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OBSTRACT

Budar Mohamed R.F.Improving the efficiency of diamonrdbrasive tols
for processing higistrength composite materials.Qualifying scientific work as
manuscript.

Dissertation for the degree of a candidate of technical sciences on the
specialty 05.03.01 "Processes of machining, machines and tdol€entral
Ukrainian Naional Technical University, Kropyvnytskyi, 2021.

The introduction substantiates the relevance of the work, formulates the
purpose, object, subject of research and tasks that the author solves in the pape
The information is provided to confirm the impamte of the issue under
consideration. The scientific novelty and practical significance of the obtained
results are outlined. Information on approbation, publications and structure of the
dissertation is given. The personal contribution of the applisantlicated.

The first section analyzes the use conditions of diamond tools in the
processing of new composite materials, in particular, the carbon group. Well
known domestic and foreign scientific schools on creation of the diamond tool are
analyzed, thanalysis of its work is carried out. Information on the peculiarities of
surfaces formation in the products processing from composite materials, taking
into account their structure and composition, anisotropy of physical and
mechanical properties; it is @wn that work with the diamond tool occurs at
change of conditions of contact therefore defects of various character can arise
processing productivity will decrease. The conclusion on expediency of application
of the functional approach to creation of Wiog edges of the diamond tool is
made, the methodological basis offered by known scientists in the field of the
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functional approach is analyzed in detail.

Whereas, from the point of view of rational provision of functions, the
working edges of the tool mstibe adapted to the peculiarities of work in different
work areas during the machining cycle, and based on the principle of separation c
surfaces at different levels, and taking into account previous research , the
conclusion is made about the possipilif decomposition of the tool surfaces and
the transition to the creation of separate functional areas in the form of functionally
stable surface clusters.

Performing further analysis of the possibility of forming such clusters, the
assumption is made almothe prospect of using hybrid point processes that allow
to form certain surface parameters (including the cutting properties of the surface
layer).

Based on the regularities of diamond layer formation by different methods, it
is concluded that laser thmodeformation sintering is the most expedient from the
point of view of application for certain tasks.

As a result, the subject and object of research are selected, the purpose
formulated and the tasks of research are defined.

The second sections dewted to the method of forming a diamend
containing layer based on a functional approach. Since it was found that the
functionatoriented approach is an effective highly efficient method of creating
machining processes, especially those associated witHirtae formation of
products from composite materials, considered the basic principles of rigid, elastic
and flexible tools functioning for processing composigassed on the analysis of
the tool structures, the principles of decomposition of working cesfaare
determined, the difference of conditions in which they work is established. It is
proved that the decrease in the elasticity and deformation of the tool reduces th
difference in working conditions for localization, but increases this difference in
time. The reason is the change in cutting properties due to the active allocation o
sludge, and, subsequently, the increase in temperature on the working surfaces.

The scheme of processing quality indicators formation is substantiated and it
is shown thathe decomposition of the surface into separate zones (clusters) allows
to describe the change of their properties as a function obtained due to the
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intersection of the cutting plane of a certain surface model used as a tool base. Th
functional descripbn allows to agree on the conditions of individual clusters
connection, to ensure the desired difference in their functional properties, to move
to the functional conditionality of clusters formation on certain technological
modes of tool creation.

For this purpose, the method of finding rational material carriers of functions
to the problems of improving products with a diamond layer was adapted, and tc
find optimal carriers of functionsnew technical solutions of analyzed products, it
was proposed taise the method of calculating the unit cost of useful function
taking into account the possibility of discretization of the main functional surfaces
of the product (with a diamond layer), which allow to ensure the final properties of
the product through system of quality indicators with minimal material costs.

The basic requirements to surfaces are formulated, in particular: compatible
surfaces should allow differences in the formed structures; compatible surfaces
should not have different mechanical @dweristics, in particular, CLTE etc.,
which allows such elements to form a continuous cutting surfaeesequence of
compatible surfaces should approach the curve of a given geometric profile of the
product as a whole; compatible surfaces musthaste gaps in the structure; a
number of compatible surfaces can form a separate cluster with similar physica
and mechanical characteristics.

It is concluded that the most appropriate means of providing properties is a
laserdeformation method of surfaceayler formation, which requires certain
improvements to obtain patterns of the process control of forming surface element
or their clusters. The calculation of the expected localization zone showed that
under the condition of surface heating for the imm@atation of the subsequent
def ormation compaction over 750AC, t
fixed beam is from 0.32 mm to 0.4 mm.

The third sectionprovides a detailed description of the equipment used, as
well as methods of experimental anddabresearch. On the basis of the analysis
of schemes of realization of laser thermodeformation sintering original designs of
the auxiliary devices established on the universal J@secomplex LSK400-5
which was used for experimental researches arelama A dynamic model of
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surface cluster formation is developed based on the peculiarities of surface heatin
by defocused laser beam, gas supply phenomena of filler metal particles an
diamond grains, as well as on dynamic properties of electromecharotdlody
orientation system.

The method of using the means of electron microscopic examination using a
microscope REMLOG 1, the method of speciments preparation to determine the
degradation of the tool surface, as well as topographic examination sidirfiaee
of the treated sample is given. Equations for estimating topographic contrast ant
construction of 3D images of surfaces, and also for calibration of means of
electronic measurements of microgeometric surface parameters are offered.

A description ofthe test equipment for experimental verification of the
created tool (in particular, a saw machine with adjustable asynchronous drive and
drilling machine model JET2) is given.

The general sequence of proof of the formulated scientific positiongeis.gi

The fourth section presents the results of a set of theoretical and
experimental studies of application. Thus, using the developed generalizec
mathematical model, which takes into account the interaction of rigid, elastic and
flexible tools with a lose composite structure, a simulation was performed to
determine the conditions and differences in the operation of a diamond drill,
renovator saw, diamond thread when cutting KIMF matelRagularities of parts
loadings change of a working surface, andoadingly, functional features of
working surfaces clusters of the tool on which requirements to parameters of &
diamondbearing layer are formulated are established. This also made it possible tc
prove the assertion of the possibility of describing fumal differences by
mathematical regularities presented in the form of polynomials of the second anc
third degree of the form.

Based on the results of modeling and using graph theory, as well as on the
basis of the obtained laws, the requirements to tamalnd layer parameters are
formulated, these requirements are checked for compliance with the minimum
cluster size and interconnection, and requirements for laser thermodeformatior
sintering are formed.

The results of researches of the process of lasentiteformation sintering
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for the formation of reliable surface clusters of the minimum required size (which
proved the third scientific position), the properties of which change according to
the forecast dependences, are given. A comparison of model ardneantal
results on surface properties is performed.

The focus is on the features of processing materials such as KIMF by the
created tool. At the same time, the provision of the theory of diamond microcutting
of composite reinforced materials was viedfby the need to take into account the
dynamic phenomena of the cutting zone as a consequence of the work totality o
individual surface clusters.

It is shown that the errors of the simulation and the obtained regression
models do not exceedB%, and he use of the tool created on the basis of the
functional approach is higher by -286% for ring drills, 4650% for flexible tools
(diamond strings) and 1%0% for the elastic tool (pollen of the renovator).

The fifth section provides an economic justifigah of the proposed
technical solutions and engineering methods of their use. The requirements to th
tools used for KIMF type materials cutting are formulated, a number of new
technical solutions of tools with the put diamond layer, in particular, cutting
strings, the immersed saws of the renovator and drills are developed, made an
tested.

The technique of definition of functional features of rigid (drills), elastic
(saw blades of the renovator) and flexible (strings) tools intended for the materials
processing reinforced with glass and carbon fibers is developed.

Examples and prospects of application of the approach at use of product:
with diamondcontaining layers in mechanical engineering are resulted, the
conclusion concerning economic expediency of a$ the offered approach is
made.

Scientific novelty of the obtained results.

1. Based on the analysis of diamealarasive cutting process of composite
materials, a mathematical model was proposed for the first time, which takes intc
account the interaan of elastic nosrigid tool with additional degrees of freedom
with the hollow structure of the composite, and proved that this interaction is
characterized by differences in location and time. The conclusion about expedienc
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of formation of working surfees of the tool in the form of separate clusters is
made.

2. The functionallyoriented approach to the creation of a diamahdasive
tool has been improved by involving procedures for describing the working
conditions of clusters and comparing them witk theans material carriers of
their formation. It is shown that the difference in the functional features of clusters
is described by secormtder polynomials; taking into account the differences
allows to activate the intensifying and to suppressragshg factors of the
interaction process.

3. The mathematical model of clusters formation of diamond layer LTDS
surface which considers not only thermal processes and the phenomena in
processing zone, but also dynamics of movement of working bodiegpisved,;
dependencies for cluster size are proposed.

4. The theory of diamond microcutting of composite reinforced materials by
taking into account the dynamic phenomena in the cutting zone as a conseguent
of the totality of the work of individual surfaclusters has been further developed.

It is shown that the cutting tool is more stable and efficient, the step of placing
clusters on which corresponds to the step of reinforcing the material with bundles
of fibers.

The practical significance of the obtaned results.

1. The requirements to the tools used for cutting of-Bigngth composites
of KIMF type are formulated, a number of new technical decisions concerning
production of tools with applied diamond layer, in particular diamond strings,
cloths ofthe renovator and ring drills are developed and tested.

2. The technique of functional features definition of rigid (ring drills), elastic
(cloths of the renovator) and flexible (diamond strings) tools intended for
processing of the materials reinforceddbgss and carbon fibers is developed.

3. Empirical dependencies for determination of LTDS modes at formation of
working surfaces clusters of the offered tools are offered.

4. The economic substantiation of the functionalliented approach
application tocreation of the diamondontaining tool is resulted.

5. The developed recommendations for diamond cutting operations and the
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principles of machining have been transferred to the LLC "Kirovohrad Tool
Factory "Lezo" for implementation. The obtained workutess methods and
models are used in the educational process of the Central Ukrainian Nationa
Technical University for teaching disciplines "Technology of physical and
technical processing of materials" and "Technology and equipment of physical anc
techntal processing of materials”.

Keywords: diamond abrasive tool, higlstrength composite material,
functionally oriented approach, laser thermodeformation sintering, diaimond

containing cluster, processing efficiency.
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v OB dzd yiv[ frpdzts2e dz' 3 » Odz' ydz o zOMmisdoe ts
sfmdseodz Isjrde ydz' rOwOCIsjtedmlsdSd HYGEL

Carbon Fibers based on Carbon
- polyacrylonitrile Fibers baseq
Characteristic high high highly | liquid crystal
strength | elongation | modular | pitch
Fiber diameter, nm (7-9) 1¢ | (6-7) 1 |(6-9) 1 |1*10°
Tensile modulus, GPa 239241 | 230256 |357-458 |384693
Tensile stress, GPa 3,03,5 4,04,5 2,02,5 2,1-2,4
Elongation at Tension,% |1,3-1,4 1,71,8 0,50,6
Density, g / cri 1,741,78 |1,741,78 |1,781,84 | 2,00
Specific strength, m 173196 | 230252 112146 | 105120
Linear Density (for CC CM) 350° 50 (400 40) teks
Breaking load, H, not less 45

Bending strength in plastic, MPa, not less than | 1078

Modulus of elasticity in bending in plastic,4, not 127,4

less

Dynamic modulus of elasticity, GPa, not less 225

Effective processing temperature of the te@ not| 1900

less

Bulk density, g/criy not less 1,68

Type of dressing epoxy compatible
Twist, no more 15 mt

Linear density Isj €M
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ftes HBY' dzf dg' fyls! Wtstcd3szo Odzdzy tetsB sYyd A
sCtjBGE C dzOMjtc' o.

22. [ Bz d@3so dzj dzdz?y f OO Istc' 9 Odzd&30OL 59 A3
WizdCy' 2 ° deflstelz d3j dzls Iz
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eSLEdVHO BZH P, iRty L OHZG= gidviph s W Iz
BO' BB &ZOMIS'R o f tc digflHE" BO' B

ﬂ 1+ az (aZ) dxdy
61: dy *ays

OBt Hd&" odfOHSE BMjfMddjstdudses k' &O

5 9@
P=ﬂ dP=f frdrd@
R ah{ﬁ‘.l
UBSH' LB dzz o d&zOflsdotsMmisj?2 o] ten dz
Wl dzC y' s dzO dz dzts’ B kZdse dzj datsfyls
= f(R.T,)” ,HE,D,; (2.10)

HdeWQBﬂz’HlijisaJtG.-.dz, Hiczetse Blr,f, 0t 0Oz tcf
fjtojlsdds f dztsh ddets¥ HO' to" odgWdedg" Ctodots’

2 3?2

(E) ()

O o ftsjCy' =~ dzO0 eudyB;tysklz dssyfy’ Bz lsdfj H Qe
odedzv HE

X

VRf = by" + b, Fx? + b, xy + b y? + b, x + b "y
VS =by" + b, %% + b, xy + by"y? + b, x + bsTy;

VS = by™ + b, x2 4+ b, xy + b, " y2 4+ b, x + by, (2.11)
V) = b® + b, "x% + b,°xy + b;,°y2 + b,"x + b°y.

sOC Y fdesds, Glddk' &s f' &j2Msets BjL{
His fdzsh ddz, Nt fjtejlsddz@Os st Is' dets §° H 4
L3 dgz o dzOMmisdotsfisj2 k& §jodisdk dzOf oW S k&
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‘etz d3j daAs L, f st j Hde B o dL dzOYyO¥ Is! i
sBtotsB dzj dedzv , f tsHOdets dzO tcdfy. 2. 9.

] ' HeB ‘dedz fgiss e oL O dgSH ' " dz s oz d3j dals |
Cokf sLdlssd HsLotsdY ' Lisedlsd odMmdssts
EELEd&YHOId w¢ MeSEkfd M’ sCtjkda o
CtsdeS toj Isdzdrn kZdisseo OR tsBtetsB C d.

sty Jdz OCd2 WkOcd3j dzls o tftzd dpdzd ds dzts
(Wb dzShRy' 2MES kY d Mis: wWCdh HBLotdY' HEMW
E odfOHSCE 'L dzj Yy steMmisC ddz QdatigOq fipch dizgd d'ct
ftosH kS Is lo @Qzsdg®H F() dzesigB sl d .
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@9 lo]RimoNG
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tdf. 2.10. sd&Ofjtd o jtend * dzf

s zOMIsjftesh j R dz' ' dzfls to iz BT bl ctdiy Hizlsdzjf ds'
fjodsets byt & ok 2 (j dzjjoside@skl s.G6L d
Wt OC di3j dals’ fispag dEcas ksdfstest & @k dy k) s d
S3TWtcOG B dzls 50 j ton dz Ms5ids G AlAdsfodmstd & * Clsdz@rfiyls .
j dzj d3jrdgles, o ésui WwOC B dgls fsojtRdd NslsBRTs
blsotsts ' ' Mw MkS o4 da Miegsi § wd dsgsilztzls o § S0 J
SAsf d ¢ CsdO@lledsiey ‘st Mw kG de'sdijls
WtOCdjdzls o jtendy fjodscets bzfstsL d b

s sH 'SV - f(FR) | C(2.11) MO’ BjL{
' LOd ddi o &OmsEot MsQ@l . so j ©F dzj o
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2. 3. bHOfIsOY' v dijltsHdSd fshikzCk tC
WEdzCy' 2 HB LOHOY EHBBMCBAdzOdzj dzdzv o dtoctsB

t sSLEdzv dzgj I3 tMdes o dz Bj IssH sz G " Ydz
OdkZOL dzd 5 " Otetsds (fjteh L O ofyj' sc' B HS!
MSstedmMsO BsMY Of OEOBBK MdhkEkt' GdOdz das
Costing). [MsOdedz'iyjo d3yd oisa Sulziks " wis o831
odtesB' 9, L OIstcOls dz0O WhkZdzC y' tsdzlzo Odzedzy Mls
f 56 dzd dzOdzdz? o dIstcOls) .

) tisfip dz Csdzyd f y' °’ Al o f 5¢ dzOH j dzO
M sy do Ot Is! Mw ‘ BZzOE Is! mMftsydeykz o Otls
ftcj HAZJ Is, fioduyusdikz vy WikdCy' o By zIs! |
BOIsj t6 Odz! dzgdm detsfy’® * 9. [Isyd, My sy doe yo
9 Otels' Mls+ '~ d3OIsjtc' Odz! dese s detsfyp™ w wC Mt

ANOCIstste, hts odCdzd ¢ O fswelk odlstcOls,
dzts ' W o dlstcOlIs o Mis O dadsodyd?’ 1s1'Cfitpo 24 tod yd
9LO dBsLoOWLEISS i3y WhkdeCy"' ‘s, f s dzjCfig] dzg
odltcOls (oadHOB] ftesHbkzECyYy' " ). Yted y! ik
9 HBERZoOIdmMwY IsOCdd3 yddetsdz, htsB MES Ez{ dzO

10 [82] fHtod ifinstodstis j alafiadb s mliz HYW tstc d3lz © O dadz™
WEzdCRpy'fsodwL Odets L fdedv® sy hdef HERG@eddzl ' 2
WHJjOdz dgd?2 L y' '’ bty¢d Ltttk eadtc' B d¢O°

Fp= Fpz R=0,Fs- min, (2.12)

HFp il SBtedmdz’ o &zOMIsdosMmis® o dtctss 2.

[ dzw Mlso stcts 9 Odzse 8 o9 dtetsBlz ' L OdAdZOL ¢
3k Odz’" ydzd ~nOtcOCIsjtedmisd ¢, GJtsd3j Istec
9 HtSBOYOlddzjIs! Mw IsOC:

P=Z§:1Fm+2}.’11FM+ZL1ka. (2.13)
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[MlsOdzdz' 2 odtOL * to' adawdzde 3 tsflsd a3’ L
dz02 B ' dz' h Oy’ tsdzOdz! dzd n BOIsj to' Odz' dedism
tsls te d d30 dzdzv .

{Me  dz€d LOBJLYJyYyd dzdgw tsHdz ° ° W Iz dz€
odCdzs ydets ftesftstey’ 2dedd3s L tetsmisOdedzy 3 dBBOIs
BO' Bis:

F=pFp, F=gF,.

ltcd2d3j d3s HEs ko Oc(d, hts Ctsydzz & 526 t
Isd mndzsdzse ' Yydzf?2 M gNMOB §tesyim' o, dz0
LoOWLGEE o9 "  Hfitse Hdzt (2. 12) HOS 3y dzd o
9dc dzvH

P=3%_,WF,  + 272, WoqF,; i+ 2oy WopFp. (2.14)

{M¢ &z €d bjnrdszte’ ydzd?2 ftetsyjm odaet
Bsy i BlRlsd dE@f tddo dzOH Odzdz? 2Bz h €' Hdzd o
3" dz° &3’ L Oy v L O2oadnA WEZdeCy' (8 dzOMmiIsd o
hC' Hdzd e d =, HO' Bsy dzd 9 ' Mis LOf dMOIsd o
tcj Odz! deséts oadtetsBlkz Hts ' HJjOdz desg®: yjteju

P=X s Wy +ZHPF 4 Yoo, WopF,.
1 " dzvy o S tsdzOdzdzy §f jodedm § jtoj lsoste] de
P =3 Fp (W, + W,q+W,p).

VLHESMESdzOdzj dzdzv o dtesBlz L MESCEY d Mmisek
fjteijHBOYO sB j W) W'z HiEzHB®Is C " fots  d3ts y dzd
9" HinkzstdsiEy ' tsdzOdz' dzts G s LOOVwWL Clz By |
o ZOMIsdosmMiswdzdd odtselkz OBt L O Edise d,
ftod2dwisdds d3OIlsj e’ Odzt dgd s detsm® ' d3 tSH dats Y
hCe' ' Hdzdodm WESY' 2.

1 OW o dz Mls! ‘ 9LO" iBBL o' WL 5§ dzizizts ¢ "=\ dB
ftesyd Mk HBLoBdw ' ftojHMsOoadIlsd odtOL ( 2
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P=3'_F,(W,+W,q+W,p+W,(p+q)). (2.15)
[Istcd &30 dzdzy CBdeCtcjlsdesects odtesBlz L O9
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sazdzO BRZISd HBftodz dzO ¢ ' dz ¢ Mmded d3d 51
stedmdzd 5, SOCT &' NS Wikl 'nd, w¢' VWt
sCOLddS Wikl (Jotsdbl HLO AV LOf d f
I = £=1Fpi(bkiwpi_bviwmp_bﬂwpi(p_FQ))l (2.16)
O E®Rtsagi,qg=0 6 vlEe HYftse HdZ 90GEBe " ¢t
stedmdedf B E@DYsd: Coj¥' y' ' ddsd Sty ds’
Hdz B3O’ Is' MWW, M8 OBED O)Ssj W' y' " dalsd oL
s sdzj dzls * &Y ¥ s twjdwjetco d © ' Hedh j dzdz

Colssotets adtetsB Iz.
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rdzv fsh ¢k Oy sdzOdz desets tg' M j dzdzw
diese z L Ofifldadifsp H¥eEO ks delgdzz d3tsH j dzr (A ) |
tcdHOIdZO Hdzvw odweodzj dgdzv dzj f skt B zd & dzg
C'Hdzdoadn); odL dzOyj dedz? WhkdzS y' tsdzOdz dats’

sBO' ClO; tesLf sH' &z o dlstcOIls L O WkdzCy' v
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L

9

L

qwodzj dzdz? HjWjShddn WhkdSy' tdOd ddn
b dzS ' Siipourl tds b @dist OG'iee o desBd. ) SBEHE

v otsdk ' HdOded® Af ° (f ®BO' GO,
GjHMISOodvels! k& odcedvn' kOBd 2. 3.
[y d€ 0 LdOykhsfmls' Wkdly' '~ ojHjlk! mw

dzed L ) , fsyd dzOs yd L fJjteh sdklzdtte vy dats 1,
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érijzl’
j=1
Hirj T L dzOykfthisd zdz¢ y*© h 5 -lHz0O dzjdaf d Isv [
(odL &2Oyo*‘ Is: mMw jJCMYf jtelsdzeddz h dzw = s5R) ;
=1,2,...n,

fi¢' dz €' My WEdS Y 2, ttsLiIsOhtso Odzdrn
LOGCOdz! dgsets tsBO' S Iskz oadhtsets to' o dgw.

[ dzv o dzzlstc’ hdz' 7 WkdeCy' 2 odL dzOyj dadz”
tesdz o LOBJLY Pwpdedztc” YolralzC y' 2 o (

] ZtcORkzo Odzgdzg" &3 B O Olstsfmiskzf " dzyOMmilsts’
L d&z2Oykzh sfls” Wikde y' 2 fts o' Hdztsh j dadgs H
odL d&zOyoO’ Is! Mw TS OL ded & o' H dztSfipaplss’ aRPY dz
fts o' Hdgsh jdgdz® HB odttsBlkZz o ' dtdikkZ:
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G-1
Ry = ]'i =13 Ty (2.17)
HGIC" dz2 €' MiIs!y to' 9adz" © A .
b ELOL', WCht BHABO YbdSy v Bjt] L

HyC ' dz Csn WEkdZCy' 2 odhssets tof adgw A,

dzd n s¢toj dBts, O 9 ' HdzsMdzO 9 Oy dzdg "™ dgtlsd3lz

L0z’ s MW RYih s Mzteppdz L2020 j-dizds"" o a4 @

fjthtses), s ftesatsHdls! yjtejLr vy Wkds
LL OG Odz' dzj dzd 2 (Sl dzj € mdaed 2 ) fs5COL d

WEdzCy' 2 tsy ' dg¢ " Is! Mw L O dzOMmilskzf dzddz tc' o da

n
Q =8 R;*Py (2.18)
j=1

HJR T 9" HdzsmdzO |-tO Yy daflsyds’ O L OH B9t
(o dS tsa@izdzl p de& g " o D®ET SO ' S fyls!  WhkdSy' 2

[0 odCtdOdddy & d&da&@ye Is¢ v  j Sy j
ftotsyj delsdetsdsz o ' Hdetsh j dadz' dz'  ff(Jotd jHtc OO ts bHABUE
BOSC Md &3O dz' dzO@ 3" 6O L OH s tsdzj dzdav ) .

AlzdzS y' sdzOdz! dzts  dzj siE A2 g dz! ezt Is telgIsls) ofizd o
6jOd LOY' ¥ CodfdjShk WekdSy' 2 eod' Sl
Mfsydo Oy o (fO0LOBjlsts' 9 wWCwsMmls') o Ik
(J HgPlsoy" "), Ildsjiccdddal ddRy "’ Zcdzte j dz wedna
e ZOH dzsMls' MitsjSClsco Odgsets ©BO' Clslz.

dBMsds SdzO o Otels' fls 'Sya)le j oz’ dz@uO ** Is Y fipetzS |

TS aES eyt S &S, (2.19)

HjSqgel 9dlOIsd, fso6wL Odg ‘L Mise st
Hisfdz' HY zo OdetsE &snf BB OY ZRDISOY" 2SE o Plsftis@ls]
fsod6wL Odz L btekzHtdg MisC Sfiglkdzj eg Bazf s ©Q
tj Odz' L OyY" S iWkHHES Yy 8 flstcOlsd dz0 tj Odz' L O
9 Otcls' Mls' ] O we®Oy' ~ WhkdSy' 2
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S, =sz6—” (2.20)

aS.
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HiSosri MEZBOdO OeBMd sdz® o Otcls' fils:
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Il Hfts9 " ' HdZ C " odz(1X t RMe'tP( BNy dEfL ttOR s
L Odzj ) detsfylsw d3d :

P (2)= anZalj+ﬂ122az;—+a132aa;+a142a4;—+ﬂ152aa;

P,(2) = azlzalj"‘azzza2j+azazazj+az4za4j+azazaaj
P,(2) = aalzalj"‘aazza2j+aaazazj+az4za4j+azazaaj
F(2) = aq-lz a; + auzazj + a4EZan + a44za4j + '51452‘15;
P;(2) = ailzalj + aazzazj +aaazazj+ aaq-z Ayt aaaz Qs

Fi(2
PP = E—P:?{;] (2.21)

[y dzCz 90t Odzls' 9 odC tsdzOdzdz? ' dzmistclz
tcOdzG zo Odzdzv, ftod wWCtsdiz WOCktokz, Mt KO’
a=1, dzO fij loFZ fHdfcsdy * H dzs e Odze d 2, 3 Is. H.
BOE Is! BHXRZOSCB ' ttOdzed

[BtesBC O tojLizdz sOIs' 9 L H' 2 fi)dd  Cldsyfigtts ¢ lis
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' mMdzv ytsets BRHE' ISQM ¢ oA § Hadg) o s 4y |
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g’ odzgs g tedzsfls® L fsH" i LB joC M 1 ol
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P dzls j ied Bgeistej Isd ydz0 yoOmkstslsO, hts p.a=cf~nc,dzou(9‘

Te"  dz €' M niT EC oA Folilse; " dzlsj o Oz 9, WwWCLk
HE dzO2BdEZd)y ytsets Yy dzsets € ° dz S sMls’® tj L zc

gl = 1+1443n(N),N ¢ 100

i 1=2171N >100

) ted Y! sz " dtchiedzizl dzQiakqtde! O dzzO W s te iz dzt

k
h=—,
n

HKIi¢C" dz2 €' lsy HtsMdzZ HY ko Odzd- W OCIstste’ ¢
LB O HBMiste  todetsfls T @ ks otatcaiafcs tc O ditd o
tg' odz L dgBQd G C sfyls® figsk ( jhdme o * Ydo S
ljtejo W' Is! fiw SOCtY * fbkf ' d Lo
W HOMB], SCtlstt® ty' d&¢ ‘ Is! Mw L HES jsddsts@drdzO
ifted o' HMkldsMis® 5 HdOded R teOdzg " o :
K
W= 12a (Székssz))
ifted dzOv o dztsfls' ft5° HdzOdzdr tOdzE "' 9 :

W= 12a (S-S) .

gk K- ma Ty
i=1

HiS T Mk 3O ©Odze ' o j-dfiAs WCOSHsdaua®iry O dz' dzj ).
e dd ESOdEsSskuiojddyd o, "'t swORGok'
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ni

cOdzc -osds kT A& (h-1), tijud s j dj & dzsH B,
g=1

g Gctekzfd HERILSHK GO BdA@Humd Bdzte WY H i BfNdz' H
WOCIlsamdyaimdzts s dlsOdedr J Sy jols’ 9.

g " off OH" " dzdz?" HPAMBES WO is®d HIOBE d3° Y
o' HiMkIlsdz 2. v efm'a " dhdr odfOHECOA L d
HE s di3ts &dsC tod Is jad = (k- YW, 1 2O yW gz" fplsd J toH y 2
ftod od¢C tsiz@BdRosdz BHBEODRSES fodls® £ dzdz €
Miskzy j dz' o f=on'ldz! dztsfis

szl d2@ of dzdolkz Cydesets WOCIBLO dzO
sy’ dgswW ki

Mz t0Odze ' o j-d3zff tWfGnolsstStedz B j L Zz tc ©

PeOR ko Odadz" 3 Co OdE, ¥A60Y  °~ JSMY )k o
Mjte] Hdzj-@6 o OHBS &% 1M,

Qs;W'u"dzgsatsovg@msm%a |
as

ydadz d3j dg" j L dapA ] A OdRpslst®de , Isdd3 fd d
WOCkswO., usdz HdY B' dh HjEOd dscs C
fsekHboOld Oft' Stdd H' OCEO®R] OdG" o .

| &Ofdzi i (6 odvdzdzn Mk of ek
BeHd O, 'L 5 o' HASEHemsd »0BSkas§ d
(tedf. 2.12).

I qosHwyd 'L ke, s YOCkstd i0dt
L Bj dzh j gy Mz e dzdo k), Isj dznj dgy' w
o' HiB9 "  HOIS IsjdzH j dzy® ~ L d3j dzgh j dzdz? o Ofclst
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FilF|Fs|FafFs.f o | o o o o 0 o oo

1 BdzO ks
dzOH dzd h € t5

tdfm. 2.12. 1 tdSik@mly dsy' B ZOdE!

s OCdd3 yd dzts d3, ftotso j H j dada™ Odz0Odz'iL Iz
9 Otels' Mdzad " H'  OCtLOMR HAzvW f jodedrn olOucd dDiiEs(
fstec' o dzv dalz f qUEH dszC BUOR k' fglgC dzw H

W,=X2 (2.23)

Fj
SO tBtOIsd Hd&W o d¢ sdzOdziB ISHS)? d3'Ode’" dI@ER!, C
WizdgC y'w z H O dzts d3lz o dt OHAHzts 9 1§ dzjn @V y
Mo tstcr 9o Odzsets tsBO' Clsk L kttOr ko Odzdgw d3
HOdzd2 tBO' CIs B Odz' L z° .

] y' ot fsLdy’ ’ tcjLizdz sOIsd o Otc' Odz
fsHOE Is! MW E IsOBdz. 2.5 L tLOrEZzd&kSistdy !
9 Gte Mdzd » H' OG tc Od3. lted yY! sz c6tsdaztse dzz
Ctsted mded - .
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I
........................................................................ < i
........................................................................ I

L5
+x Pq+ At +dx g
+ uH..u.____m + ._un____. = L..h.
A 5q
_ | } jeal +x.Pq+ g = 1 + %= fa + 0¥, "+ 09 = fa ﬁ
- i,5q o5 + £, 5q ¥
1 (| rg | S| & | 1o +H_£.__q+_£n_._m”.h.z.h._ nH_z.___m+.r._u£HL“h_H +Hh1_u..__+n..m.__1.n_q+._“.th._u..
|.h||-|r| c s f m
.:f._,f; A 5q 2ty +ox'g+ %=
™ +H.__,.___m_ +._n_....___m”h__.b +uHh.___m_+."_u£ = h__.._"_“_. m._.\.w_m.._..m -
.. ,5q A5 + 2,7 + A, fg + Ax,Fq
+x,4q+ %= +ox,"0+ 00 = +5,'9+ %0 = fa I
-OHE -ody -odey Hdorged M =
A diameden el ewedreny H TN g
: 1908HITI m m

EHHhaIE=20ET THIEJ

oJoHIreHOTTEd BHHESAIHAIOO BT 9Hamd XHHREIHYA1 FHHEHOMHE 9ilHENdes FHEEHAIIO]] — <7 FIHIOE]
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2. 4. uvdistead SO B3I Y J dedey Htod §shEzCE
Wstcd3dzo Odzgdz? OdzdZOL o d3' Mdesets ftso jton dzj 0 B

O 2Oz’ L 59 Odz odtesBd ‘L OdkzdzOL dzgd d3 h Ot
Csdkf sL dy' 2 dzd okedzjyjodn BOIsjtc' Odz' 9
BOIsted yj &) weg dzw 8 s MtsB 58 " defiste iz o3 dzls d
tetsL to' L Odzdav , ' Hte' L Odzdgv , e j toH dz' dzdzv ,
ZOMCtc' Ldsets ftotste’ L Odadz" .

CS Bhdks §COL Odtstotos sEd 2 O2 dz0 W flststs ¢
‘Mistslsdats L 3 dzt kst v wC foslWesd KBS
odSC sdzOdzdzy BtetsB ¢ (. vOCO Ld3 dzO 9o ddBOGO
fsojtrndzy otsGts Odzd3OL degsegts M Otelz, wCd2 B(
dz0 BO dzdfem dzfiBotgH °  tshdese dzd d3d o  Bsc Odzq  +
dzOMmiszy dz' :

1) Mezd fd2 o jtend KOEIl! HYEMEO
MstezClskztcOR ;

2) Mz 3" mdz f s jton dg dzJ i tso d dzdz
nOtOCIsjtedMisdS d, sobBC o §lzz@, M & wHits,L o tdsdzve’
Wistedzdzo Olsd Mkzy' dzr dzgz ftse j torn dg® to' L Odadz” ;

3) fsmdz Hise dz' fMls! Mz 3" Mmdzd - f so jton
s6eddzOs ys' L OHOdsEeBs G d3j stedydesets ff totsh

4) mMds' Mdz' e jterndz dzy  tso ddzdz d30

5) toW H Mz 3" Mdzd - f so j ton tsdz Bsy zls
et dddidy ~LOfE mydzed 3 ~ OtOCIsjtedMmMisd s O .

1402 dzOdBd tetsL ¢ dzv H O st filjle' tc pd@lz* ‘dzH todEQ
OdzdzOL dzd &3 M Ote s d3, ftodL dzOyJ d&z20 Hdzw o d ¢ tsc
LOGsssaCd dzO ¢ dzOMmlisd dzd .

[ dzv yddz' dgntcd ydesets Htso s t3 Yz WistcfiglE &
f s jton tsdz o dMmMkzeo Olsd iBzIls! v o ddBtsc d, f SH
f tse j tcn t5dz HEHOIsCtsats By O §H' dzdisd o
tesB tsls ), Is OB dz. 2.6, ftod yts fzkz  d&sts o d
9 Hiso HOLd®EkzI! cOWEZ ttdfMm. 2. 14.



105

pfpf Spfass o 29s9a9pe  HS teTl@p ]
v
"
m\,\ — — m.v\
1 z 1 BB
/ w\ 7 / / 4
<7 “o 4 e Yo ’
4 > B
< 2y 9y Ly % Ly .
X > k‘o v
(T (5)¢:
N.Q wV\ i
%

Y




106

OB §Y 5B & SCtej Bdn jdzj kjdzls' & 0]t

] &OMmisdo cMis "
S dOMi | oMk 51 o jn |l tdf soj giz‘éz%';f
f OtcOd3y h Ote H ' dzW dz
o1 Il, dl, bl ZlA; N Sk1 Es
S2 |2, d, by Zon, Np S0 E:
S3 Tis 1 OL 59 O |[3MH5s
S4 Tha 1 OL ®9 O | A4
S5 Tis 1 0L 50 O |44 5Haq...
o6 |6, d6, b6 ZGA; Nz Ske E,

tdm. 2.14. 108JLfjyddede? Wkdty 2 ©

[ 8COd& LOY' W kO dsyddse' Mls' §sH' dk
dzd 3y dz' B to' o dzj df mUstethdidr O didzdzC ' 2 ¢ &' Cte
fjtoj HBOYO' zOdzj Mj dzgdz? cGtokzfd Ljtejdz o ¢
edfm. 2.10) [HdOS dO thdss' O0dOd Lk {
tsLlsOh ko Odg Ctoj i Ld ShlsOdds oY ks
sddksed kOBd 2.6 LBjte' ¢OLddEI! MW * HeC
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AstodBzo Odzdz Ctstedmdzdn o dzOMmisd o sflsj 2
WEdSy' 2 C dehbbtkdjdlsk Hts dsCOd ddn Ekc
skls o dzOMisdotsMmls' O §OLOB]lsted L Ok slsts
Hiso y d,digz ydz' fils: h Odez ofs dasf tsdlg Is tOd dydz' O to
Fdssod totsBBilsd T ' Wkiisuted'd3fp@zlsztso ¥y d dzd to' L C
SB B Cogf(t) , L &3 dzd |Isuj TBHt) OB EGE S Siyls O t6
FPsds s yYse s RizO O®OGR Jsdkdpy MW ok, Od
s, bs.

1 [85] o jAuaBezsch gdzals  jtoj lso stej daday L

ZOMmdz' HStsds y' dzj MY tow dsts o QW) dBQ IE jids'dBd
Sty , J dzj g ids d g @ 6 HzW sSlftdgO 'Y dzme € 0 " HYf 59 °
[ dzv ¢ zOMMzstcd it j ten dz? Wistocdizo Odzdzy o d R
odJedzvHE:

WM (t)=SSo(t) CElo(t) C1¥ o(tx). (2.24)
UBSH' , L BkttOrnlkzo OdedeW a3 d3tsy dzd o sfyls® ¢ §

¢ zOMmisj ' o, fsmd Hee &Z0 MES kY d2 fMls:
e ESLON 2 o OdzgdaY [ SYceOddsjjptetly  Is | 7 dats A& THdats ¢ 5
4 TR oL &zOYOlkddhkl: fmw By dzd o t

oS tedmMlssolz’ Is! Mw L 5C1tclg @30Is tc if ss®dizy fods HnIs !
MftcsBsy dzse s dzOGte’ 9 Olsdquutsmdes § £ M Biis @K F U5

L Y ' sz o df OHSCEZ ©WOY' tsdzOdz' dzg' T=fit), tc d3ts
t =f(t) sBEBtso dzé 9 Olsd BBzIs* MW dzj sB R ' Hdzd d3q
sB J tols xoafagds Odsd tetsBtyYydr teeOdz' © o j tefmls
hs odL dzOy0O' &k d3tetp SihytedsXodadisy] tc* o
OHOf IsOY" °’ ftesyj Mk H S odJSEtstcdmlsso zo
‘distezdzd dels* , s fjtjHBOYO' € dZOMisjtedL 5
shdztso ftoddaydfkz § seplstzize ' Ydete@tlzdzw d@3 o
BzHEIs! W fipvicnazlg el Isizf dzls © o H dzsm<k+) Y dsR dz' Izfighds
odltcddiz’ Is: mMw, M¢' d Uffo QedOM Isde@ df tseH jdats
tej Odz' L z¥ yd dzdhj H' T, OHOf st Odzg' Hts |
fso jton dz' .
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2. 5. [ OL j todaj Isj ted3tsH j W tstc 3Oy R sz daddny
fso jtendzjodR § dzOMmisjte' o

gzlsdzg Mls! fwosyj Mk ftots' dz¥ Mistetseo Odes dzC
L OdzBOL dzd B L JtedzOBd HBL s Odes f BIstcOff
Ctsdzyj dzlstctso Odzd 3 dzOL j tedzd o3 odf tosd3’ dgs o C
ftod S Oblz¥ Ismwy jteotsadzffd8 tsLdz ) of dzdzW o3

nasepHUA
NPOMiHb

AnamaHTi

ponuK
aedropmMyioynii

NOPOLIOK
3B'A3KK

AWaMaHToBNI
wap

MaTpuLa

hopmyloua
MaTpuLa

pyxoma

Kopnyc
kpyra

t dm. 2.16. lteddzyd f se O maJ &30
Isjtod3tsH j W sted3OYy*' 2 detse s M " COdzgdz? OL BBOL 59
O v 3BSCEz (LO [ 63])

AjJ2 Mftsm' B HEBL otV Cltlcso Ozt L OC 1o
OB JL§Julzy ud dzjd3s’ lsydez! fiflsd fSds tf dejotizdz” , O
stedigzo OIsd  tslsteT Bizizlz o ff 5 alzPtyd dzgtlzy MG E g dzv
W tstc 3z o O dzdz' hOQtelz ftesOdOdzZ L' &3t Isj f dztso
ISj tdidsH J W BSted3sOy " 2 detse s My ° € Odzdav . 1402
f 59 taldCif” 9B J MG ' daJ ydesgts Is*™ azO (tedm. 2. 17

-

w
w
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A (xy.2) B(x"y'.2)

x—xV+(y—y)VP+(z-20°

JlsepKanbHe 300pakeHHS
IKepela Temia
~

ITosepxna (z = 0)

Y X

OpuriHaibHe
IUKepero Temna

\y: J

l b/l

tdm. 2.17. 4w4ajdkO0 " " HejH]dda" Isj f dzO
dz0f " o MC " deyg dzdzse s Is* dzO
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[qWjtjdey Odz dzj ' o dz¥ dzdz" 5jf dzs tot
mjtejHsodh', wCj dgj §jtejHBOYO' § tfdzezy A1

e (2.26)

ax?  By?  8z% a 8t
ssBlst HE" fjodscets ' &0 O' &t dzOfMkk
&g G-+ —y)+E-z)

pC(4ma(t — )™ T 4a(t—t) '

dzv syt d L LBt @O, ( Fqdddts lsis jot
ZOH"  2H] HB Kyl dd&olddxB Gglca Y dzO t'; yO®im
s dzts® agital diyfiskz L, ¢ PR s dKifiply Y s tese ' H dz' fls

I dz20f ' oMC ' deyj desck ' &2 L &3 dzO Isj o&s5f J
u d dzts d3:

dT(x,y,z,t) =

dT(x,y,z,t)
_ >4 ex [_(x—x’)?-wr yJ?H [ (-2 z)ﬂ
pC(4na(t — if’])a’FE 4a(t —t') 4a(t—t")
4a(t—t")

[ 2" kos®scs HYJjtej 2O ' o0de" dzdeO g iz
odce dzv H
dT(x,y,z,t)

25 (x—x)2+(y—y)2+z2
— pc(-:ma(ffi t,])a;z [_ 4(1(?_ t% l (2.27)
stsy BO s, WwWChis s dzts od@ g Pdiz odzvi HIigE=Tw 1
+dtz X Y2 ( i BYfJ et fddsgss (dazO nusdHdzd:
"delsj etz yd odh j to' o dav dzdzv :

dT(x,y,z,t)
Pdt’ x—x)V+(y—v)+(z—2z)?
- - : 2.28
pC(4ma(t— t’])a’{z [ 4a(t—t) (2.28)

udfjte, wWEChBs HYJtojdz® KE{edgo foj taij top@isyl
sy j BEZIsd LOfdMOdzy w¢
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aT(x,y,z,t)

vt Pdt’' x—xV+(—y)2+(z—2)°
:f 372 AP |~ 4 '

=0 pC(4ma(t—1t")) a(t—t)
HRE s,

ssddyY D, " HBEkZOOIdAj Is! Mw MIsOyY' BdzO
LOHOdzd 2 W toed3lz dzts®
P
T(x,v,z) = 2.29
(.7.2) Ak /(x—x)2 + (v —y)? + (2 —2)? (229)

vOCd?2 toLitH dz IsjBfJjtcOkzte ~OLOCIs

Is j § dzO.
[IMC  dzw €d odSCtstedmilstso zaadogzd 20 d®L § 5 dzlz
off d&zd o Iz f slstcOff dzw ¢ Is ! ' HSEHOIsCtso yom

ftcdMOHCSod2 d&j IsOdz) , tesL Gdzv dzy B L OH Oy
OL jtelz. 1 OMftOoH' kOCO MojBO o dkOMisds
5Cte) Bfn 3 CHOSUssdgw o ‘BHjELMe) o] e dzts, O
SBLdgtse dzs ¢ st v tejy dBOB] ety Mk.

CcChs sySsoeoj HYJjtojdzts fjtojd3 hiz' Ist mw
L t5H &k Isj o3 j eObbkts sdStdze Olsd gjls! f
1) tkatdd HYJ ] ds it dios dddcd) § dejOe En s d3d
tkotsdk 2 Mmdhlsjd o Hd Sk: 2) oMk dad
ef jtefsL dy’  boySseds ' hjd bk ftshls:
o' Hdz' C .

1 jtoj 3" h jdadgw HY jto] dzB 2z dz@aO} t&t @ dzg A s elzy
Bsypizlsd S dMOdz) dzOMsky dzd &3 wd dats o3

b tekotsd 2 Mdmisjd StstHddols:
26q [ (X—x’]z—l—(}’—y’]z—kzzl
32 8XP | o
pC(-’-}na(t—t’)) 4a(t—1t)
b dzj oot 2 MdMmlsj & SoteHddOls:
26q (x—vt' —x)V+(y—y)?+z?
pC(4ma(t— t’))w P [_ da(t—t")

dT(X,Y,Z,t) =

dT(x,y,z,t) =
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1 syOlCtsaj twsLis®h [z O'dadz™ )
dzj etz 2, OS * 9o kA

v Yyom' t ', tLlsOMIz¢
Mdmisj 3" Sy z)dzOls (
9 oY, NdMsj &

{ 5L sON o Odzdz? telz R
CtssteH d dzOl o d3ts a3

tdm. 2.18. 16 odLdzOyj dedzv Issyss dzOGt

sJfijte, wChts IksyPsSa’' ' Halsjtegndf® dds jntfsdzO Ik
dQ=Pdt, twkzr O ls! MW vEL HeoHEHfcr dz dzO
9" H tYemMW=tH sBOIsSdd3y d3s dzOMiIskzq dzgy t©° o dzg¥v dzdz
9 Itsyy (x, vy, z):

dT(x,y,z,1t)
t'=t
J’ Pdt [ (x—vt' —xV2+(y—y)+ (z—2")?
= 3,2 A0 | dalt
Veo pC(-‘-L:Im(t)) a(t)
1 90y 08 yd dzO Is j , h s Isj stej Isd ydzts

oditesds dzf 9 Odzdlzy " st OZEMBY LisBEiSH
[ 2{x’2+v’2]

Ix',y)=—e (2.30)
E wkasdk 2 mdhksjd QISIStGHq’dz,Ols L etsfyls Odz

tc' o dgV dzdzV O3
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4Pdt’ notda(t—t")
HJEJOC(‘}TE{I& _ t!)ff@ g2 + Bal(t —t') P
_[ 2(X2+7?) N Z? l
02+ 8a(t—t") 4a(t—1t"
USH' bk W' CMseOd 2 MmdMmlsjd CotteHdd
B4 BlZISd o9dL dZ2OwFdzts’ b dzV dgldzy G tc O dz! dzts

t'=t

dT(t") =

rog %P de -0 - [_2([x—m’)2+y2)
p(?mt!:ﬂ g% +8a(t—t') o2 + 8a(t —t')
ZE
" 4a(t—1t") (2.31)

[%j, LoLfsH' & jdfjeoskt ftd &ft
("s o' HiBo' HO' fitjlwyy' COkMsdCd &
5fdMOdd2 bOSJdd t' o dzv dzdz™ o:

dT(X,Y,Z,t) =—4—exp[- 2

Spﬂnaz{na{t—t’]}i 4alt

. (X2 —r)? , o2 (¥2 _yr)? ,
f_o exp [— P dx' | ———exp [— poYeure dy (2.32)

s' dzgyjolkz Isjlsiifddprisltclzh dev ntsd3 ' dzls j ctclz 9 O

[ SLEdzV dzj s fesyjfMm dzOcte ok o jten da

fOHO' d2O0 o jtorndzt Hoslswesds HjWEtSEts Yy

sftesdy dgj dedzv . 1 tcd y'! sz h ' dz' dzg' Mmis'kzlIsdzj
odLdOYjdts LO HfdBRsetsse odtOLEz [ 71]:
o(x) = gy exp! "7, (2.33)

HiG 7 ' dzr dg' Mmis fslskzy dzsfls’ odf esd3

WtsC Mz orOidztiz®u ' 2 f totsd3zj dav L ZtcOr Iz 9 Odzadz

oditesdz” dzt 9 Odzgdzg? o Hyitseo Hdzt HEts L OCSBdzE |

[ SLYBH &z jf kO O o j oo dxizO ftets(cs dizfodk
ftosh do Odedz’ wlsotstckz, odL d&ZOYyO' Is!' MW L O HE



115

ez? x° o
ar géag%hpt t|)dt|exp$ sat
K ¢cp+ 4 Jt_|(4at|+r)
HJd QOmax | BOSC Md 30dzr dzO h * dzv dz' fMls+ Wislsdz 3
Y4 dzste' AHtE®dHBdOdz? dzO@ o' HMlsOde o' H yYj dzstelz
P(t)=q(t)/ gy,
5] B j 6Ok &0 o jthdd dzOf ' o8 j LRdsj Myds
2), LO bkdiised fJjtej d3 M j dedzw dzOL j todzsE 8, { to
sObukBo d dzj Rlskzeo Odzdz" oltcOLOBd Isjf &zO L |

T(x zt)

€ B2 B o
7—_ :|.6n 1 é éﬁxl +Ul‘|(_) J_/ _Zubd
= N ex — - ——— - - uwt, (2.34
pp\/(ci2+ti2)(biz+t. pg Aci+f¢) b +E (2.34)
e Q
H Jf=16\/pKrT/PA);L_/:Ur/28.; )?i:%; yi= Jr/ Zi= % 5i:§;

bi==; r*=cb; doT®8" HBJdO dZO L HOIdz MiIs't TdgBGls jzty 'dO dy

ZzOL jtedzse s o d PieSEPO td® dg Olstaday ; etsL  sH " dzlz h
ZzOL jtedzEe s odfftesdy dzt 9 Odzdzy (L O L OC Bdzts
lesyjMm bjfdsftese Hdshls' o ©BO6' B
sB dzOMilss q, Qq Ry jcredglsd sfidmMOdd2 L O H
- MO tcdzsets fsdzw Isj B jteOlkzted:
T=T(P,%),
- 90 stcdztce s fsdzw fslstsClz Isj f dzO:
q=q(P.y), P={(xy,3} q,
- MC O tedzse s f Stzzse 54 d s tzfks e sy :
d = d(v).
| teOdzed ydz' Edsised dzO L @0z hdz' 7 50 jton
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3 medium )

n nu
Vasso d @20 CwuOddwd>0sds0Slsk |

——1D:

G: -/% 9,; G Moo oM @ =t

1

T o]
%tm-E¢t¢tm+D[,/l(t)—/s+/th/S%-tm+%§

i - 2.35
%[ ] ) Com m - Cpsrs% Dtg Ly (2:35)
Tcp(t)r(t) =Cpsl's + = -ty t—0t—;

1

Hjni esediOd Hay ifhe odf e dgls; ' 4§ isdstizjy zs)ls'
sjf dzso ' HIHPEES j ehdzy, "5 &Y ds's gess s iy wis f

fmMd d3j Isdei" f 50 jlten dz' , hs CdzalsOCIskze Is! 4L L
CteOdzd yvw CtsdzlsOCIlskz LobdbwLdzedC O ° dBOdy' .
i SLicOrzdzC 50 ° e J d3d H dzw tcsLoOwWL Ck

OdzZOL desec s N Otk to' Ldzdn Idf " o ' defjlstel dBj c

lted ctoOdzd ydesdzlz tojydd3’ tetsL f d&zOeakz L d
fstesydedded [78], hts klsotstdOMmw, L Odzj
HES o jterndz] otsets h Otclz L Oetslstso € (.

1 tod ! sz s o Lds@e d H h ts s H dats Y O i) dzts
9 ' HBERZzoOIddijls! Mw HJjWCj] §jtojdaj Mj dadzy | dz
sjf dzstf tetse ' H dz' flss o BOIsj to* Odzlz . Aij v
BjROde ydedn o zOMisdotfisj?2 ®ROljte' Odkkz o +
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tdB. 19. (LOrEdtse' M BB d&Octe' o C
odtetsB' 9: 0O) OdzdzOL dzts’™ Mmlstelzdzd; B) €' dz'
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1 Oo HOdzdz" tkrkz CGtOdzd Yy’ tLH' dzz W OL
ftedflzh jdzdz' , Nt bkjfdas §shdw:’ s d dff
SHd&zco B tedzse s dzj MisOY' BdzOtedetse s to' o dzW dac

8T 18T

8z2 D 8t (2.36)

Hy D=K/ ((Sas)j W " y' ‘" dzls Isj B j KOGk tgs'e
sjf dzsf tetseo ' HdesMis' AOIS jdig ' d@ dfids ! LOGIEAHdS eSS,
flssBBO Isjf dzts’ dgdz’ Mis! BOIjte' Odzk L Octsilstse
ljLtesL 3 tocdz®@ hoadHC ' fls! tkrak iy Ld
Yyomiz Hdw ISifzdgl jJ 8® O Uztf ff dzd d3d [z d3s o O dzgl(t) dzO t
@ZO Lotslsdy 2 Mlsstesdz L OGlssaCd dzOBIZH

i/z T 2 1,2
£ _ [1—|—£{1€ch (T )— . 3_4}]3{14— - }arcsin{(l—i) }
dt 2 2 (mr)2i2 T mrif2 4T

rdzy ydmjd dzdf tsL©OSbkdS' o BLRds {t
" deflstclzdzj dzls' 9 o' Hftse ' Hdes HBs todfp. 2. 18.
sOSdd yddasdz, MsOdUkO §sMsOdss O L

!
L o5 ed gy see7dRY (1), L EeORke Oduder o5 ks
o OMIs  ohfstiE®jd? HELY dzOdzj fj dedzy O czBOL o

d = { 128 ]}1’{2. (2.37)

mphleTy+Ly+Lyte (Ty—Tyo)

[ Jdz2Odz" ydz© (tslsOdesoa CO L OHOY" , weo,
otlcOntso lz° HddOd" ydz wogdhO twkzrk 0O0dzdiOL
fdtoj &3 M j dedzv totsBtsytse ts tstagjChpglzdzdey’ HiiEs fi) dais.
9 tcOR zo Odzdzv sts@ts, hts tesL &3 tod MW stc d3ts
mMzCkfd' Mis¥ L OHOdZdr o dOMIsdoatsmisj?2 SO
Htclze d n, odL dzZOYyoO"' Is+ mw: 1) ftesyj MO
CtedmMlsOdz' L Oy*® BwBLisdzgd Odzazz oG H disdfo 2 € 5 A3
LitedzO®Rd; 2) HJ&OK ydddd wodh odd '+
OdzdzOL dzd n L 4 t6] dz mMdmilsj dits ¢ Istc Odzmf tstels
HAdzOd3" yded i3 Yo dh Od3d ¢ Jtej &3 N j dzdzev tsfydats:
ted m. 2. 20.
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sdihHBO fsHOY' CsRBfsLdlslkz fteOys L O f
f sHOY' mMzd" b " . ¢ &zd&zOL dz’ L JtedzO o dzsmw Is
stsyséd ttsLfdzOskz. w4k h fSHO' Is4 Mw wC {1
LB hzoOdzdzw totsBtytsets cOLEZ o §Jjtoj HMSH dzt

TIPOMIHB D,
b

F
/1a3epa /P, 7
m 0

NG , =
+ | / i /

Pa

Gz

de_

A
|

N
30Ha po3naaby

|

t dfm. 2.20. d4nj BO Wstcdslzo Odzdz? € dzOMml
ZOcte' ok, BHOY Mk ' CsBftsLdkkz IO
9" Hdegsfdats HY Jtoj dzO dzOctc’ o Iz

t r yYyomlsddesS o' HBERZOO' Is! MW 9o dzOMdz" H E
&ZzO H' 'dapss@Es MjtejHtsadh O ° Ydmkz’ Is+ M
|[F-(p—A4p)—E,)| - At =Ap-F - A¢, (2.38)
H4F T fdzsh O s jtej ydetsets fjtejte' Lz Is
ftcdMOHCSoBEE Bj IsOdzz IsO Od&zdzOL ' o .
lted yYy' sddz L d3" dzO0 € " dzr S sfils’ tekzn kzad d3O
¢ dzOH §
[e-pr+(1—2)-pgl-[F-v,- Uy - At +F - 05, - At), (2.39)
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Hdowds THh dzt dg Mis! IsejteHdnrs yofmlstse ° Ml
ise' ‘ d®3dzO YOMmlss O Iso j ekl BB YO fgdz®OC yOMBS €
Oj etsledpr - (1;—¢c)-pg=p 7 M " dz dz' Mis Ho BW @Lidzs ¢
hodHC ‘Mdste jdgde? LobkCkZ © HoWOLdsRkz {ftlsts

10 GfMmdeso tc' o daVsddd@' j P o theezOdz' " 9 PIStL O
YyOofmlsddesS L Odzj ydls! o' H MY 99" Hdsh | dzdaw
fseo' steWw IsO 9o dzOMmdzj Ld3' hzeo Odz' dats’ COd3j

pk=‘”J’_WJ’HJpj'|'|sq'fr]Q 2 3qd¢dzj o . L LoOVwWLIEE

Wi
Iso jtcH W OL dats”’ mMzdzg" A o WEdSy' "’ G J sd3j
YomlsddesS Ek Ltsdzz dzOL jtodetse s off dzdo z d3tsy ¢

[xgpr+pq(100-x5Mld} 1k

Om = Swrd? ‘/ e ) (2.40)

Hid, d, &k 7T H' OBJ stz - ‘Slso stelz, slso ts1
LB hzoOdzt des™ CQRIBIBHWOYHY b adadsticOlgs o cC
LT ekmMsddzO OBttOL dodzdrs yYOMmlis d;disi¢ H H90] d dz20
Ndedzj ez SO L3 hzo Odz' rdztBOMB © BJ & tf dzy | Ezlf t5 €
woLd, %.

rdzv  odL dzOyjdedzr o dB¢d twtsBsydma 4
CesCBoddBBd HodekzdzOd3d otORBo k' dits dzOMiIskzy

[ ddzOd3" ydz©@ MmdMmlsj &3O tseBtsytséts Mmlistdziz
[ 86] IO o9 " Hfitse ' HO' tdm. 2. 21.

S ZOHS9 O G s3] Isted ydzO  sBdedz{ O oa'L HiEO
LO Wistedikz dzts® :

ked,
1

¥ = Ja; +6; +v? — . (2.41)

f tod WGOsEEsin(p)io dL dzOYO* 54 W Cklstsd §so it



121

L o7

; L2
5‘”\L /E bzz Z’727

1o .
o N\

/77 - =

?, ' [ie M

)

?, Z“ﬁ? Wﬁcfﬁﬂ %/’F%
4 oy

My

lar sl Q, /2
tdfm. 2.21. AtstedBzo Odzdz" § s~ dBISC

vzl i sndB SO ftdo sH B gfid =G EsEHI dAds o
Clstsas'tsH Plsl sndBSCO ' H H' ' Htsdf fsd3' ¥
H® O3 Istc ff dzv dgd € Bt f O tizls , hts otcOnBolz’
tetsL " Gt oz HB § dZOMIsduydzsets MisOdzz ¢ ° fyadzw

1 5a d &9sdyf, wGC H d dzO B3 Uiz Iz i Iislsizd o 1O digdatz
Yopmbd L Odzj 3 Olsd dzlz Is 9 H BOGOIs! sn WOCIStsH
ftcdoBHE f sHOY" , hodHCBMIS 9 HfttOys® ¢
dzOff t Qo dzw ¥ yd =, BOMd BB dz¥f 8 Odzats’ L OG
o s5dz0) , md misj d3d CJjtclzo Odedew Is OH 5 & 'dziz s diz
tesL IsOh s Oded s oW d3d ~ OBts Ctodotsdz dz' 2 dz
fsendBCO BEH] E tOL" Wistcdilzo Odzdzvy ¢ dzO My
ftcdotsH " 9. o d@Rizdestcd i3z B O thHdetse
3 H J dz¥ o O dzdzV fsoJH' dtd' ‘fetcd adg e'tse i ©HNE
&ZomMskzf dzze MdMmilsj sz HdW jtej dzy’ Odz! dzd = to' 9 cC
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itc' odzgso OGO  jteh 5° d—:i_tl—it%ﬁ@,hm;Hdezts’ BOMJ
itc" adzsoa OGO Htekzets' LtsMjtejHy jdes™ dBBOMJ
dawyy _ ':'311':4011_4012]"'bii(wii_f‘-’izjj_ﬂ’ft_Ciz':xz_xp]_biz'iuz_up] (244)

dt iz
iCkls q’tsatststslslzd—:;i%@mﬁ,tslzc‘l) BO M
Hi iBsdj dzls Isjtelsw to yiwff tste OF Cf stpjLdsOls d y
LOGCOdz desdBz o e dzv H' B EzH jM, & sighw,|dd|. tse s
1 sszf s O h o dHCV{fiidse 6 Wia KFRdEO My ls tsodzlzH f S0 °

t
hodHC" " Miss :BHMB@\@FW%%q’dzIs[G o dzso OO

ChERses MssdO odL dzOydls: v &' o dz¥ dadz” os:

dv
msd_: = Cy7 (xz - x’p) + bl? (vz - I?p) - Fc ) (245)

Hjni BOMO MisBdikdzj dz' dz' 2 20 fMd zO® Isj telsw
tcsB S Y G X, MisSEiicH d dz0IsO hodHGC" fixdswi § jt
CEteHd OO * hoadHG' fMish j dzdzC @ D HH HaDE O k

rekc0 LisMjiejHyj 0 BOMO L HEDug B
tc' odzs9o OGO Htokzets' LtsMjtejHy jdes™ dBOMJ

dwgy _ {021{4021_4022]"‘5’21':f‘-’21_f‘-"22:]}_Mr_'322':4023_4922]_5’22':f‘-’za_f‘-’zzj (246)
dt Iz1
% — dedgg _ Coz(Pza—Paz)—bap(wag—wag) M,
dt 230 g Jax
{ " odgvdzde" Whkolk jdzjCltesfttdosHO L LkicORL
diwyy 2 .
= = Mo~ M), (2.47)
Hy Jg=JgH 1T Mk 30t dzd 2 iBts dzd dzls "t dzj ey

ftcdo j HJ dzd 2 Htstebq&mdzmatslg@mm:g%%dzswﬁ@lssm
5B J tols Mgy M s M 7 iz 3O tc datf R dzlaitsts f tstezMgri o ¢
Bsdzj dzls S stelz m@@m%&f@y@mm, sfstelz 9 06wL

DiCsji' y' * dels o licfsEsy wzlsls jstg sy, € o L O dadz!
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s0Cdds yd et gle ks Pdg@y  C zOMIsj ek BZH |
[0 B, hts d&zO o' Hd3 dzz ® ' H fls Ols d ydats

fsndeCd, fsoowL Ods 'L ki tsd e BYBCE
o' H (2.37) CL B tt C &ZOMlsitekz (OB 2BGt
dﬂmﬂx=d+31' (2'48)

[ Isted &30 dz' L OC sdets 3’ toedets s HiSL @ tSdzw & Is
Jozj d3j dzls ' & € dzOMmlgjlitcBaé TytedMis@ . B3 Yizy b Is sy
BOIsj o' Odz' dz' s WEkEdCy' 265 @ ez HHY
Isjrdsdzse ' Yydesets tsMdzOh j dedz? Hdzv W stcdBlzo Oc

vOSdd3  ud dztsdz, RO ts ) RO @ dr faiizs BsSH § dz
CdzOMisj o' of v LdZEe h Oz, wWCO otOn
ftesyj md wodhO Ek Ldbbkznatds cisBEEH Y d RO S
LOf ol Sdztso Odzets L OQdzj y desmils® Hd&zW o dL dzOYJ

2.6. ldmdsetd LO LSLH' &

t sL G dsipbB tzd o sfMls oL O BsSH' dzj ) st
fstetsy ded lstss MlstczClskztess o dMsCtsdy’ ydadrn !
OBtcOL do dalzj dzls dem Isdgtr 3 dzO fsH' dzdIsd dzO G C
HSEHOISC o ddi3d Miskils daf B3] & dz'drzdfiZs Mgl sz dz OB
(sdfkz fddz dzgdrm ety dedr sl d to]j dafse
BOdZdr H' ORIt 9, IO ytstmiss " .

1 sCOL Odats, h s HdzViz Y dzdzk y S dd&fn s ts B dzj tozts
tcOn zo Odzda” Hd dzZOd3" ydzed= wodh w Q dz0 fy dz
Stesy dzdmisdds MjtejHsadh jdi3 odMmsCsd ydad -
sL o tsdzd s B' dzh Istsydss ftoscdesL o Olsd ¢
tetsyJ M L Olskz s Odzdzv  tc' 'L d2lsizdatzi) d o datedyuizCOdgiy Hk:
OOSCIsjtedL iz Iss mMw 9" Hd3 dedz" Miss 5 dzts§ (
tetsB dlIsd o dMmdetso ¢ f tofs HisYy' dz' dzg' Mmls! \
" deflstezdgj dzZlsz 2 e decdzvH' CtjdiBdr §C dzOMmisj t

1] & T & O

-
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1 OMmissmize Odzdzy W EZdzC y' SdzOdz' dzts Gifsts sty HN-
s tc 5z o O dzdz™ OdzROL dzts @ s h Ot lz CL od¢ts
ZdzC y' SezOtlz dzigdzscts OdzOdz' L 2 HtsL 9 tsdzd dzts
dL dzOyj dzdz? tMmsBdzdeotsMmisj?2 wtsBtslsd o dtesB
FdzCy" 2 kB oasdedzvH' MYasthtseOtwlz ¥ stcdikzo O dzdzy

Il dmEzdzlz Is § ftedt zh j dzdzv , h ts CzOMmiIs | te
" demlstcz 3 delsz HBSL 9 SdzW B' dz! b Y' Is¢ts OH
(sCtej B3 H'W dzv dzC O3 ' dzmistelz d3j dzls Iz) H S
sSOC O OHOfIOY' W Hdkv ‘" dhstjizdgjdzas' @ ' dL dz
Gz ySddzd dzjytstemMiscddizd ftcOo ¢ O3, L HOI
L3 dzt 9 Olsd Ed@iseod oL O digsH" ° L jtejdz "L 3¢

1 sH  BdZO C dzOMmiIsjtedL Oy' w HiSL 9 sdzw * o t
BzHtsod wBtotsBdzt 9 Odetsets CtsBY L dIsk, 2z 249
ydmdz' , sty ddmls’ mis!, d&iJ~0d ydz' o &zOml
sO odCdzt yj dedzv otsdztsCtsdz Otedzzo Odz! dzd € ©
dz' o jtemMOdz! dzgd 3 L OfmtsBsd3 BZOC M B3O dz! dets™ O+
Hs Zdise 2tséts odCtsted fls Odzdzw .

1 ®J HJ dzets GteOW d sBLkdise dzj dztsfls G ts dzt
BOIsj to' Odz' dzdidzdO frpa=sfifd dyddzdW tstc dzz © O dzdzy € dzO M |
dz02 B "' dz' h HisY' dz/ dzd o3 LOMsB 53 LOB JiL ff J -
HiWtstedsOy' 2 dgd 2 Mism' B Wtedizo Odgdz ff 59
fgdzedr EHGBME dZOAzj dz Hdzw tslsted d3Odzdz? L OF
Wistcdzlzo Odzdzgy  j dzj d3j dzls' ©¢ ftseo jterndz OBB ' A

LHEME SdaB@dy dalkOIsd ydzz BsH j dz! W istcdzlz o Oc
Jor @dzsOL dese s N Otcz, wWCO otcOmatsolz' dzgj Is*

22 ==

= 0

s Cd, O ' HJ&ZOB ¢k krk BtSYdms StcC
oL dzOyJ dzdzv toesdi3tgH iz’ ¢ 2z@is iz dzOyJ dzdzv Is
sftcOo € OnR "t dzmistclz o34 dzls Iz, O IsOC sy z d3ts o ¢

C zOfls j ek, WC' 1§t H Moz dkd &'y &oDOL{ sl
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tdrrwf 3
IrRs{trRevfluoloérr J1[odrrvdér1c, 1084 R
¢f o1y d4d ztuv 1o JerLfJw AvrsAwlrof?
Y {tcrds ¥t ddrreovrve rdafjwrrp?

31l ddiised Hts tsB dZOH dzOdzdzv *° MdzONM j dzdzw
SjtodsH | % StodOqONac € dOMisj ' o 50 j 6l 5dz

ltesyjfm dzOL jtodzse s Isjted3sH J W istedzOYy ' 2 d
J O dzd 3 f etsyd Misdz, wed?2 tjod LEz'Is! mw
My steBseo Odzz f ZyS sd3 dzOL § oz, yomilsd dzts ¢
BjnOdz yded 3 e is @ E Oaoazy o5. L sdzz sBtetsB §
BOjtc' Odz & odedzwH' fstetsh € Iz, wed?2 tfs
oOdzd¢ [88], [89].

v O0Cd?2 ftetsyg M 9 HBEZ9oO' Is! Mmw i ted o L
f ctesh Cso ts mMzdg" hhs LOOWL k8 ysets ' HGE g t
Fdiso Of i tetsd3’ dzs 9 Odada” , O klotstejdzd?2 oC
~nOOSCIsjtedMmMisded weCtsmis' (T eOCIsd ydzets dzj
lstcd d30dzdzy Odzdz3OL ' & Lo dwWL S8 ) . | sdzts 9 dzts
sO¢ s’ J dzj d3j dzls Ote dzts”’ H " OWiddaT 4 M) ¢ Stets'ls &
ZOGtc" 9 Odzdz? o dL dzOyj des’™ w9 jtemdz , dzO W
f dzO o dzj dzdzv . s Jtlzo Odzdz" d3 ftesyy MOdd dzC
BOIjtc' Odz'" 9 SO OdzABOL ' 9 dBsy dzO Wistcdizzo Ol
o' L Odzr dzz L P Ilsnis Qc Gds dizO Mna j B3O W Stec d3lz
ed . 3. 2.

Il " Hf ts9 ' H dzts H S [ 8 8] H dzw 9 dcBlsta dzj
(s sLdlsk BjLftsMijtijHndy 8 dzO t' ykyd?2 vy
stcj BO dzOHOIsd o  Hftse Hdzz Wtstodslz U dzjiedslL
9 Hfitso  HOd o9ddkBscOdr L Issyc¢d Ltstkz ¢ tsd
totsL o5 N jdedg? o dgt sz Istsh s,
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tdfm. 3.1. mMOwLOCkjtede o0ddSd OdKEOL
ZOL jtedzd B MY COdzdzv o5 (L O [88])

- Wavelength |

— Distance between the
~| Intensity distribution | center of the beam and the f»,
melt front
—I Scan frequency ]
Speed of the relative «— Density l
~{ Scan amplitude ‘ movement L
. [ Temperature )
H Beam size in focus | l Layer Thickness }* I
< Dynamic viscosit
Power (energy) of Parameters of an ) d ]
| laser radiation arrangement and |« . -
- — 4_‘ Heat capacity l
N Laser beam \} l¢—! Thermal conductivity
parameters Laser and foundry Melt parameters of
< the second - —
Material I component '« Thermal Diffusivity I
» parameters of the {/L' - -
first component Performance o Distance lrum_lhc
characteristic ‘ tuyere to the first ‘
Absorption of the : . , component
surface Trhl'v‘k_“eﬁ-“'l‘:i the }_ Melt flow rate from
unctional layer .
_{ Melting point ‘ = tuyere
[ Hardness }ﬁ < N Melting point

—
_{ ensity | | Corrosion resistance
- Thermal Diffusivity | ‘

Wear resistance at 5
types of wear

_{ Heat capacity l

Thermal Productivity H
conductivity

=

—( Initial temperature ‘

tdf). 3.2. uwnjdkO Wtdkzs Odadgd dgHb s tizl
flso stoj ded ds zOL jteded s Isj oo j W stedsOy " 2 daq
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[ dzw stsc ts, h tsB CsRBf sLdls dBOs 9 d L daC
LOMssMkzo Olsd o' HfBB9e Hdgk dBjlsOdzj ok BOIst
tesL f dzOo dzj dzO dzOL jtedzd &3 o df tetsd3’ dz® o O dzlzV d3
Cdzistelz d3j dzls O, HSE wWOtsets ftod' Hdgz® Is! Mw
BkzH] ®&BOIsd Wtttz yts'™ {§tso j ten dz L BBSCE
odCdzze Is! L O HBYtBRsSceE § ZOMisdydetse s H |
ZOf o E&OWIsC 8 tsdzd € 56Rtc’ @) dz0 B O dztedizd 5 Oto
dzj sBr "  Hdzsets tetsL &3 iz, HBHOIsCtsats o dtc" |
L3 ydedilsd SCSshiftsL dls, SHjtey Old dzj 8B~ ' HC
f so j ton dg¥ HdzWw dzOdzj M dedzv dzOMisizyf dzsgts h
" defmilstelz 3] dzals Y Ocdzwoisteds O L j odesd s dzOtetsh Iz o
LH' 2Mdzt 9 OIsd HotsdZO MyitsmMmsBORRd. 1 sddi o' H
tcOH' Odzt dgdds ' M sedd3 (tedfm. 3. 3) .

CS odHdes 'L dOojHJjddr Mmnad d3, ftod
H' Od3j stce dzOL j toedetse s 1 tofipldsy @atzdzve {ftdatsihdefj ddz
hdteddzs tetsBtyts' yYOfmisdded * dzmistclzd3j dzlslz.
By 2O hdweasds § Hodh jdedzw to' odzgw HJ WEBC Iz
y' sdikz mMkzlsls' o 5 LB ' dzt hdlss mw dzj tc' o dats (
odff otsdy’ dz* o @flzdza 5 B figls f A3 d3.

1B dz2 hdlIsd h dted dzlz L ts dzd dzOc tc' 9 O dzdz™
ftesHEZGCIsd o detsyls M smMsBlz tetsL h d tcj dadzv
Bsy 20 L OMistsmMkzo ®ah d Hdzw BtesBSd ME Odzkz
vOSd?2 fHtsds dz2, BOs yd dse' ds! f tsiy o datshplst
Ctsdzd o O yd M L oqdL dzOyJ dzts ¥ Yofmlstsilstss
LOBjJ LY Jjykz' SHJjte) Odadz" dzO 59 j ton dz WO
Isjf zsotsets HY J 6 dzO.
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