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«Hawu npeocmasnenus o buomexanuxe no360HOUH020 CMON6A NPUMUMUBHDBL U
mano nayunoly [1].

Eounuyeii noscuuynoco omoena noO360HOYHUKA AGNAEMCA NOACHUYHDBIL
NO360HOK U CMENCHble MEeNHCNO380HOYHble Oucku. Ilpu Xxo0vbe no360HKU
cMewaromes 8 NPOMUBONOJIONCHBIX HANPABIEHUSX 8OKPY2 CE0UX KUHEMAMU4eCcKux
oceu. Kao#cowili n0360HOK cocmoum u3 Npasulx U JIegblX COCMABHLIX PblUAc08
nonepeyHvix U ocmucmslx ompocmkos. Kaowcowii wae conpoeodxcoaemcs
pomayuel NOACHUYHLIX NO360HKO8 BOKpY2 NpABBIX U JIE8blX, B0CXOO0AWUX U
HUCXO00AUWUX OcCell, MOpCUsi — BOKpY2 B0CXO0AWUX Oceu, O0emopCus — BOKDY2
Hucxoosuwux oceti. Topcuonnvie u 0emopcuoHHble pomayuu NOACHUYHO20 Omoena
NO360HOYHUKA COBEPUIAIOMCST NOMOMY, YMO B8eKmMOopvbl pomayuti 6eopeHHbIX
Kocmetl, masa u epyoHoU KIemKu 6ce20a npomueonon0dcHsl. Topcus nosaCHUYHbIX
NO360HKOB 6bl3bl8AEM 6 HUICHUX CMENCHbIX OUCKAX HAMANCeHUe HUCXOOAUUX
B0JIOKOH OM HUJICHUX NOJOGUH MAIUU Mel CMEICHbIX NO360HKOG, 6 BEPXHUX
CMEICHBIX OUCKAX — HAMANCEHUe B0CX00AWUX BOJIOKOH OM BEPXHUX NOJLOBUH
Manuii mejl 6EepPXHUX CMEINCHbIX NO0360HKO8. Komnencayusa enympennux cun
MEXAHUYEeCKOU SHepeuu OJisl KaAXC0020 NOSACHUYHO20 NO360HKA 603HUKAEM Npu
HANPANCEHUU B0JIOKOH CMENCHBIX MENCNO360HOUHBIX OUCKOS.

Kniouegvle cnoea: cucmemHvie no36oHOUHbIE €OUHUYLL U NO3B0HOYHbBIE
o0gueamesnbHble KOMNIEKCHbl, KUHEMAMUYECKUe OCU N0380HKO8, pbluali NO380HKOS,
gocxoosawue U HUCX00sujue 80JOKHA MeHCHO380HKOBbIX OUCKO8, CUNOBble TUHUU
mes N03860HK08, MAlUU mej N0360HKO8.

OOmenpuHATEIM ~ 0003HAYEHHEM  CTPYKTYpHOM ¥ (YyHKIHMOHAIBHOU
CIMHMITBI TO3BOHOYHMKA SIBJISETCS MO3BOHOYHBIN ABurarenbHbii cermeHT (I1J1C,
spinal motion segment) - aHATOMUYECKHH KOMIUIEKC, COCTOSIIHN W3 JABYX
CMEXKHBIX ITO3BOHKOB C COOTBETCTBYIOUIMMHU CYCTaBaMH, MBIIIEYHO-CBSI30UYHBIM
anmapaToM Ha 3TOM YPOBHE M MEKITO3BOHKOBBIM JTUCKOM MEX/Y MMO3BOHKaMH [2].
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®opmynupoBka [1/IC B kauecTBe TO3BOHOYHON €JUHULIBI HE COTJIACYETCS C
TEOpUEHd KUHEMATHKH, COIJIACHO KOTOPOW CETMEHT, 3TO - BCErAa CTPYKTypa B
€IUHCTBEHHOM 4YHUCJIE, B HAIIEM IPUMEPE - OAUH IO3BOHOK, a JIBa CMEKHBIX
MMO3BOHKA «C COOTBETCTBYIOIIMMH CYCTaBaMM», 3TO - YK€ JABE KMHEMATHYECKHE
LETIH.

bazoBbiM st BepudUKaMU €IUHUIBI MTO3BOHOYHOIO CTOJI0A SIBISIETCS
HaJU4Yue CUCTEMHOW OpraHM3allii €ro CTPYKTYp: LEJIOCTHOCTH, YCTOWYMBOCTH,
B3aMMHOW 3aBUCUMOCTH, UEPAPXUUYHOCTH.

Msr ompegenunu, uto crpyktypel I[IJIC He o6nagaioT cBolicTBaMu
CUCTEMHOM OpraHu3alMd ¥ HE MOryT O00€eCleuuTh MO3BOHOYHBIN CTOJIO
CUCTeMHBbIMM cBoMcTBaMu. [lo 3TUM mpuYMHAM MBI HE pacCMaTpUBAEM
MMO3BOHOYHBIN JIBUTATEIIbHBIN CETMEHT B KAY€CTBE CTPYKTYPHOW M JBUTATEIbHOU
CAVHUIIBI TTO3BOHOYHHMKA, HO HCIIOJIB3YeM €ro B KayeCTBE TOMOrpapuyecKoro
0003HaYeHUsI MEKITO3BOHOYHBIX JIUCKOB U OTBEPCTHUH.

Onpenenutbcs €  TOHIATHEM  eOUHUYA  NO360HOYHUKA  COBEPILIEHHO
HEOOX0IUMO, T.K. cmaburbHocms (yCTOMUMBOCTH) TIO3BOHOYHOIO —CTOJIOA
OTIpENeNsIeTCS] MHUHUMAJIBHONM CTAa0WJIBHOCTBIO KaXKJIOM €ro eIuWHHUIIbI, a
tonorpaduss HECTAaOWIbHOW E€IUHUIBI O0003HAYUT MECTO HEeCTaOMWIHHOCTU
MMO3BOHOYHHKA.

Mbl  BBISIBUIIM  JIONIOJIHUTENBHBIE JJIEMEHTHI OpraHu3allid TO3BOHKOB:
KMHEMAaTUYECKHE OCH TTO3BOHKOB, PhIYaru Mo3BOHKOB, BOCXOIAIINE U HUCXOIAIINE
BOJIOKHA MEXKIO3BOHKOBBIX JUCKOB, CHWJIOBBIE JIMHUM TEJ  IO3BOHKOB,
MMO3BOHKOBBIE JIBUTATENIbHBIC KOMIUIEKCHI, TAJTUU TEJ MO3BOHKOB.

AHATOMHUUYECKHI KOMIUIEKC, COCTOSIIIANA U3 JOMOJIHUTENIBHBIX 3JIEMEHTOB, B
COYETAHUU C AaKCUOMATUUYECKUMU CTPYKTYpaMH TOSICHUYHBIX TTO3BOHKOB,
o0nagaeT  CBOMCTBAMHM  CHUCTEMHOW  OpraHu3aluH, HE  MPOTHBOPEUYUT
KMHEMAaTUYECKON TEOpUH, YTO I[O3BOJISIET PEKOMEHAOBaTh €ro B KadecTBE
eOUHUYbl NO360HOYHUKA, O0TATAIONIEH CUCTEMHBIMH CBOMCTBAMHU.

CocTtaB CUCTEMHOW €IMHUIBI TOSICHUYHOTO OT/IEJIa TO3BOHOYHHKA:

1. ITosicHUYHBIN TTO3BOHOK.

2. HwxkHue Mexno3BOHOUYHBIC (Jyro-otpoctyarsie, art. zigapophysiales)
CyCTaBhbI.

3. MpIipsl MEXAy OCTUCTBIMU M TMOMEPEYHBIMU OTPOCTKAMHU CMEKHBIX
MTO3BOHKOB.

4. CMeXHBIE MEKIT0O3BOHOYHEBIE JTUCKH.

5. BupryanbHble 2JIEMEHTHI: KHHEMATHYECKHE OCH ITIO3BOHKA, pblYaru
MO3BOHKA, CUJIOBBIE JIMHUU B TEJI€ MMO3BOHKA.

Cnenyer mpuHMMATh BO BHHUMAaHHUE, 4YTO B3aUMOJICUCTBHE TPYIHOTO U
MOSICHUYHOT'O OTJIEJIOB MO3BOHOYHUKA HAXOJUTCS HA YPOBHE MEKIIO3BOHOYHOTO
aucka Th Xl — X. I'pyanoit otaen mo3BoHodruka (Th | — X) mo oTHoIeHHIO K
nosicinuaomy otaenay (Th XI — LV) GyHKuMOHHPYeT KakK CerMEeHTHPOBAHHBIM
MOHOJIUT U POTUPYETCS B MPOTHUBOMOJIOKHYIO CTOPOHY OT BEKTOPOB pOTAlUU
ornopHoro oespa.
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Kone6momuecst pedpa HE OrpaHUYMBAIOT JABWKEHHUS HUKHUX TPYIHBIX
n03B0HKOB Th XI u Th Xll, 0 4eM CBUAETEILCTBYIOT Ii€/Ibic peOCPHBIC IMKH Ha
TeJax TO3BOHKOB, OTCYTCTBHE CBSI30K MEXIy TOJIOBKaMu pebep u
MEKITO3BOHOYHBIMH JIUCKAMH, OTCYTCTBUE PeOSPHO-TIONEePEeUHbIX cycTaBoB. Th Xl
u Th Xl uMeroT aHaTOMUYECKHE TMPU3HAKA MOSCHUYHBIX TMO3BOHKOB: OCTHCTBIC
orpoctku Th XI — XII mupoxkue, miockue, HampaBieHbl Ha3al, MEKIIO3BOHKOBEIC
CYCTaBBbI IMEIOT TAKOE K€ CTPOCHHE, KaK y MOSCHUYHBIX ITO3BOHKOB.

CycTaBHBIC TTOBEPXHOCTH BEPXHUX CYCTaBHBIX OTpocTkoB Th Xl miockwue,
OPUCHTHPOBAHBI BIIEPE]T U MEIHAIBHO, KaK Y BCEX IPYAHBIX IO3BOHKOB, TeJIo Th X
UMEET TOJILKO BEpXHHUE PEOCPHBIC SIMKH.

LV wumeer HakIOH, paBHBIM YIUIy HAaKJIOHa KpecTua, o0JaJaeT MOIIHBIM
CBS30YHBIM aIlllapaTOM C Ta30M, HMEET CTPYKTYpHBIE OTIWYUS OT JPYTUX
MOSICHUYHBIX TTO3BOHKOB, YTO MO3BOJISIET CYUTATh €r0 MEePEXOHBIM U MPUBOJIOM OT
KpecCTIia K MOSICHUYHOMY OT/IeNTy MTO3BOHOYHUKA.

Kunemarndeckue ocH NOSICHUYHbIX ITO3BOHKOB

CMexHBIE  TIO3BOHKM  COWICHSIOTCS ~ MEKIO3BOHKOBBIMH  (ZIyToO-
OTPOCTYATHIMHU) CYCTaBHBIMH, MTOATOMY JBMKEHHS MO3BOHKA MOTYT COBEPIIATHCS
M COBEPIIAIOTCS BOKPYT YETHIPEX OCEW, MpaBbIX M JIEBBIX BOCXOASANIMX U
Hucxoasumx. IlpaBasg Bocxonsiasi OCh MPOXOJUT MEXAY IMPaBbIM HUKHUM U
JIEBBIM BEPXHUM CYCTaBHBIMU OTPOCTKAMH, IIpaBasi HUCXOSIIIAS — MEXK]y MPaBbIM
BEPXHUM U JICBBIM HIDKHUM CYCTaBHBIMU OTpocTkamu. JIeBas Bocxosiias oCh
MPOXOJUT MEXK]Y JIEBBIM HMKHUM M MPABbIM BEPXHUM CYCTaBHBIMHU OTPOCTKaMHU,
JieBasi HUCXOJSIIAs — MEXKIY IpaBbIM BEPXHHUM M JIEBBIM HIKHHM CYCTaBHBIMU
OTPOCTKAMH.

Mexy BEpXHHUMH M HIDKHHUMH MEXKIIO3BOHKOBBIMH CyCTaBaMH IPOXOJISIT
ME)KCYCTaBHbIE KHHEMATHYECKUE OCH.

LII

Puc.1. Kunematnueckne ocu NOSICHUYHBIX II03BOHKOB.
1. OCB HaJa JICBBIM HOMECPCYHBIM OTPOCTKOM OT MPABOTO HUKHCTO CYCTABHOI'O OTPOCTKA — JICBAA
BOCXOgs11as OCh. 2 OCI) Hazg HpaBI)IM HOHepe'-IHBIM OTpOCTKOM OT JICBOT'O HUKHECTO CYCTaBHOFO
OTPOCTKA — IIpaBas BOCXOAANIAsA OChb. 3 OCB noa JICBbBIM IMONCPEYHBIM OTPOCTKOM OT JICBOI'O
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HUXKHETO CYCTaBHOI'O OTPOCTKaA — JI€Basg HHUCXOAAIIAA OCh. 4. Ocp moa IpaBbIM IIOIMICPCUYHBIM
OTPOCTKOM OT IIPAaBOro HUKHET'O CYCTABHOI'O OTPOCTKA — IIpaBad HUCXOAAIAasa OCh.

[lpu portamum BOKpyYT JieBoi Bocxoxsmieid ocu (1) MO3BOHOK POTHPYIOTCS
IIPOTUB YacCOBOW CTPENKH. JIEBBIN MOINEpPEYHBIH OTPOCTOK CMELIACTCS BIPABO,
BBEpX M Ha3al. [IpaBblii MONEPEYHBI OTPOCTOK CMEIIAETCS BIEBO, BIIEPE] U BHU3.

[Ipu poTamuu BOKPYT MpaBoi Bocxoxsmiel ocH (2) MO3BOHOK POTHPYIOTCS
110 4acoBoM crpenke. [IpaBblil TonepeyHslii OTPOCTOK CMELIAETCS BJIEBO BBEPX U
Ha3aj. JIeBbli ONEpEYHbIA OTPOCTOK CMEIIAETCS BIPABO, BHU3 U BIIEPE.

[Ipu poranuy BOKpYT JIEBOW HUCXOASAIMIEH ocH (3) MO3BOHOK POTUPYIOTCS IO
4acoBOM cTpenke. JlaBpli momepedHsld OTPOCTOK CMENIAETCS BIPABO, BHU3 H
Ha3aj. [IpaBelil monepedHsbIid OTPOCTOK CMEMIAETCS BIEBO, BBEPX U BIIEPE/L.

[Tpu poTanmu MO3BOHKA BOKPYT MpaBOM HUCXOIANICH och (4) MO3BOHOK
POTUPYIOTCA TPOTHB YacOBOW CTpenku. IIpaBbli moOmepedHbId  OTPOCTOK
CMEIIAaeTCs BJIEBO, BHU3 W Haszaj. JIEBbIM IONEPEYHBIM OTPOCTOK CMEILAECTCS
BIIPAaBO, BBEPX U BIIEPEL.

BoJ10KHHCTBIE 3JIEMEHThI MEKIT03BOHOYHBIX JTUCKOB

B coctaB MeXITO3BOHKOBBIX JMCKOB BXOJST BOCXOISAIIME U HUCXOASAIIME
nydkd (UOPO3HBIX M DJIACTUYECKUX BOJOKOH, UMEIOIIME HAKJIOHBI B CTOPOHY
pOTalMil CMEXKHBIX TO3BOHKOB.

Bocxopsimue mydku BOJIOKOH MEKIO3BOHKOBBIX JUCKOB HAYWHAKOTCS
HIUPOKUMHU (PUOPO3HBIMU OCHOBAHUSIMM HAa BEPXHUX 3aMbIKATEIbHBIX IIACTUHKAX
HIDKHUX TTO3BOHKOB M 3aKAHYMBAIOTCS CYKEHHBIMHU 3JIACTUYECKMMH BEPXYIIKAMHU
Ha HYKHUX 3aMBIKATEIIbHBIX INIACTUHKAX BEPXHUX IMO3BOHKOB.

Hucxopsimue BOJIOKHA MEXITO3BOHKOBBIX AUCKOB HAYMHAKOTCS IIUPOKUMU
(GbUOPO3HBIMU OCHOBAaHUSIMU Ha HUXHUX 3aMBIKATEIBHBIX TUIACTMHKAX BEPXHUX
II03BOHKOB Y 3aKAHYMBAIOTCS CYXEHHBIMU JJIaCTUYECKUMHU BEpPXyLIKaMHU Ha
BEPXHUX 3aMbIKATEJIbHBIX TUIACTUHKAX HUKHUX ITO3BOHKOB.

[T03BOHKHM TMpU CMEIICHUH TSHYT 32 COOOW MIUPOKHWE, MPEUMYIIECTBEHHO
¢bubpo3HBIe, OCHOBAHUA TYYKOB BOJOKOH MEXIO3BOHOYHBIX JUCKOB H
pPaCTATMBAIOT Y3KHE, MPEUMYILIECTBEHHO 3JIACTUYECKUE YaCTH IIyYKOB BOJIOKOH.
[ToaTOMY BOJIOKHA HAaKJIOHEHBI B HANpPaBICHUU POTALMN CMEXHBIX MO3BOHKOB.
Hannune npoTHBOHANPAaBICHHBIX MYYKOB BOJIOKOH B MEXIIO3BOHOYHBIX JUCKAX
CTPYKTYPHO TMOJTBEPKAAIOT CMEIICHUS CMEXHBIX IOSACHUYHBIX ITO3BOHKOB B
MIPOTHUBOMOJIOKHBIE CTOPOHBI.

PacTskenue u HanpsskeHUE BOCXOASIIMX IMYYKOB BOJIOKOH BO3HMKAKOT IO/
BIIUSTHUEM JIBW)KCHUW HIKHUX TMO3BOHKOB, UYTO TE€HEPUPYET B TEJIaX BEPXHUX
MO3BOHKOB BOCXOJSIIUE CHJIOBBIE JIMHUM C TSITOM OT BEPXHUX OOKOBBIX
ITOBEPXHOCTEN TEJI BEPXHUX CMEKHBIX IO3BOHKOB.

JIBUKEHHUsT BEPXHUX  ITO3BOHKOB  BBI3BIBAET  HAIPSDKEHUE  MYYKOB
HUCXOJAIIMX BOJIOKOH, UTO T€HEPUPYET B TEJIaX HUKHUX MTO3BOHKOB HUCXOMSIINE
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CWIOBbIE JIMHUM C TATOM OT HIKHUX OOKOBBIX MOBEPXHOCTEH TeNl HIKHHX
CMEKHBIX TTO3BOHKOB.

VYTIIibl HaKJIOHA CUJIOBBIX JIMHUM B TeJlaX MO3BOHKOB COBMAAAIOT C YIJIaMU HAKJIOHA
MyYKOB BOJIOKOH MEXIO3BOHKOBBIX TUCKOB (Puc. 2).

Puc. 2. BOnTOKHHUCTBIE 37IEMEHTHI MEKITO3BOHKOBOTO AUCKA (PUCYHOK C Mpernapara
X. Jlrommka, 1858).
1. [IpaBbie Bocxopsmue BojokHa. 2. [IpaBbie HUCXOsIIIME BOJIOKHA. 3. JIeBbie
BOCXOJISIIME BOJIOKHA. 4. JIeBble HUCXOAIIME BOJIOKHA.

Poiuarn mo3BoOHKOB

M.m. rotatores coenMHSAIOT MOMEPEYHbIE OTPOCTKU HMKHUX IMO3BOHKOB C
OCTUCTBIMU OTPOCTKAMHM BEPXHHUX MO3BOHKOB. MBIIIIBI NMPUTATHBAIOT CMEKHBIC
II03BOHKU APYT K APYTY, POTUPYS UX B IPOTHUBONOJIOKHBIX HAIIPABIECHUSAX BOKPYT
BOCXOJSIIMX OCEW HM>KHUX MO3BOHKOB M HUCXOISAIIUX OCEM BEPXHUX CMEKHBIX
II03BOHKOB.

Kaxnas Mplma siBisieTcst IpuBOAOM ISl IBYX pbldaroB. [Ipasseiii m. rotator
ABJAETCSA INPUBOAOM [UI pblyara MpaBoOro IIONEPEYHOr0 OTPOCTKA HUKHEIO
II03BOHKA M pblyara IpaBoOd CTOPOHBI OCTUCTOIO OTPOCTKA BEPXHETO ITO3BOHKA.
Jlesb1ii M. rotator sBisgeTCSA MPUBOIOM I pblUara JIEBOIO IOIIEPEYHOIO OTPOCTKA
HIDKHETO CMEKHOI'O IIO3BOHKA M pblYyara JIEBOM CTOPOHBI OCTHUCTOIO OTPOCTKA
BepxHero nmo3soHka (Puc. 3).

ITorepeuyHbIii OTPOCTOK, 3TO — TOYKA MPWIOKEHHUS CUJIbI I pblyara CUiIbl
IONEPEYHOT0 OTPOCTKA, NPABOr0 WIHA JEBOTO. (OCTUCTBIM OTPOCTOK BEPXHEIO
CMEKHOTO IMO3BOHKA, 3TO — TOYKA IIPUIIOKEHUS CWIIBI IIPAaBOr0 WUJIX JIEBOI'O phlyara
CHUJIBI OCTUCTOI'O OTPOCTKA.

Peruar mpaBoro mnomepeyHoro OTPOCTKA OIUPAECTCS HA JIEBBIM HUKHUHI
CyCTaBHOM OTPOCTOK HHWXKHEIO IO3BOHKA, IIPaBBIM pblYar OCTUCTOTO OTPOCTKA
BEPXHETO IMO3BOHKA OIMUPACTCS HA IIPABbI HUKHUNM CYCTaBHOM OTPOCTOK BEPXHETO
103BOHKA. CTPYKTYpPHBIM NOJATBEPKICHUEM HAJIUYMS TOYEK OINOPBHI HA HUKHUE
CYyCTaBHbIE OTPOCTKHU SIBJISIFOTCS UX BBIIYKJIbIE CYCTaBHbIE IOBEPXHOCTH.
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Puc. 3. Peryarn IMOIICPCUYHBIX 1 OCTUCTBIX OTPOCTKOB CMCKHBIX ITO3BOHKOB.
1. ITonepeyHo-0CTHUCTBIE MBILIIBL, TSATU 3a nonepednblie oTpocTku LIl u octuctsie orpoctku LI.
2. Ilneun peruaroB nomnepednbix oTpocTkoB LII. 3. Tlneun pbruaroB ocTucThIX OTpOCcTKOB LI. 4.
Hucxonsmime ocu pbluaroB OCTHCTBIX OTPOCTKOB. 5. Bocxopsmiue ocu prlYaroB MOMEPEYHBIX
0TpocTKOB. 6. Bocxoasiue BonokHa Mexmno3BoHkoBoro aucka ThXII - LI 7. Hucxopsmue
BOJIOKHA MeX103BOHKOBOTO aricka LIl - 11l. 8. Toukn omopel pblyaroB OCTHCTBIX OTPOCTKOB. 9.
To4kM ONOpPBI PhIUAroB MONEPEUYHBIX OTPOCTKOB.

Puc 3 A. JleBas monepeuno-octuctas Mmbima LI-1I cOmmxaer octuctsiii
otpocTok LI u neBbiit nonepeunsiii otpoctok LII. MpImia npuBoauT B AeiicTBUE U
O0BEIUHIET HUCXOMSIINKN JIEBBIM pblyar octuctoro orpoctka LI u Bocxomsmuit
pbiuar sieporo nomnepeunoro orpoctka LII. [Tnedo neBoro (Hucxonsiero) psryara
cwibl octuctoro orpoctka LI (3) HaxomuTcs Ha mpsSMON JTUHUU MEXIY JIEBOM
CTOPOHOM OCTUCTOrO OTpocTKa LI 1 Touko#l onopsl - 1€BbIM HUKHUM CYCTaBHBIM
orpoctkoM LI (8). Tsra mnomnepeyHO-OCTUCTON MBIIILI 3a JEBYIO CTOPOHY
OCTHCTOI'O OTPOCTKA BBI3BIBAET POTALMIO MO3BOHKA BIPABO BOKPYI HUCXOMSIIEH
OCH TMPaBOr0 pblyara OCTUCTOTO OTPOCTKA  (4), UYTO pacTIruBaeT IpaBble
BOCXOJISIIIIME BOJIOKHA BIPABO U BHU3 (6) U TE€HEPUPYET TATY CUIIOBBIX JIUHUU OT
BEpXHEH yacTu npaBoit Tanuu Teaa ThXII,

[Tneyo peryara cuiisl JieBoro momnepednoro orpoctka LIl (2) — Haxoaures Ha
NpSIMOM JIMHUM MEXJY JIEBBIM MoIepedHbIM oTpocTkoM LIl u mpaBeiM HMXHUM
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cyctaBHbIM oTpocTkoM LII (9). Touka npuiioxkeHus CUIbl pbluara — JIEBBIN
nonepeunbiii otpocTok LII. Periuar porupyeT mo3BoHOK BOKPYT BOCXOISIEH OCH
(5), BIEBO U BBEPX BBI3BIBACT PACTSHKEHHE HUCXOMASIIUX BOJIOKOH M TE€HEPHUPYET
TATY CUJIOBBIX JIMHHUM OT HIDKHEH yacTH JieBoit Tamuu tena LI (7).

Puc. 3 B. IlpaBas nonepeuno-octuctas mpimma LI-11, commkas octucToiii
orpoctok LI u mnpaBeiii momepeunsiii oTpoctok LIl obbenunser mnpoctoi
BOCXOJSIIMM pblYar CWIbl MPaBOro mnomepeyHoro ortpoctka LIl u neBbli
HUCXOJSIIUN pblYar CHIIbl OcTUCTOro oTpoctka LI. [Tneuo mpaBoro peruara cuiisl
OCTHCTOIO OTpPOCTKa (3) HaxoaWTCd Ha MPSAMOM JIMHUM MEXIYy OCTUCTBIM
oTpocTkoM LI crnpaBa m npaBsiM HMKHUM cycTaBHbIM OTpocTKOM LI (8). Touka
NPWIOKEHUSI CHIIbI — OCTHCTBIM oTpocTok LI cmpasa. Ilpaseiii m. rotator LI-11
TAHET OCTUCTBIM oTpocTok LI BieBo, Bnepen u BHU3 (7). LI potupyercs BieBo,
BIIEpEl M BBEpPX BOKPYr Hucxozsmend ocu (9). Pactiaruparorcss um Hampsrarorcs
J€BbI€ BOCXOJAIINE MyYKH BOJIOKOH B BepxHeM aucke LI (11), u renepupyrorcs
TSATH CWJIOBBIX JIMHUH OT BepxHel yacTu jieBoil Taymu tena ThXII. Tlnedo peruara
CWibl TpaBoro mnomepeyHoro otpoctka LIl (2) HaxomuTcs Mexny mpaBbIM
nonepeuHbiM oTpocTkoM LIl (Toukoil mpuiiokeHUs: CHIIbI) W JIEBBIM HUXHUM
cyctaBHbIM oTpocTkoM LIl (Toukoit onopsl peruara). [1paserid m. rotator LII-111 (1)
TSAHET IPaBbId IIONEPEYHBIM OTPOCTOK IO3BOHKAa BBEPX M Ha3ad, IMO3BOHOK
CMeNIaeTcsl BOKPYT BOCXOAsAImed ocu (3), pacTArMBAaeT W HANpAraeT IpaBble
HUCXOJSIIME MYYKH BOJOKOH B Mexkio3BoHKoBoM nucke LII-I1Il u renepupyer
TATH CHJIOBBIX JIMHUH OT HYDKHEH yacTu nipaBoi Taymu tena LI (7).

Pbraarn moOSICHUYHBIX TO3BOHKOB pPabOTAlOT KaK COCTAaBHBIE pHIYArd, B
KOTOPBIX BBIXOJHOE YCHJIME OJHOTO phluara SBJSETCS BXOJHBIM JJISI BTOPOTO
phIyara.

Tajauu TeJ1 MOICHUYHBIX NO3BOHKOB

Tanuu Tenm MO3BOHKOB pacmojlaraloTcsi Ha HUX OOKOBBIX TOBEPXHOCTSX U
SBIJIAFOTCSL PE3YJbTATOM CHJIOBOIO BIIMSHUSA CMEXHBIX IT03BOHOYHBIX E€IUHULL.
BepxHue yacTu Tanui Tea MOSICHUYHBIX MMO3BOHKOB (DOPMHUPYIOTCS B pe3yibTare
TATM BHU3 BOCXOJSIIHUX IYYKOB BOJIOKOH HM)KHETO MEXKIIO3BOHOYHOTO JUCKA
Yyepe3 CUJIOBBIC TMHUU TEJ NO3BOHKOB MPU POTAIIMN HUKHUX CMEXHBIX TO3BOHKOB
BOKPYT HUCXOJSIIUX OCEH.

HwxHue yacTu Tanuii Ten MOSICHUYHBIX MO3BOHKOB — PE3YJIbTAT BIIUSHUS
TATH BBEPX HUCXOMSIIUX ITyYKOB BOJOKOH CMEXHBIX BEPXHUX MEKIO3BOHOUHBIX
JIMCKOB Y€pe3 CHIJIOBBIE JIMHUM TE€J MO3BOHKOB MPHU POTALMHU BEPXHUX CMEKHBIX
MO3BOHKOB BOKPYT BOCXOs1IMX ocelt (Puc. 4).
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Puc.4. CucteMHbie cocTaBisoIue mo3BoHoYHoH equauibl LI (A),
cMexHbIX 1103BOHKOB LI 1 LI (B), mo3Bonounoro komiuiekca LI (C).

Puc.4 A. Ilpaseiit m. rotator B LI-1l (1) npousBoaut TsTYy BBEpX M Hazaj
paBoro momnepeyHoro orpoctka LIl u mpuBoguT B JelicTBHE pbhYar MpaBoOro
nomnepeudoro otpoctka LIl (3). Peruar mpaBoro momepeunoro otpoctka LIl
POTUPYET MO3BOHOK BIIPABO U BBEPX BOKPYT NpaBoil Bocxoxasmiei ocu (9), Touka
OMOpHI phluara - JIEBBIM HWKHHUU cyctaBHOM otpoctok LIl (4). B LI-II -
HaIPSOKEHUE MPABBIX HUCXOAIIMX MTYYKOB BOJIOKOH (5) M TATa CUIIOBBIX JUHMM (6)
OoT HrokHed dactu mpaBoi Taymu tena LI, Jleswrim m.rotator B LII- 1 (7)
peanusyeT TAry octucroro orpoctka LIl BmpaBo, BHM3 U Bhepea v MPUBOAUT B
JeiicTBUe  JIeBbId pblyar  octucroro orpoctka LIl (8), xoropeiii porupyer
MIO3BOHOK BIIPABO M BHU3 BOKPYT TPaBOM HUCXOHIAIICH och (2), TOYKa OMOPHI
HUCXOIAIIETO phlyara — JICBbIA HIKHHI cycTaBHO# oTpocTok LII (4). B aucke LI-
Il - HanpspkeHne MpaBbIX BOCXOJAIIMX MYyYKOB BOJIOKOH, U TSTa CHIJIOBBIX JIMHUN
(11) ot BepxHeii yacTu npaBoi Taauu tena l.l.

Puc. 4 B. Jleswiii m. rotator (12) npou3BoauT TSry BBEpX W Ha3aj JIEBOTO
nornepevyHoro orpoctka LI, 94To poTHpyeT Mo3BOHOK BOKpPYT JI€BOM BOCXOASIIEH
ocu (14). Touka omopsI phluara — nMpaBbiid HIKHUI cycTaBHOM oTpocTok LI (17). B
nucke LI-11 mpoucxomuT pacTspkeHUe JIEBBIX HUCXOASIINX MTyYKOB BOJIOKOH (15) u
TATY CHIOBBIX JInHUK (16) oT HKHEeH wyactu jeBoi Tamuu Tena LIl TIpaBeiii m.
rotator (18) mpow3BOAWT TATY BHHU3, BIEPEI M BJICBO 3a IMPABYIO CTOPOHY
octucroro orpoctka LI (18), utro porupyer LIl ¢ momonisto mpaBoro peiuara
octuctoro orpoctka (19) Bokpyr seBoi Hucxojsmieit ocu (20) BIEeBO M BHUS3.
Touka onopsl pbryara — npaBblid HKHUN cycTaBHOU oTpocTok LI B gucke LIII-
[l mpoucxomuT pacTshKeHHE JICBBIX BOCXOMSIIMX MYYKOB BOJOKOH (21) m Tary
CHJIOBBIX JIMHUH (22) OT BepXHel yacTH JieBor Tamuu teia LII.
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Puc. 4 C. CucreMHBIE COCTaBISIOIIME ABUTaTeabHOro komruiekca LIl
COCTOSIT U3 CHUCTEMHBIX COCTABJIAIOIIMX IMO3BOHOYHOM emuHunbl LIl 1 cMexHBIX
JIBUTATEJIbHBIX €IUHHUII.

Puc. 5A. Tlo3BoHounbIi komIuieke LI B paze cynunarmm npasoro 0eapa npu
cru0aHuM MPaBOro Ta300€APEHHOTO U KOJIEHHOTO CYCTaBOB.

Puc. 5B. ITo3Bonounsiii komrieke LIl B ¢haze mponaruu npasoro 6emapa npu

pa3rubaHuy MpaBoro Ta300eIPEHHOT0 1 KOJIEHHOTO CYyCTaBOB.
1 — npaBasg mnomepeyHO-OCTHCTas MbIIILA, 2 — BOCXOJIIAas OChb, 3 — pblYar IpaBoOro
MONIEPEYHOr0 OTPOCTKA, 4 — JIEBBIIl HM)KHUH CYyCTaBHOW OTPOCTOK, 5 — HHUCXOJSIINE ITyYKH
BOJIOKOH HIDKHETO MEXKIIO3BOHOYHOIO JUCKa, 6 — HUCXOomdmas cunosas jquaus B tene LI, 7 —
JeBas  IONEPEYHO-OCTUCTas MBIIIIA, &8 — JIeBbI pblyar octucroro orpoctka LI, 9 —
HUCXOAsIMas ocb, 10 - BOCXOsIIME MyYKH BOJIOKOH BEPXHErO0 MEXKIO3BOHOYHOIO Jucka, 11 —
BOCXO/JIA111asi cCuiioBas TMHUA B Tene LI.

buomMexaHuka NOSICHUYHOIO oTac/Jia IMMo3BOHOYHHUKA Y€JI0BCKa

Cunpl  MEXaHMYECKOM  SHEPrUM  MEXKAYy CTONaMHM W OMNOPHBIMHU
MOBEPXHOCTSIMU, JIEUCTBYIOLIME MPU XOAbOE, SBIAIOTCA 6HewHumu. BHeniHue
CUJIbl TEHEPUPYIOT B TEJE YEIOBEKA BHYMPEHHUE CUTbl MEXAHUYECKOU IHEepIul,
KOTOpBIE Yepe3 CUCTEMbl KOCTHBIX PBIUAroB pean3yrT (PYHKIHUMU TPEOI0TICHUS
CWJI TPaBUTAlMH, AMOPTHU3ALMIO U PABHOBECHE.

B mnosicHM4HOM OTAENE NO3BOHOYHMKA BOCXOIAIIME BHYTPEHHUE CHIIBI
MEXAHUYECKON SHEPTUM JEUCTBYIOT CO CTOPOHBI Ta3a U HWKHUX KOHEYHOCTEW.
Hucxonpsimme BHYTpEeHHHE CUIIbI BO3HUKAIOT MOJ BIUSHUEM JIBUKECHHUN TPYIHOU
KJIETKH, CBOOO/ITHBIX BEPXHUX KOHEYHOCTEH.

Haxonsch Mexay Ta3oM U KOCTSMU TOJIEHHU, OCIPEHHBIC KOCTH BBHITIOTHSIOT
byHKIIMKU TIpUBOAA IS 3TUX YacTed Tena. [loaTBepikaeHHEM ITOMY SIBISIOTCS
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BBIIYKJIbIE CYCTaBHBIE IOBEPXHOCTH Ha 3MU(]HU3aX OEIPEHHBIX KOCTEH: TOJIOBKA
Oelpa Ha MNPOKCUMAJIBHOM 3MU(HU3€ M CYCTaBHbIE IOBEPXHOCTU MBIIIEIKOB
OeIpEHHBIX KOCTEH Ha AMCTANBHBIX MbImenkax (3). C BBIIYKIBIMA CyCTaBHBIMH
HNOBEPXHOCTSAMU AMUPHU30B OCIPEHHBIX KOCTEN COWIECHSAIOTCS BOTHYThIE CYCTaBHBIE
NOBEPXHOCTHU Ha Ta30BbIX U OOJIBIIEOEPIIOBBIX KOCTSIX.

Cynunauust u crubanue Oenpa HNPOUCXOAUT MPU TATE MBI [EpeIHEN
TPyNIIBl MOSICA HIKHUX KOHEYHOCTEM 3a Maylblii BepTen. benpo portupyercs
pBIYarom IIeWKu Oeapa BOKPYT OMOPHOM OCH U pblyarom auadusa Oeapa BOKpPYT
nuapuzapHON OCH.

CynuHanus Oeapa CONPOBOXKAAECTCS U OTPAHUUYMBAETCS PACTSKEHHEM U
HaIPSHKEHUEM nepeoHeli KpecTooOpa3HOM CBSA3KU KOJIEHHOTO CyCTaBa.

[log BausHHMEeM cynuHanuu Oeapa TOJOBKAa Oelpa OKa3bIBAE€T CHIIOBOE
BJIMSIHUE HAa Ta3, KOTOPbII pOTHPYETCS B MPOTHBOIIOJIOKHYIO OT poTauuu Oeapa
CTOpPOHY.

Pasrubanue Ta3zo0eapeHHOr0 cycraBa M IpoHanus Oexapa sBIsAETCA
pe3yJIbTATOM TATW 3aJHEH TPYyNIbl MBI I10sCa HIDKHUX KOHEYHOCTEH 3a
Oonbioil Bepren Oenpa. IlpoHanust Oeapa u pasrubaHue KOJEHHOTO CyCTaBa U
COIPOBOXAAETCS PACTSHKEHUEM M HANPSKEHUEM 3a0Hell KPeCTOOOpa3HOM CBA3KU
KOJIEHHOT'O CyCTaBa.

B He onopHoM nepuozie crona He (PUKCUPYETCS Ha ONOPHOU MOBEPXHOCTU U
IIPU NIEPEHOCE BIIEPE]T BCSI HUKHSASI KOHEYHOCTh CYyITMHUPYETCH.

I'pynHoMt oTAen mNO3BOHOYHMKA, KAaK CErMEHTHPOBAHHBIA MOHOJIUT,
MIPOTUBOAECUCTBYET MOSICHUYHOMY OTAEIY, YTO JIEKUT B OCHOBE KUHEMATHKHU
MO3BOHOYHOTO cToj0a (Puc.6).
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Puc. 6. Cxema OMOMexaHUKH MMOSICHUYHOTO OT/ej1a TTO3BOHOYHUKA MPH XOI60€.

A. Crubanme Ta300€IpeHHOr0 CyCTaBa U CYNMHAIMSA JIeBOro Oeapa, Topcusi
M03BOHOYHHUKA

Jlesass Hora Bmepeaw, crubaercs, croma (UKCHpPOBaHA HA OMOPHOM
NOBEPXHOCTH. ['pyTHON OTAEN MO3BOHOYHHKA POTUPYETCS HO YACOBOU CMpeEKe.
MpInsl nepeaHend rpynibl Ta30BOrO MOSICA TATOW 38 MAJIBIM BEPTENl POTUPYIOT
aeBoe 6enpo npomug uacoeoul cmpenxu. I'onoBka Oefpa cMeraeTcs BBepx, Ta3 U
S| porupyrotcs no uacosoii cmpenxe, cMelias B 3TOM K€ HampaiieHun LV.
Cokpamrenre m.m. rotatores peain3yroT TATOBBIE CUJIbI 3 ONIEPEYHBIE OTPOCTKH,
YTO MPUBOAUT B JACHCTBHE pPhlUuaru MornepeyHbIX OTPOCTKOB. ONMUpasiCh Ha HUKHUE
CyCTaBHbIE OTPOCTKHM, pPbIYard TMOIMEPEUYHBIX OTPOCTKOB POTUPYIOT CMEKHBIC
MO3BOHKU BOKPYT BOCXOJSIIUX SIICPHO-CYCTABHBIX OCEH B MPOTHUBOIOJIOXKHbBIC
cTOpoHbl. [l03BOHKHM, TSHYT BBEpX IYYKH HUCXOISAIIUX BOJOKOH B HHIXKHUX
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MEXXITO3BOHOYHBIX JINCKaX M 4Yepe3 CHIOBBIC JIMHHHM Je(HOPMUPYIOT HIDKHHC
[IOJIOBHHBI TallMii TEJN HIKHUX CMEXKHBIX I103BOHKOB. IIOSICHHYHBIA OTHEN
MTO3BOHOYHHKA TPHOOpeTaeT (popMy MpaBoro IMOJYBHTKA CXATOW W HANPSHKCHHOU
IPOCTPAHCTBEHHOW croupaiau (Topcus). KommeHcaTopoM BHYTPEHHHUX CHII
MEXaHUYCCKON SHEPTHH SBIITFOTCS NYUKU HUCXOOSUUX BOJOKOH MENCNO380HOUHBIX
OUCKO8.

B. Pazru6anue Ta306eﬂpeHHOFO CycraBa M MpoHaulus J€Boro 6enpa, A€TOPCUA
IIO3BOHOYHHUKA

Jlemas, puxcupoBaHHas HA OTIOPHOM MOBEPXHOCTH, CTOIIA CMEIACTCs Ha3al.
['pyaHol OT/AET TO3BOHOUHHUKA POTUPYETCS 10 YACOBOU CIpeIKe.

Mpibl  3aiHeld TPYNIbl Ta30BOTO IOsCAa TATOM 3a OOJBINON BepTen
POTUPYIOT JieBoe OeApo no uacosou cmpenke, (nponaius). ['omoBka Oeapa
cmemniaet ta3 u LV npomus uacosoti cmpenku.

M.m. rotatores peaiu3yrOT TATOBBIE CHJIBI 32 OCTUCTBIE OTPOCTKH BEPXHHUX
CMEXHBIX MO3BOHKOB, YTO MPUBOJUT B JIEUCTBHE pPbIYarud OCTUCTBHIX OTPOCTKOB.
Onupasich Ha HUKHUE CYCTaBHBIE OTPOCTKH, PbIYaru pOTUPYIOT BEPXHUE CMEKHbBIC
MTO3BOHKH BOKPYT HUCXOSIITNX OCEH TTO3BOHKOB.

[To3BOHKHM, TSAHYT BHH3 IIyYKH BOCXOMSAIIUX BOJOKOH B BEPXHUX
MEXXITO3BOHOYHBIX JUCKAX M 4Yepe3 CHJIOBBIC JUHUU Ae(POPMUPYIOT BEpXHHUE
TIOJIOBUHBI TAJIMHA TEJT BEPXHUX CMEKHBIX TTO3BOHKOB.

KoMIteHcaTopoM CHIIOBBIX BIMSHUH SIBISIFOTCS NYUKU BOCXOOSAUUX BOJIOKOH
MEHCNO3B0HOUHBIX OUCKOB.

C. Cru0anue Ta300eJPEeHHOr0 CYCTABa M CYNIMHAIIUSA NIPaBOro 0eapa, Topcust
MO3BOHOYHMKA

[IpaBas Hora Bmepenu, CycTaBbl KOHEYHOCTH CruUOArOTCs, CTOMA
(uKcUpoBaHa Ha OMOPHOW MOBEPXHOCTH, IpyaHAas KieTka a0 ypoBHs Th Xl
POTHPOBAHA 1O YACOBOU CmpeJKe.

Mpimnel nepefHed TpynIbl Ta30BOrO IOsAcCa TIATOW 3a Majblil BEpTEN
crudaroT Ta300€IpEeHHBIA CYCTaB U POTUPYIOT MpaBoe OEIpo HAPYXKY 1O Uacosou
cmpenke. l'onoBka Oenpa cmemaer Ta3 u LV mnpomue uacosou cmpenxu,
peanu3yeTcsi TOPCUs MOSICHUYHOTO OT/EJa MO3BOHOYHUKA.

Cokpairerre m.m. rotatores peaM3yroT TATd 3a NONEPEYHbIE OTPOCTKHU, YTO
MPUBOJIUT B JCHCTBHE pbIYarv MOIMEPEYHBIX OTPOCTKOB. Omnupasch Ha HIDKHUE
CYyCTaBHbBIE OTPOCTKH, PhIUard pOTUPYIOT CMEKHbBIC MTO3BOHKH BOKPYT BOCXOISIIIINX
OCell B MPOTUBOMOJIOKHBIE CTOPOHBI.

[To3BOHKM, TSHYT BBEpPX MYYKHM HUCXOISAIIMX BOJOKOH B HUYKHHUX
MEXIO3BOHOYHBIX JIUCKaX W 4Yepe3 CHIOBbIE JMHUU JeHOPMHUPYIOT HUKHUE
MOJIOBUHBI TAIMI TE€JI HUKHUX CMEXKHBIX MO3BOHKOB.
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[TosicHuYHBIM OTHEN MO3BOHOYHUKA pUOOpeTaeT (opMy JIEBOIO MOJYBUTKA
CYKaTOM W HAIPSHKEHHOM MPOCTPAHCTBEHHOW CITUPAJIH.

KomnieHcaTopoMm CHIIOBBIX BIUSHHI B MOSICHUYHOM OTJIENIE MTO3BOHOYHHKA
ABIIIOTCS ~ MYYKU — HUCXOOAWUX  BOJIOKOH  MEJNHCNO3BOHOYHBIX  OUCKOS.

D. Paszru6anue Ta300epeHHOr0 cycTaBa U MPOHAIIMU MPABOro Oeapa,
AEeTOPCHUSA NMO3BOHOYHUKA

CycraBpl MpaBoil OMOPHOM KOHEUHOCTU pPa3ruOaroTCs, MpaBas CToIa,
(bUKCHUpOBaHHAsI HAa OTMOPHOM IMOBEPXHOCTH, CMeEMaeTcs Hazan. [pyaHo oTmen
NIO03BOHOYHUKA /10 YpoBHs Th X| poTupyercst npomue uacosoil cmpenxu.

Mpinbl  3agHeld Tpynmbl Ta30BOrO IOsca TATOM 3a OONBIIOW BepTen
POTHPYIOT TpaBoe Oenpo npomus wacosou cmpeaxu, (npoHanus). ['omoBka Oeapa
cmemniaer Ta3 u LV 6nuz u no uacosou cmpenxe, peanusyercs ACTOPCUS
MOSICHUYHOTO OTJIE]Ia TO3BOHOYHUKA.

[Ipu HanpsHDKEHUHM U PACTATUBAHUM BOCXOSIINX IMyYKOB BOJOKOH BEPXHUX
MEXIO3BOHOYHBIX JINCKOB CMEXKHbBIE TTO3BOHKH MPUTATUBAIOTCS IPYT K JIPYTY.

[Ipy oOTpbIBE CTONBI OT ONOPHOW TIOBEPXHOCTU MOSICHUYHBIA OTHAEI
MO3BOHOYHHUKA MTPUOOpeTaeT popmy Jop103a.

KoMrieHcaTopoM CHIIOBBIX BIMSHUHM SBISIFOTCSL NYUKU 8OCXOOAUUX BOJIOKOH
BEPXHUX MEHCNO3B0HOUHBIX OUCKOB.

CtpykTypHass opraHuzanus M OHOMEXaHUKa TOSICHUYHOIO  OTHena
MO3BOHOYHMKA SIBJIIETCS PEAJIbHOW W CTAOWJIBHOM, T.K. B UX OCHOBE  JICKHUT
€JMHUIIA T03BOHOYHKKA, 00J1a/1atoIasi CHCTEMHOM opraHu3alue.
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BIOMECHANICS OF THE HUMAN LUMBAR SPINE

Nechaev V. I.

The unit of the lumbar spine is the lumbar vertebra and adjacent
intervertebral discs. When walking, the vertebrae move in opposite directions
around their kinematic axes. Each vertebra consists of right and left compound
levers of the transverse and spinous processes. Each step is accompanied by

13


http://e.mail.ru/14776523020000000604

Martemarunuyeckas MopgoJ10rusi.
DJIEKTPOHHBII MATEMATHYCCKUI H MeJUKO-010JIOrHYeCKHIi 5Ky pHAJI.
Tom 20. Beim. 1. 2021.

rotation of the lumbar vertebrae around the right and left, ascending and
descending axes, torsion around the ascending axes, detorsion around the
descending axes. Torsion and detorsion rotations of the lumbar spine occur
because the vectors of rotation of the femur, pelvis, and chest are always opposite.
The torsion of the lumbar vertebrae in the lower adjacent discs causes the tension
of the descending fibers from the lower half of the waist of the bodies of the
adjacent vertebrae, in the upper adjacent discs - the tension of the ascending fibers
from the upper half of the waist of the bodies of the upper adjacent vertebrae.
Compensation of internal forces of mechanical energy for each lumbar vertebra
occurs when the fibers of adjacent intervertebral discs are strained.
Key words: lumbar vertebra, biomechanic.
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