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Jnst  yBenMYeHWs TOBEPXHOCTH TeINIOOOMEHAa B TEXHMKE IIMPOKO MCMONIb3yeTcsl opeOpeHue
TemonepeJaoINX MOBEPXHOCTEH. B XoJe IKCHEepHMEHTOB C Pa3IMYHbIMM METOJaMH OpeOpeHUs
obonouexk TBD3JloB Obitm pazpaboransl Gosnee BbITOAHBIE (DOPMBI OpeOpeHns, Tak Ha3bIBacMble
MOJIM30HAIBHOE U IIEBPOHHOE, PeAT3alMi0 KOTOPBIX NpeajaraeTcsa BhIMOJIHATh HA 3D-npuntepe. C
TOYKU 3pEHHs YHUBEPCATbHOCTH OJHMM U3 Hanbojee MEepCreKTUBHBIX BHIMISANT (PyHKLIHOHAIBHOE
TIPECTaBIIeHNe C KOHCTPYKTWBHBIMHM BO3MOXHOCTSIMHM Teopun R-dpyHkumit. B craree mnpuBeneHs
pa3paboTaHHbIe METOAMKN TOCTPOECHUSI YPaBHEHWI Pa3UYHBIX TTOBEPXHOCTEH OpeOpeHWst Ha OCHOBE
teopun R-dyHkumit ¢ wux mocnenyromei peanuzauueii Ha 3D-mpuHTEpe W HcclielOBaHUE
TMIPOJVMHAMHYECKNX W TeMIepaTypHbIX ToJsieil Mpu Mmoiu3oHaibHOM opebpeHun obonoukn TBDJIa.
[TpuBeneHbl pe3ynbTaThl MCCIEIOBAHMS TONST CKOPOCTEH M TeMIlepaTypHOTO TOJS IS PasIMdHBIX
3HAYEHUN IapameTpa 3aKpyTKU.

Kniouesvie cnosa: meopust R-ghynxyuii, memoo Pumya, mennoobmen, obonouxa TBIJla, nonuzonanvrioe u

wespoHHoe opebperue, 3D-npunmep.
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st 30iMbIICHHA TOBePXHI TEIUIOOOMiIHY B TEXHIlli LIMPOKO BHUKOPUCTOBYETHCS OpPeOpEeHH:
TerJionepeaaBajibHUX MOBEPXOHb. [1i1 yac ekcreprMeHTIB 3 pi3HUMU METOJaMU OpedpeHHsT 000JOHOK
TBEJIiB Oynu po3pobneni Haiibinbu Buriai Gpopmu opedpeHHs, Tak 3BaHi MOMi30HAJbHE i IIEBPOHHE,
pearizamifo AKUX MPOMOHYEThCS BUKOHYBaTH Ha 3D-mpuHTepi. 3 MOMNALYy YHIBEpCaJbHOCTI, OTHUM 3
HaMOITbII MEepCHeKTUBHUX € (YHKIiOHANIbHE NPEICTABICHHS 3 KOHCTPYKTUBHMMHU MOXKJIMBOCTSIMU
teopii R-ynkuiii. ¥ crarri HaBeneHO po3poOsieHi METOAMKKM MOOYAOBM PIBHSAHb PI3HUX MOBEPXOHb
opeOpeHHss Ha OCHOBI Teopil R-QyHKLilt 3 mojanbino peanizaiielo Ha 3D-npuHTEP] Ta MOCIIIHKEHHS
TiIPOOVHAMIYHUX 1 TeMIepaTypHUX OB TPW IOMi30HAILHOMY opebpeHHi obononkun TBEJIa.
HaBeneno pesynbTaT NOCHIIKEHHs MOJsI MIBUAKOCTEH i TeMIepaTypHOro MoJjis Ui Pi3HUX 3HaueHb
napameTpa 3aKpyTKH.

Kmouosi cnosa: meopis R-¢hynxyiii, memoo Pimya, mennooomin, obononxa TBEJIa, nonizonanehe i wieeponne

opebpenns, 3D-npunmep.
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The finning of heat-transmitting surfaces is widely used in technics for heat-exchange surface
increasing. The finning forms are rather various. The finning not only increases a heat-exchange surface,
but also renders the big influence at hydrodynamics of a stream, and thus at heat-emission factor. The
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more favourable finning forms (so-called polyzonal and herring-bone) have been developed during
experiments with various finning methods of fuel element claddings. The lacks of herring-bone surfaces
are the high labour input and the cost price of manufacturing. These lacks can be removed due to the
3D-printing technology, since the advantages of 3D-printers using are the decrease of the cost price of
production manufacturing, the reduction of terms of its occurrence in the market, modeling of objects of
any form and complexity, the speed and high accuracy of manufacturing, the possibility of use of the
various materials maintaining high temperature, intensive mechanical loadings and influence of harmful
chemical substances. It is necessary to create the computer 3D-model of desirable object during
preparation for 3D-printing. The analysis of classical representations has shown that their practical
application is limited or demands significant efforts for construction of models of complex geometrical
objects. One of the most perspective is the functional representation in which basis is the use of implicit
mathematical functions language with constructive opportunities of the R-functions theory developed by
academician V.L. Rvachev.
The developed techniques of construction of the equations of various finning surfaces at the R-functions
theory basis and their subsequent 3D-realization are shown. The research of hydrodynamical and
temperature fields at polyzonal finning of fuel element cladding are resulted.
The consecutive construction of the longitudinal, polyzonal and herring-bone finnings equations of the
fuel element claddings allows to track the algorithm complication process due to corresponding
superpositions in the initial equation which kind does not change. It is one of examples of advantage of
the geometrical objects’ analytical identification realized with the help of R-functions.
The results of the velocity and temperature fields research for various values of twisting parameter,
testifying that the warming up in the intercostal zone increases with increase in value of twisting
parameter, are shown.

Keywords: R-functions theory, Ritz method, heat transfer, fuel element cladding, polyzonal and herring-bone

finning, 3D-printer.

BBEJIEHUE

Jlnst yBenmmaeHus 3pPeKTHBHOTO KO3 PUITHESHTA TEIIONEepeIad B TEXHUKE IIUPOKO HCITOIB3YeTCs
opebpeHre TeruionepeAalonx MoBepxHocTed. Dopma opeOpeHuss BechbMa pa3HOOOpa3HA.
[TpuMeHSIOT TpOJONBHEBIE, TIOTEpPEYHBIe, CIUpalTbHBIE pedpa, pedpa B BUAe INUMOB W T.1.
[TompoOHbIe cBeeHUs O pa3IMYHBIX cI0c00aX OpeOPEHHsI U TEXHOJIOTHH N3TOTOBIICHUS peOPUCTHIX
IIOBEPXHOCTEH MOXHO HalTH B paborax [1-3]. OpeOpeHre HE TOJIBKO YBEIWYUBAET NMOBEPXHOCTH
TeII000MEeHa, HO U OKa3bIBaeT OOJIbIIOE BIMSHUE HA THAPOJMHAMUKY ITOTOKA, a TEM CaMbIM U Ha
ko3¢ unmeHT TemrooTAaun. B Xome SKCHEpHMEHTOB C pa3iuYHBIMH METOJAMH OpeOpeHHs
obonouexk TBDJIoB Obutn paspabortanbl Gosee BbIrojHbIE (HOpMBI OpeOpeHusi, TaKk Ha3blBaeMble
MOJIM30HAJIbHOE U HIeBpoHHOE. [Ipu meBpoHHOM OpeOpeHuH BCsl MOBEPXHOCTh 00OIOUKU AETUTCS
Ha YeThIpe, INECTh WIM BOCEMb CEKTOPOB, M HAa COCEAHUX CEKTOPAX CIHPATIH PACIIOJIOKEHBI
CUMMETPUYHO OTHOCUTENILHO MPOI0JIBHOM OCH.

HemocratkoM NIEBPOHHBIX MOBEPXHOCTEH SIBISIETCS BBICOKAs TPYJOEMKOCTh M Ce0ECTOMMOCTh
n3rotoBieHus. biaromapsi TexHonormm 3D-medatd, 3TH HEJOCTATKH MOXKHO YCTPAaHUTH, T.K.
MPEUMYIIECTBA WCIOJIb30BaHUs 3D-MPUHTEPOB — ATO CHUNKEHHE CEeOECTOMMOCTH H3TOTOBJICHHUS
MPOJYKITNH, COKpAaIleHHe CPOKOB €€ TOSBICHHS Ha pPBIHKE, MOJEIMPOBaHHUE OOBEKTOB JIFOOON
GopMBI W  CIOXKHOCTH, OBICTPOTA W BBICOKAash TOYHOCTh W3TOTOBJICHUS, BO3MOKHOCTh
UCIOJIb30BaHUSl Pa3IMYHBIX MaTepuanoB, CpelId KOTOPBIX OETOH, THJPOrelb, IEePeBO, MeTall,
TEPMOILIACTUKH, BBIICP)KHABAIONIAE BBICOKYIO TEMIIEpaTypy, HHTECHCHBHBIE MEXaHUYECKHE
Harpy3kd M BO3JCHCTBHE BpPETHBIX XUMHYECKHX BEIIECTB, IIOKONAJ, W JaXe >KUBBIE KIETKU.
CymectByeT MHOTO TexHonoruii 3D-meuatu: crepeonutorpadusi, JaMUHUPOBAHUE, CEIEKTHUBHOE
JazepHoe criekanue, nocnoiiHoe HarutaBienne FDM (Fused Deposition Modeling). Ilewats B
dopmare 3D yxe momyuyuia MUPOKOE pacpoCTpaHEHHE: aBTOMOOUIECTPOCHHUE C OPUTUHAIBHBIM
JN3aifHOM, aBHaMO/IeJIMPOBAHIE, MAITUHOCTPOCHHE, CTPOUTEIILCTBO, OPYKHE, METUITHHA.

B mporecce moaroroBku K rmedatd Ha 3D-mpuHTEpe HEOOXOAWMO CO3/aTh KOMITbIOTEpHYIO 3D-
MOJIENIb KelaeMoro oObekTa [4-7]. AHanM3 KIACCHMYECKMX IIPEICTaBIIEHUN MOKa3aja, 4To HX
MPaKTUYECKOE NPHMEHEHHE OIPAaHWYCHO WM TPeOyeT 3HAYUTEIBHBIX YCHIIMHA JUIS MOCTPOCHHS
MOJIeNiell CIIOKHBIX Te€OMETPUUYECKUX O00BEeKTOB. C TOUKM 3peHUs YHUBEPCATBLHOCTH, OJHHM U3
HamboJee MepCHeKTUBHBIX BBITVIIUT (QYHKIMOHATFHOE MPEACTABIEHUE, B OCHOBE KOTOPOTO JIEKUT
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UCIOJIb30BAaHUE SI3bIKA HESBHBIX MAaTEMaTHUYECKUX (PYHKIIHN C KOHCTPYKTHBHBIMU BO3MOKHOCTSIMH
teopuu R-pyHKIHMiH, pazpaboTanHoit akagemukoM B. JI. PBadueBrm [4].

Heabo pabdoTbl sBIsSETCS pa3padoTKa METOAUK H TOCTPOSHHE YpaBHEHUN pa3IMYHBIX
MTOBEPXHOCTEH OpeOpeHHs Ha OCHOBE TeopHH R-QYyHKIWIA ¢ MX Mocieayromei peanusanueil Ha 3D-
IIPUHTEPE M HUCCIIEIOBAHUE TMIPOJMHAMUAYECKUX W TEMIIEPATypPHBIX IOJIEH IPU IMOJIU30HAIBHOM
opebpenun obdonoukn TBOJIa.

OCHOBHASA YACTbH

B pabote Obutn mcnons3oBaHbl R-omepanuu cuctem {RO} U CYNEpHO3UIHNH C MEPUOAUUYECKUMU

+1

ahe (1) (2i-1)xz
9h =
byHKIUSIMHU ,u(x ) p= Z:: (21’—1)2 sin p

COOTBETCTBYIOIIMX T'€OMETPUYECKUM OOBEKTAM C CHMMETPHEH TpPAHCISIHUA BIOIb TMPSIMOM, U
né

sin| (2k—1)—
() =3 (1) [(Zk_l)z > }

T€OMETPUUECKUM OOBEKTaM ¢ TOUCUHON CUMMETPHEH IMUKIMIECKOTo THIA [6].

IE MIOCTPOCHUS YpaBHEHUH,

JUI IMOCTPOCHUSA ypaBHeHHfI, COOTBETCTBYIOIIUX

MaremaTudeckue Moaesn 06o1049exk TBIJIloB ¢ opedbpennem

1. O6omouka TBDJIa ¢ mpomonpHBIM Opebperuem (puc. 1, a).

o= () 9 Vod—x" =1 A, 1,55 =2 >0, (1)
0,56 0,2°
. Onol
— s1n(2k—1)
{sx rc?sﬂa . 8 Z(_l)k—l 22 e ,x2+y2; 6’=arctgz;
sy =rsin i nol 5 (2k-1) X

nol =20 — xonmuuecTBO pedep B 000I0UKe.

2. O6omn0uka TB3JIa ¢ monu3onanbHbIM opebpennem (puc. 1, 6).

2
-2 2 SX = F'S COS S,
= 1_(sx 2) 2y 4-x =y A, 7,57 -2 20, o
0,56 0,2 Sy = rsSin /s,
. Osnol
s1n(2k—1)
US = 8 Z:(—l)k_l 22 s =xs? + st 6’S=arctg£;
nol < (2k-1) Xs
xs=xcosﬁ+ysin£,
n ﬁ=272'Z _
fi fi 10’

V§ =y COS——xsin—;
n n

3. O6omnouka TBDJIa ¢ ropu3oHTaIBHBIM IIEBPOHHBIM OpeOpenueM (puc. 1, B).

2 SX = 1S COS U,

(=)

=
0,56 0,2°

Vod=x'=y* (A, 1,5 -2 >0, { o
sy = rssin us;
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) sin (2k —1) 22291
— _1 k=1 2 . — 2+ 2; 0 = E'
LLS ﬂnole:( ) 1) o ors=qlxs? 4 ys s = arctg —
xs:xcosiz+ysin£;, ah sin(2k—1)%
n n k-1
1=— -1y —>= h=3, nl=3.
i nz§( ) (2k-1)

ys:ycosﬁ—xsin—;
nl nl

4. O6onouka TBDJIa ¢ BepTUKAIbHBIM IIIEBPOHHBIM OpeOpeHueM (puc. 1, r).

(sx=2) g7 sx = r0s cos yl,
o=|1- - v04—x2—y2 /\07,52—2220,

0,56> 0,2’ sy = rossin ul;
Osnol
sin(2k—1)
_ [e2 2, s 8 k=1 B
1os =+[xs” +ysT; Os=arctg—; 1= -1
g gxs a ﬂnolzk:( ) (2k—1)2
Xs = xxcos£+yysinﬁ, sin(2k—1) Ono2
n n {xx:rcos,uZ, = 8 Z( 1)k=1 5
— 1 . - - 2
ys=yycosﬁ—xxsin£; yy =rsinpi; 7no2 'y (2k-1)
n n
2 [
ﬁ=—;)z; r= x2+y2; ¢9=arctg2;
x

no2 =6 — KOJIMYECTBO CEKTOPOB.

Ha puc. 1, a-r mpezicraBieHa BHU3yalu3alus NOCTPOCHHBIX ypaBHeHHU obOonouek TBOJloB ¢
opeOpenusimu B RFPreview [5].

y .'/

»
y
E
>
\l
P
y
\
\ 2

6

Puc. 1. O6on0uku TBDJIoB ¢ opedpeHUsIME: a — IPOIOIIBHOE, O — MOJIM30HANBHOE ; B, T — IIEBPOHHOE OpeOpeHte

a

Ha puc. 2 mnpencraBiena peanmmzanus Ha 3D-mpuHTEpe MOCTPOEHHOTO YpaBHEHHUS 000JOUYKH
TBDJla ¢ meBpoHHBIM OpeOpeHHeM.

[locnemoBarenbHOE TOCTPOSHWE YPABHEHUH MPOJOIHHOTO, MOJU30HATHHOTO W IMEBPOHHOTO
opebpenuii o6onouek TBDJIoB mo3Bosser mpocieauTh Mporece yCIOKHEHHs allfOpUTMa 3a CUeT
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COOTBETCTBYIOIINX CYNEpHo3uluii B ypaBHeHUHU (1), BUJ KOTOPOTO HE U3MEHSIETCS. JTO SIBIISETCS

OJTHMM W3 IPUMEPOB NPEUMYIIECTBA aHATUTHYECKON NACHTH(UKAIIMNA TeOMETPUIECKUX 00BEKTOB,
pear30BaHHOM ¢ HCTIONIb30BaHUEeM R-(yHKINH.

Puc. 2. Monens o6onouku TBDJIa ¢ meBpoHHBIM opedpeHreM, U3roTorieHHas Ha 3D-npuHTepe

PaccmoTpum  3amady TemimooOMeHa TpH  JIAMHHAPHOM TedeHMH kuakoctu it TBDJla ¢
MOJU30HATBHBIM OpedpeHneM 00010uku (puc. 3).

Puc. 3. TBDJI ¢ nonn3oHaIbHBIM OpeOpeHneM 000I0UKH

OcHoBHasl cucTeMa ypaBHEHUH, ONMUCHIBAIOIIASI MPOIlece TeII000MEeHa B MOTOKE BS3KOW JKUAKOCTH,
MIPY TIOCTOSTHHBIX (PM3MUECKUX CBOMCTBAX KHUJIKOCTH M TEMIIEPATypPhl IMEET BUI:

Dz pc,  pc,
] D—Vz—i§p+vAI7, 2)
Dr P
divV:O,
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D 0 (5=
rie D—=@—+(V~V) — cyOcrannuanbHas (Wid mosiHas) npousBojHasi; #® — auccunartuBHas
T Or

byukuus; a = — K03 GULUEHT TEMIIEPATYPOIIPOBOIHOCTH; ¢, — TEIUIOEMKOCTb CPEAbL;, ¢ —

p
r

MOIIHOCTb BHYTPCHHUX UCTOUYHUKOB TCILJIA.

WuBapuanTtHas GopMma 3anucy ypaBHeHui (2) T03BOJISIET, HCIIOIB3YS allllapaT TEH30pHOIO aHaJIn3a,
[EepPeXOUTh B HOBYIO CHCTEMY KOODAMHAT, B HAIleM Ciiydae — B KPUBOJHHEHHYIO
HEOPTOTOHABHYIO CHCTEMY

X=Xxcosaz—ysinaz,

y=Xsinaz+ ycosaz,

z=7Z.

B BuHTOBOI cricTeme koopauHaT nojyuuM (2) B BUze [6]

a—T+(I7V)T=aAT+q—V+£,
ot pc,  pc,
1 3 32
aL+(VV)V' —2aV2V——azch—=l(—(1+a2f/2)—]z+052)2)3—A—05f/a—pJ+
ot Jr fop % op oz

2 2 3 2 3~A7173
+v| AV =2a7 ﬁGVA —)QaVA —2a | GVA +6V o 4282 );Z :
ox oy f oy oz f
2 3 32
o +(I7V)V2+205V1V——Ozzf/V—=l az)?f/a—lf (1+a2£2)81f+0fa—p +
or N rop ax oz

A

1 1 3 1 3~r173
+V|:AV2+2062()3%—)268LA)+2Q’( L o +6V J—anz—Z—a il };
X Y

U +(I7V)V3 —az;/3 (ch1 +)3V2):£(—aﬁa—p+a£a—p—a—p)+

ot Yo, ox oy oz
2 3 3\ a?(2-a’R? -t
| apr o2 iaVA +)76VA - ( . - )V3 ;
f ox oy f

ot ov* 1 or?
+ +— =0;

% Jf e

rac

3
fetiagray, (W)= Lapr 2 2
ox o Jrez

2 2 2 2 2 2
a=(1407)) St (1+a) o+ L2 T 1205 -T 20— 3 25 2|
ox oy. 0Oz Ox0y Ox0z 0y0z ox oy

['parmyuHOE ycoBHE It CKOPOCTH (HOPMYTUPYETCs KaK YCIOBUE TIPUIAIIAHUS YaCTHIL JKUIKOCTH K
TBEpPJIOM CTEHKeE: VL)Q =0. ['pannynble yCIOBUS AJS MOJS TEMOEPATyphl HA CTEHKE MOTYT OBITh

3alaHbl PA3JINYHBIM 06pa30M:
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r, &L
on

g or |an+o - |a§z-o >
=——=, | —+hT | =q.,

ﬂ' ( 8n j|6Q qc /Iw a_T = ﬂ“em a_T

( 8n 0Q+0 Gn

7|

o0,

0Q

0Q-0

B kpuBOJIMHEHHONH HEOPTOTOHANBLHOM cHCTEME KOOpJAMHAT BXOJSIIME B TPaHUYHBIE YCJIOBUS
HPOU3BOJIHBIE 110 HOPMAJIH € y4ETOM HOPMAJIM30BAHHOCTH QYHKIHU (), (fcl,fcz) UMEIOT BUJ]

T —(1va8?) 2 0% 4 (140737 ) 20 S s | D001, D 0% ()
on |, ox, Ox, ox, Ox, ax, ox, 0Ox, ax ),
A moy4yeHHbIe B paboTe [6] ypaBHEHHUSI
27173 27173 2773 3 3
(1+a?) 2t (14t ) T 2wy Z 2 e 5 |
ox oy oxoy ox oy
“4)
_a2(2+a2x2+a2y2)V3=_;5_p,
f? pff oz
2 2 2 3
- (1+a2)32)a%+(l+a2£2)a%—2a2£j/ aATA—aZ )%8_7:4_5/8_]: __r C. (5)
% o %6y ax o a\/f

Takum oOpa3oM, OT TPEXMEPHBIX KPAeBBIX 3a1ad MPUXOIUM K JIBYXMEPHBIM 3a/1a4aMm, JUIS pereHIs
KOTOPBIX MOXET OBITh TpHUMEHeH MeToa PuTha B coueTanww ¢ MetoioM R-¢pyHkimit [4, 6].
[TonoxurenbHas onpeeIeHHOCTh OIepaTopoB 3a1ay (4), (5) nokazaHa B [6].

Munumuzupyem (yHKIIMOHATIBI, YKBUBAJICHTHBIE KpaeBbIM 3aauaM (4) u (5),

2 2
/= I{(l+a2ﬁ2)(aa—{/) +(1+a2x2)(5a_q —za%ey@—V‘Z—ﬁKW—zFV}dxdﬁ,
X
Q

y Ox 0Oy
rae
a’ (2+a’x +a’y’
K= ( - 4 ); F=——1 a—p; f=\/1+a2)22+a2)?2;
f pAlf Oz
2 2
L= (1+a2y2)(a—TA1) +(1+a’%) T iy L5671 |dsap+
5 ox oy ox oy
2| (1025 ) ZL L (14 ) LD gy | TR, LT | i,
o X OX oy Oy ox oy Ox 0Oy
3
rie G=— C . Ha Buemneii crenke ( f; :(R2 —x? —yz)/ZR =0) TlaQ = 0, Ha BHYTpEHHEH —
1

a[f

(0=0) T | o0, = 1. Crpykrypa pemenus 3amauu (4) umeer Bup V' =w®,, a 3amauu (5) —

T=7T0+T1; TO= f%; Tl=w®,, e o, = f, A, @,. [Ipy pa3nuuHbIX 3HAUCHUAX IIapamMeTpa
1 2

3aKpYyTKU « , IOJIy4aeM pe3yJbTaThl, IpUBE/IEHHbIE Ha puc. 4.
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Puc. 4. Pacnpenenenus noss ckopocteit (caeBa) u TemnepaTyp (crnpasa) Npu pa3iMyHbIX 3HAYEHUAX NapaMeTpa
3aKpyTKH
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Pesynbrathl, mpeacTaBieHHbIE Ha pHC. 4, CBUICTEIHLCTBYIOT O TOM, YTO C YBEJIHUYCHHEM 3HAYCHUS
nmapameTpa 3aKpyTKH ¢ yBEIUYHBACTCSI IPOTPEBaHIE B MEXXPeOEpHOiT 30HE.
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VIIK 539.3

YCTOMYHUBOCTD NOJAKPEILUISIOIIETO CJIOS
B IBYXCJIOMHOM CUCTEME

O6opman H. U., 1. 1. 1., Annyukuii B. ., k. ¢.-m. H., Ko3akosa H. JI.

J[nenposeckuti nayuonanousiil ynueepcumem um. Onecs I'onuapa,
npocn. I'aeapuna, 72, 2. /{nenp, 49010, Yxkpauna

kkt fpm@ukr.net

B nocraHoBke MJOCKOI TreoMeTpUYecKH HEJUHEHHOW Teopuu ympyrocT paccMOTpeHa 3ajaaua
YCTOMYMBOCTHU [IBYXCJIOMHON apOYHON CHCTEMBbI NOJ ACHCTBUEM HOPMAJIbHOW HArpy3Ku, paBHOMEpPHO
pacnpeieNleHHOl Mo rpaHulie BepXHero cjos. Ha quHuM pas3zena cloeB peajlu3yroTcs yCI0BUs MNOJTHOrO
CUETUICHUS, TJIAAKOTO KOHTAKTa W OTCTaBaHWs. 3ajadya chopMyTupoBaHa B BapUAlIOHHON MOCTAHOBKE.
[TpoBeneH 4KCIEHHbI aHAJIN3 KPUTHUUECKMX HArpy30K M BO3MOXKHBIX PaBHOBECHBIX KOH(HIYparuii
CHCTEMBI B 3aBUCHMOCTH OT 3HAUCHUI €€ TeOMEeTPUUECKHMX W (hru3mveckwx mapameTpoB. OCHOBHOE
BHUMaHKE YIEJICHO N3YYEeHHIO PABHOBECHBIX (POPM C BBIIIEIKHYTHIM HUKHUM CIIOEM.

Knrouesvie cnosa: niockas eecomempuiecku HeTUHEUHAs. 3a0a4a Meopuy Yynpyeocmu, 08YXCIOUHAs cucmemda,

KOHMAaxKmuoe 83aumooelicmaue, nNomeps yCnmoudugocmu, il eIKugaHue.
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