HayuHno-TexHuueckuil KoHKypc ydamuxcs “OTkpbITbiid Mup. Ctapt
B HayKy” 2022-2023 rT.

Cexuus «Oxpyskaroniasi cpeia, SK0JI0TUs, arpo3KOJIOT U

CpaBHUTEIBLHOE UCCIICIOBAHUE TICPCIICKTUB
Oumomerpagamnuy IacTUKA C TOMOIIBIO TUINHOK
Zophobas morio u Galleria mellonella

Epemun Anekcei

Hanpasnsiromas opranuzanus:
Alabuga International School, r. Enatbyra

Hayunb1it pyxoBonurens:
Epemun Hukuta AnekceeBuu

EnaGyra, 2023



OrasjeHue

1. BBenenue

1.1 Metonas! nepepabOTKH IIACTHUKA

1.2 buonerpananus miacTuka

1.3 Ilenp sxciepuMeHTa

1.4 3agaun 3xcriepuMeHTa

1.5 TlpakTyeckoe NpUMEHEHUE UCCIEA0BAHUIMA

1.6 Hcrionp3yeMble OMOIOTHYECKUE BUIBI

1.6.1 Zophobas morio
1.6.2 Galleria mellonella

2. Xoa 3KCnepuMeHTa
3. Utoru skciepumMeHTa

3.1 Utoru sxcnepumenta ¢ Zophobas morio

3.2 Uroru skcniepumenta ¢ Galleria mellonella

3.3 CpaBHeHHE TIEPCTIEKTUB UCIONB30BaHusA Zophobas morio u Galleria

mellonella 11 manpHERIINX UCCIEIOBAHNI
4. BeiBoaIbI
5. IlepcnieKTUBBI AaIbHEUIIINX UCCIIETOBAHHI
6. Ucnonp3yemas nureparypa
[Tpunoxenue 1. PorooTuét 00 UTOTAaX IKCTIEpUMeEHTa ¢ Zophobas morio
[Tpunoxenue 2. Porootuér 00 urorax sxcrepumenta ¢ Galleria mellonella
[Ipunoxenue 3. @oromarepuansl MPOEKTa

[Tpunoxenue 4. Knaccuduxanusi BU10B IIaCTUKA



1. BBenenune

[Imactuk cTam HEOTHEMJIIEMOW YacThbIO OKPYXKAIOUIEH YeJIOBEKa Cpeabl, OH
UCIIONB3YeTCS Kak B OBITOBOM >KM3HH, TaK U B MPOMBILIUICHHOCTH. ExeronHo B
MUpe TpousBoaAuTcs okomo 150 mmuH TOHH miactuka. [Ipy STOM ypOBEHb
nepepabdoTKA OCTaeTCsh HU3KUM: IepepadarbiBaioT Bcero 14% morpebisieMoro
miacTuka. Tak Kak IUIACTHK JIOJTOBEYCH, M €ro OTXOAbl HAKAIUIMBAIOTCS, 3TO
HaHOCHUT OOJIBIION Bpea okpyxatomen cpene. B Tuxom OkeaHe mosiBUIICS HOBBIT
KOHTUHEHT, COCTOSIINI U3 MJIACTUKOBBIX OTXOJIOB M MPEBBIMIAIONINH IIomaabio 1

MJIH. KBaJIpaTHBIX KUJIOMETPOB [1].

1.1 MeTtoabl nepepadoTKH MJIACTHKA

Ectb HECKOJIBKO METOOO0B HpOMBIH.U'ICHHOfI YTUIU3alouu IJ1aCTUKa:

MEXaHUYECKHI, TEPMUYECKUN U XUMHUUYECKHi [2]. PaccMoTpuM KaxkIbIi U3 HUX.

Mexanndeckas nepepadorka

B Moeil ceMbe cOpTUPYIOT OTXO/BI, U IUIACTUK MBI caeM Ha nepepalotky. Takoii
crnoco0 nepepaboTKH Ha3bIBAETCSl MEXaHMUECKUM — TO €CTh, KOIJJa MaTepuai U3
OTXOJIOB MepepadaTsiBaeTcs B HOBBINM Matepuan. Ho 31oT ciocod He 3¢ dexTiBeH
B OoppOe C M3OBITKOM IUIACTHMKA Ha IJIAHETE, IMOTOMY YTO HM3-3a MepepaboTKH
HEHYKHOTO IJIACTHKA MOSBISAETCS HOBBIN IJIACTHK, KOTOPBIM TOTOM CTaHET TOXKE
HE HY>XHbIM. XOTb IJIACTUK U MPUHOCUT HaM MOJIb3y, HO HE HACTOJIBbKO, YTOOBI €T0

OBLIO CIIMIIIKOM MHOTO.

Xumuyeckas nepepadorka
«XUMHYECKUI PELUKIUHT» — XUMUYECKUN croco0 mepepadoTKH MIacTUKa. ITO
TEXHOJIOTHUECKUHN Tpoliecc, Omarojapsi KOTOPOMY U3 IIACTHKA MOXKHO TOJIYYUTh

HOBBIH TUIACTHK C JPYrod CTPYKTYPOH (3TO MPOUCXOIUT HA YPOBHE NEepepadOTKU



MMOJIUMEPHBIX MOJ'IeKy.]'I), H Cro Aajbli€ MOI'YT HCIIOJIb30BaTb B IIPOU3BOACTBEC

HOBBIX ITPOAYKTOB.

Tepmuueckas nepepadoTka (C;KMranme)

[InacTuk MOXHO CXKWMraTb, TOJBKO €CIM JPYrH€ METOAbl yTHIM3ALUU
HeNpUMEeHUMEBI. [Ipy 3TOM C)KMTaHWE Ha CEromHs — CaMblil d(PQPEKTHBHBIN U
pPacIpOCTPAHEHHBIM METOXN yTWiIM3auud. Ero NpHMEHSIOT, KOTAa IUIACTHK HE
HOAXOAUT JUIsl BTOPUYHOTO UCIIOJIb30BaHMS M3-3a COCTaBa, HEMPABUIBHOTO cOopa
U XpaHEHUS WIM MHOTOKpaTHOH mnepepaboTke B mpomnwioM. Ilpu stomM B
pe3yJIbTaTe CKUTaHUS MOYKHO ITOJIYYUTh JIEKTPUYECTBO, TEIJIO U 3011y, KOTOPYIO,
HaIpHUMep, UCIONb30BATh B CTPOUTENbCTBE. HO NpH CKUTaHMKM HAHOCUTCS BpEX

oxpyxcaromeﬁ cpeac, modToMy TaKoM CII0CO0 TOKE UMEET HCOOCTATKU.

Kaxxaplii u3 mpuBEeNEHHBIX BBIIIE METOAOB MEPEpaOOTKH IIACTHKA MMEET CBOM
HEJIOCTATKU U CJIOKHOCTH, TIOITOMY OCTAETCS aKTyaJIbHBIM BOIIPOC TIOMCKA HOBBIX
TEXHOJIOTH, KOTOphIC OBbLIN ObI 0OJIee PKOJOTUYHBI U AP(HEKTHBHBI, U MPU ITOM

MCHCC 3aTPAaTHBI.

1.2 buonerpaganus nNJIacTuKa

buonerpagamus miactuka (mepepaboTka C MOMOIIBIO YKUBBIX OPTraHU3MOB) —
CPaBHUTEIBHO MOJIOJIOW TEPCIEKTUBHBIA CHOCcO0 MmepepaboTKH IUIaCTHKA.
PazButne sToro HampaBieHUs Ha4aioCh, Korjma B 1975 romy O6bu10 0OHApPYKEHO,
yto Oaktepus Flavobacterium paspymiaer HeisioH B 6acceiiHaX CTOYHBIX BOJ HA
HelnoHoBol (aOprke. AKTHBHBIE HCCICNOBaHUS OHOAETpalalliy IJIaCTHKA
Hayamuch B 2000-x romax M HA JAHHBIA MOMEHT HM3BECTHO OKojo S50 BHIIOB
OakTepuii, rpuOOB U HACEKOMBIX, KOTOpPbIE CIIOCOOHBI MepepadarbiBaTh T€ WIH

WHbIC BUBI IUIACTHUKA. [6]



Ha ,Z[aHHBIfI MOMCHT 6Hoz[erpaﬂau1/m MJacTUKa OCTaéTCs OKCIICPUMCHTAJIbHBIM
HaIIpaBJICHUCM B PAa3BUTHUU TEXHOJIOT UM Hepepa60TKI/I IJ1aCTUKa U 1O CHUX IIOp HC

peanu30BaHO IPOMBIIUIEHHBIX PEHIEHUI 3TOr0 METO/A.

1.3. lleab 3xcnepuMeHTa

HenaBHue wuccrnenoBaHus MOKa3ald, YTO JIMYUHKU JKyKoB Zophobas morio
€CTECTBEHHBIM 00pa30M CIIOCOOHBI TOTPEOISITh HEKOTOPHIE BUIBI IUIACTUKA B
Ka4eCTBE MCTOYHHUKA MMUIIU U pa3jararh ux 06e3 BUIUMBIX TOKCUYECKHUX I (HEKTOB.
B wacTHOCTH, OHM MOTYT NPOJODKUTEIBHOE BpEMs BBDKMBAaTh Ha JHETE U3
nosmctuposia [3]. Takyke yCTaHOBJICHO, YTO JIMUMHKH OOJIBIION BOCKOBOW MOJIH

Galleria mellonella cnocoOHBI OEIaTh MHOTHE BUJIBI ITACTHKA [6].

Ilenrs Moero mcciaenoBanusi — CpaBHHUTH cnocoOHocTH Zophobas morio u
Galleria mellonella B moenannu mjiactuka, a Tak:ke onpeaeuThb, KaKol u3
BH/IOB HMeeT O0oJibllIe MEepPCHeKTHB /Ui JajJbHEeHIIMX WCCIaeT0BAHUM

Ouonerpaganvu MmJiIacTUKA.

1.4 3agauu 3KcIEpUMEHTA

1. V3Harh, kakWe BHIBI IUIacTUKAa HamOonee dS(PPEeKTHBHO MOemaATCS
mmuuHKamu Zophobas morio u Galleria mellonella.

2. VY3Harh, KaKOW W3 DTHX JBYX OMOJIOTMUECKHUX BUIOB M BMECTE C KaKUM
BUIOM IUIACTHKA OOJbIIE MNOAXOOMT IJi AaJbHEHIINX HCCIIeTOBaHUM

6I/IOI[6F pagalnu 1jiacTuka.



1.5 IIpakTH4eckoe NpUMEHEHNE UCCIIeOBAHN I

KoneuHo# 11€71610 MOMX HCCIIEIOBAaHUI MOXKET OBITh Pa3paboTKa MPOMBIITUICHHOTO
MeTofa OWojaerpajanuu IJIacTHKA, KOTOpBIA OyneT Ooliee HKOJOTHYHBIM H

JICIIEBBIM, HEXKEITH CYIIECTBYIOIINE METObI IepepadOTKH.

1.6 Ucnonb3yembie 0MOJIOTHYECKHAE BHIBI

Jlyis uccrieoBaHus s BRIOpA Ba BUAA HACEKOMBIX: Zophobas morio (30¢o0ac) u
Galleria mellonella (6ompmrasi BockoBass Mosb). Moii BeIOOp OBLT OOYCIIOBIICH
IBYMSI KDUTCPUAMU:
1. TloarBepxknénHas 5¢G(GEKTUBHOCT, OTHUX BHAOB B Ouomerpajganuu
TJ1acTukKa [6].
2. JloCTyNHOCTh 3TUX BUJOB HACEKOMBIX I MOKYNKH (1 Zophobas morio, u
Galleria mellonella akTHBHO MCTIONB3YIOTCS JIJ1sT KOPMJICHHUST 36MHOBOTHBIX

Y PEeNTUIINH B JIOMAIIHUX TeppapryMax).

1.6.1 Zophobas morio

Zophobas morio (3opobac) — BHJI )KYKOB U3 CEMEWUCTBA YEPHOTEIKH, B IPUPOJIC
BcTpevatorcss B LlenTpansHoit u KOxHolt Amepuke. JInuunku Zophobas morio
IMMHOH 10 6 cMm, B3pocibie Xyku 3-3.5 cm. Camka xyka Zophobas morio
orknaneiBaeT oT 150 mo 200 swum. JInmuTenbHOCTH cTamuu sidia — 8—12 gHel,
MOCJIE ATOTO W3 SHI] BBUTYIUIAIOTCS JTUYUHKH (cM. oTo 1), koTopsie crycts 6—8
HeZIenb nepecTaroT pactu. Emeé yepe3 5—6 Henenb TMYUHKYA OKYKIUBAIOTCS (CM.
[Tpunoxenue 3, poto 1).

OxykiMBaHHE JIMYUHOK IPOUCXOJUT TOJIBKO B OJMHOYECTBE, MOITOMY JUIS
OKYKJIMBaHUS S HCIONB30Bajl IUIACTUKOBBIM OOKC ¢ MHIUBUAYaJbHBIMU
KOHTeWHepamMu Juis JTUYMHOK (cM. I[lpunoxenue 3, ¢oro 3). JInurenbHOCTDH

CTaguu KYKOJIKH — 3 HEACINU. CPCAHAA TTPOAOJLKUTCIBHOCTD KU3HU B3POCIIOTO



Kyka — 10 mecsneB. Zophobas morio 4acTo HCHOIB3YIOT B KAYECTBE KOPMOBOI'O

HACEKOMOT0 JuIs oOuTaresnel JOMalIHUX TeppapuyMoOB.

Jns sxcnepumenTa s kynuia Ha Avito 500 kpynmHBIX TUYMHOK Zophobas morio
(4-5 cm), u mepes SKCHEPUMEHTOM COAEpXkall UX B IUIACTUKOBOM KOHTEHHepe ¢
TOJICTBIMH cTeHKaMu 00b&MoM 20 nutpoB (cM. [Ipunoxenue 3, Gpoto 2). JInunHku
COZIEpPKaJINCh B CMECH ONHJIOK M OBCSIHOM KPYIBI, TONIIMHA CMeCH Obuia 3 CM.
JlBa pa3a B Hemenmro s IMOJKAapMIIMBAJI JIMYMHKM MOpPKOBBIO, IEpETEPTON Ha
KpPYTHOH TEpKeE, a TakKe KyCOUKaMU THIKBBI (TBIKBY OHHM IMOeAaiu Oojiee 0XOTHO).
B3pocinbie Kyku conepaluch B OTHENBHOM KOHTEHHEpe ¢ MOACTUIKOM W3
OBCSIHOM KpPYyIIbl TOJIIMHOM 3 CM U KOPO# 1€pEBBEB, B KOTOPOU OHU MPSUYTCS (CM.

¢doro 2).

®oro 1. JInunnka Zophobas morio  doro 2. B3pocisie xyku Zophobas morio



1.6.2 Galleria mellonella

Bonpiryro BOCKOBYIO MOJIb Take HA3bIBAIOT OTHEBKOW MUENMHON (JATUHCKOE
nHa3zBanue Galleria mellonella) — 3T0 BHI MoneBUAHBIX 0aboyek M3 ceMeHCTBa
HACTOSIIIMX OTHEBOK. BockoBas Monib oOuTaeT TaM, rae JoObIBalOT Mel, TaK Kak
€€ TyCEHHUIbl JXUBYT B YibAX MUY€l M €OdT BOCK. Siilla BOCKOBOM MO
pa3BHUBAIOTCS B TeUEHUE 5—8 CYTOK, Jajee BBIXOAUT JIMYUHKA JIUHOW 1 MM C
TOJIOBOM KENTOro OTTeHKA U 8§ Horamu (cM. ¢oto 3). ['yCeHHIIBI BBIPACTAIOT 3aTeM
m0 18 MM, IBET TOJOBBI CTAaHOBUTCS OypoBaThIM. 3a TIEPHON CYIICCTBOBAHHS
TyCeHMIbl, a 3T0 25-30 qHEl, OHAa MOXKET UCIOPTUTh COTHHU SYEEK B COTax. 3aTeM
OKYKIIMBaeTCs M TpeBpamaercs B 6a00uky (cM. ¢oro 4), kotopas kuBeT 7-12

IHEH.

Jlis sxcnepumenTa s kynui Ha Avito 500 kpynHbeix tuunHok Galleria mellonella
(1.5-2 cm), 1 mepen SKCIEPUMEHTOM COZIEPKal UX B IUIACTUKOBOM KOHTEHHEpE ¢
TOJICTBIMH CTEeHKaMu 00bEMOM 15 nutpoB (cm. [Ipunoxenue 3, ¢poto 5). Jlnunnku
COZIEpXKaJICh B CMECH M3 OTpyOei, mMuennHoro Bocka, Ména n Myku. B3pocisie

6a00YKH BOCKOBOM MOJIU CO/IEPIKAIIMCH B TOM )K€ KOHTEHHEpE, YTO U TUUMHKH.

®dorto 3. JInunnka Galleria mellonella doro 4. babouka Galleria mellonella



2. Xoj dKCriepuMeHTa

A nomectun B 7 koHTeliHepoB mo 10 muumHOK Zophobas morio, B Kaxablid U3
KOHTEWHEPOB s TOJIOKWJ OTAENBHBIM BHJ IJIACTHKA: MOMUATHIEHTepedTanar
(P1), monmatrnien Huskoro naenenus (P2), nonmusununxnopua (P3), nonustunen
Bbicokoro maBieHus (P4), momunpornunen (PS5), momuctupon (P6). B npyrue 7
KOHTEHHEPOB C TEMH K€ BUJAMHU ITUIACTUKA 51 moMecTus 1o 5 auunHok Galleria

mellonella.

Jlnst monucTHposia sl BBIACNWII JIBA KOHTEMHEpPA, TaK KaK B M3YYEHHBIX MHOU
nuccnenoBanusix [3],[4],[6] roBopurcs, uto Zophobas morio u Galleria mellonella
aKTHBHEE BCEr0O MOCIAIOT MOJUCTUPOI, U S PEIIWI U3Y4YHTh, OyJCT JI pa3HUIlA B

NMOoCAaHNH PA3HBIX BUAOB IMOJUCTUPOJIA (HGHOHHaCTa u HGHOHOHI/ICTI/IPOHEI).

51 mpenBapuTeabHO B3BECHUJI MAcCy JMYMHOK B KaXJOM KOHTEWHEpe, T.K. pa3mep
JUYUHOK oTiinyaetcs. Taxoke s B3BeCHJI MJIACTUK B KaXKJOM KOHTEHHEpE, YTOObI B
KOHIIE SKCIIEPUMEHTA B3BECHUThH €ro eui€ pa3 v MOHSATh, KAKOW BUJ IUIACTHUKA OBLT
Ooinplie cheneH. B3pemmBaHue MpOU3BOAMIOCH C TIOMOIIBIO AIEKTPOHHBIX BECOB

¢ TOYHOCTHIO M3Mepenus 110 0.1 rpamma (cm. [Ipunoxenune 3, ¢porto 7).

CTouT OTMETHUTb, YTO KOHTEHHEPHI, B KOTOPHIX MPOBOIWICS IKCTIEPUMEHT, OBLITU
TOXKE€ TUTACTUKOBBIE (TIOJIUMIPOIUIIEH), OTHAKO S MPEION0XKUI, YTO HACEKOMBIE HE
OyayT moeaarbh KOHTEHHEPHI M3-32 UX TOJICTHIX CTEHOK. B KpBIIIKax KOHTEHHEPOB
ObUTH TpOJENaHbl OTBEPCTHUS JUISl BEHTWISILIMM, B KaXKIbI U3 KOHTEHHEPOB s
n00aBuI MO 2 MII BOIBI M3 MyJIbBEpU3aTOpa ISl TOTO, YTOOBI JTUYUHKH MOTJIH

MOJEPKUBATh BOIHBIN OanaHc.

3. Utoru 3KkcnepuMeHTa

UYepes 10 nHell mnocie Hadana DHKCIEPUMEHTA S BCKpPbUI KOHTEHHEPHl H

3a/I0KYMEHTHUPOBAJ PE3yJIbTaThl SKCIIEPUMEHTA.



3.1 Uroru 3xcnepumenTta ¢ Zophobas morio

Tabmuna 1. CpaBHeHue 3¢(HEKTHBHOCTH TIOSIaHUS PA3IMYHBIX BHJIOB IJIACTUKA TUYHHKaMU Zophobas morio

Ne Macca Bua niaactuxka |[Cocras Macca Macca Crneneno Creneno BusyanbHoe

KOHTE |JIMYMHOK MJIACTHKA IJIACTHKA /IO | IUIaCTHKA JIACTHKA | IUIACTHKA Ha | HaG/I0neHne

iiHepa |Zophobas JKCIIePUMEHTA | mocJie 1r. maccsl

morio (10 mr) JIKCIIEPHMMEHTA JIMYMHOK

1 8.3 [Monuctupon (P6)[6 T Slr 0.90r 0.11r Bcé uzbeneno
[lenomuiact - TIEHOILIACT

2 5.9 TMonuBuHWIXIOpH |4.6 T 461 0.00r 0.00r ITakeTbl
ITpospaunbie a(P3) HEMHOTO
MaKeThI TIOC/ICHBI

3 6.9 Monuctupon (P6)|21.2r 91r 11.10r 0.13r Bcé uzneneno
JIoToK 11 MsAca |- IEHOMOJIUCTHUPOIT

4 6.8 VIaKOBKA OT IMonunponunexn 62T 62T Or 0.00r Bcé nenoe
canderok (PS)

5 7.1 IakeT u3 IonusTriien 1351 134r 0.10r 0.01r Bcé usneneno
MarasuHa HHU3KOTO JTaBJICHHS
“Maruautr” (P2)

6 6.8 Iaxker u3 IMonusTHnen 20.8 T 20r 0.80Tr 0.12r Bcé usbencHo
Mara3uHa BBICOKOTO
“JlenTa” nasnenus (P4)

7 7 ByThlIKa OT IMomu>Tunenrepe (24.8 T 248r 0.00r 0.00r Bcé nenoe
mosoka 0.571. ¢ranar (P1)

®oTooT4éT 00 MTOrax 3KcnepuMenTa ¢ Zophobas morio npexncrasiien B Ilpuinoxennn 1.




I'padux 1. KornyecTBo rpaMm mJIacTuKa, CbeAeHHOro Ha 1 rpamMm Maccbl

JMYMHOK Zophobas morio
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[Ipu BU3yaslbHOM OCMOTpe JTUYMHOK Zophobas morio B pa3HBIX KOHTCHHEpax
OBLJI0O BHJIHO, YTO JIMYMHKH B KOHTEHHepax 1, 3, 6 (MOMMCTHPOI, MOJTHITUIICH
BBICOKOTO JIaBJICHHSI), B KOTOPBIX IUIACTUK AKTHBHO MOEAAJCS, ObLIM aKTUBHBI U
HUX ITIOBCICHUC 6BIJ'IO TAaKHM KC, KaK 1 10 S5KCIICPUMCHTA. B 10 BpCMs KaK JINYUHKU
B KoHTeWHepax 2, 4, 5, 7 (MOJUBHUHWIXJIOPHU, TMOJUMPONIICH, MOJUITUICH
HU3KOTO JIaBJICHUS, MOJMATHIICH), TaM, IJI¢ TUIACTUK ObLI HE CHENICH, IBUTAJIUCh
ropazzno Oosee MEUIEHHO. JTO TOBOPHUT O TOM, 4yTo Zophobas morio He MPOCTOo

MEXaHUYCCKHU Hepe)l(éBLIBaeT ITaCTHUK, HO U U3BJICKACT U3 HCT'O SHCPTHIO.



3.2 Urorm 3xcnepumenTta ¢ Galleria mellonella

Tab6anua 2. CpaBHenue 3p(peKTUBHOCTH MoeJaHUs PA3JIUYHBIX BHAOB M1acTuka JudyuHkaMu Galleria mellonella

Ne Macca JuuuHOK | Bup CocraB Macca Macca Creneno CoeaeHo BusyaabHoe

KkoHTe | Galleria IJIACTHKA IJIACTHKA IJIACTHKA 10 | IJIacTHKa mIacTuka | miacrtuka Ha 1 | HaOaioneHue

iinepa | mellonella JKCIIepUMeHTa | mocJjie r Macchl

(5mt.) IKCIePUMEHTAa JHYUHOK
1 12r Ienomnacr | Ilonuctupon 1.8r 1.7r. 0.10 0.08 Bcé uzneneno
(P6)

2 09r IIpo3paunsr | [TomuBununxa | 0.8 . 0.7 . 0.10 0.11 Bcé usbeneno
€ IIaKeThbl opun (P3)

3 0.7r. Jlotox pansa | [Homuctupon 10.61. 105t 0.10 0.14 Bcé nzweneno
Mmsca (P6)

4 0.8t YnakoBka IMonumnpomnune | 6.3 1. 6.2r 0.10 0.13 [Tnactux
oT H (P5) HEMHOTO
canderok MOEICH

5 Ir TTaker w3 | [omusTHineH 154~ 1531 0.10 0.10 Bcé nzpeneno
MarasuHa HHU3KOTO
“Maraut” nasieaus (P2)

6 0.8 1. ITaker w3 | [MomudTHIIECH 10.1 10T 0.10 0.13 ITaker
MarasuHa BBICOKOTO HEMHOTO
“Gloria nasieaus (P4) oeneH
Jeans”

7 0.7 Byteika ot | [Monuatunente | 24.8 1. 2481 0.00 0.00 Bcé nenoe
MOJIOKa pedranar (P1)
0.5m1.

®or1ooT4éT 00 HTOrax 3KcnepuMenTa ¢ Galleria mellonella npexcrasaen B Ilpuinosxkennn 2.




I'papuk 2. KosimyecTBO rpaMm IJIACTHKA, CheleHHOro Ha 1 rpaMm macchl

JnuuHok Galleria mellonella
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[Tpu moxBenenun pesynsraroB dkcrepuMenTa ¢ Galleria mellonella s mpumeén
BBIBOAy 4TO i OoJjiee Ka4eCTBEHHOTO aHanmm3a 3(()EKTUBHOCTH TMOEHaHUs
IUIACTUKA 3TUM BHJOM HEOOXOIMMO MHCIOJIb30BaTh O0Jiee TOYHBIE BECHI C
pasmeprocthio 0.01 1, T.k. Mmacca ogHO# B3pocioi nuuuHku Galleria mellonella
NPUMEPHO B TPH pa3a MeEHbIIE 4YeM y B3pocioi jnuumHKK Zophobas morio,
COOTBETCTBEHHO M a0COIIIOTHBIE TOKA3aTelH ChENAeMOro IUIACTHUKA 33 CIMHHUILY

BPEMEHHU 3HAYUTCIIbHO MEHBIIC.

3.3 CpaBHeHHne mepcneKTUB UCNOab30BaHusi Zophobas morio u

Galleria mellonella njas aapHeHIINUX HCCIEN0BAHUNA

B xone skcmepuMeHTa A BBIAENUI 6 KpUTEPHUEB, BAXKHBIX JUIS HCCIEIOBAHUS
Ouonmerpajanuy IUIACTUKA C TOMOIIbIO JIMYMHOK HACEKOMBIX: TIPOCTOTA
COJIEp)KaHMs, TMPOCTOTA KOPMJIEHHUS, TMPOCTOTAa PA3MHOKEHHUS, KOJIUYECTBO
MOeAaeMbIX BHUIOB IUIACTHKA, YIOOCTBO HCCIEAOBAHUM, MPOMOKUTEIBHOCTD

craauu auuuHKd. S cpaBHun Zophobas morio u Galleria mellonella mo stum 6



KPpUTCPUAM, 4TOOBI BBISICHHUTD, KakoH M3 DTUX BUJ10B HauoOoJee NEPCICKTUBCH IJIA

NAJILHEUIIINX UCCIICIOBAHUIM.

Taoauna 3.

CpaBHuUTe/IbHAA

Ta0IHI A

MEPCHEKTUB HUCHOJ/JIb30BaAHUA

Zophobas morio u Galleria mellonella ans ganbHelmIMX HccaeA0BAHMT

Ouonerpajaumu MmJIacTuKa.

ITapameTp Zophobas morio Galleria mellonella IHo6emurenn
IIpocrora Conepxanue He ConeprxaHue 3aTpyIHEHO TEM, Zophobas
cofiep:KaHus MPEACTaBIACT TPYAa, 910 cyOCTpar (M OMHOBPEMEHHO | morio
JUYUHKA HE TPeOyIoT KOPM), B KOTOPOM COZIEPKUTCS
KaKoro-JIn0O BMEIIATENbCTBA, | KOJOHMS JINYUHOK, UMEET
KpOME KOpMIICHHSI. CBOMCTBO CO BpeMEHEM
MOPaXaThCsl TIIECEHBIO (CM.
[punoxenue 3, poto 6), u ero
HE0OXOANMO ITEPHOANIECKH
OOHOBTIATH.
IIpocroTa Kopmuts HEOOXOAMMO 1-2 Kopminenne ocnoxuaeHo tem, 9to | Zophobas
KOPMJICHUS pasa B HEIEJI0 IOPE3aHHON JUTS TMYMHOK HEOOXOIMMO morio
MOPKOBBIO WJIN TBIKBOM. TOTOBUTH MHOTOKOMIIOHCHTHYIO
Kopmnenue He cocTapisier KOPMOBYIO CMeCh (IT4eIUHBIH
Tpyaa. BOCK, MEJ, OTpyOH, MyKa) U
TIEPUOINYECKH MTOTHOCTHIO
MEHSITB €€.

IIpocroTa J1s OKyKIIMBaHUS THINHOK OKyK/IHMBaHHUE U Pa3MHOKEHUE Galleria
Pa3MHOXKeHUsl | HYXHO MepecaknuBaTh MIPOUCXOUT B OOIIEM C mellonella
B3pOCJIbIC TNYUHKU B JIMYNHKaMH KOHTeﬁHepe 663

WHIIUBUyaJIbHbIE KaKoro-JIn0O BHEIITHETO
KOHTelHepsl. B3pocibix BMeIIaTeIbCTBA.
JKYKOB HEOOXOIMMO JeprKaTh
B OTJICNIBHBIX OT JINYNHOK
KOHTEHHepax.
KosmmuecTBo 3u3z 6 5u36 Galleria




noeaaeMbIX mellonella
BH/I0B
MJIACTHKA
YnoocTBO B3pocnble nuunHKY KpynHele | B3pocible TuunHKN MenKue Zophobas
uccaenoBanuii | (4-5 cMm), UX JerKo nouMarh, (2-3cMm), nx ropasao cIoxHee morio
He IpAYyTCs ¥ 32 HUMH JIeTKO | rmoiimars, yeM Zophobas morio,
HaOFOATh BO BpeMs U CJI0JKHEE 32 HUMU HaOII0aTh,
HCCIIEIOBaHUH T.K. OHM HE JIIOOAT HaXOANUTHCS
Ha OTKPBITOM IIPOCTPAHCTBE.
Takyxe MaHUITYJISILIUSM C
JIMYMHKAMH MELIAI0T B3pOCIIbIe
06a004KH, KOTOPBIE TIBITAIOTCS
yJAETEeTb U3 JIOTKA P €ro
OTKPBHIBAHUH.
Mpomomxuren | 100-120 gueit 25-30 nueit Zophobas
bHOCTH morio
cTaguu
JIMYMHKHA

I'papuk 3. CpaBuenue 3¢dpdexkruBHOCTH M ynoOcTBa mcmonb3oBaHus Zophobas

morio u Galleria mellonella B uccnenoBanusix mo Onoaerpaganyy miacTHKa.

Fazkpkan mwose

CanBorts ralmria e




4. BeiBOabI

1.

2.

A BeiicHWI, 4YTO JW4YMHKH Zophobas morio HauOonee 3hHEKTUBHO
noenator noiuctupon (P6) kak B Buae MeHoIUIacTa, Tak U B BHJE
MIEHOMONUCTUPOIA, U TOMUITUIIEH Bbicokoro aasneHus (P4). Onu coBcem
HE MHOTO MOENAlT MOJUATUIIeH Hu3koro aasieHus (P2) u coBcem He
noenaror  nonudTHieHTepedranar  (P1), momummpormen  (PS) wm
nosmBUHUIXI0pUT (P3).

Taxoxe g BeracHWI, uyto JuuuHKH Galleria mellonella akTuBHO MoemaroT
nonmuctuponn  (P6) kak B BuUIAe TEHOIUIacTa, TaKk M B BHUJE
neHononuctupona, nonuBuHWiIxigopun (P3), momunponunen (P5),
MONUATUIIEH HU3Koro namineHus (P2) v monusTuiieH BBICOKOTO JaBlICHUS
(P4), u coBceM He moemaroT noaudTHIIeHTepedTanar (P1).

IIpu »TOoM Te BUABI IUIACTHKA, KOTOphIe MoenatoT Zophobas morio u
Galleria mellonella, cwematoTcst WMH TPUMEPHO C  OAMHAKOBOM
addextuBHOCTRIO (0.09-0.1 T TMacTuka Ha 1 T Maccel guuuHOK 3a 10
JHEH), WCKIIOYEHHE COCTAaBJsIeT TMOEJaHHe TMONHUATUICEHa HU3KOTO
nasnenus Zophobas morio (0.01 r miactuka Ha 1 T Maccel THYUHOK 32 10
TTHER).

A npumén K BBIBOLY, YTO Ui JAJbHEWINNX WCCIECIOBAHUM JIydllle
ucronp3oBath Zophobas morio, Tak kak oHH omnepexaroT Galleria
mellonella mo 4 wu3 6 BbLAETEHHBIM MHOIO MapaMeTpaM yao0cTBa
HCCIIeIOBaHMs OHMonerpajanuy miactuka. M3 Bcex BHIOB IUIACTHKA IS
MaMbHEHIINX HWCCIAeNOBaHMM s OBl BbAenua nonuctupon (P6) wu
MONMUATHIIEH BbICOKOTO mAaBieHus (P4), Tak kak 3TH BHIbBI IUIACTHKA

HaunoOonee 3¢ pexTuBHO noeaatorcs Zophobas morio (cM. ¢oto 5).



5. IlepcnieKTUBBI JaJIbHEHIIUX UCCIACTOBAHU I

S Bwky OoONbIIME TEPCIEKTHBBI B JaTbHEHIIEM W3yYeHUU Onoerpagaiiu
MJacTUKa ¢ TMmoMolibio Zophobas morio W Japyrux OHOJIOTHYECKHX BHUIOB B
pa3pe3e 3aMKHYTHIX OJKOCHUCTEM, T.K. YK€ €CTb paHHHE HCCIeI0BaHus,
MOATBEPKIAIONINE, YTO, HMCIONB3Yys MPOAYKTHI kU3HeaesTenbHocTH Zophobas
morio, coaepKamuxcs Ha JUeTe U3 MOJIMCTUPOIIAa, MOXKHO BBIPAIIMBATH PACTCHUS
[4], m coueTas O5TH WHCCIEIOBAaHUS CO CBOMM COOCTBEHHBIM OIIBITOM TIO
HCCIIEIOBAHUIO 3aMKHYTHIX JKOCHUCTEM [5], S paccuuThIBaIO CO3[aTh MPOTOTHUII
MOJTy-aBTOHOMHOW 3KOCUCTEMBI, KOTOpas Moria Obl mepepabaThiBaTh OBITOBOIA

IIJTaCTUK C MUHUMAJIBHBIM BMCHIATCJIBCTBOM HM3BHC.

@oto 5. [leHomnacT NOTHOCTHIO U3bEACHHBIN THYHMHKaMU Zophobas morio
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Hpuiaoxkenune 1. @orooTuéT 00 UTOrax 3Kcnepumenta ¢ Zophobas

morio

@oro 1. Konreiinep Nel. [lenomnact u3
nonuctupona (P6). CunbHO u3beseH.

doro 2. Konreitnep Ne2.
[TnacTukoBbIe MaKeThI u3
nonuBuHWiIxinopuga (P3). Ilakets

HEMHOI'O IMTOCACHBI

®oto 3. Konreiinep Ne3d. Jlorok st
Msca u3 mneHomnonuctupona (P6). Kak
BUJTHO, TICHOTIOJIUCTUPOJ BECh U3bE/ICH.

®oro 4. Konreiinep Ne4. YrnakoBka ot
canperok wu3 mnomucrupona (P6).
Hudero He cheeHO Kak U B 2.




®oto 5. Konreihinep NeoS5. Ilaker wu3
MarasuHa “MarHuT” U3 MOJMITHIICHA
Huzkoro nasieHust (P2). Uyte Gombiie
CBhEACHO YeM B 4 U 2 KOHTEeIHepe.

®oro 6. Konureiinep Ne6. Ilaker u3
marasuHa ‘‘Jlegra” W3 IOJMATHIIEHA

BbicOKOro  naBieHusi  (P4).
HEeOOIbIINE CIEbl TOeTaHusl.

Ectn

®oro 7. Konreitnep Ne7. bytbuika oT
MOJIOKa 0.5 1. u3
nonmaTIiieHTepedranara (P1). Huuero
HE CBE/ICHO.




Ipuiaoxenue 2. Porooryér 00 Mrorax ’xkcnepumenrta ¢ Galleria
mellonella

®oto 1. Konreitnep Nel. I[Tenormnact u3 | @oto 2. KonTreiinep No2.
nonuctupona (P6). Ecte 3amernsle | [ImactuxoBbie MaKEThI u3
Cleqbl MOeAaHus, TUYUHKH Mporpbi3iy | monuBuHmwixiopuaa (P3). Tlaketst
B [IEHOIJIACTE XOJbI. HEMHOT'O TTO€/IEHbI

-

®oro 3. Konrteitnep Ne3. Jlorok asns

®orto 4. Konreiinep Ne4 VnakoBka ot

M n .
ca m3 momictapona (P6). Ecrs candetok u3 nonuctupona (P6). Ecte

MCTHBI bI II HHA
3aM¢C € CJIca oclaa , JIMYUHKH CIIEIbI TOEIAHMS.

IMPOTrpPLI3JIN B JIOTKE XOIbI.




@®oro 5. Konreiinep Ne5. Ilaker wu3
MarazuHa ‘“MarHut” u3 NOJUATUIICHA
uuzkoro  maBnenus  (P2).  Ilaker
OILlyTUMO U3bEJICH.

®oro 6. Konteitnep Ne6. Ilaker us

MarasuHa “Gloria Jeans”

nu3

IIOJIUSTHIICHA BBICOKOI'O  AaBJICHUA

(P4). Ects  nHeOombmme
MOCTaHMS.

CIIe bl

®oro 7. Konreitnep Ne7. ByTbuika oT
MOJIOKa 0.5 1. u3
nonmdTuienTepedranara (P1). Huuero
HE CBEJICHO.




Ipunoxenue 3. @oTomMarepuasibl MPOEKTA

®oto 1. Kyxonka Zophobas morio

®oro 2. Konrelinep 1 conepkanus
JTUYIHHOK Zophobas morio

®oto 3. KoHTteliHeps! 1)1 OKYKJIMBAHUS
TUIUHOK Zophobas morio

®oto 4. Konrelinep 1 conepkaHus
B3POCIBIX )XyKOoB Zophobas morio




®oto 5. KonTelHep 1u1s conepKanus
JIMYUHOK U 0abouek Galleria mellonella

®doto 6. [IurarenpHas cMeCh I
Galleria mellonella, mopaxénnas
IUIECEHBIO

®oro 7. Becel, Ha KOTOPBIX
¢uKcupoBazack Macca IIaCTHKA U
JUYUHOK

®oto 8. TepMOMETP-TUTPOMETP,
KOTOPBIN MCIIOJIB30BAJICS JUIS
M3MEPEHMSI TEMIIEPATyPhl U BIaXKHOCTHU
B KOHTEHEpax




Hpuaoxenne 4. Knaccupukanus BUIOB IJIACTHKA

Bun ITonmustunent | Ilomustuien | Ilonsunuxnopu | llommstunen | Ilomunponu | ITomuctupon IIpoune  BuzbI
IIJIACTHKA epedranar HU3KOI0 I BBICOKOI'O JICH IJIaCTHKA
JTaBJICHUS JaBJICHUS
Coxkpamenune | [19T ITH/I [IBX 1IBJ TIIT I1C —
Mapxkuposka | P1 P2 P3 P4 P5 P6 P7
XumMmuaeckast (C10HsO4)n (C2H4)n (CzHBCl)n (C2H4)n (CsHe)n (CsHs)n —
(hopmyna
CTpyKrypha ? :'_I I 4 H T e, SeN—Lhry
s hopmyIa = A —{s—&-| CH, | _LH
. H L 4 T H H L ! .\I
b2 o
e
IIponykuus | ByTeuiku YnakoBku Konreitneps! u | IlnactuxoBsl | Konreiineps! | Jlotku u | bytbuikn  gna
H3-TIOA BOJBI, | OT IUIEHKa i | e MaKeThl, | s KOHTEIHEepHI KyJnepa u
ra3sUpoOBaHHBl | IIAMITYHS, MUIIEBBIX MHOT'OPa30BBI | MHIIEBBIX JUIsL TUINEBBIX | AeTckue
X HamHUTKOB, | rens JUIS | IPOIYKTOB € CYMKH H | IPOIYKTOB, MIPOIYKTOB, OyTBIJIOUKH ISt
CoKa u | nyma, OyTBUIKM OT | MHOTOpa3oBa | OJHOPa30Bast nerei u3
MOJIOKa MOOIIUX MOIOIIHNX o nocyza, nonukapboHara,
CPEeICTB CPEICTB IUTACTUKOBAsl | yNAKOBKU IS | Mi00ble M3memnus

mocyna u

JTIOTKH B
XOJIOOWJIbHHA
Kax.

SIHLL,
ayJIMOKACCEThI
U KOpOOKH st
CD-nauckoB.

nus3
6H0paSJ’IaFa€MBI
X IINTAaCTUKOB




