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PaspaboraHa MeToaunka peHTreHoghnyopecLeHTHOro onpeaenedua 17 aneMeHToB B NOPOLUKAX Cy-
XOro monoka, OCHOBHbLIMU AOCTOMHCTBAMU METOAMKM ABASIOTCA NPOCTOTa NPO6ON0AroTOBKY, HE Tpe-
6YIOLLEIA PAa3NoXeHWs 1 pacTBOPeHUa NPoB, BO3MOXHOCTb UCMOML30BAHUA AN MPayMpPOBKMA CTaH-
AApTHLIX 06pasUOB PaACTUTENbHLIX MaTepUanos W OTCYTCTBME OrPaHWUYEHWMIA Ha XMPHOCTL MONOKA.
Ana oueHku ka4ecTea nony4aemMbix PQA pesynstaToB 661y NPUBNEYEHBI NTUTEPATYPHbIE JaHHLIE Nna-
MEHHO 1 3NEeKTPOTEPMUHECKON aTOMHOK abcopbumu, a Takke napHbie KOPPEenauum Mexay coaepxa-
HWEM OTOENBbHbIX MUHEPANbHbLIX KOMNOHEHTOB B MONOKE. HJ’U’]I’OCTDHDYBTCH NEPCNEKTUBHOCTbL NCNONb-
30BaHuUa pesynsTatoB PMA nopoLluKOB CyxOro MONoKa Ana MHOronnaHoBbIX MHTepnpeTaumii B buore-

OXUMUK OKPYXKAIOLLEN Cpeab.

Kmovessie cnosa: koposbe monoko; Na, Mg, Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, Rb, Sr, Zr; POA.

Mawxosa NNannna BanepsesHa — acnnpadT,
WHXeHep nepBoOi Kkareropun naboparopun
PEeHTreHOBCKUX MeTonoB aHanu3a UHcTuryra
reoxummm um. A.IN. Bunorpagosa CO PAH.

O6nacte Hay4yHbIX MHTEPECOB: HEQECTPYK-
TUBHbIN PMA 6MOonorndeckux Marepmnanos
PacTUTEeNbHOFO ¥ XXUBOTHOIO MPONCXOXAEHHS.

ABtop 13 ny6nuxaymi.

Fynuyesa Tarbana HukonaesxHa — [OKTOP
XUMHYECKUX HayK, BeQYLMA HayyHbIi COTPYA-
Huk UHcTutyTa reoxumunn um. A.Tl. BuHorpapgo-
Ba CO PAH.

O6nacTe Hay4YHbIX MHTEPECOB: HEAECTPYK-
TUBHbLIA PPA KOMNOHEHTOB OKpyXaroujen
cpefsl, Ka4YecTBO 3KOreoaHamnTU4ecknux
AAaHHBIX.

ABTop 6onee 185 HayyHbix pabor.

BBeageHne

Brlicokasi Guosnioru4eckas e HHOCTh MoJloka obyc-
JIoBJIeHa cBoeoOpa3yrieM 6HOXMMHYECKOro cocTaBa M
¢pnsuyeckux coiicTB. [ToaToMy cpefy NMPOAYKTOB
MUTAaHHUA OHO 3aHMMaeT ocoboe MecTo. Hannuue
IIOYTH BCEX OCHOBHBIX BEILIECTB: BOAbI, OeNKOB, MH-
POB, YIJ1€BOJIOB, MUHEPAaJIbHBIX BEIECTB, BUTAMH-
HOB, JieJlaeT MOJIOKO He3aMEHHMBIM, TIPEX/IE BCETO
17181 IETCKOro opraHuaMa. KoMIIOHEHTHBIH cocTaB
MOJIOKA BapbHPYET B 3HAYMTEIbHBIX IIpee/ax.
CyMmMa cofiep:kaHHH HeopraHM4YeCcKUX KOMITOHEH-
ToB u3MmeHseTcA oT 0,6 10 0,8 % u HanpsAMYIO 3aBH-
CHT OT OKpY:Kamolllel cpeibl (cocTasa IOYBEI, BOJBI,
atMocdepnl), BPeMEHH ToJa, pallioHa KOPMJIEHHA
*KHBOTHOTI'0, €ro MOpoAbl H (PHU3HOIOITHYECKHX 0CO-
6enHocTeH [1, 2|. CpegHHe cocTaBbl KOPOBLETO MO-
JIOKA: 1IeJILHOro, cyXoro obe3mupeHHoro 1 He obea-
*KUPEHHOTO, TIpe/icTaB/leHkl B Tabl. 1; 1ManasoHb!
cofiep:kaHuA /1A pAJia 371EMEHTOB M laHHbIe 110 Gop-
MaM MX coeJMHEHWH B MoJIOKE - B Tabi. 2. [locne-
JHHE AaHHBIE B3ATH U3 [2-4]. 3arpAsHeHHE OKPY-
yKaloIleHd cpefibl BeeACTBHE aHTPOIIOT€HHOro BO3-
JAeHcTBHA, BOBJIeYUeHHE TOKCUYHBIX BEILIECTB B 6H0-
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FrEOXHMHWYECKHE IMKIIBI, HAaKallJITMBaHHE TOKCHYHBIX
9JIEMEHTOB B KOpMax, opraHax i TRaHAX *HUBOTHBIX
HeuasbexHo MPHBOJAAT K 3arpasHC€HHIO MOJIOYHbIX

TNIPOAYKTOB M CHUKEHHIO UX [TUILIEBOH LIEHHOCTH.
Tabnuua 1

CpeaHuid cocTas LenbHOro KOpoOBLEro MOSIOKA, CYXOro

o6eaxupeHHoro u HeobeaxupeHHoro monoka, % mac.

CocraBHan Monoko Cyxoit ocTaTok
4yacTb HeoBeaxm- | obeaxu-
' PEHHbII PEHHbIN
Boaa 87 (85,5-88,3) - -
MonoyHbIiA 3,9(2,8-6) 30 -
prMp
Nakroza 4,8(4,5-5,2) 37 53
Benkun 3,3(2,9-4) 25 36
MuHepaneHbig 0,65 (0,6-0,8) 5 7
BelyecTsa

Mpumeyanmne. B ckobkax npuBeseHb BO3MOXHbIE AWana3oHbl
COAEPXAaHWA KOMNOHEHTOB

B HacToAllEE BpEMA YPOBEHb TOI{CPIHHOCTI;l MO-
JIOYHBIX ITPOJIYKTOB (HaYaIbHBIX U KOHEYHBIX) CTa-
HOBUTCH 3aKOHOJATEIbHO HHCIIEKTHUPYEMbIM, a
dHa/ITHTH4YEeCKHEe JaHHBIE 06 UX 3/1IEMEHTHOM CcoCTa-
Be BCé yaille [IPUBJIEKAIOTCH [/ UHTEePIpeTaliy
TPAHCIIOPTA JIEMEHTOB B COMPAKEHHBIX cpeiax. Pe-
LIeHHWe TaKUX 3a/1a4 CTAHOBUTCH BO3MOMKHBIM ITPH
3a/ieHCTBOBaHWH 3KCIIPECCHOI'O M MHOI'03JIEMEHTHO-
ro MeTo/la aHaJIH3a, METPOJIOTHYeCKHe XapaKTepH-
CTHKH KOTOPOTO ITO3BOJIAT (PUKCUPOBATh H3MEHEHHUE
3JIEMEHTHOr0 COCTaBa ITOPOLIIKOB MOJIOKa. B JaHHOM
CoOBGLIeHUH H3/IaraeTcs METOJUKA 3KCIIPECCHOTO
oIpe/ie/IeH|A coiepikaHud 17 aJ1eMEHTOB B [TOPOLI-
KaX CyXOro MOJIOKa peHTreHo(IyOpecieHTHBIM Me-
TogoM (PO A). OCHOBHBIM ITPEUMYIIIECTBOM METO/IH -
KM ABJIAETCA aHanu3 obpasia 6e3 ero rpeiBapUTeNhb-
Hol o6paboTKM, B HaCTHOCTH O30JIEHHS, KOTOpPbIe
06BIYHO CONPOBOAAIOTCA 3HAYUMBIMH CHCTEMATH-
YECKUMH NOrpelTHOCTAMH [5, 6].

Tabnuuya 2
CopepxaHue 1 hopMbl COBOUHEHWIA pAAa 3NEMEHTOB B LIENBHOM MOMOKe
AnemeHT |[JuanasoH coaepxaHus 8 1 N Monoka PopMbl coeaUHEHUA

Ca ~ 1100-1300 mr/n Kaseunatbl (22-25 %); pocpaTtel, UUTPaThl KanbUWs U MarHus, 8

Mg 90-140 mr/n coctaee 060no4eK LLapuKoB Xupa.

P 900-1000 mr/n ®ocdbaTel MeTannos (63-66 %); opraHuyeckue coegnMHeHus (kase-
WH, dpochonunuasl, KOepPMEHTEI, HYKITEUHOBLIE KUCNOTbI U T.4.

S 260-350 mr/n MaeHbIM 06pasoM B cocTaBe Henkos

Na 350-900 mr/n Xnopwael, ocaThl, LUTpaThl, Ka3eMHaTbl, B cocTase oBonoyek

K 1100-1700 mr/n LIAPUKOB Xupa.

Cl S00-1100 mr/n Xnopuabl MeTannos

Fe 300-600 mkr/n KomnoHeHT hepmeHTa KcaHTUHOKCKAa3bl 0G0N0YEK LLIAPUKOB Xupa
(28-59 %), kazenHa, nakTodeppuHa, TpaHCHEPPUHA.

Zn 2000-6000 mxr/n KoMMOHEHT ka3enHa, CbIBOPOTOMHbIX BenKoB, 060M04YeK Lapukos

) Xupa, (PePMEHTOB U FTOPMOHOB

Cu 100-600 mkr/n B cocTaee cneuudmryeckoro Genka 060noYek LUapUKOB Xup
(5-25%), kazewHa, B-nakrorno6ynuHa, nakroeppuHa

Al 460-810 mkr/n B cocTaBe kaszenHa 1 CbIBOPOTOYHbIX Benkos

Mn 20-50 mkr/n B cocraBe chepMeHTOB, CLIBOPOTOUHLIX GenkoB

IJKCIEepHEMEHT Bawlaa uHgopMalyda o6 ycIoBUAX BO36YKACHUA H

Huempymenmapuii pPErMCTPALMH PEHTI€HOBCKOM (JIyOpeclieHIuH B

HMHTEHCUBHOCTH HU3JIy4eHUH aHANTUTHYECKHX
JIMHUM ¥ POHA U3MEPATH Ha PEHTTEHOBCKOM C BOJI-
HOBO¥ aucriepcueii cnekrpoMerpe S4 Pioneer gup-
mbl Bruker ('epmanus) B BakyymMHOM pexume. s
H3MEPEHUA HHTEHCUBHOCTEH GblIM BBIGPaHEI clie-
OyIOlIMe YCJI0BUA: TOK PEHTIeHOBCKOU TPYyOKH
40 MA; HanpsakeHHe 11a Na, Mg, Al, Si, P, S, ClL, Ku
Ca-30kB, Cr, Mn, Fe, Ni, Cu, Zn, Rb, Sru Zr - 50
kB. BpeMsi ogHOro u3aMepeHuA HHTEHCUBHOCTH U3~
ny4yeHus He MeHee 10 c ¥ He Gonee 60 c. Mcuepribl-
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criekTpoMeTpe S4 Pioneer g HainydeHUH Kam/10ro
13 NIEPEeYH CIIEHHBIX 3JIEMEHTOB COAEPKHUTCA B [7].

Ipobonodeomosika

CoTpyaHHKaMH 1abopaToOpuH IpobeM reoXMMH -
YECKOro KapTHPOBaHHUA H MOHUTOpUHTra UHCTHTY-
Ta reoxuMuu CO PAH 6b1y11 oTo6pansbt 40 nipo6 Mo-
JIOKa pas/IMYHOoMN mHUpHOCTH B OcuHckoM, Basnja-
€BCKOM., OXHpHUT-BynaraTckoM U HYepeMXoBCKOM
parioHax UpkyTckoit o6nactu. C yyeToM MecTta OT-
fopa 1 ITPOLIEHTHOTI'O COAEPHAHUS MOJIOYHOr 0 JKHUpa
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r1po6bl 6bLIM 06'beJUHEHE] B 3 TPYTIILI: 06€3:HPEH-
HOT0 ¥ 11eJIbHOTO MOJIOKa, 0OTO6paHHbIE B CEJIbCKOXO0-
3sHicTBEHHOH 30He (YcTh-OpABIHCKUH OKpYT), ¥
LIE/IBHOTO MOJIOKA, 0TOOpalHbIe B TEXHOME€HHOM 30HE
(r. CBupck, XoMyTOBO).

Tabnuua 3

MorpewHoOCTU BOCNPOU3BOANIMOCTA U3MEPEHUIA U Npobo-
NOArOTOBKW ANA M3ny4yarenei nopoluka cyxoro monoka, %

Ananut| V|V [ C | Asanur | VLV C
ppm ppm
Na | 25| * [198|Cr 54| 6 | 12
Mg | 1.7 | * [222|Mn 15| 21 | 28
Al 1 |41 |81 |Fe 20| 87| 28
Si 47 | 29 | 6,6 |Ni 40| * | 08
P 10| * |95 |Cu 09| 12 | 04
S 18| * |57 |&n 05|39 11
Cl '] 04|17 [203|Rb 67| * | 186
K 15| * |79 |5r 791 * | 18
Ca | 16| * |88

*- norpeluHocTh V,  AnA 95 % ypOBHA AOBEPUTENbHOM

BEPOATHOCTU HE3HaAYUMbI

[TopolIkx cyXoro MoJIoka roOTOBMJIM Me/IJIEHHbIM
npocymrBanueM 500 mi mostoka 1ipu T =60 = 3 °C
J10 TIOCTOSAHHOM Macchl ¢ NOCAEYIOIUM TLIATe/b-
HBIM HCTUpPaHHEM B cTyIIKe. Bosiblieii yacThio, Mac-
ca cyxoro ocraTka coctasifana 45-75 r. Cogepixa-
HHE KHpa, KOTOpoe OIpelesad rpaBUMETpPHYEC-
KUM MeTOIIoM [2], uaMeHs/IoCh B nipegeax 0-40 %.
HasryyaTe v H3 NIOPOLIKA CYXOr'o MOJIOKA Maccou 4 1
[IpeCCOBAJIM IOA JaBjieHHUEM 4 TOHHBI IPH KOMHAT-
Holl TeMriepaType. B Tabi. 3 npuBeieHbI BEJTHYHHbBI
roaddpunreHTOB BapHalui, XapaKkTepHa3yIollue
[OTrPEIIHOCTH BOCIIPOM3BOJUMOCTH U3MEPEHUH UH-
TEHCHBHOCTH V¥ POGONOAroTOBKK V H3jy4a-
Tesied. OLIEHKH TOIyyYeHE! pH 06paboTke peaylib-
TaTOB H3MEPEHHH, BBINIOJHEHHBIX 10 CXEME OJJHO-
daxTOpHOrO AUCIIEPCHOHHOIO aHanuaa |5, 8]. [1pe-
Jesibl o6HapyeHua C | = KOMIIOHEHTOB, OLIEHEHHbIE
110 10c-KpHTEPHIO, IPUBEEHE] B Tab1. 3.

Pacuemn codepiicaHus 3neMeHImos

Beuay oTcyTeTBUA cTaHAapTHBIX 06paauos (CO)
cocTaBa CyXxoro MoJIoKa JIjI rpajlyHpOBKU IIPUMEH A -
nu CO 6HoJIorHYeCKHX MAaTEPHUAIOB PACTHUTEILHOIO
rnpoucxoskieHuA. B [9] c moMomibio pacyeTHBIX HH-
TEHCUBHOCTEH PEHTreHOBCKOH (iyopecLeHIInH
H3y4Y€eHO BJIMAHME HealeKBaTHOCTH COCTABOB Opra-
HHMYECKOH MaTpHIbl PACTEHHUH U MOJIOKA Ha pe3yiib-
TaThl aHaI3a. OCHOBHOMH BBIBOJ] CBOJIUTCH K CJIETY -
fo1rieMy. HYrobbl ob6ecrie9uTs MPaBUIIBHOCTE PE3YJIb-
TaToB 6€30THOCHTEIbHO JKMPHOCTH MOJIOKA ITPH HC-
M0JIb30BaHHWH €IMHBIX I'PaJlyHpOBOK

C=H{1r, (1)

napaMeTphl KOTOPBIX OIpe/Je/IeHb! ¢ roMornbp CO
PacTHTEILHBIX MaTEPHAIOB, HEOOXOAHMMO BBOIHUTh
[ornpaBKy Ha coJep:KaHue MOJIOYHOro #xupa C .
HHTeHCHBHOCTD [ ™ U3/IyYeHHA JIMHUH 9JIEMEHTA i,
H3MEPEHHYIO /1A NPpobbl MOJIOKA, IIPEJIJIOKEHO HC-
[IpaBJIAThL Ha COJAEepiHaHHe KU Pa 10 BblpameHHIO:

I|Pm‘ = [am +a, Cm]' [iml : : (2)

3Ha4YeHHs [1apaMeTpoB a1 a, IS Kaz/I0ro aJie-
MeHTa ObLIN ONpe/ie/IeHbl M3 3aBUCHMOCTH OTHOIIE-
HUM pacCYUTAHHBIX UHTEHCUBHOCTEH [ P 1 [ ***oT
C,, (ansa ppianiasoHa coJep:xaHuA MOJIOYHOrO HHpa
ot 0 1o 30 %), annpoKCHMUPOBaHHON JTHHEHHOHU
perpeccHed. [1py anmpokcHMalHHy TO4YKa [epeceye-
HuA oceH (I P47 /1%, 0) pUKCHpoBasiach KaK OTBET-
CTBEHHAas 3a BOCIIPOM3BEEHHE CHCTEMaTHYECKOIo
PacxomIeHHUd MEXIY pac4HeTHbBIMH HHTEHCHUBHOC-
TAMH JIUIA OPraHWYeCKOH MaTPHIIbl pACTHUTEIBHBIX
MaTepHaJIoB U 06e3:KUPEHHOI0 MoJIoKka. Bulpake-
HHE (2) TO3BOJIAET yTOYHHU T COJIEpKaHUA, CHATHIE
crpubopa S4 Pioneer, ¢ MOMOLLIBIO, HAIIPUMEP, IIPO-

rpamMMmel Excel.
Tabnuua 4
KoadhbmumenTtel Bapuaunm V (%), xapaktepusyowwve
CUCTEMATUYECKUE PACXOXAEHWA MEXAY KOHUEHTpauusmu,
nony4yeHHbiMK Ha S4 Pioneer U ucnpaeneHHbIMW Ha
coagepxaHue xupa

JnemeHT AC,, %
30-20 20-10 10-5,0
Na 12,3 8,9 53
Mg 12,3 9,0 53
Al 12,2 8,9 53
Si 1,9 8,7 52
P 11,5 8,4 50
S 11,5 8,4 50
Cl 10,9 7.9 4,8
K 10,5 7,6 46
Ca 9,3 6.7 4,0
Mn 7.8 56 34
Fe 7.9 57 3,5
Ni 6,7 49 3,0
Cu 8,2 59 3,5
Zn 7.4 53 32
Rb 7.3 5,3 3,2
Sr 747 52 3:1
zr 7.1 52 2,8

B tabi1. 4 npuBeeHb! k03¢ dULIMEHTEl BapHaIlUH
(V. %), XxapaKkTepHuaylolilie CHCTEMAaTHYECKHE pac-
XOMAEHUA MKy KOHLEHTpalMAMH, CHATEIMH C
npubopa S4 Pioneer u UcrpaBiIeHHbLIMH Ha COAEpP-
waHHe #upa. KoadpUuilmeHTh BapHaliuK paccuu-
TaHbl VI TPEX HHTEPBAJIOB cojiepaanus xupa (AC
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%): 5-10, 10-20 1 20-30. O4eBHHO YBEJTMYEHHE CH-
CTEMATHYECKONH COCTABJAIOLIEH MOTPELTHOCTH pe-
3yJIbTATOB aHa/IM3a IPH YBEJIHYEHHH COICP¥AHHSA
x#upa. [Ipu copepxanuu xupa Gonee 20 % oHa MO-
JKET BO3pacTaTh B 2 pa3a I10 CpaBHEHHIO C TAKOBOH
st o6e3KMpeHHOro Moioka. Ha puc. 1 Ha npuMepe
anemeHToB Na, Mg, P, S, Cl, K, Ca, Fe u Zn s 28
npo6 MoJIOKa pa3HOH MHUPHOCTH CPAaBHUBAIOTCHA
HHTEPBAJIbI COJIEPiKaHUA 2JIEMEHTOB, ITOy4YEeHHEIE
6€3 1 c y4eToM BhIpaskeHHH (2). YBeJIM4eHHEe HHTEP-
BaJIOB KOHLIEHTPALIUH 3/1EMEHTOB ITPH HCIIOJIbL30Ba-
HHH BbIpaxkeHH (2) noareepxkaet poet Al/AC mua
1po6 LieJIbHOr O MOJIOKA BCJIEICTBHE YYETA COJlepKa-
HUA KHUpa.

|
ol e I

Puc.1. Quanasonsl cogepxannii anemexTtos C B nopolukax
MOfoka. Benbie NPAMOYroNbHUKM COOTBETCTBYIOT AMANA30HaM
coaepxanus 6es yueTa NonNpaBkU HE XWP, YEPHLIE - C YYETOM
nonpaeku Ha »up. ina Fe u Zn copepxaxnn ysenuyeHns! 8 100

paa

O6cyxeHue pe3yILTATOB

[Ina anamisa nopoimkoB Monoka POA Havan npu-
MEHSATECA CPaBHUTEIBLHO HelaBHO [ 10- 12]. [To aToit
NpUYKHHE, a TaKkke BBUAY orcyTcTBHA CO cocraBa
[MOPOLIIKOB CYXOI'O MOJIOKA, OLIEHHTh IPaBUIILHOCTh
OIpe/Ie/IEHUA CoJIep:KaHHUA 3JIEMEHTOB PEKOMEHIY -
eMbIMH B [13] crioco6aMu, MpakTHYECKH HEBO3MOMK-
Ho. Ucrniob3oBaHMe 1A 3TOM Lienu MeToa 106aBok
[peAcTaBIAAEeTCs BecbMa Mpob/ieMaTHYHbIM, TaK KaK
H3-3a OTCYTCTBHA 3HaHHUH HOpM HaXO0XIEHUA BJIe-
MEHTOB B MOJIOKE ¥ pa3HOM pacTBOPHMOCTH CONeH
nponecchl B3aUMOAEHCTBHA BOAHLIX pacTBOPOB C
3KHBBIM MOJIOKOM Tpe6yIOT CAaMOCTOATENBHOTO U3Y-
4yeHHus. [TosToMy Jyisi WiLTIOCTpaLIMK KadecTBa pe-
3y/bTaTOB PMA MOJIOKa MBI COITOCTaBHIIA CBOM pe-
3yJLTaTHI C IATEPATYPHBIMH JaHHBIMH I10 YCTaAHOB-
JIEHHBIM B «KMBOM» MOJIOKE IIAPHBIM KOPPEIALHAM
cofilep:kaHHii aieMeHTOB [14]. B nuTepaType cranu
[OABJIATHCA My GIHKAIAH [10 MCIIO/Ib30BAHHIO TAKHX
KOppeJIALHHA HMEHHO ¢ 3TOM Iiesbio [15, 16].

B Tabi1. 5 copepscaHua onpeaensieMblX 3JIEMEH-
ToB (P®A), cpegHue A1a uccieayeMoil BeIGOPKU
npob, cpaBHUBAKOTCA ¢ HAaWJIEHHBIMH B [6, 17, 19-
22, 24| i 1LIeTbHOro KOPOBLETro MoJIoKa. Bee pesyiib-
TaTkl IepeCcYUTaHbI HA JIMTP JKHKOro MoJIoKa (1 kr).
JanHbie [18-22, 24] nony4eHb! iIaMeHHO#M H 3J1EKT-
POTEPMHY€ECKOH aTOMHO-a6cop6LIMOHHOM CIIEKTpO-
MeTpHeH 114 1pob MojioKa, oOTOGpaHHbBIX Ha CITELH -
aJIM3aMpoOBaHHLIX (pepMax. HecMoTpa Ha pasnmuyne
HCITO/Ib30BaHHBIX JIJI aHA/IM3a IIpob MOJIOKa METO-
0B, NNOPAAKH KOHIIEHTPaLUi B YMEeHBIIEHHE Co/lep-

Tabnuua 5
CpasHenune peaynstatos POA MONoka ¢ NUTEpaTypHbIMKU AaHHBIMK
3nemeHT | POA lwtepatypHble AaHHbie
[2, 14] [16] [17] [18] [19] [20] [10]

Na, r/kr 0,47 0,5 0,507+0,03 * * 0,27-0,73 * 0,12-0,34
Mg, r/kr 0,19 0,13 0,1124£0,009 |0,165+0,038 | 0,1160,003 | 0,07-0,20 * 0,030,08
Al, mr/kr 24 0,3 0,026+0,003 * * 0,01-1,18 0,53-4,03 *

Si, mr/kr 8,3 20 " * * 1,36-34,9 * *

P, rikr 1,22 0,92 ¥ * ¥ 0,59-1,95 x 0,14-0,72
S, rikr 0,38 0,29 2 % % 0,19-0,68 * 0,13-0,34
Cl, rikr 0,96 1.1 * * ¥ " * 0,30-0,83
K, rikr 1,68 1,48 * * * 0,73-1,60 2 0,49-1,25
Ca, r/kr 1,25 1,22 * 1,40+0,32 | 1,25#0,05 | 0,56-1,98 * 0,29-0,92
Fe, mr/kr 44 0,7 0,23710‘017 0,13+0,02 0,46+0,10 0,05-0,75 * 3,66-9,79
Zn, mrixr | 4,95 40 3,8+0,3 0,51+0,16 3,70£0,22 1,98-10,9 0,30-0,83 2,01-8,85
Mn, mr/kr | 0,07 0,06 0,053+0,004 * * 0,001-0,05 | 0,02-0,15 0,04-0,09
Cu, mr/kr | 0,12 0,12 0,060,005 0,38+0,12 0,16+0,02 | 0,015-0,18 | 0,04-0,37 0,33-0,40
Ni, mr/kr | 0,03 0,02 0,0095+0,0013 * * ¥ 0,06-1,75 *

Sr, mr/kr | 0,83 0,05 0,675+0,022 * * 0,2-1,26 % »

"
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I MHPOPMAUWA NO AaHHOMY 3NEMEHTY B YKa3aHHOW CCbiNKe OTCYTCTBYET.
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MKAHUA 3JIEMEHTOB B HanpasaeHuu Ca > Mg > Zn >
Fe > Cu nozo6HBI 114 BcexX AaHHBIX. UcKkiIo4yeHue
cocrasiseT Fe, nnsa kotoporo POA pesynbpTaT Ha I10-
PI0K BHILIE 10 CPABHEHUIO C MPHUBEJIEHHBIMH B JIpY-
rux ucrodHukax. C Apyrod CTOPOHBI, HHTEPBAJbI
COlEpKaHUA dJIEMEHTOB B IIPOJIYKTax Ha OCHOBE
MoJIoKa B ctonbue [ 10] zenaroT 3TO NpeBhIlIEHHUE HE
CTOJIb HacTopamuBawIMM. M3ydyeHue TpaHcopTa
Fe yepea conpsmeHHbIe cpebl, HA4YMHasA ¢ [I04YB B
MecTax rnactbuill, a Takie ero GopM BXOMK/JIEHUSA B
MOJIOKE IT03BOJIMT 06 BACHUTE MOJIy4YaeMble aHaIHN -
TUYECKHE JaHHHIE.

CornacHo [4, 17], conepxaHua 3;ieMeHTOB Na,
Mg, P, S, Cl, K, Ca, P u Zn, ofyciaBJIuBaIOLIUX,
IpeMX/ie BCETO, MUILEBYIO U GHOMOrHYECKYIO LIEH-
HOCTBb MOJIOKA, HE BBIXOAAT 3a yCTaHOBJIEHHbIE
Npeiesibl COAePKAHUA 9TUX 3JIEMEHTOB B MOJIOY-
HbIX IpoAyKTax. [loBeIIIEHHOE cofepxaHue Si U
Sr o6ycJioB/ieHO 0cO6EHHOCTAMM cOoCcTaBa I04YB
JaHHOM MecTHOCTH [25].

2,56
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3neMeHT

0 el
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Mn Cu
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Puc. 2. Pacnonoxernne NWTepaTypHbIX AaHHbIX (0) B MHTepBane
Coune (W) = Cuse (A).

Ha puc. 2 nokasaHo pacliojIOMEeHHE JJaHHbIX (4,

14] B unareppane(C, +C ). raeC  uC  ecTb

MHHHMAJIBHOE 1 MAaKCHMAaJ/IbHOE COACPHaAHHE OIIpe-
AeIAeMOoro ajieMeHTa, COOTBETCTBEHHO, B HCCIIEyE-

Mo# mapTuu rpo6. [1na Bcex 3/IEMEHTOB, 3a HCKITIO-
gyenueM Cl, K, Ca, murepaTypHBle JaHHbIE JIEHAT
B6IM3H HUIKHEH rPpaHMIIbI KOPUAOPa WM HHKE, TO
dbakT He ABNAETCA HEOKHJAHHBIM, TaK KaKk MecTa
ot6opa npob B UpkyTckoii o6/1acTH ABJIAIOTCA 3ar-
psisHEHHBIMHU [25].
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Puc.3. Koppensuua Mexay coaepXaHuamu anemexTos: a) Na u
Cl;6)Ca, SuP;B)FenNi

B[14. 19, 24] ormeuaeTcs, YTO B @WKMBOM» MOJIOKE
CYI1IECTBYET BbICOKAA KOPPEJIALIUA MEKIY COAEPHa-
HHEM OTHeJIbHbIX MUHEPaIbHBIX KOMIIOHEHTOB. Ha
pHc. 3 AnA NpUMepa MpHBe/IeHbl KOPPENALUY MEXK-
Iy copep:xaHAsaME nap saeMmenTos Na-Cl, P-S, P-Ca,
Fe-Ni. [laps! BEIOpaHb! ¢ y4éToM (hopM HaxomIeHHH
9JIEMEHTOB B MOJIOKe, BHIHEI ITpAMbIE KOPPEIALIUH,
corjiacyroluecs ¢ IPUBOAUMBIMH B TMTepaType. B
tabn. 6 npeacTaBieHB! KO3DMUIIMEHTHI KOPpes-
MM, NTOJIy4YeHHEBIE 110 pesynbTaTtam PMA u BaAThIE
13 CCBUJIOK, /1A YIIOMHWHAEMBIX B CChIIIKaX map aJIe-
MeHTOB. BinsocThk KoadhPHULIHeHTOB KOppeaalui
ouyeBHOHA. [laHHbIE, IpUBEACHHELIE B Tabl. 51 6,
a TaksKe Ha puc. 1 M 2, KOCBEHHO MOATBEPXAAI0T
npHeMIeMoe KauecTBO pe3ynbTaToB POA nmopor-
KOB MOJIOKA.
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Tabnuua 6
Peaynb'raru KOppPENAUWOHHOIo aHanwusia

moro daxTa.

3. B nnpo6ax 1eJbHOro MOJIOKa CeIbCKOXO3AM-
CTBEHHOM 30HBI /151 GOJIbLIIMHCTBA 3JIEMEHTOB BEPX-
HHME rpaHuLbl imanasoHos (C |+ C ) cMelleHsl B
HalpaBJeHHH GOJIbIINX 3HAYEHHH OTHOCHTEILHO
TaKOBBLIX B 06€3:KMPEHHOM MOJIOKE. JTa YE€TKO BbI-
pazKeHHas TEHAEHIINA, KOTOPYIO MO#HO HHTEPIIpe-
THPOBaTb KaK CJeJICTBHE cOpOLUH 3JIEMEHTOB Ha

Tabnuua 7
Cpepnue copepxanus v uHtepsans (C, +C_ ) Ans npo6

U3 KOHTPacTHbIX N0 TEXHOTEHHOW Harpyake mecT oTopa.

Mapb! KoachdpmuueHTsl Koppensiuynm
3MNemMeHToB P®A [19] [23]
Al-Ni 0,434 * 0,532
Cu-Ni 0,624 * 0,760
Mn-Ni 0,468 ¥ 0,662
Fe-Ni 0,668 2 *
Zn-Cu 0,182 0,629 0,661
Fe-Cu 0,668 0613 _ *
Mn-Fe 0,577 0,641 *
ZnCa 0,566 0,669 i
Ca-P 0,740 * *
S-P 0,620 * *
Na-Cl 0,844 * *

' cooTBeTCTRYOWan WHHOPMALUUA B YKa3aHHOMA CCbinke
oTCyTCTBYET.

Y0661 npon/uIIOCTPUPOBaTD, Kakyio HHdopMa-
LHIO MOYKHO H3BJIeYb U3 peayibTaToB PPA noporr-
KOB MOJIOKA, B Tab1. 7 111 pa3HbIX I10 TEXHOTE€HHOH
Harpyske Mect otGopa npo6 MOJIOKa pUBEJeHbI
CPEHHE COJICPIKAHUS IJIEMEHTOB U UHTEPBaJIbl
(Coun * C,)- A8 CEIBCKOXO35AHCTBEHHOM (YCIIOBHO
(POHOBBIX PETMOHOB) 30HBI B OT/1€/bHBIE IPYIIIHI BbI-
AeJIeHbl POGHI LIETBHOr0 U 06€31KUPEHHOTO MOJIO-
ka. B tabi. 7 ana kam/Ioro sjaeMeHTa BbIAEIEHBI
MaKCHUMaJIbHbIE, CPEJIHUE U Ipe/eabHbIe (MUHU-
MaJIbHBIE H MaKCUMaJIbHBIE) COIEPiKaHMUs B BBIGOP-
Ke. JlanHble Tabl1. 7 IO3BOJIAIOT yTBEPKAATD creny-
oLLEe.

1. HaGinotaeres yeTkoe pasivdue B colepxaHH-
Ax anemeHToB Na, Mg, Si, P, S, Cl, K, Ca, Mn, Fe, Cu
M Zn, 3CCEHUMUATBHBIX COIMIAcHO [26], ¥ MeTalI0B
Al Ni, , Rb, Sr u Zr B npo6ax, 0To6paHHbIX B BbIJE-
IEHHBIX 30HaX. HanGosbine copepmanua u (C |+
C, . 2cCeHIMaNLHBIX aleMeHTOB Na, Mg, P, S, CLL K,
Ca, Si M Zn XapaKkTepHBI JIJIf CEILCKOXO3SIHCTBEH -
HO¥M 30HbI; 371eMeHTOB Fe, Mn, Cu, Ni, Sru Rb, B Tex-
HOr€HHBIX YC/IOBHAX [ICHCTBYIOLIUX KaK BKOTOKCH-
KaHThI [1],- 1A paiioHa r. CBUpcKa ¢ 6oabLIMMH
TEXHOT€HHBIMH BbIGpOCaMH M 3arpsisBHEHHOCTbLIO
1o4B [25]. Koppe/MpoBaHHOE HOHHKEHHE CoflepHa-
HUA 3CCEHUMabHBIX 9JIEMEHTOB B ITpofax r. CBHpc-
Ka JIOIIOJIHMTE/IbHO No4epKHBaeT Heb1arornosyume
SKOJIOrMYeCKOi 06CTaHOBKH B JAHHOM paiioHe Up-
KYTCKOI o61acTH.

2. BoibLiIol pasmax s Al He KOppeaupyeT ¢ Tex-
HOI€HHOH aMHccHel. BitnaHue Ha coiepkaHue aTo-
ro 9JIEMEHTA B MOJIOKE MaTepHAaJIOB 060py/IOBaHHUA
Y Taphbl, MCIOJIb3YEMOM B CETLCKOM MECTHOCTH, OT-
Me4YaeMoe U B iiMTepaType 6, 14|, Apasgercs Hau-
6osiee NpaBAONONOGHBIM O6'bICHEHUEM OTMEYae-
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OnemeHT| CenbCKOXO3ANCTBEHHbIE Csupck
paioHbl
obeaxupeHHoe| uenbHoe uenbHoe
N=12 N=22 N=6
Na, r/kr 0.38 045 037
0,27+0,76 0,22:1,65 0,33+0,41
Mg, r/kr 0,18 0,20 0.16
0,11+0,27 0,13+0,32 0,12+:0,19
P, rikr 1,03 1.28 125
0,85+1,31 1,00+1,54 1,03+1,40
S, r/kr 031 039 040
0,29+0,34 0,28-0,47 0,34:0,44
Cl, rikr 0.82 097 0,98
0,69+1,16 0,65:2,18 0,83:1,18
K, rikr 131 1,70 2,04
1,12:1,47 0,93-+2,31 1,882,156
Ca, r/kr 1,05 1,30 1.26
0,75+1,20 0,82:1,75 0,94:1,45
Al, mr/kr 15 22 2.2
0,9+2,9 1,2:6,6 1,2:3,5
S, mr/kr 6.3 89 7
2,8+8,7 54+16,4 4,8:10,5
Fe, mr/kr 37 39 6.7
2,4:6,7 2,851 3,2-111
Zn, mr/kr 41 54 47
3,3:54 3,5+9,9 2,659
Mn, mr/ur] 0,04 0,07 0.09
*+0,08 *+0,21 0,04:0,15
Cu, mr/kr 0.05 0,10 022
*+0,20 0,03:0,25 0,06-0,52
Ni, mr/kr 0.01 0,03 0,08
*-0,09 *+0,09 0,01+0,18
Sr, mr/kr 0,38 045 0,56
0,56+1,14 0,55+1,44 0,37+0,82
Rb, mr/kr] 0,38 045 124
0,41+1,47 0,76+2,22 0,65+2,45

Mpumeuanne: N - yucno npob B AaHHOR noarpynne; * oTMeYeHs!

CoAepmaHusa, Hwke npegena obHapyxeHun
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[IapHKax KUpa IIPU celapupoBaHuU Mosoka [14],
INOATBEPIKIAET KOPPEIALIMIO 9JIEMEHTOB C HHUPOM,
BKCIIEPUMEHTAJILHO OTMEYEHHYIO HaMH B [7].

Tabnwuua 8
[ona coaepXaHus OnNpeaensemMoro sreMeHTa
B 06e3KMpeHHOM Monoke

B Tabn. 8 npuBeAeHbI A0JIH IIPOLIEHTHOTO COIEP-
KAHUA ONPeAeNAEMBIX 3JIEMEHTOB B 06€3HHPEHHOM
mosoke n. OHX paccYHUTaHbI, KaK OTHOLIIEHHE COAEP-
MaHHUA 3JIEMeHTa B 006e3:KHPEHHOM MOJIOKE K €ro
CoJIep#aHUIO B [EJIbHOM MoJjioke. BuaeH pasHbii
OTKJIMK 3JIEMEHTOB Ha CBA3b C :KHUPoM. Eciti anemeH-

SnemeHt n, % OnemeHT n, % teINa, Mg, P. S, Cl, K, Ca, Fe, Zn 1 Sr r104TH He cBA3a-
Na 84 Si 7 HBI C JKHPOM, TO CojieprkaHue aieMeHToB Al, Si. Mn,
Mg 90 Fe 95 Ni, Rb B 0bez:KHpeHHOM MOJIOKE He NTpeBhIinaeT ~50%.
P 78 Zn 76 OTmevyaeMble HAMH TEHJIEHIIMH He ITPOTHBOpe-
S 80 “Mn 57 YaT 3aKOHOMEPHOCTAM, ITpH3HaBaeMbIM B 6Horeo-

XMMHH OKPYHAIOLIeH Cpe/ibl, [TOATBEPH/AI0T Y/I0B-
Cl 85 Cu 50
: JNIeTBOPHUTEIbHOE KayecTBO pe3ynsTaToB POA ro-
K ” N 33 POIIKOB CYXOro MOJIOKA M H/LTIOCTPHUPYIOT I€PCIEK-
Ca 81 Sr 84 THBHOCTb MX HCII0JIb30BaHMA /1A MHOTOTJIAHOBBIX
Al 68 Rb 84 UHTepIIpeTaIHi.
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DETERMINATION OF MAJOR AND TRACE ELEMENTS IN MILK POWDERS BY X-RAY FLUORESCENCE

SPECTROMETRY
G.V.Pashkova, T.N.Gunicheva

The WDXRF method is presented for determination of seventeen major and trace elements in milk powders.
A simple preparation, which does not require sample decomposition or dilution, possibility of using reference
standard samples of plant materials to calibrate and absence of milk fatness limitations are its main advantages.
The data of flame and electrothermal atomic absorption spectrometry to be found in references, as well as
correlations between mineral element pairs being inherent to living milk are applied for evaluating quality of
the obtained XRF results. The availability of using mitk powder XRF results for multidimensional interpretations

in environment biogeochemistry is illustrated.

Keywords: cow milk; Na, Mg, Al, Si, P. S, Cl, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, Rb, Sr, Zr: XRF.
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