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MNpegncnosne

Llenn, oCHOBHble MPUHLMNbI 1 OCHOBHOWN NOPALOK NpoBefeHNA paboT No MeXrocyfapCTBEHHON cTaHfap-
Tusauum yctaHosnenbl NOCT 1.0—92 «MexrocygapcTtBeHHasa cuctema craHgaptnsaunm. OCHOBHble NooOXe-
Hua» n FOCT 1.2—2009 «MexrocypgapcTBeHHas cuctema craHgapTtusaunn. CtaHgapTbl MeXrocygapcTBeH-
Hble. Npasunaa u pekoMeHgaumnm nNo MexrocygapcTBeHHoON cTaHgapTusaumu. Mpasuna pa3paboTku, NPUHATHS,
npUMeHeHus, 06HOBNEHNSA N OTMEHbI»

CBejeHusi o ctaHgapTe

1 MNOArOTOB/IEH ®efepanbHbiM rocyfapCTBEHHbIM YHUTAPHLIM Npeanpusatuem «Bcepoccuiickuii Ha-
YyUYHO-UccnefoBaTeibCkuii MHCTUTYT cTaHAapTu3layunun MatepuanoB n TexHonornn» (Pryrmn «BHUW CMT») Ha
OCHOBEe ayTEeHTWYHOr0 NepeBoja Ha PYCCKWii A3bIK fOKYMEHTa, yKa3aHHOro B MyHkTe 5

2 BHECEH ®epgepasibHbIM areHTCTBOM MO TEXHUYECKOMY PerysimpoBaHunio 1 MeTposiorun
3 MPUHAT MexrocyaapcTBeHHbIM COBETOM MO CTaHjapTu3auun, MeTposorum n ceptuduxkaunn (npo-

TOKON OT 27 okTA6psA 2015 r. No 81-)
3a npuHATMe cTaHgapTa Nporos0coBasIu:

KpaTkoe HaumeHoBaHue cTpaHbl No Kopg cTtpaHbl no MK CokpalleHHOe HauMeHOBaHNe HalWoHalbHOro opraHa no
MK (MCO 3166(004-97 (MCO 3166) 004- 97 cTaHpapTusaymuu
ApmeHus AM MuH3KOHOMUKN Pecnybnnkm Apmenns
Benapycb BY loccraHgapt Pecny6nvkm Benapycb
Kunprususa KG KbipreiscraHgapT
Poccusa RU PoccraHgapr

4 Mpukasom PepepasibHOro areHTCTBa NO TEXHUYECKOMY peryiMpoBaHuio U metposorum ot 13 Hosf-
6ps 2015 . No 1779-cT mexrocyaapcTBeHHbli ctaHgapT FTOCT 33637—2015 BBeAeH B feiicTBUE B KauyecTBe
HauuoHanbHOro ctaHgapTta Poccuiickoli ®epgepaumm ¢ 1 ceHTa6pa 2016 1.

5 Hactoswwmin ctaHgapT MoaMdMUMPOBaH MO OTHOLWEHUI0 K MeXAyHapoaHoMy AokymeHTy OECD Test
No. 317:2010 Bkiaccumulation in Terrestrial Oligochaetes (O3CP. Tect No 317:2010 Buoakkymynsuma B 3em-
NAHBIX MANoWeTUHKOBbLIX YepPBAX) NYyTEM U3MEHEHUS CTPYKTYPbI.

CpaBHeHWe CTPYKTYpbl MeXAyHapoAHOro OKyMeHTa CO CTPYKTYpOli HacTosALWero ctaHgapta npusefeHo
B npunoxexHun JA.

MepeBog C aHINMIACKOTO sA3bika (cn).

CTeneHb COOTBETCTBUSA — MoAauduumnposaHHas (MOD)

6 BBEJEH BMNEPBbIE

NHopmauma 06 M3MEHEHUsIX K HACTOosIWeMy cTaHAapTy ny6/ukyeTcsa B €XerogHom mHdopmaum-
OHHOM YyKasaTese «HaunoHanbHble CTaHAapThi» @ TEKCT U3MEHEeHW i 1 NONPaBOK — B €XXEeMEeCAYHOM WH-
hopmaunoHHOM ykasaTene «HaunmoHanbHble cCTaHAapThi». B cnyyaB nepecMoTpa (3aMeHbl) UM 0T MeHbI
HacToAWero cTaHaapTa cooTBeTCTBYLee yBeJjoMneHne 6yaeT ony6/1MKOBAHO B eXeMeCA4HOM UHop-
MaLMOHHOM ykasaTene «HauuoHanbHble cTaHgapThi». CooTBeTCTBYyWLWas nHopmalmus, yBegomneHmne
M TEeKCThbl pasmeltan TCca Takke B MH(opMaLMOHHON cucTemMe 06LLero nonb3oBaHna — Ha opuunanbHOM
caliTe ®efepanbHOro areHTCTBa N0 TEXHNYECKOMY PerynpoBaHuio 1 MeTponorum B ceTn HTepHeT

© CraHgapTuHopm. 2016

B Poccuiickoii ®egepauun HacTosWwmidi cTaHAAPT HE MOXET 6biTb MOMIHOCTbIO WU/M YaCTUYHO BOCNPOU3-
BEAEH. TMPAXNPOBAH U pacnpocTpaHeH B kauyecTBe ouuManbHOro u3ganus 6es paspewerus degepanbHo-
o areHTCTBa No TEXHWYECKOMY PEry/IMpoOBaHUI0 N METPOSIOTUM

n
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BBepeHve

HacTtosawuin ctaHpapt npegcraBnseT coboit pykosoactso ODCP no ucnbiTaHWo XMMUYECKUX BELLEeCTB,
CBA3aHHOMY C M3yYeHMeM UX NPpMpPoAbl B OKpyXatoLiei cpefe. «bnoKoHLeHTpupoBaHue: MNpoToUHble UCnbITa-
HUA Ha pbibax» (PU 305) n «bnoakkymynaumnsa B obutaloLmnx B 0Cafo4HbIX OTN0XEHNAX AOHHbIX Oligochatcs
(ManoweTnHkoBbIX yepBsx)» (PV 315) ony6ankoBaHbl COOTBETCTBEHHO B 1996 m 2008 rr. dkcTpanonsauus
JaHHbIX, NMOMIYYEHHbIX N0 6MOaKKyMynsauumn B Boge, 3aTpyAHUTENIbHA A5 MOYBEHHbIX OPraHN3MoB, TaknX Kak
3eM/IsiHble YepBU. B HacTosiee BpemMsa MOAe/bHble pacyeTbl, OCHOBaHHbIE Ha NMNOMUALHOCTY BelwecTsa [1],
[2], ncnonb3yoTCa ANA OLEHKU BUOAKKYMYNALUN XMMUYECKMX BELWECTB B NOYBE, KaK ONMCAHO B TeXHNYeCcKoM
pykoBogcTBe EC (3]. Heob6xoanmMocTb MeTofa UCNbITAHWI A1 KOHKPETHbIX Cpej Takke paccmoTpeHa B [4].
Takoih MeTof 0COBEHHO BaXeH ANl OLEHKN BTOPUYHOIO 3arps3HEHWS MOYBEHHbIX NuweBbiX uenel [5]. He-
CKOMIbKO HaLMOHaNbHbIX METOA0B UCMNbITAHWA NOCBALEHbl GUOAKKYMyNaLUMN B APYrMx opraHnsMax, nomMumo
pbl6 [6] 1 [7]. Cnocob oueHKN 6MOakKyMynauum XMMmUYecknx BelLecTB B 3eMasHbIX yepBax (Eisenia fetida,
Savtgny) n aHxuTpeycax U3 3arpsa3HeHHbIX No4YB 6bl1 paspaboTaH AMepuKaHCKUM 06LecTBOM No TecTupoBa-
HUIO 1 maTtepuanam [3]. Mpu3HaHHbI B MexayHapogHOM MacwTtabe meTof onpegeneHns 6Guoakkymynaumm
B WCTOLEHHON MOYBEe Y/yYLINT OL,eHKY PUCKOB, CBA3aHHbIX C XMMWYECKUMU BeliecTBaMu, A4/ MOYBEHHbIX
akocuctem (8], [9].

MuTatowmneca nouysoit 6ecno3BOHOYHbIE MOABEPralwTCs BO3AENCTBUIO HaXOAAWMWXCHA B Heli BelecTs.
Cpegun Takux opraHu3mMoB 3eM/IsiHble MasioWeTUHKOBbIE YEPBU UTPalT BaXHY posib B CTPYKTYpe U (DYHK-
uumn nous [10]. [11]. 3emMNAHbIE Ma/IOWETUHKOBbLIE YePBUN XMUBYT B MOYBE U YACTUYHO Ha MOBEPXHOCTU NOYBbI
(0co6eHHO B c/10e MeperHos); oHW npeacTaBnAaT coboil Hanbonee MHOTOUMUCNEHHbIN BUA OpraHM3mMoB B OT-
HolweHnn 6uomaccsl [12]. 3a cyeT 6GuoTypbaUMmM NMOYBLI U BbICTYNas B KayecTBe A06bl4M 3TN OpraHn3Mbl OKa-
3bIBAlOT CUIbHOE B/IMAAHME HA 6MOAOCTYNHOCTbL BELeCcTB A1 APYTUX OPraHM3mMoB, Takux kak 6€Crno3BoOHOYHbIE
(Hanpumep, XulHble Knewm nxykn [13]) nan no3BOHOYHbIE, OTHOCALLMECH K XMLLHWKAM (Hanpumep, Nncbl 1
yaiiku [14]. [15]). B HacToALllee BpeMa HeKOTopble BUAbl 3eMJISIHbIX MasoOLWEeTUHKOBbLIX YepBei NCnonb3yTea
B KayecTBe Mofenel B 9KOTOKCMKOTOTMYECKUX UCMbITAHNAX, ONUCAHHbIX B NPUI0XeHUun .

PykoBoacTBo ASTM ana npoBefeHNA UCNbITaHW nabopaTopHO TOKCMUYHOCTU MOYBbLI MU BUOAKKYMY-
nauum c 3emnaHbiMu Yyepesamu Eisenia fetida n anxutpengamn Enchytraeus albidus [16] o6ecneynBaeTt Bax-
Hble 1 NoNe3Hble CBeAEHNS ANA BbINOIHEHWUS HACTOSALWEro MeTofa MCNbiTaHWS No 6UoakKyMynaLuyM B NoYBe.

[pyrumMmun fOoKymMeHTamu, Ha KOTOpble MpuUBEefEHbl CCbI/IKW B HACTOALWLEM cTaHAapTe, ABNATCA «Pyko-
BOACTBO MO ncnbiTaHnam O3CP 305. buokoHueHTpupoBaHue: NMpoTOYHbIe UCMbITAHUA Ha pblbax» [17] n «Py-
KOBOACTBO NO ucnbiTaHnaMm O3CP 315. buoakkymynsauma B o6MTalOWMNX B 0CAA0UYHbIX OT/IOXKEHUSAX [OHHbIX
MasnolW,eTUHKOBbIX YepBaX» [18]. MpakTuyeckunii onbiT UCNbITaAHWA NO BMOAKKYMYNALUN B NOYBE U Ny6anKaymm,
npuBepeHHble B [19] — [31], Takxe SIBAAKTCS OCHOBHbIMW UCTOYHMKaMW MHOpMaumu, Heo6xoauMon ans
No/Ib30BaHUS HACTOAWMM CTaH4apToOM.
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M E X IO CVY 4L APCTBETUHHUbB 1 C T AHALAPT

METO/bl NUCMbITAHUA XUMWUYECKON MPOAYKLUMN, MPEACTABASAIOWEN ONACHOCTb
ONA OKPYXAWLWEN CPEbI

Brnoakkymynsauma B 3eMJ/IAHbIX MasiOW,eTUHKOBbIX YepBAX

Testing of chemicals of environmental hazard
Bioaccumulation in Terrestrial Oligochaetes

Jata BBegeHus — 2016—09—01

1 O6nacTb NpUMeEHeHNs

1.1 HacTosiwunii cTaHAapT ycTaHaBnMBaeT MeTog onpefeneHns 61uoakkymynsiuun B 3eMAsSHbIX Maso-
e TUHKOBbIX YEPBAX.

1.2 flaHHbIl MeTod UCMbITAHUI TNaBHBIM 06Pa3oM NMPUMEHUM A/ CTabubHbIX, HEATpanbHbIX OpraHu-
YeCKMX XMMUYECKMX BELLECTB, KOTOPble aacop6upytoTcs NouBoii. C MCNob30BaHMEM 3TOrO METOAA BO3MOXHO
npoBefeHve UCNbITaHWil No oL eHKe 6MOaKKyMyNsLUM HaXO4AWMNXCA B NOYBE CTa6UNbHbLIX MeTanoopraHnye-
CKMUX cOeAuHeHUl. OH Takxe NPUMeHUM 415 MeTannoB v APYrMX MUKPO3NEMEHTOB.

2 TepMuHbI 1 onpeaeneHns

B HacToAleM cTaHfapTe NPMMeHeHbl cregyolumne TEPMUHbI C COOTBETCTBYOLWUMUY ONpeAeneHnammn:

2.1 6unoakkymynsauma (bioaccumulation): YBennueHve KOHUEHTpPaLUN UCNbITYEMOrO BelecTBa B/Ha op-
raHu3Me Mo OTHOLIEHMIO K KOHLEHTpauun UCnbITyeMOro BelecTBa B OKpyxatolieil cpege. buoakkymynayms
ABNAETCA pe3ynbTaToM [BYX NPOLEeccoB: 6MOKOHLEHTPMpOBaMUA U GuoMarHndukalmm.

2.2 6nokoHueHTpuposaHue (bioconcentration): YsennueHne KoHueHTpauuu UCNbITYEeMOro BeljecTsa
B/Ha opraHu3mMe WCKIIOYMTENbHO B pe3y/nbTaTe NOINOWEHNA BellecTBa M3 OKpyxatwuei cpefbl (T.e. yepes
NOBEPXHOCTb TeNa W B pesynbTaTe 3arnatbiBaHUA NOYBbI) MO OTHOLEHWUIO K KOHLEHTpauuy McnbiTyemoro Be-
LecTBa B OKpyxatoLiein cpege.

2.3 6uomarHudukaymna (biomagnification): YsennyeHme KoHueHTpaLuu UCNbITYyeMOro BeljecTtsa B/Ha
opraHM3Me, B OCHOBHOM B pe3y/fbTarte MNOrfowWweHns 3arpsa3HeHHol nuwm nnam fo6biu4m no OTHOLEHWUIO K KOH-
LeHTpayMm ncnbiTyeMoro BeliecTsa B nuiie uan gobbive. bromarHndukayma MoxeT NpUBECTU K MepeHocy
MW HaKOM/IEHUIO UCMbITYEeMOro BelecTsa B NULLEBbIX Lensx.

2.4 anumuHauyna (elimination): 3AMMuUHaUnA NCNbITYEMOro BellecTBa U3 TkaHel TeCTOBbIX OPraHM3MoB
nocpeAcTBOM akTWBHbIX WAKW MACCUBHbLIX MPOLECCOB NPOMCXOAUT HE3aBMCUMO OT Ha/M4yuMa UaAM oTCyTCTBUA
MCNbITYEMOro BellecTBa B OKpyxatollei cpege.

2.5 paktop 6moakkymynsauumn (bioaccumulation factor, BAF): KoHueHTpaLusa ucnbiTyemoro BewiecTea
B/Ha TecToBOM opraHunsmMe (CapaccunTbiBalOT B rpaMMax Ha KuaorpamMmm Cyxoi Macchl YepBeii), OTHECEHHas K
KOHLeHTpauun BeljecTsa B oKpyxatouein cpege (CspaccuuTblBaloT B rpaMmax Ha Kunorpamm CyXoii nouysbl) B
n60oli MOMeHT (asbl NOrNOWeEHNA B JAHHOM UCMbITAHUN N0 Buoakkymynauum: BAF BblUMCAAOT B KWorpam-
Max MoYBbl Ha KMIOrpamMM YyepBeii.

2.6 thakTOop 6MOaKKymynsuum B paBHOBECHOM cocTofaHuun (steady state bioaccumulation factor,
BAFss): BAF B paBHOBECHOM COCTOSIHUM, CYLLECTBEHHO HE U3MEHSAIOLWMNICA B TEYEeHUe A4NTEeNbHOro nepnoga
BPEMEHM, KOHLEHTpaLna MCNbITyeMOro BelecTBa B Okpyxatwleli cpege (Cs paccunMTbiBalOT B rpammax Ha
KusiorpaMm Cyxoii No4Bbl), KOTOpas IBNAETCSA NOCTOAHHOW B Te4eHMe 3TOro nepuoja BpeMeHu.

M3paHne ouymansHoe
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2.7 kmHeTu4eckunii aktop 6uoakkymynsauyum (kinetic bioaccumulation factor, BAFK): ®akTtop 6unoak-
KYMYNSiLuUn, paccynTaHHblii HenocpeaCcTBEHHO U3 COOTHOLWEHUS KOHCTaHTbl CKOPOCTU MOMNOLWEHNA MOYBbl K
KOHCTaHTe CKOpoCTu annumMuHauum (ks u ke).

2.8 hakTop akkymynsauum 6uota-nousa (biota-soil accumulation factor. BSAF): Hopmanu3soBaHHas
no NunuAam KOHLUEeHTpauua UCMbITyeMOro BellecTBa B/Ha TECTOBbIX OpraHM3Max, OTHECEeHHas K Hopmanu-
30BaHHOI MO OpPraHNyeckomy yriepoay KOHLEeHTpauuy UCnbiTyemMoro BelecTsa B No4YBe B paBHOBECHOM CO-
cTosHMK. CaBblpaxaeTca B rpamMmax Ha Kuaorpamm cofepxaHus nunuaos B opraHusme, aC5- B rpammax
Ha KuiorpamMm cofiepxxaHusi opraHM4yeckoro yriepoga B nouyse: BSAF nmeeT pasmepHOCTb B Kujorpammax
OopraHuyeckoro yriepoga Ha Kr Annmgos.

2.9 nnato nnn paBHOoBeCHOe cocTosiHue (plateau or steady state): PaBHoBecue mexagy npoueccamu
MOT/IOWEeHNs N 3IMMUHALNK, NPOTEKA LW MMM OAHOBPEMEHHO BO BpeMs (hasbl BO3felicTBUSA. PaBHOBeCHOe CO-
CTOsiHME pocTuraeTcs Ha rpaduke 3aBucuMocTn BAF oT BpeMeHu, Korga kpusasi CTaHOBUTCA napanfienbHoi
OCV BPEMEHMU, N TPU nocnegosaTesibHbIX aHanmsa BAF, npoBefieHHbIX Ha Nnpob6ax, 0To6paHHbIX C UHTepBaoM
He MeHee 2 cyT, He pasnmyatlTca 6onee yeMm Ha 20 % fpyr OT Apyra, U HET CTaTUCTUYECKN 3HAYMMBbIX pas-
nnunin mexagy faHHbIMU Tpex nepuogos otéopa npob6. Ana ucnbiTyeMblX BeLWecTB, KOTOpble noraowawTcs
MeffieHHo, 6onee NoAXOAAWMNM UHTEPBAIOM ABASATCA 7 CyT [17].

2.10 koadhhbmumeHT pacnpeneneHns opraHnyeckuii yrnepog-sosa (organiccarbon-water partitioning
coefficient. Koc): OTHoWweHne KOHLUEeHTpauun BewecTBa B/Ha hpakuyMn opraHM4Yeckoro yrnepoga B noyse u
KOHLieHTpaLun BewecTsa B BOJe B PABHOBECHOM COCTOSIHUN.

2.11 koachhbumumeHT pacnpegeneHns oktaHon-soga (octanol-water partitioning coefficient, Kow): OT-
HOLlEeHWe pacTBOPMMOCTHM BeLLeCcTBa B H-OKTaHO/1e U BOJle B paBHOBECHOM COCTOAHUU, TaKXe MHOTAa Bblpaxa-
eTca kak Pw . Nlorapudm Kow (log Kow) ncnonb3yeTtcs B kayecTBe nokasatens NoTeHuuanbHOW Cnoco6HOCTH
BellecTBa K 6M0akkymynsaumm B BOL4HbIX OpraHM3Max.

2.12 chasza nornoweHua nnu cdasa sosgeiicteus (uptake or exposure phase): Bpemsi, B Te4yeHume Ko-
TOPOro TeCTOBble OpraHW3Mbl NOABEPralTCA BO3AENCTBUIO UCNbITYEMOro BelecTBa.

2.13 KOHCTaHTa ckopocTu nornouweHunsa noussbl (soil uptake rate constant, ks). UncnoBoe 3HauyeHue,
onpefensioliee CKOPOCTb YBENIMYEHNA KOHLEHTpaLuu UCMbITYEMOro BelecTBa B/HA TECTOBbIX OpraHu3max
B pe3ynbTaTe ero nornoweHna 13 noysbl: ks BblpaxaeTca B rpammMax NoYBbl HA KMNOrpaMm YyepBell B CYTKU.

2.14 dasza anumuHayuu (elimination phase): Bpems nocne nepeHoca TeCTOBbIX OPraHn3mMoB 13 cpefpbl
C UCMbITYEMbIM BeLLEeCTBOM B cpefy 6€3 UCMbITYeMOro BelecTBa, B TeYeHne KOTOPOro nccnepyeTca annumu-
Hauua (MM YucTble NOTepK) BelecTBa U3 TECTOBbLIX OPraHN3mMoB.

2.15 KoHcTaHTa ckopocTu anumuHauum (elimination rate constant. ktt): Yncnosoe 3HavyeHue, onpe-
fensilee CKOPOCTb CHUXEHUS KOHLEHTpaLuuuM UCNbiTyeMoro BelecTBa B/HA TECTOBbIX OpraHnu3max nocne
nepeHoca TeCTOBbIX OPraHM3MOB M3 CpeAbl, COAepXalleil ncnoiTyemoe BelwecTBo, B cpefy 6e3 BellecTBa; ke
BblpaXKaeTcs B CyTKax B MUHYC NepBOW cTeneHw.

3 lNpeaBapuTenbHbIe yCroBUSA

3.1 VicnbiTaHWa MO U3MepeHnio GnoakkyMynsaunn BelwecTB B 3eMASHbIX MasiOLEeTUHKOEbIX YePBAX 6blan
npoBejeHbl ¢ TXeNnbIMU MeTannamu [32] n CTONKMMU OpraHnyeckumun BelecTBamun, UMeLW MmN 3HavYeHns
log Kow o1 3,0 go 6,0 [24]. Takne ncnbiTaHUA TaKkKe NPUMEHATCA B OTHOLWEHWN:

- BewecTs, nMmetowux log Kow 6onee yem 6.0 (BbICOKOTMAPOOOHbLIX BELLECTB):

- BeLecTB, OTHOCALLMXCA K Knaccy opraHnyecknx coeiuHeHunin, KoTopble, kak M3BecTHO, ob6nagalT cno-
COBHOCTbIO K BMOAKKYMYNALMMN B XWUBbIX OpraHn3Max, HanpuMmep NoBEPXHOCTHO-aKTUBHbLIX WKW BeL,ecTs, 06-
najatwLmnx BbICOKO/ afcop6LMOHHOK CNOCOBHOCTBIO;

- BELWecCTB, CTPYKTYPHble OCOBEHHOCTUN KOTOPbIX yKa3blBalT Ha X CMOCOBGHOCTbL K 6UOoakKKyMynauum, Ha-
npumep aHasnoru BeLwecTB C N3BECTHOI Buoakkymynaymei;

- MeTannos.

3.2 VHdopmaynio 06 ncnbiTyeMOM BelecTBe, Takyl Kak oblee Ha3BaHWe, XMMWYECKOe HasBaHue
(npegnoutuTenbHo Ha3saHme no NKOMAK). cTpykTypHas copmyna, peructpaunoHHblii Homep CAS, uncToTa,
TexHuka 6e30nacHoOCTU, HaAnexalune ycnoBuma XpaHeHnsa n aHanuTuyecknii Metog, cnegyet nonyyunTb 40 Ha-
yana uccnepgosaHus. B gononHeHne gosxHa 6biTb U3BECTHA Cleayolas uHopmaums:

a) pacTBOPMMOCTb B BOAE;

6) ko3 huuMeHT pacnpegeneHns okTaHon-soga. Kow;

B) KO3(hMLUMEHT pacnpeseneHnsa noyYBa-BoAa, BblpaXeHHbIn B K7 ;

r) AaBneHune napa;

L) pasnaraemMocTb (Hanpumep, B No4yse, BoAe);

€) n3BecTHble MeTabonuThbl.
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3.3 flonyckaeTcs MCNonb30BaTb MeYEHHOEe WAN He MeYeHHOe pPajnoakTUBHbIM M30TOMOM UCMbITyemoe
BellecTBo. OfHaKO A5 06/1eryeHns aHannsa peKoMeHyeTcsi UCNOJb30BaTb MeYeHHOe PafnoaKkTUBHbLIM U30-
TOMOM MCNbITyeMoe BellecTBo. PelleHne NnpuHMMaeTcs € yueToM npejenos o6HapyxeHnus unu TpebosaHuii K
OLleHKe WCXOAHOro coefmHeHus u meTabonmToB. Ecnu ncnonb3yetca pajnoakTMBHOE XUMUYECKOe BellecTBo
1 n3MepsieTcs o6l ee KOMYEeCTBO PafAMOaKTUBHbLIX OCTATKOB, TO BaXHO, YTO6bI MeUyeHble OCTaTKM Kak B noyse,
TaK U B TECTOBbLIX OpraHn3max 6bl/iv BblpaXeHbl B MPOLEeHTax MCXO4HOro BeWwecTsa 1 MeYeHOro HEUCXO4HOTo
BellecTBa (MPOAYKTOB €ro pas/ioxeHus), Hanpumep B o6pasuax, 0To6paHHbIX B PAaBHOBECHOM COCTOSIHUU
WAN B KOHUE ¢hasbl NOr/IOWEHNsA, C TEM 4YTOObl paccunTatb KO3 PUUMEHT 6uoakkymynauum (dpakrop 6uoak-
Kymynauuun (BAF) gns ncxofHoro sewjectsa n metabonntos, o6pasosaslinxcsa B noyse (cm. 7.7.9). Metog,
npuBefeHHblli B HACTOsILeM cTaHAapTe, MOXeT 6biTb M3MEHEH, Hanpumep, A48 obecnevyeHnsa [OCTaTOYHON
6uomacchl, 419 U3MEPeHUss He MEeYEHHOro pajuoakTUBHLIM M30TOMOM OPraHW4Yeckoro MCMbITyemoro setje-
cTBa WanM metannos. Ecnn m3mepsieTca obuiee KOAMYECTBO pPafMoakTUBHbLIX OCTaTKOB (MeTOAOM mogcyeTa
MMNYNbCOB B XUAKOWN hase nocse 3KCTpakumm, CKMraHua uam contobunmnsaunm TkaHei), 1o paktop 6noakky-
MY/ISILUM OCHOBbLIBAETCA HA UCXOHOM BellecTBe u ero metabonurtax. Pacuet BAF npeAnoyTUTENIbHO JOJIKEH
6a3npoBaTbCA Ha KOHLEHTpaLuun NCXOAHOro BeliecTBa B OpraHn3Max v oblem KonnyectTse pagnmoakTUBHbIX
ocTaTKoB. 3aTeM paccuuTbiBalOT (PakTop akkymynsauuu 6uota-noysa (BSAF). HopmanusosaHHbIl No copep-
XaHuo UNUA0B B YepBAX U cofepxaHuio opraHuyeckoro yrnepoga (OC) B nouse us BAF ¢ yyeTom conocra-
BMMOCTU pe3y/ibTaToB pas/IMUHbIX UCMbITaHWii BroakkymynaLuu.

3.4 TOKCUMYHOCTb UCMbITYeMOro BelecTsa A/ BUAO0B, UCMNOJ/Ib3yeMbIX B UCMbITAHWUMN, [O/XKHA OblTb W3-
BecTHa. Hanpumep, adekTuBHas KoHueHTpauuna (ECX) unu netanbHas koHueHTpauuna (LCX) Ha Bpemsa dasbl
nornoweHuns (3]. BolbpaHHas KOHLEeHTpauua UCNbITYeMOro BelecTsa NpeAnoYyTUTENIbHO A0/KHA COCTaBNATb
okosi0 1% ero LCjq AnA OCTPOIl acCMMNTOTNYECKOW TOKCUYHOCTM 1 [O/IXHA 6bliTh HE MEHee YeM B AecATb pa3
BblLUE ero npejena 06HapyXXeHUs B NOYBe aHaIMTUYECKMM MeTofoM. 10 BO3MOXHOCTU npegnoyTeHne otja-
eTcs nokasartesiiM TOKCUYHOCTU, MOMYUYEHHBIM M3 AO/ITOCPOYHBIX UCCeA0BaHUA No cy6neTanbHbIM KOHEYHbIM
Toukam (33]. [34]. Ecnu Takvne gaHHble OTCYTCTBYIOT, TO WCMbiTaHWEe MO ONpejesieHnto napameTpoB OCTPOi
TOKCMYHOCTY faeT nosesHy nHgopmayuo [35].

3.5 flo/mxeH 6bITb JOCTYNeH NOAXOAALLMA aHANUTUYECKUIA MeTOo/ C U3BECTHON TOUYHOCTLIO, NOrpeLlHo-
CTbl0 1 YyBCTBUTE/IbHOCTLIO /11 KOIMYECTBEHHOTO ONpejesieHnsa BewecTsa B UCMNbITyeMbIX pacTsopax, B Mno-
yBe M B 6MONOrMyeckom mMaTtepuasne, a Takxe nogpobHas MHGopmauus O MOArOTOBKE WM XpaHeHUU npob u
nacrnopt 6e3onacHocTu BeulecTBa. [JO/KHbI 6bITb TakKe U3BECTHbI Npejesbl aHaIMTUYeCcKoro onpejesieHuns
MCNbITYEMOrO BelecTBa B NOYBe U TKaHAX YepBeii. Mpn ncnonb3oBaHun 14C-mMeyeHOro UCMnbITYyeMOro Belle-
CTBa A0/DKHblI 6blTb M3BECTHbI yAenbHas pagvmoakTUBHOCTL (T. €. Bg*mor’) n npoueHT paguoakTUBHOCTH,
CBAA3aHHbIA C NpumMecsAMU. YaenbHas pafnoakTUBHOCTb UCMbITYeMOro BeliecTsa A0JKHA 6biTb J0CTATOYHO
BbICOKOI AN MPOCTOTbI aHanu3a, a NCMosb3yeMble NCMbITyeMble KOHLEHTPauuy He fOJSDKHbI Bbi3blBaTbh TOK-
CMYecKoro AencTeus.

3.6 McnbiTaHve MOXHO MPOBOAUTbL C WCKYCCTBEHHOW WM NPWPOAHOI MouyBoi. [lo Hauyana ucnbiTaHna
[OJ/KHA 6bITh B HANNYMKN MHGOPMALMA O XapakTepucTukax MCnoab3yemMoi NpupogHON NoYBbI, HaNnpuMmep: uc-
TOYHMK NOYBbLI UM €e CoCTaB/ALWNE KOMNOHEHTBI. pH. cofepxaHne opraHuyeckoro yrnepoga, pacnpejene-
HUe yacTuy no pasmepam (MPOLEHT Necka, uaa u rMuHbl) n Bogoyaepxunsaruias cnocobHocTb (WHC) [16]. [36].

4 TpuHUMN MeToAa

4.1 MapameTpsbl, XapakTepusyouime 6uoakkyMmynsauuio BelwecTsa, BkawyvatlT BAF. ks n ke. Onpegene-
HUA yKa3aHHbIX NokasaTenei npuBefeHsbl B pasgene 2.

4.2 VicnblTaHne cocTouT M3 ABYyX a3: dasbl noraoweHms (akcnosuummn) u dasbl anuMmuHaumm (nocne
akcnosnymnn). Bo BpemMs pasbl NOr/IOWEHNS YepBU NOABEPraloTCA BO3AECTBMIO NOYBbI C BHECEHHBIM UCMbITY-
€MbIM BelLecTBOM B NOBTOPHOCTAX. B 4ONONHEHME KTECTOBbLIM OpraHn3mamM KOHTPO/IbHble YepBY codepxarcsa
B OANHAKOBbIX YCNOBUAX, HO 6€3 UCMBITYEMOTO BellecTsa. MI3mMepsalT Cyxy Maccy u cojepxaHve nunuios B
TECTOBbIX OpraHn3Max. STO MOXHO BbINO/IHUTb, UCNO/b3YSA YePBE N3 KOHTPO/IbHOI rpynnbl. AHANUTUYECKne
(hoHOBble 3HaYeHUs (KOHTPOJIb) MOXHO MOAYUYUTb, aHaNU3Npysa NPobbl KOHTPONbHbLIX YepBel 1 nousbl. AnA
hasbl aNUMUHaLUM YepBeil NomelLalT B No4By, CBOGOAHYI0 OT UCNbLITYEMOro BeuiecTBa. ®asa anumuHaunm
TpebyeTcs B Tex Cry4yasx, ecau MornoleHne NCnbITyemMoro BeliecTsa B pase 3KCMO3MLUM 6Gbl/I0 He3Hauu-
TeNbHbIM. ®a3za anMMuHaLun gaet MHopmaLuio 0 CKOPOCTU, C KOTOPOI UCMbITYEMOE BELLECTBO Bblgensaercs
TecToBbIMU opraHun3dmamm [37]. Ecnum paBHOBECHOe COCTOSIHME He [OCTUTHYTO B TeyeHune hasbl NoraoweHuns,
TO onpefefsieHne KMHEeTUYECKMX NapaMeTpoB — KMHEeTU4Yeckoro gpaktopa 6uoakkymynsuunm BAFK. KOHCTaH-
Tbl CKOPOCTY MOTAOWEHNA U 3AUMUHALUN — NPeanoyYTUTENbHO AO/KHO OCHOBbIBATHCA Ha OAHOBPEMEHHOM
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BblpaBHMBaHNM pe3ynbTaTtoB has NOrnoweHna n anumuHaun. KoHueHTpauns ncnbiTyeMoro Beliectsa B/Ha
YepBAX KOHTPOMpyeTca B 06enx dpasax UcnbiTaHus.

4.3 B TeueHne dasbl NOrN0WEHNA U3MEPEHNA NPOBOAATCA B nepunoj HabnogeHnid o 14 cyT (418 aHxu-
Tpeug) nnu 21 cyT (aNa 3eMNAHbIX YepBeit), Noka 4OCTUraeTCs paBHOBECHOE COCTOSHUE cornacHo [21). [22].
[38]. PaBHOBECHOE COCTOSIHME AOCTUTHYTO, Korga rpaduk 3aBUCMMOCTM KOHLEHTpaLuy UCnbITYyemMoro Belye-
CTBa B YePBAX OT BpEMEHW napasiesnieH oCM BPpeEMEHN U TP nocnefoBaTefibHble KOHUEHTpaLuumn pesynstaTos
aHann3a Ha obpasuax, B3TbIX C UHTEPBA/ZIOM HE MeHee 2 CyT. He U3MeHsATcA 6onee yem Ha + 20 % gpyr oT
Apyra Ha OCHOBe CTaTUCTUYECKOro cpaBHeHNs (Hanpumep, AUCNEPCUOHHbIA aHann3, perpecCuoHHbIn aHanus).

4.4 ®asza anUMMUHaLMK BKIOYAET NEPEHOC TEeCTOBbIX OPraHN3MOB B COCY/bl, COAepXallne TOT Xe caMblii
cybecTpat 6e3 ucneiTyemoro Belyectsa. Bo Bpems asbl aAMMuHaLumn namepeHns NnpoBoAaT B nepuog Habnio-
neHnin no 14 cyt (N aHxuTpeyabl) nnm 21 cyT (4Na 3eMASHbIX YepBeit), ecnu paHee aHannTuyeckoe onpege-
NleHne nokasaso CHxeHne Ha 90 % ocTaTKoB UCMbLITYEMOro BelecTsa B 4epBsAx. KOHLEeHTpaunsa UcnbiTyemoro
BellecTBa B YepBAX B KOHLe hasbl 3IMMUHALMN BblpaxaeTcs B BUAE HE3/IMMUHMPOEaHHbIX OCTaTkoB. BAFss
PaBHOBECHOMO COCTOAHMA NPeanoYTUTEIbHO PacCcYUTbIBAETCH Kak COOTHOLWEHMe KOHUeHTpauumn B yepsax (Ca)
n B noyse (Cs) Npu o4eBUAHOM CTabU/IbHOM COCTOSIHUM U B BUAE KMHETUYECKOro haktopa 6uoakkymynayum
(BAFK), kak cooTHowweHue ks 1 Ke. npeanonaras KNHeTUKy nepsoro nopsaaka (CM. npunoxexHune A). Ecnun knHe-
TUKa NepBoOro nopsjka sBNAeTcs, O4eBUAHO, HENPUMEHUMOW, TO MCNONB3YIOT APYrne MoAenu.

4.5 KoHCTaHTa CKOpOCTW NOTOLWEHNSA, KOHCTaHTa CKOPOCTU 3/IMMUHALMUN (UM KOHCTaHTbI, Korga ucnosb-
3yl0TCS ApYyrne mMoaenu), KUHeTuydeckunii paktop 6moakkymynsauyum (BAFK) n. no BO3MOXHOCTUW, AOBEPUTENbHbIE
WUHTEepBanbl A4NS KaXA0ro U3 aTUX napameTpoB PacCUMTbIBAIOTCA C UCNONb30BaAHWEM KOMMNbIOTEPHbLIX MOAENbHbIX
ypaBHeHuiA (cM. npunoxeHne A). Kputepuii cootTBeTCTBMA Nt060I MOoAenn MOXeT GbiTb ONpefesieH, Hanpumep,
13 KoahuLmneHTa Koppenauun nan KosduuymeHTa getepmuHaunm (koadduumneHTsl, 6an3kne K egnHuLle, yka-
3bIBAIOT Ha XOPOLLYIO anpokCcMMaLunio) nnun xu-keagpar. Takke pasmep cTaH4apTHOM OWNBKN U AoBepuTenb-
HbI UHTEepBan AN OLeHMBaeMbIX NapaMeTpoB MOTyT yKa3biBaTb Ha KpUTepuii COOTBETCTBUA MOLENN.

4.6 Ans cHMXeHua BapuabenbHOCTU pe3ynbTaToB UCNbITAHWI C BelecTBaMun C BbICOKOW nmnounabmno-
CTblo KOA(hPULMEHTbI BMOAKKYMYNALUW BbipaXatT N0 OTHOWEHUIO K COAEPXaHUI NUNUL0B N COAEPXaHUI0
opraHuyeckoro yrnepoga (kuaorpamm opraHudeckoro yrnepoga (OY) B nouse, KuiorpamMm B MUHYC NepBOi
cTeneHun cogepxaHne NMNUAOB B 4epBax). [laHHbIl NOAXOA OCHOBAH Ha Ha/U4MK LS HEKOTOPbIX K1accoBs
XUMWYECKNX BeLLecTB YeTKON B3aMMOCBA3M MeXAy CNOCOOGHOCTbI0 BelecTBa K GMOaKKyMynsauum u ero nu-
nounnbHOCTLIO. Hanpumep KoTtopas 6blna yctaHosseHa Ana pol6 [39]. CyuwecTByeT B3aMMOCBA3b MexXay
cojepxaHnem nunuaos B pbibe n 6noakkymynsuneli nogo6HbIX BewecTB. [ AOHHbIX OpPraHn3MoB 6biaun
yCTaHOB/EHbl aHanornyHble koppensauun [40]. [41]. AHanornyHasa koppenaumnsa 6blna nokasaHa ANs 3emns-
HbIX 0NIMToxeT (ManowWweTUHKOBLIX YepBeit) [20]. [42]. [43]. [1]. Mpu HanNUuMM AOCTATOUYHOIO KOSIMYEeCTBaA TKa-
HW yepBeli cogepXaHne NMNUAOB B TECTOBbIX OpraHM3mMax MOXHO onpefennTb Ha TOM Xe 6uonornyeckom
maTepuane, KOTOPbI UCNONb3YIT ANA ONpefenieHns KOHUeHTpauum ucnoelTyemMoro Beuectsa. Kpome Toro,
KOHTPOJ/IbHbIE OpPraHn3Mbl MOTYT 6bITb UCNOb30BaHbI 419 U3MEPEHUA COLEPXAaHUA NUNUAO0B.

5 [OCTOBEPHOCTbL UCMbITaHUA

McnbiTaHne cuntaeTca 4OCTOBEPHbLIM MPU BbIMOSIHEHWUMN CAEAYIOLWNX KpUTEepUeB 415 KOHTPONEeNR 1 onbIT-
HbIX 06paboToK:

- N0 OKOHYaHUN UcCNbITaHUA o6l as rnbesnb B TeyeHne a3 NorfoWweHns u aIMMMHaL N He [oJXHa npe-
BbllWwaTtb 10 % (415 3eMnaHbIX YepBeii) nnn 20 % (g9 aHXMTpeus) o6l ero KoamyecTsa BBeEeHHbIX B UCMbI-
TaHue yepseii;

-ansa Eisenia fetida n Eisenia andrei cpegHsas notepa Macchl, U3MOpPeHHas B KOHUE a3 NornoweHns n
3IMMUHALNN, He [o/DKHA npeBbllwaTtb 20 % No cpaBHEHWUIO C UCXOAHOW CbIpOli Maccoii (cbipas macca, Macca
cbipoii TkaHu) f.w. B Hayane kaxaoi gasbl.

6 OnucaHne metoda

6.1 TecToBble BUAbI

Heckosbko BMAOB 3eM/SAHbIX ONMTOXeT (MasoWweTUHKOBbIX YepBeil) peKkoMeHAyTCA 418 UCnonb3oBa-
HUSA B UCNbITaHUAX MO Buoakkymynauuu. Hanbonee yacto ucnonblyemble Buabl Eisenia fetida. nnu Eisenia
andrei (Lumbricidae), wnn Enchytraeus albidus, nnn Enchytraeus crypticus. nan Enchytraeus luxuriosus
(Enchytraeidae) onucaHbl B npuioxeHun I.
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6.2 O6opynoBaHune

CnepyeT NposiBASiTb OCTOPOXHOCTb, YTOGLI M36EeXaTh NCMNOMb30BaHNSA MaTepMasnos AN NO6bIX yacTeil
o6opyfoBaHusl, KOTOpble MOTYT pPacTBOPATLCS, aAcOpP6GUPOBaTL UCNLITYEMOE BELLeCTBO WK BbilienaynBaTtb
Lpyrue coefuMHeHus 1 KOTOpble OKa3biBalT OTpULLATE/IbHOE B/IMSIHWE HA CaMu TeCcTOBble opraHu3mbl. Creayet
Mcnonb30BaTh CTaHAAPTHbIE MPSIMOYTOMIbHbIE WU UWIVHAPUYECKNE KAMepbl, U3TOTOB/IEHHbIE N3 XUMUYECKN
MHEPTHOTO MaTepuana ¢ NoAxoasLLeil BMECTUMOCTbLIO B COOTBETCTBUM C YPOBHEM 3arpy3sku, T. €. KOJIMYECTBOM
TEeCTOBbIX YepBeil. HepxaBellwas cTasb, NAACTUK UIU CTEKIO MOTYT GblTb UCMOMbL30BaHbI ANs Nto60ro 060-
pYZOBaHUS. VMEKLLEero KOHTaKT C UCMbITYEMOV cpefoil. VcnbiTyemMble KaMepbl A0/MKHbI GbiTh HaAMexXalum
06pa3om MOKpPbITbI, 4TOGLI NPeaoTBpPaTUTL BbINOM3aHWe YepBeii, f4onyckas Npu 3TOM JOCTATO4YHY nogadvy
BO3Ayxa. 1na BelwecTB ¢ BbICOKUMU KO3 ULMEHTAMU aacopbLmmu MoryT noTpe6oBaTbCsi, HanpumMmep, CUHTe-
TUYeckMe NUpeTpoubl. CUNaHN3MPOBaHHOE CTEKNO0. B aTux cnyuyasx o6opyaoBaHue creayeT yTUIN3NPOBaTh
nocsne ncnonb3oBanus [17]. Heo6xoanMo npefynpeanTb YTEUKY MeUYeHHbIX PafnoakTMBHbIMU U30TONaMU mc-
NbITYeMbIX BELWECTB 1 IETYUYNX XMMUUYECKUX BewecTB. CneayeT UCNO/b30BaTh SIOBYLUKM (HanpuMmep, CTEK/sH-
Hble BGYTbIIM ANA NPOMbIBAHUS rasa), cofepxaline noaxogsuime abcopbeHTbl ANs yAepXuBaHus BCeX ucna-
PAIOLMXCS OCTATKOB 13 UCMbITYEMbIX COCYA0B.

6.3 NouBa

6.3.1 VcnbiTyemas noysa fo/mxHa obecneynsaTb BbXKMBAEMOCTb U NPenoyTUTENbHO BOCNPON3BOLCTBO
TECTOBbIX OPraHM3MOB BO BPEMS aKK/MMaTulauum u UCNbITaHWS, He Bbl3blBas KakMx-TMG0 N3MEHEHWIA BHeL-
Hero Buga unun noeBefeHns yepseil. YepBu J0/MKHbI 3apbiBaTbCA B MOYBY.

6.3.2 NckyccTBeHHasa nouysa, onucaHHasa B [36]. pekomeHayeTcsA A8 UCMONb30BaHNA B UCMbITAHUSAX B
KkayecTBe cyb6cTparta. MoAroToBka MCKYCCTBEHHOM NOYBLI A1 UCNOMb30BAHUSA B UCMBITAHWUAX MO BUOAKKYMY s -
LUn 1N pekoMeHgaumy no XpaHeHm NCKyCCTBEHHON NOYBbLI NPUBEAEHbI B NpUIOXeHUn B. 1o ucnonb3oBaHns
BbICYLLEHHbI/i Ha BO3JyXe WCKYCCTBEHHbI FPYHT MOXEeT XpaHUTbCA MpU KOMHATHOM TemnepaType.

6.3.3 OfHaKoO NPUpPOAHbIE NOYBbI U3 HE3ArPA3HEHHbIX YY4AaCTKOB MOTYT CNYXUTb UCMLITYEMOI U/Mnun Kynb-
TUBMPOBAHHON NOYBOIA. MpMpPOAHbIE MOYBLI ClleayeT XxapakTepnu3oBaTb, N0 MeHbLUel Mepe, Mo UCTOYHUKY (Me-
CcTy cbopa), 3HauyeHunto pH. cogepxaHnio opraHN4yeckoro yrinepoga, pacnpefeneHuto yactuy no pasmepy (ne-
COK. WA W IIMHA B NPOLEHTax), MakcumasnbHoW Bogoyaepxusatwweli cnoco6HocTn (WHCmMax) u npoueHTHOMY
cogepxaHuto BoApbl [16]. AHaNM3 NO4YBbl NN ee COCTaBAAWMX HA MUKPO3arpA3HUTENN nepes UCNonb3o0Ba-
HUEM A0/MXeH NpefocTaBUTb NoAe3Hy nHdopmaymio. Ecim ncnonb3yetcs nosesas NoyBa C CEbCKOXO3AM-
CTBEHHbIX 3eMefb, TO NpeAbABASATCA cnegywmne Tpe6oBaHnsa: o oT6opa Npob oHa He Ao/HKHA obpabaTbl-
BaTbCA B TeYEHUEe He MeHee O HOro roga cpeAcTBamMu 3alWnTbl pacTeHuii U1 HaBO30M B KayecTBe ya06peHus
0T 06paboTaHHbIX NpenapaTtamMn X1UBOTHLIX U HE MEHee WeCcTN MecsAueB opraHnvyecknmmn ygobpennavu [44].
Mpoueaypbl 06paleHns ¢ eCTeCTBEHHOW MOYBOW A0 MCNOMb30BaHUA €e B 3KOTOKCUKOMOTMYECKUX UCTbITaHN-
X Ha ManoLW,eTUHKOBbIX YepBAX B nabopartopuu onucaHbl B [16]. [na eCTeCTBEHHbIX NOYB CPOK XPaHEHUA B
nabopaTopumn fO/KEH 6bITb Kak MOXHO 60/1ee KOPOTKUM.

6.4 BHeceHWe ncnbolTyeMoro BewecrTsa

6.4.1 McnbiTyeMoe BelwecTBO BHOCAT B NoyBy. pu 3TOM cnefyeT yunTbiBaTb PU3NKO-XUMUYECKNE CBOI-
cTBa UCMbITyeMOro BellecTsa. BogopacTsoprmoe ncnbiTyeMoe BeLecTBO A40/HKHO 6bITb NOTHOCTHIO pacTBo-
peHO B BOAe nepef CMellMBaHWeM C NMOYBOW. PekomeHayemasn npoueAypa BHECEHUS NI0X0 pacTBOPUMOTO B
BO/E UCMbITYEMOro BeliecTBa BKIOYAET NOKPbITUE OHOTO UM 6osiee KOMNOHEHTOB NOYBbI (MCKYCCTBEHHO)
MCMbITYEMbIM BeLLeCTBOM. Hanpumep, kBapLeBblii MeCoK Wan ero 4acTb MOTyT 6biTb MPOMMTaHbl PacTBOPOM
MCNbITYEMOro BeljecTBa B NOAXOAALLEM OpraHMYeckoMm pacTBopuTesie, KOTOpbIA 3aTeM Mef/ieHHO Bbinapu-
BalT focyxa. MMoKpbITYl0 hpakuunio 3aTemM CMeLMBaloT C BaXHOW No4YBOi. [NMaBHOE NpenMyLLecTBO 3TOW
npoueaypbl COCTOMT B TOM. YTO pacTBOPWUTE/lb He BHOCWTCA B nousy. MpW MCMONb30BaHUW MPUPOAHOI no-
YBbl UCMbITYEMOE BeLlecTBO MOXeT 6biTb f06aB/E€HO BHECEHMEM BbICYLUEHHO Ha BO3Ayxe NOpLuu MOYBbI,
Kak onucaHo Bbllle /1S UCKYCCTBEHHOI MOYBbI, WAN NepeMellnBaHneM WCMbITYeMOro BelecTBa C BaXHON
noy4Bol, C nocnepgywuleii cTagueii BbinapvBaHus, ecaun UCnob3osascs conobunusnpyolnii areHT. Kak npa-
BW/1I0. KOHTAKTUPOBAaHUS PacTBOPMTENSA C B/IAXHOIN NOYBOI cnepyeT nsberatb, HACKO/IbKO 3TO BO3MOXHO. He-
06X04MMO yunTbiBaTh cnegyouiee [16]:

- ecM “cnosb3yeTcs pacTBOPUTENb WHOM, YeM BOAA, TO OH [JOJ/XKEH CMelluBaTbCsa C BOAON w/van ero
MOXHO /1erko yaanuTb (Hanpumep, ynapnusaHmem), oCTaBMB B MOYBE TOJIbKO NCMbITYEMOE BeLecTBO;

- ecIM UCnonb3yeTcst KOHTPO/Ib Ha pacTBOPUTESb, TO HET HEOOGXOANMOCTU B OTPULATENIbLHOM KOHTpOJIe.
KOHTpO/b Ha pacTBOpUTENb AO/KEH COAEPXaTb BbICOKYIO KOHLEHTpaL o BHECEHHOTO B NOYBY pacTBOpUTENS
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1 AO/HKEH UCNOb30BaTbCA pacTBOpMTE/b U3 NapTUnM, NPUMEHEHHON A1 U3rOTOBJ/IEHMS CTOKOBOrO pacTsopa.
TOKCUYHOCTb M NleTyyecTb pacTBOPUTENA U PacTBOPUMOCTb UCMbITYEMOro BeliecTBa B BbIGpaHHOM pacTBO-
puTene Ao0/KHbl 6bITb OCHOBHBIMU KPUTEPUAMU 418 BblGOpa NOAXOAALLETO COMOOUAN3NPYIOLLETO areHTa.

6.4.2 ina BewecTs, NJ10X0 PacTBOPUMbIX B BOAE W B opraHMyeckux pactsoputensax. 2.0—2.5 r ToH-
KO U3MeNbY4eHHOro KBapLeBoro necka B UCNbITYeMOM cOCyfe CMeLNBalT C KOSIMYECTBOM UCNbLITYEMOrO Be-
wecTBa. HanpuMmep ¢ MOMOLLbIO CTYNKW M MecTuka, A5 NOoAyYeHUss TpebyemMoi ncnbiTyeMoli KOHLEeHTpauum.
3Ty cMecb KBapLLeBOro fiecka 1 UCnbITyeMoro Belectsa f06aBnsA0T K NnpeABapuTebHO yYBAAXHEHHONR nouse
N BCe TUW,aTeNlbHO NMepeMeLlnBarT C COOTBETCTBYOLWMM KONNYECTBOM LENOHN3NPOBAHHONM BOAbI ANA NONYy-
yeHusa Tpebyemoro cofepxaHua snarn. KoHeuHyo cmecb pacnpefensatT no ucneltatenbHbiM cocygam. Mpo-
Leaypy NMOBTOPSAIT ANA KaXAON NCMbITYeMOl KOHLEeHTpaLMm n COOTBETCTBYHOLNX KOUTPOIEl ¢ NofyvyeHnem
Takke 2,0—2.5 r TOHKO M3MefIb4EeHHOro KBapL,eBOro necka Ha UcnblTaTebHbI cocya.

6.4.3 KoHLeHTpaLmnio UCNbITYeMOro BelecTsa B NoYBe ONpefensaioT nocne ero BHeceHus. MNMepey BHe-
CEeHMEeM TeCTOBbIX OpraHn3mMoB NPoBepsAT 0A4HOPOAHOCTL pacnpefesieHnsa NCnbiTyeMoro selectsa B Noyse.
CnepyeT ykasblBaTb MeTO[, UCNO/Mb3YyeMblil 15 BHECEHUA TECTOBbIX OPraHn3MoB, U NPUYMHbLI Bbibopa onpe-
[AeneHHot npoueaypbl BHeceHus [45].

6.4.4 PaBHOBecKue Mexay No4yBoil n has3oil NopoBoi BOoAbl B uageasne AO/KHO GblTb YCTAHOBNEHO Nepes
BHECEHMWEeM TeCTOBbIX OpraHM3MOB: PeKOMeHAyeMbIM NEPUOAOM BpeMeHU ABNAKOTCA 4 cyT nNpu Temnepatype
20°C. N MHOTUX OpraHN4yecknx BeWwecTs, N10X0 PpacTBOPUMbIX B BOAE, BPeMs, Heob6xoaumoe Ans AOoCTuxXe-
HWA UICTUHHOTO paBHOBECUA MeXAy afCcopbNpPOBaHHbIMU U PACTBOPEHHBIMU (hpaKLMAMU, MOXET UCUYNCASATLCS
B CyTKax WAuW Mecauax B 3aBUCUMOCTW OT Lenu uccneposaHua. Hanpumep, korga MMUTUPYOTCS YyCNOBUSA
oKkpyxatolieli cpefbl, TO BHECEHHAA NOYBa MOXET OblTb «COCTAPEHHOW» B TeueHue 6os1ee ANNTENLHOIO Nepu-
ofa; Hanpumep, 4NA MeTasn/loB Takol nepuoj coctaBnsieT Tpu Hegenu npu temnepatype 20 “C [46].

6.5 KynbTuBMpOBaHWE TECTOBbIX OPraHn3mMoB

6.5.1 YepBu NpefnoyTUTENbLHO A0/KHbI MOAAEPXMNBATHCA B NOCTOSIHHON nabopaTopHOii KynbType. Pyko-
BOACTBO N0 MeToAam nabopaTopHOro KynbTuBmpoBaHus eugos Eisenia fetida, n Eisenia andrei, n Enchytraeid
npueefeHo B npunoxeHun I. [36]. [33], [34].

6.5.2 Y yepBeii, uCNONb3yeMblX B WCMbITAHWMN, HE AO/DKHO HabnwAarbca 3aboneBaHnii, aHoManuii un
napasvToB.

7 TpoBeaeHVe UCMbITaHUA

TecToBble OpraHn3Mbl NOABEPraloTCsi BO3AEWCTBUIO UCMbITYEMbIM BELLECTBOM B TeyeHue pasbl Normno-
weHusi. ®asa NOraoLeHns OMKHA COCTaBNATL 14 cyT (4Nna aHXMTpena) nnm 21 cyT (419 3eMsiHbIX YepBeit),
ecnn 6b1/10 MOKa3aHo, YTO AOCTUTHYTO PaBHOBECHOE COCTOSIHME.

Lnsa dasbl anuMuHaunyM YepBeli NepeHocsT B NouBy 6e3 ncnbiTyeMoro BelyecTsa. [epByl npoby oT-
6upaloT Ha 4—24 4y nocne Havyana dasbl aAMMUHaLMn. NMpumepbl rpadmkoB oTbéopa Npob Ansa 21-cyTouHOW
chasbl nornoweHnst n 21-cyTouHoli pasbl 3IMMUHALMN NPUBEAEHbI B NPUNOXEHUN B.

7.1 TecToBble OpraHnu3mbl

7.1.1 MHorne BuAbl 3EMNAHBIX IHXUTPENS, UMEIOT OYEHb HU3KYI0O UHAMBUAYANbHYIO Maccy (Hanpumep,
5—10 Mmr cblpoit maccbl gns ofHoli oco6um Enchytraeus albidus u meHee pgns Enchytraeus crypticus wam
Enchytraeus luxuriosus); 49 BbINOIHEHUSA N3MEPEHUIF MacChl U XUMUYECKOT0o aHanu3a MoxeT noTpeboBaTbCa
o6beAnHeHNe YepBeil U3 MOBTOPHOCTEW MCMbITYEeMbIX COCYAOB (T.e. BCEX YepBei 13 napanfiefibHbiX COCYyA0B
MCNonb3yT ANA NPOBEeEeHUsA OAHOT0 aHann3a TkaHel). 20 oTAeNbHbIX IHXUTPEN  BHOCAT B KaXAyl MOBTOpP-
HOCTb U UCNONb3YIOT HEe MeHee Tpex NoBTOpHOCTel. Ecnu npegen aHanusa UCNbITYeMOro Belw,ecTsa BblCOKUIA,
TO MOXeT noTpe6oBaTbcs 60Mblue YepBeii. N5 TECTOBbIX BUAOB C 60/1€€e BbICOKON MHAMBUAYaNbHOW Maccoi
(Eisenia fetida n Eisenia andrei) ncnonb3yoT napannienbHble coCyAbl, cogepxalyne oaHy 0cobb.

7.1.2 3emMnsAHble YepBMu, UCNOMb3yeMble B UCMbITAHWUMW, AO/KHbI UMETb CpaBHMMYK maccy (Hanpumep,
Eisenia fetida n Eisenia andrei 4o/kKHbl UMeTb MHAMBUAYaA/IbHYO Maccy B npegenax 250—600 mr). QHxuTpe-
nabl (Hanpumep, Enchytraeus albidus) o/mKHbI UMeTb ANUHY NPU6IM3NUTENLHO 1 cM. Bce yepsu, ncnosnb3ye-
Mbl€ B KOHKPETHOM MCMbITAHWUMW, AO/KHbI NOCTABNATLCA U3 OAHOIO0 UCTOYHMKA, & NOSI0BO3PeENnble 0CO6MN [0MXK-
Hbl UMeTb KnuTennom (cMm. npunoxeHue IN). NMOCKONbKY Macca U BO3pacT yepBeii MOryT oka3biBaTb B/MSHUE
Ha 3HayeHnsa BAF (Hanpumep, U3-3a pasHOro cogepXaHus NUNUAOB U/MAKW HanMuus auy), TO 3TM napaMmeTpbl
cnepyeT 4YeTKO perucTpupoBaTb W yuynTbiBaTb NpyY UHTepnpeTauun pesynbtatos. Kpome Toro, B nepuoj Bo3-
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[encTBMA MOTYT BblTb 3aHECEHbl KOKOHbI, 4TO Takxe 6yAeT okasbiBaTb BAUAHUE Ha 3HavyeHus BAF. PekomeH-
[lyeTcs B3BECWUTb NOABLIGOPKY TECTOBbLIX YepBeli 4,0 NPOBefeHUss UCNbITAHUS A1 OLEHKN CPeAHero cbipoii u
CyXOi macchbl.

7.1.3 [,0NXHO MCNONBb30BaTLCSA BbICOKOE COOTHOLIEHNE NOYBA—YEPBb A1 CBEAEHUA K MUHUMYMY CHU-
XEHUSA KOHUEeHTpauum ucnbITyeMoro Beliectsa B noyse Bo Bpems dasbl nornowexns. Ana Eisenia fetida u
Eisenia andrei pekomeHayeTca Ucnonb3oBaTb MUHMMaNbHOE KO/iMyecTBO 50 T Cyxoil MoyYBbl Ha OAHOTO YepBs,
a Ana aHXMTpeuns — kak MMHUMYM 10—20 r cyxoii NoYBbl Ha UCMbITYEMbI cocya. Cocyabl 4OMKHbI cofepXaTb
CNOW NOYBbI BbICOTON 2—3 CM (3HXUTpeunabl) nam 4—>5 cm (3eMnsHble Yepsn).

7.1.4 YepBu, ncnonb3yemble B UCMNbITaHUW, OTOMPAKTCS U3 Ky/bTypbl (HAanpumep, 3aHXMTpeugbl ¢ no-
MOLL b HOBENIMPHOTO NUHLETA). MonoBo3penbix ocobeli NnepeHOCAT B Heo6paboTaHHY UCMbLITYEMYKO MOYBY
AN akknumaTtusauum u gatT kopm (cM. 7.2.1). Ecnu ycnoBua MCNbITaHUIA OTANYAOTCS OT YCNOBUIA KyNbTu-
BMPOBaHMWA, TO 24—72 4 goCTaTO4YHO ANA hasbl akkaumaTusauum B Lensx agantauun yepBei K yc/roBUSM
ncnbiTaHuii. Mocne akknumaTnsaumm 3eMasHbIX YepBeli NPOMbIBAOT NEPEHOCOM B CTEK/ISAHHY nocyay (Ha-
npuMep. yawku MeTpu), coaepxallyto YNCTYO BOAy, a 3aTeM B3BELLIMBAIOT Nepej BHECEHUEM B UCMbITYEMYHO
nousy. MNepeg B3BeLWMBaHNEM N36bITOK BOAbI YAANAOT C YepBeld, OCTOPOXHO NpMKacas Ux K Kpaw nocyabl nam
OCTOPOXHO NMPOMOKas MX AOCYyXa C NMOMOLLbI C/erka CMOYEHHOW GYMaXHON candeTku.

7.1.5 Ha6nwogatoT v perucTpupyoT pololiee noBefieHne TECTOBbIX OPraHM3MOB. B UcnbiTaHUSAX C 3eM-
NAHBIMK YepBAMUK 0CO6U (B KOHTPOJIE M OMbiTe) 06bIYHO 3apbIBAIOTCA B NOYBY B TeYeHME HECKOJIbKMX YacoB;
Takoe noBefeHve YepBeli NPOBEPAIOT He No3aHee 24 4 nocsie BHECEHUA YepBeli B UCnbiTyeMble cocyabl. Ecnmn
3eM/IsiHble YepBU He MOTYT 3apbiBaTbCsi B NOYBY (Hanpumep, 6onee yem 10 % 3a 60s1ee YeM NOMNOBUHbLI hasbl
NOroWeHns), To 3TO 03HaYaeT, YTO YC/I0BUA UCMbITAHWIA SIBNAIOTCS HENOAXOAALWMMY UAN TECTOBbIE OPraHns-
Mbl MUMEKT NaTo/IofMYeckne OTKIOHEeHNS. B Takom cnyyae ucnbiTaHMe ocTaHaBMMBAKT U NMOBTOPSAOT BHOBb.
JHXUTpPenbl B OCHOBHOM 0OUTAKT B MHTEPCTULMANbHbLIX MOPax MNOYBbI, W HACTO MX KOXHbI/i NOKPOB TONIbKO
YacTUYHO KOHTAKTUPYeET C OKpyXalLmnm cybcTpaTom; BO3eNCTBME HA POIOLMX U HE POIOLLUX IHXUTPEN], Cun-
TaeTCcs paBHO3HAYHbIM, U AN IHXUTPens 6e3 NpU3HaKkoB pPoeHuUs He TpebyeTcs 06A3aTeNbHOIO0 NOBTOPEHNS
ncnblTaHus.

7.2 KopmneHuno

KopMneHune npoBoAaAT, Korga ncnosib3yeTca noysa ¢ HA3KUM 06LLMM COAEpXaHWeM OpraHu4yeckoro yrne-
poza. Mpu MCNoNb30BaHWM UCKYCCTBEHHOW MOYBbI ANA 3EeM/ISAHbIX YepBel pekoMeHAyeTcs exeHeaesnbHas
HOpMa KopMJeHus (T. e. YepBeil cnedyeT KOPMUTb OAUH pa3 B HeAe0) U3 pacyeta 7Mr Cyx0oro HaBo3a Ha r
CyXOW Maccbl NOYBbI, @ A1 IHXUTPEN] exXeHelenbHas Hopma cocTaBnaeT 2—2,5 Mr x/10NbeB OBCSAHOW Kpynbl
Ha r cyxoil macchl nouysbl [21]. B nepBom cnyyaB KOpM CMeLUMBalOT C NMOYBOM HeNnocpeacTBEHHO nepej Ao-
6aB/ieHMEM TeCTOBbIX OPraHn3MoB. [pefnoYTUTENIbHO UCNONb30BaTh TAaKOM Xe TN KopMa, 4YTO U B Ky/ibType
(cm. npunoxexue IN-

7.3 OcBelyeHne n Temnepartypa

VicnbiTaHna NpoBOAAT NpU KOHTPONMPYEMOM Uukne ceeT/TemHoTa 16/8 u. npegnouytutenbHo ot 400 go
800 nk B o6nact ucnbiTyemMblx cocynoB [3]. TemnepaTtypa B UCNbITaHUN J0/XHA cocTaBnATb (20 + 2) °C B
TeyeHune BCero nepuoja.

7.4 VicnblTyeMble KOHUEeHTpauum

Wcnonb3yetca ofHa KoHueHTpauusa. CuTyauuun, B KOTOPbIX Heobxoauma(bl) fononHUTeNbHas(ble)
KOHLEeHTpauma(n). gomkHbl 6bITb 060CcHOBaHbI. Ecnn TokcmuHocTh (ECX) mcnbiTyeMoro BewecTsa 6/5m3ka K
npegeny aHanMTUMYEeCKOro OonpeAesieHNs UCMbITYeMOro BellecTBa, TO PeKOMEeHAyeTCs UCMNO0/b30BaTh MEYeH-
HOe pajnoakTUBHON MeTKOW UCNbiTyemMoe BelecTBO C BbICOKOW yAesnbHOlW pagnMoakTMBHOCTbIO. JnA meTan-
N0B KOHLLEHTpaLms A0/KHA OblTb Bbille (hOHOBOr0O YPOBHSA B TKaHSAX U NOYBe.

7.5 MNoBTOpPHOCTHU

7.5.1 NS KNHETUYEeCKUX namepeHuii (hasbl NOrnoWeHNa n 3aNMMUHALUN) MUHUMaNbHOE YNCN0 NOBTOP-
HOocCTeli 06paboTaHHbIX KamMmep AO0J/IKHO COCTaBAATb TPU Ha KaxAyl Touky oT6opa npob. Obuiee KonM4ecTBo
NOArOTOB/IEHHBIX MOBTOPHOCTEW AO/MKHO ObiTh A4OCTATOYHbIM, 4YTOGbI OXBaTUTb BCe Bpems oTbopa mpob B
TeyeHune asbl NOTNOWEHNSA U INUMUHALNN.

7.5.2 AnA 6nonornyeckux HabnwaeHwuii 1 namepeHuii (Hanpumep, COOTHOLWEHME cyxas/cbipas macca,
cofiepxaHne NMNUAO0B) U 4N aHanv3a POHOBbLIX KOHLEHTpaLuii B YepBAX U MOYBE AO0/HKHO ObiTb He MeHee 12
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napanfefibHbIX Kamep C oTpuuaTefibHbIM KOHTPOJieM (4eTbipe O0TO6paHHbIX B Hayane, YeTbipe B KOHLE MOo-
rNOWEeHNss U YyeTbipe B KOHLE 3/IMMUHAaLUK), eCi He UCMOoNb3yeTCcss pacTBOpPUTENb, Kpome BoAbl. Ecnun unc-
nonb3yeTca COMOOUAN3NPYIOLW NI areHT ANS BHECEHUSA WCMbITYEMOro BeliecTBa B MOYBY, TO B [ONOJIHEHNE
K mapannenbHblM nNpob6am crnegyeT BKAOUYMTb KOHTPO/Ib Ha pacTBOpuTe/b (Y4eTbipe napasnsiesibHbiX Kamepbl
[OMKHbI 6bITb OTOGpaHbl B Havane, yeTbipe B KOHLie ha3bl NOMOLWEHUS 1 YeTbipe B KOHLe asbl aIMMUHa-
unmn). cogepxalymii Bce KOMMNOHEHTbI, 3a UCK/IOYEHNEeM NCMbITYEMOro BellecTsa. B aTom cnyyas yeTbipe A0-
MoSIHUTENbHbIE NapannenbHble KaMepbl C oTpuLaTebHbIM KOHTPosieM (6e3 pacTBOpUTENS) Takke BKIYaT
B MCMblTaHWe ANSA [ONOJIHUTENIbHOr0 oT6opa Npo6 B KOHLe asbl MOrMOWeEeHUss. DTN MOBTOPHOCTN MOXHO
6u0M10rMyeckn cpaBHUTb C KOHTPOJIEM Ha pacTBOpMTENb B LENAx NosiydyeHuss WHpopmaunv o BO3MOXHOM
B/IUSAHUWN PAcTBOPUTENS HA TECTOBbIE OpraHM3mMbl. PekomeHAyeTcsl yCTaHOBUTb A0OCTATOYHOE KO/IMYECTBO f0-
MOJIHNTENbHbLIX NapannesnbHblX Kamep (Hanpumep, BOCEMb) A5 ONbITa U KOHTpOns(ei).

7.6 YacToTa n3amMepeHuin kayectsa No4Bbl

PH nouYBbl, BAXHOCTb NOYBLI U TEeMNepaTypy (I'IOCTOHHHO) B MCMbITATE/IbHOA Kamepe n3MepAarnT B Haya-
ne n B KOHUeEe cba3 norsoweHnsa n anumnuHayun. Pa3 B Hefesno BAaXHOCTb NOYBbLI A0/KHA KOHTPO/IMPOBaThLCA
B3BelWlnBaHNEM UCNbITYEMbIX COCYJOB U CpaBHEHNEM CbaKTI/IHECKOVI Macchl C ﬂepBOHaHaﬂbllOlZ maccoit B Ha-
yane ucnoitaHusa. MNotepu Boabl 40/KHbI KOMNEHCUPOBATLCA ,q06aBneH|/|eM ,El'eI/IOHI/I3I/IpOBaHHOI7I BOAbI.

7.7 OT60p Npo6 M aHann3 yepseil N NOUBHI

7.7.1 Mpumepsbl rpacukos oT6opa Npob ANs a3 NOrNoWeHNa U INUMUHALUN NS 3EM/ISHbIX YepBei n
SHXWUTPENS B UCMbITAHMAX N0 6MOAKKYyMYALUN MPUBOASTCA B NPUIOXeHUN b.

7.7.2 MoyBa oT6MpaeTCcsa U3 UCMbITYyEMbIX Kamep A1 onpefeneHns KOHLeHTpaLm uCnbiTyemoro BeLye-
cTBa nepej BHeCEHNEM yepBeii 1 BO BpeMs ha3 NornoweHna v anuMnHaumnm. B xoge ncnoitaHna onpegenstoT
KOHLEHTpaLuio UCNbITYyeMOro BeljecTsa B 4epBaX U noyse. B obujem, nsmepsawTca obuine KoHUeHTpauun B
noyse. Kak AOMNO/IHUTE NbHbI/ BapuaHT, U3MePAIOT KOHLLEeHTpaLun B NOPOBO BoAe, B 3TOM CayyaB 40 Havyana
nccnefoBaHnsa NpeAcTaBnsaoT 060CHOBaHWE U COOTBETCTBYIOLLME MEeTOAbl U BK/OYAKOT UX B OTYeET.

7.7.3 Yepseii n noysy oTO6MpPAOT HE MeHee WeCTW pa3 B TeyeHue a3 MOrMOWEHNA N 3TMMUHALUA.
Ecnu ctabunbHOCTb UCMLITYEMOro BellecTBa NOATBEPXAeHa, TO KO/IMYECTBO aHa/IM30B MOYBbl MOXET 6biTh
yMeHblUeHo. PekoMeHAyeTca aHanM3nMpoBaTb He MeHee Tpex NOBTOPHOCTel B Havyasne M B KOHLUe asbl no-
rnoweHns. Ecnv n3mepeHHas KOHUEHTpauus a noyse B KOHLUe hasbl NOr0oWeEeHNSA OTK/IOHAETCA OT UCXOAHOM
KOHLUeHTpaLuun 6onee yem Ha 30 %. TO Takxe aHanM3npyOT o6pasLbl NOYBbl, OTO6GPaHHbIE Ha APYrne CPOKN.

7.7.4 YepBell n3 kaxoil NOBTOPHOCTU M3BMEKalOT M3 MOYBLI BO BPEMS KaxAoro otéopa npob6 (Hanpu-
Mep. pacnpefeneHrem Noysbl N3 KaXA0i NOBTOPHOCT B MESIKOM /10TKe 1 c60pOM YepBeii C NOMOLLbI0 MATKO-
ro KBe/IMPHOro NMHLUEeTa) 1 6bICTPO NPOMbIBAIOT BOAON B ME/IKOM CTEKASHHOM UAKN CTaslbHOM /10TKe. Y gansoT
n3nuwkn Bodbl (cM. 7.1.4). YepBelii OCTOPOXHO NepeHOCAT B NpeABapuTeslbHO TOYHO B3BELUEHHbI cocyg U
cpasy Xe B3BelUMBatoT, BK/1l0Yas COAEepPXMMOe KULWEeYHMKa.

7.7.5 3emnsHbIM yepBsaMm (Eisenia sp.) faloT BO3MOXHOCTb 0CBO6GOANTL KMIWIEYHUK B TEUEHUE HOUU, Ha-
npuMmep, MCNonb3ysa yvawky MeTpu, NOKPbITYIO BNaXHOU (hunbTpoBanbHO 6ymaroin (cm. 7.1.4). MNMocne atoro
onpeAensalT Maccy YepBei 415 OLEeHKM BO3MOXHOIO yMeHblleHNA 6uomacchl B Xofe UCMbiTaHWUsA (CM. KpuTe-
pun goctoBepHocTu 5.1). B3BelwnBaHne n aHanu3 TkaHei aHXMTpeuns ocywecTBastoTca 6e3 ocBoboxaeHNs
KMLIeYHMKa, TakK Kak 3TO TeXHUYECKN CMI0XHO M3-3a He6O/bLIOro pasmMepa aTux Yepseii. MNMocne onpegenerHus
KOHEYHOIi Macchl YepBeil HeMeANeHHO YMepLLBASAIOT C UCNONb30BaHNEM Hanbonee nogxoasauiero metoga (Ha-
npumep, C MOMOLLbIO XNAKOTo a3oTa Uan 3amopaxusaHuem npu TeMmnepaType Hmke muHyc 18 °C).

7.7.6 Bo Bpema (hasbl aAMMUHALNN YepBU 3amellaloT 3arpsa3HeHHOoe COAepXMMOe KULLIEeYHUKa YNCTON
noysoii. DTo o3HauyaeT, YTO M3MepeHUs YepBeii 6e3 OUNCTKN KMLieYHuKa (IHXUTpeunabl B JaHHOM KOHTekcTe),
0oTO6paHHbIX HENOCPeCTBEHHO nepes ha3oii aAMMMHALMM, BKIKOYAKOT B Ce651 3arpsisHEHHYH0 COAEPXUMbIM
KM eyHnka nousy. [118 BOAHLIX MasoOLLeTUHKOBbLIX YepBei NnpegnonaraeTcs, 4To nocne nepsbix 4— 24 4 dasbl
3NMMUHALNN 6OMbLUVHCTBO 3arpsA3HEHHONO COAEPXUMOTO KULLeYHUKa 66110 3aMelleHo YucTbiM ocaakom [47].
Mopo6Hble pesynbTaTbl GbI/IM NOMyYEHbl 415 3€M/IAHbIX YepBeli B UCC/Ief0BaHUAX MO HAKOMIEHUIO paAno-
aKTUBHOro Kagmma n uuHka [30]. B auxutpengax ¢ HeOUNLLEHHbIM KULLIEYHUKOM KOHLeHTpaLuua UcnbiTyeMoro
BelllecTBa B NepBoil Npo6e, oTo6paHHOl B (hase aMMUHALKNN, MOXET paccMaTpuBaTbCsA B Ka4eCTBE KOHLLEH-
Tpauum B TKAHW NOC/e OYNCTKM KUWeyHuka. [ns yueta pasbaBieHns KOHLEHTpaLUm UCNbITYyeMoro BelecTsa
He3arps3HeHHO No4Boi BO Bpems dasbl IIMMUHALUN MACCy COAEPXMMOro KUlleyHUuKa MOXHO onpeaenuntb
Mo COOTHOLUEHWIO Cbipasi Macca Yepseli/ Macca 30/1bHOT0 ocTaTka YepBsa WK cyxas Macca yepss/macca 30/b-
HOro ocTaTka yepBss.
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7.7.7 TNpo6bl NOYBbLI M YepBeil NpeANOYTUTENBHO aHaNn3npoBaTh cpasy xe nocae ux otéopa (To ecTb B
TeyeHne 1—2 cyT) ANs npefynpexaeHus fjerpajauuym uam notepb 3a cyeT 4pYrux NpuurH, Takke pekoMeHay-
eTcs paccunTaTb NMPYMepPHbIe CKOPOCTW MOT/OWEHUSA U 3IMMUHALUN BO BPpEMS NMPOBEAEHMA UcnbiTaHus. Ecnu
aHanu3 oTknagbiBaeTcs, ToO Npo6bl XpaHAT COOTBETCTBYOLWMM 06pa3oM, Hanpumep npu rny6okoi 3amMopo3ske
(MeHee unan paBHO MuHyc 18 °C).

7.7.8 CnepyeT y6eanTbCa B TOM. YTO TOYHOCTb M BOCMPOU3BOAMMOCTb XMMUYECKOrO aHanusa, a Tak-
Xe u3BnevyeHne MCNbITyeMoro BeuiecTsa M3 Npob MoYBbl U YepBeil SABNAIOTCA YA0BNEeTBOPUTENbHbIMU AN
[aHHOro mMeToja: ykasbiBalT 3(pDeKTUBHOCTb IKCTpakuuu, npegen obHapyxeHusa (LOD) n npegen konuue-
cTBeHHoro onpegenernsa (LOQ). AHanorn4yHbIM 06pasom cregyeTt NPOBEPUTh, YTO UCMbLITYEMOE BELLECTBO He
06GHapyXMBalT B KOHTPO/IbHbLIX COCYyAax B KOHL,EHTpaLusX, NpeBblllaolLmX (pOHOBbI YypoBeHb. ECn KOHLEH-
Tpaumsa UcnbiTYeMOro BelecTBa B TECTOBbIX opraHnamax CacocTtasnsieT 6osee 0 B KOHTPOJIbHbIX YepPBAX, TO
HEO6X0AMMO BKIOUNTb B pacyeT KMHeTMYeckne napameTpbl (CM. npunoxeHue A). Bce npobbl o6pabaTtbiBatoT
B TEYEHWe BCEro UCNbiTaHusl, o6ecneymBasi MUHUMMU3ALWUIO CNYYaiHOro 3arpsa3HeHnss U noTepb (Hanpumep, B
pesynbTaTe afcopbLmMmM NCMbITYEMOro BelecTBa Ha ycTpoiicTBe oT6opa npob).

7.7.9 MNpu paboTe ¢ MeYEHHbIM pajgMoaKkTUBHbIMU M30TONaMMK BELLECTBOM MOXHO aHannM3upoBaTb uC-
XO4HYK Monekyny u metabonuTbl. KonmyecTBEeHHOE onpefeneHne UCXOLHOr0 CoefMHeHUst n ero metabo-
NINTOB B PaBHOBECHOM COCTOSIHUM UAN B KOHUe hasbl MOr/OWEeHNs nNpefocTaBiseT BaXkHyl MHpopmaymio.
Mpo6bl cnegyet «OUUCTUTL» TakuMm 06pas3om, YTOGbl MOXHO 6blZ1I0 NPOBECTU OTAENbHbIA KOMNYECTBEHHbIN
aHann3 ToNbKO UCXOLHOro BelecTBa. Ecnu gonsa otaensHbix MeTa6onmToB npesbiwaeT 10 % ob6uwei paguno-
aKTMBHOCTM B aHanM3upyemoii npobe(ax). To pekOMeHAYyeTCAa NPOBECTU NAEHTUUKALNI0 3TUX MeTabonnToB.

7.7.10 Cnepyet pernctpupoBaTh ¥ LOKYMEHTUPOBaAThL O6LLee M3BMEYEHNE U U3B/IEYEHUE UCTLITYEeMOro
BellecTBa U3 YepBei, NOYBbI, @ NPU NX UCNONb30BAHUN — U3 JIOBYLIEK, COAepXalynx abcopbeHTbl NS yaep-
XaHNA McnapsoLweroca UCnbITYyeMoro BeLecTsa.

7.7.11 O6beanHeHne ocobeld, 0TOGpPaHHbIX N3 ONpeAeneHHOl UCNbITYEeMOW Kamepbl, NpUMeHaeTca ANns
IHXUTPENS. Macca KOTOPbIX MeHbLUe, YUeM Yy 3eMIAHbIX YepBeit. Ecnn 06begnHeHne NPUBOAMUT K COKpaLLLeHUIO
Ko/nMyecTBa NMOBTOPHOCTEN, TO 3TO OrpaHuMymMBaeT cTaTucTUYeckne mpoueaypbl, KOTOpble MOryT 6biTb Mpu-
MEHEeHbl K NOMyYeHHbIM faHHbIM. Ecnu TpebyeTca KOHKpeTHas cTaTucTuyeckas npouesypa M MOLWHOCTb, TO
cnefyeT BKIOYNTb 4OCTATOYHOE KOSIMYECTBO NOBTOPHOCTEN UCMbITYEMbIX COCYA0B B UCNbITaHMe A5 obecne-
YyeHna HeobXxo4MMOro o6 beaMHEeHNS, 06PaBOTKN Y MOLLHOCTK.

7.7.12 PexomeHayeTcs, 4To6bl BAP 6bin1 BbipaXeH No OTHOLIEHUIO K 06 e cyxoil macce, 1, Npu Heob-
X0AUMOCTU (Hanpumep, 415 BbICOKOTUAPOM(OOHbLIX BELLECTB), MO OTHOWEHUIO K coAepXaHuio nunuaos. Ana
onpefenieHns cofepxaHua NUNMA0B MUCNOMb3YIT COOTBETCTBYOLIME MeTofbl (HEKOTOpble CyllecTByloLine
MeToabl [48]. [49] aganTupytoT ANA 3TOW Lenn). B Takmx metogax MCNonb3yeTcst IKCTpakuus CMecbio X/10p0-
cdhopmYmeTamon. OgHako, 4To6bl n3bexaTb MCNOMNb30BAHMA X/TOPUPOBAHHBIX pacTBOpUTesnell, NCNO/b3YIT MO-
anduumpoBaHHblii MeTon Bnas u flaiiepa [50]. [51]. Tak kak pa3nnyHble MeToAbl MOTYT He AaTb OANHAKOBbIX
3HaYeHWii, BaXKHO NpefocTaBuUTb NOAPOGHYI MHGopMauuio 06 ncnonbyemom metoge. Mpu BO3MOXHOCTH,
T.e. MPU Ha/AN4YUM AOCTATOYHOrO KONMYyecTBa TkaHel YyepBeil, aHanu3 NUNMA0B B ngeane cnegyeT NpoBOAUTb
Ha TOW e nNpo6e UNKn aKCTpakTe, KOTOPbIe UCNOMb30BaNIUCh AN aHaNM3a UCNbITYEMOro Bel,ecTBa, NOCKOIbKY
NUNUAbI 4acTo yaansloTcs N3 aKCcTpakTa nepej ero aHaansoMm xpomartorpadueii [17]. Kpome Toro, KOHTPO/b-
Hble OpraHM3Mbl MOTYT UCNO/b30BATLCA AN U3MEPEHUA COAEepXaHUs NUNUA0B, KOTOpoe 3aTeM MPUMEHSIoT
ANs HoOpManu3auuu 3HadyeHunii BAF. 3TOT nocnefHuili noaxon yMeHbluaeT 3arpsis3HeHne o060pyA0BaHnsa UCMbI-
TyeMblM BELLEeCTBOM.

8 Pe3ynbTtarbl 1 OTYET O NPOBEAEHUN NCMbITAHUSA
8.1 O6paboTka pe3ynbTaToB

8.1.1 KpuByto NOrN0LWEHNS UCMITYEMOTO BelyecTsa nosay4yalT NOCTPOeHeM rpadrka 3aBMCMMOCTH ero
KOHLeHTpauun B/Ha 4epBsxX BO Bpems dpasbl NOINOWEHNS OT BpeEMEHN B Henorapudmmnyeckoin wkane. Ecnan
KpuMBas gocturaeT NaaTto UM paBHOBECHOrO COCTOAHUA (CM. onpefeneHns B pasgene 2), To akrop broakky-
mynaunm BAF” B paBHOBECHOM COCTOSIHUM pPacCcuUuTbiBalOT cleAylowmnm ob6pasom:

Ca B paBHOBECHOM COCTOSIHAM U B KOHLiE (hasbl MornoLeHns (cpeaHss)
Cs B paBHOBECHOM COCTOSIHAM U B KOHLIE (hasbl MornoLeHns (cpeaHss)

roe Ca— KOHLEHTpaLuusi UCMbiTYyeMOoro BeLecTBa B OMbITHbIX (MOAOMNbLITHbLIX, UCMbITYEMbIX) OpraHu3max;
C5— KOHLeHTpaLums ncnbiTyeMoro BelecTea B Noyse.
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8.1.2 Ecnn paBHOBECHOE COCTOSIHME He JocTuraeTcs, TO onpefensaioT 3HavyeHne BAFK Ha ocHOBe KOH-
CTaHT ckopocTu BMecTo BAFSS Kak onmcaHo Huxe:

- onpegensT koadduuyneHT akkymynsaumm (BAFK) kak cooTHoweHune ks/ke;

- CKOPOCTW NOT/MOWEHNS U 3IMMUHALUN NPEeANnOYTUTENIbHO PacCcYnTbiBalOT OAHOBPEMEHHO (CM. ypaBHe-
Hue A.11 B npunoxexHun A);

- KOHCTaHTa CKOPOCTU 3MMUHaL MK (Ke) 06bIYHO onpefenseTcsa No KPUBOIM anMMMHaLum (T. e. rpaduka
KOHLEeHTpauuii McnbITyeMoro BelecTBa B YepBsIX BO BpeMs hasbl 3MMUHALUK). 3aTEM BbIYUCASAETCH KOH-
cTaHTa CKopocTu nornoweHnsa ks. garwowasa ke n s3HayeHne Ca. noslyyeHHble U3 KpUBOW nornoweHusa. Onuca-
HMe 3TUX METOAO0B NPUBEAEHO B NpuoxXeHun A. MNMpeanoytutenbHbiM MeToAoM nonyvyeHns BAFK u KoHCcTaHT
cKopocTu ks 1 KC iBNAeTCA NCNOoNb30BaHNe HeIMHENHbIX METOA0B OLEHKM NapaMeTpoB Ha koMnbloTepe. Ecnn
3/IMMUHALMA YeTKO HO ABNSAETCH a/IMMUHaL el Nnepeoro nopsaka, To cnegyeT UCNoNb30BaTh 60siee CNoXHble
mogenu.

8.2 OTyeT 0 NpoBeAEHUN UCMbITAHUA

OTyeT 0 NPOBEAEHUN UCMbITAHNA AO/DKEH COAepXaTb cnefyroLLyo nHopmMaunio:

8.2.1 VcnbiTyemoe BeL,ecTBo:

-nbas nmerwasnca nHgpopmayns o6 OCTPO UAM XPOHUYECKOl TokcuyHocTu (Hanpumep. ECX LCX
NOEC) ncnbiTyeMoro BelecTsa 418 NOYBEHHbIX Ma/oOWeTUHKOBbIX YepBeil;

- yucToTa, husnyeckaa npmpoda n U3NKO-XMMUYeckne cBoiicTea, HanpumMmep log Kow, pacTBOpMMOCTb
B BOAE:

-AaHHble naeHTUgUKaLm, UCTOYHUK NCNbITYEMOro BeLecTBa, naeHTudmnkaLmsa n KoHueHTpayus nobo-
ro UCNoJsib3yemoro pacTsopuTens:

- NP1 UCMO/Ib30BaHUN MEYEHHOro pajMoakTUBHbLIMU N30TONAMU UCMbLITYEMOrO BeliecTBa, TOYHOE Noo-
XeHne MeyeHblX aTOMOB, yAefibHaa pagMoakTUBHOCTb U pajuoxmMmuyeckas ymcrora.

8.2.2 TecToBble BUAbI:

- Hay4yHOe HavMeHOBaHue, LWTamMM, UCTOYHUK, Nlobas npeasapuTenbHas o6paboTka, akkammaTusauns,
BO3pacT, AnanasoH pa3mepos U Tu,.

8.2.3 YcnoBua ncnbiTaHus:

- ucnonb3yemas npouegypa ucnbiTaHus:

- TN 1 XapaKTepUCTMUKN UCNONb3YEMOro OCBELLEHNA U CBETOBOrO Nepuoaa;

-An3aiH ucnblTaHusA (Hanpumep, KOIMYECTBO M pasMep UCMbITYyeMbIX Kamep, Macca Mo4Bbl W BbiCOTa
C/109 NOYBbI, KO/IMYECTBO MOBTOPHOCTEN, KOIMYECTBO YepBell B NOBTOPHOCTMU, KOSIMYECTBO UCMbITYEMbIX KOH-
LeHTpayuii. NpoA0MKUTENbHOCTL (ha3 NOrNoWeHna 1 aNumMuHaL My, yactota otéopa npoob),

- o6ocHOBaHMe BbibOpa maTepuana UCnbITyembiX Kamep;

- MeToj, NMOAroTOBKM M BHECEHMS UCNbITYEMOro BelecTBa, a Takke 060CHOBaHVe Bbibopa KOHKPETHOro
meToAa;

- HOMUHa/bHbIE UCMbITYeMble KOHLEeHTpaLum n cpefHue N3MepeHHbIX 3Ha4YeHNH U ux cTaHjapTHblie OT-
KNOHEHNA B UCMbITYEMbIX kKamepax, U MeToj, C NOMOLLbI0 KOTOPOro 6bI/IN NOyYeHbl 3TV 3HAYEHUS;

- UICTOYHUK KOMMOHEHTOB MCKYCCTBEHHON MOYBbI UM NPU UCNO/b30BAHUN NPUPOAHONM cpefbl — UCTOY-
HWK NOYBbI, ONMcaHne N 6ol npegBapuTenbHON 06paboTkn, pe3ynbTaTbl B KOHTPOse (BbKMBAEMOCTb, yBE/N-
YyeHne 6nomacchl, BOCNPOU3BOACTBO), XapakTepucTuku noyssl (pH. obliee cofepxaHne opraHM4yeckoro yrne-
poja. pacnpegeneHue yacTtuy no pasmepy (nNecok, Wi u ranHa B npoueHtax). WHCmax, cogepxaHne BoAbl B
npoueHTax B Hayasie n B KOHUE UCNbITaHUsA 1 Nobble ApYyrne BbINOSIHEHHbIE U3MEPEHUS);

- nogpo6Has nHopmayna 06 o6paboTke Npob MOYBLI 1 YepBel, BkAOYas MHGOPMaLUIo 0 NOArOTOBKeE,
XpaHeHuu, npoueaypax BHECEHUA, IKCTPAKUUN 1 aHaNMTMUYeCcKnx npouegypax (M TOHHOCTU) AN UCNbITYEMOTO
BellecTBa B YEPBAX W NOYBE, a TaKKe 0 CofepXXaHuu NUNuAos (Npu N3MepeHnn) 1 N3BJeYEHNN UCNbITYEMOrO
BellecTBa.

8.2.4 PesynbTatbl:

- rmbenb KOHTPO/IbHbLIX YepBel 1 YepBeil B KaXA0M UCNbITYEMO kamepe u no6oe HabnwgaemMoe aHo-
mManbHoe nosefeHune (HanpuMep, BbiNO3aHNe U3 NOYBbl, OTCYTCTBME BOCMPOU3BELEHNSA B UCNbITAHUN MO 6MO-
akKKyMynauum aHxuTpens);

- COOTHOLEHNE cyxas macca—cCblpas macca no4sbl U TECTOBbIX OPraHn3mMoB (415 HOpManusauun);

- cbipas Macca yepBell Ha kaxAblii 0T60p NPo6; ANA 3eMSAHbIX YepBeii Cbipas Macca B Havane ucnbiTa-
HUSA 1 Ha KaXAbll 0T60p NPo6 A0 1 NOCAE OUNCTKN KULLEYHUKA,

- cofiepXxaHue NMNuAoB B TECTOBLIX OpraHn3max (ecnu onpegensertcs);
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- KpMBble, NOKa3blBAOLME KUHETUKY NOTMOLLEHNA Y 3NMMUHALUMN NCNbITYEMOro BelwecTBa y yepBeit, a
Takxe BpeMs [0 paBHOBECHOIO COCTOSAHUS;

-Cawn C, (co cTaHAapTHbIM OTK/IOHEHMEM W Anana3oHOM, NpyY HEO6XoAMMOCTHN) Ha BCe OT6OPLI NPO6
(Ca paccunTbiBalOT B rpaMMax Ha KusorpamMmm Cbipoii U cyxoli maccbl Bcero opraHusma. C5 BblpaxaeTtcs B
rpaMmax Ha Kuiorpamm Cbipoil U cyxoli macchl noysbl). Ecnu Tpebyetca BSAF (Hanpumep, 4Ns cpaBHeHUs
pe3ynbTaToB ABYX UK 60n1ee UcnbiTaHuii, NPOBEAEHHbIX Ha YEPBAX C Pa3/IMYHbIM COAEepXaHnemM NMnuaoB), To
Ca MoXeT 6bITb AONO/THATE/IbHO BblpaXeHa B rpaMmax Ha Kuiorpamm CoAepXaHus Nunuaos B opraHuame, a
Cs MoxXeT 6bITb BblpaXkeHa B rpammMax Ha kunorpamm opraHuyeckoro yrnepoga (OC) B nouse;

- MOryT 6bITb NMpeAcTaBAeHbl 4ONONHUTENbHO BAF (B KnorpaMmax nouBbl Ha KMAOrpaMM YepBeii), KOH-
cTaHTa CKOpPOCTWU nornouw,eHns noysbl ks (B rpammax MouYBbl Ha KUIOrpamMM 4YepBeil B CYTKM) U KOHCTaHTa
CKOpPOCTM 3/IMMUHALMW Ke B CYTKU B MUHYC NepBoOi cTeneHn; BSAF (B Kunorpammax opraHMyeckoro yrnepoga
(OC) nousbl Ha KuiorpaMm cofep>xaHus NUNUaoB B YePBAX):

- eCIn u3mepseTca: NPOLEHT UCXOLHOro coeauHeHus, MeTabonnToB, a TakKe CBA3aHHbIX OCTATKOB (TO
eCTb NPOLEHT UCMbITYEMOrO BeLLeCcTBa, KOTOPbI HE MOXET OblTb U3BMEYEH 06LWMMN MeToAamMmn 3KCTpakuyum),
ob6HapyXeHHble B NOYBE U TECTOBbLIX OpraHM3Max.

- MeToAbl, UCNOSIb3yeMble AR CTATUCTUYECKOTO aHanm3a fAaHHbIX.

8.2.5 OueHKa pe3ynbTaToB:

- COOTBETCTBME pe3y/ibTaToB KPUTEPUAM JOCTOBEPHOCTU, NEPEUYNC/IEHHbIM B 5;

- HEOXUAAHHbIe UM HEeO6blUYHble pe3ynbTaTbl, HANPUMeEp HenosiHas 3IMMUHAaLUS UCNBITYEMOTO Belye-
CTBa U3 TeCTOBbIX OPraHN3MOB.
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Mpunoxexve A
(pekomeHgyemoe)

PacueT napamMeTpoB NOrfoWeHNs 1 3aNMMUHALUY

OCHOBHOI# KOHEYHOI TOYKOW MCMbITaHUA N0 GUOAKKyMyNALMKN SBAsSIETCA dhakTop Guoakkymynsaumn. BAF. N3meper-
HbIn 8AF MOXeT 6bITb paccuuTaH feneHneM KOHLEeHTpaLmm NCNbITyeMoro BellecTBa B TECTOBbIX opraHm3Max Ca Ha KOoH-
ueHTpauuio B nouse Cs B paBHOBECHOM COCTOSIHUUN. ECnv paBHOBECHbIE YC/I0BMS He AOCTUratoTcsl BO Bpems dhasbl Norsio-
LLIeHWs1. TO MO KOHCTaHTaM ckopocTell paccunTbiBaeTcss BAFK BMecTo BAFss. OfHako cregyeT ykasaTb, OCHOBaH N BAF
Ha KOHLLeHTpaumsax B paBHOBECHOM COCTOSIHUMN WU HET.

Hanb6onee npegnoyTMTeNbHbIMU MeToJaMn pacyeTa KuHeTuyeckoro dhakropa 6roakkymynsaumm (BAFK), KOHCTaHTbI
CKOPOCTM MOrnoLLeHmnst nouBbl (KS) 1 KOHCTaHTbI CKOPOCTU ANMMUHaLMK (BbiBEAEHUSR) (KE) ABNAOTCA HENMUHEHbIE METOAbI
OLleHKN NapamMeTpoB Ha KOMMbloTepe, HanpuMep Ha ocHoBe Mogeneli [52]. MpuH1uMas Bo BHUMaHWe COBOKYMHOCTb noc/e-
JoBate ibHbIX faHHbIX KOHLEHTpauMmn oT BpEMEHW U MOZESbHbIE YPaBHEHNS:

C.=TSCi(l-e-V). O<f</c (A1)

nnn

CArCreAr'-e-V ). I>tc (A.2)

roe Ca— KOHUEeHTpauws BewecTsa B uepBsix (I/Kr CbIpoli NAn cyxoi mMacchbl);
ks — KOHCTaHTa CKOpPOCTV MOI/OLWEHUS B TKAHAX (I MOYBbLI HA KT YEPBEW B CYTKM);
Cs— KOHLeHTpauws Belectsa B nouse (r/Kr CbIpoi Umn cyxoii Macchbl):
KO — KOHCTaHTa CKOpOCTN 3/IMMUHALMK (CYTKW'D),
tc— Bpems B KOHLe ¢hasbl NOrNoLLEHNS.
3TN KOMMbIOTEPHbIE NPOrpamMMbl paccyMTbiBalOT 3HaveHns ans BAFK ks u ke.
Koraa dhoHOBas KOHLeHTpaLms UCNbITYEMOro BELLLECTBA B YEPBSAX, He MOABEPriIMXCS ero BO3A4elCTBUIO, Hanpumep
Ha CyTKu 0. CyLLeCTBEHHO OT/IMHAETCA OT Hy/IA (3TO MOXET ObITb, HaNpUmep, B C/iyyae MeTasls10B), TO (DOHOBAsSH KOHLIEH-
Tpauusa (Ca 0) Ao/mkHa 6biTb BK/IIOUYEHA B 3TV YpaBHEHNSA, YTOObI caenaTb UX YutaembiMu:

C.=Ceo0+£- Cs(l—eV ). 0<f<# (A.3)
"o

C(W '-*'-e-V). ,>v (A.4)

B criydasix, Kora 3HaunTeslbHoe YMEHbLUEHUE KOHLIEHTPALWM UCMbITYEMOrO BELLECTBa B NouBe Hab/ogaeTcs B
TeyeHue 4/INTe/IbHOTO Neproaa Bo BpeMs dhasbl MOrOLWEHUs!, MOTyT GbiTb UCMO/b30BaHbI crieaytowme moaenu [38], [31]:

C,=CO(e-*«'). (A.5)

roe C3— KoHUeHTpaums BelecTsa B UepBsX (I/Kr CbIpoil UK CyXoi maccbl);
KO — KOHCTaHTa CKOPOCTU pas/ioXeHWs B Noyse (CyTkn *');
CO0— uncxofHas KOHLEeHTpaums BeLecTsa B noyse (I/Kr CbIpo WM CyXOi Macchl).

0<t<lce (A-6>

[ L 1%,
Cs nh—{(o (8’ *4*0 t>tc. (A7)

roe Co— KOHUEHTpauwms BewecTsa B uepBsix (I/Kr CbIpoli UAn Cyxoi mMacchbl);
fcs — KOHCTaHTa CKOpPOCTM NOTIOWEHNSA B TKaHSAX (I NOYBbI HA Kr YepBeli B CYTKN);
kQ— KOHCTaHTa CKOpPOCTW pasnoXeHus B nouse (CyTku ,);
KA, — KOHCTaHTa CKOPOCTMN 3/IMMUHaLmm (cyTkn' 1);
fc— BpeMms B KoHLe dhasbl NOroLLEeHUs.
Koraa AOCTUrHYTO paBHOBECHOE COCTOSIHME BO BPEMS (hasbl NOI/OLWEHNS (T. e. t=*°), TO ypaBHeHne
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Ce=:€O-C,(I-eV). O<t<tc (A1)

MOXET ObITb YMEHbLUEHO A0

CJC'=kJk,=BAFK, (A8

Torga kjk e mCs siBnsieTcs NPUGAMKEHNEM K KOHLLEHTPALIMM UCMbITYEMOTO BELLECTBA B TKAaHSIX YepBeli B paBHOBECHOM CO-
crosHun (Cass).
dakTop akkymynsaummn 6uota-nousa (BSAF) MOXeT 6bITb paccuntaH cregytoLm obpasom:

BSAF = BAFK -A~, (A9)

rae fx — oTHocUTeNbHOE cofepxaHe OpraHn4eckoro yriepoaa B noyse;
/th — oTHOCKTe/IbHOE CoAepXaHne NNNNG0B B YEPBSIX.

/s w fldnpegnoytnTensHo onpeaenaoTcs Ha nNpobax, 0TO6PaHHbLIX B X0A4e UCMbITaHWs, 0ba nokasaTens B pacyete
Ha CyXyto Maccy W CbIpyto Maccy COOTBETCTBEHHO.

KuHeTuka anvmmHaumm MoXeT 6biTb CMOAEMPOBaHa C UCMNO/b30BaHNEM AaHHbIX 13 hasbl 3NMMUHALMN 1 NpUMe-
HEHVeM CrielyloLero MoJesIbHOro ypaBHEHNS 1 MeToAa OLeHKU: HesMHeliHbI/i napaMeTp Ha OCHOBe komnbioTepa. Ecnn
9KCNepUMEHTa/IbHbIE TOYKM B 3ABUCUMOCTU OT BPEMEHM YKa3blBalOT HA KOHCTAHTY 3KCMOHEHLMa/IbHOrO CHUXKEHNS KOH-
LIeHTpaLmMn MCMbITyeMOro BellecTBa B YepBsX, TO A4/19 ONMCaHWS 3aBUCUMOCTW 3MMMUHALIMM OT BPEMEHU MOXET ObiTb
1cnonb3oBaHa ofHokamepHas mogesb {ypaBHeHune A.9).

Ce{’)=Ca,-e-V. (A.10)

MpoLiecchbl aNMMUHALMK MHOTAA OKa3biBAOTCA ABYX(hasHbIMU, AeMOHCTPUPYS BbicTpoe CHWXeHue Ca Ha paHHUX
CTafusix, KOTOpPoe NepexoauT B 6o/iee MeAIeHHOe BbiBEAEHE VCMbITYEMOro BellecTsa Ha 6o/1ee no3gHux hasax anmm-
Hauwu [37]. [52]. [iBe hasbl MOryT ObITb OLEEHEHbI C JOMYLLEHVEM, YTO CYLLECTBYIOT fiBa Pa3/INyHbIX OTAeNa B OpraHun3me,
13 KOTOPbIX UCMbITYEMOE BELLECTBO BbIAENAETCS C Pa3HbIMU CKOPOCTAMM. B aTuX ciyyasx cnefgyet usyuntb cneuvabHyo
nutepatypy [53]. [54]. [24]. [30].

Vcnonb3ys BbllenpuBefeHHble MOfesIbHbIE YPaBHEHWS, KMHETMYeckne napameTpbl (ks 1 Ke) Takke mMoryT 6biTb
paccuMTaHbl B OHOM MCMbITAHWM C UCMOJIb30BaHWEM KUHETWYECKO MoAenu Nepeoro nopsaka ANns Bcex AaHHbIX, Kak U3
¢hasbl nornoLieHus, Tak 1 13 ghasbl 3MMMMHALUN OJHOBPEMEHHO. [ onucaHua MeToa, NO3BOAOLLETO Takoi KOMOUHM-
POBaHHbIV pacyeT KOHCTaHT CKOPOCTW NOMNOLLEHNS U 3NMMUHALMN, MOXHO 06paTuTbes K [55]. [56] u [57].

ca=[£-C,(1-eM).(T.1) G (e 'e-5-e-V)-{m =2) (AH)

MpumMeuyaHune — Korga napameTpbl NOIMOLWEHUS 1 3IMMUHALMN OLEHNBAIOTCA OAHOBPEMEHHO N3[aHHbIX KOM-
GUHUPOBAHHOTO MOT/IOLEHNS W SNIMMUHALMM, «T» . KaK NOKa3aHo B ypaBHeHUM A 11. sBNsieTcs AeHTU(MKaTOPOM, No3BO-
NISIOLLMM KOMMbIOTEPHOI NporpaMme onpesennTs Cy6TepMUHbLI YPaBHEHUS ANt COBOKYMHOCTM JaHHbIX COOTBETCTBYIOLLEH
¢hasbl 1M NPaBU/ILHO BLIMOMHWTL OLEHKY (T = 1475 dhasbl NOrOWEHUs: T = 2 Ans hasbl IMMUHALNAN).

OfHaKO 3TV MOAE/IbHbIE YPaBHEHUS CrefyeT UCMO/b30BaTh C OCTOPOXHOCTLIO, 0COBEHHO KOTAa NPOUCXOASAT U3Me-
HEHVs1 B GUOLOCTYNHOCTYU UK (GMOPAa3I0XKEHNI UCTILITYEMOTO BELLecTBa BO Bpemsl ncnbiTaHus [31].

13
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Mpunoxexve b
(pekomeHpgyemoe)

Mpumepbl rpadnkoB ANA UCNbITAHWA MO BMOAKKYMYNSALUM B NOYBE

McnbiTaHme Ha 3eMAsHbIX (LOXAEBbLIX) YepBsX

a) hasza nornoweHns ¢ 8 gatamu (BOCbMUAHEBHbLIM) 0T60pa(oOM) NPO6, NCMOb3YeMbIX 4151 pacyeTa KUHETUKN

[eHb
-6
-4

Or-3p0-1

0

11—13
14

15—16

17
18—20
21

[evictBus
KoHAWLMoHMpOBaH1e NOAroToB/IEHHON NOYBLI B TeueHue 48 u.

BHeceHne B NOYBYy pacTBopa MCMbITYEMOro BELLECTBa, BbiNapuBaHue /ilo60ro pacTBOpUTENs; CMeLLnBa-
HMEe KOMMOHEHTOB MOYBbLI; pacnpeaesieHne NoUBbl B UCTbITATE bHbIE COCYAbl; YPABHOBELLMBAHUE B UCTbI-
TYyeMbIX YC/I0BUSAX B TeUeHUE 4 CyT (3 HeAem 4N1s NMouBbl, B KOTOPYIO 6bI/I BHECEHbLI METAI/bI).

BblgeneHvie TeCTOBbIX OPraHM3mMoB M3 Ky/IbTypbl /19 akKNnMmatusalmn, Noarotoska n yBnaxHeHne 13 Kom-
MOHEHTOB MNOYBbI.

MN3mepeHne Temnepatypbl 1 pH nouysbl, 0T6OP NPO6 NO4BbI U3 06PABOTaHHBIX COCYA0B W KOHTPOMEH Ha
pacTBopuTe/b AN1s1 ONPefeNeHnst KOHLEHTPaLMN UCMbITYEMOTO BELLLECTBA: A06aBNeHe KOpMa; B3BELLM-
BaHMe 1 NPOM3BO/IbHOE pacnpejesieHne YepBeil B UCMbITyeMble COCYAbl: BK/IIOYEHVE B UCMbITaHne A0-
cTaToyHoi NoAnpo6bbl YepBei AN aHaIMTUYECKoro onpegeneHns hOHOBOrO 3HAYEHUs], CbIPO U CyXoW
Macchl 1 COfepXaHusi IMNUA0B; B3BELLVBAHVE BCEX UCTbITYEMbIX COCYA0B A1 KOHTPO/S BA&XHOCTH No-
UBbl; KOHTPOJIb NOJAYN BO3AyXa, ECMM UCMOSb3YIOTCS 3aKPbIThbIE TECT-CUCTEMbI.

KOHTpO/b NoAaun BO3fyxa, perncTpaums NoBeAeH!s uepeeii 1 Temneparypbl; 0T60p Npo6 NoyBbl U Yep-
Beii 419 onpefesnieHnst KOHLeHTPaLyUm NCMbITYEMOrO BeLecTsa.

Te xe, yTo B 1 ieHb.

KoHTponb nogauun Bo3ayxa, NoBeAeHUs YepBeli 1 TemMmnepaTtypsbl.
Toxe.uTo B 1 CyT.

To xe. uTo B 3 CyT.

Toxe. yTo B 1cCyr. ,D,OﬁaBﬂeHVle KOpMa; KOHTPO/1b BIaXXHOCTW MNOYBbl NOBTOPHLIM B3BELLMBaHWEM UCNbITY-
€MbIX COCy0B U KOMMNEeHcauna MCHapMBmeﬁCH BOAbI.

Toxe. uyto B 3 CyT.
Toxe.uto B 1cyT.
Toxe. yto B 3 CyT.

Toxe. uTo B 1cyr. go6aBneHne KopMa: KOHTPO/Ib B/I&XHOCTM NOYBbLI MOBTOPHbLIM B3BELUMBaHWEM UCTIbITY-
eMblIX COCYZI0B ¥ KOMMEHcauus ncnapumslueiics Bogpl.

To Xe. uTO B 3 CyT.

Toxe. uTo B 1cyT.
To xe. yto B 3 CyT.

Toxe. 4To B 1 CyT; M3MepeHwsi TemMnepatypbl U pH NOYBbI; KOHTPO/Ib B/IXKHOCTM NOYBbI NOBTOPHLIM B3BE-
LUMBAHMEM UCTbITYEMbIX COCY/0B; OKOHUYaHWe (hasbl NOI/OLLEHNS; NEPEHOC YepPBE N3 OCTaBLUMXCS MO-
BTOpPHOCTell BO3AENCTBUSI B COCY/bl, COAepXallme YACTYIO Nousy, Ans asbl aNMMUHALMN (63 0UUCTKM
KULLEYHMKA): 0T60P NPO6 NouBbI U YepBeli U3 KOHTPO/IS Ha PacTBOPUTESb.

[eiicTBus nepes ucnbiTaHMeM (ypaBHoBelUMBaHWEe (hasbl) AOMKHLI 6biTb 3anaHUpOBaHbl C YYeTom
CBOICTB UCMbITYEMOrO BellecTsa.

[elicTBus, onucaHHble AN 3 CyT. NPOBOAATCS eXefHEBHO (Mo KpaiiHell Mepe, No pabounM AHSM).

6) haza anumunHauum

[eHb
-6

-4

14

LeiictBus

MoAroToBKa ¥ yBNaXHeHWe KOMMOHEHTOB MOYBbI; KOHAMLVOHMPOBAaHNE MOArOTOB/IEHHON NOYBbI B Te-
yeHue 48 u.

CwveluvBaHue KOMMOHEHTOB MOYBbI; pacnpeaesieHne nouBbl B UCTILITYEMbIX COCyAax: MHKy6GaLuus npu
YCMOBYSX UCMbITAHNSA B TEUEHNe 4 CyT.
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0 (koHe, (hasbl  Vi3MepeHvie TemnepaTypbl ¥ pH MoYBbl; B3BELUMBAHME M MPOU3BO/ILHOE pacnpefeneHne yepseii B
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[eHb
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N g~ WN

UCMbITYeMble KaMepbl: J06aB/ieHNe KOpMa; NepPeHOC YepBeil U3 0CTaBLLKXCS MOBTOPHOCTEl BO3Aei-
CTBUS B KAMepbl, COepXalle YnCTyHo Nousy; 0T60p NPo6 MouBbl 1 YepBeii nocne 4—6 4 ans onpe-
[LeNEHUs KOHLEHTPALIMM UCTLITYEMOTO BELLECTBa.

KOHTpo/ib nojaun Bo3dyxa, peructpauysi noBeAeHvs yepseli v TeMneparypbl: 0T60p Npo6 noussl 1
uepBeii 4151 onpeAeeHns KOHLEHTPaLMM UCTIbITYEMOTO BELLECTBa.

Toxe. uto B 1 cyT.
KoHTponb nogauun Bo3ayxa, NoBeAeHWs YepBeli 1 TeMnepaTypsbl.
Toxe. uto B 1 cyT.
Toxe. 4To B 3 CyT.

To xe, uto B 1 cyT; fo6aBneHne Kopma, KOHTPO/Ib BAQXKHOCTY NMOYBbI NMOBTOPHbIX* B3BELUMBAHUEM UC-
NbITyeMbIX Kamep ¥ KOMNeHcaLuys ncnapusLLeiicst Bogpl.

To xe, 4To B 3 CyT.
Toxe. yto B 1cyT.
Toxe. uTo B 3 CyT.

Toxe. yto B 1cyn ,u,o6aBneH|/|e KOpMa, KOHTPO/1b BNIXKHOCTM NOYBbLI MOBTOPHLIM B3BELLUMBAHWEM UC-
NbITyeMbIX KaMmep 1 KoMmneHcauna VICI'IapVIBLLIeVICﬂ BOAbI.

To xe. yTo B 3 CyT.

Toxe. uto B 1 cyT.

To xe. uTo B 3 CyT.

To xe. uTo B 1 CyT; n3mepeHne TemnepaTypbl U pH NOYBbI; KOHTPO/Ib BNIAXHOCTW NOYBbI NOBTOPHbLIM
B3BeLUMBaHNEM UCMbITYEMbIX Kamep; 0TOOP MPO6 MOYBbI 1 YEPBEN 13 KOHTPOSIA HA PacTBOPUTESb.
MogaroToBky NOYBbI NEpes Hauyanom hasbl ANMMUHALMN CrieflyeT NPOBOAUTL TakuM e 06pas3oMm, Kak 1
nepeg asoii noroLeHus.

[LeiicTBuA, onncaHHble Ana 3 cyT. cnedyeT NPOBOAUTL eXeAHEBHO (NO KpaviHel mepe, No pabounm
OHAM).

McnblTaHue Ha aHXUTpenaax

a) hasa NornoLeHuUs ¢ &-AHEBHLIM OTGOPOM MPO6, UCMONb3YEMbIX 415 pacyeTa KUHETUKN

[LeiictBus
KOHAMLMOHMPOBAHWE NOATOTOB/IEHHON NOYBLI B TEYEHME 48 u.

BHeceHve B NMOYBY pacTBOpa UCMbITYEMOrO BELLeCTBa: BbiNapuBaHve 1to6oro pacTBoOpuUTeSsi; CMeLInBa-
HWE KOMMOHEHTOB MOYBLI: pacnpesesieHne NoyBbl B UCMbITYEMble KAMepbl; ypaBHOBELIMBAHWE B UCTIbITY-
eMbIX YC/OBUSIX B TedeHne 4 cyT (3 Hegenu A5 NoYBbl, B KOTOPYIO 6bIfIM BHECEHLI METANbI).

BblgeneHne TeCTOBbIX OPraHM3MoB U3 Ky/NbTypbl AN akkiumartmsaumun. MNoarotoBka M yBnaxHeHne 13
KOMMOHEHTOB MO4BbI.

M3mepenne Temnepatypbl 1 pH nousbl, 0T60p NPo6 Mo4Bbl U3 06PABOTAHHLIX Kamep W KOHTPONEeH Ha
pacTBopuTenb A1 ONpefeneHns KOHLEHTPaLMK UCMbITYeMOro BeLLecTBa: Jo6aB/ieHne kopma; B3BeLumn-
BaHWe 1 NPOMU3BO/IbHOE pacnpejesieHne Yepseii B NCMbITyeMble KaMepbl: BK/IIOYEHME B UCTbITaHUE [o-
CTaTo4HOI NoANPOGLI YepBei ANA aHaNNTUYECKOro onpeaeneHns (OOHOBOrO 3HaYeHUs, CbIPO 1 CyXoi
Macchl U CoepXaHvsl INMAOB: B3BELLMBAHNE BCEX UCTLITYEMbIX KAaMep /151 KOHTPOSA BaXHOCTY Mo-
UBbI; KOHTPO/Ib MOAAYM BO3MYyXa, EC/IN UCMOSb3YIOTCA 3aKPbITble TECT-CUCTEMbI.

KOHTpO/b Nofaun Bo3ayxa, peructpauys noBefeHns yepseii 1 Temnepatypbl: 0T6op Npo6 nouBbl U uep-
Bell 415 ONpefeneHnst KOHLEHTPaLN UCTILITYEMOTO BELLECTBa.

Texe.uyto B 1CyT.
KoHTponb nogaun Bo3gyxa, NoBefeHVs YepBei n TemnepaTypbl.
Toxe. yto B 1cyT.
To xe. uto B 3 CyT.

Toxe. uTo B 1cyT; nob6asneHne KOpMa, KOHTPO/1b BIAXKHOCTU NO4YBbl NOBTOPHLIM B3BELUMBaHMEM WUCIMbI-
TyeMbIX KaMep 1N KoMneHcauuns VICI'IapVIBLLIeVICﬂ BOAbI.
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10

12—13
14

16

To e, uto B 1cyT.
To xe, 4To B 3 CyT.
Toxe, uTo B 1CyT.
Toxe, 4To B 3 CyT.

To e, 4yTo B 1 cyr, fo6aBneHne Kopma B NOYBY: U3MepeHns TemMnepaTypbl U pH NOuBbI; KOHTPOJIb BAXK-
HOCTU MOYBbI MOBTOPHbLIM B3BELUMBAHMEM WCMbITYEMbIX Kamep; KOHeL, thasbl NOI/OLLEHMST; NEPEHOC Yep-
Beli U3 OCTaBLUMXCA MOBTOPHOCTEN BO3AENCTBUS B KamMepbl, CoAepXallime YUCTYH nousy, 4N dasbl 3/1u-
MUHauum (6e3 OYNCTKN KULLEYHUKA): 0T60P NPOo6 NOYBbI U YepBeli N3 KOHTPOIA Ha PacTBOPUTESb.
[elicTBnsi nepef ucnbiTaHnem (ypaBHoBelUMBaHWe asbl) JO/MKHbI ObiTh 3an/aHNpOBaHbl C y4yeToM
CBOWCTB MCMbITYEMOrO BeLlecTBa.

[eiictBus, onucaHHble Ansa 3 cyT, crefyeT NpoBOAUTL eXeHEBHOTO KpaiiHel Mepe, No paboyunm gHAM).
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Mpunoxexve B
(pekomeHgyemoe)

MoAroToBKa U XpaHeHne UCKYCCTBEHHOMN MOYBbI

MockonbKy MPYPOAHbIE NOYBbI M3 OMpPeAeIeHHOro UCTOYHMKA MOrYT ObiTb HEAOCTYMHbI B TEYEHWe BCEro roga, a
MECTHbIE€ OPraHu3Mbl U Ha/IMYMEe MUKPO3arpasHUTENe MOryT NOBANATL Ha pe3y/bTaTbl UCMbITaHWSA, TO AN UCNONb30Ba-
HVSi B 3TOM MCMbITaHUM PEKOMEHYETCSI UICKYCCTBEHHBIN CyBCTpaT, MCKYCCTBEHHASA NoYBa B COOTBETCTBUM C PyKOBOACTBOM
no ucnbitTaHuan O3CP 207 (36). HekoTopble TecToBble BUAbI MOMYT BbbKMBATb, pacTu M pasmMHOXaTbCs B 3TOI Mnouse,
KpOMe TOro, NMpu 1CNosIb30BaHNN Takoli MOYBbI 06ECNEUNBAETCS MaKCMMaslbHas CTaHAaPTU3aLMSA, a TAKKe BHYTPU- 1 MEX-
nabopaTopHasa conocTaBMMOCTb UCMbITAHWI U YCOBWIA KyNIbTUBMPOBaHMS.

KOMMOHEeHTbI NOYBbI

Topd: 10% CcparHoBblii (BepxoBoii) Topd (ccharHym Topdd) B COOTBETCTBUM C PYyKOBOA-
ctBom O3CP 207 (36).
KBapLeBblil necok: 70% MpoMmbILLNeHHbIV KBapLeBbIi Necok (BO3AyLUHAA CyLLKa); pa3Mep YacTul: 60-

nee 50 % yacTuy, AO/DKHBI UMEeTb pa3mep B Avana3oHe 50—200 MKM. HO Bce
4acTuULbl AO/MKHBI BbITb S2 MM.

KaonmHUT rnHbL: 20% CopepxaHve kaonmHuta r 30 %.

Kap6oHat kanbuus: S1% CaCO3. 13Me/bYEHHbIA, XMMUYECKN YUCTLINA.

Kak BapuaHT, cofepxaHue opraHM4eckoro yrnepoga B UCKyCCTBEHHOI MOYBE [IOKET ObITb YMEHbLUEHO, Hanpumep,
3a CYET CHWXEHWA cogepxaHna Topda A0 4 % — 5 % cyxoli NoYBbI U COOTBETCTBEHHO MOBbILLEHNUS COAEPXaHUA necka.
Takoe CHWKeHNe COoAepXaHNs OpPraHNYeckoro yriepoga MOXeT YMEeHbLUMTb BO3MOXHOCTU aAcopbLumn UChbITyeMoro Be-
LecTBa NOYBOW (OpraHMYeckuin yrnepoa), 1 MOXeT BO3pacTu Hamyme UCMbITyeMoro BellecTsa B Yepssax (58). Bbino no-
KasaHo. 4To Enchytraeus albtdus v Eisenia fetida MoryT cooTBeTCTBOBaTL KPUTEPUAM LOCTOBEPHOCTYU MO BOCMPOV3BOACTBY
npy UCNbITAHUSIX B NOIEBLIX NOYBAX C 60Mee HU3KUM COAEPXKAHMEM OpraHMYecKoro yrnepoga, Hanpumep 2,7 % [59]. (60).
1 UMeeTCS OfbIT, CXOASA U3 KOTOPOro 3TO TaKke MOXET 6bITb OCTUTHYTO B UCKYCCTBEHHOI noyse ¢ 5 % Topda.

MoprotoBka

Cyxve KOMMOHeHTbI MOuBbI TLLATE/IbHO NepeMeLunBatoT (Hanpumep, B NOYNPOMBbILLIEHHOM 1a60paTOPHOM CMe-
cutene). 3TO OCYLECTBNAIOT NPUMEPHO 3a Hefesno A0 Havana UcnbiTaHns. CMeLlaHHble Cyxue KOMMOHEHTbI NoYBbl YB-
NaXHAT AEeNOHN3NPOBaHHO BOAOW He MeHee YeM 3a 48 4 nepef, BHECEHMEM UCTLITYEMOrO BELLECTBa C Lie/bio ypas-
HOBeluMBaHuA/cTabunusaumm kucioTHocTu. Ana onpeaenexdus pH mucnonb3yercs cmecb nousbl 1 1 M pacteopa KC! B
cooTHOWeHnn 1:5. Ecm 3HadeHne pH He HaxoauTtcs B Tpebyemom guanasoHe (6.0+0,5), To go6aBnserca AoctaTouHoe
Konuyectso CaCO3 B NOYBY WM FOTOBUTCA HOBasA NapTUA MOYBbI.

MakcumanbHas Bogoyaepxmsatowas cnocobHocts (WHC) nckyccTBeHHONM nousbl onpegensierca no 1SO 11268-2
(61). Mo meHbLUEN Mepe, 3a 2 CYT A0 HaYasa UCMbITaHUs Cyxas UCKYCCTBEHHAs Noysa yBnaxHsaeTca fjobasneHnemM fgocra-
TOYHOrO KO/IMYEeCTBa AEVNOHN30BAHHOM UM PEKOMOBMHMPOBAHHON BOA! ANA NOYYEHUS NPUMEPHO MOJIOBUHLI KOHEYHOTO
coaepxaHusa Bogbl. KoHeUHoe cofepxaHue Boab! LO/MKHO HaXoanTLeA B npeaenax oT 40 % o 60 % makcumanbHoin WHC.
B Havasnie ucnbiTaHus npeasapuTesibHO YB/IaXKHEHHas NoyBa pasfesisieTcs Ha KOMMYeCTBO NakeToB, COOTBETCTBYOLLEe
KONMYECTBY UCMbITYEMbIX KOHLEHTPALWI 1 KOHTPOEW, NCNOMb3yeMbIX AN1A UCTbITAHWSA, U COAepXaHue Bnarv foBoanuTCA
[0 40 % — 60 % WHCmat pacTBOpOM WCMbITYEMOro BeLLeCTBa Wiunv Ao6aBneHneM AENOHN3VPOBaHHON UIN peEKOMOU-
HVYpOBaHHOW BoAbl. CoAepxaHne Bnarv onpegenseTcs B HaYasie U B KOHUe ucnbitaHns (npy TemnepaType 105 'C). OHo
[OMKHO 6bITb ONTUMASIbHBLIM U COOTBETCTBOBATHL MOTPEOHOCTAM AAHHOTO BUAA OPraHW3MOB (COAEpXaHue Bnarv MoXHoO
TaKKe NPOBEPUTbL CNEeAYOLLMM 06pa3oM: NOYUBY HY)XXHO MAMKO CXaTb B pyke, Y Mexay nasibLaMmn A0/HKHbI NOSBUTLCA Ma-
NeHbKKe Kanav Bogpbl).

XpaHeHune

Cyxvie KOMMOHEHTbI UCKYCCTBEHHOI NOYBbI MOXHO XPaHUTb NPV KOMHATHOM TeMnepaTtype 0 UCnosb3oBaHus. Moj-
rOTOB/IEHHAs!. NPeABapPUTENbHO YBIAXKHEHHAS MOYBA MOXET XPaHUTLCS B MPOX/IaHOM MecTe B TEUEHNE MaKCUMyM Tpex
CYTOK Mepef, BHECEHUEM WCMbITYEMOrO BELLECTBa; CMefyeT co6/of4aTh OCTOPOXHOCTb A/t MUHMMU3ALMN UCNapeHus
BOZAbl. MOYBY C BHECEHHbBIM UCTbITYEMbIM BELLLECTBOM UCMOb3YHOT Cpasy, ec/in OTCYTCTBYET MHDopMaLysi, yKkasbiBatoLas
Ha TO. YUTO KOHKPETHAs MOYBa [JIOKET XPAHUTLCS, HEe BNNSISI HA TOKCUYHOCTb U GUOAOCTYNHOCTb UCMLITYEMOTO BELLECTBA.
3arem npo6bl BHECEHHOW NOYBbI [0 aHa/M3a XPaHST B YC/IOBUSX, PEKOMEH/OBaHHbIX /1 KOHKPETHOTO UCMbITYEMOro
BeLLecTBa.
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Mpunoxexune I
(pekomeHgyemoe)

Buabl 3eMNSiHbIX MaoWEeTUHKOBbIX YepBeii, peKOMeHA0BaHHbIE A1 UCNOMb30BaHUSA B UCMbITAHUAX
no 6MoaKKyMynsiuuMu B Nouse

3eM/siHble YepBu

PekomeHayeMbIM TECTOBLIM BUAOM siBnsieTcs Eiseniafetida (Savigny 1826), oTHocsAwwmiics k cemeiicTey Lumbricidae.
C 1972 oH nogpasgenseTtcs Ha Asa noasuaa (Eisenia fetida n Eisenia andrei (62J). CornacHo Jaenike (63] oHu siBnstoTcs
WCTUHHBLIMW TUNWYHBIMK, OTAE/IbHBIMU BUAamu. Eisenia fetida nerko pacrnosHaeTcs no ero ApKUM MeXCerMmeHTHbIM Xerl-
TbIM MOfI0OCKaM, Torga kak Eisenia andrei umeeT paBHOMEPHbIA, TEMHO-KPaCHbINA UBeT. MNponcxoas, BEPOATHO, U3 pernoHa
YepHOro mopsi, Ha CerofHAWHNIA AeHb OHW pacnpoCTPaHEeHbl MO BCEMY MUPY, OCOGEHHO B @HTPOMOreHHO VM3MEHEHHBbIX
MecTax 06MUTaHus, TakMx Kak KOMNOCTHbIE Kyun. Oba BUAa NCNOMb3YTCA B 9KOTOKCMKOIOTMYECKUX UCTIbITAHUSAX, a Takke
B MCCNEeL0BaHNAX MO GUOaKKyMyaLum.

Eisenia fetida n Eisenia andrei ABNst0TCA NPOMbILLNEHHO AOCTYMHLIMU, HANPUMEP, Kak Haxueka Ana pbi6. Mo cpas-
HEHWIO C APYTVMU 3€M/ISIHBIMW YePBAMU OHW UMELOT KOPOTKMNIA XXU3HEHHBIV LMK/, [OCTUras 3pefioCTu B TEUYEHVE MPUMEPHO
2—3 mMec (Npu KOMHaTHOl Temnepartype). OnTumanbHas Temnepartypa A5 HUX cocTasnseT npumepHo 20 "C — 24 *C.
OHW NpeanoYnTaloT CPaBHUTE/BLHO BaXHbIe CyO6CTPaThl C MOYTW HENTPasibHbIM PH 1 BbICOKMM COAEpPXaHNeM opraHuye-
CKOro matepuana. Tak Kak 3T BMAbI LUMPOKO WMCMOMb30Ba/IMCh B CTaHAAPTHLIX 3KOTOKCMKOMOTMYECKUX UCNbITaHNAX Ha
NPOTSHXKEHNN MPUMEPHO 25 fIET. TO UX KyNbTUBMPOBaHUE XOPOLLO M3BECTHO [36], [64].

O6a Buaa MoryT 6bITb KyNIbTUBMPOBaHbI B LUMPOKOM AMana3oHe 0TXO0B XNBOTHOBOACTBA. PekomeHaoBaHHol NICO
[61] cpepoit ons passeaeHus siBnsieTcs cMmecb 50:50 HaBo3a OT slowajeit uam KpyrnHoro poratoro ckoTa u Topda. Cpega
[O/MKHa UMeTb 3HadeHne pH npumepHo oT 6 A0 7 (perynupyeTtcs KapboHaTOM KasibLms), HU3KYH0 MOHHYI NPOBOAMMOCTb
(MeHee 6 MCm/cM nin meHee 0,5 % KOHLIEHTpaLWKM COMN) U He JO/MKHA ObiTb UPE3MEPHO 3arpsA3HEHHOM aMMUakom 1m
MOUYOI XMBOTHbIX. Takke MOXeT ObITb MCNOMb30BaHa NPOMbILLIEHHAA cafoBas nousa 6e3 406aBOK UM UCKYCCTBEHHas
noysa B cooTBeTcTBMMN ¢ OECD [36]. nm nx cMecb B cooTHoweHnn 50:50. Cyb6ecTpaT AO/MKEH ObiTb B/IaXKHBLIM, HO HE O4eHb
MOKpbIM. lNA pa3BegeHns NoaxoasT KOpobku BMecTUMOCTb0 oT 10 go 50 n.

[ns nonyyeHus yepBeli CTaH4APTHOrO BO3pacTa M MacChl /lydlle BCEro HauMHaTh Ky/bTypy C KOKOHOB. [l 3TOro
B3pOC/IbIX YepBeil BHOCAT B KOPOOKM, NpefHa3HayveHHble ANa pa3BefeHns, coaepxallmne ceexuii cybeTpar ana nonyde-
HUS KOKOHOB. MpakTUyeckuii onbIT NoKasbiBaeT, YTO NIOTHOCTL NOMyAALMM 0kos10 100 B3poC/bIx YepBeii Ha Kr cybcTparta
(cblpoli Maccbl) obecneunBaeT NOAXOAALLYIO CKOPOCTb pa3MHOXEHNSA. Yepes 28 cyT B3poC/bIX YepBeit yaansior. 3emns-
Hble YepBU, BbI/TYNMBLUMECA U3 KOKOHOB, UCMO/b3YHOTCA A/ UCTbITaHWS, KOrAa JOCTUratoT NosoBOi 3pefiocTy, He MeHee
yeM yepes 2 Mec. HO MeHee Yem Yyepes 12 mec.

Yepsu BUAOB, ONUCaHHBIX BbILLE, MOXHO CUMTATL 3[40POBbLIMU, EC/IN OHW aKTUBHO ABUraloTcs B cyb6cTparte, He Mbl-
TalTCA NOKMHYTb CyBCTPaT U HEMpepbIBHO pasMHOXalTcs. OUeHb Mea/IeHHOe ABUXKEHNE WM XeNTblli 3afHWiA KoHel, (B
cnyyae Eisenia fetida) yka3biBatoT Ha UCTOLLeHMe cybcTpaTa. B 3TOM crlyyaB pekomeHAyeTCsl 0OCBeXUTb cybcTpar nwwim
CHU3UTb KOSIMYECTBO YepBeli B KOPOOKe.

SHxuTpenbl

PekomeHayembimM TecToBbIM BUAOM siBnsieTcs Enchytraeus aibidus Henle 1837 (6enble aHxuTpenapl). Enchytraeus
albidus sBnsieTCS OgHUM M3 camblX KpynHbIX (40 15 MM) BWAOB KOMbYaTbIX MasIOLIETVHKOBLIX YepBeil cemeiicTsa
Enchytraeidae 1 pacnpoctpaHeHHbIM BO BceM Mupe [65]. Enchytraeus albidus obutatoT B MOpPCKOW, 03epHOI 1 Ha3eMHO
cpefie, B OCHOBHOM B pas/iaraloLyxcs opraHMyecknx Belectsax (BOA0POC/Iv, KOMIMOCT) U pefko B fiyrax [66]. Ita wmpo-
Kasi aKo/iormyeckas ToNepaHTHOCTb U HEKOTOPblE MOphonornyeckne N3MeHeHNs NokasblBatoT, YTO MOTYT CyLLeCTBOBAaTb
pasInyHbIe N30/1ATLI 3TOTO BUJA.

Enchytraeus albidus siBnsieTcsi NpoMbILLINEHHO JOCTYMNHbIM, NPOAAETCs B KauecTBe Kopma A1 pblb. CnefyeT npo-
BEPUTL 3arpsA3HEHHOCTL Ky/IbTYPbl APYTUMU. Kak npasusio, 6oiee Mesikumn Bugamu [67]. Ecnv npoucxoauTt sarpssHeHue,
TO BCeX Yepseli crnegyeT NPOMbITb BOAOV B yallke MeTpu. 3aTtem oTOGMPAOT KpyMHble B3pocsble ocobu n3 Enchytraeus
albidus (Npu NoMoLLM CTEPEOMUKPOCKONA), YTOObI 3a/10XMUThL HOBYH Ky/bTypy. Bcex ocTanbHbIX YepBeli oTopachiBatoT. VX
XU3HEHHbI LMK ABNSETCA KOPOTKMM, Tak Kak No/10BO3pesioe CocTosiHue gocTuraetca mexay 33 cyT (npu 18 "C) n 74 cyT
(npw 12 “C). A0 ncnbiTaHWsa NCNO/b3YIOT TOMBbKO Ky/bTypy, KOTOpasi COXpaHseTcs B nabopaTopun B Te4eHne He MeHee 5
Hepaenb (0AHO NokoneHne) 6e3 kaknx-nm6o npobnem.

[Opyrve suabl poga Enchytraeus Takxe nogxoaaT, oco6eHHo Enchytraeus luxuriosus. 3TOT BUA ABNAETCA TUMUYHLIM
obuTatenemM No4Bbl, KOTOPLI Bbl1 HeAaBHO onucaH B [68]. Ecnn ncnonb3ytotes gpyrue suabl Enchytraeus, T0 oHW JOMXK-
Hbl 6bITb YETKO OMpejesieHbl U ceayeT npefcTaBuTb 060CHOBaHNe Bbibopa Buaa.

Enchytraeus crypbcus (Westheide & Graefe 1992) aBnseTcsa BUAoM, NpuHaanexatim K ogHoi rpynne ¢ Enchytraeus
luxuriosus. He 6b1/10 C yBEPEHHOCTbIO YCTAHOB/IEHO €ro HaJIune B MOJIEBbIX YC/IOBUSAX, €70 BbIAENANN U3 Ky/IbTYP 3eM-
NSHbIX YepBeli 1 KOMNOCTHbIX Kyd (Rombke. 2003). CnefoBaresibHO, ero onpefesfieHHble 3Konorniyeckme notTpebHoCcTn
He n3BeCTHbl. OfHaKO HeAaBHKWEe NabopaTopHbIe UCCNEA0BaHUA B PA3/IMYHbIX MOJMEBLIX MOYBaX NOATBEPAWUN, YTO 3TOT
BUJ, MMEET BbICOKYIO TO/IEPAHTHOCTb MO OTHOLLEHMIO K Pa3/inyatoLLmMmcs nokasaTensiM noysbl, TakuM kak pH 1 cTpykTypa
(Jarvsch n ap. 2005). B nocieiHne rofbl 3T0T BUS, 4ACTO UCMO/L3YETCA B 3KOTOKCUKOIOTUYECKNX UCCNIEL0BAHUAX B Pe3y/ib-
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TaTe NPOCTOTbI €70 Pa3MHOXEHNS U ncnbiTaHus (Hanpumep. Kuperman nap. 2003). OgHako 4epsu 3Toro Buaa Hebosblune
(3—12 mm. 7 mm B cpegHem (Westheide & Muller 1996)).1 aro genaet 06paboTKy CrioxHee no cpaBHeHuto ¢ Enchytraeus
albidus. Mpy ucnonb3oBaHun 3Toro BMAa BMecTo Enchytraeus albidus pasmep McnbiTyemoi kamepbl MOXET, HO He 065-
3aTefbHO. 6bITb MeHbLUe. Kpome Toro, cnefyeT yunTbiBaTh, YTO 3TOT BUZ BOCNPOU3BOAUTCHA OYeHb BbICTPO CO BPEMEHEM
pasmHoxeHus MeHee 20 cyT npu (20+2) "C (Achazi u ap. 1999) n faxe 6bicTpee npu 60/1ee BbICOKMX TemMnepaTypax.

OHxuTpengbl Buaa Enchytraeus albidus (a Tawke gpyrve Buapl Enchytraeus) MoXHO KynbTuBMpoBaTh B 60/bLUMX
NNacTMKoBbIX KOpobkax (Hanpumep. 30x60x10 cm nan 20x12x8 cM. NOAXOAALLMX ANS KYNbTUBMPOBAHWS YepBell Masioro
pasmepa), 3ano/IHEHHbIX CMECbI0 MCKYCCTBEHHOI MOYBbLI U NPOMBILLMIEHHOW CafoBoii MouBbl 6e3 A06aBOK. KOMMOCTHbIX
rPyHTOB CnefyeT usberatb, NOCKO/IbKY OHM MOTYT COAepXaTb TOKCUUHbIE BELLECTBa, Takme Kak Tshxesble meTassbl. MNepeq
1cnonb3oBaHveM chayHa fo/mkHa GbITb yaaneHa 13 NoyBbl, NpeaHasHauYeHHON ANa pa3BefeHns, TPeXpasoBoii Fy6oKoi
3aMOpO3KOl. UYncTasi NCKyCCTBEHHas NouBa Takke MOXeT OblTb MCMO/Mb30BaHa, HO CKOPOCTb BOCMPOM3BOACTBA MOXET
6bITb HWXKE MO CPaBHEHUIO C MOJlyYEHUEM CMeLLaHHbIX cybcTpatoB. CybeTpat gomkeH umets pH 6.0+0,5. KynbTypy Bbl-
JepxusaloT B TepmocTate npu Temnepatype (15+2)*C 6e3 cseta. B nobom cnyyas cnefyeT usberatb Temneparypbl
6onee 23 *C. VckyccTBeHHaa NpupoaHas noysa Ao/MKHA ObiTb BI2XKHOM, HO HE CIMLLKOM MOKpPOIA. Mpu nerkom cxartum
NOYBbI PYKOV AOKHBI MOSABUTLCS TOMLKO HeGOoMbLUME Kanan BoAdbl. B nobom ciyyae, cnefyeT usberarb 6€CKMCIOPOAHBIX
YCNOBWIA (Hanpymep, ecny UCMONb3YeTCs KPbILLKa, TO AO/HKHO BbiTh JOCTATOYHO MHOTO OTBEPCTUIA, YTOObI KpbiLlKka obe-
crneuvBasia AOCTaTOuHbI 06MeH BO3Ayxa). MNouBa ans passefeHus AO/MKHA asapupoBaThcs NyTem TLaTelbHOro ee nepe-
MeLUMBaHWA OfWH pa3 B Hefesio.

YepBell KOPMST BBOJIIO HE PeXe OHOro pasa B Hef,e/to OBCAHbIMU X/10MbsIMM, KOTOPbIE NOMELLA0TCS B yrny6eHve
Ha NMoBEepPXHOCTU MOYBbI U 3aChINAOTCA NOYBOI. ECnM KOPM € NocnefHero KOPMIEHUs ocTaeTcsi B KOHTeliHepe, TO Kosnye-
CTBO CKapM/IMBAEMOro Kopma o/MKHO 6bITb COOTBETCTBYHIOLLMM 06pa3oM CKOPPeKTUpoBaHo. Ecin Ha ocTaBLLeMcsi kopme
pacTyT rpubbl, €ro 3amMeHsII0T HOBOW Mopuyell OBCSHbIX X/10NbeB. A5 ob6ecneyeHnss pasMHOXEHUSI B OBCSHbIE X/10Mbst
MOXHO 406aBASATb MPOMBILLIEHHO JOCTYMHbIE BUTAMUHHbIE ,06aBKV MPOTEMHOBOrO NOPOLLKA Kax/able ABe Hedenn. Yepes
TPU MecsAua YepBeil NepeHOCAT B CBEXENPUIOTOBIEHHYIO Ky/bTypy Wn cy6eTpaT Ans pasBefeHusi. OBCsHbIe XMosbs,
KOTOpble A0/MKHbI XPaHUTLCS B repMeTUUHbIX cocydax, Heobxoaumo obpabatbiBaTb B aBTOK/aBe UM HarpesaThb nepeq
MNCMNOMb30BaHMEM, YTOObI M36exXaTb 3apaXkeHus MyyHbiIMK Kiewamun (Hanpumep. Glyzyphagus sp., Astigmata, Acanna)
WK XvwHbIMK Knewamm (Hanpumep, Hypoaspis (Cosmolaelaps) miles. Gamasida. Acarina). Nocne ge3nHgekym Kopm
n3mesibyatoT Takum 06pa3om, YTO6bI ero MOXHO 6bI/10 IEFKO pacchinatb N0 NOBEPXHOCTU NOYBLI. ELLie 04HUM BO3MOXHBLIM
MCTOYHUKOM NUTaHUA ABNAIOTCA XfiebonekapHble APOXOKU UK KopMm A pbib TetraMin®.

B 06LeM, ycnoBus KynbTUBUPOBAHWSA ABMSIKOTCA NOAXOAALLMMU, ECNIN YEPBU HE MNbITAKOTCA NOKMHYTL CybCTpaT, 6bl-
CTPO ABUraloTCs B MoYBe, UMEIT 61eCTALLMIA HapyXHbI NOKPOB 6€3 YacTuL, NOYBbI, NPUANMLLUX K HeMy, 6o/1ee nnn MeHee
6enoBaTbIii LBET, N ecnn B Ky/ibType HaxoAsaTCcsl YepBU pasHOro Bo3pacta. PakTuyecky YepBM CUMTAIOTCS 3[40POBbIMU,
€C/I1 OHW NOCTOSAHHO Pa3MHOXAOTCS.
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Mpunoxexune A
(cnpaBoyHOE)

CpaBHeHUe CTPYKTYpbl MEXAYHAPOAHOT0 JOKYMEHTA CO CTPYKTYpOi HacTosAlWero ctaHgapta

Tab6nunya A1

CTpyKTypa HacTosILLEero ctaHaapTa CTpyKTypa MexayHapofHoro fokyienta
Paspen Moppaspen Mepeuncnenus Pa3gen Mepeuncnenua
BBeaeHve 1.2.3 —
1 11 - — —
1.2 — 4 —
2 21 — MpunoxeHne 1 —
2.2 — MpunoxeHne 1 -
2.3 — MpunoxeHne 1 -
2.4 — MpunoxeHne 1 -
2.5 — MpunoxeHne 1 —
2.6 — MpunoxeHne 1 —
2.7 — MpunoxeHune 1 —
2.8 — Mpunoxenne 1 —
2.9 - MpunoxeHune 1 —
2.10 - MpunoxeHune 1 —
211 — MpunoxeHne 1 —
2.12 — MpunoxeHune 1 —
2.13 — MpunoxeHne 1 —
2.14 — MpunoxeHne 1 —
2.15 — MpunoxeHune 1 —
3 31 — 5 —
3.2 — 6 —
3.3 — 7 —
34 — 8 —
35 — 9 —
3.6 — 10 —
4 4.1 — 1 —
4.2 — 12 —
4.3 — 13 —
4.4 — 14 —
45 — 15 —
4.6 — 16 —
5 — — 17 -
6 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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OKoHYaHve Tabnuubsl JA. 1

CTpyKTypa HacTosiLLEero cTaHgapTa CTpyKTypa mMexayHapoHOro AokyMeHTa
Pasnen Moppasnen Mepeuncnenua Pasgen Mepeuncnexus

6 6.4.1 — 23 —

6.4.2 — 24 —

6.4.3 — 25 —

6.4.4 — 26 —

6.5 — — —

6.5.1 — 27 —

6.5.2 — 28 —

7 — — 29.30 —

7.1 — — —

7.11 — 31 —

7.1.2 — 32 —

7.1.3 — 33 —

7.1.4 — 34 —

7.1.5 — 35 —

7.2 — 36 —

7.3 — 37 —

7.4 — 38 —

7.5 — — —

751 — 39 —

7.5.2 — 40 —

7.6 - 41 —

7.7 - — —

7.7.1 - 42 —

7.7.2 — 43 _

7.7.3 — 44 —

7.7.4 — 45 —

7.75 — 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 —
MpunoxeHve A MpunoxeHue 2
Mpunoxexve b MpunoxeHue 3
MpunoxeHve B MpunoxeHue 4
Mpunoxenune I MpunoxeHue 5

21



FOCT 33637—2015

(1]
[2
3
4
(5]

(6]
(7]

8]
[0

(10]
(11]

[12]

(13]

[14]

[15]

[16]

(17]
(18]
[19]
[20]

[21]

[22]

[23]

[24]

22

Bubnuorpacusa

Connell. D.W. & Markwell, R.D. (1990). Bioaccumulation in the Sol to Earthworm System. Chemosphere 20.
91—100

Jager. T. (1998). Mechanistic approach for estimating bioconcentration of organic chemicals in earthworms
(Oligochaeta). Environ. Toxicol. Chem. 17. 2080—2090

EC (2006). Technical Guidance Document in support of EC Regulation No. 1907/2006 concerning the
Registration. Evaluation. Authorisation Bnd Restriction of Chemicals (REACH. OJ L 396. 30.12.2006)
Phillips. D.J.H. (1993). Bioaccumulation. In: Handbook of Ecotoxicology Vol. 1. Calow, P. (ed.). Blackwell Sci-
entific Publ.. Oxford. 378—396

Beek. B.. S. Boehling, U. Bruckmann. C. Franke. U. Joehncke & G. Studinger (2000). The assessment of
bioaccumulation. In Hutzinger, O. (editor). The Handbook of Environmental Chemistry. Vol. 2 Part J (Vol.
editor: B. Beek): Bioaccumulation — New Aspects and Developments. Springer-Verlag Berlin Heidelberg:
235—276

ASTM (2000), Standard guide for the determination of the bioaccumulation of sediment-associated
contaminants by benthic invertebrates. American Society for Testing and Materials. E 1688-00a

US EPA (2000). Methods for measuring the toxicity and bioaccumulation of sediment-associated contaminants
with freshwater invertebrates. Second Edition. EPA 600.'R-99'064. US. Environmental Protection Agency.
Duluth. MN. March 2000

EPPO (2003). Environmental Risk Assessment scheme for plant protection products. Soil organisms and
functions, EPPO (European Plant Protection Organization) Standards. Bull. OEPP/EPPO 33: 195—208

Full, C., Schulte. C. & Kula, C. (2003), Bewertung der Auswirkungen von Pflanzenschutzmitteln auf Regen-
wiirmer. UWSF — Z. Umweltchem. Okotox. 15: 78—84

Didden. W.A.M. (1993), Ecology of Terrestrial Enchytraeidae, Pedobiologia 37. 2—29

Edwards. C.A. & Bohlen. P.J. (1996). Biology and ecology of earthworms. Third Edition. Chapman & Hall.
London. 426 pp

Petersen. H. & Luxton. M. (1982). A comparative analysis of soil fauna populations and their role in
decomposition processes. Oikos 39. 287—388

Schlosser H-J. & Riepert F. (1992). Entwicklung eines Prufverfahrens fur Chemikalien an Bodenraubmilben
(Gamasina), Teii 2: Erste Ergebnisse mit Lindan und Kaliumdichromat in subletaJer Dosierung. Zool. Beitr. NF
34.413-433

Dietnch. D.R., Schmid. P.. Zweifel, U.. Schlatter. C.. Jenni-Eiermann. S.. Bachmann. H., Buhler. U. & Zbinden.
N. (1995). Mortality of birds of prey following field application of granular carbofuran: A Case Study. Arch. En-
viron. Contam. Toxicol. 29. 140— 145

Romijn. C.A.F.M., Luttik. R.. Van De Meent. D.. Slooff. W. & Canton. J.H. (1993). Presentation of a General
Algorithm to Include Effect Assessment on Secondary Poisoning in the Derivation of Environmental Quality
Criteria. Part 2: Terrestrial food chains. Ecotox. Envir. Safety 27. 107—127

ASTM International (2004). Standard guide for conducting laboratory soil toxicity or bioaccumulation tests
with the Lumbricid earthworm Eisenia fetida and the Enchytraeid potworm Enchytraeus albidus, ASTM
International, E1676-04: 26 pp

OECD (1996). Bioconcentrat>on: flow-through fish test. Test Guideline No. 305. Guidelines for the testing of
chemicals. OECD. Paris

OECD (2008). Bioaccumulation in Sediment-dwelling Benthic Oligochates. Test Guideline No. 315. Guidelines
for the testing of chemicals. OECD. Paris

Amorim. M. (2000). Chronic and toxicokinetic behavior of Lindane (/A-HCH) in the Enchytraeid Enchytraeus
albidus. Master thesis. University Coimbra

Belfroid. A.. Sikkenk. M.. Seinen. W.. Van Gestel, C. & Hermens (1994). The toxicokinetic behavior of chloro-
benzenes in earthworms (Eisenia andrei): Experiments in soil. Environ. Toxicol. Chem. 13. 93—99

Bruns, E.. Egeler. Ph.. Moser, T. Rombke. J., Scheffczyk. A. & Sporlein. P. (2001a), Standardisierung und
Validierung eines Bioakkumulationstests mit terrestrischen Oligochaeten. Report to the German Federal
Environmental Agency (Umweltbundesamt Berlin). R&D No.: 298 64 416

Bruns. E., Egeler. Ph.. Rombke. J. Scheffczyk. A. & Sporlein. P. (2001b). Bioaccumulation of lindane and
hexachlorobenzene by the oligochaetes Enchytraeus luxuriosus and Enchytraeus albidus (Enchytraeidae.
Oligochaeta. Annelida). Hydrobidogia 463. 185— 196

Full. C. (1996). Bioakkumulation und Metabolismus von Y-1.2.3.4.5,6-Hexachlorcyctohexan (Lindan) und
2-(2.4-Dicbtorphenoxy)-propionsaure (Dichlorprop) beim Regenwurm Lumbricus rubellus (Oligochaeta. Lum-
bricidae). Dissertation University Mainz. 156 pp

Jager. T.. Fleuren R.L.J., Hoogendoorn. E. & de Korte, G. (2003b), Elucidating the routes of exposure for
organic chemicals in the earthworm. Eisenia andrei (Oligochaeta). Environ. Sci. Technol. 37. 3399—3404



[25]

[26]

[27]
[28]
[29]

[30]

[31]
[32]
(33]
[34]

[35]

[36]
[37]
[38]

[39]

[40]
[41]

[42]

[43]
[44]
[45]

[46]

[47]
[48]

[49]

FOCT 33637—2015

Khalil. A M. (1990). Aufnahme und Metabolismus von 14C-Hexachlorbenzol und 14C-Pentachlornitrobenzol in
Regenwurmern. Dissertation University Munchen. 137 pp

Marinussen. M.P.J.C.. Van der Zee. S.E.A.T.M. & De Haan. FA (1997). Cu accumulation in Lumbricus rubel-
lus under laboratory conditions compared with accumulation under field conditions, Ecotox. Environ. Safety
36. 17—26

Posthuma. L. Weltje. L. & Anton-sanchez. F A (1996). Joint toxic effects of cadmium and pyrene on
reproduction and growth of the earthworm Eisenia fetida, RIVM Report No. 607506001, Bilthoven

Rombke. J., Egeler. P.. Full. C. (1998). Literatursludie iiber Bioakkumulationstests mil Oligochaeten im
terrestrischen Medium. UBA-Texte 28/98. 84 S

Van Straalen. N.M., M.H. Donker, M.G. Vijver & C.A.M. van Gestel. (2005). Bioavailability of contaminants
estimated from uptake rates into soil invertebrates. Environmental Pollution. 136. 409—417

Vijver. M.G.. J.P.M. Vink. T. Jager. H.T. Wolterbeek. N.M. van Straalen. CAM. van Gestel (2005). Biphasic
elimination and uptake kinetics of Zn and Cd in the earthworm Lumbricus rubeltus exposed to contaminated
floodplain soil. Soil Biol. Biochem. 37: 1843—1851

Widianarko B. & Van Straalen NM. (1996), Toxicokinetics-based survival analysis in btoassays using nonper-
sistent chemicals. Environ. Toxicol. Chem. 15. 402—406

Sample. B.E.. Suter. D.W.. Beauchamp. J.J. & Efroymson. R.A. (1999). Literature-derived bioaccumulation
models for earthworms: Development and validation. Environ. Toxicol. Chem. 18. 2110—2120

OECD (2004a), Enchytraeid reproduction test. Test Guideline No. 220. Guidelines for the testing of chemicals.
OECD. Paris

OECD (2004b). Earthv/orm reproduction test (Eisenia felida/Eisenia Andrei). Test Guideline No. 222.
Guidelines for the testing of chemicals. OECD. Paris

Elmegaard. N. & Jagers op Akkerhuis. G.A.J.M. (2000). Safety factors in pesticide risk assessment. Differences
in species sensitivity and acute-chronic relations. National Environmental Research Institute. NERI Technical
Report 325: 57 pp

OECD (1984). Earthworm, acute toxicity test. Test Guideline No. 207. Guidelines for the testing of chemicals.
OECD. Paris

Franke. C.. Studinger. G.. Berger, G., Bohling. S.. Bruckmann, U.. Cohors-Fresenborg, D & Johncke. U.
(1994). The assessment of bioaccumulation. Chemosphere 29. 1501—1514

Sousa JP. Loureiro S. Pieper S. Frost M. Kratz W. Nogueira AJA. Soares AMVM (2000) Soil and plant diet
exposure routes and toxicokinetics of lindane in a terrestrial isopod. Environ. Toxicol. Chem. 19. 2557—2563
Nendza. M. (1991), QSARs of bioaccumulation: Validity assessment of log Kow/log BCF correlations. In: R.
Nageland R. Loskill (eds.): Bioaccumulation in aquatic systems. Contributions to the assessment. Proceedings
of an international workshop. Berlin 1990. VCH, Weinheim

Gabric. A.J., Connell. D.W. & Bell. P.R.F. (1990). Akinetic model for bioconcentration of lipophilic compounds
by oligochaetes. Wat. Res. 24. 1225— 1231

Landrum. P.F. (1989). Bioavailability and toxicokinetics of polycyclic aromatic hydrocarbons sorbed to sedi-
ments for the amphipod Ponloporeia hoyi. Environ. Sci. Toxicol. 23. 588—595

Belfroid. A.. Van Wezel. A.. Sikkenk. M.. Van Gestel. C.. Seinen. W. & Hermens. J. (1993). The toxicokinetic
behavior of chlorobenzenes in earthworms (Eisenia andrei): Experiments in water. Ecotox. Environ. Safety 25.
154—165

Belfroid. A.. Meiding. J.. Drenth. H., Hermens. J.. Seinen. W., Van Gestel. C. (1995), Dietary uptake of superli-
pophilic compounds by earthworms (Eisenia andrei), Ecotox. Environ. Safety 31. 185—191

OECD (2000), Soil Microorganisms: Nitrogen Transformation Test. Test Guideline No. 216. Guidelines for the
testing of chemicals. OECD. Paris

Environment Canada (1995). Guidance document on measurement of toxicity test precision using control
sediments spiked with a reference toxicant. Environmental Protection Series Report EPS 1/RM/30

Egeler. Ph.. Gilberg, D., Scheffczyk. A.. Moser, Th. & Rombke. J. (2009). Validation of a Soil Bioaccumulation
Testwith Terrestrial Oligochaetes by an International Ring Test (Validierung einer Methode zur standardisierten
Messung der Bioakkumulation mit terrestrischen Oligochaeten). Report to the Federal Environmental Agency
(Umweltbundesamt Dessau-Rosslau), R&D No.: 204 67 458: 149 pp. Available for download at: http:i7www.
oecd.org/dataoecd.n2/20,42552727 .pdf

Mount. D.R.. Dawson. T.D. & Burkhard. L.P. (1999). Implications of gut purging for tissue residues determined
in bioaccumulation testing of sediment with Lumbriculus variegates. Environ. Toxicol. Chem. 18. 1244-1249
Gardner. W.S., Frez. W.A.. Cichocki, E.A. & Parrish. C.C. (1985). Micromethods for lipids in aquatic
invertebrates. Limnology and Oceanography 30.1099—1105

Randall. R.C.. Lee Il. H.. Ozretich. R.J.. Lake. J.L. & Pruell, R.J. (1991). Evaluation of selected lipid methods
for normalising pollutant bioaccumulation. Environ.Toxicol. Chem. 10. 1431—1436

23



FOCT 33637—2015

[50]

[51]

(52]
(53]

[54]

(58]
[56]

[57]

(58]

[59]
[60]
(61]
[62]

(63]
[64]

[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]

[74]

(78]

[76]

24

Bligh, E.G. & Dyer. W.J. (1959). A rapid method of total lipid extraction and purification. Can. J. Biochem.
Pysiol. 37.911—917

De Boer. J.. Smedes. F.. Wells. D. & Allan. A. (1999), Report on the QUASH intertaboratory study on the
determination of total-lipid in fish and shellfish. Round 1 SBT-2. Exercise 1000. EU. Standards. Measurement
and Testing Programme

Spacie. A.. Hamelink. J.L. (1982). Alternative models for describing the bioconcentration of organics in fish.
Environ. Toxicol. Chem. 1. 309—320

Jager. T. Sanchez. P.A.. Muijs. B., van der Welde. E. & Posthuma. L. (2000). Toxicokinetics of polycyclic
aromatic hydrocarbons in Eisenia andrei (Oligochaeta) using spiked soil. Environ. Toxicol. Chem. 19. 953—961
Jager. T.. Baerselman. R.. Dijkman. E.. De Groot. A. C,, Hogendoorn, E. A.. DeJong, A.. Kruitbosch, J. A. W.
& Peijnenburg, W. J. G. M (2003a). Availability of polycyclic aromatic hydrocarbons to earthworms (Eisenia
andrei. Oligochaeta) in field-polluted soils and soil-sediment mixtures. Environ. Toxicol. Chem. 22. 767—775
Janssen. M.P.M.. A Bruins. T.H. DeVries & Van Straalen. N.M. (1991). Comparison of cadmium kinetics in four
soil arthropod species. Arch. Environ. Contam. Toxicol. 20: 305—312

Van Brummelen. T.C. & Van Straalen. N.M. (1996). Uptake and elimination of benzo(a)pyrene in the terrestrial
isopod Porcefito scaber. Arch. Environ. Contam. Toxicol. 31: 277—285

Sterenborg. I.. Vork. N.A., Verkade. S.K.. Van Gestel. C.A.M. & Van Straalen. N.M. (2003). Dietary zinc re-
duces uptake but not metallothionein binding and elimination of cadmium in the springtail Orchesella cfncfa.
Environ. Toxicol. Chemistry 22: 1167—1171

Van Gestel C.A.M. (1992), The influence of soil characteristics on the toxicity of chemicals for earthworms:
a review. In: Ecotoxicology of Earthworms (Ed. Becker. H. Edwards. PJ. Greig-Smith, PW & Heimbach. F).
Intercept Press. Andover (GB)

Hund-Rinke. K. & H. Wiechering (2000). Earthworm avoidance test for soil assessments: An alternative for
acute and reproduction tests. J. Soils Sediments 1. 15—20

Rombke. J.. Riepert, F. & Achazi R. (2000). Enchytraeen als Testorganismen. In: Toxikotogische Beurteilung
von Boden. Heiden. S.. Erb. R.. Dott. W. & Eisentraeger. A (eds.). Spektrum Verl., Heidelberg. 105— 129
ISO (International Standard Organization) (1998). Soil Quality — Effects of pollutants on earthworms (Eisenia
fetida). Part 2: Determination of effects on reproduction. No.11268-2. ISO. Geneve

Bouche. M. (1972), Lombriciens de France. Ecologie et Systematique, INRA. Annales de Zoologie-Ecologie
animate. Paris. 671 p

Jaenike. J. (1982). “Eisenia foetida' is two biological species. MegadrSogica 4. 6—8

Venter. J.M.. Reinecke. A.J. (1988). The life-cycle of the compost-worm Eisenia fetida (Oligochaeta). South
African J. Zool. 23, 161—165

Bell. AW. (1958). The anatomy of Enchytraeus albidus. with a key to the species of the genus Enchytraeus.
Ann. Mus. Novitat. 1902. 1—13

Kasprzak. K. (1982), Review of enchytraeid community structure and function in agricultural ecosystems.
Pedobiologia 23. 217—232

Rombke, J. & Moser, Th. (1999). Organisation and performance of an international ring-test for the validation
of the Enchytraeid reproduction test. UBA-Texte 4/99, 373 pp

Schmelz. R. & Collado. R. (1999). Enchytraeus tuxuriosus sp. nov.. a new terrestrial oligochaete species
(Enchytraeide. CliteSata. Annelida). Carolinea 57: 93— 100

Conder. J.M. & Lanno, R.P. (2003). Lethal critical body residues as measures of Cd. Pb. and Zn bioavailability
and toxicity in the earthworm Eisenia fetida, J. Soils Sediments 3: 13—20

Didden, W. (2003). Oligochaeta. In: Bioindicators and biomonitors. Marked. B.A., Breure. A.M. & Zechmeister.
H.G. (eds.). Elsevier Science Ltd.. The Netherlands, pp. 555—576

OECD (2007). Bioaccumulation in sediment-dwelling benthic oligochaetes. Draft Test Guideline. 21 December
2007, Internal working document. Environment Directorate. OECD. Paris

Franke. C. (1996). How meaningful is the bioconcentration factor for risk assessment? Chemosphere 32.
1897—1905

Hawker. D.W. & Connell. D.W. (1988), Influence of partition coefficient of lipophilic compounds on
bioconcentration kinetics with fish.Wat. Res. 22. 701—707

Hund-Rinke. K. Rombke. J.. Riepert. F. & Achazi R. (2000). Beurteilung der Lebensraumfunktion von Boden
mit Hilfe von Regenwurmtests. In: Toxikotogische Beurteilung von Boden. Heiden. S.. Erb, R.. Dott. W. &
Eisentraeger. A. (eds.). Spektrum Verl., Heidelberg. 59—81

Pfiugmacher, J. (1992), Struktur-Aktivitatsbestimmungen (QSAR) zwischen der Konzentration von
Pflanzenschutzmitteln und dem Octanol-Wasser-Koeffzienten UWSF- Z. Umweltchem. Okotox. 4. 77-81
Sims. R. W. & Gerard. B. M. (1985). Earthworms. In: Kermack. D. M. & Barnes. R. S. K. (Hrsg.): Synopses of
the British Fauna (New Series) No. 31. 171 S. London: E. J. Brill/Dr. W. Backhuys



[77]

[78]
[79]
[80]
(81]
[82]
(83]
(84]
[85]
(86]

[87]

(88]
[89]
[90]
[91]

[92]

FOCT 33637—2015

Stephenson. G.L., Kaushik. A.. Kaushik. N.K., Solomon, K.R.. Steele. T, Scroggins, R.P. (1998). Use of an
avoidance-response test to assess the toxicity of contaminated soils to earthworms. In: Advances in earth-
worm ecotoxicology. S. Sheppard. J. Bembridge. M. Holmstrup, L. Posthuma (eds.). Setae Press. Pensacola.
67—381

UBA (Umweltbundesamt) (1991), Bioakkumulation — Bewertungskonzept und Strategien im Gesetzesvollzug.
UBA-Texte 42/91, Berlin

Van Gestel. C.A.. Ma. W.-C. (1990). An approach to gquantitative structure-activity relationships (QSARS) in
earthworm toxicity studies. Chemosphere 21.1023—1033

Gerard. B.M. (1964), Synopsis of the British fauna. No. 6 Lumbncidae. Linnean Soc. London. 6. 1—58

Graff. O. (1953), Die Regenwurmer Deutschlands. Schr. Forsch. Anst. Landwirtsch.. 7: 1—81

Rombke. J.. Egeler. P. & Full, C. (1997), Literaturstudie fiber Bioakkumulationstesls mit Oligochaeten im
terrestrischen Medium, Bericht fur das UBA F + E 206 03 909, 86 S

Rundgren. S. (1977). Seasonality of emergence in lumbricids in southern Sweden. Oikos. 28.49—55.
Satchell, J.E. (1955). Some aspects of earthworm ecology. Soil Zoology (Kevan): 180—201

Sims. RW.. Gerard, B.M. (1985). A synopsis of the earthworms. Linnean Soc. London. 31. 1—171

Tomfin. A.D. (1984). The earthworm bait market in North America. In: Earthworm Ecology — from Darwin to
vermiculture. Satchell, J.E. (ed.). Chapman & Hall. London. 331—338 pp

Achazi. R.K.. Frohlich, E., Henneken. M. & Pilz. C. (1999). The effect of soil from former irrigation fields
and of sewage sludge on dispersal activity and colonizing success of the annelid Enchytraeus crypticus
(Enchytraeidae. Oligochaeta). Newsletter on Enchytraeidae 6. 117—126

Jiinsch. S.. Amorim. M.J.B. & Rombke. J. (2005). Identification of the ecological requirements of important
terrestrial ecotoxicological test species. Environ. Reviews 13. 51—83

Kuperman. R.G.. Checkai. R.T.. Simim, M.. Phillips. C.T.. Kolakowski. J.E., Kurnas. C.W. & Sunahara, G.I.
(2003). Survival and reproduction of Enchytraeus crypticus (Oligochaeta. Enchytraeidae) in a natural sandy
loam soil amended with the nitro-heterocyclic explosives RDX and HMX. Pedobiotogia 47, 651—656
Rombke. J. (2003). Ecotoxicological laboratory tests with enchytraeids: A review. Pedobiologia 47. 607—616
Westheide, W. & Graefe. U. (1992). Two new terrestrial Enchytraeus species (Oligochaeta. Annelida). J. Nat.
Hist. 26. 479—488

Westheide. W. & Muller. M.C. (1996). Cinematographic documentation of enchytraeid morphology and
reproductive biology. Hydrobiologia 334. 263—267

25



FOCT 33637—2015

YK 658.382.3:006.354 MKC 13.020.01 T58

KnoueBble cnoBa: xMMuyeckas nNpoaykuus, okpyxawouias cpeaa, 61oakkyMmynauns, 3emMisHble MasoweTum-
KOBble uepBu

26



Pepaktop E.B. CunuTpuHa
Koppektop J1.C. JlbiceHko
KomnbloTepHas BepcTka E.O. AcTalmHa

MoanucaHo B noyaTb 11.02.2016 dopmaT 60*84 Vg. Fapuutypa Apuan
Ycn. neu. n. 3.72. Tupax 31 3k3. 3ak 408

MOArOTOB/IEHO HA OCHOBE 3/1€KTPOHHOI Bepcuu, NpeAocTaBNEHHOI pa3paboTunkom crtaHgapTa

oryn «CTAMAAPTUH®OPM»
123995 MockBa. paHaTHbli nep.. 4.
www.goshnfo.ru «Tfo@gosimfo.ru


https://www.mosexp.ru
https://www.mosexp.ru
https://files.stroyinf.ru/Index/612/61273.htm

