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Hucmumym npobnem mawunocmpoenusi um. A.H. ITodeoprnozo HAH Yxpaunsl, Yxpauna
Vxpaunckasn 2ocyoapcmeennas akademus scene3no0opodicHozo mpancnopma, Yxpauna
The paper is concerned with hypersingular integrals which arise when boundary
integral equations are used to soive some problems in fracture mechanics. The
hypersingular integral equation generated by the second boundary value problem for
2D Laplace equation is represented in the form permitting to obtain analytical solution
of the problem concern with periodic crack system in the infinite elastic body. The
numerical method for its solution is also proposed. The calculated examples reveal a
high level of accuracy and numerical efficiency of the developed approach.

B peanpHBIX MaTepHanax Bceraa MMeeTcs OONblIOe YMCIO PasfIiYHOro poza
MHKpO/IehEKTOB, Pa3BUTHE KOTOPHIX INOJA JEeHCTBHEM NPHIOKEHHOW HAarpyski
TPUBOAMT K NOSBJICHHUIO TPEUIMH U K HX POCTY, TO €CTh K JIOKAIbHOMY HIH NOJHOMY
paspymennio Tena. Heo6xoauMocTs pelieHHs MPaKTHYeCKHX BONPOCOB O NPOYHOCTH
3JIEMEHTOB KOHCTPYKIMH H COOpPYXXEHHH C TpelWHaMu Bhi3Bajia GonbLION HHTEpee
HcCrieoBaTeNnel K M3yYeHHio npouecca Je(opMHAPOBaHUS M paspyileHUs peaibHbIX
TBepARIX Ten. K HacrosmieMy BpeMeHM B paMKax JIMHEHHONH TeOpHH YNpYrocrd
PELIEHO JOBOJIBHO MHOIO pasfIMuHBIX 34724 O HaNpsHKEeHHO-Ae)OPMUPOBAHHOM
COCTOSHMH Tel ¢ TpelnHamMH. Bnepeeie 3aada TEOpPUM YNPYrocTH A
pacTaruBaeModi Ha OECKOHEYHOCTH [UIOCKOCTH, OCHabNeHHONW MepHOaHYECKOl
CHCTEMOM KOJUTMHEapHBIX TpeiuH, Obula pacemorpeHa B [1]. CunrynsapHsie
UHTErpaibHbIe YPABHEHHS NIEPHOANYECKON 331841 TEOPHH YNPYroCTH Ui TUIOCKOCTH
C KOJUIHHEaPHBIMU TPEIIWHAMHI NOCTPOCHH! B [2-4]

B nauHo# paGoTe 3a/1aua 0 KOHLEHTPALMH HANPSOKEHHI B yNpPYyro# W30TPOIHOK
IUTIOCKOCTM C CHCTEMOH pa3pe3oB CBeACHZ K IMIEPCHHTYJIAPHOMY WHTErpajbHO
ypaBHenuio. B 3tomM ciyyae KOIQHMIMEHTHl WHTEHCHBHOCTH HANPsKeH:H
BBIPAXKAIOTCH UCpe3 HCKOMYIO IJIOTHOCTH, a HE uepe3 ee MpPOM3BOAHYIO [2-4], 4l
MPUBOAMT K CYIMECTBEHHOMY TIIOBBIEHMIO TOYHOCTH pe3y/IbTaroB. DBHavaie
PacCMOTPEHO TMNEPCUHIYJSIDHOE MHTErpaibHOE YpaBHEHHE HA KPHBOJIMHEHHO!
KOHType; JAajee MOKa3aHO, YTO K YPaBHEHMIO TaKOro BHIA CBOAWTCH 3a7aya (
TIEPHOAUYECKON CHCTEME TPELMH B yIIPYro# IUIOCKOCTH.

Ilycts koHTYp L npencrariser cobod Ayry OKpPY)KHOCTH paauyca R; ypaBHEHHE
KOTOpoli umeeT BHA X) =RcosQ; xp =Rsing; o<@<p. PaccMorpu
YHTETpanbHOE YPABHEHHE HA 3TOM KOHTYpe
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x =(Rcosqg,Rsingg ), &= (Rcos @, Rsino),
n, = (cos Pg,sin (po); ng = (cos @,sin (p)
HOJ.ICT&BHM 9TH BBIP2XKCHHA B PABCHCTBO
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Iocne npeobpazosanuii ypasrHenue (1) npumer Bus

t-B do
A T')og)= (o) = : 2
(A T)oo) 41rR0{ (<P;Sin2 i fl9o) )

2

Hpn a=0, B = 2%, R =1 ypaBHeHue (2) cOBMaNaeT ¢ PaCCMOTPEHHBIM B MOHOTpaduu
I0B. Tanmngens [5] runepcHHTYISpHBIM  ypaBHEHHEM B [IPOCTPAHCTRE
TPUrOHOMETPHYECKHX TIOTMHOMOB. B [5] nokasaHo, aro

: *

A :coskp > —kcoskpg;

3
e A :sinko > —ksinkgy; k=0,12... ©)

Bocnomesyemest cooTHomenusME (3) I MOCTPOSHHS AHANWTHYECKMX peIleHuUit
@amenm (2) ¥ TecTHpPOBaHMA AITOPHTMA YHCJIEHHOro pemeHus. Ilpu yucIeHHON
33 OPETIoIarajiock, YTO KOHTYP MHTEIPHPOBAHUS Pa3OMKHYT (Ui 3TOro
HHEManocs, =0, B = 21-0.00001), a uckomas mnotHocts ['(9) oGpainaercs B HyI1h
Ha TpaHMlaX HMHTEpBaJa MHTETPHPOBaHMA. [IpUMMEHANAach KyCOYHO-MIOCTOSHHAS W
KyOudeckas anmpOKCHMAlMH TUTOTHOCTH BHYTPH 37IEMEHTA.

Ha puc. 1a) mokasana npaBas gacTe ypaBHeHHs (2); OHA BBIMMC/SUIACH 110
f(@)=8cos(8¢,) +95in(9¢, ); amanuruueckoe pemenme 1% Takoi

ABOM yacTu cornacHo [3] umeer BuI F((p)=—cos(8(p) sm(9<p)+1 Kpussie 1 u
na puc. 16) npencTaBNAIOT AHANHTHYECKOE M YMCIICHHOE DPELICHMS paccMart-

AEMOT0 ypaBHEHHMH. YHC/IEHHOE peIleHHe NONYYEeHO C HCHonb3oBaHueM 40
bIX 3JJEMEHTOB ¢ KyOMYecKoM anmpokcuMarmed I[UIOTHOCTH; TpH
MMALMH KOHTYPA UCTIONB30BaHEl POPMYTbl, IPHBEIcHHBIE B [6,7].
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Puc.1. Ilnomwuocme u npasas wacmo ypasHenus (2)
Ilpu wBcronb30BaHMH KyOHYECKHX TpPaHUYHBIX 3IEMEHTOB AHATUTHYECKOE H
YHCIICHHOE PeleHHe COBMamM ¢ TouHocThio £=10™, TIpy HCIOMB30BAHMN IPAHHYHBIX
SNEMEHTOB C MOCTOSHHOM AaNmMpOKCHMAalMel TIOTHOCTH TouHOocTh £=107 Ghiza
JOCTHI'HYTa JIUHIb TIPYU NpuMeHeHuu 160 2j1eMeHTOB.
K ypaBHenwio Bupa (2) cBoautcs 3amada o0 ONpesieNieHHHM HANpPsOKEHHH B
TUIaCTHHE, OCIabIeHHON NepHOMYECKOH CHCTEMOW KOJUTHHEapHBIX TpemnH, Gepera
KOTOPBIX Harpy>XeHbl IPOH3BOJBHONH HECaMOYPaBHOBELICHHOH pacTATHBArOLIeH

Harpy3ko# (puc.2).
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Puc.2. Ilepuoduyeckas cucmema mpewjun.
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ey NE

HHTerpupys Nojly4eHHOE PaBEHCTBO € y4eToM (6) W ydurhiBas, 410 ) =tg(q>/ 2),
onpezeseM

|\/1 +tgz(nl/d)—\/tgz(nlld)—tgz((p/2)
V1+1g*(n/ d) +tg* (11 d)-1g*(9/2)|

Taxum o6Gpa3om, NOMY4EeHO aHAIMTHYECKOE pElIeHHe ypaBHeHus (2) B Kiacce
GbyBKUMH, OTIMYHBIX OT TPUTOHOMETPHUYECKMX TIOJTMHOMOE.

Ha puc. 3 nokasaHbl aHATHTHYECKOE M YHCJICHHOE pelleHws ypasHEeHus (4)
npu p, (y)= I, d=4;1=1. Hudpoit 1 Ha puc.3 OTMEYEHO AHAIHTHUECKOE
pemenue, udpoi 2 — YUCTCHHOE.

AHaIMTHYECKOE peIIeHMe MOCTPOeHO 1o Gopmyne (8), €MCIeHHOe MOMY4YEeHO ¢
HCIIO/IB30BaHHEeM MeToAa rpaHudHeIX dnementoB (MI'D). IlpuMeHeHbl rpaHUvHbBIE
JJIEMEHTBI C TMOCTOSHHOM AanMpOKCHMAlMed TUIOTHOCTH BHYTPH OJJIEMEHTA.
I'unepcHHryIspHbIe HHTErpajbl C TAKOHW IUVIOTHOCTBIO BBIYMCIICHBI AHATUTHYECCKH 10
dopmynam [6]. Oror Bapuantr MID nMo CyTH sBiSE€TCs METONOM NMCKPETHBIX
ocobennocreit [10]. ITpu ucnons3opanuy 80 3JIEMEHTOB JOCTUrHYTA TOYHOCTH =107,
Ormerum, uro npu d=2l u p; (y)= const Kax YHCICHHO, TaK W AHANUTHYECKH He
yAaeTcsi MOMyuuTh pelieHre ypaBhenuii (2),(5), Tak Kak B 3TOM BipOJKACHHOM CITy4ae
paccToAHUEe MEX Iy TPeIMHAMH B NIEPHOIMYECKOH CHCTEME PaBHO HYJIIO.

0.00 —
r

I'(g)=pln )

-0.40 —
-0.80 —
-1.20 —

-1.60 —

2 -
®
s ' T g sy T s
-2.00 -1.00 0.00 1.00 2.00
Puc.3. Ananumuueckoe u uucnennoe pewenus ypasuenus (5).

Ilo HnalineHHOMY aHAIMTMYMECKOMY WIM YHCIICHHOMY pPEIICHHIO C MOMOMIBI0
dopmyn, nomyuesHbix B [3,9], onpemensiorcs KOIPQUUMEHTHI HHTEHCHBHOCTH
HanpsHkeHud B TUIAaCTHHE, OCNabJICHHOH TEepHOIMYEecKOd CHCTEMON TpEIuMH, 410
N03BOJIET OLEHHUTh POYHOCTH IEMEHTOR KOHCTPYKIMIA.
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Modeling of processes of an irradiation
for industrial technologies

V.T. Lazurik, V.M.Lazurik, G.F. Popov and Yu.V.Rogov

V.N.Karazin Kharkiv National University, Ukraine
The -conception for design of the Radiation-Technological Office (RT-Office) was
developed by authors. RT-Office realize computer technologies at all basic stages of
works execution on the radiation-technological lines (RTL) using irradiators of
electron beam (EB), X-ray and y-ray. RT Office is the common program shell which
provides flexible intellectual interaction between specialized modules and databases
for optimal planning of the process of an irradiating and control of its realization. RT-
Office is accessible to a broad audience of users without a special knowledge in the
field of transport of ionizing radiation and computer technologies. The descriptions of
the specialized programs developed by authors ModeRTL, XR-Soft and y-ray-Soft
which are based RT-Office modules and intended for simulation of EB, X-ray, and y-
ray processing respectively are considered in the paper.

1. Introduction
At present the electron beam (EB), X-ray (bremsstrahlung) and y-ray processing
are widely used in different industrial radiation technologies, such as sterilization of
medical devices, in particular, for mail sterilization; foodstuffs irradiation; advanced
composites modification; cable cross-linking; bulk polymer modification;
polymerization of monomers and grafting on monomer onto polymers; tire and rubber
pre-cure treatment; decontamination of clinical waste; purification of water and gas
wasters, and others. An implementation of radiation technologies in various fields of
industry is accompanied by magnification of amount of industrial radiation facilities,
expansion of assortment of products treated by an ionizing radiation, development of
new methods of radiation processing [1, 2, 3]. Success of the use of ionizing radiation
in different radiation technologies depends largely on development of theoretical
notions, semiempirical models and computer codes for simulation of irradiation
processes on the radiation-technological lines [4, 5, 6, 7].
Now there is no a set of consistent simulation methods for radiation processes
which allow to fulfil correct and agreed simulation at all stages of radiation
technological process realization. It is beginning from the expertise of the original
characteristics of irradiated product, the characteristics of radiation facility, a control
and execution of irradiation process, and ending by accounting documentation about
final products with a given range of an absorbed dose.
It is difficult to correctly fulfil a simulation of all sequence of radiation
technological stages, because the availability of many physical models, many stz
and many factors should be taken into account in actual processes.
There are the powerful universal packages as ITS, EGS, GEANT, MARS
PENELOPE and others for simulation of electron and photon transport throug
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arbitrary multielement constructions, which allow to fulfil simulation at separate
stages of radiation-technological process [8,9,10,11]. These packages permit obtaining
by Monte Carlo method numerical data sets to solve practical problems. The
development of the programs for specific radiation-technological processes on basis
these packages demands a lot of time, and calculation are carried out long enough.

These packages are just the sets of program blocks accelerating notable coding of
Monte Carlo methods for simulation of transport of ionizing radiation through
construction. To realize a computer experiment, that one could interpret as the
physical one, the scientific elaboration of the physical experiment model is necessary,
as well as model error evaluation of results of computer simulation.

With these universal programs only experienced personnel of physicists - the
experts in the field of transport of an ionizing radiation through matter,
mathematicians, programmers and interpreters of calculations results can work.

There are the fast analytical and semiempirical methods for simulation of radiation
processes, which utilize a simplified model for radiation transport. These programs are
narrowly specialized and can not give away results of calculations with necessary
accuracy for a wide range of problems in the field of radiation technologies. With
these programs the experienced personnel can also work only.

It is difficult to carry out scientific validation of obtained results for known
caleulation packages and procedures. Because the comparisons of prediction within
the framework of calculation procedures for simulation results with experimental
results at all stages of radiation-technological process are not enough or completely
- are absent. The problem related with validation and verification of obtained simulation
-results by the use of various physical models and software packages is one of the key
~ moments for use in practice the simulation methods for radiation-technological

The conception for design of the Radiation-Technological Office (RT-Office) -
software tools for EB, X-ray and y-ray processing was developed by authors [7, 12].
- RT-Office is intended for realization of computer technologies at all basic stages of
execution of works on radiation-technological lines (RTL). It is beginning from the
~computer expertise of the original characteristics of irradiated product and radiation
facility; a choice of optimum parameters of irradiation regimes and permissible values
of a level deviations for automatic control system; a control and execution of

radiation process; and ending by a preparation of a scientifically — justified report on
the fulfilled work.
- RT-Office is completely correspond to basic positions of the international Standard
2322-02 - “Standard Guide for Selection and Use of Mathematical Methods for
Calculating Absorbed Dose in Radiation Processing Applications” [13].
1 ‘The modules structure, geometrical and physical models of the electron beam (EB),
X-ray, and y-ray irradiators for the programs ModeRTL, XR-Soft, and y-ray-Soft
tich were constructed on the base of developed by authors RT-Office modules are
msidered in the paper more closely.

2
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2. RT-Office consideration
Developed RT-Office is the common program shell, which provides flexible and
intellectual interaction between specialized modules and databases for optimum
planning of process of an irradiation and control of its realization.
The wide opportunities of the RT-Office are based on the authors developments of
last years [7, 12, 14, 15, 16]:
¢ semiempirical models for dose distribution of an ionizing radiation in spatially non-
uniform objects irradiated by electron, X-ray and y-ray;
e high effective programs for simulating by Monte Carlo method of the irradiation
processes in heterogeneous objects;
e models of irradiation processes on industrial radiation facility which includes self-
consistent geometrical and physical models of the main functional elements and
regimes irradiation for real radiation facility;
e databases for the equipment characteristics and objects used in radiation
technologies;
e computer methods of expertise and control of conditions for an irradiation
realization;
¢ the methods validation of theoretical predictions on the basis of comparison of
calculation data obtained by different independent simulation methods and/or
comparison with experimental results.
The RT-Office includes the list of the following functional modules and databases
developed by authors:
e Module of Monte Carlo simulation of dose distribution for scanning electron beam
into heterogeneous targets.
e Module of MC simulation of dose distribution for electron beam into heterogeneous
targets irradiated by EB in stationary regimes via scatterer.
® Module of Monte Carlo simulation of dose distribution for electron beam into thin
dosimetric films.
¢ Module for calculation by special developed semiempirical model of 2-D dosd
distribution for targets irradiated by scanning electron beam on moving conveyer.
e Module of Monte Carlo simulation of charge deposition into heterogeneous targets
irradiated by scanning electron beam on moving conveyer. 4
e Module of Monte Carlo simulation of conversion of electron energy to X-ray
(bremsstrahlung) energy.
¢ Module of Monte Carlo simulation of dose distribution into heterogeneous ta
irradiated by scanning X-ray beam on moving conveyer.
® Module of Monte Carlo simulation of dose distribution for cylindrical turntablk
target irradiated by scanning X-ray beam. ‘
e Module of Monte Carlo simulation of y-ray intensity from distributed source wif
radionuclides. '
e Module of Monte Carlo simulation of dose distribution from distributed sourc
with radionuclides in an environment. ‘
e Calorimetry Module. Calculation of spatial distribution of radiation-inducet
temperature and analytical estimations of integral characteristics of a heat transmissio
for process of cooling of the irradiated products in a thermostable environment.
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- o Comparison module. Methods of mathematical physics for handling and
comparative analysis of depth dose curves obtained by different calculation and
experimental methods.
¢ Dosimetry module. Specialized tool for entering and processing of experimental
dosimetry data and their transmission to the Comparison module.
¢ RTL configuratior module. Entering and saving of the operational characteristics
for all construction elements of RTL.
¢ Wizard for control and validation of input data for working regimes of RTL.
® Module for cognitive visualization of results for 2-D and 3-D view of dose
distribution.
* The processing technologies database for equipment characteristics and objects
used in radiation technologies.
e Set of service blocks which provides the interaction between functional modules
and databases,
® Module for the choice of geometrical model for irradiated objects. This module
will be designed in the form of a Database with different geometrical model of
uradiated objects, such as tube, tubes package, box with bottles, box with syringes,
box with Petry cups, and others. This module is under development.

- Simulation and calculation modules of the RT-Office are the basis for construction
- of the specialized software for EB, X-ray and y-ray processing [7, 12, 15, 16].

3. Description of the ModeRTL and XR-Soft Programs ;
An electron accelerator, a scanner of electron beam, a conveyor line, an irradiated
- product and a package are the major components of the radiation-technological lines
(RTL} for EB irradiator. An additional element of RTL for X-ray irradiator is an X-ray
- converter with cooling system. The detailed physical and geometrical models of the
EB and X-ray irradiators were realized on the base of RT-Office modules in the form
- of new mathematical software: the program ModeRTL for EB and the program XR-

Soft for X-ray processing respectively.
- These programs were designed specially for simulation and optimization of
industrial radiation processes, calculation of the absorbed dose, temperature and
. e distribution within products irradiated by scanning electron and X-ray beams
on indusirial RTL that is based on the pulsed or continuous type of electron
‘accelerators in the electron energy range from 0.1 to 25 MeV and for X-ray energy
range fromO 1 to 50 MeV.

4

presents EB irradiator which forms a dose field by a scannmg EB into
terogeneous target placed on moving conveyer. EB irradiator includes an electron
celerator, a scanner of electron beam, an irradiated product with packaging, and
oving conveyor. Fig. 1 (b) represents EB irradiator which forms a dose field in an
adiated target placed on the stationary table by EB via scatterer and back scatterer.
construction elements for this EB irradiator which scatter EB and affect on the
ose distribution in an irradiated target are the following: a foil of outlet window of
celerator, an air gap between the foil and a target, scatterer plate placed between the

t.'and a target, and back scatterer plate placed on the bottom of a target. Two
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different functional modules of RT-Office are used for simulation of EB dose mapping |,
in each geometrical model of EB irradiator.

Two geometrical models for X-ray irradiators that were used for simulation of X-
ray processing by the program XR-Soft are shown in Figs. 2 (a) and (b). The first X-
ray irradiator includes an electron accelerator, a scanner of electron beam, an X-ray
converter with cooling system, and an irradiated product with packaging on moving
conveyor (Fig.2(a)). The second one includes an irradiated product placed in turntable
cylindrical chamber that is rotating in front of the X-ray beam (Fig.2(b)) like Palletron
installation [6].

The programs ModeRTL and XR-Soft take into account in detail a construction of
the RTL and requirements to regimes of irradiation in each specific radiation-
technological process. The programs ModeRTL and XR-Soft use in the unified
calculation scheme of the transport of electron and gamma radiation in materials of
different calculation methods, such as analytical, semiempirical and precise - method
Monte Carlo (MC). Simulation of EB dose mapping in irradiated target materials was
conducted by MC and Analytical methods, for X-ray dose mapping - by MC in 2-
dimensional model (2-D). The 2-D dose distribution in the target is represented as
function of two coordinates - of the target depth (axis X) and the target width along
scan direction (axis Y). Conveyer moves along axis Z. (See Fig.6). Such conditions
are realized in many cases for EB and X-ray processing when the target is irradiated at
one- and double-sided on the movmg conveyer.

Electran - Electren
- boam |1 1€ b beam | |® Se
Scan magnet m.;:ﬂ
Scan hom Scan hom ‘
/ e s e Helght of
\ o I scan horn
y/
AL
\ o
\ Window end of 1 \\ Outlet
‘Width of |scanning \ the scan hom / i\ Scatterer \ foil
Di . Y I
sean - :on:e_vnr o e \ = s
SISAEIER e \
Boundary | C (" peckagng
b Bl gt o Thickness of
Thickness _~ : oy . target
of additional

packaging s iy

Width of target | Pt Trradisted Back

target scatterer ‘
Figs. 1 (a) and (b). Schemes of EB radiation facility for target placed on moving conveyor
and irradiated by triangular scanning of EB (a) and for targets irradiated by EB in stationar)
regimes via scatterer (b).

The processing rate and EB and X-ray absorbed dose distribution within of
irradiated materials depend on a lot of parameters for the radiation facility of RTL
characteristics of target material.
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Figs. 2 (a) and (b). Schemes of radiation facility with X-ray converter, cooling system and
_ moving conveyor for triangular EB (a) and turntable loading chamber for non-diverging
(parallel ray) EB (b).

I

- Input data for the programs ModeRTL and XR-Soft are the following:

- Parameters of electron beam: average beam current, or pulse duration and
etition frequency in pulsed accelerators, electron energy spectrum, beam diameter
and spatial distribution of the beam intensity.

- Parameters of scanning system: modes of operation - the triangular or non-
erging irradiation treatment field in target material; height of scan horn and width
anning; distance scan - conveyer; form of current in magnet of scanning system;
epetition frequency of scanning.

Parameters of the X-ray converter with cooling system: geometrical
haracteristics of the X-ray converter with cooling system, thickness of plates and
oling agent, materials composition.
rameters of scatterer: geometrical characteristics and elemental composition of
er materials.
an of conveyer line: speed and geometrical characteristics.

Parai of irradiated product. geometrical characteristics of the irradiated
duct; elemental composition of the target; material and size of the covering for
diated product.

Regimes of target irradiation: one- and two-sided irradiation on moving conveyer
lectron or X-Ray beams; irradiation of turning target by X-ray beams; EB
lation of target which is stationary in the irradiated zone.

Output data. For searching optimum solutions, the programs ModeRTL and XR-
C: es and represent via "Module for cognitive visualization” the following
onvenient for comparative analysis graphic and tabular forms, the spatial
ibutions of an absorbed dose, charge and temperature in an irradiated targets;

IXi n minimum and average values of an absorbed dose;

energy transmitted to the irradiated targets;

{ f utilization of beams power;

otron ranges;

conversion efficiency from electron beam to X-ray for converter and X-ray

i
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spectrum;
o relative deviations of maximum and minimum values from the average value for
dose profiles at center and boundary of the irradiated target,
e other important characteristics of electron and X-ray beams interaction with
product for economic evaluation of EB and X-ray processings.

4. The physical basis and mathematical aspects of the software ModeRTL
and XR-Soft
The program ModeRTL uses a combination of two methods for calculation of dose

field in an object irradiated by electrons: the formulas of analytical models and
simulation of transport of electron and gamma radiation by a Monte-Carlo method.

Analytic calculation. The principles 14, 16].

It is supposed, that the process of scanning ensures a quite high uniformity of the
electrons flux on all surface of the target. It is achieved in a case, when the scan
frequency f, the target driving velocity ¥ and effective beam diameter d satisfy the

following condition ¥ <<d- f and the width of a scanning zone W, exceeds the

width of the target 7, on magnitude, more than on 24 i.e. Wy >W, +2d . Within the

framework of this supposition, the spatial dose distribution in the target does not
depend on scan frequency and beam diameter. Besides, the model does not take into
account boundary and edge effects at description of the spatial dose distribution.
The semiempirical model.
In semiempirical model, the analytical relations for dependence of dose D(x,E) on

depth x in a semi-infinite target uniformly irradiated with the normally incident beam
of monoenergetic electrons with energy E are used [17]. The computational scheme
for an one-dimensional spatial dose distribution D(x,E) was implemented in the

program EMID [14]. The comparison of results of analytical calculations with results
of simulation by the Monte Carlo method by the program ITS shows a small
discrepancy (less than 3 %) for energies of electrons E from 0.1 MeV up to 20 MeV
and materials of a target with the atomic numbers Z from 4 up to 92 [14]. The
generalization of one-dimensional model is carried out in the supposition of
smallness of an electron cross deviation in comparison with its path length i
substance. ‘

The analytical expressions for calculation of two-dimensional spatial d
distribution can be submitted in a form

107 W, -Kg(y) Dix/cosb,E)

e PR s Sl

/ ¥y :
VW7 +4y’ge,,

where I is the beam current (pA), ¥ - the conveyor velocity (cm/sec), Wy - the wi
of scanning (cm), W, - the target width (cm),.8,, - the maximum angle of inci

cos 8 =



Modeling of processes of an irradiation 79

of the beam on the target (radian), K () - the- normalized electron flux intensity on

target surface (x =0) in point y, defined by the mode of operations of a scanning
system.
As it is supposed in the formula (1), the target is located in area 0 < x <ooand
scanning is executed along axis ¥ symmetrically in relation to a point y =0 within
interval —E;*E <y<%s-.
At the sawtooth shape of a time dependence of a current in deflecting magnets of the
scanner and small angles of the beam deflection, the function K () looks like:

cul
W, W -1g6, W -tg6,
Ry ao A n® IO sl 7S 80 {1 2
) W} +4y'1g’6,, [arcg[ W, D S

- The absorbed dose within the irradiated target with account the cover box thickness
~ h, the energy spectrum AE and angular A@ distributions of electrons in the beam
ip(x, v, E,h,AE,AB) is calculated by formula [15, 16]:

‘ 0 | E+AE

Dy ERAEAD) = jdE [Deey B, &)

re X, = hpy/p, ps, p - density of substance of object and cover, correspondingly,
he variables y, )" are related to variables 8,6’ by equation (1).

~ The atomic number Z and the atomic weight 4" to be used for compounds and

A

ere w; denotes the fraction by weight of the i-th constituent element with atomic
wber Z; and atomic weight A4,.
fonte Carlo simulation. The prmctples [15, 16].
4 is supposed that the scanning process ensures sufficient uniformity of dose
ribution in the target along direction of the conveyor moving. It is valid, when the

1 frequency [ is sufficiently great, so 7 >>g . Here V' is the conveyor velocity,

effective diameter of the beam. In this case, dose distribution in the target can be
esented as function of two coordinates (two-dimensional spatial distribution) — of
in the target (X axis) and of displacement along direction of scanning (Y axis).
ical model.

his is a2 few decades as the Monte Carlo method applies successfully to calculate
I electron dose distributions in various objects, therefore physical models of
llation are well known today. The following elementary processes are
ionally taken into account: elastic scattering of electron on atom, inelastic
ion of electron with atomic structure, generation of electron and generation of
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bremsstrahlung quantum. For realization of computer experiment on transition
electrons through matter, a scheme of grouping of collisions is used.

A basis of this scheme of construction of branching trajectories (i.e. with
accounting of secondary particles) is the separation of electron interactions on two
classes: "close" and "far" collisions. Last are defined as collisions with small energy
transmissions and small deflection angles of electrons. They are grouped, i.e. are
described in the approximation of multiple scattering. The collisions with considerable
energy transmissions or with considerable deflection angles are featured as separate
events (the "close" collisions) [18, 19].

Free parameters of the accepted scheme to be determining separation of collisions

are the critical energy E. and the critical scattering angle &.,. The limiting case

E. —0 and 8. — 0 corresponds to a scheme of individual collisions. This scheme

allows obtaining results with small model error, but requires huge expenditures of
machine time for obtaining of an acceptable statistical error. Other limiting case

E. — E and 6, — 27 corresponds to the scheme of the condensed collisions. This

scheme allows quickly receiving statistically valid results, but has several essential
errors.

On the basis of equations for description of elementary processes, the algorithm of
simulation of electron transition through matter is created. A scheme of grouping of

collisions is implemented with the following parameters: the critical energy E,of
electron formation, the critical energy E,of bremsstrahlung quantum formation and

critical angle 6. of elastic scattering of electron on atoms. For construction of the

electron trajectory, a free parameter E of the scheme is specified. This parameter -

energy of stopping of electron - is determined by field of applicability of
descriptions of elementary processes. v

The necessity of introducing of the averaging domain for calculation of spatia
distributions of physical quantities is the feature of the Monte Carlo method. For
calculation of the spatial dose distribution, sizes of a domain of averaging of energ
which is transmitted in the act of electron-matter interaction, are specified. (The setol

free parameters Ah,).

The features of the MC method.

The specially designed analytical interrelations are used for the reasonable choi
of free parameters of the physxcal model for adjusting statistical and model errors ¢
computer experiment and minimizing time of calculation for obtaining of data with
given accuracy.

The feature of implemented statistical estimation of the dose distribution is the
of the method of translations in some spatial domains of the object. This method:
used in regions, where variation of magnitude and direction of the electron flux lea
to dose variation to be smaller than the established model error. The sizes of th
regions are determined according to expert equations, on the basis of parame
irradiation process and the established model error for obtained results.

A feature of sampling of initial values of electron parameters is randomization
the scanning process. It simplifies procedure of generation of random values
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parameters and allows correctly estimating required time for realization of statistical
experiment.
Features of realization of a physical model for X-ray processing are the

following:
o The use of a forced method for process of producing X-ray on each step of design of
electron track in a construction of the X-ray converter.
¢ The automatic choice of self-consistent parameters is used for simulation of an
electron - photon shower. The choice is based on determination a minimum machine
time for obtaining given accuracy. These parameters are the following: cutoff energy
for modeling of an electron track, threshold energy of catastrophic electron-electron
collisions, cutoff energy for modeling of a photon track, threshold angle of grouping
electron collisions for modeling of scattering.
* The use of both a simple estimation (collision method) and the special estimation
- (method of crossing area) for the dose calculation.

At implementation of the simulation MC methods the specially designed schemes
which allow to reduce a running time for receiving of the end results in about
}lundreds time were applied.

5. Simulation of industrial EB processing by the program ModeRTL
One of the most important characteristics for all radiation-technological processes is
e absorbed dose in an irradiated materials. For each product to be treated in the EB
X-ray irradiation facility, there will usually be a minimum dose limit Dp i to
in the desired effect and a maximum dose limit Dppsm to avoid product
degradation. Value of an absorbed dose necessary for realization of the EB and X-ray
cessing, the required level of uniformity of an absorbed dose in volume of the
irradiated product determine efficiency and productivity of the technological process.
- The examples of simulation of a dose field formation in polymer modified wood
' irradiated by electron and X-ray beams are eonsidered in chapters 5 and 6.
is a new type of composite materials manufactured by impregnation of
ensive soft kinds of wood with synthetic monomers or oligomers and subsequent
diation polymerization [3]. All given below figures are captured directly from the
erface of the programs ModeRTL, XR-Soft, and y-ray-Soft.
L EB dose mapping within compound at one-sided irradiation and for optimal target
ess at double-sided irradiation are shown in Figs. 3 (a) and (b) respectively.
imes irradiation: electron beam energy - 5 MeV; beam current — 1 mA; triangular
ming; target - .compound with density 0.8 g/em’ (wood of aspen + 70%
ymethylmethacrylate); width of target - 100cm; width of scanning -100cm;
veyer speed -1cm/s. Target has not cover box. A current in magnet of scanning
m has the saw-tooth form. This current form is often used in scan magnet of
rial electron accelerator. The optimal thickness for maximum dose uniformity
electron beam in compound is 5.6 cm relatively of dose distribution at the center of
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Figs. 3 (a) and (b). 3D-view of the EB dose mapping within compound at one-sided irradiation

(a) and for optimal targets thickness at double-sided irradiation (b). Statistical deviations: in

the center target - 0.3% and in the boundaries - 2,5%. (Running time is about 7 minutes on PC
AMD-K7, 750 MHz).

The compare results for EB depth-dose distributions in a plane, which cross the
center (curves 1, 2) in the direction of moving conveyer, and the boundaries (curve 3)
of an irradiated target at the end of scan beam direction (see Fig. 3 (b)) at double-sided
irradiation are shown in Fig. 4 (a). Curves 2 and 3 simulated by MC method, curve |-
by Analytical method. As is seen from Fig. 4 (a), the good agreement between depth
dose distributions in a plane, which cross the center calculated by Analytical method
(curves 1) and simulated by MC method (curve 2) is observed. It allows to us
Analytical method for fast optimization of irradiation regimes and integrate it if
control system of radiation facility [15, 16]. ]

The simulation results by MC method of the charge deposition in the center and tit
boundaries of compound irradiated by 5 MeV electron beam are presented in Fig. 4(b

Charge tiepodﬂu Qe

B P U S S S S

Figs. 4 (a) and (b) T he compare results for EB depth-dose distributions in a plane, whit
cross the center (curves 1, 2) in the direction of moving conveyer, and the boundaries (curv
of an irradiated target at the end of scan beam direction at double-sided irradiation (a).
Charge depositions in the center and the boundaries of compound irradiated by 5 Me
electron beam (b).

As it is seen from Figs. 3(a) and (b) and Fig.4 (a), the EB depth-dose distribu
within compound has minimal value on the boundaries of a target along direction
the scanning electron beam and maximal value at plane that cross the target cente
direction of moving conveyer. ‘
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From standpoint of the dose limits, the minimum dose limit D pminsim must be chosen
as a minimum dose value Dpinpouna On the boundaries of an irradiated target, the
maximum dose limit D,uux.iim - as @ maximum dose value D aceneer in the target center.
In this case the dose uniformity ratio will be determined for all irradiated volume as
DURy = D ax-center! Dusin-bounds

As evident from simulation results and Figs. 3 (2) and (b) and Fig. 4 (a) for the
center of a target the EB dose uniformity ratio DUR = Dyp/Dyyiy is 1.51. For the target
boundaries at the end of scan beam direction the DUR is 2.12. As a result, the dose
uniformity for all irradiated volume DURy is 2.7. This value is greater than DUR =
Diax/Dumin for the targets center. EB dose uniformity ratio DURy can be decrease by
decreasing of the optimal target thickness, or by the choice of the special shape of
current in scan magnet, or with help of special filters [15, 20].

The anomalies of depth-dose distribution on boundary of two materials at
orientation in parallel with incident electron beam were predicted by computer
- simulation with use ModeRTL software [21]. Experiments were conducted on
- radiation-technological line LAE 13/9 to validate computer simulation results.
~ Cellulose Triacetate (CTA) dosimetric film (FTR-125) in form of strips were inserted
between two blocks at various combinations of materials (Al, wood, PE). Such
 heterogeneous targets were irradiated by scanned electron beam on moving conveyer.

- Validation of computer simulation predictions of an irradiation process with use of
the software ModeRTL was fulfilled by comparison with results of CTA films
measurements, The anomalies predicted by simulation methods on curves of depth-
dose distribution near to boundary of two materials with different densities were
xperimentally confirmed. Both used materials (Al, PE, wood, CTA film) and

', adiation processing of heterogeneous materials. Investigation of those anomalies
in be used to estimate the quality of an irradiation fulfilled on RTL. It is shown that
 application of designed software ModeRTL for planning of irradiation on RTL and
erpretation of results obtained by dosimetric film is correct, useful and in a series of
"'53 it is necessary in practical activity.

6. Simulation of industrial X-ray processmg by the program XR-Soft

1 thickness 1.2 mm, the cooling water channel - 2mm, and the aluminum backing
- 5.0 mm. The X-ray yield in the forward direction for 5 MeV electron is 8.62%.
-ray dose mapping within compound (wood of aspen + 70% PMMA) with
g/cm3 for optimal target thickness at double-sided irradiation for saw-tooth
al forms of current in scan magnet are shown in Figs. 6 (a) and (b)
lively. The optimal thickness of compound for maximum X-ray power
ition is 38.5cm relatively of dose distribution at the center of a target. X-ray
power utilization in this case is 58%.
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s S =
Fig. 5. X-ray spectrum for 5 MeV electron in tantalum

= ke ¥
Figs. 6(a) and (b). X-ray dose mapping within compound for optimal target thickness and for
the saw-tooth form of current (a) and the special form of current (b) in scan magnet. Statistica
deviations: 2.2 % for center target and 2.5% for boundary target along direction of the
scanning X-ray beam. (Running time is about 8 minutes on PC AMD-K7, 750 MHz).

The compare results for X-ray depth-dose distributions in a plane, which cross
center (curve 1) in the direction of moving conveyer, and the boundaries of ¢
irradiated target at the end of scan beam direction (see Fig. 6 (a) and (b)) at doubl
sided irradiation for saw-tooth (curve 3) and special forms (curve 2) of current in s
magnet are shown in Fig. 7. ¥

As is seen from Figs. 6(a) and (b) and Fig. 7, the X-ray depth-dose distributi
within compound has minimal value on the boundaries of a target along direction
the scanning X-ray beam and maximal value at plane that cross the target center. F
the center of a target the dose uniformity ratio DUR = D5/Dyiy is 1.53. For the tar
boundaries the DUR is 1.94. As a result, the X-ray dose uniformity for all irra
volume of compound DURy is 2.91.
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Fig. 7. 2D-view of the X-ray depth-dose distributions in the center (curve 1) and in the
boundaries of a target at the end of scan beam direction for saw-tooth (curve 3) and special
Jforms (curve 2) of current in scan magnet.

~ Significant dose gradient in volume of irradiated target can be decrease by the
choice of the special shape of current in scan magnet. Changing of the current shape in
scan magnet results in change a time dependence for electrons intensity along a
ection of scanning in front of an X-ray converter [15, 16, 22]. By the use the
program XR-Soft, the special shape of current in scan magnet which provide the
‘maximum uniformity for X-ray dose distribution in the irradiated compound was
determined.
Fig. 8 represent the time dependencies of current in scan magnet for the saw-tooth
shape of current (curvel) and the special shape of current (curve 2). The X-ray dose
distribution determined by the special current shape (curve 2) is shown in Fig. 6 (b).
X-ray beam power utilization in this case is 53%, the value DURy is 2.1 and also is
reater than DUR in the target center. Further decreasing of the target thickness at
u ible side X-ray treatment results in decreasing both the value DURy and the X-ray
ower utilization. For example, for compound thickness h=30cm the DURy is 2.0 for
aw-tooth shape of current (curvel) and the DURy is 1.6 for the special shape of
rent (curve 2). In this case the X-ray power utilization is 48%.
Most effectively X-ray processing can be realized by treatment of turning loading
lamber with irradiated materials which is placed in front of scanning X-ray beams
e Fig. 2(b)). In this case at given value DURy an optimal material thickness for X-
rocessing will be greater than for double-sided irradiation. The program XR-Soft
ows to simulate a dose mapping in turning cylinder chamber with materials
diated by scannmg X-ray beam. The direction of scanning X-ray beam is in parallel
I a cylinder axis. For above compound with density 0.8 g/cm’ and X-ray
meters, for the value DURy = 1.54, the optimum diameter Dy, for the treated



86 V.T. Lazurik, V.M.Lazurik, G.F. Popov and Yu.V.Rogov

L2F

=
P
i |
a

e
'S

Current (rel. units)
N
(-

0 Y SO | i, R R
Time (rel. units)

Fig. 8. Time dependencies of current for the saw-tooth (curvel) and the special shape of
current (curve 2) in scan magnet. One-quarter of current time period.

As this takes place, a non-uniformity equalization for X-ray dose distribution along
a direction of scanning on the ends (boundaries) of a turning cylinder chamber was
conducted by the choice of the special shape of current in scan magnet. It is was done
by the same method that was used above for double-sided irradiation. Without usage
this method, the DURy is 2.2 because of the non-uniformity effects on the cylinde
boundaries for the X-ray dose distribution.

Therefore the analysis of X-ray dose mapping must be conducted wit
consideration of the dose non-uniformity not only in the target center but also on e
boundaries of an irradiated target. ”

As a minimum, the 2-D simulation model for EB and X-ray dose mapping must b
used for correct analysis of the optimum product thickness, power utilization
max/min dose ratio, and processing capacity.

The validation and verification of the results simulated by the programs ModeRTL
and XR-Soft were carried out in compare with theoretical calculated data, with resu
obtained by the universal packages such as ITS, EGS, GEANT and PENELOPE, ar
some experimental data of authors and data in published work [4, 20, 23]. Th
comparison investigations indicated that the developed physical and mathematic
models are reliable and correct, and the programs ModeRTL and XR-Soft are accurs
and easily accessible for users.

7. Program y-ray-Soft for simulation of y-ray irradiator
The special problem for the program y-ray-Soft is the shielding analysis fron
source with a radioactive wastage. Simulation of y-ray characteristics from a lat
source with distributed radionuclides and simulation of spectrum and dose distribut
from a distributed source in an environment was performed by Monte Carlo method
Fig. 9 represents a geometrical scheme of y-ray irradiator. Fig. 10 (a) represents
spectrum y-ray from barrel with radionuclide 60Co (Ey = 1.25 MeV). Fig. 10
represents the dose map in an air around the barrel with radionuclides.
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- The program y-ray-Soft can be used for the dose distribution mapping in y-ray
ocessing of medical device or foodstuff in the multi-pencil type of y-ray irradiator.

. Conclusion

“The functional modules of the RT-Office can be used as the basis for designing of
 software for decision of special tasks in different radiation-technological
es. Specialized software for EB, X-ray, and y-ray processing in the form of the
s ModeRTL, XR-Soft and fy-ray-Soft were developed on the basis of
ation and calculation modules of the RT-Office.

results of some examples of simulation of radiation processing show, that
s ModeRTL and XR-Soft are very useful for the simulation analysis of EB
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and X-ray dose mapping for objects irradiated at one- and double-sided by scanning
EB and X-ray beams. In particular, it is was determined that EB and X-ray dose
uniformity ratio must be conducted with consideration of the dose non-uniformity not
only in the target center but also on the boundaries of an irradiated target along
direction of the scanning X-ray beam. A non-uniformity equalization for EB and X-
ray dose distribution along a direction of scanning can be done by the choice of the
special shape of current in scan magnet, with help of special filters, or with special
methods of irradiation. Therefore as a minimum, the 2-D simulation model for EB, X-
ray, and y-ray dose mapping must be used for correct analysis of the optimum product
thickness, EB, X-ray and y-ray power utilization, max/min dose ratio, and processing
capacity.

Programs ModeRTL, XR-Soft, and y-ray-Soft can be used as predictive tools for of
EB, X-ray and y-ray dose mapping, for determination of location D, and Dy, in
volume of target irradiated by EB, X-ray, and y-ray beams on RTL, and for
optimization of regimes EB, X-ray, and y-ray irradiation to receive maximum
processing capacity with the minimum for dose uniformity ratio.

The flexible and friendly interface of the programs ModeRTL, XR-Soft and y-ray--
Soft is realized in the Windows environment. It allows effectively to use these
programs to a broad audience of users without a special knowledge. These programs
can serve as the trainer course for end users working in the field of radiation
technologies, transport of ionizing radiation in materials with heterogeneous structure,
computer modeling of systems and technologies, and a good manual for students.

The RT-Office can be installed on personal computers of a mean power under
Windows 98/NT/Me/XP, there are no specific requirements of a basic software.
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Hay4HBIX TEKCTOB KaK HEKOTOpas MPOeKLMs A3bIka Anla
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This work proves that it is possible to develop an applied language for semantic
structuring of scientific documents (LSS) based on the appropriate projection of the
Ada language. (The author introduced the projection concept for languages defined by
their formal grammar onto the given nonterminal subset along the given subset of this
grammar’s rules earlier.) Not equality but absolute correspondence between the syntax
of the developed LSS and the syntax of the given projection of the Ada language has
been found Thereby, it is possible to realize the developed LSS on the basis of
standard information technologies related to Ada.

1. CemanTHYecKasi CTPYKTYPH3AIHA HAYIHbIX TEKCTOB H IOCTAHOBKA 32241
0 paclIHpeHHH A3bIKOB ceMaHTHYecKoH cTpykTypn3anun (SICC)

HanaxxuBauue paboTsl ¢ MHPOPMALMOHHBIMM CHUCTEMAMd HAy4YHBIX HAINPaBJICHUA
yepes WHrepHeT BechMa aKTyanbHO, Kak U NMPEACTaBISIONIMX 3TH HANpaBICHHA
YUYE€HBIX, TaK ¥ Ui Lened o0y4eHHs, oCOOEHHO MO NpOorpaMMaM MAarucTpaTtypbl
acnpaHTypsl. [Ipu 3ToM MHOOPMALMOHHBIE CUCTEMbl HAMpPABICHUH, 3aBUCALMX OT
OBICTPOrO Pa3BUTHS HCCIIEJOBATENILCKOTO IMPOrPaMMHOrO OO€CTedeHHs, NOJDKHbI
obnanate ONpeneNéHHBIMH OCOOEHHOCTAMH, paccMoTpeHHbiMu B [1]. Hacrosamas
paboTa OTHOCHUTCS K BOTIPOCAM HOBBIX CMEHUATBHBIX HH(POPMALIMOHHBIX TEXHOJIOT Ui,
HEOOXOAMMBIX I CO3JaHMA M 3KCILTYaTalny HHQOPMALIMOHHBIX CHCTEM YKa3aHHOIO
BUJA.

Jlns onucanus CMBICIIOBOM CTPYKTYpPbl COBOKYNHOCTH HayUHBIX TEKCTOB B PAMKAX
UHGOPMALIMOHHOW  CHUCTEMBl  HAy4HOro  HampaBieHuss ObulO  NMpEeanoXNKEeHO
HCIIONIB30BATh CUCTEMY CBS3€H; NOCTPOECHHYIO M0 00pasily MEXMOIY/IbHBIX CBA3EH B
nporpamMax Ha s3sike Ana [1]. B kaudectBe cpepcTBa MOAEIMPOBaHHMS NEPEHOCA
CPeACTB CTPYKTYPH3alUHH fA3bIKa MPOrpaMMHPOBAHMS HA CNELMAIbHLIE HAYYHbIE
TeKCTHl OBUIO BBEACHO NOHATHE TMPOEKIMH #3bIKa, ONpelensieMoro ¢opMaibHOH
rpaMMaTUKOM, Ha 3aJ]aHHOE NOAMHOXECTBO HETEPMHHAIOB BJOJIb 3a/JaHHOTO
TIOJAMHOXKECTBA MPaBHI 3TOM TpaMMaTuku. PeanbHBIM MPHUMEPOM HCIIONIb30BAHHA
TaKOW MOZENH NepeHoca CIYXKHUT OYeHb NMPOCTas MPOEKLMsS KOHTEKCTHO-CBOOOJHOTO
CHHTaKCHca s3bika Ana, npegiokeHHas B [2]. Ora npoekuus onpeaenuia Moaemb
CEMaHTHYECKOM  CTPYKTypu3alMd  WHPOPMALIMOHHON  CHCTeMBI  HAy4YHOro
HaMpaBNeHUs Ui JTalla Ha4yalbHOrO HANOJMHEHHS Oa3bl JaHHBIX TaKOW CHCTEMBL
OTMeTHM, ¥TO, TPAKTOBKA MPOEKLIMK CYIIECTBYIOWIETO A3bIKa KAk CPECTBA CO3AaHUs
HOBBIX CIIELMATM3UPOBAHHBIX A3BIKOB HE MPOTHBOPEUMT aGCTPAKTHOMY MOHATHIO
MPOEKIMH A3bIKOB [3].

Monens CeMaHTHUYECKOW CTPYKTYpH2aluHu [2] MO3BONSET OTPa3suTh CBS3UM TAKMX
MaTepHAIOB, KaK CTaThH M KHWIH, MEXAY COOOMH, a Takke BbLICJIUTH CTPYKTYpPHbIE
€[MHMLIBI - MOIYJH BHYTPH MarepHanoB. AKTyaJbHO W  TPaKTHYECKH BaKHO
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pacilMpuTs MOJEJb B NEPBYIO OuYepeb 3a CYET A00aBICHUA CPEACTB OTPAXKEHUS
cBA3EH MEXy MOOBIME MOXYJISIMH, BKIIOYAask BHYTPEHHHE MOYJIH OJHOIO U TOTO XKe
marepuana. [lpoexims ¢opManbHOro s3sika (B HameM Ciiy4ae KOHTEKCTHO-
cBOOOJHOTO CHHTAKCHCAa $3bIKa INPOrPaMMHPOBaHUS AJia) JIErKO TPAaKTyercs Kak
(popMabHBIA CHHTAKCHC [UIS S3BIKA Pa3METKH TEKCTOB (B AAHHOM CITy4ae Hay4HBIX).
Ilpn 3TOM onpeneneHue mnpoekumH B [2] OpUEHTHPOBAHO Ha TO, HTOOBI
HHTEPNPETUPOBaTh KOHTEKCTHBIE OTPaHHYeHHs CHHTAKCHCa s3bika AZja B Ka4ecTBe
KOHTEKCTHBIX OrpaHHYeHHMH I CHHTAKCHCAa SA3bIKA pPa3MEeTKH, INOPOXKIaeMOro
npoekuyed Axpl. TakuM 06pa3oM, MOJHOCTBIO OINPEAENACTCS CHHTAKCHC A3bIKA
CEeMaHTUYeCKOH CTpykTypu3aiid TekcTtoB — SICC. Bepcuio Takoro = s3bika,
onpenenéHHyio B [2], o6o3HaunM HHAexcoM 1.0. OTMeTHM, XOTS 3TO HE TeMa JIAaHHOM
CTaThH, YTO ceMaHTHKA NMof0o0HbX ACC B 3HAYMTEIBHOM CTENEHH AO/DKHA OMPATHCH
Ha CTAaTMYECKYIO CEMaHTUKy HCXOIHOTO f3bIka (f3bIKa ImporpaMMmupoBaHus Ana). A
HMEHHO, CEMAaHTHKa S3bIKa, ITOJyYEHHOrO MpPOEeKLMeH, AODKHA ONpeaesisThCcs B
TECHOM CBSI3M C MHTEpINpETalliel ero HETePMHUHAIOB, KaK IMOHATHM, MPUMEHHMBIX K
Hay4HBIM TEKCTaM H, HACKOJIBKO BO3MOXHO, aHAJIOTUYHBIX MOHATHAM, 0003HaYaeMbIM
3TUMM HETEPMHHAJIAMU B CTaTUYECKON CEMAaHTHKE A3bika Ana.

Ecnu teneps BepHyThes k JACC, onpenengHHoMy B [2] Yepe3 NpoeKiHIO, TO SCHO,
YTO [PH €r0 PacliMPEeHHUH B COOTBETCTBUY C HYKAAMH MPUKIAJHOTO MCIIONBE30BaHM,
nonydeHHbli pacipenHbii JCC MoxeT u He OBITh HUKAKOM MpoeKiHei A3bKa Azia.
910 mnoctaBWwI0 ObI NOX COMHEHHE KOPPEKTHOCTH CHCTEMBI KOHTEKCTHBIX

' OFpaHWYEHMI pacmupeHMs (TIOCKOJIbKY 3Ta CHCTeMa He BhiTeKana Obl W3 TaKoM
CHCTEMBI I 3aBEJOMO KOPPEKTHOrO fA3bIKa) M INPOTHBOPEYHIO Obl KOHUENIHH
paccmaTpuBaeMbIx MH(opMammonHbIX cucteM [1]. TlocnenHee cBsi3aHO ¢ TeM, 49TO B
0azax JaHHBIX HMHTEPECYIOIMX HAac HWHGOPMALMOHHBIX CHCTEM HAy4HBIE TEKCTHI
JO/DKHBI XPAaHMTBCS Ha paBHBIX NpaBaX C HCXOJHBIMM TEKCTaMH IPOrpaMMHOTO
obecrieueHHs, H 3aIPOCBl O CEMAHTHYECKUX CBA3AX JIO/DKHBI  BBISBJIATH
MEKMOIYJIbHBIE M TPOYME CBA3M HE3aBHCHMO OT TOTO, MIET JIH pe4b O CBA3SX
TEKCTOBBIX WIH IIPOrPaMMHBIX MOAYNEH.

IMoaTomy craBuTcs 3aaa4a nocTpoeHus pacmmperHoro SICC ¢ BuimeyKa3aHHBIMH
0JIb30BATETLCKUMH Ka4€CTBAMHM TaK, YTOObI MpaBHia ero GopMaibHOrO CHHTAKCHCa
COOTBETCTBOBAJIH TpPaBUJIaM (POPMATBHOrO CHHTAKCHCA A3BIKA-MPOTOTHUIIA, B AaHHOM
cnysae - Apnel. CooTBEeTCTBME 34€Ch TOHMMATh, KaK TaKoe, KOTOpoe Jaér
BO3MOXKHOCTh OJJHO3HAYHOI0 NEPEHOCA HEOOXOAMMBIX KOHTEKCTHBIX OTPaHHYSHHI W3
npotoruna B SICC.

2. ObGocnoBanne koppekTHocTH SICC MeToAOM HOCREAOBATENLHBIX
CpaBHEHHH ¢ MPOEKMHAMHA A3LIKA Ana
BocnpomsseiéM 1 HEMHOTO pacIIMPHM TIOHSTHE IPOEKLIHM S3bIKA B CMBICIE [2].
Mycto
G=(T,N, S, no) 2.1

— popmanbras KC-rpaMmaruka, obecrieunBaoomas 0JHO3HAYHOCTh CHHTAKCHYECKOTO
pasbopa (B TepmuHONOTHH [4]) U ompeneNsOmAs OCHOBY CHHTaKCHMCa IS A3bika P
(smseika-nporotuna SICC). 3nece T, N, S — MHOXKECTBA, COOTBETCTBEHHO, TEPMHHAIIOB,
HETEPMHUHAIOB ¥ TPAMMATHYECKHX NpaBHJ, a Ny — HeTepMuHAI. MuOXKecTBO (pas,
BBIBOAWMBIX 3 Ny , 0603HauuM P; . CHHTAaKCHYECKH NpaBWIbHbIE (pa3sbl S3bIKa-
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nporotuna P orbupatores u3 Py ¢ y4€ToM KOHTEKCTHBIX OrpaHH4YCHMii, KOTOpbIE B
DpPaKTUKE [IHPOKO HCMONB3YyeMbIX S3bIKOB TNPOrpaMMHMPOBAHUA W3NIAraloTcs Ha
€CTEeCTBEHHOM S3bIKE.

IMyctb N; - moagmHONkecTBo N , cogepxkauee ng . «OpTOroHaIbHYIO»
npoekuuo P Ha N; onpezenut NMOAMHOXKECTBO MpaBuwi Sy , ModydeHHoe U3 S
MCKJIIOYEHHEM TeX TIPaBHIl, B KOTOPHIX CIIEBA OT CHMBOJIa HEMOCPEACTBEHHOIO BHIBOA
«—» QUrypUpyIOT HeTepMHMHANHLI, He npuHaanexamue N;. Mexons u3 npukiagHbix
COOBpaKeH i, MOMHO MCIIOTB30BaTh KaKyl0-TO JAPYryio npoekuuto Ha N, cyxkas Sy
Tak, 4yToOBl B OCTaBIIEMCA MHOMXECTBE Sy AN Kaxaoro n u3 N, octanocs Xots 6bi
OJIHO MPABUJIO BHJIa N—>0L C HEMTYCTOM LENOYKOH O

Coopmupyem T, , nobasnsss B T HOBbI TepMuHAT @ («3aMEHICHUER).
MeuosxecTBO S; oOpasyem, ucxoas u3 Sy, Tak. s BCSIKOro BXOKIEGHHUS B IIpaBHia,
npuHagnexamue S, , Kakoro-To HeTEPMHHANA N , He NpuHaexkauero Ny nobasnsem
K NpaBijiaM 13 Sy MpaBHio

n->@ (2.2)

®opmansHO TOA «npoekumeii» P; s3pika P «Ha» N; «paoas» S; Oyaem
TOHUMATH H3bIK, TOPONKASHHBIH rPaMMaTUKOMN

Gs1 = (T1, Ny, Sy, ng) ‘ (2.3).

W3 nopgobnHo# TMpoeKLWH MOKHO HHTEpIpeTaldel MNOIyYHTh S3bIK Pa3sMETKH

TekcToB. Ilociexnve  NpeacTaBasior  co0od  MmocieJoBaTesibHOCTH  (pas

«ectecTBeHHOro» s3pika L . Tak y Hac L - 53BIK Hay49HBIX TEKCTOB, JOMYCKAIOUWHH, B

4yacTHOCTH, U Gopmynsi. Wntepnperaumsa rpammatuky (2.2) 4ucTo (opMmaibHa:

CHMBOJN (@) TEPEeBOAMTCS M3 pa3pala TEPMHHAIOB B HETCPMUHAIbI, HO N00aBIAIOTCS
rpaMmMaTUYecKue npaBuia BUAA

@->1 (2.4)

1St BCeBO3MOKHBIX (pa3 | u3 s3pika L . S3bIk, mopoxxnaeMsidt Takol dopmanbHO#H
rpamMmatrkoif, o603HauuM (Lg;); . Menee GopmMasibHBIM, HO B NTPaKTHYECKOM CMBICIE
TAKKE€ OIHO3HAYHLIM SBJISICTCS TIOCTPOCHME CBOJA KOHTEKCTHBIX OrpPaHWYEHMH,
cyxaroumx (Ls;)y 10 mpaktuueckoro s3sika Lg; Thna natepecyromero Hac SCC:

Ls; ((Lis1)o € KOHTEKCTHBIMM TTPaBHIIAMH )

Ceituac Mbl H3JI0KHM NOJAPOOHOCTH.

[Monaras A3BIK-MPOTOTHIT S3LIKOM NMPOrpaMMHpPOBaHus, Oy/eM CUMTaTh, YTO
BCE €ro KOHTeKCTHbIE 3aBHCMMOCTH (OPMYJIHpYIOTCS B TEpMHHAX paBEHCTBA-
HEPABEHCTBA TEPMUHAIBHBIX LIENIOYEK, NOANAJAIOIHX (10 TAKHE NOHATHS, KaK HMEHa
u uaenTHduKaTophl. Tarke, NPAKTHYECKH HE OTpaHu4MBas OOLIHOCTH, CHUTAEM, YTO
Bce oOo3HavarouMe 3TH TOHATHS HeTepmHHanel Bxoast B N, . Ho Torna
COOTBETCTBYIOIIHE ITUM TIOHSTHSM TEPMHHANIBHBIE enoukH BO dpazax s3bika (Lgi)
CyThb Lenoyku (oHMm w3 sgeMeHToB T m L), Ans KOTOpPBIX «PaBEHCTBO» HMEET
u3BeCTHbIH cmbici. PacemoTpuM konTekcTHoe npaswio K s3bika-npororuna P,
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NPUMEHMMOE K LIENOYKE O, BLIBOAMMOMN M3 Ny NOCPEACTBOM MpaBuia us Sp . Ilycts K
CCHUIAETCA Ha PABEHCTBO WM HEPaBEHCTBO MEXIY cOGOM HEeKHX HacTel |, V, ... 3TOH
LETIOYKH. DTH YacTH NMOANANAIOT NOA MOHATHSA A3bika P , u 1 moGoii Pppaskl @ s3bika
(Ls1)o , BBIBEEHHOM W3 O, YacTH 3TOM (pa3bi, COOTBETCTBYIOLIME L, V, ... , HMEIOT
CTPYKTYPY BHJAA S;5;..Sk, T/I€ §; ABIMOTCS b0 TepmuHanamu u3 T nubo dpasamu u3
L. Torga, no caenaHHOMy BBIIIE 3aMeE4aHMIO O cpaBHUMOCTH ¢pa3, K ocMbicieHHO
I8 @ ¥ NO3BOJAET PELIHTb, MOKHO M OTHECTH 3Ty ¢pasy K COAepKaTellbHOMY
13biKy Lg; . B cry npeanonaraBmeiics 0JHO3HAYHOCTH CHHTaKCHYeckoro pasbopa B
Py , MOXHO O ONpeNENeHUIO MOMIOKMUTh, YTO BCE KOHTEKCTHBIE 3aBUCHMOCTH 1Uisi Lg;
(GopMupyroTCS TaKMM M TONBKO TakuM obpasoM. CopepxkarensHbiii cuaTakcuc ICC
HOJIHOCTBIO ONPEAETEH. ’

Hacrosimas pabora mnocesimeHa paspa0oTKe NPUTOAHOIO K IIPAKTHYECKOMY
UCHOJIB30BAHMIO  A3bIKA CEMaHTHYECKOH CTPYKTYpH3allud HAy4HBIX  TEKCTOB
CJeAYIOUMM METOJ0M, KOTOPBIH MOKHO OyIET MCIO/IB30BaTh ¥ B APYTHX MOJOOHBIX
curyanuax. OTnpasiisisick OT HEKOTOpoM (B JMaHHOM ciiydae - omucaHHOW B [2])
«MHHMMAJIbHOW» TIPOSKIMH S3bIKa-MPOTOTHNA, H00ABNASEM HOBBIE (KOHTEKCTHO-
HE3aBHCUMbIE 1O (popMe) npaBuiIa AJist 0OCITY)KUBAHMS PACIIMPEHHBIM A3bIKOM HOBBIX
ynxumit. [lpu 3TOM UM KaXIOrO HOBOIO NOHATHS (HETEPMMHANA) MIUEM U3
He(opManbHbIX cooOpaxeHui Hanbosee OnM3koe K HeMy TOHATHE (HETEPMHHAN) B
a3pike-nporoTne. JloGaBneHHbIe NpaBHia CPaBHUBAECM (OPUEHTHPYSCH HA HX JiEBbIE
YaCTH) C TEMM, KOTOPBIE HMEIOT MECTO LTS NPEATIOIaraeMbIX MOHATHH-IPOOOPa3oB, 1
BBIACHAEM, MOXHO JIH MHTEPIPETHPOBaTh 00aBICHHBIE MPaBWIa, KAK MOJy4YaeMbie
HOAXOJALMM NPOEKTHPOBaHKeM B cMbicie [2]. Eciu Het, TO npoBepsieM, Henb3s Jiu
NPEOI0IETh HUMEIOIIMEC PAacXOXKAeHHS A00aB/ieHHBIX TMpPaBWI C «Ommkaimein
NPOeKUMEH TaK, YTOObI COXpaHWIaCh BO3MOXKHOCTH IPO3PAYHOrO MEPEeHOCa MPaBwil
KOHTEKCTHOW 3aBUCHMOCTH Uil TIOHATHI-IIPOOOpa30oB Ha HOBOBBEACHHBIE MOHSITHSA
paspabateiBaemoro s3pika. [Ipu HOBOM Heydaue mepecMaTPMBAaeM COOTBETCTBHE
no0aBsseMbIX HOBBIX MOHATHH M TOHATHH mpoo0pa3oB, a B KpailiHeM ciydae -
KOppekTHpyeM JobapiseMbie mnpaBWia. B IenoM mnpoueaypa IOAXOMMT MOJ
M3BECTHYIO B MATEMATHKE CXEMY, KOT/ia I0Ka3aTe/IbCTBO CJIOXKHOMN TEOPEeMBbI CTPOUTCH
OZHOBPEMEHHO C OKOHYATE/IbHBIM BAPUAHTOM (GOPMYIUPOBKH €€ YCIIOBHUS.

Oxkazanocs, 4YTO MO CPaBHEHHIO C OCYIIECTBISEMBIMH TPH [POEKTHPOBAHUK
OnepalysIMHi, B Hallel NpaKTHKe OOHApYKHJIOCH €IIE TONBKO /iBa HOBBIX NpHEMa
obpasopanus npasuwi1 SCC, KOTOpble HE NPENATCTBYIOT NEPEHOCY KOHTEKCTHBIX
NpaBui U3 A3bIKa AJla B S3bIK CTPYKTYPH3aLMU TEKCTOB. BO-nepBhiX, 370 U3MEHeHHE
MOpsA/iKa CIICJOBaHMS HETEPMHHAIOB B MPaBOH YacTH OTAENBHOrO mpasuia. Bo-
BTOpBIX, BKyHOYeHne B SICC yskoro kimacca ¢pas, KOTOpble Ha CaMOM Jeje
YAOBJIETBOPSIOT MpasuiiaM AJibl, TOIA KaK caMM 3TH mNpaBwia B obied ¢opme K
cuHTakcucy paspabareiBaemoro SACC we npucoeauusmiorcs. TexHHUECKHe
MOIM(HMKAUMM MPOEKIMH, KaK HANpuMep, MEPEMMEHOBAHME HETEPMUHAIOB WIIH
YIpouieHue U30bITOYHBIX OrpaHHYHUTENeH Timna «end;», He YIOMHHAeM.

B pesynbrate cosman M cefiyac Oymer onmcaH (B OCHOBHOM C IO3HLMA
CHHTaKCHca) A3bIK, KOTOpbiH umenyeM SICC mepBoro yposus wiu, ICC sepcun 1.5.

3. PesyabTaTt - ceaTakcuc SICC Bepcun 1.5
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Janubif  A3bIK NPEAHA3HA4YCH /N4 ONHWCaHHWA MOJIY/JBHOM CTPYKTYphl H
MEXMOAYJIbHbIX CBA3€#, KOTOpbIe MOI'YT OBIT YCMOTPEHBI 3KCIIEPTOM B TEKCTOBBIX
MarepHanax, pa3MemacMbix B 6aze qTaHHBIX HHQOPMALMOHHON CHCTEMBI HEKOTOPOrO
Hay4HOro HanpasneHus. C TOUKH 3peHUs 3TOro 43bIKa CMBICI MPOHECCa pa3sMELICHN,
Nanee MMEHYEeMOTro IPOCTO pa3MELeHHEM, COCTOMT B nepenaye B 0asy HaHHBIX
CHCTeMBI YNOMSHYTBIX MaTepuajioB B (POpME CTPYKTYPHPOBaHHBIX aHHOTALMM, a
3aTeM (110 Mepe MOABNECHHUS BO3MOXKHOCTeH) B opMe peanmmzalmii - 6onee uim MeHee
TIOJIHBIX COOTBETCTBEHHO CTPYKTYPHPOBaHHBIX TEKCTOR. B peanu3anysix, B 4aCTHOCTH,
OTMEYArOTCsi MECTa ¥ BHJBI CMBICIIOBBIX CBA3€H C JPYrUMHM MaTepUaliaMH, JPpyTHMH
YJacTAMM JTaHHOTO MaTepyana WiH ¢ oryOIMKOBaHHON MUTepaTypoO.

B Havayie KaX{oro nmpapwia KOHTEeKCTHO-cBoOoaHoro cunrakcuca JACC naém ero
NosicHeHue (BKIIIOYast BaKHEWIIIHE CBEICHUA O KOHTEKCTHBIX OrpaHMYCHMAX), Jajee -
camo npaBuio B pacmmpenHo# dopme bakyca-Haypa, a B koHIle - COOTBETCTBYIOLIEE
npaswio u3 GOpMaTbHOrO CHHTakcuca sf3bika Ana. Ilpy sTom naérea ccpulka Ha
KOHKPETHBIH MyHKT CTaHAapTa s3bika Aza [5], W3 KoToporo oTOupaiuch 3TH NpaBuia
B Mpolecce MPOSKTHPOBAHUA Ha BHILICYTIOMIHYTOE MHOXKECTBO MOHATHH. Pasymeercs,
B HallleM HW3JIOXKEeHWM STH TpaBWia BBINNAT KaK «COKpallleHHs» npasui u3 [5],
MIOCKONBKY B 3alMCH IPABWI Ha OCHOBAaHMM pacmupeHHON (opmel bakyca-Haypa
COJIEPIKHTCS MHOXKECTBO MpaBWJ, MMEIOmMX craHaaptayio  ¢opmy. Ilpu
NPOEKTHPOBAHHH TaKOe MHOXECTBO, BOOOILE rOBOPS, COKPAIAETCH.

IIpu BUAMMOM pacxoxieHUM Mexay cTpykrypoii mpasuia SCC u crpyxrypoh
COOTBETCTBYIOLIEro €My NpaBWia W3 NPOEKLMH A3bIKa Ala, TYT K€ PashACHAEM, 33
cuéT 4Yero 3T0 MpOTHBOpEuMe mpeojoieBaercd. Kypcus B mpaBwiax OTMEYaeT
He3Ha4vMble (KOMMEHTHPYIOIIME) YaCTH B HA3BAHUAX CUHTAKCHYCCKUX NOHATHH.

B SICC nexcuxa ciyxeGHbIX TepMuHanoB (0643aTebHO OOpaMNseMbIX napamu
KOCBIX 4YepT), HeTepMHHAIOB (00s3aTebHO HAYMHAIOMMXCA ¢ OyKB BEpXHEro
perucrpa, NPHTOM, 4YTO Janee - TOJbKO OyKBbI HMKHErO pErucTpa), a TakkKe
uaeHTudukaTopos ("Ha3BaHMii") camoro s3pika uMmeeT ocobeHHOCTh. B HMX cocram
MOIyT BXOIWTH MNpoOenbl, CAMBOMEI TalyNfALMM M KOHIH! CTPOK, MpHUYEM Jid
HICHTH(UKALIMM BAOKHO TONBKO MECTO BXOXACHMS, a HE KOJIMYECTBO M BHI TAKHMX
pazaenurenei.

Hpaewlo 1: PasmemeHue 3T0 TIOCHENOBATEIBHOE BO BPEMEHH PasMCIICHHE
MOIl}’Heﬁ. HOpﬂ}lOK B 9TOH NMOCIEA0BATEIBHOCTH, BOOOMIE TOBOPA, CYIUCCTBEHEH.

Pazmemenue ::= { Pasmemaemplit MOIYIIb }

ITpoo6pa3 npasuiia BeiGpan u3 myukra (10.1.1.2) pykoBoacTsa 1o s3siky Aza [5]:
compilation ::= { compilation_unit }

IlIpasuno 2: Pa3memaeMpii MOAYyJIb COCTOMT M3 Marepuana, NpeaBapEéHHOTrO
MpeIMcaHieM KOHTEKCTa, KOTOpOoe, B YaCTHOCTH OIpE/JelisieT, Kakue pa3MellaeMble
MOJYJIH JOJDKHBI 66111 OBITE pasMeleHbl paHee JaHHOTO.

Pasmemaemsiii monyns ::= IIpenmiacanue xonrexcTa Marepnan

CootsercTRyrouiee npaswio Beibpano u3 (10.1.1.3) [5]:
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compilation_unit ::= context clause library_item
Hpasuno 3: Tlop MarepuaioM MNOHMMAETCS AHHOTAUMS LENLHOIO 1O CMBICITY
TEKCTOBOIO MaTepuaia wiM ero peanusanus. [TocnenHss ecTh HeKOTOpas BEpCUs
9TOr0 TEKCTA (YaCTHYHAA, TIOJTHAS WJIH MOJTHAsi KOMMEHTHPOBaHHAs).

Marepuan ::= AuHoTauus Matepuana | Peanusaums marepuana
U3 (10.1.1.4) [5]: library_item ::= library_unit_declaration | library unit_body
Ilpasuno 4: AHHOTaIWs MaTepuaia Mpexe BCero BBOAUT (OpMY 3TOr0 MaTepHana

- OH MOXET ObITh aHHOTauuen PeIICHKA, KOHTEKCTa, aHHOTauuen TMPOTOTHIIA UJIH X€E
NPAMEHCHHEM ITPOTOTHUIIA.

AHHOTALMS MaTepHaia =  AHHOTAUMs peileHus | AHHOTallHd KOHTEKCTa
| AuroTarus nporoturia | Co3aaHue o NpOTOTHILY
M3 (10:1.1.5)% .
library_unit_declaration::= subprogram_declaration | package declaration
| generic_declaration | generic_instantiation

IlIpasuno 5: Peanuzanms marepuaia pa3sMeIlacTcs Mocje ero aHHOTalluk ¥ UMeeT
omnpeneNseMyr0 aHHoTauke Gopmy, Tak YTO MOXKeT ObITh peann3auyeil peleHns Wi
KOHTEKCTa.

Peanuzaius marepuana ::= Pea.nmauuﬂ pemenus | Peanu3anus KOHTEKCTa
W3 (10.1.1.7): library_unit body ::= subprogram_body | package body
IlIpasuno 6: llpennucanue KOHTEKCTa MOXKET OBITh TNPEACTaBICHO (YacTO He
eMHCTBEHHBIM 00pa3soM) NOCNEN0BATEILHOCTBIO CeKUMii KoHTekcTa. [lopsgok
CEIOBaHHA CEKLMH Ha CMBICIT HE BIIMSET.

Ipenmucanue koHTekcra::= { Cekiys KOHTEKCTa }
U3 (10.1.2.2):context_clause ::= { context_item }
IIpasuno 7: CexuMs KOHTEKCTa MOXKET CJIYXWUTh [PEANIMCAHUEM HCTOYHUKA
(MCTOYHHMKOB), T.€. YKa3bIBaTh pa3sMEIIEHHbIE paHee MOIY/IH, OT KOTOPBIX 3aBMCHT 110
CMBICTy JlaHHbIH MoAyJib. VHaye CeKuusi KOHTEKCTa MOXKeT TMpeanuchiBaTh
BO3MOMKHOCTb CBOGOIHOrO MCNOJNB30BAHUA TEPMUHONOTHM KaKMX-TO U3 TOJIBKO HYTO
NpeanUCaHHbIX KOHTEKCTOB.

Cexums kKoHTeKcTa 1= [Ipeanucanue ucrodnuka | [Ipeanucanue TepMHHOIOTHH

- U3(10.1.2.3) [5]: context_item ::= with_clause | use_clause
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Ilpasuno 8: TlpenmucaHuwe WMCTOYHMKA INEPEYMC/IAET HA3BaHWMA MATEPHAIOB, Ha
KOTOpBI€ MOKHO (M IO CMBICTY - HOJDKHO) CChUIAThCA M3 AaHHOro Matepuana. Ecnn
NpeANKUCaHHbii  UCTOYHMK MMeeT (opMy pemieHHs, TO MOMKHO yKa3bIBaTb
MCHONB30BaHue ero camoro. Eciy 3T0 KOHTEKCT, TO MOXHO MCHOJIb30BaTh BCE, Y4TO
BHIMMO B NaHHOM KOHTeKcTe. Ecny npeAndcaHHbIf MCTOYHMK - TIPOTOTHI, TO IO
HEMY MOJKHO CO3/1aBaTh HOBBIE pEIIEHWs WIH KOHTEKCTHl B 3aBHCHMOCTH OT TOrO,
NPOTOTUINIOM 4Yero OH sBngercs. Ecnu npeanucaHHbii HMCTOYHHK  ABISETCS
TIOTOMCTBEHHbBIM MaTEepPHAJIOM, TO, HApsAAy C HUM, NPEANMCAaHHBIMUA CUUTAIOTCS M BCe
€ro npsMele MpeIKy.

Tpepnucanue uctouHuka ::= /B kourekcre// HazsBanwe mamepuana
{ //w// Hazpanue mamepuana }

W3 (10.1.2.4) [5]: with_clause ::= with /ibrary unit name { , library unit_name };

Hpaau.uo 9: Hpemmcamle TCPMUHOMOTHH MOXET OTHOCHTBCA  TOJIBKO K
KOHTEKCTaM, BUAAMbIM B MECTC PACIIONIOKCHHS JAHHOTO MPCATIHCAHUA.

[lpenmicanue TepmuHonorum ::= Ilpeamicanue TepMUHOIOIMH KOHTEKCTa
U3 (8.4.2): use_clause ::== use_package clause
Ipasuno 10: [lpenmicanue TEPMUHOIOTHHE KOHTEKCTAa NEPEUYMCISICT KOHTEKCTBI H
JI0 KOHIA TEKYIIero MOMYJ/s pa3peliacT AJs CIy4aeB, KOrja 3T0 HE NPHUBOIHMT K
TPOTHBOPEYHAM, CBOOOJHOE WCHOJB30BAaHHWE BCEr0 TOrO, 4YTO BHOMMO B

[pEeANHCAaHHBIX KOHTECKCTaX.

Ipennucanue TEPMUHOJIOIMH KOHTEKCTA ::= //B TepmuHax// Ha3Banwue konmexcma
{ /ln// Hazpamuue xonmexcma } //;//

U3 (8.4.3): use_package clause ::= use package name { , package name };

Hpaeuno 11: AnHOTalMs  pemieHMs  npeAcTaBnaser  coboit  orasienue,
OrPaHMYEHHOE CTIPaBa 3ape3ePBUPOBAHHBIM CHMBOJIOM.

AnHoTaums pemtenus ;= Ornapnenune pemenns //;/
U3 (6.1.2): subprogram_declaration ::= subprogram_specification;

Ilpaguno 12: ]Jina Monyns Marepualla, uMeromero ¢GopMmy pelieHHe, OIVIaBJICHHE
BBOJIMT Ha3BaHHE H NOSCHEHUE PELISHUA.

Ornasnenne pemenus ;.= //pe3ynsTat// BBoguMoe Ha3BaHue MOAY/IS MaTepualia
[Nosicuenue permenuna//;//
U3 (6.1.4): :
subprogram_declaration ::= procedure defining_program_unit_name formal _part;
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Hlpasuno 13: AHHOTaNMs KOHTEKCTa NpeacTaBiset coboif ornarieHne KOHTEKCTa,
AHHOTanus KoHTekcra ::= OIJIaBneHHue KOHTEKCTa
U3 (7.1.2) [S]: package declaration ::= package_specification;

IHpasuno 14: JIna moayns Marepuana, uMeromero ¢GopMy KOHTEKCTa, OTJIaBJIEHHE
BBOAMUT €ro Ha3BaHHE W MOCISAOBATEIBHOCTH OCHOBHBIX 3JIEMEHTOB COAEPIKaHMS,
KOTOpPBIE BUIMMbI OTOBCIOAY, I'/Ie BUAMM JaHHbIH KOHTEKCT.

OrnasneHue KOHTEKCTA 11~
//xonTexct// BBogumoe Ha3zBaHWe MOLYJIs MaTepuaia //31o//
{ OCHOBHO¥ 3JIEMEHT COJePIKaHMS |
-
Uz (7.1.3): package defining program unit_name is
{ basic_declarative item }
end ;

Hpasuno 15: Jins monyns Marepuaia, uMeromero GopMy NMpoTOTHIa, aHHOTALMA
MOXeT ObITh AHHOTALMEH METO/a PeIeH s WM aHHOTalHeH CXeMbl KOHTEKCTa.

AHHOTAUMA IPOTOTHNA: = AHHOTALMSI METO/Ia PeLICHU
| AHHOTaILMs CXEeMBbI KOHTEKCTa
WUz (12.1.2):
generic_declaration ::= generic_subprogram_declaration
| generic_package declaration

IHpaeuno 16: AuHoTaumsi MeTOAa  pEUIEHMA OTO  OINaBJeHWE  PELICHUS,
NpeBapeHHOe TMOSCHEHHWEM TPUMEHEHUs MPOTOTHMA, T©ae: oOBicHAETCs, 4YTO
TIO/UIEXKHUT KOHKPETU3ALMH TPH KOHKPETHOM NIPAMEHEHUH JAaHHOTO METOa.

AHBOTALMS METO/A PEHICHNS ::= //3aTOTOBICHHBI//
TosicHeH#e K MPUMEHEHHIO NPOTOTHNA
OrnagiieHue peuieHus
U3 (12.1.3):  generic_subprogram_declaration ::=
generic [ generic_formal parameter_declaration | subprogram__declaration

Hpasww 17: AHHOTauMs CXE€MBl KOHTEKCTAa OJTO OIJIABJIEHWE  KOHT! €KCTa,
NpeABapeHHOC NOACHCHHUEM IPHMEHECHUA NPOTOTUIA, 06’bﬂCHﬂlOII1HM_. 4TO NOIJIEKHUT
KOHKPETH3aUHUH NIPH KOHKPETHOM BOIUIOLICHHH JIAHHOM CXEMBI.

AHHOTAIUsS CXEMBI KOHTEKCTa 11=
//3arotoBneHHsli// TToscHeHne kK NpUMeHenHio npoToTviia OrnasieHre KOHTEKCTa

W3 (12.1.4): generic_package declaration ::=
generic [ generic_formal parameter_declaration] package declaration
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Ipasuno 18: Peanuzauus peileHds BOCHPOM3BOIMT OIJIaBJIeHHE pelueHHa (I1o
aHHOTALUWM), BBOAMT (O KOHIA peanuW3aluM) COOCTBEHHBIH KOHTEKCT M
COTPOBOJKAAET TEKCT JAHHOTO MOAYJIS THIICPTEKCTOBBIMM CChUIKAMH Ha ()parMeHTHl,
BBIHECEHHBIE B COOCTBEHHBIN KOHTEKCT.

Peanmzaims pemenus ;= Ornapnenue pemenus //31o//
Co6cTBEeHHBIN KOHTEKCT
/Inavano//
KoMMeHTHPOBaHHOE COMPOBOJK/ICHHE TeKCTa //BCE//

M3 (6.3.2) [S5]: subprogram_body ::= subprogram_specification is
declarative_part
begin handled sequence of statements end;

Ilpasuno 19: Peanuszauis KOHTEKCTa COCTOMT B pasBEPTBIBAHMM 3TOro (paHee
AHHOTHPOBAHHOI0) KOHTEKCTa. JTO O3HAYaeT, BO-IIEPBHIX, UTO AHHOTUPOBAHHBIE B
OIJIaBJIEHMH KOHTEKCTa MOMYJIH Marepuana (W3 4YHClAa OCHOBHBIX 3JIEMEHTOB
COlep)KaHwd) TMONMYYaloT CBOM peajid3alMéd B COOCTBEHHOM KOHTEKCTe 3TOM
peanuzaiuy. Bo-BTOPBIX, CONPOBOXKACHHE TEKCTa COACPIKHT «CAYyKeOHYIO» 4acTh
TEKCTa AAHHOI'0 MOYJIA MaTepualia - TO, YTO He BOUUIO B CTPYKTYPHPOBAHHOM BHJE B
cOOCTBEHHBIH KOHTEKCT pealu3aiiiy.

Peanmsanus KOHTeKCTa ::= //pa3BépHyThiit// //koHTeKct//
Wnentuduumpyroinee HaspaHue Marepuana //aro//
CofcTBeHHBIH KOHTEKCT
[//navano //
IMocnenoBaresisHOE KOMMEHTUPOBAHHOE H3JIOXKEHHE |
//Bcé//
W3 (7.2.2): package body ::=
package body defining_package identifier is
declarative part
[begin handled sequence of statements]end;

ITpasuno 20: Co3panve 0O NPOTOTHIY 3TO, BO-IEPBBIX, HMEHOBaHUE CO3/{aBaEMOTO
pellieHHs WM KOHTEKCTa, fajiee - YKa3aHHe MO MMEHH TOTO MEeTOJa PEICHHS HIH
CXeMBl KOHTEKCTa, KOTOpbIe MOCTY)KWIM IPOTOTHIIOM, M, HAKOHEel, - MOSCHEHHE
KCTIONIBb30BaHMS MPOTOTHIA (KOTOPOS, MOXKET OTCYTCTBOBATh, €CIIM B MOSCHEHWU
NPUMEHEHHS MPOTOTHNA TNPEAYCMOTPEH CTAHAAPTHBIA - YMaldWBAEMBIH BapHaHT
WCTIOTB30BAHHUS ) 3

Cosnanue no mpoTOTHITY ::=
//xkonTekct// BBOAMMOE Ha3BaHHE MOAYJIS MaTepuaia //31o//
/ImpousBonnsii// UMms cxemol kowmexcma
[TTosicHenue ucnionb3oBanus npororunal//;/
/Ipe3ynbrar// BBoguMOe Ha3BaHHE MOXYJIS MaTepuana //3rol//
/Impoussonrsiii// Ums memooda pewenus
[MoscHenme ucrions30BaHus nporotunal//;//
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H3(12.3.2) [S]:  generic_instantiation ::=
package defining_program unit_name is new generic_package name
[generic_actual part};
|  procedure defining_program unit_name is new generic_procedure name
[generic_actual_part};

Ilpasuno 21: PasvemaeMblii MONYy/Th MaTepHaia MOXET MNPEACTaBIATh BECH
MaTepuas MM €r0 HaYajJbHYIO 4acTb WM OBITh NPOJODKEHWEM IPYroro MOIYJIs
(HanpuMep, HadaabHOM YacTH MaTepuasia), KOTOPhI B 3TOM CiydYae HO/DKEH HMETh
dopMy KOHTEKCTa W Ha3bIBACTCS POANTENBECKAM MOIYJIEM. Y IaHHOTO pasMenaemMoro
MOJYJIl MOXKET OBITh CKOJIBKO YrOAHO HPSAMBIX NPOJODKeHHH. Bce oHM BMecte co
CBOMMHM TNPOJO/DKCHUAMH (M MPOACIDKCHHUSAMHM  MPOAOJDKEHHHM) HAa3bIBAKOTCS
NOTOMKaMH JaHHOro Moxyns. Poauresnbckuii MOLYIb BHIMM B KaXKIOM H3 CBOMX
NIOTOMKOB, HO He Hao60poT. [TOTOMKM 0HOrO MOKONEHHS TAKKE HE BUNAT JPYr Apyra
MHa4e, KaK C NIOMOIIBIO NIPEeAITUCAHHH KOHTEKCTA.

Boaumoe HasBaHKe MOIYJNs MaTepuaia ;==
[Hazsanwme poaurensckoro Moxyns //://] Beonumoe Ha3Bamme

WUz (6.1.7):
defining_program_unit_name ::= [parent_unit_name . ]defining_identifier

Hpasuno 22: Haspanue poaurensckoro moays ::= Hazpanne

M3 (10.1.1.8): parent unit name ::= name

Ilpasuno 23: Hazsanwue ::= Henocpeacteenoe Ha3Banue | IMeHOBaHHas 4acTh
W3 (4.1.2): name ::= direct_name | selected _component

Hpasuno 24: HenocpencreenHoe Haspanue ::= Unenrudukarop

U3 (4.1.3): direct_name ::= identifier

Ipasuno 25: Hmenosarnas vacte::= Haspanue yactu //u3// Anpecauus

U3 (4.1.3.2): selected component ::= prefix . selector name

[lpeononenne pasnuuusi — H3MEHEHME INOPAJKA «CJIEBA-HAMPABO» HA MOPALOK
«CTIpaBa-HAIEBOY.

Ipasunec 26: Haspanue wactu::= Waentndukarop

U3 (4.1.3.2): selector_name ::= identifier

Ipasuno 27: Anpecaiys ;.= HasBanue
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U3 (4.1.4) [5]: prefix ::= name

Ilpasuno 28: TlosicHeHue pellieHHs B aHHOTALMK PEIUCHMS, ©CIIH TaKOe [OACHEHHE
ecTh, TpencTaBiser coboli NosCHeHHe NPUMEHEHNS, Pa3biICHAIOLIES, U3 Yero B 3TOM
PeLIeHHH HCXOUM, YTO TTOTY4aeM.

[Nosicuenue peenus::= [ [logscHenue npuMeHeHUs |

M3 (6.1.12):
parameter profile ::= [formal part]

Hpasuno 29: TloscHeHus: TPUMEHEHUA MOIJIO OBl COCTOATE M3 HECKOIBKMX Pa3/IesioB,
HO Ha JIaHHOM YPOBHE CTPYKTYPH3allii HET CMbIC/IA BBIACNATH Pa3/IMUHbIE pa3/iesibl B
TIOACHEHUSAX K OJHOMY pe3y/bTary, TMOCKOJBKY JACTAIM3aLMA pasnesioB He
NpeayCMOTPEHA.
IoscHenns npumenenus := //:// Pa3pnen noacHeHu#
U3 (6.1.14): formal part ::== (parameter_specification)
IIpagune 30: Ha sneMeHThI TEKCTOBOIO COACPXKAHMSA IaHHOTO MOJY/S MarepHaia
MOJKHO YKa3biBaTh H3 Pa3NTHYHBIX MECT TEKCTa JAHHOTO, @ HHOT/Ia M APYIHX MOJyJIEH.
B 710 xe Bpems cpeacreamu JCC HEBO3MOXHO HUKAKOE YKA3aHHE HA DJIEMEHT
TeKCTa, He O(OPMICHHBIH B KAYECTBE 3JIEMEHTa CONePIKAHHA.
CoGcTBeHBli KOHTEKCT 1= {DNIeMEHT COoAepIKaHus }
W3 (3.11.2): declarative_part ::= {declarative_item}
Ilpaeuno 31: DneMeHTHI COIEpIKaHMs NeNATCS HA ABe rpynmnsl. B oaHoi u3 HuUX Te,
"OCHOBHBIE", U1l KOTOPBIX XapaKTepHO TO, YTO OHH CBA3aHbl C HWMEHOBaHUSAMH,
TIO3BOJISIOIMMM YKa3bIBaTh 3MEMEHTHI TEKCTa IO Ha3BaHusM. Bo Bropoli rpymne -
peanusaEy MOAYJIeH, KOTOpbhie He ONpPeaensOT HOBBIX Ha3BaHWH WU NOCTYIIA K HUM
OnemeHT coaepxkanus ::= OCHOBHOH JIEMEHT cofiepxkanus | Peanusanus -
M3 (3.11.3):  declarative_item ::= basic_declarative_item | body
Hpaguno 32: OCHOBHBIE 3JIEMEHTHI CONCPMAHUA OIPENE/ISIOT HOBBIE TEPMUHBI LI
HCIIOTB30BaHKA B MOCHESAYIOLINX YKA3aHUAX MO0 OTKPHIBAIOT NOTEHIMAIBLHO MPAMOH

JOCTYTI K Ha3BaHMsM ("TepMuHaM") U3 ONpeAeIEHHbIX KOHTEKCTOB

OCHOBHOM 3/IEMEHT COIEPIKAHUS
OcHOBHOe onucaHue | Hpe,nnncanne TEPMUHOJIOTHH

U3 (3.11.4): basic_declarative_item ::= basic_declaration | use_clause



TMpuknaHo# A3bIK CEMAHTUYECKON CTPYKTYPU3ALIAU 101

Hpasuno 33: OCHOBHOE ONMWCAHME MOXET ONpEAENsATh HOBOE HOHATHE, BBOIMTH
Ha3sBaHWE JUIA IIOPUMH MHOOPMAIMH, COOTBETCTBYIOIIEH M3BECTHOMY MOHSTHUIO,
MMEHOBATh KOHKPETHBIE YMCJIOBbIE 3HAYECHMs, a TAK)Ke OCHOBHOE ONMCAHUE MOXET
ObITb  aHHOTaLMell MOIYJS MaTepHala WIM BBOJWTh MOOYJk MaTepuana,
orpeiesiieMbiii POTOTUIIOM.

OcHOBHOE onMCcaHue ::=
Onpenesienue | DeMeHTH cpaBo4HOM nH(opMaimu | UMeHOBaHWe unces
| AHHOTaL|s peleHMs | AHHOTaLys KOHTEKCTa
| AunoTawms nporotuna | Cosaanue 1o NPOTOTHITY

M3 (3.1.3) [5]:
basic_declaration ::= type_declaration | object_declaration | number declaration
| subprogram_declaration | package declaration
| generic_declaration | generic_instantiation

Ipasuno 34: B nanHo¥H BepcuM TONIBKO OJHA - 00bIuHAsA (OpMa ONpee/ICHHU.
Onpenenenue ::= O6bI4HOE ONpeeeHue

U3 (3.2.1.2):
type_declaration ::= full type declaration

Hpasune 35: ]ins onpeneneHus MOHATHS HEOOXOAUM TEPMHH H OTpe/ieIeHHE.

OO6biuHOE onpeneneHue == //onpenenenune//
Onpenensemslii TepmuH [//310// ®opmynupoBka onpenenenus| //;//

M3 Ana (3.2.1.3): full_type declaration ::= type defining_identifier is type definition;

IIpeononenue pazmmuus: «//onpenenenue// Onpepnensemsiit uaentuduxarop //;/»
O3Hauaer

//onpenenenne// Onpenensemsiii uaeHtudukarop //3ro// 3necs //;//
¥ COOTBETCTBYET

type defining_identifier is new Here;
rae Here ob6o3nauaer nuuHBIH THIT (B CMBICNE s3blKa AZa), MpeaonpeneiéHnbiii B
CHCTEME MOVIEPKKH Ala-MOTyJIeH, CONPSKEHHBIX ¢ MOXYJIAMUA MaTEPHAIIOB.

Ilpasuno 36: DnemeHTH CNIPaBOYHOM WH(OPMALIMM ONMMCHIBAIOT TAKHE KOJIWYECTEA,
BEJIMYKHBI, NMEepeyYHd, TabiaMubl ¥ T.M., KOTOPbIe HIpaloT B TEKCTAX MATEPHAIOB
0co0yio posab. OTOT BHMA OCHOBHBIX ONMCAHHM ITO3BOJISIET MOWMEHOBATH HYKHBIH
MHOOPMALMOHHBIH J/IeMEHT mpuU 00S3aTeNbHOM YCJIOBMM YKa3aHMs  MOHSTHSA,
KOTOPO€ ONpeNesiAeT XapaKTep MPeAoCTaBIseMOi 5TUM 3jieMeHTOM HHpopMawu. B
OZHOM OIKMCaHWH 3JIEMEHTOB CNPaBOYHOW HH(OPMAIMM MOXHO BBECTH IEpeYeHb
Ha3BaHMH HECKOJILKMX OJIHOTUITHBIX 3JIeMEHTOB. MOXHO Takke CBs3aTh C
Olpe/IesiseMbIMH DJIEMEHTAMH BLIPDAKEHHE, KOTOpoe Oyner WX MNoapasyMeBaeMbIM
3HaYEHHEM.



102 - B. O. Muniesko

OnemenTsl cripaBoYHON uH(popmanun::= [lepedens onpenememmx 3JIEMEHTOB
/I:// Xapaxrep undopmarmu [ //ects// Beipaxenue |

U3 (3.3.1.2) [5]:
object _declaration ::= defining_identifier_list : subtype_indication [:= expression];

Ipasuno 37: Tlepeuens onpenenseMbIX IEMEHTOB :
Brosiumoe HazBaHKE {//u// Bonaumoe Ha3BaHHeE }
W3 (3.3.1.3):
defining_identifier_list ::= defining_identifier {, defining_identifier}

Ipasuno 38: Xapaxrep wuHOpMaLMU  yKa3bIBAETCS C  [OMOINBIO  paHee
onpeneIHHOr0 (WM TPefONPeNeIEHHOr0) TEepPMHHA, MNpPHYEM, BO3MOXHO, C
yKazaHHeM JOTIOTHHTEIBHON CrielyaIH3aiiiH.

Xapaxtep uHpOpMaLHL = Tepmm [Crienmanu3anus |
M3 (3.3.1.2): subtype_indication ::= subtype mark [constraint]

Ipasune 39: B nanno#i Bepcuu SACC cnenHanu3upoBaTh MOHATHE MOXXHO TOJIBKO
MyTeM YTOUHECHHS MapaMeTpoB ero cTpykrypsl. [IpH 5ToM napameTpamMu CTPYKTYpbi B
JAaHHOM BepcHM MOTYT 00nafaTh TONBKO MpeNONpeAesEHHbIE NMOHATUS (HanpUMEp,
oubanorp - nadopmarums 06 UCTIONB30BAHHBIX JIUTEPATYPHBIX HCTOYHHKAX).

Crempammszaiys = Crenyanu3anus CTPYKTYp5I
W3 (3.2.2.5): constraint ::= composite_constraint

Ilpasuno 40: Tlapamerpbl  CTPYKTYpBl,  YTOYHEHHE  KOTOPHIX  BO3MOXHO,
XapaKTepU3YIOT peryJsipHbIe TNepeydy (ChMCKM, TaOGiMIbl) WIM K€ TNpU3HAKH
HeperynapHsix crpykryp. B cunrakcuce SICC mepBoro ypoBHs HET CPEACTB SBHOTO
onpesieneHus TOHATHI B (QopMe TmiepeyHedl WiIH B (doOpMe C YTOUHAEMBIMH
npusHakamMyd. Ho Taxue nonarus npeponpenenmiores B ACC wumnu  cucremoi
nomnepxku SICC. Hanpumep, mnpenonpenen€HHbii TepmuH OubGamorp Tpebyer
YTOYHEHMS THana3oHa HOMEPOB LIUTHPYEMBIX HCTOYHHKOB.

Crienmain3aipis CTpyKTyphi = YTOYHEHHe nepeyneit | YTouHeHHe MPU3HAKOB
W3 (3.2.2.7): composite_constraint ::= index_constraint | discriminant_constraint
Ilpaguno 41: ®opma YTOUHEHUSI PETYISAPHOrO TMepeuyHs (MaccuBa, TabmwWimel) B
nannoi Bepens SICC npenonpenensercs TONbKO B KAKIOM KOHKPETHO Cllydae BMECTe
¢ mpeponpenenseMbiM  TepmMuHOM. EcTectBenHo, Oyner TpeboBaThesi yka3biBaTh

JHana3oHbl HHIEKCOB, Hanpumep, 6ubauorp (1..12) .

Vrounenue nepeune ::= //(//"Hérkuit nuanazon {//w// Yérkuii nuamazon }//)/




IMpwictanHoi A3biK CEMAHTUYECKON CTPYKTYpH3aLMu 103

M3 (3.6.1.2) [S]: index_constraint ::= (discrete range { , discrete _range })

Ilpaguno 42: ®opma yToYHEHHS NPH3HAKOB I TMPENONpPENENEHHOrO TepMHHA
RomKHa ObIT TaKOKe JU1i Hero npenonpeneneHa. KoHkpeTusauus npusHaka B JaHHOM
Bepcun SICC QopmanpHO He AETATM3MUPYIOTCH, HO MO CMBICAY 3TO AOJDKHO ObiTh
BeIpaKeHHE noaxoasiero Tuna. Hanpumep, Taéa (7, 4neiio KIHeHTOB).

VYToYyHeHue NpU3HAKOB 1=
//(// Konkperuzanus npusHaka { //u// Koukperusaiuws npusHaka } //)/

W3 (3.7.1.2): discriminant constraint ::=
(discriminant association { , discriminant_association })

Ilpasuno 43: Ecnu Tekcr marepuaia BBOAWT YMCIOBOE 3HAYCHHE, UMES B BHIY Ha
HEro CChUIATBCHA, TO 3TO BBEICHHE cieayeT O(GOPMHTH KaK MMEHOBAHME 4HCIA.
ITocnennee Moxer BBOAMTH HE OJHO, a HECKONbKO pa3HbIX HA3BaHWM YHCIIOBOTO
3HaueHus. CamMo 3HaueHHWe MNOJDKHO A0 KOHI@ BBIYHCIATHCS U3 BHIpaKeHHS, HOpMy
xoroporo nanHas Bepcus ACC He orpaHHUYHMBaET.

Hmenopanue uucen ::= [lepedeHs onpeaesisieMsix ieMeHToB //://
//Bcernal/ /fects// Boipaxkenue, evruuciumoe do konya ll;//

M3 (3.3.2.2): number declaration ::=
defining_identifier_list : constant := static_expression;

Ilpasuno 44: B panno#t sepcum SICC conpoBokaeHue Tekcra obxoaurcs 6e3
KOMMEHTaUPHEB.

KomMMeHTHpOBaHHOE CONPOBOXIEHHE TEKCTA ;= CONPOBOXKAEHUE TEKCTA TEKCTa
M3 (11.2.2): handled_sequence_of statements ::= sequence of statements
Ilpasuno 45: ConpoBOKACHHE TEKCTa MOXKET BKJIIOYATH YKA3aHMS, BBIABIAIOLINC
Haubosiee obmue M, Haubonee BakHble MHPOPMALMOHHBIE CBA3KM B paMKax M 3a
pamMKaMH JJaHHOI'O MaTepHania.

Conposoxnenue Texcra = Ykasanue { Vkasauue }
W3 (5.1.2): sequence_of statements ::= statement { statement }
IIpasuno 46: B nannoii Bepcun SCC Bee yra3aHus SBIASIOTCH NPSIMBIMK.

VYkazanue ::= [Ipsimoe ykazanue

Uz (5.1.3):  statement ::= simple statement
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Hpaeuno 47: Ilapamerpbl cHpaBOYHOM WHGOPMALMK yKasbIBalOTCE B  (GopMe
3HAYEHUH pPa3MEpOB M JJEMEHTOB MepeuHeid, Tabiuu ¥ T.I, a yKa3aHus Ha
WCTIOJIb30BAHHE  MOIYJICH-PE3yNbTaTOB  PacKPHIBAlOT  CHCTEMY  CMBICJIOBBIX
3aBUCUMOCTEH B CUCTEME MOy iel pasMeIEHHBIX MaTePHAaJIOB.

ITpamoe yxasanue ::=
Vka3aHue 3HaueHns | YKa3zaHWe HCTIOB30BaHUs Pe3ysbTaToB

U3 (5.1.4) [5]: simple_statement ::= assignment_statement | procedure_call statement

Ilpaeuno 48: Tlepeunn, snemenTsl TabNHL W T.II. MOTYT MOTY4arTh, KaK YMCIOBbIE,
TaK W OIMCHIBAEMBIE CIIOBAMM 3HA4YEHHS TaM, IJie OHH BHMMBI KaK 3JIE€MCHTHI
CTIpaBOYHON MHPOpPMAaLHH .

Vka3anue 3HaueHHd 1=
HazBaune anemenma cnpasoyrioii ungpopmayuu //ects// Beipaxenwe //3//

U3 Apa (5.2.2): assignment_statement ::= variable_name := expression;

Hpaeuno 49: Ha3zpaHue pe3yapTaTa, ¢ KOTOPOrO HAYMHACTCA KOHCTPYKIMSA yKa3aHHe
WCTIONBb30BaHHUA pe3yiibTaTa, HMeeT (opMy, 3aBHCSILYX0 OT MecTa, IIe 3Ta
KOHCTPYKIMS HaxoauTcs. Ecu aHHOTaMs HCTIO/IB3YeMOTo pesybTaTa BUIHA C 3TOr0
MecTa mOpsAMO (HAXOAMTCS B TOM JK€ MOXYJIE WIH KOPPEKTHO NOJANANaeT IoJ
npeanucaHHe, TEPMHUHOJIOTHH O0BEMITIONIEr0 AHHOTALIMIO KOHTEKCTa), TO JOCTATOYHO
UCTIO/I30BATh HEMOCPEICTBEHHOE Ha3BaHHE pesyabTaTa, T.C. €ero
WASHTHUIMpYIOllee Ha3BaHHe, ONpeneTéHHOe B aHHOTAMH. Ecnu ke BHIMMOCTH
€CTh, HO HE DpsAMas, TO YKa3blBaThb HCMOJb30BaHHME pe3yIbTaTa MOXHO, HO €ro
Ha3BaHHe JO/DKHO HUMeTh ¢opMmy cocraBHOro m#uMend. OHO HauMHaercs ¢
HEMOCPENCTBEHHOrO0 Ha3BaHMWE pe3yjbTaTa M Jajee uepe3 paspenureny //us// -
Ha3BaHMs KOHTEKCTOB, OOBbEMIIOINHX AHHOTALMIO JAHHOFO pe3yJibTaTa, HauHHas ¢
HENOCPE/ICTBEHHO 00BeMITIOIIEro W 3aKaHYMBasi HauOoJiee BHEIIHUM U3 TEX, KOTOpbIe
BHMMBI B MECTe MCNOh30BaHui. Ecinu 31otT Haubosee BHEIHUN KOHTEKCT SIBISETCS
pa3MeIiaeMbIM MOJyJIeM, HO erc Ha3BaHWE B CBOIO OYepeNb MOXKET BKIIOYATh
Ha3BaHUS PONMTENbCKUX MOXYJIeH (Yepes pazaenureins //://).

VkazaHue HCTIONB30BAHMS Pe3y/IbTaTa 1i=
Anpecauus pesyrsmama [[loscHenue ucnonb3oBanus | /;//

U3 (6.4.2):procedure_call_statement ::= procedure name;
| procedure_prefix actual parameter part;

Ipasuno 50: Ecnu nosicHeHWE pelieHMs B OIVIABICHUH pelieHus ObUI0 He IyCThIM, a
MMeENO MOSCHEHME NMpPUMEHEHWs, TO yKa3aHHe HCTOIB30BaHMA NAaHHOTO pe3yJibTara

JAOJDKHO UMETH COOTBETCTBYIOIIEE NMOACHCHHUE UCIIOIB30BAHMA.

IMoscuenus ucnons3oBauus ;= //(// CoorBercTBytomee nmosicuenue //)/
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U3 (6.4.4) [5]: actual_parameter_ part ::= (parameter_association)
.
Ilpasuno 51: Crenywoude HETEPMMHANB! 3aMEIAIOTCS TEKCTOM HA E€CTECTBEHHOM
A3bIKE B COOTBETCTBMM  CO  CMBICIOM  TPOBOJMMOM  CTPYKTYpH3aLHH
COOTBETCTBYIOIUETO MOIYJIsi MATEpUaIa:
Bsonumoe nazpanue, Boipaskenue, Mnentudukarop, KoHkperusaims npusHaka,
Iosichenue vcnomp3oBaHus NpoToTHNA, [TOSCHEHHE K NPUMEHEHHIO IIPOTOTHIA,
CoorsercTByioinee noscHenue, Pasznen noscxenuii, TepMuH.

4. 3ak0ueHne

Hccnenoran BONpoc 0 3aMMCTBOBAHHM U3 S3bIKA-NIPOTOTHIIA NIPABMJI KOHTEKCTHOM
3aBMCHMOCTH MpH pa3paloTKe CHHTAKCHCa A3bIKOB pa3sMETKM TEKCTOB Ha Oase
M3BECTHOrO f3biKka. B 4YaCTHOCTH yKa3aHbI YCIOBHS KOPPEKTHOCTH HOMOTHCHHS
NPOEKLXH KOHTEKCTHO-CBOOOIHOTO CHHTAKCHCA COOTBETCTBYIOLIEH — «MPOEKIIMEH»
KOHTEKCTHBIX MPaBHJI 43bIKa-IIPOTOTHIIA.

Ipennoxen MeToA As NOCTPOEHMS MONE3HBIX B MNPHIOKESHUSX pPaClIMpeHHUi
«MHUHUMAJILHOIO» A3bIKa Pa3sMETKH, HENOCPEACTBEHHO ONPEAeNEHHOro NpoeKLuel B
NOHUMAEMOM BEIIIIE CMBICITE.

Peann3oBaHO IMOCTPOCHHE MNOMHOIO CHHTAaKCHCa A3BHIKA CEMAaHTHYECKOH
crpykrypuzanuu (JICC) B Bepcun 1.5, kortopast mo3BosiseT 00CIyKHBATh BCE CTaJUH
npolecca pasMeuleHUs MaTepuanoB B 0aze JaHHBIX HWH(OPMALIMOHHOM CHCTEMBI
Hay4HOrO HalpaBieHHS.

Hcnonb3oBane B KayecTBe  A3bIKA-TIPOTOTMIIA  HM3BECTHOIO  s3biKa
nporpaMMHpoBaHus Azxa obecneuyrBaeT BO3MOXHOCTb IIPAKTHHYECKOTO BHEAPEHUS
Hooro aseika SICC 1.5 myTéM mOAKIIOUEHHMS CTaHJAPTHBIX HHOOPMALUHOHHBIX
TEXHOJIOT U, CBA3aHHBIX C A3bIKOM AZa.
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Bicuuk XapKiBCEKOrO HAIIOHANHEHOTO YHIBEPCHTETY
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é yHpaBIiHHA»
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Peayin3aiuy MareMaTH4ecKOM MOJENHU TEIUIOBBIX MPOLECCOB
B PEHTTEHOBCKUX TPYOKaxX C BpAIAIOIIAMCS aHOJIOM C LENBIO HX
3aIUTEl OT MEPETPy3KU

C. H. Pesa, H. H. Kasmuaugenxko, B. H. JIsmenko
Xapekosckui Hayuonanehsiil ynusepcumem um. B.H. Kapasuna, Ykpauna
There is a method of X-Ray tube’s anode temperature control that is considered. This
method is based on heat processes’ numeral modeling. Here’s algorithm of program
realization of simulator for octet single-chip micro controllers that is suggested. Also
results of method’s application in supply devices of X-Ray systems are described. It
could be useful in development of executive systems for medical X-Ray equipment. -

I'OCynapCTBEHHBIMH HAay4YHO-TEXHMYECKMMM TPOrpaMMaMH IIPEIyCMOTPEHO
pa3BUTHE NPUOPUTETHBIX HANpaBNCHMH B Hayke M TeXHHMKe, OQHHUM H3 KOTOPBIX
ABIACTCA pa3paboTKa HOBBIX TEXHONOTMM M CPEACTB [MArHOCTUKM M JIEYEHMA
Haubonee pacnpacTpaHeHHbIX 3abonepanuii [1].

VICTOYHMKH PEHTTeHOBCKOIO H3JIyYeHHS CEroJHs . IIMPOKO TPUMEHSIOTCA B
MEIMIHHE B  COCTaBe  PEHTreHOOMArHOCTHYECKOrO W TepaneBTM4ecKOro
obopyzoBanust, B ocHOBe paGoThl MOJABISIOMEro OOMBIIAHCTEA HX JIEKHUT TPAHLIMI
reHepaiyy PeHTIEHOBCKOrO MIy4YeHus npu GomOapaupoBKe BOJIB(PpPaAMOBOrO aHOAA
TIOTOKOM YCKOPEHHBIX 3JIEKTPOHOB. [TOTCHIMAN YCKOPSIOIIETO 3MEKTPOCTATHYECKOTO
MONIs B MEAMIMHCKUX PEHTTEHOBCKMX TpyOkax 0GBIYHO M3MEHAETCS B AMANa3oHe OT
40 go 150 kB, a BelWYMHA AHOJHOTO TOKA MOMKET COCTABIAThL JECATKA M COTHH
vmLmaminep. KosdkpunueHT nose3Horo AefHCTBUS TAKAX UCTOYHHKOB KpaiHe HHU30K,
H TOJABISIONas 4YacTh DSHEpPruM, MNOABOAMMON K pPEHTI€HOBCKHM TpyOKawm,
BBIIIE/IAETCSA B BHAE TeIUla. MOIIHOCTb, BBIAENsieMas Ha TIOBEPXHOCTH aHOLA B
mpoiiecce paboThl PEHTTEHOBCKOM TpyOKM, COCTaBnse€T HeCATKH KHUNOBAaTT H
KOHIEHTpHpyeTcs Ha muomamu 1.2 mm’. BICOKas NUIOTHOCTH TENUIOBOH JHEPruM
MOXKET IPHBECTH K pa3pyIliCHHIO TOBEPXHOCTH aHOJa, [03TOMY B OOIBIIMHCTBE
PEHTIeHOBCKMX TPYOOK NMPUMEHSETCS BPAIALIMICT aHOM, BBIIONHEHHBIA B BHJE
MacCHBHOTO* BONbMpamoBoro mucka. Ilpm pabotre TpyOkm dokycHoe mnsTHO
SNMEKTPOHHOIO JIy4a CKONB3UT MO KOJBLIEBOM TPaeKTOpHU, B pe3yNbTaTe 4Yero
IUIOMAaAb KOHTAKTa Ny4a C ITOBEPXHOCTBIO aHOJA YBENWYHBAeTCS B COTHH pas W,
COOTBETCTBEHHO, .yMEHBINAETCA IJJOTHOCTH TEINOBOM OHEpruu, BhIZENAEMOM Ha
noBepxHocTH [2].

B MeauuuHCKOM AMarHocTHYecKo# anmaparype PeHTreHOBCKHE TPYOKHM Kak
TIPaBUJIO paboTaKOT B KPATKOBPEMEHHO NMOBTOPAIOIEMCS pesxuMe. Bpems 3KCrno3uimu
O/IHOTO PEHTTEHOBCKOIO CHHMKa MOXeT cocTaBmaTh oT 0.05 ¢ no 2..3 ¢, nocie yero
CNENyET IEpEPHIB JUIMTENBHOCTEIO OT 30 ¢ A0 Heckoubkux MuHYT. KonudectBo
TEIJIOBOH OSHEpruM, BBIAEJsEMOM Ha aHOJe, HampuMep, B TEYEHHE OHOIO
¢nrooporpaduyeckoro cHuMKa, cocrasiser okoso 10 kIDk. B mpomexyTtkax Mexay
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CHUMKaMH TeIUIO, BBIIEJICHHOE Ha TMOBEPXHOCTH, pacnpenensercsa no BceMy oobeMy
BOJb(PaMOBOTO aHOAA, HO M3-3a OCOOEHHOCTEH KOHCTPYKUHMH HE MOXeET ObITh
OTBE/IEHO 3a MpEAEsbl PEHTIeHOBCKOH TpyOku. [IpoMcXoauT mpolece HaKOTUICHMS
Tella W MOBBIIIEHMS TEMNEpaTypbl aHOAa. 3TO MOXET INpPHUBECTH K IMieperpeBy
OTHEJILHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB M pPa3pylICHHIO PEHTTeHOBCKOW TPYOKH.
Yrobbl m36erkars neperpesa HEOOXOAUM TIOCTOSHHBIM KOHTPOJIb TEIUIOBbIACICHHS B
TpyOKe — KOHTPOJIb TEIUIOBOW HArpy3KH.

KoHTposie TemriepaTypbl aHOjia SBIsSe€TCS BecbMa MPOOIEMaTHYHBIM H3-3a
ocobeHHOCTeH KOHCTPYKUMH TPYOKku: BOb()paMOBBIiH AWCK aHOAA BPALUAeTCs BHYTPH
BAaKyyMHOTO CTCKJISHHOTO OalIoHa, a ClieIoBaTelIbHO, Kakue 100 KOHTAKTHbIE
METOIBI KOHTPOJIS HCKIIOYEHBI. BO3MOXHO NpUMEHEHME MUPOMETPHYECKHX
M3MEPEHHH, HO OHO OCJIOXKHEHO HAJHYMEM pa30rpeToro A0 BHICOKOW TeMIIepaTyphl
Karojla, KOTOPBI pacmojioXKeH B HernocpelncTBeHHOW Onmu3ocTu OT oOBekTa
m3mepenuii. Kpome Toro mnupomerpuueckmii MeTON KOHTpPONS BechbMa JOpOr B
peay3aiyy ¥ Ha NMPaKTHKE B CEPUITHOMN anmapaType He IPUMEHSIEeTCS.

B GonblIMHCTBE PEHTTeHOBCKHMX aNnapaTroB KOHTPOJb TEIUIOBOTO pexnMa
TpyOKM OCYLIECTBISIETCS METOACM MOJENHPOBaHMS, Yalle BCEr0 C MOMOLUBIO
3eKTPOHHOH cxeMmbl. CyTh paGoThl MOJENM COCTOMT B TOM, YTO B 3aBHCHMOCTH OT
flapaMeTPOB NPEAbILYIEr0 CHUMKA TEHEPUPYETCS CHTHAJ IEPEMEHHOMN JTHTENEHOCTH
3anpeTa BKJIIOYEHHS BBICOKOIO HanpsDkeHHMs. B mponecce CHHUMKa TipOHCXOIUT
HAKOIUICHHUE JIEKTPHYECKOro 3apsjia NMpONOpPLMOHANEHO MOIIHOCTH W UTHTEIbHOCTH
CHUMKa, a 3aTeM MMUTHPYETCS NPOLIECC OCThIBaHUS — pa3pal KoHaeHcaropa [3]. [pu
CHIDKEHWH HANPS)KEHHUS HA KOHIEHCATOPE HIDKE KOHTPOJIBHOIO YPOBHS pa3pelaercs

 BHINO/IHEHWE OuepeHOro cHUMKa. Takas monens paboraeT BechbMa NpuUOIHIKEHHO H
He OT/IHYAeTCs BHICOKOH HaNEeIKHOCTDIO.
» B  npacrmopre  peHTreHOBCKOM  TpPYOKHM  CTPOro  perjiaMeHTUpyeTcs
. MAKCHMaNbHOE BpeMsl SKCTIO3WIHH B 3aBUCHMOCTH OT PEKHMA MOIIHOCTH, a TAKIKE
- WHTE/ILHOCTb NEPEPHIBOB MEXLy CHUMKAMH, HEOGXOMMMBIX /UL OCTHIBAHMS aHOJA.
- O0braHO 5TH 3aBMCHMOCTH MpeICTaB/IEHbl B BHAE TAOJMIl JOMYCTHMBIX PEXKHUMOB
- 9kcruiyataumM. Jlns npumepa NpUBEAEM TEIUIOBHIE XapaKTepPUCTHKH (BepHee,
SKCILTYyaTaUMOHHBIE XapaKTEPHCTHKH, OMpe/eseMble TEMNePATYPHbIM (GakTopoMm)
eHOBCKOH TpyOkm 20-505/122-150, paGoraronieii B pexwume Masioro GOKyCHOro
a nipu 0aHOG}A3HOM cXeMe MUTaHus.
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Tabnuya 1

B et i 1
g i g g Hanpskenne TpyOku, kB 1
g & g 3 | 1 I I T i ] \ = r*‘"_}
Er 25| 4 50i60;70380:901100;110?120:130i140;150E
B =N i i ! | i | | ]
s g : |
! = g 5 §' Tok TpyGkm, MA \
001 | 05 | 250 | 250 | 250 | 250 | 250 | 220 | 200 | 180 | 160 | 150 | 140 | 130
| 002 | 05 250 | 250 250 | 250 | 250 | 220 | 200 | 180 | 160 | 150 | 140 | 130
1004 | 05 | 250 | 250 | 250 | 250 | 240 | 210 | 190 | 170 | 160 | 150 | 140 | 130 |
1 006 | 05 | 250 | 250 | 250 | 250 | 240 | 210 | 190 | 170 | 160 | 150 | 140 | 130 |
008 | 05 | 250 | 250 250 | 250 | 230 | 200 | 180 | 170 | 150 | 140 | 130 | 120 .
0,10 | 05 | 250 | 250 | 250 | 250 | 230 | 200 | 180 | 170 | 150 | 140 | 130 | 120
012 | 05 | 250 | 250 | 250 | 250 | 230 | 200 | 180 |{ 170 | 150 | 140 | 130 | 120 |
1016 | 1,0 | 250 | 250 | 250 | 250 | 220 | 200 . 180 | 160 | 150 | 130 & 130 | 120
10201 10 | 250 | 250 | 250 | 250 | 220 | 200 | 180 | 160 | 150 | 130 | 130 | 120
025 | 10 | 250 | 250 | 250 | 240 | 210 | 190 | 170 | 150 | 140 | 130 | 120 | 110
|

040 | 1,5 | 250 | 250 | 250 | 230 | 200 | 180 | 160 | 150 | 130 | 120 | 120 | 110
0,50 | 2,0 | 250 | 250 | 250 | 230 | 200 | 180 | 160 | 150 | 130 | 120 | 120 | 110 |
0,60 | 2,0 | 250 | 250 | 250 | 220 | 200 | 170 | 160 | 140 | 130:! 120 | 110 | 100 |
0,80 | 2,5 | 250 | 250 | 240 | 210°| 190 | 160 | 150 | 130_| 120 | 110 | 110 | 100 |
1,00 | 2,5 | 250 | 250 | 230 | 200 | 180 | 160 | 140 | 130 | 120 | 110 | 100 | 95
105 | 95 | 90

|

|

032 | 15 | 250 | 250 | 250 | 240 | 210 | 190 | 170 | 150 | 140 | 130 120 | 110 |
[

|

|

1

110 | 105 | 100 | 90 | 85 |

I

|
|
|
1,20 i 30| 250 |.250 | 220 | 190 | 170 < 150 | 130 | 120 | 110 |
[
|
|

500 55 | 230 180 | 150 | 130 | 110 | 100 | 90 | 85 | 75 | 70 | 65 | 60
10,00 60 | 190 | 150 | 130 | 110 | 100 | 85 | 80 | 70 | 65 | 60 | 55 | 50

1,50 [ 3,5 | 250 | 250 | 210 | 180 | 160 { 140 | 130 |

2,00 | 40 | 250 | 240 | 200 | 170 | 150 | 130 | 120 110 | 100 | 95 85 80
250 { 45 | 250 | 230 | 190 | 160 | 140 | 120 | 110 E 100 | 95 85 80 75
3,00 5,0 250 | 210 11RO 12450 .1 130..1 1201 110..( 93 90 80 75 70
4,00 | 50 | 250 | 200 | 160 | 140 | 120 | 110 | 100 | 90 85 75 70 65

e

CoBpeMEHHBIE CHCTEMBI YIIPaBIeHHS MEIULIMHCKUMU PEHTT€HOBCKHMH ariapaTtaMu
6a3upyloTcs Ha OCHOBE MMKPONPOLIECCOPHBIX CHCTEM C  HCTIOJIB30BAHUEM
OJ/IHOKPHCTATBHBIX MUKPOKOHTpOJUTEpoB. [103TOMyY mpoiecc Harpepa peHTTeHOBCKON
TpyOku Gonee uenecooOpa3sHO MOJENIMPOBATH YHMCHEHHBIM MeTozoMm. Kak mpapwuio,
Uil yOpaBlieHHs  PEHTICHOBCKMMH  anmapataMu, Kak M JpyruMu
9KCTIEPHMEHTAJIbHBIME U MPOMBIIIUIEHHBIMH YCTaHOBKAMH, NPUMEHSIOTCS aniapaTHO
OPHEHTHPOBAHHBIE MPOLIECCOPSI, He NMPHCIIOCOOICHHBIE ISl BBIIIOIHEHHS 00BEMHBIX
MaTeMaTH4ecKHX BbhrYMCieHuH. CrefoBaTenbHO, co3naBaeMas MOJENb JO/DKHA ObITh
110 BO3MOMKHOCTH TIPOCTOH H CTPOUTHCA Ha OCHOBE ABOHYHBIX [EJOYHCICHHBIX
anreOpandecKux onepaLi.

JIns  OTCneMBAaHHS TEMIIEpATyphl AaHOJA TOCTPOEHA MaTeMaTHYecKas MOJeNb
TEIUIOBBIX MPOLIECCOB, MPOTEKAIOMIMX B TEPMOAHHAMHUYECKOW CHUCTEME: aHOJ TPYOKH
— OKpYXalomas cpea.

B oOcHOBY pacuera TMOJIOKEHO NPEANONOKEeHHe, YTO B MOMEHT BKIIOYEHHA
PEHTTEeHOBCKOTO ammapara TeMmrieparypa aHOJa paBHA TemIieparype OKpyKaromein
cpens! (~300°K). B nponecce paGoTel Temneparypa aHOAA MOBBILIAETCS NPH KaXKIOM
BBIMIOJTHEHHOM CHWMKE, TaK KaK HMEHHO Ha aHOJEe BBIAENAETCS OCHOBHAA YacTh
TeruioBod MOmMHOCTH. OCTHIBaHME )K€ aHOAA NPOUCXOJAMT B OCHOBHOM 3a CHET
TEIUIOBOIO M3JIy4YeHUs! B OKpPY’Kalomee MPOCTPaHCTBO, OCKOIBKY JPpYyTHE MEXaHH3MbI
TenJonepeiayy NpaKTHYecKy He paboTaloT: KOHBEKIHS B BaAKyYMHOM IIPOCTpPAHCTBE
OTCYTCTBYET, a TeIJIOBOE CONPOTHBIIEHHE OYEHb BEJMKO H3-3a MAJIOH IUIOmann
TETUIOBOI'O KOHTAKTa aHOJa C KOPILyCOM TPYOKH.
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OHeprusi aHO/la PEHTTEHOBCKOM TPYOKH 3aBHCHT OT TEMIIEPATYpPHl aHONA H MOXKET
OBITH IIpECTaBIIEHA B BHAE:

E,=mcT,, (1)
rae E, — oHeprus aHoxa; £, = mcT,
m — Macca aHoJa;
e — TEIIOEMKOCTh BONb(pama;
T, —Temneparypa aHoza.

Marematudeckas Mozenb TEPMOAWHAMHYECKOTO TIPOLECCA ABJISETCS MTEPALIHOHHOM,
| SHEprus aHoja B TeKylMi MOMEHT BPEMEHH MOXET OBITh BHIPAKEHa C y4ETOM
3HAYCHHWA JHEPIMKM Ha MpEAbIAYNIEM INare WTepallii M 3HA4EHUWH MONyYeHHOH H
paccesHHOM 3HEPrUH 3a BpeMsi MEX/Ty IBYMs HTepalldsiMH.

C yueroM onMcaHHBIX BbIIle JOMYIICHHI ypaBHeHHE TEPMOAMHAMU4ECKOro GanaHca
SHEPIuii 3ayineM B BUIE

E,=E,, - Ep +E_ ., 2)
rae E_, —— 3HEprus aHoJa B TEKYIHii MOMEHT BPEMEHH;
E (s-1y — PHEprHs aHONa Ha MPEBIAYIIEM IIare HTCPaITH;
E, — BHEPrus, paccesiHHas 33 BpeMs OAHOMN urepanum;
o ~— 3HEPTrHs, MOJyYCHHas aHOJOM IPH BBITOJHEHUM CHEMKA,

MoiHOCTs H3JIydeHHs B OKPYKAlollee MPOCTPAHCTBO B COOTBETCTBHMH ¢ 3aKOHOM
Credana-Bonbimana [4] 3anumem B Buae

4 4
PU=O-$(Ta —TO )’ (3)
rae Py — MOIIHOCTD H3.Ty4CHHS SHEPTHH;
o —- NOCTOsIHHAs Bonbumana;
& — KOO HUIUSHT YEPHOTHI AHOAA;
S — IUIOIA (b U3JTy4YCHHS aHOMA;
o il — TEMIIEPaTypa aHOJa;
/. — TeMIIepaTypa OKpYXXaromiei cpeasl;

OHEpruio, OTAABaeMyIO B NPOCTPAHCTBO 32 KOPOTKHIM HHTEPBAJl BpEMEHH (MHTepBa,
BHYTPH KOTOPOTO MOXHO NpuHATh I, = const), 3anuiueM B BUIE

E, =Py, =7,088(T,) -T,) )
IIe 7 ,— BPEeMs PacCesHUs SHEPTHH aHOA.
Bribpas Bpemst OQHOM WTepauiu T »= le ¢ yuerom (1), 3anmmem Bripaenue (4) B

BUAC
E, =Pt <P\ DS (T - T,
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Jdns opnodasHOM cxeMbl MWTaHWS PEHTICHOBCKOH TPYOKM IMpPH CHHYCOMIAIBHOM
¢$hopMe BHICOKOTO HANpPSHKEHUS BO BPEMS BHINIOJIHEHHS CHHMKA AaHOJ PEHTIeHOBCKOM
TPYOKH MOJTy4YaeT SHePruro

E.=0,707-Ulz., A ©)
rae U " s AMIUTATYTHOC 3HACHHUE BBICOKOI'O HANIPKCHUS,

1, — neiictByromee 3nayeHue TOKa aHO/A.

T, — BPeMS SKCIIO3HLIHH.
TloacraBum Beipakenust (5) ¥ (6) B OCHOBHOE YPaBHEHHE TEPMOJIMHAMHYECKOIO
GarnaHca cucremsl (2).

E =E

a(n-1)

Cossi(Eey ST+ 000U L., @
mc

rae E_ — 3nauenue sHepruy anosa Ha TEKyIleM Iare HTEpaluy;
Ea(n_l) — 3HAYEHHE SHEPTHH aHO/A Ha TPEeAbIAYIIEM Iare HTEPalHH.

Taxum obpazom BbipaxeHue (7) ABIAETCA pacueTHbIM HTEPAIlHOHHBIM YPaBHEHHEM
TEPMOAMHAMHYECKOTO COCTOSIHUSI CHCTeMBL. [lpyrue MEXaHW3MBl MOTEpH 3HEPrHH B
JAHHOM MOJIENTH HE YUUTbIBAIOTCA B CHITy HX MaJIOCTH.

Jina nmpoBefieHMS BCEX MOCTEAYIOMKX pacdeToB OYAyT HCIIOIB30BaHbl MPHUBEACHHbIE
HIKE YHCIIOBBIC 3HAYCHMS:

=5,67-10-8 (B1/(M2-°K4)) — nmocrosinHaa bonbimaHa;

82 — K03 PULMEHT YSPHOTE! aHOAA;

=(,0157 M2 — nuomaap W3IYYECHAS aHOA;

= (0,665 kr — Macca aHoJa;

=134 (Jix/(xr-°K)) — TemioeMKocTs BONb{pama;

Ty =300°K — teMmeparypa OKpyXaroiie# Cpeapl;

Tmax = 1300 °K  -— MakcHMaJIbHO BO3MOXHAs TEMIIEPATypa aHOIA;

T, =700 °K — MakcCHMaabHO JOMyCTHMAs paboyas TeMreparypa aHoaa.

o3 Lam Qg

IpunsaB 3HaueHue Temneparypbl aHona 7, =7,,,=1300°K BEINOIHUM pacyeT 3Ha4YEHHI
SHEePIruy B COOTBETCTBHM C BhipaskeHueM (1).

E, =meT, = 0,665[xe] 134] Jowc / (k2" K)]- 1300[°K] = 115843 Jorc], (8)

J1s ynpolleHHs pacueToB Npy nepexose K JBOWYHBIM MaTeMaTHYECKHM OneparyaM
BBE/IEM TIOHATHE YCNOBHBIX €IMHHIl SHepruu. IIpuMeM MaxkCHMaTbHO BO3MOXKHOE
3HAaYeHHE SHepruy anoza 3a 250 ycinoBHBIX eJUHML (Jfaiee N0 TEKCTY — . €.), TaKiM
obpa3zom:
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E [ dxc] - 115843
463[ Loxc] 463
IpA 3TOM TeKyllee 3HAYCHWE OSHEPrMM MOXeT OBITh TMNpPEeACTaBICHO B BHUIE
OHOOAWTHOTO IBOMYHOIO YHCIIA.

Hcnone3ys ypaBHeHue (7) HTEPaLMOHHBIM METOAOM BBIMOJIHEH PacueT 3aBUCHMOCTH
TeMIlepaTypbl aHOJAa OT BPEMEHH OCTHIBAHWA [MPH YCJIOBHH, YTO HadalbHas
Temneparypa aHoja paBHa 1300 °K, a B mpouecce OCTBIBaHHS CHHUMKM HE
BBINOJIHAIOTCA M, CIIENOBATENBHO, 3HEPrUi B CHcTeMy He moctymaer (£, = 0). B
NPWIOKEHHH | mNpUBENeHBl pe3ynbTaThl pacyeTa, COOTBETCTBYIOIHE H3MEHEHHIO
aHepruu ¢ maroM 463 Jhx (1 y.e). Mocnenuuit cronbert TaGnuiBl COAEPKHUT
JUTETHhHROCTH WHTEPBAJIOB BPEMEHM, B TEUCHHHM KOTOPBIX MPOUCXOAUT M3TyuYeHHE
1 y.e. sneprumu.

Jlns orpaHMYEHHs] BO3MOXXHOCTH BBINOJIHEHHMS OYePEIHOro CHHMKa HeoOXoIuMo
3a[aTh KPHUTHYECKYIO TEMIepaTypy, MPEBLIIICHHE KOTOPOH NPUBOAHT K 3ampery
BKJIIOYEHHS BBICOKOTO HanpspkeHus. Kputuyeckas Temmepatrypa ompeaensercd Kak
MakcHMallbHas TeMIleparypa aHoja, Npd KOTOpPoH /o0O0H pexum 3KCMO3HIMH,
JOMYCTHMBIH TACMOPTOM PEHTIeHOBCKOW TpPYOKH, HE INpHBEJeT K MPEBHILICHHUIO
MaKCUMAaJIbHO JOIYCTHMO# Temmeparypel. JUis AaHHOro THna TpyOku oHa BIOpaHa
pasHo¥#i 700 °K, 1 nocTvraercs npu KpUTH4ECKOM YpOBHe 3Hepruu 135 y.e.

Jins  peanu3auMM MareMaTHYeCKOW TEMIOBOM MOJENHd C MHHHMAJIBHBIM
HCTIONIb30BAHHEM PACUETHBIX PECYPCOB MpOLIECCOopa MOCTPOSH CIEAYIONIMI aNrOPUTM.

B MHKpOKOHTpOJ/IIEpE aKTHBU3UPYETCS PEXHM arnapaTHbIX NMPEephiBaHuH No
TaliMepy C mepHoaoM 1 CeKyHAa, KOTOpbiH HeoOXOmUM s OTCYEeTa MHTEPBAIOB
BPEeMEHH. ANropuT™ 06paboTKH MpephiBaHuUit OKa3aH Ha puc. 1.

Kaxnaelii pa3 mocne BHIIMOJHEHHS CHHMKA B IJIABHOM LIMKJIE MPOrpaMMbl
ycranasnuBaercst ¢uar BeinonHenus cHumka Fex. Ilpm Bxome B mporpammy
o6paboTkn npepbiBaHHA MO YCIOBHIO YycraHOBkd (uiara Fex akTHBH3MpyeTCH
npoleAypa pacyeTa MpPUpAlleHus DHEPruy aHOAA B YCIOBHBIX €JUHHIAX ITyTeM
NEePEMHOXKEHHUS MOILHOCTH 3Kcno3wimu Pex Ha BpeMs skcnosuiiun Tex ¢
NOCHEAYIOIIMM  A€JiCHHeM Ha MacwTabHblii ko3¢ ¢uiment 463. 3HaueHue
nepemenHol Ea, koropas oro0pakaeT TeKylliee 3Ha4YeHWe OSHEPrHM aHoJa,
YBEJIHYHUBAETCS HA COOTBETCTBYIOLIEE KOJIMYECTBO €IMHHII, & TAKKE YCTAHABINBAETCA
cueTuuk Taiimayta T2 paBHbiM 30 c. IIpu 3rom ycranasiuBaercs (nar 3ampera
BBITNIOIHEHMS. O4epeqHOro cHuMKa Bex u cOpaceiBaercs ¢uar Fex (mpaBas BeTBb
aIropuT™a).

Cuetunk Talimayta 72 HeoOXOAWM Aiis OTCYETA May3bl MIMTENbHOCTHIO 30 ¢
MEXKY JAByMs O4YE€pEIHBIMH CHUMKaMH. 3a BpeMs 3TO# ray3bl POUCXOIMT IIPOLIECC
OCTBIBaHHMSA TMOBEPXHOCTH aHOJA M Pacnpe/eieHUs TEIia 1o BceMy o0beMy aHoaa.
HexpemenT cueTunka 72 BHINOTHASTCS NPH KaXOM OYEPEHOM BXOJE B IIPOrpaMmy
00paboTkM  npepeiBaHMH [0  MOJHOTO  ero  OoOHyneHus.  3aBepiuenue
TPUALATHCEKYHAHOH Tiay3bl SIBAAETCA ONHUM M3 00s3aTeNbHBIX YCIOBHMi cOpoca
¢nara 3anpera caumka Bex u nmpoBepseTcs B IBYX APYTHX BETBSX alropuTMa.

BTopsiM ycioBMeM pa3pelieHus OYEepPEeHOrO CHUMKA SBIISETCS YMEHbUICHHE
TEKYLIEro 3HaYeHUs SHEepruM aHoja Ea Hwke KpuTHaeckoro yporHs Exp. JlekpeMeHT
nepemeHHOH Ea npou3BOAMTCA MO YCIOBMIO OKOHYAHHS O4YepeqHoro Taivayra T1.
IIpu 3TOM KaXblii pa3 BHITMOMHAETCS Nepe3amyck TaliMayTa, a 3HAYEHHME CUETHMKA

E, . ..[yvel= =~ 250, )
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BpeMeHM T/ yCTaHABNMBAE€TCS B COOTBETCTBHM C YETBEPTOH KOJIOHKOH TaONMMilbi,
NPUBEJCHHON B MMPHJIOKEHUH |, M 3aBHCHT OT TEKYIIEro 3HaueHus 3Hepruu anona Ea,
10 ects Il = f (Ea). JlnuTenbHOCTh TaiiMayToB TabnmuyHO 3ajaHHOM (yHKLMM
OKPYIJISI€TCS IO LIEJIOTO YMCNa CeKyHT, a IeKpeMeHT cuerynka 17, kak u cyeTumka 12,
TIPOU3BOIUTCS €KECEKYHIHO.

£
=]
N O

i
[~ 11_=.T_1_-1_J \I v

' . Ea=Ea+dE
e B3

— Bex = 1 l
< Ea>Ek liy g a>Ex\)— |
\‘% e g T2=30c

j\ g% 5.0

T1 =f (Ea)

VIR “naliti
{ BbiXO4 )

Puc. 1. Anzopumm obpabomxu npepuieanuii maumepa ¢ nepuodom 1 cexynoa

IMpa TakToBO# wacrore 22 MI'ny mukpoxontpoinep AT89CS51 pacxonyer
Bcero 0,0003% BpemeHu IS OTCIEKUBAHMS TETUIOBOTO COCTOSIHHS PEHTTEHOBCKOM
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TPyOKM B COOTBETCTBMM C NPEAJIOKEHHbIM anropurvom. [leHcTBHS ¢ IUaBaromiei
3aTOY TIPH 3TOM HE UCIIOJIb3YIOTCS.

HanHple TnOcneaHero croabma w3 TabnMubl NPWIOXKEHHs | MOXKHO
T0C/IeI0BATEIEHO TPOCYMMHPOBATh, NMEPEMEIasch OT KPHTHYECKOH TeMIleparyphbl
seepx. Ilpu 3TOM s KaxZOro 3HayeHWs 3Heprud aHoja Oyder cdopmuporana
JUTMTENTBHOCTh MHTEpBalia BPEMEHHM, KOTOpbIM HeoOXOAMM IUIi OCTBIBAHWA JIO
KpHTHYECKOH Temiiepatypbl. Ha puc. 2 nokasaHa B Bi/e rpauka 3aBUCUMOCTH 3TOr0
BPEMEHH OT BEJTHYHHBI MPUPALICHHA SHEPTHH aHO/A. .

Ha stoMm e pucyHke B aHaiormyHoMm Maciutabe uzobpaxeHa rucrorpamma,
orobpaxkaiomas 3aBUCHMOCTb [UIMTENbHOCTH  [EPepBIBOB  MEXAY CHHMKaMH,
BBITIOTHEHHBIMH NPH KPUTHHECKOM TeMneparype, OT 3HEPrHM NPeAbILYyIiero CHUMKaA B
COOTBETCTBHH C NMACMOPTOM Ha PEHTT€HOBCKYIO TPYOKY.

W3 pucyHKa NOHSTHO, YTO Npe/iaraeMelii METO YHCIOBOrO MOJIEIMPOBAHHUA
obecrieunBaeT pacyer UIMTENBHOCTEH nay3 JOCTaTOYHO ONM3KMX K TNacnopTHBIM
TpeCOBaHHUSM Ui JAHHOTO THUNA TPYOKH.

R -

Tor | , \
© | i !

150 g

120

0 v1 2 3 a4 5 6 ¥ 8 9 dE(xDK)
Puc.2. 3agucumocms OnumenbHocmu nepepuiéos Medcoy CHUMKGMU OM SHEP2UU
8bINOIHEHHO20 CHUMKA

Wnaukaius TeroBOro COCTOSHHS OCYIIECTBIISIETCS ¢ MOMOUIBIO JIMHEHHOTO
24-CETMEHTHOrO CBETOAMOIHOTO HMHAMKATOpA, KOTOPHIA HWMEET BHJ CTOJIOMKOBOIO
TepMomeTpa. BepxHss 4YacTb CBETOAMOJOB, COOTBETCTBYIOHIMX 3HAYEHWAM
TeMIiepaTypel BbIlIe KPUTHYESCKOM, MMEET KPAaCHbIH LIBET CBEYEHHS, OCTA/IbHbIE —
seneHbit. CeeueHme XOTs Obl OJHOTO KPACHOTO CErMEHTa CBHECTENBCTBYET O
HEBO3MOYKHOCTH BBIIOJIHEHUA OYEPEAHOTO CHUMKA.

OnucaHHBIA BbIlIE AITOPUTM HWCHONB3YeTCA s KOHTPOJS TEIJIOBOro
COCTOSIHMST TPYOKHM B TyJbTax yhpaelieHus UMQPPOBBIME W  IUICHOYHBIMH
peHTreHoBckuME (mooporpadbuueckummu anmapatamu tuna «MHUAAPC» [5] u
«MHAUAPC-IT» [6], BeIMyCKaeMbIX TPOM3BOACTBEHHbIM mpeanpusatuem «KpaHt
(r. XapskoB), a taxke «JAHAPC-M» (3aBom «Mocpentren», r. Mockpa). OnsrT
akcrutyataiuu 6osiee 60 dumooporpadoB B TeueHHE HETHIPEX JIET MOKA3ai BHICOKYIO
CTElNeHb HAIEXHOCTH 3al[UTEl PEHTIEHOBCKUX TPYOOK OT fieperpesa.
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AHaNOTHYHBIE YNCACHHBIE MOJENH MOTYT OBITh TIOCTPOEHBI JIsl TpeX(asHbIX
HU3KOYACTOTHBIX, 2 TAKKe BBICOKOYACTOTHBIX CXEM ITHTaHKI PEHTTEHOBCKHX TPYOOK.

Tpunoxenne 1

Ea/463 Ea Ta T 215 199566.83| 1117.37 | 1.67
(y-e) (Jox) X) ()

249 [115379.97| 1294.85 | 091 214 [99101.67] 1112.15 | 1.70
248 1114914.45] 1289.63 | 0.94 213 |98637.14| 1106.94 | 1.73
247 1114446.71] 128438 | 096 | 212 |98173.42] 110173 | 1.76
246 [113981.76| 1279.16 | 0.97 211 {97708.10] 1096.51 | 1.80
245 {113514.94] 1273.92 | 0.99 210 197243.99] 109130 | 1.83
244 [113051.10] 1268.72 | 1.00 209 196778.77| 1086.08 | 1.87
243 [112585.73] 126349 | 1.02 208 |96315.12] 1080.88 | 1.90
242 |112119.04| 125825 | 1.04 207 |95850.80| 1075.67 | 1.94
241 |111655.65| 1253.05 | 1.05 206 195386.06| 107045 | 1.98
240 [111191.24| 1247.84 | 1.07 205 [94921.14| 106523 | 2.02
239 [110726.01| 1242.62 | 1.09 204 |94456.27! 1060.02 | 2.06
238 |110260.19] 1237.39 | 1.11 203  193991.67| 1054.80 | 2.10
237 |109793.94| 1232.16 | 1.13 202 [93527.54 1049.59 | 2.14
236 [109327.47} 1226.92 | 1.15 201  [93064.09| 104439 | 2.18
235 [108860.94| 1221.69 | 1.17 200 [92599.43| 1039.18 | 2.23
234 |108394.53| 121645 | 1.19 | 199 [92135.90| 1033.97 | 2.27
233 [107928.41] 1211.22 | 121 198 [91671.66| 1028.76 | 2.32
232 [107462.72| 120599 | 1.23 197 [91207.00] 1023.55 | 2.37
231 |106997.62| 1200.77 | 1.25 196 [90742.19| 101833 | 242
230 [106533.24| 1195.56 | 1.27 195 190277.46| 1013.12 | 247
229 [106069.74| 1190.36 | 1.29 194 189813.06| 1007.91 | 2.52
228 |105603.72| 1185.13 | 1.32 193  [89349.21] 1002.70 | 2.57
227 1105138.95{ 1179.91 | 1.34 192 |88886.13| 997.50 | 2.62
226 [104675.53| 1174.71 | 1.36 191 8842230 99230 | 2.68
225 [104210.26 1169.49 | 1.39 190 |87958.01| 987.09 | 2.74
224 [103746.66| 1164.29 | 141 189 [87493.56| 981.87 | 2.80
223 |103281.64{ 1159.07 | 1.44 188  [87029.21| 976.66 | 2.86
222 [102818.60| 1153.87 | 1.46 187 |86565.22| 971.45 | 2.92
221 [102354.52| 1148.66 | 1.49 186 (86101.82| 966.25 | 2.98
220 |101889.66| 114344 | 1.52 185 |85637.74| 961.05 | 3.05
219 [101424.24| 113822 | 1.55 184 |8517329| 955.83 | 3.12
218 |100958.49| 1132.99 | 1.58 183  [84710.20| 950.64 | 3.18
217 [100495.48| 1127.80 | 1.60 182 [84245.85| 94543 | 3.26
216 |100032.45| 1122.60 | 1.63 181 |83781.97| 94022 | 3.33
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LS

Ea/463 Ea Ta T
Ge) | (dx X) ©)

180 | 83318.81 | 935.02 3.40
179 | 82855.30 | 929.82 3.48
178 | 82391.74 | 924.62 3.56
177 | 81928.42 | 919.42 3.64
176 | 81464.40 | 914.21 3873

175 | 81001.21 | 909.01 3.81

174 | 80537.93 | 903.81 3.90
173 | 80074.88 | 898.62 399
172 | 79611.21 | 893.41 4.09
171 1 79147.29 i 888.20 4.19
170 | 78683.44 | 883.00 4.29
169 | 78219.99 | 877.80 4.39
168 | 77756.21 | 872.59 4.50
167 | 77292.45 | 867.39 4.61

166 | 76829.04 | 862.19 4.72
165 | 76365.35 | 856.98 4.84
164 | 75901.73 | 851.78 4.96
163 | 75438.53 | 846.58 5.08
162 | 74975.19 | 841.38 5,21

161 74512.07 ; 836.19 5.34
160 | 74048.67 | 830.98 5.48
159 | 73585.39 | 825.79 5.62
158 | 73121.78 | 820.58 5.77
157 | 72658.24 | 815.38 5.92
156 | 7219515 | -810.18 6.07
155 | 71732.11 | 804.99 6.23

154 | 71268.81 | 799.79 6.40
153 .| 70805.65 | 794.59 6.57
152 | 70342.35 | 789.39 6.75
151 | 69879.31 | 784.19 6.93

150 | 69416.29 | 779.00 712
149 | 68953.08 | 773.80 7:32
148 | 68489.51 | 768.60 1.53

147 | 68026.03 | 763.40 7.74
146 | 67562.51 | 758.19 7.96
145 | 67099.38 | 753.00 8.18
144 | 66635.98 | 747.80 8.42
143 [ 66172.79 | 742.60 8.66
142 1 65709.74 | 737.40 8.91

141 | 65246.29 | 732.20 9.18
140 | 64782.96 | 727.00 9.45

139 | 64319.74 | 721.80 9.73

138 | 63856.68 | 716.61 10.02
137 | 6339337 { 71141 10.33
136 | 62930.34 | 706.21 10.64

135 162467.25| 701.01 10.97
134 162004.24 | 695.82 11.31
133 161541.05| 690.62 11.67
132 161077.86| 685.42 12.04
131 60614.50| 680.22 12.43
130 [60151.18]| 675.02 12.83
129  |59688.15| 669.82 13.24
128  |59224.94| 664.63 13.68
127 | 58761.87| 659.43 14.13
126  [58298.57| 654.23 14.61
125 |57835.41| 649.03 15.10
124 15737240 643.84 15.61
123 [56909.33| 638.64 16.15
122 156446.32| 633.44 16.71
120 [55520.03] 623.05 17192
119 [55056.90| 617.85 18.56
118  [54593.84| 612.65 19.23
117 |54130.66| 607.46 19.94
116  [53667.47| 602.26 | 20.68
115  |53204.38| 597.06 | 21.45
114 152741.34| 591.87 | 22.26
113511 52278:17 | '586.67 | 23.12
112 |51815.12| 581.47 24.01
LENE04 5135210 576.27 | 24.95
110 |50889.09| 571.08 | 25.94
109 150425.95| 565.88 | 26.99
108  149962.95| 560.69 | 28.08
107 149499.90| 55549 | 29.24
106 149036.86| 55029 | 30.46
105 [48573.80| 545.10 | 31.75
104  [48110.77| 539.90 | 33.11
103 147647.72| 534.70 | 34.55
102 {47184.60| 529.51 36.08
101 146721.53| 524.31 37.69
100 [46258.47 | 519.11 39.40
99 4579538 513.92 41.22
98 45332.29| 508.72 | 43.15
97 44869.24 | 503.52 | 45.20
96 44406.15] 498.33 47.39
95 43943.07; 493.13 49.72
94 43479.99| 487.93 52.21
a8 43016.92| 482.74 54.87
92 42553911 477.54 | 57.71
91 42090.86| 472.34 | 60.77
90 41627.81| 467.15 64.05
89 41164.74| 461.95 67.58
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Ea/463 Ea Ta T
(yee) | (m) ) ©
88 40701.69| 456.75 | 71.38
87 40238.68| 451.56 | 75.48
86 39775.67| 44636 | 79.92
85 39312.64| 441.17 | 84.74
84 38849.63 | 43597 | 89.97
83 38386.60 | 430.77 | 95.68
82 37923.57| 425.58 | 101.91
81 37460.55| 420.38 | 108.74
80 36997.53| 415.18 | 116.25
79 36534.52! 409.99 | 124.53
78 36071.50| 404.79 | 133.71
77 35608.48 | 399.60 | 143.92
76 35145.46| 39440 | 155.32
75 34682.46| 389.20 | 168.13
74 34219.44| 384.01 | 182.61
73 33756.43| 378.81 | 199.07
72 33293.42| 373.62 | 217.93
71 32830.41 | 368.42 | 239.72
70 3236740 363.22 | 265.14
69 31904.40| 358.03 | 295.13
68 31441.38| 352.83 | 331.00
67 30978.38 | 347.64 | 374.56
66 30515.38| 342.44 | 428.51
65 30052.37| 337.25 | 496.95
64 29589.36| 332.05 | 586.43
63 29126.36 | 326.85 | 708.20
62 28663.36 | 321.66 | 883.29
61 2820036 | 316.46 1156
60 27737.36| 311.27 1640
59 2727436 306.07 2745
58 26811.36 | 300.87 8833
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