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FEM MODELING IN DENTISTRY
Geramy A.", Kizilova N*
! Tehran University of Medical Sciences, Iran
2V N.Karazin Kharkov National University, Ukraine

Finite element analysis (FEM) is widely used in
dentistry for detailed 3D modelling of the stress-strain
state of the upper and lower jaws and teeth in their realistic
complex interaction with bone and soft tissues, fillings and
pins, artificial crowns and orthodontic apparatus. The
orthodontic procedures, teeth fillings and load-bearing
artificial implants can be virtually modelled first and vast
computer simulations and analyses for clinical prognosis
and treatment prescription can be carried out using FEM
technique. Here a brief review of the FEM modelling in
dentistry is given and some results obtained by the authors
are presented.

1. Orthod tooth movi Orthodontic Treatment
steps may be roughly divided into: Leveling & Aligning;
Canine Retraction; Anterior Retraction and Midline
Correction;  Posterior Space Closure; Ideal tooth
Positioning and Finishing; Settlement; Retention. Different
types of tooth movement are planned in treating

orthodontic cases: tipping, bodily movement and root
movement. The ratio of moment to force determines the
type of tooth movement which varies between teeth and
types of tooth movement. The favorite M/F ratio needed to
produce bodily movement is modified by bone loss, tooth
orientation and some other factors. A series of numerical
results on the tooth movement are presented in the paper.

e
Fig.1. FEM computations of the tooth displacement during the
orthodontic reatment,

2. Modeling of integration. Tooth impl are
widely used in dentistry and detailed 3D modellmg of the
complex system bone with a load-bearing artificial
implant, stress-strain computations, computer simulations
and analyses for clinical prognosis and tr

prescription are mainly based on finite element method
(FEM). Structure and mechanical pmpcnies of the bone-
implant interface infl the implant anch and
stress-strain  distribution in the system. Most fadures
either physiological or mechanical, are initiated from the
interfacial region. Despite the high success rates reported
In literature, time dependent marginal bone resorption
around implants is often unavoidable and is observed in
practice. Clinical studies have reported significant bone
loss around the implant neck that leads to the implant
failure, and the bone loss occurrence is determined by

11

biomechanical factors which thus have to be studied
thoroughly.

According to histological studies a close physical
adaptation of the bone tissue to the surfaces of the
threaded, surface-roughened and porous-coated implants is
observed in a few hs after impl The growing
and developing bone produces protuberances around the
implant surface which can be modelled as it is depicted in
fig.2. The direct structural and functional g¢onnection
between the bone and the implant surface is called
osseointegration (Ol), which is determined as both
apparent direct attachment and connection of osseous
tissue to an implant without intervening connective tissue
and the interface between the bone and the implant.
Influence of the OI development on tooth strength and
displacement at given external load has been studied by
the authors on a series of models.

a b
Fig 2. Model of OI (a) and a tooth embedded into the solid and
soft tissues(b).

3. Asymmetrical head gears. The asymmetrical
headgears are useful orthodontic devices for the unilateral
distalisation of molars or for the correction of an unilateral
anchorage loss. Here the asymmetry of the innerbow of the
head gear produced by asymmetric molar dislocation is
studied. It is shown the function of an asymmetrical face-
bow can be increased or decreased by eccentric bendings.
According to the geometry at the outer-bows the force at
the outer-bow is divided at a different percentage onto the
molars, The shifting and rotating components of the forces
produced by the head gear are computed both analytically
and numerically by FEM analysis.

Two finite element models of cervical headgears
with asymmetric inner bows (fig.3) were designed in
SolidWorks 2006. Models were meshed in ANSYS

Workbench Ver. 11.0. A 150-gram force was applied at
each side of the outer bow after model transfer to ANSYS
Ver. 11.0. Inner bow ends were restrained and force results
were derived.

Fig.3. An asymmetric headgear with 2 mm difference in medio-
lateral (a) and mesio-distal (b) position of moalrs.
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CHCTEMHMX MapaMeTpin 3AIHCHIOETECS MPH 3aCTOCYBAHMI

eninTHaNMX KpUBMX, fiKi Bu3Hauewi B noni GF(2") 3
OrsAy Ha 1ie, 3anponoHOBaHA MATEMATHYHA MONIE/b Mc-
Toay 064 MOPAAKY KPHREOL, 10

CTOBYBATH PIBHAHHA CNINTHMHOI KPUBOT E , wo nmua-te
sa xa noai GF(2" ), anificanmy i KAHOHIMHE NIAHATTR 40

eninTianoi xpusoi £, axa su3nauena Qz" 3a A0NOMO-

rolo j-oro imBapianta jg. Ha siaminy sia metona [2] »

s
Xapkis, pra’l'ua

ICHYBAHHA CYYACHOIO AOKYMEHTOOOIry HEMOKIAMBO
Ge3 BukopuCTaHHA iHopMauifinux TexHosnorif. Bumorn,
IO BHCYHYTI [0 CYYacHOro AUIOBOrO CHIIKYBaHHA — ue
KOH(Ine HUIARICTL, WITICHICTE Ta ABTEHTHYHICTL iH(Op-
maltii, ska E€ThCA CACKTP: P 3abes-
NEYNTH AaHi BHMOTH MOAIHBO BHKOPHCTOBYIOUH KPHITTO-
rpagiuti NEpeTBOPEHHA B IPYNaX TOYOK eJMTHYHUX KPH-
BuX. IlepcreKTHBHICTS IX 3aCTOCYBAHHA MONATAE B TOMY,
WO BOHM CNPOMOXKHI 3a0e3neuuTH piBeHb CKIANHOCTI,
JACTOCOBYIOUH NAPAMETPH, AOBKHHM AKUX B 8 pasis MeH-
e MOAY/IA TICPECTBOPCHHA MapameTpis KxpunTorpadiuumux
NEPETBOPEHL B NOJAX Ta KiALUAX. 3aCTOCYBAHHA AINTHY-
HHX KD He Habyao P o P

TAHHA B NO-

y MeTodi AnA IMINICHCHHA MIAHATTA BM-
xopumuylo'rb nemmy Mensens, 3a 0NOMOro0 SKOT 3Ha-
XOAATH PO3B’A30K NHIIE OAMOND TMOPIBHAHHA  BuHAY
02(15.x)- Omod(Z f(x)) TToMaTKOBHM KOPEHEM WIN
iTepauiii € 3HadeHns jz . Irepauifinuit npouec 3nifcHIO-
€TbCA 3 2-aAMMHOIO TOYHICTIO K , AKA& BUIHAYAE KiBKICTH
+0 P
eIeMEHTIB YaCTHHHOT CyMH paxy Zaﬂ , oe a; npu-
i=0
AMAIOTHL 3HA4YeHHR ab0 Hyns abo oamu. [Jani Bu3HAYaEMO
MOCAOBHICTE 3a HACTYNMHHMH NpaBHAAMH

ag =1+8a,bg =1,a;,) = (a; + )/ 2,b;1 = aby .
ne ae Qz" Ta € KoedilicHTOM PIBHAHHA eninTH4HOl

3 DRpeIsOp B MOAAX TA KUBWIX.  yougoi £, 3a Orol0 Aanoi nocii Ti 06unc-
noa A33HO 1€ 3 HENOCKOHANICTIO AINOPHTMIB BHKOHAHHR JHOETHCA 3HA Hs caiay sinodp enaomopdima
ONEpALf B IPYNAX TOHOK JAHUX KPHBKX, L0 MPUBENO X0 qyooGeniyca frFr . OGUMCTSHI NOPAAKY eMNNTHYNO]
TIOPYIEHER. SIARAHON ¥ ruol of KpHBOT HE 3aificieno 3a hopamynoo
HOI CKJIBAHOCTI METOAIB Ta wWBHAKOMT IX NporpaMHUX i
peanizauii. H#E=2"41~trFr, ne n - crynexs po3uIMPEHHN TONA,

PoboTa N0 BAOCKOHAICHHIO METOMIB 3MIACHEHHA Ne-  HA AKOMY BH3HAYEHa KpHBa.
PeTBOPEHB Ha eNNINTHYHHX KpP B p 3anp METeMaTHYHa MOJICIb, WO NOKTAREHA

HA X 06YHC/IIOBANLHOT CKJIANHOCTI € aKTYANBHOI AK Y
cpiti, Tak i B Vkpaini, Iepwuii eran Bkazanux neperso-
peni — Ue etan noOyAyBaHHS 3araikHOCHCTEMHMX napa-
merpiB. OGumCaeHHA NOPAAKY eNiNTHYHOT KPHBOI € Tpy-
JIOMICTKOIO CK/IAIOBOK LILOTO eTamy, 0coBAHBO TOAi, KOAH
HeoOXi/IHO 3aCTOCOBYBATH CNINTHYHI KPHBI, 11O BUIHAYEH]
HA MOMAX XAPAKTEPHCTHKM ABA, CTYNEHL POIUIMPCHHS
AKX n nepebinsuye 617,

Metoio poGoTH € CTBOPEHHA ENEMEHTA MAaTeMaTy-
Hoi monexai noGynosn sara TCMHHX  11ap pis
KpuOTorpadiuHux cHCTeM, AKi BHKOPHCTOBYIOTH €INTi-

#i kpuBi, wo Buinaueni wa noasx GF\2" ), ne n nepe6i-
nAsye 617, a came HaficknranHiworo 3 eranis — o6uucieH-
HA NOPAAKY KPHEOL.

ﬂpo‘rurom OCTAHHLOTO “acy MATAHHAMMN, uo
0B g3aHi 3 PO3IPOOKOK) METOMIB OOYMCNEHHA NOPANKY
eninTraHol Kpueoi, 3afimanuca P, Ckyd [1], T. Caro [2],
@. Mopeiin, P. Jlacuep [3). Jlaui poSotu Gynu npucssyesi
po3pobui MeTozis 00YMCICHHS NOpaaKy Oyab-akoi enin-
THaHOl Kpusol. Heaonikamu meronis (1, 3] € Te, wo ix
NporpaMHi  peanizauii MAIOTh HM3KY WBHAKOAIO, KoM
OOMPAIOTLCA MONIA, CTYNCHD PO3UIMD ARUX nepebib-
wye 431, [lepcnexkTUBHUM METOAOM, AKUIl CHIPOMOMKHIN
OGUHCTIOBATH NOPARKH ENINTHYHMX KPUBMX B MOJ, CTY-
NeHb pOsUINpeHHs AKoro nepebinswye 617, € merton, Ha-
penennit B poGorti [4]. Fonosuuit Henonik metony [4] no-
JIATac B TOMY, L0 33 {lOro N0NOMOToI0 MOKJIMBO 0GHMC-
JNOBATH TNOPANKH ENINTHYHUX KPHUBHX, AKI BUIHANEHI B
PO3WMPEHi NOAR 2-aan4HuX uiimx. [Nobynosa 3aranbHo-

B OCHOBY METONY OGYHCACHHA NOPANKY KPMBOI, N03BOANE
OBMHCAIOBATH TIOPAAKH eAINTHYHUX KPHBUX, IO BHIHA4E-

i wa noax GF(2" ), ne n nepeGinburye 617. pn ubomy
KUIBKICTh Onepatifl MHOKEHHS, WO HeoOXiAHO BHKOHATH
AR OBMMCACHHS NOPAJIKY eAinTHHHOT KPUBOT 3aNpONoHo-

BaHUM METOJIOM, JIOPiBHIOE n%/2+6n, a kinsKicrs one-
pauifi MHOXKEHHS NPH 3ACTOCYBAHHI BAOCKOHANEHOTO Me-

tona Caro nopiswioe 1377 /2+10n, ne n - cryneun
PO3WIMPEHHA NOMA, Ha SKOMY BH3HaueHa kpusa. B pesyin-
Tari IMEHWYCTLCA Mac, mmn HeOOXiAHO BHTPATHTH iR
o064 NOpsAKY KPMBOT NPH MPOrpaMHOi peanisauii
METONY, 110, B CBOIO Yepry, A03BOJIAE MEHEPYBATH 3araih-
HOCHCTEMHI NApaMeTpit Ha MOJAX, CTYNeHb POIIMPEHHA
AKX nepebiabuiye 617,
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CTATHCTUYECKAS JIBYXYPOBHEBASI
MOJEJb TEXHOJIOMMYECKOI'O MTPOLECCA
TMuenacmeni O.M.

HTY «XI1H», Xapskos, ¥xpanua

Mozeauposatie NPO3IBOACTBEHHO-TEXHHYECKHX CHC-
TeM (ITC) swrsercs HIOPERTHEHLIM METONOM MX HCCHEA0-
Baund [2,3]. Pacnipoctpanenmmii knace obpasyior ITTC, rae
ZCTEPMHUHHPOBAHHBI XAPAKTEP TEXHONOrHYECKHX NpoOLLec-
COB COYETALTCH C MX CTOXACTHYECKON MPHPO/IOH. 3aKkoHO-

pHOCTH ! posanua T1TC Bo MHOrom noaoGHu
TEM, KOTOpBIC MMEIOTCR B TEPMOJAMHAMHMECKHX CHCTEMax.
Onyt cToub TIyGOKH M MONe3bl, HTO NPOBOIINAEHK! B Ka-
tectse obumx mpununnos: Jle larense-Camyasnscona,
Kapuo-Xuxca u ap.[2]. Ha ITHX 1P Tex-

T S $a3joBoi CKOPOCTH A €O BpEMeHeM CyanTh 00
HIMEHEHHH camoit hynkusm ¥ [4]: )
o) %) 4
& a8
Tenepatopran (yHKUR J(1,S, 4) ONPEAEIAETCH XapaK-
TCPHCTHKAMM OIHYECKOIO M [4], c1p npu
¢ —>» o0 cpectm pacnipeaenckue BIT s OTII k pasrobecHoMy.
Mpowasoncteennas gynxuns f(1,.5) ecrs ananor cwisl, ne-
pemewaountit BIT no TexHonoryecxoit uenouky. [pn Takom
P obop; Byer Ha BIl, immenas
€10 KAUECTBEHHO M KOJMMECTBEHHO. M1 MOXKEM TOBOPHTE O

BEPOATHOCTH TOIO, HTO NOC/IE BO3ACHCTBUA CO CTOPOHBL! 0GOpY-
nosanua BIT Gyner HaXonMTHCS B TOM WIH HHOM COCTOSHMM.
Ip

49X [ -y Sy B, 9 3)
H = S =051 i L)

HOJIOrHYeCKHit i MTC ¢ cey Wi BIM
BBIMYCKOM TIPOAYKUMH MOkeT ObiTh npeacramned B mise
croxacTiaeckoro npouecea [1,3].

Tpeamerno-rexnonornueckas moaean MNTC. Cocron-
Hue TTTC onpenenum kak cocrosnmne uucna N 6azosbix
npoaykros. IMoa Gazossl npoayktom (BIT) win npeame-
TOM Tpyad noxumaerca iement ITC, ua koTopeiii npu
BBIMOJHEHIH  TEXHOJIOrHYECKON  OTIepalMi  nepexoanT
CTOMMOCTE  TPY/Aa, MATCPUAIOB M OpyAMil Tpyaa B Xoae
BosaeiicTous oGopynosanusa. Moseacune BIT onpenenser-
€ JAKOHOMEPHOCTAMM  TEXHOIOIHYEeCKOro npouecca. Co-
crosnue BIT Oyaem onucnipath HaBrionaeMbIMit HA MUK-

POYPOBHE MiKponapameTpamu: cymmoli sarpar S j(rpH)
3aTPaT B CAMHMLY BPEMCHH L4, (FPH/MAC), TIepEHECeHHbI-
Mit 0GopyzoBanmenm Ha j-it BIT. Cocrosnue ITTC onpee-
neno, ecau masecthn S, 4,

a 8 moboit MOMEHT Bpeme-
HIt Hafineno u3 ypasuenuti cocrosnua BI1:

ds; fdt=u;, dpy [dt =f;(8), 0<i<N, (1)
rae f_, (#,§) - npomssoncrsennan dyukuns [ITC [2]. Ecnm
komyectso BIT MHOro Gonbie eansmuby, 10 petumrs cnetemy
13 2N-ypasHeHHH NPAaKTHYECKN HEBOIMOKHO, MTO Tpebyer
nepexoaa o1 mukpoonicanns [TTC k Makpoomeannio ¢ ane-
MEHTAMH BEPOATHOCTHON Npupoast. Bmecto pacemotpenns
coctosnma I1ITC ¢ mukponapamerpamu S j W M, BBeIEM

Gynxuo pacnpenenennst BIT z(1,5, i) 8 (hazoBom TexHO-
Aorwieckom npocipancree (PTIT)

fas: j’dp-x(:.s,y)=1v. (2)
0 0

Venosue HOPMHUPOBKYM (2) NPEACTABAAET 3aKOM CO-
xpaxeHus wnena BI1 8 npoussoscteennom npouecce.
Kunernueckoe ypasuenme INTC.  Pazobrem @OTTI
(S. y) HA TAKOE YHCIO sueeK, 4robnl paimepsl AveitkiH
AS-Au Guau pocTaTouHO Manbl it CONEPHKATH BHYTPH
cebs Goabwoe uncno BI1. Cocrosuue BIT 3anaercs Touxoil
B8 OTIL. Bmecto TOro, 4rodsi GUKCHPOBATL TOMHbBIC 3Ha-
4enma muxponapamerpon BIl, Gynem npuGnuaenso xa-
paktepusosath cocrosuue I1TC umcnom BI1 8 kauaoft
aveiike AS-Au. Tax kak, senwunna y -dS-du npea-
cranser  uncno BIT B Geckomeuwo manoii sueiike
AS - Ap, mbr MoKeM 110 # $azosoit koop -
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i obopynoarus Ha BIT oGosnaumm
w(;l). e A - CKOPOCTS M3MEHEHHS 3ATPAT, KOTOPYIO NpH-
rumaet BIT nocne posneiicrana, Oynxuwim W(/l) OnpeacnseT-
€8 NACMOPTHLIMK AAHHBIMK Oopyzosanma. Csoncrsa (u)
MOTYT ObITh TONyueHb! 13 0BLMX CooBpaskeHHil, NPEACTARNAS

BEPORTHOCTS Nep B moboe PaBHYIO SIHHLIE;
Jolu)-du=1- @
0

Yucno BIT, Henbrrasmx B emHmlly BpeMeHn BoszeicT-
BHE CO CTOpOHBI 06OpYy. ecTh mpoH MOTOKA
x(t.8, 1) - pt na seposTHocTL st BIT Menbimats Bo3aeficT-
Bie 8 atemente dS - dgi . BeposTHOCTL MCNBITANKS BO3aeHicT-
BHS NIPONOPUHOHATEHA MUIOTHOCTH PAcTONOMCHHA 06Opya0-
BaHug A(S) BAOJL TEXHOTOMMYECKOH uenowku. Yncno BI1,
ucm.- B y Bp amnckmu: CO CTOPOHbBI

(s i + i) ecn V(ﬂ) A(S) p (1,8, 1) d/l dS-du. B
anement d@S - du noerynaor BI1¢ dS - dji myrem oGpario-
ro nepexoma: y(u)  A(S): fi- z(t, S, f)-dji -dS-du, a
oGuee wneno BIT s e dS-du
BpemMern Ha Bewunny dS - du- J ¢

J=4(8) T{V(ﬂ)'ﬁ'l(f.S.ﬁ)—V(ﬁ)'/l‘x(l.S.u)}dﬁ 5)
0

1CR B8

B OonbuimHeTBe MPaKTHYECKHX CAyHasX (yHKUMA w(p)

He 3aBHCHT OT cocToaHus BIT a0 ueneimanus Bosaeicrens
€O CTOPOHBI TEXHONOrHYECKOro oGopynoBanus, OTKyna ¢
YyueTom csoiicTsa (4):

8% 8y 2. iYoo) L) =

o tas #ra /A W)l a2t ©
Moroxosasi moneas TITC. Hynesoit [1]011 nepshiit
[1]| MOMEHTBI (DYHKUMH PAacnpefe/ieHii HMEIOT Npon3-

BOJICTBEHHYIO MHTEprperawmo: 3azenst BIT u ux remn
ABHKEHHA BJONbL TEXHONOIMYECKOH WLENOYKH. YMHOKHB

ypaexenue (6) wa y‘ . k=0,1.2....u nponnTerpuposas
10 BCEMY JMANA30HY 4, MONY4HM HE3aMKHYThIe YpaBHe-
HuA Ganaucos nTc [2]:

a[;l. eebon oy g ‘Iduu* e ru zau=lz) P



“CospeMenHbie MPoGaeMbl MATEMATHKH M ¢& NPIIOKEHHA B ECTECTBEHHBIX HAYKaX M HHDOD

UHOHHBIX Hax"

BO3MOXHOCTE NONY4HTH 3AMKHYTYIO CHCTEMY ypaB-
HEHMIT OCHOBAHA Ha CBOWCTBAX (YHKLMM 0//(/1) M HaIu-
unH Manoro napamerpa Kv <<l [1,2], xapakrepusyio-
umx [TC. B nyaesom G 1o nay TPy
Kv<<1 u3 ypasuenns Ganancos (7) moxker GuiTh nony-

reHepHpyercs ¢ aHANMTHYECKHX BOpMyA
W M3BECTHBIX HHCJICHHBIX AIOPHTMOB PEIUEHHS 3anaun
Kown aas CY. Ha MoeAbHBIX 3a1a4ax aBTopaMmy rnoka-
3aH0, 4T0 npasuieHo oGyucHnan HHC nossonser Buidnc-

YeHA 3AMKHYTad MHOIOMOMEHTHARA CHCTEMa yp
nrc

Azl 4 olxh —g. ol + Axlear =, ;. 3
a s et ks hanb=idi(O)
Vpasrennst Ganancon [1TC (8) B onHOMOMEHTHOM

npexc T coGoit yp cucTemHolt
nuHaMuKH [3].
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HANPAKEHHAX, TEOMETPHUCCKUX XapPaKTEPHCTHK
TOB M 3ANAHHONA NOrPeHOCTH BLIMHCAEHHT.
lMpemnaraeTcs ananTalMs ANropHTMa METOAa CKOMb-
3SLUEro AONYCKA JUIA PeIlCHNA 3a0a4H ONTHMHIAUMK KOp-
POAMPYIOLIMX KOHCTPYKUMit ¢ ncnonssosannem HHC ann
p HWIAra MHTErpnp B M or
TpefyemMoil TOYHOCTH HA PAWIMYHBIX ITANAX PeleHHA 3a-
navM.
r\g LA 80 b MI"C
NpH pelieHHit 3a1aun J0JrOBEYHOCTH KOppOAHpYIOileh

1997. Ne12, C.36-40
3. @oppecrep 1. Ocnosw xubepnemusu npeonpusmus. M.: Ilpo-
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NMPUMEHEHHE HEPOCETEBBIX MOJIEJIEN
[PH PACHETE KOPPOJIUPYIOLLIMX

. KOHCTPYKUMI
Padym A A., 3enenyos .1
I'BY3 «¥xp rocysapeT i

TEX 3 peuteTy, Jlnenponerposek

3HAYMTENLHAR YACTH CTPOMTENLHBIX KOHCTPYKuMit B
NEPHON IKCIVYATALMI MOABEPraeTCs BO3ACHCTBHIO CHAb-
HOArPECCHBHBIX CPeJl, BLI3BIBAIOWNX MOBPEKIEHHE CO-
Opy&KeHuil M aaKe BBIXOA X 13 CTpos. OcobeHHo 910 OT-
HOCHTCH K MPOMBIULICHHbLIM OGBEKTaM, re AUIKad W ra-
3000pasHas OKPYXAIOWAR Cpeaa, KOHTAKTHPYIOMAS €O
CTPOHTENLHBIMH KOHCTPYKUMAMM, SABJISCTCH 3arpA3HEHHOMN
TPOAYKTAMH M OTXOAAMMH NPOMIBOCTHA, YTO NPUBOAHT K
YCKOPEHHIO PA3PyUIEHHA CTANTLHBIX KOHCTPYKUMH,

s Gons TBA Bk P X cpea xapak-
TEPHO TO, HTO {ecKue P CYMIECTBEHHO
BIUSIOT HA CKOPOCTH KOPPO3IHOHHOIO mpouecca. B arom

p H MIacTHUHLI C KPYroBbIM BBIPE3IOM
uﬂl OnpeacaAcHHuA NONTOBEYHOCTH UIACTHHBI B CYUecT-
Bylomux padorax ayerTcs
MOJeNh, MO3BOJIRIONLAN YHECTH HIMEHEHHE uanpmemm "
TO/MMUMHBI NAACTHHLI NO ee obaacTH M Bo BpemeHw [2]
Takoil NOAXOA NPEANOaAraeT HATHYHE COOTBETCTBYIOUIE-
ro nporp 0 00 YEHHA W OCTaBNSCT OTKPHITHIM
BOMPOC O MOTPELIHOCTH NOJyMeHHOro peiueHis. [Mokasa-
HO, 4TO JUIA pelleHHs NAaHHON 3anauu MokeT ObiTh ne-
NO/IB30BAKA  AHANHTHYCCKAZ (POpMyJia, ONpeAeasowan
AONITOBEMHOCTL KOPPOAMPYIOUIEH TUIACTHHLL B Cayuae,
EC/IH HANPAKEHHUA TOCTOAHHL! 10 ee OGJ‘SCTM. B atom
cly4ae NPUHHMACTCA THNOTE3a O TOM, YTO CYLIECTBYCT
CAMHCT a pocTH KOpposuK V (V> v, ),
P KOTOPOM HAMPSKCHHE AOCTHIAIOT NPEAENLHOIO 3Ha-
yeHns B moBO Touke ruacTuHbl Ge3 BbIpE3a 3a TO Xke
BPeMA, YTO M B OKPECTHOCTH BbIpe3a Mccieayemoli mna-
crunp. MHC onpenenser kodGpHUHEHT CKOPOCTH KOPpo-
3w f =v/vy, xak QYHKUMIO HAYANBHOM CKOPOCTH KOp-
PO3UH, HAYATLHRIX uanpuceuuﬁ. nuauefpa W TONMUMHM

MUIACTHHBI.
Mpu onTrMIcaMK C ppoaupytommx Ganox

Cllyvae MOBCACHHE KOHCTPYKUMH B arp it cpene
MOJIETUPYETCH ITyTEM YHCACHHOro peteHna 3aaadn Komn
ans cuctemsl  anddep JIbHBIX  YP i (CHY),
ONMCHLIBAKUIIX NPOUECC KOPPO3uM B ee anemenTax [1].
DTO NPHBOAMT, C OAHOK CTOPOHBI, K CYLLECTBEHHOMY YC-
JIOKHEHHIO UIIOPHTMA PCIUCHHA 33434 H A0JTOBEYHOCTH, H
0COGEHHO ~ ONTHMALHOTO NPOEKTHPOBAHMA, ¢ APYTOH ~ K
TOMY, YTO NOrPEIHOCTh NONYHAEMOTO PEILEHHS ¢ TPYIOM
NOAASTCS MPOrHOIUPOBAHMIO.

Hi HCKyCCT IX HpOHHEIX ceTeil

ye 4TO HAa pasMep CeYeHMA CYUIECTBEHHOC
BIMAHHME OKalblBaeT nepuMeTp ceuenns [3], npuuem ero
BJIHAHHE BO3PACTAET MO MEPE YBEIHUCHHUA ArpecCHBHOCTH
cpeant. B [3] nokasaHa BOIMOKHOCTH CBCACHHMS Takoh
3a4a4M K 38/ OnTHUM Ges ar-
peccupHoil cpeast s 06o0wenHolt Gopmyabl, BKIO-
yaloutedt nepuMerp ceveHus € HEeKOTOPbIM BECOBBIM KO-
ApduuMeHTOM, H NoCaaYIOLIee YBEIHYCHNE PA3MEPOB Ha

y KepT 0 cnos. Annp nocra-
TOUHO CAOKHOHN 3aBHCHMOCTH BECOBOTO Ko3dduienTa o1
I TPOB arp fl cpensl ¢ 3aJaHHOA TOYHOCTLIO

(MHC) npu peweHuy 3a4a4 CTPOHTENBHOMN M i KOp-
POIMPYIOLUHX KOHCTPYKUMR 1103BOINET B HEKOTOPBIX Clly-
HAAX PEHTL AaHHbIE PoGaeMLI.

A npod i npu auc. M | 3a-
nauv Kown ana CHIV, OnMchIBAOIMX KOPPO3HOHHBIH
npouece, ABIKETCA MPaBHILHBIA BHIOOD 1Mara HHTErpHpO-
BAHUA Takum o6pa3oM, 4TOOB! NPH MHHUMANLHBIX BhIMHC-
JIHTENBLHBIX 3ATPATAX OH 0GECTIeYMBAL JATAHHYIO TOYHOCTH
BBIYHCTEHHH,

Mpy pewlenny 3aaun JONrOBEYHOCTH KOPPOAMPYIO-
LHX KOHCTPYKUMH IHAYEHHE WAra HHTCIPHPOBAHMS Npea-

OCYUWECTH/IACTCH © 10 MHC, Iloay B oM
Cay4ae pelueHHs ToNHee Tex, 4To Geuim noay«enst ¢ no-
MOLUBIO ANMPOKCHMALIMOHHLIX (GyHKIMNI.

Takum obpazom, ny #ip bIX MOJe-
neft B pane 3a1ad pacuera W ONTHMH3ALUHK KOPPOAHPYHO-
HIHX KOHCTPYKUMIt MO3BOASET AyHlEe KOHTPONHPOBATH
norp TH 1ONY™ X p COKPATHTDL KOJIMYC-
CTB0 HEOOXOUMMBIX LIS PELUCHNS MTEPauMil M YyNpocTHs
anropuT™ pacuera.

JIMTEPATYPA
JLT. Pacuér koHCTpyKUMil © MIMEHSIOULCHCN reo-

1. 3

N1araeTes Onpenests ¢ HO 00y i
HHC. Maccus yueGusix 06pasioB Ais HacTpoiiku certw

MCIPHCH B ArpeccHBHBIX Cpenax. CTCpAKHEBMC CHCTEMBI /
A7 3 J1 : YIXTY, 2002, - 168 ¢.

= P P

236

ponetposesk, 2009. — C, 99-106.

PACUET MOJIS IMJIOCKO¥ AKYCTUYECKOI
BOJIHBL, PACCESIHHOM KECTKUM
COEPHYECKHUM CEFMEHTOM C HATPY3KOI1
*Pe B. A., *bondapesa T: A., *Bopobvés P. C.

XHY . B. H. Kapasusia, Xapskos, Yxpasia

B paGore meTozom nonyolpawenns MATPHHHOIO Orte-
paTopa nocrpoeno p JanauM p TIOCKO#
IBYKOBOH BOAHB Ha Markoil cdepe, sxpannposannoit xe-
CTKOM cepoit ¢ Kpyrosbim orsepctiem [1-3]. Mu pac-
CMatpuBacs sazavy Heiiwana s ypasuenns Nenpmronn-
ua. Pasmectum navano cepuieckoit n ACKapTOBOM cHC-
TCM KOOPAHHAT B USHTD 3aMKHYTOil nonofi chepsl paany-
Ca & W nonolf cepur ¢ KPYroBIM OTEEPCTHEM pamityca
). Iyets ocs OZ smnsercs ockio CHMMETPHH CTPYKTY-
poi. [TycTs Ha oTBepeTHy BHEW T cdepbi noaspusiii yroa
9 menserca ua orpesxe (90.11 - M pewenns sanavm

npoctparctso R pazbusaeM Ha TpM  oGnactu:
O<r<ag, ag <r<aj, r>a;. OTeickHBaEM MnoIHbLIC
1014 BO BTOPO# 1 B TpeThell ofnactax, a B nepsoii oGnac-
™ 0<r<ag, no onpeaeienmo, none orcyrerayer. [lo-

TEHUMAN CXopocTeit nuockofl 3mykosoit BoNHGL npencra-
BUM Caenyloumm paaom Oypre:
=
Uo = 3 Fajulke) Palcos ), Fy=(=0)"(2n+1), ref0,20) (1)
ned
rie jn(kr) - cep ynxumm b nepBoro posa
B 0Gaanauenmax Jlebas aprymenta kr, k - possosoe 4HCI0,
Py (c0s 9) - nonmmomst Jexarapa nepsoro pona aprymenTa
€0s & . Bropuunnie nor ! pescT B BHAC paaa
(1) ¢ om EGETT Tami, B HaCTHOCTH, B

TpeThell 0GNACTH NOTENUHAT NPEncTABUM B CcreayloleM
BHne:

«0
Uz =3 CoFph{(kr)Py(cos8), r>a,,
n=0
Koadpuumentsi panos dypue n1s notenumanos sro-
PHYHBIX NOACH, A0/UKHBI NPHHAANEKATH npocTpancTay

HHCAOBLIX NOCAea0BaTeILHOCTE [z- obecneuusatonemy

CIMHCT Th p 3anaun. M3 rpanmumeix yeno-
BUH NI01y4aeM CHCTEMY NAPHBIX (BYHKUHOHATLHBIX ypas-
HeHMll B BHAC PANOB No nomitHoMam Jlexanapa. s pe-
WICHUA CHCTEMBI IPUMEHUM METON NoTyoGpatieHns Mar-
pitinoro onepatopa. Ha nepsom ware wcnoassyem s
noauHOMOB  JleKaHApa  MHTErpanbHbiC MPeACTABNCHHS
Menepa — Jlupuxne u cesizb nonuHOMOB ¢ ux NpOH3IBOI-
HBIMK. DTHM NPHXOIMM X OAHOPOAHBIM HHTeIPANLHBIM
ypasheruam Bosbteppa | pona. Kakaoe us smux murte-
FPLILHBIX  YPABHEHHA WMEIOT eAMHCTBEHHOEe pelnenme,
KOTOpOC  SBJACTCA  TPUrOHOMETPHYECKUM  DPAAOM M3
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LZ(O. 7). 3atem, ¢ 10 P

pa Mano-
T
s -4i(ka,)’ h‘."('%)LL ("“l )]z‘-,.j: (k“v)"‘:.“(h‘:)] (:‘.]!;((kk:;))] 2)

BLIACANM OBPAACMYIO 4aCTh IIAPHBIX TPHIOHOMETPHYE-
ckux panos. [locne HekoTophix npeoGpasosanuii (8 ToM
“nene MHTErpanhHeIX npeoGpasosannii) nonyuaem cucre-
MY JIHHeHHBIX anreGpaniecKnX ypasHe N BTOPOro poaa:

D, ='l'{ iDm"mﬂn,m(QO)*
7 lme0

.3
w " (1),
4 m=04"(ka| )’ 2:1 1 [jm(ka| = h(:‘(;lj))(hl ()ka ! m(Qo )}

rae
178 1 4 I

Bom== |sinfn+— lysinl m+—|ydy, nm=0,1,2,,..-
2 2 2

Marpiyuiii onepatop cicremst (3) SBIAETCH BNOMHE He-
TPEPBIBHLIM B [ , MTO ClICIYET M3 OLEHKM IR napameTpa ma-
0CTH ¢, :o(n"), n-—>00  H PABHOMCPHOM OTpaHH4EHHO-

e fom (n,m=0,1,2,...). Cucrema (3) pextuaro
PEBPEILIMA AHATHTHYECKH H YHCICHHO,

B xavectse TeCTOBBIX BAPHAHTOB peweHb 3anaun
IR NPEACAbHBIX NapaMeTpPOB NMOCTAHOBKN 3a4a4%H M LIS
HHX BLITOJIHEHO CPABHEHHE C HIBECTHLIMM PEIYNBTATaMH.
B paGore, B wactHocTH, BbI TCA  pacuér pacnpene-
TIEHHA aKYCTHYECKOTO NOTEHIUHANA B PAAHUHBIX 061aCTAX

R3, 5 1o uncne BHYTPH cepirueckoii o6nactu, oGpazo-
BAHHOI 3aMKHYTOH cepoii u cdepoli ¢ KpyrossiM oTBEp-
CTHEM.
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INEKTPOCTATHYECKHUI NOTEHLIMAJL
FOPU3OHTAJIBHBIX JIMMOJIEN B
NPHUCYTCTBUH COEPHYECKHX
TMOBEPXHOCTEMN
*Pesynexo B. A., *M y E B., *K
XHY um, B. H. Kapasuna, Xaphxos, Yxpauna

H B

B paGote MeTONOM perynspHiauMH NAPHLIX CyMma-
TOPHBIX (YHKUMOHANBHBIX YPaBHEHMIT NOCTPOEHO pee-
HHE 32349M pacqeTa INMEKTPOCTATHYECKOrO MOTeHLMAna
cepHIECKOro cermenTa, paIMeleHHOro BHYTPH CCKILHO-
HHPOBaRHOM 3aMKHYTON Cepbl B NPHUCYTCTBHM rOPHIOH-
TaNLHLX aunoneit [1-3]. Mycrs uentp chepuueckoro cer-
MEHTa i UCHTP IKPaHHPYIOLIel CErMENT CeKUHOHMPOBaH-
HOH cepsl noMentens B Hauano ZnexapTosoit n chepuue-
CKOi cuctem koopamuwat. IMonaraem a, — panuyc chepu-

Heckoro cermenta, 6, - noaApubiil yrod, MIMepAIOLLit
cermenT (na cermente 0 <@ <6,). Iycm a, - pamnyc
CeKUHOHMpOBaHON cepol (@) >a,), V, - 3anannsiii
norexHunan cepuyeckoro cermenta, Coepiieckuit cer-



