Meroanyeckue yka3aHusi 10 Ppa3padoTKe HOPMATHBOB KayecTBa BO/IbI
BOJIHBIX O0BEKTOB PbIOOXO3MI/iCTBEHHOI0 3HAYE€HUsl, B TOM 4YHCJe
HOPMATHBOB MpeeJbHO J0NMYCTUMbIX KOHIEHTPAUMA BpPeIHBIX BelleCTB B
B0/JIaX BOJAHBIX 00bEKTOB PbI00X0351iiCTBEHHOT 0 3HAYEHH S

OEJIEPAJIBHOE ATEHTCTBO 11O PBIBOJIOBCTBY

ITPUKA3
ot 4 aBrycra 2009 r. N 695

OB YTBEPKJEHUU METOJUYECKHNX YKA3AHUM
11O PABPABOTKE HOPMATHUBOB KAYECTBA BOJAbI BOJIHBIX
OBBEKTOB
PBIBOXO3SMCTBEHHOI'O 3HAUEHMUS, B TOM YHUCJIE
HOPMATHUBOB

HPEJAEJIBHO JOITYCTUMbIX KOHIHEHTPAIIUU BPEJHBIX
BEIIECTB

B BOAAX BOJHBIX OB BEKTOB PHIBOXO3AUCTBEHHOI'O
3HAUEHUSA

B cootBercTBuu ¢ IlocranosnenneMm lIpaBurenscrBa Poccurickonn denepanuu
ot 28 utons 2008 1. N 484 "O nopsinke pa3paObOTKU U yTBEPKIECHUS HOPMATHBOB
KauecTBa BOJbI BOJIHBIX OOBEKTOB PHIOOXO3IMCTBEHHOTO 3HAYEHUS, B TOM YHUCIE
HOPMAaTUBOB MPEAEIbHO JOMYCTUMBIX KOHIIEHTPALMI BPEIHBIX BEIIECTB B BOJAX
BOJIHBIX OOBEKTOB phIO0OX03s1iicTBeHHOT0 3HaueHus" (CoOpaHue 3aK0OHOaTENHCTBA
Poccuiickoit @eneparuu, 2008, N 27, ct. 3286) npukasbiBaro:

1. YTBepauTh 1o coriacoBaHuio ¢ MUHHCTEPCTBOM MPUPOIHBIX PECYPCOB U
skonornn Poccuiickonn ®enepannu npuwiaraeMmble MeTonuueckne ykas3aHus IO
pa3paboTKe HOPMATHBOB Ka4ueCTBA BOJIbI BOJHBIX OOBEKTOB PHIOOXO03SMCTBEHHOIO
3HAQYEHHS, B TOM YHCIIE HOPMATUBOB MPEAECIbHO ITOMYCTUMBIX KOHIEHTpalUi
BpE/IHBIX BEIIECTB B BOJAAX BOJHBIX 00OBEKTOB PhIOOX03MCTBEHHOTO 3HAYEHUSI.

2. VYmupanenuto Hayku u oOpasoBanus (B.A. benseB) coBMecTHO ¢
VYnpasnenuem npaBosoro odecreuenus (E.C. Kair) nanpaButek Hactosmii [Ipukas
Ha TOCYJapCTBEHHYIO peructpauuio B MuHrocT Poccuu B 1eCATUIHEBHBIN CPOK CO
JTHS €70 TIOAMUCAHUA.

3. Kontposb 3a BbINOJHEHHWEM Hactodmero IIpuka3za BO3JIOXKUTH Ha

3amecTtutens pykoBoautens PocpeibososctBa B.B. Pucosanoro.
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PykoBonurens

A.A KPAVHUM

Y TBepxKICHBI
[Ipukazom PocpribonoBcTBa

ot 04.08.2009 N 695

METOJAUYECKHME YKA3AHUS
MO PA3PABOTKE HOPMATHUBOB KAUECTBA BO/JIbl BOTHBIX
OBBLEKTOB
PBIBOXO03SIiICTBEHHOI'O 3HAYEHUSI, B TOM YUCJIE
HOPMATHBOB
MPEJAEJLHO JOITYCTUMBIX KOHIIEHTPALIAI BPETHBIX
BEILECTB
B BOJAX BOJHBIX OFBEKTOB PbIBOXO35IiiICTBEHHOI'O
3HAYEHUS

1. Haznauenue u 0651acTh MIpUMEHEHUS

1.1. Meroaudeckue ykazaHusl MO pa3pabOTKE HOPMATUBOB KauecTBa BOJbI
BOJIHBIX OOBEKTOB PHIOOXO3SUCTBEHHOTO 3HAYCHMS, B TOM YHCJIE HOPMAaTHUBOB
NpeAeabHO JOMYCTUMBIX KOHIIEHTpaluid BpeaHbix BemecTB (manee - [IJIK
BEIIECTB) B BOJaX BOJHBIX OOBEKTOB PHIOOXO3SIICTBEHHOTO 3HAYCHUS

NpCAHA3HAYCHbI OJII HAYYHO-HCCICAOBATCIILCKUX W  HWHBIX OpFaHI/I3aHI/If/‘I,
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BBIMOJHAIONIMX PaboThl MO pa3zpaboTke HOpMaTHBOB KadecTBa Boasl u IIJK
BELLECTB.

1.2. HopmaTuBbel KauecTBa BOJbI BOJHBIX OOBEKTOB PBHIOOXO3SIICTBEHHOTO
3HAUEHUS XapaKTEePU3YIOT MPUTOTHOCTH €€ JIsi OOUTaHUS BOJHBIX OMOJIOTHYECKUX
pecypcoB (majee - BOJIHBIE OHOpECYpChl) M oOOecrmeunBarOT 0e30MacHOCTh
MPOIYKIUU U3 HUX.

1.3. [TokazaTenu cocraBa U CBOWCTB €CTECTBEHHOTO MPUPOTHOTO COCTOSIHUS
BOJBI TOBEPXHOCTHBIX BOJHBIX OOBEKTOB OMNpEAENSIOTCA  (U3HUYECKUMH,
XUMUYECKUMHU, OMOJOTUYECKUMHU W MHBIMHU IOKa3aTENSIMU, COOTBETCTBYIOLIUMU
IPUPOAHBIM YCIOBHSM, HE 3aTPOHYTHIM AHTPOIIOTE€HHBIM BO3ICHCTBUEM.

1.4. OOmue TpeOOBaHUS K COCTaBY U CBOMCTBAM BOJbI, B CBS3U C IIUPOKUM
BJIMSIHUEM Pa3JIMYHbIX BUJOB XO3SHUCTBEHHOW JEATEIBHOCTH HA BOJHBIE OOBEKTHI
pBIOOXO3AHUCTBEHHOTO 3HAYE€HMs, YCTAHOBJICHbBI Ha B3BELICHHBIC BEIECTBA,
IlaBarollie MmpuMecu (BEUIECTBA), OKPACKY, 3alaXW U MPUBKYCHI, TEMIEPATYPY,
BOJIOPOJIHBIM TIOKa3aTeilb, MHUHEPAIN3ALMUI0 BOJABI, PACTBOPEHHBIM KHUCIOPOL,
onoxumuyeckoe mnorpednenne kuciaopona (BIIK), xummuueckune BemiecTsa,
TOKCHUYHOCTH BOJIbI (IIpunoxenne 6 naHHbIX MEeTOOANYECKHUX YKAa3aHUM).

1.5. Meroauueckue ykazanus no paspadotke [1JIK BemecTB B Boj1ax BOJHBIX
OOBEKTOB PpPBIOOXO3MCTBEHHOIO 3HAYEHUs MpEeJHA3HAYEHbl ISl pa3pabOTKH
HOPMATHUBOB, MPU KOTOPBIX COXpaHSAETCs OMOJOTMYECKOe pa3HOOOpa3ue u cpena
oOuTaHus BOAHBIX OWOpecypcoB, oOecreunBaeTcs A00bIYa (BBLJIOB) BOJHBIX
OMopecypcoB.

1.6. Meronuueckue ykazanus 1o paspadorke [1/IK BemiecTB ycraHaBiIuBaOT
TpeOOBaHUS K IPOBEACHUIO HAYYHO-UCCIIE0BATENLCKUX padOT MO ONPEACICHUIO U
O0OOCHOBaHHUIO  YKa3aHHBIX  HOPMAaTHBOB B  BOAE  BOAHBIX  OOBEKTOB
PBHIOOX03UCTBEHHOTO 3HAYEHUS], B TOM UHCJIE B MOPSIX WJIM UX OTAEIbHBIX YaCTAX.

1.7. IIIK BemecTB ycranaBiauBaroTcs 1o pesyibrataM ([Ipunoxenus 1 - 4
HacTOSIMM  MeTOAMYEeCKUM YKa3aHUSM) TOKCHUKOJOTUYECKHX MCCIEI0BaHUN
BEILIECTBA HA TECT-00BEKTaX pa3HbIX TPO(PUUYECKUX 3BEHBEB BOJHOTO OOBEKTA

(MUKpOOpPTaHU3MBbI, (PUTO-, 300MJIAHKTOH, (UTOOEHTOC, 3000€HTOC, PHIOBI Ha



pa3HBIX CTaauAX Pa3BUTHA), OLICHKUM BIMSHUS BEIIECTB HA CaHUTAPHbIC
MOKa3aTelIdi BOJTHOM CpENbl; OMpEIeTCHUsT CTAa0MIBHOCTA BEIIeCTBA B BOJIE;
CIIOCOOHOCTM  €ro0 K  HaKOIUIGHHI0O B  THAPOOHMOHTAX;  HCCICIOBAHMS
T€HOTOKCUYHOCTH; OOOOIICHUS TOJYYCHHBIX JaHHBIX; OMpENeTeHUs Hauboiee
cnaboro 3BeHa, MJII KOTOPOTO MaKCHMallbHas HEACHCTBYIOIIAs KOHIICHTPAIIUS
BelllecTBa oOKazasiach HaumeHbled (Ilpunoxkenue 5 gaHHBIX MeTOaUYECKHUX
ykazanuil). Hanbonee cinaboe 3B€HO HA3bIBAIOT TAKKE JIMMUTUPYIOIIMM 3BEHOM,
MaKCcHUMaJlbHasi HEJECUCTBYIOIAs KOHIIEHTpamus Kkotoporo ompeaenser I[IJIK
BEIIICCTBA. Uccnenyempbrit MoKa3arteib (YMCIEHHOCTb, onomacca,
(U3MOIOTMYECKUN UM TeMaTOJIOTMYECKUN TIoKa3aTeldb U Mpod.), s KOTOPOTo
ompejieieHa  MakCuMajbHas  HEACHCTBYIOIIAs  KOHIEHTpPAIMs, Ha3bIBACTCS
JUMUTHPYIOIIUM TTOKa3aTeJIEM.

1.8. MeToanueckue ykazaHus pa3paboTaHbl B COOTBETCTBUU ¢ DenepaabHbIM
3akoHOM OT 20 nexadpsi 2004 roma N 166-®3 "O pbIOOIOBCTBE U COXpPaHEHUU
BOJIHBIX Ononornyeckux pecypco'; cratbsimu 20, 21 denepansHoro 3akoHa ot 10
saBapss 2002 roma N 7-®3 "OO oxpane oxpyxkaromei cpenasl” (CobOpaHue
3akoHozarenbcTBa Poccutickoit ®denepanun, 2002, N 2, ct. 133; 2004, N 35, crT.
3607; 2005, N 1, ct. 25; N 19, c1. 1752; 2006, N 1, cT. 10; N 52, cT. 5498; 2007, N
7, ct. 834; N 27, ct. 3213).

2. O6mume noyioxkeHus pa3pabOTKH HOPMATHUBOB BEIIECTBA

2.1. IlpenensHo pnomyctumasi konueHtpauus (IIJK) BemectBa B Boue
XapaKTepu3yeT €ero MaKCHUMaJbHO JIONYCTUMYIO KOHLEHTpalUuio (WU €ro
MeTab0JIUTOB) B BOJE, INpPU KOTOPOM B BOAHOM OOBEKTE HE BO3HHUKAIOT
MOCJIEACTBUSI, CHUXKAIOIINE €ro PHIOOXO3SHCTBEHHYIO LIEHHOCTh (B Onmxkaiiiiee
BpeMss M B TIEPCIEKTHBE) WIM 3aTPYIHSIONIME €ro pbIOOXO3sIIICTBEHHOE
MCITI0JIb30BAHUE TIPU MOCTOSTHCTBE ATOM KOHIIEHTPALIMU B BOJIE BOJHOTO OOBEKTA.

2.2. OpuentupoBoyHO Oe3omacHbIi ypoBeHb Bo3zaeiicTBus (OBYB) BemecTsa,

KOTOpBIfI OOCHHUBACTCA HAa OCHOBC JKCIIPCCC-OKCIICPUMCHTAJIBHBIX W PACUYCTHBIX
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METOJIOB TOKCUYHOCTH, XapaKTEPHU3yEeT MOJYyYEeHHOE 3HAUYEHUE, 10 YCTAHOBJICHUS
[TJIK BemiecTBa B BOJIE BOJHOTO OOBEKTa PHIOOXO3SMCTBEHHOTO 3HAYCHHS, KaK
BPEMEHHBIN HOPMATHUB, TPUMEHsIEMbIN He 00Jiee IBYX JIeT.

2.3. IIpu ycranosnennu IIJIK nnu OBYB BemectBa no KpuTepuio IeUCTBUS
BEILECTBA HA MOKA3aTeIu BOJHOM CpPEJlbl UM Ha MOKA3aTEIH KU3HEAESITEIIbHOCTU
pa3MYHBIX TPO(PUUYECKUX YPOBHEH BOJHBIX OpPraHM3MOB YCTaHABIMBAETCA
JUMUTUPYIOIINIA 1ToKa3aTens Bpenanoctu (JIIIB) BemecTsa.

Ecnu BemiecTBO OKa3bIlBae€T NPSIMOE TOKCHYECKOE JEMCTBHE HAa BOJHBIC
opranu3mbl, Ttorma JIIIB  xapakrepu3yercs Kak TOKCHUKOJIOTHYECKHM U
o0o3HayaeTcs "Tokc".

[Ipu HapylieHUU SKOJIOTUYECKUX YCIOBUU MpU TMOMAJaHWU BEIIECTBA B BOIY
BOJHOTO O0O0OBEKTa PBHIOOXO3AMCTBEHHOTO 3HAYEHHUS: H3MEHEHUE TPOGHOCTU
BOJIHBIX

06T>€KTOB; THAPOXHUMHUYICCKUX Mokazarejieu (coz[epmaHHe B BOJAC KHCJIOpPOIA,

a3oTa,
docdopa, U3MEHEHUE pH), HapylUIEHUE  CAMOOYMIIECHHUS  BOJbBI
(Ouoxummu4ecKoe

notpebnenne kucinopoaa (BIIK ), yucnenHocts canpoduTHON MUKPOPIOPHIO),
TOTJ1a

5
JITIB xapakTepu3yeTcsi Kak CaHUTapHbINA U 0003HavaeTcs ""can".

IIpu neicTBUM BellecTBAa KaK Ha BOJHBIE OPraHU3Mbl, TaK M HA CAaHUTapHbIC
nokaszarenu BojaHoro ooOwekra, JI[IB xapakrtepusyercs Kak CaHUTapHO-
TOKCUKOJIOTMYECKUHN U 0003HauaeTcs "caH-TOKC' .

Ecnu BemecTBO mpu MomajgaHuyd B BoJdy oOpa3yeT IJICHKY WJIM TEHy Ha
MOBEPXHOCTU BOJbI, TOSABISIOTCS IOCTOPOHHUE MPUBKYCHl W 3amax BOJBI,
HaAOJI0JaeTCsl BBINAJICHUE OCajJKa, IOSIBICHUWE ONAJEeCUEHUIUU, MYTHOCTH U
B3BEIICHHBIX BellecTs, Toraa JIIIB xapakrepusyercs kak OpraHoJIENTUYECKUN U

o0o3Hauaetcs "opr". [Ipu 3ToM yka3biBaeTcs pacuimppoBKa XxapakTepa U3MEHEHHUS



OpPraHOJIENTUYECKUX CBOWCTB BOABI (3aml. - 3amax; MYTH.- MYTHOCTb; OKp. -
OKpAacKa; MeH. - IeHa; IU1. - IJIEHKA; MPUBK. - IPUBKYC; OII. - ONMAJIECIEHIUS U T.].);
[Ipu yXyAlleHUW OpPraHOJIENTUYECKUX TMOoKa3zaTeled KadecTBa PhIOBI
(MosiBIICHWE HEMPUATHBIX M TOCTOPOHHUX TpuUBKycoB U 3amaxoB) JIIIB
XapaKTepu3yeTcs Kak pbI00X03sIICTBEeHHBIHN, 0003HavaeTcs "pb16-x03".

2.4. Jlns Kaxaoro BEHIECTBA MOKET OBbITh YCTaHOBJIEHA TOJIBKO OJIHA
BEJIMYMHA HOpPMAaTHBa (32 UCKIIOUEHHUEM CIIy4aeB, MPEIYCMOTPEHHBIX YCIOBUSIMU
HOPMHUPOBAHUS BEIIECTBA C YUETOM MPHUPOJHBIX OCOOCHHOCTEHM BOAHBIX OOBEKTOB
- pErMoHaJIbHOIO HOpPMAaTHMBAa JIaHHOTO BemiecTBa). [lpu  yTBepkKACHUU
YTOYHEHHOTO HOPMAaTWBA NPEKHUI HOPMATHB, YCTAHOBJIEHHBIN paHee ISl 3TOrO
BEILECTBA, OTMEHSIETCS.

2.5. Ecnm uccneryemoe BEUIECTBO SIBISETCS CTPYKTYPHBIM aHAJIOIOM JIPYTrOro
BELIECTBA, JUIsI KOTOPOTO HOPMAaTHB YTBEPXKIEH paHee (T.e. UMEET HUICHTHUYHYIO
XUMHUYECKYI0 CTPYKTYypY, HO HHOE€ TOBapHOE€ Ha3BaHHWE), JIOIMyCKaeTCs
TOKCHUKOJIOTHYECKOE MCCIIENOBAHNE BEIIECTBA-aHAJIOra JIMIIb 10 JIMMUTHPYIOIUM
3BEHbSIM 0O€3 BBITIOJIHEHUS HCCIEIOBaHUM Mo mojHoil cxeme. [lpu coBmageHuun
pEe3yIbTaTOB TOKCHKOJIOTMYECKUX HCCIEAOBAHMM C paHee YCTaHOBJICHHBIM
HOPMAaTHBOM HCCJIElyEMOE BEIIECTBO BKIKOYaeTcss B IlepedeHp HOpMAaTWBOB B
KaueCTBE CHMHOHMMAa K BEIECTBY C paHEE YCTAHOBJIEHHBIM HOpMaTuBOM. Eciu
TOKCUYHOCTh HCCJIEAYEMOTO BEIIECTBAa OKa3bIBACTCA MHOW, TO HEOOXOAUM
NOAPOOHBIN €ro XMMHYECKUI aHaJIu3 U pa3padoTKa HOpPMATUBA MO MOJHOU CXeMe
(ITocranosnenue [IpaBurenncrBa Poccutickoii @enepanuu ot 12 HosiOpst 1992 1. N
869 "O rocynapCTBEHHOW PETUCTPAIMU MOTCHIUAIBHO OMACHBIX XHMHYECKUX U
ouonornyeckux BemiecTB" (CoOpanue aktoB Ilpesuaenta u IlpaButenbcTBa
Poccuiickoit @eneparuu, 1992, N 20, ct. 1669); Unctpykuus Munnpupoast PO
ot 25 mas 1993 r. N 37-2-7/435, T'ockomcansnuaHaazopa ot 25 masg 1993 1. N 01-
19/22-22 "O mopsiake rocyaapCTBEHHOW PErHCTpalMK MOTCHIHMAIBHO OIMaCHBIX
XUMUYECKUX U OMOJIOrMYecKuX BemiecTB" (3apeructpupoBano B Munrocte Poccun

18 urons 1993 r. N 279).
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2.6. IIpu pa3paboTKke HOPMATUBOB, KaK JJisi MHIAUBUAYAJbHBIX BEIIECTB, TaK U
JJISl CMECEM, KCTIOJIb3YIOTCSI OJITMHAKOBBIE METOAUYECKUE TPUEMBI.

2.7. llox MHOAMBUAYAIBHBIM BEUIECTBOM IMOHUMAETCS BEIIECTBO, MOJIYUYEHHOE
B pe3yJIbTaTE€ KOHKPETHOIO XMMHUYECKOro mpouecca. MHauBuayanpHOE BEHIECTBO
MOXXET COJCpKaTh MPUMECH TOOOYHBIX TMPOAYKTOB XHUMHUYECKOW PEaKIUd |
MPOJIYKTOB €ro TpaHc(hOopMallii 3a CYET OMOJIOTMYECKUX U (PU3UKO-XUMUYECKHUX
(baKTOpPOB OKpYKAIOIIEH CPEIbI.

2.8. COBOKYITHOCTb UHAWBUIYAIBHBIX BEIIECTB, CMEIIAHHBIX IO MOCTYILICHUS
B OKPYXKAIOIIYIO CPENly, XapaKTEPU3YET MOITYUYEHHYIO COBOKYITHOCTh BEIIECTB KAK
CMECEBOE BEIIECTBO UJIU CMECH.

2.9. Ilpu pazpabotrke IIJIK cmeceBoro BemiecTBa COCTaB HCCIETYEMOIO
npenapara J0/HKeH ObITh MOJHOCThIO paciindpoBaH 3aKa3uukoM. B To ke Bpewms,
yCJIOBUSI KOH(PUACHIIMAIBHOCTH JOHKHBI OBITH 00€CTIeUeHbl UCTIOTHUTENIEM paboT
Ha BpeMsl IPOBECHUS UCCIICIOBAHUIA.

2.10. K oOpasumam BemiecTB, MPEACTaBISIEMbIX Ha TOKCHUKOJOTUYECKUE
UCCIIEIOBaHUS, JOJKHBI MpUIaraTbCs ouIaIbHbIC JTIOKYMEHTBI,
XapakTepU3ymolue HUX CTPOCHHE, XUMHYECKUM COCTaB W MOATBEPKAAIOLINE
COOTBETCTBHE 00PA3IOB 3aBICHHBIM K UCCIIEOBAHUIO BEIIECTBAM.

2.11. Ecnm wucciemyemMoe BEIIECTBO HE PACTBOPSIETCS B BOJE WIHU
PacTBOPUMOCTh €0 HE3HAUMUTENIbHA, U3YYCHUE BIUSHUS 3TOTO BEIIECTBA HA TECT-
OOBEKTHl MPOBOAMUTCS MPU BHECEHWU B BOJY HABECOK BEIIECTBA JJISi CO3JIAHMS
pa3IUuHbIX ero KoHreHTpaui (1. 2 [Tpunoxenus 1 k HacTosmum MeToandecKum
yKa3aHUsIM).

2.12. Ilpm orcyrctBuu wuHGOpPMAIMM B JIUTEPATYPHBIX HCTOYHHUKAX
(cmpaBoyHasi JHUTEpaTypa, CTaThH, MACHOPT BEIIECTBA, MHPOPMAIMOHHAS KapTa
Poccuiickoro Perucrpa noTeHIManbHO OMACHOTO XUMUYECKOTO U OMOJIOTHYECKOTO
BemlecTBa) no cpokaM 50% u 95% pacnaga HOPMUPYEMOTO BEIIECTBA B BOJIHOM
cpe/e MPOBOAAT OILICHKY CTAaOMJIBHOCTH BEIIECTBA XUMHUKO-aHATUTHYECKUM WIIU
OMOJIOTMYECKUM METOJIOM HccieaoBaHus. Jlanee kiaccuduuupyoT BEIIeCTBO IO

CTENIEHU ero CTAaOMIbHOCTH B BojHOU cpene (1. 3 [lpwnoxenus 1 x HacToAmUM



MeTonnYecKM yYKa3aHHsSIM) U ONPEAEIISIIOT YaCTOTY CMEHBI ONBITHBIX PACTBOPOB B
XPOHUYECKUX IKCIIEPUMEHTAX.
CraOuiabHOCTH HE HCCIEIyeTCsl NJisi BEHIECTB, Y KOTopbix rubdens 50%
OpraHU3MOB KOHLEHTpausi cpennss jetanbHas (JIK )3a 96 4 ormeuaercs npu
50
1000 u 6onee mr/m (MpUPOIHBIE MUHEPAIBI THITA TpaduTa, CHIIMKATHOTO CTEKIIA,
NPUPOAHON IJIMHBI U T.JI.).

2.13. OneHka MyTareHHOro M KaHUEPOTE€HHOTO JEWCTBUS BEILECTB
IPOBOJUTCA B TOM CJlydae, €CJIIM HMEIOTCS HayyHble CBEICHMS WU €CTh
MoJ03pEHUE Ha 00pa30BaHKe META00IUTOB, 00IaAAI0OIUX TEHOTOKCUYHOCTHIO.

2.14. Hopmatussl IIJIK pa3pabaThiBatoTCsi [Jisi BEILECTB, MCIOIb3YEMbIX B
IPOU3BOJCTBEHHOW W MHOM JESITENbHOCTH, CBSI3aHHOW C HEU30€KHBIM cOpOCOM
WIM PUCKOM HMX TOCTYIUIEHMSI B BOJHYIO cpeny (IpH TpaHCHOPTUPOBKE,
NOTPY304HO-PA3TPY30YHBIX ONEpalusaxX U T.1.), IpU MPUMEHEHUU Ha TEPPUTOPUU
BOI0COOpHON miomanu. Pa3paboTka HOPMATUBOB OCYLIECTBISIETCS IO 3ampocy
3aKa34YMKOB.

He tpebyercs paspaborka IIJIK BemiecTBa 11t XMMUYECKHM HWHEPTHBIX U
OMOJOTMYECKH HEAKTUBHBIX BEIHIECTB (NMPUPOJHBIE MHUHEpaibl THMa rpadura,
CWJIMKAaTHOTO CTEKJIa W JAp.), UCIOJb3YEMBIX MPOMBIIIIEHHOCTbIO, €CIU JaHHBIE
BEILECTBA HE COJIEPkKAT TOKCUYHBIX IPUMECEN, PACTBOPUMBIX B BOJIE.

K Ouonornyecku HEaKTUBHBIM  BEIIECTBAM OTHOCATCS TE€ BELIECTBA, Yy
KOTOPBIX
BenuunHa JIK 32 96 u cocrasnsger 1000 u OGonee mr/a. MccrnenoBanus npoBoasT
50
caMHl pa3pabOTUYMKM Ha CTAHJAPTHBIX 300IUIAHKTOHHBIX OpPraHHU3Max, €ClIU HET
nH(pOpMAIUU B IUTEPATYPHBIX HCTOYHUKAX.

ConepxaHue BOJOPACTBOPUMBIX IPUMECEH B BELIECTBAaX OICHUBAETCA B

XUMUYECKON J1abopaTopuM, aKKpPEAUTOBAHHOW B 0OJACTH aHAIUTUYECKOIrO

KOHTPOJISI.



2.15. VYpoBeHb (U3MOJOTHUECKON AKTUBHOCTU JIAOOPATOPHBIX KYJIbTYyp H
BBIOOPOK
TECT-O0BEKTOB  MEPUOJAMYECKH  KOHTPONMPYIOTCA 1O  3PGeKTy Ha HHX
ATAJIOHHOTO
(ctangapTHOr0) TOKCHMKaHTa, AJist yero onpenensercs JIK (9K ) - koHuneHTparus

50 50

50% rubenn WM W3MEHEHHE KaKOro-imbo mapaMeTpa >KU3HEeAEATEIbHOCTH
OpraHu3mMa
JUIsL 3TOr0 TOKCHKaHTa 3a 24 - 96 4. B KkauecTBe 3TaJOHHOIO TOKCHUKAHTA
pPEKOMEHyeTCs ouxpomar kamua. Ecnum  peakuus TECT-00bEKTa HE
COOTBETCTBYET
ONPENECICHHOMY  JAMana3oHy  [OJyJeTaJdbHbIX  KOHLEHTpauud, TOrga C
JTAHHBIM
TECT-00BEKTOM IKCIIEPUMEHTHI HE MPOBOSIT.

2.16. Ilpu Hammuum yrBepxkaeHHOW BemmuuHbl [IJIK BemectBa s
IPECHOBOJIHBIX BOJHBIX OOBEKTOB BO3MOXHO (mpu pazpadorke IIJK »storo
BEILECTBA I MOPCKUX BOAHBIX OOBEKTOB) MCHOJB30BAHHE MOPCKHX TECT-
OOBEKTOB JIJIsl MOTYYEHHBIX TUMUTHPYIOIINX IKOJIOTUYECKUX 3BEHBEB.

Jlnst BemecTB, Ha KOTOpbie paspabotansl HopmatuBbl [IJIK wiu OBYB,
JOJDKHBI  OBbITh  pa3padOTaHbl M aTTECTOBAHBl METOJUKHU KOJIUYECTBEHHOIO
xumuueckoro ananuza (KXA) stux BemiecTs B BoJe, CBE€ACHUS 00 aTTECTOBAHHBIX
METOAUKAX (MeTomax) U3MEpEHUN IEPENAOTCS B denepalbHbIN
nH(pOpMaIIMOHHBIN (OHA MO OO0ECIEUCHUIO €UHCTBA U3MEPEHUN MPOBOASIIMMU
aTTECTAlMIO IOPUINYECKUMHU JINIIAMU U UHAWUBUIYAIbHBIMU MPEINPUHUMATEIIMU
(ctatest 5 DenepanpHoro 3akoHa ot 26 wmrons 2008 roma N 102-d3 "OO6
obecrieuenuu enuHcTBa m3MepeHuit”" (CoOpanue 3akoHomaTenbcTBa Poccuiickoit

®enepanuu, 2008, N 26, ct. 3021)).

3. O6mue ycnoBus pazpadorku [TJIK BemecT

Pa3INIHOIO HAa3HAYCHUA
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3.1. Meronuka onpenenenus [1/IK BemecTBa nmpegycmaTrpuBaeT npoBeacHUE
XPOHMYECKUX  TOKCHKOJOTMYECKHMX  HCCIENOBAaHMM  HAa  OpraHu3Max -
IPEJCTABUTENSAX OCHOBHBIX JKOJIOTMYECKUX TPYNI BOJHOTO coobmiectBa. B
MPOIIECCE IKCIIEPUMEHTAIBHBIX OIEHOK TOKCHYHOCTH B 00s3aTE€ILHOM MOPSIKE
JOJDKHBI OBITh IPOBEIECHBI MCCIEAOBAaHUSA XOTSI Obl Ha OJHOM IPEJICTaBUTEIIE
KQKJIOU U3 IKOJIOTUYECKUX TPYIII.

3.2. /I KaxKJI0TO TECT-OpraHM3Ma yCTaHOBJIEH KPYr TECT-MIApaMeTpoB (WM
TECT-QYHKIMI), KOTOpbIE SABISAIOTCS OCHOBHBIMU U  KOHTPOJHMPYIOTCS B
o0s3aTenbHOM nopsiake. Hble TecT-mapaMeTphl SBISIOTCS BCIIOMOTAaTEIbHBIMU U
MOTYT OBITh HCIOJB30BAaHbl [JIsl YTOUYHEHHS] TMPEACNIOB  JIEUCTBYIOIIHMX
KOHIIEHTpAlUi WU ISl YCTaHOBJIEHUS OCOOEHHOCTEW NEWCTBUS HCCIIELYyEMOTO
BEIECTBA.

3.3. Ilpu BbBIOOpE KOHIIEHTpaIUi [JIsi UCCIEIOBAHMUS KakKJOro BEIECTBA
CJIEIyET UCXOAUTh U3 IIPaBUIL:

a) IS OCTPBIX M NPEIBApPUTEIBHBIX HCCIEIOBaHUM BbIOMparoTcs 5 - 6
KOHLIEHTpaIUi, pa3inyaromuxcs Mexay coooit B 10 pas;

0) mpu NpoBeAEHUU OCTPBIX ONbITOB onpenensercs JIK nns pui6 3a 96 u, s
50
OJTHOKJIETOYHBIX BOJOpOCIEH 3a 72 4, IS 300IJIaHKTOHA 3a 48 4. Pe3ynbrarsl
3aHOCATCS B aHHOTALMOHHYIO KapTy;

B) i Oojee TOYHOTO OMPENESICHUs] TOpPOTOBOM KOHIICHTpAIluu B
XPOHUYECKHX OMbITaX KOHIIEHTPALMHA MOTYT pa3inydaThes B 2 - 5 pas.

3.4. Ilpu paspaborke IIJAK s BemiecTB, KOTOpbIE XapaKTEpPHBI ISt
IPUPOAHBIX BOJ (B TOM YMCJIE B TEOXMMUYECKHUX MTPOBUHIUAX C MOHUKEHHBIM WU
NOBBIIICHHBIM HX COJIEpP)KaHHEM), HEOOXOAMMO ONpPENeNsTh KOHIIEHTPAIHIO
BEILECTB B BOJE, KOTOpask UCIOJIb3YETCS JUIsl BEAEHUSI KYJbTYp M I ONBITOB. B
TOM Cllydyae HOPMAaTHB ompeaensieTcs (pacCUMTHIBACTCS) C YUETOM MPUPOTHOTO

(OHOBOTO COJIEpKAaHUS 3TOTO BEIIECTBA B BOJE.



[Ipu ompeneneHn HOPMATHBOB JIJISl IPYTUX BEIIECTB JOCTATOYHO YOEIUTHCS
B TOM, YTO OHU OTCYTCTBYIOT B BOJE, UCIIOJIb3YEMOM B TA0OPATOPHOM MPAKTUKE.

3.5. OcHOBHBIE MPaBUJIa aHAJIW3A TOJIYYEHHBIX JTAaHHBIX, C LIEJIbIO0 BBIBEICHUS
MPEAEIBHO TOMYCTUMON KOHIIEHTPALlUX BEIIECTBA:

a) pe3yibTaThl, MOJY4YEHHbIE TIPU JACHCTBUM MCCIEAYEMOr0 BEIlECTBa
("ombIT"), COMOCTABISAIOTCS C pe3yjibTaTaMu HaOMIOJECHUN TMPU OTCYTCTBHUH
naHHoro BemiecTBa B cpene ("KoHTpodib"). OCOOCHHOCTH BapUAaHTOB OIbITA U
KOHTPOJISl yKa3aHbl PU ONKUCAHUU KOHKPETHBIX METO/IOB;

0) B DOKCIEPUMEHTE KOHIICHTPAIIMH CUYUTAIOTCS JEHCTBYIONIUMU, €CIIH
BBI3BIBAIOT HE TOJIBKO TOKCUYECKHM, HO U 3BTpodupyromuii 3hdexr (yBernyeHue
YUCJIEHHOCTH, OMOMACCHI OPraHW3MOB WJIU APYTUX PETUCTPUPYEMBIX MAPAMETPOB);

B) JOCTOBEPHOCTh OTJIMYMS JaHHBIX B OMNbBIT€ OT JAHHBIX B KOHTPOJE
olleHMBaeTcss  craructuueckumu  merogamu  (Ilpunokenne 4 JaHHBIX
MeTtonnueckux yka3aHuil);

I) HAa OCHOBAaHUM CTAaTUCTUYECKOM OOpPaOOTKM JTaHHBIX YCTAHABJIMBAIOTCS
MAaKCUMAJIbHBIE JIOMYCTUMbIE KOHUEHTPAUMH JJIsI KaXJIOro TECT-IapaMeTpa
HCIIOJIB3YEMOT0 TECT-OpraHu3Ma, a TakKe JJI1 TECT-OpraHu3Ma B 1[EJIOM;

1) MaKCuMalibHas ~ HEJEHUCTBYIOIIAasi  KOHIIEHTpalus [JJisi  Haubojee
YyBCTBUTEJIBHOTO TECT-00bhekTa mpuHumMaercs kak [1JIK uccnemyemoro BemecTna.
3BEHO, K KOTOPOMY OTHOCHUTCS JAaHHBIM TeCT-O0BEKT, OMpPEHeNseTcs Kak
aumuTupyrouee npu pazpadotke [1/IK BemecTsa.

3.6. B cBsi3M C BBICOKOM TOKCHYHOCTHIO OPraHMYECKUX MECTUIUAOB, MPHU
paspabotke s Hux [IJIK oOs3aTenbHBIMU SBISIOTCS HCCIASAOBAaHUS Ha phlOax
MaTepUaibHOW U (QYHKIIMOHAIBHOM KYMYJISIIMM BEIIECTBA (HAKOIJICHUS BEIIECTBA
B OpraHax M TKaHSX W HAKOIUIEHHE TOKCUYECKOTro d(PekTa OpraHu3Mom).

Jlist pacuera MaKCHUMAaJIbHO HEJICUCTBYIOLIEH KOHIIEHTpaIuU
UCCIIEeyEMOTO
BEILECTBA MCHOJIb3yeTcsl moporoBas KoHueHtpauus (K ) - MuHuManbHas

lim



KOHIIGHTpAIlMsi ~ BEIIECTBA,  BBI3BIBAIOIIAS  JIOCTOBEPHBIE  W3MEHEHUS B
OpraHusme, ¢

y4eTOM CYMMBI KO0d(pPHUIIMEHTOR 3amaca no ctabmibHOCTH BeriecTBa (Kc) B Boje,
1o

CTeneHu  HakomieHwss B opranm3max (K3 ), mo cremeHW HaAKOTUICHUS

TOKCHUYCCKOI'O

apdekra (K3 ):
KYM

IMIK=K /(Kc+K3 +K3 ).
lim H KVYM

JIisi mecTUuaoB, O0JAJAIOMMX MaJOW WM YMEPEHHOH CTaOWIbHOCTHIO,
I[TJK omnpenenseTcds mo MakCHUMaJIbHOW HEACHUCTBYIONICH KOHUCHTPAMU I
JUMUTHPYIOIIETO 3BEHA.

3.7. Ilpu wucciaenoBaHWM BEUIECTBA OLICHUBAETCS XapaKTep 3arps3HECHUS
BOJIHOM Cpelbl B ONBITE: OMAaJECUEHIMs, TJIEHKa, U3MEHEHHE IIBETa pacTBOpa,
UCTUHHOCTh WJIM KOJUIOMJAHOCTH PacTBOpa, ISl MEJKOJUCIIEPCHBIX B3BECEH -
CKOPOCTh OCEIaHMsl YaCTHI], OPraHOJICNTHYECKOE OMpENIeNICHUE 3amaxa U BKyca
(mpuBKyca) BOJIBI U TIP.

3.8. Ilpu Bemmumne IIJIK BemectBa 0,00001 mMr/m m MeHee WM TIpU
JUMUTHPYIOIIEM I[OKa3aTesie '"TeHOTOKCUYHOCTh' BEIIECTBO HE PEKOMEHIYETCS
JUUISl BHEIPEHUSI B TPOU3BOJICTBO U B MPAKTHUKY.

3.9. Bce pe3ynapTarhl CHEHMATU3UPOBAHHBIX HAYYHO-UCCIIEIOBATEIbCKUX
paboT 1Mo pa3paboTKe HOPMATHBOB 0000mIafOTCS B AHHOTAIIMOHHON KapTe

(ITpunoxenue 5 naHHBIX METOAMYECKUX YKa3aHHIA).

4. O6mue ycnosus pazpadotku ObYB BemiecTs

Pa3In4HOr0 Ha3HAYCHHUA



4.1. BpemeHHbIE HOPMATHBBI pa3padaTHIBAIOTCS JUIS BEIIECTB Pa3IMYHOTO
HA3HAYCHHUS.

4.2. OBYB xumunyeckux W OHOJIOTMYECKHUX BELIECTB JJsi NPECHOBOJHBIX
BOJIHBIX OOBEKTOB M MOpEH, BKIIOYas BHYTPEHHHUE MOPCKHE BOJbI Poccuiickoit
denepanny, YCTAaHABIMBACTCS B KPAaTKOCPOYHBIX JSKCIEPUMEHTAX CPOKOM HeE
MeHee 7 CyTOK, B cooTBeTCTBHH C M. 8 Ilpunoxenusa 2 u n. 9 Ilpunoxenusa 3 k
HACTOSIIIIMM METOAUYECKUM YKA3aHUSIM.

IIpu onpenenenun OBYB mnecTuuuaoB HCMIONB3YETCS PACUETHBIA METOJ
onieHku (1. 8.1 [Ipumnoxenus 2).

4.3. Ecim wuccienyemMoe BEIIECTBO WM €ro XUMHYECKHE aHAJIOTH I10
JUTEPATYPHbIM HCTOYHHMKAM (CHpaBoYHAs JMUTEpaTrypa, CTaTbd, NACHOPT
BEILECTBA, uHpOpMAllMOHHAs  KapTa  TOCYJAapCTBEHHOW  pPErucTpaluu
MNOTEHIIMAIBHO OINAaCHOIO0 XMMHUYECKOr0 M OMOJIOTMYECKOTO BELIECTBA) WM IO
NOKAa3aHUsIM, BBISIBJICHHBIM B IPOIIECCE MCCIEAOBAHNUMN, 00J1a1at0T NOTEHIIUATbHON
MyTareHHOW aKTUBHOCTBIO, HEOOXOAUMO NPOBEACHHUE OLICHKU TAKOW aKTUBHOCTH.

4.4. B ciywae, ecnM MYTareHHOE IEWCTBUE OKAa3bIBACTCA JIMMHUTHUPYIOIIUM
nokazareneM mnpu pazpaborke OBYB BemiectBa, naHHBIE HOpPMaTUB HE
yTBEpKIaeTcs, mpoBoautcs paspadorka IIJIK BemecTtBa B mojgHOM 00beMe B
COOTBETCTBHUM C HACTOSLIUMU METOIMYECKUMH YKa3aHUSAMH.

4.5. Pexomenayemeie BenmmunHbl ObYB BelecTs, mocne X yTBEPKICHUS B
YCTAaHOBJICHHOM IMOPSIIKE, MCIOJB3YIOTCS Ha MNPOTSHKEHWU CPOKa MX JEHCTBHS,

ITOCJIC YE€TO UCKIKOYAIOTCA U3 I[CI>'ICTBYIOH_IPIX CIIMCKOB HOPMATHUBOB Ka4CCTBa BOJLI.

5. TpeboBanus k pazpadotke [1IK u ObYB

OMOJOTUYECKUX TIPETapaToB

5.1. HopmaTuBbl 17151 OaKTepHaIbHBIX U IPYTUX OHMOJIOTHYECKUX MpernapaToB
pa3pabarpiBalOTCSI B COOTBETCTBUM C OOMIMMU TpeOOBAHMSAMHU HACTOSIIIUX

Metoauueckux ykazanuii o merogukam (m. 4.2 Ilpunoxenus 1; [Tpunoxenue 2;



[Ipunoxkenne 3  gaHHbBIX  METONMYECKUMX  YKa3aHWil) €  YaCTUYHBIMU
MouuKanysive (YKa3aHHBIMH HUDKE: 1. 5.2 - 1. 5.9).

5.2. Ilpu wuccrnenoBaHWM BO3AEUCTBUS OMOJIOTMYECKOrO Ipernapara Ha
THJIPOXUMHYECKUA PEXUM HE SBISAIOTCS o0s3arenbHbIMU omnpeneneHue BIIK ,
OLICHKA

3)
CTaOMJIBHOCTH TOKCHYHOCTH IIpermapara, HO JOJDKHAa  KOHTPOJIHPOBATHCS
KOHLIEHTpaLus
KHCJIOPOJA B CPEJIE.

5.3. JlomxHbl OBITh TMPOBEAECHBI HCCIEIOBAHUS JIMHAMHUKU TPUPOCTa
UCCIIEyEMOI0 IlITaMMa B YUCTOW BOjAE (OTCTOSIHHOM BOJOMNPOBOJIHOM), B BOJE
BOJHOIO OOBEKTa C MPUPOAHON canpoUTHOW MHUKPOGIOPOH, U BBISBICHBI
AHTAarOHMCTUYECKUE OTHOIICHHS MEXIY HCCIEIyeMbIM IITAMMOM U MPUPOTHOU
canpouTHON MUKPOGDIOPOi.

5.4. Eciu B cocTtaB mpenapara BXOAST JBa WM HECKOJIbKO OaKTepHaJIbHBIX
HITAMMOB, UCCIIEyEeTCs] JMHAMHUKA TPUPOCTA KAKIOr0 IITaMMa B OTAEIbHOCTH.

5.5. Ilpm wuccnenoBaHusAX MTAaMMOB, NPEIHA3HAYCHHBIX [JISI PA3JIOKEHUS
JIpPYTMX BEIIECTB, IPOBOJMUTCS TaKK€ OLEHKAa TOKCHYHOCTH IPOJYKTOB
Pa3JIOKEHUS.

5.6. OneHka MyTareHHOro ACHCTBUS OMOJIOTMYECKUX MpEernapaToB AOHKHA
IPOBOAUTHCA BCETAA, MOCKOJBKY MOJIM(MULIMPOBAHHBIE IITaAMMbl OakTepuil caMu
CIIOCOOHBI BbI3BaTh MYTAIIUH.

5.7. UccnenoBanusi ¢ OaKkTepuadbHBIMHU IpenapaTaMu, MpeJHa3HAYECHHBIMU
JUISL TeCTPYKLIMK He(pTH U Opyrux cyOCTaHIM, MPOBOJAT OJHOBPEMEHHO B JBYX
BapUaHTaXx - AJIs1 OUEHKH OMOJOTUYECKOTO EUCTBHS OaKTEpUAIbHOIO MpernapaTa B
OTJIEJIBHOCTH U B COYETAHUU €T0 C BELIECTBOM, ITOABEPTAOIIMMCS JAECTPYKLNH.

5.8. HopmatuBbl Ha OMOJIOTHYECKUE TPENapaThl MPUBOJSATCSA B JBOMHOM BUIE
- B MI'/J1 U B BUJIe TUTpa KjiIeTok Ha 1 mu (ki/mit). Ecnu npemapat npeactaBisier
co00Oll cMech IITAMMOB, TO YKa3bIBaeTCS OOIIMIA THUTP KIETOK C YyKa3aHUEM

IMPOLHCHTHOI'O COOTHOIICHMA IITAaMMOB B IIPCIIaparec.



5.9. OBYB BemectBa Ha OHOJOTHMYECKHE IMpemapaThl ONPEAETSIOT IO
COKpAII[CHHOM CXEeME: HCCIEeNYIOT BIWSHHUE Tpenapara Ha OPTraHOJICTITUYECKHUE
MOKa3aTenW BOJABI, Ha KHUCJIOPOAHBIA pEXHM, JIUHAMHUKY CampoGUTHOU
MUKPOQIIOpHI, AWHAMHUKY HPUPOCTa UUCICHHOCTH HCCIEIyeMOro IITaMMa;
OILICHWBAIOT BEIECTBO B XPOHUYECKHX HCCIICIOBAHMIX Ha 300IJIAHKTOHE W Ha
PaHHHMX CTaJAMSAX OHTOTEHEe3a phIO (MKpa, TUYMHKH), a TAKXKE Ha TECT-00beKTax (13
yyclia BKIIOYEHHBIX B HacTosmme MeToaudeckue yKazaHus), OJU3KHX IO
CHUCTEMAaTUYCCKOMY TIOJIOKEHUIO K OpraHM3MaM, MPOTHB KOTOPBIX HaIPaBJICHBI

penaparsl.

6. Tpebosanus k pazpadotke [IJIK u OBYB s cmeceit

ITIOCTOAHHOI'O COCTaBa

6.1. IToxn cmecsaMuU MOCTOSTHHOTO cOCTaBa (HapUMep, MECTULHAbI, HEKOTOPbIE
KpacuUTeIM, KOMIIOHEHThl OYpOBBIX pacTBOPOB U MPOY.) MOJAPa3yMEBAIOTCS
peuentypsl (Ipenaparsl), MOITYYEHHbIE B PE3yJbTaTe HAMEPEHHOI'O CMEIIMBAHUS
JIBYX uWiIu Oosiee UWHAUMBHAyalbHbIX BemiecTB (m. 2.8 Pazgema 2 "OOmwue
MOJIOKEHUST pa3pabOTKM HOPMATHUBOB BellecTBa'"), HMeEOmMUX (HapsAy
WHJMBUAYAJIbHBIMA BelllecTBaMu) cooTBercTByronme Homepa ['OCTa wmm TV,
KOTOPBIE OMPEEIAIOT CBOMCTBA 3TUX CMECEBBIX BEILIECTB (KOJIMYECTBO U KAUYECTBO
npumecei). Takue cmeceBble BellecTBa (IpemapaTbl) MOTYT HMMETh CBOE
(bupmMeHHOe (MU TOBapHOE) Ha3BAHHE.

6.2. [Ipn onpeneneHnn HOpMaTUBA HA CMECH ITOCTOSIHHOT'O COCTaBa 3Ta CMECh
UCCIIEyeTCsl KaK €MHOE BEUIECTBO B COOTBETCTBUU ¢ oOUIMMHM mpaBuiamu. [Ipu
3TOM YCTAaHABJIMBAECTCS CyMMapHas BeEJIMYMHA HOpMaTHBa C YyKa3aHUEM
JUMUTUPYIOIIETO MpU3HAKa BPEJHOCTH U KJIacCa OMACHOCTH.

6.3. BenuunHa HOpMaTHBa CMECH HCIIOJNB3YETCS JUIsl DKCIIEPTHOM OLICHKH
HKOJIOTUYECKOTO PUCKA MOCTYIJICHUS TaKOTO BEIIECTBA B BOJHBIE OOBEKTHI, a
TaKXKe JIJI PA3JIMYHBIX TEXHOJIOIMYECKUX pacyeToB cOpoca cMecu B BOJAHbBIC

O0OBEKTHI U TIPH OIIEHKE yIiepOa BOAHBIM OMopecypcam.



6.4. Bce nHOMBHlyalIbHBIE BEILECTBA, BXOJSIIME B COCTaB CMECH, C TOUKH
3pE€HUs BIMSHHUS Ha BOAHYIO OHOTY pacCMaTpuBaIOTCS KaK NOTEHIHAIBHO
OMACHbIC WU TOKCHUYHBbIe. Ha Ka[plii KOMIIOHEHT CMECH TaK»Ke JOJKHA OBITh
YCTAaHOBJICHA BEJIMYMHA HOPMATUBA.

6.5. HopMaTuBbl 1 CMECHM pacCMATPUBAIOTCS TOJBKO B TOM CIIydae, €CIu
YCTAHOBJICHBl HOPMAaTUBBI ISl €€ OTAEIbHBIX KOMIIOHEHTOB. He HOpMupyroTCs
TOJBKO
T€ KOMIIOHEHTBI, JJIsl KOTOPBIX JOKa3aHO OTCYTCTBHUE OMOJIOTUYECKON aKTUBHOCTHU
Ha
OCHOBAaHUM TNPEJCTABIAEMBIX B OTYETE JUTEPATypHBIX MU COOCTBEHHBIX
HKCIIEPUMEHTAIbHBIX JaHHBIX (Hampumep, Mo oueHke Beawuuubl JIK |, m. 4

50
[Mpunoxenus 2; m. 5.1 [punoxenus 3).

Ecnu xotst OBl [U1st OAHOTO OMOJIOTMYECKH aKTUBHOTO KOMIIOHEHTAa CMECU B
KadecTBe HopMatuBa onpeznened ObYB, s Bcell cMecu B KauecTBE HOpMaTHBa
MOKET OBbITh yCTaHOBJIEH ToJbKO OBYB.

6.6. [TIJIK cmecu MOKET OnpeAesiThCs M0 COKPAIIEHHONW CXEME:

a) eciii BCE€ KOMIIOHEHTBhI CMECH M3Y4YE€Hbl 1 UX HOPMATHBBI YCTAHOBJIEHBI 110
OJHOMY M TOMY € JIMMUTUPYIOUIEMY @pHU3HAKy BpEIHOCTH, a Haubojee
YyBCTBUTEIBHOE 3BEHO COBIANAET I BCEX KOMIIOHEHTOB, JOCTATOYHO OLICHUTH
3¢ deKT cMecHu Ha 3TO 3BEHO U YOEIUTHCS B OTCYTCTBUM JACUCTBUS OOJBILETO, YEM
aJINTHBHOE;

0) eciii JIMMUTUPYIOIINE TPU3HAKU BPEAHOCTU U JINMUTHPYIOUINE 3BEHbS IS
KOMIIOHEHTOB CMECH Pa3IMyaroTcs, HEOOXOAMMO UCCIIE0BATh BIUSHUE CMECH Ha
T€ TIOKa3aTesid, KOTophble ObUIM ompeneistomumMu mpu obocHoBanuu [IJIK mms
Ka>XJ1I0T0 U3 KOMIIOHEHTOB.

6.7. Ha cmeceBoe BemectBo ycranaBiauBaercs IIJIK, mpu xoropoir He
IIPEBBILIAFOTCS HOPMATUBBI HU HA OJIMH U3 €r0 KOMIIOHEHTOB.

Ecnu kakoil-nmnbo KOMIIOHEHT B COCTaBE CMECH MPEBBIIAET CBOW HOPMATHUB

IIpH IoIagaHuH 3TOM CMECH B BOAY, OKCIICPUMCHTAJIbHO YCTAHOBJICHHAA BCJIMYHMHA



HOpPMATHBa HA CMECh KOPPEKTHUPYETCS TakK, YTOObI 3TOT KOMIIOHEHT B COCTaBE
CMECH HE MPEBBIIIAJI CBOM HOPMATHUB.

IIpumep: B coctaB HEKOTOpOM CMECH BXOJAWUT KOMIIOHEHT: "a",
coctaBisaroni  10%; "b", cocraBimsgrommuii 1% oT oOmieidi Maccel cMecH, H
HaIlOJIHUTENb, cocTaBisitomuid 89%. Panee ycrtanoBnennsle I[IJIK mia stmx
KOMIIOHEHTOB paBHbI, cooTBeTcTBeHHO, 0,01; 0,0001 m 0,25 mr/a. PesympTarhl
WCCIICIOBAHUM  BBISBIIIOT B KA4eCTBE JIOMYCTUMOW JUIsi BCEM  CMECH
koH1eHTpanuio 0,1 mr/n. [1pu Takol KOHIEHTPALIMK CMECH B Cpe/ie KOHIICHTPAIUs
komnoHeHTa "a" cocraBut 10% ot 0,1 mr/m, T.e. 0,01 mMr/n (HeT mpeBbIICHUS
ITJ1K), xkommonenTta "b" - 1% ot 0,1 mr/m, 1.e. 0,001 mr/m (IIAK mms storo
KOMITOHEHTa npeBbiieHo B 10 pa3), a Hanosuutens - 89% ot 0,1 mr/xa, t.e. 0,089
mr/n (npessimenus: [IJIK Her). CrnemoBarenbHo, sl COOMIOICHUST HOPMAaTHBOB
OTZIeJIbHBIX KOMIIOHEHTOB cMmecH, [T/IK nnst Bceit cmecn HE0OXOIMMO YMEHBIIIUTh
B 10 pa3, uToObl He mpeBbIIancs HopMaTuB Aia komroHeHTa "b". [loatomy TTIK
JUJIsl CMeCH He 1oJbkHa mpeBbimath 0,01 Mr/m.

6.8. AHUINTUYECKUHA KOHTPOJIb 32 COJECPKAaHMEM CMECH B BOJHOM cpene
BEJIETCS MO HMHAMKATOPHOMY KOMIIOHEHTY WJIM KOMIIOHEHTaM cMecH. Bpioop
WHJMKATOPHOTO KOMIIOHEHTa MPOBOJMUTCS HAa OCHOBE CIIEIYIOIIUX MPUHIIUIIOB:
BBISIBJICHUE Han0OoJjiee TOKCUYHOTO M OMACHOTO KOMIIOHEHTa; BbIOOp Haumbojiee
CTaOMJILHOTO KOMIIOHEHTA; OMpe/IesieHne OTHOCHTEIbHONW MaccChl (TPOIEHTHOTO

CO)Iep)KaHI/I}I) KOMIIOHCHTOB CMCCH, HaJIM4YUC MCTOJa OIPCACIICHUS BCIICCTBA B

BOJIE WJIU €ro 00s13aTeNbHas pa3padoTKa.

7. Pa3paboTka HopmatuBoB [1JIK BemiecTB ¢ yueToM nmpupoIHbIX

0COOEHHOCTEN BOAHBIX O0OHEKTOB

7.1. C nenbro COXpaHeHHs] CPOPMUPOBABIIUXCS O] BIUSHUEM TPHUPOTHBIX
(bakTOpoB cocTaBa BOJBI BOAHBIX OOBEKTOB pa3padaThIBAIOTCS PETHOHAILHBIC

HOPMATHUBBLI:



a) Il XMMHYECKHUX DJIEMEHTOB, BCTPEUAIOIIMXCS B MPUPOJHBIX BOJAX
OTJICJIbHBIX TE€OXMMHUYECKUX MPOBHUHIIMA B OTHOCUTEIBHO TMOBBIIICHHBIX WU
MOHMKEHHBIX KOHLIEHTPAIHSIX;

0) JIJ1s1 TEXHOT€HHBIX aHAJIOTOB MPUPOIHBIX BEIIECTB, COPOC KOTOPBIX TPeOyeT
ydyeTra TUNa MPUHUMAIOIIEr0 BOJAHOIO OOBEKTa M OCOOEHHOCTEH BOJOCOOPHOM
Tepputopun. K HUM OTHOCATCS BEIIECTBa, CIIOCOOHBIE MOBBIIIATH CAMPOOHOCTH U
BTPOPHOCTh BOA (JIETKO YTWIM3UPYEMbIE OPTaHWYECKHE COCIUHCHHUS U
COeMHEHUs  OMOTEHHBIX  JJIEMEHTOB),  U3MEHATh  COJICBOM  PEXUM
(MuHepanu3anuio) 1 pH npupoaHBIX BOM, U3MEHATh KOHIIEHTPAIUIO B3BEHIICHHBIX
(MUHEpaJIbHBIX) BEHIECTB MPHUPOTHOTO MPOUCXOXKICHUS, & TaKKEe COCIUHEHUS U
KOMILIEKCHI TYMHHOBBIX KUCJIOT.

7.2. Tepputopuu, sl KOTOPBIX MpEIoiaraeTcsi pa3padoTka HOPMAaTHUBOB C
Y4€TOM MPUPOJHBIX OCOOCHHOCTEH BOAHBIX OOBEKTOB (T€OXMMUUYECKHUE
NPOBUHIIMK, palOHBl C BOJAHBIMU OOBEKTAMHU OIpPEACICHHON TpO(dHOCTH,
YKECTKOCTHU BOJIBI U T.JI.), TOJKHBI OBITh 0XapaKTePU30BAHBDI:

a) MO COJICP’KAHUI0 HOPMUPYEMOT'O MHTPEMEHTA B MOBEPXHOCTHBIX BOAAX C
LEJbI0 J0KA3aTeNbCTBA MOBBIIMICHHOTO WJIM MOHUKEHHOIO €r0 COAEpKaHUs IO
CPaBHEHHIO CO CPEHUM €r0 YPOBHEM JIJIs1 TOBEPXHOCTHBIX BO/I;

0) Mo WHTErpajJibHbIM MOKa3aTeJIsIM KadyecTBa BOJBI Ha BOJOCOOpE, B TOM
YUCie TIO0 COJEPKaHUI0 OCHOBHBIX KOMIIOHEHTOB BOJbl U (DU3UKO-XUMHUYECKUM
dakTopam (BoJIHbIE OOBEKTHI ONPEJETICHHON KECTKOCTH, TPOHHOCTH U T.11.).

7.2.1. KpurepueM aHOMaJIbHOCTHM €CTECTBEHHOTO YpOBHS  (KJIapka)
COJIEp>KaHMsI HOPMUPYEMOTO BEIIECTBA MOXKET CIYKHUTh JOCTOBEPHOE OTIUYUE €TO0
(mpu ypoBHe P < 0,5) or cpemHero coaep)kaHusi B IOBEPXHOCTHBIX BOJaX B
MeXEHHBIN nepruoA roaa 95% o0ecreyeHHOCTH.

7.2.2. T'paHuipl TEpPpPUTOPUHU, MJISI KOTOPOW TNpeIjiaracrcs BeJIUMYMHA
HOPMATHBA, IOJDKHBI OBITH OMPEIEICHBI BO3MOXKHO 00JI€€ TOYHO.

7.3. HopmaTuBBl ONpENEISIOTCA C HKCIOJB30BAHHEM TECT-OOBEKTOB,

NpeaAyCMOTPCHHBIX HACTOAIKUMU MGTOI[I/I‘IGCKI/IMI/I YKa3aHUsAMU, KYJIbTHBUPYCMBIX



Ha MECTHOHM Bojie (BOJHBIE PACTEHMs, 300IIAHKTOHHBIE OpTraHU3Mbl, OCHTOCHBIE
OpraHu3Mbl, aKBAPUYMHBIE BUJIBI PHIO).

7.4. B ciiyyae HeOOXOIUMOCTH B OOIIHMM CIUCOK T€CT-O0OBEKTOB MOTYT OBITh
n00aBJIEHbl YYBCTBUTEJIbHBIE MeECTHbIE BHUIbl. (OOOCHOBAHHOCTH JAHHBIX,
MOJYYEHHBIX HA AHIAEMUYHBIX BUJAX JJIA ONpPEICICHUS BEJIMYMHBI HOPMATHBA B
L[EJIOM, paccMaTpPUBACTCs U TMOATBEPHKIACTCA IMPU PEKOMEHJAMM HOpPMAaTHBa K
YTBEPKJICHUIO.

7.5. Ilpy aHTPONOT€HHOM 3arpsA3HEHUU BOJ TEPPUTOPUH (C y4ETOM
OPUPOAHBIX  OCOOCHHOCTEW  BOAHBIX  OOBEKTOB) MOXKHO  HCIIOJIb30BATh
TOKCHUKOJIOTUYECKHE JaHHbIE, MOJYYEHHBIE HAa BOJIE U TECT-00BEKTaX JJi1 BOJAHOIO
00BEKTa-aHaJIOra U3 HEe3arps3HEHHOT 0 paioHa.

7.6. Ecnu Ha BemecTBO CYIIECTBYET YTBEPXKIACHHBIM OOIEPOCCUMCKUI
HOPMATHUB, TO PETUOHAIBHBIM HOPMATUB MOXET OBbITh YCTAHOBJEH TIO
COKpaIlleHHOM cxeme. JlJisi 3TOro Ha MECTHOW BOJE JIOJKHBI OBITh MPOBEICHBI
UCCJIEIOBAaHMUSI HAa  TECT-O0OBEKTAaX, OKA3aBIIMXCS JIMMUTUPYIOIIMMHU  TpU
YCTaHOBJICHHH OOILIEPOCCUIICKOTO HOpMaTuBa (C ydyeToM TpeOoBaHui 1. m. 7.3 -
7.5).

7.7. Benmuunbl HopMmaTuBoB I1/IK BemectB uinu OBYB BemiectB, ¢ yueTom
OPUPOAHBIX OCOOEHHOCTEM BOJHBIX OOBEKTOB, YKa3bIBalOTCA Bcerga B
aOCOJIIOTHOM 3HAY€HWH, @ HE B JOIYCTUMOM MPEBBINICHUU KOHIIEHTPALUU Haj

(OHOBBIM YPOBHEM.

[Tpunoxenue 1
K MeToan4ecKuM yKa3aHHsIM
o pa3paboTKe HOPMATHUBOB

KadyeCTBa BOJbI BOAHBIX 00BEKTOB



PHIOOXO3SMICTBEHHOTO 3HAUCHUS,
B TOM YHUCJIE HOPMAaTUBOB
MpEAEIbHO TOMYCTUMBIX
KOHIICHTPAILIMH BPEIHBIX BEIIECTB
B BOJIaX BOJHBIX OOBEKTOB

pLI6OX03HﬁCTB€HHOFO 3HAa4YCHUA

OBIIME TPEBOBAHUA
K PASPABOTKE ITJK BEILIECTB B BOJJAX BOAHBIX OB BEKTOB
PBIFOXO3SIMCTBEHHOI'O 3HAUEHHW A

1. OI_IGHKEI KJIaCcCa OIIaCHOCTH BCIHICCTBA

1.1. B ocHOBY Ki1accu(ukanuy OMacHOCTH BEIIECTBA MOJOXKEHbI TOKa3aTelNH,
XapaKTEepU3yIOIIME Pa3IUYHYI0 CTENEHb ONAacHOCTU JUIsl BOJHBIX OHMOpPECypcoB
XUMHYECKUX  COCAMHEHWH,  3arps3HSIOMUX  BOAY  BOAHBIX  OOBEKTOB
pPBIOOXO3SUCTBEHHOTO 3HAYEHUS, B 3aBUCHUMOCTH OT TOKCHYHOCTH, CTEICHH
HAKOIJICHUSI B OpraHU3Max, CIOCOOHOCTH BBI3BIBATH OTHAJICHHBIE 3(P(HEKTHI,
JUMHUTHPYIOIIETO MOKa3aTessl BPETHOCTH.

1.2. Kimacc ormacHOCTH BENIECTBA YUUTHIBACT:

a) CTENEeHb OMACHOCTH BEILIECTBA B CBSA3M C €ro IOSBIEHUEM B BOJHBIX
HKOCHCTEMAX;

0) NPUOPUTET NIPU KOHTPOJIE 3arPA3HEHUS CPEIbI;

B) 00OCHOBaHHME PEKOMEHJAIMI O 3aMEHE XO3SUCTBEHHOTO HCIOJIb30BAHUS
BBICOKO OITACHBIX BEIIECTB Ha MEHEE OIacHbIE.

1.3. BBISBASIOTCS YeThIpe Kjlacca OMAacCHOCTU BEILECTB, 3arpsi3HAIOIIUX BOIY
BOJHBIX OOBEKTOB PHIOOXO3SMCTBEHHOTO 3HAYCHHS] M TOKCHYHBIX [JISI BOJHBIX
ouopecypcoB. Ilpu oTHeceHuu BellecTBa K OINPEAEIEHHOMY KIJIacCy OMAacHOCTH

YYUTBIBAETCS TOKCUYHOCTH BeliecTBa 1o BenuunHe ero [1JIK, ctabuibHOCTh 3TOTO



BCI[ECTBA B BOJHOM OOBEKTE MU €r0 KyMYJISTUBHBIE CBoWcTBa. OTHEceHUe
MIPOBOJIUTCS TIO JIFOOOMY M3 YKa3aHHBIX MPU3HAKOB, OJTHOMY WJIH HECKOJBKHIM.

1-ii kmacc - 4pe3BbIUAHO OMACHBIC BEIIECTBA, JUMUTUPYEMbIE IIO
TOKCHKOJIOTHUYEeCKOMY H  pblOoxo3sictBeHHoMy JIIIB. Cremens BpeaHOro
BO3JICHCTBHSI HA BOJIHBIE OMOPECYPCHI OYCHB BHICOKAS.

Boigensiercst o cineayrommuM npru3HaKaMm:

a) ITJIK BemectBa Hike 0,00001 mr/i;

0) MarepualibHasi KyMYJISIIIMS BBICOKAs WM CBEpXBbICOKas (Kod(pduimueHT
HakoruieHust K 6onbiie 200);
H
B)  CTaOWIBHOCTH BEIIECTBA WJM TOKCHUYHBIX MPOAYKTOB €ro pacmnajia
MPEBBINIACT
180 cytok mipu 20 °C (tay ).
95

K nanHOMy Kilaccy OTHOCSITCSI BEIIECTBA MCKIIOYUTEIBHO AHTPONOTE€HHOIO
MPOUCXOXKIEHUS (KCEHOOMOTHKH, HE UMEIOIIUE aHATIOTOB B IPUPOJIE).

2-i  KJacc - BBICOKO  OINACHbIE  BEHIECTBA, JIMMUTHUPYEMBIE  I10
TOKCHUKOJIOTUYECKOMY U pblOoxo3saiictBeHHOMy JIIIB. Crenenb BpenHOTO
BO3JICHCTBUS HAa BOJIHbIE OMOPECYPCHI BBICOKAS.

Brigensiercst o crneayrommM npru3HaKaMm:

a) IIJIK BemectBa ot 0,0001 mo 0,00001 mr/m (BemiecTBa, JJIS KOTOPHIX
npunumaetcs 3HaueHue [1JIK - "oTcyrcTBUE", OTHOCITCS KO BTOPOMY KJIacCy);

0) marepuanbHas kymymsius ymeperHas (K ot 51 go 200). B ornensHbIx
H
ciyyasix cinabosbipaxkennas (K 1,1 - 50);
H
B) CTaOUJILHOCTD BEIIECTBA WJIM TOKCUYHBIX MIPOJIYKTOB €ro pacnaza - 60 - 180
cyrok mpu 20 °C (tay ). [Ans ceBepHbIX paiiOHOB, 1€ TPeo0IaIat0T HU3KKE
95

TeMIEePaTyphl BOAbL, 3TH BEIIECTBA JUMUTHPYIOTCS O Kiaccy 1.



K manHOMYy KJIaccy OTHOCSITCSI BEIIECTBA MCKIIOYUTEIHHO AHTPOMOTEHHOTO
MIPOUCXOXKICHUS (KCCHOOMOTHKY, HE UMEIOIIHE aHATIOTOB B TIPUPOJIE).

3-ii KJIacc - OMacHble BEIIEeCTBA, JUMUTUPYEMble B OCHOBHOM IO
TOKCHUKOJIOTUYECKOMY, HHOT/Ia MO pPBIOOXO3SHUCTBEHHOMY (B TOM 4YHUCJIE U
opranonentuyeckomy) JIIIB. Crenens BpeaHOro BO3AEHCTBUS Ha BOJHBIC
OHopecypChl CpeTHSIA.

Boigensiercst o cineayrommuM npru3HaKkaMm:

a) ITJIK Bemecta ot 0,01 1o 0,0001 mr/i;

0) marepuanpHas Kymyssiius ciaboBeipakerHas (K 1,1 - 50). Bemectsa He
H
BBI3BIBAIOT BUAMMBIX MTATOJIOTUUYECKUX SIBIICHUN U JIETKO BBIBOJISITCS U3 OPTaHU3Ma;
B) CTaOWJIBHOCTH BEIIECTBA MJIM TOKCHYHBIX MPOJYKTOB €ro pacrnaja meHee 60
cytok mipu 20 °C (tay ).
95

K nanHOMY Kjaccy OTHOCATCS Kak KCEHOOMOTHMKH, TaK | BEIIECTBa
MPUPOTHOTO MPOUCXOKACHUS (HAPUMEpP, CEPOBOAOPOI, CYIbPUABI U AP.).

4-i1 KJ1acc - yMEPEHHO OMacHBIE BEIIECTBA, JUMUTHpYyeMbIe 1o rooomy JITB.
CrereHb BpEIHOTO BO3ICHCTBUS Ha BOJHBIC OMOPECYPCHI HU3KASI.

Brigenstores 1Mo ciemyronM mpu3HaKam:

a) ITJIK Bemectsa Boimie 0,01 mr/i;

0) He 00J1a1al0T KYMYJISITABHBIMU CBOMCTBAMU;

B) ctabuibHOCTh MeHbIle 10 cyTok mpu 20 °C (Tay ).
95

K nmanHOMy Kkjaccy OTHOCSTCS 4YAaCTUYHO KCEHOOMOTHKH (OOBIUHO
OMOJOTUYECKU OTHOCUTEIILHO MHEPTHBIE), HO B 3HAYUTEIILHOMN CTETICHU - BEIIECTBA
MIPUPOTHOTO MPOUCXOKIACHHUS.

B 4-m xiacce Beiaenstorcst BemiectBa (4-M1 kimacc "skonormyeckuit” - 49),
JIEHCTBUE KOTOPBIX MPOSBIISECTCA B U3MEHEHUHU YKOJIOTUYECKHUX YCIOBHM B BOJHOM
o0OBeKTe. DTO BEIIEeCTBA, BXOMSAIIME B COCTaB OPTraHWKW CAlpoOHOTO THIIA,

KOMITIOHCHTBI MUHEPpAJIU3aluu ITPUPOJHBIX BO/, OHMOTEHHEBIC BCUICCTBA U JP.



Koncynpranrlntoc: npumevanue.
Hymepanusi myHKTOB JaHa B COOTBETCTBMM C OQUUIUAIBHBIM TEKCTOM

JOKYMCHTA.

1.1. Ecom wn3 Tpex mnokaszaresed, XapaKTepU3YIOIIUMX KJIAcC OIIACHOCTH
BemiectBa (11K, cTabuiapHOCTB, CTENIEHb KyMYJISIIIMKI), 1Ba TMTOCIEAHUX SBISIOTCS
Oosee KECTKMMM BeIMYMHaMu npu temreparype 20 +/- 5 °C, ueM ykazaHO mJis
KJIacca OIACHOCTH BELIECTBAa B COOTBETCTBHMM O 3HaueHueM ero I1/IK, Toraa kmace
ONACHOCTH JAHHOTO BEIIECTBA Y)KECTOYAETCS HA €AUHULLY.

1.2. B cBa3u ¢ tem, yto Poccus pacnosiokeHa B pa3IMyHbIX KIMMaTHYECKUX
30HaX, YYUTBHIBAETCA TEMIEPATypHbIA (PaKkTOp MNporpeBa BOAHBIX OOBEKTOB B
T€YEHUE To/Ja, M TMpPU HEOOXOAUMOCTH KJIACC OINACHOCTU TMpPU BBICOKOU
cpenHeronoBoil Temneparype Bobl (20 °C) MOKHO CHMKATh, a IIpHU Oojiee HU3KOU
temriepatype Boabl (10 sncunon C ¥ HUXKE) MOBBINIATH, TAK KaK B 3TOM CIy4yae
Jierpajianys BellecTBa COOTBETCTBEHHO YBEJIMYMBAETCS WM 3amesiercs B 3 - 10

pas.

2. TpeGoBaHus K MPUTOTOBJICHUIO PACTBOPOB HUCCIIETyEMbIX BEIIECTB

npu pazpadorke [1/IK

2.1. Bce BemecTBa (MHAWUBUIYyaJbHbIE U CMECEBBIE) HE3aBUCHUMO OT HX
PacTBOPUMOCTU B BOjie (MOJHOM, YaCTUYHOM WJIM OTCYTCTBUE TAaKOBOM) JOJIKHBI
MCCIIEIOBATHCS 10 €IMHOU CXEME.

2.2. Ucxonuble (MaTOYHBIE) PACTBOPHI BHICOKOM KOHIICHTPAI[MU T'OTOBST Ha
JUCTWIJTMPOBAHHOM BOJE TMpH YCTAHOBJIGHMM HOpPMaTWBa BelIECTBA s

IMPCCHOBOJAHBIX BOAHBIX 00BEKTOB.



2.3. HUccnenyemble KOHUEHTPALUKM BEIIECTB (PAaCTBOPUMBIX B BOJE) FOTOBSIT
M3 MCXOJHOTO pacTBOpa HAa TOM BOJE, KOTOpas HUCIONBb3YETCA ISl COACPKAHUSA
TecT-00beKTa.

JIsist cTaOMIIBHBIX BELIECTB BO3MOXKHO MPUTOTOBJIEHHWE MCXOJHBIX PAaCTBOPOB
BBICOKOM KOHILIEHTPAalUX C MOCIEAYIOIIMM MPUTOTOBIEHUEM PabOYHMX PACTBOPOB
Ha MPOTSHKEHUM CpPOKA, 32 KOTOPBIA B KMCXOJHOM pPAacTBOPE KOHIIEHTpaIuUs
BEIIECTBA MPAKTUYECKU HE MEHSETCHI.

JI)1st HecTaOMITBbHBIX BEIIECTB, KOT/Ia KOHIICHTpAIUs UX OBICTPO M3MEHSETCS B
pacTBOpe, UCXOAHBIE PACTBOPHI TOTOBIT PETYISIPHO K KAXKJIOM OYEPEIHON 3aMEHE
PacTBOPOB B IKCIIEPUMEHTAIBHBIX COCYAAX.

2.4. HepacTtBopuMble B BOJE BEIIeCTBAa (MUHEpaIbHbIE U OpPTraHUYECKHUE
MOPOIIKK; MACJSHUCTBIE BEIIECTBAa; Macia, XUPbl U UX (OPMBI; CMOJIUCTHIC,
BSI3KME W KIEWKWE OpPraHMYeCKHWE BEIIECTBA), KaK MPaBUJIO, SIBISIOTCS
BBICOKOCTAOUJIbHBIMH.

[logxon K CO37JaHUIO ONBITHBIX KOHIICHTPALMWA JODKEH OBITh BCerjaa
WHJVMBUAYAJIbHBIM B OTHOILICHHHM KaXXJIOTO W3 BBIIICYKA3aHHBIX BEIIECTB - B
3aBUCUMOCTH OT €ro (OpMbl, XUMHUYECKOW MPUPOIBl U (PUIUKO-XUMUUYECKUX
CBOMCTB.

2.5. Ilpu wuccrenoBaHUM HEPACTBOPUMBIX B BOJE BEUIECTB BAXKHEHIIUMU
noKaszaTreslssMi  OyIqyT OpraHoJenTHYecKue - O00pa3oBaHUE Ha MOBEPXHOCTU
BOJIbI
MEJIKMX MACJISIHBIX IIAPUKOB, IJIEHKH, CHM)KEHUE MPO3PAYHOCTH H JIp., a TAK¥Ke
THAPOXUMHYECKME W MHKPOOMOJIOTMYECKHE  Tokazarenu (carmpoduTHas
MUKpodIiopa,

BIIK).

3)

2.6. MacnsHuctele BemiecTBa. VICXOIHBI pacTBOp TOTOBUTCS B MOMEHT
IIOCTAaHOBKM omnbITa. HaBecka Takux BEIIECTB NOMENIAETCS B ONPENEICHHOE
KOJIMYECTBO BOJbI M pa3MENIMBAETCs Ha MarHUTHou memanke npu 1000 06./MuH.

He MeHee 1 - 2 4. O6pasyercsi pacTBOp omnpeneiaeHHoln MyTHocTu. [lomydennyro



MEJIKOTUCTIEPCHYIO BOJIHO-MACJISIHHYIO OMYJIbCHUIO UCIIOJIB3YIOT IS
IIPUTOTOBJICHUS OMNBITHBIX KOHLEHTPALlMM 3aJaHHOro jauarnasoHa. llpu stom
KOKIYI0 ONBITHYIO €MKOCTb II€pEMEUIMBAIOT B TeyeHUe | MUHYTBI I
o0pa30BaHMsI TOMOT€HHOM CpPEIbl, 3aTEM BHOCAT TE€CT-O0BEKTHI.

2.7. CmonucThIe, BA3KHE U KIIEHKHUE BellecTBa. MICXOaHBINH pacTBOp BelleCcTBa
TOTOBAT AHAJIOTMYHO TOMY, KAaK yKa3aHO B II. 2.6 HacTtoAmux MeToauyeckux
ykazaHuii. HaBecka BemiecTBa JOJKHA MOCTETNIEHHO, MyTEM MOJAOrpeBa WK 0e3
HEro, MEXaHWYECKHUM IyTeM JpOOUTBbCS M PACTHpPATbCs [0 O0Opa3oBaHUs
MaKCUMaJIbHO OJHOPOJHOM Macchl C BOJOM. YIBTPAa3ByKOBBIE MEIIAIKU
ITOJTHOCTBIO TOMOTEHU3UPYIOT BEMIECTBO B BoJE. 110iydeHHBIN HCXOOHBIN PacTBOP
VCITOJIB3YIOT JUIsl IPUTOTOBJIEHUS ONBITHBIX KOHLIEHTpAUUi Kak yKa3aHo B II. 2.6
HACTOSIUX METOIMYECKNX YKa3aHUM.

2.8. TBepaple BemiecTBa (MOPOIIKH, TPaHYJIbl U T.I.), HE CMEIIMBAEMbIEC C
BO/I0M (BCIIBIBA€MbIE Ha MIOBEPXHOCTH UJIU OCAXK/IAIOIINECS Ha JTHO).

HaBecky BemiecTBa HEOOXOIMMO TIIATEIBHO pACTEPETh B CTYIKE C
HEOOJIBIIMM KOJIMYECTBOM BOJIBI 1O 0Opa3oBaHUs OAHOPOJHOW TOMOTE€HHOMN
macchl. [Iponomxkas pactupaHue, B CTYNKY HOCTENEHHO J00aBlIATh BCe OOJbIIee
KOJINYECTBO BOJBI. [I0/lydeHHYI0 BOJHYIO CYCIIEH3MIO BEILECTBA IIEPEIUBAIOT U3
CTYNKU B MEPHYIO KOJIOY, CTYNKY HECKOJIbKO pa3 OMOJACKUBAIOT YUCTOU BOJION U
NEPETUBAIOT B Ty K€ MEPHYIO KOJIOy. 3aTeM B MEPHYIO KOJIOY JAOJMBAIOT YHUCTYIO
BOAY JO0 METKH, 3aKpbIBAIOT MPOOKOH, BCTpsAxuBaroT. lloiiydeHHYI0 CycneH3HIO
WCIIOJB3YIOT JJIsl MPUTOTOBJIEHUS ONBITHBIX KOHLUEHTPALUN 3aJaHHOTO THANa30Ha.
[Ipu sToM B TOJNIIE BOABI ONBITHOIO cOCyJda Ooblllas dYacTh Ipenapara
PaBHOMEPHO pacrpenensercs. HacTh BelecTBa OCEAAET Ha THO WJIM BCILIBIBAET HA
NOBEPXHOCTh. [leproanuecku pacTBOPBI MEPEMELINBAOT, BCTPAXUBASL ONBITHBIN
COCY.

2.9. T'a3000pa3Hbie BemiecTBa (Ha MpPUMEPE METaHa, OMBIT B 3aKPBITHIX
cocynax). Mcxonuelil pacTBOp rasza AJisi MPOBEACHUS OMBITOB C (PUTOIIAHKTOHOM
TOTOBST Ha JUCTWIUIMPOBAHHOW Boje, Aajiee pa30aBisAlOT €ro A0 HYXHOU

KOHLEHTPALMUA KYJIbTYpaJdbHOU cpenou. {nd mpoBeneHHs ONBITOB Ha JIPYrUX



TPOPUIECKUX 3BEHBAX HCXOJHBIN PACTBOpP Ta3a TOTOBSIT HAa KOHTPOJILHOW BOJIE
(OTCTOITHOM BOJONPOBOAHOW, AKBAPUYMHOH; NPHUPOJHONW WM HCKYCCTBEHHOM
MOPCKOM ), pa30aBiisisl Jajiee 3TON K€ BOJION 10 HYKHON KOHIICHTPAIUH.

JInsi mpUroTOBIEHUSI UCXOJHBIX PAaCTBOPOB ra3a UCIOJIb3YIOT IIACTUKOBBIE
OyTBUIM €MKOCTBhIO 5 I, 3aJiuBasi MX COOTBETCTBYIOIIEH KOHTPOJIBHOW WU
JTUCTUJIIMPOBAHHON BOION. ByThUIb 3aKphIBAIOT MPOOKOI C ABYMSI OTBEPCTHUSIMU, B
KOTOpbIE BCTaBJEHbl TPYOKH IJIMHOM MOYTH 1O JHA cocyla. [pyOKHM HMEIOT
3akUMbl. ['a3 C MOMOIIBIO PEAYKTOpa M3 ra3oBOro OaJJIOHA MOJAETCS B COCYH
yepe3 oJHy u3 Tpyook. [Ipu sTom 1/3 Bojbl BbITECHSIETCS U3 OYTHUIN Ye€pe3 BTOPYIO
TpyOKy, HaJl BOAOW OKa3bIBA€TCA TOJIbKO JAaHHBIA ra3. PacTBopeHue raza B BOJE
OPOUCXOAUT TIpu OapbOaranuu W BCTPSIXUBAaHUU OYTHUIH. AHAIUTUYECKOE
ONpENEICHNE  KOHUEHTPAMM  HMCXOOHOTO  pacTBOpa  Tra3a  MPOBOAAT

razoxpomaTorpauueckum MeTOI0M.

Koncynpranrlntoc: npumevanue.
Hymepanusi myHKTOB JaHa B COOTBETCTBUU C O(HUIMAIBHBIM TEKCTOM

JIOKYMEHTA.

3.0. McKycCTBEeHHYI0 MOPCKYIO BOJAY (COJIGHOCTh 34 TPOMIILIE) TOTOBST
BHECEHHUEM COOTBETCTBYIOUIMX COJIEM B JAUCTUJUIMPOBAHHYIO BOJY, a’pUPYIOT €€
10 - 12 4, orcrauBatot 2 Henenu ('craperue Boabl"). Mcrmonb3yrOT HCKYCCTBEHHYIO
MOPCKYIO BOJly MpPH TOKCHUKOJOTMYECKUX HCCIEAOBAHUIX TOJIBKO TIOCHIE €e
"crapenus". J{o Hy>KHOM COJIEHOCTH €€ pa30aBIISIOT TUCTUILTMPOBAHHON BOJIOMN.

pH Mopckoll mnpuUpOAHONM WIM HCKYCCTBEHHOM BOJBI HMMEET IIEJIOYHYIO

peaKInio, XapakTepu3yeTcsl BeTMYNHaMH B Tpanunax 7,8 - 9.

3. Onpenenenue TpeOOBaHUM K OIIEHKE CTAOMILHOCTH BEILIECTBA

1 CTaOUJILHOCTH €r0 TOKCHYHOCTH B BOJITHOM cpefie



3.1. XUMHKO-aHAJIUTUYECKOE UCCIIEI0BAHUE

3.1.1. Bpems, B TeyeHHE KOTOPOrO BEIIECTBO pPa3pylIacTCi WU
YJIETYYMBAETCS U3 PACTBOPA, XapaKTEPHU3yeT €ro CTaOMIbHOCTh (YCTOMYHMBOCTD).
Ha ocHOBaHMM aHaIUTHYECKUX OMPEICICHUN BBIUUCISIIOT BpeMs YOBIBAaHUS
KOHIICHTpAallMM BellecTBa B pacTtBope Ha 95%. XHUMUKO-aHATUTHYECKHE
OTIpEJICICHUs] TPOBOJAT B JabopaTopusix, aKKpeIUTOBaHHbIX denepaibHbIM
areHTCTBOM [0 TEXHUYECKOMY PETYJIUPOBAHUIO M METPOJIOTMU (CTaThsl 5
denepanpHOro 3akoHa ot 26 utoHs 2008 N 102-D3 "O6 obecnieyeHUH €IUMHCTBA
u3mepennit" (CoOpanne 3akonomarenscTBa Poccuiickoit denepanuu, 2008, N 26,
ct. 3021)).

Meron XMMHMYECKOrO aHalv3a BEUIECTBA B BOJAE MPEIOCTABISIETCS
3aKa3uyukoM paszpabotku Hopmatusa [1/IK BemecTna.

Jlo Hauana MpoBEICHUS UCCIICIOBAHUI MPOBOISAT MOJTOTOBKY HEOOXOAUMOTO
o0opyaoBaHus, IPUOOPOB, MOCY/IbI K PEAKTUBOB COIVIACHO METO/Iy aHAJIHU3a.

J1J1st uccienoBaHu UCTIONB3YIOT 8 CTEKJISTHHBIX EMKOCTEH 00BEMOM HE MEHEe
20 nm3. Yuciio eMKOCTEN COOTBETCTBYET OMNPEICIICHHOMY JHIO UCCIIEIOBAHUMN.

EMKOCTH HamoJHSIOT OTCTOSSHHOW MPUPOJHONW MpOoGUILTPOBAHHONW BOJOM
MIPECHOBOJTHOTO BOJHOTO OOBEKTa (MPUPOIHON WM HUCKYCCTBEHHOW MOPCKOMU
BOJI0M cosieHocThio 20 - 34 mpomwmuie). B Boxe, 3anuBaeMoil B €MKOCTH ISt
MIPUTOTOBJICHUSI PACTBOPOB HCCIICIYEMOIO BEIECTBA, OMPEACNIAIOT ero (POHOBOE
COJIepKaHHUE.

JI71d co3manusa B €MKOCTSIX HCXOQHOW HUCCIIEAYEMON KOHIICHTPAIMU BEIIECTBA
XOpOIIO PacTBOPUMOrO B BOJIe, COOTBETCTBYIOIIME €r0 HABECKU BHOCAT
HEMOCPEACTBEHHO B TMOJTOTOBJICHHBIE €MKOCTH C€ BOJOM M  TILIATEIBHO
nepeMemuBarot. [Ipu Hanmuuuu GOHOBOTO COJIEPKAHUSI UCCIETYEMOTO BEIIECTBA B
BOJIE B OINBITHOM PAacCTBOPE YUHUTHIBAETCA CyMMapHasi KOHIIEHTpAIUs BEIIECTBA MPU
BHeceHHMH B Boay. llpm BeIOOpE KOHIICHTpAlMid [JIsi OIEHKH CTaOMJIBHOCTH
MEHbIIIas W3 HUX JIOJDKHA OBITh KaK MHUHAMYM Ha 2 TIOpsJKa BBIIIE

YYBCTBUTCIIbBHOCTH MCTOAA.
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JIst wiccrmemoBaHusl BEIIECTB HE PACTBOPUMBIX HIIM Majio PAaCTBOPHMBIX B
BOJIC UCIIOJB3YIOT €MKOCTU 00beMoM MeHee 20 nM3 (Majble eMKOCTH) C IIEJIbIO
MPOBEJICHUS TIOJIHOM SKCTPAKIIMU BEIIeCTBA B cOCyjae (YyUUTHIBas OCaXICHUE
BEILIECTBA HA CTEHKAX COCY/a).

Hucmo eMKOCTE COOTBETCTBYET OMPEACICHHOMY JTHIO UCCIICIOBAHUM.

OMBITHI TPOBOAT B €MKOCTSX C OTKPBITON IMOBEPXHOCTHIO, PU TEMIIEPATYPE
20 +/- 2 °C u npu ecTecCTBEHHOM OCBEIICHHH. VICCleqoBaHMIO MOABEPralOTCs B
JIBYX TIOBTOPHOCTSX TPU KOHIICHTPAIIMHM BEIIECTBAa, MEHBINAsS M3 KOTOPHIX Ha
MOPSAOK BBIIIE YYBCTBUTEIBHOCTH METO/IA.

[Tepen kaxapiM O0TOOpPOM MPOO ISl aHAIM3a, BOJY B €MKOCTSAX TIHIATEIBLHO
nepeMenuBaotr. OTOOp Mpod M aHaIU3 HMX MPOBOJAT MOCIE MPUTOTOBJICHUS
pactBopa (MucxoaHast KoHIeHTpamus - 0 cyTku), 3arem Ha 1, 3,5, 7, 10, 15, 20 u 30
CyTKM OT Haydajia »JKCIIEpUMEHTa. YCpEAHEHHBIE pe3yabTaThl aHalu3a II0
MOBTOPHOCTSIM 3a KaXJble CYTKH HCCIeNOBaHMUs BHOcAT B Tabmuny 3.1.1, rae

MNpCaACTAaBJICHBI JaHHBIC IJIA OI[HOﬁ KOHIOCHTPAIIUH.



JluHaMuKa pacrajia BelecTsa B Bojie B TeueHue 30 cyTok, MI/i

Ncxonnas DKCIO3UIUSA PaCTBOPA BEILIECTBA, CYTKH
KOHLICHTpaLus,
HOPE 1 3 5 7 10 15 20 30
Mr/11
KoHueHnTpanus BeiiecTsa B pacTBOpE, MI/J
10 10 10 9 8 7 6 ) 4

Taomuma 3.1.1



3.1.2. PacueTr cTaOMIBHOCTH MPOBOAAT METOJOM PETPECCHUU C yYETOM TOTO,
4YTO yOBIBaHME KOHIEHTpAIlMM BEHIECTBA B pacTBOpax OOBIYHO HUMEET
HKCIIOHEHIIUATILHBIN XapaKkTep U OMUCHIBACTCA YPABHEHUEM:

IgC =1gCo - t/Tay,

rjae C - KOHIIEHTpAIis BEIIeCTBA B MOMEHT OTpeieTieHust (MT/11);

Co - ucxomHast KOHIEHTpaIUs (MT/1);

t - BpeMs (CyTKH);

Tay - KOHCTaHTa CKOPOCTH YOBIBaHMsI BEIIECTBA B pacTBOpe (CYTKH).

[Tpunumaem IgC =y; 1gCo = a; t = x; -1/Tay = b, nonyyaem ypaBHeHHEe y = a +

x-b
"a" u "b" BRIYMCIISIEM METOJJOM HAMMEHBIIINX KBAJPATOB [0 YPAaBHEHUSIM:
(SUMy - b - SUMX) n - SUMXx -y - SUMx - SUMy
8 = mm-emmmeeemmeeneees , D = —eeeemmmeeemee e ,
n 2 2

n - SUMx - (SUMX)

IJI€ N - YUCJIO ONPENEIEHUN BO BPEMEHU.

Ha ocHoBaHnm pacyeToB omnpenenstor Bpems 95%-ro pacnaga BemiecTBa B
Boze. [lo Bpemenu 95%-ro pacnaga BemecTBa B BOJHON cpefie KIacCU(UUHUPYIOT
€ro CTaOMIBHOCTD U onpeaestoT kodddumuenT 3anaca (Tabnuma 3.1.2).

DTOT XK€ MoKa3aTeslb MOXKET ObITh onpezeneH u rpapudecku. C 3TOH 11ebio
CTposT rpaduk yObIBaHMS KOHIIEHTpaluu BemecTBa. Ha ocsix oTKIIabIBalOT BpeMs
u jorapudm KoHieHTpanuu. M3 Touku Ha PsIMOi, COOTBETCTBYIOIIEH JTIoTapudmy
5% BemecTBa OT MCXOAHOTO YPOBHS, OIYCKAalOT NepHeHAuKyysp. Touka
IIEPECEUEHHUS] €TO C OChIO BPEMEHHU U ONPEAEIUT CPOK paspyiieHus 95% semecrtna.

3.1.3. Tlo crenenu cTaOUILHOCTH B BOJIHOM Cpejie Ipernapat OTHOCST K OJTHOM
U3  IIECTHM  TIPyNI, KaXIOH H3 KOTOPBIX COOTBETCTBYET ONPENEICHHBIM

ko3 puieHT



3amaca (K ), mpuBeaennsrii B Tabmure 3.1.2.

c
Tabmuma 3.1.2
Krnaccudukanus <*> BeniecTs 1Mo ux CTaOMILHOCTH B BOJAHON
cpene (tay = 95%)
I I I
I I
| ['pyniib | CtaOunpHOCTh | Bpewmst 95%-ro pacnana, | Koaddumment
| | | CyTKH | 3amaca (K) |
. | | e
| | |
I I I
| |
I I
| 1 | Mainas o 10 1,0
| | |
I I I
| |
I I
| 2 |  Vmepennas 11 - 60 2,5
| | |
I I I
| |
I I
| 3 |  Cpemmas 61-90 7,5
| | |
I I I
| |
I I
| 4 |  Boicoxasn | 91-180 | 135 |

| 5 | OueHb BBICOKAS 181 - 365 27,0




| 6 | CBepxBbICOKas | OoJiee roma -
l | l

[Ipumeuanue: <*> Meroaudeckue yKa3aHHS 1O TUTHEHHYECKOM OIlCHKE

HOBBIX nectulinoB. Kues: BHUMT'MHTOKC, 1969 r.).

3.1.4. CraOunbHOCTh BELIECTBA YYMUTHIBAIOT: MPHU OINpPEACIICHUH Kilacca
omacHoctu BemectBa (m. 1, Ilpwnoxenuss 1 k HactosmuM MeToanuecKuM
yKa3aHUsIM),
kodpdunnenta 3amnaca K - npu BbiHeceHuun pemienus o Benuuune [IJIK ms

C

INECTUIIHUOO0B.

3.2. TOKCUKOJIOTrHYECKOE UCCIEIOBAHUE

3.2.1. HeoOXoguMOCTh WCCIEIOBAHUSA  CTAOWIBHOCTA  TOKCHUYHOCTH
oOyCJIOBJIEHa TEM, UYTO XHWMHUKO-aHAJIIUTUYECKUE ONpPEICNCHUsT HE TO3BOJISIIOT
OIICHUTh OCTATOYHYID CYMMAapHYI0 TOKCHYHOCTb BEIIECTBA W MPOIYKTOB €Tro
npeBpamieanss. OIEHKY OCTaTOYHOM  TOKCHYHOCTH  TMPOBOMIT  METOJaMH
ouorectupoBaHusi. B kauecTBe TeCT-00bEKTa PEKOMEHIYETCS UCIOJIb30BaTh
OpraHU3Mbl 300TUTAHKTOHA (HAampuUMep, OJHOBO3pacTHbIC nadbHMM - A
MIPECHOBOJIHBIX BOJHBIX 00BEKTOB). BO3MOXHO MCIOJIE30BaHUE B KAYECTBE TECT-
00BEeKTa IPYruX MPEACTaBUTENICH TPOPUIECKON 1eTH, HapuMep, poi0 (JIMUUHKH,
MaJbKH, CErOJIETKH).

3.2.2. UccnenoBannio MOJBEPTAETCA OJHA KOHLIEHTpauus BemecTBa - JIK 3a

50



24 4, KOTOpas yCTaHABIWBACTCA JUIsl OPraHW3Ma B COOTBETCTBUH C OOIUMU
TpeOOBaHUSIMU JJISl OMNBITOB Ha OCTPYI TOKCHMYHOCTH BemiecTBa (m. 4.1.4
[Tpunoxxenus
2 K HACTOSIIIUM MEeTOANYECKUM YKA3aHUSIM).
3.2.3. PactBop BemiectBa jgaHHOM koHIeHTpaiuu (JIK 3a 24 9) BHOCST B
50

BOCeMb eMKocTeil. Kaxas eMKOCTb COOTBETCTBYET IOCTAHOBKE HKCIIEPUMEHTA
B
ONpEICIICHHBINA IEHb UCCIIEIOBAHUM.

3.2.4. Ha ucxoxansie (0) cytku, nanee Ha 3, Ha 5, Ha 7, Ha 10, Ha 15, HA 20 M
Ha 30 CyTKM OT Hayaja 3KCIEpUMEHTa B COOTBETCTBYIOIIME €MKOCTU BHOCST IO
OJINHAaKOBOMY KOJHMYECTBY TecT-00bekToB (He MeHee 10 sk3emruisapoB). Ilepen
KaXJIbIM BHECEHHEM TECT-O0BEKTOB B €MKOCTh C PAaCTBOPOM €MKOCTh TIIATEIHHO
nepeMemunBarotT. Yepes 24 4 nociie BHECEHUSI OPTaHU3MOB B EMKOCTh YYUTHIBAIOT
YHCJIO OTUOIINX U yIAJSIOT UX U3 €MKOCTH.

OnbeITel  POBOAAT B 3-KpaTHOW  NOBTOpPHOCTH. Kaxknomy — omsITy
COOTBETCTBYET KOHTPOIIb.

3.2.5. Ilony4yeHHbIE HKCHEPUMEHTAJIbHbIE JAaHHBIE IO COOTBETCTBYIOLIUM
CyTKaMm
UCCIICJIOBAHUSI  YCPEAHSIOT TI0 TIOBTOPHOCTSIM UM PAacCUUTAHHBIE MPOIEHTHI
MOTHOIIINX
HK3EMIUISIPOB TECT-00BEKTa BHOCAT B TaOnwuily 3.2.1, riae mpeacTaBieHbl JaHHbIC
Mo JWHAMUKE TuOenu TecT-opraHu3MoB 3a 30 cyTok B pacTBope BemiecTBa ¢ JIK
50

3a 24 4, paBHoit 10 mr/m.

Tabmura 3.2.1

['ubens Tect-oprann3mos (%) npu yObIBAaHUH UCXOTHOU

KoHieHTparuu Bemectna (JIKS50) o cytkam skcro3uiuu



(cpennee 3-X TOBTOPHOCTEH)

| Konuenrpanus, CyTku uccae0BaHum
| IK 32 24
waca | | I | I |
| |
50 | o | 3 |5 |7 |10]15]2 | 30]

|
|
| 10 MI/11
|
|

| KOHHCHTpaHI/IH BCIICCTBA B COOTBECTCTBUMU C €€ Y6BIBaHI/ICM I10

| CyTKam, MI/J

| 10 | 93 | 80| 60| 33]066] 0] 0|
| l ] l l l




3.2.6. Ha ocHOBaHMU TOJIyYE€HHBIX JAHHBIX O THOETU TECT-OPTaHU3MOB B
COOTBETCTBYIOIICH €MKOCTH, METOJAOM IPOTIOPITUN OMPEACISICTCS] KOHIICHTPAITHS
BEIIECTBA JUISI KaXJOM BEJIMYMHBI TMPOIEHTAa TMOTUOIIUX TEeCT-0O0BEKTOB B
IKCIIEPUMECHTE:

Tak, 50,0% morudmux opraHnu3MoB cOOTBETCTBYIOT 10,0 Mr/m;

46,6% - 9,3 mr/i;

40,0% - 8,0 mr/i;

30,0% - 6,0 mr/i;

16,6% - 3,3 mr/i;

3,3% - 0,66 mr/m.

[lony4yenHble 3HaueHHsS YOBIBAIOIIMX KOHIIEHTPALMA BeliecTBa (MI/J) IO
CYTKaM 3KCITO3UIIMH TAK)Ke 3aHOCT B Tabnuiy 3.2.1.

B cnyuae pacnana BemiectBa Ha 20 u Ha 30 CYyTKM KOJMYECTBO OMpeIeICHUIN
BO BpEeMEHHU (n) yBenuumuBaeTcs ¢ 6 10 7 - 8.

3.2.77. Janee pacuet nepuoga 95% pacnaga BemecTsa B BOAE ONMPEIACITAIOT B
COOTBETCTBMH C II. 3.1.2:

IgC =1gCo - t/Tay, rne

C - KOHIIEHTpaIKs BEIICCTBA B MOMEHT OTIpeACICHHsI (MT/7);

Co - ucxomHast KOHIEHTpaIUs (MT/I);

t - Bpems (CyTKH);

Tay - KOHCTAHTa CKOPOCTH YOBIBAaHHUS BEIIECTBA B pacTBOPE (CYT.).

[Tpunumator 1gC = y; 1gCo = a; t = x; -1/Tay = b, moiy4aroT perraemoe
perpeccuoHHoOe ypaBHeHue: y =a +x - b.

Koaddummentsl ypaBHenuss perpeccun "a" u "b" BBIUMCISIOT METOAOM

HaMMCHBIINX KBAAPATOB 110 YPABHCHUAM:

(SUMy - b - SUMX) n - SUMx -y - SUMx - SUMy
8 = mm-mmmmemmmmemeeees , D = —emememe e , TIe
n 2 2
n - SUMx - (SUMX)



N - 9YUCIIO ONIPEAEIIEHUN BO BPEMEHH.
3.2.8. CooTBeTCTBYIONIME JIaHHbIC (PACUETHBIE KOHIICHTPAIIMU BEIECTBA W3
tabaunel 3.2.1) BHOcAT B Tabmwmiyy 3.2.2 W jajee MpoOBOJAT IpeoOpa3oBaHUE

AKCIIEPUMEHTATILHBIX PE3yJIbTATOB JJIS MaJbHEUIEro pacuera mo QGopmMyiaM Ii.

3.2.7.

Tabmuma 3.2.2

JlanHble qys pacuera pacnaaa Bemectsa Ha 95%

| Yucno | CyTtkun |KOHL[6HTpaHI/I$I | Jlorapupm | x - 1gC | 2 |
|onpe):[eJIeHm”4 | PICCJICJI[OBaHI/Iﬁl BEIIECTBA |KOHHCHTpaI_[I/II/I| x-y) | X
|
| BO BPEMEHU | t=x | C mr/n | lgC=y | | |
| N | | I
| | | |
I I I I
| | |
I I I
|1 K 10,0 1,0000 |0 |0 |
| | | |
I I I I
| | |
I I I
|2 |3 9,3 0,9685  ]2,9055 |9 |
| | | |
I I I I
| | |
I I I
|3 |5 8,0 0,9031  |4,5155 |25 |

4 |7 |60 |07782 |54474 |49 |




|5 | 10 3,3 0,5185 |5,180 | 100

|6 | 15 | 0,66 |-0,1805 |-2,7075 |225
| | l l

| 3HayeHusi CyMM BbIlIeyKa3aHHbIX Moka3areneid (SUM), BHOCHMBIX B

bopmybl |
| pacucTa IIOKa3aTejieii a u b |
I I I I
|
I I I
| N | sumx | | suMy |[suMx-y)| 2 |
| | | | || sumx |
| | | |
I I I I
| | |
I I I
|6 | 40 4,9878  [16,3459 | 408

3.2.9. Onmnpenensaror 5%  KOHLEHTpPAUMI BEIIECTBA OT  HCXOJIHOU
koHuentparuu (10 mr/m) npu ero pacnazae Ha 95%.

B paccmarpuBaemoM mnpumepe KoHIEeHTparus BemiectBa 0,5 Mr/m siBisercs
5%-1 koH1eHTpauelt oT ucxoaHou (10 Mr/n) npu pacnaje BemectBa Ha 95%.

Onpenensrot 10,5 =y (y = IgC = 1g0,5 = -0,301).

3.2.10. OmnpenensitoT 1Mo JaHHBIM TaOa. 3.2.2 3HaueHHs Kod(PPUIIMEHTOB
perpeccun au b (1. 3.2.7):

a=1,6288; b =-0,1196.



[ToncTaBisitoT  MOJIy4EHHBIE 3HAYEHUS B  PEIIAEMOE  PErpecCHOHHOE
ypaBHenue (1. 3.2.7):

y=a+ X - b, orkyaa cienyet: X = (y - a) / b, rae X - Bpems pacriajia BelecTBa
Ha 95%;

x =(-0,301 - 1,6288) / -0,1196 = 16,1.

[Ipu OKpyrJieHMM MOJYYEHHOTO 3HAYEHUSI X JI0 LEJOT0 YUCa 3alUCHIBAIOT
BpeMs pacnajaa Beuiectsa Ha 95% 3a 16 cyTok.

3.2.11. Ilpn HaMWMYMM JAHHBIX MO XMMHUYECKON CTAaOMJIBHOCTH BEIECTBA B
pacTBOpEe W JAHHBIX 1O CTAOMJIBHOCTH TOKCHYHOCTH BEIIECTBA MOXET OBITh
MIPOBEJCHO CPABHEHUE IOJYYECHHBIX BEJIMYMH U CHEJNAH BBIBOJ O TOKCUYHOCTH

IPOIYKTOB paciiajia BeIecTBa.

4. OueHka BIMAHUS BEIIECTBA HA MMOKA3aTEIN BOJHOU CPEIBI

BnusiHue BeliecTBa Ha IMOKAa3aTed BOJHOM CPEAbl XapaKTEPU3YETCs IO
OpraHoJICTITUYECKUM (3arax, IBET, MPO3PAUYHOCTh, MyTHOCTb, B3BECH, OCAJIOK),
TUAPOXUMHUYECKUM (KUCIOpod, pH, HUTPUTHI, HUTPAThI, AMMOHUI) TTOKA3ATEIISM,
a
TaKKe 1O I[OKa3arelsiM, XapakTepuszyromuMm camoouunieHue Boasl (BIIK

YHUCJICHHOCTD

canpo(@UTHBIX MUKPOOPTaHU3MOB).

4.1. OneHka BIMSIHUS BEIIECTBA HA OPTaHOJIENITUUECKUE TTOKA3aTeId BOBI

OpraHoJienTUYECKUE TMOKA3aTeId BOJbI MPU PA3IMYHBIX KOHIEHTPAIUAX
BEIIECTBA XapaKTepU3ylOT IO H3MEHEHHWIO 3alaxa U IBeTa, BS3KOCTH,
onajecleHIUd. A TaKXKe MO H3MEHEHHUIO MPO3payHOCTH, MYTHOCTH, B3BECH,
00pa3oBaHUIO OCajJKa B BOJE - YKa3aHHBIC MOKAa3aTeNd ONMPENEISIIOT ¢ TOMOIIbIO

nuiauHapa BbicoTo 40 cM, eMKoCThiO 1 J1, Ha O€JIOM OCHOBAaHMHM C TEMHBIMHU



M0JIOCAMH, HAHECEHHBIMU KpecTooOpa3Ho. OrpeneneHue MPOU3BOAAT B XOPOIIO
OCBEIICHHBIX TIOMEIIECHUSX, HO HE Ha TIPSIMOM COJTHEYHOM CBETY.

3amax BOJBI MPU PaA3TUYHBIX KOHILEHTpAIUSX BEUIECTBA OMPENETSAIOT IMPHU
KOMHATHOW TEeMIIepaType HEeTOCPEICTBEHHO U3 KOJOBI ¢ MIPUTEPTON MpoOKoi. Jlis
ATOTO OTKPHIBAIOT MPOOKY M CJIETKAa BTATUBAIOT HOCOM BO3IyX M3 KOJIOBI y CAaMOTO
ee TOPJIBIIIKA U OIEHUBAIOT HATMYHUE 3a1axa.

[Ipy >TOM OTMEYAIOT WMHTEHCHUBHOCTH 3alaxa M0 MATHOAIBHON IIKaje
(Tabnuia 4.1.1).

XapakTep 3amaxa OMNPEIENSIIOT OMUCATENIbHO: XJOPHBIM, 3EMIIMCTBIN,
OOJOTHBIN, XJIOP(PEHOJIbHBIN, 3amax HePTH U HePTenpoAYKTOB, HABO3HBIM,

THIWIOCTHBIN U T.JI.



Taomuma 4.1.1

[IIxama onpeneneHus 3amaxa no €ro UHTEHCUBHOCTH

bann NuaTEeHCUBHOCTH Ouenka
0 Her 3anax He OlIyIIaeTCs
1 OueHb cnadblit 3anax, oOHapyKHBaeMblid OOJIBIIIMHCTBOM HaOJt01aTeIeH
2 Crnalbrit 3anax, oOHapyKMBaeMblii BCEMU HAOJI01aTEeIIIMU
3 3aMeTHBIN 3amnax JIerko OlryIiaeMblid
4 OTueTnuBbIn 3anax 4eTKO OLIyIIaeMbIi
) OueHb CHIIbHBIN 3anax CHJIbHBIN U pEe3KHil

[[BeT cpenapl C pa3HbIMU KOHIIEHTPAIMSMHM BEIIECTBA CPAaBHUBAIOT C I[BETOM KOHTPOJIBHOW CpeAbl, OTMedYas €ro
MHTEHCUBHOCTD B KOKJI0M KOHIIEHTPALIMKA U OTMEeYasi KOHIIEHTPALIHMIO, IPU KOTOPOM I[BET CPE/Ibl HE OTINYAETCS OT KOHTPOJIS.
[Ipo3paunocTs. ['panuiieil U3MEHEHUsI MPO3PAUYHOCTH CUUTAIOT TJIYOMHY B CaHTUMETpaxX, NMPU KOTOPOM MCYE3aeT YeTKas

BUAHUMOCTD JIMHUU Ha AUCKC OCHOBAHMA HUJIMHApPA.



MyTHOCTh BOJBI XapaKTEpU3YIOT OMHUCATENIbHO: ciiadas OMaJleCUEHIMs, OMaJeCUEHIIMs, CHJIbHAs OMNaJeCleHIMs, ciabas
MYTHOCTb, 3aMETHasi MyTHOCTb, CWJIbHAsI MyTHOCT.

Ocanok xapaKTepu3yeTcsl MO €ro BEeTWYMHE - HUYTOXXHBIM, He3HAUYUTEIbHBIN, 3aMETHBIN, O0OJbIIoi. B ciydae Oonbiroro
ocaJika yKa3bIBaeTCs TOJIIMHA CJIOS OCajJKa B OTHOIIEHUH oOmero oobema Bojabl. [IpyM KauecTBEHHOW XapaKTEPUCTHKE
YKa3bIBAIOT CBOMCTBA OCaJKa: KPUCTAJUIMUECKUN, aMOP(HBIN, XJIONbEBUIHBIM, WIUCTHIM, MeCUaHbld U T.N., OTMEYAECTCS TaK¥Ke
I[BET OCaJiKa - OECIBETHBIN, CEPBINA, OYPHIH U T.II.

B xauectBe npumepa npuBOAUTCS TaOJIMYHAS 3aMIMCh OTMEYAEMbIX U3MEHEHUN OPTaHOJIENTHYECKUX ToKa3aTeNel BOJbI IPU

pa3IMYHBIX KOHIICHTPAIUAX BellecTBa (KapOOKCUMETHIIMPOBAHHBIA KpaxMmai, Taomuna 4.1.1.a).

Tabmuma 4.1.1.a

Bnusnaue kapOOKCUMETUIIMPOBAHHOTO KpaxmMasa

Ha OpPraHoJIENITUYECKUE TTOKAa3aTeIn BOJHON Cpebl

KoHnuenrparg OpraHosenTHYeCcKHUe MOKa3aTeIu

Ui, MI/JT
3amax LIBET MPO3PAYHOCTH MYTHOCTb 0caioK

Bona




KOHTPOJIb | €CTECTBCHHBIH | €CTECTBCHHBI 40 cm OTCYTCTBYET OTCYTCTBYET
i
Kap6okcumerunupoBannbiit kpaxmain (Floplex C 115)
2,0 OTCYTCTBHE oe3 40 cm OTCYTCTBYET OTCYTCTBYET
W3MEHEHUS

10,0 OTCYTCTBHE ="'~ 40 cm OTCYTCTBYET OTCYTCTBYET
25,0 OTCYTCTBHE - 39 cm MaJiasi CyCIeH3Us OTCYTCTBYET
50,0 OTCYTCTBHE ="'~ 39 cm MaJas CyCIeH3Us OTCYTCTBYET

250,0 OTCYTCTBHUE =" 35cm CpeaHsisi CyCIEH3Us BUIUMBII
1250,0 OTCYTCTBHUE =" 30 cm rycras CyCHeH3us BBIPAKEHHBIN




4.2, OHCHKa BJIMSIHUS BEIICCTBA Ha IIPOLECChbl CaMOOIYNIICHH A

4.2.1. BBoaHbIE 3aMeUaHus

Hapyimienue — KuM3HEAESTENIbHOCTH  OaKTepUaIbHOTO  HACEJNCHHS  TOJ
JEHCTBUEM XUMHUYECKHUX BEIIECTB MOXKET NPHBECTH K HW3MCHEHHIO KayecTBa
BOJAHOW Cpenbl W, B KOHEYHOM HTOTe, K Jerpamaldd 3KOCHUCTEMBI BOIHOTO
oOwekTa. B cBsi3u ¢ atum, nipu ycranosienuu [1JIK BemecTBa cienyet onpenaensTh
€ro BIWSHUEC HAa pasHble TPyNIbl  OakTepwif-MuHEpamu3atopoB.  Jlis
HKCIIEPUMEHTAJILHOTO  HUCCJIEJOBAHMS — Npeljaraercs  Cieayromas — Iernovyka
O0OBEKTOB:

a) canpoduTel, pactymiue Ha mscornentoHHoM arape (MIIA), pa3BeneHHOM B
10 pa3 (MIIA:10);

0) HutpudukaTopsl 1-it passr;

B) HUTpUPUKATOPHI 2-i1 (Pa3bl.

4.2.2. XapaKTepuCTHKa TeCT-00BhEKTa

HauOonpmield  (pu3HOIOTHYECKONM aKTUBHOCTBIO O0JaJar0T  canpoQuThI,
IIEPBBIMA HAYMHAIOLIME IPOLECC MUHEPAIM3ALMU, pasjiaras a3oTCOIEpIKaLLyro
OpraHuKy [0 amMMOHHMITHOro azora. Ux cmeHsoT HuTpuduxatopsl 1-i ¢assl,
OKHUCJISIONME aMMOHUUHBINA a30T 10 HUTPUTOB, a 3aTeM - HUTPUPUKATOPHI 2-i
(a3bl, OKUCISAIONINE HUTPUTHI 10 HUTPATOB.

JUist peructpanuu COCTOSIHUSL OakTepuil B SKCHEPUMEHTAX Mpeiaraercs
CIICAYIOIINI Ha0Op OCHOBHBIX TTOKa3aTeICH:

a) YwucnenHocts canpodutoB. Ecmu wucciemyemoe BEIIECTBO  JIETKO
yCBaMBaeTCs OaKTEpUSMU, UX YHUCICHHOCTh 3HAYMTENILHO BO3PACTAET, MPEBBIIIAs
YUCJIEHHOCTh B KOHTPOJIE, & €CJIM TOKCHYHO - KOJUYECTBO MHUKPOOPTaHH3MOB
CHUKAETCH.

0) Meixanue Oaxtepuit. Omnpepensiercss mo BIIK. Dtor mokasarens
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XapakTepusyer (U3HOJOTMYECKYl0 aKTUBHOCTh OakTepwii W HE Bcerma
KOppEIUpPYeT ¢

YUCJIICHHOCThIO OakTepuil (B CBSI3M C TEM, YTO TOKCUYECKOE JICUCTBUE HEKOTOPHIX
KCEHOOMOTHKOB BBIPAXKAETCS B YBEJIMYECHUM YHUCICHHOCTH OakTepuil Ha (oHe
CHUYKEHHUS

uX (pU3NOIOTUIECKON aKTUBHOCTH).

B) Konuenrpauusa pactBopeHHoro kuciopoga. Ilokazarens a3poOHOro
COCTOSIHUSL CPEJIBI.

r)  AwmmonwmitHbB  a3or.  [Ipomykr  meraGomm3ma  campoguTOB-
aMMOHHU(UKATOPOB.

1) A30T HUTpUTOB. [IpoaykT MeTaboam3Ma HUTpUUKaTOpoB 1-if assl.

e) A3oT HuTpartoB. [IpoaykT MmeTabonu3ma HUTpUPUKATOPOB 2-i1 (azbl.

x) pH cpenpl. [Tokazarenb akTUBHOM peaKIuy CPeIbl.

JUIUTeNnbHOCTh HAOMIOAEHUST O0YCIIOBIIEHa CPOKOM IOJIHOM MHHEpaIu3aluu
a30Tco/iepKallled OpraHuKA B HOPMAJIBHBIX YCIOBUAX 10 CTAOMIBHOW (hOPMBI
a3oTa B BHUJI€ HUTPAaTOB. MOMEHT OKOHYAHHS OIBITA OMNPEIEIAIOT BBIXOAOM
KOHLIEHTpallMd HUTPATOB B KOHTPOJBHOM 3KCHEPHUMEHTAIBHOM COCYyJEe Ha

CTAIlMOHAPHBIN YPOBEHB (TIATO), YTO MPOUCXOAUT Ha 25 - 30-e cyTKHu.

4.2.3. IlpoBeaeHne ucciae0BaHui

4.2.3.1. Heob6xomumoe 060opyaoBaHue:

TEPMOCTAT-CTePUIIU3ATOP;

TEPMOCTAT C BOASHOW pyOaikoi uist mojaepkanus temiepatypsl 20 °C;
aBTOKJIAB;

(OTORIEKTPOKOIIOPUMETP WJIH CHIEKTPOoTOMETD;

MOTEHIIUOMETD;

MepHbIe Ko0s1 Ha 50, 100, 200, 250, 500 u 1000 cm3;

CTCKJISTHHBIC KPUCTAJLTN3aTOPhI HAa 5 TM3;

KUCJIOPOAHBIE CKIISIHKU BMECTUMOCTBIO 0K0J10 200 cM3;

yamku [letpu;



pOOUPKH, OIOPETKH.
4.2.3.2. IlpenBapuTeibHbI OMNBIT MPOBOJAT C MATHIO WIH IIECTHIO
KOHILICHTPALUSMHA ~ HCCIEAyEMOTO BEIIECTBA, Pa3IMYAIOIIMMUCS HA MOPSAIOK.
HccnenoBanre MNOpOBOMAT B CTEKISHHBIX KPUCTAUIM3AaTOPaX, HAMOJOBUHY
3aMO0JIHEHHBIX
MPUPOTHOW BOAOW M3 YHCTOTO BOJHOTO OOBEKTA, MPOGUILTPOBAHHOW dYepes

MenpHUYHOEe cuTo N 76. BO Bce COCybpl BHOCAT MENTOH U3 pacdera 3 mMr/mM3,

KoTopelii  oOecneunBaer BIIK , we  mpeBbimaromee 5 mMrO /am3, u
COOTBETCTBYIOIIIEE
5 2

KOJIMYECTBO  MCCIIEyEMOr0 BEIIECTBA. B KOHTPOJBHBIN COCyZ HCCIENyeMOe
BEILECTBO
HE BHOCHT.

B mnpeaBapuTENbHOM OIBITE KOHTPOJMPYETCS TOJIBKO OJUH IOKa3areib -
YUCIEHHOCTh campodurtoB, pactymmx ©Ha MIIA:10. IloceBbl mpoBOASIT B
TPEXKpPAaTHOW TMOBTOPHOCTH TIyOMHHBIM MeTtoioM. Yamku Ilerpu ¢ moceBamu
UHKYOupyroT nipu temrneparype 20 +/- 2 °C B TeyeHue JIByX CYTOK, IOCJE YEro
MPOCUYUTHIBAIOT KOJMWYECTBO BBIPOCIIUX KOJOHMI. OTOOp mpod ajii MOCEBOB
IIPOBOJAT €KEOHEBHO B TeueHue 4 - 5 cyrok. Ha ocHOBaHWMM MOIy4YEHHBIX

PEe3yIbTAaTOB IUIAHUPYIOT OCHOBHOM OTIBIT.

Koncynpranrlntoc: npumevanue.
B oduuuankHOM TEKCTE [OKYMEHTa, BUAMMO, JOMYIIEHAa OIeYarka: B
[Tpunoxenuu 1 nyHkrt 2.10 oTcyTcTBYET, MEETCS B BUAY NYHKT 3.0 yKa3aHHOTO

[Tpuiioxenus.

[Ipu pabore ¢ HCKYCCTBEHHOHM MOPCKOM BOJOH - B MOATOTOBJICHHYIO
UCKYCCTBEHHYIO MOPCKYI0 BoAy (1. 2.10 Ilpunoxxenus: 1) BHOCAT npeaBapUTENbHO

BbIpameHnyto Ha MIIA MOpCcKyro ecTeCTBEHHYI0 MHUKPOQIOpY M3 MPUPOTHOMN



MOPCKOW BOJIBI WJIM MOPCKOTO akBapuymMa (u3 pacdeta 1 ThIC. KJI/Mi).
BoelaepxuBaloT NpU  KOMHATHOM Temmeparype B TEUYEHHE Henenu (Bpems
ajanTtanuu) - AJ1 pa3MHOKEHHMs OaKTepud M CcTa0WIM3allMd THAPOXMMHYECKUX
napameTpoB. [locie 3Toro npoBOAsAT TOKCUKOJIOTHUECKUN IKCIIEPUMEHT.

4.2.3.3. OCHOBHOW ONBIT CTAaBAT MNpPU TEX IKE YCIOBUAX, UYTO U
npeaBapuTeNbHbli  onbIT.  OLEHUBAKOT  JAeicTBME  BewlecTBa B IISATH
KOHLEHTpAlMUsAX, W3 KOTOPhIX MAKCHUMAJIbHOW CIYXUT Ta HauMEHbLIas
KOHLIEHTpalus, KOTOpas B NPEIBAPUTEIBHOM ONBITE CHI)XAJIa YHUCIEHHOCTb
canpoUTOB 1O CPAaBHEHUIO C KOHTposieMm Ooinee uvem Ha 25%. J[pyrue
KOHLIEHTpAlMu pa3indaroTcs He Oojee yem B 5 pa3. OmbIT MpPOBOAAT B TPEX

IIOBTOPHOCTAX.

4.2.4. Y4eT u aHanu3 pe3yabTaToOB

B xone auTenbHOro onbiTa YYUTHIBAIOT CICAYIONINE TTOKA3aTEeH:

pPH - B ucxoausie, Ha 10, 20 u 30 cyTku;

PacCTBOPEHHBIN KUCIOPOJ - B UCXOHbIE, HAa 3, 5, 7, 10 1 15 cyTku;

YUCJIEHHOCTD canmpoduToB, pactymux Ha MITA:10, - B ucxoxusie, Ha 1, 3, 5 u
7 CYTKH;

BIIK - B ucxonnsle, Ha 1, 3, 5 u 7 cyTKuy;
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a30T aMMOHMIHBIN - B UCXOAHbIC, HA 1, 3,5, 7, 10 1 15 cyTku;

a30T HUTPUTOB - Ha 5, 7, 8,9, 10, 12 u 15 cyTku;

a3oT HUTpartoB - Ha 7, 9, 10, 12, 15, 20, 25 u 30 cyTkwu.

XUMUYECKHUE ONPEICTCHUS MPOBOJIAT MO OOIIETTPUHATHIM METOAUKAM.

Pe3ynbTaThl IEpeUMCICHHBIX OMNpejeeHui 00padbaThiBalOT CTATUCTUYECKU U
OIIEHUBAIOT JOCTOBEPHOCTh OTKJOHEHMS OIBITHBIX BEJIUYUH OT KOHTPOJIbHBIX.
JlonyCTUMBIMU KOHIEHTPALUSIMUA CUUTAIOTCA TaKHUe, KOTOpPhbIE HE BBI3BIBAIOT

AO0CTOBCPHOI'O OTKIOHCHHA NCCIICAYCMBIX MoKa3aTejien OT KOHTPOJIbHBIX.



[Tpunoxenue 2

K MeToan4eckuM yKa3aHusiM

1o pa3paboTKe HOPMATHUBOB
KaueCcTBa BOJIbI BOJHBIX 00OBEKTOB
PBIOOXO3SIICTBEHHOTO 3HAYCHUSI,
B TOM YHUCJIE HOPMATUBOB
PEAEIBHO JIOMYCTUMBIX
KOHIICHTPAIMi BPEIHBIX BEUIECTB
B BOJIaX BOJIHBIX OOBEKTOB

PBHIOOXO3SIIICTBEHHOTO 3HAYEHUS

TPEBOBAHUIA
K PASPABOTKE MAKCHUMAJIBHBIX JIOITY CTUMBIX KOHLIEHTPALIUIA
BEHIECTBA
JUIA ITPECHOBOAHBIX BUOJIOTMYECKUX TECT-OBBEKTOB

1. YcraHoBieHHe MaKCUMaJIbHON JOMYCTUMOM KOHIIEHTpALIMKU BEIIECTBA JJIs

OJHOKJIETOUYHBIX BOJIOPOCIEN

1.1. Beenenune

[[maHKTOHHBIE OJHOKJIETOYHbIE BOJOPOCTH ((DUTOIUIAHKTOH), KAK M BBICILINE
BOJHBIE PACTEHUs, MPEACTABIISIIOT B BOJHBIX 3KOCHCTEMAX IPYIITY OPraHU3MOB-
MPOYLIEHTOB.

N3 1ByX BHJIOB PEKOMEHAYEMBIX OJHOKIETOYHBIX Bojopociedt (m. 2
[Tpunosxxenus 2) ans uccieq0BaHUM MOXET ObITh BEIOpaH OJUH, B 3aBUCUMOCTH OT
BO3MOYXKHOCTEH U Tpaauiuil nabopatopuu. [Ipyrue Buabl BOJOPOCIE MOTYT OBIThH

HCIIOJIB30BaHbI TOJIBKO B JOIIOJIHCHHUC K 00s13aTeNHLHBIM BuaaM.



s DKCIIEPUMEHTOB UCIIOJIB3YIOT KYJIBTYpY BOJIOPOCIIEN B
HKCMOHEHIIMAIbHOU (pa3ze pocTa. boimbloe 3HadeHHEe UMEET (HU3HOIOTHYECKOe
COCTOSIHUE KYJIbTYpPBbI, POBEPSEMOE MO ITAIOHHOMY (CTaHJAPTHOMY) BEIIECTBY.

OueHka BIMSHUS BEIIECTBA HA OJTHOKIIETOYHBIE BOJOPOCIN OLIEHUBAETCS IO
MOKa3aTeliIM M3MEHEHMsS] YHCICHHOCTH KIETOK BOJOPOCHEH (CHUKEHUE WU
YBEJIMYEHHE) B ONBITHON CPEJI€ 1O CPABHEHUIO C KOHTPOJIEM.

JIOCTOBEPHOE CHMI)KEHHE UHCICHHOCTH KIETOK BOJOPOCIEH B pPacTBOpE
BEILECTBA ABJISIETCS MOKA3aTeIEM TOKCUYECKOTO AEHCTBUS PaCTBOPA BELIECTBA.

Kputepuem sBTpodupytomiero sddexra BemecTBa SBISIETCS JAOCTOBEPHOE
YBEIIMYEHUE YHUCICHHOCTH KIJIETOK BOJIOPOCIECH B Pa3IUYHBIX KOHIEHTPALHUAX
BelmiecTBa. JIMMUTHPYIOIIMIA TMOKa3aTellb BPEAHOCTA B JIAHHOM CIy4ae -
CaHUTAPHBIN.

Hapsany ¢ uW3ydeHHMEM  JOUHAMHKA  YHWCIEHHOCTH  BOJOPOCIEH K
pPErHCTPUPYEMBIM TIOKA3aTeNsIM B ONBITE CJEAYeT OTHOCUTh H3MeHeHue pH;
BU3YyalibHbIC HAOIIOACHUS 32 COCTOSIHUEM KYJBTYPhl BOJIOPOCICH: M3MEHEHUS B
OKpacke, ¢popMe KJIETOK M COCTOSIHUM CYCHEH3UHU (B3BEUICHHOE, OIYCKaHHE Ha
JTHO, BCIUIBIBAHHE K TOBEPXHOCTH, TOMOT€HHOCTb WJIU arperamusi) o CpaBHEHUIO C
KOHTPOJIEM.

B xkauectBe sKcmpecc-mMeToja OIEHKM TOKCHYHOCTH (IBTPOPUPOBAHMS)
XUMHUYECKOTO BEUIECTBA MOXXHO HCIOJIb30BaTh MPUOOPHBIA METON OBICTPON WU
3ameuieHHON  (puryopectieniiun  Bogopociei (Munpsioxos CCCP BBeneHsl B
nerictBue Metoauueckue paspadbotku BHUPO ot 18 nmekabpst 1987 r. N 291-ni1
"MeroandecKkue peKOMEHIAIMH [0 SKCIPECCHOMY OMOTECTUPOBAHUIO MPUPOIHBIX
U CTOYHBIX BOJA C  HCIOJb30BAaHHEM  3aMEUICHHOW  (IIyopecleHITUN
olHOKJIEeTOUHbIX Bojgopocieit". M.:. BHHPO, 1987). Iloka3zanuss u3MeHeHUs
¢iryopecueHIMN BOAOPOCe B pacTBOpax BELIECTBA [0 OTHOUIEHUIO K KOHTPOJIIO
CleAyeT OTHOCUTh K OCHOBHBIM I[IOKa3aTeiiM, XapaKTePHU3YIOIIUM IPOLECCHI
KU3ZHENIEATEIbHOCTH OJHOKJIETOYHBIX Bojaopocied. Ilokazanus ObicTpoil u

3aMeI[JIeHHOI>'1 (lmyopecueHuHH OTHOCATCA TOJIBKO K KHUBBIM KIICTKaM, OTpPaXaroT



WHTEHCUBHOCTH Tporiecca (OTOCUHTE3a BOJAOPOCIIEH, 10 KaTMOPOBOYHOM KPUBOM
MO3BOJIIOT OMPEACIUTh KOJTUYECTBO KUBBIX KJIETOK B SKCIIEPUMEHTE.

KpaTkoBpeMeHHas olieHKa TOKCUYHOCTH pacTBOpa BemiecTsa - 10 24 - 96 y -
MO3BOJIIET ONPENEIUTh HAJIUYHE OCTPOrO0 TOKCHYECKOrO ACHCTBHS BEIIECTBA Ha
OJIHOKJIETOYHBIE BOJOPOCIH, a JJIMTEIbHOE HCCIENOBaHUE - 10 14 CyTOK - ero
XPOHUYECKOE TOKCUYECKOE JIEUCTBUE.

K 1monoiHUTENBHBIM MMOKAa3aTeNsIM IPU HCCIEAOBAHUU CIEAYET OTHOCHTH:
OLICHKY OHOMAacChbl BOJOpOCHEH (MOJYYEHHYIO PACYETHBIM METOAOM), OLIEHKY
CKOPOCTM M TeMIla JeJIeHUs KIETOK (pacyeT TreHepaluii), coJepkaHue
(OTOCUHTE3UPYIOMIMX MUTMEHTOB (XJIOpoduiia U KapOTUHOUIOB), COOTHOILICHHE
YKUBBIX U MEPTBBIX KJIETOK BOJAOPOCIEH (MCIOIB3YS TIOMUHECIIEHTHBI MUKPOCKOIT

HJIA PpA3JIMIHBIC BUTAJIbHBIC KPACUTCIIN - LII/ITOXI/IMI/I‘-IGCKI/Iﬁ MGTOI[).

1.2. XapakTepucThka TeCT-00bEKTa

B kauecTBe OCHOBHBIX CTAHJAPTHBIX TECT-OOBEKTOB  HCIOJIB3YIOTCS
J7a00paTOpPHBIE ATBIOJIOTHYECKH YUCTHIE MOHOKYJIBTYPBI OJTHOKJIETOUYHBIX 3€JIEHBIX
BOJOPOCIIEH CIIEHEIECMYC U XJIOPEJUIa, OTHOCSIIMECS K poJaM CIEHEIEeCMYC
(Scenedesmus quadricauda (Turp.) Breb., S. acuminatus (Lagerh.) Chod) wu
xmopema (Chlorella vulgaris Beyer, Chl. pyrenoidosa Chik). Yame apyrux B
7a00paToOpHON TpaKkTHKE UCHOoJb3yIoT BUAbl S.quadricauda u Chl.vulgaris
(cuieHenecMyc KBaJpuKay/ia u XJIopelijia ByJIbrapuc).

CuenenecMyc MIMPOKO PACHpPOCTPAHEH B BOJHBIX 00BbekTax Poccum m mmeet
OTHOCHUTEJIbHO KPYIIHBIC YIJMHEHHO-OBAJIbHBIE KJIETKU C 3aKpYIJICHHBIMU
koHmamu. Pasmep kimetoxk 7 - 43 X 2,5 - 16 mxMm. Kierku HemoaBMKHBIE,
coOpaHHBIE B BUJIC IUIOCKUX TUIACTUHOK (IleHoOuH) 1o 2-, 4-, pexe 8, 16 KIeTok.
Pa3smHokeHHe ~ aBTOCcmopaMu. ABTOCHOpPbI B MAaT€pUHCKOM  000JIOUKE
pacrmoyiaraloTcs MY4YKOM, IIOCI€ OCBOOOKICHHS DPa3BOPAUYMBAIOTCS B BHJIC
MJJACTUHKU. B yClOBHSX KyJIbTypbhl BMECTO ILIEHOOHMEB 0Opa3yrOTCsS OTIIEIbHbIC

KIJICTKH.



XJopenna pacnpocTpaHeHa B BOAHBIX OOBEKTaX FOKHBIX IIUPOT (JHAMETP
kietok 4,2 - 10,5 mxm). KitleTku oJuHOYHBIE, IAPOBUIHBIE, C TOHKON 000JIOUKOH,
06e3 cmu3u. Xpomatoop UaAIIEBUIHBIM, ¢ NOUpEeHOUJIOM. Pa3MHOXeHHe
aBTOCHopaMu, oOpasyromuMucs no 4 - 8, pexe 16 1 0cBOO0KIAIOMIMMUCS Yepe3
pa3pbIiB MaTEPUHCKOM 000s10ukH. J{nameTp knetok 4,2 - 10,5 Mxm.

[locne mepeceBa KyJIbTyp Ha HOBYIO Cpely JKCIIOHEHIMaibHas (aza pocrta
HACTyNaeT Ha 4 CyTKH.

HUucmeHHOCTh KJIETOK 32 3 CYyTOK YBEJIIMYMBAECTCA HE MEHEE YEM B 3 pasa.

1.3. YcinoBus 1abopaTOpHOTO COEPKAHUS OJTHOKIIETOUHBIX BOJIOPOCTIEH.

Hcnons3yeTcst o0buHOE J1abopaTopHOe 000pya0BaHUE, MPUOOPHI, NMOCyna U
pPEaKTHUBBI, B TOM YHCJIE:

buIBTpOBaNIbHAS YCTAaHOBKA JTFO0OTO THIIA,

buabTphl MeMOpaHHbIe (pazmep nop 3,5 MM, 0,45 MrM);

IUTIETKH aBTOMAaTHYECKUE - 103aTophl o0beMoM 0,1, 0,2 cm3;

kamepa cuetHas ['opseBa ninu Oykc-Poszenrais;

MIPEIMETHBIC U TIOKPOBHBIC CTEKIIA;

KJIMMATOCTaT (JIIOMUHOCTAT) JIFDOOTO THIA, OCHAILCHHBINA JaMIIaMHi THEBHOTO
ceera 3000 - 6000 5k, oOecrieunBarONIMA MoAAepKaHnue Temreparypsl (20 +/- 2)
OC;

CITUPTOBKA;

pH-meTp;

OKCHUMET) JIF000T0 TUTIA C TIOTPEIIHOCTHIO u3MepeHus He 6omee 0,5 mr/mm3;

MHUKPOCKOT OMOJIOTMYEeCKU, oOecrieunBaronuii yBennuenue B 100 - 200 pa3s;

CTaKaHbl CTEKJISTHHBIC JJabopaTtopHbie o0bemMom 100, 500, 1000 cMm3;

K0JI0BI KoHn4Yeckue eMkocThio 50, 100, 250, 1000 cm3;

ATaJOHHOE (cTangapTHOE) XUMUYECKOE BEIIIECTBO: Kajaui
JBYXPOMOBOKHUCIBIA  (OMXpoMaT  Kalus) WM CTAaHAAPT-TUTP  Kaius
JBYXPOMOBOKHUCJIOTO JUIsI TIPOBEPKH  (PU3UOIOTHYECKOW YYBCTBUTEIBHOCTH

KYJIBTYPBI BOJIOPOCIIEH;



KyJbTYpbI 3€J€HBIX OJAHOKIETOUHBIX Bojopociell Scenedesmus quadricauda
(Turp.) Breb. u Chlorella vulgaris Beyer.

Kyneruupyror Bogopociau (Tabmuma 1.3.1) Ha cpene Ilpata wim Ha cpene
VYenenckoro N 1 (Y1BepxkaeHo Munnpupogoit Poccun ot 27 ampens 2001 r.
"PyKkOBOACTBO MO OMNPENEICHUI0 METOJOB OMOTECTHUPOBAHUS TOKCUYHOCTH BOJ,
JIOHHBIX OTJIOKEHUH, 3arpsi3HAIONIMX BEMIECTB W OypoBbIX pacTtBopoB". M.:

PODUA, HAA-ITpupona, 2002).

Tabmuma 1.3.1

KomrmioneHnTs! cpenbl Konuentpanus B cpene KonueHtpanus ucxoaabix

| r/nM3 | cpeast, r/100 cm3

|
|
| | IS KYJIbTUBUPOBAHNA, | PaCcTBOPOB IJIA IIPUT'OTOBJICHUSA
|
|
|
I

| IIpara | Ycnenckoro | [Ipara |cheHCKoroN1

N | |
| | |
I I I
| |
I I
| KNO | 01 | 0025 | 100 | 25
| 3 o | | |
| | | |
I I I I
| |
I I
| MgSO - 7TH O | 001 | 0025 | 1,0 | 25

| 42 . | | |
| | | | |



| CaNO ) -4H O | - | o144 | - | 144

| 322 || | | |

| KHPO -3HO oo | - | o | - |
|2 42 | | | |

|KHPO -3HO | - | 0025 | - | 25
| 242 | | | |

|K CO | - | 00345 | - | 345 |

|23 . | | |

| FeCl -6H O | o001 | - | o1 | |

| 32 . | | |

[Iutrarensupie cpenbl Ilpara u  VYcmeHCkoro s KyJIbTUBUPOBAHMS
BOJIOPOCJICH TOTOBST HA JUCTHILTMUPOBAHHOM Boje. UTOOBI M30ekaTh 00pa3oBaHUs
ocaJika B MUTATEIbHON cpefie, KaXIbli €€ KOMIIOHEHT NpPeIBapUTEIBLHO TOTOBST
ornenbHo B 100 cM3 aMCTHIIIMPOBAHHON BOJIBI (MCXOAHBIN pacTBOp). McxoaHble

[¢] (e]
pacTBOpBl XpaHAT B XOJIOAMIbHUKE Ipu Temieparype or +2 °C mo +4 °C B
TE€YEHHUE MECsa, B CIydae MOMYTHEHHUS MPOU3BOIAT UX 3aMEHY.

N3 UCXOIHBIX PacTBOPOB KaXKJOTr0 BEIIECTBa (KpoMe coJjiei xkenesa) mo 1 cm3



n00aBiIOT B KOmOy — oO0bemoMm 1 M3, HAmoOJOBHHY HAMOJIHEHHYIO
JACTUJLIMPOBAHHOU
BOZIOM  (1oOaBieHHE B  TMOCIEAOBATEIbHOCTU PACIOJIOKEHHS  BEUIECTB B
Tabuie
1.3.1). JomuBaroT KOJIOYy JUCTHUTMPOBAHHOW BOjoW g0 oOvema 1 am3,
NEPEMENIMBAIOT, MIOCJIE YEro MUTATEIbHYI0 CpeAy CTEpUIIM3YIOT B aBTOKIaBe (30
MUH.
npu 1 aTM.) UK KumnsyeHueM Ha BojasHou OaHe B TeueHue 30 muH. [locne
OXJIQXKJICHHUSI CTEPWIM30BAaHHOM cpenbl B Hee J00aBISIOT COJIb JKEle3a B
KOJINYECTBE
1 em3 Ha 1 mmM3 cpenst (miia cpenbl Ilpara 1%-uwiii pactBop FeCl -6H O; nns
3 2
cpennl Yenernckoro 1% pactBopa omHoi u3 coineit keneza FeCl, Fe (SO),
3 2 43
Fe(NH )(SO ) wiu uutpar xeinesa).
3 42

[IpuroToBieHHYO Cpeay XpaHST 10 HCIOJIB30BAHUS B TEMHOM MECTE IpHU
KOMHATHOW TEMIIEPAType.

KyapTuBHUpYIOT BOAOPOCIIH B JIIOMUHOCTaT€ B KOHMYECKUX KOJI0aX 00beMOM
250 - 300 cm3, 3akphIThIX (OJBroMl WM BaTHO-MApJEBBIM TaMIIOHOM.
Ocgemennocts 3000 - 6000 miokc. CoOnromaeTcsi CBETOBOM CYTOUYHBIH PHUTM.
KynbeTypy BOmopocneln nepuoudecKy NEPEMENINBAIOT, BCTpsxuBas | - 2 pasa B
cytku. Temneparypa npu KyJIbTHBUPOBaHUH Bojgopociei 20 +/- 2 °C.

[ToBbiieHne Temmneparypsl 10 25 °C W BbIlIE YCUIMBAET TOKCHYECKOE
JelcTBue, a moHmwkeHue ee 10 12 - 15 °C 3agepxkuBaet npossieHue 3¢gdexra u
CHIDKAET JEHCTBUE BEUIECTBA.

Bopopocnu pexkoMenayercst OuH pa3 B IECATh THEU MepeceBaTh. s 3Toro B
YUCTYIO IPOCTEPUIIM30BAaHHYIO KOJIOY 00bemMoM 250 cm3 co cBexelt cpenoit (100 -
150 M) Hag miIaMeHeM CIHUPTOBKHU MPUIMBAIOT mpuMepHO 15 - 20 cm3 BepxHero

POCTKOBOTO CJIOSi M3 KOJIOBI paHee KyJIbTHBUPYEMBIX Bojopocieit. [Ipu stom



MOJIYYatOT HAYaJbHYI0 ITUIOTHOCTh KJIETOK B KOJIO€ I KyJIbTUBHPOBAHUS,
npumepHo 300 Teic. ki/cM3. Koy 3akphIBalOT BaTHO-MapJIeBBIM TaMIIOHOM WA
bosbroii, MepeMeNuBaroT, 3aMKMChIBAIOT Ha KOJOE€ Ha3BaHHWE KYJIbTYpPhI, JaTy
MoceBa MW CTaBAT B JIIOMHHOCTaT. B TedueHue [HS COAEPKUMOE KOJIObI

nepememuBaroT 1 - 2 pasa.

1.4. TIpoBeneHue uccie10BaHu

OnbITel MPOBOASAT MPU ONTUMAIBLHOM Temmeparype U ocBenieHud (m. 1.3
[Tpunoxenus 2). VMcmons3ytoT BOJOPOCTN B AKCIIOHEHIIMATLHOM (aze pocTa, 4To
COOTBETCTBYET TPEXCYTOYHOM KYJIbType BOAOpOCIEH nociie nepecesa. IlmoTHOCTH
KyJbTYPBI B KOJIO€ B 3TO BPEMsI IOCTUTAET IPUMEPHO S5 MIIH. KJI/cM3.

B onbiTe MCMONB3yIOT HAYAJIbHYIO IIOTHOCTh KIIETOK 25 Thic. Ki/cMm3. s
ATOTO HYXHas IJIOTHOCTh KIJIETOK B OMBITE€ JOCTUTAETCA PACUETOM, UCXOHs W3
o0beMa TecTUpyeMOM (KOHTPOJBbHOM, OMBITHOM) BoAbl (Hampumep, 100 mun) u
YHCJICHHOCTU KJIETOK B KYJBTYp€ B DKCIIOHEHIIMATBHOU (aze pocTa (MpUMEpHO 5
MIH. Ki/cM3). B ykazaHHOM ciydae B OIBITHYIO U KOHTPOJBHYIO BOJY
no6asmsiercs mo 0,5 cM3 TpeXCyTOUHON KYJIbTYPhI BOJIOPOCIIEH.

[lepuomuuecku (He pexe 1 pasza B Mecsi]) HEOOXOAUMO MPOBOJUTH KOHTPOJb
(U3MOIOTUYECKON UYYBCTBUTEIBLHOCTH BoOJOpocielt. JIjisi 3TOro HCMIoiIb3yIoT
CTaHJapTHOE (STAJOHHOE) BEIIeCTBO - JBYXpoMoBokucibiii kamuii K Cr O
MapKu

2 27
XUMUYECKU YUCTHIN ("X4") WM CTaHIAPT-TUTP KIS JBYXPOMOBOKHUCIIOTO.

['OTOBAT MaTOUHBIA pPacTBOP JIBYXPOMOKHCIOIO KaJldsl KOHUEHTpauueu |
r/am3.

Hanee merogoMm paszbaBieHHUS - CEPHUIO pacTBOPOB ¢ KoHIeHTparusamu 0,12; 0,25;
0,5; 1,0; 2,0; 3,0 mr/n. UccnenoBanue mpoBOJAT B TeueHHE 48 4 B TpeX
MOBTOPHOCTSIX. [lo pe3ynbraram  ONbITA  PACCUUTHIBAIOT  CPEIHIOIO

KOHIICHTPAIIUIO



K Cr O, BBI3BIBAIOIIYI0 YMEHBIIEHUE YUCIEHHOCTH KiIeToK Ha 50% 3a 48 u (JIK

3a

2 27 50

48 4). Eciiu monydyennoe 3Hauenue JIK Haxonurtcs B untepBaie 1,3 - 2,5 wmr/i,
50

TO KyJbTypa BOJOPOCIIECH MOXKET ObITh UCTIOIB30BaHa JJIsl SKCTIEPUMEHTOB.

Ecnu nonydyennesle 3Hauenus JIK He momamaroT B yKa3aHHBIA MHTEPBAJ, TO

50

HKCIIEPUMEHTHI C BOJOPOCISIMH HE MPOBOJST, BBIACHSIOT NPUYUHY (YCIOBHUS

KyJIbTUBUPOBAHUS, COCTaB KYJIbTYpajdbHOW cpeapl U mpod.). MHorma Kynbtypy

BOJIOPOCIIEN 3aMEHAIOT U TPOBOIST SKCIIEPUMEHTHI 3aHOBO.

[Ipu mocTaHOBKE OCTPHIX M XPOHUUECKUX IKCIEPUMEHTOB B KOHTPOJIbHBIE U
OTIBITHBIE KOJIOBI eMKOCThIO 250 M1 HasuBaroT 1o 100 mut (B k01061 eMkocThio 100
M - o 50 MIT) KOHTPOJIBHOM Cpe/ibl MIIM UCCIIEyeMOM KOHIIEHTPAIlMU BEIIECTRA.
KoHTponeM chnyXuT KyJbTypajibHas cpela, Ha KOTOPOM KyJIbTUBUPYIOTCS
Bogopociu (cpeaa Ilpara wim cpena Ycenenckoro N 1). KoHreHTpamuu BelecTs
TaK)K€ TOTOBSAT Ha COOTBETCTBYIOLIEH cpefe.

B onbiTHBIE M KOHTPOJIBHBIE KOJIOBI MUMETKON mo6aBisitoT o 0,5 cm3 (0,25
cM3) KyIbTypbl BOJOPOCTIEH B SKCITOHESHIIMAIBHOM (hasze pocTa.

KonObl 3akpbiBaloT BaTHO-MapJeBBIMU TpoOKamMu WM (GOJNBrod, uX
COJIEP)KMMOE TILATEIbHO MEPEMEIIMBAIOT W B KaXJAOW KOJOE ONpenenstor
UCXOJIHYI0 YUCJIEHHOCTh KJIETOK, KOTOpasi JOJHKHA COCTABIISITH 25 ThIC. KII/CM3.
Kon06b1 moMenarT B JIIOMUHOCTAT.

B skcnepumenTe MOMKHO OBITH HMCCIIEAOBAaHO HE MEHEE 5 KOHIICHTpAIuil
BellecTBa. [IoBTOpHOCTH TpeXKpaTHasl.

OKCIEpUMEHThI Ha BOJOPOCISAX MPOBOAATCA B 2 ATamna: MpeBapUTEIbHBIN 1
OCHOBHOM (OKOHYATEIBHBIN).

B npeaBapuTeabHOM OCTPOM JKCIEPUMEHTE HAXOMSIT MHTEPBAT TOKCHUYHBIX
KOHIIEHTpalui. OnbITbl MOPOBOJAAT B MIMPOKOM JMANAa30HE KOHIIEHTpAIUi

BEI[ECTBA, KOTOPHIE OTIMYAIOTCS B T€OMETPHUECKON mporpeccuu (Kod(phuIiueHT



10). Hanmpumep, 0,01; 0,1; 1,0; 10,0 mr/n u T.n. VMccrnenyroT HE MEHee IISITH
KOHIICHTpAalluii B JABYX NOBTOpHOCTsX. I[lo pe3ynbrataM 3KCIEpUMEHTA
ompeesaeTcs Arana3oH KOHIICHTpAIUi JJIT OCHOBHOT'O OCTPOTO M XPOHHUYECKOTO
AKCIIEPUMEHTA.

B oOCHOBHOM OCTpOM H XPOHHUYECKOM OKCIEPUMEHTE Iar MExXmIy
KOHIICHTpAIUsIMK H3MeHsieTcss B 2 - 5 pa3. HccienyroT He MeHee IISATU
KOHIICHTpAI[U{ B TPEX NOBTOPHOCTSIX.

[Tomcuer KIIETOK BOJOPOCIEH MPOBOASIT B OCTPOM ONBITE €KEIHEBHO, B
XpoHuyeckoM Ha 1, 2, 3,4, 7, 10, 14 cyTku.

Ha 14 cyTku oT Hayanga 3KCIEPUMEHTA OIBIT MPEKPAIIAIOT U YCTaHABJIMBAIOT,
OKa3bIBAIOT JIM UCCJIEAYEMbIC KOHIIEHTPALIMK BEILIECTBA XPOHUUECKOE TOKCHUECKOE

WM 3BTpOUpYIOIIee IeHCTBUE Ha BOJOPOCIIH.

1.5. Yyer u aHanu3 pe3yJabTaToB

OCHOBHBIM KpUTEPUEM TOKCUYHOCTH JEUCTBUS BEIIECTB Ha TECT-OOBEKT
CJIelyeT CYUTATh U3MEHEHHUE YUCIICHHOCTH KJIETOK BOJZIOPOCIIEN,
IIOCJIEOBATEIBHOCTh  MPOXOXKACHUSI MMM BCEX CTaauid pPa3BUTHSI M HX
CITIOCOOHOCTH K PA3MHOKEHHIO.

JIns mojcyeTa YUCICEHHOCTH KIIETOK MCIIOJNB3YIOT CUETHYIO Kamepy ['opsesa
uiu cueTHyro kamepy Pykca-Posenrans.

[Ipu padote ¢ kamepoii ['opsieBa kamepy U TOKPOBHOE CTEKJIO 00E3KUPUBAIOT
(mMpoMBIBaIOT COMPTOM). 3aTEM U3 KOJIObI HAHOCST MUIIETKOW MO Karlie CYCIEeH3UU
BOJIOPOCJIEN HAa BEPXHIOKO U HIXKHIOKO CETKH CUETHOM KaMepbl, HAKPBIBAIOT KAMEPY
MOKPOBHBIM CTEKJIOM, KOTOpPO€ NPUTHPAIOT MO OOKaM [0 MOSABJICHUS KOJIELl
untepdeperun. Yepes 1 - 2 MUH. HAUMHAIOT MOJCYET BOJAOPOCIEH B 5 OONBIINUX
KBaJIpaTax KaMephbl, PaCloOJIOKEHHBIX 110 JUArOHAJIM CETKA CYETHOW KaMepbl, WX B
25 OonplIMX KBaJpaTax BCceW Kamepbl IpH Majioil miioTHocTH Bogopocieit. Ilox
MHUKPOCKOIIOM MPOCYET M3 KaKJI0H KOHTPOJIHHOM M OMBITHON KOJIOBI TPOBOAT HE

MEHee TpeX pas.



I[Io oOxKOHYaHMM OKCHEPUMEHTAa pPACCUUTBHIBAIOT YHCICHHOCTb  KJIETOK
BOJOPOCJIEN B OCTPOM U XPOHUYECKOM OMBITAX O CPABHEHUIO C KOHTPOJIEM (B TOM
YHCJIE U B MPOLICHTAX).

PaccunThiBaloT 4YHMCIEHHOCTH KJIETOK Ha 1 cM3 cpeabl ciexyronmm o0pazoM:
4
KOJIMYECTBO KIJETOK B 25 OOJBIIMX KBajpaTax kKamepsl ['opsieBa yMHOXKAIOT Ha
10,
MoJTy4ast KOJIMYeCTBO KJIETOK B 1 ¢cM3 cycneH3uu.

Y4er YUCIEHHOCTHM KIETOK MOXHO TakKe€ NpPOBOIWUTH B Kamepe PDykca-
Pozenrans oobemom 3,2 mu. Ilpu BBICOKON YMCIEHHOCTH KJIETOK MPOCUYUTHIBAIOT
o auaroHanu 16 kBajapaToB, IpW MajOW - CUUTAIOT II0 BCEMY IO KaMeEpBhl.

KosmuecTBO KIETOK Takke BbIpaxaroT B 1 cm3. Pacuer KIETOK MPOU3BOIAT IO

bopmyie:

rae M - Konu4ecTBO KJIETOK B 1 cM3; m - KOJIMYECTBO NPOCYUTAHHBIX KIIETOK
(cyMMa); n - KOJMYECTBO NMPOCUMTAHHBIX MAJEHbKUX KBAaJApPaTOB Kamephl; V -
00BEM YaCTH KaMepbl, UMEIOLIEH MII0Ia b MaJIEHbKOTO KBaJIpara.

Pe3ynpraThl MCCIIEIOBAaHUS  YYHUTBIBAOT, €CJIM YHUCJIEHHOCTb  KIJIETOK
BOJIOPOCJIEM B KOHTPOJIE yBEIWYUBAETCS 3a 96 4 He meHee yueM B 3 paza. Ilpu
W3MEHEHUM YHCIIEHHOCTH KJIETOK B KOHTPOJIE MEHEe 4YeM B 3 pa3a pe3ysbTaThbl
OIbITA CYUTAKOTCS HEACHCTBUTEIBHBIMH.

Hcnonb3yss  mpuemMbl  CTaTUCTUYECKOM  0OpabOTKHM,  yCTaHaBIMBAIOT
JIOCTOBEPHOCTh pa3ianuusi (CHMXKEHHE WM YBEIUYEHUE) UYHUCICHHOCTH KIIETOK

MCIKAY OIILITOM U KOHTPOJICM.



UNCIIEHHOCTh JKUBBIX M MEPTBBIX KJIETOK ONPEIEISIOT C IMOMOILBIO
JIOMHUHECLICHTHOM MHUKpPOCKONUHU. PamXupyss KJIETKH 10 HWHTEHCUBHOCTHU
CBEUCHHMS, MOXHO YCTAaHOBUTH BpPEMs BO3JCHCTBUS BEUIECTBA HA BOJOPOCIIH,
CTENEHb U CKOPOCTh OTMHUPAHHS.

Ha npakTvke B OCHOBHOM pa3jIMyaroT TPHU L[BETA - KU3HECIIOCOOHBIE KIIETKU
CBETATCS SAPKUM IypPIYypPHO-KPACHBIM CBETOM, OTMHPAIOIIUE - Pa3IMYHBIMU
OTTEHKaMHU TYCKJO-KPacHOr0 WJIM OpPAaHKEBO-KPACHOTO TOHA, MEPTBbIE -
KeNToBaTo-canaTHbIM. [Ipu mojacuere KIETOK BOJOPOCIEH YUUTHIBAIOTCSA BCE TPU
IpYIIbI - >KUBBIE, MEPTBBIE M OTMHUpAIOLINE KIETKU. B cTagum WMHTEHCUBHOIO
pocTa KJIETOK BOAOPOCIEN B KyJbType HaOJII0A€TCSI MUHUMAIbHOE MPUCYTCTBUE
MEPTBBIX KJIETOK.

[ToMHMO JTFOMUHECHIEHTHOM MUKpPOCKONHUH PA3JEJICHUE KUBBIX U MEPTBBIX
KJIIETOK MOET MPOBOJUTHCS IMYTEM MHUKPOCKOIMKA B BHAMMOW 00JACTU C
HCIIOJIb30BaHUEM CHEIUATIBHBIX KPACUTEIIEH.

AKTUBHas peakiusi cpelpl - u3mMeHeHne pH cpenbl CIy>)KUT HMHTETrpajIbHbIM
KOCBEHHBIM I0Ka3aTeJIeM COCTOSIHUSI KyJIbTypbl. UeM BbIlIE >KHM3HECIIOCOOHOCTh
BOZOPOCJIEH, TEM 3HAYUTEIbHEE W3MEHSAETCS Ha CBETYy pPEakUus Cpenbl
(mopmienavyvMBaHue) B pe3yinbTareé  (POTOCHMHTETMYECKOW  aCCUMMIIILIUU
yraekuciioTsl. MI3mepenue pH cpenbl ocyiectsisiercsa ¢ nomouisio pH-merpa, uto
ABJIIETCST 00si3aTebHBIM B Hayalie M KOHIIE OIbITa, MPH XPOHUYECKOM

HKCIIEPUMEHTE - B IHU y4eTa OMOJIOTHYECKUX MOKa3aTeen.

2. YCTaHOBJIEHNE MAKCHUMAJIbHOM JOMYCTUMOW KOHUEHTPALUHA BEIIECTBA IS

BBICIIINX BOAHBIX paCTeHI/II\(JI

Bricume BogHbIE (COCYAMCTBIE) PACTEHUS SBJISIIOTCS BaXKHBIM KOMIIOHEHTOM
COOOIIIECTBA OPraHU3MOB-TIPOJYLIEHTOB BOAHBIX 00bekTOB. MHorma Ttakue
pacTeHUs Ha3bIBalOT MAaKPOPHUTAMU M3-3a UX OTHOCUTEIHLHO KPYIHBIX Pa3MEpPOB.

Briciue npecHOBOHBIE pacTeHUs 00pa3yt0T OCHOBHYIO (DUTOMACCY BOJIHBIX

06’beKTOB, SABIIAIOTCA OCHOBHBIM 3BCHOM, CO3JAIOIIMUM IICPBUYHOC OPraHHUYCCKOC



BEIIECTBO ¥ BBIICISIONUM KHCJIOPOMA, CIYXaT OCHOBHBIM CyOCTpaToM JUis
Pa3MHOKECHUST BOJHBIX )KHBOTHBIX M MECTOM UX YKPBITHS OT OIMIACHOCTU. BaxkHyt0
POJIb UTPAET 3TO 3BEHO B CAMOOYHIIICHUH BOJIHBIX OOBEKTOB.

B cxeme onpenenenust [1IK BemiecTBa 3T0 3B€HO Ipe/ICTaBICHO (HA BBHIOOD)
nByMsl Bujgamu - ykopenstomieiica Elodea canadensis Rich, (amomes), y koTopoi
OCHOBHasl 4acTh CTEOJIsl B3BEIICHA B TOJIIE BOJBI, U IJaBatonield Lemna minor L.
(psicka), y KOTOpO# B TOJIIE BOJABI PACHOIATAIOTCS TOJBKO KOPEIIKH, & OCHOBHOE

pacTeHUEC CTCICTCA 110 ITIOBCPXHOCTH.

2.1. Dnones

2.1.1. XapakTepucTuka TecT-00beKTa

Onones (Elodea canadensis Rich.) - mpencraBuTenb NOrpy>KeHHbIX paCTEHHI,
IIMPOKO PACHpPOCTPAHEHHBIN B TMPECHOBOAHBIX BOJHBIX OOBEKTAX YMEPEHHOU
30HBL.

PazMHOKaeTcst BereTaTUBHBIM TIyTEM 3a CuYeT O0O0pa3oBaHUsl TYCTO
OOJIMCTBEHHBIX OOKOBBIX OTPOCTKOB, IMOOETOB U3 MOJ3EMHBIX YacTe (KOPHEBHIIT)
WM U3 HIWKHUX YacTed JjeTHuX noOeroB. TeHeBwIHOCIUBA. TemmepaTypHas
rpaHulla BEDKMBAEMOCTH JIEKUT B ipeaenax ot +5 °C no 41,5 °C.

JIJisi KynbTUBUPOBAHUSI PACTEHUS OTOMPAIOT W3 E€CTECTBEHHON MOMYJISIUN
YCJIOBHO YHCTOTO BOJHOTO OOBEKTa B KOHIIE Mas - Hayaje HWIOHA, KOrja
MOSIBJISIETCSI MHOT'O MOJIOZABIX, HanOoJiee )KM3HECTIOCOOHBIX PACTCHUA.

VY snoneun oTOuparoT 3eyeHbIe BepXylleuHble nmoderu amuHo 8§ - 10 cm 6e3
OOKOBBIX OTPOCTKOB M KOPHEM, HE UMEIOIINE BUIUMBIX TOBPEKICHHM.

OToOpaHHbIE pacTEHUsI TPAHCIIOPTUPYIOT B COCyAax C BOAOM, B3SITON U3 TOTO

’K€ BOJHOI'O OOBEKTA.

2.1.2. YcnoBust 1a00paTopHOTO COAEPIKAHUS
B naGoparopuu snoaer0 pa3meniaroT B O00JblIKMe MIUPOKKHE, HO HE TyOOoKue

emkoctd (10 - 15 am3). PacteHuss mpoxonaT akKJIMMalUiO TPU KOMHATHOM



Temneparype B TedeHue 7 - 10 gHel, JOCTATOUYHOW OCBEIIEHHOCTH (JIyylle - B
JIOMHHOCTAaTHOM YCTaHOBKE) U ITPU CMEHE BOJIBI KaXKIble 2 - 3 CYTOK.

J1j1st paboThI C paCTEeHUSIMH HEOOXOIMMO CJIEIYIOIIEE OCHAILICHHUE:

JIOMMHOCTATHAsl YCTAaHOBKA;

KpyrJbie akBapuyMbl Ha 10 - 15 1;

KpUCTaJUIM3aTOpPbl 00beMOM 1 11

crakanbl 00bemMoM 0,5 11;

JIOKCMETD;

TEPMOMETP;

JIMHEUKA;

[JIA3HOM MHUHIIET, JIE3BUE;

BOpPOHKA, HA0OP MUMETOK, CTEKJISTHHAS TAJI0YKa;

aHKTOHHBIN ra3 N 68, puibTpoBasibHas Oymara.

JI71s1 IpoBeICHUSI SKCTIEPUMEHTOB U KyJIbTUBUPOBAHUS PACTCHUMN UCIIOIB3YIOT
OTCTOSIHHYIO BOJOIIPOBOJHYIO BOAY WM BOAY M3 HE3arps3HIEMOr0 BOJHOTO
o0bekTa. [IpupoaHyro BOy MPOIEKUBAIOT Ye€pe3 BOPOHKY AuaMeTpoM 150 MM c
IUTAaHKTOHHOM ceTkoi (ra3 N 68) nmiis yaalieHus B3BECHM M MEJKUX OPraHU3MOB,
3QJIMBAIOT B aKBAPUYM C MOCTOSIHHOM MPOyBKOM BO3TyXa.

J{nst uccnenoBaHuil BOJYy UCIIONB3YIOT uepe3 4 - 5 nHel.

Cocynpl pacrnonaraloT y OKOH Ha JTHEBHOM pPAacCEsSHHOM CBETY (C I0KHOM
CTOPOHBI) WJIU B JIIOMUHOCTATE IIPU OCBELIEHHOCTHU 1,5 - 2 1k Ha npoTsixeHuu 10 -
12 4 u nmpu Temneparype 22 - 25 °C. Ins uaMepeHus TeMrepaTypbl pacTBOpa
PSAIOM CTaBST CTaKaH C BOJOW U TEPMOMETPOM.

B Bony noGapnsior cpeny Ycmenckoro N 1 (pasBenenue 1:10), xoropas
CIIOCOOCTBYET OBICTPOMY OOpa30BaHUI0 OOKOBBIX OTPOCTKOB U YBEJIMYCHUIO
OuMomacchl pacTeHUss W JAaeT BO3MOXKHOCTH KPYIJIOTOAUYHOTO COJICPIKAHUS
pPacTeHHI, MPUTOAHBIX JJISl SKCTIEPUMEHTOB.

[IpenBaputenbHO TPUTOTOBJICHHBIE OCHOBHBIE PAcTBOpPHI  JIepKaT B

XOJIOAWJIBHUKE, 3aTe€M U3 HUX BHOCAT mo 0,5 cM3 Ha | nM3 auCTMILIMPOBAHHOU



BoAbl; pH mocne crepunuzanuu pactBopa (paBHOMEPHBIM KUIIITYEHUEM B TEUEHUE

0,5 9) cocrapmser 7,0 - 7,3.

2.1.2.1. IIpoBeaeHue uccaea0BaHUM

JIJist 5KCIEpUMEHTOB MCHOJB3YIOT BEPXHIOIO YacTh Mo0era 3J10/eu IIuHOu 4
cM 0e3 OOKOBBIX OTPOCTKOB M KOpPHEH M MO S5 SK3EMIUISIPOB IMOMEIIAIOT B
KPUCTAJUIM3aTOPhl C pPAcTBOpAMU HCCIEAYEMOTO BellecTBAa M C BOAOW 0e3
TOKCUKaHTa 00beMoM 1o 1 am3. Jlns KaxaoW KOHIIEHTpaluu W JUIsi KOHTPOJIS
UCIIOJB3YIOT MO TPU Takux cocyna. Cocyasl pa3MenialoT B JIOMUHOCTATE WIH Y
OKOH Ha THEBHOM PAacCESIHHOM CBETY C JOCBEUMBAHUEM JIAMIIAMU JHEBHOTO CBETa
npu Temrieparype 17 - 22 °C 1 0CBEMEHHOCTH A0 2 JIK.

Jlo mpoBeneHUs: XpOHUUYECKOTO IKCIIEPUMEHTA CJIEAYET B MPEIBAPUTEIBHOM
10-mHeBHOM  ONBITE YCTAHOBUTH JHUANA30H JCHCTBYIONIMX KOHIICHTpAIUn
BemiecTna. 13
pacTBopa, BbI3bIBarOIIEro rudens mosioBuHbl ocobdeit (JIK ) 3a 10 cyrtok, ans

50
MPOBEJICHUSA XPOHUYECKOIO0 OINbITA TOTOBAT HE MeHee 3 - 6 pa3BeleHUMN,
Pa3TUYAIONINXCSI MEXKTy COOOM Ha MOPSIIOK.
OnbITEl  MPOJOJDKUTENIBHOCTRI0O He MeHee 30 cyTok Hambosee ymaoOHO
IIPOBOANTH B JIETHUM mepuod. CMmeHy BCeX pacTBOPOB M BOABI B KOHTPOJIE
MPOBOJAAT (B 3aBUCMMOCTH OT CTaOMILHOCTH BEIIeCTBA) uepe3 2 - 5 CyTOK.

CocrosiHue BbIOOPOK YUUTHIBAIOT KAXKIbBIE 5 CYyTOK.

2.1.2.2. Yuer u aHa)IN3 pe3ynbTaTOB

OueHKy TOKCMYHOCTH BEIIECTB ISl 301U OCYLIECTBISIOT MO CIEAYIOIUM
napameTpam:

a) COCTOSIHHE PAaCTeHUI (M3MEHEHUE OKPAaCKH, IOTEPsl TYpropa, oBPEKACHUE
TOYEK pocTa u Ap.);

0) BBDKMBAEMOCTb U IPUPOCT OCHOBHOT'O MO0OETA;

B) YKMCJIO OOKOBBIX OTPOCTKOB M UX JIMHA,



I') YUCJIO KOPHEH U JIJIMHA.

[IpupocT ocHOBHOrO moOera 3JI0AEU ONPENENSIIOT, BBIYUTAsT UCXOAHBIE 4 CM.
CyMMapHBIii IIPUPOCT PACTEHUs COCTABILIETCS M3 CYMMBI IPUPOCTa OCHOBHOIO
nobera U JIMHBI OOKOBBIX OTPOCTKOB. [IpHpOCT BBIpaKarOT B CAHTUMETPAX, YUCIIO
OOKOBBIX OTPOCTKOB M KOPHEM - B IITYKax (3K3.).

Y onomen B 71a0OpaTOpHBIX YCIOBHUSIX OOKOBBIE OTPOCTKM M KOPHH
MOSIBIIAOTCA, Kak mpaBuiio, Ha 10 - 20 cyrku. OT™MeUaroT BpeMsl UX MOSBJICHUS.
[TpupocTt, yncio u JIMHY OOKOBBIX OTPOCTKOB M KOPHEW pacCUMTHIBAIOT HA OJHO

PaCTCHUC.

2.1.3. Packa mamasg

2.1.3.1. XapakTepucTrka TecT-00beKTa

Pscka mamas (Lemna minor L.) - mpeacTaBuTenb TPYIIbI pPacTEHUN C
IIABAIOIIMMHU JIUCThsIMU. TeHenmoOuBa, yCTOWYMBAa K HU3KUM Temmeparypam. Ee
pacrpocTpaHEeHUE OTPAaHUYECHO y4acTKaMu BOAHBIX 00bekTOB ¢ pH oT 6,2 10 7,5.

JUIsi KylnbTUBUPOBAHUSl PACTEHUS OTOMPAIOT W3 ECTECTBEHHOW MOIMYJIALNH
BOJIHOTO O0OBEKTa B KOHIIE Masl - HayaJie MIOHs, KOI/la MHOTO MOJIOJIbIX, HanboJiee
XKU3HECIOCOOHBIX pacTeHuil. [Ipu oTOOpe psCcKU BHIOMPAIOT PACTEHUS C 3€JIEHBIMU
JIOMACTSMH U C KOPHSIMHU, HE UMEIOIUMH BUIUMBIX OBPEXKICHUM.

OToOpaHHbIE pacTeHUsl TPAHCIOPTUPYIOT B COCyAax C BOJOMH, B3SITOM U3 TOTO

’K€ BOTHOTO OOBEKTA.

2.1.3.2. YcnoBus 1ab0paTOPHOTO COACPIKAHUS

B nabopatopuu pscky NMOMENIAIOT B KpUCTAUIM3aTOpbl o0bemMoMm 1 am3 ¢
PEYHOM MM OTCTOSHHOM BOJIONPOBOAHOM BOJI0M. B Teuenue 7 - 10 nHeit pacTeHus
MPOXOJAT AaKKIMMalUK MpU KOMHATHOM TeMmIepaType W MpHU JOCTATOUYHOMU
OCBEIIEHHOCTHU (JTy4lll€ B IIOMUHOCTATHOM YCTAHOBKE), CO CMEHOM BOJIbI KaXK/IbI€ 2
- 3 CyTOK JyIsl yIaJieHUus] IPOIyKTOB MeTaboJM3Ma.

Jl1st paboThI ¢ pacTEHUAMH HEOOXOUMO CIIEAYIOIIee OCHAIICHUE:



JIOMHHOCTaTHasl yCTAaHOBKA;

Kpyrible akBapuyMbl Ha 10 - 15 1m3;

KpUCTaJUIM3aTOpbl 00beMoM 1 am3;

crakaHel 00bemMoM 0,5 1M3;

JIOKCMETP;

TEPMOMETP;

JINHEMKA;

rJIa3HOM MUHIIET, JIC3BUE;

BOPOHKa, HA0OP MHUIETOK, CTEKJITHHAS TAJI0YUKa;

TUTAaHKTOHHBIN ra3 N 68, dunsTpoBasibHas Oymara.

JI71s1 IpOBEICHUS SKCIIEPUMEHTOB U KYJIbTUBUPOBAHUSA PACTEHUIN UCTOIb3YIOT
OTCTOSIHHYIO BOJIOIIPOBOJIHYIO BOJY WM BOJAY W3 HE3arpsA3HEHHOTO BOJHOIO
o0bekTa. [lpupoaHyro Boiy IpoLEXKHUBAIOT Yepe3 BOPOHKY auameTpom 150 mm c
IUTAHKTOHHOM ceTkoi (ra3 N 68) mis ymaneHus B3BECH M MEJKUX OPraHU3MOB,
3QJIMBAOT B aKBAPUYM C IIOCTOSIHHOM a’pariued BOJBI.

JInst uccnenoBaHuil BOJY MCIIONB3YIOT uepe3 4 - 5 nHel.

Psacky B konuuecTBe 5 pacTeHMi, MMEIOIIUX OJHY C(HOPMHUPOBABIIYIOCS U
OJIHy Ppa3BUBAIONIYIOCS JIONACTh W KOPEHb C HEMOBPEKIECHHBIM KOPHEBBIM
YEXJIMKOM, U MPUMEPHO OAMHAKOBOM JIJIMHBI, TOMEIIAIOT B CTakaHbl 00bemMoM 0,5
IM3 W pa3MelaloT B JIIOMUHOCTaTe mpu Temmeparype 22 - 25 °C wu
OCBEIICHHOCThIO 5 7K. [l m3MepeHuss TeMIiepaTypbl pacTBOpa PsiAOM CTaBsST
CTaKaH C BOJIOW U TEPMOMETPOM.

JIns  KpyIJIOTOAMYHOTO KYJIbTUBUPOBAHUSA PSICKA B LEIAX IOJYyYECHHS
JIOCTAaTOYHOIO KOJUYECTBAa Marepuana pPeKOMEHAYIOT BBIPAIMBATH MX Ha Cpene
['anonenko-CTaXeukoro IMpu KpPyIJIOCYTOYHOM OCBEIIEHMHM 7 - 8 JIK U
temriepatype +25 °C.

CoctaB cpenpl ['annoneHko-CTaxkenkoro:

KNO -0,4 r/n,
3
KH PO -0,2 r/m,



2 4

MgSO -7TH O - 0,3 r/n,
4 2

CaCl -6H O - 0,6 r/x,
2 2

MnCI -4H O - 0,3 /a1,
2 2

H BO - 0,5 mr/n,

33
IUTPAT Keje3a - 5 Mr/i.
Cpeny aBrokiaBupyroT npu 1,5 arm. B Teuenue 20 MHHYT, LHUTpAT KeJe3a

BHOCAT IIOCJIC CTCPUIIN3ALINH.

2.1.3.3. TlpoBeneHune ucciaea0BaHuMA

JIO TIOCTAaHOBKHM  XPOHHUYECKOTO  DKCIIEPUMEHTa  CJIEAyeT IPOBECTU
npeaBapuTenbHbldi  10-gHEBHBIM  ONBIT  JUI  YCTAHOBIIEHMS — JIHANa3oHa
JNEUCTBYIOIIMX KOHLEHTpauuii BemecTtBa. JId Kaxaod KOHILEHTpAaUUW U
KOHTPOJILHOM BEIOOPKH OTBOJAT IO 3 CTakaHa.

JInsi npoBeIeHUs XPOHUYECKOTO OIbITa U3 KOHIICHTPAIIMH, BBI3bIBAIOIIEH 3a
10 cyrox rubens 50% ocoOei, roroBiT He MeHee 3 - 6 pa3BelCHUH,
OTJIMYAIOIINXCS HA TTOPSIIOK.

XPOHHUECKHUE OIBITHI MPOIODKUTENILHOCTEI0O He MeHee 30 cyTok HaumboJsiee
yA00HO TIPOBOJUTH B JIETHUM Tepuoj. PacTeHus mo 5 3K3eMIUISIpOB pacCa)KMBaroT
B crtakaHbl (00veM 0,5 am3), KOTOpbhlE pa3MemiaroT B JIIOMHHOCTaTe WM Ha
pPacCesTHHOM CBETy npu Temmnepartype 22 - 25 °C 1 0CBEmIEHHOCTH 3 - 4 JIK.

CMeHy ONBITHBIX PACTBOPOB MPOBOJAT (B 3aBUCHUMOCTH OT CTaOMIIBHOCTH

BEILIECTBA) Yepe3 2 - 5 CYTOK, OJIHOBPEMEHHO MEHSSI BOIY U B KOHTPOJIE.

2.1.3.4. Yder n aHanu3 pe3ysIbTaToB



CocTosiHuE pacTeHWil YUYWUTBHIBAIOT Ka)XAble 5 CYTOK MO BBDKMBAEMOCTH M
VU3MEHEHUIO psiia OMOJIOTMYECKUX MTOKA3aTENEH.

OtMmeuaroT oO0IlIee COCTOSIHME pacTeHUM (M3MEHEHHE OKpacKd, pa3Mep
JomnacTed, COCTOSIHUE KOPHEH), YHUCII0 pacTeHUM, jomacTeld M KOpPHEHW B INTYKaXx.
OO111e€ YuCIIOo JOMACTENW COCTABISET CyMMApPHBIA IPUPOCT PACKHU.

N3MepeHust IMHBI TPOBOJAST C OMOIIBIO JTUHEHKH.

Bce pe3ynbTaThl H3MEPEHUI IEPECUUTHIBAIOT HA OJTHO PACTEHUE.

Y4uThIBaloT Cpoku 00pa30BaHMs HOBBIX JIOMACTEHN U KOPHEH, a TaKKe HOBBIX

pacTeHuid, KOTopble mpuxoaaTcs mpuMepHo Ha 10 - 20-e cyTku.

3. YcraHoBieHHEe MaKCHUMaJIbHOM IIOHYCTHMOP'I KOHLCHTpAIK BCHICCTBA JIA

MPOCTEUIINX

3.1. BBenenune

[Ipocreiimue, B yactHOCTH MH(PY30puHU, cOCTaBisItOT 10 70% 4YUCICHHOCTH
reTepoTpo(HOr0 MHUKPOIUIAHKTOHA B BOJHBIX O0BEKTaXx. MHOTOYHMCIEHHOCTh
JAHHOM TpYIIIbI OPraHu3MOB, SKOJOTMYECKas 3HAYUMOCTh €€ B IIpoleccax
CaMOOYHIICHUS, B MPOAYKIIMOHHBIX Tpolleccax, TPOQUUECKUX CBA3SAX, 3HAUCHHE
€€ KaK COCTaBHOW YaCTH €CTECTBEHHOW KOPMOBOM 0a3bl 300IJIAHKTOHA U MOJIOJIU
ppi0  BBI3BIBAIOT ~ HEOOXOJMMOCTh  HMCCJIEAOBATh  JIAHHYIO  Tpylnimy B
TOKCUKOJIOTMYECKOM IutaHe. HalumroneHus mokasaiy, YTO MNPOCTEHUIIUE B CUILY
CBOMX (PM3MOJOTHMYECKUX OCOOCHHOCTEN MPOSBISAIOT OOJBIIYIO YYBCTBUTEIBHOCTD
K M3MEHEHHWIO (PaKTOpPOB BHEIIHEH cpeabl. VX KOpPOTKHMI IMKJI pa3BUTUS JAeT
BO3MOYKHOCTb IIPOCJIEUTh JIEUCTBUE OTAEIBHBIX BELIECTB Ha PSIAE MOKOJEHUM.
JlanHble oOpraHu3mMbl (OCOOCHHO pPECHUYHBbIE HWH(PY30pHH) JOCTATOYHO JIETKO
KyJIbTUBHpPOBaTh. Bce 3TO nenaer mpocTediiux ynoOHBIM TeCcT-O0BEKTOM IJis

TOKCHUKOJIOTHYCCKUX OIIBITOB.

3.2. XapaKkTepucTHKa TeCT-00hEKTa



B TOKCHMKOIOTMYECKHX  HCCIENOBAaHUSX B KAaueCTBE TeCT-OOBEKTOB
UCITOJTB3YETCS napamerus (Paramecium  caudatum  Ehrenberg) -
CBOOOJTHOKMBYIIIAsi ~ IIMPOKO  paclpocTpaHEHHas pecHu4yHas  uHy30pus,
npeanoynTaronas ansha-me3ocanpoOHbie ycinoBusa. TemmepaTypHBIM ONTHUMYM
JeXKUT B mpenenax 24 - 28 °C, npeanouurtaer pH, O0au3kyro k HelTpanbHOU (6,5 -
7,5). OCHOBHBIMH PETUCTPUPYEMBIMHU TMOKA3ATEISIMU SBIISIIOTCS BBKUBAEMOCTb U
CKOPOCTb PA3MHOXKECHU.

Bribop mapamenun B KayecTBE TECT-O0bEKTa OOYCIOBJICH CIEAYIOLUIUMU
KpuTepusiMu. braromapss codeTaHW0 B IMapaMelMd MPU3HAKOB KIETKH U
OpraHuM3Ma Ha Hell MOXKHO M3yUUTh KaK KJIETOYHbBIC, TAK U OPTaHU3MEHHBIE ()OPMBI
peakuuu Ha TOKCHMYECKOe BoO3zeiicTBHEe. BO3MOXHOCTH KyJbTUBUPOBAHUS B
IIMPOKOM  JHMarma3oHe TeMmIepaTyp TMO3BOJSET  HWCHOJNB30BaTh  HMX  JJIS
HKCIIEPUMEHTAJIbHBIX PadoT B JI1000€ BpeMsl roja.

KopoTkuii  JKHM3HEHHBII UK, OBICTPOTAa PA3MHOXKEHUS  IO3BOJISIIOT
OPOCIEIUTh PEAKIMI0 Ha HMHTOKCUKALIMIO B OTHOCHUTEIBHO KOPOTKHUH CpOK B
JUIMHHOM sy TOoKoJeHu#. Mcmonp3yss MNpUHIMI KIOHUPOBAHHUSA, MOYKHO

IIOJIYUHUTH 0O0JIBIIIOE KOJTUYECTBO F'€HETHYCCKHU OJHOPOIHOI'0 MaTcpuala.

3.3. YcioBus 1a00paTOpHOTO COACPKAHUS

[Tapamenuii BbLACIAIOT U3 IPUPOAHBIX BOJHBIX OOBEKTOB WM OEPYT YHCTHIE
KyJbTYPBI U3 KOJIIEKIMMA. V3 MPUPOIHBIX BOJHBIX O0BEKTOB OaHkoi Ha 1 nM3 y
camMoro Oepera 3adyepnbIBalOT BOJY C WJIOM. B TOT ke JeHb moj OMHOKYJISpOM
IPOCMATPUBAIOT MPOOY.

OO0HapyKEeHHBIX napaMenum IIOCJIEJ0BATEIBHO IIEPEHOCAT B
MHUKPOAKBAPUYMBI CHa4ajla CO CMECBIO: MPUPOAHASA CPENA U KyJIbTypallbHAs cpena
B COOTHOLICHUM 2:1, 3aTeM YBEJIMYMBAIOT COJEPKAHUE KYJIbTYpalbHOM CpENbl B
MHKPOAKBAPUYMAX 4Yepe3 KaXAbld 4YaCc M, HAKOHEI], IOMEIIAI0T B YUCTYIO
KYJBTYPAJIbHYIO CPELY.

MOHOKYIBTYPY NPOCTEUIINX KYJIbTUBUPYIOT IIPU KOMHATHOW TemIleparype

20 +/- 2 °C na cpene Jlozuna-JIo3unckoro B 4amikax [lerpu mpu ecTecTBEHHOM



OCBEIIECHUU, MPETOXPAHSST OT BO3ACHCTBUSI MPSIMBIX COJIHEUHBIX Jy4Yed, WU B
JIOMHHOCTATE.

Hcnons3yetcst naboparopHoe o00pya0oBaHUE, MPUOOPHI, TOCY/Ia U PEAKTUBBI,
B TOM YHCJIE:

PEaKTUBBI JUIsl IPUTOTOBIIEHUS cpenbl JloznHa-JIo3uHCKOrO;

BOJIa TUCTHJIMPOBAHHAS;

Oymara (puIbTpOBAIbHAS;

ko051 Ha 1000 cm3;

rpagyupoBaHHbIC MepHbIe MuneTku Ha 10, 5, 1, 0,1 cMm3;

nuneTtku s nepecanku  npocteiimmx  (IlactepoBckme mumeTkn ¢
YKOPOUYEHHBIM KOHIIOM);

MepHbIe Ko0b1 Ha 100 cm3;

MepHbIe TpoOupku Ha 10 cM3;

yamku Iletpu;

MUKpOaKBapuyMbl (OJIOK KaMep U3 OPrcTeKiia);

ounokynssp MbC-9 unmu MbC-10;

pH-meTp;

nByxpomoBokucibiil kanmuid K Cr O mapku "Xx4" wiam craHgapT-TUTP Kaiaus
2 27

JBYXPOMOKHCJIOTO;

KyJabTypa npocreimux (Paramecium caudatum Ehrenberg1838);

CyXHUe€ MEKAPCKUE IPONKIKU.

CocraB MuHepanbHOU cpenbl Jlo3uHa-JIOZMHCKOrO I KyJIbTUBUPOBAHMS
P.caudatum:

B | 1M3 IUCTUIITMPOBAHHOM BOJBI PACTBOPSIOT:

NaCl - 0,1 r;
KCI - 0,01 r;

CaCl -0,01r;
2

MgCl - 0,01 r;



2
NaHCO -0,02r.
3

B kauecTtBe KOpMa HCHOJIB3YIOT XOpPOILIO BBICYIICHHBIE U W3MEIbYEHHBIE
MEKapCKHUe APOKIKU, KOTOPBIE JIETKO XPAaHUTh B 3aKpbITON mocyae. BHocsAT ux B
gamku [letpu B o4YeHb HEOONBIIOM KOJIMYECTBE HA KOHYMKE CKAJBIENS WA
JIETAI0T CYCIIEH3UIO JAPOXKEH M CTEPUIIBHOM MUIIETKON MPOU3BOIAT MOAKOPMKY
napaMenui u3 pacuera 2 - 3 kamm Ha yamky llerpu. MoxHO B KauecTBe KOpMa
UCIOJIK30BaTh (Ha yamky lleTpu) yactuiry npo06sieHoro 3epHa puca.

JIBa pa3a B HEJEIIO0 PEKOMEHYETCS MPOCMATPUBATh COCTOSHUE KYJIbTYpPhI B
gamkax [lerpu. Uepe3 nBe Heaenu KymbTypy mnepecaxkuBaroT, T.e. 100 - 300
oco0ell MUNneTKoil nepeHocsaT B yalky lleTtpu ¢ uncToi cpenol, Kysna q100aBIIsOT
OJIMH W3 Ha3BaHHBIX BUJIOB KOpMA.

He pexe 1 paza B Mecsl NOpoOBOAAT OLEHKY (DU3HOIOTMYECKOM
YyBCTBUTEJIHHOCTH
OpPraHu3MOB. J[Js1 3TOro HCIOJIB3YIOT 3TAJOHHOE (CTaHAAPTHOE) BEILECTBO -
nByxpoMmoBokucibii kamuid K CrO Mapku "x4" WM cTaHIapT-TUTP Kajus
227
JBYXPOMOKHUCJIOTO. ['OTOBAT MAaTOYHBIA pPAacTBOP JBYXPOMOKHCIIOTO KajHs
KoHieHTparen 1 r/nm3. Jlanee MeToqom paz0aBiieHHs TOTOBSIT CEPUIO PACTBOPOB
Cc
koHneHTparusamu 100,0; 150,0; 200,0; 250,0 u 300,0 mr/nm3. UccnenoBanue
npoBoAsST B TeueHue 24 4. Ilo pe3ynbrataM SKCHEPUMEHTa PACCUUTHIBAOT
JIE€TAIbHYIO
koHueHTpauioo K Cr O, BebIBatouryto rudens npocreimux Ha 50% (JIK 3a 24
q).
2 27 50
Ecau nonydennbie 3Hauenus JIK waxoasrcs B uatepsaie 170 - 220,0 mr/nm3, To
50

KYyJIbTYpa MOXKCT OBITH MCITOJIb30BaHa AJIAA IIPOBEACHU S SKCIICPUMCHTOB.



Ecnu nonmyuyennsie 3nauenus JIK He monagarot B untepsan 170 - 220 mr/nm3,
50
HKCIIEPUMEHTBl C MPOCTEHIIMMH HE MPOBOIAT, BBICHAIOT NPUYUHY 3TOTO,
HKCIIEPUMEHT

ITOBTOPAIOT.

3.4. [IpoBeneHue ucciie10BaHUN

[lepea moCTaHOBKOM ONBITOB KYJIbTYPY MPOCTEUIINX HEOOXOAUMO BBIBECTH B
HKCIIOHEHLIMAJIbHYIO (ha3y pa3BUTHs, YTO JOCTUTAETCA INEPECEBOM KYJIbTYpHI 3a
TPOE CYTOK /10 TOCTAaHOBKH OMNBITOB B Halky [lerpu ¢ nobaBneHueM kopma.

DKCnepruMEHThl MOKHO MPOBOAMTH Kak B yamkax lletpu oObemom 25 cm3,
Tak U B KaMepax ¢ pabouuM oObemoM 4 cm3. II1oTHOCTH MOCajgky B yallKkax
Iletpu (c paGounm oOvemom 10 mur) 10 opranu3zMoB, B Kamepax c¢ padouum
00beMoM 4 M1 - 5 oprann3MoB. [ToBTOPHOCTE - IBYX- WIIM TpEXKpaTHasl.

JUis  mpenBapuUTENbHBIX U OKOHYATENbHBIX  3KCIEPUMEHTOB  YIOOHO
UCIIOJIb30BaTh KaMephl U3 OPraHUYECKOro CTeKja ¢ pabouuM oObemoM 4 cm3.
brox xamep cOCTOUT U3 ABYX CKJIIEEHHBIX MEXy cO00M TuracTuH pazmepom 20 - 21
X 7 - 8 cM. B BepxHel mIacTuHE TOJIIMHOM OKOJIO 1 CM MPOCBEPIUBAIOT
oTBepcTUsl AuaMeTpom 3 cM. HuxHss ninacthuHa TOMMMHON OKOI0 0,5 CM CIyKUT
nHOM. B Onoke 12 kamep (JTyHOK), KOTOPBIE PaCIOIOKEHBI B JIBa Psijia 1O MIECTh B
KOXIOM. B Kaxayro JyHKYy BHOCAT 1O 5 mapamenuid. [ISTe psAIoB HCHONB3YIOT IS
Pa3JINYHBIX KOHIIEHTPAIMM BEIIECTBA, a IIECTOM - I KOHTpoJiA. [IoBTOpHOCTH
Ipy ATOM JBYXKpaTHas (ABa psga JyHOK B Onoke). CBepXy MHKPOAKBAPUYM
3aKpBIBAIOT  CTEKJISIHHOW  IUIACTUHKOM  COOTBETCTBYIOLIETO  pa3Mmepa, dTo
NPENATCTBYET HCHAPEHHUIO PACTBOPA.

B kauecTtBe moOKazaTeseld TOKCHUYECKOTO JEWCTBUA  LienecooOpa3Ho
MCII0JIb30BaTh BEDKMBAEMOCTh M TEMII JIEJICHUS TPOCTEUILINX.

B mepBoMm ciyyae B Kamepax U3 OpraHMYecKoro crekia (00bem 4 cm3)
OTPENICIIAIOT KOHIIEHTPAIMKU BellecTBa, Bhi3biBatomnme rudens (LC , LC , LC )

0)0%1



16 50 100
moboe oBpexknatromee aeiicteue (EC , EC , EC ) mogombITHRIX OPTaHU3MOB
3a
16 50 100
ONpENENICHHbIA CPOK. JIMUTENBHOCTh OMNbBITa OINPEAETAECTCS TOKCHYHOCTHEO
cpensl U
COCTaBJISIET OOBIYHO OT HECKOJBKUX 4acoB A0 5 cyTok. KoHTpomem ciayxuT
KyJlbTypanbHas cpena. HaGmroaeHust mpoBOJsT 101 OMHOKYJIAPOM KaXKIble CYTKHU.
OKCHepUMEHThl Ha MPOCTEHIIMX MPOBOJAT B JiBa 3Tamna (IpeaBapUTeIbHbINA U
OKOHYATENbHBIN). B mnpenBapuTenbHOM JKCIEPUMEHTE HAXOASIT HWHTEPBAI
TOKCUYECKUX
KOHIIEHTpai. OnbITBl CTaBAT B IIMPOKOM JHAaNa3OHE KOHIIEHTpalui
BEIIIECTBA,
MpUYEM TPEABIAYIIYI0 KOHUEHTPALMIO MOCIEI0BATEIbHO YBEIUUNBaAKOT B 10 pa3
(0.1;
1,0; 10,0 u T.1.). B OKOHYAaTEIBLHOM SKCIIEPUMEHTE, YCTAaHOBUB JHAIla30H
JIEUCTBUST BEIIECTBA, pPa30MBAIOT HAWJACHHBIM MHTEpBAJ Ha TMATh PaBHBIX
KOHIEHTpALIMH
u ycraHasimBaroT JIK .
50

TeMn neneHuss NpOCTEUIINX ONMPEAENSIIOT B MUKpOakBapuyMmax (TUIAHIIET C
aueiikamu  (JIyHku auametpom 1 oM, rioyouna 0,5 cwm). Ilianmer c¢
MUKpOaKBapuyMaMH TPEACTABISIET COOOW CTEKJISIHHBIM WM W3TOTOBJIEHHBIN U3
OprCTeKJIa KBaJAPATHBIM WM MPSMOYTOJbHBIA OPYCOK TOMIMMHONW 1 CM C TSATHIO
psAoaMH TOJUPOBAHHBIX JIYHOK. B KaXaom psny, COOTBETCTBEHHO, 5 wiu 10
JTyHOK. MMHKpOaKBapryMbl HAKPBIBAIOT CTEKISHHOM IUIACTUHKOW, NPEAOXpaHsA
VCIIAPEHHE CPENIBI U3 JIYHOK.

JIyaku B xaxaoMm psagy (5 - 10 JyHOK) 3amoiHSIFOTCST pacTBOPOM BEIECTBA
ONpe/IeICHHOW KOHUEHTpaUn. B Kaxayro TyHKY MUKpOaKBapruyMa OMEIAI0T 10

OJIHOMY OpraHu3My. EjKeCcyTOYHO B T€UYEHHE HECKOJbKUX CYTOK (3 - 5 CyTOK)



MOACYUTHIBAIOT KOJIMYECTBO OPraHU3MOB B KaXJOW JYHKE KaxAoro psja,
OCTaBJISIs, TOCHE IMOACYETa OPraHu3MOB, B JIYHKE HCXOJHOE KOJMUYECTBO
opranu3mMoB (1 3x3emIuisip), yaajiss JUIIHKE OpraHu3Mbl. M MoXHO MO oJlHOMY
OpraHu3My MEPEHOCUTH B COOTBETCTBYIOIIYIO JIYHKY C TEMU K€ KOHIECHTPALUSIMU

BCIICCTBA AHAJIOTUYIHOTO INTAHIICTA C MUKPOAKBAPpUYMAMMH.

3.5. YdeT u aHalu3 pe3yJbTaToOB
B kauecTBe mokazareinsi JEWCTBUS TOKCUKAHTOB HA TECT-O0BEKT UCIOIB3YIOT
MOKa3aTellb BBDKUBAEMOCTH WH(OY30pUil 3a ONpEAENICHHBI CPOK HAOIIOICHUS
W
HapylIeHWe TeMMa JEJEeHHUs KJIETOK HH(Y30puidl, KOTOpPOE BBIPAKAETCS B
W3MEHEHUH
MPUPOCTa  YHMCJIEHHOCTH  KIETOK B  TPOUEHTE OT KOHTpoJa. [Ipupoct
YUCIICHHOCTHU
opranu3MoB oreHuBaroT 1o ¢gopmyne: N = N - N, rae N - 9yuciIeHHOCTb
t o t
OpraHMW3MOB B KOHIIE OMNbITa (WM MOCIEAYIOUIME CYTKH Mmojcyera), a N -
0

YUCJICHHOCTh OPraHM3MOB B Hawaje omnbiTa (WU TPEeAbAylue CyTKU
MOJICUETA).

Pe3ynbTaThl 00pabaThIBalOT METOIAMHU CTATUCTUKHU.

4. YcTaHOBJIEHHE MAKCUMAaJIbHOW JIONMYCTUMON KOHIEHTPAIIMK BEIIECTBA JJIs

300TUTAHKTOHHBIX PaKOOOPa3HBIX

PakooOpa3nbie BkiIOYeHBI B cxemy Mo omnpeaeneHuto [IJIK BemiecTtBa B
KaueCTBE THUIIMYHOIO TMPEACTABUTENs 3BE€HA 300IUIAHKTOHA W BaXKHEHIIETro
KOPMOBOT'0 OOBEKTA.

Meroa ¢ UCHOJIb30BAaHUEM BETBUCTOYCHIX PAaKOOOpPA3HBIX B KAayeCTBE TECT-

O0O0BEKTOB SIBJISIETCS OAHUM H3 HauoOoIee MIUPOKO IMPHUMCHACMBIX B IIPAKTHUKCE



BOJHOM TOKCHUKOJOTMM Yy HAac B CTpaHe u 3a pyOexxom. Hawmbomee wuacto
UCTIONB3YIOTCS  BUAbl  naduui, nepuonaduuit, wmoun (Daphnia magna,
D.longispina, D.carinata, Ceriodaphnia affinis, Moina macrocopa).

[Io »3KOJOTMYECKHUM ¢ TOKCHUKOJOTUYECKUM XapaKTepUCTUKaMm AadHus
kapuHata (D.carinata) 6im3ka k magauu maraa (D.magna), HO Jerde mepexoauT OT
NapTEeHOT€HETUYECKOTO THUIA Pa3MHOXKEHUSI K OMCEKCyallbHOMY U 0OpaTHO. DTOT
BUJ] MOKET OBITH PEKOMEH IOBAH JJIsl HCMOJb30BAaHUS B IOKHBIX pallOHAX CTPAHBI C
BBICOKOW CpPEIHETOJOBOM TEMIEPATYpOM, TaK KaK HMMEET JOBOJBHO BBICOKUU
TeMrepaTypHbiii onTuMyM - 28 - 31 °C. Bun nadnus nonrucnuna (D.longispina) k
KCEHOOMOTHKAaM MMeEET MPUOIU3UTENHHO TaKyIO K€ TOKCUKOPE3UCTEHTHOCTD, KaK
U TIpeAbIAYIINE BUJbl, HO MEHEE BBIHOCIHUB K OCOJIOHEHHUIO BOJHBIX OOBEKTOB M
3arpsiI3HEHUI0  TYMHHOBbIMH  Kuciotamu. Kpome Ttoro, D.longispina -
onurocanpoOHbIi  Buj, Torma kak D.magna wu D.carinata - TUIWYHBIC
oerame3ocanpobOsl. He pekoMmenayercs 1uist akciepuMeHToB Bua D.pulex n3-3a ero
noJUMOP(HOCTH U BaprabeTbHOCTH TOKCHKOPE3UCTEHTHOCTH.

B nacrosimee BpeMsi Haubosee 4acTo UCMOoNb3yloTes D.magna - cTaHaapTHBIN
OMOTECT JJI1 TOKCUKOJIOTUYECKUX UCCIIEJIOBaHUM B psne crpaH, a Takxke C.affinis,
LIMKII pPa3BUTHUS KOTOpPOM B JBa pas3a Kopode, yeM Yy pgabHuil. Meton c
UCTIONb30BaHUEM lIeproAaHUI TIPU CTPOTOM COOJTIOIGHUH YCIIOBUH OTBITA BJIBOE
KOpode, 4eM C UCHOJb30BaHUEM JadHUN. DKCIEPUMEHThI ¢ 0ojiee MEeKOi
ueproadHuel KOMIAKTHBI - TPEOYIOTCA MEHbIINE 00BEMBI PACTBOPOB U MOCYBI.
Opnako Ha OoJjiee KpynmHBIX HadHUSIX yAOOHEe MPOU3BOAUTH U3MEPEHUS, BECTH
HaOMIOJIeHNsT 32  TOKA3aTesIMM  Pa3MHOXKEHHsI  (YeTde  BBISBISIIOTCS
MaTOJIOTHYECKHE OTKIOHEHUS - a0OpTUPOBAHUE UL, SMOPHOHOB, YPOJCTBA).

B cBs3u ¢ OGonbiield TpeGOBATEIbHOCTHIO IepHOJaDHUI K KHUCIOPOJIHOMY
pEeXUMY Cpelbl OHM 0Oojiee YyBCTBUTENBHBI K OPraHUYECKOMY 3arpsi3HEHUIO U
BEIIECTBAM, CHIDKAIOIIMM KOHIICHTPAIMIO PaCTBOPEHHOTO Kuciopoaa B Boxe. [lo
OTHOILIEHUIO K JCHCTBHIO TSKENBIX METAJJIOB BHJIOBas UYYBCTBUTEIBHOCTh

pasiiMyHa: B OIHUX CiIy4asx Oosiee yCTOMUMBBI LepruoiadHUM, B IPYTUX - TahHUH.



OneHKy TOKCMYHOCTH Ha BETBHCTOYCHIX PaKOOOpa3HbIX pa3HBIX BHUIOB
MOKHO TPOBOJUTH IO €AMHON METOAMKE, HM3MEHsS MPOILENypy IMOCTaHOBKHU
ONBITOB C YYE€TOM WHAMBUAYAJIbHBIX OHOJIOTMUECKHX XapaKTepUCTUK BHAA -
pa3HoM MPOJOIKUTENFHOCTH IUKIIA PAa3BUTHSI, Pa3MEPOB, ONTUMAJIBHBIX YCIOBUN
COJIep KaHMUSI.

B nganHOM pyKOBOJCTBE TMPHUBOASTCS JBE METOJIUKH OIpeIeNeHus
XPOHHYECKON TOKCHYHOCTH BELIECTBA HA PAKOOOPA3HBIX:

1. JImuTenbHbI OMBIT Ha cepun Tpex mokoieHuid - D.magna umm C.affinis.
[IpoBenenue uccne0BaHUN Ha CEpUU TEHEpALMi MPEANOYTUTENILHO TOTAa, Korjaa
€CTh OCHOBAaHMS IIOJIaraTh, YTO OTPHUIATEIFHOE JCHCTBHE BEIIECTB MOXKET
HAKaIlJIMBAThCS B MOKOJICHUSX.

2. JlnuTenpHBIA OMBIT HAa MOJCNBHBIX Tomyisuuax naduuii - D.magna,
D.longispina wmu D.carinata. IlpoBeneHue wuccienoBaHUA TI0O JTOM CXeme
IPEINOYTUTENBHO TOT1a, KOTJ]a BO3MOXKHO OTPHUIIATEIbHOE IEHCTBHE BEIIECTB Ha
OMCeKCyalbHBIH THUI Pa3MHOXEHUS, CBSI3aHHBIM C OOpa3oBaHUMEM CaMIOB H
JaTeHTHBIX sAull. Kpome TOro, MaHHBIM mpueM O0OecreyrBaeT MPSMYIO OICHKY
BIIUSIHUS BEILIECTBA HA MPOJYKTUBHBIE CBOWCTBAa AadHUi. B OTAENbHBIX ciydasx
BBISIBJICHO, YTO TNpH OHCEKCyaJbHOM pPa3MHOXEHUHM JadHUN JaTeHTHbIE sAla
OKa3bIBAIOTCS Ae(EKTHBIMUA WJIM BOOOIIE HE pa3BuBaroTCs. JladHusA OTKIIaabIBAaET
MyCTON A(UIIITAYM.

J171st paboThI C pakoOOPa3HBIMU HEOOXOIUMBI 000OPYIOBAHUE U MAaTEPUAIIBL:

MUKPOCKOI OMoJIorn4eckuii, ooecneunBaromuit ysenuuenue B 100 - 200 pas;

ounokyssip MbC;

pH-MeTp;

OKCHMETP;

MUKPOKOMIIPECCOPHI;

aKBapUyMBbI J1 XpaHeHus ynuctor Bojibl (o1 50 1o 200 n);

xamepa ['opsesa;

crakanel xumuaeckue (Ha 0,05; 0,1; 0,3 1; 0,5 n);

npoOUpKY;



KoJ061 MepHBbIe (Ha 0,1 - 2 1);

HUIMHIPBI MepHble (Ha 0,5 - 2 1m);

KoJIOBI KoHm4eckue (Ha 0,2 - 0,5 n);

KpucrammsaTopsl (Ha 0,5 - 1,0 1);

nureTkyu MepHbie (Ha 0,1 - 10 mn);

KIOBETHI JIJIs1 BEIPAIIMBAHUS BOJJOPOCIICH;

IIEJIKOBbIE MEJIbHUYHBIE CHUTA, aKBAPUYMHBIE CAuyKH, PEAKTUBBI, BXOISIINE B

COCTaB CpeJ AJIA BbIpAIIMBaHUS BOAOPOCIIEH.

4.1. ladpuus marsa

4.1.1. BBenenue

[Ipensiaraemas METOJIMKa C MCHOJb30BaHHEM Ja(HUI BOILIA B COCTaB psja
METOOUYECKUX YKa3aHUW W PEKOMEHJAUUW IO YCTAHOBIICHHID TOKCHYHOCTHU
ctounbIx 1 npupoAnbix Bog (Pl 118-02-90 yreepxaen I'ockommpupoast CCCP ot
6 asrycta 1990 r. N 37 "Meroauyeckoe PyKOBOJICTBO MO OHMOTECTUPOBAHUIO
BoJbl"; YTBepxkaeHo Munnpupoaoit Poccuu ot 27 anpens 2001 r. "PykoBoactso
0 ONpENETIECHUI0 METOJI0B OHOTECTUPOBAHUS TOKCUYHOCTU BOJ, JIOHHBIX
OTJIOXKEHHM, 3arPS3HSIONINX BEIIECTB U OYpOBBIX pacTBOpoB". M.: POOUA, HUA -

[Tpupona, 2002).

4.1.2. XapaKTepuCcTHKa TeCT-00hEKTa

Pauku Buma Daphnia magna Straus (kmacc Crustacea, otpsin Cladocera)
OOWTAIOT B CTOSYUX M CJIA0OTPOTOYHBIX BOJHBIX 00BEKTaX, OCOOCHHO YacTO - BO
BPEMEHHBIX JTy)Kax, ¥ paclpoCcTpaHeHbl MOBCEMECTHO Ha TeppuTopun Poccun.

DTOT BUJ SIBISICTCS THIMYHBIM OeTame30camnpoOoM, IePEHOCs OCOJIOHEHUE 10

6 npomuuie. ONTUMANBLHOE COJIEpKaHUE KUCTopoAa s JadHUU COCTaBIsET 7 -
8
MT/JI, OJHAKO PAavyoK CIOCOOEH MEPEHOCUTh CHIDKeHHE KoHIeHTpauuun O 10 2

MT/I1.



2

OnTuManbpHbIC 3HaUCHUS aKTUBHOM peakiuu cpeasl pH cocrasmstor 7,0 - 8,0,
OJlHaKO BpeMmeHHble u3MeHeHus pH B mpepenax 5,8 - 9,0 He mnOAABIAIOT
CYILIECTBEHHBIM 00pa30M KU3HEIEATENIbHOCTh Ja(HUU.

[Ipy KyJIbTUBUPOBAHMM U TMPOBEACHUU TOKCUKOJOTHMUYECKUX  OIBITOB
HEO0OXOIMMO TOJIEPKUBATh HENPEPHIBHOE MAPTEHOICHETHUYECKOE PA3MHOXKEHHE
PAYKOB, YUYUTHIBAsE 0COOEHHOCTH OUOJIOTHYECKOTO IIUKJIA PA3BUTHS PAUKOB.

JlnmtensHOe  KyJabTUBHpOBaHWE naHU B JTAOOPATOPHBIX  YCIOBHSX
MO3BOJIIET YCTAaHOBUTH TIpEAEibl W3MEHUMBOCTH OCHOBHBIX OHOJIOTHYECKUX
MOKa3aTeyied pPadykoB B 3aBUCUMOCTHM OT CE€30HA. B ONTUMAaNbHBIX YCIOBHUAX
COJIEp>KaHMs BEIKMBAEMOCTh JadHUN HE 3aBUCUT OT BPEMEHU T'0Jla, OCTaBasCh Ha
ypoBHEe 80 - 100% x koHuy ombiToB. CpeaHue 3HaueHus IwiogoBuToctH 3a 30
CYTOK OITIBITOB (3a 3TO BpeMs MoJiydaroT 7 - 8 momMeToB) coctaBisitotT ot 60 go 170
HK3EMIUISIPOB MOJIOJM HAa OAHY CaMKy. MoryT HaOMIOaThCs IMOBTOPSIOIIUECS
CHU)KEHUS TUIOJIOBUTOCTH PayKOB B 3UMHHI (HOSIOpH - SSTHBAph) U JICTHUM (MIOHD -
UI0JIb) MEpHObl. JIIUTENBHOCTh KYJIBTUBHUPOBAHUS PAYKOB B J1a0OpaToOpuu B
ONTUMAJbHBIX YCIOBUAX Aaxe B TedeHue 10 ner He BIUsAET Ha pPE3ybTaThbl

OIIBITOB.

4.1.3. YcnoBus 1a00paTopHOTO COACPKAHUS

PaGoty ¢ nmapHusiMu HEOOXOAUMO TPOBOAWTH B TIOMEIICHUH, TJ€ HE
UCIIOJIB3YIOTCSl XUMHUUYECKHE JIeTy4uue BemecTBa. Hemomyctuma takxke oOpadoTka
NOMEIIeHHUsT XJOop- U (ochHOpOpPraHUYECKUMH MECTULUUIAMU Jii OOphOBI C
HAaCEKOMBIMU U TPbI3yHAMU.

Jabuuii OTIaBIMBAIOT B TPUPOAHOM BOJHOM OOBEKTE (WJIM TMOIY4aroT
KYJbTYpY B OJHOW W3 CHEIUAIM3UPOBAHHBIX Jaboparopuit). s mocteneHHOU
amantanuu JadHUNA PEKOMEHAYETCS CMENIMBaTh | 4acTh BOJBI U3 MPHUPOIHOTO
BOAHOTO OOBEKTa WJIM BOABI, B KOTOPOM padyku  MPEABAPUTEIHHO
KYJbTUBUPOBAIMUCH, C TPEMsI YacTAMH JJabopaTopHoit Bojbl. KynbTypanbHas cpena

OOHOBJISIETCS IMOJIHOCTBIO MJIM YaCTHYHO 1 pa3 B HCACIITO.



CrabuiibHble YCIOBHSI KyJbTUBUPOBAHHUS OOECIEUMBAIOTCA B CHEIHAIBHO
ycTpoeHHOM 1mkady - TepMmomomeHoctate. OH  mpexacraBisieT  coOoi
3aCTEKJICHHBIA OOKC C Pa3/IBKHBIMU CTEKJIaMU M PAJIOM MOJOK JJisi COCY/OB.
Xopowmo MNpeycMOTPeTh Pl CEKLUM g pa3iesIbHOrO COAEpPKaHWSd MaTOYHBIX
KyJIbTYyp JadHH W TIOCTAHOBKM XPOHHYECKUX OJKclepuMeHTOB. B mikady
MOHTHUPYIOTCS JIaMITbl JTHEBHOT'O CBETa, O0OECIEUYMBAIONINE OCBEUIEHHOCTH OKOJIO
400 - 600 moxc B Teuenue 10 - 12 u B cytku. B mkad moxer ObITH BCTpOEH
o0orpeBaresib ¢ KOHTAaKTHBIM TEPMOMETPOM, OOecreurBaronum temmeparypy 20
+/- 2 °C.

Jlis KynbTUBUPOBaHUA Na(HUN HCIONB3YIOT OTCTOSHHYIO BOOIPOBOIHYIO
BOJY WJIM BOJYy W3 HE3arpsA3HAEMbIX BOJHBIX 00BEKTOB. OTOOp BOABI U3
MPUPOIHBIX BOAHBIX OOBEKTOB JIyUllle MPOU3BOANUTD B SICHYIO MOTOY, KEJIaTeIbHO
nocie psga aHed 0e3 nmoxas. HeOnarompusatHoe AeHCTBHE HA PayKOB MOKET
OKa3aTh BOJa, B3sTas B NaBOAKOBbIM mnepuoa. [Ipupoanyro Bogy HEOOXOIHUMO
nporexuBarh yepe3 cuto (N 68 - 72) Bo u3zbOexxkaHue MornajgaHus NPOCTEUIINX U
KOJIOBPATOK, KOTOpPbIE MOTYT Napa3suTHUPOBaTh Ha paukax. BomonpoBonHo# Bojoi
MO’KHO TIOJIb30BaThCSl IOCIE NMPEABAPUTENBHOIO YAAJNEHUS U3 HEe OCTaTOYHOTO
XJIOpa MyTeM JJIMTENBHOrO MPOAyBaHUsl BO3AyXa ¢ IOMOLIBI0 MUKPOKOMITIpECCopa
(okomo 14 nneit). Ha nHO akBapryMa HACBIMAIOT XOPOIIO MPOMBITHIA TIECOK,
caxarot 5 - 10 pacrennii.

OCHOBHBIE THAPOXMMHYECKHE T[IOKA3aTeNIM BOAbL, HCIOJIb3YEMON IS
KyJIbTUBUPOBaHUS Na(HUMN, TOIKHBI HAXOUTHCS B CIEAYIOIIUX Mpeaeax:

a) conmeprkanue kuciaopoaa 7 - 8 mr O /m;

2
0)pH-7,0-8,2;
B) okucisieMocTs 1o Kyoemnto 4,2 - 5,8 mr O /1;
2
r) obmas »ectkocTh 3,0 - 6,5 mr-akxe/n (20 +/- 5 mr CaCO );

3

1) cootHomenue Ca/Mg 4:1;



+ -
e) NH ,NO - orcyrcTBuUe, cnenpl. B modyT Bcex ocTalbHBIX cliydasix 0e3
3 2
3HAKOB NpENUHaHusA!

B kayectBe OCHOBHOro kopma st JadHUA MOTYT OBITh HMCHOJIH30BAHbI
3€JIEHbIE TPOTOKOKKOBBIE BOJOPOCIU U B KAUECTBE JIOMOJIHHUTEIBHOTO - TIEKAPCKUE
IPOXKU TOJBKO JUISI MATOYHBIX KyJIbTyp. Jlpoxxkamu ngadHMA MOXKHO
noAgkapmimBaTh 1 - 2 pa3za B Henento u3 pacuera 3 M 1%-i cycnensuu Ha 1 1m3
cpensl. B3Bech nposkeit XpaHUTCs B XOJOJUIbHUKE HE OoJiee TpexX JHE.

CocraB cpen Uil KyJbTUBHPOBAaHUSA KOPMOBBIX BOAOPOCIIEN MPEICTABIEH B
tabnuie 4.1.1.

BricTphlii pOCT HAKOMUTETBHOW KyJNbTYphl Bogopociei xiopemisl (Chlorella
vulgaris) cozmaetcs npu COOTIOICHUH CIEAYIOIINX YCIOBUM: MUTATENIbHAS Cpefia C
nobapiieHneM MHKpodjeMeHTOB (Tamust), KpyriiocyTOYHOE OCBEIIEHHE JaMIlaMu
JHEBHOTO cBeTa (2 - 4 ThIC. JIK) U MHTEHCHUBHOE MPOJyBaHUE aTMOC(HEPHOIO
BO3Ayxa (a’pauusi) C MOMOIIBKD MHUKpOKOMIpeccopoB. Ilpu BeipammBaHuu
BOJlOpocCiiel Ha cpefax YcmeHckoro u Ilpara (¢ MEHBIIUM KOJMYECTBOM COJIEH)
a’pauus He TpedyeTcs, HO POCT BOJIOPOCIEH UIET 3HAUUTEIbHO MEJJICHHEE.

[IutarenpHble cpeabl s BOJOPOCIEH TOTOBIT HA JUCTUIUIMPOBAHHON BOJE
(m. 2.2 Tlpunokenust 1 Hacrosmux MeTomn4yeckux ykaszaHuii). PacTBopbl coeit
xKeje3a U MUKPOIJIEMEHTOB MOXKHO J00aBIIsATh BO BCE Cpebl HE3aBUCHMO OT TOTO,
YKa3aHO 3TO B IIPOIKCH CPEbI NN HET.

HcxonHast KOHIIEHTpAIMs BOAOPOCIICH TOJKHA OBITh OKOJIO 2 MJIH. KJ1./Am3.
Yepez 7 - 10 gHel pocra B ONTUMAIBHBIX YCIOBHSX KYJbTypa JIOCTUTAeT
MAaKCUMaJIbHOU MIIOTHOCTH.

JInst KOpMJIeHUST BOJOPOCIM OTACNSIIOT OT MHUTATEIbHOM Cpelbl IyTeM
HEHTPU(PYTUPOBAHUS WM OTCTAaMBAHUSA B XOJIOJAWIBHUKE B TeueHue 3 - 5 JHEW.
Ocanok pa3z0aBiisieTcsl TUCTHIUIMPOBAHHON BOJOW M XPAHUTCS B XOJIOJUILHUKE HE

OoJiee Tpex HEelCIb.



Tadomuma 4.1.1

CocraB cpen 151 KyJIbTUBUPOBAHUS KOPMOBBIX BOJIOPOCIIEH

| Conu CopeprxaHue coyiei B cpefax, r/am3
|
|
I | |
Tamus Ycenenckoro | IIpara
|
| | |
I I I
| KNO | 5,00 0,025 |0,1
| 3 | | |
|
I
| | |
I I I
|[MgSO 7HO 2,50 |0,025  |0,01
| 42 | | |
|
I
| | |
I I I
|KHPO 3HO |- | 0,01
242 | | |
|
I
| | |
I I I
|[KHPO 3HO | 1,25 |0,025 |
[ 242 | | |
|
I
| | |
I I I
| KCO umu (K CO) |- |0,0345 |-



|FeSO 7HO 0,003 |- |- |

| 42 | | | |

|FeCl 6HO |- |- |o,001 |

| 32 | | o

|CaNO) 4HO |- |o,144 |- |

| 322 | | | |

MukposnemenTsl <*> | o 1 cm3 pactBopoB N 1 u N 2 | | |
[ |

[Tpumeuanue: pactBop mukposnemeHToB N 1: H BO - 2,86 r/am; MnCl 4H O -

33 2 2
1,81 r/mm3; ZnSO 7H O - 0,222 r/am3; pactBop MukpoasieMeHToB N 2: MoO -
4 2 3
17,64 mr/mm3; NH VO - 22,96 mr/om3.

4 3

Uwuciio KJIETOK B CYCIEH3WHM XJIOPEJUIbI MPOCYUTHIBAIOT B Kamepe [opsieBa
(wu mro0o¥ nmpyroit kamepe uisi cuera Bojopocieit). Kopmienwe mnaduuit
npoBoAUTCS 1 pa3 B JieHb, KOHIIEHTpaIUs KopMma B cocyle ¢ nadguusmu 350 - 700

TBIC. KJI./MJI.



Jis  KyJIbTHUBHPOBAaHUS  PAaykoB  yAOOHBI  HEOOJIbLIME  CTEKJISHHBIC
KpucTaIIM3aTopel 00beMoM 1 - 3 M3, miotHocTh mocaaku 20 - 25 ocoOeit Ha 1
am3. [losBuBIIyIOCS MOJIOJb B HEOOXOJMMOM KOJMYECTBE OTCAXXUBAIOT B
CJIIEQYIOIINE COCYHABbl OT MOKOJEHMs K MOKOJIEHHI0. Korja BHOBb HapOJIUBIIMECS
paukyd HAYMHAIOT pPa3MHOXKATbCs, MaTepuHCKUE ocobu ypansawor. Kaxnoe
IOKOJIEHUE MapKUPYIOT U CTaBAT AaTy poxacHUs. OTHOBPEMEHHO B J1abOpaTOpUH

COZIEpKaT KyJIbTYphI IBYX MOKOJICHUHN Ja(HHUIA.

4.1.4. IlpoBeneHue uccieI0BaHU Ha CEpUAX T'eHepalui

TpeGoBanust K TecT-00BEKTy. [l TOKCHKOJIOTMUYECKHX MCCIEeI0OBaHUN
UCMONB3YIOT fAadHUMl, HauMHAs C TPETHErO TOKOJCHUs, IMOJIYYEHHOTO B
J1ab0paTopuH.
[lepen mpoBelEeHHEM HKCIEPUMEHTAa OLEHUBAIOT YCTOMYMBOCTH PAayvKOB K
ouxpomary
kams. [lo Benmmumuam JIK 32 24 9 onpenensiroT COOTBETCTBUE KYJIBTYPBI

50

CTaHJapTy. DTa KOHUEHTpauus s nadHuii B Bo3pacte 18 +/- 6 u moimkHa

HaxoauThes B npenenax 0,9 - 2,0 mr/m.

4.14.1. Ouenka ocTpol TOKCMYHOCTH. OCHOBHAsg 1EIb  OCTPBIX
(KpaTKOCpPOYHBIX)  OMBITOB HA JaQHUSAX - YCTAHOBUTh KOHLIEHTpALUU
UCCJIEyEMOT'0 BEILIECTBA, KOTOPbIE B BOJHBIX 00BEKTaX MOTYT BbI3BaTh MaCCOBYIO
rudenp Hanbosiee MPOAYKTUBHOM YacTH 300IUIAHKTOHA - (uibTpatopoB. Kpome
TOTO, YCTaHABJIMBAECTCS KOHUEHTPALMs, HAYWHAS C KOTOPOW CJleayeT IPOBOJIUTH
XPOHUYECKUE (IJTUTETHHBIC) SKCIICPUMEHTHI.

OcTpble ONBITHI MO OLIEHKE TOKCUYHOCTH COCTOSIT U3 JIBYX HKCIIEPUMEHTOB -
MPEeIBAPUTEITHLHOTO U OCHOBHOTO.

[IpeaBapuTeNbHBINA SKCIEPUMEHT MPOBOASAT ¢ HAOOPOM 3 - 5 KOHIIEHTpPAIIHIA

BelecTBa, paznuyaroniuxcs B 10 pa3. O0bryno sto 0,001; 0,01; 0,1; 1,0; 10,0 u



100,0 mr/mm3 BemecTBa. JIUTEIBHOCTh TAKOTO OmbiTa 24 - 48 4, OH ITO3BOJISET
YCTAHOBUTH MOPSJIOK OCTPOJIETATBHBIX KOHIICHTPAIUI BEIIECTB.

OCHOBHOI  OCTpBIM ONBIT MPOBOAUTCA HA OCHOBAaHUU PE3YJIHTATOB
NpEeIBAapUTENLHOTO BapHaHTa ¢ HAOOpPOM OKOJIO 5 KOHIEHTpauuil. BuiOuparot
TaKOW JHMamna3oH KOHIIEHTpAaIMi BEIIECTBA, KOTOPHIE BHI3LIBAIOT UMMOOUIU3AIUIO
i tudens 10 - 90% pauxos. [IpogoKUTETLHOCT OCHOBHOTO OCTPOTO OMbITa 48
4.

B oskcnepuMeHTaNbHBIE CTEKJISIHHBIC CTaKaHbl 3aJMBAIOT BO3PACTAIOIIUE
00BbEMBI UCCIIETYEMBIX pacTBOPOB B kKojmuecTBe 1o 100 cM3 u momemniaroT mo 10
onHocyTouHbIX  AadHuil. [IOBTOPHOCTH  OMBITOB B  MPEABAPUTEIHLHOM
DKCIEPUMEHTE COCTABIIAET 2 - 3, 2 B OKOHYATEIBHOM - HE MEHEE TPeEX.

VYcnoBus npoBeaeHus onbITOB: Temneparypa 20 +/- 2 °C, cBetoBoit neHsb - 10
- 12 4, BoJa MO CBOMM CBOMCTBaM JIOJDKHA COOTBETCTBOBATH TPEOOBAHUSIM,
nepeunciaeHHbM Boilie (1. 4.1.3 Ilpumnoxkenus 2). B xoie oCTphIX ONBITOB PAaYKOB
He kopmsT. [lpu pabore co CTaOWUIBLHBIMHM BEIIECTBAMU 3aMEHY PacTBOPOB HE
npoBoJAT. B ciiydae, xorma ucciemyercss OBICTPO paclajarolleecs BelecTBO,

HCCICOAOBAHUA IIPOBOIAT C G)KG,HHGBHOﬁ 3aMEHOU pacTBOPOB.

4.14.2. Ydyer u aHanu3 pe3yJbTaTOB B OCTPbIX ONbITaXx. B ombITax
JUTUTEIIFHOCTHIO JIO YETHIPEX CYTOK OCHOBHBIM TOKa3aTelieM TOKCHYHOCTH CPEIIbI
ABJIIETCSl BbDKMBaeMocTh naduuit. HabOmiomeHnus 3a BbDKUBAaEMOCTHIO AadHUN
MIPOBOISIT HEMPEPHIBHO B TEUCHHE MEPBOTO Yaca BO3JCHCTBHS, 3aTEM €KEYACHO B
NEPBBIN JIeHb HAOMIOAEHUH U 2 - 3 pa3a B IEHb - B IOCIIEAYIOIINE CPOKH.

Bpemss tubenu paykoB OTMEYAIOT [0 HACTYIUICHHIO HEMOABUKHOCTU
(uMMOOUITM3AIMK ), TIPU KOTOPOM AaHUU JIe)KaT HA JIHE CTaKaHa, IJIaBaTeIbHbIC
JIBUKCHHSI OTCYTCTBYIOT M HE BO300HOBIAIOTCS MPH TMOKAYMBAHWUU CTaKaHa.

JlaHHBIE 110 BEHKHUBAEMOCTH PAyKOB 3aMKCHIBAIOT B Tabyuiy o gopme 1.



YdeTt BEDKUBAaEMOCTH JaHUN B pacTBOpax TOKCUKaHTa A u b

JlaTa

Yac

Cpoxk

KonTpoib

KonnenTparuu (Mr/mn)

BEIIIECTBO A BelecTtBo b
TOBTOPHOCTH MTOBTOPHOCTH
2 3 1 2

®dopma 1



B kauecTBe JOMOJHUTENBHBIX TIOKAa3aTeIel B OCTPOM ONBITE MOKHO
YUYUTHIBATh: W3MEHEHUE OKpPACKU Teja, KHIIEYHHKA, MXUPOBOTO TENa, TOHAN,
W3MEHCHHUE HAIlOJHEHUs KHIIEYHHKA, a TaKXKe IIOBEICHUYECKUE pPEAKLIHUU 10
OAJIIbHOM cHCTEME.

N3meHeHus: mepeynciaeHHbIX MoKa3aTeaeil HepeaKo MPEeIIECTBYIOT Trulenu
OpPraHW3MOB, YTO MO3BOJISIET UCIIOIB30BAaTh UX JIJI1 PAHHEW TMATHOCTUKHU.

[Io pe3ynbTaTaM OCTpPBIX OIBITOB OMPEACIISIIOT KOHIICHTPAIUIO BEIIECTBA,

48
BbI3bIBatOIIyt0 rubens 50% moAONBITHBIX OpraHu3MoB 3a 48 4 skcno3unuu (JIK
).
50
Hanbonee mnpocThiM M YacTo mpuUMeHsieMbIM [Jisi omnpenenenus JIK  sBusercs
50
rpadpuueckuit  Meron. B cucreme KoopauMHAT MO OCH OpPAMHAT OTKJIAa/JbIBAIOT
BEJINYMHY
BbDKMBaeMOCTH (Tubenu) gadHUl B MpoIleHTaX 3a 3aJaHHBIN CPOK OMBITOB, a IO
ocHu
abcuucc - yorapudm KOHIIEHTpanuu. Touyka TepecedeHus TOPU30HTAIBHOMN
IPSAMOH,
coorBeTcTByromen  50%  BBDKMBAEMOCTH pPAdYKOB, C JKCIIEPUMEHTAIBHOMN
JIAHUEH
OIPEJICIIUT UCKOMYIO KOHIleHTpanuto JIK .
50

['paduyeckun MOXeT OBITH OMNPENETICHO TakXe IS KaXJAOW KOHIEHTpAIUU
BEILIECTBA
MenuanHoe Bpemsi BbbDkuBaHuA (JIB ), To ectb Bpemsi BbkuBaHus 50%
OpraHu3MOB

50

MIpY TAHHOM KOHIIEHTPALIHH.



bonee Tounoe ompenenenue JIK MOXKET NMPOBOIUTHCS C HMCHOJB30BAHUEM
50
npobut-ananusa (1. 4 [lpunoxenus 4).

Pe3ynbTaThl ONBITOB JAlOT BO3MOXKHOCTh OIIEHUTH TAKXKE HAJTUYUE OCTPOU
TOKCUYHOCTH TI0O KOHIICHTPALMsIM, BBI3bIBAIOIIMM JIOCTOBEPHOE CHUKEHHUE
BBDKMBAEMOCTH pAYKOB 10 CPAaBHEHHIO C KOHTPOJIBHBIMH, U OINPEACIUTH
MaKCUMaJIbHYI0 KOHILEHTpAIMIo, TMpU KOTOPOW OCTpass TOKCUYHOCTH HE
IPOSIBISIETCS.

JIOCTOBEpHOCTh MOMYyYaEMBIX PE3YJIHTATOB MOKHO CUHTATh HAJIEHKHOU, €CIH
YIIOBJIETBOPEHBI CIIEIYIOIINE YCIOBUS:

a) rubenb KOHTPOIbHBIX AadHuM He npesbimaeT 10%;

0) JIK Ouxpomara kanusa 3a 24 4 nns gaduui B Bozpacte 18 +/- 6 4
50
HaxoaaTcsd B quanaszone 0,9 - 2,0 mr/m;
B) CoepaHHE PACTBOPEHHOTO KHCIOPOJA, OMPECIICHHOE B KOHIIE OIBITA,

cocrasisgeT He Hke 2,0 mr O /1.

2

4.1.4.3. OneHka TOKCHYHOCTH B XPOHHYECKOM JKCIEPUMEHTE. XPOHUUYECKUE
(ImUTENBbHBIC) OMBITHI C JAAQHUSMU CIyXaT I TiayOokoro, Oojee aeTaibHOTro
VICCJIEIOBAHNSI TOKCUYHOCTH XUMUYECKUX COECIUHEHUM.

JInst XpOHHUYECKHX OINBITOB MOoAOHparoT 3 -4 KOHUEHTPALMH BEIECTBA,
cocrasisroniue 0,1 - 0,0001 or JIK 3a 48 4.
50

B kaxnoit cepun skcriepuMeHTa (KOHTPOJIBHOW WJIM OTBITHOM) KCIIONB3YIOT
He MeHee 20 paykoB, a OMBITHI CTAaBAT HE MEHEE YeM B TPEX MOBTOPHOCTSIX
(npuemsieMbl 4 MOBTOPHOCTH 1O S5 papHUM Wi 3 mMOBTOPHOCTH no 7 naduwuii). B
OMNBITHBIE CTAKAHbI 3aJMBAIOT PACTBOPBI, UCXOAA M3 cooTHoweHus 50 cm3 Ha 1

naduuro. Bo3pact paukoB 18 +/- 6 u.



O6mme ycrnoBus (Temmeparypa, OCBEUIEHHOCTh) MPOBEACHUS XPOHUYECKUX
OTIBITOB T€ K€, YTO M B OCTPHIX OMbITaX. PaukoB €KETHEBHO KOPMST XJIOPEIION B
koH1eHTparuu 350 - 700 Teic. ki1./cM3. YacToTa 3aMEHBI pAaCTBOPOB OMPEACIISETCS
CBOMCTBOM BEIIECTB, HO HE pexe IBYX pa3 B Henento. [Ipu cmeHe pacTBOpoB
cOXpaHaT cooTHomenne S50 cmM3 Ha | madHMIO, eciM padykud MOTHOAIOT,
KOJIMYECTBO UCCIIEYEeMOT0 pacTBOpa MPOMOPIIMOHATBHO YMEHBIIIAOT.

[IpOMOMmKUTENIBHOCTh  OMNBITOB C  KAXKAOWM TEHEpalMed ONpeaeisaeTCs
BPEMEHEM TOSBJICHHUS Y€THIPEX MIOMETOB Y KOHTPOJIBHBIX Ja(HUM, YTO COCTABISAET
00bIYHO 0K0JI0 20 CYTOK, a 00111ast IPOIOKUTEIBLHOCTE ONBITOB - 40 - 45 cyTOoK.

[Ipu mpoBeneHUU OMBITOB HA TOKOJICHUAX TPUIACPKHUBAIOTCS CICIYIOIICH
CXEMBI: MOJIOJIb W3 IIEPBOTO IIOMETAa, TOSBUBIIYIOCA OT WCXOIHBIX OCOOCH,
OTCAKMBAIOT B TAKOM >K€ KOJIMYECTBE B PACTBOPHI BEIIECTBA C KOHIICHTPALIMSIMH,
IIPY KOTOPBIX MPOBOAMIINCH UCCIICIOBAHUS C UCXOAHBIMH OCOOSIMH, U BEIYT TaKHE

e HaOJIIoIeHHs 10 TofTyueHust Tpex nokojeHui (Tabmuna 4.1.2).

Tadomuma 4.1.2

(CxeMa onbITOB Ha CEpUU reHeparuil naduuii

| OnenuBaeMoe | YuuTeIBaeMbIE TOMETEI | CymmMma mononu
| moxonenue | |
| |
| |
| |
| |
| Ucxommoe F | 1 2 3 4 | 1-4 |
| uex |[F ,F ,F ,F | SUMF |

| |I/ICX UCX HCX HCX | HUCX |
|
I




|eppoe F | 1 2 3 4 | 14 |

| 1 |F.,F,F,F | SUMF |
| |1 1 1 1 | 1 |
| |
I |
| |
| I
|BT0p0eF | 1 2 3 4 | 1-4 |
| 2 |F.,F,F,F | SUMF |
| |2 2 2 2 | 2 |
| |
I |
| |
I I
| Tpetse F | 1 2 3 4 | 14 |
| 3 |F.,F,F,F | SUMF |
| |3 3 3 3 | 3 |
| I
| |
[Ipumeuanne: F - DNOKOJNECHUWS; BEPXHUM MHIEKC - TIOMETBHI KaXJ0TO

ITIOKOJICHHUA, HWKHUHI HHACKC - OOCHUBACMOC IIOKOJICHHC.

4.1.4.4. Yyer u aHaIM3 pe3yJIbTATOB B XPOHHUUYECKOM OIbITe. OCHOBHBIMU
[IOKA3aTeIsIMU  TOKCHYECKOTO JEHUCTBUS  SIBIIFOTCS.  BBDKMBAE€MOCTb, POCT,
IJIOJIOBUTOCTh M KadecTBO moTomcTBa. [lpm HaOmroaeHuM 3a pa3MHOXKEHHEM
PAyKOB  YYUTHIBAIOT  BpEMs  HACTYIUICHUS  TMOJIOBO3PEIOCTH B JIHSX,
PETUCTPUPYEMOE II0 MOMEHTY OTKJIAJKHA SIMII B BBIBOJAKOBYHK) KaMepy, BpeMs
POXKIEHUS TIEPBOTO TOMETA, KOJWYECTBO HAPOAMBILIEHCS MOJIOAW B KaXKJIOM
noMere. HeoOXoauMoO  yuduTHIBaTHh TaK)Ke TMATOJIOTHYECKHE  OTKJIOHCHUS:
KOJIMYECTBEHHBIM y4eT aOOpPTHUBHBIX SIMI] U SMOPHOHOB, MEPTBOPOXKICHHOW M
YpPOAIMBOM MooAu. B ciydae mosiBIEHUS YPOIJIMBOM MOJIOAU €€ OTCAaXKUBAIOT B
HEOOJIBIIIUE COCYAbl C COOTBETCTBYIOIIMMH KOHIIEHTPAIMSIMH HCCIIETyeMOTO

COCIUHCHU U Ha6J'IIOI[aIOT 34 €€ BbUKNBACMOCTBbIO MUHUMYM TPOC CYTOK.



HaGnronenust 3a BBDKMBAEMOCTHIO U TIOKA3aTEISIMH Pa3MHOXKEHUS JadHUN
BEIYT €KETHEBHO, MOJICUYET, aHAJU3 U yAaJCHHUE MOJIOAU yJO0OHO MPOBOJIUTH BO
BpeMs CMEHBI pacTBOpoB. [lomydaemble B XONe¢ OIBITOB  PE3yJIbTAaThl
pPEruCTpPUPYIOT B Tabsulile coriacHo ¢popme 2.

OO0mIee KOMMYECTBO HAPOMUBIICHUCS >KH3HECITOCOOHONW MOJIOAU OT OJIHOM

CaMKH OTPa)KaeT BEJIMYUHY peatbHOU ((pakTHUecKoil) miog0BUTOCTH JadHUN.



H3MmeHeHne OMOJ0rHYECKUX MoKa3aTeJIen

y naduuit ucxoauoro (1-ro, 2-ro, 3-ro) NOKoJCHUs

MIpY JICUCTBUM UCCIIETyEMOTO BEIIECTBA

JlaTta

ydera

Cpok B

CyTKax

KonTtpons

Konuentparnus (mr/i)

MMOBTOPHOCTH UCXOJIHOTO, 1-T0O,

2-10, 3-TO IMOKOJICHUH

MMOBTOPHOCTHU UCXOAHOTO, 1-T0, 2-TO, 3-

'O MOKOJICHUI

quCII0 YHCJI0

pavKoB MOJIOON

HapyLICHUS

quCJIo

payvKoOB

YHUCIIO HapyLICHUS

MOJIOOH1

®dopwma 2



OTa BeIMYMHA, B KOHEYHOM HTOTE€, ONPEAEISIET COXPAHHOCTh BHUJA U UMEET
pemaronyo pojib Npy OI[EHKE TOKCUYHOCTH.

CyMMapHOe KOJUYEeCTBO OOpa30BAHHBIX SIUIIEKJIETOK B OpraHu3Me AapHUi
(matomoruss ©  (paKTUUecKas IUIOAOBUTOCTH) COCTABIAET MOTCHIMAIBHYIO
IJI0JIOBUTOCTH TapHUIA.

B penkux cinydasx XUMHUYECKHE BEIIECTBA MOTYT BJIMATH Ha TEMIT POCTa
pPAUYKOB, CHMXAsl WJIM YBEJIMYHMBAsi CKOPOCTh POCTA HAa Pa3HbIX 3Tamax >Ku3HW. U3
KQKJI0M KOHIIEHTPALUK CIeAyeT IPOBOAUTh u3Mepenue mo 10 - 15 paukoB nocie
pOXJieHUs (OJHOCYTOYHBIX), TOCJE HACTYIUICHUS TOJIOBO3PEIIOCTH B TEUCHUE
CYTOK M Mepe]l OKOHYaHUEM OMbITa. MI3MepsI0T AJIMHY payKoB OT NMEPEIHETO Kpas
TOJIOBBI /0 OCHOBAHUS LIUTIA.

[Io okOHYaHUU OMBITOB JUISI KaKJOTO MOKOJEHHUS MOJICYUTHIBAIOT CPETHUE
3HAYEHUSA BBDKMBAEMOCTH, IUIOJIOBUTOCTH B MEpPEcCUYEeTe HAa OAHY CaMKy 3a 4
MOMETa, KOJMYECTBO IMAaTOJOTHYECKUX OTKJIOHEHUN B MPOILIEHTAaX OT peasibHOM
IJI0JIOBUTOCTH, OT Pa3MepoOB B pa3Hble CPOKU. Pe3yibTaThl OMBITOB B PacTBOpax
BEILIECTBA CPABHUBAIOT C KOHTPOJIEM (BOJHAs cpena 0e3 hCCleIyeMOro BEIIECTBA),
JIOCTOBEPHOCTh OTKJIOHEHUW PE3YyJbTATOB OIBITA OT KOHTPOJS ONPEAEISIOT
OOBIYHBIMU METOIAMH BapHAIIMOHHON CTATUCTHUKH.

JIOCTOBEpHOCTh MOJIy4a€MbIX PE3YJIbTATOB B XPOHUUYECKOM OIIBITE MOKHO
CUMTATh HAJIEKHOMU, €CIIU COOIIOACHBI CIECAYIOIINE YCIOBHUS:

a) rubenb KOHTPOJIBHBIX JaHUM Ha KOHEI] orbITa He npebimaeT 10%;

0) 4 momeTa y KOHTPOJIbHBIX PAuKOB MOJYYeHBI 32 CpOK He Oosee 20 +/- 2
CYTOK;

B) KOJMYECTBO MOJIoAM Ha 1 camky 3a 4 momeTra B KOHTpoJie - HE MeHee 35
MITYK;

I') BpeMsl HaCTYIUIEHHUS MOJOBO3PEIIOCTH Y KOHTPOJIBHBIX PAYKOB - HE TIO3HEE
9 cyTtok;

n) JIK Ouxpomara kamus 3a 24 9 q1s naHUI 13 KOHTPOJIBHBIX PACTBOPOB

50



Haxoxarcs B quanasone 0,9 - 2,0 mr/i.

Ha ocHOBaHMM pE3ynbTaTOB HCCIAEAOBAHUN € JapHUSAMH B OCTPOM U
XPOHUYECKOM OINBITE JENAI0T BBIBOJ 00 YpOBHE TOKCHYHOCTU MCCIIETYyEMbIX
BEIIECTB.

Omnpenenenre KOHIEHTpAIMi, He 00JAJAIONIUX XPOHUYECKHM TOKCHUYECCKUM
nehcTBUeM, Oa3upyeTrcsi Ha OIEHKE TpexX IIOKa3aTelel: BBDKMBAEMOCTH,
IJIOJJOBUTOCTH M pa3MepoB AadHuil. KpurepuemM TOKCHYHOCTH B OMBITaX Ha
MOKOJICHUAX PAYKOB CIYKUT TaKKe HaJIMYhEe CTATUCTUYECKH JOCTOBEPHOTO
pa3nuyus Tpex Mokaszaresiel B ONbITE U B KOHTPOJIE.

[Ipu oneHke BIUSIHUA BEUIECTBA HA Pa3MHOXKEHUE 0c000€ BHUMAHUE CIIETYET
yAeIUTh 3PPEKTy CTUMYIISIIIUU, KOT/Ia KOJIMYECTBO MOJIOJIM B OIBITE MPEBHIIIACT
KOJIMYECTBO B KOHTpoJje. OmNbITBl HA CEPUU TPEX IMOKOJECHHUM MO3BOJIAIOT
YCTaHOBUTh, HACKOJIBKO YCTONYHB ATOT 3D PEKT B MOKOJIeHUsX. Eciu 4ncieHHOCTh
MOJIO/IA B OTIBITE MPEBHIIIAET YUCIEHHOCTh B KOHTpoJie He Oornee yem Ha 50 - 70%
U HE COMNPOBOXKIAETCA MATOJOTMUYECKUMH OTKJIIOHEHUSIMU B Pa3MHOKEHHH, TO
CTUMYJISILMSI, KaK MPaBWIO, B TOKOJEHUSIX HE 3akpervieHa. CTUMYIHPYIOIMIH
addekr, mpespimarommii  100%, Bcerma CcBS3aH ¢ MATOJOTHYECKUMU
OTKJIOHEHUSIMH U B PSY MOKOJECHUHN IPUBOJIUT K CHIYKEHHUIO TIOTOBUTOCTH.

Uucno maToJIOTMYECKUX OTKJIOHEHWW TpU Pa3BUTUM Yy PAdYKOB U3
KOHTPOJIBHBIX Cepuil (4aile Bcero - abOpPTUBHBIC sill]a) HE JOJDKHO MPEBBIIIATH
10% oOT BenMYMHBI pEATbHOW IUIOJOBUTOCTA HA JaHHBIA MEPUOJ BPEMEHH.
[TosiBneHne aOOPTUBHBIX SHI] MOXET OBITh CBA3AHO C YXYAIIEHUEM HEKOTOPBIX
YCIIOBUM KYJIBTUBUPOBAHUS: HEIOCTATKOM KOpPMa, OCBEHICHHOCTH, KoOJieOaHWEM
TEeMIIepaTyphbl U KAYECTBOM BOJIBI.

[Tatonornueckne OTKJIOHEHUS, TMPOSBISIONIMECS TPU  KCCIIEIOBaHUSAX
TOKCUYHOCTH BEIIECTBA, MOTYT YKa3bIBaTh HA XapaKTep JEHCTBHSI UCTIBITHIBAEMOTO
COCIMHEHUS:

a) €CJIM y payKoB 3aMEJICHBI MPOIECChl CO3PEeBaHUs, CHIDKEHA YUCICHHOCTh
MOMETOB U KOJUYECTBO OOpAa30BaHHBIX SHIIEKIETOK, TO BEIIECTBO 0O0JagaeT

rOHaJOTPOIIHBIM HGI;'ICTBI/IGM;



0) ecnmu y nadHUIA OMBITHON CEPUU BEIMYMHA TIOTCHIIMAIBHOMN TI0JOBUTOCTH
paBHa WIM TPEBBILIAET KOHTPOJIb, @ peajbHas IUIOAOBUTOCTh 3HAYUTEIBHO
CHI)KEHA 3a CYeT aOOPTUBHBIX ML, SMOPHOHOB U MEPTBOPOKACHHOU YPOITUBOM
MOJIOJIH, TO BEIIECTBO 001a1aeT SMOPHOTPOITHBIM JCHCTBUEM;

B) eciin y AadHUNA OTMEUEHO IMIOSBICHWE YPOIJIUBOH MOJIOAH, KOTOpas
BBDKMBAET B MCCIEIyeMBIX pacTBopax 3 u 0osiee CyTOK, TO MPEIIoyaraercs
HaJIM4YME€ MYTAr€HHOCTH U HEOOXOIHMMO MPOBEAEHUE CIEHHAIBHBIX YTOUYHSIOIINUX
HKCIIEPUMEHTOB.

[Ipu ycTaHOBJIEHUM HENEHUCTBYIOIIMX KOHIICHTpALUW BellecTBa Ha HadHUIX
JUMUTUPYIOIIUMH TIOKA3aTeNsIMU, Kak MPaBUJIO, SIBJIAIOTCS BBDKUBAEMOCTb U
IJI0J0BUTOCTh. HampaBieHHoe nelicTBHE BEIECTBA TOJILKO HA pa3Mepbl AapHUMN
HaOo1aeTcs pexxe. XUMMUUECKHE COETMHEHUSI MOT'YT TOPMO3HUTh POCT HA Pa3HBIX
KU3HEHHBIX 3TaIaX:

a) €CJIM MOJIO/Ib POXKAAETCS Takas >Ke, KaK B KOHTPOJIbHBIX PACTBOpax, HO K
NIEPUOJly HACTYIUIEHHMS II0JIOBO3PEJIOCTH pPa3MEpPbl pPAayKOB YMEHBILIEHBI, TO
BEILECTBO TOPMO3UT POCT JaHUI B FOBEHUIBHBINA EPUOT;

0) ecnu pa3Mepsl NadHHUI TOCTOBEPHO YMEHBUIEHBI K KOHILY OIBITOB, TO
BELIECTBO MOJIABJISIIO POCT JadHUN B IEPUO Pa3MHOKEHUS;

B) €CJIM HOBOPOXKJIEHHAs! MOJIOJIb B 2 pa3a Mejbue, YeM MOJIOb KOHTPOIbHBIX

PAvKOB, TO PE3YJIbTATHI YKA3bIBAIOT HA HATMYME MYTAareHHOTO 3P eKTa.

4.1.5. IlpoBeneHue ucciei0BaHui Ha MOJETBHBIX MOIMYJISIIUAX

4.1.5.1. TloctanoBka uccienoBaHuid. OMNBITHI MO 3TOW CXE€ME MPOBOJATCS B
XUMHUUYECKUX CTaKaHaX WM akBapuymax ¢ obobemom cpeabl 1amM3. OcrtaibHbIC
MPUEMBI CXOAHBI C ONTMCAHHBIMU B MPEABIAYIIEH METOaUKE. BbIMETaHHYIO MOJIOb
mocje TMojcyeTa He YIausioT (Kak B Ciydae IIOCTAHOBKM OIbITAa Ha CEpPUU
reHepaluii), a BO3BpaIlaroT B SKCIIEPUMEHTAJIbHBINA CTaKaH.

B crakaHbl BHOCUTCS OJIMHAKOBOE KOJIMYECTBO OJHOBO3PACTHBIX PayKoB (110

8, 9 wmm 10 opranuzmoB). Iloacuer yno0HO MPOU3BOAUTH MO TPEM BO3PACTHBIM



rpynnaMm gadHHii: MOJOIb 0 Hadajga co3peBaHus ToHaa (ml), momoas ¢
TOHA/IaMH, HaYaBUIMMU CO3peBaTh (M2), U B3pocible. [I0CKONbKY mepexo Mexay
rpynnamMu perucTpupyercs He4eTKo, yA0OHO MCIOJIb30BaTh BTOPUYHBINA MOJIOBOM
npu3HaK - y M1 nepBblid a0JOMUHAIBHBIA OTPOCTOK HEPA3BUT WJIM MMEET Mallble
pa3Mepbl U PacroiokKeH MEPHEHANKYISAPHO CIMHE a0JoMeHa, Y M2 OH HauHWHAeT
3arubaThCs BIEpe.

[TonHblil aHAJIM3 ¢ UCHOJB30BAHUEM IIKAJ MOYKHO MPOM3BOAUTH HE HAa BCEX
paukax, a oToOpaB mo 15 sk3eMusipoB M1, M2 H B3pOCHBIX, OCTaJbHBIC
MOJICUUTHIBAIOT TOJBKO JJISI Y4€Ta COOTHOIIEHHUS UX YUCICHHOCTHU. 3aTeM nadHuii
B3BELIMBAIOT. [l 3TOro cneayer craenaTh CUTO M3 IUIAHKTOHHOIO Ta3a M
kanpoHoBoit kuiku (0,4 - 0,6 MM), UCMONB3ys B KayecTBe IabJioHA JHO
XUMHUYECKON MPOOMPKH COOTBETCTBYIOLIEH KPUBU3HBI M CBapHBas BCE YACTH C
MOMOILbI0 HArpeToro >KEJIE3HOro MpeaMeTa, HalpuMep, NUHLETAa C¢ TOHKUMHU
KOHYMKAaMH U T.II. J[JI1 B3BEIIMBAaHUSI PAYKOB M3 CTaKaHa I IPOCMOTpa MUIETKON
NEepPEeHOCT Ha cUTO. B cuTo ayig mpocMmotpa, noMenieHHoe B yamky [lerpu (raoe u
yI00HO MPOBOJAUTH MPOCMOTP), HAIUBAIOT HEMHOTO BOJIBI U3 CTaKaHa, B KOTOPOM
OHM Haxoaunauch. CHUTO ISl B3BEUIMBAHMS OOCYIIMBAIOT Ha (UIBTPOBAIBHOU
Oymare. B3BemmBaHue NPOM3BOAMTCS HAa TOPCHOHHBIX WM AHAJIOTMYHBIX WM
Ipyrux Becax, Imocje 4ero JadHUN HEMEIJIEHHO NEPEeHOCSIT B HOBYIO
OKCIEPUMEHTANIbHYI0  cpely. Bs3BemmBator Bcex nadHuit w3 JaHHOMU
KOHIICHTpAIIUU ¢ TOYHOCTHIO +/-1,5 Mr, mosToMy Bec 6osee 10 paukoB JOCTATOUHO
penpe3eHTaTUBEH.

OnpIT [OaUTCS A0 Hayalda CHIKEHHUsS OMOMAcChl MOCTE JOCTUKEHUS €€
MaKCUMaJIbHOW BEJUYMHBI B KOHTPOJE U MPHU HU3KUX KOHIIEHTPALMAX BELIECTBA
(TTOIOCTPBII OMBIT) WK JJO BTOPOTO MJIM TPETHErO MUKa OMOMACChl (XPOHUYECKHIMA

OTIBIT).

4.1.5.2. Yder m aHanmu3 pe3yabTaToOB. B TedueHWe MNepBbIX JBYX YacoB
HAOJI0/IEHUE MTPOBOIUTCS PETYIIPHO: CHavaja KaXyl0 MUHYTY, 3aTeM - uepes 5,

nanee - udepe3 10 muHyT. Ilo3xke MOXKHO OrpaHMYUTHCS MHPOCMOTPOM YEpe3



mojsyaca 10 KOHLA mepBoro pabdodero nusa. Co cleayromero IJHS HPOCMOTP
IIPOBOJUTCS €KETHEBHO.

Yepes cyTku, uepe3 ABoe, Ha 5-¢ u 10-e CyTKu MpOBOAUTCS MOJIHBIN aHAIHU3 C
IPOCMOTPOM TOJ OWHOKYJSIPOM U ONMCAHUEM COCTOSIHUSL KaKaoul ocobu. Eciu
UMEIOTCSL JTaHHBIe, YTO BO3MOXKHA 3a/iepKKa pocTa nadHUN, OHH JOJHKHBI
PETYIISIPHO U3MEPATHCS MOJT OMHOKYIISIPOM.

HapHuu noapazaenstoTcs Ha CIEAYIOIINE BO3PACTHbIE IPYIIIIbL:

OM - MOJIOJIbI€ CAMKH JI0 Hayasla CO3pEeBaHMsI TOHA (TIEPBbI a0 J0MUHATBHBIN
+1
OTPOCTOK HE Hayaj OTru0aThCs BIEPEN);
OM - MOJIOJBIE CaMKH C HayaBIIMMHU PAa3BUBATHCS TOHaJAamH (II€PBBII
+ 2
a0JIOMMHAJIBHBIA OTPOCTOK Havall OTTUOATHCS BIIEpEN);
O sUI. - B3pPOCJbIE SJIOBBIE CAaMKH, Y KOTOPBIX B BBIBOJIKOBOW Kamepe
+
(B Mapcymuu) AOJHKHBI ObITh, HO OTCYTCTBYIOT 3apOJBIIIM WJIM Ha CIOUHE HET
abunnyma;
0 5 - B3pOCJbIE CAMKH C SIMIIaMU WIH 3apOJbIIIaMU B BBIBOJKOBOM KaMepe;

+
0 iMs - caMKu C sidllaMH M 3apOJbIIIaMUA PAa3HOrO0 BO3pacTa W pa3mepa
+

(HapyIlIeHUE pa3BUTHUS YACTH SIHII);

03 -CaMKHu C B(PHHHHYMOM Ha CIIMHC 1 JIaTCHTHBIMHA ﬂﬁHaMH B I'OHaaax;

+
Al
O M - MOJIOJIbIE CaMIIbl IO HavaJia pa3BUTUSI BTOPUYHBIX TPU3HAKOB, Y HUX, B
1
OTIIMYME OT CaMOK TOTO € BO3pacTa, HECKOJIbKO "OYIbI0KUi" BUJ U B3IyThIC

AHTCHHYIJIbBI;

N



OM - MOJOJBIE CaMIlbl C HAyaJOM pOCTa AHTEHHYJ (OHU BBITSHYTHI, HO HE

2
pa3BUTHl TMOJHOCTBIO) M C OOpa3oBaHMEM pACUIMPEHHsS Ha HWXKHEH IIenu
PaKOBHHBI;

A

O - B3pOCIIbIE CaMIlbl C MOJHOCTBIO PAa3BUTHIMU aHTEHHYJAMH, C OIYLIEHHBIM
pacliupeHueM B CepeauHe OpIOIIHOW IIeMH PAaKOBUHBI M JUIMHHBIM XI'YTOM Ha
MEePBBIX
a0JIOMUHAJIBHBIX HOXKKaX.

Ecnu nmox BiusiHMEM HEPBHO-NAPAIUTHUECKOTO siAa y AaQHUM MPOUCXOIUT
CYJIOPOXHOE COKpAIICHHE IMPOJIOJIbHBIX MBI a0J0MeHa, OCOOEHHO KOrja 3TO
COIIPOBOX/IAETCS OMOPOXKHEHUEM KHUILIIEYHHKA U BHIOPACHIBAHUEM M3 BBIBOJKOBOM
KaMmephl SUll WiIu 3apojbliied, crtaBiaT OykBy "T" (Tetanyc). OO0s3aTenbHO
OTMEYAIOT clyyau moOeneHus (Koaryiasiuuu O€NIKoB), B TMEPBYIO O4Yepeib
XKaOEepHBIX OTPOCTKOB a0 IOMUHAJIBHBIX HOMKEK.

Takue oTMETKM AenaroT npu OeriaoM npocMoTpe naduwuil. [lpu TmareasHOM
o0cJieToBaHUM T10]1 OMHOKYJIIPOM PETUCTPUPYETCS YUCICHHOCTH (2 pa3a B HEJIEIIO

B MOMEHT 3aMEHBI PAaCTBOPOB):

NN
a) moJsioju M1 u M2 (OTJIETLHO OM ; OM ;OM U O M );
+1+2 1 2

A\

0) B3pOCHBIX caMIIOB (O );
B) CAMOK C MapTECHOT€HETUYECKUMHU SUIIaMH (051);
+
r) "smoBbIX" caMOK (SIBHO MOJOBO3PENBIX, HO C MyCTOBBIBOJIHONM KaMepoH, €Ciu
TOHAJIbl HE HAOUTHI TAPTEHOTCHETUYECKUMU STIIaMu) (05T );

+

1) caMOK ¢ 3unmumymamu (05).

+



Kpome Toro, yuuThIBarOTCs Ciy4yau ypOJIMBOTO Pa3BUTHS UL B BEIBOJKOBOM
KaMmepe, COpOIlIeHHBIE HEJAOpa3BUThIE sillla ¥  3apobIIIN, COPOILICHHBIE
A(UMNIUYMBI (€CTTU B HUX HET JJATEHTHBIX SIMI) U CYMMAapHBIN BeC KUBBIX JadHUM.

OpuH-Ba pa3a B TE€YEHUE JKCIEpPUMEHTa, yulie Bcero Ha 10 - 15-e cytku
(aza nmorapudmudeckoro pocta) U Ipu JOCTHKEHUH OMOMACChl HACBIIECHUS (Ha
25 -
28-¢  cyTkd) 1enecoo0pa3HO B KayecTBE JOIMOJHHUTENbHBIX IOKa3aTeseu
IIPOBECTH
MOJIHBIN OWOJOTHYECKUU aHanu3 fadHUN C peructpanueid mo 15 ocodeit oM , om

+1 +2
Y B3POCIIBIX.

OTnenpbHO JOJKHBI YYUTBIBATBCA BCE YpOIJIMBbBIE ocobu. JKenarenpHo
nepecaguTh UX B UUCTYIO BOJY U MPOCIEAUTH 3a UX JalibHEHIIEeH cyap00ii 1 3a UX
IIOTOMCTBOM.

Kak mpaBuiio, HanOosiee 4yBCTBUTENIBHBIM NOKa3aTelIeM SBJIsIETCS OMoMacca
naHU B MOMEHT JIOCTHMIKEHHS MAaKCHUMaJIbHBIX 3HAYEHUW B KOHTPOJIE U TNpHU
MUHUMAJIBHBIX KOHUEHTpAlMsAX BEIIECTBa B ONbITe. Eciu 0oO0HapyXuBarOTCS
HApYyLICHHUS B PAa3BUTUM IMAPTECHOTCHETUYECKUX WM JaTeHTHbIX sun, [IJIK
BEILECTBA JJOJKHA YCTAHABJIMBATHLCS MO 3TOMY IOKa3aTEIIo.

O6 ynutraHHoCTH JadHUN U HAKOIUIEHUU T€MOTJI00MHA MPU CHUKEHUU B BOJIE
COJIEp’)KaHUsl PACTBOPEHHOIO KHUCJIOPOJA MOXHO CYAWTh II0 IBETYy Tela M
KOJMYECTBY Kamenb kupa. HMHorma y padHuil mnosBisieTcss 3€IeHOBaTo-
roiayboBaras OKpacka, OCOOEHHO SMI[ M 3apojblliel B BBIBOJKOBON CyMKe,
pacroIoKEeHHON MeX1y CTBOPKAMH PAKOBUHBI HAa CIIMHHOM CTOpPOHE U a0JJOMEHOM
pauka. OOBIYHO ASTOT LBET MNPUIKCHIBAIOT KAPOTUHOMIAM, HAKAIlJIMBA€MbIM B
3aMETHBIX KOJIMYECTBAX.

Huxe npuBeneHsl HEKOTOpbIE (DOPMBI 3aMUCH U UHTEPIPETALUN PE3YIbTAaTOB
onbiToB ¢ naduusmu (Tadmmnest 4.1.2 - 4.1.6 u @opwmet 3 - 5).

[Ipu BHeceHuu B TaOMUIly B YHUCIMTENE 3alKUCHIBAIOT COCTOSHHUE SIUI] B

romagax, a B 3HaMCHATCJIC - COCTOAHUC SMII, BapOI[BIHIeﬁ B BBIBOI[KOBOﬁ KaMeEpe



wii B H>dunmuyme Ha Hel. Bwimensior cnemyromue TpajalMd  CTENEHU

ITOBPEXKIAIOIIETO IEUCTBHUS:

E - pPCaKIuu ,Ha(i)HHfI, HC CBA3AaHHBIC C UX ITOBPCKIACHHUCM,

1
E
2

- JICTKHUC IIOBPCIKIACHUA, HC CBA3AHHBIC C OIIACHOCTBIO UL CYIIICCTBOBAHUA

ocoou;

E - noBpexaeHus cpeaHen TSKeCTH;

3

E - TSOKCJIBIC ITIOBPCIKIACHUA
4

E - rubenp pauykoB M MPEAIIECTBYIOIIME €A CUMOTOMBI (MMMOOUIIM3ALIMS,

5

TCTAHUYCCKHNC COKPAIICHHWA TYJIOBUILA, ITapaInin U T.H.).



Ta0Omuma 4.1.2

[IIxaa 1151 OIIEHKHU CTETICHU HATIOJHEHUS KUIIeUYHNKA nadHwmii

ConepkuMoe KUIIICYHHUKA bamn
OtcyTcTBYET Kl
3anoyiHsAET MEHbIIIE MOJIOBUHBI KUIIIEUHUKA, YACTO HE MPUJIETAET K €r0 CTEHKaM K2
3anosauHser oT 1/2 1o 3/4 kuleyHuKa, peIXjio K3

3anonuHser 6ombine 3/4 KUIIeYHNKA, HO MECTAMH OTCTAeT OT CTEHOK WUJIM MPO3pavyHo B | k4

CpEIIHEN YAaCTH KUIIIECYHUKA

3anoyHAEeT BECh KUILIEYHUK; €CIIU TPOCBEYMBAET, TO TOJIBKO B €r0 MEPEIHEN YacTH K5
3anoyHAEeT BeCh KUILIEYHUK, HO MPO3PAYHbIM €JI€ BUJITHBIM COAEPKUMBIM K2a
3anoyHsAEeT BeCh KUILIEYHUK, OKPAIIEHO, HO CUJIbHO TPOCBEYMBACT K3a

[Tpumeuanue: 6amnbl k2a U K3a CBUACTEILCTBYIOT O HApylICHUWU MUIeBapeHus, kl u k2 - o romonanuu napHuii, k3 - 0

IIJIOXOM ITUTaHHH.



COKpaHICHHaH 3aITMCh OKPACKN COACPKMMOI'O KUIICYHUKA

Oxkpacka OnuBkoBas | 3eneHas Oxpucras KopruneBas Cepas Yepuas
COAEPIKUMOTO ("mecyanas")
O6o3HaueHune O 3 Ox K 4

Tabomuna 4.1.3



[Ipumeuanue: 3amoOJHEHHOCTh KHUIIEYHUKA W OKPACKy €ro COAEpKHUMOTO
yIOOHO YYWTBHIBATh OTIENBHO I MepenHed (mo meperuda mpu IMepexojie H3

TOJIOBHOT'O OT/IejIa B a0JJOMEH) U 3a/IHEH YacTH.

Tabmuma 4.1.4
[IIxana rpamamnuii okpacku Tena gadaui
|
| |
XapakTepucTHKa OKpacku Tena napHui O11eHOYHBIH OasT |
|
|
| |
| |
becusetHoe, "crexknsaHoe" 1
|
|
| |
| |
| XKenrosaroe (1mosocTHAS KUAKOCTh HE BUHA, HO OLIYIIAETCs 2

| J1a3Ma KJIETOK)

| [1na3zma KJIETOK U KpOBb (ITOJIOCTHAS )KUJIKOCTh) UMEIOT | |

| i Hy3HO-pO30BOE OKpAIIUBAHKE: | |
| onenHoe | 3 |

| YMEPEHHOE | 4 |

| SIPKOE | 5 |

MyTHO-)enToe 2m



MyTHO-p030BOE 3M - 5M

[Ipumeuanue: Oamn 1M He TPUBOAUTCS, MOCKOJIBKY OH IIOXO BBISBIISIETCSA
BU3yallbHO. MyTHOCTH (B TEPBYIO O4YEpellb AbIXaTENbHBIX OTPOCTKOB HOT U

Ty.HOBI/IH_[a) OOBIYHO CBUACTCIILCTBYCT O KOAryJisiliu I1J1a3Mbl KJICTOK.



[Mxana pasBUTHUA MMAPTCHOICHECTUYICCKUX U JIATCHTHBIX SAWIT

B roHajax nadpuui

CocTosiHrE TOHAIBI U POXOAIINE B HEW TPOLIECCHI

OueHoYHbII 0at

PazButue MAapPTCHOICHCTUYCCKUX SANIL

B 30He pocTa BU3yanbHO He 0OHapyXUBaeTcs ouepeaHas naptus suil. MHoraa 3aech 1
cJ1a00 BUJIHBI TPO3PAaYHbIC KIJIETKHU SMUTEIHSI 30HBI pOCTA, HO OHHU PACIOI0KEHBI

Oecnops0UHO

B 30He pocTa pacnosiokeHbl TeTpaibl MPO3PayHbIX SIMIIEKIETOK, COAEpKAIINE KAl 2
&Kupa (MaJblii TpoQomia3MaTUYECKUi PoCT)

SIMIEeKIeTKN CTaHOBATCS ABIMYATBIMU, TPOMEXKYTKH MEKIY HUMU MPOCBEUUBAIOT 3
(60mBIIOM POCT, HAKOTUICHHUE HKEJITKA)

SinexneTKy TeMHbIe, MaJoNpPO3payHble B IPOXOISIIEM CBETE, MPOMEKYTKH MEXKTY 4

HUMH HC BHUIHBI (H&KOHHCHI/IG KCJITKa 3aKOHYCHO, HﬁHa I'OTOBBI K ITOCTYIIIICHUIO B

Ta0muna 4.1.5



BBIBOJIHYIO KaMepy)

Pa3BuTHe 1aTeHTHBIX NI

Ha rpanuiie 30HbI pocTa U 3a4aTKOBOM 30HBI TOHA/IBI (HA/I MATON Mapoi OPIOITHBIX 1
HOKEK JISKUT Ipynna KJIETOK ¢ 0ojiee pe3KUMHU IpaHULlaMU, MOCIEAHSA TeTpaaa
npeoOpa3yeTcs B JATEHTHYIO SIMIEKIETKY C IEPBUYHBIMU MUTAIOIKUMH KJIETKAMH )
B rpynme kierok ¢ 6osiee TEeMHBIMU 000JIOYKAMU CHU3Y MPUJIETaeT TEMHAs 2n
TPEYTroJibHAsl MOJOCKA JIATEHTHON SIULEKJIETKH (Ha4ajao HaKOIUICHUS KEJTKA)
[lepBUYHBIE MUTAIOIINE KIETKU AbIMUYATHIC, [10J HUMH - TEMHAs TPEYTobHas 3n
MOJIOCKA JJATEHTHOM SUIIEKIETKH (MIET HAKOIIJICHUE KEITKA)
JlateHTHOE S0 CPOPMUPOBAHO, YACTO C HEOOJIBIION MEPETHKKOMN TTOCEPEANHE. 4n
[MuTarommx KJIETOK HE BUTHO

[TaTonorus
Kpas xkneTku MyTHBIE, YaCTHIIBI JKENTKA B KIIETKAX 3MUTENUS 30HbI pocTa. et P

pe3opommst stur. OOBIYHO 3aMETHO Ha CTaAusaX 3 u 31




[ITkana pa3BuTHs NaPTEHOT€HETUYECKUX SIUL] B BBIBOJIKOBOM

kamepe u rdunmnuyma. Hopma u natonorus

IIoka3aTens COCTOSHUS U IMPOUCXOIAIINC ITPOICCChI

O1LieHOYHBII 0aiuT

BriBogHas kamepa mycra

a) y BIIEPBBIE CO3PEBAIOIIUX CAMOK 0

0) y TOBTOPHO CO3PEBAOIINX 04
Pa3BuTHe napTeHOTEHETUYECKUX ULl (HOpMa)

Siina TeMHbIe, HETIPO3payvHbIe, B HAYaJle CTAJUH BBITSHYTHIE, B KOHIIE €€ OKPYTJIbIC. 1

OxoHyaHue 00pa30BaHUS HAMPABUTEIBHBIX TEJICI, CIIUSHHE SJIpa OJTHOTO U3 HUX C

SAJIPOM SIMTIEKIIETKH, 00pa30BaHKE MEPBOM SHIIEBON 000T0UKU

Sitna cTaHoBSITCS KpyIHee ¢ 00yiee CBETIILIM NepUuPepuuecKiM CIIOeEM U 2

rpanyJsinuen B cepeaune siina. J[poGnenue, ractpynsius

Taomuna 4.1.6



Cranus HecpopmupoBaHHoro sMOpuona. Hauano craHoBiIeHUs 3a4aTKOB (BBICTYIIOB)

II1aBaTCIIbHBIX aHTCHH, KOHCII €I'O, C(I)OpMI/IPOBaHI/IC IIapHOTO I'J1a3a

Cragus cpopmupoBanHoro sMopuoHa. Hayano craguu - ciusitHue mapHOro riasa u
MOSIBJICHHWE B HEM YEPHOI'O MMUTMEHTA, KOHEIl €€ - MOJIHOe CHOPMUPOBAHNE MOJIOI0N
naHUM, KOTOpas HAYMHAET ABUTAThCS, cepAle ee myabcupyer. KaynanbHas urna

HHOT'Ja IMOAOIrHyTa B MOMCHT BbBIMCTA, MHOT' A BBITIPAMIICHA

Hapymienue napTeHoreHeTHuecKkoro pa3BUTHs (ATOJIOTHS)

Slitna myTHBIE, HEMpPO3payHbIe, YacTo - HaOyx1wme. x rubens u gerenepanus il
Sitna TeparoT popMy, pa3nararoTcs U B BUJE MEHUCTON MACChl BBITEKAIOT Yepe3 S
3a/IHIOIO 111€JIb BBIBOJAKOBOM KaMephbl CAMKH

Slitna pa3BUBarOTCs, HO HE MPOUCXOAUT SMIIEBOM IMHBKH (BO BpeMsl pa3BUTHS mS

AMOPHOHOB B HOpME HAOJIOJAETCS OJTHA SUIIEBasi U IBE OMOPHUOHAIBHBIC JIMHBKN),
MOATOMY 3apOJIbIII pa3BUBaeTcs ypoauBo "B siine". [Ipu chhopmupoBaHHOM I1a3e U

YKC MYJIbCUPYIOUIEM CCPALC HC BUTHO HUKAKUX BBICTYIIAOIIUX OPIaHOB

®opma 3



BoikxuBaemocTs nadHul B pacTBOpaxX BEIIECTBA

Marta | Hac | Cpok ombiTa KonTtpons Konnenrpanusa C, mr/n

MOBTOPHOCTH 1-5, 2-51, 3-51 MMOBTOPHOCTH 1-51, 2-51, 3-4

HOMEpa CTaKaHOB HOMEpa CTaKaHOB
1 2 3 1 2 3
N3meHenne OMOI0THYECKUX ToKa3aTenel y qadHui
T10JT BJIUSIHUEM BEIIECTBA
Harta | Cpok KonTpoJib Kounnentparus C, Mr/n
OIIbITA B
HMCXOJHOE ITOKOJIeHue, 1-¢, 2-¢€, 3-¢ HMCXOJIHOE TTOKOJIeHHE, 1-¢, 2-¢, 3-¢

®opwma 4



CYTKax ITOBTOPHOCTH, HOMCpPA CTAKaHOB ITOBTOPHOCTL, HOMCpPA CTAKaHOB

YHUCIIO0 abopTUB YHUCIIO abopTuB
HBIC HBIC
nadH | Kapamna | MoJI | MepTB | A(uIII nadH | Kapana | MoJI | MepTB | A(uIII
. sIf1a . srna
WA | KCOB |OOM | BIX | AYMOB Ui | KCOB |OAM | BIX | HYMOB

dopma 5

N3meHeHus: OMOJIOrMYecKuX MmokasaTenen y nagHui

B OIIbITax Ha KYJbTypax

IToxa3zarenu Hcxonusie ocoon 1-e noxosienue u T.1.

KOHTPOJIb KOHIIGHTpAIs, MT/JT KOHTPOJIb KOHIICHTpAIusi, MT/JT

BrepxuBaemocTs, %

Cpox HacTymiIeHus




ITOJIOBO3PCIIOCTHU, CVYT.

IlepBbIii IOMET, CYT.

Peanpnas IIJIOAO0OBHUTOCTD

Yuciio abOPTUBHBIX SIULL

Ywucio MCPTBOPOKIACHHBIX

Hucno yposmmBoil MOJIOAN

Yucno 3¢punnuymoB

Huco kapanakcos

JmHa, Mmm

[[Tupuna, Mm




4.2. llepnonaduus

4.2.1. XapaKkTepuCTHKa TeCT-00BhEKTa

Lepuonaduun - pauku Buga Ceriodaphnia affinis Lilljeborg (knacc Crustacea,
orpsin Cladocera, cemeiictBo Daphnidae) oOuTaroT B MpeCHOBOAHBIX BOJHBIX
oobektax EBpombi, CeBepHoit Adpuku, Asum, CeBepHON AMEpUKU. DTOT BUJ
OTHOCUTCS K OJIUTO- W Oerame3ocampobaM M HacenseT BOJHBbIE OOBEKTHI C
3aMeJJICHHBIM TEUEHUEM - HETTTyOOKHe 03epa, pekH, Bogoxpanunuina. CBeeHus o
Mopdosorud ¥ (PU3MOJIOTUU padkoB omnyOnukoBanbl panee (PZI 118-02-90
yrBepxaeH 1'ockomnpupoasr CCCP ot 6 aBrycra 1990 r. N 37 "Meroanueckoe
PYKOBOJICTBO 10 OMoTecTupoBanuto Boabl". M: 1991; YrBepxxaeno Munnpupoaoin
Poccun ot 27 ampens 2001 1. "PykoBOICTBO MO ONpPENEICHHID METOJO0B
OMOTECTUPOBAHUSI TOKCHUYHOCTH BOJ, JOHHBIX OTJIOKEHHH, 3arpsA3HIIOIIUX
BeIECTB U OypoBBIX pacTBOpoB". M: POOUA, HUA-IIpupona, 2002).

Lepuogapuus numeer Oosiee MENKHE pa3Mepbl, yeM JNadHUU, MOJIOBO3PEIIbIE
camkua 1,5 MM, camipl - 0,8 MM, 4TO MO3BOJISIET B OMNBITAX MAHUITYJIUPOBATH C
MEHBIIMMHU 00bEMaMH BOJbI U 00Jiee KOMIIAKTHBIMU €MKOCTSIMH. buosornueckuii
LUKJI Pa3BUTUS OT POXKJIEHUS JI0 MOJOBO3PENIOCTH Y LiepruogadHuil BIBOE KOpoue,
yeM y nadHUid, Ipyu ONTUMAIBHBIX YCIOBUSAX pa3Butus. Tak, npu temmepartype 25
°C co3peBaHUE HACTYMAaET Ha 2 - 3-U CYTKH OT POXKACHHS, BpeMsl IIEPBOro MoMeTa -
Ha 3 - 4-e CyTKHU, a 3a CPOK 7 - 8 CYTOK Y Pa4KOB MMOJYy4aroT 3 OMETAa.

IIpn Temneparype 18 °C cpoku mosydeHHUsI TpeX MOMETOB y PAdyKOB MOTYT
pacTsaHyThCs 10 28 CyTOK. UHMCIEHHOCTh MOJIOAHW y PAyKOB B IIEPBOM IIOMETE
HEeBeJMKa - 1o 2 - 6 oco0el, a HaYuHasi CO BTOPOro rnomera - ot 6 10 20 ocobeit Ha
caMKy. OTOT BuJ HepuogadHuil MOHO- WU AMIMUKINYEH. MaKCUMMyM MOJOBOTO
nepuoAa pPa3MHOKEHUS! NMPUXOAUTCS Ha aBryCcT - CEHTAOpb, CaMKH 00pasyioT
AQUIIUYM C OJHUM SHULIOM. B 1ab0paTOpHBIX YCIOBUSIX CaMIIbl MOSIBISIIOTCS MPU
HEJOCTATOYHOM  OCBEILEHUH, CHUXKEHUM  TEeMIEpaTypbl,  KOHLEHTpaluu

PaCTBOPEHHOI0 KUCIOPOa, TOJI0IaHUMN.



Llepuogapuuss Oonee dYyBCTBUTEIbHA K  KUCIOPOJHOMY (akTopy, 4em
nadHUs.
HopwmainsHoe pa3BuTHE IepuogadHUi TPOTEKaeT MPH  KOHICHTPALUU
PacTBOPEHHOTO B
BoJie kuciopona He Hmxe 5 mrO /n. Beneactsue storo nepuonadHuu 6osee
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YYBCTBUTEIIHHBI K OpraHUYECKOMY 3arps3HEHUIO U BEIIECTBAM,
CHIDKAIOIINM

KOHIICHTPAIIMIO PACTBOPEHHOTO KUCIOPOJIa B Cpeie.

4.2.2. YcnoBus 1a00paTOpHOTO COACPKAHUS

TpeOoBaHus K TOMEIICHUIO, T COAEpKaT IepuogadHui, TaKue Ke, KaKk U ¢
nadbuusmu. He momyctuma oOpaboTka MOMEIMICHUST XUMUYECKUMU BEIIECTBAMU C
1EJIbI0 YHUUTOXKEHUSI HACEKOMBIX U TPBI3YHOB.

JUisi  KyJabTUBHpPOBaHUSA UEpHOJA(QHUU UCHOJB3YIOT JIEXJOPUPOBAHHYIO,
OTCTOSIHHYIO BOJTY, KOTOpasl JIOJKHA YAOBIETBOPSTh CIEAYIONUM TPEOOBAHUSIM:

a)pH 7,0 - 8,2;

0) ob1mas »ecTkocTh - 1,3 - 2,0 Mr3KB/II;

B) coJiepKaHUe pacTBOpeHHOTO Kucaopoaa - 7,0 - 8,0 mrO /m.
2

B kaudectBe kopMma s 1epuofadHUN MCHOJB3YIOT XJIOPEIUTYy - 3€JICHbIC
npoTokokkoBelie Bogopociau (Chlorella wvulgaris) u mnekapckue JIpOXKH.
[Ipouienypa BbIpamuBaHus BOJOPOCIEH MpuBeAeHa B pasfiene ¢ nadausmu (m. 4
[Tpunoxenus 2).

JUist KynbTUBUpOBaHUS LiepuoAapHuil yaoOHbI HEOOJIbIINE KPUCTALITU3ATOPbI
WJIM CTakaHbl eMKOCThIO 0,5 - 1 1M3, MIOTHOCTH MOCAAKU PAYKOB - U3 pacuera He
menee 20 cm3 oOweMa cpenbl Ha onHY 0co0b. C IEIbI0 aJanTalii PavykoB K
YCIIOBUSIM HOBOM J1a0OpaTOpuM HMX MOMEIAIOT B CMEIIAHHYI0 BOAy: | yacTh
Cpellbl, B KOTOPOU payku >KUJIU paHee, U 3 4acTh JJabopaTopHoi Boabl. KopmieHue

MIPOBOJISAT €XKETHEBHO, BOJIOPOCTH BHOCAT B KOHIIeHTparuu 250 - 500 Thic. Ki1/cM3;



JPOXOKU JAKOT HE Yallle OJHOTO pa3a B HENENI0, JKENATeNIbHO Mepell CMEHOU
pactBopa B KoHueHTpauuu 1 - 2 cm3 1% pactBopa Ha 1 nm3. KynberypanpHas
cpena OOHOBIISIETCS TIOJTHOCTBIO OJIMH Pa3 B HENEIIO.

Kynbrypy nepruonaduuii BbIpaliMBalOT B KJIMMAaTOCTaTe, JTIOMUHOCTATE WIIU
OOKce Mpu ONTHUMANBHBIX YCIOBUAX COAepKaHus: Temmeparypa 25 +/- 1 °C,
ocsenieHHocTh - 400 - 600 K, TPoI0HKUTEILHOCTS CBeTOBOTO AHS - 10 - 12 4.

IIpu KynbTUBHpPOBAaHUM LepHoJadHUN YAOOHO OJHOBPEMEHHO COJEPXKATh
pauKoOB JBYX IIOKOJIEGHHA - MaTEpPUHCKHE pa3MHOXKAKIIHMECS OCo0M U
HOJIPacTAOIIY0  MOJOAb. IIpOJOKUTENPHOCTh HCHOJB30BAaHUS MATOUYHBIX
KyJbTyp OrpaHuuMBarOT 15 - 20 cyrkamu. OTMedaeTcss KaXI0€ pPOAUBIIEECS B
71a00paTOpPUMU MOKOJICHUE U CTABUTCA J1aTa POKIACHHUS.

JU1 TOKCUKOJOTMYECKUX HCCIIEJOBAaHUNM MCIONb3YIOT LiepuoiadHuil, HaunHas
C
TpeThero nokosieHus. Paukos B Bo3pacte 4 +/- 2 4 nccneAyroT Ha YyCTOMYHUBOCTD K
CTaHJAPTHOMY TOKCHUKAHTY - OMXpOMATy KajJusl B OCTPOM OIbITe, BenrunHa JIK
50
OouxpoMara Kajaus 3a 24 4 Haxoautces B uaTepBate 1,0 - 2,2 mr/oM3.
B nanbHeiiemM 3KCIEpUMEHThI ¢ OUXpOMAaTOM KaJiisi CTaBsIT OJJHOBPEMEHHO C

MMOCTAaHOBKOH OCHOBHOI'O OCTpPOTO OIIbITa C KAXXJbIM BCIIICCTBOM.

4.2.3. IlpoBeaeHne ucciae0BaHui

4.2.3.1. Octpsiii onbIT. IIpeaBapuTENbHBIA OCTPBIM OMNBIT MPOBOASAT C
HaOopoM 3 - 5 KOHIIeHTpaIui BemiecTs, pasmmyatomuxcs B 10 pa3: 100,0 - 0,001
mr/am3. JIMUTENTbHOCTH JTOrO OmbITa 24 4, OH YCTaHABIMUBACT TMOPSIOK
OCTPOJIETATBLHBIX KOHIIEHTPAIIU BEIICCTB.

OCHOBHOM  OCTPBIM  ONBIT  MPOBOAUTCA  HMCXOJsl U3  PE3yJbTAaTOB
MPEIBAPUTEILHOTO BapwaHTa ¢ HA0OpPOM OKOJIO 5 KOHIIGHTpAlluid BEIIECTBa.
BriOuparoT  Auana3oH  KOHIIEHTpalMid  BEIIECTBA, KOTOPbIE  BBHI3BIBAIOT

UMMOOMIIM3AIMI0 WM Tubenb paykoB B uHTepBaie 10 - 90%. OObuHO 3TH



KOHIICHTpAIlMM  OTJIMYAlOTCS OT MHUHHUMaJbHOM JieTalbHOM B 2  pasa.

[Ipo10KUTENTEHOCT OCHOBHOI'O OCTPOTO OMbITa - 48 4.

4.2.3.2. IIpoBeneHue SKCIepUMEHTA. B 3KCIepUMEHTAIbHBIE CTEKJISHHBIE
cTakaHbl eMKOCThI0 50 cM3 winu mpobupku HamuBaroT 1Mo 20 cM3 UCIBITYEMbIX
PacTBOPOB U CaXKaroT 10 4 pauka B Bo3pacte 6 +/- 2 yaca. [Ipu noctaHoBKe OCTpPbIX
ONBITOB HCIOJIB3YIOT Ha KaXKIYI0 KOHUEHTpauur He MeHee 20 paykos,
pacnpenensisi uX He MeHee 4eM Ha 4 MOBTOPHOCTH.

YcnoBus npoBeneHus ONbITOB: TeMmeparypa 24 +/- 1 °C, cetoBoit neHs - 10
- 12 4, pa3baBisitonias KOHTPOJbHAs BOJAA JIOJDKHA OTBEYaTh BCEM TPEOOBaHUM,
NEPEUHCICHHBIM BbIlIe. B X0J€ OCTpPBIX OMNBITOB PAadykoB He KopMsAT. CMeHy
PacTBOPOB MPOBOJAT €KEHEBHO.

B ocTpoM ombITeé moka3zareneM TOKCHYHOCTU CPEJbl SIBISETCS BBDKMBAEMOCTh
uepuonaduuii. HaOmogeHust 3a BBDKHBAEMOCTBIO BEAYT B TOM XK€ PEKUME, UTO
U B
ONbITax C JapHUSMU, U NOJYyYEHHBbIE JaHHbBIE 3alMChIBalOT B Tabmuny (1. 4.1.5
[Tpunoxxkenuss 2 x HactoamuM MeToauueckum ykaszaHusM). [1o pesynpraTtam
OCTpPBIX
ONBITOB paccuuThiBatOT BenuuuHbl JIK 3a 48 4, omnpenenstor neucTByromuye

50

KOHLIEHTpaLu BEIIECTBA [0 HAJIWYUIO CTATUCTUYECKH JOCTOBEPHOTO
CHUKEHUS
BEJIMYMHBI BBKUBAEMOCTH LIeproJa(HUN B ONIBITE 110 CPABHEHUIO C KOHTPOJIEM.

JIOCTOBEPHOCTH MOJYy4aeMbIX PE3YyJIbTATOB MOXHO CUUTATh HAJEKHOW, €Clv
YIOBJIETBOPEHBI CIAEAYIOIINE YCIOBHSL:

a) rubeb KOHTPOJIBHBIX IepuoadHuii He mpeBbimaet 10%;

0) JIK Ouxpomara kanus 3a 24 4 s uepuoaadHuil B Bozpacte 6 +/- 2 9
50

HaxoauTcs B unteppaie 1,0 - 2,2 mr/am;

B) coJep:kaHue pacTBOPeHHOTro O B HCCIIEyEMBIX pacTBOpax, ONPEACICHHOE B



2
KOHIIE onbITa, He HIbKe 5,0 MrO /oMm3.

2

4.2.3.3. XpOHHMYECKHH ONBIT. XPOHHUYECKHUE OMBITBI Ha CEPUU TpexX
MOKOJICHUH C mepruogadHUSIMU, TaK K€ KaK U ¢ JadHUSIMH, CIYXKAT JJIS OICHKH
JIEUCTBUSL MaJIbIX KOHIICHTPAI[Mi TOKCUKAHTA Ha BBIKUBAEMOCTbD, MJIOJJOBUTOCTh U
KaueCTBO MOTOMCTBA B MOKOJICHUSX.
Jnst XpoOHWYECKUX OMNBITOB MOA0UparoT 3 -4 KOHIIEHTpalid BEIECTBa,
coctasisronue 0,5 - 0,001 or JIK 3a 24 4.
50

4.2.3.4. TlpoBeneHue 3KcriepuMeHTa. B ombITHBIE cTakaHbl 3anuBatoT 1o 40
CM3 HCHBITYEMBIX PACTBOPOB M KOHTPOJIBHOM BOJABI M MOMEIIAIOT B HUX MO 4
HK3EMILISIPAa OJHOBO3PACTHBIX IIeproaadHU Bo3pacToM 6 +/- 2 yaca, MOBTOPHOCTH
ISITUKpaTHas. PaykoB €XEIHEBHO KOPMAT 3€JIEHBIMA  BOJAOPOCIIIMM B
koHueHTpauu 250 - 500 teic. k1/cM3. CMeHy pacTBOPOB MPOBOJAT YEPE3 CYTKU
70 Hayajla pa3MHOXKEHHUS PAdyKOB M E€XEAHEBHO B mocienyrouiem. IIpu cmene
pacTBOPOB cOXpaHstoT cooTHomeHue 10 cM3 Ha 1 ucxonHyto nepuoaapHuto, eciu
pavKy NOrudaroT, KOJIMYECTBO PACTBOPA MPONOPIUOHAIBHO YMEHBIIAIOT.

[IpoaOMKUTENPHOCTh ONBITOB €  KAXKABIM  IOKOJIGHHEM LepHoAapHUit
OINPEAEISIETCS BPEMEHEM IOSBICHHUS YETBIPEX MOMETOB Y KOHTPOJBHBIX PAyvKoOB,
YTO COCTaBIIAET OKOJO 10 cyTOK, a 001as NpoAOKUTEIBHOCTh OIMBITOB Ha TPEX
reHepanusx - ot 20 10 25 cyTok.

Cxema MOCTaHOBKM OIIBITOB Ha TMOKOJEHHUSIX ULepuoAapHU aHaJoru4Ha
MOCTAaHOBKE OMBITOB C JA(PHUSMHU.

B xpoHunyeckoM oOmbITe BEAYT YYET BBDKMBAEMOCTH M Pa3MHOXKEHUS
nepuogaduuit. Ilpm HaOmOOEeHUM 3a Pa3MHOXKEHHEM YUUTHIBAIOT —BpeMs

HACTYILUICHHUSA ITOJJOBO3PCIIOCTH U IICPBOT'O IIOMETA, KOJITMYCCTBO MOJIOJU B IIOMETAX



U KOJMYECTBO MATOJIOIMUYECKUX OTKIOHEHHH (a0OpTHUBHBIEC fiilla U SMOPUOHBHI,
YpOIUIHBAsi U MEPTBOPOKICHHAS. MOJIOJIb).

HaGmtonieHust B ombITax BEXyT €XEIHEBHO, PETUCTPUPYEMBIE PE3YJIbTATHI
3aHOCAT B Tabuity o gopme 1 u 2 (1. 4.1.4 [punoxenus 2).

[lo oOKOHYaHWM OMNBITOB C KAXKIBIM  TOKOJCHHEM  IepuoAaHHUii
HOJICYMTHIBAIOT CPEIHEE 3HAYCHHE 10 CYyTKaM BBDKMBAEMOCTH, IUIOJOBUTOCTH B
nepecyeTe Ha OJIHY CaMKy 3a 4 ITOMETa, MPOLIEHT MaTOJOTNYECKUX OTKIIOHEHUH OT
BEJIMYMHBl PEAIbHON IUIOJOBUTOCTH. Pe3ynbTaThl OINBITOB CPaBHUBAIOT C
KOHTPOJIEM, JOCTOBEPHOCTh OTKJIOHEHUH OIpeneseTcss OOBIYHBIMU METOJIaMU
BapUALlMOHHOW CTaTUCTUKH.

JIOCTOBEpHOCTh MOJIy4a€MbIX PE3YJIBTATOB B XPOHUYECKOM OIBITE MOKHO
CUMTATh HAJIEKHOMU, €CIIN COOIOACHBI CIEAYIOIINE YCIOBUS:

a) rubenb B KOHTPOJIE Ha KOHEL omnbITa He npeBbimaet 10%;

0) 4 momeTa B KOHTPOJIE MOIY4YEHBI 3a CPOK 0K0JI0 10 cyTOK;

B) KOJIMYECTBO MOJIOgu Ha 1 caMKy 3a 4 momera B KOHTpolsie HEe meHee 20
HITYK;

I) BpeMs HACTYIUIEHHs IIOJIOBO3PEJIOCTH y IiepuoAapHuil B KOHTPOJE HE
MIPEBBIIIAET 5 CYTOK;

n) JIK Ouxpomara kamus 3a 24 4 ansa uepuogadHUl W3 KOHTPOJIBHBIX
50

pacTBOpOB HaxonaTcs B uHTepBasie 1,0 - 2,2 mr/m.

5. YCcTaHOBIIEHHE MAKCUMAIBHOW JOMYCTUMOW KOHIIEHTPAIlUM BEIIECTBA IS

OCHTOCHBIX OPraHU3MOB

5.1. IlpynoBuk 0OBIKHOBEHHBIH

5.1.1. Xapakrepuctuka TeCcT-00beKTa

bproxoHorue  MOJUTIOCKM  WrpalOT BaXHYIO poOJb B KPYTrOBOPOTE

OpraHn4CcCKOro BC€IICCTBA B BOJHBIX JKOCHCTCMAX. pr,[[OBI/IK OOJIOTHBIN



(0OBbIKHOBEHHBIN, Oombmioi) Limnea stagnalis sBasieTcss mpeacTaBUTENIEM
smubeHToca. [llupoko pacnmpocTpaHeH B NPUOPEKHONW 30HE CTOSYUX WIIH
MEJICHHO TEKYIIUX BOAHBIX OOBEKTOB.

[Ipyn0BUKOB OTJIABIUBAIOT B JIETHHE MECSIBI Ha MEJIKOBOABSIX IBTPOQPHBIX

BOJHBIX 0OBEKTOB B 3apoCiiIxX BBICIIICH BOI[HOﬁ PaCTUTCIIBHOCTH.

5.1.2. YcnoBust 1a00paTOpHOTO COACPIKAHUS

Jiist conepskaHusi MOJUTIOCKOB U JIJIsl IPOBEACHUS MCCIEA0BAHUM HE00X0IUMO
cieayroliee o00py10BaHUE:

MUKPOCKOIT OMoJIorndeckuii, ooecneunBaromuii ysenuuenue B 100 - 200 pas;

OMHOKYJISIpHAs JTyTIa;

BECHI aHAJIMTUYECKUE C PA3HOBECAMU;

BEChl TEXHUYECKUE;

tepmoctar Ha 150 °C;

MydenbHas neusb Ha 450 °C; kpucTamIM3aTopsl Ha 2 J;

ctakanbl xumudeckue Ha 100 - 500 mu;

K0JIOBI MepHBIe Ha 0,2 - 1 1

HAIUHAPHI MepHBIE Ha 50 - 1000 mu;

MUITETKU XuMHudeckue Ha 1 - 10 mir;

yamku [letpu;

pecniupomeTpsl (0aHku 1o 0,5 J1 O CTEKISTHHBIMU KPBILIKAMH );

CKJISIHKH C pUTepThiMu npodkamu Ha 0,5 - 1 11 1151 pacTBOPOB;

cuoHsbI ¢ 3axuMamMu Mopa;

MUKHOMETPBIL;

TUTJIN;

HO>XHUIIbI, TUHIIETHI, YaCOBBIE CTEKJIA;

PEaKTUBBI TSI ONpeIeTICHUs KUCIOpoia MeTo oM BunkIepa.

Jlist  uccnemoBaHWid  OTOMPAIOT  TIOJIOBO3PENBIX  MOJITIOCKOB, aKTHBHO
MEPEBUTAONINXCA W TMOTPEONIomux KopM. KopMmsaT NHCThIMU O yBaHYHKA,

KaIlyCThl, cajnara, paectoM onectaumm. KopMm Mosutrockam JaroT B U300UIIMH, YTO



MOJIOKUTENIBHO CKa3bIBAETCSI HA MX POCTE M MNPOAYKTUBHOCTU. B  Kaxnbli
KPUCTAJUTM3aTOP MTOMEMIArOT 10 3 - 5 ocobeit. [locme oTOopa mpoBOAsST aganTamuio

K YCIIOBHAM Ha60paT0pHOFO COACPKaHUA B TCUCHUC IBYX HCACIIb.

5.1.3. IIpoBenenue nuccieqoBaHum

JIJIsi KakJIoTO OIbITa BBIOMPAIOT OCOOEH OJHOTO pa3Mepa, Beca M IIBETa
PaKOBHHBI.

OcTpblii ONMBIT MpeJHA3HAYEH I ONpENEJCHUsl JHUana3oHa KOHIIEHTpalui
XpoHudeckoro omnbita. [lpoBoguTcs mpu S5 - 6 KOHUEHTpAUUSIX B TpeX
MOBTOPHOCTSAX Kaxkjas. KoHIeHTpanuu pa3inuyaroTcss MeXIy coOOil Ha MOpPSIOK.
[TpoIODKATETLHOCTE MCCACAOBaHUS - 3 - 5 CyTOK. MOJITIOCKOB B OIIBITE HE
KopMsAT. B kaxnplil kpuctamnusarop Ha 1,5 - 2,5 nM3 pactBopa nomemaror 3 - 5
MOJLTFOCKOB.

YUUTBIBAIOT BIMSHUE HCCIEAYEMOTO BEIIECTBA HAa BBDKUBAEMOCTh U
MOBEJICHUE MOJLJTFOCKOB.

XpoHuyeckuil ombIT mnpoaoixkaerca 45 - 60 cyrok. HcxonHow
KOHIIEHTpAIMeH I JUTUTEIIbHBIX UCCIICIOBAHUMN CITYKUT HauOoJbIas 6e3BpeHas
KOHIICHTpAIlUsl, OMNpEACJICHHass B OCTPOM oOmbiTe. YHCIO TMOBTOPHOCTEH U
IJIOTHOCTh MOCAJKH TaKUE €, KaKk U B OCTPOM oOmbITe. B TedueHue ormbiTa
MOJUTFOCKOB MOIKAPMIIMBAIOT.

CocrtosiHre BEIOOPOK YUUTHIBAIOT €KEIHEBHO.

JInst OIleHKHW BIUSIHUS BEIECTBA HA MPOIECCHI Pa3MHOXKEHHSI B aKBAPUYMBbI
MOMEIIAIOT MO 2 - 3 B3pOCIbIX MPYAOBUKA. E)KETHEBHO YUYUTHIBAIOT MOSIBJICHUE
KJIaJIOK, HA4aJo BBIKJIEBA U BpPEMSs TMOSBJICHUS MOJIOAU, KOTOpasi COJIEPKUTCS B
akBapuyme. Yepes 3 - 4 mMecslla BCIO MOJOAb H3bIMAIOT M3 aKBApUyMOB U
MPOMEPSIOT MOJ MUKPOCKONOM C MOMOIIBIO OKYJISIp MUKPOMETpa MO BBICOTE U
IMPUHE PaKOBUHBI. Melkue 0coOu JiepxKaTcsl y ype3a Bo/Abl, ObICTPO OOCBHIXAIOT U
MOTYT OBITh YTEPSHBI MPU TOJICUeTe YuCIeHHOCTH. HeoOXxoammo peructpupoBaTh

Y OTHUOIINX MOJIJIFOCKOB, YYHUTBIBAA ITYCTBIC PAKOBHHLI.



5.1.4. Y4er 1 aHanu3 pe3ysbTaToOB

B mepBeie 8 4 exxewacHO, a B mocieayromue 3-¢ CcyTok 2 - 3 pasa B JI€Hb
YUYUTBHIBAIOT COCTOSIHUE MOJUIFOCKOB B OIBITHBIX M KOHTPOJIBHBIX COCYHaX.
PeructpupytoT KoJIM4eCTBO KUBBIX 0COOEH U UX MOBEACHUE (CTENEHb U XapaKTep
NEPEBIKEHUS, BBIABMKEHUE HOTM M €€ pEeakUul0 Ha pa3gpakeHue),
WHTEHCUBHOCTh TMOTPEOJICHUSI KOpMa, BBIJIEJICHUE CIIHM3U, OIpeAessieMoe IO
NOMYTHEHHMIO ONBITHOIO pacTBopa. B nanbHeillieM yder mNpoBOAST OAMH pa3 B
CYTKH.

Oco0u, KOTOpble HE pearupyroT Ha MEXAHMYECKOE pa3[IpakeHHe U TeJo
KOTOPBIX JIETKO BBICBOOOXKIAETCS U3 PAKOBUHBI, CYUTAIOTCS MOTHOIIMMU.

Pa3mMHOXeHHE U TJI0JOBUTOCTh OLICHHBAIOT 10 BPEMEHH MOSBICHUS MEPBBIX
KJIAJIOK, UX YUCIYy M KOJHMYECTBY SMI B Kaxaou kiagke. [loreHmmanbHyro
IJIOIOBUTOCTh ONPEAEHSAIOT M0 YUCIY SIUIl B KJIQJKaxX, MOJYYEHHBIX OT KaXIOro
MOJUTIOCKA 32 MEPUOJl ONbITA, & PEAIbHYIO - MO KOJHWYECTBY BBIKIIOHYBILIEHCS
MOJIOJIM B aOCOJIIOTHBIX BEJIIMYMHAX M TPOILEHTAX K HCXOAHOMY YHUCIY SHI[ B
Kkjagkax. [loMMMO 3TOro MOXHO KOHTPOJIMPOBAThH MPOLECC IMOpUOTEeHE3a (BpeMst
HayaJia ¥ KOHIIA MPOXOXKIACHUS KaXI0W CTaJuU, COCTOSIHUE SMOPHUOHOB) BILJIOTh JI0
BbIKJIeBa M0JIoU. OCOOCHHOCTH POCTa OLICHUBAIOT, ONPEAEIss BHICOTY U IIUPUHY
PaKOBHHBI, OTHOLIEHUE BBICOTHI K IIMpHHE. BOAHO-CONEBO OOMEH MOJUIFOCKOB
OLICHMBAIOT, ONpPENENsAs CBIPYI0 MacCy Telda W PAaKOBHHBI, Maccy IOJIOCTHOM
KUJKOCTU U BOJABI B TeJle, CyXOM OCTAaTOK M KOJMYECTBO 30Jbl B MSATKHUX TKAHSIX.
[To pa3HuIle CyXOro ocTraTka U ChIpOM MAacChl TeJia CyJsAT 00 U3MEHEHUU CTENEHU
O0OBO/IHEHHOCTH, a TIO0 KOJIMYECTBY 30JIbHBIX 3JIEMEHTOB B TEJIE U MAacCE PaKOBUHBI
- 00 UI3MEHEHUH MUHEPATBHOTO OOMEHA.

BbIcOTY M HIMPUHY PAaKOBHHBI M3MEPSIOT IITAHTCHLUUPKYJIEM. 3a €€ BBICOTY
MPUHUMAIOT PACCTOSHUE OT BEPIIMHBI PAKOBUHBI 10 HanOoJiee BBICTYIAIOIICTO
Kpasi yCThs, a 3a IIUPUHY - TUAMETP PaKOBUHBI B HAMOO0JI€E IUPOKOM YaCTH.

Jlns  ompeneneHuss o0OIIed Macchl NPYAOBUKA OOBIKHOBEHHOTO  €ro

oOcymmBaoT (UIABTPOBAIBHON OyMaroil u, He HaJaBiIWBas Ha HOry (s



COXpPAHEHUS B PAKOBHHE MOJOCTHOM KUIAKOCTH), IEPEHOCAT HA TEXHUYECKUE BECHI
Y B3BEIIIHUBAIOT.

IIpu omnpeneneHnn Macchl Tela YW PAKOBUHBI HOXKHHIIAMHU  PA3PE3AOT
pPaKOBHHY IO IIIBaM BHUTKOB, OCBOOOXXJAIOT Tejlo, OOCYIIMBAIOT Ha
(bUIBTPOBAILHON OyMare M B3BEIIMBAIOT Ha aHATUTUYECKUX Becax (C TOYHOCTHIO
no 0,001 rpamma). Tenma ocobeil Kaxaod pa3MepHOW TIpynmbl (PUKCUPYIOT B
orokcax B 96% stanosie. OCKOJIKM paKOBHHBI B3BEIIMBAIOT. Briuntas u3 obmieit
Macchl MacCy Tejla U PAaKOBUHBI, OMPEAEISIOT KOJIMUYECTBO MOJOCTHOM KUIKOCTH.

Jlyist ompezesieHus CyXOoro OcTaTka Tejla BeC 3aMKCHUPOBAHHBIX B CHHUPTE
MOJUTIOCKOB JOBOJSAT JI0 MOCTOSIHHOW BenuuuHbI npu temneparype 103 - 105 °C.
Kosm4ecTBO CyXxOoro ocratka pacCUMTBIBAIOT Ha €IUHUILY CbIpodM Macchl. [lo
Pa3HOCTH CBIPOM M CYXOW MacChl OMNPEAEISAIOT KOJIMYECTBO BOABI B TEIE
MPYJOBUKA U CYIAT O CTENEHU OOBOJHEHHOCTH WJIM OOE3BOKMBAHHUS Tea MO
BO3JICHICTBUEM XHUMHUYECKOTO BEIIECTBA.

Cyxoii 0CTaTOK Teja Mpya0BHUKa (BECh WM €r0 YacTh) MEPEHOCIT B TUTIIU U
CKUraloT B My(QenbHOW mneun npu Temneparype 450 °C. PaccuuTbIBarOT
KOJIMYECTBO 30JIbl HAa €JUHUILY MAcChl CyXOro octarka Tena. [1o Konu4yecTBy 301l
CyIAT 00 U3MEHEHUH MUHEPAIHHOTO OOMEHa.

KonuuecTBo opraHnyecKkoro BEIIECTBA PACCUUTHIBAIOT MO PA3HOCTH MacCChl
CyXOro OcCTaTka M 30Jibl. JTa BEJWYWHA, NPU CPABHEHUU C KOHTPOJbHBIMU
BEJIMYMHAMH, YKa3blBA€T HA CTENEHb JHEPreTUYECKUX 3aTpaT OpraHu3Ma Ipu
TOKCUYECKOM BO3JCUCTBUM.

Jl1s onpeiesieHusl CyTOYHOTO pallioOHa MOJUTIOCKOB HaXOJIAT Pa3HOCTb MEXKITY
HayaJbHbIM KOJIMYECTBOM KOpPMa M €ro OCTAaTKOM. 3aJaBaeMyl0 MOPIMI0 KOpma
B3BCIIIMBAIOT, @ OCTATOK H3BIMAIOT, OOCYIIMBAIOT W BHOBb B3BEIIMBAIOT. J[Jis

KKI0M pa3MEepHON TPYIIIBI BBIYUCIISIOT KOPMOBOU KO3 dHUITHEHT 110 popMyIie:

K =P/ lenpraP,



rae P - macca chenennoro kopma (), JenptaP - npupoct maccel MOJUTIOCKA
(7).

OTOT moOKa3zaTellb IMO3BOJIAET CyAuTh 00 3(PGHEeKTUBHOCTH MOTPEOICHHOTO
KOpMa MOJUTIOCKAMHU MPU TOKCMYECKOM BO3JCHCTBUU B OIBITE MO CPAaBHEHUIO C
KOHTPOJIEM.

N3yuenue osHepreTuueckoro oOMeHa Yy TPYJOBHUKOB 3aKJIIOYaeTCs B
OTIpEICTICHUH MUHTEHCUBHOCTHU MOTPEOJCHUsI KUCIOpoAa C MPUMEHEHHUEM MEeToza
Bunkiepa (MM ¢ UCIOIb30BaHUEM YyBCTBUTEIBHOTO OKCUMETPA).

Jlns aToro B pecriupomerphl (0anku Ha 0,5 AM3 C MIOTHBIMHU KpBIIIKAMHU)
3QJIMBAIOT  BOJAY, IOMEIIAIOT NPYJOBUKOB, Y KOTOPBIX IPEABAPUTEIBHO
onpezeneHsl Macca U o0beM Tena (1mo 3 ocoOM), M 3aKpbIBAIOT KPBIIIKAMH Tak,
4yTOOBI B 0aHKax HE OCTaBajJOCh BO3IYIIHBIX My3bIpbKOB. baHku ¢ Bojoii, HO 0O€3
MOJUTFOCKOB SIBJISIFOTCS. KOHTPOJIbHBIMU. baHKM mpu cTaOWIBHON TemiepaType
BBIJICP’KMBAIOT 2 4, MOCJE YEro U3 HUX OTOUPAIOT MPOObI BOJbI B KAIMOPOBaHHbBIE
NUKHOMETPBI, B KOTOPBIX M3MEPSIOT KOJMYECTBO PAaCTBOPEHHOIO KHUCIOPOJA.
KonuuectBo kuciopoaa, mnoTpedieHHOE MPYyA0OBUKaMu (B MI' kKucjiopojaa Ha 1 am3

3a 1 9), onpenensatoT mo Gopmyie:

Mwmr/am3 xu=(m xm)x (V -V)/Pxt,
0 1 2

rle m - COJEp)KaHWe KUCIOPOaa, PACTBOPEHHOTO B BOJEC pecrimpomeTpa 0e3
0

npynoBukoB, MrO Ha |l cM3; m - comepKaHHe KHCJIOpPOJAa B BOJE pECIHUPOMETPA

C
2 1
npyaoBukamu; V. - o0ObeM pecnupomerpa B cMm3; V- oOumui 00beM Tel
MOJUTIOCKOB
1 2

B MJI; P - 00111as Macca Tel1 pyaA0BUKOB B MT; t - IPOJOKUTEIBHOCTh IKCIIO3UITUN



B yacax.
[Ipu HanMuuM OKCHUMETpa KOHTPOJb COJEPAKAHUS KHUCIOPOJa B BOJAE MOKHO

MPOU3BOIUTH HETIOCPEACTBEHHO B PECIIUPOMETPAX, HE OTOUPAst MPoo.
[Tony4yeHHbIe pe3yNbTaThl MO AMHAMHUKE POCTa MOJIOIU MPYJOBUKA 3aHOCAT B

HIDKECIIEAYIOUTYI0 Ta0InuHy0 Gopmy 6.



PCBYJIBTaTBI y4u€Ta AMHAMUKHU pOCTa MOJIOJIH IIPYITOBUKOB

YuutsiBaeMble apamMeTpsl (110

OTHOIIICHHUIO K KOHTPOJIIO)

Konuenrpamus

BCIICCTBA

Pa3zmepHbIe rpymnnbsl MOJUTFOCKOB, MM

1,1 -
2,0

2,1-
3,0

[..]

30,1 -
32,0

31,1 -
32,0

U T.AO.

OO011ee KOIUYECTBO

[IIuprHa pakOBHUHBI B MM U B % K

KOHTPOJTIO

O6mas macca 1 sk3emIuIsipa BT U

B % K KOHTPOJIIO

Celpas macca | sx3eMIuisipa BT

B % K KOHTPOJIIO

dopma 6



[lo OKOHYaHMM SKCIIEPUMEHTOB C MPYAOBUKOM U OOOOIIEHUH TMOTYYSHHBIX
JAHHBIX JIOMYCTUMBIMHU CJIEyeT CUWTaTh TaKWe KOHIICHTpAllMM BEIECTBa,
KOTOpBIE:

a) HEe BBI3BIBAIOT CTATUCTUYECKU TOCTOBEPHOTO OTKJIOHEHHUS BBDKHBAEMOCTU
B3POCJIBIX MOJUTIOCKOB U MOJIOJM OT BBDKMBAEMOCTH B KOHTpPOJE B Cpok J0 60
CYTOK;

0) He BBI3BIBAIOT JIOCTOBEPHOTO YITHETEHUS Pa3MHOKEHHUSI MOJITIOCKOB 32 CPOK
HaOJII0IEHNS;

B) HE CHI)KAIOT MHTEHCUBHOCTh NOTpeOIeHUs Kuciopoaa 6osnee yem Ha 15%
110 CPABHEHMIO C KOHTPOJIEM (TO, YTO OTMEUYEHO BBIIIE KPACHBIM HIPU(TOM);

I') U3MEHSIIOT BOJHO-COJICBOM OOMEH IO CPaBHEHHUIO C KOHTpOJeM He Oojee

yeMm Ha 10%.

5.2. XUpOHOMHU/IbI

5.2.1. XapakTepucTuka TeCT-00beKTa

N3 npecHOBOAHBIX OEHTOCHBIX OPraHM3MOB HH(pAyHbI (3apbhIBAIOLIUXCS B
IPYHT) [  TPOBEAEHUS  TOKCHKOJOTMYECKHMX  OIBITOB  HCHOJB3YIOTCS
xupoHoMubl. XupoHomyc nop3anuc (Chironomus dorsalis Meig.) oTHocutes k
LIMPOKO PACIPOCTPAHEHHOMY CEMENCTBY XUPOHOMUJ, JUYMHKUA TEMHO-KPACHOIO
1[B€Ta OOUTAIOT B MJI€ CTOSTYMX BOJHBIX OOBEKTOB, I/I€ CTPOST B TPYHTE TpyOUaThbie
nomuku. OKyKIMBaHHME HacTymaeT dYame Bcero Ha 12 - 13-e cytku. Ilepen
OKYKJIMBAaHUEM JIMYMHKU IE€PECTAIOT NUTAThCSA, TEPSIOT aKTUBHOCTh. Cranus
KYKOJIKA JUUTCs 2 - 3 cyTOoK. B KOHIIE 3TOM CTaiuu KYKOJKHU U3 OJUTO(OTHBIX
CTAaHOBATCS MOJIU(POTHBIMU, TOKUJAIOT TPYHT U BCIUTBIBAIOT K MTOBEPXHOCTH BOJBI,
/i€ MPOUCXOANUT BBUTYIVIEHHE KOMAapOB U3 KYKOJIbHOW LIKYPKH Yepe3 €€ pa3pbiB Ha
JTopcaibHOM cTopoHe Tpyau. OOIas NpoAoKUTEIbHOCTh KU3HU KOMapoB 3 - 5
CYTOK. B TedeHue 3TOro BpeMEHM HHU caMlpl, HU caMKuh He nurtarorcs. [locne

BBIKJICBA U3 WL JIMYMHKHA IMMOKWAAIOT KJIAJAKY U IIJIaBarOT B BOAC, 4E€PE3 HCCKOJIBKO



JTHEl OHM OCENaloT Ha TPYHT, MepexoAs K JOHHOMY o0pasy ku3Hu. Hx
JAJbHEUIIINE POCT U Pa3BUTUE ONPENEIAIOTCS B OCHOBHOM YCJIOBHSIMU ITMTaHWS,
JABbIXaHUSA, KAueCTBOM TIPYHTa, TEMIIEPATYPHBIM  PEXUMOM, IIJIOTHOCTBIO

MOMYJISIIMYA U HEKOTOPBIMU APYTUMHU (PaKTOPaAMHU.

5.2.2. YcnoBust 1a00paTOpHOTO COACPIKAHUS

XUPOHOMHIIBI JIETKO TOJJAIOTCS KYJbTUBHPOBAHHWIO B HCKYCCTBCHHBIX
YCIIOBUSIX, U UX JIMIMHKU CITY>KaT BaKHBIM KOPMOBBIM OOBEKTOM.

[Ipu comepkaHUM MOTHUII B HCKYCCTBEHHBIX YCIOBHUSX CO3JaHUE U
noJiJIep>KaHre MaTOYHOTO POsi KOMAapOB HY>KHOW YHCJIIEHHOCTH OCYIIECTBIISIETCS T10
TOH K€ METOJMKE, YTO W BBIpAIIMBAHUE JIMYNHOK. Pa3HHUIIA COCTOWUT JUIIH B TOM,
YTO UX HE OTOMPAIOT Ha OTIBIT, a JAIOT UM BO3MOXXHOCTh 3aKOHYUTHh MeTaMop(dos3.

VYCeTpolcTBO i1l BBIBEJICHUS XUPOHOMUJT (XHUPOHOMHIHMK) TPEICTABIISACT
co0Ol JepeBsiHHBIN Kapkac, oOTsHyThIM Mapied. Komuara, riae pacmnosioskeH
XUPOHOMUIHUK, JODKHA OBITh JOCTATOYHO CBETJIOW, BBICOTa XHPOHOMHIHUKA
noJbKHA ObITh He MeHee 2,5 - 3 M. [lockosibky B3pocCible KOMapbl HE MUTAIOTCA,
COJIEp)KaHUE MATOYHOTO POSI 3aKJIIOYAETCs B KOHTPOJIE 32 BOJHBIM PEXKHUMOM B
KIOBETaX, B KOPMJICHUW PACTYIIUX JUUYMHOK U B COOJIFOJIGHUM YUCTOTHI BO3IyXa
(HemomyCTHUMO HaM4Ke bIMa, 3araxa HeTEempOoIyKTOB, KPACOK U T.I1.).

Siua, oTknagpiBaeMmble Komapamu, cobuparoT, u 20 - 30% wux wuumer Ha
BOCTIPOM3BOJCTBO MAaTOYHOTO pOsi, OCTaJbHAs YacTh HCIIOJIB3YeTCS B KauecTBE
MOCaJI0YHOT0 MaTepuana il TOKCUKOJOTUYECKUX OMBITOB. SIWIEKIAKH MOXKHO
BHOCHTH Cpa3y Ha MOBEPXHOCTh HJIA, OJIHAKO JIyYIIWE PE3yJIbTaThl IMOJYYaloT,
UCIIOJIb3YsI WX TPEABAPUTEIILHOE BBIICP)KUBAHUE B YUCTOW BOJE JO MAacCOBOTO
BBIKJIEBA JIMYMHOK. [J[7 TOCTAHOBKM OIBITOB BBIKJIIIOHYBIIYIOCS MOJIOJb
BBIPAIIMBAIOT B BBIPOCTHBIX KIOBETaxX J0 pa3MepoB 3 - 4 MM. B kadectBe xopma
UCIIOJIB3YIOT CyXHe OEJIKOBBIE JPOAIKU.

JIist KynbTUBUPOBaHUS YJ0OHEE HCIMOIB30BaTh (hoTorpaduyueckre KIOBETHI
BBICOTOM 2,5 - 3 ¢cM co cTtopoHamu pa3mepom 13 x 16 cm. KroBeTsl pazMemaroT B

HCCKOJIBKO sApyCOB Ha ACPCBAHHOM WM  MCTAJUIMYCCKOM  CTCIIJIAXKEC B



xupoHoMuAHUKe. IIpocBeT Mexay CTEHKaMu KIOBET, pPAacHOJIOKEHHBIX Ha
CTEJUIaKE M0 BEPTUKAIIM OJIHA Haj Apyrou, cocrasiseT 10 - 15 cm, yncio apycos -
7 - 15 cM B 3aBUCUMOCTH OT BBICOTHI XMPOHOMHMTHUKA.

Haubounee nienecooOpa3Ho BhIpaliMBaHUE JTUYMHOK Ha "TOHKOM" pEYyHOM WIIE,
HaKaIUIMBAIOUIEMCSl Ha ydacTKax C 3aTUIIHBIM TedeHueM. JKenaTesnbHO, 4TOOBI
cinoi wia Obu1 TommuHoM 12 - 15 mMm. Xopomuid pe3yiabTar aeT YMEHbBIICHUE
BOJHOIO CJIOS BIUIOTH JO €ro IOJIHOIO HCYe3HOBEHHWs. Jlydie BeIpamuBaTh
JUYMHOK BO BJIQXKHOM TpPYHTE, NEPUOJUYECKH OOPBI3STUBAEMOM BOJOM BO
uz0exanue mnojceixanud. [lpu mojaepkKaHUM  KOMHATHOM — TeMmIepaTypbl
KYJbTUBUPOBAHUE MOTBUISI MOXKET UATH KPYTJIOTOIUYHO.

JIMUMHOK  BBIpAIlIMBAlOT B  KIOBETaX,  3allOJIHEHHBIX  HAIMOJOBHUHY
cMeTaHooOpa3HoM Maccol cMecH uia ¢ Bojoil. KauecTBo mpy10BOro uim peuHoro
uia MOXET OBITh YIY4YIIEHO €ro mnporpeBanueMm no temmeparypsl 50 - 60 °C,
O0OyCJIaBIMBAIONIUM YHUYTOXXEHUE OPraHU3MOB, KOTOPHIE MOTYT OKa3aTbCs
XUIIHBIMU 110 OTHOIIEHUIO K PA3BOJMMBIM JUYMHKAM (JTMUYUHKHU KYKOB, CTPEKO3,
JIPyTUE BUABI XUPOHOMHUL).

[Tocne orcranBaHusi TPyHTOBOI MaccChl, HAJIUTOW B KIOBETHI (4 - 5 1), BHOCAT
KJIaJIKU, TPEABAPUTEIBHO BBIAEPKAHHBIE B YUCTOM BOJIE€ 10 BBIXOJIa MEPBBIX
TMYrHOK n3 cinm3u. Ha 1 M moBepxHocTu BHOcuTcs npumepHo 100 - 150 kmanok.
SAineknanku Hy>)KHO paclpeiesisiTh pABHOMEPHO BO M30€KaHUE UX 3ariyOJIeHUs B
rpyHT. IIpu temneparype 18 - 20 °C cyxue OeaKOBbIE APOXIKH B BUJE MOPOIIKA
JBYKPaTHO PAcHbUISIOT MO MOBEPXHOCTH TIpyHTa u3 pacuera 30 - 40 r/m. Ilpu
temmneparype Boimre 18 - 20 °C eauHOBpEMEHHOE BHECEHHUE OOJIBIIIOTO KOJUYSCTBA
KOpMa MOXET NPHUBECTH K MHTEHCUBHOMY Pa3BUTHIO THHJIOCTHBIX IMPOLIECCOB C
BBIJICJICHNEM METaHa U CEPOBOAOpPOAA. B CBs3M C 3TWM Jydnie BHOCUTH KOPM
KaKaple 3 - 4 CyTOK, IpHYEeM BHOCHMYIO TOPIHI0O HEOOXOIWMO YBEIMYHBATH
COOTBETCTBEHHO POCTY JMYMHOK. [locieaHio mopuuio Kopma BHOCAT 3a 2 - 3
CYTOK JI0 0OTOOpa JTMYUHOK.

JInst mojiydeHus: Sidil B MAaTOYHOM MOMEUIEHUH YCTAHABIMBAIOT CTEKJISIHHbBIC

KIOBETHI WJIM KPUCTAIIM3ATOPBI BBICOTOM 5 - 10 cM u miomaabio 400 - 1600 cM2 u



HaJIMBAIOT B HUX YUCTYHK BOJY TOJILIMHOMN ciost 2 - 3 cM. ExxeqHeBHO (iydiie B
cepearHe IHsS, YTOObl HE MellaTh POCHHUIO) BHIOMPAIOT SWULEKIAIKH MMHHIIETOM
BBIIIE Yype3a BOJbI, [J€ OHM MNPUKPEIUIAIOTCA. 3aTeM KPHUCTaJLIM3aTOPhI
OIOJIACKUBAIOT JUIsl yJAJEeHUs OOpPBIBKOB KJAJO0K M 3alOJIHAIOT YUCTON BOJOM.
OpuH-11Ba pa3a B MeCALl KIOBETHl M KPUCTAJLUIN3ATOPBl PEKOMEHYETCSl IIPOTUPATh

CIIUPTOM.

5.2.3. IIpoBeneHune ucciea0BaHNM

DKCIEPUMEHThI HA XUPOHOMUAX MOKHO MPOBOJUTH B TPEX BapUAHTAX:

a) B yamkax I[lerpu wiu Koxa c perynsapHoit 3aMeHOM Cpeibl;

0) B IUPKYJISIIUOHHBIX YCTPOMCTBAX;

B) B IPOTOYHBIX YCTAHOBKAX.

B ombiTax ¢ ocyiecTBiI€HUEM MPOTOYHOCTH YCTAHOBKA MPECTABIAECT COO0M
JIBA PACIMOJIOKEHHBIX OJWUH HaJ APYTUM COCyAd, MEXAY KOTOPBIMU HaXOMSTCS
yamka [letpu ¢ mogonbITHIMU Opranu3mMamu (10 3K3eMIUISIpOB B YaIlIKe).

CoOOTBETCTBYIOIIME KOHILEHTPAIIMM TOKCHUYHOTO BEILIECTBA, BBEJCHHBLIC B
BEPXHUU COCYJl, MO KAIUISIM MPOXOIST YEpe3 YalllKH, CTeKas B HUKHUU COCYI.
Takum 00pa3zom oOecrieUrBarOTCS MPOTOYHOCTD U adpalius.

BriOop KkoHIEHTpanuii OmpeAessieTcsi TOKCUYHOCTBIO TOTO WM HHOTO
BeliecTBa. ONBITHBIE PACTBOPHI TOTOBST Ha JIEXJIOPUPOBAHHON BOJE U MEHSIOT pa3
B JIBO€ CyTOK. Hecroiikue TOKCHYHBIC BEIIECTBA HEOOXOIUMO MEHSTHh KaXKIbIi
neHb. O0beM 2 AM3 B NPOTOYHOM YCTAaHOBKE OOECIEUMBAET MOJ1auyy OIBITHOM
)KUIKoCcTU B TedueHue 10 - 12 4, mocie 4yero ee CHOBa IEpEIMBalOT B BEPXHHUE
cocynbl. TeMreparypy U3MepsrOT TpH pa3a B J€Hb.

PactepThie B MOpOIIOK U MpOCEsiHHBIE uepe3 cuTo N 27 OeIKOBBIC JAPOKKHU
3aMa4yuBalOT B BOJIC JO MOJY4YEHUSI T'yCTOM MAacChl, 3aT€EM BHOCST B ONBITHYIO
YalIKy CTEKJIAHHOM MaJIO4YkoW. Macca, oOmylieHHas Ha KOHLE CTEKJISHHOU
Naj04yKH, pacrojaraercsd mNoJ BOJOW B ONBITHOM dYallke B (OpME KPY>KKOB

auaMmeTpoM 6 - 8 mM. JlecaTn MaleHbKUM JIMYMHKAM B Hayalie OmbITa XBaTaer 3 - 4



KpykKoB. [lo mMepe pocTta JUUMHOK KOJIMYECTBO KOPMa, BHOCUMOI'O B OMBITHBIC
YallIKH, YBEJIIMUUBAIOT.

C Hayana OKYKJIMBaHHS KOPMIICHHE CBOJIUTCS K MHUHUMYMY, & K MOMEHTY
BBIJIETA UMAro COBCEM MpeKpamaeTcs. JpoxKu UCIOIb3YIOTCS XUPOHOMHUAAMU U
KaKk CTpPOMTENBbHBIM MaTepuan Uil JOMHUKOB. Pa3BeleHHbIE JOpPOXKH Ha
MPOTSKEHUU BCETO OMNBITA XPAHST B XOJIOAHOM MECTE.

OcTtpble onbITHI MPOBOAAT O€3 n00aBieHus TpyHTa B TeueHue 10 - 15 cyTtok.
JnmutensHocTh XpoHudeckux onbiToB OT Il ctaguu nuunaku (quHO# 3 - 4 MM) 110
BBIJIETA UMAro COCTaBIseT 0K0J0 30 CyTOK.

Bnauane otOuparoT onHy U3 KiIaJoK XxupoHomua (B Hed mo 200 swuir) B
KpHUCTAJLIA3aTOp ¢ BOAOU. Ilocie BpUTyIIIEHUS TUYMHOK MX MOAPAIIMBAIOT HA WJIE
JI0 ompenaesieHHoro pasmepa (3 - 4 mMM) U 3areM CH(OHOM CO CTCKJISHHOU
TpyOOUKO OCTOPOKHO OTOMparOT 1o 10 3K3eMIUISIpOB Ha OMBITHYIO Yalliky. B
TEUEHUE ABYX CYTOK OHU OOXKMBAIOT OMBITHHIC TUIOMIAIN (YAIIKK), CTPOAT JOMUKH
U3 JIPOKKEH, BHOCUMBIX 3apaHee. Crnabbix 0coOeil 3aMEHSIOT HOBBIMU U3 TOM XKe
OJTHOBO3PAacTHOM nomyysinuu. K KOHIly BTOPBIX CYTOK JMYMHKH IOAPACTAIOT 10 3-
i craguu (4 - 5 mm). Ilepen ombpITOM BOAY M3 OINBITHOM YallKd OTCACHIBAOT
cu(OHOM BMECTE C OCTaTKaMH KOpMa M 3aMEHSIIOT PacTBOPOM ONpEEICHHOM
KOHIIEHTpaluu. ONBITHYIO )KUJKOCTh CIEAYyEeT MEHSTh MO BO3MOXKHOCTH OBICTPO,
YTOOBl KYKOJKM M JUYMHKKA HEe oOchixanu. [lociie OYMCTKM OMBITHYIO YaliKy
HAMoOJHSAIOT Ha 2/3 JKUIKOCTBIO W TOJBKO 3aTeM BHOCAT KopM. Kaxnas

KOHOCHTPAOWA UCIBITBIBACTCA B TPEX IMMOBTOPHOCTIX.

5.2.4. Yder u aHa/IU3 pe3ybTaTOB

[Tpu ipoBeIEHNHM TOKCUKOJIOTHYECKUX OTIBITOB PETUCTPUPYIOTCS CIICIYIOIIHE
MOKa3aTelIu:

OCHOBHBIE:

a) BBDKHBAeMOCTh JITYNHOK;

0) CPOKHM X OKYKJIMBAHUS;

B) CPOKH U MPOIIEHT BBIJIETEBIINX KOMApPOB;



T') IPOLEHT YPOTUBBIX 0COOEH;

JOTIOJHUTEIIbHbIE:

a) OKpacka JIMYMHOK;

0) UX MOBEICHUYECKUE PEAKITUH;

B) BEC;

') aKTUBHOCTb UMaro.

Cpenu mOrMOIIMX HMMAaro BCTPEYAIOTCS HACEKOMBbIE, KOTOpPBIE HE CMOTIJIU
BBICBOOOJIUTHCS M3 3K3YBHS WIH NP BBIXOJI€ U3 HETO MOBPEANUIN KOHEUHOCTH WJIH
KpbUIbs. HacTo BCTpeyaroTCss UMaro ¢ ypoAcTBaMH, 0OyCIIOBIEHHBIMH JIEHCTBUEM
TOKCUYECKHX BEIIECTB, B YACTHOCTU KPOBOMBIMSHHUEM B OOJACTH Opromika,
KpPBUIBEB WM OOIMIMM KPOBOM3IMSHHEM. Takue SK3eMIULIpbl C TpPYyJIOM
BBICBOOOXKJAIOTCA M3 3K3yBuUs. [Ipu BbIXOJE OHHU elie OoJblle pa3lyBaroTCs,
IPOUCXOJNUT BBINSTYMBAHUE OTHCIbHBIX YYAaCTKOB Tella MEXAY XWUTHUHOBBIMHU
IUTACTUHKAMHU B 00J1aCTH OPIOIIKA C MOCJIEAYIOIIUM UX Pa3pbIBOM.

VY HekoTopbIX 0co0eil moj JEHCTBUEM TOKCHUYHBIX BEIIECTB KHUIIEYHHUK
BBIIAJIACT HAPYXKY. Bec muumHOK perucrtpupyercs Ha 7-€ v 10-€ CyTKu ombITa.

HaGnrogenust 3a opraHu3Mamu BeOyTCS €XKEAHEBHO. JpOXIKEBbIE TOMHUKU
BCKOpE CTAHOBATCS HETPOHULIAEMBIMH, M HaOJIOJCHHS BEAYTCS B OCHOBHOM 3a
NOPAKEHHBIMU OCOOSIMH, KOTOpbIE OOBIYHO oOcTaloTcs B Jomukax. Ocoboe
BHUMaHue oOpalaroT Ha GopMy JTOMHKOB, IOBEJEHHUE OPIaHU3MOB, OKPACKy Tela,
CTaJMl0, TOTOBHOCTh K JIMHBKE M OKYKJIMBAHWUIO, HAMOJIHEHUE KUIICUHMKA.
[TornOumux ocobeil U3MEPSIIOT U pacCMaTPUBAIOT NOJT OMHOKYJIIPOM.

Pa3mepsl KUBBIX 3peibIX KyKOJIOK M HMaro B OIIBITE U KOHTPOJIE MOKHO
OLIEHMBATh BHM3YyaJbHO. 3J0POBbIE OCOOM, KaK IMpaBWJIO, HE MOKHUIAIOT JOMHUKOB
naxe Ha HeOobIIoN cpok. CpaBHUBAIOT JIMHEHHBIE pa3Mepbl NOTUOIMIMX 0CO0ei ¢
UX NEPBOHAYAIBHOM IJIMHON M UMEIIIMMHUCS B JUTEPAType HOPMAaTUBAMH pOCTa
JUTSL XUPOHOMUI.

JUIst OLIEHKM OCTpPOTO JIETAIbHOIO JEUCTBUS MOXXHO HCIIOJNb30BaTh [BA

cocoda:



a) ompezelieHue KOHLEHTPALWW, BBI3BIBAIOIIUX THOEIb 3a OMpeAesICHHBIN
cpok 50% ocoOei, B3AThIX B OIIBIT;

0) omnpeneneHre MEIUAHHOIO JIETAIbHOIO BPEMEHHU IS Psiia KOHLIEHTPALUii,
a mno ¢opMe KpUBOH - TpaHUIBl MEXAY OCTPOJETAIbHBIMU M XPOHUYECKH
JIETAJIbHBIMU KOHIICHTPALUSMU.

B TeueHume IMTENBHBIX ~ ONBITOB  YYUTBHIBAIOT W OCHOBHBIE, W
JOTIOJIHUTENBHBIC ITOKA3aTENN, yKa3aHHbIE BbIIE. BBDKMBAEMOCTh BCEX CTAaUMN
BBIP@XAIOT B NPOIEHTaX C MompaBkod mo A000Ty. JIMUMHOK B3BENIMBAIOT Ha
TOP3UOHHBIX Becax Ha 7-€ U 10-e cyTKu ombITa. YAEIbHBIM IPUPOCT OMOMACCHI

OMpENEIAIOT 110 hopMyJie:

P=[(P -P )/P ]x100,

KOH Had Ha4

rne: P u P - Bec B Hauase U B KOHIIE OIBITA COOTBETCTBEHHO.
HA4Y KOH

JIMUMHOK mMOcJe B3BEIIMBAaHUS B  ONBITE€ HE UCHOJB3YIOT H3-3a
TPaBMHUPOBAHUS, @ SKCIIEPUMEHTHI IPOAOIKAIOTCS C 0COOSIMU IBYX APYTUX JIMHUN
TOM K€ NOMYJIALNH.

Peructpupyior Ccpoku BbUIETa HACEKOMBIX (B CyTKax) W MPOBOJST
CTaTUCTHUYECKYIO 00pabOTKY JaHHBIX.

[To oxoOHYaHUU ONBITAa BCE MOITYUYECHHbIE JAHHBIE CBOJAT B TAOJIMILy COTJIACHO

dbopme 7.

®opma 7

OHeHKa TOKCHYCCKOI'O I[efICTBHH BCIICCTBA HA XUPOHOMU

(cpennee 00 u3 Tpex MOBTOPHOCTEN )



|KOHueHT—| Yucno | MepTBBIE 0OCOOU | BLI}KI/IBaeMOCTbl CyTtku

| Kpurepuii |

|au1/m |J'II/I‘-II/IHOK B| (3K3EeMILTAPHI) | C IIOITPAaBKOM |BBIJIeTa |I[OCTOBep-
|

| (mr/m) | BapUaHTE I I I I o A66oty (%) | M

+/-m | HOCTH (t) |

| | | JIMYNHKH | KYKOJIKH | numaro | | | |

| Kowrpons | || [ ] b

[Tpumeuanue: C - KOHLIEHTpALKS BEIIECTBA.

6. YcTaHOBIEHME MAKCUMAIIBHON JOMYCTUMOM KOHIIEHTPALMM BEILECTBA IS

pBIO

PeiObl (Hapsny ¢ BOAHBIMH MJIEKONUTAIOIIMMHU) HAXOASATCS B 00JIacTu

KOHCYHOI'O 3BCHA TpO(I)I/I‘-IeCKOﬁ OCIIM BOJHBIX OJOKOCHCTEM M BKIOYAKOT OBC



TpoUyeCKue TPYIIbI - MUPHBIX M XHUIIHBIX BUJOB PBIO, U3 KOTOPHIX XHIIHUKU
3aHMMAIOT BBICIIEE 3BE€HO MO CPABHEHUIO C MUPHBIMHU.

Onpenenenue [1JIK BemiecTB Ha paHHMX CTagusix 3MOpUOTeHE3a W Ha
B3pOCJBIX pbI0AX BaXHO C JIBYX TOYEK 3PEHHUS - YCTAHOBIIEHUSI OMAacCHOCTU
BEIIECTBA JIJIsl CYIIECTBOBAHMS TMOMYJSIUU PbIO B BOJHOM OOBEKTE U YIPO3BI
3JI0POBbBIO YEJIOBEKA MPHU YIOTPEOIICHUU UX B TUIILY.

DT  OCOOEGHHOCTH pbIO YYMUTHIBAIOTCS TIPU BBIOOpE TECT-OOBEKTOB,
YCTAaHOBJICHHH NAapaMETPOB U KPUTEPUEB TOKCUYHOCTH, KYMYJISTUBHBIX CBOMCTB,
MAaTOJIOTMYECKUX U3MEHEHUN U OTAAJIICHHBIX MOCIECTBUN JEHCTBUS UCCIETYyEMbIX
BEILECTB.

Jlist onpeneneHuss HauOoyiee YyBCTBUTEIBHBIX (YSI3BHMBIX) 3BEHBEB CpEIU
Pa3HBIX TPYMNI PbIO MapaMeTpbl TOKCUYHOCTH CIEIYET ONpEeAesATh Ha Haubosee
YyBCTBUTEJIbHBIX K BEIIECTBY BHUAAX M BO3PACTHBIX TPYMIax, KyMYJATHBHbIE
3¢(dexTel M TOHCK HaubojJee YyBCTBUTEIBHBIX (DU3UOJIOT0-OMOXUMHUYECKHUX
IIOKa3aTelIel - Ha CpeIHE- U MAJIOYyBCTBUTEIbHBIX.

Boiaenstor Tpu rpynmnsl peid, 00agalonMX pa3HON YyBCTBUTEIBHOCTHIO IO
OTHOUIEHUIO K OOJIBIIOMY YHCTYy TOKCHUYECKUX BEILIECTB:

a) BBICOKOUYBCTBUTEJIBHBIE - BCE BUIbI JIOCOCEBBIX, a TAKXKE TOJEl, CYIakK,
IUI0TBA, IIECKaph, BEPXOBKA;

0) cpeaHedyBCTBUTENbHBIE - T0JIaBlib (BO3pacT 1+), ToJibsH, Jell, OKYHb,
KpaCHOIEPKa;

B) MaJIOYyBCTBUTEJIBHBIC - TOJIABIH (BO3pACT 2+ U cTapiie), Kapm, Kapach.

[lenecooOpa3Ho HCHOIB30BaTh BUABI PbIO, IIMPOKO PACIPOCTPAHEHHBIE B
MECTHBIX BOAHBIX OOBEKTaX M XOPOIIO TMEPEHOCSIINEe COAECp)KaHUE B

71a00paTOPHBIX YCIOBUSIX.

6.1. OMOPUOHBI ¥ TUYMHKU PHIO

6.1.1. BBoaHwle 3aMeuanus



KonTtponmupyroTcss 3MOprHOHANBHOE pa3BUTHE pPHIO B HCCIEAyEeMOH BOJE,
BBIKJICB CBOOOJHBIX AMOPHOHOB (MPEAJTUYMHOK) U BBIKUBAEMOCTh MPEITUYMHOK
nocie BbIKiIeBa. M3 JuTeparypHBIX HCTOYHUKOB M M3 OINBITA HOPMHUPOBAHUS
W3BECTHO, UYTO OHMOPHUOHBI PHIO W TPEHIUYUHKH O0Jee UyBCTBUTECIBHBI K
TOKCUYECKOMY BO3JICHCTBUIO MO CPABHEHHUIO CO B3POCIBIMU OCOOSIMH.

B nactosmux MeToanueckux YyKa3aHUSAX OMNHUCaH TMOPSAJIOK paboThl ¢
aKBapUyMHOHN pPBIOKOW JaHWO pPEepro, HO HapsAy C OTUM BHUIAOM MOTYT OBIThH

UCIIOJIb30BaHbl BbIOH, OCETP, Gopeb U Ap.

6.1.2. XapakTepucTuka TecT-o0beKTa

B kawectBe TecT-o0bekTa ana  omnpeaeneHuss IIJIK BemectBa 1o
AMOPHOHATIFHOMY Pa3BUTHIO yIOOHO MCIOIB30BaTh HKPOMEUYIIYI0 aKBAPUYMHYIO
pei0y nanuo Brachydanio rerio (Hamilton-Buchanan), mockosbky marepuain Jist
WCCJICIOBAaHMSI MOXHO TIOJIy9aTh B TEUEHHWE BCEro TOjJa, HE3aBUCHMO OT
NEePUOJIMYHOCTH PabOThl PHIOOBOJHBIX 3aBOAOB. B mpupoje nanuo oOutaer B
MEJICHHO TEKYIIUX BOAHBIX 00bekTax FOro-Boctounoit Asum. J{mmHa B3poOCIbIX
pei0 10 4,5 cm. Tenmo muwmmHApUYECcKOl ¢Gopmbl, cepedpuctoe ¢ 7 - 9 TeMHO-
CUHUMH TOPU30HTAIILHBIMU MOJ0caMu. [1010Ck UAYT K XBOCTOBOMY M aHAJILHOMY

rmaBHuKaM. CIiMHA OKpallleHa B OJIMBKOBO-3€JICHBIN 1[BET.

6.1.3. YcioBus 1abopaTOpHOTO COJIEPKAHUS

Jisa  comepkaHus  phIO-IPOM3BOAUTENEH MOTYT OBITh  HCIIOJIb30BAHBI
aKBapuyMbl 00BbEMOM OT 25 nM3, 3alOJIHEHHbIE OTCTOSHHON BOJIOIPOBOIHOM
BoJI0M ¢ Temrepatypoit 22 °C. Jljist KopMI€HUS MOXKET OBbITh UCIOJIb30BaH CyXOH
KOpM, HO TIpPH MOJTOTOBKE K HEPEeCTy HEOOXOIMMBI >KMBBIE KopMa (madHus,
LUKJION, MOTbLIb, OTMBITHIA TPYOOUHHUK).

JIJist oJiydeHus] UKpbl CAMOK M CaMIIOB OTHAENSIOT APYT OT APyra U KOpMSAT
XKUBBIM KOopMOM. [IIOTHOCTH moOcaaku pbl0 B 3TOT MEPHOJ HE OTIMYAETCS OT
OOBIYHOTO cojJiepkaHus. B KOHIlE BTOpoOW Hemelu camilbl MPUOOPETalOT TYCTOM

30JI0TUCTBIN OJieCcK, a OPIOIIKO CaMOK 3HAYUTENIbHO YBEIUYUBACTCS B 00bEME 3a



cuer wuWKphl. Hambosee NOATOTOBIEHHBIX K HEPECTY pbhIO OTIABIMBAIOT W
ITOMEIIAIOT B HEPECTOBBIN aKBAPUYM.

HepectoBblli  akBapuyM  HaIOJHSAIOT CBEXEW OTCTOSIHHOM BOJOM C
KECTKOCThIO He Ooiiee 4,0 Mr 3KB/J, ¢ TemrnepaTypoi okoio 27 °C u pH 6,8 - 6,9.
B akBapuym moipkHA OBITH MIOMEIIEHA CETKA C TUYSSIMH 3 MM, KOTOPasi CIIYKHUT IS
NPEIOXpaHEeHUsT OT TOENaHUs HKPhl M JIMYUHOK PbIO B3POCIBIMU pPhIOaAMHU.
OT0XeHHas OIJI0IOTBOPEHHASI MKpPA OIYCKAETCS Ha JTHO, IPOXOJUT CKBO3b CETKY
¥ CTAaHOBUTCS HENOCTYIMHOU 171st poIO. [Ipu pazMerneHnn CeTKU CeasaT, YTOOBI Hal
CETKOW OCTaJIOCh HE MEHEE OJTHOTO JIUTPa BOABI JIJIS IIJIABAHUS TPOU3BOIUTEIICH.

B HepecToBBIN akBapuyM YTPOM MTOMEIIAIOT CAMOK M KOPMST CYXHM KOPMOM,
a BEYEPOM B ITOT K€ aKBAPUyM ITOMEIIAOT 1O 2 - 3 caMIla Ha KKy CAMKY, elle
pa3 KOpMST BceX phIO, a 3aTe€M BBIKIIIOYAIOT CBET. CTUMYIIOM K HEPECTY CIY>KHUT
YTPEHHEE BKJIIOUCHHE CBETA.

OOBIYHO BBIKJIEB Y JIaHMO 3aBepiinaercs depe3 48 4 moclie HepecTa, a emle
yepe3 48 4 NpeMIMUYMHKA HAYMHAKOT NEPEXOJUTh HA AKTUBHOE MHTAaHUE U
CTaHOBSATCS TUYMHKaMU. [lepexon npeaIMinHOK Ha aKTUBHOE MTUTAHUE 3aBEPIIACT

JAHHBIN dTal UCCIICTOBAHUN.

6.1.4. IIpoBeneHue ucciaeI0BaHUM

Hns onpenenenus I1JIK BemectBa Ha SMOpHOHax M JIMUYMHKAX pbIO BEOyT
HaOJII0ICHUE 332 YMOPHUOHAIBHBIM Pa3BUTUEM JAHUO U BBIKJIEBOM MPEIIUYUHOK B
KOHTPOJIE M HMCCIENYEMBIX KOHLEHTpauMsax BemecTB. Ilocne HepecTa B3poOCIbIX
pBIO OTCaXMBAIOT, a OMIOAOTBOPEHHBIE UKPUHKU MOMeaoT B yamku [letpu. B
KOKYI0 YalIKy ¢ OTCTOSIHHOM BOJOM (KOHTPOJIb) U C UCCIEAYEMBIMU PACTBOPAMHU
nomemaroT no 10 mkprHOk. KOHIEHTpanuu MCCIIeTyeMOro BEIIECTBA T'OTOBSAT C
1aroM Ju0o0 Ha MOpsIIOK, MO0 B apuPMETHUECKON MPOrpeccuu, OpUEHTUPYSCh Ha
MaKCUMaJIbHbIE JIOITyCTUMbIE KOHLIEHTPALIMY BEILECTBA, MOJYYEHHBIE B ONbBITAaX Ha
Ipyrux opranu3zmax. MccimenoBaHue KaXIOM KOHIEHTPAUMU MPOBOIUTCA B

TPEXKPATHOM IMOBTOPHOCTH.



BrikatonyBIIMecs: NpeJInYMHKU ToMenmaroTcs no 10 mryk B KOHTPOJIbHYIO U
TecTupyemyro Boay. HaOmrogeHue Benercs, Kak M B MEPBOM cllydae, B YallKax
[lerpu, KOTOpBIE MJOJKHBI HAXOIWUTHCSI B TEPMOCTATUPYEMBIX YCIOBHUSX.
JIMATENbHOCT AKCIIEPUMEHTA ONMPEACIACTCS MEPEXOJ0M JIUYMHOK Ha aKTUBHOE

ITMTaHHUC.

6.1.5. Yuer u aHanu3 pe3ynbTaToB

OCHOBHBIMU MOKAa3aTeIIIMH TOKCUYHOCTH BEIIECTBA SIBJISTFOTCS
BEDKMBAEMOCTh OMOpPHOHOB W JIMYMHOK, MOP(POMETPUUYECKHE IapaMeTpHl,
TEpaTOJIOTUYECKUM aHanu3. B KayecTBe JIOMOJHHUTENBHBIX  IOKa3aTelen
AMOPHOTOKCHUKOJIOTUYECKOW OIICHKA BIMSHHUS KCCICTyEMBIX BEIIECTB MOTYT
CIIYKUTh OMOXMMHUYECKHE HCCIEOBaHUS (HampuUMep, JUNUAHBIA U OEIKOBBIM
0OMEeH y SMOPHOHOB U MPETMUNHOK PBIO).

B ompiTax depe3 kKaxaple 6 4 yYHUTHIBAIOT COCTOSHHUE TECT-OOBEKTAa U XOJ
BBIKJICBA. YUMTHIBAETCS  OIUIOJOTBOPEHHME MKpBI, a Takke Tubelnb u
MOP(OJIOTUYECKHE HU3MEHEHUsT y SMOPHOHOB B MPOIEHTaX MO OTHOIICHHIO K
KOHTPOJIIO.

[IponieHT OIMIOAOTBOPEHMS BBISBISETCS YK€ 4Yepe3 CYTKH IIOCJEe HepecTa.
HeomionoTBopeHHbIE WKPUHKH OCJNCIOT W JIETKO OTJIMYAIOTCS OT HOPMAJBHO
Pa3BUBAIOIINXCS, KOTOPBIE OCTAIOTCSI MPO3PAYHBIMH.

CraHoBsiTcsl  O€lbIMM  TaKkKe M TMOTHOIME ASMOPUOHBI  BCIIEJICTBUE
KoarynupoBaHus Oenka. ['mbens sMOproHOB ObIBaeT HauOOJBINCH B Hayajae U B
KOHILIE SMOPHOHATIBHOTO MEepUoa.

BoikiieB - HaubOosee YyBCTBUTENbHBIM M BaXKHBIA OTall, 3aBEPILAIOIINAN
AMOPHOHAIBLHOE PA3BUTHE y PHIO. DMOPHUOHBI, JOCTHTIINE CTAJWHM BBHIKICBa, B
pe3yJibTare JEHCTBUS TOKCHYHOTO areHTa 4acTO OKAa3bIBAIOTCS HECIOCOOHBIMU
BBINTH U3 000JI09€K U TToTu0aroT. BaxkHBIM MOKa3aTeIeM SIBISIETCS pacipeiesiCHUue
BBIKJIEBA HA BECh MEpPUOJ SMOPHOHAIBLHOTO pa3BuUTHA. Ecnu mon BiIMsHUEM
TOKCUKAHTOB HapyliaeTcs 3MOpPHOHAIBHOE pa3BUTHE, TO MaKCHMYM BBHIKJICBa

CMCHIIACTCA 110 CPAaBHCHHUIO C KOHTPOJICM HJIM PACTATNBACTCA BO BPCMCHHM.



MopdomeTrprudeckne  HMCCIENOBAHUS  JIy4llle BCEr0  NPOBOAUTh  HA
BBIKITIOHYBIIIUXCSl TIPE/IJTMYMHKAX. Y 3MOPHOHOB BPEIHBIC BO3JCHCTBUS BEIIECTB
MOT'YT BBI3BIBaTh MOP(HOJIOTUUECKHE H3MEHEHHS, KOTOphIE CIy)XaT B KadeCTBE
WHTETPAIbHOTO ToKa3arenst 3¢dekra nericTBus BemecTBa. [losBiieHHe ypoOACTB
CBUJICTEIILCTBYET O TEPATOICHHOM JICUCTBUU. YPOJJIMBBIE SMOPUOHBI, MTOTHOIINE
BO BpeMs SMOPHOHAIBHOTO PAa3BUTHS, BKIIOYAIOTCS B YUCJIO MOTHOIICH HKpPHI, a
CPEOHUN MPOLEHT YPOJCTB MOACUYUTHIBAETCA MOCJE BBIKIEBA U IPOXOXKICHUA
CTaJIui NPEeATUINHKH.

JInguHKM, KOTOPBIEC CIIOCOOHBI HOPMAJIBHO TIABATh M MEPEXOJIAT Ha aKTUBHOE
MUTAHUE, CYUTAIOTCS BBDKUBIIMMU. HOpMalbHBIMM CUYMTAIOTCS OCOOHM, HE
UMeEroIe MOP(OJIIOTMYECKUX OTKIOHCHUH M HE OTJIMYAIOIIUECS pa3MepaMH OT
KOHTPOJIbHBIX.

B kadecTBe MakcCHUMalbHOW JIONMYCTUMOM KOHIICHTPAllMM BEIIECTBA JJIs
PaHHHMX CTaJIM OHTOIeHEe3a PhIO MPUHUMACTCS MaKCUMallbHas KOHIICHTpAIUs, HE
BBI3BIBAIOIAS] CTATUCTUYECKH JOCTOBEPHOTO TMOBBIMICHUSI CMEPTHOCTH SMOPHOHOB
U JIMYUHOK, YBEJIMUECHUS YHClIa 0co0eil ¢ nedexTamMu pa3BUTHUS WM OTCTaBaHUS

JIMYNHOK B pasMCpax U TCMIIAX PA3BUTHA.

6.2. MaJsibKu ¥ B3pOCIIbIE PHIOBI

6.2.1. XapaktepucTuka TeCT-00bheKTa

B skcriepuMeHTax MCHOJIB3YIOTCS MAJIbKH, CETOJIETKH, TOJJOBUKH OTIEIbHBIX
BUJIOB PbIO C pa3HOM 4yBCTBUTENBHOCTHIO (1. 6 Ilpmioxenus 2 K HACTOSIIUM
Metonnueckum  ykazaHusiM). [lpu  OTCYyTCTBMM JTOCTATOYHOTO KOJMYECTBA
IPOMBICIIOBBIX PbIO U YCIIOBUH UX COAEpX aHU 11eJ1IeCO00pa3HO MPOBOAUTH OIBITHI
Ha "copHbIX" pbI0ax C BBICOKOM M CpPEIHEW UYBCTBUTEIBHOCTHIO K TOKCHUYECKHUM
BEILECTBAM, HAlNpUMEpP BEPXOBKAX W IIECKapsX, a TaKXE HCIO0JIb30BaTh
aKBapUYMHBIX PBIOOK, HampuMmep MaHuo. BeIOOp Apyrux pbl0 B Ka4ecTBE TECT-
OpraHU3MOB JOJKEH ObITh 0OOCHOBAH JINTEPATYPHBIMU M HKCIIEPUMEHTAIbHBIMU

JaHHBbIMU.



6.2.2. YcioBus 1a00paTOPHOTO COJIEPHKAHUS

Jlni vccnenoBaHuil MOAOMPAIOT HEKPYITHBIX OAHOPA3MEPHBIX PHIO B XOPOIIEM
(GU3HOIOTUYECKOM COCTOSIHUM M3 BOJHBIX OOBEKTOB. PBIO TpaHCHOPTHPYIOT Ha
CIEHUAIBHO 00OPYJ0OBAaHHOM TPAHCIOPTE C PEryJIUPyeMOM Mojaadeid Kuciaopoia.
[Ipy nnUTENBHBIX MEPEeBO3KAaX HEOOXOJUM  TOCTOSHHBIM ~ KOHTPOJb  3a
KHUCIIOPOJHBIM PEKUMOM U TEMIIEpATypO BOJbI, TaK KaK MpPHU PE3KUX Nepenaaax
TUAPOXMMHUUYECKUX TOKa3aTeleil BO3MOXKHA 3HAUMTENbHAs THMOENb MEePEeBO3UMOMN
peiObL. [Ipu KpaTKOBpEMEHHBIX IEPEBO3KaX MOKHO HCIOJIb30BaTh MOJIOYHBIC
OMJOHBl WJIM TOJUATUICHOBBIE MEIIKH, HE JOMyCKas TPaBMUPOBAHUSI PHIObI U
PE3KOT0 CHIKEHUS COACPKaHUS KUCIOpOoaa B BOJIE.

B akBapuasibHBIX yCIOBUSAX MPUBE3ECHHYIO PHIOY pacCa)kMBaAIOT B CIEIIMAIBHO
00OpyZI0BaHHBIE MPOTOYHBIE JIOTKH, BaHHbI WM OacceiiHbl. Boma B JaHHBIX
E€MKOCTSIX JIOJDKHA OBITh OJMHAKOBOM TeMmepaTypbl C TeMIepaTypod BOJbI B
MEPEBO3UMBIX EMKOCTSX.

[Ipu coxepkanuu pbldO HEOOXOAUMO TMOJACPKUBATH  ONTUMAJIbHBIN
BOJJOOOMEH B €MKOCTSIX U3 pacuera 1 - 1,5 M3 Boabl B CyTKHM Ha | KT JIOCOCEBBIX
pei0 1 0,5 - 1 M3 Ha 1 kr kapnoBbIX peI0. Eciiu HET yclioBMiA 1 OCYIIECTBICHUS
MOCTOSTHHOTO TIPOTOKAa BOJbI, HEOOXOAUMO MPOBOJUTH CMEHY €€ B €MKOCTSX C
pBIOOI, HMCXOI W3 COAEpKaHUs Kuciopona B Boae. [l mococeBbIX phIO
coJiep)KaHKHe PaCTBOPEHHOI'O0 KUCJIOpOa B BOJC JOJDKHO ObITh HEe Hrke 9,5 - 10,5
MTI/aM3, a 171 KaploBBIX - HE MEeHee 6 - 8 mr/am3.

[locne momenieHust pol0 B eMKOCTH B TeueHue 10 qHel (mpu mocTeneHHOM
aganTanyy  ppI0 K aKBApUAJIBbHBIM  YCJIOBHSIM) TMPOBOJAAT KOHTPOJIL 3a
TeMIEPaTypoill U KUCIOPOJOM B €MKOCTSIX, MMPOBOAS U3MEPEHUS JIBa pas3a B JCHb.
Jnst oOoramienust ~ BOABI  KUCIOPOJOM  PEKOMEHIYETCS  MPUMEHSTH
NPUHYIUTEIBHYIO adpalvio, a JJid TOBBIMICHUS 0 HEOOXOAMMOTO YpPOBHS
TEeMIEpaTyphl - aAKBApUYMHbBIC BOJIOHAPEBATEINHN C JaTYUKAMHU.

JInst kopMIIeHHsT phIO KCIOJIB3YIOT MAacTOOOpa3Hble, TPaHyJIMPOBAHHBIC WU

KUBbIE KopMma u3 pacuera oT 0,8 10 5% k Becy Tena peid. EMkocTH, ucnonp3yembie



JUTSL COZIEpKAHUSL PbIO, HEOOXOIMMO €KETHEBHO OYMINATH OT CKAIUTABAFOIIMXCS
OCTaTKOB KOpMa U (peKambHBIX Macc.

[Tomemenne akBapuaabHOH JODKHO OBITH OOOPYJIOBAHO CTEIUIAKaMH C
aKBapuyMaMU WJIM BaHHaAMH.

N3 npyroro o0opy1oBaHus HEOOXOIUMO UMETh:

XOJIOJUIBHBIE YCTAHOBKH JIJI1 XpaHEHHUS KOpMa U PEaKTUBOB,;

BEChI AHATUTHUYECKUE C PA3HOBECAMH;

BECHI allTEKapCKUE (YallleuyHbIe U PYYHBIE);

MHUKPOCKOT OMOJIOTMYeCKUid, oOecrieunBaroniuii ysenuuenue B 100 - 200 pa3s;

JyIy;

AIEKTPOMEIIATIKY;

BEHTUJISITOPBIL;

BEJIpa SMaJIMPOBAHHBIC;

OHIOHEI;

Ta3bl U KIOBETHI Pa3HbIX Pa3MEpOB;

dboToanmnapar;

CayKH pa3HOSYECHHBIE;

MOKPBITHS U3 MEJIKOSTUEHHOM CeTH, ra3a Wi JACJH JJI1 eMKOCTEN ¢ PhIOOH;

MUKPOKOMITPECCOPHI;

aKBapUYMHBIE BOJIOHArPEBATENH C JJATUUKAMM;

CKaJIbIICNIM, MUHIIETHI, HOXXHUIIBI, IMpUIGI HA 1 - 20 MJI, UHBEKIIMOHHBIC
WTJIBI;

CEKYyHIOMED, TUHEUKH;

Ha0Op MHCTPYMEHTOB M PEaKTHUBOB JIJISI UCCIICIOBAHUS KPOBH;

CTEeKJISIHHYIO MOCYy eMKOCThio OoT 0,1 10 3 JI, MEepHbIE NMUMNETKH, IJIa3HbIC
MIUATIETKH, OFOPETKU, MEPHBIE CTaKaHbl, KOJOBI, Yammku [leTpu, cTekIsiTHHBIE TPYyOKHU
1 TAJIOYKH;

PE3UHOBBIE IIUIAHTY PA3HOTO AMaMETpa U JJIUHbI, PE3UHOBBIE TPYIIIH;

MOJIMATUJIICHOBYIO TIJICHKY, KJIEEHKY, MapJjio, XajaThl, PE3MHOBBIC (PapTyKH,

Calloru 1 rnepyaTku,



KapaHaalu 1o CTEKILY, JIEVKOIUIACTBIPb, dukcupyromme u
Ne3UH(OULIHPYIOLIUE KUIKOCTH;

KYpHAaJIbI OJIsA 3anucen u IIpo4uc HCO6XOI[I/IMI>IC MaTcpuajibl  HHCTPYMCHTBI.

6.2.3. IIpoBeneHne UCCIeIOBaHUI
[lepen HayanoOM SKCIIEPUMEHTOB PHIO MOMEIIAIOT B AKBApUYMbl WA APYIHE
AKCTIEPUMEHTANIbHBIE €MKOCTH Ha 7 - 10 CyTOK C IeJiblO aJanTaiui K HOBbIM
ycioBusiM. OTBITHI MPOBOJSAT HA JBYX-TpEX  BHUJAX  PbIO M3 Pa3IUYHBIX
CEMENCTB
(>kenmaTenbHO XUITHBIX U MHUPHBIX) U BBIABISIOT PBIO C BBICOKOH
YyBCTBUTEIHHOCTBIO K
Tokcukanty nyrtem omnpenenenus JIK, JIK wu JIK B ocTpbIx ombITax
0 50 100
JUIUTEIBHOCTBIO 96 4. XpOHUYECKHE ONBITHl HAUMHAIOT C KOHLICHTPAIIMU, PAaBHOU
1/2
JIK 3a 96 4, u co371al0T TOKCUKOJOTHUECKUM psax u3 S5 - 10 yObiBaronumx
50
KOHIIGHTpaIluii BemiecTBa ¢ MHOXuTeneMm 1/2. JIMUTeTbHOCTh XPOHUYECKUX
OTIBITOB
coctaBisier 1 - 3 mecsama. B 3aBUCUMOCTH OT CTaOMJIBHOCTH MCCIIEAYEMOTO
BEILIECTBA B BOJIE.

OKCHEPUMEHThI MPOBOJAT B CTEKISIHHBIX aKBApUyMax WA IJIACTMACCOBBIX
BaHHaX eMKOCThIO 20 - 40 1M3 B ABYKpPATHOW MOBTOPHOCTH C UCITOJIb30BaHUEM O -
10 ocobeii B KaxIoW KOHIIEHTpalUMU BemlecTBa. JIBa akBapuyma CiyxaT
KOHTPOJIEM.

Hopma nocanku Mo0/11, CETOJIETOK U TOJJOBUKOB JIOCOCEBBIX M CUTOBBIX PhIO
B DKCIIEPUMEHTAJIbHBIC EMKOCTH JIJIsi TPOBEJICHUS OMBITOB JI0JDKHA OBITH HE OoJiee
1 r uxTromaccel Ha 1 M3 Boabl B cyTKU. [l peib Bo3pacTom OoJjiee Toja, a TaKkxKe
JUIS. KapTOBBIX PhIO 3Ta BEJIMYMHA COCTaBisieT He Oojee 3 T HAa 1 M3 BOJBI B

CYTKHU.



B3BemmBanne peib MPOU3BOIAT MIEPET HAYAIOM OTBITOB, 3aTEM YePE3 KaKIIbIe
10 - 15 cytok 10 ux oxoHuaHUs. /{151 3TOr0 Ha BECHI CTABAT COCYJ €MKOCTHIO 2 -
2,5 nm3, B kotopbiii HamuBarT 0,5 - 1 aM3 BOJABI M YPaBHOBEIIMBAIOT €r0 C
MOMOIIIBIO THPh WX JPYroro COCyJa C BOJOW. 3aTeM OTJIOBJICHHBIX CAYKOM PBIO
OBICTPO TIOMEILAIOT B COCY/ C BOJIOM JIJIsl B3BEIIMBAHUS, IPEABAPUTEIILHO OCYIIINB
HU3 cadyka OT Uu30bITKa Biard Mapiied. MallbKOB B3BEIIMBAIOT C MOMOIIBIO
XUMUYECKUX CTAKaHOB Ha alTEKAPCKUX WM IPYTUX O0jee TOYHBIX BEcax.

JInsi ONBITOB HUCHOJIB3YETCS HE3arpsi3HEHHAs BOJA M3 MPUPOAHBIX BOJHBIX
OOBEKTOB WJIM BOJONPOBOJAHAS JEXJIOPUPOBAHHAS BOJA, OTCTOSHHAs B TEUYCHHE
TpeX CYTOK. ExxeTHEBHO M3MepsieTcsl TeMnepaTrypa BOJbl, U oJuH pa3 B 10 cyTok
MPOBOJASTCS TUAPOXUMHYECKHE UCCIIEIOBAHUS 32 COJEPKAHUEM PACTBOPEHHOTO B
BOJI€ Kuciopoaa u pH.

B 3aBucuUMOCTH OT CTaOMJIBHOCTH HUCCIEAyeMOTO BEIECTBA CMEHY BOJbI B
OTIBITHBIX €MKOCTSIX MPOBOJAAT OAWH pa3 B 1 - 3-e cyTok, ciycrs 1,5 - 2 9 mocine
KopmiieHHs pbi0. [Ipu 3TOM HeZomycTUMO TpaBMHUpPOBAaHHME PBIO. Adpaiiusi BOJIbI
BO3MOXXHA JIMIIL B TEX CiIyyasX, KOTJa COCTaB M KOHIIEHTpAIUs HCCIEIyeMOTO
BEILIECTBA HE M3MEHSIOTCA. TOJIIKMHA €O BOABI B aKBAPUYME [JIsl CETOJIETOK U
rOJIOBUKOB JI0KHA ObITh HE MeHee 20 cM, 1yisi Oojiee KPYMHBIX PhIO ee clienyeT
YBEIINYUBATh.

B akBapuymax JOJKHA TOCTOSIHHO MOIAEPKUBATHCS ONTUMAJbHAS IS
HCCIIEyeMOTO BH/Ia TeMIepaTypa BOJIbI.

[Ipu xopmieHMHM HEOOXOJAMMO YYMTHIBATH BHUJOBBIE W  BO3pACTHBIC
ocoOeHHOCTH mHTaHus pbi0. Vcmonap3yloT peIOHBIE KOMOUKOpPMA, TOBSKBIO H
CBUHYIO CEJIE3€HKY B CMECH C KOMOMKOpPMAaMH, a TaKXe >KUBbIe KopMa - AadHUH,
XUPOHOMUJIbI, TAMMAPYCHI U JIP.

Cxema U JMHAaMMKa TIPOBEACHUS OMbBITOB, YYET PETHUCTPUPYEMBIX
noKasaTteliel BeJIeTCs B 1ab0paTOPHOM JKypHaJIe.

OnbITEI IO OMPENICICHUIO TTAPAMETPOB OCTPON W XPOHUYECKONW TOKCUYHOCTH
BEILIECTB, 110 YCTAHOBJICHUIO KOA(PHUIIMEHTOB KyMYJISIIUUA CTABIT HA MaJIbKax WU

ceroneTkax. Ilociae 3Toro craBsT OCTPBIC U XPOHHUYCCKHUC OIIBITHEI Ha CCTOJICTKax



WM  JBYXJICTKax Ui OIPCACIICHUA HUX  TOKCHUYHOCTHU 110 (1)I/ISI/IOJ'IOFO'
OMOXMMHYECKUM IIOKa3aTcjisiM, HCIIOJIb3YyA CPCAHCCMCEPTCIBbHBIC, MAaKCHMAJIbHO

ICPCHOCUMBIC U 0oJice HUBKHEC KOHIOCHTPAIUN JJIsI YCTAHOBJICHUS ITIOPOTOBLIX.

6.2.4. Y4er 1 aHanu3 pe3ysbTaToOB

6.2.4.1. BepkuBaemMocTh pbIO ONpeAensaeTcss MyTeM CHCTEMAaTHYeCKOro ydeTa
YKUBBIX U MOTUOIIMX PHIO HA MPOTSHKEHUHU BCEro OMbITAa (B OCTPHIX OIBITaX 4Yepe3
24, 48 u 96 u, B xpoHuyeckux - yepe3 5, 10 u ganee depe3 kaxapie 10 cyTox
ombiTa). [lomydyeHHble naHHBIE OOOOIIAIOT W BBIPAXKAIOT B aOCOJIOTHBIX H
OPOLEHTHBIX BEJIMYMHAX. YCTAaHABIMBAIOT TPAaHUIIBI BBDKUBAHUS pbI0 B
3aBUCUMOCTH OT KOHUEHTpAllMM BEIIeCTBA M BPEMEHHM €ro BO3JACHCTBUS Ha
opranu3M. HaxogiT NEpeHOCHMYI0 KOHLEHTPALMI0 BELIECTBA, KOTOpas He
BBI3bIBACT TUOEIH PHIO.

6.2.4.2. IlpupoCT MM CHMKEHHE MXTHOMACCHl YCTAHABIMBAIOT HA OCHOBE
JaHHBIX MEPUOJIUYECKOTO B3BEIMBAHUS PhI0 B XpOHUYECKOM ombiTe (Kaxzabie 10
CYTOK). DTOT IOKa3areib BBIPAXKAIOT B IPOLEHTaX OT HAyaJlbHOM MAacChl WJIH
WHIUBUYAJIBHO.

6.2.4.3. KnMHMYECKYI0 KapTHHY (CMMITOMBI OTpAaBJICHHS) OLICHUBAIOT IO
U3MEHEHHUIO TOBEACHUS pPBHIO B BOJHOM Cpele M pEeaklUd Ha BHEIIHHUE
pa3paXuTed IMyTeM NEePUOJUYECKOrO0 OCMOTpa HUX B ombiTe. M3meHeHue
NOBEICHUS M MECTOHAXOXJIEHHS pPbIO B BOJE MOXKET CBHUJIETEIbCTBOBATH O
MOPaKEHUH MHOTHX CUCTEM OpraHU3Ma.

C noBBIIIEHHEM TOKCMYHOCTH BEILECTBA Yallle HAOMI0MaeTcs TEHACHIUS K
MOBEMY PHIO B MOBEPXHOCTHBIE CIIOM MPU HAIMYUU BO30OYXKIEHUS WM OOIIETO
YTHETEHUs, JAMCKOOPJIMHAIMHU JABM)KEHUN, pPACCTPOMCTB [bIXaHUS U JPYrHX
MaToJoTuYeckux mnpu3HakoB. Heszagonro mpo rubenu Oosblmas dYacTh PHIO
OITyCKaeTCs Ha JIHO.

[Ipu oTpaBieHUSX peakuu pbpl0 Ha BHEIIHUE PaA3IPAKUTENIN MOTYT
YCWJIMBAThCS, OCJIa0eBaTh WM MOJIHOCTBIO MCUe3aTh. B kKauecTBe pasapaxurenei

IIpu MpOBCACHHNHN TOKCHKOJIOITHMYCCKUX I/ICCJIeI[OBaHI/Iﬁ MOKHO HCIIOJIb30BaTh CTYK



0 CTEHKaM aKBapuyMa, BKIIIOUEHHWE M BBIKIIOYEHHE CBETa, BCIUIECK BOJIBI B
aKBapuyMe, MPUKOCHOBEHHE CAaYKOM WM CTEKISIHHOM Majlo4YKoil K Temy phIO,
HCKYCCTBEHHO CO37aBAa€MbIil TOK KUJKOCTH ITyTE€M CJIMBA WA C1ab0ro BpalieHUs
BOJIbI TIPY TIOMOIIIH JIOTIATOYKH U APYTHE MPUCIIOCOOTCHHUS.

HecMoTpst Ha HEKOTOpBIE pa3IUyuvsg B Pa3BUTHH IPOLIECCA OTPABIICHUS PBIO
A/laMd, KaK MpaBuiio, HAOMIOAAIOT CIEAYIOIIME CTaJuu WHTOKCUKAIIMKM - HAayajo
OecrniokoiicTBa (y4dallleHUWE JbIXaTeIbHOIO pHUTMa, OECHOKOWHOE JbIXaHUE,
OTCTaBJICHHE IUIABHUKOB), IEPBbIE MPU3HAKKA PACCTPOMCTBA YYBCTBUTEIBHOCTH
(CynopoKHO€ JpIXaHue, MOJHATHE Jyuyel IJIAaBHUKOB, HETOJHOE 3aKpBITHE PTa),
YCWICHHE pa3IpaXUMOCTH (CTPEMUTEIbHOE IUIABAHME WJIM HEMOJABUXHOCTb,
CWJIbHAs peaKklysl Ha BHEIIHUE Pa3pa)KUTeNU WIH MIOJIHOE €€ OTCYTCTBUE), IEPBOE
pPacCTpOMCTBO KOOPJAMHALMU ABWKEHUH (KpPAaTKOBPEMEHHOE OMNPOKHBIBAHHUE Ha
OOK WM Ha CHUHY, KPY>KEHUE BOKPYT MPOJOJIBHOM OCH Teja, TOIYKOOOpa3HbIe
JNBUKEHMSI), TIOJHAs IMOTEpsl paBHOBECHs (CTAOMJIBHOE W3MEHEHHE IOJIOKEHUS
Tena, IJIaBaHWE Ha OOKy, BBEpX OpIOIMIKOM IO KPYyry U IITONOPOOOpa3HO,
JpOXKaHWE MBI U IJIABHUKOB, CYJOpOTW Tejia), aroHus (OIyCKaHWE Ha JHO
aKBapuyMa, yAyuibe, napaind). Bce aTu npusHaku peructpupyror uepes 24, 48 u
96 4 B octpeix ombiTax U 4yepe3 5, 10 m pmanee uepe3 kaxasle 10 CyTok B
XPOHUYECKHUX OMNbITaX. BBIABISIOT KOHUEHTPALMIO BEILECTBA, MPU KOTOPOH He
MPOSIBIISIIOTCS BHEIITHUE MTPU3HAKYA WHTOKCHKAITHH.

Ha ocHoBaHuuM caukoBOil MpoObI OIIEHMBAIOT PE3EPBHYIO CHIIy OpraHu3Ma
peI0 TO BpeMeHM TpeneTaHuss Ha cadke. OTIOBJIEHHBIX B3pPOCIBIX pPBIO U3
pPacTBOPOB C pa3HbIMU KOHUEHTPAIMSIMU BEIIECTBA MOMEILAIOT HA TUIOCKOJOHHBIN
CavyOK U PErUCTPUPYIOT BpeMsl MIPEKPAIICHUS TPENeTaHus!, OLIEHUBAIOT XapaKTep U
cuity nBwkeHuid. [lodydeHHble JaHHbIE CpPaBHHUBAIOT C  pe3ysbTaTaMu,
MOJyYeHHBIMH Ha pPBIOAX W3 KOHTPOJBHBIX AaKBAPUYMOB, a B €CTECTBEHHBIX
YCIOBUSIX - U3 HE3arpsA3HEHHBIX BOJHBIX OOBEKTOB HJIM KOHTPOJBHBIX YHaCTKOB.
[Tpu oCTphIX, HOJOCTPBIX U XPOHUUYECKUX TOKCHMKO3aX BCETJa OTMEYaeTCsl PE3KOe
COKpallleHHe BpeMeHu TpeneraHusi pbi0. IlomydeHHbIE pe3ysbTaTbl CBOJSAT B

TaONHIBI, TOABEPTalOT CTATUCTUYECKOW 00paboTke u 1o Tpaduyueckon



3aBUCUMOCTH BPEMEHH TpPENETaHMsI OT KOHIIEHTPAaLWHW BELIECTBA YCTAHABIMBAIOT
MOPOTOBYIO M HEJIEHCTBYIOIIYIO KOHIIEHTPALIUU.

6.2.4.4. XapakTep NUTaHUs 3aBUCUT OT BHJA PbIO U OT OCOOECHHOCTH
noefanusi kopMa. XUIIHbIE PBIOBI (pamykHas (opeib, JOCOCh U JIp.) aKTHUBHO
HaOpackIBAIOTCSI HA KOPM, CTapasiCh MOMMATh €ro Ha JETy y MOBEPXHOCTH BOJBI.
Mupnbie pbIObI (Kapm, ca3zaH) KOpM OepyT CIIOKOWHO, 3aryiaTbiBas €ro B TOJIIIE
BOAbl WM coOWpas Ha JHE akBapuyMa. lIpu OTpaBIEHHSIX 3TU peakUuu
YTHETAIOTCS WM MOJHOCTBIO MOAABISIIOTCA. [IpH SIBHBIX MPU3HAKAX MHTOKCUKALUN
pBIOBI  TOJHOCTBIO OTKa3bIBAIOTCS OT KOopMa. B  KOHIlE SKCIEpUMEHTOB
YCTaHABIMBAETCA KOHIEHTPALMSI PACTBOpPA, MPU KOTOPOHM HE MPOUCXOJUT
HapylIeHUs peduiekca MUTaHusl.

6.2.4.5. Xapakrtep u yactorta apixanus. HaGmonenus Begyres yepes 24, 48 u
96 4 B octpeix ombiTax U 4vepe3 5, 10 m pmanee yepe3 kaxasle 10 CyTok B
XPOHUYECKUX OIBITaX IYyTEM OLEHKH CHJBI, YaCTOThl M PUTMA JbIXaTEIbHBIX
JBUKEHUM »KaOEpHBIX KpPBIIEK C IMOMOIIbIO CEKYyHJOMEpa IO OTHOLICHHUIO K
KOHTpoJt0o B TeueHue | - 10 wmwumnayr. HopmanbHoe npixanue y pblO
XapaKTepU3yeTcs CIHOKOMHBIMHU, PUTMHUUHBIMHM, YMEPEHHOW CHIIbI (aMIUIMTYAA) U
YacTOThl ~ KOJIEOATENbHBIMU  JBMKEHUSIMU  jka0epHbIX  Kpblmiek. Hopma
YCTaHABIMBAETCA B KaXKJIOM KOHKPETHOM cllydyae Ha 3J0pOBbIX pblOax. Ilpu
OTpaBJICHUAX MOKHO HAOJIIOAaTh pa3IM4HbIE PaCCTPOMCTBA AbIXaHUSI, B TOM YHCIIE
pE3KOe  y4allleHHe  KOJeOaTeNbHbIX  JIBJKEHHH  KAO0EpHBIX  KpPBILIEK,
OecnopsiIouyHOe  JApOXKaHWE Kabp ¢ TOCHASAYIOIeH OCTaHOBKOM JbIXaHMS,
NEPUOIMYECKOE MPEKPAIIEHNE U BO30OHOBJICHUE YYAIlEHHBIX WM 3aMEJJICHHBIX
JBIXATENbHBIX JBUKEHUW C YBEIMYCHHOW WM YMEHBIIEHHOM AaMIUIMTYION
KOJIeOaTeNbHBIX TBIKEHUN KAOCPHBIX KPBIIIEK.

6.2.4.6. BHewHuii BUJl (COCTOSIHME KOXKHBIX MOKPOBOB, TUIABHUKOB, OPTaHOB
3peHus). Xopollee COCTOSHUE pbI0  XapaKTepu3yeTrcs HHEPrUYHOCTHIO,
OKPYIJIOCTBIO CIIMHBI, YNPYrOCTBIO MBIIIL, IIOJHBIM YIPYTUM >KHBOTOM C
HaJIMYMEM TMOJOCTHOTO JKUpa BO BHYTPEHHUX OpraHax Mpyd HOPMaJIbHOM

COCTOSIHUM TeueHu. McTomieHHble phIObI  XapaKTepU3YIOTCS KaK  BSUIbIE,



[IACCUBHBIE, C OINABIIEHW W 3a0CTPEHHOM CIHWHOW, 3alaBIIMMHU TJIa3aMH,
NOATSHYTHIM JKHUBOTOM, MSTKOW MYCKYJIaTypOil, HCTOHYEHHOW OpPIOIIHON CTEHKOMN
U OTCYTCTBHEM IIOJOCTHOIO JKMpa Ha BHYTpeHHUX opraHax. CocTrosHue
OTJIEIbHBIX OPraHOB M CHCTEM OpraHM3Ma OLICHMBAIOT B KOHLE ONBITA U Y
noruOmux pel0 B TEUYEHHE HKCIEPUMEHTa OOUIMMH METOAAMM HCCIEI0BAHUS
(BCKpBITHE, OCMOTp, ONpEAEIICHUE 3amaxa, uU3MepeHue, (ororpadupoBaHue U
3apucoBku). McHonb3ylOT Takke pa3HOOOpa3HbIE CIHEHHAIbHBIE  METOJbI
UCCIIEIOBaHMs (MUKPOCKOIUS, 3JEKTpOKapAuorpadus, peHTreHorpadus, 3anuch
neixanuss u  ap.). l[lpm  oTpaBieHHAX MOTYT OBITh OOHApY)XEHBI Camble
pa3HooOpa3Hble U3MEHEHHsI B OpraHax M TKaHSIX pblO0, KOTOPbIE B COBOKYIHOCTHU
XapaKTEepU3yIOT OCOOEHHOCTH TEYEHHs] TOrO WJIM HMHOTO TOKCHKOJIOTHUYECKOTO
Ipo1iecca.

Ha «xoxe wyacTto 0OOHapyXHMBalOT M3MEHEHHSI CJIM3UCTOTO TOKpPOBA,
MOKpacHeHUs1 (TUIepeMusi), KPOBOUBJIUSHHSA, HOBOOOpazoBaHUs (OMYyXOJIH),
pyOLbI, 3pO3UH, A3BbI, €POIICHUWE U BBINAJCHUE YEIIyH, IMOSBJICHUE HAJETOB U
BBIJICJICHHUE CIIM3U. AHAJOTWYHBIE U3MEHEHUS BO3HUKAIOT HA IUIABHUKAX, KOTOPBIE
uHOrAa J1eOpMUPYIOTCSI M pa3pyllaloTCs BIUIOTh JO OrOJEHHS JIy4yeH.
Myckynarypa pbsiO Npu OTPaBIEHUSAX MOXET CTaTh APS0JI0il, BOASTHUCTOMN, Typrop
ocnabnsieTcsi, NpU HAJaBIMBaHUM MalibleM OOHApY>KMBAETCA  MEJUJICHHO
BBINIpaBJISIfOLIAsics BMsATMHA. Hepeako HaOmomaroTCs mapesbl, Napajuyw,
VIUIOTHEHUE WJIM pacciablieHHe OTAENbHBIX TPYMN MBI TOJOBBI, TYJIOBUILA U
XBOCTOBOT'O CTE0JIsSI C COOTBETCTBYIOIIMMHU MCKPUBJICHUSAMH Tena. [ 1a3a O0NbHbBIX
pBIO 3acTiaHbl MEJIEHOM, TyCKible, IOMYTHEBILKE, C OJeAHBIM pUCYHKOM. MHOTIa
OOHapyKMBAIOTCS Iydyeryia3ue, KPOBEHAIOJHEHUE COCYJI0B, KPOBOU3JIMSHUE B
NIEPEIHIONO0, 33/IHIOK0 KaMepbl U TKaHU TIJ1a3.

6.2.4.7. Cocrostnue xabepHoro anmnapara. OcMOTp NMPOU3BOJUTCS MPU KU3HU
U mocne rubenu peld0 Moja BOJAOW M B BO3AYIIHOM cpene. PpiO oTnaBIMBaloT,
3aBOPAuMBAIOT B MAapJIeBYIO caj(eTKy, OTBOJAAT MajiblieM >KaOEpHYIO KPBILUIKY B
CTOPOHY U OCMAaTPUBAIOT >ka0pbl BU3YAIbHO WIIM C MMOMOIIbIO Jymbl. OCMOTp kadp

1OJT BOJIOM MPOM3BOIAUTCS MyTeM HOTPYKEeHHs phIObl Ha MIyOuHy 3 - 5 cM, Ipu



TOM MHOTME NATOJOTMYECKHE HM3MEHEHHs ropas3io Jy4lle 3aMETHbI, YeM IpHU
OCMOTpE B BO3AYIIHOW cpene. B Hopme xa0pbl MOJHOKPOBHBIE, SPKO-KPACHOTO
L[BETa, YUCTbIEC, )KAOEpHBIE JIENECTKH POBHBIE, JIEKAT NapajuIeIbHO, COIIPUKACASICh
JpyT C APyrom, CBOOOJIHBIN Kpail mX 00pa3yeT pOBHBIM MOJYKPYT OTHOCHUTEIHHO
xabepHoil nyxku. Ilpu orpaBneHusx pulO kaOpbl NPUOOPETAIOT Pa3INUHBIC
OTTE€HKU - TEMHO-BUIIIHEBBIN, KPACHBIN, OJ€IHO-KPACHBIN, ONE€IHBIA KEITOBATO-
PO30BBIA, TEMHO-OYpBIH, cepoBaThii W np. JKaOGepHbIC JIETIECTKH HAOYyXamT WU
Jexat OecropsiI04HO.

6.2.4.8. IlaTon0roaHaTOMMYECKOE BCKPBITHE PBIO MPOBOIUTCS MU THOENN U
00s3aTeNIbHO TIOCJI€ OKOHYaHus omnbiTa. [lepen BCKpeITHEM PBIO U3MEPSIOT,
B3BECILINBAIOT, ¢doTorpadgupytor, M3TOTaBIMBAIOT Ipenaparsl. ITocne
BCKPBITHUS
ONpENENAI0T 1IBET, 3amaxX, KOHCHUCTEHIUIO, MECTONOJOXKEHHE, aedopmaluio,
KPOBEHAIIOJIHEHKE, JETEHEPAlUI0 OpPraHOB M TKaHEH, a TakKe HaJIW4Hue WIH

OTCYTCTBUE >KHUPOBBIX OTJIOXKEHUM (TI0 OayuibHOM cucteme). OTOuparoT Marepuan

JUISt
ructonornyecknux wucciaenoanniit npu JIK , JIK  w npeamonaraemoi
MIOPOTOBOM

50 40
KOHIICHTpALIUH.

6.2.4.9. T'ucronornyeckne M THCTOXMMHUYECKUE CBUAECTEIBCTBA IMOPAXKEHUS
OPraHOB U TKaHEW pbl0 MOryT HaAOJIOJAThCS UM B OTCYTCTBHE KIMHUYECKUX
CUMIITOMOB MHTOKCUKALMK. J[JI1 cciieqoBaHui OEpyT TOJIBKO CBEXKUI MaTepual -
OT >KMBBIX WJIM HaxOJSIIMXCS B COCTOSIHUM aroHUM pbI0 JIMOO OT TOJBKO YTO
norubumx ocoOel. B XpoHMYECKUX ombITax (PUKCALMIO OPraHOB MOJOMBITHBIX
pbIO cienyeT NPOU3BOAUTH B KOHIIE OMNBITOB. JIyis M3yueHus BO3AEUCTBUS
TOKCHUYECKHX BEIECTB TMCTOJOTMYECKOMY M THCTOXUMHUYECKOMY HCCIEAOBAHUIO
MOJIBEPTalOT >KaOphI, MEYCHb, IMOYKH, >KEITYAOYHO-KHUIICYHBIA TPAKT, IMOJIOBBIC
IPOJYKTHI, CEJIE3EHKY, NOKETYTOYHYIO U IIUTOBUAHYIO >KEJI€3bl, TOJIOBHOM MO3T,

cepanuc, MbBIIINLI TYJIOBHIIA, KOXXHBIC ITOKPOBBLI. I[J'IH CpaBHCHMUA 00s13aTEIBLHO



(GUKCHUPYIOT U MCCIEAYIOT OpraHbl U TKaHU KOHTPOJBHBIX pbIO. [locime BekpbiTHs
pBIOBI MaTepuan HeMeMJeHHO (UKCHUpYyeTcs BO U30ekaHHe OO0E3BOXKHBAHUS U
nedopmalii MOBEPXHOCTHBIX CJIOEB KJIETOK. TOJIIMHA KYCOYKOB OpPTraHOB JJis
dbukcaru q0KHA OBITH HE OoJiee 1 cM, uT0OBI (pUKCHpYFOIIas KUIKOCTh JIETKO U
OblcTpo mpoHWKaNa B TkaHb. Cpoku QuKcanuu s pa3HbIX (UKCATOPOB
pa3WyHbl, KaK MPaBUIIO, OHU TEM KOpode, YeM BBIIIE TemImeparypa (pukcaropa.
[Tpu wucnonbp3zoBaHUM OONBIIMHCTBA (DUKCATOPOB HAWIIYYIIHE PE3YJIbTAThl JaeT
mutenbHas pukcanusa (3 - 5 MuHyT) nipu temneparype ot 1 go 18 °C. O0bem
bukcupyromei )XKUIKOCTH T0JKeH B 15 - 20 pa3 npeBsiaTh 00beM PUKCUPYEMBIX
KyCOUKOB. Menkue opranbl (DUKCHPYIOTCS IEIMKOM, W3 KPYIHBIX BBIPE3AIOT
IUTACTUHKU C TAaKUM pPacuyeToM, 4TOObI Ha TMCTOJIOTMUYECKUX IpenapaTax OblIN Kak
HOpMaJbHbIC, TAK U M3MEHUBIIHNECS YacTu oprana. Bo m3bexanue paspyieHUs
BHYTPEHHHUE OpraHbl PhIXJIOW KOHCUCTEHIIUU, OCOOCHHO MEJIKUX PbIO, GUKCUPYIOT
BMeCTE C ONU3JIeKaAIMMH TKaHAMH. XOPOIIUMH (PUKCATOPaMH CITy>KaT KHJIKOCTh
bysna, 5 - 10%-i1 HeWTpanpHBIA (GOpMaINH, CMECh CnUpTa, (opmanuHa U
YKCYCHOM KHUCIOTHI, XuAKocTh Kapnya. Ilpu oreHke HM3MEHEHHMI OMMCHIBAIOT
OOIIYI0 MUKPOCKOTTMUECKYIO KApTUHY M JIaHHBIE THCTOXUMHUYECKHUX HCCIIEeTIOBAHIMA
(Ha TIIMKOTEH, KUP U Ap.).

Mopdonornueckne u3MEHEHUsT y pPbIO NpU BO3ACHCTBUM TOKCUYECKUX
BEIIECTB HE BCErla SBISIOTCS CTPOTO CHEIU(PUUESCKUMH IS KXKIOTO sijia, Jarie
BCEro MO0 HHUM MOXXHO OMNpEACTUTh, K KaKOW TPyMIe OTHOCUTCS SIOBHUTOE
BEUIECTBO. | MCTOXMMHYECKHE pEaKUUd U  AJIEKTPOHOMUKPOCKOIIUYECKUE
UCClIeIOBaHMusI 0Oojiee YYBCTBHUTENBHBI M TO3BOJSIOT TOYHEE OMPEACIUTh
MOPOTOBYIO KOHILIEHTPALHIO.

6.2.4.10. Temaronornueckue W OHWOXMMHYECKHE TIIOKA3aTEIH IIMPOKO
UCTIONB3YIOTCS B UXTHOTIATOJIOTHH, BETEpPHUHAPUH, MEIUINHE, B
TOKCUKOTUTHEHUUECKUX HcclieoBaHusaX. OHHM  yriyOJsioT MpeacTaBiIeHHE O
JUHAMHUKE UHTOKCHKAIIMM OpTaHu3Ma ropasio paHblie, YeM MOSBIISAIOTCS BHEIIHHUE
NpU3HAKK OTpaBieHHus pei0. ONpenensroT CIeAyolue MoKa3aTeNn: KOJMIEeCTBO

DPUTPOITUTOB UM JICHKOIUTOB, OJPUTPOIMTAPHBIE KAPTUHBI U  MOPQOJIOTHS



(OpMEHHBIX 3JEMEHTOB KpPOBH, pa3Mepbl KJIETOK KpOBH, OOIMi OENoK,
aKTUBHOCTb MEPOKCUA3bI (KaTana3bl) WU XOJIUHAICTEPA3HI.

Jlist B3sTHSL KpOBU pbIOY 3aBepTHIBAIOT B MapiieBylo caiderky. MecTo,
OTKYJla TPEJIOIaraT B3sTHE KPOBHU, OCBOOOXKIAIOT OT CIW3U M M30bITKA BIAru
BAaTHO-MapJIeBbIM TaMIIOHOM. [IpoObI KpOBH MOIy4aroT U3 KaOEPHON BEHBI IIyTEM
BBEJICHUSI TOHKO OTTSIHYTOM MacTEPOBCKOM MUIETKU B >Ka0EPHBIM COCY]l HMKHEU
TPETH KA0EpPHOW NYyXKKH, a TAKKE M3 CEpAla C IMOMOMIbIO IMOJOW WIJIBI WU
[IaCTEPOBCKOM NUIETKA. MeCcTo yKoJla B CEpAlLE JCKUT B CEPEIUHE JIMHUM,
COEJIMHAIONICH OCHOBAHKE MPABOTO U JIEBOTO IPYAHBIX IJIABHUKOB. Wity BBOJSAT B
cepate noj yriom 45° oTHOCUTENbHO (PPOHTATBLHON MJIOCKOCTU Teja pbi0. KpoBb
MOKHO Takke O0ToOpaTh M3 XBOCTOBOW apTEpHUM IOCIE OTPE3aHMsI XBOCTAa WU C
MOMOILBIO MOJION UTJIbl MJIM MACTEPOBCKOM MUMIETKHU, MOTPYKast NX Ha MEIUAIbHOU
JMHUAWA TI033Y AHAJIBHOTO IUIABHUKA IOA yriaoM 45° 10 ymnopa B IO3BOHOYHHK
pBIOBL. B3siTast KpoBb OBICTPO CBEPTHIBAECTCA, MOATOMY HEOOXOJUMO B BO3MOXKHO
oosiee kopoTkuit cpok (40 - 50 cekyH]) B3ITh MaKCUMAJIBHOE KOJIMYECTBO MPOO Ha
OIpe/IeNICHUE Pa3IUYHbIX F€MAaTOJIOIMUECKUX U OMOXUMUYECKUX MTOKa3aTesei.

B kadecTBe aHTUKOAryyisiHTa MPUMEHSIOT TENapuH WM JUMOHHOKHUCIBIN
HATpUil B BUIE nopoiika win 3,8% pacTBopa, KOTOPHIM OIMOJACKUBAIOT IPOOUPKH,
uinu no0apisitoT 1/4 yacte pactBopa K o0beMy KpoBH. s onpeaeneHus oo1ero
Oesika aHTUKOATYJISTHT HE 100aBJISIOT, a OCTABIAIOT MPOOUPKHU C KPOBBIO B TEILJIOM
MecTe JJIsl OTACJICHHUS MJ1a3Mbl U TIOJIyYEHUS CBIBOPOTKHU.

OT60p pOo6 KPOBU M aHAJIU3 MPOBOASAT B CIEIYIOUIEH NOCIE0BATEIbHOCTH:

a) 0epyT KpOBb OT PhIO;

0) NpUroTaBIMBAIOT Ma30K KPOBHU;

B) 3apsDKAlOT MeEJaHXKep JUId  KOJMYECTBEHHOTOo TojcyeTra (POPMEHHBIX
AJIEMEHTOB KPOBH WJIM OTOMparOT NpoObl KpOBH B MPOOHUPKY C PacTBOPOM
XJIOPUCTOTO  HATpUsl I ONPEACNIEHHs  KOJWMYECTBA  JPUTPOLIUTOB

(OTOKOJIOPUMETPUYECKUM METOJOM Ha 3PUTPOrEMOMETPE;



r) 3apsokatoT remomerp Camm [t OmpeNeseHUsT COACpKaHUS TeMOTIIOONHA
KPOBU WJIM OTOMpAroT TPOOBI KPOBU IS OMPENETCHHUS ITOr0 IOKas3aTess Ha
APUTPOrEMOMETPE;

1) ONPEACIAIOT COJAEpKaHue reMoriioOnHa B KpoBu 1o metoay Canu wid Ha
IPUTPOTEMOMETPE;

€) MOJICUUTHIBAIOT YKCIIO SPUTPOILIMTOB U JIEUKOIIMTOB B Kamepe ['opsieBa uiu
Ha 3PUTPOTEMOMETPE;

K) QUKCHPYIOT ¥ OKPAIIUBAIOT B3SThIC Ma3KU KPOBU;

3) MOJICUUTHIBAIOT KOJUYECTBO JICUKOIMTOB U OMPEIECISIOT SPUTPOLIUTAPHBIE
KapTUHBI; - ONPENEIISAIOT O0MIHI 0eJI0K CBIBOPOTKU KpoBU MeTo10M Jloypu;

1) UCCIIEYIOT IEPOKCHUIa3HYI0 aKTUBHOCTD 110 MeTo 1y [lomoBa u HelikoBcka.

IIppuemMbl W  METOOBI  IEMATOJIOTMYECKUX  AHAJIM30B  OINHUCAHBI B
cooTBeTcTBYIOmMX pykoBojactBax (KyapsBueB A.A., Kynpssuer JLA.,
[IpuBonsHoB T.H. I'emaronorust »xuBoTHBIX u pbeid. M.: Komoc, 1969;
banaxosckuii C./l., banaxoBckuii 1.C. MeTo1bl XUMUYECKOT0O aHAIM3a KpOBU. M.
Menarus, 1953).

[Tony4yeHHBIE pE3yNbTaThl CBOAST B TAOIMIIBI, MOJBEPralOT CTATUCTHYECKOM
00paboTKe U B COOTBETCTBHUH C W3MEHEHHUSIMU HCCIIEIYEMBIX IOKa3aTeiend Ot
KOHIICHTPAIIMA  BEIIECTBA YCTAHABJIMBAIOT TOPOTOBYKD M HEJICUCTBYIOILYIO
KOHIEHTPALIUU
(JIK u JIK ) B XpOHUYECKOM IKCIIEPUMEHTE.

16 O

6.2.4.11. OpraHonenTu4eckue CBONCTBA M BKYCOBBIE KayecTBa OyJIbOHA U
Mmsca pbi0. Ilocie BCKpbITHS W OOCIEIOBaHHUS MO IMOKA3aTeNsM, MPUBEIECHHBIM
BBIIIIE, PHIO OOMBIBAIOT YHCTOH MHUTHEBOW BOJOM, MOMEIIAIOT B CTaKaHbl WJIU
KOJIOBI, 3aJIMBAIOT YHMCTOM ITMTHEBOH BOJIOM B COOTHOIICHHMHU 5 yacTeW BOJBI Ha 1
4acTh pbIObI U 0€3 100aBJIEHMs COJIM BapAT B TeueHue S5 - 10 MuH. Ha ci1aboM OTHe.
[Tocne oxnaxaeHus JO KOMHATHOM TEMIIEPATYPhl Y CBAPEHHBIX KOHTPOJIBHBIX U
OMBITHBIX PbIO BBIPE3AIOT KYCOYKM CHUHHBIX MbImi Becom 0,2 - 0,5 1 (B

3aBHCHUMOCTH OT Beca pbIObl). Kycoukun msica momMemniaroT B pbIOHBIM OyJbOH,



pas3InTHIM 0 HyMepoBaHHBIM yamkam Ilerpu. Ilopsanok Hymepanuu yamexk [letpn
C KOHTPOJIbHBIMU W TMOJIONBITHBIMU PbIOAMU OTJAIIAETCA JEryCTaTopaM TOJIBKO
MOCJIe OKOHYAHMS JierycTanuu. Jjisi mpoBeIeH s IeTyCTalluy Mpuriamaercs 3 - 5
yenoBeK. VcmpITaTenw OTMEYAroT MBET OyJbOHA, MPUCYTCTBUE W OTCYTCTBHE
MIOCTOPOHHErO 3amaxa, a 3areéM I[BeT W MPUCYTCTBUE WJIM OTCYTCTBHUE
IIOCTOPOHHETO 3araxa msca phio.

[Tocne »TOTO OMNpEACHSIIOT BKYCOBBIE KadecTBa Msca pbI0O W HaIW4YWe
MOCTOPOHHETO TpuBKyca. B HopMe BKyc wMmsca pbl0 craakoBatbid. [locrne
Jerycraiuu  oOpaser] MpoAyKTa BbIOpachlBalOT B  0OaHKy, IIOJOCTh pTa
OMOJIACKUBAKOT MUTHEBOM BOAOM. Pe3ynbTaThl AerycTallii UCOBITATEb BHOCHUT, HE

orjariasi, B Ta0auIry mno gopme 8.



3anuce pe3yabTaTOB OPraHOJIENTUYECKUX UCCIIET0BAHUM

Howmep OpraHoJenTU4eCKUE CBOMCTBA OpraHonenTu4ecKkue CBOMCTBA U
POOKI OyiboHa BKYCOBBIE€ KauecTBa Msica pbiO
IIBET 3amax IIBET 3amax BKYC
U3MEHEH HaJU4Yue Uin WU3MEHEH HaJM4yue Uin HaJu4yue uin
WJIU HET OTCYTCTBHUE WU HET OTCYTCTBUE OTCYTCTBHUE
MTOCTOPOHHETO IIOCTOPOHHETO 3araxa| MOCTOPOHHETO
3amaxa BKyca

®dopwma 8



O06001mas AerycTallMOHHbIE TAONHIIBI, WCIBITATENb JENaeT 3aKI0YCHHE O
HauMOOJIbIIIEH KOHIIGHTPAllMU BEUIECTBA, KOTOpas, MO JaHHBIM OOJBIIMHCTBA
JIETYCTaTOPOB, HE BBI3BIBAET U3MEHEHUU OPraHOJIENITUYECKUX CBOWMCTB OyJIbOHA U
Msca, BKYCOBBIX KaueCTB Msica PhIO.

6.2.4.12. KymynaruBHble CBOWMCTBa (MaTepuaibHas | (QYHKIMOHAJIbHAS
KyMYJISILIMM) XMMHUYECKHX BEIIECTB HAa PhIOax ONMPEIEISIIOTCS MO0 HUXKEONUCAaHHON
CXEM€ B COOTBETCTBHH ¢ METOAMYECKUMH YKAa3aHUSAMH 1O pa3pabOTKe MpenesbHO
JOMYCTUMBIX KOHIIEHTPALMMA MECTUIIMIOB B BOJIE PhIOOXO3SHUCTBEHHBIX BOJIOEMOB
(Munpsioxo3 CCCP Beeaensl B aeiictBue oT 19 smBaps 1979 r. N 08-3/178
"MeToAMYEeCKUMHU  yKa3aHUSMU 10 pa3paboTKe MpeAeNbHO  JOMYCTUMBIX
KOHIIEHTpAIMi MECTUIIMIOB B BOJIE PHIOOXO3SHCTBEHHBIX BO10eMOB". PocToB-Ha-
Hony, 1979).

a. OneHka HaKOIUJIEHUs BEIIECTBA B phI0ax (MarepuanbHas KyMYJISLHUS
BEILIECTBA) MPOBOJUTCS MUHUMYM IPHU IBYX KOHIEHTpauusx. ONbITHI CTaBAT MO
METOIMKE POBEIECHNUS XPOHUUECKOr0 SKCIIEPUMEHTA IITUTENBHOCThIO HE MeHee 30
CYTOK (WJIM HCHOJIB3YIOT JUIsl aHajiu3a pPbI0 K3 MPOBOJMMOIO XPOHHYECKOTO
sKcTiepuMeHTa). B TeueHne aToro nepuoja depe3 Kaxaeie S cyrok (5, 10, 20, 25,
30-¢) orOuparoT ocobeil UIsi OIIEHKH COJep KaHMs BEIIECTBA B OPraHaX W TKaHSIX
OTBITHBIX W KOHTPOJBHBIX PBIO, KOTOPHIC 10 OKOHYAHMS IKCIIEPUMEHTA MOMKHO
XpaHuTh B XoJoawibHUKe. Y3 6 0ToOpaHHBIX TIPO0 3h(EKT HAKOIIICHUS] MOXKHO
MpeABapUTEIBLHO OLICHUTH B Mpode, oToOpanHoi Ha 30-e cyTtku. Ecnu mpu stoM
KOHIIGHTpAIMsl BEIIECTBA B PBIOE MPEBHIINIAET KOHIICHTPAIMIO B HUCCIEAyeMOM
BOJIE, MPOBOJUTCS aHAJIU3 BCEX NPOO, €CIM HE MNPEBBIIAET - AHAIUTHYECKOE
HCCJIEIOBAHUE OCTATBHBIX MIPOO MOKHO HE MPOBOAUTD.

Jns  KOMMYECTBEHHOW OLICEHKM MATEPUAJIbHOW KYMYJSILUU  HCHOJIB3YIOT
ko3 puIeHT
HakorieHus: (K), xoTopwiil mpeacTaBisieT co0o0il OTHOLIEHHWE MaKCHMMaJIbHOTO
H

COJlep KaHMsI BEIIECTBA B OpPraHM3Me PbI0 (MI/KT) K €ro KOHIIEHTpAIluu B BOJIE



(mr/m).

B 3aBucumoctu oT BenuuuHBI K03 Puimenta MmatepuanbHoro HakorieHus (K

H
BemecTBO 1o kiaccudukanuu K.K. Bpounnckoro (Tabmuma 6.2.1) oTHOCAT K
COOTBETCTBYIOMIEH rpymie ¢ Kodhdunuentom 3amaca (K3 ).

H

Tabmura 6.2.1

KHaCCI/I(l)HKaI_[I/IH BCIICCTB II0 CTCIICHHU HAKOINJICHHA UX B OpTraHHU3Max

| ['pynma | CreneHb HaKOIICHUS | Koaddumment |K03¢)¢>HuHeHT 3amnaca
(K3) |
| | BEIIECTBA | HakoruieHust (K ) | H |
. | o |
| | |
I I I
| |
I I
|1 | CnaGas 50 1
| | |
I I I
| |
I I
|2 | Vmepennas 51 -200 2
| | |
I I I
| |
I I
|3 | Boicoxas | 201-1000 | 4

| 4 | CBepxBbICOKast | > 1000 | 16 |



6. Ormenka (YHKIIMOHATIBHOW KyMYJISIIIUM BEIECTBA MPOBOAUTCS IS
XapaKTePUCTHKU BO3MOKHOTO IMEpexofa MaTepHaIbHON KyMYJISIIIMM BEIIECTBA B
TOKCUYECKHH d(PPEKT B XPOHUIECKOM IKCIIEPUMEHTE (HAKOIUICHHE TOKCHYECKOTO
s dekra nmpu Bo3AHCTBUM BElIeCTBa HA OPTaHU3M).

Jnsa oueHkn (GYHKIIMOHATBHOW KyMYJISIIIUM BELIECTBa, IIOCIE pacuera
apaMeTpPOB OCTPOM U XPOHUYECKOW TOKCHYHOCTH IO KaXKJIOMY OHMOJIOTHYECKOMY
00BbeKTy (MKpa, JIMYUHKH, MOJOIb, B3pPOCIbIE PBIOBbI), PACCUUTHIBAIOT
XapaKTePUCTUKY OIMAaCHOCTH Pa3BHBAIOMIETOCS TOKCHUYECKOTO dddekra 1o
OTHOILIEHUIO BEPOATHOCTHBIX CMEPTENbHBIX KOHIEHTpanuil. Haumbonee mosHO

OTMEuYaeMoe SIBJICHUE XapaKTepu3yeTcs: (akTOpoM yria HakjoHa "mo3a - agdekt”

(S):

JK JIK
100 50 1
§ = {rrres # -} x -
JK JIK 2
50 O
OHeHKa KYMYJIATUBHOI'O HeﬁCTBHﬂ BEIICCTBa IIPOBOOUTCA I10

ko3 purmeHTy
¢bynkunoHansHOM Kymyssiuuu (K ), KOTOpeI omnpeaensercs OTHOIIEHHEM
OCTpOH

KyM
CpellHENeTaNbHOW KOHIIEHTPAllMU, YMHOKEHHOM Ha akTop yria "mo3a - agpdekrt",
K

XPOHUYECKOW CpeIHeNeTaTbHOM KOHIICHTPAIIUY, YMHOKEHHON Ha CBOM (paKTop:



OCTp  OCTp

JK xS
50
K = comomemeeee
KyM  Xp Xp
JK xS
50

OreHka BemecTB Mo KodQPUIMeHTy GyHKITMOHATBHON

kymyssinun (K )

KyM

Tabmuma 6.2.2

| Koaddumment 3anaca

(K3 )

KyM

| Crenenp | Koaddumument kymynsauuu
| KyMYJISIITUN | OCTp OCTp  Xp Xp |
| | K =JK xS /JK
| | kym 50 50
| |
I I
|
I
| CnaGas | 1-50
| |
I I
|
I
YmMepenHas 51-200
| |
I I
|
I
Bripaxkennas 201 - 1000

10



Bricokas 1000 20

B 3aBUCUMOCTH OT BeIUYUHBI KOdpduimenta ¢GyHKIMOHATHLHOU
KyMYJISILIUH
BEILIECTBO OTHOCAT K OJHOM M3 uerbipex rpynn (Tabmuna 6.2.2), kaxaod u3
KOTOPBIX COOTBETCTBYET OIpeAesieHHbIN kKorpduument 3anaca (K3 ).

KyM

KymynsituBHble K03 (UIMEHTHI 3amaca MO CTENEHM HAKOIUICHUS BeIleCcTBa
B
opranu3Max (K3H) u mo crenenu HakoruieHUs Tokcudeckoro addexra (K3 )

KyM
ucnoas3ytoTcss npu pacuere IIJIK mns mectunumnon (1. 3.1.4 Ilpunoxenus 1 k
HACTOSIIIAM Meroauueckum  ykazanusim).  Koadbdumument wmatepuanbHOM
kymyssiiuu (K )
H
UCIIOJIB3YEeTCSl  NpPU  YCTAHOBJEHUM Kiacca omnacHoctd BemecrBa (m. 1.1
[Tpunoxenus
1 x HacTosIIIUM METOIMUECKUM YKa3aHUSIM).
6.2.4.13. Tokcukonornyeckass OLEHKa HCCIENOBAaHHOTO BemiecTsa. llpu

TOKCHUKOJIOTUYECKON OLIEHKE BEIECTBA B KAYECTBE OO0S3aTENIbHBIX HCIOJIb3YIOTCS
HaumOoJiee OOmMe TMoKa3aTen ¢ Npu3HAKu oOTpaBieHus poio. [lo HuM
YCTaHABIMBAIOT MAaKCHUMAJIbHBIE JOMYCTUMBbIE KOHUEHTPAIMM HUCHBITYEMOTO
BEILECTBA, TO €CTh KOHLIEHTPALUH, KOTOPHIE B XPOHUYECKOM ONBITE HE BBI3BIBAIOT
HUKAKUX OTKJIOHEHMM HCCIEIYEMBbIX IOKa3aTeJIel OT KOHTPOJsA. MakcumalibHbIE
JOMYCTUMbIE KOHUEHTPALMM, YCTAHOBJIEHHBIE IO KaXJAOMy OO0A3aTEIbHOMY

MOKa3aTeto, BHOCAT B CBOJIHYIO TaOIuILy 1o gopme 9.






CBojiHas TabnuIa 10MyCTUMBIX KOHUEHTPALMMI I PbIO

Opranusmel (Bu1,

BO3pacT)

ITokazarenu u JINTCIIBHOCTD OIIbITAa

MaxkcumalibHbIE
JIOITYCTUMBIE

KOHIIEHTpaIuu (Mr/1)

BepKuBaeMoCTh

[Ipupoct nxTuomaccsl

IloBenenue

Peakiiuy Ha BHEIIHUE pa3ApaKUTEIN

[Toenanue kopma

XapakTep 1 4aCTOTa JAbIXaHUs

Buemnuit Bug

CocTrosiHue Hapy ) HbIX TOKPOBOB

®opma 9



CocrosiHue sxabepHoro anmnapara

ITaTomoroaHaToOMHUYECKOE BCKPBITHE

CocTosiHME BHYTPEHHUX OPTraHOB

I'emaTonorndeckue 1 OMOXUMHUYECKHE TTOKA3aTEIIN

OpFaHOHGHTI/I‘ICCKI/IG CBOMCTBA U BKYCOBBLIC Ka4CCTBA

OyJbOHA U Msica pbIO

OyHKIUOHAIbHAA U MAaTepUAIbHAS KYMYJISLUS




B kadecTBe MakcHUMambHOW JIONMYCTUMOM KOHIIEHTPAllMM BEIIECTBA IS
B3POCIIBIX PBHI0O NPUHUMAETCS HaWMMEHbIAs KOHIEHTpAIlUs W3 JOMYCTHUMBIX,

YCTAHOBJICHHBIX I10 KAXKIOMY O65[33T€JIBHOMy ITOKAa3aTCIIIO.

7. OHCHKa I'€HOTOKCHYHOCTHU BCIIICCTBA

7.1. BBoHBIE 3aMeUaHUA

['€eHOTOKCMYHOCTh BEHIECTBA HUCCIEAYETCS Ha T€HHOM, XPOMOCOMHOM WJIU
F€HOMHOM YpoBHE. [lo 3TMM JaHHBIM YCTaHaBIMBAETCS €ro MaKCHUMaJbHas
JOTyCTUMasl KOHLIEHTpAalMs s PbIOOXO3SHUCTBEHHBIX BOJHBIX OOBEKTOB IO
IIOKAa3aTelto "TeHOTOKCUYHOCTB" .

JUist BBISIBIIEHHSI MyTallMid HA TEHHOM YPOBHE PEKOMEHIYETCsl TECT DiMca.

JU1st BBISIBJIEHHMSI XPOMOCOMHBIX a0eppaluid B XpOHUYECKOM ONBITE MPOBOJAT
CIIEYIOIIME HCCIECAOBAaHUS TEHETUYECKOIo amnmapara Ha KIETKax pas3jIndHbIX
TKaHeu phIO:

a) y4eT 4acTOThl XpPOMOCOMHBIX abeppauuil U HapylUI€HUHA MHUTOTUYECKOTO
anmapara JeJeHHsI KJIETOK 3UTEHNs XpyCTaluKa Ha cTaauu aHadasbl U Teao]assl;

0) y4yeT YacToThl XPOMOCOMHBIX abOeppanuii Ha crtaauu Meradassl Ha
XKaOEPHOM SIUTENHH;

B) Yy4YeT 4YacTOThl 00pa3oBaHus MHKposaep (MUKpPOSIAEpHBIA TECT) B
PUTPOLUTAX.

OneHka NeHOTOKCMYHOCTH BEIIECTBA MO HapyUIeHHIO AuddepeHnnaabHon
AKTUBHOCTA TE€HOB MOXET IPOBOJUTHCA Ha MOJUTEHHBIX XPOMOCOMax U3
CJIFOHHBIX K€EJIE3 XUPOHOMHM/I.

B o0s3aTenbHyto nporpaMmy T€HETUYECKUX HUCCIeIOBAHUM JOKHO BXOIUThH
M3Y4YeHUE TeHHbIX MYTallUi U XPOMOCOMHBIX abeppauuii OAHUM U3 METOAOB. BhI
UX BBIICIWIN KUPHBIM mpudTom. [Ipu nogo3pennu, 4To BemecTBO BO3ACHCTBYET

Ha MHUTOTHYCCKYIO AKTHBHOCTbL KJICTOK H 06H8.)13€T KaHOCPOT€HHOCTLIO,



HEOOXOJMMO TMPOBECTU  JOMOJHHUTENBHO  HCCIEAOBAHUSA IO  BBISBICHHUIO
BO3/ICICTBUS BellecTBa Ha AU depeHnanbHy0 aKTUBHOCTh T€HOB.

HccenenyeMble  KOHLIEHTpALMM — BEIECTBA B DKCIEPUMEHTE  JOJDKHBI
YKJIaJbIBaThCsl B JHANa30H OT IIOPOrOBOW KOHLEHTpalUuu (MU HUXKE) [0

KOHIIeHTpauu Beie 3HadeHus [1/IK BemecTtsa B 5 pas.

7.2. Y4eT reHHBIX MyTalui (TecT JimMca)

7.2.1. XapakTepucTHKa TeCT-00beKTa

Haunbonee ynoOHbIMU, OBICTPEIMU U SKOHOMUYHBIMU CIIOCOOAMHU BBISIBIICHUS
MyTareHHONW AaKTHBHOCTH SBJISIIOTCS METOJIbI C HCIIOJIb30BaHHUEM OaKTepHi.
[[lupokoe mNpUMEHEHHWE HAXOAUT TECT-CUCTEMa C HCIOJIb30BaHUEM OaKTepuu
canbMoHeia tudumypuym (Salmonella typhimurium) (Tabmuma 7.2.1). Otu
METO/Ibl OCHOBAHbI Ha aHAJIOTUYHOCTH T€HETUUYECKHUX MEXaHU3MOB MOBPEXKICHUS U

penapannn JJHK y k1€TOK HU3MMX U BBICIIMX OPraHU3MOB.

Tabmuma 7.2.1

[tammbl S. typhimurium, UCTIONIB3yEMBIE JIJIsI BBISIBIICHUS

MYTAareHHOM aKTUBHOCTHU COCIUHECHUI

| [IITamMmmbI |OCHOBHa$I MyTauus |I[0HOJIHI/ITeJH>HI>Ie| Hanmnuue |
BrisiBiieHHBIN THTT |

| | B OIEPOHE | MyTaluu |(1)aI<Topa |MyTareHHoro a(p(beKTal

I
| |
I I
| TA 1950 | his G 46 | +urvB |- | R-BPS |

| TA 1535 | his G 46 |rfaurvB |- | R-BPS |




| TA 100 | his G 46
| |

|rfaurvB | pKM-101 |R-BPS

I
| TA 1534 | his D 3052

| TA 1538 | his D 3052

| TA 98 | his D 3052
| |

| +urvB | - | R-FS |
| rfa urvB | - | R-FS |
|rfaurvB | pKM-101 |R-FS |

I
TA 97 |his D 6610
| |

| rfa urvB pKM-101 | R-FS

I
TA 102 | his G428
| |

|
| rfa+(PAO 1) |pKM-101 |R-BPS
| |

I
A 1537 |[his C 3076
| l

I

|

I

rfaurvB |- | RPS
I |

[Ipumeuanne: "+" -

0o0O3HaYeHUE TE€HOB JAMKOTo Tuma; rfa - HapylieHue

JIMIIONIONIUCAXapUAHOM KarCyJibl; urvB - HapylleHue CUCTEMBbl SKCUU3MOHHOU

peakuuu; RPS - casur pamku cunteiBanusi; R-BPS - 3amena nap ocHoBaHUM.

CymHOCTh UCMOJIB30BAHUSI CUCTEMBI "'0aKTEpUU-MUKPOCOMBI" 3aKIIIOUAETCS B

OTIPEJICTICHUH CIOCOOHOCTH BEIIECTBA WJIM €ro METa0OJMTOB HHAYIUPOBAThH

ICHHBIC MyTallKW Y IIOAOIIBITHBIX HITAMMOB. Ecnn HCCIICAYEMOC BCIICCTBO (I/IJ'H/I

€ro MeTaboJuThI) OO0JaJal0T MYTAareHHOM AaKTUBHOCTBIO, TO YBEIUYUBACTCS

KOJINYECTBO KOJIOHMM-PEBEPTAHTOB Ha HallKy lleTpu B OmbITeé MO CPaBHEHHUIO C

KOHTPOJIEM. HOJI BIIMIHUEM MYTArC¢HHbBIX BCIOICCTB Y MHKPOOPIraHU3MOB-

pPEBEPTAHTOB MPOUCXOAT 0OpaTHBIE MyTallW, U OHH MPUOOPETAIOT CIIOCOOHOCTH



JKATh Ha Cpele, JIMIIEHHOW TMCTUIMHA WM IPYroM aMHUHOKMUCIOTHI, 110 KOTOPOU
OTOOpAaH TOT WJIX JPYTOM ITAMM.

JUIsL BBISIBJICHUS IIPOMYTarcHOB IPOU3BOAAT MHUKPOCOMAJIBHYHO AKTHBALMIO,
II0CJIE KOTOPOW IIPOMYTAar€Hbl NPOSBILAIOT MYTAr€HHBIE CBOMCTBA. MeTomabl
IMPUTOTOBJICHUSI MUKPOCOMAJIBHBIX (PEPMEHTOB W3 remaTollaH-Kpeaca Kapma Wid
JPYTUX PbIO MPUBOJSATCS HIKE.

IIpyn ompeneneHUM MyTareHHONW AaKTUBHOCTH BEIECTB, HOPMHUPYEMBIX IS
BOJBI PBHIOOXO3AMCTBEHHBIX BOJHBIX OOBEKTOB, IEIECO0OpPA3HO HCIOJIB30BAThH
MHUKPOCOMBI UMEHHO W3 TKaHEH pbIO, a HE TEIUIOKPOBHBIX JKUBOTHBIX, TaK Kak
DKCTPANOJSALMS PE3YIbTATOB, IMOJIYYECHHBIX C MPUMEHEHUEM MHUKPOCOM II€YEHU
TEIUIOKPOBHBIX JKMBOTHBIX, HE BCerjaa omnpasaaHa npu ycraHoBiaeHun IIJIK
BELIECTB BCJIEACTBHE HEAJEKBATHOCTU MPOTEKAHHUSI META0OIMUECKUX MPOLIECCOB Y

Ppa3IMYHBIX BUJAOB JKXUBOTHBIX.

7.2.2. IlpoBeaeHue uccaeI0BaHUM

7.2.2.1. O6opynoBaHue:
OakTepUlIMIHbIC 00TyUYaTeNu;
HEHTPpUPYTH;
aBTOKJIABHI;
TEPMOCTATHI;
pa3MeNIbUUTEND TKAHE;
BOJISTHBIE TEPMOCTATHPYIOITUE OaHM;
CUETYUK KOJIOHUH;
BECHI;
CYLIUJIBHBIN 1mKad;
JTUCTUILIATOP.
PeakTussr:
K HPO , numonnokucnsiit Hatpuii, NADP (Rianal);
2 4



KH PO , MgCl , 6uotus;

24 2

KCI, MgSO , L-ructuaus;
4

(NH ) SO, BCA, HuTpO30ryaHuivH;

42 4
Na HPO , riroko30-6-docdat, IMCO.

2 4
MyTtarensr: IIpomyTarensr:
OeHs/a/mupeH, 2-aneTusIaMUHODITyOpEVH,
9-aMUHOAKPUJIHH, 2-aMmuHO(ITyOpEH.
[uxnodochammun,

7.2.2.2. IlpurotroBnenne mMuHUManbHOM  cpeasl (MC). MC rortoBsT
CJIEIYOLUM
obopazom. K 300 mn pacminaBieHHOTO arapa (KOMIOHEHT 2) no6asistoT 100 mi
cojieBoro pactBopa (komMmnoHeHT 1), 10 mi 20%-Horo pactBopa riatoko3sl U 2,0 M
pactBopa MgSO :
4
1. Kommonent 1 (cosieBoit pacTBop):

JIMMOHHOKMCIIBIN HaTpuid - 2,0 T,

KPO x3HO-42,0r,

34 2
KH PO -18,0r,

2 4
(NH)SO -4,0r,

42 4
H O (gucrt.) - 1,0 om3.
2

2. KoMrmioHeHT 2 (BOAHBIM arap):



arap - 20,0r; HO - 1,0 .
2
3. 20%-HbIii pacTBOP TITIOKO3BI.
4. 1%-uwr1it pactBop MgO x 7H O.
2
5. Arap aJist BEpXHETO CJOSI:
NaCl - 6,0,
Arap-7,0r,
HO-1,0 nm3.
2
Komnonents! 1, 2, 4 u 5 aBroxnasupyroT npu 0,8 atMm. 30 muH. 3atem Ha
kaxaple 80 mi arapa no6apnsaoT 10 ma L-ructuauna (0,5 mm) u 6uotuna (0,25
MM) B BuJE CTEpWIbHBIX pacTBOpoB. B kauectBe momHoueHHoi cpensl (I1C)
MOKET HCIIOJIb30BaThCA Jr00ast cpena mis sHTepodakrepuit (MIIb u MIIA, unu
AlIl u AITA). Ona crepwinsyercs B aBrokiase npu 0,5 atm. 30 muH. (mocine

crepunuzaunu pH = 7,0).

7.2.2.3. 1IpoBepka reHeTndecKuX MapkepoB. [lomydaroT OTAENbHBIE KIOHBI
COOTBETCTBYIOIIUX IITAMMOB. [ 'OTOBSIT TpH BapuaHTa CEJIEKTUBHBIX CPEJ:

a) MC ¢ no6aBkoit L-ructunnna;

06) MC ¢ no6aBkoit OMOTHHA;

B) MC c no6aBkoii L-ructuanHa u OMoTHHA.

PactBopbl aMmuHOKUCHOTHI U OMoTHHA BHOCAT B MC u3 pacuera 50 Mxr/mia u 1
MKI/MJI COOTBETCTBEHHO. OTOMpPAIOT Mo 25 OTAENbHBIX KOJOHHUM M MepecernBaroT
Ha cenektuBHBIC cpeabl. Yamku [letpu uakyoupyror npu 37 °C nBoe cytok. [lo
XapakTepy pocTa KOJOHUW [I€Nal0T BBIBOJ O CIOCOOHOCTHM TOTO WM HMHOTO

mTaMMa paCTH Ha CPCIcC, JIMILICHHOU THCTHUAMHA.

7.2.2.4. XpaHeHue HHIUMKATOPHBIX [mTaMMOB. CyCneH3uu IITaMMOB

peKOMeHIyeTcsl XpaHuTh B auMmeTwicynbpokcuae (JAMCO) unu rauuepuHe npu



3amopaxkuBanuu (-70 °C), a takxke B cioe 0,6% MIIA mnoa crepuabHBIM
Ba3eIMHOBHIM MacyioM. [lepruoamuecku mpu TepeceBax IMITaMMbI TIPOBEPSIOT Ha

COOTBCTCTBHC I'CHOTHILY.

7.2.2.5. llpuroroBnenue ¢pakiuil. OpakIU0 MHKPOCOMHBIX (HEPMEHTOB
MOJIYYaroT 10 CIEAYIONIeH cxeMme:

1. MaayuupyloT CMHTE3 MUKpPOCOMAJIbHBIX (DEPMEHTOB B rernaronaHKpeace
Kapra u 6eJI0TO TOJICTOJI00NKA €KETHEBHBIMU BHYTPHOPIOMIMHHBIMU WHBEKIUSIMU
MeTHIIXOJIaHHa U3 pacuyera 80 MI/KT Beca B TEUEHHE TPEX JHEH.

2. U3BnekamT U3 JKUBOTHBIX TeMaTONaHKpPeac, B3BEIIMBAIOT, MPOMBIBAIOT
crepwibHbIM  pactBopoM 0,15 M KCl, uszMmenbuaroT ¥ TOMOTEHU3UPYIOT B
tpexkpatHoM oobeme 0,15 M KCl. Cpena romorenu3anuu remnaromnaHkpeaca porio
nonoaHuTenbHO coaepkuT 0,6% Na-docdarusiii 6ydep ¢ pH 7,4. Bee onepanun
MIPOBOJIST HA JIbITY.

3. T'omorenar nentpudyrupyrotr 15 mun. npu 9000 00./MUH. U aTUKBOT
("dpakuus Sg'") pa3zaMBarOT B MJIACTMACCOBBIE EMKOCTH 00BEMOM 3 - 6 MIL.

@pakiuio XpaHAT 10 MOMEHTa HCIOJIb30BaHUs HE OoJyiee JABYX Henenb (Ipu

temmnepatype -80 °C).

7.2.2.6. IIpurotoBieHWE MHUKPOCOMAJIBHOW AaKTUBHUPYIOIIEH CHUCTEMBI.
@pakunio Sg pa3MOPAKUBAIOT IPU KOMHATHOW TEMIEpPAType W CTaBAT Ha Jen. B
HKCIIEPUMEHTE UCIOJIb3YIOT MUKPOCOMAIIbHYIO aKTUBHUPYIOLIYIO cpeny, B 1,0 mi
KOTOpo# coaepxkurcs dpakmus Sg, 5 MM rmoko30-6-ocdar, 4 mM NAPR, 33
MM KCI, 8 MM MgCl B 0,1 M K-docdatanom Oydepe B pH 7.4.

[TpuroTtoBneHne McClieayeMbIX BEIIECTB: | OTOBAT CTaHIApTHBIE PACTBOPHI B
JTUCTUUTMPOBAHHOW Boje wiu B pactBope IMCO (0,1; 1,0; 10,0; 100,0; 1000,0

MKT Ha Jamky [letpwu).

7.2.2.7. llpuroroBneHue OakTepuadbHON cycneH3uu. B skcrnepuMeHTax



UCIIOJIB3YIOT YHUCTYH0 KyJnbTypy. [is 3TOro KyneTypy IITaMMa C KOCSKa

IIEpECeBaroT B

10 mn AIl u unky6upyror 6e3 aspauuu 18 4 npu 37 °C. 3arem 19 mn Allb

HEO0XO0IUMO

3acedTh | MJI KyJIbTypbl U HHKyOHpoBaTh ee mpu 37 °C Ha kadanke B TeueHue 2 - 3
8

g 10 wiotHOocTH 5 X 10 wi/mi. Kynerypy nentpudyrupyot 15 mun. mpu 5000

00./MuH. OcaJloKk pecycrneHAUpPYIOT B CTEPUILHOM (DU3UOJIOTHUECKOM PAaCTBOPE C

TaKuM

9

pacyeToM, 4YTOObI MOJYYUTh CYCIIEH3UIO MIIOTHOCTHIO 2 X 10 Kii/mit.

7.2.3. IIpoBeaeHue ucciaeI0BaHuM

Yamku llerpu 3anuBarOT MHUHUMAQIBHOM CPEAOM W BBIACPKUBAKOT IIPU
KOMHaTHOM Temmepatype 1 4. [Tlomyxuakuii momayoOOrameHHblid — arap
pacCIUIaBJISAIOT U MOMENIAIOT B TEpPMOCTaTUpyeMyto BojsiHyto OaHto (46 °C) Ha 20
MUH. B kaxyto npodupky nodasistor no 0,1 Ma KyabTypsl TecT-mtamma, 0,2 mi
pacTBOpa HCCIEAYEMOI0 BEIIECTBA ONPEACICHHOW KOHUEeHTpamuu u 0,5 ™
MHUKPOCOMAJIBHOM pPEaKTUBUPYIOLIEN cucteMbl. [lojlydeHHYH0 cMmech cpasy ke
NIEPEMEIINBAIOT U BBUIMBAIOT HA ITOBEPXHOCTh YalIKW. BepxHU arap IOJKEH
MOKPBITh TMOBEPXHOCTh HIXKHETO MHHUMAJIbHOIO arapa TOHKUM ciloeM. Bcs
mpolierypa B 1esioM 3aHumMaet He Oosiee 20 cexkyHa. 3aTeM JMaroT arapy 3acThITh U
uHkyoupyror npu 37 °C naBoe cytok. YUepe3 nBa JHS OTMEUYAIOT KOJOHUU
TUCTUIMHOBBIX PEBEPTAHTOB. UTOOBI BBISCHUTH, HYKIAETCS JIM HCCIEIyeMOe
BEIIECTBO B  IPEABAPUTEIIBHOM  aKTUBAI[MM, HWMEET CMBICI IPOBOIAUTH
UCCIICIOBaHUSI KaK B MPHUCYTCTBUU, TaK M B OTCYTCTBUE MHUKPOCOMAJIBHOM
aKTUBUPYIOLLEH CUCTEMBI, coepxalielt ppakiuio Sg.

IToMHMO OTIBITHBIX YallleK AOKHBI ObITh U KOHTPOJIBHBIE, COJIEpKAIITUE:

a) TOJIKO KYJIbTYpPY OaKTepuil U pacTBOPUTEIIb;



0) KynpTypy OakTepuil, pacCTBOPUTENb U MHUKPOCOMAIIbHYIO aKTHUBUPYIOIIYIO
CHCTEMY, COepKallyio (ppakiuio Sg;

B) KyJIbTypy OakTtepuii ¢ [100aBJI€HHMEM MYTareHOoB W TMPOMYTareHoB,
yKa3aHHBIX BbImIe (1. 7.2.2.1, PeakTuBbl):

st mramma TA 100 - mamodochamuaa - 500 MKT Ha YaIikys;

st ramma TA 98 - 6ens-a-niupena - 10 Mkr, 9-amuHoakpuauHa - 10 MKr Ha
Yalky.

B kauectBe nmpomyrtareHoB ajisg mrtamMmmMoB TA 98 u TA 100 ucnons3yrores 2-
areTUIaMUHO(IyOpeIuH U 2-aMUHO(IIYyOPEH COOTBETCTBEHHO.

Crenenb MyTareHHOTo 3(@exra ompenensoT MO KPaTHOCTU IPEBBIICHUS
YKCJIa KOJIOHWH PEBEPAHTOB IPU JAHHOM J03€ HaJ TaKOBBIM B KOHTpoJiie. llpn
CPAaBHEHUM 4YHUCJIAa KOJOHMHM HA ONBITHBIX M KOHTPOJIBHBIX YallIKaX MOTYT OBITh

MOJIYYEHBI CIEAYIOIIME PE3YNIbTAThI, IPE/ICTABIICHHbIE B Tabnuie 7.2.2.



Y4er MyTareHHOCTH

OTHOIIIEHUE YNCIIa KOJIOHUH B OIBITE U B XapakTepuCTUKa MyTareHHOCTH O6o3HaueHue
KOHTpOJIE
Mesnee 2,5 OrtcyTcTBHE MYyTareHHOCTH -
Menee 10 Cnabast MyTareHHOCTh +
10 - 100 CpenHsist MyTareHHOCTb ++
100 u Gonee CuiibHasi MyTareHHOCTh +++

Ta0Omuma 7.2.2



MeToap1 cTaTUCTHUECKON 00pabOTKH MOTYYSHHBIX PE3yIbTaTOB MPUBEICHBI B

IMPUIO0KCHUHN 4 JaHHBIX MGTOI[I/IIIGCKHX YKaSaHHﬁ.

7.3. BbIsiBII€HHE XPOMOCOMHBIX MYTaIlui

7.3.1 OnpeneneHre XpOMOCOMHBIX a0eppaliii B SIUTEIINHA XpyCTaluKa ria3a

pBIO

7.3.1.1. Xapakrepuctuka TecT-o0bekTa. MccienoBanusi NpoBOIATCSA HA BUJAX
pbIO, Y KOTOPBIX HET PE3KOro MaJeHUs MHUTOTUYECKONM AKTUBHOCTU B OCEHHE-
3UMHMI 1nepuoi. /[ ucciaenoBaHM MOAXOIAT CEroJeTKM M TOJOBHKH
OOBIKHOBEHHOT'O OKYHS U paayxkHou (opern. M0oKHO UCIIOJIb30BaTh APYTUe BUABI
pBIO, HE TPEKpaIlalIINe aKTUBHO MHUTAThCS B €CTECTBEHHBIX BOJHBIX 00BEKTaX
3uMoi. Jlyis MOpCcKuX pbI0 TOJIYYEHBI TIEPBBIE PE3YJbTATHl HCCIEIOBAHUN Ha

MOKAaTHUKAX CEMIHU, a TAK)Ke Ha MOPCKOM kambaiie.

7.3.1.2. JJabopaTopHOoe 000py0BaHUE U MATEPUATIBI:

MHUKPOCKOT OMOJIOTHYEeCKUM, oOecrieunBaromuii ysenuuenue B 100 - 200 pa3s;

MUKPOCKAJIbIIEIb;

MpenapoBajibHas UIJI1a C TPEXTPAHHBIM CEYEHUEM;

MIPENapoBajbHAS UTJIa C TOHKUM W30THYTBIM KOHIIOM THIIA "KO4YEpru';

OObIUHas IpenapoBalibHas UTJIa;

IUHIIET ¢ TOHKOOTTOYEHHBIMHU U U30THYTHIMHM KOHLIAMU;

IJIa3HbIE HOXKHUIIBI;

TUCTOJIOTUYECKAs] MPOBOJAKA OT JUCTUUIMPOBAHHOM BOJBI /0 KCHUJIONA, C
IIPUCYTCTBUEM JOIMOJHUTEIBHBIX CTaKaHYUKOB ¢ 30% 1 50% 3THIIOBBIM CHUPTOM;

0aHKa ¢ IPUTEPTOM MPOOKOI MJis (PUKCAITMHU TIPETapaToB TJias;

00€3B0OKEHHBIA METHBIN KyTOpOC;

ATUJIOBBIN CIIUPT;



JeAsHas YKCyCHAsl KUCIIOTa,
KpacuTenb - remanayH Mailepa mmbo apyroit kpacurtenb (s suep u

XPpOMOCOM, B 3aBUCHUMOCTH OT IIOCTaBJICHHOM 3az:atm).

7.3.1.3. IIpoBeneHue ucciea0BaHu

a. be3 mpenBapuTenbHONW TpaBMaTH3allid XpyCTajduka TJaza. PwiObI
BBIJICPKUBAIOTCA B HMCCIEAYEMBIX KOHIIEHTpPAUMsAX TOKCHUKaHTa. Bo03MOXHO
MIPOBEJEHNUE MOJOCTPBIX U XPOHUUECKUX ONBITOB. [locie skcno3unnm B pacTBopax
BelecTBa pbhI0 3a0MBAIOT JEKamuTalMei. Y HUX H3BIEKAIOT rja3a, KOTOPbIE
NOMELIAIOT B (PUKCATOpP M3 CMECH aOCOJIIOTHOTO 3TaHOJA U JIEISHON YKCYCHOM
KHMCJIOTBI B COOTHOLIEHHMH 3:1. ['ma3a MOryT nmoMemarscs B MapJeBblid MEMIOYEK C
ATUKETKON Ha IHO OaHKU ¢ (hukcaropom. banky Ha 1/4 3anmonHs0T 00€3BOKEHHBIM
MeAHbIM KynopocoM. IlpopomxurensHocTs ¢ukcauun 24 4. Ilocne Qukcanuu
ry1a3a peid 00padbaThIBAIOTCS TOOYEPETHO.

['na3a u3 pukcaropa nepemMemaroT B JUCTUUIMPOBAHHYIO BOoy Ha 20 MUHYT.
[To mepe OOBOIHEHHUS OHM OIYCKalOTCs Ha JHO cTakaHa ¢ Bogou. Ilocre
IIOJIO’)KEHHOTO CPOKa ITOOYEPEIHO KaXKAbIM IJ1a3 NOMENIAIOT Ha JIaJOHb BHHU3
POTOBHIIE M BBEPX OTBEPCTHUEM 3PUTEIIBHOTO HEpPBA. | JIa3HBIMM HOKHHUIIAMU
Cpe3aroT OHO TIJa3a Tak, 4yToObl B OOpa3oBaBILIEeCs OTBEPCTHE MOI IPONTH
XPYCTUIUK. XPYCTAIMK MPUA OSTOM CTAaHOBUTCS BHUAMMBIM, HO TOBEPHYT K
penaparopy 3aJHUM IOJIIOCOM. B 3a1HMI NOJIFOC BBOJST UIUIy C TPEXTPAHHBIM
CEYEHHUEM [I0 YIIOpa B AP0 XpyCTajduka. XpyCTaJuK U3bIMAETCS U3 Ia3a.

JlanpHEWIINEe ONepaluy CBOASATCSA K CHATHUIO NEPEAHEN KaICyJbl XPYCTAINKA
C DIUTEIMEM U K IOJIYYEHMIO INIOCKOCTHOIO Ipernapara U3 CHATOM ¢ XpyCTalliKa
nosycdepnl. Cpasy ke mociie U3bsATHS XpyCTaluKa U3 Ij1a3a TPEXTPaHHOM HIJIOH,
KOTOpasi He 1a€T BO3MOXKHOCTH €MY BpPAILIAThCS MO OCH, XPYCTAIMK MEPEMEILIAIOT B
KaIUT0 JUCTHIUIMPOBAHHOW BOAbI. B 3TOM Karie MUKpPOCKAIbIIEIEM I10 3KBAaTOPY
XPYCTAIMKA JAENAIOT HAAPE3 M MEPENHION KaICyly C SHUTEIUEM MOMEMIAIT C

BOJIOKOHHOM YaCThIO I'J1a3HOM JIMH3BI B BOAy. Hapsaay ¢ kancynon Ha nmpeamMeTHOM



CTEKJIE B KaIljie BOJIbI MOTYT OKa3aThCsl (parMeHTh BOJIOKOH XPYCTaIUKa, YACTHIIBI
CETUaTKU U Pagy KHOU 000I0UKH.

Heobxoaumo moAroTOBUTH APYroe MPEeIMETHOE CTEKJIO C Karuled BOJbl, B
KOTOPYI0O MHUKPOIMHIETOM WJIM OOBIYHOW NpernapoBajbHON WIJION TEPEHOCST
KaICyJly XpyCTaJMKa C JIUTEIUEM.

Jlanee MUKpOCKAJIbIIENIEM HAHOCSTCS HAaceuykd OT mnepudepun K UEHTPY
nostycdepsl Karcyibl Xpyctaiuka. OObIUHO ObIBAET JOCTATOYHO 5 - 6 TIyOOKHMX
HaceudeK, YTOObI MoTychepUIeCcKyIo IEPETHIOI0 KalCyly XpycTaauka MOKHO ObLIO
Obl YJIOXHUTh B OJIHOM IJIOCKOCTH Ha MpeaAMEeTHOM cTekie. OTaenbHbIe YacTH
KalCyJIbl  PAaCHpaBisIOT  MPEMAPOBAIBHOW  HWIVIOW H  "MHUKPOKOUYEprou'.
OIDHOBPEMEHHO YIAISAIOT OCTaBIIMECS Ha DIUTEIIMHA BOJIOKHA Xpycranuka. [locne
IIEPBOIO paclpaBiIeHUs BOJA YACTUYHO OTCAChIBaeTCs (PUIBTPOBAIBHON OyMaroi.

OTtaenbHBIE JIEIECTKU KallCyJIbl IOCJIE HACEYEK JIOJDKHBI I0JIBOPAYMBATHCSA
BHYTpPb. OTO TapaHTUPYET TO, YTO JMUTEIUN XPYCTaJIMKa OKAa3bIBACTCA MEXKIY
CTEKJIOM U KamcyJioh. B 3TOM ciydae INUIOCKOCTHOW IIpenapar NPUKIEUBACTCS K
IIPEAMETHOMY CTEKIIy ITPH YaCTUYHOM NOJICYIINBAHUU.

JlanbHeiyue onepanuy CBOIATCS K MOJACYIIMBAHUIO (DUIBTPOBANIBHOU
Oymaroi IUIOCKOCTHOIO TMpenapara SHUTENust XpyCTaluKa U K YaCTUYHOMY
BBINIPABIICHUIO KAaIlCyJIbl, OHA IPUCYLMIMBAETCA K CTEKIYy, HO HE JIOBOIUTCA 10
MOJIHOTO BbIChIXaHMs. [loOeneBiIy0, HO €Ile BIAXKHYI KalcCylly 3aKpbIBalOT
Karuie kpacurens (MpU UCIOJIB30BAHUM KpacuUTelssl remanayH Maiiepa nporuecc
okpammBanus anutcs 5 - 8 muH.). IIpu okpacke remanayn Maiiepa npemnapar
IIOMEIIAIOT B BOJOIPOBOAHYIO BOJY, OTMBIBAIOT OT KPACUTEIA U IPOSBIAIOT TaM
110 TIOJICUHEHHUS.

Ilocne oxpacku mpemnapara Ha NPEIMETHOM CTEKJIE €ro MPOBOAAT 4Yepe3
CIUPTHI, JOBOJAST A0 KCUJIONA U 3aKJIOYAIOT B KAHAJICKUN Oallb3aM WM B IPYTYIO
CUHTETHUYECKYIO CpENy.

[ToncyeT XpoMOCOMHBIX abeppalriuii MpOBOJAT MO METOAMKE, OMMCAaHHOW Ha
CTaAMsIX aHa-Teno(asbl B KJIETKAX AIUTENNS KaK JJI1 BCErO XPyCTaauKa, TaK U s

OTZIETBHBIX 30H MUTOAU(PGEPEHITUPOBKYU MUTENNS: IIEHTPATHHOM, TepMUHATUBHOMN



Y NPEIdKBATOPUAIBLHOM. BpICOKass MUTOTHYECKAS] aKTUBHOCTh B TEPMUHATUBHOU U
IPEIKBATOPUAIIBHON 30HAX I03BOJIIET 00Jiee MOJHO BBIABUTH XPOMOCOMHBIE
MYTAalMH 110 CPAaBHEHHUIO C UCCICJOBAaHUEM Ha APYTHUX TKAHSX.

0) HccnenoBanue ¢ npenBapUTENIbHON TpaBMaTU3alMeNd XpycTanuka. PhiObI
IIOCJIE DKCIO3UIMM B PACTBOPAX TOKCHMKAHTOB 3a JBOE CYTOK JO IPUIOTOBJICHUS
IIPENapaToB SIUTEIUS] XPYyCTAIMKA IOJABEPrarOTCs TPABMATH3ALUU YKOJIOM. YKOJI
HAHOCST TOHKOW YHTOMOJIOTHYECKOM UTJION B TIEPEIHMM TOJI0C XpycTanuka Ha 1/5
€ro auaMmeTpa. B mepBble CyTKM TpaBMAaTU3aLHUEW IacsTCs CIIOHTaHHBIE MUTO3bI B
DOUTENMM  XPYCTaluKa, a  3aTeM  MOABJIIIOTCA ~ CHUHXPOHU3MPOBAHHBIE
NOCTTPaBMAaTUYECKUE MHUTO3bI, IMOJIOCA KOTOPBIX IOBTOPSIET KOH(UIypaLHIO
TpaBMbl. Takum 00pa3oM, XpOMOCOMHBIE abeppaly Ha CTaJuu aHa-Teaodas3bl
MOJICUUTHIBAIOTCS B  IMOCTTPABMATHYECKUX, CHHXPOHU3WPOBAHHBIX MHTO3AX.
[IpreMbl TOATOTOBKM IPEMAPATOB JIUTENNS XPYCTAIMKA HE OTIMYAIOTCS OT

BBIINICOIITMCAHHBIX.

7.3.2. OmnpeneneHue 4YacTOTbl XPOMOCOMHBIX aOeppaluii B  KJIETKax
KaOEPHOTO AIUTEIHS PhIO

UccnenoBanusi mpoBOASIT € aKBapuyMHOM  pbrIOON  HOTOOpaHXUYC
(Nothobranchius rachovi). MeToa mo3BoJiieT yYUThIBaTh YacCTOTY CTPYKTYPHBIX
HapyIICHUH XpPOMOCOM Ha cTaauu MeTadaspl W TpearnojaraeT 0ojiee MOIHYIO

OIICHKY a0bepparuii B KaYeCTBEHHOM M KOJIMYECTBEHHOM OTHOIIICHUSX.

7.3.2.1. Xapakrtepuctuka TecT-00bekTa. HoToOpanxuyc (Nothobranchius
rachovi) umeet pasmep 3 - 4 cM, UMEET CPaBHUTEIHLHO HEOOJBIIOE KOJIMYECTBO
xpomocoM (16), y KOTOpoi B TKaHSIX OTMEUAETCA BBICOKAs MHUTOTHYECKas
aKTUBHOCTh. PpIOa JIETKO BOCHIPOU3BOIUTCSA M JIOCTATOYHO HEMPHXOTIHMBA TIPH

COJICPIKAHHH.

7.3.2.2. JlTabopaTtopHO€ 000PY/I0BaHHE U MaTEPHUAIBI:

XOJIOWIIBHUK JIJIs1 XpaHEeHUsI PUKCUPOBAHHOTO MaTepHaia;



MHUKPOCKOIT OHosiornueckuii, ooecneunBatoniuii yeemmaenue B 100 - 200 pa3 ¢
b oTOHACATIKOM;

MEpHas MoCya JJIsl MPUTOTOBIICHUS PACTBOPOB;

daakonsl (1o 10 M) 1711 XpaHeHUsT GUKCUPOBAHHOTO MaTepUaa;

BEreTallMOHHBIC COCY/IBI IS PHIO;

MIPEIMETHBIC CTEKJIA;

MpenapoBaJIbHbIC UTJIBI,

MTAHIICTHI,

CKaJIbIIeIIb;

IITPHUITBI U UTITBI TSI MHBEKITNH;

Kpacutenb [ uM3a;

dbukcatop (cnupt/96%-Has nensiHast ykcycHas kucioTa 3:1);

kosxunyH (0,4%);

runotronngeckuit pactop KCI (0,4%);

ykcycHas kuciota (60%).

7.3.2.3. IIpoBeneHue ucciueaoBaHuim

JUiss  ydyera cpeAaHell 4acTOThl CTPYKTYPHBIX THIEPECTPOEK XPOMOCOM
UCIIOJIB3YIOTCS KJIETKH 5Ka0€pHOT0 3MUTENHS, 00raThle MUTO3aMH.

Pri6e unbenupyroT BHyTpuMbIieuHo 0,4% pacTBOp KOJXHUIIMHA W, YMEPTBUB
ee uepe3 5 - 6 4acoB, OTHENSAIOT KaOpbl, KOTOPbIE BBIIECPKUBAIOT B TeueHue 20
munyT B 0,4% pactBope KCl, ¢ukcupyror B sTaHon-ykcycHoit cmecu (3:1) u
MalepupyroT TkaHb B 60%-HOil ykcycHOW kuciore. KileTOuHyr CyCHEeH3HI0
HAHOCST Ha MPEIMETHBIE CTEKJa, BHICYIIMBAIOT, OKPAIIMBAIOT pacTBOpoM [ mm3a.

Jlist ananu3a BbIOMpArOTCS MeTadasHble MIACTUHKUA C SIBHO BBIPaXKEHHBIMU
XpOMOCOMaMHU, pacrojaraloluMUCs B OJJHOM MIIOCKOCTH 0€3 HaJIO0XKEHH.

Jist kaxknod puiObl aHamu3upyroT no 40 meradas. HesaBucumo ot ymcna
abeppanuii B 0IHOM KJIETKE OHU 3aCUUTHIBAIOTCA KaK OJHO HapyIlICHHUE.

YUUTBIBAIOT CHEAYIOIINE BUIbI HAPYLICHUM:



a) CTPYKTYpPHBIE XPOMOCOMHBIE AHOMAJIMH, BKJIFOYAIOIINE XPOMOCOMHBIC U
XPOMATHUIHBIE Pa3pbIBbI, (pParMEHTHI, AUICHTPUKH, KOJIBIIEBBICE XPOMOCOMBI,
alleHTpUIECKUe PparMeHTHI;

0) aHEeYIUIOUIHBIE KIIETKH;

B) TIOJIUTTOMTHBIC KIICTKH.

[ToacunuThIBalOT Ha OAHY 0COOb KOJMYECTBO HOPMATBHBIX MeTada3 v KIETOK C
abeppalssMid  XpPOMOCOM, pPAaCCUMTHIBAIOT MpPOIEHT Hapymenuid (N) 1m0

cienyromieit hpopmyie:

YHCIIO KJIETOK C HapYIICHUSIMU
N x 100%.

O6HIGC YHUCJIO ITPOAHAIN3UPOBAHHBIX KIICTOK

Boeruucnstor cpennee apupmernyeckoe u3 N 1Sl KaKI0UW TPYIIIbI pbIO.

7.4. Yder 4yacToThl 00pa30BaHUs MUKPOSJIEP B IPUTPOLIUTAX PHIO

MeTon MO3BOJISET YYUTHIBATH B IIUTOIUIA3ME 3PUTPOLMTOB PHIO YaCTOTY
0o0pa30BaHUsI MUKPOSAEpP, KOTOPbIE MPEACTABISAIOT cO00il (parMeHThl S1€pHOrO
MaTepHuana, SIMMUHUPYIOIIHUECS U3 A/ipa KIETKH NpU adeppalusiX MUTOTUYECKUX

XPOMOCOM.

7.4.1. IlpoBeaeHue uccaeI0BaHUM

7.4.1.1. OGopyioBaHUE U MaTepUaIbI:

MUKPOCKOI OHoJoTnYeckuii, ooecrneunBaronuii yenuuenue B 100 - 200 pas ¢
dhoToKamMepoi;

MepHas TIoCya I TPUTOTOBJICHUS PaCTBOPOB;

IPEIMETHBIC CTEKJIA;

BETETAIMOHHBIE COCYIbI IS PBIO;

Kpacutelb [ 'um3a;



STUNIOBBIN ciupT (96%) nist huxcauu.

7.4.1.2. TloaroroBka Ma3koB KpOBU
JIisi pUrOTOBJIEHUS Ma3KOB KpPOBb OepyT M3 XBOCTOBOM BeHBL. Masku
(UKCHPYIOT B YMCTOM 3TaHOJIE, BBICYIINBAIOT, OKpamMBatoT 10%-HbIM pacTBOpOM

Kpacutens ['mM3a 1 MpocMaTpuBaroT ITOJ MUKPOCKOIIOM.

7.4.1.3. Yuer u aHanu3 pe3yJIbTaToB

AHanuzy nojasiexaT Ma3Ku, TJIe KJIIETKH pacrojaraioTcsi paBHOMEPHO, o0pa3ys
MOHOCJION 0€3 HaJIOXKEHUW W MOBPEXKACHUHN IUTOIIIa3Mbl. Y UUTHIBAIOTCS TOJBKO
L(EJIbIE SPUTPOLUTHI.

s onpeneneHus 4acTOTbl BCTPEYAEMOCTH KIIETOK C OZHUM WM JIBYMs
MuKposiapamu aHanu3upyor 1000 spuTpouutoB Ha ocoOb Ha | mpeameTHoOe

CTCKIIO. Hepen IIoACYCTOM CTCKJIAa MOKHO HII/I(prBaTB.

7.5. MUKpOSIEpHBIN TECT HA SITUTEIHUH TYTIIH

7.5.1. XapakTepucTuKa TeCT-00bheKTa

C uenbro BBISBICHUS TECT-PEAKIIMM HAa HWHAYKLIUAKD MUKPOSIAEP MOMKHO
VCIOJIB30BaTh MMOKPOBHBIN SMUTEIUN TYIIIH.

[Ipumenenue metona OOOCHOBAaHO TEM, YTO BO BpeMs JCJICHHS KIETOK
aleHTpuYecKkrue ¢GparMeHThl XPOMOCOM M OTCTaBIIME XPOMOCOMBI HE BXOJST B
JIOYEepHHE Aapa, a GOPMHUPYIOT B IIUTOILIA3ME 0J1HO U pexe aBa JJHK-conepxammx
oOpa3oBaHus, MOJYYMBIIMX Ha3BaHUE MUKpPOsiApa. MUKposiapa MpeACTaBISIOT
coOoli OKpyryibie O0pa3oBaHUsi B IIUTOIUIA3ME, HMMEIOIIME TEMHYIO OKpacky,
CXOJHYK) C OKpAacKOW sAEpP MCCIEAyEMBbIX KIETOK. Pa3mepsl Mukposaep

u3MmeHsroTes ot 1/5 o 1/20 pazmepa siapa.

7.5.2. O6opynoBaHue U MaTepUAIbL:

AKBapUyMbl EMKOCTBIO S II;



MUKPOKOMITIPECCOPHI;

MHUKPOCKOIT OMOJIOTHYECKHH, ooecieunBaromuii ypenmuuenue B 100 - 200 pas;
yamku [letpu;

MOKPOBHBIE U MIPEAMETHbBIC CTEKIIA, MUNETKH 00beMoM 1 - 5 mut;
IPENAapOBaJIbHBIE UTJIBL;

MUKPOCKAJIBIIEIIN;

[J1a3HbIE TUHIIETHI;

CUCTYHUK AJIA IToACYCTA (l)OpMCHHBIX 9JICMCHTOB KPOBH.

7.5.3. IIpoBeaeHue ucciaeI0BaHuM

JUis BBIABICHUSI MUKPOSACP HCIOJIB3YIOT T€ JK€ METOAMKH, YTO W JUIA
BBISIBJICHUS XPOMOCOMHBIX abOeppamuii (n. 7.3.1 Pasnmena 7). B mnpenaparax
OTNPENETAIOT KOJIMYECTBO KJIETOK C MHUKpOsiApaMu Ha | ThIC. MOACYMTAHHBIX
KJIETOK U BBIPAXKAIOT UX YUCIIO B MPOIICHTAX.

[Ipr >TOM yYMTHIBAIOT Ha BPEMEHHO OKpAIICHHBIX Mperaparax MOsSBICHHUE

MUKPOSAJACP B KIICTKAX SIUTCINUSA B OIIBITC 1 KOHTPOIJIC.

7.5.4. Yuer u aHa/Iu3 pe3ybTaTOB
KpurepueM  reHOTOKCMYHOCTH  BEIIECTBA  SIBJISIETCS  CTATUCTUYECKU
JIOCTOBEPHOE YBEIWYCHHUE YHCJIa KIETOK, COJACPXKAIIMX MHUKPOSApAa B OMBITHBIX

npenapaTrax no CpaBHEHUIO C KOHTPOJIEM.

7.6. OmnpeneneHne TE€HOTOKCUYHOCTH BEIIECTBA IO JCHCTBHUIO Ha

mu(epeHInanbHy0 aKTUBHOCTh T€HOB

7.6.1. XapakTepucTuka TecT-o0beKTa

HccnenoBanuss TPOBOMATCS Ha IIOJMTCHHBIX XPOMOCOMAaxX B  CIFOHHBIX
Kenesax TMPEAKYKOIKH XHPOHOMHI. B kadecTBe TecT-00BEKTa PEKOMEHIYETCS
nabopaTopHas KyJbTypa XUPOHOMHUJ] - XUPOHOMYC TaMH M XUPOHOMYC TIITYMO3YC

(Chironomus thummi u Ch. Plumosus). [Ipu uccienoBanuu BeiecTBa B COJICHOM



BOJIE B KadyeCcTBE TeCT-00bEKTa PEKOMEHAYETCsS JlabopaTopHas KyJIbTypa
xupoHomuy; (Chironomus sp.) ©3 a30BCKHX JIMMAHOB, aJalNTUPOBaHHAS K
coseHoct 20 mpommiie. B pesynabTaTe mpoBeneHUS pabOThl BbISBISETCS
JNEUCTBUE  BEIIECTB HAa  CTPYKTypy HUHTepha3HbBIX XpOMOCOM M  Ha
nuddepeHuanbHyl0  aKTUBHOCTb — NposiBieHUs nydpduHra B  mporecce

MeTaMop(o3a JIMUYUHKHU B KYKOJKY.

7.6.2. O6opynoBaHKWE U MAaTCPUAIIBIL:

MHUKPOCKOIT OMOJIOTHYECKHH, oOecieunBaromuii ypenmuuenue B 100 - 200 pas;
TOHKHM MUHIET;

penapoBajIbHbIC UTJIbL;

IPEAMETHBIE U TIOKPOBHBIE CTEKIIA;

KHCTOYKA;

¢unabTpoBaNbHAA Oymara;

Kpacutens aneroapcent (0,5% apcenna B 45%-Ho# yKCyCHOM KHUCIIOTE);
cpena Juid 3aduBKU (KpacHUTelb, pa3BeJieHHbIH B cooTHOIeHUU 1:3 45%-Hoi

YKCYCHOU KUCJIOTOM).

7.6.3. IIpoBeaeHue uccaeI0BaHUM

OnpeneneHrne reHOTOKCUYHOCTH XUMUYECKUX COCIMHEHUH U UX JEHCTBHS Ha
muddepeHINaIbHYI0 aKTUBHOCTh T'€HOB MPOBOIST Ha MPEAKYKOJKE, pa3BUTHE
KOTOpo# HaOmoaaercs ¢ 36-ro no 38-it nenwpb npu temmneparype 20 - 25 °C. Cranus
NPEIKYKOJIKH XapaKkTepu3yeTcss HAOyXaHUeM IpyAHbIX CETMEHTOB, YKOPOUEHUEM U
3a0CTPEHUEM TeJla U YMEHBIIEHUEM JIOXKHBIX HOXEK. MeTamopdo3 mpoxoaur B 6-
u, /-1, 8-it u 9-i1 dazax pa3zsutus. MI3MeHeHue 1[BeTa Tena ¢ KPaCHOTO Ha TEMHO-
cepblil yka3blBaeT Ha OKOHYaHHEe MeTamopdo3a.

JUIsi CMHXpOHM3alMK Pa3BUTHS W OTOOpa XHMPOHOMHJ B IKCIEPUMEHTE
3apaHee CJelsT 3a CTENEeHbI0 MOTEMHEHHUsl TOJIOBBI HA MEpBOM (haze 4yeTBEPTOro
BO3pacTa, mepeja TeM Kak JIMYMHKa mepeiner B ¢a3zy mpenkykonku. Otdupaior

JIMYUHOK, Y KOTOPBIX Kp&CHBIfI OBET I'OJOBBI MCHACTCA Ha TCMHO-KOpH‘IHGBBIfI, 151



3aTeM JKIyT MOMEHTa HaOyXaHUs TPYIHBIX CETMEHTOB W YKOpPAYMBAHUS Tena.
[Ipenaparbl MOIUTEHHBIX XPOMOCOM W3 CIIOHHBIX JKEJIE3 MOITY4aroT CJIEIYIOLIUM
oOpazoM. JInunmHKy momMemiaroT Ha (pUIBTPOBAIBbHYIO Oymary Jijisi 0OCYyIIMBaHMS,
3aTeM MEPEHOCAT Ha MPEAMETHOE CTEKII0, TOHKO OTTOYCHHBIM MUHIIETOM OEpyT 3a
MaHJIuOYJIbl U TAHYT, OTPBIBasi TOJOBY. BMecTe ¢ royioBoit U3 Tena BBITSITUBACTCS
KHUILIIEYHUK, MO0 OOKaM KOTOPOTO BHJHBI CIIOHHBIC KEJe3bl, NMPUKPEIUICHHbIE K
rojiope npotokamu. IIpemnapoBaibHBIMM WUTJIaMU CIIOHHBIE KEJIE3bl OTACISIOT OT
OCTaJIbHBIX TKaHEW M OKpalmBaloT ux B TedeHue 10 - 15 MUH. alleTOOpCEUHOM.
[Tocne oxkpalMBaHUs CIIOHHBIC KEJE3bl U3BIMAIOT U3 KPACUTENS U MOMEIIAI0T Ha
YUCTOE MPEeIMETHOE CTEKJI0. Ha MOKpPOBHOE CTEKJIO HAHOCUTCS Karuisl Cpelbl JJis
3anuBKU. [lOKpOBHOE CTEKJIO MEepeBOpaYMBAIOT TaK, YTOOBI Karuisl MOKphLIA
CIIIOHHBIE *kese3bl. Ha MOKpOBHOE CTEKJIO MOMEIIAIOT KyCOYeK (PUIbTPOBAJIbHOM
OyMaru u OOJBIIMM TajJblieM, 0€3 CABUTOB B CTOPOHBI, KJIIETKH CIIOHHBIX JKeJe3
pa3gaBnuBaroT. Cpena mJig 3ajJUBKH, BBICTYIHUBINAS W3-TIOJ MOKPOBHOTO CTEKIIA,
BIIUTHIBAETCA B (UIBTPOBaJIbHYIO Oymary. 3arem Oymary yaaisioT, a Kpas
MOKPOBHOTO CTEKJIa CMa3bIBalOT OECIBETHHIM JiakoM. briaromaps naky mpemapat

NpCaoXpPaHArOT OT BbICBIXAHUS.

7.6.4. Yder u aHanu3 pe3yiabTaToOB

['eHOTOKCMYHOCTh BENIIECTBA OILICHUBAETCS [0 HAPYIIEHUIO CTPYKTYPhI
MOJINTEHHBIX XPOMOCOM (BO3MOKHBI Pa3pbIBbl, pacnaj] KOHIIOB U JE€3UHTErparusl)
¥ 10 HapylleHuio nyduHra Bo BpeMs Meramopdoza. OTMeyaeTcsi cienyroiee
oOpazoBanue my¢doB B HopMe. Ha nepBoit xpomocome nyd Gih-k yBenuunBaercs B
pa3mepax Ha 7-i u 8- azax pasButus. Ha BTopoit xpomocome 2A3B MOCTENEHHO
cyxkaetcs, a myd 2A3e yBeIWUMBACTCS Ha KaXJI0H mocienyromeit ¢asze. Ha 8-i
daze nosBisitores 2 myda 2J121e u myd 21'2. Ha tpetbeit xpomocome Ha 6-ii u 7-i
dazax umeercs nyd 3/ih, a mocne 7-i a3zl nossusiercss nyd 3if, koTopsIii
oTMeyaeTcsl 10 KoHIla MeTamopdo3za. Ha derBepToii XpoMocoMe BHUIHBI TeJbla
banbbuanu, KoTopsie pe3ko yBenuuuBarotrcs Ha 8-i ¢aze. [lomumo sToro Ha 6-i

daze nosiBnsgeTcs ObICTPO ucuesaronuit myd 4/1c.



HpI/I HCﬁCTBHH HCKOTOPBIX TOKCUKAHTOB Yy JIMYMHOK HACCKOMBLIX, UMCIOIINX

IMOJIMTCHHBIC XpPOMOCOMBI, MOKCT BO3BHUKHYTb 10 22 HOBBIX Hy@OB.

8. OnpeneneHHe Tpe60BaHPII>'I K OICHKC BPCMCHHLIX HOPMATHUBOB BCIICCTBA

AJI1 IPECHOBOJAHBIX BOAHBIX 00BEKTOB

8.1. Pacuetnsbiii Metop onieHkn OBYB oprannueckux necTUiinaoB

Jns Berumciaenuss BenuduH OBYB mecTuiuaoB OpraHM4ecKkoro cocraBa
HE0OX0oMMMO OOBHBIM moOpsiAKoM (1. 7 [lpunoxkeHus 2 K HACTOSAIIUM
MeTtoauyeckuM yKa3aHUsSM) YCTAHOBUTH CIEAYIOIINE BETUYMHBI:

X - koadduiment pacnpeaeneHus "okranona-soja" - K ;

1 ow
X - nnst nadumii - JIK 32 48 4 (Mr/n);
2 50

X' - 715 B3pOCIIBIX WM TOJOBUKOB pbIO - JIK 32 96 u (Mr/n);

3 50

X - nst iuanHOK peio - JIK  3a 48 u (mr/n).

4 50

[lomy4yeHHbIE BENUYMHBI BCTABISIOTCS B Cliefyromiee  o0oOmaroiee

ypaBHCHUE:

IgOBYB=A+b xIgX +b xIgX +b xIgX +b xIgX.

1 1 2 2 3 3 4 4
Koadpdpummenter A, b, b, b u b BeiOuparorcs u3 tadmuie 8.1.1 B
1 2 3 4

COOTBETCTBHM C  HWMCIOIHMMCSI  MaKCHUMaJlbHBIM  HA0OpPOM  HM3BECTHBIX
HCXOTHBIX
nokaszareinieil (mpeaukTopoB). Ecim kakue-muO0 IpearKTOPhl HEM3BECTHBI, TO U3
OOIIIEro ypaBHEHUS UCKITIOYAIOT COOTBETCTBYIOIINE YJICHBI.

Jlmsg  mecTturuaoB, 00JaJarOMMX BBICOKOM TOKCHYHOCTBIO, uMerommx JIK

meHee 0,1



50
MT/11, PEKOMEHIyeTCSI BBIYUCIIATH YpPaBHCHHE W C JPYyrod TMOI0OpKOU
ko3 buLreHToB
(Tabnuia 8.1.2).

U3 ABYX BAPHAHTOB CJICAYCT BI)I6paTI> MCHBIICC KOJIMYCCTBCHHOC 3HAYCHMHC

OBYVYB Berectna.

8.1.1. IIpumepsl pacueta ObYB

1. [Tpumep pacuera OBYB cpenneTokcnyHOTo necTuImaa (PUAOMUIA):

a) MOJHBIN Ha0Op

IgK =1,65 (f) I[IAK = 0,01 mr/m,

ow 1
JIK s nadumii = 0,6 (X)),
50 2
JIK nans pei6 = 91,8 (X)),
50 3
JIK  mnst muauaok = 34,3 (X);
50 4
IIPOBOJIUM JIOTapU(PMUPOBAHHE:
f =1gX =-0,22,
2 2
f =IgX =1,96,
3 3
f =IgX =1,54;
4 4

HaxoauM 110 Tabymie 8.1.1 mus Hadopa X X X X :
1234
A=-335;b =-0,11; b =0,10; b =0,43; b =0,31;
1 2 3 4

IMoACTaBJIsIEM B YPABHCHHUC!



IgY = -3,35 + (-0,11) x 1,65 + 0,10 x (-0,22) + 0,43 x 1,96 + 0,31 X 1,54 = -
3,35- 0,18 - 0,02 + 0,84 + 0,48 = -2,23,
-2,23
Y=10 =0,006 OBYB = 0,006 mr/x.

Tabmwuma 8.1.1

Koaddumumentsr popmynsr mist pacaera ObYB mpu pa3Hbix BapraHTax

UCX0HOU nH(popmaIuu (00U cirydail)

| HaGop ycTaHOBIIEHHBIX Koadbdurments
| PEIUKTOPOB
I I I I I
—
| A [ v | b [ b [ b ]
| v 2 3| 4]
| | | |
I I I I
| | |
I I I
| X |-2,05 |-042 | | |-
|1 | I
| | | |
I I I I
| | |
I I I
| X 323 |- Joso |- |- ]
| 2 | I
| | | |
I I I I
| | |
I | I
| X |-3,90 |- |- oot |- |



| |
I I
| x |-3,55 |- |- |- | 0,90
| 4 | I
| | |
I I |
| |
I I
| x X |-2,62 |-022 0,57 |- |-
| 12 o I N
| | |
I | |
| |
I I
| X X |-342 [-012 |- [074 |-
| 13 o b
| | |
I I I
| |
I I
| X X |-287 [-0,19 |- |- | 0,69
| 14 o [ N
| | |
I I |
| |
I I
| X X |-3,76 |- 032 ]o,68 |
| 23 o [ N
| | |
I I I
| |
I I
| X X |-3.48 |- 037 | | 0,62
| 24 o [ N
| | |
I I I
| |
I I
| X X |-3,82 |- |- o063 |032
| 34 o [ I
| | |
I I I
| |




| X XX |-3,50 |-008 |0,18 |06 |- |

| 123 | I N

| X XX |-2,95 |-0,16 |0,12 |- |0,63 |

[ 124 | I N

| X XX |-329 |-0,13 |- |o044 |035 |
[ 134 | I N

| X X X |-3,72 |- |0,27 |054 0,19 |

| 234 | I

I I I
| X XXX |-335 [-0,11  |o,00 [043 |031 |

| 1234 | I
| ! ! !

Tabmuma 8.1.2

Koadpuuumentsr popmyisl ansa pacuera ObYB
MIPHU pa3HbIX BapuaHTaX UCXOAHON UH(pOpMAUU

(7151 BBICOKOTOKCUYHBIX MpemnapaTos, [IK < 0,1 mr/m)

50




| Habop ycTaHoBieHHBIX KoaddunmenTs
| MIPEIUKTOPOB
I | | |
—
| A|lb | b | b | b
| 2 3] 4
| | |
I I I
| |
| I
| x |-2,05 |-042 |- |- |-
|1 I |
| | |
I I I
| |
I I
| X |-3,13 | 096 |- |-
| 2 I |
| | |
I I I
| |
I |
| X |-4,28 | |- 073 |-
| 3 I |
| | |
I I I
| |
I I
| X |-2,97 | |- |- |121
| 4 e |
| | |
I I I
| |
I I
| X X |-2,61 |-030 [029 |- |-
| 12 I |
| | |
I I I
| |
I I
| X X |-2,86 |-028 |- ]0,57 |-
|13 I |



| X X |-2,23 |-027 |- |- ]o082
| 14 | . |
| |
I |

| |
| x X |-322 |- |o056 [0,78 |
| 23 | | |
| |
I |

| |
| X X |-217 |- o068 |- |13
| 24 | | |
| |
I I

| |
| X X |-332 |- |- [025 0,99
| 34 | | |
| |
I I

| |
| X X X |-2,13 |-024 |oj6 |- ]085
| 123 I |
| |
I I

| |
| X XX |-2,50 [-024 |-  |0,28 |o.,61
[ 134 I |
| |
I I

| |
| X X X |-244 |- [o051 033 0,91
[ 234 o |




6) myctp Hem3BecTHHI 1gK w JIK s muuubok. Torma ucnonb3yeM HaOOp
ow 50
XX:A=-3,76;b =0,32; b = 0,68, KOTOpBI} OACTaBIsIEM B ypaBHEHHUE:
23 2 3
lgY =-3,76 + 0,32 x (-0,22) + 0,68 x 1,96 = -3,76 - 0,07 + 1,33 =-2,5
-2,5
Y=10 =0,0030BbYB =0,003 mr/m.
2. Ilpumep pacuera OBYB BBICOKOTOKCHYHOIO MECTULIMAA (KapaTe):
a) o tabnuie 8.1.2:
nycth Heu3BecTeH IgK . Torma ucnonszyem Habop X X X :
ow 234
JIK s paduwmii = 0,00059 (X)), ITIAK - 0,00000002 mr/i,
50 2
JIK  nns pei6 = 0,005 (X)),

50 3
JIK s muauaok = 0,0034 (X);
50 4
MPOBOJUM JIOTapU(PMUPOBAHUE:
f =1gX =-3,23,
2 2
f =I1gX =-23,
3 3
f =I1gX =-2,47,
4 4
HaxoauM 1o Tabsmie 8.1.1 nnsg Hadopa X X X :
234
A=-3,72;b =0,27;b =0,54; b =0,19;
2 3 4

NOJICTABJISIEM B YPaBHEHNUE



lgY =-3,72 + 0,27 x (-3,23) + 0,54 x (-2,3) + 0,19 x (-2,47) = -3,72 - 0,87 -
1,24 -0,47 =-6,3
-6,3
Y=10 =0,0000005 OBYB = 0,0000005 mr/i;
0) no tabaure 8.1.2:

nycth HeusBecTeH I1gK . Torna ucnonszyem Habop X X X

ow 234

JIK  mnsa madamii = 0,00059 (X)), ITAK = 0,00000002 mr/m,

50 2
JIK  mns pei6 = 0,005 (X)),

50 3
JIK  mnst muausok = 0,0034 (X);

50 4

MPOBOJIUM JIOTapU(PMUPOBAHUE!

f =I1gX =-3,23,

2 2
f =IgX =-2.3,

3 3
f =I1gX =-2,47,

4 4
HaxoauM 1o Tabymre 8.1.2 ns Habopa X X X :

234
A=-244;b =0,51;b =0,33; b =0,91;
2 3 4

[IOJICTABJISIEM B YPAaBHEHHUE
IgY = -2,44 + 0,51 X (-3,23) + 0,33 X (-2,3) + 0,91 X (-2,47) = -2,44 - 1,65 -
0,76 -2,25=-7,1
-7,1
Y=10 =0,00000008 OBYB = 0,00000008 mr/1.



[To TabGauie 8.1.1 momyueHo MeHbIlIee 3HAYEHUE, €T0 M BHIOMPAEeM B KaueCcTBe

OBYB nectunuaa kapare.

8.2. Omnpenenenue TpeboBanuii mno omnenke OBYB BemectB, moMumo
OpraHUYECKUX MECTUIIUIOB

[Tomumo OBYB oprannueckux MNECTUIUIOB, B TMPECHOBOJHBIX BOJHBIX
00BbEKTaX yCTaHABIMBAIOTCS B KPATKOCPOUYHBIX MCCIIEAOBAHUAX UCXOIHBIC JaHHbIC
s ouenkn OBYB BenecTs:

a) AJI0XMMHUKATOB CEJIbCKOXO3MCTBEHHOTO W MPOMBIIUICHHOTO HAa3HAYCHUS
HEOPraHUYE€CKOro COCTaBa;

0) coeoIMHEHWMHM ©W WX CMECEH, HCIOJIb3yeMbIX B Ta3o-, Hedre-,
TOPHOI00BIBAIOIINX, TIEpepadaThIBAIOIINX U IPYTUX OTPACISIX MPOMBIIUICHHOCTH;

B) XUMUYECKUX CPEJCTB 00paOOTKH BOJIBI;

') BEIIECTB, INIAHUPYEMBIX K ITUPOKOMY MCIIOIB30BAHUIO B CTPOUTEILCTBE U

TPaHCIIOPTE.

8.2.1. UccnenoBanus Ha BOJOPOCIAX

[Hemecoobpa3Ho nMpoBeneHUE 7-CYyTOUYHBIX MCCIIEIOBAaHUMN JCHCTBUSI BEIIECTBA
Ha pocT KyInbTypel Bojopocier (m. 1.4 Tlpumoxenus 1 Kk HaCTOSAIUM
Metoauyeckum ykazaHusiM). B kadecTBe albTepHATHBBI BO3MOXKHO TOJIHOE
MIPOBEJICHUE XPOHUUYECKOI'O SKCIIEPUMEHTA C OJIHOKJIECTOYHBIMU BOJOPOCISAMHU B
TeueHue 14 cyToxk.

B KoHIIE ONBITOB OIEHUBAETCS CTATUCTUUYECKAsl TOCTOBEPHOCTh OTKJIOHEHUM
OTBITHBIX TaHHBIX OT KOHTPOJIbHBIX.

VYcioBust KyJbTUBUPOBAHUSI BOJOPOCTEH M TTOCTAHOBKM TOKCHKOJIOTHYECKUX
MCCIICIOBAHUM ¢ HUMU NpUBEACHBI B 1. M. 1.3 u 1.4 [lpunoxenus 2 K HaCTOSAIIUM

MCTOJII/I‘ICCKI/IM YKa3aHHAM.

8.2.2. UccnenoBanue Ha 300IIaHKTOHHBIX OpraHU3Max



WccnenoBanus mpoBOAATCS HA OAHOCYTOUHBIX AadHUSX 0K0yo 20 CyTOK, 4TO
OTIpEIEISIETCS. BPEMEHEM TIOSIBIICHHS TPEX IMMOMETOB y KOHTPOJIbHBIX MadHUMA, WK
Ha OJHOCYTOYHBIX IepuoJaHUIX B TeueHHe / - 8§ CYTOK, KOIJa y padykoB
MOSBIACTCS 3-11 IOMET.

ITocTaHOBKa TOKCHKOJOTMYECKUX HCCIIEIOBAaHHUM W3JIokeHa B II. . 4.1.4 n

4.2.3 IlpunoxxeHus 2 K HACTOSIIUM METOANYECKUM YKa3aHUSIM.

8.2.3. UccnenoBanust Ha SMOpHOHAX U JTUUYMHKAX PHIO

8.2.3.1. IIpoBenenue uccienoBaHu
VYcaoBusi  comepkaHus  phlO, TOJYYEHUS HMKPUHOK M MPOBEICHUS
UCCIICIOBAHU Ha HHUX MNOpuBeAeHbl B 1. 6 IlpunoxkeHuss 2 HACTOSIIMX

MeTtonnueckux yKa3aHHil.

8.2.3.2. AHanu3 pe3yJIbTaTOB UCCIEAOBAHUN
B kauecTBe MakCUMaJIbHOW JOMYCTUMOM KOHIIEHTpAIlMU BEIIECTBA ISl PBIO
MPUHUMAETCSI MaKCUMaJlbHasi KOHIICHTpAlus, HE BBI3bIBAIOIIAS CTATUCTHUYECKU

AJOCTOBCPHOI'O IMOBBIIICHUA CMCPTHOCTHU 3M6pI/IOHOB N ITNYHNHOK.

8.2.4. ccnenoBaHusi ©BMEHEHUN CAaHUTAPHBIX TTOKAa3aTeseil BOJHON Cpe/ibl

8.2.4.1. IlpoBenenune ucciaea0BaHAMA
Hccnenyemoe BemecTBO OLEHUBAKOT IO HW3MEHeHHto moka3arens bIIK,
5
XapaKTEPU3YIOLIEro MPOLECChl CAMOOYHUIIEHNS] BOJHOU CPEJIBL.

Uccnenosanus npoBoastcsa npu 20 °C B CTEKISHHBIX cocyaax OOBEMOM 5
M3, 3aloJHSEMbIX MPUPOJHONM MOPCKOM BOJOM, NPOUIBTPOBAHHOW uepes
MeJIbHUYHBIN ra3 N 76 1 HachIILIEHHON KUCIOPOJIOM.

B cocyabsl BHOCHTCS wuCCIeyeMO€ BEIIECTBO B S5 - 7 KOHUEHTpaUUsX,

PasInyarommrxcsa Ha IMOpsAAO0K. O)II/IH N3 COCYA0B OCTACTCS YUCTBIM U UCITIOJIB3YCTCs



B KayeCTBE KOHTPOJs. B HCXOAHBIE CYTKH, & TAKXKE 4epe3 5 CYyTOK B MUKHOMETPHI
oTOuparoTcs MpoObl BOABI (IO 2 MHKHOMETpa Ha KaXIylo Mpody), KOTOpbIe
BbIJIepkUBatOTCs B TepMocTtate mpu 20 °C B TedeHue 5 CyTOK.

Yepe3 5 cyTok MOCIE SKCHO3UIMU B KaXJAOM M3 MUKHOMETPOB B BOJE
ONPENENSIIOT COJAEP)KaHHE KHUCIopoda M0 BuHkiepy wiMm ¢ NOpUMEHEHHEM
CHEIUATBHO MPUCTIOCOOTICHHBIX OKCUMETPOB.

Pacuer Benmmunnsl BIIK npowusBoguTcs ciaeayronmm oopa3om:

5

BIIK =[0] -[O],
5 2ucx 2t

rae: [O] - ucxojHas KOHIEHTpAIUs KUCIOpoa B BOJIE,
2 ucx
[O] - koHIEeHTpammst KKUCIIOpoaa B MpoOax Ha 5 CyTKH HAOIOACHHMS.
2t
Pe3ynpTaThl WCHONB3YIOTCS JJII COCTABJICHHS TaOMMIBI WIH TpauKoB

3apucuMocTH bIIK OT BpeMeHM U KOHIIEHTpaLMKU UCCIIENYEMOTO BEIIECTBA.

5

8.2.4.2. Ananu3 pe3yabTaToOB UCCIICIOBAHUS
Onenka »¢@dexrta XUMHUYECKOTO BEIIECTBA MPOU3BOAUTCS IO CPaBHEHUIO
BEJINYUH

BIIK B ombITe U B KOHTPOJIE:

5

BIIK (o) - BITK (xoHTp)
5 5
N T x 100 %,
BIIK (koHTp)



rae: BIIK (onm) u BIIK (KOHTp), COOTBETCTBEHHO, B ONBITE U B KOHTPOJIE HA
5 3)

OJIMH U TOT %€ CPOK.

besBpenHoil ass mpolecca CaMOOYMINEHHS CIEAYeT CUMUTaTh TaKylo
KOHIIEHTPALUIO, pu KOTOPOU nokazarens bBIIK OTKJIOHSIETCA  OT
COOTBETCTBYIOIINX

)
3Ha4YeHUH B KOHTpoJe He Ooiiee ueM Ha 20% (T.e. N < 20%).
JInsi BBIUMCIICHUSI KOHILIEHTpAluu, BbI3biBaromie 20% OTKIIOHEHHE, IyTEM

WHTEPHOJSLUNA MOXKET ObITh UCIIOJb30BaHO CIIEAYIOIIEE YpaBHEHUE:!

rae: C - KOHIIEHTpaIus BEIECTBA, BbI3bIBAOIIAsA OTKIOHEeHHE 3HaueHuil BITK

oT
5
AHAJIOTUYHBIX 3HaYeHUW B KOHTpoJe Ha 20%; C u C - KOHUEHTpalMu BEIIECTBA,
1 2
BeI3BaBIIe oTkiaoHeHUs BITK menee u Oosiee yem Ha 20% cooTBeTcTBEHHO; N U
N
5 1 2

- BEIMYUHBI ATUX OTKIOHCHHUH.

Onpez[eneHHe BCIIMYMHBI BPCMCHHOI'O HOpMATHBA



N3 KoHIEeHTpauui, BBIBEJEHHBIX B IIPOLIECCE HCCIECIOBAHUM B KadyeCTBE

MAaKCUMAJIbHBIX  OOIIYCTUMBIX JUJIA KaXAOIro U3 00BEKTOB HCCICaAOBAaHUs,

BI)I6I/IpaeTCH HAaUMCHbBIIIAA, KOTOPAad U paCcCMATPHUBACTCA B Ka4CCTBC BPCMCHHOI'O

HOpPMATHBa BEIIECTBA - OPHEHTUPOBOYHOTO OE30MMACHOTO YPOBHS BO3JACUCTBUS

(OBYB BemiecTBa).

[Tpunoxenue 3

K MeToinueckuM yKa3zaHHUsIM

1o pa3paboTKe HOPMATHUBOB
KaueCTBa BOJIbI BOJAHBIX 0OBEKTOB
PBIOOXO3SIICTBEHHOTO 3HAYCHUS],
B TOM YHCJIE HOPMATUBOB
NPEAEIBHO JIOMYCTUMBIX
KOHIIEHTpAIUi BPEIHBIX BEUIECTB
B BOJIaX BOJIHBIX OOBEKTOB

PBHIOOXO3SIIICTBEHHOTO 3HAYEHUS

TPEBOBAHUA
K PASPABOTKE MAKCHUMAJIBHBIX JIOITY CTUMBIX KOHLIEHTPALIUIA

BEHIECTBA

JUI MOPCKMX BUOJIOTUYECKUX TECT-OBBbEKTOB

1. YcraHoBieHME MAaKCUMAJIBHOM JIOMYCTUMOW KOHIIEHTPAIlMU BEIIECTBA IS

OJIHOKJIETOYHBIX BOJIOPOCIEN

1.1. Beenenune



OueHka BIMSIHUS BEUIECTB HA OJIHOKJIETOYHBIE BOJOPOCIU OCYLIECTBISETCS
10 HUKECTIEAYIOIUM [TOKa3aTeIsAM:

a) U3MEHEHUE YMCJICHHOCTU KJIETOK BOJIOPOCIEH MpU BO3JACUCTBUU BELIECTB,
COJZIEpIKaILUXCS B TECTUPYEMOU BOJIE, 10 CPABHEHUIO C KOHTPOJIEM;

0) xapakTep U3MEHEHHUS YHCIEHHOCTH KIETOK: HUX YBEJIHUYEHUE WU
CHIWKEHHE, OTpaXXarollee WHTEHCUBHOCTh JEJEHUS KIETOK BOJOPOCIEH IO
OTHOILIEHUIO K KOHTPOJIIO.

KpurepueM TOKCMYHOCTH pacTBOpa BEIIECTBA SIBISIETCS JOCTOBEPHOE
CHUKEHHE YMCIICHHOCTH KJIETOK Bogopocieil ("BBDKMBAeMOCTh") B pacTBOpE IO
CPABHEHUIO C KOHTPOJIEM.

Kpurepuem sBTpodupytomero addexra BemecTBa SBISETCS JOCTOBEPHOE
YBEIMYECHHE YHMCIEHHOCTH KIIETOK BOJOPOCIEH B Pa3IMYHBIX KOHIIEHTPALMSIX
BelllecTBa. JINMUTUPYIOIMI NTOKAa3aTeIb BPEJHOCTH BEILIECTBA B IAHHOM CIIy4ae -
skoJsiornueckuii. Hapsimy ¢ u3ydyeHHeM JUHAMUKU YUCICHHOCTH BOJOPOCIEH, K
PETUCTPUPYEMBIM TOKA3aTENsIM B OIBITE CJIEAYEeT OTHOCUTh Hu3MeHeHune pH;
BU3YyalibHbIC HAOIIOACHUS 32 COCTOSIHUEM KYJBTYPhl BOJIOPOCICH: M3MEHEHUS B
OKpacke, (opMe KIETOK M COCTOSIHUM CYCIIEH3MH (B3BELIEHHOE, ONMyCKaHUE Ha
JTHO, BCILIBIBAHUE K MIOBEPXHOCTHU, TOMOT€HHOCTh MJIM arperaius) o CpaBHEHHIO C
KOHTPOJIEM.

B kauecTBe »Kcmpecc-MeToJla OLEHKH TOKCHYHOCTH BEIIECTBA MOXKHO
UCIIOJIb30BaTh NPUOOPHBIA METOA OBICTPON WIIM 3aMEIJICHHON (IyOopecleHIINH
Bogopocien (Munpeioxo3 CCCP BBeneHbI B A€CTBUE METOAUYECKUE PAa3pabOTKH
BHUPO ot 18 nekabpss 1987 r. N 291-u "Meroaudeckue peKOMEHJIAlUK IO
HKCIPECCHOMY OMOTECTUPOBAHUIO MTPUPOIHBIX U CTOUHBIX BOJ| C UCTIOJIb30BAaHUEM
3aMeUICHHON  (DITyOopeclieHIIMM OJHOKJIETOYHBbIX Bojopocieit". M.:. BHUPO,
1987). Iloka3zanus wu3MeHEeHHs (DIyOpecHeHIIMd BOJOPOCIEH B pacTBOpax
BEIECTBA 10 OTHOLICHHIO K KOHTPOJI CIEIAYET OTHOCUTH K OCHOBHBIM
MOKa3aTelIsIM, XapaKTEPUIYIOIIUM TPOLIECCHI )KU3HEAEATEILHOCTA OAHOKIETOYHBIX
Bogopocie. [lokazanus ObICTpON W 3amMeqIeHHON (DIyOPECHEHIIUU OTHOCSTCS

TOJIbKO K JXHMBBIM KIICTKaM, OTpaXarOT MHTCHCHBHOCTL IIPOLECCa (bOTOCI/IHTC?)a



BOJIOPOCJEH, MO KaIUuOPOBOYHON KpPUBOM MO3BOJISIIOT OMPEICIUTh KOJIUYECTBO
YKUBBIX KJIETOK B SKCIIEPUMEHTE.

KpaTkoBpeMeHHas olieHKa TOKCUYHOCTH pacTBOpa BemiecTsa - 10 24 - 96 y -
MO3BOJIAET OMNPEEIUTh HAIMYHUE OCTPOrO0 TOKCHYECKOrO JECMCTBUS BEILIECTBA Ha
OJIHOKJIETOYHBIE BOJAOPOCIIY, a JUIUTENIbHOE nccaeaoBanue - 10 14 - 21 cyTok - ero
XPOHUYECKOE TOKCUYECKOE JIEUCTBUE.

K 1monoiHUTENBHBIM MMOKAa3aTeNsIM IPU HCCIEAOBAHUU CIEAYET OTHOCHTH:
OLICHKY OHOMAacchl BOJOPOCHEH (MOJYyYEHHYIO PpacUETHbIM METOJIOM), OLICHKY
CKOPOCTM M TeMIla JeJIeHUs KIETOK (pacyeT TreHepaluii), coJepkaHue
(OTOCUHTE3UPYIOMIMX TUTMEHTOB (XJIopoduiia U KapOTUHOUIOB), COOTHOIIICHHE
JKUBBIX M MEpPTBBIX KJIETOK BOJOpOCHEH (MCHOJB3YysS JIOMHHHCIIEHTHBIN

MHUKPOCKOII UJIH PA3JIMYHBIC BUTAJIBHBIC KPACUTCIIN - HI/ITOXI/IMI/I‘-IGCKI/Iﬁ MGTOI[).

1.2. XapakTepucTuka TeCT-00bEKTOB

B kadyecTBE OCHOBHOIO CTAHJAPTHOIO TECT-O0BEKTa PEKOMEHIYETCS
UCIOJIb30BaTh JAaO0OPAaTOPHYID MOHOKYJBTYPY OJHOKIJIETOUHBIX 30JOTHUCTBIX
Bojopociiel (deogakTmiym TpukopHyTyM (Phaeodactylum tricornutum). Bun
MPEJICTaBICH KIETKAMU OBAJBHO-TPEYTOJIbHON (OPMBI C MIMIMHUKAMH Ha KOHI[AX.
KneTku HenmoaBwxHbI, JyvHA 13 - 16 MkM. Pa3MHOXXEHHE BEreTaTUBHOE, MyTEM
MPOCTOTO JEIEHUS KIETOK HaJaBoe. YHCIEHHOCTh KJIETOK YBEIMYMBAETCS 33 TPOE
CyToKk He MeHee ueM B 3 paza. Ilocne mepeceBa KynbTyphl Ha HOBYIO Cpeny,
AKCIIOHEHIManbHas (a3a pocra HactynaeT Ha 4 cyTkd. [laHHBIN Bug BoJgopocien
UCIIOJB3YETCSl B MEXKIYHApOJAHOM CTaHAapTe oleHku kadectBa Boabl (MCO
10253:2006 KayectBo BoAbl. TecT MmO YrHETEHHIO POCTa MOPCKUX BOAOPOCHEH
Skeletonema costatum u Phaeodactylum tricornutum).

B UCKIIOUHTENBHBIX CIy4asX WIA B KaueCTBE JOTOJIHUTEIHHOU KYIbTYpbI
BO3MOXKHO HCIIOJIb30BaTh JPYrod BHJA BOAOPOCIEH U3 MNEPUANHHEBBIX -
sk3yBuemnia koppata (Exuviella cordata) wumm  mpopoueHTpyM — MHKaHC
(Prorocentrum micans), ¢ yKa3aHMEM CpoKa BbIXOJa KYyJbTYphl B

9KCIIOHCHIUAJIbHYIO (1)33}1 pPOCTa B KYJIbTYPC, TCMIIA JACJICHHA KIICTOK U JUAIla30HAa



YYBCTBUTEIBHOCTH BOJOPOCIEN K CTaHAAPTHOMY (ITAJIOHHOMY) BEILIECTBY

ouxpomary kanmus (1. 1.4 Ipunoxxenns 2 HacTOAMX MeTOAMYECKUX YKa3aHUi).

1.3. YcnoBus n1abopaToOpHOTO COJIepKaHUsSI OJTHOKIIETOUHBIX BOJOPOCIIEH

Hcnons3yeTcst o0buHOE J1abopaTopHOE 000pyI0BaHKE, MPUOOPHI, MOCYAa U
PEaKTUBBI, B TOM YHCIIE:

KJIMMATOoCTaT (JIIOMUHOCTAT) JIFOOOr0 THIA, OCHAIIICHHBIN JIaMIIaMH JTHEBHOTO
ceeta 3000 - 6000 sk, obecrieunBarOIIMA MOAAEpKanne Temmeparypsl (20 +/- 2)
OC,

pUOOp JIJIst OTIPEICIICHUS] COJICHOCTH BOJIBL;

pH-metp;

OKCHUMETD JIF0OOT0 TUIIA C TIOTPEIIHOCThIO u3MepeHus He 6ozee 0,5 mr/am3;

CIIUPTOBKA;

MUKPOCKOIT OMoJIorn4eckuii, ooecneunBaromuii ysenuuenue B 100 - 200 pas;

kamepa cuetHas Haxxorra (nnm kamepa ['opsieBa);

MPEMETHBIC U TIOKPOBHbBIE CTEKIIA;

buIbTpOBaNIbHAS YCTAHOBKA JIIO0OTO THIIA,

buabTpel MeMOpanHbIe (pazmep mop 3,5 MrMm; 0,45 MKM);

MUATETKY aBTOMaTH4Yeckre-no03atopsl Ha 0,1 - 0,2 cMm3;

roToBasi UCKYCCTBEHHAsI MOPCKasl COJIb;

nByxpomoBokucibil kKamuid K Cr O mapkm "X4" wnm cTaHmapT-TUTp Kanus
2 27
JIBYXPOMOBOKHCIIOTO;

CTaKaHbl CTEKJISTHHBIC JJabopaTtopHbie BMecTMOocThI0 100, 500, 1000 cM3;

K005l KoHHMYeckue Ha 100, 150, 250, 500, 1000 cm3;

KyJbTypa MOPCKUX OIHOKJIETOYHBIX Bojaopociieir Phaeodactylum tricrnutum
Bohlin.

BripammBatot Bogopociu (Tabmuma 1.3.1) Ha cpene ['onpadepra.

Tabmuma 1.3.1



CocraB nutatenbHOU cpeasl ['onpadepra

| N | Peaktun | Hagecka peaktuBa | KomuuectBo (cM3) |
|I/ICXOI[HOFO | | r/100 cm3 | KaXJ0T0 UCXOTHOTO |
| pacTtBopa | | JUACTUIMPOBAHHOU | pactBopa Ha 1 1m3 |
| | | BOJbBI | MOPCKOW IPUPOTHOUN BOIbI |
| | |
| |
I I
| 1 | XNO | 1001 | 2 |
I | |
| | |
I I I
| |
I I
| 2 | NaHPO | 1421 | 0,5 |
24 | |
| | |
I I I
| |
I I
| 3 | MnCl4HO | 001979 | 1 |
22 | | |
| | CoCl 6HO | 0,02379 | |
22 | |
| | |
I I I
| |
I I
| 4 | Fecl6HO | 0,02703 | 1 |

32| | |
| ! |




[TuratenbHyto cpeny Mg KyJbTHUBUPOBAHUSI TOTOBSAT HA HMCKYCCTBEHHOM
MOPCKOM BOJIC WM HA MOPCKOW MPUPOJHOU BOJIe (UEPHOMOPCKOM, OETOMOPCKOH,
OaNTHICKOM, KaCIMMCKOW M T.I.), KOTOPYIO TpPEJABAPUTEIBLHO OTOHUpaIOT B
HE3arpsA3HEeHHOM paiioHe. MOpcKyto BOAy (PUIBTPYIOT Yepe3 MeMOPaHHbBIN QUIBTP
(pa3mep nop 3,5 MKM). JIBakZibl CTEPHIIU3YIOT, HAarpeBas 1o Temmeparypsl 75 - 80
°C u oxJlaxaasi 0 KOMHATHOW Temneparypsl. B MoAroToBIEHHYIO TAKUM 00pa3om
MOpcKyt0 Boay n00aBiisitoT pacTBOpel N 1, N 2 u N 3 (cm. tabnuiy 1.3.1). 3atem
Cpelly CTEepUIIU3YIOT TPETUH pa3, OXJIAKIAIOT U AJ00aBIsIOT pacTBop N 4.

[IpuroToBiIEHHYIO BBIIICONMMCAHHBIM CIOCOOOM Cpely XpaHSAT B TEMHOM
MecTe MpU KOMHATHON Temneparype. McxoaHbple pacTBOpBI ISl MIPUTOTOBIEHUS
Cpebl XpaHAT B XOJIOJUIBHUKE, B CITy4ae IOMYTHEHUS ITPOU3BOJIAT X 3aMEHY.

KynbTuBHpYIOT BOJOPOCIM B KOHHYECKHX KojOax oobemom 250 - 300 mur
3aKpBITBIX (POJBrOM WM BaTHO-MapJIeBOM MPOOKOW B JIFOMUHOCTAaTe WIIU
KJIMMaTocTaTe, n30erasi MomnajaHus MPSIMbIX COJHEUHBbIX Jyued. OCBEIIEHHOCTh
3000 - 6000 nrokc. JlamIibl JHEBHOTO CBETa pa3MeiaroT Ha pacctosinuu 30 - 40 cm
OT TOBEPXHOCTH KyJbTyphl. CoOJI0/1aeTCsl CBETOBOM CYTOYHBIM  PUTM.
Temneparypa mnpu KyJabTUBHpOBaHuU Bojaopocied 20 +/- 2 °C. KynbsTypy
BOJIOPOCIIEN NTEPUOANYECKH IEPEMEITNBAIOT, BCTpsAXUBas | - 2 pa3a B CyTKH.

Boaopocnu pekoMeHIyeTcsl OJIMH pa3 B IECATh JHEW nepeceBaTh. JJis 3Toro B
YUCTYIO IPOCTEPUIIM30BAHHYIO KOJIOY 00BhemMoM 250 cm3 co crexeit cpemoit (100 -
150 M) Haj MIaMeHeM COMPTOBKHM MPHIIMBAIOT mpuMepHo 15 - 20 cm BepxHero
POCTKOBOrO CJIOSi M3 KOJOBI paHee KyJIbTUBUPYEMbIX Bojopocieil. Ilpu stom
MOJIYYarOT HAYalbHYI0 ITUIOTHOCTh KJIETOK B KOJIO€ I KyJIbTUBHPOBAHUS,
npuMepHo 300 Thic. ki/cMm3. Koy 3akpbIBatOT BaTHO-MapJIeBBIMU MPOOKAMU WUITH
boybroii, MEpeMeNmuBarOT, 3aMKMCHIBAIOT Ha KOJOE Ha3BaHHE KYJIbTYPHI, ATy
MOCEBA U CTABAT B JIOMUHOCTAT.

B Teuenue aHs copepkuMoe KoJIObI CeAyeT nepeMenunBarh 1 - 2 pasa.

1.4. TIpoBeneHue uccine1oBaHu



OnpITBl OPOBOAAT IMPU ONTUMAJIBHON TEMIIEpAaType M OCBEIIEHUU, KaK U
KyJbTUBUpPOBaHUE Bojiopociieit (1. 1.3 [punoxenus 3). Mcnonb3yroT BOAOPOCITH B
HKCIIOHEHIIMAIBLHON (ha3e pocTa, YTO COOTBETCTBYET TPEXCYTOUHOW KYJIBTYpe
BOJIOpOCiei Tmociie mepeceBa. [IIOTHOCTH KylnbTyphl B KOJOE B 3TO Bpems
JIOCTUTaeT MPUMEPHO 5 MITH. KII/MJI.

B ombiTe MCHONB3YIOT HAYaJIbHYIO IUIOTHOCTH KJIETOK 25 ThiC. Kii/cMm. [l
3TOr0 HYXHas IUIOTHOCTh KJIETOK B OIBITE JOCTUTAETCS PAacyETOM, HCXOMS U3
o0beMa wuccleayeMol KOHIIHTpanuu BemecTBa (Hampumep, 100 cm3) wm
YUCJIICHHOCTU KJIETOK B KyJbTYpe B JKCIOHEHIMadbHOU (aze pocra (5 MIH.
kJi/cM3). B ykazaHHOM cily4yae B ONBITHYIO U KOHTPOJIbBHYIO Cpelly A00aBIsETCA 10
0,5 cM3 TpexCyTOYHOI KyJIbTYpPbl BOJOPOCIEN.

[Tepuognuecku (He pexxe 1 pasza B Mecsil) HEOOXOAUMO IPOBOAUTH KOHTPOJIb
($U3MONIOTMYECKO YyBCTBUTENBHOCTH BOAOpOCcieil. [l 3TOro HCMHonb3yroT
ATAJIOHHOE
XUMHYECKOE BEMIECTBO - NBYXpoMOBOKUCHBIN Kammid K Cr O wmapku "x4u" wim

2 27

CTAaHIAPT-TUTP KaJIUs JBYXPOMOKHUCIOTO. ['OTOBAT MaTOYHBIM pPacTBOp
JBYXpOMOBOKHUCJIOTO  Kanug  KoHueHTpamued 1 r/m3. Jlanee wmetonom
paz0aBieHus

TOTOBST CEPHIO PACTBOPOB ¢ KoHIeHTparusmu 1,0; 2,5; 5,0; 7,5 u 10,0 mr/am3.
Hccnenoanrie  mpoBoAsST B TeueHue 96 4. Ha ocHOBaHMM MOTYyYEHHBIX
pE3yJIbTATOB

PaCCUUTBHIBAIOT cpenHior0  koHueHtpauuro K Cr O ,  BBI3BIBAKOLIYIO
YMEHBIIICHUE

227
YUCJIEHHOCTH KJIeTOK Ha 50% 3a 96 u (JIK 3a 96 4). Eciiu nosiyueHHOE 3HaUYCHHE
50
JIK naxomutcs B uHTepBaie 5,8 - 10,0 mr/nM3, To KynbTypa BOAOPOCIEH MOXKET
50

OBITH MCITOJIb30BaHa AJIs1 OSKCIICPUMCHTOB.



Ecmu monyuennsie 3nauenus JIK He momanarot B uatepsan 5,8 - 10,0 mr/am3,
50
TO DHKCHEPUMEHTHI C BOJOPOCISAMH HE TMPOBOAST, BBIICHSIOT MNPUUYUHY
(ycmoBust
KyJIbTUBUPOBAHUS, COCTaB KYJIbTYpaJbHOU cpeabsl U mpouee). MHOTIA KyIbTYpy
BOJIOPOCIIEH 3aMEHSIOT U TPOBOJIST SKCIEPUMEHTHI 3aHOBO.

[Ipu mocTaHOBKE OCTPBIX M XPOHUUYECKUX IKCIEPUMEHTOB B KOHTPOJIbHBIE U
OMBITHBIE KOJIOBI eMKOCThIO 250 cM3 HanuBaroT 1o 100 cMm3 (B K0JIOBI €MKOCTBIO
100 cm3 mnamuBaror 1o 50 cm3) KOHTPOJIBHOW Cpelpl M HCCIEIyEMBbIE
KOHIIEHTpaiuu BemiecTBa. Kontposem ciyxut cpena ['onsabdepra. Uccienyembie
KOHIIEHTpAI[MHU BEIIECTB TaK)Ke TOTOBAT Ha cpene ['onpadepra.

3ateM B OMbBITHBIE U KOHTPOJIbHBIE KOJIOBI MUMETKOM m00aBistor 1o 0,5 cm3
(0,25 cm3) KynbTYpBI BOAOPOCIHEH B SKCIOHEHITMAILHOM (ha3e pocTa.

KonOpl 3akpbiBaloT BaTHO-MapJeBbIMU MpoOKamMu Wik  (GOJNBro, ux
COJIEP)KMMOE  TIIATEIbHO TMEPEMEIIMBAIOT M B KaXJIOH KOJOE OIpeaeisioT
HCXOJHYI0 YHUCJICHHOCTh KJIETOK, KOTOpasl JOJKHA COCTaBIIATH 25 ThHIC. KII/MIL
Konbbl momemniaror B JIIOMHUHOCTAT (WJIM B KIMMATOCTaT) U DKCHOHUPYIOT B
TEUEHUE TpEeX CYTOK (OCTpbIA) WIIM YETHIPHAALATH CYTOK (XpOHUYECKUM)
HKCTIEPUMEHT.

B skcnepumenTe MOKHO OBITH HMCCIIEIOBAHO HE MEHEE 5 KOHIICHTpPAIMi
BelecTBa. [IoBTOpHOCTH TpeXKpaTHasl.

DKCIEpUMEHTBI Ha BOAOPOCIAX MPOBOAATCS B 2 3Tamna: NPEABAPUTEIBHBIA U
OCHOBHOM (OKOHYATEJIHHBIN).

B npeaBapuTeabHOM OCTPOM 3KCIEPUMEHTE HAXOMASIT MHTEPBaJl TOKCHUYHBIX
KOHIEHTpaui. OMbBITBI OPOBOASAT B IIMPOKOM JUANa30HE KOHUEHTpAIUU
BEII[ECTBA, KOTOPHIE OTIMYAIOTCS B TE€OMETPUUECKOU TMporpeccuu (KodPuimeHt
10). Hanpumep, 0,01; 0,1; 1,0; 10,0 mr/n u T.n. Mccnenyror He MeHee NSATH
KOHIICHTpaIluii B  JBYX TNOBTOpHOCTsAX. I[lo pe3ynbrataM 3KCIEpUMEHTA
onpeeiaeTcsl AMana3oH KOHIIEHTpAIMi JJiE OCHOBHOT'O OCTPOTO U XPOHUYECKOTO

9KCIICPUMCHTA.



B OCHOBHOM OCTpPOM M XPOHHYECKOM JKCIEPUMEHTE Iar MEeXAy
KOHILICHTpAlMsIMA paszin4daercss B 2 - 5 pa3. HMccnenyror He MeHee DATH
KOHIIEHTpAlUi B TPEX MOBTOPHOCTSX.

[Toncuer KJIETOK BOXOPOCIEW HPOBOASAT B OCTPOM OIBITE €XKEIHEBHO, B
xpoHudeckoM Ha 1, 2, 3,4, 7, 10, 14 cyTku.

Ha 14 cyTku oT Havajna SKCIIEpUMEHTa ONBIT MIPEKPAIaloT U YCTaHABIMBAIOT,
OKa3bIBAIOT JIU MCCIIENYEMbIE KOHLIEHTPALIMU BELIECTBA XPOHUUECKOE TOKCUUECKOE

(wnm BTpOdUpYIOIIEe) ASHUCTBUE HA BOIOPOCTH.

1.5. Yyer u aHanu3 pe3yJabTaToB

JUIs moacyeTa YuCIeHHOCTH KIIETOK 110 MUKPOCKOIIOM MCIOJIB3YIOT CUETHYIO
kamepy Haxxorta o6bemoMm 0,01 cm3 (unu kamepy ['opsiesa).

[loacuer kierok B kamepe HaxkoTTa OCYHIECTBISIOT CIEAYIOIIUM OOpPa3oM.
Kamepy Haxorta m mokpoBHOe cTekio TonmuHo 0,2 - 0,4 MM IpOMBIBArOT
JVCTWUIMPOBAHHOM BOJOM M BBITHUPAIOT HACYXO0. M3 KaKJIOM KOHTPOJIBHOM HWIIN
OTBITHOM KOJIOBI KaIlIK0 CYCIIEH3MH BOJOPOCIIEH HAHOCAT Ha CEPEAMHY KaMephl,
NOKPOBHOE CTEKJIO IJIOTHO NPHKMMAIOT K MOBEPXHOCTU KaMmephl (B KaMmepe He
JIOJKHO OBITh MY3BIPHKOB BO3/yXa), HaIOT OTCTOATHCA | - 2 MUHYTBI, [IOCJE YEro
HAYMHAIOT MOACYET B IMATH MNPABbIX BEPXHUX M MATH MPaBbIX HUKHUX
BEPTUKAJIBHBIX CUETHBIX MOJ0CAaX. 3aT€M BBIBOJSAT CpPEAHEE KOJIUYECTBO KIIETOK B
OJTHOM ITI0JIOCE.

[Tpu GosbiioM pazdpoce KIETOK B mojiocax mpocuuThiBatoT 10 BepxHux u 10
HWKHUX nosoc. [lonydeHHoe cpeqHee Ynuciao KIETOK B OJHOM MOJI0CE YMHOXKAKOT
Ha Kod(hduimument 1600 u BenuuuHy pa3BeleHUs (HapuUMeEp, NMPU pPa3BEACHHUU
KyJapTypbl B 10 pa3 cpenHee 4uciao KIETOK B OJHOM MoJioce YMHOXkaroT Ha 10),
OmnpeAesisa YNCICHHOCTh KJIETOK B 1 cM3.

[Ipu pabote c kamepoii ['opsieBa CycrieH31I0 BOJIOPOCIE HAHOCAT IO Karljie Ha
HIOKHIOIO M BEPXHIOD CETKH CYETHOM Kamepbl. 3aTeM Kamepy HaKpbIBalOT

ITOKPOBHBIM



CTEKJIOM, KOTOPOE MPUTHPAIOT MO OOKaM A0 MOSBICHUS KOJIEI[ MHTEePPEPEeHLIUH.

Yepes

1 - 2 MUH. HaYMHAIOT MOJCYET BOJOpOCIEH B 25 OONBIIMX KBaJpaTrax Bceu

KaMephl.

PaccunThiBalOT YUCIEHHOCTh KJIETOK Ha 1 cm3 cpensl cienyromum o0pa3oMm:
4

KOJIMYECTBO KJIETOK B 25 OoibIIMX KBajapaTax kamepsl I 'opsieBa ymHOXkatoT Ha 10

u

MOJIY4arOT KOJIMYECTBO KJIETOK B 1 cM3 cycneH3HH.

N3 kaxa0i ONBITHOM M KOHTPOJBHON KOJIOBI IPOCYMTHIBAIOT HE MEHEE ABYX
Kamep.

[loncyeTr MOABMKHBIX KJIETOK BOJOPOCIEH (HAmpuUMeEp, 3SKCYBUEIUIbI)
IPOBOJIAT NOCIIe (PUKCAUU UX POPMATUHOM.

Jlns aToro B mepHyro npobupky Ha 10 cm3 momemaror 1 cMm3 cycneH3uun
BOJIOPOCJIE M3 OIBITHBIX WM KOHTPOJIbHBIX KOJ0. IlpunuBaror Tyma 9 wmi
nutarenbHoi cpenbl [onpnbepra, mepememmuBator, noo6assitor 0,1 cm3 4%-ro
pacTBOopa (opMaliMHa, €UE pa3 MNEePEeMEIIMBAIOT. 3aTeEM U3 MPOOUPKHU MOMENIAIOT
KaIUTIO CYCIIEH3UH BoJOpociel B kamepy Haxorra /it mojcuera KJIeTok.

[lo OKOHYaHWMM JSKCIEPUMEHTAa Ha BOJOPOCISAX MPOBOIAT 00pPabOTKY
MOJIYYEHHBIX PE3YJbTATOB OCTPOrO M XPOHUYECKOTO ONbITa. PaccyuThIBaIoOT
CPEIHIOI YUCIIEHHOCTb KJIETOK BOJIOPOCIIEN B OMBITE U KOHTPOJIE (B MJIH. KJI/cM3 U
B MIPOLICHTAX).

Pe3ynbTaThl HCClIEIOBAaHUS YYMUTHIBAIOTCS, €CJIM YHUCJIEHHOCTbh KIIETOK
BOJIOPOCJIEH B KOHTPOJIE yBEIUUMUBAETCS 3a 96 yacoB HE MEHEee YeM B 3 pasa.

IIpy M3MEHEHUM 4YMCIECHHOCTH KIETOK B KOHTPOJE MEHee 4eM B 3 pasa,
pe3yabTaThl ONBITA CYUTAIOTCS HEEHCTBUTEIbHBIMHU.

JIOCTOBEPHOCTH pa3Iuyus MEXKIY YMCICHHOCTbIO KJIETOK B KOHTPOJIE U OTBITE
YCTaHABJIMBAIOT, UCIIOJIB3Ys IPUEMBI cTaTUCTHUeCKOW 00padoTku (IIpunoxenue 4

JAaHHBIX MEeTOANYEeCKUX YKa3aHUM ).



JIOCTOBEPHOCTh CHUKEHHUS (MM YBEIMYEHUS1) YUCIEHHOCTU KJIETOK B OIBITE
M0 CPAaBHEHUIO C KOHTPOJIEM CBHUAETEILCTBYET O HAJIUYUU OCTPOTO WJIHU
XPOHUYECKOTO TOKCHUYECKOTO (IBTPOGUPYIONMIETO) JEHCTBUS HCCIEAOBAHHBIX

KOHIICHTPAIM} BEIIECTBA HA BOJOPOCIIN.

2. YcTaHOBJIEHHE MAKCUMAaJIbHOM JIOMYCTUMOW KOHIICHTpAIIMU BEIIeCTBa IS

MaKpO(hUTOB U BBICIINX BOAHBIX PACTCHUMN

B npubpexupix ydacTkax Mopei MakpopuTsl (Oypble M KpacHbIC BBICIIHE
BOJIOPOCJM), @ TAK)KE BBICIIUE BOJAHBIE PACTEHHUS, CO3JAIOT IUUPOKUN IIIOTHBIN
nosic (uromMacchel, OOECIEYMBAIOIINNA TEPBUYHOE OPTraHUYECKOE BEIIECTBO U
BBIJICIISIIOIINI  KUCJIOPOJI, CIIy>)KaT MECTOM YKpPBITUS OT OMNAacHOCTH BOIHBIX
OpPraHM3MOB, a B HEKOTOPBIX ciydasix cyOcTpaTtoMm Juis HepecTa pbl0. BaxHyro
POJIb UTPAET 3TO 3BEHO B CAMOOYHUIIIEHUH BOJHBIX OOBEKTOB.

IIpu ouenke 3Hauenuss HopmatuBa (II/IK BemectBa) Hamboisiee ynoOHO
UCIIOJIb30BaTh B OKCIEPUMEHTaX HEKOTOpble BHUIbl MakpopuToB (Oypbie
BOJOPOCJIN) ¥ TIOTPY>KEHHBIE BBICIINE BOJHBIE PACTEHUSI CEMENCTBA 30CTEPOBBIX.

B nabopaTopHbIX YCIOBUSAX YyKa3aHHbIE BOJOPOCIM M BBICIIME BOAHbBIC

paCcTCHUA HC KYJIbTUBHUPYIOTC.

2.1. XapakTepucTHKa TECT-00BEKTA

2.1.1. BeIcime BOJHBIE paCTEHUS

3octepa Mopckas (Zostera marina L.) - pacTeHue MHOroJieTHEE, HUMEET
MOJI3y4ee KOPHEBHUILE, YKOPEHSAIOUIEECS Ha Y3JIaX U MEePEeXOAsaIee B BEpTUKAIbHbBIN
noder. B kaxaom y3ine ¢ AByX CTOpoH mo 8 - 10 TOHKHMX, HEXHBIX KOpHEH.
Crebenn BeTBUCTHIN, niuHOM 60 - 150 cMm, BeTBU yKopoueHHBIE. JINCThS MIIOCKUE,
JnuHelHble, MHON B cpeadeM 50, Hepeako 100 cm u Gonee, mmpuHon 3 - 9 Mm.
Bepxymika nucra okpyrias. CoiBeTe MHOTOLBETKOBOE, JJIMHOM OO 8 CM, Ha

OBCTOHOCHBIX BCTBIX.



PacnpocTpaneHa B yMEpeHHBIX M TEIUIbIX Bojgax CeBEpHOro moJiyliapus y
oeperoB EBpombl, B Tuxom okeane ot XXentoro no bepuHroBa mopsa u 10

Kanudopnuiickoro 3anuBa, Takke Bctpeyaetcs: B Kapckom u UykOoTCKOM MOpSIX.

2.1.2. Makpodutsr

B JlabHEBOCTOUHBIX MOPSX YAOOHBI AJSl DKCIIEPUMEHTOB B J1a0OPATOPHBIX
YCIOBUSIX HEKOTOpbIE BUIBl MaKpO(UTOB, OTHOCAIIUECS K KpPAaCHBIM BBICIIUM
BOJIOPOCIISIM.

a) CemeiictBo Phyllophoraceae - ®unnodopossie

Buga Ahnfeltia tobuchiensis (Kanno et Matsubara) - Audenbuus ToOyunHckas

CnoeBuile  TeMHO-(HUOJIETOBOE,  YINpPYyroe, MNpPOYHOE,  HUTEBHUIHOE,
HEIPaBUIbHO JIUXOTOMHYECKH Pa3BETBICHHOE, JUIMHOW 7 - 10 cM, TommuHo# 0,3 -
0,45 mm. Opranbsl NpUKpEIUIEHUS OTCYTCTBYIOT. OOpa3yeT HENpUKpEIUICHHBIE
IUIACTBI HA MSATKOM WJIMCTOM WJIM IIECYAHOM I'PYHTE.

0) cemeiictBo Gigartinactae - ['urapTuHoBbIC

By Chondrus pinnulatus (Harv.) - Xouapyc nepuctsrii

CrnoeBunie 1IyOOKOro (pHOJIETOBO-KAPMHHHOIO I[BETA, CBETJICIOIIEE JI0
pO30BaTO-(PHOJIETOBOIO U 3€JIECHOBATO-KEJITOr0,  XPAILIEBOE,  IJIOCKOE,
pa3BeTBiIcHHOE, mmHOW 10 - 15 cm, mmpunon 2 - 4 mm. Ilpuxpennsercs
JVCKOBUIHOM TMOAOWIBOM. BeTBM KBEpXy KIMHOBUIHO pACIIHPEHHBIE WIIN
JIMHENHBIE, OTBETBIIAFOTCS Ha HEKOTOPOM PACCTOSHUM OT IOJOUIBBI; HA BEPIIMHE
najgb4yaTo WIM BWJIbYATO PA3BETBJICHHBIC, CHA0KEHbI KOPOTKHMH, IJIOCKUMHU,

ICPHUCTO PACIIOTOKCHHBIMHU OOKOBBEIMH BETOUYKAMHM.

2.2. ITpoBeneHue uccie10BaHu

Pacrenust 1 Mmakpo@uThl COOMPAIOT B YCIOBHO YUCTOM MPUOPEKHOM pailoHe U
NpEeIBapUTEIHFHO aKKIMMATU3UPYIOT K JaOOpaTOpPHBIM YCIOBUSIM B TEUCHHUE
Heaenu. s onbiTa OTOMPAOT OJAMHAKOBBIE SK3EMIUIAPHI OJHOJIETHUX PACTEHUMN
3octepbl (1 - 2 nucra, ctebenb, KOPEHb) WM OJWHAKOBOTO pa3Mepa ydacTKU

TajuioMa Makpo(UTOB.



3ocrepy (MakpoduThl) MO 4 SK3EeMIUISIpa MOMENIAIOT B KOHTPOJBHBIE M
ONBITHBIE KPUCTAIM3AaTOPBI eMKOCThIO 0,5 nm3 u BeaepxkuBaroT 30 CyTOK IpHU
MIOCTOSTHHOM HMCKYCCTBEHHOM OCBelleHuu, Temreparype 15 - 17 °C.

C yueroM CcTaOMJIBHOCTH BEIIECTBA TMPOM3BOJSAT CMEHY pPacTBOPOB B
E€MKOCTSIX.

JleiicTBUE pacTBOPOB BEIIECTBAa HAa PACTEHHS M MaKpOPUTHI OIIEHUBAIOT I10
CJIEIYIOUIUM TTOKa3aTessaiM: o0IIee COCTOsSTHUE (€XKEIHEBHO - U3MEHEHUE OKPACKH,
HAJIMYUE Typropa), BbDKMBaeMocTh (Ha 7, 14, 21, 30 cyTku), mpupoct GHOMacCh
(ma 10, 20, 30 cyTku - B mepecuere Ha OJHO PACTCHUE WM MakKpo(HT), 4uCIo

KOpHEN U NHCTheB (Makpo(duThl) B mepecuere Ha ogHo pactenue (Ha 10, 20, 30

CYTKH).

2.3. Yuer u aHanu3 pe3yJibTaTOB
Bce pesynbTaThl onbiToB 00padbarbiBatoTcsi ctatuctudecku (1. 3 I[punoxxenus

4 pactosux MeToIMUeCcKuX yKazaHuh).

3. YcraHoBjieHHEe MaKCHUMaJIbHOU IIOHYCTHMOP'I KOHLCHTpAMK BCHICCTBA JJIA

MPOCTEUIIINX

3.1. BBenenue

[Ipocreiimue, B yacTHOCTH HH(Y30pUH, COCTABISAIOT 10 70% YUCICHHOCTH
reTepoTpoPHOr0 MHUKPOIUIAHKTOHAa B BOAHBIX OOBEKTaX. MHOIOYHMCIEHHOCTb
JAHHOW TPYIIIBl OpPraHW3MOB, JKOJOTMYECKass 3HAYHMOCTh €€ B IpoLeccax
CaMOOYHMILEHUS], B MPOJYKIMOHHBIX IMpoLeccax, TPOPUUECKUX CBS35AX, 3HAUYCHUE
€€ KaK COCTaBHOM YacTH €CTECTBEHHOW KOPMOBOM 0a3bl 300IJIAHKTOHA M MOJIOJIH
ppI0  BBI3BIBAIOT ~ HEOOXOJUMOCTb  HCCJIENOBaTh  JAHHYIO  Tpynmy B
TOKCUKOJIOTUYECKOM TutaHe. HabOmroneHus mokasajiu, 4TO MPOCTEUIINE B CHILY
CBOMX (DPM3HOJOTUYECKUX OCOOCHHOCTEN MPOSBISAIOT OOJBIITYIO YYBCTBUTEIBHOCTD
K M3MEHEHHWIO (PaKTOPOB BHENIHEW cpeibl. VX KOPOTKHMM HHMKIT pa3BUTHS JAeT

BO3MOKXHOCTb IIPOCICIAUTDH )IefICTBPle OTACIBbHBIX TOKCHKAHTOB Ha PAOC



nokoJyieHuil. JlaHHbIe OpraHu3Mbl (0COOEHHO pEeCHUYHbIE HH(Y30pUN) TOCTATOUYHO
JIETKO KYJIbTHBUpPOBaTh. Bce 3TO nenaer mpocTednX yAOOHBIM TECT-00BEKTOM

A1 TOKCUKOJIOTHYCCKHUX OIIBITOB.

3.2. XapaKkTepucTuKa TeCT-00beKTa

B kadectBe TECT-OOBEKTOB B  TOKCHKOJIOTHYECKHX  HCCIEIOBAHUIX
UCIIOJIB3YIOTCSL ~ OpIOXOpECHUYHBIE  WMH(Y30pUU:  CTWIOHMXHS,  JYIUIOTYC,
keponoricuc (Stylonichia mytilus; Euplotes harpac, E. trisulkatus, E. sp.; Urostula
marina; Keronopsis multistilata).

Crunonuxus (Stylonichia mytilus) - cononoBaToBoaHas uHQy30pus (pazmep
10 300 Mkm), B 1a0OpaTOpPHBIX YCIOBUSIX AJaNTUPYETCS K COJIGHOCTU A0 25
npomuiiie. OOUTAET B BOJAHBIX OOBEKTAX C OOJBUINM CONEPHKAHUEM OPTaHUYECKUX
BEI[ECTB, OTMHUPAIOIIUX pPACTEHUM, Wia U T.N. BcedlHa, B YMCIO €€ MUIIEBBIX
00BEKTOB BXOAT OAKTEPUH, KT'YTUKOHOCITBI, OJHOKJICTOYHBIC BOIOPOCIH, ICTPHUT.
CrunoHuxus, NOM0O0HO JpyruM HUHPY30pUsIM, PA3MHOXKACTCS TMOJOBBIM H
OecronpiM TyTeM. B mporiecce 6ecrosioro pasMHOMXKEHUs (aMHUTO3) TIPHU JEICHUH
BETETATUBHOTO spa (MaKpOHYKJIEyca) TMPOUCXOINUT TOCTEIICHHOE HAPYIIICHUE €ro
TeHETHYECKOW CTPYKTYphI, YTO, B CBOIO OYEpPENlb, BBHIPAXKACTCS B JICTIPECCUU U
cTapeHnH KioHa. [Ipu mosoBoM mporiecce B pe3ysibTaTe CIUSHAS MEKPOHYKIICYCOB
JIBYX KOHBIOTHPYIONIUX OCOOCH pa3BUBAeTCS HOBBIH MaKpPOHYKJIEYC, YTO
BOCCTAaHABIIMBAET HOPMAJBHYI0 TEHETHYECKYI) CTPYKTYpYy TOCJIEIHEro W,
COOTBETCTBEHHO, HOPMAJIM3YET (PU3UOJIOTUYECKHE (PYHKIIUU OpraHU3Ma.

Oymnoryc (Euplotes harpac), pasmep no 450 MkM - camas KpynHas
unpyzopuss u3 poma Euplotes. Uudy3opun 3Toro poga mmMeroT OeCIBETHOE H
MIPO3pavyHOE MIMTOBHIHOE TEJIO C OYEHb CHJIBHO Pa3BUTBIM mepuctoMom, 10
JOOHO-OPIONIHBIX IUPPUNA, 5 TOMEpedHbIX, 4 YMEPEHHO Pa3BUTBIX XBOCTOBBIX
UPPU UTPAIOT POJib pyieil. MHby30pun BechkMa pacpocTpaHEHBI B WIIE, CPEAH
pacturenbHocTH. [Tomumo E. harpac ucnonssytorcs E. trisulkatus.

VYpocryna (Urostula marina), pasmep no 200 MkM, wuMeeT TruOKoe,

MaJOCOKpaTUMOE, SUIEBUIHOE TEJIO, IMHUPHUHA KOTOPOTO COCTaBisieT 1/3 JMHBL



Por ¢ mByms yHAyIupyrOmUAMH MeMOpaHamH, BEHTPAIbHBIC PSIbl U3 HU3KUAX
IUPPUH, KpaeBbI€ PAJIbI BEIPAKEHBI C1a00, TOTIEPEUHBIN PsAJT BIPAXKEH OYEHB SICHO.
OOwuTaeT cpeau pacTeHUl, B HE3arpsi3HEHHBIX BOJHBIX OOBEKTAX; MPOKOPIUBAS
BcesmHas popMa.

Keponomncuc (Keronopsis multistilata), pasmep no 450 MxM - OeHTHUYECKas
uH(QY30pUsi, HAcENseT TOJILY MPUOPEKHOro Mopckoro mecka. dopma AIUHHOM
JICHTBI, IIUPUHA COCTABIsIET 1/7 nuuHbl Tena. PecCHUYHBIN anmapart, mo3BOJISIOIIAN
MPOTUCKUBATHCS MEXKITY MTECUMHKAMHU, XOPOIIO PA3BUT.

Kak BuaHO, ucnonb3yemMble B KadeCTBE TECT-OPTraHU3MOB UH(DY30pHH,
3aHUMAIOT OMPEJCICHHYI0 HUIIY B BOJAHOM 0O0BekTe. OHU SBISIIOTCS WU
IJIAaHKTOHOOEHTOCHBIMU (hOpMaMH, WIIH TIOJTHOCTHIO OEHTUYECKUMH (OpMaMH, YTO
MO3BOJISIET MCCIIEIOBAaTh KAaK pPACTBOPUMYIO (pakIMIO BEHIECTB, TaK U

MaJIOPACTBOPUMYIO.

3.3. YcioBus 1abopaTOpHOTO COJIepKAHUS

MOHOKYIBTYpY HPOCTEUIINX KYJIbTUBUPYIOT MPU KOMHATHOW TEMIIEpaType
20+/-2 °C Ha MCKYCCTBEHHON MOPCKOH cpejie B yamkax [leTpu nmpu ecTeCTBeHHOM
OCBEIIECHUU, MPEIOXPaHsIsT OT BO3JACHCTBUSI MPSIMBIX COJIHEUHBIX JIy4ded, WU B
JFOMUHOCTATE.

Ucnonb3yercs oObIyHOE J1abopaTopHOE 000pymOBaHuE, MPUOOPHI, Mocyaa 1
PEaKTUBBI, B TOM YHCJIE:

PEAKTUBBI JJIs1 IPUTOTOBJICHHS UCKYCCTBEHHOW MOPCKOU CPEJIBL;

BOJIa JUCTUJUIMPOBAHHAS,

Oymara (puIbTpOBAIbHAS;

k01051 Ha 1000 cm3;

rpagyupoBaHHbIE MepHbIe muneTku Ha 10, 5, 1, 0,1 cM3;

NUTNEeTKH JyIsi  mepecanku  npocremmx  ([TacTepoBckue MNUNETKH  C
YKOPOUYEHHBIM KOHIIOM);

MepHbie Koaobl Ha 100 cm3;

MepHbIe poOupku Ha 10 cM3;



yamku [letpu;
MUKpPOAKBapuyMbl (OJIOK KaMep U3 OPIrCTEKIIA);
ounokynsap MbC-9 unmu MbC-10;
OKCHMETP;
pedpakTOMeTp ISl U3SMEPEHUS COJIEHOCTH BOJIBI;
pH-meTp;
nByxpoMoBokucibelid kamnid K Cr O mapku "xu" wnM cTaHaapT-TUTP Kaimus
2 27
JBYXPOMOKHCJIOTO;
KYyJIbTypa IpOCTEHIINX;
CyXUe€ IEKapCKUE TPOKIKU.
Cpena g KylIbTUBUPOBAaHUS - TPAJUMLUUOHHO HCIOJNb3yeMas JUIs
MPOCTENIINX.
JIns mpuUroTOBNEHUS MUCKYCCTBEHHOM MOPCKOM Cpelbl AENAr0T 3amac MOPCKOH
BOJBI
cosieHocThio 70 mpomuiuie cienyromiero cocrana (B rpamMmax Ha 1 nm3): NaCl -

55,30; MgSO x2H O - 13,84; MgCl x 6H O -11,02; CaCl x6H O - 2,9;

4 2 2 2 2 2
KCI - 1,3; NaHCO - 0,5; NaNO - 0,2; NaBr - 0,2; NaHPO -0,1; KJ - 0,01;
3 3 4
SrCl - 0,03.

2

Bce KOMIOHEHTHI pacTBOPSAIOT OTAEIBHO, YEPE3 OJJHU CYTKH CIIMBAIOT BMECTE
U oOuuit 00beM JOBOIAT AUCTHIUIMpoBaHHOW Bomoit no 1 nm3. Ilpu xpanenun
MOPCKOM BOJIBI B pACTBOPE MOKET BBINIACTh OYEHb HE3HAYUTEIIBLHBIN OCaJIOK COJIEH,
OT(UIBTPOBLIBATH KOTOPHIN HE PEKOMEHTYETCS.

JInst pa3BeieHus UCKYCCTBEHHOM MOPCKOM BOABI COJEHOCTHIO 70 mpomMuiiie
710 HY>KHOHM COJICHOCTH TMOJIb3yIoTcsa dopmyroit Xnebosuu (1974) : X = (1000 x ¢)

/ a,



rae X - KOJM4eCTBO MOPCKOM BOJABI, HEOOXOAUMOE AJisi OTYyYEHHUS] HCKOMOM
cosieHocTH B 1000 M1 TUCTUIIIMPOBAHHON BOJIBI;

a - COJIEHOCTb Mcx01HOM BoabI (70 mpomusie);

C - COJICHOCTh HCKOMOM BOJBI.

MOXHO HCNOJB30BaTh JII MPUTOTOBJICHHUS WCKYCCTBEHHOM MOPCKOM BOJBI
TOTOBYIO MPOPECCHOHATBHYIO MOPCKYIO COJIb.

B kadecTBe KOpMa HCIOJIB3YIOT XOPOLIO BBICYIICHHBIE M H3MEIbYCHHbBIC
MEKapCKUE APOKIKU, KOTOPBIE JIETKO XPaHUTh B 3aKPBITOM mocyjle. BHOCAT ux B
yamku [leTpu B oueHb HEOOJIBIIOM KOJIMYECTBE HA KOHYMKE CKAJIBITEIIS.

JIBa pa3za B HEHENI0 PEKOMEHAYETCS MPOCMAaTPUBATh COCTOSIHUE KYJIbTYPHI B
yamkax [letpu. Yepes nBe Henmenu KyibTypy mnepeceBatot, T.e. 100 - 300 ocobeii
MUIIETKOM NepeHocT B yamky lleTpu ¢ yucToil cpenoit, Kyaa J00aBIsIOT KOPM.

[lepuoguuecku (He pexe | pasa B MecsIl) IPOBOJSIT OLEHKY (DHU3UOJIOTHYECKON
YYBCTBUTEJIBHOCTH  OPraHmW3MoB. J[Is  3TOro  MCHOJB3YIOT  3TAJOHHBIN
TOKCUKAHT
- 1ByXxpoMoBOKHCIBbIM K K CrO wmapkm "x4" wnm cranmapT-TUTp Kajius

2 27
JBYXPOMOKHUCIIOTO. ['OTOBAT MAaTOYHBIA pPAacCTBOP JBYXPOMOKHCIIOTO KaJHs
KoHIeHTpanueil 1 r/nm3. [lanee MmeToioM pa30aBieHHs TOTOBAT CEPUIO PACTBOPOB
Cc
koHneHTparusamu 100,0; 150,0; 200,0; 250,0 u 300,0 mr/am3. UccrnenoBanue
npoBoAsST B TeueHne 24 4. Ilo pesynbratam SKCIEPUMEHTa PACCUUTHIBAOT
JETAIBHYO
koHuentpamuioo K Cr O, BwBbiBatomryro rubdens npocreimux Ha 50% (JIK 3a 24
q).

2 27 50

Ecnmu monyuennsie 3nauenust JIK nHaxonmsres B uaTepBasie 180 - 230,0 mr/nm3, To

50
KYJIbTypa MOXKET OBITh UCIIOJIb30BaHAa JJIsl IPOBEACHHSI SKCTIEPUMEHTOB.

Ecnu nonydennbie 3Hauenus JIK He momamaror B mHTepBai 180 - 230,0



50
MT/AM3, JKCIEPUMEHTHI C MPOCTEHIIMMH HE TMPOBOJAT, BBIICHSIIOT MPUYHHY,
OKCIIEPUMEHT TTOBTOPSIOT.

JUIss mojydeHHss W3 TPUPOTHBIX MPOoO MOPCKOH BOABI MOHOKYJIBTYPHI
IPOCTEUIITNX, PACTYIINX B JIAOOPATOPHBIX YCIOBHUSAX HA UCKYCCTBEHHON MOPCKOM
cpeme TOH JK€ COJEHOCTH, WCIOIb3YIOT COOTBETCTBYIOIIUE METOIMYCCKUEC
paspabotku (MeTtogudeckue yKazaHWS 10 MOPCKHM  TOKCHUKOJOTHYCCKUM
oumorectam. M.: BHHPO, 1978; Meroauueckue peKOMEHIAMU IO

6I/IOTCCTI/IpOBaHI/IIO INPHUPOJHBIX, CTOYHBIX BOJA MW OTACJIBHBIX 3aIrpsA3HAIOMINX

Bemects. M.: BHUPO, 1982).

3.4. IIpoBeneHue uccae10BaHnum

[lepea mocTaHOBKOM ONBITOB KyJIbTYPY MPOCTEUILINX HEOOXOAUMO BBIBECTU B
HKCIOHEHLIUAJIbHYIO (ha3y pa3BUTHs, UYTO JOCTUTAETCA IEPECEBOM KYJIbTYphI 3a
TPOE CYTOK /10 TOCTAaHOBKM ONBITOB B HalKy [lerpu ¢ no6aBneHueM kopma.

DOKCnepruMEHThl MOKHO MPOBOAMTH Kak B yamkax lletpu oObemom 25 cm3,
Tak U B KaMepax ¢ pabounM oObemoM 4 cm3. I[I10THOCTH MOcajgky B yallKax
[letpu (c paGounm oObemoMm 10 mu) 10 opraHuzmoB, B Kamepax € pabouum
00beMoM 4 M1 - 5 opranu3MoB. [I0BTOPHOCT ABYyKpaTHasi WM TPEXKpaTHasl.

JUis  mpenBapuUTENbHBIX W OKOHYATENbHBIX  3KCIEPUMEHTOB  YIOOHO
UCIIOJIB30BaTh KaMepbl U3 OprcTekyia ¢ pabounm oowveMoM 4 cMm3. biok kamep
COCTOWT M3 JIBYX CKJIICEHHBIX MEXKIYy c000# muactuH pasmepom 20 - 21 X 7 - 8 cm.
B BepxHell mIacTUHE TOJIIMHOM OKOJO 1 CM TPOCBEpIMBAIOT OTBEPCTHUS
auaMmeTpoM 3 cM. HukHAs mmactuHa ToMmmHOM okosio 0,5 ¢M ciaykuT nHoM. B
osoke 12 xamep (JIyHOK), KOTOPBIE PACIOJIOKEHBI B JIBA PsJia MO MIECTh B KAXKIOM.
B xaxnyro nyHKy BHOCAT mo 5 wuHby30puid. [IaTh psaoB WCMONB3YIOT IS
pPA3JIMYHBIX KOHUEHTPALIMKA BEIIECTBA, a IIECTOM - JJI1 KOHTpoJsA. [IoBTOpHOCTH
npu 3TOM JIByKpaTHas (7Ba psga JyHOK B Onoke). CBepxy MHKpPOAKBApUyM
3aKPBIBAIOT  CTEKJIIHHOW  IUIACTUHKOW  COOTBETCTBYIOIIETO  pasMepa, 4UTO

MPENATCTBYET UCTIAPEHUIO PACTBOPA.



B kagecTBe TmoOKazaTtenel TOKCHYECKOTO JIEUCTBHS  II€JIECO00pa3HO

MCIIOJIb30BaTh BBDKMBAEMOCTD U TEMII JEJICHUS IPOCTEUIIINX.
B mepBoMm ciydae B kamepax u3 oprcrekiia (o0bem 4 cM3) onpenensroT
KOHIICHTpaIuu BemecTBa, Bbi3bIBaromme rudens (LC , LC , LC ) umu mo6oe
16 50 100
noBpexpaatomiee gedicreue (EC , EC , EC ) mogonbITHBIX OpraHU3MOB 3a
16 50 100
ONPEAEIEHHBIM CpPOK. JIMUTENIBHOCTHh ONBITA ONPEAEHSAETCS TOKCUYHOCTHIO
cpenabl U
COCTaBJISIET OOBIYHO OT HECKOJBKUX 4acoB A0 5 cyTok. KoHTposjem ciayxut
KyJlbTypanbHas cpena. HaGnroaeHuss npoBOsAT 01 OMHOKYJIAPOM KaXKbl€ CYTKH.
OKCHEepUMEHTHl Ha MPOCTEHIIMX MPOBOJAT B JiBa 3Tama (IIpeABapUTENIbHBINA U
OKOHYATENbHBIN). B mnpenBapuTenbHOM JKCIEPUMEHTE HAXOASIT HWHTEPBAI
TOKCUYECKUX
KOHIEHTpaui. ONbITBI  CTaBSIT B MIHPOKOM JUAINA30HE KOHUEHTPALUU
TOKCUKAHTA,
MpUYEM MPEABIAYIIYI0 KOHIIEHTPAIMIO MOCIEA0BATENBHO yBeInunBaioT B 10 pa3
(0.1;
1,0; 10,0 u T.1.). B OKOHUaTeNIbHOM SKCIEPUMEHTE, YCTAaHOBUB JHMANa30H
NEUCTBUS TOKCUKAHTA, pa30MBAlOT HAWACHHBIA HWHTEpBAJ HAa IMSATh PaBHBIX
KOHIEHTpaluK 1 ycraHasiubaroT JIK .
50

Temn peneHuss MPOCTEHIINUX OMPENEISAIOT B MUKpPOAaKBapuyMmax (ITJIAHIIET C
aueiikamMu  (JIyHKH gauametpom 1 oM, rioyouna 0,5 cm). Ilianmer c¢
MUKpOaKBapuyMaMH TPEACTABISIET COOOW CTEKJISIHHBIM WM W3TOTOBJIEHHBIN U3
OprcTeKya KBaJApPaTHBIM WM MPSMOYTOJIbHBIA OpPYCOK TONIIMHONW 1 CM C HATHIO
pAlaMHM TOJUMPOBAaHHBIX JIYHOK. B Kaxaom psnmy, COOTBETCTBEHHO, 5 wimu 10
JYHOK. MUKpOakBapuyMbl HAaKPHIBAIOT CTCKJISTHHOW TIJIACTHHKON BO HW30eKaHue

UCIIAPEHUS CPEJIbl U3 JIYHOK.



JIyaku B kaxaom psany (5 - 10 ayHOK) 3amoiHSIFOTCS pacTBOPOM BEILECTBA
OINPEJEICHHON KOHIIEHTpaluu. B KaKayro JTyHKY MUKpOaKBapuyma MOMEIIAOT MO
OJHOMY OpraHu3Mmy. ExecyTouHO B Teue€HUE HECKOJBKUX CYTOK (3 - 5 CyTOK)
MOJICUUTHIBAIOT KOJIMYECTBO OpPraHU3MOB B KaXKIOM JIYHKE KaXJ0ro psna,
OCTaBJIsis, IOCIE TIOJCYETa OpPraHU3MOB, B JIYHKE HCXOJHOE KOJUYECTBO
opranu3moB (1 3x3eMIuIsp), yaansas JUIIHAE OpraHu3Mbl. Mmm MOXKHO 10 OAHOMY
OpraHu3My MEPEHOCUTH B COOTBETCTBYIOIIYIO JIYHKY C TEMH € KOHIIEHTPALUSIMU

BCIICCTBA AHAJIOTUYHOTO INTAHIICTAa C MUKPOAKBApUYyMaMH.

3.5. YdeT u aHalu3 pe3yJbTaToOB
B kadecTBe mokasareinsi EUCTBUS TOKCMKAHTOB Ha TECT-O0BEKT UCIOIB3YIOT
MOKa3aTesib BBDKUBAEMOCTH HMH(GY30pUM 3a OMNpENESICHHBbIM CpPOK HaOJIOACHUs
WIH
HapylIeHWe TeMMa JEJEeHHUs KJIETOK HH(Y30puidl, KOTOpPOE BBIPAKAETCS B
U3MCHCHUU
OpUpOCTa  YHUCJICHHOCTM  KIETOK B MpOIEHTaX OT KoHTpoisa. I[Ipupoct
YHCJIICHHOCTH
opranu3MoB oreHuBatroT 1o dopmyne: N = N - N, rae N - yucieHHOCTb
t O t
OpraHW3MOB B KOHIIE OMNbITa (WM MOCIEAyIOUIMe CYTKH Mmojcyera), a N -
0

YUCJICHHOCTh OPraHM3MOB B Hauaje ombiTa (WIM TOPEIbIAyIIHe CYTKU
MOJICUETAa).

Pe3ynbTaThl 00pabaThIBalOT METOIAMHU CTATUCTUKHU.

4. YcTaHOBJIEHNE MAKCUMAJIbHOW JIOMYCTUMOW KOHIIEHTPAIlMU BEIECTBA IS

KOJIOBPATOK

4.1. BBeneuue



KosoBpaTkn mnpencraBisioT CyLIECTBEHHYKO 4YacTh IUIAHKTOHA MOpEH,
BKJIFOUAsi BHYTPEHHHE MOpckue BoAbl Poccuiickonn denepanuu M ABISIOTCA
HanOoJiee pacPOCTPAHEHHBIM KOPMOM B €CTECTBEHHBIX YCIOBHSX [JISl JIMYUHOK
MHOTHX BHJOB MOPCKHX pBIO M HEKOTOPBIX Oecrno3BOHOUHBIX. KomoBpaTku
3G (HEKTUBHO OUHMIIAIOT 3arps3HEHHBIE BOJIBI OT OakTepuaabHOU ¢uiopsl. [IuTarorcs
OaKTEepHUsIMU U OJTHOKIECTOUYHBIMHU BOJIOPOCIISIMHU.

Jna  meneil  TOKCHKOJIOTMYECKOTO JKCIEPUMEHTa Haumbojee MpUrogHa
KoJIOBpaTKa Opacuonyc rumkatuiuc mukatwimce (Brachionus plicatilis plicatilis -
MeTonnueckre peKOMEHIaluK 10 OMOTECTUPOBAHUIO MPUPOIHBIX, CTOYHBIX BOJ U
OoTIeNbHBIX 3arpsi3usommx BeniectB. M.: BHMPO, 1982). Konosparka jerko
KyJIbTUBUPYETCA B JaOOPATOPHBIX YCJIOBHUSX IPH COJEHOCTH BoAel 17 - 25
npoMuuie. MIMeeT KOpOTKHUM JKU3HEHHBIA LUK, JA€T PSAJl MOKOJCHUN B TEUCHUE

HECKOJIbKUX THEH.

4.2. XapakTepuCTHKa TECT-00BEKTA

Konosparka B. plicatilis plicatilis BcTpedaercs B MOpSiX M BHYTPEHHHX
Mopckux Bogax Poccuiickont ®enepaunu. Bupg 3BpUTAIMHEH W 3BPUTEPMEH.
CpaBHutensHo Oonbinol paszmep (okono 600 MKM) 3HAUUTEIBHO OOJIeTYaeT
MIPOBEICHNE TOKCUKOJIOTHYECKNX IKCTICPUMEHTOB.

[To cucTeMaTHuecKOMy IIOJOKEHHUIO KOJOBPATKH OTHOCSTCS K HU3IIAM
yepBsiM. Tello KOJOBPAaTKH COCTOMT M3 TOJIOBBI, TYJOBHINA (MTOKPHITOIO MSTKHUM
MaHIMpeM) ¥ HOTH. Ha mepeHeM KOHIIe TOJIOBHI PACIIOOKEH KOJOBPAIIATEIbHBIH
anmapar ¢ PECHHYKAMH, KOTOPBIA CIYXXHUT [JIs IJIaBaHWsS W 3axBaTa IHIIH.
Konebannem pecHHMYEK MHUIIEBbIE YAaCTHUIBI (MUKPOOPTAaHU3MBI, MPOCTEHIINE,
JETPHT, PA3IMYHBIC BUIBI OJTHOKJIECTOYHBIX BOJIOPOCIICH) MOTYT TIPUBIICKATHCS HITH
OTTAJIKUBATKCS (TIPpU N30BITKE WM HECOOTBETCTBHH ITHIIIH ).

B. plicatilis plicatilis mpu KyTbTHBUPOBaHUH B Ka4€CTBE KOPMa MPEATIOYUTACT
OoJjiee MeJKHE OKpYyIJible BojopocieBbie kieTku. OOsamaer CrnocoOHOCTHIO
peryaupoBaTh YHCIIO 3arjaThIBA€MbIX KIETOK C TIOMOIIBI0 (UIBTPYIOMIETO

anmnapara. PazMepbl NUIIEBBIX YaCTUI] HE IPEBbIIAIOT 12 - 15 MKM.



Pa3mHoOkaeTcst KOOBpaTKa Kak NapTEeHOI€HETUYECKH, TaK U MOJIOBBIM ITyTEM.
XKuznennsiit nukn B. plicatilis plicatilis cocTouT U3 Tpex mepuooB: OAHOIOJIOTO
Pa3MHOXKEHUs, ABYIOJOTO Pa3MHOKEHHMS M CTaJUU IOKOS. JTU NEPHOIBI MOTYT
IPOTEKaTh NapaAJIEIbHO B OHON KYJIbTYpE.

[leppon  oOAHOMONOrO  pa3sMHOKEHHS  HAYMHACTCA  BBUIYILNIEHUEM
AMUKTUYECKMX  (ApTEHOT€HETUYECKMX) CaMOK U3  TOKOSIIMXCS  SHULL.
AMHKTHUYECKHE CaMKH HE CHOCOOHBI K OIUIOJOTBOPEHHUIO, OHU MPOU3BOIAT M
BBIHAIIMBAIOT ~AMHUKTUYECKHME  AWlla, W3 KOTOPBIX  BBUIYILIAIOTCS  JIHOO
AMUKTUYECKHE CaMKH, JUOO (B 3aBUCUMOCTU OT YCJIOBHIl) MUKTHYECKUE CaMKH,
CIIOCOOHBIE KaK K OJHOIIOJIOMY, TaK U K JBYIIOJIOMY pPa3MHOXKEHHIO. MUKTHYECKHE
CaMKM BBIHAIIMBAIOT MHUKTUYECKHE SIWIA, U3 KOTOPBIX pPa3BUBAKOTCA caMmipl. B
clly4ae OIUIOJI0TBOPEHUS, MUKTHUECKasl CaMKa OTKJIAJIbIBAET MOKOSUIUECS sila, U3
KOTOPBIX MMOCJIE JJATEHTHOTO NEPHOJIAa CHOBA BBUTYTUISIIOTCS aMUKTUYECKUE CAMKH.

AMHKTHYECKHE CAMKH C TAPTEHOTC€HETHYECKUMU STMIAMU COCTABIISIFOT OCHOBY
3I0pOBOM OBICTPO pa3MHOXKAIOLIEHCs MOMyJIsAUUU KojoBpaTok. IlnogoButocts B.
plicatilis plicatilis ot 1 1o 8 sui Ha caMKy.

[Tocne BbIKJIEBA KOJIOBpATKa JAOCTUTaeT nosuoBo3penoctu yepes 20 - 30 4 npu
temneparype 20 - 25 °C, yepe3 16 - 20 u - npu 26 - 28 °C. B 310 Bpems y Hee
MOSIBJIAETCS IEPBOE ANIO. [IepBbIii BEIMET MOJIOAM KOJIOBPATKA MOTYT JaTh HA 2 -
3 CyTKH, HO MAacCOBBIIl BBIMET HAcTymaeT Ha 3 - 4 cyTtku. [InomoBUTOCTH CaMKu
3aBUCUT OT €€ (PU3MOJIOrMYECKOTO COCTOSHUS U MPOAOHKUTENIBHOCTH >KH3HHU,
KOTOpasi KoyiebJIeTCsl OT HECKOJIbKUX JHeu a0 1,5 - 2 Hegenb. 3a CBOKO JKU3HBb
CaMKa OTKJIQJbIBa€T HECKOJIBKO JECATKOB SML. JUINTETBbHOCTh CEHUJIBHOTO
(MOCTIPOIYKTUBHOTO) MEPUOIA CAMKH 2 - 4 CYTOK.

AMUKTHYECKHE M MHKTUYECKHE CaMKH, MPUCYTCTBYIOIIME B KYJIbTYypE,
BHEIIIHE OTJINYAIOTCS 110 HAJTMYHUIO ONPEAECIICHHOIO TUIIA SIULI.

AMuKTHYECKHE (MTApTEHOTC€HETUYECKUE) SIila, W3 KOTOPBIX PAa3BUBAIOTCS
MIapTEHOT€HETUYECKUE CaMKH, KpynHble 115 - 170 MKM, TOHKOCTEHHBIE, C
MOJIyIPO3PAYHBIM COJEPKUMBIM, B KOJIMYECTBE | - 3 y OQHOW caMKH Ha Pa3HBIX

CTaJUsX dIMOPHUOTEHE3a, PEAKO 10 7 - 8 MITYK.



MuxkTrndeckue mokosrecs (OmI00TBOPEHHbBIE) Sila B KOJIUYECTBE HE OoJee
3 y OnHOM caMKU Takke KpymHble, pazmepoMm 115 - 170 MKM, TOJICTOCTEHHBIE,
HENPO3payvHble, ¢ TEMHO-KOPUYHEBBIM COAEPKUMBIM, MPUIIETAIOIUM K 000JI0UKE,
WIM C OpAHXEBBIM COJEPKUMBIM, OTCTOSIIMM OT OOOJIOYKM Ha OJHOM W3
nomocoB.  Ilokosimmecs  diila  crocOOHBI  MEPEHOCHUThb  PA3JIMYHBIC
HEOJIarONpPUSTHBIE YCIOBUS B BOJHOM 00BEKTe. OJTH sillla MOp(OIOruuecku u
¢bu3noNOrNYecKr pa3sHOKAUYECTBEHHBI, YTO O00YCIaBIMBACT MOPLHUOHHOCTH BBIXOJIA
13 HUX KOJIOBPATOK.

MukThdeckue siina, U3 KOTOPBIX Pa3BUBAIOTCS CaMIlbl, MEJIKHE - Pa3MEepoOM
80 - 110 mxm, B xonuyectBe OT 1 10 12 y ogHOW caMKH, C TOJYNPO3PAUYHBIM
coziepKUMbIM. [IpOOIKUTENBHOCTD )KU3HU CaMLOB 3 - 4 CYTOK.

[Ipy KyJbTUBHpPOBAaHMM cJEAyeT M30eraTtb YyCIOBUM, MpU KOTOPBIX
MOSIBIIAKOTCS MHUKTHYECKME CaMKH, IOCKOJBKY HX ITOKOSIIMECS SHIAa HMEIOT
JaTeHTHbIM mepuos. Mosiofnb U3 NOKOSIIUXCS (JaTeHTHBIX) SHIl  MOKET
BBIKJIEBBIBATHCS YEPE3 HECKOJIBKO HENIEIb, MECSLIEB WIIH JTaXKe JIET.

[losiBeHnEe MOKOSAMIMXCS ULl B KYJbType 00YCIOBIEHO PE3KHUM HU3MEHEHHUEM
OJTHOTO WJIM HECKOJBKUX BHEIIHUX (PaKTOPOB (IOBBILICHUEM WJIM HMOHUKEHHEM
TEMIEPATYPbI, YXYAILIEHHEM KOPMOBOTO peXHMa, H3MEHEHUEM COJIEHOCTH U JIp.).

[lepexon Kk ABYNOJIOMY Pa3MHOXKEHUIO SIBISIETCS IPU3HAKOM HEOJIAronoayyus
B KYJIBTYpE, IPH 3TOM JI0JI1 MUKTUYECKUX camMOK IpeBbimaet 10%.

IIpu cMemanHOM pa3MHOKEHUH B MOITYJISALUKA KOJIOBPATOK UMEIOTCS CaMLbl U
CaMKM  BCEX  KaTeropuil: IOBEHWJIbHBIE, AMHUKTUYECKUE, MHKTHYECKHUE
OIUIOJOTBOPEHHBIE C TMOKOSIIMMUCSA SWIAMUA W HEOIUIOAOTBOPEHHBIE, a TaKXKE
CEHUJIbHBIC CaMKHU. Hanune pasHbpIX CTagui )KU3HEHHOTO IUKJIA U UX YUCIIEHHOE

COOTHOIIIEHHE XapaKTEPU3YIOT COCTOSHHE KYJIbTYpPbl KOJIOBPATOK.

4.3. YcnoBust 1a00paTOPHOTO COACPIKAHUS
[Ipu KynbTHBUPOBAHUHM KOJIOBPATOK HEOOXOAMMO MOJACPKUBATH HA OJHOM

YpOBHE TeMIEepaTypy, OCBEIIEHHOCTh, COJICHOCTh, KOHIIEHTPALIMIO KOPMa U PEKUM



KOPMJICHHSI BO M30€KaHHE TEpexoJa OT MapTEHOTCHETHYECKOTO Pa3MHOKCHUS
KOJIOBPATOK K MOJIOBOMY.

KyneruBupoBanue npoBogiar npu temneparype ot 20 °C no 25 °C, kak npu
€CTEeCTBEHHOM, TaK U MPU UCKycCTBEHHOM ocBerieHuu (He menee 500 - 3000 nk) B
JIIOMMHOCTATE, C €CTECTBEHHOM CMEHOM JIHSA M HOYH.

KynbTuBupyoT kojgoBpaTok B KojOoukax oosemMoMm 50 - 100 cm3. Ywucno
KOJIOOYEK ¢ MAaTOYHOU KYJBTYpOH KOJOBPATOK JOJKHO OBITH B KOJMYECTBE 2 - 3
mTykd. Cpefoi 1 KyJIbTUBUPOBAHUS SBISIETCS MPUPOAHAST UM MUCKYCCTBEHHAs
Mopckas Boaa (1. 2 [lpunoxxenus 1).

KopMoM SBISIFOTCSI MOPCKHE MUKPOBOJIOPOCIN MOHOXPHU3UC WM H30XPU3UC
(Monochrysis (Pavlova) lutheri; Isochrysis galbana).

Kopm BHOCAT uepe3 2 - 3 cyrok u3 pacuera 0,5 cm3 Bogopocieit (mpu
4
IUIOTHOCTH KJIETOK KYJbTYphbl Bojopocieit 15 x 10 /cm3) Ha 10 mMi1 KylbTypsl
KOJIOBPATOK IPH TUIOTHOCTH KOJIOBpATOK 5 - 10 3K3./cMm3.

OT KOHIIEHTpAllMM KOpMa 3aBHUCSAT MHOTHE MPOAYKIIMOHHBIC TOKa3aTeIu
KYyJbTYpbl KOJIOBpAaTOK. ECiM KOHILIEHTpalus KOpMa BBICTYHAET JIUMHUTUPYIOITUM
dbakTopoM, TO COKpamaeTcsi 001masi MPOJOIKUTEIHHOCTD KMU3HU OPTraHU3MOB, UX
IJI0JIOBUTOCTh, CKOPOCTh POKIAEMOCTH.

N36bITOYHOE KOJUYECTBO KOpPMa HACTOJIBKO OBICTPO TPOXOAUT dYepe3
MUILIECBAPUTENBHBIN anmapaT KOJOBPAaTOK, YTO HE YCBAaMBAETCS W HACTYIAET
napajoKcajibHasi CUTyalus - U30bITOK KOpMa MPUBOJIUT K TOJIOJAAHUIO KOJOBPATOK
U CHIKEHHIO TPOAYKIIMOHHBIX IIOKa3aTeleld, a KpoME TOro, 3arps3HseT
BBIPOCTHBIE EMKOCTH.

[TokazarenemM BBICOKOTO KaueCTBa MATOYHOM KYJbTYPhI SIBISIETCS MOYTH
MOJIHOE OTCYTCTBUE CAaMOK C MHUKTHYECKUMHU SIMIAMH, CAMOK C MOKOSIIHUMUCS
SUIIAMH B caMIioB. B KynbType MOKHBI TPeo01aiaTh aMUKTHIECKHE CaMKH € 1 - 3
u 0oJiee SiIaMu.

MartouHyto KyJbTypy KOJIOBPAaTOK MOXKHO CO3/laBaTh U3 SIUI] KOJIOBPATOK (I10

aHAJIOTUH C APTEMUSIMU).



B ToMm caydae, Korma MAaTOYHYK) KyJbTYpPy HA4MHAKOT CO34aBaThb OT
HECKOJIbKUX JECSTKOB AMUKTHYECKUX CaMOK, KYJbTHBUPOBAHHE HAUYUHAIOT B
MHUKPOAKBAPUYMAX.

B kaxayro JIyHKy caXarlT [0 OJHOM aMHMKTHYECKOW camke. Moiioap u3
JYHOK, TIOSIBIIIONIYIOCSI B TCUCHHE TPEX-UETHIPEX MHEH, MEPEHOCSAT B KOJOOUKH
oobemoMm 50 - 150 cmM3 ¢ MOpcKO# BOJIOH, MOCTENEHHO YBEIWYMBAs MAaTOYHOE
CTa/I0 KOJIOBPATOK 110 5 - 10 3K3./MIL.

[Ipu mocTmkeHUW TIOTHOCTH OopraHu3MoB B KynbType 100 - 200 sk3./cM3,
cpelly OOHOBIISIIOT: CIIMBAIOT IMOJIOBUHY KYJIBTYPhl M3 KOJOOYKH M JOOABISIOT
CBEXKYIO cpelly (MICKYCCTBEHHYIO WA MPUPOIHYIO MOPCKYIO BOAIY).

JUIst MaTOYHOW KyJbTYPhl KOJIOBPATOK KENATEIbHO UMETh XOTs Obl 1 OrOKC
o0veMoM He 6osiee 50 cm3, MOCKOIBKY B OIOKCE C IIMPOKUM TOPJIOM OY€Hb YIA00HO
BECTH KOHTPOJb 32 MOMYJALMOHHON CTPYKTYpOMl KOJIOBpAaTOK. BIOKC MOKHO
MOCTaBUTh NOJI OMHOKYJISIP U IPOCMOTPETH BCIO KYJIBTYPY Cpasy.

JIns KyJIbTUBUPOBAHUSA KOJIOBPATOK M TIPOBEACHUS TOKCHUKOJOTHYECKUX
HKCIIEPUMEHTOB HEOOXOAUMBI J1a0OpaTOPHOE 0OOPYIOBAHUE U PEAKTUBBI:

BECHI aHAJIMTUYECKHUE;

ounokyssp MbC-9 unmu MbC-10;

pH-MeTp;

npubop N1t UBMEPEHUS COJICHOCTH BOJIBI;

MUKPOKOMITPECCOPBI;

pPEaKTUBBI [JI1 TPUTOTOBJICHUS] HMCKYCCTBEHHOW MOpCKOM cpensl (m. 2
[Tpunoxxenus: 1 HacTosUX METOAMYECKUX YKA3aHUMN);

Oymara (puIbTpOBAIbHAS;

BOJa JUCTUJUIMPOBAHHAS;

MepHbIe kKoJios1 Ha 1000, 100, 50 cm3;

OIOKCHI ¢ MHUPOKUM ropiioMm Ha 50 cm3;

rpagyupoBaHHbIe MepHbIe uneTku Ha 10, 5, 1, 0,1 mur;

NUTETKH  JJIsi  TIepecajku  KOJOBpaTOK  (MACTEPOBCKHME MUMETKU C

YKOPOUYEHHBIM KOHIIOM);



MUKPOAKBAPHYMBI;
KyJnbTypa KojoBpaTok Brachionus plicatilis plicatilis;
MOpPCKHE MUKpoBomopociu mis kopma Monochrysis (Pavlova) lutheri wnm

Isochrysis galbana.

4.4. IlpoBenenuie ucciea0BaHUN

TOKCUKOJIOTMYECKHE HCCAENOBAHUS MPOBOJIAT TOJBKO HA OJHOBO3PACTHOM
KYJIbTyp€E KOJOBPATOK.

Jist  momydeHust OONBIIOrO  KOJIMYECTBA  OJHOBO3PACTHOM  KYJIBTYpbI
orOuparoT S50 aKTUBHBIX CaMOK ¢ SHIAaMM W TOMEIIAI0T MO OJHOW B
MUKpoakBapuyMbl o0bemMoMm 0,5 cMm3 Kaxaplidi (MIAHIIET C  sSYeiikaMu).
[TosiBUBIIYIOCST MOJOJIb TEPEHOCIT B HOBBIE MHUKPOAKBAPUYMbI, 3alOJHECHHbIC
MOPCKOM BOJOM M KOpMOM. TpeTuid MOMET KOJIOBPATOK, KaK MPABUIIO, SIBIISIETCA
HamOoJiee TUIOJJOBUTHIM, IOATOMY, NPU HEOOXOJUMOCTH HCIOJIB30BaHUS B
AKCIEPUMEHTE OOJBIIOr0 KOJHWYECTBA OpPraHu3MOB, YyJI00Hee paboTarh C
OJIHOBO3PACTHOM MOJIOJIBIO TPETHETO MOMETA.

Bo3MOXHO Tak K€ MOJYy4YEHHE OJIHOCYTOUYHOW KYJBTYPhl I MPOBEICHUS
HKCIIEPUMEHTA MyTEM 3aMadyMBaHUs ULl KOJOBPATOK B MOpcKo# Boje. IIpu sTom
MPOUCXOJUT CUHXPOHUZUPOBAHHBIN BBIKIIEB MOJOJIM KOJIOBPATOK, YTO OYEHb
BAJKHO IPU ITOCTAHOBKE ONBITA.

OnHOCyTOUYHAsE MOJOJb CTaHOBUTCS TIOJIOBO3pesion vepe3 1 - 2 cyTok
(mosiBNIsieTCS MIEPBOE SIUII0) U TA€T MAaCCOBBIN BBIMET MOJIOAM uepe3 3 - 4 CYTOK.

[lepuoguuecku, He pexe | pa3za B Mecsll MPU KyJIbTUBUPOBAHUU KOJIOBPATOK, a
TaKK€  HEMOCPEICTBEHHO INepe] IMOCTAHOBKOM OSKCIIEpUMEHTa, HEOO0XOAMMO
MPOBOAUTH
KOHTPOJIb YYBCTBUTEJIBHOCTU KYJBTYPbl KOJOBPATOK K ATAJOHHOMY BEILECTBY

nByxpoMmoBokuciomy kanuto K CrO wmapku "Xx4" wiam cTaHgapT-TUTPY Kalus
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JBYXPOMOKHUCIOTO. JIJIsl 3TOro roTOBAT MATOYHBIA pacTBOP JIBYXPOMOBOKHCIIOTO
KaJus
KoHueHtpammedn 1 r/mm3.  Jlamee  meTomoM  pa30aBlieHUS - CEPHIO
KOHLIEHTpAaLUU
150,0; 180,0; 210,0; 240,0 u 300,0 mr/mM3, ¢ KOTOPBIMH TPOBOIUTCS
ucciaenoanne. Ilo nmanHOmMy »TasioHHOMYy BemectBy LC 3a 24 4 s
KOJIOBPATOK
50
HaxoauTcs B quanaszone 180 - 240 mr/n (conmerocts 20 mpomuiie).
Ecomn nomydyennoe 3Hauenne JIK He momano B yka3aHHBIM JIWAaIa3oH
50
KOHLIEHTPaLUi, TO SKCIIEPUMEHTHI C JAHHOHN KYJIbTYPOU KOJIOBPATOK HE MPOBOJISIT.

HccnenoBaHue TOKCHUYECKOTO JIEWCTBUSL BELIECTB HA TECT-OPTaHHU3MBI
IPOBOJIAT B OCTPBIX U XPOHUYECKHUX IKCIIEPUMEHTAX.

4.4.1. OcTpoe TOKCHMYECKOE IECHUCTBUE BEIIECTBA UCCIEAYIOT B T€UECHHE 24 4.
[lo pe3ynpTaTaM 3KCIIEpUMEHTa OIIEHMBAIOT BBIKMBAEMOCTH KOJOBPATOK 3a 24 4
"
onpenessatoT JIK  BemecTsa.

50

[IpenBapuTenbHbBI 3KCIEPUMEHT MPOBOASAT € 4 - 5 KOHUEHTpaUUsIMU
BelecTBa, paznuyaromumucs B 10 pa3; manmpumep: 0,001; 0,01; 0,1; 1; 10 mr/mm3
M T.J. OTOT ONBIT TMO3BOJIAET YCTAHOBUTH TPAHUIIBI  OCTPOJIETATBHBIX
KOHIICHTpAILIMH BEIIECTBA.

OCHOBHOI 3KCHEPUMEHT NPOBOAAT IO PE3yJabTaTaMm IPEABAPUTEIBHOIO.
BbIOupatoT nMana3zoH KOHIEHTPAalMWd BEIIECTBA, KOTOPBHIE BBI3BIBAIOT T'HOEIb
Menblie 50% u OGombiie 50% KoOJIOBpAaTOK B MPEABAPUTEIILHOM ASKCIEPUMEHTE.
[ITar Mexny KOHIIEHTpAIUSMH pa3indaeTcs B 2 - 5 pas.

B skcnepuMeHTanbHble MUKpOakBapuyMbl o0bemMoM 1o 0,5 M momMemaror
pacTBOPBI MCCIEAYEMBIX KOHILICHTpPALMM BEIIECTBA. B KaXKablli MUKpOAaKBapuUym

pacCa’)knuBarOT IO OJJHOMY 3K3CMILIAPY KOJIOBPATOK BO3PACTOM 1 CYTKH, HAYHNHas C



KOHTPOJISL ¥ Jiajiee OT HAUMEHbIIEH KOHIIEHTpAIlMU N0 BO3pacTaHuio. B KoHTpose
U B DKCIIEPUMEHTE (B KaXKJI0M KOHIIEHTPAILIMM ) UCI0JIb3YIOT 110 20 KOJIOBPATOK.

VYcnoBus mpoOBEAEHUS ONBITOB TAaKHE XK€, KaKk W IpPU KyJIbTUBHPOBAHUHU
JAHHOTO 00BEKTA. B X0/1€ OCTPHIX OMBITOB KOJIOBPATOK HE KOPMSIT.

4.4.2. XpoHUYECKOE TOKCHUYECKOE JIEHCTBUE BELIECTBA MCCIEAYIOT OKOJIO 2
Henens (11 - 14 nueit).

Hccnenoanne npoBoIsAT Ha 3-X MOKOJIEHUSAX KoyioBpatok. Ilo pe3ynbraTtam
MCCIICIOBAHUSI OLICHUBAIOT (110 CPABHEHUIO C KOHTPOJIEM):

a) BBDKMBAEMOCTh KOJIOBPATOK B pa3HBIX KOHIIEHTpAIUsAX BEIIECTBA B
HUCXOIHOM, B 1-M, 2-M U 3-M OKOJICHUSX;

0) HaCTYIUICHHE MOJOBO3PEIIOCTH B KAXKIOM U3 TPEX MOKOJICHUN;

B) TUIOJIOBUTOCTH KOJIOBPATOK B KaXKJIOM IMOKOJIEHUHU U OOIIYIO MJIOAOBUTOCTb.

[TonoBO3penoCTh KOJOBPATOK OTMEYAIOT C MOMEHTa MOSIBJICHUS TEPBOTO
giffa. [1IMogOBUTOCTH KOMOBPATOK - KOJUYECTBO MOJIOAM, MOSBUBILICHCS B KaXKIOM
nokosieHnu. OOmas IUIOJAOBUTOCTh  KOJOBPAaTOK B KaXJIOM  IOKOJCHUHU
ompeesaeTcs Kak CyMMa BCel MOJIo/iv 3a 4 BhIMETA.

Jlnsi XpOHUYECKUX OMNBITOB OEpyT HE MeHee 4 - 5 KOHIICHTpAaIlUil BEeleCTBa, B
ycTaHOBJIEHHOM Juamna3oHe no JIK 3a 24 yaca.
50

B koHTposie u onbiTe (B KaXKI0M KOHIIEHTpAIlMK) UCTIONB3YIOT HE MeHee 20
KOJIOBPATOK, TMOMeEIIass B KaXIYI0 JYHKY MHKPOAaKBapuymMa 1O OJHOMY
AK3EMILISIPY BO3pacToM 6 +/- 2 4.

KosoBparok Bo BpeMsi MpOBEAECHUSI SKCIIEPUMEHTA KOPMST BOJIOPOCIISIMU pa3
B 2 - 3 cyrok. KoHIEHTpamusi KJIETOK BOAOPOCIEN Ta XK€, 4YTO U TMpHU
KyJbTUBUPOBAaHUU  KOJOBpaToK. IIpeaBapuTenbHO  KyJabTypy  BOJOpOCIEH
KOHIICHTPUPYIOT HieHTpuyrupoBanueM. KoHIIeHTpupoBaHHBIN KOPM JT00ABIISIOT B
KaXJIyI0 JIYHKY Ha KOHYMKE IMacTEPOBCKOM MUTIETKHU.

[Ipu mpoBenaeHWM OMBITOB Ha MOKOJCHHMsX KosoBpaTok (Tabmuma 4.4.1)

MNPpUACPIKUBAIOTCA CXCMBbI, aHAJIOTUYHO ITPOBCACHUIO OIIBITOB C ,Z[a(i)HI/ISIMI/I.



Tabmnuma 4.4.1

Cxema OnbBITOB Ha cepuun MMOKOJICHUM KOJIOBPATOK

| OI_[eHI/IBaeMOG | YuuThIBa€MBbIC TTOMETHI | CYMMa MOJIOOHU
| moxonenue | |
| |
I |
| |
I I
| Acxommoe X | 0 1 2 3 4 1-4 |

| mex. [ X ,X ,X ,X ,X |SUMX |

| |HCX. HCX. HCX. HCX. HCX.l HCX. |
| |

| |

I I
|Meproe X | 0 1 2 3 4 | 1-4 |
| 1 X .,X,X,X.,X | SUM X |
| |1 1 1 1 1 | 1 |
| |
I I

| |

I I
|BropoeX |0 1 2 3 4 | 1-4 |
| 2 |X.X,X,X,X | SUM X |
| |2 2 2 2 2 | 2 |
| |
I I

| |

I I
| Tpetre X | 0 1 2 3 4 | 1-4 |
| 3 |X,X,X,X,X | SUM X |

| |3 3 3 3 3 | 3 |
| l




IIpumeuanne. X - DIOKOJEHHWs; BEPXHUM HMHIAEKC - TIOMETBHI KaKJIOTrO

ITIOKOJICHHA, HWKHUM - HHACKC OLCHUBACMOC ITIOKOJICHHUC.

[loaroToBneHHyl0 AJiE  JKCIEPUMEHTA KYJIbTYPY KOJOBPATOK (HCXOIAHYIO
MOJIOb)
paccaXuBaloT B MHKpoakBapuymbl 1o 1 sk3emmuiapy. [locne toro, kak
HCXOJ/IHBIC
1 0
ocoOu nanu nepBbiit momeT (1-e mokosienue - X ), 3Ty MOJIOAb OTCAXUBAIOT (X
UCX. 1
- "ucxojHas" MOJIOJIb TIEPBOTO TMOKOJICHUS) B TOM € KOJMYECTBE B JIPYrue
JTYHKA-MUKPOAKBapUyMbl, COOTBETCTBYIOIINE TEM K€ KOHUEHTPALIUSIM BEILIECTBA U
T.1.
3a UCXOAHBIMU OCOOSIMU BEAYT HAOIO/ICHHUE 0 MOJydeHus 4-X MOMETOB B 3-
M ONBITHOM M KOHTPOJIbHOM TMOKOJeHusix. HaOmronenus, KoTopeie BeAyTCS 3a

HCXOJHBIMHU OCOOSIMH, IOBTOPSIOT € 1-M, 2-M U 3-M MOKOJIECHUSIMHU.

4.5. Y4eT u aHaJIu3 pe3yJIbTaTOB

Jlns  omnpenesnieHWss HaIWM4Us JCHCTBHS KOHLIEHTPALIMM  MCCIELYyEMOTO
pacTBOpa BENIECTBA HAa KOJIOBpAaTKaX OTMEYAIOT W3MEHEHHWE BBLHKMBAEMOCTH,
MJIOJIOBUTOCTH, BpEMsSl HACTYIUICHUS [OJOBO3PEIOCTH TECT-OPraHW3MOB B
TECTUPYEMOM PACTBOPE MO CPABHEHHIO C KOHTPOJIEM.

CTraTUCTUYECKH JOCTOBEPHOE OTKJIOHEHUE OT KOHTPOJS HCCIEIYEMBIX
noKaszaresyiel B pa3IMYHbIX KOHIICHTPAIUSAX BEIECTBA CBUIETEIILCTBYET O HAIMUUU

JIEVCTBHS ONPENECIICHHON KOHLIEHTPAlMK BEILIECTBA HA KOJIOBPATOK.

5. YCTaHOBIIEHHE MAKCUMAJIIBHOW JOMYCTUMOW KOHIIEHTPALlUU BEIIECTBA IS

300IUIAHKTOHHBIX PaKOOOPA3HBIX



N3 mpencraBuTeneil  300IUIAHKTOHHBIX — PaKOOOpPa3HBIX B MOPCKHUX
TOKCUKOJIOTHYECKUX HMCCIEAOBAHUAX HCIONB3YIOT KAOPOHOTOro padka apTEeMHIO
canuny (Artemia salina). IlomMmuMo >kaOpoHOTrOoro padyka 4YacTO HCIIOJIB3YIOT
KyJIbTUBUPYEMBIC B JJAOOPATOPHBIX YCIOBUAX PA3JIMYHBIC BUJIBI MU3HU B BO3PACTE
3 - 5 cyrok. B ombIT OepyT OopraHm3Mbl Ha CaMbIX YyBCTBUTEIBHBIX CTaJHAX
pasBuTHus (TIOCTIE BBIKIIEBA, TIPU TIEPEX0/Ie HAa aKTUBHOE MTUTAHKE, JIMHBKE U T.I1.).

W3 mpupogHbIX BOA K JIAOOPATOPHBIM YCIOBHUSM aalTHPYIOT KPYITHBIS
OpraHU3Mbl TOMUHUPYIOIMHUX BUIOB 300IUIAHKTOHHBIX PAKOOOPA3HBIX, TAKHX Kak
kamsayc, ums, kamsaunena (Calanus finmarchicus, ldyaea furcata - ceBephbie
Mopsi Poccuu; Calanipeda aquaedulcis - Kacnwuiickoe Mope); paxooOpa3HBIX

ceMelCTBa MH3UI 1 YUJIMMOB (I[EUIBHGBOCTO‘-IHBIG MOpSI).

5.1. Apremus canuna

5.1.1. Xapakrepuctuka TeCT-00beKTa

XKabpoHoruii pauok - apremusi canuHa (Artemia salina L.) ynoben B kauecTse
TeCT-00BEKTa, YTO OMPEEISAETCS €ro IBPUTATUMHHOCTHIO, TOCTYITHOCTHIO B JIFO0O0OE
BpeMsl rojla UCXOJHOTO MaTepuasa (SIUi), BO3MOKHOCTBIO JIJTUTEILHOTO XpaHEHUS
auil (B T€YCHUE HECKOJIBKUX JIET), JIETKOCTHIO COACPKAHUS U KyJIbTUBUPOBAHUS B
BOJIC Pa3HOM COJIEHOCTH. AJanTalus Ipu 3TOM HE TpeOyeTcsl.

[Ipu OnaronpusTHBIX YCIOBUSIX BBHIKJIIEB HAyIUIMEB apTeMUN U3  SIMI]
npoucxoaut 3a 1 - 2 cytok (mipu 25 °C - B Teuenue 24 gacos; npu 20 °C B TeueHue
48 4). B TedyeHue MEpBBIX JHEW KU3HU HAYIUIMA HE MOTPEOIAIOT o(opMiIeHHON
MWLM, HAXOJATCSI HAa DHAOTEHHOM NuTaHuu. Ha 4-e CyTKy HayIuiuu NepexoasT Ha
aKTUBHOE TWTaHWe OGOpMIIEHHON muinei. B 3aBUCHMOCTH OT TeMIepaTypHBIX
YCIIOBUM apTEMUU JOCTUTAIOT MOJIOBO3PEIOr0 COCTOSIHUS B TeueHue 3 - 4 Hedelb
MOCJI€ BBUTYIIJICHUSI U3 SIUII.

B cBs3u ¢ pa3snuyHOM yCTOMYMBOCTBIO apTEMUM K TOKCMKAHTaM Ha PAa3HbBIX

CTaausax pPa3BUTHUA, B TOKCHUKOJOIHYCCKHUX OKCICPHUMCHTAX CTaBAT OIBITEI C



Pa3BUBAIOLIMMHUCS SIWLIAMH, HAYIUIMAIbHBIMU CTaqUsSMH apTeMUN U B3POCIBIMU
0COOSIMH, UCTIONB3YS KaXAYIO CTaJNIO KaK OT/ICIbHBIN TECT-00BEKT.

N3 Bcex crammii pa3BuUTHUs apTeMuil HauOoyiee YYBCTBUTEIBHBIM TECT-
O0OBEKTOM SIBJISIOTCS HAyIJIMKM B Bo3pacTe 1 cyTok (mepexoj OpTOHAyIihyca B
MeTaHayruiuc). JlaHHas cTagusi UCHONB3YeTCsl Kak TeCT-00BEKT B IKCIEPUMEHTaX

npu paspadotke [1JIK BemecTra.

5.1.2. YcnoBus 1abopaTOpHOTO COCpKaHUS

Hcnonp3yeTcss o0bdHOE J1abopaTopHOE 000pyI0BaHWE, MPUOOPHI, MOCyAa U
PEaKTUBBI, B TOM YHUCIIE:

MUKPOKOMITPECCOPHI;

MHUKPOCKOIT OMOJIoTHYeCcCKnii, obecneurBaroniuii ysenuuenue B 100 - 200 pas;

OKCUMETD;

pH-meTp;

puOOp I ONPEEICHUS COJIEHOCTH BOJIBI;

MeMOpanHbie punbTpsl (pazmep nop 0,45 MkM u 3 - 5 MKM);

TUCTUJUIMPOBAHHAs BOJIA;

CTEKJIsIHHbIE OyThUTM Ha 20 1 - 2 WITYKY;

cTakaHsl Jlabopatopusie Ha 50, 100, 300, 500, 1000 cm3;

yamku [letpu;

rpagyupoBaHHbie numnetku Ha 10, 5, 1, 0,1 mi;

nunetkn Ilactepa crekysiHHBIE, BMECTUMOCTBIO 2 CM3 C YKOPOYEHHBIM U
OIIABJIEHHBIM KOHIIOM JIJIsl IEPECA/IKU PAYKOB;

PEaKTUBBI MapKH "X4'"', a TAKXKE MOPCKas COJIb;

nByxpomoBokucibil kKamuid K Cr O mapkm "X4" wnm cTaHmapT-TUTp Kanus
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JBYXPOMOKHCJIOTO;

cyxue sina Artemia salina L. (xpaHsiTCs B XOJIOAWIBHON KaMmepe).

UccnepoBanne ¢ apremusimu  (Artemia salina  L.) mnpoBomaTr mnpu

HMCKYCCTBEHHOM WJIM €CTECTBEHHOM OCBemieHuH, temreparype 20 +/- 2 °C, or



BBIKJIEBA M3 siiilla (OJHOCYTOUYHBIE HAYIUIMHM) J0 TOJIOBO3pPENIOro coctostHus (21
CYTKM) Ha NPUPOJHOM MOPCKOM BOJI€ WJIM HA HCKYCCTBEHHOM MOPCKOW BOAE
ONPEIEICHHON COJIEHOCTH.

[Ipu mpoBeneHUH SKCIIEPUMEHTOB C APTEMUSIMH Ha UCKYCCTBEHHON MOPCKOMN
BOJIE, MOCJEAHSS CIIYKUT KOHTPOJIEM B SKCIIEPUMEHTAX.

B cBfi3M ¢ DHOOTCHHBIM MUTAHUEM HAYIUIMYCHl apTEMUN HE HYXKIAIOTCS B
MOAKOPMKE B TEYEHUE UETHIPEX CYTOK IOCIE BBIKJIEBA. B malbHENIIEM B KaUeCTBE
KOpMa i1 HUX UCHOJB3YIOT KYJIbTYpPhl OJHOKJIETOUHBIX MEPUIUHUEBBIX
Bojopociied w3 poaoB Phaecodactylum wu Exuviella, wim xento-3eiaeHbIX
KIyTUKOBBIX Bojopocieli Nephrochloris salina, BbIpammBaeMbIX Ha cpene
['onbnGepra.

[110THOCTB KJIETOK BOJOPOCIIEH B cpelie ¢ padykamu Mpu ux kopmieHuu - 100
ThIC. KJI/cM3 (ciierka 3eJIeHOBaThIM Wi O€KeBbIN 1BET cpeabl). [loakapminBaioT
PayYKOB Yepe3 2 CYTOK.

[Ipu nocTaTOUHOM BHECEHHHM KOpMa PaudyKu pacHpeielisiioTCs PaBHOMEPHO IO
BCEl TOJNIIE BOABI M AaKTUBHO ABWXKYTCA. IIpum Hemoctatke KopMa apTeMuu
3aJIepKUBAIOTCS Y CTEHOK M JIHA aKBapUyMa, B3My4MBasi OCAJOK, MPHU H3JIMILKE
KOpMa COOMpAIOTCsl y TOBEPXHOCTH BOJBI, MPH ITOM JIBIJKEHHE CTAHOBHUTCS
3aMeIJICHHBIM.

B omnbIT HE0oOXoAMMO OpaTh siflla apTeMHil ¢ BHICOKUM MPOLEHTOM BbIKJIEBA
(60 - 100%).

UToOBI OJIYyYUTHh UCXOHBIN MaTepua JJid UCCenoBaHus, |1 - 3 T CyXux SHil
MOMEIIAI0T B XUMUYECKUH cTakaH oObeMoM 500 mMul U 3aIMBarOT BOAOIPOBOIHOM
BOJIOM, 3apaHee OTCTOSHHON W a’pupyemoll B TeueHue cyTok. Uepe3 30 MuH., HE
B30AJITHIBAsI COJIEPKMUMOTO CTaKaHa, CJIMBAIOT CJIOM BOJBI HaJ OCEBIIUMU SHIIAMHU,
yaaisisi TakuM 00pa3oM IMycThlie 000JIOUKM sull W morubmme sina. [Ipouemypy
OUYHCTKHU MOBTOPSIOT HECKOJIBKO pas.

OTMBITBIE SHilla BHOBb 3aJIMBAIOT MPECHOW BOJIOM, MOABOIST a’3palvio U

BBIJICPKMBAIOT B TAKOM COCTOSIHUU B T€YEHUE CYTOK. Uepe3 CyTKH MPECHYIO BOIY



CIIMBAIOT U Si11a HECKOJIBKO pa3 MPOMBIBAIOT (UIBTPOBAHHON U MPOA’PUPOBAHHOM
MOPCKOW BOJION HY»KHO# coseHocTH ¢ pH 7,8 - 8,2.

[IpombIThIe siilla A8 BBIKJIEBA IMOMEHIAIOT B IJIOCKUH KPHUCTAILIM3ATOD,
HAlOJHEHHBIA ~ MOPCKOW  BOJOM  HYkHOM  coneHoctu.  ConaepKumoe
KpUCTAJUIM3aTOpa B30AITHIBAIOT, MPH OTOM Siflla pPACMoNaraloTcs Mo AHY
MoHocioeM. Yepe3 18 - 24 wyaca B KpuCTaUIM3aTOPE BBUIYIUISIOTCS IEpPBbIE
JUYUHKU. JUJIsl Ipy>KHOrO BBIKJIEBA HEOOXOJMMAa a’palrs M OCBEIIEHHOCTb HE
menee 1500 - 2500 mx/m2.

J1J1st mony4eHusi CHHXpOHU3UPOBAHHOTO MaTepualia MePBhIX BHIKIIIOHYBIIUXCS
HaymnycoB Artemia salina L. TmarensHo otOupator nunetkod Ilactepa u
nepeHocAaT B crakaH (oobemMoMm 150 cm3) ¢ mopckoit Bomoi. YUepe3 yac B
KPUCTAJIM3aTOPE HAKAIUIMBAIOTCSI HOBbIE HAymnychbl. OTOMPAIOT U MEPEHOCST
HAYIIJINYCOB B TOT ’K€ CTaKaH C MOPCKOW BOJIOW 1O Mepe WX BBHIKJIEBA - 2 - 3 pa3a B
TEYEHUE TPEX YacoB, KOHIEHTPUPYsS OPraHU3Mbl BO3JE OJHOM M3 CTEHOK
HAIpaBJICHHbIM HCTOYHUKOM CBeTa (HOBOPOXKJIEHHBbIE HAYIUIMYChl HMEIOT
TIOJIOXKHUTEIbHBIN (oToTakcuc). Jlanee omHocyTouHbIe Haymuychl Artemia salina
L. HCIONB3YIOT B 9KCIIEPUMEHTE.

OmuH pa3 B Mecsl (WM MPU UCHOJb30BAHUHM HOBOW MApTHH SIUIL) TPOBOMSIT
IIPOBEPKY BBIKJTIOHYBILIUXCS HAyTUILYCOB Ha MPUTOJHOCTD K
TOKCHUKOJIOTHYECKOMY
aHaJlnu3y, TO €CTb MPOBEPSIOT UX (U3UOJIOTMUYECKYI0 UYBCTBUTEIBHOCTb. JlJisi
3TOTO
onpenenstor 3HadyeHue LC (72 4) STaJOHHOrO XMMHUYECKOTO BEIIECTBA
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JBYXPOMOBOKHUCJIOTO KaJIMs Il HAYIUILYCOB.
Ecnmu 3nauenne LC nans opraHu3mMoB HaxoauTcs B auarnaszone 6,5 - 8,0
50
MI/AM3  STaJOHHOTO BELIECTBA, HAYIJIMYChl NPUTOAHBI ISl MPOBEACHUS

9KCIICPUMCHTA.



B cayuae wHenmonmagmanus LC B yKa3aHHbIM JMana3oH KOHLIEHTpaLuH,
IIPOBEPSIOT

50
COONIOIGHHE  MPOLEAYPhl BBIIOJHEHUS OINpPEACICHUMN, YCIOBUS IOATOTOBKU
OpPTraHU3MOB
K TOKCHUKOJOTMYECKOMY aHAJIU3y WU, MPU HEOOXOAUMOCTH, HCIOJIb3YIOT HOBYIO
HapTHIO

SIULL.

5.1.3. IIpoBenenune uccieq0BaHuM

HccnenoBanuss Ha apTeMusX NPOBOAAT B 2 3Tama (NpEABApPUTENIbHBIA U
OCHOBHOW).

B mpeaBapuTelbHOM KpPaTKOBPEMEHHOM HCCIECJOBAaHUU (OLEHKA OCTPOTO
TOKCHUYECKOIro JCHCTBHS BemiecTBa B TeueHHe 96 yacoB) mo 20 »K3eMIUIIPOB
HayIUIMYyCOB PACCAKUBAIOT IO YamkaMm [IeTpu B KOHTPOJIBHYIO U ONIBITHYIO CPEJIbI
(40 mu1). Yucno nmoBTopHOCTEN paBHO TpeM. [TokazaHusi CHUMAIOT ekeTHEBHO (B 1,
2,3 1 4 cyTKn), yaansis HOTUOIMINX PAavyKOB.

Uccnenyror, kak mpaBuiio, 5 KOHUEHTpauui BewecTsa. Ilpu atom cienyer
CTPEMHTHCS K TOMY, UTOOBI 110 KpaliHEN Mepe ABE U3 KOHIIEHTPALMA BhI3bIBAIH ObI
addext menee u 6osee 50%.

[Ipy mIMTENPHOM MCCIIENIOBaHUN (OLICHKA XPOHUYECKOTO TOKCHUYECKOTO
JIEWCTBUSL BEIIECTBA B TeueHUE 21 CYTOK) 3KCIEPUMEHTHI MPOBOJAT B CTaKaHaX
eMkocTbI0 300 - 500 cM3, yncio MOBTOPHOCTEN paBHO TpeM. IImoTHOCTE mocanku
u3 pacyeta 1 sxzemiuisip Ha 25 cM3 cpefpl (KOJTUYECTBO PAaYKOB B KOHTPOJIBHBIX U
OTBITHBIX EMKOCTSIX KaXKJI0M KOHLUEHTpALKH - o 10 3K3eMILISIpOB).

[Tocne 4-X CyTOK 3KCHEPUMEHTA, HAYIINYCOB KOPMST BOJOPOCISIMU Kaxble
nBoe CcyTok. IlokasaHuss CHHMAlOT MO BO3MOYKHOCTH €XKEIHEBHO (yHamsis

norubumx paykoB). Uepes 21 cyTku uccieoBaHrue 3aKaHYMBACTCS.

5.1.4. Yuer n aHanu3 pe3ynbTaToOB



JIns onpeneneHrst HaMM4Yusa TOKCUYECKOTo JEHUCTBUSI PAaCTBOPOB BEIIECTBA HA
apTeMU, pACCUUTHIBAIOT CHUXEHUE (B TMPOIEHTAX) BBDKMBAEMOCTH TECT-
OpPraHU3MOB B OIIBITE MO CPABHEHUIO ¢ KOHTpojeM. VCronb3yoT CTaTUCTUYECKYIO
00paboTKy pe3ynbraToB 3KcnepumenTa (IIpunoxxenne 4 manHbIX MeToIUYECKHX

yKa3aHUM ).

5.2. Musznabl

5.2.1. XapakTepucTuka TecT-o0beKTa

Mu3suabl SBASIOTCS CYIIECTBEHHBIM KOMIIOHEHTOM IMHUILIMA MHOTHUX BHIOB PbIO
U 00J1a1at0T BBICOKMMHU MPOTYKIIMOHHBIMH CHOCOOHOCTSIMH. MHOIOYHCIIEHHBI B
NpuUOpEeXHON 30HE MOpeW, YyIOoOHBI B KayecTBe TecT-00bekTa. Jlerko
KyJIbTUBUPYIOTCSI B Ja0OpaTOPHBIX YCIOBUSAX M IIMPOKO HCIOJB3YIOTCA B
TOKCHUKOJIOTHYECKHUX UCCIIETOBAHUSIX.

B Hactosmiee BpeMs KylbTypa MOpPCKMX Mu3uJ B Poccun OTCyTCTBYeET,
II0O3TOMY MCCJIEIOBAHUS IMPEIAracTcsl NPOBOAUTH C MPUPOJHBIMU OpraHU3MAMHU
MU3HUA. AHAJOTHYHO IPOBOJATCS MCCIEAOBAaHUA C JAPYTMMH HPUPOJHBIMU
300IUIAHKTOHHBIMU PaKOOOpa3HbIMHU.

B mnpubOpexHoil 30HE JaNbHEBOCTOYHBIX MOpPEW MHOTOYMCIEHHA MHU3HIA
ynuButenbHas (Neomysis mirabilis), KOTopyo ya00HO HCIIOJIIB30BaTh B KAYECTBE
TecT-00bekTa. OHa pacrnpocTpaHeHa B CeBepHOM dYacTu TuUXOro okeaHa oOT
Canrapckoro mposuBa a0 Komanmopckux octpoBoB u Ajsicku. Obutaer Ha
rmyouHax ot 1 mo 50 wm. Jlerko apmantupyeTcss K JIaOOpaTOPHBIM YCIOBHUSIM H
HIMPOKO HCTOJIB3YETCS B TOKCUKOJOTHYECKUX MCCIEAOBAHMIX, TaK KaK 00JiagaeT

HU3KOU PE3UCTCHTHOCTBIO K BO3I[GI‘/JICTBI/IIO MHOTHMX XUMHWYCCKHUX BCIICCTB.

5.2.2. YcnoBus 1a00paTOPHOTO COJIEPKAHUS
Musuasl JIETKO OTJIABJIMBAIOTCS B TPUOPEKHOM 30HE M COJEpKATCS B
aJanTalMOHHBIX aKBapuyMax B J1a0OpaTOpPHBIX YCJIOBHUSX B TeueHue 48 4 1o

Hayaja dKCrepuMeHTa. TpaBMUPOBAHHBIC OPraHU3MBI 32 3TO BpeMs MOTH0aroT, a



OCTaJbHBbIE AKKIUMATH3UPYIOTCA K JIaDOpaTOPHBIM YCJIOBHSIM (OCBEILEHHUIO,
TEMIIEpaType, COJEHOCTH BOAbI). 10 BO3ZMOXHOCTH 3KCIIEPUMEHTBHI MPOBOMST C
MU3HUIAMU HA PAaHHUX CTAIHSAX Pa3BUTHSL.

JUIsL TIOJydeHHsT MOJIOAM, CAMKM MH3UJA C MapCyIlUaJbHBIMM CYMKaMH,
COZEpKAIIMMH AMOPHOHOB HA TOCIHEAHMX CTaIUsIX pPa3BUTHs, MOMELIAIOTCS B
CHelIMaJIbHbIe EMKOCTH. BpiMeTanHast Moiosb (Bo3pacToM 3 - 5 CyTOK) oTOMpaeTrcs
JUIS1 DKCTIEPUMEHTOB.

AJanTUpOBaHHBIX K JIAOOPATOPHBIM YCIOBHSIM MHU3HJ JUIMHOH 9 - 12 MM,
BO3pacToOM 2 Mecsla U cTapllie TakKe OTOMPAIOT AJis SKCIIEPUMEHTOB.

OOs13aTeNIBHO MPOBEJICHUE OLCHKM (PU3UOJOTUUECKOW aKTUBHOCTU B3SITHIX
JUIsL
DKCIEPUMEHTAa OPTraHU3MOB IO 3TAJIOHHOMY BEIIECTBY, C 3alIUCBIO B OTYETE

nojaydeHHon Benuuunbl JIK .
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5.2.3. IIpoBeneHne uccaeq0BaHNM

B ocTpom ombiTe B KaxIbli CTaKaH MOMEMIAIOT MO 5 3K3EMIUIIPOB MU3HU Ha
0,5 nm3 pactBOpa. BeiMeTaHHYIO MOJOIb JJIsl OCTPBIX OMBITOB PACCaXUBAIOT MO 6
sk3emiusipoB B 0,2 nm3 pactBopa. st aHanmm3a TOKCHUYHOCTH PacTBOpa
HEO0OXOJMMO MPOBEPUTh, KAK MUHUMYM, 5 KOHLEHTpaui B 3 - 5 MOBTOPHOCTSIX.
[Ipu »TOM cClemyeT CTpPeMHTBhCS K TOMY, YTOOBI 1O KpaillHell Mepe Mo OJHOM
KOHLEHTpanuu Bb3bIBAIM 3Pdekr meHee 50% wu Oonmee 50%. IlapamnensHo
CTAaBUTCSI KOHTPOJIBHBIN OMBIT TAKXKE B 3 - 5 MTOBTOPHOCTSX C OPraHU3MaMu U3 TON
e naptud. B Teuenue 96 4 ocTporo 3kcriepuMeHTa MU3U HE KOPMSIT.

Ilo pesyapraram 96 4acoBOr0  JKCIEPUMEHTAa  PACCUUTHIBAIOT
TOKCUKOJIOTHUYECKHE
napametpsl octporo onbita (JIK , JIK |, JIK ).
0 50 100
JIMUTENbHOCT XpOHUYECKOro dkcnepumenta a0 30 cyrok. B ombiT

oTOuparorcsa 3 - 5 CyTOUHbIE HK3EMIUISIPbl MU3HUJ, BBIMETAHHBIX B JabopaTopuu -



no 10 sk3emmsipoB Ha 0,5 1 pactBopa. KopMuTh MH3uA B NEpBBIE JBE HENETU
HEOOXOAMMO 2 pa3a B CYTKM H3MEIbYCHHBIM MPUPOJHBIM IJAHKTOHOM, a B
MOCJEAYIOIIEM - )KUBBIMU HAYIUTUSIMH ApTEMUI.
CwmeHa pacTBopa B DKCIIEPUMEHTE OCYIIECTBIsAETCA 1 pa3 B 3 AHS, yUYHUTHIBas
IJIOTHOCTB MOCAJIKH, @ TAKXKE - C Y4ETOM CTAOMIIBHOCTH MCCIIEyEMOTr0 BEIIECTBA.
B nepByro Henento MoACYET BBDKMBIIMX PAYKOB MPOBOJAT €KECYTOYHO, a B

MOCJEAYIONIEM - Kaxble 1 - 2 nHs. B KOHIIE 3KCcIIepUMEeHTa MU U3MEPSIOT.

5.2.4. Y4er u aHanu3 pe3yNbTaToOB

TecT-QpyHKIMEH COCTOSHHA OpPraHU3MOB CIYKAT WX BBDKHBAEMOCTb,
PETUCTPUPYETCS. TAKXKE MPOLEHT YPOMIMUBBIX 0coOeil. OTmeuaeTcss U3MEHEHHE
BHEILIHETO BH/Ia, TOBEACHUYECKUE PEAKIIUH, BEC U pa3MeEP 0COOEH.

Kpurepuem pmiis omnpeneneHuss ruOeiad CIYKUT OTCYTCTBHE pEaKIMU Ha
CTEKJIIHHYIO NIAJIOUKy. BeneacTBue Toro, 4To MEpTBBIE paykd MOTYT pa3iararbCes
WIN OBITh ChE€IEHHBIMU B MPOMEXYTKAX MEXKIY MOACUYETAMH, CIEAYET YUYUTHIBATh
TOJILKO JKMBBIX OPraHW3MOB (IIpU KaHHMOAIM3ME MH3UJ pacCaXUBAIOT IO
onHoMy). [loruGmve Mu3uIbl yAQISAIOTCS MIPU KaXK10M HAOII0ACHUH.

Ecnun cmeptHOCTH B KOHTpOJIBHOW Tpynie npesbimaet 10%, Bce naHHbIE
MPU3HAIOTCS HEIEUCTBUTEIBHBIMU U HKCIIEPUMEHT TOBTOPSETCS 3aHOBO.

[To oOkOHYaHMM OMBITOB C TMOMOILIBIO MPOOUT-aHAIN3a MPOBOJAT PACUETHI
napamMeTpoB TokcnyHocTH - JIko, JIK , JIK , JIK , u JIK
5 50 9 100

[Ipu cMepTHOCTH TeCT-00BEKTOB B KOHTpPOJIE, MpeBbIlatomeid 5%, BBOAUTCA

nonpaBka A66ora (m. 1.3 Ilpunoxenus 4). JloCTOBEpHOCTh pa3Iu4Hil C

KOHTPOJIEM OIIEHUBAETCS MpU 5% ypOBHE 3HAUUMOCTH.

6. YCTaHOBJICHME MaKCUMAJIbHOM JOMYCTUMOW KOHILICHTPALlUM BEILIECTBA JJIA

OCHTOCHBIX OPTaHNU3MOB



[Ipu olLileHKEe TOKCHYECKOTO AEWCTBUS BEIIECTBA HA OCHTOCHBIE OPTraHU3MBI
Hau0oJiee 4acTO UCHOJb3YIOT CIIEIYIOINE OPTaHU3MBbI: JIByCTBOPUYATHIE MOJUIIOCKU
CeMelcTBa MUTHIIMA - MUAMS MYCKYJNHUCTas U Jp. (CeBepHbIE, JaTbHEBOCTOYHBIC
mops, YepHoe mope), abpa, kapauymM, nuaakHa (Kacmmiickoe mope); GproxoHorHe
MOJUIIOCKH - JIMTOpUHA (ceBepHble Mops, YepHoe Mope); pakooOpasHbie -
OokormiaBel (IMPAaKTUYECKH TOBCEMECTHO); MOPCKHE €XH - B3pOCible 0coou

(ceBepHBIE MOPsT), UKpa €xel (CeBepHbIE, JaTbHEBOCTOYHBIE MOPS).

6.1. Munuu

6.1.1. Xapakrepuctuka TeCT-00bEKTa

Mugusi - MMPOKO paclpOCTPAHEHHBIM BHJ JABYCTBOPYATHIX MOJUIFOCKOB,
oOpa3yer /ABe 3KOJIOrMueckue MopQbl: CKaloBYI0 U WiIOBYI0. CkajoBas MUAMS
oOuTaeT B NPUOPEKHOW 30HE HA KAMEHMCTBIX CyOCTpaTax B TOpPU30HTE OT
cyonmuropanu g0 riyoun 20 - 25 M, oOpa3zys B BepxHeM 10-MeTpoBOM cioe
CIUIOIIHbIE moceneHus. MnoBas mopda oOpasyer OaHKM B OTKPBHITOM MOpE Ha
riyounax 35 - 75 m.

ITo IMOKAa3aTEIII0 BBEDKHBAEMOCTHU MUIAS oOnamaer BBICOKOM
TOKCHKOPE3UCTEHTHOCTBIO KO MHOTMM TUIaM 3arpsisHeHus. Hapsay ¢ aTum,
MOPOroBasi YyBCTBUTEIBHOCTh MO HEKOTOPBIM IOKA3aTeNsIM (PU3HOJIOTUYECKON
aKTUBHOCTHU 3TOTO MOJUIKOCKA HaxoauTtcs Ha ypoBHe II/IK BemecTBa miis BOIHBIX
O00BEKTOB pBHIOOXO3AUCTBEHHOr0 3HaueHus. lllupokas pacnpocTpaHEHHOCTh |
HU3Kash CMEPTHOCTh MPHU U3MEHEHUH a0MOTHYECKUX (DAKTOPOB MO3BOJIAIOT JIETKO
N0OBIBaTh IKCHEPUMEHTAIbHBIA MaTepHal U coAepkaTb MUAUN B J1a0OPAaTOPHBIX
ycloBusiX. B TO ke BpeMsi MOBBILIEHHAs YyBCTBUTEIBHOCTh (PU3MOJOTUUECKUX
GyHKUMA K JIEWCTBHIO TOKCHMKAHTOB II03BOJIIET € OOJBIIONW TOYHOCTBHIO
ONPENENATh NPUTOTHOCTh BOAHOU CpeAb ISl )KU3HEACSITEIBHOCTH MOJIUTIOCKOB.

JUtst perucTpanny nokasaresiedd TOKCHYHOCTH MCIOJIB3YIOT CIIEIYIOIINE TECT-

(GyHKUMHA: MHTEHCUBHOCTh  MOTPEOJIEHUsT  KUCIOpOAa, OUCCYCHBIM  TecT,



Tpouyeckass akTUBHOCTb, CTETIEHb arperipOBAHHOCTH U CKOPOCTb COOMpPAHUS B
JPY3BI.

Jiss  mpoBeleHUs ~— HWCClIeOBAaHUM  HauOoliee  MPUTOJIHBI  MOJIOAbIC
HEMOoJIOBO3pesble MUAMM pazmMepoMm He Oonee 30 mMm, Haxomsmuecs B (ase
akTUBHOro pocrta. Ha »3Toi cTaguu OHTOreHe3a MUAMM O0JagaroT HauOOJbIIEH
JIBUTATEIBHOM, JIbIXaTeNbHOM W  TPOPUYECKOM aKTUBHOCTBIO U  MEHbIIIE
NOJBEPKEHbl ~ MHAMBUAYAJIbHBIM  pa3IMYUsIM, CBA3AHHBIM C  Pa3BUTHEM
raMeTOr€HEeTUYECKOr0 UKIIA.

Muuu nerko KyJabTUBUPYIOTCS B JIAOOPATOPHBIX YCIOBHSIX, UYTO MO3BOJISIET
BCErJa MUMETh B JIA0OPATOPUU HEOOXOIMMOE KOJIMYECTBO SKCHEPUMEHTAIBHOIO
MaTepuana, OJHAKO B JIA0OPAaTOPHBIX YCIOBUAX HE BCErJa YyAAeTcs CO31aTh
HauOosiee ONTHMaJbHbIE YCIOBMS Uil OOMTAaHUS MOJUIIOCKOB. B cBsizu ¢ 3Ttum
JAHHBIII OHMOTECT OpPUEHTUPOBAH HA MPUMEHEHHWE B YCIOBHSIX MOPCKHX
Jabopatopuil M TMOJNEBBIX HKCHEAMIMHA, HWCHONb3YIOIMUX KUBOW MaTepual
HEIIOCPEACTBEHHO U3 MODPSL.

Ha Yeprom Mope muaus pa3zMHOMXKAETCsl NMPAKTUUECKH KPYIJVIBIA TOJ C SIPKO
BBIpQXCHHBIMU MTUKAMHU B (heBpajie - MapTe, arnpese - Mae 1 aBrycte - ceHrsope. B
IJIAHKTOHE JIMYMHKU HaXOJsATCA OT 8 10 14 cyTOK B 3aBUCHUMOCTH OT TEMIIEPATYpPbl
BOJIbI, 3aT€M OCEIAIOT Ha paszjiMuHble cyOcTpaThl. MoJsioas Muauii pazmepom 20 -

30 MM MO’KHO HaliTU B BOJOEME MPAKTUYECKH KPYTJIBIM TO/I.

6.1.2. YcioBus 1ab0paTOpHOTO COJIEPHKAHUS

[Ipu uccrnenoBaHMM Ha MUIUSAX HUCHOJB3YIOT CleAyroliee oO0O0pYy/I0BaHUE:
PECIIUPOMETPHI;

TepmookcumeTpbl Moaenu UT-800, mubo aHanu3aTophl MmapaMeTpoB BOIAHOMU
cpeasl Mapku HORIBA, monens U-7;

cueTHasa kamepa Haxorra;

MHUKPOCKOT OMOJIOrMuecKuii, ooecneunBaroniuii ysenuuenue B 100 - 200 pa3z;

puOOp IS OTpeIeTICHUSI ONTHYECKON MIIOTHOCTH BOJBI.



6.1.3. OT6op MuaMI I ONBITA

Jlpy3bl MOJUTIOCKOB, JOCTAaBJICHHBIE M3 MOpSA, pa3OMpalOT Ha OTACIbHBIC
0Cco0M, OTHENSAI0T OT OOpacTaHUW W JETPUTA U TIIATEIHHO MPOMBIBAIOT YUCTOU
MOpCcKor Bomoil. OTHeNnaTh MUAUM JOPYyT OT Jpyra CIEIyeT OCTOPOKHO, BO
n30eXaHne TOBPEXKACHUS OHCCYCHBIX JK€Je3 M TPaBMUPOBAHHUS MOJUTIOCKOB.
Cpe3atoT Muuil ¢ apy3bl MaJICHBKUMU HOXKHUIIAMU, 00pe3ast OMCCYCHbIE HUTH Y
OCHOBaHUS pakoBHUHBI. {71 0TOOpa MUIMI B SKCIIEPUMEHT U MEPBUYHON OLICHKH
(U3MONIOTMYECKOTO COCTOSIHUSI aHATU3UPYEMOU MOMYJISIIINK, OUYUIICHHBIX MU
MOMEIIAI0T B aKBApHUyM C NMPOTOYHOM BOJION Ha 15 - 25 MUHYT M HAOIIOAI0T 33 UX
JIBUTATEJIbHOW aKTUBHOCTBHIO. 3J0POBBIE MUIUU pasMepoM 15 - 25 MM HauMHAIOT
LIECBEJUTHCS U MBITAIOTCA NEPEMENIAThCs 0 JHY aKBaphuyMa C MOMOIIBIK) HOTHU
yXke 4epe3 2 - 3 MUHYTHl I[OClI€ TIOMelleHus B Boay. [lo komudecTtBy
JIBUTAIOIIMXCST 0COOE MOYKHO MPEIBAPUTENBHO CYAUTh O COCTOSIHUU MOMYJISLUH.
B nopme mpumepHo 95% Bcex OTOOpaHHBIX MUJAMM TPOSBIAIOT JBUTATEIHHYIO

AKTUBHOCTbB B IICPBBIC 5 MUHYT.

6.1.4. IIpoBeneHue UcciaeI0BaHUI

[Ipu mocraHOBKE ONBITA y KaXAOW TPYMMbl HUCHBITYEMBIX MOJUTFOCKOB
OJTHOBPEMEHHO PErUCTPUPYETCS HECKOJIBKO TMapaMeTpoB  (PU3HOJIOTMYECKON
akTUBHOCTU. Jlns »TOro B KadecTBe pabodeil Kamepbl PEKOMEHAYETCs
UCIIOJIb30BaTh TE€PMETHUYHBIC PECIUPOMETPHI 00beMoM 2 - 3 nM3 ¢ OOJbIION
IJIONIA/IbIO JTHA, HA KOTOPBIA pa3sMEeNialoTcs JATYUKU MOCTOSIHHOW pEerucTpariuu
CoJlep KaHUsl KUCIOpOJa, MarHUTHAs MeIajika, MPoOOOTOOPHUK TIPOO BOABI IS
OTIpEJICICHNs] KOHIIGHTPAIMM KOpMa TPU BBIICHEHWH TPOPUYECKON aKTUBHOCTH
TeCT-00BEKTOB. B MOJIEBBIX yCIIOBUSX MarHUTHAs MEIIajIKa MOXET OBITh 3aMEHEHa
Ha DJIEKTPOMOTOp (MHUTAEMBIA OT aKKyMyJATOpa WM Oataped W CHAOKEHHBIN
KpPBUTBYATKOM ), TOMEIIICHHBIN B BOy. ECii 10 cXeme 3KCIepuMeHTa AbIXaTebHas
aKTUBHOCTHh HE M3MEPSETCS, TO MEPEMEIIMBAHUE BOJBI MOXKET OCYIIECTBISATHCS C

MTOMOIIIBI0 OapOaTaIlum.



Uucno opranusmoB B skcnepumente 50 - 100 sxzemruisipoB. KonuuectBo
napajuleIbHBIX cepuit 2 - 3.

JIns  ompeneneHuss BIMSHUAA TOTO WM HMHOTO  TOKCHKAaHTa  Ha
(bU3HONOTUYECKYI0O AKTUBHOCTh MHUJUN B PECHUPOMETPHI HAIMBAIOT MOPCKYIO
BOJY, COAEPIKAILLYI0 OMpPENEIIEHHOE KOJUYECTBO MCIBITYEMOTO BellecTBa. BeiOop
pabouux  KOHIIEHTpAlMid  OCYIIECTBISAETCS IO  CTaHAApTHOM  cxeme
TOKCHUKOJIOTUYECKOTO  OMOTECTHUPOBAHMS, BKJIIOYAsS  NPEIBAPUTEIBHBIA U
OKOHYATEIbHBIN ATall A3KCIepuMeHTa. Eciu HeoO0XO0auMO MPOBECTH OILICHKY
(GU3HOIOTUYECKOTO COCTOSIHUS MUJUM, B3ATBIX U3 ONPENEJICHHOro paioHa
MOOEPEXbs, TO PECIUPOMETPHI 3aATMBAIOT MTPUPOJTHON MOPCKOU BOJIOM, B3ATOU U3
TOrO K€ MECTa, YTO W HUCIbITyeMble MUIUU. Kak B MEepBOM, TaK U BO BTOPOM
Cly4dae, BOAY IEpe 3aIMBKOM B PECIMPOMETPHI A3pUPYIOT HE MeHee 30 MUH. s
MOJIHOTO HAChIILEHUs KHUCIopoAoM. [lociie 3amuBKU peciupoMETpOB BOJOM M UX
repMETU3alluK, BKIIOYAOT MAarHUTHYIO MeEWIaNKy. M3MepeHus mpou3BOIAT 4yepes
15 munyT. Peructpupyrorcs cnenyromue napaMeTpsl:

a) KOHIIEHTpaLXs KUCIOPO/ia B BOJE;

0) TemmepaTypa BOJIbI;

B) KOJIMYECTBO MHJIUN, COOpaBIIMXCS B JAPY3bl (Ipy30d cUMTaeTCs Tpymma
COMPUKACAIOUIUXCSI MUAMM, COCTOSIIASA U3 TPEX WK 00Jiee IK3EMIUISIPOB);

I) TPUKPEIUICHHOCTh KO JHY akBapuyma (ONpeaenstoT JJIMHHBIM
MPOBOJIOYHBIM  HIYNOM, [MPONYCKAEMbIM 4Y€pe3 OTBEPCTHE B  KPBIIIKE
pecnupoMeTpa, KOTOPOE MOCe ONPEAESICHUS 3aKPhIBAIOT TPOOKOH).

JUIUTETbHOCTh  DKCHEPUMEHTA ONPENENseTCd CKOPOCThIO MOTpeOeHus
kuciopoaa. ONBIT MpeKpamaeTcs, KOrJa KOHIEHTPAIUs KUCIOpoJa B BOJIE
CHUYKAETCs M0 CpaBHEHUIO ¢ ucxoaHor Ha 30%. Ecnu npixanue npoucxXoguT O4eHb
ci1a0o, TO JJIUTETLHOCTh DKCIIEPUMEHTA CIIEIYeT OrPaHUYUTh 0 4 - 5 4acoB, Tak
KaK JaJIbHEHINass SKCIIO3UITNS MOXKET OBITh CHJIBHO 3aMacKUPOBAaHA Pa3JIOKECHUEM
JETPUTA, BBIACISIEMOTI0 MUIUSIMU.

JInst mpoBeIeHUs SKCIIEPUMEHTOB, B CXEMY KOTOPBIX BKIIIOUEHO H3MEPEHUE

TPpOPUIECKON aKTUBHOCTH MHIWNA, TMPEABAPUTEITHLHO TOTOBSIT KOPMOBYIO CMECH.



OOBIYHO 3TO CYCIEH3MsI MUKPOBOJOPOCIEH pa3iMyYHbIX BUIOB, JUOO TOMOreHaT
TAIOMOB Makpo(®uToB. ONBITHI TO OMpENeIeHHI0 TPO(UIECKON aKTUBHOCTHU
MUAMN BeayTcsa 0€3 u3MepeHus NoTpedeHus Kucuopoaa. Aspatop, padoTarouil
Ha MAQJIOM PEKHUME, OCTAETCSA B aKBapUyME Ha BCE BPEMs DKCIIEPUMEHTA, TaK KaK
CHIKEHUE KOHIIEHTpAIMHU KUCJIOPOAa B BOJE OJOKUPYET TPODUKY MUAMIA.

OmnpeneneHHoe KOIMYECTBO MUKPOBOAOPOCIEH JINOO OIpEIEICHHYIO HaBECKY
roMoreHaTa IMOMEIAIOT B paOO4Mil akBapuyM C PaBHOMEPHO pa3MEIICHHBIMU
MHUJIASIMU ¥ TIIATEIBHO MEPEMENIMBAIOT C TOMOIIBIO a3paTopa.

ANMKBOTBI U1 U3MEPEHUsl KOHLEHTpPALMU IUIIKM B Cpele OTOMpAIOT depes
Kaxaple 5 MUH. Bce ocTtabHBIE ITapaMeTpbl CHUMAKOT 4Yepe3 Kaxkiaple 15 MmuH.
ANUKBOTBI JMOO (PUKCHPYIOT I JaJdbHEHIIEro Impocyera KIETOK TOJ
MHUKPOCKOIIOM (B CiIy4yae KOPMJIEHHS BOAOPOCISIMH), JTUOO MMOMEIAIOT B CYETHYIO
KaMmepy npudopa Juisi U3MEPEHUs] ONTUYECKOW IJIOTHOCTH (B Clydyae KOPMIICHHS
roMoreHaTtoMm). McxonHas KOHILIEHTpalMs KOpMa 3aBUCUT OT pa3pelaroei

CIIOCOOHOCTH MPUMEHSEMOU armapaTyphl.

6.1.5. Yuer u ananu3 pe3ynbTaToB

Ha  ocHoBaHMM  JKCIIEPUMEHTANBHBIX  JAHHBIX 10  CTAHIAPTHBIM
CTAaTUCTUYECKUM W OMOMETPUYECKUM METOJMKaM 00paldaThIBAIOT MOIYYCHHBIC
ToKasaTeNd (PU3NOIOTHIECKOTO COCTOSTHUSA MUK, OTIpenenstoT;

a) MHTEHCUBHOCTH JBIXaHUS - TIOTPEOJICHUE KUCIOPOaa B €IUHUILY BPEMEHHU
Ha €IUHUIly OMOMacchl W Ha OAHY 0CO0b, 2) CTENEeHb arperupoBAHHOCTH -
OTHOUIEHHUE Yucia oco0el B apy3ax K OOIIeMy YHCITy OCOOEH B OMBITE BBHIPAKAIOT
B MIPOIICHTAX;

0) CKOpOCTh MPHUKPEIUICHUS K CyOCcTpaty - BpeMs, 3a koTopoe 50% ocobeit
MPUKPETUIINCH KO IHY pabovero akBapuyma;

B) TPOPHUYECKYI0 aKTUBHOCThH - KOJMYECTBO KOpMa, MOTPEOJIEHHOTO OJHOM
0COObIO 32 €IMHUILY BPEMEHHU.

CpaBHHBas TOKA3aTelNH, IOJYICHHBIC Y MUJIHM, B3SITHIX B KaU€CTBE KOHTPOJIS,

C MMOKa3aTcIAIMHU, ITOJTYYCHHBIMHA Y MPII[I/IIZ, IMOABCPIIINXCs J]CI\;ICTBI/IIO XUMHUYCCKOT'O



BCUICCTBA, MOKHO OLCHHUTHL CTCIICHb HAPYHICHMA (I)I/IBI/IOJIOFI/I‘-IGCKOF O COCTOAHUA

MI/II[I/Iﬁ " CACJIaTh 3aKJIHOYCHUC O TOKCMYHOCTHU paCTBOPOB BCIICCTBA.

6.2. JlutopruHa

JIutopuH cobHUparoT Ha JIUTOpPaIu. MOJTIOCKOB OHOTO pa3Mepa MOMEIAOT B
CTEKJISIHHbIE aKBApUyMbl eMKOCThIO 5 nM3 mo 20 - 25 mryk B Kaxabld. CMeHy
pacTBOpPOB B OIBITHBIX AKBapUyMax IPOBOAAT HE pEXKe IBYX pa3 B HEJIEIIO.
TemnepaTypa BOJBI B ONBITE JJIsI CEBEPHBIX pernoHOB coctasisieT 4,5 - 12,0 °C,
coneHocTh 34,5 - 35 npommsuie. KopMoM 1711 MOJITIOCKOB CITyKaT (PyKyCHI.

B3pocnbIx MOJUIIOCKOB M HMX OTJIO)KEHHBIE KK HMHKYOUPYIOT B
COOTBETCTBYIOIIMX KOHIEHTPALKIX pACTBOPOB BemecTsa npu temmneparype 11 °C.
[Tocne BbUTYIIJIEHUSI TIEPBBIX MOJUIOCKOB (HAyIUIMAJbHBIE IUIAHKTOHHBIE CTAJIHMH)
yepe3 60 cyTok (PUKCHUpOBaHHbBIE KJIAJKU aHATM3UPYIOT. KpUTepueM TOKCHYHOCTH
KOHLIEHTpPAlMil BEILECTBA CIY)KWJIO OTKJIOHEHHME B 3MOPHUOHAIIBHOM pa3BUTHHU
MOJUTFOCKOB ~ (CMEPTHOCTb,  MPOLIEHT  BBUIYIUIEHHS), BBDKMBAa€MOCTb U
WHTEHCUBHOCTD JbIXaHUS B3POCIBIX JIUTOPHH.

Jlns ompenesieHUsT WHTEHCUBHOCTU JbIXaHUsl (MOTpeOJIeHHE KHUCIOpo/ia)
UCIIOJIB3YIOT HEMPOTOYHBbIE pecnupoMeTpbl odbemoM 0,5 1M3, B KOTOpbIE
NOMEIIAIOT MO0 OJHOMY IIOMEYEHHOMY OpraHu3My. HTEHCUBHOCTH JIBIXaHHMSI

onpeAensoT no Bunkiepy.

6.3. BenrtocHbie pakooOpasHbie - amdunoasl (Gammarus finmarchicus,
Niphargoides maeoticus) u ap.

Amdunosn (OOKOIJIaBOB) COOMpPAIOT B MPUOPEKHOW 30HE HaA JHUTOpAIUd M
aKKIIMMATU3UPYIOT K JIA0OpaTOPHBIM YCJIOBHSM 7 CYTOK IpPU TEMIepaType,
OJIM3KOM K Cpejiec X OOMTaHUS.

BrusiHue pa3nuuHBIX KOHIICHTpPAIMH XMMHYECKHX BEIIECTB Ha aMQHUIION
UCCIICAYIOT B YCJIOBHAX OCTPOrO M XPOHHYECKOIO JKCICPUMEHTOB IPH
ONTUMAJIBHBIX TEMIIEPATYPHBIX YCIOBHSX (COOTBETCTBYIOIIUX TEMIIEPATYPHOMY

peXUMY MOpEW CEBEPHBIX U IOKHBIX PErMOHOB CTpaHbl). J[auTenbHOCTH



JKCIepuMEHTOB cocTaBiisieT 4 u 30 CyTOK, COOTBETCTBEHHO. ONBITHI CTaBAT HE
MEHEE YeM B TpeX MOBTOPHOCTAX. [10AOMBITHBIX pauKOB COJIEPKAT B aKBapUyMax
oobemoMm ot 0,3 mo 2,0 M3 wiIM KpUCTA/UIM3AlIMOHHBIX dYalikax. B kauecTBe
KOpMa HCIOIB3YIOT Oyphie Bogopociu (PyKyc) U Kycouku poIObl. O TOKCHYHOCTH
Pa3IMYHBIX KOHIEHTPAIMI BeIllecTBa CyST MO0 BBIKUBAEMOCTH B3pPOCIHBIX 0co0Oei
U MOJIOJU, TIOBEJACHUECKMM pEaKklysIM M MO HapylleHuIo peduiekca nuranusd. B
MOCJICTHEM ClTydae MPUMEHSIOT COOOINIAIOIINECS IBYXKaMEPHBIC aKBaApPUYyMBI,
3aMoJHEHHBIE PACTBOPOM HCCIEAYEMOro BeulecTBa. B skcniepuMeHTe UCnoib3yroT
TOJIOMHBIX aM(UITOJ, B3SATBIX W3 YHCTOW MOPCKON BOABI (KOHTPOJIb), a TaKKe
MoCJ€e MPEIBAPUTEIBHOTO S5-CYTOYHOTO JKCIIOHMPOBAHUS UX B Pa3IMYHBIX
KOHIIEHTpaIUsAX BemiecTBa. AMQUIION CaXalOT B OJUH OTCEK, B JIPYrOd OTCEK
MOMEIIAIOT MHUILNEBON pa3ApaKUTeNlb. 3aT€M PETUCTPUPYIOT JABUTATEIBHYIO
aKTUBHOCTb PAvyKkoB B TeueHue 10 MHUHYT, onpesessis NpearnodYTeHue npeObIBaHMs

B K&)K,Z[Oﬁ N3 IBYX 30H, HAIIPABJICHHC HBH)KCHHﬁ, BPCM:A HAXOXKICHUA KOpMa.

6.4. Mopckue exu

Hccnenyercs BBIKMBAEMOCTh B3pPOCJBIX MOPCKUX €KEH, a TakKe MOPCKHX
eXell Ha paHHMX JTarax OHTOTeHEe3a, SIBJISIONIMXCS KOMIIOHEHTOM IJIAHKTOHHOTO
coo01iecTBa (MEPOIUIAHKTOH).

DKCTIEpUMEHTHI TI0O BEDKUBAEMOCTH B3POCIBIX €KEH MPOBOIATCS aHAIOTUYHO
BBHIIIICONUCAHHBIM JKcriepuMenTaM (. 6.3 [lpunoxkenus 3) ¢ OEHTOCHBIMU
PaKoOOpa3HBIMU U MOJUTIOCKAMH.

Hwxe mnpuBoasTcs MpueMbl WCCIACAOBAHHMS Ha paHHUX dTamax pa3BUTHS

(oMOPHOHBI ¥ JTMUUHKHN ) MOPCKUX €XKEH.

6.4.1. XapakTepucTuka TeCT-00beKTa

B 70 - 90-e roap! uccienoBarensiMi pa3HbIX CTpaH pa3padoTaHa METOAO0JIOTUs
OMOTECTUPOBAHUS C HCIOJB30BAaHUEM TaMeET, 3apOAbIIIEH W JMYUHOK MOPCKHUX
exeil - "Sea Urchin Test System". HauOonee mmpokoe npuUMEHEHHE MOTYUYUI

METOM, OCHOBAHHBI Ha aHaJIu3e 3M6pI/IOHaJ'IBHOFO M PAHHETO JIMYHUHOYHOTO



pa3BuThs Mopckux exeit, - "Sea Urchin Embryo Test" (Kobayashi N., 1984.
Marine ecotoxicological testing with Echinoderms // Personne G., Jaspers E.,
Clans C. (eds.) Ecotoxicological Testing for the Marine Environment. Belgium,
Breden: State Univ. Ghent & fast Mar. Sci. Res. V. 1, p. 341 - 405). Ero ocHOBHEIC
MPEUMYIIECTBA: BO3MOXKHOCTh TMOJY4Y€HUS OOJBUIOTO KOJWYECTBA TaMeT |
CUHXPOHHO PAa3BUBAIONIUXCS 3apOJBIIICH; MPOCTOTa MHKYOAlUU 3apOJIbIIIECH U
JUYMHOK HA PaHHUX 3Talax Pa3BUTHSI B KOHTPOJHMPYEMBIX YCIIOBHSIX; JIETKOCTh
NPYKU3HEHHBIX HAOI0IeHN U aHaimu3a (PMKCUPOBAHHOTO MaTepualia, MOCKOJIbKY
HOPMAJIBHBIN IMOPHUOTEHE3 MOPCKOTO €Xa M OTKJIOHEHHUS OT HOPMBI (aHOMaJIUU
pa3BUTHS) JETadbHO OIHUCAHBI, BO3MOXKHOCTH HCITOJIb30BAHUS PAa3HBIX BHJIOB
MOPCKHUX €XKel, TaK KaK YyBCTBUTEILHOCTh UX IMOJIOBBIX KIJIETOK U 3apOJIbIIICH K
XUMUYECKAM BEIIECTBAM MPAKTHYECCKU OJTMHAKOBA.

JIJIsT TIOJTy9eHMS TIOJIOBBIX KIIETOK MOJYKHO HCITOJIB30BaTh MOPCKHX €Ker
J1000T0 U3 BUJIOB, OOUTAIONIUX B MOpsiX Poccuu. DT0 B OCHOBHOM - IIAPOBUIHBIC
MOPCKHE €XH CTpOHTUIoIeHTpoTychl (Strongylocentrotus droebachiensis, S.
nudus, S. intermedius), auckoBugHbie Mopckue exu (Echinaracknius parma,
Scaphechinus mirabilis) u moBenuab! (Echinocardium cordatum).

Mopckux exel OTIaBIMBAIOT B CE30H MX Pa3MHOXKEHUS, TaK KaK TOJBKO
3pelible TOHAAbl COJEPkKAT JOCTATOYHOE KOJIMYECTBO KAuYE€CTBEHHBIX IOJOBBIX
KJIeTOK. JIJIsi CTUMYJISIIMKM HepecTa MPUMEHSIOT WHBEKIMIO B MPEBUCHIEPATHHYIO
MOJIOCTh Tesa (uepe3 nepuctomanbHyro Memopany) 0,5 cm3 0,5 M pactBopa KCl
(Ha AMCTHIITUPOBAHHOMU Bojie). Exkeil ykinaapiBaroT abopaibHOM CTOPOHOW BHU3 HA
MJIOCKYIO MOBEPXHOCTh. [locne Hayvana BhIACICHUS MOJOBBIX KJIETOK (SIMIEKICTKH
MMEIOT JKEJITO-OPAHXKEBBIM 1IBET, criepMa - Oeblil) caMIlOB Cpa3y OTACISIIOT OT
camok. CaMKy cienyeT OBICTpO OOMBITH CHauaja MPECHOW BOJON (YTOOBI
YHUYTOXXUTH CITyY4alHO IMTOTABIINE CIIEPMATO30HMIbI), 3aTEM MOPCKOH M ITOMECTUTh
Ha BBICOKUMN Y3Kui cTakaH o0bemMoM 100 - 200 mi1, 3amoaHEeHHBIH GUIBTPOBAHHON
MOPCKOU BOAOW TaKUM 00pa3oM, 4TOObI a0OpabHBIN MOJIIOC €Xel ObUT OTPYKEH
B Boay. Cpa3y mociie 3Toro u3 roHornopoB HAUMHAIOT BBITEKATh CTPYHKaMU 3pelible

siiIa, JOBOJIBHO OBICTPO OCeIaroIuMe Ha JHO cTakaHoB. OCHOBHas Macca SHII



BBITEKAEeT B BoAay 3a 15 - 30 mMuHyT. Boay W3 CTakaHOB CIHMBAIOT, 3aMEHSIOT
CBEXKEHM W JAOT SMIaM CHOBA OCECTh; 3Ty MOPOLEAYpPY IMOBTOPSIOT 2 - 3 pasa.
Pekomenayercss Takxke nOpoQUIBTPOBaTH CYCIEH3MIO SHIEKIETOK  uepe3
MenbHUYHBIA a3 (pazmep suen 100 x 100 MkM) 118 OCBOOOXKIEHHS KJIETOK OT
CTYZACHUCTOM OOOJIOUKM M OYHUCTKU CYCIIEH3MM OT MEXAHMYECKUX IpUMeEceH.
[TosryueHHBIE OTMBITBIE sIilla JKENATENIBHO Cpa3y K€ MCIOJIb30BaTh JJs OnbiTa. B
ciiydae He0OXOIMMOCTH UX MOYKHO XPaHUTh B XOJIOIMUIBHHUKE O€3 MepeMeIInBaHMsI
B TEUYEHHWE HECKOJIbKMX 4YacoB. llapTusi SHIEKIETOK HE MAOIKHA COJEp’KaTh
HEJ03pEJbIX (OOLMTHI, ONpPENETsEMbIE MO HAJIMYUIO KPYHMHOTO Iy3BIPHKOBOTO
sJipa) WK Tepe3penbiX (pa3pyaronuxcs) KIETOK.

CnepMy cietyeT U3BJIEKaThb U3 CEMEHHMKOB BCKPBITBIX CaMIIOB U XPaHUTh B
"cyxom" BHIE€ B XOJOAWIBHUKE WM HA JpAy B TeyeHune 6 - 12 gacos. Ilepen
UCIIOJIb30BAaHUEM €€ CclieqyeT pa30aBUTh MOPCKOM BOJOM M TakuM 00pa3om

AKTHUBHUPOBATD.

6.4.2. [IpoBeneHne UCCIeIOBAHUI

[IpenBaputenbHO  HEOOXOJUMO  MPOBEPUTH  CHOCOOHOCTH  TaMeT K
OIUIOAOTBOPEHUI0. Kamio cycrneH3un SUIEKICTOK MOMENIA0T Ha MPEIMETHOE
CTEKJIO M BHOCAT pa30aBlIE€HHYIO MOpPCKOM Boaou crnepmy. IloyoBbie KieTku
CUMTAIOTCS] KAYECTBEHHBIMU, €CJIU B TEUEHUE 3 MUH. MMOCIE OCEeMEHEHUs 000JI0UKa
OIUIOJOTBOPEHUSI (OTCIAMBAIOIIASICS B PE3yJbTaTe€ KOPTUKAJIBHOW pPEaKIUU
JKeNTOoUYHasi 000J0UKa SULEKIIECTKH ) MOSABIISIETCS HE MeHee YeM y 95% siiiiekieToxk.

[Tocyna pnomkHa OBITh CTEKJISIHHAs WM HETOKCHUYHAs IJIaCTUKOBA,
OJIHOKPATHOTO HCMOJb30BaHusl. CTEKISHHYIO TMOCYAY CIEAYeT MbITh MUTHEBOMN
co/iol, 0e3 MPUMEHEHHS] MblIa U JAeTepreHToB. O0beM HHKYOAIIMOHHOW Cpesbl
3aBUCUT OT 3aJay SKCIIEPUMEHTa, MOXET CcOCTaBiATh OT 0,3 Mi 110 eauHul,
JIECATKOB U COTEH MUJITUIUTPOB.

SANUEKIeTKA JOJDKHBI OBITh pacIipeieieHbl M0 JHY UHKYOAIIMOHHON €MKOCTH
MoHoOcH0eM. OnTuMalibHas KOHIEHTpaIUsl SUIIEKJIETOK B Cpejie MPU MPOBEACHUU

AKCIEPUMEHTOB B TeueHue 48 - 96 yacoB (Bpems, JOCTATOUHOE A0 JOCTHKEHUS



CTaINH TUTyTeyca y OOJILITMHCTBA BUJIOB MOPCKUX €XK€il) HE JTOJDKHA MPEBHIIATH
300 xi/cm3. KoHmeHTpamuio SHIEKIeTOK B Cpele MOJACYUTHIBAIOT B 3 - 5
anmukBoTax 1o 0,01 cMm3, B3STHIX M3 B3BEIICHHON CYCHEH3HUM SIUIl, OMPEACISIOT
CpEHEE 3HAYCHUE U PACCUUTHIBAIOT KOHIEHTPAIMIO B 1 cM3.

B mnpenenax ogHOro 3KCIEpUMEHTa CIEAYyET HCIOJIb30BaTh OAMH oOpaszen
cepMbl € HauOoJjiee TOJBIXKHBIMU W KU3HECTOMKHMH CIIEPMATO30UaMHU.
HeoOxomumo  coOmoaTe  ONpPENENCHHBIM  TOPSAOK BHECEHHS TaMeT B
WHKYOallMOHHYIO  cpeny. Pekomenayercs  nepBOHAYaabHO  BHOCUTH B
WHKYOAIMOHHYIO CpeAy SHUIEKIIETKH, a 3aTeM - crepmaTo3ouabl. B aTom ciyuae
HET HEOOXOJMMOCTH OIpPEAENATh KOHILIEHTPALMIO CIIEPMATO30MUI0B, JOCTATOYHO
JUIIH COOJI0/IaTh PEKOMEHIAIMU 110 KOHEUHOMY Pa3BEJIEHUIO CIIEPMBI JJIsi TOTO,
yTOOBl M30€XKaTh MOJUCIIEPMUM. BeTWYuHBI KOHEUHOTO Pa3BEIICHHS CIIEPMBI B
nHKyOanronHo cpene - ot 1:60000 mo 1:100000.

Jist  Toro 4YroObl TPAaBWIBHO UACHTU(GUIIUPOBATH CTAAUU PA3BUTUS
3apOJBIIIEH W JUYMHOK, OMPENESATh BpeMsl UX NPOXOXKIEHUS M OTINYATh
HOPMAaJIbHBIX 3apOJBIINICH W JIMYUHOK OT aHOMAJIMM pa3BUTHUS, MPEABAPUTEIHLHO
CJIElyeT COCTAaBUTHh TAOJMI]y HOPMAJILHOTO Pa3BUTHSI HCIOJIB3YEMOTO B paboTe
BHJIa MOPCKOTO €Xa.

JIns  pa3auyHBIX  BHJOB  CTPOHTHIIOLIEHTPOTYcOB  (Strongylocentrotus
droebachiensis, S. Nudus u S. Intermedium) MOXXHO HCHOJB30BaTh YKe
UMEIOIMECS B JIMTEPATYPHBIX HCTOYHUKAX TaOaulbl. Bce ONBITBI  JTOJKHBI
MPOBOAUTLCA TPU  OJAMHAKOBOM TeMIeparype, Haxojslelcss B Mpeaenax
ONTUMAJIBHOTO [JISi KaKJIOTO BUJA JUana3oHa, U B ONTHUMAJbHBIX JHAaNa3oHaX
cojieHocTH (00bIYHO 28 - 32 nmpomuiute) U pH (06bruHO 7,8 - 8,2).

Ha onpenenennpix sTamax pa3BUTUs (0OBIYHO 3TO OIJIOJAOTBOPEHUE, TIEPBOE
JelieHne JApoOJieHus, cpefHsis OnacTyia, MO3AHSS TacTpyyia W IUTYyTEyC) 4acTh
3apoabllieil U AMYMHOK (He MeHee 100 3K3eMIUISIpOB Ha KaXJAOW CTaauu)
OTOMpalOT W3 WHKYOAllMOHHOW cpeasl U (PUKCHUPYIOT ClabblM  pPacTBOPOM
(xoneunas koHreHTpamwus 0,02 - 0,05%) bopmanpaeruaa wim riyrapaibaeriaa Ha

MOpCKOﬁ BOJC. HpI/I HCIIOJIBb30BaAHUM MMMYHOJIOTHYCCKHUX IIJIAHIICTOB (1)I/IKC8,I_II/HO



CJIelyeT MPOU3BOJAUTH MPSAMO B suedkax. Cieayer MMeTh B BUAY, YTO HaJUYHE
¢ukcaropa B Onu3NEKAIMX sSUYEHKAaX OKa3bIBa€T OTPHUIATENILHOE BIUSHUE Ha
JUYMHOK, TMOATOMY (HUKCAIUI0 HYXHO IPOBOAUTh HAa KaKOM-HUOYJb OJHOM
(KOHEYHOM) ATane pa3BUTUA (HAIpUMEp, racTpyisl Win Iuiyreyca). Ha craamsax
OIJIOJOTBOPEHMSI, MEPBOrO JENEHHUA U CpeaHedl  OjacTynbl  3apOJblly,
HaxozsIuyecs B 000J0YKE OIUIONOTBOPEHUS, HEMOABM)KHO JIEKaT Ha JIHE, 4YTO
MO3BOJIIET BECTU MPIKU3HEHHOE HAOMIOJCHHE M OCYIIECTBISATH HEOOXOAMMBIE
HOJICYETHI C UCIIOJIb30BAHUEM MHBEPTUPOBAHHOIO MUKPOCKOIIA.

Onucanue JTanoB pa3BUTHS MOPCKOTO €Xa U TUIIMYHBIE AHOMAJIMU

AMOPHOHATILHOTO Pa3BUTHUS NTPUBEAEHBI B Tabnuuax 6.4.1.a, 6.4.1.6.

6.4.3. Yuer u aHa/u3 pe3ynbTaToOB

Jns  moimydeHWss — JOCTOBEPHBIX  pE3YJIbTAaTOB  ONBITBI  C  KaXKIbIM
TECTUPYEMBIM
oOpa3lioM BEUIECTBA B OINPEACICHHOW KOHLEHTPAUUHU CIEIYyEeT MPOBOAUTH HE
MEHEe
YeM B JIByX MOBTOPHOCTSIX M HE MEHEE YeM B JIBYX NapajUielsix B Mpelaesiax
KaXJI0H
noBTopHOCTH. [lomcuuThiBatoT Ao0a0 (B MPOIEHTAaX) HOPMAJIBHBIX U
aHOMAaJIbHBIX
3apoJbIIIe M JUYMHOK M3 pacdyeta Ha 100 »SK3eMIUIIPOB HAa KaXKIAOM ITalle
pa3BUTHSL.
OnpenensoT cpeAaHee 3HAUYCHHE, €ro OMMUOKY (WM CTaHAapTHOE OTKJIOHEHHE).
Onpenenstor JOCTOBEPHOCTh pa3iuuuii  MEXAYy KOHTPOJIbHBIMU H
AKCTIIEPUMEHTATLHBIMU
JaHHBIMA 1o  Kputeputo CreroneHTa. [(ns omnpeneneHus mMomyJeTaabHOU
KOHIIEHTpaIuu
tokcukaHTa (JIK ) MoxxHO MCTosb30BaTh MPOOUT-aHAH3.
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Omnmncanue 3TanoB WHIWBUAYAJIbHOT'O PA3BUTHA

Strongylocentrotus intermedius

Ortan OCHOBHBIE IPU3HAKH dTaNla Pa3BUTHUSA Bpewms HactynneHus
OCEMEHEHHS IpH t
20 °C
OnnoaoTBopeHue Om1010TBOPEHHOE SIH110; ChOpMUPOBAHHAS 000J0UKA 30 cekyHn

OTUIOJIOTBOPEHUS

IlepBoe nenexue

TPOOICHUS

Jlpo6ienre moixHoe, paauaibHOE, PABHOMEPHOE

1 vac 07 MunyT

Cpennsist Onacryna

(10 BBUTYTLICHUS )

3apoAbIITY TOJIBIKHBI M COXPAHSIOT C(HhepuIECcKyIo
¢dbopMy; TONIUHA CTEHOK OJIACTOIIEINSI BE3/IEe OJIMHAKOBA

(muamertp Osactouens okojio 0,8 Mkm)

9 yacoB 30 MUHYT

[To3nuss racTpynna

(maBarorias

3aBepiienue (HopMUPOBAHMS IEPBUYHON KUIITKH,

BO3HUKHOBCHHUC OPAaJIbHOI'O KOHTAKTa 1 CBA3aAHHOC C

20 yacoB 25 MUHYT

Tabomura 6.4.1.a



JTUYUHKA)

9THUM IIOABJICHUC IICPBLIX IIPU3HAKOB HBYCTOPOHHeﬁ

CUMMCTPHHA

[Inyreyc

CdopmupoBanach nepasi 1 Bropasi napbl pyk. OTaemnsl
MUIIEBAPUTEIHHOTO TPAaKTa MOPHOIOTHIECKU

ITOJIHOCTBIO BBIPAKCHBI

30 yacos




Tabmumua 6.4.1.0

TunuuHele aHOMaJIUHU 3M6pI/IOHaJ'IBHOFO Pa3BUTHUA MOPCKHUX eXKeHn

| Ortan pa3BUTHS AHOManuu pa3BUTHS
| |
I |
|
I
|O6pa3OBaHI/Ie |HCCKOJ'IBKO MOJIFOCOB  OTXOXAECHUS;  Jedopmanus
NIEPUBUTEIUIMHOBOIO |
| 000J10YK1 | IIPOCTPAHCTBA |
| OILTIOI0TBOPEHUS | |

|H€pBO€ JACJICHUC | HOHI/ICHepMI/I}I, KOTOpasa IIPOABIIICTCA B MHOI'OIIOJIFOCHBIX

MHTO3aX, |

|I[pO6JI€HI/I$I |aHOMaJIBHOM MPEXIEBPEMEHHOM JIpOOJIEHUH, HEMPABUIBHOM

| | OpUEHTalUU 071aCTOMEPOB
|
I

| bracryna | OcTaHOBKa pa3BUTHsA, 3aPOJIBIIIN BO MHOTUX CITy4asiX JOJTO |

| | COXpPaHAI0T 000JIOYKH OILIOAOTBOPCHHUA, |

| | Jlezarperanust 6;1aCTOMEPOB BCKOPE TIOCIIEC BBUTYIIIICHUS |
|
I

| l'actpyna | Topmoxenue oOpa3oBaHUs MEPBUYHON KUIIKH; |

| | [lepBuuHas KuIlKa HEMPABWIBHON (DOPMBI; |



| |M636HXI/IMHa$I OnmacTyna (KJIETKH TEPBUYHOW ME3EHXUMBI
BaHOJ'IH}IIOTl

| | 0J1acTolIeNb); |

| | DKCTporacTpyisiius (BeIMsTYMBAHUE KUIIKA HAPYKY)
|
I

| [TmyTeyc | Hapymenne ¢popmMupoBaHusi TMUMHOYHOTO CKEJIETa; YMEHBIIICHNE

| pa3MepoB MO CPABHEHUIO C HOPMAIbHBIMU; U3MEHEHUE MPOMOPIIUI

|
| | Tena; AepopMalysl KUIICYHUKA
| I

7. YCTaHOBJIEHHE MAKCUMaJIbHOM JOMYCTUMOM KOHUEHTPAIMU BELIESCTBA IS

pBIO

7.1. BBoaHBIE 3aMeUaHUs

[Ipu oneHke AEHCTBUS BEIIECTB HA MXTHO(AYHY SKCIIEPUMEHTHI IPOBOIAT HA
WKpe, TUIMHKAX, MaJIbKax, CETOJeTKax (TOJOBUKAX) WM B3POCIBIX TTOJIOBO3PETBIX
pbIOax.

OnHako, B OTJIMYKME OT MTPECHOBOJIHBIX PBIO, B HACTOSIIIEE BPEMSI OTCYTCTBYIOT
KyJIbTUBUPYEMbIC MOPCKHE DPBIOBI, yIOOHBIC IS TPOBEICHUS OMBITOB Ha BCEX
JTamax paHHEro OHTOTreHe3a (OT 3MOPHMOHOB JO cerojieTkoB). Ha priOOBOAHBIX
3aBOJIaX MKpa MPOXOAHBIX M MOJYIPOXOAHBIX PhIO, UX JTUIMHKH, MAIbKU U Oosee
cTapias MOJIOb 0 ONPEICICHHOTO BPEMEHN Pa3BUBAIOTCS B MPECHOM BOJIC.

B Hacrosmiee Bpemsi UWKpy, pa3BUBAIOIIYIOCA B MOPCKOW  cpene,
PEKOMEHIyeTCS TI0JIydaTh BO BpPEMsS HEpecTa phl0 HEIMOCPEACTBEHHO B BOAOCME
WM B JabopaTopHbIX ycloBusx. OIUIOAOTBOPEHUE HWKPBI B JIAOOpATOPHUH
MPOU3BOAT CYXUM WM MOKPBIM CIIOCOOOM B 3aBHCHMOCTH OT BHJA PbhIO U

KOHKPETHBIX YCIIOBHI MPOBEICHHS dKCIIEPUMEHTOB. [lonydeHne MOpCKOr MOJIOIU



U B3pOCIBIX PBIO, OCOOEHHO HX TPAHCIOPTUPOBKA M COACpNKAHHE B
WCKYCCTBEHHBIX YCJIOBHUSIX BEChMa 3aTPyIHUTEIBHBI U TPEOYIOT JOTOTHUTEIHHBIX
UCCJIEIOBAHUM 110 10PAaOOTKE COOTBETCTBYIOIINX METOJIUK.

Haubonee ynoOHbIM U BechbMa YYBCTBUTEIBHBIM TECT-OOBEKTOM SIBJISECTCS
XOpOIIO M3yuyeHHass B TOKCHKOJOTMYECKOM IUIaHE KyJIbTHBHpyemas B
HCKYCCTBEHHBIX YCJIOBHUSIX MOpCKas KylnbTypa - Tymnnu. McciemoBanust Ha ee
0co0sX B Bo3pacte 1 - 2 CyTOK B OCTPOM dKcrepuMeHTe (96 9) yCIOBHO MOYKHO
paccMaTpuBaTh KaK OTBETHYIO PEAKIUI0 JWYMHOK PBIO Ha TOKCHYECKOE
BO3JlelicTBHE. BbICOKasi 4yBCTBUTENLHOCTh TYNIHU COXPAHAETCS Ha MPOTSHKECHUU
NMEepBBIX 4 CYTOK, 3aTE€M WX YYBCTBUTEIBHOCTh K XHMHYECCKHM BEIIECTBAM
HECKOJIbKO CHHYKAETCsl, HO OCTAeTCs Ha YPOBHE JJI JIOCTOBEPHBIX OTKJIOHEHUHU.
Kpome Toro, sKCriepuMeHTHI, MPOBEACHHBIE HA TOJOBO3PEIBIX 0COOIX MOPCKOI
71a00paTOpHOI KyJIBTYPHI TYIIIH, MTO3BOJISIIOT HE TOJIBKO BCECTOPOHHE OIEHUTH Ha
JIOCTOBEPHO OJHOPOJIHOM MaTepHajie BO3JCHCTBHE XMUMHUYECKHX BEIIECTB Ha
CTapIIre BO3pPAacTHbIC TPYMIBI PHIO, HO ¥ UCIOJIB30BaTh 00Jiee MUPOKUIA, YEM TIPH
pabote ¢ TPUPOTHBIMH (IUKUMH) TOMYJALHUSAMHU, CIHEKTP HCCIEIYyEeMBbIX
mapamMeTpoB, B  YaCTHOCTH, TIOKa3aTeld  peajbHOM  IUIOJJOBUTOCTH U
KU3HECTOMKOCTH BRIMETAHHOM MOJIOJIH, XapaKTEPU3YIOIIHEe OCHOBOIIOIATAIOIIHHA 1
HanOoJIee YyBCTBUTENbHBIN PEMPOIYKTUBHBIN TIEPUOI.

B Hacrosiiiee BpeMsi MpU TOKCHKOJIOTHUECKHUX HCCIEAOBAHMSIX Ha pbhIoax
PEKOMEHIYIOTCSl CIIEAYIOIINE TECT-OOBEKTHI: MOpCKas JabopaTopHas KyJbTypa
TYIIW; PeIOBI M3 TPUPOJHOTO BOJOEMa, HampuMep, cMmapuna - YepHoMopcKuid
pPErvoH; cenb/b, HaBara (MKpa, JUYMHKH), Tpecka (MOJOJb), MOpPCKas KambOasa
(uKpa, MojaoBo3peibie pblObI), cemra (cMoThl) - CeBEpHBINA PETUOH; KyTYM (MKpa),
Obr9oK KpyTisik (2 - 3 roma), Bobna (2 - 3 roga) - Kacnuiickuii pernoH; aH4oyc,
MUHTal, KambOaynoBble (JIMUMHKHK); KeTa, ropOyma (Mojoab); KamoOana,
KpacHoTepKa (T0JI0BO3peIibie phiOb) - J[aThbHEBOCTOUHBIN PETHOH.

IIpy KpaTKOBpEMEHHOM UCCIEAOBAaHMU (OCTpPBIE OMNBITHI 10 96 u)

OTIPENEIAETCS OCTPOE TOKCHUYECKOE JIEHCTBUE TECTUPYEMBIX PACTBOPOB BEIIECTB



Ha pBIO MO mMoka3zaTento "BbikHBaeMoCTh". TlokazaTenb TOKCMUHOCTH BEIIECTBA -
CHIDKEHHUE BbDKMBaeMOoCTH pbI0 Ha 50% 3a nmepuos ot 24 10 96 u.

[Ipy AAUTENBHOM UCCIENOBaHUM (XpOHUYECKHE OmnbIThl 10 30 CyTOK) -
YCTaHABIMBAETCA JOCTOBEPHOE TII0 CPaBHEHUIO C KOHTPOJIEM H3MEHEHHE
MOBEAEHYECKUX peaKLuid, CHUKECHHE BBDKMBAEMOCTH, U3MEHEHUE
reMaTOJIOTUYECKUX,  MAaTOMOp(OJIOTUYECKUX M JPYyruxX  IOKas3aTenei

KU3HCACATCIIBHOCTHU OPraHnu3MOB.

7.2. I'ynnn

7.2.1. XapakTepucTuka TecT-o0beKTa

I'ynimu (Poecilia reticulata Peters) - mmpoko pacnpocTpaHeHHasi akBapuyMHas
JKUBOpoAsas peiOka. B mpupojae BCTpedaeTcsi B COJEHBIX U IMPECHBIX BOJAX.
BoinepkuBaeT 3HaUUTENIbHBIE KOJIEOaHUs COJICHOCTH.

JlaHHBIA  TECT-00BEKT IIMPOKO TMPUMEHSETCS B MEXKIYHAPOJIHBIX U
HAIIMOHAJIBHBIX CTAHJIApTax MPU TOKCUKOJOTHUYECKUX HCCIEIOBAHUIX MOpPEH u
BHYTPEHHHUX MOPCKHX BOJI.

['ynmu - menkue poiObI C SPKO BBHIPAKEHHBIM TOJOBBIM JeMOPHU3MOM.
Camuibl (3 - 4 cM) OOBIYHO METBYE CAMOK U OKpallleHbl B OoJiee sipkue 1Bera. B ux
OKpacke Mpeo0IaIaloT CepoBaTO-KOPUUHUEBBIE TOHA C OYEHBb SIPKUMU KPACHBIMH,
roJiyObIMH, 3€JIEHBIMU U YEPHBIMU BKPATUICHUSIMU U TOukamMu. CaMKH IOCTUTAIOT 6
CM B JJIMHY, OOBIYHO 5KEJITOBATO-3€JICHBIE.

['ynmu BeIIEp)KUBAIOT MHOTOKPATHOE OJU3KOPOJACTBEHHOE CKPEIIMBAHUE, YTO
o0Jieryaer moJiy4eHue YNCThIX JTMHUMH.

JIns uccnegoBaHUN HCMOJB3YIOT TYINH, aJAalTUPOBAHHBIX K Pa3IWyHOMN
cosenoctu. 3menenue conmenoctu oT 0 mo 20 mpommnie rynmu mepeHocst 6e3
ananrtaruu. [locTenenHas aganTanus K OKeaHUYECKON COJICHOCTH 10 35 MpoMuILIe

3aHUMACT OKOJIO ABYX HCICIIb.

7.2.2. YcnoBus 1a00paTOpPHOTO COACPIKAHUS



st COJIepKaHUs (KyTbTUBHPOBAHUS ) TyNnu HCIIOJB3YIOT
TEPMOCTATHPOBAHHBIC aKBAapUYyMbl, 00ECIIEUMBAIOIINE TUIOTHOCTh MOCAJKH TECT-
00BEKTOB U3 pacuera Ajig Mojoau 1 ax3emruisip Ha 1 - 2 M3, 1 JIJ1s1 TOJIOBO3PENBIX
pei0 - 1 sk3eMruisip Ha 5 M3 BOABI. AKBapuyM pa3MEIIalOT B TOMEIICHUH, HE
COZEpIKallleM TOKCUYECKUX TNapOB WM Ta30B, 3alOJHSIOT OTCTOSHHOW H
MIPOA’PUPOBAHHON B T€UEHHUE 7 CYTOK MOPCKOM BOJON HEOOXOIUMOU COJICHOCTH.
HckyccTBeHHass MOpCKas BoJa Uil COAEp’KaHWA TyNIU JOJDKHA OTBEYaTh
cienytouuM TpedboBanusim: pH 7,8 - 8,2, temmeparypa 25 - 27 °C. Boay B
aKBapuyMe a’pHUpylOT ¢ IOMOLIBI0 MUKpPOKOMIIpeccopoB. Kaxpie Tpu AHS 4acTh
Boabl (1/4 - 1/5 wacth) 3aMeHsitoT cBexell. llomnep:kuBaroT nepBOHAYATbHBIN
o0beM BOJIbI B akBapuyMax, JOJUBas AUCTHILIMPOBAHHYIO BOJY BMECTO
UCIIApUBLIEHCS U KOHTPOJUPYS COJICHOCTh C MOMOLIbI0 coiemepa. Ui co gHa
aKBapuyMma yOuparoT peryysipHO MPHU MOMOIIHN CU(OHA.

Kpome ppi6O B axBapuyM NOMELIAIOT 3€JIEHYI0 BOJOPOCIbL 3HTEpOMOpdy,
KOTOpas MpPU XOPOIIEM OCBEIICHHH XOPOUIO Pa3BUBAETCA M CIY>KHUT JJIs TYIIH
YKPBITUEM U KOPMOM.

Kopwmst rynmu 1 - 2 paza B CyTKH, IpOU3BOJUTENEH yaille, cyxuM (nadHuu,
LUKIIONBI) WU KUBBIM KOPMOM (MOTBUIb, TPYOOUHHK, AapHUU, LUKIoNb). Kopm
BHOCSIT B TaKOM KOJIMYECTBE, YTOOBI pHIOBI Chefanu ero 0e3 ocrtatka 3a 3 - 5
MUHYT, TaK KaK W3JIMIIKWA MPUBOJAT K YXYIUIEHUIO KaueCTBA BOJbI B aKBapUyMeE.
Oco0OEHHO OCTOPOKHO CJEeNYyeT KOPMHUTh PhIO KUBBIMHU Ja(DHUSIMU U LUKIONAMHU,
KOTOpbIE B MOPCKOH BOj€ OBbICTpO MOrMOaOT M MOTYT CIY>KUTh HWCTOYHUKOM
CUJIBHOTO 3arps3HEHUSI.

JI71st moJTydeHust MOJIOJIM OTOUPAIOT MPOU3BOAUTENEH B Bo3pacTe oT 1 - 2 jer
(MPOAOIKUTENBHOCTD KU3HU TYIIH B aKBAPUYMHBIX yCIIOBUsX 3 - 3,5 rona).

CamKky TroTOBSAT K BBIMETY, MOMeEIlas B OTACIbHYIO TEPMOCTATUPOBAHHYIO
HEPECTOBYIO €MKOCTh 00beMOM He MeHee 4 AM3, 3aMOJIHEHHYIO BOAOIPOBOIHOMN
BOJI0M TemriepaTypoit 25 °C u OONbIIMM KOJIWYECTBOM MEIKOJIUCTHBIX PACTEHUH.
['OTOBHOCTH CaMKM K BBIMETY MAJIbKOB OIPEACTSAIOT MO HAJUYUIO XOPOIIO

3aMCTHOTO TEMHOI'O IIATHA IICPC aHAJIbHBIM IIJIABHHUKOM. HpI/I 3TOM (bopMa



OprolliKa MpUONMKAETCS K NMPSMOYTrOJbHOM, U OHO CTAaHOBUTCSI HAMHOIO IIUPE
COUHBL. BBIMET MPOUCXOAUT B MCKYCCTBEHHYIO WJIM IMPUPOAHYIO MOPCKYIO BOIY
(caMOK Iepe]1 BBIMETOM IEPEBOAST B aKBapUYyMbl C MOPCKOM BOJIOM).

Ilocne okoHYaHHs BBIMETAa CaMOK HW30JIMPYIOT, TaK KaK OHM IOEHA0T
MIOTOMCTBO.

Manbku poxxaaroTcss CcQOpMHUPOBAaHHBIMU. JlydmmuMm KOpMOM JUIsl HHUX
ABJIsEeTCS "TBLIB", cOoCTOAIIAs U3 UH(PY30pUH, KOJIOBPATOK, MOJIOJIM BETBUCTOYCHIX
pPauKOB M HAYIUIMYCOB BECJIOHOTHX paukoB. IIpu orcyrcTBum "mbum" Monoam
YOO KOPMAT NEPEeTEepPThIMU  CYXUMHU Ja(HUSIMU WM JIOOBIM  JIPYT'MM
U3MeNIbYeHHbIM cyxuM KopMoM. Ha 100 manbkoB BHOcAT He Gosiee 1 T kopma. [lo
Mepe pOoCTa B palliOH PbIO BBOJAT U3MENBUYECHHBIA TPYOOUHHUK, MOTBLIb, KOPETKY U
JIpYro »XuBoil KOpM. OJTHOTHEBHBIX U JIBYXHEEIbHBIX MAJIBKOB KOPMAT 110 5 pa3
B CyTKH, Oosiee B3pocibiX 2 - 3 paza. BHocuMble OpHUU KOpMa JOJAKHBI OBITh
HEOOJIBIIMMU U MIOEAaThCs ppl0aMu B T€UEHUE 3 - 5 MUHYT.

MasbpKOoB COPTUPYIOT IO pa3MepaM U IOCTEIEHHO MEPEBOIAT U3 HEPECTOBBIX
aKBapuyMOB B BbIpacTHble (BHauasme oOobemom 50 nmM3, a 3atem - 200 am3).
MasbKH CTaHOBATCS MOJIOBO3PEIBIMU B 4 - 6 MECSLEB.

I'ynnu pazMHOXkarTCS U pacTyT MpU cosieHOoCcTH Boabl OT 0 go 20 mpomuiie
0e3 aganTanuuu Mpu UX nepecaxuBaHuu. JJid TECTUPOBAHUS XUMHUYECKUX BEIIECTB
B Cpele C COJICHOCTBbIO Bbiie 20 MPOMWILIE MOJYyYarOT WCXOJHBIA MAaTepHall
(MaJIbKOB) B MPECHOW Bojie (MM B BOJIE C COJICHOCTHIO 10 20 mpoMmiie) c

nocJeAyoNel agantainuei Kk 60jiee BBICOKOW COJICHOCTH.

7.2.3. IIpoBeneHune UCCIeqOBaHUN € TYIIIU BO3PACTOM | CyTKH
B omneite wucnons3yroT rynnu Bo3pactoMm 1 cytku. McciaenoBaHusi MpoBOISIT
npu
OCBEULICHUM PACCEIHHBIM CBETOM, C €CTECTBEHHOM CMEHOW [IHSA U HOYH,
KOHIICHTpAIlMel KHUCIOpoJa B BOJI€ HE MeHee 4 MI/IM3 U TeMIepaTypoul BOJbI
25 +/- 2 °C. T'ubenp pwIOBI B KOHTPOJIEC HE JO/DKHA mpeBbimath 10%. Juamnazon

OTBETHOM peakuuu rynnu Bo3pactoMm 1 -2 cyrok (JIK 3a 96 udacoB) Ha
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B akBapuym HanmuBaroT mo 10 aM3 KOHTPOJBHOW WM TECTUPYEMOU BO/IBI.
[ToBTOpHOCTBH TpexKpaTHas. B kaxeliii akBapuym nomerniarot 1mo 10 peid. Boay B
KOHTPOJBHBIX WM ONBITHBIX  aKBapuymax  a’dpupyloT €  [OMOIIbIO
MHKPOKOMITPECCOPOB. EXECyTouyHO B KaXKJIOM aKBapuyme MOACYUTHIBAIOT
KOJMYECTBO BBDKUBIIHUX PBHIO U YAAISIOT MOTHOmuX. [loruGmmmu cauTaror phio,
HE TOJIAIOIIUX IMPU3HAKOB JBWKCHHS WIIM JIBIXaHUS B TE€UEHHWE 5 MHUHYT MOCIE
MIPUKOCHOBEHHUS K HUM CTEKJISTHHOM MaJO4YKOM.

Jlns ompeneneHuss HaJIU4Msl OCTPOr0 TOKCHUYECKOTro JACHCTBHSI pacTBOpa
BEIIECTBA OMNBIT NPOBOAAT B TeueHne 96 4. [l ompeneneHuss HaIuyus
XPOHUYECKOTO TOKCHYECKOTO JIEMCTBHUS pAacTBOpa BEIIESCTBA OMBIT MPOBOJAT B
teueHue 30 CyTok.

[Ipu KpaTKOBPEMEHHOM HCCJIE0OBAaHUU PHIO HE KOPMSIT.

[Ipu AnUTENTLHOM HCCIENOBAaHUM CMEHY BOJIBI B KOHTPOJIbHBIX M OIBITHBIX
aKkBapuyMmax IPOBOJAT uepe3 2 CYTOK (MJIM B COOTBETCTBHHU CO CTAOMIBLHOCTBIO

TECTUPYEMOT'0 BEIIECTBA B BOJIE), OJMH-J[BA pa3a B CYyTKU PhIO KOPMSIT.

7.2.4. OnpeneneHne BIUSHUS BEIECTB HA PEAJIBHYIO TUI0JIOBUTOCTD TYIIH

[Ipu HEoOXOaMMOCTH, AJI1 M3Yy4YEHUS BIUSHUS TECTUPYEMOrO BeLIeCTBa Ha
peallbHyI0 TUIOAOBUTOCTH TYIIH, IPEIBAPUTEIHLHO MPOBOIUTCS MOJATOTOBKA TECT-
oO0BEKTA.

[TosrydeHHBIX OT MPOU3BOAUTENEH MAIbKOB B TeUueHUE 1 Mecsla BhIpaliuBatOT
B NMpPOCTOpHOM akBapuyme (Ha 1 manbka - 1 am3 Boabl). C MosgBIEHHEM NEPBBIX
NPU3HAKOB TOJIOBBIX PA3JIMYUil, CaMIOB OTAEISIOT OT CAMOK M TMPOJOJDKAIOT
BBIpAlIMBATh B OT/AENIbHBIX akBapuymax. [Ipu Temmneparype 25 - 27 °C uepe3 6
MECSIIEB BCE PBHIOBI CTAHOBSTCS TOJOBO3pENbIMU. C 3TOT0 MOMEHTa UX MOXKHO

HCIIOJIB30BAaTh B OIIBITC.



3a Tpu JHA 0 Havalla MOCTAHOBKU ONBITOB CaMIIOB U CAaMOK MOMENIAIOT B
oOmuit akBapuyM Jutsi ciapuBaHusi. COOTHOIIIEHHE CaMIIOB U caMOK 2: 1. OaHaXIbI
OIUIOIOTBOPEHHAS] CaMKa MOXET MPUHOCUTH MIPUILIOJ] HECKOIBKO pa3.

OnbiT gutes 1o 30 cytok. 3a 310 BpeMms npu temmneparype 25 - 27 °C Bce
CaMKH POKalOT MaJIbKOB.

OnbIT NPOBOAAT B TPEX MOBTOPHOCTAX. B Kaxknplii akBapuyM MOMEMIAIOT 10
niecTh CaMOK. B mporiecce 3KcrepuMeHTa pbl0 KOPMST >KMBBIM KOpMOoM. B
aKkBapuyMmax YCTAHABJIMBAIOTCA CaJIKU C KPYHMHBIMU sSTYEHKaMU, YTOObI UCKIIIOUUTh
MOeIaHke CaMKaMU HOBOPOXKICHHOW MOJIOJIH.

[Toka3areneM TOKCMYHOCTH TECTHPYEMOIO pacTBOpa BEIIECTBA CIIYXkaT
BBDKMBAEMOCTh CaMOK, peajibHasi TJIOJOBUTOCTh (KOJIMYECTBO >KMU3HECIIOCOOHOM
MOJIOJIN ), KOJIMYECTBO MEPTBOPOKIEHHON MOJIOIH 110 CPABHEHUIO C KOHTPOJIEM.

KuszHecnocoOHYI0 MOJIOb JKEJIaTeNbHO NpOBEpUThH 1o Tmokazatemo JIK
TUISL
50
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7.3. OMOPUOHBI U TUYUHKH

7.3.1. Ukpa 1 AMYUHKY OETIOMOPCKUX PhIO

B kaudectBe TecT-00bEKTa MCIOIB3YETCS MKPA M BBIKIIOHYBIIHECS JTUYUHKA
(ampens) 6€TOMOPCKOM CebAM UK (STHBAph) HaBarH.

[IpoaomKUTENbHOCTD KCIIEpUMEHTA 33 CYTOK JJisl Celbau U 74 CyTOK It
HaBard (0T OTUIOJOTBOPEHUS JI0 MTePEX0/ia JIMYMHOK Ha SK30T€HHOE TTUTAHHE).

OCHOBHBIMH KPUTEPUSAMH OIICHKA TOKCUYHOCTHU TIperapara CIyKaT: MPOIECHT
OIUTOJIOTBOPCHUS  WKPBI, BBDKMBAEMOCTh HMKPhl M JIMYUHOK, CKOPOCTH
AMOpHOTeHe3a OT dTamna APOOJICHUST J0 dTara BBUTYIUICHUS, JUHAMHUKA BBIKJICBA,

AaHOMAJIMH B PA3BUTHH.



OmI010TBOPEHNUE UKPHI MPOBOIIT "MOKPBIM" CITOCOOOM B YHCTONW MOPCKOU
Cpelle M B 3apaHee MPUTOTOBJIEHHBIX HCCleqyeMbIx pacTtBopax. CyOcTtpaTtom Juis
UKPUHOK OEJIOMOPCKOM CellbJIi CIIyXaT NpeIMETHbIE CTeKJa, MOMElaeMble B
yamku [lerpu. [locne HaOyxaHUsl UKpBI ¢ MPEAMETHBIX CTEKOJI O], OMHOKYJISIPOM
C TOMOIIBIO TJA3HOTO CKAJBIENS YIAdslOT KOMKH W CIUIIIWECS HWKPUHKH,
octaBisiga Ha crekne g0 30 - 50 mkpunok. MKkpa HaBarum HEKJIEWKas U JIETKO
packnagbiBaeTcss 1o d4amkam Ilerpu. IIponeHT oOmIOAOTBOpPEHUsT HKpPBI PBIO
coctaBisieT 98 - 99%. Bo Bcex BapuaHTax OMNbITa U B KOHTPOJE HCIOIb3YETCS
MKpa OT OJHOM caMKH (COOTHOIIIEHUE CAMOK M CaMIIOB MPHU OIUI0I0TBOpeHUH 1:2).

OKCIEpUMEHTHI CTaBAT B 4damkax [letpu co cMeHOM pacTBOpOB OAMH pa3 B
Heleno (WIM B COOTBETCTBHM CO CTaOMJIBHOCTBIO MCCIEAYEMBIX IPENapaToB).
BennunHa BBIOOPKM B KaXXIOM BapHaHTE COCTaBISET CYMMapHO IO TpeM
oBTOpPHOCTAM OT 120 10 160 HKpUHOK.

B xauectBe (hOHOBOI cpeibl B OIBITE U B KOHTPOJIE UCHOJB3YIOT IPUPOAHYIO
MOPCKYI0 BOJY, INPUBE3CHHYI0 C MeECTa OIUIOJOTBOPEHHA HKpbL. [lns HaBarm
COJICHOCTh BOJIbI JIOJKHA ObITh HE HUKE 20 mpoMUILIE.

TemnepaTypHbIli peXUM OOECIEUMBAETCA C MOMOIIBIO TEPMOCTATUPYIOLIUX
JOTKOB. B aMOpHOHaNIBHBIN NepHO TeMIepaTypa NoAepKUBAETCSI HA YpPOBHE 3 -
4 °C ngns cenpau, 1,5 °C gng maBarn. C Hadajia BBIKJICBA JIMUYMHOK CEJIbIU, B
COOTBETCTBUM C  Ouojorued  TecT-o0beKTa, TemIepaTypa  IOCTEIEHHO
nogaumaercs a0 11 °C.

[IpoBonutcs  craTucTUueckas oOpabOTKa  MOJYyYEeHHOro  Marepuasa.
JIOCTOBEpHOCTh pa3/IMUuil CPEJHUX JAHHBIX B ONBITE OT KOHTPOJS OLIEHMBAECTCS
no kputeputro CrhrofieHTa 1 ypoBHA 3Haummoctu 95% (P >= 0,05).

PaccunteiBaroTcs mapaMeTpbl TOKCUIHOCTH.

7.3.2. UccnenoBanusi HaA UKPE U TUIMHKAX JATbHEBOCTOYHBIX PHIO
B BomHOM 00BEKTE OTIABIMBAIOT IUIAHKTOHHYIO MKPY MAacCOBBIX MOPCKHX
BUJIOB pbIO (aHYOYyC, KamOalla, MUHTall) U MEPEHOCAT B JIADOPATOPHBIE YCIOBUSI.

Nuky06aruio UKpbl IPOBOJAT B TAOOPATOPHBIX YCIOBUAX, MIPU STOM MPETMINHKH



Cpa3y MOIajaloT B HCKYCCTBEHHO CO3[aHHbIEC YCIOBHS OOMTaHUS, YTO UCKIIIOUAET
HEOOXOJUMOCTh  MEepHoja  ajanTaud. B JKclepuMeHTe  CpaBHUBAIOT
BBDKMBAEMOCTh IPEUIMYNHOK B TECTUPYEMBIX pacTBOpax BELIECTBA M KOHTPOJIE.
JUTMTENBHOCTh SKCIIEPUMEHTOB C MPEUIMYMHKAMU pa3HbIX peid oT 96 u mo 10

CYTOK (BpeMs paccachIBaHUs KEJITOYHOTO MEIIIKA).

7.3.2.1. Anuoyc smonckuit (Engraulis japonicus)

Hkpa y AmOHCKOTO aHYoyca Tielarudeckas, CBOOOJHO IIIaBaromias,
AIUTUITHYECKAsA, C OONBIIUM AUAMETPOM - OKOJO 1,25 MM M MajbiM JUAMETPOM -
okoso 0,9 mm. OOosouka TOHKasA, po3payHas. Pasmepbl HKPUHOK OTPULIATEIIBHO
KOPPENUPYIOT C TEMIIEPATypOd BOJBI, IPU KOTOPOM HIET HEPECT, - YEM BBIIIEC
TEMIIEpaTypa, TEM MEHBIIE pa3MepP UKPHI.

[TponoMmKUTENPHOCTh pa3BUTUSL AMOPUOHOB (10 BBIKJIEBA) MpPH CpeAHEN
temrepatype 18 °C coctaBnser 48 u. [Ipu Temneparype 14 °C pa3zputre 30pMOHOB
npoucxoaut o0 103 4, mpu 26 °C - go 23 u (Kamus H. Ilemaruueckas ukpa u
JUYMHKY pbIO B 3ayiuBe Taresma. Hayunble qokiaznsl (u3BecTus) THXOOKEaHCKOTrO
xo3sicTBeHHoro uueruryta. T. 11, 1916 r.).

dopMa NpeaTUYMHOK KaluleBUAHAs, MO MEpPE paccachlBaHUS >KEITOYHOIO
MEIIKa UX TeJo mpuodperaeT HUTeBUAHYIO0 Popmy. Kak y Bcex cenbieoOpa3HbIX,
JUYMHKMA aH4yoyca IMOYTH NpO3payHble, MUTMEHTalUWs B BUIE MeTaHOPOpPOB
pacrosiaraeTcsi Ha OpIOIIHOM CTOpOHE Tela M COXpaHsAeTcs BIUIOTH 10 (a3bl
oopmuBierocst manbka. B 3anue [lerpa Benukoro mivHa Ttena Juist TOIBKO YTO
BBIKJTFOHYBILUXCS INYMHOK COCTaBIIAET 2,4 MM JI0 KOHIA YPOCTUJIA. J{JIsl TIMUYMHOK

B Bo3pacte 4 - 5 nHeii (mepuo/1 paccachlBaHMs KEJITOYHOTO Melka) - 2,8 - 3,8 MM.

7.3.2.2. XKenronepas kambana (Limanda aspera).

Hkpa nmenmarudeckasi, CBOOOIHO TIaBarommas. J[naMmerp HKpuHOK BapbHPYET OT
0,72 no 0,98 mm.

Pa3BuTre sMOproHa B 3aBUCHMOCTH OT TEMIEpaTyphl MpojoipKaercsa 4 - 6

nHed. [IpennmMuuHKM NpakTHYECKH MPO3payHbIE, KAIUIEBUIAHBIE M3-3a CHIIBHOTO



CMCIICHHA K I'OJIOBEC XXCJITOYHOI'O MCIIIKA. JImunHKY cTaHOBATCSA MallbkaMmu Ha 10-i

JACHB I10CJIC BBIKJICBA.

7.3.2.3. Jmuunopsinas kambana (Limanda punctatissima punctatissima).

Nkpa nenaruueckasi, cBOOOAHOIIIABAIOIIAS.

OnnoAOTBOPEHHBIE HMKPUHKU COBEPIIEHHO TMPO3payHble U € TPYAOM
paznuuuMbl B Boje. /lnameTp OmioJOTBOPEHHBIX U pa30yXIIUX B BOJIE€ MKPUHOK
koJyeonercs ot 0,71 mo 0,85 MM, coctarmss B cpeaaeM 0,74 - 0,80 MM. IT0 camblie
MEJIKME M3 BCEX BCTPEYAIOIIMXCS OJHOBPEMEHHO C HHUMHM BHUJOB MKpHUHOK. Ha
MEPBBIX CTAIUAX PA3BUTHUS TPYIHO OTACIUTh UKPUHKU JITTMHHOPBUIONW KaMOabl OT
OJIM3KMX K HUM [0 pa3MepaM HKPUHOK >kentomepod kamOanbl. C xoHua ke II
CTauu pa3/iecICHUEe HUKPUHOK HATHX JBYX BHUJOB HE MPEJACTaBISCT Tpyaa IO
MATMEHTY B BUJE PACCESIHHBIX TOYEK, PACIPOCTPAHEHHBIX MOYTH IO BCEMY TEILY
AMOpHOHA, KpOME XBOCTOBOM 4YacTH. ['J1aza B TeyeHHWE BCEro AMOPHUOHAIBLHOTO
pazButusi octatorca HenurMmeHtupoBaHHbIMU  (IlepueBa-OctpoymoBa T.A.
PasmuosxeHue u pazputue naapHeBocTouHbIX kamban. M.: AH CCCP, 1961).

BrikatoHyBIIMEeCS NPEIIMYMHKA TPO3padyHbl U OUYEHb Majbl. JTO CaMble
MEJIKME MPEIJMYUHKM M3 BCEX BHUIOB JAJIbBHEBOCTOYHBIX Kambas. B cpegHem
JUTHHA KUBBIX MPEUTMUYUHOK paBHa 2,32 MM u konebnercs ot 2,21 mo 2,50 mm. Ha
XBOCTOBOM CTe€0JI€ Y MPEIJIMYMHOK ATOTO BUJIA SIPKO BBIPAXKEH MOSICOK U3 YEPHBIX
U KENTBIX MUTMEHTHBIX KJIETOK, YTO XOpPOIIO OTJIMYAET HUX OT MNPEIIUYMHOK
OJIM3KOPOACTBEHHBIX BUJOB. Ha 4yeTBepThie CYTKU MPEJIMYUHKA TOYTH
MOJTHOCTBIO YTPAYMBAIOT JKEJITOYHBIN MEIIIOK, UX JJIMHA B 3TO BPEMsI COCTABJISET B

cpeaHem 3,2 M.

7.3.2.4. Munraii (Theragra chalcogramma).

NkpuHKM MUHTas Mejaruyeckue, MMEIOT MAapoBUAHYIO (GOpMY, COBEPIICHHO
npo3paunbl. OHU Jep>KaTcsi B CAMOM BEPXHEM CJIO€ BOAbL. JlMaMeTp B CpeaHeEM
pasen 1,4 - 1,7 mm. O0Oosouka WKPUHOK TOHKas, HO OYeHb IUloTHas. llpu

TeMriepatype Bobl Huxke -1 °C pa3BuTue 3MOpHOHA MPUOCTAHABIMBAETCS, HO OH



HE MorubaeT Aake MpPU BMEpP3aHWW HMKPUHKH B JieA. BepxHuil TeMmmeparypHbIi
Ipeesl KU3HECIOCOOHOCTH UKPbl MUHTAs 3KCIIEpUMEHTAIBHO ompeaelieH B 15 °C.
BoiBog 0 0Oosiee BBICOKOM BBDKMBAEMOCTH MKPbl MHUHTash TMPU HUZKUX
MOJIOKUTENIbHBIX TemmepaTypax (B npenenax SAnonuu 2 - 4 °C) noaATBepKIeH U
JPYTUMH UCCIEN0BATENAMHU. DKCIIEPUMEHTAIBHO MOKA3aH TAKXKE HU3KUU BBIKJIEB
npu temmneparype -1 u 13 °C. Ha koHTHMHEHTaJIbHOM IIelib)e HEpecT MUHTas
IPOTEKAET B NPHJIOHHBIX CJIOSIX B TEMHOE BpeMsa cyTok. Mkpa mociie BbIMeTa
BCIUIBIBAET B BEPXHHUE CJOM MOPs, T€ NPOUCXOAUT €€ pasButue. [lo mepe
Pa3BUTHS OHA MOCTENEHHO OMyCKaeTcs B Oojiee HU3KUE ropu3oHTh. 3a 10 - 30 4
0 BBUIYIJIEHUS JIMYMHOK, HKpa OISATh NOJHUMAETCS B CPEAHHE CJIOH.
[TpoaomKUTETPHOCT SMOPUOHAIIBHOTO Pa3BUTHUSI MUHTasl COCTaBIsAET 93 rpayco-
nust (I'opoynoBa H.H. HMkpa muHTass u ee passutue. BrmaguBoctok: W3Bectus
TUHPO. 1. 34, 1951).

Tonapko YTO BBUIYHNUBUIMECS JHMYUMHKA CHAOXEHBI OOJIBLIIMM KEJITOYHBIM

MEIIIKOM, JIJTMHA UX COCTABIISIET 3 - 4,6 MM, B CPETHEM OKOJIO 4 MM.

7.3.1.  VYcinoBus  1abOpaTOpHOTO  COJACPKAHMS  JAIbHEBOCTOUYHBIX
npeaTnauHoOK pei0. [IpoBenenue uccnenoBanuii

HNkpa anuoyca u kamban Ha | - XI cragusix oTjaBiIuBaeTCs JHEM U3
MOBEPXHOCTHOTO  CJIOSI C  TOMOILIBIO  HECTaHJApPTHOIO  OpyAMs  JIOBA,
W3FOTOBJIEHHOI'O MO THITY ceTH Mapyun-AMH ¢ TUaMEeTpOM BXOJIHOI'O OTBEPCTHUS
1,3 M. JlounkyOupoBaHKe UKPbl OCYLIECTBISIOT Ipu Temneparype 14 - 21 °C.

PaboTel ¢ MKpol M TpeAIMUYMHKAMH HEOOXOAMMO MPOBOJIUTH B XOPOILO
OCBEIICHHBIX AKBAapPHUAJIBHBIX IOMELIECHUSAX, IJ€ HE HWCHOJIb3YIOTCS JIETy4He
xuMuyeckue BemlectBa. CTaOWIIbHBIE TEMIEPATYPHBIE YCIOBHUS OOECIEUYHBAIOT C
IOMOILBIO  TEPMOCTAaTUPYEMBIX aKBAapUyMOB. BbUIyNUBIIMXCA NPEAIMYUHOK
paccakXMBarOT MMUIIETKOW B 3KCIIEPUMEHTANBHBIE EMKOCTH MO 5 3K3EMIUIIPOB Ha
100 cM3 OTCTOSAHHOM W OTPUIBTPOBAHHOM 4epe3 TpoiMHOU cioil raza N 61

MOPCKOM BOJIbI C COJICHOCTHIO 33 MpOMUILIIE.



B skcnepuMeHTe OLIEHMBAETCS BBDKMBAEMOCTh JIMYMHOK, KOTOpas SIBISETCS
WHTErPAJIbHOM XapaKTEPUCTUKOM PE3UCTEHTHOCTH OpraHu3sMoB. CMEpPTHOCTH B
Pa3JIMYHBIX CEPUSAX OCTPBIX IKCIIEPUMEHTOB IOJCYUTHIBAIOT Yepe3 12 4 B TeueHune
BCETO OIIBITA.

OnpITel Ha MOPEIIMYMHKAX aH4YOyca M KamMOaJl MPOBOAAT B CTEKJISTHHBIX
cTakaHax ¢ oobemMoMm pactBopoB 100 cm3. B kaxnaplii cocyna MOMEIIAOT Mo 5
ocobeii. J{nsi cHKeHus: THOENU B KOHTPOJIE M YIYYIICHUS BOCIPOU3BOIUMOCTH
pE3yNbTATOB, NPEIIMYMHOK PACCAKUBAIOT Yyepe3 12 4 mociie ux BhIKJIEBa (BO3pACT
14 - 22 4). He3HaunTenbHbIE U3MEHEHUS TEMIIEPATYPbl BOJbI B ONBITE U KOHTPOJIE
COOTBETCTBYIOT MNPHUPOAHOMY XoAy Temmeparyp. OCBEIMIEHHOCTh MOBTOPSET
€CTECTBEHHBIE  CYTOYHbIE IUKIbL. [IpOJOIKUTENBHOCTh  DKCIIO3WLIMM B
HKCIIEPUMEHTAX Ha NPeIMYMHKAX aH4Y0yca U KaMOan cocTaBisieT 96 yacoB. 3a 310
BpeMs nipu temneparype 18 °C mpoucxoauT pacCcacbIBAHUE KEITOYHOTO MEIIIKA.

[Ipy HEOOXOAMMOCTH MPOBOAAT IPEIBAPUTEIIbHBIE AKCIEPUMEHTHI, Ha HUX
OCHOBAHMM YCTaHABJIMBAIOT AUAaNa3oH TOKCUYHBIX KOHUEHTPALMI I OCHOBHOIO
ONbITA, COCTOSINIMM W3 YETBIPEX-IIATH KOHLEHTpauuud BemecTtBa. llpu stom
CIIEyeT CTPEMUTHCS K TOMY, YTOOBI, 110 KpailHel Mepe, M0 OJHOW KOHIIEHTpaIUuH
BbI3bIBaM ekt meree 50% u 6omaee 50%.

OnbITEl IPOBOJATCS B TPEX MOBTOPHOCTAX. llapamienbHO cTaBUTCA TPOMHON
KOHTPOJIb, C COOJIIOJICHUEM TEX K€ YCIOBUH, YTO U B OIBITE: OpraHU3MbI OepyTCs
U3 TOW XK€ MapTUH, BoAa Ta *e, HO 0e3 BHECEHMsI MCCIEeNyeMOro BellecTBa. B
TeueHne 96 4 >KCrepuMeHTa Cpefy COACPKAHUS HE 3aMEHSIOT, NPEMIMYNHOK HE
KOPMSIT.

IIpn mpoBenEHUM TOKCHKOJIOTMYECKUX ONBITOB PETUCTPUPYIOT CIENYIOLIUE
ITOKA3aTEIU IO CPABHEHHIO C KOHTPOJIEM:

a) OCHOBHBIE: BBDKHBAEMOCTb, ITPOLIEHT YPOJIUBBIX 0COOEH;

0) [OMOJHUTENbHBIC: BHEIIHUNA BHJ, TMOBEICHUECKHE pPEaKUUU (CHUKEHHE
JIBUTATEIHHOW aKTUBHOCTH, OCEaHUE Ha JTHO).

[Io OKOHYaHWM OMBITOB MPOBOJAT MOJACYET MOTMOMIMX OCO0EH C Yy4YeToMm

"MmornpaBku



AOO6ota" (m. 1.3 Ilpunoxenuss 4 HacTosAMX METOAUYECKUX YyKa3aHUW) U
pacuer
napameTpoB TokcuuHoctu - JIK , JIK , JIK , JIK , JIK
0 16 50 84 100
[TokazaTenemM TOKCHUYHOCTH SIBJISIETCS JOCTOBEPHOE CHIXKEHHE BKUBAEMOCTHU
U HAIAYUS YPOUTMBBIX 0co0ed. OTBIT CYMTACTCS JTOCTOBEPHBIM, €CIM THOETh B

KOHTpoJse He npeBbimaet 10%.

7.4. MasibKul ¥ B3pOCIIbIE PHIOBI

JUiss  uccnenoBaHMN — WCHONB3YIOT  pbl0  MOPCKMX  BHJIOB,  JIETKO
alanTUPYIOLMXCS K AaKBapHAJIbHBIM YycCIOBUAM. Hampumep, MOJIOIb KETHI,
ropOyIlIN; CEroseToOK U pbl0 0ojiee cTaplIMX BO3PACTHBIX IPYII - KPAaCHONEPKH,
KaMOaJIbl, HaBaru, CCNbIH.

JUJis 3TOr0 OTIaBIMBAIOT MOJIOJIb UJTU B3POCIIBIX 0COOEH U3 BOJHOTO OOBEKTA.
Ppi0 TpaHCHOpTHPYIOT Ha cCHeUUaIbHO OOOpPYIOBAaHHOM TPAHCIOPTE C
peryinupyemMoil momadei kuciopoja. IIpu miuTenbHbIX NEpeBO3Kax HE0OXOauM
IIOCTOSIHHBI KOHTPOJIb 3a KHCJIOPOAHBIM PEXUMOM M TEMIEPATYPOU BOJBI, TAK
KaK MPU PE3KUX Mepernajgax JaHHbIX MOKa3aTesield BO3MOKEH 3HAYUTENbHBIN 0TX0/1
(rubenb) mnepeBo3uMOil pbIOBL. IIpu KpaTKOBpEMEHHBIX MEPEBO3KaX MOKHO
UCIIOJIb30BaTh MOJIOYHBIE OHMIOHBI WJIM MOJUATHICHOBBIE MEIIKH, HE JOMycKas

TPaBMUPOBAHHA U PEC3KOTI'O0 CHUKCHUA COACPIKAHNA KUCIIOpOaa B BOAC.

7.4.1. YcnoBusi 1abopaTOpPHOTO COJAEpPKaHUSA PhIO M3 MPUPOJHOTO BOJHOTO
o0BeKTa

B  akBapmanbHBIX  YCIOBHUSX TPHUBE3CHHYI pPBIOY TIOMEIIAIOT B
MPUTOTOBJICHHYIO 3apaHee OTCTOSHHYI0 MPOGUIBLTPOBAHHYIO  TPHUPOIHYIO
Mopckyto Boay (pH 7,8 - 8,5), npu mMOCTOSTHHOM KOHTPOJIE€ PACTBOPEHHOI'O B BOJIE
kuciopoaa (ot 8,5 10 9,5 Mr/mn), moaaep >kMBaeMoro 3a cueT adpaliuu.

EMKOCTH, B KOTOpBIX COAEPKUTCA pbIOA, OMKHBI OBITH 00OpPYAOBAHBI

onoduibTpaMu, a BOJa B HUX JIOJDKHA TEPUOJAMYECKH OOHOBIISITHCS 3a CYET



YaCTUYHOW 3aMEHBI HE Peke OAHOro paza B 10 CyTOK M MOJIHOM 3aMEHBI HE pexe
OJIHOTO pa3a B MECHII.

Cpox aganTaiuu peid K yCIOBUSIM akBapuaibHOU He MeHee 10 cyTok.

[1moTHOCTE OCaAKHA HE JOJKHA MPEBBIMIATH | T UXTHOMACChl MaJbKOB U 2 T
B3pOCIIbIX pbIO HA | M3 BOJIBIL.

Jns  xopmiieHHs pbl0  HCIONB3YIOT — CIENUAJIbHBIE  MMACTOOOpa3HEIE,
I'paHyJIMPOBAaHHbBIC UIIU KUBBIE KOpMa, KOTOPBIE 3a4al0T I10 MEPE €0 ChEaHusl, HO
HE peXe ABYX pa3 B CYTKH I MAJbKOB (YTPOM U BEUYE€POM) M OJUH pa3 Ui PbIO
OoJee crapuero Bo3pacra.

JUis mpoBelieHUsl UCCIIEOBaHUM HEOOXOIMMBI cliedyrolee o0opylI0BaHUE,
pUOOPHI U MaTEPUAIIBIL:

CTEIJUIAXKU;

emkoctu Ha 10, 20, 40, 60, 100, 200, 500, 1000 u 2000 ;

XOJIOIUJIBHBIE YCTAaHOBKH JUJISL XPAHEHUsI KOPMa U PEAKTUBOB;

BECHI AHAINTUYECKHE C PA3HOBECAMUY;

BECHI allTEKaPCKUE (YALIECYHBIE U PYUYHBIE);

MUKPOCKOIT OMoJIOrn4eckuii, o0ecneunBaromuii ysenuuenue B 100 - 200 pas;

ANEKTPOMEIIATIKA;

BEHTWJIATOPHI WM KOHIULIMOHED;

BEJpa SMAJIMPOBAHHBIC;

OMJIOHBI, BEipa SIMAIMPOBAHHBIE, Ta3bl U KIOBETHI Pa3HBIX Pa3MEPOB;

doToarnmapart;

CayKH pa3HOSYEHHBIE;

Marepuan U3 MEJIKOSTYEHMHON CeTH, ra3a WK JeH Il EMKOCTEN C phIOOi;

MUKPOKOMITPECCOPHI;

aKBapUyMHBIE BOJIOHAIPEBATENIN C JaTYNKaAMU;

CKaJIbIENM, TUHUETHI, HOXKHUII, MOpuilsl Ha 1 - 20 MJ, mpenapoBajbHbIE
UTJIBI;

CEKYHOMEp;

JIMHEUKH,



HabOp TpUOOPOB, MHCTPYMEHTOB U PEAKTHBOB JJISi UCCIIECJOBAHHS KPOBH;
TUCTOJIOTHYECKUX M OMOXUMUYECKUX UCCIIEIOBAHUIA;

CTEKJISIHHAsA mocyna eMKOCcThio OoT 0,1 1o 3 11, MepHblE€ NMHUMETKH, TIJIa3HbIE
MUTIETKH, OIOPETKH, MEPHBIE CTaKaHbl, KOJIObI, yaliku [leTpu, cTekiIsiHabIe TPYOKH
Y TTAJIOYKU;

PE3MHOBBIE IIUIAHTY PA3HOT0 JUaMETpa U JUIMHBI, PE3UHOBBIC IPYILIH;

MOJIMATUJICHOBAs TJIEHKA, KIIEEHKa, MapJs, XajaTbl, pe3WHOBBIE (ApPTYyKH,
CaIlOTy U NEPYATKY;

KapaHaalu o CTEKILY, JIEMKOIUIACTBIPb, dukcupyromme 17§

Je3UHOUITUPYIOIIHE KUIKOCTH.

7.4.2. IlpoBeaeHue UCcaeI0BaHUM
JIist uccnenoBaHuii OTOMPAIOT OJHOPA3MEPHBIE FK3EMIUISPBI PhIO B XOpOIIEM
(U3HOIOTMYECKOM COCTOSIHUU.
[lepen HauanoOM 3KCHEPUMEHTOB PbIO MOMEIIAIOT B AKBAPUYMbl WIIU JIpYTHe
DKCIIEPUMEHTAJIbHBIE €MKOCTH Ha 7 - 10 CyTOK C LIEJIbIO aJanTalnuy K HOBBIM

YCIOBHUSIM. B OCTpBIX OmbITaxX JIUTENBHOCTBIO 96 4 mpoBogAar onpenenenus JIK ,

JIK

0 50
96
u JIK . XpoHHueckue onbIThl HaYMHAIOT C KOHILIEHTpaluu, papaoi 1/2 JIK |, u
100 50

CO3JAIOT  TOKCHUKOJOTHYECKMH pan u3 S5 - 10 yObIBalomMX KOHUEHTpALMii
BEILIECTBA C
MHOXHUTeNeM 1/2. JIMUTEIbHOCTh XPOHHYECKUX OIBITOB cOcTaBiseT 1 - 3 Mecsia
B
3aBUCUMOCTH OT CTaOUJILHOCTU UCCIIETyEMOI0 BEIIECTBA B BOJIC.

OKCIEPUMEHTHI MPOBOJST B CTEKISHHBIX aKBAPUYMaX WA ILIACTMACCOBBIX

BaHHaX eMKOCThIO 20 - 40 M3 B IBYKpaTHOI OBTOPHOCTH C UCITOJIB30BAHUEM S -



10 ocobeil B KaXAoW KOHLEHTpallMM BemecTBa. JlBa akBapuyma CIy»aT
KOHTPOJIEM.

Hopma mocajgku ManbKoB, CEroJIETKOB U T'OJJOBUKOB JIOCOCEBBIX M CHUTOBBIX
pbIO B dKCHEPUMEHTAIbHBIE €MKOCTH [IJIsl MPOBEACHUS OIBITOB JOJIKHA OBbITh HE
6onee 1 r uxtuomaccel Ha 1 11 Bozbl B cyTku. /st ppi6 Bo3pacToM Oosiee rona 3ta
BEJIMYMHA cOCTaBisAeT He OoJiee 3 r Ha 1 AM3 BOJBI B CYTKH.

B3BemnBanue ppi0 NpOU3BOJAT TIEPE]l HAYAJIOM OIIbITa, 3aTeM Yepe3 KaxkJIble
10 - 15 cyTok 1o ero okoHuaHus. [[jist 3TOro Ha BEChl CTaBAT COCY €MKOCTBIO 2 -
2,5 nMm3, B KoTopblid HammBarOT 0,5 - 1 aM3 BOIBI, U YPaBHOBEIIMBAIOT €r0 C
MOMOIIIBIO TUPh WM APYrOoTro COCyAa C BOJOW. 3aTeM OTJIOBJICHHBIX CAauyKOM PbIO
OBICTPO MOMEILAIOT B COCY C BOJOM JJIsl B3BEIIMBAHUS, IPEABAPUTEIILHO OCYIIINB
HU3 cayka OT M30bITKa Biard Mapied. MajbKOB B3BELIMBAIOT C IOMOIIBIO
XUMHUYECKUX CTAKaHOB Ha allTEKAPCKHUX WM IPYTrux O0jee TOYHBIX BECax.

B skcniepuMeHTaNnbHBIX EMKOCTSAX €XKEIHEBHO M3MEPSIOT TEMIIEPATypy BOJbI
U oavH pa3 B 10 CyTOK NpOBOAAT ONpENEICHUE COJAEPKaHUS PACTBOPEHHOIO B
BOJI€ Kuciopoaa u pH.

B 3aBucMMOCTH OT CTaOMJIBHOCTH HCCIEAYyEMOIrO BEIECTBA CMEHY BOJBI B
ONBITHBIX €MKOCTSIX MPOBOAAT OJMH pa3 B 1 - 3 cyrok, cnycta 1,5 - 2 4 nocie
KopmiieHHs pbi0. [Ipu 3TOM HeZOMmyCTUMO TpaBMHUpPOBAHHME PBIO. Adpaiusi BOJIbI
BO3MOYKHA JIMIIb B T€X CIIy4asiX, KOTJa COCTaB W KOHIIEHTpALHUs HCCIETyeMOro
BEILECTBA HE U3MEHAIOTCS. TOJIMHA €0 BOJBI B AKBAPUYME IS CETOJIETKOB U
rOJIOBUKOB JI0JDKHA ObITh HE MeHee 20 cm, ayig 0ojee KpymHbIX peIO ee cienyeT
YBEIINYUBATh.

CxemMa © JuHaMUKa TPOBEIEHUS ONBITOB, YYE€T PErUCTPUPYEMBIX
MoKasaTelsield OTPaXkaroTcsl B JIa0OPATOPHOM KypHaJe.

OnbITHl 1O OMPEEICHUIO MapaMETPOB OCTPON M XPOHUYECKON TOKCUYHOCTHU
BEIIECTB, YCTAHOBJICHHS KOA(DOUIIMEHTOB KyMYJISIIUUA MPOBOAIT HA MajbKax WM
cerojieTkax. CTaBsT TakKe OCTpPble M XPOHUYECKUE ONBITHI HAa CETroJIeTKax WM

ABYXJICTKaX IJIsd OMPEACICHNA UX TOKCUYHOCTH I10 (1)I/ISI/IOJ'IOFO-I‘HCTOJ’IOFHH@CKI/IM,



TCMAaTOJIOTMICCKUM IIOKA3aTCiIAM, MCIIOJB3yA CPCAHCIICTAIBHBIC, MAaKCHMAJIbHO

IEPECHOCUMBIC U 0oJiee HU3KHE KOHIOCHTPAIHUU IJIs1 YCTAHOBJICHUA ITIOPOTOBLIX.

7.4.3. Yder u aHanu3 pe3yibTaToOB MPUBOIAT B 1. 6.2.4 [Ipunoxenus 2

8. OreHka reHOTOKCUYHOCTH BEIECTBA MPOBOIUTCS B COOTBETCTBUU C 1I. 7 (TI.
7.1; n. 7.2; n. 7.3 (nn. 7.3.1); n. 7.4; n. 7.6) IlpunoxeHuss 2 HacTOAIIUX

MeTtoaudyeckux yKa3zaHHil).

9. Omnpenenennie TpeOOBAaHUN K OLEHKE BPEMEHHBIX HOPMATHBOB BELIECTBA
JUIsL 0OOBEKTOB PHI00X03HCTBEHHOT0 3HAYEHHSI MOPEN U BHYTPEHHUX MOPCKUX BOJI

Poccuiickon ®@enepanumu.

9.1. UccnenoBanne Ha BOAOPOCIAX

PexoMeHlyeTcss TpOBEACHUE CEMHUCYTOYHBIX HCCIICIOBAHUN  JEUCTBUS
BEII[ECTBA Ha POCT KyJIbTypbl Bojopociei (m. 1.4 [lpunoskenus 3 HacTOSIIMX
Metoauyecknx ykKa3aHUW, a TakKe TpeOOBaHUS MPOBEACHUS XPOHUUYECKOTO
skcnepumenTa (YTBepxkaeHo Munnpuponoii Poccun ot 27 ampenss 2001 r.
"PykoBOACTBO MO OMNPENEICHUI0 METOJOM OMOTECTUPOBAHUS TOKCUYHOCTU BOJ,
JIOHHBIX OTJIOKEHUW, 3arpsi3HSIONIMX BEHIECTB M OypoBBIX pacTBOopoB'. M.:
PODOUA, HUA-IIpupona, 2002). B kauecTtBe aJibTepHATUBBI BO3MOXKHO IOJIHOE
MPOBEJCHUE XPOHUUYECKOTO AKCIEPUMEHTa C OJHOKJIETOUYHBIMU BOJOPOCIISIMU B
teueHue 14 - 21 cyTok.

B KOHIIE ONIBITOB OLIEHUBAETCS CTATUCTUYECKAs! IOCTOBEPHOCTh OTKJIOHEHUI
OMBITHBIX JAHHBIX OT KOHTPOJIbHBIX.

VYcnoBust KyJabTUBUPOBAHUS BOJOPOCTEH M MOCTAHOBKH TOKCHUKOJOTHYECKUX
UCCIIEIOBaHU ¢ HUMU TipuBenieHbl B 1. 1 [Ipunoxkenns 3 nanHbix Metoguyeckux

YKa3aHUHU.

9.2. MccnenoBanue Ha 300MJIaHKTOHHBIX OpPTaHU3Max



UccnenoBanust npoBOASTCS HA OJHOCYTOYHBIX APTEMUSAX B TEUEHUE 7/ CYTOK
(HEeMONHBIA XPOHUYECKUM SKcnepuMeHT). llociae ceMucyTouyHOro OmnbiTa, Kak
MIPaBUJIO, HE HAOJIFOAACTCS PE3KOro yBEIUUYCHUS THOEIU apTeMUi B SKCIIEPUMEHTE
JUIMTEIIBHOCTEIO 21 cyTok. B KauecTBe albTEpHATUBBI BO3MOXKHO TOJIHOE
MIPOBEICHUE XPOHUUECKOTO SKCIIEPUMEHTA B TeueHue 21 CyToK.

ITocTaHoBKa TOKCHKOJIOTHUECKMX HCCICIOBAHMM M3JIOKEHA B M. 5

[Ipunoxenus 3 naHHbIX MeTOOMYECKUX YKa3aHUM.

9.3. HccnenoBanue Ha pbroax

YcnoBus NONy4YeHUs!, COAEPKAHUA UKPUHOK U IIPOBEACHUS UCCICA0BAaHUN Ha
HUX 1pu uHKyOarmu 10 30 - 45 cyToK B HacTosLIee BpeMs HE Aat0T BO3MOKHOCTH
IPOBOJUTH KPATKOCPOUHBIE SKCIIEPUMEHTBI C UKPOH MOPCKHUX PBIO.

B TO e Bpems J0CTaTOYHO OOJIBIIOE KOJIMYECTBO TOKCHUKOJIOTMUYECKUX
UCCIICOBAHUM IIOKA3bIBA€T YYBCTBUTEIBHOCTH MOPCKOM KYyJBTYpPhl T'yIIIU
(0OTHOCYTOYHBIE OpPTraHU3Mbl) HA YPOBHE WJIM HA MOPAJIOK BBILIE OTBETHOW PEAKIIMH
HMOPUOHAIILHOTO Pa3BUTHS MOPCKHUX PBIO Ha 3arpsi3HAIONIEE BELIECTBO. ITO
MO3BOJISIET PEKOMEHAOBATH OCTPBIE OMBITHI (96 4) C MCIOIB30BAHUEM B Kau€CTBE
TeCT-00BEKTa OJTHOCYTOUYHBIX T'YIIH. Y CIOBHS MPOBEACHUS SKCIEPUMEHTOB B 1. 7
[Tpunoxxenust 3 1aHHBIX MeTOOUYECKUX YKa3aHUII.

AHaM3 pe3yJbTaTOB UCCIEAOBAHUNM MOKA3al, YTO B KAYECTBE MAKCUMAIIbLHO
JOMYCTUMOM  KOHLIEHTpalMW [l PbI0  MPUHUMAETCA  MaKCHUMaJbHas
KOHIICHTPALMsA, HE BbI3BIBAIOIIAS CTAaTUCTUYECKU JOCTOBEPHOIO IOBBIIICHUSA

CMCPTHOCTHU MAJILKOB T'YIIIIH.

9.4. VccnenoBanus UBMEHEHHM TTOKa3aTeseil BOJHOW Cpe/ibl
CaHuTapHO-3KOJIOTUYECKHUE TMOCIEICTBUS MPUCYTCTBUS B BOJIE HCCIIEAYEMOTO

BEILIECTBA OIIEHUBAIOTCA MO ero BiausgHuio Ha bIIK Bojgkbl.

5



UccnenoBanus nposomsatcs npu 20 °C B CTEKISHHBIX COCylax 00bEMOM 5
aM3, 3amoHSAEMBIX TPHUPOAHOW MOPCKOW BOAOW, MPOGUIHTPOBAHHONW Uepes3
MeJIbHUYHBIN ra3 N 76 1 HaChIILIEHHON KUCIOPOJIOM.

B cocynpl BHOCHTCA HCCIEAyeMOE€ BEIIECTBO B 5 - 7 KOHUEHTpaLusX,
paznuyaronxcs Ha nopsaok. OIUH U3 COCYAOB OCTAETCA YUCTHIM U UCIIOIb3YETCS
B KauecTBE KOHTPOJA. B MCXOAHBIE CYTKH, a TAK)KE 4epe3 5 CYyTOK B IMKHOMETPHI
oTOuparoTcs MmpoObl BOABI (IO 2 MHKHOMETpa Ha KaXIyl MpoOy), KOTOpbIe
BbIAEpKUBatOTCS B TepMmoctare rpu 20 °C B TeueHHe 5 CyTOK.

Yepes 5 cyTOK IOCIIE SKCHO3UMUMU B KaXIOM W3 NHMKHOMETPOB B BOJE
ONPENENSIOT COJAEPKaHHE KHCIopoJa M0 BuHkiepy WM ¢ OpUMEHEHUEM
CHEUaTbHO MIPUCITIOCOOTIEHHBIX OKCUMETPOB.

Pacuer Benmmunnsl BIIK mpowusBoguTcs ciaeayronmmM oopa3om:

5

BIIK =[0] -[O],
5 2wucx 2t

rae: [O] - ucxomHast KOHIIEHTpAIMsI KHCI0POa B BOJIE,
2 ucx
[O] - xoHueHTpamust kuciaopoaa B Mpobax Ha COOTBETCTBYIOLIHH CPOK
2t
HaOJTI0/ICHHUS.
Pe3ynbTaThl HMCHOJB3YIOTCA IS COCTABJICHUS TaOIMIBI WM TpaduKoB
3aBucUMOCTH BIIK 0T BpeMeHU 1 KOHIIEHTpaluu UCCIIEyEMOTO BEIIECTBA.
5
AHanmu3  pe3yJbTaTOB MCCIACIOBAHMS IIPOBOMUTCS II0 OICHKE JCHCTBHS
BEIIIECTBA

Ha BesimunHy BIIK B onbiTe 1 B KOHTpOJIE:

5



BIIK (om) - BIIK (koHTp)
3) 3)
N x 100%,
BIIK (xoHTp)
5

rae: BIIK (onm) u BIIK (KOHTp), COOTBETCTBEHHO, B ONBITE U B KOHTPOJIC HA
3) 3)

OJIUH U TOT € CPOK.

be3BpenHoli mis mpouecca CaMOOYMINEHUS CIHEAYET CUYUTaTh TaKyro
KOHIICHTPALIUIO, pu KOTOPOM nokazarenp BIIK OTKJIOHSIETCA  OT
COOTBETCTBYIOIINX

3)
3Ha4YeHUH B KOHTpoJie He Ooiiee ueM Ha 20% (T.e. N <20%).
JInsi BBIUMCIIEHUSI KOHILIEHTpAluu, BbI3biBaromie 20% OTKIIOHEHHE, IyTeEM

WHTEPHOJSLUNA MOKET ObITh UCIIOJB30BAHO CIIEAYIOIIEE YpaBHEHUE:!

20-N
1
C=C + - x (C -C),
1 N-N 2 1
2 1

rae: C - KOHIEHTpalus BEIIECTBA, BhI3bIBAIONIAsA OTKIOHEHUE 3HaueHu BITK
oT
5
AHAJIOTUYHBIX 3HaueHuW B KOHTpoJe Ha 20%; C u C - KOHLEHTpalMu BELIECTBA,
1 2
BeI3BaBIIe oTkiIoHeHUs BIIK menee u 6osee uem Ha 20% cooTBeTcTBEHHO; N 1

N



3) 1 2

- BEJIMYUHBI ATUX OTKJIOHCHUH.

9.5. Onpez[eﬂeHHe BCIIMYMHBI BpECMCHHOI'O HOpMATHBA.

U3 KOHHGHTpaHHﬁ, BBIBCACHHBIX B IIPOLCCCC HCCJIGI[OB&HI/Iﬁ B KayiyCCTBC
MAaKCUMAJIbHBIX OOIYCTUMBIX JUJIA KaXAOIoO U3 00BEKTOB HCCiIcaoBaHusd,
BBI6I/IpaeTC$I HanMCHbIIAA, KOTOpad pacCMAaTPUBACTCA B Ka4uC€CTBC BPCMCHHOI'O

PaCUCTHOTO HOPMATHUBA - OPHUCHTHPOBOYHOI'O 0e301acHoro YPOBHA BOBI[GﬁCTBI/IH

(OBYB) BemecTBa.

[Ipunoxenue 4

K MeTon4ecKiuM yKa3aHusIM

10 pa3paboTKe HOPMATHUBOB
Ka4yecTBa BOJIbI BOJHBIX OOBEKTOB
PBIOOX03SCTBEHHOTO 3HAUCHHS,
B TOM YHCJIC HOPMATHBOB
IpeAeIIbHO JOMYCTUMBIX
KOHIICHTPALIMI BPEIHBIX BEIIECTB
B BOJIaX BOJIHBIX OOBEKTOB

PBHIOOXO3SIICTBEHHOTO 3HAYCHUS

PEKOMEHIALIMA
10 CTATUCTUYECKOM OBPABOTKE PE3YJIbTATOB NCCJIEJOBAHUS
TOKCHMYHOCTHU BEIIECTBA JIA ITPECHOBO/IHBIX
N MOPCKHUX TECT-OP’TAHU3MOB



1. O0ne moI0XKEHU

1.1.  Craructuyeckas o00pabOTKa  pe3yJbTaTOB  TOKCHUKOJOTMYECKHX
UCCJIEJOBAaHUM MTPOBOAUTCS C LENbIO:

ONpE/ENCHUs] JTOCTOBEPHBIX YCPEAHEHHBIX JIAHHBIX, XapaKTEPU3YIOLINX
Oounonornueckyro 3(PQGEeKTUBHOCTh OTACIbHBIX KOHIICHTpAllMi BEIIECTBa U
BELIECTBA B LIEJIOM;

OLIEHKH JOCTOBEPHOCTH Pa3JINUMs CPEIHUX KOJIMUYECTBEHHBIX 3HAUYEHUI TECT-
(GYHKIMI B pa3HbIX BapHaHTaX MUCCIEAOBAHUMN (OIBIT U KOHTPOJIb).

1.2. buonoruueckas 3pPeKTUBHOCTD OTAEIBHBIX KOHLUEHTPAIUIl BbIpaXKaeTCs
a100 yepe3 KOJIMYECTBEHHOE 3HAUCHHUE TeCT-(PYHKINUU IPU ITOM KOHLIEHTpAlUH B
KOHLIE CpOKa HaOMroAeHUs (110 OTHOIICHHWIO K 3HAYEHUIO B KOHTPOJBHOU cepuw,
BBIpQXEHHOE B MPOLIEHTax), JIMOO B BUJE CpPOKa JOCTHKEHHUS ONpPEIEICHHOM
BEJIMUYMHBI TeCT-QYHKIIMU 00bEKTA MIPU JEHCTBUU 3TOM KOHLIEHTPALIUU.

1.3. B Tex ciydasx, Korja B KOHTPOJIbHOW BBIOOPKE TaKKe HAOJIONAIOTCS
perucTpupyemMble U3MEHEHus (Hampumep, rudenb TecT-00bEKTOB), TO K JaHHBIM

OTIBITOB BBOJAT "monpaBky AGOo0Ta", onpeAeIsieMyIo CIISTYIONIUM ITyTEeM:

N -N

%omn  Y%KOHTp
NI x 100,
%pe3 100 - N

YKOHTpP
rae: N - yTouyHeHHasi BenuuunHa 3¢¢ekTa BemecTBa; N - 4UCIIO
%opes %om
MOruoOImMX 0cobeit B onbiTe; N - YHCIIO MOTHOMINX 0CcOo0eH B KOHTPOJIE.
%KOHTp

1.4. XapakTepuCTUKON  TOKCUYHOCTH  BEIIECTBA  CIY>KUT  BEJIMYHUHA

KOHOCHTPAIWH,



BBI3BIBAOIIAS omnpeneiaeHHbIn dhdexT Ha TecT-00hekT (DK , OK  wmm DK ),
WIH

25 50 100
HE Mpou3BOJsALIasl JOCTOBEpPHOro 3(p@dexkra 3a BpeMsl TOKCHUKOJIOTHYECKUX
HUCCIIEeI0OBaHUMH.

1.5. 3agaueil Berumcnenuid npu onpeneneHun [IJIK cioyxut ycranosienue
MaKCHMaJbHBIX KOHIIEHTpAIMi, HE OKa3bIBAIOIIUX YCTOMYMBOTO 3(PQeKxTa HU Ha
OJIMH W3 TECT-NIAapaMeTpPOB, YYHUTHIBAEMBIX B HccienoBaHusAX. HexpeicTByromei
KOHLIEHTpalMel MCCIEeIyeMOro BEIIECTBAa IMPU3HAETCS Takas KOHILIEHTpalus,
KOTOpasi HE BBI3bIBAET JOCTOBEPHOE OTKJIOHEHHE BEIMYUHBI TECT-QYHKIUHU OT €€
BEJIMYMHBI B KOHTPOJBHOW cepuU 3a CpoK ucciaenoBaHuil. TecT-pyHkuus He
JIOJIKHA JIOCTOBEPHO OTJIMYATHCA OT 3HAYEHUUN B KOHTPOJIE.

1.6. [Ipu onpeneneHnsax OpUEHTUPOBOYHO O€30MIaCHOTO YPOBHS BO3ACUCTBUSA
BeuiectBa (OBYB BemiecTBa) ycTaHAaBIMBAIOTCS KOHIEHTPALMHM, CIIOCOOHBIE
IpOU3BOAUTH JP(EKT Ha TeCcT-mapamMeTpbl, HE IMPEBBIIIAONINE BEIUYHHY,
OTOBOPEHHYIO B HACTOSIIMX  METOAMYECKMX  PEKOMEHJIaUusX 110
COOTBETCTBYIOILIEMY TECT-OOBEKTY.

1.7.  JlononHutenpHyro MHGOPMAIMIO O BO3MOXKHOCTAX M IpUEMax
CTaTUCTUYECKOW OOpabOTKM JIaHHBIX MOKHO HAWTH B COOTBETCTBYIOIIHUX

PYKOBOJICTBaX.

2. IlepBuuHas 00pabOTKa JaHHBIX

2.1. Ins Bcex MOBTOPHOCTEM B KOHTPOJIE U B KaXKJIOW M3 KOHICHTpAIlMi Ha
KOHKPETHBIN CPOK BBIYUCISETCS CpeaHee apudMeTHUYecKoe 3HaYeHUEe TeCT-

bynakuu X o popmye:

X +X +X +...+X
1 2 3 n SUM x



IJIe: X - YaCTHbIE 3HAYCHMs TECT-TIapamMeTpa B KaXKIOW U3 MOBTOPHOCTEH (B
KOHTPOJIBHOM BapHaHTE€ WIM B KaXJ0H M3 KOHIEHTpaluil); n - KOJUYECTBO
3Ha4YEHUN (TOBTOPHOCTEN) B CEPUU.

2.2. B ciydae CyleCTBEHHBIX OTKJIOHEHUM OAHOM M3 AaT B CEPUM OT CPEAHEN
apu(MeTnyecKou 11e1ecoo0pa3Ho OLIEHUTh, HE BBINAIAET JIU OHA, B CUITYy KaKUX-TO
NOoOOYHBIX TPUYUH, U3 OOIEH 3aKOHOMEPHOCTH. J[[is 3TOro MOXeT OBITh
IPOBE/ICHO BBIUMCIIEHHUE 10 CIAEAYIOMUM (hopMyIaMm:

CCJIM COMHUTCIIbHAA AaTa OKa3ajlaCb HAUMEHBIILICH O 3HAYCHHUIO -

X - X
1

V = oemmeeees ,
X -X
n-1 1

rae v - Ko3h(UIMEHT OIEHKH MNPUHAMJICKHOCTH, X - COMHUTEJbHAS JaTa
1
(HauMeHbIIas); X - gaTa, CACAYIoIIas Mo BeJIWYUHE; X - JlaTa, MPeaIIeCTBYIOMIAs
2 n-1
HauOOJIbIIIEH B CEPUH,

CCJIM COMHUTCIIbHAA AaTa OKa3ajlacCb HauOOIbIIEH 110 3HAYEHHUIO -

X - X
n n-1

V= - ;
X - X



TJIe X - COMHUTEIbHAS AaTa (HauOoJbIas); X - JAaTa, MPeAIIeCTBYIOMAs 110
n n-1
BEJIMYMHE; X - J1aTa, CIEAYIOIIas 34 HAMMEHBIIIEH B CEpUU.
2
[Tonmy4yeHHsblit K03(h(GUIHUEHT V COMOCTABISIETCS C NMPUBEICHHBIMU B TaOIuUIE
BEJIMYMHAMM Ui YpoBHS 3Hauumoctd P = 0,05 wm miga pasHOro wyucna

noBTopHOcTel n (Tabnuua 3.1):



3HadeHue kod(pPuimeHTa v oT Yrcia TOBTOPHOCTEH n

n- 4 S) 6 I 8 9 10 11 12
V - 0,96 0,81 0,69 0,61 0,55 0,51 0,48 0,45 0,43
n- 13 14 15 16 17 18 19 20

V - 0,41 0,40 0,38 0,37 0,36 0,35 0,34 0,33

Taomuma 3.1



Ecnu BbluncneHHas BeIMYMHA V paBHA TAOJIMYHOMY WJIM MPEBBIIIAET €ro, TO
OIlCHUBaeMasl jJlaTa MOXeT ObITh UCKIIFOUeHA M3 BRIOOPKH JaHHBIX. HoBOe cpenHee
apupMeTHIECKOe 3HAUCHHE U BCE MOCIEAYIONINE BBIYMCICHUS MPOU3BOAATCS 0€3
9TOU JaThl.

2.3. Bpruucnsiercs cpeaHee KBaapaTHYECKOE OTKIOHEHHWE 3HAYCHUN TeCT-

(GYHKIIUU OT CPpEIHEro (CUTrMa) Jis KOHTPOJIS U JUIS KaXKI0H M3 KOHIIEHTPAIIHM:

N-1 I

2.4. PaccuuthiBaeTcs OIMOKA CpeaHEro apu(MeTHUEeCKOro 3HAYEHUs TeCT-

dbynkuuu (S) B KOHTPOJIE U B KXKJI0M U3 KOHIIEHTpAIii:

3. Berurcnenus: JocToBepHOCTH pazinnunil npu onpenenenuu [1JIK Bemecta

3.1. Beruncnenust JOCTOBEpHOCTH pa3inuuus o kputeputo t (CThrofeHTa)
st
Brruucnsiercss Kputepuil JOCTOBEPHOCTH paA3jWyus CPEIHUX 3HAYCHUU

TecT-(QYHKIIMKA B KOHTPOJIE U B KAXKIOW U3 KOHIIEHTpaIui (t ):

d



KOHTp. OII

BbluucieHHble BENWYMHBI KpUTEpUs t  CONOCTABIAIOTCS C TaOJIWYHBIMH
3HAYCHUSAMHU
d
(xputepuii CtbrofeHTa), IpUBEACHHBIMU B Tabnuie 3.1.1. OTu 3HaueHus (t )
st
COOTBETCTBYIOT ypOBHIO 3HauuMoctu P = 0,05 u umciy creneHeil cBOOOIbI
(k=n +n  -2)mo 30.

Ol KOHTp.

Tabmura 3.1.1

3nauenusa kputepust CTbloJIeHTa

[k- |1 2|3 4 |5 Je [7 [8 o |10 |

|t - 12,7 |43 |3,18 |2,78 [2,57 [2.45 |2,37 |2,31 |2,26 |2,23 |

I I T A B O O




|k- |11 |12 |13 |14 |15 |16 |17 [18 |19 |20 |

|t - |22 2,18 |2,16 |2,15 |2,13 |2,12 |2,11 [2,10 | 2,09 |2,09 |

fse 11T

|k- |21 |22 |23 |24 |25 |26 |27 |28 |29 |30 |

|t - [2,08 |2,07 |2,07 [2,06 [2,06 |2,06 |2,05 2,05 2,05 |2,04 |

fse 1

Paznmuune  Mexay CpeIHMMM 3HAYCHUSAMHU TECT-IapaMeTpa B ONBITE U B

KOHTpOJIE
CUHMTACTCS JIOCTOBEPHBIM, €CIM  pacCyuTaHHAs BeJIWYMHA t
COOTBETCTBYIOLIEN
d
BenuuunHe k, paBHa TaOMUYHOM UK TIpEBBIIALT ee (t >=1 ).
d st

3.2. BeruucieHus 10CTOBEPHOCTH paszinuus 1o kpurepuro F (Durepa)

npu



JUtst Kaxa0W mapbl CPAaBHUBAEMBIX CPEIHUX BEIUYHMH (ONBIT U KOHTPOJIb)
BBIYKCIIAETCS BEJIMYMHA OTHOILIECHHS COOTBETCTBYIOUIMX JAUCIEPCUi (KBaapaToB

CPEIIHUX KBaJIPATUYECKUX OTKJIOHEHUN):

2
curma
1
F o=
JKCI 2
curma
2

Bcerna Oepercs oTHouieHHE OOJbIIEH AUCIEPCUU K MEHbBIIEH, MOITOMY
BEJINYMHA
F  He MOXeT ObITh MEHBIIIE €IUHULIBI.
AKCI

[lonyuennass BenuumHa Kputepus F  comoctaBisieTcs ¢ TaOIUYHBIMHU

’KCI
sHauenusmu (F ) nana yposus 3Hauumoctu P = 0,05 mpu coOTBETCTBYIOIIEM
qyucie
CT
creneHeit ceo6oapl k u k (Tabmuma 3.2.1).
1 2
Ecu F Gonbmie F mipu cooTBETCTBYIOIIEM 3HAYEHUH CTETICHEH CBOOOIBI, TO
AKCII CT

paziuuMe  MEXAY ~ CpaBHUBAGMbIMH BapuaHTaMu (MEXIYy OIBITOM U
KOHTPOJIEM)

JIOCTOBEPHBI.

Tabmura 3.2.1



3nauenus kpurepus Ouinepa

k - 4gucnmo crenenei | k - 4gmcmo crenenelt cBOOOABI s OONBIICH AUCTICPCUN

cBOOOEI TUTS MEHBIIEN

|
|
| 2 |1 |
|
|
I

—

| TIACIIEPCUU |1|2|3|4|5|6|7|8|9|10|
|
|

| | | | |
I I I I I
| | | | | |
I I I I I I
1 | 161 |200 |216 |225 230 |234 237 | 239 |241 |242 |
| | | | | |
| | | | | |
I I I I I I
2 | 18,5 |19,0[19,3]19,3|19,4|19,4|19,4|19,4|19,4| 19,4 |
| | | | | |
I I I I I I
| | | | | |
I I I I I I
3 | 10,1 19,6 [9,3 9,1 |90 |8,9[8,9 |88 8,8 8.8 ]
| | | | | |
I I I I I I
| | | | | |
I I I I I I
4 |7,7 6,9 |6,6 |64 |63 ]6,2|6,1 |6,0]6,0]6,0 |
| | | | | |
I I I I I I
| | | | | |
I I I I I I
5 |6,6 |58 5452515049 |48 |48 |47 ]
| | | | | |
I I I I I |
| | | | | |
I I I I I I

6 |6,0 |51 48 |45 |44 |43 |42 42 ]41 |41 ]



7 |5,6 |4,7 |44 |41 4,0 (3,9 (3.8 3,7]3,7[3.6]

8 15,3 |4,5 [4.1 3,8 (3,7 (3,6 |3.,5(3.4 (3433 ]
| | | | | |
I I I I I I
| | | | | |
| | | | | I
9 |51 [43 13,9 3,6 3534333213231
| | | | | |
I I I I I I
| | | | | |
I I I I I I
10 |50 4,1 3,7 3,533 ]3,2]3,1]3,1]3,0]3,0|

4. Vicnonp3oBanue npodbut-ananusa Jjis onpeaenenus JIK

50

[Ipu omnpeneneHUM KOHILEHTpAILMM, CMOCOOHBIX BbI3bIBaTH rubens 50%
ocobeit B BhIOOpKe (Hampumep, npu omnpeaenenun OBYB BemectBa), mpoBoasT
Takoe IpeoOpa3zoBaHue 3HAYEHUN KOHIIEHTpauu U 3¢ dekTa rudenn opraHu3MoB,
Ipyu KOTOPOM 3aBUCUMOCTh 3((deKTa OT KOHIEHTPALUHU MPEBPALACTCS U3
CUTMOMJIbI B TNpsAMYIO JIMHUIO. Takoe mpeoOpa3oBaHHE MO3BOJISET MO JAHHBIM,
MOJIYYEHHBIM TOJIBKO Ui 2 - 3 KOHUEHTPALMM, ONpeaeanuTh BEepOsSTHBIN 3ddexT
JUISL BCEro Juara3oHa KOHILIEHTpaUWid OT MaKCHUMaJIbHO HEIEHCTBYIOLIEH M0
MUHUMAaJIBHO a0COJIFOTHO JIETATbHOM.

Jlist sToro Ha rpaduke 3HAUYECHUs MPOLICHTHBIX KOHIIEHTPALU BElEeCTBa
NEePEeBOASTCS B JorapupMuyeckyto popmy, a moaydeHHbIi 3QGEKT - U3 MPOLIEHTOB
ru0eiay OpraHu3MOB B COOTBETCTBYIOIIME WM 3HAYEHHs] YCJIOBHBIX €IUHUI] -

npoOUTOB. 3HaUEHUs MPOOUTOB MPUBOAITCS B Tabuuie 4.1.






Taomuma 4.1

3HauYEHHE MPOLIEHTA TMOEIN OPraHU3MOB B OIIBITE

COOTBETCTBYIOILIEMY YCIIOBHOMY YMCIY €IUHUL-ITPOOUTOB

['ubens, % 0 1 2 3 4 5 6 7 8 9

- 2,67 2,95 3,12 3,25 | 3,35 | 345 3,52 3,59 3,66

10 3,72 3,77 3,82 3,83 392 | 396 | 4,01 4,05 4,08 4,12
20 4,16 4,19 4,23 4,26 429 | 433 | 4,36 4,39 4,42 4,45
30 4,48 4,50 4,53 4,56 459 | 461 | 4,64 4,67 4,69 4,72
40 4,75 4,77 4,80 4,82 485 | 487 | 4,90 4,92 4,95 4,97
50 5,00 5,03 5,05 5,08 510 | 513 | 5,15 5,18 5,20 5,23
60 5,25 5,28 5,31 5,33 536 | 539 | 541 5,44 5,47 5,50

70 5,52 5,55 5,58 5,61 5,64 | 567 | 571 5,74 5,77 5,81




80 5,84 5,88 5,92 5,95 599 | 6,04 | 6,08 6,13 6,18 6,23

90 6,28 6,34 6,41 6,48 6,95 | 6,64 | 6,75 6,89 7,05 7,33

Ha rpaduke, orpaxaromiem cBs3b d3pdekTa (B mpoOUTax) ¢ KOHIIEHTpaLueH (B
norapudmax), ONpeaeistoT TOYKY, COOTBETCTBYIOIIYIO mpooutry 5 (50% rubenn), u
OIYCKAalOT M3 Hee MEPHEHIUKYISP Ha OChb KOHIEHTpauuid. OCHOBaHUE 3TOTO
NEPIEHAMKYJIApa IPUAETCS Ha KOHLIEHTPALMIO, COOTBETCTBYroITYHO JIK .
50

[Tomumo rpauyeckoro MoxeT ObITh UCIOJIB30BAH PACUETHBIN cIoco0 onpeaeneHus noay3PpekTuBHOM KoHIIeHTpauuu. OH
OCHOBAaH Ha MPSMOJIMHEHHONW B3aMMOCBS3U MEXAY KOHLUEHTpaue 1 3p¢PeKToM, BEIpa)KEHHBIM B TPOOUTAX.

J1J1s 3TOTO BBOJATCS IONOJHUTENIbHbIE 0003HAYEHUSI:

X - HOPSIAKOBBIM HOMEP JaHHOW KOHILIEHTPALMH B IIKAJIE UCCIIEIOBAHHBIX KOHLIECHTPALMN;

Y - THOEIIb TeCT-OpPraHN3MOB, BEIPAKEHHAS B POOUTAX;

B - BecoBoii koadduinrieHT mpoduTa, onpeaesieMblil o Tadyuie 4.2:

Tabmuna 4.2

BecoBbie ko3 puninenTs 3HaUeHUN TPOOUTOB



[Tpobut 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
1,0 1,2 1,4 1,6 1,8 2,0 2,3 2,6 2,9 3,2
3,5 3,7 3,9 4,1 4,3 4,5 4,6 4,7 4,8 4,9
50 4,9 4,8 4,7 4,6 4,5 4,3 4,1 3,9 3,7
3,5 3,2 2,9 2,6 2,3 2,0 1,8 1,6 1,4 1,2




3aBUCHUMOCTh MEXIYy KOHIEHTpamued u 3(QexToM, BBIPAKECHHBIM B
npobuTax,
OIKCBHIBAETCS CIACAYIOUIUM yYpaBHEHHEM: ¥ = A + A X.

01

Jns BeraucneHuss koddpduuureHtoB A U A MOXKET OBITh HCIOJIb30BaH

KAJIbKYJISITOP
01
C mporpamMmon ompeneneHus Kod(p(UUUEHTOB MNPSMOJIMHEHHOW perpeccuu
WIH
MIPOU3BOJSATCS Clielytouiue onepanuu ("MeToqoM HaUMEHBIINX KBaJApaToB"):
[lo naHHBIM, MOJIyYEHHBIM B MCCIEIOBAaHHUSAX, COCTAaBISIETCA Tabiuua Mo

cooTBeTcTBYIOMIEH popme (Tabnuna 4.3):

Tabmua 4.3

I/ICXOI[HBIC JaHHBIC
JJIs1 BBIYMCIICHUS KOMIIOHCHTOB CHCTCMBI ypaBHeHI/Iﬁ IIPpXU BBIYUCJIICHHUHA

JIK "meTogom HauMEHbIIMX KBagpaToB"

50

I I I I
| I T T T

|KOHI_ICHTpaI_[I/I$I, Mr/11 | X | y | B | XB | x B | yB | xyB
| | | | |

I
|
I
| I A
|

| | | SUMB |SUMxB | SUMx B | SUMyB | SUMxyB



]_IaHHLIC H3 T&6JIHHI)I HCIIOJIB3YIOTCA OJI1 PCHIICHUA CJ'ICI[YIOIHCﬁ CHCTCMBI

YPAaBHEHHMM:

-
| A xSUMB+ A x SUMxB = SUMyB
| o 1
|
1) < 2
| A xSUMxB +A x SUMx B = SUMxyB
| 0 1
L

(2) A =(SUMyb-A x SUMxB)/SUMB

0 1
SUMxB 2
(3) ----- X (SUMyB - A x SUMxB) + A x SUMx B = SUMxyB
SUMB 1 1

N3 ypaBHeHus (3) BbluuCIsAeM A U MOJCTABIISIEM €ro B ypaBHeHUE (2) s
1

BBIYUCIICHUS A .

0
nen

[ToncraBuB 06a koddduimenta u Benuuuny '"y", paBHyto 5 (mpoout 50%), B

ypaBHeHue (1), MOKHO BBIUMCIUTH UCKOMYIO BEIMUMHY KOHIeHTpauuu JIK .

50



[Ipunoxenue 5

K MeToinuecKkuM yKa3aHHUsIM

1o pa3paboTKe HOPMATHUBOB
KaueCcTBa BOJIbI BOJHBIX 0OBEKTOB
PBIOOXO3SIICTBEHHOTO 3HAYCHUSI,
B TOM YMCJIE HOPMATHBOB
IIPEIEIIBHO JIOIYCTUMBIX
KOHIICHTPAILIMN BPEIHBIX BELIECTB
B BOJIaX BOJIHBIX OOBEKTOB

PBHIOOXO3SIIICTBEHHOTO 3HAYEHUS

AHHOTallMOHHAA KapTa

HOPMHUPYEMOE BEIIECTBO

1. Opranuzanus-pazpadbotuuk (agpec MouToBbIN, TenerpadHbii, Ten./dakc),
Penensenr.

2. Opranuzanus-3aka3yuk.

3. Ha3zBanue otyera.

4. Ha3BaHne HOPMHPYEMOTO BeIIECTBa (TOBApPHOE; XUMHUYECKOE, yKa3aTbh N
CAS; cuHOHHMBI); €ro COCTaB JUIsl CMECEBBIX MpenapaTtoB (yka3aTh JEHCTBYIOIICE
BEIIIECTRO).

OO6racTh MPUMEHEHHUS UCCIISAYEMOT0 BEIIEeCTBA.

5. DMmnmpuyeckas u CTpyKTypHas Gopmyia.

6. OcHOBHBIE (PU3MKO-XUMUUYECKHE TOKa3aTenau: MojeKyssipHas macca (M.M.);
temneparypa masienus (T °C); arperaTHoe COCTOSIHUE;, PacTBOPUMOCTH B

[1J1aB



BOJI€ (MTI/1); TWIOTHOCTH (T/cM3) U T.11.

7. CtabunbHOCTh B BOJHOM cpene. [lopor BimMsiHMS Ha TMOKa3aTeId BOIHOMN
CpEIBl.

8. Hannume meropa XMMHMUYECKOTO aHajIM3a BELIECTBA B BOJE, BKIIOUCHHE B
rOCyJapCTBEHHBIN PEECTp.

9. Tpodwuueckuii craryc BOAHOro 00BEKTa, U3 KOTOPOro Oepercs Boaa s
OMNBITOB (IPOAYKTUBHOCTh, COJAEpXkaHHE OOILero xjgopopwuia B LHUPPOBOM
BBIPKEHHUHU U MTPOY.).

10. Ilpupomnoe ¢GhoHOBOE coaepkaHWE B BOJAHOM OOBEKTE BEIIEeCTBa, Ha
KOTOpO€ pa3zpabaTbIBaeTCs NpeesibHO AonmycTuMas koHueHnTpauus [1JIK Bemectsa
WJIM OPUEHTUPOBOYHO Oe3omnacHbiil ypoBeHb OBY B BemecTsa.

11. KadectBo QoHOBON cpeabl (BOAbI), MCIONB3YEMON NpPH NPOBEICHUU
TOKCHUKOJIOTUYECKHX  MCCIICOBAHUM:  MHUHEpaIM3alMs,  KECTKoCTh,  pH,
OKHCIIIEMOCTb, CO/ICpKaHUE OMOTEHOB U T.I. [ MAPOXMMUYECKUH KJacc U rpymnmna
BoJ 1o kiaccudukanuu O.A. AnexuHa.

12. Xapakrtep 3arpsi3HEHHs BOJHOM Cpellbl B ONBITE: ONAJIECLEHIMS, IUICHKA,
U3MEHEHUE [IBETa pacTBOpa, HWCTHUHHOCTh WM KOJUIOMJHOCTH pacTBopa, IS
MEJKOAUCIIEPCHBIX B3BECEH - CKOPOCTh OCEAaHUs YACTHI] U T.I.

13. Pe3ynbTaThl cciea0BaHUM B TaOIUIIE:



Oxpansiemoe |Tectopranu| OnpenensieMblid Bpewms [Toporosas HepevictByromas
3BE€HO 3M MoKa3areinp <*> SKCHO3UIHUH, KOHIICHTpanus, KOHIICHTpanus,
CyT. MT/TT MT/J1
1 2 3 4 5 6




[Ipumeuanue:
<*> B toMm uncne JIK (3K )3a 24 -96u.
50 50

14. TloporoBas KOHIIEHTpAys IO OPTAHOJICHTHYECKOMY TIPHU3HAKY
BPEIHOCTH.

15. U3meHeHue opraHoyienTUYECKUX CBOMCTB Msica PhIObI M OYJIbOHA, a TaKkKe
npyras cnenuduka (HampuMmep, U3MEHEHHE IIBETa OPraHU3MOB, 000JIOYKHU HUKPbI
HEKOTOPBIMHU KPACHUTEIISIMU).

16. Hanuume cnenudpuueckux d>(dexkToB (TepaToreHes, MyTareHes,
AMOPUOTOKCUYHOCTh,  TOHAJOTOKCUYHOCTh) C  yKa3aHHEM  OOBEeKTa U
KOHIICHTpPAITUH.

17. Pe3ynbraThl TECTA HA TEHO-, IUTOTOKCUYHOCTb.

18. Kimacc omacHocTu.

19. JIumuTHpyIomuii MoKa3aTelib BPeTHOCTH.

20. Pexomennyemas [1/IK BemectBa B mr/in unu ObBYB BeniectBa B Mr/i.

[Toanuck pykoBoauTens padoT

Jlata 3amonHeHus

[Tpunoxenue 6
K MeTonuecKkuM yKa3aHHusIM

1o pa3zpaboTKe HOPMATHBOB



KayeCcTBa BOJIbI BOJHBIX 00HEKTOB
PBIOOXO3SIICTBEHHOTO 3HAYCHUSI,
B TOM YHUCJI€ HOPMATUBOB
MPEEIbHO JIOMYCTUMBIX
KOHIICHTPAIMI BPEIHBIX BEIIECCTB
B BOJIaX BOJHBIX OOBEKTOB

PBHIOOXO3SIIICTBEHHOTO 3HAYEHUS

OBIIME TPEBOBAHUA
K COCTABY U CBOMCTBAM BOJIbl BOJIHBIX OFBEKTOB
PBIFOXO3SIMCTBEHHOI'O 3HAUEHHW A

| ITokazarenu Kareropus BojomnoJib30BaHus
| cocTaBa 51
|
| |
|
|
| CBOMCTB BOJIBI | BBICITIAs U TIepBast | BTOpas

| BOJHBIX OOBEKTOB | |

|B3BeIHeHHI>Ie |HpH cOpoce BO3BpaTHBIX (CTOYHBIX) BOJ KOHerTHBIMl

| BCIICCTBA | BOJOIIOJIB30BATCIICM, IIPOU3BOIACTBC pa60T Ha BOAHOM 00BeKTe

|B NpUOPEXKHON 30HE COAEpKAHUE B3BEIICHHBIX BEIECTB Bl

| KOHTPOJIBHOM CTBOpE (IIyHKTE) HE JOJKHO YBEIMYMBATHCS IIO |

|
|
| | CPaBHCHHIO C ECTECCTBCHHBIMHU YCJIOBHSIMH OOJIee YeM Ha: |
| | 0,25 mr/am3 0,75 mr/am3 |

|

|B BOJHBIX OOBEKTAaX pPbIOOXO3UCTBEHHOIO 3HAYEHUS an|



| CoJiep>KaHuu B MexeHb 0osee 30 Mr/amM3 mpUpOIHBIX B3BEIIEHHBIX |
| BEIIECTB JIOMYCKAETCS yBEIIMYCHUE COICPKAHUSI UX B BOJE B |

| npeaenax 5%. |

| Bo3BpatHbie (CTOYHBIE) BOABI, COJEpIKAIUe B3BEIICHHBIC |

| BEIIECTBA CO CKOPOCTBbIO ocaxjaeHusi Oonee 0,4 mm/cek., |

| 3ampeniaeTcsi copackiBaTh B BOJOTOKH U 60jee 0,2 MM/CeK. - |

|BOI[0€MBI |
|
I
|
I
|HnaBa}omHe |Ha MIOBEPXHOCTH BOJBI HE JIOJDKHBI OOHAPYKHBATHCS
HJIeHKI/Il
| IPUMECH | He(TEPOAYKTOB, MACel, )KUPOB U CKOIUICHUS IPYTHX MPUMeceh
|(B€HI€CTBa) |

|TeMnepaTypa |TeMnepaTypa BOJIbI HE JIOJDKHA TOBBIIATHCA MO CPABHEHHIO

c|
| €CTEeCTBEHHOM TeMIIepaTypoi BOMHOTO 00beKTa OoJiee yeM Ha 5 |
| °C, ¢ o0IIUM MOBBIIICHUEM TeMIIepaTyphl He Oosee yem 10 20 °C |

|J'IeTOMI/I 5°C 3umMoil I BOJAHBIX OOBEKTOB, TJ/E O6I/ITaIOT|

| 10 28 °C netom u 8 °C 3UMOM B OCTAJIbHBIX CIyYasX. |
| B Mecrax HepecTWIWIN HaJIMMa 3ampeniaeTcsl IOBBIIIATh |

| TeMIIepaTypy BoJbl 3UMoi Oosiee yem Ha 2 °C |

|
|
|
| | XOJIO/IOFOOUBBIE PHIOBI (JIOCOCEBBIE U CUTOBBIE) U HE OoJiee ueM |
|
|
|
|

| Bonopoansii | He nomkeH BbIXOAUTH 3a Tipeensl 6,5 - 8,5

| nokaszaresnb (pH) | |



|MI/IHepaJII/I?>aHI/IH |H0pMI/IpyeTC$I COTJIaCHO KaTeropusM pPbIOOXO03iCTBEHHBIX

BOI[HBIXl
| BOJIEI | 00BEKTOB UJIU €r0 YYaCTKOB |
| |
| |
|
|
|PaCTBopeHHBIﬁ |B 3UMHUN (TTOJICIHBINA) TEPHO JOJDKEH OBITh HE MEHee
| KHUCJIOPOJ | 6,0 mr/mm3 4,0 mr/mm3 |

| | B neTHut (OTKpBITHIN) MEPUOJT BO BCEX BOJHBIX OOBEKTAX JIOHKEH

| | OBITH HE MeHee 6 Mr/aM3 |
|
|

| buoxnmuueckoe | IIpm Tremneparype 20 °C He TOIHKHO NPEBBIIATH

| moTpedIeHrE | 3,0 mr/om3 3,0 mr/om3
| KHCIIOpo1a | Ecnu B 3MMHUI TIepro/] COAEPKAHUE PACTBOPEHHOTO KUCIOpOAa
5|
| bIIKnomx | BOJHBIX OOBEKTaX BBICIIECH U MEPBOM KATETOPUU CHUKACTCS
10 |
| | 6,0 Mr/mM3, a B BOJHBIX 00BEKTaX BTOpPOH Kareropuu a0 4 |
| | MTI/IM3, TO MOKHO JOMYCTUTh COPOC B HUX TOJBKO T€X CTOYHBIX |
| | BOJI, KOTOpbI€ HE U3MEHSI0T bITK BombI |
| |
| |
|
|
| XuMnueckue | He pomkHBI conepxaTbCsi B BOJIE BOJIHBIX OOBEKTOB |
| BEIIEeCTBa | PBIOOXO3SIMICTBEHHOTO 3HA4Y€HUST B KOHIEHTpAIUSX,
MIPEBBIIIAOIINX |

| | Hopmatussbl [1JIK BemecT



|TOKCI/I‘IHOCTL |CTO‘IH3§I BOJla Ha BBIITYCKC B BOI[HBIﬁ 00BCKT HE I[OJI}KHal

| BOJBI | OKa3bIBATH OCTPOT'O TOKCUYCCKOI'O ,ZICfICTBPISI Ha TECT-00BEKTHI. |

| |B01[a BOAHOI'O 00BEKTa B KOHTpPOJIbLHOM CTBOpPC HC ,HOJI)KHal
|OKa3BIBaTB XPOHHUYCCKOI'O TOKCHYCCKOI'O I[GflCTBHSI Ha TeCT-l

|
| | o6BexTHI
|




