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HCIOJIb30BAHUE HHKATICYJIUPOBAHHOM ®UTA3BI HA OCHOBE YARROWIA
LIPOLYTICA C LHEJIBIO ITIOBBIINEHUSA 2O@O®EKTUBHOCTU KOPMOB JJI51 2KUBOTHBIX

E.A. Oscentuuk, Knaiun O.U., H.H. I'eccnep, I0.U. /lepaouna, E.Il. Hcaxosa

Hucmumym 6uoxumuu um. A.H. baxa, @edepanvhviii ucciedosamenvckuil yeump KPyHOAMEeHmMATbHbLE OCHO8bL OUOMEXHOIOSUL»
PAH, Mockea, Poccus

B macrosiimee BpeMs BO BCeM MHPE YBEIUIHBACTCS MOTPEOHOCTh HACETCHHS B TUETHICCKOM MsCE, UTO
CITIOCOOCTBYET JMHAMHYHOMY Pa3BHUTHIO HOBOHM OTPACIH NMTHIIEBOACTBA IEPEIICIOBOICTBA, KOTOPOE SABIIACTCS
OJIHMM U3 HCTOYHHKOB YAOBIECTBOPECHHMS IOTPEOHOCTH JIOJCH B TAKOHM MTUIIEBOAUYESCKON IPOIYKIIMU KaK AHIa
U MSCO IepenesioB. Msico 3TOM NITHILI OTIHYAETCS HEXHON KOHCHUCTEHIMEH, COYHOCTBIO U apomaroMm [1].
Oco0EHHOCTBIO TAHHOTO BH/JIA MITUIBI SBJISCTCS BHICOKAS SMYHAS IPOAYKTUBHOCTD M OBICTPasi CKOPOCIIEIOCTb.
CaMKN HAYWHAIOT KIIAJIKy SUIl B Bo3pacte 35—40 mHel u 3a roa garoT mo 250-280 s, Ilpu sTom pacxon
KopMa Ha | Kr sSMYHO#M Macchl B cpeliHeM cocTaBisieT 2,8 — 3,1 kr, a Macca sull, CHECEHHBIX caMKoi 3a 1 rof,
B 24 pasza mpeBBIIIacT Maccy Tejla caMOil caMKH, TOT/a KakK y JyUYlIuX MOpoJ Kyp 3TO COOTHOILICHHUE PaBHO
1:8 [2]. Haubombiiee pasBUTHE SHYHOE HAMPaBICHUE IEPENETIOBOACTBA MOMYUIO B SMOHMM | CTpaHax
JanbHero Bocroka, rie mepemnenuHbIe siflla B OCHOBHOM MCIIOJIB3YIOT ISl JIEYEOHOTO U JIUETHUECKOTO
mutanus [3], B TO BpeMst Kak B cTpaHax EBpoIsl Hanbosiee pa3BUTO MICHOE HallpaBlIcHHE TIEPETIEIOBOICTBA.

JI1sl ToTydYeHusT BBICOKHX ITOKa3aTelled MPOIyKTHBHOCTH CEIIbCKOXO3IHCTBEHHON NTHIIBI, B TOM YHCIIC
Y TIEPEIeioB, HEOOXOIMMO HCIIOJIb30BaTh COAJaHCHPOBAHHBIC KOpPMa, BaXKHOW COCTAaBJIAIONICH YacThbIO
KOTOPBIX sBIIsieTCS (ocdop. B KiIeTkax BceX KUBBIX OPTaHU3MOB (oc(op MPUCYTCTBYET KaK B BUIAE OPTO-
u nupodochaTtoB, Tak u BcocraBe (ochomnporenHoB, (GochHONUNUAOB, HYKICHHOBBIX  KHUCIOT,
rekco3odocharoB u Jp. Y MO3BOHOYHBIX KHBOTHBIX (hochop HapsAy ¢ KalbIUEM BXOIHUT B COCTaB KOCTHOM
TkaHu. OCHOBHOHM (opmoii opranmdeckoro memno (ochopa pacTHTETBLHBIX KOMIIOHEHTaX KOPMOB ITHIIBI
SIBJISICTCSI MHO-HUHO3UTOJN TekcakuchochopHass HiIu GUTHHOBAS KHUCIOTa — IMPOW3BOAHOEC MHO-HHO3HTOJA,
LUKIHYECKOTO CHPTa, (HPOCPOPHINPOBAHHOIO IO BCEM 6 THAPOKCHILHBIM IpymmaM [4]. ®ochop duraros,
a TaKkKe MHO-MHO3UTOJ CTAHOBSTCS JOCTYIHBIMHU JUUIsl YCBOCHHUS TOJIBKO TOCHE OTIICIIeHus (docdara mox
neiictBueM (epMmenToB ¢uTas [5]. B 3epHax XIeOHBIX 37aKOB M OOOOBBIX, CEMEHAX MACIHYHBEIX KYILTYD,
KOTOPBIE H COCTABISIIOT OCHOBY KOpPMOB, WX comepkurcs 60-88 % ot obmiero ¢ocdopa. Bemencreue
OTCYTCTBHS (pUTa3 B MHIIEBAPUTEIBHBIX CEKPETaX MOHOTACTPHUYHBIX JKMBOTHBIX OCHOBHAs 4acTh (hocdopa,
BXOJIAIIETO B COCTAB PACTUTEILHBIX KOPMOB, HE YCBaMBaeTCs OPTaHU3MOM. B CBOIO ouepeab HEIOCTAaTOK
(dochopa IPUBOIUT K BHIPAKEHHBIM HApYLIICHUAM B (HOPMHPOBAHUHU CKEJIeTa )KUBOTHBIX. B mociennee Bpems
Bce OoJibllice BHMMAHHE YACASICTCS KCIOJIBb30BAHUIO Pa3MUYHBIX MpernaparoB (uTa3bl B KOPMJICHHH
CEeNbCKOX03sMCcTBEHHOM TUIE [6]. OmHako, mpH MPOXOKIEHHH TAaKMX IIPENaparoB depe3 KEIymIOuHO-
KHMIICYHBIA TPaKT NTHIBI IMPOUCXOAAT CYIICCTBEHHBIC IIOTEpPH (EpMEHTa BCICACTBHE KHCIOTHOMH
JEeHATypallid M IpOTeosin3a. TEeXHOJOTHs WHKANCY/IAIUU (UTa3bl B KIETKAaX APOXOKEH-TIPOIYIICHTOB
B KaYECTBE MHUKPOKOHTCHHEPOB IO3BOJISET CYIIECTBEHHO COKPAaTHTh HOTEPH 3TOro (epMeHTa, a Takxke
YBEIMYUTh €r0 TEPMOCTA0WIBHOCTh. OKCTpeMOGWIbHBIC IpOXOKH Yarrowia lipolytica sBistOTCS
MIePCTIICKTUBHBIM 00BEKTOM COBpPEMEHHOU OMOTEXHOJIOTHH, B YACTHOCTH, JUTS TIOTyYCHUS
MHKAICYJIUPOBaHHON (HTa3sl TJIaBHBIM 00pa3oM 3a cUeT IIOJHOrO CHKBEHCAa e¢ TI'eHOMa U HaJIM4us
CICIUAILHOTO WHCTPYMEHTApUsI, MO3BOJISIFOIICTO CO3/1aBaTh BBICOKOA()D()EKTHBHBIC MITAMMBI-IIPOYIICHTHI
PEKOMOWHAHTHBIX OCITKOB.

Lenpio mpencTaBIeHHON pabOTHl  SIBISIETCS TMPOBEACHHE OSKCIEPUMEHTAIBHBIX — HCCIICOBAHUI
Ha Iepernenax mo UCIoIb30BaHMUIO MAIIEBHIX J00aBOK MUKOMHKAIICYIMpoBaHHO# (uTassr Obessumbacterium
proteus B goze 500 FYT/kr kopma Ha 0a3e pekoMOMHaHTHOTO mponyueHrta Y. lipolytica Polf pUV3-Op
B pallMOHAaX NTHIEI W U3YYCHHE BIUSHUA OSTHX 1T00aBOK Ha MPOIYKTUBHOCTH MOJIOIHSKA M B3POCIBIX
nepenenos. McciaenoBanue nporoawn Ha 6asze CI'L] «3aropckoe DI1X» — dpununana GHI «BHUTUIT» PAH.
OOBEKTOM  HUCCIENOBAaHUSA SIBJUUIMCH  TIeperesia  MOpoAbl  MaHBWKYPCKHE  30JI0THUCThIE. Kopma
JUIS DKCIIEPUMEHTAIBHBIX JKABOTHBIX OBIIM W3TOTOBJIEHBI U3 PACTHTENHLHOIO CHIPbS (KyKypy3a, IIIEHUIIA,
COCBBI TIPOT, COS TIOJHOKWPHAS, TIOACOTHEYHBIH JKMBIX, BHTaMHUHHBIH TIPEMUKC C J00aBICHUEM
CHHTETUYECKMX KOPMOBBIX aMHHOKHCIIOT JIM3WHA, METHOHHHA U TPEOHWHA, HO 0€3 HCIONB30BAaHUS CHIPHS
JKHUBOTHOTO IPOMCXOXKICHU).

Copepikanue obiiero ¢ochopa Bo Bcex Tpéx Tumax kKopma cocrapistio 0,6 T/Kr KopMma, a coaepiKaHHe
poctymHoro ¢ochopa — 0,35-0,45% r/xr xopma, uyto Obuto Ha 20-25 % HmKEe pPEKOMEHIOBAaHHBIX
IUIS TIEpETICTIOB 3HAaYCeHMA. B Xone sKcrepuMeHTa, B CyTOYHOM BO3pacTe, ObBUIO ChHOPMHPOBAHO 6 TPYIII
TIEPETIeNioB 10 25 TOJIOB B KXKOW, KOTOPHIE MOMyYald CIEAYIOIIUe TUIIBI KOpMa: KOHTPOJbHAA rpymma 1 —
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KOpM ¢ cozep:kanueMm obiuero ¢ocdopa 0,8 % (0,45 % moctymuoro docdopa) 6e3 100aBOK; KOHTPOJIbHAS
rpymma 2 — KopM ¢ cojepxannem obrero ¢ocdopa 0,6 % (0,35 % mocrymuoro dochopa) 6e3 106aBoK;
ONBITHAS TpyIna 3 — KOPM C J00aBKOH MHKPOHMHKAIICYIupoBaHHOU (uTaszel O. proteus B goze 500 FYT/kr
KopMa U cojepxkanueM obiiero dpochopa 0,6 % (0,35 % nocrynHoro dochopa); onbITHAS rpymnna 4 — KOpM
¢ 100aBKOKM MHKPOHMHKANCYIUpoBaHHOH ¢uraser O. proteus B moze 500 FYT/kr xopMa u copepkaHUEM
obmiero pocdopa 0,8 % (0,45 % goctymnuoro dhocdopa); OIbITHASL IPYIIIA 5 — KOPM ¢ J0OAaBKOM, COAEpKaIei
HCKYCCTBEHHO BHECEHHYIO KOMMeEpYecKyro ¢utasy Jlamosum npokcu u3 Aspergillus ficuum B gosze 4500
FYT/kr xopma u comeprxannem obimero docdopa 0,8 % (0,45 % moctymHoro ¢ochopa); OIBITHAS rpyIma 6 —
KOpM C T00aBKOH, cojeprKaIieil HCKyCCTBEHHO BHECEHHYIO KOMMEpUecKyro ¢uTasy Jlamo3um npokcu u3 A.
ficuum B mo3e 4500 FYT/kr kopma u conepxanuem odriero gpocdopa 0,6 % (0,35 % nocrynuoro dochopa).

B xoxe mccnemoBanmii OBUIO YCTaHOBJIEHO, YTO BEHIPAIIBAHWE W COACPIKAaHUE IEPETeoB Ha pamroHax
C UCTOJTE30BAHMEM ITHIEBHIX JTO0AaBOK MHUKPOMHKAICYIUpOBaHHON ¢uTasel O. proteus B moze 500 FYT/kr
KopMa Ha 0a3e pexoMOWHaHTHOTO mpoxayleHta Y. [ipolytica oxa3ano TOJNOXKUTENBHOE BIHSHHE
Ha MIPOIYKTUBHOCTh MOJIOJHSIKA W B3pOCIBIX TepenenoB. Camas BBICOKas >KHMBas Macca IIeperesioB
B 42-mHeBHOM Bo3pacTe — 218,1 © Obura momydyeHa BrTpymme 4, uro Obuio Ha 0,2 m 1,2 % % BEIIIE,
[0 CPAaBHEHHIO C KOHTPOJBHBIMU Tpynnamu | u 2, a takxke Ha 3,3 u 5,5 % Bbllle, yeM B rpymmax 5 u 6,
COOTBETCTBeHHO. HamOoree Hu3kue 3arpaThl KOpMa Ha | KI MPUPOCTA KUBOW MACChl OBUIM OTMEUYCHBI Y
MOJIOJTHSIKA B OIBITHOM Tpyriie 4. B 3Toii TpyIe Mo cpaBHEHHUIO C KOHTPOJIBHBIMH TpymmaMu 1 U 2 3aTpaTsl
kopMa Obutn Hke Ha 0,5 u 1,8 %, a Mo cpaBHEHMIO C ONBITHBIMU TPYNNaMH 5 U 6, 3aTpaThl KOpMa B rpymme 4
obumm Hke Ha 3,6 m4,1 %. 3arparbl KOpMa y B3pOCIOW MNTHIBI B ONBITHOW TpyIiie 4, MO CPaBHEHHUIO
C KOHTPOJBHBIMH TpymnmaMu 1 ¥ 2 ¥ ONBITHBIMU Tpynmamu 5 u 6, Obutn Hibke Ha 3,5 1 9,0 % u 8,2 u 9,3 %,
COOTBETCTBEHHO.

Macca noTpoIeHo TyIKY B ONBITHOM rpyImie 4 1Mo CpaBHEHHUIO C KOHTPOJIBHBIME Tpymnmamu 1 u 2 6puta
Bbime Ha 2,6 u 2,8 %, coorBeTcTBeHHO. [l0 OTHOIIEHWIO K OMBITHOW TpymIle 5 ombITHAas Tpymma 4 Oblia
JIOCTOBEPHO BHIIIE Ha 6,6 % (pu p<0,05), a K oneITHO# TpyIe 6 —Ha 9,9 % (rpu p<0,001). OmsITHas TpyIIIa
3 mo cpeaHel Macce MOTPOIICHOW TYIIKM HE3HAYUTENbHO yCTynaia KOHTPOJbHBIM IpynnaMm | u 2, a Takxke
ONBITHOH Tpymie 4. OHAKO MO CPaBHEHHIO C OMBITHBIMU TPyHIaMHU 5 U 6, MMOKa3aTeld 3TOW TPyl OBLTH
BhIme Ha 2,6 u 5,8 %. COOTBETCTBEHHO, C Y4€TOM BBICOKOM MacChl U YIIUTAHHOCTH TYIIEK, YOOHHBIN BBIXOJ
B OMBITHON Tpymie 4 ObUT BBINIEC 10 CPABHEHHUIO C KOHTPOJbHBIMHU Tpymmamu 1 m2 Ha 0,7 u 1,1 %, ano
CPaBHEHHUIO C OMBITHBIMU Tpynmamu 5 w6 — Ha 2,2 u 2,6 %. OmuplTHas Tpymmna 3 1Mo 3TOMY MOKa3aTelto
MpeBbINIaga onbITHRIe rpynnbl 5 u 6 Ha 0,8 u 1,2 %, cooTBeTcTBeHHO. CYIECTBEHHBIX pa3Iuyuil Mo Macce
Y COCTOSIHUIO BHYTPEHHHUX OPTaHOB, a TAKXKE 110 XMMUYECKOMY COCTaBY Msca B TPYIIIAX, OTMEYCHO HE ObLIO.
Haubosee BbIcOKass MHTEHCUBHOCTD STHIICHOCKOCTH TIEPEIIENIOB ObLIa BRISABIICHA B ONBITHOM TpyIIe 4, TIe OHa
cocraBmna 86,8 %. Ilpu sTOM ombITHas rpynna 4 IO CPaBHEHUIO C KOHTPOJBHBIMU Tpynmamu 1 u 2
Y OTIBITHBIMH TpymmaMd 5 u 6 Obuia 1o »ToMy mnokazatemo Beimie Ha 9,7 m13,2% wu 11,8 u 9,0 %,
cooTBeTcTBeHHO. COXpaHHOCTh MOJIOMIHSKA W B3POCIION NTHUIIBI, BO BCeX rpymmax, Opuia Ha ypoBHe 100 %.
[Tageska TTUIBI BO BCEX HMCCICAYEMBIX TpyIIax He HaOII0IanoCh, YTO CBUICTEIBLCTBYET O O€30MaCHOCTH
MPUMEHEHHS H3y4YaeMbIX MpernapaToB (GUTa3bl B palliOHaX Mepeneios.

Ha ocHOBaHMM TIONy4YeHHBIX MJaHHBIX MOXHO CHENaTh BBIBOJ O BBICOKOW IIeIeCO00pa3HOCTH
Y TIEPCIIEKTUBHOCTH TpPHUMEHEHHS B KOPMJIEHHH T00aBOK Ha OCHOBE MHKPOMHKAICYJIHMPOBAHHON (HHUTa3BI
O. proteus, oOmagarorield HAWITYyYIINMH KHHETHYECKHMH XapaKTEPHUCTHKAMH II0 CPAaBHEHHUIO C IPHOHBIMU
¢uTazamu pu paboTe B KEITYAOTHO-KHUIIIEYHOM TPAKTE MTHIIBL.

Paboma noodoepirwcana Poccuiickum nayunvim ¢ponoom, coznauienue
Ne 22—-16-00093 om 12 maa 2022 zooa.
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D®AT'OBBIE AHTUTEJA JJIAA OIPEJAEJTEHUA AHTUBUOTUKOB
O.A. Kapasaesa', C.C. Eecmuzneesa’, A.B. Mapmuinenxo’, O.H. I'vauit’

Huemumym ouoxumuu u pusuono2uu pacmenuil u muxpoopeanuzmos, UL «Capamosckuii nayumnviii yenmp PAH» (MEDOPM PAH),
Capamos, 410049, Poccus
Capamosckuil HayUOHATbHYLIL UCCIe008amMeNbCKUll 20cyoapcmeennvlil yHueepcumem um. H.I'. Yeprvliuesckoeo,
Capamos, 410012, Poccus

daroBwIit I[I/ICHHeﬁ AHTUTCII, HO3BOH$1IOH_II/II>'I MOoJIy4aTb AHTHUTCIIAa K HU3KOMOJICKYJIAPHBIM AaHTUICHAM
(FaHTCHaM), ABJIACTCA HCpCHeKTHBHOﬁ MeTOHHKOﬁ AJI pa3BUTUS CCHCOPHBIX CHUCTEM IIpU OHNPCACIICHUUN
aHTHOAKTEePHATBHBIX TIpernapaToB. C MOMEHTA TOIyYeHHUS TMEPBBIX aHTUTEN Ha TIOBEPXHOCTH (haroB MHTEpPEC
K IpUMEHEHHIO (aroBoro muciies HeykIoHHO pacter [1, 2]. HekouTponmpyemoe NpUMEHEHHE
aHTI/I6I/IOTI/IKOB, B TOM 4YHMCJIC KaHaMHUIIMHA, NPHUBOAUT HC TOJIBKO K IMOBBIIICHHUIO yCTOfI‘IHBOCTH 6aKTCpI/II\/'I
K HEMY, HO U BBI3BIBACT HAKOIIJICHHE OCTAaTKOB KaHaMHWIIMHAa B BOJEC. KaHaMI/IHI/IH YIpoOXKacT 3T0POBBIO
YCJIOBCKA, IIOCKOJBKY OH MOXCT HAKaAIJIMBATBECA B OPraHU3ME U XapaKTCPpU3YCTCA HOTeHHHaJIBHOﬁ
OTOTOKCHUYHOCTBIO U HE(POTOKCUYHOCTHIO [3, 4], m0o3TOMYy KOHTPOJb COAEp)KaHWS KaHAMHUIIMHA B BOJE
" pa3dBUTHUC MCTOLOB IJId €ro ONpCACIICHUA NPCACTABIISACT 0COOBIH HUHTCPEC. Haubonee pacnnpoCTpaHCHHBIM
BapUAHTOM TIOJMYYEHUS AaHTHUTEN, OOJaNafoIuX CHEMU(DUIHOCTHI0 K KOHKPETHOMY AaHTHTCHY, SBIISETCS
HMMYHH3aus ) XKUBOTHBIX. AJ'H:TCpHaTI/IBHI:IM MCETOJAOM TIOJIy4YCHUS CHCLII/I(l)I/I‘{HBIX AHTHUTCJI, HC Tpe6yIOH.[I/IM
HUMMYHHU3AIUU KXUBOTHBIX, ABJICTCA TCXHOJOIHA (I)aFOBOFO JAUCILICA. Texuomorus (I)aFOBOFO JUCIIIICA
obecreunBaeT OBICTPYIO M SKOHOMHYHYIO HapabOTKy aHTHUTEI C UCIIONB30BAaHHEM HUTEBHUAHOTO (hara [5-7].
HpOI/I3BOI[CTBO peKOM6I/IHaHTHBIX AHTUTCJI BKIIIOYACT HECKOJILKO 3TallOB, HO BCE OHU IMPOBOAATCA in vitro
" OTCYTCTBYCT HCO6XOI[I/IMOCTI) MMPOBCACHUA SKCICPUMCEHTOB C IIPUBJICYHCHUCM KUBOTHBIX. DTO OCHOBHOE
" BaAXXHOC NPCHUMYIICCTBO ,HaHHOﬁ TCXHOJIOTMHU I10 CPABHCHHUIO C TPAAUIIHUOHHBIMHU MCETOAAMHU I1OJIYUCHUA
AHTHUTCII. EIIIC OOIHUM HPEUMYyIICCTBOM q)aFOBOFO OUCTIICA ABJIICTCA MCHBIICE BpPEMA, HCOGXOHHMOC
JUTSL TPOIYKIWHU aHTUTEN. DTO AenaeT GaroBelii nuCTiei 3 GEKTUBHBIM B TOJITOCPOYHOH MEPCIECKTHBE.

B pabore ¢ ucmnosp3oBaHreM OBeUbel AuCIUIeliHoM Onbnmoreku dparmeHToB scFv (Griffin.1) momydeHsl
peKOM6I/IHaHTHBIe aHTHUTCIa, CHCHI/Iq)H‘IHBIe K KaHaMUIIUHY M IIOKa3aHa BO3MOXXHOCTH HMX HCIIOJb30BaHUSA
AJId ONpeaACICHUA KaHaMUIIMHA METOJIOM JOT-UMMYHOAHAJIN34. HOKaSaHO, YTO MUHUMAJIbHAA OIIpe€aciigemMas
KOHOCHTpAaUAd KaHaMHUIIMHa COCTABJIACT 1 MKr/mn (pa3J'II/ILII/IMOC CBA3bIBAHUEC MCTKH, OTJIMYHOC OT (b()HOBOl"O
ypoBHs) [8]. YcTaHOBIEHO, YTO aHTHKAHAMHUIIMHOBEIE (DAaroBBIE aHTUTENA OONAfanM CHENH(YUIHOCTHIO
B OTHOIIICHHWMW KaHaMHUIIMHA U HEC B3aPIMOI[eI71CTBOBaHH C IpyruMun aHTUOMOTHUKAMU (HeOMI/IHI/IHOM,
TCTPALIUKIIMHOM, aMIIMIUIJIMHOM, T CHTaMI/ILII/IHOM). AHTI/IKaHaMI/IHI/IHOBLIC q)aFOBBIe AHTUTCJIa ABIAIOTCA
HepCHCKTHBHOﬁ aHLTepHaTHBOﬁ MOHOKJIOHAQJIBHBIM aHTHUTCJIIaM JI UCIIOJIb30BAHUA TMIPpU  OIPCACICHHUN
KaHaMHIIMHA.

Hccneoosanue gvinonneno 3a cuem zpanma Poccuiickozo nayunozo ¢ponoa Ne 22-24-00417.
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HEPCIIEKTUBbI AKYCTUYECKHUX CEHCOPHbBIX CUCTEM JJIs1 ONPEJAEJIEHUA
AHTUBAKTEPUAJIBHBIX ITPEITAPATOB

O.U. I'vnuii, B.J1. 3aiiyes’, O.A. Kapasaesa', A.B. Mapmuvinenxo’, H.A. Bopoouna’

Hnemumym 6uoxumuu u ¢uzuonozuu pacmenuti u muxpoopeanuzmos, UL «Capamosckuii nayunwiit yenmp PAH» (HE®PM PAH),
Capamos, 410049, Poccus
Huemumym paouomexuuxu u snexkmponuxu um. B.A. Komenonuxosa PAH, Capamosckuii ¢punuan, Capamos, 410019, Poccus
Capamosckuil HayuoHANbHbIN UCCIe008aMeNbCKUll 20cyoapemeenbvlil yHusepcumem umenu H.I'. Yepuviwescrkozo, Capamos,
410012, Poccusa

]_HI/IpOKaH PpacrnpoCTpaHCHHOCTDb I/IH(l)CK]_[I/IOHHBIX 3a00JIeBaHUI O6yCJ'IOBJ'II/IBaCT AKTHUBHOC IPUMCHCHUC
aHTI/IMI/IKpO6HBIX JICKAPCTBCHHBIX CpCACTB, cpeau KOTOPBIX Hauboee 3HAYUMBIMH SABJIAFOTCS
aHTHOAKTEepHalbHbIe Tpenaparbl. [IpuMeHeHHe aHTHOMOTHUKOB CTAJI0 HACTOSIIEH PEBONIOIMEH B JICUCHHH
MH()EKITNOHHBIX 3a00JIeBaHNH, HO B JAIBHEHUIIIEM 3TO TIPUBEJIO HE TOJIHKO K MOSIBICHUIO aHTHOAKTEpHUAThHBIX
MpernapaToB W MPOAYKTOB WX JACTpajaliiyi B OOBEKTAaX OKpPYXKAIOMEH Cpeasl, HO MK  Pa3BUTHIO
AHTUOMOTHKOPE3UCTCHTHOCTH OakTepuil  (CMOCOOHOCTh  OakTepuii  amanTUpOBATBCA K BO3ICHCTBHIO
AHTUMUKPOOHBIX TipernapatoB). [losiBieHre aHTHOMOTHKOB B OKpYKatoleii cpene (0coOeHHO B BOJHOM cpejie)
CTUMYJIMPYET Pa3BUTUC HOBLIX METOAOB KOHTPOJIA aHTI/I6aKTCpI/Ia.TH:HBIX mperapaToB B NPOAYKTaxX IMUTAHUA,
CTOYHBIX BOJax q)apMaLICBTI/IquKI/IX Hpe,E[HpI/IﬂTI/Iﬁ " Apyrux 00BEKTaX. ﬂﬂﬂ OMMpEeACICHUA AHTHOHMOTUKOB
MIPUMEHSIIOT MUKPOOHOJIOTHUECKHE, CHEKTPO(OTOMETPUIECKHE, bayopumeTpuueckue,
XCMHUIIFOMHUHCCIICHTHBIC, Ppa3JIN4YHbIC BapHaHThI XpOMaTOFpa(bI/I‘-ICCKI/IX METOO0B, B TOM qucie
BBICOKO3((EKTUBHYIO KHIAKOCTHYIO XpOMATOTpaHio M XpOMAaTO-MacC-CIIEKTPOMETPHIO, WHBEPCHOHHYIO
BOJIBTAMIICPOMCETPUIO, SJICKTPOAHAITIUTUYICCKOC OIIPCACIICHUC C MO,Z[I/I(bI/I]_II/IpOBaHHLIMI/I QJICKTPOJaMHU, a TAKKC
6I/IOC6HCOpHLIC METOABI. BI/IOCCHCOPHLIC MCTOJblI aHaJIM3a AKTUBHO Pa3BUBAIOTCA B IIOCICAHEC BPEMS
U ABJISIIOTCA HEOTHEMJIEMOM YacThbIO DKOJIOTHUYECKOIO MOHUTOpPHUHTA OKPY)KaIOH_ICﬁ CpCabl. OI[HI/IM nu3
MEPCIICKTUBHBIX HaHpaBJ’ICHI/Iﬁ CCHCOPHLBIX METOJAOB OINPCACIICHUS AHTHOUOTHUKOB SBJISIIOTCS AKyCTUYCCKUEC
CCHCOPHBIC CUCTCMBI.

AKyCTHYECKHE NATYNKH, OyIydd OYCHb UYBCTBUTEIHLHBIMH, MMCIOT IPEHMYIIECTBO MEpel AaTINKaMH
JPYTUX TUIIOB, IIOCKOJIBKY OHM MOTYT OOHAPYKMBATh H3MEHEHHUS KaK MEXaHMYECKHX TTapaMeTpoB (IJIOTHOCTb,
YOpyrocTb, B$I3KOCTB), TaK " JJICKTPUYCCKUX CBOIICTB (Z[I/ISJ'ICKTpI/ILIeCKaH MMPOHUIIAEMOCTD, HpOBOI[I/IMOCTL)
Cpeabl, B OTIIMYUC OT APYTUX MHUKPOCCHCOPHBIX YCTPOﬁCTB, KOTOPBIC CICAAT 3@ UBMCHCHUCM TOJIBKO OAHOI'O
(bI/IBI/I‘-ICCKOFO napameTrpa. AKyCTI/IqCCKI/IC AAaTYUKU U3MCPAIOT U3BMCHCHUSA B XaPAKTCPHUCTHUKAX aKyCTUUYCCKUX
BOJIH (TaKI/IX KaKk CKOpOCTb, 3aTyXaHHUC, LI.':ICTOTB.) npu UX paCOopOCTPAaHCHUUN B MbC303JICKTPUYCCKOM
KpHCTaJIe, KOHTAKTHUPYIOIIEM C HCCIEeQyeMOH cpelod. AKyCTHYeCKHe OHOCCHCOPBI HCHOJB3YIOT
IMbE€30AKTUBHBIE AKYCTUYCCKHUE BOJHBI [JId CO3JaHUA AQHAJIUTUYCCKOI'0 CHI'HAJIa. HpI/IHHI/IH I[eﬁCTBPIH
AIEKTPOAKYCTHICCKAX METOJOB aHAJIM3a OCHOBAH Ha PETHUCTPAIMH OMOCTICIIM(PUICCKUX PEAKIMA B KAIKON
CyCIICH3UHU, KOHTaKTI/IpyIOHICﬁ C MOBCPXHOCTBIO  IBE303JICKTPHUYICCKOTO 3BYKOIPOBOAA, II0 KOTOPOMY
PacpoCTpaHsiACTC MbC30aKTHBHAA aKYyCTUYCCKasA BOJIHA. B nocjeaHee BpeM: IUIA CO3AaHHA aKyCTUYCCKUX
6HOCCHCOpOB IIHUPOKO HCIIOJIB3YOTCA MMBE303JICKTPUICCKUEC PE30HATOPBI WU JIMHUN 3aICPKKN
C PacIpoCTPAHSIOWIEHCS TMOBEPXHOCTHOM WJIM IUIACTUHYATOM aKyCTHUYEeCKOM BOJHON. Takue CceHCcophl
YYBCTBUTCIIbHBI K U3MCHCHHUIO MEXaHWYCCKHUX WJIN JJICKTPUUCCKUX CBOMICTB 6HOHOFquCKOFO O6T)eKTa,
KOHTaKTHPYIOIIETO C MIOBEPXHOCTHIO 3BYKONPOBOAA. AKYCTHUCCKHE OMOCEHCOPHI Yallle BCETO BBITOITHCHBI
Ha OCHOBE TaKHUX IIbE303JICKTPUYCCKHUX KPUCTAIJIOB, KaK KBapil, HHOOaT JIUTHUS, WK TaHTaJlaT JINTUAI,
IIOCKOJIBKY OHH XapaKTCPU3YHOTCs BBEICOKOII XHMHYECKOU yCTOfI‘IHBOCTLIO. AKYCTI/I‘ICCKI/Ie BOJIHBI,
B036y)KILaeMI>Ie B HLC303J’ICKTpI/IqCCKOﬁ cpeac, IMO3BOJAOT CO34aThb IEJIOC CEMENCTBO JaT4YUKOB,
XapaKTCPUIYIOIIUXCA BBICOKOM YYBCTBUTCIIbHOCTBIO, 6LICTpOTOﬁ MMPpOBCACHUA aHaJln3a, I[e].HCBH3HOI>i,
M HEOOJIBIIIUMH pasMepamMun [1] I[O HCAAaBHCTO BpPCMCHU AKYCTUYCCKUC JOATYUKU HE NPUMCHAIIUCH
JJI1 ONpCaACIICHUA aHTI/I6I/IOTI/IKOB " IIEPBOC YINOMHUHAHUEC O BO3MOXHOCTH UX IIPUMCHCHUA [JIs OLICHKU
BO3JIEHCTBHS aHTHOAKTEPHAIbHBIX IIPErnapaToB Ha OakTepwu TpuBeaeHo B pabote [2]. IlepcrekTHBHOCTH
IIPUMCHCHUA JaTYUKa Ha OCHOBE PE30HATOpPa C MONCPEYHBIM IJICKTPUICCKUM I10JIEM C ITIOMOIIBIO MI/IKp06HBIX
KIJIETOK IJIsL ONpCACIICHUA aHTHOMOTHKOB HCIMMOCPCACTBCHHO B XKUAKOCTHU IIOKa3aHa Ha IpuMepe
kaHamuiuHa [3] u monuMukcuna [4].
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Ha ocHOBe pe3oHaTopa C momepeyHbIM 3JIEKTPHUECKUM II0JIEM pa3paboTaH KOMIAKTHBIM aKyCTHYECKUN
aHaNM3aTop AJIsl DKCIpecc-aHaln3a aHTHOMOTHKOB Ha MpuMepe XJopaM(eHUKONa B BOAHOM pacTBOpE.
AHanmu3upymoomas 4YacTb YCTPOWCTBa BKJIIOYAaeT UIUQPPOBOH TeHeparop CHUTHAJA U YHPABISIONIAN
MHUKDPOKOHTPOJUIEP, KOTOPBIM COEAMHSETCS C EPCOHAIBHBIM KOMIIBIOTEpPOM. B KauecTBe CEHCOPHOro
3JIEMEHTa HCIONb30BAIN OaKTepHajbHblE KJIETKH, YYBCTBUTEIBHBIE K ONPEACTSIEMOMY AaHTHOHOTHKY.
YcTaHOBIEHA KOPPETALHS SKCIIEPUMEHTAIBHBIX JaHHBIX, IOJIyYEHHBIX C IIOMOIIBI0 aKyCTHYECKOTO JTaTYHKA
C pe3yJbTaTaMH, [TOJYYEHHBIMH C IIOMOIIBIO CBETOBOH (ha30BO-KOHTPACTHONW MUKPOCKONUH U CTaHIAPTHOIO
MHKpoOuoyoruyeckoro  aHaiamsza.  l[IpencraBieHHBIE ~ cmoco0 — IE€MOHCTPHpPYET — CTaOMIIBHOCTb,
YyBCTBUTEJILHOCTh M IOBTOPSIEMOCTh PE3YJIbTaToB [5].

buonorudyeckue  TECT-CUCTEMBI HA OCHOBE  IIBE303JIEKTPUYECKOTO  PE30HATOPA € MOIEPEYHBIM
JIEKTPUYECKUM TIOJIEM C MCIIOJb30BaHUEM OaKTEepHi B Ka4eCTBE CEHCOPHOTO 3JIEMEHTa SIBJISIIOTCS BechbMa
NEPCIEKTUBHBIMU VIS SKCIIPECC-aHANN3a aHTUOMOTUKOB M IIO3BOJIIOT ONPEAEISATh HU3KHE KOHLEHTPAaLUU
AHTUOMOTHKA HETIOCPEICTBCHHO B )KHJIKOCTH 0€3 He0OXOAMMOCTH UMMOOHIM3ANN KOMIOHEHTOB aHAJIN3a.
JIOTIOTHUTENBHBIM TPEUMYIIECTBOM IIPENNIAraeMbIX JATYUKOB SBISIETCS BO3MOXXHOCTb UX MHOTOKPATHOTO
WCIIOJIb30BAaHMs, U3-3a YEro OTCYTCTBYET HEOOXOAUMOCTh B ITOAOOPE YCIOBUI I YTHIIN3ALMH TECT-CHCTEM
IocJIe IPOBeNEHUs aHanu3a. JlalbHeWInas CTaHAAPTU3ALMS WM aBTOMATU3allds aKyCTHUYECKHX CEHCOPHBIX
CHCTEM TIO3BOJIUT PACIIUPUTH KPYr UX HPUMEHEHHs M UCIIOJIb30BaHUS B MHUKPOOMOJIOrUH, OMOTEXHOJIOTHH,
BETEPHHAPHH, MEULIMHE, 3AIUTE OKPYKAIOIEH CPEBI.

Hccneoosanue gvinonneno 3a cuem zpanma Poccuiickozo nayunozo ¢ponoa Ne 22-29-00587.

JIureparypa

1. Gbzde Durmu,sa, N.; Linb, R.L.; Kozbergc, M.; Dermicid, D.; Khademhosseinie, A.; Demirci, U. Acoustic-based biosensors.
In Encyclopedia of Microfluidics and Nanofluidics; Springer Science + Business Media: New York, NY, USA, 2014. doi 10.1007/978—
3-642-27758-0_10-2.

2. Gruhl, F.J.; Lange, K. Surface acoustic wave (SAW) biosensor for rapid and label-free detection of penicillin G in milk. Food
Anal. Methods 2014, 7, 430-437. doi: 10.1007/s12161-013-9642—-4.

3. Guliy O.1., Zaitsev B.D., Semyonov A.P., Alsowaidi A.K.M., Teplykh A.A., Karavaeva O.A., Borodina I.A. Microbial acoustic
sensor test-system based on a piezoelectric resonator with a lateral electric field for kanamycin detection in liquid. Ultrasonics 2022,
120, 106651. https://doi.org/10.1016/j.ultras.2021.106651.

4. T'ymuit O.M., 3aiiue b.[., IlluxabymuHoB A.M., Bopomuna W.A., JlapuonoBa O.C., XumukoBa E.I'. Onpenenenue
YyBCTBUTEJIBHOCTH MUKPOOHBIX KJICTOK K IIOJMMUKCHHY METOZIOM 3JIEKTPOAKyCTHYECKOro aHain3a. AHTHOMOTUKH U XUMHOTEPAIHs
2017, 62 (3-4), 3-9. doi 10.24411/0235-2990-2017-0003 1.

5. Zaitsev B., Borodina I., Alsowaidi A., Karavaeva O., Teplykh A., Guliy O. Microbial Acoustical Analyzer for Antibiotic
Indication. Sensors 2022, 22, 2937. https://doi.org/10.3390/s22082937.

post@actbio-vsuet.ru



AKmyanvhaa Ouomexmnonozusn

Nel, 2023 https://doi.org/10.20914/2304-4691-2023-1-10-15

VIIK 636.5.033:636.085.16
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BBengenne

B npOMBIIIIIEHHOM TITHIIEBOACTBE KOPM SBJISIETCS OCHOBOTIONATAfONM (hakTopoM, (IIPEUMYIIIECTBEHHO S0
70 %) omnpeAesIONMM KOHEYHYI0 CTOMMOCTh MPOAYKIKH. ONTUMANbHBIN OalaHC MUTATENBHBIX BEIIECTB
SIBIISICTCS. OCHOBHBIM (DaKTOPOM YCTOHUYUBOTO MPOU3BOJCTBA KUBOTHOTO OENKa, MOCKOJBbKY OOecreunBacT
MaKCHMaJbHOE HCIIOJIb30BAaHWE HYTPHEHTOB MPH WX MHHAMAJIbHOM BbIBeleHHH [4]. B cymiecTByrommx
9KOHOMHUYECKHX PEaIHsiX, ITHIICBOIBI BBIHYK/ICHBI UCIIOIh30BATh 0OJIee ICIICBhIC KOPMOBBIC UHTPEAUCHTHI,
B PE3yNIbTATE CHWKAETCS HE TOJNIBKO 3aTPAaThl, HO U KOHEUHBIH BBIXOJ MPOAYKIMHU. [Tpu 3TOM, B MOAOOHBIX
KOMITOHEHTAaX COJIEPXHTCST OOJBIIOE KONMYECTBO AHTUIMTATEIbHBIX (DAKTOPOB, TAaKWX Kak (QHTHHOBAsS
KuUCJioTa, KCHJIaH, B'FJIIOKaH, OKa3bIBarOIUX HETAaTHUBHOC BJIHWAHUEC Ha IIOJHOLICHHOC BI)ICBO60)K)Z[€HI/IC
W YCBOGHHE MNHUTATENbHBIX BemecTB parwiona [10] HuenupoBath WX JEHCTBHE CIMOCOOHBI 3K30TCHHBIC
sH3UMBI. KpoMme Toro, 0Kka3aHo, YTO SH3UMBI CIIOCOOBI YBEIUYUBATEH MPOAYKTHUBHOCTD IIBILISAT-OPONIECPOB,
3a CHCT CHMIXKXCHUA BA3KOCTHU KUIICYHOI'0 COACPKUMOTO U MOIYJIAIINA MI/IKpO6I/IOTBI KEIIYJOYHO-KHUIICYHOT' O
TpakTa [5, 8]. BroyeHHEe SK30TEHHBIX YH3MMOB MOXET CTATh KIIOYEBBIM PEIICHHEM IS YCTOHYHUBOTO
PasBUTHUSA NTUIEBOAYECCKON oTpaciu. OHAKO, yIydIlIEHHE YCBOSEMOCTH HYTPUECHTOB MOXKET CIIOCOOCTBOBATH
M30BITOYHOM OHOAKKYMYJISAIUH MHKDPOJJIEMEHTOB, B TOM YHCIIE TOKCHYHBIX [2, 7]. CylmecTByeT TecHas
B3aUMOCBA3b MCKIY HYTpHeHTHOﬁ 00€eCITeUeHHOCTHI0 M OOMEHOM XHMHYECKUX DJIEMEHTOB B OpraHu3Me.
Jedpuuur  uau M30BITOYHOEC HAKOMJICHHE DJIEMEHTOB B OPTaHM3ME JKUBOTHOTO  COMPOBOXIACTCS
BBIPQKEHHBIMU META00INUECKUMH H3MEeHeHUAMH [3]

Lean padoTbl — H3ydeHHe 0COOEHHOCTEH 3JIEMEHTHOTO CTaTyca opraHu3Ma Ha (hOHE SH3UMCOJIepIKaIIero
paryoHa.

MartepuaJibl H METOABI

DKcrepUMeHTaIbHBIE HCCICOBAHKS BBITIOJTHEHBI HA IBIUIATAX-0poiinepax (kpocc Apbop-Aifikpec
(ABuaren)) Ha0Oaze BuBapus OIBHY «®enepaipHplii HaydHBIM IEHTP OHOJOTHYECKHX CHCTEM
1 arpoTexHoNoruil Poccuiickoit akameMun». B cOOTBETCTBHM C MPHHIIMIIOM aHAJOTUYIHBIX TPYIII, OBLTH
otobpansl 1pUIATa (1=70) ¥ cCHOPMUPOBAHBI KOHTPOJIBHAS M OIBITHAS TPYIIIIHL.

B xope skcriepuMeHTa, )KUBOTHBIX OBLTH BBIPAIIEHBI B PAMKAaX HHCTPYKIUN M PEKOMEHIAINA POCCUICKUX
HOopMaTuBHEIX akToB (1987 r.; IIpuka3 Munsapasa CCCP Ne 755 ot 12.08 1977 «O Mepax 10 manbHeHmeMy
COBEPIICHCTBOBAHUIO  OpPraHM3AalMOHHBIX  (OpM  pabOThl € UCIOJIB30BAHMEM  SKCIICPUMEHTAIbHBIX
KUBOTHBIX») U «Guide for the Carre and Use of Laboratory Animalsy» (National Academy Press, Washington,
D.C., 1996). UccnenoBaHue COMPOBOXKIAIKCH C COONMIOJACHUEM psa Mep, YTOOBI CBECTH K MUHHUMYMY
CTpalaHus )KUBOTHBIX U YMEHBIIICHUS KOJTUIECTBA UCCIIEAOBAHHBIX OMBITHBIX 00PA3IIOB.

LpimsiTa KOHTPOJILHOM TPYIIBEI TOTYYalld OCHOBHOHM PallMOH, B ONBITHOM TPYIIIe IOMUMO CTaHIapTHOU
KOPMOCMECH BBOAWIM MYJIbTHIH3MMHYIO KOpMOBYIO 100aBKy — Akctpa XAP 102 TPT (OO0 «/lau3umy»,
Poccus) B mo3e 0,05 %. B cocras koTopoii Bxoaut 3110 — 1,4 — Oeta-kcunanasa (4000 ex./r), anbda-amunasa
(400 en./r), cyormmusun (8000 ex./r). TIpomymentsr: Bacillus subtilis, Trichoderma reesei m Bacillus
licheniformis.

Ha mpoTskeHnn Bcero ombITa yCIOBHS COAEPKAHMS M KOPMIICHHUS OBUTH MIIEHTHYHBIMU BO BCEX IpyIax
C COOJNIO/IEHNEM OCHOBHOM TEXHOJIOTMH BBIpAIlMBaHHUS LBIUISAT Kpocca ApbOop-Ailikpec. [lpm 3Tom,
KOPMJICHUE IBIUIAT-OpOIIEpOB HA MPOTSIKEHUE BCEX OSKCICPUMCHTAIBHBIX MEPUOJIOB TMPOBOIMIOCH
MOJTHOPAIIMOHHBIM  KOMOMKOPMOM  I10 TIEpHOJIaM  BhIpallluBaHus ¢ ydeToM pekomeHmanuii BHUTUIL
3a ocHOBY parfrioHa ObliIa B3ATa MIIEHNYHO-KYKYPY3HO-sTIMEHHAst KOPMOCMECH.

JlaGoparopHbie HCCICIOBaHMS OCYIISCTBISUIUCH C UCIONB30BAHUEM MAaTEPHATbHO-TEXHUYECKON 0a3bl
IleHTpa KOJUIEKTUBHOTO MOJBb30BaHUS OHONOrHUecKux cucteM u arporexHoioruii PAH (LIKIT ®HI[ BCT
PAH) (https://ckp-rf.ru/ckp/77384/).

DeMeHTHBIN cocTaB OMOCYyOCTpaTOB U KOMOMKOPMOB, KOTOPBIH BKJIFOUYAN ONMpEAETICHUE 25 XUMHUYECKHX
anemenToB: Ca, Cu, Fe, Li, Mg, Mn, Ni, As, Cr, K, Na, P, Zn, I, V, Co, Se, Al, B, Cd, Pb, Hg, Sn, Si, Sr.
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OzoneHne OMOCyOCTpaTOB OBLIO IMPOBEAEHO C MCIOIB30BAaHHEM MHKPOBOIHOBOW CHUCTEMBI Pa3IOKCHHS
Berghof SW 4 (Berhof, Germany). OrieHKa cofiep:KaHust SJIEMEHTOB OBIIO OCYIIECTBIEHO C UCIIOIE30BAHIEM
METOJIOB aTOMHO-IMHUCCHOHHOI M Macc-cnekrpometpun Ha obopynoBanun ELAN DRC-e 9000 (Perkin
Elmer, USA) B MHCTHTYyTE XMMHH W TEXHOJOTHH DPEAKHUX JJICMEHTOB W MUHEPAJbHOTO Chipbs uM. M.B.
TananaeBa, @enepanbHOro uccaeaoBaTenbCcKoro nenTpa «Konsckuii Hayunsiii neHTp Poccuiickoit akageMuu
HayK» ropoja AmaTuTel.

Craructryeckas 00paboTKa SKCIIEPUMEHTANBHBIX JAHHBIX OCYILIECTBICHA C IPUMEHEHUEM IPOTPAMMHOTO
nakera «Statistica 12.» («StatSoft Inc.», USA) m «Microsoft Excel». IIpoBepka Ha HOpMaJbHOCTH
pactpeneneHusl JaHHBIX TPOBOIMIACH C HCIONb30BaHHEM KpuTepusi cormacus KommoropoBa—CmupHOBa.
C uenplo OLEHKH CTATUCTUYECKOM 3HAYMMOCTH OBLI HCIOJNB30BaH IMapaMEeTpUUECKHid t — KpuTepui
CThI0/IeHTa He3aBUCHUMBIX TPYTIIL.

Pe3yabTaThl 1 00Cy:KIeHHE

PesynpTar aHanuMza MONyuYeHHBIX JAHHBIX CBUAETEIBCTBYET O BIMSHHUE MYJIbTUIH3UMHOW J00aBKU
Ha DJIEMEHTHBIN COCTaB OMOCYOCTPATOB IBITLIAT-OpoitnepoB (pucynku 1-3).

* * —
35% A —
25% ok
15%
N N N N Iil — — 1 1 1 LS s s e
5% L] ~
*
-15%
-25% *
Mn A\ As Se B Zn Co I Ni Si Fe Cr Cu Li
25% * 15%
20% b 10% * B
- “ 110
10% 0% —

L C1
5% — % -

0%
-5%

L -10%
P Mg Ca Na Al Sr Hg Pb cd Sn

Pucynok 1 — Pa3Huna KOHICHTpAUM XMMHUYECKHX JJIEMEHTOB B KO)KHOM TTOKPOBE IBILISAT-OpoiiaepoB: A)
DcCCeHIMABHBIE | YCIOBHO-ICCEHIMAJIbHBIE MHUKpPOIeMeHThl; b) Makposnementsr; B) Toxcuunbie
3JIEMEHTHI

B gwactHOCTH, TpU M3yYEHNUH DIIEMEHTHOTO COCTaBa OMOCYOCTPATOB IBIILISIT-OpOIIEpOB YCTaHOBIEHO, YTO
B OTIBITHOM TPYTIE B KOXXHOM ITOKPOBE CPENI AICCEHINANBHBIX U yCIOBHO-3CCEHITMATEHBIX MUKPOIJIEMEHTOB
ObLTa yBeIHUeHa KOHIIeHTparus Meau Ha 39,39 % (P<0,05), xpoma Ha 34,96 % (P<0,05) u xese3a na 18,85 %
(P<0,01) ¢ ogHOBpEeMEHHBIM CHUXEHHEM celieHa Ha 5,83 % (P<0,05), uunka Ha 2,29 % (P<0,05) u Banaaus
Ha 20,97 % (P<0,05) mo oTHOMmICHHIO K KOHTpONO. Cpelin MaKpO3JIEMEHTOB OTMETHM CTATHCTHYCCKH
3HaunMoe yBenuueHune (ocdopa u Maraus Ha 21, 95 % u 12,35 % (P<0,05) cCOOTBETCTBEHHO B CpaBHEHHH
¢ KoHTpoJieM. ITo TOKCHYHBIM 3JIEMEHTAM BBISIBIICHO yBeHueHue cTpoHius Ha 7,14 % (P<0,05) u cumxenuns
kajamus Ha 2,76 % (P<0,05) B ombITe MO OTHONICHUIO K KOHTPOJIIO.

B MpImieuHo#t TKaHW TBITUIIT-OPONIIEPOB OMBITHOW TPYIIBI OBIIO YCTAHOBIEHO CPEAM ACCEHITMATBHBIX
M YCIIOBHO-ICCEHITHAIBHBIX DJIEMEHTOB yBEJIMUCHHE KOHIIEHTpauu KobansTa Ha 15,89 % (P<0,05), xenesa
Ha 16,5 % (P<0,01) uxpoma na 22,29 % (P<0,05) (pucyHok 2). Ilpu 3TOM, OBUIO OTMEYEHO CHWKCHHE
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BaHamus Ha 22,53 % (P<0,05) wucenena Ha 7,69 % (P<0,05) BcpaBHeHue c koHTpojeM. [Ipu oreHke
KOHIICHTPAIINH MAaKPO3JIEMEHTOB B MBIIIEYHON TKaHHW, OTMETHM TEHACHIINIO K YBEIIMICHHIO KAJBIUS, HATPUA
M CHIDKEHHUIO KaJMs, CO CTATUCTHYECKH 3HAUMMBIM yBenuueHneM Maruus Ha 10,31 % (P<0,05) u dhochopa
Ha 19,54 % (P<0,05). Ilo TOKCHYHBIM MHKPOAJIEMEHTaM CHTYyallls CJIOXWIACh CICIYIOIIUM 00pa3oM:
BEISBJIICHA TEHJCHIMS K YBEIWYCHHUIO AIIOMHUHHUS, CTPOHIMS ¥ CBHHIA, CO CTATUCTUYECKH 3HAYUMBIM
cHIKeHHneM Kaamus Ha 4,68 % (P<0,05) B cpaBHEHME C KOHTPOJIEM.

35.0%
A —

25.0% *
15.0%
5.0% I:l I:l
[se| 0N o o U

sov ][] [as] [se] Lo L

Ni Si Co Fe Li
-15.0%
225.0% "
20% N
B 20%
15% B
15%
0, =
10% L%
% 50
— ]
0% 0%

5% |L| Na Ca Mg P % Hg Al Sr Pb
*

-10% -10%

Pucynok 2 — Pa3Hua KOHLICHTPAIMM XUMHYECKUX JIEMEHTOB B MBIILICUYHOI TKaHU IBILIAT-OpoiiaepoB: A)
DCCeHIMABHBIE | YCIOBHO-ICCEHIMAJIbHBIE MHUKpPOIeMeHThl; b) Makposnementsr; B) Toxcnunbie
3JIEMEHTHI.

DNeMEeHTHBIH aHaJN3 BHYTPEHHUX OPTraHOB CBHUIETEIHCTBOBAI O MAapaJOKCATBHON CUTYAIlNH, CPEAH BCEX
DIIEMEHTOB, OOJBIIAS YaCTh CTPEMUIACH K CHIDKEHHIO (pHCYHOK 3). B 4acTHOCTH, I10 3CCEHITHATBHBIM
Y YCJIOBHO-ICCCHIIMATBHBIM MHKPO3JEMEHTaM B ONBITHOW Tpymlmne HaOMIOAaloch CHIDKCHHE CelicHa
Ha 28,29 % (P<0,05), uunka Ha 25,6 % (P<0,05), xpemuus ua 2,77 % (P<0,05) u xene3a na 9,5 % (P<0,05),
¢ yBenmuenueMm meau Ha 6,07 % (P<0,05) B cpaBHenue c KoHTpojeM. Cpean MaKpO3JIEMEHTOB B OIMBITHOMN
rpynne ObutM yBenaudeHbl Kanbiwid Ha 18,15 % (P<0,05) u marnuii Ha 14,45 % (P<0,05). Kpome sToro,
MPOCIEKUBANIACh TEHACHIINS K CHUXKEHUIO PsiIa TOKCUYHBIX 3JIEMEHTOB: OJIOBO, KaAMUi, PTYTh, aTIOMUHUM.
CTaTHCTHYECKH 3HAYMMOE CHIDKCHHE OTMEUEHO B OTHOIICHHS CTPOHIMSA, pasHHIa c KoHTpoiem 12,33 %
(P<0,01).

CKOpOCTh HAKOTUICHHS M KOHBEPCHSI BEIIECTB MPEACTABIISIOT CO00M eMKHe 1 NH(OpPMAaTHBHBIE ITOKA3aTENN
0OMEHHBIX TIPOIIECCOB B OpraHM3Me. B Xone wuccienoBaHWs BBISBICHBI JJIEMEHTHI, XapaKTePHU3YIOUIHECs
CXOKEH CKOPOCTBIO HAKOIUICHHSI MEXKAY KOHTPOJIBHOM U ONBITHOM Ipynnamu. B 4acTHOCTH, K HUM OTHOCSTCS
KpEMHUM, HUKENb, MarHui, HoJA, KajupUWW, HaTpuil. BpICOKMMM NOKa3aTelas MU CKOPOCTH HAKOIUIEHUS
XapaKTepPU30BAIUCH TaKUE FJIEMEHTHI Kak MeJlb, XpOM, Xkele30, hocdop, amoMuHauil. MakcumanbsHas pa3HUIla
C KOHTPOJIEM OTMEUYeHa B OTHONIICHWH MeIu | xpoma u coctaBuia 33,04 % (P<0,05) n 19,43 % (P<0,05)
M0 OTHOUICHHUIO K KOHTpOr0. CKOpOCTh HAKOIUICHUS kKeJe3a Obuia Takke yBennueHa Ha 8,11 % (P<0,05).
CHmKeHHe CKOPOCTH HAKOTUICHHS TPH BBEICHUW MYJIBTUIH3UMHOW JTO0ABKU HAONIONATIOCh B OTHOIICHHH
Maprasiia, BaHa s, MBIIIbSIKa, OJIOBO, CeJIeHa, Oopa, IWHKA, KaaMus, kKanus. CKOpOCTh HAKOTICHUS MBIIIIbIKA
Obuta cHMkeHa Ha 24,66 % (P<0,05), onosa Ha 18,57 % (P<0,05), cenena Ha 18,07 % (P<0,05), nunka
Ha 14,86 % (P<0,05). TenaeHIus K BEIBEICHUIO OTMEUCHA B OTHOILIICHUU MapraHila U BaHAIUs.
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PucyHnok 3 — PazHuiia KOHIIGHTpaIli XUMUYIECKUAX 3JIEMEHTOB BO BHYTPEHHUX OpraHaxX LBIUIAT-OpoiiepoB:
A) DcceHUMalBHBIE M YCIOBHO-ICCEHLMATIbHBIE MHUKpOdJIeMeHThl; b) Makpoasnementsl; B) Tokcuunbie
JJIEMEHTBI
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Pucynok 4 — Pa3Huma CKOpOCTH HAKOIUICHHS XUMHYCCKHX DJIEMEHTOB B OpraHWU3ME IBIUIAT-OpoiIepoB
OIBITHOH TPYMIIBI IO CPABHEHUIO C KOHTPOJIBHOMN

JIiss  yCTaHOBICHHS OHOAKKYMYJSIIMM XHMHYECKHX JJIEMEHTOB B OPraHU3Me IBILIAT-OpOiiiepos,
NPOBEJICH aHAJIN3 UX KOHBEPCHUH 3a Mepro i onbiTa (Tabmumna 1). BeisiBieHo, yTo Ha (hOHE IH3UMCOACPIKAIIIETO
pauoHa 3(QeKTHBHOCTh HCIONB30BAaHMs KOOAIbTa, XpOMa, MEIH, JKele3a, JUTHS, KPEMHHUS BO3pacTaer,
C OJJTHOBPEMEHHBIM CHIDKCHHEM KOHBEPCHUH CeJeHa, KaJMHsl, MBIIIbSKA U OJIOBA. YBEIHMUYCHHE KOHBEPCHU
XpoMa B OMBITHOH TpyTire coctauiio 19,61 % (P<0,05), menu — 32,87 % (P<0,01), xene3a — 8,02 % (P<0,05),
autus — 19,95 % (P<0,05). CHuxeHne KOHBEPCHU OTMEYEHO B OTHOLICHHU MbIlbsika Ha 24,6 % (P<0,05),
cenena Ha 18,05 % (P<0,05), xkagmus Ha 14,76 % (P<0,01) u ceunna Ha 1,91 % (P<0,05).

Takum 00pa3oM, BBeICHHE MYJIbTHIH3MMHOW T00aBKH OOECIIECYMBACT T'OMEOCTATHYECCKHE H3MCHEHUS
3JIEMEHTHOTO CTATyca, 3TO BBIPAXKAETCS B MEPBYIO Ouepellb W3MCHCHHEM KOHBEPCHH, a TAKIKE CKOPOCTH
HaKOIUICHHUS DJICMEHTOB, YTO B MOCJICAYIOLUIMM CKa3bIBaeTCsl Ha MepepacrpesieiieHHe B TKAHAX U OpraHax
LBIUIAT-OpOiiIepoB. B 4acTHOCTH, SK30TeHHbBIC YH3UMBI TAKHE KaK aMuia3a, JIumasa, mpoTeasa Bo3AeHCTByeT
HEMOCPEACTBEHHO  Ha KOMIIOHEHThI ~ 3J1akOoBOi  KkieTku.  Kopma — coiepkar  MHKPOIJIEMEHTHI,
HO aHTHITUTATEIbHbIC (PAKTOPHI, B YACTHOCTH HEKpaXMallbHbIC MOJIMCAXaPHIbI, BIHAIOT HEMOCPEICTBEHHO
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Ha UX OMOAOCTYMHOCTh. TakuM 00pa3oM, SH3UMBI HUBENUPYS [CHCTBUEC AHTUIUTATEIBHBIX (HAKTOPOB
1 yIIy9Inas IepeBapuMOCThb U 3P GEKTHBHOCTH aOCOPOIIHH, CITOCOOHBI YBETHIHBATE OOIIYI0 OHOTOCTYITHOCTh

psina MHUKpodsieMeHTOB [9].

Ta6J'H/ILla 1- KOHBCpCI/IH XHUMHUYCCKHX 3JICMCHTOB

Kcuman OpeaACTaBIACT 60J'II:H_Iy10 qacCTb
HCKpaxMaJIbHbIX IIOJIMCAXAapHUAO0B BXOIAAIINX

B OpraHM3Me LIUIAT-OpOIIEPOB 3a TIEPUOJ ONlbITa, MI/Kr B COCTaB KJICTOYHOH ~ CTCHKH  IIICHHMIIBI,
SYMEHsT M KyKypy3bl. KcuiaH, Kak | JApyrue
TeMeHT I'pynna HEKpaxMajbHble IOJMCaXapuasl  00pasyeT
- 011{:;;500%1’37 5 10%%"3045* KOMIIIEKCEl ~ C XUMHYECKAMH  3JIEMEHTaMH
S| O | | s | oo
Co 0061200038 0.082+0,0031 1 o YACT AcCtp p
Cr 2.67120.0678 3.193£0.0143* npH HefiTpanbHoM pH, i noaToMy Takite HOHEL,
kak  Ca? Fe? 0 Zn® OyayT
Cu 0,063+0,0083 0,083+0,0036** 1 ’ yAY
Fe 0.074+0,0039 0.080+0,0034* B3aMMO/IEHCTBOBATh C OTPHULIATENLHO
I 0.026£0,0028 0.026+0,0010 3apsokeHHbIMA rpynmamu [10]. VuuteiBas ToT
Li 0,038+0,0007 0,045+0,0021* (1)aKT, YTO B UCCICHOBAaHUH palWOH MbITLIAT-
Mn 0.0040,0005 0,003+0,0001 OpoiinepoB HpeCTaBIsI NIIEHUYHO-
Ni 0,029+0,003 1 0,029+0,001 1 KYKYPY3HO-AUMEHHYIO KOPMOCMECb,
Se 0,722+0,0274 0,59240,0229* nobasienue KCHJIaHa3bI Oyzer
Si 0,224+0,0028 0,283+0,0102* CITIOCOOCTBOBATh YCHJICHUIO BBICBOOOXKICHIS
\% 0,050+0,0052 0,034+0,0013 MUKpO3JeMeHTOB.  [laHHBI  ¢akT  ObLI
Zn 0,146+0,0163 0,124+0,0050 MOITBEPIKIACH YBEIIMUYCHHEM CKOPOCTH
Al 0,044+0,0046 0,046+0,0018 HAKOIUICHUSI Y KOHBEPCHH XpOMa, ME]IH,
Cd 0,109+0,0011 0,093+0,0034** JKelle3a WM IUTHA. Biiarouascs B oOLuid
Hg 0,081+0,0088 0,077+0,003 1* METa0OJMUYCCKUH  IyJI, JJIEMEHTBHl OyIyT
Pb 0,1030,0047 0,101:£0,0024 OKa3blBaTh  BIIMSHUE  HA IPOAYKTHBHOCTH
Sn 0,184-0,2769 0,137:£0,1993 JKUBOTHBIX, CHIKas 3aTPaThl KOpMa.
St 0.012+0,0014 0,012+0,0005 JTroGb1e U3MEHEHUS B CHCTEME
COOTHOIIEHUN MHKPO- M MaKpOdJIEMEHTOB HEIOCPEICTBEHHO CKa3bIBAETCSA Ha JAEATEIBHOCTH OpPraHM3Ma,
MOTYT  CHIDKATh  WJIM [OBBIIIATH  OOIIYK  CONPOTHBJISIEMOCTb, @ CJIEJ0BATEIBHO, M CIIOCOOHOCTH

K aganranuu [1]. BHyTpukiIeTouHast KOMIIAPTMEHTATU3AIMS MUKPOIJIEMEHTOB M MHHEPAIIOB OCYIIECTBIIACTCS
HOJIMMOJIAILHBIMU TIyTAMH ¥ CONPOBOKIAETCS BO3HUKHOBEHMEM aHTArOHMCTHYECKHX W CHHEPIETHYECKUX
OTHOILIEHUH, C OJHOM CTOPOHBI, ¥ B3aUMOJICHCTBHEM C CUTHAJIBHBIMU CHCTEMAMH M T€HOMHBIM alapaTtom
KJIETKH — ¢ JpYyroii. VI3MeHeHHs B KOHIIEHTPAIMK MHKPOIJIEMEHTOB B KOKHOM IOKPOBE 3aTParMBacT Psij
TOKCHYHBIX DJIEMEHTOB, JAHHBI MOMEHT CBSI3aH C HX CBOMCTBOM — Y4YacTHE B CAHOTEHETHYECKOM
perymsmuu [6].

Cre1oBaTeNbHO, YYUTHIBAs CKPBHITHIE aalTallAOHHbIE MEXaHM3Mbl, CBS3aHHBIE C IEpepacrpeaeieHueM
XHMHYECKHX DJIEMEHTOB [0 OpraHaM M TKaHsM, [PEACTABIAIOMIMX CO0OM Kak pPETEHLHUI0, Tak
Y HETIOCPEJICTBEHHO MeTaboJIM3M, BBEJCHHE MYJIBTHIH3MMHOW J00ABKH B PAIlMOH IBILISAT-OpOMIEpOB
CIIOCOOCTBYET AKTHBHOMY BBICBOOOJKIEHHMIO CBSI3aHHBIX MHKPODJIEMEHTOB M CTUMYJISIIUH  CHCTEMBI
PETYJIALMA YPOBHS MUKPOAJIEMEHTOB.

3akioueHne

HCCJ’IGI[OB&HI/IG BIIMSHUA MyJIBTH3H3MHOI>'I ,E[OG.’:IBKI/I, BBCICHHOH B panroH ]_IBIHJ'ISIT-6pOI\/IIJ'I€pOB, YKa3bIBacT
Ha pa3IMdYHYI0 CKOPOCTb HAKOIINICHHA 3JICMCHTOB B OPraHU3MC, UX INCPCpaCHpCACICHUC W BCACbIBACMOCTD.
M}’J'IBTI/IBHI/ISMHaH ILO6aBKa OpUBOAUT K YBCIIMYCHUIO KOHBEpPCHUHM XpoMa, MEAH, IKEJIE3a, JIMTUA,
C OJHOBPECMCHHBIM CHHMXXCHHUEM KOHBEPCHUHM MbIIIbAKA, CCJICHA, KaJMUA W CBUHIA. HpI/I 9TOM, BBICOKMMHU
MMOKa3aTCJIsIMU CKOPOCTHU HAKOIIJICHUS XapPaKTCPU30BAJIUCh TAKUC DJICMCHTBI KaK ME1b, XPpOM, KEJIC30, (1)00(1)013,
AJITFOMUHHH.

Hccneoosanue evinonneno npu gunancosoii noooepiicke cpanma PH® 20-16-00078-11.
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OTBEOP ITAMMOB BACILLUS SPP. JJ151 CO3JIAHISI BHOJIOTHYECKOT'O MPETTAPATA
JJ151 SKHBOTHOBO/JICTBA

JLE. /lyonux, A.H., Hpxumoea, A.B. Manxosa, E.H. Kapzawmunoea

DI'BOY «Anmaiickuii 2ocyoapcmeennuiii ynusepcumem», bapuayn, Poccus

HNupexmmmonnsie 3a001eBaHMsI )KUBOTHBIX SBJISIOTCS ONHOW M3 HAMOOJee 3HAYMMBIX TPOOJIEM CEIBCKOTO
xo3siicTBa. VHTeHCcH(pUKaMs >KUBOTHOBOJCTBA M, KaK CIIEACTBHE, COIEpPKAHWE >XUBOTHBIX OOIBITUMHU
TpynmnaMy MPUBOJUT K CO3JAHHIO OJArompUATHBIX YCIOBWH JJIS pOCTa MAaTOTEHHON M YCIOBHO-TIATOTEHHOMN
MUKPO(]IIOPEI B MOMEMIEHHSX, TAe COAEPIKaTcs >KUBOTHBIE. bakTepranpHble HHPEKINH B TAKUX YCIOBHUSIX
HAYMHAIOT MPHOOpPETaTh XPOHWUYECKUH XapakTep W MPHUBOIAT K 3HAYUTEIHHBIM SKOHOMHUYECKHM IOTEPSIM
JUIs TpeanpusTait [1].

[IpuumHON OaKkTepHaTbHBIX HH(EKINN B OOJBIIMHCTBE CIIy9acB SIBISCTCS MPOHUKHOBEHHE MATOTEHHOM
MUKpPO(IOPEI BHYTPh OpraHU3Ma, YTO MPHUBOAWT K CHIDKEHHWIO >KM3HEHHBIX (PYHKIHUU IKHUBOTHOTO.
[MpodunakTrka OakTepuaNbHBIX HH(EKIHWHA BKIFOYAET IMOBBIIICHHE HECMENU(PUISCKON yCTOHYNBOCTH
MOTOJIOBBS ¥ IE3WH(EKIHUI0 TTOMEIIEHUH, KOTOphle MOTYT IPOBOJIUTHCH C IMMOMOIIBIO OHOIOTHYECKUX
npenapaToB Ha OCHOBE MHUKPOOPTraHu3MOB [2, 3].

[loBBIIIIEHHE COMPOTHBIIEMOCTH OpraHM3Ma BO3MOXKHO C IIOMOIIBI0 TPUMEHEHHUS MPOOUOTHIECKHIX
nperaparoB. lcmnonp3oBaHne MPOOMOTHKOB HE TOJNBKO IMO3BONISIET CHHU3UTh KOIUYECTBO HWH(EKIUH,
HO U YCKOPHUThH BBI3ZIOPOBJIICHHEC W MUHHUMHU3UPOBATh TMOCICACTBUS aHTHOHOTHKOTepanuu [3]. OcobeHHO
3¢ (deKTUBHBI JaHHBIC TMpenapaThl B OTHONICHWH MPOMUIAKTHKH U JICYCHUS IKEIYAOYHO-KUIICYHBIX
3a00JIeBaHU, TETATLHOCTh KOTOPBIX MOXKET MOoX0auTh 10 50 % [1, 3].

[MpodunakTrueckass ne3nHGEKIUs SBISETCS HEOTHEMIIEMOW YacThl CAHUTAPHO-TUTHEHUYECKHX
MEPONPUATHH B CENBCKOM X03siicTBe. [ e€ mpoBeieHrst B OCHOBHOM HCITONIB3YIOTCS XMMUYECKHE CPEJICTBA,
KOTOpBIE OBICTPO AEUCTBYIOT, 3()D(EKTHBHEI, HO M, BMECTE C T€M, BBICOKOOIACHBI [Tl )KUBOTHBIX, MTHII
u pabouero mnepconana [4]. Buonormveckue me3uHGEKTaHTH Ha OCHOBE OakTepuili sBISIOTCS Ooee
9KOJIOTUYHON aTbTEPHATHBOW XUMHUYECKUM CPEACTBAM U IMO3BOJISIFOT CHUXKATh UYUCICHHOCTh MAaTOTCHHOM
Y YCJIOBHO-TIaTOTeHHOW Mukpodiopel. I[lomMuMo 3TOro, npuMeHEHHE OHOJOTHYECKON ae3uH(eKIu
MOJIOUTENILHO CKA3bIBAETCS HA COXPAHHOCTH MOJIOAHSAKA U CPETHECYTOUHOM Tmpupocte [5].

Bakrepun pona Bacillus akTHBHO HCITOJIB3YIOTCS KAK KOMIIOHEHT OMOJOTHYECKUX YUCTSIUX CPEICTB, YTO
00YyCIIOBJIICGHO MHOXECTBOM CBOWCTB, MOBBIIAOIINX ACIMHPHUIMPYIONYIO CIOCOOHOCTh CpeiCcTB. banumisl
CUHTE3UPYIOT MPOTUBOMHUKPOOHBIC COCIUHCHHS W OPTaHWYECKHE KHCJIOTBI, OJaromaps 4eMy CHOCOOHBI
K KOHKYPEHTHOMY BBITECHCHHIO M 3aMEIICHHUIO TTATOTCHOB Ha 00pabaThiBaeMbIX MOBEPXHOCTIX. Kpome Toro,
MPUMEHEHUE Je3NH(EKTAaHTOB Ha OCHOBe OakTepuid Bacillus BbI3bIBaeT y maToreHHOW U yCIIOBHO-TIATOT€HHOM
MUKPOGIIOPEI TIOTEPIO TeHOB YCTOHYNBOCTH K aHTHOHOTHKaM [6].

Hcxonst u3 BBINIEU3II0KEHHOTO HE00X0AMMa pa3pa0d0oTKa OMOIOTMYSCKUX MPENapaToB s MPOQIIAKTUKA
OaKTepUaNbHBIX WHQEKIUU CEIbCKOXO3IHUCTBCHHBIX JKHBOTHBIX U NTUI. J[Is 3TOrO B CBOIO OYepenb
HeO6XO}Z[I/IM IIOUCK H 0T60p mTaMMOB C BBICOKMM AaHTAarOHHUCTUYCCKHUM IIOTCHIIMAJIOM B OTHOIICHUU
MATOTCHHOM M YCIIOBHO-TIATOT€HHOM MUKPODIIOPHL.

B kadecTBe 0OBEKTOB MCCIECIOBaHMs OBUTM HCIOJb30BaHbl mtamMmbl Bacillus spp.u3 xomnexkumu WL
IMpomouorex Anrl'V. Bce mrammbl ObUIM BBIACICHBI U3 PAa3IMYHBIX 3KOJOTHUECKUX HHMIIL: puzochepa
paCTeHHﬁ, €CTCCTBCHHBIC BOJOEMBI, )KUBOTHOBOAUYCCKUEC U IITHIICBOAYCCKUEC ITIOMCIICHU.

B kadecTBe TECT-KyNbTyp HCIONB30BANIM 7 INTaMMOB TPaMOTPHULIATENbHBIX OakTepuil cemeiicTBa
Enterobacteriaceae: Escherichia coli, Serratia marcescens, Shigella spp., Salmonella enterica Pullorum,
Citrobacter freundii, Providencia alcalifaciens.

JIsi KyJIbTHBUPOBAHHS BCEX MHKPOOPTaHM3MOB HCIOJb30BaK L-OyiboH cieayromiero cocrasa (r/h):
5 NaCl, 5 mpoxokeBoit akcTpakT, 15 menToH. Onpe/elieHue aHTaroOHW3Ma MPOBOIMIN Ha IJIoTHOW L cpene
aHAJIOTUYHOTO COCTaBa ¢ JOOABICHUEM MUKPOOHOIOrHYecKoro arapa 15 r./i.

AHTarOHHUCTHYECKYI0 aKTHBHOCTH OIIEHHBAIM METOIOM MEPIEHIUKY/SPHBIX ITpuxoB [7]. s atoro
mraMmmbl  Bacillus spp u TecT-KynbTyp [UIs HCCIICIOBaHHS TPEIBAPUTEIBHO BBIPAIIMBAIN B IICHKEpe-
nHKyOaTope Ha L-Oymbone B Teuenme 24 dvacoB mpum 37 °C wm Bpamennn 220 o6/muH. Ha moBepXHOCTH
IIOTHOM L cpefbl BBICEBAJM B BHJE MPSIMOTO MITpHXa (OCHOBHOW INTPHX) MCCIEAYEMBIH IITaMM Oariuiul
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U KyJIbTUBUPOBAIU B TepMocTaTe B TeueHue 24 yacos npu 37 °C. Ilo ucteyeHUH BpEMEHU IITAMMBI TECT-
KyJlbTyp TOJACEBAJIM IUTPUXaMH MEPHEHIUKYJISIPHO OCHOBHOMY UITPUXY U KyJbTHBHpOBaIM 24 yaca
B QHAJIOTUYHBIX YCIOBHAX. Pe3ynbTaThl OLIEHMBAIM IO pa3Mepy 30HBI 3aJEPKKU pOCTa TECT-KYJIbTYpHI
Ha rpaHULlE KOHTAaKTa C HCCIEIyeMbIM INTaMMOM. Bce 3HaueHMs TpeicTaBieHBl B BHUJE CpeIHEe
apuMeTHIecKoe + CTaHAapTHOE OTKIOHEHHE.

B pesynbrare mpoBEIEHHOTO HCCIEAOBAaHUS YCTAHOBJICHO YTO M3 17 mTaMMOB TOJBKO 7 olOnamanu
AQHTarOHUCTHYECKOH aKTHMBHOCTBIO B OTHOLICHHH TECT-KYJbTYp dHTepoOakTepuii (Tadm. 1).

Tabnuua 1. AHTaronuctTHyeckas akTHBHOCTH mrammoB Bacillus spp. B oTHomieHnn sHTepobakTepuit

Shigella enterica
spp Pullorum
30Ha MO/IaBJIEHHS POCTA TECT-KYJIBTYPhI, MM
licheniformis 5 - - - - - - -
licheniformis 6 12,5+£3,5 | 4,7+0,6 - 2,7+1,2 - - 8,5+0,7
licheniformis 7 3,340,6 | 2,3+0,6 3,3£0,6 2,3+0,6 5,340,2 1,0+0,0 1,0+0,0
licheniformis 8 2,0£0,0 | 1,7+0,6 3,0£0,0 2,840,3 - - 2,0+0,0
licheniformis 10 - - - - - - -
pumilus 4 - - - - - - -
pumilus 5 - - - - - - -
pumilus 6 - - - - - - -
pumilus 7 - - - - - - -
pumilus 16 - - - - - - -
firmus 1 - - - - - - -
firmus 2 - - - - - - -
firmus 3 3,3+0,6 - - - - 2,0+0,0 2,7+0,6
megaterium 5,7+0,6 - - - 3,0+0,0 - 1,0+0,0
mojavensis - 1,0+0,0 - 3,7+0,6 2,0+0,0 - -
toyonensis 15 - - - - - - -
subtilis group 1 3,3+£0,6 | 2,7+0,6 4,0+1,0 3,7+0,6 3,1+0,3 2,0+0,0 1,0+0,0
[Ipumeuanue: «—» — aHTAarOHU3M OTCYTCTBYET

HUccrenyembrit E.colil | E. coli 2 | S. marcescens
ITAMM

freundii | alcalifaciens

Jnst nByx wrammoB (B. licheniformis 7 w B. subtilis group 1) Obula OTMEYEHa aHTAarOHUCTHYECKAs
AKTHBHOCTb B OTHOIIICHUU BCEX TPAMOTPHUILATENBHBIX TECT-KyNbTyp. Hanpotus, nrammel B. licheniformis 5,
B. licheniformis 10, B. pumilus 4, B. pumilus 5, B. pumilus 6, B. pumilus 7, B. pumilus 16, B. firmus 1, B.
firmus 2 u B. foyonensis 15 He Bnusiin Ha pocT SHTepoOakTepuii. [ OCTaNbHBIX OAIMUT aHTATOHHU3M
ompeJiesieH TOJBKO B OTHOLIEHUH OTAEIBHBIX ITAMMOB T€CT-KYJIbTYP.

[IpuunHa OTCYTCTBHSI aHTAarOHUCTUYECKOH akTHBHOCTH Yy 59 % mrammoB Bacillus spp moxer ObITh
CBSi3aHA C TEM, 4YTO JUIS OONBIIMHCTBA IITAMMOB OalMul XapakTepHa MPOAYKIHUS aHTHMUKPOOHBIX
COCAMHEHHH, WHTUOMPYIOMIMX POCT TOJBKO TPAMIIOJOXKHTENBHBIX MHKPOOPTraHM3MOB U IPHOOB.
I'pamMoTpHIIaTEIEHBIE MUKPOOPTaHU3MBI 334aCTYI0 00JIaal0T YCTONUHNBOCTHIO K AHTUMHUKPOOHBIM TN THIAM
Gaxrepuii poma Bacillus wmu crioco6HBI MX nHaKTHBHPOBaTh. OMHAKO Y HEKOTOPHIX BUAOB OalnilI, B TOM
yncie y BugoB B. licheniformis u B. subtilis, oOHapy>keHbl MaKpOJIAKTHHBI, JUIIONENTH/bI, OAKTEPHOLIUHEI
1 OAKTEPUOIUHITONOOHBIC MENTHIbI AKTHBHBIC TAKXKE B OTHOIICHUH TPaMOTPUIATEIBHBIX OaKTepHil, B TOM
qrcie u arepobakTepuii (CyoTnnosun A, cypoanus, 6anummnsun) [8].

Jlnst orbopa mrammoB Bacillus spp ¢ HanOonbIIMM aHTArOHUCTHYECKAM TMOTEHIIMAIOM HCIIOJIb30BaIIN
OanpHyI0 cucTeMy. CTeNeHb aHTarOHW3Ma OINPEIEIIsUI TI0 pa3Mepy 30HBI 33ICPKKU pOcTa TECT-KYJIbTYpPhI:
BBICOKast akTHBHOCTH — 11-30 MM, cpenmusas — 4-11 mm, cmabast — 1o 4 MM. BBICOKYIO aHTarOHHCTHYIECKYIO
AKTHBHOCTD OLIEHMBAIM B 3 Oasia, cpeaHior — B 2 6ama, Hu3kyio — B 1 6amt (Tabum. 2).

[lo pesymbTaTam OalbHOW OIICHKM MaKCUMAaJbHBIC 3HAuCHUS 3a(UKCUPOBAHBI MJis 3 IITAMMOB —
B. licheniformis 6, B. licheniformis 7 u B. subtilis group 1. pyrue 4 mramma Bacillus Spp nokazamu Oornee
HU3KHE 3HAYCHUS TI0 TIPEACTABIICHHON OaTFHON CHCTEME.
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Tabauma 2. OlLeHKa aHTarOHUCTHYECKO# akTHBHOCTH miTaMMoB Bacillus spp

Hccnemyemslil mramm
Tect-kynbrypa |licheniformis 6| licheniformis 7| licheniformis 8|firmus 3| megaterium|mojavensis| subtilis group 1

CTeneHb aHTarOHU3Ma
E. coli 1 Bricokas Huskas Huskas Huzkas | Cpennsis - Huskas
E. coli 2 Cpenmsist Huskas Huskas - - Huskas Huskas
marcescens - Huskas Huskas - - - Cpenmsist
Shigella spp Huzkas Huzkas Huszkas - - Huskas Huzkas
enterica Pullorum - Cpenmsis - - Huskas Huskas Huskas
freundii - Huskas - Huskas - - Huskas
alcalifaciens Cpenmsis Huzkas Huszkas Hwuskas | Hwuskas - Huzkas

CymMmMa 6aJijioB
| 8 | 8 | 5 | 3 | 4 | 3 ] 8
[IpuMeyaHue: «—» — aHTarOHM3M OTCYTCTBYET

Takum 00pazoM MO pe3ylibTaTaM HCCICIOBAaHUS HAWOOJNBINAs AHTATOHUCTHYECKAas aKTHBHOCTH ObLIa
3aukcupoBana y mrammoB B. licheniformis 6, B. licheniformis 7 u B. subtilis group 1. [laHHBIC IITaMMBI
MoKa3anu CBOK 3((EKTHBHOCTh B OTHOIICHHH IIMPOKOTO CIEKTPa MATOTCHHBIX W YCIOBHO-TIATOTCHHBIX
rpaMOTpUIIATENLHBIX OakTepuid. B cBs3u ¢ uem mtammel B. licheniformis 6, B. licheniformis 7 n B. subtilis
group 1 nepcreKTUBHBI [UIsl BKIIIOYEHHS B COCTaB OMOJIOTMYECKOro Mmpenapara Jyisi J)KHBOTHOBOJICTBA.
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OCOBEHHOCTH OBOTAIIIEHUSI CEJIEHOM HEKOTOPBIX PACTEHWI CEMENACTBA
SICHOTKOBBIE (LAMIACEAE) C HEJIBIO CO3JAHUS TPOAYKTOB
OYHKIIMOHAJIBHOI'O HASHAYEHUA

IL.B. Macnennukos, I1.B. @eoypaes, T.B. Cmoipan, C.A. Hebpeesa, JI.H. Ckpvinnux
DI'AOY BO «Banmuiickuii ghedepanvhbiii yrugepcumem umenu Uvmanyuira Kauwma», Kanununepao, Poccus

Cenen  (Se) sBiseTCS  HE3aMCHHMBIM  MHKPOIJIEMEHTOM,  YYaCTBYIOIIMM B OKHCIHUTEIBHO-
BOCCTaHOBHUTEIILHBIX mporeccax B OpraHU3Me YeJI0BeKa, JKUBOTHBIX 1 MUKPOOPTaHU3MaX.
VY miekonuTaonmmx Se B (popMe HEOObIUHONW aMUHOKHCIOTHI ceneHorucTenHa (SeCys) Brio4aercs
B KaTAJIUTUYCCKHUI LICHTP CEJICHONPOTCHHOB TOCPEICTBOM IMEPEeKoaupoBaHus cron-kojoHa UGA B KOIOH
SeCys. VY mromedt 1o kpailHel Mepe 25 CeJeHONPOTEHHOB WIPalOT BaXKHYK POJIb B aHTHOKCHUJIAHTHBIX
CHCTEMax, TOPMOHAJIBHOM OajlaHCe, UMMYHHTETE, MYKCKOH (epTHIBHOCTH, yCTOHYWBOCTH K BHPYCHBIM
WHpEKIUIM U IpodHIakTHKe paka. PekoMeHayeMbie HOPMBI OTPeOJIeHN CelieHa COCTaBIISIIOT B CPEIHEM
55-70 Mxr Se B aeHb. OmHako Se TPOSBISIET IABOWCTBEHHBIE CBOMCTBA: MpPH IPEBBIIIEHUH MOPOTOBOMH
KOHIICHTPAIINH, YCTAaHOBJIEHHO!N Ha ypoBHe 400 MKT Se B JIeHb, OH CTaBUTCS TOKCHYHBIM [1]. I3BecTHO, uTO
okono 15 % wHacemeHMss Mupa, BKIIOYAs HACEJICHHE MHOTHX DPa3BUTHIX CTpaH W Poccuu, WCHBITHIBAIOT
HeJoCTaToK notpebienus Se [2].

[lomyuenne  GYHKIMOHAIBHBIX  MPOAYKTOB  TMHUTaHWSA C  BBIPQXEHHBIM  aHTHOKCHIAHTHBIM
Y QaHTUKAHIICPOT'CHHBIM JICHCTBUEM SIBJISETCSA KpalHE aKTyaJlbHbIM B 310Xy pPa3BUTHUS TJI0OAJIBHOIO
9KOJIOTHYECKOro Kpusuca. OIHUM M3 HANpaBJICHUH TaKUX MCCICIOBAHMN SIBJIIETCS MOJYYCHHE MPOIYKTOB
PaCTHTENBHOTO TMPOMCXOXJICHUS Ha OCHOBE OOOTAlllEHHBIX CEJICHOM pacTeHui. Kpome Toro, pacreHus
C TIOBBIIIEHHBIM COJIEP)KaHUEM CeJIeHa W3YYaroTCs C IeNbI0 BO3MOXKHOTO TIONYYeHHS W3 HUX OEIKOBBIX
Gbpakiuit 1 TPOJYKTOB MUTAHUS, 00OTAIEHHBIX celeHoM [3].

Cpenn NeKapCTBEHHBIX M MPSHO-BKYCOBBIX pAacTeHUil pacTeHus cemeiictBa SIcHoTkoBbie (Lamiaceae)
SIBJISTFOTCS OJTHOM M3 CaMBIX TIOIYJIIPHBIX M ITPEICTABUTEIBHBIX TPYIII PACTEHUH, KOTOPHIC B HACTOSIIEE BPEeMs
UCTONB3YIOTCS KaK B TPAJAWIIMOHHON, TaK W B COBPEMCHHOH MEAMIIMHE, a TaKkKe B (papMalieBTHUECKOM
U nunieBoi mpomeinuieHHoCcTH [4]. K pacTeHusM JaHHOTO ceMeiicTBa OTHOCSATCS, HAmpuMep, OasHIUK
(Ocimum spp.), uccon (Hyssopus officinalis L.), naBauna (Lavandula angustifolia Mill.), menucca (Melissa
officinalis L.), maitopan (Origanum majorana L.), xymmwma (Origanum vulgare L.), msara nepeunas (Mentha x
piperita L.), posmapun (Rosmarinus officinalis L.), mmandeii (Salvia officinalis L.), tambsu (Thymus vulgaris
L.), mHorokosocuuk (enxenpubiii (Agastache foeniculum (Pursh) Kuntze). Pactenus cemeiictBa Lamiaceae
XapaKTEepPU3YIOTCA BBICOKUM COJICPKaHUEM (DCHONBHBIX COCIUHCHHM, TaKuX Kak ()EHOJOKHCIIOTHI,
THIPOKCHKOPUYHBIC KUCIOTHI (TPEXJE BCEro, XJIOPOTEHOBAs U PO3MAapHHOBAs), (DIaBOHOWIBI, AyOUIbHBIC
BCIIICCTBA, UPUIOUIBI, XHHOHBI, KYMapuHbI, TUTEPIEHOUIBI [5]. YCcTaHOBIIEHO, YTO aKTHBHBIC COCAMHCHHUS,
NPUCYTCTBYIOIIME B PaCTEHHUAX cemelicTBa Lamiaceae, o0magaoT aHTHOAKTEpUATbHBIM, AHTHOKCHIAHTHBIM,
MPOTUBOTPHOKOBBIM, MPOTHBOOIYXOJIEBBIM, PaIUONPOTEKTOPHBIM, aHTHUTUIEPTEH3UBHBIM IEHCTBHEM, YTO
MO3BOJIET paCCMAaTPUBATh UX KaK ChIPhE MPH pa3pabOTKe MPOAYKTOB (DYHKIIMOHAIBHOTO Ha3HAYCHHMS.

B cBsi3M ¢ 3TUM 1IeNbI0 TaHHOW pa0OThI SABJSLUIOCH MCCICAOBAHHUE OCOOCHHOCTEH HAKOIUICHHUS CEJCHA
HEKOTOPBIMH pacTeHUsMH ceMeiicTBa SICHOTKOBBIE (mymivield OOBIKHOBEHHOM, HMCCOTMOM JIEKAPCTBEHHBIM
¥ MHOTOKOJIOCHUKOM (DEHXEBHBIM).

B kagecTBe 00BEKTA UCCIIEMOBAHUS HCIIOIB30BANIN AYIIUIYY 00bIKHOBeHHYIO (Origanum vulgare L.) copra
®est, wcconm nekapcTBeHHbI (Hyssopus officinalis L.) copra Jlekapb, MHOTOKOJOCHHK (hEHXEIbHBIN
(Agastache foeniculum (Pursh) Kuntze) copra ®pant. PacTeHus BbIpallMBaid B BEr€TAlMOHHBIX COCYHax
00BeMOM 2 JIUTpa C MUATATEIBLHBIM PAaCTBOPOM XOTNIaHJa. B KauecTBe UCTOYHHMKA CEJICHA HCIIOJIb30BaJIH
pactBop ceneHara HaTpusi (NaSeOs) B Bome. JIs KAKAOTO BUAA PACTCHWH HM3Yy4ajoCh BIMSHUC IISITH
KoHIeHTpanumii cenena (2,0, 5,0, 10,0, 20,0 u 40,0 MxM). CMeHY IHTATEIBHOIO PACTBOPA M BHECEHUE CEIcHA
MPOBOAMIIN KXKAYIO Henenro. B kauecTBe KOHTPOJIA MCIONH30BAIM PACTEHHUS, PACTYIIHE Ha MATATEIFHOM
pacTBope 0e3 celieHa, KOHICHTpPAIlMM BCEX OCTAJIbHBIX JJCMECHTOB IHTAHUS OBbUIM OJUHAKOBBIMHU.
JIiist KaXXJI0T0 BHJAa PACTEeHUSs, KaXI0H KOHIeHTparmu Se, Bkitodas koutposs (0, 2,0, 5,0, 10,0, 20,0 u 40,0
MKM), MPOBOAMIOCH TIO YETHIpe MOBTOpPHOCTH (n=4). PacTeHus coOupanu depe3 4eThipe HEASNH TMOCIe
MepBoHaYaIbHOW 00paboTKM ceneHoM. PacTHTenbHBIM Marepuall C KaXIOro BereTallMoOHHOTO CocyAa
BeICYmBaiy 1pu 60 °C 1 UCTIOIBE30BANIN IS ONIPEACIICHUST CYXOW MacChl PACTCHHM, IUCTHEB M COACPKAHUS
CceleHa.

ost@actbio-vsuet.ru
19 post@



AKmyanvhaa Ouomexmnonozusn
Ml, 2023

Omnpenenenue ceaeHa MPOBOIMIN B TUCThAX A. foeniculum v B Han3emHol yactu (nmoderax) O. vulgare n
H. officinalis. Mwunepanmuzanuio o0pa3loB MPOBOIUIN C UCIIONH30BAHUEM CMECH KOHIICHTPHPOBAHHOMN
azotHoi kucnothl U 30 % xnopHo# kucinoTe npu Temreparype 180 °C B TeueHue 2 yacoB. [lanee 106aBsun
MEPOKCH]] BOAOPOJA M HArpeBall Ha KUISIIEH BoAsHOHN Oane B TeueHue 10 munyT. IIpu nmosBIeHWH mapoB
A30THOW KHCJIOTBl Npouenypy mnoBTopsuid. KomnuecTBEHHOE OMNpelesieHHe CelieHa B MHUHEpanu3are
MIPOBOIVJIN METOJOM aTOMHO-a0COPOIIMOHHON CIIEKTPOMETPHH C TreHeparel ruapumos (SpectrAA 220 FS
C MIPUCTABKOW JuIsi reHepalu napoB runpuaoB VGA 77, Varian) [6]. IHTeHCHBHOCTD TOTJIOIICHUS CBETa
M3MepsUN TpH JuTHHE BOJTHBI 196,0 HM. B KadecTBe X0I10CTO# MPOOBI HCITONB30BAA PACTBOP, COACPIKAIIIHIA
BCE XMMMYECKHE PEaKTHBBI 0€3 PACTUTEILHOIO ChIPbs M MIPOIIEALINH Yepe3 Bce CTaIuy aHajau3a, BKI0UYast
MuHepanu3anuio. KoHIEHTpaluio celieHa BhIpakalld B MUKpOrpaMMax Ha rpaMM CyXOi Macchl (MKI/T).

B pesynbraTte nccnempoBanus MOPPOMETPHUECKHUX IOKa3aTeNe pacTeHUH yCTaHOBJIEHO, YTO 0OpadoTkKa
pactenmnit O. vulgare cemenom B KoHIeHTparusax 2-20 MxM u H. officinalis n A. foeniculum ceneaom
B KOoHIeHTpanusix 2-40 MkM He NpuUBOJMIA K HETaTHBHBIM HW3MCHEHHUSM B POCTOBBIX MapaMeTpax
Y HaKOIJICHUH OMOMAcCCHI.

UyBCTBUTENIBHOCTh PACTEHUH K BO3ICHCTBUIO ceJieHa SBJISETCS Omnpeaessiomeil B 3 (ekTUBHOCTH
NOJTy4eHUs] (GYHKIMOHAIBHBIX IPOAYKTOB IHUTAaHUSA, OOOTALIEHHBIX MHKpoIeMeHTOM. VccinenoBanue
BJIMSIHUSI BHECEHUS CEJICHA B Pa3IMUHBIX KOHIEHTPALMIX B TUTATENBHYIO Cpey IMOKa3alo, 4YTo 0 CPaBHEHHUIO
C KOHTPOJIbHBIMHM DPAacCTCHUSIMH, BBIPAILICHHBIMH Ha MUTAaTENbHOW cpene Oe3 no0aBiieHHs CeleHa, BO BCEX
BUJAX PAacTEHUH Mpu 00pabOTKe CENEeHOM IIPOMCXOIUIIO 3HAYUTENIFHOE YBEIMUCHHE COJEPIKAaHUSI NaHHOTO
MHUKpPO3JIEMEHTa, YTO CBHJCTEIbCTBYET O HAKOIUTEIBHON CIIOCOOHOCTH JaHHBIX BHIOB PAaCcTeHUH
(Tabmuua 1). Tak, Hampumep, KOHTposibHbIE (HeoOpaboTaHHble ceneHOM) pactenus H. officinalis
XapaKTepHU30BaINCh HU3KOM KOHIIEHTpaLuel celleHa B moberax, koropas cocrasmia 0,013 mr/r (Tabiuma 1).
Oo6pabotka H. officinalis cenenom naxxe B HU3KO# KoHIeHTpaiuu (2 MKM) yBeaM4HBaia KOHICHTPALIUIO
3TOTO MHKpo31eMeHTa B 76 pas. s pacrenuii O. vulgare stot k03 dunuent coctauin 10, nist A. foeniculum
-3.

W3 wn3ydeHHBIX BMIOB pacTeHHH HaMOOJBINYI0 CIIOCOOHOCTh K HaKOIUIGHHIO CEJICHa IPOSBUIN
H. officinalis wn O. vulgare, MakcuManbHOE COJIEpKAaHUE CelicHa B KOTOpPHIX cocraBwio 38,35+1,49
n 28,2242 98 Mkr/r cootBetcTBeHHO (Tabmuia 1). B muctesax A. foeniculum MakcuManbHOE COIEpKaHUE
coctaBmio 12,79+1,66 MKr/T, uTo B 2—3 pa3a HuXKe 1Mo cpaBHeHUIO ¢ H. officinalis u O. vulgare.

Tabnuua 1. Coneprxanue cenera (MKI/T) B 9KCIIEPUMEHTABHBIX PACTCHUIX

Konuentpanus Se CopepkaHue cejieHa B 9KCIIEPUMEHTAIBHBIX PACTCHUAX, MKI/T
B ITUTATEJILHOM pPacTBOpe, MKM vulgare officinalis foeniculum
0 (xoHTpOJIB) 0,227+0,020 0,013+0,002 0,085+0,006
2 2,00+0,18 0,993+0,055 0,267+0,021
5 9,41+1,12 7,83+0,32 0,781+0,081
10 13,38+1,17 18,23+1,12 3,04+0,36
20 19,88+1,50 26,33+£2,11 6,69+0,72
40 28,22+2 98 38,35+1,49 12,79+1,66

B Hacrosmiee Bpemst Bce pacTeHHsI B TPUPOTHBIX COOOIIECTBAX MO CIIOCOOHOCTH K aKKYMYIISIIUU CeJeHa
YCIIOBHO pa3/eleHbl Ha Tpu Tpymmbl. K mepBoil rpymnme OTHOCATCS pacTeHHs, KOTOpPbIe CIIOCOOHBI
HakarumBath cesieH B 100—1000 pa3 Oonbliie, 4eM €ro COIEPKUTCS B IOYBE. Y 3TUX PACTCHUM TUana3oH
HakorieHus cenaeHa oT 200 mkr/r mo 1000-15000 Mkr/r cyXxoi Maccel. PacTeHuss BTOpOi TpYIIIBI OOBIYHO
HaKaIuIBaroT B cede ceneH ot 3-x mo 10 pas 6ombire, 9eM ero comepkutcs B mouBe. KoHIEHTpanus ceeHa
BHUX OT 1,0 mo 200 MKr/r cyxoif maccel. TpeThsi Tpymnma pacTeHHH, camas MHOTOYHCIICHHas, OOBIYHO
HaKalUIMBaeT celieHa B 1-2 pa3za MeHbIIE, YeM €ro COJICPXKUTCS B IOYBe. PacTeHus 3Toil rpymnmsl coaepxar
0,1-1,0 Mkr/r cyxoro BemectBa [7]. Cumraercs, Yro pacTeHHMs ceMelcTBa SICHOTKOBBIE HE OTHOCSATCS
K PacTCHUSM-aKKyMYJSITOpaM CeJIeHa M, KaK MPaBUJIO0, HE CIIOCOOHBI HAKaIUIMBATh BBHICOKHME KOHIECHTPALUU
JTAHHOTO MHUKpPOAJIEMEHTa 0e3 MoTepH B MPOAYKTUBHOCTH. BMecTe ¢ Tem, B pslie UCCICAOBAaHUIN pa3IMYHBIX
BUJIOB / COPTOB 0Oa3miinka OBLIO TMOKa3aHO, YTO BHECEHHWE B MUTATEIHHBIN PAacTBOp CeJeHa, BHEKOPHEBas
00paboTKa pacTBOpaMH cejieHa WM MPUMEHEHUE CeIeH-COACpKaIINX yaoOpeHuit aBisercs 3(pPeKTHBHBIM
CPEACTBOM ITOBBIIICHHS B €T0 JIMCTBAX COJACPKaHMsS JAHHOTO MUKpoaJieMeHTa. [Ipu 3ToM Takke 0TME4aIoch
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1 yIy4IlIeHUE MMUTATeNbHBIX CBOMCTB 0a3WIIMKa, B YaCTHOCTH TMOBBIIICHHUS YPOBHS MOIU(PEHOIOB, 3PHPHOTO
Maciia ¥ aHTHOKCHIaHTHO# akTuBHOCTH [8]. Cnemyer, 0JHaKO, UMETh B BHIY, YTO HAKOIJICHHE CEJICHA U €ro
BIMSHUE Ha METAa0OJIM3M DPACTEHHIA CHJIBHO 3aBHUCHUT OT BHIA M JaXKE€ OT COPTa PACTCHHs, UYTO TpeOyeT
MPOBEJICHUE UCCIICIOBAHUN U OIPEJICIICHNE ONTUMAIIBHBIX KOHIICHTPAIIMI SK30T€HHOTO CelieHa JUIS KaXKI0TO
BUJIa HHIUBUIYAIBHO.

Kpowme Toro, mpu BEIOOpE KOHIICHTPAIIMK SK30T€HHOTO celicHa /it 0Mo(opTU(hUKALIMN PACTCHHUM CIEIyeT
YYHUTHIBATh, YTO BBICOKHE 03Bl CEJICHA TOKCUYHBI IS YeJIOBEeKa. PeKOMEHIyeMble HOPMBI MOTPEOICHUS
ceJieHa COCTaBISIIOT B cpeaHeM 55—70 MKr Se B JeHb, a HOPOrOM TOKCHMYHOCTH siBiisieTcs 400 MKr B I€Hb,
MO3TOMY  JUIL oOecriedeHusi Oe30IMacHOTO  WCHOJB30BAHHUS  PAaCTHUTENBHOTO  CHIPhS  PEKOMEHIYETCS
HCIIOJIb30BAaTh HEBBICOKKE JTO3BI DK30TEHHOTO cejieHa (2—10 MkM), ocobenno npwu BeipamuBanun H. officinalis
u O. vulgare.

Takum 00pa3om, B X0/1e MMPOBEJECHHOTO HCCIIEIOBAHHS 110 OOOTAIIEHUIO CEIEHOM HEKOTOPHIX PacTeHHU
ceMmeiicTBa SICHOTKOBBIC OBLIM YCTAHOBJIGHBI MEXKBHJIOBBIC OCOOCHHOCTH B HAKOIUIGHWH JTAHHOTO
MuKpodieMmeHnTa. OJHAKO, B IIEJIOM, PE3YJIbTAaThl HCCICAOBAHUS CBHJCTCILCTBYIOT O MEPCICKTUBHOCTH
oborareHus Aymuipl 00bikHOBeHHOH (Origanum vulgare L.), uccona nekapcrBennoro (Hyssopus officinalis
L.) u mHorokomocuuka (enxensuoro (Agastache foeniculum (Pursh) Kuntze) cuensro monyueHws
PaCTHTENBHOTO CBIPbsl JUIS pa3pabOTKH TMPOAYKTOB (HYHKIIMOHAIBHOTO HAa3HAUCHHUS C MOBBIIICHHBIM
coJlep>)kaHNeM MUKPO3JIEMEHTa.

Hccneoosanue evinonneno 3a cuem zpanma Poccuiickozo nayunozo gponoa Ne 22-14-00106,
https://rscf.ru/project/22-14-00106.
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KOMIUVIEKCHASA BUOKATAJIMTUYECKAS TEXHOJIOI'USA HEPEPABOTKH OTXO0B
ATPOITPOM3BO/JICTBA C IOJIYUYEHHUEM YJOBPEHUI U KOPMOBBIX JTOBABOK,
OBOT'AIIEHHBIX BUOJIOTUYECKHN AKTUBHBIMHU BEIHIECTBAMUA

B.I1. Monuanos, FO.10. Kocueuos, E.A. Bunozpaooea, M.I'. Cynoman
@I'BOY BO «Tsepckoii 2ocyoapcmeenHulii mexnHuyeckuil yHusepcumem», Teeps, Poccus

Bospacraromie moTpeOHOCTH B MPOAYKIIMA XHUMHUKO-(HapMaIleBTHIECKOW U THIEBON MPOMBIIUICHHOCTH
TpeGYIOT CO31aHUsI HOBBIX TEXHOJOTHI CHHTE3a IOCHHBIX OHMOJIOTMYECKA aKTHUBHBIX COeI[PIHeHHﬁ.
MHOroYHUCIIeHHbIE OHMOXMMHYECKUE U OMOTEXHOJOTMYSCKUE WCCIICOBAHUS TOKa3bIBAIOT BO3MOXKHOCTH
WCTOJBh30BaHMS CIEMU(UICCKUX MPOIECCOB M3 3TUX OO0JACTEH JUIs MPOMBINUICHHOTO CHHTE3a IEJIeBBIX
KOMITOHEHTOB Ha OCHOBE JICIIICBOTO MPUPOTHOTO OPTaHUYECKOTO ChIPhs. B acmekTe 03KHIaeMOro HCTOIICHUS
MIPUPOTHBIX PECYPCOB peIIeHre 3TOH TpoOieMbl mpuoOperaer ocoboe 3HAUYCHWE, TaK KaK TPOITYKTHI
(doTocHHTE3a M KUBOTHOTO MHpa B OyIylIeM MOTYT CTaTh IOYTH CAMHCTBCHHBIM IMOJHUMEPHBIM CHIPhEM
JUTSE XAMHUYECKOTO CHHTE3a U OMOTEXHOJIOTHH.

[TpuemneMbIMU CpeICTBAMHE IJIs1 TOTYYCHUSI OMOIOTHYECKH aKTUBHBIX BEIIECTB MOTYT CIIY>KUTh ITPOLIECCHI
OMOKOHBEPCHH, B KOTOPBIX JOCTYIHbIC OPraHHUECKHE MATepPHabl UTPAIOT POJIb UCXOJHOTO CyOCTpaTa Kak
JUTS CHHTE3a OTICNBHBIX IICJICBHIX KOMIIOHEHTOB, TaK W JJs monydeHus d3(Q(EeKTUBHBIX ya00peHui
1 KOPMOBBIX JI0OABOK C 3apaHee 33JaHHbIMH CBOMCTBaMU. OTHIM M3 HanOoJIee epCIIeKTUBHBIX HAITPABICHUH
OMOKOHBEPCHU MAaTEpUAIOB TPUPOTHOTO MPOHMCXOXKICHUS sBIsieTcs TBepaodazHas (epMeHTanus
OpPraHMYECKUX OTXOJIOB M TPYAHOTHUIPOJIU3YEMOIO PACTUTEIILHOTO ChIpbs. K coxalleHuto, NaHHBIA TpPOIIece
HE peaii30BaH B IPOMBIILICHHOM MaciTade, MOCKOJIIEKY HEOOXOAUMBIC IS TOT0 MHUKPOOHOJIOTUYECKHUE,
(U3NKO-XUMHUUECKUE U KHHETHUECKUE UCCIIEIOBAHMUS IO HACTOSIIETO BPEMEHH HE MPOBOIUIIUCH.

CoipbeM a11s1 TBepo(a3HO OMOKOHBEPCUU MOXKET CIYKUTh Pa3HOOOPA3HOE YIIIepPOACOIepIKAIIee ChIPhE.
OpraHuveckde OTXOJNbI CENBCKOTO XO3SMCTBAa W PA3NIMUHBIX OTpaciell MPOMBINUICHHOCTH —SIBJISIOTCS
JOMUHUPYIOOIUM BUIOM NNOTCHIIUATIBHOT'O ChIPbA IJIA MHKpO6HOHOFHLIeCKOI>'I KOHBEPCHUH BO MHOTUX CTpaHax.
B kauecTBe MOTEHIMAIILHOTO CBIPhS MOTYT PAacCMaTPUBATHCA OTXOABl IHUIICBBIX  MPOU3BOJCTB
(MomokomiepepabaTHIBAIOIIEH MPOMBIIIICHHOCTH, KPaXMaJOMAaTOYHOTO U XJIEOOMEeKapHOTro MPOU3BOJCTBA),
Topd, HABO3, OTXOBI JIECHOH U JepeBOOOpadaThIBAIONICH MPOMBINIUICHHOCTH (OMWJIKH, KOpa, MeNKas
CTPY’KKa), OTXO/IbI TPOM3BOJICTBA KYKYPY3bl, XJIOMTYATHHKA, BUHOTPA/Ia, OTXO/IbI TAOAYHOM TPOMBIIICHHOCTH.

BaxxHeHmMu cBONCTBaMU CHIPBS, HCIIOIB3yEeMOTO JUIsi OMOKOHBEPCUH, SBISIFOTCS YPOBEHb OHOTEHHOCTH
(oH ompenensieTcss B MEPBYIO OuYepellb COACPKAHUEM MHUKPOOPIaHM3MOB B OTXO/IaX CEIIBCKOTO XO3SIHCTBA),
a TaKKe COACpIKAHUE YTIepo/ia, CIOCOOHOE 00ECIeUnTh ATOT YPOBEHD 3a CUET SHEPIeTUKH, MPUBHOCUMOM
YIJIEPOICOCTABISIONIMME  PACTUTEIBHBIX OCTAaTKOB, KOTOPBIC B CBOI OUYEpelb SBISIOTCS 0a30BBIMU
CBA3YIOIUMH 3BEHBAMH JUIS BCEX PEakiuii MeTabonu3Ma B KJIETKaX MHUKPOOPraHH3MOB. Takum oOpaszom,
UMECHHO HAJIMYHAE B MCXOJHOM OPTaHWUYECKOM CBHIPbE MPUCYIIMX €My COOOMECTB MHKPOOPTaHH3MOB
Y HeOOXOJMMBIX JJISl HOX DJIEMEHTOB TIIHTaHHs CIIOCOOHO OMpeJeNsITh XOJ mpolecca (GepMeHTanuu
1 (OpMUPOBAHUE KOHEUYHOTO MPOIYKTa.

Kak mpaBuiio, B Hadase mporecca hepMEeHTAIMK MPEo0IaaoT adpoOHBIe Me30(HILHBIC OAKTEPUH, B TO
BpeMs KaK Ha MOCICIYIONMMX CTaausX YHUCICHHOCTh O3THX OaKTepuil YMEHBIIACTCS, W yBEIMYHUBACTCS
MOMYJISIIMS  AKTHHOMHIICTOB. 3aTeM HAYMHAIOT Pa3BUBATBCS IIEJUTIONO30paspylnaromue rpudsl. [Ipu
MOBBIIeHHN Temmepatrypbl 70 80 °C mojaBiseTcs pocT MHUKPOOPTAaHU3MOB, B TOM YHCIE TEPMO(DUIBHBIX
MAaTOTEHHBIX OakTepuil. B CBSI3M € 3THUM ClleyeT MOAJIEPKUBATh YCIOBHUS, IPH KOTOPBIX, C OHOW CTOPOHBI,
Oyner moru0aTh maToreHHHas MUKpodiopa, a ¢ Apyroil — pa3BUBaTbCd MUKPOOPTAHU3MBI, OTBETCTBEHHBIC
3a gerpananuio omonoaumepos. [lociie HarpeBa opraHu4eckoil Macchl HacTymnaer (ha3a ocThiBaHUS. B arToii
CTaJIUH TIPOUCXOJIAT CIOXKHBIC PEAKIIUMU MEXKIY OCTATKAMH JIMTHUHA, TIONMCAXapUA0B U OCNKaMU MOTHOIIHX
MUKPOOPTaHU3MOB.

Jns  cTUMyNsSnuM - mporiecca  (epMEHTAalMU  HUCTONB3YIOT pasiniHbie (PU3UUECKHE BO3JICHCTBUS:
TEMIIEPATYPY, YIbTPa3BYK, adpalliio, a TAaKXkKe T00aBJISIOT pa3IMUHbIe MAKPO- U MUKPOIJICMEHTBI,

B HWHctutyTe HaHO- U OMOTeXHOJIOTHH TBEPCKOTO TOCYJApCTBEHHOI'O TEXHUYECKOTO YHHBEPCUTETA
BBHITIOJIHEHO KOMILJICKCHOE UCCIIE[OBaHUE Tpolecca OWOKOHBEPCUM CMECH OPraHMYEeCKHX OTXOJOB
JKUBOTHOBOJICTBA W TPYTHOTHIPOIU3YEMOTO ChIPhSl PACTHUTEIBHOTO MPOUCXOKACHUS C TOTOTHUTEIBHBIM
BHECCHHUEM B UCXOJHYIO CMECh pAa3lUYHBIX coJiell ackopOMHOBON KHUCHOTHL [lpomecc ¢epmeHTanuu
MIPOBOJIWIICS TTO TPEXITAIMHOU CXEMeE:
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[loaroToBUTENBHBI 3Tall — TIPUTOTOBIICHHE WMCXOMHOW CMeCH «TOp(-HAaBO3» B COOTBETCTBUU
C DKCITIEPUMEHTAIBHO OTIPEACICHHBIM paHee ONTUMaTBHBIM cooTHomeHneM 50:50, BBeneHne OMOIOTHICCKU
AKTHBHBIX CTUMYJISITOPOB, IEpEMELIIMBAHUE.

WNukyOanmoHHbIN 3Tanm — BhLIEPKKa (DepMEHTUPYEMOW OpraHMYecKolW Macchl B TeueHue 60 yacoB mpu
temrrepaType 37°C u KpaTKOBpEeMEHHOM OapOoTake uepe3 Kaxaple 24 Jaca.

[Macrepu3anmoHHbIil dTanm — 00pa0OTKa KOHEYHOTO MPOIYKTa YJIBTPa3ByKOM HHTEHCUBHOCTHIO 50-60
Br/cM? B TeueHHMe 3 MUHYT IS yHHUTOXKEHHS TAaTOT€HHOH MHKPO(MIOPHI U IOBHIIEHHS HHTEHCUBHOCTH
OKCTPAKIMKA 00pPA30BABIIMXCS B MPOAYKTE (PepPMEHTANUU OHOJIOTHYCCKH AKTUBHBIX KOMITOHEHTOB (B TOM
YHCIIe, CaxapoB).

B xone dbepmenTanum TopgoHABO3HOW CMECH IPOU3BOAMIN OTOOP P00, B KOTOPBIX OINPEIEIISUIN HATNIHE
Y U3MEHEHHE COJIEPXKaHMs CaXxapoB Ha KUAKOCTHOM Xpomarorpade tuma "Xpomardsk — Kpucramn BDOKX
2014". IlpenBapuTenbHO HABECKy HCCICAYEMOTO Marepuania JUCIEPTHPOBATN  C JIECITHKPATHBIM
KOJIMYECTBOM TISITHIIPOLICHTHOTO PACTBOPAa YKCYCHOW KHCIOTBHI, OCAIOK YJalsUld LEHTpU(YrupoBaHHEM
B TeueHue 15 muHyT npu vactoTe BpameHus 5000 o0/muH c mocnenyrommmM ¢uibTpoBanueM. PesynbraTel
OTIpeIeTICHHSI COIEPIKaHUs CaxapoB PETUCTPUPOBAINCH B BUIE XPOMATOTpaPUIECKUX IMUKOB.

B MHOTOYHCIEHHBIX 3KCIIEPUMEHTAX MPU COOTBETCTBYIOIIUX MOBTOpaX OBUTM M3Y4YE€HBI MHTEHCHBHOCTD
W IMHaMUKa OOpa3oBaHUsl caxapoB B IIpolecce OMOKOHBEPCHHM PACTUTEIBHOTO CHIPhS M OPTaHHUYECKHX
otxonmoB. Ha pucynkax 1-3 mpezacraBieHsl oOpaslbl XpoMmarorpamMm TOp(OHABO3HOH CMecH: N0 Hadaja
(bepmenTaruu (Ha IMOATOTOBUTENRHOM dTarie), mocie 60 dacoB (epMmeHTanmu (Ha HHKYOAI[HOHHOM DTaIle)
H [IOCJIE YIIBTPa3BYKOBO# 00pabOTKHU MpoayKTa OMOKOHBEpCHH (HA MACTEPH3aMOHHOM JTalle).

Pucynok 1 — Xpomarorpamma Top(hoHaBO3HOM cMecHu 10 OMOKOHBEPCHH

AHanu3 mpeJCTaBIeHHBIX XpOMaTorpaMM MOKa3bIBaeT, YTo B XoJe (hepMeHTanuu TophOHABO3HOM cMecH
BHEH oOpasyeTcs 3HAYUTENBHOE KOJIMYECTBO CaXapoB, TPHUCYTCTBHE KOTOPHIX HE OTMEUYAETCS
Ha XpOMaTorpaMMe HCXOJAHOW cMecH. llpuyem, mocie o00pabOTKH OTPEPMEHTHPOBAHHON CMecH
YJIBTPa3ByKOM WHTEHCHBHOCTD DKCTPAKIIUU CaxapoB CYIIECTBEHHO BO3PACTAET, YTO MPUBOUT K YBEITHUSHHUIO
WX KOJIMYECTBA B IETEKTUPYEMOU cMecH B cpemHeM B 2.3 paza. Takum oOpa3om, yIsTpa3BykoBas 00paboTka
SABJISICTCA HE TOJIBKO YI[OGHLIM HUHCTPYMCHTOM [UIA MACTCPU3ALIUU TOTOBOr'O IIpOAYKTa 6I/IOKOHBepCI/II/I,
HO ¥ 3HAYHTEJIHHO TOBKIIAET OMOIOCTYTHOCTH 00pa3yIOMIUXCS B X01¢ (PepMEHTAIIH CaXapoB.

BrmonHenHble aHanMM3bl KOHEYHOTO WPOAYKTa OHWOKOHBEPCHH ITOATBEPKIAIOT BO3MOXKHOCTH €T0
WCITOJIb30BAHUS B KQUE€CTBE yIOOPEHUS M IPEMHUKCA TIPH pa3paboTKe paliMoOHOB TSl KPYITHOTO POTaTOTO CKOTa
U CENbCKOXO3IMCTBEHHOW mTUIBI. [IpoBeAeHHBIE HCCIENOBAHUSA IO3BOJIIM OCYIIECTBUTH  CEPHUIO
1ma00paTOPHBIX UCTIBITAHHI TPOIIecca OMOKOHBEPCHH PACTUTEIIEHOTO CHIPhs 1 OPTaHMYECKUX OTXOJIOB Ha Da3e
TBepcKoro rocy1apcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA U Bcepoccuiickoro HayIHO-HUCCIIeJOBATEIHCKOTO
HWHCTUTYTa METUOPUPOBAHHBIX 3€MEb.

ost@actbio-vsuet.ru
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Pucynok 2 — Xpomarorpamma TophoHaBO3HO# cMecu nociie OnokonBepcnu (6e3 yinbTpa3BykoBoit 00paboTKH)

Pucynok 3 — Xpomarorpamma Top(hOHaBO3HOM CMECH 1MOCiie OMOKOHBEPCUH M 00pabOTKH YIbTPa3BYKOM

Hccneoosanue evinonneno 3a cuem zpanma Poccuiickozo nayunozo ponoa (npoexm Ne 20—-69-47084).
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I'PAHYJIBI HA OCHOBE BUOPA3JIAI'AEMBIX IIOJIMMEPOB C BUOJIOT'MYECKH
AKTHUBHBIMM BEILIECTBAMM JIJISI BOPbBbI C KAPTO®EJbHON HEMATOI0M
GLOBODERA ROSTOCHIENSIS

A.A. Cyxanoea', A.H. boanoun', H.JI. Epmuneyxas’, A.A. Yyparoe®

DI'HOY BO «Cubupckuii 20cyoapcmeeHHblil yHugepcumem Hayku u mexvoaoeui um. M.@. Pewemnesa», 660123, Kpacrnosapck,
Poccusa
@I'EOY BO «Kpachosapckuil 2ocyoapcmeeHHblil azpaphvlil yHusepcumem», Kpacnoapck, Poccust

3onotucras kaprodenbHas Hematona Globodera rostochiensis (3KH) siBisiercst cepbe3Hoit mpobiaeMoit
IUTS BEIpAIBaHuS KapToders BO BCEM MHpe. YUWTHIBas BBICOKHE TOTepH yposkas, BbI3BaHHbIE 3KH,
W OTpaHWYCHHYI0O  3()()EeKTUBHOCTH  TPAAWIMOHHBIX  MOAXOAOB  (CHHTETHYECKHE  HEMATHIU]IBI,
arpo(UTOICHOTUYECKUE METOIBI) IS pellieHus 3ToH mpobiemsl [1, 2], He0OXOAUMO HCKATh U UCCICI0BATh
HOBBIE CpeicTBa 00pBOEI ¢ BpeautensaMu. PazpaboTka nmpenapaToB JTUTEIHHOTO ICHCTBHS ¢ HEMATHITHIHBIMU
WHTpEINEHTAMH MOYKET CTaTh HOBBIM MIEPCIICKTUBHBIM OIX0/I0M B 60proe ¢ 3KH.

OpHOll W3 TakuX CTpaTeruii MOXKeT OBbITh, HAIpPUMEp, HWCIOJIb30BaHHE CHCTEM KOHTPOJIHPYEMOTO
BBICBOOOK/ICHHS HA TTOJIUMEPHON OCHOBE, KOTOPHIC JICHCTBYIOT KaK HOCUTEIHU TIECTHIIUIOB U 00CCIICUHBAIOT
WX MEIJICHHOE BBHICBOOOXKICHHE B TEUCHUE BETETAIMOHHOTO Teproaa. st TaKuxX CUCTEM MPEaIOUTUTEIHHO
MCTIOJIB30BaTh OMOpasaraeMbie MOJIMMEPHbIE MaTePHAIIbl, KOTOPBIE MOTYT pasJiaraThCs B OKpPY KaroIIel cpeze
Ha Oe30MacHble KOHEYHbIE TPOAYKThl (Boga wura3). Cpeau KOTOPBIX MOJUTHAPOKCHAIKAHOATHI [3],
nemtoiio3a [4], momunaktun [5], moaukanpoirakToH [6], a Takke UX CMECH € IPYTUMH OHOIETPATHPyEMBIMU
Y CHHTETHYECKUMU TOJIMMEPaMH, W OPTaHMYECKUMH W HEOPTaHMYECKUE BEIIeCTBA H3BECTHBI B KAYECTBE
OmopasaraeMpIX MOJTUMEPHBIX HOCUTENEH MeCTHITHIOB.

IMomukamnposaakron (IIKJI) mpencraBisier coGoii OwopaszmaraeMblii MOIUA(GHP, CHHTE3UPOBAHHBIA U3
MOHOMEpa  g-KampojlakToHa.  llommkampomakToH B OKpy’Kalomie — cpene  Aerpagupyer o
6-THIPOKCHUKAIIPOHOBOW KHUCJIOTHI B pe3yJbTaTe THIPOIH3a GepMEHTAMH dCTepa3aMH, KOTOpasi BKIIOYAeTCs
BIUKI OKHCICHHS JKUPHBIX KHCIOT MHKpOOpraHm3moB. OJHAaKO JUIsl IIUPOKOTO  BHEIPECHHS
CEJIbCKOXO3SIMCTBEHHBIX mpenapaToB Ha ocHoBe [IKJI HeoOxomumo kakuM-1ub0 00pa3oM CHU3UTH €ro
cebecTouMOCTh. )i CHIDKEHUST CTOMMOCTH — TIOJy4aeMOTO Marepuaia, a Takke sl yIydlieHus
dKCIUTyaTannoHHbIX Xapakrepuctuk [IKJI ero wacto cmMemmBaioT ¢ IpyruMu moimMepaMu, TAKIMH KaK TTOJTH
(3-rumpokcubyTUpaT),  MOJMMOJIOYHAS  KHCJIOTa,  Kpaxmal, IIeJUTI0N03a WM HEOPTaHUYCCKUMHU
HaIMOJIHUTEISIMU. B KauecTBEe TIHMHUCTBIX MHUHEPAJIBHBIX HAIOJHUTENEH 4Yalle BCEro HCIOIb3YIOT
MOHTMOPHWJUIOHUT, OCHTOHUT, CAlOHUT, TEKTOPHUT, CMEKTUT WX JanmoHuT. OXHUM U3 HAmOoJee MIUPOKO
UCIIONB3YeMBIX THITOB HamoiauuTens ITKJI sBiasercs mouTMmopmimionur (MMT), npeacraBnstommii co06oi
CIIOUCTHIN CHJIMKAT, HOHBI KOTOPOTO MOTYT OBITh 3aMEHEHBI OPTaHO-WOHAMH ISl YBEIHUYCHUS PACCTOSIHHS
MEXY CIOSMH | YIYUIICHUS COBMECTUMOCTH moJiimMep / TiuHa [7].

Ba)KHBIM KOMITOHEHTOM TaKHX CHCTEM / KOMIIO3UTOB SIBJISICTCS MECTHIIMJ, HCIIONB3YEeMbI B Ka4eCTBE
JIEHCTBYIOMIETO BemecTBa MpoTuB G. rostochiensis. OkcaMuiI IpeacTaBiseT co0ol KapOaMaTHEIN TIECTHITH I,
KOTOPBIA KOHTPOJHPYET MIMPOKHHA CHEKTP HACEKOMBIX, KJEIIeH, KIelel 1, B IEPBYI0 odepeb, HEMaTO.
OnHOM Y3 MPUYUH €0 UCIOJBL30BAHUS SBISICTCS €ro ObICTpast ACTPajallvisi U YaCTUUHBIA THPOJIN3: TIEPUOJ
MmoJIypaciana OKCaMuia B IIOYBE KOJEOJIETCS OT HECKONBKUX YacOB IO HECKOJNBKHMX THEH W 3aBUCUT OT pH
MOYBHI. 13-3a OBICTPOTO Pa3I0KEHUS B IOYBE OKCAMUII CYMTAETCS OTHOCUTEIHHO O€30TTaCHBIM, HO 3TO BIIUSET
Ha ero 3(h(EeKTUBHOCTb, YTO TPEOYET JOMOIHUTEIBHBIX MEP TIOJIICPKAHUS €TI0 AaKTHBHOCTH.

OpHako OTHOCHUTEIbHAsE O€30IacHOCTh IMOJOOHBIX IMpenapaToB TPeOyeT pa3BUTHSA alNbTEPHATUBHBIX
MOIXO0JIOB ¥ BOSMOXXHOCTH IIPHIMEHEHHUS! TPUPOJHBIX BEIIECTB CXOXKEro AEHCTBUSA. TaknMU BelleCTBAMH
MOTYT OBITh W30THOIHMAHATHI, B OONBIIMX KOJMYECTBAaX IMPHCYTCTBYIONINE B PAaCTEHUSAX ceMeicTBa
Kpecrousetnsie. Amnmunuzotroranar (AUTI[) — BelecTBO HATypalbHOTO MPOMCXOXKICHUSA, MPOIAYKT
pasiioKeHNs AJUTHIITIIIOKO3HHONIATa (MM CHHUTPHHA), KOTOPBIA COMEPKUTCS B Psiie PaCTEHHH ceMeiicTBa
Kpecromnsernsie. Coobmaercs, uro AUTL] Tokcnuen mist Globodera rostochiensis u mogaBisieT pa3BuTHE €
mucT [8].

B cBsi3u C BBINICHU3IIOKESHHBIM [IEIBI0 HACTOSINErO UCCICAOBAaHUS ObUIO MOJydYeHHE OHOopa3pylIaeMbIX
TpaHys MNKI/MMT / Oxcamun u [TIKJI/MMT/ANUTL, JETTOHUPOBAaHHBIX OKCaMHJIOM
1 aJUTHITU30THOIIAHATOM, COOTBETCTBEHHO, M HCCIIEIOBAaHUE WX HEMATOIUIHON aKTUBHOCTH IO OTHOIICHUIO
k 3KH nHa copre kaprodens «KpacHospckuii paHHUI.
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B kadecrtBe OumopaspyliacMbIX MaTepPHaliOB IS MOJYYCHHS KOMIIO3UTHBIX TPaHYJ HCHOJIb30BAIN
nonukanponaktod (ITKJI) co cpenneBecoBoit  MonekymnspHoir wmaccoit (Mw) 80 x/la, creneHbro
kpuctammanoct (Cx) 52 %, remnepatypoit miasnenus (Trur) 90 °C (Sigma Aldrich, CIITA). B kadecte
HAITOJIHUTENIS MCIIOIB30BaIN OpraHoGWIbHYI0 MHHY «MoHameTr-101» — Xumudeckun MOAMGHUITHPOBAHHBIN
mouTMopwtonuT (MMT) («Merakieit», Poccus), B BHae MTOPOIIKa C pasMepoM dYacTum <125 MKM.
B kauecTBe aKTUBHBIX HEMATHIIMAHBIX BELICCTB IS ICTIOHUPOBAHHSI HCTIOIB30BAIN OKCAMIIT (3KCTpAarupoBaH
u3 Bupmar SI, Corteva, CIIIA), mUpoKO NPUMEHSAEMbI HEMAaTUIM] Kiacca KapOamaTos,
u aymnzotuonanar (AUTL) — opranuueckoe BemecTBO MPUPOTHOTO IPOUCXOKICHHS, KOTOPOE, COTIACHO
JIUTEPATyPHBIM JaHHBIM, 00IagaeT HeMaTHIHAHBIM 3¢ dekTom (Sigma Aldrich).

Kommosutaeie rpanyner [IKJ/MMT / Oxkcammn  u [IKIVMMT/AWTL] mnomydanw ¢ mpuMEHEHHE
MOPTaTHBHOTO 9KcTpyaepa Brabender GmbH ('epmanus) npum Temmeparype tiamerus 90 °C.
Huns momyuenns tpanyn [IKI/MMT/ Okcamui, moiuMmep TpeNBapUTENFHO CMENIMBAIH C TIIMHOU
B nponiopuusix 1:1 Ha mamepurensHom Mukcepe Brabender 50 EHT (I'epmanust) U K MOJy4eHHOH cMecH
JOOABJISTA PAcTBOP OKCaMmJia B METAHOJIE B TAKOM KOJIMYECTBE, YTO €r0 COJAEP)KaHHE B CMECH COCTAaBJISIO
He meHee 7 %. [lomydeHHYI0 cMech HWCIONB30BANU JUIA MONydeHHs (hMIaMeHTa Ha 3KCTpyHIepe, KOTOPBIH
3areM rpanyiaupoBand. Tak xkak AWTL sBiaseTcs JeTy4uM BEIIECTBOM, TPeOOBAIOCH MPEABAPUTEIHLHO €r0
MHKAIICYJIUPOBATh B HAMOIHUTENb 110 MeToauke de Souza et al. [9]. 50 r. AUTL 1 25 r. MMT B COOTHOIICHUU
2:1 nmobaBmsmu B pactBop, codepxkammii 10r. Tween-80 u 150 mm Bompl. Cmech TiepeMemInBaid
Ha MarHUTHOH Mernanke mpud 800 oO/MHMH 10 TMOJIHOH roMoreHu3anuH. 3ateM cMech cymuiad npu 110 °C
B TeueHue 8 yacoB. [lonmyueHHyto cMech ¢ nHKancynupoBandbiM AUTI] cmemuBanu ¢ TTIKJI B cooTHOIIEHNN
1:1 u ucronp30Bay IS MOTyYeHUS UIIaMeHTa Ha 3KCTPYIepe, KOTOPBIH 3aTeM I'paHyITUPOBAIIH.

Ha mpumepe okcammiia WcciaemoBalid BBIXOM akTHBHOTO BemectBa w3 rpanyd [IKJI/MMT / Oxcamun
B TI04BY B JaboparopHbiX yciaoBusax. 100 mr rpanyn [IKJI/MMT / OxcaMui B TpeX MPOBOPHOCTSIX TTOMEIIATN
B TUTACTUKOBBIC KOHTEHHEPHI, TIPEABAPUTEIILHO 3aMoHeHHbIE 50 T. SKCIIEPUMEHTATLHOHN MOYBHI (BIAYKHOCTHIO
60 %), a 3aTeM 3acChIad CBEPXY MOMOJHUTENbHBIMU 50 T. MOYBBI, YTO B cymMMe cocTaBuio 100 r. modBbI
B KakmoM KoHTelHepe. KonreliHepsl mHKyOupoBamu mpu 20 °C B CyXOM INPOBETPHBACMOM ITOMECIICHHH.
BriaxxHOCTh MOYBBI B KOHTEiHEpaX MOICP)KUBAIM PETYJISAPHBIMHU MOJHBaMH (HE pexe | pasa B HEIEN0)
BOJIOTIPOBOIHOM BOMO#M M3 pacdera 50 M Ha KOKIYyI0 €MKOCTh. DKCIICPUMEHT MPOBOAMIICSA B TeueHHe 91
CYTOK ¢ 7 3KcrmepuMeHTanbHbiMU Toukamu (7, 21, 35, 49, 63, 77 u91 cyr). V3mepsii OTHOCHTEIILHYIO
OCTaTOYHYIO MacCy IpaHyJl M OCTaTOYHOE CO/Eep)KaHNEe OKCaMMIa B IpaHyJiax.

[epen uccnemnoBanuem 3ddexruBHOCTH Tpanyn mnpoTuB Globodera rostochiensis HemocpencTBeHHO
BTIOYBE W BIPUCYTCTBUM KIIyOHeH Kaprodens, TNpeaBapuTeNbHO ObUIa  BBIIOJIHEHA  OIIEHKA
nx 3P PEKTUBHOCTH MTPOTHUB HeMaTo  in vitro. O1ieHKa OblIa BEITIOJHEHA TT0 METOAMKE, onrcanHol y Buda &
Cepulyte-Rakauskiene [10]. HemaTtuiumayto  3(GQGEKTHBHOCTh  HCIBITYEMBIX T'PaHyJl  CpaBHUBAIH
C TOJIOKUTEIBHBIMUA KOHTpoJsiMu: Jurst Tpanyn TTKJI/MMT / Okcamun B KadecTBE KOHTPOJIS BBICTYIAl
pacTBOp OKCaMmIIa B METaHoJIe KOHIeHTpanueit 2,1 /71 (pa3BeieHHbIN B OJIWH, JBa ¥ TPHU pasa, TaK, 4T0 00beM
500 MKI COOTBETCTBYeT ITO comepkannio AWM Tpem, nBym u omHod rpanyie ITKJI/MMT / Oxcammir,
COOTBETCTBEHHO); st rpanyn IIKJII/MMT/AUWUTL kourponem Obut pactBop AUTL] B qUCTUIIMPOBAHHOM
BOjIe KOHIIeHTpanueit 192 mi/i (pa3BeIeHHbIN B OMH, 1Ba U TPH pasa, Tak, 9To 00beM 500 MKJI COOTBETCTBYET
o cofepykannio AW tpem, aBym u ogHo# rpanyiae [TIKJI/MMT/AUTIL, coorBeTcTBeHHO). OTpHIIATEIEHEIE
KOHTPOJIN — METaHOJ U AUCTUILTUPOBAaHHAS BOJA.

J1J1s OLICHKY HEMATHIIUTHOW aKTUBHOCTH MOJTYYCHHBIX dKCIIepUMeHTANbHBIX rpanyt [IKJI/MMT/Oxkcamun
u [IKI/MMT/AWUTL] Obut  TpoBemeHBI Ja0OpaTOpPHBIC HWCHBITAHWS B TCYCHHE JBYX  MECSICB
Ha MPOPOIIEHHBIX KIYOHAX Kaptodens copra «KpacHospckuii paHHUI», TIOMEIICHHBIX B IOYBY,
MIPEABAPUTEIHLHO HWHOPHUITMPOBAHHYIO 30JI0THCTON KapTodenpbHoW Hemaronou G. rostochiensis. 3omorucras
KaprodenbHas 1mcTooOpasytomas Hematona Globodera rostochiensis marorun Rol mpepocraBieHa
BcepoccuiickiM MyHKTOM TI0 OLIEHKE COPTOB KapTo(ens Ha yCTOWYMBOCTD K Paky U HEMAaTOJIE.

B ombiTHBIE TOpIIKH 06beMoM 0,5 JT mpeBapuTEeTbHO BHOCKIIH MTOUBY, IUCTHI G. rostochiensis (o 50 ruet
Ha FOPIIOK) ¥ MPOpOCHInid KiyOeHb KapTodensa. B onbITHRIE TOPIIKA BHOCHIU 1O 20 MI' Ha TOPIIOK TPaHyJ
IMKJI/MMT / OkcaMmui1, HCXOIs U3 PpEKOMEHIYEMBIX TO3MPOBOK it okcamuina (1 kr/ra), u mo 50 u mo 100 mr
Ha ropmok rpanyi [IKJ/MMT/AWTL. Beero mist kakIoro U3 ABYX COPTOB KapTohess HCCIeI0BAIA BOCEMb
rpynn (IO MATh MOBTOPHOCTEH B KaXk/0il). B KOHIIE OMbITa MOJCYUTHIBAIN BBICOTY M KOJIUYECTBO CTeOIEH
pacTeHul, U KOJIMYECTBO IUCT HA KOPHSAX KapTodens BHYTPUIa0OpaTOpHBIMU MeTogamu. OCMOTp KOpHEH
MPOBOAMIIM O3 CHITHS PAacTCHUH 1Mol OMHOKIIEM ¢ 3-KpaTHBIM YBEIUYCHUEM.

26



Axkmyanvnaa Ouomexmnono2usn

Ned, 2023

B pesynbrare paboThl TONMY4YEHBI OSKCTPY3WOHHBIE rpaHynbl Ha ocHoBe [IKJI/MMT / Oxcamun
u [IKI/MMT/AUTU. TIpanynsr [IKJI/MMT/ Oxcamun wumenn mmuHy 5-10 MM, TommuHy 2 MM,
[IEPOXOBATYI0 TIOBEPXHOCTh U OBLIM OKpAIlIeHbl B TEMHO-3€JICHBIA IIBET, KOTOPBIH OBLT 0O0YCIOBIICH
KpacHuTeJeM B SKCTPAKTE OKCaMMJIa, UCIOJIb30BaBIIErocs AJIs MOIYUYeHHs TpaHyJl JaHHOTO cocTaBa. ['paHyisl
NKJ/MMT/AUTI umenu takue ke pasMepsl, kak u rpanyisl [IKJI/MMT / Okcamun, HO OBUTH TJIaAKAMHU
1 ONecTAIMMH, U KOPUYHEBOTO I[BETa M3-3a HCIOJB30BAHHOTO H30THOIMOHATa. MUKPOCKONUS TpaHyl
nokasana, 4ro gobasienue yactuliy MMT B rpanynst [IKJI/MMT / OxcaMusl IPUBOIUT K TOSBICHHUIO TIOP,
KpaTepoB U TpemuH B npenenax gactuiy MMT. B mukpoctpykrype rpanyn [IKIVMMT/AUTILL otuernuBo
BUIHBEI armomepatsl MMT pasmepom 100-250 mxM. B memom, rpaHysiel 000WX COCTaBOB UMENH IUIOTHYIO
U TIagKylo CTpykTypy cmopamu 70-100 mxm u armomeparamu MMT pasmepom mo 100-150 mxm
Heymopsimouennoe pacnupenenenrne MMT B monmuMepHOW MaTpHile MPHUBENO K 0Opa30BaHHIO CMEIIAHHOW
CTPYKTYPBI KOMIIO3HTA.

HccnenoBanre BbIXOa OKCaMHjia B IIOYBY W3 IOJIyYEHHBIX TPaHy] MMOKa3ajo 3HAYUTEIbHBIE OTIMYUS
OT KOHTPOJILHOI'O KOMMepueckoro mnpemnapara Bumar SI°. B wacTHOCTH, A7 MOMYYEHHBIX TpaHyd ObLI
XapaKTEPEeH MOCTENEHHbIN BBIX0O OKCAMUIIA U3 MATPHULIBI, UTO OTPAXKaJIOCh B COOTBETCTBYIOIIEM MOBBIIICHUH
KOHIIEHTpAIINK OKCaMMIIa B DKCIIEpUMeEHTaIbHOM mouse. K koHIy skcrepumenTa (92 cyTkm), 2,5 MI OKCaMuIIa
BeIILIO U3 100 MT HccieayeMBbIX TpaHyll OT TeopeTHIecKd BO3MOXHbIX 7,0 mr. I'panynst [TKJI / Oxcamun npu
3TOM JEMOHCTPUPOBAIM B [IEJIOM MeHbINWH, 1o cpaBHeHUI0 ¢ [IKJ/MMT / Oxcammui, BBIXOJ OKcaMumia
B TEUCHHE BCETO DKCIIEPUMEHTA, ¥ Ha 92 CYTKHM KOHIICHTpAITUs OKCaMHiIa IJIA 3THX T'paHyn Oblta MeHee 12
MKT/T TOuBBI. J[71s1 KOHTpOJIBHOTO mpenapara «Bumat SI'» MakcuMyM BbIXoja HaOIOJAIN YXKE B IIEPBOM
IKCTIEPUMEHTAIBHOM Touke (7 CYTOK), KOHIICHTpAIMsI OKcaMmia cocTaBisuia 13,21 MKr/r mousbl. J[aHHBINR
pe3ynbTaT IMOKa3aJl, 4TO IOJYYEHHBI MOJIMMEPHBIA HOCHUTEIh MO3BOJAET IPOJIUTH IEPUOJ BBICOKOU
KOHIIeHTpaluu Hematuiuaa B nouse. Beixog AUTIL u3 rpanyn [IKJII/MMT/ANTL cpaBHuBau ¢ TpaHyIaMu
[MKJI/AUTL 6e3 nobaBnennss MMT B kauecTBe KOHTpOJIs. Tak ke, Kak U UIs TPaHyJI C OKCAMUIIOM, JAJIsl STHX
rpaHys OBIT XapaKTepeH MOCTENEeHHBIN BBIXOJ aKTUBHOTO WHTpenueHTa. [Ipodwmnm BeIxoma mccieryeMbIx
TpaHyJ W KOHTPOJSA 3HAYMTENbHO He oTimdaimch. Ha 92 cytkm rpamynel [IKJ/MMT/AWUTIL nocrurimm
Beixoga AWUTL 8,9 mkr/r noussl. [lapannensHoe onpezaenacHre yObBUIM Macchl TIOKa3aio, YTO HcCieqyeMble
TpaHyJbl YMEPEHHO JErpaJupOBaiy B TCUEHUE BCEIO CPOKA SKCIEPUMEHTA — Ha 92 CyTKU OCTaTO4YHasi Macca
rparyn [IKJI/MMT / Oxcamun cocraBuia 60,6 %. Jerpamarust xoHTpodbHBIX Tpanyn IIKJI/ Oxcammn
noctoBepHo He ommyanack ot [IKJI/MMT / Okcamui. ['panynsl [IKIVMMT/AWTL Tak ke, Kak ¥ rpaHyJIbl
C OKCaMHUJIOM, YMEPEHHO JIerpaupoBalid B TEUEHHE BCErO CPOKa 3KCIEPUMEHTa — Ha 92 CyTKM ocTaTO4Has
macca rpanyn [IKJ/MMT/AUTL] cocraBuna 55,6 %. derpananust kouTponbHbIX Tpanyn IIKJI/AUTL Taxxke
JIOCTOBEpHO He oTiuyanack ot [IKI/MMT/AUTL,

o pe3ynpraTaM Mccier0BaHUS HEMAaTHIUAHON aKTUBHOCTH mony4yeHHBIX rpanyi [IKJI/MMT / Okcamun
3HAYUTENBHBINA AP hEKT ObLT 3aperuCTPUPOBaH yKe uepe3 24 yaca uX SKCIIO3UIINH B TUTAHIIIETE C HEMAaTOIaMHU
— O3MPOBKH M3 OJHOMU, IBYX U TPeX TpaHys npuBenu kK cmeptHocTH 44, 50 1 75 % HEMaTo1, COOTBETCTBEHHO.
CooTBeTCTBYIOIINE KOHTPOJIbHBIE TO3HUPOBKM pacTBOpa OKCaMMiIa B METaHOJE TOKa3ajld 3HA4YeHHs JIUIIb
HeHaMHOTO BbIe — 56, 68 m 81 %. Uepe3 48 m 72 4yaca SKCIO3UIMH pPa3HUIIA MEXAY ITOJOKUTCIHHBIM
KOHTPOJIEM U IpaHyJlaM{, a TakKe MEXAy pPa3HbIMU JO3MPOBKAMM IpaHyJ OKa3ajach €lle MEHbIIE.
B gactHOCTH, TIOCTIE 72 YacOB AKCIIO3UIIUN JTO3UPOBKH U3 OJTHOM, ABYX M TPEX TPaHyJ COOTBETCTBOBAIHU 92,
96 n97 % cmepTtHOocTH HemaroA. IlomOKUTENBHBIH KOHTPOJB MAJIA BCEX TpPeX MO3UPOBOK IOKaszall
CTOTIPOLIEHTHYIO CMEpPTHOCTh. Takum 00pa3oM, HNaHHBIH OSKCIEPUMEHT II0Ka3all, YTO IIOJyYCHHBIC
MOJTUMEPHBIE TPAHYJNBI C IEMTOHUPOBAHHBIM OKCAMUJIOM COTOCTaBUMBI 110 3()(PEKTHBHOCTH CO CBOOOIHBIM
npenapaToM okcamuia. Pe3ynbpraTel uccieoBaHUs HEeMaTHIUAHOHN akTuBHOCTH Tpanyn [TIKI/MMT/ANUTL,
KaK M TPaHyJIbl, IETOHHPOBAaHHBIC OKcaMuiIoM, rpanyiisl IIKJI/MMT/ANTL B 1iei1oM Ioka3aiu J0CTaTOYHYIO
HEMaTULUIHYI0 aKTUBHOCTh. Uepe3 24 yaca SKCIIO3ULUHA CMEPTHOCTh HEMATO B IPUCYTCTBUM ATUX TPaHyJl
cocrasmna 35, 32 u 35 % mnpu H03MpOBKAaxX OJHA, ABE W TPU TPaHYIbl, COOTBETCTBEHHO. B KOHTpOIBHOMN
TpyIIe JaHHBIC KOHIICHTPAIMU MOKa3aiu cMepTHOCTh Hematon 22, 30 u 35 %. Uepes 48 yacoB CMEpTHOCTh
HEMaToj Haxomwnach Bmpenenax S51-64 % B 3aBHCHMOCTH OT JO3MPOBKH, KOHTPOJb ITOKa3bIBAI
corocraBuMble 3HadeHus: 48-65 %. Uepe3z 72 waca DKCIO3ZUIMKM CMEPTHOCTh HeMaron nocturia 92 %
JUTSL IO3UPOBKHU B TPU TPaHyJbl, TIPH 3TOM COOTBETCTBYIOIIAsi N03upoBka cBoboanoro AMTL] moka3ssiBana
87 %. V3 naHHBIX pe3yiabTaTOB MOXKHO CHIeJIaTh BBIBOJ, UTO AenoHupoBaHHbI AWTI] B HEKOTOPOH cTeneHu
obmagaer Ooyiee BHIpAKCHHBIM HEMATHUIIUIHBIM d(dexToM 1o cpaBHeHHUIO co cBoOoaabiM AUTILI, omHako
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3TOT 3PPEKT TOCTUTACTCS TOIBKO HA TPETHH CYTKH SKCIIO3UINH. B dKCIieprMeHTe 10 OIeHKE HEMATHIIHTHOM
aktuBHOocTH in vivo Tpamyn IIKJ/MMT/ OxcaMui THCTBI TOJHOCTRIO OTCYTCTBOBAIN Ha KOPHSX
OTPHUIATEIBLHOIO KOHTPOJIS U NPUCYTCTBOBAIM B CIUHUYHBIX KOJHYECTBAX Ha KOPHIX KapTodels B IOYBE,
00paboTaHHON KOMMEpYEeCKUM mpenapaTtoM okcamuia. [Ipu stom BHecenue rpanyn [IKJI/MMT / Oxcamun
B AKCIIEPUMEHTANbHbIE TOPLIKA YMEHBUIMIO YHCIO LUCT B 2,33 pa3a IO CPaBHEHUIO C MOJOXKUTEIbHBIM
KOHTpOJIEM. ITOT 3(p(PEeKT MOKHO OOBSICHUTH MPOJOHTMPOBAHHBIM JCHCTBHUEM TpaHyJ U MOCTCIICHHBIM
BBICBOOOKICHHEM OKcaMuia. JIOCTOBEPHBIX pa3Mu4Mid B UMCIE CTEONEH M UX JUIMHE MEXAY KOHTPOJISIMH,
Bumar 5I' wmrpanymamu [IKII/MMT/ Oxcamun oOHapykeHO He Obuto. VICKITIOYeHHE COCTaBISET
TTOJIOKHUTEILHBIN KOHTPOJL copTa KpacHospcknuil paHHWN — ISt 3TOM TPyIIsl HAOIIOIAIOCh TTOBHIICHHOE
YHUCIIO CTeOIeH 10 CPaBHEHHIO CO BCEMH OCTaIbHBIMH TPYIIIIAMH, YTO MOXET OBITh KOCBEHHBIM MTOKA3aTelIeM
HEJ0CTaTKa MUTATEIbHBIX BEUIECTB B PACTCHUH.

Tak ke, xak u s rpanyn [IKJ/MMT / Oxcamun, K KOHITY SKCIIEPUMEHTA IO OIEHKE HEMATHIIHTHOM
aktuBHocT rpanyn [IKJ/MMT/AUTI] kopHu pacTeHHil, HE3aBUCHMMO OT IPYIIIBI M copTa KapToders,
BU3YaJIbHO HE OTNIHYaIuCh. OXUAAeMO, ITUCTHI TOJHOCTBIO OTCYTCTBOBAJIM HA KOPHAX OTPHUIATEIBHOTO
KOHTPOJISL. YUCIIO IUCT P 3TOM YMEHBIIWIOCH B 1,6—2,5 pa3a, mpudeM pa3indue B JO3HPOBKAX U CIIOCO0axX
BHECeHHUs1 (TpaHyJbl MK PACTBOP) JOCTOBEPHO HE MOBIHSIO HAa 3PPEKTHBHOCTh — YUCIO IUCT IS TPYIIT
11 nenonupoBanHoro AUTIL] naxommnocs B amamasone 121-171. Ilpenmomaraercsi, 4TO YBEIHMYCHHE
MPOIEHTA JETIOHUPOBAHHUS TOBBICUT J((EKTUBHOCTh OWONECTUIIMAA OO0 3HAYEHUH, COIMOCTaBUMBIX
¢ TaKOBBIMH 15 okcamuiia U rpanyd [IKJI/MMT / Okcammr. JIoCTOBEpHBIX pa3IMduii B YUCIIE CTEOICH 1 X
JUIMHE, TaK ke, kKak ¥ i Tpany [IKJI/MMT / Oxcamun, He ObIII0 0OHApYKEHO.

[TomyueHHBIC HOBBIC 3HAHUS O CO3J]AHUM W MCCIICOBAHUU SKOJIOTUYHBIX rpaHyn Ha ocHoBe [IKJI/MMT
C MHKAINCYJIMPOBAHHBIMHA aKTHBHBIMH BelecTBaMU (OKCaMIJI, aTHIM30THOIMAHAT) OYIyT HCIIOIB30BAHbBI
B MaTepHaIIOBEACHNN OHOpPa3pyIIaeMBIX MTOJIMMEPOB JJISl CETBCKOTO XO3SHCTBA

Paboma evinonnena npu punancoeoii noooepicke zpanma PH® «Pa3pabomka IK0J102UMHBIX CUCHEM HA OCHOGE
ouopaspyuwiaemuix nOIUMEPOE ¢ OeNOHUPOSGAHHBIMU OUON02UYECKU AKIMUGHBIMU eU|eCmeamul
ona npedomepauienusn 6one3neii kapmodgpenay Ne 23-16-00184.
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WCCJEIOBAHUE BJUSHUS ITPEJIBAPUTEJIbHON HU3KOYACTOTHOM
VJIbTPA3BYKOBOI OBPABOTKH HA BUOKOHBEPCHIO JIMTHOLEJLIFOJIO3HBIX
OTXO0A0B 3AT'OTOBKH JIbBHA

E.B. Osxcumkoea, B.B. Opnos
DI'FY BO «Tsepckou cocyoapcmeennblil mexHudeckuu yHusepcumem», Teeps, Poccus

CnoxuBmiascss B Poccum cuTyanust B JIBHSHOM OTpaciii  TpWBENia K TOMY, 4YTO TEKCTHIIbHAsS
NPOMBIIIIEHHOCTh B ITpOIlecce MepepadOTKH JIbHA HCIoNb3yeT aumib 15-20 % ero maccel, octanbHas ke
YacTh NPAKTHYECKH HE HAXOAWUT NMPUMEHEHUS U B OOJBIIMHCTBE CIIy4aeB CXHraeTcsa. TakuM oOpaszom,
aKTyalbHOW SIBIAETCS 3ajada pa3paboTKH S((EKTHBHBIX TEXHOJIOTHHA MEepepaOdOTKH OTXOIO0B 3aroTOBKH
U nepepaboTky JbHa [1, 2].

['maBHBIM TPENSATCTBHEM B MPOIECCe OMOKOHBEPCHH JIMTHOLEIUTIONO3HBIX PACTHTENBHBIX OCTATKOB
SIBISICTCS CIIO’KHOCTH ACTIOMMEPH3HPALINY JINTHUHA TTyTeM (epMEHTATUBHOTO T'HIIPOJIN3a, YTO elle OoJbIe
3aTpyIHSET Pa3fiOKEHUE W yTUIM3ALHUIO LEJUII0JIO3bl M reMUle/noio3bl. CToinb HU3Kasg 3(QQEeKTHBHOCTH
OMOpa3NoKeHHs JIUTHOIEIUTIONO3bl CHIIBHO 3aTpyIHSIET KPYHMHOMACIITaOHOE MPOMBIIUICHHOE MPUMEHEHUE
OMOJIOTNYECKOro KOMIIOCTUPOBaHHS. JINTHOIEIUTION03a UMEET IPOYHYIO MOJICKYJIIPHYIO CTPYKTYPY ¥ TPYIHO
MOJIaeTCS HETMOCPEJCTBEHHOMY OMOJIOTHYECKOMY Pa3JIOKECHUIO a3pOOHBIMH MUKPOOPTaHH3MaMH BO BpeMs
KoMnocTupoBanus. CrienoBaTeabHO, MpeaBapuTeIbHAsS 00pab0TKa SABISIETCS BaXKHBIM CIIOCOOOM pa3pyIleHUs
CTPYKTYPBI TYTOILUIABKOM JINTHOLIEIUTIONIO3BI M OCIICAYIOLICH AeHOoIMMepH3aliiu JUrHIHA [2].

VIbTpazByK crocoOCTBYeT pa3pylICHUI0 3(QUPHBIX CBA3eH MEXKIy JMTHUHOM W TeMUIICIUTION030M,
HE BBI3bIBAasE HM3MEHEHHMS XHMHUYECKOI'O  COCTaBa  JIMTHOLEJUIIOJNIO3HOM  OHoOMacchl.  YBenWYeHHe
HPOJODKUTEILHOCTH 00PaOOTKH YIIbTPa3BYKOM ITOBBIIIACT ACTUTHUPHUKAIIIIO OMOMACCHI, OHAKO YPE3MEPHO
JUTITEIIFHOE MCIIOJIB30BaHUE YJIBbTPA3BYKOBOTO BO3IEHCTBHS MOJKET CHENIaTh MHPOIEecC HEIKOHOMHYHBIM,
a TaKKe CIPOBOLUPOBATH 00Opa3oBaHHE HEXKEIaTeNbHBIX MOO0YHBIX NPOAYKTOB. Dddekr o00paboTku
YIBTPA3BYKOM OOBSCHSETCS YIYUYIICHHBIM KOHTAKTOM MEXKIY PAaCTBOPHTENIEM M B3BCIICHHBIMH TBEpPIBIMU
YaCTHUIIAMH, a TAKKe YIIydIIeHHeM Maccorepenoca [3].

B pabore B KadecTBe DKCIEPUMEHTAJBHBIX OOpa3lOB BBICTYNHIM KOMIIOCTHI C Pa3IMYHBIMU
COOTHOILICHUSMH HCTOYHUKOB yriepoAa M a3oTa. [Ipum (opMHpOBaHMM KOMIIOCTHOW CMECH B KadecTBE
MCTOYHMKA YTTIepOa BEICTYIAIH KOCTPa M II0JIOBA JIbHA, a B KAYECTBE NCTOYHMKA a30Ta — JIUCThS KPAIUBHI,
B CBSI3U C IIMPOKUM pPaclpOCTPaHEHHEM JaHHOTO CHIpbs Ha TeppuTopuu TBepckoit obnactu. C menbio
YBEMUYEHHS JOCTYIMHOCTH BOJIOKOH JIMTHOLEIUTIONO3BI I MUKPOOPTaHU3MOB, TOTOBBIE CMECH MOABEPTaIn
HpeBapUTENbHON 00paboTKe HU3KOYACTOTHBIM yibTpasBykoM (30 kI'm). s maTeHCHUKAnmMu nporecca
KOMITOCTHPOBAHUS OBIT OCYIIECTBJIEH IOTOJHHUTEIBHBIH BBOJ MHKPOOHOJIIOTHYECKOTO YIOOPEHHS MapKu
«batikanm OM-1», B konnenTparuu 1:200 110 OTHOIIEHUIO K HCXOTHOMY KOMMEPUECKOMY KOHIICHTPATY.

JInst  OIEHKM TONHOTHL M 9(GEKTUBHOCTH TPOTEKaHUs OMOJOTMYECKOH KOHBEPCHH B IMpodax
IKCTICPUMEHTAIBHBIX KOMIIOCTOB KOHTPOJMPOBAIHCH CIEAYIOIINE MapaMeTphl: COAEpKaHHE TyMHHOBBIX
KHCJIOT, MacCoBasl I0JIs BJIard, Temmneparypa u pH.

VibTpaszBykoBas o0paboTka B 30 k[’ mo3BoiMiIa MHTEHCHPHUUIUPOBATH MpoIecC OMOKOHBEPCHH 3a CUET
pa3pylIeHHs] JIMTHUHYTJICBOAHBIX CBS3€H B JIMTHOLCIUTION0O3€ M MO3BOJMIIA OBICTpee IOJNYYHTh 3pelible
KOMITOCTBI € 0oJiee BBICOKMM COJIEPYKAHMEM TYMHUHOBBIX KHCJIOT 110 CPABHEHHIO C KOMIIOCTaMH W3
HEoOpabOTaHHOTO CHIPHSI.
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HNPUMEHEHHUE METOJI0OB MATEMATHYECKOI'O MOAEJNPOBAHUSA
JJIsA ONTPEAEJIEHUSA YCJIOBUU ®EPMEHTATUBHOU OBPABOTKU AI'O YEPHUKU I1PU
MHOJYYEHUU COKA

H.IO. Kapumoea, E.B. Anexceenko, 10.3. I'opvrosas

DI'EOY BO «Poccuiickuti buomextonoeudeckuu yHusepcumem», Mockea, Poccus

BBenenune

depmentrbie mpenapatbl (DI), kak OMOKATANM3aTOPBI, HAXOMAT CETOJAHS IIUPOKOE NPUMEHEHUE
B PA3IMYHBIX OTPACIAX THINEBOW MpoMbinuieHHOCTH. HMcmonb3oBanue @I mo3Bonser pemuTs psfg
BOXHEWIIMX  CTpaTeTMYeCKUX  3amad  orpacieir P®: cosmanme  Hayko€MkuX, 3(PPEKTUBHBIX
U pecypcocOeperaiomux TEeXHOJIOTHH, COKpalleHHe KOJMYecTBa MOOOYHBIX W BTOPHYHBIX IPOAYKTOB,
HE MOJUIeXKAIINX MepepadoTKe, IMONyuYeHHE LIMPOKOTO CIEKTpa MHUIIEBHIX MPOAYKTOB U MHTPEAMEHTOB
C BBICOKUMH KaU4eCTBEHHBIMHU M MOTPEOUTEIHCKUMH XapaKTCPUCTUKAMHU.

Oco6oe 3nauenne umeroT OII B TeXHOIOTHIX MepepaboTKH ATOJHOTO ChIPbsS, B TOM YUCIIE, TPH MOTYISHUN
coka. Bricokas cmenuduuHOCTh nAedicTBusi mpumeHseMbix @I obecnieunBaeT pa3pylnIeHHE OCHOBHBIX
CTPYKTYPHBIX TOJIMCAXapUIOB KICTOYHOW CTEHKH (MEKTHHA, TEMHICIUTIONO3bI U IIEJUTFOIO3bI), CIIOCOOCTBYS
YBEIMYEHHIO BBIXO/IA COKA, MOBBIIIICHUIO SKCTPAKTHBHON CTOCOOHOCTH PACcTUTENBHOM TKaHU W 000TaIeHUIO
COKa JIOTIOJIHMTEIFHBIMH KOJMYECTBAMU IICHHBIX TMPHUPOAHBIX KOMIOHEHTOB [1, 2]. B arom KkoHTekcTe
1enecoo0pasHpIM  cumMrTaeTcss  ucrnoip3oBanne DIl MEKTONMMTHYECKOTO,  HEJUTIOIOIMTHYECKOTO
Y TEMHUIIEIUTIOIA3HOTO JCHCTBHSI C COOTBETCTBYIOIINM HAOOPOM (DepMEHTATUBHBIX akTHBHOCTEH [4—8].

CoBpeMeHHbIC TEHICHIINH B PA3BUTHH ILTOJI0 — U SITOJIOBOJCTBA B POCCHY IEMOHCTPUPYIOT aKTyallbHOCTh
TEXHOJIOTHI TIepepadOTKH OTEYECTBEHHOTO STOHOTO CHIPHsI, CPEIH KOTOPOTO OCOOCHHO CIIEIYeT BBIACIUTH
YEPHHUKY. STOOBI YEpPHWKH — JMKOPACTYIIHHA CHIPHEBOM moOTeHIHad P®, KOTOpHIA, B CHIIy OOJBIIOTO
pa3Hoo0pa3us TMOJIC3HBIX IS 3JI0POBbsl UEIIOBEKA IMHUIIECBBIX, ICCEHIMAIBHBIX U MHHOPHBIX KOMITOHCHTOB
(opraHUYeCKUX KHCIIOT, THIICBBIX BOJIOKOH, OHOAKTHBHBIX MOIM(DEHOIBHBIX COCAWHCHHWU, B TOM YHCIE
AHTOIMAHOB, KATEXWHOB, (DEHOJOKHUCIIOT, a Takxke BUTaMuHa C 1 MUHEPAIBHBIX BEIIECTB) HMEIOT J0Ka3aHHOE
OnmarompusTHOE BO3/EiiCTBUE HAa OPraHU3M YeJI0OBEKa.

Hunst coznanust 3G HeKTHBHON TEXHOJIIOTUH MepepaldOTKH SToJ TIPHU MOJyUYSHHH COKa CIIEAYeT YYUTHIBAThH
Hnenblt  psag  Gakropos: cnenuduUKy XMMHUYECKOIO COCTaBa ChIPbs U JACHCTBUS (EPMEHTOB, CIOCOO
npenoopaboTKU CHIPbS, T03bl MPUMEHSEMBIX (EPMEHTHBIX MpenapaToB, TeMmreparypa, pH, aaurensHOCT
00paboTku. ONTUMHU3ANNAA YCIOBHH (hepMEHTATUBHON 00paOOTKH SATOJ YSPHHUKH OyIET SIBISITHCS 3aJI0TOM
YCHENTHOW pean3alii TEXHOJIOTUH TepepadOTKH ATO] YePHHUKH IIPH ITOTyIEHUH COKa.

Lean pa6oTsl — onpeecHe ONTUMAIBHBIX YCIOBHHM (pepMEHTATHUBHON 00pabOTKU SATOJ YEPHUKH TP
MOJTyYeHNH COKa C MPIMEHEHHEM METOI0B MAaTEMaTHIECKOTO MOJIETNPOBAHUS.

MarepuaJibl H METOABI

OOBEKTaMH HCCIEIOBAHUS SIBISUTUCH SITOMBI  JIMKOPACTYIel dYepHUKH oOwbIkHOBeHHOU (Vaccinium
myrtillus), cobpannbie B Kapemuu B2021 roay, NOABEPrHYTHIC «IIIOKOBOM» 3amoposke. B pabote
MCIIONIb30BaAId  (DEpPMEHTHBIE TpENapaThl Pa3UYHOW CyOCTpaTHOM crerupuIHOCTH (HMEKTONNTHYECKHE,
[EIUTIONIONIMTHYECKHE U TeHIeuTionasuoro aeiicteus): Pectinex Yieldmash Plus (Novozymes A/S, Jlanwus)
(mpomyuent Aspergillus Oryzae) ¢ IOMHUHHPYIOIIEH MEKTHICTEPA3HON aKTMBHOCTBIO, KOMILICKCHBIH
depmentusii npenapar Ilexrodoernauu I110x (OO0 «Arpodepment», Poccus) (mpomyuent Aspergillus
foetidus), Iekrun-nmuaza (MB®M PAH, Poccust) (mpoxyuenr Penicillium canescens), Mamepobaremma
(MB®M PAH, Poccus) (mpoxyuent Bacillus circulans), Celluclast BG (Novozymes A/S, Jlanus) (mpomymeHT
Trichoderma reesei), kommiexcusie OIT Lemnollroke® -F (OO0 I10 «Cubbmodapm», Poccus), Pundect® -
W 2 rpymna (OO0 I10 «Cubbuodapm», Poccust), dundect® VGPro (OO0 I10 «Cubbuodapm», Poccus),
Hemnopupuaun (MB®M PAH, Poccust), Hemnozum npemuym (OO0 «BMOTEXHOAJIBAHC») (mpoayiieHT
Penicillium canescens). Bcero Bpabote Obuto 3axeiictBoBano 10 @I, u3 HuX 8 — OTEUECTBEHHOTrO
MIPOU3BO/ICTBA.

ITpu mpoBeICHUN HCCIEIOBAHUM STOABI YEPHUKH Pa3MOPAKUBAIN B XOJOAMIBHUKE TPU TEMIEpaType
+4 °C B TeueHue 6 4acoB. Pa3MOPOIKEHHBIC STOIBI M3METHYAITH U MOJIYUYSHHYIO MAcCy TIOMEIIATH B TEPMOCTAT
npu Temmepatype 45 °C, nepruoruuecKu mepeMeninBas U KOHTPOJIUPYS TEMIepaTypy ME3rH TePMOMETPOM.
[Ipu moctmwxenuu Temmeparypbl Me3ru 45 °C BBoauan (GpepMeHTHBIN mpemapat B qo3upokax 0,005; 0,01;
0,02; 0,03 u 0,04 % x macce sironHoi Me3ru. Benu ruaponns npu temneparype 45 °C, uepes onpeeieHHbIC
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npomexyTku Bpemenu (30, 60, 90, 120, 150 MuHyT) hepMEHT MHAKTHBHUPOBAIN HAIPEBAHUEM W OTKHMAIH
cok mpeccoBanueM. Ompenensiay BBIXOA COKa. B kauecTBe KOHTPONBHOTO BapHaHTa MCIIOJIB30BAU MPoOy
COKa, KoTopast ObliIa OJIy4eHa IIPU TeX JKe YCIOBUAX, HO 0e3 MpUMEeHEeHUs (hepMEHTHOTO Ipernapara.

DKCHEepUMEHTAIILHO TOyYeHHbIC JaHHbIe ObUIH COOpaHBI B MaccMB M 00pabOTaHbI MPU ITOMOIIN TTaKeTa
NpUKIaTHBIX TporpaMm Statistica 10. HMcronb3oBaiiu MeTo ] MHOKECTBEHHOH perpeccid. biio ycTaHOBIEHO
HaJIM4Me B3aUMOCBS3EH M MX XapakTep — 3TO MPOJOJDKHTENBHOCT 00paOOTKU M NO3MPOBKA (EPMEHTHOTO
npenapara, KOTOpbIe SIBJISIOTCS HE3aBUCUMBIMH BeIMuuHaMu. KputepueM 3¢ ¢GeKTHBHOCTH MM 3aBUCUMOM
BEJIMYMHON sBISUICA BBIXOX coka (%). B mporpamme uis 0OpaOOTKH JaHHBIX HCIIOIB30BAH (DYHKIIUIO
«IOCTPOCHHE TPEXMepHOro rpadukay. Ilo KaKIOMy OIBITHOMY BapHaHTy 00paboTKu (C pa3IMYHBIMU
(epMEeHTHBIMH TpenapatamMu) MOCTPOCHBI TPadUKH M MOJNYyUYCHbI YPAaBHEHUS MHOKECTBCHHOW pPErpeccHu.
Brina mpoBeneHa oLeHKa 3HAYMMOCTH KO (QHULIMEHTOB MOTYYeHHBIX YpaBHEHUH U aJJeKBaTHOCTH MOJIEJICH:
paccuntan KO3QQHULUUEHT AETCPMHUHALNH, SBISIOMIMNACSI CTATUCTHYECKOH MEpOi coriacusi, MO3BOJISIOLICH
OIpeNeNIuTh, HACKOJIBKO MOJENb COOTBETCTBYET HNAHHBIM €€ IOCTpOeHHs. J{JIs MpOBepKH ageKBaTHOCTH
MHO>KE€CTBEHHOH PErpecCUOHHON MOJIETN UCIONIb30BalId KpuTtepuil dutiepa.

PeSyJ’[bTaTLI H UX 06cy>lc11e}me

Ha ocHOBaHMM TpPOBEACHHBIX HCCICIOBAHUIA BBISBICHBI ONTHMAIbHBIC YCIOBUSA (EPMEHTATUBHOU
00pabOTKH ATOJ YePHUKH IIPH NOTydeHNN coka. [Tokazano, uro npuMmeHenne BIOpaHHbIX PII cmocobcTByeT
YBEIMYEHHUIO BBIXOJa coka Ha 6,7-16,7 %, mpu 3TOM IIUTENHHOCTH 00paboTkm BapwsupyeT oT 60 mo 150
MHHYT (Tabnuia 1).

Tabmuua 1 — OnTuManbHbIe yCI0BUS IPOBeAeHUs pepMeHTaTuBHON 00paboTKu

Josuposka PII YBenuuenue
Hanmenosanue ®II1 Bpewms, mun 0 BBIXOJa
K Macce Me3ry, % En. Ar S 0
coka Ha, %
Pectinex Yieldmash Plus 60 0,04 0,33 ex. PEU/T nextuna 15
150 0,005 4,7 en. HnC/r 11em1r010361
Celluclast BG 120 0,01 9,4 en. IINA/r nemmono3sl 10
Duadect® -W 90 0,03 61,7 en. B-I'A/r 11e/UTI0I036I 16
IemnoJIrokc® -F 90 0,03 17,6 en. 1nC/t 1emmono3sl 16
MarnepoOanemH 120 0,04 26660 ex. I[TekTaTitA/r IEKTHHA 13
[{em103uM IpeMHYM 150 0,03 26,5 en. 1C/t nemono3sl 10
150 0,03 49 en. InC/r 1enaoa036l
Henosuprmun 120 0,04 66 ex. InC/r nemmono3st 13
Dundect® VGPro npemMuym 120 0,04 41 en. B-I'1A/r HEUTIOI03bI 6,7
e trr-miasa 150 0,03 333 ex. [lexktnH-1C/T TIEKTHHA 16.7
120 0,04 444 en. [Textun-1C/T IEKTHHA ’
[exrodoerraun I110x 90 0,04 [IrC/r nexTnHa 13

[TpumeuarensHO, uTO Hcnons3oBanue DI pasnuaHO# cyOCTpaTHON CHEUPUIHOCTH MIPH ONIPENEICHHBIX
YCIIOBUSIX TTO3BOJISIET TOCTHYD MPAKTUIECKH OJIMHAKOBBIX pe3ynbTaToB. Tak, 00paboTKa ME3TH S0l YePHUKU
WHIUBUTY aTbHEIME DI reMUTIeuIiona3Horo 1 MeyUI0I0TUTHIeCKOro AecTBUsI Oundoect® -W B T03UPOBKE
0,03 %, uro coorBerctByer 61,7 en. B-I'mA u 17,6 en. LUnC /r uemmonossl u LlemnoJliokc® -F — 17,6 ex.
[nC/r nemono3b COOTBETCTBEHHO, MPU JUTUTEILHOCTH 90 MUHYT UMEET Takou ke d(PPEeKT Kak IPUMEHEHHE
MEKTONUTHYECKOTO Tpernapara IlekTuH-mHa3sl B To# ke koureuntparuu (0,03 % wmm 333 en. Ilextun-
nC/r meKTHHA) | JITUTEIBHOCTH 00paboTku 150 MUHYT: BBIXOA coKa yBenuuuBaercs Ha 16 u 16,7 %
COOTBETCTBEHHO (PUCYHOK 1, pUCYHOK 2).

Pe3ynmbTaTel, momydeHHBIE ¢ IpUMEHEHHEM Apyroro mekromutudeckoro ®II Pectinex Yieldmash Plus
C JIOMUHHPYIOIIEH TMEKTHACTEPa3HOH aKTMBHOCTBIO, JIHINb HEMHOTMM YCTYMAIOT JIYYIIUM BapUaHTaM:
YBEJIMYCHHE BHIX0JIa COKa PUKCHpoBaiiu Ha ypoBHE 14,7 %, npu gozuposke 0,04 % (0,33 en. PEU/r nektuHa)
Y YMCHBIIICHHOW B 2,5 pa3a mpojoDKuTeNbHOCTH Tuaposnsa (60 munyt). [lomo0HYHO aHAJIOTHIO MOXKHO
MPOCIIETUTh Ha MPUMepax WHIWBUIYaIbHOTO MPUMEHEHHUs npenapaToB llemtoBupunua n ManepoOarermina
B KoHIeHTpanuax 0,04 % (66 en. ITnC/r nemmonossr u 26660 ex. IlekTar-IA/T IEKTHHA COOTBETCTBEHHO)
U umtensHocTd 120 MHHYT | NeKToiuTHueckoro mnpemapara [lekrodoernamu I110x B TOH ke camoi
no3uporke (0,04 % wunu 133 IIrC/r nekTrHA), HO yMeHbIeHHOMH (Ha 25 %) IIuTensHOCTH 00paboTKY.
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Pucynok 1 - Bmmsaue depmentHoro mnpemnapara PucyHok 2 — BiusHue ¢depMeHTHOTro mperapara
IlexTnH-MHa3a Ha BeIXOA coka mnipu pasaumaaod  IlemroJlroke® -F Ha BBIXOM cOKa MpH pa3aTudIHON
AO3UPOBKE U IMPOJOJIKUTCIIBHOCTH AO3UPOBKE U IMPOJOJIKUTCIIBHOCTH

3akiaouenue

AHanu3 TOJNYYCHHBIX pE3yJIbTATOB TMOKAa3bIBACT, YTO WCIOJIb30BaHHE (EPMEHTHBIX MperapaToB
JUTS OOpaOOTKK SITOJ] YEPHUKU TPU TMOJYYCHUH COKa TMO3BOJIAET YBEIUYHUTH ero BbixoA. C MpUMEHEHHEM
METOJIOB MaTeMaTHUYEeCKOTO MOJCIHPOBAHMS OIPEICICHbI YCIOBHS (EPMEHTAaTUBHON 00pabOTKH Srox
YEPHUKHU TPU TOJTYYCHHU COKa ¢ ucnoib3doBanueM DI paznuunoii cyOcTpaTHOM cnienuduaHocTH. OHAKO,
KaK TMOKa3bIBAIOT PE3YNbTaThl, MpH OIleHKe 3(dekTuBHOCTH mnpuMeHenuss DI crenyeT y4yuTHIBAThH
0COOCHHOCTH CTPOCHUS KIIETOYHOW CTCHKH STOJI YEPHWKH, Ka4YeCTBCHHBIM W KOJMYECTBEHHBIM COCTaB
OCHOBHBIX CTPYKTYPHBIX IOJIICaXapHIOB, YTO U OYAET MPeonpeaessiTh 1eIecoo0pa3HOCTh UCIOIb30BaHUS
®Il C OCHOBHBIM U COMYTCTBYIOUIMM HA00pPOM  (EPMEHTOB, OCYHICCTBISIONIMX THIPOJIUTHYECKOES
pacIieruieHie OMOTIOIMMEPOB, CACPKUBAIOIMMX BBIXOJ coka. CaToil Toukw 3peHHS 3PGHEKTHBHBIM
MMpEACTaBIACTCA CO3JaHUC MYJIbTOH3MUMHBIX CUHCPIETUYCCKUX KOMHO?,HHHﬁ (-DH, qTO U 6YJICT pPCaIn30BaHO
B IipeAcTosAIIel padoTe.
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BUOTEXHOJIOI'UA HOJYYEHUA KOMBUHUPOBAHHBIX ITPOJAYKTOB
OYHKIHUOHAJIBHOI'O U CIHELHIIMTAHUA HA OCHOBE PACTUTEJIBHOI'O CbIPbS

E.U Kypbamoesa, E.B. Kocmoinesa, A.C. Cepeda, H.B. I[ypuxosa

BHUUIIBT — punuan @I'BYVH " Dedepanvhbiii ucciedosamensckuil yeHmp numanus, obuomexunono2uu u bezonacnocmu nuwu",
Mockea, Poccus

B macrosimee Bpemsi pacTHUTENBHOE CHIpbE IepepadaThiBaeTCs C MOJYYEHHEM OTPaHMYEHHOTO YHCIa
[EJCBBIX TPOAYKTOB, HUYTO HE 00ECIEeUMBAET pPANMOHATHHOTO WCIIOJNB30BAHUS CHIPHEBBIX PECYypPCOB
B PE3yJIbTaT€ HEMOJHOTO W3BJICUCHHUS COACPIKAIIMUXCSA B HUX OKCTPAaKTUBHBIX BemlecTB. Kpome ToroO,
HEJOCTaTOYHAs CTEleHb MepepabOoTKH  PACTHTEIBHBIX  IOJIMMEPOB TPUBOAHWT K HECTAOMIBHOCTH
MHOTOKOMITOHCHTHOW CHUCTEMBI TOJYy4YaeMbIX OKCTPakToB. OIleHKy 3(QQPEKTUBHOCTH NPUMCHECHUS
¢depmentHpix npemnaparoB (PII) mpu mepepaboTKe IUIOMOBO-SITOTHOTO CHIPbS IEIECO00Pa3sHO MPOBOAUTH
ucxons u3 AByX (akropoB: 1) cremeHu mecTpykTHBHOro BoszaehcTBus PII Ha kiaerounsie creHku (KC)
TUTOZ0BO-SITOTHOW TKaHH, OTPaXKAroIIeHcsl Ha TAKMX ITOKa3aTessIX, Kak COKOOTAava, u3BJIeueHe (heHOIbHBIX
KOMITOHEHTOB M DKCTPAaKIMsI OOIIMX pPAacCTBOPHUMBIX BEIIECTB KaK IMOKa3aTellb BKYCO — apOMaTHYECKOU
COCTaBIIAIONICH IeneBoro mpoaykra, 2) Bausaus DII Ha kaueCTBEHHBIE MOKA3aTENHd HEMOCPEICTBEHHO
KJIETOYHOT'O COKa, B TOM YHCJIE, CHUKEHUE €T0 TUHAMUYECKOM BA3KOCTH.

B macrosmee Bpems priHOK DIl HCHBITHIBAET HEMOCTATOK OHOKATANIM3aTOPOB, PEKOMEHIYEMBIX
JUist 00OpabOTKU  PACTHTENBHOTO, B T. Y. IUIOJOBO-SITOJHOTO, CBIPhS B Pe3yJbTaTe yXoJla 3almaHbIX
MIPOM3BOANTENCH paHee MUPOoKo BocTpeboBaHHBIX DII. C nenpro peanuzanuy 1miaHa 1o UMIOPTO3aMEIICHHTO
MPOIYKIINK, COTJIacHO TpuKasy Munnpoaropra Poccum ot 15 HosOps 2022 roma Ne 4743 mpoBencHbI
WCCIICJIOBAHUs, HANpaBJICHHBIC Ha U3y4YeHHUE IPQPEKTUBHOCTH oTedecTBeHHbIXx @I B TexHONOTHH
nepepaboTK Hamboliee YacTO HCIOJIb3yeMBIX B IMPOMBIIUIEHHOCTH BHUIOB CHIPhS: S0JIOKM, YepHAas
CMOpOIMHA, YePHOIIONHAS PAOMHA, KaJIMHa, 00JIerXa.

B pabore wucnomnp3oBanm DI, mnpousBeneHHbIE HAa OCHOBE IITAMMOB-TIPOIYLIEHTOB (EPMEHTOB,
MOJTyYEHHBIX KaK HenocpeacTBeHHo Bo BHUM nuieBoii OMOTEXHOIOTHH, TaK U IPU COTpyaHnYecTBe ¢ MI'Y
mMm. M.B. JlomonocoBa, ®UWIl buorexnomormm PAH, WucTHTYyTOM OHOXHMHUU U (DU3HOJIOTHN
MHUKPOOPTaHU3MOB (r. MymmHo). B xauectBe (hepMeHTOB MOJIMTaIaKTY POHA3HOTO (TIrC)
u nektuaacTepasHoro (I1>C) aelicTBrs Ha MEKTHHOBBIC BEIIIECTBA PACCMATPUBANH MpenapaT [IekTopoeTH 1 H,
TaKk)Ke B COCTaB MYJIBTUIH3UMHOTO KOMIUIEKCA JUIS Pa3pyIICHUs IEKTHHA ObUIH BBeIEHBI (DEPMEHTHI TEKTHH-
muasHoro (mextwH-mC) u mekTar-nuasHoro (mexrar-nC) geiicTBus. JIias GHOKaTaaW3a CTPYKTYPHBIX
MOJINCAXAPHUIOB — KJIETYATKH W TEeMUIEIUTI0N03, HcHoiab30Banu @DII, moiaydeHHBIE W3 MHKPOMHIIETOB
Trichoderma wu Penicillium, o6namarome nemmnonoautrueckoit (L[C) u remunemmonasuoii  (I'kC)
aKTHBHOCTBIO. Takke OLEHWBANM [IeHCTBHE OTEUECTBEHHOrO mpemapara kucioil mporeassr (IIC) —
[Tporoopusun u komiuiekcHbix OIT I'mokanodpoernand u Kennopusun (tadn. 1).

Ta6mx1ua 1. q)CpMeHTHLIG npenaparsl, MOJTYUYCHHBIC HAa OCHOBEC OTCUCCTBCHHLIX IITAMMOB MUKPOOPTAaHU3MOB

[Mpenapats! 1is pa3pyLLeHUsI BcnomorarenbHble hepMEHTHBIE
KomMruiekcHbIe npenapatsl
[CKTHHOBBIX BELIECTB nperaparsl
[exTodoeTnana — mpenapar, SHA0- bera — ritokaHasza — HICTOYHMK
Y 9K30-TI0JIT AJIAKTY POHA3HI, TEMUILIEILTIONA3, IOy ICHHBIH 13
o ) ; I'moxanodoeTnanH — npemnapar,
TIOJTyYEHHBIH Ha OCHOBE Tr. longibrahiatum (MI'Y); OBAAAIONIHi KOMILTEKCOM (epMEHTOB
Asp. foetidus (BHUUIIBT, MI'Y); L{emmo3uM IUIroc — P
Z . | MeKTONMMTHYECKOTOo M KapOOrHaApa3HOro
MarnepobaunuTiH, COIePIKALLHI [PEUMYLIECTBEHHO COCPIKAIIIHIA . .
. IeCTBYSI, IOy ICHHBIIA Ha OCHOBE ASP.
HPEUMYIIIECTBEHHO (PEepMEHTHI LETUTIOJIONUTHYCCKHI KOMILIEKC .
0 . foetidus (BHUUIIBT).
nekrat- (80 %) 1 MeKTHH-THA3HOTO (epMeHTOB, MOTyYEeHHbIH .
N 0 . - Kcunopusus — mpemnapart. 00J1aaronmi
nevicteus (20 %), momydeHHBI# Ha ocHoBe Tr. viride (MI'Y); . .
: ; . KCHJIAHA3HOMU, SHIOTITIOKAHA3HO
Ha ocHoBe Bac. circulans; ITpOTOOPU3UH — KOMIUICKCHBIH o
[NonukaHecyH — MpenapaT NeKTHH mpenapaT KUCIbIX MeNTHIa3 1 TICKTHHASHON aKTHBHOCTLIO, HOMYHEH
! perap berap A us Tr. reesei (BHUUIIBT)
Jma3bl, OMyYeHHBIH u3 Pen. Ha ocHOBe ASp. oryzae
canescens (MI'Y, UHBU um. baxa) (BHUMIIBT)
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Ha ocHOBaHMM pe3yJbTaTOB MPOBEICHHBIX KCCICAOBAHUN MO OLECHKEe 3(P(EKTHBHOCTH IEHCTBUSI
MH/IMBU/TyaIbHBIX (DEPMEHTOB Ha II0JOBO-STOIHOE CBIPhE KaK Ha BBIXOJ XKHUIKOH (pakumnn (puc. 1), Tak u Ha
M3BJIEYEHNE OKCTPAKTUBHBIX BEUIECTB, pa3paboTaHbl TpeOOBaHUSA K COCTaBY (EPMEHTHBIX CHCTEM
JUTSL KQsK/IOTO BUJIA CHIPBS: [UTS SI0JIOK: MOJMTalakTypoHasa+mekTuaacTepasa ([IektohoeTuaiH) B KOMILIEKCE
¢ Gera-TIroKaHa3on win [mokanohoeTnana UH/IMBU/IYAIIbHO; TSt 4epHON CMOPO/IHHBIL
nonuranaktyponasatmnekrundcrepasa ([lekrodoernanH) B KoMIuiekce c neutonaszoi (L{emuro3um miroc)
v KCumopusnH WHAMBHIYATbHO; JJI KATHHBI U 00jenuxu: nektuH-nmuasza ([lonukanecH) B KOMIUIEKCE
¢ temmonasoit (Llemmo3uM 1ioc); 71t YepHOILIONHON PSIOUHBIL: penapaT nekTaT-nuassl (ManepobaliiuinH)
B KoMIUIeKce ¢ remntonasoii (Ilemmo3nm mrroc).

Pucynok 1. 3¢ ¢exruBaocTh oredecTBeHHBIX DI mpu 00pabOTKE MI0A0BO-SATOIHOTO CHIPhS

Brokaramms cTpykTypoobpasyromux nonumepoB KC, a Takke CHIKEHHE BS3KOCTH JKHIKOH (pakiuu
MTO3BOJIHII 3HAYUTEILHO IMOBLICUTH BEIXO]] COKOB M MOPCOB. M3ydeHIe OMOXUMUIECKOTO COCTaBa MOIYUYECHHBIX
B pe3yJbTaTe UCIOJIb30BaHUs oTeuecTBeHHBIX DI (epMeHTONM3aTOB TUIOIOBO-SITOTHOTO CBHIPhS MOKA3aJio
3HAYUTENILHOC YBEIIMUCHHE COEPIKAHMUS IKCTPAKTHBHBIX BEHIECTB (peayIupyronmx caxapos Ha 10,8-24,5 %,
OpraHuyecKux KuciaoT 5,5-33,0 %, hpeHonpHBIX coequaenuit Ha 8,0—45,0 %), a Tak)Ke OMOIOTHUECKH IIEHHBIX
KOMITOHEHTOB (OMO(IaBOHOUIOB, KATEXUHOB, CTEPUHOB, TOKO(EPOIOB, BUTAMHHOB). [TOBBIIIICHHE YPOBHS
JTAHHBIX KOMIIOHEHTOB B COCTaBE MOJYy()aOpHUKAaTOB IMO3BOJISET PEKOMEHIOBATh WX K HCIIOJIB30BAHUIO TPU
MPOM3BOACTBE (DYHKIIMOHAIBHBIX HAIIUTKOB, @ TAK)KE TPU TPOU3BOJICTBE TIPOITYKTOB IS CHIEIITUTAHUS.

Hayuno-uccneoosamenvckasn paboma npoeeoena 3a cuen cpeocme cyocuouu Ha 6bINOJIHEHUE 20Cy0apCcmeeHHO20
3a0anus ¢ pamkax Ilpozpammol hynoamenmanvHvIX HAYUHBIX UCCTAEO0BAHUTL 20CYOAPCMEEHHBIX AKAOEMUIl HAYK
Ha 2022-2024 z22. (mema FGMF-2022-0006)
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HEKOTOPBIE ACHHEKTbI UCITOJIb3OBAHUSA TPOTEOJIUTUYECKUX ®EPMEHTOB
BHYTPEHHOCTEMU PbIb B TEXHOJIOT'UAX MACHBIX ITIPOJAYKTOB

T.H. /lanunvuyk, A.B. FOzaii, B.B. Axmemvesa, /I.B. Hosukxoea
@I'BOY BO «Poccuiickuii buomexnonocuueckuti ynusepcumem (POCBEUOTEX)», Mockea, Poccus

B mnocnennue necsaTuieTHs He TEPSET CBOCH aKTYaJIbHOCTH MpoOJeMa palHOHAIbHOTO HCIIOJIE30BAHUS
MSICHOTO CHIpbsi. BaKHBIM SIBJISE€TCSl pelICHHE 3aJayd HPOM3BOACTBA LIMPOKOIO aCCOPTHMEHTa MSICHBIX
U MSCOCOJICPKAINX TPOJYKTOB B 00BbEME, TIONHOCTHIO OOECHEUUBAIOIIEM IOTPEOHOCTH HACEIeHUs
B Pa3HOOOpasHON M BEICOKOKAYECTBEHHOM Mpoaykuuu [1]. B 3Toil ¢BA3M HEPCIEKTUBHBIM IIPEICTABIISETCS
pa3BUTHE TEXHOJOTHH TyOOKOH MepepadOTKH MSICHOTO CBHIPhS, B TOM YHCIIE C UCIOIb30BaHHEM (pepMEHTHBIX
npenapaToB. Mcroibp30BaHWE HK30T€HHBIX IpOTea3 ISl pasMsrdeHus: (TeHIepH3aluu) Msca SBISCTCS
NEePCHEKTUBHBIM METOOM yIyUIICHHS KauecTBa Msca. Elle 0JHO HanpaBieHNUE B UCIIOJIb30BaHUU (DEPMEHTOB
— 00paboTKa MSICHOTO CBIPBA C JKECTKOM KOHCHCTeHLIUEH. B mporecce mpoTeonu3a MpoucXoJuT pa3MsIrdeHue
COCIAMHUTEIBHON TKaHM, YTO BJIEYET 3a COOOH yiIydlleHHe (QYHKIMOHAIbHO-TEXHOJIOTHYECKUX CBOMCTB
MSICHOTO CBIPbSl, OPraHOJIENTUYECKUX II0Ka3aTejleld TOTOBOTO MPOAYKTa, COKPALIAeTCsl AIUTENbHOCThH
TEPMHUYECKOH 00pabOTKH.

B Hacrosiee BpeMsi IPUMEHSIOT (epPMEHTHI PaCTHTEIBHOTO (HananH, GpomenaiH i (HHIHH), )KUBOTHOTO
(memcun, TpuncuH), MHKpoOHOro (Hampumep u3 Aspergillus oryzae, Bacillus subtilis u ap.)
IPOMCXOXIeHHS [2—6], a Takke (epMEHTBI, TIOIyYeHHbIE U3 BHYTPEHHUX OPraHOB IMAPOOHOHTOB [7].

[TporeonuTrdeckue GepMEHTH BHYTPEHHOCTEH PbIO 001aJal0T T0OCTATOYHO BBICOKOI aKTHBHOCTHIO [8, 9]
Y HaXO/IT IIMUPOKOE NPUMEHEHHE B pasNiMuHbIX 00nacTsx mnpombinuieaHocTr [10-12]. TIpu obpaboTtke
(dbepMeHTaMH BTOPUYHOTO CBIPbsI, OOPA3yIOIIErocsl IOCIe pa3feiKd THUAPOOMOHTOB, MOXKHO IIOJIYy4aTh
THIPOJIM3aTHI ¢ QYHKIMOHATBHBIMU cBoWicTBamu [13, 14].

3HaueHne pepMEHTHBIX TEXHOJIOTHI BO3PACTAET B CBSI3HM C HEXBATKOW MSCHOTO CBHIPhs, HEOOXOIUMOCTHIO
NPUBJICYCHUS! HETPAIULMOHHBIX HCTOYHUKOB U MX KOMOMHHUPOBAHHUS, a TAKXKE B CBA3HM C BO3PACTAIOIIUM
konmuectBoM Msica PSE, DFD u RSE. Ucnonp3oBanne hepMEHTOB MOXKET PELINTh aHAJIOTHYHBIE TPOOIEMBI
B MOJIOYHOH W PHIOHOM MPOMBIITUICHHOCTH.

Hecmotpst Ha TO, yTO MOTpeOHOCTH B (hepMEHTax B HAIlEl CTpaHe NOCTAaTOYHO BENIHKA, MPOU3BOICTBO
(epMEHTOB B MPOMBIIIICHHBIX MacIITadax MPaKTHYeCKH OTCYTCTBYET. B CBA3HM € 3THM, NpEACTaBIISIOTCS
MHTEPECHBIMHU HCCIICAOBAHMA B 00JIACTH UCTIONB30BaHUs (PEPMEHTOB PBIO B TEXHOJIOTUH MACHBIX IPOAYKTOB,
B YaCTHOCTH, I NMOJY4YEHUs] MPOAYKTa C HEKHOW KOHCHUCTEHLHEH W XOPOIIMMH OpraHOJEeNTHYECKUMHU
CBOWCTBAMHU U3 ChIPbSI C BEICOKHM COJEP)KaHHEM COEANHUTEIbHON TKaHH.

Kpome Toro, mesTensHOCTH IO MepepadoTKe PhIOBI M MOPENPOIYKTOB CONPOBOKAACTCS 0Opa3oBaHHEM
3HAYUTEIHFHOTO KOJIMYECTBA OTXOAOB, MOOOYHBIX MPOIYKTOB W OTOPOCOB, YTO MPHUBOAMUT K HETaTHBHBIM
9KOHOMHUYECKUM H SKOJIOTHUECKUM IIOCIEICTBUAM. YIIPABICHHWE YCTOWYMBBIM HCIIOJIB30BAaHHEM DPECYPCOB
MOpPENPOAYKTOB, B TOM 4HCIE TepepaboTka BHYTPEHHOCTEH pbIO, HMMEET HEMAIOBa)KHOE 3HAYCHHE
JUTSL TIPEeIOTBPAIIICHUS IKOJIOTHYECKHUX MPo0sIeM 1 o0ecTieueH s pecypcocOepekeHusl.

Lenpto HacTosiied pabOTHl SIBISUIOCH BbIACTICHUE (EPMEHTOB, OOJIAAAIONINX IPOTCOJUTHYECKUM
JeCTBUEM, U3 KETyAKOB PbIO, UCCIeI0BaHNE UX (PePMEHTAaTUBHON aKTHBHOCTH U BBISIBICHHE BO3MOYKHOCTH
UCIIOJIb30BaHUS ITUX (EPMEHTOB ULt MOOU(DUKALUM CBOHCTB Msca C OOJBLIMM  COJAEPKAHHUEM
COEIMHUTEILHON TKaHHU.

B kadyectBe OOBEKTOB HCCIENOBaHMS BBIOpPAHBI: KEMYIKH CENbIH AaTJIAHTHYECKOM; 3KCTPAKTHI,
MOJTyYEeHHBIC U3 KEYKOB CEJIbAN aTIaHTUUECKOM; MSICO TOJICHU UHICHKH.

Cenpap aTtnaHTUUecKass UMeeT OONbLIOe MPOMBICIOBOE 3HaueHWe. OHa MiaBaeT OTPOMHBIMH CTasMH.
He cymectByer apyrux peO, 0Opa3yloIIuX CTOJIb 3HAYUTEIbHBIC 10 KOJIMYECTBY OcoOed Kocsku. JloBaT
CelbAb KPYTJI0roAnYHO. B3pocinas cenpap noefaeT MeIKuX pakooOpasHbIX, MAIBKOB U MOJIOZb 00JIee MEIKHX
PBIOOK, TaK YTO YCIOBHO MOXET Ha3blBaThCAd XMITHUKOM. Takoe MUTaHue MO3BOJIAET CENbAU AOPACTH 10
BHYIIIUTEIEHBIX Pa3MEpPOB U MPENOIpPeneseT BBIPAOOTKY BIKEIyAKaX PO (epMEHTOB, 00JIaTaroIIIX
3HaYUTEIBHON IPOTEOIUTUIECKON aKTUBHOCTBIO.

Msico uHIEHKN UMeeT YHHKAJIbHBIH OMOXMMHUYECKMH COCTaB, NMPH JOCTATOYHOM KOJIHWYECTBE KaJIOpUN
COJEPIKUT MaJIo XOJIeCTeprHA U cUnuTaeTcs AueTndeckuM. Crpoc Ha MsICO HHICHKH €KeTr0THO yBEITNUUBACTCS:
B 2021 romy morpebieHue Msca WHACWKH Ha Aymry HaceideHus B Poccum cocraBisuio 2,6 KT BToOX, aB
2022 romy BBIpOCIIO 110 3 KT.
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OOmmit o0beM Mmpon3BoACTBa Msica WHAEHKH B Poccuu B 2022 romy BO BceX XO3SHCTBAX YBEIWUHIICS
Ha 3,5 % mo 414,5 Teic. ToHH. OIHAKO TIO CPaBHEHUIO C KyPATHHON MSCO WHACWKH MMeeT 0ojiee BBICOKYIO
crouMocTsb. ITo nanHbIM HccienoBarenbekoro arenrcrsa I' @K Pyc, Msico nHaeiiku ceroHs npoaaeTcs JUIllb
B 45 % NpoayKTOBBIX Mara3uHoOB, a y KypsATHHBI 3TOT ITOKa3aTeNlb BABOE BhIIe — 94,5 %.

CnenaTe TPOAYKTHI W3 Msca HHJIEHKH JJOCTYITHEe [UIS ITUPOKOTO Kpyra TOTpeOuTeNel MOMXKHO
C UCTIONIb30BaHNEM IS UX MPOM3BOJICTBA OOJiee NEIIeBBIX YacTel TYIIKH HHAEHKH, B YaCTHOCTH TOJICHH
uHaeiiku. ['ojeHs MHACHKU COIACPKUT 3HAYUTEIHHOE KOJUYECTBO COCAMHUTEIBLHOM TKaHU, B CBS3H C YeM
JUTS IPOM3BOJICTBA W3 HEE TNPOAYKTOB, OONANarolIUX BHICOKUMH MOTPEOUTENHCKIMH CBOWCTBAMH,
eIecoo0pa3Ho  MCIIOIB30BaTh 00pabOTKY MSICHOTO CHIpbsA (epmenTamu [4]. B mayunoit mureparype
IUTsi OnoTpanchopMalui Msca roJIHN UHICHKY Mpe uIaraeTcs NCIO0Ib30BaTh 00 (hepMEHTHBIC TIpenaparhbl,
MOJTydYeHHbIE TyTEM MHUKpPOOWAIBHOTO CHUHTE3a, OO MpemnapaTsl, IMONMYYeHHBIE U3 JKETYJIKOB KPYITHOTO
poratoro ckota. MlHTepecHBIM C HaydYHOW W MPaKTHYECKOW TOYKH 3PEHHS SBIISETCS M3BICKAaHWE CIIOCO0OB
MOIU(UKALMKA CBOMCTB JKECTKOI'O MSCHOTO ChIPhbsSI C MCIIOJIb30BaHUEM (DEPMEHTOB, BBIJCICHHBIX U3
JKEIYIKOB PHIO.

DKCTpakT (epMeHTa IMOIy4addl CISAYIONMM 00pa3oM: KENYAKH PHIO OTHENSIM OT JPYTHX OPTaHOB,
TIIATEIHHO MPOMBIBAIN B TIPOXJIAIHOW MPOTOYHOH BOJIE, AeTali Haape3, N3BJIEKAIN OCTATKH KOPMa, JINTITHAX
npuMeceil u cHoBa npombiBaiu. [locie BTopoil mpoMBIBKY u3Menbuanu. [lanee chipbe MOMEIaal B YUCTYIO
€MKOCTh, J00aBISTM BOAY M HeMHOro 9-tu % yKcyca Ui TOTO, YTOOBI TOBBICUTH KHUCIIOTHOCTH CPEIbI.
PactBop ocraBmsumm Ha 30 MuH., 3atem ¢QunbTpoBamu. lIpoTeonmuTHUECKYI0 aKTHBHOCTH JSKCTPaKTa
ompenensuin MeronoM Ancona mo 'OCT 20264.2-88 «[Ipenapatel ¢pepmenTHBIE. MeToaBl ONpeaereHus
MPOTEONUTUYECKON aKTUBHOCTIY.

[Tomy4eHHBIH SKCTPaKT UCIOIB30BANN T 00paOOTKH Msca TOJICHH WHACHKA. Msco WHICHKH OTHEISITH
OT KOCTeH M MOMEIIAIM B 3KCTPAKT. [Ipoao/mKUTeNbHOCTh 00pa0OTKKM BapbUpoBayid OT 1 10 4 Yacos.
UccnenoBanu (QpyHKIMOHAILHO-TEXHOJIOTUYECKUE U CTPYKTYpHO-MEXaHUYeCKHe CBOMcTBa Msca. [locne
00paboTKH MSCO MOABEPTaau Bapke B TeueHHe 50 MHUH. ['OTOBBIN MPOMYKT UMEN XapaKTepHBIA OCIbIi IBET,
BOJIOKHa OBUIM XOpOIIO BHWIHBL bByms0H wWMen cialOblii pBIOHBIA apomar. BKyc Msca TpoBepsuTd
10 OPTaHOJIENTUYECKUM MOKA3aTeIIAM.

BogocssseiBaromyo crnocodnocts (BCC) ouenuBanu 1o merony I'pay B momupuxanmu BHUWIMII.
BrnaroynepxuBaromyto crmocobnocts (BYC) ompemensnm 1Mo Macce BBIIENMBIIEHCS BJIarM B IPOIECCE
HarpeBaHusl oOpaslia Ha BOJISHOW OaHe MpU TeMIepaType KHUIIEHUS BOJBI C MCIIOJIH30BAHUEM MOJIOYHOTO
xupomepa. Ilpenenshoe Hanpsokenue casura (ITHC) o06pasiioB HCCIeTOBATH METOJOM TMEHETpAIUu
¢ ucnoimp3oBanreM meHerpomerpa [IMJIII xonycooOpasHol ¢dopmbl. [ ompenencHus mokasatens pH
ucnonb3oBam pH merp mapku pH-410 co CTEKISTHHBIM AIEKTPOJIOM. AHAIN3 OPTaHOJEITHICCKIX CBONCTB
TOTOBBIX MPOAYKTOB MpoBoaAWiIH B cooTBeTCTBUM ¢ 'OCT 9959 «IlpoaykTsl MscHbIe. OpraHojaenTHYeCKUi
METOJI OTpENeNeHHs Mmokasartenel kadectBay. OllGHUBATM BHEUNIHWN BUJ, IBEeT, 3amax (apomar), BKYyC.
[IpoBeneno uccnemoBaHe MUKPOONOIOTHIECKHUX ITOKa3aTeIe TOTOBOTO MPOAYKTA.

HccnenoBanne mpoTeonuTrueckoil akTUBHOCTH (ITA) DKCTPakTOB M3 KETYIAKOB CEJBIN MMOKA3ao, 4To
OKCTPAKTHl 00JaNal0T JOCTATOYHO BBICOKOW IPOTEOJIMTHYECKON aKTUBHOCTBIO, YPOBEHb KOTOPOWM
B 3HAUMTEIBHOM crenenu 3apucut ot pH cpennl (Tabnuiia 1) — yem Hwke pH, Tem Gotee akTHBEH (PEPMEHT.

Ta6nuna 1. Pe3ysbraThl onpeaeneHus MpoTeoNuTuieckoi aktuBHocTH (ITA).

KucnotHoCTh cpesibl pH 5,5 pH 6,5 pH 7,2
ITA, yciu. en./ma 250 120 90

JlaHHBIE ~ DKCIEPUMEHTOB  TIO ONPENCICHUI0  (YHKIIMOHAIBHO-TEXHOJIOTHYECKUX U CTPYKTYpPHO-
MEXaHWYEeCKIX CBOWCTB Msica rOJIeHN WHICHKH MpeICTaBIeHBI B Ta0mHIe 2.

W3 Tabnumbel BHIHO, 4YTO 00pabOTKa Msca TOJCHH HWHACHKH O3KTPAKTOM U3 IKCIYIKOB CEJIbIU
aTJIAHTUYECKON TPUBOMUT K YIYUYIICHUIO CBOWCTB MSCHOTO CHIpbS W TOTOBOTO TpOayKTa. B 3aBucuMocTH
OT MPOJOIKUTENBHOCTH BhIepKkH B dkcTpakte BCC yBenmunBaercs va 1-12,5 %, a [IHC camxaercs B 2—7
pa3. OcobenHo 3 pekTHBHO AelcTBIE PepMEHTa yIydIllaeT CBOMCTBAa TOTOBOTO TPOIYKTa.

OpraHosentuyeckas OLEHKa T'OTOBOTO MPOJYKTa IMOKa3ana, YTO BHEIIHWH BHUJ, ILIBET, 3allaX H BKYC
MPOAYKTa, TOJIYYEHHOTO M3 Msca, IMoABeprHyToro Omorpanchopmaruu, coorBerctByer ['OCT 9959
«IIpomyxTs! MsicHBIe. OpraHONIENTHYECKAN METO OTIpE/IeNIeH s TTOKa3aTelel KauecTBay.
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Tabmuma 2. ColicTBa Msica TOJCHH WHACWKH JI0 U TIOCIe OHMOTpaHC(hOopMaIum.
O6pa3ery BCC, % BYC, % IMTHC*, xI1a
KonTpois 48 26 26,7
Ne 1 (1 gac BBIIEPIKKU B DKCTPAKTE) 52 28 15,5
Ne 2 (2 yaca BBIIEPIKKU B DKCTPAKTE) 53 27 10,9
Ne 3 (3 yaca BBIIEPIKKU B DKCTPAKTE) 54 26 5.2
Ne 4 (4 gaca BBIIEPIKKU B DKCTPAKTE) 53 27 3,5
*Hccreq0BaIi CBAPEHHOE MACO

Pe3ynbTaTel MUKpOOHOJIOTHYECKOTO HCCIIEIOBAHNS ITOKA3aJIi OTCYTCTBHE B TOTOBOM IIPOJYKTE OaKkTepuit
TpyMITbl KUIICYHBIX MMaJ04eK, CTa(MIIOKOKKOB U CalTbMOHEILI.

Takum 00pa3oM, Ha OCHOBAaHUHM IPOBEIEHHBIX SKCIIEPUMEHTOB MOXHO CHAENaTh BBIBOJ O TOM, YTO
(hepMEeHTHI, BBIJENIEHHBIE M3 JKEIYIKOB CEIbIN AaTIaHTHYECKOW, Oe30MacHO U ONarompHsITHO BIHSIOT
Ha (yHKIIMOHAJIBHO-TEXHOJOTHYECKHE M CTPYKTYpHO-MEXaHWYEeCKHE  CBOiicTBa  Msca ¢ OONbIINM
COEpKAHUEM COCAMHUTENbHON TKaHU. Takoil TEXHOJOTMYECKUH MPUEM MO3BOJISET MOBBICUTH LIEHHOCTh
CBIPBSI, YIYYIIUTh Ka4eCTBO MSCHBIX IMPOIYKTOB, PACIIMPHUTH ACCOPTHMEHT HEJOPOTHX U OMOIOTHYECKH
LEHHBIX MPOIYKTOB.
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NHOOPMAIIMOHHO-COBETYIOIIAA CUCTEMA JUISA HIPOEKTUPOBAHUS ITUIIEBBIX
CUCTEM HA NTPUMEPE PELHEIITYP IIVTABJIEHBIX CBIPOB

O.H. Mycuna’?, E.M. Hazopnwix®

! ®rBOY BO «Anmatickuii 2ocyoapcmeennviii mexnuyeckuti ynugepcumem um. MU, Honzynosa», Poccus
2 OI'BHY «®edepanvhbiii Anmatickuii nayumvlii yenmp azpobuomexnono2uti», Poccus

CoBpeMEHHBIE METOJIBI  MPOCKTUPOBAHUS  PEIENTYp, OCHOBAHHBIC HA MPUHIUNAX  ITUIICBOU
KOMOHWHATOPUKHU, JOJDKHBI HCHOJB30BaTh BO3MOXHOCTH IM(POBOTO HMHCTPYMECHTApHS, B TOM YHCIEC
HelipoceTeld, M pelieHrsT pPeUenTypPHBIX 3a1ad [0 CO3JaHHI0 IMPOIYKTOB C JKEJaeMbIM HaOOpOM
XapaKTepUCTHUK | 0e3 HEeOoNpaBIaHHOI'O Iepepacxoja WHrpequeHToB. [loaTromy paspaboTka TU(ppPOBOTO
WHCTPYMEHTapHsl, aJIallTUPOBAHHOIO K MOTPEOHOCTSM MUIIEBOM OTpaciy Mpu pa3pabOTKe HOBBIX MUIIEBHIX
CHUCTEM C JKEJTaeMbIMH XapaKTEPUCTUKaMH, B TOM YHCJE IUIABICHBIX CHIPOB, SIBISETCS aKTyalbHBIM
1 TIEPCIIEKTHBHBIM HarmpasieHneM [1-6].

Hean padorbl — pa3paboTka WHPOPMAMOHHO-COBETYIOIIEH CHCTEMBI Ui TEXHOJIOTA MHIIEBOTO
MPOU3BOJACTBA, HEOOXOAMMAs MpPH MPOSKTUPOBAHUM IMHIICBBIX CHCTEM M COBEPIICHCTBOBAHUU PEIEHTYP
MHOTOKOMITOHEHTHBIX ITHIIEBBIX MPOTYKTOB.

HNHpOpMaIMOHHO-COBETYIOIINE CHUCTEMBI 00ECICYMBAIOT (OPMHPOBAHME MHOXKECTBA aJbTEPHATUB
MIPUHSATHUS PEIICHUH 10 YIIPABICHUIO 00BEKTOM, B HAIIIEM CIIy4ae — COBETHI-PEIICHUS [0 BApUAHTAM PEICTYD
MUIIEBBIX CUCTEM. TEXHOJIOT MUIIEBOTO MPEANPHUITHS BHIOMPACT KOHKPETHBIH BapHaHT U3 MPEAJIOKEHHBIX
aTbTEPHATHB C yYE€TOM CBOMX 3HAHWW TEXHOJOTWH W OMBITa pabOTHl C KOHKPETHBIM BHJIOM ITHINEBOH
MPOTYyKIIUH.

Lenp paboTel corjacyeTcss C OCHOBHBIMH IPHOPHTETAMH HAYYHO-TEXHOJOTHUYECKOTO Pa3BHTHUS
Poccutiickoit deneparnuu, oTpakeHHBIMU B «CTpaTerny HayYHO-TEXHOJIOTHUECKOTO pa3BUTHsA Poccuiickoit
Oepnepanuny, yreepxkaeHHon Ykazom [Ipesunenta PO ot 01.12.2016 r. Ne 642, a UMEHHO: B 4acTH ITyHKTa
«T» — co3/1aHne OS30MACHBIX U KAYECTBCHHBIX, B TOM YHCIIe (DYHKIIMOHAIBHBIX, POIYKTOB MUTAHUS U ITyHKTA
«a» — Tepexo]i K MepeloBbIM MHU(POBBIM MPOU3BOACTBEHHBIM TEXHOJOTHSIM, CO3/IaHUE CHCTEM OO0pabOTKH
OonbITNX 00BEMOB JaHHBIX, MAIIIMHHOTO OOYYCHHS M HCKYCCTBEHHOTO MHTEIICKTA.

JJis JOCTHKEHUs TIOCTABJICHHOM LIENH MTPOaHAIM3UPOBAHKI aKTYaNIbHBIC ITyTH MU(POBOI TpaHchopmanun
MUIIIEBON OTpaciau M Ha ocHOBe MeTooB Data Science m Machine Learning paspaborana mHGOPMAIHOHHO-
COBETYIOII[asi CUCTEMA JIJIsi IPOSKTHPOBAHUS IMHUIIEBBIX CHCTEM, BKIrouaromas [7—14]: uHbOpManmoHHyo
CUCTEMY «XUMHYECKUN COCTaB MPOJOBOJBCTBEHHOTO ChIPhs M MHUIICBBIX MPOIYKTOBY», WHPOPMAIIMOHHYIO
cuctemy «llmaBieHple CBIPBHI: OTCUECTBEHHBIE NATEHTHBIC TOKYMEHTHD», WH(POPMAIMOHHYIO CHCTEMY
«PenenTypsI IJIaBIEHBIX CHIPOBY,

HNudpopmarmonnyro cucremy «Hopmbl  (DU3MOJIOTHYECKHX TMOTPEOHOCTEH B HEPTUH, ITHINEBBIX
1 OMOJIOTUYECKH aKTHUBHBIX BEIECTBAX JUIS pa3jIMYHBIX TPYIIT HACEIICHUS», a TaKkKe pa3paboTaHa U o0yueHa
HEHpOCeTh I MPOSKTUPOBAHUS MMHUIIEBBIX CUCTEM Ha MTPUMEpE IIJIABICHBIX CHIPOB.

Bce arambl aHann3a JaHHBIX M MAIIMHHOTO OOYYEHHUS MPOBOAMIUCH MOCPEACTBOM CaMOCTOSTEIBHO
HAIMCAHHOM MPOrpaMMBbI Ha S3bIKE MporpaMMupoBanus Python.

Hamu paspaborana HeWpoceTb, HCHOJB3yIONIas o0ydeHue c yuutenem (puc. 1), koTopas monyduna
BXOJHBIC OOydarolue IaHHbIe, COAEpIKAlleld METKHA MPABHIbHBIX M HEMPABUIBHBIX OTBETOB (Ka4ecTBO
peuentypsl QUALITY), o perientypax IJIaBieHBIX CHIPOB U MOKasaresel st penentyp. Ha ocHoBe Gaswl
JMAHHBIX «PerenTtypsl MaBieHbX CeIpoBy [13] moarotorieH (aiin, BKIIOUAOIINI PEIENTYPHI U MOKA3aTeH,
KOTOpPBIE HCIIONIB3YIOTCS B PEHENTYpax TaHHOTO TOTOBOTO MPOAYKTa. B Hamem Habope BXOIHBIX 00yJaromux
JTAaHHBIX YYaCTBOBAJIO 869 pernenTyp IIaBJICHBIX CHIPOB, BCE 3HAYCHUS HEHYJICBBIC, HE UMEIOT IPOITyCKOB, BCE
TUIBI KOPPEKTHBIE U SIBISAIOTCS 4YMCIOBBIMHU. Eciam mokasarens A pelenTyphl HE 3a/laH, €ro 3HAUYCHHE
npupaBHuBaock k 0. Tawke B aiin ObIIO BKIHOUEHO HOBOE moje — kadecTBo perentypsl (QUALITY).
Jlns maHHOTO 00yYEeHNN HEMPOHHOM CETH KaueCTBO PEIENTYPhl OBLIO 3aIMOTHEHO CIIYIaiHON TeHepaIiei, rie
COOCTBEHHBIM pelenTypaM MPUCBAUBAIOCH 3HAUCHHE OT 1 70 5, a penentypam U3 oQUIHaIbHBIX HCTOYHUKOB
— ot 6 10 10. Takum 0Opa3zoM, co3aaHa HeHPOHHAs CETh, Y KOTOPOU 9 HEHPOHOB Ha BXOIHOM CJIO€, 2 CKPBITBIX
cy04 110 65 HelpoHa M BRIXOIHOM CIIOH, cocTosmmid u3 1 HelipoHa.
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Pucynoxk 1 — IIponecc o0y4ueHHst HEHPOCETH C yUUTEIeM

Jlns BU3yanbHOTO aHaiM3a JaHHBIX, COJAEPXKAIIMXCS B HA0OpE, MCHOJB3YIOT T'MCTOIPAaMMBI CTOJOIOB.
Jlnist onipeieNicHnsT 3aBUCHMOCTEH MEXIy CTOJIOIaMHU KCIONB3YIOT MaTpuIly Koppensaiuu (puc. 2). Jannas
MaTpWlla BU3YAIM3WPYET JIHHEWHYI0 3aBHCHMOCTh MEXAY 3HAYCHHSIMH CTOJIOIIOB C HMCIOJB30BaHHEM
koadduirenta koppensuuu [Mupcona. 3HaueHue manHoro ko3 dUIMEeHTa MPUHUMAETCS B mpeaenax ot -1
mo 1, rme -1 ykaspIBaeT Ha OTPUIATEIBHYIO JHHEHHYIO KOPPENAIUI0 Mexny 2 croiadumamu, 1 —
MOJIOKUTENEHYIO THHEWHYIO KOPPEISIHI0 MEX Ty 2 cTosnonamu, 0 — OTCYTCTBHE JIMHEHHO KOPPETISAIH MEXKTY
2 cronbmamu. Uem OobIne MO MOIYIIO KOI(POHUITUEHT KOPPEIAIUN — TeM CHIIbHEE CBS3b MEXIY IBYyMS
MEePEMEHHBIMU.

Cnenyer oOpaTuTh BHHMAaHHE HA TO, YTO JHAaroHaJbHbIE 3HAUEHUS B MaTPHIlC KOPPENSIUN PaBHHI 1,
MMOTOMY YTO KOPPEISIHs MEXKIy TepeMeHHOW W caMoil coOoi Bcerma paBHa | W HaA TO, YTO MaTpHIa
CUMMETPpHUYHA OTHOCHUTCIIBHO JUArOHAJbHBIX 3Ha‘-IeHPII71, IMO3TOMY pacCMaTpuBacM, HUKHIOIO TPCYTOJbHYIO
yacTh MaTpuipbl. Jlnsg yaoOcTBa mMONb30BaTeNls JaHHAs MarTpulla OKpalluBaeTCsl B pa3HbIe I[BETa
B 3aBHCUMOCTHU OT KOA(PPUIMEHTA KOPPEISIIH.

PucyHnok 2 — Matpuiia Koppessinuy JTaHHbBIX

[Mocne ananu3a JaHHBIX 3aIycKaeM oOydeHre HelipoceTH: U3 Habopa TaHHKIX, coaepkaliero 869 peuentyp
TUTABJICHBIX CBHIPOB, BBIACIIEM OOYUalOIIyl0 BBIOOPKY, comepkariyio 695 peunentyp (80 % ot obriero
KOJIMYECTBA). BoiienseM TecToBy IO BBIOOPKY, KoTopas coctasisiet 87 perentyp (10 % ot obiero konnuecTsa
petienityp). BuizensieM MpoBepouHyI0 BBIOOPKY, koTopas cocrtaBiseTr 87 penentyp (10 % ot obrmero
KOJIMYECTBA penenTyp). B cpenrem Ha HEOOMBIINX HAOOpaxX AAHHBIX, TAKKUX Kak Haill, TpoBoast 100 1ukiIoB
o0OydeHusl.
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B pesynbTate nmonydaeM rucTOrpaMMbl 3aBUCUMOCTH KOJIMYECTBA PELEHTYP OT Oasia KauecTBa PElenTyphl
o0y4Jaroreit BRIOOPKH, KOJIMUECTBA PEIETITYpP OT Oajia KadecTBa PEIenTyphl TECTOBOW BEIOOPKH, KOJIMYECTBA
perientyp OT 6ajijla KaueCcTBa PeLEnTyphl MPOBEPOYHON BHIOOPKU U IpaduK CpeaHei aOCOMOTHON OIUOKU
OT KOJIUYECTBA IIUKJIOB [T 00yYaroliel U mpoBepouHoii BeIOOpKH (puc. 3).

Pucynox 3 — I'paduk cpeaHeit aOCOMOTHOM OMMOKH OT KOJIMYIECTBA IIUKIIOB I 00yJaromieii ¥ MpOBEpOIHOMN
BBIOOPKH

Pesynprarel 00ydeHUsT HEWPOHHOW CETH C BapUaHTOM pELENTYphl IUIaBIeHOTO cbipa «Chipmey,
M0 KOTOpOMYy OblTa pa3paboTaHa TEXHHYECKas JOKYMEHTAaIMsl W MPOBEACHA IMPOMBINIICHHAS anpoOariys,
MIpeICTaBIICHEI Ha puC. 4.

Pucynoxk 4 — Pe3ynbTarsl 00ydeHns HEHPOHHOMN CeTH A pelenTyphl HOBOTO TIABJICHOTO ChIpa

C nmocroBepHocThI0O 63,6 % WHTErpaibHBI TOKa3aTeldh KadecTBa pEIENnTyphl HOBOTO CHIPA,
CIPOSKTUPOBAHHOMN C MOMOIIbI0 MH()OPMAIIMOHHO-COBETYIONICH CUCTEMBI, OyJIET COCTABIATh 7,7 YCIOBHBIX
EWHUIl. OTO MPOTHO3UPYEMOE 3HAYCHHE MOJITBEPIWIOCh TIPU TNPAKTUYSCKOW BBIPAOOTKE ChIpa
M0 CIPOEKTUPOBAHHOU pelenType.
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®EPMEHTALMUSA 3BEPHOBBIX KYJIBTYP CTAPTEPHBIMU U ITPOBUOTUYECKUMUA
IITAMMAMMU MOJIOYHOKHUCJIBIX BAKTEPHUI

K.B. Mouceenxko', E.O. Jlanoecman’, U.B. Poxckoea’, T.B. ®edoposa’

Hucmumym 6uoxumuu um. A.H. baxa, @edepanvhbiii ucciedosamenvcekuil yenmp ** @ynoameHmanbHbie OCHO8bL OUOMEXHOA02UU’
Poccuiickoii akademuu nayx, Mockea, 119071, Poccus
Bceepoccuiickuil nayuno-ucciedoeamenbCKkuil uHCMumym MoIouHot npomviuiiennocmu, Mockea, 115093, Poccus

B Hacrosmiee BpeMst MpOIyKThI IUTAHUSI, OCHOBAHHBIE HA ()ePMEHTAIIMH PAa3UMYHBIX 3€PHOBBIX KYJIBTYD,
SIBJISIIOTCSA OJHMM M3 TEPCIIEKTUBHBIX M BOCTPCOOBAHHBIX HAMPABICHHUN MUIICBOW OMOTEXHOJIOTHH. XOTS
3€pHOBBIC TPOIYKTHI SIBISIFOTCS XOPOLIMMH HCTOYHHKAMH YTJIEBOJIOB, OCJIKOB, MHHEPAJIOB, KJICTYATKH
Y BUTAMHHOB, B [IEJIOM OHHU YCTYMAIOT MPOJYKTaM KHBOTHOT'O MPOUCXOXKICHHS (B TOM YHCIIC U MOJIOYHBIMHU
MPOIYKTaMH) IO COAEPKAHUIO aAMUHOKHCIIOT U OekoB. DepMeHTaIMs 3ePHOBBIX KYJIBTYP MOXKET HE TOJIBKO
Croco0CTBOBaTh WX OOOTAICHHI0O AMHHOKHCIOTAMH U OCJIKaMu, HO U NPUJaBaTh WM TaK Ha3bIBaeMbIC
«(pYHKIIMOHALHBIC CBOHCTBAY, TO €CTh JOMOIHUTEIBHYIO K TPAJUIIMOHHON MUIIEBOH IIEHHOCTH CIOCOOHOCTH
MOJIOKUTENIFHO BIHATh Ha (U3UOJOTHIO YeNOBEKa ITPH CHCTEMATHYEeCKOM YmoTpeOineHun. B kadectse
pPacCTUTENBHBIX  MATPHIl  MPOAYKTHI W3  (PEPMEHTHPOBAHHBIX  3JIAKOB  MOAXOIAT  JIJIs JIIOJCH
C HEMEPCHOCUMOCTBIO JIAKTO3bl, AJUICPTHEl Ha Ka3eWH U JIIOJICH, NPUICPKUBAIOIIUXCS TUETHl C HU3KUM
conepkanueM kHpoB. Takxke (epMEHTHPOBAHHBIC 3EPHOBBIC MPOAYKTHI PAacCMATPUBAIOTCS KaK HOBBIC
CpEeICTBa JOCTAaBKH MPOOMOTHYECKUX MHUKPOOPTaHU3MOB, aJEKBATHOE KOJMYECTBO KOTOPBIX B KHIIEYHUKE
CIOCOOCTBYET YKPCIUICHHI0 HMMMYHUTETa, CHIDKEHUIO THINEBOM a/UIeprUU W MOAABICHUIO DPa3BUTHS
MATOTeHHON MHUKPOQIOPHIL.

B nacrosmeit pabote Obuta mpoBeneHa (GpepMeHTaIns 3epHOBBIX KYJIBTYp pHca B OBca 15 crapTepHBIMHU
1 POOMOTHYECKUMH IITAMMaMH MOJIOUHOKHMCTBIX Oaktepuii (MKB): mByms tmrammamu Lactobacillus
delbrueckii subsp. bulgaricus (Lb100 u Lb200), mateio mrammamu Lactobacillus helveticus (2bb, 5bb, 14bb,
AKB u NK1), tpems mrammamu Lacticaseibacillus paracasei (KF1, MA2 u MA3), 1ByMms InTaMMaMu
Streptococcus thermophilus (159 u 16t) u uetpipbMs mTammamu Lactococcus lactis (AM1, MAL, dlA).
s hepmenranuu Opanu kak 3 % pacTBOp pPUCOBOM U OBCSHOM MYKH, TaK W PACTUTEIHLHOE MOJIOKO
MPUTOTOBJICGHHOE HAa OCHOBE PHCOBOTO U OBCSIHOTO KOMIIOHEHTOB. [lapamerpamu, u3MepsSeMbIMH
B ITOJIYYCHHBIX TPOIYKTaX (PepMEHTAIlnH, SBISINCH: KOHIIEHTpamws >ku3HecrocoOHBIX KieTok MKDB, pH,
CTETCHb MPOTEO0JIN3a U aHTHOKCUIAHTHAS aKTUBHOCTH. Take sl MONYYCHHBIX MPOAYKTOB MPOBOAUIACH
OpTraHoJIeTITHYECKass OIIeHKa W MAacC-CIIEKTPOMETPUYECKHI aHalIu3 JIETyYuX OpPTaHMYECKUX COCIUHEHHH
(J10C).

BbuIO yCTaHOBIIEHO, YTO BCE MCCIICIOBAHHBIC INTAMMBI CIIOCOOHBI (DEPMEHTHPOBAThH KaK MYKY, Tak
U paCTUTEIBLHOEC MOJIOKO OOEMX 3CepHOBBIX KyJIbTyp. B mporecce QepMeHTaluu KOHIICHTpAIus
KHU3HECTIOCOOHBIX KneTok MKB yBenuuunBanack Ha 1—2 mopska, 10CTUras MaKCHMAIbHOTO 3HadeHns B 10°—
10" KOE/Mn 3a 12-24 u. Jlns Bcex (epMeHTamuii MakcumanbHoe cHikenne pH o 4,0-4,5 namomanoch
yepe3 24 4. Kak jans pucoBoi, Tak U JJs OBCSHOW OCHOB HaWOOJBIICH aHTHOKCUIAHTHOW aKTUBHOCTHIO
obnmamanu TpPOXYKTH, (epMEeHTHpOBaHHBIE MmTaMMaMu L. helveticus — B TIPOAYKTaX Ha OCHOBE pHca
AHTHOKCHIAHTHAs aKTHBHOCTH yBenmumBaigack ¢ 55-70 uM(TE) mo 150-200 uM(TE), aB mpomykTax
Ha ocHOBe oBca — ¢ 215-315 uM(TE) mo 400-500 uM(TE). CTOMT OTMETHTh, YTO HAWOOJNBIIEH CTEEHBIO
MpOTEOM3a TakKe HaONnanach s IPOAYKTOB, (epMeHTupoBaHHbIe InTtamMmamu L. Helveticus —
B IIPOIYKTaX Ha OCHOBE pHca CTENEHk IpoTeon3a yennunbaiack ¢ ~0,7 MM(L-Leu) no ~1,4 MM(L-Leu), a B
npoayKkTax Ha ocHoBe oBca — ¢ ~0,9 MM(L-Leu) mo ~1,6 MM(L-Leu). HauBsICInyio OpraHOJENTHYECKYIO
OLICHKY TOJYyYWIN TPOAYKTH, (hepMEeHTHpOBaHHbIC InTamMMamu S.thermophilus u L. lactis, obnanaBmue
XapaKTePHBIM CBEXHM (PYKTOBBIM apoMaToM, 4YTO OOBACHIIOCH HamuumeM Bux mnpodumie JIOC
anmn(aTHIecKuX aruKINIeCKIX KETOHOB.

ComnocraBiieHHE TIOJIYYCHHBIX JaHHBIX C OCOOCHHOCTSMH TI'€HOMOB Ka)XJIOTO IITaMMa I03BOJIUT
B JaNbHEHIIEM  BBISIBUTH TEHETHYECKHWE JCTePMHHAHTHI Ul HAllpaBIIEHHOTO  OTOOpa  HaumOosee
MIEPCIICKTUBHBIX ¢ TOYKH 3PCHHS (PEPMEHTAIMH 36PHOBBIX MTaMMOB JIADB 1 KOMITO3uIHi Ha UX OCHOBE.

Paboma evinonnena npu gpunancosoii nodoepacke Poccuiickozo Hayunozo @onoa, zpanm 22—-16-00108.
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HCIOJb30BAHUE BAKTEPUAJBHOM HEJLTIOJIO3bI B AKTUBHOM YITAKOBKE
MNUINEBBLIX TPOAYKTOB

A.B. Bopucosa
DI'BEOY BO «Camapckuii 2ocyoapcmeennuiii mexnuyeckuti ynugepcumem», Camapa, Poccus

AKTHUBHAasl yIaKOBKA MUILEBBIX NPOAYKTOB — HOBOE HANpaBJICHUE B PA3BUTHUM MHUILEBON M YIAKOBOYHOMI
MPOMBIIUIEHHOCTH. CIIOCOOHOCTD TaKOH YIIAKOBKH BIIUSTH HA CPOK TOJHOCTH MHUILEBOTO MPOJYKTA, YCTPaHss
HETaTUBHBIC JIMMHUTUpPYIONIHE (aKTOPHI, SBISETCS BOCTPEOOBAHHOW Kak IS MPOW3BOIUTENEH, Tak
u motpebuTeneir. B ocHOBe MexaHW3Ma JICHCTBUS AKTHBHOW VIIAKOBKH JICKAT pPAa3IMYHBIC (HU3HKO-
XMMHYECKHUE TPOIIECCHI, OTHUM U3 KOTOPHIX ABISAETCS BBEACHUE aHTUMUKPOOHOTO MIH aHTHOKHUCIUTEIHLHOTO
areHTa B COCTaB MUIICBOH YIIAKOBKHU M MMOCTEIIEHHOE BBICBOOOXKACHHUE €ro B OKpYKatoUlyto cpeay. [Ipu aTom
BBEICBOOOKACHUY YTHETACTCS KU3HENCATEIHHOCTh TATOT€HHBIX MHUKPOOPTaHU3MOB, 3aMEIISTIOTCS POIIECCHI
MTOBEPXHOCTHOT'O OKHUCJICHHUS >KHPOBBIX MPOAYKTOB, MPEIOTBpAIAeTCs MOSBIEHUE TUIECEHH Ha TOBEPXHOCTH
NPOAYKTOB. B kauecTBe aHTUMHKPOOHBIX areHTOB Yalle BCETO NPUMEHSIOT HAHOYACTHLBI METaJJIOB,
B YACTHOCTHU cepebpa [1], Xxumuueckre coeIMHeHNUs, HAPUMEp, THIPOKCHT MArHUs, COPOMHOBYIO KHCIIOTY,
aszocoenuHenus [2], peHombHBIE BEIIECTBA B YHCTOM BHIE (KapBaKpOi), M B BHIE SKCTPAKTOB PACTEHHIA.

B mocnenHue roapl HapsiTy ¢ TOSBICHUEM aKTUBHOMN YIAKOBKH OOJBIION MHTEPEC M aKTyalbHOCTh UMEET
MoI00p YIaKOBOYHOTO MaTeprana, O0JIafaroIlero CBOHCTBAMH OHOJIOTHYECKOTO PA3NIOKEHUs, TPOYHOCTH,
¢byukmmonansHocTH [1-5]. B KadecTBe MOJIMMEPHBIX MAaTEPHAIOB YacTO HCIOJIB3YIOT —MOJMIAKTHI,
nonuOyTHIeHaAuNaTTepdTanaT, MOJUBUHIIOBBIA  CIHUPT, XWTO3aH, a TakKe BOJOPACTBOPUMBIE
MOJINCaxapuIbl — albIMHAT HATpUs, >KENaTHH, arap, Kpaxmal M IOpod. B oCHOBHOM mepByIO TIpymiry
pasjaraeMbIX MOJUMEPOB MPUMEHSIOT AJIS CO3AaHUsl TOHKUX IJICHOK, BBIACPKUBAIOIIUX BaKyyMUPOBAaHHUE,
TBEPABIX JOTKOB M JIPYrOd Tapbl, BOJOPACTBOPUMBIC TMOJIUMEPHI HCIOIB3YIOT IS CO3MAHUS ChEIOOHBIX
MOKPBITHHA. V B IepBOM, | BO BTOPOM CIy4asXx HEMNOCPEICTBEHHOE BBEICHHE AHTUMHKPOOHBIX arcHTOB
B MOJIUMEPHYIO MaTPHUILy TPYTHOOCYIIECTBUMO. B cirydae ruipoh0OHBIX MTOTUMEPOB aKTUBHBINA areHT MPOYHO
CBSI3bIBACTCSl BHYTPU MOJMMEPHONM MAaTPULIBI M €T0 MHUIPALMS B OKPYXKAIOIIYIO CpPERy BO3MOKHA TOJBKO
C BHEIIHUX CIIOEB, YTO CYIIECTBEHHO CHWXAeT 3(PQEKTUBHOCTh KOMITO3UIMHU. JIJisi BOJOPACTBOPHMBIX
MOJIMCAXapUIHBIX MaTPHULl OCHOBHOM IMpOOJEeMOH SBISETCS WX MOJHOE PACTBOPEHUE B BOJE, YTO AeJaeT
HEBO3MOXHBIM JJIUTEIIBHOE XPAaHEHUE TAaKUX IUICHOK M COOTBETCTBEHHO, AKTHBHBIA KOMIIOHEHT IUICHKH
MOJKET He YCIIeTh NpPOSBUTH CBOM CBOMCTBa, B TO BpeMs Kak MOJMMEpHas MaTpulla PacTBOPUTCSA TOX
BO3/IEMCTBHEM BJIAYKHOT'O BO3/yXa WM B ClTydyae KpaTKOBPEMEHHOTO XpaHeHUs Mpoaykra. [loaTomy MHOrHe
HCCJIEIOBATEIN CKJIOHSIIOTCS B CTOPOHY CO3JaHHUS KOMIIO3UTHBIX MATEPHANIOB I aKTUBHOM YMaKOBKHU
MUIIEBHIX TPOAYKTOB. 1 OTHUM M3 KOMITOHEHTOB TaKOW yIIAKOBKH ABIISIETCS OaKTepHaIbHasl IEUTI0N03a.

Bakrepuansuas nemtronosa (BL[) mpeacrasiser coboit momuMep ¢ pasMepaMHd BOJIOKOH 12-24 HM
1 o0JajjaeT YHUKaJIbHBIMU CBOWCTBaMU. braromapsi 0COOCHHOCTSIM KyJIbTUBUPOBaHUS BosiokHa Bl mmerot
TPEXMEPHYIO CTPYKTYPY, 3aKPYUECHHYIO B CIIUPAJIH, 4TO oTiandaeT bI{ oT npyrux BuaoB uemnonos3. Beicokas
CTENEHb KPUCTAJUIMYHOCTH U MOJIMMEPU3ALMHA OJHOBPEMEHHO npunaroT BI[ CBOHCTBAa CBEPXBBICOKOM
npoyHoctd u ruOkocty [6-8]. Takme cBoiicTBa, monHas mnumieBas Oe3omacHocTh nenaroT bLI kpaithe
MIPHUBIIEKATENBHOM [T pa3pabOTKH MUIIEBON YIIAKOBKH.

B naboparopuu Texnonoruu 6noymnakoBku CaMapcKoro rocyJapcTBEHHOI'O TEXHHUECKOTO YHUBEPCUTETA
NPOBOJSATCSA pa3padOTKH COCTAaBOB YHNAKOBOYHBIX MAaTEepHAIOB M3 TONWIAKTHAA | alblHHATa HaTpHA,
0o0namaronMX aHTHOKCUIAHTHBIMA W aHTUMHKPOOHBIMH CBOWCTBaMH, C OaKTEpHANBHON IIEIUTFOIIO30M
B KayeCcTBe MAaTpHUIBl JUIT aHTUMHKPOOHOTO areHTa. B kadecTBe aHTHOKCHIAHTHBIX M aHTUMHKPOOHBIX
areHTOB HCIOJIb30BaHBI KCTPAKTHI JIEKAPCTBEHHBIX PACTEHUIl: MMOJOPOKHUKA, TIKMBI, POMAILIKH; IKCTPAKT
IIeTyXU YeCHOKa, KOXKYPBI TpaHaTa. DKCTPaKT po0aBnsuim K bl u BenepxkuBanu npu temmneparype 2543 °C
B TedeHue 24 4. 3areM bl m3menpuany, BRICYIIMBAIN B CITydae MCIOIL30BAHUS MOJMIAKTHIA U TOOABIISITH
B BUJI€ THAPOTEIIS B CIIy4ae UCTIOIb30BaHHUS BOJOPACTBOPHUMBIX MOJIHCAXaPUIOB.

Ha puc. 1 nokazan rpaduk HHrHOMpOBaHUS CBOOOJHOTO pajukana 2,2’ — audeHuI-1-nmuKpuiaruapasui
(DPPH) akTHBHBIMU KOMIIOHCHTAMH ILUICHKH.
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Puc. 1. IIpouenT narndéupoBanus ceodomHoro paankana DPPH

Kak BugHo w3 rpaduka Ha puc. 1, MIeHKa W3 anbrMHATa HATPUS, COZAEpKaIlas B CBOEM COCTaBe
OaKkTepHaNbHYIO LEJUIION03Y M OKCTPAKT rpaHara BBIACISACT aKTHBHOE JCHCTBYIOLIEE BEILECTBO B PACTBOP
HETPEPBIBHO, B TEYEHUE CYTOK B TO BpeMs, KaK IUIEHKA TOJIBKO C OaKTepHaIbHOI LEITI010301 6€3 IKCTpaKTa,
HE TPOSIBJIIET aKTUBHOCTH B OTHOIIIEHUH CBOOOJHOTO pajavKajia. JTO elle pa3 MOATBEPXkAaeT MHEPTHOCTD
OaKkTepHanbHOW WEJUTIONI03bI M BO3MOXKHOCTH €€ HCIOJNB30BaHHS MJISl JOCTABKH aKTUBHOTO KOMIIOHEHTA
HKCTPAKTOB PACTEHUH B MUILEBOH YNAKOBKE Ul NPUAAHUS €H aHTUMHUKPOOHBIX M aHTHOKCHIAHTHBIX
CBOMCTB.
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HNPUMEHEHHUME ITYYKOB YCKOPEHHBIX JIEKTPOHOB JJI5S1 OBPABOTKHA
BUOJIOTHYECKHUX OBBEKTOB

C.A. 30n0moe"?, Y.A. Bausnwox?, A.Il. Yepuses"?, @.P. Cmyoenuxun®?, ILFO. Bopwezosckaa'?,
AJl. Huxumuenko', H,JI. Kpeuemos', C.A. Cokonos', H.A. Pooun'’
DI'bOY BO «Mockosckuti 2ocyoapcmeennvlil yHusepcumem umeru M.B. Jlomonocosa», Mockea, Poccus
DI'BOY BO «Mockosckuti eocyoapcmeennuiti ynusepcumem umenu M.B. Jlomonocosa», Hayuno-ucciedosamenvckuii Mucmumym
Hoeproii Quszuku umenu J1.B. Crobenvyvina, Mockea, Poccus
@I'AOY BO Ilepsviii MTMY um. H.M. Ceuenosea Munzopasa Poccuu (Ceuenosckuii Ynusepcumem), Mockea, Poccust

Pamnarnmonnas o6paboTka ABIsETCS yIOOHON M YHUBEPCATHLHOM TEXHOJIOTHEH T 00paOOTKH pa3sTHIHBIX
OMOJIOTMUECKUX OOBEKTOB M MarepuajoB. BO3MOXHOCTH ee¢ TNpPUMEHEHHS BeChbMa pPa3HOOOpa3HbI —
OT UHTHOUPOBAHUS TIPOPACTaHUS KOPHEIUIONOB W MOJHOTO TOJABICHUS NATOTCHHOW MUKPO(IOpHI
B MTUIIEBOM TMPOAYKIMHA /0 PaJAWAIMOHHON MOIU(UKAIMU ITOJIMMEPOB H ITOBBIIICHUS H3HOCOCTOWKOCTH
METAJTOB, OYHMCTKH CTOYHBIX BOJ U OKpammBaHus MuHepanoB [1-7] Tlpu 3TOM TEXHOJIOTHS SBJISIETCS
JKOJIOTUYECKH  YMCTOW, U e€ Oe30MacHOCTh TMOJTBEPKACHA MHOTOJCTHUMH  MEXKAYHApPOJIHBIMU
uccienoBanusamu [8—13]

Merton pamuaninoHHOW 00pabOTKH OMOIOTHIECKUX 00BEKTOB 0a3UPyeTCss HAa HOHU3AINHA M BO30YKICHIH
aTOMOB IyTeM TepeJadd BEINSCTBY DHEPrHH W3Ny4eHUs. B pesynbrare 0OSydeHUS BO3HUKAIOT MPOAYKTHI
paanonun3a, KOTOphIe jajee WHHUIMAPYIOT XUMHUYECKHE peakiuu, oOpa3oBaHHWE CBOOOIHBIX PaIHKaNIOB,
peakuuu paaumonmsa BoAbl [14, 15]. OOpasyrommecss XHMHYECKM aKTHBHBIE COEIUHEHUS OKa3bIBAIOT
BO3NelicTBUE Ha OaKTepuaidbHBIC KJICTKH, BBI3BIBAS IICTHBIC PEAKIIMM OKHUCJICHHS JIMIHIOB MeMOpaH
u pa3psiBbl HUTel JJHK B anpax, mogaBisis TeM caMbIM pa3MHOKEHUE U POCT TATOTEHHBIX MUKPOOPTaHU3MOB,
a TIpY OTIPENIEICHHBIX YCIOBUAX MPUBOJIAT K UX HEMOCPEICTBEHHON THOEIH.

Jist ipoBeieHHsI paAMAlMOHHON 00paOOTKH pa3pelieHO HWCIOJB30BaTh Y — M3IYUCHHE, HCITyCKaeMOoe
pamuonsoronamu® Co u'*’ Cs, TopMo3HOe u3ydeHue ¢ rueprueit 10 5 MaB (10 7.5 MaB B CIIIA) u myuku
YCKOPEHHBIX 3JIEKTPOHOB ¢ 3Heprueii 10 10 MaB [16, 17]. Takoii BBIOOp BEpXHET0 S3HEPTETHUECKOIO Mpeaeia
00yCIIOBIIEH TEM, YTO B JaHHOM [Wala30HE JHEPruil He MPOMCXOIUT SIAEPHBIX PEakIuil ¢ HapabOTKOM
HECTaOMIIBHBIX U30TOIIOB, T. €. B IIpoliecce 00pabOTKKU HE BOSHUKAET HABEACHHOM panOaKTUBHOCTH.

B OompmmHCTBE TIGHTPOB paJMAllMOHHOW OOpabOTKM CEromHS  HUCHOJB3YOTCS  YCKOPUTENH
31eKTpoHOB [14]. DT0 00yCIOBIEHO TeM, 4YTO B CPaBHCHHH CraMMmMa — yCTAHOBKaMH HCIIOJIb30BaHUE
YCKOPHTEIIS 1aeT BO3MOXKHOCTh BAPbUPOBAHUS TOKA ITyYKa U dHEPTHH 37eKTpoHoB [18]. MI3Memsst TOK myuka,
MOXHO HU3MEHSITh MHTCHCUBHOCTb HW3IyYE€HUS U, COOTBETCTBEHHO, MOIIHOCTh [03bI, IOTJIOIIAaeMON
oOpabaTeiBaeMbIM 00BEKTOM. l3MeHeHHe 3HEepruy JIIEKTPOHOB ITO3BOJIIET KOHTPOJIHMPOBATH TIyOWHY
MIPOHUKHOBEHHS JIEKTPOHOB B OOBEKT B 3aBHCHMOCTH OT LIEH OOTyUeHHS.

[Nornomennas m03a — 3TO OJUH M3 KIIOYEBBIX (DAKTOPOB, OMPEIEISIOIIUX BO3JICHCTBUEC YCKOPSHHBIX
JJIEKTPOHOB Ha BeUIecTBO. BemnynHa 10361 OONYyYEHHS TPEICTaBISET COOOH OTHOIICHHE JHEPTHH,
MTOTJIONIEHHON 00beMOM, K ero Macce. [Ipu aToM auama3oH 103, IPUMEHICMBIA B paTualliOHHON 00paboTKe
ANEKTPOHAMH, OUCHb IMHUPOK. Tak, HampuMep, Ipu MOIU(DUKAITIHN TTOJIUMEPOB UCIIOIB3YIOTCS 0351 OT 1 KI'p
no 400 x['p [19]. [ns mesuHcekumu 3epHa, Kpyn W cmeruid Tpedyrorcs mo3sl  no 0.2 k['p [20].
Jns crepunm3anyuy ApeBeCHHBI, TECTPYKIIUH HEJUTI0NI036 1 00paOOTKH CTApPBIX apXHUBOB MCIIONB3YIOTCS O3B
1o 10 xI'p [21]. Ctepunm3aliysi NUIIEBBIX TPOIYKTOB, MEAUIIMHCKUX M3JCTHN 1 MAaTEPUAIOB, UCIIOIb3YEMbIX
B TPAHCIUIAHTOJIOT UM, MMPOUCXOTUT MpH 103ax 10 35 k['p [22]. TIpu 0OayueHnH MHIIEBBIX MPOAYKTOB 1032
Bappupyercs oT 0.2 k['p U1 HHTHOMpPOBAaHUS TPOPOCTKOB mo3od 1o SO x[p  misd crepuinm3anuiu
npoaykToB [23]. O6paboTka GHOOTXOIOB U MHAKTHBAIMM IIIHPOKOTO CIIEKTpa BHPYCOB M OaKTephit
MpOBOAUTCS B Jo03ax 10 1 MI'p, dro sBIsieTCS MaKCHUMalbHON J030M, HCIOIB3YEeMOH It KOHTPOJIS
3arpsi3HEHUS OPraHUYECKUX 00BEKTOB [24].

BropeiM BaykHBIM (aKTOpPOM, OIPENENIONIAM BO3IEHCTBHE YCKOPEHHBIX AIIEKTPOHOB Ha BEIIECTBO,
SIBJISIETCSI OTHOPOTHOCTH 00paOOTKH, ompesiensieMas Kak OTHOIICHHE MUHUMATHHOTO 3HAYEHHS TIOTJIOICHHOM
7110351 Dinin K MAKCHMAaTbHOMY 3HAYEHHIO OTIIOMIECHHOM 10361 Dinax B 00beMe 00bekta: K =D, ;. /D, .. [1]. H3-
3a XapakTepa TNIyOMHHOTO paclpeaeieHus 03bl 10 BCeMy 00JydyaeMOMy OOBEKTY, B ITOJABISIOIICM
OONBIIMHCTBE CiIy4aeB Hew30exHa HepaBHOMEpPHOCTh oOmydeHus, T.e. K <1. HepaBHomepHOCTH
pacrpeneneHus MOTJIOMEHHON T036I TI0 00beMy 00IydaeMoro oOheKTa BiIeUeT 3a CO00M HepaBHOMEPHOCTH
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addexra oOMydeHUS: TIepeoOIyYeHHe MOXET BBI3BaTh pa3pylIeHHE MaTepuaia HWIIH HeXellaTebHbIe
W3MEHEHUS] ero (pM3MKO-XMMHYECKMX CBOWCTB, a HEMOOONydeHHEe TOMEeNIaeT [OCTHYh HKEeJIaeMOro
addexra [25]. TlosToMy pactipefesicHre MOTIOIMEHHON 035 M0 00ay9aeMoMy OOBEKTY JOJKHO CTPOTO
KOHTpoJupoBatbcs. COBpeMEHHBIE TO3UMETPHUUYECKHE METONBI ONPENCICHUS HHTETPaJbHONW  JTO3BI,
MOTJIOMIEHHOW OOBEKTOM, W €ro JI030BOTO PACIpPEENICHUs] MPH MPOMBIIUICHHOM OOIYYeHUU SIBISIOTCS
TPYAOEMKMMH | Joporocrosmmu [26]. Jlo3umerpusi TpebyeT peryaspHOrO TMOBTOPEHHS M KaTHOPOBKU
B CBSI3HM C BO3MOXXHBIMU M3MCHECHUSIMU CIIEKTPa 3JICKTPOHHOIO My4yKa B MPOIECCe padOThl MPOMBIILICHHOTO
yckopurens [27].

AJBTEpHATHBOHN IS MONy4YeHNsT WH(GOPMAIH O T030BOM pPACIIpPEeNelIeHUN IO TITyOnHe OMOIIOTHYECKIX
00BEKTOB I IUIAHUPOBAHUS PATUAIMOHHOW O0OpabOTKM BBICTYNACT MPUMEHEHUE KOMITBIOTEPHOTO
MonenupoBanus [28]. PacmpeneneHuvie m03bI B pa3iMYHBIX O0OBEKTAX MOXKET OBITh CMOJCIHPOBAHO
C TIOMOIIIBIO0 TPAHCIOPTHBIX KO0B, Takux kak EGSnrc [29], PENELOPE [30], MCNPx [31], GEANT4 [32].
IIpu stom ecnu xompl EGSnrc m PENELOPE orpanndeHsl B cBOeM NpPUMEHEHHH OOBEKTaMH IPOCTOM
reomeTrpud, TO TpaHcnoptHele kol MOCNPX u  GEANT4 Gomee IIMPOKO  HCHONB3YIOTCS
B IIPOMBIIIUIEHHOCTH, TaK KaK SBJIAIOTCA 00Jiee KOMITIEKCHBIMH HHCTPYMEHTaMU TSl MOACITUPOBaHUs Oojee
IIMPOKOTO CIEKTpa (PU3MUECKHUX IPOIECCOB, TPEACTABISIOMNX COOOH B3aWMOAEHCTBHE DIEKTPOHOB,
¢otoHOB, TpoTOHOB H HelTpoHOB. Kom MOCNPX wucmnonb3yercs B sIEPHON METUIIMHE, DPaTuallMOHHON
Oe3omacHoCTH, pa3pabOTKe YCKOpUTENeH, MOACTHPOBAHHH MPOMBIIUIEHHOTO OONYYeHHsS OHMOJOTHYECKUX
00bekToB U MaTepuanoB. GEANT4 Ha cerogHsAmHWi JeHL SBIISETCS HamOojee IMOJHBIM HabopoM
MHCTPYMEHTOB JJI MOJCITUPOBAHMS TTPOXOXKIIEHUS YAaCTUIl Yepe3 BEIIECTBO. B oTimune oT Apyrux KOAOB,
GEANT4 mopenupyet Jr00yI0 IeOMETPHIO OOBEKTOB W UCTOYHHMKA W3IYUYCHHS C JIFOOBIM IHEPTeTUYCCKUM
CIIEKTPOM, a TaKKe OTCIEKHUBAET (PM3NUECKHE MPOIECCH, BEIOpaHHbIE 1 KOHKPETHOTO METOa O0IydeHHS
u 00bekToB, uyto nenaer GEANT4 nHaubosiee THOKMM TPaHCHOPTHBIM KOJOM C ITUPOKOH 0OJIACTHIO
MIPUMEHEHHUSL.

Hecmotpst Ha TO, 4TO A7 MOAETUPOBAHMS B3aUMOJICHCTBHS MOHHM3UPYIOMIUX HM3IIyYeHUH C BEIIECTBOM
MONTyYMJIA PACTIPOCTPAHEHUE TPAHCIIOPTHBIE KOJBI, WX WCIOJB30BaHUE LIS IJITAHUPOBAHUS PaIUAIlIOHHON
00pabOTKH OMOIOTUYECKUX O0BEKTOB B IPOMBIIICHHOCTH UMEET HEKOTOPBIC OrpaHuueHus. Tak, Hanpumep,
JUTst pabOTHI C TPAHCIIOPTHBIM KOJIOM TIOJIB30BaTENb JIOJDKEH O0JIafaTh MOCTATOYHO BBHICOKMMH HAaBBIKAMHU
¥ KOMIIETEHITMSIMH HE TOJIBKO B 00JIaCTH sIIepHON (PH3UKH, HO U B 001aCTH MporpaMMupoBanusi. Kpome toro,
JUTSL TIOTYYEHHsI TOYHBIX Pe3yJbTaTOB M Habopa YJOBJIETBOPUTEIBHOW CTATHCTHKH COOBITHH TOTpedyercs
KOMITBIOTEPHOE MOJICIUPOBAHUE, KOTOPOEC MOXKET 3aHHMATh OT HECKOJBKHMX YacOB JO HECKOJBKUX THEH
B 3aBHCHMOCTH OT PACYETHON MOIIHOCTH UCIIOIh3yEeMOT0 KOMITBIOTEPA.

[IpencraBnsercs HHTEpPECHBIM pa3paboTKa MPOrpaMMBbl, IO3BOJISIONIEH Ha OCHOBE O0asbl JaHHBIX,
MOJIYYCHHON C MCIOJIb30BAaHUEM IIPEBAPUTENBHO BBINOTHEHHOTO MojenupoBanHus Geantd4, moiayyaTh
32 HECKOJIBKO CEKYH][ pacipe/elieHue MOTIIOMIEHHOHN T03bI 10 TITyOrnHe B 00BEKTe C 33/IaHHBIMH pPa3MepaMu
Y TUIOTHOCTHIO. Takasi mporpamMma IMO3BOJIUT CYIIECTBEHHO COKPATHTh BPEMS M CIOXXKHOCTH IIAHHUPOBAHHSA
panuanuoHHOW 00pabOTKH.

[IpumepoM TakoW MporpaMMbl MOXKET OBITH pa3paboTaHHbI crenmamuctaMmu HUW SnepHoit dusnku
nmenn J[.B. CkoGenpupina MI'Y umenun M.B. JlomonocoBa codt DosePreview [33, 34]. DosePreview
MO3BOJISIET MOJy4YaTh pacIpejlelieHre MOTJIOMIeHHOM 036l Mo IIyOrHe, co3/1aBaeMble NMPU OJHOCTOPOHHEM
o0nyuyenun snektpoHamu ¢ 3Heprueit ot 100 k3B no 20 M»B B BoJHOW, aqrOMHUHHEBON W MOJUMEPHOM
cpenax. Takxe DosePreview mo3Boisier monydarh pacrpeielieHue IMOTIOMEHHON 03Bl MO0 MIyOWHE IMpH
00Jy4eHHH He TOJNBKO MMyYKaMH MOHOXHEPTeTHYECKHX AJIEKTPOHOB, HO M IMyYKaMH C 33JJaHHBIM CIIEKTPOM
sHeprun. CpaBHEHUE PE3yIbTaTOB, MOJYUYCHHBIX C MoMoIbio DosePreview, ¢ pe3ynbraTamu, MOITyYeHHBIMH
¢ IpuBJIeUYeHUEeM HHCTpyMeHTapus Geant4, mokas3alio UX OTKJIOHEHHE JIPYT OT nIpyra He Oonee 3 % Bo BceM
JIHAIa30He PacCMaTPUBAEMBIX SHEPTHUM, TONIIMH U MaTepHaiios [34].

HeoOxoaumpIM ~ yCIIOBUEM YCHENIHOTO OOMyYeHUS DJICKTPOHHBIMH IIYYKaMH SBIIICTCS IIOJTHAS
nH(pOpPMAIUI O MPOCTPAHCTBEHHOM PACHpPE/ICIICHUH MOTJIONICHHOW 70361 B 00Jy4yaeMOM OOBEKTe, KOTOPOe
OmpefieNseTcss Kak CBOWCTBaMH 00iiydaeMoro oObekra (T.€. TEOMETpHEH, 3JEMEHTHBIM COCTABOM,
IUIOTHOCTBIO), TaK M MapaMeTpaMd MCTOYHHKA, B EPBYIO OYEpEIb SHEPIETHYCCKUM CIEKTPOM Tyuka [35].
CoBpeMeHHbIE MOAXOABl K ONMPEICICHUIO SHEPTETUYECKUX CIEKTPOB YCKOPHUTENIECH OCHOBAHBI HA MPSMOM
WU3MEPEHUH SHEPIUU DIICKTPOHOB C MOMOINBIO CHENUANbHON anmaparypsl [36] W Ha KOCBEHHBIX METOHAX,
OCHOBAHHBIX HAa PEKOHCTPYKIIHH CIIEKTPOB 110 SKCIIEPUMECHTAIBHO H3MEPEHHBIM TaHHbIM [37].
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B paMkax MpOMBIIUICHHOTO KOMILICKCA ITEpPBBIil IMyTh SBISETCS BEChbMa 3aTPYAHHTEIBHBIM, MOITOMY
HOPUMEHSIOT BTOpol. B mccienoBanuu [38] aBTOpbl mpeaiararoT ajiroput™, MO3BOJSIIOLIMI paccuuTaTh
pacrpeesieHne MOTJIOIMCHHON 103kl B OJJHOPOJHOM MaTepHasie MpPU ero OOJy4eHHH MYYKOM YCKOPEHHBIX
ANIEKTPOHOB, €CIIM M3BECTHO PACIPEICICHHUS MOTJIOMIEHHON 103bl, CO3/1aBacMbIC ITHM K€ MYYKOM B IPYyTrOM
marepuasie. OMOpHBbIC JaHHBIE PACCUUTBHIBAIOTCS C IIOMOIIBI0 KOMIBIOTEPHOTO MOJICTUPOBAHUS U 3aTEM
UCIOJB3YIOTCS  JUIA PELICHUS OOpaTHOH 3aJayd ¢ IPUMEHEHHEM PETYJSPH3UPYIOIIUX  ONEePaTOPOB.
HHTepecHOH OTMETHTh, YTO AJTOPHTM IO3BOJISICT YTOYHSTH DKCIICPUMEHTAIBFHO M3MEPEHHBIC TTyOHMHHBIC
J030BbIe pachpeneneHus. Tak, MpoBepka alropuTMa Ha JaHHBIX C UCKYCCTBEHHO BHeceHHO# 30 % —
HOTPEIIHOCTIO TTOKa3ajla BOCCTAHOBJICHHE H3HAYAIBHOTO J030BOTO pacHpeleieHHs C MOTPEeIIHOCTBIO
He Oosee 5 % Ha 3HAUUMBIX TITyOHHAX.

3akiouenne

O06paboTka OHOJIOTUYECKUX OOBEKTOB MyYKaMH YCKOPEHHBIX DJICKTPOHOB OJHON M3 HamOojee HIMPOKO
U3y4YEHHBIX TexHomoruii XX Beka. AHaIM3 pa3NIUYHBIX O0JAacTell NPUMEHEHHs 3JCKTPOHHBIX ITyYKOB
MOKAa3bIBACT, YTO C KAXKIBIM TOJIOM TEXHOJIOTHS pacmpocTpaHsercs Bce Oosbiie. [IpHHUMAIOTCS HOBBIC
craumapTel [39], BBoAATCS MONpaBKH B CyliecTByomue 3akoHbl [40]. Byayiee numeBoro obmydenus Oyaer
3aBUCETh OT MH()OPMHPOBAHHOCTH OOILECTBEHHOCTH U JYYILEr0 MOHMMAaHUS TOW POJIM, KOTOPYIO 3TOT
MPOIIECC MOXKET ChIrpaTh B OOpHOE C MaToreHamu, mnepefarmuMucs ¢ nunieid. [IpuHsaTHe o0Iy4eHus
MOTPEOUTENSIMU — 3TO BOIPOC MPOCBEIICHUS U MPABHIHHON KOMMYHHKAIIUH, CHAXKAIONICH HEeCIPaBeIIMBOE
npencTaBieHne 00 00MydeHHH TPOAYKTOB MUTaHHS Kak o sAepHOi TexHojoruu [41]. MapkeTHHrOBbIC
HCCIIeTOBAHMUS TIOKA3alIH, YTO BCe OOMbIIee YKCIO0 MOTpeOuTeNel TOTOBBI MOKYATh 00yUEHHBIC MPOAYKTHI,
€CIIM OHH JIOJDKHBIM 00pa3oM MporH(MOPMUPOBAHBI O MPOIIECCE U €r0 BIMSHUKM Ha MPOAYKTHI muTanus [42].
YcneurHocTh BHEIPEHUsI TEXHOJOTHH B CYIIECTBYIOIINE MPOU3BOJICTBEHHBIC TPOLIECCHI HATIPSMYIO 3aBUCHT
OT KOOIIEpaIUy MPOMBIIICHHOCTH ¥ HAyYHBIX KOJUICKTHBOB. IMerommuiicss pyHIaMeHT B BHJE MHOTOJICTHHX
uccnenoBanuii odemmaet 6€300Je3HEHHOE BHEAPEHHUE PAUAIIMOHHON 00paOOTKH B MHIYCTPHIO U TIOBBIIICHUE
3(h(PEeKTUBHOCTH MUIIEBOI OTPACITH.

Hccneooeanue evinonneno npu gpunancosoii noooepiricke PH®
6 pamkax Hayunozo npoexma Ne 22-63-00075.

Jluteparypa

1. Trends in Radiation Sterilization of Health Care Products. Vienna, International Atomic Energy Agency; July 2008. ISBN 978—
92-0-111007-7

2. Abou Elmaaty T, Okubayashi S, Elsisi H, Abouelenin S. Electron beam irradiation treatment of textiles materials: a review.
Journal of Polymer Research. 2022; 29:117. DOI: 10.1007/s10965-022—-02952—4

3. Manaila E, Craciun G, Ighigeanu D, Lungu IB, Dumitru Grivei MD, Stelescu MD. Degradation by Electron Beam Irradiation of
Some Composites Based on Natural Rubber Reinforced with Mineral and Organic Fillers. International Journal of Molecular Sciences.
2022; 23(13):6925. DOTI: 10.3390/ijms23136925

4. Working Material Produced by the International Atomic Energy Agency. In: Radiation Effects on Polymer Materials Commonly
Used in Medical Devices. Report of the 1st RCM for CRP F2303; 15-19 November 2021; Vienna, Austria; 2021. 170 p.

5. Chulikova N, Malyuga A, Borshchegovskaya P, Zubritskaya Y, Ipatova V, Chernyaev A et al. Electron Beam Irradiation to
Control Rhizoctonia solani in Potato. Agriculture. 2023; 13:1221. DOI: 10.3390/agriculture13061221

6. Bliznyuk U, Avdyukhina V, Borshchegovskaya P, Bolotnik T, Ipatova V, Nikitina Z et al. Effect of electron and X-ray
irradiation on microbiological and chemical parameters of chilled turkey. Scientific Reports. 2022; 12:750. DOI: 10.1038/s41598—
021-04733-3

7. Hossain K, Maruthi YA, Das NL, Rawat KP, Sarma KSS. Irradiation of wastewater with electron beam is a key to sustainable
smart/green cities: a review. Applied Water Science. 2018; 8(1). DOI: 10.1007/s13201-018-0645-6

8. Bropuunoe n3nyuenue yckoputesei aexrponos / B.IT. Kosanes M.: Atomuzaar, 1979

9. Radiological safety aspects of the operatin of electron linear accelerators / Swanson, William P // IAEA Technical reports series
Ne 188 - 1979

10. The development of X-ray machines for food irradiation (proceedings of a consultants’ meeting) Vienna IAEA., Austria 16—
18 October 1995.

11. Potential Induced Radioactivity in Materials Processed with X-ray Energy Above 5 MeV Hervé Michel, Thomas Kroc, Brian J.
McEvoy, Deepak Patil, Pierre Reppert, and Mark A. Smith Industrial Sterilization: Challenging the Status Quo, Driving for Continuous
Improvement Spring 2021

12. HaBeneHHasi akTHBHOCTb BOJIb()PaMOBOI MHUILICHN Ha YCKOpUTEIe 31eKTpoHoB dHepruei 10 MaB / Terepes 10.I., beno A.T". /
Artomuast sHeprust, T. 91, Beim. 3, centsops 2001

13. Natural and induced radioactivity in food. IAEA-TECDOC-1287. Vienna: IAEA. 2002. 136 p. 19.

ost@actbio-vsuet.ru
47 post@



AKmyanvhaa Ouomexmnonozusn
Ml, 2023

14. Yepnuses A.Il. Pammarmonnsie Texuomoruu. Hayka. Hapomuoe xossiictBo. Memumuna / UYepnseB A.IL // Mocksa:
WznarensctBo MockoBckoro yHuBepcutera, 2019. — 231 c.

15. lo3uMeTpH4ecKrii KOHTPOJIb IIPH MTPOBEACHUN PaJUallIOHHON 00paboTKM numeBsX npoaykToB / [TaBnos A.H., Camxkaposa
H.U., Yepusies A.IL. u ap.// BxypHane PamuannonHas rurueHa, tom 13, Ne 4, c.40-50, 2020. https://doi.org/10.21514/1998—
426X-2020-13-4-40-50

16. ISO 11137-3-2006 Sterilization of health care products Radiation Part 3: Guidance on dosimetric aspects. Ctepuin3amnus
MeauHCKon npoaykuun. O6myuenue. Yacts 3. PykoBoACTBO MO BOIIPOCaM TO3UMETPHH.

17. ISO 14470-2011 Food irradiation — Requirements for the development, validation and routine control of the process of
irradiation using ionizing radiation for the treatment of food. Pammanuonnas oGpa®oTka NMUIEBEIX NPOXYKTOB. TpedoBaHMs
K pa3paboTke, BAIMIALMN U TIOBCEAHEBHOMY KOHTPOJIIO IIpoLiecca 00JIydeHH s MUIIEBBIX MTPOIYKTOB HOHH3UPYIOLIMM H3ITyYCHUEM.

18. Shvedunov VI et al. Electron accelerators design and construction at Lomonosov Moscow State University. Radiation Physics
and Chemistry. 2019; 159:95-100. DOI: 10.1016/j.radphyschem.2019.02.044

19. Sabharwal S. Electron beam irradiation applications. In: Proceedings of PAC2013; Pasadena, CA USA; 2013. p. 745-748

20. Du3NKO-MEXaHWYECKHE Mephl OOpBOBI C BPEOWTEISIMH XJICOHBIX 3amacoB [DICKTPOHHBIM pecypc]/ WWW.rsnso.ru:
ympasieHue PoccenbxosHanzopa mo CeepmnoBckoit obmactu URL: http://www.rsnso.ru/documents/publications/? n=310 (xara
obpamenus 31.07.2023)

21. TexHonoruu Ha 6as3e 3JIEKTPOHHBIX Iy4KOB [DnekTpoHHBI pecypc] / inp.nsk.su: WucTutyT sinepHoit dusuku umenu I.H.
Bynkepa CO PAH URL: http://inp.nsk.su/~tararysh/accel/el_pu_r.htmI#ET16 (nara o6pamenus 31.07.2023)

22. Working Material Produced by the International Atomic Energy Agency. In: Radiation Effects on Polymer Materials
Commonly Used in Medical Devices. Report of the 1st RCM for CRP F2303; 15-19 November 2021; Vienna, Austria; 2021. 170 p.

23. Vega-Hernandez MA, Cano-Diaz GS, Vivaldo-Lima E, Rosas-Aburto A, Herndndez-Luna MG, Martinez A et al. A Review on
the Synthesis, Characterization, and Modeling of Polymer Grafting. Processes. 2021; 9(2):375. DOI: 10.3390/pr9020375

24. Alimov S. Practical applications of electron accelerators. Preprint SINP MSU, Moscow. 2011-13/877. 41 p.

25. Development of electron beam and x ray applications for food irradiation. Vienna : International Atomic Energy Agency, 2022.
372 p. (TECDOC series, ISSN 1011-4289; no. 2008)

26. Helt-Hansen J, Miller A, Sharpe P, Laurell B, Weiss D, Pageau G. Dp — A new concept in industrial low-energy electron
dosimetry. Radiation Physics and Chemistry. 2010; 79(1):66—74. DOI: 10.1016/j.radphyschem.2009.09.002

27. Studenikin FR, Bliznyuk UA, Chernyaev AP, Krusanov GA, Nikitchenko AD, Zolotov SA, Ipatova VS. Electron beam
modification for improving dose uniformity in irradiated objects. The European Physical Journal Special Topics. 2023. DOI:
10.1140/epjs/s11734-023-00886—-6

28. IAEA Radiation Technology Series No. 1. Use Of Mathematical Modelling In Electron Beam Processing: A Guidebook.
International Atomic Energy Agency Vienna, 2010.

29. Kawrakow I. The EGSnrc Code System: Monte Carlo Simulation of Electron and Photon Transport. Manual — Guides. NRC:
Canada, 2001-2021. 2023. 323 p.

30. Nuclear Energy Agency. PENELOPE 2018: A code system for Monte Carlo simulation of electron and photon transport. In:
Workshop Proceedings; 28 January — 1 February 2019; Barcelona, Spain; 2019. 420 p. DOI: 10.1787/32da5043-en

31. The MCNP® Code [Internet]. 2023. https://mcnp.lanl.gov [Accessed: 2023-07-23]

32. Allison J, Amako K, Apostolakis J, Arce P, Asai M, Aso T et al. Recent developments in Geant 4. Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. 2016; 835:186-225. DOI:
10.1016/j.nima.2016.06.125

33. DosePreview [Dnexrponnsiit pecypc] // https://industrial-rt.ru: OOO «IIpoMbIlIeHHbIE paHalMOHHbIe TexHoIornm» URL:
https://industrial-rt.ru/dosepreview (nata obparenus 31.07.2023)

34. Crynenukun @.P., Uepnsen A.Il., bnusniok V.A., 3onoroB C.A., bopuierosckas [1.1O., Antununa H.A., Hukomnaesa A.A.,
Kpeueros H./I., CoxonoB C.A. Pacuer pacnpezesieHus HOTIIOMEHHOM 10361 110 INIyOUHE B OJHOPOIHBIX 00BEKTaX MPH PaAnaluoOHHON
00paboTKe yckopeHHbIMH AtekTpoHamu // COOpPHHK TE3MCOB IOKIAI0B 1Moj peaakiueii mpodeccopa B.B. benokyposa, n3garenbctBo
®uznveckuii pakynprer MI'Y umenu M.B. Jlomonocosa (Mockga), 2023, ¢. 170-172

35.Li G, Wu A, Lin H, Wu Y. Electron spectrum reconstruction as nonlinear programming model using micro-adjusting algorithm.
In: Peng Y, Weng X. (eds) 7th Asian-Pacific Conference on Medical and Biological Engineering. IFMBE Proceedings; Berlin,
Heidelberg: Springer; 2008; 19. DOI: 10.1007/978-3-540-79039-6_112

36. Kozyrev AV, Kozhevnikov VY, Vorobyov MS, Baksht EK, Burachenko AG, Koval NN, Tarasenko VF. Reconstruction of
electron beam energy spectra for vacuum and gas diodes. Laser and Particle Beams. 2015; 33(02):183-192. DOI:
10.1017/50263034615000324

37. Torres-Diaz J, Grad GB, Bonzi EV. Measurement of linear accelerator spectra, reconstructed from percentage depth dose curves
by neural networks. Physica Medica: European Journal of Medical Physics. 2022; 96:81-89. DOI: 10.1016/j.ejmp.2022.02.019

38. Bliznyuk UA, Borshchegovskaya PYu, Zolotov SA, Ipatova VS, Krusanov GA, Nikitchenko AD et al. Reconstruction of Depth
Dose Distributions in Materials Created by Electron Beam. Physics of Particles and Nuclei. 2023; 54(4): 575-580. DOI:
10.1134/S1063779623040081

39. TOCT 33339-2015. MEXI'OCYJAPCTBEHHbBII1 CTAHJAPT. PAJUALIMOHHASI OBPABOTKA IIMIEBBIX
MMPOJIYKTOB. OcHoBHbIe TexHuUecKue TpeboBanus. Radiation processing of food products. General specifications. M., 2017, 7 c.

40. ®enepanpblii 3akoH ot 18.03.2023 Ne 67-03 "O BHeceHUM n3MeHeHui B ctatbio 16 dexepanbaoro 3akoHa "O paguaoHHON
6e3omacHoct HaceneHus" U DenepanbHbiil 3ak0H "O 6€30IacHOM 00pAICHUH ¢ IECTUIIMAAMH U arpOXUMHUKaTaMu"

41. Teisi, M.F., Fein, S.B., & Levy, A.S. (2009). Information effects on consumer attitudes toward three food technologies: organic
production, biotechnology and irradiation. Food Quality and Preference, 20, 586-596.

42. Eustice, R.E., & Bruhn, C.M. (2006). Consumer acceptance and marketing of irradiated foods. In C.H. Sommers, & X. Fan
(Eds.), Food irradiation research and technology (pp. 63¢83). Oxford: Blackwell Publ., Ltd.

48



Axkmyanvnaa Ouomexmnono2usn

https://doi.org/10.20914/2304-4691-2023-1-49-50 Nel, 2023

VIIK 614.876

HCCJEJOBAHUE JI030BBIX 3ABUCUMOCTEN KOHIIEHTPAITAN JIETYUNX
OPITAHUYECKHUX COEJUHEHUM JIJISI OEHKH CTENEHU OKUCJEHUSA IPOJIYKTOB
’KMBOTHOI'O U PACTUTEJIBHOI'O IPOUCXOKJIEHUS IMTOCJIE PAIUALIMOHHOM
OBPABOTKH

0.10. Xmenesckui', Y.A. Bausniok™, ILIO. bopwezosckaa’?, B.C. Hnamosa’, A./I. Hukumuenxko',
T.A. Bonomnux!, C.A. 30nomoe"?, A.Il. Yepnsaes'?, J1.C. IOpoé’, H.A. Pooun'?
DI'bOY BO «Mockosckuii 2ocyoapemeennviil yHueepcumem umenu M.B. Jlomonocosa», Mockea, Poccus
DI'bOY BO «Mockosckuii 2ocyoapemeenivlii yHueepcumem umenu M.B. Jlomonocosa», Hayuno-uccredoeamenvckuii HMucmumym
Hoepnoii Duzuku umenu /I.B. Crobenvywina, Mockea, Poccus
@I'AOY BO Ilepsviii MITMY um. U.M. Ceuenosa Munsopasa Poccuu (Ceuenosckuii Ynusepcumem), Mocksa, Poccus

Pannanmonnas oOpaboTka siBisieTcst Oe3omacHbBIM ¥ 3(D()EKTHBHBIM METOJOM COXPAaHCHHUS KadyecTBa
U MIPOJUICHHST CPOKOB XpAHEHHs MIHPOKOTO CIEKTpa MHUINEBBIX MPOAyKTOB [1]. [lymst kaxmoll KaTeropuu
MPOAYKTOB MUTAHUS CYIIECTBYET 3()()EKTUBHBIN AUAIIA30H 03 PATUAIIMOHHON 00pa0OTKH, KOTOPBINA CHUKACT
MHUKPOOHOJIOTHYECKUE MOKA3aTEeNIM MPOAYKIIMA U HE TPUBOJUT K U3MCHEHUIO (DU3MUYECKUX M XUMHUECKUX
CBOUCTB mpoaykTa [2]. Byay4yu CHIBHO MOJBEPKEHHBIMU OAaKTEPHATBHOMY 3arpsA3HCHHIO, OXJIaKICHHBIC
MSCHBIE W PBIOHBIC MPOAYKTHI, a TAKXKE KOPHEIUTIOABI TPeOYIOT 0c000T0 MoaxoAa K BEIOOPY Muara3oHa 1103
00pabOTKH, TOCKOJIBKY CTCIeHb W3MEHEHUs (U3UKO-XMMUYECKMX IOKa3aTeliell TPOJYKTOB TIOCIE
BO3JICMCTBHA W3JIY4YCHHS 3aBUCHUT OT COCTaBa O€NKOB, JXUPOB u yriaeBojgoB, PH Tkaneil, cocraBa
Y KOHLUEHTPALMY MUKPOOPTaHU3MOB, TEMIEPATYPhl XPAHECHHUSI, KOHIICHTPALlUM KUCIOPOJa, TUIA YIaKOBKH,
HAJTUYMSA OKCHIAHTOB U Jp. [3].

Hens padoThI — OIICHKA CTETICHU OKUCIICHUS MSICHOW, PHIOHOH W OBOIIHOM NIPOIYKIIUH MTOCIIE BO3ACHCTBUS
YCKOPEHHBIX 3JIEKTPOHOB € MOMOILBIO METOJA Ta30BOM XpOMaTO-MacC-CIIEKTPOMETPHUU.

B kauecTBe OOBEKTOB HWCCIIEAOBaHMS OBLIM BBIOPAHBI MPOAYKTHI MICHOTO (TOBSAWHA W MHICHKA)
U PBIOHOTO IPOUCXOXKICHHUS (CeMra), XpaHUBIITHECS B XOJIOAMIbHON Kamepe npu Temmepatype 2 °C B TedeHne
He OoJtee ABYX JHEH ¢ MOMeHTa 32005 1 KapTodelsb, COOpaHHBIN 3a 2 Mecsla 10 00paboTKU M XpaHUBIINCS
pu Temrepatype 18 °C.

OOnyueHre 00pa3IOB MPOBOAWIOCH HA JIMHEHHOM YCKOPHTENIE 3JICKTPOHOB HEMPEPHIBHOTO ACHCTBHUS
VJIP-1-25-T-001 ¢ sueprueit | MosB (mpomssoxurens HUMSID MI'Y cosmectro ¢ AO HITIT «TOPUI»,
Poccus) B auamasone 103 ot 0,1 kxI['p mo 10 kI'p. MscHble u pHIOHBIE TPOAYKTHI IO H IOCIE OOIydYEeHHUsS
XpaHwnck npu Temmneparype 2 °C, kaprodens npu 20 °C.

Juis MopenupoBaHus OOMydYeHHs TYYKOM YCKOPEHHBIX 3JICKTPOHOB C 3Heprueit 1 MaB u ompenenenus
TITyOWHHOTO JI030BOTO PACIIPEIEIICHNUS 110 TONIIHE 00pa3I0B MPOAYKIIMU UCIIOIB30BAIICS IIPOTPAMMHBIH KOJT
GEANT4. bpimo ycraHoBieHO, 9YTO HawOONbIIass paBHOMEPHOCTh oOmydeHuss 70 % coxpaHseTcs
JUTst 00pa3IoB ¢ IMHEWHBIMH pa3Mepamu He Oonee 2 MMm. OOpasibl MPOIYKIMH MPECTABISLIH COO0H KYCKU
OMOJIOTHYECKOW TKaHW TONIIMHOH 2 MM W Maccod He Oonee 2T, KOTOphle NOMENIANUCh B MPOOUPKH
anmeHA0pd 00BEMOM 2 MIT IJTS TTOCIEAYIOIIETO O0IYICHHS IICKTPOHAMH.

JIJiss KOHTPOJISL JI03bl, MOTJIONIEHHONH 00pa3iiaMu BO BpeMs OOJIYUYCHHS, C TIOMOIIBI0 aHAIOTO-IIU(POBOTO
mpeoOpa3zoBaTelNsi CYUTHIBAICS 3apsia Q,, TMOTJIOMIEHHBIH TIOPATIOMUHUEBON IJIACTUHOW ILIOMAABIO Sy .
Pacuer normnomnieHHO#H 10361 TPOBOIUIICS TIO (hOpMYyJIaM:

E FEghS

D=2 = FhhS (1)

m PVHmax'
F = pyAt = —At, )

rne E — sneprus, mornomeHHas oOpas3mom, m — Macca oOpasia, F — MOTOK 3JEKTPOHOB, @y — CpEemHsS
2
IVIOTHOCTH TOTOKA DJJEKTPOHOB, paBHas 8,2x10°1/cM’xc , E, — HadaibHas BHEPrUs DIIEKTPOHOB,

noryionaeMas Ha rnmyoune H,,,, = 5 MM, h = 2 MM — TonmuHa oOiy4aeMoro oOpasiia, S — MOBEPXHOCTHAS
Iomaas obpasma, p — IIOTHOCTh BOJBI, | — CpeHMIA TOK ITy4YKa, paBHBINA 2 MKA, e — 3apsi 3JeKTpoHa, At —
BpeMsl 00ITydeHusl.

B 3aBucuMoOCTH OT IpOCTPaHCTBEHHOH KOHGHUTYpAITMH, B3aUMHOTO PACIIOJIOKCHHS W B3aUMOJICHCTBUS
C OKPYXKAIOLUMHU MOJIEKYJaMH Yy Pa3IMYHBIX COCIMHEHUU B BEIECTBE MOHU3UPYIOIICE U3TYyUYECHUE MOXKET
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MPUBOJNTH K pa3pblBaM CBsI3ed MeEXIy aroMamu, (parMeHTallid MOJIEKYNl Ha IpyrHe COCIUHEHHS
i 00pa30BaHUI0O W3 HUX JPYTHX BHIOB MOJIEKYJ W OMOpaguKanoB. Bce 3T mporeccsl TPHBOIAT
K CTPYKTYpPHBIM TIepecTpoiikaM U (GyHKIIMOHAIBLHBEIM HM3MEHEHUSIM MoJiekyn. OXHUMH W3 COCIUHCHHUU,
00pa3ylomuMIcs B pe3ysibTaTe BO3ACHCTBHS HOHU3UPYIOMIErO HM3NIyYeHHS Ha OENKH, XHUPBI U YIICBOABI
B COCTaBe OOJYYCHHOTO TMPOJYKTa SIBISIFOTCA JeTyune opranuueckue coeauHenus (JIOC): KeToHBI,
anpreruasl, cnupthl. llosBiaenune wu u3MeHeHue KoHueHTpanuii JIOC MOXET TOBOPUTH O Pa3INYHBIX
OKHCIIMTENBHBIX MPOLEccaX W BOSHUKHOBEHUH CTPYKTYPHBIX M3MEHEHUH OMOJOTMYECKHX MOJIEKYJ TOCIe
BO3/ICHCTBHA M3ITyUSHHs Ha TKAHU MPOTYKTa.

C nomomipro MeToa Ta3oBoii xpomaro-mace-crekrpomerpun (I'X-MC) (Shimadzu GCMS-QP2010 Ultra,
SInonust) OBLIM TIOJNYYCHBI XPOMATOIPAMMBI, IO KOTOPBIM HACHTU(HUIIMPOBAIN JICTy4yHe OPraHUYeCKHe
COCMUHEHHUS IyTEM CPaBHEHUS OHKCIEPUMEHTANBHBIX JaHHBIX C [apaMeTpaMH STATOHHBIX 00pa3IoB
COCTMHECHUM B OMOJIMOTEKE MACC-CIIEKTPOB.

Ha ocnoBe ananuza nosenenust kouuenTpauuit JJOC B oOpa3iiax roBsiAnHbL, UHACHKH, CEMTH U KapTodens,
o0mydensbIx B 1o3ax 0,1-10 x['p 1 Ha oOcHOBE MOJENBHBIX IKCTIEPUMEHTOB, TPOBEIEHHBIX CO CTAHAAPTHBIMHU
oOpa3iamu JIeTy4YnuX OpraHUYeCKUX COCTUHEHUN B (PH3MOJIOTHYECKOM PAacTBOpE, OBUT MPENIOKEH MEXaHU3M
m3MmeHeHus: coxepkanuss JIOC B oOpa3max NpoAyKTa TIOCIE BO3ACHCTBUS H3NYYEHHUS, OCHOBAHHBIN
Ha KOHKYPHPYIOIIHX Mpoleccax paaualoHHO-uHAyupoBaHHoro pacnana JIOC n nakomnenus JIOC 3a cuer
pacmaia JIpyrux OpPraHUYecKHX MOJeKyn [4], a Takke mpeanoxeHa (YHKIHUS, OMHCHIBAIONIAS M3MCHCHHE
KOHIICHTPAINH WACHTU(UITUPOBAHHBIX COEIUHEHHUH OT TO3BI OOITYICHHUS:

C(D) = Cyq - exp(-kyD)+Cao X (1-exp(= ky1 D)) + C30/(1 + exp(=kyz - (D-Dyop))s (3)
rae Cpo (Mr/kr) — HayaabHas KOHLCHTPAIMS COCANHCHUS, kp (Fp'l) — [1apaMeTp, XapaKTepU3yOLUil CKOPOCTh
pacmaia JIeTy4ero COeAMHEeHHs Tocine obnydenus; C,y (MI/KT) — mapameTp, XapakTepH3YIONHH

MaKCHUMaJIbHYIO KOHIECHTDPAIHIO JIETY4ero COeIUHEHHUS B 0Opaslie BCIEACTBUE PA3I0KEHHUS «IEPBHYHBIX)»
coenuuenuit; ky; (I'p™) — mapamerp, XapakTepu3yIomuii CKOPOCTh HAKOIUICHHUS JIETYYero COeTMHEHHUS 3a CUeT
pacriaia «IepBUYHBIX)» COCOTUHEHUH mocie obmyuenusi; C3q — mapaMmeTp, XapaKTepU3yIoInii MaKCUMaTbHYIO
KOHLICHTPALIMIO JIETYYEro COCOUHEHHSI, KOTOPOE MOKET 00pa30BBIBATLCS IIPU paclae BTOPUIHBIX MOJIEKYI
(m71s pacniaga onpenesIeHHOr0 BTOPUYHOIO COSTMHEHUsT HEeOOXOAUMa CBOSI TIOPOToBasi 103a, HMXKE KOTOPOil
peakiis HEe3HAuuTelNbHA WM OTCYTCTBYET); ky, — mapamerp, XapaKTepU3YIOIIUil MIUPUHY IUana3oHa 103
aKTUBAIMK Pa3PyLICHUs BTOPMYHBIX MOJIEKYJ M PEAKIMU MX MEPEXo/a B JIETyuue coepuHenust; Dy, (Ip) —
MOpOroBas 103a, MPU KOTOPOH CTAHOBUTCSI BO3MOXKHBIM IPOIIECC pa3pyIICHUs ONPEAETICHHBIX «BTOPHUHBIX)
MOJIEKYJ1 U 00pa3oBaHUE M3 HUX JeTydero coequHeHus. [IpemnosxkeHHas GyHKIUS aJeKBAaTHO ONMCHIBAET
IKCTIIEPUMEHTAJbHbIC 3aBUCUMOCTH KoHueHTpanuid JIOC ot 10361 00iydeHus, KodQPUIUEHT KOppesuuu
JUTsL BCeX MACHTU(DHUIHUPYEMBIX COeiMHeHNH cocTaBiseT oT 0,96 u BoIle.

Brimo oOHapykeHO, YTO JO30BBIC 3aBUCHUMOCTH Ul OJHHUX U TE€X )K€ JIETyYMX COeIMHEHUH B oOpasmax
TOBSJIVHBI, UHACHKHU, CEMI'H U KapTo(ess pa3inudaroTcs, 4TO CBSI3aHO C Pa3IMYHBIM COCTaBOM, IPOLEHTHBIM
COJIEpP’)KAaHUEM  BBICOKOMOJIEKYJSIPHBIX ~ CO€JMHEHMH W pa3iMYHBIMM  MEXaHM3MaMHM  MX OKHCIIEHHS
B HCCJIEAYEMBIX NPOAYKTaX IOCJE BO3ACHCTBUS YCKOPEHHBIX 3JIEKTPOHOB. llpeanokeHHBIE MeEXaHH3MBI
BO3/ICHCTBUS MOHU3HUPYIOLIETO M3JIyUCHHS Ha JIETy4le OpraHuYeCKHe COCIMHEHUs B IIPOAYKTaxX KUBOTHOIO
Y paCTUTEIHHOTO MPOUCXOXKICHUS, OCHOBAaHHBIE HAa KOHKYPHUPYIOIIMX IMpOIEccax pachajga COeAUHEHUN U uX
HAKOIUICHHS 3a CUET OKUCIIEHUS APYTUX OPTaHUYECKUX MOJIEKYJI, JETJIM B OCHOBY MaTeMaTHYECKONH MOJENH,
a/IeKBAaTHO OIMCHIBAIOIICH N3MEHEHUS! KOHLIEHTPALUH JIETyYUX COSANHEHNH OT 10361 00IyUeHUsI.

Hccnedosanue evinonneno npu punancoeoit noodepicke PH® ¢ pamkax Hayunozo npoekma
Ne 22-63-00075

Jlutepatypa

1. Global Industry Analysts. Food Irradiation Trends: Global Strategic Business Report; Global Industry Analysts: San Jose, CA,
USA, 2023; 196p.

2. Bliznyuk, U.; Avdyukhina, V.; Borshchegovskaya, P.; Bolotnik, T.; Ipatova, V.; Nikitina, Z.; Nikitchenko, A.; Rodin, I.;
Studenikin, F.; Chernyaev, A.; et al. Effect of electron and X-ray irradiation on microbiological and chemical parameters of chilled
turkey. Sci. Rep. 2022, 12, 750.

3. Brewer, S. Irradiation effects on meat color — A review. Meat Sci. 2004, 68, 1-17.

4. Bliznyuk, U. et al. Research into Gas Chromatography—Mass Spectrometry (GC-MS) for Ensuring the Effect of 1 MeV-
Accelerated Electrons on Volatile Organic Compounds in Turkey Meat. Separations 2022, 9, 227..
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ONBIT UTHOOPMAIIMOHHOT' O OBECIIEYEHHU S TPOEKTUPOBAHNA OCHOBHOM
OBPA30BATEJBHOM ITPOI'PAMMBI IO HAITIPABJIEHUIO «<BUOTEXHOJIOT AST»

P.P. buznos, A.C. Ky3neyos
MUPIA — Poccutickuii mexnonoeuveckuii ynueepcumem, 2. Mockea, Poccus

CoBpeMeHHBIE TIPOLECCHl IPOCKTUPOBAHMS OCHOBHBIX 00OpPA30BAaTENbHBIX IPOrpaMM  BBICIIETO
o0pa3oBaHHsg HEpa3pBIBHO CBA3aHBI C IPUMEHEHHEM [EeSTeIbHOCTHOTO M KOMIIETEHTHOCTHOTO IOJIXO/O0B
B oOyuenuu [1, 2]. Ilpu paspaboTke oOpasoBarenbHBIX mnporpamm B cootBercTBHH ¢ ®TOC BO
IO HANpaBJICHUAM IOATOTOBKM HCHOJB3YeTCS OOJBLIOE YUCIO HOPMAaTHBHO-PErTIAMEHTHPYIOLIUX
JIOKYMEHTOB. /11 co3manns OCHOBHBIX 00pa3oBaTelbHBIX MPOTpaMM BBICIIETO O00pa30BaHUS, OTBEYAIOIINX
COBpPEMEHHBIX TPEOOBAaHUSAM IO Ka4eCTBY MOATOTOBKH BBITYCKHUKOB — MOJIOJBIX CIIELHAIIICTOB, TpeOyeTcs
CHCTEMHOE [TOHUMaHHE HEPapXUH JOKYMEHTOB B IPOLeccaX MPOECKTUPOBAHMS OCHOBHBIX 00pa30BaTEIbHBIX
nporpamM (OOII), aTakke CTPYKTYpbl HH(POPMALMOHHBIX TOTOKOB B MPOIECCaX HX Pa3pabOTKH.
Hepapxuueckas cTpykrypa pazpadotku OOII B HoTanmu oT 00Iero K YacTHOMY NpUBE/ACHa HA pUCYHKE 1.

Jns  opraHM3amuy CHCTEMHOIO ONHMCaHHs IPOLECCOB Pa3pabOTKH
JOKYMEHTAallUd II0 OCHOBHBIM  O0pa30BaTEJIBHBIX IIpOrpaMMaM  OblLIH

273-®3 «06 0bpasosaHun» CO3JIaHbI MOJIENN MH()OPMAIIMOHHOH MOJIIEPKKHU TIPOoIlecca MPOCKTUPOBAHHS
OCHOBHBIX 00pa3oBaTenbHBIX porpamMmm Ha IpuMepe oroc
w BO «buotexnomoruss».  OOoOmeHHass  (GyHKIIMOHAIBHAS  JUarpaMmma

nporecca paspadorku OOIT mo ®I'OC BO «buotexHosorus» mnpuBeaACHA
Ha pPUCYHKe 2.

V 273-03,

00N no ®roc BO Mpod. CTaraapTbl,
«BMOTEXHONOTUAY arnac npogeccui

v

Y no ®roc BO

®rocC BO «brnotexHonorma»

OTtpacnu
«buoTtexHonorna» BUOTEXHONOMMN
w > Paspa6botate OOI1 00nM no
no HanpasrneHuo Hanpasnexuto BT
PMY[] no ®rocC BO «BMOTEXHONOMNsS» g
«bnotexHonorna» e —
Buab! npod. A0
PI/ICYHOK 1 OeATenbHOCTU
Hepapxuueckas CTpyKTypa
pa3paboTku (0011
(ot obmIero Kk yacTHOMY)
Paspa6oTumnkm OOl Wcnonnutenn OOT

Pucynok 2. luarpamma yposast AO — mpoektupoBanue OOl

I'pamoTHas opraHu3anusi ynpaBiIeHHUs MpoleccaMy pa3paboTKH OCHOBHBIX 00pa30BaTENbHBIX MPOrpaMM
HEBO3MOXKHa 0e€3 cpeAcTB HMH()OPMAIMOHHON TOIEPKKH HAa OCHOBE COBPEMEHHBIX HH(OPMAIMOHHBIX
TEXHONOTHHA ¥ cucteM. llpuBenenHple (YHKIMOHANBHBIE JOUArpaMMbl HATTSAHO — HMIUTIOCTPHPYIOT
MEPapXUYEeCKyl0 CTPYKTYypy HOPMAaTHBHBIX JOKYMEHTOB, HCIOJIB3YEMBIX MpH pPa3pabOTKe OCHOBHBIX
0o0pa3oBaTeibHBIX MNPOTrpaMM BhICHIETO 0Opa3oBaHMs, a TakKe OTPAXKAOT CTPYKTYpY JABHKEHUS
WH(GOPMAIIMOHHBIX ~ TIOTOKOB B IpOIleccaX  CO3JMaHUS, NPOEKTHPOBAHHUS | pa3pabOTKe OCHOBHBIX
o0pa3oBaTeIbHBIX ITPOrpaMM Ha 6a3e COBpEMEHHBIX 00pa30BaTeIbHBIX CTAaHAAPTOB.
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[aHHble

Pucynox 3. luarpamma ypoBHs Al — getanusamnmst mporieccoB npoektupoBanus OOIT

1. Obpa3oBarenbHbIe KOMMYHHKAIIMH KaK HHCTPYMEHT pealn3aliii KOMIICTCHTHOCTHOH MOJEN BbIycKHHKa By3a \ KysHenos

Jluteparypa

A.C. Bynarosckue yrenus. 2018. T. 7. C. 99-101.

2. O6pa3oBarenbHbIe KOMMYHHKAIMN B KOMIIETeHTHOCTHON Monenu o0ydennst Kysnenos A.C. B coopauke: HAYKA POCCHUU:
HEJIN 1 3AJTAYN. COopHHK HayYHBIX TPYIOB 1o MaTtepuanaM XXV MexayHapoaHOU Hay4dHOU KoHdepeHiun. Exarepunoypr, 2021.

C. 22-24.

3. HoBast oOpa3oBaTenbHas mporpamMma HanpasieHus "buorexsonorus" mo npoduto "bruonnpopmaruka" burnos P.P., Ky3nenos

A.C. AxryanpHas ouorexnonorus. 2021. Ne 1. C. 343-346.

4. CoBpeMeHHbIC MOAXOIbI K Kilaccuukanuu oOpasoBarenbHbiX TexHojoruii KysuernoB A.C. B cOopuuke: CoBpeMeHHbIC
mapajurMel  00pa3OBaHMA: [OCTIDKCHHS, WHHOBALlMM, TeXHHUYecKHid mporpecc. Matepuansl XVII Bceepoccuiickoil Hay4HO-

HpaKTH4ecKoil koHpepeHmu: B 3-x dacTsx. 2019. C. 150-153.

273-03 #roc BO PO, T3 PO PA
BbipaboTtka
peKkomeHaauun
no cofepXaHuio
oon v
y Al PaspabortaTb
oon Y
A2 1 Cosgatb YIM Ha
6ase OOMN ’
A3 1 PaspaboraTtb OOM ¢ YMKO
PnyAnooon ——»
A4
®YMO no ABTOpbI y4eBHbIX
HanpasneHnsm YMO BY30B YMO BY30B KypcoB
noAroToBKU
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YK 615.277
KJIOHUPOBAHUE ®PAITMEHTOB KAHK 'EHA TUPEOI'JIOBYJIMHA YEJIOBEKA

A.B. 3ybokos, A.A. Kopnoyxoea, H.C. Kysomuna, A.B. Cuoopos, JI.I. Bymoea, O.A. Céumuu
OI'BHY HUUBC um. M.HU. Meunuxosa, Mockea, Poccus

BBenenne

Tupeornobyaun gemoseka (TT) — 3T0 TIMKOIPOTENH ¢ MOJEKYISAPHOI Maccoit 660 kJ{a, oOpasyrouuiics
B (DOJUTMKYJIIPHBIX KJICTKaX UIUTOBUIAHON JKEJIe3bl U CEKPETUPYIOUIUICS B MpocBeT (HOJUIMKYJa, Te
HETOCPE/ICTBEHHO y4YacTBYeT B CHHTE3¢ TOPMOHOB IMIMTOBUAHOM Kee3bl: TeTpaiiogotuponuna (T4)
u TpuitonotuponuHa (T3). CuHTE3 rOpMOHOB MPOUCXOTUT MPH HEMOCPEACTBEHHOM yYacTHH TEPOKCHAA3HI
IIUTOBUAHON Kenme3bl — (epMeHTa, pacloJOKEHHOTO Ha alMKaIbHOM YacTH THPEOIHNTa W IpH
HETNOCPEICTBEHHOM KOHTAaKTe ¢ THPEOrIoOynuHOM, Gopmupytomieir romonsl T4 u T3. Tlocne oTiierieHus
oT tupeornoOynuHa ropmoroB II[JK, rimmkonmpoTenH moaBepraeTcs pacileIUIeHHUIO W SHAOIMTO3Y, OJHAKO
HEKOTOpOE KOJIUYECTBO MOXKET TOCTYNaTh B KPOBOTOK. KIETKM HIMTOBHUIHON >KeJe3bl — €IMHCTBEHHBIH
WCTOYHUK  THPEOTTOOYJIMHA B OpraHM3Me, T[OdTOMY  ompenencane 1[I0 B KpoBH  MAIMEHTOB
¢ nudepeHIIPOBAaHHBIM PAKOM IMUTOBUIHOMN KeJe3bl, TIOCIEe THPEOUIIKTOMUY, SIBISICTCS MPOTHOCTUYCCKUM
(hakTOpOM pa3BUTHS peUUANBA U MeTacTa30B. OCHOBHBIE METOIBI OIIpeIeNIeHns KoHIleHTparuu T u anTuTen
K HEMY — pa3jIM4YHbIe BApHAHTHI MMMYHOXUMHYECKHUX aHaau30B [1, 2]. JTo mocieHero BpeMeHH IS CO3MaHus
JIMAaTHOCTUYECKUX TECT-CUCTEM, OCHOBaHHBIX Ha Metoge MDA, xak MpaBWIO, HCHOIB30BAJICS HATUBHBIN
TUPEOTIIO0YTNH, UICTOYHIUKOM KOTOPOTO SIBJISETCA TKAaHb IIUTOBHUTHON JKeJe3bl YeJIOBEKa, HO TeTePOTreHHOCTh
yenoBedeckoro T BiuseT Ha UIMMYHOPEaKTHBHOCTH O€NKa M, COOTBETCTBEHHO, Ha MPaBUIBHOCTH
PE3yIBTATOB JUArHOCTHYECKUX TECTOB, OCHOBAHHBIX Ha B3aMMOJEHCTBHU aHTHUTEH-aHTHTENO [3, 4]. M3-3a
KPYMHBIX pa3MepoB Mojiekynsl TIT 1 HeoOXOIMMOCTH TOCTTPAHCISAIMOHHBIX MOAM(HUKAINNA, KOTOpHIC
BKIIFOYAIOT B €0 TIMKO3WIMPOBaHWE W 00pa3oBaHWE IUCYIb(QHUIHBIX CBA3EH MPAaKTUYECKH HEBO3MOXKHO
MOJYYIHUTh peKOMOMHAHTHBIH TT' B TpaAMIIMOHHEIX TPOKAPHOTHUECKUX crcTeMax [3].

AnbTepHAaTHBONH MOXKET CTaTh TOJNYYCHHE HE LEIBHOTO Oeclika, a (hparMeHTOB, XapaKTEePHBIX
JUTSI HATUBHOTO — TUpeornoOynmuHa. OavH W3  CrOcOo0OB TONy4YeHHS (PParMeHTOB PEKOMOWHAHTHOTO
TUPEOrO0yJIMHA  KOHCTPYUPOBAaHHE  OJKCIPECCUPYIOMIEH  CHCTEMBI  C TIOMOINBIO  TpaHC(hOpMaIuu
MPOKAPUOTUYECKUX KJICTOK SKCIPECCUPYIOIUM BEKTOpOoM, cojaepxkamium  ¢parment kJIHK rena
tupeornoOynuHa. s kpymHbIX ¢parmeHnToB TI, TpeOyrOmMX MTOCTTPAHCISAIUOHHBIX MOIUGUKAIIUT
BO3MOKHO TPHUMEHEHWE JYKAPHOTHUYECKHUX KIIETOYHBIX JHHHHA, TPaHCQEIMPOBAHHBIX IKCIPECCUPYIOIIHM
BEKTOPOM.

JanHast paboTa MOCBSIIEHA OJHOM M3 KITFOUEBBIX CTAUI MMOJTyYCHUS BEKTOpaA JUIsl SKCIIpeccuu hparMeHTa
resa TI', BKITrowaronryro B ce0s aMIUTH(DHUKAITIIO COOTBETCTBYIOMICH HYKJICOTHIHOW ITOCIEIOBATEIHLHOCTH
METOJIOM KIOHHPOBAHHUS B IMIPOKAPHOTHICCKON CHCTEME W yCTAHOBIEHHE COOTBETCTBUS KIOHHPOBAHHOTO
y4acTKa I'eHa MOCIeI0BaTeIbHOCTH, Oy OJIMKOBAaHHOM B 0a3aX JaHHBIX.

[To maHHBIM OHKOJIOTHYECKOU cayk0bl Poccrnu B 2020 roay Ha pak IIMTOBHIHON KeJIe3bl MPUXOAMIOCH
8,3 % cirydaeB OHKOJIOTHYECKHX 3a00JeBaHmi y areHToB B Bo3pacte 10 30 sret. Taxoke ¢ 2010 roga mo 2020
TOJl HaOJIFOJAJICS 3HAYNTEIIbHBIA TPUPOCT 3a00JeBACMOCTH, KOTOPBIi coctaBui 3,54 %. CmeptHOoCcTh B 2020
cocraBwia 940 uenoBex Ha 100 000 Hacemenus, cpenu HuX 281 MmykumHa u 659 skennms [5]. IIpu sTom
OOJNIBIIMHCTBO ~ CIIy4aeB  3J0KAYECTBEHHBIX  HOBooOpazoBammii  (bomee 90 %)  mpexcraBIeHO
i depeHIMPOBaHHBIM pakoM HIUTOBUIHOM skene3sl (JIPIIXK), k KOTOpOMY OTHOCSAT MANMMUIPHBIN pak
[IMUTOBUHOM JKene3bl W (QOJUTHKYJISAPHBIA pak HIUTOBHIHON skeje3bl [6]. Ha HauanbHOM 3Tarme JedeHus
MHOTHE TIAIIMEHTOB C JJaHHBIM 3a00JIEBaHUEM MIPOXOAT MPOIEAypy MOTHOW TUPEOUAIKTOMUH, 1 U3MEPEHIE
ypoBHs tupeornobyauna (TT) B KpoBH TOCITE omneparu — 370 3h(HEKTHBHBIN CI0CO6 MOHMTOPHHTA HATHIHS
WM OTCYTCTBHSI PEIMINBA IS JOJITOCPOYHOTO HAOIIOJCHUsSI, TTOMOTAIOIIUNA BBICTPOUTh CTPATETHIO
JanbHenero neyenus. Boicokuit ypoBeHb TI' B KpoBH mociie omepanui CYATAETCS KPUTEPUEM pPeluanBa
WJIM HETIOJTHOTO yAaJeHWs TKaHW LIUTOBUAHOMN JKeNe3bl, TaK KaK THPEOIHTHI SBISIOTCA €JUHCTBEHHBIM
HMCTOYHHUKOM JIAaHHOTO OeJIKa B OpraHu3Me, MTO3TOMY MOCIIE MTOTHON TUPEOUIPKTOMUN cofepxkanue TI' B kpoBu
JTOJHKHO TTOCTETIEHHO CHU3UTHCS JI0 HYJIEBOTO 3HAYCHHUS. Y YUTHIBAsS MUHUMAJIBHEIH MTPeJeN KOJINIeCTBEHHOTO
OTIpeAIeTICHHsI PACIIPOCTPAHEHHBIX KOMMEPYECKHX TUATHOCTHYECKHUX TECTOB, CUMUTAETCA, YTO Y IalneHTa
OTCYTCTBYET PEUUANB, ecu ypoBeHsb TI' B kpoBu Hike 1 Hr/mi. [6]
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Leanr padoThl — KIOHMpPOBaHHE (PParMEHTOB I'€HAa THPEOITIOOYJIMHA YelOBeKa B KICTKaxX IPOKApHOT,
MTOJTYICHHE U aHAIN3 TeHHO-HHKEHEPHBIX KOHCTPYKITHH, COIEpKAIINX Pa3InIHbIC YIACTKHA THPEOTIIO0YIIMHA,
YTO TO3BOJIUT IMOJyYaTh PeKOMOMHAHTHBIC Oenku, coaeprkamie N u C KOHIIEBbIE YUaCTKH THUPEOTIJIO0YIINHA,
YTO TIO3BOJHT COBEPIICHCTBOBATh TUATHOCTHKY U PACIIMPHUTH IMOHMMaHUE IaTOTeHe3a ayTOMMMYHHBIX
3a00JICBaHUM ITUTOBUIHOMN JKEJIC3BI.

MarepuaJibl 1 MeTOAbI

OObekT wuccnenoBanus: TkaHb [IDK, mnomydennas ot nanuenta. Bwinenenme MPHK: Tramp K
3aMOpPaXHUBAIM B KHUJIKOM a30T€ W IOMOTEHH3UpPOBaiH. HyKiIenHOBbIE KHCIOTHI OYHINAINA OT OEJIKOB
U pa3zaensu MetooM yibrpaneHTpudyruposanus mpu 100 000 g B rpapuenTe nie3us xnopuaa. Jins nomydeHus
k/IHK ncrionms3oBamm hepMeHTaTHBHBIN cuHTE3 nByXienodednoi kJIHK Ha poly (A)+ — MPHK.

Jlns TpaHcOpMaIM KCIOIB30BaNM KoMIeTeHTHbIe KieTKH Escherichia colii, mramm XL1 Blue
(«EBporen», Poccus).

OJNUTOHYKJICOTHIHBIC TpaiMepbl ObUTH MOMOOpaHBl Ha OCHOBE MOCJCIOBATEIBLHOCTEH HYKICOTHIOB,
cobpanneix B Gen Bank c ucnons3oBanneM omaiH-TIporpamMmbl Primer Blast. CuHTE3MpoOBamy maTh map
npaiiMepoB Ha pa3iauydHble yuyacTku, coorBeTcTByomue kJ[HK rena TI': mepBriii yuactok pazmepom 588 1m.H.
(7381-7968 11.1.), BTOpOii yyacTok pasmepoM 770 m.H. (7244-8013 1m.H.), TpeTuii yuacTox pasmepom 864 1n.H.
(2297-3160 1.H.), yeTBepTHIH yuacTok pazmepom 902 m.H. (4629-5530 1.H.), IATHIH y4acTok pasmepom 833
mH. (5529-6361 m.u.) Omuronykieotuabl it ammindukaimun  ydactkoB kJIHK rema TIT Obutn
CHUHTE3UpOBaHbl Kommanueh «EBporen» (Poccust). JIu3aiiH ONMTOHYKJICOTHUIOB MPOBOIUIN B MPOTPaMMe
Blast NCBI. B kauecTBe MaTpW4HON ITOCIEI0OBATEILHOCTH HCIONB30BAIN TociaeaoBarensuocts MPHK
tupeorsiodynuaa NM 003235.5, onyonukoBanHyto B 6a3e manHbix GeneBank.

Meronom IILIP npoeaena ammiudukanus ¢pparmenroB JTHK pasmnaHol IIUHBI, comepiKaluX YIacTKH
HykiieoTuHOM mocnenoBarenbHocT KJIHK rena TI', nns nocneayromero KJIOHUPOBAHHS B BEKTOPHbBIE
CHUCTEMBI. IIpoBoaAwiIH ¢ momouisio [P — ammmudukaropa T-100 (Bio-Rad). IToayuennsie ITIP-npoayKTe
n po6sr JIHK (Ha sTamax KIOHHPOBAHWSA) pasieisidi METOAOM aiekrpodopesa B 1,5 % araposHom rere.
[P — mpoayKThI BBIIEISIIN U3 TeJlsl arapo3bl ¢ TOMOIIEI0 Habopa peaktuBos Cleanup Standart mo meroamke,
PEKOMEHI0BAaHHOM MPOU3BOIUTEIIEM.

Peakmuio murupoBaHus IPOBOIWIM ¢ TIOMOIIBI0 Habopa Quick-TA kit 6e3 nmpeaBapuTenbHON 00pabOTKH
pECTpUKTa3aMU B COOTBETCTBUHM C MHCTPYKIMEW K HaOopy. i KjIoHUpOBaHUs moiydeHHbix [IIP —
MPOAYKTOB M KOHTPOJIS SKCITPECCHU OBLITN MCIIONB30BaHbl BeKTOphl: pAL2-T, pVaxl.

Pe3yabTathbl u 00cy:KIeHUE

Kontpons PHK, BbIZIeIeHHOM U3 TKaHU NIUTOBUIHOM *kene3bl, U cuaTe3 kJIHK rena TT.

Brinenenne tortansHoit PHK mpoBommnmm coriacHo METONIMKE, ONMUCAHHOM B MaTepuaiaXx M METOAAX.
Broimenennsie u3 Tkanu muToBuanoi kenessl (IIDK) cemp pasmuunsix oOpasioB ToransHoi PHK Obumn
pasgeneHsl MeTojoM 3nekTpodopesa B 1,5 % Breme arapo3sl npu HanpsokeHun 75 B, [lomyuennas
anektpodoperpamma obdpasioB PHK mpencrasnena Ha pucynke 1.

Ha marpuie Boiienennoit poly(A) — MPHK nposenu depmenTatuBHbIil cuHTe3 AByxienoueunoi kJJHK,
BKJIFOYAsi CHHTE3 TICPBOM M BTOPOM IIETIH M pacIieIUICHuE TeTin, cBsa3biBatomei nemu k/IHK, aykireasoit S1,
crienn(UUECKH pa3pyIarolIe OJHOETIOYCYHBIE YIaCTKH HYKIEHHOBBIX KucaoT. Cuntes nepsoii nenu kJJHK
mpoBoawan € nomomso PHK-3aBucumoit JIHK monumepassl, onuro 3’mpaiiMepa, comepskaiiero oiauro(dT)
MOCIIE0BATENLHOCTD M OJIMTOHYKJICOTHIHOTO ajantepa, comepsxkaiero onuro(dG) mociaeaoBaTeTsHOCTh Ha
3’-konme. [l cuare3 Bropoi memu kJIHK wucmomszoBamu meron [P ¢ AHK-mommmepasoii 1E. coli
U mpaiimepoM M13, COOTBETCTBYIOIIMM BHEITHEH YacTH OJUTOHYKICOTHIHOTO amamTtepa M 3’-mpaiimepa.
[penapar k/JHK xpanunu npu temneparype munyc 20 °C.

B kauecTBe MaTpuibl i aMIuUKaui Oblaa ucmonb3oBaHa k/JJHK u3 TkaHM MIUTOBUIHOW KEE3bl,
cuHTe3upoBaHHas paHee. C IeNbI0 ONTHMH3ANNY yenoBuil npoBeaerus [P mis aMrmudukaiy onucaHHbIX
Y4YacTKOB JKcIpeccupytomieiica mnocienoparenbHocTd K/JIHK rena TIT denmoBeka HMCIonb30Bajiyd T'paJUuSHT
TeMITepaTyphl Ha CTaAWKM OT)KHTA MpaiiMepoB (auama3oH rpamueHta ot 58 mo 64 °C). beumn moxydyensr ITLP
npoaykTel aiauHoN 800—1000 1m.H. ¢ HCIOJIB30BaHUEM Taphl MpakiMepoB 864 I.H. MPU TEMIIEPAType OTIKHUTa
npaitmepoB 58 u 60 °C 1 ¢ ucmoap30BaHUEM Hapbl mpaliMepoB 833 I.H. TIPH TeMITepaType OTKHUTa IIpaiMepoB
62 u 64 °C. Taxke ObLI MONYYeH MPOAYKT AIUHON 770 I1.H. ¢ HCIIOJIB30BaHHEM Maphl mpakiMepoB 770 IL.H. mpu
TeMIiepaType omxkura mpariMepoB 60 °C. Mcxoms W3 NpHBEACHHBIX pe3yiIbTaTOB, HanOoJiee ONTHMAaIbHAS
TEeMIIepaTypa OTXKUTa ISl Taphl paiiMepoB 864 m.H. coctaBuia 58 °C, mis napsl npariMepos 833 m.H. — 62 °C.
Jns mapel npaiiMepos 770 I.H. onTUMainbHasi TeMneparypa oTxura cocrasuia 60 °C.
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Pucynok 1 — Dmekrpodoperpamma odpasmos PHK B 1,5 %
arapo3HoM rene nopoxkku 1,12 — mapkep 100 + bp DNA
Ladder; mopoxku 2, 13 — mapkep 1 kb DNA Ladder;
nmopoxka 3 — PHK o6pazer Ne 1; mopoxka 4 — PHK obpasenn
Ne 2; nopoxkka 5 — PHK o6pa3zen Ne 3; mopoxka 6 — PHK
obpazerr Ne 4; mopoxku 7, 14, 15 — mycTeie; mopokka 8 —
PHK o6pazenr Ne 5; mopoxka 9 — PHK oOpaser; Ne 6;
mopoxku 10,11 — PHK o6pazerr Ne 7

Ned, 2023

Pucynok 2 — Dnekrpodoperpamma IILIP
npoaykToB (o6pasubr 1-6) B 1,5 % rene
araposbl: Jopoxka 1 —o6pasen 1 (770 m.H.);
mopokka 2 — wmapkep muuH  100+bp;
noposkka 3 — ob6pasern 2 (770 1.H.); JOPOXKKa
4 — obpasernr 3 (864 m.H.); mOpoXKa 5 —
obpazen 4 (864 m.H.); HOopoxkKa 6 — Mapkep
mmae 1xb; mopoxkka 7 — obpaserr5 (902
I.H.); Topoxka 8 — oopazernt 6 (902 m.1.)

Pucynoxk 3 — Dmekrpodoperpamma  PucyHok 4 — Dmekrpodoperpamma TP mpomykToB, MOIydeHHBIX
TP npoaykro (obpasupl 5-8) ma mpaiimepax MI13 wu cnenupuueckux mpaiimepax B 1,5 % reme
B 1,5 % rene arapo3sl: MOpOKKa arapo3sbl: Jopoxkka 1 — obpazen 7 kynbrypa 4/1 (864 1m.H.); mopoxka
1 - o6pazen 5 (902 m.H.); nopoxkka 2 — mapkep mmH 1kb; mopoxkka 3 — obpasen 8 kyiasrypa 4/2 (864
2 — obpazern 6 (902 1.H.); TopoXKa II.H.); JOpokKa 4 — oOpazer 9 kynprypa 7/1 (833 m.H.); mopoxka 5 —
3 — mapkep mmH 1kb; mopoxka wmapkep mauna 100+bp; mopoxka 6 — obpaser 16 kyiasrypa 4/1 (864
4 — obpazen 7 (833 m.H.); TOPOKKH TI.H.); TOpokKa 7 — oOpazent 17 kynbrypa 4/2 (864 11.H.); 1OpoxkKa 8 —
5 — mapkep mmun 100+bp; mopokka ob6pasen 18 xyasrypa 7/1 (833 m.H.)

6 — oOpazen 8 (833 m.H.)

Ionyuennsie ITHP mpoaykrel mmuHO# 770 m.H. (oOpasusl 1, 2), 864 m.H. (0Opasubl 3, 4) u 833 m.H.
(obpasupr 7, 8) ObUIM BBIAEIEHBI W3 Tels arapo3sl W OYMINEHBI MpH Tomornu Habopa Cleanup Standard

COTJIACHO MHCTPYKLUU POU3BOIUTENS, PUCYHKH 2, 3.

Brigenennsie TP mpomxyKThl, conepxaiine HeMaTpUIHbIEe E30KCHAICHO3MHBI OBLUTA BCTPOSHBI B BEKTOP
IU1s KiioHupoBaHus mon aeiictBueM T4 JIHK muraszer. Beero 6p1u10 mosrydeHo 6 o0pas3IioB JIMTa3HOH cMecH,
B KOTOPBIX aMIIMKOHBI OBUIM IMpECTaBICHHBIMU Nody4eHHbIME paHHee [1LIP mpomykramu. JlurnpoBanue
MIPOBOIMIIM COTJIACHO METOJUKE, OMMMCAHHON B MaTepHaliaX U METoAax.
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Kommnerentusie knetku E.coli mramm XL1-Blue 6butn TpaHcopMUpOBaHbBI MONMYYESHHBIME OOpa3iaMu
JIMTa3HON CMECH COTJIACHO CTAHAAPTHOMY IIPOTOKOIIY.

B pesynbrare TpaHcdopMaimu ¥ npoBeieHUs Oeno-rony0oi ceneKiuu ObUI0 0TOOpaHo 1o 2 Oelbie
KOJIOHHM KaXAOTO H3 6 BapuaHTOB TpaHCHOPMHUPOBAHHBIX KJIeTOK. OTOOpaHHBIE KOJOHWUHM 3aTeM
KyJbTUBUPOBAJIUCh, B TeueHHEe Houu Bcpeae LB ¢ ammumwinuaoM. B pesynbrare mnpoBenenus ITIP
¢ npaiiMmepamu M 13 6bun mosryuens! [ILP npoxyktel mmHoi 1109 mn.H. Ha matpune rurasmuanoi JTHK,
BBIJICJICHHOM W3 PEKOMOMHAHTHBIX KyIbTYpbl KieTok E. coli4/1, w mmuHo#t 1015 mn.H. Ha maTpuue
wrazmunHoi JIHK, BeimenenHoi u3 kynbptypsl 7/1. [livHA MPOMXYyKTOB MOJHOCTBIO COOTBETCTBOBAJIA JITTHHE
caiiTa MOJIMKJIOHUPOBAHUS, COAEpIKaIIEro 1eaeByto BctaBky. [Ipu nposenenuu TP ¢ npaiimepamu 864 m.H.
Ha MaTpuiie rasmunHoi JJHK, BeigeneHHol 3 pekoMOMHAHTHBIX KyJIbTYyp 3/1, 3/2,4/1, 4/2 Oblnn mOTyYeHbI
MPOIYKThI IIUHOW 864 I.H., AJIMHA NPOAYKTA, MOJIYYEHHOTO C MCIOJIb30BaHUEM Mapbl mpaiiMepoB 833 m.H.
Ha Matpune miasmuaaoit JIHK kymeTyper 7/1, coctaBmina 833 m.H., pucyHOK 4. B o0oux cioydasx mmnHa
aMILTH(QHUIMPOBAHHBIX (PAarMEHTOB IOJIHOCTBIO COOTBETCTBOBAJa JUIMHE BCTaBKW. JlampHeWmwii aHamu3
mwiasmuanoin JIHK xymeryp 1/1, me 1/ 2, 2/1, 2/2, npoBeaeHHBIH C HCHONb30BaHHEM MpaiimMepoB M13
U TIpaiiMepoB, CICHU(PUYHBIX U1 BCTaBKH ATMHOM 770 I1.H., HE TOKa3aJl HAINYKS BCTABKU B COCTaBe BEKTOPA.
brina onpenenena HyKJI€OTHU IHASI TOCTE0BATEILHOCTD MOJIYUYE€HHBIX BEKTOPOB, coaeprkaiue yyactku kJIHK
rena TI. Jlns yuactkoB 864 m.H. (mocnmemosarensHocth KJIHK rena TI 2297-3160 mu.) u 833 m.H.
(mocnenoBatensHOCTh KJIHK rena TI' 5529-6361 m.H.). METOIOM CEKBEHHPOBAHUS ObLIa MOATBEPXKIACHA
MOJIHAS WACHTHYHOCTH, omyOimkoBanHOW B Gen Bank mocnemoBarensHocT MPHK THpeornoGynnHa
NM 003235.5. Tlonyuennsie BcTaBkH, coaepxaimue (parmentsl kJIHK rena TIT Obuim mepeHeceHBI
B 3Kcnpeccupyromuii Bekrop pVAX | ans naneHeimeii Tpancdekunu B kinetounyto quauo CHO.

3akioueHne

B Hameii paboTe mpeacTaBieHbl pe3yIbTaThl KIOHMPOBAHUS JBYX yYacTKOB IOCIEAOBATEIbHOCTH T'eHa
THpeorao0yauHa uenoBeka mHoi 864 m.H. (mocienoBarenbHocTh KJJHK rema TIN 2297-3160 m.H.) u 833
m.H. (mocnemosarensHocTh KJJHK rena TI' 5529-6361 m.u.). dius ygactkoB 864 1m.H. (IIOCIEI0BATENLHOCTE
k/IHK rena TI" 2297-3160 n.H.) u 833 m.H. (mocnenoBarensHocTh KJJHK rena TT' 5529-6361 m.H.). MmeTogom
CEeKBEHHpOBaHWs Oblla TOATBEpKIEHA IIOJHAsS WACHTUYHOCTh, omyonukoBanHOi B Gen Bank
nmocienoBaTennbHOocTH MPHK  tHpeormoOymmaa NM_003235.5. TlomydeHHBIE BCTaBKH, COICpIKaIIne
¢parmentsl k/IHK rena TI' Obutn mepeHeceHbl B dKcmpeccupyromuii Bektop pVAX 1 s nanpHeimen
TpaHcdekuuu B knetouynyto quanio CHO. [lonydenne pekoMOMHAHTHBIX OCJIKOB, COJEPKALINX OTAEIbHBIC
aHTUTEHHBIE JEeTEPMHIHAHTHl THPEOTJIO0YINHA YeTI0BEeKa, MIO3BOJIUT HCIOIB30BaTh PEKOMOMHAHTHBIE OelKH
JUTSL COBEPIICHCTBOBAHUSI  BBICOKOUYBCTBUTENBHBIX HMMYHOXMMHUYECKHX TECTOB HOBOTO ITOKOJICHHS
JUISL ONIpEICTICHNsT TUPEOrIo0yIMHAa B KPOBU MAIMEHTOB ¢ AU (EepeHIMPOBAHHBIM PaKOM IIUTOBUIHON
JKeNe3bl, a TakKe Ui BBISIBICHUS CHEIU(PUUECKAX AayTOAHTUTEN B CHIBOPOTKE KpPOBH TAIMEHTOB
C ayTOMMMYHHBIMH 3200JIeBaHUSAMH [IIUTOBUAHOI *kKele3bl. JlanpHelmne nccneoBanns B 3TOM HallpaBIeHHH
OyAyT HaIlpaBJICHBI HA KIIOHUPOBAHKUE IPYTUX YIAaCTKOB ['eHA THPEOTTIO0YIHHA, HMEIOIINX OO0JBIIOE 3HAYCHUE
Ut hopMHUpOBaHUs 3a00JICBaHUN IIIUTOBUIHOM KeJle3bl YeIOBeKa, Ha Pa3HbIX dTanax pa3BUTHS 3a00JIeBaHUS
JUTSI TIPOBEICHHSI paHHEH AMAarHOCTHKH ¥ CIIEIU(UIECKOTO JICYCHNS.
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ONTHUMMU3ALIUSA YCJIOBUI SKCIPECCUM PEKOMEUHAHTHBIX AHTUTEHOB-
KAHJIMJATOB BAKIIUH MPOTUB LEHYPO3A

E.A. Konocosa, IL.B. Konocos, I0.A. Mepkynvesa, /[.H. Illepoaxos

DI'BOY BO «Anmaiickuii 2ocyoapcmeennsiil ynusepcumem», bapnayn, Poccus
@bVH I'HI] Bb «Bexmop», Konvyoeo, Poccus

epebpamsubiii  menypo3 (Coenurosis cerebralis) — 300HO3HOE TMapasUTapHOE HEBPOIOTHUECKOE
3a0oyieBaHNe, TOpaXkarollee ICHTPAIbHYI0 HEPBHYI CHCTeMy K03 woBell. LleHypo3 BbI3bIBaeTCs
HHQUIHPOBAHUEM HEKOTOPHIMM BHIAMH JIHYHHOK JICHTOYHBIX uepBeil (MeTamectomamu) Taenia, TakKUMHU
kak T. Multiceps, T. Brauni, T. Serialis u T. Glomeratus [1]. Ko3bl # OBIbI BBICTYIIAIOT B Ka4eCTBE
MIPOMEKYTOUHBIX X035€B, B TO BPEMS KaK MEPBUIHBIM XO3SITHOM SIBJISTIOTCS JOMAIITHUE U TUKHE COOAKH, JTHCHI
u makansl [2]. IleHypo3 He OKa3bIBacT 3HAYMTENBHOE KIMHHUUECKOE BIHSHHUE HA MEPBUYHBIX XO35EB,
HO MMPUBOJUT K YBEITMYCHUIO TOKa3aTelsi CMEPTHOCTH CPEAM MOJOIBIX STHAT M KO3IAT, YTO IMPHUBOJUT
K eXKerogHoMy yiep0oy 6onee 4 map. pyo. [3].

B nacrosimee Bpems Mepomnpuatus 1o OopbOe C IEHypOo30M Y MEJKOro JOMAIIHEro CKOTa OCHOBAaHBI
HA WCIIOJIb30BAaHUU BakIuH. [ayum ¢ coaBT., pa3paboTaHa pPEKOMOMHAHTHAs BaKIIMHA, COJEpKaIas
KOHCEPBATHUBHEIE TIOBEPXHOCTHBIE 0K TnUnHOK (oHKOChep) T. Multiceps Tm16 u Tm18. PekoMOUHaHTHEIE
anturerbl Tm16 u Tm18 cunresupoBanu mpu nomouu kietok E.coli BL21 (DE3) B Bume ciauThix OSNKOB
¢ riryratuoH-S-Tpancdepasoit (GST), B kauecTBe Oernka mianepoHa [4].

Lenwro Hamrei pabOTHI SIBISCTCSI KOHCTPYHPOBaHUE Ha OCHOBE BekTopa pET21 pekOMOMHAHTHBIX TTa3MHU
JUTS OKCIIPECCHM  PEeKOMOMHAHTHOTO aHTWTeHa 1M16 cimuToro c pasHeIMH OelmKkaMu  IIarepoHaMHu
Y ONITUMU3AIIHUS YCIOBUI KYJIbTHBUPOBAHHS IITAMMOB TIPOIYIICHTOB.

B crpyktypy BekTOopa BKIIOYWEH: MpoMoTop Oakrepuodara T7, obecneumBaromuii 3((eKTHBHYIO
tpanckpumio MPHK, omepatop LacO, perymupyromuii BO3MOXHOCTb JKCIIPECCHH IIEJIEBOTO T'e€Ha, CalT
cesi3biBanus pubocomsl (RBS), ren AmpR, komupyrommuii Gera-jakramasy, paciICIUISIONIMA aHTHOMOTHK
aMIUIWUIAH, HCIIONB3YEMBbI Kak (akTOp CEeNEKIMU, W TepMUHATOp OakTepuodara T7, oOecreunBarOIMii
TEPMHHAINIO TPAHCKPHUIIIIHA OeITKa.

B kauecTBe OENKOB IIATIEPOHOB HMCITOIB30BAIM TTyTaTHOH-S-Tpanchepasy (GST) u mpoKapHOTHUECKYIO
nucyibdua nzomepasa (DsbC). Hykneoruausie nocnenoarenbaocty, koaupyroume GST u DsbC, Haxonsates
Ha N-KOHIIE CITUTOTO OemKa.

() (6)

Puc. 1 — I'eneTnyeckas kapTa BEKTOPOB, Komupyromue cnuthie 6enku: (a) — DsbC-Tm16; (6) — GST-Tm16

I'en Tm16 cunaTe3upoBanu B coctase rasmMuasl pHG_Tm16, oopadareiBanu pepmentamu Ple191 u PspXI,
ounmanu B 1,5 % arapo3HoMm rene M 3KkcTparupoBanu Habopom s ounctku JIHK w3 araposnoro rems
1 peakIMoHHbIX cMeceit (EBporen, Poccus).
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et GST u DsbC cuntesupoBanu B coctaBe mnasmua pGEX-2T, obpabareiBamu FauNDI u Plel9l,
ounmramu B 1,0 % arapo3HoM rene u 3kcTparupoBaiu HabopoMm mist ounictku JIHK mu3 araposnHoro rems
U peakioHHbIX cMmeceii (EBporen, Poccusi).

[TomyuenHsle MOCIENOBATENBHOCTH KJIOHHMPOBAJIM B COCTaB 3Kclpeccupyromero Bekropa pET21
o caiiram pectpukiuu FauNDI u PspXI, Takum 06pa3om, 4ToObI CITUTHIA OSITOK HAXOMUJICS B SAMHONW paMKe
cunThiBaHusA. [lonydeHHBIMH TUIa3MuAaMu  TpaHcopmupoBanu kinetku E.coli Stbl3 ¢ nobaenennem
B IUTATEeIbHYIO Cpelly aHTHOMOTHKAa AaMIWIWUIMHA. Y MOJYYCHHBIX TPaHCQOPMAHTOB  BBLACISLIN
wiasmuanyio  JJHK  u cexkBeHMpoBanu Ui NpOBEPKM OTCYTCTBUSL JAEJCLUH M MPAaBUIBHOCTH COOPKHU
KOHCTPYKITUH.

[ony4yenusimu BekTopamMu pET21-GST-Tm16 u pET21-Dsb-Tm16 TpancopmupoBanu mramm E. coli
BL21 (DE3). MuauBuayanbHbie KOJIOHWU KyJIbTHBUPOBANHN B Ileiikep-uHKyOaTope B cpene Y Tx2 npu 37 °C
mpu 180 06/mMuH 1o onrtraeckoit wiotHOocTH 0,4 Tipn 600 HM. Jlayree MHAYKIMIO MPOBOIMIIN HapaUICITLHO IIPH
16 u 37 °C u ¢ paznmuuabiM (0,1 MM u 1 MM) conepkanuem uuaykropa UIITL npu 180 06/MHH B TeueHue
24 4. Jlanee mnpom3BenH OTOOp KyJIbTYpalbHOW >KUAKOCTH oObemMoMm 1 wi, oTaenunu Ouomaccy
ueHTpudyruposanuem mpu 4500g npu 4 °C B TedeHnn 15 MUH., yJamuim CylIepHATAHT U PECYCIICHIUPOBAIH
B 100 Mk pactBopa, comepkamiero 8M modeBuny, 500 MM xmopuna Hatpus u 50 MM aurumapodocdara
Hatpust, ¢ pH 7,4. Unentudukanuio cnuroro 6eika B OuoMacce OCYLIECTBISIIM MOCPEACTBOM pa3fieieHus
6enkoB B [TAAI B IcHATYpUPYIOIIKMX YCIOBUAX C MOCIEIYIONNM okparimBanineM Kymaccu (puc. 2).

Puc. 2 — Baexrpodoperpamma pasnenenus 6eTkoBBIX pemapatoB B [IAAL: M — Mapkep MOJIEKYJIIPHBIX Macc

Ha pwuc. 2 MoHO HAOJIOAAaTh IMOJIOCHI, COOTBETCTBYIONIHE CIUTHIM OenkaM DsbC-Tml16 u GST-Tml16
C OKHJIaeMOM MOJIEeKyIIIpHOM Maccoit 39,5 x/la m 39,4 x/la cooTBeTcTBeHHO. Hanbonpmmii cuaTe3 Oeka 0Lt
JOCTUTHYTa NpU KyJIbTHBUpoBanuu mramma E.coli, cogepxkamero Bekrop pET21-GST-Tm16, mpu 16 °C
¢ no6asnenuem 0,1 MM UIITT B Teuenuu 24 u.

Takum o0OpazoMm, B Xxoje paboTel Ha ocHOBe Bekropa pET21 ObUTM CKOHCTPYHpPOBAaHBI BEKTOpA,
coxepxamue 2 BapuanTa marnepoHoB DsbC u GST, obecrieunBaromye CHHTE3 CIUTHIX OCITKOB, BKIFOUAOITAN
PEKOMOMHAHTHBII MOBEPXHOCTHBINM Oenok oHkocdep T. multiceps Tm16 B kynbrype E.coli BL21 (DE3).
Ilokazan cuHTe3 1eneBbix ciauThix aHTUreHoB DsbC-Tml6 wu GST-Tml6. IlomoOpanbsl ycnoBus
JUISE MAaKCUMAJIbHOM MPOAYKIIUKM aHTureHa Tmlo.
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NCCJEJIOBAHUE ABTOHOMHOM CTABUJIBHOCTH SH3-TIOMEHA
K.C. Huxonvckuit, JI.U. Kynukosa, /I.B. Ilempoeckuit, B.P. Pyoues, A.JI. Kaitiumesa

Hucmumym 6uomeouyunckoui xumuu um. B.H. Opexosuua, Mockea, Poccus

Pabora mocBsAmeHa WCCIEIOBAaHWIO aBTOHOMHOW CTaOWMJIBHOCTH TPOCTPAHCTBEHHO KOMMAKTHOTO
SH3-momeHa, KOTOpBHIM IMMPOKO TIPEACTaBIEH B OelIKaX BCEX KHUBBIX opraHm3moB. SH3-momen
XapakTepuzyercs [-004KooOpa3HOW YKJIAaJKOW MONUMENTHIHOW IIETH B IPOCTPAHCTBE, COCTOUT U3 IIATH
WIH TecTH [B-TsDKel, KOTOpble OpPraHW30BaHbl B JIBa TUIOTHO YHAaKOBAHHBIX aHTHIAPAJUIENBHBIX [-CIIOL.
CTpyKTypHBIF MOTHB WMECT UIMHY OK0j0 60 aMHHOKHCIOT. JIJIMHAa HEperyJspHBIX yYacTKOB MEXIy [3-
TSHKaMU BapbHPYeT OT 2 10 24 aMUHOKUCIOT. HeperymspHele yuacTKH MOTYT COJepKaTh BUTOK O~ WITH 310-
cnupany. AnuHel B-TsoKel Takke BapbUPYIOT. XapaKTepHOH 0COOCHHOCTBIO CTPYKTYPHOTO MOTHBA SIBIISIETCS
SIpKO BBIpAXXEHHOE THAPO(POOHOE SAPO, KOTOpPOE CTAOWMIM3UPOBAHO BOAOPOIHBIMU U THAPOPOOHBIMU
B3auMopencTBusAMu. Ha pucynke 1 m3oOpakeH TUNUYHBIN mnpeactaButenb SH3-moMeHa B HECKOJIBKUX
pakypcax.

Pucynok 1. M3o0paxenus ctpykrypHoro MotuBa SH3-momeH B hakTope 0OMeHa T'YaHHHOBBIX HYKICOTHIIOB
p7 (PDB ID 2ESW, nens A) ¢ pa3sHbIX pakypcoB. OpamKEBBIM I[BETOM BBIAEICHBI [B-TSKH, 3€IE€HBIM —
HEPETYIIAPHBIE YYACTKH MEXIY B-TsKaMu (TIEPETSHKKHN)

B mpupone SH3-momeHbl mpoKo MpeacTaBieHbl Kak B MallbIX, TaK U B CPETHEPA3MEPHBIX M KPYITHBIX
TOMOJIOTUYHBIX M HETOMOJIOTUYHBIX O€JKaX pPa3UYHbIX JKHUBBIX OpraHu3zMoB. SH3-m0MeHBI BCTpedaroTCs
B OCJIKax aKTUHOBOTO IIUTOCKENETa, SBJISIOTCS YYaCTHUKAMHU Pa3jIMYHBIX CUTHAJBHBIX MyTEH, BKIHOYAS
PETYJSIHI0 KIETOYHOro pocta, 3Haonuto3 [1-5]. SH3-moMeH akTUBHO HCMONB3YeTCsl B PEIICHUH 3a1ad
OMOMHIKEHEPHH B KA4eCTBE «CTPOMTENBHOTO OlI0OKa» MpPH CO3JAaHMKM HCKYCCTBEHHBIX (epMeHTOB [6].
B obnactu GHOMEIMIIMHBI — B pa3paboTKe OCSIKOB IS BACKYJISIPHOM MapKUpPOBKH OIMyXoJiei [7], KoHTposis
aKTHBHOCTH JiH3o1uMa [8].

BcecroponHee mccnemoBaHue 3TOTO0 CTPYKTYPHOTO MOTHBA SIBIIIETCS Ba)KHOHM 3amadeil: HEOOXOIUMO
OMPEACTUTh OCOOCHHOCTH MPOCTPAHCTBEHHOW OpraHM3allid, BHYTPEHHUX KOHTAKTOB W aBTOHOMHYIO
CTaOMJIBHOCTh MOTHBA BHE OCIIKOBOTO OKPYIKCHHSL.

C uCMoNp30BaHMEM METOJIOB HMCKYCCTBEHHOTO WHTEIJIEKTa BBISBICHBI W aHHOTHUpPOBaHBI 1914 OenkoB
Pa3ITUIHOTO pa3Mepa, COAEPIKANIUX B CBOEM COCTaBE UCCIICTyEMBIi CTPYKTYPHBIA MOTHB.

C uenpto 00OCHOBaHMS aBTOHOMHOW CTaOWJIBHOCTH MOTHMBAa OBUIM TIPOBEACHBI IKCICPUMEHTHI
MouekyisapHoi muHamukd (MJI) B Tpex TemmepaTtypHbix pexumax (300K, 340K u 370K): manbix Genkos,
WMEIOMINX TPOCTPAHCTBEHHYIO YKIAJKy 3TOTO MOTHBA; LENBIX OEJKOB, COIEpXalluX B CBOEM COCTaBe
HCCIEeMyeMYIO YKIIQIKy; aBTOHOMHBIX MOTHBOB BHE OEITKOBOTO OKPYKECHHUSI.

[IpoBeneH aHaM3 OCHOBHBIX XapaKTEPUCTUK CTAOWIBHOCTH CTPYKTYP: pajnyC THpAIWH, TUIOIA/Ib,
JocTymHas Ha pactBopurenb (SASA), KoimmdecTBO THAPO(GOOHBIX CBS3€H, KOJMUYECTBO BOIOPOIHBIX
KOHTaKTOB U cpenHekBaaparnunoe orkioHeHne Cg-atomoB (RMSD). Takke BBIYHCISUTACH 3HAYECHUS
CpeHEKBAIPATHYHBIX OTKIOHEeHUH st C,-aTOMOB Ha mpoTsikeHun Tpacktopun (RMSF).
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[IpoBeneHHbIE HCCENOBAHUS C MAIBIMU O€JIKaMy, MMEIOIIMMH NIPOCTPAHCTBEHHYIO YKIanky SH3-nomen,
MIOKA3aJM CTaOMIBHOCTH 3TUX OesikoB. IloBeneHne MOTMBOB B O€JIKOBOM OKpy:keHHH B xonxe MJI mo Bcem
MOKa3aTeNisIM TakXKe ACMOHCTPUPYET YCTOWYHMBOCTH HCCIEAyeMOro MoTuBa. [loBeleHHE aBTOHOMHBIX
SH3-momeHOB  (TIpeABapUTEIbHO  AKCTPArMPOBaHHBIX W3  CPEIOHE- U KPYIMHOPAa3MEpPHBIX  OENKOB)
CBHUJICTENIBCTBYET TAKXKE B IOJNB3Y COXPAHHOCTH IPOCTPAHCTBEHHOM CTPYKTYpbl. [l momaBisiomiero
KOJINYECTBA aBTOHOMHO YYacTBOBABIIMX B AKCIIEPHUMEHTE MOJICKYJSIPHOW IMHAMHKH CTPYKTYp CpeaHee
snauenue RMSD npu remneparype 300K He npesbimaer 2A (RMSD<2A), a npu temneparypax 340K u 370K
— He MPEBBIIIACT 3HAYCHUH, ONPEACICHHBIX B PAMKAX HKCIIEPUMEHTOB C LIEIBIMHU OCNKaMH, COAEPIKaIluX
B CBOEM COCTaBe MCCIEAyeMyo ykiaaaky [9].

Hamu Takske mokaszaHo, 4To HanOOIBUTYI0 MOOMIBHOCTE B COCTaBE MOTHBA UMEIOT HECTPYKTYPHUPOBAHHBIC
YYacTKH, B TO BpeMs KakK B-TSDKH COXPAHSIOT PETYJSIPHYIO CTPYKTYPY M MPOCTPAHCTBEHHYIO OPHEHTALUIO
Jlake TP BBICOKUX TeMItepaTypax (cM. Tabmura 1).

Tabnuua 1. 3nauenuss RMSF 1151 aJ1eMeHTOB BTOpUYHON CTPYKTYpHI B coctaBe SH3-nomeHa,
UCCJICZIOBaHHBIX aBTOHOMHO (BHE OeJKa).

Temneparypa Cp.31. RMSF A,mm HecTp. | RMSF nectp. yu. crana.| Cp.3H. RM§F A,HJ'IH B- | RMSF B-tsokeit, crana.
yu., OTKJI TSDKEH, OTKJI
300K 1,39 0,8 0,69 0,18
340K 1,69 0,75 0,9 0,28
370K 2,53 2,19 1,15 0,66

N3 tabmumer 1 BuguM, uto cpennne 3HadeHus RMSF 11 aMHHOKUCIIOTHBIX OCTaTKOB, 00pa3yromux [3-
TSOKU, 3HAYUTEIBHO MEHBINE cpeaHnx 3HadeHud RMSF s aMUHOKHCIIOTHBIX OCTAaTKOB B COCTaBE
HECTPYKTYPHPOBAHHBIX y4yacTKOB. Ilpu 3ToM pa3bpoc 3HaueHHil (omperensieMblii MO CTAHAAPTHOMY
OTKJIOHEHHIO) JIJIsI B-TsKeH CYIIECTBEHHO HIDKE, YeM JJIsl HECTPYKTYPUPOBAHHBIX (hParMeHTOB.

Takum o00pa3oM, pe3ynbTaThl HCCIEAOBAaHUS ITOKa3bIBAIOT, YTO HCCIEAYEMbIH CTPYKTypHBI MOTHB
AaBTOHOMHO cTabwieH (BHe OCIKOBOTO OKPY:KEHHs) B BOJHOM Cpejie, uTO MO3BOJSCT pacCMaTpHBaTh €ro
B Ka4eCTBE CaMOCTOSITETIbHOTO CTPYKTYPHOTO OJOKa JJis pelIeHHs IIHPOKOT0 Kpyra TEOPEeTHYECKUX
Y TIPaKTUIECKUX 3a7ad.

Paboma evinonnena 6 pamkax Ilpozpammot pynoamenmansuvix uccneoosanuit Poccuiickoii @edepayuu
Ha 0onzocpounwtii nepuod 2021-2030 z2. (No122092200056-9).
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TEHOMHBIN AHAJIN3 METABOJIN3MA METAHOJIA U METUJIAMHHA TUITOBBIX
INPEACTABUTEJIEU POJA HANSSCHLEGELIA

H.B. Azagponosa

Hucmumym 6uoxumuu u gusuonocuu muxpoopeanuzmos um. I K. Cxpaouna PAH, @UL] Ilywunckuii Hayunelil yenmp
buonocuueckux ucciedosanuii PAH, ITywuno, Poccus

Bakrepum poma Hansschlegelia sBisroTcst adpoOHBIME METHIIOTpO(aMH, T. K. HCIOIL3YIOT B KAUECTBE
MCTOYHHUKOB yriiepojia U dHeprun pasnuunsie Ci-coequHenus (MeTaHoI, METHIaAMUH, (OPMabIeTHI U Ip.).
IMpeacraBuTenn poja BCTPEUAIOTCS B Pa3MYHbIX MecTax oburtanus (dumiochepa u puzochepa pacTeHHid,
C/X ¥ 3arpsSI3HEHHBIC TIOYBBI), SBISAIOTCS (PUTOCUMOMOHTAMH, a TAK)KE JECTPYKTOPAMU HEKOTOPBIX
repOuruaoB. HemaBHO OBLIM CEKBEHUPOBAHBI T€HOMBI BCEX THIIOBBIX TPEACTaBUTENCH JaHHOTO poma: H.
plantiphila S;" (momep B NCBI GenBank BSFI00000000), H. zhihuaiae S 113" (RYFI00000000), H.
beijingensis PG04" (JACIDR000000000) u H. quercus Dub" (STUB00000000).

ean pa6oThl — TCHOMHBIA aHAIM3 MeTab0IM3Ma METaHOIa ¥ METHJIAMIHA Y THITOBBIX IIPEICTABUTEICH
poma Hansschlegelia. [Touck u aHHOTAI[MIO TEHOB MPOBOJWIIM C MCIIOJIb30BaHHEM cepBepa RAST v. 2.0,
C TIOCHEYIOIIeH TPOBEPKOW B pPe3yibTaTe CPAaBHEHUS MPEICKa3aHHBIX TEHOB ¢ 0azamu jaHHbIX NCBI
GenBank.

CornacHo pe3ynbTaTaM I'€HOMHOTO aHalIHW3a IITaMMBl OKHCISIOT METaHOJN 10 (QopMaibleruia IAByMs
pasnuuHbIMiA MeTanoiaeruaporeHazamMu (MJII). B reHomMax BCeX THIOBBIX IITAMMOB OOHApyKeH KiacTep
reHoB mxa, cocrosmuii u3 13 remoB (mxaHFJGIRSACKLDE), KOIZUPYIOIIMX KJIaCCUYECKYIO
PQQ-3aBucumyro MJI'. Kpome Toro, oOHapy»XeHB MHOXCECTBEHHBIC TCHBI, KOIMPYIOIINE JIAHTAHOU-
cozepxantyio MJII' XoxF-tuna. 'enom H. plantiphila Si" conepxut knacrepsi renos xoxFJG, xoxFJ u nse
xornuu TeHoB XoxF; B renome H. quercus Dub’ — kmacrep xoxFJ uren xoxF; H. beijingensis PG04" u H.
zhihuaiae S113" comepxar Tompko kmacTep xoxFJ. Bce THIOBBIE IITaMMBI HMEIOT TEHETHUECKHE
JICTEPMHHAHTBI KIFOUEBBIX (PEPMEHTOB M30IUTPATINA30-0TpHUIIaTeIbHOTO BapuanTa (iCl-) cepunoBoro myTtu
Ci-MeTabonm3ma: okcunupyBarpeaykrassl (hpr) u cepuH-TIIMOKCHIaTaMHUHOTpaHCchepassl (sga), mpu 3ToM
OTCYTCTBYET I'€H aceA, KOJUPYIOLINNA U30IUTPATIIHA3Y.

Huxinyueckasi pereHepans MIHOKCHIATa TUIOBBIMU IITAMMaMHU OCYIIECTBIISIETCS 110 ATHIIMAJIOHATHOMY
myTu (TEHOMBI COZIepIKaT TeHbI CroR, crr, pccAB, ibd2, meaAB, mcmAB u epm), BKyIe ¢ peakiusIMH UK
Kpebca (sdhABCD, fumA, sucCD) u 6nocunTre3a nmoauruapokcuankanoatoB (phaABR). OOHapy»KeHBI TeHbI
M3OIUTPAT- U O-KETOTITyTapaTAeruIporeHasbl, CBUIETENBbCTBYIOMKE O TOM, 4To HuKI KpeOca 3aMKHYT.
ITo Bceit  BeposaTHOcTH, pHOyn030MoHOGMOCchaTHBI ¥ pruOyno300uchochaTHbIl MyTH HE YYACTBYIOT
B niepBHYHON C1-aCCUMWIALINY Y 3THX IITAMMOB, T. K. TEHBI, KOJUPYIOIIHNE KIFOYeBbIe (PEPMEHTHI ITHX ITyTeH
(hps, rexcynozodocharcunrasa; cbbl, pubdymozodnchochaTkapOoKcHIasa), He HaICHEI.

Joist accumursaiiu NHa+ Bce mTaMMBI HCITONTB3YIOT TTyTaMaTHBIHN IUKII, O Y€M CBUACTEILCTBYET HATHINE
TCHOB, KOJMPYIOMMX (epMEeHTHI TiyTaMuHCHHTETasy (gInA) uo- u B-CyObeAMHUIBI TIyTaMaTCHHTA3bI
(gltBD), a Taxke BOCCTAHOBHUTEIILHOE aMUHUPOBaHHUe o-ketoriyTapara (gdh).

AHann3 TECHOMOB THIIOBBIX MIPEACTABUTENCH poia MO3BOJISAET MPEATION0KUTE, UTO BCE MITAMMBI, BEPOSTHO,
CIOCOOHBI OCYIIECTBIISATh YTUIN3ALUIO METHIIAMUHA 110 N-METHIITITyTAMAaTHOMY ITYTH, MTOCKOJBbKY BBISBICH
KJIacTep TEHOB, KOJIUPYIOIINN TpU crienuUIECKUX dbepmenTa (mgdABCD,
N-MeTUArIIyTaMaTIeruiporenasa; mgsABC, N-MeTunriyramMaTcuHTa3a; gmas, V-
[Ty TaMHJIMETHIIAMHICHHTETA3a) STOrO MyTH. B reHoMax THIOBBIX IITAMMOB HE YIalOCh OOHAPYKUTHh TE€H
mauA, KOIUPYIOIIUH MaTyIo CyObEAMHUILY METHIAMUHIETHIPOT€HA3b], KATATU3UPYIONIEH PEaKIIUIO IPSIMOTO
OKHCIIEHUS] METUJIaMHUHA B ()OpPMaNTbIET U],

Takum o00pa3om, MPOBEICHHBIN aHAIW3 TEHOMOB BBISBIJI OCHOBHBIC ITyTH MeETa0oJM3Ma METaHOJa
M METHJIAMHMHA: TOKa3aHO, YTO THUIOBBIE MpeacTaBuTenu poma Hansschlegelia peamusyer icl- BapuanT
cepuHOBOTO IyTH C1-META00NMM3Ma, 3 METUJIAMHH YTHIH3UPYIOT MOCPEACTBOM N-METHITITyTaMaTHOTO My TH.
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HEPCIHHEKTHUBbI IPUMEHEHUA AMAPAHTA B KOPMOIIPOU3BO/JACTBE IITHUIL]
C.B. Oopa3zyosa, O.B. bonoapega, T.B. Céupuoosa, O.C. Kopueesa

Boponeoicckuii 2ocyoapcmeennsiil ynusepcumem undicenepuvblx mexronoauii, Boponeoic, Poccus

B Poccuiickori ®epepaniuy NTUIEBOIACTBO 3aHUMACT JIUIUPYIONINE IIOJIOKEHHE Cpead JIPYyTux
MOJOTPOCCH KMBOTHOBOACTBA. B 2023 romy o0beM MpOM3BOACTBA MsACA MTHUILI HOCTUT 52 %, OIHAKO, Ha
pALy ¢ JaHHBIM yBEJIMYEHUEM HaAOJI0IaeTCsS POCT B IIEHOBOM cerMeHTe. B mepByio odepennp, IIeHa Ha MSCO
IITUIBI 00YCITOBJICHA PEKOPIHBIM POCTOM CTOMMOCTH Ha KOMOHMKOPMa M KOPMOBBIC HHIPEIUCHTHI. B ¢cBsI3M ¢
9TUM, JNajbHEHIee pa3BUTHE NTHUIICBOTYCCKON OTpacid TECHO CBSI3aHO C YIYUIICHHEM H CO3JaHHUEM
OTCUYECTBEHHOM KOPMOBOI 0a3bl M FeHeTHKOM TTHiI [1].

CoBpeMeHnHas 6a3a KOMOMKOPMOB BKJIIOUYAET B ceOs IPUMEHEHHE OMOJIOTHYEeCKH aKTHBHBIX BEIIECTB TAKUX
Kak (hepMEHTHI, aAMHUHOKHCIIOTBI, OEITIKOBO-BUTAMHHHBIE KOHIIEHTPATHI, TpoOouoTHKY U aAp. OnHako, B Poccun
MPOM3BOJACTBO KOMOMKOPMOB M IIPEMHKCOB B 3HAYUTCIILHOH CTEMEHM BeAeTcs 0e3 HCIIONb30BaHHUs
aJbTEPHATUBHBIX HMCTOYHMKOB OMOJIOTMYECKH aKTHBHBIX BellecTB. [IpyM IpHMEHEHHHM OaHHBIX KOPMOB B
paIlMoHe NTHUI] HAOJIOJaeTCs 3HAYUTEIBPHOE OTCTaBaHWE WX IPOMYKTHUBHBIX IIOKa3aTelIeH OT MHPOBOTO
YPOBHSI, UTO MPUBOJNUT K CHIDKEHUIO KOHKYPEHTOCIIOCOOHOCTH POCCHUICKOTO MTHIIEBOJCTBA. B HacTosIiee
BpeMs SIBIIICTCS aKTYaJbHBIM IIOMCK M HCIIOJIh30BaHHE HOBBIX KOPMOBBIX HHIPEIAVCHTOB B KOPMJICHUH
CEIbCKOXO3SMCTBEHHBIX JKMBOTHBIX M IITHUIIBI I OaJaHCHPOBAHMS MX PAIlMOHA 10 AMHUHOKHCIIOTaM [2].

B nacrosmee Bpemsi HanOoliee MEPCICKTUBHBIM BUIOM CHIPBS IIJIS TIPOM3BOJICTBA KOPMOBBIX JTOOABOK
sBisteTcs amapadT. OH cTaHOBHUTCS 0oJiee MOMYJISPHBIM Ha PhIHKE CEIbCKOX03SHCTBEHHOMN IPOIYKIIUH 32 CUST
CBOCH HHU3KOM CTOMMOCTH, BRICOKOM YPOXKAWHOCTH, IIPOCTOTON BO3ACIBIBAHUSI U YHUKAJTBHBIM XUMHUUECKAM
coctaBoM. AmapaHT coxepxur 14-20 % nerkoycBosemoro Oenka, 6 % pacTUTEIBHBIX Macell ¢ BBICOKUM
cojepkaHMeM CcKBayleHa, BuTamuHbel B, C, E, P, kapoTmHOMHIBI, MakKpo-, MHKpPOdJIeMEHTHL. Ilo
aMHUHOKHCJIOTHOMY COCTaBy OEJIOK aMapaHTa HE yCTYIaeT COEBOMY OCJIKYy W MOJIOYHOMY Ka3eWHy, UMEeT
BBICOKYIO IepeBapuBaeMocTh (90 %), cOamaHCHPOBaH M0 KOJUYSCTBY HE3aMEHHUMBIX aMHHOKHUCIIOT, TAKUX KaK
JIN3WH, METHOHHWH, ITUCTHH, KOTOPBIC HE COMEPIKATCSA B TPATUITMOHHBIX 3JTAKOBBIX M O00O0BBIX KyJIbTypax. [1o
KOJIMYECTBY JIM3MHA aMapaHT B 2 pa3a MPeBOCXOAUT MIICHUITY U B 3 pa3a — KyKypy3y [4]. B HaazemHo# yactu
aMapanTa coaepxutcs okojo 10 % mexTrHa. 3ejeHas Macca MOJIOABIX PACTEHUH amMapaHTa COICPKUTCS 10
28 % Oemnka, 4TO XapaKTepU3yeT ero Kak BEICOKOOCTKOBYIO KYJIBTYPY, H 0K0J0 7 % kiaeTdaTku. [1o maHHBIM
[TponoBoNbCTBEHHOW U CcelbcKkoX03sicTBeHHON opranu3aiiuuy OOH FAO, ko3 duiuueHT GpyHKIMOHATLHOMH
Harpy3KkH MpOayKTa y amapaHTa caMbld Hu3kuid u cocrtaBiser 0,08, B To Bpemsa kak y sumeHs — 0,32,
KyKypy3sl — 0,62. B mocneaHee qecsATUIETHE aMapaHT BCe Yallle MPUMEHSIOT B Ka4eCTBE UCTOYHUKA Oelka,
cojiepKaliero He3aMeHIMYI0 aMUHOKHCIIOTY JIU3HWH, KOTOpask He CONEPIKUTCS B TPATUITMOHHBIX 3JIAKOBBIX U
0000BBIX pacTeHusX [4].

OTedecTBEHHBIMH ~ YYEHBIMH  JOKa3aHO, 4TO BKJIIOYCHHE aMapaHTa B COCTaB  paIlHOHOB
CENTbCKOXO035IHCTBEHHBIX JKMBOTHBIX M IITUIIBI MMOJIOKUTEIHHOE BIUSHUE HA IPOIYKTUBHOCTD, COXPAaHHOCTh U
(hU3MOJIOTHYECKOE COCTOSIHUE KYp-HECYIICK MPAKTUYECKH BCEX BO3PACTHBIX IPYII, 03 YBEIHMUCHHS, Kak
CTOMMOCTH KOPMOB, TaK M 3aTpaT KopMma. 3epHO W BBICYIICHHAas (UTOMAacca amMapaHTa MOTYT 3aMEHUTH
MPOAYKTHI KUBOTHOTO IMPOMCXOXKICHUS — MSICOKOCTHYIO M PBHIOHYI0O MYKYy B COCTaBE KOMOHMKOPMOB ISt
CBHHEH W TBIUIAT-OpOMIEpOB, BBICOKOOCIKOBBIC pPACTHUTCIIBHBIE KOPMOBBIC OOAaBKHM — COEBBHIH U
MOJICOJTHEUHUKOBBIN IIPOTHI B pallioOHax Kyp-Hecylek [5].

Pa3paboTka KopMOBOil J0OOABKH B BUC BUTAMUHHO-TPABIHOW MYKH U3 3€JICHON MacChl aMapaHTa IIO3BOJIUT
000TaTHTh palMOH NTHI[ BBICOKMM OEJIKOBBIM IIPOAYKTOM, UYTO OKaXET ITOJIOXKHTEIbHOE BIUSHHE Ha
PENPOAYKTUBHBIC (DYHKIIMH, POCT, TPOYHOCTH CKOPJIYTIBI SIMII, @ TAK)KE PE3UCTCHTHOCTh OpraHu3Ma.

Paboma evinonnena é pamxax zpanma PH® Ne 22-76-00062.
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BUOMUMMETHUYECKOE NHKAIICYJIUPOBAHUE U BUOCOBMECTUMBIE IIOJIMMEPBI -
I'nIPOI'EJIA JII UMMOBUIN3ALIUNA MUKPOOPI'AHU3MOB

O.H. ITonamopesa’, JI.T". laspoea’, A.H. 36onapee’, T.I'. Xonuna’, B.A. Angpepos’

! ®rBOY BO Tynvckuii 2ocydapcmeennviii ynusepcumem, Tyna, Poccus
2 @UL] I[THI]FU — Uncmumym ¢usuonozuu u 6uoxumuu muxpoopeanusmos um. I K. Ckpabuna PAH
3 @I'BY Uncmumym opeanuyeckozo cunmesa um. U.A. llocmoeckozo OC YpO PAH

Coznanne GpyHKIMOHATHHBIX MaTEPHAIOB HA OCHOBE MHKAIICYJIHPOBAHHBIX OMOMOIIEKYII U LEJBIX KIETOK
0e3 n3MeHeHus: uX MOPQOJIOTHH MM aKTUBHOCTH SIBJIICTCS aKTyallbHOW 3a/1a4ueil B 001acT OMOTEXHOIOTHH
MpPH CO3JaHMM HWCKYCCTBEHHBIX OPraHOB; pPa3pabOTKe OMOCEHCOPOB; CTAaOWIBHBIX OHOKATAaTU3aTOPOB;
OuompenaparoB ISl OYUCTKUA OT CTOKOB U 0OBEKTOB OKPYIKAIOIIEH CPEeIbl OT 3arpsi3HCHUI; CUCTEM JJOCTaBKU
B OpPTaHW3M YeJIOBEKa JIEKapCTB, OMOJOTHYECKH aKTUBHBIX BEHIECTB, OMOMOJEKYI; W APYTUX MPAKTHIECKUX
MpHUIIOKeHNH. MaTepuanbl, OCHOBaHHBIE Ha MOJUKPEMHHUEBBIX KHCIIOTaX, CIIOCOOHBI YIIep)KUBATh BOIy Oe3
3HAYUTEIHHOTO HaOyXaHWs, XMMHYECKH W OWOJIOTMYCCKH WHEPTHBI, MEXAaHWYECKH IPOYHBI, IMMOITOMY
o0OecrnieunBaOT KOM(POPTHOE OKpYKEHHUE JUIsi OMOMOJICKYJI U XKHUBBIX KJIeTOK [1]. MIHKarncynupoBaHue 1ebIX
KJIETOK MHKPOOPTaHMW3MOB B CHJIMKATHBIE MATPHIBI UMUTHPYET NIPUPOTHBIE OJHOKIETOYHBIE OPTaHU3MBI —
JTUATOMOBBIE BOJIOPOCIIH, CIOCOOHBIE K (DOPMUPOBAHUIO HA CBOCH IMOBEPXHOCTH 3aIIMUTHOTO 3K30-CKEJeTa u3
HaHOCTPYKTYPUPOBAHHOTO KpeMHe3ema. [Ipu ModydyeHUM HCKYCCTBEHHBIX «KHUBBIX» OHMOMATEpHATIOB CO
CTPYKTYPOH «KIIETKA B 00OJIOUKEY HCIOIB3YIOT MATKHE METOIBI 30JIb-TEIh XUMHUH KpeMHE3eMa MPU yIacTUH
CTPYKTYpOYIIPABISIONINX cOoeAnHEeHUH. MIMMOOMIM3anys B OpraHOCHIMKATHBIX KOMITO3UTAaX MPUBOIUT K
cTaOuM3aly KaTAIMTUYeCKONH aKTUBHOCTH MHKPOOPTaHWU3MOB U JIa€T BO3MOXKHOCTh MHOTOKPATHO WIIH
HENPEPHIBHO HCIIOJIL30BaTh OMOKATAIU3aTOPhl. B KauecTBe MCXOIHBIX COCIMHEHMH (IPEKypPCOPOB) YacTO
HCIONIB3YIOT TeTpadTokcucuiansl (TDOC), mHOTAA B CMECH alTKHIITPUITOKCHCHIIaHAMH (METHIITPUITOKCHIIAH,
MTO3C) ans npugaHust MaTpHIle THOKOCTH M YBEIHMUEHHS pa3Mepa Top 3a CUeT THAPOGMIEHO-TUAPOPOOHBIX
B3aUMOJICUCTBUI B peakIMoHHOU cucteMe [2]. B mporecce runponnsa u KOHACHCALUU STUX MPEKYypCOpPOB
BBIJICJISICTCS STUIIOBBIN CIIUPT, KOTOPBIN pa3pyliaeT HATUBHYIO CTPYKTYPY OHOMOJICKYJI U HETATUBHO BJIMSICT
Ha JKW3HECIOCOOHOCTh MHKPOOPTAaHM3MOB B pEAKIUOHHOW cucteme. Jlins  HMHKANCyIMpOBaHUA
OmoMakpoMoliekyn (TmoimcaxapuaoB, OEIKOB) B OPraHOCHJIMKATHBIE TN TPEJIOKEHO HCIOIh30BaTh
TETPAIOJIMATHIICHTJIUKOJISATHl KPEMHHUsI, KOTOPhIC HE BBI3BIBAIOT JeHaTypanuu Ouomonekyn [3]. OmHako
uHpOpMAIK 00 KUCIOJIB30BAaHUM ATHX MPEKYPCOPOB I UMMOOHIIN3AIIMYU JKUBBIX KJICTOK HaM HE yAajoCh
HaiiTh. Ba)kHO OTMETHTH, YTO KOHEYHAas CTPYKTypa OMOTHOpHIHOTO MarepHaiia (MHKAICyIHPOBAaHHBIX B
OpPraHOCHIIMKATHBIE MAaTPHIEI OMOMOJEKYNl WM KJIETOK) 3aBUCHUT OT MHOTHX (akTOPOB (COOTHOIICHHE
MIPEKYPCOPOB — KPEMHUHOPTaHUUECKUX COCTUHEHUHM, XapaKTEPUCTUKH CTPYKTYPOYIPABIISAIOUIUX areHTOB,
COOTHOIIICHHSI PEareéHTOB B cHCTeMe, PH, TpHUCYTCTBUS B pPEaKIMOHHOW cpelle HYKICOPMIBHBIX U
aM(puPMIBHBIX COSAMHEHMH, B TOM YHCIIEe Ha TIOBEPXHOCTH OMOMaTepuaia 1 T. II.).

Jis BBISICHEHHS BIMSHUS KJIETOYHBIX CTEHOK MHKPOOPTaHM3MOB W THMNA KPEMHHUHOPTaHUYECKHX
MPEKYypCOPOB  Ha  CTPYKTypy oOpasyromierocss THOpUAHOTO MaTepHaja M KM3HECIOCOOHOCTH
WHKAICYJTNPOBAHHBIX KJIIETOK MPUMEHHWIIH IBE HCXOJHBIE CHCTEMBI PEareHTOB, B COCTaB KOTOPHIX Bxoaui [10I
B KadecTBe MaTpuIbl komrnoszuta 1 TOOC kak mpeKkypcop B CHHTE3€ YacTHI] KpeMHe3eMa, UTPAIOIINX POJIb
HANOJTHUTENS (KOMITO3UTHI 1 ¥ 2) U pa3IuYHbIC MUKPOOPraHU3MbI (TPaMIOJIOXKUTEIbHbIEe OakTepun Bacillus
atrophaeus VKN B-723; ackommuiieTHbie Ipoxoku: MeTHiaoTpodubie apoxoxu Ogataea polymorpha VKM
Y-2559 u Pichia pastoris BG10 u mposxoku — IpOAYIIEHTH KUIIEP-TOKCUHOB Wickerhamomyces anomalus
VKM Y-3037; 0asuguOMMIICHTBIC IPOXOKH MPOAYIEHTH THKOMHMIHIOB Cryptococcus humicola 9-6;
OIHOKJIEeTOUHBIE Bogopociaun Chlamydomonas reinhardti WT (co crenkoii m 6e3 crenkm)). B cocrase
kommo3uta 1 kpome TOOC ucnonszoBann MTOC B cootnomennn TEOS:MTES 15:85 [4]. B xommo3uTtax
121" ornuvancs mo MONEKYJIApHOW Macce (B kommo3uTe 1 mcmomb3zoBamu [131'3000, B xommosute 2 —
[12I'400), dro ObLIO OOYCIOBIACHO pa3HBIMH  METOINOJOTHMYSCKHMMH  TOIXOJaMH B  CHHTE3e
MOJIMATUICHT TUKOJISITOB KpemHus [S]. [Ipotiecchl 301b-Teb CHHTE3a U MHKAIICYIUPOBAHUS MUKPOOPTaHU3MOB
npoBogunu B Na-K-docharnom Oydepe (pH 7,6) B mpucyrcTBumM Kartanuzaropa (ropuaa HATpUs.
XKuznecnocoOHOCT HWMMOOWIM30BAaHHBIX MHKPOOPTAaHW3MOB OIICHWBAIM METOAOM (DIyOpPECIIeHTHOH
MHUKPOCKOITUHM C WCIOJIh30BAaHHEM CHUCTEMBI KpacuTellel IUisl MAeHTH()HUKAIMKA KUBBIX U MEPTBBIX KJIETOK
(Live/Dead Yeast Viability Kit). CtpykrypHbIe 0COOEHHOCTH OHOTHOPHIHBIX KOMITIO3UTOB M3YYall METOIOM
CKaHUPYIOLIEN 3JIEKTPOHHON MUKPOCKOTUEH.
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Ha pucynke 1 npencraieHsl MUKpodoTorpadui MIMMOOMIN30BaHHBIX B KOMIIO3UT 2 MHUKPOOPTaHU3MBI
Ha cpe3e B TPHUCYTCTBUH (IIyOpecHeHTHBIX Kpacureneil. Ha OCHOBaHHMHM 3€JI€HOTO CBEYEHHUS MOXKHO
3aKJIFOYUTh, YTO BCE KICTKH WMEIH HEMOBPSKACHHYI0O MeMOpaHy W ObUIM JKH3HECIOCOOHBI.
HNmMMoOUIM30BaHHBIE B KOMIO3HUT | MUKPOOPTaHU3MBI YACTUYHO OKPAIIMBAIMCH B KPACHBIN LIBET (TaHHBIC HE
noka3anbl). OJHAaKO BBICEB MHKPOOPTAaHM3MOB W3 TeJs IMO3BOJIMII 3aKIIOYHTh, YTO KIETKH COXPaHWIN
JKU3HECTIOCOOHOCTh. MBI TpenmnojaracM, 4YTO 3TaHOJ, OOpasymIIHics B peaklusx 30JIb-Tellb CHHTE3a,
NPUBOIUT K NpeMeaOuiu3anuu MeMOpanbl M AupQy3un KpacuTels B KIETKH, HO, HECMOTpS Ha 3TO,
KH3HECTIOCOOHOCTh MUKPOOPTaHM3MOB COXPAHSETCS M B KOMITO3HTE 1.

B rubpumHom Matepuane Ha OCHOBE KOMIIO3MTAa | KIIETKM Pa3HBIX MHKPOOPTaHU3MOB ITOKPBITHI
cepuuecKUMH YacTUIaMu 301  VMMMOOWIHM3anusi MHKPOOPTaHM3MOB KOMITO3UT 2 TIPUBOJUT K
(hopMUpOBaHUIO MeHee 0OBEMHOM IJICHKOIIOJA00HO!H 000JI0YKH BOKPYT KiIeTok (puc. 1 BBepxy). [lomoOHas
CTPYKTypa HaMH ObIJIa TIOJTy4deHa paHee IpH NMMOOMITH3ANH APOXIKEH B OPraHOCHINKATHBIE KOMITO3HUTHI U3
TO0C, MTOC u nuzkomonekynsapaoro [131'1000. O6pa3oBanue Takol CTPYKTYypbl KOMIIO3UTa, BEPOSITHO,
00BsICHSIETCS KaK MEHBIINM COEPKaHHEM BOJIBI B CUCTEME U (JOPMHUPOBAHUEM CETU MOJIUMEPA y TIOBEPXHOCTH
KJIETOK JPOOKEH 3a CUeT B3aMMOJCWCTBUS CHIAHONBHBIX Tpymm (-Si-OH), kak HEHTPOB 3amerieHus
HU3KOMOJIEKYIIpHEBIX [IO17, KOTOphIe B BOMHBIX PACTBOPAX PAcIIONaraloTCs B BUIC TMHEHHBIX IeTeH [6].

Pucynok 1. Mukpodororpadhuu THOPHUAHBIX MATEPHAIOB C HWHKANCYJIHPOBAHHBIMH MHKPOOPTaHU3MaMHU
(cneBa Hamparo): Ogataea polymorpha VKM Y-2559; Pichia pastoris BG10; Wickerhamomyces anomalus
VKM Y-3037; Cryptococcus humicola 9—-6; Chlamydomonas reinhardti WT (co crenkoii). Beepxy — COM,
BHU3Y — (IyopeciieHTHass MUKpocKonus. bap-mMeTka 5 MKkM

HccnenoBanns mo nMMOOMIN3aMA MUKPOOPTaHU3MOB C Pa3HBIM CTPOSHHEM KJIETOYHOW MTOBEPXHOCTH U
THTIOM MeTabo0IM3Ma B CHIIMKATHBIC T€IIU U OPTaHOCHIIMKATHBIC KOMITO3HUTHI, IIPOBOIUMEIE B HAIIEM HAYIHOM
KOJUICKTUBE B MOCJICJHUE IECATH JIET, B TOM YHCJE, MPEACTABICHHBIC B 3TOW pad0Te MO3BOIMIN BBISBUTH
HEKOTOPBIE 3aKOHOMEPHOCTH (OPMUPOBAaHUS <OKUBBIX» THOPHIHBIX MaTEpHUAalOB  OIpPEISICHHON
APXUTEKTYPHL.

e JKu3HecrocoOHOCTh HMMMOOWJIM30BaHHBIX B KPEMHE3eM MHMKPOOPTaHHU3MOB 00ECIEeUHBaIOT
TUAPO(HUIBHBIC TTOTUMEPBI, KOTOPhIE (POPMUPYIOT TUAPOTEIH HE TOJHKO B PAaCTBOPE, HO M Ha MOBEPXHOCTH
KJIETOK.

e  DTHUIOBHII CIIUPT, 00Pa3yIOMIUICS B peaKIUsIX 30Jb-TeIh CHHTE3a, YBEIHUUBAET NEpPMEaOHITU3AIUI0
MeMOpaH KIJIETOK, HO HE MPHBOAWT K THOennm MuKpoopraHu3amoB. [IpumeHeHme OHMOCOBMECTHMBIX
MPEKYPCOPOB MO3BOJISET YOpaTh HEraTUBHBIHM 3(h(HEKT CriUpTa Ha HKUBBIC KICTKH.

o TuapodoOHO-TUAPOPHUILHBIE B3aUMOJCHCTBHS B CHCTEME BIIMSIOT CTPYKTYpPY OHOTHOPUIHOIO
Marepuania.

e ukamncynsmus B KpeMHE3EM MUKPOOPTaHU3MOB IPUHLUIINATIBHO HE 3aBUCHUT OT CTPOCHHUSI KJIETOYHOM
CTEHKH, a CKOpee 3aBUCHUT OT NMPUCYTCTBYIONINX Ha MOBEPXHOCTH (PYHKIIMOHAIBHBIX TPYIIIL.
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MHUKPOBOJOPOCJIM KAK OBBEKT MACCOBOI'O KYJIbTUBUPOBAHUA

A.A. /lepkanocosa, C. Hmumupumana, A.B. /I[pannuxos, H.C. Kocenxo, A.B. Anexuna
Bopouesicckuii cocyoapcmeennulil yHusepcumem uHiCeHepHvix mexnonozutl, Bopoueoic, Poccus

MuKpOBOAOPOCIA ¥ MaKpPOBOJAOPOCIA MMEIOT PsiJl MPEUMYINECTB (MUTaHUE, OMOKOHTPOJIb, HMMYHHUTET
U T. 1.) IUTsl JOMAIIHETO CKOTa (3I0POBbE W MUTAHKE YKUBOTHBIX ), OCOOEHHO B KOHTEKCTE MHTETPUPOBAHHOM
MYyJIBTUTPOQUUECKON  aKBaKyJIbTypbl, AKTyadbHBl pa3pabOTKH  HampaBlieHHbIE Ha  YIy4IICHHE
OMOJOCTYIMHOCTU/YCBOSEMOCTH M TPEABAPUTEIILHOW 00pa0OTKU BOJOPOCICH, a TakKe Ha KOHTPOJIb
CEJIbCKOXO3SICTBEHHBIX KYJBTYP C BEICOKUM COJIEpKaHueM Oelka (Makpo/Mukpo) [1].

Hcnons3oBanue Bomopocieil B 001acTy 3ApaBOOXpaHEHNs U IUTaHUS PACTEHUH HE OCTAeTCs B CTOPOHE,
OCOOCHHO B paiiOHe, TJie Pa3BUTO OPraHUYECKOe 3emiieliesie. BakHOU Mebio SBISIETCS COICHCTBUE
KOMMEPYECKOMY Pa3BHTHIO PBIHKA OMOCTHMYJIATOPOB BOJOPOCICH W TOJJIepPKKa IMPOU3BOJAUTENCH B
JTuBepcru(UKAINN UX TIPOAYKTOB, MTOIIEPKKHU B paMKax TpeOOBaHH HOPMaTHBHO-TIPaBOBOTO ITOJIA [2].

Bomopocimu o6iagaroT OONBIIAM TOTCHIIMAIOM B 00JIACTH OMOKOHTPOJISA, OCOOCHHO IJISI KOHKPETHOTO
MPUMEHEHUS — OTOPOTHUYECTBO, BUHOTPAIHBIE JIO3BI U T. JI., OOJBIIOE KOJUYECTBO MOOOYHBIX MPOIYKTOB
BOJIOPOCIIEH TOCTYITHO [Tl BHECEHHS YI0OOPEHUH B paMKax IMOAX0/1a K PEHUPKYIISIIUN MUHEPaIoB u a30T1a [3].

MukpoBogopociu (BKITIOUast MHaHOOAKTEpUH ™) — 3TO OJHOKJICTOYHBIC CYIIECTBA, KOTOPHIC HCITOJIB3YIOT
CBETOBYIO SHEPIHI0 JIsl pocta. Korma KynbTUBHPYETCsl BCETO HECKOJIBKO JECITKOB BUIOB MUKPOBOIOPOCICH
(HECKOJIBKO COTEH THICSY B €CTECTBEHHOW Cpelie), €KEroJHOe MUPOBOE MPOU3BOACTBO COCTABJISIET OKOJIO
10000 TomH. HambOomee KyJbTHBHPYEMBIMH BHIAMH B TIOpsAAKe YOBIBaHUSA SBIAIOTCA: Arthrospira
(cmpynuna), Ha 100 KOTOpoid mpuxomutcs 50 % MHUPOBOrO MPOU3BOJACTBA, 32 HEH CIEAYIOT XJIOpEIa,
JyHaJIWeJula, HAHHOXJIOPOTICHC W OHJoTeia. [IpOM3BOACTBO MHKPOBOJIOPOCIEH eIle He JIOCTHIIIO
MIPOMBIIIUICEHHOM CTaJIN1, OTYACTH M3-32 €T0 BCE €Ille OTHOCUTENBHO BHICOKUX 3aTpar.
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Msi BelpaxkaeM OOJIBIIYIO W UCKPEHHIOW OJIaroJapHOCTh BCEeM ydacTHHKaM XI MeXTyHapoHOU
HAyYHO-TIPAaKTHYeCKOW KOH(pepeHInHn «bHOTEXHONOTHS: HayKa W MPaKTUKa» 3a Balll TPYIl B ONpeAeTICHUH
OCHOBHBIX IpOOJeM B 00JJaCTH OMOTEXHOJIOTMH ¥ BBIABICHHHM TCHICHIIMHA pa3BUTHSA B JaHHOW oO0jacTw,
32 00MEH JOCTHIKCHUSIMHU OMOTEXHOJIOTHU U 00CYKJICHHE IMyTeH ONTUMH3AI[MK 00pa30BaTeIbHOIO Mpolecca
CTYJIEHTOB-OMOTEXHOJIOTOB. JKemaeM BaM TBOPUYECKHUX YCIIEXOB, OOJIBITUX HAYYHBIX JTOCTIKEHUH U odes!

Jlo HOBEIX BcTped!

C yBakeHHEM, OPTKOMHTET.

Opzanusamopur:
®denepaiabHOE FOCYIAPCTBEHHOE OI0KETHOE 00Pa30BaTENBHOE YUPEIKACHUE BBICIIIETO 0Opa30BaHUs
«BopoHexckuii rocy1apCTBEHHBIN YHUBEPCUTET HHKEHEPHBIX TEXHOJIOTHID,
Hayuno-o6pa3oBarenbHbiii eHTp «HanobroTexy,
000 «Bera-2ko»,
00O «buoakTyanb
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AxkmyanvHasa 6uomexHono2usn

Nel, 2023
PEJIAKIITMOHHBIN COBET

KypHana «AKmyanvHasa OuomexHoa02usny

[Ipurnamiaer k myOJMKAlMU CTYACHTOB, ACMHUPAHTOB W HAYYHBIX

pa6OTHHKOB 1o CJIICAYHOIIUM TCMATHUKAM:

" AxmyanbHble 60NPOCHL COBPEMEHHOL ODUOMEXHONIOUL

" Buoumndicenepus u buouHgpopmamuxa

" DKonoeust u pecypcocoepedicerue

" Buosnepeemuxa, nuesast OUOMeEXHOI02US, OUOXUMUS, ODUO2EOMEXHONIO2US
" CenbCKoX03UCMBEeHHAs. U IeCHAS OUOMEXHON02USL

»  buogpapmayesmura u buomeouyuHa
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Axkmyanvnan 6UOmMexHonN02Un
Nel, 2023

TpeooBaHusi K 0)OPMJIEHUIO CTATEH

1. Matepuais! IpeCTaBISIOTCS B IBYX BUIaX: Ha JIEKTPOHHOM HOCHTENIE U pacliedaTaHHbIE Ha OJJHOH CTOpOHe JHcTa Gernoit Oymarn
¢dopmata A4 (1 sk3.) Ha nazepHoM mnpuHTepe. OHHM IODKHBI OBITH HaOpaHbl B pemakrope MSWord Bepcus He Hmke 6.0
(Office ne Bbime 2007) 1 HaneyaTaHbl Y€PE3 OJAMHAPHBIN HHTEPBAJ B IBE KOJOHKH IIPU(PTOM:
*ocHOoBHOM TekcT —TimesNewRomanCyr 11 ¢ monsmu: eBoe 22 MM, nipaBoe 18 MM, BepxHee U HHXKHee 25 MM;
* KOJIOHTHUTYJIBI OT Kpasi — BEpXHUH ¥ HWOKHUAN 18 MM;
*3arooBKH 1o neHtpy —TimesNewRomanCyr 11, >xupHsIii;
*KpacHas CTpoka -1 cM;
*[IEPEHOC CJIOB — AaBTOMAaTHYECKUH.
Co cMelIeHHeM Ha 5 CM OT paMKH TEKCTa B Havajle CTaThbh HaOMparoTCs:
*VJIK- Times New Roman Cyr 12;
* 1oJpKHOCTS, cTeneHb U. O. ®. aBTopoB —TimesNewRomanCyr 12;
eHa3Banue cratbu —TimesNewRomanCyr 16, skupHsIii, cTpoUYHO# (0€3 mepeHoca);
e apHoTaruu— Times New Roman Cyr 9;
e kiroueBsbie cioBa — TimesNewRomanCyr 9, no 10 cios;
2. O6bem mist cratbu — 3-8 ¢. CTPYKTYpHO CTaThs JOJDKHA MMETh YETKO BBIPRKCHHOE 66edeHue, B KOTOPOM CTaBHTCS 3ajada
(onmchIBaeTcs perraeMasi IpodiemMa), OCHO8HYIO Yacmb, TAE W3JATaloTCsl UCHOJIb3yeMble aBTOpaMy IIyTH PEIICHHs] OCTaBJICHHOM
3a7auM, IPUBOATCS M 00CYXKAAIOTCS PE3YJIbTAThl, U 3aKIioueHue, B CKaTol hopme noasozsiiee UTor padboTsl. [loBropeHne ogHux u
TeX )K€ JaHHBIX B CTaThe, Tabmie u rpaduke He Jgomyckaercs. Pa3MepHOCTh BCeX XapaKTepHCTHK MPUBOAUTCS B cucteme CH.
3. K xaxmoif cTaThe MO 3arjaBueM aaeTcst anHoTanus (06beM 1o 600 rmevaTHBIX 3HAKOB) Ha PYCCKOM M aHTJIMHCKOM SI3BIKax depes
1 ctpoky apyr ot npyra. HazBanue craTby, aMuiIus 1 HHALMAIB! IPUBOASATCS OT/ACIIBHO HAa QHITIMHCKOM SI3BIKE.
4. HazBaHue CTaThy WIN KPATKOT'O COOOLICHHUS TOJDKHO OBITh JJAKOHWYHBIM M TOYHO OTPaXKaTh COIEpKaHUe.
5. Wmoctpanuu B popmare jpeg wiu gif:

JIOJDKHBI OBITH PACIIONIOXKEHEI IIOCTIE CCBUIKH Ha HUX B TEKCTE;

JIOJDKHBI BBITIOJIHATHCS Ha KOMITBIOTEpE ¢ 0003HaYeHHEM BCeX HeOOXOANMBIX OyKB 1 cuMBOJIOB B cooTBercTBHM ¢ ECKJ] 1
P 50-77-80. Bce OykBeHHbIe 1 1M(pPOBEIE 0003HAUCHNS, IPUBEICHHEIE Ha PUCYHKaX, MTOSCHSIOTCS B OCHOBHOM HJIM TIOJIPUCYHOYHOM
tekcte. [loapucyHnounsie moanucu garorcs TimesNewCyr 10, Ha popMaT prcyHKa.
I'papmyeckre 0OBEKTHI (qUAarpaMMbl, rpaduku) AODKHBI OBITH AKTHBHBIMH (T.C. MOIJICKATh PEIAKTHPOBAHHMIO CTAHIAPTHBIMHU
cpexncramu, Harpumep, MSExcel).
6. ®opmyiibl 1 OyKBEeHHBIE 0003HAYCHYS:
XOYKBBI JIATUHCKOTO ajiaBuTa, HCIONB3yeMbIC B HHICKCAX, HAOUPAIOT KYPCHBOM;
XOyKBBI PyCCKOTO M TPEYECKOro andaBuTa — MPsIMBIM MIPH(TOM; 3HAK BEKTOPA — MOTYKUPHBIM;
xHyMepanus GopMys B TeKCTe ckBo3Has. HymepyroTcs Tombko Te popMyIibl, Ha KOTOPBIE €CTh CCBUIKH B TEKCTE.
Dopmar popmyn (cTaHIAPTHEIA pelaKTop) :
X CTHJIb —«MaTeMaTHYECKHI»;
X pasmep cumBosia —11

Sizes (Pa3mepsl)
Full (OGbruHbIit) 11-10
Subscript/Superscript(KpynHbIinHIEKC) 7
Sub-subscript/Superscript (Menkuiinaaexc) 5
Symbol (Kpynuslii cumBoi1) 12
Subsymbol (Menkuii cumBoII) 9

7. Tabmump! (CIOBO MeYaTaeTcsl Bpa3psaaKy) MOJDKHBI OBITh C 3arOJIOBKAMH M 00s3aTENBHO pacIioNiaraThbes MOCHe CChUIKH Ha HUX B
Tekcte. ['padpl B Tabnmumax MODKHBI MMETh KpPAaTKHE 3arojOBKH. YTIOMHHAeMble B 3arOJIOBKaX BEJIWYHHBI COIPOBOXKIAIOTCS
COOTBETCTBYIOIINMH €IMHUNAMH H3MEPEHUI.

8. Jlurepatypa (cnoBo neuyaraetcs: TimesNewRomanCyr 11, )uUpHBIiA, TPOMUCHOM ) BKJIFOYAET UCTOUYHHKH, HCIIOIB30BAHHBIC aBTOPOM
IIpY HAIIMCAHUU CTaThH, U JIOJDKHA cojepxarh He Oonee 10 HauMeHoBanui. CChUIKM B TEKCTE AAIOTCA B KBaApaTHBIX CKOOKax: [1],
MOMEIIAIOTCS B KOHIIE cTaThu B opopmisttores cortacio 'OCT 7.1-2003.

B skypHasie MyOJNUKYIOTCS OPUTHMHAJBHBIC HAYyYHBIC CTaThH TEOPETHUYSCKOrO M SKCICPHUMEHTAIBHOTO Xapakrepa. ABTOD
YKa3bIBaeT pyOpHKY (B COPOBOIUTEILHOM ITUCHME), B KOTOPOI OH XOTeJ ObI Pa3MECTUTh CBOIO CTAThIO:

CraTbst JODKHA OBITH TIIATEIFHO IPOBEPEHA U TIOAIMCAHA BCEMH aBTOPAMHU.

Ha oraensHOM JIMCTE aBTOPHI YKa3bIBAIOT Ha3BaHUE CTaThbM Ha PYCCKOM M aHIIMKCKOM s3bike, DO monHOCTBIO, aapec,
YYEHYIO CTEICHb, IOJDKHOCTh, MECTO PaOOTHI, KOHTAKTHEIN TeledoH, e-mail, a Takke 0TMEYaroT aBTopa IS IIEPEIUCKH.

K cTathe M0KHBI IPUIIAraThCsl COMPOBOUTEIBHBIC IOKYMCHTBI:

— COTNPOBOAUTEIHHOE MHCHEMO;

— BBINKCKA U3 IPOTOKOJIA 3aceAanus Kadeapsl (J1TabopaTopun) ¢ peKOMEHIAIUEH CTaThU K TICUaTH;

— TIOJIOKUTENBHAS PEIEH3Us] BEAYIIErO YYEHOrO B JaHHOW O0JAcTH WM WICHA PENAKIMOHHOW KOJUIETHH, 3aBEpPCHHAs
MOJIMKMCHIO U TICYAThIO.
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