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Bono*HH A.H. H AP· PIS 80-210 
CpaBHHTenbHWH_ 3neMeHTHWH aHanH3 KOClHOH 
TKaHH 4enoBeKa 

C 4enb~ CpaaHeHH~ ABYX MeTOAOB onpeAefteHH~ 3neMeHTHOrO 
COCTaBa KOCTH 4eftOBeKa H nepeXOAa OT OTHOCHTeftbHWX 3Ha4e
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Hepaapywa~~He npH*H3HeHH~e MeTo~ 3neMeHTHoro aHanH3a TKa
HeH *HB~X opraHH3MOB, B TOM 4HCne H 4enoeeKa, npeACTaBn~~T 

6onbWOH HHTepec An~ HCCneAOBaHH~ AHHaMHKH BOAHO-coneeoro o6-
MeHa, xapaKTePH3y~eH npo~ecc npHcnoco6neHH~ opraHH3Ma K H3-
MeH~~HMC~ ycnoeH~M cy~ecTeoeaHHR. TaKHe MeTOA~ MoryT 6~Tb 
HCnQnb30BaH~ KaK An~ B~pa60TKH HOPM 3AOP0Bb~, TaK H AnR HC
cneAOBaHHR HapyweHH~ o6MeHa se~ecTe npH pa3nH4H~x naTonorH-
4eCKHX npo~eccax. B nocneAHHe roA~ e ce~3H c pa3BHTHeM pa6oT 
no OCBOeHH~ KOCMH4eCKOrO npOCTpaHCTBa npHCTanbHOe BHHMaHHe 
y4eH~x npHene4eHo K npo6neMe enH~HH~ HeeecoMOCTH H APYrHx 
~aKTOpOB KOCMH4eCKOrO noneTa Ha HapyweHH~ MHHepanbHOrO 06MeHa 
B KOCTHOH TKaHH /CM., HanpHMep, / 1 / /. 

B pa6oTax / 2,3 / An~ HCcneAO BaHH~ 3neMeHTHoro cocTaea opra
HH3Ma )I(HBOTH~X H 4enoeeKa enep e~e 6~n HCnOnb30BaH HOB~H Me
TOA, OCHOBaHH~H Ha aaKOHOMepHOCT~X nOBeAeHHR B ee~eCTBe He
CTa6HnbH~X 3neMeHTapH~X 4aCTH~ - OTPH~aTenbHO 3ap~*eHH~X M~

HOB. B oTnH4He OT ecex APYrHx H3BeCTH~X MeTOAOB npHIKH3HeHHOro 
3neMeHTHOrO aHanH3a HOB~H MeTOA n03BOnReT nony4HTb KOnH4eCT
BeHHY~ HH~pMa~H~ 0 COAep~KaHHH AeCRTH OCHOBH~X 3neMeHTOB /OT 
yrnepOAa AO Kanb~HR/ B n~6oM B~6paHHOM y4aCTKe /He3aBHCHM0 OT 
rny6HH~/ OpraHH3Ma lKHBOTHOrO HnH 4enOBeKa 6e3 HaHeCeHH~ eMy 
3aMeTHOrO paAHa~HOHHOrO nopa*eHH~ . 

OcHOBH~e oco6eHHOCTH MeTOAa , BKpaT~e, CBOA~TcR K cneAy~
~eMy. H~H~ B~COKOH 3HeprHH , nony4aeM~e Ha YCKOPHTene npoTo
HOB, nocne 3aMeAneHHR H OCTaHOBKH B H36paHHOM y4aCTKe HCCne
AYeMOrO o6paa~a /B~AeneHHe y4aCTKa npoH3 BOAHTC~ nyTeM H3MeHe
HHR 3HeprHH M~HOB B ny4Ke H reOMeTpH4eCKHX pa3Mepoe H ~pM~ 
Ce4eHHR ny4Ka 4aCTH~/ HCn~T~Ba~T 3aXBaT Ha B~COKOpacnOnOIKeH

H~e Op6HT~ BOKpyr aTOMOB pa3nH4H~X 3neMeHTOB, COAep~Ka~HXCR 

B HCCneAyeMOM y4aCTKe o6pa3~a. npH n epexOAaX MOOHa Ha HH3KO
pacnono~KeHH~e op6HT~ npOHCXOAHT HCnycKaHHe xapai<TepHoro An~ 
Ka~KAOro 3neMeHTa Meao peHTreHoecKoro H3ny4eHHR. CyMMapHaR HH
TeHCHBHOCTb nHHHA K-cepHH ~<aKoro-nH6o 3neMeHTa nponop~HOHanb
Ha BepO~THOCTH aTOMHOrO 3aXBaTa M~OHa BCeMH aTOMaMH AaHHOro 
3neMeHTa. 3aKOHOMepHOCTH aTOMHOrO 3axBaTa OTPH~aTenbH~X M~OHOB 
B pa3nH4H~X ycnOBH~X e~e TOnbKO ycTaHaBnHBa~TCR 1 4( no3TOMy ceA -
4aC• HeB03MOIKHO yTBeP*AaTb, 4TO HHTeHCHBHOCTb Me30peHT
reHOBCKOrO H3ny4eHHR nponop~HOHanbHa TOnbKO KOnH4eCTBy 
aTOMOB , 3axeaTHBWHX M~H~ . 0AHai<O B Ka4eCTBe nepBOrO npH6nH
~KeHH~ MOIKHO HCnonb30BaTb npeAnOnO*eHHe, 4T0 BepOJITHOCTb aTOM-
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Horo 3axaaTa nponOPUHOHanbHa npoH3BeAeHH~ nzk, rAe n - KO
nH4eCTBO aTOMOB AaHHoro 3neMeHTa, z - ero aTOMH~~ HOMep; noKa-
3aTenb CTeneHH k MeHReTCR OT 2/3 AO 4/3 /no pa3H~M MOAenRM 4 / . 
3To npH6nH~eHHe npeACTaanReTcR nonee cnpaaeAnHB~M AnR MexaH~i 
4eCK~X CMeCe~ aTOMOB ~nH XHMH4eCK~X COeAHHeHH~. 

B pa6oTax 
2

·3 ~ccneAoaanHcb H3MeHeHHA a coAep~aHHH pa3-
nH4H~x 3neMeHTOB, HacTyna~~He B pe3ynb TaTe B03Ae~CTBHR Ha op
raH~3M ~H BOTH~X H 4enoaeKa AnHTenbHOrO COCTORHHR HeBeCOMOCT~ 
~n~ rHnOKHHe3HH, B npeAnOno~eH~H 0 HeH3MeHHOCTH XHMH4eCKOrO 
COCTaBa cOeAHHeH~~. H3 KOTOp~X COCTOAT ~HB~e opraH~3~. no3-
TOMY BOnpOC 0 COOTBeTCTBH~ a6COnOTH~X BeCOB~X KOHUeHTpauH~ 
Ka~AOrO H3 3neMeHTOB TeM 3Ha4eHHRM, KOTOp~e nony4a~TCA H3 
AaHH~x no Me3opeHTreHOBCKHM cneKTpaM , TaM He cTaa~ncR. B pa -
6oTe /3~npaBAa, 06cy~AaeTCR BOnpOC 0 TOM , 4TO CYMMapHaA HHTeH
CHBHOCTb Me30peHTreHO BCKOrO H3ny4eH~R ~OC¢Qpa H KanbU~R, pe
rHCTpHpyeMaR npH OCT~HOBKe ~OHOB B ry64aTO~ KOCTHOH TKaHH, 
MO~eT AOCTaT04HO XOpOWO npeACTaBnRTb a6con~TH~H BKnaA MHHe
panbHO~ KOMnOHeHT~ KOCTH , nOCKOnbKY MHHepanbHaR H opraH~4eCKaR 
KOMnOHeHT~ KOCTH npeACTa BnROT C060~ B HeKOTOpOM CM~Cne Mexa
H~4eCKy~ CMeCb, T.K, Kp~CTann~ rHAPOOKCHananiTa, COAep
~a~He OCHOBH~e 3neMeHT~ MHHepanbHO~ KOMnOHeHT~ /KanbUHH H $QC
$Qp/, noKp~ aa~T TOHK~M c n OeM nnaCTHH~ opraHH4eCKOrO COeAHHeH~A 
/Kenn a re:Ha/ lSI . 8 nOn b3Y HeH3MeHHOCTH X11MH 4eCKOrO COCTa Ba MH
HepanbHOH KOMnOHeHT~ KOCTH npH pa3nH4H~X An~TenbH~X He6naro
npHRTH~X B03Ae~CT BI1AX Ha opraH~3M rOBOpHT TOT ~a KT ' 3 / , 4TO OT

~~UeHI1e 11HTeHCI1BHOCTe~ Me30peHTreHOBCKOrO 113ny4eHHR 113 KaJ1bU11R 
11 113 $QC¢Qpa OCTaeTCA nOCTORHH~M Aa~e np11 cy~eCTBeHHOM /AO 
ABYX paa/ yMeHbWeHI111 CYMMapHoH 11HTeHC11BHOCTI1 MeaopeHTreHOBCKO
ro 11311y4eHI1A H3 3TI1X ABYX 3neMeHTOB, OTpa~a~eM yMeHbWeHHe 
MI1Hepan bHO~ HaC~~eHHOCTH KOCTHO~ TKaHI1. 

ny4WI1M CnOC060M a6con~THO~ KanH6pOBKI1 Me3opeHTreHOBCKO~ 
MeTOAHKH ABnReTCR 113MepeHHe 3neMeHTHOrO COCTaBa OAHOrO 11 TOro 
~e 06pa3Ua CnO~HOrO XI1M114eCKOrO COCTaBa Me30peHTreHOBCK11M 
11 APYri1MI1 xopowo OTpa6oTaHH~MH ~311KO -XHMI14eCKI1M11 MeTOAaMI1. npH 
3TOt~ MOryT 6~Tb nony4eH~ nonpaB04H~e K03tlK!>11U11eHT~, no3BOnR~I1e 
nony4aTb 113 Me3opeHTreHOBCK11X AaHH~x , Hanpi1Mep, aecoa~e COAep
~aHI1R pa3ni14H~x 3neMeHTOB . To, 4TO 113 Me3opeHTreHOBCK11X AaHH~x 
MO~HO npAMO nony411Tb BeJ1 11 411 H~ , npi1MepHO paBH~e BeCOBOMy COAep

~aHH~ 311eMeHTOB, CJleAyeT 11 3 CJ1eAY~~I1X OUeHOK. 
AJ1R OTHOCI1TellbHOrO BKJlaAa K-cepl111 MeaopeHTreHOBCKOro cneKT
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KaK B MeXaHI14eCKO~ CMeCI1, 11MeeM: 

. nocKOJlbKy 
PI 

n1 - - -, rAe A 1 - Maccoaoe 411Cno 
A 1 

i -ro 3neMeH\a H P1 - sec aToMoa 3Toro 3neMeHTa a o6pa3ue, 
W P Z / A 

TO ~ = ~ i I k/ i . npi1HI1MaA BO BHHMaHI1e, 4TO AnR yrnepoAa, 
"-W I P t Z I A t 

a 30 Ta 11 KHCJ10 p0 Aa , COCTaBJ1RO~I1X OCHOBHyO A0/10 OT a eca no6o~ 
TKaHH, OTHOWeHI1e Z/ A OAHO 11 TO *e C T04HOCTb0 10 - 3 , a AnA 
APYri1X 3JleMeHTOB C A :5 40 3TO OTHOWeHI1e OTJ1H4aeTCA OT TaKO
BOr O AnR nerK11X 3JleMeHTOB Ha HeCKOJlbKO npoueHTOB, nOJ1y4aeM, 

WI p . 
4TO C T04HOCTb~ nOPRAKa 1% -- = --

1
-, T. e, OTHOCI1TellbHaR 

~W I ~Pt 
11HTeHCI1BHOCTb Me30peHTreHOBCKOrO cneKTpa i -ro 3JleMeHTa B Me-
xaHI14eCKOH CMeCH pasHa OTHOCI1TeJ1bHOMY BeCOBOMy COAe p*aHI10 
AaHHoro 311eMeHTa. 

B pa6oTe /8/ 6~n a~nonHeH coaMeCTHW~ aHanH3 Me3opeHTreHOBCKHM 

11 o6~4H~MI1 ~311KO-XI1MI14eCKI1MI1 MeTOAaMI1 OAHHX 11 Te x *e o6pa3-
40 B /no yrnepoAY, a30TY 11 K11C110POAY/ pa3J1114H~X TKaHe~ *11BOTH~X 
/M~WUa, ~11p 11 ne4eHb CBI1Hbl1, ne4eHb 11 KOCTb 6~Ka, ne4eHb 
11 KPOBb co6aKI1/. Pa3J111411R a aHanl13e ABYMR MeTOAaMI1 cocTaanR~T, 
Hanpi1Mep, no C0Aep*aHI1~ yrnepOAa OT OAHOrO AO Ae CRTI1 npoueH
TOB / n p11 CTaTI1 CTH4eCKOH norpewHOCTI1 Me3opeHTre HOBCKOrO MeTOAa 
OKOnO 1% 11 OWI16Ke ~11311KO-X11MH4eCKOrO aHanl13a OKOn O 0, 1%/. 
0CHOBHO~ npH411HOH pacxO~AeHHA Me*AY pe3yJ1bTaTaM11, nOJly4eHH~MI1 

pa3H~MH MeTOAaMH, a aTOp~ pa60T~ / S/ C411TaOT HenpaBHnbH~~ B~OOp 
npo6 AllR o6~4H~x MeTOAOB aHanl13a. 

C uenb~ nony4eHHR Kani10POB04H~X K03tlK!>H411eHTOB A/1A HeKOTO
p~x 3JleMeHTOB, COCTaBJlR~~HX OCHOBY MHHepanbHoH KOMnOHeHT~ ry6-
4aTOH 4aCTI1 KOCTH, ~ npoaenH 113MepeHHR Me30 peHTreHOBCKOrO 
cneKTpa 06pa3ua, D3RTOrO H3 npOKCHManbHOrO 3nH~H3a 6eApeHHO~ 
KOCTH npaKTI14eCKH 3AOPOBOrO MY*4HH~ 45 neT, H npo aen11 aHanH3 
3Toro o6pa3ua o6~4H~MH MeTOAaMH. 

Ta6n11ua 

CoAeP*aHHe 311eMeHTOB Ha 100 r C~POH KOCTHOH TKaHI1, 
onpeAeJleHHOe ~311KO-XHMI14eCKHMI1 MeTOAaMI1 

N' npo6~ HaTpHH,Mr Kan11~, KanbuHH, MarHI1~, Mr l!>oc~p, r 
Mr r 

,-- 133,-2 8,1 9,1 130,5 4,2 
2 132,7 7,9 9,2 128,5 4,2 
3 134,7 10,3 8,9 127 , 3 4,0 
4 140,3 6,5 8,9 116,7 4, 2 
5 130,0 6,9 9,0 122,3 4,2 
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06pa3el.l KOCH! 6bl11 <!>~KC~poeaH B 2%-HOM HeHTpallbHOM ¢opMa-
11~He, np~roToeneHHOM Ha A~CT~Illl~poeaHHOH eo,Qe. Bee o6pa31.1a -
oKono 150 r. AnnapaTypa AI1R ~3MepeH~R Me3opeHTreHoecKoro 
cneKTpa on~CaHa B !7/, Onpe,QelleH~e OTHOC~TellbHOH ~HTeHC~BHOCT~ 
Me3opeHrreHoecKoro ~311y4eH~R AilR yrnepo,Qa, a3oTa, K~cnopo,Qa, 

HaTP~R, ¢oc¢opa ~ Kallbl.I~R 6bl11a TaKOH >Ke, KaK ~ B pa60TaX 12 • 3 ~ 
Pe3y11bTaTbl np~ee,QeHbl e Ta6n. 2. 

Ta611~1.1a 2 

CpaeHeH~e eecoeoro co,Qep>KaH~R 311eMeHTOB /e%/, 
pi 

~3MepeHHOrO ¢~3~KO-X~M~4eCK~M~ MeTO,QaM~ (~p ) , 
~ i 3KCll. 

~ OTHOC~TellbHOH ~HTeHC~BHOCT~ Me3opeHTreHOBCKO!~ K -cep~~ 
W· 

Tex >Ke 311eMeHTOB ( --1 
)
3 

B CblpOH KOCTHOH TKaH~ 
IWi Ken. 

p w. 
3neMeHT (-~-) I 

(IW. )3Kcn. a IP
1 

3Kcn. 
I 

Na 0, 134+0,004 0,29+0,04 0,46+0,07 
p 4, 16+0,09 2,39"+0, 12 1 ,74+o, 10 
Ca 9,03+"0, 13 10,05"+0,77 0,90"+0,08 
Ca+P 13 .9~0, 07 12,44~0,78 1, 12"~0,07 

a11R X~M~4eCKOrO aHa11~3a 6bl11~ B3RTbl 5 ¢parMeHTOB ~3 pa3Hb1X 
y4aCTKOB o6pa3l.la. MaTep~an B3eew~ean~, BbiCYW~ean~ AO nocTORHHOH 
MaCCbl B Tep~lOCTaTe np~ TeMnepaType 80-100° C, 03011RI1~ B MY¢enb
HOH ne4~ np~ TeMnepaType 700° C e Te4eH~e 7 4acoe. Ka>K,QbiH ¢par
MeHT KOCT~ paCT~pall~ B araTOBOH CTYnKe, ~3 3011bl rOTOB~Il~ HaBec
K~ /no 3 ~3 Ka>K,QOrO ¢parMeHTa/. 3ony paCTBOPRI1J.1 B X.4. C011RHOH 
K~CilOTe, B paCTBOpe Onpe,Qe11RI1H KOHl.leHTpal.l~~ Kallbl.IHR ~ MarH~R 

Ha aTOMHOM a,QCOp6l.I~OMeTpe, HaTp~H ~ Kall~~ - Ha nnaMeHHOM ¢QTO
MeTpe, ¢oc¢op -.Ha cneKTp0¢0TOMeTpe C nOMO~b~ MOI1~6,QaTa aMMO
HHR. Pacc4HTbiBa11H eecosoe co,Qep>KaHHe 311eMeHTOB Ha 100 r co1poi1 
TKaHH. Pe3y11bTaTbl np~ee,QeHbl e Ta6n. 1. Pe3YI1bTaTbl AI1R Tex me 
OileMeHTOB, ,QaHHble ,QilR KOTOPbiX nony4eHbl Me3opeHTreHOBCKOH Me
TO,QHKOH, npHBe,QeHbl B Ta6n.2 B B~,Qe Cpe,QHHX no nRT~ ¢parMeHTaM 
3Ha4eHHH /OWH6Ka - cpe,QHeKBa,QpaT~4HaR/. 

113 Ta6n. 2 cne,QyeT, 4TO ,QaHHble no HaTp~~ ~ ¢oc¢opy, 
nony4eHHble pa3HbiMH MeTO,QaM~, np~MepHO B,QBOe pacXO,QRTCR, a no 
Kallbl.IH~ - B npe,QellaX CTaT~CTH4eCKO~ norpeWHOCT~ Me3opeHTre
HOBCKOH MeTOA~KH cosna,Qa~T. Ecn~ s Ka4ecTBe xapaKTep~cT~K~ 
CO,Qep>KaH~R M~HepanbHOH KOMnOHeHTbl KOCTHOH TKaH~ 5paTb /KaK 
3TO ,Qe11a110Cb B pa6oTe 131J CYMMapHy~ HHTeHC~BHOCTb Me3opeHT
reHOBCKoro ~311y4eHHR ¢oc¢opa ~ Kallbl.I~R, TO s npe,Qenax 6%-Hoi1 
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CTaT~CT~4eCKO~ norpeWHOCTH Me3opeHTreHOBCKOrO MeTO,Qa 3Ta 
Be11H4HHa COBna,QaeT C H3MepeHHbiM ¢~3~KO-X~M~4eCK~M MeTO,QOM 
BeCOBbiM CO,Qep>KaHHeM 3THX OCHOBHbiX 311eMeHTOB KOCTHOH TKaH~. 
B 4eTBepToM cTo1161.1e Ta6n . .2 np~se,QeHbl 3Ha4eHHR nonpaB04HbiX K03¢
¢HLI~eHTOB a,Ha KOTOpble Ha,QO YMHO>K~Tb OTHOC~TellbHY~ HHTeHC~B
HOCTb Me30peHTreHOBCKOrO cneKTpa ,QaHHOro 311eMeHTa, 4T06bl no-
11Y4HTb era secoeoe co,QepmaH~e. 

no11y4eHHble HaMH ,QaHHble, TaK >Ke Ka·K H ,QaHHble ,QilR IlerK~X 

311eMeHTOB/6~CBH,QeTe11bCTBy~T, 4TO C T04HOCTb~ npHMepHO ~7% MHHe
pallbHY~ KOMnOHeHTY KOCTH ~ MRrKHe TKaHH MO>KHO C T04K~ 3peHHR 
aTOMHOrO 3aXsaTa paccMaTpHBaTb KaK KOMnOHeHTbl MeXaH~4eCKOH CMeCH. 

0THOC~Te11bHble ~HTeHCHBHOCT~ Me3opeHTreHOBCKHX cneKTpOB AI1R 
nerK~x 311eMeHTOB /yrnepo,Qa /39,5+1,0/%, a3oTa /1,7+0,2/% 
~ K~CilOpO,Qa /46, 1~1,0%/, a TaK>Ke-OTHOWeH~e HHTeHC~BHOCT~ Me3o
peHTreHOBCKHX cneKTpOB Kallbl.I~R H ¢oc¢opa B npe,QellaX CTaT~CT~-
4eCKHX norpewHocTei1 cosna,QaiOT c ~3MePeHHbiMH paHee AilR ry64a
Toi1 4aCTH nRT04HOH KOCT~ 4e110BeKa /3/, 

nony4eHHble HaM~ ,QaHHble Cile,QyeT paCCMaTp~BaTb KaK npe,QBap~

TellbHble, ~ s ,Qa11bHei1weM l.lenecoo5pa3HO nposecT~ cne1.1Ha11 bHble 
HCCile,QOBaH~R 311eMeHTHOro COCTaBa KOCTHOH TKaHH ABYMR MeTO,QaM~ 

C Y4eTOM OC06eHHOCTeH ee CTpOeHHR, MeXaHH4eCK~X CBOHCTB ~ 
¢yHKl.IHOHa11bHOrO COCTORHHR. npe,QCTaBilReTCR TaK>Ke ~HTepeCHbiM 
nposecT~ cpaBH~TellbHble H3MepeHHR Ha KpHCTa1111ax r~,QpOOKCHana

T~Ta H HeKOTOPbiX aMop¢HbiX COe,QHHeHHRX $oc¢opa ~ Kallbl.I~R. 
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