
rov Brro pocc14i.icKO-ApMfl rrcKL{fi (cnAB fircrcuil1 vHr.rBErcr.rrET

Cocran,ren B coorBercrBrrn
r-ocyAapc'lBeHHr,rMrr rpe6oeanunurn
MrrHrrMyMy coAepxarruq u ypoB

YTBEP)KIAIO:

A.A. Aparce.nnu
IIOATOTOBI(II B[.I II\/C ITII TT I{OB

o, 2l r.yKa3aHHbrM HarrpaBJre rrHro 06.05.
Euounrxenepnn u 6uoun{opuarurca ri
flo;rorxeuucu (06 \/MKA PAY)>. npororco,r N 5

l4rrcruryr: Euoue/tlruurrsr u <Irapuarluu

KaSerlpa: Enounrxeuepuu, 6uourr$opM2t r'rlrcu u MoJreKyJrrr psoii 6uo:ror-uu

Cnequa.rsHoc'rs: 06.05.01. Euourrrxeuepw. u 6wowuQopuaruxa

ABTOP: x.6,rr. Cegparcuu AHaul Muxae;rosHa

YIIE E IT O- M E TOil4 TI E CRAIT ROM N,'T E RC

.{ucqun,ruHa : Mu rcrro6r.ro,rornq

IIPIIRAH



L Arttro'r'ruufll
I{ypc nucqun,,tnun "Muxpo6uo,rou.rx" nocnruleH ri3rro)r(eHr.rrc ocHoBHLIx noJroNeult fi, npuuqunon
I'i MeroAoB o6qeil ir,rlrnpo6l,ronort,Iu. I(ypc Bxnroqae'f re(ur4oHHrre 3a1flTt4s. nocne npoxo){AeHr4s
I(oropLlx cryAellrBl nonyrlar 3Harrr4, o npeAMere r.r 3aAaarax cospenaeuuoii rrlaxpo6uo.lorlElr, o
Hau6olee o6runx :arououepHocrrx crpoeHr.rn r4 )Kr.r3HeAerreJrbHocrr4 rrpercraBurerefi goueHoe
6ar,epr.rfi u apxefi, gyKapriorlrqecxux MrixpoopraHu3MoB, a rar(xe BlipycoB. C.r.y4euru
o3HaKOMrrrcrl c llpl4HuranaMLt coapeveuuofi r:raccurf laraqau M!i(poopfaHrr3Mon, ocHonannofi ua
nonu$a::uofi rar(coHoMrrri. Kypc ucrrcuaer pa3.4enH o poJrr.i Mr.rKpoopraHr.r3MoB r 6nocrpepe, a
raK)r(e B corpeuenuofi 6norexsolorun. B panrrcax Ar4crlllnnr.lHbr 6y,4yr usloxteubi ocHoBbI
ue4uquHoxofi uut<po6rtoi1 3I(onotHH, IIoHrrHe o6 unavyur.rrere r4 ero BLAax. C ty.{euru lroJlyrriif
rlpeAcraBneHue o ponll 6uounrfopuarzru B pat3Bt4Tut4 conpeveHnoil uuxpo6l.roloruu.
Ilpaxruuecxae 3aHsrrr4fl. rlo Alrcqaurr.lue ct|oprr,rr.rpyror uarrrxu pa6orrr n urarpo6uororaqecroii
na6oparopuu, o3HaxoMrr c ocHoBHLIMH MeroAaMH ItyJrbrr.{BxpoBa}IH, Id recrr.IpoBaHl4q B
vuxpo6r.roloruuecKr-tx lrccJleAoBaHHrx.

f{lr npoxox<geHl4q aaHHoi AI4oIILIIIJII4T{sr cryaeHT AoilxeH r.rMe'rL 3HaHuq rIo o6u1efi 6uo;roruu,
ueoprauuuecxoii tz oprauuuecxofi xuMlzti, Monexylrxpuofi 6uolorr4u, a rar(r(e IoJrlxeH BJraAerb
gJleMeHTapHLtMr.r HaBLtKaMri pa6o.rsr ua irounrlorepe.

3, l[c;rr, u llai(a.ru,rtrrcqrrrurrrul,l:
Iteat duc4unnuuor;
1. @opuuporan,e y cryreHToe grraHafi reoperr,qec*Hx ocuoe o6rqefi r,runpo6uororrza,

lrMMyHoJrorr4r.r r4 Br4pyconofHr-i) npe4crauel[rfi o ponr4 Mr.rKpoopraHr.r3MoB n 6uocrl epe, a
Ta(r(e o poJII,I Mr4KpoopfaHr.r3MoB B pa3Br.rrHH reguofi ugxrenepul.t lt 6uorexuoloruu,

2. I-{err flpa*Tr.rqecx,x sanqruii no AacqfiruilrHe - $opnauponan]re HaBbrKoB pa6orbr B
uurpo6uolorauecxoil :ra6oparoplru, o3HaKoMJreHr4e c ocHoBHbrMu MeroAaMu
v a rpo6uo,rorn uec rux lrcc,relo sau u fi.

3adaqu ducqunnunu:
1. osuaxorarerr c sau6olee a(TyaJr6nErMri upo6reuauu corpeueHnofi lrurpo6uo:roruu,

r43JlO)I(I4Tb OCHOBHbTe rrpHHIllr[Lr crpyxrypno-Qynrqraoualnuofi optaHH3allltr4 KJleroK
IIpoKapI4oTI4r{ecI(lIX t4 3yI(apIloTIlrle0KI-Ix MI'iKpoopraHI'I3MoB, paccMoTper6 ocHoBHble
rrpHrrrlun6r opraHu3ar1liLr uurpo6Hlrx coo6rqecre;

2. ognarouu'r's c ponblo vlarpo6nux coo6rqecrr B )r(r{3Hlt pacreullii, rorBorHbrx r.r qeJroBcKa, a
TAK)I(E B KPYIOBOPOTE BCTIECTB B NPI,IPOAE; O3HAKOMI,ITI, C NAII6O;IEE AKTYAJIbHbIMI,I
llanpaBJlelll4rrMr.i r4crroJtr,3oBaHlig MH(poopfaHra3MoB B pa3JlHr.rHbrx o6racr.sx
xo:{fi creeHHoii lerreJrr,Irocr}r rieJtoBeKa.

3. lpoeo4rarr rpaKTuqec(ue 3alflTut aJrfl o3Har{oMne}url o oouoBHr,rMr4 npr4r{uufiaMr.r
Kynbrr.rBr.rpoBaHH.f, H TecrHpoBaHu,I MHr(pooptaHr43MoB, rlopvaponauur HaBbrKoB
lIcIIoJIb3oBaHILt ullTepHer-pecypcoB Ar.,I u3y.qeH[fl reHoMoB MI4I(poopraHI43MoB, B ToMql'lcre feHerl.rqecKHx ocHoB auru6lroruxopesprcreHTHocrr4 r4 BupyreHTr{ocrr.i B
6arcrepua:tIr.rsIx rel{oMax.

)

4.'[pc6oraurrrr rr vllonrrro ocrocrrrru coilcDxauuq Ir,rct(ltttJulHrt
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flocre npoxoxt4eHru AIIcurinlrt4Hbr cryAelrr /lon)r(eH:

. JHamb: oclroBHbre pa3/IeJrbr conpervreunofi uur<po6lroloruu; polr ulrrpo6r4oJrorr4r.r B

KoMrrJre(ce 6uo,roru.rec(rx HayK; oco6euuocrv ltop$onorulr, dllr:ao,:roruu Ll

BOCnpou3BeAeHr]JI MrZKpOOpraHrr3MOB; 3KOIOTUrc npeACTaBLrTeIefi oCHOBHbTX TaXCOIIOB
MHr(poopraHr{3MoB, lrx cr4cTeMaTHKy, cxoacTBo r.t ocHoBlrbre paI3IErInrI npoKaplroT !l
3yr(apr.ror, rlpr4HIIHnbr xlaccvQuraquu, rroMeHKnarypy; ponb Mr.rKpoopraHr.{3MoB B
sBolrrcuzoHHoM npoqecce, B npr4poAe I,r pa3Jrr.rqHbrx crlepax ueroeeuecrofi 4elre,rsuocru;
ocHoBHLre l,ruxpo6l.rolorl.ivecr(r4e MeroAbr ucc:re4orauafi ;

. ))Membi noJrb3oBar6c, yue6Hofi u cnparo.ruofi ,ru.reparypofi, BraAerb HaBbrKaMr4 paoorst e

lallxpo6uo;loruuecxoil la6oparopula, ocyulecrBnqrb ooHoBHbre MaHr4nyrrruzr4 rro
r(ynr,TrlBr.rpoBaHprro H MraKpocr(orrrlpoBaHH ro 6arirepualrnsrx xyJlbryp;

t e,tademt: uaBbtxaMrr rror4cxa r.l pa6oru c Hayuuofi rrlr(ropnaaqueii.

BI|lbr y,rc6ror:i pa60rr,r Bcero
I(orrrrqecrno q!cot lo ceMecl DaM

ccM.
"*r.

_3_
ceirr. ce l\t. c-e,\I. c-e,M. ceNl. ccM.

I 2 3 4 5 6 1 IJ 9 10
L ()6ulaq rpy,loevKocrb,l3yLreHr,rri

AllCUldllJrXHbr no ceNtecTpaM, B T. rr.:
I80 180

l L Aytiuroprrsre:larrl'r'ufl, B t. ,r.: 72 '72

l .l .l . ,rlexrru 36 36
I 1.2. flpaxrurecxue :arlrrtl

TpeHrHroBofo T na, B T. rt.
36 36

l.l.2.l.O6cyx(aeHxe
TIPHKJIAAHbIX

npoerroc (c
:au1urofi re:ucoa)

L 1.2.2. I(eiicu (auanu:
npax'ruu. curyaqni)

1. 1,2.3. Ae,'roBbre r.rrpbr,

rpeeurru (a raxx<e
pojleBbte r-irpLr,

uM14Tarla,

curyauuii)
I 1.3. Cenuuaput (a raxxe

rpylnoBbre o6cvxrestl)
1 .1 .4. ,rla6oparopHrre pa6orll

(npaxruvecx.
3r(cIepxMeHTbl, aeMoHcTparl,
onurrrr)

I ] 5. Apyrhe BHArrl ayAhropHbrx
:arrrrul: Moqelapoeaute
r,rpoBoto 83axMoAeiicrBH-q
(r(oMnbrorepHbri rpeHaxeo)

1.2. Cauocloa le,r r,traa pa6ola 10u 108
2. I{orrcyrrr,r'arLrru

3. flrcr,veunurc lotr,taulrr e 3aAalru
4. Korrpo,ruture pa6olrr
5. l{ypcoB6re paSorLr

6-)cce u pc(l)epar L,r

7. Pao,re r uo-rpa0t.r.rccKt.re Da6orbl
8. J(pylnc Nrerojtbr u fioplur,r:tarrrr.uii **
9. q)opMa rc(yulero r(onrlrorr:
10. Ooprvra flpoMexyrorrHor-o xoHrporr: 2

nrrqbMeHHr,tx I{oHTpoJ.tbHbtx no TeMaM
I l. OopMa llToroBoLo I(orrrpoJtr: 3aqcr 3aqcr
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Pactrpcgcrerrue BecoB uo (topnrau r(onrpo;L{ u or(cnKH a(allcMu.lecl(oii }cncBaeMoctu

Bec r[opnmr
Texyuefo

KOHTpOJI' B

pe3yrr,rr.tpytoueii
ol{eHKe TeKyu{ero

KOHTpOJTTT

Bec $opurr
npoMexyToqHorc

KOHTpoJl, B

IrToroBofi oqeHI(e
npo[4exyTorlHofo

K0r.{Tp0n,

Bec lrrorosbrx
oLleHoK

npoMcxyToqHLrx
KoHTponei B

peayrrrupyroute
0ueHKe

IlpoMe)r(yTorrHofo
xoHTpon,

Bec oueuxr
floceuaeMocTt4l

pe:ly.nrriapyrcutei
oueHKx npoMexy r.'

KorrrpoJreii fl oueHKLI

rrTot. KoHTpoJtfl B

pe3y,1brtrpyrcI]1e i,
oqeHKe uToroBofo

r(oHTpoJu
Illrrr v.rc6roii
Da6orr,r/rorrrpo, ur

!ll M2 M3 MI M2 M3

Korrrpornlarr pa6ola
-fecr

Kypconar pa6o.ra

,lla6opalopurre pa6o lr,r

flilcruegtere aovauttue
3aLaBljl
3cce (peQepa'ruaeoro
TLrna)

Vcresrii onpoc
(cerv uHapc.)

0 I I

Perfepar

Bec pe3ynbrrdpyroueii
orleHKu Ter(yuefo
KOHTpOJU B ITTOTOBhtX

oueHKax tpoMexyT.
KoNrpo,rei

0 0 0

Bec nroroeoii oqeuru I
fo It po M e)r{yTo rl H o ro
KOHTpOJL B

pe3yrbrLrpyrcLueia

oueHKe fipoMexyT.
KoHrpo,re

0

Bec urorosofi oueHl(u 2-
fo npoMeI(yTo9Hofo
KOH',rpOIr E

pe:y,tl;rupytoulei:i
o[er'rKe npoMexyT.
I(ourporeii

0.5

Bec urorouoii oueuxu 3-
fo npoMelr(yTo9Hoto
KOHTpOT,] I
pe3ynbrr.lpytouei
oueHKe tlpoMexyT.
xonrporei r.A.

0.5

Bec pe3yjrb}rpyrculeii
o(eH Klr

np0Me)r(yTorrHhlx
I(oHTporefi B pe3yJrbrHp.
oueHKe llTofoB.
KOHTpOJI,1

l

Jxtalrcrr/:aqe l
(oqeurra HT0r'orlot0
ItolIr p0JrI)

0
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7. ColeMcottuc iuctluttLttut r,t:
7, l, Te-,rytumu'tecku nLtart (Pfi:lent t)ucuuntuHr,r u cuir sarutmuii) no r,,te6tto.\ry ntrutty:

Plt:l(c,tt l tt rct\1r)l lltrctllll.qtrlbl Bcct o qacon .lleKrlr r,
tt il co It

fl pa r<.r.

iatIfl l.llflj
YACOB

( en rr*
rrapLr!
IIACOB

"Ila60p.,
rtac0B

Apyr ue
B r'|(br

Ja lt fll'|I ii,
,ttlc0t

I 3=41-51 617+8 4 l (r ,7
8

BeeAeHue. 3ranrr pa:aurua, pa3aelrbr l
clleuuarrbHble alicl ur rlJt UHbl

vlrrpo6uo-oortu.
2 I

Mt-txpoopraultsrrlur, 4uara3oH rrx
pa3MepoB. (Dr.j,,roreHeTugecr(ui aHa,,rr,r3.

Tpexaoveuuoe apeBo )t(u3lt l,.
Merareuovurrii asarr.i3 Mt Kp06Hbrx
coo6utecra.

4 2 2

Moprf onorr.u 6axrepua,rrHsrx xolronuii.
Moprlo.nortr x crpoeHxe
6axrepuaalHurx xleror. fpav-
oTpl.ruaTerbHble r{ fpaM-
n o,r o rx ure,t u u r,re 6arreplu.

8 4 4

Ky,rrrueupocauue MI-tKpoopraH 3MoB,
Kpnraa pocra nolyr.rrulilt
M !rKpoop raH l.r3Mo B. Buorexlo,rortl
r\,flr Kpo o p mH u3 r\4 o8 .

8 4 1

OpraHu:aurr reHerugecr(oro Marepuana
npoKapr,ror, Xponrocovu u
BHeXpOMOCOMHbTe 3reMeHTbr.

I-eHerrqecrue Kaprr,r. IILlP-Meroa B

mtzxpo6uororuu.

8 4 4

Mo6lrrrutte reHerrrLtecKtie 3JreMeH.l.br.

Tpaucno:ottlr, ILra:vunrr, cDaru.

f lplrveueHre B MorexyJrrpHoM
KJIOH 14pOBaH Hlr.

8 4 4

Fopu:oararuurrii nepeHoc reHoB.
Mexaxnsurr. 6 3 3

Merabol uqecxar aapua6e,ruuocrl
ulrxpooprauu:voa. Po,ru
I\l r,l KpO O p mll l.r3 M o B B l(pytoBopoTe
BeuecTB B npr.rpoae.

). I I

Apxor'r. O co6c r U ro c'1'l.j c'r poe]lLirr apxcl:i,
oprar u3au , relroNla. l(naccfi$xtratUrr. 4 2 2

I-px6br. MopOo,lorua u <ltnzuotornn
rpr6uoi xlerxu. Pa3M uoxeHl.te.
Circreltaruxa.

4 2 2

llLrpycbr. l{"racct{(llrrKal ar.
liarr cpuo{ar r.r. flpo$alu. 1 2 2

3xo,rorur M r.i Kpoopf alur3M oB.
M axpocxoluvecro.re Bo/lopocnu.
flpocreilxue.

4 2 2

BseAerrue B r-lMNtyHo,tofaro. BuAht
llMr\4yHuTeTa. AHTl{reLrbr 6arcepuii u
q!!tr)ycoB, AHrrrera.

1 2 2

Murpo6urre coo6uecraa. Murpo6uaa
3KoJrorr{r. 9erosex xaK

"CynepopraHra:u".
4 2 2



9yucrro xeopyva (Quorum sensing),

CRISPR-Cas - u.{creMa
6arrepualrHoro xMMyHurera,

2 I I

r,r'tot-o '72 36 36

7,2, CogepxauHe pa3AeJroB lr .reM 
AlrcqlrflJrrrHbr:

I4cropur MV Kpo6r4onorfiIr, 3Tarrbr ee pa3Br4Tr4q (Aouayuurrfi, onr4carerLH;Ifi, tf u:r.iolrruecrufi u
Ap.). PorL pa6or JI. flacrepa, P. Koxa, M. Eefiepznra, C. Btrnorpa4q<oro, Z. Meuuuxoea, FL
fatrtareu u AP. B pl3BLrrrlLt Mllxpo6lroirorr4r4. Corpeiraeuuar Mr4r(po6r.ioJrotltfl, ee pa3AeJrbr r4

aH crlr4IL'r Lr H br.

llpeAlter v3yl.etzs rauxpo6uororrau, Mr4xpoopraH 3Mr,r, KJrerorrHbre u uerrerouuue $opul,r,
AI4aIIa3oH r.rx pa3MepoB, "ruraurrr" rz "xap.nuru>. Cparuurelsusrii aHarri3 reHa 165 ppHK
npo(apr.ror. @u,noreneruqecxufi aua,rug. TpdxAorraeHuoe ApeBo )r(r.r3r.rr4 (Kapl B6:e). Apxeu.
LUCA. Merareuotlausrfi aHantHg nranpo6Hsrx coo6rqecrn.

Moptfororur 6axrepua:rsHsrx rolontafi (pa:uepsr, rfopr,ra, pe:rreQHocrt, rlopiraa npax,
npo3paqHocrb, nHrMeHTarIr4r, r<oHcracreuqzl). Mop$ororrza 6axrepuarr,Hux r(Jreror(.
Oco6egnocrlr crpoeHI,I.g xre ro.lrrofi creHKli f paM-orpr{uarenbr{r,rx u fpaM-fioJrox(]irerBHblxe
6axreplrii.

Pocr (nereraruesstii r:reroqnr,rii qnrl) rz 4ereuue 6axrepua,rlur,rx xrerox (6uHapuoe, noq1oBaHr4e
lt gp.)' Pennr.ixaqul lHK (ori caitr, penrr.iKoH, granLr perrJrrlKaur4u, penrfi coMa, penrr4(ar1xoHHaq
Br4nKa, repMr.rHaqllr). cerperaqfi{ xpoMocoM. (Doplrupotauue cenrsr (Z-xo,rrqo, FtsZ 6enox).
Ky,rsrunzponanr4e Mr.r(poopraHr.isuoe. Bpeur reHepaqfia y pa3Hbrx 6axreprefi. Kpaear pocra
IIonynqq]iu Mt4 KpoopraH143MoB B nepHOA[4UeCXOfi Xylrrype. flporounoe KyJrbrr4 Br.rpoBaHr4e
(uenpepuruar r<ynrrypa). ocHosnsre npuHurrnbr r(oHcrpy(qr.iu 6uopeax.ropon (Sepueurepu).
Euo'rexnolorzs MHKpoopraHlr3MoB.

Pasnaepsl leHoMoB MI4KpoopraHIr3MoB LI Br.rpycoB. Oco6eHuocru opraHr.i3arlurr reHerr4r.recKoro
varepua,ra 6arrepui;i u apxefi. Xpoiraoconarr u BHexpoMocoMHr,re 3JreMeHTbr. flrouguocrt. Ba:ostre
r.i BcrroMorareJrr,Hr,re feHbr. 3xcnpeccur reHoB, petynrqntr, onepoHbr. vnaxoexa lHK po.Kapuor.
feHeru.recr(r.re xaprr,r. 11L{P-rvrero.4 a ul.rxpo6uoloruu.

Mo6ltmuue reHerr.rqecKue 3JreMeHTbr: Bc'raBoqHrle 3JreMeHTr,r, TpaHcno3oHEr, nrasuu4u, $arg,
I4HTelpoHbI' feHoMHLle ocrpoBa. Mo6ll:rorraa. KoucepaarasHufi a pen:ruxarusHT,tfi N4exauH:r4r,t
TpaHcrlo3ullr4r]. AerouoN{uste a He-aBToHoMHLIe .r.paHono3HpyeMble 

3JIeMeHTbI.
Perporparrcno:oHEr 3yr(aplror. @ynxqlrorra,rlrraa r<laccurlrzr<aa\r, nr*rrA. F-nlasr"lu4sr,
I(oHl,IoraIIIroHHbII nepeuoc, Hfi'xlerxa. R-rra:nan4u. Mexanus]\4tt pennurarll4r.r 1Jrzl3M]rA.
fpynnr,r HecoBMecrr.tMocra nra3M\4a. Il:raslru4u B Mone(ynrrpHoM Knor.rr4poBaHr.tu.

I-opasoura,rsHstfi nepeHoc renor (xour,rcraqua, rpauc$oplaaqlrr u rpauc4yxqux).
Kouneren'[rocrb KJreroK. TpaHc( oprr,raqux 6axrepua:rrnsrx xrrerox (rparvenra^au !I{K.
Tpaucrlopr'laurzl c yqacrlreM nJra3MHA. Baxrepuo$arlr. Tpauc4yxqul.

Mera6orr.r.recKax napua6err,nocrb Mr4r(poopraHr-r:von. rlpoqecclr ana6o:rr.r:ua r.r xara6olugua.
flocrynleuue BerqecrB r 6axrepualr,uyro xnerxy (az@@ysus, axrlasulrii rpaHorropr,
rpauc.roxaqu.r). Vrnepoguoe rrrzraHr4e 6axrepuir (arrorporllr u rereporpoQrr). Cnoco6rr
noryr{eHxfl 3Hepfr411. [nxaulre 6axrepuil, o6rqax xapaxrepr4cruKa apoueccoB 6porneuur.
Peryraqux KJ'rerorrHoro nae'La6o:ru:l,,ra rrpo(ap]ror. po,rs uunpoopraHH3MoB B r{pyr.oBopore
BerIecTB B npr.rpoae.



Apxeu. Orxpsr,re ,rroMeHa apxefi. ou:r.rororuqec,.ue rpynnEr D(crperuorlu*nux apxefi:
raao$uru, 'repuorfulrr, aqu4o$r.rln, alxa:ru( ulu. Oco6eHHocra crpoeHlrf, apxefi, oprauu:aqax
reuoua. Klaccl.rrf uxaqul,

lpu6u. Mop$olorul u (tusuororur rpu6Hoft r{rer(ri. opraHr.r3aur4., reHoMa, rrJra3Mr4ar,r t4 tsupyabt
rpu6on. cenruponaunuii u uer<reroqnufi uuqerr.rii. fpu6u 6e: Murlenvq. pasiulroxeuue.
Cnopoo6pa:oaaulre. Klaccurf uraqru.

Bzpycl,r. K,raccu$rixaqur. Earrepuorlarrr pa3Hbrx r,aopQorpynn. BupyreurHrre u yMcpeHHbre
$aru, Jlarnuecrufi u ra:oreunlrfi quxarr. flporfarra, cRISpR-cas - clrcreMa 6axrepua.r;Horo
LlMMyHrlteTa.

3xororuq Mr4Kpoopragr43Moe. Porb M,KpoopraHr.i3MoB B [p]ipoae. BrusHue Srsauecrux r.r

xl'iMHqecKrax $axropon cpenbr Ha Mr.I(poopfaHH3MLI. MUOrOO6pa-:USIe rz cJroxHbre
B3ar'rMoorHorrreHrttfl, Me)KAy Mr.tKpoopraHr.i3Mavu (clrna6uos, KoMMeHcarrr3M, napa^:urusira r.r gp.).
Mlrxpocxonuuecxr{e BoAopocJrrz. llpocreiiurr.re.

Bnegeuue B r4MMyHoJrornrc. vqesue o6 uu$exquu r.r r4MMyHa.r.ere. Bz4u rzuuyHurera. Anrqreuu
6axreplr 14 BlipycoB. I4urrayunrril orBer H arrrrzrera. Allepruuecxrae pea(uqu. Oco6euuocru
uu$erquouuofi anneprlir.r. Ayrouuuyulrsre [poqeccbr.

Mrzrpo6usre coo6qecrna - 6uonreuxu, quxr pasBr4Tr4s 6uoueHox. gyncrao KBopyMa,
cr'{fHaJrr,Hbre MoJrexylrr (ayrourl4yxropu). 3Ha.reuue 6aorlreHoK B MeAr.rrIHHe. pearqulr rzulryuuoii
cl]creM!,r opraHr.r3Ma r.r 6norueuxu. Mzxpo6Har sr(ororuq. r{eroeex xax .,cynepopranugu,,.
9e,rose'Iecxufi tr.tt'tt<po6uov. Mur<po6Hrre coo6rqecrna qeJroBeqecI<oro opraHr43Ma. Oco6enuoclz
trll'rxpo6uorsr rreJroBeKa B 3aBlrcHMocrr{ or Bo3pacra, o(pyr(auefi cpgAr,r u o6pasa >xlrsuu. 3y6uo:.

9yncTno KBopyMa (Quorum sensing). cursa,rsune Morre(ynbr (ayroun4yrropu). cRISpR-cas -
cr.rcreMa 6axrepualruoro r.rMMyr.rr4Tera.

7..J IIpttueDttt'te me-vu xott tttDo:tr,ttt,tx Do6ont

L (Dllroreueruuecxui aua,rr.rs, TpexAoMeHHoe AepeBo xLI3HH, auanus 165 ppHK
6axrepr,rfi

2. CrpoeuuerpoKapaorr-iqecrofi r<lerru (6axrepun, apxeu)
3. Moprpo,rorul 6axrepr.ralrusrx KJreroK, nroprfo:rorl.r.a 6arrepaalruux KoroHHi
4. KynsrunupoBaHHe MuKpooptaHr.t3MoB, xpunar poc.ra 6axrepua,rtnofi nolyJrsur4r.t
5. lelenae npoKapr4orr4qecr(Hx KJreror(

6. Penluraqu.r 6arrepualrHoii xpoMocoMLr
7. OpraHllsaqzfl reHeruqecKoro Marepr{ana npoxaprlor, ynaroBxa lHK 6ar<reprzfi u

apxeit
8. Xpouocounbre H BHexpoMocoMHEre reHerr.rrrecxlre 3reMeHTr,r
9. Easoerlfi r'{ BcrroMorarerbnsrfi ua6opu reHoB, 3Kcnpeccu, rerroB (xoucrnryrannsre ra

uutyqz6emuue reuu), onepour,r 6arrepufi



1 0. Mo6u:rsnste ter{erl.IqecKLIe 3reMeHTbr rrpoI<apltor (,ucepllaolrnue 3JreMeHTr,r,

l pauclt03out l, rr.rra:ntn;1t,t, (taru)

I 1. Koucepearunuuii u pennrzxarusurrii MexaHugMr,t rpaHcno3r{u}tr4
1 2. flna:rrrrzlu 6anrepufi , ua3MrrA6r B MoJrexynrpuoM KJloHr.tpoBaHr.rr4

13. Bupyctr, 6axreprao$aru, .[uru,]ecxzii z r goreHHrlfi qux:ru 6axrepuo(taron
14. Koutrcraqur y 6arrepuii, F-ua:r,ragsr,
15. R-n,ra:narz4r,r, MexaHu3M6r ycrofiulreocru x aHrulrzr<po6ur,rM npenaparaM
16. Tpauc$opr'aauur

17. Tpancayruul
18. fpu6u, crpoeHr.re rpu6nofi rlerxu, ru$u, oAr.ro(neroqH're 14 MHotoKJ,reroqHbre

rpr.r6uuqu
i9. Murpo6usle coo6rqecrea - 6uonlreura
20. Mur<po6uar 3(oJtotr4.,r, qeJroBex xax,,cynepopraul.i:u,,
21 . Murpo6nrre coo6uecrsa qeroBeqecr(ofo optaHrr3Ma.

22. 9yucrso KBopyMa. Curuansuue MoJrer(yJr[,r (ayrou ugynropu).

23. CRISPR-Cas - cucreMa 6axrepua,rsuoro r.rMMyHr4rera.

B. Vqe6Ho-.l4emoduqeatoe o6ecneqeuue ducuuwruuut

8. I. Pexoneu dy euaa n ume pamyp a :
Eas oo ute yu e 1wrrcu (yu e 6uo - n p attnluq e cKlre no c o 6un)

l. Me4urlnucxan l,rrxpo6uolornq H uMMyHonorus /y. JIesHHcoH; nep. c aHrn. nor peA. r-
pa Mell. HayK, npo$. B. B. Bero6opoaosa._M. : EI,IHOM. Jla6oparopra.x 3HaHr.rit, 2015,_
1l8l c.

2. Me4raquucxat uultpo6rolor,rr, Bltpyconorhs ,, t.:tMMyHoJrorrir. B 2-x r, Totra 1 : yve6. no
Ar.icllutrnr.iHe <Mllrpo6lro,rorur,, Bupyconorufl ]l r4MMyHonorr4r) rroa peA. B. B. 3nepena,
M. I-I. BofiqeHxo. - M. : f3OTAp-Meaua, 201 0. 44g c.

3. 3nepeea B.B., Meguqmrcxal ltzr<po6uolorul, Br.ipycoJroru.{ u uuuyuo;rorlrr. B 2_x
ronax. Tou 2. [3nerrpouul,rft pecypc] : yue6uur< / flo4 pe4. B.B. 3repena, M.H.
Boft.reHno. - M. : I-3OTAp-Mesraa, 2013. - 4g0 c

4. Bopo6sen A.A., B'ron A.c., rlaiuxos E.II. r-r 4p. ocso*r uurpo6lrororzu, B,pyconorur.r
r.r r4MMyHoJIotlrLL M.: Axaaeul.rg, 2009.

5. fycea M.B., Muueena JI.A. Muxpo6zo.loraq. M.: Axaaevtug,2007.
6. Eenrrcosa H.A. Mnxpo6l.rolorrzl [enexrporrusril pecypc]: yue6uur< _ Mn,cx: Bll,rsi,,a.,

tstr<ota,2072.

7. 3xolorlrg MuxpooptaHr-r3Mon : yue6Hux Anq cryA. yn_ron, o6yv. no cneq. 012400
"Muxpo6no:rorufi" r.r .tp. 6no,ror. cneq. / A. h. I{erpycon, E. A. Bouq_Ocruoloncrar, B.
M. fop:renxo r4 Ap. ; nor pea. A. L{. Ilerpycoaa. - M. : Axaaenrus,2004. _ 2j2 c.

8. Epnulona E.B. Mo,'lexyllprrbre acner(rr,r alfarrrar\LlLl npoKapr.ior.- Cfl6.: LIsl_so C._
ll6.yma,2007 .

9. Kopouet A.LI., Ba6fi.res C.A. Me4uuuscxaa uurpo6uo:rorur, rzMMyHoJrorurr 14

Bupyconorr4r. C.-1I6.: Cneq. nmepurypa, 2002.
10. Herpycon A.I4., Bonq-OcproJroBcxarr E.A., loplenro B.M. r.r 4p. 3xo:rorns

Mr.rKpoopraHr43Moe. M. :AxaAeNauq, 2004.

I



11. Byxapun O.8., Baluurer A.8., f r.r:ttir,IyrguHoea @.f. rz 4p. 3rolorur MuKpoopraHrz3MoB
qerroBeKa. Enareprzu6ypr: VpO PAH, 2006.

12. Coapeuennaa uarcpo6uolorur. llporapuorn: B 2-x rouax. /lloa pea. fr. Jleurelepa, l.
flpenca, l. f[rererrr.- M.:Map, 2005.

13. Me4uqriHcxar uurcpo6uororns./ lloa pea. A.M.Koponrcra, B.B.C6oii.raxoea. Cf16.,2002.
14. llas,'roeuq C.A. OcHosrr Br.rpyconorr4rr: yqe6uoe [oco6ue An, By3oB. - M.: Bucuras

mKona, 2001 .

15. llpar<rr.rxyu no runxpo6uolorua: yu. noco6ne AJl, cryr. nucu. y.re6u. zaseaeu ia I
A.tr4.Herpycon, M.A. Eroposa, Ji.M. 3axapuyx r.r Ap.; IIo,u pe.q. A.tr4, Herpycoea. _ M.:
Araaeurz.s, 2005.

16. Onpe4enrlre,rr 6axrepufi EepA>rn. B 2-x r.: flep.c auu. / flo4 pe.q. flx.Xoynra z.qp._ M.:
Mup, 1997

6) flpynue Hcro.rHHKH

3:rerrpouuar 6u6luorexa (xou.,lerr HayqHbrx, yue6nrrx r,r MeroAr4qecKux MarepuanoB Ha
I(OMnbIOT9pHEIx uOCr,trelxx).

Munpo6uo: roru'rccnal rra6oparopn.n c neobxo21unr,,,l,r o6opyaor:an nclr, rvtutcpo6nojlor x.rec11ur.i
6oxc 2-ro xlracca 6egolacuocrr'r, flL{p-6orc, nunpo6Hololu Lreo,.ue cpoArrr, penresr.r,r,
M14r(pocKon.

Kounrrcrepurrfi npoermop.
O6opy4onauuaa KoMrrElorepaMr,r yueluat ay arl-topLtfl .
I4uT epuer.
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