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ENERGY-EFFICIENT BOREHOLE PUMPS BASED ON AXIAL
STAGES OF LOW SPECIFIC SPEED

Aleksandr Gusak, Olga Demchenko, Igor Kaplun

Sumy State University

Summary. Perspectives of application of axial flow parts of low specific speed in submersible
borehole pumps, used for artesian water supply, are considered in this article.

Key words. Water supply, artesian borehole, axial flow pert, efficiency of pumping equipment, ECW
type pumps.

INTRODUCTION

The problem of qualitative drinking water supply for population became
aggravated recently in Ukraine, which is underprovided region of Europe on reserve of
water resources. [Shepelenko A., 2009]. At the present time two basic sources of the
centralised water supply exist in Ukraine - a surface water and artesian boreholes. The
second type of water supply has a number of advantages - the maximum proximity to the
consumer, cleanliness of extracted water which is less subjected to anthropo- and
technogenic influence, profitability of operation of water supply points on their basis. It is
worth to notice that power consumption for water lift makes a considerable share of
boreholes power input and, consequently, electric power payment makes a considerable
share of the lifted water cost. Considering that borehole pumps mainly operate round-the-
clock on artesian water supply points, even at rather small increase of efficiency of their
operation it is possible to get considerable economic benefit. In connection with this,
efficiency of the pumping equipment becomes one of the major factors when choosing it.

PROBLEM STATEMENT

Generally, electric power surcharge during borehole pumps operation is connected
with use of the out-of-date and power-intensive equipment on water supply points.

Ukrainian water canals widely use pump units of ECW type (E — electric drive,
C - centrifugal, W - for water) for artesian water extraction which basic cofigurations (I, 11,
111 and IV), which are presented in fig. 1.

Operation of the given type pumps is attended by a number of problems [Zhuplov,
2005] - low value of average service efficiency, short term of operation before repair (9-12
months), increased pump parts wear that in turn leads to the considerable electric power
surcharge and low repairability of the pump.

Besides in many cases pump parametres and its efficiency are essentially
underestimated in relation to the data given in catalogues [Sandik A, 2010] and do not meet
modern requirements to these pumps.
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In most cases, the reason may be that domestic producers of pumps choose the
technical decisions directed on minimisation of the product price when designing [Bolgov
A, 2007], use inexpensive short-lived materials and simpiified manufacturing techniques
when manufacturing, that frequently negatively affects quality of the product and its life
term.

Such situation is possible until pump equipment consumers, considering offers-
analogues, will prefer variants with the least initial cost, without paying attention to
operation cost.

Fig. 1. Basic construction arrangements of ECW type pumps: a) Configuration |, Pumps
with impellers, fixed on a shaft, the axial force is compensated by the support device located in the
electric motor, vaned tap collars are stamped: b) Configuration 2. Pumps with cylindrical collars,
made of pipes with disks which fix taps in axial direction, divide interstage cavities and form groove
seals of impeller; c) Configuration 3. Pumps with cast ("pot"} vaned taps, pump stages are of diagonal
type, impellers are fixed on a shafl, the axial force is compensated by the support device located in the
electric motor; d) Configuration 4. Monoblock electropump units (the impeller is located on an
electric motor shafi)
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BASIC PART

World practice of operation cost estimation of the puming equipment is based on
consideration of the costs sum throughout life cycle of a product or LCC (Life Cycle Cost)
[Tverdohleb 1., 2008] which shows that initial cost is only small share of cost of "life cycle"
of pumps.

The analysis of life cycle cost is intended for minimisation of the general
expenses, maximisation of power efficiency of pump systems and finding the most
economic decisions. Components of the analysis of life cycle cost usually are initial cost,
cost of installation, electric POWEr COsts, operating costs, repair costs, downtime costs,
ecological costs, recycling costs - that is the sum of all items of expenses.

According to researches [Lars. F, 2001], the purchaser pays only 5 % from a total
sum which he should pay throughout all operation life when purchasing borehole pump for
lifting of drinking water, thus costs for payment of the consumed electric power will make
about 84 %.

Results of LCC calculations show domestic pumps to have lower level of LCC in
comparison with foreign ones Nowadays. But this fact is mostly connected with electric
power lower price. When electric power price increases and becomes closer to European
level, preferable choice for domestic pump equipment will be not so clear. Because of this,
major part of pump manufactures considers their pumping equipment should be improved.

Basic directions of improvement are going from LCC analysis. Some of them are
clear enough: efficiency increasing, service life term increasing, reliability and repair-
ability features improvement. Domestic and foreign pumps comparative analysis made

some pump manufactures to carry out ECW pumps improvement programs. Major aim of

# |nitial cost
= Repair cost

= Cosla of
electricity

= Costs of
dismantling

Fig. 2. Life Cycle Cost of the borehole pump for water

Nowadays to solve problems of ECW pump operation manufactures mostly use
two directions — driven motor improvement and pump part improvement.

Driven motor improvement is mostly devoted to designing and producing leak-
proof (hermetic) immersion driven motor. It is to exclude contact of internal motor chamber
with handled medium, which can contain abrasive and aggressive impurities. In such a way
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motor life duration will be increased significantly, and motor will be running steadily
during all operation life.

In most cases pump part improvement includes two directions. Firstly -
improvement of seals between impellers and at impellers suction side, pump bearings
improvement with new designs development and wear resistance material using. Secondly,
it's properly flow part features improvement.

It's important to mention that borehole pumps of ECW type standard size series
was based on the standard which had been developed in former USSR (GOST 10428-89).
That standard was mostly devoted to operation of low yield boreholes. At the same time
analysis of world company-leader borehole pumping units parameters changing during last
time has showed steadily tendency to pump flow increasing on the one hand and pump
diametric dimension decreasing on the other hand. Such tendency is connected with high
increase of boreholes building and equipping cost under borehole diameter increase,
Besides, using pumps with enlarged flow allows decreasing operational costs, pipeline
building costs, amortization costs and others for 10-20% relative recovered water volume.

Mixed flow pump stages, which are used for increasing flow under limited overall
dimensions, have several disadvantages: producing technologies are becoming more
complicated, axial overall dimensions and material intensity are increasing, therefore pump
cost is increasing too. In addition, ensuring mixed flow pump stages operation under flows,
which are larger than values mentioned in GOST 10428-89, is complicated task because of
several reasons.

Well-known designs [Papir A., 1955] analysis has shown ability for changing
mixed flow pump stages to axial flow pump stages of low specific speed (ns<400). It is
worth to notice that axial flow pump have the highest efficiency values among all blade
pumps. When using flow part with ns<400 we can expect efficiency value to stay at high
enough level. Such a flow part has several advantages:

- high hydraulic efficiency level (around 87-92%):

- it provides the simplest and the most compact design for given parameters,

what is highly important for boreholes limited dimensions;

- axial hydraulic parts with opened channels have simpler technology in casting
manufacturing than opened centrifugal ones, they allow wide spread wear
resistance materials with low cast features using; it allows insuring stable
pump parameters under operation and increase pump service life sufficiently;

- under axial flow impellers wear during operation, axial force (which is one of
the most destructive factors for ECW type pumps) does not increase, as in
centrifugal units, but decreases that on the one hand allows to increase
considerably resource of reference node and the pump in whole, and on the
other hand - to avoid the raised power consumption.

But it seems that determinant for axial executives usage in borehole pumps for
water supply is that they give the chance to raise pump feed dramatically (in 1,5 - 2 times)
in comparison with centrifugal stages. When there are boreholes with high yield on a water
supply point it is possible to increase volume of extracted water in 1,5 - 2 times with the
minimum capital expenses - without new boreholes building. Hence, usage of axial stages
for improvement of borehole pumps gives a number of advantages both concerning pump
design, and borehole - pump - piped network - consumer system.
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Axial flow parts with the lowered specific speed (ns <400) may be considered as a
basis for creation of standard size series of submersible borehole multistage pumps
intended for replacement of existing ECW type pumps designs.

The basic consumers of such pump units traditionally are municipal engineering,
industrial and other enterprises, which need lifting of great volumes of water from
boreholes for purpose of water supply, dewatering or water drain.

For creation of such series it is necessary to outline parametres of base flow parts,
which will be the base for the standard size series. It is worth to notice that existing design
procedures of axial pumps are well developed for the flow parts which specific speed
equals 700...1000, therefore we cannot say that they will show adequate results when using
for axial stages of low specific speed. Therefore as the first step it is reasonable to inspect
existing design procedures. As a result of check it will be possible to choose a technique
which provides the results closest to design and to adapt it to necessary conditions, or to
create the new one.

For the analysis of possibility of application of existing methods of flow parts
designing of axial pumps when producing axial pumps of low specific speed we selected
three ones of the most often applicated in practice. It is Voznesensky-Pekina method
[Lomakin A, 1966], method of lifting forces [Mihajlov A, 1977] and method, which major
statements were stated in D.JA.Sukhanov, V.1.Bogdanovskogo, A.S.Ereminoj's studies and
their pupils [Large axial and centrifugal pumps, 1977].

The analysis was carried out by comparisons of the design data with results of
numerical simulation. For this purpose designing of impellers for the parametres, specified
in table 1, was carried out, and then numerical experiment was made,

Table 1. The initial data for designing

Flow - Specific speed Rotation speed, Borehole overall
coefficient, Ky Head coefficient, Ky coefficient, ns rev/min dimension, inches

0,185 0.249 267 2900 10

When designing of the axial impeller using the third method the geometry of very
difficult spatial form, with a sharp gradient of comers of the blade installation and
meredional projections length along radius was obtained, Such flow part would be very
difficult in manufacturing, besides, for the blade of the received form the durability
condition is not satisfied. Possibly, the reason of such results is that in a basis of the given
method empirical factors of circulation distribution and flow component of absolute
velocity along the radius, introduce for specicifc speed values for a range 700...1000 that
dramatically differs from stage specific speed , given in table 1. Therefore it was decided
not to carry out numerical simulation for the given impeller,

The technique and order of carrying out of numerical experiment did not differ
from described in work [Kaplun I, 2009].

The computational grid (fig. 3) has been created in a component of program
complex ANSYS of the university version, and contained 647 thousand cells. For the
appropriate description of boundary layers close to solid walls density of a grid was
increased.
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The magnitude of variable Y + was in range from 10 to 100 units that meet the
requirements given in the user manual of the specified software product.

Calculation of fluid flow in channels of examined impellers has been carried out
by means of software product ANSYS CFX which academic version is at the disposal of
SSU. Simulation was carried out for water in range of feeds from 0,7 Qpasc to 1.2 Qpacu.

Fig. 3. An example of the computational grid in the impeller channel

g+ - —t — 1 g0
013 0,185 0,18 0208 Mg 83
= K R bt - K R
- o Tinrey HE M i SifiCEny HK M2

Fig. 4. Head and energy characteristics of axial impellers RK Nel and RK Ne2

The impellers characteristics, received as a result of numerical simulation are
presented in fig.4. Hereinafier the impeller RK Nel was designed by a method
Voznesensky-Pekina, RK Ne2 — by a method of lift forces. As it was supposed, there are
considerable divergences between the parametres of impellers accepted at calculation and
those, which were received as a result of numerical experiment for calculated feed. The
quantitative estimation of divergences is presented in table 2.

Both for the first, and for the second impeller optimum value of feed is less than
calculated one. Besides, the curve of RK Ne2 head characteristic has more abrupt slope.
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In an optimum point head coefficient is equal approximately KH=0,26 at M =84 %
for RK Nel, and KH=0, 8 atm =81 % for RK Ne2.

Table 2. Quantitative divergences of values accepted at designing and those, which wera received as a
result of numerical experiment

PK Ne 1 PK Ne 2
Kogrs~ Koo % -16,8 8.1
Kiexp "Ry, % -34,5 -71,9
Kities~ Kiiogs, % +4.4 27,7

Distribution of flow component of absolute velocity at input and output from the
impeller along scope of the blade for optimum mode is presented in fig. 5. Considerable
difference in velocity profile at output from RK Nol and Ne2 for almost identical velocity
profiles at input in the impeller attracts our attention. Profile has considerable non-
uniformity in near-bushing areas for RK Ne2. Velocity profile non-uniformity can be
quantitatively estimated by means of the following coefficient:

K,, === 1)

where: V., - value of flow component of velocity at current radius, m/s:
" - mass feed-averaged value of flow component of absolute velocity, m/s.
Similarly:

= : (2)

e

where: V,; - value of circumferential component of velocity at current radius, m/s;

V, - mass feed-averaged value of circumferential component of absolute

velocity, m/s.

This coefficient equals 1.17 in near-bushing area for RK Ne2 in comparison with
its value for RK MNel, which equals 1,04,

For both impellers considerable by the size (about 30 % of the blade height) area
since with lowered flow component of absolute velocity occurs on a peripheral part of
blades. The reason of this area occurrence is tip eddy, which results from interaction with
the basic fluid flow through a radial clearance between end face of the impeller blade and
its chamber.

Distribution of periferal component of velocity at output from impellers for
optimum mode is presented in fig. 6. The profile data shows the reserved tendency - the
profile for RK Ne2is almost linear approximately to half of the blade height, and
deformation with increase of peripheral component of velocity oceurs only on peripheral
part, and the profile for RK Mel has more non-uniform character. it is obvious that the
cross-sections close to the middle of the blade height provide the lowered head in RK Nel.

Distribution of head coefficient along scope of the blade for optimun mode is
illustrated in fig. 7. This distribution for RK Nelis close to linear law, which means that all
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cross-sections of the impeller blade provide fluid transfer of almost identical energy. Unlike
RK Nel, peripheral sections of the blade in RK Ne2 develop 12,7% higher head compared to
averages or near-bushing values.

As a whole numerical simulation has confirmed the initial assumption of necessity
of existing design procedures correction when designing of axial impellers of low specific
speed. According to the results of numerical simulation it is reasonable to give preference
to Voznesensky-Pekin method, as such that provides values of head close to calculated
values and higher value of efficiency. At the same time it is not excluded that the reason of
more considerable divergences in the results received for PK Ne2 is disagreement between
range of values defined by empirical relations, to the impeller working conditions.
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Fig. 5. Profiles of flow
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Therefore for making well-founded solution, concerning a choice of a basic
technique for the further adaptation of the specified range of axial impellers specific speed,

work in the specified direction should be continued by obtaining new experimental
coefficients.

Fig. 7. Distribution of head coefficient along the blade height for optimum mode for RK Nal and
RK Ma2

CONCLUSIONS

1. The basic construction arrangements of submersible borehole pumps of ECW
type were considered in the article. The basic problems of this type pumps operation, and
besides the reasons of their occurrence were analysed.

2. The order of definition of life cycle cost of the pump was considered, and it
was specified that about 84 % of life cycle cost of the pump make costs on electric power
payment.

3. Perspectivity of change of diagonal flow parts for axial low specific speed
flow parts, because the last type has hydraulic efficiency of high value and can provide high
values of feed for minimum radial dimensions that is especially important for operating
conditions of boreholes.

4. As a result of numerical simulation of fluid flow in the impellers designed by
different methods, head and power characteristics, velocity profiles, and distribution of
head coefficient along radius have been obtained. It was defined that the considered design
procedure does not provide sufficiently exact results when calculating axial flow parts of
low specific speed.
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SHEPI'OCBEPEI' AIOIME CKBAXXMHHBIE HACOCBI HA OCHOBE

OCEBBIX CTYTIEHEM HU3KOM BbICTPOXOIHOCTHA

AaHoTaums. B CTarke ananMsMpyorcs NEPCNEKTHBE NPHMEHSHHS OCEBBIX NPOTOYHBIX 4actei
Ea3kol GLICTPOXOIHOCTH B NOIPYKHLX CKBAXHHHEX HACOCAX, MCTIONBIYEMBIX /IS APTE3HAHCKOTO
B010cHADRCHHA.

Kawyessie caoBa: BOHOCHADMCHHE, APTCIHAHCKAN CKBAXKHHA, OCERAA NPOTOYHAS HacTh,
WHCKTHBHOCTS HACOCHOrO oGopy noBaHENs, Hacook! THna DI[B.



COJIEPAAHHE

Jamna [MHTpOYeHKOBa
IKCEPTETHUYECKHH AHAJIA3 KOT'EHEPAIIH OHHOM YVCTAHOBKH HA BA3E
PEKOHCTPYVHPOBAHHOI'O OIBUI ATEJIA BHYTPEHHEI'O CTOPAHHUA ........... 7

Anexcanap Jlyxesanor, Onwra Mladixen

HCCIIENOBAHHWA BPEJIHBIX BHIEPOCOB TIMTPH CKMI'AHHWH TBEPJBIX
TOIUTHB TETUJIOTEHEPATOPAMH C TOIMKAMH HTKC ... 20

Bixropia barayk, lnas Hikonenko, Bikrop Barayk

OYHILEHHA MOBITPA BIL ITHTY ITPH IMTPOBEJIEHHI TEXHOJOTIMYHHUX
[MPOLIECIB I1PH BUPOEHHIITBI PA JIOEJIEKTPOHHO! ATTAPATYPH............. 25
Haes Hakonenxo, Aprem INacrymenxo, Enena Kororckan, Cepreii boiiuyxk
AHAJTH3 BIIUAHUA YCIIOBUH SKCIUIYATAIIMM HACOCHOH CTAHIIMHM HA
IAPAMETPhI HACOCHBIX ATPEIATOR .iiiniiioimminsimmessismtarsssdsshaissmit 36
Aleksandr Gusak, Olga Demchenko, Igor Kaplun

ENERGY-EFFICIENT BOREHOLE PUMPS BASED ON AXIAL STAGES OF LOW
R I R Y e e e e o 48
Tateuna 3yesa

SHEPT OCBEPETAIOLHE TEXHOJIOTHYECKHE CXEMBI BOJIOTIOAYH HA
OPIHARMEI YINCTOK i shsini i immivisiosisssissimssoisisiinit 58
Sergey Vdovenko, Sergey Bojchenko, Larysa Cherniak, Valeriy Badakh
ECOLOGICAL ASPECTS OF TORCH GASES UTILIZATION AT PETROLEUM
b N W .68
Anexcanap Kimamayk, Anexcanap Tponoknii, Anna Jlymanckan

YTUIIU3ATLUA TETUTA KAHAJTHIATIMOHHBIX CTOKOB [JUTA HYX]]
TEIMNOCHABXEHM S JKHMITBIX 3IIAHHM .......covoviveeieoreeeesesesssssessessssseseerensseses 74
Ouer 3aitues, Kpuctuna Bopucenxo, JInmas Merpexenuy, Anna Jykanckasn

ADPOJIMHAMHKA TOIOK C BLICOKO®OPCHPOBAHHLIMH OTHEBLIMH
MPOLIECCAMM OTOIMHUTEJILHBIX KOTJIOB MAJIOH MOIIHOCTH................ 80

Baannen Kopoxos, Mpana Bypoga

OCOBEHHOCTH KDHCTPYKH,HFI H PACYHET MOILLIHOCTH

SHEPI'OCBEPET AIOUIHX JTPOBHIIOK 18 MUHEPAJTBHOI'O U
OPTAHHUYECKOT O CBIPES ......oooieiieiiisessee svassssssssssesssssssessesssesssssssmssnsss sass sosessssses 86

bopuc boposckuii, Enena Jlannna

SKOJIOTrHYECKHE MNOCNEACTBHA CxHMI'AHUA ITPHPOJIHOIO 'A3A U ;
«3EJIEHOTO» VTJIS B BHEPTETHUECKHX CHCTEMAX ....oooooovvevrs s ssieseens 95
Bacnas Hlanennnii, Kocranmn [dikapee, Anvona Ckokosa

METOJIMKA NOCIDKEHHSA OYIKYBAHHX BHTPAT HA BIJITHOBJIEHHA

GACAJTHOI TETDIORBOM E[lﬂ EYJD"]’HKIB 3 DHDPH}]}[{EHHHM JIETKOHO



251

Auapeil Peixaxos, Hasa Hakonenko

BIIMAHHE KMHEMA TUKH AKCUAJIbHO-TIOPLLIHEBBIX THJIPOMAIIHH C
JTUCKPETHBIM PEI'YJIAPOBAHHEM HA XAPAKTEP [TPOTEKAHHA

[TEPEXOJTHBIX [MTPOIECCOB..........oovoveene RO 110
Muxann Cykay, Bnagamuap Yepeanux
HIPABIMMECKHMI PACYET 3PIIMOTHOH YCTAHOBKH ....ocovvvirsisnirsnrranenens 117

Andrew Stepanov

ABOUT NUMERICAL CONSTRUCTION OF SURFACES IN THE PROBLEM OF
APPROXIMATE EXTREME SEARCHING ........cocommmiismimimmannms 123

Cepreii BojiokaHHHOB
OLIEHKA KAYECTBA PA3JIEJIEHWS JKHUIKOM M TBEPJIOA ®A3 B

Julia Nikitchenko

LIFE CYCLE ASSESSMENT COMPARISON OF METHODS FOR SCRAP TIRES
TREATIMENT ......0orersesemseusresmsassasssassnsnssss o stassnsss ssssssssnssss siastssaiasstnssasansasssssnassssssasssns 136

0pmii Oxuranos, Auna Poaskuna

ONPEAEJEHHUE ITOTEHLIMAJIA HAITPSDKEHHOT'O METAJUIA B TPEILWHE
[IPA PA3PABEOTKE CUCTEM KATOIHOM 3ALMThI COOPYXEHMH M
KOPITYCOB CYIOB OT KOPPO3HOHHO-MEXAHHYECKHX PA3PYLIIEHHI 142

JImuTtpuit MNepmunon
W3MEHEHHE CEYEHWUS PUTENA B MHOIOOTAXHBIX KAPKACHBIX

Enena YeGorapena

HUCCJEIOBAHHE HATIPSDKEHHO-/[E@OPMHPOBAHHOI'O COCTOAHHA
OTAEILHO CTOALMX ABYXCIOHHBIX XKEJIE30BETOHHBIX
OVHIAMEHTOB METOZJAMH KOMITbIOTEPHOI'O MOJIEJIMPOBAHHA ..... 156

Inemap Menunanos, lenaannil Amepmades, A3us AGxypaxmanos,
Ianaap Mennanos

K BOITPOCY HAJIEXKHOCTH H JI0JIFOBEYHOCTH CBAPHBIX COEJUHEHMH
CTPOUTEJIBHBIX KOHCTPYKIIHH. ......ciovnerersresmsnensisssamsssisrsmsassssssassssssssasasssnssssases 102

lennagui Kymxos, Ans6uaa Kaismuua

KOMIUIEKCHA L PEKOHCTPYKLIA MAJIODTAXHBIX HHIILIX 3[AHUWIA.. 168
Huxonaii JiioGomupexnii, Imutpuii Bopodnes

CTPOUTEJILHBLIE MATEPHUAJIBI M H3JIEJIMS HA OCHOBE
KAPBEOHHU3UPOBAHHOM U3BECTH: OCOBEHHOCTH ITPOLIECCA
UCKYCCTBEHHOH KAPEOHM3ALIMM U3BECTKOBOI'O TECTA ....cocvevvvinnes 174
Hartanus Berpoea

VCTONYMBOCTD OKPYKAIOILE IMTPUPOIHON CPEJIbI M OLIEHKA YPOBHA
KOO HUECKOMN BE3OMACHOCTH PETHOHA .......coccvrsnssisinsissssssssssssssssns 181



252

Ceeriana Bepnesn, Enena Baaxknna, Minsa Hukosenxo

NEPCITEKTUEBI HCITONL30BAHMSA MEMBEPAHHbBIX TE:annDnm
BOJIOOYMCTKH 1A TIONVYEHWS ECTECTBEHHBIX L[ETGKCHKA}HUHIN
Anexceii 3asasmii, Hean HAnoeny

ONITUMM3ALIMSA TIAPAMETPOB JJUCKPETH3ALIMH [MTPH MOJIEJTHPOBAHHH
CHUCTEM MHO®PAKPACHOI'O HATPEBA METOIOM KOHEYHBLIX
CRTREIMIEIRTTII .. cocsouscsospansmssitsisninssssasussss s attbAviBBARPE A SRS PR s B S RSP R 55 arm as 201
Anexcanap laspuion

VCOBEPLIEHC TBOBAHME TTPOLIECCA PA3IEJTEHHS
CEJIbCKOXO3SMCTBEHHOM MPOIYKLIHH .....ooooveneciinrrissssisnsessssseisssseninss 211
Baagumup Pyrenxo, Anapeit Crenanos, Enena Crenanora

K 3AJIAYE OITTUMM3ALMA MTAPAMETPOB H PEXXHMOB PABOTEI
ATPEFATOB JUUIS1 VEOPKW OBOILEN C YIETOM TPHBOTEXHHYECKHX

OCOBEHHOCTEM ITPOLIECCOB.......vueruvereimsmssesisisssasmsnsssssssissssspassssssanssassss s sassass 216
Anexcanap [loroaa

CO3JIAHHME H BI-IEIIPEHPU" B nmmm,ucmo KAMEPHGLIX BHHOT'PA JIHBIX
ONPRICKHBATEJEMN ... R R 223
Ierp doroaa :

[TPOBJIEMEI KDMUIFKCHoﬂ MEXAHW3A LMY BO3JIEJILIBAHAA ¥ VEOPKH
BHEIOTPATIA. ... s scesisesssssvssessassspsssinesissenseissessssssesssssssiossisomssnssss KobsiviGhvee tinines usminbumson 227

Enena Crenanosa

K 3AJJAYE TIPOEKTHPOBAHWA TTEPEXO/JIHBIX V3JIOB PABOYMX OPTAHOB

CEJILCKOXO3SMCTBEHHBIX ATPEATOB JUIA VBOPKHM OBOLLEN HA

OCHOBE MATEMATHYECKO#W MOJIEJIH BASKOVTIPYTOI'O

BIAUMOJIEMCTBHA. ..o reersernserresssssstsssssssissisines e b e s 232
- Jleoana Babmuxcwii, Anapeil Kysmnnos - '

MCCJIEJIOBAHUE JEDOPMALIMOHHBIX [TOKA3ATEJIEN MOYBBI B

TIPOLIECCE EE MEXAHUUYECKOM OBPABOTKH ........oovvriicmsionsainsmmsisissssasenss 240

Oner Mauyra

IHTEPOBHE BUKOPHCTAHHSA EHEPI'T BIJJHOBHHUX JDKEPEJT Y
CUIBCBKOMY TOCTIOTAPCTBI TA JIICOZATOTIBIIL. covriineissrerseiseasssrasessnsenns 245



