnusi HACTOSIBaIlle /1a CE B3€MAT KOHKPETHU PELICHUS
3a paborara Ha MexayHapoaHaTa IIKOJIa MO TPUOOJOTHS Ha TEKYIIOTO
chOpanue. MHOTo OT ydyacTHUIIMTE, 00aue, He Osixa MOJATOTBEHM 3a B3eMaHE Ha
pelieHre U BBIIPOCHT C€ OTIIOKHU.

buarapuss mnpenage MaHaara Ha npeaceaarejcrsoro Ha BTA Ha
rpblUKaTa CcTPaHa 3a cienBammrte 3 roauHu. 3a nepuoaa 2011-2014 r.
npeaceaaTenacTsoro ce moema ot mpod. K.-JI. byzakuc, a 3amMecTHHK-
npeaceaaTen me Obae npod. A. Muxainuauc, aBamaTa OT ApPHUCTOTEIICBUS
yauBepcuteT B ConyH. Pemeno Oemie Bcuuku BbIpocH, cBbp3anu ¢ bTA, na
Obaat oTHacsIHU 10 HOBHS nipeacenaren, npod. K.-J1. by3akuc.

Pemn ce cnenBamara kondepennus ,,bAJIKAHTPUB'14” na Obne B
PymbHUA.

Cnenpamoro cnOpaHue Ha YrnpaButenHuss cbBeT Ha bTA 1me Obae
opranuzupano mpe3 2012 r. ot Jlaboparopusita 3a MalIMHA M HHKEHEPHO
npousBoacTBo (EEAM) Ha ApucroreneBust yuuBepcuteT B CosyH.

319



Tpuobosoruuen :;xypuaa bYJITPUDB
['oguna 2, 6poii 02 (02), 2012

Joxnaau ot 8-Ma HalMoHaIHA KOH(pepeHIHs o Tpuboorus ¢ MexIyHapOIHO
yuactue bYJITPUB'11, 28 okrompu 2011, Codus

CwcraBuit: joil. 1-p umk. M. Kangesa, O6mectBo Ha Tpuboso3ute B beiarapus
N3narencteo TY-Codus
Codus 2012

ISSN: 1313-9878

Tibological journal BULTRIB
Volume 11, Number 02 (02) 2012

Papers from the 8th National Conference with International Participation
BULTRIB'11, October 28", 2011, Sofia

Compiled by: Assoc. Prof. Dr. Eng Mara Kandeva, Society of Bulgarian
Tribologists
Published by: Publ. House Technical University - Sofia

ISSN: 1313-9878

320



