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BBeneHue

HacToawwuin ctaHaapT npeacraenseT cobon pykosoactso O3CP no UCnbITaHUIO XMMUYECKUX BELLECTB,
CBSI3aHHOMY C M3y4YEeHUEeM UX NPUPOALI B OKpYXKatoLlen cpeae. « BuokoHueHTpupoBaHue: MNpoToYHbIE UCTbITa-
HuA Ha pbiBax» (PU 305) u «buoakkymynsiums B 06UTatoLLmMX B 0CaA04HbIX OTNOXEHUNAX A0HHbIX Oligochates
(ManoLeTuHkoBbIX YepBsix)» (PU 315) onyGnmkoBaHbl COOTBETCTBEHHO B 1996 n 2008 rr. 3kcTpanonaums
JaHHbIX, MOMyYEeHHbLIX N0 BMOAKKYMyNsLMK B BOAE, 3aTPYAHUTENbHA ANA NMOYBEHHBLIX OPraHM3MOB, TAaKUX Kak
3eMnsAHbIe YepBU. B HacTosALee Bpemsl MOAENbHbIE PacyeThl, OCHOBaHHbIE HA NMNOGUNBHOCTH BeLecTea [1],
[2], ucnone3ytotca Ana oLeHKM GMOAKKYMYNALMM XMMUYECKUX BELLIECTB B NOYBE, KaK ONUCAHO B TEXHMYECKOM
pykosoacTtee EC [3]. Heo6x0aMMOCTb METOAa UCNLITAHUI ANS KOHKPETHLIX Cpeq Takke paccMoTpeHa B [4].
Takol MeToa 0COBEHHO BaXkeH ANsi OLEHKM BTOPUYHOMO 3arps3HEHUst NOYBEHHbIX NULIEBLIX Lenen [5]. He-
CKOMbKO HauMOHarbHbIX METOAOB UCMbITAHUI MOCBALLEHbI OMOAKKyMyNALUM B APYIUX OpraHuamax, noMMMo
pbi6 [6] n [7]. Cnocob oueHkn BMOaKKYMYNALMM XMMUYECKMX BELLECTB B 3eMNsHbIX Yepsax (Eisenia fetida,
Savigny) n sHxuTpeycax U3 3arpsasHeHHbIX No4s ObIN paspaboraH AMepukaHCkuM 06LECTBOM NO TECTUPOBA-
HUIO U MaTtepuanam [3]. MpusHaHHbIA B MEXAYHAPOAHOM MacluTate meToa onpeaeneHus Guoakkymynsaumm
B WCTOLLEHHOW MOYBE YNy4LUMT OLIEHKY PUCKOB, CBSI3AHHBLIX C XMMUYECKUMU BELLECTBAMU, ANS NOYBEHHbIX
akocucrem [8], [9].

Mutatowpmecs no4ysoit GeCno3BOHOYHbLIE MOABEPralOTCA BO3AENCTBUIO HAXOASLUMXCA B HEN BELUECTB.
Cpeau Takux opraHU3MOB 3eMIsiHble ManoOLLETUHKOBLIE YEPBU UTPAIOT BaXKHYIO POfb B CTPYKTYpe W (hyHK-
uum noys [10], [11]. 3eMnaHble MaNOLLETUHKOBLIE YEPBU XXUBYT B NOYBE M YAaCTUYMHO HA NOBEPXHOCTU NOYBbI
(ocobeHHO B Croe neperHosl); oHM npeacTaBnsailoT coboi Hanbonee MHOrOUMUCNEHHBIN B OPraHU3MOB B OT-
HoweHun Buomaccsl [12]. 3a cueT BuoTypbaumm NoYBbI U BbICTYNAasi B ka4ecTBe A00bIMKM 3TN OpPraHM3Mbl OKa-
3bIBAOT CUSbHOE BNUsAIHME Ha BMOAOCTYNHOCTL BELLECTB AN APYrUX OPraHM3mOB, TakuX Kak 6eCno3BOHOUHbIE
(Hanpumep, XULLHbIE Knewwy U XKyku [13]) unm NnO3BOHOYHBIE, OTHOCALLMECA K XULLHWUKAM (Hanpumep, nucbl U
yanku [14], [15]). B HacTosALEee BpeMsa HEKOTOPbIE BUAbLI 3€MIISIHBIX MANOLLETUHKOBLIX YepBEN UCNONbL3YIOTCH
B KQ4eCTBE MOoAenei B 9KOTOKCUKOMOTMYECKMX UCTILITAHUAX, ONUCAHHBIX B NPUNoXeHuu I

Pykosoacteo ASTM anst npoBeAEeHUs UCTIbITAHUI NabopaTOPHON TOKCUYHOCTU NOYBLI UMK GUOAKKYMY-
nsauuu ¢ 3emMnsHeiMu Yepsamn Eisenia fetida n anxurpengamm Enchytraeus albidus [16] o6ecneunsaer Bax-
HblE 1 NONEe3HbIE CBEAEHNUA NS BbINOMHEHWA HACTOALLEro METOAA UCTILITAHUS N0 BUOAKKYMYNSILIMK B NOYBE.

Opyrumu JOKYMEHTaMu, Ha KOTOPbIE NPUBEAEHbI CCbINIKU B HACTOSILLEM CTaHAapTe, ABAATCA «Pyko-
BOACTBO Mo ucnbiTaHussiM O3CP 305. BUoKkoHUEeHTpupoBaHue: MNpoToYHbIE UCTIBITAHUS HA pbiGax» [17] u «Py-
KOBOACTBO MO ucnbiTaHusm OICP 315. Bruoakkymynauusi B 06UTaOLWLMX B 0CAA04YHbIX OTIOXEHUAX AOHHBLIX
MarnoLLIEeTUHKOBBIX YepBsiX» [18]. MpakTUYeCKuii ONbIT UCMbITAHKUIA N0 BMOAKKYMYNSILIMKM B NMOYBE U nyGnukauum,
npuseaeHHsle B [19] — [31], Takke ABNSAIOTCA OCHOBHbIMU UCTOYHUKaAMKU MHOpMauum, Heobxoaumon ans
nosib30BaHMS HACTOALLMM CTaHAaPTOM.
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M E XT FOCGCY.AAPCTHBETHHUB W C TAHAAPT

METOAbI UCNbITAHUA XUMUYECKOWN nPOAYKLUW, NPEACTABAISIIOLEN ONACHOCTb
ANA OKPYXXAIOLWEN CPEADbI

BuoakkyMynauua B 3eMISIHbIX ManowWeTUHKOBbIX YepBAX

Testing of chemicals of environmental hazard
Bioaccumulation in Terrestrial Oligochaetes

HNara BBepeHua — 2016—09—01

1 O6nacTb NpUMeHeHus1

1.1 Hacrosiwuii ctaHgapT ycTaHaBnuBaeT MeToA onpejerneHus GuoakkyMynsaumu B 3eMNsIHbIX Mano-
LLIETUHKOBbIX YepPBAX.

1.2 JaHHblil METOA, UCMbITAHWI rMaBHbIM 06pa3oM NPUMEHUM AN CTaGUNbHLIX, HENTPanbHbIX OpraHu-
YECKUX XMMMUYECKUX BELLIECTB, KOTOPbIe aacopbupytoTcst nouBoi. C UCNOnNb30BaHWEM 3TOT0 METOAA BO3MOXHO
NpoBeAEHUE UCTILITAHWI NO OLEHKE BUOaKKYMYNALMKM HAXOAALLMXCS B NOYBE CTAOUMbHBIX METANN00PraHuye-
CKMX coeauHeHNii. OH Takke NPUMEHMM ANIS METANMOB U APYIMX MUKPOSNIEMEHTOB.

2 TepMUHbI N onpeaeneHns

B HacTosiLemM cTaHaapTe NPUMEHEHBI Crieayiowmne TEPMUHBLI C COOTBETCTBYIOLLMMU ONpeaeneHUaMU:

2.1 6unoakkymynsauusa (bioaccumulation): Yeenmuernue KOHUEHTPaLUM UCTILITYEMOrO BeLLeCTBa B/Ha Op-
raHM3Me MO OTHOLLEHMIO K KOHLIEHTpAaLMK UCTILITYEMOTO BeLLeCTBa B OKpyXaloLen cpeae. Buoakkymynauua
ABNAETCA Pe3ynbTaToM [ByX NPOLECCOB: OBUOKOHLEHTPUPOBAHUA U BruoMarHudmkaLimm.

2.2 6uokoHueHTpupoBaHue (bioconcentration): YsenuyeHune KOHUEHTpaLUXM UCNLITYEMOrO BeLecTBa
B/Ha OpraHM3Me WUCKJIIOYMTENBLHO B pe3yrnbrare MornoweHus BewwecTBa U3 OKPYXalowwen cpefbl (T.e. vepes
NOBEPXHOCTb TeMa U B pe3ynbrate 3arnarbiBaHusi NOYBbl) NO OTHOLLEHUIO K KOHLEHTPALIMM UCNLITYEMOro Be-
LecTBa B OKpy>kaloLlen cpeae.

2.3 6unomaraucmukaumua (biomagnification): YeenuueHne KoHUEHTpaLMKM UCMbLITYEMOro BeLlecTBa B/Ha
opraHusmMe, B OCHOBHOM B pe3ynbTate MOrnoLLeHUs1 3arpA3HeHHO| NULLW K A00bIYM MO OTHOLLEHUIO K KOH-
LieHTpauUMKU UCNLITYEMOrO BELLECTBA B NULLE UnM fobbive. BuomarHudmkaums MOXET NPMBECTU K NEPEHOCY
MU HAKOMNSIEHMIO UCMBITYEMOrO BELLECTBA B MULLIEBbIX LIENAX.

2.4 anuMmuHauma (elimination): SnuMMHaLMs MCNLITYEMOro BeLecTBa U3 TKaHEN TECTOBbLIX OPraHN3MOB
NOCPEeACTBOM aKTUBHBIX WM NACCUMBHbLIX MPOLIECCOB NPOUCXOAUT HE3ABUCMMO OT Hanuyusl UMM OTCYTCTBUSA
MCNbITYEMOrO BELLECTBA B OKPYXXAIOLLEW cpeae.

2.5 ¢pakrop 6uoakkymynsauum (bioaccumulation factor, BAF): KoHueHTpaumsa UCnbLITyeMoro BeLecrsa
B/Ha TECTOBOM OopraHuame (C, pacCuMTBLIBAIOT B rpPaMMaX Ha KUorpaMm Cyxoi Macchl YepBei), OTHECEHHas K
KOHLIEHTPaLn BELIECTBA B OKpY>atoLLien cpeaie (C, pacCUUTLIBAOT B rPaMMax Ha KUIorpaMm Cyxoi NnouBbl) B
no6oii MOMEHT ¢hasbl NOrNOLEHNUS B JAHHOM UCTIbITAHUM NO Buoakkymynsumu; BAF BbluMcnsioT B kunorpam-
Max Mo4Bbl HA KMNOrPaMM YepBEN.

2.6 c¢akTop 6MoaKKyMynsiLuM B paBHOBECHOM coctofiHum (steady state bioaccumulation factor,
BAFss): BAF B paBHOBECHOM COCTOSIHUM, CYLLIECTBEHHO HE U3MEHAIOLLMIACA B TEYEHUE ANUTENbHOMO Nepuoaa
BPEMEHM, KOHLIEHTPaLUMA UCNLITYEMOro BELLIECTBA B OKpyXatowen cpeae (C4 paccunTbiBaloT B rpaMmax Ha
KunorpaMmm cyxon no4Bbl), KOTOPAs ABMSAETCHA NOCTOSIHHON B TEYEHUE 3TOro Nepuoja BpeMeHU.

U3paHue odmumanbHoe
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2.7 kuHeTHYeCcKUN akTop Guoakkymynauum (kinetic bioaccumulation factor, BAF,): ®akrop Guoak-
KYMYNALUMK, pacCYUTaHHbIA HENOCPEACTBEHHO M3 COOTHOLUEHWUS KOHCTaHThbl CKOPOCTU MOFMOLLEHUSI NOYBbI K
KOHCTaHTE CKOPOCTU SrMMUHaLmMm (kg u k).

2.8 dakTop akkymynsauumu 6uota-nousa (biota-soil accumulation factor, BSAF): HopmanusosaHHas
no NUMUAaM KOHLEHTPaLUUsi UCMbITYEMOrO BeLLUeCTBa B/HA TECTOBbIX OPraHW3Max, OTHECEHHas K HopManu-
30BaHHON MO OPraHUYECKOMY YrMEPOAY KOHLEHTPALMKU UCNbITYEMOTO BELLECTBA B NOYBE B PABHOBECHOM CO-
cTosiHMK. C, BbIPAXAETCA B rPAMMaXx Ha KUIOrpamMm COAePXaHusA NMNUAoB B opraHusMe, a C, — B rpammax
Ha KMnorpamm COAaepXKaHusi OpraHn4eckoro yrnepoaa B noyse; BSAF uMmeeT pasMepHOCTb B KMNnorpammax
OpraHNYecKoro yrnepoaa Ha Kr nunugos.

2.9 nnato unu paBHoBecHoe coctosiHue (plateau or steady state): PaBHoBecue mexay npoueccamu
NOrMOLUEHMS N ANMMMUHALMK, NPOTEKAKOLLMMIU OHOBPEMEHHO BO Bpems a3kl BO3AENCTBUA. PaBHOBECHOE CO-
CTOSIHME JOCTUraeTcs Ha rpadmke 3aBucMmMocTu BAF oT BpemeHu, Koraa KpuBas CTaHOBUTCA napannenbHon
OCW BPEMEHMU, U TPU NOCnefoBaTenbHbIX aHanm3a BAF, npoBeaeHHbIX Ha Npo6ax, 0TOGPaHHbIX C MUHTepPBanoM
He MeHee 2 CyT, He pasnuyatotcst 6onee yem Ha 20 % Apyr OT Apyra, U HET CTaTUCTUYECKN 3HAYMMBIX pas-
NUYnii Mexay AaHHbIMKU Tpex nepuoaoB oTbopa npo6. [ins uCnbITyeMbiX BELLECTB, KOTOPbIE MOMOLATCA
MeaneHHo, 6onee NoaxXoAsALLMM UHTEPBANoM asnstorcs 7 ¢yt [17].

2.10 koadhchbuuMeHT pacnpeaeneHus opraHmveckui yrnepoa-soaa (organic carbon-water partitioning
coefficient, K,,): OTHOLIEHNE KOHLEHTPaUMK BelecTBa B/HAa (hpakuun OPraHMYECcKoro yrnepoaa B noyse u
KOHLEHTpaLuu BeLLeCTBa B BOAE B PABHOBECHOM COCTOSIHUM.

2.11 koachchuuMeHT pacnpeaeneHusn oktaHon-soga (octanol-water partitioning coefficient, K,,): Ot-
HOLLEHMWE pacTBOPUMOCTU BELLECTBA B H-OKTaHONE U BOAE B PABHOBECHOM COCTOSIHUMU, TAKOKe MHOTAA BblpaXa-
erca kak P, Norapudm K, (log K,,,) CNONb3yeTcs B Ka4€CTBE NOKa3aTens noTeHunanbHoON CnocoGHOCTH
BELLEeCTBA K BMOaKKYMYNALMKU B BOAHBIX OPraHM3Max.

2.12 ¢pasa nornouweHusn unu ¢pasa sBosgencrTeua (uptake or exposure phase): Bpemsi, B Te4eHue ko-
TOPOro TECTOBbIE OpraHU3Mbl MOABEPraloTCsl BO3AEWCTBUIO UCNILITYEMOTO BELLIECTBA.

2.13 KOHCTaHTa CKOPOCTKM normnoweHus no4sbl (Soil uptake rate constant, k.): Yucnoeoe 3HaueHue,
onpeaernapLee CKOPOCTb YBENUYEHUA KOHLIEHTPALUU UCMLITYEMOrO BELLEeCTBa B/HA TECTOBbIX OpraHusmax
B PE3ynbTaTe ero rnornoLieHnsi U3 nouBbl; Ky BbIPAXKAETCH B r(PAMMaXx MOYBbl HA KUIMOrPaMM YepBEN B CYTKM.

2.14 ¢pasa anumuHauuu (elimination phase): Bpemsi nocne nepeHoca TeCToBbIX OPraHU3MOB U3 Cpe/bl
C UCMbITYEMbIM BELLECTBOM B cpeay 6e3 UCnbiTyeMOoro BeLecTsa, B TE4EHUE KOTOPOro UCCNEAYETCAa 3NUMU-
Hauus (MM YMCTble NOTEPU) BELLECTBA U3 TECTOBLIX OPraHM3MOB.

2.15 KOHCTaHTa ckopocTu anumuHauum (elimination rate constant, k). Yucnosoe sHaueHue, onpe-
JensoLee CKOPOCTb CHKEHUA KOHLIEHTpaUuM UCMLITYEMOrO BELECTBa B/HA TECTOBLIX OpraHM3Max nocne
NepeHoca TECTOBbLIX OPraHN3MOB U3 CPeabl, COAEPXaLLen MCTbITYEeMOe BELECTBO, B cpeay 6es BeLlecTsa; K,
BbIPaXKAETCH B CYyTKaX B MUHYC NEPBOI CTEMNEHMU.

3 MpeanBaputenbHbIe yCNoBUst

3.1 UcnbiTaHus no nusmepeHunio 6uoakkyMynsaLuun BELLECTB B 3EMIAHBIX MANOLUETUHKOBBIX YePBAX Obinu
NpoOBEeAEeHbl C TSHXKENbIMKU MeTannaMmm [32] u CToMKMMM OpPraHMYeCcKUMU BELLECTBAMU, UMEIOLLIMMU 3HAYEHUSA
log K,,, 0T 3,0 A0 6,0 [24]. Takne ncnbITaHUA TaKKE NPUMEHSIIOTCS B OTHOLLEHWN:

- BeLecTs, umetownx log K, Gonee uem 6,0 (BbICOKOrnapodoBHLIX BELLECTB);

- BELLECTB, OTHOCALLMXCS K KNAacCy opraHUYeCcKMX CoOeAMHEHUI, KOTOPbIE, KaKk M3BECTHO, 0b6najaloT cno-
COOHOCTBIO K BMOAKKYMYNSLMM B XKMBbIX OpraHu3Max, HanpuMep NoBepPXHOCTHO-AKTUBHbIX UMK BELLECTB, 06-
naaaroLLmx BbICOKOW agcopBLUMOHHOM CNOCOBHOCTLIO;

- BELLECTB, CTPYKTYPHbIE 0COBEHHOCTU KOTOPbIX YKa3bIBaKOT HA UX CMOCOBHOCTL kK Buoakkymynsauum, Ha-
npuMep aHanory BeLecTs C U3BECTHOW BrMoakkyMynsauuen;

- METanmos.

3.2 Nuchopmauuto 06 UCMbITYeMOM BELLECTBE, TaKylo kak oblliee HasBaHWe, XMMWYECKOEe Ha3BaHue
(npeanoyTuTensHo HaseaHue no MKOMAK), cTpykTypHas opmyna, permctpauuoHHblii Homep CAS, unucrora,
TexHuka 6e30nacHOCTU, HagnexaLlne yCroBUsl XpaHEHUS U aHanUTUYEeCKUin METOA, crneayeT NonyyYnuTh A0 Ha-
yana uccriegosaHus. B gononHeHne gomkHa ObITb U3BECTHA creayowas nHpopmayusa:

a) pacTBOPUMOCTb B BOAE;

0) koadbdhmumeHT pacnpeaeneHusn oktaHon-soaa, K,
B) KO(P(PULMEHT pacnpeneneHns nousa-soaa, BblpaxeHHbliin B K
r) AaBneHue napa;

[) paanaraeMmocTb (Hanpumep, B No4Be, BOAE);
€) U3BECTHble MeTabonuThbI.
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3.3 [lonyckaercs ucnonb3oBarb MEYEHHOE UNU HE MEYEHHOEe PaMOaKTUBHLIM U30TONOM UCNLITYEMOE
BewecTBo. OaHako Ansa obneryeHus aHanm3a peKOMEHAYEeTCs UCMONb30BaTb MEYEHHOE PaANOaKTUBHBLIM N30-
TOMOM UCNbITYyeMOe BewecTBO. PelleHne npuHUMAaeTcsi C y4eTOM npeaenoB obHapyxeHusi unu TpeboBaHui K
OLIeHKEe UCXOAHOTO COEANHEHUA U MeTabonuToB. ECnu ncnonb3yeTcsl paanoakTMBHOE XMMUYECKOE BELLECTBO
1 u3MepsieTcs obLiee KONMYECTBO PaANOAKTUBHBIX OCTATKOB, TO BaXKHO, YTOOLI MEYEHbIE OCTATKKU Kak B NOYBE,
TaK U B TECTOBbIX OpraHM3amax Obinu BbipaXeHbl B NPOLIEHTAX UCXOAHOIO BELLECTBA U MEYEHOTO HEMCXOAHOrO
BellecTBa (NMPOAYKTOB €ro pasnoXeHusl), HanpuMep B obpa3suax, oToOpaHHbIX B PABHOBECHOM COCTOSIHUU
unu B KOHLe ¢hasbl NOIMOLLEHUS, C TeM YTOBbI paccunTarb kKoadduumeHT Buoakkymynsauum (caktop Guoak-
kymynsauumn (BAF) ans ucxogHoro Bewjectsa U metabonutos, ob6pa3oBaBLLMXCA B noyBe (cM. 7.7.9). MeToa,
npvBeAEHHbIM B HACTOSILLEM CTaHAAapTe, MOXET ObiTb U3MEHEH, HanpuMep, Ana obecnedyeHna 4OCTaTOuHON
6Guomacchl, AN U3MEPEHUSA HE MEYEHHOr0 paauOaKTUBHBLIM U30TOMOM OPraHUYECKOro UCMLITYEMOrO BeLle-
cTBa unu metannos. Ecnu uamepsierca obuiee KonMuecTBO paMOaKTUBHLIX OCTATKOB (METOAOM MoACYETA
MMIMYNbCOB B XMWAKON (ha3e nocne aKCTPaKLMM, CXXMIaHUs unu contobunusauum TkaHei), To dpakrop Gruoakky-
MYJSILMM OCHOBbLIBAETCS HA UCXOAHOM BeLLEeCTBe U ero metabonutax. Pacuet BAF npeanovTUTeNnbHO A0MKEH
6a3upoBaTbCs Ha KOHLIEHTPaLUM UCXOAHOTO BELLUECTBA B OpraHuamax u obLLeM KonmuecTse pagnoakTUBHBIX
OCTarTkoB. 3areM paccuuTbIBalOT (DakTop akkymynauum buora-nousa (BSAF), HOpManuM3oBaHHbIN NO COAEP-
>KaHMIO NMUNUAOB B YEPBSAX U COAEMKaHUIO opraHudeckoro yrnepoaa (OC) B nouBe u3 BAF ¢ yueTomM conocra-
BMMOCTH pe3yrnbTaroB Pa3nuyHbIX UCTILITAHUI OMOAKKyMynsLuK.

3.4 TOKCUYHOCTb UCMBbITYEMOFO BELLECTBA ANSi BUAOB, UCMONb3YEMbIX B UCTLITAHUM, AOMKHA ObITb U3-
BECTHa, Hanpumep, apekTuBHas koHueHTpauus (EC,) unm netansHas koHueHTpaumsa (LC,) Ha BpeMA chasbl
nornoweHus [3]. BoibpaHHas KOHLEHTPALUS UCMILITYEMOIO BELECTBA NPEANOYTUTENBHO A0JDKHA COCTaBNATb
okono 1 % ero LCy, Ans OCTPO# aCUMNTOTUYECKOW TOKCUHHOCTYN U I0DKHA ObiTh HE MEHEE YEM B AECATb pa3
BbILLE €ro npeaena o6Hapy>XeHusl B MOYBE aHANUTUYECKUM METOA0M. 10 BO3MOXXHOCTM NpeanovTeHne otaa-
€TCA NnoKa3arensiMm TOKCUYHOCTU, NOITYYEHHBIM U3 AONTOCPOYHBLIX UCCIEA0BAHUI MO CyOneTanbHbIM KOHEYHBIM
Toukam [33], [34]. Ecnu Takue gaHHble OTCYTCTBYIOT, TO UCMbITAHWME NO ONpedesnieHnto napameTpoB OCTPOn
TOKCUMYHOCTM AaeT nonesHyio uHgopmaumio [35].

3.5 [omkeH ObiTb AOCTYNEH NOAXOASILUMIA aHANUTUYECKUIA METOA C U3BECTHON TOMHOCTbIO, NOrPeLUHO-
CTbIO M YYBCTBUTENBHOCTLIO AN KONMYECTBEHHOIO ONpeAerneHuns BELECTBa B UCMbITYeMbIX pacTBopax, B no-
4yBe U B ODmonoruyeckom marepuane, a Takke nogpobHas uHdopmaums 0 NOArOTOBKE W XpaHeHun npob u
nacnopt 6e3onacHoCTu BelecTBa. [JOMmkHbI ObITb Takke M3BECTHbI NPEAEnbl aHaNMMTUYECKOro onpeaeneHns
UCTILITYEMOTO BELLECTBA B NOYBE U TKaHAX Yepsen. Mpu ncnonb3osannn 14C-meqeHoro McnbITyemoro Belle-
CTBA AOMKHbI BbITh M3BECTHBbI YAENbHAsA PaAMOaKTUBHOCTL (T. €. Bgxmol') u npoueHT paauoakTusHOCTM,
CBA3aHHbIA C NPUMECAMU. YAenbHas paguoakTUBHOCTb WUCMbITYEMOrO BELECTBA AOMKHA ObiTb 4OCTATOUHO
BbICOKOW ANSA NPOCTOThI aHanu3a, a UCnonbL3yemble UCMbITYEMbIE KOHLEHTPALMKN HE AOMKHbI Bbi3blBaTb TOK-
CUYECKOro AencTBums.

3.6 McnbiTaHWe MOXHO NPOBOAWUTL C MCKYCCTBEHHOW MMM MPUPOAHOW NoYBOW. [0 Hayana ucnbiTaHusa
JOImKHa ObITb B HANUYUKU MHpOPMAaLUA O XapaKTepUCTUKax UCMOonNbL3yemMon NPMPOAHON NOYBLI, HaNpUMep: uc-
TOYHMK MOYBLI UNKU €€ COCTaBNAIOLLME KOMMOHEHTLI, pH, cogepxaHue opraHW4eckoro yrnepoga, pacnpeaene-
Hue YacTuu no pasmepam (NPOLEHT Necka, una u MuHbl) U Bogoyaepxuatoas cnocobHocts (WHC) [16], [36].

4 MpuHUMN MeToaa

4.1 MNapameTpsbl, xapakTepuayloLme Guoakkymyrnsaumio BeLecTsa, Bknovaot BAF, kg 1 k,. Onpeaene-
HWS yKasaHHbIX Nokasatene NpMBeAeHbl B pasgene 2.

4.2 VcnbiTaHUe cocTouT U3 ABYX has: dasbl NOrnowweHns (aKkenosmuun) u gassl anuMmuHalmm (nocne
akcnosuumm). Bo Bpems casbl NOrMOLWEHUs YepBM NOABEPraloTCA BO3AEWCTBUIO MOYBbI C BHECEHHBIM UCHbITY-
€MbIM BELLECTBOM B MOBTOPHOCTAX. B 4ONONHEHME K TECTOBBIM OpraHu3amamM KOHTPOSbHbIE YEPBU COAepXKaTCs
B O[MHAKOBbIX YCNOBUAX, HO 6€3 UCMBLITYEMOrO BELLECTBA. 3MepsaIoT Cyxyto Maccy U COAepXKaHue nunuaos B
TECTOBbIX OPraHU3Max. 3TO MOXHO BbINOMNHUTL, UCNONL3YA YEPBEKN U3 KOHTPOILHO rpynnbl. AHaNUTUYECKUe
(hOHOBLIE 3HAYEHUs (KOHTPOMb) MOXHO MOMNYYUTb, aHaNU3npysi NPoBbl KOHTPOSIbHBIX YEpBEN U NouYBbl. AnA
dasbl aNMMUHALKUKM YepBei NOMELLAKoT B NoYBY, CBOGOAHYIO OT UCMLITYEMOro BelyecTea. dasa anMmuHaumu
TpebyeTcst B TeX cny4yasix, €Crnm MorfoLeHNe UCMbITYEMOro BELLECTBA B d)ase 9KCNo3uuum Gbino HesHauu-
TenbHbIM. ®aza anMMUHaLMu AaeT MHOPMAaLIMIO O CKOPOCTU, C KOTOPOI UCMbITYEMOE BELLECTBO BblENAeTcs
TeCTOBbIMU OpraHuaMmamu [37]. Ecrnin paBHOBECHOE COCTOAAHUE HE AOCTUIHYTO B TeYEHUE dhasbl NOrnoLLeHUs,
TO ONpefeneHne KMHETUYECKNX MapameTpoB — KMHETUYECKOro cpaktopa Guoakkymynaumn BAF,, KOHCTaH-
Tbl CKOPOCTU MOTTIOLWEHNS U SNMMUHALMM — NPEeAnOYTUTENBHO LOMKHO OCHOBLIBATLCA HA OAHOBPEMEHHOM
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BblpaBHWBaAHWK Pe3ynkTaToB has NornoLeHns n anuMuHauum. KoHUeHTpaums UCnbITyemoro BeLecTsa B/Ha
YepBsX KOHTponupyertca B 06enx drasax UCnbITaHUSA.

4.3 B TeyeHue chasbl NOrnoLLeHns U3mMepeHns NPpoBOAATCS B nepuos Habnogexuii 4o 14 cyT (Ans SHxXu-
Tpeua) unu 21 cyT (AN 3eMssHbIX YepBeii), Noka JOCTUIraeTca paBHOBECHOE COCTOsHME cornacHo [21], [22],
[38]. PaBHOBECHOE COCTOSIHME AOCTUTHYTO, KOraa rpacduk 3aBMCUMOCTU KOHLEHTPaLuUU UCMbITYEMOrO BeLlle-
CTBAa B YepPBAX OT BPEMEHU MaparnneneH 0cu BpeMeHU U TpU NocneaoBaTesibHble KOHLUEHTpaLumn pe3ynsraTos
aHanusa Ha obpasuax, B3siTbIX C UHTEPBANOM He MeHee 2 CyT, He U3MeHSAIOTCA Bonee YeM Ha + 20 % apyr ot
ZApyra Ha OCHOBE CTaTUCTUYECKOTO CPaBHEHNSA (Hanpumep, AUCNEPCUOHHBIA aHanNU3, PErPecCUOoHHLIN aHanus).

4.4 daza anMMMUHALMK BKITKOYAET NEPEHOC TECTOBLIX OPraHM3MOB B COCYAbl, COAEPXKaLLMe TOT e caMbli
cy6erpar 6es3 ucneiTyemoro BelecTsa. Bo Bpems a3kl anMMuHaummu M3aMepeHus NpoBoasT B nepuoa Habnio-
AeHuit Ao 14 cyT (ans sHxuTpenabl) unu 21 cyT (ANst 3eMNSHbIX YepBei), eCNKU paHee aHanuTU4eckoe onpeae-
neHune nokasano cHumxkeHne Ha 90 % OCTaTKOB UCMbLITYEMOTO BeLLeCTBa B YepBAX. KOHUEHTpauns UCMbITYEMOro
BELLUECTBA B YepBAX B KOHLE da3bl ANUMUHALMM BbIPAXKAETCH B BUAE HEANUMUHUPOBAHHbLIX OCTaTKOB. BAFSS
PaBHOBECHOIO COCTOSIHUS NPEANOYTUTENLHO PACCUUMTLIBAETCS KaK COOTHOLLEHUE KOHLUEHTpauumm B yepssax (Ca)
u B noyse (Cs) Npu o4eBUAHOM CTAabWUNBHOM COCTOSIHUM W B BUAE KMHETUYeCKoro chaktopa Buoakkymynsumu
(BAF ), kak cooTHouueHue kg u Ky, npeanonaras KMHETMKY Nepeoro nopsiaka (CM. npunoxexue A). Ecnu kuHe-
TUKa NepBOro nopsiaka sBNAETCs, O4EBUAHO, HEMPUMEHUMON, TO UCNOMb3YIOT APYrne Moaenu.

4.5 KoHcTaHTa CKOPOCTU NOIMOLLEHUS, KOHCTaHTa CKOPOCTU SNUMMHALMU (UNN KOHCTaHTbI, KOraa UCnomb-
3y10TCA ApYyr1e Moaenu), KMHetuueckun daxkrop Gnoakkymynauun (BAF,) 1, no BO3MOXHOCTU, AOBEPUTENBHLIE
UHTEepBanbl AN K&KA0ro M3 9TUX NapaMeTPOB PAaCCUMTLIBAIOTCSA C MCNONb30BaHNEM KOMMbIOTEPHbIX MOAEMbHbIX
ypaBHeHuit (CM. npunoxkeHnue A). Kputepuit COOTBETCTBUA NGO MOAENM MOXET ObITh ONpeaeneH, Hanpumep,
13 KoahuumeHTa koppensauum unu ko duumeHTa getepmmuHauum (koappuuneHTsl, bnuskue K eguHuue, yka-
3bIBAIOT HA XOPOLLYIO anpoKCUMaLMio) unu xu-kBaapat. Takke pasmep cTaHAapTHOR OWMOKM unu goBepuTens-
Hblit MHTEpPBAaN A OLeHMBaeMbIX NapaMeTPoOB MOTYT yKasblBaTb Ha KPUTEPUI COOTBETCTBUSI MOAENMN.

4.6 [Ina cHWKeHnsa BapnabenbHOCTU pesynsTaToB UCTILITAHWIA C BELLECTBAMM C BLICOKOW NMMNOMUNLHO-
CTbI0 KOI(DPULMEHTLI GUOAKKYMYMALIMKU BbIPAXAIOT NO OTHOLUEHUIO K COAEPKAHUIO NMUMMAOB U COAEPXKAHUIO
OopraHu4eckoro yrnepoaa (kunorpamm opradudeckoro yrnepoga (OY) B noyBe; KunorpaMMm B MUHYC NEPBON
CcTeneHu cogepXaHue nunuaos B vepBsx). [aHHbIM N0AX04 OCHOBAH HA HANMM4YuKM ANS HEKOTOPbIX KNaccoB
XUMMUYECKUX BELLECTB YETKON B3aMMOCBA3N MeXAy CroCOBHOCTbIO BewecTsa k GUOaKKyMynsauMmu U ero nu-
noUILHOCTLIO, HanpuMep kotopas Obina ycraHosneHa aAns pbl6d [39]. CywecTByeT B3aMMOCBA3b Mexay
coaepxaHuem nunuaos B poibe u Guoakkymynsumel nogobHbIX BewecTB. AnA AOHHbLIX OPraHn3MoB Obinu
yCTaHOBNEHbI aHanoruyHele koppenauuu [40], [41]. AHanornyHas koppenauusa 6bina nokasaHa ana 3emns-
HbIX ONMIOXeT (ManoLIETUHKOBLIX Yepsen) [20], [42], [43], [1]. Mpu HaNUMKM AOCTATOYHOrO KONUYECTBA TKa-
HU YepBeln coaepXaHne NUNUAOB B TECTOBLIX OPraHU3Max MOXHO ONPeaenuTb Ha TOM ke GUoNorMYecKom
marepuane, KOTopblii UCNOMb3YIOT ANA ONpPeAeneHns KOHLUEHTpaLmMKU UCNbITyemoro sewecresa. Kpome Toro,
KOHTPOfbHbIE OPraHM3Mbl MOTYT 6bITb UCNONBL30BAHLI AN U3MEPEHUSA COAEPXKAHUA NMNNAO0B.

5 [locTOBEPHOCTL UCNbITAHUA

McnbiTaHne cyuTaeTcss A0CTOBEPHBLIM MPU BLIMONTHEHUM CREAYIOLLMX KPUTEPUEB ANSt KOHTPONEN U ONbIT-
HbIX 06paboTOoK:

- N0 OKOHYaHWUK UCNbITaHMA obLias rmbenb B TedyeHue a3 NornoLeHNs 1 AMMMUHALMK He 10IDKHA npe-
BbiwaTtb 10 % (anA 3emnaHbIX Yepsen) unu 20 % (ana sHxuTpeua) obLero KONUYeCcTsa BBEAEHHbIX B UCTbI-
TaHue vepsen;

- ansa Eisenia fetida u Eisenia andrei cpeaHsas noreps maccbl, U3MepeHHas B KOHLEe (a3 NornoLieHus u
AINUMUHALMYU, HE AoMKHA npeBbiwaTtb 20 % No cpaBHEHUIO C UCXOAHOM CbipOW Maccom (Cbipas macca, macca
CbIpON TkaHu) f.w. B HaYane kaxaon asbl.

6 OnucaHue metoaa

6.1 TecTtoBbIE BUALI

Heckonbko BUAOB 3€MNSIHLIX ONUIOXET (ManoOLLETUHKOBLIX YEPBEN) PEKOMEHAYIOTCA ANA UCNONb30Ba-
HUS B UCMbITaHUAX N0 Buoakkymynsaumu. Hambonee yacro ucnonb3yembie Buabl Eisenia fetida, unu Eisenia
andrei (Lumbricidae), unu Enchytraeus albidus, unu Enchytraeus crypticus, unu Enchytraeus luxuriosus
(Enchytraeidae) onucanbl B npunoxxeHuu I
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6.2 O6opynoBanue

Cneayer NposIBASITb OCTOPOXHOCTb, YTOObI M30EXaTh UCNONbL30BaHUA MaTepuanoB AnsA Noobix YacTen
060pya0BaHusi, KOTOPbIE MOFYT PACTBOPATLCS, aACOPOUPOBATL UCMLITYEMOE BELLECTBO UIU BbILLENA4YNBaTh
Apyrue coeiMHEeHUs1 U KOTOpbIE 0Ka3biBAKOT OTPULIATENbLHOE BMIMSIHME HA CaMu TECTOBbIE OpraHu3mbl. Cneayer
MCNONb30BaTb CTAHAAPTHbIE NPSAMOYFOMbHbLIE WU LIMNUHAPUYECKWEe KaMepbl, U3rOTOBIIEHHbIE U3 XUMUYECKU
MHEPTHOro Marepuana ¢ noaxoasLen BMECTUMOCTLIO B COOTBETCTBUM C YPOBHEM 3arpy3ku, T. €. KONIM4eCTBOM
TECTOBbIX YepBel. Hepxkaseiowaa cranb, NAACTUK UK CTEKNO MOryT ObITb UCNONL30BaHbI ANns n6oro 06o-
pPyAoOBaHUA, UMEIOLLIETO KOHTaKT C UCNbLITYeMOW Cpefoi. McnbiTyeMble KaMmepbl AOMKHbI ObiTh Hagnexawmm
06pa3om MOKPbIThI, YTOOLI NPeAOTBPATUTL BbIMON3AHME YEepBEN, AOMYCKasA NpU 3TOM JOCTaTOvHY0 nogady
BO3Ayxa. [ins BELLECTB C BLICOKUMU KOdppnumenTammn agcopbumm moryT notpeboBartbecs, Hanpumep, CUHTe-
TUYECKME NMPETPOUZLI, CUNIAHU3MPOBAHHOE CTEKNOo. B aTux cnyyasx obopyaoBaHue cneayer yTunusmpoBatb
nocne ucnonb3oBanus [17]. Heobxoaumo npeaynpeauTb YTEYKY MEYEHHbIX paANOAKTUBHBIMU U30TONaMU UC-
NbITYeMbIX BELLIECTB U NETYYNX XMMUYECKNX BELLeCTB. CneayeT NCnonb30BaTb NMOBYLLKU (HANpUMep, CTEKNSAH-
Hble GyTbINW ANs NPOMbIBaHUSA ra3a), cogepxawme nogxoaswme abcopbeHTbl ANs yaep>KMBAHUS BCEX UCna-
PAIOLNXCA OCTATKOB U3 UCTILITYEMbIX COCYA0B.

6.3 NMouBa

6.3.1 McnbiTyemas nousa AomkHa o6ecneynBarb BbXXKMBAEMOCTb U NPEANOYTUTENBHO BOCNPOU3BOACTBO
TECTOBbIX OPraHU3MOB BO BPEMS aKKNUMaTU3aLUN U UCMBITAHUSA, HE BbI3bIBAs KAKUX-NTMOO M3MEHEHUN BHELL-
Hero Buaa unu nosefeHust Yepeei. Yepeu AOMKHbI 3apbIBATLCA B MOYBY.

6.3.2 VckyccTBeHHas noysa, onncaHHas B [36], pekomeHayeTcsa Ans UCNONb30BaHUSI B UCMbITAHUAX B
kayecTse cybeTpata. MoaroToBKa MCKYCCTBEHHON NOYBbLI ANSI UCNOMNb30BaHUS B UCTILITAHUSIX N0 BUOAKKyMynsi-
UMK U PEKOMEHJALMMU MO XPAHEHUIO UCKYCCTBEHHOW NOYBLI NPUBEAEHBI B MPUNoXeHun B. 1o ucnonb3osaxus
BbICYLLEHHbIA Ha BO3yXe UCKYCCTBEHHbIA FPYHT MOXET XPaHUTLCA NpM KOMHATHOW TeMneparype.

6.3.3 OgHako NpupoaHbIE NOYBLI U3 HE3ArPASHEHHbIX YH4aCTKOB MOTYT CIY>XUTb UCTILITYEMON M/UNN KyNb-
TUBUPOBAHHOW NOYBON. MNpPUpPOAHLIE NOYBbLI CNIEAYET XapakTepu3oBaTb, MO MEHbLUEN MEPE, N0 UCTOYHUKY (Me-
cTy cbopa), 3HaveHuto pH, cogepxaHuio opraHMYECKoro yrrepoaa, pacnpefesieHuto yactuy no pasmepy (ne-
COK, U U FM1Ha B NpOLeHTax), MakCumanbHoii BoOAoyAepxuBatowen cnocodHoctn (WHC,. ) u NnpoLeHTHOMY
coaemxkaHuio Boabl [16]. AHanM3 No4Bbl UNN €e COCTaBMAILLMX HA MUKPO3arpsiSHUTENU Nnepes UCNonb30Ba-
HWEM JOIDKEH NMPEeAoCTaBUTL NOME3HY0 nHAopMauuto. ECnm ncnonb3yercst nonesas no4Ba C CeribCKOX03sii-
CTBEHHBIX 3€Menb, TO NPeAbABNAIOTCA cneayowme TpedoBanus: 4o otéopa npob oHa He gormkHa obpabaTbi-
BaTbCH B TEYEHWE HE MEHEE OJHOrO rofa cpeacTBaMu 3aLUThl PACTEHUI UMM HABO3OM B kayecTBe yao0peHus
0T 06paboTaHHbIX NpenapaTamMmy >XMBOTHLIX U HE MEHEE LLECTU MECSILEB OpPraHUYecKuMKU yaobpeHusimm [44].
Mpoueaypbl 0bpaLleHnst ¢ eCTECTBEHHON NOYBOI A0 UCMOMb30BAHUA €€ B 9KOTOKCUKONMOTMYECKUX UCTIbITaHN-
SIX HA ManoLLETMHKOBbIX YepBAX B naboparopuun onucaHbl B [16]. [lnA eCTeCTBEHHbIX NOYB CPOK XPaHEHUs B
naGoparopun AomkeH BbITb KaK MOXHO Bonee KOPOTKUM.

6.4 BHeceHne UCNbITYEMOro BelecTsa

6.4.1 NcnbITyemoe BELLECTBO BHOCAT B NOYBY. [pKn 3TOM CneayeT yunTbiBaTh PUINKO-XUMUYECKUE CBOI-
CTBa WUCMbITYEMOIO BELLECTBA. BoaopacTBOpUMOe UCMbITYEMOE BELLECTBO AOMMKHO ObiTb NOMHOCTHIO paCcTBO-
peHO B BOAE nepej CMeLUMBaHUEM C No4BON. PekoMeHayeMasn npoueaypa BHECEHUSI NIOX0 pacTBOPUMMOroO B
BOAE UCMbITYEMOrO BELLECTBA BKIMIOYAET NOKPLITUE OAHOTO unu 6onee KOMNOHEHTOB NMOYBbI (MCKYCCTBEHHOM)
UCMbITYEMbIM BELLECTBOM. Hanpumep, KBapLUeBbIi NECOK UMK €ro YacTb MOryT ObiTb NPONMUTaHbl PACTBOPOM
UCMbITYEMOrO BELLECTBA B NOAXOASALLEM OPraHUYeCKOM pacTBOpUTENE, KOTOPbLIM 3aTteM MeaNeHHO Bbinapu-
BalOT gocyxa. [NoKpbITYyI0 ddpakuuMIo 3aTeM CMELLUMBAIOT C BMaXXHOM MOYBOW. [MaBHOE NpeuMMyLLUecTBO 9TOW
npoueaypbl COCTOUT B TOM, YTO PACTBOPUTENb HE BHOCUTCA B MOYBY. [1py MCNONb3oBaHUM NPUPOLHOW MO-
UYBbI UCMLITYEMOE BELLECTBO MOXET ObiTb 406ABNEHO BHECEHWEM BbICYLUEHHON Ha BO3AyXe MOPLMUM MOYBEI,
KaK OnucaHo BbiLIe ANs1 UCKYCCTBEHHOM MOYBbI, NN NEPEMELLUMBAHMEM UCMLITYEMOIO BELLECTBA C BNAXHOW
MOYBON, C NOCMEAYIOLLEl CTagMen BbinapuBaHus, ecnv ncnonb3osarnca conobunuaupytowmii arenT. Kak npa-
BMIO, KOHTAKTUPOBAHUA PACTBOPUTENSA C BNAXKHOI NOYBON cneayet uaberatb, HACKONbLKO 3TO BO3MOXHO. He-
06x0aMMO yunTbiBaTL cneaytowee [16]:

- €CNM UCMONb3YeTCH pacTBOpPUTENb UHOW, YeM BOAA, TO OH AOMMKEH CMELLUMBATLCA C BOAOM W/Unu ero
MOXHO Nerko yaanuTb (Hanpumep, ynapusaHueM), OCTaBuB B NOYBE TOSbKO UCMbITYEMOE BELLECTBO;

- €CMNN UCMOMNb3YETCA KOHTPONb HA PACTBOPUTENb, TO HET HEOBXOAMMOCTM B OTpULIATENBHOM KOHTpPONE.
KOHTPOMb Ha pacTBOPUTENDb AOIMKEH COAEPXKAaTb BbICOKYIO KOHLIEHTPALMIO BHECEHHOTO B MOYBY PACTBOPUTENS
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1 JOIDKEH UCMOMb30BaTLCA PACTBOPUTENL U3 NapTUKU, NPUMEHEHHOW ANA U3rOTOBNEHUS CTOKOBOIO pacTBopa.
TOKCUYHOCTL U METYy4eCTb PacTBOPUTENA U PACTBOPUMMOCTb UCMLITYEMOro BELIECTBA B BbIOpAHHOM pacTBO-
puTene AOMKHbI ObITb OCHOBHBIMW KpUTEPUSIMU ANs BbiGOpa NOAXOAALLETO CONOOUNN3NPYIOLLIETO areHTa.

6.4.2 [Ins BeLlecTs, NNOXO pPacTBOPUMBLIX B BOAE U B OpraHuyeckux pacreoputensx, 2,0—2,5 r ToH-
KO M3MenbYEeHHOro KBapLIeBOro necka B UCNbITYEMOM COCyAle CMELUUBAIOT C KONMYECTBOM UCTLITYEMOIO Be-
LecTBa, HanpuMep C MOMOLLLIO CTYMKU U NECTUKa, AN nonydeHus TpebyeMon UCNbITYEMOIN KOHLEHTPaLIMU.
3Ty CMeCh KBAPLIEBOro Necka 1 UCTLITYEMOro BeLLeCTBa A00ABNAIOT K NPeABapUTENbHO YBNAXXHEHHOW MoYBe
1 BCe TLUATENbHO NepemeLUnBaloT C COOTBETCTBYIOLMM KONMUYECTBOM AEUOHU3UPOBAHHONW BOAbLI ANsl NOJy-
YeHusi Tpebyemoro cogepXkaHus Braru. KoHeyHyto CMeCb pacnpeaenstoT no ucnbitatenbHbIiM cocyaam. MNpo-
Leaypy NOBTOPAIOT ANA KaXAO0W UCMbITYEeMON KOHLEHTPaLUMKU U COOTBETCTBYIOLLMX KOHTPOMEN C NOny4YeHneM
Tawke 2,0—2,5 r TOHKO U3MENbYEHHOro KBApLIEBOro Necka Ha UcnbiTaTesbHbIN COCyA.

6.4.3 KoHUEeHTpaLmio UCTILITYEMOTO BELLECTBA B MOYBE ONPeaensioT nocne ero BHeceHus. Mepen BHe-
CEeHWeM TECTOBbIX OPraHU3MOB NPOBEPSAIOT OAHOPOAHOCTL pacnpeaeneHus UCNbITYEMOro BELLECTBA B MOYBE.
Cnepyet ykasblBaTb METOA, UCNOMb3yeMbIi AN BHECEHUS1 TECTOBLIX OPraHU3MOB, U NPUYMHBI BbIBOpa onpe-
JerneHHOoN npoueaypbl BHECEHUs [45].

6.4.4 PaBHoBecKe Mexay noysoi u ha3oi NOpoBoON BOALI B uaeane A0MKHO ObiTb YCTAHOBNEHO nepes
BHECEHWEM TECTOBbIX OPraHM3MOB; PEKOMEHAYEMbIM NEPUOAOM BPEMEHU ABNAIOTCA 4 CyT NpU Temneparype
20°C. [ins MHOrUX opraHUYeCkux BELLECTB, NIOX0 PACTBOPUMbLIX B BOAE, BpeMs, Heo6XxoaumMoe Ans A0CTUxXe-
HWUSi UCTUHHOTO PaBHOBECUS Mexay aacopOMPOBaHHbIMU U PACTBOPEHHbLIMU (PPaKUMAMU, MOXET UCHUCTATLCA
B CyTKax unu mecsuax B 3aBUCUMOCTU OT LENW uccnenoBaHus. Hanpumep, Koraa MMMTUPYIOTCS YCIOBUA
OKpy>KatoLLei cpefbl, TO BHECEHHAs NOYBa MOXET ObITb « COCTAPEHHOWN» B Te4YeHUe Bonee AnUTenbLHOro nepu-
04a; Hanpumep, AnNsA METannos TakoW Nepuos COCTaBNSAET Tpu Heaenu npu Temneparype 20 °C [46].

6.5 KynsTuBMpOBaHUe TeCTOBLIX OPraHU3MOB

6.5.1 Yepsu NpeanovTUTENBLHO AOMKHLI NOAAEPKNBATLCA B NOCTOSAHHON NabopaTopHOi KynbType. Pyko-
BOACTBO NO MeToAaM nabopartopHoro KynesTuBupoeaHus Buaos Eisenia fetida, u Eisenia andrei, u Enchytraeid
npusegeHo B npunoxenuu I, [36], [33], [34].

6.5.2 Y yepsen, ucnonb3yembix B UCMbITAHUU, HE AOMXHO HabnwaaTbca 3aGonesaHuii, aHOManuin u
napasuToB.

7 NMpoBeaeHne UCnNbITaHUsA

TecToBble OpraHn3Mbl NOABEPraloTCs BO3AENCTBUIO UCNLITYEMbIM BELLECTBOM B TedeHue ¢asbl norno-
wieHuna. dasa nornoweHnsa 4omKHa cocTasnaTh 14 cyT (ans suxuTpena) unu 21 ¢yt (Ana 3eMNsiHbIX YepBen),
ecnu BbINo NOKa3aHo, YTO JOCTUTHYTO PABHOBECHOE COCTOSIHUE.

Ona dasbl sanMMUMHaUuK YepBen nepeHocaT B nouBy 6e3 ucnbiryemoro Bewecrsa. MNMepeyio npoby oT-
OGupalotT Ha 4—24 4 nocne Havana dasbl anuMmuHauuu. MNMpumepsbl rpadmkoB otbopa npob ans 21-cyTouHOM
drasbl NOrnoLeHUs U 21-CyTO4MHOIM hasbl SNMMUHALIMKM NPUBEAEHbI B NpUnoxeHumn b.

7.1 TecTOBbI€ OPraHU3MbI

7.1.1 MHOrme BuAbl 3eMISIHbIX SHXUTPEUI UMEIOT OY€Hb HU3KYI0 MHAUBUAYANbHYIO Maccy (Hanpumep,
5—10 Mr cbipoit Maccbl 4ns oaHoi ocobu Enchytraeus albidus u meHee ans Enchytraeus crypticus unm
Enchytraeus luxuriosus); 418 BbINOMIHEHWA U3MEPEHMI MACCHI U XMMUYECKOTr0 aHanu3a MoXeT notpeboBarbca
00beauHEHUE YepBeEN U3 NOBTOPHOCTEN UCMLITYEMbIX COCYAOB (T.€. BCEX YepBeli M3 napanmnenbHbiX CoCyA0B
MCMOnb3YIOT AN NPOBEAEHUS O4HOro aHanm3a TkaHen). 20 oTAenbHbIX IHXUTPEU BHOCAT B KaXAyl0 NOBTOP-
HOCTb M UCMONb3YIOT HE MEHEee Tpex NOBTOpHOCTel. Ecnu npeaen aHanu3a UCNbITYEMOTO BELLIECTBA BbICOKMIA,
TO MOXeT notpeboBartbca BonbLue YepBei. [Ins TECTOBLIX BUAOB ¢ Bornee BbICOKOW MHANBUAYANbHON MaCCOii
(Eisenia fetida u Eisenia andrei) ncnonb3yoT napannesnbsHbie COCyAbl, Coaep)alyue oaHy 0cobb.

7.1.2 3emnsiHble YepBU, UCNONb3yeMble B UCMbITAHUM, AOIDKHbI UMETb CPaBHUMYIO Maccy (Hanpumep,
Eisenia fetida u Eisenia andrei gomkHbl UMeTb MHAUBUAYANbHYIO Maccy B npeaenax 250—600 mr). SHxutpe-
uael (Hanpumep, Enchytraeus albidus) gomkHbl UMETHL ANMHY NpubnuautensHo 1 cM. Bee yepsu, ucnonb3aye-
Mbl€ B KOHKPETHOM UCMbITAHUM, JOJKHLI MOCTABMATLCA U3 OAHOIO UCTOYHMKA, a NONIOBO3pernbie 0CO0U A0MmK-
Hbl UMETb KnUTenmnoM (M. npunoxkeHue IN). MNMockonbky Macca U BO3pacT YepBei MOryT OKasblBaTb BIIUSIHUE
Ha 3HadyeHus BAF (Hanpumep, ©3-3a pasHOro coaepXxaHusi MMNUAOB W/UNKU HAaNUYUA suLl), TO 3TU NapaMeTpbl
CnegyeT YeTKo perucTpupoBaTh M yUUTbIBATL NPU MHTEPRpeTauuMM pesynsratoB. Kpome Toro, B nepuoa Bo3-
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[eNCTBUSA MOTYT ObITb 3aHECEHbI KOKOHbI, YTO Takxke ByaeT okasbiBaTb BNusiHue Ha 3HadeHusi BAF. PekomeH-
AyeTcs B3BECUTb NOABbLIOOPKY TECTOBbIX YEPBEl A0 NPOBEAEHUS UCNbLITAHUS ANS OLEHKU CPEAHErO ChIPOW U
CYXOI Maccsl.

7.1.3 JOMKHO UCMNONb30BaTbCA BbICOKOE COOTHOLLEHUE NoYBa—Y€ePBb AN CBEAEHUS K MUHUMYMY CHU-
XKEHUA KOHLEHTpauMn UCNbITYyeMOoro BeLlecTBa B Novse BO Bpemsa pasbl nornowieHus. Ana Eisenia fetida u
Eisenia andrei pekomeHayeTCca UCMONb30BaTh MUHUMANbHOE KONMYEeCTBO 50 I Cyx0i NO4Bbl HA O HOIO YEpBS,
a aAnga sHxuTpena — kak MuHuMym 10—20 r Cyxoii NoYBbI HA UCTILITYEMbIN cocya. COCyAbl AOMMKHBI COAEPXKaTb
CNON NOYBbI BbICOTOW 2—3 CM (3HXUTpeunabl) Unu 4—5 oM (3eMnAHbIe YEPBH).

7.1.4 YepBu, ucnonb3yemele B UCMbITAHUW, OTOUPAIOTCA U3 KYNbLTYPbl (HANPUMEP, SHXUTPEUabl C no-
MOLLbIO IOBENUPHOIO nuHLUeTa). NonoBo3penbix ocobelt NepeHOCAT B He0BpaboTaHHYIO UCTILITYEMYIO MOYBY
ANnA akknumatusauum v AatloT Kopm (cM. 7.2.1). Ecnu ycnoBusl UCNbITAHUWA OTNMYAIOTCA OT YCIOBUIA KYMNbTU-
BUPOBAHMA, TO 24—72 4 fOCTaTOMHO ANg dhasbl akknuMarusauumn B LIENsAX agantauun YepBein K yCroBuam
ucnoitaHui. MNMocne akknuMaTnsaummn 3eMngaHbIX YEPBEN NPOMbIBAIOT NEPEHOCOM B CTEKIISIHHYIO nocyay (Ha-
npumep, Yaluku MNeTpu), coaepaLlyto YUCTYIO BOAY, a 3aTeM B3BELUMBAIOT Nepef BHECEHUEM B UCTILITYEMYIO
nousy. MNepea B3BeLUMBaHUEM U3OLITOK BOAbI YAANSOT C YepBEWH, OCTOPOXHO NpuKacas X K Kpaio nocyabl Unu
OCTOPOXKHO NPOMOKASA UX AOCYXa C MOMOLLBIO Crierka CMOYEHHON ByMaXHON candeTku.

7.1.5 HaGnogaoT u perucTpupyioT poroLLEee NMOBEAEHUE TECTOBLIX OPraHu3mMoB. B ucnbitaHusix ¢ sem-
NAHLIMW YEPBAMU 0COOU (B KOHTPOSE M OMbITE) OOLIMHO 3apPLIBAIOTCS B MOYBY B TEYEHUE HECKONbKUX 4acoB;
Takoe NoBefEeHUE YepBeli NPOBEPSIOT He No3AHee 24 Y4 Nocrne BHECEHUS YePBEN B UCTIbITYEMbIE cocyabl. Ecnu
3eMsiHbIE YEPBU HE MOTYT 3apbiBaTbCs B NoyBy (Hanpumep, 6onee yem 10 % 3a 6onee yeM NoNoOBuHbLI hasbl
MOrNOLLEHMS), TO 9TO O3HAYAET, YTO YCNOBUS UCTILITAHUA SABNSAIOTCH HENOAXOASALLUMMU UNU TECTOBbLIE OPraHu3-
Mbl UMEIOT NaTonornyeckne OTKNoHeHusi. B Takom crnyyae ucnbiTaHue OCTaHaBNMBAIOT U NOBTOPSIIOT BHOBb.
OHXuTpenabl B OCHOBHOM OOUTAIOT B UHTEPCTULMANBHBIX NOPaX MOYBbI, U YAaCTO UX KOXHbIW NMOKPOB TONbKO
YACTUYHO KOHTAKTUPYET C OKPY>XKaloLmM CyOCTPaToOM; BO3AEHCTBME HA POIOLLIMX U HE POIOLLUX SHXUTPEUS, Cum-
TaeTCA PaBHO3HAYHLIM, U ANS 3HXUTpens Oe3 NPpu3HaKoB poeHus He TpebyeTcsa 0653aTensHOr0 NOBTOPEHUS
UCMbITaHUSA.

7.2 KopmneHue

KopmneHue npoBoasT, KOr4a MCnosnb3yeTcs NoYBa C HU3KUM 00LLIMM CoepXaHNeM OpraHUYEeCcKoro yrne-
poaa. Npu MCNonNb30BaHMM UCKYCCTBEHHON MOYBbI ANS1 3€MANAHBLIX YepBEN PEKOMEHAYETCA eXeHeaenbHas
HOpMa KopmMmneHus (T. €. YepBen cneayetr KOPMUTb OAUH pa3 B HEAEeNo) U3 pacyera 7Mr Cyxoro HaBo3a Ha r
CyXOii MacCbl NOYBLI, a ANA SHXUTPEUA exXeHeaenbHasa HopMma CocTaBnaeT 2—2,5 Mr Xrnonbes OBCAHON KPynbl
Ha r cyxon Macchl noyskl [21]. B nepBoM Crny4ae KOpM CMELLMBAIOT C NOYBOW HENOCPEACTBEHHO Nepea Ao-
6aBneHnemM TeCToBbIX OPraHM3MoB. [MpeanoYTUTENBHO UCMONL30BATL TAKOI e TUN KOPMa, YTO U B KynbType
(cM. npunoxenue I).

7.3 OcBeleHue n Temnepartypa

McnbiTaHua npoBoaAT NP KOHTPONMPYEMOM LMKNE cBeT/TeMHoTa 16/8 u, npeanoututensHo ot 400 ao
800 nk B obnactu ucnbiTyembix cocyaos [3]. Temneparypa B uCnbiTaHUK AOfDKkHA cocTaensaTb (20 + 2) °C B
Te4YeHue BCero nepuoaa.

7.4 /cnbiTyeMbleé KOHUEHTpauumn

Ucnonb3yerca oaHa KOHUEHTpauus. Cutyauuu, B KOTOpbIX Heobxoauma(bl) AONONHUTENbHaA(ble)
KOHUEHTpauma(1), A0MKHbI ObITb 060CcHOBaHbLI. Ecnn TokcmuHOCTb (EC,) ucnbiTyemoro Bewlectsa onuska k
npeaeny aHanuTUYECKOro onpeaeneHns UCNbITYEMOro BELLEeCTBa, TO PEKOMEHAYETCA UCTONb30BaTb MEYeH-
HO€ paanOaKTUBHON METKOM UCMbITyeMO€e BELLECTBO C BbICOKON yAeNbHON paanoakTUBHOCTLIO. [na metan-
OB KOHLEHTpaLUms AOMKHA ObiTb Bbillie POHOBOrO YPOBHS B TKAHAX U NOYBE.

7.5 NoBTOpPHOCTHN

7.5.1 NSl KNHETUYECKUX n3MepeHui (hasbl NOrMOLLEHUS U SNMMUHALMU) MUHUMATNbHOE YMCHO NOBTOP-
HocTel 06paboTaHHbIX KaMep AOMKHO COCTaBMNATL TPU HA KaXaylo To4ky otbopa npob. ObLuee KOnMy4ecTBo
NOArOTOBMNEHHBLIX MOBTOPHOCTEN AOIMKHO ObITh I0CTATOYHLIM, YTOOLI OXBaTUTbL BCE BpemsA oTbopa npob B
TeyeHne pasbl NOrMOLEHNUA U ANIMMUHALIMK.

7.5.2 ina 6uonornyeckux HabnioaeHun U M3amMepeHuin (HanpuMmep, COOTHOLLEHUE cyxasi/Cbipas Macca,
coaep>xaHue NUNUAOB) U ANA aHanm3a POHOBbIX KOHLIEHTPAaLWIi B YePBAX U NMOYBE JOIDKHO ObITb HE MeHee 12
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napannensHbIX Kamep ¢ OTpuLUaTesibHbIM KOHTPONeM (Y4eTbipe OTOOpaHHbIX B Hadyarne, YeTbipe B KOHLE no-
IMOLUEHUS U YEeTbIPE B KOHLIE SNMMMHALMKM), ECIM HE UCMOMb3YETCA PacTBOPUTENb, KPOME BOAbI. Ecnu uc-
nonb3yeTcs CONMOBUNU3NPYIOLLUMIA areHT ANsi BHECEHUS UCMLITYEMOrO BELLECTBA B NOYBY, TO B AOMOMHEHUE
K napannenbHeiM Npobam creayer BKMHOYUTL KOHTPOSb HA PACTBOPUTENDL (YEThIPE NapanmnenbHbiX Kamepsl
[JOIMKHbI BbITb 0TOOPaHbl B Havyarse, Yetbipe B KOHLUe hasbl NOMMOLLEHUS U YETbIpE B KOHUE (hasbl anMMUHa-
uum), coaepKalumii BCe KOMINOHEHTbI, 3a UCKIlOYEeHUEM UCTILITYEMOTO BeLUeCcTBa. B aTom cnyyae yeTbipe ao-
nosiHUTENbHbIE NaparnnenbHble KAMepbl C oTpuLaTesibHbiM KOHTponem (6e3 pacTBOPUTENS) TaKKe BKIIOYAIOT
B MCMbITaHWE ANsl AOMNOMHUTENBLHOIO OoTOOpa nNpo6 B KOHUE dasbl MNOrNOLWEHUA. 3TU NOBTOPHOCTU MOXHO
BGMONOrMYECKU CPaBHUTb C KOHTPONEM Ha pacTBOPUTENb B LIENSX MONyYEHMss MHAOPMaLUMU O BO3MOXHOM
BNUSHUM PACTBOPUTENS HA TECTOBbLIE OPraHU3Mbl. PEKOMEHAYETCA YyCTAHOBUTL AOCTATOMHOE KONUYECTBO J0-
MONMHUTENbHBIX NapannenbHbIX Kamep (HanpuMmep, BOCEMb) AN ONbiTa U KOHTponsi(en).

7.6 YacToTta u3mepeHuin KayecTea NoYBbIl

pH nouBbl, BNAXXHOCTb NOYBbI M TEeMNepaTypy (NOCTOSHHO) B UCMLITATENbHON Kamepe U3MepAIoT B Hava-
ne u B KOHUE a3 NornoLeHns u anuMuHagmmn. Pas B HeIenio BNaXKHOCTb NOYBLI AOSMKHA KOHTPONMPOBATLCH
B3BELLMBAHWEM UCMBITYEMbIX COCY0B U CpaBHEHUEM (DaKTUYECKOW MACChl C NepPBOHa4YanbHON Maccoi B Ha-
yane ucneiTaHus. Motepu BoAbl AOMKHLI KOMNEHCUPOBATLCA A06aBNEHUEM AEMOHU3MPOBAHHON BOADI.

7.7 OT60p NPOG U aHaANU3 YepBe U NOYBbI

7.7.1 Mpumepsbl rpadmkoB oToopa nNpob ana das NnornoLeHust u ANMMMUHaAUUKN ANAa 3eMANSHbIX YepPBEN U
SHXUTPENA B UCMbITAHMAX NO OMOAKKYMYNALMKU NPUBOAATCS B NPUIOXEHUU B.

7.7.2 MNoysa oT6UpPAETCA M3 UCMBITYEMBIX KAMEP ANA onpeaeneHns KOHUEHTpauuu CnNbITyemMoro BeLle-
CTBa nepej BHECEHWEM YepBeN 1 BO BpeMs ha3 NormnoLeHns u anuMmuHaumu. B xoae ncneiraHua onpegensior
KOHLIEHTPaLMIO UCTILITYEMOTO BELLECTBA B YEpBAX M noyse. B obieM, namepsaiotcs obume KOHLEHTpaLuumn B
noyse. Kak 4ONONMHUTENbHbIV BAPWaHT, U3MEPSIIOT KOHLEHTPaLMKU B NOPOBOW BOAE, B 3TOM Clyyae A0 Hayana
UCCneaoBaHNs NPeacTaBnsloT 000CHOBAHWE U COOTBETCTBYIOLLIME METO/bI U BKIIOYAIOT UX B OTHET.

7.7.3 Yepseli 1 nouBy OTOMpAIOT HE MEHEE LUEeCTU pa3 B TeueHue pa3 NornoweHna U ANUMUHALMMK.
Ecnu cTabunbHOCTE MCNBITYEMOTO BELLECTBA NOATBEMKAEHA, TO KOSIMYECTBO aHANM30B No4YBbl MOXET ObITb
YMEeHbLUEHO. PEKOMEeHAyeTCA aHanu3npoBaTb He MEeHee Tpex NOBTOPHOCTEN B Ha4arne u B KoHue dasbl no-
rnoweHus. Ecnm nsmepeHHan KOHUEHTpauusa B NoYBe B KOHUE dha3bl MOrMOLLEHUSI OTKIMOHAETCS OT UCXOAHOW
KOHLeHTpauuu Gonee yem Ha 30 %, TO Takke aHaNM3UPYIOT 06pa3Lbl NOYBLI, OTOOPAHHLIE HA APYrMe CPOKU.

7.7.4 YepBeii N3 KaXKaoi NOBTOPHOCTU M3BMEKAIOT U3 NOYBLI BO BPeMS Kaxaoro otbopa npo6 (Hanpu-
Mep, pacnpegeneHnem noyBbl U3 KaXKaow NOBTOPHOCTU B MENKOM NOTKE 1 COOPOM YepBEN C MOMOLLbIO MATKO-
ro IOBENMPHOro NUHLETA) U BbICTPO NPOMBIBAIOT BOAOW B MENKOM CTEKMAHHOM UMK CTanbHOM NOTKe. Yaansaor
n3nNuULKM Bogbl (CM. 7.1.4). Yepsen OCTOPOXHO NEPEHOCAT B NPeABapUTENbHO TOYHO B3BELUEHHbLIN COCyA U
cpasy e B3BELLUMBAIOT, BKIIO4AA COAEPXKUMOE KMLLEYHUKA.

7.7.5 3emnsHbIM YepBsAM (Eisenia sp.) 4al0T BO3MOXHOCTb 0CBOOOAUTL KULIEYHUK B TEYEHME HOYM, Ha-
npumep, UCMonb3ys Yaluky eTpu, NOKpbITYIO BNaXHOW hunsTpoBanbHoi Gymaroi (cm. 7.1.4). Mocne 3toro
onpeaensitoT Maccy YepBen AnA OLEHKN BO3MOKHOTO YMEHbLUEHUSA GUOMACChI B XOA€E UCTILITAHUSA (CM. KpuTe-
pun aoctosepHocTu 5.1). BaBeluMBaHUe U aHanNU3 TKaHEW aHXUTpeua ocyulecTenaloTcs 6e3 ocsoboXxaeHuUN
KULLEYHMKA, TaK KaK 3TO TEXHUYECKU CROXHO U3-3a HeGonbLIoro pasmepa aTux yepsei. Mocne onpeaenexHns
KOHEUHOI MaccChl YepBei HeMeANEHHO YMEPLUBASAIOT C MCNONb30BaHUEM Hanbonee noaxoasLLero Metoaa (Ha-
npumep, ¢ NOMOLLbIO XXUAKOTO a30Ta Unn 3aMopaxxmpaHUeM nNpu temneparype Huwxke munyc 18 °C).

7.7.6 Bo Bpemsi hasbl aNMMUHALMKN YEPBU 3aMELLIAIOT 3arpA3HEHHOE COAEPHMMOE KULLEYHUKA YUCTON
MoYBON. ITO 03HAYAET, YTO U3MEPEHUS YepBel 63 OYUCTKU KULLIEYHUKA (IHXUTPEenabl B AAHHOM KOHTEKCTe),
0TOOPaHHbLIX HenocpeaCcTBEHHO nepea ha3ol SNUMUHALMM, BKIMIOYAIOT B Ce05 3arpAa3HEeHHYI0 CoaepXUMbIM
KuLieyHuka noyvsy. [ina BOAHbLIX ManoLwweTUHKOBbIX YePBE Npeanonaraercs, 4to nocne nepsbix 4—24 4 dasbl
3NMMUHaLUKU GOMNbLUMHCTBO 3arpsi3HEHHOTO COAEPXXMMOTO KULLIEYHMKA ObINo 3amMeLLeHo YNCTbIM 0caakoMm [47].
MoaobHble pesynbrathl ObiKU NONyYEHbl ANA 3eMAAHLIX YepBeil B UCCNEA0BaHUAX NO HAKONMEHUIO paauo-
aKTUBHOIO kKaamusa u uuHka [30]. B aHxuTpeuaax ¢ HEOYULLEHHBIM KULLEYHUKOM KOHLUEHTPpaUUa UCNbITYeMOro
BeLecTBa B nepeoy npobe, oTobpaHHOi B (pase 3nMMUHALMK, MOXKET paccMaTpuBaTbCA B KA4ECTBE KOHLEH-
Tpauuu B TKAHW MOCMEe OYUCTKM KULLEYHUKA. [ina yyeTta pasbaBneHns KOHUEHTpaLummu UCNbITYeMOro BeLecTsa
He3arps3HeHHOW NOYBON BO BpeMsi (pasbl ANUMUHALIMM MACCY COAEPXUMOr0 KULLIEYHUKA MOXKHO ONpeaenuTb
Mo COOTHOLLEHUIO Chipasi Macca YyepBei/ Macca 30MbHOr0 OCTaTKa YepBA UNU Cyxasa macca yepss/macca 301b-
HOro ocraTka 4epss.
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7.7.7 Tpo6bl NOYBbLI M YepBei NPeANoYTUTENBHO aHaNM3npoBaTh CPasy e Nocne ux otoopa (To ecTb B
TeyeHue 1—2 cyT) Ana NpeaynpexaeHusa gerpagaumm Unm notTepb 3a CYET APYTUX MPUYMH, TAKKE PEKOMEHAY-
eTcsa paccyuMTaTb NPUMEPHbIE CKOPOCTM MOFMOLLEHUS U SNMUMUHALMK BO BPEMS MPOBEAEHUS UCMbITaHMA. Ecnu
aHanu3 OTKnaabIBaeTcsl, TO NPOObl XPaHAT COOTBETCTBYIOLLMM 006pa3oM, Hanpumep npu rmybokoi 3amopo3ke
(meHee unu paBHO MuHyc 18 °C).

7.7.8 Cnepyet yb6eanTbCA B TOM, YTO TOMHOCTb M BOCMPOW3BOAUMOCTL XMMUYECKOrO aHanm3a, a Tak-
K€ U3BMEYEeHUEe UCNbITYEMOro BeLlecTBa M3 Npob nouBbl U YepBeil ABNAIOTCA YAOBNETBOPUTENbHLIMU AN
[AHHOrO MeToAa; ykasbiBaloT 3(PEKTUBHOCTb IKCTpakuuu, npeaen obHapyxenua (LOD) u npeaen konude-
cTBeHHoro onpeaenenus (LOQ). AHanornyHbiM 06pasom CreayeT NPOBEPUTEL, YTO UCTILITYEMOE BELLECTBO HE
0OHApYXXMBAIOT B KOHTPOMbHbIX COCYAAaX B KOHLEHTPALMSAX, MPEBLILLAIOLLMX (DOHOBbIN YPOBEHL. ECNK KOHLIEH-
Tpaumsa UCNLITYEMOro BELLIECTBA B TECTOBLIX opraHusmax C, cocrasnaeT Gonee 0 B KOHTPOSbHbIX YEPBAX, TO
HeobX04MMO BKITIOYUTbL B pacHeT KUHETUYECKUE napameTpbl (CM. npunoxxeHue A). Bce npobbl o6pabaTbiBatoT
B TEYEHME BCEr0 UCNbITaHus, obecnevymBas MMHUMM3ALMIO CITYHanHOro 3arpsisHeHns U NoTepb (HanpuMep, B
pesynerate agcopoumm UCMbITYEMOro BeLLUeCTBa Ha YCTponcTee otbopa npob).

7.7.9 Mpu pabote C MEYEHHbIM PaaNOaKTUBHBIMU U30TOMAMU BELLECTBOM MOXHO aHanu3upoBaTtb UC-
XOAHYIO Monekyny u metabonutbl. KonuyecteeHHOe onpedeneHne UCXOAHOro COeAMHEHUs U ero metado-
NMTOB B PABHOBECHOM COCTOSIHUM UMW B KOHUE (pasbl MOrMOLEHUsi NpeaoCTaBnseT BaXHYy0 MHOpMauumio.
MpoGbl cnefyer «O4YUCTUTbY Takum 00pa3oM, YTOOblI MOXHO ObINO MPOBECTU OTAEMNbHBIA KONMYECTBEHHbIN
aHanu3 TONbKO UCXOAHOrO BeLecTBa. Ecnu gonsa otaenbHbiX MeTabonuToB npesbiwaet 10 % obwen paguo-
aKTMBHOCTU B aHanu3npyemoii npobe(ax), To pekOMeHAYETCA NPOBECTU UAEHTUDUKAUNIO STUX METAabONUTOB.

7.7.10 CnegyeTt pernctpupoBaTb U AOKYMEHTMPOBAaTL 00Llee U3BnNeYeHne 1 U3BneYeHmne UCnbITyemoro
BELLEeCTBA U3 YEPBE, NOYBbLI, & MPU NX UCMIONb30BAHUM — U3 NMOBYLLEK, coaepxaLumx abcopbeHTbl Ang yaep-
YKaHUS1 MCNapsOLLEerocst UCMbITYEMOro BELLEeCTBa.

7.7.11 O6GbeanHeHne ocobelt, 0TOOpaHHbIX U3 ONPeaeneHHON UCMbITYEMON Kamepbl, MPUMEHSAETCS AN
SHXUTPEMN, Macca KOTOPbIX MEHbLUE, YEM Y 3EMMIAHbIX YepBe. Ecnu o6beanHeHne NpMBOAUT K COKPALLEHUIO
KONMM4YecTBa NOBTOPHOCTEN, TO 3TO OFPaHUYUBAET CTATUCTUYECKME MPOLEAYPbl, KOTOPbIE MOryT ObiTb Npu-
MEHEHbI K MONy4YeHHbIM AaHHbIM. Ecnu TpebyeTca KOHKpeTHas cratucTuieckas npoueaypa U MOLLHOCTb, TO
CrneayeT BKIMIOYUTL JOCTAaTOYHOE KONMMYECTBO NOBTOPHOCTEN UCMBITYEMBIX COCYA0B B UCTbITaHUE Ans obecne-
YeHusa HeobxoanMoro oobeamHeHUs1, 00paboTKN U MOLLHOCTU.

7.7.12 PexomeHayetcs, 4ToObl BAF Obin BbIpa)keH MO OTHOLLEHMIO K OOLLEN Cyxon macce, u, npu Heob-
XOAUMOCTU (Hanpumep, ANs BbICOKOrMAPOGOOHbIX BELLECTB), MO OTHOLLUEHUIO K COAEPXaHMIO nunuaos. OAns
onpeaeneHns coaepXXaHus NUMUAOB UCMONb3YIOT COOTBETCTBYIOLUME METOAbl (HEKOTOpPbIE CyLUEeCTBYHOLUME
mMeToabl [48], [49] aganTUpyIOT ANS 9TON Lenu). B Takmx MeTogax UCNosnb3yeTca SKCTPaKLUSa CMECHIO XIT0pOo-
dopm/meTaHon. OaHako, YToObl n3bexaTb NCNONb30BaHUS XIIOPUPOBAHHbLIX PACTBOPUTENEN, UCTIONb3YIOT MO-
anduymposaHHbli metog bnasa u Janepa [50], [51]. Tak kak pa3nuyHble METOA4bl MOTYT He aTb OAMHAKOBbIX
3HAYEHUN, BaXXHO MPefoCTaBUThL NOAPOOHYI0 nHMopMauuo 06 ucnons3yemMoMm Metoae. pu BO3MOXHOCTH,
T.€. MPU HanNM4MU JOCTaTOYHOrO KONMYECTBA TKAHEl YepBeli, aHanu3 NuNuAoB B uaearne crneayer npoBoAnUTb
Ha ToW e Npobe unu aKCTpakTe, KOTOPbIE UCNOMNBL30BANUCH AN aHanM3a UCMbITYEMOTO BELLECTBA, MOCKOMbKY
NUNMAbI YacTo yaansawTca M3 aKCTpakTa nepes ero aHanuaom xpomarorpacduen [17]. Kpome TOro, KOHTPOsb-
Hble OpraHu3Mbl MOTYT UCMONbL30BATLCA ANS U3MEPEHNUS COAEPXaHUS NUNUAOB, KOTOPOE 3aTeM NPUMEHSIOT
Ans HopManusauumn 3HadeHun BAF. 3ToT nocneaHuini Noaxoa YMEHbLLAET 3arpsi3HEHNE 060PYaA0BaHUS UCTIbI-
TYEMbIM BELLECTBOM.

8 Pe3ynbkraTbl U OTUYET O NPOBEAEHUN UCTIbITAHUS

8.1 O6paboTKa pe3ynbLraToB

8.1.1 KpuByio NOrnoLeHUs UCMbITYEMOrO BELLECTBA MOSy4aloT NOCTPOEHMEM rpaduka 3aBMCUMOCTU €70
KOHUEHTpaLuu B/Ha 4YepBax BO BPeMs pasbl NOrNOLLEHUSA OT BPEMEHU B Henorapudmuyeckon wkane. Ecnu
KpuBasa 4OCTUraeT NiaTto Unu paBHOBECHOIO COCTOSIHMA (CM. onpedeneHuns B pasgene 2), 7o haktop buoakky-
Mynsiumm BAF B paBHOBECHOM COCTOSIHWM PacCHNUTLIBAIOT ClEAYIOLIMM 00pasoMm:

C, B paBHOBECHOM COCTOSIHUM U B KOHLE ¢hasbl MOIMOLEeHNs (CpeHsia)

(M

Cs B paBHOBECHOM COCTOSIHUM U B KOHLE da3bl NornoweHus (cpegHsis)

rae C, — KOHLEHTPaLMsA UCTbITYEMOrO BELLECTBA B OMbITHbIX (MOOMbITHBIX, UCMbITYEMbIX) OPraHU3Max;
C¢ — KOHLIEHTPaLMs UCMbITYEMOro BeLLecTBa B NoYBe.
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8.1.2 Ecnn paBHOBECHOE COCTOSIHME HE J0CTUraeTcsl, TO onpeaensioT sHadyeHne BAF Ha OCHOBE KOH-
CTaHT CKOPOCTM BMECTO BAF , Kak OnMMCaHo Huxe:

- onpeaensT koadduumeHT akkymynauumn (BAF ) kak cooTHolueHue ky/k,;

- CKOPOCTU MOrMOLUEHUA U ANUMUHALUW NPEANOYTUTENBHO PACCHMTBIBAIOT OAHOBPEMEHHO (CM. ypaBHe-
Hue A.11 B npunoxeHuu A);

- KOHCTaHTa ckopocTh anumuHaumn (k) 06bIMHO ONpeaenseTcs No KPUBOK anMMUHaUMK (T. e. rpaduka
KOHLIEHTpaLuin UCNBITYEMOTO BELLECTBA B YEPBSIX BO BpeMs hasbl anuMuHauum). 3aTem BbIYUCNSAETCH KOH-
CTaHTa cKopoCTu nornoLueHus K, aawwas k, u sHavenue C,, nonyyeHHble U3 KPUBOW nornoLueHns. Onuca-
HUEe 3TUX METOA0B NPUBEAEHO B NPUNOXEHUN A. TTPeAnoYTUTENbHBLIM METOAOM nonyyYeHust BAF U KOHCTaHT
CKOpOCTH Kg U K, ABNAETCA MCNONb30BAHNE HEMUHENHBIX METOA0B OLIEHKM NapaMeTpoB Ha KomnbioTepe. Ecnmn
AMUMUHALMS YETKO HE SBNSIETCA SNMMUHaLMel NepBoro nopsiaka, To CregyeTr ucnons3osarb 6onee cnoxHole
Moaenu.

8.2 OTyeT O NpoBeaeHUN UCN bITAHUSA

OTyYeT 0 NPOBEAEHUM UCTILITAHUSA JOIDKEH COAEPXKaTb CreayIoLLYy0 MHpOpMaLIMIO:

8.2.1 NcnbiTyemoe BeLlecTBo:

- niobasa uMeroLaacs uHdopmaumsa 06 0CTPON UM XPOHMYECKON TOKCMYHOCTM (Hanpumep, EC,, LC,,
NOEC) ucnbITyemMoro BeLLeCTBa A NOYBEHHbLIX MaNOLLETUHKOBbLIX YEPBEN;

- yucTota, dusmndeckas npupoaa u PusMKo-xMMUYECKNe CBOICTBa, Hanpumep log K, PaCTBOPUMOCTb
B BOJE;

- AaHHble naeHTUKUKaLUM, UCTOYHUK UCTILITYEMOTO BELLECTBA, MAEHTUMUKALNA U KOHLIEHTpauus mobo-
ro UCNonb3yeMOro pacTBOpUTENS;

- NP1 UCMNOMNb30BAHNN MEYEHHOTO PaanNoaKkTUBHBIMKM M30TONAMU UCTILITYEMOTO BELLECTBA, TOYHOE MOMo-
>KEHWE MEYEHbIX aTOMOB, yAeNnbHas pagMoakTUBHOCTb U PAANOXMMUYECKANA YUCTOTA.

8.2.2 TecToBbIE BUAbI:

- Hay4yHOE HaMMeHOBaHue, WTamMM, UICTOYHUK, nobas npeasapuTensHas obpaboTka, akknumarusaums,
BO3pAacCT, AMana3soH pa3MepoB U T.4.

8.2.3 YcnoBust uCNbITaHUA:

- UCMOofb3yemas npoueaypa UCnbITaHus;

- TUN N XapakTepPUCTUKU UCNONb3YEMOrO OCBELLIEHUS U CBETOBOIO NEPUOAA;

- AU3aiH UcnbiTaHuA (HanpuMep, KONMMYECTBO U pa3Mep UCTbITYEMbIX KaMep, Macca No4Bbl U BbICOTA
Cosi NOYBbI, KONUYECTBO NOBTOPHOCTEN, KONMUYECTBO YepBEl B MOBTOPHOCTU, KOIMYECTBO UCMLITYEMbIX KOH-
LieHTpaLuii, NPOAOMKMTENBHOCTL ¢ha3 NOMMOLLEHUsS M SNMMUHALMK, YacToTa oTbopa npob);

- 06ocHOBaHuWe BbIGOpa maTepuana UCNbITYeMbIX Kamep;

- METOA NOATOTOBKM U BHECEHMA UCMLITYEMOTO BELLECTBA, a Takke 000CHOBaHME BbIGOpa KOHKPETHOIO
METoAa;

- HOMUHATbHbIE UCNBITYEMbIE KOHLUEHTPALMMN U CPEAHUE U3MEPEHHDBIX 3HAYEHUI U UX CTAHAAPTHbIE OT-
KINMOHEHUS B UCTILITYEMbIX KAMEpax, U METOA, C MOMOLLbIO KOTOPOTO Obinu NONy4YeHbl 3TU 3HAYEHUS;

- UCTOYHUK KOMMOHEHTOB UCKYCCTBEHHOM MOYBbI UMM NMPU UCMONb30BaHUU NPUPOAHON Cpeabl — UCTOY-
HUK MOYBbI, ONUcaHue Noboi npeasapuTenLHO 06paboTku, pe3ynbTaThl B KOHTPONE (BbDKMBAEMOCTb, YBENU-
YyeHue Gomaccsl, BOCNPOU3BOACTBO), XapakTepUCTMKM NouBbl (pH, obLee coaepxaHne opraHu4eckoro yrne-
poaa, pacnpefenenue 4actuy no pasmepy (Necok, Un u rmuHa B npouextax), WHC, .., conepxaHue Boabl B
MpoLeHTax B Hayane u B KOHUE UCNbITaHUS U N00ble ApyrMe BbINONHEHHbIE U3MEPEHNs);

- nogpo6bHas uHcopmauus 06 o6patoTke Npo6 NOYBLI U YEPBEN, BKNOYAA UH(OPMALMIO O NOATOTOBKE,
XpaHeHUM, NpoLeaypax BHECEHUS, SKCTPAKLIMKU U aHANUMTUYECKUX Npoueaypax (M TOYHOCTH) ANA UCNLITYEMOro
BELLECTBA B YEPBSAX U NOYBE, a TAKXKE O COAEPXKaHUM NUNUAOB (NPN U3MEPEHUN) U U3BNEYEHUN UCTILITYEMOTO
BeLlecTBa.

8.2.4 Pesynbrarthl:

- rM6enb KOHTPONbHBIX YEPBEi U YEPBEI B KaXA0M UCTbITYEMON kamepe u nioboe Habniogaemoe aHo-
ManbHOe NoBefieHne (HanpuMMep, BbINON3aHWE U3 NOYBLI, OTCYTCTBUE BOCIPOU3BEAEHUSA B UCTIbITAHWUK MO B1o-
AKKyMYynALMKW QHXUTPENA);

- COOTHOLLIEHUE CyXasi Macca—chbipas Macca noYBkbl MU TECTOBLIX OPraHM3MOB (418 HopManuaauum);

- Cblpas Macca YepBei Ha Kaxablit 0TOop Npob; AnA 3eMNAHLIX YEPBEW Cbipas Macca B Ha4yane ucnbita-
HUS 1 Ha Kakablie 0TOOP NPO6 A0 U NOCNEe OYUCTKU KULLIEYHUKA,;

- coaepXKaHme NUNUAOB B TECTOBLIX OPraHn3mMax (eCnv onpeaenseTcs);
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- KpMBbIE, NOKAa3blBAOLLME KUHETUKY MOrMOLLEHUA U 3NMMUHALMKN UCMBITYEMOrO BELIeCcTBa y Yepsen, a
Takke Bpems 40 PaBHOBECHOTO COCTOSHUS;

-C, n Cg (co cTaHaapTHbIM OTKNOHEHUEM U AManasoHoM, Npu HeobXxoamMMocTH) Ha BCe 0TOOPLI Npo6
(C, paccuuTbiBalOT B rpamMMax Ha KUNorpamm Cblpoi U CyXoi macchbl Bcero opraHusma, Cg BbipaXaetcsi B
rpamMmmax Ha Kumnorpamm CbIpOW U CyXOW MaccChbl nouBbl). Ecnu Tpebyetca BSAF (Hanpumep, ANs cpaBHEHUsI
pe3ynsTaToB ABYX MU BOMNee UCTLITaHUI, MPOBEAEHHbIX HA YEPBAX C PA3NUYHbIM COAEPXKaHUEeM NMUNUAOB), TO
C, MOXeT GbITb 10MOMHUTENBLHO BbIPAKEHA B rPaMMax Ha KMMOrpaMmM COAlepXaHua NUN1A0oB B OpraHuame, a
Cg MOXeET BbITb BbIpaXEHa B rpaMMax Ha Kunorpamm opraHuyeckoro yrnepoaa (OC) B nouyse;

- MOryT ObITb NPeACTaBnNeHbl AONONHUTENLHO BAF (B KMnorpaMmax no4vBbl Ha KUIOrpamm vepBeit), KOH-
CTaHTa CKOPOCTM MOTMOLIEHNA MoYBbl K (B rpaMmax noysbl Ha KUMOrpaMm YepBei B CYTKM) W KOHCTaHTa
CKOPOCTM anuMuUHaLmMn K, B CYTKM B MUHYC NepBoii ctenenun; BSAF (B kunorpammax opraHu4eckoro yrnepoaa
(OC) no4Bbl Ha KUNOrpaMM CogepXKaHusa NUNUMA0B B YEPBSX);

- €CNU N3MEPSIETCA: NPOLIEHT UCXOAHOr0 COeAMHEHUS, METAabONNTOB, a TaKKe CBA3AHHBLIX OCTATKOB (TO
€CTb NPOLEHT UCMLITYEMOTO BELLECTBA, KOTOPbI HE MOXET ObITb U3BNEYEH OOLLIMMU METOAAMU IKCTpaKLUK),
0BHapy>XeHHbIE B NOYBE M TECTOBLIX OPraHU3MaXx;

- METOAbIl, UCMONb3yeMbIE 4TSl CTaTUCTUYECKOTO aHanu3a AaHHbIX.

8.2.5 OueHka pe3ynbsraToB:

- COOTBETCTBUE PE3ynbLTaTOB KPUTEPUSAM JOCTOBEPHOCTU, NEPEYNCNEHHBIM B 5;

- HEOXXMAAHHbIE UMW HEOOLIYHbIE PE3ynbTaThl, HANPUMEP HEMONHAsS ANMMMHALMA UCMLITYEMOTO BeELle-
CTBA U3 TECTOBbIX OPraHM3MOB.

11
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Mpunoxexnune A
(pekomMeHayemoe)

Pacyer napameTpOB NOMIOWEHNUs U NTUMHUHALMM

OCHOBHOI KOHEYHOM TOUKOW UCMBITaHWA No BUoakkymynsuuu saensaetca daktop Suoakkymynauuu, BAF. MamepeH-
Hblii BAF MoXeT BbiTb paccuuTaH ieneHneM KOHLEHTPaLMi UCTbLITYeMOro BellecTsa B TeCTOBbLIX opraHuaMax C, Ha KOH-
LeHTpaumio B nouse C, B paBHOBECHOM COCTOAHUK. ECW paBHOBECHbIE YCNOBUSA HE AOCTUraoTCA BO BpeMsi doasbl Normo-
LL|eHns, TO Mo KOHCTaHTam ckopocTel paccuuThiBaeTcst BAF, BMecTo BAF, . OfHako criefyeT ykasaTb, ocHOBaH nn BAF
Ha KOHLEHTPaLUsX B paBHOBECHOM COCTOAHUN UMK HET.

Hanbonee npeanoyTUTENbHLIMM METOAAMU pacHeTa KUHeTuYeckoro dakropa 6rnoakkyMmynaumm (BAF ), KOHCTaHTbI
CKOPOCTM NOMMOLLEeHUs No4BbI (Kg) M KOHCTaHTBI CKOPOCTHU SNUMUHALIUK (BEIBeAeHUS) (K ) ABNAKOTCSA HENWHEHbIE METOAbI
OLIeHKV MapaMeTPOB Ha KOMMbIOTepe, HanpuMep Ha ocHoBe Mogeneii [52]. MNpuHumasn Bo BHUMaHWE COBOKYMHOCTL Mocre-
foBaTenbHbIX AaHHbIX KOHLEHTpaLWn oT BpeMEHU U MOAEenbHbIE YPaBHEHUA:

ca=k_s.cs(1—e—kef), O<t<t, (A1)
ke
i
C,= i—S-CS (e‘ke(t_m) —e_ket), t>t, (A2)
e

rae C, — KOHUEHTpaLua BellecTBa B YepBaX (I/Kr CbIPOM UMK Cyxoi macchl),
ks — KOHCTaHTa CKOPOCTY MOFMOLLEHUA B TKaHSX (I NOYBLI Ha Kr YepBem B CYTKK),
Cs — KOHLeHTpaLus BeLecTBa B noyse (I/Kr CbIPO UMK CyXoii Macchl),
Ko — KOHCTaHTa CKOPOCTU MUMUHaLN (cytkn1);
t,— Bpems B KOHLe hasbl NOrMoLeHUs.
OTN KOMMBIOTEPHbIE NPOrpaMMbl PACCHUTLIBAIOT 3Ha4YeHns Ansa BAF ., kg n k.
Koraa choHOBas KOHLEHTPaLMA NCNbITYyeMOro BELLEeCTBa B YEpBSAX, He NOABEPTrLUUXCA ero BO3geicTeuio, Hanpumep
Ha cyTku O, CyLLeCTBEHHO OTNNYAETCs OT HYNsA (3TO MOXET ObITb, HanpuMep, B criy4ae MeTannos), To poHOBas KOHLEH-
Tpayua (C,, 0) AormkHa BbiTh BKIKOYEHa B 3TU ypaBHEHUS, YToBkl caenaTh UX YMTaeMbIMu:

k
Co = Cap +1-Cs(1-e7¥e!), 0<t<t, (A3)
e

k. -
C,=Cap +k—s-Cs (e‘ke(t fc) _e_ket), t>t,. (A.4)

e

B cnyvasix, korja 3HauMTenbHOE yMeHblLUeHUe KOHLeHTpaLMKU UCTILITYEMOro BellecTBa B NovBe Habrogaetcs B
TeYeHne AnNnUTensLHOro Nepuosa Bo Bpema gasbl NormoLuieHns, MOryT GbITk MCMONb30BaHL! cregytowue moaenu [38), [31]:

C. =Gy (e“‘of), (A5)

rie C, — KOHLeHTpauus BellecTBa B YepBsX (I/Kr CbIPOiA Unu cyxoi macchl),
kg — KOHCTaHTa CKOpOCTW pa3noXeHnsa B No4Be (CyTKu 1,
Cqy — 1cxopHas KoHUEeHTpauus BellecTsa B NouBe (I/Kr ChIPOA UM Cyxoi Macchl).

K

C,=—3 [eHl _egkel), 0<t<t

2T Kk ( ) c (A.6)
k. -

C. =% (g kote _ gkglc). g k(t-tc) t>t

e Jo, ot A7)

rae C, — KOHLUeHTpaLus BellecTBa B YepBsX (I/Kr CbIpO T CyXOi Macchl);
ks — KOHCTaHTa CKOPOCTU MOTTOLEHUs B TKaHSAX (I MOYBLI Ha KI YepBeii B CYTKN);
Ko — KOHCTaHTa CKOPOCTU pasfoxeHusi B NoqBe (CyTku 1,
Ko — KOHCT@HTa CKOpOCTM aMMUHaLnu (cyTer1);
t.— BpeMmsa B KOHLe thasbl NOrnoLeHus.
Koraa AOCTUMHYTO paBHOBECHOE COCTOSHWE BO BpeMs a3kl NOrMoLLeHUs (T. €. t=«), To ypaBHeHue
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Ca::—S-CS('I—e‘k t), O<t<t, (A1)
e

MOXET OblTb YMEHbLUEHO [0

A.8
Ca/Cs: s/kezBAFKr (A-8)

Toraa kJk, - C ABNAETCA NPUBIIMKEHNEM K KOHLIEHTpaLMN UCTILITYEMOro BELLeCTBa B TKaHsX YepBeit B paBHOBECHOM CO-
cTosHuM (C, sg)-
dakTop akkyMynsuum 6uota-noysa (BSAF) MoxeT BbITb paccuutaH crnegyowmum obpasom:

F
BSAF = BAFK-%, (A.9)
ip

rae f,, — OTHOCUTENBHOE CofepXaHue opraHUYecKoro yrinepoja B novse,
f4, — OTHOCUTENEHOE coAepkaHue NUNUA0B B HEPBSX.

foc U1 f,,-p NMPEANoYTUTENBHO ONpeAeNnsOTCa Ha Npobax, oTobpaHHbIX B X0Ae UCMbITaHUA, 06a nokasaTens B pacyeTe
Ha CyXyto Maccy Unu Cbipyto Maccy COOTBETCTBEHHO.

KnHeTWKa snumMuHaumm MoxeT BbITb CMOAENMpOoBaHa C UCMOoNb30BaHWEM AaHHbIX U3 dhasbl ANUMUHALMU U NpUMe-
HEeHWEeM CregyHoLero MoAenbHOro ypaBHeHUs U MeTofa OLEeHKW: HEeNUHENHbIN NapamMeTp Ha OCHoBe KommnbioTepa. Ecnn
3KCNepUMeHTanbHble TOYKM B 3aBUCUMOCTU OT BPEMEHW YKa3blBalOT Ha KOHCTAHTY 3KCMOHEHLWaNbHOro CHUXEHUS KOH-
LieHTpaLymn UCnbITYyeMoro BellecTBa B YepBsX, TO AN OMUCaHWUSA 3aBUCMMOCTU SNUMUHAUMKU OT BPEMEHM MOXET ObiTb
ucnonb3oBaHa ofHoKamepHas Mofenb (ypaBHeHue A.9).

Ca(t)=Cyaes-e7¥e. (A.10)

Mpouecchl aNMMUHaLMU MHOTAA OKa3blBAKTCS ABYX(ha3HEIMU, AEMOHCTPUPYS ObicTpoe CHKeHne C, Ha paHHUX
cTafusx, KoTopoe nepexoanT B Gonee mMefrieHHoe BbiBefeHWe UCTbITYeMOoro BellecTsa Ha 6onee no3gHuX gasax anumu-
Hauwu [37], [52]. [Be dasbl MoryT 6biTb OLIeHEHbI C AONYLUEHNEM, YTO CYLLUECTBYIOT ABa PasnuYHbLIX OTAENa B OpraHusme,
U3 KOTOPbIX UCMBITYEMOE BeLL|eCTBO BbIAENAETCA C Pa3HbIMN CKOPOCTAMU. B aTUX cnyYasx CNneayeT n3ydntb cneunanbHyo
nutepartypy [53], [54], [24], [30].

Vicnonbays BblllenpuBeAeHHblE MOAENbHLIE YpaBHEHUS, KMHeTUYecKne napameTpel (kg U K,) Takke MoryT 6biTb
paccyuTaHbl B O4HOM UCMBLITAHWM C UCMONb3OBaHMEM KMHETMYECKOW MOAENNU NEPBOro NopsAKa ANs BCeX AaHHbIX, Kak 13
a3kl NOrnoLeHNs, Tak 1 U3 dasbl ATMMUHALUK Of[HOBPEeMEHHO. [Na onucaHna MeToga, NO3BONAIOLLEro Takoih KOMOUHK-
POBAHHBbIA pac4eT KOHCTaAHT CKOPOCTU MOMTOLEHUS U ANUMUHALMMK, MOXHO oBpaTuTbes K [55], [56] n [57].

c,= [%c (1-e™*e)-(m-= 1)HZ—:~CS (e-ke<“‘c>—e'ke‘)-(m= 2)]- (A1)

MpumMmeyaHune —Korga napamerpbl NOrAOWEHUS U SNUMUHALMK OLIEHUBAIOTCSA OAHOBPEMEHHO U3 AaHHBIX KOM-
BGUHUPOBAHHOrO MOrMOLLEHUS 1 ANUMUHALIMK, «M», KaK NOKa3aHo B ypaBHeHUU A.11, ABNSETCA aeHTUdPUKaTOpOM, No3Bo-
NAOLLMM KOMMLIOTEPHON NporpamMMe onpeAenuTb Cy6TepMUHLI ypaBHEHUS NSt COBOKYNHOCTU JaHHbLIX COOTBETCTBYIOLLEH
¢hasbl M NpaBUNBHO BLINOHATE OLUEHKY (M = 1 ANA ¢asbl NornoweHus; m = 2 ans dasbl ANUMUHaALUK).

OpfHako 3T MojerbHbIe YpaBHEHNA crieqyeT UCNONb30BaTh C OCTOPOXHOCTLIO, 0COGEHHO Koraa NPOUCXOAAT U3Me-
HeHusa B GUOAOCTYNHOCTU UnK (B1o)pasriokeHMU UCNLITYEMOro BelliecTBa BO BpeMsl UCNbITaHus [31].
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Mpunoxexue b
(pekomMeHayemoe)

Npumepbl rpacdmkoB Ansa UCNLITAHUIA NO GUOAKKYMYNALUUK B NoOYBe

McnbiTaHue Ha 3eMNSAHBLIX (AOXAEBbIX) YepBAX

a) (pasa nornowleHns ¢ 8 gatamu (BoCbMUAHEBHLIM) 0TGOpa(om) Npob, ncnonb3yeMblx ANA pacdeTa KUHETUKN

11—13
14

15—16

17
18—20
21

Lencteua
KoHAauLUWOoHWpOoBaHWe NoAroToBNEHHON NoYBbl B Te4eHue 48 u.

BHeceHuWe B nouBy pacTBopa UCMbITYeMOro BellecTBa; BhiNapuBaHue NoGoro pacTBOpUTENS; CMELLMBa-
HUEe KOMMOHEHTOB MOYBLI; pacnpegeneHne No4Bbl B UCMbITaTeNbHble COCYAbl; YPaBHOBELMBAHUE B UCTIbI-
TyeMbIX YCroBUsIX B TedeHne 4 cyT (3 HeZenu AN NoYBkl, B KOTOPYHO GbiNN BHECEHB! METANNbI).

BblaeneHne TeCToBbIX OpraHU3MOB U3 KYNBTYpbI 4118 akKNuMaTu3auumn, NoAroToBKa U yBNaXHEHNE U3 KOM-
NMOHEHTOB MOYBHLI.

MN3mepeHue Temnepatypsl M pH nouskl, oT60p Npo6 nouskl 13 06paGoTaHHbIX COCYA0B U KOHTpONeN Ha
pacTBOpUTenk 45 ONpeAeneHus KOHLEHTPpaLmMK UCMbITyeMoro BelecTsa; AoGaBneHue Kopma; B3BELLN-
BaHWe W NpOM3BONbHOE pacrpefeneHne YepBeil B UCMbITyeMble COCYAbl; BKIIOYEHUE B UCNbITaHWe Ao-
cTaTo4HON noanpobbl YepBelt ANA aHanuTUHeckoro onpeaeneHusl (hOHOBOrO 3HAYEHUS, CIPON U CyXOiA
Macchl U cogepKaHus TMNUA0B; B3BELLMBAHUE BCEX UCTLITYEMbIX COCYA0B ANS KOHTPONS BM2XHOCTH No-
YBbI; KOHTPOMb MOAE4M BO3AYXA, ECN UCTIONB3YHOTCA 3aKPLITHIE TECT-CUCTEMBI.

KoHTponb nogauu Bo3ayxa, perucTpauma NoBegeHUs Yepseil M TeMnepaTypbl; oT60p Npo6 NouBkl U Yep-
Bell NS onpegerieHnst KOHUEHTpaLUMM UCTEITYeMOro BellecTBa.

Te xe, 4TO B 1 A€eHb.

KoHTponb noga4v Bosgyxa, NoBeLeHWUs YepBeii N TeMnepaTypsbil.
To xe, 4yTOo B 1 CyT.

To xe, 4yTo B 3 CyT.

To xe, 4To B 1 cyT; foGaBneHne KopMa; KOHTPOSb BNaXXHOCTW NOYBbLI MOBTOPHLIM B3BeLUMBaHWUEM UCTIBITY-
€MbIX COCYA 0B U KOMMeHcauust UcrapyBLUeicst BOAbl.

To xe, yTo B 3 cyT.
To xe, yTOo B 1 CyT.
To xe, yTo B 3 cyT.

To xe, YTo B 1 cyT; Ao6aBneHne KOpMa; KOHTPOSb BAXHOCTU NOYBLI NOBTOPHBIM B3BELUMBAHUEM UCTIBITY-
€MbIX COCYL0B 1 KOMMEHCaLMsl UCNapuBLUENCS BOAbI.

To xe, yTo B 3 cyT.

To xe, yTo B 1 CYT.
To xe, yTo B 3 CyT.

To xe, YTo B 1 CYT; U3MepeHna TemnepaTypel U pH NOYBLI; KOHTPOML BAAXHOCTM NOYBLI NOBTOPHLIM B3BE-
LUMBaHMEM UCTILITYEMBIX COCYAOB; OKOHYaHWe askl NOIMOLLEHNS; NepeHOC YepBeil N3 OCTaBLUNXCA Mo-
BTOPHOCTeil BO3AEHCTBUA B COCYALI, CoAepXallne YNCTYIO MoUBY, AN dasbl SNMMUHALUU (63 0YNCTKM
KULLEYHUKa), OT6Op NPo6 NOUBLI M YepBel U3 KOHTPONSA Ha pacTBOPUTENb.

[eiicTBuA nepes UCNbITaHUEM (YpaBHOBELUMBAHUE (hasbl) AOMKHLI GbiTb 3anfaHUPOBaHbLl C YYETOM
CBOWCTB UCNLITYeMOro BelecTsa.

[elicTBuA, onucaHHble AnNs 3 cyT, NPOBOASATCA eXeAHEBHO (MO KpaliHel Mepe, No paBounM AHAM).

6) dpasa anummuHauyun

HeHb
-6

-4

14

OeiictBus

MoaroToBka M yBnaxHeHWe KOMNOHEHTOB NOYBLI; KOHAULIMOHUPOBaAHNE NOAFOTOBNEHHON MOYBLI B Te-
YyeHue 48 .

CmMelunBaHUe KOMNOHEHTOB NOYBHLI; pacnpegeneHue no4vsbl B UCNBITYEMbBIX COCyAaX; MHKysaLWIFl npu
YCNOBUAX UCMBITaHUA B TeHeHNe 4 CyT.
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0 (koHeL} pa3bl  MaMepeHue TemnepaTypbl U pH MOYBbI; B3BELUMBaHUE W NPOU3BONLHOE pacnipeAerieHne YepBei B

nornoLleHns)

11—13
14

15—16
17
18—20
21

ucnbiTyeMble kamepbl; 4o6aBneHne KopMa; NepeHoC YepBeii U3 OCTaBLUMXCA NOBTOPHOCTEN BO3Aeil-
CTBUS B KaMepbl, CofiepXalljue YMCTYIo NMoYBy; oT6op Npo6 nouBbl U YepBeii nocrne 4—6 Y gna onpe-
[leNeHnA KOHLeHTpaLMK UCNLITYEeMOro BellecTsa.

KoHTponb nogayu Bo3ayxa, peructpauusi NoBefeHUsi YepBeill U TeMnepaTypbl; oT6op Npo6 nousbl U
YepBeil AN oNpeAeneHns KOHLEHTPaLUM UCTILITYEMOro BeLLeCTBa.

To xe, yTo B 1 cyT.
KoHTpornb nogayu Bo3gyxa, NoBefeHNUs YepBeil M TeMnepaTyphbl.
To xe, 4To B 1 cyT.
To xe, uTo B 3 CyT.

To xe, utoB 1 CyT, pobaeneHune KOpMa, KOHTPOJ1b BITa>HOCTU NOYBbLI NOBTOPHLIM B3BeLLMBaHUEM UC-
NbITyeMbIX KaMep U kKoMneHcalumA I/ICﬂapI/IBLUEI?ICFl BOAbI.

To xe, uTo B 3 CyT.
To Xe, yTo B 1 CyT.
To xe, uTo B 3 CyT.

To xe, uto B 1 CyT, AobaeneHue KOpMa, KOHTPOIb BIa>XHOCTU NOYBbLI NOBTOPHLIM B3BELLUBaHUEM UC-
NbITyeMbIX KaMep U koMneHcayus I/ICI'IapI/IBLIJeVICﬂ BOAbI.

To xe, uTo B 3 CYT.
To xe, uTo B 1 CYT.
To xe, uTo B 3 CYT.

To xe, 4To B 1 CyT; U3MepeHue Temnepartypbl U pH NOYBbI; KOHTPOIb BNAXHOCTN NOYBbI NOBTOPHLIM
B3BeLUMBaHUEM UCTBITYEMBIX KaMep; oTO6op Npob NoYBLI U YepBeii U3 KOHTPOIS Ha pacTBOPUTENb.
MogroToBKy NouYBLI Nepes HayanoM caskl ANMMUHaLMKU cnedyeT NPoBOAUTbL TakuM Xe obpa3soMm, Kak 1
nepef gason NornoLleHus.

[HeiicTBus, onucaHHble Ans 3 cyT, crneayeT NPOBOAUTL eXeAHEeBHO (Mo KpaiHel Mepe, no paboynm
OHAM).

MenbiTaHue Ha SHXUTpenaax

a) hasa MornoLyeHus ¢ 8-4HEBHLIM OTGOPOM NPOG, UCNONb3YyeMBbIX ANA pacHeTa KUHETUKM

[eHb
-6
-4

Or-3p0 -1

5—6

HenctBus
KoHAWLMOHUMPOBaHWe NOAroTOBNEHHON NOYBLI B TeHeHUe 48 .

BHeceHue B NouBy pacTBopa UCMLITYEMOrO BELLeCTBa; BbiNapusaHue Nio6oro pacTBopUTENs; CMeLLMBA-
HUEe KOMMOHEHTOB MOYBLI; pacnpeaeneHne NoYBLI B UCNLITYEMblE KaMepbl, ypaBHOBELIWBAHNE B UCTILITY-
€MbIX YCMOBUSX B TeueHue 4 cyT (3 Hegenu ANsA NOYBbI, B KOTOPYIO GbINU BHECEHBI METanmMbI).

BblgeneHune TecToBbIX OpraHu3MoB U3 Kynberypbl AnNAa akknuMaTusauuu. MoaroToBka U yBnaXxHeHue u3
KOMNOHEHTOB Mo4BblI.

MNamepeHne Temnepatypbl U pH nouskl, oT60p Npo6 nouskl U3 06paboTaHHbIX KaMep W KOHTponeil Ha
pacTBOpUTeNb ANs oNpefeneHna KOHUEHTPaLUKU UCNBITYeMOro BelyecTsa; fo6aBneHne Kopma; B3BELLIM-
BaHWe 1 NpPou3BOSIbHOE pacnpefeneHne YepBeil B UCNbITYeMble KaMepbl; BKNIOYEHUe B UCNbITaHWe fJo-
CTaTouHOW Nognpobbl YepBel ANA aHanUTUYEeCcKoro onpeaeneHnst POHOBOro 3Ha4eHUs, Cbipoi U CyxoM
Macchl U cofepXKaHus IMNUAOB; B3BELLUMBAHNE BCEX UCNBITYEMbIX KaMep ANSA KOHTPOMSA BMAXHOCTM Mo-
YBbl; KOHTPONb NOJaYN BO3AYyXa, €CNN UCNONb3YIOTCS 3aKPbITble TECT-CUCTEMBI.

KoHTponb nogaum Bosgyxa, pericTpauus noegeHus YepBeil U TeMnepaTypbl; oT60p Npo6 NoYBLI U Yep-
Beii AN oNpeAeneHns KOHLEHTPaLUUu UCNbITYEMOro BelLlecTBa.

Te xe, uTo B 1 CcyT.
KoHTponb nogauu Bo3gyxa, NoBeAeHNS YepBen N TemnepaTypbl.
To xe, yTo B 1 CYT.
To xe, yTo B 3 CYT.

To xe, 4To B 1 cyT; fo6aBneHne KopMa, KOHTPONb BNAXHOCTU NOYBLI NOBTOPHLIM B3BELUMBAHUEM UCTbI-
TyeMbIX Kamep U KOMMEHcaLUA UCNapuBLLEACA BOAbI.
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10
1
12—13
14

16

To xe, yTo B 1 cyT.
To xe, yto B 3 CcyT.
To xe, yTo B 1 cyT.
To xe, 4To B 3 CcyT.

To xe, 4To B 1 cyT, foGaBneHne kKopma B NOYBY; U3MEepPeHUs TemnepaTypbl U pH NoYBbI; KOHTPOMb BRaX-
HOCTU MOYBLI MOBTOPHLIM B3BELUMBaAHWEM UCMLITYEMBIX KaMep; KoHel, dasbl NOrMoLeHUs; NepeHoC Yep-
Bell 13 OCTaBLLUMXCS NMOBTOPHOCTEH BO34e/CTBUS B KaMepbl, COAepXalle YUCTyIo NouBy, Ans dasbl au-
MUHaLMK (6e3 04NCTKU KULLEYHUKE), oTEop Npo6 NoYBLI U YEPBER U3 KOHTPOSS Ha pacTBOPUTENb.
[eicTBnsA nepen ucnbiTaHneM (ypaBHOBelLMBaHWe asbl) AOMKHbI ObiTb 3amnnaHUMpoBaHbl C YYeTOM
CBOWCTB UCMLITYEMOrO BELLECTBA.

[eicTBns, onucarHble AN 3 CyT, cneAyeT NPOBOAUTL eXeHEBHO (Mo KpaiiHell Mepe, No paGounm gHAM).
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MpunoxeHue B
(pekoMeHayemoe)

MoaroToBka u XpaHeHNe UCKYCCTBEHHOMN NOYBbI

MocKonbKy NPUPOAHbIE MOYBLI U3 OMPEAEeneHHOro UCTOYHUKa MOryT OblTb HEAOCTYMHLI B TEYEHWE BCEro roga, a
MeCTHble OpraHu3Mbl U HalM4Yne MUKPO3arpsisHUTENER MOryT NOBMWSATL Ha Pe3yneTaThl UCMbITaHWS, TO 4N UCMOMb3oBa-
HWsI B STOM MCNBITAHUM PEKOMEHAYETCA UCKYCCTBEHHBIN CYyBCTpaT, UCKYCCTBEHHAs NnoYBa B COOTBETCTBUMU C PYKOBOACTBOM
no ucneitaHuan OB3CP 207 [36]. HekoTopble TecToBbIe BUALI MOTYT BBIKWBATL, PacTu U PasMHOXAaTLCA B 3TOA nodyse,
Kpome TOro, MpW MCMosIb30BaHUM Takoi NoyBkl 06ecneyMBaeTcs MakcuMarbHasa cTaHgapTu3aLms, a Takke BHYTPU- U MeX-
naGopaTopHas conocTaBMMOCTb UCTLITAHUIA WU YCIIOBUIA KYNETUBUPOBEHMS.

KOMMNOHeHTbl NouBbI

Topdp: 10 % CdparHoBelil (BepxoBoit) Topd (cdarHym Topd) B cOOTBETCTBUM ¢ PykoBog-
ctBom O3CP 207 [36].
KeapLeBbli Necok: 70 % MpoMmBbILLIEHHBI KBapLEBLIA Necok (Bo3ayLUHas cyLUKka); pasMep YacTtul; 6o-

nee 50 % YacTuy JomKHbLI UMETh pa3mep B AnanasoHe 50—200 MKM, HO Bce
YacTuLbl AOMKHBI BbITb £ 2 MM.

KaonuHUT ruHbI: 20 % CogepxaHue kaonuHuta = 30 %.
Kap6oHaT Kanbuus: <1% CaCOg, U3Menk4eHHbIA, XUMUHECKN YUCTBIN.

Kak BapuaHT, cogepxaHne opraHu4eckoro yrnepoga B UCKYCCTBEHHOW NMOYBE MOXET OblTh YMEHbLLUEHO, HanpuMep,
3a CYeT CHUXeHUs cogepxaHnsa Topda [0 4 % — 5 % cyxoil NoYBbLI M COOTBETCTBEHHO MOBbLILLIEHUS COAEPXaHUA necka.
TaKkoe CHWXeHWe cofepKaHWs OpraHMYecKoro yriepoaa MOXeT YMEHbLUUTb BO3MOXHOCTN afacopbLnn UCbITyemMoro Be-
LlecTBa NOYBOIA (OpraHMYecKuii yrrepos), U MOXET BO3pacTu Hanun4due UCnelTyeMoro BellecTsa B YepBsx [58]. Belno no-
Ka3aHo, uTo Enchytraeus albidus v Eisenia fetida MoryT cooTBETCTBOBATL KPUTEPUSAM JOCTOBEPHOCTU NO BOCNPOU3BOACTBY
Mpu NCNBITaHUSX B NOJSIEBLIX NoYBax ¢ 6oree HU3KUM CofepKaHneM opraHu4Yeckoro yrnepoga, Hanpumep 2,7 % [59], [60],
U MMEETCS OMbIT, UCXOASA U3 KOTOPOro 3TO TakKe MOXET BblTe AOCTUIHYTO B UCKYCCTBEHHOW noyee ¢ 5 % Topda.

MoaroroBka

Cyxue KOMMOHEHTEI NOYBLI TLATENbHO NepemMeLuMBaloT (HanpuMep, B MomnynpoMbiLLNeHHoM nabopaTopHOM cMe-
cutene). 3TO OCYLLECTBNAKT NPUMEPHO 3a Hefemnto A0 HadYana ucnbiTadus. CMellaHHble CyXue KOMMOHEHTH! NoYBbLI yB-
TNaXHSAT JEMOHU3UPOBaHHON BOAOW HE MeHee YeM 3a 48 4 nepefl BHECEHUEM UCTBITYEeMOro BellecTsa ¢ Lienblo ypas-
HoBelUMBaHUs/cTabunuaauum kucnotHocTu. Ana onpefenenusa pH ucnonsayercsa cmeck novssl U 1 M pacteopa KCI B
cooTHoweHun 1:5. Ecnn 3HadyeHune pH He HaxoguTcsi B Tpebyemom auanasoHe (6,0+0,5), To AobaBnsieTca gocratoyHoe
konuuecTso CaCOgz B NOYBY WM rOTOBUTCS HOBasi NapTus NMoYBbI.

MakcumanbHasa Bogoyaepxusaiollasa cnocobHoctb (WHC) nckyccTBeHHoiA nouBbl onpeaensetca no 1ISO 11268-2
[61]. Mo MeHbLUel Mepe, 3a 2 cyT A0 Hayana McnbITaHUA cyxas UCKYCCTBEHHas noysa yBriaxHaeTca gobasneHmeM focTa-
TOYHOMO Konn4ecTBa AEUOHU30BAHHOW MM PeKOMOWHMPOBaHHOI BOAbI ANA NOMYyYEHUS NPUMEPHO NONOBUHLI KOHEYHOTO
cofepxaHus Boabl. KoHeuHoe cogepxaHue Bogbl JOIMKHO HaxoauTbes B npegenax oT 40 % go 60 % makcumansHoit WHC.
B Havane ucnbiTaHuA npefBapuUTenbHO YBNaXHEHHas nodysa pasfensaeTca Ha KoMMYecTBO NakeToB, COOTBETCTBYIOLLEE
KONMYECTBY UCMBITYEMbIX KOHLIEHTpaLMiA U KOHTpOMeNn, UCMoNb3yeMblX ANSA UCTIbITaHWA, U cofiepXXaHue Bnaru 10BouTcA
Ao 40 % — 60 % WHC,,,,, PacTBOpPOM UCMLITYEMOro BellecTsa uunu aoGasneHneM enoHN3UpoBaHHON UM pekombu-
HupoBaHHol BoAbl. CofilepxaHue Bnaru onpefensaeTcs B Hayane u B KoHUe ucnoitanua (npu temneparype 105 °C). OHo
AOSKHO ObITb ONTUMarnbHBEIM U COOTBETCTBOBATL MOTPeBHOCTAM AaHHOro BUAa opraHU3MoB (cofepXaHue Bnaru MoXHO
TalkKke NPOBEPUTL CrieAyloLMM 06pa3oM: MOYBY HYXHO MSIKO CKaTb B pyKe, U Mexay nanbLamu JOIKHbI NOSABUTECA Ma-
NeHbKKUe Karsim Bofbl).

XpaHeHue

Cyxue KOMMOHEHTbI MCKYCCTBEHHOI NOMBBI MOXHO XpaHUTL NPU KOMHATHO TemnepaType Ao Ucnornb3oBaHus. Moa-
roToBneHHas, NpefBapuTeNLHO YBMaXHEHHasA NOYBa MOXET XPaHUTLCA B NPOXNaAHOM MECTe B TeMeHWe MakCUMYyM Tpex
CyTOK Nepei BHECEHUEM WUCTLITYEMOro BeLecTBa; crefyer cobntogaTb OCTOPOXHOCTb AN MUHUMU3ALMW UCMapeHns
B0oAbl. MoYBY C BHECEHHBIM UCTILITYEMBIM BELLECTBOM UCMONB3YHOT Cpasy, eCrin OTCYTCTBYET H(OpMAaLUs, yKa3sbiBatoLyan
Ha TO, YTO KOHKPETHAas MOoYBa MOXET XPaHUTLCS, He BAUSA Ha TOKCUYHOCTL U BUOAOCTYNMHOCTL UCMLITYEMOTO BELLECTBA.
3aTem nNpobbl BHECEHHO NOYBbl A0 aHanu3a XpaHAT B YCNOBUAX, PEKOMEHA0BAHHLIX [l KOHKPETHOrO UCTBITYEMOro
BelecTsa.
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MpunoxeHnue I
(pexomeHngyemoe)

Buabl 3eMIsiHbIX ManoweTUHKOBbIX YepBei, pPeKOMeHAOBaHHbIe ANA UCNOSIb30BAHUA B UCTILITAHUAX
no 6MoaKKyMynsiLMm B NouBe

3eMnsHble YepBuUu

PekomenayeMblM TecToBLIM BUA OM siBNsieTcA Eisenia fetida (Savigny 1826), oTHocAwmiAca k cemeitcTBy Lumbricidae.
C 1972 oH noapaspensietca Ha ABa noasuaa (Eisenia fetida u Eisenia andrei [62]). CornacHo Jaenike [63] oHu aBnstoTcs
UCTUHHBIMWU TUMWUYHBIMK, OTAENBHBIMU Buaamu. Eisenia fetida nerko pacnosHaetcst No ero ApKUM MEXCErMeHTHbIM XXer-
TbIM Moriockam, Torfa kak Eisenia andrei nmeeT paBHOMEpHBIA, TEMHO-KpacHbIW LBET. MNpouncxoas, BEposaTHO, U3 peroHa
YepHoro Mopsl, Ha CerofHALWHNA JeHb OHU pacnpocTpaHeHbl Mo BCeMY MUPY, 0COBEHHO B @HTPOMOreHHO U3MEHEHHbIX
MecTax oOUTaHUs, TakUX Kak KOMNocCTHble Ky4n. Oba BUAa MCMONb3yloTCs B 9KOTOKCUKONOrMHMECKUX UCTIBITAHUSX, @ TakkKe
B MUccrefoBaHusAX No G1MoakkyMynsaumm.

Eisenia fetida u Eisenia andrei sBnstoTca NpoMbILUNEHHO AOCTYMHBIMKY, HAaNPUMep, Kak Haxueka Ans poib. Mo cpas-
HEHWIO C APYrMMUW 3€MNAHBIMU YEPBAMU OHWN UMELOT KOPOTKUIA XKU3HEHHBIW LMKI, AOCTUras 3perocTyi B Te4eHWe NpuMepHo
2—3 Mec (Npu KOMHaTHOW TeMnepaTtype). OnTUManbHan TeMnepartypa ANA HUX cocTaBnAeT npumepHo 20 °C — 24 °C.
OHW NpeanoYnTaloT CPaBHUTENBHO BraXHble cybcTpaThl ¢ NOYTH HelTpanbHbIM pH U BEICOKMM coaepXXaHueM opraHude-
cKoro matepuana. Tak Kak 3TV BuAbl LUIMPOKO MCNONBL30BANUCL B CTAHAAPTHLIX 3KOTOKCUKOMOTUYECKUX UCTILITAHUAX Ha
NPOTSXKEHUN NpUMepHO 25 NeT, TO UX KYNETUBUPOBaHUE XOPOLLO U3BECTHO [36], [64].

O6a Bufa MoryT 6bITb KyNETUBMPOBaHbI B LULMPOKOM AWana3oHe OTXOA0B XUBOTHOBoACTBA. PekomengoBaHHo MCO
[61] cpenoii Ana passeaeHun senseTes cMecb 50:50 HaBo3a OT nolwwagei Unu KpynHoro poraTtoro ckota U Topga. Cpepa
[OMmKHa UMETb 3HaveHne pH npuMmepHo oT 6 Ao 7 (perynupyeTtca KapboHaTOM KanbLus), HU3KYIO MOHHYIO NPOBOAMMOCTb
(MeHee 6 MCm/cm unn meHee 0,5 % KOHUEHTpauuu Conu) U He JoMkHa GblTb Ype3MepHO 3arpsA3HEHHOW aMMUaKoM Unn
MOYOIi XMBOTHBIX. TakKe MOXET ObiTb UCNONb30BaHa NPOMBLILWNEHHan cagosasn novsa 6e3 406aBOK MKW UCKYCCTBEHHAS
nousa B cootBeTcTBMU ¢ OECD [36], nnun ux cmecb B cooTHoweHun 50:50. CybeTpaT gomkeH BbiTb BNaXHBIM, HO HE OYEHb
MOKpbIM. [N pa3BefeHna noaxofaT kopobku BmecTumocTbio ot 10 go 50 n.

[na nony4eHns YepBel cTaHAapTHOro BO3pacTa U Macchl NydLlue BCEro HaduHaTb KyNeTypy ¢ KOKOHOB. [Ansa aToro
B3POCIbIX YepBel BHOCAT B KOPOOKW, NpegHa3HavYeHHble ANA pa3sBefjeHus, cogepxalyue ceexuin cybetpat gns nonyde-
HWSA KOKOHOB. [MpaKTUYeCcKUil ONbIT NOKa3bIBAET, YTO NNOTHOCTL Nonynauuu okono 100 B3pocnbix Yepeen Ha Kr cybeTpaTa
(celpoi Maccel) obecnedmBaeT NOAXOASALLYIO CKOPOCTb pasMHOXeHUs. Yepes 28 cyT B3pocnbix YepBei yaanstor. 3emns-
Hble YepBy, BLINYMUBLUMECA U3 KOKOHOB, UCMONBL3YIOTCA AM1S UCTIbITAHUS, KOra AOCTUraloT NofioBOi 3penocTu, He MeHee
YeM Yepes 2 Mec, HO MeHee YeM Yepes 12 mec.

YepBu BUAOB, ONUCAHHLIX BbILLE, MOXHO CHUTATL 340POBLIMU, €CIIU OHW aKTUBHO ABUraloTcsa B cybeTparte, He Mbl-
TaloTCcs NMOKMHYTL cybcTpaT U HenpepbIBHO pa3MHoxatoTesl. OueHb MEANEHHOE ABWXEHWUE UIW XeNTolik 3afHUi KoHel (B
cny4yae Eisenia fetida) ykasbiBatoT Ha uctolleHue cybetparta. B aToM criydae pekoMeHAyeTcs 0CcBeXMTb cybeTpart u/unu
CHW3UTb KONMNYECTBO YepBel B KOpobke.

SHXUTpenabl

PekomeHayeMbIM TeCTOBLIM B OM siBnseTca Enchytraeus albidus Henle 1837 (6enble aHxuTpenasl). Enchytraeus
albidus saBnseTcA OAHMM M3 caMbiX KpyMHbIX (40 15 MM) BMAOB KoMb4aTbiX MarlOLLETUHKOBLIX YepBeil cemeiicTBa
Enchytraeidae u pacnpoctpaHeHHbIM Bo BceM Mupe [65]. Enchytraeus albidus o6uTtaloT B MOPCKOWA, 03€pHON U HAa3eMHOW
cpefe, B OCHOBHOM B pasnararoLluxcsi opraHu4eckux BeLlecTsax (BOAOPOCNU, KOMMNOCT) U peAko B nyrax [66]. Ota wupo-
Kaa 9Konoruveckasn TonepaHTHOCTL U HeKoTopble MOpdONoruyeckne N3MeHeHNs NoKa3biBaloT, YTO MOTYT CyLUecTBOBaTb
pasnu4Hble U30NATHI 3TOro BUAA.

Enchytraeus albidus siBnseTca npoMbIWNeHHO AOCTYNHBIM, NPOAaeTCA B kKadecTBe Kopma Ans pelb. CnegyeT npo-
BEPUTb 3arpA3HEHHOCTL KynbTYpbl pYrUMK, Kak npasuno, Gonee menkumu eugamu [67]. Ecnn npoucxoaut sarpasHeHue,
TO BCEX YepBeil cnepyer NpoMbITe Bofol B Yalwke MeTpu. 3atem oTbupaloT KpynHele Bapocrbie ocobu 3 Enchytraeus
albidus (Nnpn nomoLLM cTepeoMuKpockona), YToObl 3aNoXUTb HOBYIO KynbTypy. Becex ocTanbHbIX YepBeit oTopacbkiBatoT. Mx
XN3HEHHBIN LIMKN ABNSAETCS KOPOTKMM, Tak Kak NonoBo3penoe coctosHue gocturaetca mexay 33 cyt (npu 18 °C)n 74 cyt
(npu 12 °C). Ana ncnbiTaHUa UCNONb3YIOT TONBLKO KYNBTYpPY, KOTOpasa coxpaHaeTca B nabopaTopun B Te4eHUe He MeHee 5
Hefenb (0AHO NokorneHune) 6e3 kakux-nmbo npobnem.

Opyrue suabl poga Enchytraeus Taike nogxoaar, ocobeHHo Enchytraeus luxuriosus. 3ToT BUA ABNAETCA TUNUYHBIM
obutaTenem nousekl, KoTopklid 66N HegaBHO onucaH B [68). Ecnu ucnonb3sytotca apyrue Buabl Enchytraeus, To oHW gonx-
Hbl 6bITb YETKO OnpefeneHbl U cneayeT nNpeacTaBuTb 060cHOBaHMe Beibopa Buaa.

Enchytraeus crypticus (Westheide & Graefe 1992) aBnsetcs BuaoM, NnpuHagnexatumm K ogHow rpynne ¢ Enchytraeus
luxuriosus. He 6bIno ¢ yBepEHHOCTLIO YCTAHOBNEHO €ro Hanu4ne B NONEBLIX YCNOBUAX, €ro BbiANANU U3 KynsTyp 3eM-
NAHbIX YepBeilt U KoMnocTHBIX Kyd (Rémbke, 2003). CnegoBaTenbHO, €ro onpeaeneHHbIe aKoNorM4Yeckne NOTpeGHOCTH
He n3secTHbl. OfHaKo HefaBHMe NabopaTopHble UCCMEA0BAHUA B Pa3fMYHBLIX NOMEBbIX MoYBaX NOATBEPAUIN, UTO STOT
BUA UMEET BLICOKYIO TONEPAHTHOCTL MO OTHOLIEHUIO K paznuyatowuMca nokasaTenam NoYBkl, TakUM Kak pH 1 cTpykTypa
(Jansch u gp. 2005). B nocnegHue rogbl 3TOT BUA YacTo UCTONb3YETCA B 3KOTOKCUKOMOMUYECKNX UCCNEAOBaHURAX B pe3yrb-
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TaTe NPOCTOThLI €ro pasMHOXEHUS U UcnblTaHus (Hanpumep, Kuperman u ap. 2003). OgHako Yepsu 3TOro BUaa HebGonblune
(3—12 mm, 7 MM B cpegHem (Westheide & Muller 1996)),u ato genaeT 06paboTky crioxHee No cpaBHEHWIO ¢ Enchytraeus
albidus. Mpu ucnonb3oBaHuK aToro BUAa BMecTo Enchytraeus albidus pasmep ncnbiTyemoid kamepel MOXET, HO He 06s-
3aTenbHoO, ObITb MeHbLUe. Kpome Toro, CneayeT yuuTeIBaTh, UYTO 3TOT BU BOCMPOU3BOAUTCS OYEHE BLICTPO CO BPpEMEHEM
pasMHOXeHUA MeHee 20 cyT npu (20+2) °C (Achazi n ap. 1999) u aaxe GuicTpee Npu Gonee BLICOKUX TeMMNepaTypax.

OHxuTpeunabl Buga Enchytraeus albidus (a Tawke gpyrve Bugbl Enchytraeus) MoxHO KynsTuBUpoBaTh B 60bLIMX
nNacTUKoBbIX Kopobkax (Hanpumep, 30x60x10 cM unK 20x12x8 cM, NoaXoAsLUMX ANS KYNETUBUPOBaHWUA YepBeil Manoro
pasmepa), 3amnofHeHHbIX CMEChO UCKYCCTBEHHOW MOYBLI W MPOMBILLNEHHOR cafoBoii no4Bbl 6e3 fobaBok. KOMMOCTHbIX
rPYHTOB crieayeT naberaTb, MOCKOMbKY OHW MOTYT COfepXaTb TOKCUYHbIE BELLECTBa, Takue Kak Taxensle MeTannsl. Mepeg
ucnonb3oBaHneM dayHa AormkHa ObiTb yAaneHa 13 noysbl, NPefHa3Ha4YeHHON AN1A pasBefeHuUs], TpexpasoBoi rmy6oKoi
3aMOpO3Kol. YucTas UCKyCCTBEHHAsi NMoYvBa Takke MOXET OblTb MCMoNb3oBaHa, HO CKOPOCTb BOCMPOU3BOACTBA MOXET
ObITb HWXE NO CpaBHEHUIO C Mony4YeHneM cMellaHHbIX cybeTpaTtoB. CybeTpat gormkeH umetb pH 6,0£0,5. Kynetypy Bbi-
JlepXuBatoT B TepmocTarte npu Temnepatype (15+2)°C 6e3 cseta. B niobom criydae crniegyet nsberatb Temnepatypbl
6onee 23 °C. WckyccTBeHHas/ npupofHas noysa [ormkHa ObiTh BNaXHOW, HO He CRMLIKOM MOKPOIA. [pu nerkom cxatuu
noYBbl PYKOM AOIMKHbI MOSBUTLCA TONBKO HebomnbLuMe Kannu Bogbl. B nioGoM cnyyae, cnegyet usberatb 6eckncnopogHbix
YCroBUi (HanpuMmep, ecrim UCNonb3yeTes KpbILKa, TO JOMKHO ObITb OCTAaTOYHO MHOTO OTBEPCTUIA, YTOOLI KpLilwka 06e-
crneynBana focTaTouHbll 06MeH Bosgyxa). [MoyBa Ans pasBeaeHUs AOKHA a3pupoBaTbCa NyTeM T ATENLHOMO ee nepe-
MeLUMBaHUA OfWH pas3 B Heaernto.

UepBeii KOPMST BBOMIO HE pexXe O4HOro pasa B Heflento OBCSHLIMU XNONbAMU, KOTOPbIE NoMeLLatoTes B yrnybnexue
Ha MoBEpPXHOCTU NOYBLI U 3ackiNaroTcs NOYBOA. ECrn KOpM ¢ nocnefHero KOpMNEHNA OCTAeTCA B KOHTENHEPE, TO KoNuYe-
CTBO CKapMnMBaeMOro KopMa JOSKHO ObITb COOTBETCTBYIOLLIMM 06pa3oM ckoppekTupoBaHo. Ecnu Ha ocTasLuemcs Kopme
pacTyT rpubbl, ero 3aMeHsIIOT HOBOI NopLueil oBCAHbIX xromnbes. [ns obecnedeHns pasMHOXEHUA B OBCSIHbIE XNONbS
MOXHO A06aBNATb MPOMBILLNEHHO AOCTYMHbIE BUTAMUHHBIE ,06aBKU MPOTEMHOBOMO NOPOLLKA Kaxable ABe Heaenu. Yepes
TPW Mecsilla YepBeil NepeHOCAT B CBEXENPUroTOBIEHHYIO KynbTypy unu cybeTpaT ans passegeHus. OBCSHble XNONbS,
KOTOpble AOMKHbLI XPaHUTLCS B repMETUYHEIX cocyaax, HeobxoauMo obpabaTeiBaTh B aBTOKNaBe WK HarpeBaTb Nepeq
ucnonb3oBaHWeM, YTobbl n3bexaTe 3apaxeHUs MydHbIMU Knewamu (Hanpumep, Glyzyphagus sp., Astigmata, Acarina)
Unu XUWHLIMKU Knetamu (HanpuMep, Hypoaspis (Cosmolaelaps) miles, Gamasida, Acarina). Mocne aesuHdekumn Kopm
M3MernEMakoT TakuM 0bpasom, UToBbl ero MOXHO BbINO Nerko paccuinarb NO NOBEPXHOCTU NoYBLI. ELLle 0HUM BO3MOXHBIM
WCTOYHUKOM NMUTaHUsA ABnstoTcs xrebonekapHble JpoXokn unu kopm Ans pui6 TetraMin®.

B o6LueM, YCNoBMS KynETUBUPOBAHUSA SBAITCA NOAXOAALMMK, €CAKU YEPBU HE NbITAIOTCA NOKUHYTL cy6eTpar, Gbl-
CTPO ABMratoTcsi B NOYBE, MMELT BrecTALWMWA HapyXHbI NoKpoB 6e3 YacTUL, NOYBLI, NPUNUALINX K HEMY, 6onee unn MeHee
GenosaThlil LBET, M €ClNW B KyNbTYpe HaxoAsaTcs YepBu pa3Horo Bodpacta. DakTMYECKN YepBU CHUTAIOTCA 3[0POBLIMY,
€CI OHU NMOCTOSHHO Pa3MHOXaloTCS.
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MpunoxeHue OA
(cnpaBouHoe)

CpaBHeHMe CTPYKTYPbl MEXAYHAPOAHOIO AOKYMEHTA CO CTPYKTYPOM HAaCTOALLEro cTaHaapTa

TabnuyadA

CTpyKTypa HacTosLero cTaHaapTa CTpyKTypa MexayHapo4HOro AoKyMeHTa
Pasgen Moapasgen Mepeuncnenna Pasgen MepeuncneHuns
BBeaeHue 1,2, 3 —
1 1.1 — — —
1.2 — 4 —
2 2.1 — Mpunoxexwve 1 —
22 — Mpunoxexune 1 —
23 — Mpunoxexune 1 —
2.4 — Mpunoxexue 1 —
25 — Mpunoxexune 1 —
26 — Mpunoxexune 1 —
27 — Mpunoxexune 1 —
28 — Mpunoxexune 1 —
29 — Mpunoxexwne 1 —
210 —_ [Mpunoxexune 1 —
2.1 — Mpunoxexue 1 —
2.12 — Mpunoxexune 1 —
2.13 — Mpunoxexune 1 —
2.14 — Mpunoxexune 1 —
215 — Mpunoxexune 1 —
3 3.1 — 5 —
3.2 — 6 —
3.3 — 7 —
3.4 — 8 —
3.5 — 9 —
3.6 — 10 —
4 4.1 — 11 —
42 — 12 —
4.3 — 13 —
4.4 — 14 —
4.5 — 15 —
4.6 — 16 —
5 — — 17 —
6.1 — 18 —
6.2 — 19 —
6.3 — — —
6.3.1 — 20 —
6.3.2 — 21 —
6.3.3 — 22 —
6.4 — — —
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OkoHYaHue mabnuupsi [JA.1

CTpyKTypa HacTofALero cTaHgapTa CTpyKTypa MexayHapoAHOro JoKyMeHTa
Pasgen Moapasgen MepeuncneHna Pasgen MepeuncneHuna

6 6.4.1 — 23 —

6.42 — 24 —

6.4.3 — 25 —

6.4.4 — 26 —

6.5 — — —

6.5.1 — 27 —

6.52 — 28 —

7 — — 29, 30 —

71 — — —

711 — 31 —

712 — 32 —

713 — 33 —

7.1.4 — 34 —

7.1.5 — 35 —

7.2 — 36 —

7.3 — 37 —

7.4 — 38 —

7.5 — — —

7.51 — 39 —

752 — 40 —

7.6 — 41 —

7.7 — — —

7.71 — 42 —

7.7.2 — 43 —

7.7.3 — 44 —

7.7.4 — 45 —

7.7.5 — 46 —

7.76 — 47 —

7.7.7 — 48 —

7.7.8 — 49 —

7.7.9 — 50 —

7.7.10 — 51 —

7.7.11 — 52 —

7.7.12 — 53 —

8 8.1 — — —

8.1.1 — 54 —

8.1.2 — 55 —

8.2 — 56 —
Mpunoxexue A Mpunoxexue 2
Mpunoxexue b Mpunoxexue 3
Mpunoxexue B Mpunoxexue 4
Mpunoxexue I Mpunoxexue 5
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