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KPMCTAJIJlOXHMMR, MHKPOMOp<r>o.JlOrMH, CTPYKTYI'A U CBOHCrBA
 
1i110MI1HEPAJlOB KOCTHbIX OCTATKOB
 

MJlEKOnMTAIOIl(I1X 'lETBEPHfLfHoro nEPMoilA
 

C.Jl. BOTRKOB, H.r. C"npHoB, ).\.B. KnccJlcoa, LC. Illaranon. H.O. Ca.u.ncoua, 
c.c. Fnasa'rcxax, H.B. bhl"OH, H.B. 'lepeI\HRQeUKO, O.A. bepe']H""Ha 

brW.\fHHepaHhlJa.H KOMnOHC]rra KOCTe(.:J H 3Y­

60H CHHTc3HpyeTcR B oprafHnMe no.i npH\tblM 

c}nBHo.10rHt·leCKH.M KOHTponC~f, H norosry XHMH1M 

KOCTHblX MaTepHa",10B (aionouas MHKpOJllCMeHTbl) 

orpaacaer acncxrt.t 6HO_florHH ,KHBOTlIoro, B -rac­

T'HOCTH, 3arp.R3HeHHe npHMeCHhlMH 3nCMeHTa.\IH. 

Muucpanu KOCTH ofinauaror nOBhlUleHHOH cnocoo­
HOCThlO K HaKOnJ1CHIHO npuveccii, l:nasHh[\1 o6pa­

30M, H3-3a MaJlbIX pa3MepOB KPHCTaJIJ1HTOll rH;J:­

POKCH3IlaTHTa. KOCTH nperepneuaior CJIO)KHhIH 

pR.l nocweprnux ,uuareHeTu~eCKUXnpcofipasoaa­

IHil:1. KOTOpblC 06bl4HO npaaonsr K HX nOHHoMy 

pa3pYllleHHlO. B Cneu,H¢HlleCKHX YCJ10BH.HX saxo­

pOHeHH.H KOCTH BCTynalOT BO ~n:H1MO)leHCTHHSI C 

B.\lew.afOLlleH noponoa. Pe3YJIhTaTOM raxoro 81a­

HMO.lleHCTBHSl .HBJIReTC.H HX nOJIHaSl H1I11 4aCTH4­

Ha.H ¢OCCHmnaUHR, X11MHyeCKJiH COCTaB KOCTCH 

npa 3TOM 3Ha4l1TeJIbHO H3MeH.HeTC.H. CO.uepX{3HHe 

MHKp03:le~feHTOB B KOCTH MOlKeT H3,'\-teH.HTbC.H 

cr33Y nOCJ1e «aTMHpaHHSn). H XOTSI 3TH H3r-.leH~HH5I 

CHHlKalOT ueHHOCTb .upeBHHX KOCTCH, KaK noxasa­
T~.l.H epH3HOJIOrHl1 I1JlI1 )],l1eTbl .LI.pCBHHX }I(HBOTHbIX, 

MHKpo3.TJeMeHTHbIH COCTaB HCKonaeMblX KOCTCH 

MOlKeT CJlYJKHTb HCTO'-\HHKOM ueuuoil HHQ30pMaUHH 

o na.ieocpene [Trueman, Tuross, 2002]. 

06wupHaR nHTepaTypa rtocnsureua HCCJle­

,llOBaHHJlM MI1KpOnpHMecHoro cocrasa l1CKOnae­

"biX xocreji (CM. no,up06HblH 0630P [Trueman, 

Tuross, 2002]). B ue-rrpe BHUMaHHR HCCHe,uOBa­

TeJleH OCTaeTC5I. sonpoc 0 ¢H3HKO-xHMw-lecKoH H 

KpHCTaJIJlOXl1Ml14eCKOH Hl-ITepnpCTaUHH npouccca 

q,ocCHHH3aljUU KOCTHblX TKaHeH. Ilo MHeHHIO pxna 

nccnenosarenen [Kolodny el al., 1996] npezirrona­

raeTCJI, 4TO nepaa-raue ~HKpoKpHCTaJlJlhl KOCT­

uoro ananrra B npouecce ¢occHnH3aUHH pacrso­

pRIOTCR, a Ha ux MeCTe q,op" "PYIOTCR HOBbIe KpU­

cra.rnst ayTUI'CHHOro xapfiouardrropanarnra. 3T" 

n01B0J1.HeT aeropav llHTHPOB3HHOH pafio'rs: pac­

CMaTpHBaTb q,OCCUJT~30BaHHYKl KOCTHylO TKaHb 

KaK nCeB.llOMo<p03bl nepaa-raorc anarara C MHK­

pOCOCT8BOM, KOTOpblH npaKTi'PfeCKH HC CHH13H L 

IICPBHllHblM 5HoanaTHTO,\1, 3 onpcnenaercs yCJlO­

RHRMH, npl1 KOTOPblX npOXO.HHn npouecc q)OCCHJlH­

,aljUH. HanpOTUB, B pafiore [Hubert el al., 1996] 
npcanonaraercs HeCKOJlbKO HHIDI MOn;eflb npouec­

(a q,OCcu"U3aljUU (peKpUCTaJTJT<i:lal\UU "OCTHOH 

TKaHI1), KaK '3anO.IIHCHl1e }-IoBoo6ra30R(lHllbl~'\ a~ 'I II· 

reHHblM anaTHTOM MC'KKpHcTa.lnH'-lt:l:KOI'lJ Illk1­

crpancraa B KOCTHOH TKaUH, CI 0 napaurua.nr.re 11;1 

rrepBw-IHbIC MHKpOKpHCTaJlJlhl 0l-10rCIlllOr o ~l[l;ll .t­

'rn, HMelOlucro pa3Mcpl,1 nopH.'l~:~1 401-H); 1() il"l. ~ 

KOHUeHTpHpoBaHHeM B cTryKTypc H()HuCJ6p(n~ik;lll­

uoro ayruresuoro ana'nrra ACCX U(I'!OlmhiX \1111\· 

plBneMeIJTOB -- CTpOHII"R. ypa,,". PT) "'111 llpa 
'JTO.\1 aBTOpaMl-1 [Hubert ct 111., 190bj 11(' iil'K:llCo­

qaeTCH, IfTO npH Q30l:CHJlH3,UlHI-i l:'> ·~aBHCHMCI\.'rf.1 ot 

oKpY)Ka!{)UlI1X yc.:WBHH RO:!MOiKHbl rakxcc npouec­
Cbl ancopfiuua MHKp03J1CMeHTOB Ha nouepxnocru 
nepBl1l.JHhlX M HKpoKpHcTarJ.TJOR 6HoreHHoro anaru­
'ra, a TaK)f{C H30Mopq)/-lOe BXO)J{},eHHC HCKlHOPbl\ 

KaTUOIiOB R crpyKTypy 6HoanamTa (runa PTY ~ 

Na' --> 2CaH 
) . CTaBHJTCR ROllpOC [Sillen. I.e Ge­

ros, 1991) 0 BbI.lleJieHl111 C HCnOJlb30BaHHcM erie 
uaansasrx cxev XHMHyeCKoro pa3:W){CeIIH}l l\OC 1­

HblX TK:lHeH MI1Kpo'JJ1e,\1eHTOB, CBWWIlHbIX l' ne:p· 
Bl14HblM 6uoanaTHToM 11' BTOPWIHbl:\1 ayn11'ellllhl\1 

Onuaxo, 0.uH03Hal.fHOrO orsera ira IIO"::T:lILJCIIJII,lil 

sonpoc 0 B01MO)f{HOCTU IlO)ll)OIlOrO Bbljle:lO:lillll 

HeT 1-1 rto HaCTOSJ:mero Bpc\teHH. 

Ha CerO)J,IIH npe;lCTaSJlflCTC51 ()\ll'li~Ullljl\1 

-rro HcnOJlb'J(1Il3HHe MYlKpCn;It:'\-1L:li I Ill)! II '-'Ill! :ll~~l 

I1CKOnac\tbIX KOCTHblX TKaHe~1 B OHoap.\CUJIOI WICl­

KI..fX npI1JlO)KeHH5IX (npH aHaJll13C uaneoznrer, ypauo­

BOH 6HOXpOHOllOrHI1, nanCOOKCH6apOMeTpHl.JeCK~1\ 

peKOHcTpYKljHRX H np.) ,uOJTlKHO npoao.ur-r.cx c 

YlJeTOM RJIHJlHH.H npouecca QJOCCH1UnaUI-1H 

AKry3.JlbHbf HCCJle.llOBaHWI KOCTHblX OCTal­

KOB MJTeKOnHTaJOID,HX 4eTBepTH4Horo nepnona. 

ilJIR xoroporo xapaicrcpuu ~epenOBaHUR XO.10,1­

HhlX H rennux anox, peaxae KopOTKonCrHO,JI-iYHb:'': 

KOJle6aHH.H KJlHMaTa BHyTpH KpynHhlx K.rn!\lilH1­

YCCKI-1X 31l1130D,OB, cyruecr ae uuae [''':Tl'pUXpl11'­

HOCTh K.rJHMaTHyeCKHX H'3MeH(:IlHH. ~·hft'IIH:J 'J 

yeTBepTHYHbIX OrnO)K~HHSlX KOCTHblC ocrar KIA. 110· 

3BOH04HhIX )f<l1BOTHbIX ll3CTO OOpa"3)'H.H ~taCC()llbJi.' 

CKonJleHHR. B phfX",lblX OTJlmKeW1IL\ K,lfKWFbl\ 

fIOJlOCTeti KOCTH l\ollu,ellrp~1pYl()ICR n 11;.' l y ·: I, I ' l l :" 

/lC:S1TeIlbHOCTH XI1U\HI1KOB. TaKYI~ CKt.HL:~1.'IH1\1 \1()­

rYT 06pa30RbiBaTb MHOrOCJlOHIII~I(?-rOJlIUI-1. co.rep­

>KaUUfC n;eC}fTKI1 ThICRY KOCTHblX OCTaTKOEl ])"3­

HblX BH.llOB :iKHBOTHbIX. YPaJlhCKHe ropsi H\i BLC\1 

IIlHpOTHOM npOT.H>KeHHH OT APKTH1~CCl\Oro no6',:­
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rClf{b~,n:O lO:lfmOH OKOHeYHOCTH conepscar xapcry­


IlllLH1eC5I rtoprvtu, rne B neuiepax H rporax urupo­

KO npe/1CTa13JlCHbl MaCCOBble CKOnneHH5I OCTaTKOB
 

ye rnepn1Y H "IX )f(HBOTHbIX r4CTBepTl1YHa5l ... ,
 

~ 20011 I1MeHHo 6J1arollapo MaccoBocTH, WHpOKO­


~y rcorpacjJH"CCKoMy H xpoHOnOrH"CCKoMy pac­

npocrpauenmo, OTHocHTenhHoH Taq>oHoMH4ecKoH 

C1}J.HOp0J1HOCTl1 aooreaaue KOCTHhle CKOJUleHHJl B 

vpanscxux I<aPCTOBhlX nOJlOCTOX CJlYlKllT Yll06HhlM 

I 
f 

061,~KTOM /l,JUJ 113yyeHHJI 3aKoHoMepHOCTeH npeo6­

pa30BaHHSI KPHCT3J1JlOXHMH4ecKHx H npynoc CBOHCTB 

6HO,\IHHepa'lOB KOCTHblX OCTaTKOB MJIeKomrrarouufX 

a rtpouecce (tJOCCHJlH3aw·H1. 

3<1\-leTH'd, 41'0 fJO.aOOHble pa60TbI HeA03­

\'1O/KI'lhl fiCl a;HlIlTaIU·1H COl3peMeHHhlX allaJIHTH­

l~eCK~-tx MeTOWiK K H3Y4elHilO 6HOMl1Hepa..JlbHhiX 

061lt:KTOR; aKTya.rlhHblMI1 OCTalOTC5I 3a,nal.fH H3Y­

QeHH9. ~i parpafiorxn npaKTH4eCKHX npHeMOB H 

\1CTO}Jl.1K rrpOBeJ1eHH.SI npofiononroroax» H H3Me­

relB-Hl HH1KHX H ynhTpaHH3KHX COTlep)f(aHliH 3J1e­

...,eIrlOH B KOCTlibIX TKaHJlX 11 HX 111MeHeHJ.UI. B npo­
ueccc ~)OCCH:IH3au.HI1. 

, 
t 

QeJlb pa60TbII 
! I1cCJleIlOBaH~e ocofieunocreei C11JYKryphl H 

I 
cocrana ~HlI.epaJlbHoH KOMnOHeHTbl cospeMeHHblx 

l-1 HCKOllaeMblX KOCTHhlX TKaHeH MneKOmnalOU.lHX, 

aHa.Jl113 RJlH5I.HHJI npouecca ¢OCCH.1H1aUHH.

i 
i 06beKThI Hee.'eIlOBaHHA 

vlarepuan "3 neurep yparn.cxoro pervoua: 

I 

cemHl KOCTflblX OCTaTKOB (ucrnocrcii) BO~lJ1HhIX 

li(YICHOK (Arvicola terrestrisy H «onsrraoro nev­
~H""a (f);crostonyx lorquatus) C pasusrx fJly6HH 
·HlJleraH~Dl H soapacra aaxopoaeuati (OT coepenen­
IlhlX no ncxortaevux C B03pacToM B .aeCHTKH Tbl­

UlY ;I~'!) ~n 100rCHHblX OTJ10)f(eHHH B «apcrosux 
nOJ!OCTHX. )],.Tl5I cpaBHeHWI UCnOJTb30BaHbi HHiKHl1e 

"",lKlCTI1 BblMepwHx Al/ophajomys pliocaenicus 
In aI1JIJ{)RHa.lbHoro MeCTOHaXOlf<...-1eHHSI CKOpO.ll.yM 

Ha p, HPTbIW, Troveucxas 06J1. [CMHpHOB, Eons­

III''''·'''' .W.. 19861· 
l-h-i)f{lll1c 4eJIlOCTH Arvicola terrestris, HC­

Ili).'I;:ln l1il f I H f,l C ~fJ,;llt ClIHLlH3a. nO.--:lY LICHbl H3 H~­

CKOJlbKHX MccToHaxmK.aellHH pasuoro aospacra. K 
]](I'\;1I1:::MY I o.roucny (BO]paCT OT EI,CC5ITKOI3 il,O nep­

1\',1\ r ),1:;: WI .icr) OTI-IOCHTC5I ....WTCpHa..:lbl H3 HaBC­

:'::11 l\u6.:ra :::. (lJe LlOpo-l1JlbI4CKHH 3anORe/'l,HHK. 

-,f CeBepHblH YPaJI) H naseca CTapHK (npHpolIHblH 
s: 

•
I

lIapK OJleHbH Py%H, Cpe)1HHH Ypan) [C3i\blKOBa,
 

2006: 20071 K f1epBOH IlOJlOBHHe nosnaero nnea­

croueua (B03pacT OCTaTKOB 60Jlee 30 TbICO" ner)
 

I 
OTHOCHTC5i MarepmUI H.3 netuepu )KHJJHl.ll,e COKO­

na aa p. KaKBe (CeBepHhiH YpaJI) H Maxuesckot; 

nellOHOH neiuepu, AJleKCaHllpoBcKHH paHOH. Ilep­
MCKIfH KpaH [CMlfpHOB, 1996; d>aJjeeBa. CMHpHOB. 
2006] (Ta6J1. 1). 

MeTo.c.hJ H(:(:JleaOOSnHB 

L(JlO HCCJlCIlOBaHHO ocofieuuocret; penserpa 

H MHKpOcrPYKrypbl nOBepXHOCTH ncnornnonanacs 
aTOMHO-CHlTOBaSl MHKPOCKOTlH.SI H BTOpH4Ha51. 311CK­

TpoHHao MHKpocKonHo (MHKpOaHanI13aTOp 

Cameca SX J 00); iI.TO H3y"eHHO Jjla30Boro COCTa­

aa H TepMl14eCKl1X CBOHCTB - peHTreHo¢a30BbTii 

(L(POH-3) 11 TepMH"eCKI{H (Diamond TG-DTA) 
MeTO.llbT; MaKpo- U MHKpOJJIeMeHTHblH COCTaB on­
penensncs MeTOnaMH :lJIeKTpOHHO-30H,UOBoro 

MHKpOaHaJlH3a (33MA, Cameca SX 100) H Macc­
CTlCKTpOMeT'pHH C HH)JJ'KTHBHO cBfl3aHHoH nna3MOH 

(HCrr-MC, ELAN9000); HHcjJpaKpacHao (HK) 
MHKpOCKOIlHO (Continuum). 

Pe1YJlhTaTbI H ooeylKJleUHe 
Muxpocmpyxmypa no~epXHocmu (,)all­

IIble ACM). Ha pHC. 1 npasenenu rpexvepnsie 
H306palKeH"0 cjJparMeHToB KOCTHhIX naHeH H3 

aepxuero, cpennero H HH)f{HerO CJlOeB aaxopoue­
IIHO Haneca CTapHK (HC-l, HC-2 H HC-4 CODT­
ReTcTBeHHo). Ha acex H306pa)l(eHHHX xopouio 

BHIIHaH 3epHHCTaO rparrynononofinas crpyxrypa. 
BDlCOTa perrsctpa e)1HHH4HhIX rpaHyJl sapi.apyer OT 

30 rnc.i, HC-4) 110 55 HM (HC-2). Oopaseu HC­

I H3 aepxuero CJ10~ HMeeT ,UOCTaT04HO O,UHopOJl­

HyKl CTpyKrypy; IIJlO ofipasuou HC-2 H HC-4 nc­
penaa pensedia cocrasnaer nopsnxa 400 I{ 800 HM 

COOTBeTCTBeHHO. Bo scex ofipasuax cjJHKCHpyKlTCH 
xpynaue «zauanu» HIm «rtposanst» (3aTCMHeH­

Hble 06JlaCTH), B03MO)f(HO HBJIfilOmHeCJI xaaanav« 
raBepCOBOH CI1CTeMbl, IIo.n;BeprWHXC~ parpyuie­
HHlO. Taxne xce oco6eHHOCTH MHKpoc-rpyKTyphl 

nOBcpXHOCTH 3a<jJHKCHpOBaHhl 1\Jl0 06pa1UOB 111 
MeCTQllaXO)f{J1elmO KbI6J1a 2. Bee HCC.leIlOBaHHble 

ofipaausr OTHOCOTCR K OIlHOMY TacjJOHOMH"eCm­
My TUllY H 6JIH3KH no B03pRCTy. OIlHCZlI-IHblC xa­
paKTepHCTHKI1 MHKpOCTpyKlyphi I1X nOBepXIIDCTH 

IlOCIY)J(3T B Gy,'1,YUle\1 MaTepHa~IOM ).~J)H CpJ.BHt> 

HHH ClIaHHhlMH no ilpyrHM THnaM 1axopOHeHHH. 

qJ(I'J(JeblZ~ cocmae u mepMUT.ieCKUC c6ml­

cmrw. no :laHHbIM pcnrrcaodiajonoro auanasa 
see OOpa3L1.bl HCKonaeMblX KocTeH - MOXO OKpH­

. :':f 
CTRJUIH30BaHHble anaTIITbI; B ueKOTopblX BCTpe4a­

eTCJI npxvccs rerirra H Ka!lbUI1Ta. TepMHQeCKHH 

aHaJIH3 KOCTHLTX TKaHeH C P3.3IUNHbIMH ypOBHfI­

MH q,oCCIf1lH3aUHH CBHlleTeJlhCTByeT 0 HaJJH"HH 

TPex TeMrreparypHbIx .D.HaUa30HOB, COOTBeTcTBy­
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Tai5:7II/((l I 
Hccnenoaannsre ofipaausr KOCTHhlX OCT3TKOB 

I 

N~ 

I 

2 

3 

4 

5 

6 

7 
8 

9 

10 

K-l 

K-2 

K-3 

HC-I 

HC-2 

HC-3 

HC-4 

HC-5 
. JKC-l 
I 

JKC-2 

I 

I 

I 

BHil 

Bonsuaa no­
neBKJ 

(A rvicola 
terrestriss 

KOTTbITHbIH 

IleMMHHr 

tDicrostonyx 
torquatuss 

",'leCTO orfiopa 

nootiu 

Haaec Kbl6.oa 2, 

ne40po-H.%14CKHii 
aanosennatcaanan-
HbIH CKnOH Cesep­

noro Ypana 

H asec CTapHK, 

npHpoilHblH nap« 
Onensa pyns», 

p. Cepra, 3anailHbJH 

CKnOH Cpenuero 
Ypana 

Ileurepa JKIL1Hlue 
Coxona, p. KaKBa, 

rpauuua Cpennero 
H Cesepnoro Ypana 

Cnoii 

0-0,5 CM 

0,5-1,5 
CM 

6-9 CM 

0-1 CM 

2-3 CM 

4-7 CM 

10-11 C~I 

10-11 C\1 

30-45 cv 

60-75 CM 

npHMepHblii 

B03paCT 

Ilenasre ileCHTKI1 ner 

CorHH ncr (n03ilHHii 
ronoueu) 

He npesnee ncpsca 

TbJCH4H ncr (noan­
flHii ronoueu) 

Ilepsue .ueC5I'TKH ner 
(no'J)J.llllii ro.touen) 

COTHH ncr (n03i\HHH 

roriouea) 

TblCH4H ncr 

(ronouea) 
Eonee 30 TblC ncr; 

ceperuora noaanero 
nnenCToueHa(Heorr­

nelicroueaa) 

Llner 
060a31.\a 

CBeTJ1bIH 

CBeTrlblfi 

TC\-tllblH 

CBeT:lbl!i 

KpaCIiOmlTO~ 

KOp~1~IHeBbJr[ 

KOpt1 llHeBblrl 

KOpl1"HeBblii 

TeMHblH 

Te,~lHblfi 

TeMHbIH 

I 

i 

II 

, 
i 
;
I 

I 

CK 
Allophajomys 
pliocaenicus 

CKOPOilYM, anrno-
BHaJ[bHble OTnO)Ke-

HHH na p. Hprsnu, 

TfOMeHCKa" 06n. 

- Conm TblCHY .ier 
Oueiu, TeM­

Hhlf1 
I 

I 

12 M 

BOMHaH no­
neaxa 

iArvicola 
terrestrisj 

MaxHeBCKa" neaa-

Ha" rreurepa, 

nepMCKHH KpaH 

- B03pacT HeH3BeCTeli TeMHblf1 II 

I 

<)

'7 
(, \ 

. 4 

3'2 I 

\, ... ,:-11(,\1 

MKM 

" 6 

Pile 

PHC. 1. Tpexaepnue ACM-H306palKeHH" cjJparMeHToB KOCTHbJX TKaHeH Arvicola terrestris II] 

aepxuero HC-l (a), cpennero HC-2 (6) H HHlKHero HC-4 (B) cnoes 3axopOHeHHH Haueca CTapHK. 

M)(\l 
\11.:\1 2 

" 

fOIllHX norepe ancopfiuaouaoji BOilbl (SO-220°C); 

necTpyKUJ1H KOMflOHeHTOB OpraHH'-IeCKOJ1 COCTaB­

naiouiea (220-600 DC); CTPYKTypHO-XHMI14eCKH;J 

npeepaurcansv MliHepanbHOH KOMnOHeHTbl (600­

1000 DC). YCTaHOBneHO, 4TO norepn MaCCbl 06­

P33110B B ilHanB30He 220-600 °C cyw,eCTBeHHO p33­

IlHYHbl B 3aSHCHMQCTH QT aospacra KoeTH. Hase­
eTHO, !..fTO noreps OpraHHYeCKOH 43CTH uaufionee 

H1neHCHBHQ flpOHCXOJlHT, noxa xocn, HaxOLlHTCfI ua 

nOBcpxHOCTH, no 3axOpOHeHI1". Bo scex 113y4eH­

HbIX ofipasuax conepxaauc OpraHI1KH MCHLWC, 

l..feM B Cae)KHX KOCUIX. )l;JUI cy6epOCC~1JlbHbjX 06­

pa3IJ.OB 11) MecTOHaXOIK.LleHHH Haaec CTapl1K 1\ 

KbI6n3 2 no[<aJ3HO He,KoTopoe ysen HlleHl1e conep­
)KaHi1>1 opranaxu C B03pacTaHHeM rny6HHbl 33J1C­

rauaa. 3TO MO)KeT ObITb CB.ll3aHO C TeM, YTO KO~ 

CTHbIe OCT3TKH B nosepxnocrnux ropH30HT3X no­
rnouiaror OpraHHLJeCKHe ryMHHoBble SCLlleCTE3J. In 

n04BbI. Coaepxanne OpraHI1KH perxo y~leIlbWJ­

eTCR 8 OCTaTKax, B03paCT KOTOpblX npCDblW3CT 
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eM 60JIee TOqHOrO pannoyrneponaoro narupoea­

Hllil. B03MOlKHO, npsoreseaae coapeaesnux MeTO­

1I0B TepMHqeCKOrO anannaa n03BOJIHT aa HOBOM 

yposae nO,1l0Hm K peuiemoo sonpoca 0 cxopocru 
lIeCTPYKl1HH OprllHH'leCKOH KOMnOHeHTbl xocrea H 

HCnOJlb30BaHHH 3THX,1laHHbIX AJlJI onpenenexas YC­

JIOBHH saxoponeiraa H B03paCTil OTJIO)KeHJI:H. 

Ocotienuocmu cmpysmypu KocmHOU rom­
IiU no (JOliliblM JfK-MuKpoCKonuu. HK-MHKPO­

CKOITllil BbllIOJIHeHa no npOlj!HJ1JIM OT nosepxaocr­

HbIX CJIOeB lj!parMeHTOB socren K uempy, HHlj! ­

paxpacxue cnexrpsr HCCJIellOBaHHblX yqaCTKOB 

KOCTHbIX TKaHeH npnsenensr aa pHC. 3 a. 

rJIaBHblM OTJIHQHeM HK-MJ.lKpOCKOnHqeC­

KHX CneKTpOB Sl:BJUreTCH HX HH3Koe KalfeCTBO no 

cpaBHeHHIO co craanaprnoa sanacuo cnexrpoa 

nornonreuas B nopourxax; BbJ,ll,eJUlIOTC5I .'1HIIlb nne 
ornensusre rpynnsr nJIOXO paspeureaasrx nOJIOC 
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MillIEPAJIOrIDI 
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1 

Conepxanne opraua-rccxoro seuiecraa, % 
30 

20 

] 0 10' 10' 10' 
B03paCT ofipaaua, roziu 

PHC. 2. Bapnauaa conepscaaas opranasec­

xoro seurecrsa B semocrsx rpuaynos J.l3 puxnsix 

t: 

) 

-~, 
:>-

,; 

''::, 

I	 cu' 

OTnO)/(eHHH MecTOHaXOlK,1leHHii Kbl6JIa 2 (K), Ha­

aec CTBpHK (HC), :>KHnml.\e Coxona (:>KC), CKO­

),.	 pOllyM (C) H Maxnencsott JIel.\llHOH (M) B 3aBH­

CHMocm OT HX aospacra. 

] 0000 JIeT. Ofipasust H3 Maxaescxoa neinepu H 

lKHJlHma COKOJIa cyurecrseaao OTnHqBlOTCR OT 

cYO<jJOCCHJlbHbIX H 6JIH3KH MelKJIY C060H. CaMblH 

IIpeBHHH ofipaseu H3 BJIJIIOBHBJIbHb[X OTJIO)f(eHHH 

B Cxoponyxe HMeeT MHHHMBJIbHblH noxaaarens 
concpscauas oprannxa (pHC. 2), 

Ha OCHOBaHHH onpeneneaax coornomexas 

OpraHJ.I4eCKOH H HeOpraHHQeCKOH KOMflOHeHThI B 

xccrxx rryrcx npOKaJIHBaHHR B 1940-e rr 6bIJI 

rrpe)l.JlO)f(eH "eTOil ortpeneneiois B03paCTaKOCTHblX 

OCTaTKOB H3 'Iersepraunux OTJIOlKeHHH rUH;:IOIJ­

JlH~KO, ] 9521 O/.\HaKO pa3BHTIle 3TOro MeTo/.\a npe­

KpaTHJIOCb B CBR3H C IlJHpOKHM pacnpocrpaaeau-

A. ~/n
 

25 i ~
nr> 

500600 

-_·_'-~·-'-r _.~ 

iQO 

a 

900 800[DOO 

2D 

15 

nOrJIOll.leHHR 450-600 H 900-11 00 CM,I, 06yCJIOB­

JICHHble KOJIe6aHHRMH CJIOlKHOrO lj!oclj!aT-HoHa 

PO,'" B rnapcxcaananrre, nOJIOC OR H CO;"­

rpyrmuposox He npOJIBJIJleTCR (CM, PHC, 3a). 

06JIacTh 900-1100 CM,I xapaxreparyer KO­

nefianas CB~3eH B CJIOJKHOM anaoae PO,'" raapo­

KCHanaTIlTa KOCTIiblX TKaHeii: nOJIHOCHMMeTpHq­

Hoe BaJleHI1l0e KOJIe6aHHe npn 960 CM,I H aCHM­

MeTpHqHOe BlJJIeHTHOe KOJle6aHHe B o6JIacTIi 1100 

CM-I. YBeJIHqeHHe qHCna rronoc B 3TOH 06nacTH 

CBll,ll,eTeJIbCTByCT 0 nO.IIHOM HJlH qaCTWlHOM CH1i­

THH Bblp0lK,1leHHJl KOJIe6aTeJIbHbIX ypoaaeji, o6yc­

JlOBJIeHHOM HCKIDKeHHeM CHMMeTpllJl HOHa (TeT­

paaapa PO,'") B nOBepXHOCTIiblX CJIORX. 

I~,R KOJIH4eCTBeHHoro conocraaneans cnex­

TpOB H AHHaMHKH HX H3MCHeHH5I B 3aBHcHMoCTH 

OT BpeMeHH aaxoponenas C HCnOJIb30BaHHeM npo­
rpaMMHOrO naxera PeakFit nponeneao pa3JIOlKe­

A,%
12,5,1--------------, 

r.	 6 
10 ~ I \10;'4, 

" I I ' \ \7", 1 I I \, 
i I \ \ 
I I \'
 

I I .'! l '\
 
~ ,. I \ ',­

! 1O~5 \ "--.....:_ 

2,5i /}.iOo/! \ \k~':::::::::.:::.)~ 
o~---d\;;-~,,-,>~ ./ ~J 
1200 1100 JOOO 900 800 700 cOO 

ccr 

PHC. 3. HK-MHKpOCKOnH'IeCKHe cnexrpsi yqaCTKOB KOCTHbIX lj!parMeHTOB H3 ncniepu Haeec 
CTapHK (a) H pa3JIO)f(eHHe HK-cneK'rpa ofipasua HC-I Ha 3JIeMeHTapHble KOMnOHeHTbl JIOpeHl.\eBOH 

<pOPMbI B 06JIaCTH KOJIe6aHHH CJIO)f(HOro aHHOHaP0
4"(6).

j	 
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HHe npoqmnH cyMMapHoro nornourenus B 3TOH 06­

.1aCTH aa 6 aneveirrapuux KOMTIOHeHT nopeuue­
BOH <jJOPMbI (pHC. 36). 

113BecTHo [KHy60BeI1, KHcnoBcKHH, 1975], 

4TO COCTaBnHlOll1aH 1055 CM" onpene.tsercs KO­

"e6aH"HMH CBH3eH P-01 C JlnHHoH 1,82 E, HOCH­

ll1HX HOHHblH xapaxrep, a cocraanaioiuas 1100 CM' 

, - Kone6aHHHMH cBR3eH p-om C JlnHHOH 1,60 E 
c npcavyuiccracnao KOBaneHTHbIM xapaxrepost. 
B xa-recrse oueaxn HCKJ)f(eHHH cHMMeTpHH TeT­

paanpa PO/ ncnom.aoaano OTHoweHHe napunam­
HblX HHTeHcHBHocTeH nonce nornouieuax 1100 H 

]055 CM" (I"OUi!'ilS,). Pacnpeneneuue oruoureuus 

II,lll/Ilo55 no y'·mCTKaM KOCTHblX epparMeHToB npu­
BeJleHO na pHC. 4. 

KaK BH,[(HO H3 puc. 4, OTHoweHHe 11100/11055 

3Ha4HMO	 napsupyer no KaK no 06pa3I1aM, TaK H 

no pa3JlH4HblM Y4aCTKaM onnoro oripasua; B 06­

meM cnyxae Ha6nlOJlaeTCR xcxoropoe yaenane­

HHe OTHoweHHjJ Illo/I I05S (a cnenosarensao, ere­
neHH HCKa)KeHH' CHMMeTpHH rerpasnpa PO/ 

BCflenCTBHe aHHOHHbIX H KaTHOHHblX 3aMemeHHH) 
C B03pacToM 3axopOHeHHH. 

3ReMenmnblu cocm06 (no (JOHHbl." 33M4 
II Hcn-MC). 33MA KanbI1HH, <jJoc<jJopa, MarHHH, 

drropa H cepu asmonnea no npollmnHM OT nonep­

XHOCTHbIX cnoea K ueHTpy KOCTHOH TKaHH (pHC. 

Sa), YCTaHOBneHo, 4TO KanbUHH, <jJoc<jJop H <jJTOp 

pacnpeneneau no KOCTHbIM <jJparMeHTaM JlOCTa­

T04HO paeuovepno, C aexoropsrv YMeHbweHHeM 

HX KOHueHTpaUHH B HanpaaneHHH ueHTpanbHoH 

4aCTH; J\n' MarHHR H cepsi JlOKanbHO <jJHKCHpyIOT­

CR oriorauiemme H 06eJlHeHHble 30Hbl (pHC. 56, B). 

3Ha4eHHR Mon'pHblX OTHoweHHH Ca/P pac­

npe~e.nRTC5( no Hccne~OBaHHbiM Y4acTKaM noe­

TaT04HO HepaBHOMepHO (Ta6Jl. 2). Coornouienas 
CaiP 4aCTO paccaarpaaaiorcs KaK noxasarem, 
<<nepB06blTHOCTH)} KOCTfj [Price et a1., 1992]. HH­

JleKC CaJP B cOBpeMeHHoH KOCTH 6JlH30K K 2,15 

(\I0JlRpHOe OTHOllleHHe COCTaB,lReT 1,67), OI1HaKO, 

COJ{CP'IKOIH1C, %
4(1 r-~C~;---"6----
30J----

Oruomenae ffilTeIICHH1[OCTCH 

Hk-nonoc 11001l1055c\1-) 
0,45T'--------------- ­

~'I0,40 I 
I '0.35 

f'I	 I IOJO I', I.	 :°1 

:,:~~1-~~,. ----l----~!----------Jt
j ''''__ ------ l'	 1'-< 

(1,]51 -, 11 ';, _ .~ 
O,10~	 ~l .. I\I>IOJI311; 

~ • II~HH;CCI;lplll,,:111 

(\ ())' ~	 , r :", 1	 U \... pL',LIIII\..' 
~~. _~_~__ .---J 

10 100 ((jot! 

Bumac'r 00\1'.I"3l\8, rO.L\.bl 

PHC. 4. BapHaUHH crenean HCKa)KeHHH CHM­

MeTpHH TeTPa3J1pa PO/, (BeJlf14HHbI OTHOI~eH"R 

napuaarrsnux HHTeHcHBHoCTeH nonoc nornouicnas 
1100 H 1055 CM") BO <jJparMeHTa KOCTHblX TKaHeH 

paanasnoro B03paCTa H3 MecTOHaxolMeHHH Kbr6­

na 2, Hasec CTapHK. 

rtpn pacrsopenua npeexux KOCTeH 4aCTO nony-ra­
lOTCH 04eHb BblCOKHe 3Ha4eHHH aroro HH.l1eKCa, 

4TO MO)KeT 6bITb CBH3aHO C pOCTOM xam.uura 
[Sillen, 1986]. Ilpaxru-recxn BO scex HCne,jOBaH­

HbIX 06pa311ax Ca/P OTHoweHHH npeBblIU310T ere­
xHOMeTpHyeeniH noxaaarem.. 3TO Mo,KeT CBH)~.c~ 

TenbCTBOBaTb 0 pocre aropn-moro K3"1bllHl3, 410 

cornacyerca C JlaHHbIMH peurreuocrpyxrypuoro 

anamna. 
PaCT ayTHreHHbIX MHHepanOB B npouecce 

cPoeCHJUnaUHH MO)l(eT cepsesno OCJlO)KWITb ana­
flH3 cO,ll,ep)KaHH5I npHMeeHbIX 3nCMeHTOB. Bo MHO­

rax paoorax npennpnnaaaiorca nOnbITKH KOHTpO­

nuposars ,ll,HareHeTH4eCKHe H3MeHeHH.ll, B l{8CT­

HOCTH, no conepxanmo CTpOHUHR fj 6apHH (ell 

uanp. [Price, 1989; Price et aI., 1992; Koch et al., 
1992]). COBMeCTHoe uakonneuae CTpOHLLHH H (1'10­

_ Cortepncanue, (: 'I 

.. ,-----, --1 2,) I~ci-P' ---'11 
7 .d. -

I 1,5 

'An 
~~:I	 - J_I'	 _. 

n'(l51_I~~~=::~~;=-_=-=-::Lj 
AI -- -- -0 '-----1·- 4I _ _ I 2 3 4 

PHC. 5. 3neMeHTHblH cocras pa3JlH4HblX 30H KOCTHbIX TKaHeH B ofipasue K-I H3 MeCTOHaXO)\(­

JleHHH Kbl6na 2 no l1aHHbIM MHKP030HJlOBOrO auannaa: MIlKpo<jJoTorpa<jJH' I\>parMeHTa (a); pacnpene­

neaae KMbUHR H <jJoc<jJopa (6); pacrrpenenenae Ca/P-oTHoweHH., MarHHH, cepu H drropa (B). 
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PHC, 6, Pacnpene.ienas P33 B 1{3y"eHHb1X ofipaauax KoeTHb'X TKaHeif H B rpyirre H3 vecroua­
\O/Kll,CHHi{ )KlwHlue COKO}ta Yl Haaec CMOlpOBOH. HOpMYlpOBKa Ha nocr-apxeiicxae aBCTpaJIHHCKHe 

c.iamn; PAAS, 

pa B Ka1bWiHHpoBaHHbix TKan.sIX Il03BOHD"4IlhlX 

IKHBOTHbJX _~Q):KeT cnocoficrsonan, OOpa30B3HHlO 

rICh:(\:ra~:\1bl\ KOCTHblX oCTaTKoB. 06a 3TH 3J1eMCH­

! ri'. craOILIH:mpYH)T OHCWelJllJ,(e LPocepaTT.I, cyme­

I 
CTBC'HH() noro.nuas YCTOHI.IHBOCTb KpHCTafInOB ana­

HITOB K B01J,ckcTBmo KHCnOT. 

nO.lee yoe,lHTt'flhllhIM TeCTOM Ha coxpane­

uue !'Il>'o.:0;1I1hIX KOllUef-ITpallHH IlpH:weCHbIX 3"~leMeH­

ron \1Q)[(eT CJ1Y)KJ'fTh COilep:Ii\aI-fHe P33 HJlH ypa­

He, flail'" 1'3:) HMelOT BenWlHH],l paJ1HYeoB, HaH­

60nce Om13KJfe K KMhUIDO, H MOf)'T 3aHHMaTb ero 

MeCTO 8 KpHCT3n.J1HyeCKOH peuierxe. "t\.1eX3HH3Mbl 

l~MelllellHJl H ancopOllHH. BepOHTHo, HBJUll:OTC.Sl 

lIaHDO.:1ee Ba)f(HblMH McxaHH3MaMH BHeJ.peHH~ 

60;lblllHHcTBa c,,1eAOBhfX MeTaJTJIOB B xocn, B npo­

uecce q,oeeH:m3011HH, AJ1cop6[jHOHHblH saxsar 

noaos P33 anaTHTOM npOHcxO,J,HT nocpencmov 

o6MeHa KamOHOB P33 H xansuus na nosepxnoc­
TH xpncrannos. Cnenosarensno, BCCbMa aeposr­
HO, -rro B CHCTCMax c yqaCHleM KOCTH H BH),TpHR 

nopOBOH BO;J,bl a!1COp6[jH~ ~Bn~eTeH L\OMHllHpY10­

lllHM MexaHH3MOM 3aXBaTa HOHOB P33 (6onee 
BepOHTH]'lM, "eM 3aMelUCHHe BHyTpH peurerxu) 
[Trueman, Tuross, 2002]. ):lpyme accnenosarenu 
[Reynard et al., 1999] npaurur K 3aK.l10'leHHfO, 'ITO 

BIJe)(peHlle 1'33 B KOCTb nocpencrsov 30Mellle­

Tatiiuua 2 
Oco6eHHocTH MIU'p03JJellfeHTBoro COCTaDa 06pa3I\OD KOCTlIblX TKaHeii 

I 
Ba, 

BalCa, 10"" Call' FiP 
MKf/r 

2,44 0,0055,15166 
0,008 

.!2Q, 
6,41 2,40t 208 

2,38 0,009 
I 154 

4,44 
0,0062)84,59 

~---r 

i O,OOt) i2,515,36 4,490,06158 -t ----I l-----1 
Ilascc 0,005 i180 , 0,16 i 

CTapHK ----\ 
0,24 

I 159 i 0,31 i 

:.=~ 

125 i 6,99 i 

CKOpO..J:Y'.t, 

an.uos ~iaJ1bHb!~ 

OT]IO'IKCHI15I
 

MaXHenCKaR
 

nensnaa nernepa 

6,08 

....- ---t"' 

He orrp. 

, 

I 

4,76 

He onp. 

He orrp 

He orp, 

He orrp, 
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HIUI npMBU,UHT f( rTO)larremUO «KO.1DKO.llOOOpa1HOrm> 

r\111£\ paCnpe)JC.1CIHUI P33 C OTHOCHre.'lbHO CHJ­

DbJ:'r1 tPpaKUHOHHpOBaHHeM \teJK,ilY La Ii Lu. C »py­
ror~ CTCJpOl!bl, tKTpatil:WHUc P33 13 xocn, L: nosto­

JUb!O McxaHWlM3 allCOp6W-1H npHBOJlHT K H;>; J:-Hl­

qll~O"Y q'paKUHOliHpOBaHIl.O (LaJLu~S). 

KaK MO/KHO BH.I1e'h 113 rafin. 3~ BO ecex HC~ 

e;:Je110BaHHhlX o6pa3u.ax, KpOMe C3'>101"0 npesue­

I () (WI \feCTOHaXO:>KI[emi'Sl CKOPOAY,\1) 1I0Ka3arc­

JI1 c()~\epJt,alHj}l CTpOHlIHH aapsupyrot H npe.tcnax 

I J 7-34/ ppm. 4TO COOTf-J.CTcTByeT, 110 pa3nH'lI~b!M 

,1aHHb'" [Trueman, Tuross, 2002] cpcnuevy co­
.ilep:Il\aHHlO CTpOHU,HSI B (OKHBbIX)) (He<pocCHJIH3()~ 

aaunux) KOCTHblX TKaHSIX. YpOBHH COllep)l(3HHH 

6aprUL uanporun. B COTH}1 H TblC~l{H pa"] npeHbl­

UJal1YI KOHUCHTpaW-1~, XapUKll:pHble ,n:n, 'A(HBl)H 

KOCTll (McHee 10 ppm). CC,ilep",allJ1H .1aHTaHa He 

npCAbJUJalOT J ppm B otipasuax rB wecronaxoac­
f-'1C~fHH Kbr6,la H Haaec CTUpHK; H ofipasuax cy­
l_uecTBeHHo 6o.Ilee JlpeSHHX ()KHm1U~e COtm:1J 1 H 

2. CI\0[10ZLYM) HaKonlleHbJ Bbll.:OKHC co;~ep)f{aHIHI 

.rauraua (3,9; 7,0 11 6; 4,7 ppm CoOTBeTC rseuuoj, 
-rro MO)l{eT CBHjJ,CTe.'lbCTBOBaTh 0 111a4HreJlbtlOt1 

CTenCHl1 ¢OCCWHf13 U,HI-1 H AHareHC3a, 

f..hYI.JCHHhle o6pa3Ubi xapaKTCp113yKJTC5I 

pa1HOo5pa'lHblMH cneKTpaMH pac npene.neuas 

P33: ~JHI oGpaJl.tOB rpyura H3 uaseca Cvrorpo­
BOH J..i neurepu )J{HJHtUl,e COKOH3, a T3K)f(C KOCT­

!iblX oopasuos J..i1 newep KbJ6.'ta, Maxueacxaa ne­
,,1~Ha~ H MeCll1HaXO)f(lI.emUI CKOpO,J,yM xapaxrep­

HO nonoroe pacupene.ieuae; ),nJ:l lCOCTHblX o6pai­

l\0B ~n Haseca Crapax Ii ncuiepu )f(1-I.lHHUe Co­
xrvta f36IHBneHO «KOTlOKOJIOOOpa1UOel) pacnpcnene­

Hl-te C OTHOCl-iTenbIlLIM o6orameHHeM TSDKenbl"1H 

P33 H RpKO BhlpalKeHHoH nOIlOJKHTt=.JlbHOH espo­

nJ1C'CH a'IO"a."HcH (eM. pJ1C. 6). Cnaooe 'iJPOKUJ1­
OHHpOB<lHHe Me)lCll)' La H Lu (La/Lu <1), a TaK;KC 

{(}(OJJOKO;1000Pa3Hblf.hi BHll pacupencncnuii P3') B 

H3Y4eHHbix KOCTHblX OCTaTK3X MOI')-'T CBH2l,eTeJlb­

CTBOBaTh 0 npexvytuecraeuao« Mcxam'1MC sa­

MCU(eHH' "3J'bU'" Ha P33 (a He 'ilcop6UJ1J1) B 
upouecce QJOCCH..1H:JaUI1H. B I--Le.10M npocnexcaaa­
ercs reHJl.t:Hl\HH nason..leHH}l P33 a JaBHCHMOC­

'f1-l OT soapacra KOCTH (pMC, 6). :)TO KaCUCTCR He 

ro.rsxo ynoMRHyTOH rpynnsi 3Jle~eHTOB. Rcero 
6bU~1 nonyseus, KOS1l-f1-leCTReUHble OU.CHKH conep­

:iK3H1'Hl 8 KOCTHhlX ofipatuax ;:VIR 50 3ne~ieHTOR, 

llpH cpasueuaa r103...1HerO.'lou.ef-IOBbJ.ll. ofipasuou c 
cav hIM ,n.pCBHHM 06pa3UOM Yl] MecTOHaXO)!(J\eH~111 

CI<OPOt'lY'" u noc.tennev c-o;l,epjKamte 24 3neMeH­

'[OH ue McHee 4eM na -rpu nopsnxa IIpeBblU18}10 

lBKORoe Ll)lJT nepuux. Ewe J1!Ijl Il~TH ')J1CMeIlTOH 

OHO 6bLlO ua naa IlOP}I/I,KJ I::IblUJe, a llRR 12 3JH> 

aeuroe - 1m o,Umt nopsnox. TO.'l!,KO ,1.-151 l) .1.'1t'­

MCHTOB HX CO~CplKaHI--1C HMeJ1Cl Cl;Utllll()P~:IOt-; 1IL'­

JlH'iHHhl Y 06pa'H~OB C p.n,:m'tHCI\\ 11 UCl1paL'1..: cuco­

Jl0 Mlll-L1~j{)~a Jl::T HH no O.JHO\lY ·j.ileMClCTY nc GI,Lif\ 

o6Baryll{1'1I0 upeBblUICIlHH V~.'lCPi!G\I\i.1i1 \1 (\\).,1'..'\: "\1,,­

.'lO.11,bt;< oopaauax :10 CrnB1K'l1l110 C !l.a;'JL"HIH1\HJ)J 

Cpaancmre nap rpYllrI OOpa'lLKIIi, ~1\l('J\)IJU1\ 

MCHblIlHC pa'l,lHl{yHI B sozpac rc III .1L'Cl1Tl'-I-t 1,,1, 

OFI ncr). naer ananoru-nu.re pe3Y,IhTarhl. j\(} ,~(l 

LIJa'30H r;'!'L'lJ1l!Jiii cn:lC'ptKHllllH Gn;lLIJll1lh."lli:l 11,:­

MCHTO!i COKpalJla~TC~. vh 51 ueJ\leJiTa jJill.lHJJ11(~ 

lIO ypOBH~M I--1X COJlepIKaHHH Ha Tpll tl0P5l,l..\.I\J GbUl) 

o6uapy",eHo j1,,1H 5 3J1eMeHTO~; ua JIBa flOp>lJI"l:l 

OTHWtaJl0Cb ~one:p)K;U1He 17 :meMCHTOH. Erne 20 
3JleMt.:HT013 01.rIU'--/[L'lHl:b ua O:1Hll nopancx: (o:-t:.p· 

1K<11ll-1C S :l<1CMelnOiJ (YL-1I1'W;IOC1, ilL' fJD.lel.' 'fe'\-I /k 

uopsnox. O,J,I1H :MeMeHT (UUHK), H nponmOllOJIOII(­

I/OCTb ocram.nuv, conepxancs B OTHOOlTenbHO 

MO,10J],bIX 06p3.-1UaX B 60jlhllleM KO.Ill-pJeCTBe. y:eM 

B (]lpeHHHX)}. 

HpORe,'1elH) ,.tna cpaBllCIII-11i Jll~"(1 ;:111.-' lei, 

concpacauaa )JlCMCIlTOR H Otlr,111~a:\ KO;':ld1 11 13(\ 
BMCU{3IOUreM ')TH KOe-TH \'PYlne T(\",Hl~ cpnuuc 

mOt JJ.JIH P33 I1pHBe;teHbl H3 puc. 6. PeciYJII,·"<.Ht,1 
OKa1a;B-lC6 CyUlcCTBtHl-IO 3aBHC.Rlll~I~H1 01' I-iPL'\IL'­

HH HaXO}f(!letmSl KOi,;:reH B nopo.tc. 1'3 HCC.ll'.'!O:';lI!­

HOM ,D'\'13na10HC HpCMel/1-1 1l0J1YLlIi;/DCt., ClIO q.,:\\ 

OOJlbWe :iTQT ncpxon HpeMellH, TC'vl \ICHhU1L' pal­

JU1"H'HOTCH noxaaarernt l:o,n,ep.il(aHH>I OOllbUIHHcTDa 

);IeMeIlTOA. TaK~ .QJ111 oripaauos no po:!!>! H KOCTdi 

113 nemephl JKHJlI--1W,e- COKO.J1a, rne KOCT/1 /-W\~)l~H­

JIi1Cb B cnoe nopoau B TC<ICI1Ht' lltCI-...-U;Ji>I\H,X. .ic­

CSlTKOB T6JCH4 ner, pa3-ll-1l..ll-ttJ ft ypOFlIlRX co.iepxa­

H1-i51 B KOCTHOM MaTepHa.;le H B rpyure He Suno 
o6HapYJKeHO no 3! 3nCMeHT)', Torn" l\aK l'l C:ly'I<I­

RX MCHhwero noapacra KOCTeH reo Hili H ncpeuc 
·~!>lC~I..IH )JeT) TaKHx 'J.'1C,""-1tIlTOB GbLIO uccro ? II" 
OCTanbHblM 3J1eMeHT3\1, HX co;~cp/KaljY1l' llld)lC' 

BblUle B rpyirre (BM~UlafQUleH .rop.i.ic: 

BbIBO;lhl 

TaKHM ofipaaov, upn qlocc~1MnalUHi I~ ('(1­

eraBe H CTPYKT)'pe MHllepaJlhHOH K()r',1)iOll:.:'HTIo, 

KOCTHblX TKaHefi y 111YLiCHHbiX MC.1KI-1X M.'lCh:QII}1­

TIlJOUJ.HX H3 sooreuuux OTJlO;.KeH1-1H xapcrcuuv 

nOJIOCreH l{en~epTHqHoro nepuona npOHC\OlUtT 

pxn 113MeHeHHH: pe.n.edia H MHKpOCTpyKTyphl no­

SCpXIIOCTH u ~O!lCpiKaHI1'>1 oprat-lli'J('CKoj,i l\o\Hlu­

HeHTbl, lIep('paCTlpe!~eJJtHH~\taKPO- V1 MHKP() );1\:­

Mt:HTOB, CO;lCp){<aHl--{e OpraHI14CI..:.KO~t K(\MllOHel~-] LI 

H cncxrps: pe~K03C\teJ}hHhIX 3J1eMclrrou" !-taKl)!I· 

neuuux B fKKOnaeMbl.ll. KOCTflb:X TK3W1X t;t;:"::lIf!' 

611pOBaHUblX H..1H ~JJMCiJ~aJOUIH.X K;HHOHbl K:::LI;.l\,I}; 
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MI1HEPAJIOfIDI 

8 C1PYKT) pe r fl,;lIJOKCHanaTH ra), llHJIJ:lfOTC.ll Llyn­

CTHHlenhHhlMH HHJ:])1KaTOpaMH yC.'10BHH cP0ccrmH­

1auJ..Uf xocren, na OCHOBaHHH KOTOPbIX MOJKHQ npo­

BOLlHTh COnOCTaR.rJeH.l1R 06bCKTOB no aoapacry H 

ycnoBllHM ·1aXOpOHCHH.sI, BLIJIBJHITb npoCTpaHCTBeH­
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