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B.A.KAHTOP, noxkr. texH. Hayk, UTIMam HAH Yxkpaussr,
EFO.MHCIOPA, XHDY

METOAHKA PENIEHASI OCECHMMETPHYHELIX HETHHEHHEIX
3AJIAY 1)1 TOYTH HEC)KUMAEMBIX HEOTHOPOJHO
TPAHCBEPCAJILHO-H30TPOITHEIX TUIIEPYIPYTHX TEJ
BPAIIEHUS

Bukiaziena METO/IMKA UMCEIBHOTO PO3B'SBAHHS OCSCUMETPHUHHX (31 CKPYTOM Ta 663 HBOTO) (hi3HUHO Ta reoMe-
TPUUHO HEMHIMHUX 387144 JUI1 MaiDke HECTHCIMBHX KYCKOBO-OJIHOPIIHMX HEOIHOPIIHO TPAHCBEPCATIbHO-
i30TPOMHAX Ta 130TPOIHAX TIIEPHPYKHIX TiJI 00SpTaHHS Ha OCHOBI BapiallifHOTO TIPHHITUITY MOXJTHBHX Tie-
PEMIITICHD Y TIPAPOITICHHSX, SIKAH PealizyeThess KPOKOBAM aJITOPATMOM METOY CKiHUCHHHX eIeMEHTIB. Bipo-
TITHICTD PE3YALTATIB, IO ONSPIKYIOTHCS 38 IOMOMOTOFO T1i€1 METOJKH, MiITBEpIPKEHA 30irOM UHACEITHHAX i TO-
yHHEX po3BB3KIB MiHitHMX (Jlame) 1 meminiimmx (O.1JIyp'e) 3amau nehopMyBaHHS TIOPOKHACTHX IHMIHIPA i
cchepr i BHYTPITITHIM THCKOM. 3aIiporioHOBaHa METOMMKA BUKopHcTana Juist BuBueHHs HJIC aBox TamiB 06'-
€KTiB: TYMOBOTEXHIUHUX KOHCTPYKIIi# (O pOHHOBAHMH IILTAHT, Pi3Hi BUIM TYMOBHX OTIOp i aMOPTH3aTOPIB 3 00-
MEKSHHSIM pajliallbHAX TIEpEMITIIeHb TYMOBHX OJIOKIB) Ta MATEMATHUHO! MOJIENI JIiBOTO TIDTYHOUKA CEPITSL.

The numerical solution methodics of axisymmetric (with and without the torsion) physically and geo-
metrically nonlinear problems for nearly incompressible piecewise-homogeneous nonhomogeneously
transversely isotropic and isotropic hyperelastic bodies of revolution on the base of the variational prin-
ciple of possible displacements in the increments which realized of the stepping algorithm of the finite
element method was stated. The reliability of the results which received with the help of this methodics
was confirmed by coincidence of numerical and analytic solutions of the linear (Lame) and nonlinear
(A.L Lurie) problems of deformation of the hollow cylinder and sphere loaded by the internal pressure.
The proposed methodics was used for study of the stress-strain state of two types objects: the rubber-
technical structures (armoured hose, different kinds of rubber support and shock-absorbers with restric-
tion of the radial displacement of the rubber blocks) and mathematical model of the heart left ventricle.

Anam3 HJAC rumepynpyrux Te BpallCHHSA CIOKHOH (POPMBI H HCOTHOPOIHOMH
CTPYKTYPHI B (DH3HUCCKA U TCOMCTPHICCKH HCTHHCHHOH TOCTAHOBKS SABIICTCSA CIIOMKHON
TPUKIATHON TPOOIeMOH MCXAHHKH AS(POPMHPYSMOTO TBSPAOTO Tea. MHTepec k 3ol
00IIaCTH HCCNCAOBAHMH BBI3BAH BHYTPCHHIMHE CTUMYJIAMH PA3BHTHS HAYKH M 3aIpOCa-
MH TPAKTHKW. 33734 Ae(OPMHUPOBAHKS THIICPYNIPYTHX TNl ABIBIOTCS (DM3HYCCKH W
TCOMCTPHYICCKH HCTMHCHHBIMHE. BotbImoi Bkian B ux myucHue saecd A UL Jlypse [1],
K.®. Yepasix 2], UH. Creanon u ap. [3], JLH. Cenos [4] u ap. Hemumetirocts 00y-
CJIOBIICHA TIOBESICHUEM MaTepHana 1 HamraueM Oommpimmx acdopmammii. Kpome Toro, x
CYIICCTBCHHOMY YCJIO)KHCHHIO TIPHBOJAT HEKJIACCHYCCKas (opMa Tema, HEOTHOPO-
HOCTb €10 MEXAHHWUYCCKHX CBOWCTB, aHU30TPOI M T.IL. B TakuX ciydasx HeoOX0mmMo
HCIIONF30BATh YHCICHHBIC METOBI, OCHOBAHHBIC HA BAPHAIMOHHBIX IPUHIMIIAX MEXa-
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HUKH, B 9acTHOCTH MKD.

H310%uM METOIUKY PEHICHHS OCCCHMMETPHYHBIX (C KPYUCHHEM M O€3 HEro)
(pU3MMECKH M TEOMETPHYECCKH HEIMHECHHBIX 330aY MU MOYTH HECKUMACMBIX KY-
COYHO-OJHOPOAHBIX HEOTHOPOAHO TPAHCBEPCANBHO-U3OTPOMHBIX THIECPYIPYTHX
TEJ BPALICHHA HA OCHOBE BAPHAIMOHHOIO MPHHIUIA BO3MOYKHBIX NEPEMEIICHIN B
MPHPAMCHAAX, PCATTH3YSMOT0 IAr0BEIM anropurMoM MKD3.

OtHeceM Ten0 K NHIHHAPHYIECKOH cucteMe koopauHar x; (i = 1, 2, 3 cooTser-
CTBYET 7, @, z). Terzop achopmanmit Komm-I prra nmeer sug

1 o
el_k = E(Mi,k + uk)l_ + uj)l_uj)k ), iLk=r0,z @))]

TAC iUy, ty, 4, — KOMIOHCHTHI BCKTOPA NECPEMCIICHUH, MATPHYHBIH BHI KOTO-
u
poro {u}z{u (rz) u (rz) u (r,z)}T, u, =
. 0 B 227
ITpou3BoAHBIE OT KOMIIOHEHT V; BEKTOPA NPHPAMICHAN NMEpEeMEICHIH {V} 1o
0 1
KoOpAMHATAM caeayromue: WV (=L wp L =6 — 1 =86 —, 1 =0 opu
pa ayromme: v f=[1]v}: f, =8 =1, =8, —. 1, =0mp
d
S —.
5 ¥oz
[Mpupamerne aedopManuii e, 3a OIUH AT 1O MAPAMETPY HATPY3KH OyACT
~ 1 ~ 1
e =e +—v_ v e =—|v +u +v +u ijk=roz (2
AT | NG LA )] Jh=roz. Q)
T7¢ #; — HOJHBIC IEPEMEIICHIA, HAKOIJICHHBIC HA MPEABIIYIMHX IIATaX.
IIpeactaBuM (2) B MATPUYHOM BHAE C IOMOIIBEO ONEPATOPHOI MATPHUIIBI lLJ

&=Ll 3)

i=j=2,3; l3

1490 )9 Yy D du: 9
ar |or or or or or
u, \!
(]—i-— — 0 0
rojr
ou, 9 by 9 AT
[N] 0z 0z 0z 0z dz |oz
L= 3
r or r Jor
0
r 9z r oz
o (ou, o ou, 2 \[% 3 %, 3 )9 (9w, 0 ou o
— | L — || | =+ ==
0z | 0z dr Or Oz oz or or oz |or | 0z or or oz
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OU3MICCKUN 3AKOH THIICPYTPYTOro Marepuasa OnpeiesieTCsl HOTSHUHANOM 7
w 1 4 1 oW
tzk :_sz == (4)
J J de
ik
e 1* — TeH30p HCTHHHBIX HANPSKEHHH (Ter3op Komm), J = VG/g (Gug-
TPCTbH MHBAPHAHTBI TCH30POB Mepbl Acdopmamu Komm-I'pusa Gy H MCTpHyC-
CKOTO TEH30pa cpefbl A0 Ae()OPMALHH g COOTBETCTBEHHO), G — TEH30D HANPSIKE-
aud  [Imoner-Kuprodpda; B obmem cnywae W = W(SH .E
Yie = 28 i £ k.

CB43p KOMIIOHCHT MpHpaIICcHIH HanpsoxeHuH [ Tnoap-Kuprodda 5% m medop-
MAaIHH ¢; eCTh

€
22° 33’Y12’Y23’Y31 ’

%W
= .
I 0g0Ey, m

~ ~ &~ T o~
7,7, 7/31} » Ve =2ey

izku {s}:{sn L el }T Ha 1,...,6 H BBOAA MaTpHily 66 Kaca-

Szk :Dzklme

®)

3aMeHAS HHICKCH B BEKTOPAX {e}= %11 e, e,

2
TEJBHBIX MOAYJICH yIIPYrOCTH lEJ C KOMIIOHCHTAMH F;, = ———, 3anumeM (5) B

0g,0g

warprerom Bz $6)= [E Jfe}
ITpuBeaeM MOTCHIMANBI THIIEPYNPYTUX MATepHanoB. [ToTeHimar MyHau-Pusm=a

W=u(J1—3)—%(J2—3)+ MGy, ©)

rae Jy, J,, J3 — HHBapHaHThl TeH30pa Mepsl Achopmanmii Komm-I'puna.
TMoreHuman J:xoHa (MOJIy TMHCHHBIA MaTEPHUA)

1
Wzg[x(xrm(pmz)z+2u(x2r+xfp+xi)], 7N

rae A L= /1+ 2¢e 4~ VIATHHCHHS, k=r, @, z (00 kK HET CYMMHPOBAHUS).

Jaa uccnenoBaHHMA NOBSACHUSA NOYTH HECKHMACMBIX TPAHCBEPCAIBHO-
H30TPOIHBIX THIICPYIPYTHX MATCPHAIOB OOBIMHO MPHMCHSFOT MOTCHIIHA B

1
W =—Clexp(0)-1he, (-1, ®)
1
W=5C[exp(Q)—l]+cc JInJ-J+1), 9)
_ 2 2 2 2 2 2
0= blsﬂ +b2(sﬂ te +2sw )+2b3(sﬁ +st )
r7e f — HHACKC OCH W30TPOIHH, JBA JPYTHX — HHACKCHI OCEH B HOPMAIBHOH K
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HEH MJIOCKOCTH (IIOCKOCTH U30TpomnuHu). Bropsle caaracmeie B (8) u (9) sSBISIOTCH
¢yHKIEIME mTpada, MPOMOPIMOHAIBHEIC KBAAPATy OOBEMHOM Ae(opMaluy MpH
HH(UHATC3UMATBHBIX 1e(OPMALHIX.

Qm3H4ecKui 3aKOH THIIEPYIPYroro marepuana nmpu €5 — 0, i, k=1, 2, 3
JIOJDKEH CTPEMHUTHCS K 3aKOHY ['yka amd aHm30TpomHOTo Marepmana. CTpykrypa
MATPHII, MOIyIaeMbIX 3 (8) u (9), HE OTBEYACT YKA3aHHOMY TPCOOBAHHIO.

Beeaem HOBBI MOTCHLMAN, TUIICHHBIA YKA3aHHOTO HEJOCTATKa [5]

W =4 lexploar, ) -1+, (7 - 1)}, (10)

1 2 2 2
WO _5 clgll +62€22 +63€33 +C4€11€22 +65€22€33 +

+ 6533t + C7Y122 + CSY; + C9Y§1 )’

rae C — KOHCTAHTa C Pa3MEPHOCTBIO HANIPSHKEHIS, O, ¢, U ¢ — Co — Oe3pas-
MEpHBbIE.

Oyuxmus I oTmdaetcs 0T ¢ BBCACHHEM CMCIIAHHBIX MPOM3BCICHUH JIMHCHHBIX
Je(hopmarmii ¢ KO3P(HIMEHTAMHE C4, Cs, Cg, ITO TIOZBOIBIET TOYHO OTHMCATH H30TPOITHBIH,
TPAHCBCPCATBHO-H30TPOTIIBII HITH OPTOTPOTHBIA MaTepHat. Muoxute s C ONpeaeseT
JKECTKOCTh MATEPHAJA, MOKA3aTeNb O YIPABIACT CTCMCHBIO HETMHEHHOCTH JKECTKOCTH,
POCT ¢, YBEIMUMBACT CTENCHb HECKMMACMOCTH Matepraia. HamomemM, UTO 371€Ch Ae-
(hopMaIMH OTHSCCHBI K TIPABOH MATECPHABHOM CHCTCME KOOPIHHAT (¢ OCH COBMANAIOT
C OCAMH TPAHCBEPCABHON H30TPOIIH MATEPHANA).

ITpu pacuerax HJAC Tem BpameHus, 00Magar0MmX HCOTHOPOTHOH TPAHCBEP-
CallbHOM M30TPONHKEH, HAAO YUYHUTHIBATh, YTO MATEpUAIbHAS («BMOPOKCHHAS) CHC-
TeMa KOOPAMHAT HE COBMAAACT C HCXOJHOH, LMIHHAPHYECKON. YCTAaHOBHM CBA3b
MEXKAY IIUIMHAPHYICCKON B MATEPHATBHOM CHCTEMAMH KOOPAHHAT.

Tak kak apryMEHTaMH IOTCHIIHAJIOB TPAHCBEPCATBHO-H30TPOIHOTO MaTe-
pHaNOB SBIIOTCS KOMIIOHEHTHI TEH30pa AcopMaluii B MaTEpHATbHOMN CHCTE-
M¢ KOOPAHHAT, HA ONMPCACACHHOM 3TANC aJTOPHTMA HEOOXO0IUMO mpeodpaso-
BBIBATh TCH30p AchopManuii OT OUIMHAPHICCKON CHCTEMBI K MATCPHATBHOM.
CBspKkeM HAIPaBJIICHHE MEPHIHMAHA CO BTOPOH OCBI0O MATEPHATIBHONH CHCTEMBI
koopauHaT X', 3", 7", a4 MIOCKOCTh H30TPONHM — C MEPBOM M TPETHEH OCAMH.
[TycTh yron Mexmy OChIO T M HOPMalbl0 K MEPHIUAHY CTCHKH TEJIA BPAIICHUS
€CTh Y, a Y — YIOJI MEXAy KACATEIbHOH KO BTOPOH (OKPY’KHOM) KOOPAHMHATE
IHUIHHAPUYECKON CHCTEMBI KOOPAUHAT U BTOPOH KOOPAUHATON MATEPHANIBHOH
CHCTEMBI KoOpAmHAT. Torga Marpuisl mosopora [A;] u [Az] HA yrusr ¥ u
COOTBETCTBEHHO, OyayT [6]

1 0 0 cosy O simy
[Al]z 0 cosy simy |, [Az]: 0O 1 0 |,
0 —simy cosy —simy 0 cosy

a mpeoOpa3oBaHKE OT MIIHHAPHICCKOH K MATCPHATbHON CHCTEME KOOPAMHAT
OyZeT BBITONHATHCS YMHOYKCHHEM MAaTPHIBI AcopManuii B IMIHHIPHICCKON CHC-
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TEME KOOPAMHAT HA MATPHILY
cos 0 sin y
Bl=1A,[lA, |=| —sinysiny cosy cosysin
118
—sinycosy —siny cosycosy

TMonyuennas marpuua [B] oproroHaibHa, €€ ONPEACIUTENb PABEH CIUHUIIC,
oOparHas ¢if MaTpHIA — TPAHCTIOHHPOBAaHHAA. C TOYHOCTHIO 10 OOO3HAYUCHHI MaT-
puna [B] copmazaer ¢ MaTpuueh mOBOPOTA, YKA3aHHOH B CTaThe [7]. 3amMeTHM, 4TO
muhepeHnInpoBaHNE MOTEHIMATA M0 KOMIIOHEHTaM TeH30pa Acopmanuii B MaTe-
pHATBHON CHCTEME KOOPAMHAT JACT KOMIIOHCHTBI TCH30PA HANPSDKCHUI B TOH ke
cucreme. [IpeoOpa3oBaHue 0T MAaTEPHANBHON CHCTEMbI KOOPAWHAT K IMIIMHIPHIC-
CKO¥1 BBITIOTHACTCSA C TIOMOIIBIO0 MATPHIIBL, 00paTHOH K [B].

Jlms moCTpoeHMS METOJAa PEIICHHS HMCXOAMM W3 BAPHAIMOHHOTO MPHHIMIA
BO3MOJKHBIX NEpeMeIeHu. B COOTBETCTBHH C HUM B COCTOSIHUHM PABHOBECHS Ba-
pHanpsA MOJHON 3HEPTHHM CHCTEMBI, COCTOAINCH W3 MOTCHIUATBHON JHEPrHUH Je-
(opmarmu U u paboThI A BHEIIHUX CHII, PABHA HYJIFO

SU+4)=0. (an
3ammmmeMm (opmy el mig Bapuarn U u 4 HA m- 1 m+1-M mare
ik
= [o"6e,av, . &, =- [ qbu,ds,,
N

SUpar = (0 + 5%)8 (e + )V,

"o

My == (g, +ADS (W, +v,)dS, .. .

Sm+1

rae V' — obseM Tenma 1o aedopmanmm, S, — HOBSPXHOCTH AC(HOPMHPOBAHHOTO
TEIAa HA M-OM [IATe, ¢ — BHCIIHES JABJICHHUC, 3aJAHHOC HA TIOBCPXHOCTH S, U, —
MEPEMEIICHUE N0 HOPMANH K MOBEPXHOCTH S, Ag — NpHpAIICHUC TABICHHUA 32
LIAT, V,, — MPHPALICHUS MEPEMEIICHUS IO HOPMATH K TIOBEPXHOCTH .S, 1.

B cocrosmnu pasHoBecmst O¢,, = Ou, =0. Coxpamss JMOIb KBAXPATUIHBIC

OTHOCHUTEIILHO MPHUPALICHUN nepeMemeHHﬁ cnaracmele, mpeodpasyem (11) Tax:
'[[D’kl'" O+ — 6”‘(5\/ Vit &jk)]dV -

"
JAqundSmH +6R =0 (12)

m+ ’

Sm+l

rac 6Rm+l = J‘Gik6gikdl/0 - J‘quVndSm
14 S
I'pu penicHuM 33024 B KOHTAKTHON MOCTAHOBKE B BAPHALMOHHBIN MpuHImM (12)
CFE
BBOJUTCA JOIOJHUTEIBHOE CllaracMoe 0 0 J‘ v, 6v,ydS, » TAe Co — OespasmepHas

S
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KOHCTAaHTA, Fp B R — XapaKTCPHBIC 3HAUCHUS MO/IYJIA YIIPYTOCTH H PAIUYCa PE3UHBL v, —
TIPHPALICHAC TICPCMCHICHHUSA TO0 HOPMATH K TIOBCPXHOCTH KOHTAKTa oS, (QYHKIHA

w= 1 [1 + (un (z)— d (z ))] paBHA CVHAIIE B 00JIACTH KOHTAKTA M HYJIFO BHE CC.
2

Jna mpuvererna MK npeactasuM (12) B MATPHIHOM BHIC

[l FEFEIER 5 oy 17 b Bt
ol I Hlvi= ovF b, [ Rbs,.. a3

Sm+1 Sm+l

rae [6*] — MaTpuma 3x3 KOMIIOHEHT G TEH30pa MOJMHBIX HATIPSKCHHMIA, Tep-
BBIH M BTOPOW MHTETPANbl MPABOH YaCTH — BEKTOP-CTOJOLBI, OTBCUAOIINEC HATPy-
JKCHHIO H KOPPEKTUPYIOIICH PEIICHHUE HEBA3BKE.

Janee ¢ nomompro MK3 mposoauM anreOpam3aIiiio MPHHIHAIA BO3MOKHBIX
NMEPEMEIICHUI B MPUPALICHUAX. BBeAeM A1 ONMPEACICHHOCTH YEThIPEXYTOIbHBII
BOCBMHY3TIOBOH KOHCUHBIH 3eMeHT (K3). Bekrop mepeMemeHuii ero mponu3BO.Ihb-
HOW TOYKH OyIeT

{u}: [N]{ﬁ}7 {H} {u (pl Uy o Uy u(p8 Uyg
rae [N] — marpuna ¢yaxumit popmer K3, {I/I} — BEKTOP Y3JIOBBIX NEPEMEILC-
HEH dneMenTa. TOTIa COOTHOIICHHS IS Vv, H El_ . oymyT

Fl=NFL =R (14)
rae {V}— BEKTOP NPUPALLEHUI Y3JI0BbIX MIEPEMEILECHUI.
Iloacrasmad (14) B ypasaenue (13), moayyum

7| [T LT T

+[NF[zk]T[akf][z,.][N])]dvs }{v}:
=} [INT{aQldsS,. &) JINT{R}dS,.: (15)

S S,

m+l m+l

Cymmupys (15) mo Bcem KD ¥ NpHpaBHMBAS HYTHO MHOXHTCIH IPH {0V},
TIPUXOIUM K CHCTEME JTMHEHHBIX anreOpanyeckux ypapaeHuil (CJIAY)

[K¥}={Q}-{R}. (16)

rae [K] — matpuma sxectroctr;, {Q} w1 {R} — BCKTOPHI-CTOIONBI MPHPAIICHIH
HATPy30K ¥ HEBSI30K YPABHCHUH PABHOBECHSL.

KunemaTHiecKkue rpaHIYHBIC YCIOBHA BBOAUM B (16) MyTeM 3aMeHBI THATOHATb-

HbIX KOMIOHEHT [K], OTBEUAOMIMX paBHBIM HYJIFO KOMIIOHEHTAM BEKTOpA IEpeMeILe-

HHAH, 3HAYCHHAMH CYMICCTBCHHO OOJBIIMMH, YCM APYTHS KOMIOHCHTHI MATPHIBL, a
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TaroKe AHHYIMPYS COOTBETCTBYIOIINE 37IEMEHTBI BEKTOPA MPABOH YACTH.

OCHOBHBIC HTATBI AJTOPHTMA YHCICHHOTO PEIICHUS BAPHALMOHHOM 3amaun MKD
cocrosT B creayrommeM. [1o uexoauo# mH(popMamm o GopMe 1 pa3Mepax MONEPEHOTO
ceuyeHmst Tena u umcne K3 crpourcs cetka K3. Tlpu stom oOpasyercs mHpopManioH-
HBIM MACCHB, YKA3bIBAFOIIMH HA YPOBCHB MKECTKOCTH MATEpHAA 3JIEMEHTA (OH HEOOXO-
UM 711 pacdyeTa KyCOYHO-OAHOPOAHBIX Tel). Tak Kak pacyeT BbIIOJHACTCS IATOBBIM
METOJOM TIO TAPAMETPY HATPY3KH, HA KOKIOM IIATe HMEEM JIMHCAPH3OBAHHYIO 33724y
MK 0THOCHTEIIEHO TIPUPAIICHHI Y3NOBBIX NIEPEMEIICHIH. HICXOMHOE COCTOSTHUE Tea
CUMTacM CBOOOZHBIM OT HArpy3kd (Heme(opmmupoBaHHBIM). Jlaliee B COOTBCTCTBHH C
(15) YnCIeHHBIM MHTErPUPOBAHUEM MO ['aycCy BBMUCIIOTCS 3JIEMEHTBI MATPHIL SKECT-
xocTi KD w Mpou3BOANTCS X HAKOTJICHWE B MATPHILY >KeCTKOCTH Tena. Ha crenyromem
3Tane MOACUMTHIBAIOTCS ICMCHTHI BeKTOopa mpaBoii uwactu CJIAY, oTBeHaromero 3a-
JAHHOMY TIPHPALICHHEO JABICHHS HA HATPYKCHHOM MOBEPXHOCTH TENA. 3aTeM BBOISITCS
KHHCMATHYCCKIC TPAHIIHBIC YCIOBHS — YCIOBHS 3AKPEIUICHIS TENa, T. €. PaBCHCTBA
HYJIEO V3JIOBBIX TICPCMCIICHHH B OTPSACIICHHBIX y3MaX. TakuMm o0pa3oM, MPHXOANM K
CJIAY. Marpuna nony4eHHOH CHCTEMBI CHMMETPHIHAS, TIOJIOKUTEIIBHO OTPEICTICHHAS
H UMEET JICHTOUHYIO CTPYKTYPY, HO3TOMY XPAHUTCA B BHAC BEPXHEH MPABON MONYJICH-
ThL. JI71s1 ee pereHust puMerHsaeM MeTod Xoenkoro [7]. Js yTouHeHHs peleHns ue-
TIOB3YEM WTEPATHBHBIH Tiporecc Metoga HerotoHa-Pagcona [9]. TlonHoe permenme
CJIAY BBIMOJHACTCA TOMBKO HA TICPBOIM HTCPALNH, HA MOCICAYIONINX — JIHIOb 00par-
HBIH XO7. YKAa3aHHbIC BHIMICICHUS TIOBTOPSEOTCS 3JaHHOC YKCIIO IIAr0B 0 HATPY3KC,
YTO JaeT BO3MOXKHOCTH npocneauTts 3a H/IC Terma Ha mpOTsHKEHMM BCETO TPOIIECCa HA-
TPy KCHIIS.

[NonyueHHbIE PHUPAIIECHHST KOMIIOHEHT BEKTOPA Y3JIOBBIX MEPEMEIICHHH TPH-
0aBITOTCS K MACCHBY HAKOIUICHHBIX HA MPEABIAYINHMX IHarax (IMOJHBIX) IepeMe-
MICHUH, YTO IO3BOJUICT BBIMUCILITH HOBBIC KOOPAWHATHI Y3JI0B AC(OPMHUPOBAHHOH
cerku K3. Tlonbie aedopMannu B y3/1aX OMPSACIIAIOTCS KaK MPOU3BEACHAC MO,TH-
(ummpoBanHoit BBeACHHEM KO3 (HImeHTOB 1/2 MaTpHIBI E (3), yMHOXCHHOT
HA BEKTOP Y370BBIX 3HAYCHHUN MOHBIX IMepeMelneHuil. [Ipu 3ToM peanusyercs To4-
Has (opmyna (1). KoMmoHCHTHI TCH30pa HAMPSLKCHUHA B Y37IAX CCTKH OMPEACIIIIOT-
ca m3 (4), a 3aTeM — (pu3HUECKHUE KOMIIOHEHTHI TEH30Pa HanpsprkeHUH Ko

JI1s1 TIpOBEPKH AOCTOBEPHOCTH PE3YJIBTATOB, MOJIYHACMBIX MPEAIOMKEHHBIM METO-
JIOM, OBLIH PCIICHBI JIMHCHHAA W HCITMHCHHAS 3a1a4d A(POPMHPOBAHHS TOJICTOCTCHHO-
TO IMIHHApPA U TOJI0H C(hephl TOT ACHCTBHECM BHYTPCHHCTO TABJICHHSA. Pe3yIbTarsl pe-
LICHUS TMHEHHBIX 33J1a4 CPABHUBAINCH C TOYHBIMH pelucHIsMU 3a1a4 Jlame [10], a He-
THHCIHOH — ¢ TouHbIMHE pemcHavMu A M. Jlypse [1] ana wpmsapa [11] u cepsl, Be-
TIOJTHEHHBIX W3 TIOJy TMHeHHOTo MaTeprana Jxona (7). UncneHHbIe peleHns TMHSHHOH
¥ HENTMHEHHOM 3a]A4 COBIAMH C TOYHBIMH C OTHOCHTETHHOM morpemmsoctsio 107! mpu
TIITH UTCPALEIX Mo Metoay Herotona-Padcona.

[IpeanoxeHHasT METOAMKA YHCICHHOTO PEHICHHS 33/1a4 HCHOIb30BAHA I
myueans HJIC nByx THTOB OOBEKTOB: PERMHOTEXHHUCCKHX WRIACTHH (OPOHHpO-
BaHHbIH 1IDTaHT [12], omopsr [13] w amopTuzaropsl [14] ¢ orparrueHreM paanab-
HBIX TIEPEMCIICHUI PE3MHOBBIX OJIOKOB) M MATEMATHICCKOH MOJICIH JIEBOTO YKy -
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Jouka cepama [15-17], koTopeie CBA3aHBI HCKOH OOIMHOCTHIO, 8 HMCHHO: KYCOYHOH
OTHOPOTHOCTHE) M THICPYIPYTOCTRIO MaTtepuama. i uccnemosanmsa HJC pesn-
HOTEXHUYCCKHUX H3JCMN MPUMEHSICA NOTeHIMan MyHnu-Pusmunsa (6), ans1 Moaenu
JIEBOTO KeayAouKka cepaua — (10).
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YK 539.3
JL.B.KYPIIA, noxr.texauayk, I'H. THMYEHKO;, HTY «XI11»

NPUMEHEHUE TEOPUU R-Q}’HKHHfI K HCCJIEJOBAHHUIO
HEJMHEUHBIX KOJIEBAHUY KOMIIO3UTHBIX INIACTHH
CJIO’KHOHU ®OPMbI

PosrsimaeTses 3aaya Mpo HEMMiHIMHI BUTBHI KOJTMBaHHS KOMIIO3UTHUX OaraTolnapoBHX IUIACTHH CKIIa-
nHOi GopMH, TIpH pi3HUX crnocobax 3aKpilvieHHs. MareMaTHUHa MMOCTAHOBKA 3a1aui PO3IILIIAEThCS B
pamKax Teopii THIy TuMornenko. Po3B's3anHst 3a1adi BUKOHAHO 3a JIOMOMOTOI0 Teopii R-pyHkmi#, Ba-
piartifHuxX MeTofliB i MeToia bybHoBa-I"anbopkina. HaBeneHo mMOpiBHIHHS OepKaHAX Pe3YJbTATiB I
KOMIIO3HTHOI TUIACTHHH, 3 BIIOMHMH PE3YJIbTATAMH, IO CBIJIYATH NIPO BiPOTiHICTh 3aIlpOMOHOBAHOTO
METONY.
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