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OT3bIB
BeAyrqefi opraHlr3arluu Ha AncceprarlEro
Cn4openKo AMrrrprrr AneKcaHApoBlrqa

Ha TeMy ((EuoMexaHlrqecKoe uccneAoBaHue sJreMeHToB rro3BoHoqHo-Ta3oBofo
KOMrrJreKCan cLrcTeM MeTElrrJroozrcaqur4 y B3pocJrbrx 14 AeTefi)>,

rrpeAcraBneHrryn Ha coucKallvre

}nreHofi crerreHLr KaHAHAara S z:uxo-MareMaruqecKlrx HayK
IIO Cnerlr4€rrrbHocrlr 1 .1 . 10. - EnovrexaHrrKa u 6noNnxeHepur.

. AKTyaJrbuocrb reMbr Ar{cceprarlnrr
I4ccre.qoeaneue npoqHocrHbrx cBoficrB TKaHeft opraHu3Ma rreJroBeKa,

a.?a TaKlKe pa3paooTKa 3aBucrlMocTeu, no3BoJr{roultlx Ha ocHoBe AaHHbrx
Me.{uqprHcKofo ALrarHocrLrrrecKofo o6opy4onalg.Lrt orleHlrrb MexaHlrqecKLre

cBoficrBa rKaHefi KoHKperHoro [aq]reHTa, rBJurrorcr aKTy€rnbHbrMrr ga4aqaMkr

coBpeMeHHofi 6uouexannru V OLIOM9ALIIIIIHCKOTO LIHX{lIHIftpLIHra.

EvouexanuqecKoe MoAenupoBaHue B rrocneAHue roAbl Bce qalqe npllMeHrlerct
B KaqecTBe rrHcTpyMeHTa nepcoHanv3upoBaHHofi MeAI{III4HbI, KoHllenqx-'I KoTopoft
yrBep)KAeHa rrpLrK€BoM MlrHucrepcrBa 3ApaBooxpanenkrfl, P@ or 24 anpets 2018 r.
Ns 186. B orofi cBt3rr AuccepraqlaoHHal pa6ora Cu,qopeHro ffvlrzrput
A-nercanApoB[qa flBrrflercfl, aKTyanbHbrM Haf{HbrM LrccJreAoBaHueM, B KoropoM He

TOJTbKO [OJryqeHbr HOBbre AaHHbre O CBOfiCTBaX ryoUarOfr KOCTU B3pOCJrbrX

rrarlr{eHToB rr [arIueHToB paHHefo Bo3pacTa, Ho rr [peAno)KeHa MeToALIKa OIIeHKI4

KoHTpaKrILroHHbrx ycvrlrvrir., Heo6xoAkrMbrx Ans. uanpaBnoavs, cKoJrLrorraqecKofi

M14HOEPHAYKl,l POCCNV

Se4eparuuoe rccyAapcrBeHHoe 6roAxernoe
o6pa:orarerbHoe frpexAeHrre

Bbrcilrero o6pasonaHux

<<Ilnanoncrufi rocy4apcrnennrrft
oHeprertrrrecrufi ynunepctrTer

trMenr B.I{. Jlennno>
G'il9)r)

4e$opuaqufi u He npr{BoArrrl}rx K rroBpexAeHuK). ry6uarofi Kocrn AercKpIX



TIO3BOHKOB.

COMHEHI4ft.

Crpyrrypa r coAep?r(aHrre Arrcceprarlnonnofi paboru
,.{uccepraqux flvrurpar AnexcaHApoBuqa cocrolrr z3 BBeAeHvrs) ruecrvr fJraB,

3aKrroqeHvIfl, TIIITIz rlpLlJroxeuuitu cllrcKa JrLrreparypu. O6reu pa6oru cocraBJrrer
1 45 crpanwl, BKJTIo'ras. 5 1 pncynorc, l 3 ra6tu\ u 22 crpaHr{rlbr cnLr cKa nrrreparypbr,
coAepx(arqero 1 45 ccbrJroK.

Bo BnelenLrv o[LIcaHbI aKTyaJrbHocrb Lr crerreHb paspa6oraHHocrr{ TeMhr

ALI cc epralluu, [peAcraBJIeHbI o6tem, [peAMer uccneAoB aHus. n c Q opuyJrtrp oBaHbr.'
IIeJrb vr 3a4a'r:a pa6orrr. Taxxe no Bne4eHaE olncaHbr LrcrroJrb3oBaHHbre rrpr4
peaJILI3aIInu pa6orhl MeroAbr u noAXoAbI, [pLrBeAeHbr rroJro)KeHufl, BbrHocnMbre Ha

3alrlury, Ha) THEUI HoBI{3Ha pe3ynbraroB pa6orrr, a rarcKe vrx npaKTlrqecKat
3HAqLTMOCTb.

- frasa 1 co4epxur o6sop coBpeMeHHofi rureparypbr rro reMe .{zcceprar\Hr4:
rIpeAcTaBJIeHbI OCHOBHbIe TIOAXOAbT K Lr3rreHr{ro MeXaHVrreCKr{X tr CTpyKTypHbrx
csoficre ry6uarofi Kocrrl, orrucaHbl Hara6oree qacro Bcrpeqarcrrlkrecr B nrrreparype
rIocraHoBKI{ 3aAaq o HarIpDKenno-4eSopMLrpoBaHHoM cocro.rrHlrLT rro3BoHorrHo-

ABLIrarenbHbIx cerMeHTon, cSopvrynlrpoBaH psA HepelreHHbrx 3a4aq u upo6nevr,
cB-tBaHHbIX c [arlneHT-opl4eHTupoBaHnrrvr 6raoMexaHlrqecKlrM MoAenupoBaHr4eM
cerMeHToB rIo3BoHoqHuKa H Lr3freHrreM MexaHuqecKlrx ceoficra ry6uarofi Kocrr4.

B f rase 2 npI4BeAeHbI [ocraHoBKrr npocrpaHcrBeHHbrx 3aAaq reopur4
ylpyrocrrl o HarIpf,x(eHHo-4eSopMLrpoBaHHoM cocrorHr{u rcylraeMbrx B

AIaccepraIII4I4 cerMeHToB rlo3BoHoqHrlKa. Trrar,a 2 TaKx(e coAepxorr MeroAr{Kr4
rrocrpoenllt rpexMepHblx TBep,qoreJrbHbrx uo4elefi vccneAyeMhrx cerMeHToB
no3BoHotIHLIKa: B prrHOM peXLIMe Lr B nOnyaBTOMaTLTTIeCKOM C rIpI4MeHeHLreM
nefipocerefi AJII o6pa6orrn ucxoAHbIX AaHHbrx KoMrbrorepnofi rorurorpa$nu.
Onucanrt LIcIIoJIb3oBaHHbIe a pa6ore MeroAr{KLr aHaJrusa cero.rHofi cxoArrMocrlr Lr

BanvIla\uv 6nouexanuqecKl,rx vto.{elefi [o3BoHotrHo-,rlBr4rareJlbHoro cerMeHTa
L4-L5 B3pocnoro rrarlrreHra.

B frase 3 orucaHbr Marepn€rnbr u MeroAbr rrpoBeAeHHbrx B pa6ore
3KCnepIIMeHTaIIbHbIX UCCIeAOBaHVTk\ CBs3aHHbrX C OlpeAeJreHr4eM MexaHr{qecKlrx LI

crpyKTypHiIx csoficrn o6pa:qon ry6.rarofi Kocrr4 rro3BoHKoB KpynHoro poraroro
cKora rI [aIIrIeHToB paHHero Bo3pacra. B uraBe raK]ce lpeAcraBnen paspa6oranHrrfi
aBTopoM Allcceprarluu €lJrropr4TM, rro3BoJrsroulufi ro AaHHbrM AualpaMMbr
((Harlptx(enze-4e@opMallut)> aBToMarr4rrecKlr onpeAenf,Tb MoAynb ynpyrocrvr u
[peAen uporlHocrLI. Ouucau anropcxrafi aJrropr4TM Knacrepu3arlr4r{ AaHHhrx,
rlo3BoJrtrorqufi anroMarrrrrecKu paz6uearb AaHHbre gKc[epnMeHToB Ha KJracrepbr pr

cTpoLITb AJI' Kax,4oro lI3 HLIX pelpeccLIoHHylo 3aBLIcpIMocTb, cBt3blBaloqylo
MexaHprqecKlre u crpyKTypnrre csoficrea ry6uarofi Kocrlr.

Taruu o6pasou, aKTy€rnbHocrb Aannofi pa6orrr He Bbr3brBaer

fraaa 4 uocnxuleHa krccJreAoBaHuro MexaHrrqecKux ceoficrn ry6.rarofi Kocrr4.
llpe4cranlleHbl pe3ynbrarbl anpo6aqrau anropLrrMa rro aBToMarusuponanHofi
o6pa6orxe pe3ynbraroB 3Kcrrepr4MeHToB rro oAHoocHoMy c)Karnro pr-.

opHflrHaJrbHofo anfoplrTMa KJracTepu3ar\plvr AaHHbrx.
aJrropuTMoB rro3BoJrr{Jro [onr{r{Tb HoBbre pe3ynbTaTbr rro

Ilpnnaenenze HoBbrx
paHee rrpoBe.qeHHhrM



i

i

t.
I
I
I

3

eKcrrepprMeHTaM c o6pa^:r1arr,rz ry6.rarofi Kocrrr roJroBoK 6egpa. Anpo6aqnr
aJrroprrrMoB aBToMarlrqecrofi o6pa6omn pe3yJrbraroB gKclepLIMeHToB n
€urroplrrMa KJracrepu3apr 6rrna [poBeAeHa Ha AaHHbrx oKcrIepuMeHToB c

o6pa:qarvru ry6uarofi rocru no3BoHKoB KpyrrHoro poraroro cKora. llora:ano, qro

€urfoptrTM KJIacTepH3ar\Hvr [pLrMeHLrM K oopaooTKe AaHHbIX pa3nErIHbIX
gKcnepLrMeHToB vr .nBlrf,erc.a yHrlBepc€ubHbrM. llpone4enrr gKcrlepuMeHTbr no
oAuoocHoMy c)Karlrro o6pa:qoe ry6uarofi Kocrpr noJryno3BonKoB [aqrIeHToB
paHHero Bo3pacra. florDr.rsHrt AaHHbre o MoAyJre ynpyrocrrl no3BoHKoB B

rrpoAoJrbHorvr (e4onb ocu reJra no:nonra) u roilepeqHoM HanpaBJreHI,Isx (noueper
ocn TeJIa uosnonra). flocrpoenrr HoBbre opurrrH€urbHble 3aB[cLIMocrpI,
cBr3brBaroqne rvro4yjrb yrrpyrocrz (n rpoAoJrbHoM u uolepeqHoM Hanpanneunrx),-.

ry6uarofi Kocrr{ AercKrfrx rro3BoHKoB u peHTreHoBcKyIo IrJlorHocrb, BbIpDKeHHyIo B

eAz"riqa* XayHcSun4a.
. -B lnane 5 npeAcraBJreHbl pe3ynbrarbl

oupegeleHzn Kpr,rrepr,rr secta6uJrbHocrz

qprcJreHHoro perxeHufl. 3a4a'uu o6
vreraruoSrrKcarlr{rl tIo{cHI4qHbfx

no3BoHKoB B3pocnbrx naqrreHron. ,fta groro Ans.pa3nvrqHbrx Hu 6uwr BbrqlIcJIeHbI

MoAynu y[pyrocrlr n npeAenbr npoqHocru ry6varofi Kocrlr reJr rro3BoHKoB,

Koropble 3areM 6rr.nu ucrroJrb3oBaHbr rrpu qucreHHoM pacqere Hanp-DKeHHo-

4e$oprranpoBaHHoro cocro-nHrr{ cucreMbr (rro3BoHK}r-Mer€rrrJroQurccaropu>> npur
geitclr;uu rurroBbrx Harpy3oK. IIr orIeHKu plrcKa pacruarbrBauvs.
TpaHcneAr4KyJrrpHbrx BLTHToB kr npoceAaurrrr reft4xa anaJrn3r4poBEurlrcb vr

cpaBHLrB€urrrcb c [peAenoM [poqHocTr,r MaKcr4M€LrrbHbre sKBuBarreHTHhre

Haupxrkenvrfl. rto Mraeecy n ry6uarofi rcocru reJr rro3BoHKoB. Ha ocnose aHarrlr3a

MaKclrM€LrrbHbrx Harrprx{eHufi uo Musecy n ry6.rarofi rocru reJr rro3BoHKoB 6ruo
BburBJreHo, rrro HtrI25 flBIrr'ercs. noporoBbrM 3HaqeHueM, Koropoe MoxHo
rrc[oJrb3oBaTb AJrr orIeHKLr prrcKa pacrxaTbrBaEvs. TpaHcneAr{Kynf,pHbrx BLIHToB kr

npo c eA aH us reft Ax a .Ha r;.vr>KHerrorcHlrrruoM yp oBHe.

B frase 6 upe4craBJreHbr pe3ynbrarbr pacqera KoHKperHoro KJrrrHr4qecKofoo-'

cJryrrar AJrr olpeAeneHr,rf, MaKclrMirrrrnoft AorrycrrrMofi ronrpaKrlrloHHofi Harpy:rlr
Ha rpaHc[eAurKynrpHbre BuHTlr, ueo6xoAnrvrofi Anr uc[paBJleHul cKoJluorrlqecroft
4eQopuaqvrr no3BoHorrHrrKa y narlueHTa paHHero Bo3pacra. [ta groro rlo AaHHIIM
KT z c ziuousgoBanLreM [oJrf{eHHhrx paHee 3aBlrcLlMocrefi 6:";^nu BbIqLIcJIeHbI

MoAynu yrpyrocru reJr u ropnefi Ayr no3BoHKoB ThII-LZ, nocraBJIeHbI u pelrenbl
3aAa.rr4 6uouexanuru o Aeficrsuu KoHTpaKrlzonnofi Harpy3Kll Ha

TpaHcrreAlrKyJupHbre BLrHTbr, ycraHoBneHHbre B rro3BoHrn Thl l-L2. Ha ocnose
aHarrvr3a pe3ynbTaToB MoAenupoBaHld-fl, onpeAeneHa upeAenbHo AorIycTlIMat
KoHTpaKrIlroHH€ur Halpy3Ka, Korop€u Mox(er 6rrru [pnno)KeHa B upoqecce
orepaqrrn rro KoppeKrlun BpoxAeHnofi crcorlrorlrrrecKofi 4eQopMa\vv y raIII4eHTa
paHHefo Bo3pacra.

KaxAas ruraBa BKJrK)rraer n ce6s orucaHue pe3ynbraroB I{ccJleaoyanuit,
a rarcKe o6o6qaroqne pe3ynbrarbr rr BbrBoAbr. Bcq unSopuaqlr'fl B AvccepralJnu
rrpeAcraBJleHa tcHo rr JrorzqHo, a pa3Aer <<3arcruorreHLre) cucreMaru3vrpyer u
o6o6rqaer Bce rroJrfreHHrre n pa6ore pe3ynbrarbl.
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Cnqsr c rrJraHaMn coorBercrByroqux orpacJrefi Hayrc

,{rEccepraqrroHHoe rrccJreAoBanne BbrrroJrHeHo n CaparoBcKoM yHuBepcllTere

B paMK€rx focy4apcrBeHHoro 3aAaHlas, FSRR-2023-0009. Pa6ora LIMeer BalKHoe

IlpaKTnqecKoe 3HaqeHLIe An',. [paKTrlrErecrcoft TpaBMaToJIofLlll vr opToIIe.{I{11 kr

corJracyercr c yK€BoM flpesn4eHra Pocclrficrofi @egepaqwr or 7 v.as. 2024 r.
J\b 309 "O naqzoHarrbHbrx rleJrrx pa3BvrrLrr Pocczficrofi'@e4epa\w Ha nepLIoA Ao

2030 roAa n Ha repcreKrr{By Ao 2036 ro,4a", B KoropoM cpeAu rpoaILIX yKa3aHa

3aAaqa o pa3BvrTyrvr vr BHeApeHrrrr r4HHoBarluoHHbrx MeToAoB AVafHocrLIKa,
npo$unaKTrrKkr 14 JrerreHrtf,, a raK)Ke ocHoB rlepcoHanrnrlpoBaHnoft naeAHIIrIHbI,

orrpeAeneHH€lt B cooTBeTcrBLIn c HaIIpIoH€LIIbHbIMrr rIeJLf,MpI.

Crenenr o6ocnonaHHocrrr n AocroBepHocrb HayrIHbIx Aocrux(ennfi,

d 
BbIBoAoB rI peKoMelrAallrfi , cQopuyJrtt poBaHHbIx B A lrcceprarlnll

,{uccepraquoHHoe vccneAoBaHpre Cu4opeHro A.A. peaJILI3oBaHo rpz
rroMorilu coBpeMenHbrx u aupo6zpoBaHHhrx MeroAoB u uoAxoAon. flpu [ocraHoBKe
zaAa4,acnoJrb3oBaHa reopus rnnefinofi ylpyrocru, rrpv oIIeHKe MexaHI{rIecKI{x
ceoficre Kocru npuMeHtJlocb o.qHoocHoe KBa3lrcrarrrlecKoe cxarLTe, pelIeHLIe

3aAaq Teopuu ynpyrocTr4 rroJrrreHo c rroMorrlbro MeToAa KoHeqHbIX SJIeMeHToB,

TBepAOTeJIbHbre nrolelu cerMeHToB [o3BoHor{HI{Ka ("a ocHoBe AaHHIIX.-'
KoMnbrorepnofi rorvrorpaQuu)ucncreM Qnrcaquu uocrpoeHbl c rIoMoIrIbIo pfrHhIX
I4 aBTOMaTI{3}IpOBaHHbIX MOTOAOB C IltClOJIb3OBaHueM TOXHOJIO|UU }ICKyCCTB€HHOTO

rrHTeJrJreKTa.llpu o6pa6ome pe3ynbraroB MexaHrlrrecKl{x IlctIbITaHLIit u'rucreHHbrx
pacqeroB npr{MerurJrprcb MeroAbr MareMarr,rqecrofi crarLrcrnKr4 (ouncareJlbHble

crarurervKy1 rpnrepnfi Manna-Vvrrnv\ nunefinrrfi perpeccuonnrrfi aHarus), a
TaK)Ke aBTopcKrre alroprrrMbr u Mero,{raKrr o6pa6orru gKcrIepaMeHT€LIIbHbrx

KprrBbrx rr Knacrepv3alJnld AaHHbrx.
B pa6ore AocroBepHocrb pe3ynbraroB o6ycnouena KoppeKruocrblo

rrocTaHoBoK 3aAarl, [puMeHeHueM TulroBbrx MeTo,{I,IK rIpoBeAeHLIt SKCIIepLIMeHTOB

no oAHoocHoMy c)KaTuK), cpaBHeHLreM pe3ynbTaToB c SKcIIeplIMeHTaIIbHbIMI{

rrccneAoBaH.vrflMn Lr pe3ynbTaTaMlr rrr4cJreHHofo MoAenupoBaHkIrl ApyI'Ix aBTopoB.

. Bce BblllreflepeqrrcreHHoe Iro3BoJurer cqurarb BbrHocLIMbIe Ha 3alrllrry
[oJro)r(eHlrrr, a raK)Ke BbrBoAbr, cQoprvrynupoBaHHbre B AI{ccepraIIrroHHoM
rrccJreAoB atiuu Cugopenxo .{. A., AocroBepHbIMLI u o6ocnoBaHHbIMI4.

Hayvnar HoBrI3Ha rrccJreAoB annfl,

[uurpLreM Alercan4poBprrreM rroJr]rrreHbr cneAyrolqlle HoBbIe Haf{HbIe
pe3ynbrarbr.

l.llpone4enu MexaHulrecKrre sKcrrepuMeHTbl Iro oAHoocHoMy cxarrrlo
o6pa:qon ry6uarofi Kocrr{ rorcHnqHrrx [o3BoHKoB Aetefi (.t. 1 nacnopra
cuequ€rrrbHocrrl 1. 1. 1 0).

2. P aspa6oraHo nporpaMMsoe o6ecneqeHlre, aBroMarll3rlpyloqe e o6pa6omy
pe3ynbraroB gKcrrepr4MeHToB rro oAHoocHoMy c)Karllrl o6pasqon KocrHbIX rranefr
r{ aBToMarprqecKn orrpeAerf,rorqee eS$errunurrfi vto4yrb yrlpyrocrvr 14 rlpeAen

lporrHocrlr rro AnalpaMMe cx(arur (n. 6 nacnopra cneIII4€uIbHocrLI 1.1 . 10).

3. Pa:pa6oraH nosrrfi MeroA rtoflyqeHu-n perpeccploHHblx 3aBLIcLIMoclefi,

cBfl3brBarouryrx MexaHr{qecKr4e xapaKTepucrrlKn ry6.rarofi KocrLI rrpu cxaruur v ee
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crpyKTypHble cBoficrBa (o6reunaa MlrHeparrbHar rrJrorHocrb, peHTreHoBcKat
rrJrorHocm) (u. 1 uacnopra creqr€ubHocrrr 1.1.10).

4.Ha ocHoBe HoBoFo aBTopcKoro MeroAa rronyqeHbr pelpeccuoHHbre
3aBLTCLTMOCTLI, CBr3brBarOqUe npeAen npOr{HOCTU npI|I C)I(aTUU 14 peHTfeHOBCKyrO

rrJrorHocrb ry6.rarofi rocurofi TKaHLT roJroBoK 6e4penHofi Kocrr{ rreJroBeKa,

Bbrpa)KeHHyrc B eAlrHLrrlax XayncQun.qa (n. I nacnopracnequ€urbHocrr4 1.1.10).
5. Ha ocuoBe HoBoro aBTopcKoro MeroAa nonfreHbr perpecc{oHHbre

3aBprcrrMocrLr, cBr3riearorque eSSer:rraennft uo.uyrb yrrpyrocrLt trpv c>rulrvr Lr:..

peHTreHoBcKyIo rlJlorHocrr ry6uarofi rocru AercKkrx rro3BoHKoB, BbrpaKeHHyro B

eAkrHlrrlax XayncQnn4a (n. I nacnopra crerlr4anbHocrlr 1.1.10).
6. Ha ocHoBe 6uouexaru4qecKoro MoAenupoBaHus. ycraHoBneHo noporoBoe

3Haqenlre eAkrHLrrI XayncQnrAa Hu:125 (rcpurepnfi necra6umHocrz) ry6varofi
rocurofi TKaHLT trotcHkTqnblx [o3BoHKoB qeJroBeKa, rro3BoJrrroqee Bbr-sBrrrb
rro3BoHKLr c pLrcKoM Bo3Hr{KHoBeHr{rr necra6zrbHocrlr rpaHcrreAnKynrpHbrx
xoncrpyrqnfi Ha HlrxnerrorcHr.rqHoM ypoBHe (u. 2, 4, 6 nacuopra
cueqlrarrbHocrlr 1. 1. 1 0).

7. C rloMorrlbro 6nouexanuqecKoro MoAenupoBaHUA BbrrroJrHeHo

npe,{o[epaqllonHoe IInaHLIpoBaHve xr4pypfr,rqecKofo lreqeHpr.f, cKoJrrloTn.recxofi

4e$opuaquu Iro3BoHoqHHKa y [arILreHTa paHHero Bo3pacra, Bbr3BaHsofi nalzqlreM
uonyno3BoHKa (t. 2, 4, 6 uacuopra crequ€rJrbHocrLr 1 .1 .10).

PeKoMeHAaII rllr rro [crroJrb3oBaHrrK) pe3yJr braroB rr Bbr BoAoB
rrp[BeAeHHbrx B A[ccepTarlrrH

Ha ocHoBe pe3yJrbraroB Ar4cceprarluonsofi pa6orrr paspa6orano
rlporpaMMHoe o6ecue.reHpre (cnu4erenbcrBo o rocyAapcreeHHoft perlrcrparlplll
npofpaMMbr AnA 3BM RU 2024661970), pearlr3yrcrqee aBroMarr{.recKoe'-"
onpeAeneHrae upoqHocrHbrx csoficre xocruofi TKaHE no AuafpaMMaM oAHoocHoro
cx(arurl. llporpavrua Mo)Ker 6uru HcnoJrb3oBaHa B KaqecrBe Bcrpar4BaeMoro
MoAyJrf, B Apyrlre [porpaMMbr vrtrur AJUr A€urbnefiruzx uccneAoBauuit, cBr3aHHbrx c
onpeAeneHlleM MexaHlrqecKlrx ceoficre rocrsofi TKaHu. Anropona pa:pa6orana u
HarIoJIHeHa 6ua AaHHbrx (cnzgerenbcrBo o rocyAapcrnennoft pefucrpaqau 6a^au

AaHHbrx RU 2024622484) rpoqHoctrrrx ceoficrn ry6uarofi rocurofi rrcanu. Ba:a
AaHHbrx rrpeAHa3HarreHa Anr coopa n xpaHeHvrfl Alrfl. rrocneAyror{ero aH.aJwr3a

[poqHocrnrrx csoficrn ry6uarofi rocurofi manu, paccrrlrraHHbrx rro pe3ynbraraM
sKcrrepr4MeHToB Ha oAHoocuoe cxrarlre. Pa:pa6orannrrfi rpzrepzfi
necra6unbHocrr{ TpaHcrreAuryrrpnofi Surcaqnu v [poceAaHur Mex(TeJroBoro
3aMeHlrTerrfi, Ha HLDKHerrO.rrcHuqHoM ypoBHe [o3BoHoqH]rKa y Bpocnbrx [ar{ueHToB
Moxer 6rrru nclroJrb3oBau npr4 [peAolepaqrroHHoM [JraHLrpoBalevrvr

xlrpyprLrr{ecKoro JreqeHlrr naTIueHToB c AereHepar}rBHbrMrr sa6oneealukrflvrrr

rrnaHlrpoBaHufl
[o3BOHOrrHLIKa y
MOAenUpOBaHLre,

rro3BoHorrHr.rKa. Pa:pa6oraHH€ur u atpo6upoBaHHas MeToAuKa rrpeAorreparllroHrrofo
xupypruqecKofo JrerreHlrr cKoJrrrorlr.recrofi 4e{oprr,raqzra
laIIr4eHTa paHHero Bo3pacra, BKJrroqaroulas 6uovrexaHlTqecKoe,..

flBIrfleTCfl BaXrHbrM pe3ynbTaToM Ans flepexoAa K

uepcoHuSuqnponannofi MeAurIuHe pr BHeApeHr4ro uepconu$ErlrrpoBaHHoro
6uouexaru4rlecKoro MoAenr{poBaHlrr B pyrr4Hrryro npaKTLrry eepre6ponoroB.
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CoornercrBne Arlccepralllllr cfleqrraJrl'Hocrn <<EllourexaHrlKa
u duounxceHepnfl>>

fiuccepraryun coorBercTByer ilacnopry CIEULI€IJIbHOCTLI

1.1.10. - <<BnouexaHl{Ka u 6uoznxeHepl{f,) IIo cneAyIoqI,IM IIyHKTaM l, 2, 4, 6:

Lr3freHrre Qusuro-uexaHurrecKr[x cnoficrs vr crpyKTypbl 6uonoru'recKux
MaKpoMoJIeKyJI, KJreroK, 6uororuqecKlrtx xuAKocrefi, uxrrcux r,r rBepAux tranefi,
orAeJrbHbrx opraHoB Lr crrcreM ($ns.-uar. uayru); Lr3f{eHLIe 3aKoHoMepnocrefi

.[BlrxeHklf, 6zonoru.recKrlx )Kr4AKocrefi, teuno- rI MaccolepeHoca, HarlpffKenuit u

4eQoprvraqufi s KnerKax, TKaHrx rr opraHax (Sue.-vrar. HayKlI); rasyreHlle MexaHLIKII

rr xapaKTeprrcrrrK ABrDKeHr4fl orropHo-ABurareJlbnofi cncteMbl, rrJraBarl'vrfl, [oJlera H

Ha3eMHOrO ABLrlKe]HVrfl, xprBoTHbD(, MexaHuKrI IIeJIeHaIIpaBJIeHHbIX 4nUXenUfi
rrenoBdeKa, ABrDKeHurr coBoKylHocrefi xLIBIIX opraHrl3MoB, ABLIrareJIrHoft
aKTrrBHocrLr pacrennfi (Sus.-rvrar. nayru); paspa6orKa Ha ocHoBe MeroAoB

Mexarlr4Klr"cpeAcrB AJrr uccneAoBarrvs. ceoftcre rI tBJIeHrIft s xvsrrx cucreMax, AIrt
HarrpaBneuHoro sogA"eficrsvfl.Hanuxvrrlx 3alrlLtrbr or BJITTIHLII BHerrIHnx SarropoB,"
($us.-rr,rar. nayru).

I4cnoJrrsoBan[e pe3yJrbraroB Arrcceprallnrl
Pesylrrarbr ArrcceprarllroHHofi pa6orrr BHeApeHbI n yre6nyro AetrenbHocrb

MexaHrrKo-MareMarlrrrecKoro Qaryrsrera u Sarynrrera Syn4auenralrnofi
MeAr{rlrrHbr vr 6uoueAuquHcKax rexnonorxfi @fEOy BO <<Caparoectcuir

HaquoHurJrurrrfi uccneAoBaremcrufi rocyAapcreeHHuft yHI4BepcrITer

pruenu H.f . 9epnrr[reBcKoro>.
Jlu.rnufi Br(.rraA aBTopa

Aaropol,r JruqHo paspa6oraH €urroprrrM rI Ha ero ocHoBe rlporpaMMHoe

o6ecue.reqne I.nfl. aBToMaru3arrvn o6pa6orru pe3ynbraroB gKcleplIMeHToB rlo

oAHoocHoMy c)KarLrro o6pa:qoe rocrefi u AIrfl aBToMarurlecKoro pacqera

MexaHuqecKprx ceoficre KocrHbrx manefi. Anropona rLIqHo 6un pa:pa6oran
€rJrfoprrrM KJracrepu3arlkrr4, roroprrfi JIer B ocHoBy tlocrpoeHlln HoBbIx

perpecc[oHHbrx 3aBr4clrMocrefi, cBr3brBaK)Irlrx MexaHrlqecKrre u crpyKTypHble

csoficrsa rocrnofi TKaHu. Anrop caMocrotreJlbHo o6pa6oran pe3ynbrarbl

MexaHlrqecKrfrx gKcuQpLrMeHToB no oAHoocHoMy c)Karuro ry6'raroft Kocrl4 roJIoBoK

6eqpa nspocnrri [aqrreHToe u ry6uarofi KocrLI rIo3BoHKoB uaIILIeHToB paHHero'.

BO3paCTa, a TaKx(e locTporrJr pefpeccuoHHble 3aBUcLIMOCTI{ An[ pacqeTa

e$SerrunHoro MoAynr yupyrocrlr u npeAena npoqHocrrl KocrLI Ha ocHoBe ee

crpyKTypHbrx csoficrn. Arrop JrlrrrHo rrocraBr{Jl LT qlrcreHHo perunn 3aI.a'lvr

6uovrexanurn o HarpyxeHnu IIAC BHeITTHTIMLI crarurIecKI4MLI Harpy3KaMrr,

rrpoaHairr43r{poBaJr pe3ynbTaTbr rrrrcJIeHHbIX 3KCIepIIMeHTOB VI OlpeAenun

nopor.oBoe 3HaqeHlre Hu, rBJrf,rorqeecr KpLITepIiIeM AJUI onpeAeJleHllt fIo3BoHKoB c

pr{cKoM Hecra6r4nbHocrtr rpaHcrreAnKynrpHofi Szrcaqvvrvrrrpocep.annfl. refiAxa na

ypoBHe rrorcHrrrrHbrx no3BoHKoB L4-L5. Anrop JIuqHo rIocraBlIJI I{ qrIcJIeHHo pemnn
gap;a'av 6raouexanuru o HarpyxeHl{[ AercKlrrx rIo3BoHKoB BMecre c

ycTaHoBneHHbrMtr TpaHcrreArrKynflpHblMll BI{HTaMI{ KOHTpaKIIHOHHbIMLI

Harpy3KaMu. Anrop paspa6oraJr u HarroJrHrIJI 6a:y 4aHHbIX MexaHrIrIecKrIMvr vI

npotrHOcrHbIMI{ csofi creaivlll KocrHbrx manefi .
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CoornercrBrle anropeQepara ocrroBHblM rroJro?r(eHrrqM A[ccepralln[
Anrope{epar crpyKryprlpoBaH vr o$opuneH
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c rpe6oBauvrflMvr BAK. B aBropeQepare u3noxeHbl
pe3yJrbrarbr pa6orbr, rrpeAcraBJreHbr rroJroxeHaf,, BbIHocI4MbIe Ha 3aIrItITy, orILIcaHa

HoBrI3Ha, nLIqHbIft BKJTaA aBTopa, I{Meerc.f, 3aKrloqeHue u cullcoK ocHoBHbrx'.

rry6turcaryufi ro p$ynbraraM Ar{cceprarlr{rr. Bce pa3Aenbr aBrope$epara
cooTBeTcTByroT MaTepuarraM, npeAcTaBJIeHHbIM B Ar{CCepTaIITTOHHOM

I{CCneAOBaIJIlIIl{.

3aue.ranrrfl rro ArrcceprallnoHHofi pa6ore
1. Ha crp. 18 cra:aHo, rrro aBTop ([ocraBlrn 3aAarty 6uouexanuKl{ B Ansys>>.

Hecrvrorpfl.Iflraro, rrro nplrMeH.f,eNarrfi aBTopoM noAXoA coorBercrByer IIrEpoKoMy

BHe4peHrrro qu0poBbrx rexHonorzfi B uccneAoBanvIs, roAo6Haf, Opaga 3Blnrur He

o.redr f{a}nrHo. HanepHoe, 6onee KoppeKTHo cKa3arb, rITo B KoMrIJIerce Ansys
aBTopoM'pa"spa6oraHa KoHeqHo-gJreMeHTHarI rrocraHoBKa 3aAaqu 6uouexaHrrKll,

KOTOp€U 3aTeM perueHa cpeAcTBaMrI AaHHofo KoMrIJIeKCa.

2.8 pa3AeJrax rtarirt 2, uocBflrrleHHbrx MoAeJrr4 frAC,. Z. ts pa3AeJrax rraBbr '2, uocBflrrleHHbrx MoAeJrrr IV-(U, Her AocraroqHo
no4po6noro orr[cau vr*, .rrro us ce6fl, npeAcraBJlter Me)I(TeJIoBsrfi refi Ax.

3. B pa6ore orucaHbr sKcrreprlMeHrbr Ha c)Karr{e o6pasqon ry6uarofi rocru
no3BoHKoB n cycraBa KPC. Brrgsaro yALrBneH[e rIcrroJIb3oBaHLIe AoBoJIbHo

AJrlrHHbrx o6pa:qon, rocKoJrbKy He yKa3aH |OCT, rlo KoropoMy rIpoBoALInI4cb

vrctrbrra:e{vrs.. O6rr.rHo AJrr,rHHbre o6pasqrr ucilonb3yro'tcfl. Ans.TecroB Ha pacrflKeHrre

B CJryrqae OAHOpO.{Hrrx nnU fIepuOAUtIeCKLTX MaTepU€UOB, B TO BpeMt KaK.4nt T9CTOB.-

rtac>t<arue 6oree KoporKne ulrv Aa)Ke n $oprr,re ry6ura.
4. B pa6ore npeAcraBrreHbr MoAynu yrpyrocrrl ry6uarofi Kocrll reJI

no3BoHKOB rraqrreHToB paHHefo Bo3pacTa, Ho He oIIpeAeJIeHbI IIpeAeJIbI IlpoqHocTn.

5. B raqecrBe rto)KeIranus. Ha pa3Brrrue pa6orbl Mo]KHo orMerLITb, rrro 6ulo
6rr uolegHo B KoHeqHo-gJreMeHTHbrx MoAentx uepefiru or ocpeAHeHHbrx ynpyrllx
rrao4yrefi K 3aAaHuro MoAyJUI lOnra rIogJreMeHTHo.

Vragannrre 3aMeqaHpr{ He cHrDKaror rleHnocrb Ar{ccepralluonnofi pa6oru
rr He BJrLrflrcT Ha o6rqee rroJro)KlrreJrbnoe BrIeqarJIeHLIe o6 uccJleAoBaHvrv

Cn4opeH{o A.A.
3aruroqenue

flo MareprraJraM AlrcceprarlrroHuoro uccJIeAoBa:rtufl, orry6nuroBauo
13 pa6or, B ToM qrrcJre 4 crarsu B Ha) rHbrx )KypH€urax, BXoA.fiIrIux B rreperleHb

perleH3rrpyeMbrx Ha)^rHbrx uzgauuir, B Koropblx Aonx(Hu 6rrrr ony6nuxoBagbl

ocHoBHbre pe3yJrbrarbr ALrcceprarlvrkr Ha col{cKaHue yreuoft creleHrr KaHAI{Aara

HayK, aBTopoM roJr1..reHo 6 cBr{AereJrbcrB o rocyAapctnennofi perucrparlllll
rporpaMM 4nx 3BM vt 6as AaHHbrx (1 cnu4ereJlbcrBo 6es coasropon), a rarcI(e

ouy6luroBaHo 3 craruu n c6opnuKax rpyAon ronQepenqzfi rI Te3LIcoB AoKJIa,4oB.

,{zccepraqvoHH€tr pa6om Cn4openno lprurput A-nercanApoBl/tua

<<BuouexaHlrFrecKoe uccJreroBaHr4e gJreMeHToB rlo3BoHorlHo-Ta3oBofo KoMrIJIeKca LI

cLrcTeM rraerallool{Kcaquu y B3pocnblx n ,4erefi>>, [peAcTaBJIeHHZUI Ha COLTCKaHI4e

yrenofi crerreHrr KaHALrAara Susuxo-MareMarurlecKllx HayK rlo clequ€LitbHocrll

1.1.10. -EuouexaHuKa Lr 6uounxeHepnr, f,BJltercf, saroH.IeHHofi Hayuiofi
t,.
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KBann$rIKaIIrIoHHoft pa6orofi, n roropofi co,{ep)rcLrrc.fl perxeHvre 3a4avrv. uueroulefi
3HaqeHr.re AJrr pa3Burprr MareMarr4Klr Lr MexaHuKrl\ vr yAoBnerBoprer rpe6onaHurrr,r
nlr. 9-I4 <<flonoxenus o rrprcpKAelavrv f{eHbrx creneuefi>>, yrBep)KAeHHofo
rrocraHoBrreHueM flpanurenbcrBa PO J\b 842 or 24.09.2013 r. e 4eficrnyrorqefi
peAaKrlkrrr, [peAbrBJureMbrx K KaHArrAaTcKr4M A]rccepTarlr4f,M rro cnerln€LJrbHocrLr

1.1.10.-EzouexaHvrKa 14 6zoraHxenepvs, a ee aBTop Cu4openro lwmrpuir
Anercan4poBru 3acJry)KprBaer rrpucy)KAeHlrr yreHofi crerreHpr KaHAuAara Snsuro-
MaTeMaTzqecKrrx HayK no yK€BaHHopr clequarrbHocTrr.

Orgrre 3acJrylrraH u eAuHorJIacHo yTBep)KAeH Ha 3aaep.a;g11g{rr ra$e4pu
Teoperulrlecrofi I{ rrplrKJraAnofi uexanprKrr, nporoKoJr J{s 3 or 19.11 .2025. .'

3aseAyroqnfi raQe4poft
reopOruvecroft z npurua4uofi
MexaHZKLI, A.S.-rra.n., .qoIIeHT
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,/. ' ,/ r\,r^^-^^ TT^^----- r.C*..*** ,.vlacnos Jleonu.q Bopzcoelrr

CneAenus o cocraBr{TeJre or3brBa:

. MacJroB JIeonzA EoprEconz.r, AoKTop Susnro-naareMaruqecKlrx HayK
rro cleqPl€lJrbHocrrl 05.13.18 MareuarzqecKoe MoAenupoBaHyre, qucreHHbre

MeroAbI I{ KoMnJIeKcbI rlpolpaMM, uo.mosrrft aApec 153003, I4saHoscrar o6lacrt,
ropoA ?Inauoao, ynnqaPa6$axoncKan,4ou 34, ren. * 79066177036, e-mail: leonid-
maslov@mai1.ru. HaIdMeHoBaHr{e opraHrnaur4r4: (De4epanrHoe rocyAapcrBeHHoe
6ro4xernoe frpe)KAeHl4e Bblcrrero o6pasonaHus, <<VIBanoecrltfi rocyAapcreeHHrrfi_,.
sHepreT[qecKr,rll yH[Bepc JleHprna> (O|BOY BO (trf3Y)),
AOIXHOCTb : 3aBeAyrOUIr4 ecKor4 rr [pr{KJraAHorr MexaHLrKLl.
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