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NOBYJOBA BA3UCY BIIIIPAMIJIN 3 IBOMA PYXOMHUM BY3JIAMHA

Hana poboma npucesyena UUEHHIO MOJNCIUBOCHICU THMEPNONAYIT MEMOoOOM CKIHUCHHUX elleMenmi8 (yHKYil mpbox
HEe3ANeIHCHUX IMIHHUX 6 001acmi, aka mae hopmy oinipamion. OCHOBHO 3a0ayero 0aH020 OOCTIONCEHHS € NOKPAUJEHHS ANPOKCU-
MayiiHux SKocmel pewimxu mempaeopaibHO-0KMaeopatbHoi CMpPYKMypu 3a PAXyHOK 8KIKUEHHS 00 Hei KOMIpOK V hopmi Oini-
DPAMio 3 080MA PYXOMUM BY3NAMU.

Y emammi binipamioa pozenadacmoca AK CKiHYUeHHUIL eneMenn, YIMEOPeHUll UAXOM 8UO08MHCEHHA/CIMUCHEHHS 060X Ni6-
ocell okmaedpa. [100i0HI ninitini deopmayil BUHUKAIOMb Y e1eMEHMaX, AKI 3HAX00SMbCA 8 RPUSPAHULHOMY WApPi PO3PAXYHKOBOT
obnacmi, Konu 0esKi 831U 00800UMbCS BUHOCUMU HA 2PAHUYIO 0OIACI.

B pobomi ceomempuyunum ma memooom KoHOeHcayii nodydosano 0ea noaiHomianvhi 6asucu dinipamiou 3 cimoma
ma wicmovma eyziamu inmepnoaayii. JJociiodceno ceomempuyni ma iHmepnoaAyiuHi akocmi 0asucHux QyHkyii Oini-
pamiou 3 dgoma pyxomumu gysnamu. Ilodyoosani dazucu maroms, 6i0n06i0HO, 06a Mda MpU HeGUSHAYEHI napamempu,
Wo 003601410Mb HAAABAMU OA3UCHUM (YHKYIAM Oinipamiou 0oyitbHux 6 memooi CKiHUeHHUX eleMeHmI8 81aCmUeoc-
metl. Y 0aniii pobomi Kpumepiem AKOCmi IHMePRoIAYIT 86aNCACMbC GETUYUHA CIOY MAMPUYL JHcopcmKocmi Oinipamiou.
Busnaueno xoeghiyicnmu ninitinoi oegpopmayii 0sox nigoceil okmaeopa, npu AKUX ciio Mampuyi scopcmrocmi Oinipamiou
€ MIHIMANOHUM.

Y emammi npoananizoearo medgxci npunycmumux giHitiHux 0eghopmayiti nigocetl oxmaeopa, AKi nepemeopioimy 1o2o Ha
Oinipamioy 3 08oma pyxomumu 6y3namu. 3a 0CHO8y 00paHo NoKasHux acumempii Skewness, axutl guxopucmosyronms ¢ ANSYS.
Ompumano oyinKu NaApamempie GUO0BICEHHS/CMUCHEHHS. NIBOCell OKMAeopd, SKI 2apaHmylony UCOKy ma 0OCHAmHIO NMo-
HOCMI CKIHYEHHO-C1eMeHMHUX po3paxym<is npu BUKOPUCMAKHKT OINipamio 3 06oma pyxoMumu 8y3iamu. Buseneni sanexcnocmi
Koeiyienmig ninitinoi deghopmayii nigoceli okmaedpa 8ionosioaioms YMOGI MiHIMATbHOC cridy mampuyi scopcmrocmi Oini-
Damiou, wo ceiouunb npo NOUMUGHULL NPOSHO3 THMEPNOTAYIIHUX AKOCMell pewimKy 3 Komipkamu y gopmi 6inipamio 3 deoma
DYXOMUM 8V31AMU.

Ilepcnexmugor nodanviuux 0octioxceHb € nody008a Gopmyn UucenbHo20 IHMe2PY8aHHs Ha OAHOMY 0A2amoPAHHUKY
3 MEMOI0 GKIIOUEHHS. 11020 00 AI20PUMMY MENo0d CKIHYEHHUX eleMeHmig npu po36 3aHHI NPUKIAOHUX 3a0ay MAMeMamuyHol
pizuxu.

KitrouoBi ciioBa: ckinuennuil enemenm, okmaedp, dinipamioa, eyanu inmepnoaayii, 6asuc, 6a3ucti QyHKyii, Memoo Kou-
OeHcayii, Mampuys HcopCmKoCnii.

Motailo A. P. Construction of bipyramid basis with two movable nodes

This paper is devoted to the study of the possibilities of interpolation by the method of finite elements of functions of
three independent variables in the region, which has the shape of a bipyramid. The main task of this study is to improve the
approximation qualities of the lattice of the tetrahedral-octahedral structure by including cells in the form of bipyramids with
two movable nodes.

In this article, a bipyramid is considered as a finite element formed by elongation/compression of two semi-axes of
an octahedron. Similar linear deformations occur in elements located in the boundary layer of the calculated region, when
some nodes have to be removed to the boundary of the region. In cases where only one octahedron node is carried to the
boundary of the region, a bipyramid is also formed. In this case, the node that was transferred to the border of the region
is considered movable.

In the author's previous works, the bases of the bipyramid with seven and six interpolation nodes were built. The approx-
imation qualities of the constructed bases are investigated theoretically. A positive forecast of their use in finite element calcula-
tions is obtained. The results were verified by the problem of thermal conductivity for timber.

In the work by geometric and condensation method, two polynomial bases of the bipyramid with seven and six interpo-
lation nodes are constructed. The geometric and interpolation qualities of the basic functions of a bipyramid with two movable
nodes are investigated. The constructed bases have, respectively, two and three indefinite parameters that make it possible to
give the basic functions of the bipyramid properties expedient in the finite element method. In this paper, the interpolation quality
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criterion is the trace of the bipyramid stiffness matrix. The coefficients of linear deformation of two semi-axes of the octahedron
at which the trace of the bipyramid stiffness matrix is minimal are determined.

The limits of permissible linear deformations of the semi-axes of the octahedron, which turn it into a bipyramid with two
movable nodes, are analyzed in the article. The basis is the asymmetry index of Skewness, which is used in ANSYS. Estimations
of elongation/compression parameters of octahedron semi-axes are obtained, which guarantee high and sufficient accuracy
of finite-element calculations when using bipyramids with two movable nodes. The revealed dependences of the coefficients of
linear deformation of the semi-axes of the octahedron correspond to the condition of minimality of the trace of the bipyramid
stiffness matrix, which indicates a positive forecast of the interpolation qualities of the lattice with cells in the form of bipyramids
with two movable nodes.

The prospect of further research is the construction of numerical integration formulas on this polyhedron in order to
include it in the algorithm of the finite element method in solving applied problems of mathematical physics.

Key words: finite element, octahedron, bipyramid, interpolation nodes, basis, basis functions, condensation method, stiff-
ness matrix.

IMocTranoBka npodiemu. [Ipu po3B’si3aHHI TPaHUYHMX 3a]]a4 MaTeMaTUYHOT (Di3UKH IIUPOKO BUKOPUCTOBY-
I0Th CUCTEMH CKiHUeHHO-eneMeHTHoro aHainizy ANSYS, ABAQUS, NASTRAN, PATRAN, JITPA Tomo. He 3Baxa-
I0YM Ha BCl nepeBaru Metoay ckinueHHux eiaeMmenTiB (MCE), BiH € 3aHaaTo rpomi3akum, ocodnuso B 3D-npocTopi,
Ta MOTpedye BEIMKUX 00’ €MIB ITaM’sITi KOMIT' FOTEPHOI TEXHIKH.

OnanM i3 croco6iB ontumizanii anmroputMy MCE € 3acTocyBaHHS aqbTepHATUBHHUX PELIITOK MPH JUCKpe-
TH3aIliT PO3paxXyHKOBOT 00JacTi. 30KkpemMa, B TPHBHUMIPHOMY ITPOCTOPI MPHU pO3B’sI3aHHI TPAaHUYHHX 33139 eTINTHY-
HOTO THITy €(peKTHBHUMH BHSIBILIIOTHCS] PEIIITKH TETPAaeAPaTbHO-OKTaeAPaIbHOI CTPYKTYPH, SIKi HE TPENCTaBICHI
B KOMEPIIHHUX MaKeTax MPOrpaMHOro 3ade3nedeHHs, 1mo peanizyrots MCE.

OT1xe, icHye 3az1ada JociipkeHHs ckinuenHoro eneMenTa (CE) y dopmi okTaenpa ta oro y3arajdbHEHHS —
OimipamMian.

AHaJgi3 ocTaHHixX gociaigxens i mybuaikaniii. B poborax [1-3] moOymoBaHo pi3Hi Habopu Oa3MCHUX
¢yHKIIN oKTaeapa 3 IMIICTBMa Ta ciMOMa By3JaMu iHTeproussanii. ABropamu [1] mpencraBieHO pe3yiIbTaTH
3aCTOCYBAaHHS PEIIiTOK TeTpaeapalbHO-OKTaeAPalbHOI CTPYKTYPH MPU pO3B’si3aHHI npukiaaaux 3agad MCE.
OCHOBHOIO NEepeBarol0 3aCTOCYBaHHS OKTaeApiB y BKa3aHii poOOTI BBa)KAaeThbCs IMIBUAKICTH OTPUMYBaHHX
PO3B’sI3KiB IOPIBHAHO 3 pe3y/IbTaTaMK CKIHUEHHO-EJIEMEHTHUX PO3paxyHKiB IIPU JUCKpeTHu3auii odnacti tetpa-
eIPATHHOI0 PEHIiTKO. Y poOoTi [2] e(heKTHBHICTH BUKOPUCTAHHS OKTaeapa MiATBEPPKEHO MPH JUCKPETH3AIIi1
MCE piBHsiHHS 3D-i1€anbHOr0 MOTOKY HECTHCIHMBOI piMHU. B SKOCTI maT4-TecTy 00paHo obnacth y Gpopmi
reKcaezipa 3 BIIMCAHUM y HBOTO OKTaeaApoM. ABTOpOM [3] MaTeMaTHIHO OOTPYHTOBAHO IIEPEBAry 3aCTOCYBaHHS
CE y dbopwmi okTaeipa Ta ioro y3arajibHEHHS — OilmipaMian, B aHcaMmOJIi 3 TeTpaeapaMu, OPIBHSHO 3 0a30BUMHU
ejeMeHTaMu (pOpMU: TeKcaeapaMu Ta TeTpaeipaMu, — npu po3B’s3anHi MCE rpaHu4HuX 3a/1a4 MaTeMaTHYHOT
(hi3uKky 15 piBHSAHB eninTuaHoro Thiry. [Ipu nbomy CE y ¢opmi GinipaMinn MOXyTh OyTH BUKOPUCTAHI B IPHU-
TPaHUYHOMY IIapi po3paxyHKOBOI 001acTi, Koun ofuH a60 OLTbIIE BY3JIiB JOBOAUTHCS BHHOCHTH HA TPAHUIIIO
obmacri.

B po0ori [4] moOynoBaHo aBa 6a3zucu OimipamMigy 3 OZHUM PYXOMHUM BY3JIOM, sIKi MiCTATh BiJIIOBiAHO /Ba
Ta OJUH MapaMeTpH, L0 JO3BOJSIOTh HaJaBaTU 0a3ucHUM (YHKLIsIM nojnaTkoBux nouinbHuX B MCE inTep-
MOJISIIMHUX BIIacTUBOCTEH. Ha 0CHOBI aHaiizy anmpoKCUMAaIiHUX sIKOCTel 0a3ucHUX (PYHKIIH [5] BU3SHAUCHO
YMOBHM BUKOPUCTaHHs Oimipami B CKIHYEHHO-E€JIEMEHTHUX po3paxyHkaX. Kpurepiem OLIHKHU SIKOCTi allpOKCH-
Marii 06paH0 MiHIMaJBHHUH CJIiJT MaTPHII dKOPCTKOCTI 6inipaMi):[H TeopeTn4Hi BUCHOBKH nepeBipeHO Ha 3aJ1a4i
TeHJ‘IOHpOBl,Z[HOCTl s opyca. Ilpu IEOMY 3aJHIIAETHCS HEBUPIIIEHUM IMUTAHHS PO CKIHYCHHO-CIEMECHTHY
aTIPOKCUMAaIif0 (YHKLIH B 00NacTi KOMIPOK, SIKi YTBOPHINCH B Pe3yiIbTaTi ACKUTHKOX JIHIHHUX nedopMariit
okTaeapa. ToMy akTyalbHOIO € 3a/ia4a MOOYJOBU CHCTEMH Oa3MCHHX (YHKIH Oimipamiau 3 1BOMa Ta TphOoMa
PYXOMHMH BY3JTaMH.

Meta crarTi: noOyayBaru 6azucu Oimipamiay 3 JBOMa PYXOMUMH By3JIaMH, JOCTIIMTH iX alpoKCHMAIliiHi
BJIIACTHBOCTI B 3aJIC)KHOCTI BiJl 3HAYEHb MapaMETPiB BUAOBKCHHS/CTUCHEHHS IiBOCEH TaHOTO OaraTorpaHHUKA,
a TaKoXK BU3HAYMTH YMOBH BHUKOpHCTaHHs JaHoro CE B SKOCTI KOMIpKH PeIliTOK TeTpaeapalibHO-OKTaeapaabHOl
CTPYKTYPH.

Bukisian ocHoBHOro marepianay. Posrnsgaerscsa Oimipamija 3 ciMoMa By3JIaMU IHTEPIOJILIL, K1 pPo3-
TalloBaHi B ii BepHIMHAX Ta Toulli HmepeTHHy AiaroHaneil (puc.l). Baxkaerbcd, mo touku K ,K;,K,,K
€ piBHOBimjaneHUMH BiJ K, Ha BiAgcTaHb a(aeR), a Bigpisku K K, ta K K, MOXKyTh OyTH IOBLIBHOI
JOBKUHH:

K, K,=p-a=b,K,K,=qg-a=c, (1)

ne p,q>0Ta p,geR.
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Puc. 1. bimipamina sk CKiHUCHHUN eTeMEeHT

orcepeno.: nodyooeano asmopom ons koepiyicumie p=1,2, g=1,7

3acTOCOBYIOUM T€OMETPUYHI METOIU MOOYN0BU (DYHKIIM CKIHYEHHO-EJIEMEHTHOro 0a3ucy, sAKi acoLiiioBaHO
3 BEpIIMHAMH OillipaMid, IETKO OTPUMATH:

1
NS, ;= ﬁx(x +a);

S, = +a); NS, =
ety VTN =

»(y =), ()

NS = z(z+a); NSs =

= @i o z(z—c).

DyHKIIIF0, 1[0 BI/IMOBIIA€ IICHTPAILHOMY BY3JIy, MOYKHA 3HAWTH 3 PIBHOCTI:
6

NS, =1-)_NS,,

i=1

ne i =1;6.

Toni, BpaxoBytouu (1), (2), cipaBeyINBOIO € PIBHICTS:

NS, =1- (pqx2+q(y2+a(1—p)y)+p(zz+a(1—q)z)). 3)

pga’

[licns TOTOXXHUX TEPETBOPEHBb BUpa3 0a3UCHOI (PyHKLIi, SKa acouilioBaHa i3 LIEHTPAILHUM BY3JIOM, MOXHA
MOAATH y BUNIISAL

NS, = PEDUEPD) (4)
4pq

s ) ) (2+3(a-0)]
2. 2ratpg) o (prg)itpg) o (p+@)ltpg)
4pq 4q 4p

2

ne F=1-

IToepxHi piBHs 06a3zucHOi GyHKIiT NS, B IbOMY BUNAJKY € €IINCOIIaMH 31 3MIIIIEHUMH B IuIouHi Oyz 1ieH-
TpaMH, AKIIO OYAaTOK CUCTEMH KOOPJMHAT MOB’sI3yBaTH i3 By3noMm K, (puc. 2).
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Puc. 2. TToepxHi piBus dynkuii NS,(x,y,z)=C

Jicepeno: nobyoosano asmopom ona a=1, p=1,2, g=1,7, C=0, C=0,7, C=1,2

IToOymyBarn 6a3uc GimipaMijy 3 MIiCThMa By3JaMH IHTEPITOJAIIT MOXKHA, SKIO 3aCTOCYBATH OMEPAIlii0 BHY-
TPIIIHKOT KOHJCHCAIIT. 3MICT I[LOTO MEPETBOPEHHS IOJIATAE B PO3MO/LII BHECKY IIEHTPAILHOI 0a3UCHOT (DYHKIIIT 11O
30BHINIHIX By3Jax Oiripamiu, To0To:

NC, = NS, +a.-NS,,i={1,3},
NC, = NS, +B,-NS,, NC, = NS, +B, - NS,, Q)
NC,; = NS, +vy,-NS,, NC, = NS, +7v, -NS,,
e 2a+B,+B,+v,+v,=50<a<0,5.

3aJI0BOJIBHSIOYHM YMOBaM MMOBHOTH 0a3ucy [6], HEOOXiIHO JT0JIaTH CITiBBIIHOIIEHHS BArOBUX KOC(III€HTIB!

1-2a 1-2a
By=pBiyi=——v, =91, (6)

P = p+1’ qg+1

OckinbKu BaroBuil koedimieHT o 3MiHIOETBCA B iHTepBami 0 <o <0,5, oOMexxeHHS IS 1HITMX BaroBUX
KOC(IIIEHTIB MAtOTh BUTJISIII:

0<p, <——:0<B, <P 0<y <0<y, <9
p+1 p+1 q+1

qg+1 '
OTrxe, 6a3ucHI QyHKIIIT KOHACHCOBAHOTO 0a3ucy BU3HAYarOThCA 3a hopmynami (5), (6).
OueBuHO, 110 MOOYI0BaHI (QyHKIII {NQ }i: | CKIHYCHHO-CJIEMEHTHOTO 0asucy Oinipamiau € GpyHKIisIMH Koe-

(biieHTIB BUIOBKEHHS/CTHCHEHHSI Oimipamiin p,q . BUHUKae MUTaHHS: TIPU SKUX 3HAYCHHSIX BKa3aHUX KOCQIIlieH-
TiB 0a3ucHi (yHKIIT Oimipamian MaTuMyTh HalKpaiili (B IEBHOMY CEHCI) alpoKCHMaIliifHi BiacTuBocTi. Kpurepiem
SIKOCT1 alrpoOKCUMAaIlii MOXKHa 00paTh MiHIMaJIbHHIA CJIIJl MATPHILI )KOPCTKOCTI/TETUIONPOBITHOCTI Oimmipamiiy.

3a hopmyoro:
6 2 2 2
Trace=3[] (GNQ) L[ ONG, +(6ch} a,
=1y ox ay oz
ne V —o006’em Oimipamian, —

MOYKHA OTpUMATH (PYHKIIIFO CJIITy MATPHII JKOPCTKOCTI K (DYHKIIFO ONHIET He3aJIe)KHOT 3MIHHOT o :

Trace = a (4o + Ba+C), 7)

30p°q” (1+p)(1+4)
A :104(;73414 +p'q +p2q2)+112(172q4 +P4qz)+
+120(p*q* + p’a* + ¢’ )+ 8(p'q + pa* + p’a+ pq’ ) +
+40(p4 +p’+q +qz)—16(p3q+pq3)+48(q3 +p3),

e
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B:—72p4q4 —44(]736]4 +p4q3)_96(p2q4 +p4q2)+48p3q3 _
~124(p°¢" + p’q’ )+ 4(p'a+ pg' + P'q+ pq’ ) - (8)
~16(p* + p* +4* +4°)=120p°¢* + 40(p’q + pq’),

C=23p'q" —i—26(p3q4 +p4q3)-|-66(p3q2 +1)2q3)-|-39(}72q4 +p4q2)+
+28p’°¢ +4(p4q+pq4 +pzq+pqz)+4(p4 +p +q" +q2)+55p2q2.

3a HeoOXiTHOIO YMOBOIO ICHYBaHHS €KCTpeMyMy (YHKII OHI€] 3MIHHOI (d (T race) / da :0) 3HAUCHHS
o =—B/(2A), ne xoediuientu 4 i B BusHauaThes Gopmysamu (8). THiui Barosi KoedillieHTH JIETKO BU3HAYUTH 3a
hopmynamu (6).

JocmikeHHss Ha eKkcTpeMyM (YHKINT CITiy MaTpHIll >KOPCTKOCTI/TeruionpoBiaHocTi (7) st Oimipamian
TOKa3y0Th, 1110 MiHIMyM focsraeThest B Toulli (p;q) = (0,744;0,744), i cranoButs npubnusHo 2,475 (puc. 3).

AHanizytoun orpuMaHi (yHKIil Oaszucy Oimipaminm, ska Mae JBa
PYXOMI BY3ITH, CJTiJ] 3ayBaXKHTH, [0 JaHW 0AaraTorpaHHUK HE € TPABUILHIM
1 MOJKE pO3IISIATHCK SIK OKTAaep, SIKMH JTiHIHHO 1e)OpMOBaHUI B HALIPSIM-
Kax JBOX ioro miBoced. OTke, HOro BUKOPUCTAHHS B CKIHYEHHO-EJIEMEHT-
HUX PO3paxyHKax Mae INeBHi oOMexkeHHS. CKOpPHUCTAaBIINCH PEKOMEH/ALL-
sIMHU, K1 3anporoHoBaHi B ANSYS, MoXHa 3HAWTH NMOKA3HUK acUMETpil
Skewness, sikuii po3paxoByeThes i3 MipKyBaHb 0OpaHHs 3a etasnoH CE mpa-
BUJIbHOI reomMeTpudHoi ¢opmu [7, 8], TOOTO OKTaeAp B INaHOMY BHUIIAJKY.
[Ipu upomy BimxuneHHs B mexax +0,1 ta £0,25 Bixg 00’ eMy npaBUIBHOTO
TEOMETPUYHOTO TiJIa BBAXKAIOTHCS IOy CTUMHUMH, BiIITOBITHO, IPU BUCOKUX
Ta HEBUCOKUX BUMOTaX J0 TOYHOCTI OTPUMYBAaHHX PO3B’SI3KiB.

TakuM 4YHHOM, Ha TIPAKTHUIIl CJIiJl BUKOPHUCTOBYBATH Oimipamiiu
3 Koe(illi€EHTaMH BHJIOBKCHHS/CTUCHEHHS, $KI 3a/IOBOJBHSIOTH YMOBI
0,8< ( p+ l)q <1,2 Tpu BHCOKHUX BHMOTax JO TOYHOCTI OTPUMYBaHHX
poss’s3kiB 1 0,5<(p+1)g<1,5 — npu HEBUCOKMX BUMOTAX IO TOYHOCTI
OTPHMYBAHIX PO3B’S3KIB. . . Puc. 3. I'padik MiHIMaIBHOTO CITiy

BucHoBku 3 MOCTIIKEHHS | MepCeKTHBH MOAAILIIAX PO3BITOK MaTpHILi KOPCTKOCTI
y ubomy Hanpsami. B po6oti noOynoBaHo aBa 6aszucu Oimipamian 3 1BOMa
PYXOMHMMH BY3JIaMH, sIKi MOKYTb OyTH 3aCTOCOBaHi B CKIHYEHHO-EJIEMEHT-
HUX PO3paxyHKax MpH IUCKPETU3alil 00JacTi pEIIiTKOI TeTpacapalib-
HO-OKTaeapanbHoi cTpykrypu. [ToOynoBani 0a3ucu 3 miicThMa Ta ciMOMa By3JIAMH IHTEPIOJISIIi MICTSTh BifIO-
BIJIHO TPH Ta JiBa HEBU3HAUCHI MAPAMETPH, SIK1 JIO3BOJISIOThH HAJAaBaTH Oa3UCHUM (YHKIIISIM JTOMATKOBHX JOIIIEHUX
B MCE BnactuBocreil.

B pesynbrari H0CTIKEHHST anpOKCUMAIIMHAX BIACTUBOCTEH MOOYJ0BaHUX 0a3HMCIiB BU3HAYCHO KPUTHYHI
3HAYCHHS TIapaMeTpiB BUJIOBKCHHS/CTUCHEHHS IBOCEW Oimipamian, TpH SKUX CJIiJI MaTpuIll >KOPCTKOCTI Ha
nanomy CE e MiHiManbHUM. 3HAHICHO OIIHKH JUIsl MapaMeTpiB BUIOBKEHHS/CTUCHEHHS IMIBOCEH OimipaMiny Ha
OCHOBI PEeKOMEHAIIIH MO0 MMOKa3HUKIB acuMmeTpii Skewness, ki BUKOpHCcTOBYI0TH B ANSY'S mpm 3actocyBaHHI
CE nenpaBmiibHOI reOMeTpUIHOI (POPMH, 110 TAPAHTYE TOYHICTH OTPUMYBAHHX PO3B’S3KiB CKIHUCHHO-CIEMEHTHHIX
PO3paxyHKiB.

BpaxoBytoun mo3uTHBHUI MpOrHo3 inTepnonsiinux skocteil CE y ¢opmi 6imipaMian 3 JBOMa pyXOMHM
By3JIaMH, MIEPCIIEKTUBOIO IOAATBIINX JOCIIIKEHb € T00y10Ba ()OPMYJT YUCEIFHOTO IHTErpyBaHHs Ha JaHOMY Oara-
TOTPaHHUKY 3 METOIO BKJIFOUCHHS 1oro 1o anroputmy MCE mpu po3B’si3aHHI NpUKIATHUX 3a1a4.

JDicepeno: nobyoosaro asmopom 3a ¢op-
mynamu (7), (8)
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