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Ilpo6neMa onpeAenemu1 :meMeHTHOro coCTaBa B .MaTepHanax 

6HOJIOfH'leCKOro npOHCXO)l(AeHml npHo6peTaeT C roAaMH BCe 60JibUIYIO 

3Ha'IHMOCTb BO MHOfllX OTpacm1x HayKH ll TeXHHKH,B '!aCTHOCTll B MeAHQHHe ll 

BeTepHHapllll [1], B 6HOJIOrHH, ceJibCKOM X03lIHCTBe ll nm1~eBOH 

npOMblUIJieHHOCTH [2,3]. B 3THX QeJilIX HCnOJib3YIOTCll KaK XllMH'leCKHe, TaK ll 

<pll3H'leCKHe MeTOAbl. CpeAH <pll3H'leCKHX MeTOAOB AOBOJibHO UIHpOKOe 

pacnpocTpatteHHe B pa3JIH'IHbJX na6opaTOpHlIX nony'IHJIH MeTOAHKH PIXE H 

RBS, KOTOpbie npOAOJI)l(aIOT COBepweHCTBOBaTbCll B HanpaBJieHHll nOBbJUieHHll 

4YBCTBHTeJibHOCTH, 3KCnpeCCHOCTll ll paCUIHpeHHll AHana30Ha o6Hapy,KHBaeMblX 

3JieMeHTOB [4]. qyBCTBHTeJibHOCTb 3THX MeTOAOB npH o6Hapy)l(eHHll TSl)l(eJiblX 

3JieMeHTOB B 6HOJIOrH'!eCKHX o6beKTax y)l(e cefiqac AOCTHraeT ppm, a npll 

cneQHaJibHOH nOAfOTOBKe o6pa3QOB MO)l(eT AOCTHraTb Aa,Ke ypoBHll ppb. TorAa 

AJill aHaJIH3a AOCTaTO'IHO llMeTb MaJiblH o6beM llCCJieAyeMoro BelQeCTBa HJIH 

He3Ha'IHTeJibHYIO qaCTb opraHa )l(llBOTHOro. 

HaH6onee ycneUIHO 3TH MeTOAHKll HCnOJib3YIOTCll AJill onpeAeJieHHll 

3arpll3HeHHll OKpy,KaIOlQett cpeAbl Tll)l(eJiblMll MeTaJIJiaMH, a TaK,Ke AJill 

HCCJieAOBaHHll 6HoreHHblX CBOHCTB HeKOTOpblX MHHepaJibHbIX 3JieMeHTOB H llX 

BJIHlIHllll Ha MeTa60JIH'leCKHe npo1..1ecCbl, npOHCXOAlllQHe B )l(HBblX opraHH3Max. 

IlpH HCCJieAOBaHHll 6HOTll'IHbIX <pyHKQllH XllMH'leCKHX 3JieMeHTOB B )l(llBblX 

opraHH3Max HCnOJib30BaHHe 3THX MeTOAOB n03BOJilleT JIOKaJIH30BaTb HX B 

OTAeJibHbIX opraHax,. BhrnCHHTh MexaHH3MbI, HCnOJIHHTeJibHbJe cpyHKQHH, a 

TaK,Ke onpeAeJIHTb HX BJilllIHlle Ha AHHaMHKY MeTa60JIH'leCKHX nepeMeH. 

Ba)l(HbIM npeHMylQeCTBOM MeTOAOB PIXE H RBS lIBJilleTCll TaK,Ke 

B03MO)l(HOCTb npHMeHeHHll o6pa3QOB 6e3 HX nepBll'IHOH o6pa6oTKll. ' 3To 

cylQeCTBeHHO CHH)l(aeT ypoBeHb OUIH60K, KOTOpbIX, KaK. npaBHJIO, HeB03MO)l(HO 

ll36e,KaTb, HCnOJib3Yll 06bI'IHbie aHaJIHTH'leCKHe npo1..1eAypbl. HaCTOlllllall pa6oTa 

npeACTaBJilleT pe3yJihTaTbI HccneAOBaHHH MeTOAaMH PIXE H RBS 3JieMeHTHOro 

COCTaBa MOJIOKa, lIBJilIIOILlerocll Ba,KHOH COCTaBHOH 'laCTblO nHTaHHll '!eJioBeKa. 

HaH60JibllIHH llHTepec npeACTaBJilIJIO onpeAeJieHHe KOHQeHTpaQHll 

MHKponpHMeceit TJI)l(eJiblX 3JieMeHTOB o6ycJIOBJieHHbIX 3arpll3HeHHeM 

OKpy)l(a!OlQeH cpeAbl. B pa6oTe TaK)l(e HCCJieAOBaJICll 3JieMeHTHblH COCTaP 

M03roBoro BemecTBa AOMaUIHHX )l(HBOTHbIX (co6aKH, KOpOBbl) ll KpbIC. 61,m 
BhllIBJieH QeJiblH PlIA 3JieMeHTOB, cpeAH KOTOpblX HaXOAHJIHCb ll 3JieMeHTbl, 

06JiaAa10IL1He 6HoreHHblMll BOHCTBaMH, TaKHe KaK Br, Rb, Sr. KaK ll3BeCTHO [4], 
3TH 3JieMeHTbl AOBOJibHO CJIO)l(HO o6Hapy)l(HTb TpaAHQHOHHbIMll XllMH'leCKHMll 

MeTOAaMH, a Ha3BaHHbie MeTOAHKll o6ecne'IHJIH Heo6XOAHMYIO 

'IYBCTBHTeJibHOCTb H ceJieKTllBHOCTb. 



3Kcnep111MeHT8flbH8H TeXHIIIKa 

B ,naHHOH cepttll 3KCITepttMeHTOB ITpe,nMeTOM IICCJie,noBaHIIll llBJillJIIICb 

6ttonorttqecKHe o6'beKTbl - M03roBoe BeI11eCTBO 17 KpbIC, 6 KOpOB II 6 co6aK. 

KpbICbl ITOPO.Llbl Wistar pa3BO,LIIIJIIICb B na6opaTOpllllX nptt 

ceJibCKOX03llHCTBeHHOH aKa,LleMIIII B r.JI106JI1IHe. He IIMeBIIJHe nopO,Llbl co6aKH 

6bIJIII ,noCTaBJieHbl II3 pa3Hb1X pattOHOB r.JI106JI1IHa. KopOBbl, M03roBoe 

BeI11eCTBO KOTOpbIX 6bIJIO IICITOJib30BaHO B OITbITax, ITpe,nHa3HaqaJIHCb ,L\Jlll 3a6ol! 

Ha MllCOKOM6HHaTe. I-fa M03rOBOH Macchi KOpOB II co6aK IICITOJib30BaJIIICb B 

3KCITepttMeHTax oITpe,neneHHbie qacTtt M03ra, a ttMeHHO striatum, hippokamp II 

nigra, a M03rOBall Macca KpbIC IICITOJib30BaJiaCb L(eJIIIKOM. 

)].m, IICCJie,noBaHHH IICITOJlb30BaJIOCb TaK)Ke MOJIOKO, npttBe3eHHOe c 

MOJIOqHbIX KOM6ttHaToB r.JII06JIHHa (8 o6pa31.(0B) II C KOM6ttHaTOB , 

HaXO.Ll»llllIXC» B paiioHax C MaJIOH CTeneHblO yp6aHH3al.(IIII (10 o6pa31.(0B). 

Ilpol.(e,nypa ITQ,L\rDTOBKII o6pa31.(0B BKJIIOqana ITpOL(ecc JIIIOQJIIJIII3al.(IIII 

(ttcITapeHtte ITPH HH3KOH TeMITepaType), ITepeMeWttBaHtte co crreKTpaJibHO 

qlICTbIM rpa<jlHTOM B OTHOWeHHII I :2 tt ITpeccoBaHHe B Ta6neTKII. 

3neMeHTHblH aHaJIII3 C ITOMOlllplO MeTO,L\IIK PIXE II RBS npOBO,L\IIJICll Ha . 

ycKopttTene TttITa BaH-,ne-rpaaqia JIH<I> OH5IH. HcITOJib3oBancH ITyqoK 

npoTOHOB C 3Heprneii 2,5 M3B II IIHTeHCIIBHOCTblO OKOJIO IO HA rpaQ)IITOBbIH 

KOJIJIIIMaTop orpaHHqlIBaJI ,L\llaMerp ITyqKa ,no 2 MM. Hccne,nyeMble o6pa31.(bl 

ITOMelllaJIIICb B BaKKYMHOH KaMepe Ha CITel.(llaJibHOM ,nep)KaTeJie. Yron HaKJIOHa 

o6pa31.(0B ITO OTHOWeHIIlO K OCH ITyqKa COCTaBJillJI 45°. Ilpll perttCTpal.(IIII 

crreKTpOB PIXE II RBS KOJIIIqeCTBO ITpOTOHOB, yqacTByIOI111IX B peaKL(llllX, 

OITpe,neJIHJIOCb II3MepeHHeM 3apH,na, ITepeHeCeHHoro ITyqKoM npOTOHOB Ha 

o6pa3el.( 3a BpeMll 3KCIT03HL(IIII. )].ep)KaTeJib C o6pa31.(aMH HaXO,L\IIJICll B 

rpaQ)IITOBOM L(IIJIIIH,Llpe, Ha KOTOpblH ITO,naBaJICll ITOTeHL(llaJI -400 B ,[\Jlll 

orpaHttqeHII51 TOKa BTOpllqHb!X 3JieKTpOHOB. HH,nyl.(HpOBaHHOe B o6pa31.(e 

BCJie,LICTBIIe 6oM6ap,nttpOBKII ITpOTOHaMII peHTreHOBCKOe II3JiyqeHtte BblXO,L\IIJIO 

II3 KaMepbl qepe3 MeTaJIJIII31IPOBaHHOe MaiinapoBoe OKHO TOJIUIIIHOH IO MKM II 

ITOITa,nano B .nereKTOp qepe3 6epmurnesoe oKHo TOJIUIIIHOH 26,3 MKM. H3MepeHtte 

xapaKTepHCTHqecKoro peHTreHOBCKOro II3JiyqeHHll ITpOBO,LIIIJIOCb C ITOMOlllblO 

Si(Li)-,nereKTOpa, ITOMellleHHOro ITO.LI yrnoM 90° ITO OTHOWeHHlO K OCH ITyqKa 

ITPOTOHOB. Ero pa3pewaIOI11all CITOC06HOCTb COCTaBJil!Jia OKOJIO 200 3B ,L\Jlll 

3Heprttll 6,4 K3B. CITeKTp YITPYrD paccel!HHbIX ITpOTOHOB perttCTpllpOBaJICll C 

ITOMOlllblO ITOBepXHOCTHo-6apbepHoro ,nereKTopa C pa3peweHHeM OKOJIO 20 K3B, 

pacnoJIO)KeHHOrO no,n yrJIOM 135° ITO OTHOWHIIIO K nyqKy. 

B KaqecTBe ITpttMepa Ha p11c.l IToKa3aH cITeKTp xapaKTepttcTttqecKoro 

peHTreHOBCKOro II3JiyqeHHll, B036y)K,LlaeMoro npOTOHaMII C 3Heprtteii 2,5 M3B B 

o6pa31.(e MOJIOKa. Ilo,no6Hble CITeKTpbl ITOJiyqeHbl ,L\Jlll OCTaJibHbIX o6pa31.(0B 

MOJIOKa II M03rOBbIX Macc.OHII ,!laJIII B03MO:lKHOCTb orrpe,11enIITb :meMeHTHblil COCTaB 

IICCJie,noBaHHblX o6pa31.(0B C BblCOKOH TOqHOCTblO. O,nHaKO MeTO,L\OM PIXE 
MOrJIII 6bITb o6Hapy)KeHbl II ToqHo tt,neHTIIQllll.(llpOBaHbl 3JieMeHTbl 6onee 

Tll)KeJibie, qeM KpeMHIIH. Ha YKaJaHHOM p11cyHKe BII,L\Hbl JIIIHIIII K-cepllll ,L\Jlll 9 
3JieMeHTOB OT qioc<jlopa ,no CTpOHL(llll. IlJIOI11a.L11I ITIIKOB 6bIJIII rronyqeHbl nptt 

o6pa6oTKe crreKTpOB peHTreHOBCKOro II3JiyqeHIIll C ITOMOlllblO KOMITblOTepHOH 

ITporpaMMbl, KOTOpall _ anrrpOKCIIMIIpOBana 3KCITepttMeHTaJibHble ITIIKII 

rayccOBCKIIM pacrrpe,neneHtteM, BbJqHTana QJOH II o6ecneqttsana ToqHoe 

orrpe.neneHtte 3Heprttll COOTBeTCTBYIOlllett CITeKTpaJibHOH JIIIHIIII, 4eM 

.LIOCTHranacb 0,LIH03HaqHall 1I,L1eHTIIQl1IKal.(1Ill COOTBeTCTBYIOI11ero 3JleMeHTa. 
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3TH 113MepeHHa npecne,!J.OBanH ,!I.Be uenH: BO-nepBbIX, n03BOnHnH onpenenHTb C 

,!J.OCTaTO'lHO BbICOKOH TO'lHOCTbIO OCHOBHOH cocTaB :rneMeHTOB 

(npettMyll{eCTBeHHO nerKHX). Bo-BTOpbIX, Te H3 cpe,!1.HHX (no Macce) H TH)KenbIX 

:rneMeHTOB, KOHl..{eHTpal..{HH KOTOpblX OKa3bIBanacb ,!J.OCTaTO'lHO BblCOKOH, 'IT06bl 

HX y.D.aBanocb o6Hapy)KHTb MeTO,!J.OM RBS, ttcnonb30BanHCb B Ka'!ecrne 

BHyTpeHHHX CTaH,!1.apTOB npH Bbl'lHCneHHH npenenbHO ManblX KOHl..{eHTpal..{HH 

:rneMeHTOB, onpenenaeMblX TOnbKO MeTO,!J.OM PIXE. ,Una o6pa31..{a MonoKa Ns112 

TaKHM BHyrpeHHHM CTaH,!1.apTOM aBnaerca KaJibl..{HH. KaK BH,!J.HO Ha pttcyttKe, 

3KcnepttMeHTanbHbie cneKTpbl C BblCOKOH TO'lHOCTbIO OnHCbIBaIOTCa pacLieTOM B 

paMKax MO.D.entt, npennonara10meH paBHOMepHoe pacnpeneneHHe JneMeHTOB no 

rny6ttHe. 

,Una Hccne,!l.oBaHHH o6paTHOro pacceamrn npOTOHOB HCnonb30Banca 

noBepXHOCTH0-6apbepHbIH ,!J.eTeKTOp, noMell{eHHblH no,!J. yrnoM 135° no 

OTHOWeHHIO KOCH ny'!Ka npOTOHOB. Ha pHC. 2 noKa3aHbl 3KCnepHMeHTanbHblH H 

pactieTHbIH cneKrpbl o6paTHO pacceaHHblX npoTOHOB. Pac'!eT BbinOnHeH ,!J.Jla 

MO,!J.entt, cocToameH H3 nerKHx JneMeHTOB: C, N, 0, Ca. KottueHTpau1-rn Kanbl..{Ha 

XOTa H COCTaBnaeT 'lYTb 60JibWe I aTOMHOro npoueHTa, HO onpe,!1.enaeTca C 

OTHOCHTenbHOH TO'lHOCTbIO He 6onee I 0%, 4TO no3BOnaeT HCnOnb30BaTb ee B 

Ka'!eCTBe BHyTpeHHero CTaH,!1.apTa ,!J.nH cneKTpOB PIXE npH Bbl4HCneHHH 

KOHL1eHTpaL1HH MHKp03JieMeHTOB. 

Pe3yilbTaTbl 3JleMeHTHOfO aHam13a 

Bcero B pe3ynbTaTe aHanHJa 18 o6pa31..{0B MonoKa H M03ra 6b1no 

o6Hapy)KeHO H H,!1.eHTH!pHL1HpOBaHo 20 JneMeHTOB. B rn6n. I npe,!1.CTaBneHbl 

aTOMHble KOHl..{eHTpal..{HH TOH rpynnbl 3JieMeHTOB, KOTOpble o6Hapy)KeHbl B 

6onbWHHCTBe o6pa31..{0B. ITptt'leM OTCYTCTBHe B0,!1.0p0,!1.a B 3TOH rpynne 

o6bHCHHeTCa TeM, '!TO 3TOT 3neMeHT He MO)KeT 6bITb o6Hapy)KeH HH O,!J.HHM 

H3 yKa3aHHblX MeTO,l(OB. 3To o6CTOaTenbCTBO, a TaK)Ke npe,!1.BapHTenbHaa 

o6pa60TKa opraHH'leCKHX o6pa31..{0B - nHO<pHnH3al..{Ha- cymecTBeHHO nOBblCHnH 

KOHl..{eHrpal..{HIO cpe,!1.HHX H Ta)KeJiblX JneMeHTOB . , 

Ta6nttua I. KOHL1eHrpaL1HH JneMeHTOB B o6pa31..{ax MOnoKa (B aTOMHbIX 

npoueHrax) 

N2 C N 0 p Cl K Ca Fe Cu Zn Br Rb 
1 41,9 22,9 32,5 0,33 0,16 0.66 1,48 0,033 0.008 0.037 0,012 
2 55,6 15,2 27,5 0,14 0,14 0.48 0.90 0,024 0,015 0,23 0,006 
3 34,6 25,4 37,1 0,49 0.49 0,65 1,30 0,042 0,003 0,13 0,006 
4 47,5 15,9 34,5 0,12 0,25 0,56 1,19 0,012 0,005 0,028 0,005 0,003 
5 47,0 18,6 27,5 0,24 0,34 0,36 0.72 0,009 0,011 0,013 0,005 
6 46,2 21,0 30,8 0,34 0,12 0,40 1,08 0,011 0,015 0,005 0,007 
7 55,0 11,9 31,1 0,12 0,55 1,32 0,002 0,014 0,024 0,002 0,008 
8 61.8 12,9 23,3 0,12 0,12 0.48 1,33 0,003 0,006 0.D18 0,006 0,008 
9 58,3 17.4 22,3 0,12 0,12 0,47 1,28 0,022 0,017 0,024 0,003 0,005 
10 50,2 22,5 25,3 0,13 0,13 0.44 1,2 0,014 0,042 0,017 0,003 0,004 
11 52,9 21,3 24,0 · 0,12 0,12 0,42 1,14 0,003 0,004 0,015 0.003 0,004 
12 53,1 18,5 26,4 0,13 0,13 0.46 1,25 0,016 0,018 0.006 0,006 
13 58,3 17,2 24,5 0,12 0.12 0.43 1,16 0,005 0.002 0,017 0.006 0,006 
14 51,2 21,4 25,2 0,38 0,12 0.44 1,19 0,003 0,003 0,015 0,005 0,009 
15 47,5 23,2 27.4 0,14 0,54 1,23 0,005 0,003 0,015 0,004 0,008 
16 62,5 18.4 25,5 0,38 0.12 0,50 1,13 0,003 0,009 0,017 0,006 0,008 
17 56,1 18.7 23,6 0,12 0.41 1,11 0,003 0,014 0,003 0,002 
18 56,0 18,6 23,4 0,12 0.12 0.46 1,16 0,019 0,014 0.004 0,008 

4 
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TaKHM o6pa30M, nonyLieHHble pe3yJibTaTbl MoryT 6bITb OTHeCeHbl K 

HCXO,!J.HblM 06beKTaM uccne,!l.oBaHHH, MOJIOKY H M03ry, C HeKOTOpOH nonpaBKOH 

Ha a6conIOTHOe 3Ha'leHHe KOHl..{eHrpal..{HH. OTHOCHTenbHble JKe 3Ha4eHHa 

KOHl..{eHrpal..{HH, KaK 6y.ueT noKa3aHO HHlKe, onpe,!1.eJieHbl c ,l(OCTaTO'lHO BblCOKOH 

TO'lHOCTblO. ,Una TOH JKe rpynnbl 3JieMeHTOB B Ta6JIHl..{e 2 npuBe,l(eH a6comOTHblH 

H OTHOCHTenbHbIH pa36poc KOHl..{eHrpal..{HH B 18 0,!J.HOTHnHblX o6pa31..{aX 

(MOJIOKO). 

Ta6nttua 2. Ycpe,!1.HeHHbie KOHl..{eHrpal..{HHJJieMeHTOB B MOJIOKe H HX pa36poc 

3neMeHT Cpe~Hllll KOHQeHro. PaJ6ooc a6comoTHbIH PaJ6ooc OTHOCHT.% 

C 52,3 6,9 13,4 
N 18,6 4,0 22,5 
0 27,3 4,1 15,4 
p 0,26 0,12 61,3 
Cl 0,19 0,06 41,0 
K 0,48- 0,08 16,7 
Ca 1,18 0.16 14,1 
Fe 0,0245 0,0526 220,7 
Cu 0,0089 0,0092 105,5 
Zn 0,0187 0,006 33,2 
Br 0,005 0,0024 75,8 
Rb 0.0062 0,002 34,6 
Sr 0,0031 0,018 67,5 

Pa36poc B 15-20% ,!J.Jia 60JibWHHCTBa :)JleMeHTOB, ITO-BH,!l.HMOMY, B 

OCHOBHOM xapaKTepH3yeT OTHOCHTeJibHYIO TO'lHOCTb HCITOJib3yeMblX MeTO,l(HK. 

PeanbHbIH pa36poc co.ueplKaHHa :meMeHTOB, KOHe'!HO, HeCKOJibKO 3aBbIWaeT 

01..{eHKY TO'IHOCTH. ,UJia Tex JKe 3JieMeHTOB, ,l(Jia KOTOpbIX pa36poc cocTaBJiaeT 

,!J.eCaTKH 11 COTHH npoueHTOB , o6baCHeHHe CJie,!J.yeT HCKaTb BO BnHaHHH BHeWHHX 

ycJIOBHH. ITpoMelKyTO'!Hoe nonoJKeH11e 3aH11MaIOT :rneMeHTbI Sr, Rb 11 Br, T.e. 

TaKHe JneMeHTbl, KOTOpbie CJIOlKHO onpe,!1.eJIHTb MeTO,!J.OM KJiaCCH4eCKoro 

attaJIH3a, XHMH'leCKOfO 11n11 HHGrpyMeHTaJibHOro, H3-3a MX MHKpOCKOnII'leCKoro 

KOJIH'lecrna. C ITOMOI.QblO MeTO,l(HKll PIXE OHM o6HapylKeHbl ITO'ITH B KalK,!J.OM 

o6pa31..{e MOnOKa, 11 i3apttau11a MX co.ueplKaHHa B 3aBHCHMOCTH OT BHeWHHX 

YCJIOBHH ,!J.OnlKHa CTaTb o6beKTOM .uanbHeHWHX HCCJie,l(OBaHHH. 

Eme o.uHa rpynna :meMeHTOB TaKHX, KaK Pb, As, Ni, Co, Mn, V 11 Ti, 

o6ttapYJKeHa TOJibKO B HeKOTOpbIX 06pa3uax. TaK, Pb o6HapylKeH B 6 o6pa31..{aX, 

Ni - B 5, Mn - B 4, V 11 Ti - B 3, As - B 2, 11 Co - B I o6pa31..{e MOJIOKa (cM. ra6rr. 3). · 
IlpH 3TOM c~ecTBeHHO, 'ITO YKa3aHHbie 3JieMeHTbI, 60JibllIHHCTBO H3 K0T0pb!X. 

BXO,l(aT B rpynny THlKeJibIX MeTaJIJI0B, HaH,l(eHbl BO Bcex o6pa31..{aX MOnoKa, 

,!J.OCTaaneHH0ro 113 MCCTH0CTH, Haxo.uameHca Ha pacc-roaHHH OKOno 2-x 

KHJIOMerp0B OT pacn0JIOlKeHH0ro TaM MeTaJIJiyprH'leCKoro KOM611HaTa, 11 

TOJibK0 B 0,l(H0M o6pa31..{e (H3 10 HCCJie,!l.OBaHHbIX) M0JI0Ka, ,!l.0CTaBJieHH0ro 113 

paHOHOB C ManoH CTeneHblO yp6aHH3al..{HH. 3TOT pe3yJibTaT aBJiaeTCH npaMbIM 

no.urnepJK,!1.eHHeM BJIHaHHa o6beKTOB TCXHII'lCCKOfO nporpecca Ha 

JneMCHTHblH C0CTaB npo.uyKT0B ITHTaHHa. 
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Ta6Jim-1a 3. Kom-1eHTJ)aQHH pe,n;KO BCTpe'la!Oll.lHXCH B M0JI0Ke 3JieMeHT0B, 

aTOMHbie% 

O6pa:m-1 Pb As Ni Co Mn V Ti 
1 0,0044 0,0082 
2 0 0046 0 0122 0,0101 
3 0,0019 0 0034 
4 0,0005 0 004 
5 0 0004 
6 0 0002 00024 0,0044 0,0048 
7 0,0002 0,0024 0 0044 0,0048 
8 0,0002 0 0024 0,0044 0,0048 
9 0,0008 0,0111 

AHaJIOfH'IHbie pe3yJibTaTbl noJiy'leHbl H3 aHaJil13a 3JieMeHTHoro C0CTaBa 

M03f0Bb!X KJieT0K .n;oMaWHl1X JKHB0THbIX. Ta6JIHQa 4 ,n;aeT cpe.n;HIOIO 

113MepeHHYIO K0HQeHTJ)al.111!0 HeCK0JibKl1X 3JieMeHT0B, 11X a6cOJIIOTHOe 11 

0TH0CHTeJibH0e cpe,n;HeKBa,D;paTH'IH0e 0TKJI0HeHHe MH 17 o6pa3QOB M03fOB0ro 

Bell.leCTBa KpbIC, 6 o6pa3QOB M03fOB0ro Bell.leCTBa K0p0B 11 6 o6pa3QOB 

M03roaoro Bell.leCTaa co6aK. 

Ta6JIHQa 4. Cp"e,n;HHH K0HQeHTJ)aQHH HeK0T0pblX 3JieMeHT0B, noCT0HHH0 

npttcyTCTBY!Oll.111X B C0CTaBe o6pa3QOB M03ra JKHB0THblX 

KPblCbl co6aKH KOPOBbl 

KOHi-i. pll36p. % KOHi-i. pa36p. % KOHi-i. oa36p. % 
K 1,31 0,30 23,8 1,30 0,09 7,8 1,33 0,05 3,8 
Ca 0,52 0,24 47,1 0,47 0,26 60,0 0,18 0,22 130,6 
Fe 0,047 0,016 36,1 0,028 0,005 17,5 0,045 0,005 11,l 
Cu 0,0078 0,0032 45,4 0,0093 0,0072 85,3 0,0075 0,0056 81,2 
Zn 0,0208 0,0029 14,4 0,0183 0,0062 36,9 0,0179 0,0058 35,6 
Br 0,0059 0,0011 20,7 0,0018 0,0003 20,6 0,0020 0,0007 42,2 
Rb 0,0044 0,0009 22,3 0,0052 0,0022 47,4 0,0043 0,0011 26,7 
Sr 0,0033 0,0027 84,7 0,0003 0,0001 42,2 0,0002 0,00005 21,9 

B Ta6JIHLIY He BKJIIO'leHhI pe3yJihTaThI onpe,n;eJieHHH C, 0, 11 N, H3 

K0TOpbIX, B 0CH0BH0M, C0CT0HT M03roaaH Macca (98%), TaK KaK 11X co,n;epJKaH11e 

JierKo . onpe,n;eJil1Tb TJ)a,D;11LIH0HHblMH MeT0,n;aMl1. Bo acex o6pa3QaX M03ra 

Haxo,n;11JIHCb Rb, Sr, H Br. lbaeCTHo, '!TO 3Ta rpynna JJieMeHT0B oKaJbIBaeT 

BaJKH0e 6HOJIOfH4eCKOe B03,D;eHCTBl1e Ha onpe,n;eJieHHbie CHCTeMbl JKl1Bb!X 

opraHl13M0B. 

TaK, Br 0KaJbIBaeT B03.!lettCTBHe Ha HepBHYIO c11CTeMy, Rb HMee'r 

BJIHHH11e Ha 3JieKTJ)0Jil1Tl14eCKl1e Cl1CTeMbl, a Sr np11Hl1MaeT y'laCTHe B MexaHH3Me 

3aTBep,n;eBaHl1H KOCTeH. 3TH 3JieMeHTbl, o6HapyJKeHHbie B 11CCJie,D;0BaHHblX 

o6pa3Qax, no,n;TBepJK,D;alOT TOT cpaKT, '!TO OHl1 npHC)'TCTBYIOT a JII06b!X JKl1BblX 

opraHH3Max. Ho C ,n;pyrott CT0p0HbI, 11 3T0 6oJiee BaJKH0, Ta6JI11Qa 4 ,n;aeT 

npe,n;CTaBJieHHe 06 0TH0CHTeJibHbIX H a6COJIIOTHblX ( C Y'leT0M YKaJaHHblX Bb!We 

3aMe4aH11H) K0HQeH'TpaQfrnX 3THX 3JieMeHT0B. 

B o6pa3Qax M03ro~OH MaCCbl KpblC 11 co6aK o6HapyJKeH Se (Ta6. 5), 

KOTOpb!H ,n;aJKe B M11Kp0CK0fll14eCK0M K0Jll14eCTBe YBeJil1411BaeT 

conp0Tl1BJilleM0CTb opraHl13Ma 3apa3HblM 3a60JieBaHHllM H M0JKeT 3all.lHll.laTb 

ero OT 3JI0Ka4eCTBeHHblX 3a6oJieBaHHH H nopaJKeHHll H0HH3HPY!Oll.lHM 

H3Jiy4eHHeM. YJKe 6blJIO yCTaH0BJieH0 paHee, 'IT0 Se np11cyTCTBYeT n0BCIO.!lY B 
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611011or114ecKOM MaTepHaJie, 0,D;HaK0 B MaJJblX K0JJH'leCTBax, nopH.l\Ka Hr/r. 

Bo3MOJKHO, 'IT0 OH HMeeTCll H B M03f0B0M Bell.leCTBe K0p0B, HO B TaKHX 

K0JIH'leCTBax, K0T0pble HaMH He M0fJIH 6b1Tb o6HapyJKeHbl. 

C 6HOJ!OfH4eCKOH T0'IKH 3peHHll HHTepeceH cpaKT HaJll14Hll As no'ITH BO 

ecex o6pa3Qax M03ra KpblC H OTCYTCTBHll ero B M03fOBOH Macce co6aK II K0p0B. 

TToKa TPY.!lH0 ,n;aTb 3T0MY l!BJleHHIO 0,D;H03H34H0e 06bl!CHeH11e - OHO Tpe6yeT 

.n;on0JJHHTeJJbHblX HCCJie.[\OBaHHH. Bo3MOJKHO, '!TO np11cyTCTBlle As B M03re KpblC 

llBJilleTCll pe3yJJbTaT0M cneQHcpH4eCKHX 611011orH'leCKHX CBOHCTB KJJeTO'IHOtt 

CTpyKTYPbl M03ra 3THX JKIIB0THblX. BMeCTe C TeM M0JKH0 npe,n;noJI0JKIITb H 

BJ!HllHHe onpe.[\eJieHHblX ycnoBHH n11TaHHll. 

Ta611111.1a 5. KoHQeHTJ)aQl!ll 3JleMeHT0B, pe,n;K0 BCTpe4a!Oll.lHXCll B o6pa3QaX 

M03ra JKHB0THblX. A-'IHCJJO o6pa3UOB ,n;aHH0f0 nma, a-'IIICJJ0 o6pa3UOB, B 

K0T0pb!X o6HapyJKeH yKa3aHHblH :rneMeHT, Y- cpe.l\Hllll K0HUeHTpaUHll K3JK.[\0f0 

3JleMeHTa B aT0MHblX % 

3neMeHTbl Mn Ni As Se Pb 
A a y a y a y a y a y 

Kob1Cb1 17 5 0,00098 15 0.00044 3 0,00043 
Co6aKH 6 2 0,00038 4 0.00040 
KonoBbl 6 1 0,00062 2 0,00115 

THnH'IHblM npHMepoM BJllll!HHll UIIBIIJIH3aUllOHHblX 3arpll3Hem1i1 Ha 

opraHH3Mbl JKHB0THblX llBJllllOTCll pe3yJJbT3Tbl IICCJJe.[\OB3Hlli1 · C0.l\epJKaHllll 

CBHHUa, KOTOpblH, KaK 113BeCTH0, np0HIIKal! B 60JJbWl1X .[\03aX. M0JKeT 

cyll.leCTBeHH0 noepe.[\HTb KJieT0'IHYIO CTpyKTYPY M03ra. 3TOT :rneMel!T Hatt.[\eH B 

4 cny'lal!X 113 6 HCCJJe.[\0BaHHblX o6pa3UOB M03ra co6aK. 3n1 JKIIB0TllbJe JKIIJJIJ B 

rop0.l\CKHX ycJI0BHllX, B.l\bIXall B03.l\YX, 3arpl!3HeHHbli1 BblXJ!0flHblMII ra3aMII 

aBTOM061111eii, C0.[\epJKall.111MH CBHHeu. HccJJe.[\OBaHllll o6pa3UOB KpblC II I.;opoe 

He noKa3aJJH npHCYTCTBHe CBIIHUa B HX M03roeoi1 Macce, TaK KaK 3TII JKIIB0THble 

HaX0.[\HJJHCb B oonee 3KOJI0fH4eCKH 411CTblX YCJJ0BllllX. TaKIIM o6pa30M, 

npoBe.[\eHHble HCCJJe.[\0BaHHll noKa3aJJH B0JM0JKH0CTb IICCJJe.[\0BaHl!ll KaK 

0CH0BH0ro C0CTaBa, TaK H MHKpo:rneMeHT0B B 611011on14ecK1tX o6beKTax C 

noM0ll.lb!O MeT0.l\HK PIXE H RBS. TTpH'leM MeT0.l\llKa PIXE 0K,nanacb 

.l\0CTaT0'IH0 4YBCTBHTeJJbHOH .[\Jill o6HapyJKeHllll BJ!lll!Hllll o6bCKTOB 

TeXHH'leCKOH QHBHJll13aQHH Ha np0.l\YKTbl mJTaHllll II M03f JKIIB0THblX. 

Pa6oTa 'laCTH'IH0 no.L\.[\epJKaHa KoMHTeTOM no Hay'IHblM IICCJlC.l\0BalllrnM 

Pecny6nHKH TTonbWH, K0HTpaKT N1 3P40703205. 
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