TEOPETUYECKUE M IKCNEPUMEHTANBHHE WUCCNELOBAHNA

YAK 616.71-007.251-036
UEPAPXUYECKAS OPFTAHU3ALIUA CKENETA ~ ®AKTOP,

PEFMAMEHTUPYIOWMNA CTPYKTYPY YCTAIOCTHbIX NOBPEXXAEHUA
YACTb lll. MOOENUPOBAHWE HAHAJIBHOIO 3TANA PA3BUTUA
YCTANOCTHbIX NOBPEXKAEHNI

A.C. Aspynun', PM. Tuxuios', J1.K. [apuun?, b.E. MensHukosn?

"Iy «Poccutickuid Hayuno-uccredo8amebCKil UNCIMUMYm MmpagMamolouu
u opmoneduu uy. P. P Bpedenas Munsdpascoypaseumus Poccuu,

(}[z?)exmop - d.m.n. npogpeccop PM. Tuxunoe

2

aedpa conpomusaenus mamepuaios CI16 z0cydapcmaennozo noaumexnuneckoo yHusepcumema,
Jasedyrouuis - 0.m.u. npogpeccop b.E. Meavnuxos
Canxm-Ilemepbype

B pabote Bbizencnbl obu(e yCI0BHSI BOSHUKHOBEHHSI W PasBHTHs yCTAN0CTHbIX nospexkaennit (YII) it onpeeneno coot-
BETCTBHE YPOBHEH HEPaPXHYECKOW OPraHM3alHH cKelleTa NpOCTpaHcTBeHHOM Andxbepeniiposke HadatbHuiX THNoB Y1 - s0-
KaThHO-MCKPETHRIM M TOKANbHO-CeTeBWM. K NepBbiM OTHOCATCA Pa3pbiBbl ©XKEPTBEHHLIX CBA3CIH>, CPe3 N0 FHAPATHOMY CJ0I0
MEXKPHCTULIHTHBIX COCRHUEHIT, PA3PY LIEHHE NepeMbliex MOKTY O0belHEHHAMH KPHCTULTHTOB. ITH MOBPEXKACHHS MOTYT Ca-
MOBOCCTAHARIMBATHCH NOLJIC MPEKPAIeH IS AeHCTBHS HATPYIOK H ITPOCTPAHCTBEHKOIO cOITMKeHHA 0BpeXIen HaIX cTPYKTYD. Jlo-
kanbHo-cetenodt THn YT xapakrepuayeTcs paspywenitenm GoNbWHHCTBA PACIOAOKEHUbIX PHAOM CTPYKTYP H IPOCTPAHCTBCHHBIM
odbeitieHem NOBPCHUIEHHI (CTPYKTYpHOe «padpbixaetnes ). [logobunill THI noBpesuteH !, yBeIMYHBAACH B pa3Mepax, Co3/taer
VUACTKH HeQIMOPOIHOCTH BHYTPH cebs, 4To sisieTes ocHoBolt A8 GOPMUPOBAHHA TPEULITH. JTO CTPYKTYPHOE COCTOSTHIE 30HbL
YCTaI0CTHOTO JIOBPEKIEHHS aBTOPbI PACCMATPHBAIOT KAk NPOMEXYTOYHOE MeX Ly AHPDY3IHbIM NIOBPEKAEHHEM H TPCILHHAMH.

novesbie cioBa: YCTaNOCTHAIE NOBPEXKACHHA KOCTH.

HIERARCHIC SKELETAL ORGANIZATION - A FACTOR REGULATING
THE STRUCTURE OF FATIGUE INJURIES

PART iIl. MODELING THE INITIAL STAGE OF THEIR DEVELOPMENT

A.S. Avrunin, R.M. Tikhilov, LK. Parshin, B.E. Melnikov

The authors describe general conditions of fatique injuries (FI) initiation and development, and discuss the conformity
between hierarchic skeletal organization levels and spatial differentiation of the initial FI types - local discrete and local mesh-
like. The former includes “sacrificial bonds” disruption, sheaning along the hydrate level of inter-crystalline complexes, destruction
of bonds between crystalhine complexes. This lesion type may go through a process of self-remedying after annihilation of forces
and spatial approximation of the involved structures. The local mesh-like FI type is characterized by destruction of the majority
of adjacent structures and spatial unification of injurics (structural “loosening”). This type of lesion increasing in its dimensions

creates discrepancy arcas within itself forming the basis for fissure formation. This structural state of a fatigue injury is considered
as intermediate between a diffuse lesion and a crack.

Key words: fatiguc injurics of bones.

C MoMeHTa nosTyyeHHst MOpoJIOrHuecK X 0Ka3a-
TeIbCTB GOPMHUPOBAHHS in Vit CYLIIECTBEHHOTO YKCIIa
ycTanocTHbIX nospexxaenn#t (Y11) [19, 30, 31] pacrer
obliee KONWYECTBO WCcaeR0BaHUil no 3Toit npobre-

YECKH OPraHH30BaHHYIO CTPYKTYDY, HMEUWyio
Kak MHHHMYM CeMb YpoBHeit opranu3auuy (1, 4].
[ToaToMy pasneneHne noBpex/eHHH Ha ABa THIA
He COBCEM KODPEKTHO, TaK Kak He faeT ACHOro Mo-

me {13, 21, 32, 33, 35], meton0B Beiasaenna Y11 [33]
H KOHTpOJi nxX opMupoBanuns [29, 32]. Hakoren
60Tb1LOM MacCHB 3KCTIepUMEHTATLHBIX [29] W KW HK-
yecknx [20, 22] raHHbIX, Ha 6a3e KOTOPBIX Pa3HBIMH
aBTOPAaMH CZIe/IaHbl NOTMBITKH CHCTEMATU3UPOBATh pe-
3yJIBTaThl 3THX HeetenoBanHii {13, 40).

B HacToswee BpeMs Ha ocHoBe Mopdosoruye-
CKHX KpuTepHeB BblaeseHo ABa THna YII - aud-
¢dy3uble noBpexaeHus W Tpewdtst {13, 38, 33).
OnHako ckeseT npeAcTasisieT coboil Hepapxu-

HHMaHH1A CBA3M MexaHnamoB ¢dopmuposanns Yl
C Hepapxuueckoil CTpyKTypoi ckenerTa.

eab HecaenoBauns — Ha oCHOBe COBCTBEHHBIX
JlaHHLIX M COBPEMEHHbIX MpeacTaBleHud 06 ue-
papXuyeckol OpraHW3alMK ckejerta paspaboTath
TEOPETUYECKYIO MOJenb POPMHPOBAHHA H Pa3BH-
THA Y1 KoCcTH Ha Hava/1bHOM 3Tane — 3Tafe BO3-
HHUKHOBEHUS TG DY3HBIX TOBPEXIEHHH.

[lepBoHayaIbHO OCTAHOBUMCA Ha 06LIMX ycJio-
BMSIX BO3HHKHOBEHUA W passuTua YII.
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1. Y11 hopmupyioTcs B ckeseTe OCTOSHHO 1101
BJAMSHHEM TPEX THIIOB HAIPY3KH:

a) pu3noMOrHYecKoro AHana3oHa NMpH BBIHOJ-
HeHHU OOBIYHBIX LHKJIUYECKHX JIOKOMOTOPHBIX
dyukuui [25, 46);

6) BCILIECKOB Harpy3kd TNPH HECTAHIAPTHLIX
«CyuaiiHbix» (accidents) ABIXKEHHSX, YBeIMUMBa-
10LIHX 0KabHble AedopMaliiu Hosee yem B 5 pas
[0 CPABHEHHIO ¢ OOBIYHBIMM Harpy3kamu [38); s
BCILIECKH, He SIBASACH LMKIHYECKUMH, MOI'YT Bbl-
3BaTh MOBpeXeHHE [IPH OJHOKPATHOM BO3/IeHCTBHH;

B) CYLIECTBEHHOTO BO3PAacTaHHs IPONAOIKH-
TEJIbHOCTH UMKJINYeCKOll Harpy3ku M/MJu BeJIH-
YnHbl nocseaHe# [15].

2. IloBbllicHHE ANHTEJIBHOCTH LUKJIHYECKOM
Harpy3ku ¢ OJHOBPEMCHHBIM DOCTOM ee pa3Maxa
BeseT K yBesuenuio maotHoctH Y11 [29] u, B ko-
HEYHOM cueTe, K BO3HUKHOBEHHIO YCTaJIOCTHOIO
nepesnoMa [ 15, 43].

3. Mopdonoruyeckn Buisisisiemble Y11 Hanbo-
Jiee yacTo HOPMHUPYIOTCA B MAKCHMaJIbHO MHHepa-
JIM30BaHHBIX JIOKYCaX (MHTePCTHUHANbHAS TKaHb)
[6. 16, 30, 31, 44].

4. [Ipn hopmupoBanuu u pazsuTiu Y11 Hapy-
WEeHHs CTPYKTYPbl HAUHHAIOTCSI HA MHHHMAJIbHOM
yPOBHe HepapXHuecKOil OpraHuM3alud ckejieTa, a
3aTeM [epeceKaloT nocsenywolime yposuu [4, 13].

5. B uepapxuueckoit CTpyKType ckeneta npu-
CYTCTBYIOT 3/1eMEHTBI, JIOKAJIbHO CTOTIOpsillHe pac-
npocTpaHeHHe MUKpoTpeluun [23).

6. CTpyKTypHble 371eMeHTb! CKeJleTa, OrPaHHYU-
BalolMe (CTONOPSILIHE) pacHpOCTpPaHeHHe MHKPO-
TPELLKH, HMEIOT HepapXHyecKyio opraHusaumio [13].

7. llpenotBpaternie HakonneHust Y11 B ckene-
Te i COOTBETCTBEHHO YCTAJIOCTHOTO TepesioMa obe-
crieuuBaeTcst AByMsi MOP(OJOrMYecKH JOKa3aH-
HbIMH MeXaHM3MaMHU:

— OCTEOK/aCTHO-0CTE0BIACTHBIM PeMOAEIHpPO-
BaHMEM C NepBOHa4aNbLHON pe3opbuueil NoBpex-
LeHHOTO yyacTka 18, 41};

- TaMIIOHMPOBAaHUEM  WIH  OTJIOXKEHHEM
(intercalation) B npocTpaHCTBe TPEIUUH MHHepa-
AU30BaHHON KOCTHON TKaHMW 6e3 npeasBapuTelib-
HOit pe3opbumK®.

BhlienanoxeHHoe 1€MOHCTPUPYET BCIO CNOXK-
HOCTb pelleHHst noctasieHHoil uead u TpebyeT
YeTKOro COOTBETCTBHA Mozend pa3BuTHs YII we-
papx1uecKoil opraHuM3aluM ckeneta. B atolt cBs-
34 HeOOXOAUMO OTMETHTh, YTO COTJIACHO 3aKOHAM
MaTepHAOBeleHHs B KOMMO3WTHBIX aHH3OTpON-
HBIX**  MaTepuanax, rnpeicTaBuTeleM KOTOPLIX
ABAAIOTCA KOCTHBlE CTPYKTYphl, ¥ I1 dopmupyert-

cA B MexaHuueckd HamnboJiee c1abbiX JoKycax no
OTHOWEHHK K BEKTOPY TPH/I0XEHHBIX YCHJHH.
JpyruMH caoBaMH, MexaHM4eckH cJiabbie JIOKY-
Cbl B KOCTHBIX CTpPYyKTypax IposiBasiotcst YII.
[Toatomy, 6a3npysich Ha pe3yJibTaTax HaliHX Mpe-
AbLAYLIMX HecaeqoBanuil [1-6, 8) u naHHBIX AuTe-
paTypsl, 11py pa3paboTke MOEIH HauaNbHOTO 3Ta-
na pa3suTHs Y T1 M HCXOAHAH U3 CAeayolLero.

1. JJeMeHTapHOE HAHOYPOBHEBOE MOBPEXAE-
HHEe MOXeT CaMOBOCCTaHaB/IMBATLCA [10CAe Tpe-
KpalleHus 1efiCTBHA MeXaHHYCCKHX HAarpy3ok H
BO3BPALLEHMSI TOBPEXKIEHHbIX CTPYKTYP B HCXOI-
HOe TIPOCTpaHCTBeHHOe NosioxeHue [6, 42).

2. Pazsutue nuddyaHbIx nospexkaeHni («pas-
phIXJeHHe» MATPHKCa), YMEHbIIAsi MeXaHHYecKHe
IPOYHOCTHbIE CBOWCTBA KOCTHBLIX CTPYKTYP, OIHO-
BPEMEHHO CHIDKAeT X aHM30TPOITHOCTDL, MOBbIAA
cTeneHb H30TPONHOCTH [14].

3. QopMupoBaHHe MEPBHYHLIX TPCILHH fpo-
HCXOUMT ¢ 06513aTeIbHON AecTPyKLUHEH He TOMbKO
MHMHEPATBHOTO, HO W OPraHiyeckoro MaTpHKca.

4. Poct (pa3BuTHe) NepBUYHOH TPELIHHBI
COMPOBOXAAETCA pa3pyUIeHHEM CTONOPALIMX
MexaHu3moB [23] 4 nepexonoM Ha caeaylOuHit
MepapXxHuecKoil ypoBeHb, TO eCcTh Nepeceyeriem
TPEUIHHON CTPYKTYPHBIX IPAHMLL MEXAY Npeibi-
AYWMM M NOCACAYIOLIMM YPOBHAMH HepapXHue-
CKOI OpraHM3alliy cKeJleTa.

[TpoctpancTseHnast cTpykTypa YII Ha Hayanb-
HOM 3Tane MX BO3HWKHOBEHMS olipelessiercs, B
NepBylo ouepellb, OOUIMMK  3AKOHOMEPHOCTAMH
OpraHH3alHH MHHEPAJIbHOTO MRTPHKCA Ha YJ/bTpa-
CTPYKTYpHOM YyposHe. COr/IacHO NaHHbIM MHOrO-
JIETHUX MOPQOJIOrHYecKHX HCCaeIoBaHHMI Ipynnsl
yyebix Hayuno-uccnegoBaresnbckoro n yuebHo-Me-
TOAMYECKOIV LeHTpa GHOMENHIIMHCKHX TeXHOJIOTHi
[11], MHMHepaTbl B KOCTHOM MaTPHKCE PacnolaralT-
cs Mex- W BRyTpudHubpuapHo. B Mexdubpua-
JISIPHBIX NIPOCTPRHCTBAX OObLEIMHEHHS KPUCTA/LTH-
TOB, TpHJEraoliiie K Ko/UlareHoBbIM Gubpiiiam
M OKpYyXaolHe UX, GOPMUPYIOT MAHXKETKH H KOH-
TaKTHPYIOT ¢ BHYTPHPUOPHIIAPHBIMU 00beaHHe-
HHAMU. Ha oT/1aieHUn OT KoJnareHoBbix (hrbpun
KPHCTLINTBI CO3AAIOT KOHIJIOMEpATHI, B KOTOPBIX
OHH OPHEHTHPOBAHbI B OTHOM HaNpaBJ/ieHHH, a CaMH
KOHT/IOMEpaThl PacrioJoxeHbl MOJ PasHbIMH yIJla-
MM IpyT K aApyry. BuyTpudnbpunsipusie obvenu-
HEHHST KPHCTALINTOB 006pa3yloT psil Napaie/bHbIX
CITMPaIbHO (BHHTOOOPa3HO) 3aKpyUEHHRIX TL1aCTOB.
OrtnensHble 06beaHHEHUS MHHEPAIOB CBA3bIBAIOT
cocefHHe IiacTel, obecrieynBass HenpepbiBHOCTD
MHHEePAIbHOI0 KOMMOHEHTA PUOPHILA.

* B xoMnakTHOH NMJIaCTUHYATON KOCTH 3TOT (l)eHOMeH ocobeHno BbIpAKeH B HHTEPCTHLUHANThHBIX obaacTax CTapbiX

OCTeOHIbHbIX citcTeM [18).

** Matepuansl, yripyrie cBOfCTBa KOTOPLIX OMHAKOBbI BO BCEX HaNpabJieH HAX, Ha3blBalOTCA HIOTPOIHLIMH, 2 €CJIH

3TH CBOIICTBA Pa3/IMYHLI, TO MaTepHATbI aKW3OTponHbI [9].
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3Ta CTPYKTYpHasl OpPraHH3alUsI MHHEPaTLHOTO
MaTpHKCa MOApa3yMeBaeT BO3MOXXHOCTb (OpMH-
pOBaHUs ABYX NpocTpaHcTBeHHbIX THMOB Y1, [Tpn
11epBOM — MOBpeXeHHble Y4aCTKH MPOCTPAHCTBEH-
HO He CBSI3aHbl APYT C APYTOM, a MeXJy HUMH Ha-
XOIATCS HenoBpexxaeHHble CTPYKTYpbI. [TonobHbiit
THI1 NOBPEXAEHHS Mbl HA3BaIH JIOKaJILHO-JUCKpeT-
HuiM. [loa BAHsIHMEM LMKIHYECKOH MeXaHHJecKoi
Harpy3aky B 3THX JIOKYCAX BO3MOXHO JajibHefiiee
pa3uTHe Y1 nyTeM pa3pylleHHst OCTaBLIMXCS He-
[1OBPEXIEHHbIX CTPYKTYP. JIpyTHMH c10BaMH, npo-
MCXOIMT NMPOCTPAHCTBEHHOE OOBeIHHEHHE ITOBPEeXkK-
AeHUH, NPUHIMaIoLLee JOKATbHO-CeTeBYIO GOopMY.

Briire Mp! Kacanuch NpeHMyIECTBEHHO BONPO-
coB dopmrpoBaHus Y1l B MUHEPAIbHOM MaTpPHK-
ce. OtHaKo HEO6XOANMO YUHTBIBATD, YTO KOCTHbIE
CTPYKTYpPbl MMEIOT B CBOEM COCTaBe He TOJIbLKO
MHHEPAIbHbIH KOMIOHEHT, HO M OPraHHYecKHii, H
AcHo, uto ¥ 11 Bosnukaior u B nocnenHem. [Toatomy
HiKe OYAYT pacCMOTPeHbl HEKOTODbIE 3/eMEHTbI
Y I1 opranunyeckoro MaTpukca. B To xe BpeMms ¢ Me-
XaHUYECKOI TOYKH 3DeHHS POJIb ITHX pa3pyleHui
He coBceM sicHa [13].

JlokansbHo-mmckpetHuit THI Y1 BKUTioyaeT TpH
BapHaHTa nospexxaeHnit. OHY HMEIOT HAHOYPOBHe-
Bble pa3Mepbl H, kak 6bL10 OTMeUeHO paHee, CIOCOOHbI
K CaMOBOCCTAHOBJIEHUIO NP ONITHMM3ALHK YCAOBHIT
OKpy>xalowei MexaHuyeckol cpennt. CoBpeMeHHble
METO/Ibl MCCTIeIOBAHHMI TMO3BOJIIOT BLUIETNTH 3TH
BapHaHTbl He TOJILKO TeopeTHUeckH 5, 6], Ho 1 akc-
liepuMeHTabHO (24, 39, 42). K HuM oTHOCATCS:

— DPa3pbiBbl ©KEePTBEHHLIX cBA3ell» [42] (no-
BPEXK/IEHHE KOJIJIAaTeHOBBIX CTPYKTYp) (pHc. 1);
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(
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{
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EXtONSION cmnnaie-

Puc. 1. lnarpamma
PacTAXECHHUA Ko/nareHa

B KOCTH MOfl BIHAHHEM
MEXaHW'eCKOM Harpyaku {42].
O6HACHEHHA CM. B TEKCTE

— Cpe3 110 IKIPaTHOMY CJI0K0 MEXKPHCTLTUTHBIX
coellfHeHHH [5], To ecTb noBpexkaeHHE MHHEPATb-
HBIX CTPYKTYp, PacnojoXeHHbIX BHYTpHbHOpHa-
aspHo (puc. 2);

— paspyulente cBzelt Mexay obbeaHHEeHHs-
MH KpHCcTaNMTOB {6], To ecTb NOBpexjleHHe My-
HepalbHbIX CTPYKTYD, PacNolOXKeHHbIX MexdH-
GpuanspHo (pHe. 3).

HaumeHnbinm noBpexaeHHeM, KOTOpoe NPOHC-
XOJIUT Ha MeXaTOMapHOM ypOBHe, sIBJIeTCs Pa3phiB
«KEePTBEHHBIX CBsA3eH», MOITOMY HauHeM paccMo-
TPEeHHE C 3TOFO BapHaHTa.

Puc. 2. CxemaTHueckoe HiobpaxeHue BHYTPHGOUOPHUNIAPHOTO PaclONOXKEHHHA MHHEPANLHBIX H KONTATCHOBBIX CTPYKTYP
H BADHUAHT INCMCHTAPHONO NOBPEKIACHHSA CABHUTOM MO BIMHAHEM MEXAHHUYECKMX HAarpy3oK: 8 — NPOCTPAaHCTBEHHbiE
OTHOUICHHA MUHEPATOB W KonnareHa B Hpubpunne; 6 — pparMeHT NPOCTPAHCTEEHHBIX OTHOWICHUM PA3IHYHbIX MHHEPATbHBIX
NIaCTOB BHYTpH GUOPHANE; B — BAPHAHT MEMCHTaPHOIO NOBPEXKACHUA CABHIOM NOA RIHHAKCM MEXaHHUCCKUX HArpy3oK
O6o3HayeHnn: | — nonepeuHoe ceHcHHe MUHEPanH3oBaHHOM GubpuiUibl; 2 — KOLNareHOBLIC MOICKY/TbI;
3 — BHYTPUPUOPHIUIADHO PACTIONOXKEHHbIC NAACTH 06be AMHEHHI| KPHCTANIINTOB TMIPOKCHANATHTA; 4 — Cpe3 NO FHAPaTHOMY
CNOIO MEXAY COCEIHHMH KPUCTATUTAMH THAPOKCHANATHTA, OOBEAMHEHHbIMHK B nacTul. F — cina, pacTarusatowan Guépunny,
@ — Yroa MexXay HanpaBNcHHEM PacCTATHBAIOLICH CHIL M NPONOTLHOM OCHIO KPHUCTAUIATA
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WA
\}

Puc. 3. Mukponospexaetius Tpabekynbl B ryB4aTOi KOCTH 4€/I0BEKA NPH OBbEMHOI OKPACKE OCHOBHBIM (hYKCHHOM!
a — MHKPOTPELINHA; 6 —NepeKpecTHO LITPHUXOBbIC BHEAPCHMWA B AMDODYIHYIO OKpAcKy (YKasaHhl CTpenKamu) (yBeansenue x20) (28]

Paspvigor  «mcepmeennvix ceased». Vicnonwvays
aTOMHO-CHA0BYI0 Mukpockonio, J.B. Thompson ¢
coaBTOpaMu [42] ofHapy>XHIIH, YTO TIPH pacTsxe-
HHKM KOCTHBIX CTPYKTYp Ha AHarpamMme B KOOPAH-
HATAX «CHJa — pacTsikeHHMe» KpuBast tedopMupo-
BaHMS KoJUlareHa HMeeT MHJIoo6pasHbIf XapakTep
BMeCTO IIaBHOro nogbeMa (cM. puc. 1). ITo MHeHHIO
HccaenoBateeil, nogobHas KpiBasi JeMOHCTPH-
pYET HANMYMe «KepTBeHHbIX cBsaselfl» (sacrificial
bonds), paspyluenune koTOpbIX NpeNsITCTBYET Heob-
paTHMOM AECTPYKUHH OCHOBBI KOJIIAreHoBbIX BO-
J0koH. Kax BMAHO M3 AHarpaMMbl, Moce 1peKpa-
WeHHs AefCTBHA CHJbIL, MCCllellyeMble CTPYKTYpbl
BO3BPALLAIOTCA B MCXOAHOE HeledOpMUPOBAHHOE
cocTosiHHe (B HAyalbHYI0 TOUYKY [HarpamMmsl, B
npenesiax 50 HM). CnenoBaTebHO, OCTATOMHBIE [€-
¢hopmatHi OTCYTCTBYIOT. ITOT PeHOMEH YKA3bIBaeT
Ha MOJIHOE BOCCTAHOBJIEHHE «XKE€PTBEHHBIX CBA3€EH».
ITo paHHBIM UHTHPYEMDLIX aBTOPOB, 3Ta PeOpraHH-
3aims obecneynBaeTcsl MOHAMH Kalblls, KOTOpble
hOPMHUPYIOT HOHHBIE MOCTHKH MEXAY ABYMS OT-
PHLATEIbHO 3apsKeHHBIMH HOHaMH Ha KOJlJlareHe.
AHAJIOTHYHbIE MOCTHKH MOTYT Take BbICTPAUBATh
U LBYXBAJIEHTHble KapOOKCWIbHbIE HOHbBI, B OTJ/H-
yKe OT OHOBIEHTHBIX, TAKMUX KaK HaTPUH.

TakuM 06pa3oM, «aKTHBHAA AJIMHA» BOJOKOH
HAH «CKPBITASs AJTHHA» LIeNIOYKH TMOJHUMEpA SABS-
eTCsl MEXAHU3MOM YXKEeCTOYEHHUsI uepes paspylite-
HHE H BOCCTAaHOBJIEHHE «>KePTBEHHBIX CBA3eH» [24,
42, 45]. JanbHeltwine uccnefoBaHMS MO3BOMIUIHM
MPeRNoNOKHTh, YTO 3TH CBA3M BAHAIOT HA BA3KO-
ynpyrue cBoHCTBa KOCTH M B MakpoMacluTabe [26,
27], onHako HEW3BECTHO, YHAaCTBYIOT JIN OHH B NPO-
ueccax pacrnpocTpaHenus tpeutit [13]. Ilo Haue-
MY MHEHHIO, 3TOT MEXaHH3M CBA3aH C NpolieccaMu
Pa3BUTHSI BHYTPEHHErO TPEHHA, KOTOPOE NPH 1iK-
KTMYECKOH Harpyske COIVIaCHO 3aKOHAM MaTepH-
alloBefleHNsl AOJKHO NPOSBJSATHCS HarpeBaHHEM.
Ho B paccMaTprBaeMOM CJyyae MOLIHOCTb NpoO-

11ecca BHVTPEHHEro TpeHUs HeBeHKa, 1 NO3TOMY B
6uoMexaHyKe ckejleTa OHa MAJIO3HAUMMa.

Cpes 1o MeXKPHCTULIHYECKUM COEAHHEHHAM
(No rUApaTHOMY CJ1010) cornacHo paspaboTaHiioi
HaMM Mo/enH [5] pasBuBaeTcsl NperMYIUECTBEHHO
B MHHEPA/IbHBIX CTPYKTYpaXx, pacloioKeHHbIX BHY-
TpPHOPHIAPHO, U NPOXOAHT B MJIOCKOCTH [H-
JPaTHOTO 1081, CBSI3LIBAIOLLETO COCeTHHE KPHCTAT-
JUTBIL (CM. pHC. 2). ITOT (PeHOMEH BLI3BaH TEM, YTO
TUAPATHLIH €O AEMOHCTPHPYET OTHOCHTEJNBHO
BBICOKOE CONpPOTHBJIEHWE OTPBIBY TOA AeHCTBHEM
HOPMaJIbHBIX (MepreHAMKYMIAPHLIX K eT0 MJIOCKO-
ctu) cu, 1 6ostee c1aboe COnpoTHBIEHHE CPe3y Noj
HeiicTBHeM kacaTeqbHuIX ycuauil. HopmanbHbie H
KacaTeJabHble YCHIHA XapaKTepH3YIOTC HOPMaib-
HbIMH G W KacaTeJIbHbIMH T HalpsXKEHHSMH CO-
oTBeTcTBenHo. KacaTesnbHble YCHIMSL BO3HHKAIOT
NOTOMY, 4YTO MPOONLHAA OChb KPHCTal/IMTA, Nep-
MEeHJIMKYAApHAsT IHIPATHOMY CROIO, He coBNajaeT
C HallpaB/IeHHeM PaCcTATUBAIOIMX (CKHMAIOUINX)
YCHHA B KOCTHOH TKaHH BBMIY BHHTOOOpa3Hoi
(cnupaneobpa3Hoit) eé CTPYKTYphI. YroJ paccoria-
COBaHHUA @ MoxeT gocturath 10-20° a B oTaeb-
HbIX caydasx 40° 1 Gosee. Cpe3 no ynoMsiHyTOMY
THAPATHOMY CJI0I0 C/1eJyeT CYHTATh 3JIEMEHTAPHbIM
aKTOM nospexacHns. B6auau Takux nospexaeHuit
TPaeKTOPHH TOCMOACTBYIOIUHX PACTACHBAKOIIKX
(CXKHMMAIOUIMX) HAINpPAKEHUH HCKPUBJAIOTCSH, YTO
BelleT K JafTbHeillieMy yBeUYeHU10 YIia ¢, TO eCTh
KPHUTHYHOCTh CHTYaLMH Bo3pacTaeT (5, 7).

Paspyienue coenHennit Mexay ofbeluHeHH-
siMi (KOHTIOMepaTaMi) KPHCTAUUIMTOB (CM. pHC. 3)
Habmonaerca B MeXGHOPHIUISIPHOM NPOCTPaHCTBE.
Jnst Tyuiero NOHMMaHWs 3TOrO MpOLECca OCTAHO-
BUMCSL Ha HEKOTOPBIX OCOBEHHOCTSIX (hOpMHPOBa-
HHS JaHHBIX coemrHern . CornacHo pa3paboTaHHOH
HAMH paHee Monenn [6], obbeniHeHHs KPHCTALTH-
TOB B KXK/IOM JIOKYCE B [1ePHOA HX POCTa M Pa3BHTHA
PA3ABHTAIOT OKPYKalolilHe OpraHHueCcKHe MOJIEKY/Thl
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B THAPOQIIBHEIX YYacTKax. JTO paciiMpeHHe npe-
KpauaeTcsi, KOrAa COCe[HHE KOHIJIOMepaThl YIH-
paloTcsl Apyr B Apyra. B mecte conpHkoCcHOBeHHs
CTPYKTYPBbL, HMeIoLIHe KpHCTa/UIorpadHyecKkie ocH,
PacrosioXKeHHbIe 1101 HEKOTOPBIM YIJIOM APYT K Apy-
ry, cpactaiotcs. B naHHoit pabote noctyampyercs,
YTO ITHM COCAMHEHMAM (nepeMblYKaM) MpHCylla
cTepxHenoao6Hast dopma, M obpasoBaHHe NoA0OHOK
CHCTEeMbl MepeMbldeKk Mex1y o0beIUHEHUSMH KpH-
CTA/UTMTOB TNIpeBpalliaeT ¥X COBOKYITHOCTH B €AMHBIH
MHHePAIbHbBIH MacCUB B KOXXIOH KOCTH.

HepaBHoMepHOCTb pacnipefiefieHUsT MHHepalb-
HbIX CTPYKTYP B KOCTHOM MaTpHKCE A€TEePMHHH-
PYET HEPABHOMEPHOCTH €ro ACPOPMMPOBAHHUS NOA
Harpy3ko#t. [ToatoMy o6beauHeHHs KPUCTALTUTOB
CMeLIAIoTCa OTHOCHTEILHO APYT APYTA, a MepeMbluKH
«i13rubatorcs». B TakKX ycJ0BUAX B HUX BOSHUKAIOT
HOPMA1bHbIC HAMPSHKEHHSA, CYLIECTBEHHO MPeBhILLa-
10ll[He Te, YTO JAeHCTBYIOT B KDKAOM I3 3THX MHHe-
pabHBIX 0ObeAMHeHUH B cpenHeM. B kputituecko#t
111 JAHHOTO JIOKYCA CHTYAallHH NepeMblyKa paspy-
L12eTCsl, KOHTJIOMepaThbl NOMY YAIOT BO3MOXHOCTH H0-
Jlee CBOOOZHOrO NepemelleHnst OTHOCHTE/ILHO ApyT
Apyra (NOBOPOT C OJHOBPEMEHHBLIM TNOCTYIATENb-
HbIM [BHXKeHHeM). B nmonobHbIx obcTosTesseTBax
TPOCTPAHCTBO MEX/Y COCEeAHUMH KOHIJIOMEepaTaMH
MOXHO KJ1acCHHUHPOBATh KaK «<HAHOTPELUNHY», 3 B
JlaHHOM KOHTEKCTe — 3TO O/IHil U3 BapHAHTOB MUHH-
MaTbHOI1 eIMHHLIbL MOBpeXxaeHHs™® [6].

Pa3ssuTie NOKQ/bLHO-THCKPETHBIX MOBPEXIEHMI
MOXeT NPOHCXOAUTb B RBYX HampasJeHusx. Bo-
TePBBIX, YePe3 CaMOBOCCTAHOB/NEHHE TOBPEXAEH-
HbIX CTPYKTYP, BO3HHKAIOLLee Noce NpeKpalleHns
AeficTBUS HAarpy30K U Ux cO/IMKeHHs 32 CYET yTpy-
IMX CBONCTB OKPYXAIOLLETO HEeMOBPeXAEHHOIO Ma-
TPHKCa, APYIMMH CJ10BaMH, Tocje BO3BpaileHHs
MX NPOCTPAHCTBEHHO B HaYaJIbHOE «HeMOBPEeXIEH-
Hoe» nosoxeHHe. [TonobHblt heHOMeH Bo3HHKaeT,
No-BMAWMOMY, MOC/e [pPEKPallileHUsa BbINOJHEHWS
JIOKOMOTOPHLIX YHKIMI BO BPeMS CHa UM AJH-
TeNbHOTo OTAbIXa. [lasiee MPOMCXOAMT YacTHYHOE
WM 1I0JHOE BOCCTAHOBJIEHHE MOBPEXKIEHHBIX 30H
[6]. Bo-BTOpBIX, NPH NPOAO/KAIMNACA MEXaHUYe-
CKHX BO3[EHCTBHUSAX MPOLECC MOBPEXAECHNA Pa3BH-
BaeTCsl Jajlee M BOIHMKAIOL{HE HAHOMOBPEXAEHMS,
€ MeXaHH4ecko# TOUKH 3peHHA, MOXKHO pacCMaTpH-
BaTh B KauecTBe cBoeoOpasHbiX Mop. Kak H3BecTHo,
yBeJIMYeHHE CTENEeHH MOPHUCTOCTH KOCTHOW TKaHH
CHWXAeT eé MOAYJb YNPYTOCTH, YBeJMUYMBAs TeM
caMbiM ftepopmupyemocTs [37]. B pesyssrarte 3ona
NOBpPeXJAEHUA YACTHYHO Pa3rpy’kaeTcst, a MeXaHH-

yeckass Harpyska liepepacrnpefesiercd Ha OKpYy-
KAOUIHI 06BEM, B KOTOPOM YpOBEHDL HanpskeHHH
HECKOJIbKO BO3pacTaeT. JTO YBeJHYHBAET PHCK BO3-
HUKHOBEHHS aHAJIOTCHYHbBIX NOBPEXIEeHHH H co3ja-
€T NPEeNNoChIIKU K (POPMHPOBAHHIO NOBPEXAEHUS
JIOKATbHO-CETEBOTO THIIA, 3aXBaTblBasi HeNoBpex-
NleHHble JIOKYCHhI.

JlokasibHO-CeTeBOH  THII NOBPEXKAEHHA Xapak-
TepusyeTcst paspylleHHeM OGOJBUIMHCTBA  pacrlo-
JIOKEHHBIX PSAAOM CTPYKTYD M [POCTPaHCTBCHHbBIM
00beAMHEHHEM MHOXECTBA JIOKATbHO-AMCKPETHBIX
nospex/eHui. B pesysisrate GopMHUpyeTCs JOKaTb-
Ho-ceTeBasds ¢opMa NOBpeXAeHHA (CTPYKTYpHOe
«paspbIXJICHHe»). ITOT BapHaHT HabaiogaeTcs 1pH
(hM3IN0IOrMUecKOM ANarasoHe Harpysok [ 295, 46].

Mopooriueckd OKATBLHO-CETeBOH THM MO-
BpOXAEHUA TposABIsieTcsl jokycoM Juddy3HoH
okpacki. OCHOBOIIOTaMAOUIMM YCJIOBHEM HaJlu-
YMsl ITOTO [MCTOJOTHYCCKOro (heHOMeHa ABJIAETCH
He TOALKO NPHCYTCTBHE TMOBPEXEHUHN, HO # BO3-
MOXHOCTb TOCTYTUIEHHS KpacHTeJsl B 3Ty 30HY.
ocsienHee MPOHCXOANT B TOM CAVyae, €C/IH PeruoH
JIOK1bHO-CETEBOTO [TOBPEXIEHHA KOHTAKTHUPYET ¢
PacnoIOXKeHHLIMI PALOM KaHAIbLUAMM, ¥ KOTOPbIX
pa3pylLIeHa CTCHKA, HJTH C TPELLIHHAMM, TO €CThb CyIUE-
CTBYIOT NMyTH AU YIHH KPacHTelist B 30HY NOBPEX-
Aedusi. TloATBepxAeHUEN 3TOr0 CAYXaT JaHHBIE,
nosnyyerHele G.P. Parsamian ¢ coaBTopamu [36] npu
M3YYeHHH 06pPasLioB KOPTHKAILHOIO c1ost Oosiblile-
GepLoOBOf KOCTH uYesioBeKa 110C/1e HX YCTATOCTHOIO
UMIUTHIECKOTO PACTXKEHHST ¢ MOMOWbIO JasepHOil
CKaHHpYIoleH codoKycHOR MHKPOCKONTHH. ABTOPHI
TIOKa3aTH, YTO NepBOHayaIbHO IHEXPY3HOE MOBpPEeX-
AeHHe BO3HHKaeT B MeXKKaHaIbLleBbIX 06/1acTAX.

Pe3ioMupyss M310XeEHHOE, MOXHO BbIAENNTSH
cnefyiollte xapaktepHcTuky YII jokanbHo-ceTe-
BOTO THHA!

1) MHOXecTBeHHble pa3pylieHHUs COCERHHX CO-
eAMHEHHH MEX1Y MHHCPAJbHBLIMH HAHOCTPYKTY-
paMH C TNPOCTPAHCTBEHHbIM OObeNHHEHHEeM 30H
TIOBPEXAEHHS,

2) onHOBpeMeHHOe YaCTHYHOe pa3pylieHHe B 3TOH
30He OpraHHueckHX CTPYKTYP;

3) HEeBO3MOXHOCTb CAMOBOCCTaHOBJIEHHA MOBPEXK-
AEeHHBIX CTPYKTYp 6e3 lLiejeHanpaBieHHOro Aet-
CTBUS KJIeTOK (peMOoaeNHPOBaHUA).

PacripocTpanen e nospexaeHUi JOKabHO-Ce-
TEBOrO THMNA IPOHCXOAUT IOJ BJIHSIHHUEM LHWKJIH-
yecKHX $PU3HOIOrMYECKUX HArpy30k H, HAYHHAACh
B HaHoMacuiTabe, MOCTeNeHHO YBenMYUBaeTCs,
ROCTHrast MUKpoMaciuTaba. 1o ApKO MPOAEMOH-

* QopMHPOBAKHE N VIO YCTANOCTHbLIX Y/IBTPAIIOBPeXACHUI TyTeM Cpe3a 10 MeXKPHCTA/LUECKHM COCAHHeHHAM
(rMApaTHOMY CI0I0) I PaspyLIEHHs CoeRHHeHi1H MeX Ty OGBeAMHe HHAMH KPHCTA/LTUTOR B aHHoIT paboTe 060CHOBaHbI
TOZbKO TEOPETHYECKH, TaK KaK B HacTosilllee BPeMSA HET THCTO-MHKPOCKONHYECKHX MeTOA0B HCCACA0BAHHS,
n0380s0WHX oTAMDGOepeHIPOBATL NOBPEXK/ACHUS, BO3HHKAIOLUHE in 1ivo, OT apTedaKToB, NONy4eHHbIX B

fpouecce fMOArOTOBKH Mpenapatos in vitro.
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crpuposaiu N.L. Fazzalari ¢ coaBropamu [28]. Kak
BHAHO M3 pucyHka 3, nnddysHoe nospexneHue
OXBaTbiBaeT Bce ceyeHHe TpabekyJibl. ITO O3Ha-
YaeT, YTO OHO MOXET MepeceKaTh JHHHH LIEMEHTa,
KoTopbie paHee 6blM c(HOPMHPOBaHBI B I1pefesax
Tpabexy bl MpH ee peMojesnpoBaHiH. [lo HaweMy
MHEHH 0, HMEHHO NPOLIECC MOCTENeHHOr0 «pa3pac-
TaHus» Y11 co3faeT npeanochlikKi AN BOIHUKHO-
BEHHS HOBOTO THIA NTOBPEXAEHUH — TPELIHHBI.

B cBs3Ku ¢ 3THM BO3HMKAeET BONPOC, KaK B 3TOH
OTHOCHTEJILHO TOMOTEHHOH, PLIXJIOH, cTpeMsiled-
€A K MeXaHH4ecKoit H30TPONHOCTH cpese HopMH-
PYIOTCS TPEIWIWHBI, U TOYEMY 3TH TpPELIMHBI, Kak
nokasaHo T.M. Boyce ¢ coastopamu [17], nmerot
nonepeyHo-ceTYaThit XapakTep. PaccMoTpuM nipo-
uecc MX 0Opa3’OBaHMsl, YUUTHIBasi OCOBEHHOCTH
YJBTPACTPYKTYPbl KOCTHOI TKaHH.

Mogzens dopMHpoBaHMHA IONepeyHO-CceTHATHIX
TPeL{HH YYUTBIBAET, ¢ OJHOM CTOPOHbBI, OpralH3a-
LMIO KOCTHOH TKaHH, a, ¢ APYIO#, — HaNpsXKeHHO
neOPMHPOBAHHOE COCTOSIHHE JI0Kyca KOCTHO#
CTPYKTYpB! NOA Harpy3kofi.

[lepBoHayanbHO BbIAETHM 37IEMEHTBI CTPYKTYP-
HO#t OpraHH3auMK KOCTHOMH TKaHH, Npefonpenes-
olliHe Han4re MexaHyeckH cnabbix JOKycoB B
YCAOBUSAX UMKIHYECKOH MEXaHHYECKON Harpy3KH.
1. [IponoabHble ocn KonsareHoBhiXx GHOPHIT B
KOCTHOM TKaHM TIPEMMYLIECTBEHHO COBNAAIOT C
HalpaB/icHHeM OCHOBHBIX AeHCTBYIOLIMX CHIL
2. I'nasHble kpuctannorpaduyeckye ocH MuHe-
pajibHBIX O06beaMHEHMH Kak BHYTDH, TaK M BHe-
(GUOPUIISPHO COOTBETCTBYIOT HANpPaBJEHHIO OC-
HOBHbLIX JeHCTBYIOLIHX CHMJ, HO, KaK NpaBHIO, He
COBMAJQIOT ¢ HEMK. JpyriMi c10BaMi, Bceraa cy-
IlECTBYET YTOJl PacCOr/1IaCoBaHHUSA .

3. PsitoM pacrnosioxeHHble kpucTaanuyeckie 06s-
elMHeHNs CPACcTaloTCs APYT ¢ APYroM yepe3 fepe-
MBIYKH, IpHYEM MX TJIaBHble KpHcTawnorpadmye-
CKHe OCH PacnosioXeHbl MOZ YIJIOM APYT K APYTY.
CornacHo npeanaraeMod HaMM MOJeJH  Ha-
ApsKeHHO-1eOPMHPOBAHHOE COCTOSIHHE JIOKYCa
KOCTHOH CTPYKTYpPbl NIOA Harpy3xod aHaJIOTHUYHO
HanpsxeHHo- 1eOPMHPOBAHHOMY COCTOAHHIO
TBEPAOTO TeJla, HarpyXeHHOoro NMoJo6HbIM 06pasom
(pHc. 4). Kak BUAHO U3 cCXeMbl, OCHOBHbIE BEKTOPH
CHJI, AeHCTBYIOILHX NMPH LHKJIHYECKHX Harpyskax
Ha ¢parMeHT KOCTH, COBMAJAlOT C HanpaB/eHH-
eM TIPOJOJIbHBIX ocell KostareHoBbIX ¢ubpuai. B
aTHX YCI0BHAAX Hanbonee HHTEHCHBHbIE B3AHMHbIE
CABMIH MexJy OJM3NeKalluMU MHHepaIbHBIMH
CTPYKTYPaMH J10/1KHBI TPOUCXOAUTD NMOA YTIoM 45°
K BEKTODY IIaBHOIO PacTSIrHBAOLIETO (CXXHMAIOLLE-
I'0) HOPMATLHOIO HanpsikeHust ¢. VIMeHHO 1o 3THM
HampaBieHHAM [JEHCTRYIOT MaKCHMalbHble Kaca-
TesibHble Hanpsikerus 1 [12]. Ciegosate bHO, NO
HUM Hanboslee BEPOSTHO BOIHHKHOBEHHe 3JeMeH-
TapHbIX JIOKAbHO-AHCKPETHBIX MTOBPEXACHHH.
OfnHako Takux JMHHIL B o6beMe Joboro JIoky-
Ca TKaHM OecKOHeYHoe KOJIMYeCTBO, M TM03TOMY Ha
HayaJbHOM 3Tane 3/eMeHTapHbLle [OBPEXIEHIA,
MOJE/M KOTOPbIX ONHCaHbl BhIWIE, paclpeflelleHbl
paBHoMepHo. B janbHefilem no Mepe pasBHTHA
Y11 ata paBHOMEPHOCTL HAPYLIAETCS, NOBPEXAEHHS
IPYTIIHPYIOTCA BOKDPYT HECKOJIbKHMX JHHHI fei-
CTBHSl MaKCHMaIbHBIX KacaTejlbHbIX HanpseHHi
T, (CM. pHc. 4). B pesyabrare atoro upouecca u
C/MSTHMSL 3J1eMeHTapHBIX NoBpeXxaeHHH GopMupy-
etcst HoBoIft TMN YI1 - ynwrpatpenna. [Ipu atom
BEyllYIO POJ/Ib B BO3HWMKHOBEHMH MOMEpeYHOo-ceT-
YATLIX TPELUMH HIPaeT TOT (PAKT, YTO JMHHH MAKCH-
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Puc. 4. Cxema MeXPUOPUWIIAPHBIX KOHFAOMEPATOB KPUCTALIMTOB FMAPOKCHANATHTA NOA Harpy3Koii:
a — 06wwmit Bua; 6 ~ pa3pes no KLM
O6o3nadeHHs: | —~ MaHXeTXa U3 MUHepansHbiX 06beaMHEHUA okpyxalowas GUdpunan;
2 — MUHEpPaNbHBIC KOHTAOMEPaTh! B MEXDHOPHANAPHOM NipocTpakcTse; F — Hanpasnenue aehcTBrA
BHEWHEN cuibi; aa, bb — CeUeHUA, B KOTOPbIX NPOUCXOAAT Hanbonee HHTEHCHBHbBIC BIAUMHBIE CABHTH
MEXUTY 6IMANEXKALKUMH MHHEPANbHBIMU CTPYKTYpPaMH
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MaTbHBIX KacaTesbHBIX HallpsKeHHH T [poxonasT
MO B3aHMHO [lepIEHAUKY/APHBIM Harpas/eHHIM
[12]. Bor noueMy Ha rHCTOJIOTHYeCKHX cpe3ax fo-
nepeYHO-CeTYAaTOE PACTPECKHBAHHE pPacllojIokKeHO
Ha ¢oHe auddy3HO okpalueHHOH 30HbBI NOBpPeXJIe-
sy, laibHefiun#t poct atoro Tuna Y11 nogunnser-
sl 3aKkOHAM MexaHHkK TpeluH [10]. Mnave rosops,
BO3HUKHOBEHHE B JAHHOH 30HE MHKPOTPELIMH(bI)
NePeBOANT 3TOT JIokyc YTl Ha KauecTBEHHO HOBbLIH

ypoBeHb. JTOT BOMpoc TpebyeT B JasbHEHLeM OT-
1e/IbHOTO PACCMOTpPEHHSL.

Bbiso bl

M3noxeHHble coobpaxkeHus NO3BOJSIIOT Bbiae-
JNTDb Clledyloire ocobeHHOCTH HayalbHOrO 3Tamna
pasBuTHs YIl, BO3HHKAOWMKX MO BAUAHHEM H-
3HOJIOTHYECKMX IMKJINUYECKHX Harpy30K.

1. Y1, dopmupyiouidecs npu Bo3AeilcTBHH
UMKJIHYECKHX Harpy30K, MepBOHAYATbHO MMEIOT
JOKaIbHO-IMCKPETHY IO CTPYKTYPY.

2. JlokanbHo-AUCKpeTHEIE NOoBpeXAeHUs
npeacTaBAsioT coOOH BapHaHTBI 3JieMeHTapHbIX
eNMHUL pa3pylieHHit: pa3pbIBbl <«)KEePTBEHHBIX
cBsi3elt», cpe3 Mo rHAPaTHOMY CJI0I0 MEXKPHCTa-
JMTHBIX COeMHeHHt, paspyllleHue coegHHeHHH
MexaY 00beAHHEHHSIMH KPHCTAIHTOB.

3. JlokanbHO-AHCKpeTHBIE NOBpeXAeHUs
CrocobHbl K CAMOBOCCTAHOB/IEHHIO NOCJIE NpeKpa-
L{eHHS AeHCTBUS UMKIHYECKON HAarpy3KH.

4. HakornuieHse eIMHMYHBIX  HapyleHHH
CTPYKTYPb! NIPUBOAUT K POPMHPOBAHHIO JIOKAJIb-
HO-CETEBOrO THIIA MTOBPEXACHUH, MPH KOTOPOM HX
MPOCTPaHCTBa 0ObeauHsIOTCs, (OPMHpYs ceTe-
BYIO CTPYKTYPY, MOpP(ONIOTHUECKH MMPOABAAIOLLY-
tocst AMdDY3HOH okpackoit.

5. PaapuTHe nokannHo-ceteBoit dopmbl Y1
BEAET K «Pa3pbIX/JeHHIO» MHHEPAJIBHOIO MATPHK-
ca U $HOPMHUPOBAHUIO MEXaHHYECKH H3OTpOMNHOI
CTPYKTYPBHL.

6. «Pa3pbixieHHe» MHHepaJIbHOH CTpPYKTY-
pbl TIPOMCXOAMT MPEUMYILECTBEHHO [0 JIHMHHAM,
HaKJIOHEHHBIM MOA YIJIOM 45° K HanpasJ/IeHHIO OC-
HOBHBIX YCWIMH, TO €CTb 110 X0y MAKCHMaJibHbIX
KacaTe/IbHbIX HanpsxxeHul t__ .

7. llonepeyHo-ceTyaTbie HOBpexAeHHs (pac-
TpPecKMBaHHe) BO3HHUKAIOT MO/ BJAMSHHEM Hamps-
KeHuit T, NEHCTBYIOWHX MO B3aUMHO NepIieH H-
KYJISIPHBIM HaMpaBIeHHAM.

8. 3ta HOBast CTPYKTYpa sIBJfETCH Tepexol-
HoHt dopMo#t ot ctagun Anddy3HBIX NOBpexe-
HUi K cTagny 06pa3oBaHist MHKPOTPELIHH.

B 3akoueHHe HeOOXOIHMO MONYEPKHYTh, YTO
pellleHHe MHOTHX paccMaTpHBaeMbIX B JaHHOH pa-
6oTe BONPOCOB OCYIIECTB/EHO HAa OCHOBE TEOPETH-
YeCKOro MOieIHPOBaHHUs U TpebyeT B faibHellueM
3KCNepPHMEHTATbHOMN NPOBEPKH.

10.

1.

12

13.

14.

15.
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