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Cnucox coxpauenuu

B39 — Bbicoko3apsiiHble (IIPEUMYIIECTBEHHO TPEX- U YeThIPeX3apsi/IHbIe
Me** u Me'*=Y, Zr, P39, Hf, Ta, Th, U, Sc) anemenTsL.

JCK — nuddepennmanbias CKaHUPYIONIAsi KAJIOPUMETPHST, O/TUH U3
BapuaHTOB /[ TA.

ATA — nuddepentmanbublii TepMudecKuii aHam3 (1epuBatorpadust).

ATT — muddepennmanbaas TepMOrpaBUMETPHSL.

UK — undpakxpacHasi MUKPOCKOTIHS U CIIEKTPOCKOIIHSI.

NCII-MC — macc-creKTpoCcKOIust ¢ MHAYKTHBHO-CBSI3aHHOM TTa3MOI.
H.u. — HuxHME yemocTu.

P39 (REE) — penkosemesnbnbie anementst (La, Ce, Pr,Nd, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu).

P®A — pentreHodhi00pecieHTHBII aHATHS.

COM - ckanupyomas 3JeKTpPoHHAsE MUKPOCKOITHSI.

TT — repmorpaBuMeTpusI.

YMC(AMS) — yckopuTebHast Macc-CIEKTPOMETPHsI, accelerating mass
spectrometry.

IIIP — ayieKTpOHHBIH NapaMarHUTHBINH PE30OHAHC.

HREE, LREE — sierkue u Tsikesibie peiko3eMesIbHbIE 371eMEHTHI.



BBENEHUE

UccnenoBanust B TAJIEOHTOIOTHH, apPX€0JI0-
IUH, TEOJIOTUU U CBSI3aHHBIX C 9TUMU HAyKaMu
00J1aCcTSIX 3HAHUS O TPOIILJIOM HEBO3MOXKHBI 6e3
HAJ/IeXKHOU XPOHOJIOTUYECKOU OCHOBBI, IPUYEM
3TO OTHOCHUTCS K JIIOOBIM MHTEPBAJIAM XPOHOJIO-
IMYeCcKO# MIKaJbl, C KOTOPOIl COM3MepPseTCs
pasBuTHE IPUPOJIbI U YyesioBeka. Haru TpeboBa-
HUS K TOYHOCTH OIIEHKH BO3pacTa 06bEKTOB MU
JIaThl TOTO WJIM UHOTO COOBITUSI 3aBUCAT OT Bpe-
MEHHOTO MaciuTaba uccieloBaHusl U ero 3ajay.
B HeKkoTOpBIX ciy4asix HeOOXOAUMO 3HATH ATy
COOBITHSI C TOYHOCTBIO /IO TO/A, YTO TO3BOJISIET,
HaIpUMep, A€HIPOXPOHOJIOTUIECKUN METO/IL.
B npyrom ciryyae He 060iiTiCh 6€3 MpUMEHEHUSsT
M30TOITHOW N€OXPOHOJIOTHH, U TOT/A IaTa 0ObheKTa
YCTAHABIMBAETCS B TOJIaX C IOTPEUIHOCTHIO B
HECKOJIBKO IIPOLEHTOB OT ero Bo3pacrta. B atux
JBYX CJIy4asix peub upeT 06 abCcOMIOTHOM AaTH-
poBke. VHor/ia vccie[oBaTeTio BayKHO 3HATh HE
abCOMIOTHBINA Bo3pacT 00pasiia, a Kakue U3 00beK-
TOB CUHXPOHHBI, CTapIlle WK MJIAJIIIe. ITO 3aj1a4a
JUISI OTHOCUTEJIbHOM IATHPOBKHU.

B XX B. ycuust pusuKoB, XMMUKOB, apXeo-
JIOTOB, TIAJIEOHTOJIOTOB ¥ IPYTHX CIIELUATUCTOB
ObLITH HAITPABJIEHbI HA CO3/IaHKE U COBEPIIIEHCTBO-
BaHHE METOJ0B aOCOJIOTHOrO AaTHPOBAHUS
06pa3sIoB U3 Pa3HOTO PO/a KICTOYHUKOB MATEPH-
aJIoB O IIPHUPOJIe YeTBEPTUYHOTO Tteproaa. Cambrii
BBIJIAIOLIMIICS yCIIeX B 3TOW 00J1aCTH OTMEY€eH
Hobenesckoii mpemueii 3a 1960 r. 1o xumum, mpu-
cyxneHHoi Yumnapay Jlu66m. B 1949 r. on Brep-
Bble COOOIINJI O JaTUPOBAaHUU OPraHUYECKUX
00pa3IoB ¢ MOMOIIBIO PAAUOAKTUBHOTO U30TOIA
yriepona *C. IIpomio HecKOMbKO eCATHIIETHIA ¢
TIepHOo/ia HAYaIbHOTO TIPUMEHEHHUST PAIHOYTIEPO/I-
HOTO METO/a, W IIPW COXpaHeHUU 0a30BOM
METO/I0JIOTMYECKOi OCHOBBI 33 3TO BPeMsI TPUHIIU-
HAJIbHO M3MEHUJIOCH allllapaTyPHOe OCHAI[eH!e

J1aboparopuii u ObLIM BBEIEHBI MHOTHE TTOIPABKH
B PaCYeTHYIO YaCTh MCCJIeI0BaHui. B pesyJibrare
MHOTOKPATHO BBIPOCJIM TOYHOCTH MOJTyYaeMbIX
NaTUPOBOK, MpPe/ebHbIA BO3PACT, [OCTYITHbIH
JUUIS OL[EHKH, BO3MOKHOCTH UCTIOJIb30BATh MaJIble
1o Macce o6pasipl. OcoOeHHO 3aMETHBIN MPO-
rpecc ObLT IOCTUTHYT IPH TIEPEXO/IE OT METOJIOB,
B OCHOBE KOTOPBIX HAXOMASITCSI CYETUYUKH OeTa
pacnagoB K MPUMEHEHUIO YCKOPUTEIBHOI Macc-
criektpomerpun. Ceifyac yCIenIHO AaTUPYIOTCS
006pasiibl, KOTOPBIE COAEPIKAT MEHEe MUJLTUTPAMMA
yIJIepo/ia, YTO CYIIeCTBEHHO PACIIUPSIET KPYT
3aj1ad, PeIiaeMbIX C TIOMOIIBIO PAJHUOYTJIEPOTHOTO
MeTo/.

[ToMUMO PasOYTIEPOAHOTO, pa3paboTaHbl
JECSITKA METO/IOB IaTUPOBAHUSI, OCHOBAHHBIX Ha
MCCJIeIOBAHUH JAPYTHX KOCMOTEHHBIX HYKJIUIOB,
M30TOIOB YPAHOBBIX PSI/IOB, 6JIATOPOIHBIX Ta30B
PaZInOTEHHOTO IIPOUCXOXK/IEHUST, TEDMOIIOMIHEC-
IEHIIMN ¥ IPYTMX BAPUAHTOB PaJMAIMOHHOM
nosumerpun. CyIiecTByIOT METO/IbI, OCHOBAHHbIE
Ha M3YYEHUHU PAa3HbIX XMMHYECKUX PEAKIIHH,
IaJIeOMarHeTU3Me, Pa3JINYHbIX PETHCTPUPYIOIIAX
CTPYKTYP B TeOJIOTHYECKUX ¥ OMOJIOTHYECKUX
obpasiax. ITpobieMaM TeOXPOHOIOTHU TOJIBKO
YeTBEPTUYHOTO TE€PHO/Ia MOCBSIIEH IHPOKUii
Kpyr Jauteparypsbi, (cM., Hanpumep, 00630p
['A. Baruepa (2006)). Ota1 METO/IBI IAIOT BO3MOJK-
HOCTH OIIEHUTh abCOMTIOTHBIN BO3pacT 00pa3IioB,
JPyTHe TOJYYUTh CBeIeHUsT 06 OTHOCUTETbHOM
Bospacre. Teoperuuecku, obpaienue K mpobJie-
MaTHKe, CBSI3aHHOU € TIOJTyYeHHEeM OTHOCHUTEJb-
HBIX JATUPOBOK MOJKET IIPE/ICTABJISATHCS IUITHUM
1 Iayke apXanyHbIM. Besib nmest cepun abCOTIOTHBIX
JIaATHPOBOK BCEr/la MOYKHO MOJIYYUTh U OLIEHKH
X OTHOCUTEJILHOTO MOJIOKEHUS] HA XPOHOJIOTH-
vyeckoil mkaie. OHAKO MPaKTUKA UCCTIEI0Ba-
HUU MOKA3bIBAET, YTO TIPU PEIIEHUN HEKOTOPBIX



6 Bgedenue

3a/1a4 [0JIe3HBIMM OKa3bIBAIOTCsE 160 00a 1oji-

x0/1a, 1100 JI0CTATOYHO 3HATH OTHOCUTETHHBIN
BO3pacT. Ycrex MHOTUX paboT 3aBHCUT OT ajlek-
BATHOCTH B BBIOOPE METO/A, KOTOPBI B MaKCHU-
MaJIbHOM CTENEHU COOTBETCTBOBAJ Obl, C OJHOMN
CTOPOHBI, PENIIAEMOMY BOITPOCY, C APYTroi — ObLI
Obl cBOOOJICH OT OTpaHUYEHU, KOTOPbIE YacTO
HaKJIa/IbIBAaeT MPUPOa 00bEKTA JATUPOBAHUSI.
W Horia npuxoanuTcst NCKaTh KOMIPOMHCC MEXTY
CKOPOCTBIO ITOJTy4eHUs Pe3yIbTaTa, TOYHOCTHIO U
3aTpaTaMi Ha ero rosydenue. B smobowm ciydae,
yeM IIMpe CIeKTP BHIOOPA METOOB, TEM OOJIbIIE
BO3MOXKHOCTEN HATH ONTUMAJIBHYIO CTPATETUIO
MX nnpuMeHenust. Habop MeTo0B /st moJsry4eHust
OTHOCHTEJIbHBIX IATUPOBOK B ITOCJIEHHE JIECSTH-
JeTUs CYUIeCTBEHHO pacuupuiicst 6iarogapst
BbIZAIONIEMYCS TIPOTPECCY B Pa3BUTHH BHICOKO-
TEXHOJIOTUYHOI TIPHOOPHOI Ga3bl (HU3UIECKON 1
XUMUYeCKON aHaTUTHKU. VIMEHHO 5TO 1T03BOJISIET
BEPHYTCSl K HEKOTOPBIM, Ka3aJoch Obl, 1aBHO
MCYEPIABIINM CBOM BO3MOXKHOCTH METO/aM,
K KOTOPBIM OTHOCHTCSI, HAIpPHUMep, KOJIJIareHo-
BBIH.

[Tpumenenne MeToI0B IATUPOBAHHMSI K TAKOMY
00BEKTY, KAK KOCTHBIE OCTATKM MEJIKUX MJIEKO-
MUTAIONIAX, TTPE/bSIBISAET HECKOJIBKO Creludu-
geckux Tpebopanuii. [lepBoe U3 HUX — BO3MOXK-
HOCTH paboThl ¢ 06pasiaMu MaJol Macchl.
K MeskuM MJieKOTUTaonuM 0OOBIYHO OTHOCSIT
BU/IbI, Pa3MePhl KOTOPHIX MEHbIIIe 3aiflia 1 CypKa.
Macca ofHO# HUXHEYeJICTHOW BETBU MAJIs
Oesnku coctasiisier 650 MI, 711 KOTIBITHOTO JIeM-
muHra — 300 Mr, 77151 OOBIKHOBEHHOW ITOJIEBKA —
50 Mr, 17151 cTenHoi mecTpymKu — MeHee 50 M, a
U1t MBITIOBKY — okouto 10 mr. Hanbosee macco-
BbI€ OCTaTKH! MEJIKUX MJIEKOTTUTAIONNX, N3BJIeKa-
eMble IIPU PacKOIIKaxX W BU/0Basl AUATHOCTUKA
KOTOPBIX HE TPECTABJISIET OCOOEHHO CIIOKHOIM
3a/1aui, — W30/ IMPOBaHHBIE MIEYHble 3yObl. Mac-
ca 0JIHOTO MEYHOTO 3y6Ha, HAlPUMEpP TIEPBOTO
HUKHETo KopeHHOTo (M,) y 06bIKHOBEHHOI
IOJIEBKU, COCTABJISACT IPUMEPHO 6—7 MT, TaKO# 5Ke
3y0 KOTIBITHOTO JieMMuHTa BecuT 11—12 mr, cren-
Hou nectpyuiku — 7—8 mr. Cozeprkanue Oprainu-
yecKoro Berectsa 3yba maccoit 10 Mr cocrasisieT
JUUISL COBPEMEHHOTO 06pasria mpuMepHo 1,5 Mr, 1ist
obpasifa ¢ BO3pacTtoM mepsbie 2—3 ThIC. JIeT —
1,3 mr, a ¢ Bo3pacTom 0K010 12 Thic. 1eT — 1,0 Mr.
3ameTum, uTo ¢ yBeJTMYeHUeM BO3pacTa He TOJIb-
KO Ia/laeT cojiepKaHiie OpraHNYecKou 4acTu, 1o
KOTOPOM BeZIeTCs PAJANOYTJIEPOITHOE JATUPOBAHNE,

HO ¥ PACTeT /10JIs1 Pa3JIMYHBIX IPUMECE, 3aTpy/I-
HSATONUX MOJy4YeHre TOYHBIX 1aTHPOBOK. Bee aTo
NPUBOJAUT K CEPbE3HBIM CJOKHOCTAM IIPHU
MCIIOJIb30BAHUU PAIUOYTIEPOTHOIO METO/IA /LISt
JATUPOBKN M30JIMPOBAHHBIX 3Y0OOB MEJIKUX MJIe-
KONUTaomuX. B Hanm HU Takas 3amaya Ipax-
TUYECKU HEJIOCTYITHA OOJIbINIEH 4aCTH JIaXke CaMbIX
XOPOIIO OCHAIIEHHBIX JTADOPaTOPHii, UMEIOLUX
YCKOPHUTEJbHYIO Macc-crieKTpomeTpuio. Muorue
nabopaTopur OrpaHMYUBAIOT MUHUMATHHYIO
Maccy KocTHOro obpasiia npumepto 2 1. Paguo-
yIJI€POIHbIE YCTAHOBKH, paboTalolIie Ha AaTdu-
Kax Oera-u3JIy4eHHil, Hy)K/JAIOTCS B HaBeCKaX
KOCTell He MeHee HEeCKOJbKUX COT TPaMMOB, U
TOJIBKO HEKOTOPbIE U3 HUX MPUHUMAOT 00pa3Iibl
B 40—80 1, KOTOpBIE HA3BIBAIOT MUKPOHABECKAMH.
O/uH 13 BapUaHTOB BBIXO/IA U3 TAKOTO CJA0KHOTO
HoJIOKeHUsT — (popMupoBaHMe 0OpasIia st 1aTh-
POBKM M3 HEeCKOJbKUX 3y0oB. [IpocTsie pacyersi
TIOKA3bIBAIOT, YTO /IS TorydeHst obpasia B 200 T
HeoOxommMo pumepro 20000 3y60B, st 06pasia
B 50 r — 5000, a 2 r — 200 3y6oB. AcHo, yTO
HCIOJIb30BaHMe TAaKOTO KOJIMYECTBA OCTEOJIOTH-
YeCcKOTo MaTepuasia /Il JaTUPOBOK HE PeasbHO.
W neno paxe He B TOM, YTO YHHUYTOXKEHUE TAKOTO
KOJIMYeCTBa TaJeOHTOJOTUYECKOTO MaTepuasa
paju MoJy4yeHusl JaTUPOBKY SIBJISIETCS TTOTepeit
JU7IsI HAYKH, @ B TOM, YTO TIOJIy4eHHYIO aTy OyieT
cJ0’)kHO uHTeprperuposaTh. [lo cyTu ona ne
OyIeT OTIMYaThCs OT JAaThl, MOJIYYEHHOM 10 CMECH
HeIMarHOCTUPOBAHHBIX KOCTel. OTbIT MOKa3bIBaeT,
YTO JAaThl IO CMECU KOCTeH MOCTKPaHUAIbHOTO
CKeJIeTa PA3HbIX KUBOTHBIX UMEIOT CMBICJ JIJIsI
TOJIyYeHHsI HEKOTOPOTO TIPe/ICTaBIEHMsI O BO3Pa-
CTe cojepyKaliero KOCTHble OCTAaTKHU CJI0s, HO
(haxTHueckn OHM MMOKA3BIBAIOT KAKOU-TO BO3PACT
CMeCH KOCTHBIX OCTaTKOB. Ec/i B aTOI cMecu oka-
3JIMCh Pa3HOBO3PACTHBIE OCTATKM, TO 9TO CKAYKETCS
Ha TI0JTy4YeHHOM J1aTe, XOTSI U HEM3BECTHO KaKuM
obpasom. [[asxe JIst TOJIydeHMs IaThI ¢ TOMOII[LIO
YCKOPUTEJIbHOM MaCC-CIIEKTPOMETPHH 110 CaMOi
MaJIOii HaBeCKe MPUJIETCSI UCII0Ib30BaTh 00pasel]
13 HECKOJIbKUX 3y00B.

OnucanHas BbIIIe CUTYyaIUsT TTIOKA3bIBAET,
YTO CyIIEeCTBYeT 3a/[aua OLEHKH CTeIleH! BO3pac-
THOU OZTHOPOHOCTU OCTATKOB MaJION MacChl, U3
KOTOPBIX opMupyercst 00paselt 1Jisi JaTHPOBKH.
B atom cirydae He0OOX0MMO OIPEETUTh OTHOCH-
TeJIbHBIM BO3PACT MeJKUX (pparMeHTOB, HalpuU-
Mep U30JIMPOBAHHbIX 3y0OOB. 3/1€Ch ONpeIeIeHne
OTHOCHTEJIbHOTO BO3pPACTa BBICTYIIAET B KAUeCTBE
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IIpeIBapUTEIbHOI BCIIOMOTAaTeIbHON MPOTIE/Ly PbI
pu (OpMUPOBAHUU 00pa3Ia /ISt OTIPeIeTIEH S
abcommoTHOTO Bo3pacta. Ho MOXKHO oricath Ceprio
3a/1ay, B KOTOPBIX OTHOCUTEJIbHAS AaTUPOBKA
CJIYKUT METO/IOM IIOJIy4eHU s CAMOCTOSITeJTbHOTO
U BaXXKHOTO pe3yJsbrata. PaccMoTpuM HECKOIBKO
TAKUX 3ajia4, KOTOPble U MOOYAUJIH aBTOPOB
3aHSTHCSI AHATU30M TIPOOIEMBI OTHOCUTEIBHBIX
JIATHPOBOK OCTEOJIOTMYECKUX 00Pa3I0B MaIOn
Mmaccsl (Borsikos u ap., 2008).

[TepBas 3amaua — olleHKa CTETIEHU XPOHOJIO-
TUYEeCKO OJHOPOJHOCTU TaK Ha3bIBaeMbIX
«CMeIIaHHbIX» (PayH X0JIOIHBIX 3TIOX ILIeUCTOIe-
Ha. [Tokazano, 4yTo cMentanHocTh ayH (TIpucyT-
CTBHE B O{HUMX TadOI[eHO3aX OCTATKOB BH/IOB Pa3-
HBIX COBPEMEHHBIX IIPUPOIHBIX 30H ) MOXKET OBITh
Pe3yJIbTaTOM JIBYX COBEPIIEHHO PA3HbBIX SIBJICHHIA:
Pe3yJIBTaTOM OTPasKeHMS (DUIIOTIEHOTEHETHYECKUX
IPOIeCCOB, IPOUCXOIUBIINX B IJIEHCTOIIEHE,
KOT/[a «CMEIIAaHHOCTh» ObLa OIHOM 13 OCHOBHBIX
XapaKTepPUCTUK 30HAJIBHBIX «TYHIPOCTEITHbIX»
dayn, nim pesyasraToM TahOHOMHYECKOTO CMe-
IIEHNUsT OCTATKOB BU/IOB U3 PA3HBIX MPUPOIHBIX
KOMILJIEKCOB 3a CYET [epPeMelIMBaHUs KaK Pa3Ho-
BO3PACTHBIX OCTATKOB, TaK U IIPUBHECEHUsI UX C
yAal€eHHBIX TEPPUTOPHIL.

[TpuHIMIIMAIBHO BOTIPOC O PEATTBHOCTY OJIHO-
BPEMEHHOTO CYIIECTBOBAHUS B COCTaBe CO00-
IIeCTB XOJIOIHBIX 3TOX IUIEHCTOIIEHA BU/IOB, KO-
TOpbIE HbIHE OOUTAIOT B Pa3HBIX TIPUPOAHBIX 30-
Hax, perieH. O6 9TOM CBHIETENBCTBYIOT BHICOKO-
TOYHBIE PAZNOYTJIEPOIHbIE TaTUPOBKU HIKHUX
YeJII0CTel cepun TaKMX HbIHE «HECOBMECTUMbBIX»
BU/IOB MEJIKMX TPBI3YHOB U3 MECTOHAXOXKIEHUI
kak B CeBepHoii AMepuke, Tak u B EBpaszuu. Briep-
Bble OHU ObLH TosTy4Yensl B 1999 r. B JluBepmopce-
koii taboparopuu CIIIA ¢ momomibio ycKkopuTeib-
Hou Macc-criekTpometpun (Stafford et al., 1999)
npu HameMm ydactun. Cratuctiuyeckasi ommudKa
9THUX JIaT COCTaBUJIa BCETO III0C—MUHYC HECKOJIb-
KO JIECSITH/IETUH TIPU aBCOTIOTHOM BO3PACTe OCTAT-
k0B OoJiee 10 Toic. siet. /[oka3aTerbCTBO peajibHO-
CTH CyIIIeCTBOBaHUS (heHOMEHa ellle He O3HAYAET,
4TO B KaXK/[OM CJIy4dae, KOI/ia IIpH PacCKOIKax B O71-
HOM ¥ TOM JK€ CJIoO€ OOHAPYKUBAIOTCSA OCTATKU
BU/IOB, OOMTAIOIINX HbIHE B CTENU, TYH/IPE U Taii-
re, MbI IMeeM /1€JI0 C HellepeoTI0KeHHbIMU pa3-
HOBO3pacTHBIMU KocTaMu. Kaskprit pas mpu ana-
JIU3€e COCTaBa U CTPYKTYPBI IPEBHUX COOOIIECTB,
PEKOHCTPYUPYEMBIX Ha OCHOBE AaHHBIX U3 Tajie-
OHTOJIOTUYECKUX PACKOIIOK, 33/1a4a OIIEHKH CTeTre-

HU CHHXPOHHOCTH OCTEOJIOTHYECKIX MaTePUAIOB
3aHOBO BCTaeT 1epeji uccienosareneM. [Ipumenn-
TEJIbHO K «CMEIIaHHbIM> (hayHaM ee pelleHue Tpe-
6yeT 0cO6OH TIATENTLHOCTH.

Bropas 3agaua, Tpebyiomas IpuMeHeHUs
COBPEMEHHBIX OTHOCHUTEJbHBIX aTHUPOBOK,
COCTOMT B MAEHTU(DUKAIINK CTyYaeB MePeoTio-
JKEHUS eINHIYHBIX 3y00B MEJIKUX MJIEKOTIATAIO-
IIUX, HA OCHOBAaHUU KOTOPBIX /IEIATCSI BBIBOJ] O
SIKOOBI CYIIECTBOBABIINX pe)yTriyMax, B KOTOPBIX
BU/IbI U3 TLJIEHCTOIEHOBBIX COOOIIECTB 0OUTAIN
B MEXJIEJHUKOBBIX YCJIOBUSAX (B TOM 4YHCJe B
roJioriere). [Ipex/ie Bcero aTo Kacaercst, 0CTATKOB
KOTIBITHBIX U CHOMPCKUX JIEMMUHIOB, CTEITHBIX
HeCTPyIIEK U MUIYX, Y3KOYEPEIHbIX M0JEBOK B
TOJIOI[EHOBBIX OTJIOKEHUSIX B YMEPEHHBIX IIHPO-
tTax EBpasuu BHe MX COBPEMEHHBIX apeasioB.
CJ10KHOCTD PEIlIeHUsI 9TOH 33/1a9¥ COCTOUT B TOM,
4TO OCTATKHU CAMBIX <IIOJI03PUTENbHBIX> BH/OB
NpeACcTaBJIeHbl, KaK MPaBUJIO, He KPYIHBIMU
(dbparmeHTaMu, a MIMEHHO e IMHUYHBIMU U30JIMPO-
BaHHBIMU 3y0aMmu.

Be3 00beKTUBHOTO U OTBETCTBEHHOTO peliie-
HUSI TaKOH 3a71a4d HEBO3MOXKHO JIa’Ke CTaBUTh
po6JIeMy BO3PACTHON CTPYKTYPBI COBPEMEHHBIX
MHOTOBH/IOBBIX coobmiectB. /lannas npobiema
MOJKeT OBITh pellleHa IyTeM OIIEHKU BPEMEeHU
[PHCYTCTBUSI B COOOIIECTBE MOITY SN He TOJIBKO
MacCOBBIX, HO U peIkuX BuzioB. IlaseonTomnoru-
JyecKue JaHHbIe TI0 IUHAMUKE BUIOBOTO COCTaBa
coobmecTB 6a3upyIOTCS Ha MacCOBBIX cOOpax
(HECKOJIBKO THICSTY 3yOOB TPHI3YHOB) U3 OTJIOKE-
HUIT KaK/I0T0 U3 PACCMATPUBAEMbIX XDOHOCPE30B.
Packonky 300reHHBIX OTJIOKEHUH B KapCTOBBIX
MOJIOCTSIX 00eCeYnBaOT HMEHHO TaKie Macco-
Bbie cOopbl. [Ipu rpomMagHOM KOJTMYECTBe M3BJIe-
KaeMbIX ITPU PACKOINKAX 3yOOB MEJIKIX MJIEKOIIU-
TAOMNX MHOT/IA HAXO/KY OJIHOTO VIV HECKOJIBKUIX
BUJIOB BCTPEYAIOTCS YAMBUTETBHO PeKO (OAMH—
1Ba 3y0a M3 MHOTUX THICSTY 3yOOB IPYTUX BUIOB).
HecMmoTpst Ha uX Masyro 010 B cOopax, ucce-
JI0BaTeb BBIHYKJIEH BKJIIOYATh UX B CIUCOK
(aynsbL B psze ciyyaeB ecTb o0cCHOBaHUS IIPETIO-
Jlarath, 4YTO €IMHUYHBIE 3YObl «9K30TUYECKOTO>
BH/Ia MEPEOTIOXKEHBI U3 MOACTHIAIONNX WK
TIePeKPhIBAIOIINX OTIOKEHUI 1 HE MOTYT CITYKUTh
CBUIETEIbCTBOM OOMTAaHUS BH/IA B COCTAaBe
pexkoHcTpyupyeMoit haynbl. CI0KHOCTD IaTUPO-
BaHUsI TAKUX HAXOJIOK COCTOUT B TOM, UTO OHU
MIpe/ICTaBIEeHbl IMEHHO eIMHUYHBIMU HU30JIUPO-
BaHHBIMH 3y0aMu, /I KOTOPHIX HE BO3MOXKHO
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NPUMEHWUTH PAZIMOYTIepoAHblid MeTon. OcTaeTcs
HAJIESIThCSI HA METO/IbI OTHOCUTEIbHON J1IaTHPOB-
K, KOTOPBIE TI03BOJISIIOT Pab0TaTh ¢ 0OpasiaMu,
COMOCTABUMBIMH TI0 MAacce ¢ eAMHUYHBIM 3yOOM
MEJIKUX TPBI3YHOB.

Vcropust uconb30BaHUs B MAJIEOHTOJIOTUN
METO/IOB OTHOCUTEJIbHOMN ATUPOBKH TaK JKe CTapa,
KaK ¥ caMa 9Ta HayKa. [[pakTHYeCKH BCE METO/IbI
JATUPOBKU, KOTOPbIE IIPUMEHSIJIUCH JI0 TIOSIBJIEHUST
M30TOITHON XPOHOJIOTUH, MOKHO OTHECTH K KaTe-
rOpuu OTHOCUTENIbHBIX. He cocTaBiseT nckirode-
HUS WM YeTBEPTUUYHAS I1aJIe0300JI0THs, B KOTOPOU
JI0JITOe BpeMsi KpoMe cTpaTurpaduyeckoi mpu-
BSI3KH ¥ MOPGOJIOTUYECKUX 0COOEeHHOCTEH,
OCHOBHBIMHM KPUTEPUSIMHU CTEIIEHU JPEBHOCTH
KOCTHBIX OCTATKOB ObLIM MPU3HAKH, OLIEHNBae-
Mbl€ OPraHOJICNITUYECKU — Ha I[BET, BEC, 3BYK U
Jaxe BKYC.

Croco06bl OLeHKM OTHOCUTEILHOIO BO3pacTa
JUUIS KOCTHBIX OCTaTKOB MEJIKUX MJIEKOITUTAIOINX
MOTyT OBITh Pa3/iesieHbl Ha JBe TPyIbl. IlepBas
OCHOBaHa Ha aHA/IM3€ BHENIHUX NPU3HAKOB —
XapakTep M UHTEHCUBHOCTb OKPACKU KOCTH,
CTeleHb MeXaHWYeCKOW COXPAaHHOCTH, BKJIIOYAs
XapakTep MOBEPXHOCTU KOCTU. DTU CBOMCTBA
OYeHb BaXKHbI, TaK KaK HX MOKHO OIIEHUTh HEITOC-
PEACTBEHHO B ITPOLIECCE PACKOIIOK, OIHAKO Jaske Oe3
CIeLIMAIbHOIO U3YUYEHHUS SICHO, YTO UX IEHHOCTD
BecbMa CIIOpHA U3-32 CYIIeCTBEHHOW 3aBUCUMOCTHU
OT YCJIOBUI 3aJIeraHusI KOCTEM B CJIOE.

Bropast rpyrmma cBOICTB ONpeIessercss XuMu-
YeCKMM COCTAaBOM KOCTHOU TKaHU, KOTOPBI
MOXKeT OBITh MCCJIEJOBAH TOJIBKO C UCIIOJIb30Ba-
HUEeM Pa3HooOpa3HbIX (HUBUKO-XUMHYECKHX
METOJIOB aHAJIM3a COCTABA M CTPYKTYPbI KOCTHBIX
0OCTaTKOB. PazymeeTcs, MX XMMUYECKHII COCTAB U
CTPYKTypa TaKKe 3aBUCUT OT yCJIOBUH, B KOTO-
PbIX HaXOASITCS KOCTH.

Koraa nepen mccienoBaresieM CTOUT 3a1a4ya
OILICHUTH Pa3JIN4YMsI B BO3PACTE KOCTHBIX OCTaTKOB
’KABOTHBIX U3 PACKOIIOK, OH HEBOJIbHO CTPEMUTCS
mai00bie BUAMMbIE Pa3/inyusi TPAKTOBATh Kak
1okasaresib ux Bodpacra. OJHAKO SCHO, YTO COO-
CTBEHHO BO3PACT HE MOKET OTPA3UThCsI HA KOCTSIX,
KakK ¥ Ha J1000M APYroM 0ObeKTe HEKUBON IIPU-
PO/ibl. ATeHTaM#, KOTOPbIE OITPE/IEISTIOT BHEIIHIE
CBOMCTBA, CJIy’KaT OMOJIOTUYeCKne, XUMUYECKUe
u pusnueckue mporecchl, HHTEHCUBHOCTH KOTO-
PBIX 3aBUCHUT OT ycJyioBuii. KoMIlIeKC TaKux
IIPOLIECCOB, KOTOPbIE IPeBPALAIOT KOCTHYIO TKAHb
’KUBOTHOTO B 4acTh IUTOCHEPDI, HazbiBaeTcst hoc-

cunausainuei (mpeBpalieHne B UCKOIaeMoe).
B camom obuiem Buje mipoiiecc (HOoCCUIU3AINY
MTPOCT ¥ ONUCBHIBAETCS /IByMSI COCTABJISIOUIUMHU:
mepBasi — yTpaTa OpraHu4ecKod 4acTH KOCTH,
BTOpasi — 3aMellieHre OHIX (OHOMUHEPAIHHBIX )
COCTaBJSIOMUX HA Apyrue (MUHEpPAJIbHBIE).
AXTyaJIbHBI KCCJIEZIOBAHMSI 3aBUCUMOCTU CKOPO-
ctd u myTeil poccunmsanuu ot PU3NYECKUX 1
XMMHUYECKUX CBOWCTB COOTBETCTBYIOUIUX IMCTO-
JIOTHMECKHX CTPYKTYP KOCTH ¥JIH 3y0a, ojIjiexa-
HIero JaTUPOBKeE, a TaKXkKe 3aBUCUMOCTU XOJa
dboccuauzanuu ot ycJaoBUi, B KOTOPBIX ObLI
3aXOpOHEH 00pasell, BpeMeH! ero HaX0XK/IEHNUS B
OTJIOXKEHUSIX, IIyTel U yCIOBUM ero IepeoTsioxe-
HUSA, ecaiu TakoBbie Oblin. [lox ycroBusmu
HAXOXK/I€HMS B 3aXOPOHEHHOM COCTOSTHIM TIOHUMA-
eTCs IMUPOKUI KPYT (haKTOPOB U UX IUATIA30HOB.

Ha6op mMeTo0B Jis1 u3ydyeHusl MpOIeccoB
(occrnuzanyu B nocsieinne 1ecsITUIeTUs Cyuie-
CTBEHHO pacIupuiicsi 6JIaroapsi Mporpeccy B pas-
BUTHH BBICOKOTEXHOJIOTHYHOM IPUOOPHOIT HGa3bl
(pnsuko-xumMuyeckon aHamuTUKU. [IpuHIUnu-
aJIbHO HOBBIE BO3MOKHOCTH (paboTa ¢ MUKPOTrpaM-
MOBBIMU HaBecKaMu B TepMoaHaause u MCII-
Macc-CIeKTPOMETPUN, HAHOMETPOBOE pa3pelieHue
B MUKPOCKOIIUU U Jp.) HO3BOJISIIOT BEPHYTHCS K
[I0/JIX0/IaM, Ka3aJ0Ch Obl, MCYEPIABIIUM CBOM
BO3MO’KHOCTH IIPH U3yYEHUH KOCTHBIX OCTATKOB,
— MUKPOTeOXMMUYECKOMY, TEpPMOrpaBUMETpHYec-
KOMY, MUKPOCKOIIUYECKOMY U /IP., OCHOBAaHHBIM Ha
HAKOIJICHUH MUKDPOSJIEMEHTOB, PeyKIIUA Opra-
HAYECKOU 4YaCTU KOCTHOU TKAHM U TIP.

st ToHMMaHusT TPOLECCOB, CBS3AHHBIX C
(pa3oBbIMU U XMMUYECKUMU IPEBPALIEHUSIMHU
KOCTHBIX TKaHeii pu (hoCCUIn3aiuy, HeoOXoau-
MO JIeTaJIbHOE UCC/IeIoBaHUe (DU3UKO-XUMUIYeC-
KO CyIITHOCTH ITPOIECCa, BBISIBJIEHNE 3aKOHOMEP-
HOCTel (Pa3oBBIX 1 XUMHUYECKUX IPeBpAIeHU
COCTABJIAIONINX, BIAUSHUAS HA HUX TEMIIEPaTyphl,
KHMCJIOTHOCTH, MUKPOIIPUMECHOTO cocTaBa (Jrio-
uoB u ap. HamoMHuM, 4TO KOCTHBIE TKAHU KaK
THITUYHbIE OMOMUHEPATIbHbIE aTPETaThI IIPE/ICTAB-
JISIOT cOOOM CJI0KHBIE 0Opa30BaHMsl, BOSHUKAIO-
nige B IIpoIfecce B3aUMOJENHCTBUS KXUBOTO U
KOCHOTO BelleCTBa, CoZiepKalliue TpyAHOpas/e-
JIUMBbIE, 4aCTO MJIOXOOKPHUCTANIN30BAHHbBIE
MUHepaJIbHble M OPraHUYecKUe COCTaBJISIONUe,
HMeIoI1e KOMIIO3UTHBIHI COCTaB, HEIIOBTOPUMYTO
MOpP(hOIOruio, MUKPO- ¥ HAHOPa3Mephl KPUCTAJI-
JIOB, cuenu@uYecKkuii MUKPO3JIeMEeHTHBIH U
M30TOIHBIHM COCTaB.
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AHa/m3 1poileccoB MpeobpasoBaHUsT KOCT-
HBIX TKaHeil (MX MUKPOIIPUMECHOTO COCTaBa,
MUKPO-, HAHOCTPYKTYPbI U CBOMCTB) B IIpoIlecce
(occummsalumy peICTaBIsSeTCs akTyJIbHOU (PyH-
JAMEHTAIbHOM POOAEMON, TaK Kak 3TH JaHHBIE
MOTYT CTaTh OCHOBOI1 JIJIsl TIPOBE/IEHUSI OILEHOK
UX OTHOCHTEJbHOTO Bo3pacTta. VMccienoBanus B
JAaHHOU 06JIacTH B 3HAYUTEJNBHOH CTENEeHU
MEXIUCIUTIIMHAPHBIE, B TIOCJIeTHHE TOAbl OHU
NpPUBJIEKAIOT K cebe BHUMaHUE CIIEI[UATICTOB
PasAUIHOro Npoduas — Kak OMOJIOTOB, TaK U
MUHEPAIOroB (PUBNKO-XUMUKOB; OIyOIMKOBaHbI
obImupHbIe JUTepaTypHble 0030pbI (CM. HApPHU-
mep, Biomineralization, 2003; Medical
mineralogy and geochemistry, 2006). Oxnako
MHOTHE BOIIPOCHI MEXaHU3MOB ITPe00pPa30BaHMUS
KOCTHBIX TKaHell, X (Ha30BbIX U XUMUYECKUX
npeBpaiiennii npm GHoccuIn3anum ¢ y4eTom
Pa3IUYHOTO COCTOSHUS MapaMeTpoB Cpebl
(cocraBa (hIIOMIOB, UX KUCJIOTHOCTH, COZEPXKa-
HUS MUKPOIIpUMecel, KITMMaTHYeCKUX YCIOBUIA,
TEeXHOTEHHOTO ¥ AHTPOTIOTEHHOTO BO3/IEUCTBUS U
JIp.) OCTAIOTCS CTIOPHBIMY ¥ B 3HAYUTEIBHOM CTe-
IeHU HepemeHHbIMHU.

Pacmmpenne uccienoBanmii B JaHHOM 00J1a-
CTH, UHTEPIpeTAusd IMIUPUIECKUX JAAHHBIX, a
TakXke MPOTHO3WPOBaHUE XapaKTepa TeYeHUs
nporecca (hoCCUIU3AINYN CTATKUBAETCS ¢ HE00-
XOJUMOCTBIO TTpOBeAeHUs] (HyHIAMEHTAIbHBIX
9KCIIEPUMEHTAIBHBIX U TEOPETUYECKUX HCCIIEI0-
BaHWUIT COCTaBa, KPUCTAIJIOXUMHUT, MUKPOMOP(HO-
JIOTUYECKUX U (PU3UKO-XUMHUYECKUX CBOMCTB
OUOMUHEPAJIbHBIX arperaToB Kak (hyHKIUH UX
BO3pacTa M ycJaoBHil 3axoponeHus. biarozaps
MacCOBOCTH, IMHPOKOMY reorpauyeckomy u
XPOHOJIOTHYECKOMY PacIPOCTPAHEHHIO, OTHOCH-
TesIbHOM TahOHOMIYECKOI OZTHOPOAHOCTH 300T€H-
HbIe KOCTHBIE CKOILJIEHUS] B yPATbCKUX KAPCTOBBIX
MOJIOCTSIX CJIy’KaT yAOOHBIM MOJIETbHBIM O0OBEK-
TOM /UISI U3YYEHUS 3aKOHOMEPHOCTE! M3MEHEeHU st
B rfpoitecce poccuansariiy GU3nKo-XUMHYECKUX
XapaKTePUCTUK KOCTHBIX OCTAaTKOB MJIEKOITUTAIO-
IIMX KaK OCHOBBI /IJIs1 OTIEHKHM UX OTHOCUTEJIBHOTO
Boapacra. CJI0)KHOCTh OOJIBIINHCTBA PEATBHBIX
(pU3UKO-XUMHUYECKUX TTPOIIECCOB MTPU 3aXOPOHe-
HUM OCTATKOB He TO3BOJISIET PEIIUTH ONMCAHHbIE
1IPOGIEMbI HCKJTIOYMTEIBHO IKCITIEPUMEHTATBHBIM
myTeM. AHATU3 BO3MOJHBIX ITO/IXO/I0B MTOKa3bl-
BaeT 3(h(eKTUBHOCTBH ITPUBJICYEHIS COBPEMEHHBIX
TEOPHUH U MeTOJ0B (PU3UKO-XUMUUECKOTO U
9KCIIePUMEHTAIBHOTO MOJIETUPOBAHUA.

Llenv nacmosiweit pabomuvr — aHAIN3 3aKOHO-
MepHOCTeH n3MeHeHus (HU3UKO-XUMUUYECKUX
XapaKTEPUCTUK MCKOTTAeMbIX KOCTHBIX U 3yOHBIX
OCTAaTKOB MJIEKOITUTAIOMINX M3 300T€HHBIX OTJIO-
JKeHUN B KapCTOBBIX MOJOCTAX (Iemiepax)
YeTBEPTUYHOTO MepHo/a YPaabCKOrO PernoHa
NP BapUalUsIX IJIUTEIbHOCTA U YCJIOBUH HUX
3axopoHenus (hoccrausaium), ¥ UCIoIb30Ba-
HUEe TOJYYEeHHBIX Pe3YJIBTATOB /IJIST OIIEHKH UX
OTHOCUTEJIbBHOTO BO3pacTa.

B nepsoii yacTu aBTOpHI NPEICTABIAIOT CBe-
JIEHNST O XapaKTepUCTUKAX U3YUEHHBIX MECTOHA-
XOXKZIEHUN U Pe3yJbTaThl UCIIOJIb30BAHUS JBYX
METO/IOB UCCJIeIOBAHUSI KOCTHBIX OCTaTKOB —
TEPMHUYECKOTO U MaCC-CIIEKTPOMETPUYECKOTO —
JUIST aHAJTN3a UX (PU3MKO-XMMHUYECKUX CBOMCTB U
cocTaBa. /laHHble, TOJyYeHHbIE [TPU U3YYeHHU
MCKOTIAaeMBIX OCTATKOB PSIZIOM JIPYTUX METO/I0B
(ckanupyiomeit anekTpoHHoit 1 MK-mukpocko-
nuei, peHTTeHOMII0PEeCIIEHTHEIM aHAIN30M U
MUKpOaHaau3oM, paano- u MUK-cnekrpockomnueit)
Oy/IyT peICTaBIeHbl BO BTOPOI YaCTH KHUTH.

[louepkHeM, 4TO UMEHHO COZIEPKaHKe Opra-
HUYECKOT0 BEIECTBA B KOCTHBIX OCTATKaX, KOTOPOe
MOJKET OBITH OIEHEHO TI0 JAHHBIM TePMOTPaBH-
METPUH, & TAKKe HAKOIUICHEe MUKPO3JIEMEHTOB
HanboJIee TECHO CBSI3aHbI C YDOBHEM U XapakTe-
poMm doccunrusaluy KocTeil MIEeKOIMUTAIOIUX.
O6a 3T mporecca — peayKIHsi OPraHUYecKOro
Bell[eCTBA U HAKOILIEHHE HJIeMEHTOB — JieXaT B
OCHOBE OIIeHKM JHareHeTH4YeCcKuX MPOIeccoB
B KOCTHOM TKaH¥ TIPH ee nepexoie n3 Orocheps
B iutocdepy. [eoxummyeckne 3akOHOMEPHOCTHU U
CBOHCTBA KOCTHOW TKAHH OIIPEEJISIIOT CKOPOCTh
¥ HampaBJieHue hoccuIu3anuy. SHaHue JeTasei
5TOTO TIpoIecca HeOOXOAUMO ISt pa3paboTKH
MO/IXO/IOB K OTIPeIeJIEHNI0 OTHOCUTENBHOTO BO3-
pacTa KOCTHBIX OCTaTKOB, CTEIIEHU U XapaKTepa
UX TIEPEOTIOKEHHOCTH, CBS3M TapameTpos oc-
CUJIU3AIAU ¢ BPEMEHEM U YCJIOBUSMU 3aX0POHE-
HUST; HEBO3MOKHO 000MTHCH 0€3 9TUX 3HAHMI U B
paboTe 110 UCCIeOBaHUI0 CTaOUIbHBIX H30TOIIOB
M3 UCKOTIaeMbIX KOCTEH )KUBOTHBIX.

OcHOBHOe BHHMaHUe B HaCTOsIIel pabore
COCPEIOTOYEHO Ha ITOUCKe TeX 3aKOHOMEePHOCTEH
occummsaiyiy KOCTHBIX OCTATKOB B KAPCTOBBIX
HOJIOCTSAX, KOTOPbIE OBl MOTJIM 0Ka3aTh COMei-
CTBUE B PENIEHUU OJHOM NMPaKTUYeCKOH 3a1aun
Ma1€0300J0TUA — BBISIBJIEHUN aCUHXPOHHBIX 110
BpeMeHH 06pa30BaHUil KOCTHBIX OCTATKOB, HAX0-
ISIIUAXCST B OTHOM CJIOe.
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LlenTpasibHast uest paboThI COCTOUT B TOM, UTO-
ObI HAWTH JOCTYIHBIE U HAJEKHbBIE TOKA3ATEIIN
(hoccuIM3anum KoCTel, KOTopbie MOKHO GBLIO ObI
OIIpe/IesIATh 10 MUHUMAJIbHBIM HaBECKaM, COCTaB-
JISIOIIMM HECKOJIbKO MU/TUTpamMMOoB. [Ipeamnoa-
raercs, 4YTo, UCIOJb3ysI 3TH TOKa3aTeau IJis
CepuM KOCTel U3 OHOTO CJIOSl, MOYKHO OILEHUTD
pasépoc B X BEJMYHHAX U C/I/IaTh 3aK/TI0YEHHUE O
TOM, HACKOJIBbKO 3TOT Pasdpoc CBUAETENbCTBYET
0 XPOHOJIOTHYECKOI OTHOPOAHOCTH UJIH HEOIHO-
pozaHocTH 00pasoB. Tak, OMHAKOBbIE BEJIHYH-
HBI [I0KA3aTeJIel JOJKHbBI CBU/IETEIbCTBOBATh 00
OJIMHAKOBOM IIYyTH, KOTOPBIN IMPOILLIN KOCTHBIE
OCTATKH! OT IIEPBUYHOTO 3aXOPOHEHUS 10 PACKO-
MOK, a CJIe/[0BaTeIbHO, U 00 UX OJAMHAKOBOM
Bo3pacte. B ciryyae BbiBoa 06 aCHHXPOHHOCTH
OCTaTKOB BO3HUKAIOT BONPOCHI 00 HCTOUHUKE
IOCTYIIEHUS TIePeOTIOKeHHOT0 MaTeprasia v ero
Bozpacre. [Tocsietnue Borpocs eie 6osiee CI0KHbI
JUIS PellieHust U TpeOyIoT pa3paboTKu Crieluaib-
HBIX METOIOB UCCJIe/IOBAHMUSI.

st pa3paboTKu 9TOM MAeH MCHOJb30BaH
MaTepuall U3 PackorloK, TPOBEIEHHBIX B Pa3HbIe
TOJIbI COTPYAHUKAMK JTabOPAaTOPUU HCTOPHUYEC-
KO 9xoJsioruu THCTUTYTA 9KOJIOTUY PACTEHUN 1
x*uBoTHBIX YpO PAH B 11 MecToHaxoXIeHUSIX
(Tenepax, rporax U KapcToBbIX HaBecax ). leorpa-
(bus paitona OCHOBHBIX UCC/IEIOBAaHHIT OXBAThIBA~
J1a TaéxxHple paitonsl Cpeztnero n CeBepHOTO Ypa-
JIa, a TaKxXe y4acTku JoanH pek Yot u Cepry,
IIpUMBbIKaloIne K octpoBHo# KpacHoydumckoii
aecocrenu (puc. 1.1.). XpoHosoruueckue uHTEpP-
BaJIbl, KOTOPBIE OOECTICYEeHbI HAIEKHO JaTHPOBaH-
HBIMM 110 PAJIHOYT/IEPOLy cOOpaMu, TPOUCXOASAT
U3 YeThIPeX MeCTOHAXOKIEHUI U MPUypPOYEHBI
K I103/lHEMY TOJIOIlIeHY, TI03/IHeJIeTHUKOBBIO U
CpeiHeMYy BaJI/alo.

AHaJns 1oJly4eHHOTO MaTepuasia [IoKa3biBa-
€T, 4TO IIPUPO/Ia He J]aeT MaTepuaa sl JIeTKOTo
1 OBICTPOTO PEIIeHNsI MHTEPECYIOIIUX HAC 3a/1a4.
B nannoMm ciyvae aTo nposiBUIIOCH B TOM, YTO HET
TAKOrO MECTOHAXOK/IeHUs, T7le B OJIHOM pa3pese B
OJTHOPO/IHBIX T€OXUMHUYECKUX YCJIOBUSX MOYKHO
6b1710 ObI COOPATh CEPUIO CYHIECTBEHHO Pa3HO-
BPEMEeHHBIX KOCTHBIX OCTaTKOB M, MU3y4Yasl WX,
BBIYWIEHUTH B «<4UCTOM» BUJIE BIUSHUE BPEMEHN
Ha crenienb occunuzanuu. Takxe moka mpakTH-

YEeCKU HEBO3MOKHO MOI00paTh CPaBHUTEIbHBIIL
MaTepuas OJIMHAKOBOTO BO3PACTA, HO U3 CJIOEB C
CYIIEeCTBEHHO Pa3JMUYHBIMU T€OXUMUYECKUMU
ycaoBusiMU. [lesio B TOM, YTO MPAKTUYECKU BCe
cOOpBI TIECTOIEHOBOTO BO3pacTa (JpeBHee
10 ThIC. JI€T) MPOUCXOAAT U3 Oojiee U MeHee
O/IMHAKOBBIX IEIePHBIX CYTJMHKOB, TOTAa Kak
MMO3/THETOJIOIIEHOBBIE OCTATKU 3aJeraju Ha ILI0-
ajKax B HapyKHOI 4acTU TPOTOB M HaBeCax C
CepBIMU CYIECSIMHU, COAEPKAUUMU TTOYBHI.
OO6ureit XapaKTepUCTUKON BCEX MECTOHAXOK/Ie-
HUI MOKHO CYMTATh OYEHD BBICOKOE COJIEPKaHIe
KapOOHATOB BCJIE/ICTBIE IIPUYPOYEHHOCTH TIETIEp,
IPOTOB ¥ HABECOB K M3BECTHSIKOBBIM CKaJlaM.

Bce anasmTiueckue nccsie1oBanus mpoBejie-
HBbl B aKKPEIUTOBAHHOW JTabopatopuu (UKo~
XUMHUYECKUX METOIOB UCCIE0BAHUS MUHEPAJIb-
HOTrO BelljecTBa VIHCTUTYTA Te0sIorny 1 reOXuMumn
¥pO PAH c ucnosb3oBanueM COBpeMEHHOM Tpu-
6OpHOiT 6a3bl M OPUTMHAIBHBIX TIPUEMOB TIPOOO-
HO/JITOTOBKM.

ABTOpPBI IPUHOCAT UCKPEHHIOW OJraroxap-
HOCTb KoJiieram u3 MHCTUTYTa 9KOJIOTHM pacTe-
Huii u xxuBoTHbIX YpO PAH A.B. Bopomuny,
E.A. Kyspmunoit, E.I1. VI3Bapuny, KOTOpbIE JIi0-
6€3HO MPe0CTaBUIIN 0OPABIII /LIS HCTIOB30Ba-
Hud, a Takke A.W. Yaurko u M.H. KopkuHoit,
NPUHUMABHIUM y4yacTHe B OITHMCAHUU Pa3pPe30B.
Beipaxaem npusHaTeIbHOCTh COTPYIHUKAM JIa-
GopaTopuu (PUBNKO-XUMUYECKIX METOJIOB MCCJIe-
noanus Mucruryra reonornu u reoxumun YpO
PAH H.B. Yepenuuuenko, O.A. Bepe3nkoBoii,
C.II. TnaBaTckux, a Takke coTpyAHuUKy VHcTH-
tyta muHepasoruu YpO PAH B.H. breikosy,
KOTOpBbIe OKAa3aJ! HEOIEHUMYIO MTOMOIIb TIPU
IIPOBE/IEHUY AHATTUTUYECKUX PAbOT.

Pa6ora Bbimtosinena npu nozzepsxkke POOU
(rpauThr Ne 07-05-00097a u 08—-04-00663), a
Taxxe nporpammsi «[Iporcxosxenne 6uocdepsr
U 3BOJIONHUS T€0-O0UOJOTUIECKUX CUCTEM» U
nporpammbl YpO PAH ¢ /[BO PAH «IIpumene-
HYe aHa/i3a CTabUIbHBIX U30TOMOB YIJIEPOJIa,
KHCJIOPO/IA M 230Ta KOCTHBIX OCTATKOB HA3€MHBIX
MJIEKOMUTAIONIUX 711 TTaIe09KOTOTUYECKUX U
NaIeoOKJIUMaTHYeCKUX PEKOHCTPYKIUIT YeTBep-
TUYHOTO NTEPUOAAY.
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OnucCAHUE MECTOHAXOKJIEHUI KOCTHBIX OCTATKOB

Hioke nprBe/ieHbl cBe/IeHsE O MECTOHAXOXK-
JI€HUSIX KOCTHBIX OCTAaTKOB MJIEKOIHMTAIOUINX,
06pasIbl U3 KOTOPHIX ObLJIN UCCIIE0BAHBI B laH-
HOIT paboTe: yCIOBUAX HAKOTUIEHHSI U 3aJIeTaHMs]
OCTaTKOB, OIpe/eIeHU UX BO3pacTa, CTENEeHH
doccunusanuu u nepeotaoxkeHHoct. bomee
moApoOHbIe CBEIEHUS O MECTOHAXOXKIAEHHUAX
MOJKHO HAiiTH B paHee OmyO/IMKOBaHHBIX paboTax.
[Tpu knaccudukamm 00Cy K /IAeMbIX MECTOHAXOK-
JIEeHUH MOXKeT ObITh UCIOJIb30BAHO HECKOJBKO
NPUHIUIIOB. B COOTBETCTBUYM ¢ HEKOTOPLIMU U3
HUX HeJaBHO ObLIM PACCMOTPEHBI CKOIJIEHUS
KOCTHBIX OCTaTKOB MJICKOITUTAIONIUX B KAPCTOBBIX
noJsioctsix [Tepmckoro [Ipenypanbs (Daneesa,
Cwmuphos, 2008).

Bes nmpencraBieHns 0 3aKOHOMEPHOCTSIX
HAKOILJIEHNUSI, YCJIOBUSX 3aJIeraHus U COXPAaHHOC-
TH UCKOITAeMBIX KOCTHBIX OCTaTKOB HEBO3MOKHbI
peaTCTUYHbIE PEKOHCTPYKIIUU COCTABA IPEBHUX
dayH, uzyuyenrie 0cOGEHHOCTEH TIPOTEKAHMUST TIPO-
recca (poccuIM3aluy KocTel, a 3Ha4uT, U OlleHKa
MX OTHOCUTEJIBHOTO Bo3pacta. [Ipu ogHOM 1 TOM
JKe Te0JIOTMYeCKOM BO3pacTe, B 3aBUCUMOCTH OT
YCJIOBUM 3aXOPOHEHHUS, KOCTHBIE OCTATKH MOTYT
HMMeTh Pa3Hylo cTerneHb poccummsanuu. /lanHbiit
pasjiest paboThl, TIOCBSIIIEHHBIN OMMCAHUIO MECTO-
HAXO0’K/IEHUI OCTATKOB, I0JKEH TOMOYb OI[EHUTH
Habop (haKkTOPOB, a TaKKe CTeNeHb U HalpaBJie-
HUe UX BJIAMSHMS HA MPolecch (HOCCHIM3aInH,
KOTOpbl€ MOJKHO BBISIBUTH U PAHKMPOBATH 10
IPOBE/IEHNSI QHATUTUIECKHX PAOOT IO OMUCAHKIO
CBOHCTB KOCTHBIX ocTaTKoB. Huske npusenen
KpaTKHUil epeyeHb XapaKTePUCTHK MECTOHAXOXK-
JIeHUI KOCTHBIX OCTATKOB C BbiZIeJIeHUeM (haKTo-
POB, KOTOpPbIe MOTYT BJIMSTH Ha YCJI0BUS occu-
JIN3ALHH.

[Ipexne Bcero, paccMaTpuBaeTcst o0Iast
XapaKTepUCTUKA MECTOHAXO0XK/IEHUH 10 OCHOBHBIM
napameTpam: (haKTOpy MJIM areHTy HaKOILJIEHUsI

OCTATKOB, UX JIOKA/IN3AIIMH, CTEIIeH BO3PACTHON
OZIHOPOIHOCTH ¥ aBTOXTOHHOCTH, KOTOPast II03B0-
JISIeT COCTABUTD Ipe/ICTaBIeHKe 0 6a30BbIX CBOM-
CTBaX KaK CaMOr0O CKOILJIEHUS, TAK U CJIaraloniux
ero octatkoB. OHAKO BHYTPU MECTOHAXOXK/Ie-
HUS, KaK B ILJIaHe, TaK ¥ 10 IiyOnHe paspesa,
MOTYT HaOJII0IaThCSl HEOAHOPOAHOCTH TI0 CEPUU
apaMeTPOB CAMOTO CKOILIEHHsT U (DAKTOPOB CPEJIbl,
BIUAIMX Ha (OCCUIM3ALMIO. ITO 3aCTABJIAET
ONMCBIBATh YCJIOBUS HAXOMKIAEHUS KOCTHBIX
OCTATKOB IO OT/AEJNbHBIM c10sM. [IJIs HUX JaHa
XapaKTepUCTHKA TI0PO/IbI, BMELIAIOIIEH KOCTHbIE
OCTaTKM, IPOAHATIU3UPOBAHbI CTENEHb U (POPMBbI
BO3/IEACTBYSI Ha KOCTHBIE OCTATKU CPEI0BBIX (haK-
TopoB. ONUCAHUS MECTOHAXOKIEHUI BKIIOYAIOT
uHdopManuio 06 o6pasax, NCMOAb30BAHHbBIX
ISl Pa3IMYHBIX aHAJU30B NPHU BBIMOJHEHUN
nanHoit paborsl (tabur. 1.1.-1.13.).

1.1. Obwasn xapaxmepucmuxa
MecCmoHaxoicoenuu

[To arenTam HaKOTLIEHUS, MECTOHAX 0K /I€HUS
KOCTHBIX OCTATKOB KUBOTHBIX MOKHO Pa3/IeIUuTh
Ha TPU OCHOBHbIE KaTerOpHU: 300reHHbIE U
AQHTPOIIOTEHHbIE CKOILJIEHUSI, €CTECTBEHHbIE JIO-
Byliku. B cBoIo ouepe/ip, kKaxkaas U3 HUX, MOXKET
OBITH 1O/IPa3/iesieHa Ha MOJKATETOPUN.

Tak, cpein 300T€HHBIX MECTOHAXO0XK/IEHUI
HeoOXO0IMMO Pa3JjinyaTh OPHUTOTEHHBIE, 00Pa30-
BaHHBIE 32 CYET KOPMOAOOBIBAIONIEN JIeSITeTbHO-
CTH NTHUII, U TePUOTeHHble, CPOPMUPOBAHHBIE
MJIEKOTTMTAIOIUMU. DTH TPYIIIBI MECTOHAXOK/Ie-
HUIA Pa3/IMYaroTCs He TOJIBKO [0 COCTaBY A00bIYH,
HO M 110 CTETIeHU ee TiepepaboTKu. XUIHbIe MJle-
KOIIMTAIOIIKE APOOST ULy 3ybamu, 1 OHa Mpo-
XO/IUT Yyepe3 BeChb NMHUIIeBAPUTEJIbHBINA TPaKT.
B pesysibraTe KOCTH IOCTKPAaHUAJIBHOTO CKeJIeTa,
He TOBOPSI yIKe 0 Yeperie, CUJIbHO Pa3ApOo0IeHbl 1
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T10/IBEPIHY ThI IEHCTBUIO TUIIIEBAPUTENbHBIX (hep-
MEHTOB. YTUJIM3AINI0 COAEPKUMOro MmoMeTa
XUIIHBIX MJIEKONMUTAIOIMUX B MPUPOJiE 3aBep-
mrafoT 6ecro3BOHOYHbIE JKUBOTHBIE, KOITPOharu
U MEPTBOE/IbI.

XHIIHBIEe NTUIBI 3aTJAaTHIBAIOT MEJKYIO
700BIYY TIeTUKOM, 2 KPYITHYIO — OOJIBITMMU KyC-
kamu. [Tpoiins yepes nuieBos, MUALEBOM KOMOK
3a/1epP’KUBACTCA B XKesyIke. Bee, 4To Tam He niepe-
BapuBaeTcs (1IepcTb, KOCTHbIE OCTATKU, POTOBbIE
00pa3oBaHusi, 11epbsi TITHII, XATUH HACEKOMBIX U
T.IL.), OTPBITMBAETCS Yepe3 POT B BUE KOMKA,
HasblBaeMOro norajgkou. Iloragku mpepcraBisior
c000# JT0BOJIBLHO TIJIOTHBIN BOMJIOYHBIN KOMOK, B
KOTOPOM «yIIaKOBaHbI» KOCTHBIE OCTAaTKH, 32 CYET
9TOrO OHU OKa3bIBaIOTCSl KaKOe-TO BpeMsl 3allu-
1ieHbl OT BHeHUX BoszaeicTBuil. Co BpeMeHeM
IIEPCTh pa3pylIaeTcs, U MOTaKU PacHafaloTcs,
HO MHOT/Ia OHYU COXPAHSIOT CBOIO (GOPMY U TIOCTIE
ncyesHoBeHus mepctu. Ha ux nosepxHocTtu
MOT'YT IIOCEJIATHCS MXH, U TOT/Ia POJIb KOHCEPBU-
pYIOIIero areHTa MpUHUMAET Ha cebst MOX.

KocTHbIE OCTaTKH MJIEKOMUTAIONIMX TTOTa-
JIOYHOT'O MTPOUCXOXK/ICHUS UMEIOT CYIECTBEHHO
JIyYLIYI0 MEXaHUYECKYI0 COXPaHHOCTb IO CpaB-
HEHUIO C TEMU, KOTOPbIe IIPOUCXOAT U3 IOMeTa
XUITHBIX MJIEKOTIUTAIOIIHX.

Eme ogna xpymnHas rpymnmna MecToOHaxox/e-
HUI OCTaTKOB MJIEKOMUTAONUX 00beIUHSIET
CKOIJIEHUSI, BO3HUKAIONHE B €CTeCTBEHHBIX
JIOBYIIKAX ’KUBOTHBIX. Takue JIOBYIIKKA OOBIYHO
CBs3aHBI ¢ IMaMU, [IPOBAJIAMH, TIelllepaMu, Ky/a
’KMBOTHBIE OMAAI0T U HEe MOTYT BbIOPAThCS.
WNHoraa KMBOTHBIE CTAHOBATCS XEPTBAMHU
BSI3KOTO CyOCTpATa, TPEIHH BO JIb/LY WM BOJOEMOB,
rae oHu TOHYT. K 9Toil e kaTeropum MOXKHO
OTHECTHU JKEPTBbI, OrpebeHHbIE TO/] TOIIAMU
BYJIKQHMYECKOTO Tera. /{J1st Kaxaoi KaTeropun
TaKMX JIOBYIIEK XapaKTepHa CBOsI U30MpaTEsIb-
HOCTb HAKOILJIEHUSI BUIOB (110 pa3Mepy, OIBUXK-
HOCTH U IPYTUM OGUOJIOTHYECKUM OCOOEHHOCTSIM),
HO BO BCeX CJIy4asiX, Kak IIPaBHJIO, IPUCYTCTBYET
MOJHBII HabOp 21€eMEHTOB CKeJleTa XOpouiei
COXPaHHOCTU. B ciydyae coyeraHus JIOBYIIKU C
HaJM4ieM KOHCepBUPYIOIINX areHTOB, KaK B 030-
KEPUTOBBIX 03€pax, COXPAHSAIOTCS JIaKe Iesible
TPYIbI )KUBOTHBIX, BKJIIOYass MITKHE TKAaHU.
B ray6okux yacTsX meiep-JI0ByIIeK WHOTAA
COXPAHAIOTCS 1ieJible BLICOXIIINEe MyMUH, a B Mep3-
JIBIX TPYHTaxX — 3aMep3Ilue TPyIbl WK ux dpar-
MEHTBI. SICHO, YTO B TTOZ0GHBIX CIIyYasiX MIPOIECCH
dboccumusanuu MPoTEKAIT CBOEOOPA3HO.

Jlokanmm3ainusa MecTOHaX0XK/IeHU KOCTHBIX
OCTaTKOB KUBOTHBIX MOKET OBITh OYeHb PA3HOI:
OTKpBITas IHEBHAS IIOBEPXHOCTH 3eMJIH, KAPCTO-
BbI€ MOJIOCTA (MECTOHAXOKIEHUsT 3HAYUTETHHO
Pa3IMyaloTcsl U 10 TOJIOKEHUI0 BHYTPU TOJIOC-
Teil), pa3Hble TUITBI APXE0JOTUYECKUX TaMATHU-
KOB, OTJIOJKeHUsI B OEPErOBBIX U UCKYCCTBEHHBIX
00pbIBax, TOpMAHUKY U JIp. FICHO, YTO YeM MeHBbIIIe
KOCTHBIE OCTaTKM MOJBEPTalOTCs BO3JAEUCTBUSAM
BHEITHKUX (DaKTOPOB CPEJIbl, TeM HOJIee BEPOSITHO,
YTO OHU IIPOMLYT MEPBhIE CTAAUN (POCCUITUBAIINY,
usbexas paspyierusi. C 9TOH TOYKH 3peHUs
JIOKaJIU3aIisl CKOIJIEHNUIT OCTaTKOB MMeeT O0JIb-
nIoe 3Ha4eHue.

OcraTKu U3 TOMETA U [OTaJI0K, TPYIIBI TOTHO-
WX KUBOTHBIX WM KYXOHHbIE OTOPOCHI Y€JI0-
BeKa, HaXO/AIIHeCs Ha THEBHOW MOBEPXHOCTH U
He 1orpebGeHHbIe B TOJIILY OTJIOXKEHUIt, OBICTPO
MO/IBEPraloTCs pa3pylIeHnIo, TaKk KaK OHM HAXO-
JSTCA B 30He JIeficTBUS aTMOCGhEPHBIX 1 O1OJIO-
rudeckux nmpoieccoB. CKOpOCTh TAKOTO pa3pyliie-
HHs 3aBMCUT OT 30HAJBHBIX 0COOEHHOCTEN
pacripe/ieJieHus: ¥ KosiebaHusl YCJOBUN Teria 1
BJIard, KOTOPbIe OYAYT pacCMOTPEHbI OAPOOHEe
B ZIPYTOM pas/ieJie 3TOM TJIaBbL.

CoxpaHHOCTb KOCTHBIX OCTaTKOB B KapCTO-
BBIX ITOJIOCTSIX BECbMa HEOJHOPOAHA U 0bJIataeT
PSAZIOM 0COOEHHOCTEN B 3aBHCUMOCTH OT TTOJIOKe-
HUSI CKOIJIEHUS B nosiocTu. IloBepxHOCTH OTJI0-
JKeHHI B KapCTOBBIX MOJOCTSIX MOXKET CHIbHO
pasyinyaThCsl M0 BO3PACTY U 3aBUCUT OT CTaIUU
Pa3BUTHS MOJOCTH U €€ OTAEeJNbHBIX YacTe.
Cpeav uccieJoBaHHbBIX B JaHHON paboTe MecTo-
Hax0XJ/IeHUH eCTh IPUMEPBI C BO3PACTOM TTOBEPX-
HOCTHBIX CJIOEB OT COBPEMEHHOTO JI0 HECKOJIBKUX
JIECSITKOB THICSY JIET.

MecToHaxoX/1eHUsT OCTATKOB MJIEKOTTUTAIO-
HUX CJIeyeT pas/iesisiTh Ha OJHOCJOWHbBIE U
MHOTOCJIOWHBIE; CPey TOCAeIHUX Pa3JndaoT
MHOTOCJIOWHBIE CO CJIA0OBIM, CPEJHUM WJIA CUJIb-
HBIM pazbpocoM B Bo3pacre cjioeB. B oxHoCI01-
HBIX MECTOHAXO0K/IEHUSIX BEPOSITHOCTD HAX0K/1e-
HUSA B CJI0€ PA3HOBO3PACTHBIX OCTATKOB Cylie-
CTBEHHO MEHbIIIe, YeM B MHOT'OCJIONHBIX. /{715 IToc-
JieIHUX 0coboe 3HaYeHrue UMeeT XapakTep KOH-
TaKTOB MEX/Y CJIOSIMM U HaJW4Yhe CTePUIbHBIX
(B MaJIEOHTOJIOTUYECKOM CMBICJIE) TIPOCIIOEB.
B KapcTOBBIX MECTOHAXOXKIEHUSX Pa300paThCs B
COOTHOIIIEHNY CJIOEB U OTIPE/IEIUTh BEPOSITHOCTD
TIePEeOTI0OKEHNS OCTATKOB U3 OTHOTO CJIOSI B /IPY-
TOM MOXKHO TOJIBKO IPU BCKPBITHH 3HAYUTETbHBIX
IJIoNaieil Uau, Mo KpaliHeill Mepe, MOJIYYHnB
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Ipe/ICTaBJIeHe O CTPOEHUU TOJIIU OTJI0XKEeHUN
B Pa3HBIX YaCTsIX. B MHOTOCTIOMHBIX MECTOHAXO0X-
JIEHUSIX OCTATKH MOTYT IIONAaCTh U3 OJHOTO CJIOSI
B JIPYroil pasHbiMu criocobamu, 0COOEHHO 3TO
KacaeTcsi OCTATKOB MEJIKUX JKUBOTHBIX. Cambrii
MIPOCTON — IPOCHIIIAaHNE U 3aMbIBaHH€ BOAOU
yepe3 MyCTOTHI B PBIXJION MOPOZE CBEPXY BHUS3,
4TO 0OCOOEHHO YACTO HAOMIONAETCS B TEX YACTSIX
TIOPO/IbI, KOTOPBIE HAXOASTCS BOJM3U CKATbHBIX
CTEH TOJIOCTH ¥ PSIIOM C KPYTHBIME TIBI0aMH.

CreneHb aBTOXTOHHOCTUA MECTOHAXO0XK/IEHU
KOCTHBIX OCTaTKOB BapbUPYeT B IIMPOKOM HHTEP-
BaJse, Ha OJHOM (bJIaHTe KOTOPOTO HAXOASATCS
CKOTLIeH ST, 0Opa30BaHHbIE HEMTOCPEICTBEHHO Ha
MecTe riubesiv )KIUBOTHBIX, a Ha PYTOM — PYCJIO-
BBII aJIJIIOBUI, B KOTOPOM HaXO/STCS OCTATKH,
IIepPeMbIThIE U [IePEOTI0KEHHbIe BOJHBIM IIOTOKOM
Ha KAKOM-TO PACCTOSIHIU OT MECT THOeN U Tep-
BUYHOM KOHIIeHTpamu. Mesxay AByMst KpallHUMH
CJIY4asiMU PACIIOJIOKEH IUPOKUH CIIEKTP Bapu-
aHTOB. PasnuuuTh 1 pa3/iesinTb epBUYHbIE U BTO-
pUYHbIE MECTOHAXOXIEHUS OYE€Hb Ba)KHO, TaK
KaK BCSIKasl TPAHCIIOPTUPOBKA 1 IEPEOTIOXKEHNE
OCTaTKOB COITPOBO’K/IAIOTCS X COPTHPOBKOM 110
Macce, CTelleHn MeXaHU4eCKO TPOYHOCTH U ZIPY-
TUM ITPU3HAKAM, YTO HEN30e5KHO CKa3bIBAETCS HA
coctaBe TadoIleHO3a, HE TOBOPS yKe O IlepeMe-
IIUBAHUY PAa3HOBO3PACTHBIX OCTATKOB.

B npeBx010BbIX yyacTKax KapCTOBBIX I10JI0-
CTell MOTYT BCTPE4YaThCsl CKOTIEHUS TIOTa/I0YHO-
rO IIPOUCXOK/I€HUs, KOTOPble MOKHO CUMUTATh
YCJIOBHO aBTOXTOHHBIMH, TaK KaK B HUX XHUIIHU-
KM KOHIIEHTPUPOBAJIM OCTAaTKU CBOUX KEPTB U
GoJiee 3TH KOCTH He MOJIBEPTaJINCh TPAHCIIOPTH-
POBKe, OIHAKO XUIIHUKHM OXOTUJINCH Ha HEKOTO-
POM PACCTOSHUY OT MeCTA OTJI0KEHUA IOTaJIOK,
NpUYeM PacCTOSIHUE ITO MOTJIO U3MePSATbCS
KHJoMeTpaMu. B memepax BCTpedaloTcsl Takxke
OTJIOKEHUSI BOJHBIX IMOTOKOB, II€PEHOCUBIIUX
HepeMbIThIe KapCTOBBIE OTJIOKEHHSI BHYTPH I10JIO-
CTH BMECTE C COJIEPKANUMUCS B HUX KOCTHBIMH
ocratkamu. CKOTUIEHUS KOCTEI MIEKOTTUTAIOINX
Ha MeCTe WX 3MMOBOK B Teniepax OOBIYHO
cJIelyeT OTHOCUTb K aBTOXTOHHBIM, HO ¥ OHU MOTYT
0Ka3aThCsl IEPEeOTI0KEHHBIMU B Pe3yJisTaTe nepe-
KOIIKU OTJIOXKEHUN APYTUMU KUBOTHBIMHU WU
JO/IbMU, OOUTABIINMU [O3]THEE B TIEIIEpE.

ITpusHaKu 11epeoTIOREeHHOCTH OCTATKOB MOXK-
HO BBISIBJISITH Pa3HBIMH CIIOCOOAMM, U TIPEKIEe
BCEro — 3TO cTparurpadudeckre HabOIIOIEHUSI.
Ha pa3spese otsiosxeHnii MOKHO yBHU/IeTh Hapy1ie-
HUSA HOPMAJIbHOW MOCJIEIOBATEIBHOCTH CJIOEB,

BO3HUKAIOINE 110 €CTECTBEHHBIM NPUYMHAM.
Yaiie Bcero OHU BCTPEYAIOTCS HA y4ACTKAX BOIU3U
CTEH TIOJIOCTH, B YaCTSIX KaPCTOBBIX ITOJIOCTEN C
HAaKJOHHBIM TIOJIOM W TaM, TJe OTJIOKEeHUs
COMepkKaT MHOTO TJIBIO U KPYIHOTro melOHq.
CurosxHee pacno3HaTh IPUYHHY NEePeOTI0KEHUS
MOPO/IbI C KOCTHBIM MATEPHAJIOM, BO3HUKIIIYIO B
pesysibrate 00pa30BaHUS U TOCJETYIOUIETO Tasi-
HUSI JIb/Ia B TOJIIIE PBIXJIBIX OTJIOXKEHU, TAaK KaK
BO BpeMs PaCKOIIOK Jiei B OJIOCTU MOJKET COBCEM
OTCYTCTBOBATb.

He MeHee Ba)kKHBI U JTUTOJIOTHYECKHE IIPU3HA-
ku. Hamume B OT/IOKEHUSIX CJI0EB ¢ OKAaTAaHHBIMU
YaCTUI[AMU [JIMHBI, TPaBUsL, a TeM HoJIee KOCOCTIO-
MICTBIX TIECKOB SIBHO CBUETEIBCTBYET O BOAHBIX
IIOTOKAX, HEKOT/Ia CYIIeCTBOBABIINX B KAPCTOBOM
nosocT. B ciaydae ob6HapysKeHUs MOCIETHIX
BHYTPHU KapCTOBOM IT0JIOCTH TOBOPST O HATTMYUU
neniepHoro autosus. VceienoBanue ocTeooru-
YeCKOTrO MaTeprajia U3 TAaKUX OTJIOKEeHWI IEMOH-
CTpUpyeT OOJBIIYIO CTETIEHD €T0 HEPEOTIOKEHHS,
CONPOBOXK/A€MOT0 TepeMelInBaHieM pPa3Ho-
BO3PacCTHBIX OCTAaTKOB. B psize ciay4aeB 3TO
MO/TBEPK/IEHO MHBEPCHUEH PagnoyTIepPOoJHbIX
ZIATMPOBOK U SIBHBIMM HECOOTBETCTBUSIMU N1AJI€OH-
TOJIOTHYECKUX TAHHBIX U3 ITUX CJI0eB U3BECTHON
XPOHOJIOTHH COOBITHIA.

Cnyyau cMemmBaHUsI Pa3HOBO3PACTHBIX
OCTaTKOB B OJHOM 3JIeMEHTapHOM 00Opas3iie MOK-
HO OOHAPYKUTH M TIPH U3YYEHUH OCTEOTOTHYec-
KOrO MaTepuajia Ha CTaJilui KaMepaabHOU obOpa-
GOTKH y3Ke TI0CIe 3aBepIIeH s PACKOTIOK, OlleHHU-
Basi pasHble (hU3NIecKre U XUMUUeCKHe CBOMCTBa
KocTeil U 3y0OB, yKa3bIBalOIIe Ha HEOIHOPOJI-
HOCTH CcTereHH (DOCCUIU3ANUY TeX WU UHBIX
KOCTHBIX OCTAaTKOB. TakKuMu IpU3HAKAMH ABJIS-
10TCs1, B YaCTHOCTH, IIBET ¥ FHTEHCUBHOCTb OKPACKU
kocreit. VIx ucrosp3oBatue Harbosee ahdexTus-
HO B TeX CJyyasX, KOI/la B pa3pe3e ecThb CJIOH,
PE3KO pas/uyalonyecs 10 JaHHBIM IIPU3HAKaM,
TOT/IA I[BET U MHTEHCUBHOCTH OKPACKH MAPKUPYIOT
IPUHA/JIEKHOCTh KOCTH K OTIPEZIE/IEHHOMY CJI010,
a CMENIaHHOCTb KOCTEll Pa3HOro I[BeTa YKa3blBaeT
Ha UX Pa3HbI Bo3pacT. Takoil mpumep ONUCaH,
Harrpumep, /is1 otsoxkenwii B rpote Pacuk (Daje-
eBa, CmupHoB, 2008). VIHOT12 U 11BET, U UHTEHCHB-
HOCTb OKPAacK¥ MOTYT Pa3juyaThbCsA HE TOIBKO
y Pa3HbIX KOCTEW BHYTPH CJIOSI, HO Jake B
Pa3HbIX YaCTSIX OAHON KOCTH; TOT/Ia 3TO CaMbIi
ybeauTeIbHBIH apryMeHT B I10JIb3y TOTO,
4TO OKpPacKka B JAHHOM cCJiy4yae He SIBJISeTCs
KpPUTEpHEM Pa3HOBO3PACTHOCTU OCTATKOB.
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Pazmiuns B okpacke MOTYT ObITh 00YCJIOBJIEHBI
JUITETBHOCTBIO ¥ YCIOBUSAMHU (hoccHinsanuu, a
TaKk)ke CBOMCTBAMH KOCTHOW 1 3yOHBIX TKAHE.

/1151 nopoJi, BMEeNaonmx KOCTHbIE OCTATKH,
OrpaHUYUMCS IlepevyrcieHreM OCHOBHBIX XapaK-
TEPUCTHK: EeTPOrpapuuecKuii, MUHepaJIornyec-
KMi1 ¥ 37IeMEHTHBII COCTaB, CTeIleHb KOHCOJIU/IN-
POBAHHOCTH IIOPO/Ibl, OKUCIUTETBHBINA WK BOC-
CTaHOBUTEJIbHBIN XapaKTep Cpe/ibl, IPUCYTCTBHE
KapOOHATOB B TON WJIM UHO¥ (hopme, HammuMe
KOHCEPBUPYIOIIUX areHTOB (Mep3J10Ta U Ip. ), BO-
HBIIT pEsKUM, CTeIIeHb U (POPMBI BO3/IEHCTBHS TEM-
nepaTypHoro (hakropa (crenens KosieOaHusl, Iepy-
O/IMYHOCTD), CTelleHb U (hOPMbI BOBIEYEHHOCTH
KOCTHBIX OCTATKOB B OUOJIOTMYECKHE TIPOIECCHL.
113 qasnpHeitiero u30KeHnst MaTepUaIOB CTAHET
SICHO, 4TO GOJIBIIIAST YACTh TEPEYMCIEHHBIX XapaK-
TEPUCTUK TECHO CBSI3aHA C TOJI0KEHUEM MTOPO/IbI
B T€X WJIM MHBIX YaCTSIX KapCTOBBIX MOJIOCTEH, a
Kakymieecst 6oabioe pazHoobpasue mMopof,
BMEMA0I[UX KOCTHBIE OCTAaTKH, CBOAUTCS K
HEMHOTUM TUIIAM U MX COYEeTaHUSIM: COBPEMEHHbIe
6MOJIOrNYecK AaKTUBHBIE TOYBBI; JPEBHUE
(HbIHE TTOrpeOEHHBIE ) TOYBBL; CJI0U, 00pa3oBaHHbIE
rJIABHBIM 00PAa30M MPOAYKTaMu (hU3UIECKOTO
BBIBETPUBAHUS U XMMUUYECKOTO Pa3I0KEHUS
M3BECTHSIKA Ha HAYAJIbHBIX CTAIUSX KAPCTOOOpa-
30BaHMs; CYTJINHKY U IJIMHBI, 00pa30BaBIINXCS B
KapCTOBBIX IIOJIOCTSIX B pe3yJibTaTe KapCTOBBIX
MIPOIECCOB.

1.2. Opnumozennvie
MECMOHAX0HCOEHUSL OCMAMKO08
2PbI3YHO8 HA OMKPHLIMOM RPOCMpancmee

Ocmpoeé Bpanzensa (71°c.m., 180°8.1.).
B 1983 r. corpynnuneit UOPuX YpO PAH
WV.A. KysHe11oBoii 66111 cOGpaHbl CBEX1E MOTa/l-
KU TIOJISIPHBIX COB, YaCTh 3TOTO MaTephasia Xpa-
HUTach B Hepasobpantom Buze 10 2008 1. Hernoc-
PEJICTBEHHO TePe/l UCII0JIH30BAHUEM JIJISI AHAJIH-
30B ¥3 3TUX [OTJI0K ObLIIN U3BJIEYEHBI KOCTH PhI-
3ynoB. [lockosbky moraaku B mepuosn cbopa

MMeJIN CBEKUI BHJ, TO €CTb OCHOBAHUSI CUUTATD,
YTO OHM JIEXKAJTHU HA TIOBEPXHOCTH 3€MJIM B MeC-
TaX MX OCTaBJIEHUsI COBaMK He 00JIee HECKOJIbKUX
mecsieB. [Ipu xpaneHuu B 1ab0OpaTOPUM OHU HE
MO/IBEPrATCH KAKUM-JT00 BO3/IEHICTBUSIM, TaK1e
06pasibl MOKHO CYUTATh OJHUM U3 ITAJIOHOB
CBe)Keil COBPEMEHHOI KOCTH IMOTa[0YHOTO IPO-
UCXOJK/IEHUsI U3 TYHPOBO 30HbI, KOTOPBIE IO/
BEPrajfCh BO3/EHCTBUIO BHEIIHUX (DAKTOPOB
MeHee rofia. CHHXPOHHOCTh OCTaTKOB, KaK U O/1-
HOPOAHOCTH YCJIOBUI UX 00pa30BaHUS U XpaHe-
HUSI HE BBI3BIBAIOT COMHEHUsI, & CJIe/IOBATENIBHO,
pasyiyre KaKux-an00 XapaKTePHUCTUK MOXKET Jie-
MOHCTPUPOBATH JIUIITb PA3HOPOIHOCTH, IIPUCY-
IYIO Pa3HbIM YaCTSIM CKeJieTa UM Pa3HbIM 0CO-
OsIM Ha BHYTPUBHUI0OBOM M MeKBU/IOBOM YPOBHE.
Mecmonaxosxcoenue Koibaa 1 naxonurcs
Ha 1paBoM Oepery p. Wby HAa TeppuTOpUn
ITeyopo-Wbrackoro 3amoBegnuka B PecryOiike
Komu (62°38’ c.ir., 58° 55" B.21.). OHO mpezcTas-
JsieT coboit THe3/10 (DUIMHOB TIOMAABIO OKOJIO
1 M’ Ha BepxHeil KpOMKe KPyTOTO CKaJbHOTO
6epera peku Bbicoto 12 M. COOp 1eJIbIX U pas-
PYIIEHHBIX TIOTA/IOK TPOBE/IEH CO BCEH MIIOMIA/IH.
B 1eHTpe rHe3/ia BCKpbITa IHE3/[0Bast O/ICTHIIKA
Ha wiomazan 0,16 M° Ha rIy6uny 10 3 cM, Ipes-
CTaBJIeHHAsA XBOEH COCHBI ¢ Pa3pylIeHHBIMU
norazkamMu. Hiske KocTHbBIE OCTaTKU He BCTpeya-
Jich. VI3BeCTHO, 4TO TTOCTIe/THUI Pa3 B 3TOM THe3-
ne ¢uarabl BeiBeau nrennos B 2005 r. Coop
matepuaia O0bl1 mposened H.O. CanbikoBoii B
2006 r. BeposiTHO, THE3/10 UCITOJIb30BAIOCH JIUIIb
OWH — JIBa ce30Ha. Bce KOCTHBIE OCTAaTKHU
umeiot 6esbiii BetT. Coctas (hayHbI M COOTHOIIIE-
HUE BUJOB OTPAXAlOT HaceJeHUEe TPHI3YHOB
okpyskaioreii taiiru. O6HapyXeHbl OCTaTKH 8
Bua0B (6esnka, OYpyHAYK, JI€CHOW JT€eMMUHT,
BOJIsiHAs1 TI0JIEBKA, 9KOHOMKA, TEMHasl MOJIeBKa,
KpacHo-cepasi 1 KkpacHas noseBkn). [lo yucmy
ocTaTKoB B cOopax mpeobiaanu BO/SHbIE, TeM-
Hble 1 KpacHble noieBku (Caapikosa, 2007)
Matepuasbl U3 TaHHOTO MECTOHAXOK/IEHUS
MO’KHO paccMaTpUBaTh B KadecTBe IpUMepa

Tabnuya 1.1.  Obpasyvl u3 ceéexcux no2adox NOIAPHLIX CO8 ¢ 0. Bparzens u memoovt ux ucciedosanus
K- HK-
Bun ATA UCII-MC
MHKPOCKOIHUS CMEKTPOCKOMHS
3
1 3y6 M” nocne
. . . 3 2 nieyeBble 2 nieyesble
Dicrostonyx vinogradovi 5 3y60B M n1abopaTOPHOTO
KOCTH KOCTH
orxkura u | H.u.
Lemmus sibiricus 5 3y60B M’ — — —
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Tabauuya 1.2.  O6pasiypl us mecmonaxoxcoenus Koibna 1 u memoowt ux uccredosanus

Croit, ropu30HT Bun ATA UCII-MC

COop ¢ noBepxHoOCTH, [P T % f | H.4. 10 1 nocne
rop. 0 (0—1 cm) J1ab0paToOpHOro OTXkMra
S Arvicola terrestris 4 H.4. —

rop. 1 (1 -3 cm)

COBPEMEHHBIX KOCTHBIX OCTAaTKOB I'PBI3YHOB TIOTa-
JIOYHOTO TPOUCXOK/EHHUS C CeBepa TaeXKHOM
30HBI, IIO/IBEPTaBIINECS BIUSHUIO aTMOCHEPHBIX
BO3/I€HICTBUII B T€Y€HHE HECKOJIbKUX JieT. Pa3su-
YU B BO3pACTe KOCTHBIX OCTATKOB He IIPEBbI-
HIAIOT HECKOJIbKHX JIET, YTO JaeT BO3MOKHOCTD Ha
9TOM MaTepuajie OIfeHUBATh PA3HOPOAHOCTH
XapaKTEePUCTUK UMEHHO TAKOTO YPOBHSI.

1.3. Opnumoczennvie cxonnenus
20104 CHOBBIX OCMAMKOE MENKUX
MIAEKONUMAOWUX HA NIOWAOKAX NOO
CKANbHLIMU HABECAMU U 2PpOMAMU

Mecronaxoxaenne Kotbna 2 (62°38 c.u.,
58°55’ B./1.) ipejicTaBJisieT cOO0i HEKUIIOE THE3/10
(bUIMHOB, KOTOPOE MCII0JIb30BAJIOCH TUIIAMHM
JJIATesTbHbIH Psift sieT. OHO PacnosioykeHo Ha fipa-
BoM Gepery p. Wby Ha tepputopun I[levopo-
Wasrackoro 3anoBepnnka B Pecriybnuke Komu,
B 500 M HuKe 1o TeueHMIo p. Wby oT MecToHa-
xoxaennst Keibna 1. Ero oTiokenus: n3y4eHbl
H.O. Caabixosoii (2007).

[1nomanka co cKorreHrueM 1oraloK HaXoJuT-
Cs1 TIO/T TIPUKPBITHEM CKAJTbHOTO U3BECTHSIKOBOTO
HaBeca B CpeJiHel 4acTu 3aJieCEHHOTO CKJIOHA
BbICOTO# nmpuMepHO 20 M Haz pekoil. [1nomanka
C KOCTHBIMH OCTAaTKaMH MMeeT Ttomanb 0,5 Mm%,
MeHee TMOJOBUHBI KOTOPOUW HAXOAUTCS TOJ
IPUKPBITUEM CKaJbHOTO HaBeca. OTaoXeHUsI
BCKpPBITHI Ha rtommazm 0,16 M”Ha rybuny 15 cm.

Cyzst 1o Macce OTJIOKEHUI TIOTa/I0K, B 3TOM
raHeszie GUIUHBI CEMUIUCH TTPOAOJIKUTENbHOE
BpeMs. PbIXiible OTJIOKEHUs C THe3/I0BOH ILI0-
I1/{KM BCKPbIBAJIY OT/I€/TbHBIMUA TOPU3OHTAMY 110
1-3 cm. B mecronaxoxaenun Koibsia 2 BugoBoit
COCTaB IPHI3YHOB OU€Hb OJIM30K B PA3HBIX CJIOSIX,
WHOTA OTCYTCTBOBAIU TOJBKO BU/BI C MaJIbIMU
4acTOTaMU BCTPEYAEMOCTH OCTATKOB (OypYHIYK,
jJersira ¥ oHjartpa). /Lo 0cTaTKOB MacCOBBIX
BH/IOB I'PHI3YHOB 3aMETHO OTJIMYAIOTCS B PA3HBIX
TOPU30HTAX OTJIOKEHUH:

BepXHUI (11epBbIN) CJI0U — THE3710Bast 10/1-
CTHJIKA TOMIIUHON 1,5 cM, 00pasoBaHHAs YILIOT-
HEHHBIMHM M YaCTUYHO Pa3pyIleHHbIMU I10ra/[Ka-
MU, B HUKHEH 4aCTH CO 3HAYUTENbHBIM COiePXKa-
HueM rymyca (ropusonTst 0 u 1), cpeaiu octaTkoB
3/1ech 1peobIIaialoT BoAsHAs U TEMHAsI [TOJIEBKY;

BTODOI1 cio# oTnoxkenwnii (1,596 cM ot moBep-
XHOCTH ) COCTOUT M3 TEMHO-OYPOI TyMyCHUPOBaH-
HOIl cyIrecH ¢ KOPHSIMU pacTeHUu#l (ropu30OHTbI
2—-4); 31ech 6OJIbIIE BCETO OCTATKOB 9KOHOMKH;

TpeTHii caioit (6—15 cM; ropu3oHTH 5 U 6) —
yepHo-Oypasi Cyriech, B KOTOPOii 110 CpaBHEHUIO
CO cJ0eM 2 MeHble KOpHeii, Ho 60Jiblie meOHs
(OT MEJIKOTO JI0 CPeIHEro0), pe3ko mpeobiagaoT
OCTaTKU BOAAHOU MOJIEBKU.

Jl1s1 aHa/IM3a U3 pa3HbIX TOPU30HTOB OTJIOXKE-
HII ObLTH OTOOPAHBI YETIOCTH BOISHBIX IT0JIEBOK.
O Bo3pacTe NMepBbIX IBYX CJI0E€B CBUIETETHCTBY -
10T HaXOJKH OCTaTKOB OHAATPbl. TOT BUJL OBLT
3acejieH 4eJIOBEKOM B I1epBOM 1ojioBuHe XX B.,

Tabnuya 1.3.  Obpasyvt us mecmonaxoxncdenust Kviona 2 u memoodot ux ucciedosanus

Cch, By IITA MC-UCIT COM i
TOPHM30HT MHKPOCKOTHSI
Cnoii 1, rop. 0 . ,
(0 —0.5 o) Arvicola terrestris 2 HY 1 H.y. - | H.4.
Cnoii 1, rop. 1 ' ;
05 — 1.5 o) Arvicola terrestris 2 H.Y 1 H.4. - 1 H.4.
Croii 2, rop. 4 .
(5 ~6 onf) Microtus sp. - ~ 1 H.u. -
s b A Arvicola terrestris 4 Hy A RS IR SO -~ l Hu
(6 —9 cm) nocjie 1ab0paropHOro OTKUIa
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Puc. 1.1. Cxema pacnonoxcenus usyuennbix Mecmonaxoxcoenuii kocmuwvix ocmamxog Ceseprozo u Cpednezo Ypana.

1 — Kvibaa 1,2;
2 — mecmonaxoscdenus na p. Cepee:

Hasec Cmapux, Hasec Cmomposou, Hasec Ceemuwiii, Ipom Qunumn;

3 — Ipom Cyxopeuencxuii;

4 — /leiposamuiii Kamenwv na p. Yycosoti;
5 — Yumunckas newepa;

6 — Kunuwe Coxona,

7 — Maxneeckas Jleosnas newepa
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3HA4YUT, BO3PACT CJIOEB C ero HaXO[KaMu He MO-
’KeT ObITh O0JIbIIe 9TOTO BpeMenu. BoapacT Hux-
Hell YacT! OTJIOXXEHUH, CKOpee BCEro, JIUIIb
HEMHOTUM OO0JIbIIIE, Y€M Y BEPXHUX TOPU30HTOB,
TaK Kak 1o coctaBy (GayHBl U ee CTPYKType
pasHble CJIOU PA3JINYAIOTCS MAJIO.

Ipom @unun naxomurcst Ha ipaBoM Gepery
p. Cepru B 5 KM ceBepHee HoceJKa ApakaeBo
Huxne-Ceprunckoro paiiona CBepasIOBCKOM
00J1acTH, HA TEPPUTOPHUM TIPUPOAHOIO MAPKa
«Onenbu pyuybu» (56°28’ c.r., 58°55" B.x1.). [por
PACIIOJIOJKEH B CKAIMCTOM OOPBIBE HA BHICOTE OKO-
J10 12 M Ha/1 pexoit pu BeICOTE CKasI 0K0JI0 20 M.
[Lromanp mosa cocraBiasger OKOJIo 2 MZ, riybuna
rpota 4 M, mupuHa 0,6 M, MaKCHMaJIbHAs BHICOTA
notoska 3,4 M. Packonku B rpoTe npoBeeHbI
A.N. Ymutko B 2004 1.; KOCTHBIE OCTATKH OIIpejie-
nensl H.O. Canprkosoii (2006).

Cyns no xapakrepy OTJIOXKEHUH M CBUE-
TeJbCTBAM COTPYAHUKOB IPUPOJHOTO TapKa
«Ozenbu pyubus», rpOT Ha MPOTSHKEHUU MHOTUX
JIeT UCIIOJIb30BAJICS (DUITMHAMU JIJIs THE3/IOBAHHMS.
Jlerom 2004 r., 10 TpoBeIeHUST PACKOTIOK, B HEM
OBI/IV BBIBEJIEHBI IITEHIIbI. B IleHTpaIbHOI YacTu
rpota, B 1,5 M OT BX0/a, PHIXJIbI€ OTJIOKEHUS
BCKPBITBI Ha y4acTKe TUIOMIaAbio okoso 0,25 MZ,
Ha riryouny 40 cMm, ropusonTamu 1o 1-5 cm. Koct-
HbIE OCTATKHU COEPIKAUCD B TIOPOJIE /10 TIyOUHBI
25 em. OTJI0KeHNs Ha TOBEPXHOCTH ObLIN TIPe/-
CTaBJIEHBI CEPO T'YMYCUPOBAHHOM CYIIECHIO MOIII-
HOCTbIO 8—10 cM, ¢ HEOGOIBIIUM KOJUIECTBOM
uebusi. Bepxusis ee yacTh Oblia HachlIleHa
COZIEPKUMBIM THE3/I0BOM MOACTUIKYU (hUIMHA
(1tyx, mepcth, Kocti). Huske 10 trybunst 25 M
HaXO0/MJIaCh KOPUYHEBAsI CYIeCh C GOIbIIUM
KOJIMYECTBOM MEJKOTO M CpeJIHero IebHs.
Jlo cKaZIbHOTO JIHA IPOC/IEKEHO OTI0XKeHNe 1e6-
Hs1 u3BecTHsiKa. [llypd ObLI 10BEeH 10 CKaib-
Horo aHa Ha raybwne 40 cm. CocraB (hayHbl

TPHI3YHOB B OTAEJIbHBIX TOPU30OHTAX OKa3ascs
UJIEHTUYHBIM, KaK ¥ COOTHOIIIEHUE J0JIeil OCTaT-
KOB pa3HbIX BuioB. Beero 6b110 onpeneneno 3113
3y0O0B IPBI3YHOB 14 BI/I0B, CPE/IH KOTOPBIX PE3KO
poMuHUpOBaU (57%) octaTku 0OBIKHOBEHHOI
nosieBKH. 13% u 10% cocTaB/siig OCTaTKU BOJIsI-
HOH TOJIEBKU U 3KOHOMKH. OcTasbHble BU/bI
IIePeYUCIIEHBI 110 Mepe YObIBAHYsI I0JIEH OCTATKOB
ot 3% no 0,1%: cepast kpbica, OOBIKHOBEHHBIM
XOMSIK, TeMHasI IT0JIeBKa, OH/IaTPa, PbIKast MOJIeB-
Ka, JIeCHasi MBILIIOBKA, KPACHasl T0JIeBKa, OeJka,
JIECHOM JIEMMUHT, JIeTATa.

Bce oty BUIbI OOUTAIOT B HACTOSIIIEE BPEMS
B paiione pacnosioxxenus rpora. CxoncTBo no
cocTaBy (ayHBl M COOTHOIIIEHUIO OCTATKOB Pa3-
HBIX BH/IOB II03BOJISIET NPEATIOJaaraTh, YTO BCe
KOCTHBIe ocTaTky u3 rpota Dwun (He3aBrCUMO
OT TOPU30HTA) OTHOCSITCS K COBPEMEHHOCTH, a
HAKOIIJIEHNE OCTATKOB B TPOTE IIPO/I0JIKAIOCH He
JOJIbIIIE HECKOJIBKUX /eCSATKOB JieT. YTOYHUTD
STOT BPEMEHHOI MHTEPBaJl MOMOTAIOT HAXOJKH
OCTaTKOB OH/IATPBI — BH/IA, 3aBe3EHHOI0 Ha Tep-
putopuio Ypasa B neppoii momoBune XX B.
Wx nmpucyrcTBue BO BCceX FOPU3OHTAX CIIYXKUT
CBUZETEIbCTBOM (hOPMUPOBAHUS OTJIOKEHUI He
panee 11epBoii 1os10BUHBI XX B. OTHOCIOHHOCTH
OTJIO’KEHUH B TPOTE UCKJITIOYAET CIydaliHoe Iona-
naHue B MaTepuas 6oJsiee IPEBHUX OCTATKOB.
I[Tocne mpoBezieHnsT PACKOTIOK HAOTIOAEHUST Hall
IPOTOM OBLIN MPOOJIKEHBI, U BBISICHUIIOCH, YTO
serom 2007 1. B rpoTe THe3IMJIKCh He (DUIUHBI, a
COKOJIBI caricanbl. [lorajku aTUX nTuIt Toske ObLn
cobpaHbl M M3y4eHO UX coaepxumoe. Kak u
CJIe/IOBAJIO OKU/ATh, ITUIIEBOI CIIEKTP XO351€B
THe3/1a BKJII0YAJT UCKIIOUYNTEIHHO TITHIL.

KocTtHble ocTaTKN MEITKUX MIIEKOITUTAIOINX
u3 rpota OuianH 1aI0T BO3MOXHOCTH OIEHUTD
cTerneHb BpeMEeHHO BapruabesIbHOCTH MX XapaKTe-
PUCTHK B IIpe/iesiaX HECKOJbKHUX JeCATKOB JieT —

Tabnuya 1.4.  Obpasyp us mecmonaxoxcoenus [pom Quaun u memoovL ux uccaedosanust
Bun ATA WCIT-MC OIP COM HK-cnekrpockonus
Arvicola terrestris 4 H.u. - T, 28 1 H.u. 1 H.4. 1 pe3ell
pesell
Microtus arvalis — - - 1 H.u. -
o A L e 1 g * lHu.mnl ~» - 1 pesen nocie Ha60pa’I;OpHOF0
pesen orxkura npu 600 °C

* Yemocmv oHOampvL 8 MOMEHM PACKONOK HAXOOULACH HA NOBEPXHOCMU OMAONEHUT 2poma, Ons angausq
61110 UCnonvL308ano 6 pazmenmos werloCmu U3 PA3HBIX YUACMKO8, pazmenm KOCMHOU MKaAHU U p{zqa
Mot AHce uentocmu GblIU UCNOTb308aHBL 0N dlemenmiozo anaiusa u UK-cnexmpockonuu.
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OT 1epBoii MOJ0BUHBI X X B. 10 HaluX Heil. OHn
MOTYT CJIy’KUTh 00pasIioM KOCTeH IOTaJ[04HOTO
MPOUCXOXKAEHUS, HAXOAUBIINXCS B YCJIOBUSX
I0’KHOHM YaCTH TaeKHOM 30HBI.

Hasec Cmompogoii pactioioxKeH Ha JIEBOM
Gepery p. Cepry, B 5 KM OT cTaHIiu BakykoBo
Huxne-Ceprunckoro paiiona CBepAsIOBCKOM
obiacTu, HA TEPPUTOPHUU IPUPOAHOTO TMapKa
«Onenspn pyubu». HaBec HaxoquTcst B BepxHei
YacTH CKaJIbHOTO 0OPbIBA, HAa BHICOTE OKOJIO 15 M
Hajl YPOBHEM BOJIbI U TIPEJCTABIISIET COOOM TLIO-
HI3/IKY, OPUEHTUPOBAHHYIO Ha I0r0-3a1aJl, ITUPH-
HOIT 4,8 M, Try6uHO# 1,6 M, TP MaKCHUMaJIbHOI
Bpicote 1,5 M. [loimasp mona A0 pacKomok
COCTaBJIsAIA OKOJIO 4 M°. PAaCKOIIKM IIPOBeIEHbI
aerom 2007 r. skcneaumnyenn 1abopaTopun UCTO-
puueckoit saxosorun U3PusK YpO PAH. Ompe-
JleleHrue OCTATKOB TPBI3YHOB BBITIOJHEHO
H.O. CangpikoBoii.

OtyiokeHusT B HaBece MPe/ICTaBIEHbI TPEMS
CJIOSIMU: Ha TIOBEPXHOCTU HAXOIUTCS TTOYBA U3
Cepoi cyriecH co 1ebHeM, OOMIIHEM PaCTHTETbHON
TPYXH, MEPCTU M KOCTEH KMBOTHBIX M3 PacIiaB-
IIUXCS MOrajiok; raybske (cioit 2, rop.2, 1-3 cm;
rop.3, 3—5 ¢cM) — TeMHO-cepasi CyTech ¢ HehOoJIb-
UM KOJIMYECTBOM MEJIKOTO U CPEHETO TIeOHs,
pu OOMJTHH KOCTHBIX OCTATKOB U PACTUTEIHHON
TPYXH; B TOpU30oHTe 4 (5—7 cM) HapsLy ¢ cepoit
cynechio nosiBisieTcst Gypasi (caoit 3), KoTopast
COCTaBJIsIET OCHOBY OTJIOKEHUH CJIefyIoIero
(I4ATOr0) ¥ BCEX OCTAJBHBIX TOPU3OHTOB JI0
CKaJIbHOTO JHA.

MaxkcuMasbHast rryOruHa OTIOKeHUH 34 cM,
HO HA Pa3HBIX yYacCTKaX pPacKoIla CKaJbHOE JHO
pacroJioxKeHo Ha pa3Hoii rayoute. B ropusonTrax
¢ Oypoii CyIechio KOCTHbIE OCTATKU UMEIOT OXPH-
CTBHI OTTEHOK B OTJHMYUE OT BBIIIEJEKAIIUX
TOPU30HTOB, T/Ie OHU OeJble WU CJIETKA JKeJITO-
BaThle.

B BepxHMX ropu3oHTax 3TOTO MECTOHAXOX-
nenusi (rop. 1-2) obHapyxeHbl ocTaTku 15
BU/IOB TPHI3YHOB, B HACTOSIIIEee BPeMsl Hacesiio-
MUX OKpecTHbIe MecTooOuTanus1. [Ipeobranaior

OCTaTK¥ OOBIKHOBEHHBIX T0JIEBOK (104TH 50%),
qyTh 6osbire 10% mpUXOAUTCSA HA MOJEBKY-
5KOHOMKY, OCTaJIbHbI€ BUBI HEMHOTOYMCJIEHHBDI.
OcTaTK¥ 9THX e BUOB, 32 UCKJIIOUEHUEM Cepoi
KPBICHI U OHJIATPbI, BCTPEYAIOTCS M B TOPU3OHTAX
4—6, HO 3/1ech npeobiagaHne 0OBIKHOBEHHBIX
0JIEBOK HE CTOJIb BhIpakeHo (0KO0JI0 25% ), BBIIIIE
J10JIs BOASTHBIX 110J1€BOK (20% ), MHOTOYMCIEHHBI
MMOJIEBKU-9KOHOMKH U JIECHBIE TIOJIEBKHU.

B ropusonTe 7 KOCTHBIX OCTaTKOB OBLIIO MAJIO:
Bcero obHapyxeHo 143 3yba rphi3yHOB, MaKCH-
MaJIbHOE YKCJIO OZHOUMEHHBIX OCTaTKOB — 36,
OJIHAKO CPe/id HUX Obl/Ia HalileHa YeToCTb Y3KO-
YeperrHoi 0JIeBKH, HbiHEe He BCTpeyatomeiicsa He
TOJIBKO B OKPECTHOCTAX HaBeca, HO U BOOOIIEe Ha
3anaHoM ckoHe CpemHero Ypana. MakcuMalib-
Has JI0Jisl OCTATKOB BOASIHOUN moJsieBKU — 30%,
TaKOBa XK€ CyMMapHasi /I0JIsI IBYX BUJIOB JIECHBIX
MOJIEBOK, /10J1s1 OOBIKHOBEHHOM TOJIEBKH — 25%;
oOHaApY’KEH JIUIIb OAUH 3y0 9KOHOMKH.

B rmase 3 (tabu. 3.11) npuBeneH aaeMeHT-
HBIII COCTaB MOPO/IbI, BMEIAKIell KOCTHbIE
ocTaTky MJeKornuTaiomx B cioe 2 HaBeca Cmot-
POBOIi. ITa TMOpo/a MpeACTaBIsiIa coOoi cepyio
cyunech. /lanHble TAGJUIIBI TOKA3BIBAIOT, YTO
coj/iepsKaHue 3JIEMEHTOB I10 TIOPSI/IKY BeJIHMYUH
BIIOJIHE COTIOCTABUMO CO CPETHUMU 3HAYEHUSIMHU
JIJIsI TIOYB MUPA.

Ipom Cyxopeuencruii (56°25 c.ur., 57°45 B.11.)
HaXO[MTCsI B OMHOMMEHHOUN CKaJie Ha TIPaBOM
6epery p. Yool mexay nocenkamu CapaHa u
Mapuiickne Kimounku CBep/ioBekoii obacTi.
IToxpo6HOE orKcaHKue ero OTJIOKEHHA, a TAKKe
HalJJeHHBIX TaM OCTaTKOB CEMSIH pPACTeHUH,
KOCTHBIX OCTaTKOB MJIEKONMUTAOUIUX U PbIO,
Pe3yJIbTaTOB IBLIBIIEBOIO aHAIM3a U aPXEO0JIOTH-
YyecKuX Haxo/oK npusezeHo B pabore H.I. Cmup-
HoBa u ap. (1992). Ipor npexacraBisier coboit
KapCTOBYIO HUIIIY B 5 M BBIIIIE MTOTHOXUSI CKaJIb-
HOHM CTEHBI, KOTOPasi BeHYaeT COOON MOKPBITHIN
JiecoM OOPBIBUCTBIN Oeper peKu BBICOTOM OKOJIO
100 M, oOparteHHbIi1 K 107MHE PEKU, 32 KOTOPOii
Haxoautcss KpacHoydumckas JecocTelb.

Tabnuya 1.5.  Obpasypt nuxcHux uenrocmei 2pbl3yHos u3 mecmonaxoxcoenust Hasec Cmomposoi, ons
KOMOPHIX NOJYUEHbL MEPMOZPABUMEMPUUECKUE OAHHbLE

Cunoii Bun Kou-Bo 06pa3LoB
['op. 1 (0-1 cm) Arvicola terrestris 1
Microtus sp. 3
["op. 7 (13—16 cm) Arvicola terrestris 2
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[Ton rpora, Ha KOTOPOM HAKOMHUJIUCH PHIXJIbIE
OTJIOXKEHHUSI, TIPE/ICTABJISAN COO0H rOPU3OHTATIb-
HYIO TIJIOMANKy pasMepoM 1,5 M” 1oz M3BecTHA-
KOBBIM HaBeCOM BbIcOTOM 1,5 M. B cpenineii uactu
mromaaku 0wl 3amoxken mypd 1x0,5 wm,
KOTOPBIH BCKPBLJI PHIXJIbIE OTJI0KEHUS MOIIHO-
CTBIO 35 CM /IO CKaJIbHOTO OCHOBaHUsL. MHTEpec
K 9TOMY MECTOHaXOKIeHHIO BBI3BAH TEM, UTO €T0
OTJIOKEHUS coZepKaT NaJeOHTOJIOTUYECKHe
MaTepHaJbl, OTpaKaollue Pa3BUTHE 3aTAHOTO
(pmanra ocrpoBHoit Kpacuoydumckoit secoctenu
B 03/1HeM roJionieHe. Kpome Toro, tam Obuin
Hali/ileHbl OPOH30BBIE KYJBTOBbIE MPEAMEThI
(nTHIeBU/HBIE M/IOJbI), UCIOJIb30BaBIINECS
JIPEBHUM HaceJieHueM ¢ cepeinHbl | ThiC. 10 H.3.
10 Hayana I1 Teic. H.3.

L1 OT10KeHU 3TOr0 MeCTOHAXOXKAEHUS
6bL10 TIOMTY4eHo 12 panoyrIepoHbIX JATUPOBOK
110 KOCTHBIM OCTAaTKaM K3 BCEX TOPU30HTOB PhIX-
JIBIX OTJIOKE€HHUI, YTO TTO3BOTHIIO MOJIyYUTb IIPeI-
CTaBJIeHMe He TOJIbKO O BO3PacTe OTJIOKEeHUH, HO
U C/IeJIaTh BBIBOJ[ O TOM, YTO OTJIOKEHUS B IPOTE
HaKaIJIMBAJINCh [TOCTIE0BATETLHO, O€3 3aMETHBIX
HapyleHuil, XoTs U BecbMa HEPaBHOMEPHO.
Bce pagumoyriepoatbie aThl COOTBETCTBOBAIN
(c yueToMm CTaTUCTUYECKUX OMUOOK) MOCIE/I0-
BaTeJIbHOCTH HAXOXKAeHusi 00pas3IoB B pa3pese
OTJIOXKEHUH. APXeoJ0ruyecKuil MaTepuas mnormast
B rpoT Bo BpeMmsi nepepbiBa mexxay 11 u 111 atanamu
HaKOIIJIEHUSI OTJOXEeHWW B TIpoTe, CKOpee
BcCero, B HadaJse I Toic. H. 3.

Hakonenne oprannyeckux OCTaTKOB Hava-
Joch B rpoTe okosio 3500 JieT Ha3as U MPOKCXO-
JIUJIO C TIepepbhIBaMu BILJIOTH /10 COBPEMEHHOCTH.
Boinenenst 4 sTana HaKoNJI@HUS] PHIXJIBIX OTJIO-
JKEHUH, OT/IeJIEHHBIX JIPYT OT IPyTa IepephiBaMHu,
KOTOpble (pOpMUPOBATUCH KaK 32 c4eT (PU3UKO-
XMMUYECKOTO BbIBETPUBAHUS N3BECTHSAKA, TaK U
3a cyeT MepUoJNYeCcCKOr0 MacCOBOTO TOCTYILIe-
HUs norajgok ¢uauHa: aran I gatrupoBan I Thic.
110 H.3. 1 mpopoJiKaics npumepHo 100-200 ser;
aran 11 mpoposskancst ne 6osee 100 jer u gaTu-
poBaH py6ekoM HOBOM apbr; atar I11 mpogosmka-
cst ¢ XII mo XV B.H.3,; atan [V Havascs B KoHIle
XVIII B. u npomoskajics BIUIOTH 0 BpeMeHU
PaCKOTIOK.

ITo manunosornyeckum ganHbIM, Ha | aTane
HaKOILJIeHUsI OCTaTKOB (Havaso [ TeiC. 10 H.3.)
y4acTue CTeNHbIX U JYTOBbIX KOMIOHEHTOB B
PACTUTETBHOCTH BOKPYT MECTOHAXOXK/IEHUST OBLIO

MaKCUMaJIbHBIM. B (hayHe MesIKux MyIeKonuTaro-
HIUX, COOTBETCTBYIOIIEH JaHHOMY BPEMEHH,
oMUMO 15 OOBIYHBIX JJIsI TEPPUTOPUU BHUIOB,
3aUKCUPOBAHO IIPUCYTCTBUE IBYX BHIOB — O0OH-
TaTejel CTEMHbIX OMOTOMOB: Y3KOYEPEeIHOM
nosieBKU (3 3K3.) U cTenmHOM nuuyxu (2 2Kk3.) .
B nacrosiiiee BpeMsi 5T BU/IbI He BCTPEYAIOTCST He
TOJIBKO B OKPECTHOCTSIX MECTOHAXOK/IEHMS, HO U
Bo Bcell Kpacnoydumckoii necocreny. bavkaii-
111e TOYKHA UX apeasioB HaXOAATCS Ha HECKOJIBKO
COTeH KUJIOMeTpoB 1oxHee. Kpome Toro, 3 uiéy-
HBIX 3y0a y3KOUYepErHbIX MOJIEBOK OOGHAPYKEHBI
B BbIOOpKe (1260 3y60B) 13 ropusonTa 3 (Bo3pact
no paanoyriaepoay 612+135 ner, 111 stan Ha-
KOILJIEHHsT OCTaTKOB ). OHU CUNUTAIOTCS OZIHUMU U3
HanboJIee TIO3IHUX HAXO/IOK Y3KOUEPETTHBIX MOJIe-
BOK Ha Teppuropun Cpexnero Ypasa. ITo 103BO-
JIAJIO TIPEJITIONIOKUTD, uTO B payHe Kpacnoydum-
CKOM JIECOCTeNH BU/I TPUCYTCTBOBAJ I10 KpailHei
Mepe 10 XV B., T.e. OH Ucye3 ¢ 3TOH TePPUTOPUU
y’Ke BUCcTOopuyeckoe Bpemst. /laHHOe ITpemmoiosxe-
HUe OCHOBAHO Ha JIOMYLIEHNHU, YTO M30JUPOBaH-
Hble 3yObl Y3KOYEPEITHbIX MMOJIEBOK CHHXPOHHBI
OCHOBHOM Macce KOCTHBIX OCTATKOB U3 TOPU30H-
Ta 3, MO KOTOPBIM TOJIy4eHa PaguoyTIepoaHas
nara.

3yO6bI MITEKOTIMTAIONNX U3 PBIXJIBIX OTIOKE-
uuii pora Cyxopeuenckoro 6osiee 15 jer xpa-
Huch B kKosnekimu UOPuX YpO PAH; oun
ObLJIM BBICTABJIEHBI HA CTEKJIA, OKPBITHIE TLJIAC-
THJIMHOM, TI09TOMY UX IpUMeHeHue /i1 husu-
KO-XMMHWYECKUX aHATN30B OTPAaHUYEHO.

JIJ151 TEpMITYIECKOTO aHAT3a OTOOPAHBI IIEYHBIE
3yObl Pa3HBIX BUJIOB CEPBIX MOJIEBOK M3 TOPU30HTA
3 (Bospact okosio 600 siet) u ropusonros 10, 11
(Boapact okosio 3000 Jsiet) (Tabor. 1.6).

Takoii BBIOOP 06pas3IoB 1aeT BO3MOXKHOCTh
OIIeHUTh CTeNeHb (POCCUIN3AIUHN KOCTHBIX
OCTATKOB T'PHI3YHOB MOTAJI0YHOT0 TIPOUCXOK/Ie-
HUS U3 OTJIOXKEHUH Pa3HbIX OTPE3KOB MO3/IHETO
TOJIOIIEHA B KaPCTOBOM IPOTE U3 I0KHOU YacTh
Cpennero Ypaia u mosBiasieTcsi BO3MOXXHOCTD
CPaBHUTH CTeleHb (hoccuansanuu 3y6oB y3Ko-
YepernHbIX NOJeBOK U JPYTMX BUIOB U3 TPEX
Pa3HOBO3PACTHBIX TOPU3OHTOB, /[Ba U3 KOTOPBIX
o4eHb GJU3KY 110 BPEMEHU HAKOILJIEHUS], & Tpe-
TUH 3HAYUTENTbHO MoOJIOXe (ITPUMEepPHO Ha
2,5 ThiC. 1eT). MOXHO TaKKe OIeHUTh BIUSTHIE
HAXOX/IeHUST OPOH30BBIX TPEIMETOB Ha KOCTHBIE
OCTaTKHU U3 COOTBETCTBYIOIINX OTJIOKEHUI.
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Tabnuya 1.6.  Illeunvie 3y6oi 2puisynos us Ipoma Cyxopeuenckozo, 0iist KOMOPHIX NOLYUEHbL
mepmoepasumempuueckue danmole

Croii Bun Kosni-Bo u Tun 3y0oB
[op. 3. Microtus ex gr. arvalis-agrestis 5 M;
M. gregalis 1 M,
['op. 10 M. ex gr. arvalis-agrestis 2 M,
M. gregalis 1 M,
[op. 11 M. ex gr. arvalis-agrestis 1 M,
M. gregalis 2 M,

1.4. Ilnelicmoyenogwvie opHumMozenHbvle
MeCMoHaxoxHcoeHUus 8 KapCmosbvLx
nonocmax

Hviposamuiii Kamenw, p. Yycosas. Ilemnepa
pacioJio’keHa B OJHOUMEHHOIl CKajie Ha JIEBOM
bepery p. UycoBoii, B 5 KM BbIII€E 110 TEYEHUIO OT
nep. Exsa Ilpuropoanoro paitona CBepiioBCKoit
obsact. OKHO B [0JIOCTh PasMepoM 5x8 M Haxo-
JTUTCSI Ha BBICOTE 33 M HaJT PEKOI B OTBECHOM CKaJie
obmieit BbicoToi 60 M. JJoCTyIl OAAM B IHEmepy
BO3MOJKEH TOJIbKO C MCIOJb30BaHUEM CIIEI[H-
aJIbHOTO CKaJI0JIa3HOTO cHapsikeHwust. [lomocTth
npeacTaBiisieT co6oil TPOT. Phixiibie OTIOKEHMS
IIOKPBIBAIOT BECh I10JI TeIePHl, BepXHUe YacTu
OTJIOXKeHUI OBl y/Ia/IeHbI B IPOIIECCE aPXE0JI0-
I'MYEeCKMX PACKOIOK, KOTOPbIe TPOBOIUJINCH TaM
HaynHas ¢ 30-x roxoB XX B., U MepPUOAIECKU
BO300HOBJIsLIUCH B 90-€ To/b1. OCHOBHOI MHTe-
Pec JI/Is1 apXe0JI0T0B IIPEICTABIIAIY FOJIOLEHOBbIE
OTJIOKEHUS, CO/lep KaBIINe MHOTOYMCIEHHbIE
HaKOHEYHUKHU CTPeJ U KYJIbTOBbIE MPEJMETHI,
KOTOpbIE, KaK YCTAHOBJIEHO, BBICTPEJIUBAJIKCH
Ty/la C IOMOIIBIO JIyKa. JTa TPAUIUS, IO-BUIU-
MOMY, CyIIIeCTBOBAJIA LU TETbHOE BPEMS, TaK KaK
HaXOZKU UMEIOT ITMPOKUIT BO3PACTHOM Mara3oH.
K HacTosiemMy BpeMeHr KOJIM4eCcTBO KaMeHHbIX,
OPOH30BbIX, KOCTSIHBIX U JKE€JIE3HbIX HAKOHEYHHM-
KOB M3 3TOTO MaMsTHHKAa HACYUTBHIBaeT OoJjiee
10 TeIC. (Cepukos, 2000). B 1992 r. apxeosior
10.B. Cepuxkos u naneonrtosor A.W. Yaurko mpo-
BEJIN 3a4MCTKY IIOBEPXHOCTU OTJIOKEHHH CJI0s
6yporo cyramnKa Ha miomaau 1 M° B 12 M oT BXOZ-
Horo orBepctus. Ilocie 3a4ucTku U3 ropu3oHTa
TouHOM 10 ¢M OBLJIO OTMBITO OYE€Hb MHOTO
KOCTHBIX OCTaTKOB, XOpOIlasi COXPAaHHOCTb KOTO-
PBIX CBU/ETETBCTBYET 00 UX IOTaJI0YHOM TIPOKC-
XOsK/IEHUI: GOJTbIIIAs YaCTh HUYKHEYETIOCTHBIX BET-
Bell TPBI3YHOB MMeeT IEuHble 3yObl B aJIbBE0JIAX,
KOCTH IOCTKPAaHUAJIBHOTO CKeJleTa Pa3pylieHbl
B HeOOJIBIION cTeneHu. [[BeT KOCTHBIX 0CTaTKOB

OJTHOPOJIHBIM, CBETJIO-OXPUCTBI.

CocraB (hayHbl U COOTHOIIEHUE OCTATKOB
Pa3HBIX BUJIOB ONMMCAHbl HA OCHOBAHUM OIIpejie-
nenust 3214 3y6os (Cmupros, 1995). MayHa u3
9TUX COOPOB MpeACTaBaAsgeT cob0il THITHYHBIN
BapUaHT COOOIIECTBA «CMEITAHHOTO» THTIA, B KOTO-
POM COCYIIECTBOBAJIU BUJIbI, TOTOMKH KOTOPBIX
HbIHE 0OMTAIOT B TYH/PE (KOMBITHBII 1 CUOUPCKUIT
JIEMMUHTH) ¥ CTelsiX (CTelHast NecTpyLIKa, CTell-
Hasi IIUNTYXa, CEPI XOMSUOK ), 8 TAKKE BH/IBI OKO-
JIOBOJIHBIX ¥ JIYTOBBIX MECTOOOMTAHUI, HAPSILY C
peNKUMU BUJAMU, XapaKTEePHBIMHU JIJIs Jieca
(KpacHasi, pbIXKasi, KpaCHO-cepast U TeMHas 110JIeB-
Ku, 6eska). OiHIM 13 BUIOB—/IOMUHAHTOB B 9TON
(ayHe ObLTa y3KOUepeIHasi MOJIEeBKA, TOTOMKHI
KOTOPOii HbIHE OOUTAIOT U B TYH/PE, U B CTEIIH.

B 1994 r. Ha CIMHTHIISIIMOHHON PasloyT-
nepoaHoii ycranoBke UOMIJK PAH no nasec-
ke 0k0.10 200 I KOCTHBIX OCTATKOB I'PHI3YHOB ObLIa
mosydyeHa patupoBka B 13757+250 user
(MM 3IXK-1140) (Cmupnos, 1995). [TozaHee B
Jlusepmopckoii maboparopuu CIIIA 6bLta mosry-
yeHa cepusi AMS—1aTupoBOK /ST €IMHUYHBIX
YeJIoCTeN IPhI3YHOB U3 9TOM KoJutekimn (Stafford
et al., 1999). Tax, ABe HUKHIE YETIOCTH KOTIBITHO-
ro JeMMuHTa numenu Bospact 12 820+60 mer
(CAMS 35894) u 13 620+60 et (CAMS 35895);
JiBe€ HUXXHUE YeJIOCTU CTENHOW MecTPYIKU
12 610+60 et (CAMS 35896) u 12 620+60 et
(CAMS 35897); nBe HUXKHUE YETIOCTU CEPOTO
xomsuka — 12 810+60 ner (CAMS 35898) u
12 960+60 ger (CAMS 35899). 3Tu naHHbIe,
BO-TIEPBBIX, MOKA3JIU OJIU30CTh K TaTUPOBKE U3
sgaboparopuu UOIMOIIK, BO-BTOPBIX, BBISICHU-
JIOCh, 4TO pa3bpoc B BO3pacTe CEPUMU Pa3HbIX
OCTaTKOB M3 TOPU30HTA MEHIePHOTO CYTJIUHKA
motHOcThIO B 10 cm He nipeBbimaet 1000 set, yto
I BO3pacTta ocTaTKoB GoJiee 10 ThIC. JIeT MOKHO
CYUTATh CHHXPOHHBIM. VIHBIMU CJIOBAaMU, MOKHO
C BBICOKOH CTENeHbIO JOCTOBEPHOCTU CYUTATH,
YTO KOITBITHBIE IEMMUHTH, CTEITHBIE TIECTPYIIKH,
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Tabnuya 1.7.  Obpasyvl KOCMHLLX OCMAMKO8 U3 Mecmonaxoxcoenus /[viposamviii Kamenw, p. Yycosas
U MeMOObL UX UCCLE00BANHUSL
Bun JATA MC-HCII CBOM | HK-cnektpockomnus
Cricetulus migratorius 2 H.y. = = =
w4, 2 pesua, 1 M® bt g
Dicrostonyx torquatus 3 H.u., 5 3y6oB M’ nocJje nabopatop- 1 Hu. PR

HOTr'O OTKura 1npu

HOrO OT>Xura 600 °C

Lagurus lagurus 2 H.4., 5 3y60B M,

Microtus gregalis 3 H.u. - — =
Ochotona sp. 3 H.4. - = _
Lemmini gen. 2 3y6a M’ - - =

Y3KOU€epeIHbIe MOJEBKH ¥ cepble XOMSYKY 00u-
TaJl B OKPECTHOCTAX ITenliepbl CHHXPOHHO. JTOT
IpUMeEP SABJISETCS yI00HOU MOJEJIBIO [JIsl U3yde-
HUSI CEPUM CUHXPOHHBIX 006Pa3IoB MO3/HEeILIel-
CTOIIEHOBOTO BO3pacTa M3 OAHUX YCIOBUM (oc-
CUJIM3AllNY B TellepHoM cyrauHke. s ananusa
6bL1 0TOOPaHbI 12 YesrocTei pasHbiX BUAOB MPhI-
3yHOB U nuiyxu (tabu. 1.7).

1.5. Muozocaounvie 3002eHHbIE
MeCmMoHaxoHc0eHus 6 Kapcmoasvix
noONOCMAX C 2010UEHOBLIMU U
nAEUCMOUCHOBBIMU OMIONCEHUAMU

Yumuncrxan newepa pacriosioxena Ha bepe-
ry p. Jlo3bBe, B 20 KM HUXKe yCThs p. YUIMBI, B
VBnensckoM paiione CBep/sIOBCKON 06J1acTh
(61°50” c.1r., 59°40’ B.1.). PasBenounbie packor-
ku mpoBeziersl B 1992 r. apxeonorom C.E.Hawnp-
KHMHBIM; OIIpe/ieIeHHe KOCTHBIX OCTaTKOB BBITIOJI-
Heno H.I. Cmupnossim (Cmupnos, 1996). Kap-
CTOBasl MOJIOCTh HAXOIUTCS B CKaJie Ha BBICOTE
5 M HaJl BOJIOM. PhIXJIbIe OTJIOKEHSI BCKPBITHI 110
ray6usbst 50 cM. B cpeiHell yacTH MOJIOCTH, TIPH-
MEPHO B 3 M OT BX0/13; PACKOII He JIOCTHUI' CKAJIb-
HOTO /[HA TelIePHI.

Omnucano 3 ciost ornoxennit. Cioit 1 pen-
crasiisieT coboi CKoTieHue mebHs ¢ CynecyaHbIM
3anoJiHeHreM MoIHOcThI0 0K0so 10 ecm. Croit 2
MOITHOCTBIO 0K0J10 10 cM, npencrasiisier coboi
KYJIbTYPHBIIl CJIOU, COCTOSIIIUI U3 CYIeEeCcH C
YIJIMCTBIMUM YaCTUIIAMU U KYJIBTYPHBIMH OCTaT-
KaMH IIMPOKOTO BPEMEHHOTO MHTEPBAa — OT
3II0XU 9HEOJIOUTA 10 Cpe/lHeBeKOBbs. B cioe 3,
BCKPBITOM /10 TJ1yOuHBI 50 CM, KyJIBTYPHBIX OCTaT-
KOB, a TAK)Ke YIJIUCTBIX YaCTHIl HE OOHAPYIKEHO.
On npexcrasisier co60il CBETIO-KOPUYHEBBIN

CYTVIMHOK C HEMHOTOYKCJEHHBIM 1ebHem. Bo
BCEX CJIOSIX BCTPEYEHBI OCTATKU PhIO, IITHIL 1 MJIe-
KOITUTAIOIIHX.

Takoe cTpoeHue paspesa, OCIOXKHEHHOE
KYJIBTYPHBIM CJIOEM U CJIe/laMU TOPEHUs JIpeBe-
CHUHBI, /laeT OCHOBaHHE IMpeAIoaraTh, 4To 1mpo-
M30IILJI0 CYIIECTBEHHOE ITepeMellIMBaHKe OTI0XKe-
HUI B 30HE CJIeJI0B IIPUCYTCTBUS YeI0oBeKa. JTO
KacaeTcs cioeB 1, 2 U BepXHel 4acTH CJiost 3.
Apxeosorndeckue HaXO/KH MTO3BOJISAIOT OLEHUTh
BO3PACT OTJIOKEHUI BecbMa NMPUOIU3UTENbHO:
st cioeB 1 1 2 — 3TO cpeiHUN—TTO3IHUI TOJI0-
IIeH, CJI0ii 3 IpeBHee 3TOro BpeMeHu; OMoCTpaTur-
paduyeckre KpUTEPUH MO3BOJISIOT HECKOJIbKO
YTOYHHUTD €ro Bo3pacT. B ciosix 1 u 2 mpeobraja-
I0T OCTaTKU JIECHBIX BU/IOB, XapaKTePHBIX JIs
COBpPEMEHHOM Tae;KHOU (hayHbI JAHHOTO PETMOHA,
KPOME TOT0, B HEOOJIBIIOM KOJIHYECTBE TIPUCYT-
CTBYIOT OCTAaTKM KOTIBITHOTO JIeMMHUHTA. MOXHO
HPEIONIOXKUTD, YTO IPUCYTCTBUE eIMHUYHBIX
3y0OB TIOCJIEIHETO B OTJIOKEHUSAX CPEIHEr0—
II0O3/IHETO IOJIOIeHA eCTh Pe3YJIbTaT X IIePeoTIio-
JKeHus u3 bosiee IpeBHUX c0eB. Takoe Ipearo-
JIO)KeHUEe OCHOBAHO Ha TOM, YTO /JIsl PalOHOB
COBPEMEHHO¥ Ta€KHOIT 30HbI, T/I€ PACIIOJIOKEHO
MeCTOHAXOXIeHue, IPUCYTCTBUE 3TOTO BHU/IA B
cpenHeM, a TeM OoJiee MO3HEM TOJIOLEHe He J0-
Ka3aHo. B cioe 3 107151 0CTaTKOB KOMBITHOTO JIEM-
MUHIA YBEJUYNUBAETCS U NMOSIBJISIOTCS OCTaTKU
y3kouepenHoit monaeBku. [Togo6ubIil cocTas
(ayHBbI NpeACTABISAECTCS HOPMATIbHBIM JIJIS Iie-
PEXO/HBIX ITANOB OT IO3/[HETO TJIEHCTOIeHA K
paHHeMYy ToJIOLleHY, OAHAKO CUHXPOHHOCTD
OCTATKOB BHUJIOB JIECHOTO KOMILJIEKCA M «PeJIUK-
TOB» COOOIIIECTB OTKPBITHIX TPOCTPAHCTB ITO3/HE-
TO 1JielicToleHa (KOMBITHOTO JIEMMHUHTA U Y3KO-
YepernHoi MOJIEBKU ) TpeOyeT IPOBEPKH.
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Tabnuya 1.8.  Illéunvie 3y6olL 2pvisyHo6 u3 YuUMunCKoU newepol, 0sk KOMOPbIX NOAYYeHbl

mepmozpasumempuueckue oanvie

Cuoi Bun Kos-Bo u Tumn 3y0oB

Dicrostonyx torquatus 3IM,
Myopus schisticolor 1M’
Microtus oeconomus 1M,
1 M. ex gr. arvalis-agrestis 2 M,
Lemmini gen. 1M
Clethrionomys rufocanus 1 M,
Cl. sp. 4 M,
M. gregalis 2M,
M. ex gr. arvalis-agrestis 1M,
Microtus oeconomus 3 M,
Clethrionomys rufocanus 3M,

3 —
Lemmini gen. 2M,
Cl. sp. 4 M,
Dicrostonyx torquatus 1 M%
3IM

Hasec Cmapux pacrioiokeH B U3BECTHIKO-
BOI CKaJIbHOIA rpsizie Ha JieBoM Gepery p. Cepru, B
3 kM ot 1. baxkykoBo Huskue-CepruHckoro
paitona CBep/sIOBCKOI 00J1aCTH, HA TEPPUTOPUHI
npupozaHoro napka «Osiensu pyubn». HaBec pac-
OJIOXKEeH Ha BBICOTE OKOJIO 8 M Hajl PEKOU u /10
PACKOTIOK TIPEICTABIISLIT COOO HEOOJIBINYIO HUIILY
B ckaJie (TuryOrHO# 0K0J10 1,4 M ¥ IIUPHHOM 2,5 M),
KOTOPYIO (DUJIMHBI JI0JITOE BPeMsI NCIIOJIb30BAIH
IS THe3710BaHus. PbIxiibie OT/IOKEHUST Havaau
BCKPBIBaTh Ha y4yacTke pazmepom 0,5x0,5 m.
IMoaxe mrypd 6B paciupen 10 mromani 1 M,
B 2005 u 2008 rr. sxcnequrueir UIPuX YpO
PAH nox pykosoactsom A.U. Ynutko 6vlau
Hccae0BaHbl OTJIOXKeHUs] HaBeca. KpaTkue
utorn uccyexoBanuii 2005 1. 6bLIM Oy OIMKOBa-
ubl (Cazmpikoa, 2006), a 060011 HHbIE TaHHBIE TI0
JIBYM TO/IaM PACKOIIOK TIPUBOJISITCS HUKE.

Ortiosxenvist GbLTH BCKPBITHI HA TIyOrHYy 0,45 M,
HO /10 CKaJIbHOTO /IHA [TOPOJia TI0Ka He BhIOpaHa,
YTO He 1103BOJISIET TOJIYYUTh MOJHOE TPe/ICTaB-
JeHre 06 OCa[KOHAKOIIEHMH W CMEHE COCTaBa
ayHsbl.

Cuoii 1 npeacTaBiieH TeMHO-CEPO CyTIeChIo,
6oJsiee cBETJION B HUKHEH 4acTH, ¢ OOUIBHBIMU
KOCTHBIMM OCTaTKaMU MEeJIKUX MJIEKOITUTAIONIUX.
B BepxHeit yactu ciosi umeercst rymyc. Mori-
HOCTB cJiost 15—17 cM, oH BCkpsoIT 16 ropu3oHTa-
mu 110 1-2 cm.

Cuoit 2 momuocteio 10—15 cm obpasoBan
CepO-KOPUYHEBOI CYNEChIO € HOJIBIIIMM KOJIHYe-
CTBOM MEJIKOTO U cpeziHero miebHst. OTI0KeHusT

ObLIM BCKPBITH ropudonTamu 17—19 mo 3 cm.
3HauuTeIbHBII 06BEM ITOTO C/10sT (KaK U TepPBO-
r0) COCTaBJISIIA TJIBIOBI UBBECTHSIKA, Y/IAIEHHBIE
B IIPOIleCCe PACKOIIOK.

Cunoit 3 npencTaBieH KODUYHEBOU BSI3KOM
CYTJIMHUCTOM CYIeChIO ¢ MaJbiM KOJUYECTBOM
ie6HsI B OCHOBHOU 4yacTu packora. OH BCKPBIT
ropusonTamu 20—23. KosiuecTBo 1iebHst yBem-
YUBAJIOCh K CKaJIbHOH creHe rpota. Ha ypoBhe
3TOTO CJIOSI IPOCJIEKEHO PACHIMPeHHe MOJOCTH B
ryOb CKaJIBI, YTO TIO3BOJISIET YBEPEHHO TIPEATIO-
Jlarath TPOOJDKEHIE HaBeca BHYTPh ITOTpebeH-
HOTO OTJIOKeHusIMU rpota. [Ipomoskenne packo-
MOK JIOJIZKHO TIPOSICHUTD, HACKOJIBKO OTJIOKEHUS
13 BHYTPEHHUX YacTeil rpoTa NpUHUMAaIN yJac-
THe B 00pa30BaHUU OCAAKOB 10/ KO3BIPhKOM
HaBeca.

B otinoxenusx ropuzonToB 1—11 6biu
oOHapy»KeHbI TOJIBKO OCTaTKU BUIOB, XapaKTep-
HBIX [IJIs1 TaHHOW TePPUTOPHU B HACTOSIIEe
Bpems. B ropusonTte 1 npeo6JafaioT ocTaTku
0OBIKHOBEHHO#I TTOJIEBKU, B Topu3oHTax 3—11
JIOMHHUDYET BO/STHas 10JIeBKa, TaolleHO3 TIpel-
CTaBJIeH OCTATKAaMU TUIIMYHBIX JIECHBIX U JIyTO-
BbIX BUIOB. [yGke, B ropusonTax 16—19, npu
COXpaHEHUHW NOMUHUPYIOUIETO MOJJIOXEHUS
BOJISIHOW TIOJIEBKU U OOIIETO JIyTOBO-JIECHOTO
ob6sinka Tao1IeHO3a MOSBISIIOTCS OCTATKH ITPEJI-
CTaBUTEJIEH MMO3/[HEIeTHUKOBBIX (hayH: KOIBIT-
HOTO JIEMMUHTQ, CTETTHOI TeCTPYIIKH, y3Kode-
pertHoit mosieBky, nuiryxu. B ropudonTax 20—-23
N0JIsE Y3KOYEPEIHOW MOJEeBKU OCOOEHHO
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3aMeTHa, TOT/la KaK OCTATKU KOIBITHOTO JIEM-
MVHTQ, CTETTHBIX MECTPYIIEK U ITUITYX e[MTHUIHBL.

VccnenoBanue KOCTHBIX OCTaTKOB U3 OTJIO-
JKEeHW HaBeca /I0JKHO /1aTh OTBET Ha BOIIPOC O
CTENeHU UX CUHXPOHHOCTHU B KaXKIOM U3 CJIOEB,
T.e., OTBETUTH U Ha OoJiee OBIIMIT BOITPOC: YTO
00ycsIoBIIIO HAOMIOIAEMYTO IHHAMUKY COCTaBa
(hayHBI — IEpEOTI0KEHNE OCTATKOB WJIH IIEPEXOT
OT O/JIHOTO THUIA €CTeCTBEHHOTO co0bmecTBa K
apyromy?

OG6pasibl st aHaiusa ObIN 0TOOPaHBI U3
ropusoHToB 1, 3, 5, 11, 18, 20, 21 (tabu. 1.9).

Hagec Ceemaviii HaxouTcst Ha IipaBoM Oepe-
ry p. Cepru, y Briajieausi B Hee pyubsi CBETJIbIN, B
3 kM ot ctannuu baxykoso CBepaIoBCKO 06J1ac-
TH, HA TEPPUTOPHUU TIPUPOAHOTO Napka «OsreHbn
pyubu» (56°32’ c.ur, 59°16’ B.1.). HaBec pacmosio-
JKeH B OCHOBAaHMM M3BECTHSIKOBOW CKAJIbl, BBICOTA
Ha/l TOUMOH OKOJIO 3 M, Ha/l YDOBHEM PEKH —

0KoJ10 6 M; ero mupuHa 5,7 M, aynHa 1,6—2 M; BXoj
SKCIIOHUPOBAH Ha BOCTOK — I0T0-BOCTOK. OTJI0-
JKEHHs BCKPHITHI HA ILJIOMAAN 3 M Ha IIyGHHY
1,9 M. Packonku nmpousBogusuck B 2005 —
2007 rr. mox pykoBozcTBoM A. . Ynutko (Bosikos
u 1p., 2007). OnpeneneHusi oCTaTKOB MEJIKHX
MJleKonuTaonmx BoimojaHenbl E.I1. VI3BapunbiM.
B TouIie OT/IOKEHUI BBIZIETIEHO 5 CJIOEB.
Hwuske nano ux onucanue, BBITIOJHEHHOE TIPU
yuactun A.W. Ynutko u I.H. Kopkunoii.
Cuoit 1. CoBpeMeHHBII TOYBEHHO-/EPHO-
BUHHBINA CJIOH, TIPE/ICTAaBIEHHbIN I'yMyCHUPOBaH-
HOU CYTIECHIO € BKJIIOYEHHEM OOJBIIOTO KOJIrYe-
CTBa MEJIKOTO U CPeIHero mieOHs, CyXuX OCTar-
KOB TPaB U HEPA3JIOKUBILIETOCS OT1a/1a, PHIXJIBIH,
00UJIbHO TIPOHU3AH KOPHAMH. MOIIHOCTH OT
0,1 M B 10xHOI cTenke mypda a0 0,4 M B BOCTOYU-
HOU. B BOCTOYHOI cTeHKe cBepXYy BHU3 OH CBET-
JieeT, yBeJIuYuBaioTcss KameHuctocth (oT 10% B

Tabnuya 1.9.  Obpasuypt us mecmonaxoxcoenus Hasec Cmapuk u memoowvL ux ucciedosanus

['opusoHr, WCTI- UK- HUK-
(rmy6uHa, Bun AOTA MC JIIP CoM MHUKpPO- | CHEKTpO-
cM) CKOMMUSI CKOIHUS
2HY. U 1
Arvicola terrestris ! 1 H.4. 1 H4. | nsaTouHas 1 H.u. 1 H.U.
I'op. 1 MATOYHAas
KOCTb
0-1) KOCThb
Cricetus cricetus 1 H.u. - - - - -
Ondatra zibethicus 1 H.4. — — - - -
{20_%)3 Arvicola terrestris 6 H.4. 1 Hu. - - 1 04 -
Top. 5 A. terrestris 4 Hu. 1 Hu. — — 1 H.u. -
(4-5) Clethrionomys sp. 4 Hu. — - - - -
Top, 11 Arvicola terrestris 4 Hy 2 H.Y. 1 Hu — 2 H.4. 1 H.u.
(10-11) o
Iop. 16 ' - "
A. terrestris - - - - [JIeYEBbIE | IUICYEBBIE
(15-17)
KOCTH KOCTH
1 H.4.
0 ¥
[op. 18 s nocie -
(20-23) A. terrestris 2 H.4. naGopa- — - -
TOPHOTO
OT)KHTa
1
I'op. 19 L
(23-26) A. terrestris - — — MTOYHAs
KOCTh
Iop. 20 . B
(26-30) Dicrostonyx torquatus 1 H.a.
Top. 21 Arvicola terrestris 1 H.u. - - — == =
i Microtus gregalis 1 By - — - - —
(30-35)
M. oeconomus 1 H.u. — - - - -
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BepxHeil yacTu ciost 10 80% B HUXKHEH) U CyT-
ymHuctocTb. [TouBa nmeer kcepomMopdHbIii 06JIHK,
YTO MOJKHO OOBSICHUTD JIEFTKMM IPaHyJIOMETPUYEC-
KMM COCTaBOM U KaMEHMCTOCTbHIO, CO3/AI0IIUMM
XOpOUINii [peHak U HU3KYIO BOAOYEPKUBAIO-
Y10 CIIOCOOHOCTH MOYBEHHOMN TOJIIIN. AHAIU3
(pM3UKO-XUMHUUECKHUX CBOMCTB MTOYBHI U3 cj10s1 1
MOKA3aJ, 4YTO TYMyCcO06pa3oBaHUE MIJIO0 B OTHOCH-
TeJIbHO XOJIO/IHBIX U BIKHBIX ycaoBusx. Croii 1
COZEPKUT HE3HAYUTEIbHBIM 0CTEOJOTUYECKUI
MaTepuas: OT/ieJibHble KOCTHbIE OCTAaTKH IITHII,
I'PBI3YHOB, KPOTAa, 3aiina-6ensKa, JUCUILI U
KYHBUX.

Curoit 2. CBetio-cepbiit 6ecCTPYKTYPHBIN B
BEPXHe YaCcTH CyTIeCUaHblil CYTJIMHOK, HACHIIIEH-
HBIIT MOHIMHJIBXOM, BBIHECEHHBIM M3 TOrpebeH-
HOT'O rpoTa, MOIHOCTHIO 210 0,5 M. CotepKuT MHO-
r0 MEJIKOTO U CPEeIHETO U3BECTHSAKOBOTO IEGHS.
Kamenncrocts cBepXy BHH3 MIOCTEIIEHHO YMEHbB-
maetcst (o1 80% 10 60%). ITepexon k HUKeIEKA-
IIEMY CJIOIO ITOCTEIeHHbIN, TPaHUIlA 3aMeTHA TI0
I[BETY ¥ IIJIOTHOCTU. B cioe 2 HalizieHsl octatku
IITUIL, TPBI3YHOB, CEBEPHOTO OJIEHS, JIOCS, 3ai1ia-
Gessika, mucuibl wim necra. Kocthble octaTky B
COOTBETCTBUU C I[BETOM PBIXJIBIX OTJIOKEHHI
UMEIOT CBeTJO-cepblii 1BeT. BumoBoit cocras
MEJIKIX MJIEKOTTUTAIONINX KpailHe pa3HOOOpaseH.
ITo monokenuio B pa3pese BO3PaCT CJIOS, CKOpee
BCEr0, He /[peBHee CepeHbI TOJI0eHa, HO Mac-
COBO€ MPUCYTCTBUE BUIOB, TUITUYHBIX JJIsI TO-
3HETo mnieicTolieHa (KOMBITHBIN JIEMMUHT,
JKeJTass U CTelHas NeCTPYUIKU), 3aCTaBJIsIeT
IpeAIosaraTb, 4T0 CylleCTBEHHAsI YacTh OCTAT-
KOB MOTJIa ObITh MEPEOTIOKEHA U3 HUKeIeKa-
IIUX OTJIOKEHU.

Cuoit 3. TeMHO-cepbIii METKO-KOMKOBATHII
CYTJIMHOK C OOJIBIINM KOJIMYECTBOM CPEIHEro
mebHst (kameHUCTOCTb 80%), COMEPKUT KOPHU
pacrennii. Cnoit MomHOCTBIO 0KOJI0 0,6 M sIBJISI-
eTcst morpebeHHOI M0YBOiL. B ero HuskHell yacTu
3ajeraet rJbI00BBII TOPU3OHT. [paHuIla pasMbl-
ta B npezenax 1-2 cm. Ilo cocraBy rymyca ara
II0YBa MOJKeT OBITH MMOJIpasjie/ieHa Ha JIBe YacTH,
pasiuyaromuecs no psany pusuKo-XUMHYeCKUX
cBOHCTB. B BepxHeil yacTit 0OHAPYKEHO BBICOKOE
coziep:kanue obiero rymyca. B menom Bepxuss
TOJIIIA OTPAXKaeT YCJI0BUs, Hanboree HGaronpu-
SITHBIE C TOYKHU 3PEHUS TyMycooOpa3oBaHUS:
TEIJIbIl U CYXOU Mepuojl, COOTBETCTBYIOIINA
CTEITHBIM YCJIOBUSIM N0OYBOOOPa30BaHUs. ITOMY
9TaIly IPEAIIeCTBOBAJ BIAKHbBIN 1 MEHee TETLTbIN
nepuos. VI3 ciost 3 onpesesnensl OCTaTKU TTHII,

3eMHOBO/IHBIX, PYKOKPBIJIBIX, PbI3YHOB, KYHbUX,
MHOTI'0 OCTaTKOB 3ai1ia-0eisika, HO o01ee KoJiu-
4eCTBO KOCTHBIX OCTATKOB CYII[ECTBEHHO MEHBIIIE,
yeM B CJI0€ 2; COXPAaHHOCTbh OCTAaTKOB TaKkKe
3aMETHO XYKe.

Croii 4. HeomHOPOHBII 110 OKPaCKe, CO CBET-
JIO-CEPBIMHU TISITHAMU, IJIOTHBIH, TSXKEJIbIN, HesiC-
HO CTOJIOUYATHIN, pacnalaloNIUics 10 KOMKOB
Oypblii CYTJIMHOK € BKJIIOYEHUEM KPYITHOTO 111e6-
Hs U TJIb10; MOITHOCTH 10 0,4 M, KAMEHHCTOCTh
40-60%. Ilepexon pe3kuii, BoIIEJNSIETCS 110
IIBETY U CTPYKTYPE.

[Moxcmoit 4a. CepoBato-0yphlii, HEOAHOPO/I-
HBII 110 OKpacke (codetanue OYPHIX U CEPBIX
arperaToB), IJIOTHBIN MEJIKO-KOMKOBATbIA TsKe-
JIBIH CYTJIMHOK C BKJIIOYEHUEM KPYITHOTO M CPeJi-
Hero 11e6us; MoiHoCTh 710 0,2 M. DusnKo-xuMu-
YeCKUI aHaIu3 MOKa3aJl, 4YTo 3TOT CJOH SBIAETCS
norpebeHHo# TI0YBOiL. B ciioe BeTpevyeHs! yroib-
KU, KAMEHUCTOCTDh BapbupyeT B mpenesnax 50—
80%; HUIKHSIST YacTh cJiost boJiee Oypast; rpaHuIa
HesicHas1, hopMa pa3MbiTasi. JTa IIOYBA OTYETIIN-
BO pasjiesisieTcsl Ha JIBe YaCTH — BEPXHIO C
TYMaTHBIM U HUKHIOIO € (DYJIbBATHBIM COCTaBOM
rymyca. MOKHO CYUTATh, 4TO TyMycooOpa3oBa-
HUe TIOYBBI TTPOTEKAJIO B YCJIOBUSX XOPOIIEi
VBJIAXHEHHOCTH U [JOCTATOYHOU (yMEPEeHHOIi)
terioobecnedeHHOCTH. OTCYTCTBUE BBIPAKEH-
HBIX TPAHMI] TOPU30HTOB TaK)Ke TOBOPUT O TIPO-
MBIBAaHMH TTOYB — BEPXHUE FOPU3OHTHI XOPOIIO
OKOHTYPEHBI, HO arperatbl HepaBHOMEPHO OKpa-
IIeHbl. YYUTHIBasi MOP(HOIIOTHIO TIOYB U COCTAB
rymyca, BepXHie TOPU30HTHI OJIHKe BCETO K Jiec-
HOMY THITy TI0uBoOOpaszoBanust. He uckimoueno,
YTO B MOCJIeHUIN TIeproj (GOpMUPOBAHUS ITON
II0YBbI YCJIOBHSI CTATH OOJIee TEIIBIMHU (JIECOCTENT-
HbiMH ). CJ10# 4 COIEPKUT OCTATKHU 3ai1Ia, JIUCH-
1161, 606pa, CEBEPHOTO OJIEHS, JIOCS], KYHUIIBI ¥ KO-
cymu. V3 cioeB 3 v 4 nosiyyeH 3HAYUTEIbHBII
MaTepuaJ 110 MEJIKUM MJIEKOTTUTAIOMIUM. TOJIbKO
u3 caos 4 6u110 onpezeseno 6osee 1000 kopen-
HBIX 3y60B rpei3yHoB (Izvarin, 2008), mpuyem
okos0 30% ocTaTKOB IpUHAJIERAT y3KOYepeI-
HOW mosieBKe. Ha BTOpOM MecTe 110 YMCJIeHHOCTH
HaXOAUTCS ToJieBKa-aKoHoMKa (20%), a 3aTem
temHast osieBka (10%). Beero obuapyxeHo 14
BH/I0OB, B TOM 4KcJjie OelKa, MBbIIIOBKA, JIECHAS
MBIIIIb, CEPbI XOMSTYOK, OOBIKHOBEHHBII XOMSIK,
JKeJTasi U CTeNHasl MecTPYIKHA, KpacHO-cepast
TIOJIEBKA, TIOJIEBKU M3 TPYIIITBI KPacHAasi M PbIxkKasi,
KOIIBITHBIN JIEMMUHT, BOSHAsA Y TeMHasl TI0JIeB-
k. DayHa MeJKNX MJIEKOMUTAIOMUX U3 HU30B
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ca10s 3 umeet HoJIee «JIeCHOW» 00IUK, YeM U3 CJIOS
4, KOTOpyIo oTiyaer HGOJIbIIoe pasHoobpasue
crenmHbIX BUIOB. [lo MHeHMIO HMccenoBaTese
aroro rpora (Boskos u ap., 2007), dpaynsl cioes
3 u 4 comuxaoTest ¢ hayHaM¥u PaHHETO roJIole-
Ha, TaK KaK B HUX [IPE/ICTABJIEHbI BU/IbI, HbIHE O0U-
TalollKe B CTEITHOM, TYHPOBOH U JIECHOH 30HaX,
YTO yKa3bIBaeT Ha BPeMsi CYLIECTBOBAHUS 3TUX
(dayH — BTOpPYIO 110JI0BUHY GOPEATbHOTO TIEPHO-
na rosottera (8000-9000 et Hazan).

Hapsiny ¢ Takoii TpaKTOBKOW M3JI0KEHHBIX
MaTepHuaoB BO3MOKHA U IpyTast. 3aHUMAIOIIas
IPOMEXKYTOYHOE TOJIO)KEHUE MEXAY HUXKHEM
CJIOeM, TIJIeMCTOIEHOBBIM BO3pacT KOTOPOTO He
BbI3bIBACT COMHEHHH, U TOJIOIEHOBBIMH OCAIKa-
MU BBIIIIEJIeXalux cjaoeB dayHa U3 cjioeB 2—4
MOXeT OBITh He TOJIBKO IIePEX0AHOM, UMeoIIel
COOTBETCTBEHHO CyOOOpeasbHbIi, aTJaHTHYeC-
Kuii, 60peanbHbIi niu pebopeanbHbIN BO3PACT,
HO MOXeT UMeThb U CMelllaHHY1o mpupoay. B atom
CJIydae 4acTb OCTAaTKOB (JIECHBIX BHUIOB) MOTYT
OBITH TOJIOIEHOBBIMH, TOT/IA KaK JAPYTUe IPUHA/I-
JIeXKAT He IJIeCTOIIeHOBBIM PEJIUKTaM, a Peasib-
HO UMEIOT IJIEHCTOIIEHOBBINA BO3pacT, Oyayun
HePeoTIOKEHHBIMU U3 cJI0s1 5. BHenrnue npu-
3HAKU KocTeil u 3y0oB U3 cyioeB 3 v 4 He Jal0T
OCHOBaHUI /1711 TAKOTO 3aK/TI0YEHUST: BCE KOCTU
HUMEIOT OIMHAKOBYIO OKPAcKy U CTPYKTYpPY IO-
BEPXHOCTH. TeM He MeHee COOTHOIIIEHUE BUIOB

Tabauya 1.10.

TYH/IPOBBIX, CTEITHBIX U JIECHBIX ()OPM BBI3bIBAET
COMHEHWE B €JIMHCTBE ONKUCHIBAEMOTO KOMILIEK-
ca u TpebyeT POBEPKU.

Kpome Toro, Ha BBICOKYIO BEPOSITHOCTD ITe€pe-
OTJIO’KEHUST OCA/IKOB YKa3bIBaeT U TOT (DaKT, U4TO
nocJie yaaJeHus: OTJIOKEeHUH U3 MPUCTEHOYHOU
YaCTH PACKOIIAa BBISICHUJIOCH, UTO TIOJIOCTh (KOTO-
past 1o HaYaJ1a PacKOTIOK BBITJISI/IEN A KAK CKAJTbHBIH
HaBeC) YXOAUT BHYTPb CKaJIbl, 06pasysi IpoT, 3a-
MTOJTHEHHBIN OTJI0KEHUSIMU. DTOT I'POT, KOTJa OH
eije He OB TOJHOCTHIO TTOTpedeH, HaBepHsIKa
HCIIOJIb30BAJICS] YETBEPOHOTUMU XHUITHUKAMU U
moapmu. Ob6urarenn rpora Crnoco6CTBOBAIN
BBIHOCY ITOPO/Ibl M3 TPOTA HA TIOTIA/IKY TTEPE HHM,
KoTOpast 1 Oblya BCKpbITa mypdom. B Takom cay-
Yae MOYKHO CUUTATh, UTO OTJIOKEHUs Ha Heil hop-
MUPOBAJIMCH 3a CYET YeTHIPEX OCHOBHBIX TTPOIIEC-
COB: aBTOXTOHHOT'O TTOYBO0OOPa30BaHusl, (pusnyec-
KOTO pa3pylieHus CKaJbHOH CTEHbI, BBIHOCA U3
rpoTa IpOAYKTOB KapcTooOpa3oBaHus, a TaKKe
ITPO/LYKTOB JKU3HE/IeSI TeIbHOCTU )KUBOTHBIX U JIIO-
JIEi, KCIIOJIb30BABIIHMX TPOT B KauecTBe yOeKHIIIA.

Cuoii 5. CBeTs10 KOpUUHEBas BsI3Kasl IJIMHA,
coxepxaiiasi 60JbIIOEe KOJTHUIECTBO KPYITHBIX
riei0, KOTOpbie Ha [AHe mypda mepexoisT B
rapl6oBBIN 3aBasi. Bupumas momaocts 0,8 M.
B BepxHeit yactu kameHuctocth okoso 30%, B
HukHeir — 110 80%. B ciioe 5 HaiifieHbl KOCTHBIE
OCTaTKM 3alilla, CEBEPHOTO OJIeHS, AUKOM JIOMIaIH,

O6pa3sypt uz mecmonaxoxcdenus. Hasec Ceemuviii u memoovL ux ucciedo8anus

Cnoii, ropu30HT
(CyGuHa, cM) Bun KonuuecTBo Mccae10BaHHBIX H. Y.
' . 2 — ATA, nna ogHo#t u3 Hux — MC-UCIT
Arvicola terrestris
(10 ¥ mocJie 0TKKUra)
Croii 2 Clethrionomys sp. ?}1; gzlgc’iﬂgf;z :;;3 e e
(rzg g 0 cm) Dicrostonyx torquatus 1 — ATA u MC-UCII (zo u nocie omxura)
Lagurus lagurus 1-JITA
Eolagurus luteus 1-TA
Cricetulus migratorius 1-JITA
Croii 5, Microtus oeconomus 2-ITA
rop. 14 Dicrostonyx torquatus 1-TA
(120-130) Lagurus lagurus 1-ITA
8’;%“_?; (;;)p' L Dicrostonyx torquatus 1 - MC-UCII
Coii 5, Microtus gregalis 1-TA
rop. 16 Dicrostonyx torquatus 1 - JTA u MC-UCII
(140-150) Lagurus lagurus 1-ATA
Cnoii 5, rop. 18 Dicrostonyx torquatus 1 - MC-UCII
(160-170) Lagurus lagurus 1 - MC-MCII
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IIEPCTUCTOTO HOCOPOTra U CalTH, a TaKKe MHOTO-
YHCJIEHHbIE OCTATKYU TPHI3YHOB. Mexay riibiba-
MU Ha JHe mypda 0OHAPYKEHBI 5 MOSICHUYHBIX
IIO3BOHKOB 1 KPeCTell CEBEPHOTO 0JIEHS B COYJIe-
Henuu. Bce KoCcTH MMEIOT NJIEHCTOLEHOBYIO
COXPaHHOCTB; TOYTH BCE OHU YACTUIHO Pas3apoo-
sensl. Bospact dhaynbr U3 cy1ost 5 oTHeCeH aBToO-
pamu packonok ( BosikoB u ap., 2007) k mo3aue-
JIEJITHUKOBBIO.

B mrypde 66111 060HAPYKEHBI apXE0JIOTHYeC-
ke apredakTtbl. Bo3dpacT KaMeHHBIX U3/ENU
JIEKWT B IMAIIa30He OT BEPXHETO MaJIe0JuTa /Me-
30JIUTa /10 9HeonTa. Bosbiast YacTh HaX00K
NPOUCXOJAUT U3 CpeHed U HUKHEH JacTeu
cnost 3. MparMeHT cTeHKU KepaMUYeCKOTO COCY-
Jla U3 CJIOSI 3 OPHAMEHTUPOBAH OTTHUCKAMHU TIpe-
GeHyaToro mramia M AaTUPYETCs] HEOJIUTHYEC-
KM /5HEOJUTUYEeCKUM BO3pacTOM. AHanu3
KOCTHOTO MaTepHaJsia oKas3aJjl, 4To IorpebeHHbIN
IPOT, PACHOJIOKEHHbBIN B 3aMaJHON CTEHKE UIyp-
da, B mpouIoM UCIOJB30BANICS JUCUIIAMU U,
BO3MOXHO, IPYTUMH XHIMHUKAMU B Ka4yecTBe
JoroBa. B pesysbrare ux pomouieii gesTeIbHOCTI
4acTh OTJIOKEHUH cJi0eB 3 U 4 oKasasach Iiepe-
MemaHa. HekoTtopsle kaMeHHble U3/1eUs U3
urypda MOTJIM IIPOUCXOIUTD U3 CJI0S 4.

Jlist ananmsa 61T 0TOOPAHBI HYKHEE YeTio-
CTH Pa3HbIX BU/IOB TPBI3YHOB U3 FOPU30HTOB 5
(cnoit 2) u 14—18 (caoit 5) (taba. 1.10)

1.6. 3002ennble CKONNIEHUS KOCMHBLX
ocmamxo6 naeucmouenH06020
6o3pacma 60 6HYMPEHHUX HACMAX
20pU30OHMANbHBLX neujep

[Temepa Kunume Coxona naxonurcs Ha
3ama/[HOM CKJIOHe Ypasia, B IIepeXOIHOM MexKay
Cpennum u CeBepubiM Ypasom vactu. [lemepa
pacrosioskena Ha p. Kaksa, B KpacHotypbunckom
paiione Csepaiosckoii obmactu (59°40’c.u.,
60°20’ B.11.). ITostocTh MMeET CI0KHYIO KOHDUTY-
panuio: HaYMHAETCst ¢ OOJIBIIOrO IPoOTa, MHUPOKO
OTKPBITOTO /IBYMSI apKaMU K peKe, U3 KOTOPOTo KO-
PUOp BEZIET B JlaJIbHYE YaCTH Teliepbl. B pe3yib-
TaTe PacKOIOK M3Yy4eHbI OTJIOKEHUs B CPeaHel
4aCcTH KOPUA0pa, puMepHO B 20 M OT BX0O/Ia, Ky/1a
JTHEBHOM CBET HE NMPOHUKAET.

OTJ105KeHMs MCcieJOBAIUCh TPOBOIUIIOCH B
nBa arana. CHavasma 6w 3am0KeH nrypd y 10xK-
HOIi CTeHbI KOPUIOpA IIOMAABI0 1 M°, Mo3jiHee
5TOT 11ypd OBLI MPOAOJIKEH /10 TPAHIIIEH, TIEPE-
pesaBieil OTJI0KeHUsT KOPUAoOpa 0 CeBepHOM

creHKu. B TpaHIIee 0T05keHIs1 BCKPBIBAIHCH yua-
cTkaMu pazmepoM 0,25 M” i TOPU3OHTAMM IO 5 CM.
[IpsiMO HA TIOBEPXHOCTH OTJIOKEHUI B KOPUAOPE
BCTPEYATUCh KOCTH KPYITHbBIX ILI€HCTOIIEHOBBIX
JKUBOTHBIX (IIIEPCTUCTBINA HOCOPOT U /1p.). Packomn-
KM TTOKA3aJIH, YTO TOJIOIIEHOBBIX OTJIOXKEHUI Tam
HET, a BCSI MTaYKa PHIXJIBIX OCA/IKOB IPE/ICTABIeHA
OTHOCUTEJIHbHO OJHOBO3PACTHHIM CYIJIHHKOM,
COJZIEP>KAIIIUM KOCTHBIE OCTATK! MJIEKOITUTAIONINX
cepe/IMHbI WJIU I1ePBO#i MOJIOBUHBI TIO3/THETO ILIeli-
croreHa. [IpumepHoe nipezicTaBieHre O Bo3pacTte
OTJIO)KEHUU JIAIOT JIBe PAUOYIJIEPOIHBIE [IATHI,
MOJIyYeHHBIE TI0 KOCTSIM MJIEKOIIUTAIONINX B pa3-
HbIX Jaboparopusix: 6osee 44 500 et (ITMH Ne
10156) u 34 800+1800 (AA Ne 36472).
[TockoJbKy 1epBasi 1aTa oKa3asia 3arpe/e/IbHbIi
JUISE BOSMOXKHOCTE PajuoyIepoHOr0 MeTo/[a
BO3PACT, a BTopas 6J1M3Ka K TAKOBOMY, TO OKOHYa-
TEJIbHO YCTAaHOBJIEHHBIM BO3PACT CUUTATH HEJIb3sl.
Mopddosorndeckre 0COOEHHOCTH CTPOEHUS
3y6OB KOIBITHOTO JIEMMUHTA, KaK U (hayHUCTH-
YyecKHe JJaHHbIe, He TPOTUBOPEYAT OIleHKe BO3pa-
cra (hayHbl, KaKk COOTBETCTBYIOIIETO TIEPBOM T10-
JoBuHe mMo3aHero mieicToneda (CMUpHOB,
1996). MomnHOCTb OTJIOKEHUH B U3yYEHHOM IITyP-
de cocraBuia 90 cm. Paznuunii B xapakrepe oT-
JIO)KEHUH TI0 1IBETY U COCTaBy Ha pasHO Iiryou-
He He Habs0Aanm0ch. OCOOEHHOCTHIO TTOPOIBI
ObLIM 3aMETHbBIE PA3/JIUUYUsI 110 OKPACKe 32 CUeT
TEMHO-KOPUYHEBBIX CYOBEPTUKATIBHBIX MPOCIIO-
€B, MOBTOPSIOMUX TPO(GUIb OTOIKA TTOIOCTH.
Cosaercst BrieyatTieHue, YTO OHU CBSI3aHBI C BOJI-
HBIMU TIOTEKAMU, UIYIIMMU TI0 TTOTOJIKY Y IIPOHU-
KaloIUMU B OTJIOXeHUs1. Elle 0/luH MCTOYHUK
HEOJIHOPOTHOCTHU OTJIOKEHUH BBISIBJIEH B 1[E€HT-
PasIbHOM YacTH KOPU/IOPA, I/ie TIPOXOAUT TPOTIa,
BeJlyllasl B aJIbHIE Y4acTKH Ieriepsl. Bpemsi ot
BPEMEHU TPYHT TaM ObIBaeT ITepeyBIaKHeH U IIpe-
BPAII[A€TCs B BA3KYIO MacCy, Hen36eKHO TTepeme-
muBaIyocs npu xoas0e. To, 4To Ha yyacTKax
B/IOJIb IIEHTPAJIBHOIN OCH KOPUIOPA OTJIOKEHUS
MePEeMENTNBAIOTCS, TIOKA3aJI0 U UX CO/IEPKUMOE,
B KOTOPOM, KpPOMe IJIeHCTOIEHOBBIX KOCTHBIX
OCTATKOB JKUBOTHBIX, HA OHOW rry6uHe ObLin
0OHapy->KeHbI KYJIBTyPHbIE OCTATKH Pa3HBIX 310X
rosioriena. OcTeoiornyeckue MaTepruabl U3 9TUX
Y4aCTKOB OBLIM UCKJIIOYEHBI M3 aHAIN3A.
OO1muii CIUCOK MEJTKUX MIIEKOTTUTAIONINX U3
mypda (mromans 1 M°) BKIOYAN CIeAylomye
BU/IBI, TEPEYNCTIEHHBIE TT0 Mepe yObIBAaHUSI KOJTH-
YecTBa MX OCTATKOB: KOTIBITHBIN JIEMMUHT, CHOMP-
CKUI1 IEMMUHT, Y3KOU€peItHasl I0JIeBKa, I10JIeBKa
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Munnennopda, 9KOHOMKA, CTEIHas IeCTPYIIKa,
pBIXKasi, KpacHasi, KpaCHO-cepasi TI0JIEBKH, CePbIit
XOMSYOK, OOJIBIION CYCIIMK, CTEIHAs MUILyXa.
Crenenb CHUHXPOHHOCTH KOCTHBIX OCTaTKOB 9THUX
BUJIOB Hy>K/laeTcs B u3ydennn. A.A. TereprHoii ObL1
HPEANPUHST APOOHBII aHAIU3 cocTaBa (hayHbI
13 cOOPOB OT/IEIbHBIX TOPU3OHTOB U YY4ACTKOB 110
0,25 M°. B pesy/srare ObiLIH BhIIEICHBI JIBE Pa3-
HOBHUJHOCTH (hayHBbl, OJU3KHE 110 COCTABY, HO
pasanyaronmecs 1o J0JSIM OT/eJbHBIX BUIOB
(Teterina, 2009). Tak, B iepBoii pa3HOBUIHOCTH
6bL10 6OJIBIIE OCTATKOB HACTOSAMIMX JIEMMUHTOB
u nosieBok Muieniopda, Toraa kak Bo BTOpOi
OBLIO pe3ve BHIPAKEHO JOMUHUPOBAHUE KOIIBIT-
HBIX JIEMMHHIOB U Y3KOYEPEIHBIX TOJEBOK.
Takne pasnmuusi MOKHO TPAKTOBATh Kak XPOHO-
JIOTUYEeCKHE, HO ¢ HeOOJIbIIOH Pa3HUIIE B BO3PACTE
(B npeziesiax HeCKOJIbKYX THICSTY JIET BHYTPH CpPe/IHe-
ro—pansero Baszasi). Crparurpahuyeckux OCHOBA-
HUI 771 BBICTIEHUsI 3TUX PA3HOBUHOCTEN HET,
IIO2TOMY /I7Is1 YTOUHEHHS] XPOHOJIOTMIECKOH IIPH-
BSI3KM MX MCIIOJIb30BATh HEBO3MOKHO.

B rnaBe 3 (tabx. 3.11) npusesen anemMeHt-
HBIII COCTaB IIOPOJbI, BMENIAIONIEeH KOCTHBIE
OCTaTKU MJIEKONMTAIOUIUX Meniepbl JKuaunire
Coxkoua. Ita iopoia nmpecTassieT coHoii remiep-
HBIII CYTJIMHOK, 00pa30BaHHbII B Pe3y IbTaTe Kap-
CTOBBIX IPOIECCOB B U3BECTHIKOBOM CKajie U
cozepsKaiuii 60JIbIIOe KOJNYECTBO U3BECTHSIIKO-
BOTO 111€0HS, yaTeHHOTO IPH 0TOOPE CyTJINHKA.

MbI cpaBHWIM coiep;KaHue 2JIEMEHTOB B T10-
poae mectoHaxoxaenuit Kunume Cokona u
Hagec CmoTtpoBoii. 113 53 npoanainaupoBaHHbIX

Tabnuya 1.11.

3JIEMEHTOB TIPUMEPHO OJMHAKOBOE CO/IEPIKAHIE
orMmeueno 1o 12 (B, Ni, Zn, Se, Sr, Mo, Ag, La,
Ce, Nd, Sm, U), o 39 anementam oHO ObLIO B
passl Gosiblre B MecToHaxoXaeHun Kumuire
Coxkoma: Li, Be, Na, Mg, Sc, Ti, V, Cr, Mn, Co, Cu,
Ga, Ge, As, Y, Zr,Nb, Sn, Sb, Te, Cs, Ba, Pr, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Tl, Pb, Bi),
1 TOJIBKO 110 /1ByM 3jieMenTaM (Rb u Cd) oo oka-
3asioch MeHbiie B opozie u3 JKumuma Coxoua.
Takoe oboraiieHue MelepHoro CyrJanHKa MUKPO-
3JIEMEHTaMHU TI0 CPaBHEHUIO C TOPOION TOJIOIe-
HoBOTO cjosi HaBeca CMOTpOBO# — BaxkHOE
00CTOATENBCTBO, TAK KaK OHO HE MOYKET He OTpa-
JKaThCS HA cocTaBe (DIIIoK/1a, KOTOPBIH, TPOHUKAS
B KOCTHBIE OCTATKH, 000TAIaeT UX 3JIeMEHTAMHU.

Hopucoeckas newepa HaxoquTCs Ha 3a11ajl-
HOM ckJ1oHe FOsxHoro ¥Ypasa, B CamaBaTcKoM paii-
one bamxkoprocrana, B 2 kM Kk BOocToKy OT /1. Kpac-
HomoJsibe. [lemepa pacmosoxkeHa B CKaJbHOM
obHaxkenuu JieBoro Gepera p. IOprosans. Bxon B
reniepy HaxouTcs npumMepHo B 40 M HaJ peKkoi
U TIPEJICTABJISIET COOO0I YEThIPE «OKHA» B MOYTH
OTBECHOU CKaJIbHOU CTEHeE.

Packonku mpoBOAWINCH Y MaJbHENH CTEHbI
OOIIMPHOTO TPOTA, HA PACCTOSTHUK 15 M OT BXOz1a.
OO6111ast MOIIHOCTD PHIXJIbIX OTJIOKEHUN OKasa-
Jiach paBHa 1,2 M. 3a UCK/IIOYEHHEM ITOBEPXHOCT-
HBIX HAHOCOB U CJIOS MOHAMUJIbXA, [TOKPHIBAIO-
IUX OTJIOKEHUS, BCS TOJIA NMpeacTaBieHa
onHuUM caoeM. KocTHBIN MaTepuas npeicTaBJis-
eT co00i OCTaTKU MUTAHKUS Y€TBEPOHOIMX XMIII-
HUKOB, KOCTH KOTOPBIX TaKKe Hal/IeHbl B OTJIO-
xxeHusx (Mcropuueckas ..., 1990). lnst Bceit

Obpasypt us mecmonaxoxcoenus Kunuwe Coxora u memoovt ux uccie0o8aHus.

K-
['nyOuHa, UCII- CIEKTPO
Vuyactok oy Bun ATA MC SLIP CoM i
CKOTIHSE
I Hu.
| H.4., rnocie | it
b/11 30 —45 | Dicrostonyx guilielmi | 33yba | nabopa- — v
M3 TOPHOTO peseln 1 pesen
OT)KHTra
D. guilielmi . 11;:&[ = - -
A/l 3045 1
Arvicolinae - - - NSTOYHAS -
KOCTb
A/l IV 60 —75 | Dicrostonyx guilielmi - 1 pesern - ~ -
AT 6075 | D. guilielmi " 11 e - 2 i
pesen
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BCKPBITO IMAYKHU OTJIOKEHUH XapaKTepHa HepaB-
HOMepHasi ¥ pazHooOpa3Hasi IPOKPAMIEHHOCTh
KOCTHOTO Marepuasa. ITO CBA3aHO CO CTPOEHU-
eM BMeEIIAIoIleil 0CTaTKK MOPO/IbI, KOTOpasi 06pa-
30BaHa CyIMechio co 1eOHeM U rIbiOaMu U3BeCT-
HsaKa. B cymecu, kpoMe 3epeH mecka pa3HOTO
COCTaBa M YaCTUI[ TOHKOIUCIIEPCHO TEIIePHOI
TJIMHBI, BCTPEYAIOTCSI MEJIKUE 0OPa30BaHIsI BTOPHY-
HBIX KapOOHATOB, CTSKEHWSI OKUCIIOB jKejie3a u
Maprasiia, YacTUIIbI ipeBecHoro yrJis. Hapsiay co
CBETJIOOKPAIIEHHBIMHU KEJITOBATHIMU KOCTSIMHU,
obHapy’KeHbl TEMHBbIE, [I0YTH YepHbIe. /17151 HeKo-
TOPBIX KOCTEH XapaKTepHa MSTHUCTAsi OKPacKa,
IIPH KOTOPO¥ CBETJIble U TEMHBIE YYACTKH Iepe-
ME’KaIoTCsl.

(Dayna, oncaHHas U3 cOOPOB B OTIOKEHH-
ax mypda, XxapakTepHa JJIs I03/{HeTr0 IJIeHCTO-
1iena FOxxnHoro Ypasa, TouHee onpeieTuTh ee BO3-
pact 1o 6uocTparurpaGuIecKuM XapaKTepUCTH-
KaM TpyHO. /[oMuHUpyeT y3KouepenHas IoJeB-
Ka, a CTEIHasl eCTPYLIKA M 9KOHOMKA MHOTOYHC-
sernbl. OOBIYHBI HACTOSIIIIME JIEMMHUHTH, CEPbIe
XOMSIYKH, XOMSIUKH JBEepPCMaHHA, CYCJIUKH,
pbikue U OOBIKHOBEHHBIE 1OJIeBKU. Pepkumu u
OYeHb PEAKMMH ObLIM KOIBITHBIE JIEMMUHTH,
MBIIIN, OOBIKHOBEHHBII XOMSIK, BO/ISTHASL TIOJIEB-
Ka, GOJIBIION TYIIKAHYMK ¥ JKeJTasi IeCTPYIIKA.

B JIusepmopckoii mabopatopuu CIITA Gbiin
nosy4ens! caepyonme AMS-paauoyrieposabie
JATUPOBKHU YeJIOCTEl IPBI3YHOB rOPU30HTA 8
WNnpucosckoii nentepsl (CmupHoB, CafbIKOBa,
2003): HMXKHASA YEMOCTh CTENHON MeCTPYUIKU
— 35820+390set (CAMS—-35881), HuokHsIst ye-
JIIOCTH KOITBITHOTO JieMMuHTra — 32380+610 et
(CAMS-35882), nBe HMKHME YEJTIOCTH Y3KO-
yepernHo# nosieBku — 21970480 et (CAMS—
35883) u 22180+270 ner (CAMS-35884).
Paznnyus B Bo3pacte okosio 10 ThIC. J€T A7
OCTaTKOB M3 oaHoro ropusonrta (10 cm)

CBU/IETEJBCTBYIOT O SIBHOM CMEIIeHUH Pa3HOBO3-
pacTHBIX (hparMEHTOB 3a CYET MepPeoTI0KEeHUs,
4TO COOTBETCTBYET HIECTPOMY U, BEPOSATHO, TOJIH-
reHeTUYEeCKOMY XapaKTepy BMEIIAIONX OTJI0Ke-
HUH.

L GUBNKO-XMMHUYECKUX aHAIM30B ObLTn
HUCIOJIb30BAaHBl KOCTU Pa3HOW OKpACKHU
(tabum. 1.12). [ToMrMO HUKHUX Y€JTIOCTEN Pa3HBIX
BUJIOB I'PBI3YHOB, ObLIM OTOOPaHbI 2 TISITOYHbIE
KOCTH MEJIKMX TOJIEBOK, PE3KO pas3/inyaioniuecs
mo uBetry. as 4eqocTy NMUIIyXu, UMeoIlei
ISATHUCTYIO OKPACKy, ObLIH TPOAHATM3UPOBAHbI
2 KOCTHBIX (pparMeHTa.

Maxneecxasn Jledanas newepa HaxouTCst
B IlepMckoii ob6mactu, B 1,5 KM K 10r0-BOCTOKY OT
HeXUII0M fiep. Maxueo (59°27 .., 57°41 B.11.),
U BXOAWUT B COCTaB KOMILJIEKCHOTO ITPUPOJHOTO
pesepBaTa permoHaJIbHOTO 3HaYeHus1 « MaxHeBc-
Kue memepbl>. OHa TOAPOOHO ONKMCAHA B JIMTE-
parype (DazneeBa, Cmupuos, 2008). [Tonocts
HaXOJUTCS B CKAJIbHOM MacCHBe, 00paIlleHHOM Ha
ceBepo-BocTOK. [To mamubim I'A. MakcumoBuya
(1947), 1oa netuepsbl BO BTOPOiA YacTH ObLI TOKPBIT
JIBJIOM 10 JIEITHOTO CTaJarMuTa, 3a KOTOPbIM
ToCJIe CITyCcKa Ha 2 M HaXOJIMJICS TETUIBIN rpoT 6e3
JIb/IA, KOTOPBIil, TO-BUAUMOMY, UMEET CO00IIeHe
¢ ITHEBHOU TIOBEPXHOCTBIO. B Hacrosiee BpeMs
JIbJIa ¥ CTAJIATMUTOB B Teniepe HeT. [inHa nemep-
HOTO KOPUIOPa 10 TPOTa — 42 M, /TiHa IPoTa 10
nanpHero orBeTBaeHus — 3,2 M. lllupuna rpora
mocJjie crycka okoso 4,5 M, B cepefiiHe TPOT
cyskaercs 110 1,6 M, 3aTeM cHOBa pacuupsieTcs 10
3,2 M, TIOCTENIEHHO Tepexo/s B y3Koe JJIMHHOEe
OTBETBJIEHNE JAJTMHOI bosiee 5 M.

B pesysibrate 6pakOHBEPCKUX PACKOINOK B
JlaJIbHeM TPOTe Tenepbl ObLn 0OHAPY/KEHbI KOCT-
Hble OCTaTKHU, YaCTh U3 KOTOPBIX Oblia MepeiaHa
nist BupioBoro ornpenenenusi B 3VH PAH. Cpeaun
HUX ONpe/iesIeHbl KOCTU TUMaJIaliCKOTO Me/IBe/Id,

Tabnuya 1.12.  O6pasyp us mecmonaxoxcoenus Uopucosckas newepa, O1s KOmMopwLx noIyueHvl
danmvle mepmozpasumempuu

Bun Obpaszen Okpacka

Cricetulus migratorius 1 H.u. [Iaraucras
Dicrostonyx torquatus | B, Cgaetnast

Lagurus lagurus 1 H.u. [TaTHUCTAas
Microtus oeconomus 1 H.4. Caetnas
Microtus sp. 2 H.4. TemHas

Ochotona sp. 1 H.4. [TsTHUCTAs
8 s Cgerast

Microtinae 2 MATOYHbIE KOCTU

Temuas
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IHEIePHOTro JibBa, BOJIKA, inKoOpasza Bunorpajio-
Ba, MaMOHTa, Ou3ona, somaan (Baryshnikov,
2001, 2003). B pesysbraTe BiccienoBaHus MaTe-
puanoB u3 atoi nenieps! (packonku E.II. Baus-
He1oBa) ObLIN HAEHTU(PUITUPOBAHBI, KPOME
IepevyrCAeHHbIX BbIlle BUAOB, KOCTH 6Jaropoj-
Horo osieHd u jocs (Kocunnes, Ilogonpuropa,
2003), v aBTOPBI MOJIATAIOT, YTO IaHHbIE OTJIOXKE-
HMsT OBLIM 06Pa30BaHbl B MUKYJIMHCKOE BPEMSI.
Takoe xe 3aKOUeHIEe OBLTO CIEJAHO U B TIPEJI-
BapUTEIbHOM MyOJIUKAIIMK AaHHBIX [0 MEJIKUM
maekonutaomum (PaxeeBa, Cmupuos, 2006,
2008).

B mporiecce obcsieioBaHust TEmepbl HKCIIe-
aunmeit oz pykosozictBoM T.B. DazeeBoit Bbisic-
HHIJIOCh, YTO He MOTPEBOKEHHBIX OPAaKOHBEPCKIMU
PacKOIKaM# OTJIOKEHUH B TPOTE HET.

[Ipu 6pakOHBEPCKUX PACKONKAX KOCTHBIH
MaTepuas, IpeACTaBISIONUNi KOMMepYeCKUit
HHTEpeC, OblI M3BJEYEH, a IIPOYNEe KOCTHBIE
OCTAaTKM OKA3aJIUCh TTePeMeNTaHbl U HaXO/IATCS B
OTBaJie, U3 KOTOPOTO ¥ ObLT OTMBIT MaTePHUAJ O
MenkuM MiekonutaonmM. B 2004-2005 rr. B
pasubIx yactax nemiepsl T.B.@azeeBoit 6u110
3asoxeHo 7 urypdos (obmuuit 00beM U3BJIEYEH-
HO# mopo/el 283 11). CocTaB hayHbI METKUX MJie-
KOMUTAIOMUX yCTaHOBJEeH 1m0 9359 méuHbimM
3y6aM U B pa3HbIX Y9acTKax MPaKTHYECKH HE pas-
Jndaics. B 9Toit paamMepHoit rpyIime aK30THYecC-
kue (hopMbl He 0OHApYKeHbI. Bee BU/BI BeTpeya-
JUCh Ha JIAHHOW TEPPUTOPUU U IO3]HEE, B
BaJsI/[ae, HO 110 CTPYKTYPe JOMUHUPOBaHUs TaHHAsT
(bayna ananoroB Ha Ypajie moka He WMeeT.

CaMbIMU MHOTOUUCJIEHHBIMU OBLIA OCTATKU
Clethrionomys rufocanus (B cpeguem 20%) u
nasee 1mo ybeiBatomeii: Myopus schistricolor
(14%), Microtus agrestis (11%), M. oeconomus
(9%), Clethrionomys ex. gr. rutilus-glareolus (6%),
Lemmus sibiricus (5%), Arvicola terrestris (4%).
Enunuansie 3yO6br npunaaiexanu Microtus
gregalis, Sciurus vulgaris, Dicrostonyx sp.,
Apodemus sp., Sicista sp. Tospko B ogHOM 1ypde
obuapysxen 3y6 Ochotona sp. Haiinens Takxe
ocratku HacekoMosiaHbIX (Talpa sp., Sorex sp.) u
PYKOKPBLIBIX. ‘

[To oJ1siM OCTATKOB Pa3HbIX BUIOB cOOPbI U3
pasHbIX H1yPGHOB MOKHO Pa3/leIUTh Ha JIBA TUIIA.
B nepBom Tune (60siee MOJIOIOM) KOJIMYECTBO
KOCTHBIX OCTaTKOB KPAaCHO-CEPOii T0JIeBKY B 5—6
pa3 HpPeBBIIAIO KOJTUYECTBO OCTATKOB JIECHBIX
II0JIEBOK M3 TPYIIIBI KpacHasi-phIKasi; BeCbhMa
MHOTOYHCJIEHHBI OCTaTKH O6ypo3y6ok. Bo Bropom

tutie (0oJiee IPeBHEM ) PE3KKX PA3JINYMil B COOTHO-
IIEHUY KOCTHBIX OCTATKOB JIECHBIX ITOJIEBOK HE Ha-
GJIO/IAeTCs1, @ JI0JIST OCTATKOB GYPO3yOOK MEHbIIIe.
Camoil xapaKkTepHOIl 4epTOil BCEero KOMILIeKca
MeJIKUX MJIeKoTITalonmx u3 Maxuesckoii Jlens-
HOI TIeIepBI SIBJISIETCS Pe3Koe JOMHUHUPOBAHME
OCTATKOB BU/IOB JIECHBIX MECTOOOUTAHMIA.

KocTHbIe 0CcTaTK! KPYTTHBIX MJIEKOTTUTAIOTIIX
UMeJIN TEMHO-KEJIThIN 1IBET, MEJIKMX — OT CBET-
JIO->KEJITOTO JI0 TEMHO-KOpHYHeBOro. B pesysibra-
Te PaJIMOYTJIEPOJAHOTO JaTUPOBAHUS KOCTHBIX
OCTATKOB C ydacTKa 5 (OTJIOKeHUs JaJbHEro
OTBETBJIEHVS ) OBLIH [IOTYYEHBI CIIEAYIONIHE PO~
TUBOPEYHMBbIE JATHI: 110 TPYOYATHIM KOCTAM
MeJIKUX MJekonutaiomux — 6121+127 n.H.
(MOM3IK-1390), mo ockosmkam KOCTeil KpyIi-
HbIX MJekonutalomux — 30901675 ner
(MOM3IXK-1391). B mabopatopuu [poHunren-
ckoro yHuBepcutetra AMS—paauoyriepogHbiM
MeTO0M OBLIV AaTUPOBaHbI HUKHSAS YEIOCTh
BonsgHOU mosneBku — 36480 (+350, -310)aer
(GrA-35460) u 3y6 nukobpasza — 41800 (+600,
-500) (GrA-35461). KoMmMeHTHpYST 3TH AaTBhI,
pykoBoautepb jsabopatopuu X. Bau aep Ilnuxt
MOSICHUJI, YTO U3 3yOa IuKoOpasa yaaaoch mouy-
YUTH KpaliHe MaJIo KOoJIJTareHa, v IoJiydyeHHasi 1ata
0Ka3aJach HACTOJIBKO OJIM3Ka K 3alpellesbHOM,
4TO ONEePUPOBAThH €10 C MOJHOH YBEPEHHOCTHIO
HEBO3MOKHO.

OrcytctBue nHdopmaiuu o crpaTurpaduun
OTJIOKEHUH U MPOTUBOPEYUBBIE JaHHBIE PAHO-
YTJIEPOTHOTO JIATUPOBAHMUS HE TTO3BOJISIIOT OTHO-
3HAYHO CY/IUTh O BO3PAcTe KOCTHBIX OCTATKOB U3
MaxueBckoii JleassHOU Temiepbl, OMHAKO KOMII-
JIeKc umerolelics nHGOpMaIUK IaeT OCHOBaHIE
oJIaraTh, YTO GOJIBIIAST MX YACTh HAKOIUJIACH B
TedeHre MUKYJIUHCKOTO MeKJIeITHUKOBbS UJH (1)
B PaHHEM Bayijjae. ITOMY He MPOTHUBOPEYAT BH-
JIOBOII COCTaB MJIEKOIIUTAIOUINX M COOTHOIIEHHE
Pas3HbIX TPYII BUAOB, 6;1M3Kas K 3anpenebHON
JlaTUPOBKa 3yOa IMK0Opasa, KOMILIEKC MOpdo10-
IMYECKHUX JAHHBIX 06 0COOEHHOCTSIX 3y00B 9KO-
HOMOK, CMOMPCKUX U JIECHBIX JIEMMUHTOB, OITH-
canHbix B suteparype (Daneesa, CMupHoOB,
2008). OnHako Hesb3sl UCKJIIOYUTh U TOTO, YTO
KaKasi-TO YaCTh KOCTeH, MPUHAJIEKAIINX TJIaB-
HBIM 00Pa30M PYKOKPBLIBIM U HACEKOMOSITHBIM,
HMeeT TOJIOIIEHOBBIN BO3PACT.

[TpoananusupoBaHa OiHa HUKHSISI YEJTIOCTh
BOJISTHOU TTOJIEBKH, JIJIST Hee TI0JTYY€HbI Pe3yJ/IbTa-
Thl TEPMOTPABUMETPUU U IJIEMEHTHOTO Macc-
CIIEKTPOMETPHYECKOTO aHAIU3a.
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1.7. Mecmonaxosxcoenus
dovemeepmuunozo 603pacma

MecToHax0XK/1€HUSI KOCTHBIX OCTATKOB MJIe-
KOIMUTAIONINX U3 aJUIIOBUAIBHBIX OTJIOKEHUN He
GBI 0OBEKTOM CIIENMATBHOTO U3yY€eHHsI B [IaH-
HOI paboTe. VX PUILIOCH MPUBJIEYD /IS TTOJIY-
YEeHUs] CPAaBHUTEJIbHBIX JJAHHBIX 10 XapaKTepuc-
THKaM KOCTHBIX OCTAaTKOB, ITOCKOJIBKY aBTOPBI He
pacrioiaraju MateprajaMu U3 KapCTOBbIX CKOII-
JIEeHUI ipeBHee KOHIIA CPe/IHEro IIEHCTOIIeHa, HO
oHu GbLIM HEOOXOAUMBI, YTOObI YIOBUTH CAMBbIE
obIue TEHJAEHIIMN IMHAMUKU MCCJIEAYEMBIX
CBOMCTB HA OOJIBIIUX MMPOMEKYTKAX BPEMEHHU.
B kauecTBe cpaBHUTEJIBHOrO MaTepuaga ObLIN
ucIosb3oBanbl cOopsl A.B. Bopoauna ns mecro-
Haxoxaenus Ckopoaym (CmupHoB u Ap., 1986).
[ yBemueHst XpOHOJIOTMIEeCKOM IIKAJIbI /10 T1a-
JieoreHa (OJIMTOIIEHA ) OBLITH UCCIIE0BAHBI OCTATKHU
Ipe/ICTaBUTe el BBIMEPIIIETO B KOHIIE OJIUTOIle-
Ha ceMelcTBa IEJVMHAPOJOHTOBBIX OTpPsjaa
IPHI3YHOB M3 MECTOHAXOK/IeH!S] ATaMOa3unHK.

Mecmonaxoscoenue Ckopoodym HaXOIUT-
cs1 Ha mpaBoM Gepery p. VIpThiin, NpUMEPHO B
17 kM HuKe 110 TedyeHuIo OT T. Yerb-Minmim OMcekoit
obractu. OTJIOKEHUST, COAEPKAIUE KOCTHbIE
OCTATKU MJIEKOTTUTAIOIINX, HEOJHOKPATHO OBLIH
onucansl B iuteparype (Boskosa, 1966; Cmup-
HOB ¥ /1p., 1986; Bosikosa u zp., 2002). Vx soruieii-
CTOLIEHOBBII BO3PACT, COOTBETCTBYIOIINIT BpeMe-
HU OKoJio 1 MJIH. JieT Ha3al, onpejesieH Ha
OCHOBaHWUU KOMILJIEKCca OUO- ¥ KJIMMATOCTPATHUT -
paduueckux nanHpix. Ckopoaymckas dayHa
MEeJIKUX MJIEKOTTUTAIOIIUX SIBJISIETCS 30HATIbHBIM
BapPUAHTOM Pa3/I0JIbMHCKOTO KOMILJIEKCA U TIPE/I-
crasJisieT coboit Hanbostee apeBHUE B 3anaHO
Cubupu Haxoaku (hayHbl «CMEIIAaHHOT0» THIIA.
OcHoBy dayHbl MEJKUX MJIEKOMUTANIUX U3
M3Y4YEHHBIX CJIOEB COCTABJISJIM MPEACTABUTEH
BbIMepInuX posoB Mimomys u Allophajomys. Tam
’Ke BCTpedeHbl OCTATKH ponoB Prolagurus,
Lemmus, Clethrionomys, Dicrostonyx, Sorex.
Huxuue uwemioctu u 3y6nt Allophajomys

pliocaenicus 6v11M UCMONB30BaHbl B HAIEH
paborte 17151 psijia aHAJIU30B.

KocTHble ocTaTKM HAXOAMIKUCH B JIMH3AX
KOCOCJIOUCTBIX Pa3HO3€PHUCTBIX AJIJIIOBUAIBHBIX
MECKOB, YTO IMTO3BOJISIET OTHECTU ITO MECTOHAXOX-
JIeHHe K KaTeTOPUH BTOPUYHBIX C CYIIECTBEHHOM
repepaboTKOI OCTATKOB B IIPOIIECCE TIEPEOTIIONKE-
Huil. B Tex ke simH3ax 0OHAPYKeHbI MHOTOYKC-
JIeHHble OKaTaHHble ParMeHThl IPEBECHBIX
(bparmenToB, koctu pbib 1 ampubmit. Onu ¢ yer-
KO KOCOM CJIOMCTOCTBIO, IOYEPKHYTON TEMHBIM
AETPUTOM, TIePeCTanBaAIOTCA C JTUH3AMU CBETJIO-
rO KBapIleBOTO IMeCKa C TJIMHUCTHIMU OKaThIIIa-
mu. Cpesir OCTaTKOB MEJIKUX MJIEKOTTUTAIOUINX
MOYTH HE COXPAaHUJIMCDH XPYTIKKE 9JIEMEHTBI CKe-
JIeTa U TI0YTU He OBLIO (parMeHTOB YEpPeroB ¢
HAXO/AIIUMUCS B aIbBEOJIaX KOPEHHbIMU 3y0Oa-
MU, UTO CBU/IETEJIbCTBYET O 3HAYUTEIBHON MeXa-
HUYECKOU COPTUPOBKE U nepepadoTKe KOCTHBIX
OCTaTKOB B pycsioBoM ajutioBuu. CKopee Bcero,
OCHOBHBI€ ITPOIECCHI (DOCCUIMBAIIMY OCTATKOB U3
3TOTO MECTOHAXOXK/IEHUS TIPOMCXOIUIN B IIpe-
CHOBOJIHOI1 Cpejie, OJTHAKO II0CJIe BBIXO/Ia COOTBET-
CTBYIOIIUX CJIO€B M3-110/I YPOBHS BOJBI OHU
JUINTETIBHOE BPEMsI HAXO/IUJIMCh B CyOaspabHbIX
YCJIOBUSIX, IIOJIBEPTasiCh KOMILJIEKCY BO3eCTBUIA
TeMIIepaTyPHBIX U APYTux (aKkTOPOB Cpebl,
COOTBETCTBYOIUX NPUPOAHON 0OCTAHOBKE paii-
oHa UX HaxoxzaeHuA. Cyas HAUIMYUIO B CJIOSIX He
TOJIBKO KOCTHBIX OCTATKOB [T03BOHOYHBIX JKUBOT-
HBIX, HO M PACTUTEJIbHBIX (pParMeHTOB, 3TO
BO37ieificTBHE OBLIO HE OYEHb CHJIbHBIM.

Mecronaxoxaenune Amambazuunk. Koi-
JIEKIIMST MICKOTIAeMbIX OCTATKOB MJIEKOTTUTAIOIINX
nepefiaHa HaM Jiisl u3ydeHust u3 CBep/IoBCKOTO
06/1aCTHOTO KpaeBeAYeCcKOro Mysest, KyJaa OHU
NOCTYNMJIY Ha XPaHEHWE OT HAaJEeOHTOJOTa
B.A. Kosnosa, cobpasmero ux B 2003 r Ha ore
Typraiickoit o6aactu Kazaxcrana. Koctubie
oCTaTKu cOOpaHbl B IPUOPEKHBIX (DATIHSIX, TIPE/I-
CTaBJIEHHBIX CBETJIBIMU 3€JIEHO-CEePbIMU CJIO/IM-
CTO-KBapIeBBIMU TOHKO3EPHUCTLIMU TIECKaMU C
GOJIBIIMM KOJMYECTBOM TJIMHUCTOrO MaTepuaJia,

Tabnuya 1.13.  O6pasuypt us mecmonaxoxcoenus CKopooym u memoovl ux ucciedoeanus

UCII- K-
Tonm ATA MC L CIIEKTPOCKOMNUS
2 pesua (cBeTJIol 1
['pbI3yHbl, BUJ HE OnpeeseH TEMHOI OKpacKm) = 1 pesewt 1 pesen
u 1 ¢pparMeHT KOCTH
Allophajomys pliocaenicus - 1 H.u. - -
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IPUHAJIEKAIUX K TaK Ha3bIBAEMbIM WH/PUKO-
TEPUEBBIM CJIOSIM YeJIKap-HYPUHCKOM CBUTHI
HIDKHETO WM cpennero ojurorena. [Ipunamre-
’KaT OHU MCKOTIAeMbIM TPBI3YHAM 13 BBIMEPIIIETO
cemeiicTBa muauuapoaouToBbX (Cylindro-
dontidae), xxuBmum B onurorene okoso 30 MIIH.
net Hazan. Mx pasmepsl Obiin OJIM3KK K COBpeE-
MEHHBIM CyCJIMKaM. 3HAYUTeIbHAST 9aCTh KOJI-
JIEKIIUY TIPUHAJJIEKUT OJHOMY >KMBOTHOMY, OT
KOTOPOTO COXPAHWUJICS TTOYTH IMOJHBIA CKeJeT ¢
(pbparmeHTaM¥ yepena ¥ HIKHUMU YETIOCTSIMU.
VmeroTcss ocHOBHBIE KOCTH TIOCTKPaHHATBHOTO
CKeJIeTa, a TaKKe pebpa U yacT II03BOHKOB. IIBet
MOBEPXHOCTH KOCTHBIX ()ParMeHTOB CHIBHO
BapbUpyeT — OT YEPHOTO [0 CBETJIO-MAaJeBOTO.
IToBepXHOCTh KOCTHBIX OCTATKOB B Pa3HOi
CTeIeHU 3aTPOHYTA Pa3pPyIIeHUEM.

Komneximst 3 Aramb6a3unHKa CUIBHO OTJIH-
YaeTcsl OT BCEX OCTAJIbHBIX MCCJIeOBAHHBIX B
JIaHHOI paboTe MaTepUaIOB KakK [0 BO3PACTY, TaK
U 10 XapakTepy 3axopoHeHusi. OHa CIYyXKUT
XOPOIIIM OPUEHTUPOM JIJISI TTIOJTyUeHUsT XapaKTe-
PUCTUKN OYEHb JAJIeKO 3allefNIuX cTaguil doc-
CWIM3AIIUN OCTATKOB MJIEKOIIMTAIOUINX, [T€PBbIE
aTalbl KOTOPOW MPOXOJAUJIN B BOJHOU Cpejle.
Heire atu octaTku OblM coOpaHbl Ha [THEBHOM
MOBEPXHOCTH PHIXJIBIX OTJIOXKEHUN B YCIOBUSIX
Pe3K0 KOHTMHEHTAJbHOTO KJIMMATA IIYCTHIHMU.
N x cpaBHeHMe ¢ MaTepUATIOM BO3PACTOM Ha JIBa U
Ha TPU TIOPSI/IKa MEHBIIIE JOJIKHO JIaTh MPEICTaB-
Jienne 06 o6IMX TpeHaax nporecca Goccuamsa-
[IUH KOCTEH MIEKOTIHTAIOIINX, C Y4€TOM OOJIBIION
crieliuUKU YCIOBUIA HAXOIKIEHHUST OCTATKOB.

W3 3TOr0 MECTOHAXOXKIEHUS B AaHATIM3 OBLIH
BKJIIOUEHBI KOCTHBIE (D)parMeHTHI I'PHI3YHOB U3
cemeiictBa Cylindrodontidae: nust ognoro ¢par-
MeHTa pe31a OJIyYeHbl Pe3yJIbTaThl TEPMOTPABU-
Metpud 1 asneMenTHoro aHamm3a UCII-MC, g
apyroro— pesdyabsratsl IIIP u UK-cmekTpocko-
U1, KPOME TOTO, TEPMOTPABUMETPHUS TPOBEICHA
LIS OTHOTO (hparMeHTa KOCTH.

Taxum 06pa3oM, J1Jis1 UCCieloBaHUsT (PUBUKO-
XUMHMYECKUX XaPAKTEPUCTUK COBPEMEHHBIX, CYO-
(bocCUIBHBIX U MCKONAeMBbIX KOCTHBIX OCTATKOB
MJIEKONUTAIONIUX B X0/Ie polieccoB (hoccuimsa-
11 ObLIN UCHIOJIB30BaHbl 00pasipl 13 17 Mecto-
HaxoxzaeHuil. boabimas ux yactb cobpaHa B
OTJIOXKEHUSIX TOJIOTIeHA U [TO3/IHETO IJIeCTOIleHa
KapCTOBBIX ITOJIOCTEH Ha Ypasie. ITOT MaTepuas

ObLI OTOHEH cOOPAMU U3 OILIEHCTOLEHOBBIX
AJUTIOBUAJIBHBIX OTJIOKeHuH 3amaauHoin Cubupu
U OJINTOIIEHOBBIMU OCTATKAMU TPHI3YHOB U3
Kaszaxcrana. [lociemaue 1Ba MecTOHaXOXIeHUS
PE3KO OTJIMYAIOTCS HE TOJBKO 10 BO3PACTy, HO U
M0 TEOXMMUYECKUM yCJIOBUSIM HAXOXIEHUS
OCTATKOB, a TaKsKe 10 NTPOiIeHHbIM 3Tanam ¢oc-
cunmnsaruu. Bee ocTasbHble MECTOHAXOKIEHUS
NeJISITCS Ha TPU TPYIIBI IO JIOKAJU3ANU, a
CJIE/IOBATEJIbHO, U 10 YCJIOBUAM HAXOKIEHUS:

1. CBesxue noragiounbie cOOPHI HAa OTKPBITOMN
HOBEPXHOCTU — 00pasipl ¢ o.Bpanrens u
n-oBa SIman. /g HUX XapakTepHa OTJIMYHAS
COXPaHHOCTb — OJy1arofiapst KOPOTKOMY CPOKY
HaXOX/AeHUs 10/l BO3/eICTBUEM aTMOC(HEPHBIX
(hakTOpOB U yI1aKOBKe KOCTHBIX OCTATKOB B ILJIOT-
HOM <«4YexJie» U3 IIEPCTU JKUBOTHBIX.

2. I[ToBepxHOCTHBIE COOPBI U3 PA3JIOKUBIIIIX-
CS1TIOTa/I0K B THe3/[aX (DUIMHOB — BEPXHUE TOPH-
30HTBHI M3 cepuu MecTtoHaxoxaeHnuut (Ipor
®wmun, Hasec Koibaa 1, Hasec Kei6iia 2, Ipor
Cyxopeuenckuii, Hasec Cmorposoii, Hasec
Crapuk). [l7151 5TOTO THITAa MaTepHaia XapakKTepeH
OTHOCUTENBHO HeOOJBIIOH BO3PACT, HO KpaiiHe
HeOJIarOTPUSITHBIE /IJIsI COXPAHHOCTU YCJIOBUS
3asieranusi. KocTHbIe OCcTaTKU 1MOIBEPKEHBI BCEM
aTMOc(epHBIM BO3/IEMCTBUSIM, BEYIIUM K ObICT-
poii moTepe opraHnyeckux BeriectB. OHM HAXO-
JIATCS BHE CPeJibl, U3 KOTOPOI MOTYT HOCTYIIaTh
BEIEeCTBA, CHOCOOCTBYIONME (DOCCHIUBALIH.

3. Octeonornyeckue MaTepuasbl, 3aXOPOHEH-
HbI€ B OTJIO)KEHUSX, MOKHO Pa3fesuTh Ha He-
CKOJIBKO THUIIOB 10 XapakKTepy BMeIaiolei
nopojibl. VIMeHHO 3Ta XapaKTePUCTUKA SIBJISIETCS
HauboJiee BaXKHOW 1 MHTETPUPYET APYTHE YCIIO-
BUSI 3aJIETAHUSI KOCTHBIX OCTATKOB.

3a. KocTHble ocTaTKu, HAXOAUBIITHECS B OUO-
JIOTHYECKM aKTMBHOM ITOYBEHHOM CJIO€e, TIpe/l-
cTaBJIeHbl B MecTOHaxoxaeHusx Kepibia 1,
Kei6sa 2, Hasec CMOTPOBOIA 1 B HbIHE 1TOTpedeH-
HBIX TIOYBAX, KOTOPbIe HEKOT/la HaXOAUIUCh Ha
nosepxHocty (Hasec Csetbril).

36. KoctHble ocTaTky U3 cj0eB, 00pa3oBaH-
HBIX [JIAaBHBIM 00pa30oM MPOLYKTaMu (pU3HIECKO-
TO BBIBETPUBAHUS ¥ XUMUYECKOTO Pa3I0XKeHUsI
M3BECTHSIKA HA HAYQJIbHBIX CTA/[USIX KapCTOOOPa30-
BaHus. B Tex ciyvasix, Koraa aTH OT/I0KEeHUS Haxo-
AATCS Ha MPEIBXOI0OBbIX MJIONIaIKaX TPOTOB U T1e-
miep, B uX GOPMUPOBAHUN TTPUHUMAET Y4acTHe U
MaTepHasI U3 HUKHUX ITOYBEHHBIX TOPH30HTOB. ITH
TIOPO/IbI TIPEJICTAaBJIEHbI CEPBIMU CYTIECSIMU CO 3HA-
YUTEJbHBIM KOJUYECTBOM H3BECTHAKOBOM
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«MYKHU», U3BECTHIKOBOTO 1ie6Hst u riibib (Hasec
Cserubii, [por Cyxopeuenckuit). [Ipumep aie-
MEHTHOT'O COCTaBa TaKHX IOPOJ IPUBEIEH B
orucanum otaoxkennit Hapeca CmMoTpoBoii.

3B. KocTHbie ocTaTKy U3 OTJIOKEHUI CYTJINH-
KOB, 00pa30BaBIIUXCs B KAPCTOBBIX MOJIOCTSX B
pesyJibTaTe PaCTBOPEHMS U3BECTHSIKA YTJIEKUCIIO-
TOH, PaCTBOPEHHOI B BO/ie. ITU CYTJIUHKH, KaK
IIPaBUJIO, UMEIOT OXPHUCTO-OYPHIil IIBET U COEPKAT
KaKoe-TO KOJIMYECTBO U3BECTHIKOBOIO 1Ie0HS, Ya-
CTO HNOKPBITOTO KOPOYKOH BTOPUYHOTO KAJIBI[UTA.
[Tpumep 2s1eMEHTHOTO COCTaBa TAaKOTO CYTJIMHKA
npHuBezieH B paszedie o remiepe Kumuine Coko-
na. O6pasiibl U3 3TOrO TUIA BMENIAIOIIENA TOPO-
Abl IPOMCXO/SIT U3 MECTOHAXOX/IEHUH Teliep
JIbipoBateiii Kamens na p.Yycosoi, Uapucosc-
kast, rnaruesckas, Kunuime Cokosna, Maxues-
ckas Jlegganas, ngareii cioit Haseca CBeTJibli.
Bospmas yacts mecronaxoxaenuii popmupona-
JIaCh BO BHYTPEHHUX X0/1aX I1eliep, KOTOpble B TO
BpeMs ObLIM OGBOIHEHD.

Teonornyeckuit niau abcoOMOTHBIN BO3PACT
C Y/IOBJIETBOPUTEIBLHOM /IJIsI IOCTABJIEHHBIX B pa-
60Te 3a/1a4 TOYHOCTBIO OIPeJAeseH I AeCATH
MECTOHAXO0XJAeHU. VcKII0UnTEeNbHO PEAKU
MEeCTOHaXOXAeHUA, IPUYPOUYEHHbIE KO BpEMEHU
rOJIOIIEHOBOTO ONTUMYMa U MEXJIEeIHUKOBBIM
OTJIOKEHUsIM. ITO, 6e3yCIOBHO, HECAYUANHO:
MMEHHO TeIljIble U BJIJKHBIE YCJIOBUS SIBIISIIOTCS
caMbIMU HeOMaronpusiTHBIMK i1 (poccunmsa-
AU KOCTHBIX OCTATKOB.

Bce u3yvyeHHble MeCTOHAXOK/AEHUSA ObLIN
1o/ipa3/iesieHbl Ha OJHOC/IOMHBIE K MHOTOCJIOM-
Hple. [IaTp MecToHaX0XIeHWI OTHECEHBI K
KaTeropuu OAHOCJTONHBIX. VIX MOXKHO TOXe
ITO/IPa3/le€JINTh Ha YeThIPe IPYIIIbI — C KOPOTKHUM,
CPEAHUM, [TUTeIbHBIM ¥ OY€HbD JJIUTEIbHBIM CPO-
KOM HaKOIlIeHUs ocTaTKoB. K mepBoil rpymie
OTHECEHbI TaKue, IJIe OCTAaTKYN HAKaIlJIMBAJIUChH B
TeYeHUe MeCsAIleB U HeCKOIbKuUX JieT (0.Bpanre-
nist, Kei6aa 1). Y BTOPBHIX AIMTEIBHOCTD HAKOII-
JIEHUSI COCTaBJIsI/Ia HECKOJIBKO /IECSITKOB M COTEH
aet (I'por Ounun). An1uTeTbHBIM CPOKOM
HaKOILJIEHUS OCTATKOB CUUTAJIN OTPE3KH, UCUHC-
JiieMble NepBbIMU ThicsiuaMu JieT (/lprpoBaThlii
Kamens na p.Yycosoii). OueHp AJTUTENbHBIA
CPOK HAaKOIUIEHUSI OTJIOKEHUI ObLI OTMEYEH B
nemiepe JKunuie Cokosa. AGCOTIOTHBIA BO3-
pacT OCTaTKOB B 3TOM MECTOHAXO0XACHUH Pa3JIu-
YaJsicsl Ha HECKOJIbKO ThICSY JIET, XOTS BBIAETUTD
cTparurpaduyeckue pasHOCTUA B pa3pese OTJIO-
JKeHU HEBO3MOIKHO.

Ornenka Bo3pacTa CJI0€B TO3BOJIUIA Pa3JIH-
YaTh MHOTOCJIOWHBIE MECTOHAXOX/I€HUST ¢ OJIn3-
KUM M CYHIECTBEHHO Pa3HbIM BO3PACTOM CJIOEB.
K nepsbim otHecenbl Kbibma 2, rpor CyxopeueH-
ckuii, Haec CmotpoBoii, a ko BropsiM HaBec
Crapuk, Hasec Csetasiii, Unpucosckas u
YiMuHCKast neepsl.

B HEeKOTOPBIX MHOTOCTIOMHBIX MECTOHAXOK-
IEHUsIX yranoch 3adUKCUPOBATh IEPEPBIBHI B
0Ca/IKOHAKOILJIEHUH, COTIOCTaBUMbI€ WUJIU IIPEBbI-
nraronme BpeMs HakorteHus cioes (Ipor Cyxo-
peuenckuii, HaBec Cetubiit). Takue rmepepbiBbl,
6€e3yCJI0OBHO, CIIOCOOCTBOBAIIH MEPEMENTMBAHUIO
CJIOEB, OKA3aBIIUXCsl OJIM3KO K TTOBEPXHOCTH.

Beicokast crernieHb CHHXPOHHOCTH OCTAaTKOB
BHYTPH CJIOS, @ CJIEIOBATEIbHO, U OJJUHAKOBOCTH
ycnoBuil (hOCCUIN3AIUY, MOKHO CUUTATD, yCTa-
HOBJIEHBI JIJIs1 BCEX OJTHOCIOMHBIX MECTOHAX0K/1e-
HUI C KOPOTKUM, CPEIHUM U JJITATENTbHBIM CPOKOM
HakorieHust octatkoB (o.Bpanresns, Keibia 1,
I'por @uuwn, /IsipoBateiii Kamens nHa p. Yyco-
BOI1) ¥ /1JIs1 HEKOTOPBIX MHOTOCJIOIHBIX MECTOHA-
XOXKIeHWH ¢ HeOOIbINOoM pasHUlel B Bo3pacTe
cnoes (Koi6ia 2, Haec CMOTpPOBOIT).

CyuiecTBeHHYI0 BO3PacTHYI0 HEOJAHOPO.-
HOCTb BHYTPH BBIOOPKH OCTATKOB U3 OJIHOTO CJI0A
C BBICOKOH BE€POSITHOCTHIO MOXKHO TIPE/IITOJIaraTh
LIS CI1e Iy FOIIUX MHOTOCJIOMHBIX MECTOHAX0XK/1€e-
nuit: HaBec CBeTnblil, YIIMUHCKAS Teniepa,
Hagec Crapuk, apucosckas nermepa.

Wmetomuiicss Mmatepuast mo3BOJsIeT CTaBUTh
U pemaTh caeAyonye 3aaum:

1. OueHuTh CTENEHD PA3ININl HU3UKO-XH-
MHYECKUX XapPaKTEPUCTUK CUHXPOHHBIX 06pa3-
11OB:

— MEX/y Pa3HBIMHM y4aCTKaMU CKeJeTHBIX
9JIEMEHTOB U 3y0OB OfIHOI 0cOOw;

— MEKY Pa3HBIMU 0COOSIMU OTHOTO BHIIA;

— MEX/ly Pa3HbIMU BU/IaMU;

— MEX/IY PasHbIMH 0COOSIMU OJTHOTO BHIIA,
MPOUCXOSIUMHU U3 PA3HBIX MECTOHAXOXIEHWH
OJTHOTO TUTIA ¥ O/IHOTO paiioHa;

— MEJK/y Pa3HBIMU OCOOSIMU OJIHOTO BUJIA,
HPOUCXOSILIUMU U3 Pa3HbIX PallOHOB;

— MEX/Iy pa3HbIMK 00pas3IiaMu BHYTPH OJIHO-
ro CJ0sl Ha IIpUMepax aHaJin3a OCTAaTKOB U3
O/THOCJIOMHBIX MECTOHAXO0XIEHUH ¢ KOPOTKUM
CPOKOM HAKOIIJIEHUSI KOCTHBIX OCTATKOB;

— MEK/Y pa3HbIMU 06pa3iaMu BHYTPU OTHO-
T'0 CJI0sI Ha ITPUMePax OHOCTOMHBIX MECTOHAXOXK-
AeHWN C AJUTEIbHBIM CPOKOM HAKOIJIEHUS
KOCTHBIX OCTATKOB;
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— MeXJy pa3HbBIMH 00OpasiaMu BHYTPH
O/IHOTO CJIOSI Ha IIPUMEPe MHOTOCJIOIHBIX MECTO-
HAXO)K/IEHUH ¢ HeOOJIbINON pa3HUIlell B BO3pacTe
CJIOEB;

— MeX/Jy pa3HbIMU 00OpasuaMu BHYTPHU
OJTHOTO CJIOS1 Ha IPUMePe MHOTOCJIOIMHbBIX MECTOHA-
XOXK/IEHUTT € OOJTBIIION PA3HULIEN B BO3PACTE CJIOEB.

2. OueHuts cTeneHb pa3nnduil puU3nKo-
XUMUYECKUX XaPAKTEPUCTUK 00PA3IOB U3BECT-
HOTO, HO PAa3JIMYHOTO Te0JIOTUYeCKOTO BO3PacTa,
CUHXPOHHOCTb KOTOPBIX BHYTPU CPaBHUBAEMBIX
CJIOEB He BBbI3bIBAET COMHEHHE.

B pamkax a1oii 3aaun HeoOXOIUMO OTIpejie-
JMTH O0TIMe TEHEHIIUN 3aBUCUMOCTH PA3HBIX

XapaKTEepPUCTHUK OT Te0JIOTHYECKOr0o BO3pacTa
CJIOEB, a TAaK)Ke BBISIBUTh CJIyYau OTKJIOHEHHS OT
OOLIMX TEHJEHIUN U ONIPEe/IUTD IIyTH aHAIU3a
OPUYUH TAKUX OTKJIOHEHUH, YTO MO3BOJISET
BBI/IEJIUTH TUITBI KOCTHBIX OCTATKOB IT0 XapaKTepy
U crerieHn GOCCUITN3AINH C YY€TOM BPEMEHHOTO
(axTopa U ycroBUi NMPOTEKAHUS [HAreHeTH-
YeCKHUX MPOIIECCOB.

3. O1eHuTH CTETeHb PA3HOPOIHOCTH (HHU3NU-
KO-XUMHUYECKNUX XapPaKTePUCTHK 0OPasios,
M3BJIEYEHHBIX U3 OJHOTO CJIOSI, CHHXPOHHOCTD
KOTOPBIX BBI3BIBAET COMHEHUE.

O60061eHHbIE XaPAKTEPUCTUKU M3Y4eHHBIX

Tabruya 1.14.

MeCTOHAXOXKIeHUI TIpuBeeHsl B Ta0u. 1.14.

Xapaxmepucmuku UsyueHHvlx MECMOHAXOMCOCHULL

BeposTHocTb
MPUCYTCTBUS OCTATKOB
JlnuTenbHoCTh C BO3pAcTOM,
MecTtoHaxoxaeHue Bospact
HaKOILIEHUA CI0s BBIXOJIAIIUM 32
HIEPUOJ HAKOTUICHUS
cnos
OnHOCIOMHbIE MECTOHAXOKICHUS
SAman 2004 r. Mecsaupt HuuatoxHo manas
Octpo Bpanrens 1983 r. Mecsiupl -
['poT @unux XX B. Jecartku et Manas
Keibsia 1 Py6ex XX — XXI B. Heckonbko siet (-
[ewepa JpipoBateiit Kamens Ha Oxoso 13 ThIC. €T Oxkono 1 TeIC. N1IET _«_
p. YycoBoii
ITemepa Mapucosckast 21-36 ThIC. JIET Bosee 10 ThiC. et bosburas
IMemepa Xumme Cokona Oxomno 40 ThiC. 1€T Heckonbko ThICAY €T CymecTBeHHast
ATam06a3uMHK OnuroiieH, oxoso 30 ? ?
MJIH. JIET
MHoOrocoiiHbple MECTOHAXOKACHHS
Hagec CmoTpoBOii
Croi 1 XX B. Heckombko gecaTkoB CyiecTBeHHas
Jer

Cioii 2. rop. 47 I"osouex ITepBble ThICSYY JIET -«-
I'pot CyxopeueHcKuii
T'op. 1,2 250 ner [TepBpie COTHH €T Manas
T'op.3-5 900 ner Oxoo 300 ner Cyl1uecTBeHHas
[op. 8-7 2 ThIC. JIeT ? Manas
Top. 9-12 3 ThIC. 1T [IepBbl€ COTHU JIET -«
Kbi6n1a 2
Croii 1 XX B. HecsaTku et -
Croid 2 XX B. Hecsatku jget --
Cunoii 3 [To3Huit rojoueH Cotau siet (?) -
Hagec Cetublit
Croti 1 Ilo3aHnit ronoueH Manas
Crnoii 2 ? Boicokas
Cnoii 3 ? -
Croii 4 2 -~
Caoit § [To3nHnii muielcToleH Manas
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IIpodonxcenue mabauypt 1.14.

BepostHocTb
NPUCYTCTBUS
OCTaTKOB C
MecToHaxoKaeHue Bo3spacr PRI OCTE BO3pacTom,
HAKOIUIEHUs] CJI0S BBIXOJSIIIUM 32
nepHo.I
HaKOTJIeHUsI
cnost
Hasec Crapuk
Cnoit 1 [To3auuii rosoueH CoTHU UK NepBbIe -i-
TBICS YN JIeT
Cnoii 2 Cpennuii rosioneH (?) Heckoabko ThicsY JieT Bricokast
Cnoii 3 Panuuii ronotieH (?) Heckonbko ThicS4 JeT -~
[Tewepa YuimMuHcKkas
Cnoii 1 [To3auuii ronoueH IlepBble ThICAYH JIET -(-
Crnoii 2 [To3auuit — cpennuit IlepBbie ThicsYU €T -
roJIOLEH
Cnoii 3 Cpennuii rosoueH IlepBhie ThiCS YU JIeT -
ITemepa Maxuesckas JlensHast MukynuHcKoe Teicauu ner -
MEKIIeIHUKOBBLE —
HayaJo BaJjas
Ckopoaym DonnelicToleH
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3AKOHOMEPHOCTH IIOTEPM OPTAHUYECKOTI'O BEIIECTBA
KOCTHBIMU OCTATKAMU B ITPOLIECCE X ®@OCCU/IN3AIINN
11O IAHHBIM TEPMOTPABUMETPHYECKOI'O AHAJIN3A

2.1. Obwue ceedenus 06
opzanuMecKoMm eeuecmee KoCmublx
ocmamkosg

KocT# 103BOHOUHBIX KUBOTHBIX Ha 25—30%
COCTOSIT M3 OPraHUYeCKOTO BENIECTBA, TJIaBHBIM
o6pasoMm Oeska KoJllareHa; HeopraHu4eckas
COCTaBJIAIONIAs — YIJIepocoaepxKammii ocgat
KaJIbIIHsI — [IJIOXO OKPUCTA/UTH30BaHHbII Kapbo-
HaT-ripoKcuanatut. [Tocae cMepTu v mocsemny-
I0I[eTO 3aXOPOHEHUS KUBOTHOTO B OCaJKax
HAYMHAETCs IIPOIECC TUAPOJUTHIECKOI ierpajia-
I[UM OPTaHUYECKNX KOMIIOHEHTOB M Ipeobpaso-
BaHMsI HEOPraHUYECKUX COCTABJISIIONINX; MOCIe-
nHue, 61arogapss BbICOKO IOPUCTOCTH KOCTEi,
HAXOJSTCS B COCTOSTHUM XMMUYECKOro 0OMeHa ¢
BMelaolel mopozoi. IIpomeccsr nerpagaimm u
oOMeHa 3aBUCSIT OT XUMHYECKOTO ¥ THUIPOJIOTH-
4eCKOr'o COCTOSTHUST CPE/IbI, a TAK)KE OT TEMITEpaTyp-
HbIX ycaoBui. Ha 3HaHUSX 0 3aKOHOMEPHOCTSIX
IPOIECCOB Jlerpaalii 1 0OMeHa B MCKOIAEMbIX
KOCTHBIX OCTaTKaX OCHOBAaHBI HEKOTOPBIE METO-
JIVIKU VX TATHPOBAHUS M PEKOHCTPYKIIMU CPEJIbl,
B KOTOPOH IPOUCX0AnI0 (HOPMUPOBAHUE OTJIO-
’KeHuil. B yactHOCTH, Ha ITpolIecce JuareHeTHIec-
KOTr0 KOHIIEHTPUPOBAHMS ypaHa MCKOIIAeMbIMU
KOCTSIMM OCHOBAH yPaHOBBIH TECT, Ha IIpoIleccax
pasJiokKeHus 1 npeoOpasoBaHust OeJIKOB UCKOIIA-
€MBbIX OCTAaTKOB B XOJle MareHe3a — MeTOJUKa
ornpejeseHUus: OTHOCUTEIbHOTO BO3pacTa IT0
CTeNeHU paleMu3danuu aMuHOKucJa0T. On1HaKo
cjeayeT 3aMeTUTh, YTO PAMKHU IMPUMEHEHUS
HocJIe/IHel BecbMa OrpaHUYeHbL: OHA He TPUMEeHH-
Ma K OCTaTKaM, MO/[BEPraBIIUMCSI BO3/IEUCTBUIO
GakTepuil U Pe3KUX IepenajgoB TeMIepaTyp
(B YaCTHOCTH, B TIPUTIOBEPXHOCTHBIX OTJIOXKEHUSIX ),
a Tak’Ke B CJIy4yae 3arpsisHEHUsI OCTaTKOB COBPe-
MEHHBIMU aMHUHOKHUCIOTaMU.

[pymnma MeTos0B OlleHKU BO3pacTa UCKOTIae-
MBIX KOCTHBIX OCTATKOB Oa3upyeTcs Ha OTIpejieie-
HUU COJEP’KaHUSI U XapaKTepa COXPaHUBIIEHCS
B HUX OPraHUYeCcKON KOMIIOHEeHThI. TeopeTuuec-
KUe OCHOBBI OIIpefieleHUs] Te0JOTUYeCKOTo
BO3pacTa KOCTei M0 OCTaTOYHOMY COZEPKAHUIO
KoJutareHa Opiiu paspaboranst U. [[opcTom,
KOTOpBI etnie B 1920-e rospl mpITasicst yCTaHOBUTD
reoJIOTMYeCKuil BO3PACT KOCTeH JKMBOTHBIX W3
apXeoJIOTMYeCKUX MAMSITHIUKOB C TIOMOIIBIO aHa-
JIN3a HOTePb KOCTSIMUA MUHEPAJIbHOM YaCTH U KOJT-
JlareHa B Pa3HbIX YCJIOBUSAX 3axopoHenus. [1o
pe3yJbTaTaM BbIMAUMBAHUS KOCTEN B COJISTHOM
KHCJIOTE B TeUeHUE PA3HBIX IIPOMEKYTKOB BpeMe-
HU OH BBIBEJI IMOKa3aTeju CKOPOCTHU MOTEePHU
MUHEPAJILHOTO BEIIEeCTBA 10| BIUSHIEM KUCJIOT,
HAXOJSIIUXCS B IOYBEHHBIX PACTBOPAX, U TIOCTPO-
W1 TpauK 3aBUCUMOCTH TTIOTEPh MHHEPATIBHOTO
BemecTBa oT Bo3pacta (ot 0 mo 14 000 mer).
Kpome T0ro0, 3KCIiepuMeHTaTIbHO OBLIN BbIBE/E-
HBI K09 UIUEHTBI, TTOKA3bIBAI[E CKOPOCTh
MOTEPU OPTAaHUYECKOTO BEIeCTBA B 3aBUCHMOC-
TH OT XapaKTepa MOYBHI U IJIyOMHBI 3aJI€TAHMUSL.
Jlyist 9TOTO OH 3aKallbiBaJ B SII[MKAX TPYIIbI
JKUBOTHBIX B 1I0YBax pasHoro tuma. Coneprkanue
xostarera V. lopct onpezensit, o6pabatbiBast
00€e3KUPEHHBIE KOCTU B a30THOU KHUCJIOTE, a
MUHEPATBHOM YaCTH KOCTU — ITyTeM ITPOKUTaHUSI.
Ha ocHoBanuu BbiBeZieHHBIX K09 (PUIIUEHTOB U
JIAHHBIX O CO/IEP/KaHUU KOJIIareHa U MUHEPAJIb-
HOM KOMIIOHEHTBI B KOCTSIX M3 apX€0JIOTUYECKUX
NaMSITHUKOB OH BBICUMTBIBAJ MX BO3PacT.
Opnako B aTux paboTax ObLI JOMYyIIEH PAI Me-
TOJIMYECKUX HETOYHOCTEH 1 HEKOTOPBIE CJAUIIKOM
rpyObie JOMyIIeHNUsT, B Pe3yJIbTaTe Yero npumeHe-
HUE MeTO/[a He JIAJI0 OJJHO3HAYHBIX Pe3yJIbTaToB,
COTJIACYIOIIMXCS C IaHHBIMH JIPYTHX METO/I0B
orpejiesieHUs] BO3pacTa apXeo300J0TNYeCKUX
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HaXo/I0K. MeTo/1 He OJIyIuJI paciipocTpaHeHus],
XOTs1 UCTIOJIb30BAaHHbBIE B HEM TIPUHIUIIBI 3ACTY-
KUBAIOT BHUMaHUsI M BIIOCJEACTBUM Obliu
pa3BUTHI B paboTax APyrux aBTOPOB.

JI0BOJIbHO IIMPOKOE PACIIPOCTPAHEHE TTOTY-
YUJI BAPUAHT [OZ0OHOTO METO/a, MPeJIOkKeH-
ueiii .1 [Tupommmako (1952). On ocHoBaH Ha
YCTaHOBJIEHUM OTHOIIEHUS KOJIMYeCTBa KOJLIa-
reHa U APYTUX OPraHUYeCKUX KOMIIOHEHTOB,
OCTaTOYHOE KOJIMYECTBO KOTOPBIX OIMPEIETISIeTCS
nocye nmpokannBanusi. VX macca OTHOCHUTCS K
dpakiiuy MUHepPaTbHBIX KOMIIOHEHTOB KOCTH,
KaK IIPM)KM3HEHHO BXOAMBIIKX B €€ COCTAaB, TaK
U IIOCTYNUBIIUX B KOCTb B mpoiecce hoccuim-
sanuu. W.I. IIugonnmdko mcnosab3oBas ILIOT-
Hble KOCTH (TpyOuaThie, TOJICThIE YYACTKU KOC-
Tell yepera) pa3JIMYyHbIX BUAOB KPYITHBIX TI03BO-
HOUHBbIX. [Ipy 3TOM OH cuMTaN HELOMYCTUMBIM
HCII0JIb30BaHUE KOCTEH MOJIOABIX JKMBOTHBIX, a
TaKXe MPOTYXIIUX, U KOCTEeH, MOABEPTrIINXCS
cy6aspaibHOMy BBIBETPUBAHUIO, IIOCKOJIBKY
110/106HbIe 06PA3IIBI B €10 OIbITAX AaBajlu KpaiiHe
HEYCTONYMBbIE Pe3yJIbTaThl IPU IPOKAJINBAHUH.
OO06pasibl KoCTel repes| MPOKAIMBAHIEM U3MEJTh-
YaJIv 10 TIOPOIIKOOOPA3ZHOTO COCTOSTHMUS, [IJIsI aHA-
JIM3a UCHOJIb30BaTH HaBecku maccoit 15-30 r.
[TpokanmBanue npousBoaUIM B My(hesTbHOM TIedn
npu temnepatype 750—-800°C B Teuenue vaca.
[1po6sI B3BemuBasIH 0 U MOC/Ie POKATHBAHHSL.
OcHOBHBIM ITOKa3aTeseM BO3pacTa MpH 9TOM SIB-
JgeTcd rnokasaresb npokasusanus (I1.1.), koro-
PBIi BerYmMCIsieTcs 1o popmyie:

I1.i.=(Bec mpobsI ocJIe MpoKaMBaHst, MI)x 100,/
(obr1Me oTEpU MACChI IIPH TPOKATMBAHKH, MT')

3navenus [1.11. 1711 KOCTHBIX OCTATKOB MJle-
KOIUTAIOIINX U3MEHSIOTCS B uHTepBase oT 160
10 3000 ex., mpuyeM MUHUMAJIbHbIE TOKAa3aTe U
COOTBETCTBYIOT COBPEMEHHOCTU W TO3JHEMY
TOJIOLEHY, & C BO3PACTOM OHU YBEJUYHBAIOTCSI.
YeTaHoBIIEHO, 4TO 0611I1e MACCOBBIE TIOTEPH TIPH
HPOKAIUBAHUU KOCTel MOTYT pocturath 50% y
COBPEMEHHBIX 00PA3I0B, CHUXKASICh 10 4,7% M0
Mepe yBeJIMYeHHs UX APEeBHOCTH; MoTepu 4,7—
8,9% COOTBETCTBYIOT KOCTSIM JI0YE€TBEPTHYHOIO
BPEMEeHH, a KOCTH YeTBEPTUYHOTO BO3pacTa
MoryT TepsATh 0T 9 10 50%. OcHOBHBIM (HO HE e/I1H-
CTBEHHBIM) (DAaKTOPOM, OTIPEIEISIONUM TOTEPU
HEMUHEPAJIbHON 4acTh TMPU OTXKUTE, SIBISIETCS

(hakTOp BpeMeHH, OIHAKO TeMIbl TAKUX IIOTEPh
He paBHOMepHbI. Tak, moTepu /71st KocTeit rosore-
HOBOTO Bo3dpacrta coctasisiin 20—50%, meiicto-
neHoBoro — 13—20%, paHHeIIeiCcTOIeHOBOTO —
9-12%, T.e. ammauTyjaa KoJjebaHWU st
rosioriena 6buia paBaa 30%, cpeiHero 1 MO3/IHEro
mieiicTolena — 7%, paHHEro IJIeCcTolleHa —
Bcero 3%.

[Tpumenenve JaHHON METOMKH 3aTPYAHEHO
W3-32 TOTO, YTO Ha IEPBBIX ATarax poccunusanuu
KOCTb O4€Hb OGBICTPO MOJKET TEPSITh OPTAHUKY 3a
CUeT )KMpa U IPYTUX HECTOMKUX KOMIIOHEHTOB, U
B pe3yJbraTe y)Ke uepe3 HEeCKOJIbKO MecCsIleB
3aXOPOHEHUS TaK¥e KOCTU MOTYT /IaBaTh ITPU IIPO-
KaJIUBAaHUU Te jKe TOTePH, YTO U KOCTH, NpoJie-
JKaBIIKe JeCATKU UM Ja’kKe COTHU JIeT B yCJIOBH-
ax cybaspanbHoitl nzossun. W.I. Tlunornunako
perran 3ty mpobJemy, moabupasi A1l aHaIn3a
JIMIIIb KOCTH U3 3aBEIOMO OJIMHAKOBBIX YCIOBUM
3aXOPOHEHUS.

Ha ocHoBaHuM 0OIINX TEOPETHUYECKUX U
CBOMX IKCIEPUMEHTAJIbHBIX JaHHBIX O HOTepe
KOCThI0O HEMUHEPAJbHOH  KOMIIOHEHTBI
W.I. IInaonandko nocTpou NPUHIUIUAIBHYIO
CXeMy TeOXPOHOJIOTUH U CTpaTUrpadhuu aHTPOIIo-
reHa, X0TsS U CYUTAJ, 9TO IIPEeAJIOKeHHas cXxema
He SBASETCS YHUBEPCATbHOU, U IJIs1 KaXI0TO
reorpacuyecku crerndueckoro paifona 10x-
HBI OBITH pa3pabOTaHbl CBOM CUCTEMBI [TOKa3aTe-
seit. OtHaKo /1151 CTENTHOM U JiecHOM 30H 1ora Poc-
CUM M YKpPauHbl CKOPOCTHU NOTEPU KOJIJIareHa
KOCTSIMU MaJIO Pa3IuyaloTcs 71 MECTOHAXO0XK-
JIeHUH CXOAHOU Ta)OHOMHUYECKOH TMPUPO/IBI.
[TokazaTesn npoKaJIMBaHUS, MOJTyYeHHbIE s
HCKOTIaeMbIX KOCTe! M3 HEKOTOPBIX APYTHUX
perrionoB (Mpkytckas obmacts, Axyrus, KpacHo-
sipckuii kpaii, [TaBinogapckas o6macTh, 3abaiika-
awe, [Tpumopcknii kpaii, 1Oxubiit Ypas, Kpbim),
yale BCero Toxe He IMPOTUBOPEYMIIN ATOU ITPUH-
nunuaabHoi cxeMme. /laHnble, TONyYEHHbIE /IS
KOCTe#l U3 00TaCTH BEYHOW MEP3JIOThI, TOKA3AJIH,
YTO TIPU 3aXOPOHEHUY B MeP3JIoTe 3HaUeHUs I10-
KazaTesieil MPOKAJTMBAHUS «KOHCEPBUPYIOTCS»,
T.€. IPY NOTNAJIaHUM B MEP3JIOTY BCKOPE MOCe
ru6esiu JKUBOTHOTO KOCTH COXPAHSIOT TTOKa3a-
TeJIb MPOKAJUBaHUS, OJU3KUN COBPEMEHHBIM
KOCTSIM; €CJIM JKe 10Ka3aTesJu MPOKaJTUBAHUSI
COOTBETCTBYIOT 0O0Jiee JpeBHEMY BO3pPacCTYy,
3TO O3HAyaeT, YTO KaKyIO-TO 4YacTh BPEMEHHU
KOCTH OBLJIM 3aXOPOHEHbBI B UHBIX YCJIOBHSX, BHE
MEP3JIOTHI.
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W.T. ITugomnindko noKasaJi, 4ro npu cobio-
JIeHUH yCJIOBUIA 0TOOpa PO MeToJ1 MPOKaIuBa-
HUST I03BOJISIET GE30IUOOYHO OIPEIesATh PH-
Ha/JIe)KHOCTh KOCTeH K KPYIHBIM OTAesaM
4eTBePTHUYHON CHCTEMBI, a TAKXKe HA/IE)KHO OTYJIe-
HSATh YeTBEPTUYHYIO CHCTEMY OT HEOT€HOBOW.
B To e Bpems BblzenieHUe OTIETBHBIX SPYCOB
YeTBEPTUYHOU CHUCTEMBI, 1O €T0 MHEHHIO,
TpebyeT HaKOMmIeHUsT GOIBIIOTO (haKTHIECKOTO
mMarepuaia u pa3paboTku COOCTBEHHBIX NIKA
nokasaTeJsieil /1711 pa3HbIX PETHOHOB M Pa3HBIX
TUIOB 3axopoHeHuil. Kpome Toro, on noguepku-
BaJ HeoOX0AMMOCTh pa3paboTku moxobHOM
METOJVKH JIJIST aHAJIU3a 3y0OB MIIEKOTTUTAIONIIX
U TIPOBOJUJ TTPeIBAPUTENbHbIE HCCIIeJOBAHUS
3yOHBIX TKaHeil, OJIHAKO TO HAIpPaBJeHUe He
TIOJIYYUJIO PA3BUTHSL.

B 6oJiee mo3aHmx paboTax Ha KOCTHBIX OCTAT-
kax rpoei3yHoB P./1. Macsiosert (1965), ucnosrb3ys
meton W.I. [lugonamyko, BHeCTa B HETO PSifl
YTOYHEHUH U jononHeHnil. Tak, oHa ycTaHOBU-
JIa, YTO B YCJIOBUSIX KaPKOTO KJIMMaTa apUIHON
30HBI MTOTEPsl KOJJIareHa IMPOUCXOAUT B 5 pa3
GeicTpee, ueM B yMepeHHOM Kiiumare. Ee paGoTst
IOATBEPAUIN, YTO METO/ /aeT JOCTATOYHO
Ha/Ie>KHBIE TIOKA3aTe I OIPe/ie/IeHISI Te0IOTYec-
KOTO BO3PACTa KOCTHBIX OCTATKOB, B TOM YHUCJIE U
MEJIKUX MJIEKONUTAIONINX, UMEIONIUX CXOJHBIE
ocoberroctu tagornomun. C 3TOro BpeMeHn
MEeTO/I TIPOKAMBAHUS JIOBOJIBHO IIMPOKO UCTIOJIb-
30BaJics MccaenoBaTenssMu npu obpaborke
IaJeoTepuoJIOrnuecKoro MaTepuana u3 [Ipukac-
nuiickoro pernona (Maneesa, 1967; Tponus,
1975; Hacriokos, 1978, Imurpues, 2001). s
MeJIKUX MJIEKOTTUTAIONIUX STH aBTOPbI HCIIOJIB30~
BAaJIM HaBECKU U3MeJbUEHHBIX KOCTEH BECOM
3-6r. [Ipu onpenenennn reosoruIecKkoro BO3pa-
cta kocTHbIX octatkoB H.3. HacTtiokoB ucnoss-
30BaJl O/IHOBPEMEHHO PAUOYTIEPOIHBIN METOJ
¥ MeTO/]] IPOKATTUBAHMS U MOJIYYUJI COTIOCTABH-
MbI€ Pe3yJIbTaThI. :

Bo Bcex ykasaHHBIX Bbillie paboTax MOATBEpP-
JK/IAeTCs, YTO CKOPOCTH Pa3pylIeHNs] OpraHuJec-
KO KOMIIOHEHTBI B XOJIe [iareHe3a HelmoCTOsTH-
Ha ¥ 3aBUCHUT OT YCJIOBUII 3aXOPOHEHMsI; Hanbo-
Jiee OBICTPO TIOTEPST OPraHUKHU ITPOUCXOIMT, HOK2
KOCTh HAXOJMTCS Ha moBepxHOCTH. O6mIast CKo-
POCTb Pa3JIOKEHUsI OPTAHUKH B XKAPKUX U apujl-
HBIX paliOHax CyLIeCTBEHHO BBINIE, YEM B YCJIO-
BUSIX YMEPEHHOTO Kimmarta u T.1. Kpome toro, ona
MOJKeT 3aBUCETh OT Pa3MepoOB KOCTU U ee

CTPYKTYPBbI; B I'y04YaThIX KOCTSIX OpPTaHUKa Paspy-
maeTcst ObICTpee, YeM B TIOTHBIX.

Takum 00pa3oM, TaHHBIN METOJ OKa3bIBAET-
cst Hambosiee 3((HEKTUBHBIM MPU aHAIHU3E U
COIIOCTABJICHUH MacCOBOTO MaTepuasa U3 MecTo-
HaxOXK/IEHUI OJIHOTO PeruoHa U CXOIHOM Tado-
HOMIYECKOW NpUpoibl. TOYHOCTH OTipeesIeHus
reoJIOTUYECKOTO BO3PACTA STUM METOIOM CUIBHO
3aBUCHUT OT KOJIMYECTBA U KAUECTBA UCTIOJIb3YEMbBIX
06pasioB. B 60JbIINHCTBE CaydYaeB HAZEKHO
VIIAeTCsI Pa3aesiTh MeXIy coO0M TOJIONEHOBBIE,
MJIeHICTOIEHOBbIE U OCTATKU /I0YETBEPTUYHOTO
BO3pacTa.

Cy1iecTBeHHBIM HEJJOCTATKOM OIUCAHHOTO
METO/1a SIBJISIETCS TO, YTO IIPU IPOKATMBAHUY KOC-
Tell MacCoBBIe MOTEPH BKJIIOYAIOT HE TOJILKO Opra-
uuky. [Ipu temmeparype 800° C mpoucxoaar u
JIPyTHe TPOIIECCHL: MOTEPS KOCTBIO acopOupo-
BaHHOI BOJIBI; TPEOOPA30OBAHNUS HEOPraHUIECKON
gyacTy (THUAPOKCHATIATUTA ), CBSI3aHHBIE C TIOTepeit
JIETYYUX KOMIIOHEHTOB; IIPM HEKOTOPbIX THUIAX
(boccumnzanuy TepMUYECKOMY Pa3JIOKeHUIo
MIO/IBEPralOTCST ¥ 9K30TEHHBIE BEI[eCcTBa, MOCTY-
MUBIIKE B KOCTb B Iporecce (HOCCUIN3ANUN, B
YACTHOCTY KAJIBIIUT PA3pyIIAeTcs IIPU TeMIiepa-
Type okojio 700° C, Tepsist ipu aTOM 0K0J10 40%
maccsl B Bue CO,. Takum o6pasom, obume mac-
COBBIE TIOTEPU BO MHOTHX CJIYYasiX ONPe/IeIsIOT-
¢s1 He TOJIBKO IPEBHOCTBIO 0Opasiia u CKOPOCTHIO
paspylIleHusi OPraHuKy, HO U JAPYTUMU TIpolec-
caMu, KOTOpble TPYJIHO YYUTHIBATh NPHU OTOOpE
po0 U UHTEPIIPETAINH PE3YJ/IHTATOB.

E1te onuH HEocTaTok METO/1a COCTOUT B TOM,
4TO B CJIy4ae paboThl ¢ KOCTSIMU MEJIKHX JKUBOT-
HBIX /17151 hOPMUPOBAHUST OHOTO 0Opasia Heob-
XO/IUMO HECKOJIBKO WJIY JJaKe HECKOJIbKO J1eCsIT-
KOB KOCTeil. B aToM ciryyae ananus paer ycpea-
HEHHbIE Pe3yJBTaThl U HE MO3BOJISIET CYIUTh O
BO3pacTe OTAENbHBIX HAXOJOK M XPOHOJOTHYEC-
KOW OJJHOPOJHOCTU KOCTel BHYTPU H3y4aeMOIO
CKOTLJIEHHUS.

B 70-e romst G. Szoor (1982) navan mpume-
HATH UG depeHInanbHbIi TepMUYeCKUi aHATN3
(nepuBatorpaduio) Asg onpeaeseHus: reoJa0ru-
YeCKOTO BO3PacTa KOCTHBIX OCTATKOB, OTHOCS-
HIMXCS K TIMOIIEHY, TIEHCTOIIEHY U TOJIOIEHY.
JL7151 3TOTO OH MCTI0JIb30BAJ MaTepuall 13 KapcTo-
BbIX neniep Benrpun. MeTtos ocHOBaH Ha OHO-
BPEMEHHOI PEerucTpaIvy TeMJIOBbIX CBOMCTB U3Y-
yaeMoro o6pasiia (110 CpaBHEHUIO C TEPMOMHEPT-
HBIM BEIECTBOM) 1 €ro Macchl (00beMa, cocTaBa
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M KOJIMYECTBA BBIJEJISIEMBIX Ia30B) MPH TOCTe-
HeHHOM HarpeBaHUH UJIH OXJIAXK/ACHHH 110 3aaH-
Houl mporpamme. Pesynsratom /ITA aprsiorcs
KPUBbIE 3aBUCUMOCTH Pa3/IMYHBIX XapaKTepuc-
TUK oOpasia ot temmneparypsl. IIpu ananuse
KOCTHBIX TKaHe# OCHOBHBIMHU M3 HUX SIBJISIOTCSI:
kpuBas /[ TA — 3aBUCMMOCTb pa3HOCTH TEMIIEPATY]P
MEK/Ly UCCJIe/LyeMBIM BeleCTBOM M TEPMHYECKUM
3TAJIOHOM OT TEeMIIEPATyPHI B 1IN ); KPUBas Tep-
morpasumerpun TT — usmenenus maccol 06pas-
11a C U3MEHEeHUeM TeMIlepaTypbl) U KpuBast 1ud-
epentmanpuoit repmorpasumerpun I TT (1ipo-
nsBoiHasg TI') — 3aBUCHMOCTb CKOPOCTH H3Me-
HEeHUsI Macchl 0O6pa3Iia OT TeMIIEPATYPBHL.

G. Szoor ucnomb3oBan 06pasisl Becom 200—
300 mr u narpesas ux 0 1000°C co ckopocTbio
10°/mun. Ilepex HarpeBaHeM 06pa3itbl KOCTHOI
TKaHU U3MeJIbYasy ¥ BBICYIIMBAJIH.

Ha tuniuHoii iepuBaTorpaMme KOCTHOM TKa-
Hu B inanasose ot 0° 10 1000°C MoXHO BBIIETUTD
TPU 9Talla TEPMUYECKOTO pas3siokeHust. [lepsbrii
aHZloTepMuyeckuii npoiecc (A) cBs3aH ¢ nore-
peii a/icopOMPOBAHHOI BOJBI 1 OOBIYHO 3aKaHYM-
Baetrcs Kk 200°C. Bropoii ak3oTepMudeckuii mpo-
necc (B), ¢ nukom oxono 400°C, coorBeTcTBYeET
BBITOPAHUIO OPTAHUYECKOI YACTH KOCTH ¥ OOBIY-
Ho 3akanumnBaetcs K 600°C . Tperuiiararn (C) 06bry-
HO ¢J1ab0 BBIPAKeH y CBEXMX KocTel u Oojee
3aMeTeH y KOCTeil, HaXO[NUXCsl Ha Pa3HbIX CTa-
AUAX (poccUIM3anuu — 3TO SHAOTEPMUYECKUI
TPOIIECC PA3JIOKEHUsT HEOPraHMIeCKUX KapOoHa-
T0B ¢ Boigenenuem CO, npu Temneparype Bbliie
700°C. Kpuasi TT mo3BosisieT BBIUMCIUTD
MOTepU Macchl 06pasiia Ha KaXK/I0M U3 HTaIloB.

Jlnst onenkn Bo3pacta G. Széor ucnomb3oBas
JIBa TIOKa3aTeJsst: moTepyu Macchl (%) Ha MePBbIX
naByx atanax (A u B) TepMmuyeckoro pasioxeHust
KoCcTH 1 «k0a(hdunmnent pocennusanun» F,, xo-
TOPBI TIpe/IcTaB/IsieT cOO0I OTHOIIEHHE TIOTEPH
Macchl Ha MIEPBBIX /IBYX ATalax pasJoskeHust (10
600°C) k morepe maccol Ha TpeTbeM aTtare (700—
1000°C). 3nauenus koaddunmenta poccuamsa-
I[UU YMEHBINAITCS C BO3pacToM. Tak, /715 roJio-
IIEHOBBIX OCTATKOB OH 0OBIYHO GoJiblie 4, st
IJ1eHCTOLeHOBBIX — OT 1 710 4, /1151 TINO1IeHOBBIX
— meHee 1. OTesbHO 7151 TOJIOTIeHA, TIEHCTOoIIe-
Ha ¥ TJIMOIIEHA OH PAacCYNTA)l KOPPEJISIIIUU Mac-
COBBIX IIOTEPH B auana3oHax A u B ¢ abcommor-
HBIM BO3PaCcTOM OCTATKOB, OIIPE/IEJIEHHBIM C IO-
MOIIbI0 GHOXpOoHOMOrHYecKoM Tkasbl [amna
(Chaline, Mein, 1979). B cootBercTBUM € MOy~
YeHHBIMM JAHHBIMU OH TIPEJIOKUIT (POPMYJIbI

pacuera BO3pacTa NCKOIAeMbIX KOCTe B 3aBUCH-
MOCTH OT 3HaYeHMi nokasareneit F, u cymmap-
HBIX MaCCOBBIX ITOTEPD (B %) B AMamna3oHax A u
B. Jl1g HecKoJMbKUX KOCTeH rOJOLEHOBOTO U
MJIeHCTOIEHOBOTO BO3pacTa JaTUPOBKH, TOJIY-
YeHHBIE IePUBATOTPAYUIECKUM METOAOM, OBLITH
TOJITBEPK/IEHBI PAIUOYTIIEPOTHBIM METO/IOM.

JlepuBarorpaguieckuii METO ONIpeneIeH s
BO3PacTa NCKOMAEMbIX OCTATKOB HE TOJIYYIJI B CBOE
BpeMsI HIMPOKOTO pacrpocTpanenus. BeposartHo,
n3-3a T0oro, uTo G. SZ40r c/1esias NoMmbITKY )KeCTKO
HPUBSI3aTh PE3YJIbTaThl TEPMUYECKOTO AHATH3A
KOCTHBIX OCTATKOB K abCOJIOTHOMY BO3PacTy
Haxo/oK. Tako# 1MoJxo]1 Tpe/iCTaBAsSeTCs MaJio-
MIPOAYKTUBHBIM, TTOCKOJIbKY (KaK 3TO OTMeYaJl U
caM G. Szo0r) B pa3HbIX yCJI0BUSX (DOCCUITU3AITNT
paspyluieHue OpTaHNYecKoil KOMIIOHEHTH U
HaKOIJIeHHe HeopraHudyeckoil 3a cyeT BMeIlaro-
IIUX TIOPOJI U/IET C PA3HOW CKOPOCTHIO M Pa3HBIMU
MY TSIMH, TIO3TOMY /1711 Ka>K/I0r0 KOHKPeTHOT'O CJIy-
yasi BHIABUTH KOPPEJISAIUU ¢ aOCOTIOTHOM XPOHO-
JIOTUYECKOH NIKAJIOH He IpeiCcTaBisieTcss BO3-
MOKHBIM. [Ipo6siemMa oCIOXKHSIETCS TEM, YTO He
TOJIBKO YCJIOBUS (DOCCUINBAINN PA3THYAIOTCS,
HO M pa3HbIe 3JIEMEHTBHI CKesleTa MpoxoasT ¢oc-
CUJIM3ALUIO MO-PA3HOMY, B 3aBUCUMOCTH OT
CTPYKTYPBI CJIaralolinX UX CKeJETHBIX TKaHei.
Taxum 06pa3oM, IPEJIOKEHHBIN BApUAHT [IEPH-
BaTorpadnuueckoro Metosa B GONBIIMHCTBE CIIy-
YaeB JaeT CJIUIIKOM OOJIBIIYIO ONIMOKY Orpese-
JIEHUSI BO3PacTa, 4ToObl €ro IpUMeHeHune ObLIO
OIIPaB/IaHHBIM.

B cBozky I. Baruepa (2006), nocBsmienHyio
MeTOJ[aM IaTUPOBAHUS B I'€0JIOTUM, aPXEO0JIOTUN
Y MCTOPUH, HE BOIIEJ HU OJIUH U3 METO/IOB, OCHO-
BAaHHBIX Ha OIPEIEJEeHIUN OCTATOYHOTO KOJINYe-
CTBa OPraHNYeCcKO KOMIIOHEHTBI U1 COOTHOIIIe-
HUSI MUHEPAJIbHOU 1 HEeMUHEPaJIbHOU KOMIIOHEHT
KOCTHOTO BEIIECTBA.

B Hacrosiee BpeMsi TepMUYECKUI aHAJIU3
MCIIOJIb3YeTCSI B ONpe/le/IeHUUA COOTHOMIEHUS
OpPraHWYeCcKON M HeOPraHUYeCKOW KOMIIOHEHT
OuoMIHEPaTbHBIX 00Pa30BaHUI; C €10 MOMOIIBIO
NAEHTUPUIUPYIOTCS KaK MUHEpaibHble (a3bl,
Tak U oprannyeckue seuiectsa. [lpupoaubie ama-
TUTHI (MarMaTudeckue U Metamopduueckue), a
TaK)Ke UX CUHTETHYECKHe aHAJIOTU TEPMONHEPT-
Hbl: uX HarpeBanue 10 1200°C He conmpoBox/ia-
eTCs KaKUMU-T00 TepMudecKkuMu s dexramu.
Hanporus, 6MoreHHbIe anaTuTbl, CoAepKaIlne B
3HAYKMTETLHOM KOJIMYECTBE BO/LY, KapOOHAT-MOHBI
M OpraHu4yeckoe BeIeCTBO, PU HAarpeBaHUU
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XapaKTePU3YIOTCS IIEJIBIM PSIZIOM TepMoadheKToB
— TIOTEPSIMU MACCHhI ¥ BblieJIeHreM (TIOTJIOTEeH -
eM) Teria. B Hacrosiee BpemMs 10BOJIBHO 0OJb-
II0€ YUCJIO TTyOJTUKAIUIT TTOCBSIIIEHO M3YYEeHUIO
TEPMUUYECKUX XapaKTEePUCTUK COBPEMEHHBIX KOC-
THBIX U 3yOHBIX TKAHEH, B IIEPBYIO OYePE/Ib, YeJIO-
Beka (cMm. HampuMep, Poroxxuukos u ap., 2001,
Top6yHosa u zp., 2003, Hemoceko u ap., 2004).
B aTix paboTrax oTMe4aeTcs, 4To IOTePH MACChl U
9K30- 1 9H109D(EKTh (PUKCUPYIOTCS B YEThIPEX
TeMIepaTypHBIX Auamnazonax: 25-270° (A),
270-430° (B,), 430-600° (B,), 700-900°C (C).
Itr 006J1aCTU COOTBETCTBYIOT MPE0OPa30OBAHUIO
Pa3HBIX MO CBOEH MPHUPO/e COCTABISIONIUX TKa-
Heil: A — moTtepe KOCTHOW WM 3yOHON TKaHbIO
ancopOIMonHOM Bobl; B, — mcnmapenuio crpyk-
TypHOU (CBSI3aHHOI ) MOJIEKYJISIPHOU BOZIBI U y/la-
JIEHUI0 HU3KOMOJIEKYJISPHBIX OPTaHUYEeCKUX
BEII[eCTB, MPeJCTaBJIEHHBIX HEKOJLIaT€HOBBIMU
GeskamMu ¢ MaJIOi MOJIEKYJISTPHOM Maccoii (ab0y-
MUH 1 1Ip.); B, — npeo6pasoBaniio BbicOKOMOJTe-
KYJISIPHBIX OPTaHUYECKUX COeJIMHEHMH (KoJLiare-
Ha u 71p.); C — mepexony HECTEXHOMETPUIHOTO
KapOOHATTUAPOKCHATIATUTA, 00PA3yIOIIEero Kprc-
TALJIMYECKYIO 9aCTh KOCTH (3y0a), B CTEXHOMeT-
PUYHBIH 3a CYET yAaJeHUs JIETYIMX KOMITOHEH-
TOB, MPEMMYIIECTBEHHO YTJEKUCJOro rasa
(T'mmmuckast v 1p., 2001). CocTostHue BO/bI B THI-
pPOKCHAMNaTUTe OIHMCHIBAETCS ABYMs (hopmMamu:
H,0 — agcopGuposannast u H,O" —Boza, cTpyK-
TYPHO cBsi3aHHas ¢ anatutoM. Cienyer momyep-
KHYTb, UTO TeMIIEPaTyPHBII AUAIIa30H IpoIecca
OKHUCJIUTEHHOMN IeCTPYKIUU ( BRITOPAHUSI ) Opra-
HUYECKOW MATPUIbl KOCTHON W 3yOHOH TKaHei
YACTUYHO NIePeKPBIBAETCS C AMANA30HOM BbIXO/A
MOJIEKYJISIPHOM BOJIBL. TOT IIPOLIECC TPOUCKXOIUT
B 1Ba atana (I'miaunckas u ap., 2003): HU3KOTEM-
neparypubiii (mpubausurensuo 250-430°C),
korya passaraiorcsa CH-cozmepokariye opranmnydec-
KHe BellecTBa (yIJeBO/bl, JIUITHU/BI), ¥ BBICOKO-
temnepatypHbii (pubsmsurensuo 400-770°C),
BO BPEMsi KOTOPOTO pasJjiaralorcsi 6oJiee CTpyK-
TypHO ynopsiiouenHbie CN-cozepskaiiue Bele-
ctBa (6esiku, B TIEPBYIO OYepeb KOJUIareH, 1
AMUHOKUCJIOTHI).

TepMuueckuii aHaIN3 NIUPOKO UCTIOJIb3YET-
Cs1 B UCCJIEZIOBAHUSX TIATOJIOTUYECKIX U3MEHEHUI
KOCTHOM ¥ XPSIIEeBON TKaHU YesJoBeKa IPU pas-
JINYHBIX 3200JIEBAaHHSIX CYCTABOB — OCTEOAPTPH-

te, kokcute u Ap. (Than, Kereskai, 2005; Sohar
et al., 2007; Utech et al., 2005). 9tu aBrOphI OT-
MEeYaloT U3MEHEHWE BH/Ia TEPMOAHATUTUIECKHUX

KpUBbIX (yBeJIMYeHUe YUCJIa TUKOB, CMelleHne
MOJIO’KEHUH MaKCMMYMOB) V IOPQ/K€HHBIX TKa-
Hell B CPaBHEHUH CO 3/[0POBBIMHU.

B xpumunanucruke merozn /I TA ucnosnbsy-
eTcst IS ONpe/ieIeHst BpeMeHM W HEeKOTOPBIX
00CTOATETHCTB TUOEIIM U 3aXOPOHEHWSI OCTAHKOB
1o TepmudeckuM cBoiictBam kocteit (Villanueva
et al., 1976)

Tepmuyeckuii aHaau3 TakXe 3aPEeKOMEH/10-
BaJl ce0s B MCCJIeIOBAaHUSIX OCHOBHOI OpraHuyec-
KOIf KOMIIOHEHTbBI KOCTHOM TKaHH — (hubpuLisi-
poro Gesika KosareHa. [lokaszano, 4To ero tep-
MUYECKOe PA3JI0KEHUe IIPOUCXOUT TOITAITHO:
nepBbiii aTar (25-200°C) cBsizaH ¢ BbIIeIEHHEM
Boabl, BTOpOil (200-400°C) cooTrBeTcTBYeET
nerpaganuu (pacnaay) CTPYKTYpPbl MOJIEKYJIbI
KoJsmareHa, tpetuit (400-650°C) — cropanuio
OCTaBIINXCS HU3KOMOJIEKYISIPHBIX OpraHuyec-
kux KoMmronentos (Batista et al., 2009).

IDHAOTEPMUYECKUI TIPOIeCC B JAUAIa30HE
25-125°C 0OBIYHO COOTHOCHUTCSI HE TOJIBKO C
BBIZIEJIEHHEM BO/IBI, HO U C IPOIIECCOM /IeHaTypalluu
KOJIJIareHa, EePeX0/I0M ero TPOMHOUN Crupain
B HEYIOPAJA0YeHHYI0 (popMy IIOJ AelicTBUEM
HarpeBaHus (3TO MPOUCXOINUT TAKIKE IIPU KUCJIOT-
HOM, CIINPTOBOM Bo3zieiicTBuu u 1p.). [ Ipu narpe-
BaHUU B KOJIJIAT€HE Pa3pyIIal0TCs MEXKMOJIEKY-
JSIpHBIE TIePEeKpPeCcTHbie CBSI3U, U NPOTEWH
IIEPEXO/IUT U3 BBICOKOOPTaHU30BAaHHOTO KPHCTAI-
JIMYECKOTO COCTOSHUSI B HEYIOPsIIOYeHHOe
reseobpastoe — xenatun (Batista et al., 2009).
MHorue uccie1oBaTes I 0TMeYaloT BIUSIHYE CTe-
NeHU TU/IpaTalliy KOJIJIareHa Ha ero I'M/IPOTePMHU-
yecKWe U TEPMOOKHUCJIMTeJbHBIE CBOHCTBA
(Budrugeac et al., 2004). [Tpu usyuenuu tepmu-
YeCKOTo MOBE/ICHHST HACHIIIIEHHBIX TapaMU BO/IbI
KOJIIar€HOBBIX ~ MAaTpPHIl MCCJIeJOBaTeNH
(Budrugeac et al., 2003; Tsereteli et al., 2008)
MPUIILTH K BBIBOLY, UTO C YBEJIMYEHUEM CTeleH!
ruapartanuu (CoJepKaHusi BObl) B 00pasiie yBe-
JIMYMBAETCS] TEMIIEpATypa M TelJIoTa JeHaTypa-
MM KOJIIareHa, a TakyKe KOJMYeCTBO ciabo-
CBSI3aHHOU a/ICOPOMPOBAHHON BOJIBL.

Bropoil sk30TepMuUUecKuii IIpoliecc B aua-
nasone 200—650°C obycioBjIeH MOCaEYONM
PasyIoKeHHeM M TEPMOOKUCJIEHIEM CYXOTO Opra-
HUYECKOTO MaTepHaJIa; Py 9TOM OCBOOOKAAIOTCS
HEKOTOpBIE JIETYYHe MPOAYKThI C HU3KOU MOJIe-
KyasipHoit Mmaccoil (Budrugeac et al., 2003).

B pa6ore (Lafon et al., 2003) BbimosHeHO
JIeTaJIbHOE UCCIe/JoBaHue TEPMUYECKUX CBOMCTB
HEOPraHUYeCKOi KOMITOHEHTbI CUHTETHYECKOTO
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KapOOHAT-TUAPOKCHANIATUTA TaK HA3bIBAEMOTO
A n B-tunos (3zech A-THI XapakTepusyeTcs 3a-
MemeHusiMu OH -rpynm Ha CO;’—I/IOHM B KaHa-
Jax, a B-tun — samemenusamu COSZ' MOHOB B
nosuiusix PO 43' TeTpasApoB). buLmo mokasauo,
YTO BBIIeJIeHUE (TIOTEpH) KapOOHAT-MOHOB A U
B-Tuna npoucxoasiT B BHICOKOTEMIIEPATYPHOM
obaactu (550-1050°C) B aBa srana: nepBbIlA
HauynHaeTcss okosio 550°C misa 06pasios ¢ Hau-
MEHBIINM COJlepXKaHueM KapOOHAT-MOHOB M
C/IBUTAETCSI B CTOPOHY GOJIBIIUX TEMIIEPATYP C
yBeJIMYEHUEM UX cofep:kaHust BIIOTh 10 600°C.
Bropoii atan notepb nMeer MakKCUMyM IpHU
950°C, 1ipu 3TOM TIPOUCXOANT JAETUAPOKCHUISIIAS
A-no3unuii ¢ o6pa3oBaHNeM OKCUTHIPOKCHAIA-
TUTA U BbIJIEJIEHUEM BO/Ibl. YTBEP)KAEHHUE, UTO
kapOoHaT-uOHBI A-Tuna Gojee TepMUYECKU
ycToituuBble, YeM B-Tuma, cripaBeaimBo TOJTbKO
JUIS1 YACTBHIX allaTUTOB A-THUTIA, KOTOPbIE TEPMO-
crabuibubl Biioth 10 900°C, B TO BpeMs Kak
YUCTbIE ANaTUTHI B-TUMA cTaOMIBHBI TOJBKO 0
700°C (aTu TemmepaTypsl MOTYT HECKOJIbKO
U3MEHATbCA B 3aBUCUMOCTHU OT YCJIOBUIA ITOJTyYe-
HUA alIATUTOB ¥ UX XUMHYECKOTO COCTABA).

C nomonrbio COBpeMeHHBIX iepuBaTorpados
MOKHO C BBICOKOW TOYHOCTBIO OIPENENSITh Tep-
MUYecKue CBOICTBa 06pa3iloB, BEC KOTOPBIX
COCTaBJISIET BCETO HECKOJIbKO MUJIJIUTPAMMOB.
Takast BeICOKasi pasperaionias ClIoCOOHOCTh
[I03BOJIsIeT UCITOJIB30BATh 3TOT METO/ JJIST AaHAJTU -
3a GparMeHToB CKeJeTa, B TOM YHCJIE OTHAENbHBIX
3y00B MEJIKUX KMBOTHBIX.

2.2. Memooukxa mepmuueckozo
ananiu3a uCKkonaeMvix 0Cmamrkos

B Hacrostieit pabote TepMUYECKIe HCCIIEN0-
BaHUs BBINOJHEHB Ha Aepusartorpade SII
Diamond-TG-DTA (¢dbupma Perkin Elmer) ¢ ripo-
rpaMMHbIM obecrieserineM PYRIS 7.0 B remniepa-
TypHoM wuHTepBase 25-800°C (xoct) u
25-900°C (3y6bl); 4yBCTBUTEIBHOCTh U3MEPEHUS
Beca cocTausna 0,2 MKT, OTPENTHOCTD TIPU OTIpe-
nenenviu yowiim Beca — He 6ouee 0,1%; uyBcTBH-
TEJIbHOCTDb U3MepeHust TepMoadhhHeKTOB (TToI0XKe-
Hud nuka Ha kpusoit JITA) — 0,06 mxB. Ilo xpu-
BoIM TT 1 ITT onpesnensiim norepu Macchl KOCT-
HOH TKaHu 1pu HarpeBanuu; kpusasA /I TA cuy-
JKUJIA JIUIST XapaKTEPUCTUKY HabII01aeMbIX Tep-
mudeckux 3hdekToB. Psi akcriepuMeHTOB ObLI
BBINIOJIHEH HA AUddepeHnnaaIbHOM CKaHUPYIO-
meM KaJjopuMmerpe Jupiter, cONpsikeHHOM C

macc-ciekrpomerpoM Aeolos (pupma Netzsch).
OTobOpaunHbie 151 aHaau3a 00pasibl KOCTHOM
TKAHWM U [MIEYHbIX 3yOOB Pa3HbIX BU/IOB IPHI3Y-
HOB U3 Pa3JINYHBIX MECTOHAXOXKIEHUI KOCTHBIX
OCTATKOB IIPE/IBAPUTENBHO OUMIIATIH OT [OBEP-
XHOCTHBIX 3arPsi3HEHUI, HO He U3MeJbYyali,
MIOCKOJIBKY TIPU 9TOM HeM30€XKHO MPOUCXOTUT
U3MEHeHHe CTPYKTYPbI U TEPMUYECKHUX CBONCTB
UCCIeIlyeMbIX TKaHEeHH.

Jlnst BBIOOpa ONTHMAJIBHON CKOPOCTH Harpe-
BaHUsT 00pPa3I0B KOCTHOW TKaHM HaMu ObLIN
JIeTaJIbHO MCCJIe/IOBAHBI TEPMUYECKHE ITPOIIEeCCHI
UISI YeTIOCTHBIX (PParMeHTOB BOISTHBIX TTOJIEBOK
(Arvicola terrestris) w3 ropusoHTa 3 MECTOHAXOXK-
nennst HaBec Crapuk. PesysbraTer, mosryueHHbie
JUUIS1 9eThIPEX CXOHBIX (PparMeHTOB IIPU Pa3HbIX
ckopocTtsix HarpeBanus (5, 10, 20 u 30°C/Mun),
npe/cTaBseHbl Ha puc. 2.1.

[Ipu mambix ckopoctsix HarpeBa (5—10°C)
OpraHUYecKoe BEIeCTRBO «BBhIrOpaeT» ObicTpee u
npu 6oJiee HU3KHMX TEMIIEPATypax; MPH ITOM
JIBYX3TAaHOCTb TOPEHUsI OPTAaHUKH IJIOXO Pa3Jin-
4Ma, TOCKOJbKY 0O0JIbIlast 4acTh OPraHUKU
BhITOpaeT yxKe npu Temrepatype 10 400°C. [e-
PUBATOTPAMMBL, TIOTYY€HHBIE ITPU CKOPOCTSIX 20—
30° C/MuH, 10 OCHOBHBIM XapaKTEPUCTUKAM aHa-
JIOTUYHBI, O/THAKO YMEHbIIIEHWe MaCChl, CBSI3aH-
HOE C TIoTepeil KOCThIO aJIcOPOMPOBAHHON BOJIBI,
npu ckopoctu Harpesa 30°C/MUH MOXeT Ipo-
JIOJIKATBCST U ITpu 60J1ee BHICOKO TeMITepaType, OT-
YaCTU HAKJIa/IbIBAsICh HA TOTEPH, CBSI3aHHbIE C BbI-
ropaHuem opraHuku. Takum 06pazoM, ONTHMAIIb-
HOM MOHO cuuTaTh CKOpOcTh Harpesa 20°C/MuH,
[03TOMY BCE JIepUBATOTPaMMbl B pabore Oblin
MIOJIy4YeHBI TIPU JTAHHON CKOPOCTHU Harpesa.

Bepositro, nipu JITA M0oxHO 106UTBCS JTy4-
IIer0 pas/eIeHus IPOIECCOB Pa3HON MPHPO/IBI
(TmoTepu KOCThIO BOJBI M JIBYX ATAIOB pa3pylie-
HUST OPTaHWKH ), €CJIM UCTIOJIB30BATH O0JIee CIOXK-
HbIE IIPOTPAMMbl HarpeBa, HallpruMep YMEHbIIUB
CKOPOCTb HarpeBaHUs IPH TeMIiepaType HUXKe
250°C ¥ HECKOJIbKO YBEJIMYUB €€ B JUAIa30HE,
COOTBETCTBYIONIEM TEPMUYECKOMY PA3PYIIEHUIO
OpPTaHUKH.

B nessix aHasisa BIMSIHMSI Macchl oOpasiia
Ha pesdyabrarsl /[ TA Hamu ncciieioBanbl pasHbie
o macce (9,4, 11,5 u 30,7 Mr) HaBeCKU UCTOTYEH-
HOH B Iy/IPY BepXHeil YeJTI0CTH BOJSIHOM IOJIeB-
KU U3 MecToHaxoxaeHust [por @umnx npu oxu-
HAKOBBIX pesknumax Harpesa. [lokasaHo, uto, yem
MeHblIle Macca 00pasiia, TeM PaHbllle 3aKaHYH-
BaeTCs MPOIECC MOTEPU BOJABI B AHMara3oHe A.
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CkopocTs H3MEHEHUS Macchl o6pasta
JTT, Mr/°C

[lotepu maccer o6pasua
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Puc.2.1. Kpuswie TI (8sepxy) u JITT (81u3y ), nonyuennvle npu pasivix CKOPOCMIX HAZDESAHUS 0N UeTMbIPEX CXOOHbLX
ppazmenmos uemocmeii 600sinovix noneeox (Arvicola terrestris) us 2opusonma 3 mecmonaxosxcoenus Hasec Cmapux

OzHaKo 3TO MaJIo BIUSET HA TIOKA3aTeI MaCCO-
BbIX ITIOTEPH B Pa3HbIX AMana3zoHax. Makcumasib-
Hasl Pa3HuIla MeX/Ly 00pasiamMu 1o COAEPKAHUIO
opranuku cocrasuia 0,6% (22,8% — nist o6pas-
11a Maccoit 9,4 mr u 23,4% — 1151 oOpasiia Maccoi
11,5 Mr), pa3HuIa 3HAYEHU I CYMMAaPHBIX MacCo-
BbIX IIOTEPh — MeHee (,3%.

Ha puc. 2.2 npuBezieHbl TUTTHYHBIE JEPUBa-
TOTPAMMBI JIJIsT KOCTHBIX W 3yOHBIX OCTATKOB,
nosnydenusie Ha npubope SIT Diamond-TG-
DTA. Ha atux gepuBaTorpamMmax B Juana3oHe
ot 20 10 900°C BbIAENSIETCS YETHIPE HTAIIA TEP-
MHMYecKoro pasnoxxkenus (kpusas TI mossouis-
JIa BEIYUCJIHUTD ITOTEPH MAcChl 00pasna Ha Kax-
oM u3 3TarnoB). [lepBoIil 9HAOTEPMUYECKUN
Ipolecc, HAaUMHAIOMIMICS TIPU TeMIlepaType B
obmactu 100°C,cBsizan ¢ norepeit axcopoupo-
BaHHOI BO/Ibl; KaK MPABUJIO, OH 3aKaHUYUBAETCS
k 200°C. Bropoil u Tpetuii aK30TepMuYeCKUe

[IPOIECCHI ¢ XapaKTePHbIMK MMUKaMu B 00J1acTH
400°C cooTBETCTBYIOT BHITOPAHMIO OPTAaHUYECKUX
KOMIIOHEHTOB KOCTH U TIOTe€Pe BO/bl, CTPYKTYPHO
CBSI3aHHOU C amaTUTOM; OHU 3aKaHYMBAIOTCS K
600°C. YeTBepThbiii aTar TEPMUYECKUX IIPE0OPaso-
BaHUIl, KaK IIPAaBUJIO, HE BbIPAXKEH WK €Jabo
BBIPAKEH Y CBEXKUX KOCTell u OoJiee 3aMeTeH y
KOCTel, HaXO/SIHIMXCS Ha Pa3HBIX CTaUsIX occu-
sauzanuu. Ilpeanonaraercsy, 4To 3TOT IHAOTEPMU-
YECKUIT IIPOIECC B MCKOITAEMBIX KOCTSIX 00YCJI0B-
JIeH Pa3JioKeHUeM BTOPUYHBIX KapOOHATHBIX
muHepasos ¢ Boienenuem CO, npu temnepary-
pax Bbitre 600°C. CoOTBETCTBEHHO 3TUM TIPOIIEC-
caM OTMeYeHbl MacCOBbIe TOTEPU B YeThIpex
(nanee A, B,, B,, C) 0CHOBHbIX TeMIIepaTypHbIX J(H-
amaszonax: 25-230 (A), 230-400 (B,), 400-
600 (B,), 600-900° C (C), koTOpbIE COOTBETCTBY-
10T TEPMOIPeoOpasoBaHU0 («BBHITOPAHUIO )
Pa3HBIX 110 CBOEH PUPOJIE COCTABJISIONIHX.



42 2nasa 2

2.3. Tepmuuecxue xapaxmepucmuxu
uckonaemuvix ocmamxos

Hamu ObLT McciiefoBaH MaTeprasl U3 o3/ iHe-
YeTBePTUYHBIX MECTOHAXOXKAEHUNU YPaTbCKOTO
perroHa (Bcero okosio 190 mpo6): cepust KOCTHBIX
OCTAaTKOB (HMKHUX YeJII0CTel 1 3yO60B) pasHbIX
BHUJIOB TPBI3YHOB C Pa3HBIX TTyOWH 3aJleraHust 1
3aXOPOHEHUH Pa3HOro Bo3pacra (OT COBpeMeH-
HBIX /[0 MCKOIIaeMbIX C BO3PAaCTOM B JI€CSITKU
TBICSY JIET) M3 300T€HHBIX OTJIOKEHHUH B KapcTo-
BbIX TOJOCTAX. [l cpaBHeHUS MCIOJIB30-
BaHa HMXKHSS YeJIOCTb BBIMEPIIEro I'PhI3yHa
Allophajomys pliocaenicus 3 alIOBUATIBHOTO MeC-
ToHaxoxeHns1 CkopoxyMm Ha p. pTheimn sorureii-
CTOLIEHOBOrO Bo3pacTa. Kpome Toro, TepMorpaBu-
MeTpHs [TpoBe/ieHa 1151 GParMeHTOB KOCTH U pe3-
112 TPBI3YHOB U3 BeiMepinero cemeiictsa Cylindro-
dontidae u3 0JUTOIEHOBOrO MECTOHAXOKIECHUS
ArtamM6a3YmHK.

J17151 ucKomaeMbIX KOCTHBIX OCTaTKOB MHTEP-
nperaius repMudeckux 3 eKToB He TakK OHO-
3Ha4Ha, Kak JJI1 COBPEMEHHBIX TKaHel. XOopoIo
U3BECTHO, YTO B TIpoItecce (hoCCHInU3aIuN KOCTeH
(u 3y60B) B HUX YBEJIMYMBAETCS COAEPKAHUE
npuMmecei, GUKCUPyeTcs: TUApaTaIus-Aeruipa-
Talusl, BTOPUYHAsE MUHepaausaius (Impoiecc
KapOOHATU3AINH OCA/[KOB), [IeTPaAliusT OPraHH-
KM U T.JI.; BCE 3TO 3aTPYAHSIET UHTEPIPETAINIO
nannbix [[TA. B uactHoCTH, /11 HEKOTOPBIX
00pasIOB UCKOMAEMBIX OCTATKOB MbI (PMKCUPO-
BaJIM 3HAUNTEIBHOE YMEHBIIIEHNE X MAaCChl B MH-
tepsaie C (cm. puc. 2.2, 6). [Ipencrasisiercs, 9to
OHO COOTBETCTBYET PA3JIOKEHHIO 9K30T€HHBIX He-
OpraHu4ecKux KapOOHATOB, B MEPBYIO OYepe/lb
KaJIbIIUTA (3aMeTUM, YTO B BUJIE JIETYYUX KOMITO-
HEHTOB TepsieTcs 10 40% Macchl KaJbI[UTa).
B nepBoM mipubMIKEHUN MOTEPH MACChl B JMa-
nazoHe C mo3BOJIAIOT OIIEHUTD COIEPKAHUE IK30-
TeHHOTO KasbIiuTa B o6pasite. [Ipu oneHke npo-
LIEHTHOTO COZIep KaHusI BOJIBI M OPTAaHUKHU B TAKUX
06pasiiax Maccy SK30TeHHOTO KaJIbIIUTa BHIYMTA-
am U3 Macchl obpasmna. [lo HamIUM JaHHBIM,
KOJIMYECTBO 9K30T€HHBIX KapOOHATOB B MCKOIIA-
€MBIX OCTaTKaxX He CBsI3aHO HANPSIMYIO C MX BO3-
pacToM U KosiebJIeTcst B OU4€Hb IMUPOKUX IIpeie-
Jax lake y 0OpasiioBs, MOJYYEHHBIX U3 OLHOTO
CJI0S1 OTJIOXKEHUI ¥ He PA3INnYAIOIINXCS 10 COJIEP-
KAHUIO OpraHUYeCcKou KoMmmoHeHThl. OHaKO
caeyeT OTMETUTh, YTO CPeld MOBEPXHOCTHBIX,
COBPEMEHHBIX U 3aBe/IOMO OJIM3KHUX K COBPEMEH-
HOCTH 00pa3IloB CYIECTBEHHBIX MOTEPh MaCChl

pu temrieparype Boiiie 600° C He HabI012/10CH,
T.€. /Ul HUX HE XapaKTEPHO MPUCYTCTBHE 9K30-
TeHHBIX KapOOHATOB.

W3 TunnyHbIX AepuBaTorpaMM Ha puc. 2.2
BU/IHO, 4TO OJIM3KHE K COBpPeMeHHOCTH (a,1) U
uckornaemoie (6,B,I,€,%,3) KOCTHbIE OCTATKH U
3y0Obl BHAUUTETHHO PA3JINYAIOTCS KaK 10 COOTHO-
wenuio norepb A:B,:B,:C B ocHOBHBIX namnaso-
HaX, CBSI3aHHBIX C JleruipaTalliei, pasiokKeHneM
OpPraHNYeCcKHX BeleCTB U JIp., TaK U 10 TOJI0XKe-
HUIO ¥ BeJMYUHE 9K30TePMUYECKUX MUKOB Ha
kpuBbIX /[ TA. [TosryyenHbie sKCTIEpUMEHTAIbHBIE
JIaHHbIE YKa3bIBAIOT Ha HEOOXOAUMOCTD JIETAIb-
HOTO aHAJIN3a TePMOTPAaBUMETPUYECKHUX TaHHBIX
Ha 3Tare oTpabOTKU KOJTHMYECTBEHHON METOIMKH,
[I03BOJIAIONIeN TPOBOAUTH OL[EHKH BO3pacTa
KOCTHBIX OCTaTKOB I10 TI0Ka3aTeJIsIM TI0TePU MU
OPraHUYeCcKOro BellecTBa.

N3 puc. 2.2 Taxke BUAHO, YTO OPraHUIECKOE
BEIIIeCTBO KOCTHOW TKaHU BBITOPAET B MHTEpBaJie
200-600°C 1e paBHOMEPHO (HE MOHOTOHHO), a B
JIBa 3TAIa, KOTOPbIe 0COOEHHO HATJISITHO MIPOSIB-
nsoresa Ha kpuBblx [ITI. Ha nmepsom atare npu
Temmepatypax 10 400°C (unrepsan B,) «ropennes»
uzet Hanbosiee MHTEHCUBHO U TOTEPS] MACChI
IIPOMCXOJUT € BBICOKOI cKopocThio. Ha Bropom
aTarle, ipu Gosiee BBICOKOH TemIiepaType (HHTep-
Bas B,), 3TOT poiecc HeCKOIbKO 3aMe/LIACTCS U
€ MeHbIIIell UHTEHCUBHOCTBIO TIPO/OJIKAETCS /10
temmepatypsl 550—-600° C. [Torepu Maccol npu
teMieparypax Hike u Bbiiie 400° C 3ameTHO pas-
JIMYAIOTCS Y Pa3HBIX 06PA3II0B KOCTHBIX U 3YOHBIX
octaTkoB. Ha 3TOM ocHOBaHUM BCe MaccoBbIe
MOTePH, CBSI3aHHbIE ¢ OPTAHUYECKUM BEIeCTBOM
B MCKOMAEMBIX OCTATKaX, OBLIN YCIOBHO MOpas-
JleJieHbl Ha TIOTePU «HU3KOTEMIIepaTypHO» |
«BBICOKOTeMIIepaTypHOIi» dhpakunii (B, u B,)
npu Temriepatypax Hiske u Bbitie 400° C coorser-
CTBEHHO. /|11 U3y4EeHHBIX HCKOTIaeMbIX OCTaTKOB,
KpoMe 1oTeph Macchl B, 1 B,, 6b1111 paccynTansl
Y TIPOAHATTM3UPOBAHBI BAPUAIIUH 110 TIPOOAM /1011
BBICOKOTEMITEPATYPHOU OPraHUKU — BEJUYUHBI
otHomenus B,/B. 3amerum, 4To npu ounenkax
CO/IepKaHust OPraHUKHU U3 MACChl 06pa3iia BhIYU-
TN JI0JII0 aICOPOMPOBAHHON BOJIbI, HCIIAPUB-
mieiicsi B A-guanasone (mMogoOHBIN MTOAXO]
UCII0JIb30BAH B CBSI3U C TEM, YTO a[COPOUPOBaH-
Hasl BOJIa IOCTATOYHO TIJIOXO KOHTPOJHUPYETCS
9KCIIEPUMEHTAIbHO U MOKET HOCUTh BTOPUYHBIH,
MTOCTIKCTYMAIUOHHBIN XapaKTep).

YcraHoBsieHO, 4TO co/iepsKaHue OpraHuyec-
KO KOMITOHEHTBI (KaK U aficopOMpPOBaHHOM
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BO/Ibl) 3HAYMMO PA3JINYAETCsI B KOCTHBIX (hpar-
MEHTaX U3 pa3HbIX yacTeil ckesera. Tak, B IATOY-
HOU KOCTH BOSTHOM MOJIEBKU (13 OBEPXHOCTHBIX
otsnoxenuit HaBeca Ctapuk) cozep:kanue opra-
HUKH COCTABJISIJIO OKOJIO 28%, B TO BPEMSI KaK B
HIVDKHUX YeJTIOCTSIX TOTO JKe BU/a U3 TeX JKe OTJIO-
xeHul — 20-22%. [TosTomy /1711 cOnoCcTaBIeHUsT
BBIOMPAJIN OMHOTUITHBIE 0OPA3IIbI; IPU aHAIN3E
KOCTHBIX OCTAaTKOB MCIOJb30BaJu (hparMeHThb
HIDKHUX YeT0CTel, MoJaydeHHbie U3 001acTu
[INaCTEMBbI, IOCKOJIbKY HUKHUE YETFOCTH XOPOIIO

Tabruya 2.1.

COXPAHSIOTCSI B 300T€HHBIX OTJIOKEHUSIX U JI0C-
TaTOYHO YacTO YAeTCs ONPENETUTh UX BUIOBYIO
IPUHA/JIEKHOCTD. /[nacteManbHas 4acTh HUXK-
Hel YesI0CTH B OTJIMYHE OT OTPOCTKOB PEIKO ObI-
BaeT ITOBPEXK/IEHHOU 1 COCTOUT U3 IUIOTHOU KOC-
THOW TKaHH, IIPX 3TOM OHa JIOBOJIBHO JIETKO O4H-
aeTcs OT BHEUIHUX 3arpsi3HEHUH, 4TO TakxKe
HEMaJIOBA)XKHO IIPpU IpobooroToBke. Pedyiibra-
THI TEPMIYECKOTO AHAJIN3a U3yYEeHHBIX 06Pa3IoB
MACTeMATbHBIX (PPAarMEHTOB HUKHEYETIOCTHBIX
KOCTel mpuBeiensl B Tad. 2.1.

Tepmuueckue xapaxmepucmuku usyueHHvlx 00pasyos GuUAcmeMarvHblx Gpazmenmos

HUNCHEUESIIOCHBIX KOCMel Pa3HbLY 6udos ZPul3YHOB

Bec HOTCPH Beca"B iztz)r:xxTe;:epaTyprlx CyMMapHoe OTHOUle-
Ne | Mectonaxoxaenue | Bua | mpo6si, 75 230°C 230—11102(1)°C 480’~600°C 600-800°C couepmam:; ;};eB
i VN (B)) (B.) o P

1 i;e]c Cmpux, AT | 10,4 1,03 1,00 0,91 0,14 20,4 0,48

> | e AT | 11,1 1,08 1,24 0,91 0,19 21,6 0,42

3 |« cc | 11,6 1,13 1,34 0,94 0,23 21,7 0,41

4 |« 0z | 30,1 3,05 3,05 2,48 0,39 20,5 0,45

o T AT | 181 | 161 1,82 1,48 0.25 20,0 0,45
rop. 3

5 AT | 1Ba 1,29 1,35 1,10 0,16 20,3 0,45

g e, AT | 176 1,68 1,69 1,36 0,25 19,1 0,45
rop. 5

8 | « AT | 179 1,73 1,71 1,47 0,23 19,6 0,46

D (] e AT | 133 127 1.2 1,04 0,18 18,7 0,46

10 1] CL| 49 | 045 0,54 0.35 0,09 203 0.40

11 | « CL | 40 0,37 0,41 0,38 0,08 21,7 0,48

TR GL | 54 0,47 0,59 0,47 0,09 21,6 0,44

13 | <« €Ll 29 0,25 0,33 0.25 0,05 21,4 0,43

13, | Faer Cgpos, AT | 11,1 1,07 1,21 1,02 0,15 923 0,46
rop. 11

15 | Fsses Crapme, 47 ] 154 1,44 1,66 0,81 0,30 17,7 0,33
rop. 18

16 | AT | 10,9 | 097 1,16 0,59 0,22 17,5 0,34

{7 | Dec G, pT | 116 | 0094 126 0,39 032 16,1 0.24
rop. 20

g . | Hianes Chapm, AT | 123 0,82 1,46 0,43 0,29 16,9 0,23
rop. 21 :

19 | « MG | 62 0,38 0,71 0,21 0,37 17.9 0,23

20 | -« MO | 3.4 0.23 0,47 0,14 0,11 20,3 0,22
Keibna 1, rop. 0

21 | (c6op ¢ AT 110 1,16 1,21 0,81 0,16 20,7 0,40
TIOBEPXHOCTH)

2 |« ir | 131 1,43 1,52 1,01 0,18 21,6 0,40

23 | <« AT | 13,1 143 1,47 1,07 0,16 233 0,42
Kbibna 1, rop. 1

24 | (rHe3moRras AT 11,6 1,18 1,19 0,88 0,14 19,9 0,43
TIOJICTUJIKA)

2% | AT | 8,4 0,89 0,95 0,73 0,09 22,3 0,44

26 | « AT | 12,0 1,16 1,31 1,04 0,19 21,7 0,44

27 | = AT | 18,4 1,52 1,67 0,94 0,18 20,3 0,36
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IIpodoncenue mabruypt 2.1.

{ B [Totepu Beca B pa3HbIX TEMIIEPATYPHbIX Cymmapsoe | Orxome-
Ne | Mecronaxosxnenue | Bun | npo0Osi, Lt s cozepKaHue HHE
wr | 25-230°C [ 230-400°C[ 400-600°C[600-800°C| Ry | g
(A) By By ©
28 | Kuibna2,rop.0 | AT | 13,3 1,40 1,39 1,10 0,19 20,9 0,44
29 |« ar |13 0,80 0,86 0,61 0,11 2,1 0,42
30 | Ketbma2,rop.1 | AT | 120 | 1,15 1,29 1,03 0,13 23,1 0,44
31 | Ketma2,rop.5 | AT | 11,0 1,08 1,56 0,78 0,19 23,5 0,33
32 | % AT | 133 1,35 1,91 1,06 0,20 249 0,36
33 | AT | 152 1,54 1,93 1,40 0,22 24.4 0,42
34 |« AT | 12,5 1,20 1,73 0,98 0,20 23,9 0,36
35 Jiﬁef SGIRENOR, | xply 4.0 0,44 0,60 0,23 0,07 18,7 0,28
36 | ~«- MSP| 86 0,70 0,88 | 0,55 0,11 18,2 0,38
37 |« MSP| 76 0,69 0,88 0,43 0,12 19,1 0,33
38 if;fe; Cvotposod, | 47 | 10,8 1,02 1,26 0,64 0,21 19,3 0,34
39 | Tpor Ouwms AT | 146 1,29 1,66 1,26 0,22 22,0 0,43
40 | <« AT | 166 1,44 1,70 1,23 0,24 19,4 0,42
41 |« AT [ 17,0 1,46 1,76 1,40 0,26 20,3 0,44
42 |« AT | 116 | 0,99 121 0,98 0,13 20,5 0,45
43 |« oz | 78 0,84 1,13 0,69 0,15 26,1 0,38
44 | <« 0z | 200 | 205 2,55 1,86 0,34 24.6 0,42
JIpIpoBaThIii
45 |Kamens cM| 58 0,50 0,74 0,22 0,10 18,3 0,23
Ha p. Yycosoii
46 | «- cMm| 65 0,52 0,71 0,27 0,09 16,3 027
47 | <« r| 12 0,57 0,78 0,31 0,11 16,6 0,29
48 | «- DT | 88 0,73 1,08 0,34 0,11 17,6 0,24
49 | «- DT | 11,0 | 0,83 1,35 0,58 0,13 18,9 0,30
50 | « IL | 35 0,27 0,44 0,14 0,05 18,1 0,24
51 | <« LL | 56 0,45 0,75 0,26 0,09 19,3 0,26
52 | « MG | 87 0,75 1,12 0,31 0,12 18,0 0,22
R MG| 78 0,60 0,93 0,28 0,10 16,9 0,23
| 54 [« MG | 69 0,55 0,75 0,25 0,12 15,9 0,25
55 |« oc| 83 0,68 1,08 0,30 0,13 182 0,22
56 | oc| 91 0,74 1,18 0,38 0,13 18,7 0,25
57 | « oc| 172 | 131 221 0,63 0,19 17.9 0,22
58 | TIAPHCOBCKAA oc| 125 | 090 1,05 0,67 0,24 14,8 0,39
neuiepa
59 | « oc| 83 0,62 0,74 0,47 0,17 15,7 0,39
60 | -« cM| 73 0,57 0,72 0,33 0,13 15,7 0,31
61 |« 0T | 88 0,65 0,95 0,24 0,09 14,7 0,20
62 | ~« L | 38 0,32 0,41 0,13 0,19 15,7 0,24
63 | -« MO | 10,7 | 0,78 0,85 0,30 0,16 11,6 0,26
64 | ~« MSP| 82 0,68 0,83 0,33 0,15 15,3 0,29
65 | ~« MSP| 79 0,62 0,72 0,41 0,16 15,4 0,36
g | Towme Coomia, ", 4on | quo | < oy 1,78 0,43 0,26 17,0 0,19
ciioi 2, rop. 5
67 |~ AT | 147 143 | 1,98 0,64 0,45 20,7 0,24
68 | CL | 87 064 | 089 0,30 0,16 14,7 0,25
69 | -« CL| 50 042 | 067 | 017 0,17 19.4 0,20
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IIpodonxcenue mabrup 2.1.

Bec [Torepu Beca B pa3HbIX TEMIEPATyPHBIX CymmapHoe F —
Ne | Mectonaxoxnenue | Bun | mpoObl AERTE SF A, T SRS e
wr | 25-230°C [230-400°C[ 400-600°C| 600-800°C | oprasmi, | o
(A B) | (B ©) %
70 | ~« CL | 41 0,34 0,53 0,14 0,15 18,9 0,21
71 |« CE 3,2 0,30 0,46 0,12 0,13 21,8 021 |
72 | cM | 63 0,53 0,75 0,18 0,26 16,8 0,20
73 |« DT | 7.1 0,63 0,86 0,22 0,23 17,6 0,20
T4 | o EL 9,7 0,85 1,15 0,27 0,34 16,9 0,19
75 | LL 4.4 0,34 0,53 0,13 0,11 16,8 0,20
76 | -« MO | 57 | 059 0,81 0,19 0,25 21,2 0,19
77 |« MO | 45 0,51 0,74 0,21 0,17 25,1 0,22
g | RaRsE CEgm, DT | 58 0,58 0,74 0,20 0,21 19,4 021
cioit 5, rop. 14
79 [« LL 49 0,43 0,58 0,16 0,17 17,5 0,21
80 | -« MG | 62 0,57 0,76 0,20 0,22 18,1 0,21
gy | Hanse usmed, DT | 124 1,05 1,24 0,55 0,24 15,8 0,31
cnioit 5, rop. 16
82 | -« LL 9,2 0,82 1,08 0,31 0,28 171 | 022 |
83 | Xwmwe Cokona | DT* | 102 0,91 0,63 | 025 0,20 9,5 0,20
MaxHeBckas o B
84 AT | 13,9 0,62 1,63 0,49 0,24 16,0 0,23
Jlensnas newepa
85 | Cxopozym AP | 154 0,98 0,67 0,27 0,25 6,4 0,28

IIpumeuanue. OZ — Ondatra zibethicus, AT — Arvicola terrestris, LL — Lagurus lagurus,
EL — Eolagurus luteus, DT — Dicrostonyx torquatus (*— ocmamxu Konblmuuix 1eMMUnzo8
u3 mecmonaxoxcoenus Kunuwe Coxona omnocamces x 6udy D. gulielmi),

MG — Microtus gregalis, MO — Microtus oeconomus, MSP — Microtus sp.,

CL — Clethrionomys sp., CM — Cricetulus migratorius, CC — Cricetus cricetus,

OC — Ochotona sp., AP — Allophajomys pliocaenicus.

JlonosHuTeIbHY 10 HHGOPMAIHIO 06 0COOEH-
HOCTSIX TEPMUYECKOTO Pa3JI0;KEeHMUST KOCTHBIX OC-
TATKOB JIaeT IIPOBeJIeHNe TePMUYECKOT0 aHAIU3a
CUHXPOHHO C MacC-CIIEKTPOMETPUYECKUM WJIN
NK-crekTpocKOnuYecKuM aHaJIM30M BbIIETHB-
muxcs ra3os. B pabore (Onishi et al., 2007) mpuso-
JIUTCS] UHTEPIIPETAIINS Ta30B, BBIIETUBIIMXCS TIPH
TEPMHUYECKOM aHAJIN3€ KOCTHOM TKaHU CBUHBH C
UCIIOJIb30BaHMEM Macc-criekTpoMerpa (Tabir. 2.2).
Brixoz razoB (0OBIYHO 3TO ITAPHI BOJIbI, YIJIEKHUC-
JIBIH Ta3, AMOKCHU/L CEPbI, OKCHU/I ¥ TUOKCHUJL a30Ta,
MOJIEKYJISIPHBIN a30T U KUCJIOPOJ, a TaKKe HU3-
KOMOJIEKYJIsIpHbIe OpraHUYeCKue COeIUHEHUS C
Maccoii, He nipesbitaronieit 100 aToOMHbIX e IMHUIL
MAacchl, a.e.M.) TIPOUCXOUT CHHXPOHHO C 3H/IO- 1
39K30TepMHUYECKUMU NMuKamMu Ha KpuBoi J[TA
(ZICK), uto no3BoJisieT CONOCTaBUTH MPOAYKThI
PeaKInu C TPOUCXOAAIIUMU TEPMUYECKUMU ITPO-
1[eCCaMH¥ ¥ TIPeJIJIOKUTD UX omrcanue (popmyibt
peaKkImii).

[TomMuMO KOCTHBIX (PparMeHTOB, [/1sT TEPMU-
YeCKOro aHaIn3a ObLIM MCITOJIb30BAHbI IEYHBIE

3yOBl Pa3HbIX BHIOB II0JIEBOK M3 HECKOJbKHUX
MecToHaxoxaeHni (Tab. 2.3), T.K. OHM XOPOIIO
COXPAHSIOTCSI B OTJIOKEHUSIX ¥ B GOJIBIIUHCTBE
clly4aeB MOTYT OBITH OIPEAENEHbI ¢ TOUHOCTBIO
1o BUza. Bo MHOTHX ciiy4asix HaXOAKU PeIKUX
BH/IOB TI0JIEBOK B OTJIOXKEHUSIX IPeICTABIEHbI
JIMIIb e[AHUIHBIMU 3yOAMH, B CBSI3U C YEM MOJIY-
YeHUe OlleHOK OTHOCHTEJbHOTO BO3pacTa s
M30JIMPOBAHHBIX €IUHUYHBIX 3yOOB I0JIEBOK
[IPEACTaBJISIET OCOOBIH HHTEPEC.

Jlnst opHOTO 3y6a KOINBITHOTO JIEMMHHIA U3
CBEXHMX I0Ta/[0K, COOpaHHBIX Ha 0-Be Bpanres,
HaMU IIPOBe/IeH TePMUYECKII aHain3 Ha 1udde-
pPEeHIIMAJbHOM CKaHMPYIOIIEM KaJOopUMeTpe
Jupiter, conpsxkeHHOM € Macc-CIIEKTPOMETPOM
Aeolos. TTonyuennsie pesyabraTsl (puc. 2.3)
M03BOJIUAY IPOAHATU3UPOBATh COCTAaB MPOAYK-
TOB, BBIAEJSIONIMXCS PU Pa3JIOKeHUH 3y0a.
YcranosiieHo, 4TO 110 cozieprKaHuio (MHTEHCUBHO-
CTH MOHHOTO TOKAa) BBIIEJISIOIINECs Ta3bl oOpa-
syt caepyomuii pax: H,0>CO,>NO>S0,.
Boiesnenne razoo6pa3noil BOAbI, OKCU/IOB
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Tabnuya 2.2.  Macc-cnexmpanvhviii ananu3 2a308, svioeasiouuxcs npu JJTA kocmuou mxkanu

(Onishi et al., 2007)

ATOMHasl Macca MPOAyKTa, a.e.M. DopmyJia HaumeHoBaHue
18 H,0O Bona
28 N, A30T
NO Oxcup azora (1)
30 CH,O Dopmanbaerun
C,Hg DrtaH
32 0, Kucnopon
44 CO, Jluokcun yriepoaa
C4He ByTanuen, uuknobyreH, 6yTuH
54 HCCCHO | IIponunan
C;HsN [TponaH-HUTpUA
64 SO, Juokcuz cepbl

yIJIepozia U a30Ta MPOUCXOAUT CHHXPOHHO C T0-
penueM opranudeckoir matpuisl (230-600°C);
macc-criektpel CO, u NO B 11eJioM MOBTOPAIOT
npodumn kpusoit ICK (aByxaramHoe ropenne
OpPraHUKH), B TO BpeMsI KaK ITHKa BBIXOAA BOIHI,
COOTBETCTBYIOIIETO PA3JI0XKEHUI0 OPraHuKu Ha
arane B,, He nHabmonaercs (IIpu TemmepaType
soime 350°C Briesienye rasoo6pastoit H,O yosi-
BaeT MOHOTOHHO, 6e3 BBIPKEHHOTO MAKCUMYMa).
ITO KOCBEHHO TIOATBEPKIAeT (haKT HAIMIMST Me-
Hee YIOPAZ0YEeHHOM, HU3KOMOJIEKYISIPHOH (hpak-
UMy OpraHuku B,, cjiabbie BOAOPOAHbIE CBS3H B
KOTOPO¥ Pa3phIBAIOTCSI IPH O0OJI€E HU3KUX TeMIIe-
paTypax U BOIOPO/I BBIIEISAETCS ¢ 00pa3oBaHUEM
Bozbl. Ha macc-cniextpe H,O Takxke Bbinesnsercs
UK [pu TemmepaTypax B obaactu 150°C.

Ha macc-cnekTpe CO, kpome nUKOB, COOT-
BETCTBYIONUX Pa3PYyIIEHUIO OPraHUYeCKOi Mar-
puIbl, GUKCUPYeETCs CIabbIil MAKCUMYM TIpU
Temnepatype nopsaka 700°C, no-suaumomy,
obycnoennbil BhineenueM CO, u3 CTPyKTy-
PBI HECTEXUOMETPUYHOTO HU3KOKPUCTALIUIEC-
KOTO KapOOHAT-TUAPOKCHAIIATUTA 10 PEaKIUK
Ca,,(PO,,CO,),(OH),»Ca (PO 4)G(OH)2+C02'T.

Ob6parnaer Ha cebst BHUMaHKE TEPMUYECKOE
Boiiesienue SO, HU3KOTEeMIepaTypPHbI UK B
o6mactu 280° C sIBHO He KOPPEIUPYET C TOPeHH-
€M OPTaHUKHU.

[Tosmyyenuble faHHBIE SBHO CBUIETETBCTRY-
10T O IePCIEeKTUBHOCTYU JAJMbHEHIIETO TPUMeHe-
HUS TePMOTPAaBUMETPHH, COTIPSIKEHHOM C Macc-
CIIEKTPOMETPUYECKUM aHATTN30M BBIJAEJISIONNX-
Csl Ta30B, /I U3yYeHUsT (HUIUKO-XUMUIECKUX
0COOEHHOCTEN UCKOTIAEMBIX KOCTHBIX OCTaTKOB 13
MECTOHAXOX/IeHUI Pa3HOTO TUTIA.

Hounibiii 1ok, A

]

JCK, mB1/Mr

CO, (44 a.e.m.)

41

1o

SO, (64 a.e.m.)

WEaF 3 F AR PO P B T RS T e a2 T il Bt Tl 5
100 200 300 400 500 600 700 800 900
Temneparypa, ’C

Puc. 2.3. ATA(ICK)-kpusas syba M, xonvimmnozo
nemmunza (Dicrostonyx vinogradovi) us cospemenioix
nozadok ¢ 0-ea Bpawzeas ¢ narojcenuem cnexmpos
CUHXPOHHOZ0 MACC-CNEKMPOMEMPUUECKO20 AHAIUIA
BbIOCTUBLUUXCSL 24308

W3 nannbix, npuBeeHHbIX B Tabr. 2.1 u 2.3,
XOPOIIIO BUHO, YTO OCHOBHO# BKJIaJ B TOTEPIO
Macchl IIPU OTXKHUTe KOCTHBIX OCTATKOB BHOCHT
opranuueckas KoMmrnoHenta. [lorepu maccol B
auanazone C HOCST HeperyJspHBI XapaKTep
(puc. 2.4). CpaBHUTENbHO BBHICOKHME 3HAUYEHUSI
9TOTO TIOKa3aTes (st yearocTeir — boee 2% u
1151 3y00B — 2,5%) OTMEYEHBI [17ist HEKOTOPBIX OC-
TaTKOB U3 MecToHaxoxaeHuit Hasec Csetbiii,
Hagec Crapuk, npucosckas neriepa, YmMuHcKast
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Tabauya 2.3.  Tepmuueckue xapaxmepucmuku UCKORAEMBIX U COBPEMEHHBIX UWEUHBIX 3Y008 PAIHBIX
6U008 NONCEOK

Bed } [ToTepu Beca B pa3HbIX TeMIEPATYPHBIX P ro—
Ne | Mecronaxoxkaenue | Bupn | npo0sr, [ ANATA3OHAR, ML cojepikaHue|  Hue
s 25-230°C (230—400°C{400—-600°C{600-900°C opramin, % B./B
(A) (B) B) | (© i
JlpipoBatsblii
1 | Kamenn LL 0 0,48 0,56 0,20 0,15 11,7 0,26
Ha p. YycoBoii
2 | -« LL 8,9 0,44 0,62 0,25 0,18 10,2 0,29
3 | -« LL 8,5 0,47 0,65 0,25 0,18 11,2 0,28
4 | -« LL 752 0,40 0,53 0,19 0,17 10,6 0,26
5 | -« L.L 7,7 0,42 0,58 0,22 0,17 11,0 0,28
6 | -« LS 17,1 1,06 1,34 0,44 0,35 111 0,25
7 | -« LS 17,3 1,06 1,33 0,42 0,37 10,8 0,24
8 | -« DT 16,6 1,16 1,43 0,47 0,31 12,4 0,25
9 | -« DT 159 0,99 1,33 0,44 0,29 12,2 0,25
10 | -« DT 10,1 0,62 0,80 0,27 0,22 11,4 0,25
11 | -« DT 13,1 0,80 1,06 0,40 0,25 11,9 0,28
12 | -« DT 8,1 0,51 0,65 0,21 0,17 11,3 0,25
Octpos Bpanres,
13 | cBexwue noranku DT* 9,6 0,81 0,82 0,53 0,17 15,5 0,39
MOJISPHBIX COB
14 | -« DI* 10,2 | 0,86 0,91 0,56 0,17 15,8 0,38
15 | -« DI* 11,5 0,92 1,03 0,63 0,19 15,8 0,38
16 | -«- DT* 9,0 0,76 0,77 0,49 0,18 15,3 0,39
17 | -« DT* 7,1 0,56 0,64 0,39 0,13 15,9 0,38
18 | -« LS 17,3 1,14 1,33 0,90 0,30 13,8 0,40
19 | -« LS 21,5 1,75 1,76 1,17 0,37 14,8 0,40
20 | -« LS 24,9 2,04 2,00 1,40 0,41 14,9 0,41
21 | -« LS 19,9 1.77 1,78 1,12 0,34 16,0 0,39
22 | -« LS 235 1,97 1,80 1,32 0,33 14,5 0,42
g |2 CUMMUEHRE pr | 10,1 | 067 0,76 0,24 0,30 10,9 0,24
| mewepa, coii 1
24 | -« DT 8,9 0,55 0,67 0,21 0,26 10,9 0,23
25 | ~«- DT 11,3 0,68 0,77 0,23 0,30 9,6 0,23
26 | -« Msch 6,2 0,52 N 0,70 0,22 0,19 16,6 0,24
27 | -« MO 9.5 0,64 0,84 0,29 0,20 12,8 0,26
28 | -« MA 7,6 0,53 0,66 0,22 0,24 12,8 0,25
29 J e MA 10,7 0,75 1,03 0,32 0,30 13,9 0,24
130 | -« ML | 89 0,48 057 | 0,19 0,49 9,9 0,25
31 |« RUF | 97 0,72 1,06 0,33 0,31 16,1 0,24
32 | -« CL 18,2 0,89 1,23 0,41 0,32 13.4 0,25
33 | -« CL 13,9 0,87 1,27 0,38 0,31 12,6 0,23
34 | -« Ck 12,6 0,78 1,09 0,36 0,32 12,4 0,25
35 | -« CL | 115 0,69 1,05 0,34 0,29 13,1 0,24
 § eaniiianad MG | 83 0,37 0,52 0,18 0,61 10,3 0,26
neuiepa, cioii 3 £
37 | -« MG 5,2 0,31 0,41 0,13 0,19 11,5 0,24
38 | -« MA 751 0,47 0,58 0,21 0,22 12,3 0,26
39 | -« MO 6.6 0,46 0,60 0,19 0,24 13,6 0,25
40 | -« MO 10,4 0,53 0,73 0,24 0,23 9,8 0,25
41 | -« MO 12,7 0,66 0,88 0,26 1,11 1155 0,23
42 | -« RUF | 12,6 0,79 1,08 0,35 0,37 12,4 0,24
43 | - RUF |- 13,1 0,83 1,24 0,39 0,36 13,6 0,24
44 | -« RUF | 13,3 0,76 1,16 0,36 0,32 12,3 0,24
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IIpodonxcenue mabauypt 2.3.

Beo [ToTepu Beca B pazHbIX TEMIIEPATYPHBIX CymmapHoe P T—
Ne | Mectonaxokaenve | Bun | npo6sl, JHATA30HAR, MU CONCPXAHHAC| e
i 25-230°C |230-400°C|400—-600°C|600-900°C| OpraHuku, B./B
_(A) B) (B2) () %
45 | -«- ML 10,1 0,67 0,94 0,30 0,36 13,8 0,24
46 | -«- ML 7,8 0,58 0,84 0,23 0,24 15,2 0,22
47 | ~«- CL 6,7 0,30 0,47 0,17 0,17 10,1 0,26
48 | -«- CL 5,5 0,30 0,46 0,18 0,14 12,5 0,28
49 | -« CL 5,8 0,27 0,42 0,16 0,14 10,8 0,28
50 | -«- cL 6,7 0,30 0,46 0,19 0,17 10,4 0,30
51 | -« DT 11,7 0,67 0,82 0,25 0,33 10,0 024 |
52 | -« DT 6,9 0,47 0,59 0,19 0,22 12,5 0,24
53 | -« DT 6,0 0,38 0,47 0,15 0,19 11,4 0,24
54 | -« DT 8,9 0,48 0,62 0,19 0,31 9,9 0,23
['por
55 | CyxopeueHckuid, MA 5,8 0,35 0,54 0,42 0,10 17,4 0,44
rop. 3
56 | -«- MA 557 0,34 0,62 0,35 0,12 | 18,1 0,36
57 | -« MA | 59 0,33 0,60 | 037 0,12 175 | 038
58 | -« MA | 74 0,44 072 | o041 0,14 163 | 036 |
59 | -« MA 6.3 0,36 0,67 0,40 0,12 18,2 037 |
60 | -« MG 6,6 0,31 0,67 0,24 0,15 14,6 0,27
I'por
61 | CyxopeueHckui, MG 10,1 0,41 0,93 0,39 0,18 13,7 0,30
rop. 10
62 | -«- MA 6,6 0,33 0,71 0,30 0,23 16,8 0,30
63 | -« Mag | 13,9 0,71 1,42 0,52 0,35 14,9 027 |
I'por
64 | CyxopeuyeHCKHH, MA 7,8 0,43 0,87 0,34 0,21 16,8 0,28
rop. 11
65 | -« MG 4,2 0,19 0,45 0,17 0,17 16,45 0,27 |
66 | -« MG 43 0,21 0,33 0,23 0,11 14,0 0,41
67 | Kunume Cokona DTx* 9.1 0,72 0,40 0,19 0,16 754 0,33
68 | -« DT**.| 10,6 0,74 0,85 0,27 0,26 114 | 024
69 | -« DTt L 9 0,63 0,51 0,21 0,21 8,5 L 0,29

IIpumeuanue. LL — Lagurus lagurus, DT — Dicrostonyx torquatus (* — ocmamxu KonoimvLx
NeMMUH208 ¢ 0. Bpanzens ommocsmes k eudy D. vinogradovi;* * — ocmamku konvimmuvlx
eMMuH208 u3 mecmonaxoxcoenus Kunuwe Coxona omuocsmes x eudy D. gulielmi),

MG — Microtus gregalis, MO — Microtus oeconomus, MA — Microtus ex gr. arvalis-agrestis,
Mag — Microtus agrestis, RUF — Clethrionomys rufocanus, CL — Clethrionomys ex gr. rutilus-
glareolus, LS — Lemmus sibiricus, ML — Lemmini gen., Msch — Myopus schisticolor.

neuiepa, I'por Cyxopedyenckuit. Beipakennas
CBSA3b MEXK/1y 3Ha4YeHUSIMU II0Tepb MacChl B Ia-
nasoHe C 1 BO3PAaCTOM OCTaTKOB, BUIUMO, OTCYT-
ctByeT. HeperyisspHbiii XapakTep HOCSIT U IIOT€PU
a/ICOPOIMOHHOIT (M, TO-BUANMOMY, CTPYKTYPHOI
BO/Ibl) B Pa3HBIX MCKONAEMBbIX OCTAaTKaX. JTO
BIIOJIHE 00BSICHIMO, TaK KaK ITPOIECChl THpaTa-
IMU-JerupaTanyu npob B mpoiecce hoccuiim-
3allMM JI0CTAaTOYHO MH/UBUIYAJIbHBI, a TIOCE
9KCTyMaIuu Mpod UX TPYAHO MPOKOHTPOTIHPO-
BaTh, 0COOEHHO B 9KCHEUIIMOHHBIX YCIOBHSIX.

Conepskanue opraHnYecKoi KOMIIOHEHTBI
MeHee MO/IBEPKEHO M00OHOMY BIIUSTHUIO, [T0ITO-
MY B JaJIbHeNIIeM OCHOBHOE BHUMaHUe Y/IeJI€HO
aHaJM3y UMEeHHO 3TOoi cocrasJsioneit. IlepBuy-
HBII aHAJIM3 YUCJIEHHBIX JaHHBIX, IPUBE/IeHHBIX
B Tabus. 2.1 u 2.3, mesecoobpa3HO MPOBOAUTH,
MCTIOJIB3YSI MTPE/ITIOKEHHY IO HAMU IMarpaMMmy, CBsi-
3bIBAONIYIO CYMMAapHOEe COZIep;KaHie OPTaHuKH 1
JI0JTIO €e BBICOKOTeMIIePATyPHOM KOMIIOHEHTDI, —
orHomenue B,/B (puc. 2.5). VI3 iuarpaMmbr Bi/I-
HO, 4TO ObIIee COZepKaHUE B MCCIIE0OBAHHBIX
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Puc. 2.4. Ilomepu maccoL kocmuwvix pazmenmos (a) u wéhvix 3y606 pasuwvix 6udoe noresok (6) 6 memnepamyphvix

duanazonax A u C

KOCTHBIX OCTaTKax Bapbupyet oT 9 110 26%, B 3y-
6ax — ot 6,5 10 18%; pu 3TOM 10151 BEICOKOTEM-
nepaTypHO OpraHM4YecKkoil (pakiuu MOXeT
6b1Th Kak BeicOKOH (0,4—0,5), Tak u cpesneit (0,3—
0,4) nmm wuskoit (0,2-0,3). [lns gactu mpob, B
TOM Y¥HCJIe IOJYYEeHHBIX U3 OJIM3KKX 110 BO3pac-
Ty K COBPEMEHHOCTU MECTOHAXOXJAeHuil [poT
Dunun u Keibaa 1, a Takke CKOIJIEHUS U3 MecC-
ToHaxoxaeHus /IpipoBateiii Kamens Ha p.Hyco-
BOH (BO3pacT KOTOPOTO 110 PAIUOYTIEPOIY OKO-

s0 13 ThIC. JIET), IPOCIEKUBAETCS HEKOTOPBIN
eIMHBII TPEH/I CKOPPEJUPOBAHHOTO C BO3PACTOM
yYMeHbIIEHHs 00IIEero CoJepKaHusi OPraHuKu u
OJIM ee BBICOKOTeMIIepaTypHOU ¢paKLum.
OpmHako TeMITbI ¥ XapaKTep pa3pyllieHust OpraHu-
KM B IIpoliecce AuareHe3a CUJIbHO Pa3IndaloTcs B
3aBUCUMOCTHU OT TaOHOMHUUECKUX YCJIOBUIA,
KpOMe TOTO, OHM ClelUu(UUHBI AJ5 Pa3HBIX
CKOTIJIEHUII KOCTHBIX OCTaTKOB. B pasmene 2.4
pPaccMOTPEHbI BApUAIMYU CBOICTB OPraHUYeCKOi
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Puc. 2.5. Cymmapnoe codepacanue opeanuxu u 0oau ee 6vicokomemnepamyprot komnonenmot B, /B 6 kocmuvlx
@pazmenmax (a) zpvi3ynos u weublx 3y6os pasHvix 6u00s noiesox (6)

COCT&BJIHIOHICI‘;I B UCKOIIAEMBIX OCTAaTKaX U3 pPa3-
JIMYHDBIX MGCTOHaXOXQlIeHI/Iﬁ.

2.4. Ocobennocmu opeanuueckou
cocmagaaowell 8 UCKONaemvLx
ocmamxax u3 pa3nuuHslx
Mecmonaxoxcoenuu

Kvibna 1 u Kotéaia 2. MecToHaxoxaeHUS
CoZIepKaT OCTATKH TPBI3YHOB ITOTaJI0YHOTO TIPO-
HUCXOX/JEHHUS BO3PACTOM OT HECKOJBKUX M0
HECKOJIBKUX JIECSITKOB (BO3MOJKHO, COTEH) JIET.

BepxHie 1 HIJKHUE TOPU3OHTBI MECTOHAXOK]IE-
Hist Kb101a 2 HeCKOIbKO Pa3imyaloTcest 1o OKpac-
Ke COZIePKAIIMXCS B HUX KOCTeH U COOTHOIIEHHIO
OCTaTKOB Pa3HBIX BUIOB IPbI3yHOB. VccaenoBa-
Hbl YEJICTU BOASHBIX 10seBoK (Arvicola
terrestris) U3 pa3HbIX TOPU3OHTOB OTJIOKEHUH
(cm. Tabr. 2.1). B mpoGax U3 MECTOHAXOXKAEHHUST
Kei61a 1 u mosepxHoCTHBIX cO60poB (ciroit 1)
MmectoHaxoxenust Kpibiia 2 copepkanue opranu-
Kku 6su3ko u cocrasiser 19,9-23,3% (puc. 2.6),
K03GbdUIMEHT Bapuanuu A1 0ObeANHEHHON
BBIOOPKY YeJIIOCTEH U3 9TUX CJIOEB paBeH 5,3%.
Jlnst yemocTeit U3 cnost 3 MECTOHAXOXKIEHUST
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Kbiba 2 oTMe4eHO HEKOTOpOe yBeJAudYeHue
conepxkanusi oprannku — 23,6--24,9%, xoaddu-
IUEHT Bapuanuu 2,5%. [lonapHoe cpaBHeHHE
BBIOOPOK M3 Pa3HbIX TOPUZOHTOB 110 {-KPUTEPHIO
CrblozieHTa MOATBEPXK/IA€eT TOCTOBEPHOCTD 3TUX
pazmiawmii: p=0,0003.

[l ocTaTKOB M3 MOBEPXHOCTHBIX TOPU30H-
TOB XapaKTePHbI BBICOKKE 3HAYEHHUST OTHOIIEHUSI
B,/B=0,36-0,44 (B cpexnem 0,42); 114 Tpex us
YyeTbIpeX M3YYEeHHBIX YeJ0CTel U3 TOPU30HTA D
MecToHaxosx1eHust KbiOsia 2 3HaYeHUsT HECKOJIb-
ko Huxe (0,32-0,38), ueM nssa yemtocTeir u3
IIOBEPXHOCTHBIX TOPU30HTOB (cM. puc. 2.6).

Takum 00pa3oM, OJHOTHUITHBIE (DPArMEHTHI
YeJsocTel OIHOTO BU/Ia TPHI3YHOB U3 IOBEPXHOC-
THBIX TOPU30HTOB /IBYX OJIM3KO PaCIIOI0KEHHbBIX
MECTOHAXO0K/IeHUI OPHUTOTEHHOTO IIPOUCXOKIe-
HUs IEMOHCTPUPYIOT BBICOKYIO CTETIeHb CXO/ICTBA
10 CO/IeP’KAaHUIO U XapaKTepy COXpPaHUBLIEHCS
OpPraHNYeCcKoi KOMIIOHEHTBI.

Ha npumepe mecronaxosxaenusi Keiba 2
IIOKA3aHO, YTO IIPU 3aXOPOHEHNH KOCTHBIX OCTaT-
KOB B [TIOYBEHHOM FOPU30HTE MOKeT ITPOUCXOIUTD
HEKOTOpOe HaKOILJIEHWe OPraHuK/A KOCTHO#M TKa-
HbBIO 32 CYET HU3KOTeMIlepaTypHOU (pakiivu.
[Ipu sTom ee cymmapHOe cosepKaHU€e B TaKnX
KOCTSAX OKa3bIBA€TCS BbIIIE, YeM B aHAJTOTUYHBIX
KOCTHBIX (hparMeHTax U3 CBEKUX I10Ta/I0K.

Ipom Duaun. KoctHbie OCTaTKUA TPHI3YHOB
B 9TOM MECTOHaXOXXIEeHUM HAKaIJIWBAJIUCh B
TedeHHe HECKOJIbKUX NeCSITUIETUNH, UX MaKCU-
MaJIbHbIA Bo3pacT Bpsia ju 6oapbme 100 ser.
WccenenoBanbl YeThIPE YETIOCTH BOASIHBIX T10JIE-
BOK M OJHa 4YeJiocTb oHpatpbl (Ondatra
zibethicus). J171s1 OIIEHKU OJHOPOHOCTH-HEOAHO-
POZTHOCTHU CBOMCTB BHYTPH OJHOTIO KOCTHOTO
(¢hparmeHTa HamM¥ OBLIIM NPOAHATU3UPOBAHBI
IIECTh PA3JIMYHBIX YYACTKOB YETIOCTA OHATPHI:
[Ba — M3 [UACTEeMATIbHOU YacTH, iBa — U3 ajib-
BEOJIAPHOU YaCTH U 110 OXHOMY (DparMeHTy BeHed-
HOTO ¥ COYJIEHOBHOTO OTPOCTKOB. YCTaHOBJIEHO,
YTO co/lepsKaHKie OPTaHUKU B pa3HbIX (parMeH-
Tax YeJIOCTU OHAATPBI 3AMETHO PAa3JIMYaIOCh:
B iMacTeMaIbHOU yacTh — 24,6—26,1%, B aibBeo-
ssiproit — 19,4—-20%, a B orpoctrax — 20,8—-21,7%.
Takum 06pazoM, Koa(GUIIMEHT BApHAIIIH COJIEP-
JKaHWsI OPraHUKHU B PA3HBIX YaCTSIX OXHOM YeJTioc-
1 coctaBuI 12,2%. Pasauuaercst v 107151 BBICOKO-
TeMIIEPaTyPHON OPraHUKU: B aJIbBEOJISIPHOM Yyac-
™ oTHomenue B,/B pasno 0,39-0,38, B auacre-
mMasibHo# — 0,42—0,38 1 B oTpocTkax — 0,42-0,41.
[Togo6Hble pa3anyusi BHYTPU OJHOM 4eTIOCTH
BIIOJTHE TIOHSATHBI — OHM OTPAKAIOT KaK HEO[HO-
PO/THOCTH UCXO/IHOM (TPUYKU3HEHHOM ) CTPYKTYPBI
KOCTHOM TKaHU B PAa3HBIX YaCTSAX YENOCTH, TAK U
pasjinuue MpoIECCOB AerPajaliii OPraHuYeCcKoi
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CyMmapHOe colep)kaHie OpraHuku, %

Puc.2.6. Cymmapnoe codepacanue opeanuxu u 0ois ee gbicokomemnepamypnoi gpopmu. B, /B 6 xocmuvix
ppazmenmax HUMCHUX YeTOCmeti B00SIHBIX NOCEOK U3 mecmonaxoxcoenuti Kviona 1u Kvona 2
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COCTaBJISIIONIE KOCTH HA HAYaJbHOW CTajuu
doccunmmsanuu, BKIOYas W Tall MpebbiBaHus
OCTaTKOB Ha TIOBEPXHOCTH.

B yemocTsX BOASIHBIX MMOJIEBOK (X JUacTe-
MaJIbHBIX YaCTsIX) CO/lep/KaHue OPTAHUKH COCTa-
Buso 19,4-22% (xkosdpdunueHT Bapranum —
3,4%), TPy 3HAYUTEJILHOM JI0JIE €€ BHICOKOTEMITE-
patypnoii vactu — B,/B = 0,35-0,45 (puc. 2.7).

Cpasnenue no t-xkputepuio CtbionenTta
II0Ka3aJ10 JI0cTOBepHOCTH pasinuunii (p=0,007) mo
CO/IepKaHUI0 OPTaHUKU B TMacTeMAIbHBIX (par-
MEHTaX 4eJI0CTell BOJSHBIX ITOJIEBOK ¥ OHAATPBI
u3 [pora @unun. B To ke Bpemsi Ipu cpaBHEHU N
JTAHHBIX O CO/IEP)KAHUU OPTAaHUKU B YENIOCTSIX
BOJITHBIX T10JIeBOK M3 [pota DUINH U CXOXHBIX
110 BO3PacTy U TahOHOMUYECKOU TTPUPOJIE BEPX-
HUX FOPU30HTOB MecToHaxoaeHni Kbibsa 1 u
Kpi6s1a 2 10CTOBEPHBIX Pa3/INYuii He BBISBJIEHO.
B03MOsKHO, 10100HbIE pa3Iuy K 110 COAEPKAHUIO
OPraHUKH B YEJIOCTSAX OHAATPBI U BOISHBIX
II0JIEBOK OOBSICHSIFOTCSI Pa3/IMYUSIMU B CTPYKTY-
pe KOCTHO! TKaHH, CBSI3AHHBIMH C pa3MepaMu
KUBOTHOTO. OHZIaTPA MPUHAIEKUT K THOMY pa3-
MEPHOMY KJIacCy, YeM BCe OCTaJIbHbIE TDBI3YHBI,
KOCTHBIE OCTATKU KOTOPBIX MCIOJIb30BAHbI B
JanHou pabore. [[71s1 U3y4eHHBIX HAMU MECTOHA-
XOK/IEHW#, CHHXDOHHOCTh OCTaTKOB B KOTOPBIX
He BbI3bIBAET COMHEHU I, 3HAUMMBIX Pa3JIMIUiA 110

TEPMUYECKUM XaPAKTEPUCTHUKAM OJHOTUITHBIX
(parMeHTOB MEX/y YeTIOCTSIMUA Pa3HBIX BUIOB
BHYTPH OJTHOTO Pa3MepHOTo Kjacca (MbIIIeBH/I-
HbI€ TPBI3YHBI) HE BBISIBJIIEHO.

Hagec Cmompo8oii — MHOTOCJIOINHOE Mec-
TOHAXOJKIEHHe IOJIONIeHOBOro Bodpacta. Vccie-
JIoBaHbI 00pasiibl 13 ropu3oHTa 1 (Tpu YemocTu
cephIX 1moJsieBoK Microtus sp. U OHA YeJIOCTh
BOJISTHOM TI0JIEBKH ) ¥ TOPU30HTA 7 (JIBE YETIOCTH
BOJISTHBIX TTOJIEBOK). VI3y4yeHHble yerocT Maso
pa3anyaloTCsl 0 CBOMM TEPMHYECKUM CBO¥I-
CTBAM: CO/lep’KaHUe OPTAaHUKU COCTaBJISIET
18,2-19,3% (ko3dduIeHT BapUalul BCETO
2,2%)), 1OJIs1 ee BBICOKOTEMITePaTypHOU pakiinu
— 010,25 10 0,4 (c™m. puc. 2.7). [loctoBepHble pas-
JIYUSI B COZIEPKAaHUM OPTaHUKY OTCYTCTBYIOT KaK
MESKIY TOPU30HTAMHU, TaK U MEX/Y BUJAMHU.

Haesec Cmapux oTHOCUTCS K TPYTITIE MHOTO-
CJIOMHBIX MECTOHAXO0KAEHUU, B PA3HBIX CJIOSIX
KOTOPOTO COZIEPKATCS OCTATKU KaK IOJI01EHOBO-
ro, TaK ¥ IO3/[HENJIeHCTOIeHOBOrO BO3pacTa.
HccrenoBanbl 00pasifbl YegI0CTEN Pa3HbIX BUIOB
moJIeBOK M3 ropusoHToB 1, 3, 5, 11, 18, 20 u 21
(cm. Tabr. 2.1). Comep:kanue OpraHUKH B 4eJTIOC-
TSIX Pa3HbIX BU/IOB U3 rop. 1 BappupyeT He3HAUU-
TesibHO (0T 20,4 10 21,7%); B 4€TIOCTSIX BOISTHBIX
nosieBok (Arvicola terrestris) u3 rop. 3 opraHuku
65110 20,0—20,3%; B 4eIIOCTAX BOASHBIX ITOJIEBOK
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Puc. 2.7. Cymmapnoe codeprcanue opzanuxu u 0015 ee 6bicokomemnepamyprou gopmv. B, /B 6 xocmuvix
ppazmenmax duacmem HUNCHUX YeTI0CMeEl 2pbI3yHO8 U3 mecmonaxoxcoenuti [pom Ounun u Hasec Cnomposoil.
OZ — Ondatra zibethicus, AT — Arvicola terrestris, MSP — Microtus sp.
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u3 rop. 5 — 18,7-19,6%; B 4enoCTAX J€CHBIX
nosieBok ( Clethrionomys sp.) U3 TOTO ke TOPU30H-
Ta ee g0 Obna 20,3—-21,7%; B 4earocTH BOAS-
HOU moJieBkH U3 top. 11 comepkaHue opraHvKu
MaKcuMasIbHo — okoso 21,8%, a u3 rop. 18 oHO
3aMeTHO MeHblie — 17,5-17,7%; MuHnMaIbHOE
cogep:xanue oprauuku (16,1%) ormeueno B ue-
JI0CTU KOmbITHOTO JemMmuHura (Dicrostonyx
torquatus) nzrop. 20 (puc. 2.8.). Conepxanue opra-
HUKU B 4ea0CTAX 3 BUAOB IMOJEBOK u3 rop. 21
3aMETHO Pa3JINYaIOCh: B YETIOCTSIX BOASTHOM 110-
JIeBKM U y3KouepernHoi noaeBku (Microtus
gregalis) ono cocrasisinio 16,9 u 17,9% coorset-
CTBEHHO, T.e. ObLI0 GJIU3KO TAKOBOMY JIJISI YEJIIOC-
Teil u3 rop. 18, a B 4eTocTu MoJIeBKU-9KOHOMKH
(Microtus oeconomus) okasajuocs Bbite — 20,3%.
Heob6x0M1MM0o OTMETHTB, YTO JINIIb /115 YeTI0CTel
u3 rop. 20 u 21 oTMeveHbl 3HAYUTETbHBIE IOTEPU
maccel B tnanazone C. /lons BeicokoteMneparyp-
HOWl OpraHMKM MaKCUMaJbHAa B YeTIOCTSAX
13 BEPXHUX FOPU30HTOB OTJIOKEHUI U MUHU-
MajbHa B Top. 20,21.

[To pesyabsraram oHO(MAKTOPHOTO JUCITEDP-
CUOHHOTO aHaamu3a (puc. 2.9) ycTaHOBJIEHBI
CTAaTUCTUYECKHU 3HAYUMBbIE PA3JIUYUS MEKIY
CPEeIHUMU 3HAYEHUSIMH CYMMapHOTO COMEepKa-

HUSI OPTAHUKH (F(e, 17)=7,O; p=0,0007) u noneii ee

BBICOKOTEMITePATYPHOU (hpaKIinu (F(& 19-47,3;
p<<0,0001) B yemocTsIX U3 pa3HbIX TOPU3OHTOB
OTJIO’KEHUH.

Bosbmast yacTh M3y4eHHBIX YeTIOCTEH TTpH-
HaJ|JIekasa BOASIHbIM nosieBkam. [lokaszano, 4to
¢dopma kpuBbix [ TA, nosoxkenue U cooTHoTIe-
HUE UX 9K30MUKOB Pa3IMYalIiCh JJIs1 YeTIOCTe
9TOTO BH/IA U3 PA3HBIX TOPU30HTOB. Ha KpuBbIX
JTA BoastHBIX TIOJIEBOK (PUKCUPYETCS /1BA 9K30-
MUK, IEePBBII U3 KOTOPHIX HUXE 110 aMILIUTY/Ie
Juist weiocred uz rop. 1, 3, 5 u 11 (puc. 2.10, kpu-
Bble 71—5); HapoTUB, ud yemarocTell u3 rop. 18
(kpuBble 6—7) 1 ocoberno rop. 21 (kpusas 8) oH
HECKOJIbKO BbIlle BTOPOro. IlepBhlil aK30mMK
cooTBeTcTBOBa Temmneparype okoso 370°C mis
BCEX M3YYEHHBIX YesI0CTell BOJSHBIX MOJIEBOK,
KpOMe 4eJIIoCTU 13 rop. 21, y KoTopoii OH OTMe-
ger npu Temiepatype okoso 350° C. ITosmoxenue
BTOPOTO muKa 66110 6osee n3menunBbM (390—
455°C).

Hviposamviit Kamenwv na p. Yycoesoi sisJisi-
eTCs IPUMEePOM MeCTOHAXOK/I€HUSL, CO/leprKalile-
r0 TIPAaKTUYECKN CUHXPOHHBIE JAPYT APYTY KOCT-
Hbl€ OCTATKH MO3/[HEIJIEHCTOIEHOBOTO BO3pacTa
(okoso 13 Teic. neT). Uccnenosansl 12 yemocTei
pa3HbIX BUIOB TPbI3yHOB U tuigyxu ( Ochotona
sp.) (cM. Tabx. 2.1.); 3HAYUMBIX PA3IUIUN 1O

93 : : ;
a | | i |
g o4 | | | :
] 1 1 1
E ] E | ; Top. 1r11
oo I 1 1 I
= | | I |
& 0,3 i i Top. 1§ !
»= 1 : : :
=] 1 1 1 1
Y : 5 : :
B i o i i
& 02 ! ! F A | o AT
=7 ! ! ! :
% ! i Top. 20,21 EO cC
5 : : : } + 0Z
. : i i i x CL
o s e o D1
g, ; : .’ L > MG
. i i z v Mo
1 1 1 1
0,0 M e Bt i ) i i iy I Ay e Mgy
10 12 14 16 18 20 22 24 26

CyMMapHOe CoiepKaHue OpraHuKH, %

Puc. 2.8. Cymmapnoe codepicanue opzanuxu u 0ois ee evicokomemnepamyphou gopmvt B, /B 6 xocmmwix
(ppazmenmax nudxchux uesrocmerl 2pvl3yHos us mecmonaxoxcoenus Hasec Cmapux .

OZ — Ondatra zibethicus, AT — Arvicola terrestris, DT — Dicrostonyx torquatus, MG — Microtus gregalis,
MO — Microtus oeconomus, CL — Clethrionomys sp., CC — Cricetus cricetus
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Puc. 2.9. Usmenenue cymmaprozo co0epucanus 0pzanuxi u 0o ee 8biIcOKOMeMnepamypHotl KOMROHEHMbL C POCIMOM
20pusonma omuoxcenuil mecmonaxoxcoenus Hasec Cmapux.

COZIeP)KaHMUIO BOJBI M OPraHUYecKou (hpakinu
MEJK/Iy YeJIOCTSIMUA Pa3HbIX BUJIOB He BbISIBJIEHO;
cojiepKaHye OPraHuKU B HUX COCTaBUJIO OT 15,9
no 19,3% (xoadpduinuent Bapuanuu 5,7%).
Jlnst Bcex mpob XapaKTEPHO OTHOCUTENBHO HU3-
KOe cofiepKanue (Ppakiuy BHICOKOTEMIIEpaTyp-
HOii opranuku — B,/B=0,22-0,3 (puc. 2.11).
J11s1 OTHOM YesTIoCTH KOTIBITHOTO JIEMMUHTA
ObLIN POAHATU3UPOBAHbI Pa3Hble (h)PATMEHTHI:
AVacTeMaJbHasl U AJIbBEOJISIPHASI 4acTH, BEHEY-
HBII U couseHOBHBIM oTpocTku. CozepkaHue
opraHuku B HuX cocrasuio 18,26%, 19,23%,
19,66% u 18,87% COOTBETCTBEHHO, TIOKAa3aTeb
B,/B ana nnacremanbhoii yactu — 0,30, 115 anb-
BeosisipHoit — 0,29, 111 BEHEYHOro OTPOCTKA —
0,36, st cowrenoBHoro — 0,25. Takum 06pasom,
pasyInumsl TePMUYECKUX XapPAKTEPUCTHK BHYTPU
OJTHOU YeJIOCTU CONOCTABUMBI C PA3TUYUSIMU

MEK/Y OMHOTUIHBIMU (hparMeHTaMU 4esIocTel
pPa3HBIX BU/IOB U3 OJHOTO MECTOHAaXOXAEeHU.
Tem He MeHee, MOCKOJIBKY /171l BEHEYHOTO OTPOC-
TKa ¥ aJIbBEOJISIPHOM YaCTH YEJTFOCTH TTOJTyYeHBI
HECKOJIbKO 3aBBIIIIEHHbIE TTOKa3aTeN COeprKa-
HHUSI OPTAaHWKH 110 CPABHEHUIO C {UACTEMAIbHbI-
MU (pparMeHTaMU YeIoCTel, NCI0Ib30BaHNE
Pa3HOTHITHBIX JIEMEHTOB CKeJeTa /711 OTIpeieie-
HUSI OTHOCUTEIPHOTO BO3PacTa KOCTHBIX OCTATKOB
13 OIHOTO MECTOHAXOKIEHUSI HEXKeIaTeIbHO.
Hopucoeckas newepa. B 3toii nemepe koc-
THBIE OCTaTKM HAKATLTMBAJINCh B pe3yJIbTaTe Jies-
TEJIbHOCTU YeTBEPOHOTUX XUIIHUKOB B MTO3THEM
IJIEHCTOIleHe, ITPU 9TOM Pa3/IMYKs B BO3pacTe
KOCTHBIX OCTATKOB U3 OJHOTO TOPU30HTA JOCTH-
raiot 10 thic. 7et. VicciemoBaHbl HUXKHUE YeTIOC-
TU Pa3HBIX BUJOB IPHI3YHOB, a /I YENI0CTH
UL XH, UMEIOIIeN TSATHICTYI0 OKPAcKy, ObLIN
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MPOAHAJU3NPOBAHBI [[BA PA3TUIHBIX KOCTHBIX
dparmenTa (cMm. Tabu. 2.1). YcranoBiieHo, 4To no-
KasaTeJu COAepPKaHus OPraHuKU B OOJIbIIei
YaCTH N3YYEHHBIX 00pa31l0B OIU3KYU 1 COCTABIIS-
ot ot 14,7 1o 16,1% (xoadduimenT Bapuanum
Bcero 3,5%) (puc. 2.12.); TOAbKO [JIsT 9€JTIOCTH
9KOHOMKU [I0JIsI OPTaHUYeCKOH KOMIIOHEHTBI
oKaszajach aHoMasibHO HU3Kou (11,6%). 3Haue-
HUsA moKaszaresis B,/B BapbupoBasiu B 10BOJIbHO
mupokux rnpeaesnax (ot 0,2 1o 0,39).
Maxneeckasn Jleoanas newepa. Ito MecTo-
HaXOK/I€eHUe COEPIKUT KOCTHbIE OCTATKH, TIPe/I-
MIOJIOKUTETTBHO OTHOCSIINECS K MUKYJIUHCKOMY
MeKJIeTHUKOBBIO Wi (1) panHeMmy Basinato, mpu
3TOM He UCKJII0YEHO TPUCYTCTBHE OCTATKOB, UMe-
IOIIMX TOJIOLIEHOBBIN Bo3pacT. MceeioBaHa oHa
HW)KHSISL 9eJI0CTb BO/STHOM nosieBku. Comepika-
HUEe OPTaHMKHU B Hell 0Ka3aJ0Ch MUHUMAJIbHbBIM
Cpeaun BCeX U3YYEHHBIX YesI0CTeH 3TOTO BUIA —
16%, Hu3KOI OKazamach 1 10151 BBICOKOTEMIIEpa-
TypHO#t KomrioneHTsl — 0,23 (cMm. puc. 2.12).
HKunuwe Coxona. Ornoxenus u3 aTou
memniepsl 1aTUPYIOTCS CEPeANHON WU TepPBO
MOJIOBMHOU 1o31HeTO TIeiictoriena. CrerneHb CHH-
XPOHHOCTU KOCTHBIX OCTATKOB M3 3TOTO MECTOHA-
XOKIIEHUS HYKIAeTCs B U3yYeHUH, TIOCKOJIbKY UX
BO3PACT HAXOJIUTCS HA TIpe/iesie UJIN 3a Tpejiesia-
MU BO3MOYKHOCTEH pajiMOyIJIepoJHOI0 MeTo/1a.

0 100 200 300 400 500 600 700 800
Temneparypa, 'C

Puc. 2.10. Tunuunwvie xpuevie /[TA disi xocmmuwix

ppazmenmos uemocmeti Arvicola terrestris u3z passoix

20pu3onmos mecmonaxoxcoenus Hasec Cmapux.

ITynxkmupom obosnauensv. cpednue memnepamypol
nepeozo (370°C) u emopozo (420°C) sxsonuxos /[TA

0,5

a | ! ! E
é 0’4_' : i E i
5 i i | i
E ¥ t | O |
5 : : : |
a i i i |
-] i | o Q% | |
g ! 0 X 1 1
[=¥ 4 | D' * : :
1 i (@] 1 i
e | o R |
[=9 I 1 1
g 0,2— 1 | I i
] 1 1 |
= ! | | |
e i : i i
g ] : : : : © CM
51 | : : o DT
L ! ! ! *97)
g i i i |
LN . | | A
: : : | ¥ OC
L I ey st et s sy e by e a e s e oy
10 12 14 16 18 20 22 24 26

CymmapHoe cofepiKaHue opraHuky, %

Puc. 2.11. Cymmapnoe codepicanue opezanuxu u 0ons ee gbicoxomemnepamypnoi gpaxyuu B, /B 6 xocmmuvix
(ppazmenmax HudcHux uerocmer pvi3yHos U3 mecmonaxoxcoenus /lviposamoii Kamenv na pexe Yycosoi.
CM — Cricetulus migratorius, DT — Dicrostonyx torquatus, LL — Lagurus lagurus, MG — Microtus gregalis,

OC — Ochotona sp.
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WccnenoBana o/iHa HIDKHSISL YeNIOCTh KOTIBITHO-
ro semmunra (Dicrostonyx gulielmi). [lns Hee
II0Ka32HO MUHUMAJIbHOE CyMMAapHOE COZIePKaHue
OpPraHUKHU CPe/I BCeX N3YUYEeHHBIX KOCTHBIX (hpar-
MEHTOB 4eTBEPTHUYHOTO Bo3pacta — Bcero 9,5%,
J10J19 BBICOKOTeMIepaTypHO# opranuku — 0,28
(cm. puc. 2.12).

Jlsist cpaBHEHMS ¢ 6ostee APEBHUMU KOCTHBI-
MU OCTaTKaM# OBLT TPOAHATIN3UPOBAH (PparMeHT
YeJI0CTU MCKOTIAaeMOTO 30TJIeHCTOIeHOBOTO
rpeizyna Allophajomys pliocaenicus n3 anmoBu-
aJIBHOTO MecTOHaxoX/jaeHusi Cxopodym Ha
p. VpThii; B HeM cyMMapHOe coflepsKaHue opra-
HUKH COCTaBUJIO Bcero 6,4%.

Hasec Ceemanvwiii. ViccieoBaHbl HIXKHIE
YeJIIOCTU Pa3HbIX BU/IOB I'PHI3YHOB M3 TOPU30H-
ToB 5 (cnoit 2), 14 u 16 (coii 5) (cm. Tabu. 2.1).
Cynsa no crparurpauyeckoMy MOJO0KEHUIO,
CJIOM 2, cKopee Bcero, c(hopMUPOBAJICS HE paHee
cepeMHbI TOJIOIEHA, OJTHAKO MACCOBOE MPHUCYT-
CTBHME B HEM BU/IOB, TUMUYHBIX JJISI TO3HETO
IJIeMCTOlIeH , 3ACTaBUIIO IIPE/II0JIAaraTh, 4TO 3HA-
YUTEJIbHAsT YacCTh KOCTHOT'O MaTepHajia B HEM
1IePeOTJIOKEeHA U II0T1aJIa CIO/IAa U3 HUKEJIeXKalux
otsoxeHuit. Cioit 5 maTupyercst Mo3/He e/ HN-

KOBBEM, JIJIs HETO XapaKTepeH TUITMYHBIN 151
3TOTO NepHo/ia cocTaB (HayHbI.

Ha xpuspix /ITA (puc. 2.13, a) Bcex yemoc-
teit u3 Haseca Csetnblilt hukcupyoTcs nBa
9K30ITIMKA, IePBbII U3 KOTOPBIX (IIPH TEMIIepaTy-
pe okoo 345°C) 3HaYMTETbHO BbIIE BTOPOTO IO
aMIUTUTY/Ie; A1 GOJIBIIMHCTBA MCC/IEI0BAHHBIX
4eJIIoCcTel XapaKTePHbI 3aMeTHBIE IIOTePU MacChl
B muana3one C ¥ BbIpaXKeHbl COOTBETCTBYIONNE
muku Ha JITT (puc. 2.13, 6). Itu morepu, mo-
BUIMMOMY, CBA3aHbI C TEPMUYECKHM Pa3JI0KeH! -
eM BTOpUYHOTO Kasbluuta. [lo aTuM notepsim Mur
OIIEHUJIH COofiepKanie MiHepasia B pobe (B Tex
CJIydasix, KOT/ia ero 10J1s1 Oblia 3HAYUMTeIbHA, Pac-
4eT OPraHUYecKOi KOMIIOHEHTBHI IIPOBEeH C
COOTBETCTBYIOIIEH MONPaBKOii).

YcranoBieHO, 4TO JIJIs1 YeIOCTell pa3HbIX
BU/IOB I'PBI3YHOB U3 3TOTO0 MECTOHAXOXKAEHUS
HaOJII0/IaeTCsI caMblil BBICOKUIT CPeIi BCEX U3Y-
4eHHBIX MECTOHAXOKIEHUN pa3dpoc 3HAYEHUH
colepykaHusi Kak ancopbupoBaHHoit Bogasl (7,3~
11,9%), Tak u opranuku (14,7-25,1%). Maxcu-
MaJIbHBIH pa3bpoc 3HAYEHHUN XapaKTepeH /st
cnosi 2 (Top. 3), kKoadduUIneHT Bapraluu 3Have-
HUH coflepKaHUsI OPTAaHUKU 3/1eCh COCTABUI
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CyMMapHoe cofep:kaHHue OpraHukH, %o

Puc. 2.12. Cymmapnoe codepycanue opzanuxu u 00is ee bicokomemnepamypnoi gopmot B, /B 6 Kocmmbix
(ppazmenmax HUMCHUX uetocmel Zpbl3yHos us mecmonaxoxcoenuti Uopucosckas newepa, Kunuwe Coxona (JKC)

u Maxneeckas Jledsmas newepa (MJIII).

AT — Arvicola terrestris, CM — Cricetulus migratorius, DT — Dicrostonyx torquatus (Ocmamxu Konsimuoix
JleMMUnz08 us mecmonaxoxcoenus Xunuwe Coxona omuocsmes k eudy D. gulielmi), LL — Lagurus lagurus,
MO — Microtus oeconomus, MSP — M. sp., OC — Ochotona sp.
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Puc. 2.13. Tunuunwvie xpusvie JTA (a) u JATT (6) xocmuwbix (ppazmenmos uemocmei pasuvlx U008 noiesox u3
cnost 2 (kpusvie 1-9) u cnost 5 (xkpusvie 10—12) mecmonaxoxcoenus Hasec Ceem.nviil.

1 — Cricetulus migratorius; 2, 3 — Clethrionomys sp.; 3, 8 — — Microtus oeconomus; 4, 5 — Arvicola terrestris;
6 — Eolagurus luteus; 7, 9, 12 — Dicrostonyx torquatus; 10, 11 — Lagurus lagurus.

15,2%; nisa demrocTell UMEHHO M3 9TOTO CJIOS
OTMeYeHbI Kak MaKCUMAJIbHbIE, TAK 1 MUHMAJTh-
HbIE€ BEJIMYUHBI COEPKAHUsI OpraHuku. Mexmay
4eJII0CTAMU OZHOTO Buja Haubosbimue (ot 14,7
1o 21,8%) pa3muyusi O COAEPKAHUIO OPTAHUKH
TOJIYYeHBI /ISl JIECHBIX MOJIeBOK (puc. 2.14).
BaskHO OTMETUTB, UTO MEXKTY M3y4EHHBIMU Y€JTI0-
CTSIMU BU/IOB IJIEHCTOIIEHOBOTO KOMILIEKCA:
KombITHOTO JieMMuHTa (Dicrostonyx torquatus),
crernoit (Lagurus lagurus) w xxenrtoit (Eolagurus
luteus) mecTpyiiek, y3KO4epemHoil MOJeBKU
(Microtus gregalis), ceporo xomsiuka (Cricetulus
migratorius), u3 cioes 2 (rop.5) u 5 (rop. 14—16),
MaKCUMaJIbHbIE PA3JIMYUS IO COIEPKAHUIO OpTa-
HUKH cocTaBuIH Beero 3,6% (15,8—19,4%). dost
BBICOKOTEMITEPATYPHOU 4acTy OpraHuky (Iapa-
metp B,/B) Masio pasmyaercs y pasHbIX yesmoc-
teit u cocrasisiet 0,15-0,32 (puc. 2.14). Cnenyer
OTMETUTD, YTO JJISE 3TOTO MECTOHAXOXK/ICHMST MaK-
cHMaJbHOe 3HaueHne mapamerpa B, /B o6Hapyake-
HO T10 Y€eJTFOCTH KOTIBITHOTO JIEMMIHT, B KOTOPOU
CyMMapHasi JI0JIs1 OpPraHuK/ MUHUMAJIbHA.

CpaBHeHMe ypOBHel co/iepKaHusI OPraHUKH
B YEJTIOCTSIX U3 rop. 5 u u3 rop. 14—16 no ¢-kpure-
puto CThiofIeHTa He II0Ka3aJI0 JO0CTOBEPHBIX pa3-
aunyuii. Ecau ke pasfenuTb Bce U3y4YEHHBIE
06pasiibl Ha 2 TPYIIIIBI [0 TPU3HAKY TPHHA/LIEXK-
Hoctu BuzioB K TaexxHomy (AT, CL, MO) u tyuna-
pocrennomy (CM, LL, EL, DT, MG) kommnexk-
caM, To 0OHAPYKUBAIOTCS IOCTOBEPHbBIE PA3JIH-
qusi (p=0,004) no coxmepxkaHU0 OpPraHUKU
MeXIy 3TUMU rpyrmnamu (puc. 2.15).

Takum 06pazoM, IIst CJI0sT 2 MECTOHAXOXK/[e-
Hust Hasec CBerJibiii BbICOKAsI CTENIEHb Pa3IMyuil
10 CO/IEP/KAHUIO OPTAaHUKH MEX/y U3y4YEHHBIMU
YEeJTIOCTSIMY TPhI3YHOB PA3HBIX BI/IOB ITOTBEPIK-
JIA€T TIPE/IIIOJIOKEHNE O XPOHOJIOTUYECKOI Heo-
JHOPOIHOCTU KOCTHBIX OCTATKOB.

Kpowme uesmocreii, HaMmu ObLIN UCCIIETOBAHBI
TepMUYECKHEe XapaKTePUCTUKHA U30JIUPOBAHHBIX
3y00OB pa3HbIX BUIOB MOJEBOK U3 Psijia MECTOHA-
xoxxnenuit (IsrpoBateiit Kamens Ha p.UycoBas,
Ymmunckas nemniepa, I'por CyxopeueHckuii,
Kumime Cokorna), a Takske 3y60B M* ciu6upckoro
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CymMapHoe cofiepsKaHHe OPTaHuKH, %o

Puc. 2.14. Cymmapnoe codepicanue opzanuxu u 00ns ee ebicokomemnepamyphoil gopmv. B, /B 6 xocmuvlx
ppazmenmax nuxcHux uenrocmen epui3yros us cioes 2 (20p. 5) u 5 (2op. 14—16 ) mecmonaxoscdenus Hasec Ceemantil.
Ceemuvie 3naxu — o6pasypl u3 cios 2, uepnvle 3naku — obpasyv us cros 5; AT — Arvicola terrestris,
LL — Lagurus lagurus, EL — Eolagurus luteus, DT — Dicrostonyx torquatus, MG — Microtus gregalis,
MO — Microtus oeconomus, CL — Clethrionomys sp., CM — Cricetulus migratorius
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Puc. 2.15. Bapuayuu cymmapnozo cooeprcaniisi
opeanuku 8 uenrocmsax 6udos maedxnnozo (1) u
mynopocmennozo (2) KOMNAEKCO8 U3 MeCMO-
naxoxcoenus Hasec Ceemuwiil

Y KOIIBITHOTO JIEeMMMHTOB U3 COBPEMEHHBIX 110I'a-
JOK IOJAPHBIX COB ¢ 0-Ba Bpanress. Bce
fepuBaTorpaMMel st 3y6os (M”) cubupckux
JIEMMHHTIOB U3 COBPEMEHHBIX ITOTA/[0K COB IpaK-
TUYeCKU NEHTUYHEI U HECKOJILKO OTJINYAIOTCS OT
TaKOBBIX, TIOJIyYE€HHBIX /1151 3yOOB, IPUHA/IJIEKA-
LIUX KOIIBITHBIM JIEMMUHIaM: Ha BCEX KPUBBIX /IJIsT

COBPEMEHHBIX 3y0OB XapaKTEPHO HAJIMYHUE BYX
9K30IUKOB, IIEPBBIH U3 KOTOPHIX 3HAUYUTETHHO
BBIIIIE BTOPOTO 110 aMILIuTy €. [{J1s1 3y6OB KOTbIT-
HBIX JIEMMUHTOB NIEPBbIi MUK GUKCUPYETCS TIPH
temmneparype 360+2°C, a cubUpCKOro JieMMHHTa
— npu 366+2°C. TTosoxkeHne BTOPOTo MHKa MeHee
IIOCTOSTHHO, ¥ pa3Jjinuue Pa3Hbix 3yOOB OJHOTO
BH/Ia MOXET 0X0AuTh 10 15°C; moJiokeHue aToro
KA y KOMBITHBIX JIEMMHHTOB COOTBETCTBYET
temieparype nopsizka 398°C, a y cubupckoro —
oko10 420°C (puc. 2.16).

ITo comepskaHuio OpraHuKu 3yObl STUX BU/IOB
He pa3inyaoTcs. B pasubix 3ybax ata BendnHa
kosebnercs ot 13,8 10 16%; 3HayeHus nokasa-
tens B,/B nocrosepHo Beie 1715 3y60B cubup-
ckoro jgemmunra (0,39-0,42) o cpaBHEHHUIO C
konbITHEIM (0,38—-0,39) (puc. 2.17).

Hovtposamotii Kamenv na p. 4Yycosoiu.
VI3 MeCTOHAXOXAECHHS JJIsI aHaJ3a ObLIU 0TO-
GpaHsbI IATH 3y60B M® KOMBITHOTO JIEeMMUHT3, /{Ba
3y6a M’ c6HpCcKoro IeMMHIHTa 1 1STh 3y60B M,
crenHoi rectpyuku. Cozepkanue OpraHuKH B
3ybax cocrasisier 10,2—12,4% (puc. 2.16). B cpen-
HeM B 3y0ax KONBITHBIX JIEMMHHIOB
cogepxanue opranuku (11,3-12,4%) 6pL10
HECKOJIBKO BBIIIIE, 4eM B 3y0aX CTEITHOW MeCTpyIi-
ku (10,2-11,7%), 3y6b1 cuOMPCKOro JIeMMUHTA
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Puc. 2.16. Kpuevie JITA 3y6os M’ dsyx 6udoe nem-
muneoe: Lemmus sibiricus (1—5) u Dicrostonyx
vinogradovi (6—10), u3 ceenrcux nozadox NOIAPHLLX CO8,
cobpannvix na 0-ee Bpanzens

10 3TOMY TTOKa3aTeJl0 3aHUMAIOT IPOMEKYTOY-
noe nosoxenue (10,8-11,1%). 3navenuns B,/B
MaJIO Pa3JIMYaJuCh JIJIs1 BCEX MCCJIe0BAHHBIX
3y6oB u cocraBuiu Besnunuy 0,23-0,3. Ortuer-
JUBBIX pazynunii 1o popme kpusbix /[ TA mex-
ny 3ybamM¥ pa3HbIX BH/IOB HE OTMEYEHO.
Bumumo, B mporecce doccumsan MeKBH-
JIOBBIE PA3JIMYUs TEPMUUECKUX XapaKTepUCTUK
3y0OB B 3HAYNTEJIHHOU MEPEe HUBEJIUPYIOTCSI.
Yumuncrxas newepa. Orioxenus: u3 atou
nelepsl Hapsily C BUJAAMM, XapaKTePHBIMU JI7Tst
CPEZHEro 1 TI03/THETO TOJI0IeHa, BKIIOYAIOT BU/IbI
MO3/[HETIEHCTOIIEHOBOTO KOMILJIEKCA, 10JIsI KOTO-
PBIX B HUKHUX CJI04X Bblle. OTKPBITBIM OCTaeT-
Cs1 BOTIPOC O CHHXPOHHOCTU OCTATKOB BUJIOB JIec-
HOTO KOMILTIEKCA U BUJOB—<«PEIUKTOB» CO00-
IIECTB OTKPBITBIX IIPOCTPAHCTB IO3/[HETO ILIel-
croreHa. Ilemiepa B TeueHye 1M TeIbHOTO BpeMe-
HU 1T0CETATIACh U UCTIOIb30BAIACH JIIOJIbMU, O YeM
CBU/IETENBCTBYIOT apXeONOTUYeCKue HaXOAKN

Pa3HBIX 310X, ¥ 3TO MOTJIO IIPUBECTH K TIepeMe-
HMIMBAaHUIO PA3HOBO3PACTHBIX OTJIOKeHMI. V3yue-
HBI OCTATKM Pa3HBIX BUOB M0OJIEBOK U3 CJI0eB 1
u 3. Crieyet OTMETUTD, YTO /LIS MHOTHX 0Opas-
I{OB M3 3TOTO MECTOHAXOXKAEeHWUs ObUIN OTMeYe-
HBI 3HAYUTEIbHBIE TIOTEPU Macchl B uara3one C.
[To sTuM MOTEPSIM MBI TMOTBITATIUCH OIEHUTH
coziepKaHue B TPoHax BTOPUYHOTO KAJIbIIUTA; B
TEX CJIyuasiX, KOrjia ero joJist Obljia 3HaunTe bHa,
pacyer OpraHNyecKoi KOMIIOHEHTDI TIPOBO/IVIIH
€ COOTBETCTBYIONIEH MTOTTPABKOMA.

[TokazaHo, 4TO 1O COJEPKAHUIO OPraHNYeC-
KOU KOMIOHEHTBI 3yObl 3HAUUTEIbHO OTIMYAIOT-
cs1 IPYT OT Apyra Kak B cjoe 1, Tak u B cjioe 3
(puc. 2.18). [To aTomy nokasaTesio MOXKHO yCIOB-
HO BBIZIEJIUTH TPH TPyl 06pa3ios. Bobie
Beero oprauuku (15-16,7%) comepxanocs B 3ybax
JIECHOI TIOJIEBKHU U JIECHOTO JIEeMMUHTa U3 ¢Jios 1,
a TaK’Ke B OJ{HOM U3 IEMMUHTOBBIX 3yOOB U3 CJIOSI
3 (BuI0Bast IPUHAZJIEKHOCTD 3y0Oa He ompeeie-
Ha, OH MOT TIPUHAJIJIEKATh KaK CHOMPCKOMY, TaK
v iecHoMy JieMMuHry ). [logoOnast BesimanHa aTo-
ro rmokasaTe/isi IpaKTUYeCKU COOTBETCTBYET
TakoBOW B 3ybax H3 CBeXHUX IMOTaJoK,
O/IHAKO JIOJIsI BBICOKOTEMITEPATYPHOH OPraHUKH
B 3y6ax u3 YIIMUHCKON memniepbl Oblia 3HaYM-
teapHo Huxe (0,2-0,25). Bo BTOpyio rpynmy
(comepsxkanue oprannku 12—14%) Bouura 6071b-
mas 4acTh 3yOOB JIECHBIX TI0JIEBOK, MOJEBOK-
9KOHOMOK, CePbIX IT0JIEBOK U3 TPYIIIIbl TEMHBIX U
0ObIKHOBEHHBIX, & TaKkKe OAUH 3y0 KOIBITHOTO
JIEMMUHTA 1 OIHH 3y0 cHOUPCKOTO JIHOO JIECHOTO
JieMMHHTa. BOTbIIMHCTBO 3y0O0B TpeicTaBuTe el
TYH/IPOCTEITHOTO TIO3/[HEIIEHCTOIEHOBOTO KOM-
niekca (KOMbITHOTO JIeMMUHTA, Y3KOYePeIHOM
I10JIEBKM ) BOIILIU B TPETHIO IPYIIITY (COo/epKaHue
opranuku meree 11,5%).

CpaBHeHue Ccoep/KaHUsT OPraHuKu B 3yOax
u3 caoeB 1 u 3 no ¢-xpurepuio CTbiofeHTa He
10Ka3aJ10 JOCTOBEPHBIX pa3indnil. B cayyae pas-
JIeJTEH ST BCeX M3YYeHHBIX 00Pa3IoB Ha 2 TPYIIITbI
0 TPU3HAKY TIPUHA/JIESKHOCTU BUIOB K TaeKHO-
my (CL, MA, MO) u tynapocrennomy (DT, MG)
KOMILJIEKCaM PA3JINYus 110 COZleP>KaHUI0 OPTaHu-
KU MeJKIy 3TUMH TPYNIIaMU CTAHOBATCS J0CTO-
BepubiMu (p=0,005). Takum 06paszom, aTu cJiou,
BEPOSATHO, COJIEPIKAT CMECh CUJIbHO Pa3HOBO3Pa-
CTHBIX OCTaTKOB, CPE/IM KOTOPBIX, HAPSIY C CyO-
boccunbHBIMU OCTATKaAMM IIpeCTaBUTeNeH
COBPEMEHHOTO TaeKHOI0 KOMILJIeKCa, IPUCYT-
CTBYIOT ZIp€BHUE OCTATKU 3BEPHKOB ILIEHCTOIe-
HOBBIX TYHAPOCTEIHBIX COOOIIECTB.
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Puc. 2.17. Cymmapnoe codepicanue opearuxu u doas ee evicokomemnepamypnoi gopmvl B, /B 6 wéunvix 3ybax
nonesox u3 mecmonaxoxcoenus loiposamuii Kamens na p. Qycosoti u ceexcux nozadok noasproix cos (0-6 Bpanzens,).

DT — Dicrostonyx torquatus us /[viposamozo Kamwusa na p. Qycosou, D. vinogradovi ¢ o-ea Bpanzens;
LS — Lemmus sibiricus; LL — Lagurus lagurus
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CymMMapHoe cofepKaHue OPraHuKu, %

Puc. 2.18. Cymmapnoe codepicarue opeanuxu u 001is ee 6vicokomemnepamypoi gopmot B, /B 6 wéunoix 3ybax
nonesok u3 cnoes 1 u 3 Yumunckot newepo.

Yepnovle 3naxu — o6pasuyvl us cros 1, 6eavie — o6pasiywr us cios 3; DT — Dicrostonyx torquatus, ML — Lemmini
gen, MO — Microtus oeconomus, MA — Microtus ex gr. arvalis-agrestis, MG — Microtus gregalis,
CL — Clethrionomys sp.

HKunuwe Coxona. Viccnenosans 33y6a M®  HuMasbHble copepkanus opranuku (7,11 8,5%)
KOIBITHBIX JIEMMUHTOB ¢ Tay6utbl 30—45 ¢ cpeau 3y60B M3 BCEX U3YYEHHBIX MECTOHAXOMXK-
yuactka b/1—1. It ABYyX U3 HUX NOKAa3aHbl M-  JIEHUH, B TPETHEM 3y0€ OHO OKa3a/I0Ch 3HAYNUTEJIb-
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Ho Bbime — 11,6% (puc. 2.19). HecmoTps Ha
MaJioe KOJIMYeCTBO HCCIeI0BAaHHBIX 06PasIoB u3
9TOT0 MECTOHAXOXK/[EHHST, MOXKHO TOBOPHUTD O €TO
XPOHOJIOTUYECKON HEOHOPOHOCTH.

Ipom Cyxopeuenckuii. OTI0KEHUS B 3TOM
MECTOHAXOXK/IEHNU HaKallJUBaJIUCh MTOCJIe0Ba-
TeJIbHO, HO HepaBHOMEPHO, HaunHas ¢ | Toic. 710
H.9. /[71s1 TpOoTa OMMCaHbl HAXOJAKU OCTATKOB
y3KOYEePENHbIX IMOJE€BOK M CTEMHBIX MUILYX,
KOTOpbIE B HACTOSIIIIEE BPEMST He OOUTAIOT Ha Tep-
putopuu Kpachnoybumckoii secocrenu. Tpu
MIEYHBIX 3y0a Y3KOYEPEIHBIX MMOJEBOK U3 TOp. 3
(Bo3pact no paguoyraepoay 612+135 mner)
CYUTAIOTCS] OTHUMU U3 HanboJiee MO3IHUX HAX0-
1ok Buzia Ha Tepputopuun Cpennero Ypana. Ouu
MI03BOJINJIN TIPE/IIOJIOKUTD, yTO B KpacHoydum-
CKOI1 JlecocTenu aTOT BUA OOMTAT 1O KpaiHei
Mepe 10 XV B., T.e. OH UCYE3 C ITOU TEPPUTOPUU
yKe B UCTOpUYeckoe BpeMs. B pannyio pabory
ObLIM BK/TIOYEHBI IIepBbIe HIDKHKE MOJIAPS! (M)
Pa3HBIX BH/IOB CEPHIX IOJIEBOK: U3 TOP. 3 — IATh
3yboB Microtus ex.gr. arvalis-agrestis u oiH 3y6
Microtus gregalis; u3 rop. 10 — xBa 3y6a Microtus
ex.gr. arvalis-agrestis v opvin 3y06 M. gregalis; w3
rop. 11 — oxun 3y6 Microtus ex.gr. arvalis-agrestis
u 1Ba 3yba M. gregalis. Itu 3yOu1 Gosee 15 ner

OBLITM BHICTABJIEHBI HA CTEKJIAX, MOKPBITHIX ILJIAC-
TUJIMHOM, 1 32 9TO BpeMsI IIPONUTATIICH CO/IePrKa-
HMIUMUCS B HEM OPTaHMYECKUMH BelleCTBaAMU.
[ToaTomy /17151 HUX ITOKa3aHO 3aBBIIIEHHOE COZIEeP-
»KaHWe OpraHuku (110 CPAaBHEHUIO C MCCIIe/J0BaH-
HBIMH 3y0aMU M3 JPYTUX MECTOHAXOXKIEHUN ).
Tem He MeHee, TIPU COIIOCTABJIEHUN U3YYEHHOU
cepuu 3yOOB JIPYT C IPYTOM BBISICHIJIOCH, YTO 3y0
y3KO4YepernHoi moJieBKU U3 rop. 3 (oTMedeH Ha
puc. 2.19 crpesnkoit) SBHO COOTBETCTBYET MHOU
cTaguy (POCCUIM3AINHY, YeM OCTaJIbHbIE N3y4eH-
Hble 06Pa3IIbl U3 ATOTO TOPU30HTA (TIPHHAIEKA-
1ie OOBIKHOBEHHBIM MOJIEBKaM ). XapaKTepuCTH-
KM 3TOro 3y6a GJU3KM K TaKOBBIM /11 3yOOB
OOBIKHOBEHHBIX ¥ Y3KOYEPEITHBIX MTOJIEBOK U3
ropusoHToB 10 u 11, 1aTUpOBaHHBIX KOHIIOM
Cpe/IHero roJoleHa.

HOJIy‘IEHHH@ 9KCIIEPUMEHTaJbHbIE /JaHHbIE
IOKa3aJji, 4TO KOCTHDBIEC OCTATKH U3 PA3HDBIX
TIEIEPHBIX MeCTOHaXODKIIeHI/Iﬁ 6JIM3KOro BO3pa-
CTa XapPaKTEPUIYIOTCA CXOAHLIMU ITOKA3aTEAAMU
ConepKaHUA OPraHUKU. ITO MMO3BOJIHUJIO BbI/1€-
JIUTh HECKOJIbKO I'PyHIl KOCTHBIX OCTAaTKOB II0
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Puc. 2.19. Cymmapnoe codepicarue opzanuku u 0ons ee gvbicoxomemnepamyphoti popmot B, /B 6 wéunvix 3ybax
cepblx noaesok U3 pasuvlx croes Ipoma Cyxopeuenckozo u Konbimuvlx 1emmunzos us newepvt Kunuwe Cokona.

Yepnvie 3naxu— obpasyvt u3 zop. 3 Ipoma Cyxopeuenckoeo, 6envie — obpasyvt us ezop. 10,11 Ipoma
Cyxopeuenckozo u us newepor Kuaruwe Cokona; DT — Dicrostonyx gulielmi, MA — Microtus ex gr. arvalis-

agrestis, MG — Microtus gregalis
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[IPU3HAKY CXO/ICTBA TEPMUYECKUX XapaKTepuc-
Tuk (puc. 2.20). Ilpuuem rnpu BoIie/I€HUN TPYIIIT
HaM¥ UCIIOJIb30BaHbI TOJBKO AAHHbIE TI0 MECTO-
HAXO0XK/EHUSAM, /IIsI KOTOPBIX MCKJIOYEHA UIU
MaJia BepOsITHOCTb CMeIlleHsI Pe3KO Pa3HOBO3pa-
CTHBIX OCTATKOB B OJIHOM CJIO€ OTJIO’KEHHH.

1. Koctu M3 MOBEPXHOCTHBIX OTJIOKEHUM
KapCTOBBIX IOJIOCTEMH, JaTUPYEMBIX [TO3/[THUM TO-
no1eHoM, cozxepxkat 19-23% (B cpeanem 21%)
OpraHUYeCcKuX BeINecTB, /0 BbICOKOTEMIIEpa-
TypHO#i dpaknuu (1nokasatenb B,/B) ana nux
cocrasaset 0,36-0,49 (8 cpeanem 0,43)

Mesxy octaTkaM# M3 CBEXHMX OPHUTOTEH-
HBIX CKOILJIEHUH, BO3PAacT KOTOPBIX COCTABJISIET
BCEr0 HECKOJBbKO JIeT, U OTJIOKEHUH, KOTOPbie
HaKaIJTMBAJINUCh B TeYEHME HECKOIbKUX JIECSTKOB
JIeT, Pa3InYuil IO TEPMUYECKUM XaPaKTePUCTU-
KaM He yCTaHOBJIEHO.

Beicokue snayenus nokasaresst B, /B xapak-
TEePHBI TOJIBKO JIJISI OTHOCUTEIBHO CBEXKUX 0Opas-
110B (He 60Jiee HECKOIbKUX IeCATKOB—COTEH JIET).
ITO O3HAYAET, YTO HA HAYAJIbHBIX cTaausx ¢oc-
CUJIM3AIIUU Pa3pyllieHe OPTaHuKN U/eT ObICTPO
Y HEPABHOMEPHO: YTOOBI COJIEPIKAHUE OPTaHIKK
YMEHbIITHIOCH Ha 2—4 %, MOJKET MOHA00MThCS OT
ro/ia /1o HeCKOJIbKUX COTeH Jiet. J[yist aToro arara
XapakTepHa II0Tepsi OPraHUKU B OCHOBHOM 3a CUeT
BBICOKOTEMIIEPATYPHOU (hpaKInH.

Ha marepuasne u3 norajok 1noJsipHbIX COB €
o-Ba Bpanrens mokaszano, 4To niéunbie 3y0bl
IIOJIEBOK B CBEXKUX OPHUTOTEHHBIX CKOILJIEHHUSIX
coaepxat or 13,8 no 16% opranuku (B,/B =
0,38-0,42). Paznuumii Mex/y mokKasaTeassMu
CYMMapHOTO COJIEP)KAHUS OPTaHUKH B IEYHBIX
3ybax pa3HbIX BUIOB He OTMedeHO. [Ipu aToM Kpu-
Boie /[TA coBpeMeHHBIX IEYHBIX 3yOOB MOJIEBOK
MOTYT 00J1a/IaTh OTIPeIeIeHHBIMU CHeIn(pUYHbI-
MU CBOMCTBAMH, OTJIMIAIONIMMH OIMHAKOBBIE 10
II0JIOKEHUIO B YeTI0CTH 3yObl Pa3HBIX BUIOB
1nosieBoK. Borpoc 06 yeTolunBOCTH 3TUX Xapak-
TEPUCTUK, UX MHTEPITPETAIIH 1 BO3MOXKHOM TIPU-
MeHEeHUH TPeOYeT AOTOJIHUTETBHOIO H3YYEHNUS,

2. JI1st OCTATKOB, 3aXOPOHEHHBIX B MOYBE
(Kpi6u1a 2, ci10ii 3), moka3aHo HEKOTOPOE yBeJIH-
YeHUe CyMMapHOTO COJ/lepKaHUsl OPTaHUKH 110
CPaBHEHMIO CO CBEKMMH OPHUTOTEHHBIMH CKOII-
JIeHUsIMU (cojiep;KaHre OPTAaHUKHU B HUX COCTaBU-
710 23,6—24,9%). I1pu aTOM /10J151 BBICOKOTEMIIE-
paTypHOI OpraHuKy B aTUX 00pasiiax Oblia He-
CKOJIBKO MEHbIIle, YeM B OCTATKaX M3 CBEKUX
ckomienuit (0,32-0,38), T.e. yBesimuenue cym-
MapHOT0 CO/EP’KaHUSI OPTAHUKHU TIPOUBOILIO0 B

OCHOBHOM 3a CYeT HU3KOTeMIepaTypHou ¢pax-
uu. BeposiTHO, IpU 3aXOPOHEHUM B aKTUBHOM
MOYBEHHOM CJI0€ KOCTb MOJKET IOIJIONATh HEKO-
TOPOE KOJIMYECTBO HU3KOMOJIEKYJISIPHBIX OPraHu-
YeCKUX BEUIeCTB U3 10YBBL. /{11 9TUX ABYX rPYyIII
00pa3IoB He OTMEYEHO 3HAYUTENbHBIX TTOTEPD
macchbl npu Temieparypax sbiiie 600° C.

3. B cocraB aToit rpyrinel BXOAST 00pasiibl,
coziep;kaHre OpraHuKU B KOTOPBIX cocTaBisieT 16—
20% (B cpenrem 18%), 10151 BBICOKOTEMIIEPATYP-
Hoit ppakuum — ot 0,2 1o 0,4 (B cpennem 0,27).
B rpymie 3 MoryT ObITh BbIIEIEHBI [BE MOATPYII-
b, B nmoarpyminy 3a o 06pasiibl 13 0TI0Ke-
HUH, OTHOCSIIINECS K Pa3HbIM IeproiaM ToJole-
Ha 1 u3BJIeYeHHbIe U3 cepbix cyneceil (puc. 2.20,
3a): Hasec Cmotposoii, HaBec Ctapuk, rop.18.
[Moarpynmna 36 o6beauHsieT 00pasibl U3 OTJI0XKe-
HUI TelepHBIX CYTJIMHKOB 1103/IHEIeIHUKOBOTO
Bo3pacta (puc. 2.20, 36): /IpipoBatsiii Kamens Ha
p. Yycogoii, Bozpact 13 teic. tet, Haec Cetuibii,
rop. 14—16. O6pasiibl U3 9TUX TIOATPYIIT UMEIOT
3aMEeTHO Pa3HbIil BO3PACT 1, 4TO HoJIee CyNecTBeH-
HO, HAXO/IMJTUCh B PA3HOI reOXMMUYECKOI cpefie,
T.€. OHM HE CBSI3aHBI [IPYT C PYTOM HEKHUM Iiepe-
XO/IHBIM BPEMEHHBIM 1IPOIECCOM ( MMEHHO I103TO-
My TOYKHM Ha puc. 2.20, xapakrepusyorine 06pas-
1[bl 9TUX MO/IIPYIIT, HE COEIMHEHBI IPYT C IPYTOM
anHUsIMI ). TeM caMbIM XOTeI0Ch MOYEPKHYTH,
4TO (HOCCUITMBAIIMS B CEPBIX CYTIECSIX U MEeIePHBIX
CYTJIMHKAX IPOTEKAeT B Pa3HBIX yCJOBHUSX.
Kasxast rpynma coeqinena nbo ¢ To9Kamu, KO-
TOPbIMUA 0OO3HAYEHBI TOJIOIIEHOBbIE 0OPA3LIbl U3
cyrecei, OO ¢ TOYKAMH JIJIST TIJIEHCTOTIEHOBBIX
c60POB 13 MeNEPHBIX CYTJIMHKOB.

OO6beuHeHe MECTOHAXOKIEHUN U3 TOJI-
rpyni 3a 1 30 B oiHy TPYyIIy 3 ONpeiessieTcs
TOJIBKO T€M, 4TO 00JIaCTH BapbUPOBAHUS TEPMU-
YeCKUX XapaKTepPUCTHK OCTATKOB 3HAYMTEJbHO
nepekpbiBatorcsi. [Ipu aTOM /1711 pa3HBIX MecTo-
HAXOK/IEHUI 3TOU TPYNIIbl XapaKTepeH pa3Hblid
pasbpoc 3Hadenuii. Tax, /ist OCTaTKOB U3 TOJIO-
11eHoBoro MectoHaxoxaenusi Hasec CmorpoBoit
B Cpe/iHEeM XapaKTepHbI 00Jiee BHICOKHE 3HAYEHHSI
COZIep KaHUsI OPTAaHUKH, YeM /1JIsI MECTOHAXO0XK/1e-
Hus /IpipoBateiii Kamens Ha p. UycoBoil u HIK-
Hux caoeB (rop. 18) mecronaxoxaenus Haec
Crapuk, uTo, BepOSITHO, CBSI3aHO HE TOJIBKO C Pa3-
HBIMHU yCJIOBUSIMU (DOCCHUIN3AIINY, HO M PA3HBIM
BO3PACTOM.

Cremyer OTMETUTH, YTO CPEN U3YYEeHHBIX
06pa310B U3 TOIOIEHOBBIX 3aXOPOHEHU B CEPHIX
cynecsix (Hasec Crapuk, HaBec CMOTpPOBOI1)
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CyMMapHOe CO/iepKaHue OPTaHUKH He OITyCKaeT-
csa Huxe 17%, a auaa 6ombleil 4acTH OCTATKOB
cocrasistior 18% u Bbiie. B To ke Bpemst cpeau
OCTAaTKOB M3 CYTJIMHKOB, JaATUPOBAHHBIX TTO3/IHE-
JIeJHNKOBbEM, HeMasio 00pa3ioB, B KOTOPBIX
coziepKaHue OpraHuKY cocTaBJisieT b 16—17%.

3yOblI MOJIEBOK U3 OTJIOKEHUIT MECTOHAXOXK-
aenns Jlpiposateiiit Kamens Ha p. Yycosoii B oT-
Jiyre OT 00pa3iloB HIKHUX YEJIOCTeH cotepka-
au opranuku ot 10,2 1o 12,4% (oTHOIIEHUE
B,/B=0,23-0,3); oTueT/mBbIX pasnnymii 110 Hop-
me kpuBbix [ITA Mexay 3yOaMu pasHbIX BHIOB
He 00HApYIKEHO.

Taxkum 06pa3om, 4TOOBI CotepIKaHIe OPraHu-
KM YMEHBIIUIOCH elle Ha 2—4%, HeoOX0MMO
HECKOJIBKO ThICSY JIET.

3HaunTeNBHOE MIePEeKpbIBaHKe 00JIacTell Ba-
PBUPOBAHUS JIJISI OCTATKOB U3 TOJIOIEHOBBIX MeC-
TOHAXOKJEHNI M MECTOHAX0XK/IEHWIA, OTHOCSIIIX-
Cs1 K TO3/HEJIeIHUKOBBIO, MOXKET OOBSICHSTHCH,
B YAaCTHOCTH, Pa3/N4YUSIMU B T€OXUMUYECKUX
YCIAOBUSX 3aXOPOHEHUs, OT KOTOPBIX 3aBUCUT
CKOPOCTb Pa3pyIleHUsI OPraHUKH.

DaxT 3HAYUTETLHOTO IEPEKPbIBAHIS TEPMU-
YeCKUX XapPaKTePUCTUK KOCTHBIX OCTATKOB U3
MECTOHAXOXKAEHUH, OTHOCSIIMXCS K MO3/IHEe/]-
HUKOBBIO 1 OJIU3KUM TIEPHO/IaM TOJIOIEHa, B 0Ue-
penHo pa3 MOKa3bIBaeT, YTO ONUCAHHAS HAMU
MeTOJMKAa HeNPUMeHMMa a8 JaTUPOBAHUSA
OCTATKOB, a JIOJIKHA MCITOJIb30BATHCS JIUIID JJISA
oTIpezieJieHUs OTHOCUTEIBHOTO BO3pacTa OCTaTt-
KOB BHYTPU MecTOHaxoxaeuus. Kpome Toro,
pe3yJbTaThl TEPMUYECKOTO aHAIN3a JTOJIKHBI
OBITB TOJTyYEeHBI He Ha e[UHUYHBIX OCTATKAX, a HA
CepUsIX OHOTHITHBIX 06Pa3IoB.

4. J11s1 KOCTHBIX OCTaTKOB, OTHOCSIIIMXCS
KO BTOPOI NOJIOBUHE TMO3/IHETO IJIEHCTOIeHA,
(U npucosckas memniepa, Bozpact 20—40 Tric.
JIeT.), coJiepKaHne OPTaHUKU B HYIJKHEUeTIOCTHBIX
koctsix coctaBuno 11,6—16,1% (3nauenue oTHO-
wenus B,/B=0,2-0,4).

5. KoctHble hparMeHTbI, OTHOCSITIIUECS K TTep-
BO¥1 IIOJIOBUHE TTO3/IHETO TIEHCTOIIEHA ¥ 3aX0PO-
HEHHble B NENePHBIX CYTJIMHKAX, COLepxKaT
menee 10% (BepositHo, 7—10%) opranukw, B 3y-
6ax MoJIEBOK TOTO ke Bo3dpacta — 7—11%. Itu
JIAHHBIE TIOJTyYEHBI 10 HECKOJIBKUM 00pa3iam u3
MecTtoHaxoxaenus: Kumume Cokoua.

6. Ente menbie opranuku (Bcero 6,4%) co-
JIepKaIOCh B YETIOCTH DOIIEHCTOIEHOBOTO I'PhI-
syua Allophajomys pliocaenicus n3 anmoBuaIbHO-
ro MecrToHaxoxaeHuss CKOpoayM.

[Tocnennue ABe TPYNITBI BBIETEHBI YCJIOBHO,
MOCKOJIBKY /17T aHA/IU3a OBLIO UCIIOIb30BAHO BCe-
0 HECKOJIBKO 00PA3II0B, TPUYEM U3 MECTOHAXOXK-
AeHUN, /I KOTOPBIX BeJMKa BEPOSITHOCTH
CMeleHus Pa3HOBO3PACTHBIX OCTATKOB.

OTHeceHue OCTATKOB U3 KAKOTO-THO0 MECTO-
HaXO0XIeHUs K TOW WIM MHOU U3 BbI/IEJIEHHBIX
TPYIII MOKET OBITH IIEPBBIM HTAIIOM OIPEE/ICHHUST
€T0 XPOHOJIOTUYECKOI NTPUBSI3KN.

[lna ananusa XpoOHOJIOTMYECKON OJHOPO/I-
HOCTH KOCTHBIX OCTaTKOB BHYTPH MEeCTOHAX0XK-
JleHUSl TePMOTPAaBUMETPUYECKUM METO0M
JKeJlaTeJbHO UCII0JIb30BaTh cepuu (He MeHee J)
OJIHOTHUITHBIX KOCTHBIX (hparMeHTOB (UearocTeit
win 3y6oB). Creryer nsberarb MCIOIb30BAHUS
9JIEMEHTOB CKeJeTa, 06pa3oBaHHBIX I'yOYaTOn
KOCTHOM TKaHbio. Eciim B MecToHaXoX1eHUn
OCTAaTKU OTJMYAIOTCS IO IIBETY, XapaKTepy
MOBEPXHOCTU U JIPYTUM BHEIIHUM ITPU3HAKAM,
TO BBIGOPKA 0O6PA3IOB [JIsI aHAIK3A [OJKHA
110-BO3MOKHOCTU TPEJCTABJATh BECh CHEKTP
pa3sHooOpa3ust ITUX MPU3HAKOB.

[Ipu cobmonennu aTUX ycaoBuil pazbpoc
TEPMHUYECKUX XapaKTEPUCTUK 0OPA3IIOB B BHIOOP-
Ke B OOJIBINIMHCTBE CIyyae sIBJISIeTCs] OTPasKeHu-
€M XPOHOJIOTUYECKON OJIHOPOJHOCTH (HEOIHO-
POAHOCTH ) KOCTHBIX OCTATKOB B H3y4aeMOM CJI0€
oTsoxeHuit. Bo Bcex M3yuyeHHBIX CMHXPOHHBIX
MECTOHAXOXIEeHUIX (pasjudyusl 10 BO3pPacTy
BHYTpU MecToHaxoxaeHus menee 1000 mer)
(Knibnal, Tpor @usms, o-B Bpanres, /piposa-
Teiii Kamens Ha p. Uycosoii, HaBec CMoTpOBOIT)
pa3bpoc 3HAYEHWI CO/lePKAHUS OPraHMYeCKOi
KOMIIOHEHTHI He npeBbiman 3% aiast 3y6oB u
5—6% — 11 KocTHBIX (ParMeHTOB, T.€. BCE U3Y-
YeHHbI€ KOCTHbIE OCTATKU NMPHUHAAJIEKATUA K
OJIHOW U3 IepeyrcJeHHBIX BbIlIe rpymi B Tex
cJlydasix, KOrja /st OMHOTUIIHBIX OCTAaTKOB U3
OJIHOTO MECTOHAXOKIEHUST (PUKCUPYeTCst 6OJIb-
11t pazdpoc 3HAYEHU COAEPKAHUS OPTAHUKH,
MOJKHO TOBOPUTH O OoJbInell (MM MeHbIIei)
XPOHOJIOTMYECKON CMEeTaHHOCTH OCTaTKOB B JIaH-
HOM MECTOHaxXOXIeHHH.

[1s oTnoXeHu#, TaTUPyeMbIX MO3AHUM
IIEMCTOIEHOM, IIPE/ICTaBIeHe O CHHXPOHHOCTH
MOKAa HeJNb3sl CYUTATh CHOPMUPOBAHHBIM,
[IOCKOJIbKY TPYIIIBI OMUCAHBI 110 HEOOJIBITOMY
YHCJIy OCTATKOB BCETO M3 /IBYX MECTOHAXOX]Ie-
HUI, BpeMs1 HAaKOIJIEHUSI OCTaTKOB B KOTOPBIX 110
JIaHHBIM PaIMOYTJIePOIHOTO JATUPOBAHUS MOTJIO
COCTaBJISATH OOJIEE HECKOTIBKUX THICSY JIET.
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B MecToHaXO0KIeHUSIX, /7151 KOTOPbIX IIPEITO-
JIaraeTcst JJIMTETbHBIN TIePHOJ HAKOILJIEHUs OC-
tarkoB (Ksi61a 2, Hasec Crapuk, Ipor Cyxope-
YeHCKUH, BeposiTHO, apucoBckas meniepa,
Kumumre Cokouia), pasbpoc 3Ha4eHU copepka-
HUST OPTaHUKHU HECKOJIBKO [TPEBBIIIAET YKa3aHHbIE
BBIIIIE TIPE/IEJTbI.

[nsa nByx mectonaxoxiennit (Hasec Cer-
JIBIA, YIIMHHCKas rerepa) pasdbpoc 3HauYeHuit
cojiep>KaHus OPTAaHWKU MEXKy OJHOTUITHBIMU
KOCTHBIMH (hparMeHTaMu BHYTPU MECTOHAXOK/Ie-
Hus npesbliaeT 8—9% aus kocteit u 6—7% — 1is
3y6OB, UTO MO3BOJISIET TOBOPUTH O BBICOKOM TreTe-
POXPOHHOCTH OCTAaTKOB. BoJsbmioi pazbpoc
3HAYEHUI TOATBEPK/IaeT MPEATIONI0KEHE O TIPH-
CYTCTBUM B 3THUX MECTOHAXOXAEHUSX CMECHU
OCTaTKOB, OTHOCAIIUXCS KaK K Pa3HbIM 3TMOXaM
TOJIOIEHA, TaK U K MO3/THEMY ILJIECTOIEHY.

Takum o6pa3oM, pasyioKeHe OPraHuKK B
KOCTHBIX OCTaTKax HanboJiee HHTEHCUBHO IIPOKC-

XOJIUT HAa HAa4YaJbHOM 3Tare (GoCcCUan3ainu: B
nepsbie 10 ThIC. JTeT ee comepkaHue COKpaIiaeTcs
TOYTH Ha TPETh; 3aTeM TIPOLIECC 3aMe/TIsIeTCs, U
JIJISI TOTO, YTOOBI €€ COIEPKAHUE COKPATHIIOCH ellle
Ha TpeTh, HeoOxoanumo 40—50 Toic. et. Comepika-
HYle OPTaHNYECKON KOMITOHEHTHI B KOCTHBIX OCTAT-
KaxX MOXHO pacCMaTpUBaTh Kak HEKUI KoJIude-
CTBEHHBIH KpUTEPHH U /17151 BBISIBJIEHUS] PAa3HOBO3-
pPacTHBIX IiPUMecel, U [IJIsI XPOHOJIOTrUYECKOro
PaHKMPOBAHUS BHYTPH OGOJIBIINX BHIOOPOK KOCT-
HBIX OCTATKOB MJIEKOTIMTAIONINX ITO3/THETLJIEHCTO-
IIEHOBOT'O U TOJIOIIEHOBOTO BO3PACTOB, IIPOUCXO/ISI-
HIAX U3 OTHOTO MecToHaxox1erusi. Ha ocHoBanuu
OIIEHOK CO/IEpKaHUST OPraHMYeCKO KOMITOHEHTHI
B KOCTHBIX OCTaTKaX I'PbI3YHOB U3 HECKOJIbKHUX
MectoHaxoxennit Ceseproro u Cpentero Ypana
ObLITH MOJy4eHbl OOBEKTHBHBIE CBHAETEIbCTBA
ACMHXPOHHOTO ITPOUCXOKIEHUS OCTATKOB BU/IOB-
PEJIUKTOB TO3/IHETO TLIEHCTOIIeHA B OTJIOKEHUSIX,
JIATHPOBAHHBIX TO3/THUM TOJIOIIEHOM.

26 : : ; T T -
24 | @ -m- CyMMapHasi 107151 OpraHUKH |
. P —a - J101151 BLICOKOTEMIIEPATYPHOM OpraHuKu
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Tun norepn opraHuK!

Puc. 2.20. Yepeouernvie meHOenyuiL UsMeHeHUS COOEPHCAHUSL OP2AHUKU 8 HUNICHEUETIOCTTHBLX KOCSX ZPbl3YHO8
NICTUCMOUEHOB020 U 201I0UCHOB0Z0 B03PACMA, HAXOOSUUXCSL HA PASHOIX CMAOUSX POCCUNUIAUUU.

1 — nosepxnocmuvie omaoxcenus, no3onuii zoroyern (Ipom Quaun, Kebra 1, sepxuue zopuzonmer Haseca
Cmapux u Kvibna 2); 2 — saxoponenue 6 nouse, nosonuii zonrouen (Kobna 2, zop. 5); 3a — 3axoponenue 6
cepvix cynecsx, zonoyen (Hasec Cmapux, zop. 18; Hasec Cmomposoil); 36 — 3axoponenue 6 cyeiunkax,
nosonenednuxosve (Jviposamuiii Kamens na p. Yycoeoii, Hasec Ceemaviil, 20p. 14—16); 4 — emopas norosuna
nosonezo naeicmoyena, 21-36 muic. 1em (Mopucosckas newepa); 5 — cepeduna nozonezo nieicmouena,
oko010 40 moic.iem (Kunuwe Coxona); 6 — sonaeiicmoyen (Cxopodym)
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IJIEMEHTHBIII COCTAB KOCTHBIX OCTATKOB II0O
JAHHBIM MACC-CIIEKTPOMETPUUM C UHAYKTUBHO

CBA3AHHOM IIJIABMOM

HcceroBanmve 31eMEHTHOTO COCTaBa UCKO-
MAeMBIX KOCTHBIX OCTATKOB 3aHMMAeT BakKHOE
MECTO B IIpo0OIeMaTHKe, CBA3aHHOM He CTOJIBKO C
JATUPOBKOI 006Pa3IOB, CKOJIBKO C U3y4yeHUEM
YCJIOBUH ¥ MEXaHU3MOB IIPOTEKAHMS IIPOIIECCOB
dboccummzanuu. Oar0OPUAHBIA U yPaHOBBIN
TECTBbl MHOT/IA UCTIOJIb3YIOTCSI B IIPAKTUKE JaTH-
POBaHMsI KOCTHBIX 00Pa3iloB, HO MIPU UX IIPUMe-
HEHUM BO3HUKAET MHOTO TPYIHOCTEN ¥ OTpaHuye-
Huit (Baruep, 2006). Texnomornyeckoe pa3BuTHe
anmapaTypHOro obecriedeHus AejIaeT 3TO HallpaB-
serue paboT Bce 6oJiee JOCTYIHBIM sl HIMPO-
KOTO MCIOJIb30BaHUSsI, OJHAKO 0e3 yriy0IeHHoro
NOHMMaHWUSI TIPOIIECCOB OOMEHA BEIECTB MEXK/LY
KOCTBIO ¥ BMeI[aloIIel I0Po/10¥i Cepbe3HbI ITPO-
rpecc B 00J1aCTU IIPUMEHEHNsI 3HAHWUI 00 2/1eMeH-
THOM COCTaB€ MCKOTIAEMBbIX JIJIsI KX aOCOJIIOTHBIX
M OTHOCHUTEJbHBIX AATUPOBOK HEBO3MOJKEH.
B oTiiurie 0T 1oBejieHrst OPraHnYeCKHUX BEIeCTB,
KOTOpbIE ITPU (hOCCHIN3AIMH, KAK TPABUJIO, TOJIb-
KO TePSIIOTCSI KOCTHBIMU TKaHSIMHU, Pa3Hble dJie-
MEHTBI MOTYT CHayajla HAKaIJIMBAThCS, a 3aTeM
TepsAThest. O6paTUMOCTh IPOLECCOB 0OMeHa
MUHEPATBHON COCTABJSIONIEN KOCTHOTO Belle-
CTBa CO CPEIONI /IeJIaeT 3TOT IpoIiecc HoJiee CI0K-
HBIM JIJIS1 U3YYEHUSsI TI0 CPABHEHMUIO C OTHOHAIIPAB-
JIEHHOU peflyKIiuel opraHundeckoi (hpakijuu.

3.1. Obwue ceedenus 06 snemenmnom
cocmaee KoCmMHbLX U 3YyOHBLX MKanel

CpenHuit XUMUYECKUH COCTAB KOCTHBIX U
3yOHBIX TKaHel (Ha MpUMepe Yel0oBeKa) MpuBe-
nieH B Tabi1. 3.1. Heo6X01MMO OTMETHUTb, YTO IIPH-
Be/leHHbIe YCPeTHEHHBIE COCTaBbl KOCTEN 1 3y0OB
HEe OTpa)kaloT HU aHATOMHMYECKHX Bapualuil B
TKaH$X, HU U3MEHEHUH, CBSI3aHHBIX C BO3PAcTOM,
JINETOM, 0COOEHHOCTSIMU 30HbI IIPOKUBAHUS OCO-
61, 3arpsi3HEHUsT OKPYKAOMENH Cpeabl U Jp.

M3BecTHO, 4TO cOCTAB KOCTHOM TKaHH MO/IBEPIKEH
U3MEHEHUSIM B OOJIBIIEN CTEIeHH, YeM COCTaB
3MaJI U JIEHTHHA, YTO BBI3BAHO €€ BBICOKOI
MeTaboInYecKoit akTHBHOCTBIO. [ToaToMy Kosm-
YeCTBEHHbIE I KaUeCTBEHHBIE BapUAIIMH COCTaBa
GuoamnatuTa Pa3HbIX TKaHEH CKeJeTa Y pas3HbIX
JKMBOTHBIX ¥ IIPU Pa3HBIX YCIOBUSX Pa3BUTHS He
TI03BOJISIIOT CYMTATH M10A00HbBIE 0006IEHIS OTHO-
3HAYHBIMU; HEOOXOAUMA [eTaIu3aIlKs], KOTOpas
ITOCTOSIHHO TPOUCXOAUT B OOJBIION cepuu
CIIEIUATBHBIX UCCIIEIOBAHU.

B Heopranuyeckoii cocTaBISIONIEN KOCTHBIX
¥ 3yOHBIX TKaHel OCHOBHYIO POJib UTPAIOT /Ba
anementa — P u Ca; npyyem Bo MHOTHX I1y0JIH-
KalMsiX COOOMIAeTCss O HEMOCTOAHCTBE OTHOLIE-
nusi Ca/P, kotopoe konebaercs or 1,5 go 1,7.
TosilepaHTHOCTH CTPYKTYPHI allaTUTa K U30BaJI€H-
THBIM U T€TE€POBAJIEHTHBIM 3aMeIeHUSIM B KaTh-
OHHO¥ U AaHMOHHOM MO/IPEIIeTKaX CII0COOCTBYET
BXOJK/IEHHIO B cOCTaB OroanaruTa O0JIbIIOro pas-
HOOOPa3usi UHOPOAHBIX MPUMECHBIX 3JIEMEHTOB
(Elliott, 1994).

JlocTaToyHO METaNbHO M3yYeHbl BapHallUu
[PUMECHBIX 3JIEMEHTOB, COZIEPIKAIINXCST B Onoarna-
TUTE B OOJIBIIINX KOJIMYECTBAX; B IIEPBYIO OYEPe/lb
3TO KaTHOHBI Na U Mg, /It KOTOPbIX TUIIHYHbI
kouienTpanuu 0,2-0,9 u 0,2-0,6% coorBert-
crBeHHo (cM., Hanpumep, Elliott, 1994). Mssect-
HO, YTO KaTUOHBI Mg MOTYT JIOKQJIM30BaThCS HA
MIOBEPXHOCTHY KPUCTAJIJIOB allaTUTA U BCTPANBATh-
cs1 B peleTKy, 3amernasi KaTuoHbl Ca, a TaksKe y4a-
CTBOBaTh B 00Pa30BaHUU JAPYTUX MUHEPATbHBIX
(a3 (Bigi et al., 1992; /lanuabuerko u ap., 2005,
2006). IT0 3aTpyAHSIET UCCIEIOBAHUS XUMUYEC-
KOTO COCTaBa KOCTHBIX M 3yOHBIX TKaHei (6uo-
araTuT SIBJISIETCSI UX OCHOBHOI, HO He e/[UHCTBEH-
HOUM MMHepaIbHOI cocTasistoneid). [Ipu Boisic-
HEHUU CTPYKTYPHOU U (PYHKIIMOHAJIBHON POJIU
katuoHoB Na, Mg, K u 1pyrux B KOCTHO# TKaHU
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Tabnuya 3.1.  Cpednuii xumuueckuii cocmas Kocmmwix u 3ybmvix mxanei, mac.% (Gross, Berndt, 2002)
CocraB Kocte | Omanp | JleHTUH
Kanpuuii 24,5 36,0 26,9
Dochop 1155 177 13,2
Kap6oHaT-1oHsI 5,80 3,20 0,6
Harpnwii 0,70 0,50 0,8
Marnunii 0,55 0,44 0,06
XIIOpHUI-MOHBI 0,10 0,30 0,02
Kannii 0,03 0,08 0,1 (makc.)
@rop 0,02 0,01
Heopranuueckoe BeliecTBo 65,0 97,0 73,0
[TpumecHbIe 31eMeHTbI (MaKCUMaJIbHOE CONepIKaHHe)

CrpoHuuii 0,02 0,14 0,02
bapuit 0.1 0,02 0,005
CauHery 0,08 0,10 0,004
Keneso 0,1 0,08 0,01
[{uak 0,04 0,12 0,07
Menp 0,1 0,008 | 0,005
AmoMuHUii 0,04 0,015
KpemHuii 0,05 0,14 0,01
Mapranen 0,006 | mpucyrcTByer
CeneH 0,002 | -«-
OnoBo 0,009 | -«-
JluTnii 0,001 | -«-
Hukenn 0,001 | -«-
Cepebpo 0,004 | 0,07
Cepa 0,005

Kanmuit 0,007

60JIBIIIOE 3HAUEHUE UMEET OIPEIETIeHNE UX UOH-
HOT'O OKPY’KEHUSI U TPEUMYIIECTBEHHOM JIOKaJIH-
3aluy, IpUYeM Kak Ha MHUKDOHHOM, TaK ¥ Ha
HAaHOMETPOBOM YPOBHSIX. B 1epBom ciryuyae peub
HJIET O BO3BMOYKHOCTH OTIPeIesIeHHsI Pacipe/ieie-
HHSI MAKPO3JIEMEHTOB B 3JIEMEHTAX JIAMEJLJISIPHO-
OCTEOHHBIX CTPYKTYP MEXKKJIETOUHOTO MaTPUKCa
KOCTHOW TKaH¥, BO BTOPOM — OIpeJesieHue
JIOKQTU3AIUU OTUX 3JIEMEHTOB OTHOCUTEIHHO
HAHOPAa3MEPHBIX KPUCTAINYECKUX YacTUI] OUO-
arnaTuTa (B 06beMe — B y3/1aX KPUCTAILINYECKON
pereTku b0 Ha TIOBEPXHOCTH — B COPOMPOBaAH-
HOM MJIM XMMUYECKHU CJIabOCBSI3aHHOM COCTOS-
Hun). [ToxpobHbie 0630pbl AaHATHTUYECKUX JIaH-
HBIX 110 3TOI pobJieMe TPUBEIEHBI B psje my0-
aukanuii (Biomineralization, 2003; Medical
mineralogy ..., 2006), TeM He MeHee M CErOAHS
aKTyaJIbHbI HCCJI€I0BAHNS 30HATIbHOCTH Paciipe-
nenenus nonoB Ca, P, E Na, Mg, K u apyrux B
KOCTHBIX ¥ 3YOHBIX TKAHSIX C UCIOJb30BaHUEM
MHKPO30H/IOBOW TEXHUKU, B TOM YHCJIE U B CBSI3U

¢ po6JIeMOl OIIEHKU OTHOCUTEJIBHOTO BO3pacTa
HCKOIIA€MbIX KOCTHBIX TKaHE.

KocrHbie 1 3yOHbIE TKAHU BCETJa COMEPKaT
GOJIBIIIOE YHCI0 MUKPO3IeMeHTOB (cM. Tabur. 1.1).
Psin mukpoanementos (Cr, Zn u 7p.), TaK Ha3bIBa-
€MBIX CCEHITUATbHBIX, HEOOXOIMM OPTaHU3MY JJIsT
€ro HOpMaJIbHOTO (PYHKIIMOHUPOBAHHUS; /1711 HEKO-
TOPBIX U3 HUX B Tabu.1.2 oTMedeHa opma ux
HAXOJK/IEHHS B OPraHu3Me 1 OMOIOrHIecKast poJib.
Hanpotus, uemsiit psix saementos (Al, Sr u ap.)
HE UTPaeT OIIPe/IeJIEHHON POJIU B JKU3HE/IesITe b+
HOCTHM OpraHusma, a otaeabHbie u3 Hux (Pb, Cd,
Hg v 1p.) TOKCUYHBI 1ake B MAJIBIX KOJINYECTBAX.
Hanpumep, ussecto (Biomineralization, 2003;
Medical mineralogy ..., 2006), uTo TokcuuHsie Pb,
Cd u Sr «TpaBMHUPYIOT» MUHEPATU3AUIO KOCTHON
1 3yOHOII TKaHH, BCTPAUBAsICh B MATPHUILY THIPO-
KcuanatuTa u 3amenias Ca; Ipy 3TOM IePHOJ UX
BBIBEIEHHST U3 TKaHeH (J1a’ke YaCTUIHOTO) COCTaB-
JIeT Tozibl, Harpumep uist Pb B kocTHO# TKaHu aTa
sesmunHa mopsigka 27 ser (Reeder et al., 2006).
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M3-3a pasHUIBl B HOHHBIX PaJIMyCax KaJbIlHs
n 3amemaonmx ero Pb, Cd u Cr xocTHast TKaHb
Pa3PBIXJISIETCSE, YTO TIPUBO/INT K PA3BUTHIO PA3JIy-
HBIX HATOJIOTUI.

3aKOHOMEPHOCTH COjIepKaHNus MUKPO3JIe-
MEHTOB B MCKOITA€MbIX KOCTHBIX OCTATKAX HHTEH-
cuBHo udydatorcs (Price, 1989; Price et al., 1992).
[ToryyeHnbl MHOTOOOEIAIONNE PE3YIBTATH B
MPUMEHEHUH 3TUX 3aKOHOMEPHOCTEH 171 TIOHU-
MaHUs CTEeNeHN W NCTOYHUKOB TE€PeOTI0KEeHUS
KOCTeH, PEKOHCTPYKIIMU T€OXUMHYECKUX YCJIO-
BUI (hocCUIU3AITNY, TATIEOIUET U APYTUX BOIIPO-
con. HanboJiee BaskHbI JTUTEPATyPHbBIE JAHHbIE O
3aKOHOMEPHOCTSIX HAKOTIJIEHUSI MUKPO3JIEMEHTOB
B KOCTHBIX TKaHsX npu (occunmnsanmu. Takux
JTAHHBIX HEMAJIO, HO B OCHOBHOM OHU OTHOCSITCS
b0 K MaTepuasaM 110 3aXOPOHEHUSIM YesioBe-
Ka, n6o K mpoiieccam (HOCCUTH3ANMHI OCTATKOB
B BoztHOM cpeie. K coxkanennio, 06a HarrpaB/ieHust
N0GABJIAIOT HE CIMIIKOM MHOTO JIJTsl TOHUMaHUsI
3aKOHOMEPHOCTeN (HOCCUAN3ANUU KOCTHBIX
OCTaTKOB MJIEKOITUTAIOIINX B PBIXJIBIX OTJIOMKeE-
HUSIX KapPCTOBBIX TOJIOCTEH, KOTOPbI€ HAXOASATCS
B IIEHTPE HAlllero BHUMaHUSI.

Crreruduika 1aHHOTO UCCJIEIOBAHUS COCTOUT
He TOJBKO B JIOKAJIN3AINN KOCTHBIX OCTATKOB B
KapCTOBBIX MOJIOCTSX, T. €. B KAPOOHATHOU cpe/ie,
HO ¥ B TOM, YTO OHO BBIIIOJIHSIETCSI HA KOCTHBIX
OCTaTKaxX MEJIKUX MJIeKONMUTamuX. ToJmmHa
GoJbIeit YacTi 06PasIoB KOCTH COCTABJIEIOT BCe-
r0 HECKOJIbKO MUJLTUMETPOB, 4TO, GE3yCI0BHO,
CO3/1aeT OTpe/ie/IeHHbIe TPYAHOCTH 10 CPABHEHUTO
¢ KocTsiMu 60Jiee KPYIHBIX PasMepOB.

3.2. Memoouxa macc-
cnexmpomempuueckozo aHaiusa
uckKkonaemuvlx 0cCmamxo6

BoapmmHCTBO COBpeMEHHBIX MCCel0BAHUI
MHUKPO3JIEMEHTHOTO COCTaBa IIOPOI 1 MUHEPAJIOB
6a3upyeTcss Ha MacC-CIEKTPOMETPUYECKUX
TAHHBIX; MACC-CIIEKTPOMETPUS C UHAYKTUBHO
csizanHo# 11azmoit (MCII-MC) 3anumaet mian-
PYIOIIYIO TTO3UIIAIO B 9JIEMEHTHOM M U30TOITHOM
aHaJM3e M3-3a BBICOKOU YYBCTBUTEJIbHOCTH,
MHOTOKOMIIOHEHTHOCTH, YHUBEPCAJIbHOCTU U
ckopoctu anasmuiza. Cospemennasi MCII-MC
MI03BOJISIET IIPOBOIUTH U3MEPEHUS HUBKUX U YJIb-
TPAaHU3KUX COJEPKAaHUU CPa3y HECKOJIbKUX
JIECSITKOB 3JIEMEHTOB C INHAMUYECKUM J[MaIa30-

HOM /IO JIEBSITH MTOPSI/IKOB BEJUYNHBI, BILJIOTH /10
conepxanuii 10— 107°%.

Boamoxxnoctu nipumenenust merona VMCII-
MC /1151 5JIEMEHTHOTO aHAJTM3a KOCTHBIX M 3yOHBIX
TKaHel ObLIM ONMCaHbl B MHOTOYHCJIEHHBIX 0030-
pax (cm., Haripumep, Lee et al., 1999; Appleton et
al., 2000). Baxknoii cocTaBJIsiioIIell aHAIUTHYeC-
KO Macc-CIeKTPOMeTPUYECKOU MpoLeaypbl
SIBJIAETCSL TTPOOOIIOATOTOBKA; OHA JOJKHA ObITH
KaK MOYKHO TIPOIIe ¥ C MUHUMAJIbHBIM pa3baBiie-
HUEM TIPO0, TOCKOJIBKY OTIPE/IEIsIEMBIE 3JIEMEHTHI
MPUCYTCTBYIOT B OU€Hb HU3KMX KOHIIEHTPAIUSIX
(menee MKr/T). CrieKTpajibHble HAIOKEHUS IIPU
BBITIOJIHEHUW aHAJU3a HA Macc-CIeKTpomeTpe
KOPPEeKTUPYIOTCS TIPUMEHEHNEeM aHa/IN3a ajlbTep-
HATUBHOI'O M30TOIA ONpPE/IeIsIeMOro 3JIeMeHTa
WJTA XOJIOCTOTO PaCTBOPA, @ MATPUYHBIE BIUSHUS
CBOJSATCS K MUHUMYMY 3a CUeT TIIaTeJbHOM
poOOTIOATOTOBKM 1/ MCIIOJb30BAHUST BHYT-
PEHHUX CTAHaPTOB, METO/IA JI00ABOK MJIH H30TOII-
Horo paszbasienusi. [[Jisi HEKOTOPBIX 3JIEMEHTOB
[PEOYTUTEIEH METO/I H30TOITHOTO pa3basJie-
HUSI, HO OH He TPUMEHUM K MOHOM30TOITHBIM 3JTe-
MeHTaM, a BbIOpaHHasi Mapa U30TOINOB J0JIKHA
OBITh CBOOOHA OT 3HAYMTEIBHBIX N300apPHBIX
nanoxenuii. Uccnenosarenamu (Lee et al.,
1999a) npes1oKeH METO/I CTaHIAPTHBIX T0OaBOK
JIJISE MHOTO3JIEMEHTHOTO aHaJM3a 3y00B MOJIEBOK
€ MCII0JIb30BAHUEM /IJISI KOHTPOJIS ITPAaBUJIBHO-
CTH CTaHAAPTHOTO 00pa3iia 30Jbl KOCTH KHBOT-
Horo. [IpenmyinecTBo MeTo/1a 106aBOK COCTOUT
B TOM, 4TO 100aBKa MO/IBEPTAETCST TEM Ke BJIHSI-
HUSM, YTO ¥ aHAJIU3UPYEMble 3JIeMEeHThI B Hen3-
BECTHOI#1 Ipo6e, T. €. MATPUIlA OCTAETCS MOCTOSTH-
HOU 17151 Bcex nmpob. B mesom meron mo6aBok
siBJIsIeTCsl 6oJIee TOYHBIM METO/IOM, Y€M HCIOJIb-
30BaHUE rPAAyHPOBOYHBIX IPA(UKOB C BHEIIHUM
3JIEMEHTOM CPaBHEHMS.

Jluist oripeiesieHust iprMeceii B GHOMIHEPATb-
HbIX KOCTHBIX TKaHssx MetogoM MICII-MC TBep-
Jlasi COCTABJSONIAsl IIePEeBOAUTCS B PacTBOD;
PelIeHMe DTOM 3a/ja4M CBOANTCS K BHIOOPY ONTH-
MaJILHOTO c110c06a pacTBOpPeHHs, ¢ oA60pOM Mo/
XO/ISAIIIETO PACTBOPHUTEJSI M YCJIOBUIA PA3JIOKEHHUS.
CymiecTBeHHOE 3HaYeHNe UMeeT HaJImdie OpraHu-
4eCKOU KOMITIOHEHTBI B KOCTHBIX 1 3yOHBIX TKAHSIX,
TaK KaK MHOTHE OpraHnYecKue BelecTsa ¢ TPy10M
PacTBOPSIIOTCS B CTAaHAAPTHBIX PEAKTUBAX, UCITOJIb-
3yeMbIX IIPH aHaJI3e TOPHBIX IIOPOJl 1 MUHEPAJIOB,
a HaJMYue HepacTBOPEHHOTO OCaKa MPUBOJUT K
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HOTPEIIHOCTSIM IIPU MacC-CIIEKTPOMETPUYECKUX
uamepenusix. [loatomy, mpu pazpabotke MeToau-
KU XUMHUYECKOTO PasJioKeHus1 pob cirepyer 10-
OUBATHCSI IIOJTHOTO BCKPBITHSI MUHEPAIbHOM (hasbl
Y PacTBOPEHNUsI OPTaHMYECKUX KOMITOHEHTOB.
MpbI TPOBOAMIIM MCCIEIOBAHUST MUKPOIJIe-
MEHTHOTO COCTaBa KOCTHBIX OCTaTKOB Ha KBaJIpy-
nosbHOM Macc-ciektpomerpe ELAN 9000. Ha-
BeCKH KOCTHBIX TKaHei ToMeIaiy B TepIoHOBbIe
crakabl 1yig CBY-paznoxenus B meun [1JI11-01
Tedect (pupma Ypan—Iedect, Poccust), 3anuBa-
s emecpio 0,4 i H,0,+2,0 man HNO,+2 mn HE,
BBIJIEP’KUBAIM TIPM KOMHATHON TeMIlepaType B
teuenue 30 MUH U IIPOrPeBaIU Ha BOASHOI GaHe
B TeyeHue 40 MUH, 10 OKOHUAHUS Ta30BbIIEICHIS
¥ pacTBOPeHUsT KPYMHBIX YacTuil po6er. CBY-
pasjio’KeHre MPOBOAUIOCH TI0 TIPOrpaMMe CTy-
nenyaToro Harpesa 1o 350 k11a v BeiiepskuBaHun
IIPU YKa3aHHOM [JaBJjieHUU B TedeHue 10 MuH; B
JaHHBIX ycaoBusAx pocruraigock 100%-Hoe pa-
ctBOpenue poObL. Bee peakTuBel, KCII0Ib3yeMble
ISt TPOOOIIOATOTOBKY U MIPOBEAEHKs aHAJIN3a,
nmesn kBamudukanuio OCY, a miIaBuKoBas u
a30THAs KUCJOTHI JAOTOJHUTEIbHO OYUIIAIN
METO/IOM «HEIOKUIISIIIeNn» MUCTUISIUU (Sub—
boiling distillation). Ha Bcex cTagusix mpurotos-
JIEHUsT KOHTPOJIBHBIX (<«XOJOCTBIX» ) P00, CTaH-
JAapTHBIX PaCTBOPOB JJISl IPalyMpPOBAHUS U
aHaJIM3UPyeMbIX TPoO UCII0Jh30BAIACh YIbTPa-
4yucTas BO/ia C yAEJIbHBIM COMPOTHBIeHNEM 18,2
MOwm-cM. Bee paboThl BHITIOTHAIMCH B KOMILIEK-
ce YuCThIX nnomeutenuit kaaccos 7 u § UCO c¢ cu-
CTeMOI1 BEHTUJIALMN, KOHAUIIMOHUPOBAHMS BO3-
AyXa, ra30cHa0KeHMsI U ATIEKTPOCHAOKEHUST 171k
aKcIUTyaTanuu obopyaosatnust. [IoarotToBIeHHbIE

Tabruya 3.2.

K aHaJIM3y pacTBOPHI 1pob ObLiu pasbasensr 1%-
HBIM PACTBOPOM a30THOW KMCJIOTHI U TIepeBeie-
HBI B TIOJIUIIPOITIJIEHOBbIE KOHTEHHEPHI 00BEMOM
50 mut; TyJa ke BHOCWJIM BHYTPEHHUN CTaHAApT
— pactBop unaus KoHentpaiuein 10 ppb. Beox
pactBOpoB B Macc—crekTpomerp ELAN 9000
OCYIIECTBJISIETCSI C IOMOIIBIO THEBMATHYECKOTO
MIOTIEPEYHO-TIOTOKOBOTO PACIIBLIIATEIST; /I7Is1 H3Me-
PEHUI MCII0JIB30BaJICS aproH 4yuctoTel 99,998%.
[Tepen HayasoM pabOTHI MPUOOP MPOXOIUI
TPOIIEYPY ONTUMUSAIHH /7151 IOCTIDKEH ISt MAKCH-
MaJIbHOI YyBCTBUTETHHOCTH MOHOB M 1 MUHMMU-
gamuu curnanoB or M2, MO™ u ¢ona B ob1acTu
m/z = 220.

Tunuyxble onepaluoHHbIEe YCIOBUS Macc-
cnextpomerpa ELAN9000 npu mynbrusiemenT-
HOM aHajnse Mpod KOCTHBIX OCTATKOB TIpUBe/e-
Hbl B Tabm. 3.2. Bece uaMepeHust MpoBOANIH B
pekIMe KOJTMYeCTBEHHOTO aHATN3a C IIOCTPoe-
HITEM IPa/lyMPOBOYHBIX KPHBBIX; /LIS TOCTPOCHIS
KOTOPBIX HCIOJIb30BAIUCH CePTUDUIIPOBAHHbIE
B cootBeTcTBUM ISO 9001 mMyabTuaiemeHTHbIE
craHzapTHbie pacTBopbl  Perkin  Elmer
Instruments.

3.3. Muxpoanremenmol 6 KOCMHBLX
ocmamxax no dannvim HCII-MC

B Hacrosueit pabore uccae0BaH MaTepuall
U3 Iemiep YpaabCKOro PeruoHa, a [isi CpaBHEHUS
MCII0JIb30BaHa HUKHSIS YeJIOCTh BBIMEPIIHUX
Allophajomys pliocaenicus n3 anIOBHaIbHOTO
MecToHaxoxaeHus: CKopoayMm U (hparMeHThl
pe3I0B TPHI3YHOB U3 BBIMEPIIEr0 ceMelCcTBa

Tunuunvie onepayuonnwie ycrosus macc-cnexkmpomempa ELAN 9000

OnepalloHHblii napameTp

3HaueHue napamerpa

BricokouyacToTHas MOIIHOCTB, kBT

1300

MaTepnan KOHYCOB COMILIEPA U CKUMMEpa

Ni, Pt

YcnoBust U3MEpeHUsl CUrHana:
Bun curnana

«IpBDKKY o iukam» (peak hopping)

Pasperuenne 0,7 a.e.m
Yucno ckaHupoBaHuit Ha ofiHO u3Mepenue (Sweeps/reading) 20

Yucno NoBTOPHBIX CYMTHIBAHMIA CUTHANIA IJIS IPOBEICHUS

onHoro usmepenusi (Replicates) 2
BHyTpeHHuii cranaapt In
Cucrema «Auto lensy Bxmoyena

Pexum paboTel getekTopa

JBoiiHOli (aBTOMaTHUECKOE
MIepeKIoYeHHe C UMITYJIbCHOTO Ha
AHAJIOTOBbI PEXKUM H3MEPEHUsI)
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Cylindrodontidae u3 osmroneHoBoro MecToHa-
XO0KeHusT ATaMOa3unHK. AHAJIM3UPOBAJIU dJIe-
MEHTHBIN COCTAB KaK MCXOHbBIX P00, TaK 1 Ipod
nocje jaboparoproro orxkura mpu 800—-900°C,
a TakyKe HECKOJIbKHX 00Pa3IloB IPYHTA U3 U3ydeH-
HBIX MeCTOHaxoxaeHuit (Tabs. 3.3-3.11, 3.13).
Jlasiee paccMaTpUBAIOTCS TaHHBIE O COIEPIKA-
HUY MUKPO3JIEMEHTOB B OT/EJbHBIX MpoOax

KOCTHBIX OCTaTKOB U 3y60B, 00CyKIal0TCA
pactpenesnenust P39 B oOpasiiax, a TaK)Ke KOJIu-
YeCTBEHHBIE TEOXMMHUUYECKUEe MHIAUKATOPHI
Z(REE)n, otnomenuss (LREE/HREE)n,
(La/Sm)n, (La/Yb)n, Y/Ho, (Dy/Yb)n,
(Na+Mg)/Ti, snauenus esponuenbix (Eu/Eu*)
u 1iepueBbix (Ce/Ce*) aHoManuii, XapaKTepusy-
omue Bu pactpenenenus: P39.

Tabnuya 3.3.  Inemenmuuiii cOCMas GPazmenmos HUNHEUETIOCIHBIX KOCMeEl PA3IUUHBLY ZPbI3YHO8
U3 no2adox cos, Mkz,/2

MecToHaxoxneHue
Cocras Ocrpos Kui6a | I'por
Bpanrens dunuH
Bun DT AT oz
Macca HaBecku, MT 144,6 199,7 41,1
Li 1,15 0,26 3,76
Be 0,002 0,01 0,004
B 1,24 1,12 1,31
Na 3468,19 2875,64 4203,94
Mg 5293,17 3846,92 7593,66
Al 10,57 70,64 H/0
Sc 0,03 0,24 0,23
Ti 1,24 1,82 2,84
\Y 0,01 0,07 0,49
Cr 0,03 H/0 1,20
Mn 13,62 68,77 EM |
Co 0,26 0,50 0,32
Ni 5,47 10,40 8,71
Cu 0,79 1,21 0,61
Zn 181,98 242,20 106,42
Ga 0,66 0,67 0,95
Ge 0,002 0,01 0,002
As 0,07 0,03 0,46
Se 0,27 0,27 0,19
Rb 0,23 0,17 0,64
Sr 748,63 307,34 190,05
Y 0,02 0,08 0,08
Zr 0,09 0,07 0,23
Nb 0,001 H/0 0,01
Mo 0,02 0,01 0,02
Ag 0,001 H/0 0,01
Cd 0,04 0,02 0,01
Sn 0,06 H/O 0,01
Sb 0,01 0,003 0,01
Te 0,01 0,07 0,03
Cs 0,002 0,002 0,01
Ba 62,42 258,02 68,26
La 0,01 0,24 0,06
Ce 0,01 0,41 0,14
Pr 0,002 0,05 0,02
Nd 0,01 0,17 0,07
Sm 0,003 0,03 0,02
Eu 0,001 0,01 0,01
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IIpodonncerue mabauywl 3.3.
Cocras MecToHax0X1eH1 e
OctpoB Bpanrens | Kpibna 1 Ipor
DunuH
Tb 0,004 0,003 0,003
Dy 0,003 0,01 0,01
Ho H/0 0,003 0,003
Er 0,002 0,01 0,01
Tm H/0 0,001 0,001
Yb 0,001 0,01 0,01
Lu 0,002 0,001 0,001
Hf H/0 0,01 0,24
Ta H/0 H/O H/0
\'Y H/0 0,001 0,05
Tl 0,002 0,01 0,003
Pb 4,73 1,37 0,63
Bi 0,001 0,004 0,08
Th 0,003 0,08 0,01
U 0,002 0,01 0,01

Ipumevanue. DT — Dicrostonyx vinogradovi, AT — Arvicola terrestris, OZ — Ondatra zibethicus.
3decv u 6 Opyeux mabauyax: n/o — ne o6Hapyiceno.

Tabnuya 3.4.  Inemenmmwiii cocmae ppazmenmos nuxcrnevemocmuovix kocmet Arvicola terrestris (AT)
U3 n030He20N10UeH08020 Mecmonaxoxcoenus: Kviona 2, mxz/2

CocraB C?g I/_l (1)” 5r (;E;')O’ ((:3,()5“_1’1:—505];4;’ Cnoii 3, rop. 5, (6 — 9 cm)
Macca HaBeCKH, MI 35,3 59,8 40,7 235,9
IEi1 0,14 0,27 0,29 0,42
Be 0,02 H/0 0,02 0,05
B 0,83 0,75 0,88 1,59
Na 3705,77 2404,61 1361,12 1716,79
Mg 3821,58 3612,59 2697,87 5372,59
Al 21,74 6,06 161,61 288,12
Sc H/0 H/0 0,21 0,40
Ti 1,82 1,71 553 155
\% 0,05 0,03 1,90 2,43
Cr 0,08 0,09 0,55 0,94
Mn 23,97 32,22 183,22 465,42
Co 0,43 0,44 0,56 0,78
Ni 177 T 7,64 11,40
Cu 1,15 2,86 1,87 2,52
Zn 174,55 165,90 215,15 224,52
Ga 0,52 0,53 0,55 0,76
Ge H/0 H/0 0,01 0,01
As 0,03 0,03 0,20 0,23
Se 0,02 0,10 0,21 0,78
Rb 1,48 0,35 0,31 0,62
Sr 250,80 228,96 116,64 193,09
Y 0,11 0,01 0,67 112
Zr 0,07 0,04 0,25 0,22
Nb 0,001 H/0 0,02 0,01
Mo 0,01 0,02 0,02 0,04
Ag 0,03 0,22 0,02 0,004
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IIpodonicenue mabruypl 3.4.

CocraBn Cj(lg Ij z)’, Sr (::i;)o’ C(gf)su_l,l,rso }C)M; Cnoii 3, rop. 5, (6 — 9 cm)
Cd 0,04 0,26 1,07 1,25
Sn 0,01 0,04 0,15 5,03
Sb 0,02 0,05 0,14 0,07
Te 0,003 H/0 0,01 0,03
Cs 0,01 0,002 0,01 0,05
Ba 166,16 207,98 150,02 150,19
La 0,04 0,01 0,73 1,29
Ce 0,09 0,02 0,83 1,55
Pr 0,01 0,01 0,14 0,23
Nd 0,05 0,01 0,54 0,89
Sm 0,01 0,01 0,13 0,16
Eu 0,004 0,002 0,03 0,04
Gd 0,02 0,002 0,10 0,15
Tb 0,003 0,001 0,01 0,03
Dy 0,02 0,002 0,08 0,15
Ho 0,003 H/0 0,02 0,03
Er 0,01 0,001 0,05 0,08
Tm 0,001 u/o 0,01 0,01
Yb 0,01 H/0 0,04 0,07
Lu 0,001 0,001 0,01 0,01
Hf 0,001 H/0 0,01 0,01
Ta H/0 H/0 0,003 H/0
\'Y 0,001 0,004 0,01 0,01
Tl 0,003 0,01 0,01 0,02
Pb 4,58 1,22 6,34 9,94
Bi 0,004 0,02 0,01 0,01
Th 0,01 H/O 0,05 0,08
U 0,004 0,002 0,28 0,47

Tabnuya 3.5.  Inemenmuviii cocmas ppazmenmos HuxicHeuesocmuolx kocmet Arvicola terrestris (AT)
u3 mecmownaxosxcoenue Hasec Cmapux, mxe/2
Cuoii 1 Cnoit 2
Cocras Top. 1 Top. 3 Top. 5 lop. 18
(0-‘1) cm) (2—2 M) (4—gcm) bop- 10 =1 T oy -p23 cm)
Ha::(?lf;?MF 45,6 47,7 55,5 70,0 46,0 82,3
Li 1,02 0,45 0,45 0,78 0,69 1,02
Be 0,02 0,003 0,02 0,01 0,03 0,11
B 2,37 2,08 1,60 1,85 2,21 4,09
Na 1945,38 1852,08 1872,92 1811,23 1679,39 2265,28
Mg 2146,74 1558,97 1694,03 2020,71 1076,80 2438,34
Al 65,88 2275 44,52 37,45 50,36 240,99
Sc 0,14 0,09 0,11 0,09 H/0 0,38
Ti 3,85 2;37 2,97 2,88 2,82 5,59
\Y 0,67 0,32 0,49 0,60 0,63 4,00
Cr 0,20 0,11 0,28 0,13 0,14 0,85
Mn 59,37 32,07 47,38 38,33 62,84 55,88
Co 0,48 0,44 0,45 0,43 0,51 0,83
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Coii 1 Cioii 2
Cocras Top. 1 Top. 3 Top. 5 ['op. 18
(O—Fl) M) (2-2 M) (4—2 ai. | TRRLLAIUSL M) iy —p23 M)
Ni 8,16 8,11 8,08 7,82 8,72 13,77
Cu 1,16 1;13 1,72 1,32 1,24 2,89
Zn 146,19 139,78 200,85 129,09 222,75 246,62
Ga 0,53 0,52 0,54 0,55 0,51 0,63
Ge 0,01 0,004 0,004 0,002 0,01 0,02
As 0,35 0,15 0,21 0,21 0,60 0,87
Se 0,16 0,11 0,23 0,09 0,09 2,07
Rb 0,50 0,18 0,31 0,15 0:15 0,54
Sr 231,60 188,13 229,09 250,42 203,34 427,88
Y 0,20 0,08 0,21 0,13 0,38 0,74
Zr 0,15 0,08 0,10 0,159 0,14 0,44
Nb 0,004 0,02 0,01 0,02 0,93 0,01
Mo 0,24 0,31 0,28 0,16 0,39 0,11
Ag 0,02 0,05 0,12 0,08 0,03 0,01
Cd 0,06 0,03 0,15 0,08 0,11 0,25
Sn 0,03 0,002 0,02 0,01 H/0 8,05
Sb 0,04 0,02 0,02 0,06 0,03 0,03
Te 0,01 0,01 0,01 0,01 0,01 0,09
Cs 0,01 0,002 0,01 0,01 0,003 0,02
Ba 154,10 157,66 180,00 139,19 159,18 211,84
La 0,13 0,06 0,16 0,24 0,31 0,54
Ce 0,30 0,14 0,37 0,51 0,75 1,34
Pr 0,04 0,02 0,05 0,06 0,09 0,14
Nd 0,16 0,07 0,19 0,20 0,37 0,61
Sm 0,03 0,02 0,04 0,03 0,08 0,16
Eu 0,01 0,01 0,02 0,01 0,03 0,04
Gd 0,04 0,02 0,05 0,03 0,09 0,15
Tb 0,01 0,003 0,01 0,01 0,01 0,02
Dy 0,03 0,01 0,04 0,02 0,07 0,13
Ho 0,01 0,002 0,01 0,004 0,01 0,02
Er 0,02 0,01 0,02 0,01 0,04 0,06
Tm 0,002 H/0 0,002 0,001 0,004 0,01
Yb 0,01 0,01 0,01 0,01 0,03 0,05
Lu 0,003 0,001 0,003 0,002 0,004 0,01
Hf 0,003 0,001 0,001 0,004 0,003 0,01
Ta 0,001 H/0 H/0 H/0 0,002 H/0
\\ 0,01 0,001 0,01 0,002 0,01 0,01
Tl 0,01 0,004 0,004 0,003 0,002 0,002
Pb 1.35 0,99 0,86 [F12 1,05 1,22
Bi 0,01 0,01 0,02 0,01 0,002 0,02
Th 0,03 0,01 0,02 0,09 0,04 0,08
U 0,06 0,03 0,08 0,10 0,09 0,53
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Tabnuya 3.6.  Inemenmuolii cocmas Qpazmenmos HUNCHEUETIOCTIHOLX KOCMel Pa3IUUHbLY ZPbL3YHO8
u3 mecmonaxoxcoenust Hasec Ceemaviil, mke/2
Coeran Croii 2 Cnoit 5
[op. 5 I'op. 15 | Top. 16 [op. 18
Bun DT AT CL CL DT DT DT LL
Macca
HaBecku,| 156,1 143,1 11 22,2 11,8 62,2 19,5 7,4
Mr
Li 2,08 1,45 2,43 0,82 1,99 5,18 7,92 1,68
Be 0,31 0,21 0,33 0,39 1,90 1.31 1,48 2,54
B 6,54 5,59 12,09 2,97 H/O H/0 H/0 H/0
Na 1801,83 | 1622,13 | 1595,15 | 1621,29 | 1731,57 | 1594,44 | 3717,97 | 2238,18
Mg 1571559 943,48 1159,65 848,69 720,25 2700,71 | 4745,46 | 1056,24
Al 1499,23 503,77 762,53 300,18 536,55 4593,37 | 8738,78 | 1206,54
Si 481,14 152,88 597,15 200,99 | 1302,17 | 1924,32 | 6635,09 | 2970,42
Sc 1,44 0,41 0,55 0,41 5,18 4,41 9,23 8,25
Ti 35,83 12,20 20,74 9,30 18,86 77,08 140,29 30,86
\% 11,36 7,05 7,47 7.39 15,53 24,53 32,45 20,07
Cr 3,64 155 1,72 1,16 2:35 12,12 23,14 2,43
Mn 217,60 37,18 152,87 80,91 1032,20 935,58 376,92 3106,38
Co 2,01 0,93 1,37 0,99 3,70 4,86 6,16 22392
Ni 24,81 18,32 17,27 17,99 30,59 28,64 26,18 67,26
Cu 8,03 5,29 4,90 5,59 34,58 38,02 49,43 21,19
Zn 238,26 139,90 161,51 18753 146,00 112,63 164,40 103,27
Ga 1,08 0,71 0.77 0,68 0,85 1,82 2,84 1,35
Ge 0,04 0,01 0,03 0,02 0,13 0,13 031 0,21
As 1:22 0,98 1,07 0;72 1,45 2,79 3,60 2,98
Se 2,08 1,04 1,04 2,27 H/0 1,85 3,02 H/0
Rb 3,42 1,29 1,50 0,45 0,35 4,50 7,61 0,88
Sr 695,88 263,98 195,36 159,06 575,05 503,07 763,62 445,92
Y 1,86 0,87 1:92 1,40 143,70 86,97 199,92 196,76
Zr 137 0,74 0,72 0,58 19,84 14,68 11,91 41,72
Nb 0,08 0,04 0,03 0,04 0,03 0,18 0,30 0,05
Mo 0,30 0,20 0,58 0,02 0,17 0,29 0,52 0,25
Ag 0,01 0,001 H/0 H/0 0,05 0,08 0,69 0,14
Cd 0,78 0,51 0,57 0,82 0,80 0,73 0,55 1,17
Sn 7,40 H/0 0,06 0,04 0,02 5,43 25,06 0,04
Sb 0,07 0,03 0,05 0,04 0,37 0,35 0,44 0,51
Te 0,08 0,01 0,11 0,06 H/0 0,01 0,03 0,06
Cs 0,17 0,05 0,07 0,02 0,05 0,43 0,66 0,08
Ba 114,41 117,35 99.46 80,56 153,30 139,32 146,75 291,58
La 1,54 0,58 1,28 0,68 82,07 84,52 170,07 148,74
Ce 3,14 1517 2,43 1,38 45,69 33,98 33,65 112,87
Pr 0,36 0,13 0,29 0,15 16,79 14,13 31,06 27,29
Nd 1,54 0,54 1,33 0,73 74,21 59,66 129,42 115,98
Sm 0,34 0512 0,27 0,16 14,28 10,26 22,99 21,33
Eu 0,08 0,03 0,06 0,04 3,62 2,71 5,84 5,29
Gd 0,31 0,12 0,28 0,16 17,29 11,92 27,02 26,35
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fhcirin Croii 2 Croii 5
[op. 5 [op. 15 I'op. 16 [op. 18

Tb 0,05 0,02 0,04 0,02 2,41 1,50 3,40 3,40
Dy 0,27 0,12 0,26 0,17 16,20 9,40 21,91 22,29
Ho 0,06 0,02 0,05 0,03 3,69 2,06 4,77 5,02
Er 0,16 0,07 0,16 0,10 10,14 5,54 12,49 14,18
Tm 0,02 0,01 0,02 0,01 1,39 0,74 1,61 1,88
Yb 0,14 0,06 0.15 0,10 8,59 4,40 9,67 11,44
Lu 0,02 0,01 0,02 0,02 1,34 0,68 1,44 1,82
Hf 0,04 0,02 0,02 0,02 0,18 0,20 0:25 0,34
Ta 0,001 0,0002 H/0 H/0 H/0 0,01 0,01 H/0

\'Y 0,02 0,005 H/0 H/0 0,18 0,24 0,13 0,26
T} 0,02 0,01 0,004 0,003 0,10 0,06 0,05 0,37
Pb 29,88 1,65 144 0,66 6,35 9,13 16,41 14,89
Bi 0,03 0,01 H/0 0,001 0,01 0,05 0,06 H/0

Th 0,31 0,11 0,14 0,13 1,09 1:33 2,15 1553

U 11,18 12,79 9,99 10,02 15,49 16,30 12,35 7.52

IIpumeuanue. AT — Arvicola terrestris, DT — Dicrostonyx torquatus, CL — Clethrionomys sp.,
LL — Lagurus lagurus.

Tabnuya 3.7.  Iremenmmunlii cocmas (ppazmenmos HudcHewesrocmuolx kocmet Dicrostonyx torquatus
(DT) u3 mecmonaxoxcoenuii Joiposamuviii Kamenv u Hopucosckas newepa, mxz/z

MecToHaxoxaeHue
CocraB
JpipoBatslii Kamenb Wnpucosckas neiepa
Ob6pazen H.wu. 5 Huwu. 6 Hu. 1 H.u. 2
®parmMeHt Jnacrema Anbligzj;ip}laﬂ Juacrema | [uactrema | [luacrema
Ha:;[;f;f‘w 3 8,1 9,9 6,7 17,8
Li 1,91 3,66 3,39 3,08 3.57
Be 0,15 0,19 0,10 0,22 0,24
B 7,33 8,93 1,53 5,62 7,28
Na 1128,97 1480,68 1347,74 1685,79 1445,75
Mg 787,13 1349,23 1487,22 1341,20 1339,42
Al 666,68 1834,45 7027,34 5709,38 7132:27
Sc H/0 1,24 H/0 H/0 H/0
Ti 15,98 38,48 42,06 30,65 30,78
\' 11,15 17,20 10,18 8,01 8,74
Cr 2,64 7,51 2.31 H/0 2,00
Mn 518,40 664,63 222,82 526,45 616,40
Co 2,38 3,35 1,42 11,87 8,26
Ni 23,01 28,13 14,61 3,73 28,55
Cu 39,56 46,56 11,29 27,38 24,12
Zn 864,67 978,48 353,04 325,43 272,67
Ga 0,76 1,40 112 1,19 1,08
Ge 0,01 0,05 H/0 H/0 H/O
As 0,68 1,52 1,05 2,82 2,66
Se 1,68 1,76 H/0 H/0 H/O




INleMEHMHBLI COCMAB KOCMHBLY OCMAMKOS...

77

IIpodonxcenue mabauyvl 3.7.

MecToHaxoxaeHue
CocraB
JpipoBatbiii KameHb Wnpucosckas neuiepa
Ob6pa3zelr Hu. § H.u. 6 Hu. 1 H.u. 2
Rb 0,90 4,11 2,95 2,52 2:.93
Sr 453,16 613,84 521,80 685,67 551,63
Y 1,58 1:73 1,13 1,75 1,52
Zr 1,34 2,78 1,45 7,05 6,26
Nb 0,01 0,10 0,08 0,09 0,22
Mo 0,95 1,56 0,28 0,48 0,56
Ag H/0 H/0 H/o 0,02 0,04
Cd 3,73 3,66 1,59 1,40 1,11
Sn 0,02 0,12 H/0 H/0 H/0
Sb 0,32 0,41 031 0,47 0,60
Te 0,31 0,12 /0 H/0 H/0
Cs 0,04 0,23 0,18 0,18 0,22
Ba 114,82 161,78 150,12 171,24 142,72
La 1,64 2,25 1,27 2,24 1,96
Ce 3,03 4,39 2,96 4,70 4,52
Pr 0.37 0,53 0,32 0,43 0,42
Nd 1,69 212 1,38 177 1,73
Sm 0,38 0,44 0,27 0,31 0,33
Eu 0,08 0,10 0,07 0,07 0,07
Gd 0,31 0,38 0,28 0,30 0,31
Tb 0,03 0,05 0,03 0,04 0,04
Dy 0,26 0,35 0,21 0,28 0,28
Ho 0,04 0,06 0,05 0,06 0,05
Er 0,11 0,16 0,09 0,15 0,15
Tm 0,01 0,02 0,01 0,02 0,02
Yb 0,10 0,13 0,07 0,13 0,12
Lu 0,01 0,02 0,01 0,02 0,02
Hf 0,02 0,06 H/0 0,03 0,11
Ta H/0 H/0 H/0 H/0 H/0
W H/0 0,10 0,04 0,07 0,05
Tl H/0 0,03 0,01 0,05 0,09
Pb 7,81 10,39 8,65 7,78 6,87
Bi H/o H/0 0,07 H/0 0,02
Th 0,12 0,38 0,32 0,27 0,38
U 13,44 18,84 10,12 9,36 727

Tabruya 3.8.  Inemenmmwiii cocmas gppazmenmos nugicrneuesocmuwix kocmei Dicrostonyx torquatus
(DT) us mecmonaxoxcoenus Kunuwe Coxona, mxe/2

. . ["ny6uHa, cM
30 45 60 — 75
Macca HaBeCKM, MI 45,0 43,7
Li 2,31 6,10
Be 0,25 0,31
B 105,43 7,41
Na 1941,83 2968,94
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['ny6una, cM

CocraB
30 -45 60 — 75

Mg 456,30 1694,59
Al 208,35 6082,61
Sc 4,02 8,20
T1 688,03 968,55
\ 32,69 53,89
Cr 7,06 22,51
Mn 2637,90 1293,64
Co 4463,85 12754,36
Ni 21,56 14,17
Cu 20,54 17:10
Zn 26,64 24,48
Ga 287,37 246,54
Ge 0,94 2,45
As 0,07 0,26
Se 3,58 7,66
Rb 2,14 9,55
Sr 144,03 341,11
Y 17,50 25,40
Zr 4,08 17,98
Nb 1,23 1,99
Mo 0,54 0,82
Ag 0,03 0,05
Cd 0,96 0,27
Sn 0,13 0,31
Sb 2,20 1,19
Te 0,06 0,03
Cs 0,14 0,56
Ba 341,68 124,95
La 3,89 6,99
Ce 14,71 23,99
Pr 1.76 3,33
Nd 9,13 17,91
Sm 255 4,48
Eu 0,72 1.17
Gd 3,00 4,43
Tb 0,46 0,63
Dy 3,05 4,05
Ho 0,62 0,76
Er 1,76 2,14
Tm 0,25 0,32
Yb 1,68 2,20
Lu 0,25 0,32
Hf 0,09 0,47
Ta 2,09 0,08
\% 0,47 0.33
Tl 0,04 0,07
Pb 48,73 46,10
Bi 0,03 0,11
Th 2,22 3.27
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U3 psida MecmoHaxoncoeHul, Mxe/z

MecTtoHaxoxaeHue
CocraB MaxHeBckas
e Ckoponym ATaM06a3yMHK
Bun AT AP CYL
Macca HaBecKu, MT 62,9 58,0 35,0
Li 2,09 3,42 SH
Be 0,08 15,15 3,10
B 6,56 3,82 39,67
Na 1330,75 1952.55 8370,54
Mg 619,19 1036,93 1124,54
Al 714,25 2145,87 1324,53
Sc 0,21 86,19 10,55
Ti 14,23 207.52 12,67
Vv 7,02 31,82 19,36
Cr 2,71 10,73 39,33
Mn 1877,50 9187,53 394,23
Co 2,64 13,98 2,81
Ni 24,31 19,71 9,20
Cu 18,42 10,16 1421,27
Zn 759,40 74,68 23,65
Ga 0,98 11,67 1,22
Ge 0,01 LS5 0,12
As 0:37 12,34 37,06
Se 1,05 15,68 3.53
Rb 137 2,66 0,49
Sr 233,94 1101,32 3075,26
Y 0,82 1196,61 178,45
Zr 1,67 130,11 14,94
Nb 0,09 0,32 0,06
Mo 1,35 0,20 1,80
Ag 0,02 0,05 0,28
Cd 3,10 1,59 0,21
Sn 0,07 0,43 H/0
Sb 0,07 0,51 55,26
Te 0,01 0,03 0,03
s 0,03 0,22 0,04
Ba 247,76 1089.,26 85,69
La 0,97 614,70 48,72
Ce 1,85 1585.,45 139,78
Pr 0,20 111,33 12,80
Nd 0,82 497,83 62,60
Sm 0,16 103,65 16,99
Eu 0,04 24,21 4,75
Gd 0,16 139,19 23,86
Tb 0,02 19,23 3,72
Dy 0,12 126,86 25,715
Ho 0,02 29,79 5,53
Er 0,06 87,54 15,17
Tm 0,01 11,56 2,01
Yb 0,05 73,03 12,01

Tabnuya 3.9.  Iremenmuuiii cocmas Gpazmenmos HUNCHEUETIOCIMHIX KOCMEl PA3IUYHBIX 2PbI3YHOB
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MecToHaxoxneHue
Cocras MaxneBckas C
HenERA TR KOPOJIyM Atam0ba3uuHK
Hf 0,04 1,80 0,18
Ta 0,001 0,23 0,04
W 0,08 1,92 0,14
T 0,19 0,07 0,32
Pb 1,57 18,48 75,74
Bi 0,01 0,04 0,05
Th 0,15 9,02 1,36
U 0,82 39,57 313,32

Hpumevanue. AT — Arvicola tervestris, AP — Allophajomys pliocaenicus, CYL— Cylindrodontidae.

Tabnuya 3.10.  Snemenmuviii COCMAB UCKONAEMbIX U COBPEMEHNHBIX 3Y008 PASHBIX BUO0B NOJEBOK, MK2/2

MecToHaxoxneHue
Coaras Octpoy i IpipoBathiit Kamenb Kunuuie Cokona
Bpanrens | ®@uiun
3?;3; AlL | AL | ALV,
s ? 30-45 | 60-75 | 60—75
O6paser M4 M3 Hu.5 | Hu.6
L&unbIii [{&unbliit
Bun3yb6a | 3y6 mocne | Peseun | 3yOmocie | Pesen Pesen Pezen Pesel Pesen
OTXKUTa OTXKUTa
Bun DT oz DT DT DT DT* DT* DT*
Macca
HaBECKH, 6,7 35,2 7.9 209,3 19,3 88,7 43,7 45,0
MT
Li 0,61 3,72 2,88 3,70 2,40 4,47 5,87 1,52
Be 0,001 H/O 0,20 0,17 0,01 0,31 0,44 0,40
B 2,41 1,40 7,98 5,46 3,51 5,44 50,44 4,34
Na 11,93 5406,2 27629 1347,7 1595,9 | 3044,6 | 4330,9 | 3481,7
Mg 8240,2 17656 1041,5 1487,2 841,2 1013,5 | 2026,6 11429
Al H/0 0,15 594,0 21602...2613,6 | 31254 8230,1 1355,7
Sc 5103,65 5406,21 0,24 1,45 H/O 3,36 10,32 51,54
Ti 2,49 2,30 15,04 57,00 21,95 203,98 97,33 567,03
v 0,01 0,62 9,58 15,57 7,23 33,85 71,56 38,95
Cr H/0 1,95 3,83 8,94 3,21 6,55 20,67 16,79
Mn 35,34 6,43 214,98 487,81 25,04 2037 2582 2166
Co 0,69 0,29 1,88 3.23 0,81 3,78 7,80 13,99
Ni 16,84 7,76 21,10 25,31 11,57 12,25 15,84 18,71
Cu 215 0,61 24,20 29,00 7,40 9,74 11,77 22,31
Zn 207:53 65,88 387,21 484,30 135,58 | 218,19 190,73 | 312,42
Ga 0,90 0,70 1,11 1,40 0,95 1,62 3,08 1,38
Ge 0,01 H/O 0,02 0,03 H/0 0,10 0,25 0,16
As 0,09 0,50 1,89 1,48 1,01 3,28 7,63 10,33
Se 1,81 H/0 2,92 1,55 0,04 1,02 1,70 5,33
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MecToHaxox/1eH1e
S BOPZ:F;Z; qi—]f;l:H JbipoBaTbiii KameHb Kunuwe Cokona

VCTDE, AL | AL | ANV,

riybuka, 30-45 | 60-75 | 6075
cM B

O6paser M4 M?3 Hu.5 | Hu.6

H{g4Hbrif HI{gunbIit
Bun 3y6a | 3y0 nocne Pezent 3y0 nocne Pesen Pesent Pesent Pesen Pesent
OTXKHTA OTXKHUra

Rb H/0 2,10 0,41 4,05 1,05 3.29 8,96 077
Sr 1082,76 162,09 833,02 515,70 | 856,96 | 570,64 | 519,94 | 477,62
¥ 0,02 0,10 0,82 1,54 0,37 27,43 31,52 236,64
Zr 0,03 0,34 1,60 2,62 0,91 15,82 25,14 106,62
Nb 0,11 0,01 0,22 0,15 0,07 0,37 0,14 0,49
Mo 0,01 0,02 0,27 0,96 0,22 0,69 1,34 0,20
Ag H/0 0,01 H/o 0,03 H/0 0,05 0,02 0,05
Cd 0,07 0,01 2,17 1,79 0,53 0,28 0,20 0,70
Sn 0,08 0,02 H/0 6,58 H/0 H/0 H/0 33.85
Sb 0,004 0,003 4,27 0,22 0,20 0,76 0,41 2,82
Te 0,19 H/0 0,09 0,04 H/0 0,03 0,05 0,07
Cs H/0 0,004 0,05 0,24 0,07 0,17 0,44 0,04
Ba 155,81 20,60 139,03 125,18 109,73 136,74 139,19 | 608,61
La 0,01 0,08 0,99 2,04 0,50 6,12 13,50 11,18
Ce 0,01 0,20 1,96 4,48 1,04 19,64 47,62 34,71
Pr H/0 0,02 0,23 0,52 0,13 2,48 5,88 4,64
Nd 0,01 0,09 0,94 2,12 0,52 13,17 31,03 32,99
Sm H/0 0,02 0,23 0,45 0,10 3,592 7,84 15,93
Eu 0,002 0,01 0,05 0,11 0,03 0,96 2,06 5,49
Gd 0,003 0,02 0,19 0,36 0,09 4,13 7,79 29,91
Tb H/0 0,003 0,03 0,06 0,01 0,61 1,12 4,92
Dy 0,001 0,02 0,17 0,33 0,08 3,81 6,82 34,45
Ho H/0 0,003 0,02 0,06 0,01 0,77 1,35 7,80
Er H/0 0,01 0,07 0,15 0,04 2,19 3,74 22,42
Tm H/0 0,001 0,01 0,02 0,01 0,32 0,56 3,08
Yb H/0 0,01 0,06 0,12 0,03 2,06 3,79 19,39
Lu H/0 0,001 0,01 0,02 0,01 0,30 0,56 3,06
Hf H/0 0,03 0,03 0,09 0,01 0,27 0,20 1,44
Ta H/0 0,001 H/0 0,001 H/0 0,02 0,02 0,07
w H/0 0,03 0,01 0,11 0,18 QL7 0,11 0,36
Tl H/0 0,004 H/0 0,03 0,01 0,04 0,06 0,01
Pb 3,36 0,31 5,00 8,62 2,97 33,16 36,88 30,90
Bi H/0 0,03 0,002 0,04 H/0 0,10 0,13 0,13
Th H/0 0,01 0,14 0,59 0,15 1337 4,35 4,59
U H/0 0,01 9,73 12,23 9,43 2,04 1,66 1,96

IIpumeuanue. DT — Dicrostonyx torquatus (* — ocmamxu KONbUMHHLX JeMMUHZ08 U3 MECTNOHAXONCIeHUs.

Kunuwe Coxona ommocames k 6udy D. gulielmi), OZ — Ondatra zibethicus.
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Tabnuya 3.11.  dnemenmuwiii cocmae epynma u3 HECKOIbKUX MECMOHAXOHNCOCHUT KOCTHBLY

ocmamxo8, Mxz/2

MecToHaxoxkneH1e
Cocras . Haec CaeTJibiii
Hagec CmoTpoBoii - = JKunume Cokona
Cnoii 2 Crnoii 5

Li 15,06 4,46 30,14 37,03
Be 0,65 0,23 1,32 1,26
B 16,32 7,03 56,55 12,08
Na 1428.4 914,3 10268.,0 4671,1
Mg 2945,0 3463,7 11655,8 4160,6
Sc 4,33 2,61 11,71 14,84
Ti 1491,9 509,0 4499,5 4464.,9
A% 45,96 15,92 11235 205,51
Cr 36,11 12,62 92,55 109,91
Mn 392,5 123,4 687,2 2329,7
Co 7,09 3,26 17,95 18,13
Ni 30,20 18,63 62,04 49,35
Cu 24,72 8,21 29,41 74,07
Zn 134,21 31,29 64,24 119,55
Ga 6,64 2,00 14,18 17,45
Ge 0,57 0,17 1,33 1,46
As 3,93 2,95 10,42 17,45
Se 0,91 0,34 0,24 0,79
Rb 49,02 13,57 69,19 19,32
Sr 101,2 140,6 170,1 100,8
N 10,46 4,41 22,27 20,57
Zr 42,63 17,13 113,81 97,88
Nb 4,68 1,61 11,58 9,84
Mo 0,77 0,12 0,93 0,68
Ag 0,23 0,07 0,43 0,29
Cd 1,38 0,33 0,17 0,69
Sn 0,88 0,26 1,71 1,73
Sb 0,42 0,10 0,71 1,29
Te 0,03 0,01 0,02 0,11
Cs 2,34 0,76 4,50 237
Ba 155,6 73,6 358.3 307,0
La 12.37 4,77 32,13 14,95
Ce 22,91 9,10 61,85 32,17
Pr 2,93 1,13 7,84 4,13
Nd 11,68 4,61 31,40 17,57
Sm 2,22 0,88 5,94 3,76
Eu 0,48 0,20 1,36 0,93
Gd 1,88 0,85 527 3,48
Tb 0,26 0,12 0,71 0.52
Dy 1,60 0,78 4,33 3,24
Ho 0,32 0,17 0,86 0,68
Er 0,89 0,44 2,38 1,96
Tm 0,13 0,06 0,35 0,29
Yb 0,85 0,41 2,26 1,91
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MecToHaxoXaeHue
SR Hasec CmoTtpoBoii L e Kunuue Cokomna
Cnoii 2 Crnoii 5
Lu 0,13 0,06 0,33 0,29
Hf 0,96 0,54 3,08 2,29
Ta 0,27 0,15 0,88 0,61
W 0,55 0,18 1,36 1,50
Tl 0,19 0,08 0,41 0,34
Pb 8,89 2,33 15,90 17,51
Bi 0,12 0,02 0,19 0,27
Th 2,98 1,34 7,92 4,00
U 1,09 0,63 2,10 0,97

3.4. lunamurka usmenenus
co0epiucanus MuKposiemMeHmos 6
KOCMHbBIX ocmamxax 6 npoyecce
doccunuzauuu

Ha puc. 3.1. npencrasiensl xapakTepHbIe
IPUMeEPBI pacrpe/ieieHuil Co/epKaHms dIeMeH-
TOB B KOCTHBIX OCTAaTKOB Pa3HOro BO3pacra.
DJIeMeHThl PaHXUPOBAHBI 1O BO3PACTaAaHUIO
COJIepKaHMi B COBPeMEHHOU HehOCCHIN30BaH-
HOW KOCTH. Bpl/ie/leHbl TpU TPYIIBL MaKpoaJie-
MeHTHI (cofepxkanue 6omee 100 MKr/T), MUKPO-
anemeHTh! (0,1-100 MKr/T) 1 yaBTpaMUKpO3.IE-
MmeHTsI (MeHee 0,1 Mkr/T). BHyTpu kax o rpyi-
IIbl 3JIEMEHTBI BBICTPOEHBI 10 TOJOKEHHUIO B
NEPHOANYECKON CUCTeMe 3JIEMEHTOB, C YUeTOM
0CO6EHHOCTEH MX 3JEKTPOHHOTO CTPOECHUS U
XUMUYECKUX CBOMCTB.

BaskHO OTMETHUTB, YTO B TPYIIIIE MUKPOIJIE-
meHToB (06macts IT) mpucyTerByIoT npenmyie-
CTBEHHO TiepexojHbie 3d-a1eMeHThbl IPYIIIbI
xkesesa (Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn) u
TodubHbIe 31eMeHTsI (oHo3apsiaHble Rb, Ba,
aByx3apsiiabiii Pb u ap.), xapakrepusyonuecs
0OJbIIMMU 3HAYEHUSAMH MOHHOTO Pajmyca.
CoruacHO 06IIENTPU3HAHHBIM TIPE/ICTABICHUSIM,
9TU MOHBI HanbOJIee «IOJIBUKHBI> B Pa3HOOOPa3-
HBIX TeOXMMUYECKUX TIporieccax. [pyrmy yasrpa-
MukporpuMeceit (06acts 111) obpasyror npenmy-
IIECTBEHHO TPEX- U YeThIpeX3apsIHble 3JIeMEHThI
(nanee BBICOKO3apsiiHbIE 37eMEeHTBI — B39):
Y, Zr, P33 (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu), a taksxe Hf, Ta, Th, U u gByx-
3apsAAHBIN Sc; 9T MUKPO3JIeMEHTH HauMeHee
HOABMXKHBI. [lepexomHble 271EMEHTHI TPYIIIBI
JKeJsle3a 3aHMMAIOT TI0 MOJBUKHOCTU TPOMEKY-
TOYHOE TI0JI0KEeHHUE,

Ha nepBom artarne aHainsa ObLIN BbIIEJIEHBI
3JIEMEHTBI, 0 KOTOPBIM HAOI0aeTcst HanboIb-
11ee pasJImiye Mex/ly pa3HOBO3PACTHBIMHU 0Dpa3-
namu. Kak u ciezoBaio 0XXuaaTh, K HUM MOTYT
OBITH OTHECEHBI PEIKO3EMENbHbIE U P APYTUX
BBICOKO3apSITHBIX MUKPO3JIeMeHTOB. VX comep-
’KaHUe B KOCTSIX YBEJMYUBAETCS Ha 4YEThIpe
MOPSIZIKA OT COBPEMEHHDIX U IT03/THEr0JIOIIEHOBBIX
00pasIloB K CaMbIM JpeBHIM. YObIBaHUE COIEP-
’KaHMsI B KOCTHBIX OCTAaTKaX BO BpeMeHHU HaOJIio-
JAaeTcst TOIbKO [JIs1 2N — Hepexo/{HOro 3JeMeHTa
13 TPYIITBI JKeJe3a, HO 3Ty TOTEPIO MOKHO OTMe-
TUTH JINIIb KaK TEHJIEHIINIO, KOTOPasi MPOSIBJIsSI-
eTcsI He BO Beex caydasx (cm. tabir. 3.12).

HaBtopowm atare mpoBejieH hakTOPHBINA aHa-
JIM3 Beex 00PasiioB HIKHEYETIOCTHBIX KOCTeH 10
COZIepKaHUIO B HUX 9JIEMEHTOB. AHAJINU3Y TO/I-
BepruyTta Marpuiia ¢ 29 obpasuamu u 54 snemeH-
tamiu. [IpeaBapuTeIbHO OBLIN PACCYUTAHBI TIAp-
Hble Koo dunueHTsl Koppesasuuu [lupcona
KaXKJIOTO C KaKIBIM 00pa3iioM IO COAEPKAHUIO
3s1eMeHTOB. MOKHO BBISIBUTH TPYIIIbI 0OPasIoB,
o6paszoBaHHbIe OJIU3KUMHU 110 3HAYEHIIO KO3 HU-
HUeHTaMu KoppeJisiiuil. Bech auamna3oH Bapbu-
poBaHus pacmnoJiaraetcs B untepnajie ot 0,16
1o 1. Tak, o6paserr COBpeMEHHOU KOCTH C OCTPO-
Ba Bpanresst umeer K0apHUIUEHT KOPPEIIIUN
6auskuit k 1 (0,95 u 6osee) ¢ 11 obpasuamu.
Bce onu MMeOT roJIoIl€eHOBBIN BO3pacT, d U3
HUX MTPOMCXOSAT U3 MeCTOHaxoxneHust Koibua,
5 u3 Haseca Crapuk u 1 u3 I'pora @uiusn.
3nauenus koabunuenta koppessiuu ot 0,8 10
0,94 cBsi3bIBaIOT JaHHBII 0Opaselr ¢ 06pasiaMu U3
MectoHaxoxaennit Haec Crapuk, HaBec CBet-
aeiid, o1 0,79 10 0,5 — ¢ 0OpasaMu MECTOHAXOXK-
neuuii /IpipoBarsiit Kamenb, Atamb6a3umnHK.
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Puc. 3.1. [Ipumepvr pacnpedenenus codepacanus maxpo- (1), muxpo- (II) u ynompamuxposremenmos (I11I) 6
coepemennvix (1) u uckonaemvix (2—6) Kocmuwblx ocmamkax pasHozo 603pacma:

1 — Dicrostonyx vinogradovi, 0-6 Bpanzens, cospemennocmnv; 2 — D. torquatus, [Jviposamuiii Kamenwv na
p. Yycosoii, nozdnerednuxosve; 3 — D. torquatus, Uopucosckas newepa, 20—40 moic. nem; 4 — D. guilielmi,
Kunuwe Coxona, nepsas nonosuna nozdnezo nievicmouena; 5 — Allophajomys pliocaenicus, Cxopodym,
sonaeiicmoyen; 6 — Cylindrodontidae, Amambasuunk, onuzoyen

ITpu cpaBHeHnu ¢ o6pastamu us nemiep apucos-
ckas, JKumumre Cokosta, Maxuesckad JlensgHas Be-
JimumHa Koaddurmenta 6b11a ot 0,5 10 0,2 1 MeHee
0,2 — c octaTkamMu U3 MeCTOHAXOKeHui JKuuine
Cokona u Ckopoaym. Takoe pacmpesienenue B
11eJIOM COOTBETCTBYET IPE/ICTABJIEHHUSM O BO3pac-
Te 06pa3ioB, 32 HEKOTOPBIMU UCKJIIOYEHUSIMH.
IIpesxze Bcero, aTo 06pasell U3 MECTOHAXOK/IEHMST
ATam06a34MHK, KOTOPbIi MMeeT caMblit OOIBbIION
Bo3pact (30 MuIH. JieT), HO 110 K0ahUIIHEHTY KO-
PEJISIIINK OKA3aJICS B IPYTIIE 0OPa3IoB € BO3PACTOM
Bcero okoJio 10 Thic. JieT.

[TpuBeneHHbIE BBIIIE TaHHbBIE, KAK U MHOIO-
YHCJIEHHBIE JINTepaTyPHbIE CBEI€HUST, CBUIETEIb-
CTBYIOT O TOM, YTO 3JIEMEHTHBII cocTaB 00Pa3IloB
CBSI3aH C MX BO3PaCTOM, HO 9Ta CBSI3b ITPOSIBIISETCS
JIAJIEKO He TI0 BCEM dJIeMEHTaM, U JlaKe TaM, IJie
3aMeTHa, OHA OCJIOKHEHA 3aBUCHUMOCTSIMH OT
KaKUX-TO IPYTUX (haKTOPOB, y4€T KOTOPHIX B HACTO-
silliee BpeMsI He MTPeJICTABJISIETCST BO3MOYKHBIM.,

PesysibTathl (hak TOPHOTO aHa/IM3a MO03BOJIsA-
10T BBISIBUTH HEKHE COBOKYITHOCTU COYETaHMI
3JIEMEHTOB, XapaKTepPHBIX /IS TPYIIT 00PasIoB.

[To BeTMuMHE HATPY30K MOKHO CYIUTh O BKJIa/1e
HepeMeHHbIX B 00pa30BaHUM TOTO UM MHOTO
daxropa.

B nepBblii (hakTop MakCUMasIbHBIE HATPY3KU
BHeCJIM 00pa3IIbl U3 CJIOEB TOJI0IIEHOBOTO BO3PACTa
(XOTsI BeJTMYMHBI BKJIA/IA Aa/IeKO He OJIMHAKOBBI),
a MMHMMAaJIbHbIE HATPY3KH — U3 MECTOHAXOXK/Ie-
auit Kumuire Cokosra (Hanbosiee qpeBHee U3 Kap-
ctoBbiX) 1 Ckopoaym. Bropoii dakrop, ¢ oxHoi
CTOPOHBI, 00pa30BaH 3a CYET BIMSHUSA 00Pa3iioB
13 rOJIOLEHOBBIX CJI0eB, ¥ 13 M ipucoBckoii nemre-
ps1 u JlpipoBatoro Kamns, ¢ apyroii. Comnocranie-
HUe TOoJIOKeHusT 06pa3ioB B MPOCTPAHCTBE
[IEPBOTO ¥ BTOPOTO (haKTOPOB € OCOOEHHOCTSIMH X
3JIEMEHTHOTO COCTaBa He OCTaBJIsieT COMHEHUH B
TOM, 9TO 9TH (DAKTOPBI OTPAKAIOT CTETIEHb HAKOM -
JIleHus cepuu aseMenToB. [Ipexae Bcero ato P339
(puc. 3.2) u Hexkoropsie apyrue B33 (Sc, Y, Zr, Hf,
Ta, Th, U); ux obuiee cymmapHoe cofepskanue B
TrOJIOLEHOBBIX OOpasiiax Ha YeThIPe MOPSI/IKA HIKE,
yem B Harbosiee apeBHux (Tabu. 3.12).

[Ipex e yeM 06CYKIaTh CBS3b COMEPIKAHUST
B33 ¢ reosorudeckum Bo3pactom 00pas3IoB U
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Tabnuya 3.12.  Cymmaproe cooepxcanue B33 6 usyuennvix obpasyax 0o u nocie 1abopamopnozo
omokcuza npu 800°C, mxz/2

MecroHaxoxieHue Cnoit i Bun | Ob6pazen  kka LSS e
(ry6una, cm) OTXKHra OT)KHra
Octpos Bpanres i Lo Ol
EEREE DT* | M4 0,08
H.u. 1,16
I'por © oz :
o Peseir 1,19
Kbi6na 1 LR Top. 0, (0-0,5) AT | Hu3 1,45 0,35
MOBEPXHOCTH
Croii 1 [op. 0, (0-0,5) AT H.u. 0,47
Kii6a 2 Top. 1, (0,5-1,5) AT - 0,12
. AT H.u.3 6,98 5,69
Cnoit 3 Top. 5, (6-9) T oy 417
[op. 1, (0-1) AT -« 1,37
Top. 3, (2-3) AT -= 0,65
Caoii 1 _ e
2 T 8 (0)71 Top. 5, (4-5) AT « 1,47
Top. 11, (10-11) AT -- 1571
L Top. 11, (10-11) AT -¢- 2,54
Cnoii 2 Top. 18, (20-23) AT H.u.2 5,45 5,34
24,55
DT H.u.5 36,00
JpipoBathlit 29.36
Kawmens Ha 20’05
p. Uycosoii DT H.u.6 :
13,45
DT M>3 17,51
Unpucosckas DT H.u. 21,92
netiepa Fenh 0 DT -« 19,30
AT H.u.2 17,94 23,62
CL H.u.1 19,97 16,55
Croii 2 .5, (4
0 b 6 e CL | Hu3 16,33 24,26
kst i DT H.u. 23,89 28,07
T'op. 15, (130-140) DT - 483,20
Crioii 5 Top. 16, (140—150) g; - iﬁ,é}té
- b
Top. 18, (160-170) 1L - 774.03
b/11 30-45 DT **% -« 917,52
AT 30-45 DT** Pesery 226,87
T 30-45 D ol H.u. 78,05
A1 1V 60-75 DT** Pesery 110,37
AL T 60-75 DT** -« 632,42
60-75 e H.u. 131,76
MaxHeBckas AT s 8.19
Jlensinas newepa
Ckoponym AP - 4900,06
P S Cyl Kocrtb 894,38
Cyl Pesent 790,30
Hasec CmoTpoBoit I'pyHT 121,36
Kunmwe Cokona -«- 227,03
Hasec CBetnblii Gl - 058
Croii 5 -¢- 318,79

IIpumeuanue: AT — Arvicola terrestris, 0Z — Ondatra zibethicus, DT — Dicrostonyx torquatus(*— D. vinogradouvi; * * —
D. gulielmi), CL — Clethrionomys, LL — Lagurus lagurus, AP — Allophajomys pliocaenicus, CYL— Cylindrodontidae.
X B33 — cymma codepacanuii anemenmos Sc Y, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tin, Yb, Lu, Hf, Ta, Th, U.
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P33/PAAS
0,05
a —0— AT, Kei6na 1 ‘ 0 Hasce Crapuk, AT
—0— AT, Kwibna 2, cnoit 1 (2 obpasna) —a—=Top. 1
0.04 4 —&— AT, Kpibna 2, cnoit 3 (2 obpasna) ——Top.-3
s —<+—Top. 5
—O—Top. 11 (2 obpa3ua)
| —o—Top. 18
0.03 )» Top
0,02 L
0,01 4 8
0,00 4 -
1 1 Y | - | 1 ik 1 1 1 | 1 1 | Il L 1
JIpipoBateiii Kamens Ha p. Uycosoit, DT
B Hu. 5, gparment koot | T —a— A7, Maxuegckas Jleassas newepa
—&— H.u. 6, Gparment koctn DT 1 206
0.08 . —&— Huu. 5, pesel | —=e— DT, lnpucosckas niemepa (2 obpazna)
% —4— H.y. 6, pesen
—O—3y6 M’
0,06 L
0,04 4 =
0,02 4 | '\ﬁﬂ/_\-\'\‘\._-\-/.
0,00 4 -
L 1 L | 1 1 1 S E—— K S— | - 1 . 1 1 1 1 1 1 1 | 1 1 N | 1 1
Hagec Cremsrit
)i} € —=— DT, c10ii 2 —o—LL, cnoit 5
—&— AT, cnoii 2 —&— ['pynrT, croii 2
—&— CL, cnoii 2 (2 obpasua)—#— I'pyHt, cioit 5
10 3 E —o— DT, coit 5 (3 o6pasua)
1 4
—0— DT, Xunume Coxona, 30-45 cm
—e— D7, Kunume Coxona, 60-75 cMm W
0,1 E —&— DT, Kunnume Cokona, TpyHT
—*— AP, Cxopoaym
—#— CYL, Aram6a34nuEK
O’O] R T T T T T T T ¥ T T gy T T T T & i T T = T : i RN (A B T 1 T
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Puc. 3.2. [Ipumepot pacnpedenenuti P33 6 uckonaemvix ppaemenmax uenocmeil (a—e), 3ybax (8) pasuvix 6uoos
2poI3Yn06 u epynmax (0, €) u3 pasiuuivix mecmonaxoxcoenuil. Hopmupoexa na nocm-apxetickue ascmpanuiicxue

cnanypt — PAAS.

AT — Arvicola terrestris, LL — Lagurus lagurus, DT — Dicrostonyx torquatus (0cmamxu KOnbimoLx 1eMMUH208 U3
mecmonaxoxcoenus Kunuwe Coxona ommocsimes x 6udy D. gulielmi), CL — Clethrionomys sp., AP — Allophajomys

pliocaenicus, CYL — Cylindrodontidae

ApyrumMu hakTopamu, He0OXOUMO PACCMOTPETh
CTeIeHb ee BapbUPOBAHUSA B Pa3HbIX KOCTHBIX
asiemMeHTax oiHou ocobu. Hamu Gbiin npoanaiu-
3UPOBaHbl BapUallu¥ CYMMapHbIX COJepPKaHUN
B33 B pa3/iuMYHBIX yYacTKax HUKHEH YeM0CTH
KOIIBITHOTO JIEMMHUHTA U3 Tteniepbl [[sipoBaThiii
Kamens Ha p.UycoBoit — Bo ¢parmMeHTax ee
JauacTeMasbHOH U albBEOJISIPHON 4acTH, a Tak-

e B pe3iie (puc. 3.3) YcTaHOBJIEHO, YTO CyMMap-
Hble cozepkanusi B39 cocrasasior 24,6, 36,0,
29,4 MKT /T COOTBETCTBEHHO, T.€. Pa3/IM4aloTCs J10-
craTouHo 3HauuMo. Eme Gosee cyuecTBeHHbIe
pazanuns (13,5 u 20,1 MKr/T) MeXay pe3ioM u
AMACTEMAJIbHOM YaCThIO YCTAHOBJIEHBI 10 COZIEP-
KaHuio B39 B dparmMeHTax Apyroi 4earoCTH.
Vcxonast u3 ory4eHHBIX IaHHBIX, B JaJIbHENIIEM
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P3D/PAAS ConepxaHue, MKI/T
0,1 100
] - 10
1 -1
- 0,1
L 0,01
0,01 —a——a— Pesenn
] —o——e— JluacremanbHas 4acTh 0,001
i —a— AJIbBEOJISIPHAs 4acTh
; 0,0001
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Puc. 3.3. Codepacanue P33 (cresa) u opyeux B39 (cnpasa) 6 pasuvix gppazmenmax 08Yyx HUNCHUX uertocmel
Dicrostonyx torquatus uz mecmonaxoxcoenus Joiposamoiii Kamenn na p. Qycosotl.

Jl1st 00101l uenocmu npoanaiu3uposanvl ppazmenm pe3ya, OUACmeMalvHOU U ANbEEOLAPHOL Yacmu (uepHovle
3naxu), ons opyeou — pazmenm pesya u duacmemarvioi uvacmu (6envie snaxu). Hopmuposka P33 na PAAS

— nocmapxeuckue agcmparutickue crLanybl

MBI UCCJIe/I0BAJIM ITPEUMYIIECTBEHHO (DparMeHThI
OJHOHM M TOM K€ 4aCcTU KOCTH, a UMEHHO, U3BJIe-
YeHHble U3 MACTEMAJbHBIX YacTell HUKHeN
yesocTu. Bee mpoune ciryuan oroBopeHst 0co0o.
ITpoananusupyem 06pasiibl, BO3pacT KOTO-
PBIX yCTaHOBJIEH HauboJiee YeTKO U CyIIEeCTBEH-
HO pasaunyaercs. CymmapHoe conepskanue 21
BBICOKO3aPSIIHOTO dJIeMEHTa B COBPEMEHHOM U
MIO3/THETOJIOIIEHOBBIX 00pasiiax, BO3PacT KOTOPHIX
B cpeaHeM MoskHO oreHuTh B 1000 Jet, cocras-
asiet 0,12—-4,68 Mxr/t (B cpeaHeM 1,25 MKr/r),
B TO BpeMs Kak [jisi 6 00pasioB u3 memepbl
JbipoBatsiit Kamens Ha p.YycoBoii, Bo3pact Ko-
TOPBIX Ha MOpsioK OoJbine, — 13,5-36,0 MKr/T
(B cpenneM 23,49 MKr/T). Y 00pasiioB U3 IelIepbl
Kumumie Cokosa Bogpactom 6osiee 30 Thic. JieT
CyMMapHoOe cofiepkanue paBHO 78—632 MKr,/T
(B cpennem 235,9 MKr/T), a 1151 oOpasija Bo3pac-
ToM 0KoJ10 1 mutH. teT — 4900 MKr/T.
[IpezcraBiisieT MHTEPEC COMIOCTABIEHUE ITUX
BEJIMYUH C COZIeP/KAHUEM TeX ke 3JIeMEHTOB BO
BMeIlaioIell KOCTHBIE OCTAaTKHU 1opoze. Tak, ams
MO3/IHETOJIOLIEHOBBIX OTJIOKEHUIT M3 MeCTOHa-
xoxzienust Hasec CMoTpOBO#I cymMmmMapHOe cojiep-
’KaHue coctaisieT 121,4 MKr/T, B OTJIOKEHUSIX
nemepsl Kunume Cokomna Bo3pactom boiee
30 ThIiC. JeT oHO OOJIbIlle IOYTH B ABa paza —
227,0 MKT/T; B KOCTHBIX OCTaTKax W3 IIO3/[HEr0-
JIOIeHOBOTO MecToHaxoxaeHus: [por Ouiaun
(U3 OTJIOKEHMH, aHAJIOTMYHBIX TaKOBbIM B HaBece
CwmotpoBom) — 1,19 mkr/T, a u3 Kuaumia Cokomna
— 235,9 Mkr/t (puc. 3.4). llonyyeHHble 1aHHbIe
MO3BOJISAIOT CA€JaTh TPU Ba’KHBIX BBIBOJA:

1) cyurecTByIoT paznuuus (B 2 pa3a) B cojiepka-
HUU BBICOKO3APSI/THBIX 3JIEMEHTOB B IEIIEPHOM
CYTJIMHKE KaPCTOBOT'O MPOUCXOXKIEHUS ! B TEMHO-
Cepoli CyTecH ¢ 3aMeTHOM /10JIeil TTIOYBBI TI03/THETO
roJIOIleHa C TIONIA/IKY IePel KAPCTOBBIM HABECOM;
2) colepskaHue BBICOKO3APSJAHBIX 3JIEMEHTOB B
KOCTHBIX OCTaTKaX, HaXO/IMBIINXCSI BO BMeIIA0-
1ieli TIopojie 03/IHero roJiolieHa (BO3pacT 0KOJIO0
1000 sret), HA 2 TOpPsiZIKA MEHbIIIE, YeM B TIOPOJIE;
3) HaxXOX/IeHUe KOCTHBIX OCTAaTKOB B IEIePHbIX
cyrannkax 6oiee 30 ThIC. JIET IPUBEJIO K TOMY, YTO
pa3HUIA MEXTy CO/lepKaHNeM BBICOKO3aPSI/IHBIX
3JIEMEHTOB B MOPOJIe U KOCTHBIX OCTaTKaX ITPakK-
THYecKu ucyesna. K coxaseHuro, Mbl He pacIio-
JlaTaJii MaTepuajaMu JJisl CPaBHEHUS CO/leprKa-
HUS 9JIEMEHTOB B TOPOJIe M KOCTHBIX OCTaTKaX
6outbIliero Bo3pacta. /[t KOCTHBIX OCTATKOB U3
KOJIJIEKI[MH, MCCJIeI0BAaHHBIX B Hallell paboTe,
MaKCHUMaJbHOE CO/lepKaHue 3TOU IPYIIIbI dJie-
menToB (4900 MKkT/T) Hab/II01a/10Ch B 06pasiie u3
AJITIOBUAJIBHOTO MecToHaxoxaeHuss CKopoayM
BO3PACTOM OK0JIO 1 MJIH. JIeT.

B o6pasiie BozpactoM 0k0J10 30 MIIH. JIET CO-
JiepKaHue 3TUX 9JIEMEHTOB 0Ka3aJI0Ch He TOJIBKO
He Gouibiiie, HO B 5 pa3 MeHbire (894,4 MKr/T).
Hain matepuast He 103BOJIAET IPOAHATU3UPOBATH
MIPUYUHY TAKOTO SIBJIEHUSI, HO OHO SIBHO ITOKa3bl-
BaeT, UTO HAKOIJIEHWE 3JIEMEHTOB 3aBUCHT He
TOJIBKO OT T€0JIOTMYECKOTO BO3PACTa.

[Tpu ucnosp30BaHUM COLEPKAHUS MUKPO-
AJIEMEHTOB B KayeCTBe IT0Ka3aTeJis cTerenu (oc-
CUJTU3AIMY KOCTHOW TKAaHU M OTHOCUTEJIBHOTO
BO3pacTa OCTATKOB HEOOXOAUMO MOTBITATHCS
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P33/PAAS
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Puc. 3.4. Codepacanue P39 (cnesa) u dpyeux B39 (cnpasa) 6 kocmsix u epynme u3 mecmonaxoxcoenus: XKunuwe
Coxona. Hopuupoera P39 na PAAS — nocmapxetickue ascmpanutickue ciamibl

BBISCHUTD NPEXK/E BCETO CIeyI0NIue BOIPOCHL:
KaKoBa CTelleHb BapUallHil 3TOTO COAEPKAHUS
AL CHHXPOHHBIX 00pa3iioB U CYIUECTBYET J1
crieriurKa TAKOr0 BAPbUPOBAHUSI B 3aBHCHMOC-
TH OT T€0JIOTUYECKOTO BO3pacTa 06pasiios?

Marepuanom A7 MOUCKA OTBETA Ha 3TU
BOTIPOCHI MOCJIYKUJIU 06pa3iibl U3 4 MO3/HEro-
JIOLIEHOBBIX MECTOHAXO0XX/IeHuit: 0-B Bpanres,
Kbi61a 1 1 Kei6na 2, rpor @unun. CoBpeMenHbie
KOCTHBIE OCTaTKH U3 CBEXKUX MOTAJIOK MOJISIPHBIX
COB He MMeJIH MIPSIMOTO KOHTAKTa C MOYBOIi, Tak
KaK HaXOJUIUCh B KOMKE U3 IIePCTH JKUBOTHBIX.
B nux cymmaphoe conepxxanue 21 B33 cocras-
nsno 0,116 mkr/r (obpasern ¢ o-Ba Bpanresns,
IIPOAHAIM3UPOBAHHBIH [TOCTIE OTXKUTA, B PACUETHI
He BK/Iovasicst). V3 orstoxkennit HasecoB Keiba 1
n Kbi671a 2 Bo3pacToM B HECKOJIBKO COTEH JIET OBLIO
IPOAHAIN3UPOBAHO 5 06pa3ioB (cM. Tab. 3.12).
B reonorudeckom cMbicie mepBbie 3 obpasia
(13 Mecronaxoxenust Kei6ia 1 u ciiost 1 Koibiia 2)
MOXHO CYUTATHh CHHXPOHHBIMH, JIJisI 3TUX 00pas-
LIOB cyMMapHoe coziepskanue B33 cocrasuno 1,45,
0,47 u 0,12 MKT /T, 4TO 6JIMBKO K IIOKA3aTEIIM JIJIsk
COBPEMEHHOI1 KOCTU ¢ 0-Ba BpanreJisi u kocTu 13
mectoHaxoxaenust I'por @unun (1,19 mkr/r),
BO3PACT KOTOPOTO OI€HEH B HECKOJIBKO JIECST-
KOB WK [IepBble COTHM JieT. /7151 06pasiioB ¢ 60J1b-
X TIyOuH oTsioxkennii HaBeca Keibia 2 cymmap-
Hoe coziepKaHue coctaBusio 4,17 u 6,98 Mkr/T.
OpuentupoBoyHasi olleHKa Bo3pacta obpasiia u3
caMoil HyokHe# yacTu oToxennid Koei6iia 2 esa
s nipessitaet 1000 ser. Takum o6pazom, MOX-
HO IIPUHSATDH, YTO CPeJiHee COJAepKaHre MUKPO-
3JIEMEHTOB B OTJIOXKeHUsIX HaBecoB Kriba 1 u
Kei621a 2 paBro 3,45 MKT/T.

ITosryyennbie pe3y ibTaThl MO3BOJISIIOT 3aK-
JIIOYUTD, YTO MPH MOTAJAHUHN KOCTHBIX OCTAaTKOB
B [TOYBEHHbBIE CJIOU WJIA KAPCTOBBIE OTJIOKEHUA C
MEPBUYHBIMU MTPOYKTAMHU Pa3/I0KeHUST U3BECT-
HsIKA COZIep’KaHie MUKPOIJIEMEHTOB B HUX BO3-
pacTaeTt IPUMEPHO OT JEeCATHIX 0JeH MKT/T 710
e/[IMHUII, T.e. Ha TTOPS/IOK, BCEro 3a HECKOJbKO
NecsITKOB WM coTeH JieT. CHHXPOHHBIE B I'e0-
JIOTHYECKOM CMBICJIe 0OPA3IIbl O3/IHETOJIOIEHO-
BOTO BO3PAcTa MOTYT Ha [OPSIIOK Pa3/iMyaThCs
10 COAEPKAaHUI0 BBICOKO3APSAMIHBIX MUKpPO3JIe-
MEHTOB — B 3aBUCUMOCTH OT CTEIIEH! KOHTAKTa C
BMemammeii nmopogoid. MoxHo rpybo
OIIEHUTb CKOPOCTDb HAKOTLJIEH NS MUKPOIIEMEHTOB
3a TIEPBYIO THICSAYY JIET B HECKOJIBKO €IMHUIL
MKT/T (eaBa im 6osee 10). Takum 06pazom, ypo-
BeHb pPa3/IMYMil B HECKOJbHKO €IMHMI[ MKT/T
(o cymme 21 B39) He MOXKeT CBH/IETE/IBCTBO-
BaTh O CYI[eCTBEHHOW pa3HUIle B BO3pacTe B
npejesiax 1Mo31Hero roJoueHa.

ITH 3Ke BOIMPOCHI ObLIX PACCMOTPEHbI Ha IIPH-
mepe 6 06pasiios u3 nemrepst JpipoBarbiii Kamewnb
Ha p.UycoBoii Bo3pacToM 0Ko0s0 13 ThIC.JIeT.
Kak crenyer M3 maHHBIX, PECTaBJIEHHBIX B
rnase 1, HeT OCHOBAHMI CYUTATD, UTO PA3TUUMS
B Bo3pacre 9Tux 00pasios mpessimaiot 1000 ser.
AHanu3 3TUX MaTepUajoB OCJIOKHEH TeM, YTO
3 o6pasiia npeACTaBIsIoT COO0M 3yObl TPHI3YHOB,
u 3 — HUKHeYeoCcTHbIe KocTH. CpeaHsist cyM-
Ma conepxanus 21 B33 naas Tpex mepBbix
o0Opasios (3y6os) cocrasuia 20,1 MKr/T, a 1ist
3 HUKHEYeJIOCTHBIX KocTel — 26,88 MKr/T;
BHYTPH KaXK/JI0H KATETOPUM PA3IMYKS MEKLY 00-
pasliaMM COCTaBJISIOT HPUMEPHO 15 MKr/rT npu
paszbpoce B Bospacte okoso 1000 ser. Ecan
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CPaBHUTb COMEPKAHME B OCTATKAX KOCTHOU
TKaHH HUKHUX YETI0CTeN N3 MEeCTOHAX 0K /I€HUST
JlsipoBatsiii Kamens ¢ ananoruuabiMu o0pasua-
MU TO3/[HETOJIOIIEHOBOTO BO3PACTa, TO MOXKHO
YCJIOBHO OIIEHUTH HAKOIUUIEeHWEe MUKPO3JIeMeH-
TOB 3a 12 ThIC. JIET — 3TO NMPUMEPHO 25 MKI/T,
T.e. okoJio 3 Mkr/T 3a 1000 ser.

Tperuit XxpoHOCpes, 7151 KOTOPOTO TOJIYYEHbI
JIAHHDbIE 110 COZIEPIKAHNIO MUKPOJIEMEHTOB, IATAPO-
BaH BO3PACTOM OKOJIO 35 TBIC. JIET — 3TO 0Opa3Ibl
n3 neniepsl sKumnite Coxosa. B onucannm mec-
TOHAXOXK/IEHUS] OTMEYaJIOCh, UTO IIPU YKA3aHHOM
BO3pACTe JJIMTEeJbHOCTh HAKOIJIEHUSI OCTATKOB B
HeM Obljla 3HAYUTEJNbHA M MOTJIA COCTABJIATh
HECKOJIbKO Thicsid JieT. Hanbosee peaucTiuaHoi
MOKHO CYUTATD IKCIIEPTHYIO OLIEHKY B 5—7 TBIC. JIET,
T.e. IpUMepHO oT 33 710 40—42 ThIC. JIET OT HAIINX
nHeit. [Ipumem cpennuii Bo3pacT aTUX MaTepua-
Ji0B 3a 40 teic. 1eT. CymMapHoe conepkanue 21
B39 B 5 06pasiiax cepru BApbUPOBAJIO CYIIECTBEHHO
(ot 78 1o 632 Mxr/t, B cpexieM 235,9 MKr/T), a B
TPYHTe, COfiepKaBIieM 3TU KOCTH, — 227,03 MKT/T,
IpUYeM OCHOBHAsI {0JIsI TPUXOUIIACH HA IIMPKO-
HUH, Iepyull, UTTPUI, HEOUM, JJaHTAH U CKaHIUN
(Zr, Ce, Y,Nd, La, Sc). Ec/iu npocieiuTh pasHuiLy
KOHIIEHTPAIMI OT/eJbHBIX 3JIEMEHTOB B TPYHTE
1 06pasIax HCKOTAEMBIX OCTATKOB, TO IIPH YCPE/I-
HEHUHU 3HaYeHU OYIeT OYeBHU/IHO, YTO COAEPIKa-
Hue GonpmnHCcTBa P39 B rpyHTE HECKOJBKO
MeHbIlle WJIH TPUMEPHO TaKoe e, KaK B KOCTSX.
Ecam xe paccmarpuBats Bce B339, To ais mup-
kouwus (Zr) u radpuus (Hf) mabmoganacs obpar-
Hast CUTYaI[Hsl — B KOCTSIX UX OBLIO MEHBbIIIE, YeM
B IpyHTe. PaccuuTaB Ha OCHOBe 3TOU cpemHein
OIIeHKH CKOPOCTY HAKOILJIEHUsI 9JIeMeHTOB Ha
OTpe3Ke BpPeMEeHU OT mepuoaa oOpa3oBaHus
oCTaTkoB B netepe /[piposarsiit KameHsb 710 Tako-
Boro B nemepe Kunume Cokosa, noJaydum
8 mxr/r 32 1000 sreT. AHasOrMyHAsA OIIEHKA CKOPO-
CTM HaKOILJIEeHWS TIOJIYYNJIach U /171 UHTEPBAJa,
pas/essTioniero BpeMsi 00pa3oBaHus OTJIOKEHU
B HaBece Knib:1a 2 u B nemepe Kunume Cokoa
— nopsizika 6 mxr/t 3a 1000 net. [lpu cpaBHeHUM
00pasioB ¢ pasHuiiei B 1 MuIH. Jiet (U3 Mo31Hero-
JIOIIEHOBBIX BBIOOPOK ¥ MECTOHAXOXK/EHUS
CxopoayMm) 1osrydaem OI[eHKY CKOPOCTU HAKOII-
neuust B39 B 4,9 mxr/r 3a 1000 set. Takum 06-
pa3oM, pa3Hble BAPHAHTHI PACUETOB /IAI0T Pe3yJib-
TaThl 0/{HOTO Nopsizika 4,9— 8,3 mxr/r 3a 1000 et
(1.e. meHee 10 MKr/T).

Bapuanuu ckopocTH HaKOTIEHUSI B PAMKax
OIleHEeHHOTO MHTepBaJia 3HAYeHH 1, CKOPee BCETO,

00YCIIOBJIEHBI CJIELYIOIIUMU OCHOBHBIME (haKTO-
paMHU: TIOBBIIIEHHBIMU BeJUYUHAMU CKOPOCTHU
HAKOIUJIEHUSI HA MepBOM aTarne (hOoCCUnmnsaluu,
Pa3HBIM COZIEp)KaHUEM 3JIEMEHTOB BO BMeIA0-
et nopoze (Guonse), BO3MOXKHBIM (PPaKIIMOHM-
POBAaHHMEM 3JIEMEHTOB B Pa3HbIX YCJIOBUSX oC-
cunuzanuu. VIMeHHo atu PaktTopbl OCHOKHAIOT
HCTIOJIb30BaHKe TIOKa3aTess coaepxkanus B39 B
Ka4yecTBe MePbI a0COIIOTHOTO BO3PacTa KOCTHBIX OC-
TATKOB, HO TTPU 3TOM JIAHHBIN TIOKA3aTesh BIIOJIHE
V/IOBJIETBOPUTEJIBHO OTPAKAET CTeTleHb CHHXPOH-
HOCTH OCTaTKOB BHYTPHU OJHOPOJIHBIX CJIOEB B
npejiesiax OJHOTO MeCTOHaxoXaeHusi. YToObI
HOJIYYUTH KOJTMYECTBEHHbIE OLIEHKH, HEOOXO[MO
HAKOTLIEHUE JOTOJHUTEIbHbBIX 3KCIIEPUMEHTAb-
HBIX JIaHHBIX, HO HA KAYeCTBEHHOM YPOBHE MOXKHO
VTBEPIKAaTh, YTO CAeyeT MPHIaBaTh Cyl[eCTBEeH-
HOe 3HauYeHNe Pa3IMYusiM B Bo3pacTte 0OpasiioB
U3 IIPUMEPHO OJHOTUITHBIX MEeCTOHAXOXIEeHUH,
€CJIM 9TH PA3JIUYU 110 COAEPKAHUIO 3JIEMEHTOB
COCTaBJISIOT He eJIMHUIIBI MKT/T, @ IECAITKH, COTHU
U JIa’Ke THICSYU MKT/T.

Yto6b! onucaTh GEHOMEHOIOTHIO HAKOILIE-
HUS MUKPOIJIEMEHTOB B KOCTHBIX OCTaTKax
00pa3s1ioB HEM3BECTHOTO BO3PACTa, CHHXPOHHOCTD
KOTOPBIX BHYTPH CJIOS1 BbI3bIBAET COMHEHMSI, MBI
CpaBHUBAJIU UX C TeMu 06pas3iiaMu, BO3pacT KO-
TOPBIX M3BecTeH. /[y 9TOro OBLIM UCTIOIb30Ba-
HbI 00pasIbl U3 OTI0XKeHui coeB 2 u 5 Haseca
Caetabiii, iemep MaxHeBckou Jleasauoir u
W iprcoBcKkoii, cepum 00pasIioB 13 pa3HbIX FOPHU-
30HTOB MecTOHaxoxaeHuss HaBec Crapuk.

BeposiTHOCTh TIPUCYTCTBUS B OTJIOKEHUSIX
cnosi 2 Haseca CBeTJiblit 0CTaTKOB CYIECTBEHHO
pasHoOro Bo3pacTa Obla OlleHEeHA KaK BBICOKAs
(cm. Taba. 1.14), a BO3pacT clIos — Kak COOTBeT-
CTBYIOIIUI MTO3/ITHEMY WUJIU CPeHEMY TOJIOLEHY.
ToJ1011€HOBBIN BO3PACT CJIOST 2 HAIEKHO 00OCHO-
BaH cepreil He3aBUCHMBbIX IAHHBIX, U TPUCYTCTBHE
B HEM KOTIBITHBIX JIEMMUHTOB, CUHXPOHHBIX 3TO-
My CJIOIO, O3HAYaI0 ObI OTKPBITHE PEJTUKTOBOTO
MeCTOOOMTaHUs 3TOTO BU/A B OTPBIBE OT OCHOB-
Horo apeasa. [lo3aHe- U CpeHeroI01eHOBBIM
BO3PACT 3THUX HAXOJOK MAJOBEPOSITEH ellle U
MOTOMY, YTO OCTATKUA JIEMMUHTOB TUITAYHBI JIJISI
MO3HETO TJIEHCTOIIeHa U U3BECTHBI U3 MHOTHUX
MECTOHaX0K/IeHUN TOr0 BPeMeHHU, BKJOYas U
cioit 5 HaBeca CBeTJIBIH, OZIHAKO B IPOMEXYTKE,
OTIEJISTIONEeM KOHEI TI03/IHEero IJieicToleHa ot
BpeMeHH obOpa3oBaHus cjos 2 (He MeHee
5000 ner), Hurae B cpeaHuX muporax EBpasun
oOHapysKeHbI He ObLIH.
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YcraHoBiieHo, yTo KommdecTBO B39 B KocT-
HBIX OCTaTKaxX KOMBITHOTO JIEMMUHTA, BOIASTHON
MOJIEBKM U IBYX HUIKHUX YEJIOCTEH JIeCHBIX
MOJIEBOK JI0CTaTO4HO 0si3Kk0. CymMMapHOe co-
nepxxanue B39 B HU)KHEN YeTI0CTH KOTIBITHOTO
JieMMUHTa U3 ca0s1 2 coctasisieT 23,89 MKr/T.
Jl71s1 ocTaTKOB APYTUX BUAOB (JECHBIX M BOJISI-
HOI 110JIEBOK ), IPUCYTCTBLE KOTOPBIX B CJIOE 2,
KaK M B JIOOBIX PYTUX FOJONEHOBBIX M ILJIEH-
CTOIIEHOBBIX OTJIOKEHUSX PETHOHA TTPEe/ICTaBIIS -
eTcsl 0OBIYHBIM, OHO cocTaBister 17,94, 19,97 u
16,33 mxr/r. Hebobioii pazbpoc B 3HaY€HUSAX
MOJKET MIMETh MECTO 1 B OTHOCUTEJIbHO CUHXPOH-
HBIX OCTATKaX, OJHaKO HeJIb3s UCKJIIOYATh U
BO3MOKHOCTb TAaKUX Pa3/JN4Uil BCJIEICTBHUE He-
CKOJIBKO OOJIbIIIei IPEBHOCTH OCTATKOB KOIIBIT-
HOTO JleMMKHTa. Ec/in npenonoxkuTs, 4To 6m-
30CTh YPOBHeH cojepkanusa B39 u3 pasubix
MEeCTOHAXOKIEHUI MOKeT CBU/IeTeIbCTBOBATD O
GJIM3KOM BO3pACTe KOCTHBIX OCTATKOB, TO MMEH-
HO TaKoe 3aKJIIUeHre MOXKHO ObLIo OBl c/ies1aTh
Ha OCHOBAHUU CPaBHEHUS YETIOCTH KOIBITHOTO
JeMMuHTa 13 cos 2 u JpipoBatoro Kamus Ha
p.YUycoBoii Bo3dpactom okosio 12 TbIC. JIeT, a 3TO
NPOTHBOPEYUT TIPEAIIOTATAEMOMY /Jisi CJIosi 2
Hageca CBeTibIii MO3/1HE- WU CPETHETOIOIEHO-
BOMY Bo3pacTy. OJTHaKO B JaHHOM CJiy4ae Bax-
Hee ObLI0 OBl COMMOCTABUTH YPOBHU COJEPIKAHMUS
3JIEMEHTOB B KOCTSIX M3 CJIOSI 2 M CJIOSI 5, KOTO-
PBI TIpe/cTaBisieTcss HauboJjiee BEPOSITHBIM
HUCTOYHUKOM TT€PEOTIOKEHUS.

W3 c10s1 5 GbLIH TTOTy9€HbI OLIEHKH COJEPIKa-
Hust B39 st 4 06pas3iioB KOCTHBIX OCTaTKOB
IPBI3YHOB, IIPUYeM 2 U3 HUX IPEICTABJISIIN BEpX-
HI0I0 YacTh ¢J10s1 (Top. 15 1 16) 1 2 6bLIN B3ATHI U3
rop. 18; 3 o6pasia IpUHAILIEKATA KOMBITHOMY
semMuHry 1 1 (13 rop. 18) — crenHoit nectpyiike.
KonnuectBo B39 B Byx «BepxHux» ob6pasiiax
cocraBuio 483,20 u 365,42 MKT/T, a <HWKHUX» —
774,03 n 711,16 mkr/r. Paznmuus Mex iy nepBoii
¥ BTOPO# TTapamMu 06pasI[oB MOTYT YKa3bIBaTh Ha
JUTUTEJIBHBINA TT€PUO/] HAaKOTIJIEHWSI KOCTHBIX OC-
TATKOB B CJIOE 5, HO €/[Ba JIU CBU/ETETbCTBYIOT O
EPEOTN0KEHHOCTH KaKoro-aubo us o0pasiios.
Baxnee oTmMeTHTB, uTO coziepkanue B33 B KocTsx
U3 c10 5 6oJiee yeM Ha IOPSIZIOK BBIIIIE, 4eM B 00-
paslax M3 CJI0s 2, 4YTO BIIOJIHE COTJIACYeTCs C UX
cojiepKaHueM B COOTBETCTBYIOIIMX TOPOAX, U3
KOTOPBIX COCTOSIT PBIXJIbl€ OTJIO)KEHHS CJIOEB.
[TokazaTenu B KOCTSX U BMEIAIOIIeH opoie /st
KaXK/IOTO CJIOSI TIPUMEPHO COOTBETCTBYIOT JPYT
ZIPYTY, HO PE3KO Pa3JUYAIOTCSI MEXIY CIOSMHU.

Harmomuum, uyto cymma B39 1711 rpyHTOB U3 c10s1
5 pasHa 318,79 Mkr/1, a 1151 cnost 2 — 50,38 MKT/T.

ConocTaByienne KoHteHTparuii B39 B koc-
THBIX 00pa3Iax U3 CJI0eB 2 U 5 U COOTBETCTBYIO-
mux rpyHTax (puc. 3.4 u 3.5) mokasa’sio, 4To B cJioe
2 BCcex 3JIEMEHTOB, KPOME ypaHa, B rpyHTe 60J1b-
11e, YeM B KOCTSIX, TOT/Ia KaK JIJIsI CJIOsl 5 COOTHO-
HIeHne MHOe — cojiepKaHue GOJIbITMHCTBA JJIe-
MEHTOB B TPYHTe HIKe (MCKJIOUYeHHEe COCTaB-
NS0T MUPKOHMM, rabHUM, TaHTaJ U TOPHIA).
O61mmM 17151 ctoeB 2 1 5 siBJisieTcst O0JIbIIOE KO-
JINYECTBO ypaHa B KOCTSX (110 CPaBHEHUIO C BMe-
HIaroIiei mopozoil) 1 3HaUUTeJIbHO MEHbIINE 110
CPaBHEHUIO C TIOPOIOH MTOKA3aTeH COACPKAHUS
B KOCTSIX TaHTaJIa, rahHUs U IMpKoHus. Takue xxe
COOTHOIIEHHS OBLIN OTMEYEHbI U JiJIsi 00PasIion
u3 nemniepsl JKuumnie Cokoa.

V3s0xeHHbIE BBIIIE JAHHbBIE O COZIEPIKAHUU
9JIEMEHTOB B KOCTSIX M BMeI[AIOlIeil 11opojie 13
cioeB 2 1 5 Haeca CBeTJIblii MOATBEPIK/IAIOT CUH-
XPOHHOCTb 3THX OCTAaTKOB B KaXKJIOM U3 CJIOEB.
Tem He MeHee, 9TO He TPOTUBOPEYUT IIPE/IITOTO-
JKEHUIO O BO3MOXKHOM I1€PEO0TI0KEHUI KOCTHBIX
O0CTaTKOB, HalileHHBIX B cioe 2. Hanpumep,
HEJIb3s1 UCKJIIOYATh TOTO, YTO BCE TIOJBEPTHYThIE
aHa/IM3y Ha MUKPOIJIEMEHTbI 0OPasI(bl IPOIILIN
OJIMHAKOBBIN Ty Th TIEPEOTI0KEHUS 1, ECTECTBEH-
HO, uMeroT 6snskue cogepxanuss B33. Cyie-
cTBeHHOE (Ha TOPSIIOK ) OTJNYME B COAEPKaHUN
B33 B KoCTAX U3 €J10€B 2 ¥ 5 He UCKJII0YAET U
BEPOSITHOCTU TOTO, YTO B CJIOW 2 KOCTU MOTJIN
OBITH TIEPEOTJIONKEHBI UMEHHO U3 cJosi 5. Ecan
npoilecc mejg UMEHHO TaK, TO MPUXOAUTCS
JIOTYCTUTD TToTepio yactu B339 u3 xocTHOI TKa-
HU [IPU MTONIAJIAHUH B <HOBYIO» T€OXUMUYECKYIO
cpeny, KOTOpasi Mo 3TOMY NOKa3aTesio 3HAYu-
TeJbHO Oe/THee UCXOHOM.

Cy1ecTBeHHBIN pa3dpoc 3HAUEHUIT coiepsKa-
uust B39 B ciioe 5 1aeT ocHOBaHMe CYUTATD, YTO
HAKOILJIEHHE OCTATKOB B HEM IILJIO JIOJITO ¥ MOTJIO
OXBaThIBATh 3HAYMTEJbHBI UHTEPBAJI ITO3/THETO
BaJIIasl.

Jla mectonaxoxaenust Hasec Crapuk 1mo-
KasaTeJId COJePKaHUS 2JIEMEHTOB OIpejiesIeHbl
110 6 KOCTHBIM OCTaTKaM BOJSTHOW IOJIEBKU U3
JIBYX IIEPBBIX CJI0EB, U3 HUX 5 06Pa3I[0B B3SITHI C
pasHbIX TayOuH cnosi 1 (0T MOBEPXHOCTH 10
riaybunsl 17 cm). Conepxanue B33 Bapeupyer
B Hux ot 0,65 10 2,54 MKr/T; Takoi AuUana3oH
BEJIMYMH BIIOJIHE MOKET XapaKTepU30BaTh 00pas-
IIbI Pa3HOTO BO3pacTa B IpejiesiaX HeCKOJbKUX
COTEH U 1epBbIX Thicstd JieT. [lokaszaresb obpasia
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Puc. 3.5. Codepacanue P33 (cnesa) u dpyeux B39 (cnpasa) 6 xocmsx (cpednee) u epynmax us cros 2 (a) u cios
5 (6) mecmonaxoncoenus Hasec Ceemawuii. Hopmuposka P33 na PAAS — nocmapxerickue ascmpanuiickue ciamuybl

U3 CJI0ST 2 COCTABUII 5,45 MKT /T, 4TO He TIPOTUBO-
PEeYHT IIpe/ICTaBIeHUSIM O eT0 BO3pacTe B IIpe/e-
JIax MO3/IHeT0—CPeIHero roJIoleHa.

Oo6paserr u3 UapucoBckoii meepsl, uccie-
ZIOBaHHBIE OTJIOKEHUSI KOTOPOW MMeJ BO3PACT
21-36 ThIC. JIET ¥ HAKAILJIUBAJIUCH TIPUMEPHO B
TedeHue 10 TeiC. /€T, TOXKE MOMAIU B TPYIIIY C
BBICOKO BEPOSITHOCTBIO HAJTMYUST ITEPEOTIIOKEH-
HBbIX KOCTHBIX ocTaTkoB. Ob1ee cogepxanue
BBICOKO3aPSI/IHBIX 3JIEMEHTOB B IBYX U3Y4YEHHBIX
obpasiax okazajaoch oueHb Oauskum (21,9 u
19,3 MKr/T). AHAJIOTUYHBIE BEJIMYMHBI OBLIH O~
JIy4eHbI JI7isi 00pa3iioB BO3PACTOM IIOYTH B J(Ba
pasa menbiuM (/IprpoBarerit Kamens Ha p.Hyco-
Boi1). Takoe cooTHOIIIEHNE TTOKa3aTesei Bo3pac-
Ta ¥ HAKOIIEHUSI MUKPO3JIEMEHTOB MOKET CBH-
JIeTeJIbCTBOBATh O TOM, YTO BO3PACT 3TUX KOHK-
PETHBIX 06Pa31I0B OKA3AJICSI MEHBIIIE, YeM TeX, TI0
KOTOPBIM OBLTH MOJYYeHbI PajrOyTIepOIHbIE
nathl, TUO0 HAKOMJIEHHE MUKPOIJIEMEHTOB B
WNnpucoBckoit nemepe MOTJIO UATH MelJIEHHEe,
yeM B 1temepe /Iprposareiit Kamenn Ha p.HycoBoii.
OnuH BBIBOJ MOKHO C/I€JIaTh ONpe/leJIeHHO:
xapakTep occunusaiuu, cyzsi Mo HaKOTLJIEHUIO
BBICOKO3aPSI/IHBIX 3JIEMEHTOB B MCCJIEOBAaHHBIX
06pasifax, o4eHb OJIU30K, YTO, BEPOSITHO, MOKET
YKa3bIBaTh HA UX CHHXPOHHOCTb.

N3 MaxHeBckoii JlensiHoii memepsl ObL1
IPOAHATU3UPOBAH BCETO OIUH 00Opasel] HUKHen
YeJIIOCTH BOJISTHOM TTOJIeBKU. Bo3pacT KOCTHBIX Oc-
TATKOB U3 9TOH TIETIEPHI UMEET Pa3HbIE OIIEHKH, OT
roJIoIeHa /10 MUKYJUHCKOTO MEeKJIeTHUKOBBSI.
BriosiHe BO3MOKHO, YTO KaKasi-TO YaCTh KOCTHBIX
OCTAaTKOB HAKOMUJIACh B TOJIOIIEHOBOE BPEMSI, TOT-
J1a KaK pyrasi — 3HAaYNTeJIbHO PaHbllle, BO3MOKHO,
UMEHHO B MexJieTHUKoBbe. CojiepKaHre BBICOKO-
3apSIIHBIX BJIEMEHTOB B MCCJIEIOBAaHHOM 00pasiie
okazayioch paBHbIM 8,19 MKr/T. Takne BeMYUHbBI
(menee 10 MKr/T) OBLIN XapaKTEPHBI /IS CEPUT
00pasIoB U3 MO3HETOJOIEHOBBIX OTIOKEHUN
IPOTOB M HABECOB, OMMMCAHHBIX PaHee, T.e. IO
MO0Ka3aTe 0 HAKOIJIEHUSI H3YYEHHBIX 3JIEMEH-
TOB 0Opaser 3 MaxueBckoil JlesiHOI memepsl
0JIM30K K [TO3/IHEr0JIOIEHOBBIM. Pagymeercs, 910
He 03HAYaeT, YTO JIPyTUe KOCTHbIE OCTATKU U3
oTiokeHUt MaxHeBcko# JlensTHOU Tieniepbl He
MOTYT UMETH JIPyTHe XapaKTePUCTUKHU.

Bbliu uccienoBaibl 0COOEHHOCTH MUKPO-
MPUMECHOTO COCTaBa Psijla KOCTHBIX OCTaTKOB
u3 mectodaxoxaenuil Keibsna, Hasec CBetublii,
Hagec Crapuk, Aramb6asuusuk u Kuauure
Coxouia mocite ux J1abopaToOPHOTO OTKHUTA MPH
800° C (Tabu. 3.13, puc. 3.6). Uzest npoBeneHust
MOMO6HBIX MCCJAEMOBAHUNA COCTOUT B TOM,
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Tabnuya 3.13.  Iaemenmunlii cCOCMae Ppazmenmos HUNCHEUEIIOCMHBLX KOCMEU PA3IUUHbIX ZPbL3YHO8
u pesya Cylindrodontidae us psda mecmonaxoxcoenuii nocue rabopamoprozo omucuza npu 800°C,

MK2/2
MecToHaxoxaeHue
e Kei6na 1 | Kpibia 2 ElausG Hagec Cetblii SSoale | Faaiie
Crapuk Coxona YUHK
Cnoid,
FOpH3OHT, r(gf'];) 223'9)5 {2%‘12138) Croit 2, rop. 5, (40-50) (30-45)
riyOuHa, cM)

Bun AT AT AT DT AT CL CL DT CYL
Ha.l;\::.ffw 9,1 10,4 8,1 57 | 103 | 69 2,9 8,2 32,3
Li 0,45 0,43 1,44 1,66 1,65 177 1:23 3,42 5,67
Be H/0 0,03 0,03 0,38 0,27 0,39 0,46 0,66 2,58
B 255 1,68 4,42 737 7,12 5,09 4,39 0,92 443
Na 3928 2179 2867 2365 | 2277 | 2611 | 2212 3980 9051
Mg 5776 4006 2655 1258 1140 1097 1152 1455 1121
Al 18,8 73,4 207,1 807,3 | 251,9 | 889,1 | 582,8 H/0 794,6
Sc 0,13 0,03 H/0 0,25 0,14 0,62 H/0 54,9 5,46
Ti 1,77 2457 5,31 19,3 7,74 18,2 22,8 906,8 1152
A% 0,02 1,91 3,45 10,1 9,13 9,59 125 79,7 14,2
Cr H/0 0,19 0,16 0,79 1,04 1,03 1,99 13,0 65,0
Mn 61,5 473,3 422 2017 | 331 | 4255 912 8569,3 451,4
Co 0,79 0,74 0,86 1.57 1,10 1,69 1,43 18,9 4,14
Ni 14,0 13,9 14,5 24,7 23,0 27.3 27,0 27,4 10,2
Cu 1,72 4,83 3,61 7,43 8,44 8,94 8,03 14,1 653,3
Zn 345,4 39247 277.5 324,9 | 200,2 | 341,0 | 257,0 436,7 26,9
Ga 0,91 0,86 0,81 0,90 0,85 1,05 0,99 2,87 1,02
Ge H/0 0,005 0,007 0,03 0,01 0,03 0,03 0,30 0,08
As 0,07 0,21 0,80 1,34 1,17 0,92 1,02 9,37 13,1
Se 1,45 1,24 0,56 1,59 1,65 0,91 3,42 4,04 2,47
Rb 0,70 0,13 0,29 0,96 0,19 1,25 H/0 3,23 0,37
Sr 504,0 21855 544,0 854,0 | 388,1 | 473,6 | 208,3 455,0 3601
Y 0,05 1,19 0,93 211 1533 2,00 1,80 2882 81,9
Zr 0,001 0,12 0,15 1555 1,08 1,70 1,48 3257 18,1
Nb H/0 H/0 H/0 0,03 0,02 0,04 | 0,009 0,84 0,03
Mo 0,006 0,01 0,15 0,32 0,09 0;17, H/0 1,42 3,06
Ag H/0 H/0 H/0 H/0 H/O H/0 H/0 0,13 2,49
Cd 0,01 1.32 0,13 1,04 0,72 1,85 0,88 0,79 0,35
Sn 0,02 0,13 0,21 0,10 0,07 0,11 0,25 H/0 H/0
Sb 0,005 0,09 0,03 0,06 0,06 0,06 0,04 1,66 4,52
Te 0,16 0,07 0,10 0,12 0,07 0,25 0,28 H/O 0,06
Cs H/0 0,003 0,02 0,06 0,02 0,09 0,03 017 0,03
Ba 401,2 182,9 257,9 143,9 | 169,3 | 148,1 | 104,7 328.,4 99,7
La 0,03 1,24 0,67 1,48 0,60 1,35 0,89 29,4 29,5
Ce 0,05 1,06 1,66 2,96 1,14 2,31 1,87 142,9 66,5
Pr 0,006 0,21 0,14 0,33 0,13 0,30 0,19 178 7,18
Nd 0,03 0,87 0,69 1,47 0,58 1,39 1424 106,3 34,6
Sm 0,01 0,16 0,15 0,30 0,13 0,26 0,19 33,4 9,17
Eu 0,001 0,04 0,04 0,07 0,03 0,07 0,02 9,95 2,64
Gd 0,009 0,14 0,16 0,30 0,14 0,29 0,21 45,9 132
Tb 0,000 0,02 0,02 0,04 0,02 0,04 0,02 7,38 2405
Dy 0,005 0,14 0,13 0,29 0,15 0,24 0,19 3.3 14,4
Ho 0,000 0,02 0,03 0,06 0,03 0,05 0,04 11,1 3,11
Er 0,002 0,07 0,07 0,18 0,09 0,16 0,12 30,6 8,55




INeMEeHMHBLU COCMAB KOCMHBIX OCMAMKOS...

93

IIpodonacenue mabruyol 3.13.

MecToHaxoXxaeHue
it Kbibna 1 | Keibna 2 Fianse Hagec Cetnblii Ramne. |4y
Crapuk Coxkona YUHK
Crnoi,
FOpH3OHT, r(gf'l? 2‘6’3'9)5 (2%{2138) Criofi 2, rop. 5, (40-50) (30-45)
(rimyOuHa, cm)

Tm H/0 0,006 0,006 0,02 0,01 0,02 | 0,004 4,07 1,14
Yb H/0 0,04 0,06 0,15 0,09 0,13 0,14 24,7 6,83
Lu 0,001 0,007 0,008 0,02 0,02 0,02 0,01 3,69 1,07
Hf H/0 0,001 0,002 0,03 0,03 0,04 0,02 0,62 0,18
Ta H/0 H/0 H/0 H/0 H/0 H/0 H/0 0,06 0,02
w H/0 H/0 H/0 H/0 H/0 H/0 H/0 0,80 012
Tl 0,002 0,002 H/0 0 H/0 0,00 H/0 0,24 1,35
Pb 2,07 5,65 1,19 26,8 2,28 1,90 0,88 126,6 100,9
Bi H/0 H/0 H/0 0,06 0,07 H/0 H/0 0,23 0,09
Th 0,02 0,03 0,05 0,24 0,06 0,23 0,09 19,2 0,65
U H/0 0,31 0,41 16,3 17,9 5:35 15,8 3,41 484,1

IIpumeuanue: AT — Arvicola terrestris, DT — Dicrostonyx torquatus, CL — Clethrionomys,
CYL—- Cylindrodontidae.
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Cozxepxcax—me BJIEMEHTOB 1O OTKHUTA, MKI/T

Puc. 3.6. Codepacanue snemenmos 6 KOCMHbIX OCMAMKAX U3 PASIUUHBIX MECTOHAXONCOeHU 00 U Nocie ux
nabopamoprozo omucuza npu 800°C

1 — mecmonaxoxcoenue Kvibna 1, zop. 0, n.u. Arvicola terrestri; 2 — mecmonaxoxcoenue Kvibna 2, zop. 5,
n.u. Aroicola terrestris; 3 — Hasec Cmapux, zop. 18, n.u. Arvicola terrestris; 4 — Hasec Ceem.aviil, cioil 2,
z2o0p. 5, n.u. Dicrostonyx torquatus; 5 — n.u. Arvicola terrestris, 6 —Clethrionomys sp., w.u. Ne 1, 7 — 1n.u. Ne 3
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4YTO OTKUT CTUMYJUPYET 1eJblid psijt PU3UKO-  TUTAC BbIIIeJIeHI/IEMCOZ. Bornipoc o moBenenuu

XUMHUYECKUX TPOIECCOB B KOCTHOW TKAHU —  MHKPO3JEMEHTOB ITPU OTXKNUTE KOCTHBIX OCTAT-
ee jleTupaTaluio, pa3pylieHiue OpraHukd, KOB OCTABAJICS paHee OTKPBITHIM, TEM He MeHee
TBepaodasuyo nuddysuo kak agcopbupo-  ero pelmeHue NpeACTaBseT ONpeaeeHHbII
BaHHBIX, TAK MU CTPYKTYPHBIX MUKDPO3JIEMEH-  HHTEPEC B CBA3U C aHAJIM30M BKJaja B o0Iiiee

TOB, peKpHUCTALIN3anuio GochaToB KAIbliUsA,  cO/AepKaHUE MUKPOIJIEMEHTOB, YUaCTBYIONINX
pasJioxkeH#e BTOPUYHBIX KAPOOHATHBIX MilHE- B IPOIeccaX BTOPUYHOIO MUHepanoobpa3oBa-
paJioB, YACTUYHOE Pa3iokeHue kKapboHaramna-  Hus.

P332/PAAS CopeprxaHue, MKT/T
0,1 &
a
L ‘\’_‘_'_A—o\kw >
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La Ce Pr NdSm EuGd Tb Dy Ho Er TmYb LuSc Y Zr Hf Ta Th

Puc. 3.7. Codepacanue P33 (caesa) u opyeux B33 (cnpasa) 6 ob6pasyax 0o u nocie 1a6opamopnozo omicuza npu
800°C. Hopmuposxa P33 na PAAS — nocmapxetickue agcmpanutickue Cianypl.

a — nuxcnss wemocmn Arvicola terrestris, Kvibnal, nosepxnocmn; 6 — nuscnss uemocmv Arvicola terrestris,
Kvibna 2, caoii 3; 6 — nugicnsas uenocmn Arvicola terrestris, Hasec Cmapux, 2op. 18; 2 — pesey, Cylindrodontidae,
Amambasuunx



INeMEHMHBLU COCMAB KOCMHBIX OCMAMKOS. .. 95

st obcyxaenus pasnuunii cymmapaoro  (rop.5) mectonaxoxxuenusi Hasec Cetubiii u
coznepxxanuss B39 1m0 u mocsie oTKATA MOXKHO — OJJUH — U3 OJIUTOI[EHOBOTO MECTOHAXOKIEHUS
UCII0JIb30BaTh BOCEMb Map U3MEPEHUH, pe3yib-  Atam0a3unHK. 3aMeTHOI Pa3HUIIBI B COOTHOIIIE-
TaThl KOTOPBIX MpeACTaBjieHbl Ha puc. 3.7—3.8.  HUUM PA3JIUYHBIX 3IEMEHTOB MEX/IY 00pasiamu
Tpu M3 HHUX TOJy4YeHBI AJisi 00pa3lmoB M3 [0 W mocje oTxura He obHapyxeno. Orciozna
rosiorieHoBbIxX ornokennit Koibaal, Kei6ma2,  ciezmyer, 4To MOKHO HCIIOJIB30BATh OTHU U T€ XKe
Hagec Crapuk, yeTbipe 06pasiia — 970 HYDKHHE — 00pasibl CHAYasIa JJIsi TEPMUYIECKOTO, a TOTOM
YeJIOCTU Pa3HbIX BUOB IOJIEBOK M3 CJIOS 2  JJIs 3JIEeMEHTHOIO aHaJIN3a.

P332/PAAS CoxaeprxaHHue, MKI/T
0,1 100

a 10
1
0,1
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0,1 100
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0,01 ?001
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060} 0,01
’ r —e— Jlo oTxura 100

—a— [locne orxkura
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0,01 0,01
La Ce Pr NdSmEu Gd Tb Dy Ho Er TmYb Lu Sc Y Zr Hf Ta Th u

Puc. 3.8. Codeparcanue P33 (cresa) u opyeux B39 (cnpasa) 6 HUMHUX 4eIOCAX PASHBIX 61006 NOLEBOK U3 CI0S 2
(20p. 5) mecmonaxoxcoenus Hasec Ceemaniii 0o u nocue rabopamopnozo omcuza npu 800°C. Hopmuposka P33 na
PAAS — nocmapxetickue ascmpanutickue C1anupl.

a — Arvicola terrestris; 6 — Dicrostonyx torquatus; 8,2 — Clethrionomys sp.
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3.5. Mexanu3amolL u ycaoeus
HAKONJNEeHUS MUKPOIIeMEHMOE 6
KOCmHbIX OcmamKax

@occuamsausi KOCTHOW TKAHU HA Pa3HbIX
CTAJMSIX IIPOTEKAeT C HeOITHAKOBON CKOPOCTHIO,
IIPU 9TOM PeaJu3yIOTCsl pa3Hble MeXaHU3MbI
HAKOILJIEHUS /TIOTePU MUKPO3JIeMEeHTOB. [lanHEb1ii
BBIBO/I B 001IIeM BU/IE€ TIOATBEPIKAAETCS KaK JIMTe-
paTypHBIMH, TAK Y U3JI0)KEHHBIMU BBITIIE TAHHBIMH.
bes nonumanust aTUX 3aKOHOMEPHOCTEH HEBO3-
MO’KHO pa3o6paThCst B TOM, KaK IPOIECCHl HAKOII-
JIEHUS1/TIOTepU 3aBUCAT OT BO3PACTa, YCJIOBUH U
(bM3NKO-XUMUYECKMX MeXaHU3MOB (DPaKIIMOHH-
poBanus aisemMeHTOB. CoTrJlacHO MaTepuaJam
cepun uccaenosanuii (Reynard et al., 1999), ce
pasHoobpasue pacrpezesennii P39 B uckonae-
MBIX (hochaTHBIX OpraHo-MUHEPAIbHBIX 06pa30-
BaHMSIX 00YCIIOBJIEHO TPeMsT OCHOBHBIMU MTPUYH-
HaMM (MEXaHN3MaMN ): UX BXOKAEHHEM B allaTUT
6e3 GpakimoHUPOBaHNS; aficOPOIMe Ha ToBep-
XHOCTH, KOHTPOJIMPYEMOi CBOMCTBAMH ITOCJIe-
JIHeH, 1 3aMelleHUSIMH B CTPYKTYPHBIE TO3UITHH
peleTKkn MUHepasia, KOHTPOJUPYEMBIMU €ro
00BEMHBIMH KPUCTALTIOXUMUIECKUME CBOHCTBA-
mu. [Iepsble nBa Mexanusma «HOpPMUDPYIOT»
pacnpezenenne P39 B GuoreHHbIX anaTUTax, Moj-
BEPIIINXCs paHHEMY iMareHe3y; TpPeTHil MeXaHU3M
IIPUBOAUT K IMOABJICHUIO pacipeseneHnii P39,
TUIIMYHBIX /IS MUHEPAJIOB, TIO/IBEPTIILINXCS TIepe-
KPUCTAJUIM3allMX BO BpeMsl TIO3/[HETO JuareHesa.
Obcyskmancs (Sillen, LeGeros, 1991) Bompoc o
BBIJICJIEHUN C UCHOJIb30BAHUEM CIIEIUAJIbHBIX
CX€M XMMHMUYECKOT0 Pa3/Io;KeHHsI KOCTHBIX TKaHel
MUKPO3JIEMEHTOB, CBSI3aHHBIX KaK C TIEPBUYHBIM
6U0ANaTUTOM, TAK U C BTOPUYHBIM ay TUT€HHBIM.

N3 mepevyncyieHHBIX BbILIE MEXAHU3MOB
BXOXKIeHs1 P39 B anlaTUT TOJIBKO «KOJIMYECTBEH-
HOE» BXOJK/IeHHe He IIPUBOIUT K UX (PpakIinoHu-
POBAHUIO OTHOCUTEIBHO (hirton/1a, B TO BpeMsi Kak
OCTaJbHBIE /[BAa MeXaHU3Ma XapaKTepPHU3YIOTCsI
pasanyHbIMUA KoaddunnenTamMu GpakImoHupo-
BaHMUS.

B tabu1. 3.14 npuBeenbl 3HaYEHUST Psijia Feo-
XMUMHWYECKUX MHIUKATOPOB, PACCUUTAHHBIE ST
U3YYEeHHBIX 00PaA3I0B. TH MOKA3ATEN TO3BOJISA-
I0T CYZIUTh O HEKOTOPBIX 0COOEHHOCTSIX MPOIEC-
coB (pocCUIM3AIUN KOCTHBIX OCTATKOB M YCJIO-
BHI1, B KOTOPBIX OHA MIPOUCXO/TUIIA.

B nureparype (Reynard et al., 1999) orme-
4asock, 4to otHolrenne La/Yb ciabo nsmensier-
Cs1 IIPY peayIn3aliiy «MeXaHu3Ma 3aMeleHuii», HO

3HAYMMO YBEJIMUYUBAETCS MIPU afCOPOIIMOHHOM
Mexanuame. OtHomenue La/Sm, HanpoTus,
HEYYBCTBUTETHHO K a/ICOPOIMOHHOMY MEXaHU3-
MY, HO BeChbMa YyBCTBUTEJBHO K MTPOIIECCY 3aMe-
meHus (Mpu 3TOM OTHOINIEHWEe BO3pacTaer).
B urore o6a MexaHu3Ma IMPUBOAST K 3HAUUTEJIb-
HOMY YBeJIMYEHHIO coepkanus cpeaaux P39 B
araTUTe, 9YTO BBIPAKAETCSI B «KOJOKO0JI000pas-
HOIl» hopMe pacrpesieleHUs Ha AUarpaMMax.
DpakIMOHUPOBAHUE UMEJIO MECTO, a IIPOCTOe
BXOJK/I€HI€E, BEPOSITHO, He HabJII0/1a/I0Ch.

Ha puc. 3.9 MOXHO BU/IeTB, YTO TIEPEKPUCTAI-
J3alus 06pasIoB B XOJIe [uareHe3a MajoBepo-
arna; ornomenus La/Sm u La/Yb B Gosbimn-
CTBE U3 HUX COOTBETCTBYIOT BeJIMYMHAM, TUITUY-
HBIM JIJIsI TIPECHOI BOJBI (B IPECHOH, peYHOll U
03epHOM BOJIe OHU cOCTaBJsA0T mopsinka 0,2—1,2).

Bouree BeposiTHO, 4TO B OTHOCUTEIBHO /IPEB-
HuX obpasiax mpeobaagaeT MexaHu3M 3aMelne-
Hug P39 B penieTke rujipokcuanaTuTa KOCTH, a
B 60J1ee MOJIO/IBIX — aJCOPOIMU Ha TTOBEPXHOCTH
KOCTH.

OauH U3 METO/I0B XUMUYECKOTO AaTUPOBa-
HUS KOPBI BBIBETPMBAHUA HA TTOBEPXHOCTSIX rop-
HBIX TTOPOJI, TeTPOrIndOB, KAMEHHBIX OPY/IUii
OCHOBaH Ha OTpe/ieJIeHUN KaTUOHHOTO OTHOIIIe-
nust (Na+Mg)/Ti (Barnep, 2006). M3BectHo, uTo
CKOPOCTb PEAKINK KaTHOHHOTO 0OMeHa 3aBUCHUT
0T 0COOGEHHOCTEHT TIOPOJL U YCITOBHIT OKPYIKAIOTIEH
cpezibl. Bo3HMKIIO TIPEIIIoNIo)KeHME, YTO CEJIEKTHB-
HO€ BbIIleJla4iBaHle, KOTOPoe JIeXKUT B OCHOBE
orpejieJieHus CTeTleH: TpaHchopMaluy oBepx-
HOCTH TOPHBIX TTOPOJI TIPY 00pa30BaHUU Ty CThIH-
HOTO 3arapa, MOXHO OII€HWTb U /ISl KOCTHOM
TKaHMU.

KaTuownsl, BXOzIsiIIIMEe B cOCTaB KOCTHOM TKa-
HU, CO BpeMeHeM HMCITBITBIBAIOT BJUSIHUE ITPOIIEeC-
COB CEJIEKTUBHOTO BbILIeJIa4MBaHUs, HO IIPU 3TOM
Pas/IMYHbIE KATHOHBI, YYACTBYIOIHE B 0OMEHHBIX
npoieccax, 00J1a1aloT pasHO MOBUKHOCTBIO, B
wacrrocty, katronsl K, Na', Ca®” Mg”" Bbime-
naumBaloTcs nerde, yem katuon Ti''. Takum
00pa3oM, OTHOIIEHUE HOJBHKHBIX KATHOHOB K
HenoABUKHbIM, HanipuMep (Na+Mg)/Ti, ymens-
IIAeTCsI 10 Mepe yBeJinyeHus Bo3pacra. Katuon-
HbIe OTHOIIIEHUS BPSI/l JIM MOXKHO UCIIOJIb30BaTh
TSI TIPSIMOM OTIEHKH BO3PACTa KOCTHBIX OCTaTKOB,
OJIHAKO U/esI TIPUMEHHUTH ITOT TOKA3aTesb [/
OIIEHKM CTeIleHU 3aMellleHUsI KATHOHOB HATPUsI U
MarHust peIko3eMeJIbHbIMU 2JIeMeHTaMU B pelreT-
Ke TUIPOKCUAIaTUTa KOCTH B TIporiecce poccusm-
3aIUU MOJKET 0Ka3aThCsl IIPOYKTUBHOM.
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(La/Yb)n
1,61 m  KpiGia
4_' ® Hasec Crapux
I A ¢ Hagec CeTusii, croit 2
12 i v Hasec Csemsrit, ¢iioit 5
i v Jeposatsrii Kamens
) 0' %\ O Unpucorckas remepa
] o A XKumume Cokona
0 8} g & MaxHeBcKas e/isHas Newiepa
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Puc. 3.9. Bapuayuu omnowenuti La/Sm u La/Yb 6 ucxonaemvix KoCmHblx 0CMamxax u3 pasiuinblx
Mmecmonaxoxcoenui. Hopmuposka na nocm-apxetickue agcmpanutickue cianyvl PAAS, coznacrno McLennan (1989).
IIpedcmasnenvt dannwvie Onsi 06pasy08, y KOMopvLx cymmapHoe cooeprcarnue B33 cocmasnsem 6onee 0,1 mxz/e.

0 Cymma (REE)n

Octpos Bpanreis
Kei6ma

I'por ®unun

Hagec Crapuk

Hagec Ceetnbiid, cnoi 2
Hagsec Ceetnsiit, ciioi 5
Jeiposarsiit Kamens
Wnpucorckas nemepa
Kynmie Coxona
MaxHeBcKast ieiHas nemiepa
Cxoponym
Arambaz4auHK
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Puc. 3.10. Cymmapnoe codepacanue P33 u omnowenue (Na+Mg)/Ti 6 uckonaemvix Kocmuvlx ocmamxax u3

pasiuutsvlx MeCmonaxoncoenul

Ha puc. 3.10 npezcraBiens! Bapuaiuy cym-
MapHOro cojepxauusd P33 u oTHOUIEeHUSA
(Na+Mg)/Ti B uckonaembIX KOCTHBIX OCTaTKaX
1 3y0ax 13 pa3IMYHbIX MECTOHAXOKIeHui. Bu-
HO, 4TO B 11eJI0M HabJrioaeTcst 0OpaTHO MPOIIOP-
IIMOHATIbHASI 3ABUCHMOCTD MEK/y THMHU BEJIIYH-
HaMU. JTO MO3BOJISIET MPEATIOTIOXKHUTH TIPEANoY-
TUTEJIBHOCTh MEXaHU3Ma 3aMelleHUs] KaTHOHOB
HATPUS U MarHusl KatuoHamu P33 B pernrerke
TUPOKCHANIATUTA KOCTU Ha O3/IHUX (KOHEYHBIX )
cTaausax (GOCCUIU3ANUU TIPU CPOKAX 3aXOpOHe-
HUSI OPSIZIKA [IECSITKOB U COTEH ThICSY JIeT (TIpo-
661 U3 MecToHaxoxaenun Kunume Coxoua,

Aram6azunnk, Ckopoaym). B mosssy mnpeobiia-
JTAHWST MeXaHW3Ma 3aMellleHusl Ha T03/[HUX CTa-
JIWSIX TOBOPUT U uarpaMma oTHouenunit La/Sm
u La/Yb B McKkomaeMbiX KOCTHBIX OCTaTKax U3
Pa3IMYHBIX MECTOHAXOXKAeHU (cM. puc. 3.9).
BosbimuHeTBO 06pa3ioB KOCTHBIX OCTATKOB
oboramiens Tsokensim P33 (LREE/HREE<1).
3 reoxuMuu 0caJOYHBIX TOPOJ U3BecTHO (Mac-
s0B, 2005), uTo K oboralieHuo TsxKeIbIMI P39
IIPUBOJSAT MPOLIECCHI TIEPEOTIOKEHUS OCATKOB.
[Tyte P39 B uckonmaemble KOCTHbIE OCTaTKH,
M3BJIEYEHHBIE U3 OTJIOKEHHI B KAPCTOBBIX I10JI0-
CTSIX, MOXKHO BOCITPOM3BECTH JIUIIIb JIOCTATOYHO
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Tabnuya 3.14.  leoxumuueckue uHOUKamopwvl, 0CHOBAHHbIE HA COOEPHCAHUU JLEMEHMOB 8 USYUEHHDIX
KOCMHBIX OCMAmMKax U zpyHmax
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(A
0. Bpanrens DT Ha |0,02] 0,17 | 034 | 045 1,99 | 0,98 |38 1,7 | 7077
Kpi6a | (or_OP;'COM) AT Hu. |0,06| 1,75 | 1,27 | 3,83 | 2,91 | 0,88 | 23 | 1,79 | 3690
Gl mp G | Hu |0,04| 044|047 | 048|129 0,96 |33 1,69 | 4136

(0—-0,5 cm)
Raned (|- SHORLTOR L), Hua |0,01]091]033|2,17]296|038|60]|1,92|3513
0,5-1,5cm)
Croit 3,rop. 5 | AT Hu |024] 0,86 081 1,54| 1,09 | 06 |42] 1,43 | 734
(69 cm) AT Hu. |0,41]0,76 | 1,17 | 1,46 | 1,34 | 0,65 | 35| 1,4 | 939
AnbBeout.

Fpor G 07 |amar™ 10,05| 0,68 | 0,64 | 0,7 | 1,63 | 1,18 |30 1,25 [10038

Pesen |0,04] 0,66 | 0,58 | 0,74 | 1,55 | 1,1 |30 1,32 | 4159

Lep..L, AT | Ha  |0,09] 064054069 1,65 1 [30]1,47 1063
(0—1cm)
Top. 3,
AT | Hao 0,04] 073|051 081 1,60 1,14 [35]1,57 | 1442
(2-3cm)
Hasec Crapux (4ri’ps'§;4) AT | Hao 01071 [054 (086157099 301611202

Lop.d1; AT H.4. 0,08 1,09 | 1,04 [ 1,96 | 1,48 | 0,98 {31 | 1,55 | 1331
(10—11 cm) AT H.u. 0,191 0,69 10,54 | 0,9 | 1,32 1,07 |28 1,77 | 976

I'op. 18,

0o e | AT Hua (031|068 (051074 | 1,12 1,12 (33| 1.4 | 841
Jnact. o 631008 (0,63 | 1,2 [ 1,03 09 411,58 120

YHacThb H.4Y.

DT

JIbIpoBaTHIi ATBBEON. | g7 1 087 | 074 [ 133 | 1,1 | 093 |28 | 1.68| 74

Kamenb qacrb H.Y.
Ha p. UycoBoii Pesen, (0,89(0,85(0,65(1,23 1,22 (1,01 (251,61 50
DT | 3y6 M° |041]0,87]062]127]1,12]095[36] 1,82 253
[ Hu 0,57]083]069] 1,3 | 1,19] 1,07 [24]1,79] 50
Pesen |0,21] 0,87 0,72 ] 1,3 | 1,32096 | 27| 1,62 | 111
DT Hu. |0,75] 0,66 | 0,66 ]0,79] 1,12] 0,97 |32] 1,14 | 94
AT Ha 031/055] 0,7 |0,71] 1,13 | 0,98 |36] 1,18 | 210
cot 2,rop. 5 | CL Hu  |0,66] 0,58 | 0,7 | 0,65] 1,05 0,91 ]38 1,09 133
Hu |042]051|0,61]049|1,18|0,99 |42 0,98 | 266
Cz’:f;:m cnoii 2 Tpynr |2,12]0,67[0,79]0,85 | 1,1 | 091 [26]1,14] 9
cnoit 5, rop. 15 | DT Hua 39,89 0,47 [ 0,84 | 0,71 | 1,07 | 028 [39] 1,14 | 130
cioii 5, rop. 16 | DT Hu 56,54 0,63 | 1,07 1,3 | 1,09 | 0,11 [42] 1,36 60
g s || Hu.  [58,33] 0,54 | 1,01 | 0,96 | 1,03 | 0,41 |39 1,17 | 107
A DT Hu 2585067 1,2 |1,42] 1,14 | 022 [42] 129 56
CII0# 5 Tpynr 12,88/ 0,81 0,79 [ 1,05 | 1,14 | 09 [26]1,15] 5
Wnprcosekas DT Hua |0,78] 0,78 [ 1,04 1,26 | 1,13] 1,1 [30]1,27] 99

neriepa DT H.u. 0,76 0,76 | 0,87 | 1,23 | 1,02 | 1,15 128 | 1,43 | 90
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A
MaxHeBckas
Jlensnas AT H.u. 0,35 0,81 09 |1,35|1,09 | 0,96 | 35| 1,34 | 137
neniepa
30 — 45 cm DT H.u. 6,8 0.38 100,22 ['0.17 | 120423428 | -1,1 3
DT Peserr 8,84 0:42:5110:2571.0,220 107 1,12 136: =1, 11 | 20
Kunuie DT H.u. 9,72 0,515 110.23 11023 1:1,28 | 1,08]:33 | 1,11 5
Coxomna 60 —75cm DI Peser 1120500525 [0.25.1026 | 1,28 1,17 | 38.-1,08 | -65
DT Pesen 67,52 | 018 0. 120:043) T = 120713015107 |8
I'pyHT 8,86 0,6 0,58 10,58 (1,22|094(30|1,02| 2
Ckopoaym AP H.a. 329,58 0,46 |0,86|0,62(092|1,39(40|1,05| 14
ATam0a3unHK YL Peseir 53631 0.3501.0.42 [ 0,3 [11,08551,29 1321 1.29 | 749

ycJ0BHO. B 11060M BapuaHTe OH BeCbMa CJIOKEH
Y BKJIIOYAeT HEOJHOKpPaTHbIe IpeobpazoBaHus
MHMHEPAJIbHOTO COCTaBa B Yepelie 0CaJOYHOTO
KOMILJIEKCa Mae030MCKUX M3BECTHIKOB, U3
KOTOPBIX 00Pa30BaHbl KAPCTYIONIHECS TOPO/BI, B
IPOYKTHI UX pa3pyLIeHHs], BILUIOTb 10 3aKperLie-
HUS B KOCTHBIX OCTATKaX.

B cBsi31 ¢ 9TM HHTEPECHO OBLIO COMTOCTABUTh
cTerneHb oboramneHns TsokeabiMu P39 BMerano-
1€l TOPOJABbI U KOCTHBIX OCTATKOB U3 TIENEPhI
JKumumie Coxosa. Bemvumaa sToro mokasaTesis B
riopojie coctasua 0,6, a B 5 KOCTHbIX 00pasiax — OT
0,18 m0 0,52 (B cpentem 0,4). AHAJIOTHYHBIE Be-
JINYUHBI B TPyHTE ¥ 00pa3iax KOCTHBIX OCTATKOB
u3 cnosa 2 Haseca Csetubiii cocrasmm 0,67 u or
0,51 mo 0,66 (cpeanee 1o 4 obpasmam — 0,58)
COOTBETCTBEHHO, a 11151 1051 5 — 0,81 1 0,47 o 0,67
(cpentee 110 4 obpasitam — (0,58). Otciona BUIHO,
YTO KOCTHBIE OCTAaTKH, 0OOTraIleHbl TIXeIbIMU
3JIeMEHTaMHU TI0 CPAaBHEHUIO C BMEIIAIOIIEH TTOPO-
NIOW, T.e. B Iporiecce (poccrmmusam uiaet pak-
IIHOHUPOBAHHOE HAKOILJIeHHe TshKeIbIX P39.

Kax Buznno u3s puc. 3.11, s P33 xapakre-
pet abdeKT X 3HAYUTETHHOTO PPAKITMOHINPOBA-
HUsI, 4TO OTPa)kaeT 0COOEHHOCTH B3aMMO/eii-
cTBUs (GIIOUIO0B C KOCTHBIM MaTePUaIOM —
notepio hmounnamu gerkux P33. Takoe siBienue
CYMUTAETCS THITHYHBIM, €CJTA TPUBHECEHUE KOMITO-
HEHTOB OCYLIEeCTBJISIETCS He B MOHHOH, a B (popme
KOMILJIEKCHBIX COeIUHEHUI C y4aCTUeM JIUTaH-

JIOB; TIPU 3TOM JIJIsSI IOHHBIX (DJIIOMIOB COOTHOIIIE-
Hue Ca/nurana>>1 (HopMaibHbie (QIOUIBI), a
njst komiyiekcoobpasyomux Ca/murang~1

(nmurangooboramensbie Guonas). Ecau Bo
(bronIax aKTHBHY IO POJIb UTPAIOT KOMILJIEKCO06-
pasoBarenu (JTUTaHABI — COBZ’, F,OH) 70 ¢
TskenbiMu P39 dopmupyiorcs 6osiee ctabuiib-
Hbl€, YCTONYMBBIE KOMILIEKCHI, YeM C JIETKUMHU.
CoOTBETCTBEHHO JIUTAHA000PA3YIONUMHU (HJTFOH-
JlaM¥ B OTHOCUTEJNBHO GOJBIIMX 0ObeMax nepe-
HOCSITCSI UMEHHO TsKesible P33, 4To IpUBOAUT K
(pakIIMOHUPOBAHUIO: TTOCKOJIbKY Jierkue P33
Jerde TepsioTcst GIOUIOM U copOUpyroTCs Ha
MIOBEPXHOCTH KOCTHBIX OCTATKOB B ITPOIECCE MUTPA-
[IMHU, B KOHEYHOM CYeTe TIPOMCXOUT UX oborarie-
Hue TtsokeabiMmu P339. Otnomenue Y/Ho
SIBJISIETCSI IOCTATOYHO YyBCTBUTETbHBIM HHINKATO-
poMm (ppakimonupoBanust P33 B mporiecce murpa-
Y TUPOTEPMATIBHBIX (DITIOM/IOB, TOCKOJIBKY 3TH
9JIEMEHTBI UIMEIOT OZINHAKOBBIE 3aPsi/Ibl ¥ I0CTA-
TOYHO OJIN3KYE 3HAYEHVS] HOHHBIX PaJIyCOB, HO
IIPU 9TOM TOJIbMUI «TePsieTCsT» M3 BOABL B 2 pa3a
ObICTpEe, YeM UTTPUI, U3-3a PA3HUIIbI B CIIOCO0-
HOCTH K KoMiLtekcooOpasosanuio (Kranendonk
van et al., 2003). Bospacranue BeJIMYUHBI OTHO-
menus Y /Ho sBisieTcs cieicTBrEM TIPOSIBIEHUST
npoiecca dhpakiuorupoBanus (oborameHue
MPOAYKTOB KPUCTAIIU3AIUHN TSIKETBIMA JIaHTa-
HOMJAMH, C KOTOPBIMU MTTPHUII UMeeT OOJBIIOE
CPOJICTBO).
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Puc. 3.11. Bapuavuu coomnowenus rezkux-msicenvix P39 u ommowenust Y,/Ho 6 uckonaemwix kocmmwlx ocmamxax
u3 pasnuunvlx mecmonaxoxcoenuil. Illpedcmasnenvt oanrvie 0N 06pasy08, Y KOMOPHIX CYMMAPHOE COOEPHCaAHUe

B33 cocmaensem 6oree 0,1 mxz/2

BosbmuHeTBO 00pa3iioB MCKOMAeMbIX KOCT-
HBIX OCTaTKOB ¥ 3yOOB U3 Pa3JNYHBIX MECTOHA-
XOsKaeHui oboramiens TskeabiMu P39 (LREE/
HREE<1) u umetor yposenb Y/Ho oTHomenust
BBbIlE TIEPBUYHOTO (XOHAPUTOBOTO — 28), 4TO
IIO3BOJISIET TIPEATIONOKUTD aKTUBHYIO POJIb KOM-
n71eKco00pa3oBanusl npu GPaKIMOHUPOBAHUN
P33 u neperoc noros P33 Bo duronsie B komI-
JIEKCHOH, a He B MOHHOU hopme. OHAKO /17151 He-
CKOJIbKUX 00PasI0B 3a(hUKCHPOBAHO OTCYTCTBHE
KOPPEJISAILUU MeXK/Y CTelleHblo (PpakIiMoHupoBa-
Husa P39 u orHomenuem Y /Ho (MecTroHaxosxe-
nus Hasec Crapuk, /IsipoBathiii Kamens Ha
p.YHycoBoii), 4T0 MOKET ObITH 00YCIOBIEHO (hpaK-
nuonuposanueM P39 BcieacTBue neperoca B
HOHHOU opme.

OKHCINTENBHO-BOCCTAHOBUTEIBHBIE YCJIO-
BUS 3aXOPOHEHHUI1 B PA3JTMYHBIX MECTOHAXOXK/Ie-
HUSIX UTPAIOT OOJIBIILYIO POJIb B IPOTEKAHUU T€0-
XUMHYECKUX [IPOIIECCOB; TIOCIEeIHUE MOTYT OBITh
OLIEHEHBI 110 3HAUYEHUSAM TaK HA3bIBAEMbIX €BPO-
nueBoit Eu/Eu* u nepuesoit Ce/Ce* anomannii
B COOTBETCTBYIOI[UX MCKOIAeMbIX KOCTHBIX
ocrartkax (31ech Eu u Ce — nusmepenHble coznep-
’KaHUs 371eMeHTOB B Ipobe, a Eu*=(La+Pr)/2 u
Ce*=(Sm+Gd)/2 — Hekue ycpenHEHHbIE BeIU-
YUHBI, IOJyYEHHbIE HA OCHOBE TPe/III0JI0KEeHMS,
4YTO pacupezesenue Bcex P39 umeer nosoruit
MOHOTOHHBIN BUA). HarmoMHuM, 4TO 371€MEHTHI
Eu u Ce xapakrepusyoTcsi iepeMeHHO cTerte-
HBIO OKUCJIEHUS: IJis MePBOr0 TUIMUYHBIMH

SBJISIIOTCA JBYX- M TpexBaseHTHast popmbl — Eu’’
u Eu’’, a 11151 BTOPOro — Tpex- 1 4eThIpexBajieHT-
nast — Ce’" u Ce"". C yueToM TOro, 4TO AJIEMEHTbI
Lau Pr, Sm u Gd (ux cocenu B tabsmiie MeHere-
€Ba) UMEIOT NPEUMYIIECTBEHHO TPEXBAJIEHTHYIO
(opmy, BBejieHHBIE BBl YKMCAEHHbIE TAaPAMET-
pol Eu/Eu* u Ce/Ce* TpaguimmonHo paccMaTpu-
BaIOTCSI B TeOXUMUYECKOH JIUTEPAType KaK OKHC-
JIUTEJbHO-BOCCTAHOBUTE IbHbIE UHIAUKATOPBI
MIPOIECCOB.

[Toryyennsle HamMmu panHble (puc. 3.12)
MIOKa3bIBAOT, YTO MPOOBI 3HAYMMO PA3JIUYAIOTCS
no napamerpam Eu/Eu* u Ce/Ce*: nust 601b-
IIMHCTBA P00 KOCTHBIX OCTATKOB (DUKCUPYETCST
«OTpHUIIATEIbHAST> TIEPUEBast U <IIOJIOKHUTETbHAS>
eBponueBasi anomannu — 3Havyenusi Ce/Ce*<1u
Eu/Eu*>1, uto BHO CBHU/IETENBCTBYET O HAJIU-
YUK OKUCTUTEbHBIX YCIIOBUH B CPejie 3aX0pOoHe-
HUS 3TUX OCTATKOB, X HAXOKJAEHNU Ha TOBEPX-
HOCTH WJIM B HErJTyOOKUX XOPOLIO a9pPUPYeMbIX
CJIOSIX OTJIOKEHHIA, T/ie 00ecIiednBaeTCst TOCTOSTH-
HBIH OCTYTI KMCJI0POa (ITpX 3TOM MPOIIece BOC-
CTAaHOBUTEJIBHOTO PA3JIOXKEHUsI OPTaHUYECKOTO
Bel[ecTBa MOJIOJBIX KOCTeH, M0-BUANMOMY, Ha
JIAHHOM 3Talle ele He3HayuTeeH ). ToJbKO OIuH
obpasel| 13 JIPEBHETO AJUTIOBUAIBHOTO MECTOHA-
xoxaenus: CKOposyM MMeeT MOJI0KUTEIbHYIO
nepueByio (Ce/Ce*>1) u orpuniatesapbHyio eBpo-
nueByio (Eu/Eu*<1) anomanuu; MoXxHO IIpeAIio-
JIOKHUTh, 4TO ero (hOCCUIM3aIIUs, TIO-BUIUMOMY,
[IPOXO/Jia B BOCCTAHOBUTEAbHBIX YCJIOBUSX.
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Puc. 3.12. Bapuayuu esponuesou Eu/Eu* u yepuesoii Ce/Ce* anomanuii 8 uckonaemvlx KOCMHbLX OCMAMKAx u3
pasiuunvix mecmonaxoxcoenui. [pedcmaesnenvlt dannwie s 06pasy08, Yy Komopvlx cymmaphoe codepacarue B39

cocmasensiem bonee 0,1 mxz/2

MeHee o/1HO3HAYHA UHTEPIIPETAIVS TEOXUMUYEC-
KHMX JAQHHBIX /I/I TeX KOCTHBIX OCTATKOB, ¥ KOTO-
PBIX GUKCHUPYIOTCS MTOJIOKUTENIbHBIE KaK I[epue-
Bas (Ce/Ce*>1), Tak u eBponuenasi (Eu/Eu*>1)
AQHOMAJIVH, T.e. IMEeT MEeCTO BHYTPEHHEee TIPOTH -
Bopeune naHHbIX. Ho mipu aTOM cienyer otme-
THUTb, YTO y BCeX 00pasIloB U3 KaPCTOBBIX MECTO-
HaXOX/IEHUI TapaMeTphl IlepueBOi aHOMAaJTHU
Haxo/IsATCs B MHTepBasie 3Hauenuit 1-1,2, T.e. aHo-
MaJiisi O4eHb cJ1abo BbIPpaKeHa. ITO MO3BOJISIET
OIIEHUBATDh XaPAKTEPUCTUKH CPe/IbI BCEX KapCTO-
BBIX MECTOHAXOJK/IEHW KaK OKUCJIUTETbHbIE UK
OJIM3KHE K TAKOBBIM.

B nponecce ¢occunmuzanuu npoucxomsaT
POCT cofiepKaHuUsI IPUMeCeH, lerpasiaus opra-
HUKHU, QUKCUPYIOTCS THpaTalUs-Ieruapara-
I[Us U BTOPUYHAS MUHepaiusanus (mpoiiecc
kapboHaTu3anuu). B CBsA3U ¢ pelieHueM mpo-
6J1eM TIaJIE09KOJIOTHYECKUX PEKOHCTPYKITUH 110
XMMUYECKOMY COCTaBY M CBOMCTBAM KOCTHBIX
OCTATKOB TPEANPUHUMATUCH MOTBITKH XUMHU-
YeCcK! pas3JieJiuTh NMePBUYHbIE ¥ BTOPUYHEBIE
MUHepaJIbl, OHaKO mpobiema He ObLIA OLHO-
3HAYHO pelleHa.

[ToxBonst UTOTM HACTOSIIEH ITIaBBI, CIELYeT
corsiacutbes ¢ MaenueM C. Tpymana u H. Typoc-
ca (Trueman, Tuross, 2002): «ITepBbie uccreno-
BaHMS PEIKO3EMETbHBIX METAJLIOB B UCKOTIAEMBIX
KOCTSIX, 1a’kKe B € IMHUYHBIX MECTOHAXO0XKIEHUSIX,

YKa3bIBAIOT Ha TO, YTO XMUMUS PeAKO3eMeIbHBIX
METaJIJIOB B MPOIECCax JOKAJIbHON 3PO3UH U
nepeHoca MOHOB HAaMHOTO CJIO’KHee, 4eM Tpa/iu-
IIMOHHO cYUTaNOCh. [lepcriekTuBbI 1151 laIbHe-
WX UCCEOBAHNUI BeChMa MHOTOOOEIIAIOMIN .

B nporiecce doccunmsanum KOCTHBIX OCTaT-
KOB MJIEKOITUTAIONINX CYIIeCTBEHHO U3MEHSeTC s
UX 9JIEMEHTHBIN COCTaB, 0COOEHHO ITO KacaeTcs
pPeKO3eMeIbHbIX U JIPYTUX BBICOKO3aPSAIHbBIX
a7eMeHTOB. B paccMOTpeHHOM BpeMeHHOM JAua-
Ma3oHe — OT COBPEMEHHOCTH /[0 MUJITUOHA JIeT
— Ha MCCJIeJOBAHHOM HaMU MaTepuasie YpOBEeHb
pasinyuili B UX COJEPKaHUM COCTABUJI YeTbIpe
nopsi/ika. B coBpeMeHHBIX U CBEXKHX CyOhoccuib-
HBIX 06pa3Ilax TaKKe 3JIeMEHThI IIPUCYTCTBYIOT B
CIIeJIOBBIX KOJIMYECTBaX. B Mo3aHerooneHoBbIX
ob6pasitax BO3pacTOM B HECKOJIBKO COTEH JIET MX
cymmapHoe cojep:kanue (21 BbICOKO3apsiIHOTO
AJIEMEHTA) COCTaBJIsIeT OKOJIO 1 MKT/T, a 117151 BMe-
maoteit mopobl — 0kosio 100 MKr/T, TO ecTh Ha
aBa nopsizika Gosibiie. Takoe ganexoe OT paBHO-
Becus coziepkanue B39 B KOCTSAX 1 BMeIaoen
MOPO/Ie CO3/1aeT IPE/IOCHLITKH /151 UX MHTEHCUB-
HOTO TIOTJIOLIeHUST, CKOPOCTh KOTOPOTO /IS IIep-
BBIX CTOJIETU OlleHEHA IIPUMEPHO B HECKOJIBKO
enuaui; MKr/T 32 1000 €.

Cepust 6oJ1ee gpeBHUX (BO3PAcT 0K0JIO 12 ThIC.
JieT) 06pasIoB MPOUCXOIUJIA U3 MECTOHAX0XK/Ie-
nust [IpipoBateiii Kamens Ha p.Yycosoii. Cozep-
xkanue B3 B oposie HaM HeM3BECTHO, TOT/a KaK
B OCTaTKaX OHO COCTaBJisiyio okosno 20 MKr/T
(cpennee 110 3 MosisipaM) ¥ 27 MKT/T (11 3 HUOKHe-
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YeJIIOCTHBIX KocTel ). BHyTpu Kax 101t kKateropun
OCTATKOB PA3JINIMst MEXKITY 0OpasiaMu COCTaBIIsI-
10T IIPUMepHO 15 MKT/T IIpU pasHuile B BO3pacTe
okosio 1000 ner. Ecaim oneHuBaTh CKOPOCTH
HakonieHuss B39, cpaBHMBas UX cojiepKaHue B
MO3HETOJIOIIEHOBBIX W MO3/IHEIeIHUKOBBIX 00-
pasiax, To MOJYYMTCS BeJIMYMHA OKOJIO 3 MKT/T
3a 1000 Jxer.

Tpernit Ha/IEXKHO yCTAaHOBJIEHHBI XPOHOCPES
O0XapaKTepu30BaH MaTepuaJoM U3 Teniepsl
JKumme Cokosra BospactoM 0koso 3040 Thic. JeT.
Conepxanne B39 B octaTkax OTTy/Ia COCTaBJISI-
J10 236 Mxr/T (cpennee 1o 6 obpasuam), a BO BMe-
namiei ux mopojue — 227 MKT/T, 4TO CBUIETEIb-
CTBYET O HACTYTIJIEHMY PAaBHOBECHS 110 YPOBHSIM
9TUX 3JIEMEHTOB B KOCTHBIX 00pasilax u BMella-
1o1teii mopoze. Ckopocts HakomieHust B39 st
IJIEHCTOIIEHOBOTO OTpe3Ka BPEMEHU COCTaBHJIA
8 MKr/T. JTa OlleHKAa BecbMa NMpUOIU3UTENbHA,
TaK KaK OHA BBINIOJTHEHA Ha OCHOBE CPAaBHEHUS
HOKa3aTeJsell COlepKaHuUsI 9JIEMEHTOB B Pa3HbIX
MECTOHAXOXKJIEHUIX C OTJIUYAIONUMUCS YCIOBU-
SIMH, O/THAKO OHA HE HACTOJIbKO rpy6a, 4ToObI He
uMesna cMbicsia. MecTOHAX0K/IeHUsT OJTM3KH 110
reoJ0rMYecKOMy CTPOEHMUIO, JOKATU3AIUU U
OJTHOTHUITHBI TIO CIIOCOOY TIOMaflaHUs Tyda KOCT-
HBIX OCTATKOB, YTO U Ia€T OCHOBaHUE /ISl TI0/100-
HBIX PacyeToB.

Bosee 1peBHUX KapCTOBBIX MECTOHAXOXK/IE-
HUH KOCTHBIX OCTATKOB MJIEKOIHMTAIOIINX C TOY-
HO yCTaHOBJIEHHBIM BO3PacTOM HaM He yJIaJioch
MCCJIEI0BATH, HO JIJist TPYOOI OlleHKK BpEeMEHHOM
AUHAMUKU cojepxkanus B33 B mckomaeMpIx
KOCTSIX ObLIM M3yYeHbl elle JBa oOpasia u3 3Ha-
4uTeIbHO HoJiee IPEBHUX MECTOHAXOKIACHUIA.
Oba onu ynaseHsl OT Ypaja U OTHOCATCA K pa3-
HBIM THIIAM 110 c1iocoby obpasoBanusi. OnHO U3
HUX (CKOpOZyM), BO3pacTOM OKOJIO 1 MIIH. JIeT,
OTHOCUTCSI K KQTETOPUH aJIIOBUAJIBHBIX, & JIPY-
roe (AtaMba34nHK) HAXOAUTCS B ycThiHe Kaszax-
cTaHa U mMeeT Bo3pacT okoyso 30 MJH. JerT.
Conepxxanue B33 B oOpasiiax KOCTell rpbl3yHOB
13 9TUX MECTOHAXOKJAEHNH 3HAYUTENIHHO BBIIIIE,
4yeM BO Bcex 00pasiiax us Mo3/[Hero mjeidcTomneHa
Ypaua, ogHako B 6oJiee apeBHeM ATamMba3unmHKe
OHO HHKe, 4eM B 6osiee MoJojioM CKOpoayMe.
SlcHO, 9TO 10 ATUM eAMHNYHBIM 0Opasiam ObLIO
ObI HEBEPOSITHO HAUTH (haKTOPBI, 00YCIOBUBIIITE
OTMeUYEeHHBIe PA3THYUSL.

Jluist psina MecTOHAaXOX/IeHUM, B KOTOPBIX
BBICOKA BEPOSATHOCTH HAXOXKIEHHSI TIEPEOTIIOKEH-
HBIX 13 60JIee IPEBHUX OTJIOKEHUIT KocTel, Oblia
IPe/ITPUHSITA TTOTBITKA TPOBEPUTH OJTHOPOTHOCTD
cosepxxanusi B33 B pa3HbIX yacTsX pa3pesa
¥ B KOCTSIX, KOTOPbIE BIIOJIHE MOTJIK OBITH mepe-
oTnoxeHHbIMU. B cioe 2 HaBeca CBeTiblii, BO3-
pact KoToporo OGbLI OIIEHEH KaK CPejHe- MM
MIO3/IHETOJONEHOBbII, OOHAPYKEHBI OCTATKU
KOIIBITHBIX JIEMMHHIOB U HEKOTOPBIX APYTUX
BUJIOB, He XapaKTEePHBIX /11 (hayH 3TOro Bo3pac-
ta Ha Cpemrem Ypasie. Paznmuus o cofiep:kanuio
B39 mexay pa3HbIMH KOCTSIMU BHYTPH CJIOS 2
OKa3aJIMCh HECYIeCTBEHHBIMH, YTO MOXKET CBU/Ie-
TEJIbCTBOBATH 0O OJIHOM ¥ TOM JKe aTarie (hoccu-
JU3aNUM BCEX HCCIEJOBAHHBIX OCTAaTKOB.
O6pasiib u3 cJost 5 comepxkanu B39 Ha mopsiiok
6oJibilie; 3HAYEHHA ITOTO TIOKA3aTeNd B MOPOJie
JIBYX CJIO€B TaK)Ke CYUIECTBEHHO Pa3/IMYajIHCh.
Bompoc o cooTHoIeHUn BO3pacTa KOCTHBIX
OCTATKOB M3 CJIOEB 2 M 5 OCTAeTCs Hepa3pelieH--
HBIM, TaK KaK HeJIb3sl UCKJIIYUTh BO3MOKHOCTh
u3MeHeHust KosmyectBa B33 npu nepemenieHun
KOCTel M3 OJHON TeOXUMHYECKOU CPeabl B
ApYTYyIO.

B rosmomeHoOBBIX OTJIOXEHUSAX MeCTOHA-
xoxenust HaBec Crapuk toxe oOHapysKeHbI
OCTAaTKH BHU/IOB, HE XapaKTePHBIX /IS JaHHOTO
BPEMEHH, HO aHaJIu3 cogepxkanus B3 6bi1 mpo-
BeJIEH 110 OCTaTKaM BOJSTHBIX T0JIEBOK, KOTOPbIE
IPUCYTCTBOBATIH BO BCEX CJIOSX, U COMHEHUI B
UX TPUHAAJIEKHOCTH K COOTBETCTBYIOUIUM
CJIOSIM He BO3HUKAJO. Pe3yabTaTsl UX MCCJIE0-
BaHMS MOKA3aJu 3aKOHOMEpPHOe yBeJIudeHue
nokasateJsieil cogepkanus B39 cBepxy BHU3 110
paspe3y OTJIOKEHHH.

s nemepst Mapucosckas AMS-paanoyr-
JIEPOJIHBIM METO/IOM OBLIIO IOKA3aHO IPUCYTCTBUE
B OJTHOM CJIO€ PAa3HOBPEMEHHBIX KOCTHBIX OCTAT-
KOB (¢ pasnureir okosno 10 Teic. siet). Onpenee-
Hue cofiepkanust B39 B iByx o0pasiiax He BbIsABHU-
JIO pasnuumii Mexay HuMu. OHaKo 3To, CKOpee,
IIPOCTO CBU/IETEILCTBYET O TOM, YTO BHIOpaHHbIE
JIJIsL aHAJIM3a OCTATKU OKa3aJucCh CUHXPOHHBI,
XOTsI IPyTHe 0OpasIlbl B U3YYEHHOM CJIOE UMEIOT
M HHO# BO3pacT. AGCOOTHOE COLEPKAHME ITON
TPYIIIIbI 3JIEMEHTOB B 00pPa3Iax He IPOTUBOPEUNT
MPEeCTaBJIEHUSIM O MO3/HEIJIEeUCTOIEHOBOM
BO3pacTe OCTATKOB.
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VHbie pe3yJisTaThl MOJIyYeHbl i 0Opasiia
HVDKHEH 4eJII0CTH BOJSTHOH TTOJIEBKYU U3 Tellephbl
Maxuesckas Jlexsnast. Bospact ocHOBHO# Mac-
CBbl KOCTHBIX OCTAaTKOB KPYITHBIX MJIEKOIIUTAIO-
X M3 HTOT0 MECTOHAXOXK/IEHUsI OJIU30K K MHU-
KYJIMHCKOMY MesKJeHUKOBbI0. Kakasi-To yacTb
OCTaTKOB I'PBI3YHOB CHHXPOHHA KOCTSIM KPYTTHBIX
MJIEKOIIUTAIONUX UJIM HECKOJIBKO MOJIOXKE, HO B
cbopax ecTpb U SIBHO rosioneHoBbie octatku. Co-
nepxanve B39 B emMHCTBEHHOM IMPOAHAIN3UPO-
BaHHOM 00Gpasiie 0Ka3aj10Ch OJIU3KUM K BEJIUYU-
HaM, XapaKTePHbIM /ISl APYTUX MeCTOHAXOK/e-
HUIA TOJIOLIEHOBOTO BO3PACTa.

HecmoTps Ha C/I0)KHOCTH BBISICHEHUS MeXa-
HU3MOB HAaKOIIJIEHUS peIKO3eMeIbHbIX dJIeMeH-

TOB, 110 HEKOTOPBIM IIOKA3aTeJsIM TOJIy4eHbl
ZI0CTATOYHO SICHBIE YKa3aHWS HAa aKTUBHYIO
pOJIb KOMILJIEKCOOOPA30BaHusl TIPU (PpaKIIKo-
HupoBaHuu P33, a Takke HA Te, YTO MEPEHOC
noHOB P33 Bo duionie IPOUCXOAUT CKOPEE B
KOMILJIEKCHOM, a He B moHHOU hopme. Cam akT
dpaknmonupoBanuss P35 moarBepxkaaercs
PSIIOM JIaHHBIX, B TOM YHCJIe U3BMEHEHUEM CO-
OTHOIIIEHUS JIETKUX U TspKeabix P339 u Bemu-
yuHbl oTHOmeHus Y/Ho B uckomnaembix KocT-
HBIX OCTATKaX M 3y0ax M3 Pa3JIUYHbIX MECTOHA-
xoxeHnit. BospumaCcTBO 06pasnos oboraiie-
Hbl TskeapiMu P339 (otHomenume LREE/
HREE<1), a orHomenust Y/Ho Bbile nepuy-
HOTO (XOHJIPUTOBOTO).



3AKJTIOUEHUE

MarepuaJibl, U3JI05KeHHbIE B JaHHOM paborTe,
pacmupsIIoT KpyT cBeJeHUH 0 PU3UKO-XUMUYEC-
KHX CBOMCTBAaX MCKOIMAeMbIX KOCTHBIX OCTaTKOB
MJIEKOIIUTAIOMINX. DTU CBOMCTBA OB U3y 4YEHbI
HAMH Ha IIPUMepe Mae0TePUOIOTHIeCKUX c6o-
POB, IOOBITHIX IIPH PACKOIKAX OTI0KEHUH ILIeH-
CTOLIEHA ¥ IOJIOLeHA B KapPCTOBBIX I0OJIOCTAX
Ypana.

OCHOBHBIMUM METOJaMU HCCJIELOBAHUS
OBLIM TEPMUYECKUI aHAIM3 COLAEPIKAHMS Opra-
HUYECKOH (paKIMKU KOCTHBIX OCTaTKOB M Macc-
CIEKTPOMETPUYECKHUI aHAIU3 UX MUKPOJJIEMEH-
THOTO COCTaBa C yrIyOJI€HHBIM BHUMaHHEM K
IIOKa3aTesAM CO/lePKAaHUSA BBICOKO3aPSAHbIX
anemeHToB (B39). OcBemniens Takxe HEKOTO-
pble MeTOIUuYeCcKHe BOIIPOCHI, CBI3aHHBIE C IIPH-
JIOKeHHEM JIBYX OTMEUYEHHBIX MMOAX0/I0B K O1O-
MuHepasibHbiM 00bekTaM. Cpeayn HUX Haubosee
B)KHBIMU OBLJIYM OLEHKHM BOCIPOM3BOAMMOCTHU
pe3yJIbTaTOB B 3aBUCMOCTH OT MacChl 00PasIIoB,
IIOJIOXKEeHUS KOCTHOTO (hparMeHTa B CKeJieTe U
peXrMa TEPMUYECKOTO BO3/I€MCTBUS HA KOCTH.
He meHee BaskHBIM ObLIO YyCTAaHOBUTbH, CYIIe-
CTBYIOT JIU MEXXBUOBbIE PA3JIMUUS B COMEPKA-
HHUYM OPTraHNYecKoil 4acTU OMHAKOBHIX (par-
MEHTOB KocTeit 1 3y60B. OKa3a10ch, 4TO CBEKUE
1eyHble 3yObl Pa3HBIX BUIOB MOJIEBOK HE pa3-
JIMYAIOTCA 110 CYMMapHOH [10Jie OpraHn4ecKoro
BEI[ECTBA, OIHAKO MOTYT OTJUYATHCS T10 APYTUM
TEPMHUYECKUM XapaKTepUCcTUKaM (TI0JI0KEHHUIO
ammuryzne nukos /ITA). Ormerum, 4To Aas
00pasiioB BO3PACTOM OKOJIO AECATH THICAY JIET
He ObII0 0OHAPYKEHO HUKAKUX PA3JUYMil 110
opraHnyeckon GppakIiuu.

NccnenoBanus nokasaresnen 17151 pa3HOBO3-
PacTHBIX MECTOHAXO0KIEHUI KOCTHBIX OCTATKOB
MIO3BOJIMJIM BBISIBUTH HEKOTOPBIE THIIBI (poccu-
JIM3allMY 110 COOTHOUIEHUIO TIOKa3aTesieil KoJu-
4yecTBa OpraHndeckoi Gpakini KOCTH U Coziep-

’KQHWS BICOKO3aPSITHBIX MUKPO3JIEMEHTOB. JTU
THITBI MOKHO ObLTO ObI paCCMaTPUBAThH KAK CTa-
U Tipoiiecca (OCCUIU3aH, HO, CTPOTO TOBO-
ps, 3TO He coBceM Tak. /[es10 B TOM, 4YTO, KpoMe
BO3pacTa, HEKOTOPBIE U3 HUX CYIIECTBEHHO
OTJIUYAIOTCS U TI0 TEOXUMHUYECKOMY COCTaBY
BMEIAIONINX IOPOJI, YTO HE MOTYT OBITh YIIOPSI-
JIOYEHBI B JINHUIO BPEMEHHBIX IIPeo0pa3oBaHUi.
[ToaToOMy MBI OCTAaHOBHUJIMCH Ha KOHCTATAI[UH
BApUAHTOB (DOCCUNMBANNH, CTPYTIIIUPOBAB MX
B Tpu THMNA. VIX COOTHOIIEHNE MOKa3aHO Ha
pucynke (cm. crp. 105).

BapuanT 1 BBIABISIETCS HA MaTepuaax U3
CBE)KHX ITOBEPXHOCTHBIX OTJIOKEHUI KAPCTOBBIX
HABECOB M XapaKTePU3yeTCsl COUeTaHUEM BBICO-
KOU Z10JTM OPTaHNY€eCKOW YacTH KOCTHOTO Bellle-
crtBa (19-23% B HMKHEUYENIOCTHBIX KOCTSX)
IPU MaKCUMaJIbHO BBICOKUX TTOKA3aTeNsIX CO/IEP-
JKaHUSI BBICOKOTEMIIEPATYPHON OPraHUKH U
yasTpaHu3kux (Mesbie 1 Mxr/r) ypoBusax B39.
ITOT BapUaHT COOTBETCTBYET HE3aXOPOHEHHBIM,
He(OCCUIM30BAaHHBIM OCTATKAM J00bIYM XHUIIl-
HUKOB.

BapuaHT 2 COOTBETCTBYET HayaJIbHBIM 3Ta-
nam hocCUNIN3aIuu IPU 32X0POHEHNY OCTATKOB
B CEPBIX CYIIECsIX; BO3PACT OCTATKOB HE MPEBbI-
IIaeT COTEH JIeT U NepBbIX Thics Y JieT. Cozmeprka-
HUe OPraHWKHU B Takux ocratkax (18-22%)
HECKOJIbKO MEHbIIle, YeM B CBEXKHMX OCTAaTKaX
N0OBIYY XUIHUKOB, HAXO/SIUXCS HA TOBEPXHO-
CTH, O/IHAKO aHAJIM3 MHKPO3JIEMEHTHOTO COCTAaBa
BBISIBIJI TIOBBITIIEHME COJIEPIKAHMSI PSIfIa IIPUMeCeit:
B IaHHBIX ITpobax cyMMapHoe coepkanne B39
MO’KET COCTaBJSTb HECKOJIBKO €TUHUI] MKT'/T.

BapuaHnt 3 cooTBeTCTByeT 3aXOPOHEHUIO B
aKTUBHOM TOYBEHHOM cJjoe. /[Jig ocTaTkoB
XapaKTepHO HECKOJIBbKO yBeIndYeHHoe (110 cpaBs-
HEHUIO CO CBEKMMU OCTATKaMM) CyMMapHOe
cozepkanue opranuku (23-25%), npudem 3a
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distinct fossilization types

1 — nosepxnocmuvie omaowcenus (n=21, 9); 2 — Kwvibaa 2, croii 3, nousennoe 3axoponenue (n=4, 3);
3 — Hasec Cmapux, 20p. 5—11 (n=9, 3); 4 — Hasec cmapux, zop. 18 (n=2, 2); 5 — /[viposamviii Kamenv na
p- Yycosou (n=14, 6); 6 — Hopucosckas newepa (n=9, 2); 7 — XKunuwe Coxora (n=1,6); 8 — Cxopodym (n=1, 1).
B ckobxax yrxasano konuuecmso 06pasy08, no KOMopbim ONUCAHYL PA3HbLE MUNbL POCCUNUIAYUL, NEPBAs UUPPa —
obpasywvt ons TT, emopas yuppa — obpasupt ons UCIT-MC

CcYeT «HU3KOTeMIlepaTypHOil» (pakiuu, TOraa
KakK /1011 «BBICOKOTEMIIepAaTypHOl» (ppakium
yMmenbiiaetcsi. Habsogaercs: Takke 3aMeTHOE
HAKOTJIEHNE BBICOKO3aPSAHBIX 3JTEMEHTOB
(B33), cymmapHoe coep:kaHue KOTOPBIX 10X0-
aut 1o 10 mxr/r. Paguoyriepoanoe natupoBaHue
OCTaTKOB C TAKUM TUIIOM (HOCCUIU3AIINHU HE ITPO-
BO/IUJIOCH, O/THAKO €CTh OCHOBAHUS CYUTATh, YTO
UX BO3PACT He IPEBBIINIAET IePBbIX THICSY JIET.

Bce usydyenHble HAMU TO3/IHETOJIOIEHOBbIE
OCTAaTKU COOTBETCTBYIOT OZHOMY M3 3THX TPeX
BAapUAHTOB U IPYIITMPYIOTCS B epBbIii THI hoc-
cuausanyui. Ero xapakTepHbIMU NIPU3HAKaMuU
MOJKHO CYMTATh HU3KOe (MEHbIIIe, YeM BO BMeIa-
1oniei nopoze) coaepxkanue B39 (0 10 Mmxr/T)
B COYETaHHUH C BBICOKMM CO/IEP)KaHUEM OpPraHU-
yeckoil ¢ppakiuu Kocreit (19-25%).

BapuanTt 4 omucaH BCerc mo HECKOJbKUM
YEJIIOCTSIM IPBI3YHOB, KOTOPbIE OBLIN [JUTENb-

HO 3aXOPOHEHBI B CE€PBIX cynecsx. [Lyg ocTaTtkoB
C 3TUM TUIIOM (hocCUNIN3AINH XapaKTEPHO 3aMeT-
HO€ CHIJKEHUE KOJTMYeCTBa OPTaHUKH 110 CpaB-
HEeHUIO co cBexuMu octatkamu (16—18% B
HUKHEUYETIOCTHBIX KOCTSIX ); cogep:kanue B39 B
HuX npubamkaercs k 10 MKr/T.

BapuanT 5 xapakTepeH /i1 KOCTHBIX OCTaT-
KOB, TaTUPOBaHHBIX TMO3/IHEIeHUKOBbeM (12—
13 TBIC. JTIET) ¥ 3aXOPOHEHHBIX B ITEIIEPHOM CYT-
sunke. CofiepskaHue OPraHUKY B HUX COCTABJISET
16 —19%, T.e. MaJI0 OTJIMYAETCS OT IPEIBIAYIIETO
BapUaHTa, OJIHAKO YPOBEHb HakolleHus B39
3HAYUTEJILHO BBIIIE — /10 HECKOJBKUX JECSTKOB
MKT/T.

BapuanT 6 omyicaH 1151 KOCTHBIX OCTaTKOB,
BO3PacT KOTOPbIX cocTaBisieT 0koso 20—40 Teic.
ner. It HUX XapaKTepHO GoJiee HU3KO€ Cozep-
xanue opranuku (12—16% B HIDKHEYETIOCTHBIX
KOCTS$IX) TI0 CPaBHEHUIO C TPebIAYIINM BapUaH-
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TOM. YpPOBeHb HAKOTIeHUs KocTamu B33
GJIMB0K K TIPE/IbIYIIEMY BAPUAHTY U UCUHCIISIET-
s IECSITKAMU MKT/T.

[Tocnensue Tpu Bapuanta MOKHO OOBE/IH-
HUTD BO BTOPO# TUI (DOCCHIMBAIMH, C CO/IEPIKA-
HueM opranuku 12—18%, npu yposae B39 B
JECATKU ¥ IePBbIe COTHU MKT/T.

BapuanT 7 omucaH 111 KOCTHBIX OCTaTKOB
13 MectoHaxoxaeHus: Kusuime Cokosia, KOTO-
pble aTUPOBaHBI EPBOIA ITOJIOBUHOW MO3HETO
mireiictonena (okoso 40 teic. jet). KoctHble
OCTaTKH U3 3TOTO MECTOHAXOK/IEHMST IEMOHCTPUPY-
I0T BBICOKHI ypOBeHb HakomieHuss B33
(HecKosbKIX coTeH MKT,/T). ComepskaHie OpraHuKN
B HUX 3HAYUTEIbHO MEHBIIIE, YeM B OCTATKAX, OT-
HECEHHBIX K IMPe/IbIAYIIEMY THITY, U COCTaBJISET
ISl HUSKHEYEJTIOCTHBIX KOCTel Bcero oKoso 9%.
ITOT BapuaHT XapaKTepusyeTr TpeTuil Tum goc-
CHTH3AIHH.

YTo0BI MTPOMLTIOCTPUPOBATD, KAKUX 3HAYE-
HUH MOTYT JOCTUTAaTh U3y4aeMble ITapaMeTphbl IPU
UHBIX YCIOBUSIX U HA MOPSIIOK OOJIbIIEM BpeMe-
HU (HOCCUIN3AINH, TPUBEIEHBI JaHHbIE TI0 aJLITI0-
BUAJIbHOMY 30ILTeHiCTOIIEHOBOMY MECTOHAXOKJIE-
Huto Cropoaym (cM. pucyHOK, Touka 8). B koctu
13 3TOT0 MECTOHAXOK/IEHUS COZIepPKaHIe OPTaHU-
KH COCTABUJIO JIUIIb 4yTh Oosiee 6%, a cymmap-
Hoe coziepxanue B33 nocturano 4900 Mkr/T.

N3yuenne napameTpoB ¢hoCCUIN3ANNA KOC-
THBIX OCTATKOB B IAHHOMU paboTe CTAJIO CPEICTBOM
OILIEHKU UX CUHXPOHHOCTH UJIU aCHHXPOHHOCTH B
O/JTHOPO/IHBIX 110 TEOJIOTUYECKUM YCJIOBUSIM CJIOSIX.
[Tpouerypa Takoii O1leHKU COCTOUT M3 HECKOJIBKUX
stanoB. Ha mepBom artare u3 oOIIMPHOTO Kpyra
JIUTEPATYPHBIX U COOCTBEHHBIX JAHHBIX BIOMPA-
eTCsl HeCKOJTbKO HanboJ1ee MOAXOASAIINX /ISl U3Y-
yaeMoro cjaydast MojieJieit 1poiiecca occuiinsa-
nuu. B Hamewm ciydae aTo HEeCKoJbKO Mojienel,
IIPUTOTHBIX /1151 KAPCTOBBIX MostocTeit. Ha BTopoM
aTarne uccaeayeMoe MeCTOHAXOXKIeHne paccMaT-
pUBaeTCs ¢ TOYKU 3PEHUSI COOTBETCTBUS WJIU
HECOOTBETCTBUS TOW MW MHOW KOHKPETHOM
Mozenn. Matepuasom st Takoi mpoieaypbl
CJIKAT pes3yJIbraThl cTpaTurpadmdecknx HabJmo-
JeHUIT ¥ aHATTUTHYeCcKue JaHHbIe TI0 TapaMeTpam
MOTEePU OPraHUYeCKOTro BelllecTBA U HAKOIJIeHUS
B33. BeiBosibl 0 CHHXPOHHOCTH WJIM aCUHXPOH-
HOCTH KOCTHBIX OCTATKOB M3 OHOTO CJI0ST OY/IyT
3aBUCETh OT COOTBETCTBUS WJIM HECOOTBETCTBUA
aHAJIMTUYEeCKUX JIAHHBIX MOJIeJH Tipotiecca doc-
CUJIA3AINH, KOTOPast IIPUHSTA JIJIST pacCCMaTpUBa-
€MOro CIyJas.

Mogensb 1. Y Bcex OTHOPOIHBIX 110 CTPOEHUIO
KOCTHBEIX OCTATKOB U3 OJTHOTO CJIOS IOTEPU Opra-
HUYECKON KOMIIOHEHTBI KOCTeHl MPOUCXOIAT ¢
OZIHOU CKOpOCThIO, a B33 HakaniuBaioTcs 10
JOCTVXKEHUST PABHOBECHS C BMEIIAIONIe mopo-
noii. O6e 3T XapaKTEPUCTUKH Y CHHXPOHHBIX
ocTaTKoB 6m3Ku. Takyio MOJIETb MOJKHO UCIIOJIb-
30BaTh /151 OTHOCJIOMHBIX MECTOHAXOXK/IEHUI U C
KOPOTKUM, U C IJTUTeTbHBIM CPOKOM HaKOILJICHUS
KOCTHBIX OCTaTKOB.

Monens 1a. Ecin nepuon HakonsieHus
KOCTHBIX OCTATKOB HeOOJIbINON (COTHHU ¥ NEpPBbie
TBICSTYH JIET ), TO XaPaKTEPUCTUKU (HOCCUIH3ALUU
MMEIOT MUHUMAJIbHBII pasbpoc. B nanuoii pabore
pa3bpoc 3HAUEHMIT COEPKAHUS OPTAHUKH JJIsT
3y60B He TpeBbIal 3%, [/t KOCTHBIX (hparmMeH-
TOB — 5—6%.

Mozenb 16. Tlpu GosbiieM cpoke HaKoILIe-
Hust (HECKOJIBKO THICSIY JIET) pa3bpoc B 3HAYEHH-
SIX II0TepU OPTaHuKu U coziepkanus B39 Bospa-
CTaer.

Mogens 2. Ecau B 01HOM cJioe NPUCYTCTBY-
I0T KOCTHBIE OCTAaTKH, MPOUCXOASIINE W3
HEeCKOJIbKMX Pa3HOBPEMEHHBIX CJI0€B, TO OHU J10J1-
JKHBI Pa3/IMYATHCS 110 TEM WU HHBIM XapaKTepu-
cTUKaM. Pa3HOBO3pacTHBIE OCTATKU JIOJIKHbI
UMeTb pa3jIMyHOEe COJepsKaHue OpraHudecKoi
yacTu. MUKpPO3JIEMEHTHBI COCTAB OCTATKOB,
IPOUCXOSIIIUX U3 PA3HBIX IEPBUYHBIX HCTOUHH-
KOB, IIPU IIPOXO’K/JAECHNN B HUX CYIIIECTBEHHOI Ya-
CTHU IPOIECCOB HOCCUTUBAIIUY I0/IKEH OTIINYATD-
csi. CTereHb 9TUX OTJIMYMIL 3aBUCUT OT COJIEPIKa-
HUS 3JIEMEHTOB B [10PO/ie, BpeMEHU HaXOXK/1eHUs
TaM KOCTHBIX OCTATKOB U, KaK CJI€JICTBAE COOTHO-
IIeHUsT ATUX XapaKTePUCTHUK, — CTENEeHU JOCTU-
KEHUS PAaBHOBECHS C BMeIAIOIel TOPOJ0N.
B cay4ae nmepeoTsiokKeHHUs, T.e. MOMARAHUS B
HOBYIO TEOXMMHUYECKYIO Cpey, BO3MOKHBI pa3-
HbIE TTYTH.

Mognenp 2a. Conepxxanne B33, kak u f10s
OpraHuYecKOil KOMIIOHEeHTbI, chOpPMUPOBaBIIIHe-
Csl B CJIO€ TIepBUYHON (DOCCUIU3AINY, COXPAHSI-
I0TCS ¥ B CJIO€ BTOPUYHOIO OTJIOKEHUS, TAKUM
06pa3oM MapKHUPYs ePEOTIOKEHHBIE OCTATKH.

Monenn 26. Coaepxanue opraHudecKoi
4aCTH OCTAETCS MPEKHUM, TOT/IA KaK CO/lePKAHIe
B33, chopmupoBasiieecs: B cjioe mepBUIHOM
dboccunmaanuu, U3MeHsIeTCss B HOBOM TeOXUMU-
geckoil cpene. CrereHs, opMa U HarpaBIeHUE
TaKOTO U3MEHEHUS 3aBUCAT OT BPEMEHM HAXO0XK-
JIeHHSI B HOBOII cpejie, pa3/inuuii B COJEPKaHUU
3JIEMEHTOB B KOCTHOH TKaHU 1ePeOTI0XKEeHHbBIX
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(bparMeHTOB U «HOBOIT» BMeMIAIONIEN MTOPO/IE, a
TaKkxe pyrux HakTopos.

OueHnb BakeH OTBET HA BOIPOC O TOM, YTO
MMEHHO OIIpe/eisieT, TON/EeT JIu IPoIecc 1o
mozenu 2a uiu 26? Ckopee Bcero, €710 B cTere-
HU (hoccumsaiuu, KOTOPOil JOCTUTTH KOCTH B
CJI0€ IEPBUYHOTO 3aXOPOHEHM S, U B HAIIPABJIEHUN
nepeoTioXeHus. B oxHoM caydyae Moso/bIe
OCTaTK¥ MOTYT OBITh EPEOTJIOKEHBI B O0JI€€E JIPEB-
HEe cou (CBEpXy BHU3), B APYyroM, HaoO0pOT,
JIPEBHUE NOMAAIOT B O0OJI€E MOJIO/BIE C/I0U (CHU-
3y BBepx). Oba 311 BApraHTa HEPEIKO BCTPEYAIOT-
Cs1 B MHOTOCJIOMHBIX KAPCTOBBIX MECTOHAXOKIEHU-
ax. [Ipu nmomaganuu «MOJOABIX» OCTATKOB B
GoJiee peBHYE CJIOU CJIEIYET OKHUIATh, YTO OHH
OyIyT 3aMeTHO OTJIMYAThCSI BBICOKUM COZEPIKa-
HUEM OPraHuKU U HU3KUMU KosindecTBamu B33.
«/lpeBHME» OCTATKH, TIOTIABITHE B MOJIOZIBIE CJIOH,
COXPAHSIIOT HU3KOE KOJMYECTBO OPraHUKH, HO
MOTYT TepsITh HaKoILIeHHble B39 B cooTBETCTBUM
¢ UX (D)OHOBBIM COZIEPKAHUEM B «HOBOI» ITOPOIE.
ITepepacnpenesenne B39 nocie nepeotsoxe-
HHSI U3 JIPEBHUX B MOJIOZIBIE CJIOU MOKHO € HOJIb-
HI0M BEPOATHOCTBHIO MpeAIoJaraTh B ciaoe 2
Hageca CaetJiblii.

PasnoBecue ypoBHeil copepxanusi P39 B
KOCTSIX U BMEIIalolel Mopo/ie, BEPOSATHO, MOKET
JOCTUTAThCS 32 pa3Hoe BpeMst. Hamu Takas otien-
Ka IpoBe/ieHa s IBYX MECTOHAXOXIAEHHUI
03/IHeIJIeHCTOIIeHOBOTO Bo3dpacTa. B mutepary-
pe (Trueman, Tuross, 2002) nmpuBeeHbI OTIEHKU
BpPEMEHH, KOT/la 3aKaHYMBAETCS TIePUOJ] UHTEH-
CHUBHOT'O HAKOILJIEHNS] MUKPO3JIEMEHTOB MCKOIa-
eMOIl KOCTbI0 — IpuMepHO uepe3 50 ThiC. JieT.
BoickazaHo Takke 000CHOBAHHOE ITPEICTABJIEHIE
0 TOM, 4TO B psijie C.IydaeB PaBHOBECHE He JI0CTUTa-
eTcst JIaKe TP OYeHb OOJIBIIIOM BO3pacTe KOCTeit
(60J1€€ MUJLTHOHA JIET). DTH 3aK/II0YEeHUs C/leJla-
Hbl Ha OCHOBAHUM UCCJEIO0BAHUS NPODUIS
CoJIep KaHMs 3JIeMEHTOB OT IOBEPXHOCTU BHYTPb
koctu (Millard, Hedges, 1999; Hedges et al., 1995;
Williams, 1989; Williams et al., 1997; Elliott,
Grime, 1993; Janssens et al., 1999). Takue mpo-
(buam nmenu pazHoe cTpoeHUe: paBHOMEPHOE
(moaTBepKIEeHNEe PABHOBECHOTO OTHOUIEHUS C
BMelllaomieid Mopoioi) u rpagueHTHoe (Kak
110JIOTO€e, TaK U CTYIeHYaTOe, CBU/IETETHCTBYIO-
1I1e 0 He/IOCTUTHYTOM paBHOBecHu ). BoickazaHo
MHEHHUeE O TOM, UTO JOCTUKEHHE UJIN HeTOCTHXKe-
HU€ HACBIIIEHUS B CO/IEPKAHUY 9JIEMEHTOB 3aBU-
CUT OT yCJIOBUH U, TJITaBHOE, MEXaHM3Ma IOCTYII-
JIEHUsI 9JIEMEHTOB B KOCTHYI0 TKaHb. OOMeHy

IPE/INIOIOKUTETHHO MPETISITCTBYET POCT Ay TUTeH-
HBIX MUHEPAJIbHBIX (ha3 U yMeHbIIIeHHE TTOPUCTO-
cru. KonnenTpaiwst 11060ro CJIeI0BOro 3JIeMeH-
Ta BHYTPH (POCCUIIBHOM KOCTH OIIPEEISIETCSI B OC-
HOBHOM I10 OTHOCUTEJIBHBIM CKOPOCTSIM PEKpPHUC-
TAJJIN3AIMU KOCTU U NUGDy3un MeTanios
Jyepe3 KOPTeKC KOCTU. AHAIM3 podusieii coaep-
’KaHusl ypaHa B (POCCUIBHBIX KOCTSIX ITOKa3aJT, 4TO
CKOPOCTU PEKPUCTAINZAINU UMEIOT TTOPSIZIOK
BesimauH OT 1 ThIC. J1eT 10 10 MJIH. JeT B 3aBUCH-
MOCTH OT TOJIIUHBI KOCTU. MBI MCIOJIB30BAIN
JIJIsT aHAJT3a KOCTHBIE (hparMeHThl MEJTKUX MJTe-
KOITUTAMOIIMX, IMEBIIINE OJMHAKOBBIE PAa3MePHI H,
KaK IPaBUJIO, B3SIThIE U3 OHOW 4aCcTU HUXKHeue-
mocTHOM Koctr. O1ieHKa 1o mpoguIIio /It TAKKX
MEJIKUX 00ObEKTOB HE IMEET CMBICJIa, U JIJIsl Pelle-
HUSI BOTIPOCA O CTETIEHN HACBIIIIEHUSI TTPUXOUTCS
M0JTb30BATHCSI TPSIMBIMU U3MEPEHHMSIMHU COIeprKa-
HHS 9JIEMEHTOB B KOCTU ¥ BMEIIAIOIIeN TTOPO/Ie.
ITH BOIIPOCHI CTAHOBSITCSI 0COOEHHO aKTyaJIbHbI-
MU TIPU U3yYEHUU CJIYYaeB MEPEOTIOKEHUS
KOCTei U3 OIHUX CJIOEB B JIPyTHE, HA BBISIBJICHUE
KOTOPBIX B 3HAYUTEJIBHOU CTETIeHN W HalleJeHa
Hamra pabora.

Jlst mory4eHust TaKuX OIeHOK ObLIN pac-
CMOTPEHBI TPH CJIy4Yasi, KOTOPbIE TTO3BOJIUIN
CPaBHUTH COJIEPIKAHUE HTIEMEHTOB B KOCTHBIX OC-
TaTKaX TPHIBYHOB M BMEMIAIOMMX UX MOPOIaX.
B 1Byx ciydasx 9T0 ObLIH MEMIEPHBIE CYTIHHKH
IJIEMCTOIIEHOBOTO BO3PACTa, B OTHOM — TI03/IHE-
roJIoIleHOBasi CyIech U3 pa3pesa MJIONAAKH
nepes KapCTOBBIM HAaBECOM.

J17151 TeTepHbIX CYTJIMHKOB U KOCTHBIX OCTaT-
KOB BO3PAaCTOM B HECKOJIBKO IECSITKOB THICSY JIET
OBLIO TI0Ka3aHO, YTO COZEPKaHUe OOJBIIUHCTBA
P33 B kocTax ObLIO BBIIIE, Y4eM BO BMEHIAIONIEH
1I0pPOJIE, — B Pa3bl, HO He 6oJIee yeM Ha OJIUH MOopsi-
nok. To ske caMoe IMOKA3aHo /i1 ypaHa U UTTPUSL.
Membiile, 4eM BO BMeIIAOIIEH TIOPO/Ie, B KOCTSIX
0Ka3aJioch co/iep Kanue IUPKOHUS, radHUS U TaH-
tasa. JlJist cyTmecu roJIoIeHOBOTO BO3pacTa moKa-
3aHO cTabMIIbHO O0JIee BHICOKOE CO/lepIKaHie BCeX
B33 110 cpaBHEHMIO C KOCTHBIMY OCTaTKaMMU, YTO
SIBHO CBHMIETEJILCTBYET O ¢J1a00ii cTerneHu Goccu-
JAu3anuu Kocred. VIcKmodyenne coOCTaBUI OIUH
3JIEeMEHT — ypaH, COfiepsKaHue KOTOPOro B KOC-
TSIX OKa3aJI0Ch Ha MOPSIZIOK BBIIIE, YeM B TIOPOJIE.

MakcumanbHO BbICOKOe cojepxkanue B39
OBLIO YCTAHOBJIEHO JJIst 00pasiia BO3PAaCTOM OKO-
g0 1 MJIH. JIeT, TPOUCXOAUBIIETO U3 PEYHOTO
aumoBust. CymmapHoe cozepskanue B HeM B39
coctaBisizio 4900 MKr/T, 4TO elle Ha MOPSAO0K
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GoJIbIIIE, YEM B KOCTSIX M3 HanOoJiee IPEBHUX pac-
CMOTPEHHbIX HAMY KapCTOBBIX MECTOHAXOXKIEHWH,
1 Ha 4eThIpe mopsiika GoJibille, 4eM B CBEKe
kocT. K coxazeHuio, Mbl He paciiojiaraeM CBe-
JeHUSIMU O CO/IEPKAHNH 2JIEMEHTOB BO BMENIAB-
et 3ToT o6pasel] Mopoje, HO, CKOPee BCETO,
KOCTHBIE OCTaTKU CUJILHO IMPEBOCXOIUIN €T0 110
KOoHIleHTpanuu B33.

PaccMoTtpentbie Bbiliie npuMepbl CBUAETENb-
CTBYIOT O TOM, YTO, BEDOSITHEE BCETO, PABHOBECHE
B copepxkanyy B33 B Opojie ¥ KOCTSIX OTCYTCTBY-
eT. HakorieHue MHOTHX 37IEMEHTOB ITPO/IOJIKAET-
Cd ¥ T0CJIe OCTU/KEHUS PAaBHOBECHST C YPOBHEM
WX COAEepaKaHuA BO BMelaionieil nopoae. Mosxer
IIPOUCXOIUTD TaK3Ke U TIOTePSI HAKOTIJIEHHBIX JJie-
MEHTOB — IIPU U3MEHEHNH FeOXUMUYEeCKUX YCI0-
Buit. Conepkanuie B33 ocraercs HecTaOUIbHBIM
W He MOJXET CJIYKUTh MapKepoM abCcoOTHOTO
reoJIOTHYeCKOTO BO3PacTa KOCTHBIX OCTATKOB, HO
OYE€Hb TOHKO OTpakaeT MyTH (HOCCUTUIALMUU
KOCTHOTO BEUIeCTBa. 3HAUUTENLHO HoJiee mpo-
CTBIM JIJIs1 IOHUMAHUS SIBJISIETCS MPOIECe MOoTe-
PH OPraHUYeCKOH KOMITOHEHTHI KOCTEH, TaK Kak
OH He ueT B 00paTHOM HalpaBJIeHHH JJIA BHICO-
KOMOJIEKYJIIDHBIX BEIIECTB; OH TaK)Ke B MEHbIEH
CTeTNleHH 3aBHCHUT OT HabOpa reOXMMUYECKUX
YCJIOBUH B IIpejiesiaX OJJHOTO THITA MECTOHAXO0XK-
JeHUI KOCTHBIX OCTATKOB. Beiencrsue aToro
TepMOTpPaBUMETPUUECKUIT aHAIU3, KaK Hauboiee
MaJI03aTPaTHBIN ¥ MO3BOJISIOMUN UCTIOIb30BaTh
MUHHUMAJIbHbIE TI0 Macce 06pasiibl, MOXKHO PEKO-
MEHJIOBATh /IS TIPEABAPUTENbHON OLEHKH XPO-
HOJIOTHYECKON CMEIIAHHOCTH OCTATKOB BHYTPHU
UCCTIeyeMOT0 CKONIEHUST ¥ XPOHOJIOTUIECKOTO
pamKUpoBaHus 6OIbIIHX BBIOOPOK 06pas3oB
riepei BBIOOPOYHOM PailoyIIepOAHOI AATUPOB-
KoH. B coueranuu ¢ ananmsom copeprkanusi B33
B IIOPOJIE€ ¥ KOCTHBIX 0OpasIiax TepMOrpaBuMeT-
pUYECKHI aHAJIU3 MO3BOJISIET YCTAHOBUTH
NPUHAAJIEKHOCTD K TOMY WU UHOMY TUILy doc-
CUJTM3AUUH.

OnpoboBaHHbIE METOAUYECKHE TIPHEMBI
OIl€HKM CTeNeHU CHMHXPOHHOCTU OCTATKOB M3
OJTHUX U TEX K€ CJIOEB MTO3BOJINJIU PEIUTD HEKO-
TOpble KOHKPETHbIE MaTeOHTOJOTHYeCKue 3aaa-
49U, CBsA3aHHbIE C UCTOpUE (PayHBI TPHI3YHOB
Cesepnoro u CpezHero Ypasia B 103/{HEM L€k~
CTOLIEHE U TOJIolIEeHe.

[lepBas 3amava COCTOUT B OlleHKE CTEIEHU
CUHXPOHHOCTH OCTaTKOB PA3HbBIX BUAOB METKUX
MJIEKOIUTAIOIMX B TaK Ha3bIBaEMbIX «CMellaH-
HBIX» TYHJApoOcTenHbIX dayHax. Peub uuet o

BU/IaX, COBPEMEHHBIE TIOTOMKHM KOTOPBIX 0OMTa-
10T B Pa3HBIX IPUPOIHBIX 30HAX, ITOATOMY UX ape-
asibl He niepekpoiBaioTcst. (DeHoOMeEH UX COBMECT-
HOTO OOMTaHHSA B MO3IAHEM IJIEHCTOIeHe Ha
OJIHUX TEPPUTOPUSIX B COCTaBE CBOECOOPA3HBIX
COOBIIECTB, HE UMEIONINX aHAJIOTOB B COBPEMEH-
HOCTH, OBLT HEOAHOKPATHO JOKa3aH ¢ IIOMONIBIO
TOYHBIX PaUOYTJAEPOAHBIX AaTUPOBOK. OHAKO
peanbHOCTh (peHOMEHa BOBCE HE UCKJYaeT
BO3MOXHOCTHU TOTO, YTO B KaKUX-TO CJHydYasix B
Ipeziesiax OJIHOTO CJI0SI KOCTHBIE OCTATKH MOTJIU
HaKaIIMBaThCs Pa3HOE BpeMst, 06pasysi IpUMech
ACUHXPOHHBIX MEPEOTIOKEHHBIX KOCTEH u
3y60B. AHa/MHU3 CTENeHU CHHXPOHHOCTH WJHU
ACUHXPOHHOCTH OCTEOJIOTMYECKUX MaTepPUaJIOB
IJIS1 TIJIeMCTOIEHOBBIX 300TeHHBIX CKOIJIEHUH B
KapCTOBBIX MOJOCTSAX OCOOEHHO aKTyaJjleH,
MOCKOJIbKY B HUX B HEGOJBIIOM 00bEMe OPO/IbI
MOTYT NPUCYTCTBOBATh MHOTHE THICSYU KOCTHBIX
OCTATKOB I'PBI3YHOB, BBIIEJIUTD CPEN KOTOPBIX
HOCTOPOHHNE B BO3PACTHOM OTHOUIEHWH TNPU-
MecH — CJIOXKHas M 3aTpaTHas 3ajava, ecju
OIMPATHCS TOJIBKO HA PAZMOYTJIEPOJHOE JATH-
poBanue. [IpuMeneHue TepMUYECKOTO aHAINU3A
B KauyeCTBE MpeABAPUTEIbHOTO TECTUPOBAHUS
MacCOBOTO MaTepuaa CylleCTBEHHO 0berdaer
ee peleHue.

Bropas rpyrmima BormpocoB cBsi3aHa ¢ HaXOJI-
KaM¥{ OCTaTKOB BUJIOB, XapaKTEPHBIX /s CO00-
IIECTB TYHAPOCTENHbIX (MaMOHTOBBIX, IEMMUH-
rOBBIX, CMELIAHHBIX, runepbopeanbHbix) dhayH
NO3/IHETO TJIeHCTOIeHa, B ITOJIOIEHOBBIX CJIOSX
psiia MeCTOHaXOsKIeHu M. Halle BCero aTu Haxo/-
KU TPEACTaBAAIOT COOON eIMHUYHbIE 3YObl TPbI-
3yHOB Maccoit meHee 10 mr. AGcomoTHas aatu-
POBKa TaKUX HaXOJOK PaHOYTJIEPOAHBIM METO-
JIOM BBI3BIBAeT TPYAHOCTH M3-32 HUYTOXKHOMU
Macchl OPTAaHNYEeCKOro BelecTBa, M0 KOTOPOW
BefieTcs AaTupoBanue. Vimeoomuecs 1aTUPOBKU
IUIst CJI0EeB, B KOTOPBIX HAMIEHbl OCTATKH TAKUX
BU/IOB («PEJIUKTOB» IJIEHCTOIEHA ), HEe MOTYT aTh
OTBETa Ha BONPOC 06 UX CHHXPOHHOCTH € OCHOB-
HOI Maccoll OCTaTKOB JPYIMX BUJOB, BIOJHE
YMECTHBIX [IJISI JIECHBIX COOOIECTB roJIONeHa.
Pemenue Bonpoca 0 BpeMeHU MCYE3HOBEHUS U3
TOJIOIEHOBBIX COOOUIECTB HOCIEAHUX KOTIBITHBIX
U HaACTOSIIMX JIEMMHHIOB, NECTPYIIEK, Y3KOYe-
PEIHBIX I10JIEBOK, CEPBIX XOMSIYKOB M CTEIHbIX
MAIIYX BeCbMa Ba)XHO [JIsi MOHUMAHUS KakK
3aKOHOMEPHOCTEN AMHAMUKUA 3KOCUCTEM, TaK U
X0/la POTEeKaHUs IBOJIOIMOHHBIX MPOIECCOB
JUIST KQXK/IOTO M3 3TUX BUIOB.
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Pe3syibraThl IPOBEIEHHOTO B paboTe aHAIHI-
3a psAa cay4aeB IMO3BOJTHJIA HaM TPOIBUHY ThCS
B PEIIEHUH 9TUX BOTIPOCOB.

OcTaTKu y3KOU€EpEeIHoii MOJIeBKU N3BECTHBI
Ha YpaJjie 13 MHOTUX IOJIOI[€HOBBIX MECTOHAXO0X-
JIeHHH 3a TIpe/ieJlaMy ee COBPEMEHHOTO apeaJa.
Hawubouee mo3aune Haxonku OBLIM ONMCAHBI U3
ropusoHTa 3 rpora Cyxoped4eHCKHIi, BO3pacT
KOTOPOTO IO PaJiMOYTJIE€POy COCTABUI OKOJIO
600 sret. OxHako 3y6 y3KOYepeIHOil OIEeBKN U3
3TOr0 TOPU30HTA COMEPKAJI OPTAHUKH MEHBIIIE,
4eM MOJISIPBI OOBIKHOBEHHBIX ITOJIEBOK U3 TOTO XKe
TOPU30HTA, YTO 3aCTABJISIET YCOMHUTHCS B CHHX-
POHHOCTHM OCTAaTKOB Y3KOUEPEIHOW MOJEeBKH U
OCHOBHO# MacChl OCTaTKOB TPBI3YHOB U3 JTaHHOTO
TOPU30HTA, CYUTASI BEPOSITHBIM UX MEPEOTJIONE-
HUe u3 6oJiee IpeBHUX cI0eB. B TO ke Bpems HeT
OCHOBaHWI TOBOPUTH 00 aCHHXPOHHOCTH U3Y-
YEHHBIX OCTATKOB Y3KOUEPEITHBIX 1 OOBIKHOBEH-
HBIX TI0JIeBOK u3 ropu3oHToB 10 u 11, Bo3pact
KOTOPBIX 10 PAJIMOYTJIEPOY COCTABJSIET OKOJIO
3000 sret. TOT BO3pACT Ha IAHHOM 3Talle UCCie-
AOBAHUN MOXHO CYUTATh (DUHAIBHBIM MJIs
0OUTaHKs Y3KOYEPEITHOM TI0JIEBKH B OCTPOBHON
Kpacnoydumckoit mecoctenu, okpyReHHOU
TaeKHbIMH JIECAMU.

/st 0CTaTKOB TPHI3YHOB U3 BTOPOTO CJIOSI
orsnoxenuit Haseca Cetioro, npeaBapuTesbHO
JaTUPOBAHHOTO CPEHUM TOJIOIIEHOM, BBISIBJIEH
MaKCHMaJIbHbII Pa3dpoc 3HAYEHHIT CopepKaHus
OPTraHUKH CPEIM BCEX U3YYEHHBIX MECTOHAXOXK-
JIeHMi, IPUYeM OCTaTKU KOTIBITHOTO JIEeMMUHTa,
IeCTpyIIeK, Y3KOUePEenHoil 0JeBKH, CEPOTO
XOMSTYKa («PeJIMKTOBY» TIJIEHUCTOIleHA) COolepsKa-
JIN OPraHWKU MEHbIIIe, YeM U3y4YEeHHbIE OCTATKU
JIECHBIX BH/JIOB. DTO CBHU/IETEIbCTBYET O 3HAUU-
TeJIbHOU XPOHOJIOTUYECKOM CMEIIaHHOCTH Marte-
puana u3 AaHHOrO cjosi. B To ke Bpems Bce
OCTaTKH M3 3TOTO CJI0S1 UMeJTH OJIH3KKE COIepIKa-
Hus1 B39, 4TO He 1MO3BOJISIET OTHECTH ATOT CJIy-
Yyail HU K OJJHOMY U3 THUIIOB (occunmsanuu,
OIIMCAHHBIX 110 MaTeprajaM ¢ Ha/Ie)KHO YCTaHOB-

JIEHHOU CHHXPOHHOCTBIO KOCTHBIX OCTaTKOB. S1CHO,
YTO B 3TOM CJydYae MOXKHO JIMIIb ¢ GOJbIION
JI0JIel BEPOSITHOCTH TTPETIOIAraTh ePeoT/I0KeH-
HOCTb OCTAaTKOB, HO HE YCTAHOBUTH UX BO3PACT.

TepMuueckuil aHanu3 MaTepuaia U3 CJIOEB
1 u 3 Ymmunckoii neniepsl Ha CeBepHOM Ypase
MO/ITBEPNI TIPETIOIOKEHNE O BBICOKON XPOHO-
JIOTUYECKOW CMENIaHHOCTH TOJIOIEHOBBIX U
IJIEHCTOIIEHOBBIX OCTATKOB B 9TUX OTJIOKEHUSIX.
OcTaTKu KOIBITHBIX JJEMMUHTOB U Y3KOueperl-
HBIX TTOJIEBOK M3 3TOTO MECTOHAXOXKIEHUS
COAEepKaT MeHbIle OPTaHUKU, YEM OCTATKHU
JIECHBIX BHJIOB, YTO CBU/ETEIBCTBYET 00 UX
60JIbIIIEN JIPEBHOCTH.

Takum 06pa3zoM, MOKHO 3aKJIIOYUTh, YTO
K HACTOSIIIIEMY MOMEHTY U3 BUIOB MEJIKUX MJIe-
KOIMUTAIONINX, BXOAUBIINX B MTO3HEILIEHCTOIIe-
HOBBIE COOOIIECTBA U TIO3/[HEE UCYE3HYBIIUX HA
CpenteMm Ypase, B OTJIOKEHUSX KOHIA CPETHETO
roJIoIeHa B HETEPEOTN0KEHHOM COCTOSTHUU
oOGHapyXEHbI TOJIBKO OCTATKU Y3KOYEPEITHBIX
10JIEBOK B ocTpoBHON Kpacnoydumckoii yieco-
crenu. Bompoc o nmpucyTcTBuM Apyrux BUIAOB
MJIECTOIIEHOBOTO KOMILJIEKCAa B TOJIOIEHOBBIX
coobirecTBax Ha TEPPUTOPUU COBPEMEHHOM
Tae)KHOW 30HBI HA YpaJie OCTAETCSI OTKPBITHIM U
TpebyeT MaibHeHIero n3y4eHusl.

[IpuHanIeXHOCTHh K TOJIOIEHY HAaX0I0K
OCTaTKOB KOIBITHBIX JIEMMUHIOB, IIECTPYIIIEK, XO-
MAUYKOB HEJb3s CYUTATh TBEPAO 0OOCHOBAHHOIM
HU B OJJHOM M3 PACCMOTPEHHBIX CJIy4YaeB U TEM
GoJtee JIJIsl CEPUU IPYTUX MECTOHAXOXK/IEHU, BO3-
PacT KOTOPBIX OBLT yCTAHOBJIEH HA OCHOBAHHMHU Pa-
JIMOYTJIEPOAHOIO AaTUPOBAHUSL CJIOSI 110 0Opas-
1[aM, BKJIIOYABIIUM MHOTHE KOCTHBIE OCTAaTKU
MEJTKUX JKUBOTHBIX. [IpoBe1eHHbIN aHAIU3 TTOKa-
3bIBAET, YTO B KAK/IOM OT/IEJTBHOM CJIy4yae BOII-
pPOC O CTeleHU CUHXPOHHOCTH OCTAaTKOB HYXXHO
pelaTh aHAJTUTHYECKUMU METO/IaMU Ha CepHii-
HOM Marepuale, He 10Jlarasgch Ha allpuopHbIe
3aKJII0YEeHUs], BHEITHUE NpU3HaKu (occuamsa-
1K WA eIMHUYHbIE aOCOJIOTHBIE TATUPOBKH.



SUMMARY

N.G. Smirnov, S.L. Votyakouv, N.O. Sadykova,
D.V. Kiseleva, Yu.V. Shchapova

Physical and chemical characteristics of mammal fossil bone remains
and the problem of their relative age estimation

Part 1. Thermal analysis and trace element mass-spectrometry

The presented work was contrived to test
some physical and chemical methods applied
to analyze alteration regularities of
characteristics in mammal fossil bones and
teeth collected in karst (cave) zoogenic
sediments of the Quaternary time in the Ural
region, with account to varying conditions and
duration of their embedding (fossilization), and
possibility to use the results for estimations of
the fossils’ relative ages.

Proposed publication is composed of two
parts. In the first one, authors present
information about the examined sites and
discuss the results obtained by means of two
methods, thermo-gravimetrical and mass-
spectrometric ones, used to analyze physical
and chemical features and trace element
composition of bone remains. Data obtained by
several other methods (namely, scanning
electron and infra-red microscopy, X-ray-
fluorescent analysis and microanalysis, ESR-
and infra-red spectroscopy) will be presented
in the second part of the book.

It should be noticed, that the amounts of
organic matter retained in fossil bones which
can be estimated by means of thermal analysis,
as well as accumulated in bones levels of trace
elements are [just] the features most closely
related to peculiarities and character of
mammal bones fossilization. Both of these
processes (organic matter reduction and
accumulation of elements) were shown to make
the basis allowing estimation of diagenetic
transformations in bone tissues in the course
of their transition from the biosphere into the

lithosphere. Geochemical regularities and
features of the bone tissue determine
fossilization  directions and rates.
Understanding of the process details proved
necessary in order to develop approaches to
appraise relative ages of bone remains,
probability and features of their redeposition,
to follow fossilization parameters as dependant
upon the time and conditions of bone
embedding; one cannot avoid them in the
studies of stable elements in animal fossil bones.

In the present work, authors paid the main
attention to reveal the regularities of bone
remains fossilization in karst cavities, which
could appear useful when solving one practical
poser of palaeozoology — to distinguish
asynchronous (by their formation periods)
bone remains found within the same layer. The
central idea of the study was to try and find
some available but reliable features of bone
fossilization which might be determined from
minimal samples (several milligrams). It was
proposed, that measurements made on bone
series from the same layer would allow
appraisal of the values’ spread, leading to
conclude of the samples’ chronological
uniformity or heterogeneity. Thus, equal values
would indicate to same ways gone by the
specimens (bones) from the primary
embedding till the excavation moment, that is,
these should be regarded as equal-aged. If the
remains were shown to be asynchronous,
students must solve the questions about their
aging and the sources they arrived from; these
posers are much more difficult for
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understanding, demanding for development of
other special methods.

The remains examined within this study
were sampled from abundant collections
obtained by the research stuff of the laboratory
of Historical Ecology (Institute of Plant and
Animal Ecology, UB RAS). Excavations were
performed in 11 sites (karst caves, grottoes and
rock-shelters) situated in taiga regions of
Middle and Northern Urals and also in the
valleys of two rivers, Ufa and Serga, adjoining
to the Krasnoufimsky forest-steppe insular
area. Bones from 4 sites were radiocarbon-
dated indicating their ages as corresponding to
the late-Holocene time, late Glacial and late
Valdai intervals.

The data analysis has shown that nature
does not favor us to solve the marked problems
quickly and easily. Thus, it appeared that not a
single site could provide a situation, when in
one section and in homogenous geochemical
conditions students could collect series of bone
remains significantly different by age, thus
allowing to disclose pure time effects upon
fossilization stage. It was also impossible to
select comparative samples of the same ages but
coming from the layers marked for significantly
distinct geochemical conditions. The point is
that practically all Pleistocene-aged
collections (older than 10000 years) were
extracted from more or less similar cave loam
sediments, whereas bones of the late-Holocene
time were found at the plots in the grotto outer
parts and rock-shelters, in gray sandy loams
including soils. As a feature common for all sites
one may regard very high carbonate contents
due to usual disposition of caves, grottoes and
rock-shelters in calcareous rocks.

All analytical procedures were held in the
certified Laboratory of physico-chemical
methods of analysis (Institute of Geology and
Geochemistry, UB RAS, Ekaterinburg), by
means of modern equipment and devices with
original methods of sample preparation.

Data presented in this book would help to
widen the compass of information on physical
and chemical properties of mammal fossil bone
remains.

The first two methods used to obtain the
results shown below were thermo-gravimetric
estimations of organic matter amounts reserved

in fossil bones and mass-spectrometric
determination of trace elements, with special
attention to the group of rare earth elements
(REE). Obtained results were reckoned in
concern to their reproducibility as dependant
upon mass of a sample, the place in skeleton
where specimens were taken from, and
characteristics of heat regimes affecting bones.
It was also important to find out, whether
different species discord in amounts of organic
matter measured within identical fragments of
bones and teeth. It was shown that recent
(fresh) cheek teeth of voles reveal no
differences by total contents of organic
compounds, yet some distinctions may be
found by other thermic characters (i.e. position
and scope of DTA peaks); as regards the
samples aged to about 10000 years old, those
were found to dissent in neither features
connected with organic compounds included.

Investigation of fossilization characte-
ristics observed in different-aged sites of bone
remains lead to distinguishing of several types
discrepant by the correlation patterns between
bone organic components and corresponding
concentrations of high field strength trace
elements. One could try and refer these types
as stages within fossilization process, but to
speak accurately, that would not be quite
correct. The point is, that some of them
appeared significantly different by geochemical
composition of the including grounds, and
these differences cannot be arranged in a series
correlated to temporal events. This makes us
limit the discussion by describing several
variants of fossilization, grouping them into
three types; the ratio is presented on Fig
(p. 103).

Variant 1 was described for bone remains
collected in fresh surface deposits of karst rock
shelters; it is remarkable for high bone organic
amounts (19-23% in mandibles), with peak
contents of high-temperature fraction,
combined with ultra-low (below 1 pg/g)
concentrations of high field strength elements.
This variant is characteristic of not-fossilized,
un-embedded (unburied) carnivores’ food
debris.

Variant 2 marks initial stages of
fossilization of the remains embedded in gray
sandy loam sediments, their age not exceeding
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several hundred or thousand years. These
samples contained slightly lower amounts of
organic components (18-22%) as compared to
fresh fodder remains of carnivores, but tests for
trace elements’ composition showed higher
concentrations of some items, the total amount
of high field strength elements reaching several
units (ug/g).

Variant 3 reflects embedding of bones
within soil active layer. The tested specimens
revealed higher total amounts of organic
compounds (23-25%) due to lower-
temperature-burnt fraction, whereas the <high-
temperature» components were found in
smaller amounts. Levels of high field strength
trace elements were increased, their total
concentration making up to 10 pg/g. No radio-
carbon dates have been obtained for these
specimens, but we have some reasons to age
them no older than several thousand years.

All the examined bone remains of late-
Holocene corresponded to one of these three
variants; they were grouped to form
fossilization first type. Within this type, bones
reveal lower (as compared to the enclosing
rock) concentrations of high field strength
elements (not exceeding 10 ug/g) combined
with high proportions of bone organic
compounds (19-25%).

Variant 4 was described on the basis of
analyses of several rodent mandibles collected
in horizon 18 of the site rock-shelter Starik,
which had been durably embedded in gray
sandy loam layer. These revealed significantly
decreased contents of organic compounds (16—
18% in lower jaws); levels of high field strength
trace elements in the samples were
approximately 10 ug/g.

Variant 5 marked bone remains of the late-
Glacial period (12—13 thousand years ago)
extracted from cave loam sediments. The value
of organic fraction in these samples was about
the same as for Variant 4 (16-19%), but
concentrations of high field strength elements
were significantly higher, reaching several
dozens of micrograms per gram.

Variant 6 was distinct for the bones aged
to 20—40 thousand years B.P. Their organic
compounds were found at lower amounts (12—
16% in mandibles), and the accumulated
concentrations of high field strength elements

showed the values about the same with the
previous variant (dozens of units, pg/g).

Variants 4-6 may be grouped to
fossilization second type, with the values of
organic contents 12—-18%, and high field
strength elements concentrations up to several
dozens of units (ug/g).

Variant 7 was described for the bone
remains from the site Zhilishche Sokola, dated
about 40 000 years old (the first half of Late
Pleistocene). These remains demonstrated
high concentrations of accumulated high field
strength elements reaching several hundred of
units (ug/g) combined with significantly lower
organic fraction amounts (about 9% in lower
jaws). This variant was considered as
fossilization third type.

For better visualization, a sample from an
alluvial Eopleistocene-aged site Skorodum has
been analyzed, too (Ne 8 on Figure). Organic
content of this bone was a bit over 6%, whereas
total level of high field strength elements was
4900 pg/g.

In this study, examination of bone
fossilization parameters was an important but
not the chief goal. It was used as a means to
estimate whether the bones collected within
the layers homogenous by geological
conditions might appear asynchronous in their
ages. The procedure of such an appraisal is
performed in the following way. At the first
stage, a student, from a vast range of published
and original data, has to select several
fossilization models seeming to be most
appropriate for the present case. In our
situation, these should be proper for karst
cavities. At the second stage, the site is
examined in regard to its fitting or misfitting
to the selected model variants, the procedure
being based on stratigraphy observations and
analytical data on organic fraction decline
values and levels of high field strength
elements’ concentrations. The conclusions
about age homogeneity of bone remains from
the same layer are to be drawn with account to
harmony or discordance between the analyses
data and the applied fossilization model.

The series of karst cavity sites examined
during this work allowed us to propose the
following models (the particular figures and time
intervals are presented on the examined data).
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Model 1. All bone remains homogenous
in structure and originating from the same
layer demonstrate equal rates of bone organic
fraction decline, and accumulation of high
field strength trace elements meets balance
with the enclosing rock. Both these
characters look similar in synchronous
fossils. This model might be applied for
mono-layer sites of both short and durable
accumulation periods.

1a. In the cases when bone remains were
accumulated during a relatively short period
(several hundred or thousand years),
fossilization characters show the minimum
variation. In our study, variation of lost organic
values did not exceed 3% in molars and 5-6%
in bone fragments.

1b. On the condition that accumulation
period was longer (several thousand years),
organic loss values and high field strength
elements concentrations reveal wider
scattering.

Model 2. If the same layer includes bone
remains originating from several differently-
aged layers, these remains would demonstrate
certain discrepant characters. Bones distinct in
age would reveal discordant amounts of organic
fraction. Concentrations of trace elements in
these bones would also differ, due to their
separate origination sites and peculiar
elements’ contents there, as well as due to
unequal fossilization periods. After
redeposition, the remains appear in other
geochemical environment capable to cause
some new ways of their transformation.

2a. Concentrations of high field strength
elements, as well as the organic fraction
amounts formed in the layer of primary
fossilization stay without changes in the layer
of secondary deposition, thus marking the re-
deposited bones.

2b. Contents of organic compounds stay
unaltered, whereas original concentrations of
high field strength elements formed in the layer
of primary fossilization are found to change in
the new geochemical environment, intensity
and directions of the latter alterations
depending upon a series of factors (the time
span duration, differences in element
concentrations between bones and the «new»
enclosing rock, etc.).

It is really important to find out what is
the main factor to determine, whether the
process follows the way described by model 2a
or by 2b. Most probably, this depends upon the
level of fossilization reached in the layer of
primary deposition, and besides, the direction
of bone transposition: downward into the older
deposits or upwards, into the younger layers;
both variants are often registered in multi-layer
karst sites.

In case when «young» remains appear
introduced into the older strata, one should
expect them to reveal high contents of organic
fraction combined with low concentrations of
high field strength trace elements.

On the other hand, «ancient» fossils
introduced into the younger layers retain low
proportions of organic compounds, but they
can also show small levels of high field strength
elements ever been accumulated later on
declined to balance the elements’
concentrations in the «new» enclosing rock.
The process of the bones’ transfer from the
older strata into young layers seems probable
enough to be proposed for the specimens
extracted from the layer 2 in the rock-shelter
Svetly.

Equilibrium of high field strength
elements’ concentrations in bones and the
enclosing rock may be attained during different
time intervals. We tried to make such estimates
for two late-Pleistocene sites. Trueman and
Tuross (2002) had calculated the amount of
time after which an embedded bone would
terminate intensive incorporation of trace
elements as making about 50 000 years.
However, numerous studies of elemental
gradients (concentration profiles) from the
surface deep into the bones lead to assumption
that in some cases equilibrium is not
established despite millions of years of
potential exchange (Millard and Hedges, 1999;
Hedges et al., 1995; Williams, 1988; Williams
et al., 1989; Elliott and Grime, 1993; Janssens
et al., 1999). Such profiles showed different
structure: either uniform (indicating to the
reached equilibrium with the enclosing rock)
or a gradient one (the latter might be flat-
gradient or graded in steps, both evidencing of
a non-balanced condition). It was proposed
that attainment of saturation in elements’
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incorporation would depend upon the
conditions and especially on the mechanism of
elements’ uptake into the bone tissue. The
exchange seems to be hindered by growth of
authigenic mineral phases and reduction of
porosity. Concentration of any trace element
within a fossil bone is determined mainly based
on relative rates of bone re-crystallization and
diffusion of metals through the bone cortex.
Analysis of uranium (U) concentration profiles
in fossil bones yielded rates of re-crystallization
on the order of 1 kyr to 10 Myr, depending upon
the bone thickness. In our study, we analyzed
fragmented to equal portions bones of small
mammals; fragments were usually taken from
the same parts of lower jaws. It is of no sense
to make any estimates by profile in such small
pieces; thus to solve a poser on degree of
saturation one has to apply direct
measurements of element concentrations in
bones and enclosing rock samples. This
becomes especially important in the cases of
bone re-deposition (transfer between layers of
different age), and this made one of the main
goals of our study.

There were three cases when it was possible
to estimate element concentration values in
rodent bone remains as compared to those in
the enclosing grounds. In two sites the latter
were represented with cave loams of the
Pleistocene age, in the third was late-Holocene
sandy loam sampled from a section excavated
in front of a karst rock-shelter.

In the case of cave loam and the bones
about several dozens thousand years old,
concentrations of major part of rare earth
elements (REE) in bones were found to exceed
those in the enclosing rock; the values differed
by several fold but not over an order. Yttrium
(Y) and uranium (U) values gave the same
picture. On the contrary, levels of zirconium
(Zr), hatnium (Hf) and tantalum (Ta) in bones
appeared lower than in the enclosing ground.

In the sample of the Holocene-aged sandy
loam, all high field strength elements revealed
higher concentrations as compared to their
values in the included bone remains, clearly
evidencing of the bones low fossilization
extent. Only one element, uranium, was an
exception; its amount in bone appeared by an
order higher than in the ground sample.

Maximum concentrations of high field
strength elements were found in the specimen
aged about 1 Myr, collected in river alluvial
deposits. Total (summed) concentration of high
field strength elements in it was 4900 ug/g
(that is, by more than one order higher as
compared to the corresponding values found in
most ancient bones from karst cavities, and by
four orders over those in fresh bones).
Unfortunately, in this case we possessed no
sample of the enclosing rock, and we only can
guess that levels of these elements in it would
be significantly lower against those in the bone.

The cases described seem to evidence of
disequilibrium between bones and enclosing
rocks by the contents of the high field strength
elements. Incorporation of many elements in
bones might be continued over the levels
existing in the enclosing grounds. However, if
geochemical conditions are changed, a reverse
process of the accumulated elements decline
may develop, too. Concentrations of high field
strength elements stay unstable, and thus this
character is not worth using as a marker of
absolute geological age, but it can rather
accurately reflect the ways of bone tissue
fossilization.

Process of organic fraction decline in bones
seems much more comprehensible for a student,
first of all due to absence of opposite direction
for high-molecular substances; besides, it is less
related to geochemical conditions within one-
type sites of bone remains. Consequently, the
less-expensive method of thermo-gravimetric
analysis available for samples of minimal mass
might be recommended for preliminary
estimates of chronological discordance of bone
remains within an assemblage at study, as well
as for chronological ranking of abundant
samples of specimens previous to selection of
series for radio-carbon dating. Combined with
analyses for high field strength elements
contents in bones and enclosing grounds,
thermo-gravimetric method allows referring of
the samples to a certain fossilization type.

The methods we tested in order to estimate
age homogeneity of rodent bone remains
collected within the same layers proved helpful
for solving some concrete posers in concern to
Late Pleistocene and Holocene rodent fauna
history in the Northern and Middle Urals.
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The first of these puzzles was to appraise
age variety of bone remains identified to
distinct small mammal species composing so-
called «mixed» tundra-steppe faunas. Modern
descendants of these species now inhabit quite
dissent natural zones (i.e. tundra and steppes),
and their ranges nowhere overlap. The
phenomena of these species inhabiting the same
areas within the same peculiar animal
associations of the Late-Pleistocene time
showing neither present-day analogues, were
described by numerous researchers and proved
with radiocarbon dating. However reality of
these phenomena does not exclude the
possibility that in some cases certain bone
remains within one layer might be accumulated
during several distinct time intervals, thus
forming a kind of mixture of differently-aged
bones and teeth. Opportunity to distinguish
asynchronous specimens is of especial
importance for examination of Pleistocene-
aged zoogenic assemblages in karst cavities,
often numbering many thousands of rodent
bone remains enclosed within a limited volume
of ground, when it would be rather laborious
and expensive enough to separate the admixed
remains using mainly '*C-dating. Application
of thermo-gravimetric analyses for preliminary
testing of plentiful fossils seems to facilitate
solving of this poser to a great extent.

The second group of questions refers to the
cases when fossils of the animal species ever
being a characteristic of the former tundra-
steppe (= mammoth, lemming, mixed, hyper-
boreal) faunas of the Late Pleistocene time,
appear found in the Holocene-dated strata of
some sites. Such finds are usually represented
by isolated rodent teeth, with masses lower
than 10 mg; absolute dating of such small items
is amenable only to special methods. Few
radiocarbon dates usually obtained for a layer
can’t solve the question concerning each of the
«relic» remains, whether it is synchronous to
the main bulk of other species fossils seeming
to be well-timed for the Holocene forest
communities. However, disclosure of the time
when the last individuals of collared and brown
lemmings, sagebrush and narrow-skulled voles,
gray hamsters and steppe mouse-hares
vanished from the Holocene complexes would
be important for understanding of the

regularities of ecosystem dynamics, as well as
features of evolutionary development in each
of the species mentioned.

The results of this work allowed to make
some new steps based on the analyzed cases.

For example, the remains of the narrow-
skulled vole in the Urals were found in many
Holocene sites situated beyond the limits of the
species present-day range. The youngest in age
finds were collected in horizon 3 of the rock-
shelter Sukhorechensky "“C-dated to about 600
years ago. However, the analyzed vole molar
from this layer revealed lower organic content
as compared to the values obtained for common
vole molars from the same horizon, thus making
to doubt about the synchronous ages of the
whole series. It seems valid to assume that the
narrow-skulled vole molars might be intruded
from the elder strata. On the other hand, the
obtained data concludes the similar ages of
teeth identified to the common and narrow-
skulled voles collected in the horizons 10—11
(about 3000 years B.P.). For the present
moment of research, this time seems to be the
terminal interval of the narrow-skulled vole
presence in the Krasnoufimsky forest-steppe
isle surrounded with taiga forests.

One more example. A variety of rodent
remains collected in the layer 2 in the rock
shelter Svetly, preliminary dated to mid-
Holocene time, revealed maximal spread of
organic contents values among all the
examined sites. Within the whole series, the
lowest values of organic compounds were found
to mark the «Pleistocene relics» (Dicrostonyzx,
Lagurus, Microtus gregalis, Cricetulus) as
compared to those of forest inhabitants. That
seems to evidence of a mixture of differently-
aged specimens within the analyzed series.
However, all the studied molars from this layer
showed similar concentrations of high field
strength trace elements, thus regarding this
site as a separate fossilization type, distinct
from those described for the sites with proved
synchronous ages of bone remains. One should
understand that in this case we can only
suppose the presence of redeposited bones but
not judge about their ages.

Thermo-gravimetric analyses of rodent
remains sampled from the layers 1 and 3 of the
Ushminsky cave in the Northern Urals verified



116

Sammary

the preliminary idea of significant
chronological mixture of Holocene and
Pleistocene-aged bones in the site sediments.
Molars of collared lemmings and narrow-
skulled voles from this site revealed lower
contents of organic compounds than those of
forest-living rodents, thus indicating to the
latter younger ages.

Thus the obtained results lead to
conclusion that of the small mammal species
which ever constituted a part of the Late-
Pleistocene communities but now are not met
in the Middle Urals, only the narrow-skulled
vole remains have been found non-redeposited
in mid-Holocene terminal sediments, in
Krasnoufimsky insular forest-steppe area. The
question on the presence of other species from

the Pleistocene complex that might be retained
in Holocene communities at the territory of
modern taiga zone in the Urals, still stays open,
demanding further study.

In neither examined cases we can regard for
proved the Holocene aging of the bone remains
identified to Dicrostonyx, Lagurus, Cricetulus
species; it also seems true for the series of other
sites, aged due to '"C-dating of samples
composed of numerous small mammal remains.
The results of the analyses we used make to
perceive that in each separate case the poser of
the remains’ synchronous (or not) ages should
be decided analytically on series of specimens;
the conclusion might be erroneous if drawn
from any a priori notion, exterior features and
even based on isolated absolute datings.
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