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AHHOTauuA: BuoTexHosorMM B NocnesaHee BpeMsa npuobpeTatoT 6osblume
MacLuTabbl, KaK NepPCnekTUBHbIE HAMPABIEHMA HAyKW, M3yYatoLMe BO3MOXK-
HOCTM MUCMO/1Ib30BAHMSA KMBbIX OPraHM3MOB, CUCTEM WU NMPOAYKTOB UX HKU3-
HeaeaTe/IbHOCTU ANA PeLeHns TEXHO/IOTMYecKnx 3aaad. B kauectse 0bbek-
Ta MCCNeA0BaHUA BbICTYMaeT aMepUKaHCKUIA BUA, Myxu — YepHaa NbBUHKa
(Hermetia illucens). Bua obuTtaeT B cTpaHax € Ten/bIM KIMMaTOM, O4HaKO B
nocnegHee BpemMs akTMBHO OBCy)KaaeTca BONPOC pa3BedeHUAa MyXu B pe-
rMOHaxX C XON0AHbIMM KAIMMATUYECKUMM YCIOBUAMK. B oTanume oT AMepuKm
M cTpaH 3anagHoli EBponbl B PoccumM gaHHbI BOMPOC Masio M3y4deH. AHanums
JIMTEPaTypPHbIX UCTOYHMKOB MO3BOJIUT OMNPEAENTb ONTUMaJIbHbIE YC/0BUA
419 pOCTa, Pa3BUTUS U PAa3MHOMKEHMUSA BUAA B UCKYCCTBEHHO CO34aHHbIX Na-
6opaTopHbIX ycnosuax. LLIMpoOKyo NonynspHOCTb HaCEKOMOE MOAYyYM/IO 33
CYeT BbICOKO3IhDEKTMBHON BMOKOHBEPCUM PA3INYHBIX TBEPAbIX OpraHuye-
CKMX OTXOZ0B, A TAKMKE BbICOKOW MUTATENBHOCTM JIMYMHOK C BOSMOXKHOCTbIO
MCMONb30BAHUSA B KOPMJIEHUM CE/IbCKOXO3AMCTBEHHbIX KMBOTHbIX U aKBa-
KynbTypbl. O4HAKO 3TO 4a/IeKO He BeCb CNeKTp chep MCMob30BaHUA MyXM.
JINUMHKA MyXM OTAMYAETCA CMOCOBHOCTbIO K MOMIOLEHNIO NPAKTUYECKK
Mmobbix 6Mo0TX0A0B. B pe3ynbTaTe B OpraHM3Me HaKan/auBaeTcs KOMMJIEKC
BEeLLEeCcTB, NPOLEHTHOE COAEPKaHNE KOTOPbIX 3aBUCUT OT AMETbl NUTaHUA. B
NIMYnHKe cogepuntca =40 % aMMHOKMCNOT, KOTOPble OKasblBatoT 6aaronpu-
ATHOE BO3AENCTBUE Ha POCT U Pa3BUTUE CE/TbCKOXO3AMCTBEHHbIX })KUBOTHbIX U
NTUL, M NOATBEPKAAIOT BO3SMOXKHOCTb MCMNOJ/Ib30BaHMA CYXMUX IMYMHOK B BUAE
KopmoBoOW A06aBKM. YepHas NbBMHKA — Myxa, Bbi3blBatowas 60/bLION Ha-
YYHbIV M NPaKTUYecKuin nHtepec. MickyccTBeHHoe co3aaHme Heobxoanmblix
YCNOBUIW 1A KU3HU BUAA NPU U3YYEHUU M aJanTauum HACEKOMOTO B yC/IO-
BMAX C XONIOAHbIM KIMMATOM, @ TaKKe pa3paboTKa TEXHO/OMMI NO Pa3BUTUIO
N PAa3MHOMKEHUIO HACEKOMOTO B 1a60PATOPHbIX M MPOMbILLJIEHHbIX YCAOBUAX
obecneyvar pa3BeaeHNE MyXU B LMPKYMMO/IAPHOM PETMOHE U NMO3BOAAT Pas-
BMTb pAA HanpaBieHnit BoTexHoNornm B ApxaHreabckoi obnacTu.
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BBenenue

Myxa YepHana nbBuHKa (Hermetia illucens,
unu YepHbii congaTtuk — Black Soldier Fly) —ato
KpyrnHaa amepuKaHCKas Myxa W3 CeMelncTBa
NIbBUHOK (Stratiomyidae), ectecTBeHHbIN apean
pacnpocTpaHeHUs KoTopoi cymtaetca Cesep-
Haa n KOxHaa Amepuka (Rozkosny, 1983). Ha-
CEKOMOE OTHOCUTCS K YMCNY HEMHOTMX BMAOB
6ecno3BOHOYHbIX, CMOCOOHbIX KPYFrOroANYHO
pa3BUBATbCA B YMCTOM KyNbType B 3aMKHYTOM
NMPOCTPAHCTBE WCKYCCTBEHHbIX YC/NIOBUM, 4TO
No3BONAET UCMNO/Ib30BaTb BUA B BUoTexHono-
rmyeckux uenax (Ywakosa, Hekpacos, 2015). B
HaWW AHW BMOTEXHONOMUA, KaK NepPCNeKTUBHOE
HanpaB/feHMe HayKu, CBAI3aHHOe C pa3Beje-
HWEM KMBbIX OPraHM3MOB B MPOWU3BOACTBEH-
HbIX Lenax, UMeeT OrpoOMHOEe 3KOJIornyeckoe
n buonornyeckoe 3HavyeHme. Ob6bEKTAaMU UC-
CneaoBaHMA MOTYT CNYKUTb MHOTOYUCAEHHbIE
npeacTaBuTeNM TPYNN KUBbIX OPraHM3MoOB —
MWKPOOPraHU3mbl (BUpYCbl, 6aKkTepumn, NpoTn-
CTbl, OPOXKN U Ap.), PACTEHUA, KUBOTHbIE, a
TaK¥Xe HaceKoMble, K YMCNY KOTOPbIX OTHOCUT-
CA M3y4YaeMblil NpeacTaBUTeNb — Myxa YepHas
NbBMHKa.

Llenb — npoBecTn aHaNM3 CyLLeCTBYHOLLMX
nccnefoBaHUI M PacCMOTPETb OMbIT No aaan-
TauMM U NepcrneKTMBbl passBegeHna myxum Yep-
HaA SIbBUHKA B NMPUAPKTUYECKOM pervoHe Ha
TeppuTopmnn ApxaHrenbckoi obnacTu.

AHanuTnyeckuin 063op

Hacekomble coctaBnaoT =80 % rnobanbHoO-
ro pasHoobpa3ns BMAOB, a TaKKe 3TO CaMbli
OBUNbHBIN MO YUC/IEHHOCTU M Mo buomacce
KNACC CYXOMYTHbIX *KMBOTHbIX, KOTOPbIX OT/AK-
YyaeT BbICOKaA NNOAOBUTOCTb M CNOCOBHOCTL K
MacCoOBOMY Pa3MHOMeHUIO. B nocneaHee ae-
cATUNETME BO BCEM MUpe HabntogaeTca noBbl-
LUEHHbIN MHTEPEC K HACEKOMbIM KaK UCTOYHUKY
BbICOKOYCBOSIEMOIrO KOPMOBOTO 6enkKa, *upa c
YHUKa/IbHbIMU CBOMCTBAMMW, aHTUOKCUAAHTOB,
MMMYHOMOAYNATOPOB, CbipbA ANA NONAYyYEeHUA
HOBbIX /IeKapCcTBEHHbIX cpeacTs (Kroeckel et al.,
2012; Stamer et al., 2014; Jézefiak et al., 2016).
HemanoBaxkHbiM GpaKTOPOM ABNAETCA BO3MOXK-
HOCTb HEKOTOPbIX BUA0B COAEPKATbCA B KY/bTY-
pe B UCKYCCTBEHHbIX YC/I0BMAX. ITO NO3BONAET
MCNONb30BaTb UX B KaYeCTBE HOBbIX MPOMbILL-
JIEHHbIX MPOAYLUEHTOB, NoAy4YaTb ¢u3nonoro-
OMOXMMUYECKME U TEHETUYECKUE XapaKTepu-
CTUKU KOHKPETHOM Ky/AbTypbl, KOHTPOAMPO-
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BaTb npoueccbl bBUOKOHBEepCcUM cybCTpaTos, Ha
KOTOPbIX Pa3BMBAIOTCA HACEKOMble, a TaKXke
OLLeHMBATb KAYeCTBEHHbIE U KOJIMYECTBEHHbIE
nokasaTesn NpoAyKToB nepepaboTkn bnuomac-
Cbl HAaCEKOMbIX A5 Nocnenyowero npumeHe-
HUA B KOpMax, BeTepuHapuun, GapmaKkoiormu.
KopmoBoit 6enokK, Nnony4yeHHbIN nyTem nepepa-
OOTKM HAaceKkomMbIX, NpeacTaBnaeT cobon myky
(wpoT) 13 B3pOCAbIX OCOBEN AN UX INYMHOK.
Ero MmOXHO MCNONb30BaTb B KayecTBe KOMMNO-
HEHTa KOpMa B paLlMOHe CBUHEM, KpynHOro po-
raToro CKoTa, AOMallHen NTuubl 1 pbibbl (Tran,
Gnaedinger, Mélin, 2015).

Pa3paboTka OCHOB TexHONOrMM pasBese-
HUA IMYUHOK Myxn YepHana nbBUHKa (Hermetia
illucens), obecneynBatoLLel NONYyYEHUE BbICO-
KoadppeKTMBHOro 6HeNKOBO-AUNUAHOIO KOM-
NMOHEHTA KOPMOBbIX PALMOHOB, — aKTya/ibHaA
Tema, 3HaYeHne KOTOPOM CyLLeCcTBEHHO MOBbI-
CUNOCb B HacTosALLEee Bpemsa B CBA3M C Heobxo-
ANMOCTbIO MMNOPTO3aMeLLEHMA KOMNOHEHTOB
KOPMOB [1/19 CE/1IbCKOX03ANCTBEHHbIX })KUBOTHbIX
n polb6. Myxa nonyynna 6onbluyo nonynap-
HOCTb B NOC/ieAHee AeCATUNETUE 3a CYET BHe-
APEHUA B KayecTBe KOPMOBOro obbeKkTa ansa
PENTUNMIA, NTUL, U APYrUX KMBOTHbIX (Kroeckel
et al., 2012; Stamer et al., 2014; Jézefiak et al.,
2016). MNpexkae BCcero sTo CBA3aHO C BbICOKOM
NMUTATE/IbHOCTbIO JIMYMHOK, BbIpPALLEHHbIX Ha
OpraHMYecKMx OTXOAaX, KOTopble coAeprKaTt
npoTteunHbl (=40 %) n xupbl (=40 %). B coctase
XUPHbIX KUCcnoT 50 % npuxoamTca Ha naypuHoO-
BYIO KMCNOTY, a TakXke Kanbuui, pocdop un xe-
neso (Ywakosa, Hekpacos, 2015). J/IM4nHKK co-
[AEepPKaT NoNe3Hble opraHNYecKkme coeanHeHuns,
KOTOpble MMEHT KOMMEPYECKYID U NMPOMbILL-
JIEHHYIO LEeHHOCTb. K uncny Takux anemeHToB
oTHocuTCA: 42.1 % — cbipoit npoTenH; 34.8 %
— amnugbl; 7.0 % — cblpaa KnetyaTtka; 7.9 % —
Bnara; 1.4 % — cBo60AHbIN 3KCTPAKT a30Ta; 14.6
% — 30na; 5.0 % — Kanbunin; 1.5 % — pocoop
(Alvarez, 2012). Buomacca NMYNHOK UCMONb3Y-
eTca gnAa nonyvyeHma 6enKoBoro NpoAykTa ans
KOPMONpPOM3BOACTBA. J/IMUMHKN NPUMEHAIOTCA
B CMCTEMAX aKBAKY/NbTYpbl, MOCKOJIbKY OTPAC/b
CTaNIKMBAETCA C NOTEHUMaNbHbIM AeduunuTom
KopMoBOro 6eska. B cBA3WN C BbICOKMM coaep-
aHMEM [OaHHbIX 31eMEHTOB JIMYUHKU MYXU
MOTYT UCMO/Ib30BATbCA B KayecTBe KOpMa ANA
dopenn. OHM 06N1aaOT HU3KUM COLEPIKAHU-
em Omera-3 n Omera-6 *UpPHbIX KNCNOT, HO, B
3aBMCMMOCTU OT TUMNA NWUTAHUA, Copep’KaHue
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AAHHbIX KOMMOHEHTOB B JIMYMHKaX yBENNYMBa-
etca (St-Hilliare, 2007).

Cxorkan cuTyaums B 061acTu KMBOTHOBOA-
cTBa. [eorpaduyeckasn n3onaumsa NPon3BoACTBa
PbIGbI M yNaaoK MMPOBLIX PbIGHbIX 3aNacoB Mo-
ryT cnocobctsoBaTtb AedUUUTY PbIBHON MYKH,
KOTopaa fBAAETCA  OCHOBHbIM MCTOYHMKOM
6enKa B NMUTaHUK }KUBOTHbIX. [lobaBneHne nu-
YMHOK MyXn YepHas IbBMHKA B KOPM KpyrnHOMY
poraTomy CKOTy W NTULe obecneyunT afbTepHa-
TUBHbIA UCTOYHMK BenKa B *KMBOTHOBOAYECKOMN
NPOMbILWAEHHOCTH, CO34aCT NPOdUIb NMUTAHMA
YKMBOTHbIX M YA0BNETBOPUT 0cobble NULLEBbIE
notpebHocTtu (Papadoyianis, 2007).

Mpouecc YHUYTOXKEHUA TBEepAbIX OTXOAOB
npeTepnen 3HauMTe/ibHble U3MEHEHUSA CO Bpe-
MeH BO3HMKHOBEHMS MPAKTUKM OTKPbITOro
CcKuraHma. CoBpeMeHHble MeToAbl YHUUYTOXKe-
HWS BKNHOYAIOT B €65 yMEeHbLUEHME UX Kosinye-
CTBa, NOBTOPHOE UCMNO/b30BaHWe, nepepaboT-
Ky M KOMMnocTupoBaHue. Mcnonb3oBaHMe Myx
YepHas NbBUHKA ONA YHUYTOXKEHWUS OTXOAOB
He HoBbIN npouecc (Alvarez, 2012). 31oT BUA,
NCNONb3YIT AN CTabuamsaumm npobaemHbIx
OTXOA,0B, BK/NtOYAA HAaBO3 CBMHEN U NTULbI. JTn-
YMHKM CNOCOOHbI NepeBapuBaTb OpraHUYecKmne
nopumnmn TBEpAbIX BMONOrMYECKUX COCTaBAALD-
WMX, OCaZKMN CTOYHbIX BOA M OTXOAbl OT 06pa-
60TKM pblbbl U MAca, GPYKTbl, OBOLLM, OTXOAbI
N3 pecTopaHoOB U KyxOoHHble oTxoapl (Sheppard
et al., 2002). MakcumanbHasa CKOPOCTb OMOKOH-
Bepcun He meHee 0.9 Kr/aeHb/m?, yaenbHan
NPOU3BOANTENILHOCTb HE MeHee 25 mr cybcTpa-
Ta/AMYNHKA/CYTKM NPU NAOTHOCTU MOCaAKU 5
ocobelt Ha cm? (bacTpakos, 3aropckuid, 2014).

Cnocob YHWYTOXKEHMA OTXOAO0B C MPUMEHE-
HUEM JIMYMHOK MYXM HE MOXOXK Ha Ntoboi apy-
rov metog, ytunmsaumnn. C ero ucnosib3oBaHMEM
OpraHMYecKkne OCTaTKM He noagepratoTca 06s-
3aTeNbHOMY MeXaHMYECKOMY W3Me/IbYeHMUIO.
JIN4NHKM YepHOWN NbBUHKU CaMU U3MeNbYatoT
MX Ha NPAKTUYECKU OOMHAKOBbIE, MasieHbKMKe
YyacTuubl B Mpouecce noegaHua u nepesapwu-
BaHMA. Mocne Toro, Kak MYMHKN U3BNEKYT U3
MacCbl OPraHUYecKMx OTXOLO0B BCE NUTATE/b-
Hble BelwecTBa, 06bemM OTX0A0B YMEHbLUUTCA
Ha 70-80 %. Ja n camu OTX0Abl MOCNE YHWU-
YTOXKEHUA OTXOL4AMMU YKe He ABNAIOTCA — OHMU
NpeAcTaBAAT cO60M BbICOKOLEHHOE U 3KO10-
TMYECKM YNCTOe, MONHOoe yaobpeHune ana pac-
TeHul (3oorymyc) (CepebpaHckuit, 2015).

Oba npouecca (bMOKOHBEPCUS OTXOL0B M
MCNONb30BaHME JIMUMHOK B KayecTBe KOpma)
obycnoBneHbl HaAMYMem ABOWNHOWM MOJb3bl U
NOIHOCTbIO AOMONHSAOT APYT APYra — TIMYUHKK
YTUAN3NPYIOT HAaBO3 U OpPraHUYecKne oTxXoabl U
CaMM CTaHOBATCA XOPOLWMM KOPMOM OS5 KU-

BOTHbIX. OiHAKO, MO MHEHMUIO 3aMafHbIX uccne-
poBaTenen, buomaccy NNYMHOK cnepyeT 06-
pabaTbiBaTb BbiCyLUMBAHMEM M NMPOBEPATb Ha
Ha/M4YMe UM OTCYTCTBUE KMLLEYHbIX MAaTOreHoB
(Lalander et al., 2013), a HakanAMBaHWe TAXKe-
JIbIX MeTannoB (KagMuii) NoTeHUMaNbHO orpa-
HUYMBAET MCMNONb30BAHUE NINYMHOK B MPOMU3-
BOACTBE KOPMA A1 }KUBOTHbIX NPU KOPMIEHUMN
nx HekoTopbiMn oTxoaamu (Diener, Zurbrigg,
Tockner, 2015). MNoBbiweHWe TemnepaTypbl Npu
6rokoHBepcun (go 45 °C) n cywka (t = 105—
120 °C) obecneuymBatoT CHUXKEHME KONMYECTBA
6aktepuin (Uummep, 2013). CornacHo uccne-
[OBAHUAM, NPU Pa3BUTUN IMYMHOK 3HAYUTE b-
Hoe yncno natoreHos (Escherichia coli 0157:H7
(STEC 0157) vt Salmonella enterica B KypnHoOm
nomete) nopasnsaetca (Erickson et al., 2004),
4TO 0O6BACHAET HaMYMEe aHTUMUKPODOHbIX NpPo-
TeMHOB Y HaceKombix (Hattori, 1995).

YepHaa nbBWHKa (Hermetia illucens) B
OCHOBHOM pacrnpocTpaHeHa B cybTponuye-
CKOM Knumare. Mo BHelWwHemy BUAY M No nose-
AEHWIO CXOXKa C OCOMN, O4HAKO B OT/INYME OT OCbl
Yy HEe TO/NIbKO OAHA Napa KPbINbEeB, HET XKana u
TEMHbIA O4HOUBETHbIA OKpac Tena. B TeyeHne
CBOEr0 ’KM3HEHHOro UMKAA Myxa MpOXOoAuT
NATb CTaAUM: ANLLO, IMYNHKA, NPEAKYKOKA, Ky-
Ko/Ka 1 B3pocsas ocobb (Paola, Anabel, Santo,
2013).

NnunHkn Hermetia illucens (B gnnHy moryt
AOCTUraTb Ao 27 MMm) TycKnble, 6enoro useta
C 30/10TUCTO-XKenTbiMu Bosiockamu (Diclaro,
2010). OHM MMmeloT He6O/bLLYIO BbICTYMAOLLYO
YKEeNTOBATO-KOPMUYHEBYIO rO/10BY C POTOBbIM an-
napatom. Ha 60KOBOW CTOPOHE ro/I0BbI Pacno-
NNOXKEHbl CBETNO-KeNTble ra3Hble NpoTybepaH-
Lbl, B TO BPEMA KaK YCUKM PACMONOXKEHbI O4YEHb
HW3KO W aHTeposiaTepanbHo (Rozkosny, 1983).

[onoBHaA Kancyna, B OTAMYME OT Tena, y3Kas
N MaNeHbKasa U MOXKeT ObITb BTAHYTA B rpyAHOWN
oTaen. lpyab COCTOUT M3 Tpex cermeHToB (puc.
1). CnuHHbIE CErMeHTbI N'YCTOBOJIOCUCTbIE C He-
CKONbKMMM pPASAMU MENKUX BONOCKOB, KOTO-
pble XOpOLUO pa3BUTbl B nepeaHnx cermeHTax |l
n lll. bptowHOM oTaen coCTOUT U3 8 CErMeHTOB,
06pa3oBaHHbIX NAACTUHKaMKU rpybo npsmoy-
rosIbHOM GOPMbI, KOTOPbIE NOKPbITbI MHOTOYMC-
NEHHbIMN MENIKUMMU LLEeTUHKaMN. CermeHTbl ¢ 1
[0 7 XapaKTepu3ylTcA Haauumem AbixasibLa
c obenx cTopoH. Bocbmoii 6prollHON cermenT
— nocnegHun, okpyrnoit ¢opmbl (Fernanda,
Klaus, Richard, 2015).

MogpobHoe onucaHue CcTagui pPasBUTUA
MyXu1 npuBeaeHbl B Tabn. 1. CornacHo nuccnego-
BaHuam (Fernanda, Klaus, Richard, 2015), nep-
BaA CTaAMA NUYUHKWU ANUTCA okono 15 aHen.
Mo uBeTY NNMYUHKM Beno-xKentble, MOryT Ao-
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Puc. 1. AHaToMmnUyecKoe CTpoeHne NMYNHKM Myxmn YEpHaa nbBuHKa (Fernanda, Klaus, Richard, 2015)
Fig. 1. The anatomical structure of the larva Black flies Ivink (Fernanda, Klaus, Richard, 2015)

cTuratb pasmepa 4o 5.0 mm £ 0.5 mm. Bo BTO-
pOM CTaANM NPOAO/IHKUTENBHOCTBIO 1 AHEN OHM
YBENMYNBAKOTCA B pasmepax A0 12 mm. TpeTba
BO3pacTHasA cTagua (NpeaKyKONKKN) NPOAOIKM-
TeNbHOCTbIO 8 AHEN AoCTUraeT pasmepa 19 mm.
3a AaHHbIA Nepuog, IMYUHKN U3MEHAIOT CBOM
LBeT 40 TEMHO-KOPUYHEBOrO U MO CTPYKType
cTaHoBATCA 6onee xecTtkumu. lpouecc oKy-
KnuBaHua anutca okono 10 gHel, nocne 3a-
BEPLUEHMA KOTOPOro B3pOCaaa MyxXa BbIXOAMUT
N3 KYKOJIKM C eANHCTBEHHOM LEeNblo CnapuBa-
HUA N OTKNALKN AU,

B3pocnbie ocobu Hermetia illucens, 8 paviHy
oT 15 go 20 mm, MerT CNnaboBbIPaXKEHHDbIN,
JNIXKYLLMIA POTOBOM annapaT, npegHasHayeH-
HbIW TONbKO ANA NUTbA, CNef0BaTebHO, Hace-
KOMOe He KycaeTca U He XanuT. Mo usety myxm
YyepHble C AbIMYATO- YEpPHLIMWU KPbIAbAMMU,
OYeHb NIOTHbIMM NO CTPYKTYpPE M BCE NOKPbLITHI
membpaHamu (puc. 2) (Paola et al., 2013). lo-
JI0BA B3POC/bIX MyX KOPOTKAA WU LUMPOKasA, rna-
33 WMPOKO pa3BeneHbl, He3aBMCMMO OT No/a
Hacekomoro. YCMKKU B ABa pasa AJ/IMHHee rono-
Bbl (COOTHOLWEHWE NPeACTaBAEHO Ha pwuc. 3),
NpeacTaBNAOT COOOM YAIMHEHHbIE KIYTUKU U

UMEIT AJIMHHbIN KOHUEeBOW cermeHT (Sheppard
et al., 2002).

Ona Hermetia illucens xapakTepHO Hannume
4yepT NONOBOro AMmopdusma: pasmep Tena u
Ha/IM4YMe BONOCKOB Ha nby 1 ronose (Rozkosny,
1983). ABHbIX MONOBbLIX OT/INYMIA Y BUAA HE Ha-
6atogaeTca, XOTA CAMKM, KaK NpaBuao, No pas-
mepy 6onbwe camuos. OgHako HeobxogMmo
OTMETUTb, YTO Pa3mep MyX 3aBUCUT OT KonYe-
CTBa MUK, YNOTPEBNEHHON IMYUHKON, TAKUM
06pasom, camubl U CaMKM MOTYT ObiTb CXO¥XM
no buomeTpuYeckMm nokasatenam. OHM oTu-
yatotca 6onblMM Ymuciom 6enecbix BOJIOCKOB
Ha ronose, B OCHOBHOM COCPeAOTOYEHHbIX B
HUXKHeM Yyactn «aunua» (puc. 4a—b). Camuypbl ot-
nnyatoTca bonee paspeeHHbIMM BOIOCKaMU U
MX MEHbLUMM KOJIMYECTBOM.

EctectBeHHOe  pacnpocTpaHeHue  BMAA
Hermetia illucens xapakTepHo Aans cyb6Tpo-
nuyeckux wupot (ot 40° c. w. go 40° 0. w.)
(McCallan, 1974), Ho B 3anagHoi EBpone, rae
KAMMaT bonee MATKUIM, Myxa pacnpocTpaHseT-
ca po 49955 c. w. (Rohacek, Hora, 2013). 310
CTPaHbl c NpeobaaAaoWMM TENNBIM KTIMMATOM,
rae BUA pa3BoaAT B BO/IbepPaXx, PACroNOKEHHbIX
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Tabnunua 1. Ctaguum passuTtus myxmu YepHas nbBuHKa (Hermetia illucens)

Pasmep

(Mm) UeT N306parkeHne

Cragua

Anuo 0.8-1 Benviin/xkentbiin

Benbin/
Xentoin/
CBET/0-
KOPUYHEBbIM

JInumnHKa 5-12

TemHo-

MpeAkykonka 19 KOPWUYHEBDIM

TemHo-

KyKosnKa 19 o
KOPWUYHEBbIN

YepHbii,

YaCTUYHO

B3pocnasa myxa 15-20 c 6enbimmn
roNeHAMM n
CTYNHAMM 3
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wllem

Puc. 2. Kpbino Hermetia illucens (Paola et al., 2013)
Fig. 2. Wing of Hermetia illucens (Paola et al., 2013)

Puc. 3. Ctpoenue ycnkos Hermetia illucens (Jonathan Tan). Kpyru npeactasnsatoT coboit NpoHyMepoBaHHbIe
YyacTu ycuKos (1 — ckein, 2 — 6asanbHas YacTb dnarennyma, 3 — anmkanbHas YacTb dnarennyma)

Fig. 3. The structure of the antennae of Hermetia illucens (Jonathan Tan). Circles are the numbered parts of
the antennae (1 — skeyp, 2 — basal part of the flagellum, 3 — apical part of the flagellum)

Ha OTKpbITOM BO3ayxe. OgHakKo B nocnegHee
BpeMA aKTMBHO 06CyXAatTcA NepcneKkTMBbI
pa3BefeHnAa MyxXu 1 KaKk cneacTBue ee UCnosb-
30BaHMe B pPermoHax € XO/J04HbIM KNIMMATOM.
3TO BO3MOXHO MNPU CO343aHUN ONTUMA/NbHbIX
NCKYCCTBEHHbIX YC/IOBUI, TAe BUA, MOXKET HOp-
ManbHO PYHKUMOHMPOBATb, pPA3BMBATLCA W
Pa3MHOXaTbCA.

Mpu passegeHnn myxum YepHaA NbBUHKA
OCHOBHble $aAKTOpPbI, BAUAIOLLME HA POCT, pas-
BUTME W NONy4YeHWe KOopMoBOW BMomacchl,
— OCBelleHWe, BNAXKHOCTb, TemnepaTypHbIN
peXnm, KopmoBoW cybcTpaT, xXumuyeckune pakx-
TOpPbI, K KOTOPbIM OTHOCATCA ra30Bbl/ COCTaB
BO3/4yXa, MMHEPaNbHbIA COCTaB BOAbI, KUCNOT-

HOCTb, MEXaHUYECKMA N XMMMUYECKUIN COCTaB
cpeabl, B KOTOPOM Pa3BMBAETCA HACEKOMOE, ee
BO34yXOMPOHMLAEMOCTb 1 NIOTHOCTb, A TaKXe
WYyM, raMMa-n3ay4eHne U 3NeKTPOMarHUTHble
KonebaHua (YepHbiwes, 1996). HecmoTpa Ha
BECb CMEKTp Heobxoammbix GaKToOpoB cpenbl
pacnpoCcTpaHeHWA, HACEKOMOE OT/INYAETCA He-
NPUXOT/IMBOCTbIO, @ €€ IMYNHKN — BCEALHOCTbIO
M cNocobHOCTbIO PAa3BMBATLCA B LUMPOKUX AMa-
nasoHax tTemnepatyp (20-50 °C) u Bna*kKHOCTH
(40-90 %). OcHOBHble nNapameTpbl, Heobxoau-
Mble ANA pa3BeLeHMA HACEKOMOro, — A5 UMa-
ro BIa*KHOCTb Bo3ayxa Ao 70 %, TemnepaTtypa
Bo3ayxa — oKkono 30 °C, HanuMumMe NUTbLEBOW
BOAbl M ocBelweHnsa. CornacHo nccaenoBaHu-
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a) Camka myxu YépHan NbBMHKA

6) CameL, Myxn YépHana NbBMHKA

Puc. 4a—b — ocobeHHOCTM nonoBoro anmopdmrama B3pocabix Myx Hermetia illucens Ha ronose (Jonathan Tan)

a) Female fly Black Ivink

b) Male fly Black Ivink

Fig. 4a—b — Features of sexual dimorphism of adult flies Hermetia illucens on the head (Jonathan Tan)

AM, MMHMMa/IbHAs OCBELLEHHOCTb, Heobxoaun-
Man oA cnapyMBaHMa B3POC/bIXx 0coben myxu,
coctasnaetr 70 mkmonb/m?/c, makcumanbHas
— 100 mkmonb/m?/c (Alvarez, 2012). Ana knaa-
KM ML, ONTUMA/IbHOe 3HaYyeHne TemnepaTypbl
AO/MKHO noaaep:kmBaTbcA Ha yposBHe 27 °C ¢
OTHOCUTENbHOM B/IAXKHOCTbIO  OKPYXKaKoLEeM
cpeabl 60 %. Mpun Taknx ycnoBuAx HabnogaeT-
ca BbiBOAMMOCTb AnL, 80 % n 6onee (Holmes,
2010; Sheppard et al., 2002).

Mpu cobnogeHnn Bcex HeobxoaMMBbIX yCNO-
BUIN OKPYXKaloLWen UAN UCKYCCTBEHHO CO34aH-
HOM cpeabl MyXa MOXKeT Pa3BoAUTLCA B N0ObIX
reorpaduyecknx 3oHax 3emnun. [lepsble UC-
cnenoBaHUA Mo pPasBeAeHUIo IMYMHOK BMAA B
YCNOBUAX XONOAHOTO KAMMaTa npoBoAUN B
Tenauue 3gaHna 6uonorum npu YHmsepcutete
BuHasopa, KaHaga, CLLUA. KneTku, rae nposo-
AWV UCCNeaoBaHNA, PAa3MeCTUIN B TENULE, C
TEMMNEPATYPON U OTHOCUTE/IBHOM BNAXKHOCTLIO
Bo3ayxa B npegenax 27 °C n 33 °C (onTumans-
Hasa) u 25 % no 50 % (He ABnsAeTca oNTUManb-
HOM, HO gonycTma). Ana opraHM3aunmn uccne-
[OBaHUA 00BbEKT Obln pa3geneH Ha onepaum-
OHHble 30HbI (puc. 5).

PeakTopHOE NPOCTPAHCTBO nNpeacTaBaaeT
cobon TeppuUTOPUIO, Ha KOTOPOI HEeAaBHO Bbl-
NYNUBLLAACSA JIMYMHKA MOXKET PasBMBaATbCA C
MOMEHTA BbI/YNJIEHUA [0 CBOEN MUTPUpPYLO-
wer craguun. [MpocTpaHcTBO MmeeT dopmy
NPSMOYroNbHON NPU3Mbl, U3rOTOB/IEHHOW W3
% prorima ¢daHepbl, obbem Tepputopumn 1.0
M3 (1.82 m [. x 1.82 m L. x 0.305 m B.). Peak-
TOpPHOE MPOCTPAHCTBO COEANHEHO HAKNOHHOM
noBepxHocTblo (naHayc/pamna) ¢ MHKybaToO-
pom (mecTo ans B3pocCabix ocoben myx). MNax-
AyC MOCTPOEH TaKMKe U3 ¢aHepbl nog yriom

40 rpagycoB, U NOKPbIT membpaHoi BlueSkin
Ans obecneyeHns BogoHenpoHuuaemoctu. OH
obecneuymBaeT BbIXO4 MWUTPUPYIOLWLMM JTUYUH-
Kam K cobupatouiemycsa *kenoby (K kamepe ana
OKyknuBaHus) (Alvarez, 2012).

PeakTopHOE MPOCTPAHCTBO NpeacTaBaseTr
coboi TeppuUTOpUI0, Ha KOTOPOM HEeaaBHO Bbl-
NYMUBLUAACA JIMYMHKA MOMKET Pa3BMBATbCA C
MOMEHTA BbINYNAEHUS 4O CBOEM MUTPUPYHO-
wen craguun. lpocTpaHCTBO umeeT dopmy
NPAMOYIroNbHOM MPU3Mbl, U3rOTOB/SIEHHOM W3
% pronma daHepbl, 06bem Tepputopun 1.0 m3
(1.82m 4. x 1.82 m L. x 0.305 m B.). Peaktop-
HO€ MPOCTPAHCTBO COEAMHEHO HaK/IOHHOM
noBepxHocCTblo (NaHayc/pamna) ¢ MHKybaTo-
pom (mecTo ans B3poCabix ocoben myx). MNan-
AyC NOCTPOEH TaKxKe M3 ¢daHepbl Nog yriom
40 rpaaycoB, U NOKPbIT membpaHoi BlueSkin
Ana obecneyeHua BogoHenpoHuuaemoctn. OH
obecneymBaeT BbIX04 MUTPUPYIOWMM JINYUH-
Kam K cobupatoliemyca Kenoby (K Kamepe ana
OKyKnunBaHus) (Alvarez, 2012).

Cobupatowminca xenob npamoyrosibHoOm
dopmbl (1.82 m L. x 0.914 m 4. x 0.457 m B.),
n3rotosneH u3 ¢aHepbl U 3aMNONHEH LWenown
(rnybuHa — 0.15 m). B aTOM MmecTe AMYMHOK
BMecCTe CO LWenoi cobupanu, weny npoceu-
Ba/M, CaMUX /INYMHOK B3BELUMBANM WU Nepe-
MEeLLLAN B NPOCTPAHCTBO ANA B3POC/bIX Hace-
KombliX. MpocTpaHCTBO ANA B3pOC/bix ocoben
ob6bemom okono 14.5m3 (2.5m L. x2.35m . x
2.46 m B.) cocTonT 13 YeTbipex CTEHOK, NMOKpPbI-
Tbix 0.15 Mm nnactuka ¢ obeux ctopoH. OnAa
npegoTBpPaLLeHMA KNagKkn anL, B Hexenatenb-
HbIX MeCTaX Kamepbl M COKpaLLeHMA Kosuye-
CcTBa BECKOHTPONBHOM MUTPALMN IMYUHOK BCE
WBbl U CTbIKM Kamepbl OblAM NOKPbITbl aKpK-
nom (Alvarez, 2012).
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Puc. 5. Cxema o6beKTa Mo NPoOM3BOACTBY MyXU erHaﬂ) NbBMHKa (npu YHUBepcuTeTe BuHA30pa, KaHaga,
CLIA

Fig. 5. Scheme of the construction for the production of flies Black Ivink (at the University of Windsor,
Canada, USA)
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C MH)XeHepHOM TOYKU 3peHUA C NoBeneHMU-
€M MyX Ha B3pPOC/0OM CTaAUM XKU3HU C/IOXKHEee
CNPaBUTbCA, YEM C MyXaMM Ha CTaAUU NINYUH-
KW. B3pocnble ocobu oTAMYaloTCA MNOBbIWEH-
HOM NOTPebHOCTbIO B NMUTLEBOM BoAe, 06BbEM-
HbIM NMPOCTPAHCTBOM A1 MOUCKA CaMKM, BO3-
OEeNCTBMEM CBETa M HanM4YMeM MOAXOAALLETO
MecTa 4NA KNagaku avud. Ona yaosnetsopeHums
notpebHOCTM B BOAE YCTaHOBNEHA cCUCTEMA
pacnblNeHnA, KOTopasa pacnbliAeT BOAY No Tep-
pUTOPMM NPOCTPAHCTBA U obecneynBaeT onpe-
AENEHHDbIN YPOBEHb BNAXKHOCTU OKpPYrKatoLLEeMn
cpepbl. Ana obecneyeHma notpebHoOCTM B cBe-
Te, CTeHbl U MOTO/IOK Kamepbl cAenaHbl U3 no-
NlYyNpO3paYyHoOro NAacTuKa, a gna obecneyeHua
ONTMMANbHOIO NPOCTPAHCTBA A4/1A NOUCKA CaM-
KM Npu cnapmBaHum (Bo3AyLWHbIA NOUCK) 60nb-
LWWMHCTBO TEPPUTOPUM Kamepbl BbIS10 NYCTbIM.

NHKybaTOp ANnA pa3BeneHUA B3POCAbIX OCO-
6eil Myxm NOCTPOeH U3 aepeBa B BUAE Tpey-
ronbHom npusamel (0.305m . x 1.6 m L. x 0.267
M B.). OgHa, camada A/IMHHasA, CTOPOHA CTpoe-
HMA MOKpPbITa AMCTOM aHepbl, a OCTa/ibHble
NOBEPXHOCTM — MPOCMATPMBAEMbIMU OKHAMM
Ana obecneyeHMA OMNTMMANIBHOTO CBETOBOrO
pexkmuma (Alvarez, 2012).

B KauecTBe mecT gnA KNagKun amu, UCNONb30-
Ba/IM HOBbIE MIACTUKOBbIE ANYHbIE KAPTPULIKN.
KapTpuakun caenaHbl U3 CpaBHUTENbHO TBEPAO-
ro N1aCTUKOBOIO KapTOHA, KOTOPbIM pa3pes3anu
Ha Yactn paamepom 0.305 m x 0.003 m x 0.0254
M. Kaxaplit KapTpuax umen asa orsepctua (5
MM X 3 MM), Yepes3 KoTopble OblIN BCTaB/EHbI
ABa CTaNbHbIX pe3bboBbIX CTEPXKHA, coeam-
HAKOLWME KapTpuaxKu BmecTte. Mocne cbopku
610KOB ANA YKNAAKKU AUL, UX YCTAHABAMBAAN B
nHKybaTop (Alvarez, 2012).

B otanume ot AMepuKn 1 cTpaH 3anagHom
Esponbl (fonnangua, lepmanus, Utanua u gp.),
rae uM3ydyeHnem agantaumMm U passeaeHuem
MyXxu1 YepHaAa NbBMHKA B XONIOAHOM Kaumare
3aHMMAIOTCA YXKe HECKO/IbKO OECATKOB NeT, B
Poccumn u ctpaHax BoctouHou EBponbl AaHHbIN
BOMPOC Masio U3yYeH.

B cesepHbIX WKMpoTax Poccum nccnegoBaHumaA
no pasBefeHUnto U U3ydeHUto aganTaunm 4ép-
HOM IbBUHKN NPOBOAATCA Ha Tepputopumn Ap-
XaHrenbckom obnactm ¢ 2015 r. Ha 6a3e manoro
MHHOBaUMOHHOro npegnpuatna 000 «Hopa-
TexCag». UccnepgoBaHuA HanpasaeHbl HA Npo-
N3BOACTBO BMOMACChI IMYMHOK U NPEeAKYKOIOK
MyXU O1A BBEAEHWA B KOPMa CebCKOXO35M-
CTBEHHbIM MBOTHbIM W pblbam B KayecTse
6€eN1KOBO-3HEPreTM4eCcKoro KOMMOHEHTA Kop-
Ma, U B TOM Yncie ANA 3aMeHbl PbIOHOM MYKM.
TexHONoOrn4yeckui npouecc NPomM3BOACTBa Bbl-
rnAguT cneayowmm obpasom: TemnepaTypa B

nomeLleHum, rae nposogATca paboTbl No pas-
BEAEHUIO MyX, B Te4eHWe BCero roga noaaep-
nBaeTca Ha ypoBHe 26—29 °C. [lna cogeprKa-
HWA UMAro NCNONb3YHOTCA KNeTkn obvemom 0.5
m3. B Kaxkaon knetke Haxoautca 3000-3500
ocobeit myx. lnMHa CBETOBOro AHA COCTaBAA-
eT 12 yacoB 6narogapa CBETUIbHUKAM C laM-
namu. B KneTke pacnonaraetca KOpMyLUKa gna
MMaro, KoTopasa npeacrasnsia coboit BUCKO3-
Hyto rybKy, NponuTaHHyto Bogo. MNuTtaHne ana
MyX 3TOro BMAa He ABNAETCA CTpPoro Heobxo-
OMMbIM, OA4HAKO MPU ero HaANYUM NPoLOIKU-
TENbHOCTb W3HM HACEKOMOrO CyLLEeCTBEHHO
yBenn4MBaerT.

Ona OTKNagKM AWL, YepHOM NbBUHKM UC-
NoNb30Bas N COTbl U KAPTOH, YCTAHOB/IEHHbIE
Ha AHO KNEeTKM, KOTopble pacnonaratoTca Hag,
€MKOCTbl0 C efion. Korga uMKA 3anyuieH, Ha
AHO KNETKM pasMeLLLaeTca eMKOCTb C KYKO/Ka-
MU MyX. Bbinynuslumneca camubl M CAMKU MyXU
crnapuBaloTcA B NoneTe, HayMHAA C TpeTbero
OHA XN3HW. MNepBble KNagKu AU, NOABNAIOTCA
Ha TPeTUM AeHb C MOMEHTa BbIXO4a MNEpPBbIX
ocobenn. CamKmM OTKNaAbIBalOT AMLA B OTBEp-
CTMA COT U KapToHa, cogepKawme oT 250 go
1200 wTyK any, B A4Yelrike. MpogonKuTenbHOCTb
*KU3HM nmaro coctasasaet ot 10 go 28 cyTok.

Anua BMAa MHKYObMpytoTca B Yawkax MNeTpu B
CYXOM KapTOHe npu TemnepaTtype 26 °C u Bnax-
HocTK Bo3ayxa 80 %. Mpoao KNTEeNbHOCTb pas-
BUTMA AULL, MyXM YEPHOWN NbBUHKWN NPU YKa3aH-
HOM TemnepaType COCTaBNAET TPOe CYyTOK. Anua
TpPeTbero AHA MHKybHaLMM NomeL,anm B NNacTu-
KOBble KOHTEWHepbl C NUTaTeNbHbIM CybCTpa-
TOM W HAKPbIBAIN MENIKOAYENCTOM ceTKoM. Ha
NATbIN AeHb CYyOCTPAT C IMYMHKAMM NOMELLLANN
B KOHTEMHepbI, rae NMYMHKM nepepabatbiBanm
NPaKTUYeCcKn Ntobble opraHUYeckne oTxoabl —
OBOLLM, MACO, PPYKTbl, OCTAaTKN MULLM U3 MeCT
06L,eCTBEHHOIO NMTaHMA, MPUYEM KaK CBEXKME,
TaK WU UCMOPYEHHbIE.

Pa3BuTME NMUYMHOK A0 CTaAUUN NPEAKYKONKM
npogoKaerca 2—3 Hegenn B 3aBUCMMOCTU OT
peXMMa NUTaAHMA M TemnepaTypbl. JINUNHKNY,
3aBeplIMBLUME MUTAHWE, NINHAT U NpUob-
peTalT TEMHYIO0, MOYTM YepHYH OKpacKy. Ha
3TOM CTagMM Pa3BUTUA OHM ULLYT noaxogdllee
MECTO ANs OKyKAmMBaHuA. Ecam cybeTpat He-
[OCTAaTOYHO BJIAXKHbIN, OKYKAMBaHWE MOMKET
npou3onTn B Tonwwe cybctpata. Ecam e B cyb-
CTpaT fo06aBuTb BOAbI, NPEeAKYKO/IKM BblNe3atoT
Ha NOBEPXHOCTb B NOMCKax bonee cyxoro mecra
ANA OKYKNMBAHUA. OTa Buonormyeckaa ocobeH-
HOCTb BUAA MOXKET BbITb MCMO/Ib30BAHA AN1A OT-
AeneHua nx ot cyberpara.

B npouecce BblpalWMBaHNA TNYUHOK U, KaK
cneacTeve, NPeAKYKOJIOK BAaXKHO CneauTb 3a
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XOpOLLEeN aspaunen, TemnepaTypon B KOHTEN-
Hepax W BNa*KHOCTbto cybcTpaTa. MpeaKyKonKu
MOTyT COXPaHATb M3HECcnocobHOCTb A0 He-
CKO/IbKMX mecAaLeB npu Temnepatype 10-15 °C,
a npu TemnepaTtype 26 °C OKyKAMBaHMe Npoxo-
ANT B TedyeHme 6—12 cyToK. Ecam nnoTHOCTb An-
4YMHOK Bo3pacTaeT (15-50 wrt./cm2), Temnepa-
Typa cybcTpaTta TaKkKe nosbiwaetcs (ao 43 °C).
OAHAKo 3TO He NPUBOAMUT K rMbenm NNYMHOK,
a, HANpPoOTMB, NoAaBANAET 3HAYUTE/IbHOE YNCNO
naToreHoB B cybcTparTe.

BceagHocTb M nuTaTenbHoOCTb 0bycnasnmga-

eTcA CNOCOBHOCTBLIO IMYNMHOK YEPHOM IbBUHKM
noepatb 6e3 nckntoueHms nobble TBEPAbLIE Op-
raHM4YecKne oTxoAbl U B pesyabTaTe HaKanau-
BaTb B CBOEM OpraHM3me KOMMJIEKC MAKpPO- U
MMUKPO3NEMEHTOB, MPOLEHTHOE CoAepXKaHue
KOTOPbIX 3aBUCUT OT ANETbl NUTaHUsA. B Tabn. 2
npeacTaBseH COCTaB M MPOLEHTHOE coaeprKa-
HMe BELLEeCTB IMYMHOK MyxM YepHas NbBMHKA
BblpalLleHHbIX Ha NomeTe CBMHel. Nccneposa-
HUA NpoBeAeHbl B 1ab0pPaTOPHbIX YCNOBUAX Ha
6a3e YHuBepcuteTa BuHa3opa, KaHaga, CLUA.

Tabnnua 2. Coctas nMnuMHOK Hermetia illucens, BbipalieHHbIX Ha nomeTe ceuHel (Newton et al., 1977)

U3yuyaemble nokasartenu

MpoueHTHOEe cogeprKaHue BewecTs, %

benkun 42.1
HKupbl 34.8
BOMIOKHO (XWUTUH) 7.0
Bna*kHOCTb 7.9
B3B (6€3a30TUCTbIe 3KCTPAKTUBHbIE 14
BellecTsa)

3ona 14.6
Kanbuuit 5.0
dochop 1.5

Mpu npoBegeHUN UccnesoBaHUMA YCTAHOB-
JIEHO, YTO HA COAEpPKaHME NPOTEUHA B JINYUH-
Ke He OKas3blBaeT BAMAHME COCTaB KOPMOBOIO
cybcTpaTa, B TO BPEMA KaK KOJIMYECTBO XKMpa
N 301bl Konebnetca B 3aBMCMMOCTM OT TMMa
Kopma — gna kupa 20-45 %, ana 3onbl 3-20
% (Spranghers et al., 2015). OcHOBHOI KOMMoO-
HEHT INNNAO0B 3TOr0 HAaCEKOMOTO — NaypUHO-
BaA KMcsoTa u ee adupbl. Cpean naeHTMdnum-
POBAHHbIX MULEPULOB TAYPUHOBOM KUCAOTbI
OAOMUHUPYET MOHOMNLEPUS, KOTOpbIN obna-
[AeT 3HAaYNTEeNbHON BMONOrMYecKor aKTUBHO-
cTbto. CunTaeTca, YTO B OPraHM3Me KUBOTHbIX
N YenoBeKa JlaypMHOBas KMCAOTa, KOTopasa Co-
AEPKUTCA B TPYAHOM MOJIOKe, NpeobpasyeTca
B MOHOJIAyPWH, KOTOPbIN ABNAETCA NPOTUBOBMU-
PYCHbIM, aHTMDOAKTEpMaNbHbIM M AHTUMNPOTO-
30MHbIM mnuepuaom (Elwert et al., 2010; loH-
Yyapos, XamuaynnuH, 2012). Kucnota yrHetaet
N NoaaBnsieT MHOTMe BUPYCbl, BKAOYAA BUPYC
BWY, BnpyC Kopu, K1OCTPUANIMA N MHOTUX NATO-
reHHbIX NPOCTEMLLMX MUKPOOPraHNU3MOB.

AMMHOKUCNOTHBIN cocTaB Benka B IMYMHKE
AEMOHCTPUPYET NPUCYTCTBME LIMPOKOTO Crek-
TPa AaMWHOKMUC/IOT U OTHOCUTENIbHO BbICOKOE
copepyaHue nnsunHa. B tabn. 3 npmuseaeHsbl pe-
3y/NbTaTbl UCCNEA0BAHMA AMUHOKUCAOTHOIO CO-
CTaBa, COAEPKALLErOCA B CYXOM MyKe IMYMHOK
MYXMU.

HesameHUMbIMM aMUHOKMCIOTaMK 6oraTbl
KOpMa MBOTHOFO MPOUCXOXAEHUA, NO3TO-
MY OHW cuyuTaloTCcAa Bonee NONHOLEHHbIMKU. U3
npueeneHHbIX B Tabn. 3 aAaHHbIX obpalLaeT Ha
ceba BHMUMaAHWE, 4YTO B OTHOCUTENIbHO 6O0/b-
LLIOM KONMYEeCTBE NPUCYTCTBYOT HE3aMEHUMbIE
L-aMWMHOKMCNOTbI C pPa3BETBAEHHOW LENbto
(nernumH, BanUH U M30nNenumnH), cocTaBnaa B
cymme 6onee 20 % oT BCEX aMUHOKMCAOT. Jlen-
UMH U M30N1eMuUuH HeobxoamMmMbl ANA CUHTE3a
6enkoB Naa3mbl KPOBU, TKAaHEN, HOPMAIbHOTO
NCNONb30BAHUSA aMUHOKMUCAOT KOPMA U CTUMY-
NMPYIOT BblAeNeHne ropmoHa pocTta. M3onen-
UMH Heobxoaum AnA cuHTe3a remornobuHa, a
TaKXe perynvmpyeTt ypoBeHb caxapa B KPOBU U
npoueccbl aHeproobecneyeHma. BanmH okasbl-
BaeT CTUMyAMpYloLLee AeNCTBME U Heobxoanm
Ans metabonrsma B MbllLLLAX, BOCCTAHOB/IEHUSA
noBperKAeHHON TKaHU. OH y4yacTBYeT B CUHTe-
3e 6enKoB W rMMKoreHoB. HeaoCTaTOK BasMHa
NPUBOAMUT K NOTEpPE anneTuTa, CHUXKEHUIO NpU-
POCTa *KMBOWM MacCbl Y MOJIOAHAKA, Bbi3blBAaET
rnybokmMe pereHepaTUBHbIE U3MEHEHMUA LEeH-
TPanbHOM HEPBHOM CUCTEMbI, BbipaKatowmeca
B HAPYLUEHUM KOOPAUHALMN ABUKEHUN, NOBbI-
LUeHHOM BO3OYAMMOCTM K BHEWHMM pasgpa-
¥utenam (fopyakosa u ap., 2010; Baker et al.,
2002).
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Tabnunua 3. AMMHOKUC/IOTHBIM COCTaB CyXOW MYKW IMYMHOK Hermetia illucens, BbipallleHHbIX HAa NOMeTe
csuHelt (Newton et al., 1977).

AMUHOKNCNOTbI MpoueHTHOe cogeprkaHue, %
AcnaparnHoBas KMcnoTa 4.56
TpeOHMH 0.55
CepuH 0.12
fnyTammnHoBasa KMcnoTa 3.81
MponnH 3.26
fvuyH 2.88
AnaHuH 3.69
UnctmH 0.06
BanuH 3.41
MeTnoHWH 0.86
MN3onenumnH 1.96
NenunH 3.53
TuposunH 2.51
deHnnanaHuH 2.2
McTnamH 1.91
VEIZT 3.37
ApPrmHmnH 2.24
TpuntodaH 0.2
Cymma aMMUHOKUCAOT 40.12

MpoBeaeHHbIe UCCNEAOBAHMA YKa3blBatoT
Ha BMonornyeckyro akTMBHOCTb aMWHOKUC/IOT
6enkoB Mmyxu YepHas NbBMHKA U NOATBEPHKAA-
0T HeE06X0AMMOCTb MCMOb30BAHUA IMYNHOK B
KayecTBe KOpMOBOM A00aBKM KPYynHOMY pora-
TOMY CKOTY M nTuue. MNpu KOPMAEHUMU }KUBOT-
HbIX M MNTUL, KOPMaMWU C A06aBNEHUEM MYKMU
M3 BbICYLLEHHbIX IMYNHOK MMMYHHAs CUCTeMa
CTaHOBUTCA 6osiee YCTOMYMBOM K BHELWHMM
pa3gpaxkutenam, CTUMYAUPYETCA BblAe/eHne
rOpMOHa poCTa, YTO NPUBOAUT K MPUPOCTY Op-
raHM3ma Mo mMacce, a TaKXKe YKa3aHHble aMu-
HOKMCNOTbl  obecneymBaldT  NoAaAep’kaHue
HOpManbHOro obMeHa a3oTa B OpraHU3Me K-
BOTHbIX, YTO NPUBOAUT K HOpMain3aunm obme-
Ha BELLECTB M MOBbILEHUIO UMMYHUTETA.

3akntouyeHue

Myxa YepHasa NbBMHKA — HACEKOMOE, Bbi3bl-
Batowlee 6OMbLION HayYHbIA U NPaAKTUYECKUNA
nHTepec. JIMYMHKM MyXM NONEe3Hbl HE TONbKO
KaK KOPM A5 AOMALUHUX *KUBOTHbIX, HO M KakK
KOPM ANA pblBHbIX GepM U CENIbCKOXO3ANCTBEH-
HbIX npeacTaButenen. JINMMHKM CNOCOOHDI
adppeKTMBHO nepepabaTbiBaTb OpPraHUYecKme
OTXOAbl, B TOM YMC/NE IKCKPEMEHTbI CBUHEN U

NTUL, HaKan/auMBaa B CBOEM OpPraHM3me KOM-
NnJeKc BeLWecTB, NPOLEHTHOE CoAepKaHne Ko-
TOPbIX 3aBUCUT OT AMETbI NUTAHUA.

Hacekomoe He TpeboBaTeNIbHO K BHELHUM
dbaKTopam, U NPU MUHUMAJIbHBIX BAOXKEHUAX U
HeBONbLIMX YCUANAX MOXKHO A0OUTbCA 3HAYU-
TeNbHbIX YCNEXOB B pa3BefeHMN JAHHOTO BMAA
B panoHax KpanHero Cesepa. B ApxaHrenbcKomn
obnactn B NabopaTopPHbIX YCIOBUAX YKe NPOBO-
AATCA PaboTbl NO CO34aHUIO OMbITHLIX MAPTUM
JINYMHOK, YCOBEPLUEHCTBOBAHUIO TEXHONOTUM
pa3BeaeHna Myxu B YCN0BUAX LLUPKYMMNONAPHO-
ro perMoHa Ha 6ase manoro MHHOBALWOHHOIO
npegnpuatna OO0 «HopaTexCag» u nposege-
HUIO UCMNbITAHUIA Ha XMBOTHbIX Npu agobasne-
HUM IMYNMHOK B KayecTBe KOPMOBOWN [06aBKM.
3aABNeHHble HanpaBieHWA  WUCCNeLO0BaAHWM
obecneyat pa3BUTUE CE/IbCKOXO3ANCTBEHHOM U
NMULLEBOWN MPOMBILIEHHOCTU PernoHa. 3a cyet
CNoCcobHOCTN K BMOKOHBEPCUU IMYUHKM Onpe-
AEeNAT 3SKONOTMYECKYl0 HamnpasieHHOCTb Mo
YIYYLIEHUIO COCTOAHUA OKpPYKAloLWen cpeapl
pernoHa v N03BOJIAT PA3BUTb PAA, HAMNPaBIEHUN
B buoTexHonornn Ha cesepe Poccum. CornacHo
BbILLUEM3I0KEHHOMY YepHasa NbBMHKa ABAAET-
CA NepcneKkTUMBHbIM 0OBEKTOM UCCIeL0BAHUM,
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MNOCKOJIbKY WWMPOKO 3apekomeHaoBana ceba B normyeckn bHesonacHom 6MOYTMI’IM3aLI,I/II/I op-
KayecTtBe KOpMOBOljl AO6aBKM CENbCKOX03AM- TFaHUYECKUX OoTX040B, YTO BaXXKHO AONA YCﬂOBMIZ
CTBEHHbBIM XXUBOTHbIM U aKBAKY/IbTYpPE, a TaKXKe MNaNE€APKTUKU U LUPKYMNONAPHOIO pernmoHa.
BUA CBA3aH C aKTya/ibHbIM HanpaBaeHNeM 3KO-
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Summary: Biotechnology has recently become pervasive, as a prospective
branch of science that study the possibilities of using living organisms,
systems or products of their vital activity to solve technological problems.
American type of fly - the Black Ivink (Hermetia illucens) is used as a research
object. The species lives in countries with warm climate, but recently the
issue of flies breeding in the regions with cold climatic conditions has been
actively discussed. Unlike America and countries of Western Europe, in
Russia this issue is underexplored. The analysis of literature sources will
allow determining the optimal conditions for the growth, development
and reproduction of the species in artificially created laboratory conditions.
The insect has gained widespread appreciation due to its highly effective
bioconversion of various solid organic wastes as well as high nutrition
of larvae with the possibility of using them in feeding farm animals and
aquaculture. However, this is not the full range of research areas of fly
use. The larva of the fly is characterized by the ability to absorb virtually
any biowastes. As a result, its body accumulates a complex of substances,
the percentage of which depends on the diet. The larva contains about
40% amino acids which produce a favorable effect on the growth and
development of farm animals and birds, and confirm the possibility of
using dry larvae as a fodder additive. Black lvink causes great scientific
and practical interest. Artificial creation of the necessary conditions for
the life of the species when studying and adaptation of an insect in cold
climate as well as the development of technologies for the development
and reproduction of insects in laboratory and industrial conditions will
provide fly breeding in circumpolar regions and allow developing a number
of biotechnology directions in Arkhangelsk region.
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