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HcTopuueckuil ouepK poKIAEHHsI TUIIOTE3 O IPOMCXO0KICHUY )KU3HU Ha
3emile U POJI MUKPOOPTraHU3MOB B 3BoIonuu 6uocdepsl. [loctpoenue cxem
(drIoreHeTUYeCKNX OTHOIICHUH Y OaKTepuid, SBOJIIOLIMOHHOTO JIEpeBa
JKHUBBIX OPTraHM3MOB C ITIOMOILIBIO TCHOCUCTEMATUKH, CPABHCHU A
pHOOCOMHBIX T'€HOB U JIp., TPU OCHOBHBIX JIMHUU 3BOJIIOLUU. [IBa
Ha/IapPCTBa MPOKApUOT: OAKTEPUU U apX€Hu, UX OCHOBHBIE
¢wiorenernyeckue MMHUM. [Ipoucxoxaenne GoTocuHTe3a U JAbIXaHUS.
[TpoucxoxxaeHne 3yKapuoTHOM KIETKH (BIMSHUE TOPU30HTAIBHOTO
IepPEHOCa 'EHOB, POXKICHHE HAyKH MOJIEKY/ISPHOM SKOIOrHH).”
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T
DyHKIHOHAIBbHOE PAa3HOOOpa3He MUKPOOPTraHU3MOB

Tpoduaeckoe pazHooOpaszue: GoTo - U XeMOTPOdBbI, JTUTO - U OPraHOTPO(DHI,
aBTo- U reTepoTpodbl. CriocoObl MOTydYeHHs SJHEpTUun. MexaHu3Mbl
TPAHCIIOPTa U OCMOPETYISIUU. A3pOOBI U aHA3POOBI, CBA3b C TUIIOM
MeTabonu3ma. CriocoObl IBHKEHUS, aKTUBHOE U MTACCHBHOE MIEpEeMEIICHHE.
Kunertuka pocta MUKpOOPraHM3MOB, 3aKOHOMEPHOCTH OTMUPAaHUS, aHAOHO03.
Criennanu3aius o UCHoiIb3yeMOMY cyOcTpaTy, cCaXapoJdUuTHUECKHE,
NENTOTUTHYECKUE, JIUTTOIUTUYECKUE MUKPOOPTaHU3MBI (TIOITBEPAUTH
3KCH€pI/IMeHTaJIBHO).2

HUcnoab3oBanue MHUKPOOPTraHU3MOB B l'[pOMl)IlII.]'IeHHOCTI/I1

IIpruMeHeHre MUKPOOPTaHU3MOB B PA3JIMYHBIX OTPACIIAX MPOMBILIJIEHHOCTH:
MUIIEBON, XUMUYECKOH, (hapMalleBTHUECKOM, METUITUHCKOM, TEKCTUIHHOMH,
KOKEBEHHOM, MeTan-nypruieckoid. CriocoOHOCTh MUKPOOPTaHU3MOB
npoayuupoBath bAB (pepmeHThI, aHTHOMOTHKY, BUTAMUHBI, TOPMOHBI,
repOuIUAbI U T.7.). Y4acTue MUKPOOPTaHU3MOB B Pa3TUYHBIX
OMOXHMUYECKHUX H XMMHIECKHX npoueccax2

DaKTOpbI BHELIHEH cpelbl, ONpeesaIonue pocT 1 pa3BUTHE
MHKPOOPraHU3MoOB

3aBUCUMOCTh CIIOCOOHOCTH POCTa OT KOHIIEHTPALMHU cyOCTpaTa U UCTOYHUKA
sHepruu. [Icuxpoduisl, Me30puIIbI, TEPMOPHUITBI (TOUKH POCTA, 30HBI
ontumyma). Heitrpodusl, attmpodunsl, ankanoduisl. [antopuisl,
MOpPCKHE U IPEeCHOBOIHbIE (hopMbl. CBET U XpOMaTHUECKas aJlanTaius,
YCTOMUYMBOCTD K U3y4EHUsAM. TOJIEPaHTHOCTD U IIOK HAa CTPECCOBBIE
peakiuu, OaKTepHUaTbHbBI OKUCIUTEIHLHBIN B3PHIB (IOATBEPIUTH
IKCIIEpUMEHTAIBHO). DOpMUpOBaHHE OMOTUICHOK, )KH3Hb B KOJUTOUTHON




cpeze (B3BEUICHHBIC), ITITAHKTOHHBIE U TPUKPEIUICHHBIE K 00BEKTY (DOPMBI.
3HavyeHre a0MOTeHHOM cocTaBIsIomEeH st GOpMUPOBAHUS MOMYIIALUOHHOM
CTPYKTYpBI BHIa’

AHTI/IGHOTI/IKOHPOI[yKIII/IH KaK MpPosiBJICHUE Me)RMI/IKPOGHOFO
aHTaFOHI/I3Mal

OO6ume mpeacraBneHus 00 aHTUOMOTHKAX, TPUHIIMITEI UX KIIacCU(UKALIUH,
MEXaHHU3MBI JeHUCTBHsI. METO/IbI MOMCKA U BBIICICHUS MHUKPOOOB-
MPOYIIEHTOB aHTUOMOTUYECKUX BemecTB. [IyTu OnocuHTe3a, XUMUYeCKast U
Oumonoruveckasi MOAU(PUKAIUS TPUPOTHBIX AHTHOMOTHKOB M €€ 3HAYCHHE.
[IpombllizIeHHOE MMOTYyYeHHE aHTUOMOTHKOB U UX MPUMEHEHHUE B MEIUIIMHE,
CEJIbCKOM XO34MCTBE, B MUIIEBOM ITPOMBIIUIEHHOCTH. METObI ONpeIeIeHHSs
YYBCTBUTEIHHOCTH MUKPOOPTAaHU3MOB K aHTHOMOTHKAM. PE3UCTEHTHOCTh K
AHTUOMOTHKAM KaK Pe3yJIbTaT €CTECTBEHHOTO 0T6opa2.

MuxkpoOHast ouoreoxumusi

Oco0eHHOCTH MUKPOOPTaHU3MOB KaK Ba)KHBIX T€OXUMHUYECKUX areHTOB
(YCTOMUMBOCTB K HEOIArOMPHUSITHBIM BO3ACUCTBUM, (PU3HUOIIOTO-
OMoOXMMHYECKOoe pasHooOpa3ue, MoTpedIeHne CyOCTpaToB H IIp. ).
buoreoTexHonorus — NpukiIaaHON pa3ie’a MUKPOOHONH OMOre€OXUMHUH,
yueHue 00 UCNOIb30BaHUU MUKPOOPTaHU3MOB ISl 10OBIYM U NIEpepadbOTKU
MOJIE3HBIX HCKONaeMbIX. Poib MUKpOOpPraHU3MOB B Ipolieccax J100buU U
nepepaboTKU HePTH, YIiIsl, IPUPOIHOTO Ia3a, PyAbl, YEPHBIX, IBETHBIX
6J1aropoIHBIX METaIOB. MUKPOOHBIE METO/BI MOBBILIEHUS HEPTEOTIAUH U
MUKpOOHBII MeTO/1 60PHOBI C METAHOM B YTOJIbHBIX maxrax’.

T
IlouBeHHBbIE OAKTEPHH KAK YYACTHHKY MOYBOOOPA3YIONIUX MPOIECCOB

Pa3Hoo0Opasue nouBeHHbIX OakTepuil. XapakTepUCTUKa IOYBEHHBIX YCIOBUMN
¥ SKOJIOTMYECKUX HMII. XapaKTepHCTHKA IOYBEHHOTO MUKPOOHOLIEHO3a:
ABTOXTOHHBIN KOMIUIEKC, 3MMOT€HHBIE, OJTUTOTPO(HBIE U aBTOTPOPHbBIE
MHUKPOOPTraHU3MBbI (IOATBEPAUTH dKCIIEPUMEHTANIBHO). Onpenenenne
HOHATHS CYKI[ECCHUU, 3aKOHOMEPHOCTH (DYHKIIMOHUPOBAHUS MUKPOOHOTO
coobuiectBa. O6pazoBanue Topda 1 rymyca, CaMOOUMILEHUE TIOYB.
®opMHUpOBaHUE TOYBEHHBIX MUHEPAIOB C YYaCTHEM MHKPOOOB.
brokopposus 1 pexyJIbTUBaLUS ous’,

ITouBa kak 00J1acTh B3aUMOACHCTBHSI MUKPOGIOPHI ¢ PACTUTEIbHBIM
HOKpOBOMl

Pa3BuTne MUKpOOpraHU3MOB Ha OBEPXHOCTH MOYBEHHBIX YACTHII, 3HAUCHUE
MUIeTHaTBHOTO cTpoeHus. CuMOnoTHyeckas a3oTdukcanus, pa3ioxKeHue
ofaja, JUTHOLEIITI0JIO3b] KaK JOMUHHU-PYIOIINE AJIs TTOYBBI TpopUyeckue
MapuipyThl. nupuTHAA U pUTOnaroreHHas Mukpodiaopa. Mukpodiiopa
pu3zochepsl B 30HE KOPHEBBIX BbIJIENEeHUH, MuKopu3a. Poib
MHUKPOOPIaHU3MOB B JIeTpaJiallii OPraHNYeCcKOro BEIIecTBa B MIOYBE, B
(dbopMHpOBaHUHU TyMyca U PeoOpa30BaHUM MUHEPAIBHBIX COSINHEHHH,
noJyIep>)KaHuM TOMeocTa3a Mo4B. KOJTMYeCTBEHHBIH yUeT U MOTydeHHe
HAKOIMTENBHBIX KYJIbTYp Pa3HBIX (H3HOJIOTHYECKUX TPy,




AHaan3 MUKpPodJIopbI BOJBI™

Bomoém kak MoJenb 9KOCHCTEMBI, KITacCHU(UKAII BOJOEMOB, IUKIIBI
OMOTEHHBIX JIEMEHTOB B BojgoéMax. OnpeseneHrne NpoIyKIuy U
JIECTPYKIIUU TI0 00pa30BaHUIO U MOTPEOICHHUIO KUCIOpoaa (OMOXMMHIYECKOe
norpednenue Oy). YnciaeHHOCTh MEKPOOPTaHU3MOB, 30HbI CAallpOOHOCTH,
MHUKpO(IIOpa JOHHBIX OTIOXKEHUN. IHIUKATOPHBIE OPraHu3Mbl, CAHUTAPHO-
OakTepHroIornyecKas OIeHKa BOJIbI, ONPEIEICHNE MUKPOOHOTO YKCiia, KOJIU-
TUTPA ¥ KOJIM UHJIEKCa BOJbI. MUKpO]IIOpa CTOYHBIX BO, METOA
OMOJOrN4YeCcKOr OUNCTKU. MUKPOOHAs NECTPYKLUS CUHTETUUECKUX U
MOBEPXHOCTHO-aKTUBHBIX OPTaHUYECKHX BEILECTB, PA3JI0KEHNE OPIaHUKH B
METAHTEHKAX".
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B3auMooTHOIIEHHS MHUpa MHKpOﬁOB C OpraumsmMamMi *KUBOTHBIX U
1

YyeJI0BeKa

3Ha4YeHrne HOPMaIbHON MUKPO(]IOPHI, TUITBI MEKBUIOBBIX IKOJIOTHUECKUX
cBsizeil. Poib MukpoOOB B pu3nonoruueckux npomeccax. HopmanpHast
MHUKpO(II0pa Kak HHAUKATOP COCTOSHUS oprann3ma xo3suHa. [locrostHaas
(pe3uneHTHAs) ¥ BpeMEeHHAs (TpaH3UTOPHAs) MUKpO(dIIopa YeIoBeka.
[TonsiTHE «yCIIOBHO-TIaTOTE€HHAas» MUKpodiopa. [luconomneHos,
TCOaKTEPHO3, IPUYUHBI, TPU3HAKH U ITYTH yCTpaHeHI/mz.
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®DotorpodHbIE MmcpoopraHmMm1

Hcropust OTKpBITHS U N3ydeHHs (POTOCHHTE3a TPOKAPUOT. XapaKTePUCTHKH
dororpodHbIX OakTepuil (MyprypHbIE CEPHBIE U HECEPHBIE OaKTEpHUH,
3eJIeHbIe OaKTepuH, IMAaHOOAKTEPHH, ad3pOOHBIE OaKTEepHUU, 00pa3yIOIINe
OaxTepuoxiopodmin) u ap. DoTocuHTe3upyOmUA annapar (MMrMEHTHI,
CBETOCOOMPAIOIINE JIOBYIIKHU, TPAHCIIOPT 3IEKTPOHOB, FEHEPUPOBAHUE
AT®). I'anobGakTepun — apxeOaKkTepUn, OCYILECTBIAIONINE (POTOCHHTES.
Okonorus GoToTpodHBIX TPOKAPUOT U IBOJIIOLIMOHHBIN nporecc. [{nano-
OaKkTepHaIbHbIe MAaThl, CAMOMO3bI, yUaCTHE B TPOPHUECKUX LEMsX,
B3aMMOOTHOIIEHUS C 3yKapHOTaMH, MaCCOBOE Pa3BUTHE — «IIBETEHUE
BOJIOEMOB.
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MukpoGHbIe co00LIecTBa: CTPYKTYPa M POJIb B IIpHpoe.

Tpodudeckue B3auMoIeHCTBYUS, IS MUTAHUS, IPOJIYKT - CyOCTpaTHbBIE
B3aMMOJICHCTBHS MKy OpraHu3MamMu. PerynsTopHast posib 0OpaTHBIX
cBs3eil B cooOriectBe. [lepBuuHbIe MPOIYLIEHTHI U JECTPYKTOPHI,
TUAPOIUTUKHU, aHAIPOOBI -OPOAUIBIIHUKY U JIP., BTOPUYHAS IPOTYKITHSI.
3UMOTreHbI U aBTOXTOHBI. Pa3iokeHne ajuloOXTOHHOTO BEILIECTBA.
KoHnkypeHTHBIE B3aMMOOTHOIIIEHUS (BBIACICHUE TOKCUHOB, aHTUOMOTHUKOB U
Ip. (PM3HONOTHYECKH aKTUBHBIX BellecTB). [{nano-0akrepuaibHoe
COO0O0IIIeCTBO KaK MPOTOTHIT TPOCTPAHCTBEHHOHN OpraHu3aluu
B3aMMO/JICUCTBYIOIINX Ipym. B3auMoaericTBie MUKPOOPTaHU3MOB C
MPEACTABUTENSAMU IPYTUX TPYIII 5KUBOTO MI/IpaZ.
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YuacTie MHKPOOPraHH3MOB B KPYrOBOPOTE yIJIepoia B pHpoje.

OcHOBHBIC MMPONHECChI LIUKJIA YTJICPOda U I'PYIIIIbEI MUKPOOPIraHU3MOB,




y4acTBYIOLIME B KpyroBOpoTe yriepoaa. PoTo- 1 XeMOCHHTE3 Kak
UCTOYHUKH OpraHU4ecKoro Beuiectsa. MukpobHast accumuisiimst CO».
AbspoOHas 1 aHa’poOHast Jerpajaus OpraHndeckux BemecTB. Mukpoduopa
HE(TSHBIX U YTOJIBHBIX MECTOPOYKICHHIA’.

14 | Y4acTHe MHKPOOPraHH3MOB B KPYrOBOPOTE 230TA B IPHPOJIE. 2

OcHoOBHBIE IPOIECCHI KA a30Ta U IPYIIIBI MUKPOOPTaHU3MOB,
Yy4acTBYIOLIMX B KpyroBopore azota. CucTeMaTuka, paclipocTpaHeHHE B
HPUPOJIE HUTPH - U ICHUTPUPHUIHMPYIOUINX OAKTepHid. XeMOJIUTO - U
XeMOOPTaHOTPO(HOPACTYIINE MUKPOOPTAaHU3MBI B IIUKJIE a30Ta;
KOHCTPYKTUBHBIN U dHEpreTudeckuii Metabonusm. [lomyuenne
HAKOTMUTENIbHBIX KYIbTYP HUTPUPHUIHUPYIOUINX, TEHUTPHUPHUIHUPYIOIIHNX 1
a30T(OUKCUPYIOIINUX 6aKTepI/II712.

15 | Y4acrie MHKPOOPraHH3MOB B KPYTrOBOPOTE CEPHI B IPHpPOIE. 2

OCHOBHBIE TIPOIIECCHI IIUKIIA CEPBI U TPYIIIBI MUKPOOPTaHU3MOB,
Y4acCTBYIOLIMX B KPYTOBOPOTE CEpPbI: CYIb(aTpeyKTOPbl, aHaOPOOHbIE
(bOTOCUHTE3UPYIONINE cepOOaAKTEPHH, a9POOHBIE CEPOOAKTEPHUU U THOHOBBIC
6axtepun. [IpupoaHbIe YCIOBHS MACCOBOTO Pa3BUTHSI B BOJOEMAX
Pa3IUYHbIX IpyNN cepoOaKkTepuil U THOHOBBIX OakTepuii (UYepHoe mope,
pUQTOBBIE TOJIMHBI OKEaHa, KUCIIbIE 03epa BYJIKAaHUYECKUX PailOHOB).

OO6pa3oBaHue U pa3pylIeHUe MECTOPOXKIeHUH cepbl. [Ipumenenue
THUOHOBBIX 6aKTepI/II>'I JJI1 BhIIIICJIIaYWBAaHUS IIBECTHBIX U 6JIaFOpOZIHI)IX
METAJLIOB U CY/IbQHIHBIX PYL°.

16 | Mpupoma pe3sncTeHTHOCTH GAKTEPHIi K JIeKAPCTBEHHBIM NpenaparaM’ 2
eCTECTBEHHAs U PHOOPETEHHAS.

T
17 | MeToabl CAHUTAPHO-MHKPOOHOJIOTHYECKOI0 UCCIeJOBAHMS MOJIOKa U | 2
MOJIOYHBIX TIPOIYKTOB, HX SIHAEMHONOTHYECKOE 3HAYCHHE.

18 | HopMaTHBHBIE J0KYMEHThI H YUPEKICHHsT , KOHTPOIHPYIOLIHE 2
CaHUTAaPHO-MUKPOOHOJIOIMYECKOE COCTOSIHUE OOBEKTOB.

Hroro 36

1o TEMa CaMOCTOSTEIbLHOMN pa6OTBI

2 o
— CYHIHOCTHOC COACPIKAHUC CAMOCTOATCIIbHOU pa6OTI>I

PaccmoTpeno Ha 3acenanuu kadeapbl MUKPOOHOJIOTHHU, BUPYCOJIOTHH, UMMYHOJIOTHH C
KypCOM KJIMHMYECKOH MUKpOOHoIorun «26» aprycra 2024r., mpotokon Nel
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