ABY AJIM UBH CUHO HOMUJIATU BYXOPO JABJIAT TUBBUET
NHCTUTYTHUHHUHT
TUBBU ®U3UKA,BUODPU3UKA, HHOOPMATHUKA BA UHOOPMAILIMOH
TEXHOJIOI'UAJIAP KA®EJIPACH

BUOMEXAHHUKA

MABPY3AHUHI' YCJIYBUH HMIIVIAHMACH

JIABOJIAIIl BA TUBBUH NNEJAT OTUKA ®AKYJIBTETU TAJIABAJIAPH
YUYYH

Masbpy3aumu: ¢p.m.T.i. - Ymapos C.X.



BAOMEXAHUEKA
IJIAH:

1.Mexannueckue cBoiicTBa TBepaAbIX Tei. Jledopmanus. Buasl nedopmarms.

2.MexaHnueckue cBOWCTBA OMOJIOTHYECKUX TKaHEH. KoMIO3UIMOHHAs CTPYKTYpa pa3InyHbIX TKaHEH
U UX MOJIEIIH.

3.3HayeHHe MEXaHMYECKHMX CBOWCTB TKaHEeH B (YHKIMOHUPOBAHMM OpPIaHOB U  CHCTEM.
4.buomexaHuKa ONOPHO-IBUTHATENBHO amnmapara yesoBeka. CteneHu cBOOObI.

5. luHaMHuuYecKre 3aKOHOMEPHOCTH JIBUKEHUS Te€la U KOHEYHOCTEHN uenoBeKka. DproMeTpusl.
6.21eMeHTbl OMOPU3UKU COKPALICHHUS MBIIIIII.

MexaHu4yecKHe CBOMCTBA TBEPADbIX TEJ

H3MmeHeHrne B3aMMHOTO PACIOJIOKEHHUS TOYEK Telld, KOTOPOe MPUBOIUT K H3MEHEHHIO €ro
(dhopMBI U pa3MepOB, HA3bIBAIOT deghopmayuell.

Hedpopmarun  MOTYT OBITH  BBI3BaHBI BHCITHUMH  BO3JCHCTBUSMHU  (MEXaHHYECKUMHU,
ANEKTPUYECKUMHU UM MAarHUTHBIMHM) WM U3MEHEHHEM TeMIepaTyphl Tella. 3/1eCh pacCMaTpUBAIOTCS
nedopMaIui, BOSHUKAIOIIUE P JICUCTBUN CHII Ha TEJIO.

B TBepabIx Tenax aeopmaliiio Ha3bIBAIOT yApy2oll, €Cld TOCe MPEKpaIIeHUs IEHCTBUS CHIIBI
oHa ucue3aer. Ecnu ke nedopmaniusi CoxpaHseTcs U Mocie MpeKpaIieHusi BHEIIIHETO BO3JICUCTBUS, TO
€€ Ha3bIBAIOT nmiaacmuyeckou. IIpoMexyTOUHbIN ciydai, T. €. HEMOJIHOEe HCUe3HOBeHue aedopmannu,
MIPUHSATO HA3bIBATh ynpy2oniacmuye-ckou nedopmaiuei.

Haubonee mpocteiM BuIOM JedopMaliuu SBISETCS pacmsdiceHue (cocamue). OHO, Hampumep,
BO3HHUKAET B cTepkHe (puc. 8.11) npu aelicTBUM CUIbl, HAIIPABJIEHHOM B/10JIb €0 ocu. Eciu cTepkeHb
nmuHo#t | mpu stom ymmuamics Ha Al to € = Al/l sBusercs mepoii nedopmanuu pacTsoKeHHS U
Ha3bIBACTCSI OMHOCUMENbHBIM YOTUHEHUEM.

Hpyrum Bunom nedopmanuu ssisercs cosue (puc. 8.12). Cuiia, kacaTelbHas K OJHOM U3 TpaHel
MPSIMOYTOJIBHOTO TapajUieJienuIeia, BbI3bIBACT €ro aedopMaiiio, mpeBpamias B KOCOYTOJbHBIN
napajuiesienumnes (CM. ITPUXOBBIE JIMHUM HA PUCYHKE). YTOJ y Ha3bIBalOT yrjioM ciBura, a tg y —
OTHOCHUTEIIBHBIM CJIBUTOM. Tak Kak 0OBIYHO yroJl Y MaJl, TO MOKHO CUUTaTh {g ¥ = v.
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Ppe. 8.11 Pnc. 8.12

[Ipn neiicTBUM Ha TeNO BHEMIHEW JeOPMUPYIOLIEH CHUJIBI PAcCTOSIHUE MEXIy aTOMaMH
(uvoHaMHn) M3MeHseTCsl. DTO NMPUBOJUT K BO3HMKHOBEHHMIO BHYTPEHHUX CHJ, CTPEMSIIUXCS BEPHYTb
aToMbl (MOHBI) B IE€pBOHAuYaJbHBIC TMOJOXKEHUS. Mepol OSTUX CHII SBISIETCA MeXaHuuecKoe
Hanpsdicenue (WM TPOCTO HANPSKEHUE).

HenocpeacTsenHo HampsbkeHue He u3Mepsierca. B psine ciiydaeB ero MOXHO BBIYMCIUTH Yepe3
BHEIIHHME CUJIBI, AelcTBytomye Ha Teno. KocseHHo HampsikeHne MOXKHO ONpeAenuTh M0 HEKOTOPBIM
¢buznueckuM 3¢ dexram (cMm., Hapumep, § 20.5).

[TpumenuTenbHO K AedopMaIy pacTHKEHUST HANPSHKEHUE d MOXHO BBIPa3UTh KaK OTHOIIEHHUE
CHJIBI K TUIOIIA/IH TTOTIEPEYHOTO ceueHus cTepkHs (cM. puc. 8.11, 6):

o = FI/S.



s nepopmanmu cABUTa HAMPSHKEHUE T BBHIPAXKAIOT KaK OTHOIIEHUE CHJIBI K IJIOMIAAN TPaHU, K
KOTOpOoW cmia KacareiabHa (cM. puc. 8.12, 6). B sTomM ciydae X Ha3BIBAIOT KAcCAmeabHbIM
HANPA’CEHUEM:

T =F/S.

VYnpyrue nedopmanuu MOAYMHSIOTCA 3akoHy ['yka, COrJIacCHO KOTOpOMY HaIpsbKEHHUE
npornopunoHanbHo nedopmanuu. s AByX pacCMOTPEHHBIX cly4aeB (pacTshHKeHHE-CKATHe U CIBUT)
3TO AHAIUTUYECKH 3aIIUCBHIBAETCS TaK:

oc=FEeunt=0Gy, (8.1)

rne £ — monyns FOura, a G — moayns casura.

DKcnepuMeHTaIbHas KpUBask pacTsokeHHs npuBeneHa Ha puc. 8.13. Yuactok OA cooTBeTCTBYyeT
yrnpyrum aedopmarusam, Touka B — npedeny ynpyeocmu, XapaKTepHU3YIOLIEMy TO MaKCHUMalbHOE
HaNpsDKEHUE, MPU KOTOPOM €Ile HEe MUMEIOT MecTa jAedopmanuu, OcTalouifecs B Tejae Mocie CHATHUS
HanpspkeHus: (octarounblie Aedopmarnuu). [opuszonTtanbHblii yaacTok CD  kpuBOH pacTsikeHUS
COOTBETCTBYET npedeny meKyuecmuy — HANPSHKEHUIO, HAUMHASL C KOTOPOro JedopMaiiusi Bo3pacTaer
0e3 yBenWYCHHs HampsDKeHUs. VM HakoHeI, HampshKEHUE, ONpenesieMoe HauOoNbIIeld Harpy3Kow,
BBIIEP)KMBAEMOU TIEpe]] pa3pyLICHUEM, SIBISCTCS npedesiom NPOYHOCMIU.

Mexnay ynpyruMu CBOWCTBAMHM KPHUCTAIUIMYECKHX MOHOMEPOB M IOJMMEPHBIX MaTEpHasOB
CYILIECTBYEeT OTPOMHAs M NPUHIUIHUAIbHAS pa3HUIA, HANpuUMep, B Mpeenax IPOYHOCTH CTajb
paspeiBaeTcs yxernpu pactsbkenud Ha 0,3%, a Markue pesuHbl MOkHO pactsruath 10 300% . 310
CBS3aHO C KQUECTBEHHO JIPYTUM MEXaHU3MOM YIIPYTOCTH BHICOKOMOJIEKYJISIPHBIX COSIUHEHUH.

a)
013/
e hTEN
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Puec. 8.13 Puc. 8.14

Kak yxe roBopmiioch, mpu AeopMarui KpuCcTaUIMIECKUX TBEPBIX TEJ, HAIIPUMEDP CTaJIH, CHIIBI
YIPYrOCTH  BCELENO  OMNPEAEISIOTCS  M3MEHEHMEM  MEXaTOMHBIX — paccTosHuil.  CTpykTypa
BBICOKOMOJICKYJISIPHBIX COCTUHEHUH He peryisipHa. OHU COCTOST U3 OYEHb JITMHHBIX THOKUX MOJIEKYIT,
KOTOpbIE MPHUYYUIMBO U30THYTHI, YACTH MOJIEKYJ HaXOJATCS B XAaOTHYECKOM TEIUIOBOM JBM)KEHUU
Tak, 4To uX (opMma M JUIMHA BCe BpeMsl M3MEHSIOTCs. HO B KakIblii JaHHBI MOMEHT OOJIBIIMHCTBO
MOJIEKYJ B HeJAe(pOopMHpPOBaHHOM oOpa3lle MMeeT JUIMHY, ONu3Kyr K HauOojee BeposTHOU. Ilpum
NPWIOKEHNU Harpy3Kku K mMarepuany (puc. 8.14, a) ero MojeKyJibl BBIIPSIMIISIFOTCS B COOTBETCTBYIO-
IIeM HampaBlIeHUWH M JUIMHAa oOpas3ua yeenuuuBaercs (puc. 8.14, 6). Ilocne cHATHS Harpysku
BCJICJICTBHE XaOTHYECKOTO TEIUIOBOTO ABIDKEHUS JUIMHA KaKIOW MOJIEKYJIBI BOCCTAHABIIMBACTCS M
oOpaszel yKopaunBaeTcsl.

Yopyrocte, CBONCTBEHHYIO IIOJUMEpPAaM, HAa3bIBAIOT KAYUYKONO-O0OHOU  21ACMUYHOCHIBIO
(8b1COKOU H1ACMUYHOCTBIO WU 8bICOKO-2]1ACMUYHOCTIBIO).

[IpuBeneM naHHbIC IO MEXaHUYECKUM CBOMCTBAM HEKOTOPHIX MaTepuaiioB (Tabm. 16).

Paznuune mexay aedopmarmeil KpuCTaUIMYECKMX MOHOMEPOB M IOJIMMEPHBIX MaTepHajoB
NPOSIBIISIETCS. ¥ BO BPEMEHHOH €€ 3aBUCHUMOCTH. Jleo B TOM, YTO MPAaKTUYECKH BCE MaTEpUaTbI
o0aatloT noasyyecmyvio: TMOJ JEHCTBUEM IOCTOSHHOM HArpy3ku MpPOMCXOIUT uX aedopmarus. B
MoJIMMEpax paclnpsMICHHE MOJEKyJl MpH Harpy3ke MaTepuaja U CKOJIbKEHHE MaKpOMOJEKYI
IPOUCXOIAT OoJiee UIUTENBbHO, YeM, HalpUMep, MOJI3y4ecTh B MeTaju1ax. B kakoii-To Mepe mpu momi3y-
YEeCTH TIPOIECCH, TPOMCXOJAIINE B TIOJAMEPE, COOTBETCTBYIOT TEUCHHUIO BS3KOH JKUIAKOCTH.



CoderaHue BSI3KOTO TEUCHHS M BBICOKOW D3JAaCTUYHOCTH TIO3BOJSET HA3bIBaTh J1e()OpMaIIUIo,
XapaKTEepHYIO JUIs IOJMMEPOB, 83KOYNPY2OlU.

Tabauuya 16
MaTtepuan Monayas H0ura, I'lla IIpenen npounocru, MIla
Crans 200 500
KanpoH cTeRJI0HATION-
HeHHBIH 8 150
OpranrMueckKoe CTeKJIo 3,5 50

Yrpyrue u BS3KUE CBOMCTBA TeN yIOOHO MOJEIMPOBATH. DTO JaeT BO3MOXHOCTh HAIJISIHEE
MPEJICTAaBUTh MEXaHUYECKUE CBOWCTBA OMOIOTHYECKIX 00BEKTOB (cM. § 8.4).

B kagecTBe Mogenu ympyroro tena (ynpyroi aedopmaruu) BeidepeM npyxuHy (puc. 8.15, o),
Masas neopMaiiisi KOTOPOil COOTBETCTBYET 3aKoHY | 'yka.

Moenbio BSI3KOTO Teja SIBJISIETCS OPIIEHb C OTBEPCTUSMHE, IBHKYIIHICS B IIHJIUHIIPE C BSI3KOM
KUIKOCTBIO (puc. 8.15, 0).

2)
Puc. 8.15
Cunny CONpPOTHBJICHHSI CPEIbl B OTOM cliydae MPUMEM IHPONOPIUOHAIBLHOW CKOPOCTH
nepeMenieHus mopmus [cm. (5.16)]:

Feom=—1 "~ 8.2
=T 8.2)

[IpeobOpazyem ypaBHeHue (8.2), OCHOBBIBaSICh Ha aHAJIOTHH. BMECTO CHIIBI COMPOTHUBICHUS
3anumeM HampsokeHHe (Feonp =G), T. €. Cuily, OTHECEHHYIO K €AMHHIE IUIOMAAH, KOI(P(HUIMEHT
TPEHUsI, XapaKTEPHU3YIOUIN CBOMCTBO Cpe/bl OKa3bIBaTh COMPOTHBIICHUE TBMKYIIEMYCS B HEH Temy,
3aMeHUM K03(HUIMEHTOM BSI3KOCTH cpeabl (I = 1)), CMEIIeHHe TeJla — OTHOCHTEIBHBIM YIITHHEHUEM
(x = €). Torma BMecTo (8.2) moy4nM CBsI3b MEXKYy CKOPOCTBIO BSI3KO#H JiehopMaliiy U HAIIPSIKCHUEM

dx
o=1n"__ 8.3
" 4t (8.3)
B cnipaBennuBocTH (8.3) 4acTUYHO MOYKHO yOEIUTHCS MTPOBEPKOM pa3MEPHOCTEH:

de
o [[Ia], n [TIa * c], ? [c™]. Y3 (8.3) BuaHO, uTO HanpsDKEHUE 3aBUCHT HE OT caMmoi fedopMaiiuu, a

OT €€ CKOPOCTHU (CKOPOCTH MEPEMELIECHUS MTOPILHS).
Bszkoynpyrue cBoOWCTBa TeNl MOJEIHUPYIOTCS CHCTEMaMH, COCTOSIIIMMHU W3  Pa3IUYHBIX
KOMOUWHAIMH ABYX MPOCTHIX MOJIENIEH: MPYKUHA U MOPIIEHb. PACCMOTpUM HEKOTOPHIE U3 HUX.
Haubonee mpocroil cuctemoil, coueTarolieid ynpyrue M Bs3KHE CBOICTBa, SBISETCS MOJEIb
Makcgeia, B KOTOPOil ocie10BaTeIbHO COeAMHEHBI YIIPYTHd U BI3KUI 2J1eMeHT (puc. 8.15, B).



IIpy BO3mEUCTBUYU MOCTOSITHHOW CHJION IIPY’KMHA YIIPYTO MTHOBEHHO YMJIMHSETCS 1O 3HA4YEHUS,
OIPEACIIAEMOro 3aKOHOM ['yKa, a MOpIIEHb OBUXKETCA C IMOCTOSHHOM CKOPOCTBIO O TEX IOp, MOKa
neicTByeT cuiia (HanpsbkeHue). Tak peanu3yercs Ha MOJIENH [10JI3y4eCTh MaTepuaa.

Ecnu ObIcTpO pacTsHyTh MOZAEIL MaKcBesIa U 3aKpeuTh 3TO COCTOSIHUE, TO AedopMalius Oyaer
coxpassTbes. IlpykuHa nocine OBICTPOrO PACTSZKEHUSI HAYHEm COKPAWAMbCA, 6GblMALUCAA
nopuens. Co

BpeMeHeM OyJIeT MPOUCXOAUTH pelaKcalus, T. €. yMEHbIIEHHE (pacciiajJeHne HapsHKeHusl.

Omnumem Maremarudecku 3Ty Monens. M3 3akona I'yka (8.1) caenyer ey, = o/E, rue eynp —
ynpyras yactb o0miet gedopmaru B Mosenu Makcsemna. CKopocTb 3Toi fedopmanuu paBHa

9y _1do (8.4)
dt E dt '
CkopocTh BA3KOH AedopManuu Beipazum u3 (8.3):
de w__ i -
it " (8.5)

Cymmupys (8.4) m (8.5), HaxomuM CKOpOCTh oO0miei (cymmapHOi) nedopmamuu MOJeH
Makcsenna:

de dew de ldo o
J’_

GAK_ - 4 —
dt dt dt E dt 7 (86)

N3 ypaBHeHus (8.6) MOXHO TOJYyYUTh BPEMEHHBIC 3aBHCHMOCTH Kak nedopManuu, Tak U
HaAPSDKEHUS.

do
Ecnu 6 = const u it = O (mocTosiHHAA cuJja MPUIIOKEHA K MoJelnn), To u3 (8.6) cnexyer
de o) o
= wmde= " dt
d 7 n
o) Tt o :
a) 6)
Puc. 8.16

WuTerpupys nocienHee BbIpak€HUE OT HA4aIbHOTO MOMEHTA BPEMEHHU M HYJIEeBOU aedopmanuu

A0 TCKYyIIUX 3Ha4YeHuH t u €, HoJIyuacm
t

[de= [ dt,e= 2t
0

0 N 8.7)
DT0 COOTBETCTBYET Mon3ydyecTH (puc. 8.16, a).
de
Ecmm € = const u E = 0 (moanep>xuBaeTcs MocTosiHHAs nedopmarnus), To u3 (8.6) cnegyer
1do o do E
—— =—-ma| — = ——dt.
Edi n o) n

HNHrerpupyss mnociaegHee BbIpaXKEHUE OT HA4yaJdbHOTO MOMEHTAa BPEMEHUM M HAYaJIbHOIO
HaIIpSDKEHUS Gg A0 TEKYIIUX 3HAYeHU! t U G, moisydaeM:



T !
do _ ‘Ejdt,ln5=—gt,o'=%e L
T Mo O N

(8.8)

DTO COOTBETCTBYET pelIaKcaluu HarnpshkeHus (puc. 8.16, 6).

B pamkax moxmenu MakcBemia moj ACMCTBHEM HAarpy3kKu MPOUCXOJUT, KaK ObLIO MOKa3aHo,
ObicTpoe (MTHOBEHHOE) TIEepBOHAuYalIbHOE YIOPYroe pacTshkeHwe. B pealbHBIX — MOJMMepax
Bs3KOympyras aedopmaius 00bIYHO MPOUCXOIUT Cpa3y K€ Mocje MPHIOKEHUs Harpysku. [loaTomy
Oosee MOAXOJsAIIeH MOXET okazarbesi mojenb KenbBuHa — DoiixTa, cocTosias U3 HapaiiedbHo
COEIMHEHHBIX NPYKUHBI U MTOPLIHS, HEYTO BPOJIe aMOPTH3aTOpa B aBTOMaIIMHE (cM. puc. 8.15, 2).

Ecian MrHOBEHHO €0371aTh B TAKOW CHCTEME HaIPSKEHUE

G = Oynp T G sy (8.9)
NPHUJIOKHUB TIOCTOSHHYIO CHILY, TO Je(opMalius cucTeMbl Oyaer Boszpactark. Mcnons3sys (8.1) u
(8.3), mpeobpa3zyem (8.9):
de de di
c=EKo+n—-—wmm —_ = _,
dt c—Eeg 1
|
|
l
1
0] f t
Puc. 8.17

[IpouHTerpupyem mnocieaHee BbIpaKEHUE € OT HAYaJIbHOTO MOMEHTa BPEMEHU U HYJEBOU
nedopMaIu 10 TeKYIUX 3HaUCHUH t U e:

E L —
f-4e_ =lfas, -lmmo-Ee-t
ng E G n

L]

HOT@HHI/IPYH, HUMCCM

E E

&, =t
1—§8=e N WU E‘=E[1—e n )
%) E

Kax BunHo, B pamkax monenu KenpBuna—®oiixta nedopmariisi SKCIIOHEHIIUATFHO BO3pacTaeT
co BpemeHeM. [Ipu cHstum Harpysku (a = O B MoMeHT t;) nedopmaliys HAuHET SKCIIOHEHIUATBHO
yObiBaTh. O0a 3TH ciay4as moka3aHsl Ha puc. 8.17.

B nonmmepax peann3yloTcsi pasHble BHAbI JegopMmanuu: ynpyras obpatumas (Moaenb —
npyXuHa), BA3Koynpyras odparumas (Monenb KenpBuna—®oiixTa) u HeoOpaTumas Bsi3Kas (MOJEINb
— mnopiueHb). CoueTaHne 3THUX TpeX HJIEMEHTOB IO3BOJISIET CO3/aBaTh MOJEIM, Haubolyiee IMOJIHO
OTpaKaIoIINe MEXaHMYECKUE CBOMCTBA TEJ M, B YaCTHOCTH, OMOJIOTHYECKIX OOHEKTOB.

MogenupoBaHie MEXaHHMUECKUX CBOWCTB TeJl IIMPOKO HCHONB3yeTcss B peonocuu. OCHOBHas
3aJa4a PeoIOTUN — 3TO BBIICHEHHE 3aBUCHMOCTH HAIPSDKEHHSI OT OTHOCHTENBHON aAedopmaryn: ¢ =
f(¢); HanpspkeHust ot BpeMeHu (penakcanus Hanpsbkenus): o = f(t) mpu € = const; oTHocuTeNbHOM
nedopmaruu ot Bpemenu (osydects): € = f(t) nmpu o = const.

MexaHnuecKne CBOMCTBA OMOJOTHYECKUX TKAHeH

[Ton MexaHM4YeCKMMH CBOMCTBaAaMHM OMOJIOIMYECKUX TKaHEW MOHUMAIOT JBE WX Pa3HOBHUIHOCTH.
OpnHa cBsi3aHa ¢ mpoleccaMu OMOJIOTMYECKOW MOJBM)KHOCTU: COKpAILlEHHE MBIIII] KUBOTHBIX, POCT
KJIETOK, JBM)KEHHE XPOMOCOM B KIIETKAaX IMPU HX JEJIEHUU U JAp. DTHU MPOIEecChl 00YCIOBICHBI
XUMHUYECKHMH IpOIeccaMu M 3HepreTuyecku obecneunpatorcs AT, ux nmpupoaa paccMarpubaercs B

6



Kypce OMOXUMHUH. YCIOBHO YKa3aHHYIO TPYIIY Ha3bIBAlOT aKTUBHBIMH MEXaHUYECKUMHU CBOWCTBAMU
Ouonoruuyeckux cucreM. Jlpyras pa3HOBHAHOCTh — TIaCCUBHbIE MEXaHMYECKHE CBOWCTBA
OMOJIOTUYECKHX TeJ. PACCMOTPHUM 3TOT BOMIPOC MPUMEHHUTENHHO K OMOJIOTUYECKUM TKAHSIM.

Kak texunueckuii 00beKT Onoornyeckas TkaHb — KOMIIO3MIIMOHHBIA MaTepual, oH 00pa3oBaH
00bEMHBIM COYETAaHUEM XHUMHUYECKH Pa3HOPOJHBIX KOMIOHEHTOB. MexXxaHH4ecKue CBOWCTBA
OMOJOTUYECKOW TKaHU OTIUYAIOTCS OT MEXaHHYECKHX CBOMCTB Ka)JOro KOMIIOHEHTa, B3SITOIO B
OTJIETPHOCTU. METObl ONpPEIEIICHUsST MEXaHUYECKHX CBOWCTB OMOJIOTMYECKUX TKAHEH aHAIOTUYHBI
METO/aM OIPEAEIICHHS 3TUX CBOMCTB Y TEXHUUECKUX MATEPUAJIOB.

KoctHas Ttkanb. KocTh — OCHOBHOW Marepual OIOpPHO-IABUIAaTEIbHOrO anmnapara. B
YOPOLIEHHOM BHUJE MOHO CUMTATh, YTO ?l3 Macchl KOMIIAKTHOH KOCTHOM TKaHH (0,5 obwema)
COCTaBJISIET HEOPraHWYECKUM MaTepual, MUHEpPAJIbHOE BEIIECTBO KOCTH — THAPOKCHIIANATUT
3Caz(P04), ¢ Ca(OH),. D10 BemiecTBO MPEACTaBIEHO B (hOpME MHUKPOCKOIMUYECKMX KPHCTAILIMKOB. B
OCTaTbHOM KOCTh COCTOMT W3 OPraHWYECKOro Marepuaia, TJaBHBIM 00pa3oM KoJIIareHa
(BBICOKOMOJIEKYJIIPHOE COECIUHEHHUE, BOJOKHHUCTBHIM O€sIOK, 00IaJarouiiii BBICOKO3IAC-THYHOCTHIO).
Kpucrammmku ruIpoKCcHIanaTiuTa pacioiokKeHbl MEXKy KOJUIAr€HOBBIMU BOJIOKHAMU ((puOprmamu).

[lnotHOCTs KOCTHOM TKamu 2400 kr/m°. Ee MexaHWueckue CBOMCTBA 3aBHCAT OT MHOTHX
(GakTOpOB, B TOM 4YHCJIE OT BO3pacTa, MHAMBUAYAJIbHBIX YCIOBHM pOCTa OpraHuM3Ma M, KOHEYHO, OT
y4acTKa OpraHu3Ma.

Komno3uimonHoe CTpoeHue KOCTH MPUIAET € HYXKHbIE MEXaHMYECKHE CBOMCTBA: TBEPHAOCTb,
YIPYroCTh U MPOYHOCTh. 3aBUCKMOCTh G = f(€) 111 KOMITAKTHON KOCTHOM TKAHW MMEET XapaKTEPHBIN
BU/I, TOKA3aHHBIN Ha puc. 8.18, T. €. M0100Ha aHAIIOTUYHOW 3aBUCUMOCTH JJI TBEPJIOTO Tena (CM. puC.
8.13); mpu nHeOospmux Aeopmanusax BeimoiaHseTcs 3akoH ['yka. Moayns FOura okono 10 ITla,
npeaen npouHoctu 100 MIla. Ilone3no 3T HaHHBIE COMOCTAaBUTH C JIAHHBIMU JJIs KalpoHa,
apMHUPOBAHHOTO CTEKJIOM (cM. Tabi. 16, 3aMeTHO XOpolliee COOTBETCTBHUE).

)
€, /o

01 23456 tu
Puc. 8.18 Puc. 8.19

Puc. 8.20

[IpuMepHBIil BHJI KPUBBIX IOJI3Yy4EeCTH KOMITAKTHOW KOCTHOM TKaHM NpHBEAEH Ha puc. 8.19.
VYuactok (A coorBercTByeT ObicTpoit nedopmanmu, AB — mnomyyectu. B MomeHT 13
COOTBETCTBYIOIIMI TOYKe B, Harpy3ka Owpuia cHsita. BC COOTBETCTBYET OBICTpOM aedopmariuu
cokpamenusi, CD — oOparHoil momsydectu. B pesynbprare maxke 3a ATUTEIbHBIN MepHoi oOpaszer
KOCTH HE BOCCTAHABJIMBAET CBOUX MPEXKHUX Pa3MEpOB, COXpaHIETCsl HEKOTOpasi ocTaToyHas aedopma-
OUs Cocr.

DOTON 3aBUCHMOCTH TIPUOJMKEHHO COOTBETCTBYyeT Mojenb (puc. 8.20. ag), coueraromas
NIOCJIE0BATENBHOE COEIMHEHNE NPYKUHBI ¢ MoJenbto KenbBuHa—®olixTa. BpeMeHHas 3aBUCUMOCTD



OTHOCUTENBbHOW aedopmaruu mokasana Ha puc. 8.20, 6. Ilpum neiicTBUM MOCTOSHHOW HAarpy3Ku
MTHOBCHHO pacTsaruBaetTcs mpyxuHa 1 (ygacrok OA), 3aTeM BBITATHBAETCS MOPINEHb (TOJI3Y4eCTh
AB), mocie npexpamieHus Harpy3Ku MpOUCXOIuT ObicTpoe cxarue npyxunsl / (BC), a npyxuHa 2
BTSTUBACT IMOPIICHb B MpekHee mojoxenue (monsydects CD). B mpemnokeHHO# Momenu He
npeaycMaTpuBaeTcs ocTaTovyHas Aedopmarus.

CxemMaTH4HO MOXKHO 3aKJIIOYHTh, YTO MUHEPAIbHOE COACPKUMOE KOCTU 00eCIedrBaeT ObICTPYIO
negopManuio, a oJTuMepHast 4acThb (KOJUIAreH) ONpeersieT MoJI3y4ecTb.

Ecnu B KOCTH WM B €e MEXaHUYECKOW MOJENTu ObICTPO CO3AaTh MOCTOSHHYIO AedopMaluio, TO
CKauyKooOpa3HO Bo3HWKaeT W HampspkeHue (yaactok OA Ha puc. 8.20, B). Ha mogenu 310 o3Hadaer
pacTsbkeHue NMpykuHbl 1 U BO3HMKHOBEHHE B Hel HampspkeHus. 3ateM (yuacTok AB) sta mpyxuna
OyIeT COKpamaThCs, BBITATUBAS MOPIIEHb U PACTATUBAS MPYKUHY 2, HANPSHKCHHE B CUCTEME Oyjer
yObIBaTh (penmakcanusi HampaxkeHusi). OAHAKO Ja)xe CHyCTs 3HAUYUTEIbHOE BpeMS COXPaHUTCS
OCTAaTOYHOE .HANPSKEHUE aoer. I MOJENM 3TO 03HAYaeT, YTO HE BO3HUKHET IPU IOCTOSHHOU
nedopMaluu TaKoM CUTYyalluy, YTOObI IPYKUHBI BEPHYJIUCH B HEACPOPMUPOBAHHOE COCTOSIHUE.

Koxka. OHa cocToUT M3 BOJOKOH KOJUIareHa, 3J1acTUHA (Tak jK€ KaK U KOJIJIareH, BOJIOKHUCTBIN
0el0K) 1 OCHOBHOM TKaHU — MaTpullbl. Komaren cocrasiser okosio 75% cyxoi Macchl, a 3JJaCTHH —
okoi0 4%. [IpumepHbIe JaHHBIEC 10 MEXaHUYECKUM CBOMCTBAM MPUBEICHBI B Ta0. 17.

DnacTuH pacTsaruBaercss oueHb cuiibHO (10 200—300%), mpumepHo kak pesuna. Komnmaren
MOeT pacTsaruBarbes 10 10%, 4TO COOTBETCTBYET KallpOHOBOMY BOJIOKHY.

Tabauya 17
Marepnan Monyns ynpyrocru, MIla Openen npounoctH, Mlla
Kounaren 10—100 100
dnacTUH 0,1—0,6 5

W3 cka3aHHOrO SICHO, YTO KOKa SIBJSIETCS BSI3KOYNPYTUM MAaTEPUAIOM C BBICOKOAJIACTUUYECKUMHU
CBOICTBaMH, OHA XOPOILIO PACTATUBACTCS U YITHUHSICTCS.

Mpinel. B coctaB MblIiII BXOJUT COEAMHUTENbHASI TKaHb, COCTOAILAS U3 BOJIOKOH KOJUIareHa U
snactuHa. [loaToMy MexaHn4YecKkue CBOWCTBA MBIIII TOJOOHBI MEXaHHYECKUM CBOMCTBAM MOJIUMEPOB.

Penakcarust HampspKeHHsI B TUIAJIKMX MBIIIIAX COOTBETCTBYeT Monenu Makcsemn?' (cM. puc.
8.15, 6, 8.16, 6). IloaTomMy TrnagKue MBIIIIBI MOTYT 3HAUUTENBHO pPACTATHBATHCS 0€3 0co0oro
HAIPSDKEHUS, YTO CIIOCOOCTBYET YBEJIMYEHHUIO 00BbEMa MOJIBIX OpPraHOB, HAIPUMEP MOYEBOTO ITY3bIpSL.

MexaHnuecKoe MOBEIEHUE CKEJIETHONW MBIIIIBI COOTBETCTBYET MOJIENIHN, IPEACTABIECHHOMN Ha PHC.
8.20, o. Ilpum ObICTpOM pacTs’KEHUM MBIIIL Ha OIPEAEICHHYI0 BEJIMYMHY HaIpsDKEHHUE PEe3KO
BO3PACTAET, a 3aT€M YMEHBINACTCS 70 Gocr (CM. pHC. 8.20, B).

3aBucumocts G = f(g) O ckeneTHOW MbIl HeduHeiHA (puc. 8.21). AHanu3 3TOil KpUBOH
MOKA3bIBAET, YTO MpUMEpHO A0 € ~ 0,25 B MOPTHSKHOM MBIIIIE JIATYIIKH MEXaHu3M Jaedopmanuu
00yCJIOBIIEH pacnpsMJIeHHeM MoJieKyal KosutareHa (cM. § 8.3). Ilpu Oombmedt nedopmaruu
HIPOMCXOIUT YBETUUYEHUE MEXKATOMHBIX PACCTOSHUIN B MOJIEKYJIaX.

TkaHb KPOBEHOCHBIX COCYIOB (cocyaucras TKaHb). MexaHuWde-cKHe CBOWCTBAa KPOBEHOCHBIX
COCYZIOB OTPEEINSAIOTCS TJIaBHBIM 00pa30M CBOICTBaMH KOJUIareHa, AIacTUHA M TIIaJKUX MBIIIEUHBIX
BOJIOKOH. CoziepKaHUe ITHX COCTAaBIIIIOIIMX COCYJUCTON TKaHU M3MEHSETCS MO X0y KPOBEHOCHOM
CUCTEMBI: OTHOLIEHHE 3JIaCTHHA K KOJJIareHy B 001eil CoHHOM apTepuu 2 : 1, a B 6eipeHHON apTepun
1:2. C ynaneHuem OT cepAlla YBEIUYUBACTCS JIOJI TTIAKUX MBIIICYHBIX BOJIOKOH, B apTeproJiax OHU
YK€ SIBJISIFOTCSI OCHOBHOM COCTaBJISIFOILEH COCYUCTON TKAHH.

[Ipu neTambHOM HCCIIEOBAaHMM MEXAaHMUYECKHX CBOMCTB COCYAMCTOH TKaHM pa3inyaroT, KaKuM
00pa3zoM BeIpe3aH U3 cocyna odpaszerr (BAOIb WK TOMepeK cocyaa). MoXKHO, OJTHaKO, pacCMaTpUBATh
nedhopMaIiio Cocyia B 1IeJIOM KaK pe3ynbTar ASHCTBUS JaBJICHUS U3HYTPH HA YIIPYTUN IUIHHID.

PaccMoTpuM IMIMHIPUYECKYIO YaCTh KPOBEHOCHOTO COCYy/ia JUTMHOM /, TOMmUHON h u panuycom
BHyTpeHHeH 4actu r. CedyeHus BIOJb U MONEPEK OCH IWIMHApA MoKa3aHbl Ha puc. 8.22, a, 6. /IBe
MOJIOBUHBI IWJIMHAPUYECKOTO COCyJa B3aUMOJEHCTBYIOT MEXJIy COOOH IO CEYEeHHUSM CTEHOK
MWIMHIpa (3alITpUXOBaHHbIE oOmacTH Ha puc. 8.22, g). OOmas 1iIomaab AITOr0 «PEUYCHUS
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B3aumoeicTBus» paBHa 2hl. Eciu B coCyamMcTON CTEHKE CYHIECTBYET MEXaHHMUYECKOE HAIpsDKEHHE O\
TO CHJIa B3aUMOJIECHCTBHUSA ABYX IOJOBHHOK COCYZa paBHA

Pne. 8.21 Puc. 8.22

F=oe2hl. (8.10)

Orta cujla ypaBHOBEUIMBAETCS CWJIAMHU JABJICHMS Ha LMIMHIP M3HYTpU (OHM I1OKa3aHbI
cTpenkaMu Ha puc. 8.22, 6). Cuibl HanpaBIeHb! M0/ Pa3HbIMU yIJIaMHM K TOPU30HTAIbHON IJIOCKOCTH
(Ha pucynke). [lig Toro 4roObl HAWTHM HMX pPABHOAEHCTBYIOUIYIO, CIEAYeT MPOCYMMHUPOBATh
FOpU30HTANIbHBIE MpoeKuuU. OHAKO Mpolle HAMTH PABHOACHCTBYIOIIYIO CHJy, €CJIM YMHOXHTb
JaBJICHUE Ha IIPOEKLHIO IIOLAAN MOTYLUINHAPA Ha BEPTUKAIbHYIO IIockocTh OO DTa NpoeKuus
pasna 2rl. Tora BeIpakeHUE ISl CUIIBI Yepe3 JaBlICHUE HMECT BUJT

F=p-2rl (8.11)
[MpupasuuBas (8.10) u (8.11), moxy4daem a * 2hl = p « 2rl, otkyna

o (8.12)

pr
h
Jto ypasnenue Jlame.
Byaem cumrtarh, 4TO IpU PACTSKEHHH COCyAa OOBEM €ro CTeHKH He HU3MeHseTcs (TIoIaahb

CTEHKHU BO3pacTaeT, a TOJIIMHA YObIBAET), T. €. HE U3MEHSAETCS IUIOIIAlb CEUEHUSI CTEHKHU cocyaa (puc.
8.22,0):

2nrh = const, . e.rh=Db=const.  (8.13)

C yuerom (8.13) mpeobpazyem (8.12):

pr prr pr ?
o = = =
h rh b (8.14)

W3 (8.14) BuaHo, uto B Kanuiuisipax (T -0) Hanpsbkerue oTcyrcTByeT (6 =2 0).

B 3akmioueHre OTMETUM pa3/ienbl U HAPaBICHUS] MEIUIIMHBIL, TSI KOTOPBIX 0CO00 Ba)KHO UMETh
MIPE/ICTABJICHUE O TACCUBHBIX MEXAHUYECKUX CBOMCTBAX OMOJIOTHYECKUX TKAHEH:

— B KOCMUYECKON MEIUIIMHE, TaK KaK YEJIOBEK HAXOAMUTCS B HOBBIX, SKCTPEMAJIbHBIX, YCIOBUAX
o0ouTaHus;

— B CIIOPTUBHON MEIUIIMHE PE3yIbTaTUBHOCTH JOCTIKEHHUH M €€ BO3pacTaHue MOOYXKAaroT
CIIOPTUBHBIX MEIHUKOB OOpamiaTh BHUMaHWE Ha (U3MYECKHE BO3MOXKHOCTH OIOPHO-/IBUTATEIHLHOTO
arnrmapara 4eJoBeKa;

— MEXaHWYECKHE CBOMCTBA TKaHEH HEOOXOIMMO YYHTHIBATH THUTHEHUCTAM TMPU 3alIUTe
YeNoBeKa OT ACHCTBHsI BUOpaIuii;

— B MPOTE3UPOBAHUU TIPU 3aMEHE €CTECTBEHHBIX OPraHOB U TKAHEH HMCKYCCTBEHHBIMH TaKXKeE
Ba)XHO 3HATh MEXaHMUYECKHE CBOMCTBA U MapaMeTpbl OMOJOTHYECKIX O0BEKTOB;

— B CyAcOHOW MEOWIIMHE CJEeAyeT 3HaThb YCTOWYHMBOCTh OHMOJIOTMUYECKUX CTPYKTYp IO
OTHOIICHHIO K Pa3IUYHbBIM JehopManusm;




— B TPaBMATOJIOTUM M OPTONEAUU BOMPOCH MEXaHMYECKOrO BO3JCHCTBHS Ha OPTraHU3M
SIBIISTIOTCSI OTIPEACIISIOIIMMHU.

DTOT MepevYeHb HE MCUEPIBIBACT 3HAYCHUS MaTepuaia, U3JI0KEHHOTO B HACTOSIICH TaBe, JJIs
BpayeOHOT0 00pa30BaHUS.

MexaHuka. AKyCTHKA

MexaHuKOW Ha3bIBAIOT pa3ien (QU3UKH, B KOTOPOM H3y4aeTCsl MEXaHUYEeCKOe JBIKCHUE
MaTepuaibHbIX Ted. [log MexaHn4eCcKUM JIBUKEHHEM MOHUMAOT U3MEHEHUE TIOJIOKEHHUS TeJla UIH €ro
yacTeld B IPOCTPAHCTBE C TEYEHUEM BpEMEHU. MexaHHKa, B OCHOBY KOTOPOW IOJIOKEHBI 3aKOHBI
HeroToHa, Ha3pIBaeTcs Kilaccuyeckou. B Hell paccmaTpuBaroTCs ABUKEHUS MAKPOCKOMHYECKHUX Tell,
MPOUCXOJSIINE CO CKOPOCTSMH, MHOTO MEHBIIMMH CKOPOCTH CBETa B Bakyyme. Bompochl JaHHOrO
pasziesia MOryT, B YaCTHOCTH, OBITh MCIOJIB30BAHBI JISI CICAYIOIINX LEIeH:

— IOHMMAaHUs MEXAHUKHU JBU)KEHUS ILEJOT0 OpPraHu3Ma W MEXAHUKH ONOPHO-IBUTATEIBHOIO
arapara 4eJoBeKa;

— 3HAHMUS MEXaHUYECKUX CBOMCTB OMOJIOTMYECKUX TKAHEH M JKUJIKOCTEH;

— 3HAHUS OOLIUX 3aKOHOMEPHOCTEH MEePUOINYECKUX MPOLIECCOB, MPOTEKAIOIINX B OPraHU3ME;

— TIOHMMaHUs pabOTHI yXa M BECTHOYJISIPHOTO ammapara Kak (U3HYECKHUX YCTPOWMCTB, cepiia
KakK Hacoca u T. IL.;

— BBISICHEHHS] OMO(U3NYECKOTr0 MEXaHU3Ma JACHCTBUS yIbTpa3ByKa U Jp.

HekoTopsie BOompockl OMOMEXaHUKH

buomexanukoli Ha3bIBalOT pasznen OMOGU3MKH, B KOTOPOM PacCMaTPUBAIOTCS MEXaHHUYECKHE
CBOICTBA JKMBBIX TKAHEH M OPraHOB, & TAKKE MEXAHWYECKHE SIBJICHUS, MPOUCXOASIINE KAK C LEIbIM
OpraHU3MOM, TaK M C OTAEIbHBIMHU €ro opraHamu. ['oBops KpaTko, OMOMEXaHWKa - 3TO MEXaHUKa
JKUBBIX CHCTEM.

Mexannveckasi padora 4eJioBeKa. JProMeTpus

Mexannueckass paboTa, KOTOPYIO CIIOCOOEH COBEPIINThH YEIOBEK B TEUCHUE JHS, 3aBUCHUT OT
MHOTUX (PAKTOPOB, MOITOMY TPYAHO yKa3aTh KaKylO-THOO MpEeeNbHYI0 BEIMYMHY. JTO 3aMedaHue
OTHOCHUTCSI MU K MOIIHOCTH. Tak, MpH KPATKOBPEMEHHBIX YCHIIUSIX YEJIIOBEK MOXKET pa3BUBATh
MOIIIHOCTh MOpPsI/IKa HECKOJIbKUX KWIIOBATT. Ecnmu cnopTtcMeH maccoil 70 Kr MOANpPBITMBAET ¢ MecTa
TaK, 4TO €ro IIEHTP MacC IMOJHUMAaeTcs Ha | M 1O OTHOIICHMIO K HOpPMalIbHOW CTOike, a (¢a3za
oTTtasikuBaHus JuTcs 0,2 ¢, TO OH pa3BUBAET MOIIHOCTH OKOJIO 3,5 KBT.

[Ipu xonp0Oe yenoBeK coBeplIaeT paboTy, Tak KakK MIpPH 3TOM DHEPTrUsl 3aTpayumBaeTCs Ha
MEePUOINYECKOe HEOOBIIOe MOHATHE Tela U Ha YCKOPEHHE U 3aMeICHHE KOHEUYHOCTEH, TJIaBHBIM
00pa3oM HOT.

UenoBek mMaccoit 75 Kr mpu X0Jp0€ €O CKOPOCTBIO 5 KM/4 pa3BUBaeT MOIIHOCTH okojio 60 Bt. C
BO3pAcCTaHUEM CKOPOCTH 3Ta MOIIHOCTH OBICTpO yBenmuuuBaetcs, nocturas 200 Bt mpu ckopoctu 7
km/4. [Ipu e31e Ha Bemocuesie moJIOKEHUE IEHTPA MACC YEJIOBEKa U3MEHSETCS TOpa3/l0 MEHbIIE, YeM
npu Xoap0e, a YyCKOpeHHEe HOr Toke MeHble. [103ToMy MOIIHOCTH, 3aTpauyuBaeMasi Mpu e37e Ha
BeslocuIesie, 3HauuTesbHo Menblie: 30 Bt npu ckopoctu 9 km/4, 120 Bt ipu 18 km/u.

PaGora obparaercst B Hynb, eciu nepeMenienus Het. [loaromy, Korna rpy3 HaXouTCsl Ha Orope
WJIM TIOJICTaBKE WJIM TOJIBEIIEH HAa HUTH, CHJIA TSHKECTH He coBepiiaeT padboTbl. OHAKO KaXIAOMY U3
Hac3HaKOMa yCTaJIOCTh MBIIII PYKU U IJI€Ya, €CIU JEp>KaThb HEMOJBHKHO HA BBITSHYTOU pyKe THPIO
WM TaHTeNb. TOYHO Tak K€ YCTAIOT MBIIIBl CIUHBI M TOSCHUYHOW OOJACTH, €CIH CHUIALIIEMY
YeNIOBEKY MOMECTHTh Ha CIHHY Ipy3. B 000uX ciiydasx rpy3 HEMOABMKEH U pabOTHI HET. Y CTalOCTh
K€ CBUJETEIHCTBYET O TOM, YTO MBIIIIBI COBEPIIAIOT paboTy. Takyro paboTy Ha3bIBAIOT cmamuye-
CKOU pabomoti Mululy.

Cratuku (HEMOABMKHOCTH) TaKOM, Kak €€ TOHMMAIOT B MEXaHUKe, Ha CaMOM JieJie HeT.
[TpoucxoasaT o4eHbh METKHE U YacThle, He3aMETHBIC TJIa3y COKpAIICHUS U paccialieHus], U IPU dTOM
coBepiaercs paboTa MPOTUB CUIT TsDKECTH. TakuM o0pa3om, cTaTudeckas paboTa 4eIoBEeKa Ha CaMOM
JieIie SIBISIETCS] OOBIYHOM JTUHAMHYECKON paboToil.
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Jis u3MmepeHuss pabOThI dYeNOBEKAa NPHUMEHSIOT MPHUOOPHI, HA3BIBAEMBIE 9p2oMempamil.
CoOOTBETCTBYIONIMHI pa3/iesl U3MEPUTEIbHOM TEXHUKHU HA3bIBACTCS 9peomMempuell.

Puc. 4.1

[Ipumepom spromerpa CIy>KUT TOPMO3HOU Besocurien (Bemodpro-metrp; puc. 4.1). Uepes obox
Bpararomerocsi kojgeca 1 mepekuHyra ctanbHas JieHTa 2. Cwiia TpeHHs] MEXKIYy JEHTOH U 00070M
Kojeca uMepsierca auHaMmomeTpoMm 3. Bcesi paboTa MCIBITYeMOro 3aTpauyrBaeTCss Ha MPEOJIOJICHHE
CWJIBI TpeHUS (OCTAILHBIMH BHJAMU pa0OT mpeHeOperaeM). Y MHOXKUB JITUHY OKPYKHOCTH KoJieca Ha
CUIIy TpEeHHUs], HailieM paboTy, COBEpIlIaeMyIo MPHU KaKJOM 000poTe, a 3Has YUCIIO 000POTOB U BpeMs
WCIIBITAHUS, ONIPEICTNM MOITHYIO PadOTy U CPEAHIOI0 MOIIIHOCTb.
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