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KPUCTAJIIOXHMHUS, MUKPOMOPDONOI'USA, CTPYKTYPA U CRBOUCTBA
BHOMMHEPAJIOB KOCTHBIX OCTATKOB
MJIEKOMUTAIONHUX YETBEPTHYHOT O ITEPHOJA

C.JI. Borakos, H.T. Cvuepuos, JI.B. Kuceancsa, E.C. Waraagos, H.O. Caanikona,
C.C. I'nasarcknx, H.B. Butros, H.B. Uepeasinuenxo, O.A. Bepelznkona

broMHHepasislas KOMIOHEHTA KOCTEH W 3y-
0B CHHTC3HPYSTCR B OPTafiiMe MO/l [IPIMbIM
(HU3HOTOIMYECKHMM KOHTPOSICM, H NOTOMY XHMH3M
KOCTHBIX MATEPHANIOB (BKAKMAY MHKPOIICMEHTEI)
OTpaKaeT ACMeKThl BUOTOTHH AMBOTIOTO, B YAC-
THOCTH, 3ArPR3HEHUE NPHMECHBIMH 3NCMEHTAMMH,
MuHepanp kocTH 061a2a10T MOBLIUIEHHOH CTIOCOD-
HOCThIO K HAKOMACHHIO TPKMECCH, 1i1aBHBIM 00pil-
30M, M3-33 MATILIX PA3MEPOB KPHCTAILIMTOL FH/1-
pokcranatuta. KocTH npeTepreBsaryT CloXkHBIHA
PAA MOCMENTHBIX JHArEHETHUECKHX MpeabpazoBa-
HWH, KOTOphi¢ OGBIYHO MPHBOJAAT K MX [MOAHOMY
pazpylieHHto. B cneundHueckmx yenoBHAX 3ax0-
PUHEHHA KOCTH BCTYHIAIOT BO B1aWMOAEMCTHHN C
BMEIWAKLER nopodoH. PesynsraTom Takoro sia-
UMOQIEHCTRUS ABNRETCA MX NOJIHAS WAH YaCTHU-
Hast QOCCHMI3ALMSA, XHMHYECKHH COCTaB KOCTCH
NPH 3TOM IHAYHTENLHO HameHaeTea. Coflepxkarie
MHKPO3IEMEHTOR B KOCTH MOKET W3MEHATHLCSA
CpA3y MOCNE «OTMHPAHHAYR, U XOTA 3TH HAMEHSHHA
CHHKAOT UEHHOCTh J]pERHKUX KOCTEH, Kak [oKala-
T8 (PU3HONGITUA YW NHETHI APEBHUX HHBOTHBIX,
MHKPO3IEMEHTHBIH COCTAB MCKOMaeMbIX KOCTeH
MOKET CNYIXKHTE HCTOMHHKOM LEHHOH HHopMAalpK
o naxeocpene [ Trueman, Tuross, 2002].

ObwKpHag aUTEPaTYpa MOCBALLEHA HCCTe-
J0BAHHAM MHKPONPUMECHOTO COCTABA UCKONAe-
MbIX KocTel (em. nogpobuerid o63op [Trueman,
Tuross, 2002]). B uedrpe BHHUMaHHA HCCNenOBa-
Tenex 0CcraeTcs BONpoc ¢ PHIHKO-XHMHIeCKol H
KPHCTANNOXHMHYCCKON HITEpPNPETALMK Npoliecea
hOCCUNM3ALMHI KOCTHLIX TKaHeH. T1o MHeHHIO paas
uccnenosateneit [Kolodny et al., 1996} npearnona-
raeTcd, YTO MEPBHYHBIE MHKPOKPHCTAMIBI KOCT-
HOT'O aNaTHTA B rpouecce QOCCHNHU3AUMH PacTBO-
PAKOTCA, 4 HAa HX MeTe QOPMHUDYIYTCH HOBLIEC KPH-
CTALibl ayTHIEHHOTO KapOoHaTdTopanaTuTa. 210
No7BoAseT ABTOPAM LWTHPOBAHHOH padoThl pac-
CMaTpUBaTh QOCCHIMIOBAHHYIO KOCTHY TKaHbL
KdK NCeBAOMODO3LI NEPBHUHOIO aNaTHTa ¢ MHUK-
POCOCTABOM, KOTOPGIA [IPAKTHYSCKM HC CBATAH
11ePBRUYHBIM BHOAMATHTOM, 2 ONpPEIENACTCA VCNO-
BUSMH, fIDH KOTOPLIX NPOXOAUA fIpolteee hoCCHan-
saudK. HanpoTHs, B paboTe [Hubert et al., 1996]
APEAnOIaracTe s HeCKoMhKe HHAS MOJeb NpoLec-
Cad GOCCHANIALUUH (PESKPHCTAMTHIAUMH KOCTHOM

TKAHW), KAK 3AN0NHEHHE HOBOOGDAZOBAHMLIN Hy Hil-
FEHHBIM ATIATHTOM MEKKPHCTAIITHEECROIQ H]I0-
CTpﬂHCTBa B K(lCTHOﬁ TRAHHW, €10 HaPALIHRALAC 1
MepPBHUHBIE MHUKPOKPHCTANAG! OHOTCIRION O Q11T i
Ta, UMEIILErD pazMcprl nopaiara 4040018 v, o
KOHLEHTPUPOBAHKEEM B CTPYKTYC HOBOODPALINILI-
HOTO ayTHIEHIIOTO ALTATHTa BCEX UCHOBIhIX MHK-
PO3NEMEHTOB —~ cTPO I, ypana, P37 u p. [lpu
sToM asTopaMu [Hubert ot al., 1990) ue ackne-
HAETCH, HTC IPH (hOCCHAMALIMM B 3BHCUMOC T 01
OKPYKAOLHX YCI0BHH BO3MOMHb T'AKAE NpOIiec-
cbl acopOUMH MUKPOIEMEHTOB Ha NOB2PXHOCTH
NEPRUYHBIX MUKPOKPHCTANIIOR OHOTEHHOTO aMAaTH-
T4, & TAKKE HIOMOPDHHOE BXONUIEHHE HEKITODLIX
KaTHOHOB B CTPYKTYpy GHoanarura (runa P372° -
Na' — 2Ca?). Crasuncs sonpoc |Sillen. [e Ge-
ros, 1991] o BEIACNEHHH ¢ HCTIONMb30BAHUEM CTIg-
IIHAABHBIX CXEM XMMHYECKOTO PAsivielInA KOC]-
HbIX TKAHER MHKPOJTEMEHTOR, CBABIHHLIX ¢ NCp-
BHUHBLIM OHOATATHTOM W BTOPHUUHRBIM AVTHIEIITLIN
OaHako, OAHO3HAYHOIG OTBETA HA [OCTHR IS
BOMPOC O BOIMOMCHOCTH NOAVGHOIO B 1CHi5
HET ¥ J0 HACTOHILETO BPEVEHH.

Ha ceroans npe;1cTaBARCTCS ONCERTILIAL
YTO HCMTOIBIORAHHE MHKDOISMCH O Cug e
HCKOTIASMBIX KOCTHBIX TKAHEH B DH0APACUNIOL HUTL-
KHX MPWIOKEHHAX (NPH aHANH3E [TAJAE0MHET, Ypalio-
BOH GHOXPOHONOIHH, NANCOOKCHDAPOMETPHHCCKIIY
PEKOHCTPYKLMAX W Ap.} AOKKHO MPOBOIHTHUY ©
YUYETOM BIMAHMA TIpoliecca Giocchnmianky,

AKTYaEHLL HCCNIEAORAHWA KOCTHBIX OCTill-
KOB MJIEKOTIMTAKINNX YETBEPTHYHOIO HepHGA,
V1A KOTOpOro XapakTepHbl USpedOBAHHA X010
HBIX H TEIUIbIX 3MN0%, PCIKHE KOPOTKOMCPHOIH B!
koneDaHHA KNUMATA BHYTPH KPYITHEIX KAWMATH-
YECKHX 31TH3008, CYLECTBEHHAN ICTEPOXPUl:-
HOCTH KNAMATHYECKHX H3MeHcHHA. Hvenno o
YETBEPTHHHBIX OTMTOXKEHHAX KOCTHLIC OCTATKH 110-
IBOHOYHBIX KMBOTHBIX UACTO 0DPATYIOT MACCOBLI
cKonneHus. B prIXIbIX OTIOKEHMAN KAPCTORLIY
ONOCTEH KOCTH KOILSHYPUPVIOICA & |10 v hdie
ACATENIBHOCTH XHUIHMKOB. TAKHE CROTLICHKA MO-
ryT 00pazoBbIBATE MHOMOCTOHRIILIE TOITIH. O/l p-
WadlHe ASCATHH ThICAY KOCTHWIX OCTATKOB Pai-
HBIX BHOB XHMBOTHBIX. YDANBCKUE [OPHI H ey
IHPOTHOM MTPOTAKEHHH OT APKTHHCCKOTO Nude-

R e o

230




,

R e o w1

R u i et

- o g - hl‘# ll

MUHEPAJIOI'MA

PCABLA J0 KOKHOM OKOHEYHOCTH COAEPHAT KApCTy-
INLMECS MOPOABI, 71 B MELIEpPaX M TPOTax IIMPO-
KO NPe/ICTABACHBI MACCOBLIE CKONNECHHSA 0CTATKO B
YEINEPTHYHLIX MHUBOTHRIX [YeTBepTHuHAA.. .,
2003] Mmenno Gnaroaaps MacCoBOCTH, LIMPOKO-
MY reorpadMyeckoMy M XpOHONOTHYCCKOMY pac-
NPOCTPAHEHHIO, OTHOCHTEMRHOW TadCHOMHUECKOH
OHOPOMHOCTH 300FEHHBIE KOCTHBIE CKOTLIEHHA B
YPATLCKHX KAPCTORBIX TOOCTAX CITYXKAT yIOOHEIM
0OBEKTOM 1718 M3Y4EHMA 3aKOHOMEPHOCTER Npeol-
Pa30OBAtiMA KPHCTANOXHMHUECKHX H IPYTHX CBOWHCTR
OHOMMHEPATOB KOCTHBIX OCTATKOB M/1EKOITHMTAOUIHX
R (IpOliecce (hOCCHITH3ALIMML

3aMeTHV, 4yTo nofodHele padoTL HeRO3-
MOACHLL 003 81a11TallHH COBPEMEHHBIX aHATHTH-
HECKUX METCAHK K HIYYeHHI0 DHOMMHEpalIbHBIX
o0LEKTOR] AKTYAThHBIMM OCTAKTCH 33a4H HIY-
YeHHR H pa3zpabOTKH MpaKTHYECKMX FAPHEMOB H
METOIMK FIPOBENEHHA NPoDONOAroTOBKY H HiMe-
PEIMA HAIKUX W YILTDAHHIKUX COEpKaHKH ane-
MEITIOB B KOCTHBIX TKAHAX M MX 1HIMEHeHus B 1po-
lecce POCCHIHIALMY.

Uenn paborbt
HceaenoBanne ocobeHHOCTel CTRYKTYDBI U
CNCTIARA MHHCPAJILHOH KOMITUHEHTh! COBPEMEH HBIX
4 MCKOTIABMBIX KOCTHBIX TKaHel MASKONMTAKOUINX,
AHAMU3 RIHAHHS 0policcca POCCHTHIAUHH.

O0beKkThl HeCcaeAORAHHA

MartepHan u3 neulep ypalbeKoro periona:
Cenus KOCTHBLIX OCTATKOB (4e/ocTCit) BOJAAHLIX
reacroK (Arvicola lerrestris) W KONBITHOIO JeM-
wuara (Licrostonyx {orguatus) ¢ pa3Hbix rMyGHH
jaseraHis M BO3pacTa 3axopoHeHHH (OT coBpeMeH-
HMX 0 MCKOTTAEMbIX C BD3PACTOM B HECHTKH Thi-
CAY ACt) M3 300MCHHBIX OTIOMXKEHHH B K2PCTOBBIX
HoA0CTHX. A% ¢paRHeHHA MCMONTb30BAHBI HHAKHHE
HCTOCTH BrIMeplinx Allophajomys pliocaenicus
W3 UINKOBHATBHOMO MecToHaxo#12HHA Ckopolym
Ha p. Mproiw, TroMenckas o6n. [CMHpHOs, bone-
MEKOB H ap., 1986].

Husue yenwoeTH Arvicola terrestris, we-
HVIANRAHMLIC JUTH aHalH3a. MOJYUCHB! M3 He-
CKOJbKHX MCCTOHAXOAAEeHHH paznoro Bospacta. K
HOLIEMY 1070UCHY (BOIpACT OT NCCATKOB J0 nep-
BN THICAY LICT) OTHOCHTCH MATCPHA Bl M3 HABC-
<t Kwdsa 2 (llevopo-HiblucKHIA 3a00BEAHHUK.
CepepHbiid Ypan) u Haseca CTapHk (NprpogHbiHA
ttapk Onerby Pyubu, Cpeguun Ypan) [Cagbixosa,
2006; 2007} K nepeoil IooBHHE MO3gHETO NTEH-
cTouera {BoapacT octatkos Gonee 30 Teicay aeT)
OTHOCHTCA MarepHan W3 nenlepsl Kumuuie coko-

na Ha p. Kakee (Cenepuniii Ypan) u Maxuenckoit
Jlenauoi neniephl, AnekcaHaporckuil paiion. lNep-
mckui kpai [Cmupros, 1996; dageera. CMUpHOB.
2006] (rabn. 1).

MeToap! HecHezoBaRKA

Hna neesieaoranug ocobenHocTel penbeda
W MHKDOCTPYKTYPBI NOBEPXHOCTH HCNOMbI0BANACH
aTOMHO-CUMOBa MHKPOCKOTIMA W BTOPHUYHAR /ICK-
TPOHHAA MMKPOCKOTHA (MHKPOZHANHIATOP
Cameca SX 100); 1.1 w3yueHus $aszoBoro cocTa-
B2 W TEPMHUHYECKHX CBOHCTB — PEHTIeHOda30BbIH
(JIPOH-3) u tepmuueckuit (Diamond TG-DTA)
METObl, MAKPO- H MUKPOZ/IEMEHTHKIH COCTAB OT-
penensics MeTOLAMH 3NEKTPORHO-T0HI0ROIO
mukpoadanuia (33MA, Cameca SX 100} v Mace-
CIICKTIOMETPHH € HHIYKTHBHO CBA3AHHOM IIA3MoH
(MUCTT-MC, ELAN9000); undpaxpacuas (HK)
Muxkpackonug (Continuum).

PeayabTaThl H 0bCyxIEHHE

Muxpocmpyxmypa nogepxrnocmu (0an-
ubte ACM). Ha puc. 1 npuBeaeHbl TpexMepHbie
u306pameHus PParMeHTOB KOCTHBIX TKaHeH w3
BEPXHCID, CPEIHEro H HUAHETO CIIOEBR 3aX0pPoHe-
bug Haseca Crapuk (HC-1, HC-2 u HC-4 coor-
peTcTBeHHD). Ha Bcex nz00pamenusx xopoilo
BUJIHas 3epHUCTAR FpaHynonoo0Has CTPYKTYpa.
BbICOTA pebe(ha eIMHUYHBIX TPAHYN BapPbHPYET OT
30 (HC-1, HC-4) no 55 um (HC-2). Odpasert HC-
| 13 BepxHero cnos umeeT J0CTAaTOHHO OAHOPOL-
HY10 cTpYKTYpY; ang ofpasuos HC-2 u HC-4 ne-
penan peibeda coctabuset nopsaaka 400 1 800 um
COOTBETCTBEHHO. Bo Beex ofpasuax guxcupyroTes
KPYDHbIE «FaHANbL: HIW «IPOBabI» (3aTCMHEH-
HEle 0B1ACTH), BO3MMKHO SRIAIDIIHECH KaHATaMH
rapepcoBOi cHcTeMbl, NMOJBEPIIIHXCA pa3pyile-
HHK, Takue xe 0coBEHHOCTH MHKPOCTPYKTYPEI
MOBCPXHOCTH 3aPHKCHPOBaHB! AN oDpatuoB M3
MecToHaxoXaetina Keibna 2. Bee necienoBaieie
ofipa3lbl OTHOCATCA K OAHOMY TahOHOMHYECKO-
My THiY H 61HIKKM 10 Bo3pacTy. OnKcauHbIC xa-
PAKTEPHCTHKH MHKPOCTPYKTYPLI HX MOBEPXHUCTH
HOCIIYKAT B DYRYULEM MaTEePUaitom s cpapne-
HHA C IAHHBIMH N0 JIPYCHM THAM 3aX0POHEHHHA.

Daszoeblil COCMAE U MEPMUNECKUE CROU-
cmsa. [lo AaHHBIM peHTreHoda3oBoro anannia
ace ofpasibl MCKOTIAEMbIX KOCTEH — [LTOXO OKPH-
CTA/UTHIOBAHHEIE AMaTHTRI, B HEKOTOPbLIX BCTPEYa-
eTCA NMPHMECh METHTA W KaTbUKTA. TepMHYECKHHA
aHANH3 KOCTHREIX TKAHEH ¢ PA3THYHbIMH YPOBHSA-
MH GOCCHNN3AUNH CBHACTENBCTRYET O HATHUKM
TPEX TECMIIEPATYPHBIX JTHANA30HOB, COOTBETCTRY-
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Tadaga [

HeenenoBanabie o6pasusl KOCTHBIX OCTATROB

MecTo orbopa o [pumepHbIi BET
Ne Bua P Crno piMep H
! mpodbl BO3pacT ofipaiua
1 K-1 0-0,5 ¢cm | Tlepsble pecqaTKH ner Creranii
| Hagec KuiGna 2, 0,5-1,5 C;‘}T)HH aer (no3nHnA
. - H . -
2 K-2 [Meuopo-Mnbiuckuit o Ani Caernpii
CM FONOLLER )
3arI0BEIHHEK, 3anaa- -
o He apesnee nepeod
- Bonguas no- | HEIA ckinon Cesep- .
3| K3 6-9 cu TBICAYH JIeT {N031- Temunti
JIeBKA Horo Ypana 2
C HHHE TONOLEH)
(Arvicola IlepBuie aecATKH NeT
4 | HC-1 rerrestris) Hagec Crapmk, 0-1cM P ﬂ Crernnii
. {nosanunil raoieH)
MPHPOHbLIM Napk Kpacuosato
- C cl -
5 | HC-2 OneHbH pYHUbH, 2-3cm | CorHu ner (nosaumii K(I):)pu‘lHCBblfi
. Cepra, 3anagHelf rONOLEH -
6 | HC-3 P CKHEH Cpenvero 4-7 e ) Kopuunesblii
7 | HC-4 Vpana 10-11 c™m Tricaun ner Kopuuuesbii
g . HC-5 10-11 ¢M {ronouex) TeMHbIiA
" XC-1 | KonbITHBIHA [Temwepa Huauuwe Bonee 30 Thic neT; ‘
9 JIEMMHHT Cokona, p. Kakea, | 30-45cM | cepe/iiHa No3IHErO TemHbIi
{Dicrostonyx | rpanuua CpegHero niaeiicToueHa (Heor-
10 | )KC-2 | torguatus) u CeBepHoro Ypana | 60-75 oM neficTolena) TemHusbIit
: CropomyM, annw-
! Allophaiomys | BUanbHBIE OTIOKE- OugHDL TeM-
Iy CK ophcyomy. - COTHHU TBICAY J1eT N
pliocaenicus | nus Ha p. Hptouw, HbIH
TromeHckan ofin.
Bonaanas no-
MaxHerckan neas-
nepKa y
12 M . Had Tewepa, - Bespact nenspecteln Temupiit |
(drvicola IMepmcknil kKpai
. MCKH
| terresiris) P P | J

T MKM

& 8

Wikv 2

H

Puc. 1. Tpexmephsie ACM-u300paskenns GparMeHTOB KOCTHBIX TXaHeH Arvicola terresiris w3
sepxuero HC-1 (a), cpeanero HC-2 (6) n Huxuero HC-4 (8) cioes 3axopoHesus Haseca Crapuk.

FOIIKX noTepe ancopOuHoHHOR Boah (50-220 °C);
DECTPYKLMH KOMITOHEHTOB OPraHHYeckoH cocTas-
nawwed (220-600 °C); cTpyKTYPHO-XHMHUYECKHM
PEBPALUSHUAM MITHEPANBHOH KOMITaHEH TS (60(-
1000 °C). YcTaHoBaeHo, YTO NoTepu Macchl ob-
pasuoB & auanasone 220-600 °C cylecTBeHHO pas-
NHYHE] B 3aBHCHMOCTH OT BO3pacTa KacTH. Mase-
CTHO, YTO MOTePA OpraHu4eckol 4acTu Haubomee
{HTEHCHBHO NPOHCXOMAHT, MOKA KOCTb HAXOAMTCA Ha
MOBEPXHOCTH, 10 3aX0poHeH!A. Bo Beex nayuen-

HbIX 00pa3Uax Codep#aHHE OPraHWKH MEHLUIC,
yem B cBexcHx KocTax. Jna cyGdoceunbybix vb-
PasueB M3 MecTOHAXOmZeHHA Haeee Crapuk u
Knibna 2 nokalaHo HEKOTOPOE YBEAHUEHHE COALP-
KaHUM OPTaHHKH C BO3IPACTAHHEM TITyOWHB 3a0e-
raHuA. 2To MOXKeT OBITh CBA3AHO C TEM, YTC Ko-
CTHBIE OCTATKH B NOBEPXHACTHBIX TOPHIGHTAX G-
ITOWAIOT OPTAHHYECKHE FYMHHOBLIC BELIECTBA i3
noussl. CofepikaHHe OPraHHKY Pe3ko yMeHblua-

CTCHA B OCTATKAX, BO3PACT KOTOPLIX MPCBLIILACT
B —
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Puc. 2. BapHauuu cofep:kaHnd OpraHnyec-
KOTO BEILECTBA B YEJIOCTAX IPBI3YHOB H3 PhIXIBIX
oTnoxeHHH MecToHaxoxAeHuHA Keibna 2 (K), Ha-
gec Crapuk (HC), XKunuwe Coxona (JKC), Cxo-
porym (C) » Maxiesckoit neasuoii (M) B 3aBm-
CHMOCTH OT HX BO3pacTa.

10000 net. Obpasun u3 MaxHeeckoii nemepsb! H
KuIHia cokoNa CYWECTBEHHO OTMHYAKTCS OT
cy0doccHIpHbIX B OH3KH Mexay cobol. CaMmbrit
NpeBRKUI 0bpasell U3 ATTIOBHANBHBIX OTJIOKEHHHA
8 CkopoayMe HMEeT MMHHMMANEBHLIHA MOKA3aTeNnhb
COAIEpHAHHA OPraHHKM (pHC. 2).

Ha ocHORaHHH OnpeJeneHnsI COOTHOIIEHHA
OpraHHYECKOH H HEOPraHHYeCKOH KOMIIOHEHTH! B
KOCTRX TVTeM rnpokanueaHda B 1940-e rr 6uin
FIPE/IIOPKEH METOI OTIpeeNeHUs BOZPACTa KOCTHBIX
ocTaTrRoB M3 UeTBepTHUHBIX oTnoxenudt [[1uaon-
anro, 1932]. Oanaxo paisdTHE 3TOr0 MeToaA mpe-
KpaTW/IOCh B CBA3K ¢ LUHPOKHM PACTIPOCTPaHEHH-
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eM 60/1ee TOYHOrO PALMOYITIEpOIHOrO JaTHpOBa-
Hus. Bo3MokHO, NPUMEHEHHE COBPEMEHHBIX METO-
[0B TEPMHYECKOrO AHATIH3A MO3BOMMT Ha HOBOM
YPOBHE TIOAOMTH K pelIEHHIO BOMPOCa O CKOPOCTH
NECTPYKIIHH OpraHH4e cKOi KOMITOHEHTHI KOCTelH M
HCTIONB30RAHMH YTHX JaHHBIX [/18 ONIpeeneH!s yc-
JIOBHH 33X0pOHEHHA H BO3PACTa OTIOKEHHH.
Qcobennocmu cmpykmypel KOCMHOU mra-
nu no dannvim HK-muxpocrkonuu. UK-Mukpo-
CKOTHA BBHTOIHERA [T0 TPOPHIAM OT TOBEPXHOCT-
HBIX CNOeR ¢parMeHTOB kocrTelf K ueHrpy. Hud-
paKpacHble CIIRKTPBI HCCIeJOBAHHBIX YYacTKOB
KOCTHBIX TKaHeH npHBeneHsl Ha pHe. 3a.
[mapHeiM oTauunem HK-MuUkpockonmvec-
KHX CHEKTPOB SRIAETCH HX HH3KOE KayecTBO MO
CpaBHEHHIC CO CTAHAAPTHOMH 3aMHCHIO CTIEKTPOB
TOTTOLEHHSA B MOPOIIKAX; BELAENAIOTCA JTHIIb JBE
OTAENBHBIE TPYNIEI TIOXO pPa3pellieHHbIX [10J10¢
nornomeHua 450-600 1 900-1100 em?, obycnos-
nenHble konebaHHAMHK coXHOTO docdar-HoHa
PO, B rugpokchanatite, nonoc OH u COF —
TPYTNHPOBOK HE NpoABNLeTcH (CM. pHe. Ja).
O6nacts 900-1100 cM™!' xapakTepH3veT Ko-
neGanus cea3edt B cnoxmsom anmore PO, ruapo-
KCHATIaTHTa KOCTHBIX TKAaHEH: [TONMHOCHMMETPHY-
Hoe BaneHTHoe konebanue mpH 960 cM' 1 ackM-
MEeTpHYHOE RaJIeHTHOE Koaebanue B obnmacti 1100
cM'. YBesudeHMe 4Mcia nojioc B 310 obnacty
CBH/IETENBLCTBYET O MO;THOM HIH YaCTHYHOM CHE-
THH BBIPOXK/JIEHRA KostebaTensHBIX YpOBHEH, 0byc-
JIOB/IEHHOM HCK2KEHHEM CHMMETPHH MOHa (TeT-
paspa PO,*) B NOBEpXHOCTHBIX CIOAX.
JL19 KONMHYeCTBEHHOTO COMOCTARIEHHS CNeK-
TPOB H AMHAMHKH HX M3MEHEHHS B 32BHCHMOCTH
OT BpeMEHH 3aXOPOHEHHA C HCTIONMb30BaHHEM [1pO-
rpammHoro nakera PeakFit mposeneno pasnoxke-

A, %
12,5
o 6
10- A
0%4\
7" [ ; /f \\\\\
I \ 5\
5 AR
f l?ﬂ \\ \\\\;;_3365\; ~,
2,5* 1.'i09'6 \957 "‘A“\\:-.;,/ég’
S SN, "\/”0\
0_;;;;;;églﬂzlékcj:?kisgzl;: : .//'\:bxfié

1200 1100 1000 900 goe 700 €00

M’

Puc. 3. MI-muKpockonMtueckHe CHeKTphbl YUACTKOR KOCTHBIX hparMeHTOB M3 neluepbl Hasec
Crapuk (a) v pasnoxenue HK-cnekrpa ofpazua HC-1 Ha 3neMeHTapHbIE KOMIIOHEHTBL JIOPEHLCBOH
(hopmbl B obnacTu Konebanuii cnoxuoro anunona PO> (6).
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EXEI'OAHUK-2007

Hue MpodMNA CyMMAapHOro NOTIOUIEHHA B 3TOH 00-
1acTH Ha 6 ANeMEHTAPHEIX KOMITOHEHT fopeHne-
BoH dopmel (pHc. 36).

HasectHo [Kuy6osen, Knenosckuii, 1975],
uto cocrasngowas 1055 cm! onpenenseTca Ko-
nebGanuamu ceasedt P-Ol ¢ anuuoit 1,82 E, Hocs-
WHX HOH¥BIH XapakTep, a cocTaBngtowan 1100 cm
' — konebaumnamu ceaseid P-OIl1 ¢ anusoit 1,60 E
C MNPENMYLIECTBEHHO KOBAICHTHBEIM XapaKTepoM.
B kauecTBe OLIEHKH WCKaMEHHA CHMMETPHH TET-
paxpa PO, Henone30BaHO OTHOLIEHHE NApUKATE-
HBWIX HHTEHCHBHOCTEH Nonoc nortowenus 1100 1
1055 eM™! (1, 41 0ss)- Pacnpeneneune ornomeH us
1, /L gss MO ¥HACTKAM KOCTHBIX (DparMeHToB Npk-
BeJICHO Ha puc. 4.

Kak eunHO M3 pHC. 4, OTHOWEHHE I”OO;’],055
3HaYHMO BapLUpPYET Mo Kak rmo obpazuam, Tak W
110 Pa3JKYHBIM y4acTKaMm ogHOro obpasua; B 06-
ueM ciyuae HaOnoaageTcA HEKOTOPOE YBETHUE-
Hue oTHowenna [, /1 .. (a crejosareibHo, CTe-
MEHU MCKaXEHHA CUMMETPUN TeTpazapa PO
BCJIEACTBHE AHUOHHAIX H KATHOHHBIX 3aMEILEHHH)
C BOIPACTOM 32XOPOHEHUSA.

Dnemenmunlii cocmas (o danHeim I3MA
1w HCH-MC). 33MA ranouwns, docdopa, Marid,
TOpa H cepbl BEITONHEH 1O MPOGHIIAM OT MOBEp-
XKHOCTHbBIX C/IOEB K UEHTPY KOCTHOH TKaHH (pHC.
5a). YeraHoBaeHO, uTo kKankuui, docdop v drTop
pacnpeaeneHsl N0 KOCTHBIM (PPArMEHTAM R0CTa-
TOMHO PABHOMCPHO, C HEKOTOPRIM YMEHBILEHHEM
MX KOHUEHTPAUMH B HANPABJICHHH LEHTPANLHOH
YACTH; AT MarHHsA | CEpol JIOKATLHO BUKCHPYIOT-
ca oboraweHHbie 0 0begHeHHBIE 308l (pHS. 56, B).

3HauyeHHs MORsApHBIX OTHomeHNH Ca/P pac-
NpeaefqaTes Mo HCCAeIOBAHHEIM YUACcTKaM J0C-
TaTouHe nepagHomepro (Tabi. 2). CooTHoWERHS
Ca/P uacro paccMaTpHBAlOTCA KAK INOKa3aTesb
«MepBoOBITHOCTA» KocTH [Price et al,, 1992]. Hu-
nexe Ca/P B cospeMeHHOR KoCTH Gnu3ek Kk 2,15
(MONApPHOE OTHOWIEHHE Co¢TaBIAeT |,07), onHako,

OTI10UIEHKE HETEIICHBIIOCTCH
HK-nomoc 1100 1 1055 cu™!
0,45

0,401 ,“w
0,351
0,301
0,251
,20

& WKnidora (i)
® Jlasce Crapnw i h
O Cpeunie

10 e oo
Bospacr ovpasila, 1oasl

Puc. 4. Bapuaunu CTENeHM UCKaMEHUA CHM-
MeTpHH Tetpasapa PO (BeTHUHHBI OTHOILEHHS
NapLUMaTbHBIX HHTEHCHBHOCTEH NOJIOC MOTNOLEHHS
[100 1 1055 ¢m™') 8O hparMeHTa KOCTHEIX TKaHeH
Pa3iMYHOrO BO3PACTA H3 MecToHaxoxw aeruH Kbib-
na 2, Haeec Crapuk,

TIPH PACTBOPEHHH APEBHHX KOCTEH 4acTO nonyua-
IOTCA OUeHE BEICOKHE 3HAYEHHA ITOTO WMHIEKCA,
4YTo MOKET ObITh CBA3AHO C POCTOM KanbuUUTa
[Sillen, 1986]. TIpakTH4ecKH BO BCEX HCCIENOBAH-
HeIxX ofpazuax Ca/P oTHOWEHHSA MPeBLIILAIDT CTE-
XHOMETPHUECKHI 110Ka3aTENb; 3ITO MOKET CBH,le-
TENbCTBOBATE O POCTE BTOPHYHOID KAJIBUHATE, UTO
COMTACYETCA € AaHHBIMH PEHTIEHOCTPYKTYPHOTO
aHauza.

PocT ayTHreHHBIX MWHEPANOB 8 mpouecce
HOCCHAN3ALNA MOKET CEPLEIHO OCIOXKHATL &HA-
MH3 COMEPIRaHUA NPUMeCHLIX aneMeHToB. Bo Muo-
rux paboTax MpeanpHHAMAlOTCA NOMBITKH KOHTPO-
NMpOBaTh AHArEHETHIECKHE M3IMEHEHHA, B “acT-
HOCTH, MO COAEIKAKUIO CTPOHUHA W BapHa (o,
Hanp. [Price, 1989; Price et al., 1992; Koch et al,,
1992]). CoBMECTHOE HAKOIIIEKHE CTPOHUMA H (10

40 C_q;ldp)l(aljlm:, % _ o, Caoneperanue, %
La O R | S

-0 e e s 2| Ca/b
20 1S

| bl

S . r
10 0,5

0 -

el

4 O J—

Puc. 5. OneMeHTHBIH COCTaB Pa3MUYHBIX 30H KOCTHBIX TkaHed B ofpasie K-1 H3 MECTOHAxXOX-
aeHua Kpina 2 no JaHHBIM MUKPO3OHAOROTO ananusa: MukpotoTorpadus dparMenTa (a}, pacnpene-
neHHe kanbuua v pocdopa (6); pacnpenenenne Ca/P-oTnomenus, Maruus, cepsl 4 diropa (8},
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Puc. 6. Pacnpeneaenns P30 b m3yueHHbIX 00paziiaX KOCTHLIX TkaHeH H B [PYHTE W3 MeCTOHA-
MAIeHHi Kunuie coxosia v Hasee Cmorposoit. HopMupoBka Ha nocT-apxefickue apcTpaauiickue

cramis PAAS.

Pi B KA1bUWHHPOBAHHBIX TK2HAX NOC3BOHOYIbIX
KHBOTHHIX MOET criocobeTBoRaTs 00pasoBaHHO
HCROIREMLIX KOCTHBIX ocTaTKes. (OBa 3TH anemMeH-
ra cradnaupyior Buorektnie docdarni, cyle-
CTRCHHO MTOBRR{UAS YCTOHMHMBOCTL KPHCTAMNOB aila-
THTOE K BO3IEHCTBMKY KHCAOT.

boiee ydeauTensibiM TeCTOM Ha COXpale-
e MCNO;IHBEX KOBLEHTPAME [IPHMECHBIX 3TEMEH-
TOR MOMET CIYNRHTH cojiepanne P3D ik ypa-
1a. Housl P30 MMEIOT BeAHYHHE! pafHycoB, HaH-
Bonee OM3KHe K KANBIUMIO, B MOTYT 3aHMMaTb €ro
MECTO B KPUCTAAIWYECKOH peileTke. MexaHHIMEl
3aMelleMs 1 aficopOLLMK, BepOsTHO, ABIAIOTCA

HaudoIee BaXHBIMM MCXAHW3IMaMH BHEID¢HUS
OO:IBTNIHHCTRA C.1eJOBBIX METANIOB B KOUTE B [IPC-
necee doceHuzanmua. AncopOuUHOHHBIH 3aXBaT
HOHOB P33 anarHToM MpOHCXOIHT TOCPENCTROM
ofMeHa karHOHOB P30 M kankumsd Ha NosepxHoc-
TH KpHeTamnos. CReioBaTenbHD, BeCbMa BepoaT-
HO, UTO B CHCTEMAX ¢ VYACTHEM XOLTH H BHYTDH-
NopOBOH BOAK aJcopOiLHa ABNAETCA AOMMIHPYIO-
MM MEeXaHH3IMOM JaxBaTa WoHos P30 (Oosee
BCPOATHBIM, YeM 3aMEUICHHE BHYTPM pelteTky)
[Trueman, Tuross, 2002]. Hpyrwe neciesiosarein
[Reynard et al., 1999 npyinny K 3aK.104EHKFO, YTO
BHejipeHHe P332 B KOCTL MOCPEdCTBOM 3amMetue-

TaGauya 2

OcolenAocTHE MAKPO3IEMEATHOTG COCTABA 00paINOB KOCTHBIX TKAHeH

" T 1 i ]
‘ OépzneIJ Meeto omhopa ‘ S.r,’ T B'a., La.’ Sr/Ca, 10° | Ba/Ca, 10™ Ca’P F;_‘
- : | MKMT | MKNT | MXUT | -

K-1 o 251 | 166 0,04 7.7 5,15 2,44 | 0,003
L R2 Kyifna 229 | 208 | 0,01 7,06 6,41 240 | 0,008
e 7 150 0,73 | 345 4,44 2,38 | 0,009 |
l/?.(C-‘: L2321 ou_\ 6,89 4,59 238 | 0.006 |
CHe 1 {—!88 158 | 0,06 L 5,36 4,49 2,50 ¢ 0.000
b ‘ -
COHCY Hasec . 229 180 | 016 | 672 528 | 246 | 0.005 i
7777777 — Crapik = 1 — - —
| HC-4 ! 250 | 139 2 7,85 4,36 2,50 | 0,605

e e |
rHc-sﬁl 203 | 139 | 0 608 | 476 1 248 | 0,005 5 |
! | | ] | B
’ WO R Heom. | Heom. ;’; O}[Ir; |
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EXXETO/JHUK-2007

WHA TIPHROUHT K [TOARMEH HKO «KOIOKDM00IPAZHOTON
THIla pacnpesenenus P32 ¢ oTHOCHTRNLHO <na-
Coi dpakuronrposanren vexqty La s Lu. C apy-
roél croponby, serpagsanne P33 B kocrn ¢ nomo-
IUBO MCAANHIME aACOPOLMH TPHBOLWT K UN 3ia-
unMoMy dpakumonuposanso (Lasdu=5).

Kax mMomHO BHIETE W3 Tahn. 3, BO BCEX HC-
cien0BaHbbix 06pazuax, KpoMe caMoro jspeste-
10 (M3 MeCTONaXoX e HHs Cropoayy) nokasare-
AM COUCHHANHA CTPOHLIMA BAPEHPYIAT B tpeacnax
117-341 ppm, vro cootsercTiyet, 10 paInHiHEM
nasHeim [Trueman, Tuross, 2002} cpeauemy co-
ABPKAHUKY CTPOMLUMA B «KHBBIXN (HedoccHanio-
BANNBIX) KOCTHLIX TKaHAX. YPOBHH CONEPA@HHA
Oapus. HAMPOTHA. B COTHH H THICHUH PRI 1PE Bhi-
LA KOHUCHTPALIMM, XUpakTepHbie N KUBOH
koeTH (Meree 10 ppm). Coaepskaiyd 1aHTaHa HE
npepbiwawT | ppm 8 00pa3uax {3 MeCToHAxXOK-
aeruit Ker@1a u Harec Crapux; 3 ofpasuax cv-
siecTReHHD Gonee apesHnx (Kunuuie Corona 1 4
2. CROPOAYMY HAKOMIEHD! BHICOKHE COACPIKIHHA
nawrana (3,9, 7,0 1 614.7 ppm CooTBETC PRENRQ],
YTO MOWET CBHACTETBCTRORATE O 3HAYMIE/ILHON
cTeneH GOCCUNWIALR M HArEHE A,

HayueHnpie o0pa3ubt xapakiepusywTes
PatHoODPAILBIMKU CREKTPAMH PACTIPENLIeHHs
P33 ans ofpainos rpyHTa HI Haseca CMoTpo-
#OA M neuteps Huauine Cokona, a Takke Koel-
Heix 08pasuos w3 nemep Katbora, Maxnesckag Jie-
AsHas 1 MecTOHaxoRIeHUst CKopoayMm xapaxrep-
HO TIONOrOe PACHPE/CIIEHHE, 1NA KOCTHBIX 00pai-
uoB W3 Haseca Ctapuk 1 neweps Aunue Co-
KO BLIABHEHY <<K0.W0mn006pa3uoe» pacnpejene-
HUE C OTHOCHTELHLIM ODOTALICHHEM TRIKEALIMA
P37 » apro BhIpaXkeHHOH NoMomKTelibHOR enpo-
neesoH anomanueit (¢n. pue. 6}, Cnaboe qpakiy-
anmpoBatne Mencty La u Lu (Laflu <1), a raxxe
«KOJIOKO1000pa3HBIHY BUL pacTipeacaenuii P30 B
H3YUEHHEBIX KOCTHBLIX OCTATKAX MOPYT CBHASTERb-
CTBOBATL O TPEAMYILECTRRHHOM MCXaHHiMe 3a-
memtenus kanvims Ha P30 (a ne apcopSumm) b
NpoHECcoe QoceHIMIaLMA. B 1e10M npocieskisa-
eTcH TEHACHUHA Hakonitenus P3D » 3aBHCHMOC-
TH OT BO3pactTa KoeTH (pHC, 6). DTo KacueTes He
TO/ILKO YOMRHYTOH rpynnel 3iemerTos. Beero
GbL1d HOAYYEHE KOTHYSCTREHHbIE OUCHKH COACD-
AKAHWA B KOCTHWIX obpatuax fnn 50 anemetrron,
ITpr cpasHeHnK NO3NHETONOUESHOBEIX 0DPA3LI0R ¢
cambim ppesinum 0DpaILOM U3 MECTOHAXOX/ICHHA
C'kopoayv 0 nocieaAneM cojepaatue 24 anemen-
TOH HC MEHEZE HBM HA TPH MOpPAJKa IPERRIANG
Takopoe A QepublX. Ele AAe 58TH 3eMenTos
00 ObUIO 1ia ABa 11opA/IKa Belle, a jis 12 3ne-

MEHTOR — Hd 0auH mopaaok, Tonsko 108 9 e
MESHTOR MX CONCPKAHHE HMETQ O/IUH IOPAIIOK ite-
JHYHHBLL Y ODPAtIOR © PARIHIHEM B BO3PACTY ORG-
0 MavtseHa ST MK N0 0aH0MY snemcny He OoLin
OOHADY ALCHO UPSBLILCTUHA COAC{IRM A B Oostee 3
A0BIX 00pPA3LAX (0 CPABHCHHIO U ipCBHHMH Y

CpastcHue nap rpynr 0DpasLios, KyMelonu
MCHBIIHE PALTHHMA B BOIPACIL (B ICCHTRN 1ol
CAY AT, [1BET ANANONIHHKE PEIVTETI ML, [y 41
AHATOH PATIMYAT COTTPMANE D0ILI I THT -
MCHTUR cORpautaeres. M 51 avieaerira paaun
10 YPORHAM WX CO/IEPMAHHA Hi T topsigra Oblio
obHapy®eHo 114 5 oaeMeHTon, Ha ARBa NOPHAKd
orausanocs conepxanue |7 snemcerTtos. biue 20
IREMEHTOR OTTHNATHCE HA QU ROPSHOR: -
Harre § aaementon o1 anuanoch ite Disiee e n
BOPSACK, (OAMH INEMEHT (LUMHK), B NTPOTHRONIIO K-
HOCTb OCTATBIILIM, COACIKANICH B OTHOCHTELHO
Mo0ptx 00paiuax 8 Goibluem KOITHUYECTRE, Yeu
B {IPERHUXON

FlpoReseyun Ana CPaBICHMA JIGKIEITe i
CONEPRAHNA JEMCITOR B 00D Lty KOTICH W 80
BMCLIAIONIEM 2TH KOCTH V'Pyivie Yaxue cpasie
nusA us P30 nipuseseHul va puc. O, Pedvinratu
ORAIWIUCH CYU(CCTBEHNHO JABUCRIHMK OT Hpesie-
HH HAXOMAeHUS koeTel B noposic. B uecacoran-
HOM AHANAIONE BPCMEIIH NORY HLINCL, 110 YN
DOMiblle 3TOT MEPHO BPEMEHU, TCN MCOHBLUIL pai-
AMMAIOTCA NOKATATENM coaepRanHy GONbUIMHCTDA
aemenTor. Tak, AMs 06pAsIOB NOPOAL! H KOTICH
W3 neulepnt AGnvwe Corota, TAS KOCTH HaxuiH-
JACh B CIT0€ NOPOjIbl B TEHEHHE LECKOLRMA 1e-
CATKOB THICAY ACT, PALIHUHH B YPORIAX CONEPNRA-
HHA B KOCTHOM MATepHa. e M B rpPyUTE He Osiio
O0HAPYKEHO 110 31 3MEMEHTY, TOTAA KAK B Ly -
AX MCH®ILETO BOIPACTa KOCTEH (COTHH M MCPBLIL
THICAUM J1eT) TakMx 3teMentor Obiio neero 7 1l
OCTANEHBIM 3NEMEHTAM, HX cOoQepKanne Dl
BLILIE B TpydTe {(BMELLAIOLIEH 0P (e)

Buiaoam

Takum ofipazom. 11pr GOCCHAHIAILHK 1 ¢0-
CTBE W CTPYRTYPE MHIEDPANLHOH KOMLOUCHTL,
KOCTHBIX TKAHEI ¥ MIYHCHHAIX MCETKUX MIERO!IH-
TAKOWIHX W3 300TEIHBIX OTACKEHHA KapCToBhLiX
ncnoctell HeTBepTHHHOTO NEPHOILa MPOHCXOIT
pAR HIMeHeHMH: petreda U MUKPOCTRYKTY Ph N~
BEPXIOCTH W CONCPKAHHS OPrakn 1CerROMH KoMIlu-
HEHTRI, HEPEPaCHPEIIRHHE MAKDO- M MHKDO Xie-
MEHTOB, COIepMALHE OPIBHHHTURKDH KOMNUHCET b
W COCKIPh PEIKOICMENIbHBIX EMCUTOL. HAKVIL-
NEHHBIX B HCKOTIAEMEBIX KOCTHBIX TKAHAX {a,cup-
OMPOBAHHAIX WM BAMEMAIO LMY KATHOHE K2 5ikts




B CIPVKTYPE [ HPOKCHANATHIA), HBJISKOTCH YyD-
CTRMIENEHBIMY HHAMKATOpaMH yedoenit doccunyu-
3alIMH KocTel, Ha QCHOBAHHH KDTOPBIX MOXKHO [1pO-
BOJHMTDL COMOCTAR/ISHAA O0BEKTOB [0 BO3PACTY H
VCIIOBIAM 1aXOPOHCHNA, BLISBIATE TPOCTPaHCTBEH-
HVIO H BPEMEHIEVIO CVETAFTIOCT], MaTepHana.

Paboma swinoanena 8 paMmrax npozpaM-

St (v dasMermanb vl uccAedosanwi Tpezu-
duyma PAH «llpoucxoncdenue v 3g0m0yui
Guncehepein, npozpamael Hipesuduyra PAH
DU dane AN bR ble HAyKy — MEQUWuKes d
MaKyCe npu PUHAKCOEOH hoddepicke zpanma
Hpezudenma P® «lloddepmcra sedyvujux
navansix uexory HII-4210.2006, epanmos
PODH NeG7-05-00097. D8-D4-00563 u epan-
ma Munofpazoganus PHIL2 1.7 1840
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