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INVESTIGATIONOF DEFORMATIONOF COMPOSTE MATERIAL
WITH USINGFUNCTION OF EFFOR

1 . htejrsam§dd . I mHsydeseo €. 5. dz
sOLOdMSd?2 cEtfmizHuOtefise j dzdz' Ry Isy R dzf it @z§ o

Abstract. Intensively extending introduction of composite materia@M) in
bearing designs of different function (including in the aviadod rocket technics)
demands working out of settlement models and the methods considering features
of structure andbehavior of these materials [1]. Features GM should be
considered at the analysis of durability and rigidity of designs. The estin@tion

the is intenseleformed condition (IDC) of designs fro@M can berealized
traditional methods of mechanics of the continuous environment. Computer
modelingof processes of manufacturing of details should be based on use of exact
mathematical models dhe investigated processes presented in the form of the
equations mechanics of the continuous environment that allows to exclude many
kinds of the errors caused by assumptions, used in the approached design
proceduresOn the other handused mathematicahodels and algorithms should

be convenient forealizationon thecomputer In this work investigations axis
symmetrc deformation of detail rotatignmade of onerientationscomposite
material. Prdblem of theory of resilience dead with helpfunction of effort and

basis functionsThe stated algorithm of the decision of a problem of deformation
of an anisotropic solid is convenient fagalizationin systems of the automated
designing of processes of manufacturing of the details of different function
entering into a design of the aviation and rocket technics. The received results can
be used for the decision of problems of parametrical identification and return
problems, for example, specifications of theechanical parametersdefining
factorsof mathematical models on a basis durability of experiment.

J tcOBBls] tOMMdZOIstedoe O Isfmw  BOIsj tod Odzr
OdzedL slstetsf dd Mo ts?2 Mmlse, O dd&3j dades fsis tistsl fdalztc
BOIsj ted Odzr , Cslstster § ) COYHB2 ssy¢<J
[HAO Y tc OO0 dzj dgdz" | Csdif sL dyd tsdadz j Hj IsOdzd
sBsdzcyS¢d d Ht. ), o bk ydmdj IjdzO o0
o CtdmstezSydwr Mot d3j dedz" » dzj sOIsj dz' dz" -
ZtcOo dzj dzd 2 dzd dzj 2 dzts 2 Is j tsto dtaffn © baff Atsls tsth)s dits
fMtoj H T ) HjCOtclstsa t52 mMdMmisj d&3j CtststeH d dzO |
jhjdeds HIWWjtojdydOdz dz" = LktcOodzj dzd?2 o
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fstcWHGCO (ldtsmdlsj dz@ dets uSosizt m{dz] fozlsls Y6 jste J §d
(slsdetsmd s j dz' dats Csdi3f sdzj agls™ o  dfOjtf tdgjCdg jd? j joz
fJjtef jdzHd S Edzvtoedetsd3 f dzsMS sMisd L tslstesty dd)
dMmf sdz L ts9 Odzfn¥O dzO dzdf lédfizy JiAghisd 2 f SHRABH, |
OfftestMd BOYdd dJhsisdksets twjhjddy Mmdhlsj
Wikd yd?. 1 JHBMIsOIC A3 H Odzdzats ¢ ts s j tfizs wlzf 5 H
o yd mdzj dzq v , MowL Odzdz" § M dzj SB-tSHJ d3tsMIs
dMosHds?2 Mdmlsj & HJWW jtejdydod d' & Ekto
f SHB O adzlzlstGszdzC[: f OtcOdzj stetso , O nBBHW
ltojHdztsY Jdader 2 dzedyJ Y SH-BIEOREGBEBISHjdz BIs

1tGJHfI’]|SOSCfd3 MmJ B J IsJ dzs L Eftckzetse ts

Slstctsf dzes6 5 BOIs j c{G)de) 56 tc Oded YJ dadzets §

OCMdOdz! dz ik s jtorn desfylsw dizd o tcONM j dad W
j 2Milse dj o3 SdZJhdZ" Eiddzd?2 (B j d3idals &3
dlsOls! |, Yylsts fazsméesmlsd dqLslstesy dd, ff tot
ROk df € cjtdjlstedyiMEés? 6hd Jjes
qdzd2 ©eBdZOHOjIs Mdddkjlstedj?2 otOh jddwy ¢
adczdzd Isted d ) tcOMf tcj HY dzJ dzed ¢ Is tzdnd] dzde D H f O &
i yj v ©hMlsOdizlshy §osmSdhkd J Isjds
st d3d e ts 0 O dzdzts d3 fn) ts fiyls=m1(rdz), af, = O, w=\g(r,, 7). .
lsQodzw e hdj HjW%SEdPdder W d e alsfifiyw Isf s s
tc d3 z[4iAD d3

_ Ky,

ss ¢ I5h5hm'§_5hz N O
mmL.LQSGrdLWF

=M uul‘ +lJ.VV (1)

€ __’eq O = . grq_ng_o

M r Mz Mz

[ dzv HOdzdesets Mz yow Wdrduyjme&dj EktcOo dz
€ =Sy TS T AS, € TS, T Sqt &S,
ez = a13(Sr +Sq)+a33sz; erz = a44trz' (2)
GHg-Efttked] f shissit@adzlE dFlsi/EdaQ =1/E;j
a3=-NilEjj ayu=1Gj 2(a;-ay) =[20+n)]/E=1UG; E,Ei- d&BSHEzdd
Sz O Hdzw tOmlswyjdedw d My Oldw o  dzscme
fjtolf jdHdSC zdv tdztS diW Y ydigj &ls 1 z0O0MMts dzO, ~ O
MsCtOh jded] o fdzsmEtshmisd dL slstetsty d dni-f tod t
Cest WWdydJd dzls 1 2O0OMMs dzO, nOtcOCIsjtedL 2 h d
dzts tc d3 0O dz! dzts O3 C fdatsmismisd dqLlstesfdd ¢t
G=E/[20+n)], Gi-BBH &z d&d MHoe dc O H dzw f dzsmC s
fidtefjdzHdSEdWtcdz » (tcOHJdOdz! dz" ~) .

lted M MmMdddj sted ydes?2 H J Yo tasiOasiddzsisstdsO ¢
M zOMmdets tcOB SIS [ 3], ofmi dzOff tow y j ded v
Wz dzC yd ¥y Jjdaad Ie:w

u
:_r,ez



2 9. 2. & 2 0 2. &
__bgy M Ve, I V- N V oy I R ¥ Ve,
S, =- — +-——+a—F—0Q s, =-—PB—+-—"—"+a—=-Q
r lJZz(‘-;x?ru,z rur 29 ~d pz;? 2 ¢ 23
é 2: 2- 6 2 2 . 2: 6
SZ:-E u_12+9w_+du_128 trZZEé%‘l'Ew—‘l'au—ng (3)
HZc rpr ks Uzg?-ll' rpr ke
tq=tg=0,
¢ Hg= ay3(ay - a12) b= Ay 3(ay3+ay,) - a12a33 0_313(311 a12)+a11a44
a11a33 a13 Q1933 - a13 &11833 - a13
d = ai1- Ay
5
B1833- 3

ANstedgzdzt( 3 1) sf dmr e O Ils 1 r a4 9 dz¢ B-t52 ls
dLtstesf dzgse s Isj d&zO 9 tcON j dzd v .

r dzw IssG 5, YlstsBr FHtso dzj Iso sted Is ofmj d
rfwekzesmisd Hdv )iehEbdgdidls @ dgeRsd |1 i de®
|ZH'[SSdZJ|SSiStGW|SJ fr]dzchIzBﬁcid3Iz tcOo dzj dzd & :
D1D2J 1|'lJ +Zﬁ iﬁ %w_ A HJ AHJZ+BHJ4:0, (4)

r= uriuz® o prpz Kz

3 2 2

w* rwd 2y
2 1 1 p? a+c+.(a+c)’- 4d
gug =t +2 b8 (=19 5= J Jaro?- ad.
e ruros 2d
a+c-+(a+c)?- 4 1 1 1
SZ:J Jaro?-aa ) 1 1
2d S slsz

ltod {1 lbtds k@ zls B Is! stsdz' Cts 9 jh
Codif dzj € Mdg" d3d ( dzs dai udMmibsts &dzd B" Bd) .
102Hjd3 fodzddesdzsd Odz! dzf j| tjh jdedv ktcOoc
s dMOdzdzz o tOBISOR [6, 7] HBibtsHdSE dzO
Hdzw  COdetsdzdud MS AR EteOo dzj ded 2  Beedzz 850 IsdfOy
tcOL dzsy J dzdd dME BB - teJ N J dzd 2 fs MmtsBMmlse
10 dh jd3 ddzo Otcd Odzlsdetsj tojh jdedj kZteOo dzj dad
j(r,2)=r%J(h), (5)
GHh=z/r,a-ftesdLotsdz! detsj] HJj2Mmlsadlsj dz' detsj yd-
l sHMisOo do (5) 9 ( 4) r*°, 0 OB \Lddds o j) dad
HAW W jtoj dzyd Ozt detsj] bteOodzj dzdj N JjMstset § st
(h* +An2 +BJ3"V - (2a- 5)@h% + Ah)I" +h2[6a- 2)2- 13" +
+A@- 223" - (2a- J[2(a- D(a- 2)- YhI' + a%(@@a- 2)* =0, (6)
cruJ IOV fesdLeosHd | ths f jtoj d3j dedats?
tdhdddj HIWW jte]j dzydOdz! descts ktcOo dzj dad W
6
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J(h) = & ch (7)
k=0
fsHMisOoade Ctslsster 2 9 (6) d ftdtcOo dgv 9 ¢
flsjfhdv ®O2Hjd tej Stotej dzs gz ¥ tstc Bz czlz

- - - , 8
DO B k DO Bck+2 ( )

G HDy =k(k- D(K- 2)(k- 4a +7)+k(k- D[6(a- 2)%- 1] -
- k(2a- 3)[2@-N@- 2)-]+a’(a-1)? D, =(a- k-1)?;
Dy = (k+4)(k +3)(k + 2)(k +1).

sO0Cddy BBtOL B, wWWH (7) f St WWdydj d
(8), d M fttsdL o tsdz'ddg,AHd Wiod®y jsdpdf ™V dsefp " d d3
PtcOo dzj dedV ( 6) . § dedPimMmists Gasdegzdzdej " ( 6) , C 6l
Ehdzse W d3 GHdASL dzOydztsimlis d, dzj ff e FQcd b=k Mis d
d d3d 4 &

. a’(a- 2)° 1. (@-2° A_
4T K+ D k+K+ (KD B ° (k+4)k+3 B 2
_ -(a-3[2a-D@-2)-P+a’@-2°1  (a-3* A
(k+4)((K+3)(k+2)(k+1) B2 (k+4)(k+3)|3°3'
lgmMmBs2, bLesEGg=...=0. 1 t6d gidlcpsdisclzls BT Is
ftesdLotsd dF &3 d (il &sekzls orf Miskzy
Wistcdzd telzs h d A dZO YO dz' dz" 2 BOL B3 d dj dzQ@hizts
CG=C, =C=...=0. Ui & d3sczls BT Is! ftesdL o sdz! e
OS¢y ] dsekls or Mskf Ol o SOyjfmkesj Cti WY
BOL dfn ] tjLkd sOlj BEHj&B Jdjls: fdzjH

GOL dod ydz & ausdzO qidsEd wey b § ded W 3 bt Oo dzj dzd W

RS =c; RAy = +ch; RGS =ch+ch?;
_ 2 8 0 3 A
Rona = Co- ——h*8+c,dh? - ~h*S;
¢ 3B - ¢ 3B -

B =
= : 8 0 & A 50
R3S = - —h°8+c,ah3 - —h°8;
k=135 Cl(; 158 = ng 5B -



2 a
8 244 10860, o

R S S AT

=6 _ 2
R 0246 = Co %‘ 3B 453%2 BO
¢ ¢
RMy sdzd L 2w tc d dzyd
h

] MefdtefsLdydd
SCtdyOlsj dz' detsj to

]
J dzd | dmMrtsHdBe s ktcOo dzj
N

=8 Ar*rRi(h)=A "‘Az(Cozr +C2222)+A3(013r22+(33323)+

a=1

8 a2 A 400
+ at- 7 o+ &z - —Z'gyt
Auéco4 3B 0249 3B 9,Iu
+ A - —8 z o+0359e223- ApL. (9)
e ¢ 15B C 5B <
e 3 O .0J
a6 24 , 4, 16A 60 a 4 8 é 106
+ & - —rz+— 8‘? — =07’y +
ABSCOGQ B 582 ° 2 C'de 3B " 45 5882 BY 9

+..+ AR (h).

JteOdzd ydz' §| Efmdzsedw o Mz y®Oj L OH Odzdze =
R,dZ, Mo sHWIsmw Ok iztcafdyfB®dzi f so jtenm dztsfisd
mMdzj Hze h d2 o dH:

s, cos(,r)+t,,cos(,z) =R,, t,,cosq,r)+s,cos(, 2 = Z,. (10)

lted LOHOdzdz" =« d20 (59 teg(detsfrplgly § d3df dd ds J ©
Ehdztse W :

U = gy(l), w=gy(l). (11)

J ssds d Htekzetsdy fMdzzyOj L OHOdzdz j kM
MudIlsOls+ W Iz ddidyyg dfedd3dff OOs de OH d O dz! dets-detfB g Yy J
Htczetsets f OtcOdzj stc O, tsftcj Hj d2vsdtgPeasts A .tsdzts

]l Oy des Blsdzj Isdls’ |, Yylsts WkdS ydw (9)
ztcOo dzj dzd ® (4)N dof 8d dged®OUd dzd Vv o dzlz s te j dzdac
Coa:Clar-- ZOHB 97" BJtOIs! COC disy°dets mfdzfy jls OF
sBtcOL t5d3, Ylstse " dig@Elssstets iff teCdts+ BV A ifduindz” = W Iz
Bsy dets jdz "ddi3z [6] . LJiBBibtedyd mMcOw t6d
LOHOYd ftsdedyd dzO dzO J HJ dzed ylz.

J or Oy jdNdf tc§) o sdz! dzr | Cs1 WWdydj dal

sq jHjdjddy, Ctddyjmseots C(HEEBHD ©PbHJ
O dzd y dzts 2 L OH Oyd d syd dz€ d Is sy dzts fyls
SB*WWQ’udeZISr B, zsy BeaMYy j udo O " dj |

Of ftesC Md BOYds, dOfteddsjte, CcteOdedyde » [f
di3d dzd B3O dz! detsisd W 2z dz$ yd s dzO dzO:
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1 N
F =4 g - aO)°f +(w- .00 F fwar (12)

i=0|
GHW(MS>0 d W(S20-C EmMsdzgafstcj te" o dz" § dzQ o ff sy tcg O
WkdS ydd, SCStlststr j MmMoazkyOls Hd&v dOfkts? s
Nd dzOj 3" B3 Mo t2Mmlse OB  § sfdzj H st Pllsjj dizf Uzt
(ZOf Cof®idesy jIs B b4 shEiBrddes? W kdSydj?2,
ZOdetsdz hjj Ld&Oyjddj @O kjn kZyoflston o
Of f etsC fiud Oy d W d tOodgts?  daiz dzs s O ds,
Metslse jIsMmise zs h 42 Odzj aqudZddid.L. O NdAH O Y & dz y ¢
1 CodoOdzj dglsdzO CtcOjots?2 LOHOYd (4), (11).

ltesyj HEZGO, s d MOdzdzOwY o1 h | | HOJjIs HTt

fshdzj Hse Ols j dz' dzsets f shistetsj ded ™ § ts dzcdets s
i t©jSktctej dgsdzs? VYWistedszdzj (80 dzdgrojOH&OR Iz
sBjMijuydoaOsls Bd "k MSstesmls! §OCIlsd-
CjhOjd & o Motejdjdeder m bkMmdzsodw s L OHOY
L dztsy J dedzr 2 Odzetstedlsdys tojh jdzedw L OHOYd

A

5j &0 kHBBjdz HW toj OdzdL Pyt of O decelyd fylsff O F ©
fesyj Mise dLEGlso dzj dzd™ HjlOdzj?2 tOL dzo
CdeflsteC yds OodOydsdedzes? s delz yg QLG I§dzs@ j LI
Bsckls B Is! dMfsd L co Odz Hdzw e h j dz
dHj delsd¥ dSOydd J ©BkOdr SklksQaPded" dat
BiOddUuiMSdr §OLOd) stetse, ftejHjdvshdn
BsHjdj?2 @O shdss] fwsydshlsdses 1 SMfj ke
v dMsC ddlsj Okt

1ftls: s L (., t(sdddkefn . stsBftsLdyds

sj R dzsdzts G ds MW j. e O, 5 j220 04 . 408 f.

21 Bor j @O jtedOdzr s/OcloBOMEBEY . p.uw. [R
736 M.

3.0 SHEdtses 1. [ . RMf sdzr L so Odzd § {f tsdzd dats ¢
dzd dzj 2 dets?2 Isjtstedd OdedL slstetsf dets?2 Mo j HT [/
2007. - -333 . g. 30

4 jrdedySd2todiw | zf mgdssmisd OdedL tslstects{ dzt
1977. 416 Mm.

5.s sdzls f dzh Ofndde!. jojteddr.nd. vftkzesmls: d
yddzddsHntecdyj mSdr Isjdz. [ .: 11 mhow h¢ts5dzO,

6.1 czy ddadfdz, 1 ) OGS dse RrR. [ ., l BHEdss 1 .
ftcdBdzd ) § dzdz" X tc®@j D j ded ¥ OH OYBS b OL @&dz2M.26080.

7.1 sHEZdtse 1. [ ., sy ddeddz 1. 1. l tod B
Hozdgj tcdzs?2 L OH OY(d Is;istech’ Eftekzetsmisd M d
/1 1 jmsdedS squvuv dd&i. ¢. 1 -8®kftsdzj o ©. " 199E€
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PROBLEM OF SIMULATION OF ELECTROCHEMECAL WORKING
FOR LARGE MACHINE PART

o. 1. 1ter dzj o
[JuoddECI Ozd30dz0

Abstract. The problem connected with selection and monitoring of machining
conditions appear during designing of electrochemical machining (ECM)
operation for large machine part under current density abe@0@0A/sni. The

main parameters of machining conditions include: impressed source voltage,
nature of the current, current density, intecel@de gap, electrolyte flow rate.

This parameters should ensure:

- stability course of electrode reactions;

- timely removal of the reaction products from the working space;

- discharge of heat arising during ECM.

Fluid flow stability in a working spaces determined by the hydrodynamic
conditions which is strongly connected with such parameters as a gas generation
and an interelectrode gap (IG) size. If the I1G size is less than 0,1 mm, the evident
process instability is observed because the electnoligetion with speed ensuring
effective stirring mode is extremely difficult. If the 1G size is 0,0,4 mm the
process is stable. However for such IG flow rate could not be increased endlessly
as far as a hydraulic resistance of an interelectrode spEsges and a cavitation
hazard appears. The hydrodynamic conditions of electrolyte flow connected with
heat phenomena in interelectrode spase that accompany ECM process and lead to
the electrolyte heating.

Consequently one parameter changing brings chgagif other parameters.

For example, if there are cavitation gas bubbles evenly distributed in fluid then the
electrolyte density decreases in proportion to their relative volume, the contact
surface of the electrolyte and the electrode decreases adlnddahehmic resistance

of the solution increases. These factors lead to a local reducing of metal removal
connected with appearing of the surface roughnesses and sometimes to local short
surcuits.

The conclusions about the level of different parametetgen€e on ECM
process will be drawn in the article.

[ dzw sBtcOBBISC Ctolztf dzsc OB Otcd Isdz" = H J
dmMf sdz Lzt ls twWOLdzr jJ] d3j SBHT sBtcOBISC (. {
L dzj Ssteseadd&3d yg ms ow sBtcOBBISCO (TmJ) . Lt
dzOyd dz0 4 Ismw MM fikzme Oddw ) o Odzdzz MW OG ts|
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Ldzj CSlstetsH (7 ), Wisted30 CtlststesEts BEHEEL
fseo jtorndetsisd HJjIsOdz]. ) LOLtste dBjYHE 1 d
f sHOo Ols fSH HOodzjdedj 3 { dzj CIstetsadzd Is, Y
dzj 2IstcOdzy dzr = MG, 2 ,0 daOfHtgid A3} () disif tdz] fnls] Qirbzts
BBd N4 dzj SIstesHdzse s LOLBKGO ([ C)1) YBHOBSHWIS
LOLtte] comMSCdyfOjlke d ftesdmMmatHdls tOL kN
Yyjess 1dzjSlstedyj mSlze yjt! dzz ¥ dzts tOL Stco C
f solststedats . 1 st Otk ds 9o P Bls—Balst d HtosdL o
ZOL dzOyjdedj tjyddsse tsBtcOBBISE (.

[Hddz dL tejloje dtsdzj Slsted ujMSd2 Iss¢. 1 sl
B4 MyJudeOvls dzOftevyjdedi { dIsOwIA dE 6 dzs
Htczedd3 tsMdatse dzr d3 dzOL dzO Yy Odg 3] 3z jtc§ Is| tef t6i30dE s |
M ssmls! (kO { djChkiesddlsO.

Il ftesyjmMimj {dj Sbktesaddidy MEses Wistodits
d sdzts o, sB " ydz 2 ftcd 1 dzjSltesdzdlL j ) fi s
HAW WL dw, GCfsdeej Cydw), da 5B PIMMOIAL] L
o’ 2 Ctsdzyj dzlstc Oy d s dzdzts 2 f sdzvde@a Rdya @ |
dzj sB R tsHd BBsMls fmd dzj dzdzts 2 ydteSbkzdvydd ¢
ftesdzd yzls¢y. ltojHjdz dzs HESf EMisd BOW ff dztsls
Mlsjfjded HtejHjdzvjlsmw MEstosMmis! & df BlssC
LdOyjddv s SCHhbigtttsB ZOGsfi@dWilsde j] SdHttsSH(
Hdzv Slsatzf G sotcic OfMiso stej dzdwv d3j s OdzdzO s

] sBh jd3 oadH] btejBtsoOddw ¢ stk
ftosdzj ks By dts MW stecdBzdzdtctse Ols! fMmdzj H Iz

1. fiejjujdedj MmMlsOBddz detsEts JOEYIj2S. Oded v -

2. dotjotejdsjdedetsy EZHOdzjdzedj ftotsHEZCIstse

3. [ lso 5H Isj § dzO, oL dzdC O N j B9 1
sBtcOBBISC (.
[ dzw CdeC toj Isdz" n L OH Oy 1L dzj Clstetsnm

Ctolztf dzgtsc OB ®jodzls da'tciO N jrdimjHvd d3te] SBY j dzd @ Ols ! to (
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RYfrtr1Rr [ ®PART[CLE IMAGE VELOCIMETRY
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PARTICLE IMAGE VELOMETRY MEASUREMENTGF THE
MEANVELOCITY FIELD IN ATURBULENT LIFTED FLME
UNDER PERIODIC FORMG

v.h.l JdesC Zlefsg @ dzdf G -dzdz o> H.s BL St6j L 59
RdzMisdlskzls Isjfdzs¥dLdSd dd3. . w. skl

Abstract. The present paper describes the results of Particle Image Velocimetry
(P1V) application for the average velocity field measurements in a lifted premixed
propane flame. In addition, a periodic forcing of the initial flow velocity was
performed in order to enhance stability of the lifted flame via vortices generation
before theflame. By using adaptive camera calibration and image processing
algorithms, 1 500 instantaneous velocity fields were estimated and averaged. The
mean velocity fields for the reacting flows were compared to the isothermal flows
at the same inflow condits. In both cases of the unforced and forced lifted
flames, the lowest location of the front's base was determined from the flow
acceleration effect on the mean velocity due to thermal expansion. It was observed
that the forcing dramatically decreased helg of t he f |l ame st ab
significantly affect turbulent propagation speed of the flame base.
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RESEARCH OF THE EFFICIENCY OF HEAT PUMP
FORHEATING SYSTEMS

[.r. 1 ddimdgpdis .Sz wisddsddzy j dzj o6, B OC OdzO«
‘Rdzisdlstglise jIsdui MSdr dMmMmdzj Hise Odzd
[sMCsoamMSd?2 1 dzjteejlsdujmMsSd?2 ddzmlsdlsizls

Abstract. The efficiency of use of Heat Pump Unit (HPU) for heating systems of
modern lowrise houses is analized. Thesu#s of technical and economical
comparison of heating and hot water systems based on heat pump with alternative
heding systems for various regions of Russia are given.

HPU is an ecologically pure heating system, allows to get a heat energy
from low poential heat sources. @suming 1 kW of electric power in HPU drive
one can get-3 and, with some conditions;& kW of heat power. At the same
time, heating systems based on HPU require large capital investments in
comparison with the gas boilers and #&leal boilers, and have a number of
restrictions connected with low potentiality oflized heat. For overcoming these
restrictions, the technical and scheme solutions demanding additional capital
investments for heating surface and additional sourcesnefgy are required.
Currently, HPU canot compete with gas boilers. The economical niche of HPU
includes nofgassupplied areas; their rival technology is electrical boilers. With
the tariff for electrical energy increasing, or with the capital investsnato HPU
being reduced by 40% and more, HPU can turn out moraezft than electrical
boilers.
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