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BnumB caritajabHUX MONEPEKOBUX MapaMeTPiB
HA HANPYKEeHO-1e()OPMOBAHNH CTAaH XPeOTOBUX PYXOBHX CerMeHTIB
3a YMOB 3aCTOCYBAaHHSI TPAHCHEAUKYJIAPHOI (ikcanii
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Objective. To study the stress-strain state of the elements of the hu-
man lumbar spine when we use the transpedicular system, taking
into account different angular values of segmental and total lum-
bar lordosis. Methods. For computer modeling of the stress-strain
state of the elements of the human lumbar spine after mono- and
polysegmental fixation, the Workbench product was used, and
for the construction of parametric three-dimensional geometric
models — the SolidWorks computer-aided design system was used.
4 groups of decisions were studied, which differed in angular valu-
es of segmental and total lumbar lordosis. In each group, 11 models
were analyzed that describe the lumbar segments after mono- and
polysegmental fixation in various configurations of the sagittal
alignment of the lumbar spine. Results. It was found that the maxi-
mum stress on the cortical bone is concentrated on the base
of the Ly in case of the «pathologicaly intervertebral disc Ly—S in
the group of patients with hyperlordosis. At polysegmental fixa-
tion of the L,—S, there is a redistribution of stress on the cortical
bone of all vertebrae, the maximum values of which is present in
the bodies of the Ly and S vertebrae. And only in the group with
hypolordosis this stress is minimal. The maximum stress was al-
ways on the overlying intervertebral disc during transpedicular
fixation. Significant increasing of cartilage stress in the facet joints
of the Lj—Ly segment was recorded during fixation of the Ly—S seg-
ment in case of hyperlordosis. The maximum stress on the rods was
identified in the group of patients with hyperlordosis and polyseg-
mental fixation of the L,—S, on screws — on Ly, Ly, Ly vertebrae
during fixation in all groups, except for hypolordosis. Conclusions.
Increasing in angular values (hyperlordosis), which describe seg-
mental and total lumbar lordosis, leads to the stress elevation in
the fixing elements and structures of the spinal motor segments,
and, conversely, a decreasing in angular values (hypolordosis)
causes the stress falling. Key words. Stress-strain state, transpe-
dicular fixation, lumbar spine, segmental lordosis, total lordosis,
finite element method, equal tensions, geometric modelling.
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Mema. Buguumu nanpyoiceno-oepopmosanuii cman ejemeHmis
nonepekosozo 8i00iny xpebma ar0OUHU 3d YMOB 3ACMOCYBAHHS
MPAHCReOUKYNAPHOT cucmemu 3 Ypaxy8aHHAM pi3HUX KYMOGUX
BeUYUN Ce2MEeHMAPHO20 | MOMAIbLHO20 NONEPEKOBO20 10PO03Y.
Memoou. J{na xomn'iomepHo2co MOOen08anHs HANPYICEeHO-0e-
Ghopmosanoco cmany enemenmie nonepeKo8oeo iy xpebma
JOOUHU NICTISL NPOBEOEHHS MOHO- Ma NoJiicecMeHmapHol gikca-
yii' eukopucmano npooykm Workbench, a ons nobyoosu napa-
MempuiHUX MPUBUMIPHUX 2eOMEMPUUHUX MOOeNel — CUCINEMY
asmomamuzoeanozo npoekmysants SolidWorks. Busueno 4 epy-
nu piwiens, AKi GIOPI3HANUCH 30 KYIMOBUMU 8eTUUUHAMU Ce2MeH-
MapHo20 i MomanbHo20 HONEPeKo8o20 10pA03y. Y Koducill 2pyni
posenanymo 11 modeneil, wo onucyroms nonepexosi cecmeHmu
nicia npogeoeHHs MOHO- ma noiiceemeHmapuoi @gixkcayii sa
YMO8 pi3HUX KOH@ieypayiil ca2imanbHo2o KOHMypy nonepexo-
6020 61001y Xxpeoma. Pezyromamu. Buseneno, ujo maxcumanoHi
HANpYsiCcenHs KipKogoi KicmKu KOHYeHmpyomucs 6 6a3080My
Ly xpebyi 3a «namonociunozo» mixcxpebyesoeo oucka Ly—S
y epyni nayienmie i3 2inepaopoo3om. Y eunaoky nonicecmen-
mapnoi gixcayii Li—S eunuxae nepeposnodinl Hanpyicenb Ha
KipKO8Y KICMKY 6CIX Xpebyis, aie MAKCUMANbHUX 3HAYEHb OHU
nabysaroms y minax Ly i S xpebyis, nuwe 6 epyni 3 2inoiopoozom
yi HanpysiceHHs MiHiManobhi. Makxcumanohi HanpyjiceHns 3a62ic-
Ou npunaodany Ha eUWEPO3IMAUOB8AHUL MidCXpedyeull OUCK 3d
YM06 mpaHcneouxyaapuoi gixcayii. Hailbinowe spocmanua Ha-
npysicents Ha Xpawy 0y208i0pocmKosux cyenobie ceecmenma Ly—
Ly susnaueno 6 pasi ¢ixcayii ceemenma Ly—S 3a cinepnopoo3sy.
Maxcumanvni nanpysicenns Ons CMPUIICHIE BUABTEHO 8 2PYNI 3
einepnop0o3om i noniceemenmapnoio gixcayieto Li—S, ons 2eun-
mie — y Ly, Ly, Ly xpebysax 3a ¢hixcayii y cix epynax, oxpim
6UNAOKY 3 2IN0N0PO030M. Bucnosku. 36invuenns Kymosux sua-
YeHb (2inepropoo3s), SIKi ONUCYIOMb Ce2MEeHMAapPHULL I MOMAaIbHUll
nonepexkoguil 10p003, NPU3EOOUNb 00 NIOBUWEHHS HANPYIHCEHD
6 elemenmax QiKcy8anibHol KOHCMPYKYIL ma cmpykmypax xpeo-
MOBUX PYXOBUX Ce2MeHMiG i, HAGNAKU, 3MEeHWEeHHs KYMOGUX
3HaUendb (2ino10po03) CNPUNUHIOE 3MEHULEHHS HANPYICEHD.
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KuarouoBi caoBa. HanpyskeHo-nedhopMoBanmii ctaH, TpaHCHENUKYJsipHa (ikcallis, TONepeKOBUH Bimain
XpeOTa, CEerMeHTapHU JIOPA03, TOTAJIBHUHN JIOPII03, METO/ CKIHYCHHHX €JIEMEHTIB, €KBIBaJICHTHI HaNpPy KeH-

HA, TCOMETPUYHE MOACIIOBAHHA

Beryn

JlocutiJKeHH S HaIlpy )KeHO-1e(hOPMOBAHOTO CTaHY
010JIOTTYHUX 1 OIOMEXaHIYHMX CHCTEM aHaJIITHYHH-
MU METOJaMHU HEMOXKJIMBE, OCKIIbKH F€OMETPHYHA
(dopMa eneMeHTIB CUCTEM JOCTATHHO CKIAIHA JJIs
ommcy. Yepes 1e BUKOPHCTOBYIOTH METOIU JAUCKpE-
TH3aMii CKJIaJHOI TeOMETpUUYHOI (popmu, 30KpeMa,
METOJI CKIHUCHHUX €JIEMEHTIB [1].

[TaTosorito nmonepeKoBo-KPHKOBOTO BiALTY Xpeo-
Ta BU3HAYAIOTH y 0111611 HixK 60 % 3aranbHoi momysi-
1ii [2]. KiiHigHI MpOsIBU MOKYTh IIUPOKO BapifOBaTH
1 3a;exaTh BiJ] CETMEHTA, BIIIITY Ta CariTaJbHOTO
KOHTYpyY xpeOta. [lamieHTH MaroTh IIMPOKUH CIIEKTP
MpoOJieM Bifl JIETKUX CHMIITOMIB JI0 3HAYHOTO 0OJII0
1 BUpaxkeHoi iHBamigHOCTi. CaritanbHOMY KOHTYPY
xpeOTa 1 Horo B3a€MOBITHOIICHHIO JIO Ta3a MPHIi-
JSAIOTH BEJHMKY YBary 4epe3 BCTaHOBJICHY TIiCHY KO-
pemAIiio BUKPUBIEHHS XpeOTa B cariTaiabHINA IIJIO-
IIMHI 3 THBAJIIIHICTIO U SAKICTIO KUTTS XBOPOro [3].
dakTUYHO, TPUITYIIEHHS [IOMUJIKH 11T 4aC BUIPAB-
JICHHSI CariTaJlbHOro KOHTYpY (TOOTO HasBHICTH MPOO-
JIEMH B cariTallbHI{ IIONIMHI) € HE3alIe)KHUM IIpe-
IUKTOPOM HETAaTHBHHUX PE3YyJBTaTiB Maiike y BCiX
BUTIQJIKaX PO3BHTKY IMATOJOril XpedTa B JOPOCIHX:
ckojiio3y [4], nedopmariii xpedra B cariTalbHIi
o uHi [5], Oynb-KOi JAereHepaTUBHOI MATOJIOTl
xpeOTa 0e3 HasBHOCTI nedopmanii [6]. Xipypriude
JKyBaHHS NAIi€HTIB 13 BUKOPUCTAHHSM TPaHCIICIH-
KYJSSPHUX KOHCTPYKIiH BUKOPUCTOBYIOTH 3a IIIHU-
POKOrO CIIeKTpa XBOpoO — BiJ IST€HEPATUBHUX I10-
PYLICHb [0 3HAYHUX IHBAJIIU3YIOUHX JAedopMariii.
Came TOMY CbOTOZIHI 06araTbOM JOPOCIUM XBOPUM
BHKOHYIOTh KOpEKIlito abo crabimizamito xpeodra.
OcTaHHIMHA JECATUIITTIMA AOKJIAJACHO 3yCHUIb IS
pO3IIMpPEHHS 3HaHb y LI Taiy3i, BKIOYaodu 6i0-
MEXaHIYHI JOCHiKeHHs. [IpogeMoHCTpOBaHO, 110
00’eMHI omeparii, fKi MOPyIIyloTh Oamanc xpeOTa
B cariTajbpHI{ TUIOMIMHI, MPU3BOASTH J0 HEIPHUITYC-
THMO BHUCOKHMX IMOKa3HHKIB TOTAaHUX pPE3yIbTaTiB
1 peBi3iifHNX BTpy4aHs [7-9]. Y cBolo Uepry, IiBH-
nieHHs1 eDeKTUBHOCTI TPaHCIEANKYISPHOT (ikcarii
nepeadavae 3HaHHS 010MEXaHIYHUX yMOB (YHKIIO-
HYBaHHS €JIEMEHTIB XpeOTOBUX PYXOBHX CETMEHTIB
(XPC) i ixHIX CKIagOBUX (KICTKOBOI TKAaHHHHU TiJ
XpeOIiB, MiXXpeOIIeBOro AMCKa, CYTI000BOTO Xpsi-
ma AYTOBIAPOCTKOBUX CYTJIO0iB) 32 yMOB DPI3HHX
KOH(QITrypaIiii cariraJibHOro KOHTYpY MOMEPEKOBO-
ro Binminy xpeOTa ¥ TpaHCcHeOUuKYJSIpHOI (ikcarii.

VY miTeparypi My 3HaUIIIN iH(QOPMAIIiFO TIIOI0 Xapak-
Tepy HaBaHTakeHb XPC oKpeMo Il KOXKHOTO BUAY
crioniyuHnoi TkanuHu [10], ane 0e3 BUKOPUCTaHHS
TPAHCTIEMUKYISAPHOT KOHCTPYKITii. Takok BUSBUIN
nofioHe pociimkenns [11], ane 6e3 ypaxyBaHb yMOB
pi3HUX KOHQITypamiil caritaabHOr0 KOHTYpY TOIe-
PEKOBOTO JOP03Y. [JIst MOaanbIol YCImiIHOi KOpeK-
mii medopmartii a6o cradimizamii xpedTa HeoOXigHI
TEOPETHUYHI 3HAHHS LIONO0 PO3MOALY HaBaHTaXKEHb
Ha KICTKOBY Ta XpsIILIOBY TKAHHMHH MEPEIHIX 1 3a/IHIX
omopHuX cTpykTyp XPC, a Takox Ha CTPWXKHI Ta
TpaHCTIETUKYJISPHI TBUHTHU 3a PI3HUX BapiaHTIB ca-
FiTaJIBHOTO KOHTYPY MOIEPEKOBOTo Bifaily xpeOra
B pa3i MOHO- Ta MOJICErMEHTAPHOI TPAHCIICAUKYJIISP-
HOT ikcarrii.

Mema Oocnidoicenns: BUBUUTH HaIpPy>KEHO-Je-
(hopMOBaHMI1 CTaH €JIEMEHTIB MOMEPEKOBOTO BIAALITY
XpeOTa JIFOJJMHY 32 YMOB 3aCTOCYBaHHS TPAHCIIC/IH-
KYJISIDHOI CHCTEMH 3 ypaxyBaHHSIM Pi3HUX KyTOBHX
BEJMYMH CErMEHTapHOI0 1 TOTAJILHOTO MOMEPEKOBO-
O JIOPAO3Y.

Marepiau i meToau

Poborty 3milicHeHO B MekaX BUKOHAHHS HayKOBO-
nocaigaoi podotu Y «IIIXC im. mpod. M. 1. Cu-
tenka HAMH VYkpainn» «BuBuntu ocHOBHI HOMUII-
KU Ta YCKIAJHEHHsS TPaHCIEIUKYISIpHOI (ikcamii
B Xipyprii xpeOTa Ta po3podbutn 3axomu ix mpodi-
JAKTUKHU Ta JiKyBaHHs», Ne nepxaBHOI peecTpamii
0118U006949.

Jist KOMITIOTEpPHOTO MOJICIOBAHHS HaIpyKe-
HO-1e(OPMOBAHOTO CTaHy €JIEMEHTIB OloMeXaHid-
HOI CHCTEMH, L0 ONHCYE MONEPEKOBUN PYXOBUH
CerMEHT JIIOIMHU Micysl MPOBEJACHHSI MOHO- Ta TIO-
JlicerMeHTapHoi (ikcarii 3 ypaxyBaHHSIM yMOB pi3-
HUX KOHQITYpalliid cariralkHOro KOHTYPY TOTIepeKo-
BOrO BiJJiNy XpeOTa, BUKOPUCTAHO MPOAYKT Ansys
Workbench [12]. Le#i nporpaMHO-po3paxyHKOBUI
KOMIUIEKC J]a€ MOJKJIMBICTH IPOBOIUTH PO3PaxyH-
KM 3 BUKOPHCTAHHSM METOAY CKiHYEHHO-CJIEMEHT-
HUX Mozened. Came UM MPOrpaMHUM KOMILIEKCOM
00J1aTHaHNH OOUUCITIOBAIBHUH HEHTP KOMIT FOTEPHOTO
monemtoBaHHs «Ter3op» HTY «XapkiBChKUH ITOITI-
TEXHIYHUH IHCTUTYT», IKHI BOJIOAIE€ KOMIT IOTEPHUM
knactepoM «IIOJIITEXHUK-125». llentp Oys 3a-
TMiSHUH Ha TMiJCTaBl JOTOBOPY TMPO CHIBIPAILIO MiX
AV «lactutyT naromnorii xpedrta Ta cyriaodiB iM. mpod.
M. I. Curenka HAMH VYkpainn» ta HamionansHum



ISSN 0030-5987. Opromnenus, TpaBMaTosorus u nmporesuponanue. 2021. Ne 3 39

Puc. 1. 'eomMeTpruHi MOJEIi PO3paXyHKO-
BO1 rpynu: a) nepmoi (cxema 1.1); 6) npyroi
(cxema 2.1); B) TpeTboi (cxema 3.1); 1) yeT-
BepToi (cxema 4.1)

Puc. 2. 'eomerpuyuni moneni 1.7 (a), 1.9 (6) ta 1.11 (B) po3paxyH-
KOBHX CXEM

TEXHIYHUM yHIBEPCUTETOM «XapKiBCHbKHH IOIITEX-
HIYHHN THCTHTYT».

Jns moOyaoBH CKiHUEHHO-EJIIEMEHTHOI Mojeli
BKJTroueHi Xpeobrti Li—Ly Ta S (kpmxki). Po3paxyHko-
Bi MOJIEJIi BKJIIOYAOTh XPeOIli, MiXKXpeOleBl TUCKH
1 Xpsmi TyroBiApocTKOBUX cyrnobiB. Takox ix mo-
MIOBHEHO JOJIaTKOBUM €JIEMEHTOM JJII KOPEKTHOTO
nepefaBaHHs HaBaHTaxeHHs. [lin yac moOynoBU
Mojeneld XpeOliB ypaxoBaHO CTPYKTYPHHH MO
Ha KIPKOBY Ta T'yO4acTy KiCTKOBI TKaHWHHU. Y PoOOTi
CTBOPEHO YOTHUPHU PO3PAXYHKOBI TPYIIH, SIKi OMHCYIOTh
MOTIePEeKOBUH Biaail xpeOTa.

BigMmiEHOCTI MiX pPO3paxyHKOBHUMH CXeMaMu
MOJIATAIM B KYyTOBHX BEIMYMHAX CETMEHTApHOTO
1 TOTaIBHOTO TIONIepeKoBOro opao3y [13]. [epmri aBi
PO3paxyHKOBI IpyIlH OIUCYBaJIM MOAEI HMONEPEKO-
BOTO BIJIIITY 3TiTHO 3 TTOKAa3HUKAMHU, OTPUMAHUMU
M. Bernhardt i cniBaBt. [14]. Tpets i1 ueTBepTa Ipy-
MM aHAJI3yBaJIM MMATOJIOTIYHI 3MiHH CErMEHTapHOTO
1 TOTAJIBLHOTO TIOTIEPEKOBOTO JIOPA03Y B OiK 3MEHITICH-
HsI Ta 30UIBIIEHHS BiIMOBIIHO. Byiio npuiiHsTO, 110
HOpPMaJIbHi BEJINYMHHU CErMEHTApHOIO 1 TOTAJIBHOTO
TTOTIEPEKOBOTO JIOPA03Y BiAIMOBINAIOTH TIEPIIiii 1 APy-
il po3paxyHKOBHM TI'PyTIaM.

Ha puc. 1 naBeneHo reoMeTpudHi MOAETI YOTH-
pPBOX PO3PaXyHKOBUX T'PYM, SKi OMUCYIOTH 1HTaKT-
HUH CTaH MONEPEKOBOTo Biiy XpeOTa (po3paxyH-
koBi cxemu 1.1, 2.1, 3.1, 4.1).

Puc. 3. CkiHUYCHHO-EJIEMEHTHA MOJICJIb PO3PaXyHKOBOI cXe-
mu 1.11

= Force: 500, N B Symmetry Region
Fixed Suppo
-

Force: 500, N
Fixed Support

Puc. 4. Cxemu HaBaHTakeHHSA (a), 3aKpiruieHHs (0) Ta YMOBH
cumetpii (B) (po3paxyHkosa cxema 1.11)

Koxna po3rasHyTa po3paxyHKOBa rpymna Ha-
nigyBajia 11 po3paxyHKOBUX CXeM, SKi OMHCYBAJIH
PI3HOMAHITHUH CTaH MOMEPEKOBOr'0 BIIILIY Xped-
Ta, a caMe: IHTaKTHHH, YIIKOIKEHUH, 31 3acTOCy-
BaHHSIM TPaHCIEUKYJISIpHOI cucTeMu. OcTaHHi JBa
aHaJIi3yBalli pi3HI CErMEHTH ONEPEKOBOr0 BiIIIITY
xpeOrta. Y Tabn. 1 HaBeneHO OMUC PO3PaAXyHKOBUX
CXEM.

Ha puc. 2 monaHo reoMeTpruHy MOJEIb Ha MPHK-
nani pospaxyHkoBoi cxemu 1.11 3 mepmoi pospa-
XYHKOBOI TPyTH (MOJIENb, SIKa OMHUCYE MOTEPEKOBHIMA
BiJIiJ1 XpeOTa 3 TPaHCIEIUKYISIPHOI CHUCTEMOIO)
B OKPEMUX BHAaX TCOMETPUIHOT MOJICITI HA TIPUKJIIATI
po3paxyHkoBux cxeMm 1.7, 1.9 ta 1.11.
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Onuc po3paxyHKOBHX CXeM

Tabruys 1

PospaxynkoBa rpyna

PospaxynkoBa cxema

Omnuc

1.1

IHTaKkTHUI cTaH

1.2 «YUIKOKCHUIN» MIKXpeOieBuid quck Ly—S
1.3 «YmKomKeH1» Mikxpeoduesi gucku Liyv—S
1.4 «YmKOmKeHI» MiIXKXpeOueBi gucku Li—S
1.5 «YIKOIKEeHI» MIXKXpeO1eBi qucku Li—S

1 1.6 «YKOIKEeHI» MKXpeO1eri aucku Li—S
1.7 «YUIKOKeHHT» MDKXpeOIeBHil TUCK 1 TpaHCTIeAUKYJIsipHa cucteMa Ly—S
1.8 «YIKOIKEHI» MIKXpEeOIeBl JUCKH Ta TpaHCIENUKYIsipHa cuctema Liy—S
1.9 «YIIKOKeH1» MIXKXpeOIeBi AUCKU Ta TPAaHCHEIUKYIIsIpHa cucteMa Ly —S
1.10 «YUIKOIKEeHI» MIXKXPEOIeBl JUCKH Ta TpaHCIEAUKYIsipHa cucTeMa Ly—S
1.11 «YUIKOKEH1» MIXKXpeOIeBi AUCKHU Ta TPAHCHEAUKYJsIpHa cucTema Li—S
2.1 IHTaKTHUH cTaH
2.2 «YIKOIKECHUN» MIKXpeOueBuid quck Ly—S
2.3 «YmKomKeHI» MXKXpeOuesi gucku Liy—S
2.4 «YurkopKeHi» Mikxpebuesi aucku Li—S
2.5 «YIKOMKEeHI» MIXKXpeOueni qucku Li—S

2 2.6 «YmkomKeHi» Mixkxpebuesi gucku Li—S
2.7 «YIKOIKEHUN» MIKXPEOIeBUN JTUCK 1 TpaHCTIENUKYIsipHA cucTeMa Ly—S
2.8 «YUIKOKEeH1» MIXKXpeOIeBi AUCKHU Ta TPAHCHEIUKYIsapHa cucteMa Liy—S
2.9 «YIKOMKEHI» MIKXpeOIeBl IUCKH Ta TpaHCIEAUKYIsipHa cuctema Ly —S
2.10 «YIKOIKECHI» MIKXPEOIeBl JUCKH Ta TPaHCIEIUKYIsipHA cuctema L;—S
2.11 «YIIKOJKEH1» MIKXpeOIeBi AUCKU Ta TPAHCHEINKYIsIpHa cuctema L—S
3.1 IHTaKTHUI cTaH
3.2 «YurkopxkeHuit» Mixkxpebuesuit nuck Ly—S
3.3 «YIKOMKEeHI» MIKXpeOueBi gucku Liy—S
34 «YIKOIKEeHI» MIXKXpeOueBi gucku Li—S
3.5 «YUKOIKEeHI» MIXKXpeOIeBi qucku Liy—S

3 3.6 «YurkopxeHi» Miskxpeobuesi gucku Li—S
3.7 «YIKOMKEHUN» MIKXPEOIeBUN TUCK 1 TpaHCTIENUKYIsipHA cucTeMa Ly—S
3.8 «YIKOIKECHI» MIKXPEOIEBl JUCKH Ta TPAHCIEAUKYIsipHa cuctema Liy—S
3.9 «YUIKOIKECHI» MIXKXPEOIEeBI JUCKH Ta TPaHCIEAUKYJIsipHa cuctema Li—S
3.10 «YUIKOIKEHI» MIXKXpeOLeBi AUCKU Ta TPAHCHEAUKYJIsIpHa cucTema Ly—S
3.11 «YIKOMKEHI» MIKXpeOLeBl JUCKH Ta TPaHCIEAUKYIsipHa cuctema L—S
4.1 laTakTHUM cTaH
4.2 «YIKOIKEHUN» MIKXpeOieBuid quck Ly—S
4.3 «YuIkopKkeHi» Mixkxpebuesi aucku Liyv—S
4.4 «YmKomKeH» MiXKXpeouesi gucku L —S
4.5 «YIKOIKEeHI» MIXKXpeO1eBi qucku L—S

4 4.6 «YmKoIKEeHI» MIXKXpeOIeBi qucku Li—S
4.7 «YUIKOJKSHH» MDKXpeOLeBHil TUCK 1 TpaHCIeAUKYJIsipHa cucteMa Ly—S
4.8 «YIKOIKEHI» MIKXpeOLeBl UCKH Ta TpaHCIEAUKYIsApHa cuctema Liyv—S
4.9 «YIKOIKEHI» MIKXPEOIEeBl JUCKH Ta TpaHCIEAUKYIsipHa cuctema Li—S
4.10 «YIIKOKEeH1» MIKXpeOIeBl JUCKU Ta TPAaHCHEAUKYIsIpHa cuctema L;—S

4.11

«YUIKOIKEeHI» MIKXPEeOIeBl JUCKH Ta TPAHCIEAUKYIsipHa cucTeMa Li—S
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Tabruys 2 Tabruys 3
BeinunHU cCerMeHTapHOrO i TOTAJILHOIO ®DizuKo-MexaHiYHI XapaKTePUCTHKHU MaTepiais
monepeKosore 1opaosy (rpas) Marepian Monys IOura E, | Koedinient
—— Pospaxynrona rpyna (MIl) " | Tiyaceona v
xpebra epura pyra per setnepra Kipkosa kicTka 10 000,0 0,30
Li—Ly 4,0 1,5 1,2 6,4 ['yOuacra kicTka 450,0 0,20
Lu—Lu 7,0 7,0 4.4 9,9 z(ylj;fj{_l]_(l)IG/C;yFOBiHPOCTKOBOFO 10,6 0,49
LTy 13,0 1,3 4,0 16,0 MiskxpeOuesuii quck 4,2 0,45
E'VV:SLV zg’g ;2’2 1:; ;i Tutan 102 000,0 0,30
2 ’ 2 2 «YIIKOMKEHUH» MikXpeOLeBuit 1,6 0,45
Li-S 72,0 60,9 43,3 80,8 JTUCK
Tabnuys 4
MaxkcumaJiibHi ekBiBaJjieHTHI Hanpy:kenHs (MIla) nas kipkoBoi kKicTkn
Xpebers PospaxyHkoBa cxema
1 2 3 4 s | e | 7 | 8 9 10 1
1 po3paxyHKoOBa rpymna
L, 43,00 78,76 92,18 99,89 104,78 113,94 12,20 11,49 10,33 9,58 27,80
Ly 31,39 59,41 69,93 75,97 79,83 79,09 10,14 7,28 9,13 70,00 65,00
L 16,21 28,49 33,31 36,13 36,04 35,81 14,10 13,09 10,05 7,96 7,52
Liv 39,43 40,12 44,62 44,85 44,93 45,04 28,34 80,00 79,55 60,00 66,40
Ly 73,63 139,59 | 138,28 | 137,65 137,31 136,80 | 100,00 80,00 80,00 70,00 70,00
S 25,16 27,81 27,65 27,57 27,53 27,47 133,79 | 104,23 | 109,90 | 103,03 97,38
2 po3paxyHKOBa I'pymna
L, 35,86 59,22 69,17 77,21 82,32 88,67 7,91 7,72 7,79 7,83 20,39
Ly 35,33 59,67 70,04 78,41 83,64 83,44 8,85 7,72 9,11 80,00 75,00
L 15,67 26,11 30,56 34,18 34,06 33,91 11,05 11,11 13,26 10,34 9,88
Liv 32,70 33,34 37,06 37,20 37,30 37,41 24,74 88,40 72,75 68,43 64,39
Ly 46,15 86,49 85,54 85,06 84,80 84,54 50,00 88,82 85,91 80,30 75,11
S 26,77 31,93 31,67 31,48 31,38 31,28 124,26 | 110,35 107,16 101,77 96,67
3 po3paxyHKoOBa rpymna
L; 12,51 21,71 26,01 30,76 34,57 40,00 7,48 7,37 7,49 7,58 38,49
Ly 7,27 13,87 16,87 20,17 22,85 22,60 6,94 6,97 8,25 50,00 94,25
L 10,48 10,63 11,92 14,15 14,07 13,96 8,79 9,03 7,80 6,23 15,34
Liv 20,11 20,34 23,75 23,97 24,04 24,13 15,37 47,62 44,49 46,14 100,00
Ly 28,92 47,75 47,61 47,31 47,10 46,88 26,99 28,54 28,22 26,78 52,13
S 13,28 15,25 15,18 15,12 15,08 15,03 64,86 63,17 62,40 50,87 33,85
4 po3paxyHKOBa I'pyma
L, 48,99 80,44 93,44 100,94 | 106,10 114,51 11,09 14,38 14,65 13,68 37,25
Ly 48,20 80,71 94,14 101,89 | 107,25 | 106,52 9,49 8,25 8,82 75,00 100,00
L 22,56 36,83 42,73 46,20 46,07 45,84 15,34 15,76 12,43 10,83 8,76
Liv 41,88 42,61 42,45 42,78 42,88 43,01 31,21 60,00 77,01 69,99 53,01
Lv 84,48 146,84 | 145,20 | 144,47 | 144,05 143,55 | 100,00 80,00 90,50 60,00 65,92
S 26,80 30,11 29,86 29,74 29,68 29,60 100,00 60,00 99,51 70,00 78,67
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VY tabn. 2 HaBeACHO BEIUYMHHU CErMEHTApHOI'0
1 TOTAJTBHOTO TOMIEPEKOBOTO JIOPAO3Y JJIS BCiX PO3-
paxyHkoBux rpym [11].

VY Mexax mporo JOCHIKEHHS BUKOPUCTAHO (i-
3WKO-MeXaHIuHI BIIACTHBOCTI KipKOBOi Ta ry0dacToi
KICTOK, XpsIIa AYTOBIIPOCTKOBOTO CyTIiI00a, «YLIKO-
JKEHOTO» W IHTAaKTHOTO MIXKXPEOLEBOro JUCKA, SKI
HaBezieHo B Tabu. 3 [1, 10, 11, 13].

[ToOynmoBa kKOMOIHOBAaHUX CKiHUYECHHO-EJIEMEHT-
HUX Mopejel BifOyBaslach i3 BUKOPUCTAHHSM elie-
MCHTIB PIi3HUX THITB, a came: 10-By3JIOBHI TeT-
paenp (SOLIDI187), 20-By3ioBuii KyOIYHUN €JIEMEHT
(SOLID186). [TobynoBaHi cKiHUEHHO-EIeMEHTHI MO
HajiuyBaiu 0nu3bko 600 TUC. eneMeHTIB 3 1,2 MIIH
By3miB. Ha puc. 3 HaBeseHO CKiHYEHHO-EIEMEHTHY
MOJIEITh JIJIs TIEPIIOi PO3PAXYHKOBOT CXEMH.

TakuM YMHOM, BHCOKY alpOKCHUMAIlII0 HaIpy-
KEHO-7e(OPMOBAHOTO CTaHy IiJI Yac PO3paxyHKiB
MOKEMO OTPUMAaTH 3aBIASKH 3aCTOCYBAaHHIO ABOX
pI3HUX THIIB €JIEMEHTIB Y CKIHUYCHHO-EJICMEHTHHX
MOZETISX.
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3a JI0MIOMOT 00 BiITTOBITHOT CHITH BiZITTBOPEHO HEOO-
XiJHe HaBaHTaxeHHs1. CHJa, IPUKJIAJIeHa Yy BEpTHKAJIb-
HOMY HampsiMKy, aopiBHioBana 500 H (to6to 50 kr).
Taxa BennunHa Oysia OTpUMaHa 3 ypaxyBaHHSIM CUMET-
pii B caritanpHiil mnommHi. J[ns 3akpimuieHHs Oyio
CTIeIlialIbHO BUUJICHO YACTHHY KPHKOBOI 30HU S Xped-
1. Ha puc. 4 mpoimocTpoBaHO CXeMHU HaBaHTAKEHHS,
3aKPIIJICHHS] 1 YMOBU CUMETpIi B CariTaabHIN MIISTHITI
Ha MPUKJIaIi po3paxyHKoBoi cxemu 1.11.

PesyabTaTH Ta iX 00roBOpeHHs

3a migcyMKaMM IPOBENEHUX JOCIiIKEHb YOTH-
PBOX PO3PAaXyHKOBUX T'PYI BU3HAUCHO MAKCHMAallb-
Hi eKBiBaJIeHTHI Hampy>XeHHsS 3a von Mises i MoBHi
MepeMilieHHs ISl TOCIiIKYBaHOTO MOMEePEKOBOTO
CerMeHTa 010JIOTTYHUX 1 OlOMEXaHIYHUX CHCTEM.

Jdiarpamu 3 nMoka3HUKaMHW HaIpyXeHb 3a von
Mises KipKOBOi KIiCTKH JIJIsI BCiX PO3PaxyHKOBHUX
rpyI 300paxkeHo Ha puc. 5—8 (tabi. 4), mixxxpeOire-
BUX JTUCKIB 1 XpALIiB 1yTOBIIPOCTKOBUX CYTI00IB —
Ha puc. 9—12 (tabmn. 5) i 13—16 (tabn. 6), BiAMOBITHO.

Tabnuys 5
MaxkcuMaJiibHi ekBiBajieHTHI Hanpy:keHHs (MIla) nist MikxpeOueBuxX JUCKiB
CermeHT Po3paxynkoBa cxema
Xpeora 1 2 3 4 s | e | 7 8 9 10 1
1 po3paxyHKoBa rpymna
L—Lu 0,60 0,60 0,60 0,60 0,60 0,55 0,71 0,64 0,65 0,66 0,54
Liu—Lm 0,72 0,73 0,73 0,73 0,48 0,48 0,72 0,51 0,56 0,53 0,48
Lin—Liv 0,51 0,50 0,50 0,44 0,44 0,44 1,03 0,75 0,59 0,53 0,48
Liv-Ly 0,81 0,84 0,66 0,65 0,65 0,65 1,85 0,57 0,60 0,54 0,49
Lv-S 1,14 1,02 1,01 1,01 1,00 1,00 0,95 0,69 0,71 0,66 0,61
2 po3paxyHKOBa I'pymna
Li—Lu 0,58 0,58 0,58 0,58 0,58 0,56 0,65 0,62 0,63 0,64 0,54
e 0,61 0,61 0,61 0,62 0,47 0,47 0,79 0,70 0,71 0,60 0,55
Lin—Liv 0,60 0,58 0,58 0,57 0,57 0,57 1,03 0,90 0,64 0,59 0,55
Liv-Ly 0,80 0,79 0,73 0,72 0,72 0,72 1,53 0,68 0,65 0,60 0,56
Lv-S 1,12 1,01 1,00 1,00 1,00 0,99 0,92 0,77 0,73 0,69 0,64
3 po3paxyHKOBa Ipymna
Li—Lu 0,62 0,62 0,62 0,62 0,62 0,60 0,61 0,62 0,63 0,64 0,53
e 0,51 0,51 0,51 0,51 0,57 0,57 0,62 0,64 0,67 0,64 0,48
Lin—Liv 0,61 0,61 0,61 0,66 0,66 0,65 0,81 0,82 0,72 0,68 0,40
Liv—-Ly 0,73 0,74 0,58 0,58 0,58 0,58 0,90 0,59 0,58 0,55 0,29
Lv-S 0,79 0,75 0,75 0,75 0,74 0,74 0,64 0,61 0,60 0,57 0,31
4 po3paxyHKOBa I'pymna
Li—Lu 0,62 0,62 0,62 0,62 0,62 0,52 0,68 0,65 0,64 0,65 0,48
Liu—Li 0,61 0,61 0,61 0,61 0,39 0,39 0,73 0,64 0,59 0,49 0,40
Lin—Liv 0,50 0,50 0,50 0,40 0,40 0,39 1,01 0,85 0,47 0,43 0,32
Liv-Ly 0,84 0,82 0,73 0,73 0,73 0,72 1,64 0,69 0,47 0,49 0,37
Lv-S 1,32 1,21 1,20 1,20 1,19 1,19 1,03 0,90 0,72 0,68 0,54
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Puc. 5. MakcumanpHi exBiBaneHTHi HanpyskeHHs (MIla) ms
KIpKOBOI KiCTKM — TIepIiia pO3paxyHKOBa rpymna

Puc. 9. MakcumanbHi exBiBaneHTHI HanpyxkeHHs (MIla) mios
MDKXpeOIeBUX AMCKIB — MepIlia po3paxyHKoBa rpymna
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Puc. 6. MakcumanbHi exBiBaJdeHTHI HanpyxkeHHs (MIla) mis
KIpKOBOI KICTKH — [Ipyra po3paxyHKOBa rpymna

Puc. 10. MakcnmanbHi ekBiBaseHTHI HanpyxeHHs (MIla) mis
MDKXpeOIeBUX AUCKIB — ApPyra po3paxyHKoBa rpyma
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Puc. 7. MakcuManbHi ekBiBajeHTHI HanpyxeHHs (MIla) mis
KIpKOBOI KiCTKM — TPETs PO3paxyHKoBa rpymna

Puc. 11. MakcumainbHi ekBiBasieHTHI HanpyxeHHs (MIla) mos
MDKXPeOIeBUX AMCKIB — TPETsl PO3paxyHKOBaA rpymna
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Puc. 8. MakcumanbHi exBiBasieHTHI HanpyxeHHs (MIla) nis
KipKOBOI KiCTKH — 4eTBEpTa PO3paxyHKOBa rpyIa

Puc. 12. MakcumaibHi ekBiBaneHTHI HanpysxenHs (MIla) st
MiXKXpeOLEeBUX JUCKIB — YeTBepTa PO3paxyHKOBa Ipyrna
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Puc. 17. MakcumanbHi exBiBaneHTHI HanpyxeHus (MIla) mos
CTPYIKHS
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Puc. 14. MakcumaibHi exBiBasneHTHI HanpysxeHHs (MITa) st xpst-
IIiB TYTOBIJPOCTKOBHUX CYIJI00iB — Apyra po3paxyHKoBa rpyna

Puc. 18. MakcumaibHi ekBiBaneHTHI HanpyxenHs (MIla) s
reuHTa (S)
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Puc. 15. MakcumaibHi exBiBasieHTHI HanpyskenHs (MI1a) st xpsi-
IIiB JyTOBIJPOCTKOBUX CYTJIO0IB — TPETsI pO3paxyHKOBa Ipyra

Puc. 19. MakcumanbHi ekBiBaneHTHI HanpyxeHHs (MIla) mis
reuHTa (Ly)
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Puc. 16. MakcumainbHi ekBiBaJIeHTHI HanpysxkeHHs (MIla) st xpst-
IIiB TyTOBIJPOCTKOBUX CYTJIOOIB — YeTBEpTa pO3paxyHKOBA IpyTa

Puc. 20. MakcumanbHi ekBiBajeHTHI HanpyxenHsa (MIla) nus
reuHTa (L1v)



ISSN 0030-5987. Opromnenus, TpaBMaTosorus u nmporesuponanue. 2021. Ne 3

45

Tabnuys 6
MaxcuMmaJibHi ekBiBajieHTHI Hanpy:kenHs (MIla) nis XpsamiB 1yroBigpocTkoBHuX Cyr00iB
CerMeHTt PospaxynkoBa cxema
Xpeora 1 2 3 s | s | e | 7 8 9 10 1
1 po3paxyHKOBa rpymna
L—-Ly 4,08 4,15 4,18 4,19 4,20 6,05 1,91 2,57 2,50 2,68 4,45
Ly—Lm 5,51 5,66 5,72 5,76 6,04 6,08 1,05 2,42 1,91 1,90 1,77
Liy—Liv 10,23 10,65 10,92 9,31 9,39 9,46 5,73 4,58 8,47 7,70 7,02
Liv—Ly 5,08 5,37 5,43 5,48 5,52 5,57 8,39 2,42 2,47 2,21 2,00
Ly-S 8,80 15,43 15,17 15,03 14,95 14,84 14,08 11,09 11,75 10,95 10,25
2 po3paxyHKOBa rpymna
L—-Ly 3,23 3,32 3,36 3,40 3,42 4,96 1,80 2,04 1,95 2,10 3,57
Ly—Lm 3,93 4,04 4,09 4,09 4,60 4,62 1,60 1,78 1,69 1,74 1,65
Liy—Liv 5,95 6,26 6,48 9,27 9,20 9,18 5,16 5,22 9,18 8,68 7,92
Liv—Ly 2,83 2,88 3,53 3,54 3,55 3,56 6,17 2,25 2,01 1,85 1,68
Ly-S 17,07 26,06 25,80 25,59 25,48 25,36 15,73 14,66 14,29 13,64 12,87
3 po3paxyHKOBa rpyna
L—-Ly 3,54 3,58 3,60 3,62 3,64 5,34 2,70 2,31 2,45 2,57 4,14
Ly—Lm 3,36 3,41 3,43 3,46 3,60 3,61 1,77 1,59 1,30 1,48 1,73
Liy—Liv 4,71 4,82 4,93 6,32 6,31 6,30 3,10 3,62 3,57 3,53 2,23
Liv—Ly 2,78 2,86 3,29 3,32 3,34 3,36 1,82 0,89 0,98 0,93 0,58
Ly-S 3,77 5,40 5,38 5,36 5,34 5,33 4,36 4,11 4,07 3,78 2,15
4 po3paxyHKOBa rpymna
L—-Ly 4,65 4,83 4,90 4,94 4,96 6,40 2,40 3,07 3,03 3,30 4,89
Ly—Lm 7,43 7,61 7,69 7,73 7,84 7,88 1,85 2,13 2,33 2,96 2,52
Liy—Liv 10,76 11,14 11,28 10,20 10,27 10,34 4,46 3,63 2,33 5,71 4,32
Liv—Lv 3,71 4,00 7,78 7,77 7,75 7,72 14,97 7,37 5,92 5,45 4,12
Ly-S 9,32 12,10 12,00 11,94 11,91 11,87 11,01 9,38 6,98 7,18 5,59

JiarpamMu 3 MakCUMallbHUMH €KBiBaJCHTHUMU
Harpy>XeHHSIMH 3a von Mises B eJeMeHTax TpaHc-
MEeJUKYISIpHOI CUCTEMHU HaBeAeHO Ha puc. 17-23
(Tabm. 7), a came JJIst CTPHYKHIB Ta TBUHTIB, SIKi PO3-
MimeHo y xpeomsx S, Ly—L;.

IToka3sHuKH, K1 BIAIOBIAAIOTH MAKCUMAILHUM I10B-
HUM TIEPEMIILICHHSIM OTPUMAaHUM JUIS YCIX PO3paxyH-
KOBHX CXEM HaBEZCHO B Jiarpami Ha puc. 24 (tabi. 8).

Bepyuu 1o yBaru, 1o nepiia ta Apyra po3paxyH-
KOBI TPYIH ONUCYIOTh MOJIENi 3 OMIM3bKUMH 3HAYCH-
HSMH KYTiB, SIKi OKPECTIOI0Th HOPMAaJIbHI BETHUNHH
CErMEHTAapHOTO 1 TOTAJILHOTO TOMEPEKOBOTO JIOPAO-
3y, OTpUMaHi 3HAYCHHS MaKCUMaJbHUX CKBIBaJICHT-
HUX HaIllpy>KeHb i TOBHUX MIEPEMIIIEHb € OJTN3bKIMH.

VY mepwiii po3paxyHKOBid rpymi (3 HOpMaJIbHUM
JIOPJI030M) MaKCHMallbHi €KBIBaJICHTHI HANIPY KEHHS
Ha KipKoBYy KicTKy Ly xpeOms ckmagarors 140 MlIla
3a «IaTOJIOTIYHOrOo» MixkxpeOieBoro aucka Ly—S
(puc. 5). Y nopiBHSIHHI 3 UETBEPTOIO PO3PAXyHKOBOIO
TPYIIOI0 (3 TIMeprIopa030M) I HANpy>KeHHS Ha Kip-
KOBY KicTKY Ly xpe0ust 3pocnu no 147 Mlla (puc. 8).

Le mMoxxe mpH3BECTH [0 IiJBUIICHHS HABAaHTAXKEHb
Ha CyMDKHHW CETMEHT 3arajioM Ta MO>KHa PO3IIiHIO-
BAaTH SIK IOYATOK KAaCKady /0 PO3BUTKY HaBaHTAKECH-
Hsl HA IPUJIETJINHA CErMEHT.

SIKIIO po3rIsIaTy BapiaHTH TPaHCHEIUKYISPHOT
¢ikcanii, To 3a BUKOPUCTAHHS MOHOCETMEHTaPHOI
KOHCTPYKIIT Ly—S 1 «yIIKOMIKEHOr0» JKCKa Ha I[bO-
My piBHI 3pOCTalOTh €KBiBaJICHTHI HAINpy>XKeHHS Ha
KipkoBy KicTKy Ly 1 S xpe6uis (Bix 100 no 134 MIla)
1 B TpyIax i3 HOpMaJbHUM, 1 3 Tinepiopno3om. Y pasi
rosricerMeHTapHoi ¢ikcarnii L—S, BuHUKae mepepos-
MOALI HAIIPY KEHHS Ha KipKOBY KICTKY BCiX XpeOLiB,
ajie MakCHMalbHI HanpyxeHHs (Big 60 mo 98 Mlla)
npunanaTs Ha Ly 1 S xpebmi maiike y BCiX po3s-
paxyHkoBuX Tpynax (puc. 5, 6, 8). Jlume B rpymi
3 TIMOJOPA030M Ii HANpyXEHHS MiHIMalabHI —
33152 Mlla (puc. 7).

Posrmnsinatoun MakcuMalibHi €KBiBaJIeHTHI HaMpy-
JKCHHSI Ha MIXXPEOICBUIl TUCK, BUSBUJIU 3POCTaH-
HSl HaBaHTQ)XCHHS Ha BHUIIEPO3TALIOBAHMUN IHCK 3a
YMOB TpaHCIIEAUKYJISPHOI (hikcarii.
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Hanpyxenns (MIla) . . . Tabnuys 7
1600 MaxkcumaJibHi ekBiBaJieHTHI Hanpy:xenHs (MIla)
1400 JUISL CTPHZKHIB TAa TBUHTIB
1200 Pos- PospaxynkoBa cxema
1000 paxyHKoBa
200k Tpyma 7 | 8 | 9 | 10 | 1
600 CtpuxeHb
400 1 1263,10 | 1343,50 | 1184,50 | 1236,80 | 1196,20
200
0 2 1112,80 | 1030,00 | 1106,80 | 1213,60 | 1191,90
9 10 11 3 601,65 | 629,20 | 748,00 | 850,96 | 848,60
m [rpyna @ Ilrpyna @ Ilrpyna W 1Virpym |y 1426,40 | 1208,20 | 1525,70 | 1591,40 | 1813,90
Puc. 21. MakcumainpHi ekBiBasieHTHI HanpyxeHHs (MIla) mist O
rBuHTa (Li1y) 1 687,51 566,79 | 574,23 | 542,14 | 515,64
2 585,09 | 539,23 525,76 | 502,55 | 480,44
Hanpysersis (MITa) 3 281,26 | 278,67 | 276,80 | 268,82 | 297,26
1600 4 540,60 | 492,48 | 437,63 | 416,83 | 372,02
1400 I'sunTt (Ly)
1200
1000 1 1444,40 | 1167,30 | 976,99 | 910,57 | 855,61
800 2 597,35 687,39 | 660,01 | 611,95 | 567,15
600 3 339,03 | 363,26 | 361,08 | 348,40 | 344,00
400
200 4 1198,50 | 543,21 684,00 | 437,04 | 666,56
0" I'sunt (Liv)
10 11
@ Irpyna m Iirpyna @ Il rpyna IV rpyma 1 — 1286,40 | 967,71 | 894,58 | 834,17
2 — 669,01 666,61 | 627,99 | 591,19
Puc. 22. MakcumaibHi eKkBiBaJeHTHI HampyxeHHs (MIla) s 3 _ 439,17 | 448,89 | 430,40 | 513,44
reuHTa (Li))
4 — 816,33 791,87 | 674,80 | 660,97
I'sunt (L)
nglgﬂl’y”‘e““" (MITa) 1 — — | 1121,50 | 1053,80 | 979,86
I 2 — — 812,24 | 781,58 | 733,61
2000 1
i 3 — — 614,14 | 582,73 | 841,07
1500 W [ | 4 — — 1468,20 | 1160,80 | 1148,30
1000 1 | I'sunt (Lyy)
so0k : ' , i 1 — — — 1 997,95 | 912,90
d Il 2 — — — 1345,90 | 1282,70
' . 11 v 3 — — — 816,46 | 1075,30
[ |
" reyme rpyma W Hirpyna e 4 — _ — | 1134,30 | 1158,70
Puc. 23. MakcumanbHi eKkBiBaJeHTHI HampyxeHHs (MIla) mns TBunr (L)
reunTa (Lj) 1 — — — — 1150,60
2 — — — — 1247,40
Tepemimenns (Mm) 3 — — — — 2092,30
50 . e - . . e
5 4 — — — — 1773,80
40 —_—
3(5) I+ 30KkpeMa, y mepiiid po3paxyHKOBii TPyIIi 3 TiMo-
25 JIOPIO30M Y CXEMi 3 «YIIKOIKEHHM» AUCKOM Ly—S
?‘5’ 1 i3 TpaHCHEIMKYJIAPHOIO (IKCAII€I0 1IOrO CErMeH-
10 Ta 3pOCTa€ HANPYKECHHS HAa MIXKXPEOLECBUN HUCK
(5) 11 Liv—Ly 1o 0,90 MlIla nopiBHSHO 3 iIHTAKTHHM CTaHOM
1 _ i -
M 1rpyna W lrpyma Il rpyms IV rpyna (0,73 MIla) (puc. 9—11). CyTTeBO 30UIBIIYETHCS HATIPY

Puc. 24. MakcumainbHi HOBHI NepeMileHHS

YKEHHSI Ha CYMDKHUH MikxpeOreBrii uck Lyy—Ly 3a ¢ik-
caii cermenTa Ly—S y rpymi 3 rinepiopmo3om (puc. 12).
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Tabruysa 8
MaxkcuMaJibHi IOBHI HepeMileHHs
P03anyHKOBa POSanyHKOBa cxXema
rpyna
1 2 3 4 5 6 7 8 9 10 11
1 1540 | 27,26 | 31,00 | 32,67 | 33,40 | 34,26 | 3599 | 22,28 | 24,78 | 24,17 | 23,29
2 14,91 24,50 27,95 30,13 31,11 31,83 27,52 22,00 23,13 22,90 22,20
3 6,05 11,60 13,57 15,25 16,22 17,07 12,99 13,80 15,46 15,94 9,41
4 22,17 | 3558 | 40,24 | 4234 | 4334 | 4432 | 34,61 | 2787 | 2526 | 24,85 | 21,31

OrpumaHni faHi TiJKPECTIOITh B3a€MO3B 130K YHH-
HUKIB MEPEepO3NOIiay HaBaHTaKEHHS B MPUJIETINX
CerMeHTax.

MaxkcumasbHe 3pOCTaHHsI Hallpy>KEHHS Ha XL Y-
TOBIJIPOCTKOBHX CYII00iB cermenTa Liyy—Ly 10 15 MIla
BusHaueHo B pasi Qikcanii XPC Ly—S y uerBepTiit
pO3paxyHKOBiH rpymi 3 Tinepiopmo3oM. B iHmux
rpymax OTpHMaHi 3HaYeHHs HE JAal0Th MOXKJIUBICTH
CTBEPIXKYBAaTH YITKY 3aKOHOMIPHICTH iXHIX 3MiH
(puc. 13-16).

[lin yac mpoBeneHHS MOCHTIKCHHS MaKCUMaJbHi
3HAYCHHS €KBIBAJICHTHUX HANPY>KeHb I'y0YacTHX Kic-
TOK ISl pO3paxyHKoOBUX cxeM 1 1 7-11 He mepeBumry-
Banu 10 MIla, ane mus cxem 2—6, K1 BiJIOBIAIOTh
«TaTOJIOTTYHOMY» CTaHy 0e3 3aCTOCYBaHHS TPaHCIIe-
OUKYJSpHOI ¢ikcalii, 3HaUeHHsI KPUTUYHO HaOIH-
KAIOTHCS 10 MEX1 MIITHOCTI JIJ1s1 TyOYacTOi KiICTKH —
1622 Mlla [15]. Onucany TeHIEHITiI0 CIIOCTEpiTaIn
B IpoIleci BUBYCHHSI MAaKCHMaJbHUX CKBiBaJICHT-
HHUX HalpyXeHb KipKOBHUX KICTOK BiANOBiIHUX
o Ly XpeOis po3paxyHKOBHUX CXeM 2—6, alie BOHU
HE TIEPEBUIITYBaJIM MEXYy MimHOCTI — 160 MIIa [16].

I3 posrnsy MakcHMallbHUX CKBIBAJICHTHUX Hall-
pyKEHb CTPHKHSI 3HAYEHHs JJIS MEepIIOl Ta Apyroi
PO3paxyHKOBHX I'pyIl (OIHCYe HOpPMaJbHI KyTH Cer-
MEHTapPHOTO 1 TOTAIBHOTO JIOP/03Y) BUSBICHO OJIM3h-
Ki 710 3HaY€Hb YETBEPTOi (HABOAUTH HAMOIIBII KyTH
CEerMEHTAapHOTO 1 TOTAJILHOTO TIONEPEKOBOTO JIOPAO-
3y) — 1 100-1 800 MITa. MakcumanbHe HanpysKeH-
Ha 1 800 Mlla npunagae Ha CTPHKEHb Y YETBEPTii
rpymi, po3paxyHKoBiid cxemi 11 (i3 rimepimopmozom
1 momcermMenTapHoro ¢ikcaniero L—S). Halimenuri
3HAYCHHSI MaKCUMaJbHUX EKBIBAJCHTHUX HANpPY-
xKeHb (600—850 MIla) Bu3HaueHo numie B TpeTid
Ipyi, siKa ONUCYE 3MEHIIEHI KyTH CErMEHTapHOTO
1 ToTampHOTO JOpmo3y (puc. 17). Binmiuena TeHacH-
i HalsiCKpaBillle BUpakeHa B pa3i BUBUCHHS MakK-
CUMaJIbHUX TMOBHHX IepeMilieHb (puc. 24). AHami3
iXHiX 3Ha4YeHb, OTPUMAHUX B €JIEMEHTaX TPAHCICAH-
KYJISIPDHOI CHCTEMH, BUSIBUB NOKAa3HHUKH, OJHM3BKI 10
MeXi MiITHOCTI, sika gopiBaIoe 600—1 000 MIla [17].

JlocaiquBIyg OTprMaHi 3HaUCHHST MaKCUMaJIbHUX
€KBIBaJCHTHHUX HAIPYXKCHb JJIS TBHHTIB, HalO1b-

i 3agikcoBani B Ly xpebui 3a ymoB ¢ikcarii y Bcix
PO3PaxXyHKOBHX IPYIax, OKPiM TPEThOI (T1I0I0PI03).
Taki cami HampyskeHHS crioctepiranu i B Ly xpe0-
ui. Lle, iMmoBipHO, IOB’13aHO 3 THM, 10 50 % TOoTa b-
HOTO JIOP/IO3y IMPUIIAJIa€ caMe Ha KyTH MiXXpeOle-
Bux cermeHTiB L;y—Ly, Ly—S. Takox MakcuMaibHi
€KBIBaJICHTHI HAIpy>XeHHSI HA TBUHT CIIOCTEpPIiraiu
B Ly Xpebmui B rpymi 3 Tinmepiaopao3oM, i 1me € odi-
KyBaHHM, OCKIJTbKH BiH PO3TAIlIOBAHUH Ha BEPXIiBITI
BUTHHY 301sbIIeHOT0 Jopao3y (puc. 18-23). Ilpore
B PO3paxyHKOBIi# cxeMi 11, 1e 3HAYCHHS HATPYKEHB
y TBUHTI, KUl po3ramoBano y L; xpeOiri, HaitO11b-
Il y BCiX pO3PaxyHKOBHX TpyIax, i HaBITh y I'pyIi
3 T1M0JIOPJI030M BOHM MakcuMaJbHi. Lle, mBuiie 3a
BCE, TIOB’I3aHO 3 THM, IO el XpeOelb € OCTaHHIM
y 1oOy/I0BaHi#l CKIHUEHHO-CJIEMEHTHIN MoJeli, Io-
BEepX HbOTO CTBOPECHO JIOJIATKOBH €JIEMEHT IS KO-
PEKTHOTO NepeaBaHHs HaBaHTaxeHHs. To0To, i3 BU-
COKOI0 IMOBIpHICTIO 11i 3HAYEHHSI MalOTh MOXHOKY Ta,
MOXKJIMBO, y pa3i moOyaoBu moxeni 3 tinamu Thyy,
Thx; XpeOmiB 11i 3HaUeHHS OyAyTh 3MiHEHI.

Bucnosxku

3MiHa KyTOBUX TOKa3HHKIB (Till0- Ta Timepyop-
J103), SIKi OMHCYIOTh CErMEHTApHUN 1 TOTAJIbHUM
MOTIEPEKOBHI JIOP/I03 CYTTEBO 3MIHIOIOTH HAIpyKe-
HO-ne(opMOBaHMI cTaH. 3aCTOCYBaHHs TpaHCIE-
JIUKYJISPHOT CUCTEMH MPUBOAUTH JO cTabimizarii
«YIIKO/KEHOT0» CeTMEHTa, a TaKoX /0 Mepepos-
MOy Ta 3MEHIICHHS HANpy>XeHb. 301JbIICHHS
KyTOBUX 3Ha4eHb (TiMepiopao3), AKi OMHCYHOTh
CEerMEHTapHUH 1 TOTAIBHUN TOIEPEKOBHIA JIOPAO3,
CHPUYMHIOE 3POCTAHHS BUHHMKAIOUMX HaINpyKCHb
B ejeMeHTax OloloriyHux i OloMEeXaHIYHHUX CHCTEM
1, HaBMaKW, 3MEHITICHHS KYTOBUX 3HA4YCHB (T1MOJIOP-
1103) MPU3BOINTE 10 3HIHKCHHS HampykeHb. L1 Buc-
HOBKH BIJITIOBIZAIOTH Yy pa3i po3Iisily MOBHUX Iepe-
MillleHb. 3a MiJICyMKaMH IPOBEACHUX JOCIIIKCHb
noOy/JI0BaHO TapaMEeTPHYHI MO, sIKi OMHUCYIOTh
pi3HI KYTOBI 3HaUCHHS CETMEHTAPHOTO i TOTAJIBHO-
ro TMONEePEKOBOrO JIOPAO3Y, @ TAKOXK PiI3HOMAHITHHIM
CTaH IONIEPEKOBOT0 CerMeHTa Xpeora, 6e3 i 3 ypaxy-
BaHHSM TPAHCIEIUKYJISIPHOI CUCTEMH.
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INFLUENCE OF THE SAGITTAL LUMBAR PARAMETERS
ON THE STRESS-STRAIN STATE OF THE SPINAL MOTOR SEGMENTS
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