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HA KPYYeHHSI Pi3HUX BAPIAHTIB 0CTEOCUHTE3Y BilVIAMKIB Ir'OMIiJIKH
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L TY «lucturyT maronorii xpebta Ta cyrnobis iM. mpod. M. 1. Curenxka HAMH Vkpainuy», Xapkis

2 XapkiBchbKHi HaliOHANBHUI MeanuHui yHiBepcuTeT MO3 Vkpainu

Recently, there has been a trend towards high statistical in-
dicators of the number of bone fractures of the lower limbs
(47.3%), of which diaphyseal fractures of the lower leg bones
make up 45-56 %. Objective. Conduct a comparative analysis
of the stress-strain state of leg models with a fracture of the ti-
bia under the torsional loading combined with various options
of osteosynthesis and depending on the patient's weight. Methods.
A fracture was modeled in the middle third of the diaphysis
of the tibia and three types of osteosynthesis — with the help
of an external apparatus fixation (EAF), periosteal plate and
intramedullary rod Bones were attached to the tibial plateau
torque of 7 Nm and 12 Nm. Results. It was determined that
the changes in stress levels in bone tissue depend linearly on
the patient's weight. Under simulation conditions stabiliza-
tion of the fracture with the help of EAF and intramedullary
stress rod in the fracture area were found significantly lower
than the level of indicators of intact bone. In this same zone in
the model with a bony plate, the value stress levels were lower
than the intact model bone, but with an increase in the patient's
weight to 120 kg, these indicators almost leveled off. The high-
est stress level was recorded in the distal part of the tibia in
the model with intramedullary rod osteosynthesis, and in
the proximal one, the stresses that exceeded the parameters
of the model with intact bone were determined under the condi-
tions use of EAF. The largest in metal structures stress is de-
tected in the periosteal plate. Conclusions. The highest stresses
in the fracture zone (5.8-9.9 MPa) and on the metal structure
(360.0—-617.0 MPa) was recorded in a model with a bone plate.
In the model with EAF in the zone of the fracture, the stresses
were at the level of 0.1-0.2 MPa, in the proximal part of the ti-
bia — 6.3—10.8 MPa, in the model with an intramedullary rod —
0.1-0.2 MPa and 0.5-0.9 MPa, respectively. In the distal part
of the stress in the last model remained high — 11.7-20.1 MPa.
Key words. Tibia, fracture, torsion, osteosynthesis.

Ocmannim yacom cnocmepieaemscsi MeHOeHYis 00 GUCOKUX
CMamucmuyHuX NOKA3HUKIB KITbKOCHI Nepelomie KiCIoK HUdiC-
HIX KiHYi6oK (47,3 %), i3 sikux OiaghizapHi neperomu KiCmox 2o-
Minku cmanogusamos 45-56 %. Mema. [lposecmu nopisnsinonuil
amaniz Hanpysiceno-0ehopmosanozo cmany mooenell 20MiIKU
3 NepPeroOMOM BEIUKO2OMINKOBOI KiICMKU Ni0 6NAUBOM HABAHMA-
JICEHHA HA KPYUEeHHS 34 PI3HUX 8apianmié ocmeocunmesy md
3anexcHo 6i0 éazu nayicnma. Memoou. Mooeniosanu nepenom
y cepeOHill mpemuni diagiza 6e1uK020MIiNK080I KicmKU ma mpu
8UOU ocmeocuHmesy — 3ad 00NOMO2010 anapama 308HiUHbOT
ikcayii (A3P), naxicmrogoi naacmunu i IHMPAMEOYIAPHOLO
cmpudichs. J]o 8e1UK020MIIK08020 NAAMO KICMKU NPUKIAOALU
Kpymuuii momenm eeaununoro 7 Hw ma 12 Hm. Pe3ynomamu.
Busnauero, wjo 3minu enuuun HANPysicetsb y KICMKOGItl MKAHU-
HI JIHITHO 3aedcamy 8I0 éazu nayieHma. 3a ymog Mooeno8anHts
cmabinizayii neperomy 3a oonomozoio A3® ma inmpamedynap-
HO2O CMPUDICHS HANPYICEHHS 8 OLISAHYI Nepeiomy GUAGUNUCS
BHAYHO HUICUUMU 30 PI6EHb NOKAZHUKIE HEYUKOONCEHOI KICIKU.
VY yiu camivi 301i 6 MoOdeni 3 HaKiCMKOB0I0 NAACMUHOIO 3HAYECHHS
PIBHA HANPYdHCeHb 61U MEHWUMU 3a MOOENb i3 HEYUIKOOHCEHOIO
Kicmkoio, ane 3i 30inbuennam eacu nayicuma 0o 120 ke yi no-
KA3HUKU Maudce UPIBHATUCA. Y OucmanvHomy 8i00ini euKo-
2OMINIKOBOI KICMKU HAUGUWUL PIBEHb HANPYICEHb 3AQIKCOBAHO
8 MOoOeNl 3 0OCMeOoCUHMe30M IHMPAMEeOVIAPHUM CIPUICHEM,
a 6 NPOKCUMATLHOMY — HANPYIHCEHH, SKI nepesuiyuiu noxKas3-
HUKU MOOeNi 3 HeYUIKOOICEHOI KICMKOK, 8U3HAUEHO 3d YMO8
sukopucmanus A3®. V memanesux Koncmpykyiax HaubOinbuii
HanpyJiceHHs UABNEHO 6 HAKICMKOGIU naacmuni. Bucnosxu.
Hauibinvwi nanpyoicenns 6 3oni nepenomy (5,8-9,9 Mlla) ma
Ha memanesiu koncmpykyii (360,0—617,0 Mlla) 3agixcosano
6 Mooeii 3 Hakicmkogol naacmunolo. Y mooeni 3 A3D y 3oni
nepenomy nanpyscenns oyau na pisui 0,1-0,2 Mlla, y npoxcu-
ManvHoMmy 6100ini eenuxocominkoeoi kicmxku — 6,3—10,8 Mlla,
y mooeni 3 inmpameoynaprum cmpuscnem — 0,1-0,2 MIla ma
0,5-0,9 MIla sionosiono. Y oucmanvromy 8i00ini HanpysceHHs
6 ocmarHil mooeni 3arumunucs eucokumu — 11,7-20,1 MIla.

Kuarwuosi cioBa. 'omiska, nepesiom, Kpy4eHHs, OCTEOCHHTE3

© Kapnincoxkuii M. FO., Cmpoes M. FO., Bepeska M. I. ma in., 2022
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Beryn

OcTaHHIM 4acOM CITOCTEPITAETHCS CTajla TeHICH-
i1 1O BUCOKUX CTATUCTUYHNX MOKA3HUKIB KIJIBKOCTI
MepeioMiB KiCTOK HIDKHIX KiHIIBOK (47,3 %), a nia-
¢izapHi mepeaoMu KiCTOK TOMIJIKY 3 HUX CTAHOBJISATD
45-56 % [1]. 3a indopmaniero BOO3, 6ausbko 33 %
HaceJIeHHs €Bpomu W AMEpPUKH Ma€ iHIEKC Mach
tina (IMT) 25 abo Ginbe [2, 3].

BignoBigHO 70 0my0iKOBaHOTO aHalli3y yCKIaa-
HEHb JIIKyBaHHS Jiadi3apHUX MEpPEIOMiB IOBTHX
KicTOK 3a mannmu TpaBmaTtosoriaaoi MCEK m. Xap-
KOBa TTIOHA/T MTOJIOBIMHHM 3 HUX TIOB’S13aH1 3 IepeIoMaMu
KicTOK ToMinKu. [Toka3HHK epBUHHOT iHBaJIi JHOCTI
BHACJIZIOK TPaBM KiCTOK HIJKHIX KiHIIIBOK CKJIaB IO
279 %. Haxans, TpamuiiifHa TaKTUKA Ta CTajl Mij-
XOJIH JIO JIIKYBaHHS i€ KaTeropii XBOPUX MPH3BOJSATH
JIO TPUBAJIOL 1HBaJITHOCTI B 5 %, 10 3yMOBIIIOE CO-
iaJIbHY ¥ eKOHOMIYHY 3HAUMMICTh IIbOTO TUTaHHS [4].

Came OiomexaHI9HI 0COOTMBOCTI B3a€MOJIii B CHC-
TeMl «IMIUIAHTAT — KICTKa» BU3HAYAIOTH IT1IXOAU 110
TaKTHKH XIpYpriuHoro JiKyBaHHs Ta peadisiTarii.
Haii6inpmn HeOe3neuHUMHY 3 OTJISIly Ha BHHUKHEHHS
YCKJIATHCHD JIIKYBAaHHS TIEPEIIOMIB KiCTOK TOMIIKH
€ HAaBaHTKCHHS HA KPy4eHHS [5].

Jlns BpaxyBaHHSI HE JIMIIE HajJAMipHOI Baru,
a ¥ MOXIHMBOCTEH PI3HUX CIOCOOIB OCTEOCHHTE3Y
31 3aCTOCYBaHHSIM CyYacHHUX IMIUTAHTATiB B yMO-
Bax POTAIiMHUX MPOO CIUIAHOBAaHO Ta IMPOBEJCHO
MaTeMaTU4YHE MOJICITIOBAHHS METOJOM CKIHYCHHHUX
€JIEMCHTIB.

Mema: TIpoBeCTH TIOPIBHSJIBHUN aHall3 HaIpy-
KeHO-1e()OPMOBAHOTO CTaHy MOJIEJICH TOMIJIKH 3 T1e-
pEIOMOM BEIMKOTOMIJIKOBOI KICTKH TiJi BILIHBOM
HAaBaHTAXXCHHS HAa KPYYEHHS 3a PI3HUX BapiaHTiB
OCTEOCHHTE3Y 3aJIC’)KHO BiJl Bard MaIli€HTa.

MarepiaJ i MmeToau

Marepianu poOOTH OOrOBOPEHO Ta CXBaJIEHO Ha
3aciganHi koMitety 3 Oioetuku mpu Y «IIIXC im.
npo¢. M. 1. Curenka HAMH VYkpainn» (mpoTokon
Ne 10 Bix 02.10.2019).

VY mabopatopii 6iomexaniku 1Y «lHCTHTYT MaTo-
yorii XxpedTta Ta cyrmobiB iM. mpod. M. 1. Curenka
HAMH VYkpainu» po3pobiieHo 0a30By CKiHUYEHHO-
€JEMEHTHY MOJeJIb TOMUIKH JIOAMHU. 3arajibHUN
BUTJISLI MOJIEJIi HABEJCHO Ha pHcC. 1.

Mozenb cKIIaJaeThes 3 BEIMKOTOMIJIKOBOI Ta Ma-
JIOTOMIJIKOBOT KiCTOK, KICTOK CTOIHU. Y BCIX Cyriio0ax
MiX KICTKOBUMH €JIEMEHTaMH CTBOPEHO IPOILAPOK
13 MEXaHIYHUMHU BJIaCTUBOCTSAMH XPALIOBOI TKAHUHH.

Ha 6a3o0Biii Momeni MOAEIIOBaId TIEPEJIOM y Ce-
penHiii TpEeTHHI BEJIMKOIOMIJIKOBOI KICTKH Ta TPHU
BUJM OCTEOCHHTE3Y 3a JOIOMOIOI0 arapara 30BHill-

HbO1 Qikcamii (A3D), HaKICTKOBOI MIACTHHH i iHTpa-
MEAYJSIPHOTO CTPHXKHS. [IpoMiKOK MikK KiCTKOBH-
MU (parMeHTaMu B 30HI TEpeioMy 3aloBHIOBAIN
CJIEMEHTOM, SIKHI IMITyBaB KICTKOBHH pereHepar i3
MEXaHIYHUMH BJIACTHBOCTSIMH KOJIareHy. 30BHIIIHIH
BUTIISIT MOJICJICH 13 TIEPEIOMOM y CEepelHiil TpeTH-
Hi BEJIMKOIOMIJIKOBOI KICTKH Ta Pi3HUMH BHUJAMHU
OCTEOCHHTE3y HaBE/ICHO Ha puC. 2.

Marepiay BBaKaJld OIHOPIIHUM Ta 130TPOITHHM.
3a ckiHYeHHHI eneMeHT oOpaHo 10-By3noBuid Tet-
paenp i3 KBaApaTHIHOIO alpOKCUMAIli€l0. YCIM Ma-
Tepianam, i3 AKUX CKIIAAAJIACA MOJIENI, 3aaHO BiIIO-
BiJIHI MEXaHIYHI BIaCTHBOCTI — MOMAYJb IPYKHOCTI
IOnra Ta xoedimient [lyaccona (radm. 1). Mexaniuni
BJIACTHBOCTI OIOJIOTIYHUX TKaHWH OOpaHo 3i cre-
miaiaeHOI JiTepaTypu [6—9], MeTaneBUX KOHCTPYK-
it — texuignoi [10].

Moneni JOCHIIIKEHO i BIVIMBOM HaBaHTAXEHHS
Ha KPyUYeHHS, SKE MOJICIIOBAIIA IS IAIliEHTIB Ba-
roro 70 kr i 120 kr. JIj1s pOro 10 BEITUKOTOMIIKOBO-
I MJIaTO HPHUKJIAJAIN KPyTHUH MOMEHT BEIMUHUHOIO
7,0 1 12,0 Hm. Cromna moneneit Oyia )KOpCTKO 3aKpin-
neHa. CxeMy HaBaHTA)KEHHSI MOZEJEH HaBENEHO Ha
puc. 3.

J1s MOpiBHSIHHS HaNpyXeHO-Ie()OpMOBaHOTO
CTaHy MoOAEeJCH BU3HAUYCHO MAaKCHMAaJIbHI BEIMYMHH
HaIlpy>XeHb Y HPOKCHUMAaJbHOMY Ta AUCTAJIbHOMY
(hparMeHTax BEIMKOTOMIIKOBOI KiCTKH, 30HI TIepe-
JIOMY, METalleBili KOHCTPYKIIii Ta KiCTKOBIM TKaHWHI
HABKOJIO ()iKCYyBaJIbHUX I'BUHTIB.

JocmimkyBaHHs MOJIei BUKOHYBAIU 31 3aCTOCY-
BaHHSM METOAY CKIHUYCHHHMX EJIEMEHTIB. SIK KpuTe-
pill OLiHIOBaHHS HANPYKEHO-1e()OPMOBAHOTO CTaAHY
MOJIeJIeH BUKOPHCTAaHO HampyxeHHs 3a Mizecom [11].

MopentoBaHHsI BUKOHAHO 32 JOTIOMOT OO0 CHCTEMHU
aBTOMaTH30BaHOro MpoekTyBanHs SolidWorks, pos-
paxyHKH Hampy>KeHO-1e(OpPMOBAHOTO CTaHy MOJe-
neit — y nporpamaomy komriekci CosmosM [12].

PesyabTaTH Ta IX 00roBOpeHHs

[lepmm eraroM poOOTH BHBUYEHO HAIPYKEHO-
nedopMoBaHUil cTaH MOJIeJIel TOMIJIKHY 3 IEPEIOMOM
BEITMKOTOM1JTKOBOI KiCTKH B CepEIHIN TPEeTHHI 3a pi3-
HUX BapiaHTiB OCTEOCHHTE3Y MiJ BIUIMBOM HaBaHTa-
JKEHHs Ha Kpy4deHHs BenununHow 7,0 HM. Busnaueno,
11O ITi/1 JI€F0 BOT0 HABAHTAXKCHHSI Ha HEYIKO/IKCHY
TOMUIKY Y BEJIMKOIOMIJIKOBIH KiCTLi BUHUKAIOTh Ha-
MPYKEHHsI, SIKi 301IBIIYIOTCS B HANPSIMKY 3BEPXY
70 HU3y. 30Kpema, HaitmMeHi HanpysxeHHs 4,1 MIla
BHU3HAYCHO B MPOKCUMAJIbHOMY BiAJiJII BEJIHKOIO-
MIJIKOBOT KiCTKH Ta cepenHii 1i petuni — 6,0 MIla,
Hatipumi (9,5 MIla) — nHa mucranbHOMY KiHII
(puc. 4).
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Puc. 1. ba3zoBa ckin-
YEeHHO-CIIEMCHTHA
MOJIeNIb TOMUIKH: 3a-
rajlbHui BUTIISAA (),
i3 MeniaiapHOrO (0)
Ta JaTepaibHOTO (B)
6okiB, cnepeny (),
33any (1)

[0

Puc. 2. Mozeni nepenoMy BEIHMKOTOMIJIKOBOT KICTKH B CEpeHii
TpeTHHi 3 ocTeocuHTe3oM: a) A3D; 0) HaKiICTKOBOI IMJIACTHU-
HOIO; B) IHTpaMeIyJIsIpHUM CTPHIKHEM

Tabnuys 1
MexaHiyHi XapaKTepPUCTUKU BUKOPHCTAHUX
i1 Yyac Mo/Je/IIOBAHHA MaTepiaJjiiB

Marepian Monyins FOwnra (E), MITa | Koediuient Ilyaccona, v
Kopkoga kicTka 18350,0 0,29
T'y6uacra kicTka 330,0 0,30
XpsimmoBa 10,5 0,49
TKaHHUHaA
Konaren 1,0 0,45
Turan BT-16 1,1-10° 0,20

VY Moneni rOMiJIKH 3 MEepeJIoOMOM BEITHKOTOMi-
KOBOiI KICTKHM B cepefHid TpeTuHi ii miadiza, skuit
crabiynizoBano 3a goromoror A3®, mig HaBaHTa-
JKEHHAM Ha KpydeHHs BenuuuHowoo 7,0 HM makcu-
MasibHI HampykeHHs (6,3 Mlla) BcraHOBIeHO Ha
MPOKCHUMATBHOMY KiHIII BETUKOTOMIJIKOBOI KiCTKH.
YV HWKYE po3TaIlloBaHMWX BiIaiTaX yce HaBaHTa-
KEHHS B I[bOMY BUIAJKy mpumanano Ha A3D, Ha-
MpY’KEHHS Ha SIKOMY csiraiu rno3Hadku 195,5 Mlla.
Takoxx BUCOKHMI piBeHBb HampyxkeHb (23,0 MIla)
BUSIBIICHO Ha (iKCYBaJbHUX TBHHTAX 1 HABKOJIO HHUX
y KicTkoBiii TkaHuHi. [IpoTe Ha migcTaBi BHBYEH-

Puc. 3. Cxema HaBaHTa)XCHHS MOJEICH

HSI MaTeMaTHYHOI MOJIETI 3’ICOBaHO, 1110 3a JIOIOMO-
roro A3® MOXHA 3HITH HAIPY>KEHHS 3 JUCTAJIbHOIO
(hparmMeHTa BEIMKOTOMIJTKOBOI KICTKH, JI¢ BOHU BH3HA-
yeHi Ha piBHi 0,3 MITa, i, 1110 TOCUTH BaXKJIMBO, 31 30HU
nepesiomy, ie Bouu He nepesutiuiu 0,1 Mlla (puc. 5).

PosrnsinyTO HampyskeHo-Ie(OpMOBaHUI CTaH MO-
JIeJTi TOMIJIKH 3 TIEPEeJIOMOM BEIMKOTOMIJIKOBOI KiCT-
KU B cepenHii TpetuHi aiadiza, skuii pikcoBaHO Ha-
KICTKOBOIO IIJIACTHUHOIO, ITiJT JI€I0 HABAHTAKECHHS Ha
KpyueHHs BennunHoto 7,0 Hm (puc. 6). Ha ckinuen-
HO-CJIEMEHTHIH MOJIeNIi BU3HAYEHO, 1[0 BUKOPUCTAH-
HSI TAKOTO THUITY OCTEOCHUHTE3Y MPHU3BOIUTH 0 Tif-
BHIIIEHHS BEIMYWHH HANIPYKEHb Y 30HI IEPETIOMY 10
5,8 MlIla, a B nuctanbHOMY (hparMeHTi BEIIMKOTOMiJI-
KOBOI KicTkH — 710 6,1 MIla. Bognouac BcTaHOBIIE-
HO 3HWKCHHS PiBHS HAINPYXKEHb y MPOKCUMATBLHOMY
(hparMeHTi BEIMKOTOMUIKOBOI KicTKH no 3,4 MIla.
BracHe Ha miacTuHI BH3HAUEHO JyXK€ BHUCOKHHU pi-
BeHb Harpyxenb — 360,0 MIla, npu npomy ¢ikey-
BaJIbHI TBUHTU 3aJIUIIUIIUCS HEHATIPYKCHUMHU.

Ha puc. 7 BimoOpaskeHO po3noIii HApyKEeHb Y MO-
JIeITi TOMIJIKH 3 TIepeJIOMOM BEITMKOTOMIJIKOBOI KICTKH
B CepenmHii TpeTwHI miadiza 3a yMOB 3aCTOCYBaHHS
OCTCOCHHTE3Y IHTPAMEIYJISIPHIUM CTPHYKHEM ITiJ1 BILUTH-
BOM HaBaHTXXCHHS Ha Kpy4eHHs BennduHOow 7,0 Hwm.
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Puc. 4. KapTuna po3nojiny HamnpyXeHb
Yy MOJeJIi TOMUIKH B HOPMI MiJ Ji€r0 HaBaH-
TaXEHHs1 Ha Kpy4eHHs BeixnunHoro 7,0 Hwm:
a) 3araJbHAN BUTIIA; 0) cepenuHa niadisa;
B) Iepepi3 BEIIMKOTOMiIKOBOT KiCTKH

Puc. 5. Kaptuna posmominy HampyXeHb
Yy MoZeli FOMIJIKH 3 MEePeIOMOM BEIUKOTO-
MIJIKOBOT KICTKH B CEpe/IHIl TPETHHI Ta 0CTE0-
cuHTe3oM A3D mig HaBaHTaXEHHSAM Ha
KpydeHHs BennunHoo 7,0 HM: a) 3aranpHuit
BUDIISLT; 0) 30HA MEPEioMy; B) epepi3 BeH-
KOTOMIJTKOBO KiCTKH

Puc. 6. Kaptuna po3moniny HampyskeHb
Y MOJeli TOMINKHU 3 HEepeIOoMOM BEIUKOTrO-
MIJIKOBOI KICTKH B cepeHiil TpeTnHi aiadiza
Ta OCTEOCHHTE30M HaKiCTKOBOIO MIACTH-
HOIO TiJ €10 HaBaHTA)XCHHS HA KPy4YCHHS
BesurHOW 7,0 HMm: a) 3aranbHui BUTIISIA,
0) 30Ha mepeoMy; B) mepepi3 BeTHKOTOMiI-
KOBOT KiCTKH

Puc. 7. Kaptuna po3noainy HampyXeHb
Yy MOJieNi TOMIJIKH 3 IEePeIoMOM BEIHKOTO-
MIJIKOBOI KICTKH B CepeaHiil TpeTHHi giadiza
1 OCTEOCHHTE30M IHTpaMEIyISIPHUM CTPHIK-
HEM IMij Ji€l0 HABaHTAXKCHHS Ha KPYYCHHS
BesimurHOW 7,0 HM: a) 3aranbHUN BUTIISIA,
0) 30Ha MEPeIOMY; B) Mepepi3 BEIUKOTOMIJI-
KOBO{ KiCTKH
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Puc. 8. Kapruna posnoainy HampyXeHb
y MOJIeJi TOMIJIKH B HOPMIi MiJ] I€f0 HaBaH-
Ta)KCHHS Ha Kpy4eHHs BeIn4uHow 12,0 Hm:
a) 3araJpHUM BUIIIA; O) cepennHa aiadisa;
B) Mepepi3 BETHMKOrOMIJIKOBOT KiCTKH

Puc. 9. Kaptuna po3nonity HanpyskeHb i
Ti€I0 HaBaHTaXXeHHsS Ha kpydeHHs 12,0 Hm
y MOJieli TOMIJIKH 3 TIePEeIOMOM BEJIHMKOIO-
MIJIKOBOT KiCTKM B cepefHiil TpeTuHi miadi-
3a, ocreocuHTe3 A3D: a) 3arajbHUN BUTIIS,
0) 30Ha MepesioMy; B) Iepepi3 BEIUKOTOMiJI-
KOBOI KiCTKH

Puc. 10. Kaptuna posmoxiny Hampy-
JKeHb MiJ Ai€l0 HAaBAaHTAXKCHHs Ha Kpy-
yeHHs BenuuuHoo 12,0 Hm y moneni
TOMIJIKH 3 TIEPEIOMOM BEITHUKOTOMIJIKO-
BOI KicTKHM B cepenHiil TpeTuni niadisa,
OCTEOCHHTE3 HAKICTKOBOI IJIACTHHOO:
a) 3arallbHUI BUTIAI; 0) 30HA IEPEIIOMY;
B) Ilepepi3 BEINKOrOMIJIKOBOT KiCTKH

Puc. 11. KapTuna po3noniny HanpyskeHb IiJ]
JII€I0 HAaBAaHTA)KCHHS HA KPYUYCHHS BEIHUU-
Hoto 12,0 Hm y moneni ToMinKu 3 mepeso-
MOM BEJIHMKOTOMIJIKOBOi KICTKH B CepenHii
TpeTHHi Jiadiza, OCTEOCHHTE3 iHTpaMeny-
JSPHUM CTPHIKHEM: a) 3arajbHUN BHIIIS;
0) 30Ha mepesioMy; B) Iepepi3 BETHUKOTOMIJI-
KOBOI KiCTKH
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VY pe3ynbraTti MaTeMaTHYHOTO aHalli3y JOBEACHO, 10
IHTpaMenyJIsIpHUI CTPUXKEHb 32 LUX yMOB YHHUTH
CYTTEBY MPOTHUIIIO KPYTSYMM HaBaHTa)XCeHHsM. Ha-
CIIIKOM IIbOTO CTaJO 3HMKEHHS BEJIMYUHU HAIpy-
JKeHb y 30H1 niepenomy g0 0,1 Mlla, y mpokcumans-
HOMY (parMeHTi BEJIMKOTOMINIKOBOi KICTKH — JIO
0,5 MIla. HatomicTe y nucranbHOMY (GparMeHTi
BU3HAYEHO JIOCUTH BHCOKHUH PIBEHb HAIPYKEHb —
11,7 MIla. Hanpy>keHHSI Ha caMOMy CTPHXKHI J0CAT-
nu no3Hadku 243,0 Mlla, a Ha ¢ikcyBanTbHUX I'BUH-
tax — 10,5 MIIa.

VY Tabn. 2 mopiBHAHO MaKCUMalbHi 3HAYCHHS
HaTpy’>keHb B €JEMEHTax PI3HWX MOJIeNel TOMiJIKH
(HOpMa, 13 TIepesIoMOM Y cepe/IHiil TpeTuHi niadiza 3a
YMOB Pi3HUX BHUJIB OCTEOCHUHTE3Y) MiJ JIi€l0 HaBaH-
TaXXEHHS Ha KPyYeHHS BeaununHoro 7,0 Hu.

Ha ngpyromy erami poGOTH PO3IISIHYTO, SIK TO-
BOJATH ce0e CTBOPEHI MOjeNi TOMIJIKH 3a YMOB
M IBUIIICHHST HaBaHTaKEHHsI Ha KpydeHHs Big 7,0 10
12,0 Hwm, 1o Bigmosigae maci marjienta 120 kr.

BusBuiocs, mo 3a yMoB Iii HaBaHTaXEHHs Ha
KpyueHHs BennyrHoio 12,0 HM y BeTHKOTOMIJIKOBIH
KiCTLI BUHUKAIOTHh TaKi HANPYXEHHS: NPOKCHUMaJlb-
uui Bigain — 7,0 MIla, nucrtansauii — 16,3 MIla,
cepenus tpetuna — 10,3 MIlIa (puc. 8).

VY pe3ynbraTi aHalizy Mojeii FOMIJIKH 3 Tepesio-
MOM BEJTMKOTOMIJTKOBOI KICTKH B CepeaHId TpeTHHI
niagiza, crabinmizoBaHuM 3a ponomoror A3D, BcTa-
HOBJICHO ITiJIBUIIICHHS BEJIIMYMUH HAIPYKEHb Y BCIX
erleMeHTax Moxelti. HafGineImi 3MiHN criocTepirain
Ha eJIeMEHTaX KOHCTPYKIIii, e HANpy>KeHHs JOCsT-
mu nozHauku 335,1 MIla, Ta QikcyBambHUX CTPHK-
HiXx — 39,4 MIla. ¥V KiCTKOBiH TKaHMHI HAWBUIIUHA
PiBEHb HANpPyKEHb BU3HAYCHUN Y MPOKCUMATBLHOMY
(bparmenTi BenmukorominkoBoi kictku — 10,8 Mlla,
aje B JHCTAIBHOMY (PparMeHTi Ta 30HI HEepesoMy
BEJIMYUHU HANIPYKCHb 3aJTUIIMINCS JOCUTh HU3bKU-
mu — 0,5 ta 0,2 MIla BinmosinHo (puc. 9).

Ha puc. 10 BimoOpaskeHO HampykeHO-IepopMO-
BaHWI CTaH MOJEJI TOMIJIKH 3 MEPEIIOMOM BEIUKO-
TOMIJIKOBOI KICTKH B CepedHid TpeTWHi miadisa,
(hikcOBaHMM HaKiCTKOBOIO IIACTUHOKO, i BIUTHBOM
HaBaHTA)XEHHs Ha Kpyd4eHHs BennuyuHoro 12,0 Hwm.
3a pe3ynpTaTaMy MaTeMaTHYHUX PO3PaXyHKIB Ii€l
MOJI€J11 BU3HAYEHO, 1110 301JIBIIEHHS Bard HaLicHTa He
3MIHIOE XapaKTep PO3MOJiy HApyKeHb OPiBHIHO
3 miero HaBaHTaxkeHHs 7 Hm. OTxxe, MaeMo IiJBH-
IICHHS PIBHS HAIIPYXKCHb HA BCIX €JIEMEHTaX MOJICII;
Y 30HI TIEpeIoMy Ta AUCTAIBHOMY (parMeHT] BeJH-
KOTroM1JIKOBOi KicTku 10 9,9 ta 10,5 MIla Bigmnosij-
HO, Y MPOKCUMaJbHOMY (parmenti — 1o 5,8 Mlla.

Tabnuys 2
Maxkcumaiibhi Hanpy:xkeHHsi (MIla) B giisiHKax pi3HUX CKiHYEHHO-eJIeMEHTHHX MojeJeii roMijaku !
Nij 1i€l0 HaBaHTaKeHHsI HA KPy4YeHHs BeJu4nHow0 7,0 Hm
Jlinsuka Monens
Hopma TIpucTpiii 1 ocTeOCHHTE3Y
A3D MJIacTHHA CTPUIKECHD

BenukorominakoBa KicTKa:

— IIPOKCUMAJBHUN ()ParMeHT; 4,1 6,3 3,4 0,5

— IUCTaJIbHUN (parMeHT 9,5 0,3 6,1 11,7
3oHa nepenomy 6,0 0,1 5,8 0,1
Kouctpykuis — 195,5 360,0 243.0
Bxig reunTIB — 23,0 0,0 10,5

Tabauysa 3
MaxkcumaibHii Hanpy:xkenHs (MIla) B niisHKkax pi3HUX CKiHYEHHO-eJeMEHTHHX MojeJieil roMiaKu
mijJ 1i€l0 HAaBAHTAKEHHS HA KPy4YeHHs BeauyuHow 12,0 Hm
Jlinsuka Mopenn
Hopma TIpucTpiii ais ocTeocHHTE3Y
A3D MJIacTHHA CTPUIKCHD

BenukorominakoBa KicTka:

— IPOKCUMAIIbHUH ()parMeHT; 7,0 10,8 5,8 0,9

— IUCTaJIbHUN (parMeHT 16,3 0,5 10,5 20,1
3oHa nepenomy 10,3 0,2 9,9 0,2
Kouctpykiis — 335,1 617,0 416,5
Bxig reunTIB — 39,4 0,0 18,0
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Puc. 13. I'padix 3a1e)KHOCTI BEIMYMH HANIPYKEHb HABKOJIO (hiKCYBaJbHUX I'BUHTIB (a) Ta B €JIEMEHTaX METaJeBUX KOHCTPYKILiii (),
BUKOPHUCTAHUX JUISI MOJICIIOBAHHS OCTEOCHHTE3Y IEPEJIOMIB Ha PiBHI CepeIHBOI TPETHHH Miadiza BEIHMKOTOMIIKOBOI KiCTKH, BiJl

Baru naijieHTa

HaifHanpy kxeHImUM €JIeMEHTOM BUSIBUJIACS HAKICT-
koBa rtactuHa — 617,0 MIla, a ¢ikcyBasibHi TBUHTH
3aJIUIIMIINACS HeHAIPY KeHUMH.

VY pesynbTari aHallizy po3MONiNy HampyXeHb
Yy CKIHUEHHO-EJIEMEHTHIH MOIesi TOMIJIKH 3 Tepesio-
MOM BEJIMKOTOMIJIKOBOI KiCTKM Ha PiBHI CepeaHbOl
TPeTHHH miadiza, SKuit cTabiizoBaHO 32 JOITOMOT OO
IHTpaMenyJISIPHOTO CTPHIKHSI, MiJ] HABaHTAXKCHHIM
Ha KpydeHHs BenmuuHoio 12,0 Hm, BcTaHOBICHO
30epeKeHHs HU3bKOT0 PiBHSI HAIIPY KEHb 1 B 30Hi I1e-

penomy (0,2 MIIa), i B mpokcuMarbHOMY (pparMeHTi
Benukorominkosoi kictku (0,9 MIla). ¥ nucransHo-
My (dparMeHTi HampykeHHs 3pociu mo 20,1 Mlla.
Haii6inpiunii piens HanpyxeHs (416,5 MIla) Busna-
YEHO BJIACHE Ha CTPHXKHI, Ha (DIKCYBaJbHUX TBUHTAX
BoHU JjiopiBHIOBanu 18,0 MIla (puc. 11).

V Tabi. 3 MOpIiBHSHO BETWYWHH MaKCUMaJIbHUX
Hanpy>KeHb B €JIEMEHTAX CTBOPEHHUX MOJEIICH ToMi-
KU (HOpMa, i3 MEepeIOMOM BEIIMKOTOMIJIKOBOI KiCT-
KM Ha PiBHI CepeAHbOI TPETUHH Jiadiza 3a pi3HHX
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BapiaHTiB OCTEOCHUHTERY) i1 €10 HABAHTAXKEHHS Ha
KpydeHHs BennunHoo 12,0 Hm.

Takum ynHOM, A3D Ta iHTpaMenyIspHU CTpH-
KeHb 3a0e3MedyoTh MiHIMaJbHHUI piBEHb HAIpy-
KEHb y 30HI TepejoMy 3a yMOB HaBaHTaKEHHS Ha
KkpydeHHs. OCTEOCHHTE3 HAKICTKOBOIO TLIACTHHOIO
HEe TPU3BOJAUTH JI0 3HAYHUX 3HWKECHb HAIpPY>KECHb
y KOJIHIH 13 30H BEITMKOTOMiJIKOBOI KiCTKH, BUHITOK
CKJIaZatoTh (DiKCyBaJIbHI TBHHTH, JI€ HANPYKCHHS
nopiBaio0Th 0. [llogo BennynH HampyskeHb Ha eje-
MEHTaxX METaJeBUX KOHCTPYKIIii, TO B IIbOMY BUTIA/I-
Ky 3HOBY JIIINPYE HAKICTKOBA IJIACTHHA.

Jlns HAOYHOTO YSBJIEHHS 3MiH BEJIWYHH HATPY-
KEHb B €JIEMEHTaxX BEJIMKOI'OMIJIKOBOI KICTKM 3a il
IepesioMy B cepenHiil TpeTtwuHi miadiza, skuit Bikco-
BaHO 3a JIOTIOMOTOIO PI3HUX MPHUCTPOIB, Bij Baru ma-
mieHTa moodypoBaHi rpadiku (puc. 12).

[IpoBeneni AOCHiKeHHsT MMOKa3ayH, 110 3MiHU
BEJIMYMH HAIPYXKEHb Y KICTKOBIA TKaHWHI JiHIHHO
3alexarh BiJ Baru namienrta. [Ipu mpoMmy 3a ymMoB
MO/ICJIFOBaHHSI CTa01JIi3a1lil mepesioMy 3a JIOTIOMOI 00
A3® Ta IHTpaMeAyIApHOTO CTPHKHS HANPYyKESHHS
B JIUJISHIIN TIEPEIOMY BHSIBUIJIHCS 3HAYHO HIDKYUMHU
3a piBEHb MOKA3HUKIB HEYIIKOIKCHOI KICTKU. Y i
caMili 30HI B MOJIeJIi 3 HAKICTKOBOIO IJIACTHHOIO 3HA-
YEeHHS PiBHS HAINpy>KeHb Oy MEHITUMU 32 MOJIEIh
13 HEYIIKO/KEHOI0 KICTKOIO, ajie 31 30UIbIICHHSAM
Bard mamiedra 10 120 KT 1 DOKa3HUKH Maii’)ke BH-
piBHsUTUCS. Y TUCTAlIbHOMY BT BEITUKOTOMIII-
KOBOi KICTKM HaWBHUIIH piBeHb Halpy>KeHb BH3HAa-
YEHO B MOJIENI 3 OCTEOCHHTE30M 1HTPaMeNyJISIpHUM
CTPHI)KHEM, a B NMPOKCUMAJIBLHOMY — HaIpyKeHHS,
SIK1 TICPEBHINIIIN TTOKA3HUKHA MOJEI 3 HEYIIKOMIKE-
HOIO KiCTKOFO, BU3HAYCHO 32 YMOB BHKOpHUCTaHHS A3D.

I'padikwm, sxi HaBeneHi Ha puc. 13, IeMOHCTPYIOTh
3aJIKHICTh BEJIMYWH HAPYKEHb B €IIEMEHTaX Me-
TaJeBUX KOHCTPYKUIH, SIKi BUKOPUCTAHO B MOJEISAX
ot ikcanii mepejaomMy B CepeaHiil TpeTuHi aiadiza
BEJIMKOTOMIJIKOBOI KICTKH, BiJl Bard MaIi€HTa.

Tak camo, SIK y KiCTKOBIM TKaHHHI, Y METaJICBUX
KOHCTPYKIIISIX BETMYMHH HAIIPYKEHb MPSIMO 3aJIeKa-
JIY BiJ Baru namicHra. HaiOUIbIIMMHA BOHU BUSBUIIN-
Cs B HAKICTKOBIH TUTaCTHHI, aje Oiis (iKCyBaIbHUX
TBUHTIB 1 CTPMIKHIB HaBKOJIO HEl HAMPyXEeHHS OyiIu
MiHIMaTbHIMU. HaliBHIIli TOKa3HUKY HAIIPYKEHb HA
eJIeMEHTaX KOHCTPYKIii BUsiBiieHO B Mojieni 3 A3D.

BucnoBku

Haii6inpri mokasHUKW PiBHS HANPYXKEeHb Y 30HI
nepenomy (Big 5,8 10 9,9 MlIla) Ta Ha MeTaneBiii KOH-
crpykuii (Big 360,0 mo 617,0 MIla) Bu3HaueHO B MO-
JielTl 3 HaKICTKOBOIO ILJIACTHHOIO.

AHai3 Mozei, Jie JUIsl OCTEOCUHTE3Y MePeIIOMY
BEJIMKOTOMIJTKOBOI KICTKH Ha PiBHI CEpeaWHU [ia-
¢iza BuxkopuctaHo A3®D, BUSIBUB JOCUTH HU3BKHUI
piBenb Hanpyxenb (Big 0,1 mo 0,2 MIla) B 30HI ne-
pernomy, aie HefoIikoM OyB BUCOKHU PiBEHb HAIpy-
KEHb y IPOKCHMaIbHOMY BiAJini KicTku (Bix 6,3 10
10,8 MITa).

HaliHmk4i MOKa3HMKM HaNpyXeHb y 30HI Ie-
penomy (Bixg 0,1 no 0,2 MIla) Ta mpokcuMaibHOMY
(parmenTi BemmkoroMinkoBoi kictkm (Bim 0,5 mo
0,9 MIla) Bu3HaueHO B pa3i BUKOPHCTAHHS OCTEO-
CHHTE3y 1HTPaMEAYISIPHUM CTPUXKHEM, alie B JIHC-
TaJIbHOMY BiJIJIIJTI KiCTKH HAIPYKESHHS 3aJIAIITUITUCS
JocuTh Bucokumu — Bix 11,7 go 20,1 MIla.

OyHKIISA 3aJIeKHOCTI BEJIUYUHU HAMPYKCHD
B €IIEMEHTaX PO3TISHYTOI MOJENi € JIHIHHOK Ta
MPSIMOIIPOTIOPIIHHOTO.

KounguikTt inTepeciB. ABTOpU AeKIapyiOTh BiACYyTHICTH
KOH(JIIIKTY iHTEpECiB.
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