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‡Ë·ÓÎ¸¯ÂÂ ÍÓÎË˜ÂÒÚ‚Ó ÔÂÊ‰Â‚ÂÏÂÌÌÓ„Ó ‚˚ıÓ‰‡ ËÁ ÒÚÓfl ÔÓ„ÛÊÌ˚ı

Ì‡ÒÓÒÓ‚ Ò‚flÁ‡ÌÓ Ò ‡·‡ÁË‚Ì˚ÏË ËÁÌÓÒ‡ÏË ‡·Ó˜Ëı Ó„‡ÌÓ‚ ÔÂÒÍÓÏ,

ÓÒÍÓÎÍ‡ÏË ÔÓÔÔ‡ÌÚ‡ Ë ‰Û„ËÏË Ú‚Â‰˚ÏË ÏÂı‡ÌË˜ÂÒÍËÏË ˜‡ÒÚËˆ‡ÏË

‰Ë‡ÏÂÚÓÏ 50-200 ÏÍÏ Ë ·ÓÎÂÂ. èË ˝ÍÒÔÎÛ‡Ú‡ˆËË Ì‡ÒÓÒ‡ ‚ ‡·‡ÁË‚ÓÒÓ-

‰ÂÊ‡˘ÂÈ ÒÂ‰Â ˝ÚË ˜‡ÒÚËˆ˚ ÒÂÁ‡˛Ú ÏÂÚ‡ÎÎ, ˜ÚÓ ÔË‚Ó‰ËÚ Í ÔÂÊ‰Â‚Â-

ÏÂÌÌÓÈ ÔÓÚÂÂ ˝ÙÙÂÍÚË‚ÌÓÒÚË ‰Ó·˚˜Ë Ë ÚÂ·ÛÂÚ Á‡ÏÂÌ˚ Ì‡ÒÓÒ‡.

ÑÎfl ÔÂ‰ÓÚ‚‡˘ÂÌËfl ‚˚ÌÓÒ‡ ÏÂı‡ÌË˜ÂÒÍËı ˜‡ÒÚËˆ ËÁ ÒÍ‚‡ÊËÌ˚ ÔË-

ÏÂÌfl˛Ú ÙËÎ¸Ú˚ ‡ÁÎË˜Ì˚ı ÍÓÌÒÚÛÍˆËÈ, ÍÓÚÓ˚Â Ó·ÂÒÔÂ˜Ë‚‡˛Ú:

– ÔÓ‰ÎÂÌËÂ ÒÓÍ‡ ÒÎÛÊ·˚ ÒÍ‚‡ÊËÌÌÓ„Ó Ë Ì‡ÁÂÏÌÓ„Ó Ó·ÓÛ‰Ó‚‡ÌËfl

Á‡ Ò˜ÂÚ ÔÂ‰ÓÚ‚‡˘ÂÌËfl ‚˚ÌÓÒ‡ ÔÂÒÍ‡ Ë ËÌ˚ı Ú‚Â‰˚ı Ù‡ÍˆËÈ;

– Û‚ÂÎË˜ÂÌËÂ Ó·˙ÂÏÓ‚ ‰Ó·˚˜Ë ÔÓ Ò‡‚ÌÂÌË˛ ÒÓ ÒÍ‚‡ÊËÌ‡ÏË, ÌÂ Ó·Ó-

Û‰Ó‚‡ÌÌ˚ÏË ÙËÎ¸Ú‡ÏË;

– ÒÌËÊÂÌËÂ ‡ÒıÓ‰Ó‚ Ì‡ ÒÔÛÒÍÓÔÓ‰˙ÂÏÌ˚Â Ë ÂÏÓÌÚÌ˚Â ‡·ÓÚ˚;

– ÒÌËÊÂÌËÂ ËÁÌÓÒ‡ Ì‡ÒÓÒÌÓ-ÍÓÏÔÂÒÒÓÌ˚ı ÚÛ·.

ä Ì‡ÒÚÓfl˘ÂÏÛ ‚ÂÏÂÌË fl‰ ÔÓËÁ‚Ó‰ËÚÂÎÂÈ ÔÂ‰Î‡„‡ÂÚ ˚ÌÍÛ ÔÓ-

„ÛÊÌÓ„Ó Ì‡ÒÓÒÌÓ„Ó Ó·ÓÛ‰Ó‚‡ÌËfl ˝ÙÙÂÍÚË‚Ì˚Â ÍÓÌÒÚÛÍˆËË ÙËÎ¸ÚÓ‚,

ÍÓÚÓ˚Â ÓÚÎË˜‡˛ÚÒfl ‰Û„ ÓÚ ‰Û„‡, ÔÂÊ‰Â ‚ÒÂ„Ó, ÍÓÌˆÂÔˆËÂÈ ÚËÔ‡ ÙËÎ¸Ú-

Û˛˘Â„Ó ˝ÎÂÏÂÌÚ‡ (ÙËÎ¸ÚÛ˛˘Â„Ó ˝Í‡Ì‡).

àÁ‚ÂÒÚÌ˚ Ë ÛÒÔÂ¯ÌÓ ÔËÏÂÌfl˛ÚÒfl ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ˚ (˝Í‡Ì˚) ˘ÂÎÂ-

‚Ó„Ó ÚËÔ‡ – Ì‡ÔËÏÂ, ÒÓ ˘ÂÎÂ‚˚ÏË Â¯ÂÚÍ‡ÏË (EUROSLOT), Í‡Ì‡Î¸˜‡Ú˚Â

Ò ÓÚÍ˚Ú˚ÏË ÔÓ‡ÏË – Ì‡ÔËÏÂ, ËÁ ‚ÒÔÂÌÂÌÌÓ„Ó ÏÂÚ‡ÎÎ‡ («çÓ‚ÓÏÂÚ-

èÂÏ¸»), ÏÂÏ·‡ÌÌÓ„Ó ÚËÔ‡ Stren (R & W International, Inc.), ˆÂÌÚÓ·ÂÊÌÓ-

„Ó ÚËÔ‡ LAKOS Pump Protection Separators (Division of Claude Laval

Corporation), ‡ Ú‡ÍÊÂ ÔÓ‚ÓÎÓ˜Ì˚Â ÒÂÚ˜‡Ú˚Â, ÎÂÌÚÓ˜ÌÓ-ÔÂÙÓËÓ‚‡ÌÌ˚Â,

ÏÂÚ‡ÎÎÓ-ÒÔÂ˜ÂÌÌ˚Â Ë ‰Û„ËÂ ÚËÔ˚.

Ç Á‡‚ËÒËÏÓÒÚË ÓÚ ÔËÓ‰˚ ˜‡ÒÚËˆ, ‚˚ÌÓÒËÏ˚ı Ò ‰Ó·˚‚‡ÂÏÓÈ ÊË‰ÍÓ-

ÒÚ¸˛, ÓÚ ÓÒÓ·ÂÌÌÓÒÚÂÈ ÒÍ‚‡ÊËÌ Ë ÔÓ„ÛÊÌÓ„Ó Ó·ÓÛ‰Ó‚‡ÌËfl, ÒÂ‚ËÒÌ˚Â

ÒÎÛÊ·˚ ÓÚ‰‡˛Ú ÔÂ‰ÔÓ˜ÚÂÌËÂ ÚÓÏÛ ËÎË ËÌÓÏÛ ÚËÔÛ ÙËÎ¸ÚÛ˛˘Â„Ó ˝Í‡Ì‡,

Ú‡Í Í‡Í Í‡Ê‰˚È ÚËÔ ÙËÎ¸ÚÛ˛˘Â„Ó ˝ÎÂÏÂÌÚ‡ ËÏÂÂÚ Ò‚ÓË ÔÂËÏÛ˘ÂÒÚ‚‡ Ë

ÌÂ‰ÓÒÚ‡ÚÍË.

äÓÏÔ‡ÌËfl «ééé ◊êÖÄå-êíà“» ‡Á‡·ÓÚ‡Î‡ ÍÓÌÒÚÛÍˆË˛, ÚÂıÌÓÎÓ-

„Ë˛, ÓÒ‚ÓËÎ‡ ÔÓËÁ‚Ó‰ÒÚ‚Ó Ë ÔÂ‰Î‡„‡ÂÚ ‰Îfl ËÒÔÓÎ¸ÁÓ-

‚‡ÌËfl ‚ ÙËÎ¸Ú‡ı, Á‡˘Ë˘‡˛˘Ëı ÔÓ„ÛÊÌÓÂ Ì‡ÒÓÒÌÓÂ

Ó·ÓÛ‰Ó‚‡ÌËÂ, ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ˚ Ò ÌÓ‚˚Ï, ÌÂÚ‡‰ËˆË-

ÓÌÌ˚Ï ÚËÔÓÏ ÙËÎ¸ÚÛ˛˘Â„Ó ˝Í‡Ì‡, ÍÓÚÓ˚Â Ó·˙Â‰ËÌfl-

˛Ú ‰ÓÒÚÓËÌÒÚ‚‡ ˘ÂÎÂ‚Ó„Ó, Í‡Ì‡Î¸˜‡ÚÓ„Ó Ë ÔÓ‚ÓÎÓ˜ÌÓ-

ÒÂÚ˜‡ÚÓ„Ó ÚËÔÓ‚.

éÒÓ·ÂÌÌÓÒÚ¸ ‡Á‡·ÓÚ‡ÌÌÓÈ ÍÓÏÔ‡ÌËÂÈ «êÖÄå-

êíà» ÍÓÌˆÂÔˆËË ÌÂÚ‡‰ËˆËÓÌÌ˚ı ÙËÎ¸ÚÓ‚ Á‡ÍÎ˛˜‡ÂÚ-

M
ost premature failures of submerged pumps are caused by abra-

sive wear of operating elements that are affected by sand, prop-

pant cuttings and other solid mechanical fractions of 50-200+  μm in

diameter. Operating a pump in such an abrasive environment, these

fragments shear off metal, resulting in premature production deficien-

cies and requiring pump replacement.

To avoid carryover of mechanical fragments from the well, filters

of various designs are used to ensure:

– extended life of the well and surface equipment due to the pre-

vention of sand and other solid fractions production;

– increased output ratio compare to wells without filters;

– reduced costs for tripping and repair operations;

– lower wear-out factor of tubing.

Currently, some suppliers of submerged pumps offer effective fil-

ter solutions. These primarily differ from each other by the filter ele-

ment (filter screen) design.

Some slotted type filtering elements (screens) are being success-

fully operated in combination with slot arrays (EUROSLOT), as well as

channeled-type filtering elements with open foamed-metal pores

(Novomet-Perm), membrane-type Stren (R & W International, Inc.),

submerged-type (LAKOS Pump Protection Separators / Division of

Claude Laval Corporation), wire-mesh filters, dewatering conveyors,

metal-sintered and other types.

Maintenance department preference for the type of filtering screen

depends on the origin of the fractions transported along with the pro-

duced fluid and the type of well and submersible equipment, since each

filtering element has its advantages and disadvantages.

The open joint-stock company REAM-RTI has developed the

design and know-how, and launched production of filtering elements

with non-conventional filter screens to improve filters protecting sub-

merged pump equipment. The new approach combines advantages of

the slotted, channeled and wire-

meshed design types.

Non-conventional Filter Modules 
for Downhole Equipment
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The design of the REAM-RTI non-conventional filters uses filter-

ing modules made of wire permeable material (WPM).

The WPM structure creates interlaced wire concertinas of a cer-

tain orientation, which, after a cold plastic deformation in special

molds, forms a slotted open-pore any-direction system which ensures

the target mechanical, physical, hydrodynamic and other parameters

(Fig. 1).

As with elastomeric materials, the essential WPM feature is its

elastic deformation properties, which allow changes in porosity by

varying the pressure load (Fig. 2).

The structure of the filtering element is of module-type design.

The filtering modules consist of two one-in-one spatially inserted bush-

ing elements of the same height (Fig. 3).

Such a module design allows the formation of unlimited-length fil-

tering elements adaptable to hole curvature (Fig. 4).

Moreover, these WPM-based bushed filtering elements, especial-

ly at axial strain, allow the creation of pores with crescent shaped slots,

so that the retained fractions have only two points of contact with the

pore surface. This minimizes obstruction and recovery costs.

Since the filtering elements are made of metal wire, the selection

of the appropriate corrosion-proof material is not a problem. Typically,

REAM-RTI offers high-chromium stainless wire filtering elements.

Operating tests of the downhole filter utilizing REAM-RTI’s WPM

filtering modules have been successfully completed at the

Feodorovskoe field (West-Siberia Oil Production). The operating time is

currently over 800 days without degradation of the filtering properties.

An important advantage of a downhole filter (along with the pos-

sibility of extending throughput capacity of slim holes due to its length)

is the insensitiveness of filtering properties to hole curvature because

of WPM elasticity.

Together with using the filtering modules with downhole filters,

REAM-RTI has also gained experience in using bushing-type filtering

elements in pumps. Currently, in the vicinity of

Nefteyugansk they are carrying out operational

tests of submerged centrifugal pumps with

REAM-RTI’s WPM filtering elements integral to

the intake module. This design of the intake mod-

ule with WPM filtering elements provides for the

use of a drain system to remove (vent to the well)

fractions.

Òfl ‚ ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÙËÎ¸ÚÛ˛˘Ëı ÏÓ‰ÛÎÂÈ ËÁ ÔÓ‚ÓÎÓ˜ÌÓ„Ó ÔÓÌËˆ‡ÂÏÓ-

„Ó Ï‡ÚÂË‡Î‡ (èèå).

ëÚÛÍÚÛ‡ èèå ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÔÎÂÚÂÌËÂ ÓÔÂ‰ÂÎÂÌÌÓ ÓËÂÌÚË-

Ó‚‡ÌÌ˚ı ÔÓ‚ÓÎÓ˜Ì˚ı ÒÔË‡ÎÂÈ, ÍÓÚÓ˚Â ‚ ÂÁÛÎ¸Ú‡ÚÂ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-

„Ó ıÓÎÓ‰ÌÓ„Ó ÔÂÒÒÓ‚‡ÌËfl ‚ ÒÔÂˆË‡Î¸Ì˚ı ÔÂÒÒ-ÙÓÏ‡ı Ó·‡ÁÛ˛Ú ÔÓÌË-

ˆ‡ÂÏÛ˛ ‚Ó ‚ÒÂı Ì‡Ô‡‚ÎÂÌËflı ˘ÂÎÂ‚Û˛ ÓÚÍ˚ÚÓ-ÔÓËÒÚÛ˛ ÒËÒÚÂÏÛ, Ó·ÂÒ-

ÔÂ˜Ë‚‡˛˘Û˛ ÚÂ·ÛÂÏ˚Â ÏÂı‡ÌË˜ÂÒÍËÂ, ÙËÁË˜ÂÒÍËÂ,  „Ë‰Ó‰ËÌ‡ÏË˜ÂÒÍËÂ

Ë ‰Û„ËÂ Ô‡‡ÏÂÚ˚ (ËÒ. 1).

Ç‡ÊÌÓÈ ÓÒÓ·ÂÌÌÓÒÚ¸˛ Ï‡ÚÂË‡Î‡ èèå fl‚ÎflÂÚÒfl Â„Ó ÒÔÓÒÓ·ÌÓÒÚ¸, ÔÓ-

‰Ó·ÌÓ ˝Î‡ÒÚÓÏÂÛ, Í ÛÔÛ„ÓÈ ‰ÂÙÓÏ‡ˆËË, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ Á‡ Ò˜ÂÚ ËÁÏÂÌÂ-

ÌËfl ÛÒËÎËfl ÒÊ‡ÚËfl ËÁÏÂÌflÚ¸ ÔÓËÒÚÓÒÚ¸ (ËÒ. 2).

äÓÌÒÚÛÍÚË‚ÌÓ ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ ‚˚ÔÓÎÌÂÌ ÔÓ ÏÓ‰ÛÎ¸ÌÓÈ ÒıÂÏÂ.

îËÎ¸ÚÛ˛˘ËÂ ÏÓ‰ÛÎË  ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ‰‚‡ ‚ÒÚ‡‚ÎflÂÏ˚ı ‰Û„ ‚ ‰Û„‡

Ò ÓÚÒÚÛÔÓÏ ‚ÚÛÎÓ˜Ì˚ı ˝ÎÂÏÂÌÚ‡, ‡‚Ì˚ı ÔÓ ‚˚ÒÓÚÂ (ËÒ. 3).

í‡ÍÓÂ ËÒÔÓÎÌÂÌËÂ ÏÓ‰ÛÎÂÈ ÔÓÁ‚ÓÎflÂÚ ÔÓÎÛ˜‡Ú¸ ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ˚ ÌÂ-

Ó„‡ÌË˜ÂÌÌÓÈ ‰ÎËÌ˚ ÒÓ ÒÔÓÒÓ·ÌÓÒÚ¸˛ ‡‰‡ÔÚ‡ˆËË Í ÍË‚ËÁÌÂ ÒÍ‚‡ÊËÌ˚

(ËÒ. 4).

äÓÏÂ ÚÓ„Ó, ÚÂıÌÓÎÓ„Ëfl ËÁ„ÓÚÓ‚ÎÂÌËfl ‚ÚÛÎÓ˜Ì˚ı ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚÓ‚

ËÁ èèå, ÍÓ„‰‡ ÛÒËÎËÂ ‰ÂÙÓÏ‡ˆËË ÔÓËÒıÓ‰ËÚ ‚ ÓÒÂ‚ÓÏ Ì‡Ô‡‚ÎÂÌËË, ÔÓ-

Á‚ÓÎflÂÚ ÔÓÎÛ˜‡Ú¸ ÔÓ˚, ËÏÂ˛˘ËÂ ÒÂÔÓ‚Ë‰ÌÛ˛ ÙÓÏÛ ˘ÂÎË, ‚ Ò‚flÁË Ò ˜ÂÏ

Á‡‰ÂÊË‚‡ÂÏ˚Â ˜‡ÒÚËˆ˚ ËÏÂ˛Ú ÚÓÎ¸ÍÓ ‰‚Â ÚÓ˜ÍË ÍÓÌÚ‡ÍÚ‡ Ò ÔÓ‚ÂıÌÓÒÚ¸˛

ÔÓ, ˜ÚÓ ÏËÌËÏËÁËÛÂÚ Á‡ÒÓÂÌËÂ Ë Á‡Ú‡Ú˚ Ì‡ Â„ÂÌÂ‡ˆË˛.

èÓÒÍÓÎ¸ÍÛ ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ˚ ‚˚ÔÓÎÌÂÌ˚ ËÁ ÏÂÚ‡ÎÎË˜ÂÒÍÓÈ ÔÓ‚Ó-

ÎÓÍË, ‚˚·Ó ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÍÓÓÁËÓÌÌÓÒÚÓÈÍÓ„Ó Ï‡ÚÂË‡Î‡ ÚÛ‰-

ÌÓÒÚÂÈ ÌÂ ÔÂ‰ÒÚ‡‚ÎflÂÚ. ëÚ‡Ì‰‡ÚÌÓ ééé «êÖÄå-êíà» ÔÂ‰Î‡„‡ÂÚ

ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ˚ ËÁ ÌÂÊ‡‚Â˛˘ÂÈ ÔÓ‚ÓÎÓÍË Ò ‚˚ÒÓÍËÏ ÒÓ‰ÂÊ‡ÌËÂÏ

ıÓÏ‡.

ùÍÒÔÎÛ‡Ú‡ˆËÓÌÌ˚Â ËÒÔ˚Ú‡ÌËfl ‚ÌÛÚËÒÍ‚‡ÊËÌÌÓ„Ó ÙËÎ¸Ú‡, ÓÒÌ‡˘ÂÌ-

ÌÓ„Ó ÙËÎ¸ÚÛ˛˘ËÏË ÏÓ‰ÛÎflÏË ËÁ èèå ÔÓËÁ‚Ó‰ÒÚ‚‡ «êÖÄå-êíà», ÛÒ-

ÔÂ¯ÌÓ ÔÓ‚Â‰ÂÌ˚ ‚ ÛÒÎÓ‚Ëflı îÂ‰ÓÓ‚ÒÍÓ„Ó ÏÂÒÚÓÓÊ‰ÂÌËfl (á‡Ô‡‰ÌÓ-ëË-

·ËÒÍËÈ ÌÂÙÚÂÌÓÒÌ˚È Â„ËÓÌ). ç‡‡·ÓÚÍ‡ ÔÂ‚˚¯‡ÂÚ 800 ÒÛÚÓÍ ·ÂÁ ÒÌË-

ÊÂÌËfl ˝ÙÙÂÍÚË‚ÌÓÒÚË ÙËÎ¸Ú‡ˆËË.

éÒÌÓ‚Ì˚Ï ‰ÓÒÚÓËÌÒÚ‚ÓÏ ‚ÌÛÚËÒÍ‚‡ÊËÌÌÓ„Ó

ÙËÎ¸Ú‡ (Ì‡fl‰Û Ò ‚ÓÁÏÓÊÌÓÒÚ¸˛ Ó·ÂÒÔÂ˜Ë‚‡Ú¸ Á‡

Ò˜ÂÚ ‰ÎËÌ˚ ‚˚ÒÓÍÛ˛ ÔÓÔÛÒÍÌÛ˛ ÒÔÓÒÓ·ÌÓÒÚ¸ ‚

ÒÍ‚‡ÊËÌ‡ı Ï‡ÎÓ„Ó ‰Ë‡ÏÂÚ‡) fl‚ÎflÂÚÒfl ÌÂ˜Û‚ÒÚ‚Ë-

ÚÂÎ¸ÌÓÒÚ¸ ÙËÎ¸ÚÛ˛˘Ëı  Ò‚ÓÈÒÚ‚ Í ÍË‚ËÁÌÂ ÒÍ‚‡-

ÊËÌ ËÁ-Á‡ ˝Î‡ÒÚË˜ÌÓÒÚË èèå.

ç‡fl‰Û Ò ÓÔ˚ÚÓÏ ÔËÏÂÌÂÌËfl ÙËÎ¸ÚÛ˛˘Ëı

ÏÓ‰ÛÎÂÈ ‚Ó ‚ÌÛÚËÒÍ‚‡ÊËÌÌ˚ı ÙËÎ¸Ú‡ı, ééé

«êÖÄå-êíà» Ì‡Í‡ÔÎË‚‡ÂÚ ÓÔ˚Ú ÛÒÚ‡ÌÓ‚ÍË ‚ÚÛÎÓ˜-

Ì˚ı ÙËÎ¸ÚÛ˛˘Ëı ˝ÎÂÏÂÌÚÓ‚ ‚ Ì‡ÒÓÒ‡ı. í‡Í, ‚ Ì‡-

ÒÚÓfl˘ÂÂ ‚ÂÏfl ‚ ‡ÈÓÌÂ çÂÙÚÂ˛„‡ÌÒÍ‡ ÔÓıÓ‰flÚ

˝ÍÒÔÎÛ‡Ú‡ˆËÓÌÌ˚Â ËÒÔ˚Ú‡ÌËfl ÔÓ„ÛÊÌ˚Â ˆÂÌÚÓ-

·ÂÊÌ˚Â Ì‡ÒÓÒ˚ ÒÓ ‚ÒÚÓÂÌÌ˚ÏË ‚Ó ‚ıÓ‰ÌÓÈ ÏÓ-

‰ÛÎ¸ ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ‡ÏË ËÁ èèå ÔÓËÁ‚Ó‰ÒÚ‚‡

«êÖÄå-êíà». äÓÌÒÚÛÍˆËfl ‚ıÓ‰ÌÓ„Ó ÏÓ‰ÛÎfl Ò

ÙËÎ¸ÚÓ˝ÎÂÏÂÌÚ‡ÏË ËÁ èèå ÔÓÁ‚ÓÎËÎ‡ ÔËÏÂ-

ÌËÚ¸ ‰ÂÌ‡Ê ‰Îfl Û‰‡ÎÂÌËfl (Ò·ÓÒ‡ ‚ ÒÍ‚‡ÊËÌÛ) ÏÂ-

ı‡ÌË˜ÂÒÍËı ˜‡ÒÚËˆ.  
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Fig. 2 êËÒ. 2
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Fig. 3
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