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PA3SPABOTKA METOAVIK OITPEAEAEHUA
OCTATOYHBIX KOANYECTB MHCEKTULIUAA
ITIMMETPO3MHA B BOAE, ITOYBE, OI'YPLIE 1 PAIICE

M. @. 34410 ", C. M. IELIEB"

YBenopyccruii 2ocydapemeennuiii yuusepcumen,
np. Hezasucumocmu, 4, 220030, . Munck, berapyco

Ha ocHoBaHUM JIUTEpaTypHBIX AAHHBIX 1O PACTBOPUMOCTH MUMETPO3MHA B BOJC M OPraHUYECKHX PAaCTBOPUTEIIAX,
a TaKXke DKCIEPUMEHTAIbHbBIX JaHHBIX [0 M3BJICUEHUIO MUMETPO3HHA U3 BOJBL, TOYBBI, PACTUTEIBHBIX MAaTPUI] Pa3IUy-
HBIMH 3KCTpareHTaMH ObUIM TI0/I00paHbl ONTUMAJIbHBIEC YCIOBHS SKCTPAKIMU ITMMETPO3WHA W3 BOJIBI, MTOUBHI, IUIOJOB
OTypLa, CeMsIH, MacJIa 1 3eJICHBIX CTPYYKOB parica, a TakKe YCJIOBHS OUMCTKH SKCTPakToB. Ha mepBoii cragun [uis n3Bie-
YEHUs! TIECTHLNAA TPUMEHSUIN alleTOHUTPUII, CMECh JUXJIOPMETAaH — MU30MPONAHOI HIIH CMECh TUXJIOPMETaH — METAHOJI
B IIPUCYTCTBUHM HEOPraHW4ecKux cojed u 0e3 Hux. OOHAPYKEHO, YTO MUMETPO3UH SIBISIETCS] CHIBHOTHPO(UIBHBIM
BEILECTBOM. J[JIsl OYMCTKU HKCTPAKTOB PACTHTEIILHOTO MaTeprasa ObUIM YCHENTHO MCIIOIb30BaHbl SKCTPAKIIMOHHBIE CH-
crembl rekcat — 0,02 MoJIb/11 BOHBIN pacTBOp 0pTo(hOoChOPHOI KUCIOTHI, FeKCaH MM XJIOPO(OPM — BOIHBIE PACTBOPHI
cynbdara aMMoHUs. B pesyibrare Takoi 00paOOTKH MOMy4alich JOCTATOYHO YUCThIE 00pa3Iibl, YTO TIO3BOJIMIIO OIIpe-
JIETSITh B HUX OCTaTOYHBIE KOJMYECTBA MMMETPO3NHA HAa MAKCHMAJIBHO JOIyCTHMOM YPOBHE, YCTaHOBJIEHHOM B Poccun
u cTpaHax EBpormeiickoro coro3a, i HIKE ¢ TIOMOIIBIO IHPOKO PacTipOCTPaHEHHOH KHUIKOCTHONW XpoMaTorpaduu ¢ Iu-
OJIHO-MaTPUYHBIM (YJIBTPA(GHOIETOBBIM) JETEKTHPOBAHUEM.

Knrwouegvie cnoea: KuakocTHast SKCTPAKIHS; MUMETPO3UH; METOIMKA TIPOOOTIOIOTOBKH; KHUIKOCTHASI XpOMaTOrpa-
¢wust; Boaa; ouBa; Orypel; paric.

THE DEVELOPMENT OF METHODS FOR THE DETERMINATION
OF RESIDUES OF THE INSECTICIDE PYMETROZINE
IN WATER, SOIL, CUCUMBER AND RAPE

M. F. ZAYATS', S. M. LESCHEV*

*Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: M. F. Zayats (mikhail_zayats@tut.by)

Based on the literature data on the solubility of pymetrozine in water and organic solvents, as well as experimen-
tal data on the extraction of pymetrozine from water, soil and plant matrices, the optimal conditions for the extraction
of pymetrozine from water; soil; cucumber; rape seeds, oil and green pods were selected. The conditions for cleaning
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extracts were selected as well. At the first stage, acetonitrile, a mixture of dichloromethane — isopropanol, or a mixture
of dichloromethane — methanol in the presence or absence of inorganic salts were used for extraction of the pesticide.
Pymetrozine was found to be a highly hydrophilic substance. For the purification of extracts of pymetrozine from plant
matrices the extraction systems hexane — 0.02 mol/L aqueous solution of orthophosphoric acid, hexane or chloroform —
aqueous solutions of ammonium sulfate were successfully used. The samples, obtained after this treatment, were pure
enough to determine the residual amounts of pymetrozine in them at the maximum residue level (MRL), determined in
Russia and the countries of the European Union, or lower using widespread liquid chromatography with diode-array
(ultraviolet) detection.

Keywords: solvent extraction; pymetrozine; sample preparation method; liquid chromatography; water; soil; cucum-
ber; rape.

BBenenue

OnHUM U3 TIECTUIUJIOB, MPOXOSIIMM PETUCTPAIIMOHHBIC UCTIBITAHUS B benapycu, sBIsSieTCST HHCEKTHIIN
«ITmerym», BAL (500 r/kr mumeTpo3nHa) mpousBozacTBa AO «Cunrenra Arpo Cepsuces Al» (LlBeiinapus,
npeacTaBuTenscTBO B benapycu). Beumy orcyTeTBus aganTHpoBaHHBIX B benapycu METOOMK onpeaeneHust
OCTaTOYHBIX KOJIMYECTB BXOJSILEIO B €0 COCTaB MUMETpo3uHa (puc. 1) HeoOXOIUMO OBLIO MPOBECTH COOT-
BETCTBYIOIIYIO TIporieaypy. [IMMETpO3HH SBISETCS] CHIILHOMOISIPHBIM, HEJIETYYUM, TEPMHUYECKH HECTaOUIIb-
HBIM BEIIECTBOM U pasjiaraeTcs 0 JOCTIKEHUS TEMITEPaTyPhl IUIABJICHNUS, IOATOMY €T0 OOBIYHO OTIPEEISIOT
METOJIOM JKUAKOCTHOU Xpomarorpaduu [1-16].

Hannuue B Monekyse TUMETPO3UHA XPOMO(GOPOB MO3BOJISIET HCIIOIB30-

0 — BaTh JUISl €T0 JICTEKTUPOBAHMUS IIUPOKO PACIPOCTPAHEHHBIN U OTHOCHTEIb-
HNA/< /_O HO JIEIIEeBHIN YIbTPadOIETOBBIN WM TNOTHO-MATPUYHBIA JeTeKTop. bbum
N/ N—N/ \ N/ paspaboTaHsl criocoObl aHaIM3a orypuos [ 1; 8], TomaroB u nepues [ 1], Tabaka
\ [1; 5; 16], pactenwnii Aster scaber [2] Ha cofiep:kaHie TUMETPO3UHA C HUKHU-
MU nipeaenamu onpenenenust or 0,01 mo 0,5 mr/kr. [Ipu 3TOM B 3aBUCHMOCTH

OT TIPUPOJIBI MATPHUIIBI M YPOBHS T00ABKH MMMETPO3WHA CTENIEHD M3BICYCHUS

Puc. 1. Crpykrypras dopMyia Obly1a HEMOCTOSHHOM M M3MEHsIack B npejenax ot 62 mo 122 % [1]. Bos-

MUMETPO3UHA MOXKHOHM MPUYUHON ITOTO SIBISLIOCH IPOBEACHHUE UTUTENBHOI (~ 8 1) MHOTO-
Fig. 1. The structural formula of CTaTUIHON MTPOOOTIOATOTOBKHY, 3aKTFOUAIONIEHCS B DKCTPAKITHH METAHOIOM
pymetrozine B IIPUCYTCTBUH OOpara HaTpWs, yIIapUBAHUN, OYMCTKE HA KOJOHKAaX, HATIOJ-

HEHHBIX auaroMuToM [1; 2], cunukarenem [1], ¢uropucuiom [2], kapTpu-
okax ¢ pazamu C18 u PSA [5] wiu ¢ MOMOIIBIO KUJIKOCTHON 3KCTpakiuu [16].

CTOHUT OTMETHUTH, YTO HMEJTICH CAMHIUIHBIC TIOMBITKH OMPEICIIATh, TUMETPO3UH B SKCTPAKTAX KPACHOTO TIep-
11a MetostoM razoBoii xpomarorpadun (I'X) ¢ a30THO-POCHOPHBIM ASTEKTOPOM H ITOATBEPKACHHEM METOIOM
Mmacc-criekrpomerpun (MC). Ilpu aToM HabmIOMAICs TOBOIBHO CHIBHBIN (+82 %) Marpuunsiii a3 dext [17].

Hcnonb3oBanne BbICOKOAP(EKTUBHON KUIKocTHOH xpomarorpaduu (BIXKX) ¢ BhICOKOCETEKTHBHBIMU
BBICOKOYYBCTBUTEIIbHBIMH TaHAEMHBIMU Macc-crekTpomerpudeckumu (MC/MC) netekropamu JUisl onpee-
JIEHHS] MUKPOKOIIMYECTB MMMETPO3WHA ITO3BOJIMIIO 3HAYUTEIHFHO YIIPOCTUTH MPOOOTIOATOTOBKY PACTHTEIHHBIX
MaTpul U 00BEKTOB OKpyxatomiel cpeasl [3; 4; 6; 7; 9; 11-15]. Ilpu sTOM OHa cBOAMIACH K DKCTPAKLUHU
AI[CTOHUTPUIIOM U3 PA3IMYHBIX OOBEKTOB B MPUCYTCTBUU XJIOPHJA HATPHUS U OE3BOJHOTO Cyib(ara MarHus
C MOCIEIyIoed OYUCTKOW METOJOM JMCIEPCHOHHOM TBepaodasHoii skcrpakimuu copoentamu C18, PSA,
rpadUTU3NPOBAHHON Cakel, OKCHIOM ITMPKOHWS, HAHECEHHBIM Ha CHJIMKATellb B MPHUCYTCTBUH OE3BOTHOTO
cynbdara maraus. OTIHYusT B METOIMKAX 3aKIIFOYAJINCh B MCIIOJNF30BAaHUH MM HEHCIIOIb30BAaHUH JTOOABOK
coJiel (IIUTPaTOB HATPHsI WM alleTara HaTpusl) JUIs MOJIep KaHusl HeoO0xoauMoro pH nipu 3KCTpakIuu U B KO-
JITYECTBE U TPUPOJIE COPOCHTOB ISl OUUCTKH alleTOHUTPIIILHBIX SKCTPAKTOB.

Metonom BOXKX-MC/MC nuMeTpo3nH orpenersiiia B MoJioke [3], kpacHoM BuHE [4], BHHOTpajie, IaTyKe
U anenbcuHax [6; 7], aBokamo u munaane [9], mapuxyane [10], xmene [11], manpuke [12], s6m0uHO-TOITYyOMY-
HOM MIOpPE, 3eJIEHOM TropoIike u jaiime [13], Bome, mouse, 3epHe u conome puca [14], mmunare [15].

CTOHUT OTMETUTH, YTO, HECMOTPSI HA 3HAYUTEIBHEIN MIPOTPECC B YIPOIICHUHA U YCKOPEHUU METOIOB MPo0o-
ITOJITOTOBKH TIPH OITPEICIICHUH TUMETpo3uHa ¢ ToMotsio BOXX-MC/MC, n3BicucHre MeCTUITHIA 3 aHATA3H-
PYEMBIX 0OBEKTOB YaCTO MPEICTABISAETCS CIOKHOM 3a/1aueid. Tak, CTEeNeHb TaKOTo M3BICUSHHS U3 PACTUTEIILHBIX
MAaTpPHII PEIIKO JIOXOMT JI0 MUHUMAaJIbHO TpeOyeMbix o SANTE/11813/2017 [18] 70 % [6; 7; 9; 12; 13; 15]. [1pu
ATOM COXPAHSIFOTCS TIPOOJIEMbI HECTAOMIBHOCTH CTETICHH U3BJICUCHUS M 3HAYUTEILHOTO BIMSHUSI KOMITOHCHTOB
MaTpULbl HAa NOAABIECHUE WM YCWIEHHE CUrHaia aHanuta [6; 7; 9; 12; 13; 15], uTo 3aTpyaHsieT nmpoBeAcHue
KOPPEKTHBIX KOJIMYECTBEHHBIX PacyeTOB.
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Hcxonst u3 (pU3MKO-XUMHUECKHX CBOMCTB NMUMETPO3WHA (BBICOKOTUAPOPUIBHOE ClIa00e OPraHUYECKOe
OCHOBAHHE), & TAKXKE M3 JTUTEPATYPHBIX U SKCIICPUMEHTANBHBIX JTAHHBIX, OTMETHUM, YTO Ui 3P dHeKTHBHOTO
W3BJICUCHUS TUMCTPO3UHA U3 BOZ[HOﬁ (1)3351 " PACTUTCIIbHBIX O6’beKTOB CJICAYCT UCIIOJIL30BaTh BbhICAJIMBAHUC
Y aKTHUBHBIC TIOJIIPHBIC OPTaHIMUYECKUE PACTBOPHUTEIH, & TAKKE H30eraTh KUCIOH CPeIbl.

C y4eToM MMEOIIUXCS MPOOJIeM Py MPOOOIIOATOTOBKE PACTHTEIBHBIX H MPUPOIHBIX OOBEKTOB, 8 TAKKE
HEJIOCTYITHOCTH JIJISl TIOIABIISIIONIETO OOJNIBIIMHCTBA JTabopaTopuii bemapycu 1oporocrosiiero Xxpomaro-macc-
CMEKTPOMETPHUECKOTO 000PY/I0BAHHS TO-TMPESIKHEMY aKTYaIbHBIMHU OCTAIOTCS BOMPOCHI Pa3pabOTKU MPOCTHIX
METOAHUK HpO6OHOI[FOTOBKI/I BO/JIbI, ITOYBLI, OI'YPHOB U parca Jjid OnpeaACICHUS OCTATOYHbBIX KOJIMYCCTB IMNUME-
TPO3WHA Ha UMEIOIIEMCS XpoMaTorpa(hudeckoM 000pyI0BaHNH.

IKCNepUMEHTAJIbHAS YaCTh

PeakTuBbl. Vcrmonp30Bauch aHATUTHYSCKUA cTaHIapT nmuMeTpo3nHa ¢hupmel Cuneenma (1LIBetimapmst)
C cofiepskaHleM OCHOBHOTO BetecTBa 99,5 %, anleToHuTpu uist rpaaueHTHo BOYKX, MeTanon uist rpaiueHTHON
BDXX, n3onponaHoin «X. 4.», TeKCaH «X. 9.», METHIJICH XJIOPUCTBIA «X. U.», XJIOPOPOPM «X. U.», aMMOHUHN
CEPHOKHUCIBIN «4. JI. a.», HAaTPUH CEPHOKUCIBIN «X. 9.», HAaTPUN YTIIEKUCIBINA KACIBIN «X. U.», KUCIOTa OPTO-
dhocdopnas (85 %). IeMOHU3NPOBAHHYIO BOJY MOJIYYaad C MOMOIIBIO CUCTEMbI TIOATOTOBKHU BOJbI Direct-Q
3 UV System (Millipore, CILIA).

Oo6opynoBanune. Xpomarorpadpuueckuii aHaIu3 MPOBOAMICS Ha BHICOKOI(P(PEKTUBHOM KHJIKOCTHOM XPO-
marorpade HP 1100 (Hewlett Packard, CIIIA) ¢ nnogHO-MaTpUYHBIM JETEKTOPOM M MPOTPAMMHBIM 00ecTtie-
yenueM HP ChemStation. Xpomarorpaguueckoe pasiesieHie OCYLIIeCTBISIIOCh Ha CTAIbHON KOJIOHKE JUIMHON
25 cM ¢ BHyTpeHHHM jauamerpoM 2,1 mm, 3amonHenHoi ¢azoir XBridge BEH300 C18 ¢ pazmepom uactuig
5 MKM.

YeaoBusi xpomarorpagupoBanus. [loxsrmxnas gasza Ne 1 ams BOXKX: 0,02 mons/n pactBop pochopHOi
KHUCJIOTHI B JeMOHM3UpoBaHHOH Bome. [lomBrknas daza Ne 2 mius BOXX: ametoHUTpua i TpagueHTHON
B2XKX. Cropoctb moroka amroerTa 0,2 Mi/MuH.

[Ipu ananm3e mMaciaa 03UMOTO parica IOUPOBAHIE ITPOBOIMIN B U30KPATHIECKOM PEKHUME TPH 00BEMHOM
COOTHOLICHUH MOABWKHBIX (pa3 Ne 1 u 2, paBHOM 97 : 3. B 1aHHBIX YCIOBUSIX BpeMsl yACP)KUBaHHUS TUMETPO-
3uHa cocTaBisuio (6,5 £ 0,1) muH, obriee Bpemst aHanu3a — 20 MUH.

B ciyuae ananmsa BoJbI, IOYBBI, OT'YPIIOB, 3€JIEHBIX CTPYYKOB M CEMSH O3MMOTO parica dIIIOUPOBaHUE TIPO-
BOJIWJIM B TpajiueHTHOM pexkume. C MoMeHTa BBona mpoOsl 10 1,0 MuH 3mroeHT coctostt Ha 100 % w3 noa-
BIKHOH (a3er Ne 1. Jlanee B Teuenue 3,0 MuH coneprkanue moaBrmkHOHN ¢a3er Ne 2 yeenmuuamm ¢ 0 10 20 %
Y TIOJIEP KUBAIIN TIOCTOSTHHBIM 10 12,0 MUH; TOTOM Ha mpoTsikeHuu 2,0 MUH cojiepiKaHue TIOABIKHON (a3bl
Ne 2 yeenmuuBanu 1o 100 % u momaep>kuBanu MOCTOSHHBIM 70 18,0 MuH; 3arem ymensinamu 10 0 % B Tede-
aue 0,5 MUH U fanee MoIep >KUBai IOCTOSTHHBIM. B TaHHBIX YCIIOBUSAX BpeMs YASpKUBAHHS THMETPO3HHA
cocrasisuio (11,2 + 0,3) mun, obmiee Bpems ananuza — 30 MUH.

OO6mwme ycnoBHs 11 000MX METOOB: TeMIlepaTypa KojaoHkH 35 °C, pabodast mmimHa BOIHBI 304 HM.

Jnst nocTpoeHus rpalynpoBOYHOrO rpadrka B MHKEKTOp XpoMarorpada BBoaniu o 20 MK pabodero cras-
JIAPTHOTO pacTBOpa MUMETpo3uHa ¢ KoHueHTparmsamu 20,0; 5,00; 2,00; 0,500; 0,200; 0,100 u 0,0500 mKr/mi1.
Ocy1iecTBISIIM He MEHee TPeX MapaielbHBIX H3MEPEHUN 1 HaXOIUIIU Cpe/IHee 3HAYeHUE TUTOIIAN XPOMAaTo-
rpadgu9eckoro nuka Juist KakIoi KoHIeHTpamn. CTpOMITH TPpayupOBOYHBIN rpadiK 3aBUCUMOCTH IUIOMIAACH
XpomarorpauIecKuX MAKOB OT KOHIICHTPAITUU COSANHEHUH B pacTBOPE (MKT/MIT).

WnenTndukanuio nuMeTpo3nHa IPOBOIUIIU MO CONIOCTAaBICHHIO BpEMEHHU YACPKUBAHUS THKA HA XpOMaTo-
rpaMMe ¢ BpEMEHEM YJep KUBaHHSI IIMKA CTaHAPTHOTO BEIECTBA.

IIpn naHHBIX yCIOBHAX JIMHEHHBIN JHana3oH AETEKTUpOoBaHMs nuMerpo3uHa cocTasisan 1,00-400,0 Hr,
41O Npu 00beMe BBoJa TIPoOBI 20 MKJT COOTBETCTBYET KOHIICHTPAIIMU TUMETPO3UHA B aHATTU3UPYEMOM PaCTBO-
pe 0,050 0—20,0 mr/m. KosdyuimenTsl [eTepMUHaIy R’ rpaIyHpoBOYHBIX rpaduKoB ObumH He MeHee 0,999,

KonnuectBeHHOE OMnpeieieHne MpOBOAMIN METOIOM a0CONMIOTHON KaTMOPOBKH.

Pa3pa0oTka MeTOIMK NPOGONIOATOTOBKH

Pa3paboTka MeTonuK MpOOOIIOrOTOBKM BOJIbI, TIOYBBI, OTYPIIOB U parica Jyis ONpPEACIICHHUsI OCTATOUHBIX
KOJIMYECTB MMMETPO3MHA 3aKIII0YaJIach B BEIOOPE YCIOBUI IKCTPAKIIMHU JJII MAKCUMAIIBHO TIOJTHOTO M CEJIeK-
TUBHOTO M3BJICUCHUS MECTUIUIA U3 aHAIU3UPYEMBIX MaTPHII, @ TAKXKE YCIOBHU OYMCTKU IKCTPAKTOB OT Me-
HIAIOLIMX MTOCIENYIONEMY XpoMaTorpaduieckoMy aHaU3y MaTPUYHBIX KOMIIOHEHTOB.

JlaHHbBIE 1O PAaCTBOPUMOCTH TUMETPO3UHA B BOJIE U OPraHUYECKUX pacTBOpUTENSIX [19] moka3bIBarOT, 4TO
MMUMETPO3UH SIBIIIETCS CUIBHOTHIPO(UIBHBIM BeIEeCTBOM (Tabi. 1), Mpu 3TOM OH HeCTaOWIICH B BOJTHBIX pac-
TBOpAaX B KHCIION Cpefe.
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Ta6auna 1
HexoTtopbie Gpu3nko-xuMuyeckHe CBOMCTBA MMMETPO3HHA
Table 1

Some physico-chemical properties of pymetrozine

CBOMCTBO 3HaueHne

PactBopuMocTs B Boae nipu 25 °C, mr/i:

pH 5 320
pH 7 270
pH 9 270

PacTBOPHUMOCTD B OpPraHUYECKUX
pactBopuTensx npu 25 °C, mr/m:

rekcaH Menee 1
TOJLYOJI 34
JIAXJIOpMETaH 1200
3TAHOJI 2400
H-OKTaHOJI 450
aleToH 94
JTHJIAICTAT 1200

Jlorapudm xorddurmenta
pacrpe/ieieHus B CHCTEME H-OKTaHOI —

Boza (1gP,,):
qHrCcTas BOJIA -0,18
pHS5 -0,24
pH7 -0,19
pHY -0,20

I'noponutnyeckas cradbuiabHocTh (DT5))
mpu 25 °C, nueit:

pH 5 5-12
pH7 616-800
pHY 510-1210
@orocrabunsHocts (DT,) mpu 25 °C
N 5 4,3-6,8
u pH 7, nueit

Hctounuk: [19].

W3BnedeHuto CHIbHOMAPOMUIBHBIX BEIIECTB U3 BOJbI O0OBIYHO IIOMOIaeT UCIIOIb30BAHUE CHUIIBHBIX BbICA-
muBareneit [20]. [locnennue, B CBOIO ouepe/ib, Py OOIBIION KOHIIEHTPAIMU B BOJHBIX PACTBOPAaX MO3BOJISIFOT
MIPUMEHSTH CHIIHHOITOJISIPHBIE SKCTpareHTHl [20], KOTOphIE CMEIIMBAIOTCS C BOJOH ITPH OTCYTCTBUH COJICH.

[Ipu u3BJIEUEHUH MUMETPO3WHA M3 BOJbI B KAYECTBE BBICAIMBATEIS HCIIONL30BAIN CYNIb(aT aMMOHUS
B KOHIIEHTPAIINH, OJTM3KOHN K HACBHIIIICHHUIO, B KAUECTBE MOJIIPHOTO SKCTPAreHTa — M30MPOTIIIOBBIN criupT. st
CHIDKCHUSI KOHIICHTPAIIUK BOJIbI B PABHOBECHOW CIIMPTOBOH (ha3e CUPT pa30aBisiiv TUXJIOPMETAHOM B 00b-
emHOM cooTHoteHuu 1 : 1. [1o cpaBHeHHIO ¢ O0JIee BRICOKOMOJICKY/ISIPHBIME CITUPTaMU JaHHYIO CMECh MOXK-
HO KOHIIEHTPHPOBATh YIapHUBAHUEM Ha POTOPHOM BaKYyMHOM HCHApUTEIle TIPH OTHOCUTEIBHO HEOONBIION
temneparype (~40 °C). Ilonyyaembrii TakuM criocoOoM oOpaserr He TpeOyeT JONMOTHUTEIBHON OUUCTKHU IS
KOPPEKTHOTO XpOMAaTOrpauIecKoro onpeesieH s MIMETPO3HHA.

W3 n3MenpIeHHBIX MJI0I0B OTYPLA MMMETPO3HH TAK)KE YCIEITHO U3BJICKaIH CMECHIO H30MPONaHON — JIU-
XJIOpMeTaH B 00beMHOM cooTHomennu 1 : 1. s oTaeneHnss OCHOBHOW MacChl BOJIBI U YAYUIIIEHUS pa3Jiene-
HUS Ha (a3bl MPUMEHSUH J100aBKy 0e3BOJIHOTO cyibdara Harpus. MOXHO HCIONB30BaTh U J00aBKY cyibdara
AMMOHHUSI, OJTHAKO TPU STOM 00pa3yercs JTOBOJIBHO YCTOHYHMBAS IMYILCHS, YTO MPUBOAUT K HEOOXOAMMOCTH
JOTIONTHUTENBHOTO eHTpudyrrpoBanus. [locme ymapuBaHus sKCTpakTa J0CyXa, paCTBOPEHHUS CyXOro OCTaTKa
B BoJie M (huibTparuu o0pasel Takke aHaJIHM3UpOBaIn 0e3 TOMOTHUTENbHONW 04rcTKU MeTogoM BOXKX ¢ au-
OJTHOM MaTpuLeil.

W3Bneuenne nuMeTpo3nHa U3 3eJIeHbIX CTPYYKOB 03MMOI0 panca MpOBOAMIN aHAJIOTUYHO HU3BJICUECHUIO
13 TUIOJIOB Oryplia. Pa3HuIia 3aKiroyanack B OTCYyTCTBHH HEOOXOIMMOCTH JI00aBISATh COJIb HA CTAIUH IKCTPAK-
UK U3 aHAIM3UPYEMOW MAaTpPHIIbI, COJIepIKaIleil MEeHbIlee KOIHMUECTBO BOABL. B TO e BpeMs moxydaeMmbie
AKCTPAKTHI COJIEPIKAITH JOBOJILHO MHOTO MAaTPUYHBIX KOMIIOHEHTOB, PEISTCTBYIONINX KOPPEKTHOMY KOJIUYEe-
CTBEHHOMY OIIpEJIeICHNI0 TUMeTpo3uHa. [losToMy TpeboBanachk MOMONMHNTENbHAS ouncTKa. [ oTneneHus
rupooOHBIX (MeHee THAPO(MUITHHBIX) BENECTB NCIIOIH30BAN TPOMBIBKY SKCTPaKTa, pacTBOpeHHOTO B 10 %
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BOJIHOM PacTBOpE Cylib()ara aMMOHHMsI TeKcaHoM. Jlanee KOHIEHTpaIHo Cylib(hara aMMOHHS B BOJHOM pac-
TBOpE TIOBBIIIANN ¥ TIMMETPO3UH KCTparupoBaiu xyopodopmom. JanpHeimue npouenyps! (yrnapuBaHue,
pacTBopeHHe, QUIBTPOBAHNE) aHATIOTHYHBI TIPOOOIOATOTOBKE OT'YPIIOB.

Jiist M3BJIEYCHUSI U3 MOYBBI CHIILHOTHIPOPHIBHBIX BEIIECTB MOXXHO MPUMEHSTH Pa3InYHbIe BapHaHTHI
JKUJIKOCTHOM 9KCTPAKIIMH — OT PEIKO BCTPEUAIOIIEHCS SKCTPAKIIMH BOJION M TIOJISIPHBIMHA OPTaHUYECKUMH pac-
TBOPHUTEISIMU JI0 HauOoJee MOIMYISIPHON 3KCTPaKIUU BOJHO-OPTaHMUECKUME CMECSIMH KaK B TPUCYTCTBUHU
BbICasIMBareneil, Tak u 6e3 Hux. OCHOBHOM 3a7a4eii 106aBOK BOJBI K OPTaHMYECKUM PACTBOPUTEISAM SBIISETCS
CHIDKEHHE COPOLIMOHHOMN aKTUBHOCTH MOJISIPHBIX LIEHTPOB MOYBHI JIUISl YBEITMUEHUS TOTHOTHI SKCTPAKIINU Be-
niectB. B ganHol paboTe JIst M3BICUSHHST TUMETPO3HMHA YCIICIITHO UCTIONB30Bajiach JBYKPATHAS SKCTPAKIIHSI
CMECBIO alleTOHUTpIIA U 5 % pacTBOpa THIPOKapOOHATa HATPUS, CO3IAOIIETO CIA0YIO MICIOYHYIO CPEIy IS
CTaOMIIM3AIH MOJICKYJISIPHOH GopMBbI TMETpo3uHa. OObEIMHEHHBIN IKCTPAKT YIIAPUBAIIU JI0 BOTHOH (asbl,
UMeBIIeH HebonbIIol 00beM. [lariee MUMETPO3NH U3BJIEKAIN IUXJIOPMETAHOM, SKCTPAKT yHapuBajH J10CyXa,
CYXOll OCTaTOK pacTBOPSAIHN B BOJE, PacTBOP (MIIBTPOBAIN M aHATU3UPOBAIH 0€3 JOMOTHUTEIHHON OUHUCTKU
MetomoMm BOXX ¢ nuomHo# MarpuIiei.

M3 maciia 03uMOro pamnca nuMeTpo3nH, Kak ¥ CUIILHOTUAPO(DIIEHEIE HEOHUKOTUHOUAHI [21], Xopotio u3-
BJIEKAeTCsA HE CMEIIMBAIOIINMCS C HUM U JIETKO YIIapUBa€MbIM alleTOHUTPUIOM. OUHUCTHTH SKCTPAKT OT OCTa-
TOYHOTO KOJIMYECTBA MATPUYHBIX KOMIIOHEHTOB JOCTATOYHO MPOCTO C MCIOIH30BAHNEM CHUCTEMbI T€KCaH —
cJ1a0bIi BOIHBIN pacTBOp KUCIOTHI. [Tokuciienre HeoOX0MuMO JUTS IPeIOTBpaIIeHus IeHooOpa3oBanust. [Ipu
9TOM KHCJIOTY JIydIlle OpaTh Ty, KOTOpasi MPUMEHSIIACh JIJIsl TPUTOTOBICHHS TIOABMKHOM (hazbl st BOKX.

Cpeny HCIONTb3yeMbIX SKCTPAKIIMOHHBIX CMeceil (alleTOHUTPHIT, METAHOJI, CMECH TUXJIOPMETaHa ¢ U30Ipo-
MIAHOJIOM M METaHOJIOM B Pa3JIMYHOM COOTHOIICHHUH ) JITSI U3BJICUSHHS TMMETPO3MHA U3 CeMSIH 03UMOTr0 parnca
Jy4IIie Pe3yNbTaThl 0 U3BJICUCHHUIO U «IUCTOTE» MOTyYaeMbIX 3KCTPAKTOB MOKa3ana CMeCh JUXJIOPMETaH —
MmeTaHoln (4 : 1 mo oovemy). M3 MacastHUCTOTO OCTaTKa, MOJYyYaeMOoro Mocjie ymapuBaHus, TUMETPO3UH U3-
BJIEKAIOT AllETOHUTPUIIOM M OYHINAIOT Jlajiee aHAJIOTUYHO IMPOLEeaAype MPoOOOrOTOBKH ParcoBOro Macia.
Taxum 06pa3zom, TPOOOTOATOTOBKA aHATM3UPYEMBIX OOBbEKTOB 3aKITI0YAIaCh B CIIEAYIOIIEM.

IIpoGonoaroroBka Bojabl, NOYBHI
U PaCTUTEILHON MPOXYKUMHU

O6pa3zer; Boabl 00beMoM 240 MJT HaTUBAIOT B TNIOCKOJOHHYIO KOJIOy o0bemMoMm 500 mi1, mobasmstor 160 T
cynb(ara aMMOHUS ¥ TIOMEINAIOT B IEPEMEIINBAIONIEe YCTPOHCTBO J0 MOTHOTO pacTBOpeHus conu (5—10 muH).
[InMeTpo3nH M3BIEKAIOT TpeMs mopiusamMu o 50 M cmecu auxiopmeTan — nzonponanon (1 : 1 mo oovemy)
B Teuenne 10 MuH B mepementuBaromneM ycrpoiictse pu 150 06/mun u (20 £ 5) °C. DKCTpakThl 00BEINHSAIOT
B KPyIJIOMOHHOM KoOe Ha 250 My M ynapuBaioT Ha POTOPHOM BaKyyMHOM HCHapuTeNle MpH TeMIleparype
40 °C o ~5 mi. YnapeHHBIH 3KCTPAaKT MEPEHOCT B TPYHIEBHIHYIO SO-MIJUTMIUTPOBYIO KOJIOY IBYMS TTOp-
rusivu 1o 10 mut iuxiopmeTana, yrnapusarot 10 ~0,5 MiI Ha pOTOPHOM BaKyyMHOM HCIIapUTeNe TPy TeMIiepa-
Type 40 °C u BBIIYBaIOT JOCYyXa B TOKE BO3AyXa.

Cyxo# 0CTaToK B TPYHIEBHIHON KOJIOE pacTBOPSIOT B 2 MJI OMIUCTHIUTUPOBAHHON BOABI, GMIIBTPYIOT B ITPO-
OupKy o0beMoM 5 M1 gepe3 TedaonoBbIi GunsTp st BOXX ¢ nuamerpom mop 0,20 mmu 0,45 MKM. ATUKBOTY
¢unsTpara (20 MKIT) BBOAAT B XpoMatorpad.

O6pa3zer mouBbI Maccoii 20 T MOMEMIAIOT B TUIOCKOIOHHYIO KOJIOy o0bemMoM 250 mut, mobassitor 10 Mt 5 %
pacTBopa ruapokapboHara HaTpus, 50 MII allETOHUTPWIIA U SKCTPArupyIoT Ha ammapare s BCTPIXUBAHUS
30 mua ipu 150 06/muH 1 25 °C. DKCTpaKT GUIBTPYIOT Yepe3 «CUHIO0 JIGHTY» B KPyIIIOJOHHYTO 250-MHUIuH-
JUTPOBYIO KOJIOY. DKCTPAKITUIO TIOBTOPSIIOT e1mie pa3 B TeueHue 30 MuH, UCIONb3ysa 5 M 5 % pacTBopa Tu-
npokapOonara HaTpus 1 50 MIT alleTOHUTpHIIAa. DKCTPAKT PHIBTPYIOT Yepe3 TOT ke GuibTp. Obpazer moYBsI
MIPOMBIBAIOT 15 MJT anleTOHUTpHIA U GUIBTPYIOT uepe3 TOT ke GuiasTp. OObeAMHEHHBIN SKCTPAKT YHapHUBaIOT
110 BoAHOH (passl. [InMeTpo3nH u3BIEKaIOT TPEMS MOPIUSAMH 10 5 MIJI ANXJIOPMETaHa, IKCTPAKTHI O0bEANHSIOT
U yrmapuBaioT 10 ~ 0,5 MJI Ha pOTOPHOM BaKyyMHOM uctapuTene npu temmeparype 40 °C u BBIyBarOT T0CyXa
B TOKE BO3/IyXa.

Cyxo0# 0CTaToK B TPYyHIEBHUIHON KOJIOE pacTBOPSIOT B 1 MJI OMIUCTHIUTMPOBAHHON BOABI, GMIIBTPYIOT B ITPO-
OupKy o0beMoM 5 M1 gepe3 TedaonoBbIi GunsTp st BOXX ¢ nuamerpom nop 0,20 mmu 0,45 MKM. ATUKBOTY
¢unsTpara (20 MKIT) BBOAAT B XpoMatorpad.

O6pazer ma0a0B orypua mMaccoit 20,0 r moMeniaroT B MII0CKOAOHHYO KO0y o0bemMoM 250 M1, 1o0OaBIstoT
15 T 6e3BomHOTO Ccynbdara HaTpus. [TuMeTpo3uH U3BIEKAIOT ABYMS MOPIUSAMHU 110 50 MIJI CMECH AUXJIOpMe-
TaH — u3omnpormnanoi (1 : 1 mo o6vemy) B Teuenne 30 MUH B IepeMenInBaromeM ycrpoiictse mpu 150 06/mMun
u (20 £ 5) °C. DkcTpakThl GUIABTPYIOT Yepe3 IEUTIONIO3HBIN (UIBTP «CHHSS JICHTa», OOBEIUHSIOT B KPY-
TIOMOHHON 250-MUUTHIUTPOBOH Koytoe. OOpaserl miIogoB orypiia MpoMBIBaOT 20 MIT CMECH JUXJIOPMETaH —
nzonponanon (1 : 1 mo o0beMy) U QUIBTPYIOT Yepe3 TOT ke (QUIBTP B KPYIIOAOHHYIO KOJIOy 00beMOM
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250 M. O6beIMHEHHBIN KCTPAKT yIapuBalOT Ha pOTOPHOM BaKyyMHOM Hcrnapurese mpu temneparype 40 °C
70 ~5 MJ1. YIIapeHHBIH 9KCTPAKT HEPEHOCST B IPYIIEBUIHYIO 5S0-MUUTMIUTPOBYIO KOJIOY ABYMS TOPLUSIMU T10
10 M1 muxyiopMeTana, ynapusarot 10 ~0,5 M1 Ha pOTOPHOM BaKyyMHOM HcHaputese npu Temmeparype 40 °C
U BBIAYBAIOT JOCYXa B TOKE BO3IyXa.

Cyxoif ocTaTroK B IpyLIEBUIHOM KOJIOE pacTBOPSIOT B 2 MJI OUAMCTHIUIMPOBAHHOM BO/IBL, (PUIIBTPYIOT B IPO-
Ooupky oobeMoM 5 M1 uepe3 TediaonoBsIi GuasTp a1t BOXKX ¢ nuamerpom nop 0,20 wiau 0,45 MkM. AJTUKBOTY
¢unpTpara (20 MKIT) BBOAST B XpoMaTorpad.

OO0pasell 3eJIeHbIX CTPYYKOB 03UMOr0 panca maccoit 20,0 r moMenaroT B INI0OCKOJIOHHYIO KOJIOY 00beMOM
250 MJI ¥ M3BICKAIOT MMUMETPO3UH TPEeMs MOPIUIMH 1Mo 60 M cMecH auxjiopMeTaH — u3onponanoin (1 : 1
o o6beMy) B Teuerne 20 MHUH B nepeMernBaromnieM ycrpoictse mpu 150 06/mun u (20 £ 5) °C. DkcTpakThl
TIPOITYCKAIOT uepe3 (PIIIBTP «CHHSSI JICHTa» B KPYIIIOAOHHYIO 250-MUIUTHIUTPOBYIO KoiOy. OOheTMHEHHBIH
9KCTPAKT yNapuBaroT A0 ~ 10 M ¥ IepeHoCAT B IpyLIeBUAHYIO0 KOOy oobeMoM 50 mit. Kpyrnononnyto kondy
MIPOMBIBAIOT JBAXKIBI TI0 5 MJI CMECH AUXJOopMeTaH — m3omponanoi (1 : 1 mo o6beMy), CMBIB OOBEAHHSIIOT
C HKCTPAKTOM B I'PYIIEBUAHOM KosiOe. DKCTPAKT ynapuBatoT 10 ~ 0,5 M Ha pPOTOPHOM BaKyyMHOM HCHIApUTETIe
nipu Temneparype 40 °C u BbIIyBaloOT J0cyXa B TOKE BO3/yXa.

K cyxomy ocrarky B IpyIIeBUAHON K0sIO€ 10OABISAIOT 5 MJI T€KCaHa M EPEMELINBAIOT 1O PACTBOPEHUSI Cy-
X0ro octarka. [ [nMeTpo3uH u3BIeKaroT Tpemst nopuusimu 1o 5 mut 10 % BogHOTO pacTBopa cyibhara aMMOHUS
B TeueHne 2 MuH. K 00beqnHeHHOMY B SO-MILTHINTPOBOH TPYIIEBUIHON KOJIOE BOTHO-COIEBOMY IKCTPAKTY
N00aBISIOT 6 T cynbdara aMMOHUS M TIEPEMELINBAIOT JI0 MTOJHOTO pacTBOpEHHs conu. M3 momy4yeHHoro pac-
TBOpa MUMETPO3WH U3BJICKAIOT ABYMS MOPIUSAMH 110 12 MIT XJI0podopMa, BCTPSXKBAs KOJIOBI B TEYCHUE 2 MUH.
O0benrHeHHBIE XJTOPOPOPMHBIE SKCTPAKTHI B TPYIIEBUAHON KonOe Ha 50 MIT yrmapuBarOT Ha POTOPHOM Baky-
yMHOM ucnapurene npu temneparype 40 °C 1o ~0,5 M1 1 BBITyBarOT JOCyXa B TOKE BO3/yXa.

Cyx0# 0CTaToK B TPYMICBHIHOMN KOJIOE pacTBOPSIOT B 2 MJT IEHOHH3UPOBAHHOHN BOMBI, (PUIBTPYIOT B MPO-
Oupky Ha 5 mut 4yepe3 TeduoHoBbI GuisTp Wit BOXX ¢ quamerpom mop 0,20 wmm 0,45 MKM. AJIMKBOTY
¢unprpara (20 MKII) BBOISAT B XpoMarorpad.

OO6pazer; Macjia 03UMOT0 parnca Maccol 5 T TIOMEIIalT B TPYHIEBUIHYIO K00y oobeMoMm 50 mur, moOas-
JA10T 15 MIT rekcaHa U IepeMelIrBaioT 10 PacTBOPEHHUs Macia B rekcaHe. [IMMeTpo3uH M3BIEKaloT JBYyMs
TTOPIHMSIME TI0 5 MJT alleTOHUTPHJIA B TEUCHUE 2 MHUH. DKCTPAKTHl OOBEAWHSIOT B TPYIICBUIHON 50-MUIIIH-
JUTPOBOM KoJIOe, yapuBaloT Ha pOTOPHOM BaKyyMHOM ucnapurese pu temneparype 40 °C no ~0,5 M1 u BbI-
JyBaIOT OCyXa B TOKE BO3/yXa.

Cyxoii ocTarok B TPYLIEBUIHOW K0J0e pacTBOPSIOT B 1 M rexkcana, no6asimsitor 1 mi 0,02 mons/n
pacTBopa opToPocHOpHOIl KUCIOTHI B ACMOHU3UPOBAHHOM BOJIC U BCTPSXHUBAIOT B TeueHUe 2 MuH. [locie
TOJTHOTO pasnenieHust Gpa3 HIKHUKA BOIHBIN CIION (UIBTPYIOT B MPOOUPKY 00beMoM 5 Mit depe3 Teduio-
HOBBIN punbTp 11st BOXX ¢ nuamerpom nop 0,20 unu 0,45 mxMm. AnukBoty ¢unsrpara (20 MKIT) BBOAST
B XxpoMarorpad.

O6pa3zer ceMsiH 03MMOT0 parnca Maccoi 10 r moMemaroT B IIIOCKOIOHHYIO KOOy o6bemoM 250 M1, 1 mu-
METPO3UH IKCTPATUPYIOT IBYMs MOPIUsME 1o 50 M cmecu auxiaopMeTrad — Metanol (4 : 1 mo o6wemy)
B TeueHue 30 MuH B iepemerrBaoiieM ycrpoiictse ipu 150 06/muH u (20 £ 5) °C. DKCTpaKThl TPOMYCKalOT
gyepe3 QUIBTP «CUHSS JEHTa» B KPYyTIIOAOHHYIO 250-MUITMIHTPOBYIO Ko0y. OOpasel ceMsiH IPOMBIBAIOT
10 M1 quxsopMeTaHa, KOTOPBIA 3aTeM (QUIBTPYIOT Yepe3 TOT ke GuibTp. OObeIUHEHHBIN SKCTPAKT YITapH-
BaloT 10 ~10 My, YrapeHHBIH 3KCTPAaKT MEPEHOCAT B IPyLIEBHIHYIO KOOy oobemoM 50 mi. Kpyriomonnyro
KOJIOy oroyrackuBaioT 10 M1 mUXJIOpMeTaHa, KOTOPhIi OOBEAUHSIOT B TPyIIeBUAHON Koa6e. OOheTMHEHHBIH
JUXJIOPMETAHOBBIM PACTBOP yNapHBaIOT 10 Macia (~3 MJI) Ha POTOPHOM BaKyyMHOM HCIIapHUTeIIe IPH TEMIIe-
patype 40 °C.

JobGassaror 15 mit rekcaHa K Maciy B TPYIIEBHIHOM KOJIOE U MTEPEMEITHBAOT 10 PACTBOPEHUS ITOCIIEIHETO.
[TumeTpo3rH W3BJIEKAIOT ABYMsSI HOPLUMSMH MO 5 MJT alleTOHUTPUIIA B TeYEHHE 2 MUH. DKCTPAKThl 00bEAUHSIOT
B IPyLIEBUAHOM S0-MUITMIINTPOBOH KOJIOE, YIIAPUBAIOT HA POTOPHOM BAKyyMHOM HMCHIApUTENIE [IPU TeMIlepa-
Type 40 °C 1o ~0,5 M1 1 BBIIYBAIOT 10CyXa B TOKE BO3AYyXa.

Cyxoif ocTaToK B rpylIeBHIHOMN KOJIOE pacTBOPSIIOT B 1 Mut rekcana, nobasisitot 2 mi 0,02 MoJib/1 pacTBopa
oprodochopHOI KHCIOTHI B ICMOHU3UPOBAHHOM BOJIE M BCTPSIXMBAIOT B TeueHue 2 MuH. [locie nmomHoro pas-
nenenus (a3 HKHUE BOJHBIHN CII0M QUIBTPYIOT B IpoOUPKY Ha 5 M1 yepe3 TeduioHoBbId GuiasTp ams BOXKX
¢ quametpom mop 0,20 wmm 0,45 mkM. AnukBoTy hrmeTpara (20 MKIT) BBOIIT B XpoMarorpad.

[Tony4aemble TOcIe OYUCTKUA OOpa3Lbl TOCTATOYHO YHCTHIE, YTOOBI MOKHO OBUIO ONMpEAEssiTh OCTaTOu-
HBIE KOIMYECTBA MUMETPO3NHA HAa MAaKCUMAaIIbHO AormyctuMoM ypoBae (MIY), ycranoBinenHoM B Poccnn [22]
u ctpanax EBpomneiickoro corosa [23] (B8 bemapycu MY ne ycranosnen [24]), uiau HUXKE ¢ HOMOIIBIO ITUPOKO
pacrpoCTpaHeHHOM JKUAKOCTHOW XpoMaTorpaduu ¢ TMOIHO-MaTPUIHBIM (YAbTPa(HOICTOBBIM) IETEKTUPOBA-
HHeM (puc. 2, Tadm. 2).
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Puc. 2. HanoxeHHbIe XpoMaTorpaMMbl 00pa3IioB ceMsiH 03UMOTro parca 6e3 100aBKH (IIyHKTHPHAsS JINHUS)
u ¢ no6aBkoii 0,1 MI/Kr muMeTpo3uHa (CIUIOLIHAS JIMHUS), TIOATOTOBICHHBIX 110 pa3pab0TaHHON METOHKE

Fig. 2. The overlaied chromatograms of samples of winter rape seeds without the addition (dotted line)
and with the addition of 0.1 mg/kg of pymetrozine (solid line), prepared according to the developed method

Tabnuma 2
MeTpoJioruyeckne napaMeTpbl pa3padoTaHHBIX METOTUK
ompeseaeHusi TIMEeTPO3HHA B BO/e, MOYBE  PACTUTEIbHOI MPOAYKINH,
a tax:ke M/LY B Poccun u ctpanax EBponeiickoro coio3a
Table 2
Metrological parameters of the developed methods
for determination of pymetrozine in water, soil and plant products,
as well as MRLs in Russia and European Union countries
Mertpornornueckne mapamerpsl (p = 0,95, n = 6)
MAY
AHaHHngyeMHH Marpuna B Poccun [Ipenen Jlnanason orpene- ;I;ZI:IGHZ Cranpgaptroe | [loBeputenbHbIi
OOBCKT 1 CTpaI;aX OTIPE/IENIeHNs, | JISEMBIX KOHUeH- | | OTKJIOHEHHe, HMHTEpBaI
EC, mr/kr MI/KT TpaLwmi, MI/Kr P Ho/ ’ % cpexnnero, %
0
Bona Bona - 0,001* 0,001-0,04* 86,0 11,0 +8,7
[TouBa ITouBa — 0,01 0,01-0,5 81,0 10,0 +8,0
Oryper IInoawr 1,0 0,02 0,02-0,5 75,9 3,2 +2.,6
Cemena 0,02 0,02 0,02-1,0 81,7 5,3 +42
O3uMBbIi Macino 0,02 0,02 0,02-2,0 84,8 3,8 12, 7%*
paric 3
CJICHRIC - 0,02 0,02-0,5 70,5 3,6 +2.9
CTPYYKH
*3Ha4yeHMs IPUBEJICHBI B MI/IT; **pn = 8.
Ucrounuku: [22; 23].
3akiioueHue

Takum 00pa3om, pa3paOOTaHHBIE METOIUKH SIBISAIOTCS AOCTAaTOYHO MPOCTHIMH, HaJICKHBIMH, dKCIIpecc-
HbIMU (He Oonee 2 4 Ha 4 oOpa3na), JeIeBbIMH, XapaKTEePU3YIOTCSl XOPOLIeH TOYHOCTHIO, TIOBTOPSEMOCTBIO
pe3yabTaToB M HU3KUMHU IIPEeIaMU ONPEEIICHUs, YTO MO3BOJISET BBIABIATh MUMETPO3HH Ha ypoBHE MY
WM HIKE B UCCIIEJOBAHHBIX OOBEKTAaX.
Pazpaborannble METOAMKK OBUIM anpOOMPOBAHBI M YCIIELIHO HCIIOIb30BaHbI B JA0OPaTOPHH TUHAMHUKHU
nectuunaoB PYII « HCTUTYT 3a1UThl pacTeHUI» A aHalu3a 00pa3LoB MJIOA0B OrYpLa, a TAKKE 3€JEHBIX
CTPYYKOB, CEMSIH M Macjla parnca Ha COJAepKaHHe OCTATOYHBIX KOJIMYECTB MUMETPO3HHA MOCIE MPUMEHEHUS
npenapara «Ilnenym», BAI' (500 r/kr mumeTpo3nHa) Ha JaHHBIX KyJIbTYpax.
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