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REACTION OF BARLEY CULTIVARS TO CHANGES OF WEATHER CONDITIONS BASED ON
MULTI -YEAR YIELD DYNAMICS

Lisitsyn E.
Federal Agricultural Research Center of tNerth-East,
Kirov, Russian Federation
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ABSTRACT
To predict changes in the production process of plants dependingather conditions in a particular cli-
matic zone, a quantitative description of the relationship of the most significant factors with crop productivity is
necessary. In the proposed article, data on bareydeum vulgare..) yields of cv. Abava and Ecologist in four
different agreclimatic areas of the Kirov region for 20@819 processed using the multiple regression method.
It was found that the linear approximation of the change trend of the studied parametersiisfaotosy and
cannot be used for the forecast. The same variety in different areas of the same region can react differently (in
direction and strength) to changes in weather conditions. On the other hand, in the same area, different varieties
of the samerop can react in completely different ways to changes in weather conditions.
sdzs Yyd o' j: MegsBio] tOlsktc® oaBLHERO, 9je6jlsOydddz 2 MmjL sdg,
Gtej MMdw, ©MOHSd, fttsHkzSIsdodasMmis! , MselssdmMyr Isr Isj dz2 dzOw i
Keywords: air temperaturegrowing season, linear trends, multiple regression, precipitation, productivity,
varietal testing station.

Introduction experimental station of VIR are investigated. Group of

One of the major tasks facing agricultural meteorauthors from the AlRussian institute of plant industry
ology is prediction of changes in production process ¢Novikova et al., 2012) made lotigrm observations of
plants depending on weather conditions in a specifaeveral cultivaref oats and spring wheat in four zones
climatic zone. The choice of the most essential factorgjth contrast climatic conditions. At the same time au-
the quantitative description of theirkimvith productiv- thors, suggesting to use statistical methods of correla-
ity will make the analysis of the processes taking plad®n and regression analyses, point to a possibility of
in an agrophytocenosis, successful and practically sidistortion of their results in connection with #dsting
nificant. However there is no now uniform approach tagrotechnical trends. Thus, than of our work is to
carrying out similar analytical works. So, some authongay attention to influence of the choice of a specific cul-
use data, averagerfthe whole country, or for its cer- tivar of agricultural crop to the received results of the
tain areas (Pavlova, 2009; Kharlamova, Silantyevaggression analysis and conclusions which can be made
2011), generalizing productivity data on separate plaof them.
species or even to their specific groufsdder, grain, Material and methods
or vegetable. Other authors, whose approach seems to Spring barley is one of the main grain crops culti-
usmore logical and reasonable, consider change of eaated in the Kirov region; one of largest Russian breed-
nomic and valuable traits of specific plant varieties foing center on grain crops is located here (Shchennikova
the long period of observations. So, in article (Seferowet al., 2011). Data are used on productivity of two bar-
et al., 2011), changes of values of economic traits tdy (Hordeum vulgare L) cultivars Abava and Ecol-
soybean cv. Komsomolka in 36 ysasf observations ogist on four State varietal testing stations of the Kirov
in the conditions of Krasnodar Territory at the Kubamegion (Zuyevka, Slobodskoj, Sovetsk, and Yaransk)
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located in different agrelimatic areas for 2008019. As an example of the received graphs, data on
Trends in dynamics of weather parameters and indicproductivity of the studied barley cultivars on Sovetsk
tors of barley productity were calculated with use of and Yaransk State varietal testing stations are provided
the tabular Excel 2010 Microsoft Office calculator, then the figure.

equations of multiple regression were calculated in the In the figure linear trends of productivity and the

StatSoft Statistica 10 software. equation of these trends for each of cultivar are shown
Results and discussion also. From this graphs it gossible to make two im-
portant methodical conclusions.
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Figure. Dynamics of productivity of barley cultivars on Sovetsk and Yaransk Stataluastng stations of the
Kirov region for 20082019

First, it is visible that linear trends can not matcteration of separate crops or groups of crops for assess-
in the direction in different districts of the area: whement of the impact of climate change on plants produc-
plants of spring barley in the conditions of the Sovietstvity.
reduceproductivity rather sharply, then in the condi- Secondly, the given equations of a linear trend of
tions of Yaransk the same two cultivars show graduahange of productivity have rather low digénts of
increase in productivity. On Slobodskoj State varietaleterminatiorr at best they explain about 36% of vari-
testing station the trend of decrease in productivity @ftion of a final indicator. Let's notice here, as for such
spring barley is also traced, but here on&uka station indicators as air temperature on months of growing sea-
only cv. Abava shows decrease. In other words, deen and the amount of precipitation, linear trends of
pending on what cultivar and on what State varietalhange during 20680190n all four State varietal test-
testing station we will take in the analysis, one can sémgy stations had low coefficients of determination (to
both increase in productivity in connection with climate10%). In other words, dynamics of change of air tem-
change, and its decrease]ack of that influence. This perature and a rainfall is far from linear approximation.
observation will not be coordinated with conclusions  To find out the nature of link between temperature
(Novikova et al., 2012) that at synchronously observeaf a growng season, the amount of precipitations and
crops and cultivars the similar reaction to change giroductivity of plants of spring barley, it is need to use
weather conditions is shown. Respectively, the data rmethod of multiple regression and to analyze the re-
ceived byus allow to doubt correctness of total consideeived equations (tables 1 and 2).

Table 1
Coefficients at members of tleguation of multiple regression of productivity on the air temperature and an
amount of precipitation for barley cv. Abava on State varietal testing stations of the Kirov regic202008

Month State varigtal testing station
Zuyevka | Slobodskoj |  Sovetsk | Yaransk
Air temperature
May 29.792 1.350 9.448 5.552
June 13.444 0.128 1.166 1.562
July -46.310 0.471 5.318 -0.563
August -44.092 -5.167 -38.105 -6.005
September -97.458 0.668 -16.533 -0.197
Precipitation
May -6.601 0.753 1.737 -0.554
June -0.286 0.399 0.259 0.196
July 3.048 0.194 -0.862 0.186
August 2.074 -0.041 -0.003 0.250
September 1.175 0.145 0.273 -0.029
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Provided data show that in general air temperatuciltivars. So, on Slobodskoj State varidtsting sta-
has much greater influence on the result, than precipien the increase of air temperature in June and July is
tation. At the same time both weather parameters somed to increase in productivity of cv. Abava and, on the
times have opposite impact on productivity of differentontrary, reduces productivity of cv. Ecologist.

Table 2.
Coefficients at members of the equation oftiplé regression of productivity on the air temperature and an
amount of precipitation for barley cv. Ecologist on State varietal testing stations of the Kirov regic202008

Month State varietal testing station
Zuyevka | Slobodskoj |  Sovetsk | Yaransk
Air temperature
May 25.286 1.253 -3.098 2.392
June 11.381 -3.639 -10.676 3.346
July -36.428 -0.573 -2.432 -2.862
August -36.358 -2.466 4.327 -0.917
September -80.075 5.458 5.267 -1.303
Precipitation
May -5.301 0.576 -1.174 -0.500
June -0.252 0.271 -0.601 0.198
July 2.537 -0.076 0.166 0.098
August 1.619 -0.010 0.270 0.073
September 0.938 0.381 0.076 0.048
Air temperatures for all the time of vegetation on References

Sovetsk varietal testing station have opposite effect on 1. Shchennikova I.N., Nazarova N.N., Lisitsyn
the studiedcultivars. Weather conditions of ZuyevkaE.M. Multi-row barleycultivation methods in Volga
varietal testing station are closest on the nature of inflityatka region // Zemledeli011. No. 6. P. 2@2

ence on productivity of both cultivars of spring barley, 2. Novikova L.Yu., Dyubin V.N., Seferova I.V.,
and on Yaransk varietal testing station force of influRags I.G., Zuev E.V. Forecasting of duration of a grow-
ence of these parameters on plants of eBlohrtey cul- ing season at grades of summer grain crops in the con-
tivars differs considerably. ditions of climate charey// Agricultural biology2012.

Conclusion No. 5. P. 7837.

Thus, the carriedut analysis of influence of 3. Pavlova V.N. A problem of assessment of the
weather conditions on productivity of spring barley inmpact of climate changes on productivity of the
20082019 showed that, first, air temperature hadgrosphere of Russia: methodology, models, calcula-
stronger impact on plants, than precipitation. Sdlyon tion results // News of the Samara scientific center of
linear approximation of a trend of change of the studigtie Russian Academy of Scienc&Q09. T.11, No.
parameters is not satisfactory and cannot be used for t{&). P.15431548.
forecast. Thirdly, the same cultivar on different varietal 4. Seferova |.V., Novikova L.Yu., Nekrasov
testing stations can differently (in the direction and\.Yu. Varietal soybean reaction assessment Komso-
force) reacts to chaegof weather conditions of grow- molka on climate changes in Krasnodar Territory /f Oil
ing season. Fourthly, in the same area the different clilearing cropsScientific and technical bulletin of the
tivars of the same crop can react to change of weath®lf-Russian Research Institute of -baarirg crops.
conditions absolutely differently. 2011. No. 1. P. 727.

5. Kharlamova N.F., Silantyeva M.M. Depend-
ence of productivity of grain crops in the regions of Ku-
lunda from climatic factors // News of the Altai state
university.2011. No. 32. P. 8894.
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DEVELOPMENT OF BARLEYO6S YI ELD STRUCTUREERENODMPONENTS
WEATHER CONDITIONS OF GROWING SEASON

Lisitsyn E.
Federal Agricultural Research Center of the Nelghst,
Kirov, Russian Federation
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ABSTRACT

Based ordata on the development of yield structure's elements of five cultivars of dddeje(m vulgare
L.), as well as average monthly data on air temperature and precipitation for the period of barley vegetation (May
- August 20022019), it was revealed thafith linear approximation, the temperature regime and humidification
of the growing period over the past 18 years have not changed. The determination coefficients do not exceed 0.08.
That is, linear approximation cannot characterize the ongoing procéstiezate change in the conditions of the
Kirov region. The increase in the average monthly air temperature, especially in June and August, reduced the
development of most elements of the yield structure (68% of observations). The increase in precitétien
contrary, contributed to the development of productivity elements (in 62% of observations). Especially favorable
on plants is the increase in the amount of precipitation in June. Correlation coefficients were significant at p < 0.05
in just two pas of traits: the number of spikelets per e#ine amount of precipitation in May (r = 0.587); plant
height- air temperature in June (r-6.600).

sdzs Yyjor j: fimiswl®, sMOHCd, IsjdBfjteOkzte®, Cttetej v ydd, toj

Keywords: cultivar, precipitation, air temperature, correlations, regression analysis, Kirov region.

Introduction weather conditions of growing season with the param-

To understand the processes leading to the foeters of gowth and development of spring barley
mation of yield of agricultural crops, it is necessary tplants, which is one of the main grain crops of the Kirov
know the most significanfactors of growing season, region [5, 6].
their relationship to the processes of growth and devel- Materials and methods
opment of plants. To date, various approaches to con- The work used data on the development of yield
ducting such studies have been used. Individualauth@st r uct ur eds e Hadeunnvtulgare,g f barl e
use averaged data for the whole country or for its speultivars Novichok, Ecleg and Dina doublerow (nu-
cific regions [1, 2], summarizing yield data for individ-tans type); Tandem and Lel multi-row barley pal-
ual plant species or even their groups (fodder, grain, idum type) obtained at the Federal Agricultural Re-
vegetable). At the same time, suggesting the use of st&arch Center of the Norfast in 2002019, as well
tistical methods of correlatieregression analyses, as monthly average data on air temperature and precip-
many authors often indicate the possibitifidistortion itation for the peod of barley vegetation in the vicinity
of their results in connection with existing agriculturabf Kirov (May - August 20022019). For August, data
trends [3]. Other authors [4] take into account thevere analyzed only for the first decade of the month.
change in economic and valuable features of specifieather data are taken from official agneteorologi-
plant cultivars over a long period of observation. Howeal bulletins issued by the Kirov Regional Center for
ever, even here averagingcurs at the species level,Hydrometeorology and Environmental Monitoring.
without taking into account the possible influence ofin-  Trends in weatheandclimate dynamics were
traspecific groupings. Therefore, the purpose of owalculated using the Microsoft Office Excel 2010 table
study was a statistical analysis of the relationship @falculator; multiple regression equations were calcu-

lated in StatSoft Statistica 10 software.
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Results and discusion phenomena, the temperature regime of vegetation, tak-

Figures 1 and 2 show graphs of the dynamics d@fig into account monthly averages over the past 18
the averagenonth air temperature and precipitation foryears, has not changed practically. The determination
20022019. Here are also the trend lines for eacboefficients do not exceed 0.08. In other vgrihear
month, their equations and determination factors.  approximation cannot characterize the ongoing pro-

From these data, it can be concluded that with | cesses of climate change in the conditions of the Kirov
ear approximation, most often used to analyze suclgion.

May June
25 7 y=0,0572x-102,36 y = 0,046x- 76,504
R2=0,0193 R2=0,0183
20 -
15 -+
10 -
=—4—May == June July === August
5 July August
y=-0,1091x + 238,36 y =0,0275x-38,512
R2= 0.0794 Rz = 0,0051
0 T T T 1
2000 2005 2010 2015 2020
Figure 1. Dynamics of the average monthly air temperature of the growing s€&$on (
Kirov, 20022019
200 May June
180 4 y=-1,387x+2831,8 y=-1,4871x+ 3076,1
R2=0,2448 RZ= 0,0459
160 - =—f—Nay ~l—June July e August
140
120
100
80
60
40
20 -
0 y =3,0609x -6077,8 y=-1,2116x+ 2500,6
R?=0,1459_ ' ' R*=0,0473 _
2000 2005 2010 2015 2020

Figure 2. Dynamics of the average monthly rainfall for the growing season (mm),
Kirov, 20022019

The same is true for the nature of the change in the In connection with the above, after that we consid-
amount of precipitation during the growing season. lared the nature of the effect of the weather conditions
general, the data reviewa@ticate the weak adequacy of separate months of the growing season on the devel-
of linear models of changes in weather conditions, apment of crogforming parameters of barley plants us-
least for the environs of Kirov: there is no reason to arng multiple regression methods.
gue that there is a natural warming or cooling of the First of all,let focus on the qualitative effects man-
growing season, its aridization or, conversely, moisteiifested in the sign before the coefficient reflecting the
ing. contribution of each of the eight factors studied (tem-

perature and precipitation in four months) (Table).
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Table.
Partial regressionoefficients of equations of dependence of development characteristic on weather conditions of
vegetation (average for 5 barley cultivars, 2Q029)

Parameter Air temperature Amount of precipitation
May | June | July | August| May | June | July | August
Durationof growing season -0.456| -1.676| -2.138| -0.160| -0.021| 0.167 | 0.014| -0.052
Plant height 1.015|-5.797| 1.079| -2.576| 0.550| 0.299| 0.021 | -0.477
Tilling capacity 0.127]-0.164| -0.002| -0.151 | -0.007| -0.001]| -0.003| -0.029
Capacity for fruitbearing shoots 0.063|-0.164| -0.017| -0.134 | -0.003| 0.003 | -0.004| -0.032
Ear length -1.485| 0.020|-0.129| 1.637 | 0.060| 0.066 | 0.008 | -0.027
Number of spikelet 1.193|-0.655| 0.281| -0.139| 0.180| 0.062| 0.012| 0.131
Number of grain per ear 0.954|-0.823| 0.035] -0.145| 0.197| 0.072|-0.000| 0.125
Grain mass per ear 0.048|-0.041| -0.009| -0.025| 0.007| 0.004 | 0.000| -0.005
Grain mass per plant 0.149|-0.113| 0.062| -0.071 | 0.022] 0.008 | -0.005| 0.016
1000grain mass -0.070] -0.202| -0.329| -0.177 | -0.013| 0.040| 0.011| -0.255
Productivity 0.118]-0.363| -0.262| -0.294 | 0.072| 0.057] 0.015]| -0.063

As it can be seen, the same factor may have the Naturally, such a low level of significant correla-
opposite effect on different elements of the barley yieltions could be explained by the fact that in this case a
structure. However, the increase in air temperature @alculation was made for the average development pa-
June and August negatively affects tlewelopment of rameters of five barley cultivars. In the case of individ-
all the studied elements of productivity, with the excepsd cultivars, the number of significant correlations is
tion for the ear length. Conversely, precipitation in Juneauch higher, but each cultivar has its own matrix of
contributes to their development. Further, an increaskeese relationships.
in the average monthly air temperature reduced the de- Conclusion
velopment of mostlements of the yield structure (68% The conducted calculations show that the use of
of observations), especially in June and August. The ifinear trends and averaged crop data would not ade-
crease in precipitation, on the contrary, contributed tguately reflect te current situation when analyzing the
the development of productivity elements (in 62% opossible impacts of climate change on cereal productiv-
observations). Especially favorable for plants isithe ity.
crease in the amount of precipitation falling in June.

Secondly, the effect of temperature is much higher References
than the number of precipitation. The part of the influ- 1. Ermakova L.N., Shklyaev V.A., Shklyaeva
ence of the temperature factor on certain elements IbfS. Modern changes in climatic and agrometeorologi-
the yield structure of barley plantsaeeds the influ- cal characteristics in the Perm Territory and possible
ence of precipitation sometimes by 2 degrees, more ofariations in crop productivity // Bulletin of Udmurt
ten by 35 times. One case can be distinguished frordniversity. Biology. Earth science. 2013. Issue. 2. P.
this general pattern: in June, precipitation has thre®4-116.
times more influence on the formation of the ear length 2. Kharlamova N.F., Silantieva M.M. Depend-
than air temperature. @burse, the mathematical rela-ence of crop yields in the Kulunda regions on climatic
tionship between some parameters should have a bfaetors // News of Altai State Universit.0 1 1 :2. = 3
logical justification: for example, it did not make sens®. 8894.
to look for the relationship of the trait "tilling capacity" 3. Akmarov P.B., Knyazeva O.P., Rysin I.I. Ag-
with weather conditions after migline, when this trait roclimatic potential of agricultural efficiency (using the
had already formed and would not change further. example of grain crops of Udmurtia) // Bulletin of Ud-

Multiple regression equations allow to take intanurt University. Biology. Earth science. 2014. Issue. 2.
account the influence of one or more factors on the r&- 8996.
sulting characteristic. However, particular coefficients 4. Novikova L.Yu, Dubin V.N., Seferova I.V.,
of pair correlations are also of particular nett to re- Loskutov I.G., Zuev E.V. Prognostication of the dura-
searchers and breeders to assess the interdependendieobf the growing season in cultivars of spring cereals
the two specific parameters. Conducting such an anatconditions of climate change // Agricultural biology.
ysis showed a sufficiently low level of correlationsbe2 0 1 2 .  ~-&/. P. 78
tween development of elements of the plants structure 5. Rodina N.A., Shchennikova I.N., KokithaP.
of spring barley and weatheonditions of the growing Reaction of new barley cultivars to various techniques
season. In particular, the coefficients of pair correlasf technology // Achievements of science and technol-
tions in only two variants were statistically significanb gy Al C. 20169. ~ 8. P. 14
at p < 0.05: the number of spikelets per-ehe amount 6. Lisitsyn E.M., Batalova G.A., Schennikova
of precipitation in May (r = 0.587), the plant height 1.I. Creation of cultivars of oats and barley for acidic
theair temperature in June (r-6.600). soils. Theory ad practice. Saarbrucken, Germany: Pal-

marium Academic Publishing, 2012. 333 p.
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ARRIVING OF VEGETABLE CROPS DEPENDING ON THE REGION OF GROWING
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ABSTRACT
Agricultural production in Russia, as well as around the world, is one of the masnpif®rt environments
in the rational economic complex, its condition and economic efficiency affect the level of uniform food supply
of the population with fresh vegetables, such as tomatoes, bell peppers and eggplant. The purpose of the work was
to study the influence of the climationditions of the Astrakhan, Volgograd regions and the Republic of Dagestan
on the period of receipt of vegetables, their productivity and quality. It was established that the early production
of vegetables of open ground comes from the Republic of Dageasten from the Astrakhan region and later
products from the Volgograd region. It was revealed that the highest tastes were distinguished by the fruits of
tomatoes, sweet pepper and eggplant grown in the Astrakhan region. Thaddgdgadex characteliizg their
palatability was 9.95 tomatoes, 84.8 sweet peppers and 20.7 eggplants, which exceeds the national average 1.4
times tomatoes, 1.1 times sweet peppers and 1 , 7 times eggplant, and excegd@time3 depending on the
culture grown in other stlied regions. The receipt of the fruits of tomatoes, sweet pepper and eggplant grown in
various climatic zones makes it possible to create a conveyor for harvesting fresh vegetables for a longer period
and provide the population with higjuality food.
sdzyyjorJ WBEHROBr, ittty MzOHSCd2, BOC O Odzr , ¢ MistcOr Odzf
e MfBdzdC O 1 06 MisOdz, COyYJ Mlso ts.
Keywords: tomatoes, sweet peppers, eggplant, Astrakhan region, Volgograd region, Republic of Dagestan,
quality.
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PHARMACEUTICAL SCIENCES
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ABSTRACT
Medical supplies medical equipment has a number of distinctive characteristics, primarily related to its
suitability for transportation, warehousing, loading and unloading, storage, etc., which affestsltbElogistics

costs. These differences are exacerbated by the presence of a pharmaceutical group, which requires even more

attention at all stages of the promotion of medical equipment in the supply chain.
Keywords: military medical supply, medical wahouses of the Ministry dfefense of Ukraine, quality man-
agement system

Introduction. The highest financial losses of theand affect all aspects of logiss management (finan-
medical staff of the Ministry of Defense of Ukrainecial, personnel and others) [5].
may be borne by the costs associated wittd#terio- Therefore, the warehouse, as a structural unit of
ration of medical supplies, which may be the result ahe pharmaceutical company, should be formed a holis-
non-compliance with regulations on the preservation dfc and transparent management system, which includes
certain groups of medical property. activities to ensure product quality. Buildia manage-

Related to this is the high percentage of the indiment system according to ISO requirements meets the
cator- losses from the aging of stocks of medicalipg principles of GDP and, conversely, if the entire com-
ment (expiration date) of pharmaceutical products [Jpany already has a quality system in accordance with
3]. GDP requirements.

The purpose of the study is to determine and ana- The principle is that ISO does not set requirements
lyze the prevention of financial losses from smm-  for product quality but for a management system that
pliance with the term and rules of storage and develofs designed to achieve a stable level of product quality
ment of organizational and methodologicaéasures and the enterprise as a whole. This system should be-
for effective management of the quality system of theome the basis for building an integrated management
medical staff of the Ministry of Defense of Ukraine. system and should apply to all activities to ensure the

Materiali ta metodi doslidjenni qudity of medical products.

To achieve the goal of the study, an analysis of do- Factors of strategic development "quality" and
mestic and foreign scientific sources and the curretsafety” can be regulated only when the priorities of
regulatory framework of Ukraine was conducted. Durguality are an incentive for the development of the en-
ing the research the methods of information search, syerprise at all levels of activity. To do this, the company
tematization, comparison and generalization were usegklects and inlpments a quality management system

Rezultati doslidgennya t a agualfyomamagementsystem,includinginwarehouses.

In accordance with paragraph 7 of section | of th®edical staff of the Ministry of Defense of Ukraine is
Procedire for quality control of medicines during no exception in this aspect.
wholesale and retail trade, approved by the order of the Problems of forming a quality management sys-
Ministry of Health of Ukraind r om 2 9. 09 . Bt hade becombetheé subject of stifenresearch and
"Procedure for quality control of medicines duringdiscussions in the formation of a quality system in ac-
wholesale and retalil trade", (hereinafidProcedue), cordance with the requirements of GDP.
the business entity is obliged to create an effective qual- Numerous researchers emphasize the urgency of
ity system of medicines with an approved plan of urgethis problem in their works. According to scientists
action, defining measures to ensure compliance wiftanchenko MO, Brovkova OG, 2014) the quatityn-
orders of the Ministry of Health of Ukraine and / or oragement system is part of the overall management sys-
ders of the central executivedy implementing state tem at the enterprise, which operates to ensure stable
policy in quality control and safety of medicines, in-quality of products or services. The quality manage-
cluding medical immunobiological drugs, medicalment system (QMS) is a tool that allows you to predict,
equipment and medical devices, and trafficking in nameasure the impact of approved decisiand events in
cotic drugs, psychotropic substances and precursovgrious areas of business on the quality of services. It
combating their illicit tafficking, in relation to the cir- is the indicators by which you can track the impact of
culation of medicines [4]. events on the quality of services, mechanisms for their

The activities of pharmaceutical companies to cradefinition, the relationship between cause and effect,
ate a quality management system are an integral partaofd are the ob@ts of implementation in the establish-
the functioning of logistics, as their goals are consistentent of QMS in the enterprise. The standard defines
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general methods that should be used in the constructidistribution practice, good storage practice and in-
of such a quality system to ensure full satisfaction afludes quality risk management, stibbe fully docu-
consumer needs. The standard applies to the qualibented, approved and subject to periodic monitoring to
system, not to the final product or service. The impleconfirm its effectiveness [9].

mentation of the quality system should be determined In the quality system should address the following
by the tasks, products, processes and individual char&eneral provisions:

teristics of a particular organization [6]. A the personnel of the enter
Yu.B. Kabakov [7] outlines the sequence of theesponsible for carrying ¢the input quality control of
first steps in the development of QMS: medicines, eligibility requirements, their rights, duties,

1. Understand what QMS is, its place in the enteresponsibilities, accountability and procedures for
prise and the role of the first leader in it. (2nd principle)nonitoring the performance of their duties);
2. Create an organizational structure thatwilldeal A t he order of the input q
with this project (including its employees and consulteines, in particulathrough its reflection in the plan for
anf, organize staff training (Principle 3); urgent action, defining measures that ensure the fulfill-
3. Develop the structure of processes, parametarent of orders of Ministry of Health of Ukraine ad/
that characterize their effectiveness and efficiency, therders of the State Medical Service;
matrix of responsibility, the structure of QMS docu- A the order of dispensing o
mentation, while analyzing problem areas intheenter- A t he condi tristzsoftheastordgec har ac
prise and planning measures to eliminate them (4, 5, 7dnd placement of medicines and medical devices de-
principle). pending on external conditions (light, temperature, hu-
4. In parallel to determine the requirements of cugnidity, etc.); groups of drugs and formulations; leave
tomers and the level of their satisfaction, to develop treonditions; shelf life; location at the premises for stor-
first version of the Policy, goals and plans of the enteage of drugs ofifferent groups;
prise. (1st principle) A the review of the quality
At the same time, it should always be rememberesffectiveness.
that QMS is not something done once and for all, buta The procedure for quality control of medicines
system that itself is constantly improving and contribduring wholesale and retail trade is brought in line with
utes to the continuous improvement of the whole enteihe Licensing Conditions of Business Activities for the
prise (Principle 6) and take into accoum interests of Production ofMedicines, Wholesale and Retail Trade
suppliers (Principle 8). in Medicines, Import of Medicines (except for active
The QMS of a pharmaceutical company is a marpharmaceutical ingredients) [10].
agement system that guides and controls the activities An authorized person must be appointed by both
of the company related to the quality of medicines. Thiae distributor and the pharmacy to meet the require-
objects of management are the factors and conditioments of the above regulatiodg.the same time, their
that afect the quality of medicines, as well as the propowers are virtually identical, except for the specific
cesses of forming the quality of medicines at differertonditions of the activity.
stages and stages of the logistics process. Authorized person a specialist with a complete
Thus, after analyzing the existing regulatory antligher pharmaceutical education and work experience
information base, it is established that one of the inin the specialty of at least 2 years, whadsponsible
portant steps is to identify participants in the system. for effective management of the quality system of med-
In the system of management of the supply dtines in their wholesale trade, conducting incoming
medical property in the Armed Forces of Ukraine therguality control of medicines.
are institutions and units of medical supply. Therefore, Some researchers develop job descriptions for the
the contingency plans should specify the pdoee for  authorized person and point to the need for secondary
obtaining information by authorized persons of thesgpedgalization in Analytical and Control Pharmacy, but
business entities on medicinal products that are prohithis contradicts the current regulations governing the
ited in Ukraine, unregistered medicinal products imctivities of pharmaceutical workers, namely: the posi-
Ukraine and the division of responsibilities and coordition of "authorized person" is not approved, and the Or-
nation of actions of authorizezersons of medical sup- der "On changes to the order of the Miniof Health
ply facilities and units. providing informationtotheterof Ukr aine from 07.12.98 N 314
ritorial body of the central executive body, which im-230 [11], specialization for the authorized person is not
plements the state policy in the field of quality controentered. Therefore, we have developed the Instruction
and safety of medicines. on the performance of duties of the authorized person
Given Ukraine's course towards Europedagra- of the medical staff ofie Ministry of Health of Ukraine
tion in developing a pharmacy quality system, it is ned¢e optimize the management of the quality system of
essary to analyze the Joint IFF / WHO good pharmaceyedical supplies.
practice and develop the above document based on the According to Art. 23 of the Law of Ukraine "On
general provisions of this Guideline, taking into acMedicinal Products", lowguality medicines, including
count national legislation in this ea. (Order of the those whose expiration date has expired, are subject
Ministry of Health of Ukdisposahand deattuaiah. Rul@s for TisppsallaBd de- 4 55)
[8]. struction of drugs approved by the Order of the Minis-
The quality system of Ministry of Defencet ry of Health from 24.04.2015
Ukraine medical warehouses, which is based on godtite Rules for disposal and destruction of drugs” [12].
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Medicines that are not subject to furthese ac- Management System Based on RFID Technology] Sci-
quire the status of 0wa ernceResearch.d2016;4(2)-48. Availabte frentdoice d f or
posal or disposal to economic entities that have the a}3.11648/j.sr.20160402.14
propriate licenses to conduct business in the field of 3.Posyl ki na O. V., RWUSa- YE. N o
hazardous waste management directly or through supaydakNikityuk  [Metodychni pidkhody  do
pliers, if provided by the relevarontractual condi- otsinyuvannya vytrat na upravlinnya zapasamy v
tions. optovorozdribniy lantsi farmatsiyi] Upravlinnya,

In addition to these provisions, it is necessary tekonomika ta zabezpechennya yakosti v farmatsiyi.
include clarifying requirements of the Order of the2015; 2(40): 4752.

Ministry of Health of 29. BPo2Fh4o0k &dDnht]rsH] ywbiwakosti

A medi ci nes omedidinedthabavespid ghasaoptovoyyta rozdribnoyi torhivli: nakaz Minis-
stored, transported and sold Vviolation of current t er st va okhorony zdorovaya Uk

norms and rules, have lost their marketability, do not 6 7 Available from: URL: https://za-
meet the requirements of analytical normative docwon.rada.gov.ua/laws/show/z1518
ments / methods of quality control on visual indicators, 5.Zimon, D., Md i nd § 8§ k , D-Ma- Zat war

for which there is information on nesompliance with dura, B., Dysko, D. [Quality management model in the
other batches dhis drug the fact of prohibition in other supply chain] Production Management and Engineer-
countries, medicines accompanied by improperly isng Sciences.2016; 4:333336. Available from:
sued quality certificates of a series of medicines, whidhttps//doi.org/10.9774GLEAF.9781315673790_59
revealed discrepancies in the accompanying documents 6.Panchenko M.O., Brovkova O.H. [Metodyka
and violations of the established conditions for theprovadzhennya systemy menedzhmentu yakosti na
manufacture of medicines in pharmacies on prescripidpryyemstvi] Innovatsiyna ekonomika. 2014; 6: 224
tion, etc .; 227.

A Fqoality medicines medicines whose quality 7.Kabakov Yu.B. Systemy menedzhmentu
does not meet the requirements of regulatory docyakosti: z choho rozpochat@vailable from: URL:
ments, medicines that have undergone mechanichtfps://www.uaq.org.ua/docs/article9.pdf
chemical, physical, biological or other effet¢hat pre- 8.NALEZHNA APTECHNA PRAKTYKA:
vent their further use, as well as expired medicines. St andar ty yakosti aptechnyk!

Thus, the conducted research also allowed to deastanova MFF/VOOZ z NAPAvailable from:URL:
velop the Plan of urgent actions: Rules of utilizatiomttps://zakon.rada.gov.ua/laws/show/897_009/print
and destruction of medicines. It is planned to conduct 9.Pr o zatverdzhennya dokumen
further analysis of the organizati and managementofe zpechennya yakost.i l i kar saky
medical property to optimize the management of theer st va okhorony zdorovdya Uk
quality system of medical property. B 9 5Available from: URL: https://za-

Conclusions kon5.rada.gov.ua/rada/show/vO095A8»

The analysis of prevention of financial losses from  10. Litsenziyni umovy provadzhennya hospo-
non-compliance with the term and rules of storageandlar s gk oy i diyal anosti z %
previously obtained results pfevious studies allowed, z as o b i v, optovoyi ta rozdri
on the basis of current regulations, to develop orgari-a s o b a my i mportu | ikarsaky
zational and methodological measures for effectiveykh farmatsevtychnykh inhrediyentiv): postanova
management of the quality system of medical staffdfabi net u mi ni striv Ukrayiny v
the Ministry of Defense of Ukraine. of the authorizedAvailable from: URL: https://za-
person of the madal staff of the Ministry of Defense kon.rada.gov.ua/laws/show/92916%D0%BF
of Ukraine and the Plan of urgent actions: Rules of uti- 11.Pro vnesennya zmin do nakazu Ministerstva
lization and destruction of medicines. okhorony zdorovaya Ukrayiny \

nakaz Ministerstva okhorony z
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PHYSICS AND MATHEMATICS
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STABLE LOCAL INHOMOGENEITIES IN THE SPACE OF THE UNIVERSE
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ABSTRACT

The possibility and conditions of the occurrence of local inhomogeneities in the space of the Universe are
considered. IEonfirmed, this means proving space as a physical structure. The status of the gravitational constant
as a constant is called into question, and fAdark matt
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ABSTRACT
The model of an isotropic atmogeneous Universe as a gas mixture of photons and baryons is considered.
It is argued that the physical StefBoltzmann law for the volume density of radiation energy is an objective
evidence of the initial hot state of our Universe.
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TO CALCULATE THE VOLUME ENERGY DENSITY OF GRAVITATIONAL RADIATION OF THE
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ABSTRACT
The model of an isotropic and honsgeous Universe as a gas mixture of photons, baryons, neutrinos and
gravitons is considered. Equations for the volume density of the gravitational radiation energy of the Universe and
the quantum energy of its gravitational field are obtaittad.notedthat the idea of a primary nuclear explosion
at the end of the Planck era has not exhausted itself.
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SELF-DEFECTIVE STRUCTURE AND SELF-ACTIVATED SA AND SAL LUMINESCENCE ZNS
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ABSTRACT
The paper gives a geralized description of the structural features of ZnS sphalerite against the background
of the interaction of its components with the leading thermodynamically justified admixture of oxygen. The role
of the isoelectronic impurity of oxygen in the statéshe lattice Os is presented in the light of the theory of
anticrossing zones (bandanticrossingtheory BAC). The idea of changing the composition of the crystal during the
transformation of complexes of intrinsic point defects and oxygen content is icgbtiuis shown that the oc-
currence of SA and SAL sedictivated emission of zinc sulfide is the result of a series of interactions of the lattice
of a real crystal with an isoelectronic impurity. The data obtained are valid for the three A2B6 compeunds w
studiedd ZnS, ZnSe, and CdS.
sdzg yjor g Mm@ @dls, HiWJiClr EfOCtsaCd, MOBSOCHIBGEs OC
(FE) , L tdzcdz@nSOBslajjtiedw Odalsdf jtejMmj COshdrmw Lisds, 0o detso j e
Keywords: sphaleritestackingfaults, selfactivated emission. freeeAx ci t on ( FE), band mod«
ory of bandanticrossing zones, equilibrium of intrinsic point defects.
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NON-LINEAR COMPONENT OF THE LINEAR MODEL

Parfentyev N.
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ABSTRACT
The severance and input ratio in the bipolar transistor model is by nature not a linearic value. In reality, it
arises due to the faethe energy used to transfer elecis from metal to emitter does not return to the system
when moving from base to metal in case there is a collector current. As a result, there snawrellleap™ of
the transistor's input voltage
sdzs Yyd o' J: fidrspjodz B v Edes d th Jlytd @ alalsd fpetsc @, § s dzOf tew x4
tcOL detsfyls  ff slsj dzy d @ detsizlz,ff teES® tis'H jdad Cd3d Is O dzdz
Keywords: bipolar transistor model, voltage ratio, potential contact difference, metal semiconductor barrier.
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ABSTRACT
This paper shows that the operators introduced intuitively in quantum mechanics have not probabilistic but
deterministic physical meaning because of their connection with the improved Maxwell equations. Due to the
interaction ofthe operators of angular momentum in two orthogonal directions with the receipt of the operator of
angular momentum in the remaining third direction, but in the opposite (due to the imaginary unit), so the proof
of the closed Universe and the build hiehgrcorpusculamwave objects. It is shown that the logic of the Universe
by division into two global Opposites according to the authors ' theory has already been practically introduced into
electrodynamics and quantum mechanicsi(@bers and-qumbers), btithe conclusions drawn by physicists
were in the direction of miracles of probabilities of occurrence and disappearance from zero (electromagnetic
vacuum).
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Keywords: momentum operators;rmmbers and-qumbers, vector potentials, continuity equation, classical
Maxwell equations, Louis de Broglie formula.
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THif) tdjcdy d BOMMO orf Misky ®FTK2EHC  § wisls g 428)-
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Rz d3d Mdzse O, § Sd3j dz¥ dzd d3J sOgfselt/\@ yliyds dals ™ (24)
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ko2 d3j20ddCj o Cottnd2dEdd %?ﬁ ‘fh &30
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LHjfM! MewLOd M kjd, <yt Hst dagl6 Of 5] tep COY % Odzf 8 O (S tis-o fi
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1HIM dd3j jIsmw o odHE 1O®BJWE S dulgthCisQhiMcdddigtelro O s o
fMlso ts. CdzOdz dgr &3 2O tcOo dzj dedWw &3 € tststeH

rtczeddzsd Mmdztseo Odsd, LktcOo digzadzf'j ok off tdcs) tdgjr o Q@GN ISl M dets o dzts j L daC
SHdE?2 fsldeosf sdsy dshlsd § Rl doys fstsdEs yifdssinisiddzjddgdy's 7 S H d i35
jet wul d Jul S2dhIsj2zOMBzeE] tHBEPo dz¥ plsslssis®- B d &
csd3 9 Httkzets?2 fslsds i sdmpy) dys fif e OsitOy | | B shitsdsds Py j dz2s U
dzd j &3 L OC s5dzO ) ts RotedD dzj) dimfofv- | Qitsteigisty ffgls L BOCE dzd IstsisOlsd S d:

Y of

4apj/c=4pgv/c=°4pv/c=rotH. (40)

1HiM!  wOfMhdsiste] d YoMl dO2 iz WO d ¥jodsd ¢ td jefeipiistasOoizfgishp-,
Aehjessmw L OWHO M &OG daclldcdfrodgzj flag dz) dsp dp@AYJ 2f Wif-ls j d3j dzO
fls tc O dzfi)b & j dagztizdzts i) daff M S tdif o BOS e 6! MHj ZOj B L OB dzz  § j toj c
dr &5 §sdj d, Jhdd kujfs' EyYlssdm (e ss 2 disks) 2 dzo.
LicQodzj dedj dzj ftojter odetsfylsd ftej i d sisdz: €1
dzd o5 ydzj des B o o g H q’dztslsdztsfnlsqﬁlstlssﬁgl “%A ftrj?lsi L th)tsdz, LIS
ntOdzsj dzdvw S sdzdyj Mise O tslsdztsmlqt% e qd 6y H O dadz
mdokedo 0j sy . 1dxj & (EPS gﬂ 'Z@HZ&'ZW% 2 1 5 9j0,
ft5ddzts ¢ sHg 2 BBAE v GzO tsmdztsefm@ R’dz’rzd@ﬂoﬂldﬂ?as@@fs L dzO
dzj zd2 WqdLdCd. stsdkj ks &;c@?ﬁé q“tl%zéd@Qd@IzBISﬁlW
99 jHY dz 9 j Clststed Qacg’HSJISJ[dAu tgtsfr]lsl Hacf>|4dz 9 UtGBlSqS'SU

B =rotA, OBdZ“HJdZdW. 1 5 fr] fjtejnntBH

o Mo jlsflsodd f Ctlst 7 e ettt frptss i
dz0B dz¥ H j dzd W B ( ¢ te g UEQ’Z#I@]B(D‘% %%@ ‘%% 3y 4 2 dzO, q
odH] tLblttO GOCddlsdsds Eﬁz gm“fd 'S 432'2'2@4
dzdv OROEscdyds & L OC sdzse & %Ofﬁ%'z'zm

9 q

q ud & o Oty g P § & 5 My digss] e
sjitstedd [ qEOCO HEv lguh W) deo @ d _m% :
ltHickze stz ctso stew, wWdLded Eyx~ 99 J dzd
fd BB steds Hhz pdis? ofgd s j B2 dZOJBWﬁAg/
dzadw yYjtejL oMfdisdOlsj dz dgr § ledzu crz HJ s;glgtsts
- fskjdydOdss. ) sfklsdss lslsd34[sq’d§ M 420 dzq y d v
fessdos sdsy dshisj 2 (skzyOj bRz bkttSicbmEENE: , s 1+ Isd
9" Hj dzdzdBglsHEz] ftojHMisOo dzts §f I Y &BOBEY WBJ B3 H dBts d3j dzls s 9
ddztso O dzOf sdzded a3, Ybts MBS §dz digte - t§ FdzCBID Uzl SHED U IR - Oded $ 4  (
BidHEZ foslsde sl sdtsy dzsis W digh y(j RO wils sU L HHE)) fry1ls tedgrB EZE B s 9 O o
d Mdddjstedd o L OCsdOr Wesd ¢ dndmilyae dEgknyk®o ddf-s (2 3)
Yyd 2, ubkt ftsydmm o ydls Odgdy odz Sitslas 2t telssds jd 10 iy sSEEsRIs ftets d L
fplsd orcdvHdls MEzZBBS2 o (Hsl iR ofds®ls d ousd Sjdas deSs O dzdzts d
d &Osettesls. [IsM* HO ol thdjRdrls o(d4j 1l ) dzjBEAAEEM W O2 dzzs o
O dz0 iz dfjy dzs 4 W)s o d3d MY GE2 2" ¥ B EFs, O 20 toj Odz dzlz
| B4 \gaglelz vdzs A sHW  dL IsdaEsts, W Audecy di S B XSSt OW s H dzs L dzO Y
vged 8 Mstslse jIsMise dd M IstefsSdsiercuwdddedid dzdl Oftedinls 0o dzv s 1 d oB3d .
O d&jyHk wuvf d [Jul SIdHlgIs? 2@l Qb 2 s tsyj fh
dotsyf sdtsy dts?2 MmdMmisj BsX o®ERdzédyj isBEMsH d issfisd, Isj d3 B dzj
—°4pvqtgfr]:rotA_ (42) oMjcHO Hilbjtddddiets OddzO" L OC T

(eEeddd mase 0dd, boc ddiige P dzq m?&%ﬁ?ﬁ
flsj dsj dzOB dz8 v j dzgd™ BT dzts B% %, éff Q;’fr]lsao |
fls tc O dzfyb 8§ dggatizdztsc s dMmCted o Jd%) % ﬁ a dZ,OlLJ

fodzsy ds2 MdMmisj 3 dzOB dz% HJ q d Léﬁﬁé&% deOﬁ
dzﬂ ®9fnbsgbﬁzdz€)QC

dzd s dzts ¢ t5 f tsdzw nO0OCIsjted
5 ?ﬁﬁ dzdvin [ Of
T dz [lsMs HO
Is.d

fslsj dayd Odzr . [ 5y dzts @ rOdgts J NS
st slsj dzyd Odzr € O¢ tsJOdzid%; ] ki éts
IS fU/ Ptz Oo szdli
g adé?dz 5o
AR e e

Br dzd Mo w L Odg o Sdzdatso " §

Hodyjdedv tBi jSkO, vybkt, O
flsjLy [kd H} 1?2 dv. :
SOy O ls -t Isls | dzjf § B et i Gl
dzdj | BPEHGtsdz » otsdzdz 9 (1o
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LOCEdz0 MBR©Od) dd™” StddujmseoO &jyHE 1 djSChktedyy-
MEddd d BOcddisd &3 MsMmisOodve hd&sd  kyy lstsd o' -
fsdzdzj dzdw tOo j dzfflse o { dzj ClstesH d dzOB]C J :

B =rotA=mfy Emc(- § - VcpAjt) =me(- W - LcpAlt);

- rotA=myec(l /pr +1/c pA/LL). (45)

r odzj § ¢ toddaf=di0J f, WmtﬂSSJBmJSr@tAdZW@JA/ uA/pt
fsdzzydds o Oted Odzls tGOa;dzfr]lss(Dru’ q déq@ E@ L dzO¢
I pree ndneld e Gy H&Q @Maamwts
MR S A I L d@,ﬁ {9980 Er o @ e
B 19 H J J
Hd" fes5jSydd dzO otsj W g OFO%CB] Gftsdzlz q s das s oz
MA,/UZ-HAZ/W:%CHA/HXWWMM (47)

uts jMlst &  fsdzkzyddd W X g jtef) Wif,. i tStisss folsElcnticjd y dzts lstsds
eslsste® d LktOsodzj dzdw dzj f to p tc'dzisdztinfgly flzOdizB ) BEAROdasHE 0 [ 1 6]
st slsj dydOdztse ! 1 ted 1 Istdf ol s] lsizj aggfJdisds jj Qs Oz o § o Odzls &
ftoesdL o sH dzets?2 Al dgY o g-jl sz @A ¢4 [ 14] , LdOyjdedj Htetsg S yd
pdzj ©MisOY sy dd' » € sBY s dzidgdssy flas s g0 Cdodkd dffrcstsjglonefafd dydzd J§ o3:

HA, [z~ YA, [ Hy =myCi UA /X +my LA /Lt . (48)
dH] ZOj BB LOBBj dzk § jtoj g dedzr =, S OC {1 lsts MHJ &zZOdes dzZORBd o |
m, =1/ (M 4); €& =Uy/c. (49)
4 Zybstsd (49) fiwjfdhjd:
MA /pz- YA, [y =1/(UgC) CipA / X +1/(UoC) LA /L (50)

I sfpdzj Edidztsy j dedw B § dn YOfipdsj 1@ O,z to@ls tHz] flag W dz@20] I € Is jotist)ds d
tjrHE 9 fwlsdotsyfsdsydshis! (OS¢ C0O0¢ fwtskdo sl sdsy dasmls
misd MejlkO), BREHIE Jdils’:

fipA /pz- fipA, /py =1/u, CipA /X +1/ U PA /L . (51)

({ pdzd Myl ls=c §, E=¢t, E==0r, Vuo=Hy, Ists fsdzzydd adH, 1 SCodo Odzj dals¢
pOdzdz’ 5 tcOo dzj degdw a5 [ OC Mo j dzdz® [ 1] :

- MypH, /pt +imycuH, / px = UE, [y - HE, / |z
- mypH /Tt +imyepH, /py = PE, /pz- PE, /X,
- MypH, /pt +imycpH, /z = PE, /ux- PE, /1y,
€HE, / Wt - iegCHE /ux =pH , /1y - pH | / pz;
€HE, / Mt - i€qCHE, /Py = UH, /pz- pH , / px;
SME, /it - iegCUE, /pz=H [ px- PH, /.

(52)

=J-1. wkhjfsetkjl 5OCy Fip =dE TH8M+IANZ

1 HJ M
gzgz%Cff;]tdleStsny dedzOv W50 L Of d e =4ES 4\ EROREE - (54)
[&BjlsdB Yt HOGEZOY fmdhis| BT BEEWBFW fsss-
pjlsMmisoalzjls tj Odzd drj Glstemiefel BOMlEL c sz csostcY, sdz 9 ON j dzd
3¢ sdzdzr 3 dzgj 2 sted dzs  ( Odzls d dagzR dstsd Az o W | umGtﬁHmdzth«:Nslsqatsqsdz
Br_ dzs mMEOL Ols: _ts QdZOfI']fl']ql{J.diﬂ]lgdﬂquE?QS@QIW“{{H@I’I Of #)- mdMmlsj d3j
9j dzdzO@. 1 dltsej & Jd3jJ B uliddeden® fhgiodeioladadi dztody didaifisd 1 Issls
Isdotsff sdztsy detsfyls W = . { flstindzH 1Oz s O dgtlzips”jlacif e j s Jtetso Ols! o o dH |
HyAMlsodw AJ2dBO0dz0 6 to] @2 édefmins s dasidsSHed dic Oy dzj d
LtsaOdzd“ fsdzi2 [16], SCBCHG4gde dgOdedfjHidzd B o192 U g BR &K o s H dzr
Fy =1, =AYy -pA 1z, 9 toj d3w LIsts dzgj dzOh O or HERC O, ¢
_ . Hijder © CoOdzssokr HBIimnOddSE o ¢
Fe =1y = PAZ- PAIuX; B3 foedshjddy d dhMfkEnsoddw [18].
Fo =1, = IA /ux- pA/py ydw dz0 otsj &3v dzj dzOB dzs fOj s o
1 i r o M d rtGOXGJ.ISﬁ]W ¢
thf,'z]‘{{ffgz@ats;’?dz ®J &dudd Qz’bfz‘q&&é@dz%z@qmé’q%%mg%‘f feslsdo sy
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Cltster 2 tsHddz dL

dzd = o "diyfs'lz 4] Oxitdsi dffifds tsla jomig)] FeleE a3, dzz2¢ OC L Is
|z, Of BedEEdls ) &) &
HJ dz

(o dastg t ldzth o 3 tfj 8 diAsizO-dzts d3, dzj dz' L v, sO¢
2 MdMmisj i3 dzOB dz¥ H dv  afpdzsdz@ g v iy dedd MESsBhi- tOMY
judoOj b LOfEGEREEMNE (s fifs s Gc-Mo jIsO o dz¢ B2 M
sdzr = LOtwWHBO o dzOh j 2 wpdid@d dizis Jde@edzl¥fH j ded v Odejn s dz¢ Is dzO W
hifmMeakjls, 1OC COC 1 dzj Yldedvy jCigigde™ dn dsQinj ddsldcds’ d30O cfigis]-Is dzts 2
Qo dzw s h dj ) MisOlsd&tg | A iasmiy ROz azy deflets [ C2dzh Isj 2 dzO,

6ts dmMCtedodzjdedy (Ists jMEHO dzf dzj Mazigj@d 5 dzticiPdnld jiods'- dzts )
MisteOdzj dzgdw Mt MC stetsMmis HEd dBfeQijlds@n)w |, dzjj figslsds sy Jfidg s+ sBdes L Od3g
d bk 3j odH. | fslsdo distflz hiztOy e SHsQUsufPL dd@usdzig dd e W L
cOLBBSdZEIstsj Hodyjdzdj o tshlstsRE o todslstf ©s{ ts o5 g das &y dsGdztosj, € |
fMlsd BEHjIs fteiHMISOo dz¥v Is! MW IslsO ep ds 2 >nds o 50 ctOARY delisidflisds Qdiy j Is pw
9 HEkzet2. [‘OdZJJ

T gC ols
ﬁww&% =

H dzwe teff sudLOddz" § te s f st Bdefiply o jmdedets Odzs M L Ok

0]
B dedzsets dmCtede dzsz wo fn 1 ddgdvis talisaiz Qoo dgd Issdr tsoB O difj i IsjO ol -te s s d o 5
dzv & h d di3d (O ted dz@lzts s s B OIS Mz P § sted WJ-BsH j2Mlseadj 5 Holk
Mitsets ftsdzv fted HodyJj ddd dzOtzc Ob tizfs dz@ W dgj HP® dzlz wpd Isf psisdo s
Aj2dzsOdz dMMfsdz L so Odz € ts 3B tf A i €20 da' j ktdsjts todz® f ta1@ipvdz dzd § &
9T 9 BHO Mddzr [ Bstej dzyO: Mise jdzgdets 1 Iss C0OC tOL d JjMmls: dal
G,,=ah, - abn (55) d3<;dzlzls1sfr]lsq’ | dtetsL HOded v, 9 fwslsd

vOC yJj Bbdikdd, Ykt dOd
Vedw &, sd 48 00fps e 2) o d  cutisoss tsddds % SeEwy & d

o C lofisticls j dziyd Oz o fydzj Hiz® M jof§ dedOe,d 5fle@5f{3;dzdzf' YjtejL oBLH,
w oz Tgad dydes otLH]j2Miso(

Yd dzday @, A J 2 dzd3Odz f tod d3j dzv oz CEL 984[3“3-' dzoqtjtggOadzJ ded v, ybts kOS¢
SBOL 5o Odzed ™ [ St6j dzyO. dz,Odzq’uq’Jd;s 5Bl jClO, KOC COC dzsc

sOC & k3] BbBjyuodd, fidunprnBsdw ZEPo icBEY o dats ds dzlz1
(44) dL ©tfjwObstkiss Mdjo GoFlkos diﬂﬁz wiso &feMbse O L 644
ftojHmisOo dzj dz QBtGUlzﬁigide_W%u?ds 99 ggﬁﬁﬁﬁ Lo d ISISG'HO
€00 j dzlso O fioj HinlsOo dzj dz ! ¢;|sgegs@ M&s%fbﬁfms%tssmdzsaé t

o sdztsy dzsfmisd . ¢ ke HO ﬂ]@;gq@ dzg’iéqutGJJtSBteOLisaO
Ly - LLo=(yp, - zR)(ZR - XPR,) - (zR - XR,) (YR, - ZR) =
=YR,ZR - ZRZR - YRXP, + ZRXP, - ZRYP, + XP,YP, + ZRZR, - XP,ZR, .
[ Odzj j dmitsd tkslsmy it MsOdso syds § Msisdatsh j dzgd W dsj X H
sts?2 o Mmtstslse jlsisoadd f (5), dzORtHJB:
LiL, - LL=(YR, - ZR)(ZR-XR,) - (ZB - XR,) (YR, - ZR) =
= YR,ZR + ZRXP,ZRYP, - XP.ZR, = YRP,Z- YRZR + XB,ZR, - XP,P,Z= (57)
=(YB-XR) P,Z- (YR - XR,)zR =(P,Z- ZR)(YR - XB,) =i>L,.

(56)

) teq s o sdzdgtse Ow  ddzd S tef Mk dzw
l]’ co¢ SISLHJl)ijISE)IZ“hOW 9 j dzd y
XDYP, - YRXP, +ZRzZR, - ZRZR =0, Ot @b§ SLHJ S Id o Ods
5§ )0k’ o HOddsd fndzizuq;m Htsfrﬁ'@"@a ﬂ@adw
WEd@Syde Q. 4 SBBGHJGO . EhbE log,z WS 2 s

9]
dzj L Oo diddsr ; Gl O aBLd31§>b<§. w@ef&o fﬁa@mts S’ds
Esedudts st Sldashdlshy d qgfngﬂsl&hﬁlésa@d’i’s‘” ishg jH L%deZL

SteH d &zOls O3 H oV YOZQERMWED flso kzj s dzO I4,dzs0 lejr]dzik]q’Zdztssi) Mo ts

ZRXP, =XPRZR. [y dts sOCyj fsdblBED, ?QHSF%J CC)EB 1ls e HN@| dzfsdB 4 d3:
LL,-LL =i>L,LL - LL,=i>L,.  (58) 127 M1 = (59)

’_'u:t,O
qu_

ﬁﬁQB‘

) ’ Clstsls d30ls Olsd Jfr]Qd? LOCBdz T
1l dzd 30O 1Is § dzl_ sz ydlsOlsj dz“dz&d;(akb dg Sls 9t qf k., dOf
sa ¢t5 B0 BOdSE, ds Juab&thld &tdﬂﬁHﬁTﬁ§u& WO dzts o j daq

gizls: dsedCd LHiMm o ISty juldEsotltid w’amlaz@qc{sasts f Sz dzr
s ¢ CoteflzMClzdvd -, dZdB.EOIE)&ﬂZC&% I8 'HHO dz®] § @B Yz oz dzd j o W
sl jClstse o [dsLHOd]d, AW 909 cEBd s sBRYGERSB' [OC
SHdzstetsH dzts s ts.te §f 1z @ Ezth vpefigeais® B F Sistsy j Is MujLdkzls! o dtsdzr ddzq
HZOddL B0 ftsLotsdYjls B JQRISdﬂSJatSISLHdZ@%®(&I§9@ISJ dgb wliz® dzleizg j Lo
Yyolk' esLHj2Mbadj o MmMddizcEH§g) MBESG #f Lo Pe RHdHA IR -§ g
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9 Odzdz" 7 dLojMmisdk §. Lf)@tsélzﬁﬁl_L?q’Lg'Ldz S H dats 2 u’tslslscfalsu’tsdzisxdzlsfn
dz2v jlsmw fJslsdeotsHj2Mmlsed 74 dzd RS o
LOCds yo s o Istsd, Ul %‘fé @dﬁ ff#@adzcﬁ” é?;%s  BEES BB |
ifmw L O Myl dL &) dzj da 990§4 cﬁoplmsx Bj%];lstéh.-.téml@(ﬂzrtﬂls shd

f oW dstsdzd dzj 2 dets @ ts HadXszqu(st[sLUgLSdzgzwqdzyisz B t=ORgC ol € ts dzd Y
stsj Hodyjddj (dLd3jdaj ded g )y sasﬁuﬁ!ﬁ?gﬁﬁﬁhqugmsdztsa t6j L zdz
desmisfted B 6, MddzO [ ste] dzu%)oL dzﬂ'stﬁi]%d{_*L(g ' HHt%thogs?Htslchdg ¢t
1J’t_etslsc_falsu’tsdz15>1 dzsfyls d 1;’tsdzlzu04 l;’tGW fl'}'lt% g OB dzt
Nddedj. GClbts d or Oy 0Oj s B;{g ow  sh
Ldsd (40) d (41) d |zfr]1594 h fﬁ] téf sdé%d%ﬁqd%
[ OCMme j &zdz® (52) , cH,j b tc O 808i%
B2 fslsdo 5l cuwBy iz [qisbftsttSL th'SdZ'Z“ d ‘IO‘GO”'SQ“”
feslsdo 5 sdtsy dshisd. [Isis & aLJ ;‘SﬁG ‘5 dz's‘? ¢s
sBi jCltse f1t5 LOd3 zss@zﬁé %&3531% ?‘Z@ K dZ'S QH‘St
Htekd ©® HtekzeO, ¢ 5B dzkz dgeHlsisdzJ gg Qtsdzq’ i
Ho lzdg QtStStGHq’dzOlsOd3 kO¢ CO¢ fsd
L=L +L2+L =L2+L - 1> (L,L, - LL)% (60)
st jMls: dL Istey 7 Bj todzts e ® diqtetstgly e dafpizesO dzy  HEsZiEEOR o dzjidzts
~nBHdd 9 Hobkd3yj odzts  tesls tet@dpi €ostslzd yj Mlso © 58 L O3 dzlz Is s 3z
ustslse jIsMmise j dadats, dzO s f)dats eujy dCsts d3alrls O 666 Gets Hidzdelz dzO 3q
dzj SBBRBzIOdo dzsfisd i | tiPdsisictsots | judOdststphsp e O gz@tzd tod Lk it

slsicOy 0jls wOmMMdskt] ddj ol Pdikss s Gdzadisd ckicPs teidd v &q [ ¢
COC o0tkdOdls st ( taEsdizdj daf ks & O JOzdls SIOLO do-Qis GAsDS tg§ &z iy
Mz Bd3d te o8O djdHvd dzj dzd v, d3' B KA B od jotgBitg - | dzj G IQtstedfdiztss
TdY [qsLHOddY, C(SEHO o Odasgez 2 BEadzs) Ho B w®ESidy & d &
jCktso s LOBS dzlstsd yqS doz 20 GHFUaE2f G rbEOSEE @Y Gl
Gsmisd WstedRdekjls Istojlsd? ioaidgsS I to f HotstdstsD dafnts e ke d afts -H dzv b fr
fsdsy dshisd. Ckt Miemise j daBe dajlsda OfjasS fich jj tEQOHOR  ©s O¢ € OF
tOMfOHO d MddtfgL ORer B cihtzsBDEBEI dj el jSIr [ desL HOdd]
fsdkzy0j sy, vyt o8 jHY dedzdzy teaizsdzOatasds o & tirogiz) ~uEsde] SERAZES dzlz s
s jtOlte’ (6 GftjH] dj ddyd s d s O tzd Qi@fleo &Bj Y HE o6

HodY jdedw, lstcOy O Is -Iif is®g dgilsdzds'ds Hwodawj Hey jd§ IsiEdle sMdzse § wu [
yqodzse , Colstste’ | ©® Mmotss fista tor 6@ L SHAIHEEL WO y/ddsste jfifay'C . d dzis 9
LOdzr f Ekftse jteh j dzMiso so Odzdyisdsd tiztdejOm ey Qedw odfRfdzd jOC s s Mis j 2 M d A
9J zdzGaw L 9@ Is  tow 3sdzd dzj desmj] & tc®@ DAk diafds s[jOC Mo j dzdzO B dztfs
Hodyddedd o ftetslsdo st tsdztsy Hzth B oFF K j H go dzOimls 5 dzOfz@H 8y t6, o [ 1
slsdsj Isdls? Ylsts oL Oddi3sH j 2Mffddaddyjy L Pl b sdizsyg g ezO M § s dz
Misj2 LHjM! GOy jds yjtjtlsPtdd® ]y dzdlsis o BOE ad s dzts 2
sstcso §¢ BlssctsdOdz’ dzr i € tfteoHjdfipisOds Rz iy S[ffts® L OdWigids 32 § tod 3

M2 fjttOydd rot € EktcOe dgj dedw

rotH =LD/pt+] . rotE=- B/pt. | =SE.

divD:r/4p.divB=o.D=eOeE.B=m)nH_ (61)

]l dbtséj fdzzyos sy ktOs dzj dad v :

D?H + (e tc?)(U®/t?)H =- rotj ; (62)
DZE+ (e nc®)(W/(t*)E = (1/ eg@) gradk - mmyj/pt (63)

165 0C82 odH kitOo dzj dzd 2200 &R )Y Is qg&)dsmdztsmdaug,@gdqustBJ
CdOmMMdui MSdn bktcOodzj dzad?2 M@GMEH izgz@® dgjso f o gsjlzdetf BlcOL dzf 2 T
Atslsw BT ftlstdlz, Ukt L Otewdgdjvdeds dzj SUAHIROE dad ldsd@ ¢ daPs fiils O o dzw
90 Bsds 90CkEB] dzjls. stsd | @,y jdi3S dodnHnddy j @M€ fis2ls -1 dzj € Is t
Misodd MdB3R) stedd o §teOo ' dAs OGOfigEOLT o O Ofptadejsaf R EEAPIED jdt Is ts to
(63), 0O iIts dgj MmsMmis’ ¢ kzj ksfyvdzyfy Oftfismhaiinq ffids o3f dets 0 JtekjsiHl - 1s Ols
fplsedw 1 dzj Steduimédr d ds@sdgdéden f [M2snis:Oe dzv e dr,

SO¢ COC f4dzj WYadasj MS s tsdzi HBdzy dets
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P +k’E=-M";P’H+k*H=-M%
[ '=-iwmj' - #1/(iw g)graddivj' - ?¥otj®- Db
[ B=-iw gj%- "1/(iw rp) graddivj®- Totj' - (64)
P +k’E=-iwmgj' - H1/(iw ) graddivj' - ?fotjs- 0!
D?H +k?H =-iw g%~ ™1/(iw rp) graddivj®- T5otj' - !

1 HJjiPjB-c5 50C dzOL " 90 O) dff G- ISsEOdad j o [ 21] tdio LPEHE OL O
ksCd, uijtjL Cobktt'j J §tth uDMmissdj | dzirg & b wdddazg s - o s
dr j MehmsOadvshdj o dzOh j 20 difpdifigy j2dsjtc (s dztz® | dffydzs o | kMo .

C(tsls o OtedOdzs daj jls Md dgdgOlsteafrdzd@ o LOQ ML igad?OL ‘H OY s EtcOo
BiyHE Mehs@od ®h guyls s slefsuEdsn ostsdzdz’ © o dHJ :

- D?H +1/ff P*H/ut? = - (o8, )i gradj, - (C&) Mjy /H(Ct) +rotjg;

2 2 2 _ ; . . . (65)
- D’E+1/ff WPE/t® = - 1/(cey,)i gradj s - 1/(cey)Mje / H(ct) - rotj,, .

[ dzv MtsB dzt Hj ded W tSHddZOQiSStS?Jt&@hdj@\t@JgZSk]lsﬂ\ L dz@66)

Yd GgfjnHsdzy dzr B Is! fewL Odg IL'JJ kg 12 dL o j Ml dzOw
Mo jjisipy, ©OCHI COC otej dgw gmngg Q[Lsgﬂ];fr]
g gtc? o§zls éztc!f;q o leltz @%Btsfqggls q tsmgjlstsa § dzts [CF | 40 (&g
9 azd d ) 9 joX:;
(65) MEslojbhsors b Ew6O0D dg v(@a% 'S‘S " fE 'Z%fdz 23‘[15;’@23@827‘
budsT 8 OW  fmd By Isted ydz 2 Lﬁm% %%q Jlsq’ &O¢
= ;ﬂs;;ﬂ;.;&ﬁ?gm;;s@?“w% T ST
> ! L H .
gzt_etjzlcsfqa gqtsdztsxd%;fqlcsp% ) fmsséiiz % %‘E%t_sxdzlz fnd:
d w ts ddzfsvy dj 9 SHW P
Bj oy HEZ offSlsjsdeyd O zOBd d szrj LOOBJ dzj §itwjd3ide
dz' Bd ktOo dzj dzd W d3q ;ogfr]ac;o&d%é q’)lsiqcﬁ];ledﬁy-

Istsd3-4@)4 0

B?H - 1/ff W?H/ut? =igradj, +1/c pj, /it - fifmyrotj, =

=ifrgradd +pd /pt- 1/e,rota ; (68)

e, (O?H - 1/fif W?H/ut?) = e, (ifrgradd +p¢ /) - rota .

| dedydej 5 ZtcOodzjdzdd (65) (zzyOjd jLld kOIs:

D%E - 1/fif W’E/ut® =ifrgradj, +uj, /pt+e,rotj =
=ifrgradh +pn /pt+1/myroto; (69)
m, (D%E - 1/ff W’E/t?) =my (ifrgrada +pa /pt) +roté.

vOCdd SBLOLGA, | djshktkkosdflsdz) 0t Sdzfisof gdo sndls € W
o 52 Mo dzOM j 2 MmdMisj Bj HOBEHEOGdElvdzte? tesls dzdz o dzOhJQ fd
N O8 Isfpw  yjteglL e j toh j dzfh) isafts 8 Gdzaly ity iciDisfely 'dzd Y ylsts ¢ sdzfmls
[OCHe j z€zO, O o fblsdo 5] bty idhc? o BOC k&bt ] o q C
fsisd duddPdA . RrRd" B, My PEdgdsiOB ( ddzOud lsdadyd?2 oJxH
oLOddiEH,2fse dj Udzj € lstots dptizs 3 dzgf B bigmdslsRizcHsBA) tH, O

dzj 2steqdzs ( d dzd Odzlsd dzj 2 Is tc Peag) b§ 8ISy sl §dtsy dzts 2
Ml dj dzOBdz Hjdzd™ (dzd S OS B 20 BB j dedL S B

(B?B - 1/fif W?B/t?) =g, (ifrgradd +pd /i) - rota ;
(B?D- 1/fif u?Dipt?) = my (ifrgrada +pn /t) +rotd.

utstslse jIsMise j dedets, o LktcOf tef dathy B3j GedzB) i Jofp'e Oo jrdsd u d dz'
L&ZzOS O ©0o j dziso O dgF d dgj jloss @® | SfscdsAppaslds dagp s l§stezs OB i
g flsj &' dzOB dz* Hj ded ¥, € &lststsjy SO0 Kejdt diLlbteds oidd fd fMls j
holsjd detsy d fomisky Olsj dz detjdzael o duyijtelgdly .  Glegr@BL 8§ Oded W [ ¢
dzdydddaf A o tIsdn MdMmisj B3OMIsdz@ g dzfpr ff dzed W M OB @ ugg HBS T sdeMlis O
N Ot s sEEBIsj dz detsy d o tOM @HOjcHzddstEigs 2 H § B35 iz O] BsMisd o o dH

me, =1AF; my =1/ () =1/[ifv1- v*/c?], €, =uy/c=+1- v?/c>. (71)

(70)
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e ML dzOy ) dsjte JiHCjtdpsifids dCd@afzdsy - O0dzOdzd L Jtelzw ke Oe dzj dzd v
ud mMézs Ldjtecde o ftotslsdyy sdsyapdstsBdnNBHIBI o MdMmisj d3j
dzOB dz H j ded V¥ Blsdzesmd s dz! dzts dOts didg s @Azl  eddy ckds'te d il jeif & =20 o 3 J dzd d
d BOcdzdlsdzgs? ftesded yoj disMmigyg 2 sOu dzgzs PJ dgIsf te jdzOf OO otaf@s*  BOCE d
9 jdeMlsea O o ktOoadzgjddwrn (7O HdHFdzj fdcj RINGIOD Uzj dAHQC o

sBh j2 MdMmlsj &3y dzOBdzt HjdedW, GHJ SlsteOyY dz o tsdzdztso 52

L dzj € Isdedslsg@c?2 § tetsyj M.

B =g, (ifrgradd +pd /t) - rota ;

D =m(ifrgradh +pn /pt) +roté.

(72)

RMABSHY L bets, Ykt ¢Hénsdois | dzazgeC Bogdadmted j i3 o i
BOG dzd sdets 2 f tetsded Yy O di3tsfly jj2s hipHvdeO daz o diisj S S OEHAPESE ds i
gy jdedy o fHotslsdo s sdztsy desti3e d tcj 3 dediedgch tseH did3izjSC Istc s H d dzO o
osHEZ, ybt dOdkdyd] MsObdujmSdn 1 djSCldyjmsSdn d
OcdedIsder » tsdzj 2 OPlej ez)j dz™w BIsffv o to

B=-rota; e, (ifrgradd +ud /pt) =0;

D =myifrgradr ; mpn /it =rotéd. (73)
] H Odzdzts d3l aiydAfplolOfj O j Is S OYdtedzf sz R th Stolstse sdzOdz! dz' d3 dzOf |
sts¢ O, O DL dz@ QL dzdf jlzs s des s OOy O@J J gua lstej s’ | Siolse s5dz0 dz
SIORN Yylsts L dzOyj dedj L @NIHO ffiftdsts Isydch tisG Sskiztstg @ Qzts d Mils j &3 dzOB
fteditsHdd S of o tsH k) dDydsftte jdn dzy I tz g3 Is ) detisy s | U8 jietOQ st tOsad W d3ts dzj
HY dzv s ls f tots it e Odgh) tzdzls flzdzetf ) Cisciaddyijdpdsjo O Ho dy d ddw?e [T G
tstslse jlsMisoadd f wuvf d [wi OoReHl) Htzed | rRdAazBY s e dzdzr 7
mdzse OB, { toj H fMislopDdzjCdaddjfn dusdz@fugitiisdde sif sdztsy detsisd ( dz20@ thdatse
mMdMmilsj di3Fr dzOB dzt Hj ded W 5 d jotO@eldt Fd Lkl BRI VM .OC o j dzdzO) W
vOCdj HOdzdz" | ftoj tsB tcOL RO dez's dzch tsfiglzdgzdz@dz'dz@e j 2 fyd Mis j
0 jSCItstedesds adH,j BjL tcOL dztgynjsdaf dgyr jf &5 etisalzC A jtsmld gL € stfF s  j 6 C
steH d dzOIlsdz” 3 MtsMis Qo dzw s h d o3, dzadd¥ . 1| &, 1s ddrj tdf Adgj ntpic CleA=Bod®-H O j Is iy w
dzad 2 daj dzr L W Iz fplis@dzts o df ldec'ts MUs@zBGamEsIE | Ggd Mis | BOR dzOB dzt H j ded W, &
dz' 7 ftcjsBtcOL o Oded?2 dzO fsfijdgtae jd ota Coiipffdeua .7 1ftgjdic ji FlstsHdis o j te Ot R
fted djteOtendd. glzls! dJ tcOfp 5 Y @ H L izs g ol gf te®tEn d d dzOB
By desMisd ofSLHj2fMbsodw HEEDEZIE toElsdas i dytsisde s s atzkd o fi
2O Htkzcelks ftotslsdo i tsdtsy dadfsfiassy st yef SSpORZItsd s M odgjL-1 & , d
TORS) ] HMsOo dzj dzgy dsff jj dB Odsttsste BRG o lofffHij® o MisOY s o i i
guthjdz, d LHjMm: eI jCIlsr g isfiplebsi GrosksE@&S osafjHddd Y P S Istots BO ¢ o
otsLHj2fMsodY d C0OC otLH,jBibdclfisi) ds? dzfjyfjbizj o3 | k@B dz¥ H | dz
sHddd3 dL EMmdzses d2 dj tePEBHhd Hicrd BshwwseeZgplstzts o j tcOten  d
f steyd sdzOdz! dzOW Mo w Lt O { lsts A ESLERGYWREDsH, 5 Yo MdgB&igd s, ©
BOdzr dz" 2 tsBi jCI 9 tHdts?2 Mo daps das yw dedajls d distg gzds H Ols C
Nddze oar cgdzv H j IsH dgdz dzds B O df'todztiaty 2 ds torts-dzdz’ FtcOodzj dzdw 1 dzj € Istets dz
dzts ) detsfiyls d . RdzOYJ , ftod diglRfisladsfiglidse O dzls g tzPBHas d dzts ) . [Isds
ftostf steyd tsdzOdz! dats 2 fMow L d, ztoQoOHjdgdd 2j, aomnsiLj KO A 2d we ¢ dzOffd
dm¢ dzs yO,  sfmw, SO¢ CO¢C BtEOEBPW] ,o jddid Wdoddd' jds s H talsdzdz” d3
foslsdotstf sdzsy desfmisd BEHjIs! SiBIERe Ols![ 1R ] Is @ UctEfo 92 oadSHY 9 s dzdat
Htelzms;) ftosdotstf sdzsy desisd sCOL @&, By das j Esd dytg daegf § 2 iflso d Is
ud dz Istsd 3t Wzl | figls)® o dzj dzd | NPT B RE (tBji CjICtdsaBZO ¢ dzd Is dzlz © 9 s dzdzlz
Jlsfr]ﬂ HO MzjHkzjl o atsH, Ylots SwOWv] CUBOMie' iy desd2d dftics Isfigits i) ls O 9 dz
o sdztsy detsfisd HBsdzy dz" d d3j 'z fipC Hf devistdsdd o jts f ¢ dzis ¥ dizidAsls fme ts2 Ml
9 LOoadMmddssmisd tsls dj tcOtern Bds dflzO Btwtd iHjj sy, toofd) Veell iy da] @2 tz® dzts gzt
o dH Ylsts fMmtsefmilse j dadats 3" fujtise® Qulls@sdpd bots Gojdzj dedj o fmdMmisj o3y
uislslsa; silse j dadzts, o Mis OV lskzj adglel tsty fij 'te:0 yof ¢ | /6B &/tsy6t € ctmn Grplzdshd
sdzz yd Is 9LOdABsH j2Mise d] 1 fststs isq alADOfu®Odztisy dz’OLRE oz tedbj L d3d dzd

e { E, /(Htz) - W2E, /(utpy) - ic[*E, /(xp2) - P2E, /(xuy)]} =
= WCH, /(ypz) + WH, /(Hzy) - WH, /(H2iz) - 1°H, /().

f

(74)

rodzj j Mudbojd, ubt {5 PEQKG? (Igjcd & dstuls, Kexo Y, eedicle dzj dz
ool Sdztsy dzgs?2  Md Mlsj &y dzoder(mmz)dzoquJtsq;tﬁcus@ﬂ.zmdzmlz@wgoc: s t
20 Hdzddzz (d dzOtsBtesls) . Yy BHEBER dM By 2 dd ¥ &mp;@zmmdz;dzqw
Odz dzr 7 ydzj dese, MmMbsswhdr M ddddks?2 jHdddyd?2, ydzj d
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Hsd Hdzddzr ot otej g3y, d dimbtslkOog ddpB@a @& 0S¢ sdzyj dzd v ,
fMlse ®2 d M Med niddjd ddpdtd Qdedslss A UEodps Yy, oz wlis 5 iy 0L dz
9 JIsfmise j dzdets Hdzv HIWW ] te] dzydjQalg detyf dtc Supdd) ddfs'e, BEjHO)  diidgd talg" ) ISiA[dzts
®Bts2  § Hddzd YT O Chazjtea» Bdlsﬁ]ls_ad@fr]b;dymwzos b Hjddy fedosHdls ¢ H
qaisj ! fjtejMsOdtso Sk 1 tojtaljjdzdztsis s ts & ts deCadjtedggoded H @z cw o dzv 5 Is f
Hizdder . v 0OC C0OC LO My’ (bl dugs da@td g, dguss & d
fd3d ded dzd Mmd Misj Bz deOB dz® H j ddgiiad dftsd2i o & dislis] Y dzO § Q 2tdn@see jdds-j dz' dats
mise O, st Mtsslse j Ismilse j dzdzts dziz 7 dd®dhm Isi)i d® 5 Isdg®@® B dft Hiryddbylev] dgH d dz
dzOB dzt Hj dzdw d M tcOo O islso dEEEG Y G @O ocjdazfmigols®. SHsfZOS 59 15, Is C
pOdzj dzlsdzs § jtoj desfk  d3dzd d3SRO dzfsH dededg'ls fyls o difjtc Qe@atsdzd yd 2 . & dzj
f " 0§ o3:

eo{ WE, /(Ht12) - W2E, /(Hty) - iC[W’E, /(1xu2) - W2E, /(xuy)]} =

=WCH, [(y2) + °H (i) - W2H , /(uzz) - W2H, [ (uyy);

eo{’E, /(Hzt) - WE, /(i) - W2, /(Hypt) + I°E, /(i) } =

=i[WH, /(W) +PH /()] - W2H /2 - W°H, 2.

(75)

I My sdsded &3, yYlsts o € zOmMmEsyMmllds?2 o dzjdgjSuusteddug@r¢ 0w d &BO6
Bd S L dg®i(ydddpPHy((Lay) L Odsj deV B W IsW  ftetslsd e s tsdztsy datsfyls W B3q
BilssHisd §itejfisOdtse ¢ d {§ j telgigjonede jrdadid. ¥ W jladn® de@f @fedzjtsuacfjdz0 ¢ ts
o O dzd PPH. Mp@y)+ 1 2H, /(D). 1 Odzj j, o B Hkte@asd) ddvd (52) M dOddudj &
Melsmise dv d&Ocddlsdy = L Otw Ris09,d Hijls dd i) kppwdpdidd® e & dzif &€ dztsls g Is,
slsfpw. [ HdOSCE dOh 0 Isjtstedl tcddaisdisy &on lbdo dfaidddlyte/diud M< d =
MisOdSd LO Myuvl HdJdokdS disdodd &) &y & deOd da' s dg dipded -BO &3
Yo, dtsdzr otLddSOjls L O faghve C BB j EBO9HEOMNREEHY o o dH,
fotslsdo s sdztsy dz o5 ydzj dats d3 mﬁsgoqggwts@%@mwsmb;? fs Wisted
LO fptplslstc®. R Bj dzdzs 1 51 Is sz SEgs dfdajsmc&qilsmw deefg- dzOB dzt H j dac
MduiMSdj bktOodz dedw [ OC moMjubdseX gy § 5 dzyy 6y Hpdzz YO L OdsC
ydzj dz ) ftets Sydj 2 dzO o tej iz KON O oda tyitdpd) | 4 BasdiarQda)- dzls § dz
ks, Yyt L OB dzlsow o j dzdl gkt s Q]@MJS[?E ® €YY GIY s ENp jdBO B dz® H

HOI! L d3jdzjdedy ot otej dzjiaRd 1dstdls e b d BB QW9 s ats s
LtcOo dzj ded v 1 ) teXdfO wvodgse00 © [ dtetsL HOdzdd dzjls, O ftsBdzlzdzj dzd
LOBC dzzstse s Hoady J dzdWw. gtsslso j Isf

W /it = divS, (76) dwgﬁogﬂ%ﬁdwd gizdzlscid%tedtedquodzdgéi,ﬂ

OS¢ COS dLdi3jdaj dzdj 1 dz w1055 iz LH v

dzj dzgd j &3 5 fesMmiscOdhse iz, ffJﬁ?gJCE] Eﬁgq{fdﬁ @% 1O @@’ 1§s 2L O &3S
o j dzd ud dz" . sfteisliz,uqlsflsaﬁ@;d:sdz,tg{?&@%ﬁ@? g1 d HEZJ HE B3Ol |
CoOdastsots? iBjnOddSj B dzd B0 Gy B rBGéSWP%&WBq,}UtGstszM

tOltste’ dmfkemsoddy J ftcd®Zddsw M1 dgigded, @dﬁ]l@Jsds&stﬂ'_zLOé-olZ“HJ
Isjdz dzs Mo wL Odats o fy dzOdzqfﬁ{Lq"ﬁﬁngJfrﬁslfr%d@adinB@gd:

CHt OfCH/ X d dzOyj B' dzj B' BOFSBEEYdT B sMSgOLOdZd 8fh4) o
Cjda® dzj dzv ) scede Odzdj B o SERAAED fgssuuwQZfﬁézg vy 18 ts HOqdaAE ) d U J

] sdgv sdets, ylst dgdetsedg iy COESICIEs | B Fs & $ Oged2) ., €t
fscaslsdlsj dzj 2 &Ocddlsdy o didSEdrds oS dz {19 PAdOHLR b TR
ftcOor, kOS COC 1 dzjClstedy) MJ §ed i dadls Uzd Sdrdzls o il @z dzdzts  j " Y

Lts ftoslksdo s sdtsy dsmislsd & B'toels d ols@bh s bshsdzz yd d3 dtsd!
feddydyfj dej dBsckls ddjls! LeaOUdCRfEpdnUepod nud s s figr,  Ists d d
fsCOLOdd o' hj, LO®KRSdzisr A tofdhy dnj dmsfHjdzsR s |Fmm®) d o sToBEH jd (o
sy detsisd o' eV Hdls tOL s BUBE § B fpzfngdicHs® (oBgrndd ¢
ot sdzsy dztsfylsd, Ists jMls: Mbdi®: d tOL desfmls! dgj dgw s lsiw
BjMlsOoRd. | fslsdodatsds Mkzy®j dzj B' d&es B tslsdzdyd?2,

dets ftod {1 dfjlsCliss@ts dg@scdeidzj , d 4 dzj o ot & [ d/

BOGC dzq Is dzO% Mt fls O 2w b 0 d Hacfei%ﬂEgt Mu@“Hyts“éts ()

flo jlsO 5 tlsdsh jdds ¢ dzoh j 32 chFﬂ?@;stf dzézsl&dsfjs cﬁvdZOdSCng )

& [W2E, /(1zt) - W2E, /(uxt) + P°E, /() - W2E, /(yut)] =

= & [W°E, /(uat) - W2E, /(ypt)] = e W/ Wt(LE, [z - VE, /y) =

=WPH, I(wz) - WoH [z - P°H, /() + pH |/ (pzx) + pH, /(yux) -
- WH, /(Uzix) - pPH, py? +WPH [(uzy) = - fH, /pz? - p°H, 1y,

(78)
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1 tsdzv Is dzts, Ylsts L dzOyj dedj dz W Y= i Juv.dzd € 4
sted uj ¢ tEeets Wtz dzj (7 8) dzd%%lxgcj %fg@%%{w (79) ~
i sy Mt B dBuj edvsdds’ j H;l_fz@ﬁ%zlsia“q-t B3 dez  f jtej d3j dede” = o
sjd dzs fsslse jlsmlso 2 Is fnts*rr]q?cb% 6B 1 ¢ g0 Sl (J31 d (zpizd  Hodzv f
LIsdr yOmbdr 7 fsdL ot d ZEO9 i gdfp ¢rd: SbeOL dizd ©jLEd s

eOI'Tb|.,l2HX/|Jt2:- ﬁHy/uZZ' UZHZ/WZ- (80)

R btkOodzjdedj (80) IsOCY flzjt @ ts e €D MOz dzEzols fifiyd dOC d o5 1§ j t
ks, vyt LHJM ftdhklshyaOCts n)dts oltagLdiy Slggis @&® fHisH S SH
fMlsOo dzw v P s BL dZOYOdE B ' d&s A gzt oste jsdyidaedaOjdzdz’ 2 20 hdase j
ZOkdudj dhissyddSO ddd fresgReEfsyjimL ! 6L BE§dEH p2 Miso dj
COmmduj MS B2 | dzj SltesH d dz@dsg RJ 1§ to v f tsipef s @ slszj 1§ O s 6 d Y dz' o5
MOl ted o Ols!  f jrial CAeiO oSdzjodmfddd so s oG &t 5 ©OMMBSIstej dod j dzO j
bstedzsdd o dHj ddzd 5 o) lstsHZ 4 P07 ERERERN  WEiHMC 2 Ol dizj ¢ ISte S H d «
dzdi [ OCMme j dzdzO L Od3j dzv j IsmzO &zis O iz fiAg I$ Ardztsta) A te | ) o j d3j dzdz" -~
dzsmisd . vsO0Cdd SBteOL sB,Hdd®Is] S dpmipdpymetsd § sHMisOdetse €
Ldzj CltetsHd OB C ) 1§ ls0¥ Is iz tehiotets] iz 2f @fta O HiYs(Ohfs, § disls dgj5-2) ,  d ds
Wjdzdzr 2 o flsdsh jdzdd EtOsdzj dzd® (80), O tmMsOd dz j,

eo[W°E, /(uzit) - PP, /() - W2E, /(Lymt) + L2, /()] =
=mey{- fH,/pt?- W2H,/t? +ic[W?H, /(yut) + °H, /()] = (81)

=i[W?H, /(uzy) +W°H, /(y2)]- W?H,, pz? - °H, 1y,
I dhBej, ety s L OCsdz M2 tc0dzj ded¥ S sdzd y
sz yoOj s Ho O kZwOodzj dzgdW HdzW dded BZs2 d HJ2Mise
US{WH, /ut? +PH, it = °H, [ pz? +12H, 2,
i/ C[UH, /(ypt) + W2H, /(uzt) [} =i [W*H, /(uzy) +12H  /(uyuz)], (82)
i[W2E, /(utpy) + E, /(D)}y =i[uH, /(uzy) +°H /().

1 5C0OL Odzts, Ybsts o BtcOL o Odzdd BOCE dzd I€ daticds 3D t5 fiply © aztz® & fo s
EyoOmlsekzels Isted EMtse jteh j dzmiseo so Odzdz" » LkteOodzj dzd™ [ OC fpo j dzdz(

- MypH  /pt +imcuH, /py = PE, /pz - [E, /px;
- mpH, /[t +imyepH, /pz = PE, /px - LE, /1y, (83)
eOHEx/IJI_ IeOCuEt/“X:“Hz/W_ UHy/HZ

O dOizse d ydets sy dets f 5C OLyHss ,B juls sls @@y e s B fct®n BB WO dzaj GBS
dedw 1 dzj Clteduj MS 2 MemsOmezm?h j 2z GO EY o de@dpbfibd SOC € OF
Ldzj ClstesBOC dzd s dzs 2 o s dzdz' Lo @Hj jidshiyfls eisas@us dzdisftg o (Vigl@sod-0 dz' j )
hdramw EmMtse jteh j dzMiso tso Odedz dfy rlzOai@oCdg dedovj dzdo St jjtedstcr dMmY k&
dr fdmlsj &3r (52). Rde B fedpse OB ,[ 268 ] W tshie BdftadLoC d@ddd , Ulsts
Ldzj Cltesd3OG dzd Is dAs® Is o isazpAl Is t tsy@dyls pop odftf ficdsdets y desmisd dwsy jIs o' €0
d3s ts dzdz’ § dzj 2 Isted dzts ¢ 5 o M jlolic SlsBEYedizd Bz@zf t6 O sodigjdddgl? d3f 5 Istej Is! |
Clsts o9 CBtedzy dzf Mtse zOMiz j IdEPY thD sod@tafd dzls ts ¢z S Sidedf ils Jzdf® [ d to
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( =-1/Mmd/dt=-(m/c)dH/dt=-mdE/dt=-1/(cy,)dE/dt;

F =§(Bn)dS H =-1/u, dE/dt (84)
H=-1/u,dH/d(ct) =- /u, dH/dr=- (1//1- qulcz)dE/dr.
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i W°H, /pgy =1/ ¢ LE, / 1t;

o . (90)
IWH, /pypz=i/c pE /px.
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