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yTBEPXAATO

OT3bIB
(De4epanrHoro rocyAapcrBeHHoro aBroHoMHoro o6pa3oBareJrbHoro yqpex(Aenufl,

Bhlcurero o6par onaHnf, (MocKoBcKLI fi Susuro -rexHr{q e cK uit. uucrutyr
(HaqnoualbHblfi LIccJIeAoBareJIbcKI{fi ynunepcr{Ter)) Ha Auccepraur{}o llerpeHrco

{uurpnr EsreHreBrlqa (l{3}ru{eHl4e 6arrepuaJrbHofi oJrr{roneurr4Aa3hr B us Serratia
proteamaculans c [ptIMeHeHr{eM peHTfeHoBcKrlx MeroAoB>), [peAcraBJreHHyro Ha
coI{cKaHLIe yqeHofi crerleHl{ KaHALrAara 6nororuqecKux HayK no cuerlr{€rJrbHocrr4

1 .5.3. Monexyn flplnas, 6nolorns

AxryarrHocrb ArrccepraruroHHofi pa6orbr

,{zcceprallzoHH€ul pa6ora flerpeurco fitvmrpur- EsreHresz.{a nocB.f,rrleHa
LByrreHLIIo oJlrrrorlerrl{Aa3 B (OpB) c I4clroJrb3oBaHr{eM peHTreHoBcKLrx MeroAoB
uccJleAoBanurfl,. OluronerlTuAa3hl B npe4craBJrf,ror co6ofi cepr,rHoBbre [errrLT.qa3br,
o6laAaroulue rpllncllHouo4o6nofi cy6crparuofi cueqra$raqHocrbro, HafiAeHHbre B
6artepuxx, [apa3LITLTrIecKLrx [pocrefirxuxu HeKoropbrx pacreHrarx. OpB orHocfrct
K rloAceMefiqrny S9A cerraeftcrsa rponllJloiurrorrenrlrAa3 (POP). OpB rBJrrrorct
I{3BecrHbIMI{ Qarropauu rlaroreHe3a rtx{dJrbrx [apa3uTTapHhrx sa6oresaHzfi Lr
HeKoropblx 6arreprraJlbHblx I4H$eKIIIlfi, 4aunrre [enrlrAa3br raK]Ke fracrByror B
3aIrILIre 6axrepzft or aHTnMurpo6uux nerrrr.rAon. Kpoue roro, OpB orcyrcrByror y
MJIeKoITI{raIouII{x. Tarczu o6pa:ou, aKTyaJrbHocrb Ar{cceprarluoHHofi pa6oru
flerpeHro [tvturpux Enrenresran ofyc.rroBJreHa nepcrreKTLrBHocrbK) r4cloJrb3oBaHvrfl.
OpB B KarrecrBe uuruenefi [plr
auru6arreplr€rJrbHbrx rpe[aparoB.

info@mipt.ru

HayuHofi pa6ore

BaraH Burar.uit
Anarouresuq

024 r.

paspa6offie [porr{Bonap€r3rrrapHbrx Lr



Mo4eruapoBaHr{e Hrr3KoMoJreKyJrrpHbrx znru6uropor
rlpocrpaHcrBeHnbrx crpyKTyp SeprraeHron-uuruenefi,

rpe6yer :r'aJwluus.
HAXOAf,IIII{XC' B

KaT€LrrlrTlrqecKu-aKTuBHbrx ronooprraarlprfrx,vgHaHLIflMexaHu3MoB KaT€ururzqecrofi

aKTuBarIurE. Tarcze AaHHbre 6rrrtu [onyqeHbl 4m $epvreHToB upocrefiruvrx, araKx(e

Anfl 6arcrepuarbHbrx rpoJruJroHAorrerrrr4Aa3 (PEP), orHocrrqvrxcfl. K roMy xe

noAceueficrny S9A, qro u OpB. O4naro, MexaHr{3M KaraJr4Tr4.recrofi aKTvrBarlvvr,

npeAno)Kennrrfi am OpB npocrefimr4x rr 6axrepuanbHhrx PEP, He Mor 6rrrr
aBToMaruqecKlr uepenecdn Ha OpB 6arrepufi, TaK KaK B nocJre.{Hrrx neo6xoAuMbre

Infl peurn3a\vLr AaHHoro MexaHkr3Ma aMr{HoKr4cJrorHbre ocrarKu unrep$efica

Me)KAy AoMeHaMn ne 6rrrlr KoHcepBarLrBHbrMH.

Hayv nan HoBrr3Ha r{ccJreAoB anrrfl.

Anropou BnepBbre 6:';^tm [oryqeHbr I{ oxapaKTepu3oBaHbr [pocrpaHcrBeHHbre

crpyKTyprt 6arrepuanrnofi OpB us Serratia proteamaculans (PSP) ALrKoro rr4rravl
eE uyraHTHbrx npor{3BoAHbrx, BKJIIoq€u Kar€Lrrr4Tr.rqecKlr HeaKTprBHbIe MyraHTbr,

Hecyque arraHr{HoBbre 3aMeHbr KaraJrvrruqecKoro cepr4Ha, v QepueHru c

H3MeHeHHOLT aMprHOKrrCnOTHOIr nOCneAOBaTenbHOCTbrc rUapHUpHOfO rrerITUAa

(PSPmod), coe,quHnorrlero nponeJlnepurrfi rI Kar€Lrrurnqecrufi AoMeHbr. Kporvre
Toro, roryqeHbr crpyKrypbr KoMrrJreKcoB PSP u PSPmod c Heo6parvMbrM

KoBaJreHTHhrM unrz6uropou Na'p-rosur-Irr4surrxJropMerr{JrKeroHoM (TCK). B

CEMII CJIYqA'XceMu cnrrarx rDr vr. ee npolr3BoAHbre obrJlr4 3aKpucT€urJILt3oBaHbI B

npoMe)Kyro.rHofi ronQoprvrarlvrkr, He o[LlcaHnofi 4nx nporo:ofinux OpB, KoMrrJreKc

PSP ee IIpOLI3BOAHbIe 6rrnu

PSP-TCK rpeAcraBnsn 3aKphrryro (rararuruqecKrr-aKrunnyro) ronfopvrarlr{K)

Seprvrenra.
B pesymrare npoBeAeHr{fl AlrccepraqzoHnofi pa6orrr 6ruo ycraHoBJreHo, rrro

rvro4ufinrca\nfl rxapHLtpHoro perr,roHa kr npucyrcrBlre clepMlrHa B
KpLrcr€rJrJrH3arIuoHHoM pacrBope cnoco6crnyer Kplrcr€rrrnvrcarJr4r4 QepueHra. llpz
groM rvro4u Q zx arJlz'fl . rxapHrrp H o ro p e ruoH a cHH)KaIr a Kar aJrvrrru e c Kyro aKTprBHo crb

PSP, a raKlr(e Brrprflrra Ha crroco6 csssrrnanvfl Qeprraenra c unru1vropoM.
Mero,{ovr MYPP rloKa3aHo, pacrBope PSP cyqecrByer

rrpeuMyrrlecrBeHHo B orKpbrrofi (rararllTuqecKrr He aKTlrBHofi), roHooprvrarlvrvr, a

rpu 4o6auenuu crepMrrHa QeprvreHr rrepexoAlrr B rrpoMe)KyroqHylo
xoH$oprvrarlkrro.

Cpannzrelrnrrfi crpyrrypnrrfi anann3 3aKpbrrbrx r<oHSoprvra\uit PSP u

uporosofinrrx OpB BbrrBrrJr cyqecrBeHHble pa3nu,tnfl, e cloco6e cra6u;-r.kr3a\vn

co6pannoit rcaruturu.recrofi TpuaAl;r, Ha ocHoBe Koroporo Bce 6arrepzarbHble

OpB 6uirlr piBAeJreHbr Ha ABe lpyrrnbl.
Hay.uro-[paKTrrqecKafl 3HarluMocrr pa6orrr

florryueHHue rpocTpaHcrBeHHbre crpyKrypbr PSP B rrpoMex(yro.rHofi Lr

earprrrofi ronSoprvra\Lrkr MoryT 6rrrr kTc[oJlb3oBaHbr AJrf, perrrenvrfl, TaKr4x 3a4aq,



KaK MOAenkTpOBaHLre KaTaJrr,rTr.rqecKofo IILIKJTa 6arrepuarbHbrx OpB, IIoJIyqeHl4rl

MyraHTHbrx 6emon c ugMeHdHnofi axrnBHocrblo r,r cy6crparnofi cneqnQuunocrbK),

a raK)Ke Anr rouctcaulutru MoAenupoBanvrfl. unru6nropon OpB r,r POP, cnoco6nrrx
oK€r3brBarb repaneBTraqecxufi s$Qerr rpt,r uporoeofinrrx u 6arrepuanbHblx
rEnSercqnrx. B qacrHocrlr, Mo)KHo orMerrrrb, rrro BJrHrHLre rrao4raQzrarlkru

rxapHlrpHoro rrerrrklAa Ha KuraJwrruirecKyrc aKTuBHocrb PSP, yK€BbrBaer Ha

Bo3Mo)r(Hocrb rrcrroJlb3oBanvrfl. groro perlloHa B KarrecrBe noreHrllramnoft MlrIIreHrI

rrplr MoAenlrpoBaHlru cneqz$uqecKllx unru6uropon $ eprvrenra.

r.r BbrqLrcJruTeJrbHbrx MeToAoB cTpyKTypnofi 6nonorvl4 Mo)KeT 6rrrr ucnonb3oBaHa

Anfl rrccJreAoBaHrrf, rou$opvraqzonnofi napua6enbHocrLr 6enroe B pacrBope u

nu6opa nan6oree AocroBepnofi uoAerrvn3 crpyKTypHbrx BapuaHroB, rroJrf{eHHblx

B pe3ynbTaTe MoneKyJr{pHofo MoAeJrupoBaHvfl, LI MoneKyJupHoH ALrHaMuKrr.
Creuens AocroBepHocrrr HayqHblx pe3yJrbraroB rr BbrBoAoB

Ar{cceprarlnonnofi pa6orrr

,{ocronepHocrb uoJryqeHHbrx pe3ynbraroB rroATBep)KAaercfl

I4cuonrsoBaHHas. n pa6ore xou6unarlurr eKcrrepr4MeHrulrrbnux (PCA u MYPP)

BOCeMbK)

uy6nuraqvrflvrvr aBTopa B perleH3l4pyeMbx HayqHbrx )KypHalrax. 3aAa'tu

rlccJreAoBanLrfl. KoppeKTHo cQoprvryrltpoBaHbl u coorBercrByror rrocraBJrenuofi

qenu. Pe:ylmarbr sKcrrepr{MeHToB npeAcraBJreHbr B Br{Ae 6onrruoro KorprqecrBa

prrcyHKoB u ra6rnq. Brrno4rr ArrcceprarluoHHofi pa6orrr BbrreKarcT ns

IOJTIIEHHbIX PC3YNbTATOB 1I TIOJIHOCTbIO COOTBETCTBYIOT TIOCTABJIEHHbIM 3AAAITAM.

.{ocronepHocrb pe3ynbraroB 14 BbrBoAoB He Bbr3brBaer coMHe:rtuit la onpeAerrfiercs,

naA€xnocrbro npkrMeHrrBruuxcr Mero.qoB LrccneAoBankrfl, rroBTopreMocrbK)
gna.reHlrfi kr 3Mep.f, eMbrx napaMerpoB B MHororILIcJreHHbrx gKcrrepv MeHTax.

Crpynrypa n coAepr€nue pa6oru

[ucceprar{r{oHHar pa6ora nocrpoeHa no rpaAurl[onnofi cxeMe, cocrorlT Lt3

BBeAeHr4r, o6aopa nrrreparypbr, Tpex rJIaB, BhrBoAoB, crurcKa corpaqenuft vr

y cJr o BHbrx o 6 os Haq elanit il cnucKa Jlurep arypbl.

Bo seeAeHrrn aBTopovr cSoprvrupoBaHbl Ilenb v3a4aqv uccneAoBauvrl, uoKa3aHa

aKTy€IrrbHocrr pa6orbr, pacKpbrrbl HafrHas HoBpI3Ha Lr npaKTlrqecKar 3HaqrlMocrb

pa6oru.
B uepnofi rJraBe paccMarprrB€lrorcr ocHoBHbre r{ccneAoBaHkrs. rlo u3yqaeuofi

upo6nerrae. Anropou [poBeAeH anaJru3 npeAcraBzrerefi ceueficrna POP,

npoaHaJrr{3r4poBaHbr pa6orrr ro crpyKTypHbrM LtccJreAoBaHLrf,M POP, BKJrroqat

r{ccJreAoBaHnfl. uporosofinrrx OpB u 6arcrepu€rrrbHbrx rrpoJruJrsHAorenrrrAa: (PEP).

Bo nropofi ruaee no4po6no orrr{cbrBaK)Tct LrcnoJrrcyeMhre e pa6ore MarepLI€uIbI

I4 MeroAbI. Onncaso nonfreHl4e peKou6unaHrHbrx oJrlrronerrruAa3 u aHaJrIr3 Irn<

KaraJrlrrlr.recrofi aKTLrBHocrr4, npoBeAeHl{e MyrareHe3a, nog6op yclonufi

KprrcT€urnvr3ar\yrr4, peureHlre Lr yToqHeHI4e rlpocTpaHcTBeHHbrx cTpyKTyp, a TaK)I(e



SKCrrepLrMeHTbr no MoAeJrHpoBaHI,[o oeJIKoB I,t KoMrrJreKcoB r,I gKcneplrMeHTbr no

M OJr eKynrpHo -A r{H aMr.rq e cKoft cvrw nflrlv4u.

B rperrefi rJraBe aBTop nplrBoAlrr u analrvrskrpyer pe3ynbrarbr reoperuqecKlrx Lr
gKcneplrMeHTzrrrbHbrx uccneAosaHufi PSP. B pas4ene 3.1 o[]rcbrBaercr rroJryrreHrre
Lr crpyKTypHbre uccJreAoBaHu.f, PSP z ed rvryraHTHbrx $op* H KoMlJreKcoB, a raKx(e

npr{BoA}tTcfl, cpaBlJvlTeJrbHbrrr aH€LrrLr3 rronrreHHbrx npocTpaHcTBeHHbrx cTpyKTYP, B

rracTHocTr4, cpaBHeHr4e c u3BecTHbIMu npocTpaHcTBeHHbrMrr cTpyKTypaMkr

nporosofiHrrx OpB. Bo BropoM pa3Aene aBTop rplrBoAlrr pe3ynbrarbl

6zounSopMaruqecKoro anuwr3a 6arrepraa-rbHbrx OpB, npone4euHoro c qenbro

u3yqeHur BcTpeqaeMocTr{

Kar€Irrlrrrr.recrofi TprraAbr.

4rE{parcqr{oHHbrx AaHHbrx, a

AnropeSepar rroJrHocrbrc u rorrHo orpaxaer coAepx(aHrre Ar{cceprarlur{.
3apreqannfl il Borrpocbr

1. B AoKJraAe He 6ruu

AByx cuoco6os cradutusarluu co6panHofi

rrpeAcTaBJleHbr xapaKTep?rcTvrKvr [onyqeHHblx

TaK)I(e 3HaqeHUr OCHOBHbTX napaMeTpoB,

xapaKTeppr3yroqnx KarrecrBo rrpoBeAeHsofi anropol,r o6pa6orru 4raQparqvoHHblx

AAHHbIX.

2. IIpu orwrcanvru gKcrreplrMeHToB rlo cHrrlrro 4uSpaKrllroHHbrx AaHHbrx He

ohrnu yKa3aHbr KoHKpeTHbre Ha3BaIIus. u xapaKTeprrcTrrKrr ucnonByeMbx
gKCrreplrMeHT€lrrbHbrx ycTaHoBoK.

3. ,{uccepraHToM He 6ruo pacKpbrro,

craorrJru3Lrpyrcqux areHToB, KaKoBa Bo3Mox(Hat

crrepMr{HoM.

4. He 6rrno o6cyx4eno, KaKoB Bo3Mo)I(Hufi fiynrqrroHarrbHbrfi crrrucn HMeer

rrpoMe)KyrorrHa-fl ron@oprvr a\Lrfl, P SP l

5. Ha pkrcyHKax, AeMoHcrpLrpyroqllx gneKTpoHrryro rrJrorHocrb Jrr4raHAa, He

pa3brcHeHo, Ha KaKoM ypoBHe v KaKofo Tllna KapTbr rrpeAcTaBJreHbr BoKpyf

rruraH4a, coAep)Klrr Jrlr [JrorHocrb KpkrcriulJlorpaQnuecrufi 6asc or MoAenE.

Orueqennrre 3AMCIIAHLI'
?

CHLDKAIOT OOU&II4 BbrcoKlru ypoBeHb

ALr ccepraquonnofi pa6oru.

3ar.nroqenne

,{zccepmqr{oHHar pa6ora flerpenro fivturpux EnreHresuqa coorBercrByer
KpkTTepurrvr (n rorvr qLrcJre n. 9), ycraHoBneHHbrM "floroxeHueM o npucy)K4eHvru

yqeHbrx creuenefi" (yrnepx(AeHo flocraHosJreHrreM flpanurerbcrBa PO or

24.09.2013 r. Ns 842 e Lr3MeHeHlrgtuu flocraHoBJreHufi flpanrrreJrbcrBa PO or:

21.04.2016 r. Ns 335;02.08.2016 r. J\b 748; or 29.05.2017 r. Ns 650;20.03.2021 r.
l.lb 426; II.09.2021 Ns1539), a caM AuccepraHr seiounenno 3acJry)KrrBaer
rrprrcBoeHlrr rrcKoMofi crenenu KaHAkr Aara 6 uororLrqecKux HayK rro clequaJrbHocrll

1 . 5.3/lVloreKyirspHar 6uororus.

KaK npoBoAlrncr Bbroop

rpr4poAa cra6utrnsa\vrkr PSP



Orsrrs Ha Ar{cceprarlurc o6cyx4€H I,r o4o6peH Ha pacrurlpeHHoM HayqHoM

ceMr{Hape Ifenrpa lrccneAoBarruit MoneKyJrrpHbrx MexaH[3MoB crapeHur kr

Bo3pacrHrrx sa6orenarruit, M@TI4, (Dusrex <<20>> Senpanr 2024 r., rpororon J\b 2.

n
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ynmepcurer)>, ra6oparoprr crpyKTypbr u avnaMtzKu 6r.rouoneryn
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