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AcxTyansbHocTb paboThl onpeaensieTcss Heo6X0AMMOCTbIO PACLLUMPEHUS! 3HAHWUI 06 0COBEHHOCTSIX KOHLLEHTPU-
poBaHNS N pacnpenenieHNs XMMUYECKMX 9IEMEHTOB B OpraHax W TKaHsIX MJIEKOMUTAKOLWNX Kak MHANKATOPOB
MOTEHLMANIbHOrO HErAaTUBHOIO BO3AENCTBUSA Ha 340POBbE HaceneHnd. PaccMmatpuBaeTcs BANUSHME TEXHOMEH-
HOro BO3OENCTBUS OKpyXatoLleli cpeabl Ha GopMmnpoBaHne 31EMEHTHOro cocTaBa opraHmM3ama MiekonuTatro-
LLEero Ha NpMMepe opraHoB 1 TKaHen CBUHbM AoMaluHel (Sus scrofa Domesticus), 0ToOpaHHbLIX Ha TeppPUTOPUn
ropona dkmbacTty3a MaBnoaapckon obnactn Pecnybnnkm KasaxctaH. M3yyaioTcst 3aKOHOMEPHOCTU KOHLIEH-
TPUPOBaHUS XMMNYECKNX SNIEMEHTOB B NULLIEEBAPUTESIbHOM CUCTEME B LIESIOM U OTAESbHbLIX €€ KOMMOHEHTax, B
yacTHocTn. Ocobo oTMmevaeTcs akkymynauuwsa As, Br B poTtornoTtke, Lu B xenyake, Rb, U B TOHKOM KulleyHuke,
Sb B TOICTOM KuMLLEYHUKE, Au, Ag B NPSIMOM KuLlevyHuke. JlokasaHo, 4TO MuLLeBapuUTEsibHas CUCTEMA CBUHbU
LOMaLLHel pearnpyeT Ha aHTPOMOreHHoe BO3aencTBue, 06pasdys MOLLHble BuoxumMmnyeckne 6apbepsbl. KOHLEH-
Tpaumsa XMMUYECKUX 9NIEMEHTOB MEHSIeTCSA B 3aBMCMMOCTW OT y4acTkKa XeJjly[Jo4YHOro-KULLIEeYHOro TpakTa, no
Mepe U3MEHEHUST KNCTIOTHO-LLENOYHOro 6anaHca 1 B 3aBUCUMOCTU OT PUINONOrMieckoin pyHKLUMM nccnemo-
BaHHbIX OpraHoB. JlokazaHo, 4TO XxapakTep NPOMbILLNEHHONO BO3AENCTBUS HAXOANT OTPAXKEHNE B XMMNYECKOM
cocTaBe 61onornyeckrx MaTeprasnoB CBUHbM AoMalluHen. OpraHbl XeyA04HO-KULLEYHOr O TpakTa akTMBHO Ha-
KannmealoT TSKENble, peako3emenbHble (Lu, Ce, La), pagnoaktmeHele meTtansbl (Th, U) 1 Mbilwbsak. Xummnyeckas
6/1M30CTb OpraHM3Ma CBUHLM JOMaLLHel K 4eI0BeYEeCKOMY W aHasnorus noseaeHmuss XMMMYecknx a51eMeHTOB B
opraHmamMax MekonuTalLlmx B LIeJIOM JaloT OCHOBaHWEe npednonaratb, YTO BbISIBIEHHbIE 3aKOHOMEPHOCTU
MOTYT 6bITb OTHECEHbI U K YeJTIOBEKY, OIHaKO AaHHOe NpeanosioxeHne TpebyeT ganbHellel 0opaboTkm

KnioueBble cnoBa: paavoakTUBHbIE SJIEMEHTbI, PEAKO3EMEJIbHbIE 3/IeMEHTbI;, UHCTPYMEHTasbHbIi  HEeUTPOHHO-
aKTUBALMOHHbI aHa/IN3; TEXHOMEHE3; XUBOE BELLECTBO; reOXuMmuYeckmne 6apbepbl; CBUHbS AOMAaLLUHSS Sus Scrofa Domesti-
CUS; reoxumMumsi XMBOIro BeLLEeCTBa,; A00bIBaloLLast IPOMbILLIEHHOCTb, roposa SkmbacTy3



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

BBegeHme. Mpeobpa3oBaHe KOMMOHEHTOB
OKpyXaloLen cpefbl B Xxo4e TeXHOreHesa,
obycnoBneHHoe BGypHbIM PasBUTUEM MPOMBbILL-
JIeHHOCTUN, CHOPMUPOBAIO LLEHTPASIBHYIO MPOo-
BnemMmy coBpeMeHHOW akonornm — npobnemy 3a-
rPSA3HEHNSA OKPYXalowWwen cpenpl. TexHoreHes,
Kak MpoLecc, HEOTPLIBHO CBSI3AHHbIN C YeNoBe-
YecKoln [eATeNnbHOCTbIO, ONMpenenseTcd CoBO-
KYMHOCTbIO FEOXMMUYECKNX U FeodU3nNYecKmnx
npoueccoB. OQHMM M3 MaBHbIX €ro acnekToB
SIBNSIETCA paccesiHne BOBMIEYEHHbLIX B TEXHO-
reHe3 9/eMeHTOB B OKpYXalollen cpeae n mnx
nocnepytolliee N3bbLITOYHOE NOCTYMNNIEHME, NPU-
MEpPOM KOTOPOro cnyxaT Bblbpockl B aTMocde-
py MPOAYKTOB CropaHus, 3arps3HeHune Mo4B U
BOLOEMOB MPOMBbILLJIEHHBIMU CTOKamu. [laHHoe
BO3[ENCTBUNE SIBASIETCHA MPENMYLLECTBEHHO He-
raTVBHBIM N N3MEHSIET eCTECTBEHHbBIE NMPUPOL-
Hble coobLlecTBa U opraHuambl. B pesynbrtate
4yero opraHM3mMbl BbIHY>XAEHbI aAanTUPOBaTLCS K
HeraTMBHOMY BO3[eNCTBUIO, GopMUPYH 3aLlmT-
Hble MeXaHU3Mbl, Tak Ha3blBaeMble OGUoreoxm-
Muyeckne Bapbepbl, KOTopble 06pa3yloTcs Noa
BINAHNEM pakTOpOB BHYTPEHHEN cpedbl U XU-
MUNYECKMX CBOWCTB 9N1IEMEHTOB W OTpaxaloT co-
0ol ux Bospeiicteme [4].

B nNOBbLILWEHHOM KOHLLEHTPUPOBaHUU TMO-
TeHUManbHO OnacHbIX BeLlecTB B CBOWX TKa-
HAX c Habnopatoulelicss nocne cmeHol 6uo-
reoxmmMmyeckon  0oOCTaHOBKM  3akjiovyaeTcs
dyHKunsa Broreoxmmmyecknx GapbepoB opra-
Huama. Cpean cylecTByloWNX BapbepPHbIX CU-
CTeEM oOpraHmama ocob0 BbIAENSAIOTCSH CAU3U-
CTble 000NI0YKN XENYAOHHO-KMLLIEYHOrO TpakTa

M HOCOMOTKWU. >XKenyaoyHOo-KULIEYHbIA TpakT
(>KKT) kak 30Ha Hanbonee akTMBHOIO BCcachiBa-
HUST XVIMUYECKUX 3NIEMEHTOB SIBASAETCS SAPKUM
npvmepomMm OGapbepHblx GYHKUMIA opraHmama.
BbiCOKOE HakomneHne XMMUYECKUX ISIEMEHTOB
B OpraHax MNULEBapUTENIbHOM CUCTEMBbI, Kak
rnpaBusio, FOBOPUT O MOCTOAHHOM MOCTYMIEHUN
XUMWNYECKOrO 3N1IEMEHTA N3BHE, YTO MOXET Me-
HATbLCS B 3aBMCUMOCTW OT NOTPeBNEHHOro Kop-
Ma, MUTbEBOW BOAbI, 3arpsi3HEHUS U COCTaBa
MOYBbI, KOTOpPble B CBOK O4epedb 3aBUCSAT OT
reorpadunydeckoro npowucxoxaeHus [10]. KoH-
LleHTpauu1si MeETasnioB B OPraHn3Me XMBOTHBIX U
NIOAEN 3aBUCUT HE TOJIbKO OT Tuna nutaHunsa [14],
dunanonormyeckon OyHKUMN OpraHoB M TKaHen
[5] v reHeTMYeCKUX XapakTepUCTMK OpraHn3ma,
HO N OT aHTPOMOreHHOW Harpy3km mecTa npo-
XVBaHUs opraHnama [6]. Takum obpasom, nay-
YeHMe KOHLEHTPauUi XMMUYECKUX SIEMEHTOB
B OpraHn3me CBUHbW SAABNSIETCH NOKa3aTesbHbIM
OJ151 OLLEHKW aHTPOMOreHHOro BO3AENCTBUS NN
nccnefoBaHNn eCTECTBEHHbBIX aHOManun B pe-
rmoHe. XMMMY4eCKNn COCTaB OPraHoB U TKaHen
CBWHbW JoOMallHen aKTMBHO UccrenyeTcs He
TONIbKO Kak Gosiee JOCTYMNHbIA, YeM HeopraHu-
Yyeckne MpoayKTbl, UCTOYHUK MUKPOINEMEH-
ToB [12], HO N KaK NHOVKATOP aHTPOMOreHHOro
npeobpasoBaHuns okpyxatoLLel cpeapbl [8] n kak
MozefNlb Yyenoseyeckoro opraHnama [9; 11]. Mpwun
OLLEHKE aHTPOMOreHHOro BO3LAENCTBUSA Ha XU-
BOW OpraHmam opraHbl U TKaHW CBUHbW JOoMaLlll-
Hel UMEIOT 3HauYuTeNnbHOe MNPEeuMyLLLECTBO Kak
OnonHaoMKaTop B CBSA3WM C MpocToTOW oTHopa
npo6 n panbHenLwen BO3MOXHOCTbIO 3KCTpa-



nonsiuMM MOIYYEHHbIX PE3ynbTatoB Ha opra-
HM3M YesioBeKa.

MeTtononorus n metoanka NccienoBaHUs.
Ans [aHHOro aKCnepuMeHTanbHOro uUccneno-
BaHWs Npobbl opraHoB U TkaHel BbibpaHa 0cobb
CBMHbMW XXEHCKOIro rnosia BO3pacToM 0KOJ10 6 Me-
csaueB. Ons vccnepoBaHns BbiOpaHbl opraxbl
Kaxgoro oTaena kuweyHoro Tpakta: 8 npob
TOHKOro, 4 npobbl Toncrtoro, 6 NpPo6 NpsIMoro
KMLLIEYHKMKa, Takke 0ToBpaHbl 06pasLbl Xenyaka
1 roTKn (Bcero npoaHannamposaHo 20 npoob).
MmoTka BKJlOYEHA B W3YyYeHUE XEeNYAOYHO-KU-
LLEeYHOro TpakTa B CBSA3M C aHaTOMUYECKUM
COCTaBOM BbICTUIAIOLLEN €€ CNU3UCTON TKaHW,
obpasytouein n XKT, n Hocornotky. OHa nccne-
[0OBaHa Kak 30Ha NOCTyMeHnNsa He TONbKO BOAbI
M NULLEBBLIX Macc, HO 1 Bo3ayxa. OpraHbl 1 Tka-
HK oTBUpanmcek 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 uMccnenoBaHWUst Bbl-
BpaH COBPEMEHHbIN BbICOKOYYBCTBUTENbHbBIN U
HEOECTPYKTUBHbLINM BUA, aHanm3a: WHCTPYMEH-
TanbHbIA HENTPOHHO-akTMBaLMOHHbIN (MHAA),
MO3BOJINBLUMI ONpeaennTb cogepxaHune 28 xm-
MWYECKUX 3NEMEHTOB. XUMUYECKUA 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 NpoBoauncs B nporpammax Excel,
Statistica 8. PaccunTtaHbl TakMe nokasaTtenu, kak
cpenHee apudmeTnyeckoe, MakCUMyM U MU-
HUMYM, cTaHpapTHas owwunbka. KoappuumeHT
KOHLEHTpaLUun BbIYUCISNICA KakK OTHOLleHne
cofepxaHusa anemeHTa B nnaueHTe (C) K cpen-
HEMY COZepPXaHUIO aNieMeHTa BO Bcei BbIbopke
(Ccp). Mo nony4yeHHbIM NokasaTtensam kKoappun-
umeHTa KoHueHTpauun (npn Kk>1) coctaBns-
JINCb reoxnummnyeckme 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-

CTaH Ha gonto ropoga dkmbacTy3 npuxoamTcs
48 % BbIOpPOCOB B aTMOCOEpPHbLIN BOo3ayx. Ha
Tepputopumn MaBnogapckon obnacTn cocpe-
L0OTOYEHbI NPegnpuaTMs MalMHOCTPOEeHWS,
MeTannoobpaboTkm, XUMUYECKOW W NErkomn
MPOMBLILLNEHHOCTM, a Takke MNpOn3BOACTBa
CTpOUTENbHbIX MaTepuanoB. JdkmbacTy3 xa-
pakTepPU3yeTCs HanpPsKEHHOW 3KONOrMYeCKOWn
06CTaHOBKOW B CBS3M C LUMPOKO PasBUTON [O0-
OblBatoLLEel NPOMBbILLIEHHOCTLIO (A00blYa yrns)
B HenocpeacTBeHHOM BM30CTM 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 9KOCK-
CTEM TEXHOMEHHLIMW BELLECTBaMU, TakKMMN Kak
yrosb, 30na, nblnb. Ha Tepputopnn . dknbdacTys
HaxoasATcsa kpynHble TOLL, koTopble paboTaloT Ha
3aKMbacTy3CKOM (MeCTHbII), kaparaHAMHCKOM U
KY3HeLKOM (MPMBO3HOM) yriie U MasyTe.

Pe3ynbTatbl MCC/eAOBaHUS U UX 0OCYX-
AeHusi. B pamkax wuccnepoBaHmsi npoaHanu-
31MpoBaHO 6 opraHoB, BXOAAWMX B COCTaB MNu-
LLEBAPUTENBHON CUCTEMbI CBMHbLWU AOMAaLUHEN.
M3y4eHO W3MEeHeHMe XUMMUYECKOro CoCTaBa
nMMLEBapPUTENIbBHOM CUCTEMbI B Pa3HbIX OTAeNax
XEenygo4yHO-KMLWeYHoro Tpakta. V13 puc. 2 sua-
HO, 4YTO Hanbonbllee coaepxXaHne XMMNYeckKnx
3/IEMEHTOB OTMEYaEeTCs B TKaHSAX TONCTOro Ku-
LleyHuka, Takke MHTepec BbI3blBAlOT onpefe-
NEHHbIE NCKJTIOYEHMUSI.

Kak y>xe oTmeuanocb, BcacbiBaHWe 60/b-
LUMHCTBA XMMMUYECKNX SNEMEHTOB MPOUCXOANT
B CTEHKaXx TOICTOro KMLeYyHnKa, B TO BpeMs Kak
TKaHW Xenyaka KOHLEHTPUPYIOT HanMeHbluee
KONNYECTBO XUMMUYECKUX DNEMEHTOB. Takme
anemMeHThl, kak Na, Ca, Sr npenmMyLLeCTBEHHO
HakarnaMBaloTCs B TKaHSX KOMNbLEBUOHOIO Xpsi-
la ropTaHu, 4YTo CBSI3aHO C OMonorMyeckmmm
OCOBEHHOCTSIMU CTPOEHUSI XPSLLEBON TKaHMW.
Rb n U kKoHUeHTpupyloTCA NpenmMyLLecTBEH-
HO B TKaH$IX TOHKOrO KuLlevyHuka. 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-
CcTUTyTa OOLWECTBEHHOro 34paBOOXPaHEHNs,
r. Tokmo [13]. MpeapiaoyLine nccnegoBaHms xe-
JYO0YHO-KULLEYHOrO TpakTa CBUHbY AOMAaLLHEN
Ha TeppuTopum ToMckoli obnacTtu [1] He BbISIBU-
I 3HAYUTENBHLIX Pas3nnynin B cogepxxaHusx U
B KOMTMOHEHTax Xenyao4YHO-KULLEYHOrO TpakTa,



O[HaKO TOHKUI KMLLIEYHUK U NpsiMasi KULlka oT-  XeT oTpaxaTb NyTW NOCTYMAeHus, Murpauum m

NnyaloTCs BbICOKMMM coaepxaHusamm Rb. BbiBeAeHUs. Tak, KOHUeHTpupoBaHune Br, As B
M3MeHeHUs1 B KOHLEHTpauMsx Xumuye- rnoTke, KoTopasi sIBASieTCs COeAMHUTENbHbIM

CKMX 9JIEMEHTOB B 3aBWUCMMOCTM OT TMMNa UC-  3BEHOM MeX[y HOCOBOM M POTOBOW YacCTblo Op-

cnefyemMon TKaHU MOXHO YBUOETb Ha npumMmepe raHnama, MOXeT CBMOEeTeNbCTBOBaTb O MOCTY-

TakMxX XMMUYECKMX 3IEMEHTOB, Tak Ag, Au, Br, MJAeHNUM Ha3BaHHbIX 9N1EMEHTOB C BO3QYXOM.

As (puc. 2). lSMeHeHus nx KoOHUgHTpaunn Mo-
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Puc. 1. PacnpeaeneHne XuMu4eCcknx 3J1eMEHTOB B MULLEBapUTEIbHON CUCTEME CBUHbU JOMALLHEN
Ha TeppuTopumn r. IkmbacTys, 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 nuLeBapnTesIbHOV CUCTEME CBUHbU JOMAaLLHE Ha TeppUTOpUn
r. SkmbacrTys, 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)



Mo Mepe npoxoxaeHus 4Yepes Xeny-
NOYHO-KUMLLIEYHbIA TpaKkT, codepxaHne Au B
TKaHAX KOMMOHEHTOB MNULLEBAPUTENIbHON CU-
CTeMbl MOCTEMNEHHO yBeNM4YnBaeTcsl OT roT-
KW 00 KULIeYHUKa N gocTuraeT Makcumyma B
npsiMon kuwike. AHanormyHas cutyaums Ha-
6niopaeTcs nNpu AgeTaibHOM PacCcMOTPEHUN
copepxaHusa Ag, ofHaKo B oTaunyme oT Au,
MUHUMaNbHO HakannueatoLllerocs B ob6nactu
rmoTku, Ag pocTturaeT MUHUMYMa B TKaHSX
xenyaka. MoxHO npeanonoxuTb, 4To Au, Ag
KaKk MHepPTHble MeTajnlbl He BCTynalT B XU-
MuYeckme peakumm no Mepe MNpPoxoXaeHus

KMLIEYHOro TpakTa, a BblAeNATCS BMECTe C
KaJloBbIMW Maccamu.

B xoae nccnepoBaHns OTMeYEHo, 4TO ane-
MEHTbI C Pa3HOWN BaneHTHOCTbIO KOHLLEHTPMPY-
I0TCS1 B Pa3HbIX OTAENax XenyA04HO-KNLLIEYHOO
TpakTa B 3aBMCMMOCTU OT pH cpeabl (puc. 3).
Tak, afieMeHTbl C MOCTOSAHHOW BaNeHTHOCTbIO
Ha npumepe Rb n gpyrve WENOYHO3EMENbHBIE
M WwenoyHble anemMmeHThl, Takue kak Ca, Na, Sr,
KOHLLEHTPUPYIOTCS B OOMbLUEN CTEMEHWN B 4aCTHAX
XeNyoo4yHO-KULLEYHOro TpakTa, NUMeoLWmX Bbl-
COKWI BOLOPOAHbLIN NokasaTeslb, KOppennpys c
n3mMeHeHnem pH.

250 10

9

200 8

7

150 6
g

s 5

=

100 4

3

50 2

1

0 0

T'10TKA Kemynok TOHKHH TomacTeIH IIpsvoH
KHIOIEYHHK  KHINEYHHK  KHIIEYHHK
s RD Cr epH

Puc. 3. PacnipeneneHne XxuMn4eckux 3/1eMeHTOB C NnocTosiHHov ( Rb) u nepemerHov (Cr) BanneHTHOCTbIO
B NULLIEBapUTESIbHOV CUCTeMe CBUHbY 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 Xe C MepPeMEHHON BaNleHTHO-
CTblO NPOSBASOT 00paTHYIO 3aBUCUMOCTb. Tak,
Ha y4yacTKax XeflyJOYHOro Tpakra C CaMblM Bbl-
COKMM nokasatesieM pH (TOHKMI KULLEYHUK)
OTMEYaEeTCH MUHUMAJTbHbIN KOSPPULMEHT KOH-
LeHTpauum Takux 3MIEMEHTOB C MepeMeHHON
BasieHTHOCTblO Kak Cr, n aHanormyHo ansa Fe,
Co, Yb. MakcumanbHble KO3(hOULNEHTbI KOH-
LeHTpaumm aTnx aneMeHToB obHapyXmBaloTCs
B TKaHAX TONCTOro U MpsiIMOro kuileyHuka. Ha
npuMepe Ha3BaHHbIX 3IEMEHTOB MOXHO OTMe-
TUTb BAUSIHWE Takoro Buonormnyeckoro 6apbepa,
KaK pes3koe W3MeHeHWe BOOOPOOHOro nokasa-
TeNns Ha KOHUEHTPUPOBaHME SIEMEHTOB pas-
JINYHBIX XUMUYECKUX FPY.

Jpyrum nokasaTefibHbIM WHCTPYMEHTOM
npyu N3y4EeHUN MUrpauum 3NEeMEHTOB BHYTPU

1M3y4yaeMoOl CUCTEMbl OpPraHoB $IBASIETCS Mo-
CTpoeHue Buoreoxmmmuyeckmx pspoB. B xope
WNCCNEAO0BAHUS U3YYEHbI TKaHU XEeNyaouYHO-KN-
LIeYHOro TpakTa KaxAoro oTaena KuLLIeYHnKa,
nccnepoBaHel nepsble 1 nocnegHme 100 cm ka-
XO0W YacTu, Kak 4acTu CUCTeMbI, OTBeYaloLLne
3a BBeAEeHVE U BbIBEAEHNE 3IEMEHTOB 13 Op-
raHa u opraHuama B Lesiom (cm. Tabnuuy).
Buoreoxnmmnyeckne psigbl, NpeacTaBnieH-
Hble B Tabnuue, HarnsigHO MNokasbiBaloT, Kakue
3/1eMEHTbI HakanivBaloTCsl B MULLLEBaAPUTESNb-
HOW cMCTEME U B Kakol eé yacTu. Takme Xxmummn-
yeckue 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 [aHHbIX 3JIEMEHTOB NPEUMYLLECTBEHHO



BO3AYLIHbIM NYyTEM. B HakonneHnn mbllbska
MOXeT UMeTb 3Ha4dYeHwune 06pas XN3HN ncC-
cllefyemMoro XmBoTHoro. B cBssu ¢ Tem, 4To
CBUWUHbW 4aCTO POKOT 3eMJli0, HE UCKJIIOYaeT-
CHA (baKT npornatbiBaHna 4acTtuul, MNO4YBbI, U

Kak cneanctBue — TOCTYMNJIeHME 3J1IeMeHTOB
N3 3arpsi3HEHHONM noyBbl. CornacHo AaHHbIM,
npencraeneHHbIM B cTatbe X. X. CembaeBa, co-
Jep>XaHne Mbllbsika B CpeAHeEM B MoyBax . OKu-
6acTty3 npesbiwaeT 0,5 NAK [3].

Crnieunguika HaKoMIEeHWs1 3J1IEMEHTOB B XeJTy404YHO-KULLEYHOM TPaKTe CBMHbM AoMaLuHe [NaBnogapckori
obs1acT 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
Imortka/Pharynx - Sr,-Ca, ;-As, ,-Na, -Br, -U, |
Xenynok/Stomach - Lu, o
TOHKMIA 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 4,Cr 4, 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 3N1eMeHThl.
30HoI Hanbonee akTUBHOIO MOMOLLEHNS Npak-
TUYECKU BCEX XMMUNYECKNX DNIEMEHTOB OCTaETCH
TONCTbIN KNLIEYHUK. B TKaHAX Xe TOHKOro Ku-
LeyHuKka obHapyxXmneaeTcsl 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 METasIJIOB MpeBbILIAeT eauHULY
LB B NpoBax NPsMOro KMLWeYyHUKa, 4To MOXeT
OOBACHATLCS UX HU3KOM PU3NONOrMYecKomn ak-
TUBHOCTbIO.

MpencrtaBneHHas Tabnuua nokasbiBaeT,
yto U cnocobeH HakannmBaTbCsA MpPakTUYecKu
BO BCEX W3Yy4YeHHbIX KOMMOHEHTaxX nuLleBapu-
TeNbHOW CUCTEMBbI, 3a UCKIIIOYEHUEM XENYOKa,

M NOCTMraeT MakCMMallbHOW KOHLEHTpaumn B
nepebix 100 M ToHKOro kuwe4vHwka. Cnenyet
OTMETUTb HakonneHne Th TKaHAMW TONCTOro n
NPSIMOTo KNLIEYHMKA N HU3KOE KOHLLEHTpUpoBa-
HMe 3TOro MeTanna B ApPYrmx N3y4eHHbIX TKaHaX
nuLLeBapuUTeNbLHOM cucTeMbl. Bonee pnetansHoe
paccmoTpeHue copgepxarHus Th, U B TKaHSX kM-
LWeYyHoro TpakTta noAaTBepXnaeT OTMe4yeHHble
paHee 3aKOHOMEPHOCTU HaKOMIeHUs AaHHbIX
aneMeHToB 1 6Gonee HarnsigHO MokKasbiBaeT
crneunduky nx pacnpegeneHus.

Junarpammbl LEMOHCTPUPYIOT, 4TO KOHLEH-
Tpauust Topusi OCTaéTcss MUHUMAasbHOM B TOH-
KOM KMLLEYHUKE, 3aTeM Pe3KOo YBen4MBaeTcs
B TOJICTOM KULLEYHUKE, CHUXaeTCHA B NPSMOM,
N NpakTU4eckn He meHsieTcs nocne. OCHOBHOW
dYHKUMEN TONICTOro KMLIEeYHMKa SBSeTCS Bca-
CbiBaHWMe BOAbI U 3NEKTPONNTOB, N PakT KOHLEH-
TPUPOBaHUS TOPUS UMEHHOIO 3TUM OTAESNIOM
KMLIEYHOro TpakTa No3BOMSET HaM 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 9fiEMEeHTa B



KpoBb. U NpenmyLLIecTBEHHO HakarnineBaeTcs B
BEPXHEM OTAesie TOHKOro KMLIeYHMKa, KOHL,EH-
Tpauus AaHHOro MeTaslla B KMLEeYHOM TpakTe
bosiee paBHOMepHa, OfHaKO OHa PEe3KO CHUXa-
eTCsl OT TOHKOMO KMLIEeYHMKa K BepXHEMY OTAesy
NPSIMOro KMLLIEYHNKA W NOCTENEHHO MoBbILLIAET-
Cs1 B HUXHeM oTaenie. MNocTynaioLume B opraHiam
coeavHeHus ypaHa 6e36apbepHO MPOHMKAIOT
B KPOBb CKBO3b CTEHKM TOHKOIO KWULLIEYHUKA,
Tak KaK TOHKUA KULIEYHUK SIBIIETCS OCHOBHOW
30HOW BcacblBaHWS MPOAYKTOB MULLEBAPEHUS,

Th

Kosddmpent Konuentps

Otpem KKT

s Th essss pH oprammusma

O0onbLUMHCTBA NepopasibHO BBEAEHHbLIX Nekap-
CTBEHHbIX BELLLECTB, S40B 1 TOKCUHOB B KPOBE-
HOCHble 1 nuMmdaTmndeckue kanuansapsl [7]. N3-
MeHeHne KoapPUUMEHTOB KOHUeHTpaumn Th,
U XopoLLo oTpaxaeT CMeHy BHYTPEHHEN cpeabl
opraHuama, a UMeHHO BOAOPOLHOrO Mnokasa-
Tensa (puc. 4). Takum o6pa3oM, KUCNOTHOCTb
cpenbl iBNsgeTcH ewé ogHUM GakTopoMm, oka-
3blBalOLLMM BO3OENCTBME HA pacrnpepeneHne
XUMUNYECKMX SNIEMEHTOB B XENYA0YHO-KMLLIEY-
HOM TpaKTe CBMHbW AOMaLlIHEN.
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Puc. 4. KoagpduumeHT koHUeHTpaummn Th, U B TKaHsIX KULLIEYHUKA CBUHbW AOMAaLUHEN: 1— rnoTka; 2 — Xesnaynok;
3 — TOHKUI KMLLEYHUK; 4 — TONICTBIN KULLIEYHUVK; 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-
CnefoBaHMA NMOKasbiBalOT, YTO MULLEBAPUTENb-
Has cMcTema CBMHbM AOMallHEN pearnpyeT Ha
aHTpornoreHHoe BoO3AencTBME, oBpasys MOLL-
Hble BMoxummnyeckre bapbepbl. KoHUEHTpaums
XUMUNYECKNX BJIEMEHTOB MEHSIETCS B 3aBUCUMO-
CTU OT y4yacTKa Xenygo4YHOro-KMLWEeYHOro Tpak-
Ta, N0 Mepe N3MEHEHUS KMCNOTHO-LLEN0YHOrO
BanaHca n B 3aBUCUMOCTU OT dU3MONornye-
CKOW PYHKLIMU NccnegoBaHHbIX OpPraHoB. ApkKum
MPUMEPOM SIBASIETCS MOBbLILLUEHHOE KOHLUEHTPU-
poBaHMe XMMUYECKNX SN1EMEHTOB TKaHAMMN TO-
CTOro KuLleYyHuka, Kak 30Hbl BCacblBaHUS BOAbI
1 9NeKTPONNTOB, MPENATCTBYIOLLEeE Hpe3MEPHO-
My nonagaHuio MeTansoB B KpoBb. BapbepHyto
GbYHKUMIO TONCTOrO KULLIEYHUKA MOATBEPXAAaeT
dakT KOHLEHTPUPOBaHUS ero TkaHamMmm 21 na 28
MN3YYEHHbIX XUMUYECKUX BIEMEHTOB. MbIlwbsk
n 6poM, Kak NeTyynme TOKCUYHbIE BJIEMEHTHI,
nocTynawoLwpne B OpraHnaMm MnpenMyLLecTBEH-
HO Yepes opraHbl AblXaHWs, KOHLEHTpUpyeTcs
B TKaHsX rmoTku. B obwem, HabniogaeTcs TeH-

OeHUMs yBENNYEHUS KONMMYECTBA KOHLEHTPU-
pyeMbIX 37IEMEHTOB MO Mepe MpPOXOXAEeHUs
KMLLIEYHOro TpakTa, YTo MOXeT oTpaxaTb NyTu
VX BbIBEAEHNS N3 OpraHM3mMa BMecTe C KajloM.
Cxoxue npouecchl paHee oTMedeHbl B paboTax
H. B. BapaHoBckon Npu N3y4eHnn 3N1eMEHTHOIo
cocTaBa TKaHel CBUHbW JOMAaLLHEN, BblpalleH-
HOM B YCNOBUAX PA3HOM TEXHOrEHHOM Harpys-
Kn. XapakTep MNpPOMbILIEHHOIO BO34ENCTBUSA
HaxoOuT CBOE OTpaXeHme B XMMUYECKOM CO-
cTaBe OWONOrMYecKUX MaTepuanoB CBUHbLMK
nomaluHen. OpraHbl  XenygoyHO-KULWEYHOro
TpakTa aKTMBHO HakamnnmMBaloT TAXEnble, pen-
KO3eMesibHble, pPagvoakTUBHble MeTanibl W
MbllWbsK. XumMmudeckas OAN3OCTb opraHuMama
CBUHbM AOMaLLHEN K YenoBe4YeckOMYy W aHa-
Jlornsa rnoBefeHns XMMUYECKUX 3N1EMEHTOB B
opraHmamMax MJfekonuTaloLlmx B LLefoM JakloT
OCHOBaHWe npepgnonaratb, 4YTO BbIABIEHHbIE
3aKOHOMEPHOCTU MOTYT ObITb OTHECEHbI U K Ye-
NI0BEKY, 0HAaKO JaHHOe NpeanosioxXeHue Tpe-
OyeT panbHenwen nopaboTku.
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