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TYPOMORPHIC PECULIARITIES OF THE MAIN ORE -FORMING MINERALS OF
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dbr1JduvdhARrRC

ltedo jHjdgr detser j HOdzdzr | 5 bdfcdsteW dr n htse j dzgdesflsw 5 ¢
dslsdf d2 °  fosulgdimsidsso datlj fls stetsy H j dzd v A Odz dzj esteMC et tolzH dz
MMl © dcddzj cOdztse of jteco" j Bf dz of ftsdzdej dz d3j sSsHBdR toj dals @ |
Rj dZsdzscts OdzOdzdL © ) dMf sd L 5o Odzdujrd) . ) qudsfidc@sdstcotsodgcis & tsis oL oz

r
ts
qC??ff]W OdzjTeal Isd Pazj ded Isj ) .

Bj defted d3j Md o ¢ Odzj dzdAs @G NidCd, Y Endsh ¢& th (
~ d udmekze mMydydodzdL Oyc

Clsd + dzj 3j dzls’ Phd<m Y gk Hzfs dzfytsls 6 j s
s H | teYAQ &dCu, Te, CddIine d3d dzj tc O dz@ ~d3" hf figlglpifHs stotsy H j ded 2 dzj sB R tsH d 3
CodiRf dzj S Mdes?2  jtejteOBSISS | tolzH. lrweodzjdedzr | bdf sl dr |
ModHjlsjd Misalzéls 5 WIkdt YyfiOdBPsOOkEOsgug B2 chd s ] 37 f t
MS Odztso ' & (Pbhbandddz figls Ststsy H j dzd 2 o  f-aod H Sl Rz O tisdnts-ts o dizl Is 5 d
okdzC Odets @ j dzdesets f sW O 1 tod dEste! W,

sdzs yjor j: Mzt Gj dalsr d3d dzj o Odz' sdf sdizsteW dzr § sftsB j dadat
Nddz! dets] 3 Miststesy Hj dzd § .

ABSTRAKT

New data about the typomorphic peculiaritiéshe main oreforming minerals in differentype polymetal-
lic deposits of Dalnegorsky ore region are studied. For the first time elemental composition analysis of minerals
was studied by method of-Mayfluorescent energy dispersion analysis on synchratdiation (SRXRFA).
Typical impurity elements are determined in galenites and sphalerites: Fe, Cu, Ni, Cd, Ag, Sn and Sb, as well as
In in sphalerites, and Te in galenites. These elements together with Pb and Zn set the geochemical specialization
of theregion. By using a comprehensive ore processing it is hecessary to consider significant contents of Ag, Bi,
Cu, Te, Cd and In in minerals of studied deposits. Revealed typomorphic peculiarities of the main ore minerals
indicate an integrated creagmametasomatic system at the formation of skarn and veikZRlleposits within
the EastSikhoteAlin volcano-plutonic belt, Primorye.

Key words: noble metal mineralization, mineral associations, deposit, scarna, vein ore bodies.
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vtcj Hdgj| 335 ] 937 | 1301 | 6535 | 848 | 1571 | 371 | 875 | 78,3 -
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Summary: Improving the efficiency of production, increase in gross and commodity production is inextri-
cably linked with the comprehensive intditation, that is, with the growth of additional investments in agricul-
tural production. The increase in capex is the basis of strengthening and improving the -teaterieal base,
introduction of achievements of scientifiechnical progress. Increagi of intensity of agronomy and livestock
promotes more efficient use of land and livestock, growth of crop yields and livestock productivity.

An important factor in the growth of production efficiency is to increase the yield of crops, productivity of
animals. These are natural indicators that reflect only one way of achievement of efficiency. For determination
of economic efficiency it is also necessary to identify the amount of the total cost of labour, which ensured the
receipt of this yield or the prodgtivity of animals. The importance of productivity and efficiency as economic
indicators consists in the fact that they reflect the level and efficiency of land use, animal herds, the results of the
intensification of production.

Increasing of efficiencyand improving profitability depends on the cost of production. Reduction or in-
crease of the unit of output price is reflected in the growth or decrease in net income. The results of all activities
of the enterprise affect the production cost: the levalrop yields, livestock productivity, labor productivity,
economical use of material resources, degree of specialization and concentration of production, the use of
achievements of scientifiechnical progress. However, the production cost does not shevthieoprofitability
of production changes, and cannot serve as a synthetic indicator of its effectiveness. To determine profitability,
the production cost of individual products is compared with the revenue from their sale. It also depends on the
level ofthe prices at which products are sold, as well as on their quality. However, the main reserve of increase
of efficiency of production is the increase in the volume of gross output while reducing costs of labour and re-
sources per unit of output.

The main cenponent of direct connection of crop production and animal husbandry is forage production.
Creation of solid fodder base is the most important condition for the development of animal husbandry. Its con-
dition and level of development determine the posgibif increasing the livestock herd, increasing their
productivity, improving the quality of the produce and reducing the cost of the latter. It is proved that the level of
animal productivity by 580% is determined by their feeding. Due to the importamzevalue of the forages it
is necessary that their production outpaced the needs (growth of livestock herd and their productivity). Forming
the feed base, it is important to consider not only the total amount of feed, which will provide the manufacture a
number of products, but also their balance in nutrients [1]. As a rule, fodder, namely green forage, silage, hay-
lage, are not a commercial product, that is, for them there are no permanent markets. These types of forage are
grown by the farms, which ar@gaged in animal husbandry and must create a resource base for obtaining basic
feed.

Key words:management decision makiniprage productionefficiency of production of the granulated
feed
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ASSESSINGEFFECT OF ARIDITY ON SOIL TRANSFORMATION OF
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ABSTRACT

The article presents the results of the study of the eastern part of Kazakhstan's Aral Sea region soil cover
transformation in terms of human aridity. Trends in the transformafisnils and the soil cover of the Syrdarya
modern delta of and the dried bottom of the Aral Sea have identified on the basis of monitoring studies.
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Aral Sea drying up is one of the most tragic potential, caused by Aral Sea drying up, is determined
moments of past century. Ecological disaster has colby several factors: disturbance of ecological relation-
ered Kazakhst an § sith Besgtileo rships, ftengnr of banit&8rgepidemiological situation,
ments with total population of 72.0 thousand. Currendesert advancing of vast territory of the Aral Sea re-
ly, Aral Sea region has the status of ecological disastgion, decreased productivity of agricultural lands, and
zone; it covers an area of 59.6 million hectares. THess of soil fertility.
area of agricultural land is 43.4 million hectares, in-  The development of irrigation, followed by regu-
cluding 0.6 million lectares of arable land, 42.4 mil-lation of rivers flows, increasef ovater intake and
lion hectares pastures and 0.4 million hectares of hagermanent consumption in the upper and middle flows
land. The overall decline of social and economiof Syr Darya, resulted in shortage of water resources,
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anthropogenous aridization and soil transformation alie total land area of 1670.5 thousand hectares, pre-
lower reaches of the river. The most valuable agricudominant soil is salindg 643.3 thousand hecks.
tural hydromorphic sail of modern Syr Darya delta Large areas are coastal sdils311.1 thousand hec-
were transformed the most. As a result of drying ugares, sandyi 147.6 thousand hectares, giapwn
large areas of salt marsh were formed on the driexhd saline soil$ 146.7 thousand hectares. An indica-
bottom [1]. tor of Aral Sea soil desertification is transformation
Region of salt marshes is currently directly adjaalluvial-meadow saline soils in the alluVifields of
cent the dried sea bottom, deprived of natural vegetdesert, areas of alluvimheadow and alluviaineadow
tion. It is replaced by a wider strip of seashoreriparian are significantly reduced now. Year after year,
growing, desert crust salt marshes that overgrown lile saline soil areas has been increased, from 94.5 to
annual alkali grasses (glasswort, sea blite, etc.). For 643,3 thousand hectares. Similar trend is observed
7 years and over of sea bottom draining, perennialith sandy soil areas, fror8,3 to 147,6 thousand
alkali grasses (sarzasan, halostachys, saltwort etbgctares.
were settled on sabulous sea bottom. Plant develop- Soil transformation after cessation of rice cultiva-
ment is slowing on heavy soils and oppressed specigsn takes place according to the following scheme:
of alkali grass. Territories, which were exposed out aice-marsh soilsY me a dowa mpy sal i ne
the sea more than 4% years ago, formed into desertswampyme adow sal i ne soil s Y
landscape, soitover complex with takylike soils Three main stages of dewpment of ecological and
and salt marshes. [2] genetic landscapes of the dried bottom of the Aral Sea
Takyr soil crust that formed on the surface is thand the soil formation steps in desertification process:
main preventing factor of wind removal of salt dust 1. Desert landscape formation with light soil li-
masses, as well as the vegetation cover (haloxyldhology, where sandy soils are formed;
forest, tamarisk, sarzasan, perennial alkali grasses). 2. Landscape formation in severe ditthology.
1. Subject of reseach and methodology. Takyr soils are formed on healbgttom deposits.
The research object is the soil landscape of the 3. Sorsaline formation. Sor salines are formed
dried sea bottom of Aral Sea southeastern part of Kan nondraining lagoons of various lithology.
zakhstan region. To assess the current state of agricul- In the condition of Aral Sea East Coast, exposed
tural lands and restore transformed soils of Eastesea bottom is composed with sandy clay and loams,
Aral Sea region and furthgrediction of their chang- which are underlay with layered clays and loams that
es, following methods were used: cartographic metltontains 0.41.5% of soluble sulfatehloride and
od, comparative geographical method, experimentahloridesulfate salts compositions. Coastal sea
field studies. marshes are adjoin the seacoast with area widthdof 2
Laboratory and analytical research method thd&m, lacking of vegetation. This surface, which come
are common in soil science and agricultural chemistrgut of the sea flooding-2 years ago, is the main
were conducte to determine physical, hydrophysicalsource of deflation and aerosolic salty dust removal
and chemical soil properties and the elements of nutnd salinity of surrounding areas. The loop length of
ent status. the salt removal predominantly in West direction
2. Resultsand discussion reaches 20300 km, volume of annual removal65
The studies were conducted in the eastern part ofillion tons. Recent studies have shown that 8000
the Aral Sea region within Kazaly district of Kyzylor- tons of salt dust is removed from 1 kiof dried bot-
da region of Kazakhstaral Sea dry up affected the tom. Next followed by the wide strip that was dried
transformation of soil formation of the dried sea borfor 5-6 years, which were overgrown with annual sa-
der. Soil transformation defined as any form of changee (glasswort, sea blite etc.), with low sand ésin
in morphologiegeneticcharacteristics and soil proper-that decrease the wind salt dust removal. The area that
ties, which causing the decrease in fertility andvas exposed more than-16 years ago, zonal desert
productivity urder influence of changes in soil for- landscapes with takyr soils and saline is formed. With
mation factors, as a result of natural and anthropogeretreat of the sea and coastal salt marshes are trans-
ic desertification. Nine stages of drying and $aild- formed into desert crust salt marsh@scoastal hy-
scape development are allocated, which can hFomorphic saline soils after2years. Recent studies
grouped into three stages: 1) Drying stage 19805, showed that in future depending on the lithology of
absolute dminance of sabulous soils, slight saline. 25oil, sandy soils or takylike soils are formed. With
Drying stage 1974984, dominance of desert crustthe increase of dried area, coastal marshes and saline
salt marshes and swampy meadow dry saline soilgils in the total areaf dried bottom of the Aral Sea is
mostly medium loamy, granulometricomposition, reduced.
medium saline. 3) Drying stage 198986, domi- Dried bottom landscape of the Aral Sea is diverse
nance of marsheseashore growing and crust saltand it can be distinguish according to genetic proper-
marshes, mostly of heavy granulometric compositioriies:
highly saline. Change in environmental conditions of 1. Eolian landscape, which is formed by wind
the Aral Sea region, due to the regulation of river flovactivity (sandy ripples, bushy or micrelief of sand-
and Aral Sea dry up had significant influence on deltbars).On the sandy areas of the dried bottom, eolian
alluvial soils, which have reduced fertility and biolog-landscape predominates. Very rare vegetation does not
ical productivity. Different soil types areas calculatiorprevent deflation of sands. Sand has drawn by the
of the Aral Sea region as of 2008 showed that frowind, around barriers of bushes of sand vegetation
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forms piles (0.5m height) sandy hillocks. Bushy lithology of bottom deposits and nature of the coast-
micro-relief is being formed. Sand bars and ripples arine [4].
continuously formed and vanish. Desert climate determines the overall develop-
2. The erosioraccumulative relief is formed by ment of salinization processes. Following amature
water. Saline, which are spread as spot shape and safu-exposure contributes its desalinization and soil
cer shape, are fully covered by the solid salt crust.  forming of the zonal type.Hiis trend depends on litho-
3. Subsidence reliefOn the dried bottom, area logical and geomorphological conditions. All soils
that is bordered by state reserve Barsakelmes, on thave a low humus content, relatively small thickness
large areas so called okpan relief octwsubsidence of the humus horizon, low nutrition, and low absorp-
relief that was formed by cracks. They have crack dfon capacity. In addition, they are characterized by a
shape or ellipse like pits (05 m depth and even high carbonate coent and salinity. The main sources
deeper 1.8..7), sometimes long hole§hey can be of soil salinity are saline soil material, and salts that
located on large desiccated and desertificated patltemes from saline groundwater. Types of salinity
Micro-relief of biogenic origini of animal activity based on anioris chloride, sulfatechloride, chloride
(holes emissions, phitogenic bumps is the result clulfate; based on catioi magnesiunrsodiun
sandy material and dust fixing by plant roots, especiatalcium. Diffeilent hydromorphic and salinity levels of
ly litter across large bushes are very weak saline[3]. soil have caused wide development of complex soils.
The soil cover is formed on the layered saline = Meadowmarsh soils are formed during transfor-
lake-alluvial and eolian deposits. The formation andnation of marsh soils because of changes in the hy-
development of soil cover, on the studied area, was @rological state, reduced groundwater level to2.(
close dependence with the Aral Sea fluctuatioellev m, which lead to draining, and change in waar
Large areas of the studied territory are occupied Istate of soil. However, during rice sowing and restor-
dross, as residues of ancient riverbeds and dried g moisture conditions of meadewarsh soil again
lakes, and sands (deflated leki@uvial deposits). turn into swamp or ricewamp. Outside area of flood-
Within the dried border of the dried bottom,ing in the rice fallows, soils are quickly deserted,
coastal salt marshes and saline, coastal seite groundwaer decrease by-3 m; as a part of the vege-
windblown sandy cover and takyr soils are formedation cover, on the background of reeds, alkali grass-
Desert sandy soils are formed in the border of expes and agrestal plants are settled, and hence increasing
sure of 10 years drying. Soil formation of the driegprocesses of soil salinization. Wataruble salt dis-
strip is determined by the desert climate; it contributetsibution in the soil profile is as follows: small max-
to the rapid transformation and mostlgpends on the imum from the surface with a sharp decline of profile
to a minimum.
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Figure 17 Watersoluble salts distribution in the soil profile of meadmarsh soil
Chemical composition: based on anions chlordelfate, basedn cation magnesiwsodiumcalcium.
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Figure 2i The content of soluble salts in meadmarsh soil

The high humus content in the crust and sub crust
horizonsi 5.51 - 5.62 %; deeper content is low
0.41-0.48%.

Humus %
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Figure 37 humus content in meadeawarsh soil

Salt marshes can be traced along the edge of the Coastal salt marshes are formed from marsh sa-

water o6s
velop under rare saltwort vegetation (glasswort, seaufficiently high surface and ground level of moisture.
blite etc.). Groundwater of chlodand some sulfate Soil-forming materials are layered lake and marine
salinity types, have mineralization of -80 g/l, at deposits with predominance of shelly sand and loam.
depth of 0.3 to 3.0 m. The soil materials are layere@oastal salt marshes are the youngest soils of the area
marine deposits of sarday composition. Slight ac- that are formed on the former sea bottom after the
cumulation of salts is observed on the surface of thetreat of the sea. Cracked surface with occasional
upper 10 cm layer, goindeeper into the soil profile shells and clumps of vegetation. Strong sgljnvisi-
gradual accumulation of salts to the maximum valudsle accumulation of salt crystals, rusty, clay spots are
can be observed, as for second layer. Chemistry salifirmed on the surface of whole soil profile. With the

ty type: for anions chloridsulfatemagnesium, for depth, profile hydration increaséslower levels are
cation based calciwsodium. Content of the humus iswet, with bluish coloration becomes yellowibluish

low i 0.07 %- 0.74 %, which is typical for this kind and brown coloration. Salt stribution of the soil pro-

of soils.

edge

n

t er ms o fine aftert28 years of drying eféottesnudefosits aba i ¢ h

file is unbalanced: higher concentration is in crust and
sub crust layers, with depth concentration decreases.
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Figure 4- Watersoluble salts distribution in the soil profile of coastal marsh soil

The chemistry of salinity: chloridsulfate on an-
ions based, and magneshgalciumsodium on cation

based.
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Figure 57 The content of soluble salts in coastal marsh soil

Humus content is higher at crust layer (3.39 %)
and subcrust layer (1.24 %), along the entire profile
humus content is low i (0.240.65 %)
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Figure 61 Total humus content in coastal salt marsh
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Dried salt marsh, the area adjacent to the state @& cumulus sands mainly after 9 years of drying and
serve Barsakelmes, absolute wastdlaNasteland has occupied a large area. Windblown sandy cover has
flat smooth surface, covered with a dense smooth gragpacity of20-30 cm and 3%0 cm. Formation of
crust of 0.51 cm with numerous shells and their resiimulch sandydyer, reduction of surface evaporation,
dues; and salt sequins, white specks. There are rameisture accumulation in the middle and lower part of
phytogenic hillocks of 08.8m height on the surface, the profile (washing mode) contributes to occurrence
with an underlay of ded seaweed coated with sandof xeromesophilic vegetation. Vegetation cover is
They are occupied with tamarisk of-30 cm height. represented by xeromesophyt@eratocarpus, quinoa
Soil based on profile boils from 10% HCI. Water and peranial shrub and suffrutescent vegetation (tam-
soluble salts in the profile are as follows: the maxiarisk). Ground water mineralization 50 g/l at depth
mum concentration is in crust and sub crust horizonef 1.2-1.5 m. In the surface layer at depth ofZcm
decreasing with dept The chemistry of salinity: chlo- horizon of physical draining is formed; hence, the
ride-sulfates on anions based, and magnesiurborder of capillary fringe is decreased. Grounthwa
calciumsodium on cation based. Humus content ifevels of salinization and mineralization are different.
higher at crust layer (0.83 %) and sub crust layer (0.7Ehe degree of salinity is different from slightly saline
%), along the entire profile humus content is low on the surface layer to the mediuand strongly sa-
(0.340.65 %) line, depending depth of the profile and it has maxi-

Coastl soils with windblown sandy cover aremum degree at layer of 288 cm and75-130 cm.
formed in the border of sea exposure during formation
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Figure 77 Watersoluble salts content in the profile of coastal soil with windblown sand cover
In the upper horizons dominated: on anions bdsetloride-sulfate, deeper sulfatehloride; on cation based
magnesiursodiumcalcium chemisir salinity.
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Figure 81 the content of soluble salts in the coastal soil with windblown sand cover
The total humus content is higher in the bottom soil horizons (0.93 %).

22 grf?2esimycevllquart



.
Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific JO(i8pe16 228

%

0,6

0,5

0,4

0,3 —

0,2 —

0,1 —

0 T T T T
0-7 7-17 17-40 40-50 50-80 ficm

oy [Humus
cm

. : ) ———
Figure 91 Total humus content in coas... il with windblown sand cover

Takyr-like soils are formed in condition of auto- form structure with various salts secretions. In takyr
morphic on young lakalluvial stratified deposits of saline soils salinity (sulfatehloride and chloride) is
different lithological and chemical compositions,described at a dép of 2030 cm with salt content of
which are characterized by evaporating nonleaching3-1 % and more. Past hydrogenic nature of soil for-
water regime. Soil materials is represented by sandgnation can be noticed in takyr soils (decomposed
dusty residually, saline carbonated sanay alluvial plant deposits, darkolored marsh layers, clayey and
deposits. Groundwater is despated (5L0 m or rusty spots etc.). Combined indicators of takyr soils
more). There are pale gray highly porous crusts on tlaee: low hunus of fulvicacid content, low content of
surface, with capacity of-80 cm. The crust is denser mineral nutrients for plants, low absorption capacity,
and roughly packed in the alkaline soils, amdandy high alkalinity, alkalinity and residual salinity. Vege-
soil, it is covered with fingrained sand of varying tation cover of takyr soil forms open saxaul
capacity. The loose packed scaly foliated structuralormwoodsaltwood groups with low content of
horizon is released under the crust @&0bcm depth. ephemers andphemeroids (sagebrush, anabasisa,
Light brown clayey compressed horizon is released tamarisk, peppergrass, blue grass, (Eremopyrum trit-
depth of 1530 cm, which contam carbonates and iceum (Gaertn.) Nevski), etc.). The average salinity of

soluble salts, this horizon is highly compressed in sa-a k y r soil &8s upper horizons

line alkali soils, and differs by having lumpy and nucivery strong salinity degree.
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Figure 101 Highly sduble salts in the soil profile of takyr soils
The chemistry of salinity in the upper horize® @8m depth: chlorideulfate mainly sulfatehloride, and mag-
nesiumcalciumsodium.
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Figure 117 Highly soluble salts, watesoluble salts in takyr soils
Total humus content increases with depth untdo80cm layer (1.04%)
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Figure 121 Total humus cuinent in takyr soil
3 Conclusions ditions: salinity of 8100cm layer of readow soils
Longterm monitoring studies of modern Syrdar-have risen 2 times, marsh sdil8 times.
ya delta have identified a great diversity of soils and Desertification is associated with reduced fertility
variety of characterigs that are common in the deltaof hydromorphic soils and decrease of humus content,
of hydromorphic soils. The area is characterized bital nitrogen. Change of soil fertility is caused by
hydromorphic and automorphic soils: gdasown reduction of soil and biogenic runoffhange of vege-
soils of outcrops are typically automorphic; takyr soildation and reduction of biological productivity in the
are currently developing in automorphic conditions, iprocess of changes in the hydrological regime. In the
the recentpast they have experienced hydromorphiprocess of desertification, physical, wapdrysical,
stage of formation. There is presence of transitioand physicachemical properties are significantly
soilsi from soil hydromorphic stage to automorphic.deteriorated.
Currently, the uni gueness Inceasdd wateflonpinh thexmotleyn dedtd of thee |
soil cover can be explained by the peculiar combingyrdarya from 33.5kn¥/year to 89kmf/year has af-
tion of soil formation factors: it is caused by aridityfected only on lake system improvement and some
processes against background of an acute shortagereguscitation (temporary) of hydromorphic soils in the
water resources, as a regulated river flow, Syrdaryaea of 420 thousand hectares. Dried alluriabdow,
flood spills were ceased, and the hydrological regimewampymeadow and meadowswampy soils are
of the delta plains was changed. Desiccationdewt transformed into normal alluviaheadow and
ertification processes delta is accompanied by the iswampymeadow, meadowwampy and swampy
creased salinity of hydromorphic soils. Intensity ofoils.
salt accumulation in soils of different parts of delta  The increasing erosion and deflation processes
varies depending on the established hydrological coexacerbate critical state of modern Syrdarya delta.
Wind erosion is manifested in the forrhdeflation of
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sandy and automorphic soils, dust storms and salineassifs are manifested in the form of wind erosion,
deflation; water erosion is shown locally on the slopedeflation and removal of sand dust makfrom the

of the tertiary outcrops. Anthropogenic factor playsurface of the salt marshes. Bands, pits of wind blow-
significant role in development of soil deflation: un-ing, phytogenic hills, dunes, sand dunes that are
controlled livestock grazm felling of brushwood, marked with sand wave ripples are formed on such
vehicle traffic outside the roads promote intensificaareas. Soil areas with windblown sand cover are in-
tion of deflationary processes that are changing saiteased and the new sand contours withy-hitige
properties, causing degradation. sands are produced.

Soil fertility restoration and preventing of delta Maximum accumulations of salts were observed
soils degradation is related to ratibnsse of water in soil profile from the coastal area with windblown
resources. To optimize water regulation dam construcever of crust salt marsh. Salt accumulation is de-
tion and reconstruction of sewer and irrigation netereased with further desiccation of former sea bottom,
works are required. takyr soil has averadevel of salinity to a depth of 32

The decline of the Aral Sea level and acute shortm, and more deeply, soil is getting highly saline.
age of water resources have dramatically changed the Soils of the dried bottom are characterized with
conditions of sil formation on dried territory. At the low humus content and it has tendency to distribution:
dried bottom huge massif of different salt marshemcreased level in crust and sub crust layers, and a
were formed (marsh, coastal, crssit marshes). The significantreduction and even absence in the rest soll
total area of salt marshes has been increased to #fizons, they are characterized with low availability
thousand hectares, but the marsh and a coastal mas$tgross and mobile forms of nitrogen and phospho-
was decreased: marsh and coastal saline soils wemes.
transformed in crussalt marshes and sor salt marshes  Basic contours of soil complexes that consist of
or coastal hydromorphic saline soils i¥B3/ears peri- different types of soils and their percentages were
od. changed. Areas of main types of soils were calculated

Studies that were conducted in the eastern part of the territory of modern delta and the Aral Sea dried
Aral Sea region on the border of dried bottof the bottom,i.e. the view Aral Sea dried bottom soil trans-

Aral Sea in 2007 and 2008 showed that in condition dbrmation was given, and its orientation in the process
aridity, negative processes development (salinity, arid- f ant hropogeni c ofamadem t vy.
ity, deflation) is still present. Syrdarya delta and dried bo

Eoliandeflationary process are developed ubigmapped, of the Eastern part of Aral Sea region of Ka-
uitously, but in areas with the groundwater level lesgakhstan in scale of 1:200 000.
than 2m they are developed the most, hence exposing Environmental sustainability improvement and
sandy deposits from the surface. ®e#tom and allu- biological productivity of anthropogenically degraded
vial deposits are the most exposed towards eolian preeils improvenent activities were developed with us-
cessing. Dusty sands are the most processed, the lage of moisturgetaining hydrogels, adaptogen prepa-
processed are the light sandy loams, and th& lero- rations based on fertilizers and humus substances, that
cessed are heavy loams, loams and clays. To a greass stimulates plants energy potential with increased
extend deflationary processes are manifested on thmoting effect for the survival of plants under adverse
dried sea bottom, where active deflation of sandgonditions of desert areas.
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A COMPARATIVE ANALYSIS OF FATTY ACID COMPOSITION OF TOMATO
CALLUS LIPIDS UNDER BACTERIAL STRESS

It is analyzed the fatty acid composition of totalbf photosynthetic membranes of chloroplasts, and the
lipids of callus cells of tomato varieties Chaika ancdcomponents of creation of structural configurations of
Malynovyi dzvin under bacterial stress caused bynembranes, and are necessary for optimal functioning
Xanthomonas vesicatoria, Pseudomonasng@e pv. of the photosynthetic and respiratory eledtamnsport
tomato and Clavibacter michiganensis subsp. michchain. Plant resistance against stress factors largely
ganensis. It is shown that the amount of saturated fattlepends on the balance of biosynthesis processes and
acids significantly reduces, and of the unsaturated lipid breakdown. At the same time, it is proved that in
increases under the terms of action of phytotoxic médylakoid membranes of chloroplasts in plant leaves
tabolites of bacterial pathogenshe level of unsatu- lipids are constantly renovatedhdaunder certain con-
rated fatty acids increases by increasing the content dftions it sets steady state when the rate of their syn-
linoleic and oleic acids, and of reduction palmic acidthesis becomes equal to the rate of their breakdown
It is discussed the connection between the compositif8]. The most common reaction of plants is the reduc-
of lipid fatty acids and tomato callus tissues adaptation of nonbilayer lipids of photosynthetic mem-
tion to bacteridstress. branes of monogalactosyldidglycerol, which de-

Tomatq callus, fatty acids, bacterial stress pends on the resistance of plants to stress factors in

terms of relatively stable presence of digalactosyldi-

Significant economic losses in Ukrainian vegetaacylglycerol and changes in the level of free unsatu-
ble growing are caused by bacterial leaf spot of tomatated fatty acids in cell membranes. Part of monoga-
plants, the most harmful agents of which are bacterlactosyldiacylglycerol isused as a substrate for
Xanthomonas vesicatori@seudomonas sygiae pv. synthesis of digalactosyldiacylglycerol, stable amount
tomato and Clavibacter michiganensis subsp. michi-of which is required under many stresses, and this
ganensis They cause necrosis of stem piths, bacterigonversion causes substantial restructuring of photo-
leaf spot, mottling (spotting) and blossom end rot ofynthetic membranes, and the growth of unsaturation
tomato, soft rot of the stems and fruits, bacterial wilstabilizes photosyntlie apparatus, for optimal opera-
(brown rot) of stems, and canagfrplant roots. Bacte- tion of which it is required a high degree of unsatura-
ria infest the bodies of underground and abgra@ind tion [7]. Desaturase is a cytoplasmic enzyme, catalyz-
parts, including seeds, and cause the death of plang the formation of double carbon (C = C) bonds in
seedlings [11]. In terms of destruction of plants withthe chains of fatty acids (FA) and plays a key role in
phyto-pathogens, especially in the early stages of othe signahg responses to the impact of stressors and
togenesis, it takeplace the disturbance in metabo-pathogen attac$].
lism, blocking of sugar biosynthesis, and changing in  The effect of bacterial stress on lipid fatty acid
chemical composition of substances of tomato fruit€omposition of tomato plants is insufficiently studied.
Under these conditions they occur yield losses up fthe purpose of this article is studying of the fatty acid
40%, reduce in productivity and the nutritional valuecomposition of total ligds of callus tissues of tomato
of tomato fuits [10]. This problem is difficult to solve varieties in the conditions of bacterial stress, caused
using only agretechnical, chemical and biological by bacteriosis pathogens. vesicatoria P. syringae
plant protection measures because they are not effgn~ tomatoand C. michiganensis subsp. michiganen-
tive enough. In this regard, it is necessary to develagps
alternative methods of plant protection, able to-p Research methodologylhe objects of research
vide ecologically clean products and improve the envivere callus culres of tomato varieties Chaika and
ronment. One of the most promising methods of plamalynovyi dzvin with different resistance to bacterio-
protection is inducing their stability, which is notsis pathogen$4]. Callus tomato lines were obtained
based on inhibition of pathogens, as is the case of Ussm tomato laminas on a modified nutrient Murashi-
ing pesticides, but on the use of natupabtective geSkuga, supplemented by 8,0 mg/l of- 6
immunity of plants [9]. benzylaminopurine and,@ mg/l of indoleacetic acid

In the plant resistance against bacterial infectio(fig. 1).
in addition to specific, an important role is played by  In experiments they were used strains of bacteri-
nonspecific response of cells at the level of memesis pathogen€. michiganensis subsp. michiganensis
braned8]. Lipids (phosphg galacte and glycolipids) (Smith 1910) Davis et al. 1984 strain P110, which was
are mapr and the most mobile structural componentsbtained from the Institute of pesticides and plant pro-
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tection(Serbia), and the isolated on the farms of Dnérient medium ICP. syringae pv. tomattZ-28 andX.
propetrovsk region isolates 428 and 1230, that were vesicatorialZ-30, in tomato calluses it took place an
previously identified a®. syringae pv. tomatandX. increase in the amounf unsaturated acids by raising
vesicatoriarespectively[1]. For treatment of callus linoleic acid by 21,8 29,6 % when compared to the
tissue they were used inactivated by heating 1 0 @dhtroC
for 2,5 h celPdes/ml. In€hg expet-i(figr3e 20A10
iments that simulated the impact of stress factors, to Adding into the nutrient medium of IC pathogen-
the basic culture medium it was added 4,0 %AC ic strains of bacteriosis agents caused growth in two or
michiganensis subsp. michiganensisain P110,P. more times when compared to the control of the con-
syringae pv. tomattZ-28 andX. vesicatorialZ-30. tent of longchain saturated eicosanic and docosanoic
Lipids were extracted by a modified Bligh andFA. In lipids of Malynovyi dzvin tomato variety in
Dyer's method4]. Fatty acid composition of lipids of terms of adding IC to nutrient medium it was also
callus tissues was studied by diagiid chromatog- identified increasing the proportion of unsaturated FA,
raphy of their methyl esterfl2]. FA methyl esters causing changes in the functional state of tell
were analyzed by gas chromatodramass spectrom- membranes (fig. 4).
etry method using gas chromatograph Agilent 6890N It was established that for these tomato varieties
with massspectrographic detector 5973 inert (Agilentit happened by increasing the amount of linoleic acid
Technologies). FA unsaturation ratio was determineand reduction of oleic acid when compared to the con-
by the formuld2]: trol. The observed increase in the level of linoleic acid
RU = F unsaturatiorA/ s#uratiorFA and simultaneus reduction in oleic acid involves the
Activity of acyl-l i pi d me mbr ane fomsaton aof inolain acid #d@n oleic one resulting
desaturases, catalyzing the introduction of doublieom desaturatiof6]. However, the increase in linole-
bonds in the hydrocarbon chain of oleic14§, ic acid accumulation in total lipids of tomato calluses
linoleic (Cis2) and linolenic (Gs:3) acids as steareil is higher than reducing the share of oleic acid, whic
(SRD), oleil- (ORD) and linoled (LDR) desaturase makes it possible to suggest its biosynthdsisovo
ratio, were calculated on the basis of content The presence of double bonds in the hydrocarbon
(percentage of the FA sum) component€CaB type chains of FA takes place through atipid desaturase,

[2]: evaluation of the activity of which through stearoll
SRD= (Cig:1) / (Cigot Cag), (SRD), oleitl(ORD) and linole#(LRD) des#urase
ORD = (Cig:2+ Cis:3) / (Cig:a+ Cuga+ Cis:3), ratios makes it possible to reliably estimate the for-
LRD = (Cis:9) / (C1g:3+ Cis:2): mation of mechanisms of synthesis and the role of

thiso, 184 18d 1881 % of the amount of acid unsaturated FA, dominating in the structure of total
octadecanoimleic, linoleic andlinolenic FA content.  lipids in lipoxygenase signaling system of the stability
Results.Lipids of callus tissues of tomato varie-against bacterial disease pathogens.
ties have similar qualitative composition and differ = Genes of the acyl i pi d Y9 desaturase
only in quantitative content of certain FA. ¢omposi- the formation of the first double bond, operate at a
tion of lipids of callus tissues we found saturated andonstant level[2]. For tomato varieties Chaika and
unsaturated FA with the number of carbon atoms frofdlalynovyi dzvin stearoi{SRD) desaturase ratio in
Cisto G (tabl. 1). It was found the biggest amount othe control was in the range of 0,8®,86. In tems of
palmitic (Gs:q), octadecanoic (stearic, 16z), cis the impact of bacterial stress, the SRD index for
octadecenic (oleic, £fg1), 9, 12-octadecadienoic (lino- Chaika variety increased up to 0,93, and for Malyno-
leic, Gs:), including essential as 9, 12, i1®ctade- vyi dzvin varietyi decreased down to 0,65, which is
catetraenic (linolenic, g3 acids. probably due to the different resistance of tomato va-
Lipids of tomato callus tissues had higher contenieties against bacteriosis pathogens.
of unsaturated FA, which equaled 58,14 % for Chaika  Activity of acyH i p i-d n o €hfoBoplast de-
tomato variety, and 59,45 % for Malynovyi dzvin saturases were determined through the ratio LRD and
variety. However, all other FA overwhelmingly wereORD, the level of which for callus tissues of Chaika
present in the form of saturated structures. It is estabariety was 0,18 and 0,32, and for Malynovyi dzvin
lished that for lipids of callus cells of tomato varieties/arietyi 0,15 and 0,26, indicating the increased activ-
it is characteristic high level of unsaturated FA of ocity of oleate desaturased gene expression fad2, en-
tadecenic type oxiding with lipoxygenase. The lit- codi ng t he -desalurase i pdllumes (tably 6
erature provides information that biotic factors causg). For media with 4 % ICC. michiganensis subsp.
significant activation of lipoxygenase way, increase imichiganensi$110,P. syringae pv. tomattZ-28 and
the number of free FA and their derivatives resultingX. vesicatoriaZ-30 the LRD level for Chaikéomato
from the activation of enzymes that catalyze the initiatariety increased when compared to the control and
stages of lipoxygenase metabolism: phospholipase affidictuated in the range of 0j10,21, and ORD 0,51
lipoxygenasd8]. i 0,64. Under these conditions, Malynovyi dzvin vari-
As a result of cultivating callus tissues of Chaikaety was characterized by increased level of ORD,
variety (fig. 2) in the medium with 4 % IC. michi- which was 0,65 0,72, and reduction of LR 0,057
ganensis subsp. michiganensigain P110 it increased 0,08 when compared to the control. These data sug-
linoleic acid content by 24,1% when compared to gest about adaptvexpressionofacyl i pi d ¥6 desat
the control. The number of oleic acid was by12,73 %ase, catalyzing the conversion of oleic acid into lino-
lower than in the control. In terms of adding into nuieic one.
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In the nutrient medium with 4 % IC, the unsatuP110,P. syringae pv. tomatlZ-28 andX. vesicatoria
ration ratio, which is an integral indicator of generalZ-30, the fluctuations of FA content occurred in
fatty acid composition of lipids, increased for Chaik groups of monoenoic, €noic, and trienoic acids.
variety by 1,041 2,66, and for Malynovyi dzvin varie- Conclusions.The reaction of tomato callus cells
ty in conditions of bacterial stress by 0,47 when to bacterial stress manifests in increase in the number
compared to the control. of unsaturated fatty acids, which is provided by acti-

It becomes obvious that unsaturated fatty acidgation of acyll i p i-da n ® 6chfoBoplast desatu-
are the main mechanism of the reaction of tomato calases. Vibrational @nges in the content of oleic
lus cell membranes on ti@rial stress in terms of in- (Cis:) and linoleic acid (&:2) play a crucial place in
troduction into a nutrient medium of IC pathogeniahe formation of protective reactions of cells of tomato
strains of C. michiganensis subsp. michiganensiplants to pathogens.
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1. The FA composition of callus tissues lipids of Chaika tomato variety and Malynovyi dzvin (in % of total

fatty acids)

Fattu acids Chaika Malynovyi dzvin
Izo-pentadecanoits 1s.0 0, 3,0INO 0, DDPN
Pentadecanoig s 1,10ND,02 1, 0N
lzo-hexadegw@mnoi c 2,20\0,01 3, DHN
hexadea@&@onoi cO 12, @®N 10,096\
lzo-hept adeiganoi c 4, DOEN 6, DON
Uheptadecanoig 17 2, DON 2, DN
heptadecamic t17:0 1, IN 1, DAN
lzooct adewg®@noi ¢ 6, DON 2, O8N
octadecanoié igo 6, DHON 7, DON
cis- octadeceni@y s : 1 o 39, BN 43, ®BOAN
9, 12 octadecadienoig sz 15, O®N 13, 2N
9, 12, 15 octadecatetraenigis: 3,30ND,01 2, DON
Eicosanicd 20,0 1, DIN 1, DON
Docosanoia 22:0 0, 3PN 0, AN
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2. The ratio of the major groups of fatty acids of total lipids callus tomato varieties in terms of bacterial

linoleil-desaturase ratio.

stress
Index Chaika Malynovyi dzvin
w4 % w4 % w4 % w4 % w4 % w4 %
stf 11 1Z-28 1Z-30 st 1 1Z 28 uz 30
é saturatiorFA 24,79 19,79 29,19 35,78 31,11 35,48
& unsaturatiorFA 75,21 80,21 70,81 64,22 68,89 64,52
UR 3,03 4,05 2,43 1,79 2,21 1,82
SRD 0,89 0,93 0,83 0,65 0,73 0,73
ORD 0,64 0,61 0,51 0,72 0,71 0,65
LRD 0,19 0,21 0,10 0,05 0,08 0,06
Notation UR T unsaturatiorratio FA; SRD T stearoitdesaturaseatio, ORD1 oleil-desaturaseatio; LRD -

t d f Call&scellsof tomatovarietiesChaikaand Malynovyidzvincultured on medium with 4 %& C. michi-
d et er mdmpositioh df pidd at t y

ganensisubspmichiganensistrainf 1 1 0

to
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oleic(C18:1) M linoleic(C 18:2) M linolenic (C18:3)

% of total fatty acids

control 4% IC strain P110 4% IC1Z-28 4% IC1Z-30

Fig. 3. The ratio of unsaturated fatty acids in aallcells of Chaika variety on nutrient media with the stress

factor.
oleic(C18:1) M linoleic(C 18:2) linolenic (C18:3)
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control 4% IC strain P110 4% IC1Z-28 4% IC1Z-30

Fig. 4. The ratio of unsaturated fatty acids in callus cells of Malyndzyin variety on nutrient media with the
stress factor.
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MITOCHONDRIAL K atr CHANNELS ARE INVOLVE D IN MECHANISMS OF
CARDIOPROTECTIVE EFF ECTS OF METILIN

dbr1dvdhARC

Ajdz's dfgfndzj Hiso Oded W  EstsEs dzs 1 4 @das @b B f§ (e THaDIE{Eos 1 (
$OdzOdztso) o 3j m Oded L BO= H J BtiHseh i y diftecty off Gxtad@dscO=l 24f] JEHIirdHdEe O f
qhdBdudMéd/ 6jfjteWbzL dsdzdzsads (R/ 1) YBotiyHjddd MmJjteHyo.
MittHy0 Cwif {bdhp@®Edzs’ | cdssOd ds?2 dhjhkdd d tjfjth
GdHEBSMdH | C Odets @fss@ S OfaRatabm JIststc P  jtojH dh jd&Bdj2 EZAbkuHh OdzO
MjteHyo s MeOodzjdads M o9 jHjdadjd BHdsEB [. Clis- Msftese
COHdOd dzF 2 ®llstsS d MmdedyJ dedj &3 o sMimlsOdzeso dzj dzgd W O tetsB dzts ¢
WeLrdd. uvOSddh GBiE@QLEBRZOEGSBIYOWRIY s Ctodlsduj MSd o0y d &
Hy 2Mmisedw [ fted dhjddd d tejfjteWlze dd.

ABSTRACT

This study wasimed to explore the role of mitochondrial A&Rensitive K-channels (mitokre) in effects
of a modified peptide apelih2 (M) on myocardial energy state and membrane integrity in ischemia/reperfusion
(I/R) injury. Isolated perfused working Wistar rat hesasubjected to global ischemigere usedCo-infusion of
5-hydroxydecanoatethe mitoKaxrp blocker, along with M before ischemia significantly decreased functional
recovery of isolated heartss compared to administration of M alofidese effects were aaopanied by in-
creased LDH release in the myocardial effluent and reduced restoration of aerobic energy metabolism during
reperfusion. Thereforegcovery of myocardial energy metabolism and sarcolemma integrity via activation of
mitoKare may be of criticalmportance for Minduced protection against I/R injury.

s dz¢ yj iidzjse QOY j-dzd datetsEMdHj C OdesOls, dhjdisdw d tjfjteiilzLdw,
Gibduimis] Memisswddj MmjtHyo.

Key words: apelin, 5-hydroxydecanoatéschemia and reperfusiomembrane damage, myocardial energy
state.
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tjfjteWzrdd MmjtHyo. 10 duwgdaltgsrn Qdgdas of (fsimW 2fg Bl - o3f 6 dz¥
JBsdB MjteHyy Strf Br dzts 1 thel BL O B s s [ tizts GHM R G Fors\([ 7, 4 N0,
LdzOydlsj dz' dzs bEdzzyh OdzO o ffiidHs"OIZR 5 dzjdgledsisH st gOHd- [ 8] . 1
Isj dz? des?2  dzOfsMmdzs? W k2dzl Bd demifp dzs PO d d MES O @ s gz dzts?2 ¥
cts bSO ftod tojtf jtoW kL dodts ¢ € Isxsj difptsitfstas e 3 ff Rledzsdydzts f totsd L
wzk gz o sMfisOdatse dzj dzd § 3 d3j 3OS 5@ ugeh T 6l e ZFABAEOY 0 o O BB
wdgdWw tejf jteW kL Jtose Odzdets ¢ ts5 Y JdelcHH @S 5 i delG@stadjodi gty i firdez ¥ W 2
99 jHjdzdj Ihvibis filOHe j g &zl dals dzj o sgts Y j dZ2HsYc © tsyj dzdoe O
ZOdz! des?2 dh jddd d toj ff j to¥ Hy] daf ls dais dgfs MaOse ) Hrdgtidic @€ WBiE 5 dzOte dzts 6 s
tor ddz OteSCIsO BISSOBHO JqhOXBGJH dz6fgtsls O dtOGiEfeite st | ¥ BO) . 1
dzj StesL O o f dzOL d3gj Ctetseod [dis?2 S5fljteWkzLdd MitHYyO (dhmntsH s
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Abstract. As a first step a special class of conjunctive normal forms (CNFs) is introduced and lemma 1
about it is proven. Using this lemma it is proved that inequality of classes NP and P is impossible. In order to
obtain a constructive proaff equality of these classes an initial CNF is transformed into special separable 3
CNF.

Retrieval of all satisfying assemblies of thisCBIF is not practiced. Two variants of subsets of set of all
clauses or elementary disjunctions (EDs) of thiSNE- ae considered. We prove some lemmas about them.
Analysis of these affirmation gives a resourse to decide of satisfiataitikyofinitial CNF and 3CNF in poly-
nomial time, thus proviniP=P.

Introduction. It is well known [1, amongst oth- If an arbitrary EDconsists ofm different literals,
ers] that the dasfiability problem is to determine, for let us call itm-ED.
each conjunctive normal form (CNF), whether there ~ We will further assume that considered CNFs do
exists such input that its value is true (for short iteot contain 1EDs and pure inclusions of literals [2]
satisfying assembly), or it is a constant Boolean fu”‘{i.e., we do not consider CNFs that include odyor
tion with the values of zero (i.e., its value is zero _
any input). An aim of this article is to prove that theonly X ), because the algorithms for their removal are
satisfiability problem belongs to class P, hence NP=Pgjmpje and require polynomial time.

At the initial step of computation, each CNF is  Remark 1. For a CNF C with the properties just
expre_ssed as a word in alphabetA gescribed above, both sets C1 and C3 contain literals
={x,X,0L(,)} [1]. For example, CNF on all variables of CNF C, since the set pairs (C1, C2)

- < and 3, C4) do not have empty components and CNF
(le XS)( XVXYV )ﬁ) translates to C does not contain pure inclusion of literals; and so

()—(1 Xl])(T( 10X 11)(109) lts length is 19. €Very its satisfying assembly contains zeros and units.
' Below we will assume logarithm base to be 2

Note that CNF expressed as a word of lengthon-  g3nd omit it.

tains no more tham clauses or elementary disjunc- Al of the algorithms described are detenistic
tions _ . (ED).  so we will not specifically state it in each case.

For an arbltrary CNF C Iet us deﬁne Cilto be the set Let Fc(n,r) be the set of all CNFs on n variables

(or CNF) of all thos of its EDs containing at least oneyhich are expressed in alphabet A by wordsofv

literal without negation. Further, let us define C2tobg e n gt h  d " \@herd thedCA<C constant and

the set (or CNF) of all giclcxsie qQfheChks EDH GARULRQNT MY m
literals with negation. Analogously, we can define C3  |tisc | ear t hat Kryk) imiOikalt he se:!
as the set of all those EDs in C that have at least CNFs on n variables but when n>3k then the set

literal with negation. Finally, C4 is defined as comn k) includes some CNFs only. It is possibly to

plement of C3, i.e, it is the set of all EDs in C thaprove that the k is a fixed number and the n is a great

only have literals without negation. number then the set(R,k) includes almost all CNFs
If at least one of the two pairs (C1, C2), (C3, C4pn n variables.

has an empty component, then satisfiability check for | emma 1 For each CNF from &n,K) its satisfi-

such CNF C can be performed in polynomial tifire  apjility is possibly to determine by deterministic algo-

order to verify this condition it is enough to checkithm in O(d**) time, i.e. in polynomial time as the k

whether all EDs have at least one literal with negatiog constant.

and at least one without). _ Proof. Let K be arbitrary CNF from some set
Therefore from now on we will assume that foch(n,k).

CNF C in question botpairs (C1, C2) and (C3, C4) For first stage aector

do not contain empty components. We will also make (x1,x10, xb(3),é,xb(i), &, xb(

an assumption that in each ED literals are listed in the s pyilt where here and beldw(i) is binary repre-

increasing order of variable indexes. ThusineachERe nt ati on of number i (10i On)

the rightmost literal has the maximum index. is O(logi). This can be done as follows. As we agreed
above, in each ED literals are listed in the ascending
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order of variable indices. Hence, paiise comparison Now we will find binary representation of length
of variable indces in the last literal of each ED will d of word w: moving from left to right we keep adding
allow to find b(n) in O(dlogn)=O® steps (each step 1 with every next symbol of word w in O(dlogd)
is comparison of two binary digits)flhen we keep steps. After that we wish to define a truth value of
subtracting 1 from b(n) in order to obtain vector (1)inequality
which will take another O(nlogn)=0fdsteps. In the d &m82(2)
end the vector (1) will be built in O&) steps. Value |n/8] is easy found: from the b(n) three
For second stage it is built <<zero>> vectodi gi ts are removed. Then a w
(0x1,0x10,¢é,0xb(n)) a n d [n/&th digit isf bmdryl representajion of Pwet estimate o f
such kind by adding one up to vectorof 28 Thus, checking truthfulness of the inequality
(1x1,1x10, ¢é,1xb(n)) ( n u (@pcanrbe doné in Ofpsteps. e vectors i s
equal to 2) in O(2'nlogn)=0(d2") steps. If the inequality (2 holds then this CNF K be-
For last stage values of CNF K are found for allongs to the class;#(n,8) and in according with lem-
2" vectors. If there is such a vector that valueslbf ma 1 its satisfiability is determined in G{§=0(d"?
EDs from CNF K are equal to 1 théme K is satisfia- time, i.e. inpolynomial time. If negation of the ine-
ble and only in such a case. quality (2) holds then we perform efficient conversion
Satisfiability of alone ED for given vector can be[l1] of this CNF into 3CNF H.
deternined by comparison of literal indices of this ED This efficient conversion is based upon the fol-
(its number is O(n)) with binary words of lengthlowing equivalence, in satisfiability terms:
O(logn) (number of these words is O(n)) in &gng) xvy:(xvz)(yvf)
time. Thus, satisfigbility .of this CNF K for given vec- where z is the ’new variables not found in the set
tor can be determined in dGlegn)=O(d) time and ¢ \ariaples of CNF K. The conversion is applied to

hence this fact for all vectors in GJg"=0(d'2") ime. i 1. D tha®ate either in the K or created durin
But O(d'2")=0(cH(c2"*c¥= O(d'd)=0(ck*%). This ’ & ¢

the conversion process.

lemma is proved. ] _ _In the 3CNF H, some &Ds and ZEDs may
Theoreml NP1 P is not posghdilfrais poth with negation and without it.
Proof. Let wus assume NP, a0d1t8 fhesd EDE thé follbwing CofvErD

natural number k that even though for alone CNKkon
variables its satisfiability is determined in Ron = = = —
polynomial time. This fact takes place as any problem :""iVI’:iVXk:(X‘i\f"‘JV}F )( Xvy),
from the class NP reduces polynomial to the satisfia- iiVXjVsz(iiVFz)(XjVkayz),
bility problem because this problem is Xl [1]. Koo X ? _
Let us consider the class(fk). In accordace VX=(=(RVY 5)(X5vya), , _
with definition every CNF froni(n,k) is expressed in where y are newly intruded varlables_ e to
al phabet A by wokifdn=3k thenn gac_:hbcwyje(ﬁe‘? FD. As a result, we obtaiGld” E,
b wb O¥*28C and 8C<8 as C<1. AnyED is ex- which is satis |ab|I|tyeqU|va_Ient to _EIZNF H. In_3
pressed in alphabet A by some word and lengths S:'N_F E, each ED pontalns I|teral_s either only with ne-
these words are greater 9RURNS AT OBy withoyl if; e wij cal%tbaétlge BRan eac
CNF on p variables belongs ta(f;k). Then according S€Parable. Note that for separabl€iSF
to lemma 1 its satisfiability is determined in polyno- ~ E2=E3andE1=E4
mial time. It is a contradiction. But each CNF on p  &ndalso from remark 1 follows

variables is same CNF on &M.SF@lsparqp?pl\l\!FEolpo@getstE&o_ So

there is a refutation for CNFs on infinite many varia®1d E2 contain literals on all variables because any

bles. This theorem is proved. Eewly introduced variable y only has two inclusions
Thus, according taheorem 1 unique chance is¥ and y.

NP=P. Lemma 2 If the CNF K is satisfible then sepa-
Main part. Now we will construct a constructive rable 3CNF E is satisfiable too and every satisfying

proof of equality of classes NP and P. For the sake afsembly for the E will contain variable values which

that we are going to prove that for arbitrary CNF itsatisfy the K and those are both 0s and 1s.

satisfiability is determined in polynomial time (in the Proof. Satisfiability of CNF K involves satisfia-

sion, which, again, preserves satisfiability:

length d this CNF). bility of separable CNF E in according Wipoint out
Theorem 2 The satisfiability problem has an ef- equivalences and each satisfying assembly for the K
ficient deterministic solution. will contain Os and 1s (remark 1). Also it is necessary

Proof. Given some CNF K on n variables exto prove that each satisfying assembly for the E will
pressed in alphabet A by a word w of length d. Itgontain variable values which satisfy CNF K too.
variables we will call initial ones. This CNF does not  As the CNF K is satisfiable thassigning values
contain XEDsor pure inclusions of literals. Each ED from its satisfuing assembly to all its variables gives
in the Kis rfE D, r 02 (i f -Eb,dherhwe EvV@aluei 1sto even Zhough one literal z from each ED.
have 2CNF, for which the satisfiability problem hasEach application of point out equivalences separates
an efficient solution [1]). Hence each ED of this CNFeach ED on two EDs but only one from those EDs
isFED, where 20r On as e aowll contBin liceminzt Asieackalu¢ of hewvrvaribbe o n
different variables. does not give value 1 to two created EDs then value of
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literal z will be used into satisfying assembly for an  This process will take O(plogp)+O(nlogn)=©&)(s

obtaining CNF. This lemma is proved. steps.
Let's agree to denote new variables being intro-  Finally, let’s build duplicate ED(3), which we’ll

duced as iy (in CNF K, we used initial ariables denote (3d), in O& steps. For each ED in the A,

X1,X2, € p).X.et’s further agree that in all EDs of thewe’ll mark in (3d) those xb(i) or yb(j), literals on

3-CNF E we write all literals on new variables in thewhich the ED contains. This will require

right-most position; if there are more than one sucB s L O( b ( n )2stegsplfupon Mmsetion, (3d)

literal, the rightmost position will be taken by the onehas unmarked literals, we delete them in O(s) steps,

with the greatest variabladex. eventually obtaining ED
Let CNF E have n+p variables, where p is the  (xb(i1)xb(i2) € x Byb(j)yb(2) € y D)@)

number of newly intraduced ones, and E’s length be s. which contains literals on all variables from A

It obviously is that n+(esiOnl gQq)s,j eia.se. tal Iprtolves et hwaze

and s have an upper bound that is polynomial in det V.

Below we will be expressing time complexities as  Let's now move into the important issue of find-

polynomials in s, hence also polynomials in d, sincéng all possible subsets of the set V, besides the empty

composition of polynomials is a polynomial. Let M beset - there'll be no more than-2<s* such subsets.

8[logs]. A binary representation of the M can be builFor this, we'll employ algorithm, which isabed on

using such representation of number s (it is built bginary notation. First, using (4) we create (kis)g

halving algorithm). binary assembly with a single
We are going to definsatisfiability of 3CNF E  build all the other ones, of the same length, by adding

using sets E1 and E2 as E=E1"E2. In fact it is neces-(in binary) to the previous assembluntil we have

sarily to examine only a case when powers of sets H1s in all (k+r) positions.

and E2 are greater than MFirstlstich assemblyYis Muildt orOKbNEQ(H O

M) then the E1 contai ns stegs.tAdditienlolsl wil fequire O(ksrd steps. BeM©,2 41 0 g ¢

variables as it is-ENF. But both the NF E1 and all the aforementioned binary assemblies will be built

the E are the CNFs on n+p variables (there are no pune2(k+r)O(s)=0(8% steps.

inclusions) . So n+p0O241 og dastynwk ndedte pe) all 2adaDlésangesery sube n c e

s @24 put the s is E's length. ThenGNE E be- set of V to 0, and # remaining variables in CNF E1

longs to class fn+p,24). So in according with lemmato 1. To do this, we take one of the created binary as-

1 satisfiabiity of this 3CNF E is determined in poly- semblies and consider it sibg-side with ED (4),

nomial time. writing out those literals from (4) whose positions
Let bE1b and DE2b be ntorresppond to &dsin e assembly. Then we build du-
Lemma 3A. If A is a proper subset of the set E2 plicate ED (3),which will have literals identical to

the A is not e mpdatisfiaklitydof thdsb Wavhave just evnitten out. In those literals, let's

3-CNE A”E1 is determined in time polynomialins,substi tute ¢Ozb(i),e for ¢

the length oftie E. iables to 1 writingiogjlszb/(]j
Proof. Let assume lemma conditions meet. Let'squal to p (where z is either x or y. For example,

build set V of all different variables, literals on negamay arrive at expression like

tions of which are presentin all EDs fromAandeach 1 x1, 0x10, 1x11, ¢é,0xb(n),0y1, 1

variable z with index i in V is represented by zb(i). With these conventions, we have a set of values

The V is not empty because the A is eotpty and the for all variables in CNF E1, where zero values are

number of all different variables in it is not greatemssigned only to variables derived using the specific

than t=3M. As noted previously, CNFs E and E1 arehosen binary assembhty the length k+r.

CNFs on n+p variables where n is the number of ini- Let’s count the number of steps needed to obtain

tial variables (in the original CNF K) and p is theall sets of values for variables in CNF E1. Writing out

number of variables;yintroducedduring conversion all the relevant literals when considering sheside

of CNF K into separable-@NF E. We also agreed one binary assembly and ED (4) takes

that in the E each ED has the literal on the new vari®((k+r)logp)=0($) steps. Hence buildg all sets will

ble (if any) written in the rightmost position, if there take $4: s L2@Q(%") steps.

is more than one such literal (but there cdetmore Once we're done creating this set of inputs, we

than three), then théght-most position is taken by the need to find the values of CNF A"E1 on these inputs

one with the greatest index. Then if we consider alind pay attention to those, on which valuéA6E1 is

EDs in CNF E1 (that contain new variables), paise equal to 1. Finding the value of A*E1 on one input,

comparison of their righinost literals will allow to requires comparison of one binary word of length

find binary representation of p: out of two EDs weO(logs) at most 3 times with at most 3s words of the

choose th one whose rightost literal has a greaters a me l engt h, whi ch wi || t ak

index, then the chosen one is compared against nesteps. Then the number of steps required to find the

ED and so on. Comparison of two EDs requiresalues of A*E1 on all inputs i% 03=©(s9).

O(logp) steps. Hence we’ll arrive at binary representa- Let’'s now make sure that the above algorithm

tion of the p in sO(logp)=0f¥ steps. Then, by sub- will find the satisfying assembly for CNF AE1, if

stractingl from p using (1) let's build the following one exists. According to remark 2, for given separable

ED 3-CNF E both sets E1 and E2 contain literals on all
(x1x10éxb (i) éxb(n) yQdy lvariahes, (vith EE gortajning a)l literals without nega-

zb(
) e
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tion, E2 all literals with negation. This means that Remark 3. Components with values u and 0 of

satisfying assembly for A”E1 must contain both O$wo assemblies are preserved into its conjunction if it

and 1s. Our algorithm goes through all possible sets @fdefined.

variables in literals oED from A, and all these varia- Let's underline the following fact. If d from T(i)

bles are assigned the value of 0. Therh& A®E1l is and g from T(j) and its coujurion is defined then the

satisfiable, we will find all the variables whose valuesissembly d”g is saticfiable for@GNF A"A; as each

in the satisfying assembly are Os. Lastly, let's noteD from both Aand A contains all literals with nega-

that the subset of variables with the value of 1s (whiction and in according with remark 3 zero components

is a complement of the set @z er o v ar i afmssenbies d andig lark preserved in assembly d*g.

yield 1 in all EDs in EZ assuming there is an satisfy- Lemma 4. If3-CNFF() is satisfiabl e(
ing assembly foA”E1. Thus we have shown that sat-each its satisfying assembly w is conjunction of some

isfying assembly, if it exists, will indeed be found.assembliesyv,, é ;wherevbel ongs to T(i) (
Since all time complexities we've outlined are polyi.e.the wbelongstoasgté ( T( 1) " T(2) ) ~é) " T(

nomial in s (the maximum one being &% and sum Proof. Let's assume lemma’s condition meet. As
of polynomials yiels a polynomial, this concludes the FG) = EIMAMAN éNA= (1 EIMAN
proof of the lemma. (E1”A) ~é~( JEL ™A

Lemma 3B. If B is a proper subset of the set E1, then each satisfying assembly for F(j) is analo-
the B is not empty and boBdbaSskmbly fohatl GNFsBIfA s ©i @bj | i But ok
3-CNF B"E2 is determined in time polynomial in s,of all satisfying assemblies for CNF E1™s T(i)
the length of the E. moreover zero components of assemblies from T(i)
It is full analogy of lemmaA. were found by completexbaustive algorithm. Thus
We are going to search out satisfying assemblyew variants of zero components in assemblies from
for CNF K and separable-GNF E=E1"E2 when T(i) may not emerge. It means that each satisfying
powers of both sets E1 and E2 are greater than M. assembly for F(j) will have zero components of some
Let's partition E2 into classes #o thatforeachi assembl i es from each set T(i)
(except, pebhMpst henalumbadahents offsome assemddi from each T(i) are pre-
classess v(s)=0(s/logs). Constructing of these classeserved in such assemblies for F(j). But it may take
will require MPv(s)=0(S) steps (we create duplicate ofplace on score of diminishing a number of one com-
value M v(s) times and then we keep substracting donents in satisfying assembly for F(j) according to
from the M with supplement to creating class of aloneomparison with a number such components in as-

ED). semblies from T(i). But just s relation between one
Now we will take an interest in the sgftability 1 and zerocomponents of two assemblies takes place
ofeach 3CNFAME1( 1 Oi O v (s)) . ihits cenmrcton id aceogdingvwith lemark 3. Thus,

lemma 3A for each AE1 we will find a set T(i) of each satisfying assembly forGNF F(j) will be men-
satisfying assemblies in G(¥ steps. Assemblies from tioned conjunction of assemblies. Thence, values u*0
the set T(i) are written in form of (5). and 0"u is not defineds in case u*0=0"u=0 emerging
Into each assembly d from the set T(i) we writeconjunction assembly will not be satisfying one fer 3
uzb(j) instead 1zb(j) (theis either x or y) when;aisa CNF E1 in according with condition of introducing

variable of some ED from E1 and values all othervat- et t er c¢cué. Lemma is proved.
iables of this ED are equal to 0 into assembly d. But Corollary 1. If 3-CNF E1I"AMA; (i | j ) i's sati:¢

when it is found value of some CNF on assembly Hle then each its satisfying assembly is dfigere d
then this | etter c¢cué i s bdongsted()andebelongsttaT()g | etters cué
iliary stepsare not required. Building all sets T(i) Lemma 4 lets to prove that out task may be
t akes H)HOEH) Lstegss Let’s remark that solved by the following algorithm. A set T(1)"T(2) is
b T (i ¥ #f@w of the T(i) is empty, CNF E is not to be found and its subset of all satisfying assemblies
satisfiable. for CNF EL1 is denoted T(1,2). If the T(1,2) is empty
Let's assume suppose none of the T(i) is emptthen 3CNF E is not satisfiable. Otherwise a set
Then we are going to decide the satisfiability of th& (1,2)"T(3) is found; its subset of all satisfying as-
following CNFs semblies for CNF E1 is denoted T(1,2,3). Again if the
FG=E1"AMA, € MNA 2 O O v (set Y(1,2,3) is empty thenGNF E is not safisfiable.
Let's introdice the following transformation of Otherwise a set T(1,2,3)"T(4) is found and soup to
assemblies. For assemblies d and g with componefity 1, 2 ,-18), WT((sv)( s ) ) and T(1, 2, é,
0,u,1 we will build assembly w whose ith componentprocess may be ended before if there is some i (i <
are equal to conjunction of ith components of assem{s)1 ) t hat a -1y 2 T(i) i émpty and,é , i
blies d and g if they are 0 and 1; if they are 0,u,andHence 3CNF E is not satisfiable. Like that we will
then u*u=u”*1=1"u=u but u"0 and 0"u is not definedfind all satisfying assemblies forGNFE if it is satis-
Assembly w is called by conjunction of assemblies flable. But in the general case this algorithm will take

and g and the w is written w=d"g. in nonpolynomial time.

Let’s note that conjunction of two assemblies is  So in the general case successive construction of
not defined when values of its ith components are ® s sembly sets T(1, 2, éi-), 20i O
and u for some . polynomial steps. Hence we will analyse set

Let X"Y be a set of all assemblies d*g where @ ( 1, 2, év ( s) ) whi c hCNF&isnot e my
from X and g from Y.
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satisfyable (|l emma 4). | n Os the &nalagy af a paditios ef the Je{ E2,infb, é v ( s )
is a sioset of the set classes Awe will yet partition the set E1 into classes
(e((T(2)Y~T(2))NMT(3)) N éB)sd it vof eadh Jexcept, perhaps, on®)Bb = M
now which we denote by D(v(s)). and 10j Ow(s)=0(s/logs).

An assembly d*g from T()"T(j) keeps all values After for each 3CNF E2"B it is found a set Q(j)
u and 0 belonging to assemblies d and g (remark 8j satisfying assemblies in according with lemma 3B
but zero values are satisfiable folCBIF A™A;. Con- in O($) steps. Assemblies of the Q(j) are written in
junction operation of aemblies is not transitive: in form of (5). Let's remark that one values of satisfying
the general case if assemblies d*g and g"f are definagsembliedrom the Q(j) are found by complete ex-
then assembly d*f may be not defined. But those akaustive algorithm.
semblies from the D(v(s)) which are assemblies from Into each assembly d from the set Q(j) we write
T(1,2,é,v(s)) (and henc ehb(iihsteadhixip(the hiisseither & or y) evinep i y ) pos -
sess transitiverpperty of conjunction (otherwise sat-a variable of some ED from E2 and values all other
isfiable assembly fr om Tvariableg of ¢his ED arg¢ ¢équal to 1 massembtyealf i ned) .
So we going to know what assemblies from eacBut when it is found value of some CNF on assembly
T(i), 10i0Ov(s), form codjtuheni ami assdemlleiresczwi tihs &0l.l|
assemblies from al/l T (] dwxiligry dteips are (not reguired. @uilding aligsetsaXj)s e mb | i
from T()"T(j)) and they are satisfiable forGNF E1. takes w(s)O&)=0(® st eps. Let s note
If it is true then 3CNF E is satisfiable and only in s?4 If any of the Q(j) is empty, CNF E is not satisfia-
such a case. ble.
Let T1(2) be all assemblies d from T(1) for each Suppose none of the Q(j) is empty. Then we are
from which there is an assembly g from T(2) that aggoing to decide the satisfiability of the following
sembly d”g is defined and this d*g is satibfe for 3 CNFs
CNF E1. If for each d such assemblies g are not then R()=E2"B"B ¢ *}B 2 Oj Ow( s) .
3-CNF E is not satisfiable. Leti{2) is not empty and Now we will introduce the dllowing transfor-
this set will be built in O(8)O(x)=0(sY) steps. mation of assemblies. For assemblies d and g with
Let sets T( k) have buil't w hcempenenta @k 1<we (il huild asEemblynw whose ith
set Ti(k+1) is built from all those assemblies d be-components are equal to disjunction of ith components
longing to (k) for each from which there is an as-of assemblies d and g if they are 0 and 1; if they are
sembly g from T(k+1) that assembly d*g is defined®,z, and 1 then zvz=zv0=0vzbut 1vz and zvl is not
and this d*g is satisfiable fo-@GNF E1. If such as- defined. Assembly w is called by disjunction of as-
semblies g areat then 3CNF E is not satisfiable. On semblies d and g and the w is written w=dvg.
the whole set Fv(s)) (if it is not empty) contains only Let’s note that disjunction of two assemblies is
those assemblies d belonging to the set T(1) that faot defined when values of its ith components are 1
each from them and each afdgfo)somej. i 1, there is an assem
bly g from T(j) that the assembly d*g belongs to set Let XvY be a sebf all assemblies dvg where d
T(D)"T(j) and this d*g is satisfiable for-GNF E1. from X and g fromY.
The Ti(v(s)) will be built in v(s)O(¥)O()=0(s) Remark 5. Components with values z and 1 of
steps. 't fe(s) pBObDThHa) btwoTassemblies are preserved into its disjunction if it
On analogy setsiTv (s)) (20i Ov (isdeflned.are built but
in them constructing for given i it is used sets It takes place the following fact. If d from Q(i)

TO,TONT (1), é; T(i ) NT(i and g from Q(j) and its disjunction is defd then the

1), T(i)y~t(i+1), é, T(i)"™T (assensbly dvg is Adtidfiable for@$FeB"Bsas eaxch wi | | I
built in v(s)O(8)=0(s) steps i(&fd) ED fidm both Band B contains all literals without

ObT (i bOs negation and in according with one components of

If each T(v(s))is not empty then-ENF E is sat- assemblies d and g are preserved in assembly dvg.
isfiable. In fact each conjunction assembly is an as- Lemma 5. If 3-CNF R(j) is satisfiabl ] O2) t hen
sembly which is satigble for corresponding-8NF  each its satisfying assembly w is disjunction of some
(remark 3). Further according to our construction amssembliesiyv,, € ;whereyvb ol ongs t o Q(i ) (
assembly d*g where assemblies d and g belongto dif-. e. t he w bel ongs to a set (.
ferent T(v(s)) is satisfable for -ENF E1. At last as The proof of this lemma is analogously to the
for conjunction of such assemblies it is true transitiveroof of lemma 4 as in each assembiyni Q(i) its
property he all A are satisfiable, i.e.-8NF E2. one components were also found by complete exhaus-

Remark 4. If an assembly d from some T(i) doestive algorithm and on the analogy it is justified intro-
not form alone assembly d*g whehe d*g belongsto duci ng t he operation with | et/
T(Ci)~T(j), jihi, or t-GNE d ~ Gorollagy 2.NfBICNFSERBB;S(fiilg bl ei sf osrat3
E1 then the d may be removed from al{v[s)) where ble then each its satisfying assembly is dvg where d
k<j. It may be found that some(V(s)) is empty, i.e. belongs to Q(i) and g belongs to Q(j).

3-CNF E is not satisfiable. Lemma 5 lets to obtain other solution of our task
Theorem 2 is proved. which is analogous to solution obtaining from lemma
But sometimes describedgorithm may be prac- 4, ie. we wil sequentially build sets

tical more complicated than analogy algorithm builQ(1)vQ(2),Q(1,2),Q(1,2)vQ(3),Q(1,2,3) and so on but
on the basis of partition of set E1. We will ontline its.
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in the general case thialgorithm will take in non The satisfiability problem is known to be NP
polynomial time. complete, hence we arrive at the

Now we define @ w( s) ), 10i Ow( s) Corotlary 3tNReP.anal o -
gy of sets Tv(s)) and further we will discuss by anal-
ogy.
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COMPARISON OF COSTS FOR ELECTIVE VERSUS EMERGENCY HERNIA
REPAIR AND ITS REIMBURSEMENT IN BULGARIA

Abstract The aim of this publication is twofold: i) tbtompare the costs for elective and emergency hernia
operations in Bulgaria considerisgrgical techniques, size of implants, a presence of cortiplisaand locali-
zation of medical center; ii) to reveal the differences in institutional and patiesits

The cost of operation of hernia is calculated as the sum of the cost paid by the National Health Insurance
Fund (NHIF), patients and public funds.

The fixed direct costs are paid for elective and emergency operations byiNHB-0 1 318 in dase
without comp988& &&tSB70isn amd el of complication. 68%Hhe aver :
N 3 6drul2553 . 6 5 forlkeleddivecoventionalor emergencyperation Laparoscopic hernia repair has a
higher cost for procedurdue to the more costya p ar o s ¢ o p i 944.18 q 8 0.F e &btars that affect
most on the cost of operations are the price of meshes and lapara=spaipiment. It is necessary to introduce
procedurespecific disposablesosts for different type of hernia according to their real cost in order to rédkice
burden of the patients.

Key words: hernia, open and laparoscopic mesh repair, cost of herrei@pereimbursement

Introduction tional procedure, the cost dfernia mesh(HM), the

Hernia is one of the most common surgical paeost ofthe work of team andecovery of the patient.
thologies. It can be repaired through open mesh surhe cost of treatment is betwe&4.200- $6.200 in
gery, open nommesh surgery or laparoscopic surgeryUSA for insured patients and 620- 4 4 .irREBJ2
An open, mesibased repair remains the standardi18,19].
method. Today the surgittechnique using the hernia There is a tendency to shorten the hospital stay
meshes is preferred over traditional surgical techniguand the temporary disability in order to reduce the cost
of suturing because the use of the prostheses reducédreatment.As a world standard orgay or short
the number of reoperations from -80% to about hospital stay is applied which ranges from 1 to 5 days
10% [1]. Laparoscopic herniorrhaphy also producedepending onhte presence of postoperative complica-
excellent resultsThe advantages of laparoscopic retions. The disability period depend on the type of her-
pair of hernias over conventional repaiclude re- nia, presence of complications, age, profession of the
duced postoperative pain and recurrence rates as wgditient and the type of treatment carried out operative-
as earlier return to work. Recurrence rates may de-ly. Average recovery time is from 7 to 56 days [20].
crease to 5% or lower with laparoscopic repair [17] The aim of this publication is to assess and com-
makes laparoscopy the approach of choice for recypare the costs for elective and emergency hernia oper-
rent and bilateral hernias. ations in municipal and urban general hospitals in

Hernia operations in Bulgaria are on the seconBulgaria, taking into account the used surgical tech-
place in frequency after the operations of appendicitisiques, implants and the presence of complications.
[3]. Every year thenumber of operated patients areThe viewpoint of the analysis is those of National
about 20,000, which is included in the NationaHealth Insurance Fund, patients and society. The peri-
Framework Agreement [13]. Due to the increasin@d of observation is one year.
average age and life expectancy of the population the
frequency of hernia is expected to increase. The pa- Methods

tientsd rhewiaremiriyof grdatteeonom- The combined microcosting and macrocosting
ic and social importance which implies an assessmeapproach was used towards the data from prospective
of the costs of their treatment. study of the electie and emergency operations per-

Authors evaluate the medical costs for herniformed in country hospitals. During the prospective
surgery as the sum of the costs of visits to the genestldy was collected information about the frequency
practitioner (GP) and surgeon, thalue of the opera- of hernia operations in our country, health care re-
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sources used and preferences of surgeons towards described on Table 1. On a macro level data for the
type of surgery iad hernia meshes [5]. costs paid by HeditCare Insurance Fund are applied
Cost Analysis towards the hospital services, hospital stay, costs per
In this study have been identified regional differvisit to a GP and specialissurgeon [13]. Those costs
ences and health care resources used. We summaaze officially published in the National Framework
them to compare the cost differences. Agreement and are applied towaras hernia opera-
The direct cost analysis include details of altions depite their type and complexity. On a micro
health and noimealth care resoces, their frequency level was used published studies, and expert opinion.
of utilization and unit prices depending on the type of  The view point of the analysis is those of Nation-
surgery. Detailed description of type of health caral Health Insurance Fund, patients and society. The
resources, their cost, and frequency of utilization iperiod of observation is one year.
Table 1. Health cameesources and their unit costs

Type of resources Number/proportion Value Source of data
Herniotomies with hernia meshq 90% used hernia meshes (Doneva et al.
in clinical centers 10% used suture technique 2014).
Herniotomies in  municipality 23-42% used suture method (Doneva et al.
hospitals 2014).
Type of hernia meshes Municipality hospitals low cos| U 66- (84 (Doneva et al.
meshes 2014; Kirilover
Clinical centersi high cost Doneva et al.
meshes 0137-0750 2015; Coda et al.
2012)*
Hospital stay 2 days without complications | (287- 01305 (National
Framework
5 days with complications Copayment - U | Agreement,2014).
2.85 per day
Extrafees for additional serviceg Individual room 06.5 045 Hospitals tariffs
Choice of surgeon 0250
Choice of surgical team** 0450
Type of herniotomy Open surgery 90% (McCormack et
Laparoscopic 10% al.,2005; Simon e
al, 2009)
Laparoscopic equipment 0u175- 0750 Expert opinion
Postoperative complications Emergency operation2.6% 0687.5 (Damianov 1997,
Elective(planned) operations National Frame-
0.3% work Agree-
ment,2014,
NCPHA,2016

*The cost of the hernia meshes depends also on the size
**A case of emergency does not impdy choice of a specialistr a team and these fees are not included in the
final price of the emergency operation.

Indirect costs such as productivity losses wereosts[number of days in disability * average income
calculated also using the human capital approacper day]
During the reovery periodprovided medical leaves
are from 10 to 30 days, as for elective surgery are usu- Statistical methods
ally 10 days, and in case of emergency operatidd A descriptive statistics wassed to determine the
days [15]. The amount of medical leaves are calcula&verage cost of elective, emergency and laparoscopic
ed based on the national average salang85. Under surgery paid by the society and patients, as well as to
existing legislation, the employer pays the first threeompare the average price of hernia meshes, laparo-
days of hospitalization on the bases of 70% of salargcopic equipment and additional fees. Statistically
while National Insurance Fund (NIF) pays the rest adignificant difference in cost of operations were de-
medical leaves the amount is 80% of the insurabletermined at level of significance p = 0.05.
income of the worker. Thufor the first three days A sensitivity analysis was applied to determine
wi | | be ¢ harl@ pedevary8daydustil the rthe impact of the following variables: the price of the
end of medical leaves. meshes, the influence of additional fee for surgical
The total cost for every herniotomy were calcuteam and the influencefothe cost laparoscopic
lated using the following formula: equipment on the total cost of operation. Costs are
Total cost of herniotomy = Direct codiGP visit varied within the following ranges: for the price of
+ specialistvisit + cost of the operating procedute meshesfromi66 60g for additional
cost of the hernia meshes + cost of the selected tea®50-U 450 and for the value of laparoscopic equipment
operator + user fee + cost of complicationshélirect bet ween 0175 to 0750. Scenari
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and total costs in two scenarios were calculated with

the highest and with the lowest possible valoEthe Results

chosen uncertain variables mentioned above. A Tor- Considering the health care resources used and
nado diagram was built to illustrate the influence otheir unit prices the resulting cost of operation per

selected parameters on the total cost of laparoscomatients, paid by the NHIF for both compared alterna-

surgery and to assess which parameters affect maises is almost equal (Table 2).

heavily on the cost of operations.

vable2. Costs of an operation paid by NHIF

Costs paid for Costs paid for emergency oper
elective operation (EUR) tion(EUR)

GP visit 4.75

Specialist visit 9.50 9.50

Cost of operation 287 300.5

Cost of complications 687.5 687.5

Total cost without | 301.25 310

complications

Total cost with | 98875 997.5

complications

On the other hand, the cost burden to the patiepatients appears to be the emergency operation, and
is significantly higher (Table 3). The less costly forthe more expensive lagally is the laparoscopic.

vable3. Costs of an operation paid by the patient (EUR)

Costs paid for elec| Costs paid fon Costs paid for laparoscopic
tive conventional elective operatiofEUR)
conventional opera| emergency
tion (EUR) Operation(EUR)

GP visit 1.45 1.45

Specialist vig 1.45 1.45

Price of the mesh 66-750 66-200 175750

Cost of the operator 250 - -

Cost of the team - 450

User fee 1 day x 2.95 2 daysn 2.95 1 day x 2.95

Cost of hospital stay in case | 5 day x2.95

complication

Cost for improved hospitalon- | 6.545 - 6.545

ditions

Total 328.35*- 1050.6** | 86.65-220.65* 637.35-1250.85**

Average costs 689.9N361.5 153.65N670 944.1N306.5

*The costwascalculatedvhenminimal price for the meshandadditional fees are included
** Thecostwascalculatedvhenmaximalprice for the meshandadditional fees are included

Table4. Indirect costspaid by society

Medical leave Elective operation(EUR) Emergency operation(EUR)
Costs paid by employee 3 daysn 8.75 3 daysn 8.75

Costs paid by National Social Secur| 7 daysn 10.0 27 daysn 10.0

Institute

Total 926.5 296.5

Due to higher sick leaves in case of the emergen- Costs of elective, emergency and laparoscopic
cy operations the cost for the society is 3 times higheperations paid by society were averaged and com-

than the elective opations (Table 4). pared. The costs of every subgroup were divided ac-
Cost-differences cording to presence or lack of complications. (Figure
1).
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Fig. 1. Comparison of the average costs of society for elective and emergency hernia operations.

The results show that the cost of emergency artibns. The patient paid 53.48&6 the total cost of open
elective hernia operationwithout complications are mesh elective operation without complications if the
comparable, if the patient does not choasteam or surgeon is not chosen and 83.8% of the value if such a
operating surgeon 07 7 0 . 750 Na gi®22:8% tspedialist is chosen. In the case of elective surgery
N 361.25. The cost of emergency operations witvith complications the cost paitly the patient is
compl i catlid® s 23 sand @xaeeds the 39.3% of the total value of the operation. If laparo-
value of laparoscopic operations by about 10%. Thecopic surgery was chosen he paid 71.1% of all ex-
cost of elective operations with complicats are the penses.Comparisons of costs between laparoscopic
highest- 0 1 7 5 4 . 361.536. Ifithe selection of a and open surgery showed that the cost of laparoscopic
surgeon is included in calculations the total cost readperation is higher than open rhesperation with
G2 00 4 .381.28 (Fig.1). 17.7%.1f emergency operation is necessary the patient

The proportion that the patient paid during operapays 19% of the cost of hernia operation without
tions of hernia was assessed and presented (Fig.@mplications and 11.3% from the value of operation
While the cost paid by NHIF for elective and emerwith complications. There are statistically significant
gency surgerar e i n pB8 0 palO, dritavah differences between the ¢spaid by patient and soci-
costs paid by publi¢ u n d s 3 & 7&@&the cost ety in elective surgery with complications, as well as
whichpat i ent s6 &%.i 833.68 foleonvén- between costs of emergency operations (p = 0.001).
tional 0 p e 944 lfar mpamscopio opra-u

80%

70%

60%

50% -
M operation without

40% complications
30% M operation with

complications
20%
10%

0% T T 1

elected emergency laparoscopic
operation  operation  operation

Fig. 2. Comparison of the cost which patient pays for elective and emergency operatioosstlibexpressed
as a perentage of total cost of hernia repair (100%).

Price differences of elective operations paid bwre as follows: In municipal hospital for elective her-
patients according to localization of the medical centaria operation without complications and without
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choice of a preferr e?.35 ur dgneudan medical hoppitalsiwken surgipaatgam ord
- U 152.85according to the size of the mesh16.4  a high quality mesh is chosen, the part of the cost paid
27. 7% of the total 476.®@ €t bywheipatibnt inceeasdselh elexteven surgeryphil
550.1.If there are complications, the cost of theoperd-r om (G 3 6 3 . atcordiny to (esizé &fGhe 9
tion according to the size of the mashi 1386.85-0 me s h, 1G58 d 208.9 in case of emergency sur-
1456.35.The patient pays 6.7%1.1.5% of the cosdf gery. Thus patient pays between 472/5% of the
emergency operation (Figure 3). cost of elective operation and 718.7% of the cost of
emergency hernia operation. (Figure 3)

1400

1200

1000

800

M elected operations
600

® emerged operations

400 -

200

A costpaid by A costpaid by A cost paid by
NFIH patient in MH  patient in CC

Fig. 3. Distribution of the costs for elective and emergency surgery between patient and public funds according
to region (MHi municipally hospital; CQ clinical centers).

If laparoscopic technic is applied &n clinical posingthat an average price of laparoscopic equip-

centers, the price paid by tlpatient for elective sur- ment ist 462.5 the prices of operation is in the range
gery will increase withl 600- 700 and will reach the G 13931981. Changing the prices of laparoscopic
cost of emergency surgical operatidm evaluate the equipmentaround the average price of meshés408
costs of society for implementation of laparoscopiincreases the price of the elective operation in the
hernia repair we applied a sensitivity analysis and var- a n g €133a@ifu 2087.In case of team selectiohet
ied the cost of the meshes, cost of the laparoscogico st of t hi s o p585 a17890on i s bet:
equipment ad fee for selection of a surgical team.
(See Fig.4) The cost of elective operation without The sensitivity analysis demonstrates that the
complications when laparoscopic technique is appliecbst of the meshes, followed by the price of laparo-
is obtained using data from Table 1, Table 2 and Tabgzopic equipment have the largest share in the in-
3. When we vary the price of implanted meshes sugreased cost of elective operations.

2500 2000 1500 1000 500 0

price Of the n]ESh --
laparoscopic equipment/instruments --
Team selection II

M low M high

Fig. 4. Costsfor elective surgery without complications with the application of laparoscopic technique.
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Discussion It is known that patient preference plays the greatest
In this study we assessed and compared the costde in the choice ofype of repair; but in lowncome
for elective and emergency hernia operations in Butountries,when the cost of laparoscopic repair is al-
garia considering surgical techniques, size of anfd mostdouble the cost of open mesh operation, the part
and the presence of complications. The differences af patient choosinghis type of repaiwill be very
the costs paid by patients and National Health Insulew.
ance Fund were also revealed. This is the first cost
study for differences in the hernia surgery in the coun-  Due to an effort to reduce costs in the treatment
try using micremacro costing approhand analyzing of herniawhenthe importance of outpatient surgery
the differences among the type of surgeries and costs recognizedoatients spend a few hoursthe hos-
payer.It was provoked by the fact that the Nationabpital or outpatient surgery centier recovering.There
Health Insurance Fund is paying a flat tariff costs fois a wide variation in the length of postoperative stay
all hernia operations despite of their complexity, surfor hernia repair, reflecting differences in hospital
gery technique and emengcy. Therefore we wanted policy. As a rule the cost of dagurgery operation is
to know the real cost of operations and the share thait least 50% less expensitl@an operation of patients
the Fund is covering. according to the principles of conventional hospitali-
The cost analysis shows that public funds paidation [15].In the United States, inguinal hernias and
for elective surgery are about 3 times less than in caEmoral hernias have been treated on an outpatient
of incarceration. Patients operated at municijpein- basis in92% in UK 75% of electivesurgeryare on
ters in the absence of team selection when cheaghbis basis whiléen Germanyonly 33% of inguinal her-
mesh is used, pay for emergency and planned operda repairs are undertaken outpatient basig7,10].In
tion comparable amountst 115.67 G 99.4. If pa- some cases, a longer recovery period is necessary.
tients are operated in leading centers they can take
advantage of the choice of a team, quality mesinels In recent years, ongay surgery for hernia is ap-
better hospital conditions, and they would pay 4.plied also in specialized Bulgarian centers. [10,15].
times more for elective surgery than for emergenclfrom thke published results the average hospital stay is
operation. The average cost of complications ar&8 hours, 10% of patients live the hospital at the same
38.4% from the total cost of elective surgery and 47.8ay and those who stay longer than 24 hours in the
percent of the cost of emergency surgége mean hospital are 1.73% [10].dparoscopic surgery is usu-
value of the mesh((200) is respectively 18.4% anda |l 'y f ol |l owed by atspihleast one
26.8% of the value of elective and emergency opera-
tion. This is the most costly part of the surgery that in  The recovery period after operation depends on
fact the NHIF is not covering. There are some standype of hernia, choice of surgical technique and patient
ard meshes supplied via hospital tenders that sormstate. A quick return to work and daily and sport activ-
times did notoffer enough variety of options corre-ity is associated mainly with choice of surgical tech-
sponding to the different type of the patients, previousique. According to the National @Edeline Clearing-
surgery, complexity of the cases etc. house patients undergoing open surgery can return to
light work in aboutl4 days and thoseho work as
Evaluated differences in calculated costs paid bymnanual laborers shouktay at homéoetween 21 and
public funds and patients showed thatre arestatis- 56 days before returning to workhose undergoing
tically significant differences in the costs paifbr laparoscopic surgery should wahaut 7 daysbefore
elective operations as well as for emerged operationsturning to light work and about4- 28 days before
(p<0.001). There was no statistically significant difreturning to a manual lab¢t3]. In his review Kavic
ferences in the costs paid by patients for emergencgmpared recovery of patients aftaparoscopicand
operations done in municipal and urban hospitals (p epen mesh operation [8]. He reported that patient who
0.134).Costs of operationpaid bypatientsundergo- underwent laparoscopiternia return to daily activity
ing hernia repair with loveost meshin municipally 6 vs 10 days after open mesh operation, return to work
medical centerand those undergoing hernia repairl4 vs 21 days and 24 vs 36 days for sport activity
with commercial mesin urban center are also statis-[17]. In Bulgaria the deadline to restore the normal
tically significant(p<0.5). rhythm of life is on average 9 days [1(rovided
medical leavesare 10 days for elective surgery and 30
There are specific indidans for laparoscopy days in case of emergency operation.
over open repair, including recurrent hernias and
lateral hernias whehoth sides can be repaired via the ~ Many studies reported the prices of surgical op-
same laparoscopic port. Some studies have reportedtions depending on the type of hernia and the ap-
recurrence rates for laparoscopic repair that rangdied operating procedure. Prices of the conventional
from 1% to 39%414,17].Taking into account the short- hernia surgery in EU areetween 653 euros (Poland)

ened recovery period, reduced recurrence emtd t o U 6, 713 (ltaly). The most
pain it is clear that usintaparoscopic hernia repair Spain are for umbilical hernia 4 2 9 2, in Pol an
could be achieved significant economic effect. Thepigastric herniad 1420, affbrféamoralTur key

surgeons from 90 of the existing surgical centers ihernia-d 1 2 0 7 he[avdefade.costTor anguinal
Bulgaria are able tapply this technique, which is open herra surgery ranged betwe&d200and$6200
about 76.2% of all medical centers in the coufdly in USA [18] but the average patient would pay be-
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tween$750and$1109for this surgerywhich is 18% more expensive foemergency operation. The fixed
of total cost An umbilical hernia repaired through direct costs are paid for planned and emergency opera-
laparoscopic or open surgery, can cost an individuébnsi 3 0 1 %18 in dase without complications
with insurance between$700and$2,000which is 14 a n d9 818 998 in dase of complicatiorLaparo-
32% of total costsThe total direct costs for laparo- scopic hernia repair has a higher cost for procedure
scopic, open mesh and open fmoash repair, based versus the opeternia repair atl 254.2 mainly ( U
on the cost in 200D2 pricesin UK areA 1 0 7 8 , 6A8998. 79944vi¥being due to the more coslparo-
and A942 r[ld]Operations with llagaro- scopic equipmentThe application oflaparoscopic
scopic techigue are about 1-2.5 times more expen- surgeryi nf |l uences t he Aflaataicent sd ¢
sive than conventional hernia operations according tostitutional reimbursement oB00 euro results in a
data for the period 19952001 [6]. For UK this ratio higher mtients costs. It is necessary to significantly
is 1.09 and for our country the ratio is 1.61 [11]. Theeduce health costs borne by patients, because only
total cost of elective surgery in Bulgaria is semito  from 13.8% of cases (incarceration hernia) NHIF co-
those in Poland, but laparoscopic operations in Bulrers the 88.6% of total cost. Elective surgery costs are
garia are 62% more expensive than open mesh opeshared between the patient and the Fdmek curent
tions. In our country there are no different costs afise of laparoscopisurgery is low but its useill in-
hospital services according to the type of hernia armteaseif the cost of hernia meshemd hparoscopic
surgical techniques which leads to und@nestion of equipmentis covered by the NHIFThe laparoscopic
labor of surgeons and lack of motivation for the use afurgical repair of herniamposed using ohighly spe-
laparoscopic technique. cialized skils and patients receivinghis care paid
more that is not acceptable in case of compulsory in-

The total cost of treatment for each patient wasurance.
used to calculate the anticipated cost of the treatment
for all patients undergoing herniotormyhe number of Economic evaluation of two surgical procedures
resetions per2016is based on the data reported irffor hernia repair indicates that planned (elective) oper-
The National Framework Agreement. Totally provid-ations are less costly for NHIF and hospitals and more
ed operations from hernia are 17,043 and 2354 ¢bstly for the patientsThe differences in calculated
them are incarcerations [13[he total cost of hernia costs paid by public funds and patients were not in
operations based on average value of elective afalor of patients neither in emergency procedurés.
emergency repairsis U 16,049,758.26 . The cost of results of the sensitivity analysis show that the factors
pl anned s14)0%d56.% if 0.3% cdmplica- that influence the cost of operations are the price of
tions are includedThe cost of emergency operationsmestes and laparoscopequipment costdt is neces-
i s 1,978,302 when 10% complications are includedary to provide a relevant procedure with specific
in this cost. The total cost taken by patients for eleg@rices of hospital service according to real value of
ttve and emergency ope/r adifferennhherniaaepar. r especti vely U
514,157.8 euro andl217,613.2.
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THE TRANSFORMATION OF THE NATURE OF WORK AT CHANGE THE
CHARACTERIST ICS OF THE ECONOMIC RESOURCES
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Summary: Understanding of the changes in modern production gives every reason to conclude that it is
significantly different from the industiidype of economy existed in the previous century. These changes are
associated with the "microelectronic revolution”, which led on the one hand, to changes in the characteristics of
the consumption of resources, on the other hand to changes in thethatardnformation is an endogenous
component of the factors of production, human capital is acquiring a multiplicative value. The changing nature
of work affect the worklife balance and free time.
Key words:information, knowledge, information societyprking time, free time.
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