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PE3IOME. [lanbHeiimmii pocT MpOU3BOJCTBA PHIOHONW MYKH, SIBISFOIIEHCS GSIKOBONH OCHOBOW PHIOHBIX KOMOH-
KOPMOB, CIIEpKMBAETCsl OrpaHWYEHHBIMH 00bEMaMH BOJHBIX OHMOpecypcoB MHpOBOro okeaHa. CoBpeMeHHas Hayka
MO3BOJISICT MPOU3BOAUTH MPOTEUH M3 IIHPOKOTO acCCOPTHMEHTa ChIphsi. OMHHM M3 MEPCIeKTUBHBIX HAINpPaBICHUN B
HACTOSIIIeE BPeMs SBISIETCS IPOU3BOACTBO Oelka W3 MPUPOIHOTO Ta3a M ero TOMOJIOTOB, a TAaKXKe W3 CXKUTaeMOro Ha
HETAHBIX MECTOPOKACHHUIX HOIMYTHOTO HE(TSHOTO ra3a, IaxTHOTO MeTaHa U Ouorasa. [Ipu 3TOM npucyTCTBHE Mean
U kene3a Heo0XxouMo /It PyHKIMOHMPOBaHHS (DEPMEHTOB, OTBEYAIOIIHX 32 OKUCIeHHEe MeTaHa. Menb obianaer cro-
COOHOCTBIO HAaKaIUIMBAThHCS B TKAHIX, OCOOCHHO B MEUEHH, KOTOPAs CIYy)KUT OCHOBHBIM JICTIO JJISL HEE W SBJISIETCS MH-
JTUKATOPOM OOECIIEYeHHOCTH JaHHBIM 3JIEMEHTOM. PaboTa 1O BIMSHHIO BO3MOXKHOTO OCTaTOYHOTO KOJIMYECTBA MEIU
TIPY KOPMJICHUH KOPMOM € 3aMEHOH phIOHON MyKH Ha 94% KOHIIEHTpaTa MUKPOOHOTO O€NKa, BRIPAIEHHOTO Ha METaHe,
npoBoAuiack B ycioBusax akBakomiuiekca ®I'BOY BO «AI'TY» Ha ceroneTkax HUIBCKOW TWISITUU. B kadecTBe KOH-
TPOIBHOTO KOPMa HCHOJIB30Ball KoMOUKOpM mpou3BonactBa OO0 «BUDDy. IIpu 3TOM aHaTM3MpOBaIN PHIOOBOIHO-
O6uonornyeckue, GU3NOIOrNIECKUE TIOKA3aTeN!, CoAepKaHne MUKPOIJIEMEHTOB B OpraHax M TKaHsx pbi0. [lokazarens
a0COJIFOTHOTO MTPUPOCTA B ONBITHOM IpyIIie ObUT BbIIIE KOHTPOJIbHOU Ha 6,41 T, oTHOCHTeNbHOTO npupocta — Ha 0,05%.
BrepkuBaemMocTh peIO B ABYX TpyInax HaOmoAeHnit octaBanack Ha ypoBHE 100%, mpu 00X ONTHMAIIBHBIX MapaMeT-
pax BeIpammBaHus. Ha momoxxutensHbIi 23QdexT xopmireHns kopmoMm ¢ KMbB Takke ykasbiBaeT psin (YU3HOIOTHIECKUX
rokazaresneid. Tak, conep>kaHue TeMOII00MHa B KOHTPOJIBLHOM IPyIIIe PHIO HA KaXKIOM dTare ObUIO HIXKE ONBITHOM — Ha
10,1-14,2 r/n. COD ONbITHO¥M IPYMITbl B MPOIECCE BRIPALIMBAHUS CHU3HIACH [0 ONTUMAIIbHBIX 3HAYCHHUMN, HE TPEBBI-
maromux 2,5 Mm/4. [TocKONBKyY MedeHb SBISIETCS OCHOBHBIM JICTIO TSI MEH, BRICOKOE COAEpIKaHUe MEIu OBLIO Xapak-
TEPHO Il 00EUX SKCIIEPUMEHTATIBHBIX TPYIIL, HO HECMOTPS HA 3TO, JaHHBIE O MPUPOCTE U (PUIUOIOTHICCKOM COCTOSI-
HUH PbI0 HE IEMOHCTPUPOBAJIM HETATUBHOTO (P deKTa.
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BBEAEHUE

s nmonyyenust KoHIeHTpaTta MukpoOHoro Oenka (KMB) ucronb3yercss MuHepaibHas cpeza, cojep-
JKarmmas COJIM Kajwsl, MarHvs, MEOH, jKelie3a, MapraHiia, IMHKa W IpUPOIHEIH Tra3. [Ipu 3ToM mpuCyTCTBHE
MEJIM | JKeje3a HeoOXoIuMOo JUTsl (YHKIIMOHUPOBaHUS (DEPMEHTOB, OTBEYAIOIIMX 3a OKHCICHHE MeTaHa. B
pe3yabpTaTe dTOTO B TOTOBOM CYXOM IMPOIYKTE MOXKET COAEPKATHCS BBICOKOE OCTATOYHOE KOJIMYECTBO MEIU
— 200-300 mr/kr. JKXuBOTHBIC M PacCTUTEIIBHBIC KOPMOBBIE KOMITOHEHTBI COACPIKAT HEOOJBIIOE KOTUICCTBO
Menu — 224 mr/kr. Meab o0manaer crmocoOHOCTHIO HAKATUIUBATHCS B TKAHSIX, OCOOCHHO B MICYCHH, KOTOPAst
CIIy’KHT OCHOBHBIM JIETIO JJIsI HEE M SBIISICTCS MHINKATOPOM OOECIIEYeHHOCTH JJAaHHBIM 3JieMeHTOM (MoMeHH,
2021; Abpocumona u Jip., 2022).

[Hens pab®oTBh — MPOCICTUTH BIMSHHEC BO3MOYKHOTO OCTATOYHOTO KOJIMYECTBA MEIH B OTIBITHOM
KOMOMKOpMeE ITpHU KOPMIICHUH THJISIIIMH, ¢ 3aMEHOH pbrIOHOM MykH Ha 94% KMB.

MATEPUAADI U METOADbI

HcnplTanust npoLyKIMOHHBIX KOMOMKOPMOB JUIS TeCT-00BEKTa THIISIIIUU MPOBOJAMIM B YCIOBUSAX aKBa-
puansHoro komruiekca ®I'bOY BO AI'TY. O0bekTOM HcciIeI0BaHUS TOCITY KU CeroJIeTKH HIJIBCKOM TH-
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nsmun (Oreochromis niloticus). OUBITHBI KOMOMKOPM HM3TOTOBJICH B JTaOOPaTOPHBIX YCIOBUSX METOJIOM
IIpeccoBaHmsl, CyIIKH U pacceBa 1o ¢ppakuusim. Komoukopm ¢ KMB umen Gonee Bricokoe (IOYTH B J1Ba pasa)
cogepkanue 6enka — 64,3% u menbliee — xxupa (8,9%) B oTnuune oT KOHTposibHOTO. [IpH oLeHke MUKpO-
9JIEMEHTHOI'O cOCTaBa KOMOMKOPMOB BHIHO, YTO Y ONBITHOIO KOPMa BBILIE COACPKAHHE MEIH M KaJlus —
299 xr u 7290 Mr/kT, B TO BpeMs Kak B KOHTposbHOM — 11,3 m 4480 mr/kr cooTBeTcTBeHHO. KoOpmieHne
OCYILIECTBIISUTM MO0 CYTOYHBIM HOPMaM M KOPMOBBIM TaOJHIaM COTJIACHO Macce phIObl U TeMIepaType BOJBI
25-26 °C (Aranosa u np., 2023; Zenkovich et al., 2023). Conepxanue cienyrInux MUKpodieMeHTos: Cu,
Zn, Mn, K, Co, Mg, Fe, Cr (MI/kT) B TICUeHH, MBITIICYHON W KOCTHOM TKAHSX, TKAHSIX TOJIOBBI ONPEACIISITUCE
B maboparopun OO0 «'MITPOBUOCUHTE3».

PE3YABTATHI

Ilpu ananuse pbIOOBOIHO-OMOJIOTMYECKUX IIOKa3aTeJel BBIPALIMBAHMS OBUIO YCTAHOBJIEHO, YTO POCT
OIBITHOW TPYTIIbI, MOTPEOISIBIINKI KOPM ¢ 94%-Hoii 3ameHol priOHOI Myku Ha KMB, nporaosupyercst 6osee
BBICOKHM, YTO BBIpKaeTCs B BEJIIMYMHE JOCTOBEPHOCTH ammpokcumMaruu Ooinee Omm3koir k 1 (0,979) wem y
KoHTpoJbHOM rpymmbl (0,933). Ha monokuTenbHbIi 3 QeKT KOPMICHHUS OMBITHBIM KOPMOM TaKKe yKa3bIBACT
psin ¢usnosornyeckux nokasaresnei. Tak, conep:kaHue reMoryio0rHa B KOHTPOJIBHOM TPyMIe peI0 HA KaXI0M
sTane ObUIO HIKE onbITHOM — Ha 10,1-14,2 r/1. COD ONBITHOM IpyIIBI B IPOLECCE BBHIPAIMBAHUS CHU3HIACH
JI0 OTITUMAJTBHBIX 3HAYCHUH, HE MpeBbImaronumx 2,5 mm/4. Comeprkanue o0Iero 0eika B CBIBOPOTKE KPOBH B
OIIBITHOM Tpymiie Obu10 BbIe 29,2 T/1 B mpoLecce IKCIIEPUMEHTa, B TO BpeMs Kak B KOHTPOJIC HE MPEBbIIIAI
26,2 1/n. Takast ke TUHAMHUKA TPOCIICKUBATIACH U JIJIS aJlbOyMUHA, KaK OCHOBHOTO OeJTKa T1a3Mbl KPOBU. AHa-
JIM3 CONEPIKaHNsI HEKOTOPBIX MaKpoO- 1 MHUKPOAJIEMEHTOB B TKaHSAX U OpraHax 3KCHEPUMEHTAIBHBIX TPYIII PbIO
MoKazaJl, YTo AWHAMHUKA W3MEHEHHs COJICpKaHHsI METAJUIOB B OOJBIIMHCTBE CITydacB Oblia oJuHaKoBou. Oj-
HaKo HaOMIOAaINCh HEKOTOPBIC Pa3jIMyus, CBS3aHHBIC C Pa3HbIM COINCPIKAHUEM 3JIEMEHTOB B KOMOMKOpMaXx.
PesynpraThl aHanm3a MeAU B TKAHSAX M OpTaHax UCCIEAYyEeMbIX PHIO MpecTaBleHbl Ha PUCYHKE.

Kak BuzHO U3 nuarpamMM, ypoBeHb MEAM B IIEUCHU HA HAYaJIbHOM 3TaIlle BBIPALIMBAHMS BBIIIE B OIBITHOM
rpymme Ha 1274 mr/kr, uem B KoHTpoJie. OHAaKO TpH JaTbHEHIIEM UCCIISOBaHUH COJIEpKaHUe M HaXOH-
nock B npenenax 631-780 mr/kr. B KoHIle SkcriepuMeHTa ypOoBEHb MEIIU B OINBITHOM rpyIie coctaBui 1275
MI/KT, 4TO Ha 272 Mr/Kr Bbiie KOHTpoJist (21,41%). ConeprkaHue MeIy B MBIILICUYHOH TKaHH B 00EUX IpyIax
CHHM3WJIOCH — B oIibITe ¢ 2,62 1o 1,62 mr/kr, B koHTpose — ¢ 2,53 1o 1,84 Mr/kr, uto, coriacHo naHHbiM OCTpo-
yMoBoii (2012), COOTBETCTBYET JAOMYCTUMOMY YPOBHIO MEM B MHIIEBHIX MpoaykTax (10 Mr/kr).
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PucyHok. AMHOMMKQ M3MEHEHMSI COAEPXKAHMSI MEAM B TKAHIX M OPIrAHAX TUAAMMM

B TkaHsAX roJioBBl Y 00€MX TIpyMI MPOU3OIIJI0 HE3HAUUTEIHHOE YBEIHMUEHHE COAEp)KaHUS MEIU — B
ombiTe Ha 0,22 Mr/kr, B KoHTposie Ha 0,18 mr/kr. B KocTHOU TKaHU phIO KOJMYECTBO MENH 3a TIEPHO]T BhIpa-
IIUBaHKS CHU3MIIOCH C 3,91 MI/KT' Y ONBITHBIX 3K3eMILISIPOB 110 1,58 Mr/kr (59,59%), B To BpeMsi KaK B KOH-
Tpose — ¢ 2,43 mr/xr no 1,5 mr/kr (38,27%).

3AKAIOYEHUE

Takum 00pa3oM, MBI BHIUM, YTO MMEETCS OOIIas TCHJCHIIUS 10 YBEIHUCHHUIO WJIA YMEHBIICHUIO CO-
JIepIKaHUsI MEJIM Y OTBITHOM U KOHTpOibHOU Tpymi. CojaepkaHue MEU B MBIIIIAX PbIO COOTBETCTBYET JO-
IMyCTUMBIM 3HAYCHUAM JJI IMUIICBLIX MPOAYKTOB — HHUIKC 10 MF/KF. HOCKOHBKy IICYCHB ABIACTCSA OCHOBHBIM
JIeTO JUIi MEJIM, BBICOKOE COJICp)KaHHuEe OBLIO XapakTepHO Ui 00CHUX DKCIEPUMEHTANBHBIX TPYII, HO He-
CMOTps Ha 3TO, JAHHBIC O ITPUPOCTE U (1)I/I3HOHOFH‘IGCKOM COCTOSAHHUN pBI6 HE AEMOHCTPHUPOBAJIM HETATUBHO-
ro adexra.
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ABSTRACT. Further growth in the production of fishmeal, which is the protein basis of fish feed, is constrained
by limited volumes of aquatic biological resources of the world ocean. Modern science makes it possible to produce
protein from a wide range of raw materials. One of the promising areas at present is the production of protein from nat-
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ural gas and its homologues, as well as from associated petroleum gas, coal mine methane and biogas burned in oil
fields. At the same time, the presence of copper and iron is necessary for the functioning of enzymes responsible for the
oxidation of methane. Copper has the ability to accumulate in tissues, especially in the liver, which serves as the main
depot for it and is an indicator of the availability of this element. The work on the effect of a possible residual amount
of copper during feeding, with the replacement of fish meal with 94% of a microbial protein concentrate grown on me-
thane, was carried out in the conditions of the ASTU aquatic complex on fingerlings of the Nile tilapia. Compound feed
produced by LLC BIFF was used as a control feed. At the same time, the analysis of fish-breeding biological, physio-
logical parameters, the content of trace elements in the organs and tissues of fish was carried out. The absolute increase
in the experimental group was 6.41 g higher than the control group, and the relative increase was 0.05%. The survival
rate of fish in the two observation groups remained at the level of 100%, with the overall optimal cultivation parame-
ters. A number of physiological indicators also indicate the positive effect of feeding with KMB. Thus, the hemoglobin
content in the control group of fish at each stage was lower than the experimental one - by 10.1-14.2 g/l. During the
growing process, the ESR of the experimental group decreased to optimal values not exceeding 2.5 mm/h. Since the liv-
er is the main depot for copper, a high Cu content was typical for both experimental groups, but despite this, data on the
growth and physiological state of fish did not show a negative effect.
KEYWORDS: microbial protein, feeding, tilapia, copper, growth, compound feed.
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