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AcxTyansHocTb paboThl onpeaensieTcss Heo6X0AMMOCTbIO PACLLIMPEHUsT 3HAHWU 06 0COBEHHOCTSIX KOHLIEHTPU-
poBaHNS N pacnpeneneHns XMMUYECKMX 9IEMEHTOB B OpraHax W TKaHsIX MJIEKONMUTAOLWNX Kak MHANKATOPOB
MOTEHLMAIbHOrO HErATUBHOIO BO3AENCTBUSA Ha 340POBbLE HaceneHnda. PaccMmatpuBaeTcs BAUSHME TEXHOMEH-
HOro BO3OENCTBUS OKpyXatoLleli cpeabl Ha GopMmnpoBaHne 31EMEHTHOro cocTaBa opraHM3ama MiekonuTatro-
LLEero Ha NnpMMepe opraHoB 1 TKaHen CBUHbM AoMaluHel (Sus scrofa Domesticus), 0ToOpaHHbLIX Ha TeppPUTOPUn
ropona dkmbacTtysa MaBnoaapckon obnactn Pecnybnnkm KasaxctaH. M3ayyaioTcst 3aKOHOMEPHOCTU KOHLIEH-
TPUPOBaHUS XMMNYECKNX SNIEMEHTOB B NULLIEEBAPUTESIbLHOM CUCTEME B LIEJSIOM U OTAESbHbLIX €€ KOMMOHEHTax, B
yacTHocTn. Ocobo oTMmevaeTcs akkymynauusa As, Br B poTtornoTtke, Lu B xenyake, Rb, U B TOHKOM KulleyHuke,
Sb B TOICTOM KMLLEYHUKE, Au, Ag B NPSIMOM KuLleyHuke. JlokasaHo, 4TO MuLLEBapUTEsSibHas CUCTEMA CBUHbU
LOMaLLHel pearnpyeT Ha aHTPOMOreHHoe BO3aencTBue, 06pasdys MOLLHbIe BuoxumMmnyeckne 6apbepsbl. KOHLEH-
Tpaumsa XMMUYECKUX 9NIEMEHTOB MEHSIeTC B 3aBMCMMOCTW OT y4acTKa XeJjly[Jo4YHOro-KULLIEeYHOro TpakTa, no
Mepe U3MEHEHUST KNCTIOTHO-LLENOYHOro 6anaHca 1 B 3aBUCUMOCTU OT pUINONOrM4eckoin GyHKLUMM nccnemo-
BaHHbIX OopraHoB. JlokazaHo, 4To XxapakTep NPOMbILLNEHHONO BO3AENCTBUS HAXOANT OTPAXKEHNE B XMMNYECKOM
cocTaBe 61onornyeckrx MaTeprasnoB CBUHbM AoMaluHen. OpraHbl XeyA04HO-KULIEYHOr O TpakTa akTMBHO Ha-
KannmealoT TSKENble, peako3emenbHble (Lu, Ce, La), pagnoaktmeHele meTtansbl (Th, U) 1 Mbilwbsak. Xummnyeckas
6/1M30CTb OpraHM3Ma CBUHbLM JOMaLLHel K 4eI0Be4EeCKOMY W aHasnorms noseaeHust XMMMYecknx a11eMeHTOB B
opraHmamMax MekonuTalLlmx B LeJIOM JaloT OCHOBaHWe npednonaratb, YTO BbISIBIEHHbIE 3aKOHOMEPHOCTU
MOTYT 6bITb OTHECEHbI U K YeJTIOBEKY, OIHaKO AaHHOe NpeanosioxeHne TpebyeT ganbHellen 0opaboTkm
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aKTUBALMOHHbIV aHa/IN3; TEXHOMEHE3; XUBOE BELLECTBO; reOXuMmuyeckmne 6apbepbl; CBUHbS AOMAaLLHSS Sus Scrofa Domesti-
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The relevance of the work is determined by the need to expand knowledge about the characteristics of the
concentration and distribution of chemical elements in the organs and tissues of mammals, as indicators of the
potential negative impact on the health of the population. The article discusses the influence of anthropogenic
environmental impact on the formation of the elemental composition of a mammalian organism on the example
of the domestic pig organs and tissues (Sus scrofa Domesticus) sampled in the city of Ekibastuz, Pavlodar region
of the Republic of Kazakhstan. The article studies the laws of concentration of chemical elements in the digestive
system as a whole and its individual components. The accumulation of As, Br, in the oropharynx, Lu in the stom-
ach, Rb, U in the small intestine, Sb in the large intestine, Au, Ag in the rectum is especially noted. It is proved
that the digestive system of a domestic pig reacts to human impact, forming powerful biochemical barriers. The
concentration of chemical elements varies depending on the part of the gastrointestinal tract, as the acid-base
balance changes and depending on the physiological function of the organs studied. It has been proven that the
nature of industrial exposure is reflected in the chemical composition of domestic pig biological materials. The
organs of the gastrointestinal tract actively accumulate heavy, rare-earth (Lu, Ce, La), radioactive metals (Th, U)
and arsenic. The chemical affinity of a domestic pig organism composition to a human and the analogy of the
behavior of chemical elements in mammals in general suggests that current tendencies can be atributed to hu-
mans, however this assumption requires further refinement

Key words: radioactive elements; rare earth elements; instrumental neutron-activation analysis; technogenesis; living mat-
ter; geochemical barriers; domestic pig Sus Scrofa Domesticus; geochemistry of living matter; mining industry; Ekibastuz city

BsegeHme. Mpeobpa3oBaHNe KOMMOHEHTOB W HOCOMOTKU. XXenyao4yHO-KULIEYHbIA TpakT
OKpYyXaloLen cpefbl B Xo4e TeXHOreHesa, (>KKT) kak 30Ha Hanbonee akTUBHOIO BCcachiBa-

obycnoBneHHoe GYpHbIM PasBUTMEM MPOMbILL-  HUS XMMUYECKUX 3N1EMEHTOB SIBNSIETCH APKUM
JIeHHOCTHN, CHOPMUPOBAIO LLEHTPASIbHYIO MPOo- npvmepom OGapbepHblx GYHKUMIA opraHmama.
Bnemy coBpeMeHHOWM akonornm — npobnemy 3a-  Bblcokoe HakomMneHne XMMMYECKUX 311EMEHTOB
rPSA3HEHNSA OKPYXalowWwen cpenpl. TexHoreHes, B OpraHax nuueBapuUTENbHOW CUCTEMBbI, Kak
Kak MpoLuecc, HEOTPLIBHO CBSI3aHHbI C YeNOBEe-  MPaBuSIo, FOBOPUT O MOCTOSHHOM MOCTYMIEHUN
YeCKOW [eATeNbHOCTbIO, ONMPenenseTcsa COBO-  XMMWYECKOrO 3/1IeMEHTa U3BHE, YTO MOXeT Me-

KYMHOCTBIO TE€OXMMUYECKUX U TeodU3NYECKUX  HSATbCS B 3aBMCUMOCTU OT MNOTPebnEHHOro Kop-
npoueccoB. OAHUM M3 TNaBHLIX €ro acrnekToB  Ma, MUTbLEBOI BOAbl, 3arps3HEHUs U cocTaBa

SIBSIETCS paccesiHne BOBMEYEHHbLIX B TEXHO-  MOYBbl, KOTOPbIE B CBOIO 04Yepenb 3aBUCHAT OT
reHe3 9/1eMeHTOB B OKpyXawllen cpege n nx  reorpadunyeckoro npoucxoxpaeHusa [10]. KoH-
nocnepaytoLiee N30bLITOYHOE NOCTYMNIEHME, MPU-  LEHTpauuMs MeTan/ioB B OPraHn3mMe XMBOTHbIX U
MepOM KOTOPOro ciyXaT BbiOpochl B aTMocde-  oaer 3aBUCUT He TOJIbKO OT TUna nnTaHus [14],

py NPOAYyKTOB CropaHusl, 3arpa3HeHne rnoys u dunanonormyeckon OyHKUMN OpPraHoB M TKaHen
BOLOEMOB MPOMBbILLJIEHHBbIMU CTOKamu. [laHHoe [5] v reHeTMYeCKUX XapakTepUCTMK OpraHn3ma,
BO3ENCTBUNE SIBASIETCH MPENMYLLECTBEHHO HE-  HO W OT aHTPOMOreHHOW Harpy3km mecTa npo-
raTUBHLIM U U3MEHSIET ECTECTBEHHbIE NMPUPOL-  XMBaHUs opraHnama [6]. Takum obpa3om, nsy-
Hble coolOLLecTBa U opraHMambl. B pe3ynbtate  YeHMe KOHUEHTPauUi XUMUYECKUX SSIEMEHTOB
4yero opraHM3mMbl BbIHY>XAEHbI aAanTUPOBaTbCA K B OpraHM3Me CBMHbU SBASETCS nokasaTefbHbIM
HeraTMBHOMY BO3AeNCTBUIO, GopMUpysa 3almT- 411 OLEHKM aHTPOMNOreHHOro BO3AENCTBUSA U

Hble MeXaHW3Mbl, Tak Ha3blBaemble OUOreoxm- nccrnenoBaHnii eCTECTBEHHbBIX aHOManNnin B pe-
Muyeckmne Hapbepsbl, KOTopble obpasyloTcs nog,  rMoHe. XMMUYECKUn COCTaB OpPraHoB U TKaHel
BANsiHMEM akTOPOB BHYTPEHHEN cpeabl N XU- CBMHbWM JOMalUHEN aKTMBHO WCCNeOyeTcs He
MWNYECKMX CBOWCTB 3NIEMEHTOB W OTpaXaloT Co-  TOJIbKO Kak Gosiee AOCTYMHbIA, Y4eM HeopraHu-
0ot ux Bospeiicteue [4]. Yyeckne npPoAyKTbl, WCTOYHUK MUKPOIJIEMEH-

B MNOBLILWEHHOM KOHLEHTPUPOBaHUM Mo-  TOB [12], HO 1 Kak MHAMKATOP aHTPOMOreHHOro
TeHUMaNbHO OMacHbIX BELLECTB B CBOMX Tka-  NpeobpasoBaHus okpyxaiollern cpeabl [8] n kak
HAX ¢ Habnopatollelicss nocne cmeHol Oumo-  MoAenb YenoBedeckoro opraHmnama [9; 11]. Mpu
reOXMMMYecko  OOCTaHOBKM  3ak/llo4aeTCsl  OLLEHKE aHTPOMOreHHOro BO3AEWCTBUSI Ha XWU-
PyHKUMSA Broreoxmmmyecknx G6apbepoB opra-  BOW OpraHn3M opraHbl U TKaHW CBUHbW JOMalLll-
Huama. Cpean cyllecTBylOWMX BapbePHbIX CU-  HEW MMEIOT 3HAYMUTENBHOE MPEVMYLLECTBO Kak
CTeM oOpraHuama ocob0 BbIAENSOTCs cnmMan-  OMOMHAMKATOpP B CBA3WM C MpocToTOW oTHopa
CTble 000NOYKN XENYAOYHO-KMLLEYHOro TpakTa  npob n ganbHellwen BO3SMOXHOCTbIO 3KCTpa-
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MoNsiuMKM MONIYYEHHBIX PE3ynbTaTtoB Ha opra-
HM3M YesioBeKa.

MeTtogonorus n metoanka NccienoBaHUs.
Ans [aHHOro aKCnepuMeEHTanbHOro uUccneno-
BaHWs Npobbl opraHoB U TkaHel BbibpaHa 0cobb
CBMHbMW XXEHCKOIro rnosia BO3pacToM 0KOJ10 6 Me-
csaueB. Ons vccnepoBaHns BbiOpaHbl opraxbl
Kaxgoro oTaena kKuweyHoro Tpakta: 8 npob
TOHKOro, 4 npobbl Toncrtoro, 6 nNpPo6 NpsIMoro
KMLLIEYHKMKE, Takke 0ToBpaHbl 06pasLbl Xenyaka
1 roTKn (Bcero npoaHannamposaHo 20 npob).
MmoTka BKJlOYEHA B W3YyYeHUE XENYAOYHO-KU-
LLEeYHOro TpakTa B CBSA3M C aHaTOMUYECKUM
COCTaBOM BbICTUIAIOLLEN €€ CNU3UCTON TKaHW,
obpasytouein n XKT, n Hocornotky. OHa nccne-
[0BaHa Kak 30Ha NOCTyMNeHnNsa He TONbKO BOAbI
M NULLEBBLIX Macc, HO 1 Bo3ayxa. OpraHbl 1 Tka-
HK oTBupanncek cpasdy nocne 3ab0osi XMBOTHOTO.
Kaxpas npoba maccon 100 r ynakoBbiBafiach B
MIacTUKOBbIE MakeTbl, MOC/Ie YEro 3aMopaXxm-
Basiacb. KpoBb 0TOGMpanack N3 aopTsl B Mpobup-
Ky dnneHpopda cpasy nocne 3abosi XMBOTHOIo
1 Takke nogsepranacb 3aMOpPO3KE.

B kayectBe MeToga uccnenoBaHWUst Bbl-
BpaH COBPEMEHHbIN BbICOKOYYBCTBUTENbHbBIN U
HEOECTPYKTUBHbLINM BUA, aHanm3a: WHCTPYMEH-
TanbHbIA HENTPOHHO-akTMBaLMOHHbIN (MHAA),
MO3BOJINBLUMI ONpeaennTb cogepxaHune 28 xm-
MWYECKUX 3NEMEHTOB. XUMUYECKNA aHanm3
npo6 metoaom WMHAA nposoauncs Ha Tom-
CKOM MCCnenoBaTeflbCkOM SEPHOM peakTo-
pe «MPT-T» B 2017 . (aTTecTaT akkpeautaumnm
RA.RU.21AB27 ot 08.04.2015); aHanutnkn —
CT. Hay4. coTpyaHukn A. ®. Cyapiko n J1. ®. Bo-
rytckast. CTaTUCTUYECKUIA aHaNn3 Mosly4eHHbIX
pe3ynLTaToB NpoBoaucs B nporpammax Excel,
Statistica 8. PaccunTtaHbl TakMe nokasaTtenu, kak
cpenHee apudmeTnyeckoe, MakCUMyM U MU-
HUMYM, cTaHpapTHas owwunbka. KoappuumeHT
KOHLEHTpaLUun BbIYUCIANICA KakK OTHOLUeHne
cofepxaHusa anemeHTa B nnaueHTe (C) K cpen-
HEMY COLepPXaHUIO aNieMeHTa BO BCei BbIbopke
(Ccp). Mo nony4yeHHbIM NokasaTtensam kKoappun-
umeHTa KoHueHTpauun (npn Kk>1) coctaBns-
JINCb reoxmummnyeckme psagbl B nopsiake ybbia-
HUSI 3HAYEHU,

Uccnenyemas tepputopus. Topon Oku-
6acTy3 ABnAeTCcs akTyanbHbIM NPUMEPOM 30HbI
MHTEHCMBHOIO aHTPOMOreHHOro BO34ENCTBUSA
MPOMBILLNEHHbBIX NPeanpuUaTUA Ha OoKpyXatlo-
wyto cpeny. MNaBnogapckas obnactb — OAMH U3
KPYMHbIX MHAOYCTPUanbHbIX LeHTpoB Pecnybnn-
kn KazaxctaH. Mo paHHbIM fokfnaga O COCTO-
AHUM NpupopHon cpenbl Pecnybnukmn Kasax-
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CTaH Ha gonto ropoga dkmbacTy3 npuxoamTcs
48 % BbIOpPOCOB B aTMOCOeEpPHbLIN BOo3ayx. Ha
Tepputopumn MaBnogapckon obnactn cocpe-
O0OTOYEHbI NPegnpuaTMs MalMHOCTPOeHN,
MeTannoobpaboTkm, XUMUYECKOW W NErkown
MPOMBLILLNEHHOCTM, a Takke MNpPOn3BOACTBa
CTpOUTENbHbIX MaTepuanoB. JkmbacTy3 xa-
pakTepU3yeTCcs HanpsKEHHOW 3KONOrMYeCKOWn
06CTaHOBKOW B CBSA3M C LUMPOKO PasBUTON [0-
OblBatoLLEel NPOMBbILLIEHHOCTLIO (A00bIYa yrns)
B HenocpeacTBeHHOM B6M30CTM OT FOPOACKOWN
30Hbl [3]. OCHOBHbBIMW MCTOYHMKAMWU 3arpss-
HeHNs1 aTMochepPHOro Bosayxa Ha TeppuTopmn
ropoga SIBASIIOTCS TEMI0Bble 371EKTPOCTaHLUUN,
nobbiya yrns [2]. B pesynbrate gobblun yrns
MPOMCXOANT 3arpsaA3HEHNE KOMMNOHEHTOB 9KOCU-
CTEM TEXHOMEHHLIMW BELLECTBaMU, TakKMMN Kak
yrosib, 30na, Nblnb. Ha Tepputopnn . AknbdacTys
HaxoasATcsa kpynHble TOLL, koTopble paboTaloT Ha
3aKkmMbacTy3CKOM (MeCTHbII), kaparaHAMHCKOM U
KY3HeLKOM (MPMBO3HOM) yriie U MasyTe.

Pe3ynbTatbl MCC/eAOBaHUS U MX 0OCYX-
AeHusi. B pamkax wuccnepoBaHmsi npoaHanu-
31MpoBaHO 6 opraHoB, BXOAAWMX B COCTaB MNu-
LLEBAPUTENBHON CUCTEMbI CBMHbLWU AOMAaLUHEN.
M3y4eHO Wn3MEeHeHMe XUMMUYECKOro CoCTaBa
nMMLEBapPUTENIbBHOM CUCTEMbI B Pa3HbIX OTAeNax
XEenyoo4yHO-KMLWeYHoro Tpakta. M3 puc. 2 sua-
HO, 4YTO Hamnbonbllee coaepxXaHne XMMNYeckKnx
3/IEMEHTOB OTMEYaEeTCs B TKaHSAX TONCTOro Ku-
LleyHuka, Takke MHTepec BbI3blBAlOT onpefe-
NEHHbIE NCKITIOYEHMUSI.

Kak y>xe oTmeuanocb, BcacbiBaHWe 60Jb-
LLUMHCTBA XMMMUYECKNX SNEMEHTOB MPOUCXOANT
B CTEHKaXx TONICTOro KMLeYyHnKa, B TO BpeMs Kak
TKaHW Xenyaka KOHLEHTPUPYIOT HanMeHbluee
KONNYECTBO XUMMUYECKUX DNEMEHTOB. Takme
anemMeHThl, kak Na, Ca, Sr npenMyLLeCTBEHHO
HakarnaMBaloTCs B TKaHSX KOMbLEBUOHOIO Xpsi-
la ropTaHu, 4YTo CBSI3aHO C OMonorMyeckmmm
OCOBEHHOCTSIMU CTPOEHUSI XPSLLEBON TKaHMW.
Rb n U kKoHUeHTpupyloTCA NpenmMyLLecTBEH-
HO B TKaH$IX TOHKOro KuLleyHunka. AHanormyHoe
HakonneHne Rb TKaHSAMU TOHKOro KULLEYHMKa
Mo CPaBHEHUIO C APYrMMM OpraHaMu Xenynou-
HO-KULLIEYHOrO TpakTa paHee Habnoganock no
pesynbTataM 9KCNepuMeHTa, MNpPOBEAEHHOro
OToenom pagnonornyeckoro 340poBbsi, WH-
cTUTyTa O0OLWECTBEHHOIro 34paBOOXPaHEHNs,
r. Tokmo [13]. MpeapiayLine nccnegoBaHms xe-
JYO0YHO-KULLEYHOrO TpakTa CBUHbY AOMAaLLHEN
Ha TeppuTopum ToMckoli obnacTtu [1] He BbISIBU-
I 3HAYUTENBHLIX Pas3nnynin B cogepxxaHusx U
B KOMTMOHEHTaXx XenyaoyHO-KULLEYHOrO TpakTa,
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OHaKO TOHKUI KMLLIEYHUK W NpsiMasi KuLika oT-
NNYatoTCs BbICOKMMU coaepxxaHnsamm Rb.
N3MeHeHUs1 B KOHLEHTpauMsx Xumuye-
CKUX 3JIEMEHTOB B 3aBMCUMOCTW OT TuUMna Uc-
cnefyemMoin TKaHW MOXHO YBUOETb Ha npumMmepe
TakMX XMMUYECKMX 3IEMEHTOB, Tak Ag, Au, Br,
As (puc. 2). lameHeHns nx KoOHUgHTpaunn Mo-
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XeT oTpaxaTtb NyTW NOCTYMAeHUs, MUrpauum m
BbiBeAeHUs. Tak, KOHUeHTpupoBaHune Br, As B
rnoTke, KoTopasi sIBASieTCA COeANHUTENbHbIM
3BEHOM MeXJy HOCOBOW 1 POTOBOM YacTbio Op-
raHnama, MOXeT CBMOEeTeNbCTBOBaTb O MOCTY-
MJAeHNM Ha3BaHHbIX 9N1EMEHTOB C BO3QYXOM.
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Puc. 1. PacnipeaeneHne XuMu4eCcknx 3J1eMEHTOB B MULLEBapUTEIbHON CUCTEME CBUHbU JOMALLHEN
Ha TeppuTopumn r. IknbacTys, mr/kr / Fig. 1. The chemical elements distribution in the digestive system of Sus
scrofa domesticus on the territory of Ekibaztus city, mg/kg
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Puc. 2. Pacnpenenernuve Ag, Au, Br, As B nuieBapnTesIbHOV CUCTEME CBUHbU AOMALLHEV Ha TeppUTopun
r. SkmbacTys, Lg (Mmr/kr) / Fig. 2. The distribution of chemical elements (Ag, Au, Br, As) in the digestive
system of Sus scrofa domesticus in the territory of Ekibastuz, Lg (mg/kg)
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Mo Mepe npoxoxaeHus 4Yepes Xeny-
NOYHO-KULLIEYHbIA TpaKkT, coaepxaHne Au B
TKaHAX KOMMOHEHTOB MNULLLEBAPUTENIbHON CU-
CTeMbl MOCTEMNEHHO yBeNM4YnBaeTcsl OT oT-
KW 00 KULIeYHUKa N gocTuraeT Makcumyma B
npsiMon kuwike. AHanormyHas cutyaums Ha-
6niopaeTcs nNpu AgeTaibHOM PacCMOTPEHUN
copepxaHusa Ag, ofHaKo B oTaunyme oT Au,
MUHUMaNbHO HakannueatoLllerocsa B ob6nactu
rmoTku, Ag pocTturaeT MUHUMYMa B TKaHSX
xenyaka. MoxHO npeanonoxuTb, 4To Au, Ag
KaKk MHepPTHble MeTajnbl He BCTynalT B XU-
MuYeckme peakumm no mMepe MnpPoxoXaeHus

KMLIEYHOro TpakTa, a BblAeNsA0TCS BMECTE C
KasloBbIMW Maccamu.

B xoae nccnepoBaHns OTMEYEHO, HTO ane-
MEHTbI C Pa3HOW BaneHTHOCTbIO KOHLLEHTPMPY-
I0TCS1 B pa3HbIX OTAENax XeNnyA04HO-KNLLIEYHOO
TpakTa B 3aBMUCMMOCTU OT pH cpeabl (puc. 3).
Tak, afieMeHTbl C MOCTOSAHHOW BafeHTHOCTbIO
Ha npumepe Rb n gpyrve WENOYHO3EMENbHbIE
M WwenoyHble anemMmeHThl, Takue kak Ca, Na, Sr,
KOHLLEHTPUPYIOTCS B OOSbLUEN CTEMEHWN B 4aCTHAX
XeNyoo4yHO-KULLEYHOro TpakTa, UMEeoLWnX Bbl-
COKWI BOLOPOAHbLIN NokasaTeslb, KOppennpys c
n3mMeHeHnem pH.
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Puc. 3. PacnipeneneHne XxuMn4eckux 3/1eMeHTOB C NnocTosiHHov ( Rb) u nepemerHov (Cr) BanneHTHOCTbIO
B NULLIEBapUTESIbHOV CUCTeMe CBUHBbY AOMaLLIHeV Ha TeppuTopun r. SkmbacTys, mr/kr / Fig. 3. The distribution
of chemical elements with variable (Rb) and constant (Cr) valence in the digestive system of the sus scrofa
domesticus in the city of Ekibastuz, mg/kg

ONeMeHTbl XXe C MepPeMEHHON BaNieHTHO-
CTblO NPOSBASOT 00paTHYIO0 3aBUCUMOCTb. Tak,
Ha y4yacTKax XeflyJOYHOro Tpakra C CaMblM Bbl-
COKMM nokasatesieM pH (TOHKMI KULLEYHUK)
OTMEYaEeTCH MUHUMAJTbHbIN KOSPPULMEHT KOH-
LeHTpauum Takumx 3MEMEHTOB C MepeMeHHON
BasieHTHOCTblO Kak Cr, n aHanormyHo ansa Fe,
Co, Yb. MakcumanbHble KO3(hOULNEHTbI KOH-
LeHTpaumm aTnX afeMeHToB obHapyXmBaloTCs
B TKaHAX TONCTOro U MpsiMOro kuieyHuka. Ha
npuMepe Ha3BaHHbIX 3IEMEHTOB MOXHO OTMe-
TUTb BAUSIHWE Takoro Buonormnyeckoro apbepa,
KaK pes3koe W3MeHeHWe BOOOPOOHOro nokasa-
TeNns Ha KOHUEHTPUPOBaHME SIEMEHTOB pas-
JINYHBIX XUMUYECKUX FPY.

Jpyrum nokasaTefibHbIM WHCTPYMEHTOM
npyu N3y4EeHUN MUrpauum 3NEeMEHTOB BHYTPU
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1M3y4aeMoOl CUCTEMbl OpPraHoB $BASIETCS Mo-
CTpoeHne Buoreoxmmmuyeckmx pspgoB. B xope
WNCCNENO0BAHUS U3YYEHbI TKaHU XEeNyAoYHO-KN-
LIEeYHOro TpakTa KaxAoro oTaena KuLIeYHnKa,
nccnepoBaHel nepsble 1 nocnegHme 100 cm ka-
XO0W YacTu, Kak 4acTu CUCTeMbI, OTBeYaloLLne
3a BBeAEeHME U BbIBEAEHNE 3IEMEHTOB 13 Op-
raHa u opraHuama B LesioM (cm. Tabnuuy).
Buoreoxnmunyeckne psigbl, NpeacTaBnieH-
Hble B Tabnuue, HarnsigHO MokasbiBaloT, Kakue
3/1eMEHTbI HakanivBaloTCs B MULLLEBAPUTENb-
HOW cMCTEME U B Kakol eé yacTu. Takme Xumn-
yeckune anemMeHThl, kKak Sr n Ca HakanamearTcs
B POTOINOTKE, YTO MOXET ObITb CBA3aAHO C XPsi-
LeBbIM CTPOEHMEM AaHHOro opraHa. Hakonne-
Hue As, Br moxeT ObITb CBA3AHO C NOCTynje-
HMEM LaHHbIX 3JIEMEHTOB NPEUMYLLECTBEHHO
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BO3AYLHbIM NyTEM. B HakonneHnn mbllbska
MOXeT UMeTb 3Ha4dYeHwune 06pas XN3HN ncC-
clegyemMoro XmBoTHoro. B cBasu ¢ Tem, 4To
CBWUHbW 4aCTO POKOT 3eMJliO, HE UCKJIIOYaeT-
CHA (baKT npornatbiBaHna 4acTtuul, MNO4YBbI, U

Kak cnepcTteune MocTyn/ieHne 3J1IeMeHTOB
N3 3arpsi3HEHHONM noyBbl. CornacHo AaHHbIM,
npenctaeneHHbIM B cTatbe X. X. CembaeBa, co-
Jep>XaHne MblLlbsika B CpeAHeEM B MoyBax . OKu-
6acTty3 npesbiwaeT 0,5 MNAK [3].

Crnieunguika HaKoMIEeHWs1 3J1IEMEHTOB B XeJTy404YHO-KULLEYHOM TPaKTe CBMHbM AoMaLuHel [NaBnogapckori
obs1acTn OTHOCUTEJILHO CPEAHEro coaepxxaHus B opraHmname / Specificity of elements accumulation in the
digestive tract of the sus scrofa domesticus in the Paviodar region relative to the average content in the body

Opran/Organ :;‘}cs?s’;::gé Psp, koHueHTpauumn anemeHToB / Concentration ranking
Imotka/Pharynx - Sr,-Ca, ;-As, ,-Na, -Br, -U, |
Xenynok/Stomach - Lu, o
TOHKMI KMLLIEYHMK/ 100 Sr ¢-Rb,;Lu, -Na, ~Zn, |
Small intestine 200 U, -Rb, -Zn, -As,-Tb, -Na, -Sm, -Cs,
300 Sblo,s'Las,s'Hfs,z'Ths,1'805,1'Bas,o'Eus,o'Tb4,7'Yb4,4'Cos,8'Ces,z'Csz,3'Fez,fLuz,s'Taz,s'
ToncTbliA sz gAs, Br,,-Zn, U, -Rb, |
kuweruk/Colon 100 Sb ,,Cr ,,Nd ;, La,Sc ,-Co , -Ba , -Hf , -Eu ,,-Tb, -Th, -Yb, -Ce ,Fe, T
2,3'CS 2,0'U 1,7'Zn 1,4'Br 1,1'Lu1,0'Rb 10
500 Hfz,s'SczA'COzA'Baz,s'Taz,o'Ag1,Q'Th1,9'Nd1,7'|'a1,7'Eu1,e'Au1,e'Ce1,5'Sm1,3'Zn1,2'Rb1,2'
Mpsimas kuwwka/ Cs.1 1-Lu1 1-Tb1 0
Rectum
600 La, ;-Th, ;-Co, -Ta, -Lu, ,-Cs, -Cr, ,-Sc, ,-Ce, ,-Ba, ,-Yb, -U, -Eu, ;-Sm, -Br

CpaBHeHMe B1oreoxmmMmnyeckmx psaoB no-
Ka3bIBaEeT, YTO KaXAbl OTAEN KNLLIEYHOIrO TpakTa
nposiBNsieT CBOW NHAMBUAOYaSIbHble OCODEHHO-
CTWN, KOHUEHTpUpysa cneundunyHble 3NeMeHThbl.
30HoI Hanbonee akTUBHOIO MOMOLEHNS Npak-
TUYECKU BCEX XMMUNYECKNX SNIEMEHTOB OCTaETCH
TONCTbIN KNLLIEYHUK. B TKaHAX Xe TOHKOro Ku-
LeyHnKka obHapyxXmneaeTcsi MakCUMasbHbIA KO-
adPunumeHT KoHueHTpaunm U Bo Bcel BbIbop-
ke. OTnnunTenbHo OCOBEHHOCTLIO MPSIMOro
KNLLEYHNKa SIBNSIETCHA BbLICOKUN KO3IDDUUMEHT
KoHueHTpauun Hf, Sc, Co, Ba (Cc>2) B Bepx-
HeM oTaene u La, Th, Co — B HuxHeMm (Cc>1,5).
CTeHKM NpsIMOro KulleyHuka akTUBHO KOHLLEeH-
TpupytloT GnaropogHble MeTannbl (Au u Ag), a
Takxe penkosemMesbHble anemMeHThl (La, Sm, Eu,
Lu), n3 Bceli BbIBOPKM KOIPDUUMEHT KOHLLEH-
Tpaunm 9TUX METasJIOB MpeBbIIAeT eauHULY
LB B NpoBax NPsMOro KMLWeYyHUKa, 4To MOXeT
0BOBACHATLCS UX HU3KOM PU3NONOrMYecKomn ak-
TUBHOCTbIO.

MpencrtaBneHHas Tabnuua nokasbiBaeT,
yto U cnocobeH HakannmBaTbCsa MpPakTUYecKu
BO BCEX W3Yy4YeHHbIX KOMMOHEHTaxX nuLleBapu-
TeNbHOW CUCTEMBbI, 3a UCKIIIOYEHMEM XENYOKa,
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M NOCTMraeT MakCUMallbHOW KOHLEHTpaumn B
nepebix 100 M ToHKOro kuwedHwuka. Cnenyet
OTMETUTb HakonneHne Th TKaHAMW TONCTOro n
NPSIMOTo KNLIEYHMKA U HU3KOE KOHLLEHTpUpoBa-
HMe 3TOro MeTanna B ApPYrmx N3y4eHHbIX TKaHaX
nuLLeBapuUTeNbLHOM cucTeMbl. Bonee pnetansHoe
paccmoTpeHue copgepxarHus Th, U B TKaHAX kM-
LWeYyHoro TpakTta noAaTBepxXnaeT OTMeyeHHble
paHee 3aKOHOMEPHOCTU HaKOMIEHUs AaHHbIX
aneMeHToB W1 6Gonee HarnsigHO MoKasbiBaeT
crneunduky nx pacnpegeneHus.

Junarpammbl LEMOHCTPUPYIOT, HTO KOHLEH-
Tpauust Topusi OCTaéTcss MUHUMasbHOM B TOH-
KOM KMLLEYHUKE, 3aTeM Pe3KOo YBen4MBaeTcs
B TOJICTOM KULLEYHUKE, CHUXaeTCHA B NPSMOM,
N NpakTUYeckn He meHsieTcs nocne. OCHOBHOW
dYHKUMER TONICTOro KMLEeYHMKa SBASeTCs Bca-
CbiBaHMe BOAbI U 3NEKTPONNTOB, N PakT KOHLEH-
TPUPOBaHUS TOPUS UMEHHOIO 3TUM OTAESIOM
KWULIEYHOro TpakTa No3BOSET HaMm npepnnoso-
XWUTb, YTO AaHHbLIA MeTann noctynaeTt B opra-
HM3M B BOLOpPacTBOpUMON popMe, 1 nocneno-
BaTeNbHO BCAacbIBAeTCA CTEeHKaMu KulleyHukKa
o6pasys 6Guoxmmmyeckmin bapbep, NPenaTcTBy-
OLNIA NPOHUKHOBEHUIO [AHHOrO SfiEMEeHTa B



BectHuk 3a6lY. 2019.T.25. Ne 7

Haykn o 3emne

KpoBb. U NpenmyLLIecTBEHHO HakanineBaeTcs B
BEPXHEM OTAesie TOHKOMo KMLIeYHMKa, KOHL,EH-
Tpauus AaHHOro MeTasla B KMLEeYHOM TpakTe
bosiee paBHOMepHa, OfHaKO OHa Pe3KO CHUXa-
eTCsl OT TOHKOMO KMLIEeYHMKA K BEpXHEMY OTaesy
NPSIMOroO KMLLIEYHNKA W NOCTENEHHO MoBbILLIAET-
Cs1 B HUXHeM oTaesie. MNocTynaioLume B opraHiam
coeavHeHus ypaHa 6e36apbepHO MPOHMKAOT
B KPOBb CKBO3b CTEHKM TOHKOIO KWULLIEYHUKA,
Tak KaK TOHKUA KULIEYHUK SIBIIETCS OCHOBHOW
30HOW BcacblBaHUS MPOAYKTOB MULLEBAPEHUS,

Th

Kosddmpent Konuentps

Otpem KKT

s Th essss pH oprammusma

O0onbLUIMHCTBA NepopasibHO BBEAEHHbLIX Nekap-
CTBEHHbIX BELLLECTB, S40B 1N TOKCUHOB B KPOBE-
HOCHble 1 nuMmdaTmndeckue kanuansapol [7]. N3-
MeHeHne Koa(pPUUMEHTOB KOHUEHTpaumn Th,
U XopoLLo oTpaxaeT CMeHY BHYTPEHHEN cpeabl
opraHusma, a UMeHHO BOAOPOLHOrO Mnokasa-
Tensa (puc. 4). Takum o6pa3oM, KUCNOTHOCTb
cpenbl iBNsgeTcH ewé ogHUM GakTopoMm, oka-
3blBalOLWLMM BO3OENCTBME HA pacrnpepeneHne
XUMUNYECKMX SNIEMEHTOB B XENYA0YHO-KMLLIEY-
HOM TpaKTe CBMHbW JOMaLIHEN.

U

pH

¥

4
7

Otpesmst KKT

(S

4

5

g
Z
g
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-4
<

U
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Puc. 4. KoagpduumeHT koHUeHTpaummn Th, U B TKaHSIX KULLIEYHUKA CBUHbW AOMAaLUHEN: 1— rnnoTka; 2 — Xesaynok;
3 — TOHKUI KNLLEYHWK; 4 — TONICTBIN KULLIEYHWK; 5 — npsmas kuwka / Fig. 4. The concentration ratio of Th, U in
the intestinal tissues of the pig Note: 1- pharynx; 2 — stomach; 3 — small intestine; 4 — colon; 5 — rectum

BbiBoabi. Pe3ynbTtathl MPOBEAEHHOIO WNC-
CnefoBaHMe NMOKasbiBaloOT, YTO MULLEBAPUTENb-
Has cMcTema CBMHbM AOMalLHEN pearnpyeT Ha
aHTpornoreHHoe Bo3AencTBME, 0Bpasys MOLL-
Hble Bnoxummnyeckre bapbepbl. KoHUEHTpaums
XUMUNYECKNX BIEMEHTOB MEHSIETCS B 3aBUCUMO-
CTU OT yyacTKa Xenygo4YHOro-KMLWEeYHOro Tpak-
Ta, N0 Mepe N3MEHEHUS KMCNOTHO-LLENOYHOrO
fBanaHca n B 3aBUCUMOCTU OT dU3MoNornye-
CKOW PYHKLIMU NccnegoBaHHbIX OpraHoB. ApKum
MPUMEPOM SIBASIETCS MOBbLILLUEHHOE KOHLUEHTPU-
poBaHMe XMMUYECKUX 3N1EMEHTOB TKaHAMMN TOJ-
CTOro KuLleYyHmka, Kak 30Hbl BcacblBaHUS BOAbI
M 9NeKTPONNTOB, MPENATCTBYIOLLEE HPE3MEPHO-
My nonagaHuio MeTasnsoB B KpoBb. BapbepHyto
GbYHKUMIO TONCTOrO KULLEYHUKA MOATBEPXAaeT
dakT KOHLLEHTPUPOBaHUS ero TkaHamMm 21 na 28
MN3YYEHHbBIX XUMUYECKUX BIEMEHTOB. MbIbsk
n BpoM, Kak NeTyyne TOKCUYHbIE BJIEMEHTHI,
nocTynawoLwmne B OpraHnam MnpenMyLLecTBEH-
HO Yepes opraHbl AblXaHWs, KOHLEHTpUpyeTcs
B TKaHsX rmoTku. B obwem, HabniogaeTcs TeH-
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OeHUMs yBENUYEHUS KONMNYECTBA KOHLEHTPU-
pyeMbIX 37EMEHTOB MO Mepe MpPOXOXAEeHUs
KMLLIEYHOro TpakTa, YTo MOXeT oTpaxaTb NyTu
VX BbIBEAEHUS N3 OpraHM3mMa BMecTe C KajloM.
Cxoxme npouecchl paHee oTMedeHbl B paboTax
H. B. BapaHoBckon Npu N3y4eHnn 3N1eMEHTHOIO
cocTaBa TKaHel CBUHbW JOMALLHEN, BblpalleH-
HO B YCNOBUSAX PA3HOM TEXHOrEHHON Harpys-
Kn. XapakTep MNpPOMbILIEHHOIO BO34ENCTBUSA
HaxoOouT CBOE OTpaXeHme B XMMUYECKOM CO-
cTaBe OWONOrMYecKUX MaTepuanoB CBUHbLMK
nomaluHen. OpraHbl  XenygoyHO-KULWEYHOro
TpakTa aKkTMBHO HakamnmMBaloT TAXEnble, pen-
KO3eMesibHble, pPagvoakTUBHble MeTanibl W
MbllWbsK. Xumudeckasa OAN3OCTb opraHuMama
CBUHbM AOMaLLHEN K YenoBe4YeckOMYy W aHa-
Jlornsa noBefeHns XMMUYECKUX 3N1EMEHTOB B
opraHmamax MJfekonuTaloLlmx B LLefoM JatloT
OCHOBaHWe npepgnonaratb, 4YTO BbIABEHHbIE
3aKOHOMEPHOCTU MOTYT OblTb OTHECEHbI U K Ye-
NI0BEKY, 0HAaKO JaHHOe NpeanosioxXeHne Tpe-
OyeT panbHenwen nopaboTku.
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