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OEOCHOBAHI4E KOHCTPYKIII4II 14 VICCTIETOBAHI{E BIIOMEXAHI{I{ECKOTO TIOBEAEHI4-'I
KJII,IHO BI4AHOI4 HOXKI4 IIEMEHTHO II OI4KCAIII4I,I SHAONPOTE3O B

TA3OBENPEHHOIO CYCTABA

A.A. tr4,tount, H.B. 3aeopoduufi2 4's, A.M. Maaonoet, A.B. 6an6eprcunr, B.H. Kapnoer,
B.U. Marcynuua, X.M. Maeonedoas, A.p. Ilajmueeuu6

'.MATI4, - Poccrlicxtati rocy,qapcrBeHHLIfi TexHofiorr4.rec&r4ri yarlBepcrlTer zlr. K.D- Ur,ro,rrcoecnorq,
zPocctliacKtTiT yHrBepctrer Apym6u rapogoo,

3I-IeHTpartEr'IIi HayqHo_I4ccreaoBarerE'c(r.ri nrrcrr4Tyr rpaBMaroJrorr'l t1 opro eawtl r,na. H.H. Ilpropoea,
{MocKoBcrcJ4rt rccyAapcrBenHblz yHr.rBepcr4arer raM. M.B. JIoMoHocoBa,

5fopo4craa Krt4Hr4qecKar 6ourr Hrlqa Ne 13,
6@ox4 paaerraa Marep!4aJroBenexr,rs 14 TexHonornrl o6pa6ornra uatepr1a,roe, Mocrcea

fiauu auatus u rctaccufurca4ua cyupcmsypulux rcoucmpyrc4ui uoucerc 6edpentoeo KounoHeH_
ma 3Hdonpom3oe qeuenmuoi tpurccaquu no cnoco6y nepedaau uexanutecrcoi aaepyzrcu_ Onu_
caHu ocHoeHue mpe5oeaaun K KoHcmpyKt4uflr,t, onpedetatou4ue ux fiyurc4uouataaue ceoicmea
u pa5omocnoco1uocmo c nosu4ui uexaHulecKo, coeMecmbvocmu. Ha npuuepe uolcerc <Ceeu>
npodeuotcmpupoean nodxod rc aHanwy u npozHosupolaHutu nanpatrceino-deeopuupoeoiroro
cocmotHut u _MexaHutecKozo noeedeflut cucmeMu <eHdonpomes*6edpetuaz rcocmo npu deii_
cm6uu (tyHKquoHarbHbrx Haepr3oK KaK GatcHeitae,uy jneMeHny npoeKmupo7qflu, sudonpome_
soe. Cosdauu aHamouuqecKtt nodo6uate o66e Hue zeoj4emputecKue uode,tu cucmeuot. Memo-
dou rcoue,luoa 3./leJ eHmol npoeedeaot Kownbfimepflue pac4embt HanpnJrceuu u deeopna4ui
xattdoeo xounoueuma cucme u: Ho),cKu sndonpomeza, 4eueumaoi uanmuu, KocmHux cmDyK_
myp. [Io pesyatmamaM pacLremoe onpedeneuot rcpumulecKue c moqKu 3peHuz l,rronocrioro
pupyweHun u 3po3uonHozo u3toca treueHmd cucmeMu. Kourcpemusupoeauu mpe6oaauua
K 3re eHnau rcoHcmpyKlluu u cocmotHuto noeepx ocmu uolrcrcu, npueedetr npuJwep onnuurca-
quu eeo empuu notrcrcu. IIo cosoKynHocmu paccqumaHHblx napaj4empos MexaHulrecKozo floee_
denua ecmecmeewo;t u npom*uposaHHort u.MnttaHmamoM <Crfea, 6i)psHHoit rcocmu cdetaltt
aueodat o6 ux adercBamHocmu u Qyurc4uonanwoi uadetrcuocmu sndonpomesa.

The analysis and classification of the existing designs offemoral stems for cement implonts is
presented according to the way of mechanical load transfer. The main requirements to the
designs defning their functional properties and working capacity as mechaiical compatibitity
are described. As a major stage of the implant designing, the approach to the anaiysis on'd
forecasting of stress-deformed state and mechanica! behavior oj system <implant - femoral
bone'> is shown on the example of <Sfen,, 51sa5 671rr.tional loqding. 3-D anaromica!ly identicql
geometric models of he system were created. Computer calculations of stress and defurnation of
every compo ent of the system including the stem, cement montles, bone structures were performed
by Jinite-element technique. critical elements of the system in view offatigue and erosion wear
were determined on the basis of calculations. Requirements to lhe construction elements and
conditions of stem surface are concretized and the exomple of the stem geometry optimization is
given. Conclusions on the adequacy and functiona! reliabitity of the implant are made on the
basis of the calculated porameters-

Paspa6orna x npor{3BoAcrBo aH4onporeaoB TaBo-
beApeHHoro cycraBa rMeer rleJ'rhro He roJrrJno co3,qa-
HtIe KalIecTBeHHOfO, Ha,qelI{HOIO tfMIIJIaHTaTa, CnOCO6-
Horo coxpaH.flTE, cBorr OyHKr{raoHa,'IbHbre cBoftcrBa Ha

porErrceHr4r4 A,rr,rreJrbHoro BpeMeHn. en4onporeaupo-
Banr4e 

- aro, rlo cyu]ecrBy, coa,qaHr,re HoBoft 6r4oMe-
xaHI4.{ecKofi n 5r,toxrtl4ugecnoi,t cr4cTeMbI, KoMnOHeH-
TaMr{ KOTOpOU .flBJIflIOTC.E KaK CaM ZMIIJIaHTaT, TaK 14

B3ar{MoAeftcrByrolqr{e c HrrM ,Kr4Bbre crpyKTypbr opra-
Hr3Ma (KocrHbre, cBff3oarHbre, mlrute.rntre). a raK}Ire
MaTepra!'rbr, r4fparcudr{e por'rb MexaHxqecKoro cB.Esy_
rorqero 3BeHa Me?rcAy oT.qeJ'rbHbrMr{ 3J'reMeHTaM'r 3H_

,4onpore3a 14 Koc'r'Hi,iMrrr c:cpyKTypaMr4 (KocrHbrrl qe-
MeHT) [9, 15]. BoccraHoBreHr4e ortopHo-ABr4rare,'rbHorl
$yHrcqzu nprr aHAonpore314poeannra raao6egpennoro
cycTaBa B 3HaqrlTe,'rbHoi cTerreHr ofrpeAe!'r.EeTc.fl Bo3-
MOlrcHocTbro, rroJrHoTo,1 14 npoAoJrlI(r4TeJ'rbHocTbro a,4an_
Taqr{r4 coxpaHeHHbrx KocTHbrx cTpyKTyp K HoBbrM yc_

"'roeizau $ynrcql,roHr4poBaHrrff B cr4creMe <gu.qonpo-
Te3*KocrHbrfi rleMeHT (rrpr{ qeMeHTHorZ $rncaqr,o,r)

-KOCTHbre 
CTpyKTypbr-Apy.r4e cTpyKTypbr opraHrl3-

r''ra (lrrrurevnr,re, cB.fl GoyHl,re, n14Tarorqr{e n T.A.)o.
Oro e caoro oqepelh 3aBr4cr4T or ypoBHa rr pacnpege-
reHhq MexaH 14 LrecKI4x Ha[p.ax(eH14t, reHepttpyeMbtx



BecrHuK TpaBMarororhh h optoneALlu uM H.H nphopoga 2OOS Ne 3

B KOCTHbTX CTpyKTypax B pe3yJrbra r e !1x B3alMo.4er{-

crBr{.rr c KoMnoHeHTaMtl aHAOIrpOTe3a KaK B nept{oA
pea6rrrr4Taqt4t4, TaK 14 npu HopMarbHbIX +yHKIIt{o-
HaJ'rbHbrx HafpysKax-

@l,rar.rito-lrexaHlr.recK14e cBoIicl Ba !4 feoMerpr4qec-
Kr4e napaMerpbr 3H,qonpore3a oiIpeaeJlflror MexaHt{-
qecKoe [oBe,AeHne ct'ICTeMbl 14 B To )Ke BpeMff oHa3bl-
BaroT cyrqecTBeHHoe BJ'II4.EHt1e Ha 6Iaofiof ,{'recKr'Ie rIpo-
qeccbr B KocrHbIX crpynlypax [9, 15]. O'reBllAHo, -r'fo

t4MeHHO KOMnJIeKC CBO'TCTB 3H,4OnpOTe3a BO MHOTOM

aoJrneH o6ecneqrlBa'fb aJItlTe,'IbHylo pa60Ttlcnoc<16-

HOCTh KaK itaX{AOfO KOMnOHeHTa HOBOii Cr',rcTeMhI, TaK

t{ Bceti cj4creMbl B ueJ'IoM. tr4Httltr't c"roealtn, nottct-
pyltqr,rfl sHAOnpo1'e3a aoJrlI{Ha y,qoBJIeTBoparb npt'IH-

Ilr4ny MexaHr,rrrecKotI coB Mecr]4Nlocrtf .

Bce i'.r nor t,o6paanp cyurecrBytourrrx KoHcrpyxtlhtl
6e4peunsrx KoMnoHeHToB qeMeHTHoIZ OtlKcaqlar Mo-

nter 6rrrr pa3aeJ'IeHo Ha rpt'r fpynnbl no cnoco6y ne-
pe,aa,ltI Ha-py3Kl4 0T t'JMn'raHfaTa I{ upMeHTHOil MaH-

TXr{ rr KocTHbIM C:lpyKTypaM rIpx peaItl3aI]i4t4 ocHoB-

norZ @yurcur,or raeo6egpenuoro cycraBa - o6ecneqe-
HUtI np.qMoxox,qeHr',Ifl t{ no,4aep}KaHfin Tera B BepTtl-
KaJ'rbHoM tror'Io?{eHfiI4. Ha ptrc. 1 aJrfi npocrorbl cpaB-
HeHr{ff Ha[paBJleHI4e,qet1cTBtl.fl Hafpy3Kt',l noKa3aHo

coBrraAarorurlM c IpoaoJIbHoii ocbro Hor+tK,I 6eApeHHo-
f o KoMIrolieHTa 3H.qonpoTe3a-

B rconcrpyrcquax nepBoro r'1na (Exeter) Hatpy3Ka
tlepe,qaercfl 3a cqer Rr'lI4HoBt{AHol)i }'urt{ KoHycHoii no-
caAKr4 HolKKtl B UeMeHTHoI;;i lranrnn 1111. B srcon c,ry-
qae rlpo,qorbHafl Haf py3(a Bb,l3bIBaer cpopMlpoBaHt{e

B r{eMer{THofi MaHTrrI4 t'1 KocrHbIX crpyKTypax cJroxt-

HOfO HaIIpfnieHHo-,qe+opMttpoBaHHofo cocToflHl4fl c

oceBor)i (oL). paA]aa,'rbHoii (o.) 
'I ranrenqnalluoli (oo

cocTaBJrfl Iolqr{Mtr Ha|lpfl fi{eH14t{ r'I COO'[BeTCTByIOrqtlM14

AeOopMaIll,IflMt{ [5]. CoorHorueHrre 3Tt'IX cocraBlrljllo-
u\rlx HanpflxeHt{fi 3aBr4ctl't oT yfJroB KJrt'IHa trJlt4 KO-

Hyca. a rlx BerrlltfiHa - or ypoBHff Harpy3Ktl, cBollcrB
(Mo.4yreii ynpyrocrt'I) KoMnoHeHToB ctlcreMbl 14 l{x
rpaHrrqHoro B3atlMoaefi crBt{.8 (noa@@rql{enroe rpe-
Ht4tt trJ\rr a,{re3t{x) [l]. YtuTsteaa cyqecrBeHHyro
pagH qy Mo,qyJteIZ ynpyrocrl4 Mera.rl]I'a.{ecKo14 Horr{Kt1

(E=100-140 fIIa Aa.a rnrala n ero cn;raaoe) [4]),
KOCr'HOfO qeMeHTa Ha ocHoBe [oJ]tlMeTt',lJIMe f aKpt'lJla-

ra (E=2-3 ftla [13]), Kop'rt'IKarbHoIT nocrn (E=10-
20 fLIa e 3aBt{ctlMocr!,I or HaIrpaBJIeHt'It tl3Mepentln)
r.1 c oHrr,ro3Hori Koc'fra (E=0,5 2 flla [9]), a raKxte
npoqHoe cueIIreHhe r]eMeH'rHor;;i MaHTfi14 c Koc'fHbIM14

cTpyKTypaMI4r npI4 raKoi cxeMe nepeAaqtl Hafpy3l{rl
(qurc;D,rvecrcoit npn xogo6e) Hetl36er{Ho Ill4KJ'rt{rlecKoe

oceBoe cMe[leHr4e Ho]ItK,I B I-IeMeH'l'HOti MaHTtl4 Be-
r qrlHa SToro cMe[leHnfl 3aBr'Icr'IT o t rcoeipSnultenra
TpeHrfl napbr Meral'Ir-ueMeHT ,1 OtIpeae,'IfeT pa6oTy

OpraKIlmoHHbIX cttJt, npnBo.Anulylo K l3Hocy KoMIlo-
nenroe. floaTouy B KoHcrpynllt4ax,qaHHoro l4na He-

oerxoalMo,qoa't1Ba rLcfl MaKCtlMdJ'luHo Bo3MolKHol"l cr4c-

roru o6pa6ornl1 IroBepxHocTt'I HoEteK, Mt{HtiMrl3rl-
pyrorqeii noecp$nqren,'rpenna. I(;ttanoan,4Har cllop-

Ma HOIKKT{ O6eCne.{14eae'r nepe,qaqy Hafpy3Kt'1 0T 
',IM-

nJraH?ara B ocHoBHoM B .qr{cTa,'l6HoiI qacrr{ KocTt{ feo-
MeTpr!]ecKrle napaMeTpbl HolttKrl onpeaeJr-EroTcfl pa3-
MepoM 14 SopMoii 6egpeuuoii Kocrl'l t{ KocrHoMo3roBo-
ro KaHa,ia, oAHaKo rIpI4 npoeKTrrpoBaHl4t'I 1'I4n0pa3-

MepHoro praa tr nr,16ope nptl3HaKoB nogo6r'la ueo6xo-

aI4MO nptlHrlMarb Bo BHt{MaHtle ypoBeHb 14 IlanpaBJre-

Hrle Hafipf )+{eHt',Iil, Bo3HllKakJultlx KaK B CaMOal HO}fi

Ke, TaK t1 B OKpylKalou{I4x ee KoMnoHeHTax. B r{acrHo-

cru, HanpfxeHl4fl B qeMeH'rHoi,i MaHTt{t'I He AoJr}ItHbl

IrpeBbltuarb npeaeJ'Ia yciaJrocT!4 nocTHofo qeMeHTa

Ipr pacTf]fieHr.Itl-c1|<arrrw c yrleroM 143MeHeHr{t'1 efo
cBorzc'rB Ba cqer norayliecru [13]. Hanpxxcenna u ge-

SopriraqNr,r B KocrHbtx crpyKTypax,qo,'l?rtHbI 6t'ITb co-
nocTaBrMbr c r.lx ecTec'tBeHHbIM ypoBHeM tI pacnpe-

.qeJreHr4eM Bo ws6e?lr'atne nvstlca or qpe3MepHblx t4rtl
He,qocraroqHbIX Harpy3oK.

B noncrpyxquax BToporo rtlna (rtlna Harris l12l)
npeaycMarpl4Baerca orlopHa.E rlJloulaaKa - 

BopoT-

HrlKr rrepe3 Koropbltr Hafpy3Ka nepe,4aercfi Ha IIeMeHT-

Hyro MaHTI4TO 4 KOpTI4KaJrbHyrO KocTb HellocpeIcT-
BeHHo B rrJ'locnocrr,I ocr'eoroMt{I4. B oroM cry'rae oce_

Ba.s Harpy3Ka cos,qaeT [epIIeHAhK)/J'ifipHbIe K nIOc
KOC:|,,I OCTeOTOMI',II'1 C?rlt4Marctut{e HaIIp.ElI{eH}4f B Ue-
MeHTe r{ ftocrHbrx rxaHax. Vpoeenl 3TI4x Hatlpfl}Ite-

qEMlICT

ROCTI)

cnoHtr403Hafi
KOCTb

Pac, 1. CxeMbr, ,,r,'1,'lrocrpr4pyrorq e AeoopMarltro cr4creMbr <r{MnJraHTar (Ho)KKa 3llAonpo,e3a)-IleMellrHafi MaHTt4j{ KocT-

HLre c"fpy4Typbr, nprr pa:r6Erx crrr-rco6ax nepeAavr Mexasr4'{ecKoi:i Harpy3litt. Ho)Kt<tf: 1 Trlna Dxeter, 2 - runa Harais.

.l - rnna Charnley.

^

.',-.;.;.;;.';''.''...:.:.'.'..,.1;.:;..''.';;';...,.1:1.:1'|;i



EecrHt K TpagMarono.ut 1, oproneahu hM. H.H. np4oposa. 2oo5. N9 3

Hrlrr onpeleJ'rfleTctr rrJ.rorqanbm KoHTaKTa 
'{ COOTHO_

uleHr4eM MonyJrer{ ynpyfoc,fr{ KocTrl, qeMeHTa 14 HO}n_
Kr4. o.qHa(o B ct'tJly 4x cyLqecrBeHHOfO pa3Jrrl..i'rrrl t4 B
D'roM cJ'ry.rae He1136e?ItHo qt4KrrlyecKoe BO3BpaTHO_IO_
c rynaTeJrbHoe aBr4ftceHr4e HolltKr{ oTHocI4.reIbHo Ile_
MeHTHoTZ MaH'f r{r,r. Ero ee,tz.urHa Mattcr,rMaJrbHa y,{r4c-
'l.aJlbHofo KoHqa Ho}ItKr{, Ho 3HarItlTeJ,IbHO MeHblue, rleM
y HoxteK nepBofo rr,rna. Co.rerar{r{e nepBoro 14 B,roporo
.rrr[oB KoHcTpyKuut4, T.e. I4C[OJIbSOBaH,,Ie ,,1 BOpO.fEr{_
Ka, r,r KoHycHor4 tacrafibHofi vacrn (nan6o,ree qe,re-
coo5paano upz Bbrpa)tceHHoM oc:teonopo3e), rro3BoJtr_
r r pacilpe4e,,rr.116 Harpy3Kr,r. 4etzcrByroulre co cropo_
Hrrr 14MnJ'raHTara. Melrrly nLlcraJ.rbHofi n nporccznrars_
Hoii \ac'rttMn 6eApeHHorl Kocrr4.

Koncrpynqlfli Ho}+iKr.r oII,qonporeaa rperbef o rv na
(Charnley [10]) npe4ycuarpr{Baror Harr4lrlre Bopor_
HJ4Ka, Onr,lpalorqef ocfl ToJ'IbIlcJ Ha qeMeHTHyro MaHTI4IO
B IIJ'IOCKOCTI4 OCTEOTOM''I'4, B STOM C,'IY'IAE BOPOTH'IK
tlcIIOJ'Ib3yeTC_E IJ'Ifl yMeHblue HI4r{ OCeBOtO CMeIIeHI4.A
Ho}I{KI4 orHochreJ'IbHo LIeMeHTa (a cureAoBarerbHo,
,r tr3Hoca B nape rpeHrra MeraJlJ,r_rleMeHT), o,qHaKo
rr3-34 orpoMHoro pa3J1t4.rnfr MoAy,rei ytrpyroc.rrl Ho?rr_
$r{ r,t IIeMeHTa nc6exart 3Tofo noJ,IHocrblo He y.qae,r_
ca. C.qpyroti cropoHbr, fiptl flpt4MeHeHrrr,r KoHcrpyK_
qrt TaKoro Ttlua co3AaroTcr 3Harr',1TeJIbHbIe cpe3ato_
u\re Eanp"a)fieH11.a B cnoHrr.lo3e B nporccr.rMaraHori ,{ac-
Tn 6e4peunoli ttocrr.l ,{ Ha rpaHr4r.Ie qeMeuT-Koprr,r-
Ka,'I B .qt{cTar'IbHor{ r{acTr,1.

B 4auuott pa6o're zcc,re4oeana 6zouexaar,rrca no_
XteK 6eApeHHr,rx KoMrroHeHToB engonpore:a uCSeu,
(or rpe.{. sphen 

- K,'ruH), ornocffulnxc.s K nepBoMy
Tr4ny KoHcrpyKrlr4rT. Hontta engonporeea nC$en, lra-
foTaBJ'IrrBaeTcfl lr3 Tt4TaHoBoao cn!,IaBa r{ lrlteer $op_
My KJrr{Ha eo cpponrallnofi 14 carr{TTaJlbHori nrocKoc_
Tflx c noJ'rr,rpoBaHnofi (R. ( 0,1 n.lrv) noBepxqocrbro
[2, 3] (puc.2). Ocuoenare reoMerprrqecKrre rapaMerpbr
uoxerc nC$en, npr.lBeAeHbr e ra6Jr. 1.

.1HaJ'rr{3 rr nporH0314poBaHrje HanpsnceHHo_.qeOop_
MrrpoBaHHoro cocTo.f Htr ctlcTeMbr ttpv aeftcTBr4rl
$ynrcqnoHa,rlaux Harpy3oK .rE,rrerc,q Ba?fiHe14rrrr{M
3JreMeHToM IpoeK:Tr.rpoBaHrl8 DH.4o|lpore3oB.

tr4cc,re4oaauue 6yt omexasi.rrcu raao6egpeanoro cy-
cTaBa, B TOM TII4CJIe TICKyCCTBeHHO|O, npr{ noJ,IHoM
o6beMe ABr,rr{eHrfl)i il, cooreerc.r.eeHHo, pa3r,rxqHbrx
KoM6rrHaqr{.ax Harpy3oK 

- caMocroarerrbHa.q u .qoc_
Taror{Ho cJro?r{Haa rexHrlqecnar 3aAa.{a. B paMrcax
AaHHoii pa6oTbr B coorBeTcrB'1r4 c frocT.aBJreHHr,IMI4

Ta6r. 1: OcHoBH'rc aeoMerpt,gecKue napaMerpb! Hoxek
oH,qonporeaa "CQeH"

IIapaMerp
Tnnopaslrep xdxtrot

Ptic.2. BaerrrHlri era,q (a) n ocaoensre reoMerprrqecrr4e na_
paMerpr,r (6) ror<K'.r 6eqpeaxoro KoMfioHeHTa 3HAolpore3a
l LCpeH '.

qe,'r.rrMr{ ora sa4ava 6orura cylqecrBeHHo ynpoqeHa
c yqeroM rl3BecrHrrrx np14HrIrlnoB lrexanunn [51.

"l') 
ro6a n coeomynuocrb BHeruHnx cr1,1. reric.rBiroul14x

Ha Ct{CTeMy (3HAOnpoTe3-UeMeHTHa_q uaau,ra_6eg-
peHHa.q KocTrr ) npr4 pa3rr,lt{Hbrx .4Bt4rfl eHrl.sx r{eJ,loBe-
Ka, MO?I(eT 6trrt npree4ena K paBHo,qer;cTByrorqeri
cr4!'re rf coBoKynHoc"fr4 Bparqaroul14x MoMeHTOB BOKpyf
Tpex oproroHaJ'rbHhrx ocetz B cr,rcreMe KoopIfiHar c
HarraroM B rleHTpe porar{xJ.{ cIacreMrrr (rleHTpe ro,,roB_
Kra 6eApa r4Jrr,r sH.4onpore3a). Hanparxenuo-4e$opll'r_
poBaHHoe cocrorHr{e B Ka?tt,4oM a,reueurapnou o6.se_
Me Karftaoro rcoMnoHeHTa TaKOrz CtlCTeMbI Onpe,IIe.ilfleT
pa6orocfloco6Hocrb KoMnoHeHToB 14 Bceii ;rcreMbr.
a raKtfie cTa6t4JIr,HOC:fb B3ar,lMHOfO nOJrO)fieH,{.a KoM,
noHeHToB. Ec.nlr $yuxqlrouaJrbHbre Harpy3Kr.l Bbr3br_
BarcT B KaKrlX UnOyau trrxpoo6,!,eMax \4aTepr,IaJ,loB
ItoMnoHeHTOB HarIpar{eHr{.q, IpeB6itxamq]4e HercoTo_
pbre Kpr4Tr4ilecnr,le 3HatreHr{a ( HanprrMep, rrpeAer
Ipor{HocTr{, npeaeJ] TeKy.recTrI. rrpe.4eJr BbrHocJ,rr4Boc_
TW t1 "r.A), To nporlcxoArrr Jrr{6o pa3pyueHr{e o,qHoro
tlJ'It4 HecKor'Ibxr{x KoMnoHeHToB, .[u6o nx Heo6parrr_
lraa 4e$oplraqlra, qro [pr.rBo.q r n .r"ar"rrori 

"rro,Eo,'rHo,4 noTepe pa60T0c|roco6HocTr4 Bceri cr{cTeMr,r_
Hopn-ra,rtuoe $yunqnounpoeaurre crcreMbr Hapyrua_
eTc.fl TaKtlte npr{ npeBblfueHI4]4 ,{OnyCTrIMOfO O'tHocrr_
TeJIbHOf O CMeuleHrlff KoMnOHeHTOB.

TaKoii no4xoA He yrrrr.rbrBaer 6r,to,rort,rvecryro pe_
aKIIr{ro )lctlBoro opfaHI{3Ma Ha BHetuHrre MexaHl4qec_
Kr4e Bo3Ae,,lcrBrrff, Koropa.fl o6ecne.rnBaer (B o.rpe,qe_
J'reHHbrx npeae!'rax) <noAcTpofr Ky> cr{cTeMbr n6eapes_
Haff KOCTb-qeMeHT-HOIKKa SHAOnpoTe3a, K ycJlo_
ennM cpyunuaotrtpoBaHrla. Cra <noacrporira. npo_
14cxoArr nyreM TpaucSopuaqrrr cTpyK,ryprr, o6relra
r cBoricrB KocrHori TKaH'I, B3arMoAeiicrBytolqeii c
r,1M[J'IaHTaT,OM, Ha fl poTn]IceHnrl AOCTaTOgHO,rIJ.It4TeJlb_
HOIO BpeMeHr{. B ca.aar{ c 3'frrM pa3JltlrraroT nepBrrq_
nyrc Qrllrca qra ro cH,4onpore3a. xoropaa,,cruuana

tr

11

L, MM

d, rpaa.

R, MM

142

37 -40
80

142*149 1,42-156 142-156
7 I 11

37-44 37-5t 37-51
70 70 60

II p ,,r M e.{ a H 
'1 

e. yro,'t KJ'!r4Ha B carr4TTaJ,lbHori n,,rocKocrrl
A,'lfi Bcex 'f14IIopa3MepoB 3,5".
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npe)I{.qe Bcefo Ha npr4Hqr,lnax <qtlcToi> MexaHL{Km,
14BTopurrnyro 6lrolrexaunvecryro $l,rrccaqr{rc [9].

flaa aualr,raa MexaHrrqecKof o noBeaeHtifl ctrcreMbl
n6erpeusa.s Kocrb-qeMeHT-EorKKa ?HAonpore3a>
n sar6opa rrpr,rnrlr/rooB nepBr,rqHofr $nrccaqun 6e4peu-
HOfO KOMnOHeHTa HeO6XO,qr4MO m AOCTarOqHO paCCMOT-

peH14e HecKor'IbKnx Har{6oJt1,txr{x no BeJrrl.{14He
t{ (onacHbIX,,qJrfl cra6l,lbHoc'f t1 crlcTeMbr Harpy30q-
nux Sarcropoa. Erlr narpysounsre Sarcropli npl,reo-
AfT K ftoflBJreHhro B KoMnoHeHTax chc'feMbl <3HAo-

npoTeJ-KocTb- peaKTuBHrrrx cn,r. o6ecneqr4earoulrx
MexaHrl{ecKoe paaHoBecre crJcreMbr. B pe:y,rrrare
B (alKAoM oJreMeHTapHoM 06beMe cr,lcreMbr OopMr4
pyercr cJrox{Hoe yn pyro-nJracr4qecroe o6remnoe na-
np.fl ,{(eHHo-AeSopMrpoBaHHoe cocroff H14e, our{cbrBae-
Moe reu3opaMr,I Hanp.ExeHrrri r,r ge$opnaqllZ. Crpo-
rnir a\arw'rwiecKurl pac.rer Hanpa?fieHr,rrz r AeQopMa-
L\r1i4 B aaKoi reoMerprlLrecKh cJrolKHofi MHoroKoMno-
fleHTHOIz CJ4CTeMe HeBO3MOT(eE. Ha CerOgUarUUUti genr
san6onee rovnuu, a@clercrwBtblv' tr pacnpocrpaHeH-
HbrM MeTOAOM TJzCJIeHHOI.O aHa,rA:a nOgO6HltX ctICTeM

EBJIfleTCfl MeTOA KOHeqHbrx 3IeMeHTOB C yHr4BepCaJ'Ib-

HbrM nporpaMMHbrn o6ecne.reHr{eNr AJr.a rcoMnbmrep-
Hbrx pacqeroB, np14MeHeHHbrfi B '4aHHorZ 

pa6ore.
f eoMerpr4.{ecKafl MoAeJrb cr.lcreMbr, yq14TbrBaroulafl

aHaroMrlttecK14e oao6eHHocT14 6e.[peHHofr Koc"ft1, a raK-
)Ke roqKd nptlJlolKeHr,lfl ,1 HanpaBr.IeHtle paBHoIet-
crByrorqeIZ crlJrbr, Bo3Hr,rKa!oulerZ B HeKo:ropbrx Qa3ax
xoab6H (6era) ri aocrr4rarouleri 4-5-(parHoro Beca
.{eroBeKa [15], npneegeuu na ptrc.3. llpnuarare grn
pac.{eroB Sr{3rrKo-MexaHr,1.{ecKr{e napaMerpbr KoMno-
HeHTOB CrlCTeMbr, B3flTbre r{3 IrlTepaTypbr 14 yTOr{HeH-
Hbre B co6crBeHHbrx aKcrrepr{MeHTax, IIpeAcraBr'reHbr
e ra6,'r.2. CrcomlxeHr4e Hoxrrr4 orHocr4TeJrr,Ho ueMeHT-
Hoir laarTvrr B,qoJrb ocr4 6eapeHHori rcocrr.r, aelrs6enc-
Hoe rIp]4 AaHHox cxeMe Harpyr(eHr,rrr 14 pa3Hbrx MoAy-
Jrffx ynpyfocTr{ coceAHr{x KoMnoHeHToB cr,rcTeM6r, yr{r{-
TblBaJrocb 3aaaHreM rcoe$$raqreura rpeHr{r [apbr
MeTaJTJI-UeMeHT.,[.] n nO,r UpOaa n HOrT nuBepx HocTI4

Hofi{K'l (R"<0,i) ero 3Har{eHrre, onpe,qeJreHHoe oKcne-
pI4MeHTa,'IbHo, cocTaB(J'IO 0, 1 3.

Be.nlrquna Harpy3rcrl F (cM. prac.3) raaueualacl or
2400 to 3700 H c ynerr,rvenr,revr rr,r[opa3Mepa HoncKrl

or 5-ro .qo 11-ro, TaK qro .qJrr Ho?KKr,r runopaalrepa 9,
Eau6o,'ree noaxo.qfl urerZ Afl fl ( cpe,qHecrarr,rcr14secKorZ,
6egpennoli Koco,r, oHa cocraBr{,'ra 3300 H. EroTo.rHo
coorBercrByer Harpy3KaM Irprl TexHI4qecKtlx I4cnbl-
ranraax 6egpenur,rx KoMrroHeHToB no Mer(,qyHapoaHo-

Ta6r. 2. Ou3uKo-MexaHuqecKhe csohcrBa KoMnoHeHroB Mo.a,ernpyeMbtx cucreM

uy crangapry ISO7206-4. To,ruruna rleMeHTHori MaH-
Trr4 B lu4craJr!,Horl .racrr,1 HonceK 6atra He MeHee 2 MM.

Tarcr.:ru o6pasolr, 6rr.n cSoplr.rpoeaH Ha60p reoMerpfi-
LrecK14x 14 KoHeLrHo-SreMeHTHr,rx MoAeret crlcreM
.Holf(Ka 3HAo fipore3a 

-Kocr 
H r.r r,t uerraenr-Se,qpespag

Kocrb". a raKlKe coorBercrByrou-ll4ri Haoop Mo4eJrerz
beApeHHoIZ Kocrr4 c ecrecrBernrrlr raao6egpeunorvt
cycraBoM..{ra o6ecneveHlrfl Bo3Mo}tcHocrt4 cpaBHx-
TeJIbHOTO aHaJlr,I3a MeXaHtlqecKOfO rIOBe,qeHI4A C!4CTeM

c pa3HblM Trlnopa3MepoM uoxrcn ee,rnvr,rna oScera
npr,rHr4MaJracb nocro.aHHorz (S-40 vv na pnc.2). B rca-
qecTBe otlopHoro KoMnoHeHTa crlcTeMbr r{c[orb3oBa-
Ea nflocKa.E [IJ'rou{aArca ro.ru;lrnoii 3lrn lrs xparqeeoii
T KaHtT l rlMVrT tTpy loulet xpalrleByro noBepxHocTrr Ko-
.npnHoro cyc, aea. norolKeH14e Hu1+<Hei4 rpaHu n rnLua.a-
rclr 6auo saQNncr.rpoBaHo B npocrpaHcrBe.

.{,ra pacveroe Hanpfi)r{eHr.irl (o) ra.qeoopMauxii (€)

B KOMrIOHeHTaX CT4CTeMbI tICnOJ'lt'30BaHbI Ct4CTeMbI ItO-
op,4r.1Har uurrHrpr.lrrecKoro r lroa. B Kalt{aoM MriKpo-
n5'ueve rcoirtnoneHToB chcreMhr pe3y,rhrr{pyrout fi
BeKTOp O paCKr'ra,4brBaJrca Ha: oceEyio KoMIloHeHTy oz,
Ha t1pa BJ.reHHyK) 8.4o,'rb ocr,1 6erpeHHor] Koc'f ,r ( Ho]rKr,l
gH,qoqpore3a) ,!'r14 rlo Kacare,'rbHoii K o6pa3yrcuer;i
rloBepxHocrr, HanpaBreHHoJ,I cHr.r3y BBepx B cTopoHy
qeHTpa poTaqrlx; pa.qt1aJ'IbHylo On, Ha[paBIeHHyro
nepneH,qr{KyJr.fl pHo n o6paayrculeii noBepxHocrr,r AaH-
HO|O KOMnOHeHTa B AaHHOtl TOqKe, r{ TaHfeHqI4aJIb-
Hyro o t, IIapa!'rJ]eJ'rbHyro 3Tor.1 noBepxHoc:rx.

flpn aeicrer,rr Ha 6e.qpeHHyro Kocrb pe3yr'rbrr4py-
rculeii cr,l,'rbr 3300 H, npruorreHHor7 B qeHTpe roroBKra
6egpa, pacrarNearcrurle Hanpflx{eHrfi B ttoprrr(aJrb-
H!,rx cTpyK'rypax 14MeroT MaItcuMarbHbre 3HaqeHI4'1
B BepxHei rperu 6e4pennori Kocrr4 c ,'rarepa,rbHoi
cropoHbr (ao 30 MlIa), cr{rr{Marculr,re pac pe,qer'reHbr

rro ayre AaaMca ,,r .qocrl4falor l,rarcclrrvrylra (oto,ro
50 MtIa) s6nva4 uteirrc 6eapa. Paararrnbre 14 raH-
fPHUrlaJrbHbre KoMrroHeHTbr npr l 4aHHot Harpy3Ke 3Ha -
qrlTerbHo MeHbrue Bo Bcex roqKax rocrll..[e$opva-
ur1fl MoAeJ'rr,r 6e.qpeHHoft Kocrrr 14 cMeqeHr4e rteHTpa
poTarlrlu rroKa3aHbr Ha pmc. .1, (r.

AHa,'rr43 Hanpfln{eHrlir 
',I 

.qeqlopMarlrlil B HorKKax
?HAonpore3oB noA Aefi crBr,reM pacrrerHbrx pe3yJrbrr4-
pyrcu{r4x Harpy3oK AaJr cJleAyroqr4e pe3yJ.rb, aTbt.
Maxcrlranlrrlre pacrflfrrBanulr{e Hanp.fi}fleHrr.fl Aoc-
Tr{ralorcfl Ha rareparbHoi,i r]oBepxHocrr|Jrei\:Kr,t vr B
SOHe TaK Ha3brBaeMOfO KptlTr,IqeCKOtO CerreHr4n HOlr{-
Kr,I. MaKctrMa,'rbHr,Ie crltrMaroul!{e Hanpff trceH14'l cosAa-
Iorcfl Ha Me,qrlarbHoil noBepxHocrt4 uleriKt4 'l Ho]KKr{.

' 
,qrrcrar6sas

garrpaBr{oqa'r
(cBMrIS*i' .isl

0,5

0,3

10

0,3

20

0,3

0,1

0,25

110

0,3

' CeepxesrcoxonoaeKyJrfl pHhrrl noJrr43Tr,rJ'reH rvrapxu Xupy,r"n -

0,3
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X-0,15 Mer=0,25 MM

] 
z--0,66 MM

X

z=
0,8,1 MM

+o1", Mna
200 r50 100 50 0

l)tlc.3. I eoMel prI'{ecRafi MolleI6 cttcreMhl (HCrtKKa 3HAonpore3a ueMeHT-6ejlpeHltar I{oc1.b, (MecrHbtl)i p:rrpe; cpponra-rs-
HOrl nJrocKocr'6loi.

i - Kopf KaJrbHan Hocrr,: ? -- cnoHrrro3Haa_ ftocrb: .3 - xprrut; j -- Koc,fHb i (eMcH1, j -- HrrNifia rHt(,nporcaa. r) _ jrrc.rarbHa,
HarrpaB.;rHrolirafl {CBMrI3): 7 npo6Kit (CBMIO). F paEHolei,ic1.Byx]rqan crura Harpyx{eHrrri.

Prtc.4 necbopMalrtls (B Macura6e L0:L) Koxe.{Ho-3,reMeaTr1or)ri Mo.qenrr 6e.qpennoii (ocrrr 5e3 oHAonpore3a {.r) n c Ho}fiKotr
aHronpore3a .Cclea"_9 (5): cMeqeH'e IleHTpa po'raqrrr4 c,lcreMr]r rlo! AeircrBueM pacrrerHor-t Harpy3r(Ll F=.j300 H
Puc 5 PacnpegeleHtle Hanplr?neHrtt-t Ha JIalepatbHoil (pactax<enr,re) !t Metr!{aJbHor:r (cr{car e) cropoHax Ho)r!l\ JHAolrpore3a

"CQ:ea,-5 npu pac.{erHoir pe3yJr6T pyrcLqer:? uarpyane 2400 H u oocere 40 MM (I 7-3oHbrfpyeHaJ.

TnnlrqHr,rr,li xapaKTep pacnpe.qeJ'reHr'1fi Hanp_fi )KeHr{fi
flo 3oHaM Holr{Krr (3oHaM fpyeHa) no(a3aH Ha pr{c.5
Ha npfiMepe uoxtrcrl uCcben' 5-ro ruuopaalrepa. Mar-
cnMa"'rbHbre ypoBHr,r pacT.af rrBanu{r4x Hanp.f x{eHr{ti
B Hoxrmax nCdten, gpyru,rx rjccJre/loBaHHbrx rmnopa3-
MepoB nprlBe.4eHbr B Ta6,r. 3.

Heo6xoattivro orNIert,rTb. .rro Hanpr]fieHtIfl B Eo]KKe
(KaK rr B Apyu,rx KoMnoEeHTax cr,{creMi,r) cyulecrBeHHo
3aBrlcnr or BeJ'rrlqrrHbr ocbcera. Ko:topbrri Ar'r.fl Ka]ltAoro
T nopa3Mepa Mo)(eT Bapbr{poBaTbc.f 3a crleT npr{Me-
HeHr{-a pa3rrrtlHbrx Tr{[opa3MepoB foJ'roBKr,r 6e.qpeHHo-
fo KoMrroHeHTa, qro np Boarl'f K y.qaJreHr,rrc $tnu npu-
6ar,lxenrro) Torrnrr nprJror(eElra peey.nlurpyroqeii
Harpy3Ktl oT och Ho?KKit, yBeJuLlllBa.s (r1rh yMeHr,tllaa)
BeJu{qr,rHy narr6arorqero MoMeHTa. Ilo::,ronry B Ta6,1. 3
IlpeacTaBJ'leHbt 4 Be"rt LlrIHht Hanpfi)KeH11t4. Bo3H'1KatO
tql,lx npr4 MaKcnMar'IbHoM AIfl KalI{AOfO Ttlnopa3Mepa
oQcere. CJreAyer rlMerb B Br{,4y, vro npn oruu6rax e
ycraHoBKe 3HAonporeaa, 6oJTee BhrcoKr4x neperpy3Kax,
o6ycJroBreFHbIX pa3HbrMr{ rlpI'{r1I4HaMr,I, a TaKrr{e BCJIe.4-
cTB14e norpelIIHocTet MaT.eMaTr,rrlecKofo MoaeIr4poBa,
Hr{E peaJ'rbHr,r14 ypoBeHb Hanp.flx(eHi4ti Mo}fier 6r,rrE, Ha
20-307o srrute pacqerHofo.

B paccvrarplreaerroii cr,rcreMe nalr6olee Kprrr{ir-
HbtM KOMnOHeI{'[OM j:TBJIAeTC.E qeMeHTHa'1 MaHT'{.E, He-
06parrlMa.E AeSopMaur{.fi r4J'rr pa3pyrueHr4e KoroporZ
npr,rBo,qrlT K norepe cra6n"rbuoco{ $r,rncaqr.o,r noxcrcn,
Mrlfpaul4 t{ac'ttlq qeMeH'fa, B ToM rlqc"'te B y3e"! Tpe-
HTI.E T4CKyCCTBeHHO|O CyCTaBa C KaTaCTpOq)r{.lecKrrM
rr3HocoM nocJreAHero [1]. Cxevra nepeAaqr{ oceBor)i Ha,

fpyaKrl or HorcKrl oHlonporeaa uC$en,,. ,rMeroqer,l
Soprvry ir"rrlrna B AByx nr'rocKocr.fix, K qeMeH.rHoii x,raH-
Tr,rr,1 rr .4aJ'iee K KocTHbtM c,rpyttTypalr [pe,4no!'raf aeT
Hem36excHocTb cKoJ'ib]fieH',Ifi HolttKt4 0THocrlTerbHo
UpMpHTHoi MaH r rl ee gac ft4rlHb t Bo3Bpar [pt1 cH F-
Trlrr Hafpy3rcr,l. Ec,Ir.r Hanp.E}IteHr,l.q B rleMeHTe nptrBo-
A"ET K ero nJ'racrr{r{ecKofi ,{eSopMaqrrrr (uo,rayvecrn),
Molr{er irpor.lcxoArrrb nocrerreHHoe yBer'irrqeHl,Ie o6uefi
Mrrrpaqr,rr,r Hox{Kr.l oruocrrreJ'rbno ueMenra [14, 15]. llprr
p,ehc"tBtrrr Hafpy3(m B qeMeHTe Bo3Hr,rKarcT oceBbre,
paarlaJ'IbHbre I'1 TaHf eHIIUaJ'IbHbre nanpaxceHfia. 3aarc
oceBbrx HatIpax{eHr,r]i oIIpeAer.Eerc.F r.r3f rr6oM Ho}lrKr4,
T.e. B 3aBr{c}4Mocrtr or lroJ'Iotfl eHrr.f paccMarprlBaeMori
TOr{KI4 B Cr4CTeMe lrOrXer 6ttrs |IoJlo)fir4TeJ'rbHbIM (pac-
Tar{eHr{e) r,rJr14 oTpr,rUa:feJrbHatu (cxrartre). Benl.r.I,rna
oceBbIX TaHleHqLla"'r6HbIX paCT.EfrlBarOU_lUX HarIp.q-

Ta6n. 3. MaKchMan;Hbte pacfsruBatoult4e HanpflxeHurr
B HOXKaX sHAOnpofeSa "c@eH", Bo3H4KaaUJqe nph aeicfBuh
pacgerHax Haapy3oK

TxrloDa3MeD
xoatwr nC$ei" narPY3Ra' tr

I{anps)'CeHr.fr, MIIa

B Deftrae B Kpr4Tr(rrecKoM
ceqesr14

7

I
t1

*Hanpfi)Kesrrq
Mepa ocpceTe.

2800

3300

3700

110

90/115+
80/115+

160

130 / 150*

I5l 130*

fi prf MaracrrMar''rbHoM a,'1.fi aaHHoro Tr,f nopa3-
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lrieHl4t{ B ycJroB flx llr4Krr.lqecKoro Harpy,tteHt4.fl He

AOJrlrcHa rrpeBbltrtaTb npeAera BblHocJlI4Boc'l'14 I{eMeH-
Ta, Koropbrii, no AaHHbrM (b14pM-npot43Bo,4r4TeJrel;i 113],
Mofirer ,qocrr4rarb 10 MIla sa 6aee 10o qrrcrtoe (rpn-
r'repno 10 rer encn;rya'raqnu). Cxnl,rarcxltre pa.4r,IaJrb-

Hbre Hanp.arfieHr4fl o[pe.4eJr.EroT pa6oTy cl4rbr Tperir,l.[
napbr Mel aJrJr I\eMeHT r AJ].E cHtl)fieHr{fl r3Hoca KoM-
IloHelIToB napbl aoJrlKHbI Mt4Hr,lMI,{3r1poBa'rbcfl , t{To ao-
cTl4faeTcfl orITr,IMt,13aI\t{eJ;I feoMerpI,II4 HO}KKtI. yMeHb-

r eHrlro pa6orbr:fpeHr,r.fl c ocoocrByeyraKfi{e norl4
poBKa noBepxHocr,l Holr{Kr,r, cnlrxanrqaa noe$cpr.rqlr
eH'r rpeHJ4fl. lloerovy rrprr aHaJrrr3e pa6oru cr,rcrel'It r

Ha116oJlr,tuee BH].tMaHr4e yleJlffJrocb'reM 3oHaM LleMeHT-
HOt MaH tr,l14, B KO',fOpbIX I(OC l'11faro',l Ctr MaKC!,INla.lrbllbre

3HaqeHrl.a 3'u4x Hanpr?IteHfl ti.
I{polre roro, 6orruroe 3naqerrr4e c roirKr,r 3peHrrrr

npoqeccoB uera6o;rralaa B Koc'fubrx c:rpyKTypax l',IMe-

ror ypoBeHb fi pacnpere,!eqrs -allpir}l{ePL4t B t upTl4-
KaJIbHoJ; r{ cnoHrr,Io3Hoii nocru. CouacFIo r{3BecrHoMy
raxoxy Bo'ru,"l-ri, cf pyrrypa HocrHorl r,{aHh Haxo,qrlTcF
e npnr,.roli 3aBlt.rlMocrri or Aei'icrEyqu/x ri! UFF H3-
rpysorc. Tpa6ercy;rbr ry6.raroii Kocrr'1 11 cr{creMa ocreo-
HOB KOMflaK'tHOt{ KOCTI4 tIMeIOT OnrtlMaJrbHyIO Opr,leH-
Taqtllo t4 B3at{MocBf3b nJrfl conporr'1BJreHr{.8 cpyHKr\t4o-
HaJlbhbtM .tar'iJyJ\b!1. ttp!1 . 6AA<eHUU IlJt4 tlpa3Mep-

HoM yBerr,llieH!.I!,r Harpy3nri Ha Kocrrr, o6ycroBreHHoM
h.noJ,tb3oBaur{ev rHAonpor Pra. va..a doc'tHort f(aH
6y4er yuenrruaracfl. 3ro cesaano c yqacrtreM rtocr'-
Hbrx KreToK - ocTeoLltlToB B npoqeccax MrlHeparrr3a-
r{rara Koc'rHoii 'rKaHJ,r t,,I ocreofeHe3e. O6pa3yfl MaccrlB-
Hble KIeTOTIHO-NIaTptrqHLIe Ct'lCTeMbl, OCTeOUT{TbI BbIC-

Tyrraror B poJrr MexaHrlqecnrax 6r,roceucopoe, peau.r-
pyrcqr'Ix Ha r,r3MeHeH e Hafpy3Kr4 Ha KocrHyro rr{aHb,
npuHt4MaroT a(T!lBHoe yqacrr4e B o6MeHe 14oHoB Ka,'r6-
ql.ra u dtopur,rpoeaHr4r4 Kocrnorl rnaelr [9, 15].

llpoee4ennrre pacirerbr .4arr.1 creayurrr4e pe3yJrb-
rarlr. llpr1 ller;icrBr.Ir4 pacqerHbrx Hafpv3or{ oceBbre
cMeuleHr4fl Ho?+cKr4 o'fHoctl'l'eJ'IbHo IleMeHTHotl MaH1.I{I1

3aBr,rcar or yrJroB KJrrrHoBt4AHocru i.r pa4nyca R 4ynr
A4a mna. Bc,'rcrtr-rB 11 e pa ;r,r h rll r y n py f 14 x Mo,4y,r eri
KOMfiOHeHTOB CXCTeMbr, a raKr(e n3rr,r6a UOlrXlr ee-
rr.1rrhHa 3Tofo cMeuteHufl pa3r14rrHa Ha JraTepaJ'rhHot
/ lre4r,rallaoit cTopoHax r,I tro AJ'{He Ho?{{xr.r. B csolo
Or{epeArr BeIuqr'IHa paArlar'IbHr,IX t{- TaHreHqI'Ia,'IbHbIX
HalpflEieHrrii B qeMeHTHoJi MaHTrir4 r{ KocrHbrx crpyrc-
Typax o[peAer.EeT cx rry6r.troil (npoceAaHr{fl) Ho}K-
Krr [o,q Aei:icrBr4eM uarpyanr,r. TNnlrvHoe pactIpeAeJre-
HI4e OTHOCI4TeJIIJHO|O CMe[\eHt'It HOrI{Kti IIO ee Ar'IUHe
npe,qcTaBreHo Ha pxc. 6, BefiI4rruHr,I MaI{cI4MaJrbHbrx
cMenleHr4rl Ha MeArraJ'rbHorl cropoHe B 3oHe pe3eKrIr4r4

r,1 y nr{craJrbHofo noHI{a Ho}Kr!r{ 
- 

e ra6.n.4.
Auaalrs no,ryvenublx pe3yJrr,TaroB noKaBbIBaer,

, r'ro Ma Kcr{MaJtbdaf aMrJ'rr.1Tyaa cN4 eule g ra ri Aocrnra-
{:1.r B 30He ypoB}lf pe3eKuh14 c veIua,ruuL.-'il cropo-
Hbr Ho)+!Kr4 14 y ee nrlcraJrbHoro KoHqa. llo Mepe yBe-
Jll.{qeHr4.E yrJla I{JI'IHOBT.IIHOCTT,I HOrI{Kr 06U\afl Be,'Ira-
L]'lHa.MFrueHrlF pa3Hr.1Ur MelrcAy 30HOt peSeKUrM 14

/lr4cTaJrbHBbIM KOHI{OM yMeHE,AaeTCr, HeCMOTpfl Ha
yBeJrxqeHrre pacqe'tHoti Harpy3I{r4, rno AoJr}rcHo np14-
BOArTrr K CHr,l)fieHtfil) rI BbIpaBHXBaHTIIO UO.qJlrlHe HOr{t-

Ta6t. 4. MaKchManbuoe cMeuleHue HoNeK 3H!:Ionpore3a

"CQes" otuocntenr,Ha ueMeurHad MaHTuk naA AeicrBueM
pacLrefHdx Harpy3oK

f\,rllopa3Mep
Horrcrirl (C0err)

Mafic'IMa16Eoe cMeqeHxe, MM

vDoBeHb De3eKurtrf
att'TaJI6H6t' KoHeu (tiar^r""i".topo',aJ

0,23

0,21

0,22

0,13

Kri raHreHrlraJrbHrrrx rl paArra"'rburrrx uanpaxreur,rri e
qeMeH l'e.

r\ir r{ )H- u,[ "1]aJtr' L BLrL -. pa,I(r,taJlbHhip Ha_Ipq-
)fpHt4f B ueMeH tHori Ma.T,1r'1 Ha ee tpa Huur. Hot{t{ot:i
ul.pe.!.eJ'rF'of y,reJ oFlLo prbory crr,r rpeaua (dA.,, t.

EBtf {LlJyrocs nprrnuorT h3Ho.i noBepxHoclara p^
,.^""^-.- ^-^---- f ol.h,'n 

'ldPo1 
1_{cNlcnr-LY,c LdrLJl LUl.

aA ut, = v'6t oL,

f/{e p KoScpcpr4rlr,reHT TpeH'Ifi.

llpoeeqennrre pacrre'rE,r noRa3aJt{, tl'r'o MaKc MaJ'Ib-
HL,re pa,qra!'rE,Hbre c?{14Manr]ll,re Hafl pjlr{eHl,I'l /xocTr4
rarorcff c Meat4aJ'rbHori c ropoHr,I Ho]ltK'1 B6JIt13r1 ypoB-

rn- n,n tir V.,.....L'Batr. 'r'o B STot{ }{te

3OHe MaKCl4Ma,'rbHa aMfiJ'IJ4'f y,4a CMeLL{eHJ4fl I{Oi{tK11 OT-
HOCr{TeJ',rbHO rIeMeH'ra, riMeHHO rrpoKcfi Ma,.rr,Hylo qacTb

HOr{KrI 14 qeMeHTHOr'I MaHTtlr4 CreAye r CrrtlTa'f b Har,l

6o,ree yasenuori c roqnr{ 3peHr4.i{ rlsaoca. llo llepe
y,[aJreHllff or nyrfi A,tavca ypoEeHb qa]p,r)+ceHrt B

rleMeHTe cHr,lr{aeTcfl, a rlx pacrrpe.qeJreHrle rro rleprI-
Merpy MaH'rrlI].r craHoeutca 6o"ree paenollepnarl'r- C,re-
,tyer norqeprHy. b. er o Be.nhLrhHa paaryca R cyuro.
cTBeHHO B'rrlreT Hlt FaFpflXFLrhF B UeMcH.a {daK pa

.qriaJrbHbreJ TaK r,l TaHreHurra;rlnrre). lipr reoMerp14-
9e.(r' Bo3Mo?nuov Bo3prcraHhri oarr.rvca R sanpn-

'fieHt1fl 
Or r,I Ot cyrr\ecTBeHHo cHi4tltamrCa. IzlrtesuO 6"'1a-

rol.apf npoBc4pHH- \t pacuFTaN_ 6s rra euruponur tna-
qeHlr.q R s rr4nopa3MepHoNr pa,xe norcerr nCcfeu,-

PA.nnaEA ripH,,o *..rlbHFIX pa cTFfi/Ba IO

ul14x Hanpn)i{eh/{ri B UoMFH cHot' vah / y Ho}{pd
<C$en, no A!'rl1He Ho)I{Kr,r 14 no rrepr4Merpy MaH1r4r4 B

onepeqHbrx cer{eHr.I-ax aHa.[of 14trHo pacnpeAereHuro
paAr4a,'rrrHbrx Harrp.fir+(eHr,rii (pr,rc. 7). Marccr.rua;rluue
ypoBHr4 pa,qrraJrbHbrx rl TaHf eHqr,Ia,lbHbIX HaIIpfl xte-

Ta6n.5. MaKcraManbHhte 3HageHhF pa,qt4an6H6tx u raHreH-
quanbHbt^ Hanpu^cdut, B upMeHtHoi MaHTutt .'o^pr 'HAa-
npore3a "cQeH" npk pacaerHax Harpy3Kax

I{anpr}r.eHra, MIIa

5

7

I
I1

0,26

0,23

0,22

0,12

B npo&cr{-

5

9

_ I'I

-15

-13
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9

-11

9,5

B,2

6
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l{rlri B IleMeHTe ,qrfl Ho-

x{eK SHAOnpOTe3OB
(CdeH > rIPhBe,4eHI'I B

Ta6r. 5. Ar.E o6ec[e'{e-
H'1fl pa6010cnoc06Hocrt{
MaHl't1r{ 3T!{ Hanpff ,rieHl4.fl

He .4OJ'Ilt(Ht 1 npeBbl[laTb
fl peAer'ra Bbr Ho c JrtTBocT u
ileMeHTa (o l), noKasaH-
HOfO Ea pmc. 7.

AHarrr3 rlo,'Iy.{eHHbIx
pe3y,'rLTaToB nOKa3blaa-
eT, qTo TaHfeHIII4albHbie
pacTaf r{BaroulI4e HanpE-
2(eHrrE B rIpoKCr4MatLHOfi
qacrr TIeMeHTHOT MaHTr{14

HOlrcKr,r <cseH> Trnopa3-
Mepa56,u,r3KI4KYcra-
HOBJIeHHOMy B KaqeCTBe
KOHTpOJTbHOTO ypOBH'I
npe.4eJry BhrHocJlrlBocTr4
rteMeHraor=10MlIa

I 'll n rs. r^
tlMeTb B Br,IAy, .ITO 3TO

3HaqeH14e IIOJIy!IeHO I{3
pe3yJ'rbTaToB wc\IbITaHtTn
o6pa3r{oB no cxeMe pac-
'l'fl ,{teHr{e-crlcaTr{e, KoTo-
paff flBraeTc.q oa]doi4 u3
caMbrx fitecTKtlx, Tot.4a
KaK Ha|Ip.qxceHHo-,4e+op-

I Mfla 6e

ffi\arun*
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CMerleHrre, -o.,
MM MfIa

0,3 0,2 0,1 10 20

B

l

10 ,

, Cueule-
MfIa Ht e, MM
t0 0,1 0,2 0,3

F

I

Hanpae,nerrr,re cMerrlenrrn

+or, MIIa
1050

+or, MfIa
5r0

4 r Mrrr 8,2 MnaM8 Mra (66

Wy":
HO'(KA

Mr.lpoBaHHoe cocTo.aH14e rIeMeHTHoI4 MaHTrlr{ oTBer{aeT
6oaee n.firxort cxeMe Harpylr(eHr4.E.

lloa redcrBren pe3yrbr14pyroulefi Ha rpy3K14 Ho?{r-
Kr,I 3qAonpore3oB, KpoMe cMeuleHrla egolr ocr 6e4-
peHHofi Kocrr{, noABeprarorcff raaru6y a MeA!{aJrbHo-
rarepaJrbHoM HanpaBJreHr{r4. B coorsercrer4v c err4rq
B IleMeHTHo'1 MaH.lt4r{ Bo3HrrKaeT oceBa.s KoMnoHeHTa
(oz), opr{eHTr{poBaHHafl BnoJrr, HarrpaBJreHr4.a ABrarxe-
HI4.a Eorrotr4. Bc,ne4crerae uaur6arorqefi ge$opr,aaqzu
3HaK oro]Z KoMnoHeHTbr ((+> 

- 
pacrEE(eHr4e, (-> 

-crr{arr{e) pa3rllqeH B pa3HbIx ror{Kax qevreutrofi vtan-
Tt4tr ,qaxte B rrpeAe,'rax opnoft u roi,t lrte sonrr lpyeaa.
rJer]4q[Ha 3Tr,rx Hanp.a}I{eHr4i4 aasucwr or reoMerprlr4
HolKl{r4 !r rcoe$$lfi1r,renra 'rpenra-a. Ognaxo, ftaK ycra-
HOBJIeHO pacqeTaMr4, ypoBeHb oceBbrx Hanp.firfieHr4fi
!o. Bo Bcex 3onax rIeMeHTHoi v'a:uTrr4 y Horriex gH-
,qo[poregoB <C$euu anauu.re!'r!,Ho MeHr]rxe, qeM pa-
AI4 JIbHbIX'{ TAHIEHI]4AJ'IbHbIX.

B uporccr,rrrla.nlaoft vacru 6e4pennoft Kocrr{ Hanp.E-
)fieHl4fl ,{ 4e$opvraql,rr qepenalorc.a or qeMeHTHorZ
MaHTro4 K cnoHrr4o3Hoft xocrlr. AHa,rr,ra Jrr4Teparyp_
HbIX AaHHbIX r4 npoBeAeHHbIe HaMI4 SKCiIepr4MeHTbI
IIoKa3aJrr [7], vro cr,ua cqenJreHr4.E rIeMeHTa co cnoH-
rt'Io30,{ npr4 trx oTHocr4:feJrbHoM c,4Br{re IlpeBr,rlxaeT
ci4J'ly paSpyueHr4ff caMofi cfioHrr{o3Hoft rcocrr{. flpr,r
Bo3,qeicrBr4r,r pe3y!'rbrr4pyrorqeft Hafpy3Kr4 B cnoHrrr-
o3Hot Kocrr{ Sopul,rpyerca cJrorKHoe Hanpfl}l{eHHo-
4ecfoprvrnpoeanuoe cocroaHr.le, riprl Ko.ropoM MaKcr4-
MaJrbHbre .qeSopMar{yra pacrflrfteHr4.r .qocrt4farorc.E

Ptic.6. CMerr{eur4e Eo}rircr{ aaAo[pore3a .C$eu,-S orHocrrreJtlto rleMenr.a, paAJ4aJt Hbre
crrcr4Malou,It4e Hanp,arKeHJ4g of B rIeMeET.e no 3oi{aM lpyeHa (o) 4 rlx Snlopbr B cer{eHtlEx no
3oEaM 1-? (6) tt 3-5 (6).

Plrc. 7. Pacupege"reAr4e ral eEqt{arlbll6lx pacrEatBatorqrx EanptxeHrati B IleMeETe no Bo-
HaM fpyesa r{ ,rx 3firopa B ceqear{r no 3orraM l-7 LJrtr HorKK!4 3r{Aorrpore3a .C&es"-?
[pr4 pacqerrori xarpyerce 2800 H.

c,'rareparbHori c:copoHbr 6eApeHHofr Kocrr4, a ctfiarr1fl

- c Me,qr4arbHoi. MaKcr,rMa,'rbHbre Hanpa)fieHl4fl pac-
'la)rceHr4.fi tt cr;:'arua, Soprurpyrouli,reca B crroutr,ro3-
noit rcoc,u npr,r npore3r4poBanlu,r noxcraivrq oC6eno,
npr4Beleubr g ra6r. 6.

Cornacao Ju,rreparypHbrM 4anHr,rrr [9, 15], nanpa-
lrceHrle pa3pyueHr{.E 3.qopoBot cnoHrr{o3Hot TKaHr,I
6e,4peHHoi Kocrrr cocraBJr.fier 5- 10 Mlla upr{ pacrff-
rrceHzr{ 14 8-15 M|Ia pA crnar \r. C yveroru roro, qro
flpe.4eJr r{rrKJrr4secKof BbrHocrr4Bocrx x{rlBbrx rKaHeft
opraHr,r3Ma 6.nrraox x Hanpflll{eHr4ro pa3pyrueHr4.E rrpn
KpaTKOBpeMeHHOM HarpylKeHr4r{, Onpe,qeJreHHbre B
pacqerax ypoBHr,r Hanp.r?KeH'4i B cnoHrr4o38ofi Kocrr{
np14 3H,qonpore3rrpoBaHr4r{ x3AeJir{.aMfi <CSen, .ABIE-
rorc.s 6eaonacnr,rvr c roi{K},r 3peHr{.fl pa3pyrrreHr{fl.

Peayrsrarrr aHaJrr{sa Hanpffrrdeuno-ge$oplr,rpo-
BaHHoro cocroff Hr{ff rcoprrrKaJrbHoro cJro.fl 6e,4peHHor;
Kocrx rrpeAcraBr'reHbr Ha pr,rc. 8 ra B Ta6r. 7.

Ta6r. 6- MaKckMatbHae gHageHks HanpqxeHhh B cnoHrk-
o3Hoh KocTt4 Atg HoxeK (CQ?H> nph pacgerHbN Harpy3Kax

1,1 .
o,'t ...
1,3 .

-1,0
-2,8
-2,2

rilr.i; 'r,iijii:r*;
i'':;r:, :" i ,

ii r', ,: i ; 9;ir,liir,r I ,

!r,l;rl:'',' !li!"i,ai..
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MeAr4arbsaa croPoHa

Puc.8. PacnpegeneHr{e oceBbIX Haflpatr{eH/i1 B Ropr]'I(atbHoM c'roe 6eApeHHoi'i nocrr4

o-6easaAonpore:a;6-cHo)KKo'"cseB,.g(MX-Ma(c'lMyMpac-rglj{Ba1otll'{xHanpsI.eH',1,i'MN-MaXc,4MvMc)ftlMaloul!,1x
HanDs?KeHxtA)i a - 

qr{creriHbre 3HaqreHr{a pacTnarBarolq/x (+Ozl r,t C}Kt4Maruult4x (-Oz) Hairpfir(eHxfi (npeACTaBlerr CbpafMeET MO'Ce-

,, a,'r" "o**t 
COeH.-9i F=3300 H o$cet=40 vm

40 20

JlareparbEaa croPosa

Ilpoaegennrre pacrlerbl rroKa3aJrrl' qro Hat{6otb-

ulylo BerLlr{tfHy. KaK 14 B CJ'Iyqae ecrecTBeHHOti 6e4-

peHHorl Kocrrl, t'IMercT oceBble pacr.arl4Barour4e 
'{ 

c?lil4-

Marorque HarIp8rfieHt18. oni'I pacnpe4e,reHbl coorBer-
crBeHHO C JlarepaJrbHofi tI Me,qJ4aJrbHot cropoH B Bepx-

Heri Tperq Kocrr{ ,4ocraroqHo paBdoMepHo,'1 uo'4o6-

HO pacnpeaeJreHJ4ro nanpaxenuii 6ea enAonporeea
( cKrlo.{afl y.racroK uleriKl4 6eApa, xoropslli npr ea-

aorrpore3r,rpoBaHt'Ir'I y,qaJrfl ercff ). flpr erou ypoeur'r

HanpflrKeHl4li B oH,qo pore3t'IpoBaHHoil tl 3AopoBoi

Kocrr{ BecbMa 6,tviaKl'L Yqlrclleaff 6.;rl,130crh tr apyrt'Ix
rapaMerpoB MexaHt4qecKoro noBeAeHrfi 6eApeHHoil

KOCTr,r noa Harpy3rcoft, B i{acrHocrh cMelqeH''tfi IIeHT-

pa poral{I4t'I eCTecrBeHHOfO 14 
'4CKyCCTBeHHOTO 

CyCTa-

eoa (cr"r. prac.4). Mor{Ho c4eJ'rarb EblBoa 06 aaeKBar-

HocrJ4 MexaHi4qecKoro noBeAeHr{ff ecrecrBeHHoi 14 3H-

Aonporb3tlpoBaHHoil 6enpeHHofi Kocru O,qHaKo 3Tor

BbrBoA cnpaBeAJrl4B JIl4rIlb npI4 npaBI4JlbHoM Bbloope

Ta6t- 7, MaxcuMarbHde sHaseHL4q oceBhlx HanpqKeHt4t4

B KopruKanbHoi kocrk anc Hoxek SHAonporesa "CQeH-
nD, pacqefHbd Harpy3Kax

'rr4rropa3Mepa 6eapenuoro KoMIoHeHTa t{ ToqHOI4 ero

ycTaHoBKe.
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