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IT nos T.[H. u mp. 18-2017-61
AH 5u3 colepX HUS MBIIIBIK U PTYTH B yenoBeueckux ocT HK X XVI-XVII BB. u3
Hekponoseil Mockosckoro Kpemiiss METOIOM HEUTPOHHOIO KTUB LIMOHHOIO H JIU3

H ycr HoBke UPEH u pe krope UBP-2 JIH® OUAU

B JTH® OUSIHU npoBesieH HEUTPOHHBIA KTHB LUOHHBIA H 3 (HAA) Tpex o6p 310B
yenoBeveckux oct HKoB X VI-XVII BB. u3 Hekpononeir Mockosckoro Kpemisi. O6p 31p1
oOJIyueHbl H JIBYX YCT HOBK X — MCTOYHMKE Pe30H HCHbIX HelTpoHoB UPEH u pe x-
tope MBP-2. CrieKTphbl H BEICHHOH KTHBHOCTH OOJIyYEHHBIX 0Op 310B ObLIM W3MEpEHBI
C IOMOLIBIO BTOM THYECKOH cucTeMbl u3MepeHuii, co3n HHoi B JIH® OUAU u cocro-
quieil U3 BBICOKOUMCTOIO IepM HMEBOIO JETEKTOP CO CIEKTPOMETPHYECKOH 3JIEKTPOHH-
KOH, yCTPOMCTB CMeHBI 00p 3LI0B U YIp BISIOLIEro Mporp MMHOro obecnedenus. M c-
COBBIE JOJIM MBIIIBIK , PTYTH M HEKOTOPBIX JPYTMX 3/1€MEHTOB ObUIM OIIpEleNICHbl OT-
HOCUTENbHBIM U OcomoTHbIM MeTon Mu HAA. TlonyvyeHHble 3H YeHMS MOATBEPIHUIH
¢ KT ocTporo oTp BieHMs PTYTbIO HEpBOil keHbl I pa B H B cunbeBuy I'po3Horo —
I puubl AH cT cun Pom HoBHBL. [loBBILIIEHHOE comepX HHME PTYTH BBISIBIEHO B KOCT-
HBIX OCT HK X cblH I pad MIB H B cunbesnu I'posHoro — 1 pepudy M 1 HB HOBUY
u ka3 M. B. Ckormun -Lllyiickoro. ITonydennsie pe3yabT ThI I 0T BO3MOXHOCTh BBECTH
B H Y4YHBIIl 00OpPOT TOUHbIE 3H YEHMs COLAEPX HUS PTYTU, MBILIBSIK U JAPYTUX 3JIEMEHTOB
B 00p 31l X U3 3 XOPOHEHUI PYCCKUX UCTOPUYECKUX JTMYHOCTEH BTOPOIA 1moaoBUHbI X VI —
H 41 XVIIBss.

P 6ot BhmomHen BJI Gop Topum HeiTpoHHOU (pusuku um. 1. M. @p vk OMSIH.

IMpenpunt O6GbeIUHEHHOTO UHCTUTYT SAEPHBIX HcciefnoB Huil. Jy6H , 2017

Panova T.D. et al. D18-2017-61
Qualitative and Quantitative Analysis of Arsenic and Mercury in Human Remains
of the XVI-XVII Centuries from the Moscow Kremlin Necropolises by Neutron
Activation Analysis at the IREN Facility and the IBR-2 Reactor of FLNP JINR

The neutron activation analysis (NAA) of three samples of human remains of the
XVI-XVII centuries from the necropolises of the Moscow Kremlin has been carried out
at FLNP JINR. The samples were irradiated at two facilities — at the IREN source of
resonance neutrons and at the IBR-2 reactor. Spectra of induced activity of the irradiated
samples were measured by using the automatic measurement system developed at FLNP
JINR. This system consists of a high-purity germanium detector with spectrometric elec-
tronics, a sample changer, and a control software. Mass fractions of arsenic, mercury
and other elements were calculated by relative and absolute NAA methods. The obtained
values confirmed the fact of an acute mercury poisoning of the first wife of Tsar Ivan
Vasilievich the Terrible — Tsarina Anastasia Romanovna. Increased mercury content
was detected in the bone remains of the son of Tsar Ivan the Terrible, Tsarevich Ivan
Ivanovich, and Prince M. V. Skopin-Shuisky. The obtained results allow us to introduce
into scientific circulation the exact values of mass fraction of mercury, arsenic and some
other elements in the samples from the graves of Russian historical figures of the second
half of XVI — early XVII centuries.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2017




OOGCTOSTENILCTB CMEPTH HEKOTOPBIX MPEICT BUTEJICH BBICIIEH 3H TH PYCCKOIO
rocygq pctB XV — H u 1 XVII BB. 10 CUX IOP BbI3bIB 0T CIIOPbl Y UCTOPUKOB.
D10 OOBSICHAETCS OTCYTCTBHEM TOYHBIX I HHBIX B MMCbMEHHBIX UCTOYHUK X WU
P 3HOYTEHMSIMU TIPEACT BIICHHBIX B HUX CBefleHMi. McciemoB HMS 3 XOpOHEHHH
uwIeHoB I pckoil cembu B H B cubeBuu ['posnoro, mposeneHHsle B 1963—
1964 rr.*, BrepBble MO3BOJWIN IHOMYYHUTh I HHBIE O MHKPORJIEMEHTHOM COCT Be
OCT HKOB JIIOIEHl PyCCKOro cpeiHeBeKoBbs. Ho HMHTepmpeT Lusd 3TUX pe3yJsT -
TOB, K K B 1960-e IT., T K M CEromHs, OCT €TCsd HEOAHO3H YHOM, B TOM YHCJIE
U B 3 pyOexXHOI cTopuueckoil murep Type [1].

B 1990-err. u B H 4 ne XXI B. B X0e U3y4eHUS 3 XOPOHEHUIl PYyCCKUX Be-
JMKUX KHATWHb M I pul u3 Hekponossi BozHecenckoro cobop MockoBcKoro
Kpemiis 31 4UTENbHO p CIIMPWI Cb 6 3 /1 HHBIX 110 MUKPOJIEMEHTHOMY COCT BY
KocTHOH TK HuU Jogeit XV-XVIIBB. [2] ¢ MOMOIIBIO COBpEeMEHHBIX METOIOB HC-
CIIEIOB HUS.

OCHOBHOH 3 1 4Yell mpemt I' eMOi K P CCMOTpEHHIO p OOTHI SBIS€TCS IpO-
BEpPK METOJIOM HEHTPOHHOTO KTHB LIMOHHOTO H JM3 (IPU3H HHOTO T JIOH-
HBIM B MEXIyH POOHOH H JIMTHYECKOM mp KTUKE [3]) pe3ysapT TOB, MOTyYEHHBIX
B IIPOILIbIE TOAbI IPYTUMH METON MH H JH3 (XUMUYECKHM, peHTreHogyopec-
1eHTHbIM). OCHOBHBIE OIpeJieNiieMble JIEMEHTHl — MBILIBIK U PTYTh.

OOG6p 31pl s U3ydeHus O6buH epes Hel BJI 60p TOpHIo HEUTPOHHOI (pru3nKN
(IH®) um. 1. M. Dp vk OOBEOIUHEHHOTO WHCTUTYT SIIEPHBIX HCCIENOB HHI
(OUAN) B dep ne 2017 r. Uaopm g 06 UMEH X HCTOPUYECKHX JIMYHOCTEH,
U3 3 XOPOHEHHUiIl KOTOPBIX ObLIM B3sThl OOp 3Libl, ObUT COOOLIEH TOJBKO IOCIIE
3 BepiieHus: uccneno Hug. O0p 3err Nel (puc. 1) — o6nomMok pebp U3 3 X0po-
HeHus chiH 1 pgd B H B cunbeBuu I'posHoro — 11 pesuu HiB H HB HOBUY
(ckonu et B 1581 1.). O6p 3em Ne2 (puc.2) — o6I0MOK pebp H3 3 XOpOHe-
Hud ka3 Mux un B cuwmeeBnu  CkommH -Illyiickoro (ckond sics B 1610 T.).
O6p 3zen Ne3 (puc.3) — aneMeHTHl BOJIOC NepBoil xeHbl 1 pd B H B cuibe-
B4 ['po3HOro — mepBoii pycckoil 11 puisl AH T cudl PoM HOBHBI (CKOHY JI Chb
B 1560 r.).

*DKCHepTH 4 CIp BK [0 M TEPH JI M HCCIEIOB HUsl OCT HKOB u3 ¢ pkod ros s u I'posHoro,
ero ceiHoBeil — MB H n ®emop , T kxke M.B.Cxonun -Illyiickoro: B Kommuccumio M-B  Kyinb-
Typsl CCCP no BckpbiTHIO TpoOHHL B Apx HrenbckoM cobope / TocHUU cyne6Hoit Menuunbl M-B
31p Booxp Henuss CCCP, Mocks , 12 M pr 1964 r.



Puc. 1. O6p 3en Ne1 1o ouncTku

Puc. 2. O6p 3eu Ne2 1o ouucTku

Puc. 3. O6p 3eu Ne3 o ounctku

B ¢esp ne— npenre 2017 r. 0Op 31bI OBUTH MCCIIEAOB HBI METOIOM HEHUTPOH-
HOTO KTHUB IJMOHHOTO H /M3 . BUTO IPOBEEHO 1B HE3 BHCUMBIX 3KCIIEPUMEHT
C UCIOJb30B HHUEM O 30BbIX ycT HOBOK JIH® OUSIM — uccnenoB Tenbckoi yer -
Hosku MPEH [4,5] u ummnynscaoro pe xtop HBP-2 [6]. [ng skcnepuMeHTOB
OBUTH MOATOTOBJIEHBI IB KOMIUTEKT 00p 310B. P 60T c ¢p I™MeHT MU ckemer
U BOJIOC MOTPEOOB J1 P 3JMUYHBIX MOAXOIOB.

IOJATOTOBKA K OBJIYYEHHIO KOCTHOI TKAHI

PebGepHble KOCTH HMMEIOT IOPUCTYI0 BHYTPEHHIO CTPYKTYPY, HO3TOMY sl
HPEeIOTBp LIEHHS H CHILEHUI COCT BILIOIIMMH MOIOLIETO p CTBOP 0Op 3LbI Tpe-
60B JIM 4pe3BbIY MHO KKyp THOro ouuiieHus. [ yx jieHus rpyObIx IOBepX-
HOCTHBIX 3 TIPSA3HEHMH (IIECOK, MbUTh U T.ZA.) ObLI HCIIOJB30B H CMOYEHH $ [H-



CTUIIZIMPOB HHOUM BOJIOH XJIONKOB S B T . BIUT HH S MOBEpXHOCTHIO KOCTH BOJ
CIOCOOCTBOB JI 4 CTUYHOMY H OyX HUIO 3 IPI3HEHHMH OPT HMYECKOro X P KTep
(TeH). [In1st BBIMBIB HUS T KOTO THIl 3 IPSI3HEHUH (pp IMEHTBI KOCTEil TII TEIbHO
IPOTHP JIM C IOMOLIBIO B ThI, CMOYeHHOH B 3%-M p cTBOpe THAPOK pOOH T
H Tpus. s yo JeHUs OCT TKOB MOIOLIETO P CTBOP C MOBEPXHOCTH OOp 3LI0B
¢p r™MeHTBI KOCTell ObLIM HPOMBITH OONBIINM KOIHYECTBOM JUCTHIIMPOB HHOM
Bozb! (oxos10 0,5 ;1) ¢ moMompo 1 60p TOPHOTO MOJUIPOIHIIEHOBOTO COCYXl IS
poMbIB HUs. [Ipu ®TOM KOCTb JepX JIM H BeCy, MCIOJIb3yd NUHLET U3 HEPX -
Betowleil cT jgu. OcT TKM Opr HUYECKHUX COEJUHEHHH C IIOBEPXHOCTHU OOp 3L0B
OBbUTH Y/ JICHBI C IIOMOILBIO B Thl, CMOYCHHOU B 96%-M STUIIOBOM CrpTe KJI CC
«JItokc». Bce omep muM Ho yx JIEHHWIO 3 TPSI3HEHUI BBIIOIHEHBI IyTEM MHOIO-
Kp THOTO IPOTHP HUSI 0Op 3I0B KyCOYK MH XJIOIKOBOW B Thl, CMOYEHHBIMH CO-
OTBETCTBYIOIIIMMU MOIOUIUMU P CTBOP MU, BIUIOTh JO HpPEKp LIEHUs 3 IPSI3HEHMs
B TBI

IMockonbKy MopHcTbie TOPLBI KOCTEH MOIJIM BIIUT Tb HEKOTOPOE KOIMYECTBO
MOIOLIMX P CTBOPOB, T KXE€ Y CTHLBI Y JISIEMBIX 3 TPS3HEHU, IOCJIE OYUCTKU
HeOOJIbIINe y4 CTKH TOpLOB pebep Obuim yu jensl. H puc.4 u 5 npencr BieHs!
0o0p 31bI KOCTHOW TK HU MOCIIE OYUCTKH.

OOp 3ubl KOCTHOM TK HM OBUIM IPOCYLIEHHI B CYLIWIBHOM IIK (Dy B TeYeHHE
cyrok npu Temnep type I = 40 °C, yro obecrednsio UCIl peHHe M KCHM JIbHO
BO3MOXKHOTO KOJINYECTB BOJIBI.

Puc. 4. Ouniuennsiii 06p 3er Ne 1

Puc. 5. Ountuennsiii 06p 3er Ne2



H3amMenbueHne o0p 3LOB 10 HOPOLIKOOOP 3HOTO COCTOSHUS HPOBOIMIIOCH C HC-
ITIOJIb30B HUEM I HET pHOﬁ MEJIbHUIIBI, YKOMIUIEKTOB HHOM T TOBBIMH CT K HOM
U m p Mu. M3MenpuenHbie o0p 30bl ObUTM NPOCYIIEHBI B TeueHue 72 4 NpU TeM-
nep Type 1T = 40 °C 10 MOCTOIHHOTO BEC .

IHOAT'OTOBKA K OBJIYYEHHUIO ®PAIMEHTOB BOJIOC

T yn eHud MOBEPXHOCTHBIX 3 IPsA3HEHUH (bp I'MEHTHI Bosoc (0Kojo 3,5 r)
ObUTH p 3Oe7eHbl H Tpu 4 cTH. K X1 g 9 cTh BeIepXuB 11 ¢b TpH p 3 B 100 M
ueToH ki cc «XY» B redenue 10 MUH, yepe3 K XKIble 2 MUH COOEPKUMOE CT -
K H KKyp THO nepemeuns Joch. OUHILEHHbIE BOJIOCH TOMECTUIIN MEXIY IBYMS
JUCT MU (PUIBTPOB JILHOM OYyM TM M BbUIEpX JIM 24 4 IpU KOMH THOU Temriep -
Type COIJI CHO METOJIMKE, UCIIOJIb30B HHOU B p Oote [7].

JInd mpoBeneHus HCCIENOB HHUM IMPUMEHSIIMCh CT HJ PTHBIE M TEpPU JIbl W3
H 1uwmoH JpHOTO MHCTUTYT CT HI pTOB M TexHojoruii (CIJA) [8]. M cchl cT H-
a1 proB (7 mr.) W 0Op 31O0B i OOJydeHHs H HCCISNOB TEIbCKOW YCT HOBKE
HUPEH coct Bunu npumepHo 1 r. B3serieHHble o0p 31kl ObUTH YII KOB HbI B I10-
JIMBTUIEHOBBIE 11 KeThl. K Xblil ynm KOB HHbIF 0Op 3e1 ObUI MOMEINIEH B WH-
JOUBUAY JIbHBIA IOJIMATUIEHOBBbI KOHTelHep. M ccbl cr HO proB (10 wr.) u
00p 3uo0B mid obmydenns H pe Krope UBP-2 coct Bwim mpumepno 0,1 r. B3se-
IIEHHbIE 0Op 3Libl ObUIM yII KOB HbI B JIIOMUHHEBbIE K IICY/Ibl. Bce K 1cysibl Obuin
IIOMEUICHbl B OOUH JIIOMUHUEBBII KOHTEHHED.

JIng B3BELIMB HMS MCIHOJIb30B JIOCH MII P THO-IPOTP MMHOE CPEACTBO BTO-
M TH3 UM peructp 1uu Bec o6p 3uo0B [9], cozn HHOoe B IH® OUSN.

OBJIYYEHHUE

[epsblii H Gop 06p 3LOB ¥ CT HA PTOB ObLT HOABEPrHYT OOJYYEHUIO H YCT -
HoBke UPEH B M pre 2017 r. B Teuenue 115,5 4. Yer nosk HPEH p 6ot 1
B CIIEAYIOIEM peXUMe: M KCHUM JIbH $ DHEPIus 2JIeKTPOHOB — 55 MbaB, cpennuii
TOK — 2,4 MKA. IITIOTHOCTH NOTOKOB TEIUIOBBIX U PE30H HCHbIX HEUTPOHOB H
YCT HOBKE ONpelessyIiCh METOIOM K IMHEBOH p 3HOCTH. MHIMK TOp MM CITyXWIH
00p 311pI Menu. [ITOTHOCTD MOTOK  TEIUIOBBIX HEHTPOHOB COCT BWJI BEIMYUHY I10-
pank g, = 6,0-107 cM~2 - ¢!, IIOTHOCTb MOTOK  PE30H HCHBIX HEUTPOHOB MPH
1 8B $pe1 = 7,610 cM™2- ¢~ L.

Bropoii H 6op 00p 310B M CT HI PTOB OOJIYY JICA B TPEThEM K H Jie pe KTOp
HBP-2. VYer HoBK mng obmydeHus: onuc H B p Gore [10]. Hrorosoe Bpems
00JIy4eHus cocT BWIO OKOJio 15 cyr. IDTOTHOCTH MOTOK TEIUIOBBIX HEHTPOHOB

1pu o6JIydeHHuH COCT BiIsl  BenmuuHy nopsak 5,2 - 101t em=2 - ¢~1, mnornocts

HOTOK PE30H HCHBIX HEUTPOHOB Prog1 = 7,5 - 1010 em™2 - ¢~ 1,



HABOP 1 AHAJIN3 JAHHBIX

IMocne obirydeHnst T MM -CIIEKTPhl H BEAEHHOW KTHBHOCTH OOp 3L0B H3Me-
PSUIHCH 110 1B P 3 C IIOMOIIBI0O BTOM THYECKOW CHCTEMbI W3MEPEHHI CIIEKTPOB
(puc. 6), co3n HHOI B JIH® OUSH u BKiIIOY IOIIEH MOMYIPOBOAHUKOBBIN AETEK-
TOp U3 CBEPXYUCTOIO IEpM HHsl C BBICOKHM P 3pELIEHHEM U CIEKTpOMETpuue-
CKYI0 3JIEKTpOHUKY (hupMbl Canberra, ycTpoicTBO cMEHBI 00p 3LI0B M NPOTP MM-
Hoe obecrieuenue [11,12]. DHepreruuyeckoe p 3pemieHue perekrop — 1,8 keB
s uaan 1173 kB °Co, otHocutensn s addektusnocts — 40 %.

Puc. 6. ABTOM THYecK § CHUCTEM H3MEpEeHUs CIEeKTPOB

IlepBoe usmepenue (puc.7) HMPOBOAWIOCH CIYCTS HECKOJIBKO 4 COB IOCIHE
oKOoHY HHs obOmydenus H ycr HoBKe MPEH um cmycTd HeckKoibKo CyTOK mociie
obirydennst o6p 310B H pe Krope UBP-2 (c yuerom p 11 HMOHHON 06CT HOBKH).
Bropoe usmepenue (puc.8) — MpUMEpHO Yepe3 TPH HEeleNu IOocie OKOHY HUS
obmyyenus. Mg u3MepeHUd M H JM3 CIEKTPOB IPHMEHAIOCH HPOrP MMHOE
obecrieuenne Genie-2000.

P cyeTsl M cCOBBIX JIOJI€ 371eMEHTOB ObLIM OCYILECTBJIEHbI JBYMS METOI MH:
OTHOCHUTEJIBHBIM (C HCIIOJIb30B HUEM CT HJ PTOB, ®JIEMEHTHBI COCT B KOTOPBIX
W3BECTEH M CEepPTU(UIMPOB H) U OCOMIOTHBIM (H OCHOBE yp BHEHHS KTHB -
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Puc. 8. ®p rmenr cuekrp o6p 3u Ne3, obiydennoro H pe krope UBP-2 (Bropoe usme-
peHue)

uuun) [13]. s p cyeT M CCOBBIX JOJIE€il ®J€MEHTOB OTHOCHUTENIbHBIM METOIOM
HCIOJIB30B J1 cb nporp MM  «KoHuentp uusi» [14], co3n HH g B JIH® OUSU.
[TpumeHsHMCh siiepHble KOHCT HTBI U3 p 60T [15,16]. Pe3ynbT Thl p cueToB npu-
BedeHbl B T On. 1. Pe3ynbT Thl ONpesesieHus] M CCOBBIX JOJIEH JOMOTHUTENbHBIX
BJIEMEHTOB IIPEJCT BJIEHBI B T OII. 2.



T omun 1. M ccoBble 10JIM MBIIIBSIK W PTYTH B HCCJIEAYEMBIX 00p 311 X

N Mbibsk (As) Pryts (Hg)
0
) M cc. gong M cc. gong
6 $] $]
00p 31 /KT OrtH. norp., % /K OtH. norp., %
0,19 30 0,36 19,1
2 0,23 30 0,2 29,5
3 1,18 18,3 46,6 2,5

T GJ'IPIII 2. M ccoBble 10JIM TOTIOJHUTEILHbBIX 3JIEMEHTOB B HCCIeyeMBbIX Oﬁp 30 X

XKeneso (Fe) unk (Zn) | Cepebpo (Ag) | Cypsm (Sb) 3omnoro (Au)
Ne | Mcc.|Om [Mce. | O | Mce. | Orn. | M ce. | Otn. | M ce. | Otn.
00p. | mons, |morp., | gons, |norp.,| mons, |morp.,| mond, |morp.,| o, | Iorp.,
MI/KT %0 MI/KT % MI/KT % MI/KT % MI/KT %
1 1210 8 624 0,131 15 0,21 24 17,5-107%| 19
2 1373 7,3 460 4.8 10 <0,1 — |1,3-1072 30
3 |<1170] — | <100 | — 3460 14 2,72 16 6,4 11

AHAJIN3 PE3YJIBTATOB UCCIEJOBAHUA

B pe3ynpT Te K YECTBEHHOTO H /M3 OBUIO YCT HOBJIEHO H JIMYUE PTYTH
U MBIIIBSK BO BCEX (bp I'MEHT X OCT HKOB M3 3 XopoHeHHid MockoBckoro Kpemis.
KomnmyecTBeHHBIE H JIU3 H JIMYUS PTYTH MOJIHOCTHIO MOATBEPIWTI ¢ KT OCTPOro
OTp BJICHHUS IEPBOHM PYCCKOHM Il puIbl AH CT CHM, T K K K COJEepX HHUE PTYTH
B €€ BOJIOC X OK 3 JIOCh YPE3BbIY MHO BBICOKUM. B Opr Hu3Me MOJIOIOHM XEHUIUHBI
(oH yMepa B BO3p cTe OKOJO 27 JIeT) HE MOIJIO H KOIUTLCA T KO€ KOJINYECTBO
BPEIHOrO BEIECTB IIPU HMCIOIb30B HUU CPEAHEBEKOBBIX KOCMETHKH U JIEK PCTB.
Il puny CcT ;1 KEpTBOM MHTPUI NPUIBOPHOM 3H TH, IIBIT BIIEWUCSA YA JIUTb IPEA-
ct Butenedl pox 3 X ppuHBIX-KOmKHHBIX (mpenkoB PoMm HOBBIX) M3 II PCKOTO
okpyxeHus [17].
[NoBsIIeHHOE COmEpX HUE PTYTH OBUIO BBIABIEHO B KOCTHBIX OCT HK X II pe-
Bud HWB H ¥ KHA39 MHX W1 , 4TO KOppENUpyeT C pe3yiabT T MU XUMHYECKOTO
H JIU3 M TEpH JIOB U3 MX 3 XOpoHeHWH 1964 r.* (M ccoBble HOMU MBIUIBIK H
PTYTH B BOJIOC X M peOEpHBIX KOCTSIX COBPEMEHHbIX Jitofeil u3 p 6otel [18] npu-
BeAeHbl B T 0i1.3). Ho NpUYMHBI MOCTYIUIEHHS] PTYTH B OPI' HU3MbI ®TUX MOJIOIBIX
Jrozieit ObIIM p 3HBIMH, K K ¥ MIPUYUHBI UX CMEPTH.
II pesuu MB H gonrue roppl JIe4Wicd PTYTHBIMH M 35MU OT BEHEPUYECKOIO
3 6ones Hus (cucpumuc ) [19], mostomy K 27 rog M (OH OTMO B 3TOM BO3p CTE

*CMm. npuMm. H c. I.



T omun 3. M ccoBble 10JM MBIIIBSIK H PTYTU B BOJOC X TOJIOBBI H Pe0epHBIX KOCTAX
COBpPEMEHHBIX JII0eH

Tun o6p 311 M cc. pgomnsi, MI/Kr
Mbuusdgk (As) | Pryrs (Hg)

Bomocsl <0,05 0,145 40,009

PeGepHble KocTH <0,1 < 0,008

OT YeperHO-MO3rOBOM TP BMbI) Y HETO C(POPMHUPOB JIOCh XPOHUUECKOE OTP BJICHUE
Opr HU3M 3THUM BPEIHBIM DJIEMEHTOM.

Kusa3p Mux uin CKONMH CKOPOIIOCTUXHO CKOHY JICA B BO3p CT€ OKOJIO 23 JieT.
CMepTh MOJIOAOTO 300POBOTO YEJIOBEK U XOPOIIIO TPEHUPOB HHOTO BOMH COBpe-
MEHHUKH OOBSCHSTA OTP BJICHHEM, KOTOPOE HEOXHUJl HHO MPOSBUIIOCH H IHUPY B
KeJTyIOYHO-KUIIIEYHOU (popMe (B I HHOM CITy4 € BO3MOXKHO HCIIOJIb30B HHE KOM-
OMHUPOB HHOTO MO COCT BY S — W3 COCAWHEHUH PTYTH W MBIIIBSIK ).

ITony4yeHHble pe3yabT Thl HEUTPOHHOTO KTHUB IIMOHHOTO H JU3 [ 10T BO3-
MOKHOCTh BBECTH B H YYHBI 000pOT Oojiee TOUHBIE 3H YEHHS CONepX HHUS PTYTU
U MBIIIBSIK B O0p 311 X U3 3 XOPOHEHUH PYCCKUX MCTOPHUYECKUX JIMIHOCTEH BTO-
poii nonoBuHbl XVI — 1 u 1 XVII B.

bx rox pHoctu. ABropsl 611 rog par corpynHukos yct Hoku UPEH JIHO
OUAU (rn BHbI uHxkenep B.T.IIAT eB) U cOTpyIHUKOB TpeThero K H 1 pe K-
top HBP-2 JIH® OUAU (pykoBomutens rpynnsl M. B. Byn BuH) 3 corpynHu-
yectBo, T kKxe T.M. Octposnyio (JIH® OUSN) 3 KOHCYABT MU IO BOMPOC M
H JIU3 CIEKTP JIbHBIX J HHBIX.
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