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JepuuuT MUHEPAJIbHBIX BEIIECTB B MUTAHUM JeTeil J0IIKOJIbHOI0
BO3PacTa KaK NPUYMHA aJIMMEHTAPHOIO Juc0aIaHca

[IpencraBiieHbl pe3yabTaThl U3YUEHUS] MUHEPAJIBHOTO COCTaBa (PaKTUUYECKOrO MUTAHUS
JeTel JOLIKOJBHOTO Bo3pacTta. OTMEYEHO, YTO B NUTAHUU JOIIKOJIBHHUKOB HMEET
MeCTO  aAucOallaHC  MOCTYIJIEHWS  MHUHEpPaJbHBIX  BEIIECTB  C  NUIICH.
KitoueBble ci0Ba: MHHEpajbHbIE BEIIECTBA, JETCKHE OIIKOJIbHBIE YUPEXKICHHUS,
MUKpPOHYTPUEHTHI, 1hcOaIaHc.

Baxxnelimei 0coOEHHOCTBIO NIEPHOJIa JETCTBA SBISETCS MHTEHCUBHOE (DOPMUpPOBAHME
Y pa3BUTHE BCEX CUCTEM OpPraHu3Ma. ITH (PU3HOIOTHYECKUE MPOLECCHI JOJKHBI OBITH
oOecreyeHbl HEOOXOAMMBIMU KOJIMYECTBAMHU MUTATEIbHBIX BEIIECTB, B TOM YHUCIE
HE3aMEHUMBIMH MaKpO- W MHUKPOIJIEMEHTAMH - COJISIMU KasIbIIUsl, Kayus, MarHus,
docdopa, xenesa, Meau, IIMHKA, MOJIMOICHA, Hoa, pTopa u T.4. [3,4].

Hedbuuutr norpeblieHHs MHUKPOHYTPHUEHTOB MOXET OBbITh OOYyCJIOBIEH  Kak
HecOaTaHCUPOBAHHOM CTPYKTYpOH MPOAYKTOBBIX HA0OPOB, TaK U HU3KUM YPOBHEM UX
coJlep KaHMs B MUILIEBBIX MpoaykTax. CoBpeMeHHbIE METO/Ibl BhIpAIIMBAHUS, OUYUCTKH,
nepepabOTKM, XpaHEHUsT M  KyJWHApHOM O0OpaOOTKM MMILEBBIX MPOAYKTOB
CYIIICCTBEHHO YMEHBIIAIOT UX OHMOJIOrMYecKyio HeHHocTh [4, 8]. B To ke Bpems, B
YCIIOBUAX HAYYHO-TEXHUYECKON PEBOJIIOLMH, IOBBIIIEHUS HEPBHO-3MOLKMOHAIBHOIO
HampsDKeHWs,  BO3JIEUCTBHMSL ~ HEONArompusiTHBIX  (AKTOpPOB  MPOM3BOJACTBA U
M3MEHSIOLIENCS OKPYIKAIOIIEH cpeibl MOTPEOHOCTh YeJIOBEKa B MUKPOHYTPUEHTAX, KaK
BaKHEHIIEM 3alIUTHOM (haKTOpe, HE TOJIBKO HE CHMXKAETCS, HO U CYIIECTBEHHO
Bo3pacraer [4, 8].

[locTOAHHBIA KOHTPOJb 32 MHUKPOHYTPUEHTHBIM CTaTyCOM pAa3jIMYHbIX TPy
HaceJeHus, pa3paboTka U peanu3alus 030POBUTENbHBIX IPOEKTOB, HAMPABIEHHBIX HA
KOPPEKLHI0 UMEIIMUXCs AeHUIIMTOB, SBISIOTCS BaKHEHIEH 3ajadell COBpeMEHHOM
meaunmabl [7-9, 11, 12]. CneayeT OTMETHUTh, 4YTO JaHHBIE IO KOMILICKCHOMY
U3YYEHUIO NOTPEOJCHUS] MUHEPAJIbHBIX BEIIECTB JE€TbMU JOLIKOJBHOTO BO3pacTa B
YCIIOBUSAX CIIOKMBIIEHCS 3KOoMornyeckoi ooctaHoBku B Pb B u3ydenHoi nurteparype
HaMU He OOHAPY’KEHBI.

[lenpl0 HACTOALIErO MCCIENIOBAHUS SBHJIOCH HM3YYEHHUE CTPYKTYPbl (PaKTHUUECKOTrO
MUTaHUS B IETCKUX JOMIKOIBHBIX yupexacHusax (JJAY) u B moManHux ycioBusx.
Marepuansl 1 METOBI:

JIJist OlleHKU CTPYKTYpbl (PaKTUUECKOTO MUTAHUS MPOBOIUIOCH BHIOOPOUYHOE U3YUECHHE
MeHro-packiaagok B JIJIY Ne 34, 186 I[laptuzanckoro u Ne 498 IlepBomaiickoro
paiionoB r. MuHcka. Beero uccnenoBano 477 MeHio-packiiagok. Pacuer MunepaibHOTO
COCTaBa CPETHECYTOYHBIX PAIIMOHOB MPOBOJIMIICS Ha OCHOBAHUU TaOJIUI XUMHUYECKOTO
COCTaBa MHULIEBBIX MPOAYKTOB, YUYUTHIBAIMCh HOPMATHBBI OTXOAOB WU NOTEPU NpH
TEIUIOBOM KyJMHApHON 00pabOoTKe B COOTBETCTBUU C yTBEp)KACHHBIMU HOopMmamu [10].
JlomaliHee MUTaHUE HU3YYaJIOCh IYTEM AHKETUPOBAHMS POAMTENEH MeTonoM 24-x
4acOBOI'0 BOCIPOM3BEAEHUS B COUETAHUM C AHKETHO-OMPOCHBIM MetoAoM. IIpu stom
JUISL OLICHKM KOJIMYECTBA MOTPEOJIIEMON MU UCIIOJIb30BAIUCh IBETHBIE (hoTorpaduu
u3 «Anpboma nopuuid 010 U NPOAYKTOB» B HATYPAJIbHYIO BEIMUMHY. Beero n3yueno
384 aHKeTHI.



[lapanmnensHO AJi1 OLIGHKH (DAaKTHUECKOTO TOTPEOJICHUS MUHEPATbHBIX BEIIECTB
MPOBEIEHO  HW3yyeHue  JabopaTOpHbIMU  (DU3UKO-XMMHYECKUMH  METOJAMU
MUHEPAJILHOTO cocTtaBa 36 parmoHoB, otoOpaHHbix B JI/IY r. Muncka. [lumesas u
Ounonornyueckas IEHHOCTh pPAIOHOB OIICHWBAJach IO OCHOBHBIM IIOKa3aTelsiM,
periiaMeHTHpyeMbIM HopMamH [6)].

Bce nudpoBsie naHHBIE pacYETHBIX M IKCIIEPUMEHTAIBHBIX UCCICTOBAHUN MPUBEICHBI
B COOTBeTCTBHE ¢ MexayHapoaHoi cuctemor enuuur (CH) u  oOpaboTaHbl
CTaTUCTUYECKH [5].

Pesynbrathl u 06cyxneHne

Pesynbpratel  WcclieJOBaHHMS ~MUHEPAIbHOTO COCTaBa  (PAKTUYECKOTO IMMHUTAHUSA
JOUIKOJILHUKOB PaCYeTHBIMU METOJIaMU CBUIETEIBCTBYIOT, UTO MOTPEOICHUE KATbIUS
u (ocdopa TOMKOIBHUKAMH C YYETOM JOMAIIHEr0 W OPraHM30BAHHOIO MHUTAHUS B
JJY cocransino 758,6£8,0 m 1106,3+11,3 Mr/cyTku, YTO HIKE PEKOMEHIYEMOWM
Bo3pactHOM HOpMmbI (p<0,01) Ha 15,7 u 18,1% coorBeTcTBeHHO. HemocTtatouHoe
MOCTYIUIEHUWE Kalblug ¢ numeid BbisiBleHO y 92,9%, dochopa y 95,0% Bcex
oOcnenoBaHHbIX nereil. [loTpebienne MarHusi COOTBETCTBOBAJIO BO3PACTHOW HOpME U
coctaBisuio, ¢ yderom murtanus B JIJIY u moma, 244,00+2,58 mr/ cyr. DTo BbIIIE
BO3pacTHOU (puznonornueckoit Hopmbl Oonee uem Ha 20%. [IpeBblieHne coaepkaHus
dbochopa Han kampimem Oonee yeM B 1,5 paza BwisiBaeHO B 35,6% uccieqoBaHHBIX
pallMoOHOB B JETCKOM caay, a B JOMaIlHuX YycjaoBusx mouytd B 60% ciyyaes.
Cootnomenune Ca : Mg 6onee uem 1:0,5 yctanosneno B 30% ciy4yaeB B JOMallIHEM
nutanun v B 3% ciyydaes B JIJ1Y.

C ydeToM JOMalIHEr0 W OPraHU30BAHHOIO MUTAHUS TOTPeOJICHUE KaJlus
COOTBETCTBOBAJIO PEKOMEHIYEeMbIM BO3pacTHbIM KosmuecTBaMm (p>0,05) u coctaBisiio
2885,73+26,51 mr/ cytr. OTMeueHo u30bITouHOE conepkanne Hatpus (p<0,01) B muie
(3785,10£37,76 wmr/cyr mpu BO3pacTHOM pekomMeHayeMoM kojudectBe 460-1730
mr/cyT).

MuUKpOIIeMEeHThl TMPHHAIJICKAT K YUCITY HE3aMEHHMBIX NHIIEBBIX (HaKTOPOB,
aJICKBaTHOE TMOCTYIUICHHE KOTOPBIX B OPraHM3M SIBISIETCS HEOOXOAMMBIM YCIOBHEM
oOecrieueHusi 340poBbs U paboTocnocodHocTu. M3ydeHue moTpedsieHus Kene3a C
MUIIENH CBUIETEIIBCTBYET, UTO MPHU OOIIEM JOCTaTOYHOM mocTyruieHuu - 11,8+0,2mr B
JIeHb TOTpeONeHHe JKele3a 3a CYeT MPOAYKTOB JKUBOTHOTO IPOUCXOXKICHUS
coctaBisier 14,1%. Hamu BbisiBiIeH psif GakTopoB (ICPUIUT B MUTAHUUA >KHUBOTHOTO
Oenka W acKOPOMHOBOM KHCIIOTHI), KOTOPHIC CHIDKAIOT YCBOCHHE JKeje3a C MHUIICH.
Conmepxanne MeAM M IIMHKA B palHdoOHaX, B OCHOBHOM, COOTBETCTBOBAJIO €ro
pexkomenayemomy ypoBHio (p>0,05) u coctaBnsio B cpennem 1267,4+16,6 Mkr/cyT u
7941,7+78,8 MKr/cyT COOTBETCTBEHHO. BMmecTe ¢ TeM, M3ydeHHE NPOIECHTHILHOIO
pacmpeziesieHusi MOTpeOIeHUsS IIMHKA CPEIu JOMIKOJFHUKOB CBUACTEIBCTBYET, YTO Y
49,6% Bcex o0cneJ0BaHHBIX MOCTYIJIEHUE IMHKA B OPraHU3M HIKE (PU3MOJIOTMYECKOM
HOpMBI. [IpolieHTHIIBHOE pacipeieieHne MOTPEOIeHUs CelleHa CBUACTEIbCTBYET, UTO Y
65,8% [OMIKOJbHUKOB OHO OBUIO HH)XE HOPMBI, PEKOMEHAYEMOM i JaHHOU
BO3PAaCTHOW IPYIIIIHL.

Hamu oTMeueHsl HEOIaronpusaTHBIE Pe3yabTaThl MPU U3yYEHUH MOCTYIUICHUs GTopa ¢
nuuieit, koropoe coctapisier 25,99% oT HUXKHETO YPOBHS, PEKOMEHAYEMOT0 [ AeTeH
naHHOM Bo3pacTHOM rpynnsl B JJ/1Y u 26,67% B noMamiHeM NuTaHUM, 4TO COrIacyercs
c JnutepaTypHbiMH nAaHHbIMH. CojaepkaHHEe Xpoma, MO pPACYETHBIM JIaHHBIM,

HAXOJMWJIOCh B Tpeaenax pekomeHayembix ypoBHed (30 — 120 wmkr/cytku), u
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cocranysuio 48,32+9,52vkr u 60,63+22,34mkr coorBeTcTBeHHO (p>0,05). Coneprxanue
Moub1eHa U Maprania 610 Bbitie HOpMbl B JIJ1Y Ha 47,12% u 12,49%, B nomaniHem
nutanun Ha 31,26% u 35,00% cooteercTBeHHO (p<0,01).

Pe3ynpTaThl WCClIEIOBAaHWN MHHEPAIBLHOTO COCTaBa (PAKTUYECKOTO MHTAHHS TI0
CE30HaM IoJia pacYeTHBIM METOJOM CBUACTEIBCTBYIOT O HEJOCTATOYHOM IOCTYTUICHUH
B OPraHU3M C MHINEH, KaK MaKpOAJIEMEHTOB, TaK 1 MHUKPO3JIEMEHTOB Ha MPOTSIKCHUH
BCEro roja, 0osee BBIPAKEHHOM B BECEHHMH nepuoj. Takum oOpa3om, BbISIBICHHBIN
Ie(UINAT TOCTYIUICHUST MHHEPATBHBIX BEIICCTB SBJSETCS IMOCTOSIHHO JICHCTBYIOIIUM
(bakTopom.

[IpoBenenre aOOPATOPHBIX KMCCICIOBAHUN ITO3BOJMIO TPOBECTH CPABHUTEIBHBIN
aHAMHW3 JaHHBIX TOTPEOJICHUS MHUHEPATbHBIX BEIIECTB IMOJYYCHHBIX JIA0OPATOPHBIM
myTeM U pacyeTHbIM MeTooM (Tabuia).

Tabnuia.

ConepxaHre MUHEPATbHBIX BEIIECTB B CYTOYHBIX PaIlMOHAX JOIIKOJLHUKOB (Mzm),
mr.HH — He Hopmupyercs

Hurpeauexte! | Hopma ?ﬁﬁiﬁ?gﬁ ];[:EE:T(;LM; JOCTOREPHOCTE
3oma, r HH 12,760,34 16,00£0,27 p<0,01
Kamimit, M | 900 539,95£23,87 623,63:24,76 p=<0,05
Docdop, Mr | 1350 §90,64439,08 893,80+31,58 p=0,05
MarHeH, Mr 200 177.14+3.97 189,54+4.69 p=0,05
Cepa, Mr HH 344,33:28,75 305,59+15 40 p=>0,05
Kamai, Mr 1359%% 2304,974201,45 2441,65463,69 p>0,05
Harpat, mr f_fgﬂ 220,519 51 3218,63+47 68 p<0,01
Aemeso, MF | 10,00 12,55:0,61 9,36+0,26 p<0,01
Meas, MKT 1105%%' 739,52+31,30 1057,09496,87 p<0,01
LHHK, MKT 8000 | 5742,17+281.74 | 6554,67+245 48 p=0,05
Cenen, Mkr 20 15,66+2,66 p<0,01
XPOM, MKT | 30.120 | 123,32%11,10 49,13+2,87 p<0,01

[IpoBeneHHble HAMU JTAOOPATOPHBIE UCCIEAOBAHUS MUHEPAIBHOIO COCTABA CYTOUHbBIX
pPalMOHOB TMOKa3ajid, 4YTo (PaKTHUYECKOE CYMMApHOE COJEpKaHUE MHUHEPAIbHbIX
BemiecTB (30i1b1) Ha 20,7% HWKE PACUYCTHBIX JNAHHBIX, OTMEYCH JCPUIIMUT OCHOBHBIX
MAaKpO U MHUKDPODJIEMEHTOB. Tak, ImocryruieHue Kaiaplus ¢ numen B JIJ[Y cocrasisiio
59,99% ot ¢dusznonoruueckoit Hopmel, dpochopa — 65,97%, marnus — 88,57/%, uHka
71,78%, wmemu - 73,95%. CootHomenue kaibiusg, ¢ochopa U MarHus B
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HccleIOBaHHbIX panroHax coctapiseT 1 : 1,67 : 0,33, uTo, BO3MOXKHO, OTPUIIATEILHO
CKa3bIBaeTcsl Ha UX ycBoeHuu. ClielyeT OTMETUTh, YTO (PAKTHUUECKOE COAECp>KaHUE
KaJIbLIMsl, LMHKA, MEIU B CYTOYHBIX palMOHaX JOCTOBEPHO HMKE PACUETHBIX JTAHHBIX.
W3yuenue copaepkaHusi CcelleHa B palUMOHAaX JIOMIKOJBHMKOB IOKa3aao, YTO
JOCTOBEPHBIE KOJIMYECTBA SCCEHUUAIBHOTO MUKPORJIEMEHTa B HUX HE OOHApY>KEHBI.
KommuecTBo kenesa, nocrynatomero ¢ numied B JJY, npeBblaer peKkOMEeHIyeMOoe
JUIsL 1eTel JOLIKOJIBbHOTO Bo3pacta Ha 25,50%, mpu 3TOM pacyeTHbIE JAaHHbIE HIKE
pe3ynbTaToB JabopartopHbix uccienoBanuii Ha 34,08% (p<0,01), yTo, BO3MOXHO,
OOBSCHSAETCS M30BITOYHBIM COJAEpPKAHUEM €ro B BOAONPOBOJAHON Boje. CoriacHo
JUTEPATypPHBIM JaHHBIM, YACJIbHBbIA BeCc Mpo0, HE OTBEYAIOMIMX T'UTMEHUYECKUM
HOpMaTHBaM 1o cozepkanuto xene3a, B 2001 r. B r. Mucke cocrasui 48,3%.

Kak mnoka3zanu naGopaTopHble HCCIEIOBaHUsA, (PAKTUYECKOE MOCTYIIEHHE XpOoMa C
NuIeil B J1Ba C MOJOBUHOM pa3a BbIIE TEOPETHUYECKUX PACUETOB M MPEBBIINIAECT
BEPXHHUI HOPMATUBHBII MOPOT MOTPEOICHUS.

N3yuenue noTtpeOieHus] HATpHsl, Kajdusi U Cepbl C NUIIEH HE BBIIBUIO ACPUIUT UX
MOCTYIUUIEHUS. Y CTAHOBJIEHO, YTO KOJIMYECTBO HATpHs (PaKTHUECKH JOCTOBEPHO HIDKE
pacUeTHBIX NIaHHBIX, HO 3HAYMTEJIBHO MpPEBbIINIaeT Bo3pacTHhie HOopMbI (p<0,01). B
OTHOIIEHUH KaJIHus U CEpbl TAKON 3aKOHOMEPHOCTH HE OOHAPYKEHO.

BriBoan!

1. B nuTaHuM JAOWIKOJIBHUKOB BBISBIIEH JUCOANAHC MOCTYIJIEHUS MHUHEpaIbHBIX
BemecTB. Ha gpone HemocTaTouHOTO MOCTyIUICHHS Kanbuus, pocdopa, MHKA U celeHa
OTMEUaeTCs M30BITOYHOE MOCTYIUICHHE Maprasiia, MojuOieHa, HaTpUs U XpoMma C
nuiei. HemoctaTounoe norpebdienue kanbius u Gocdopa ycranosieHo y 90 — 95%,
nunka —y 50%, cenena —y 65% n0MIKOIHHUKOB.

2. @akTUYeCKOe COAEp)KaHUE KaJlbLiMsl, IMHKA, MEJIM B CYTOUYHBIX pallMOHAX C yYETOM
7a00paTOPHBIX UCCIEAOBAaHUI JOCTOBEPHO HMXKE PACUETHBIX JAHHBIX, ONpeaeisieMble
KOJIMYECTBA CEJICHA HE BBISIBJICHBI.

3. JlepuuuT MmOCTYIUIEHHST MHUHEpATbHBIX BEUIECTB OOHAPY’>KMBAETCS HE TOJBKO B
BECEHHMUI, HO W B JIETHE-OCEHHUI TNEpUOJI Troja, T.6. SBIAETCA TMOCTOSHHO
JNEUCTBYIOIIMM  HEOJIaronpuaATHbIM  (AKTOpPOM, MPHUBOJAIIMM K  Pa3BUTHUIO
METa0OJNYECKUX U3MEHEHUN B JETCKOM OpraHU3Me yCYTyOJSIOIKUMCS MPU HaJTUIUU
Apyrux 3a00JI€BaHUM, 3HAUUTEIbHBIX (PU3MUYECKUX U HEPBHO-TICUXUYECKUX HArpy3Kax,
MPOKMBAHUH B 3KOJIOTMUYECKH HEOJAronoIyqYHbIX PErMOHaX.

4. HauGonee 3¢p(deKTUBHBIM, (U3HOJOTUYECKH OOOCHOBAHHBIM U SKOHOMUYECKH
JOCTYIIHBIM  CIOCOOOM  yJydllleHHUss  OOECHEYeHHOCTH JETCKOro0  HaCeJIeHMs
MUHEpaJIbHBIMU BEIIECTBAMH SIBISIETCSA PETYJISIPHOE BKIIOYEHHE B PALIMOH MUILIEBBIX
MPOAYKTOB, OOOTralieHHbIX HE3aMEHHMbIMHM NUIIEBBIMH BEIIECTBAMH, a TaK Xe
IIMPOKOE MCIOJb30BAHUE BUTAMUHHO-MHUHEPAIBHBIX KOMIUIEKCOB M OMOJIOTMYECKHU
AKTUBHBIX I00ABOK K MHUILE — HCTOYHUKOB MUKPOHYTPHUEHTOB.
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