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lNocynapctBenHoi mporpammoil pa3sutus arpapaoro ousneca Ha 2016—2020 roast B be-
Japycu MpeayCMOTPEHO HOBBIIEHHE 00BEMOB BOCIIPOM3BOCTBA LIEHHBIX BUJOB PbIO, BKIIHOYas
ToBapHyto (openb, k 2020 roxy xo 1200 TonH. Mexay tem, numsb 3a 2017 rox UMIOPT MPOTYK-
1uu 13 Gopenu B Hally CTpaHy cocTaBui 0kosio 6000 TOHH.

JanpHelmass MHTEHCU(UKAIMS TPOU3BOACTBA TOBAPHOM PBIOBI TPEOYET ONTUMU3ALNU
IIPUEMOB €€ pa3BeICHUs YK€ Ha CTa/luU BBIKJIEBA U BbIpALIMBAaHUsA MOJIOU. OTHUM U3 BO3ZMOXK-
HBIX [10IXO0J/I0B B ATOM ILJIaHE SIBJISIETCS] BO3JICHCTBUE HA MPOLIECC BBIKJIEBA U POCT JIMUYHUHOK PbIO
OMOreHHBIX (PAaKTOPOB, K UUCITY KOTOPBIX OTHOCSTCS MHUKPORJIEMEHTHI, BKIIIOYas METaJIbl C Ile-
PEMEHHON BaJI€HTHOCTBIO, K YUCITY KOTOPBIX OTHOCUTCS U HUKEJIb.

Huxkenb, kak, BIpoyeM, U paJ APYTUX AJIEMEHTOB, «IBYJIUK». B HU3KMX KOHLEHTpaLMIX
— 3TO 3CCEHIMAJIbHBIN AJIEMEHT, HEOOXOAUMBIH sl HOpMaIbHOMU JKHU3HEIeATeNbHOCTH. OH BXO-
JUT B COCTaB psijia SH3UMOB, B ToM uncie gukcauun COy, a30Ta, yCBOCHHUS XKeJe3a, yIacTBYET B
metabonmn3me Hp, Meranorenese u anerorenese. HemocrarouHocTs €ro maryOHO OTpakaeTcsl Ha
KHU3HEIEATENIbHOCTH pacTeHuil. JlepuuuT HUKeNs y LBIUIAT, CBUHEH, OBell U KO3 CONPOBOX/1a-
eTcsl 3a/Iep>)KKOM pOCTa, POCTOM CMEPTHOCTH, U3MEHEHUSIMU CTPYKTYpPBHI IEUYEHU U €€ MeTado-
au3ma [1-6].

OpHako B BBICOKMX KOHIIEHTPAIMSAX 3TOT 3JEMEHT TOKCHUYEH U BBI3BIBACT LIENBIM psf
HapyleHui. B pacTeHHsX oTMeUeHbl MMo/aBIeHHE POCTa, (POTOACCUMUIMPYEIIETO TPAHCIOPTA,
razoobMeHa, (OTOCHHTETHYECKOTO TpPAaHCIOpPTa AJIEKTPOHOB, peakuuid nukia KanbuHa-
ben3ona, anaromun 1 MopQoJIOrHM JHCTHEB U KOpHEH, HapyleHus ooMeHa sxenesa [2, 7]. Ha
JMHUSX KJIETOK KUBOTHOT'O MPOUCXOXKICHUSI MPOJAEMOHCTPUPOBAHO CHUKEHHE JKU3HECTIOCOOHO-
ctH Kietok nofa aericreuem Hukens (I1) [8]. OTMmedeHsl KaHIIEpOTreHHbIE, TEHOTOKCHUYECKHUE, UM-
MYHOTOKCHUYECKHME U MyTareHHbIE CBOWCTBA COeTMHEHUI HUKend [9].

BMmecte ¢ Tem, MexaHM3M OMOJOrMYECKOIO0 M TOKCHYECKOIO JEHCTBUS 3TOrO 3JIEMEHTa
BechbMa JiajJieK OT MOJIHOM sicHocTH [9, 10].

Panee npoBoawinch Hccae10BaHUs 110 YCTAaHOBICHUIO MUHUMAJIBHON CMEPTEIbHONW KOH-
nenTpanuu (LD50, B Teuenne 96-yacoB): s pamyxHoi (openu oHa coctaBmia 19,3 mr/m [10].
OpHako BIUSHHE HUKENS Ha KU3HEAEATENbHOCTh THAPOOMOHTOB OCTAeTCsl MPAKTHUECKU HEU3Y-
YEHHBIM.

Leap uccienoBaHusi — OICHUTH BIMSHUE HUKENS IN VItr0 Ha TeMIT BBIKIECBA, JKU3HE-
CTOMKOCTB M TEMII POCTa pagyKHOU (popenu npu JOMHKYOAIIUH.

Matepuaabl 1 MeTOabl. MccinenoBanust mpoBeieHbl Ha SMOPUOHAX PaTyXKHOH (openu
(Oncorhynchus mykiss), nony4ennsie B hopeneBom xossiictBe 3A0 «IItuuby (benapych, MuH-
ckas o01., Jloroiickuii paiioH). JlonHKyOa1nio UKpbl TPOBOIMIN B XOJIOJMIBHUKAX MTPHU KOHIICH-
tpanuu cyiabdara Hukens — NiSO4 B pactBopax 10, 20 u 40 mr/n (B TeueHHe BCEro mepuoia
HaOJIoIeHNs), @ TaKKe IPU AKCIO3ULMHU B PACTBOPAX JAHHBIX KOHIEHTPAIMNA COMM B TEYCHUU
10 MuH. exxeTHeBHO. B KOHTPOJIbHBIN BapuaHT COJIb HUKENS He q00aBisu. KoaudyecTBo aMOpu-
OHOB — 110 3 ’MOpHOHA B KOHTEHHEPe B BOCBMUKPATHOM MOBTOPHOCTH JJIS1 K&XKION TPYIIIHIL.

Bo BpeMsi nHKyOanuu €KeHEBHO MEHSUIM BOJY Ul MOAJCPKAHUSA PEKUMA MPOTOUHO-
CTH; OBLIO 00ECTIEYeHO OTCYTCTBUE HCTOUYHUKA CBETA.
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Bpewmst HabmroneHus — 10 mepexoaa JMUYMHOK Ha SK30TeHHOE MuTaHue. Ha mocTosHHOM
ypoBHEe nogjaep;xkuBaiu Temieparypy 10 °C, cogepkanue kucinopoaa, pH 7,6 u napyrue mapa-
METPBI TUPOXUMHUECKOTO PexKUMA.

AHanu3upyemble IPU3HAKU: TEMIT BBIKJIEBA, KU3HECTOMKOCTh, a TaKXe JIMHA CBOOO/I-
HBIX SMOPHOHOB M JTUYHMHOK. AHAIIN3 KU3HECTOUKOCTU MPOBOJMIH B YCIOBUSIX OTCYTCTBHS HC-
TOYHHUKOB BHEIITHETO MUTAHUS JUUYUHOK PaTy>KHOH Qopenu.

Koadduuuent cunxponnoctu BeikieBa (Tz) onpenensiiy, Kak pasHOCTb MEXAY BpeMe-
HeM noctwkeHust 90 (Tgg) u 10%— ro BreikieBa (T1g) coorBercTBeHHO [7]. [Tokazarenu cpenneit
JUTMHBI TIOJIyYalld B pe3ysbTaTe 00padoTKH (POTOCHUMKOB MPEATUYNHOK U JIMYMHOK B IPOTpaM-
Mme Image J.

AHanu3 NOJy4YEHHBIX JAHHBIX MPOBOJAMIM B cratuctuueckod cpene R. HopmampHoCTb
pacnpeziesieHus: JaHHbIX noAaTBepkaeHa TectoM [llanupo-Yunka. IIpoBepky coOmroaenus ycio-
BUH OJHOPOJHOCTH TPYNIOBBIX AUCHEPCUI B BEIOOPKAX OCYIIECCTBILLIN 10 TecTy JIluBuHa. s
aHallM3a Pa3Inyiil MEX/Iy ONBITHBIMU IPYIIIAMH HUCIOJB30BAJICS OAHOMEPHBIN TUCTIEPCUOHHBIN
aHanu3 — KpuTepuidl ThIOKH.

PesyabTaTsl ucciaenoBanus. [Ipy mocTosHHOM BO3AEUCTBUU Cylb(aTa HUKENS 3HAUe-
HUE CpeJHEH BBDKMBAEMOCTH 00 @biKaeea coctaBmwio: 87,5, 100 u 79,16% mnpu KoHLEHTpauuu
saddexropa 10, 20 u 40 mMr/n coorBeTcTBeHHO. B cimyyae 10-MHHYTHOM SKCIIO3UILIUU C CONBIO HU-
KeJIsl 3TOT MoKasarenb ObuT paBeH 87,5, 100 u 87,5% npu xoruentpamnyu 3ddexropa 10, 20 u 40
Mr/11. BBKHBaeMOCTh KOHTPOJILHOM rpynibl paBHsuiack 91,66% (Tabnuna 1).

Tabnuma 1 — BepkuBaeMocTh SMOPHOHOB pagyKHOUM (Qopenu 10 BHIKIEBA MPU JOMHKYOAI[MU B
pacTBopax cysbdaTa HUKEIs pa3IudHON KOHIICHTPALUH

Konnenrpanus NiSOq4, Mr/a
CocrosiHue YMOPHOHOB 10 20 40 10 20 40 KOHgggonL,
MOCTOSIHHOE BO3JIEUCTBUE |  exeaHeBHO no 10 MuH JI00aBOK

[Tocaxxeno 24 24 24 24 24 24 24
MepTBBIE 0OCOOH 3 0. 5 3 0. 3 2
Bcero BepkmIIO 21 24 19 21 24 21 22
Buipacuoegs 875 | 100 | 79,16 | 87,5 | 100 | 87,5 | 91,66
IO BBIKJIEBA %

Ilocne 6viknesa Npy TOCTOSHHOM BO3/ACHCTBUM KOHIIEHTPALMHM CyJb(paTa HUKEIS MpU
koHueHTpauuu 3ddexropa 10, 20 u 40 mr/a 10, 20 u 40 mMr/a BeKMBaeMOCTh paBHsiachk 29,16,
91,66 u 79,16% cootBercTBeHHO. Toraa kak npu 10-MUHYTHOW SKCIO3UIUH C JTAaHHBIM 3 pek-
TOPOM B YIIOMSHYTHIX KOoHIeHTpammsix — 87,5, 100, u 87,5%. B KOHTpoJIbHOM TpymIie 3TOT MOKa-
3aresb coctaBui 75% (Tabnuna 2).

MaxkcuManbHble 3HAUE€HUSI BHDKMBAEMOCTH OTMEUEHBI MPHU KOHIIEHTPAIMM COJIM HUKEIs
20 mr/n (10 munyt) 1 20 Mr/a, Tae 3TOT MoKa3aTelb MpeBbIan KOHTPob Ha 25 u 17,66% npu
10-MUHYTHOM SKCIIO3UITUH WM MTOCTOSTHHOM BO3/ICHCTBUU COOTBETCTBEHHO.

Cyns mo pesynpTaTaM UCCII€AOBAaHUM, €JMHUYHBIN BBIKJIEB paHbIIEe BCErO Haydaics MpU
KOHIEHTpauuu coiau Hukens 10 mr/in u sxcno3unus 10 munyt (Tabnauna 3).

MunuManbHOe 3HaueHHe Kod(p(UIMEHTa CUHXPOHHOCTH BBIKJIEBA — 3 — IOKa3aTels
BXHOT'O I IPOU3BOJICTBA OTMEUEHO NMPHU KOHIEHTpauuu 10 MI/in ¥ npu NoCTOSTHHOM BO3/€H-
cTBUM 3P deKxTopa U mpu IKCno3uiuu 10 MuH. DTO 03HAYAET, YTO B ATUX IPYMIAX CHHXPOHHOCTH
BBIKJIEBA PaBHA TAKOBOW B KOHTPOJBHOM T'PYIIIE.
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Tabmuua 2 — BeokuBaeMocTbh SMOPHOHOB PagyKHOH (hopenu 1mociie BhIKJIEBA MPU TOMHKYOAIuU
B pacTBOpax Cynb(haTa HUKEIS pa3InuHON KOHIICHTPAIHN

Konnenrpanus NiSOq4, mr/n

Cocrosinue >MOPHOHOB 10 20 40 10 20 40 K0H6Té)gonb,
IOCTOSIHHOE BO3IEHCTBUE exxenaeBHo no 10 mun 00aBOK
[TocaxeHno 24 24 24 24 24 24 24
MepTtBBI€ 0cO0H 17 2 5 3 0 3 6
Bcero Bbpkuiio 7 22 19 21 24 21 18
BeuiBaemocth 29,16 | 91,66 | 79,16 | 87,5 | 100 | 875 75
IO BBIKJIEBA, %

Tabnuua 3 — [Nokasarenu Temia BBIKIICBa IMOPHOHOB PaAyKHOI (hopeiu IpH JOMHKYyOaluH B
pacTBopax cyiab(ara HUKENIS pa3aInyHOi KoHieHTpanuu (N = 8)

Konnentpanus NiSO4 mr/n
HccrenyeMbie mapamMeTpbl 10 20 40 10 20 40 KOH6T£30JIL,
MOCTOSSHHOE BO3IEHICTBUE exxenHeBHO 1Mo 10 MuH T00aBOK

JleHb Hatana nepsoro 18 19 16 16 17 17 18
BBIKJIEBA

JleHp Hayama MacCOBOTO 21 20 23 19 19 19 20
BBIKJIEBA

T1o 18 20 16 18 17 18 18

Too 21 24 25 21 22 23 21

T, 3 4 9 3 5 5 3

[Ipumeudanne — Ty — Bpemst BeikiieBa 10% smOpronoB; Tgg — Bpems BbikieBa 90% 3MOpHOHOB,
Tz — K03 PHUUNEHT CHHXPOHN3ALMH BHIKJIEBA

MaxkcuManbHOE 3HaueHuEe KO3(PPUIUEHTa CHHXPOHHOCTH BBIKJIEBA, OTMEYEHO MpPHU KOH-
nenTpauuu NiSOq4 40 mr/n. BepoaTHo, B 3TOM KOHIIEHTPAIMH COJIb HUKEIS YaCTUYHO 3aMeIseT
AMOpPUOHANILHOE PAa3BUTHE, UTO MOXKET CBUJIETENILCTBOBATh O €€ TOKCUYECKOM JIEHCTBUU.

Cpenusis IIMHA TUYUHOK PagykHOH Gopenu Ha 18 cyTKu nocie evikiega o4ty BO BCEX
OTIBITHBIX IPyNMax (3a UCKIOYEHUEM ITOCTOSIHHOTO BO3/IEUCTBUS COJIM HUKENSI B KOHIIEHTPAIUH
10 mr/m) Obina Ha 8,7-22,0% Oosnblieid, yueM B KoHTpoJie (Tabnuua 4). MakcumanbHbIi 3¢ dexT
otMmeueH npu 10-muHyTHOU SKcro3uruu: Ha 14,8, 22,0 u 16,0% s KOHUEHTpauii cynbdaTa
Hukens 10, 20 u 40 Mr/11 COOTBETCTBEHHO (CIIBUTH CTATUCTUYECKH IOCTOBEPHBI).

Ha 73-u cytku, onHako, cpeiHssl JUIMHA JIMYUHOK OMBITHBIX TPYII MaJIO OTJIMYaiach OT
KOHTpoJs. Jlaxke mpu koHueHTpanuu dpdexropa 10 Mr/n v mocTOSTHHOM BO3AEHCTBUH 3Ta BEJIH-
YHHAa IpEeBbIIIaa TAKOBYIO B KOHTpoJIe Juib Ha 14%, a BO BCEX OCTaJIbHBIX BapUaHTaX OHa KO-
nebanach B npeaenax 2,0-9,5%, uTo He OBLIO CTATHCTUYECKU JOCTOBEPHO (Tabmuia 5).

Bo3moxHo, Takas cutyauusi ¢ BapuanToMm 10 MI/i mpu mOCTOSIHHOM BO3JEHCTBUH 00Y-
CJIOBJICHA MaJIOi BEIOOPKOM, U TIPU YBEIIMYCHHUH MOCIICTHEN H3MEHEHHS ObLTH OBl CTATUCTUYECKU
3HAYUMBI.
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Tabnuua 4 — Cpennsist MHA (MM) JIMYHMHOK paxykHOH dopenu Ha 18-e cyTku mocie 1ouHKyOa-
IIMH B PacTBOpax Cyib(haTa HUKEIS pa3IndHON KOHIICHTPALH

BapuanTsl Tecr Tect Tect
p Mean SE + se n CV % | Ilamupo—
JKCIIEpUMEHTA JluBuna | TrprOKH
Yuika

KOHTPOJTb 16,76 + 0,40 18 0,12 -
+ NiSOy, 10 mr/n 15,50 £ 0,60 7 0,11 p>0,05
+ NiSQOyq, 20 Mr/n 18,22 + 0,30 22 0,09 p>0,05
+ NiSOy, 40 mr/n 18,35+ 0,30 19 0,08 p>0,05

+ NiSQOy4, 10 mr/a, 10 19,24 + 0,40 19 0,09 | p>0,05 p>0,05 p<0,01

MHUH
;“ME'SO“’ 20w/, 100 50 06040 | 22 | 0,11 p<0,001
;HE'SO‘“ 40 wrfm, 10049 444040 | 21 | 010 p<0,001

VYcnoBuble 0003HauUeHHS 3/leCh U Janee: Mean — cpenHee 3Hauenue anunbl, SE — cranmaptHas
omuOka cpennero, CV — ko3¢ ¢punment Bapuanun, %, n — 00beM BHIOOPKU

Tabnuma 5 — Cpeansist nuHa (MM) TUYMHOK paxykKHOM Qopenu Ha 73-U CYyTKHU MOCJE JOUHKY-
Oanuu B pacTBOpax Cyib(hara HUKEIS pa3TUIHON KOHIICHTPAINH

BapuanTsl T Tect Tect
P Mean SE + se n CV % | llanupo— cc cc
JKCIIEPUMEHTA JIuBuHa TrroKHM
Yuika
KOHTPOJTb 19,45 + 0,62 6 0,11 -
+ NiSOy, 10 mr/n 22,18 + 1,00 6 0,11 p>0,05
+ NiSOy, 20 mr/n 21,43+ 0,80 12 0,12 p>0,05
+ NiSOy, 40 mr/n 21,82+ 0,06 11 | 0,005 p>0,05
JHHN'SO“' 10 mr/m, 100 19344000 | 3| 041 | p005 | p>0,05 | p>0,05
* NSO, 20 wr/m, 100 51304057 |+ 13| 0,09 p>0,05
MUH
;mr;usom 40w/, 1009080071 | 12 | 0,12 p>0,05

3akJjoueHmue. Hpe}ICTaBHeHHI)Ie PE3YIBTATHI ABJIAKOTCA JIUIOb IICPBBIM HIAroM HCCICIO0-
BaHMI B 3aTpoHYTOM Bompoce. OHU JIEMOHCTPUPYIOT AOCTATOYHO CJIOXKHOE U HEOJHO3HAYHOE
BIIUSIHUE Cylb(aTa HUKENS Ha JUUYMHKH paayXKHOU (opernu, 3aBUCSIIEEe HE TOJbKO OT KOHIEH-
Tpamuu 3Toro dddexTopa, HO U OT BPEMEHHU BO3JCHCTBHS U XapaKTepa dKCIO3HIIHH.

[Ipexxne Bcero, oOpamaer Ha ceOsi BHUMAaHHE JOCTATOYHO BBICOKASI BBDKHBAEMOCTH JIW-
YHHOK, B OT/AETBHBIX BapHaHTaX MPEBBIMIAIONIAS TaKOBYIO KOHTPOJBHOW Tpymmbl. Jlanee, kak
0Ka3aj10Ch, B MUHUMAaJIbHOW KOHIEHTpAIMH CyIb(aT HUKENISI COCOOEH YCKOPATH BBIKJIEB M-
OpuoHOB (hopemnu.

Boiee TOTrO, B HCpBBIfI nepuoa U CpeaHsdsa JJIrMHaA TCJia JIMYMHOK B PAJAC BApHUAHTOB IIPC-
BOCXO/IAJIA TAKOBYIO KOHTPOJIBHOU I'PYIIIIBL.

DTO, B ONpENEICHHOW Mepe, CBUACTEIbCTBYET B IMOJIB3Y OMOTCHHOM POJIM HUKEIS IS
nococeBbIX pbI0. [IpuunHa Takoro ACWCTBHS M3y4aeMOro SJIEMEHTa MOKa HEsICHA, MOCKOIBKY
ysICHEHHE ee TpeOyeT MPOBEICHHS UCCIIEOBAHUN MOJIEKYISIPHO-KIETOYHBIX COOBITHI B MpoIlec-
ce SMOpHoreHesa.
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B MakcumanbHOHN Ke KOHIIGHTpaIMu Cyib(aT HHUKEIs YrHeTal MPOIECChl OHTOreHe3a
pamgyxHo# dopenu, oTHaKO 3TOT 3PHEKT HE BBITIISIACT KaTaCTPOPUIECKUM.

Cyast o UMeEIOIIEHCS TUTEpaType, U3JI0KCHHBIE B HACTOSIIEH CTaThe MaTepUaibl paHee
He OBLIM M3BECTHBI. XapakTep jK€ MX IO3BOJISIET JyMaTh, U4TO JAalibHEeHImas qopabdoTka KOHICH-
Tpamnuii COJIM HHUKENS U PEKUMOB BO3ICHCTBHSI, BO3MOXKHO, MO3BOJHUT YIYUIIUTh PE3yJIbTATHI
JlanmpHeime 3KCIepUMEHTBI TakXKe I[eJIeco00pa3HO MPOBECTH B YCIOBHSAX AaKBAaKYJIBTYPHI iN
vitro.
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