TPABMA
OCTEONATUHECKMI NOAXOA

OcHOBaHHas Ha ryBOKMX MCCNER0BAHMAX ¥ GOraTo uioc-
TPMPOBAHHasA KHWra OTKPLIBAETCA 0630poM BroMexaHuky Tpas-
Mb!. ABTOpbI NOKA3bIBAIOT BO3MOXHOCTU NPWIOXEHMA 0CTE0Na-
TUYECKOr0 MEXaHWYECKOr0 NOAXOMA K TPaBMe KO BCeMy Teny C
0co6biM BHUMaHWEM K XNbICTOBOI Tpasme. [lanee aBTopb! 06pa-
WAOTCA K BYHKUMOHANLHO-3HATOMMYECKOMY NOAXOAY, Aenas
aKLEHT Ha CTPYKTYPb! Yepena U Apyrue COCTABNAIOWME LEHT-
panbHOA HEPBHOM CUCTEMBI, PaBHO KaK M OKpyXaiowue U 3a-
WULAIOWLME MX CTPYKTYPbI.

B 3aBeplueHue, OHM PacCMaTPUBAIOT TPABMY C TONKM 3pe-
HUS €€ BAUAHUA HA Pa3NKYHbIE TKAHW U CUCTEMB TEeNa, BKIIO-
4ast KOCTHO-CYCTABHYIO, BUCLIEPAbHYIO M COCYAMCTYIO CUCTEMb!,
a Taloke BO3MOXHbIE NOCNEACTBUA TPaBMbI, NPOABASIOLIMECH B
COCTOSIHUM KaXA0# U3 NEPEYUCIEHHBIX CUCTEM.

NpencTaBus OCTEONATMYECKYHO MHTEPNPETAUMIO TPABMbI,
aBTOPL! NPeAnaraioT paa COBCTBEHHBLIX YHUKAILHBIX METOA0B
0CTEONaTU4eckoi AMarHOCTUKU C 0COOLIM BHUMAHWEM K CTPYK-
TypaM, KOTOpble Haubanee YacTo NOPaXaIOTCA NPK TPaBMe: TBeP-
Doit M03roBoiA 060n04Ke, WBaM Yepena, KPaHuo-daLmanbHbimM
MeMOPaHHLIM COEIMHEHNAM, CPEZIOCTEHMIO U CENE3eHKe.

KHura 3aBepluaeTcs ONUCaHUEM MAHYanbHBIX TEXHUK,
PeKOMEH/IyeMbiX aBTOpaM¥ ANA YCTPAHEHUA HEKOTOPbIX Haubo-
nee CTOMKMX NOCNEACTBUIA TPABMbI.
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NMpeaucnosue
K NEPBOMY PYCCKOMY U3QAHUIO

06paLanch K POCCUIICKOMY YUTATENIO, XOTENOCH Dbl HE TONLKO NOBTOPUTL CI0BA 3aKIIH0-
YMTENLHOM rNaBbi O TOM, YTO 3Ta KHUra, HAAEIOCh, NOAAPUT EMY M 3HEPTUIO, U 0COBEHHOCTU
0CTe0NaTU4ecKoro NOAX0AA K TPaBMe.

Mosnenme pycckoro nepesoaa Moei TPETbEN KHUM He TONLKO YKpennsieT Bepy 8 Hyay-
LLiee POCCHICKOM OCTEONATVM, HO U BCENNET HAAEXAY Ha IWUPOKUE, MOMCTUHE MEXAyHapoa-
Hbie NEepCneKTUBLI OCTEONaTUYEcKoro 06pa3oBaHus, Haykv M NPAKTUKU Ha Bnaro Hawmx
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L/' o
Xan-lNbep Bappans,
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PyxoBoauTeNb AiENapTaMeHTa BUCLIEPAbHOI 0CTEoNatum
memmumHekoro dakynbrera B Paris du Nord,

BuinmyckHuk EBponeiickoit Wwkonbi ocTeonaTuu

8 MeitactoyHe (AHrnus)



“TonbKo TKaHW 3HatoT.”
- PonnuH bekkep

NMpeancnosne

Ha NpoTSKeHUM MHOMUX NIET MHE XOTEIOCh HAaNMCaTb KHUTY, NOCBALLIEHHYIO 0CTeona-
TU4ECKOMY nofXoAY K Tpasme. Betpeya ¢ AnaHom KpobbepoM nonoxuna Havano pabote Hag
3TUM NPOEKTOM.

Anan Kpobbep npeacTasnser Hosoe NOKONIEHNE 0CTEONATOB, KOTOPOE NPUAAET ABIKEHUE
Haleit Hayke. Mb! BbU11 3HAKOMbI APYT C APYTOM MHOTO JIET, U MHE NOCYACTAUBMNOCH ObiTb
PYKOBOAMTENIEM €0 Hay4HOM PaboThl.

Ero cTpacTs K UccnefjoBalmio, ero HayuHoe MoBONLITCTBO, €10 NOTPEOHOCT B aHaNM3e U
€r0 MeULIMHCKIUE 3HaHWA CAEeNanu ero OHOBPEMEHHO U TaNaHTAMBbLIM NPEnoaasaTenem, U
TaNaHTMBLIM NPAKTUKOM.

PaboTa B 0AHOM 1 ToM paitoHe ewe Gonee ykpenuna yab Hawel apyx6el u npodeccu-
OHANLHOrO MHTEPeCa. B npouiecce o6MeHa B3rnsinamMm 1 KOHLENLMAMMU OTHOCUTENLHO CPEACTB
YMeHbLUEHWS CTPAAAHMA CAMLKOM GONbLIONO YWCNA NALWMEHTOB, SBNAIOWMXCS XEepTBaMK
TPaBM, Y Hac 3apoannach Maes AAHHON KHUMM.

Hanucanve kHurm “aByMs pyskamu® - 310 I0CTAaTONHO CNOXHBIA MyTh, CMIOKOIAHO U C
YAOBONILCTBMEM MPOIATA KOTOPLIA, HaM NOMOMNM Hawa CTpacTb K Npodeccuu u Hawa

ApyxGa.

XaH-Mbep Bappanb



FnaBa nepBas:
MexaHunyeckuii nogxoan K Tpasme
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YnapHas BonHa
MepeHoc 3Heprn
M3MeHeHns naBneHws n kaButauuu
AsneHve BUOPaLUY 1 ABUXKEHNE XNAKOCTEN

BuAbl AEWCTBUSA TPABMbl. ..o s
Jlokanusauus yoapa
PaznuyHble TUNbI yAapa ...
TpaBMa kak pesynbTar KOHTakTa

Tynosuuie
HuxHne KoHeyHoCTH
BepxHue KOHeYHOCTH
Tpasma kak pe3ynbTaT UHepumun 1° xbiIcToBas TpaBMa
Wctopwsa ssneqns
MCTOPUS CNOBA ...evvevenivinririnenans
MexaHn3m NopaxeHus Npu XNbiCTOBOA TPABME ...
KnuHnyeckas npaktuka
Stnonorus
CumnTomatonorus
JnarHocTnKa XAbICTOBOM TPABMbI ...vvvvevivirvins
BvsiHME XNLICTOBO TPaBMbI Ha NEPBMYHLIA PECIMPATOPHBIA MexaHuam (MPM)
TpaBMa Kak pesynbTar uHepunv 2; “B3pbiBHas Tpasma” unm 6apotpasma
LIDYTNE TUMBI TPABMBI ..vecvnrienisiinniiiinsrssniisssssssssssssessisssssssssensississsisssssass
TpasMbl, CBA3aHHLIE C BEPEMEHHOCTLIO M aKyLWIEPCKUMU NPUYMHAMK



MexaHnunyeckuin nogxon K TpaBsMe

BBoaHble 3amevaHusi

pasma MOXeT OLiTb onpeaeneHa kak noBpeXaeHne UK paHa, Gu3n4eckas uan NCUxm4eckas, Bbi3

BaHHas fEMCTBUEM BHEIUHErO areHTa. B nocneanve rob XenaHue NOHSTL TPaBMy Tena “dusnyec

KW” [ano TOMYOK MHOTOYMCIIEHHbIM TEOPETUYECKMM i SKCMEPUMEHTANbHBIM MCCIIER0BaHMAM. [biTa-
ACb aHANM3MPOBATL M WUHTErPUPOBATL MEXAHW3MbI, XapaKTepHbl AN GU3NHECKOI TPaBMbl, MCCNEoBaTeNu
33/1aBa/MCh CNeAyoUMM BONpocaMu: Kak nomaeTcs KocTb? Kakas cuna ans atoro Heobxogvma? Kak peetcs
TkaHb? Kak TKaHu pearvpyloT Ha Harpysku v HanpsxeHusa?

3Tn BONpOCH! NpUBEAM K OMYGNMKOBaHMIO 6ONLLIOTD KONMYECTBA PaboT, OCHOBAHHLIX HA Pa3NNYHbIX
B3rnagax. Hecmotps Ha pasHoobpasine MHEHMit, 3T0 MPMHECTO MONb3Y XEPTBaM NOBPEXAEHWIA U TPaBM.
Xvpypru-opToneabl, TPaBMaTosor U HePOXVPYPIv NONYYUAN BO3MOXHOCTb pa3paboTatb Ype3BbivaliHo a¢-
HEKTUBHbIE M CMELMANM3MPOBAHHBIE MPOTOKONB! NIEYEHNA NPU PA3NKYHBIX TPABMATUYECKUX NOBPEXAEHUSIX.

Tem He meHee, 06nacTb “PyHKUMOHANBHOM" TPABMATOMOMIM OCTAETCS OTHOCWTENLHO HEM3y4eHHoW. Cuna
TPaBMbl 4aCTO OKa3bIBAETCA HEAOCTATOUHOM 19 CO3AAHNS NOPXEHUS, KOTOPOE MOrNO 6bl ObITb AUArHOCTUPO-
BaHO NpmBbIYHLIM 060pyaOBaHWEM. Beudy “paccesHus” OCHOBHOWA TPaBMbl NOCTPAAABILME YaCTO NpeacTas-
NAIOT 0BLEKTUBHBIE NOPAXEHNA 1 CUMMTOMBI, KOTOPLIE HE NOMYYAIOT AOMKHOrO 0BLACHEHNA NPU UCTIONL30Ba-
HUM OBLLENPUHATLIX TECTOB. TakMe MHOXECTBEHHLIE NOPAXEHN U OrpaHNyeHUs MOrYT ObiTb BbISBNEHbI U
0BBSICHEHbI TONLKO CPE/ICTBAMM MAHYa/IbHOM IMArHOCTUKM, a 3aTeM NONYYUTb AIEKBATHOR MaHYaNlbHOE neye-
HYe.

B nopobHbIx Criyyasx, 4TO NPOMCXOAMT C KMHETMYECKOM SHEpryei, NPUNOXeHHON K naumeHTy? Kak
KOHKDETHblEe TKaHu MHKOPNOPUPYIOT 3Ty 3Hepriio? Kakve aedopmauymn NPOMCXOAAT BO BPEMA M NOCNe Tpas-
Mbi? KakoBb! K/IMHMYECKME NOCAEACTBYA TPaBMbi? MHOTME U3 3TUX BOMPOCOB 0 CYX NOP HE MOTYT NOAYYMTL
OKOHYATENIbHOTO OTBETA, OIHAKO, HEKOTOPLIE MMMOTE3bl NPEACTABARIOTCA Bonee BEPOATHLIMK, 4eM ApyTve. Mbl
PaccmoTpm BonbLLIOE KONMYECTBO GKU3NYECKIX NAPAMETPOB, KOTOPLIE YHACTBYIOT B (JOPMMPOBAHIM OrpaHuye-
HUR, Npexze Yem 0BPaTTLCS K HUM C OCTEONATUYECKO TOYKI 3PEHMS.
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dusnyeckme KoHLuenunm
KOHLENUMS Cunbl

“Cvna” - 310 OCHOBHOE NOHATVE MEXaHWUKU, CRIOXHO AaTb €/ TOYHOE HU3NYECKOe onpepaenenme. Ee MoXHO
OnmcaTh MMM MOHATb C TOYKM 3PEHMA BLI3LIBAEMbIX €10 NOCNEACTBMIA: iehOpMaLUMn, ABUXEHMS, Tenna wim
Tpexua. [pakTMieck Mbl FOBOPUM, YTO Cvna AENCTBYET HA (M3NHECKYIO CUCTEMY Kaxabiii pas, KOraa Mbl
HabnloAaem N3MEHEHNE COCTOSHUS 3TOM CUCTEMBI.

Knaccuyeckoe onpepenedne: Cuna — 310 ¢akTop wnu Bo3aelicTeme,
KOTOpOe M3MEeHfieT COCTOfHMEe ABWXEHUSI WM NOKos Tena.

Cwuna MOXeT Takke ONPEAENSTLCS UK BU3YaNM3MpOBaTLCS Kak pe3ynbTaT B3auMOLeNCTBUA ABYX TeN nmbo
Ha paccTosHum, nmMbo NOCPEACTBOM NPAMOrO KOHTaKTa. DaKTU4ecKy, CUNa — 310 KOSIMYECTBO, MCHUCHINEMOE Ha
OCHOBE BUAMMOTO M M3MEPAEMOT0 SBNEHUS. HECMOTPS Ha NONE3HOCTL C TOYKM 3PEHUS MEXAHUYECKOTO NOHVMA-
HUS, CUNa — 310 BECbMa MCKYCCTBEHHAA KOHUENuUms.

HATPY3KU U HANPSXEHUS

B mexaHuke cuna MOXET UMETL BHELUHEE W BHYTPEHHEE NPOUCXOXAEHUE.

* CuNbl BHELLHEro NPOMCXOXAEHUS HA3LIBAIOTCA HarDy3Kamu VW TDIIOKEHHBIMY CHIaMA,

TNpvMepsl: rpaBuTaLKs, CONPOTUBAEHUE BO3AYXa, CONPOTUBIIEHME BOAL!, MbILLEYHOE AEICTBME.

+ Cwnbl BHYTPEHHErO NPOMCXOXAEHUS HA3LIBAIOTCS HarpsxeHuamy. HanpsXeHne 310 BHYTPEHHee CO-

NPOTUBNEHME MaTepuana, NOABEPrHYTOrO BHELUHEN HarpyaKke.

HanpsxeHve MOXET ONpeAensTLCA Kak Cna Ha eguHULy nnolaaw (Hanp., GyHT Ha KBAAPATHLIA
[AI01iM), KOrAia OIHO TENO TAHET, TONKAeT, CAABAMBAET WM CKPYYMBAET Apyroe Teno. KOHUenUMs Hanpsxenus
BHYTPU MaTepuana 06061uaeT 6onee WMPOKO M3BECTHYIO KOHLENUMIO AABNEHUA B XWAKOCTH. MOCKONLKY Ha-
NPSXKEHVE BbIPAXAETCS HA EAMHULLY NNOWAAM NOBEPXHOCTH, OHO He 3aBUCHT OT 06LMX Pa3MEPOB paceMarpy-
BAEMOTO Tena.

MoxHo BblaENMTL TPU OCHOBHBIE TMNA Hanpsxewus (Puc. 1-1).

- Qe o G-

Hanpsixexue Tpakumm Hanpsxenue cpsura

| g\ &

Hanpsxenne komnpeccum (cxatus)

1-1 Pa3znuyHble TNk HaNpsHKeHA
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+ Tpakuwmsi (pacTsxeHne) npuBOAMT K YANMHEHWIO Tena
+ Komnpeccus CTPEMUTCA K yMEHbLLIEHMIO Pa3MepoB 06bexTa

+ CoBur siBNSIETCS pe3ynbTatom AencTemvs Pa3HOHANPABNEHHbIX CUA, NIOAOOHO ABUXEHVIO NIE3BUA HOX-
Huu.

AEOOPMALUSA

W3MEHEHNE [/MHL! 3NEMEHTA, KOTOPbI MOXET BbiTb PaCcTAHYT WM CXaT, NPONOPLMOHANLHO €0 AMHE.
[ledopmauya, NpeacTaBneHHas CUMBONIOM € - 3TO PACTIXEHNE NEMEHTA HA EAMHULY AMMHbI. KOraa anemeHT

CTaHOBMTCS [/IMHHEE v kopoue, (Puc. 1-2), abconioTHoe n3MeHerKe ero anuHb (L) npeactasnexqo kak AL, a
nedopMaums onpeaensetcs ypasHeHneM € = AL/ L.
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[nuHa cokpalLiaeTcs npy KOMNPEccuu
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[lnvHa yBEMMuMBAETCS NPU TPaKUMK

1-2: lepopmaups wim OTHOCUTENLHOE PACTIXEHUE

Mockonbky aedopmaums — 310 OTHOLWEHWE [BYX A/MH, 3TO KOMMYECTBEHHAs BennynHa 6e3 eanHuy,
00bl4HO BbipaXaeMas B NPOLEHTax. SnacTuuHas aedopmaums PacnpoCTPAHEHHBIX NPOMBILNEHHBIX Mare-
puanos cocrasnseT 0bbiuHO MeHee 0,1%, HO ONpeaeneHHbe MArkMe Matepuanbl, Takve Kak peavHa, MoryT
pactarusarbea Ha 800%, a onpenenexHbie Guonornyeckue Tkanm eue bonee.

AJIACTUMHOCTb, NNACTUYHOCTD

ANacTMYHOCTb - 3T0 CNOCOBHOCTb HEKOTOPbIX TeN BOCCTAHABAMBATL GOPMY NOCAE NPEKPAILIEHNS ABHCTBNA
cvnbl aeopMaumm. Xopowwo U3BECTHBIMU NPUMEPAMM 3TOTO ABNEHWA ABARIOTCA NPYXMHBI U PE3MHOBLIE
mauu.

MnacTM4YHOCTL XapaKTepU3yeT COCTORHIE TENa, CNOcoBHOro K HeobpaTuMol AedopmMaLy. 310 CNOCOBHOCTL

K AMTENGHOM CTOMKON AeopMaLim B OAHOM HANpasneHuu 6e3 HapylweHUs UENOCTHOCTH B OTBET Ha Hanps-
XeHue, NPeBbILLaloLLee npeaen aNacTUyHOCTU.

B3aumocea3b Hanpaxenus u aedpopmaunu

Mcnonb3ys NocTenexHo BO3pacTalolLee SKCNepUMEHTANbHOE HanPXEHNE, NPUIOXEHHOE K KOHLIAM MaTe-
puvana, NPMBOAWT K €70 PACTSKEHIO U BO3MOXHOMY paspbiy. iamepsist HanpsixeHve 1 aeopmaLmio BO BpeMS
3T0r0 NPOLIECCA, MOXHO NOCTPOMTL rpaduK, XapakTepU3yIoLLmMiA AaHHLIA Matepuan (Puc. 1-3).
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1-3: B3auMoOTHOWEHWE Hanpsxenmns/aedopmamn

Ha rpaduke Hanpaxexus-aedopMauUnm YeTKo BUOHLI TPpU obnactv:

30HA INACTUYHOI REDOPMALINIK
Pactaxenve (aedopmaums) nponopuMoHanbHas Hanpsxewuio. TNpu ycTpaHeRn HanpsXesus 06bekT
BOCCTaHaBNMBAET NePBOHAYANbHYIO ANUHY, MaTtepuan 3nacTuyeH.

30HA NNACTUYHOW AEDOPMALIK

B 370i1 30HEe 06BEKT HE BOCCTAHABNMBAET NEPBOHAYANIBHYIO AIMHY [AXE NPU YCTPAHEHUN HANPSXXEHNs,
CoxpaHsieTcss HekoTopas ycToituMsasi nedopMaums, Kak NokasaHo Ha cerMexte DD’ Ha pucyHke. Touka P
YKa3biBaeT Ha Nepexoa OT 3MaCTUYHOW K NAacTuyHon aedopmaumu.

30HA CTPUKTYPbl U PA3PbIBA
[anbiue To4kM R panbHeillee NoBbiLLeHNE HANPSKEHUS HE NPUBOAWT K nocneayiolwei aedopmaumm,
marepuan AoCTUT npegena NAacTMHHOCTX. BCkope NocAe 3TOr0 Matepuan [OCTUraeT Touky paspbisa (S).

Aueprus aedopmauumn

Bo spema aeopmaumn 3nacTUYHOrO Matepuana OH XpaHWT 3HEpruio, KOTopan BbICBOBOXAETCS Npw
YCTpaHeHMn Hanpaxerus. Konm4ecTeo BbICBOGOX/IaeMOM 3HEPri MOXET BbiTh 3HAauMTENbHbIM. [inst NoAHO-
CTbi0 3NACTUYHOrO Matepuana HakonnenHas aHeprus W (BbipaxeHHasi B XOYNSsX) ABNSETCH Pe3ynbTatoM
HaNPAXeHNs, BbI3BABLUETO AEHOPMALIMIO B COOTBETCTBIM C dopMynoii: W='/,ec (Puc. 1-4).

Mpy TpaBMe 3HAUNTENBHOE KOMMYECTBO KMHETUMECKON 3HEPrVM NPUKNAALIBAETCA K TENY U Nepeaaetcs
W “BBOAMTCA” 3a 04eHb KOPOTKWIA NPOMEXYTOK BPEMEHI B PA3NviHbIe TKAHN, SBNSIOLLMECA reTeporeHHbl-
MM, HWU30TPOMHbLIMM (AAIOWM Pa3NINYHBIE OTBETHBIE PEAKUVW BAOMb PA3Nn4HbLIX OCEN) U Melowwme pas-
NMYHYIO CTeneHb INacTUYHOCTH. TONBKO YacTb 3TON 3HepruW BbI3bIBAET AedopMaumio. [ipyras 4acTs pacnpe-
AenseTcs 8 Buae Tenna. OcTanbHas 4acTb XPaHUTCA B BUAE OCTATOYHON 3HEPIM, KOTOPas MOXET COXPaHSTLCA
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Hanpsxenne 3Heprua aedopmaumm W npeacras-
IeHa Y4aCTKOM MOJ, HAKMOHHOM, On-

peaensemolt kax '/,

[ledopmaums

1-4: Jneprus fnedopmaumm

B TEYEHE YAMBUTENLHO AOArOro Bpemeu. Hanpvumep, Mbl Habnioaanw cyyav paspbiea Cene3eHK! Ha COPoKo-
BOVA fieHb NOCNe TPasMbi.

MexaHnmka TpaBmbi

TepmuH “TpaBMa” OTHOCMTCA OBLENPUHATO KO BCEM NOPAXEHVSIM TeNa, ABNSIOWMMCS Pe3ynbTatom
BHELUHEro BO3ENCTBA. JTO YaCTO BOB/EKAET KMHETUUYECKYIO 3HEPIVIO, MPUBOASILLYIO K MEXaHUYECKOMY No-
BpEXOeHMI0. TeM He MEHee, KOHLENLMS TPaBMbl MOXET ObiTb pacluMpeHa Ha TEPMUYECKUE, XUMUYECKHE,
dM3MYECKME MM MEXaHWUHECKVE SIBNEHVA, BLI3bIBAIOLLME NOBpeXaeHue. TepMUH “ncuxvuyeckan TpaBma”
OTHOCWTCA K MCUXONOMMYECKVM NPOSIBNEHVAM, CNEAYIOUIMM 33 TPABMATUYECKMM COBLITMEM.

OCHOBHBIE ArEHTbl TPABMbI

Cywiectayet MHOro 8108 Tpaembl (Tabnvua 1-1). Tpasmbl BCREACTBIUE MEXAHUHECKOTO BO3AEACTBUSA
Hanbonee 4acTo BCTPEYaloTCs B HaLLe NPakTVKe 1 bonee AeTanbHO paccMaTpyBaIoTCs Aanee.

Onpeaenexne nopaxeHuii

Tpasmaruyeckoe nopaxeHue onpeaensieTcs CrocoboM NPUIOXEHS 1 PaccenHus GU3NHeCKon 3Heprum,
BbICBOBOXAEHHOM 33 04EHL KOPOTKMIA NEPHOA BPEMEHN NPOMCILECTBXA (NOPAAKa 50 MUANMCEKYHA) W MexaHu-
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TAN  TPABMbI MEXAHU3M NOPAXEHUSA

Mexanuyeckoe paencTsue * Yaap o npendtcTeue nam nagenve
* Yaap napaowvm NpeaMeToM WU pasfnasnmBaHue
* §lBneHue HepLMN BCNEACTBYE MTHOBEHHOMO YCKOPEHA Maun
TOPMOXEHMA
+ Mpoxukaowee paHeHue (OrHECTPENbHOE UK NPeameToMm), 8
KpaiiHeM cnyyae, TpaBMaTMHecKas amnyraums

®duanyeckoe peiicrave - BapoisHas Tpasma ot subpaummn
+ CvHAPOM pa3aaBnuUBaHWs NOCNe KoMNpeccun 6e3 HapylueHns
LeNOCTHOCTH
+ [lekoMnpeccus B BOAE UK BO3yXe

TepmansHoe peitcTeue Oxoru - Benepcrave paguatmu
- BcnepacTaune KOHTaKTa ¢ ropaumM NpeameTom

- Beneacraue addexTa [xoyns anexTpuyeckoro
Toka

Xumuyeckoe peicTsue Obmopoxerus - Benepcrave oxnaxgequs (ot 0 4o -4)
* Bcnencteuve 3amepsanung (Huxe -4)

+ Hekpo6uo3 nocne AeiiCTBIA KUCOTbI MW Weno4u
- OtpasneHus

Tabnvua 1-1: Knaccudukaums TpaBMbl C y4eTOM NPUYUHHOO areHTa (no PATEL)

YeCKMMK XapakTepuCTUKamn BOBNEYEHHbIX TKaHe# Tena.

B MOMeHT npouciuecTsms, aedcTByiowme Guanyeckue CUbI ONPEENSIOT HEMEANEHHbIE NOPAXEHMA.
Mpupoaa u 3HaueHne 3TUX NOPAXEHU AMKTYETCA 0BCTOATENLCTBAMM NPOUCLIECTBUA W BENMYUHONA CUA.
BosHuKwme Takum 0Bpa3om TpaBMaTUueCKUe NOPaXEeHMs SBASIOTCA NPOrpeccHBHLIMA, B Teuerue cnepyio-
WMX 4acoB W AIHEIH NPOUCXOAAT AVHAMMYECKVIE NPOLIECCH!, KOTOPLIE BLI3LIBAIOT BTOPULHLIE W OTCPOYEHHBIE
nopaxexua. B utore, nocne NOCTENEHHOO BLI3AOPOBAEHNS (C NIEYEHMEM UK 6e3 HEro) onpe/eneHHbie nopaxe-
HUS COXPAHAIOTCA C ONPEAENEeHHON CTENEeHbIO NATONOrMK, KOTOPas M COCTAaBNSET NOCNEACTBUS.

KNACCU®UKALIMSA NOPAXEHNN

KOHTyBVIVI — 3T0 3aKpbiTbie nopaxeHus, ABNKIOWMNECH pe3ynbratom NpaAMOro yaapa, 1.e. CTONKHOBEHUA
ABUXyuierocs ¢ BbICOKON CKOPOCTbIO NpeamMeTa ¢ HENOABUXHbLIM TENOM. Tﬂ)KeCTb 3aBUCUT OT MHTEHCUBHOCTU
yhapa v obnactit nopaxeHus. Ml rosOpuM 0 KOHTY31AX MAMKVX TKaHei (koxu, $acumii, Mblluly), KOCTHbIX
KOHTY3MSIX, KOHTY3MaX Xpslla v TaK ganee.

PaHa sBnsetca Pe3ynbTaTtom ueﬁcnam\ Pexyuiero uny npoHukarouiero npeamera, Koropoe Hapyluaer

LeNocTHOCTb 060104ku Tena (koxw). TAXECTb 3aBucHT OT CTeneHn, rMyBMHb 1, KpoMe TOro, OKAIM3ALMM
ynapa.
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OCTe0apTMKyNspHbe NOPAXEHUS! HA3IBAIOTCA NO OCHOBHOI NOPAXEHHOI TKAHM: CKENETHON CUCTEMBI W
CYCTaBOB.

- Pactaxenus — 310 NPOCTbIE NOPaXEHNS BCNGACTBME NOBPEXAEHWI  acLwii nu CBA3OK.

+ CMeLenms npefICTasnfIoT YaCTMYHYI0 MAN NOAHYI0 CEnapauMio CYCTaBHLIX MOBEPXHOCTEN M 4acTo
CONPOBOXAAIOTCA CBA304HBIMW NOBPEXACHNAMM,

+ Mepenombi CaA3aHbI C HApyLUEHUEM UENOCTHOCTY KOCTH. [lepenom MOXET BbiTb OTKPLITLIM WM 3aKpbi-
ThiM B 33BUCVMOCTM OT HANMYMA HAPYLLIEHNS LIENOCTHOCTU KOXM. epenoMbt N CMELLIHNS SBASIOTC PesyNib-
TaTOM AIACTBIAA PA3NNYHbIX MEXAHU3MOB (NPAMOTO YAAPa, TOPCHM, OTPbIBA, KOMMPECCUOHHOO HANPSKEHNS,
bnexkcum, TpakLmK), MCCNEAOBAHUE KOTOPbIX HE SBNSIETCA NPEAMETOM HACTOALLEr0 UCCENOBAHNS.

Pa3asnusanie acCoUMMPYETCs C APYTMA NOPXKEHUAMM, TaKUMM KaK NEPENOMbl U PaHbi, U BO3HWKAET
TOrA, KOrJa 4acTb Tena NOABEPraeTCs CYLUECTBEHHOMY AABNEHHIO.

TAXECTb 3aBUCHT OT TOMOrPadmrit MOPAKEHHOI 061aCTU 1 BEMMYMHLI JABAEHUA W ADYIUX BOBNEYEHHbIX
cvn,

AmnyTaumum BASIOTCA NONHOA cenapauueit Kakoil-nbo YacTy Tena, 0BBYHO KOHEYHOCTH. CyLecTBYIOT
PasnuyHbIe TUMbI B 3aBUCMMOCTY OT UCXORHOTO NPOMCILECTBYS, HANp., NOAHAA CEnapaums Ui OTPbIB.

Tunbl MexaHM4eCcKoi TpaBMbl

Kak octeonarbl, Mbi 06paLuaeMcs K TpasMe, rnaBHbIM 06pa3oM, Kak K MexaHvdeckoMy cobbrmmio. Cyue-
CTBYET ABA OCHOBHBIX TWMa MEXaHN4ECKOA TPaBMbl: CBA3AHHAA C KOHTAKTOM W CBA3aHHas ¢ uHepuveit. O6a
THNA MOTYT BbiTh BOCNPOVI3BEAEHD! 3KCNEPUMEHTANLHO MM PACCMATPMBATLCR U30MMPOBAHHO B KNMHUYECKON
npaktvke. Tem He MeHee, OONbILMHCTBO Cyyaes, KOTOPbIE Mbl HAOMOAAEM, OCOBEHHO NOPOXHbIE aBapuM,
BOB/NEKAIOT OHOBPEMEHHO 063 Tvna.

* BavaHma KoHTaKTa HabniopaloTCca Kaxablid pas, Koraa Teno yaapaeTcs 06beKToM wn 06 obbexT. MNopa-
XEHWAA NPOMCXOASAT He TOMbKO NI0KANBHO B TOYKE YAAPa, HO 1 Ha YAANEHHbIX Y4aCTKax B Pedynbrare AeNCTBIR
YAAPHOWA BONHBI WAN CXOAHBLIX ABNEHWN.

* BnmsHna MHepumMm 0TMEUaIoTCR TOrAa, KOTAA TEND NOABEPXKEHO YCKOPEHMIO v\MAKM TopMOXeHMio. Han-
Bornee 4acTo 370 BO3AENCTBYET Ha YEPEN W NO3BOHKY, KaK NPW XNILICTOBOI Tpame. TopaxeHus ABNsIoTCH
A Y3HBIMU 1 4ACTO MYNbTUGOKYCHBIMW.

OKCNEPUMEHTANbHLIE UCCNEAOBAHNSA TPABMbI

Meorve nabopaTopui nbiTanmech UCCNEAOBATb BO3NEACTBAE TPABMbI HA XMBOTHBIX B SKCMIEPUMEHTaX in
Vivo WM Ha MepTebix obpasuax. Jlyuiwee NOHMMaHMe BO3AEIHCTBAA TPABMbI HA YENOBEKA BO3MOXHO Npy
PasBUTMM MCCNEAOBAHNIA HA OCHOBE MMEIOLIMXCS PesynbTatoB. OfHAKO, XMBOW 4ENOBEK XapaKTepuayeTcs
TakuM Pa3Hoo6pasvem napameTpoB, YTO NOAOGHBIE SKCMIEPUMEHTLI MMEIOT OFPAHMYEHHYIO LIEHHOCTb.

YacTo yTBepXaaeTCs, YT TEeNO Yenosexa cocTouT ua 206 kocTei. Bonee BaxHO. 4o OHO COCTOMT M3 Bunm-
OHOB K/IETOK, KX/A3s 13 KOTOPbIX MOXET NOPaXaThC BO BPEMSA NPOMCLLECTBIR. 3HAKOMBIE HaM JKCNEPUMEH-
TaNbHbIE UCCNEA0BAHMA YKA3LIBAIOT HA CYLIECTBOBAHWUE rNOBANbHBIX NOPAXEHNIA, KOTOPLIE AMCTAHUMOHHO
MOrYT GbiTh 3HA4MTENbHD YAANIEHbI OT CMMNTOMA. 3Ta KOHLENUWS [MOBANLHOMD NOPAXEHUs NEXUT B OCHOBE
octeonam1. OHa OTPaxaeT Hauly Bepy B TO, YTO B XVIBOM OPraHU3Me HUNTO HE U30NMPOBAHO W 4TO BCe
CTPYKTYPb! W NPOLIECCH B3aUMO3ABMCMMbI. KIMHMYECKK 3Ta KOHUENUWS NPUBOAKT HAC K HEOBXOAMMOCTM
NeYmTb NIOAEA, @ HEe CUMNTOMBI, M 0BPALLIATLCA KO BCEMy YENI0BEKY M CTPYKTYPaM €ro Tena, a He Tofb K TOMY
MECTY, KOTOpOe BoAuT.
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B 1980 ronax ®paHLy3CKvii HAUMOHANbHBIA UCCNEROBATENBCKMA MHCTUTYT 6E30NACHOCTH Ha TPaHCnopTe
(INRETS) nposen onbitb! Ha 30 CBUHBSX, HEKOTOPbIE U3 KOTOPbIX HAXOAWAWMCL NOA AEMCTBMEM HApKo3a, a
Apyrue HeT, 3adMKCMPOBaHHbIX B aBTOMOGMNSX (Beppuct, 1986). ABTomMo61nM Bpe3annch B CTEHY CO CKOPOCTbIO
ot 10 n0 55 km/4ac ¢ yckopervem ot 10 a0 25 r 3a 50 munancexyHa. CKOpOCTb M YCKOPEHVE ABAKNNUCH BAXHLIMM
JleTepMUHaHTaMn Tpasmbl. B Apyrix onbirax Ha 06e3bsiHax BCKPLIBACH Yepern, MHTPaKpaHuanbHo noMetua-
NUCb ATYMKN AABAEGHWS, KOTOPbIE MOKPLIBAMCH CTEKNOM.

Nopo6HbIE AKCNEPUMEHTHI BblM 3anpewieHbl (K BenuyaniueMy Y0BNETBOPEHMIO MHOTMX, BOpIoLLMXC
NPOTUB OMbITOB HA XMBOTHbIX) U 3AMEHEHbI ONbITAMK C UCRIONb30BAHWEM MAHEKEHOB WU MepTBbIX Ten. W
BCE Xe OTCYTCTBUE KaKoiA-nmbo Mo3rosoit U aaxe Gecco3HatensHol akTMBHOCTW, METabonM3ama, TOHyca w
M3MEHEHNS BA3KOINACTMYHOCTU TKaHeiA y Tpyna CTaBAT Nopj, COMHEHUE pe3ynbTaTbl Takux 3KcnepumenTos. C
TOYKM 3PEHUA OrPaHUYEHHOCTU NOJOOHLIX MCCNERDBaHMA Mbl NPEANOYMTAEM BLIDPATb ¥ PaCCMOTPETb HEKO-
TOPbie GU3NYECKME 3aKOHBI, KOTOPbIE CNOCOBCTBYIOT HaleMy KAMHMYECKOMY MOHMMAHWIO TPaBMbl W €€ fo-
CNencTBui.

®U3NYECKME 3AKOHbI,
CBA3AHHBIE C MEXAHWYECKUMKW MOPAXEHUAMU

YckopeHue, TOpMOXEHME U MHEpUUs

BONbLWMHCTBO TPaBMaTU4ECKVX COOLITUIA BOBNEKAET ABUXEHYS, KOTOPbIE CKOPEE XapaKTepuayloTCs YCKo-
PEHUEM, YeM ABNAIOTCA PABHOMEPHBIMU. B duanke yCKOpeHWe onpeaensetcs Kak M3MEHeHWe CKOpoCTv 3a
€AMHNLY BpemeHn. YCKopeHne MOXeT ObiTb NONOXUTENbHbIM (CKOPOCTL BO3PACTaeT B TeYEHNe PaceMaTpmea-
€MOr0 1eproaa BPEMEHM), HYNEBbIM (CKOPOCTb OCTAETCA MOCTOAHHOM BO BPEMEHN) M OTPULIATENbHLIM (CKO-
POCTb CHWXaeTcst BO BpeMeHu)(Puc. 1-5).

OtpuuarensHoe yckopenne 0BbINHO paccMaTprBaeTes Kak TopMoXenme (Puc.1-6). B npuHumne, v ycko-
PEHVe, N TODMOXEHUE UMEIOT PaBHbIA NATOrEHHbIA NOTEHLMaN.

CKopoCTb M3MEPSeTCA B METPax B CEkyHAY, @ BPEMS - B CEKYH[IaX, YCKOPEHNE BbIpaXaeTcsl B MeTpax B
CeKyHly B CeKyHay (COKpaLLIEHHO M/Cex? unu MeTp B cexyHay B keagpare). Cpentee yckopenve 1m/cex? cooTseT-
CTBYET CpeHEMY NOBLILIEHNIO CKOPOCTH, PaBHOMY 1 M/Cek B CekyHay.

CKopocTs A YKAOH u yckopenue nonoxwurensHsl mexay A u B
YKNOH u yckopeve Hynesbie mexay A u B
YKnoH u yckopeHue oTpuuaTtensHul mexay A u B
B C
.
A D o
Bpems

1-5: TpacdmK ckOpOCTY aBTOMOBMAA Kak yHKLMM BpeMeHN
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Cropocts A Yknon 3amepnenuit Mexay C u [ unnioctpupyer
nporpeccvsHo Gonee peskoe TOPMOXEHue
B C

Pe3koe TOpMOXeHu

— PMO e
MocTenexHoe TopMOXeHue

A D D D"
Bpems

1-6: YKNOH TOPMOXEHUS U 3aMepeHNs

B030eNCTBME MHEPLMM BOSHNKAET KaXAblii pas, KOrAa Tpasma NpsMO Wiv ONOCPENOBAHO Bbi3bBAET
YCKOPEHE ik 3aMELJIeHVE BCEro Tefa uiv ero YacTvt. [pecTasvm ABvXeHue ronoBbi, KOTOPOE Noce yckope-
HUA MTHOBEHHO TOPMO3WTCA PE3KMM YAPOM O NPENATCTBME, NPEpLIBAIOLLIEE 3TO ABUXEHME. Takue cobbiTns
Mbl 6yIEM PAaCCMATPHBATb KaK LLOK 1 NOCNELLIOK. AHANIONMYHO, YAAP C33AK NO CTOAWEMY aBTOMODWI BbI3OBET
6bICTPOE YCKOPEHWE KPaHMOCAKPaNbHOro J/EMEHTa NACCaXMpa B HANPABNEHUA PA3ruDaHNA 1 HEMEAIEHHOE
TOPMOXEHVE B HANpaseHny GNeKCUM WENHOrD OT/eNa MO3BOHOMHMKA.

Pa3nuualoTcs HECKONLKO TUMOB YCKOPEHMS.

JIMHEWHOE YCKOPEHWE

B naeanu3npoBaHHOW KOHLIENLWW IMHENHOE YCKOPEHWUE NPEeACTasnseT 0AHOHANPABEHHYIO TPAeKTOpuio
ynapa. Ho fiaxe ecnu Mbl FOBOPUM, YTO YAap SIBASETCA OAHOHANPAB/EHHbIM, Mbl 3HAEM, YTO YAapHas BONHA
HUKOrJa He PacnpOCTPAHAETCR IMHERHO BBAY PAa3/M4HbIX CBOICTB ¥ MNOTHOCTU TKaHe. ABTOPbI, Gokycu-
pyloLine BHUMAHWE Ha FONOBE W LLEE, CHUTAIOT YCKOPEHME JIMHEAHBIM, ECAW rofI0Ba OCTAETCA B Npefenax ocu
Tena.

YIMOBOE YCKOPEHWUE

YrnoBoe yCKOpeHuE CBSI3aH0 C Ayroo6pasHoi TPaeKTopuelt ABMXEHMA roNoBb! NPV YAape v aCCOUMMPOBaH-
HLIMW CvnaMu CABUMra. YrnoBoe YCKOPEHWE TONOBbI MIPAET BAXHYIO POMb B MOPaXeHnsx TkaHei vepena.
KpaHMoCTmHanbHbIA yron M3MEHAET amnauTyay yaapa BO BpeMmst TPaBMbl.

YCKOPEHME NAQEHNA

C MEexaHM4eckoi TOUKM 3pEHNS BEC (MW MACCa) SIBNSETCH 0AHMM 13 (akTopoB, Haubonee BAMAIOWMX Ha
TENO 4Yenoseka, MOCKONbKY MOCTORHHO Mbl CTANIKUBAEMCS C IGACTBMEM Cunbl rpasvTaumi. Mapaiowwme npea-
METbI UCNbITHIBAIOT YCKOPEHWE BBWAY COBCTBEHHOTO BECA: CHAbl MPaBUTaLMN WAW PaBUTAUMORKOTG NPUTA-
XEHUs 3emnun. YCKopeHne npeameTa y NoBepxXHOCTY 3eMNM NPEACTABNEHO 3HAYEHWEM g, KOTOPOE COCTaBNRET
npumepHo 9,8m/c2. CkopocTb NaaatoLwero MpeaMeTa B MOMEHT yAapa YBENNYMBAGTCS C BLICOTOW NMAAEHMS.

3HayeHne g 4acTo MCNONL3YETCH Kak CPABHUTENbHAA AMHULA “WKankl ycKopeHva”. Hanpumep, Mbi
roBOPUM, 4TO yyacTHK DopMynbl1 UCMLITLIBAET 3 HA MOBOPOTAX WM YTO NETYMK-UCTPEOUTEND UCNbITHIBA-
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Tun  yckopenus Yckopenue MpoaonxuTenbLHoCTb
(BbipaxeHHoe B g)  (CekyHAb)

NMudpto
TKCTIPECC -eeveevrvemvenenreenierens eeeenrene + consuscssensroses 0,1-0,2 1-5
Npeaen KOMPOPTHOCTY .....cveerererreernverrsessassnsanes 03
OKCTPEHHAA OCTAHOBKA ......vuve ceeerees ereeeereeaene 2,5
ABTOMOGWNL
KOM®DODPTHAS OCTAHOBKA .......c.veveverevererennerereesnanes 0,25 5-8

.. 0,45 3-5
.. 0,70 3

OuyeHb HEKOMGOPTHaA OCTAHOBKA .
MakcumanbHo BbiCTpas OCTAHOBKA ...

ABapus (BbIXMBAHME BO3MOXHO)..... .. 20-100 0,05-0,1
Camoner

HOPMANIBHBIN B3NET ...veueeiieireeeeiireereneerersessnene 0,5 10-20

KatanyNbTHBIA B3MET .....cvceveeeeeriererererenessesenesennes 2,5-6 1,5

ABapwiiHas nocaaka (BbiXvBaHWE BO3MOXHO) .... 20-100

KatanynbTUPYIOIEECH KPECMO ..vevvrevrrvcnrersasserses 10-23 0,25
Napenue

PackpuTve napawiora...... .. 8-33 0,2-0,5
Mpusemnexne ¢ napawioTom . 3-4 0,1-0,2
MafeHne B NOXAPHYID CETKY ....ccvereeerreserssnenns e D 0,1

Tabnnua 1-2: MpubanauTensHas NPORONXMTENLHOCTL M MOPAAOK BEAUYNHBI
HECKONbKMX BbICTPbIX yCkopeHuid (no Kaitny v LitepHxaiimy)

et 20g npy KaTanynbTUpOBaHNM. 3TO NOAYEPKUBAET, YTO YCKOPEHUE B AaHHbIX CUTYaLmsx B 3-20 pas npesbl-
LLIAET YCKOPEHNE HOPMANLHOIO napeHust. Npu YCKOPEHNN FOHIUMK MK NETYMK CYOLEKTUBHO OLyLLAET yBenu-
YeHue BeCa, PaBHOE HOPMANbHOMY BECY, YMHOXEHHOMY Ha BenuumHy g (Tabnuua 1-2).

®U3MONOTMYECKME NOCNEACTBUA YCKOPEHWA

Pa3BuTie CBEpX3BYKOBO aBi1aLMM 1 NOKOPEHVE KOCMOCA MOBYAVIM MHTEPEC K MCCAGAO0BAHNAM BAMSHNS
YCKOpeHua Ha Teno yenosexa. losops 6onee NPr3eMNEHHo, MHOTME U3 HaC UCMLITLIBANM NOAOGHLIE OLLYLLEHHS
(0cOBEHHO B XMBOTE) B OTBET Ha YCKOPEHUe NMTa, BEPXOBYIO €34y, KaTaHVe Ha KapyCenu u T.4.

3TV BIMSHUS CBA3aHLI C ABYMA (aKTOPaMK: (i) FETEPOreHHOCTbIO TBEPABIX W XWAKMX CTPYKTYD B npene-
Nax Tena 4enoBexa; (i) MHepUMen 3aNacTUYHbIX OTAENOB, B KOTOPbIX LMPKYAMPYIOT UM HAXOAATCA XUAKUE
CTPYKTYpbI.

Korpa Hawm Tena yckopaioTcsi BBEpX, KPOBb 1 XMIKOCTH akkyMynMpYIOTCA B HWXHeii 4acTv Tena (nono-
XuTensHoe g). HanpoTvs, Koraa yckopeHve HanNpaBneHo BHIU3, 0GbEM KPOBYN W XUAKOCTEN YBENMYMBALTCS B
BEpXHE 4acTv Tena (oTpuuatensHoe g). AGAOMIUHANBHBIE BHYTPEHHME OpraHbl MPEACTABASIOT NOAYXMAKYIO
Maccy, KOTOpas Pearipyet Ha BEpXHEe M HAKHEE YCKOPEHUE ONHAKOBbLIM 06Pa30M, YaCTO K HaLLEMY COXa-
NEHuIo.
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ConpoTtusnenme yCKOPEHWIO 3aBUCHT OT YPOBHS ¥ MPOAOIXMTENBHOCTV CaMOTO YCKOPEHMA. Banay uHepumm
XVAKOCTEN TeNa M 3NaCTUYHOCTY OPraHoB BAMSHWE YMEPEHHOTO YCKOPEHMS ([10 HECKONbKIX §) HEBHAUNTENLHO,
€CN1 YCKOPEHME AMTCA 0N CeKyHAbI. pesen BbIHOCAMBOCTY NPY KPATKOM YCKOPEHIM COCTABNAET HECKONLKO
JECSTKOB g, OH ONPeAEeNseTC CTPYKTYPHbIM CONPOTUBEHNEM NO3BOHKOB 1 CKENETHON CUCTEMbI. YeM AmnTens-
Hee YCKOPeHUe, TeM BbILLE PUCK MNOBPEXACHUA CKENeTa MNM TKaHei.

Wccnenosanue niofied, Takux Kak BbILEHA3BAHHBIE y4aCTHIKK DOPMYAbI 1 WAM NETYUKM, KOTOpbIe
MCNbITHIBAIOT MHTEHCUBHOE ANUTENbHOE YCKOPEHUE, BLISBNSIOT XapaKTepHble LMpKynsTopHble npobnemst. K
JIBYM XOPOLLO W3BECTHbIM NPUMEPaM OTHOCATCA.

* Npy 3 g: 3pUTESbHLIE HAPYLLIEHNS BBUY OTCYTCTBUR KUCNOPOJA B CETYATKE
- npu 6 g: noTepst CO3HaHMA BCNEACTBIME CHUXEHUA LepeBPanbHOro KPOBOTOKA.

CoyeTaHve (u3N4YECKOI TPEHUPOBKM, NONOXEHUS NWAOTA, COKPALLEHUS MbILLLL XWUBOTA M A3BNEHVS B
kabuHe No3BONSIET NOBLICUTL NPEAEN BLIHOCAMBOCTY Yenoseka 6onee Yem 10 9-10 g.

Bo Bpems TpaBMbl B pe3ynbTate MHEPLMM WM YAapa BIMAHUE YCKOPEHUS BECbMA 3HAYMTENbHO. KnHety-
YECKan 3HEPTVA M CvNa MHePLMM NOABEPraIOT KOMMOHEHTbI TENa CEPbE3HOMY UCTIbiITaHMIO. [laxe B ToM cryae,
€C/IN KOMMNEHCHPYIoWVe HEAPOMBILLEYHDbIE LENK HE aKTMBMUPYIOTC HEOXMIAHHLIM YAApOM, GacLianbHbie 1
CBA30YHbIE CTPYKTYPb!, KOTOPLIE NOAREPXVBAIOT MHEPLMIO U NPOTUBOCTONT ABAXEHMIO BO BPEMS WOKA W
NOCNELLOKa, NPUXOAAT B COCTOAHME akTuaumn. Cuctema NPUKPENNEHUA NI0GOr0 BUCLEPABHOMD OpraHa um
ApYroiA CTPYKTYPb! Tena Co3aHa AN CONPOTUBNEHNA HOPMaNbHLIM CUNaM. TeM He MeHee, HUYTO B 3BONIOLM-
OHHOM UCTOPUM HENOBEYECTBA HE MOAFOTOBUAO HAC K BO3AEHCTBMIO 3HAYMTENbHBIX CUAT, KOTOPLIE BOSHNKAIOT
MpW TaKMX COBPEMEHHLIX TPaBMaX, KaKk aBapuu C y4aCTUeM CPEICTB nepemBvXeHus. HeyauBuTenbHo, 4to
nofaobHbIE NPOMCLUECTBIS CNOCODHL! NPUBECTM K KPaiHE HEraTMBHLIM NOCNEACTBUSM.

K npobnemam, BbI3BaHHbIM YCKODEHMEM, 0BLINHO OTHOCHTCS NOPAXEHMS BCIEACTBME PACTAXEHIUA U Y-
HEHWs CTPYKTYP COBAVHMTENbHOM TkaHW. BO3MOXHA pasnuyHas CTeneHb PACTSIXEHMS, OT OrPAHUYEHHOD
PacTAXEeHNs A0 HAPYLLIEHWA LIENOCTHOCTM WA OTPLIBA HA YPOBHE KOCTHOMO NpUKpennenus. Mpumepom Moxet
CNyXWTb 3HAKOMOW LiEPBIKANbHOE pacTixenme. OHO XapaKTepu3yeTcst PAaCTRXEHNEM WM Pa3pLIBOM MEXNO3-
BOHKOBbIX CBA30K Ha OMpeeNeHHOM YpOBHE.

Bec u macca

Texunuecki sec npeamerta (W) npeacrasnser cuny rpasutauim (g), AeiCTBylowlyio Ha Maccy (m) npea-
Meta. Macca npeameTa nocTosHHa 1 ONPeaensieTcs KoNMYECTBOM MaTepum, coaepxallieiics B npeamerte. Oxa
HEU3MEHHA, HaXoaMTCA v npeamer B Mapuxe, Ha nyHe unn B kocmoce. HanpoTue, BeC NpefiMeTa BapbupyeTcs
B 3aBUCMMOCTM OT /IOKaM3aLMN W NPEACTABNAET CWTY NPUTAXEHVS B AAHHOM nokanusaumv: W=mg.

WCTUHHbIA BEC

Bec, KoTopbiit Mbi OLyIIaEM B AaHHBIX YCNOBMAX, ONPEAENSETCA CunaMu AEHCTBUS 3eMIN WAM ONOpbI.
Mctvhnpid Bec yenoseka B cBOBOAHOM NageHuM paBeH Hynio. MNPU 3HAYUTENLHOM YCKOPEHMM MOXET 3HauM-
TeNbHO NMPEBbILLATL PeaNbHbIFA BEC. 3TO ABEHME UCTIONL3YeTCA B NaBOpPaTOpHsX, rae B LEHTPUdYrax yBenmum-
BAETCA WCTUHHBIA BEC ONPEENEHHbIX KNETOUHbIX KOMNOHEHTOB B LENAX NOBLILIEHMA MX cenapaumm. YnbT-
paueHTpudyri MoryT passuBarh yckoperue o 500 000 g.

B nosceaHeBHOM XM3HM, KOrAA IMT NOAHVMAETCH, OH HAYMHAET YCKOPATLOS, @ 3aTeM npuobpetaer
NOCTORKHYIO CKOPOCTb, KOTOPas COXPAHAETCA 40 HA4ana 3aMeAIeHIs Nepes 0CTaHOBKOM. Mpy BepxHeM yckope-
HAM Mb! YyBCTBYEM cebs TAxenee 06bI4HOTO. Koraa nudt onyckaeTes, Mbl ByaATO CTaHOBUMCS Nerve.
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MCTUHHbIA BEC onpeaensieTcs Kak o6Las cuna, C koTOPO YENOBEK Wi NPEAMET AeiACTBYeT Ha Beckl. Ecnmn
Ha YenoBexa AENCTBYET HEKOTOPAs Cuia YCKOPEHWS (a) NOMUMO rpasutaumm (Hanpumep, B nudre), dopmyna
W = mg moxeT GuiTb npeobpasosana BW, = m(g+a) wn m{g-a) B 3aBUCHMOCTYV OT OAHOHaNPABAEHHO-
CTU MK PasHOHANPaABNEHHOCTW AENCTBUS Cv.

KoHuenuua 3aBUCMMOCTA BeCa OT YCKOPEHWs HeoBXOAUMA NS NOHUMAHMS NOPAXEHWH, CBA3AHHBIX C
TpaBMoii. Kak nokasaHo B NpuMepax, NPUBE/EHHBIX BblLUe, UCTUHHBIA BEC YESI0BEKA NPSMO CBS3aH C YUCIOM
g, KOTOpOMY OH NofiBepxeH. [IpeacTasbTe, YTO NPOM3OIARET C TENOM NO3BOHKA WM MEXNO3BOHKOBLIM [IUCKOM,
UCTIbITHBAIOWMM Harpyaky B 20, 50 nnn 100 pa3 npesbiluatolLLyl0 HOpMansHyio!

OTa KOHUENLMA pacnpoCTPaHAeTCA 1 Ha BUCUEPanbHbIE, U HA HEBPONIOrMYECKME KOMMOHEHTbI Tena. Tpu
TPaBMaTM4ECKOM YCKOPeHn 3eKTUBHBIA BEC 3TUX KOMMOHEHTOB BHYTPU NONOCTEN CYLLECTBEHHO NOBbILIA-
€TCs. 3Ta M3BBITOYHAS Harpy3ka MOXET BO3HMKATb B HAMPaBAeHNsX, KOTOPbIE He SBASIOTCH HU NPUBbLIYHLI-
M, HU OU3NONOrMYECKUMN. BO3MOXHO HanpsXeHWe M PacTSXEHVE MHOMMX MOALEPXMBAIOLMX CTPYKTYD,
NPUBOAALLEE K PACTAXEHUIO TKAHEH C PeakTMBHLIM Pa3ApaxeHneM. AHaNOrMYHO MPOMCXOAUT NOpaXeHKe
XUAKOCTEN Tena npu yBENUYEHM UCTUHHOTO Beca.

CTONIKHOBEHUSA U SHEPTUA
Onpegenenne anepruu

B cooTBeTCTBAN C NPeCTaBNEHNsMM COBPEMEHHOI 131KK, BCE €CTb aHeprvs. Teno Yenoseka npeacras-
NSeT 4pe3sblyaiHO passuTyio GOpMy OPraHM30BaHHOW Matepun. Halwm kneTku, XMAKOCTY Tena U TKaHu
COCTaBNSIOT 0CODYI0 OPraHW3aLMIo MONEKYN M aTOMOB, B NEPBYIO O4Epeb, Yrnepoaa, KMCNOPOAA M BOAOPO/A.
KsaHToBas pu3nka yyuT Hac, 4TO 3TV aTOMbl Camu COCTABAStOT 0CO6LIA YpOBEHb OpraHNu3aunn Manoro
KONMYeCTBa 3HEPruM. Mbl NPUXOAVM K BLIBOAY O TOM, YTO YENOBEYECKOE CYLUECTBO NPEe/CTaBNSAET BbICOKO3BO-
JHOLUMOHHYIO GOPMY OPraHu3aLmMu 3HEpritu.

KoHLenuvs 3Heprum urpaet OCHOBONOMArAoWLyi0 POfb BO MHOMX OTPACASX GU3NKK U1 UMEET psi onpe-
penexuii. B mMexaHuke aHeprvs 0BbIMHO onpeaensercs kak cnocobHOCTb BLINOAHATL paboty. Korpa obbekT
cnocobeH CO3naBarh CTy Ha PACCTOSHUN, OH 0BNAaAeT SHEPrvei. SHEPrvA MOXET CyLLIECTBOBATL B PA3NNYHbIX
opmax, BkKoYas TENNO, CBET W ANEKTPUYECTBO.

®opmbl MexaHUYecKOi sHeprum

MexaHunyeckas pabota MOXET pacCMaTpMBATLCA Kak MPOMYKT CUAbl M CMeLeHus. MexaHuyeckas cucte-
Ma, cnocobHast K BLINOAHEHWIO paboTel, copepxuT “paboTy B 3arnace” Wik 3Hepruio. 3T1a SHEPr1s Ha3biBagTCs:

* NOTEHUMANbHON 3HEPrueit, ecnu aBnaeTcs Pe3ynbTaroM rpoCTPaHCTBEHHOrO MOMIOXEHNS COCTABASIOLLIVX
CUCTEMBI

* KMHETUYECKOI 3HEPIVEH, ECTM TENO HAXOANTCA B ABUXEHMM.

NOTEHUMANBbHAA SHEPTUA

Mbi roBOpUM 0 NOTEHLMANLHOI 3Heprim (M), Koraa XOTM CBA3ATL NOMOXEHNE TENa C ero CNOCOBHOCTLIO
BbINONHATL paboty. Hanpumep, yenosek Becom 50 kr Ha BbiCOTE 2 M Han 3emneit 065anaeT NOTeHUMANLHOM
3Heprueit oTHocuTenbHo 3emnn. M3 8 AaHHOK CuTyaumm pasHa paboTe, HeoBXoaMMOR AN NOAHATUA Beca C
3eMAM B ONpenenexHoe nonoxexue. Yenosek obnagaet noteHumansHoit aHeprien 1000 [, kotopas BoluucneHa
KaK npov3seaeHne cunbt 1 BuIcoThI: N3 = Fh = mgh.
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Pabota, Heobxoaumas ana waruba TeTusl, CO- J7a BLICBOOOXAEHHAN 3HEPrUsS TpaHCHOPMMPYETCS
XpaHsercs B GopMe NOTEHUMANbHOM SHEPruu B KMHETWYECKYI0 3Heprio CTPyHbI

1-7. MNoTeHUMaNbHAA SHEPrus M KUHETUYECKas SHEprus

KUHETUYECKAS SHEPTUS

KuHeTnyeckan aHepria (KS) obbekTa otpaxaeT paboTy, KOTOpyio 06beKT MOXET COBEPLLMTL NOCPEACTBOM
AvxeHns. KuHeTndeckas aHepriss 06bEeKTa ¢ Maccoit m, ABUXYLLErocs CO CKOPOCTLIO V, OMPEAenseTcs Kak
K3 ='/,mv?,

OCHOBHOIA NPUHUMN $U3NKN COCTOWT B TOM, YTO KOHEYHaR KMHETUYeCKas aHepris obbekTa pasHa Ha-
YanbHO KMHETMYECKON 3HEPriM, YBENMYEHHON Ha obluee KONMYecTBO paboTbi, BLINONHEHHON BCEMM CHNaMK,
AeiCTBOBABLUMMK Ha 3TOT 0BbekT (Puc.1-7).

3aKOH COXpaHeHUs MeXaHW4eckOW 3Hepruu

3aKOH COXDAHEHVS! 3HEPrvN IOMUHUPYET B GM3VKe, U Mbl MOXEM HabMIOfaTb ro Ha CaMbiX NPOCTSIX
MEXaHVYECKVX ABNEHMSX. B OTCYTCTBME TpeHMs v Tenna obuias MeXaHn4eckas SHeprus, KOTopas PasBHAETCs
CYMME TOTEHUMANLHOM 1 KMHETUNECKON 3HEPIVN, OCTAETCS NOCTOSHHOM, XOTA OfHA SHEPTMA MOXET YMEHb-
WaTbCA NPY YBENMYEHWN IPYrOf. 3TO MPUHLMN COXPAHEHUA MEXaHUYECKON BHEPIUM.

B0 MHOMMX CTywasix paccevsaloLuye Cunbl NPeobpasyioT MEXaHMYECKYIO 3HEPIIO B Apyrue GOpMb! SHEP~
MM, TakMe KaK TEMNo M LyM, CO3AABAEMBIE MU0 WM APeNbio. TeNNo NPeACTaBNSET 3HEPIUI0, NepefaHHyio
Ha MOMEXYSbl, COCTABAAIOIME BELECTBO. ITOT NEPEHOC 3HEPIMM MOBILLAET CPE/HIOID CKOPOCTb ABMXEHUS
MONEKyA, T.€., UX TENJIOBYID SHEPTMIO.

3aKoHbl CTONKHOBEHWIA

B ¢du3nyeckom cMbicnie, CTONKHOBEHWE OBBLEAVHSAET BCE “KOHTAKTHbIE” SIBAGHWS MEXMY ABYMS Matepu-
bHBIMM TOYKAMUW. BaxHblli acnekT SBNEHWS COCTOWUT B HE3HAYMTENbHOW NMPOAOMKMTENbHOCTM KOHTAKTa

OTHOCUTENBHO MPOAOAXMTENLHOCTU HAOMIOAAEMOr0 CMeLeHms. MHTer, Pant CAbl CTONKHOBEHWA Ha ero npors-
XEHUN COCTaBNAET UMMYNbC.

SNACTUMHOE U HE3NACTUHHOE CTONIKHOBEHWE
Tpy CTONKHOBEHMM NPOVICXOAMT COXpaHeHue 0BLUETO KOAMYECTBA JHEPTIM NPY HEOBA3ATENLHOM COXpaHe-
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®

InacTuyeckoe CTONKHOBEHUE HeanacTuyeckoe CTONKHOBEHVE

1-8: [lea Tvna CTONKHOBEHMA

HWM KUHETWYECKOWA SHEpruv. Hanpumep, npy NapeHnv pesvHOBOrO MSYa HAa 3eMAI0 OH NOANPHIrVBAET Ha
BbICOTY, NPAKTUYECKM PaBHYIO UCXOAHOIA. KONMYECTBO MEXaHWYECKON SHEPTHKN, PAaCCENBAEMOI NPK yaape MAYa
0 3eM1I0, HE UMEET 3HayeHus. Ecnun, 0IHaKo, NAAET WapmK U3 3aMa3Ku1, OH OCTAETCS HA 3eMJ1e, NOCKOMLKY BCS
€ro KUHETUYECKan SHeprva nubo paccensaetcs B popMe Tenna, mbo pacxoayetcs Ha paboty no aeopmatim
(Puc.1-8).

CTONKHOBEHME, NP KOTOPOM NPOUCXOAUT COXPAHEHNE MEXaHUIECKOIA 3Hepry. HasbiBaeTCs 3NaCTUNHBIM
CTONKHOBEHUEM. ECnv MexaHWyeckasi 3Heprus He COXPAHAETCS, CTONKHOBEHME CHUTAETCS HEANACTU4HBIM.
M1 NONHOCTBLIO HEINACTUYHOM CTONKHOBEHMM (MPUMED LIAPKKA M3 3aMaskn) OTHOCUTENbHOE ABMXEHME
1CHe3aert.

KonuuecTso aHeprum, paccesHHoi B GpopMe Tenna inu paboTet no gedopmauum npeaMera, 3aBUCHT OT ero
OTHOCHMTENLHOI Maccbl. Koraa Macca fiBvxyLLerocs 06bekTa Mana 0THOCUTENBHO MACChl CTALVOHAPHOTO 0bbek-
Ta, OCHOBHaS 4YaCTb KMHETMYECKOW SHEprUW YTPAuMBAETCS BO BPEMS CTOMIKHOBEHMS, N KOHEYHAs KUHETMYEC-
Kas SHEPrvs ABNAETCS 04EHb MANOW.

3AKOH COXPAHEHMS OBLLIEV SHEPMN

CoxpaHeHue 3Heprv sSBnseTcs yHAaMEHTaNLHOM 1 OCHOBHOW KOHLENLEH NPUMEHUTENLHO K Bronoru-
4ECKMM, MEXaHWYECKMM, XMMUYECKUM, METEOPONOrYECKM, aCTPOHOMUYECKUM U MHOTMM ADYTUM NpOLIEC-
cam.

SHeprus NPosBASETCS BO MHOMMX dopMax. ECnv Mbi noacunTaem unn uamepnm obLuyto aHeprito (Hanp.,
CYMMY MEXaHU4ECKO#A, INEKTPUYECKOI, TENNOBOI W APYTvX 3HEPIUIA) 40 M NOCNE ONPEAENEHHOID AMHAMUYECKO-
r0 NpOoLEecca, Mbl yBUAVM, 4TO 0BLLAR 3HEPrMA OCTAETCA NOCTOSHHOI AaXe NPy HECOXPaHeHUM Kakoin-nnbo ee
KOHKPETHON $OpMbl. HECMOTPA Ha TO, YTO 3HEPrMA MOXET NEpexoauTb U3 0AHOH (opmbl B APYrYI0, OHA
HUKOTfia He CO33ETCH U HE pa3pyLlaeTcs.

370 NPUHLIAN COXPaHEHUs O6LUEiA SHEprvK,

McTopryeckm, 0TMEHEHo, 4TO BO BpEMEHa, KOMAA NPUHLMN COXPAHEHWUsi SHEPTV KA3ancs HeeicTByio-
LM, Obina FOTOBHOCTb K WABHTUGMKALMNA HOBOI GOPMBI 3HEPTM. He GbiN0 MOMHOTO NOHMMaHMA 3aKoHa
coxpaHeHus obLuelt 3Hepruv, noka JMHITEAH He NPOAEMOHCTPUPOBAN B3aUMOCBA3L MEX/Y Matepuen u
3neprueit. OH AOKA3aN He TONbKO BO3MOXHOCTb NEPEX0fia 0AHON GOPMbI MaTEPVK B APYIYIO, HO M BO3MOXHOCTD
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TpaHchOpMaLMK 3HEPrK B MATEPNIO 1 HAOOOPOT.

Tpy NOCTOSHHOM COXpaHeHN 06LUE 3HEPIMY MEXaHVYECKaR SHePryvI YacTo TPaHCHOPMUPYETCS B Apyrve
GOpMbi. B gaHHOI KHUre Mbl paccMaTpuBaeM TPaBMATVHECKUE COBbITUS, KOTOPLIE HAYMHAIOTCA C MEXaHM-
4ECKON 3HEPrun. Kak MOryT NposiBuUTLCS Pa3NuyHbIE SHEprvn BCAEM 3a TpasMoii? YTO NPOUCXOANT C HEprye,
KOTOpas He PacxopyeTea Ha paboty no aedopmaumn? Kak TkaHi NOMy4aloT v BbiAEPXMBAIOT 3HEPrUIO, coobwa-
EMY0 MM BO BPEMS TPaBMbI?

MomeHT U umnynbc

3TV KOHUENUMM HEOBXOAMMBI 1A NOHMMAHUA BIWSHUS CUNbl B TEYEHWE KOPOTKOTO NEpUOfJa BpeMeHM,
KaK npu CTONKHOBEHWM. B NOBCEAHEBHON XW3HW MHOTUE SIBNEHWS MOMYT PACCMATPMBATLCA KaK CTONKHOBE-
HISl, HECMOTPS HA TO, YTO Mbl VX TAKOBLIMM HE CYMTAeM, HANpUMep, yAap MO NNevy, AABMEHUE HA TOPMO3a B
asToMo6une, npebbisaH1e B pOAN NACCaXMpa C peMHeM GE30NacHoCTV BO Bpemn asapvu, Ber unu napenme.

MOMEHT

MomeHT 06beKTa onpeaenseTcs Kak NPoM3BeAEHUe ero MacChi v IMHEIIHOM CKOPOCTH: P = mv. MexayHa-
POAHON eAMHULEI  MOMEHTa ABNISIETCA KWNOrPaMMOMETP B CeKyHay. Koraa CTankvealoTcs fga npeamera,
M3MEHSIETCS MOMEHT KaXQ0ro M3 HUX NPM COXPaHEHWM OBLLEro MOMEHTA CHCTEMBI.

MnynseC

BoapeicTave BHELLHEN CHbl M3MEHSET MOMEHT Tea. B 3aBUCUMOCTY OT HanpaBneHns AencTaus Cunbl
MOMEHT MOXET YBENN4YMBATLCS MW YMEHbLIATLCA. BaxHbiMK NapameTpamu 3MEHEHN MOMEHTa SBNSIOTCA
BE/IMYMHA CWITbl U NPOAONXMTENLHOCTD €€ BO3AENCTBUSR.

MMnyneC onpefenseTcs kak npov3seaeHne CPeaHeit Cuibl, YMHOXEHHOW Ha BPEMS! e BO3ABHCTBAS Ha
1eno: d/ = FAt n namepsercs 8 HbioToH - cexyHfiax. OH paBeH M3MEHEHUI0 UAK BapuaLn MOMEHTa Tena.

Hanpumep, MOMEHT NOBLILIAETCH B TaKUX BMAAX CMOPTA KaK METaHMe WAM NPbDKKNA C NPUIOXEHUEM
CWIbl B TEYEHWE AINTENLHOTO Bpemenn. C Apyroi CTOPOHbI, B Takvx BUAAX CNOPTA, Kak TeHHMC, Beicton,
roibd MAM XOKKEA, rAe yaap nNo MsHy UAw waiibe HoCUT KPaTKOBPEMEHHBIW XapakTep, ANA YBelnyeHna
MOMEHTa HyXHa Bonbluas cvna.

Mmnynbc, HeoBXOAMMbIA 4191 0CTaHOBKY NPEAMETA, COOTBETCTBYET HAuaNbHOMY MOMEHTY npeameta. Ecnmn
TOPMOXEHNE NPOUCXOMT B TEHEHWE [INTENbHOIO BPEMEHM, HEobXoauMas cuna MeHblue, Yem Npu KPaTkom
TOPMOXEHUM,

[ipyroit UNNIOCTPaLMEN KOHLENUWM UMITYNLCA ABNAETCSH NPUMEP, KOFA TEHHWCHBIA MAY YAAPSeT TeHHM-
cucra ¢ 6onbuoit cunoid. Mpu yaape Maya o Ty 4acTb Tena, rae KOCTM pacnonoXeHbl NOAKOXHO (Gonbiuebepiio-
Bas KOCTb, BOMbLLOA BEPTEN, Yepen), M3MEHEHNE MOMEHTA (MMNYNLC) 3HAYMTENLHO Bonee BHE3ANHO, YeM npy
yAape 0 MArkve Tkaxw (XuBoT, 6eapo, nneyo). B nocneaHem cyuae MAY CO3AAET MEHbLLYIO CUny.

3T0T NPUHLMN OBBACHAET, NOYEMY NAfieHWE AAXE C HEBONbLLO BLICOTH MOXET GbiTb ONACHO B TOM Cyvae,
KOT/1a OHO MPUXOAMTCA HA Ty YacTb Tena, KOTopasi He B COCTORHMM apcopbupoBarth yaap.

NPUMEHEHWE K TPABME

Korpa TpasmupyioLiee feiiCTBIUE NPOROMXUTENBHO BO BDEMEHM, Y TENa eCTb BPEMS /1Sl BKIIOYEHNS MeXa-
HU3MOB KOMNEHCALMM. Yem Kopoue Bpems y1apa, Tem 60bLLe UMMyNbC 1 TEM BHILLE BEPOSTHOCTL NOPAXEHHS.
MpoRoMKMTENBHOCTb TPABMATUHECKOTO BO3AEICTBIAA 0ObIYHO CoCTaBnseT ot 50 40 90 MynancekyHa. 310 canw-
KOM KOPOTKMI NEproa ANS BKIOYEHN KOMNEHCATOPHBIX MEXaHWU3MOB, 1 NOITOMY BLICOK PUCK MOPAXEHUS,
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1-9: Napenve va Geapo (no Williams, Lisner& LeVeau)

MpYHUMN MOXET BbiTb NPOAEMOHCTPUPOBAH Npumepom (Puc.1-9).

MpeanonoxvM, 4To yenosek ecom 100 Kr ¢ LIEHTPOM MACCh! Ha BbICOTE 1 METPa Hajl 3emnei nagaet Ha
6eap0, CTONKHYBLUMC C NPENSATCTBUEM.

- Ecnm cronkHosenve panTen 0,1 cexyHabl, 3emna agincTeyet Ha 6eapo ¢ cwnoi 4200 HbioToHa, KoTopast

[0CTaToNHa Ans 00pa30BaHvA nepenoma.
- EC/M CTONKHOBEHME [/ITCSA OfHY CEKYHIY, CUna AEACTBMA 3eMAM COCTaBASET TonbKo 420 HbloTOH, 4TO
NPUBOAMT TONLKO K 0BPa3soBaHMI0 CHHAKA.

Bo BpeMs NafeHust MW NpbIXKa YEN0BEK MOXET YBENM4MTb BPEMS 10 CTONKHOBEHYS C onopoid. Cuna
MOXET ObITb YMEHBILEHA U3MEHEHUEM YITIOBOrO MOMEHTA 3a CHET CrbaHms HOr B FOSIEHOCTOMHbIX, KOMEHHbIX
wm Ta306eapeHHbIX CYCTaBax Wik CBOpaUMBaHMA Tena 8 kiybok. Mo aaHHbM Bexeneka u Buanapca (1973)
“MOXHO CNOMaTb KOCTI FONEHW WK FONEHOCTONHOIO CYCTaBa Npw NpbiKKe AaXe C ABYXMETPOBOA BbICOTHI,
€CMW NPV 3TOM NPbIXOK COBEPLIEH B HENPABWUNLHOM NONOXEHMW NPV COKPALUEHHBIX MbILULIAX W XECTKUX
cycTasax”.

OBbIYHO YBENMYEHNE BPEMEHN CTONKHOBEHIMA CHUXAET PUCK TPaBMbl. 3TO MOXET BbiTb OCTMIHYTO M3ro-
TOBNEHWEM CTEH 1 NONOB 13 Bonee rMOKMX MATEPUANIOB, HOLWEHWEM LINeMa U T.4.

YpapHas BonHa

B ¢w3vke “yaapHas BonHa" GOPMPYETCS, KOraa ABWXYLLMIACS NPEAMET nepeMeLlaeTcs GuicTpee pacnpo-
CTPaHEHMA CO3LABAEMO BONHBI B CBOEH cpepe. Cdepuyieckue BOMHbI, paHee CO30AHHbIE NCTOYHVKOM, pacnona-
rI0TCA NO KACATENbHOI KOHYCA BO3MYLUEHNS, OCb KOTOPOrO ABNSETCH NPAMONVHEAHOA TPAEKTOPUEN MCTO4HN-
ka. KOHYC, OKPYXEHHbIA BO3MYLEHHBIMI CHEPUYECKMMM BONHAMK, PA3BUBAETCH C UCTOMHMKOM, CO3AABaR
YIAPHYIO BOHY. SIBNEHME NIETKO NPOCNEXMBAETCH B AABYX M3MEPERSX [IBWKEHUA N0O/IKM B CMOKOMHOM BOAE. YeM
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Konyc, 3axsatbiBatowmii 06pasytowmecs coepuyeckme son-
Hbi, PaCWIMpsReTCs NO HANPaBNeHWI0 K UCTOYHUKY U CO-

CTaBNsAeT yaapHylo BONHY. Yem 6GonbLie CKOpOCTb ABUXYLWE-
roCs npeMeTa, TeM MeHbLe Yron “@“, U TeM OCTPee KOHYC.

» X

1-10: YpapHas BONHa, CO30aHHARA ABVXYLLVMCSA NPEAMETOM.

BbILLE CKOPOCTb [IBUXEHUS NOAKM, TEM OCTPEE Yron BepLUMHbI koHyca (Puc.1-10).

Tp1merere aToi MAEANV3VPOBAHHOM MOJENV K TeNy YeNoBeKa SBNAETCS 04eHb NpoGneMaTMyHbIM. Jaxe
€C/M PacNpOCTPAHEHME YAAPHON BOMHbI B FOMOrEHHOM OKPYXEHUM MOXET BbiTb NPOaHANM3MPOBAHO, reTepo-
TEHHOCTb TkaHe# Tena CYWECTBEHHO 3aTPyAHSeT 3Ty 3aga4y. BaxHbiM SBNSETCS TO, YTo BUBPALMM 1 yaapHbe
BOMHb! NyuiLe NEPESAIoTCs B NIIOTHON cpefie. TeM TBEpXe BEwecTso, Tem 6onee npamMo nepefaoTes BoHb!. B
Tene HavnyylWwnmn BEKTOpamMmu AN YAApHbIX BOMH ABASIIOTCA KOCTW U NNOTHBbIE Opradbl, OfHaKo, oTaens,
3aM0MHEHHbIE XWAKOCTBIO, TAIKE ABNSIOTCA HENOXMMW NPOBOAHNKAMM.

Xpynkve “Opranbi-pesepsyapi”, TakMe Kak CENe3enka, CrioCoBHbI Pa3opBaThCsl, KOFa TeNo NOAREPXEHD
CWIbHO TPaBME, JAXE EC/M Y/1ap He HANPAB/IEH HENOCPEACTBEHHO HA OPraH. AHANOMVYHLIM 0BPA3OM, epenom
MOFYT BO3HMKATb B TOHKE, MPOTUBOMNOJIOXHON TOUKE YAAPa, rAe YAAPHas BONHA GOKYCUPYET 3HEPIVIO CTONKHO-
BEHMS.

MepeHoc aHeprum

Hauw konnera Mbep Tpuko (1992) HasbiBaeT TpM OCHOBHbIE METOAA NEPEHOCA SHEPTHK.

TOK
SHeprus NEPEMELLIAETCA U3 OIHOM TOUKW B APYTYIO B GOPME BOMHBI ONPEAENEHHON AMHBI U YACTOTH,

MMMNO3MA/AKCIIO3NA

JHeprus pacnpocTPaHAETC BO BCEX HANPaBNEHMAX U3 aHHON TOuKM. [lBuKeHmne LeHTPUdYranbHo (T.e.
HanNpasneHo HapyXy BO BCEX HANPaBNEHWAX) NPWU SKCNAO3MW W BHYTPb M3 BCEX HANPaBNEHWA K UCXOAHOMN
TO4KE NPY UMNNO3VAX. TEOMETPUUECKV SKCTIO3MN M MMIUIO3WM MOTYT PacCMATPMBATLCS KaK MHOrOHanpas-
NEHHbII TOK 3HEPTMW OT ANULEHTPA UK K HEMY.

BNOKMPOBAHHBIA TOK

BnoxvpoBaHHbIit TOK He CNOCOBEH K HOPMABHON UMPKYNSILMK, NOCKOLKY OH BROKUPYETCS MMBO npensT-
CTBUEM, B0 OSHMM NN HECKONBKUMM TOKaMIA B MPOTMBOMONOXHOM HAMPABNEHMM. 3Ty KOHLIENLMIO XOPOLLIO
WAIOCTPUPYET ABUXEHNE BOAbI NO Tpybam. Koraa kpa 3aKpbiT, 3HEpris AaBneHus BOAB OCTAeTCs B Tpybe.
Kak Tonbko knana OTKpbIBAETCS, BOAA MOXET TEYb HAPYXY.
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BXO/A, ¥ BbIXOA 3HEPIMM CTONKHOBEHUSA

Mpu ynape 3aHeprys CTONKHOBEHVA BbI3LIBAET NEPBUYHYI0 AedOPMALMIO Tena, KOTopas BbpaXaetcs
DBVDKEHUEM W, BO3MOXHO, TEN/OM. YMEPEHHOE KONM4ECTBO 3HEPTUv CTONKHOBEHUS Haubonee 4acTo NPUBOAUT
K KOHTY3uM.

Mpw Gonbluei cune aedopmaLms MOXET NPUBECTH K NOCTENEHHOMY CMEILIEHUIO KOCTY, CYBAIIOKCALMM A
Jaxe aucnokaumu. B cutyaumsx OTCYTCTBIS BbIXOJA B CYCTABHOW MEXaHVKE BO3MOXEH NEpenoMm.

Mpv yaape, TEOPETUECKN, NPOMCXOAMT AeOpMALMSA OKPYXAIOWMX TKAHEH B HANPABNEHWN, NEepneHan-
KyNSIpHOM Hanpasnexwio yaapa. KpahuanbHas nonocTs AeopMMPYETCa BCIEACTBUE KOCTHOM 3NacTUHHOCTY 1
Ha/M4s LWBOB 10 OAHOMO CAHTUMETPA B MONEPEYHOM HanpasneHnn! BHyTpuyepenHble aneMeHTH noasepxe-
Hbl BAWSIHWIO CO CTOPOHbLI ABUXEHMIA B LLEIAHOM OTAENE NO3BOHOYHMKA, KOTOpble AepOpMMpYIOT MONOCTL
Yepena, Bbi3bIBaA MOBbILUEHWE BHYTPUYEPENHOTrO AABNEHWUS, YTO MPUBOAMT K AanbHenwel aedopmaumm.
MosbilleHHOE BHYTPMYEPENHOE JABNEHME OTPAXAETCA HA COCTOSHWM CMIMHHOMO3IOBOTO KaHana. STM Takke
0BLACHAETCH TO, MOYEMy 3aJHSR YaCTb FONOBHOMO MO3rA UMEET TEHAGHUMIO K CMELLEHWIO B HANpaBneHu
B0nbLOro OTBEPCTUS. HECNOXHO NPE/CTaBUTb, YTO NOBLILIEHHOE RABAEHNE BIMAET Ha BCE OKPYXEHE CITIMHHO-
0 MO3ra, BKI/IO4AA ECTECTBEHHbIE aHaTOMUYECKUE NPENsTCTBUS W NPUOBPETEHHLIE NPENATCTBNA, Hanp.,
aprpur.

3TvM 0BbACHAETCA 3HAYMMOCTb COCTOSHUA NpeanopaxeHns. MHOrME NAUMEHTH C aCUNTOMATMYHBIM
2pTPUTOM UCMBITLIBAIOT CUALHYIO 6ONb NOCNE Maneilueid TPaBMb! BBUAY COCTOAHMA npeanopaxetus. Mpu
HMYUM [aXe OAIHOMO 3HAYUTENBHOMD OrPaHUEHIs HEe COCOBHbI K HOPMANLHOMY PacnpeieneHmio 1 rawe-
HI0. OHM KOHBEPTUPYIOT Tam, FAE CHUXEHs! MOBMNBHOCTL 1 CIOCOBHOCTb K PACTAXEHMIO.

B 3aknioyenve, niobble KOCTHBIE HEPOBHOCTI WM OrpaHNYeHNst TKaHel Cyxar (OKYCOM MOPaXEHMs.
Hanpumep, MonacmuT (1966) nokasan, 4To NpuU MEEHTVYHBIX 3HAYEHNUSX YCKOPEHUA YPE3MEPHOE YEpenHoe
HaBNEHVe MHBEPCUBHO NPONOPLUVOHANbHO BHYTPEHHeMy AuameTpy yYepena. Cratxam (8: Mypaxaw v Be6-

crep,1958) oMeTwn, uT0 y COBAK YCKOPEHME BCEra CONPOBOXAAETCS MOBLILLIEHNEM BHYTDUYEPENHOTD AABNE-
HuA.

HAKOMNEHWE N OCEDAHWE 3HEPIN

CnoxHo A0Ka3aTb KOHLIENLMIO HAKOMIEHWA U OCEAAHWA 3HEPrM B OnpepeneHHbix obnactax Tena. Mpu
TpaBme Tesy COOBIWAeTCS ONPeaeneHHoe KOMMYECTBO KMHETUYECKOHA HepriM. Teno A0MKHO NOFAOTUTL 3Ty
3HEpruio, KOTOpasi NepeaaeTCs B TKaHM, raBHLIM 06pasoM, B BUde Tenna v AedopmMaumu. MNepenombl, paspbi-
Bbl 1 AWMCNOKALMM MPEACTABNAIOT NEepexof KMHETMYECKON 3HeprM B paboTy no aedopmaum.

TeM He MeHee, HeBO3MOXHa NepeaaYa BOei KUHETVHECKOM SHEPTM B NOAOBHbIE OCHOBHBIE NOPaXeHws. B
COOTBETCTBUM C 3aKOHOM COXpaHeHUst 3Heprum, 3Hepr1s, He W3pacxoaoBaHHas Ha paboTy no nedopMaumy,
NEpexoAuT B NOTEHLMANBHYIO SHEPTHIO.

JTa NOTEHUMANLHAs 3HEPTUs, BEPOSTHO, XPaHUTCA B MATKMX TKAHSX, FNaBHLIM 06Pa3oM, B 3NaCTU4HON
COEAIMHUTESIbHOA TKaHW. BBy WX 3MACTUYHOCTV 3TH TKaHK CROCOGHD! K CYLIECTBEHHOI AeopMaLmY, KOTO-
past utoraa coctaennet 800%. OpHaxo, npeopones Nopor AeGOPMALIMK, OHI 0KA3bIBAIOTCA 60nee HECTIOCOBHbIMM
K BOCCTBHOB/IEHUIO UCXOAHBIX MEXAHWYECKWX XapaKTepucTuk. Takum 06pa3oM, onpeaeneHHbie obnactv Tena,

NoABEprwnecs 0AHOH unu Gonee TPasMam Croco6HbI COXPAHUTL ONPELENEHHOE KONNYECTBO QHepruy Tpasma-
TU4ECKOr0 NPOUCXOXAEHMS.

N3MeHeHUs AaBAEGHUS W KaBUTALUM

Bo Bpems TPasMbi M3MEHSIETCA BHYTPUNONOCTHOE AaBneHme. [uddepeHumant: AasneHus XOpoLwo nay4e-
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Hbl Ha YPOBHE rOIOBHOIO MO3ra. BBy pasnuuns NOTHOCTV FONOBHOI MO3T 1 YEPEN NO-PA3HOMY PEArpyioT Ha
ypap. CMelLieHue Macch! MO3ra B HANPaBNeHM KOCTHOWA CTEHKI NPUBOAMT K M3MEHEHWIO AABNEHNS, KOTOPOe
MOXET CHOPMUPOBATL “TY3bIPbKM KaBUTALMK", CNIOCOBHBIE NPUBECTY K LiepebpaNnbHBIM MUKPONOPAXEHHSM,

Mo manHbIM TOnacMMTa TpaBMa CO3MAeT rpapveHTbl fABNEHUSA BO BCEX XMAKOCTSX 33 MCKIIOYEHNEM
XenatvHa. SiBneHue KaBuTaumu CyWECTBYET BO BCEX XWUAKOCTSX W NPU3HAETCA OCTEONaTaMit B CHHOBUAMbHOIM
XuakocTv. FONACMMT NONAraeT, YTO KaBWTaLMs NPUCYTCTBYET B LEpeOpanbHbIX XUAKOCTSX, TakuX KaK KpOBb
1 CNIMHHOMO3rOBas XUAKOCT, @ He B Camoi LiepebpanbHoil Tkaum (Fonacmur, 1966).

MomMUMO KaBvTaLMK, MPAAMEHTH JABNIEHUA MIPAIOT PONb B GOPMWPOBAHNM NopaxeHuit. PasHuua pas-
NEHUs KOMNEHCUPYETCS CMMHHOMO3OBOM XWAKOCTBIO, BHYTPUYEPENHLIMM MeMOpaHamu, 6onbiuum OTBEp-
cruem, bapabaHHbiMi NepenoHKaMm, BHYTPEHHUMMN CYXOBbIMKM KaHanamu, rnasHbiMK f0610KamMu U MHOTO-
YMCEHHLIMU OTBEPCTMAM OCHOBAHUS Yepena. Ha ypoBHe Tasa COOTBETCTBYIOLLYIO POfib MrPaIOT amupateis-
Hble OTBEPCTUS U BCE ECTECTBEHHbIE OTBEPCTVA. Ha YPOBHE rPyaHON KNETKU KOMNEHCALWs AaBNexus (“rale-
HYe") NPOMCXOAUT B MEXPEOEpHbIX NPOCTPAHCTBAX, ANadparMasbHbIX OTBEPCTUSIX, BEPXHEM TPYAHOM BbIXO-
[ie, MOABELMBAIOLLEN CHCTEME MIEBPBI U B HWKHEA HacTW (acuManbHbX Bnaranvly Wew.

HecMoTps Ha TO, YTO MHOMME BOMPOCH!, CBA3aHHLIE C EHCTBMEM TPaBMb!, OCTAIOTCH 6e3 OTBETa, MOXHO
pU3HaTb, YTO BCE, YTO CNPABE//IMBO OTHOCUTENbHO LiepebpanbHOIA XNOKOCTH, NPUMEHNUMO W K APYTUM XUA-
KOCTAM Tena. [aleHue AABNEHUsi NPOUCXOANT, rMaBHbiM 00Pa3oM, B 3aKpbITbIX MONOCTSX, TAKUX KaK rpyaHas
Knetka, abaoMMHaNbHAA MoMOCTb M CYCTaBbl.

fiBneHve BnGpauumu U ABMXEHUE XMAKOCTEH

BUBPAUUOHHBIE BOJHbI

Mpu TPABMATUYECKOM YAAPe 3HAYNTENbHAS YACTb NPUIOKEHHOM SHEPIVM NEpenaeTCs 3a cyeT Bubpaummn
MSIFKMX U KOCTHBIX TKaHe#. Yiap coafaeT BUOPALMOHHDIA HAMNLIB, KOTOPLIA NOMMOLWAETCS WK YCUIMBAETC
B 3aBMCHMOCTM OT MJIOTHOCTH, 3NaCTUYHOCTH, NNACTUMHOCTH, PAacnpeneneHns U CXUMaeMocTh TkaHeid. Bee
anacTUyHble 06/1aCTN AOMYCKAIOT BUOPALIMOHHOE CMELLEHHE.

B ycnosHoit cucteme FonacMyT nontyun yAapHbIe BOMHB, PACNPOCTPAHSBLUMECS CO CKOPOCTLIO 1,5 km/C OT
TOYKU ynapa. CunbHbIE Pe3kvie YAaph! Bbi3bIBAIOT BUOPALMOHHBIE BOMHbI, CMIOCOOHbIE BbI3BATL CEPLEHBIE
nopaxetus.. MoaoBGHbLIE NOPAXEHMS MOTYT PacnonaraTbest AANEK0 OT TOUKW YAAPa, YTO XOPOLO M3BECTHO
ocTeonaram.

B TpaBMatonormu YacTo HabniofaIoTCs NepenoMbl OCHOBAHMA Yepena, He UMetoLLMe, kasanock Obl, npea-
LWECTBYIOLLEr0 yaapa. 310 0OLACHAETCS TEM, 4TO GONbLLOE OTBEPCTVE CYXUT MECTOM KOHLIEHTPALIMKM HANpsAXe-
HUSA W BEPTUKANLHOA, WU (POHTANIbHOM TpasMbl. CNbHbIA YAAP NEPeAAeTCs Yepes 3aTbUIOYHbIE MBILUENKM Ha
OTHOCUTENLHO XPYNKOE OCHOBaHME Yepena (YaiineH, 1978). flaxe B Ciiywae GOKOBOro kKpaHuanbHOro yaapa ocre-
onarTbl 4acTo 0BHApPYXMUBAIOT, YTO YAAPHLIE BONHBI NOPAXAIOT a6AOMMHANILHBLIE Oprabl, TAKUE KaK MeueHb,
CeneseHka v noyku.

ABWXEHWE XMAKOCTU

YckopeHve 1 TOPMOXEHUE NPUBOAMT B ABVXEHWUE XUAKOCTY TENa (CNUHHOMOSTOBYIO XMAKOCTb, MOy,
KPOBb U T.4.). M30bITOYHOE AaBNEHNE CNMHHOMO3IOBOM XWUAKOCTY BCNIGACTBUE AedOpMALWM Yepena B CoYeTa-
HWM C HaKNOHamyu 6OKOBOIO ABVXEHHS CNIOCOBHO NPMBECTY K CEPbE3HbIM NOPaXeHNsiM LiepebpantHbiX TKaHei.
[leBAHOCTO NPOLIEHTOB OCTPO CTaAMM KOHTY3W NPEACTABNAET HOMANIIO NEPdY3un N0GHO-BUCO4HODI 06nacTH
(Muupmpy, 1991) BCnepcTBuE ABMXEHUS MHTPALEPEOPATLHBIX XUAKOCTER W CONPOBOXAAIOWIMX HEAPOXVMM-
YECKUX ABNEHMN.
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Bupgbi geicTBug TpaBmbl

Pewatowmumn daktopamu Tpasmbl ABASKIOTCA:
+ NoKanU3auus
* ynap
* NPOAOAXMTENBHOCTL
* TAN TPaBMbl
- NPAMOI MexaH3M BCNEACTBME KOHTAKTa
- HEenpsIMOA MEXaHW3M MOCPEACTBOM AENCTBUA UHEPLMM

JIOKAJIN3ALINSA YOAPA

Wccnenosanus noATBEPXAAIOT, YTO NOKANM3AUMA M TUN YAapa SABAAIOTCA NEPBUiHbIMM BaKTOpamm,
ONpeAensiowMMM TAXECTb TPABMbI B GONbLIEH CTENEHM, yem Cvna yaapa. PaccMOTPMM NpUMEp CTakaHa, He
pa3bvBaloLLIerocs NPM NAAEHNM C BLICOTHI OAHOTO METPA # Pa3BMBAIOLLIErOCR MPH NAREHN CO 3HANMTENLHO
MeHbLLEH BHICOTH. HECMOTPS! Ha TO, 4TO Cna yaapa GonbLue B IePBOM Cryyae, TOUKa Y/1apa okasbiBaeTcs bonee
YR3BMMO BO BTOPOM. KOHLIENuws yaapa umeet 0coboe 3HaueHue /i Yepena, KOTOpLIM UMeeT cneumduieckue
Pe3vCTEHTHbIE M cabble obnacTv.

PASNIUYHDBIE TUNbI YAAPA

BokoBoit yaap sinsetcs Haubonee cepbe3HLIM ANA Hepena, NOCKONbKY OTHOCHTENLHO Bonee BbpaxeHHan
narepanbHas NofBUXHOCTb LUEAHOMD OTAENA NO3BOHOYHWUKA YBENMYVBAET CHNY YCKOPEHUA. Halll KnuHUYeCKui
OMbIT NOKA3bIBAET, 410 GOKOBOI yaap B rpyRHOM U BPIOLHOA NMOAOCTM HavBonee Nopaxaer BUCLEpanbHLE
NPUKPENNEHMS, T.e. NNEBPabHLIE U LEPBUKANbHLIE CBA3KW MPYAHON KNETKN W CENE3EHOYHbIE, NeYEHOUHBIE 1
nodesHbie NpukpenneHns B 6pIoLwHoit NonocTv. Mbl noaaraem, YTo 310 06bACHAETCA CRABOCTLIO NaTEPaNbHON
MOGUNBHOCTI FPYAHOM KIETKH, YTO BAVISIET HA COCTOAHME W BDIOLIHOM, M Ta30BOM NONOCTU.

BOKOBOI# yAap BbI3LIBAET XNLICTOBbIE NOPaXeHUs, AUddY3HbIE NOBPEXAEHNA W 3KCTPaaypanbHbie 1
LiepebpanbHble reMartombl. Bui3BaHHbIe NOPXEHNS 3BUCAT, MNaBHLIM 06Pa30M, OT BEKTOPA MMHEAHOTO MAu
YrnoBOro yCkopeHug, KOTOpbii ONPEaEnsieT HarnpaseHne ABUXEHUS rONoBbI, A TAKKe KONMYECTBO, NPOAOIXM-
TENbHOCTb W CTENEHb YCKOPEHUs! BCNBACTBME yAapa.

MpoponbHas oCb Tena uMeeT BLICOKYIO COCOGHOCTb K KOMNEHCALK BO Bpema yaapa. OaHako, korna
KOMMEHCALWMA AOCTUraeT CBOErO NPeena, a He BCA CWNa TpasMbl ancopbuposaa, BOSMOXHO BO3HUKHOBEHME
CEPbE3HbIX NopaXeHuit. XnbICTOBas TpasMa (Npu 3aHeM CTONKHOBEHWM WAW Npu “yAape B 3aThiNok”)
CAYXNAT HAMNYYLUIMM NPUMEPOM 3TOTO ABNEHNUS: 3HAYUTENbHANA CTENeHb NEpeAHEe3aNHEr0 ABMXEHNS Bbi3biBa-
€T CYWECTBEHHO. YVIMHEHME BCEX NPOAONbHBIX NPUKPENAEHWI Yepena 1 NO3BOHOYHUKA: cepna 60onbLIoro
MO3ra, HameTa MO3XeuKka, ceprnia Mo3xedka, OBlLMX nepeaHel u 3apHei NO3BOHONHBIX CBA30K W TBEpPAOM
MO3r0BOM 0B0NI04KM CNUHHOI MO3ra.

TPABMA KAK PE3YJIbTAT KOHTAKTA

Cnucok BCex BO3MOXHBIX NOCNEACTBMI TPaBMb! KaK pesynibTata NPAMOrO KOHTakTa 6bin 6bl CAULLIKOM
ANVHHBIM. Mbl OrpaHniMM Halwe 0BCYXAeHME NPSMBIMU NAaneHVsAMU AW YAAPaMM MO TENY M UCKI0YMM
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pa3pbiBbl, PA3AABNIEHHLIE PaHbl 1 amMnyTaumy. MOCNeaHee CBA3aHO CO 3HAYMTENbHBIMI NpobneMamu 1 oc-
NOXHEHUAMM 1 HE SIBNIETCS NPEAMETOM HACTOALUErD PACCMOTPEHUS,

lfonoBa

JlioBo# ymap no ronose AOMKEH PacCCMaTPUBATLCS Kak MOTEHLMANLHO CepbeaHbiit, Mpsamoit yaap no yepeny
MOXET NPUBECTY UM HET K NEpenoMy (CBOAA YePena, OCHOBAHMS! Yepena), HO JaXe Npu NepenoMe TAXECTb
NOPaXEHWs rONOBHOMO MO3ra MMeeT 60NbLLee 3HA4EHe, YeM TPaBMa Camoit KOCTH.

JlokansHO ynapbl ronoBbl XapakTEPU3YIOTCA NOSBNEHUEM TEMaTOMbI B TOYKE YAapa W MOTYT NPUBECT K
noTepe CO3HaHWs (HaYaIbHOA MAM BTOPMYHON) PAa3NNYHON NPOAOITKUTENLHOCTV U UHTEHCMBHOCTY OT NPOCTO-
r0 “noTemMHeRms B rnasax” A0 ANUTENbHOV KOMBI. YAapbl nvLia CNoCOOHbI BbI3BaTb NEPENOMbI KOCTEH NMLIEBOTO
yepena, koTopble Nerko AMarHocTUpYIoTCS BBUAY remaroM, OTEKOB Min fedopMaumuy nvua.

OnbITHble OCTEONATHI 3HAIOT, YTO fAAXE B OTCYTCTBME CEPbE3HOI NAaTONorMu KpaHuodauuanbHuie KpoBo-
NOATEKN NPUBOLAAT KO MHOXECTBEHHLIM HApyLEHWAM MexaHuKn yepena. C Takumv TpaBMamu MOTyT ObiTh
CBAI3aHbl MHOTME CAABNEHWs WBOB. Mbl HAONIOAANM MHOMMX XEHLUMH nocne No6oes C CepbesHbiMM datmans-
HbIMW OrPaHU4EHWAMM B OTCYTCTBUE BUAMMbIX KDAHUANbHBIX Hapyliennid. B nogobHbIX Cyyasx naumeH-
Thl, KK NPaBUNO, YTBEPX/AIOT, YTO HUKOrAA HE NAfAM HA rOOBY WAM MLOM BHU3, OAHAKO, YTBEPANTENLHO
OTBEYAIOT Ha BONPOC O BO3MOXHbIX yAapax no Auuy. lousTve “TpaBma” MOXET NO-PasHOMY TPaKTOBATLCS
BPA4YOM U NaLWEHTOM.

Tas

Manenve Ha sroavupl 0BbINHO SBNSETCA UCTOYHUKOM CMEXa /IR BCEX, KDOME XEPTBbI. [l0CTaTONHO Npo-
CMOTPETL “KOMUYECKME” TPIOKU C BLITACKVUBAHVEM CTYNa M3-MOJ 4esloBexa, cobupatoiuerocs cectb. OaHako,
3TW TPaBMb! MOTYT UMETb 04eHb CEpbE3HbLIE NOCAEACTBUA AR NOCTPanaBLwero. MoM1MO NOKaNLHOMO KOHTAKTa,
06bI4HBIX CHHSKOB M FeMaToM BOCXOAISILAS YAPHAA BONHA NPOXOAMT 1O BCEM NPUAEXALUMM CErMeHTam
4acTo NnopaxaeT NO3BOHOYHUK U OCHOBaHWE yepena. Mbl BbISBASNM KOMNPECCUN MEXZY 3aTbUIOHHON KOCTHIO
¥ NMEpBbLIM WEHLIM NO3BOHKOM BCAGACTBME NOAOGHLIX TPABM.

[laxe B oTCyTCTBME NEPENOMa KONuMKA UNW KPECTLA YKa3aHHbIE TPABMbI CIOCOOHb! NPUBOMTD K CEPLE3-
HbIM NOPAXEHMAM KPECTLIOBO-KOMYUKOBbIX COMNEHEHWIA. Mbl NOTEPAIM CHET NALMEHTaM, XANOBABLIMXCA HA
T0, YTO WX 3A0POBLE CYLECTBEHHO NOLWATHYNIOCH NOCNE NAAEHUS HA AroANLbEL KpecTuoBo-konyukoBble duKkca-
UMM CNocOGHbI CNPOBOLMPOBATL MHOTE CHMITOMbI, M TONbKO XOPOLIAS AVArHOCTVKA W KNMHUYECKWIA ONbIT
NOMOratoT Ham MpasunbHO OLIEHWTL BCIO MX CNOXHOCTb, YKa3aHHbIA TUN TPaBMbi MOXET Takxe Bbi3BaTh
OrPaHNyeHNs KPECTLOBO-NOAB3AOWIHLIX CYCTaBOB, U3MEHSS NPUBLIYHBIE OCH MODWILHOCTH.

BHytpenHue opraxbl He u36eraloT BAMsHMWIA NaaeHua Ha Sropuub. MofoGHLIA TR yapa cnocobew
BbI38aTb WK YCUIMTL NPONANC NOYKK. ORHAXEL! Mbi NEYMMA NALMEHTKY, KOTOPOM TpeboBanack r1cTepeKTo-
MVR NOCNE aHANOMMYHOTO NaAeHUs. [MHEKonor, NeYUBILMIA NALMEHTKY paHee, CyMEN YCTaHOBHTb, YTO CHMI-
Tomatvka 6onm Gbina HENMOCPEACTBEHHO CBA3aHA C PETPOBEPCUEH MaTKv Nocne Tpasmbi!

Tynosnwe

Mapexna Ha CNUHY UM BEPXHIOID YacTb TYNOBMLLA YAaCcTO ABNSIOTCA KPATKMM 3PENULEM, MOCKOALKY
06bi4HO NPOMCXOAIAT C NIECTHULILI MM APYFOrO BLICOKOTO NPEAMETA. YAAD HacTo Bbi3bIBAET BpemeHHee Npobne-
Mbl C [IbIXGHMEM, Takvie KaK OCTPOE anHoa (“u3 mews ByaTo Ayx Bbiwen”). [uagparma oueHb YyBCTBUTENbHA

3-2695
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K PE3KVM WU3MEHEHUAM [ABNIEHMA M NO3TOMY NIETKO NOPAXAETCA NPK NOAOBHbIX TpasMax. ABTOMOBMAbHbIE
aBapuM U CWI0BLIE BMABI CNOPTA, Takue Kak ¢yTbon, 4acTo NPMBOART K TPABMATMHECKOMY NOPAXEHMIO
TYNoBMLIA.

Mbi paccMOTPUM YeTbipe Tonorpacduyeckve 06acTH, KOTOPbIE NOPaXaloTCA NPU TPaBMe TyNOBMLLA:

* TPYAHYIO KNETKy

* XMBOT

- T1a3

* M03BOHOYHYK.

TPYQHASA KNETKA
3aKpbITbIE TPABMbI MPYAHORA KNETKM NIEXAT B Ayana3oHe OT NPOCTbIX KDOBOMOATEKOB 10 MHOXECTBEHHbIX
nepenomos pebep.
TaxecTb NOAOOHbIX NOPAXEHWIA 3aBUCUT OT WX BIMSHIUS Ha PECTIMPATOPHYIO U UNPKYNATOPHYIO (yHK-
umio.
MOXHO BbiAENUTb:
* BHELIHWUE NOPAXEHWS, BAVAIOWME HA COCTORHME TPYAHON CTEHKW W AbIXATENbHLIA MEXaHWU3M, EAVHUY-
HbIE UMK MHOXECTBEHHbIE Nepenombl pebep, “6onTalowyiocs” rpyaHyIo KNeTKy
* BHYTPEHHWME NOPAXEHWs C Y4aCTMEM NIErkux, Tpaxeu, OCHOBHbIX COCYAOB Win cepaua. Mpumepamn
ABNSIOTCR NETO4HbIE KOHTY3WM, paspbiBbi GPOHX0B, NOPAXEHNA MNEBPbI C reMOTOPAKCOM Wi MHEBMOTO-
PaKCOM, CEPAEYHbIE KOHTY3MM C PA3PbIBOM WM CMELLEHNEM KDYNHBIX COCY/0B.
3HauMTeNLHOE BAMSHWE HA NPOrHO3 MOMYT 0KA3aTb PECnnPaTopHbIE NPoBAEMb!, OT NPOCTOrO 3aTpyaAHEHMS

[DbiXaHUS A0 BbIPXEHHOMO ANCTPECCA, M CepAEYHO-COCYANCTIE NPOBNEMBI, TAKME KaK MACCUBHOE BHYTPEHHEE
KPOBOTEYEHME.

X1BOT
MbuwedHan GpiolwHas CTeHka nepefaeT NPakTUYECKM BCIO HEPIWio TPABMbl HA BUCLIEpaNbHLIE Oprakbl
6piowHoOi NonocTi. 3akpbiTast abAOMUHANLHAA TPaBMA COCTOUT W3 KOHTY3UM M NOPaXeHWi, TAXECTb KOTO-
PbiX CBA3AHA C NHTEHCMBHOCTBIO M NOKA/IM3ALMEHA UCXOAHOTO Yaapa.
Mp1poaa nopaxenwii BapLMpyeTcs:
* B “TBepAbIX” OpraHax (NEYeHm, Cene3eHKe v NoYKax): KOHTY3u W paHbl, AaXe paspblBbl MOTYT Bbi3BaTh
Cepbe3Hble BHYTPEHHWE KPOBOTEYEHMS
* B “NOMbIX” OpraHax (Xenyake, KNWeYHUKE): OTPbIBbI, PA3PLIBbI, NOPAXEHMS BGPLIXEEK U ME3OKONOHOB W
COCYA0B CNOCOOHD!, NOMUMO KPOBOTEYEHMS, BbI3BATb MHGEKLMOHHBIE OCNOXHEHNS, Takue KaK nepuTto-
HUT.

Bo BCex Cnyyasx BHYTPEHHE KPOBOTENEHNE NPEACTABARET HaMbONEE CEPLE3HbIA IKCTPEHHBI PUCK.

™"

CyuiecTsyioT 3aKkpbiTbie TPABMb!, BOB/EKAIOWME KOHTY3VM W/WM KOCTHO-CYCTaBHbIE nopaxeHus. Kaxk n
8 6PIOLLIHOIA MOAOCTH, CYLUECTBYET PUCK JIOKANM30BAHHOMO BUACLEPALHOrO Paspbisa (B AAHHOM CAy4ae, NOUKM,
MOYETO4HIKA M MOYEBOTO Ny3bips). CYLUECTBYET TaKKe Cepbe3HbII PHUCK KPOBOTENEHMS B PE3YALTATE HE TONBKO
BUCLIEPANbHBIX NOPXEHWHA, HO U BCNIEACTBME KOCTHBIX MOPAXEHMiA, KOTOPLIE MOMYT NPUBECTH K NPODY3HLIM
KpOBOTEYEHMAM 1 nepdopauvn BETBEN apTepui,

Mpu nepenomax NoAB3AOLIHBIX KOCTEN KPOBOTEHEHME M3 KOCTHOA 06NaCTV CNOCOBHO BbI3BaTL 0OLEMHBIE
rematoms. Mbi Habniopan HakonneHme MHOMX UTPOB KPOBY, CO3AAIOILIEE YTPO3Y XM3HM, BCIIEACTBNE NPO-
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CTOro Nepenoma 3tvx Koctei!

MO3BOHO4HKK

MospexaeHns NO3BOHOYHMKA MOTYT HOCUTL M30NIMPOBAHHLIA XAPaKTeP WM ACCOLMMPOBATLCA C APYTVIMM
nopaxeHusmu. MNpakTyeckn BCeraa OHV MPE/CTABNEHb KOCTHBIMU MW KOCTHO-CYCTABHbIMM MOPXEHUAMN
(NepenoMom NnO3BOHKOB, PACTSXEHUSIMI WK CyOIOKCALMAMM), TAXECTb KOTOPBIX 3aBUCUT OT HEBPOMOTMHEC-
KOrO NOPAXEHWA CMIMHHOIO MO3ra BCNEACTBME KOMMPECCHM UMM NOBPEXAEHMA KOCTHLIM (parMeHTOM.

+ TlopaxeHns BEPXHETO YPOBHS MO3BOHOHKMKA, KOTOPbIE BOBNEKAIOT LWEMHbIIA OTAEN, CKOHHLI NPOBOLIMPO-
BaTb MFHOBEHHbIE N BTOPWYHBIE NOBPEXAEHUA CMVHHOMO MO3ra Pa3nvMHON TAXECTU (napanneruu,
KBagpunnerum).

+ MopaxeHna HUXHEro ypoBHS NO3BOHOYHMKA — NOPAXEHVA MPYAHOTO M NOSICHUYHOrO OTAEN0B CrOCOGHb!
BbI3BATb Napanfieruio pasnnyHoON TAXECTM B 3aBUCUMOCTW OT YPOBHS MOPAXEHWA CTIMHHOTO MO3ra.
Ocreonartel AOMKHBI BbITb XOPOLIO 3HAKOMbI C HAYANbHBIMIA NPU3HAKAMM NAPECTE3MN, MOKANLIBAHMA
W CHUXEHWU CErMEHTAPHOI MBILLEYHON CWbl, YTODLI M3BeXaTb yXyALEHUS COCTORHUA NaLmeHTa npu
NOAOGHBIX NOPAKEHUSX,

Bce nopaxeHus CMMHKOrO Mo3ra CBSA3aHbI C PUCKOM TakuX MOCNEACTBUM, Kak napanuy.

HuxHue KOHE4YHOCTH

CywiecTByeT TpU OCHOBHbIX TUMA TPABMATMYECKUX NOPAXEHWIA HUKHUX KOHEYHOCTEIA:

* MageH1e Ha CTOMy NpW BbINPAMIEHHON KOHEYHOCTM

* N3ieHUs Ha KONEHO

* YA3P VN CKpy4MBaHMe 3adpUKCUPOBAHHOI KOHEYHOCTH.

PacnpocTpaHeHHbIM Pe3ynbTatoM B NEPBbIX ABYX C/yHasX SBNSETCS NEpenoM OAHOMO WKW HECKONbKMX
KOCTHbIX CErMeHTOB. KOCTV roneHu 06N1afialoT BbICOKON PE3VICTEHTHOCTBIO K KOMNPECCHM, HO 3Ta PEe3nCTeHT-
HOCTb MMeeT CBOV npeaen. MsTouHas kocTb, Nnato 6onbLIeGEPLOBOI KOCTH M rONOBKA GEfIpa YYBCTBUTENbHLI K
nogoBbHOMY TUMY TPaBMbl, NPU KOTOPOM KOHLIEHTPALMS HAMPSKEHUS MOXET NPEBLICUTL MOPOr COMPOTUBAA-
emMocTi KocTu. [lpy najeHnn Unu ypape KoneHa 4acto NPOVMCXOAMT MEPeNnoM KONEHHOW Yallieykn, 0AHaKo,
MHOrAA NIOMAETCA MBILENOK, KaK NPy “CUHAPOME WMTKA".

B Tpetbem cnyyae Hanbonee 4acTbl NOBPEXAEHUA CBA3O0K. MIHOrAA OHY COYETAIOTCA C OTPHIBOM OT KOCTH.
Korpa ynap He MMeeT CyCTaBHOrO “MexaHu3ma cnacesms”, BOSMOXEH NEPenom CTepxHs koctu. Mpucnocobne-
HUA MM BMHTOBAHMS, UCNONBL3YIOWMECS B HEKOTOPbIX BUAAX CMOPTA CNOCOOHBI B OMPEAENEHHbIX YCNOBMAX
BbI3BaTb NEPENOM CTEPXHSA GEAPEHHON KOCTH.

BepxHue KOHEYHOCTH

TpaBmaTMyeCcKUi yaap BEpXHE! KOHEYHOCTW BOBMEKaeT Haubonee 4acTo peakumio “napatuota” npu
napeHvu snepes. XepTea NPu3eMNAeTCs Ha KUCTV Npu NepepasrbaHui B Jy4e3ansacTHbiX cycTasax. Ewe
OAHAM PAcnpPOCTPAHEHHbIM CLIEHapUEM SIBNSETCA NafieHne Ha MNeyo Mpu 3aHATUM CMIOPTOM UM €3 Ha
senocvnese. Mpamoii yiap BepXHeit KOHEYHOCTM MOXET BbI3BATL NEPENOM B TOuKe yaapa. Koctv atoit obnactv
He 06naaaloT AOCTATOHHON PE3NCTEHTHOCTLIO K KOMMPECCMOHHOMY HANPSXEHIO,

Mocnewok pacnpocTpaHAEeTCst NPOKCUMANTLHO W AGACTBYET HA NNEYO, SIONATO4HO-TPY/AHOE COBAMHEHUE W

FBXe TPYAHYIO KNETKY W WeRHbIiA 0TAEN NO3BOHOYHMKA, YTO MOXET OKYCHPOBATb CUAY YAapa Ha ypoBHE
TPYAHOrO BbIXOAA.
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Jta 06nacTb 60raTo MHHEPBMPYETCA 11 KPOBOCHABXAETCA. PasapaxeHms BEPXHEN KOHEYHOCTH NOCAE TPas-
Mbl CNOCOBHBI NPUBECTY K PA3BUTHIO AITOANCTPOMPUYECKVX NOCNEACTBWIA (COYETaHMA BonM C AereHepaumen
MbILLILIb! BCNEACTBUE MNOXOro NuTaHus). CHayana no 310/ Xe NPUYMHE NpOCTbie TPaBMbl BEPXHEA KOHEYHO-
CTW CNOCOGHbI BbI3BATb CUHAPOM NNEYO-KUCTb. MHTEPECHD, YTO 3Ta TEHAGHUMA K PENEeKTOPHOM anroaucTpo-
rn MeHee BbIPOXEHa HA YPOBHE HXHMX KOHEYHOCTEM faxe npu Gonee cepbe3Hoi TpasMe.

TPABMA KAK PE3YJIbTAT UHEPLUWUU 1: XNIbICTOBAR TPABMA
UcTopua asneunus

Ha npoTsxeHnn nocneaHnx AECATUNETWIA YACTOTA TPaBM, BbI3BAHHBLIX MTHOBEHHBIM YCKOPEHUEM UNW
TOPMOXEHVEM, 3HAYUTENbHO BO3POCNA. JTO SBNAETCA MPSIMbIM PE3YNbTATOM MHTEHCHMBHOTO UCNOMb30BAHS
Pa3nnyHbIX CPeaCTB CKOPOCTHOTO NEPENBUXEHNN 1 Xa0T4HOrO 06pasa XusHu.

Kak otmetun Xapakan (1975), Kpoy ucnonb3osan Tepmut “xnbictosoro yaapa” 8 1928 rogy anst onucaqus
3T0r0 SB/IEHNA B AOKNAAE O NOBPEXAEHUAX WEIHHOro OTAENA NO3BOHOYHMKA HA KOHPEPEHLMM Mo OpToneanu.
Astopurert 8 aToit 06nact MakHab onpefenvn xbICTOBOM yaap Kak “npexae Bcero aedopmatmio pasrubaHms
LWEAHOro OTAeNna NO3BOHOYHMKA, BbI3BAHHOTO MIHOBEHHBIM YCKOPEHWEM”. VM Xe NPEIOXEH TEPMUH 3KCTEH-
3MDHHOO NOBPEXAEHNS YCKOPEHNEM, KOTOPbIN 03HAYAET “NIOBPEXAEHME, BbI3BAHHOE YCKOPEHNEM B NONOXEHUA
pa3rubaHns”. 3TOT TN NOBPEXACHUA He OrpauyeH CTONKHOBEHueM aBTomobuns. Tlpu “yaape B 3atuinok”
(T.€. KOPOTKOM yAape MO 3aAHei NOBEPXHOCTM LIEV WM OCHOBAHMIO Yepena) XNbicToBas TpaBMa SIBAAETCA
pesynbTatoM CNLHOTO BLICTPOro ABUXEHMS FONOBLI MOCNE yAapa 1 AEMCTBMA CUN CTONKHOBEHUA.

XnbicToBas Tpasma bbina B LEHTPE BHUMAHWA BOGHHLIX MEAVKOB MOCNe BTopoit MpOBOiA BOMHb B CBSI3N
C MCNONb30BAHNEM KaTanyNbTUPOBAHMA B MOPCKOW aBvauuu. [MROTH UCNLITLIBANN BPEMEHHYIO NOTEPID
CO3HaHNA, VIHOrAA C NNAYEBHbIMM pesynbTarami. YkasaHHbie npobnembl UCYE3NIN NOCNE YCTAHOBKM NOATOMOB-
HAKOB HA Kpecnax nunotos.

WcTopus cnosa

Tepmun “xnbICTOBOM yaap” npobyxaaer 0bpa3 “yaapa xabicTom”. OH BKANIOYAET TDABMATUYECKYIO CEpHIO
COBBITWIA, NPY KOTOPLIX FONI0BHAS 4ACTb TeNa, ABNSACH CBOBOAHOM, MTHOBEHHO NPUXOAMT B ABUXEHUE OTHOCU-
TENbHO HUXHEIA 4aCTh, KOTOPas SBNSETCH OTHOCUTENLHO 3aMKCNPOBAHHOM MUK MeHee CBOBOAHOM.

B 3TOM THME CROXHOR MEXaHVN4ECKOM CUCTEMbI HAKOMIEHUE KMHETUHECKOHA SHEPTM NPOUCXOAMT B Hau-
Bonee NOABMXHbIX CErMEHTaX, NPUBOAMMBIX B IBUXEHME MHEpLMeil. (DOKYCHPOBKA 3HEpTMM Ha (UHANLHON
MOBWILHOI 4ACTH CUCTEMBI UNIOCTPUPYETCA KaK YAAP XNbICTOM. [POCTOE PACTPOCTPAHEHNE HE3HAYNTENLHOND
MMNYNLCA OT PYHKI K CBOGOAHOMY KOHLLY XIbICTA NPOMU3BOANT LUENYOK, CBA3AHHBIA C 3aBEPLUEHNEM ABIDKEHUS
YAApHOA BOAHbI. YAApHas BOSHA Ha KOHLIE XIbiCTa 068CNEYMBABTCS YCKOPEHVEM,

Torpa kaK 3T0T TEPMUH LUMPOKO MCNONB3YETCS B ANN0NaTM4eckoM Mype, 06pasosanacs rnybokas nponactb
MEXAY NPUBbIYHBIM UCMOAL3OBAHMEM 3TOrO CnoBa B EBpoNeickon 0CTeonaTun 1 TPAANLIMOHHOM MeaULIMHC-
koM oBuiectse. OaHa KpaiHOCTb, KOTOPOIA NPUAEPXMBAIOTCA HEKOTOPbIE HALUK KOMNEIM-0CTEONATH, COCTOUT B
TOM, 4TO “BCE €CTb X/bICTOBOW yAap”. [ipyras KpaiHOCTb MPEeACTaBNEHA OPTONEeAaMV 1 TPaBMarTonoramy,
CHMTAIOWMMM, YTO XILICTOBOI YAP ECTb UCKMIOYMTENbHAS NPEpOraTUBa TpaBMbl Yepena, v TEPMUH UCNONb-
3YETCA TONLKO NPU TAXENbIX NOCTKOHTY3UOHHBIX CUHAPOMaX.

3HaueHue TePMUHA HAaXOAWTCS B NMOCTOSHHOM Pa3BUTMM, YTO OTPAXAETCs B NyDMMKAUMsX NO NPeAMETy
o6cyxaenns. Mbl AOMKHbI ObiITb AGCOMOTHO YBEPEHb! B CMBICIE UCNO/L3YEMOr0 TEPMUHA.
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MexaHU3M nopaxeHus NPU XNbICTOBON TpasMe

TPAOWLIMOHHASA KOHLENUMA

B @HIMMIACKOM f13bike “XNbICTOBOV YAAp” TPAAULIMOHHO OTHOCHTCH K YAPHOM BOSHE, CO3ABAEMOit TPas-
MO¥ 1 €€ NOCNEACTBUAMM. XNbICTOBOI yAiap TPEGYET YCKOPEHWS, T.6. MIHOBEHHOMO M3MEHEHUS CKOpOCTU. [lBymst
PacnpOCTPAHEHHBIMN CLIEHAPUSIMK SIBNSIOTCA:

* MIHOBEHHas OCTaHOBKA ABMXYLLErocs Tena

* MTHOBEHHOE Ha4a/I0 BUXEHUS TeNa, HAXOASLLErocs B oKoe.

TV ABNIEHNA NPOVCXOAAT KaXAbIN AEHb NPy e3/ie B asToMobune. BonbLuoe pasHooGpaave yaapos, Tpaek-
TOPUIA 1 YCKOPEHWiA AENaeT HEBO3MOXHBIM 0OCYXIEHME HACTYNAIOWMX NPOSBNEHMIA.

B TpaguumoHHOM OCTEONAaTMYECKOM NOAXOAE K XMbiCTOBO! TpaBMe B COOTBETCTBIM C AaHHBIMY Xeitra
(1963) Boipensiorca age daswt (Puc. 1-11). PaccMOTpum npumep 3aHEro CTONKHOBEHWA aBToMoGMNR:

}a3a 1: MrHOBEHHOE YCKOPEHUE HIXHEN YaCTV Tena Bnepen C PesySibTUPYIOLMM ABUXEHUEM FONOBb)
Ha3ap, (“3anpokuabIBaHMEM Ha3a/”) 10 BOCCTAHOBNEHMS HAYa/IbHOTO YCKOPEHUS, 3aMEIEHHOrO COBCTBEHHOM
VHEpUUEN.

(®a3a 2: nepenHee fBMXeHMe (“ONpokvabIBaHNE Bnepen”) ronosbl HENOCPEACTEEHHO NOCHE TOPMOXEHMS
HXHE#! YacTH Tena. SIBNexme XbICTOBOTO yapa Hanbonee BLIPXEHO NPy PE3KOM TOPMOXEHWM WK Yaape O
NpensTCTBME.

Tpy Takom NOAX0AE XNbICTOBOH YAap MOXET BK/IOYATh N0BOE COMETaHME CEAYIOLLErO:

* MIHOBEHHOIO YCKOPEHUS HYXHEH YacTh Tena

* COMPOTUB/IEHWS BEPXHEN YACTU Tena BCEACTBIE MHEPLMU

- nedopmaLyy B OHOM HaNPaBneHuu

* M3MEHEHMA HANPABNEHMS YCKOPEHUA

* M3MEHEHWs Hanpaenexus pedopmaumn.

3anpokugbiBaHue Hasag, UEHTp rpa- OnpokmabisaHue Bnepea: UEHTP rpasuta-
BUTALWW CMewaeTCs BBEpX U BnepeA. L MrHOBEHHO OMYCKAETCA BHU3 K 3emne

1-11: [18a OCHOBHBIX TWNa X/ILICTOBOW TPaBMbl
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Mbl nonaraem, 410 TEPMUH “XNbICTOBOI YAAP” RO/DKEH OTHOCHTHOR K NEPEYMCAEHHBIM RBACHNAM. [na
06Lero BAMAHUA TPaBMbI Ha TENO WAN €r0 KOHKPETHBIE TKAHW BOMKEH ObiTb N0A0GpaH APYroi TEPMMH.

PA3NIMYHBIE TUMb! XNbICTOBOO YIAPA

B 3aBnCMMOCTM OT HanpaBeHUss NPUNOXEHHBIX CHI TEOPETUYECKM MOXHO BLIENMTL YETHIPE TMNa
X/IbICTOBOTO yapa:

* 3a[HenepeaHuii xnbiCTOBOIA yaap (C3aau Bnepen)

* NepeaHe3aHuit XNbICTOBOI yaap (Cnepeam Ha3an)

+ BOKOBOIA XIbICTOBOY yAAp CpaBa Haneso

- 6OKOBOV X/IbICTOBOW yAap CNesa Hanpaso.

B KAMHMYECKOM NPaKTMKE HW OAMH M3 YKA3aHHbIX TUMOB HE CYLLECTBYET M30IMPOBAHHO.

COBPEMEHHAS KOHUENUMA

XnbiCTOBOI yAap 4aCTO PaCCMaTPUBAETCH Kak Pe3ynbTar AeNCTBUA YAAPHOK BONHLI, KOTOPas NPOXOAUT NO
Teny nocne Npsamoii Tpasmbl. Mbl NonaraeM, 4T0 MCXOAHOE ONpeAEneHne OTHOCKTCS TONBKO K TPABMAaTUYECKUM
MeXaHu3mam, Npu KOTOPbIX LOMUHWPYET SBNEHNE WHEPLIMK, BbI3bIBAA MOPAXEHMA TKAHE! BCNECTBME YCKO-
PEHVA 1 TOPMOXEHWS. TEPMUH “XIbICTOBOI YAap” He [ONXEH NPUMEHSATLCR K NPAMbIM CTONIKHOBEHUSM Ten,
NPY KOTOPbIX SBNEHMS KOHTAaKTa UMEIOT NepPBOCTENEHHOE 3HAYeHWe, KaK NPW NaaeHUM Ha Arofvubl MAK Ha
CNWHy.

[NocneaHee cospemMeHHOe ONpeAENeHIe XLICTOBOr0 YAapa bbi10 AaHO Halei NOKoMHO Konneron SlaioHen-
noi Uazaptens. Ona onpegenvna ero Kak BOBNEKAIOWErO “MIHOBEHHOE YCKOPEHWEe v TOPMOXEHUE, Npuno-
XEHHOE K TeNny Yenoseka, He roToBoro K noA06HOMY COBLITVIO”. B 3TOM CMBICNE, XNIbICTOBOI yAap onpeaenseTes
ObICTPLIM W HEOXWUAAHHbIM NEPEXOAOM 13 COCTOSIHMS NOKOS! B COCTOSIHME ABIKEHNA M Ha060poT.

[MoHsTME “HENOATOTOBNEHHOCTU” B XNLICTOBOM y/Iape UMEET NMepBOCTENEHHOE 3HaueHme. TNOCKONbKY Hei-
POMBILLEYHbIE LIENW HE FOTOBLI K CTONKHOBEHWIO C MEXaH3MOM YAapa, MHEPUWA CErMEHTOB TeNa KOHTPONM-
pyeT pasnuuHbie nocneayoume aedopmaumnn. XnbiCToBOM yaap MOXET Npon3siTY 1 TOraa, KOraa BEANYMHA
TPaBMbl NPEBLILIAET 3ALUMTHYI0 CNOCOBHOCTL HEMPOMBILIEYHON CHCTEMBI, IAXE ECIIW HENOBEK OXWAAET yAapa.

XnbiCTOBOW YiaP MOXET PACCMATPMBATLCA KAK MMEIOLLAS OTHOLIEHWE K MTHOBEHHOMY W3MEHEHMIO BK-
XEHUs C BOBMEYeHMeM BCEro Tena. Octeonatuyeckmii noaxopd, K TpasMe W 6onesHn 0CHOBaH Ha KOHLENLM
HV3NONOTMHECKNX - aHATOMUYECKUX B3aUMOCBS3el, YNPaBNAIOWMX FOMEOCTa3oM U dyHKkuvelh Tena. Ham
Cfienyet CMOTPETb Ha XNbICTOBYIO TPAaBMY Kak Ha NOpPaXeHwe BCEro Tena B pe3ynbTate BBOAA 3HEPIvM B
cuctemy. OHa cnocobHa HapyLMTL PABHOBECUE BCEX (BM3NONOTMYECKMX Y AHATOMUYECKMX rOMEOCTATUYECKMX
MexaH13MOB.

NATO®U3NONOTNA U PA3BUTUE OrPAHWUYEHWA

Ecnm ycropeHme HKHed 4acT Tena npoucXoauT OueHb BbICTPO, Hanbonbluen aedopmatim noaseprainT-
CAi nlepeAHne CTPYKTYPbI. BBUAY BAMSHUS TPAKUMM BO3MOXHBI MUKPOPA3PLiBbI TKAHEH B NEpenHIX aHaToMm-
YecKuUX CTPYKTYpax, TOrAa Kak C3aay KOCTHbIE 3/1EMEHTHI NOABEPXEHDI, MMaBHLIM 006pa3oM, komnpeccun. Bo
Bpema BTOPON $asbl NPU MIHOBEHHOM TOPMOXEHWUN HaNpPsXXeHWe TPaKUWM U MUKPOPa3PLIBb NOPAXaIoT
3aJHue CTPYKTYPbI, TOraa Kak nepeaHne (Takne Kak Mexno3BOHKOBLIE UCKK U Tena no3BOHKOB) UCMbITLIBA-
10T KOMNPECCHIO.

Kak otmeueHo Paittom (1956), uccnenosanus, sbinonHeHHbie BBC CLLIA, nokasanu, 410 cnoco6HOCTb K
CONPOTUBNEHVIO YCKOPEHWIO BO niekcvm CocTasnsieT npumepHo S0r, TOraa Kak B 3KCTEH3WM — TONLKO 5F — B
[ECATb pa3 MeHblle. 310 06LACHAET, NoYeMy BONBLIMHCTBO NOPAXEHUA NPOUCXOAUT NP 330HEM ABUKEHUM
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TONOBbI, YTO NOATBEPXAAETCH Haleid KMHUYECKON NPAKTUKON.

MonoxeHue CyGLexTa B MOMEHT y1apa Taloke MMEET PELLAIONLIEE 3HAYEHNE; OHO ONPEENSET NaTepaNbHbe,
ACVMMETPUYHBIE (C AOMMHMPOBAHWUEM NPaBOA WAW NEBOM) MM BunaTepanbHble CUMMETPUUHBIE AedopMa-
. MPOCTOE M3MEHEHME NONIOXEHNS FONOBLI ONPEENVT, kakas CTOPOKA Wev ByaeT NoBpexaeHa NPy TpasMe.
AHASIOrV4YHO, MONOXEHME BEPXHIMX KOHEYHOCTEM UIPAET OCHOBHYIO POfib B MPY/AHbIX WV peBepHbiX NOPaXeHsaX
W TPABMaX rPYAHOrO nosca.

JkcnepumenTsl BBC CLUA nokasani BO3MOXHOCTb TOPMOXEHIA 40 35r (MHoraa A0 75r) 6e3 pycka nopaxe-
Hus! B nopasnsioiLiem BOMbLUMHCTBE aBTOMOGUNBLHBIX aBAPHiA Cylbi TOPMOXEHUS COCTARNSIOT 251 WM MeHee,
T.e. HaXOAATCA B NpeJesnax BbIHOCAVBOCTV YENOBEKA, HO TONLKO NPY aneKBATHON GUKCALWMM N NOAEPXKE
Tena.

Hanuune nan OTCYTCTBME NOATONOBHMKA MIPAeT KIIOYEBYIO POSb B XNbICTOBOHA Tpasme. MoaronoBHMK
OrpaHV4MBAET 3aAHEE ABNXEHWUE U YMEHbLIAET TPasMUpYloLLEe BO3LEIACTBIE B nepBoi dase. 5e3 noaronosHm-
Ka CONpOTMBNAEMOCTb YAAPY 3HAYUTENBHO CHUXAETCA. B HEKOTOPbIX CHTYaLmaX peMeHb Be30nacHoCT MoXeT
HanpaBuTL CWMbi TPABMbI HA TPYAHOV NOSC U BEPXHWIA MPYAHONA BXOA.

Knuhnyeckas npakruka

Kak yxa3blBaioch BbilLe, TEPMUH “XbICTOBOI YAAP” NMEET pasHble 3HAYEHMS, YTO, ECTECTBEHHO, BHOCUT
HEKOTOpOE 3aMewwaTensCTeo. Cneayet NOMHUTL O PA3HULE MEX(/Y aHINWIACKMM 3HaueHVeM Tepmuna “whiplash”
(xnbICTOBOI YAAP), KOTOPbI 0B03HAYAET MEXAHU3M NOPAXeHMA M TepMMHOM “hiplash injury” (xnbicToBas
TPaBMa), KOTOpbIA Yka3biBaeT HA NOBPEX/AEHNS, BO3HUKAIOWME BCNEACTBUE XNbICTOBOrO BO3AEHCTBMA. TO, 4TO
MHOTVE CReuManmucTbl B 061aCTU MaHyanbHON MEANUMHLI FOBOPAT, YTO NALWEHT NOAY4W “XIbICTOBOM yaap”,
He 6onee MHPOPMATVIBHO, YEM yKa3aHie Ha TO, YTO “ero ynapuam no rofioBe” WM 4TO OH ynan Ha 3aj,.

Kak roBopunoch paxee, Mbi NPeanoYvTaem MCNoNb30BaTh TEPMUH “XIbICTOBOTO yaapa” ans 0603HaueHna
MeXaH13Mma BCEro Tena, KOTOpblii MOXET BOBNEKATb CEPUMI0 CBA3AHHBIX NO3BOHOYHBIX, NAPABEPTEBPANbHBIX,
KPaHUOCaKPaNbHbIX, COCYANCTBIX U BUCLEPANbHBIX OrPaHyeHuii. OH HE OTHOCUTCS K TUMWYHOMY CUHOPOMY
wwm cneundmyeckoit Tpasme. OaHa U3 oNpeaensioLLyX XapakTEPUCTUK COCTONT B SBNEHWM MHEPLMK, KOTOPOS
JOMVHMPYET [0 UCKIIOYEHUS SIBNEHUS KOHTaKTa.

Mospexpenve, BbI3BAHHOE XIbICTOBLIM YAAPOM, BAPbUPYETCS OT MPOCTOTO MBILIEYHOMO PAaCTSXEHUs 40
nepenoma KoCTv 1 BKIIK0YAeT PaspbiB CBA30K WM KPOBEHOCHDBIX COCY/I0B. TSXENble CAy4an MOTYT NPUBECTH K
KBaJpUnneriy, KOMe uav aaxe CMepTH BCNEACTBME AeLiepebpaunn.

Yem BbitLie CKOPOCTb XILICTOBOTO YAAPA, TeM Gonee NaroreHHbIM oH anseTcs. Mpu oueHs GLICTPOM yaape
XepTBa MOXET OWYTUTb OTPbIB, BHYTPEHHEE PACTAXEHME WM AKE BHYTPMMONOCTHOM MM MEXKOCTHBIA
B3pbIB. 3T0 NOCNEAHEE OLLYLLEHNE CBA3AHO C YYBCTBOM MyCTOTH WA OTCYTCTBHS,

Bonblioe pasHoobpaave CTeneHei xnbICTOBOI TpaBMb! BeyeT 3a coboi cynebHuie npobnembl. YacTo Mbl
CTankvBagMeca C OTCYTCTBUEM NMPOSBNEHMA NOPAXEHNA, KOTOPOE MOrNO Obi ObiTb 3a0KyMEHTUPOBAHO. HeaHa-
YUTENbHbIE M3MEHEHMS, BUAMMBIE HA DEHTTEHOrpamMMax, He MOTYT NPUHAMATLCS 33 CUMITOMBI, OMUCHIBA-
eMbie NauMeHTOM. Mol HEOHOKPATHO CAbILLANM OT MHOTWX NAUVEHTOB Xanobbl HA Pa3ouyapoBaHMe u3-3a
HEBO3MOXHOCTM HaiiT CO4YBCTBUS B TOM, KOMY OHW MOrIN 6bl MOXanoBarbCA HA CBOW CUMNTOMbI; UM
NOCTOAHHO HEOBXO/VIMbI NOBTOPHBIE MEAMLUMHCKME MCCABAO0BAHMSA M MHEHMS TPETHUX LY Y HUX BO3HUKANM
TPYBHOCTU B MONYYEHWN BLIMAAT OT CTPAXOBbIX KOMMAHMIA.

3™ npoGnembl NOAYEPKUBAIOT 3HAYMUMOCTL OCTEONATUYECKONO NOAXOAA. VICCNEA0BaHS YTPaThi MOGHL-
HOCTW, OTPaHN4YEHNS IBUXEHNA, YDOBHA NOPAXEHUs W FNyGUHbI OrPaHNYEHNS COCTABASIOT CYLIECTBEHHYIO
4acTb Auario3a. CyLIECTBYIOT IOKYMEHTMDYEMBIE AVCHYHKLIMN, KOTOPHIE HE TONLKO CNOCOBCTBYIOT 3ddeKTB-
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HOMY JIEYEHUIO, HO U 06beKTMBVI3MDy|0T Xanobbl NaUMeHTa, 4T0 MMEET GONbLIOE NCUXONOTMYECKOE 3HAYEHME.

drtuonorusa

XnbiCTOBAA Tpagma He BO3HWKAET MPOCTO KaK Pe3ynbTaT NafeHUs uam CTONKHOBEHMS. OHa BO3HMKAET
110CNe BHE3aNHOr0 3MeHeHMS (GbICTPOr YCKOPEHNS UM TOPMOXEHMS), KOTOPOE BOBNEKAET YE/IOBEKA LIENMKOM.
Kak yka3biBanoch Bbillie, BAXHbIM SIBASETCA TO, YTO XEpTBa HE MOATOTOBNEHA K 3TOMy M3MEHEHMIO, 1 3alLMT-
Hbl€ HEAPOCEHCOPHbIE 1 ABUrATENbHBIE LINM HE HAXOAATCA “HACTOPOXE” B MOMEHT npomcuiecTsus. . MaryH
(1976) 1 W33aptens (1983) nepeyvcnsior paa PaCcNPOCTPAHEHHBIX NPUYMH XLICTOBOM TPaBMBb:

* aBTOMOOM/bHBIE aBapum

* HE3aMe4eHHan CTYNeHbKa B TEMHOTE U NOCNEAyIoL(ee YCKOPEHUe BHU3

.

3ax1eCTbiBaHWe BOMHOM NPY NNABAHWM W NAAEHMe Mpu cepduHre

HENPaBUbHLIA NPLIXOK C TPAMNANHA C Pa3rnbaHveM Tena, NPEBLILLAIWNAM PU3UONOTNYECKNI
npenen

KaTaHue Ha aTTpaKuWoHax B Mapke, UCMOAL3YIOWMX YCKOPEHUE, TOPMOXEHWUE, MOMEHT MHEpLWK,
CUNlbl LIHTPUGYTM C NOTEHUMANbHBIM PUCKOM NOPXEHMSI MONOAbIX aHATOMUYECKMX CTPYKTYp. He-
CMOTPS Ha aKTMBHOCTb HEBPO/IOMMYECKUX Lienen, oTCYTCTBIUE 3PHEKTUBHBIX TOYEK BU3YaNbHOTO KOH-
TaKTa npyv y4acTum B Takux aTTPaKuMoHax CMOCOBCTBYET NONYYEHMIO XNbICTOBOMO NOpPaxeHMa.
nonaaaHue B BO3AYLIHYI0 AMY MW 30HY TypOYNEHTHOCTV B POAM asuanaccaxmpa. BcnomuHaercs
MCTOPWS U3 NPECCHI O CaMONETE, BbIHYX/AEHHOM COBEPLUMTL NOCAAKY, 4TOOLI BLICAANUTL NACCAXMPOB,
Cepbe3HO NOCTPaAABLLNX B 30HE TYPOYNEHTHOCTY. Y HEKOTOPLIX NACCAXMPOB, HE 3aCTETHYBLUMX PEMHU
6e30nacHOCTH, bl AMarHOCTVPOBAHb! TPABMbI Yepena W PACTAKEHMS LWEHOrO OTAENa NO3BOHOY-
HUKa.

HbIpsHMe rnyboko Nop, BOAY C MrHOBEHHbIM M3MEHEHMeM HanpaB/IEHUs Cpasy NOCNE BXOXAEHS B BOAY
WM yaap ronoeoii o0 aHO

CWIbHBIA YA3P HOBOPOX/AEHHOIO N0 ArOANLIAM ANS CTUMYNALIMK IXaHUA NPY AEPXaHNN ero 33 HOXKW.

YKa3auHble CHTYauun Heobs3aTenbHo NPUBOAAT K XNbICTOBbIM TpaBMam! Yenoseyeckoe Teno u TkaHm
00M1aA0T NPEKPaCHBLIMI MEXAHN3MAMI KOMNIEHCALMM — aRaNTaLi. XNbICTOBOE NOPAXEHNE MeHee BEpOST-
HO, ECNM BO3/GACTBME HE O4YEHb CWILHO, ECIIM OHO HE HOCMT MOBTOPAIOLIETOCS XapaKTepa, 1 eChv YenoBeK
BK/IOYAET HEMPOMBILIEYHBIE LENN B OXWAAHWM yaapa.

OnpenenexHbie $GakTopbl 1 CUMITOMBI NPY TPABMATUYECKOM COBLITMM BHOCAT CBOM BKNAA WM acCOUM-
UPYIOTCS C NOBPEXAAIOLIEN XLICTOBOW TPABMOIA:

* MPOAONXMTENLHOCTL YIapa UM CTONKHOBEHUS. VHepums MoxeT GbiTb Gonee paspyLuatoLLen, Yem cuna

yaapa

* NOCTTPABMATM4ECKOE AWUCTIHO3 AN COCTORHME OTCYTCTBUR BO3OYXA
* NOTEpA CO3HaHUA (faXe KPaTKas), OLLYLEHWE AMCKOMDOPTA UNM FONOBOKPYXEHUS
* 3anax ropenoro Cpasy nocse TPaBMbI. 3T OTPAKAET NOBPEXAEHNE OBOHATENbHLIX HEPBOB BO BPEMS LLIOKA

W nocnetuoka.

* NOCTTPaBMATNYECKas TOLIHOTA W pBOTa

NOCTTPaBMaTM4eCkne ann3oabl CNyTaHHOMO CO3HaHUA

* CEHCOPOMOTOPHbLIE MPU3HaKK, Takue Kak NokanbiBaHue, NapecTe3ns Unn napes, aaxe B OTCYTCTBME

06bEKTUBHDBIX AAHHBIX HeBponoru4eckoro 0bcneaosaxua CNycTa 4acCbl WK AHW NOCNe TPaBMbl.
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Hem Gonblie NPU3HAKOB XNLICTOBOM TPABMbI NPUCYTCTBYKOT, TEM BILLIE BEPOSTHOCTb MATONOMVHECKOro
BAVIAHWS NOCTTPABMATMHECKMX CUHAPOMOB.

CvmnTomatonorus

I". Maryn (1976) pa3pensn Taxenyio 1 fierkyio XbiCTOBYi0 TpasMy. M0C/EAHMA TN NOPAXAET, [MaBHbIM
00pa3oM, MArkMe TKaHU 1 BKIOYAET HANPAXEHWS U PACTIXeHUs. B cnyuae Nerkoi XNbICTOBOWA TPaBMbl
XEPTBA MOXET UCNLITATb OTHOCUTENbHO YMEPEHHOE CTONKHOBEHUE, HO He NPOSIBUTL NPU3HAKoB CPasy nocne
TPaBMbI. B TEYEHWE NEpBbIX HECKO/bKMX 4YaCoB CHMMTOMATVIKA HE3HAYMTENbHA W HE CBA3aHA C BOSMOXHBIMM
HEPBHLIMIA peakumami. CryCTs HECKONbKO YacoB, XEPTBA HAYMHAET Xa/loBaTbCA Ha HEAOMOraHue, YCTanoCTb
WNM TNOXYIO NOABMXHOCTb, MHOA CONPOBOXAAEMYIO TOWHOTOM. B nocneaytowme qHM Npu passuTum 3Haum-
TeNLHOro OTeKa HaCcTynaeT MoTeps MOABMXHOCTM B WEIAHOM OTAENE no3BOHO4HWKA C BONbIo Npv NPOCTOM
HafaBMBaHWW HA MBILLEYHYIO MaCCy.

CybBokuunuTanbHbie rofoBHble 60 CONPOBOXAAIOT MbILLEHHbIA CNa3M 1 Pa3APAXEHNE BEPXHUX LEPBU-
Ka/lbHbiX HEPBOB.

Bonee cepbesHbie NOpaXeHUs BOBNEKAIOT MEXNO3BOHKOBLIE AVCKW, MHTEPANOQM3aPHbIE CYCTaBb! 1 CBA3-
kv, Cumntombl nosiensioTcs bonee GbicTPO. BoNb, HEMOABMXHOCTD, KPUBOLLES, PAAMKYNAPHaR 60b, CErmeH-
TapHan Hespanrva (0COBEHHO B CyBokuunuTansHoi 06nacti), TOWHOTA, PBOTA, FoNoBHLIE 6oNM 1 Ncuxonory-
Yeckvie NPOSIBAEHNS MONYT XapakTepr3oBarh AaHHbIiA 3tan. BoamMoxHo pacnpocTpaHexue 6om B Nioboit yuac-
TOK B 3aBUCUMOCTM OT YPOBHS NOpaxeHnsi. MOXET NOSBUTBCA OHEMEHVE N NAPECTE3VA PYK W HOT, PEXE, nape3
MbILLL, M AdXe napannervs.

MMauneHT XecTKo yaepxueaeT ronosy. Liedanmyeckue CUMNTOMbI MOTYT BK/IIOYATb FONIOBOKPYXEHME, 3BOH
8 ylUAX, HAPYLLIEHUs 3PEHVA, NIErKOCTb B FONOBE, NOTEPIO CNyXa, CTpensiolume 6onm B BepXHeN 4acTh Yepena n
NPY3HAKW HEBPOJIOTMYECKOro NopaxeHus. Hepeako HabMopaaloTcs 3aTpyAHEHNA KOHUEHTPALWK, CIYTAHHOCTb
CO3HaHWSA, E30PMEHTALMSA MW fiaxe NOTeps CO3HAHMA.

BBujly N0ABEPXEHHOCTV [IEreHepaTMBHbLIM NPOLLECCaM, NOXMIbIE NIOAM YacTo Bonee TiXeno nepeHocaT
nofo6Hy!0 TPaBMy MO CPABHEHMIO C MONOABLIMIA NALMEHTaMM. Y HUX MOryT ObiTb NpeacTaBneHbi CUMMTOMbI,
KOTOpbIE MORBNSIOTCS YEPE3 MECSLIB WAW oAbl NOCNE TPaBMbI.

BuarHocTUKa XNLICTOBOW TPaBMbl

OCHOBbIBAACH HA aHaMHe3e, CUMMTOMAX W PA3NAYHbIX [BAraTeNbHbIX TECTAX, Mbl NbITAEMCA NOAOM-
TV K NOCTAaHOBKE MarH03a. Mbl UCONb3YEM KONMHECTBEHHYIO CUCTEMY C YETHIPbMS BOSMOXHbIMM 3aKIIO-
YEHNAMM:

* XNbICTOBAs TPaBMa MCKNIOYEHA

* XNbICTOBas TPaBMa BO3MOXHa

* XMbICTOBas TpasMa BeposTHa

* XNbICTOBAS TPAaBMa NPUCYTCTBYET.

Bnnaxne xnbiCTOBOA TpaBMbl Ha NEPBUMHLIA PECNUPATOPHBIA MEXaHN3M (NPM)

MexaHneckve HapyweHus: MOryT NPOSIBASTLCA Ha YPOBHE MO3BOHOMHOM OCH 1 IPYAHOIA KNETKY B NPOLIECCE
BepTe6paNbHO apTVKYNAPHOIA AnarHoCTVKK, TeM He MeHee, Kak oTMesan Maryw (1976):
Hvt onHa U3 TPaBM Lwen He BEPHETCS K HOPMANbHOMY COCTORHMIO, ECAM 3aTbIOYHAR KOCTb






