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[Mpunoxenne No |

Kk fipukasy Ne oT

HpOFpaMMbI BCTYAUTECABLHLIX HCNBITAHHH
mo HanpasJjeHn1o 06.06.01 buonoruyeckue HayKu
Cnennansrocts 03.01.03 Monexynsipuast 6HoIOTHS
Onpegnenenne npeaMeTa «MoNeKynspHas Guonorusy. OCHOBHBIC dTams! passurThs. Hanbonee
MPUHUUITHANEHEIE OTKPBITHS.
JoKasaTenbeTBa FeHeTHUECKOH POIH HYKICHHOBBIX KHCIOT.
XPOHONOTHS OTKPBITHH, IOATOTOBUBINMX co3fanue YorconoMm i Kpuxom moaenn asoiHoi
crivpanu JHK.
Hyxneosun, HyKIeOTHI, TONHHYKICOTHA.
ITpunnune: crpoeHus aoiHOH cnupanyu JHK.
Ifapamerper B-, A- u Z-popm JTHK.
Buner PHK. Hx pons B kietke.
Knaccupukaumsa aMyuHOKHCIIOT.
YeTelpe ypoBHA CTPYKTYpHOU opranu3anuy 6enkos. [ nobynapreie # Gubpuiisprble OenxH.
OcHoHble OHoMOrHYecKue GyHKIUH OEIKOB.
Oynxuun JHK. MudopManyonnas eMKocTs.
I'enernueckuil koa. Ero ocHoBHEBIE CBOMCTBA.
[{puHOUIIBL TPAHCKPUITIHYL.
ITonstue 06 onepoxe.
Cy6veaunuuneliii cocraB PHK-nnonumMepassl E.coli. E€ ocnopurle GyHKINH.
OcobeHHOCTH CTPYKTYPHI IPOMOTOPOB.
DTalbl TPAHCKPHUIILMH Y IPOKAPHOT.
Perynsauus tpanckpunuuu y 6axrepuit. Herarusnas unaykund. [lozuTHsHAas HHOYKIIHS.
Heraruenas penpeccus. [lozutnpHas penpeccud.
ATTeHyalus B peryJsALHK 3KCIpeccHy Tpuntodanosoro oneposa E.coli.
OcoOeHHOCTH TPAHCKPHIILIHHY Y SYKApHOT.
MHuoxecrBentocTs 1 cnennduanocts PHK-nonumepas sykapuor.
Cis-aneMenTh! 1 trans-(bakTope! TparcKpunuuu. ObpasoBaHUe HHHIHATOPHBIX KOMILIEKCOB ¢
yuactueM PHK-nonumepasst II.
IonsTre 00 3HXaHCEpax U caHiieHcepax.

IMponeccunr m-PHK syxapuot: kenmuposanue, HONHAACHUIHPOBAHNE, CINTAHCHHT,




peNaKTHPOBaHHE.

Pa3iuunble MEXaHU3MBI CIuUtaiicunra, Trans-criaiicuHr,
ATLTepHATHBHEBIH CIUTafCHHT.

Massie PHK. Vx ¢yukmumu,

Crpykrypa t-PHK.

Pexoraunus. Amunoanenuponanue t-PHK.,

CrpyxTypa pubocom mpo- i dykapuot. Llentpsr puGocoum E.coli.

JTankl TPAHCAIUUH Y IPOKapHOT. benkosbie GakTophl TPAHCIISLIMH.
Perynsanua tpancusiuu Ha npumepe ¢ara MS2.

Perynsuus o6pazosanus r-PHK u Genkos puGocom y E.coli.
ObpaszoBarue pudocoM y sykapuot. TloHsTHE O SAPBIIIKE.

[Ipunnune pennukanau JJHK.

JloKazaTensCTBO MOTYKOHCEPBATHBHOTO XapaKTepa pellTHKaiiH.
Gepmenrtatuprag chcteMa cuuTesa JHK in vitro. Axrusnposanue JTHK.
Honstre o marpuiie u 3arpaBxe npu peruukanus JHK.

Crpoenne u pynkupn JIHK-nomumepasel | u3 E.coli. 3navenne 3'—5' u 5'—>3
THAPONUTHUECKUX aKTHBHOCTEH,

Cxema HenpepbIBHOH aHTHIApatensrol permixanun Koprbepra.
Cxema HenpeprIBHOH NapamutensHol pennukain Kapaca.

Cxema npeprIBUCTON aHTHNAPANNENEHON periKannn OKazaku.
CpasHutensiag xapakrepuetuka JHK-nomumepas, [, I u 11 u3 E.coli.
JHK-nonumepasa 111, holo-dpepmenr.

Cxema pasmuoxenus Gara M13 u nokazarensctso Hamnuus PHK-3atpaBku npu permikanmm
JHK.

ITpaiimMasa u npaiimocoma.

[Ipobnema jleHaTypallii MaTpHIBL ITPY periukanud. SSB. Tenukasel,
{lpunumme! pabote U OuoNIorYyYecKkue QyHKIMH TOMOU30MEpas.
Cospemennas cxema perumkaimn JIHK E.coli (Monens «rpomGonanr).
Ocobennoctu permukanun JHK ayxapuor.

Pennuxauus MutoxonapuansHol JHK mo3BOHOYHBIX KHUBOTHBIX.
TenoMeprl, TenomMepasa U crapeHue.

OcHoBHEIE penapadensHele HoBpexaeHus B JIHK i npHHIUIE! KX HCIIPABACHHUA.
I"'enom sykaproT. «H30BITOYHOCTEY, HANUYNE TIOBTOPOB, HEKOAMPYIOUIHX
IOCNEA0BATENEHOCTEH, KOMIAKTHOCTE, HECTAOHIBHOCTS.

OcHoBbI MeTOa perarypanuu JIHK.




Carennurnas JIHK. OcoGennocru cocrasa, Jlokanusanus B renome. BosmoxHas pois.
[Tamurnpomer. Pons ofpaltueHHEIX TIOBTOPOB B rEHOME.

Tunst cTpyKTYpHO-DYHKIEOHANEHOM OPTaHH3alINE DYKAPHOTHYECKUX TeHOB. [ €HBI
«IOMALIHETO XO35HCTBA» Y FeHBI «POCKOLINY.

Of11as XapaKTepHUCTHKA THCTOHOB.

Komnaxraszauus JTHK sykapuot. HykneocoMHBIi#, CynepOMaHblii, ETIEB0# YPORHH
KoMIakTH3auuH,. MeTtadassas xpoMocoMa.

Hecrabunsuocts renoma. MoGHIBHEIE 9l€MEHTHL IPO- ¥ 9YKAPHOT; P DEKTH MX BHEAPESHHS.
PerpoBupycsl. ObpatHas TpaHCKPUIILHS,

MonekynspHble OCHOBBI KAHLIEPOTEHE3A.

MonekynapHo-GroIornYecKue OCHOBB! BOSHUKHOBEHUS xXu3HU Ha 3eMae. O6pa3oBaHue

Guononumepos. O6pasoBanie MeMEPAHHBIX CTPYKTYP U IPOOHOHTOR.

OcHoBHas auTeparypa

L. lenp1 / b. JIstoud : nep 9-ro adrn. u3g. — M.: BUHOM. na6opartopus suanmit, 2011 —
896c.

JenonHuTeALHAS TATEPATYpA

1. Anbepre b. u np. Monexynspras SHosorus kiaeTku. 2-e uananue. T.1-3. M.: Mup, 1994,
2. Puc 3., Crepabepr M. Beenenne B MOeKyIapuyio 6Ho0orHIo: OT KIETOK K aTOMaM:

Ilep. ¢ anrm. — M.: Mup, 2002. — 142 ¢




Conemnanprocts 03.01,04 Buoxumun

1. OGiue Bonpockl
Ipeamer n 3amaun GHOXHMHM, €€ MECTO B CHCTEME HAYK, CBA3AHHEIX ¢ (DH3HKO-XHMUYECKOH
bronoruel. Buoxumus Kak ozHa 13 (YHAAMERTAILHAIX OCHOB GHOTEXHONOIH.
Ponb cTpykrypHO# opranmsanun KneTku B sABICHHAX XH3HH, CTPYKTYpa IPOKApPHOTHYECKOH 1
dyKapuoTH4YeCKOH Kierku. Merabomasm (kataGonmudueckue ¥ anaGONHYECKHME MPOIECccH) Kak
OCHOBa *M3HH. [Iponeccsl nepenoca u o6paborky uHdopmanun B Guonoruu knetkn. IpoGiema
BO3HUKHOBEHUS XKHU3HK H NPeAOHOIOTHYeCKOH BOJIFOLMH.

2. DU3HKO-XHMHYECKHE OCHOBBLI OHOXMMUH
Obtuas XapakTepuCTHKA BEINECTB, BXOMIIIMX B COCTAB OPraHM3MOB, MX ponE M 3HadeHHe. Poin
BO/Ibl M MHHEPANBHBIX 2JIEMEHTOB, OENKOB, JIMIK/IOB, YIIEBOAOB, BHTAMUHOB B 0OMEHE BEIIECTB.
OCHOBHBIE TOHATHA INMEKTPOXHMHH BOIHBIX pAcTBOPOB. (OCHOBEI XHMHYECKON KUHETHKH:
KOHCTHTEI CKOPOCTEH XHMUYECKHX peakuli ¥ QaKkTophl, BIUSIOMINE HA CKOPOCTH H PABHOBECHS
peaxunit. IloHATHE O TOMOTEHHOM H FETEPOreHHOM KaTATU3E.

3 HH3KOMOJ1€KyJ1ﬂprIe COEAMHEHHSA, BXOIALUE B COCTAB GHOJIOrHUecKUX 00heKTOR

[puponneie  amuroxuciotel. Kraccmduxauns amusOKnenoT. OYHKUHOHANBHBIC TPyINIIbI
aMHHOKHMCNOT. VoHu3anms aMuHOKHCIOT. MeTonbl pasfeneHHs aMHHOKHCIOT H MENTHIOB.
[Ipuponnsie onuronentu/isl. [ IIOTATHOH U €0 3HAYCHHE B OOMEHE BELIECTR.

AMWHOKHCIIOTEl KaK COCTaBHBIC 4YacTH Genkos. MH3NYECKHE M XUMHUYECKHE CBOUCTBA
NPOTEHHOTEHHBIX aMHHOKHCIOT. HenpoTenHoreHate KUcaoTsl. HesaMeHuMBble aMHEHOKHCIOTEL,
[Nosunmentuer.

Yrnesomsl M ux  knaccuduxauua.  CTEpeOXMMHS M KOHGOPMAmMs  YIIEBOJIOB.
PacrnpocTpanessble rexkcossl W ICHTO3BL. [ MHKO3UIBL, aMHHO-, docdo- u cympdocaxapuisl.
Hesokeucaxapa, Onuro- ¥ nofucaxapunsl. Kpaxman M FIHKOTEH, LEUNON03a |
TEMHICIUTIONO3EL.  ['eTepornonucaxapuisl,  IHKO3aMUHOIMHKAHBI, | THKONPOTEHHE! M
NPOTEOTTIHKAHE.

JlunoguieHele coemuHeHns ¥ KnaccupuKauma NENHIOB, HACHIUIEHHLE, HEHACHINEHHBIE H
TIOJIHHEHACBILICHHBIC KUPHBIE KHCNOTL. HeHTpanbHble HPHI M ux cBoicTBa. POCHOINTHIEL
Dmnxomunuasl 1 cynbGonunuast. CTEPHUHEL, XOIECTEPHH, JKETYHBIE KUCTOTEL LI0apHOCTD
MoJieKynsl  ¢ocharunos. Yuactue QocarumoB M ApYTHX JIMIHAOB B IIOCTPOCHHH
Guonoruueckux memGpan. Bocka u creponsst. Msonpenouast. TepeHOMAR! ¥ KAPOTHHOUIBL.
HypunoBble ¥ NHPHMHIMHOBBIC OCHOBaHHS, HYKICO3MAB H HYKIEOTHABL. LIHKIHYecKue
HYK/ICOTHJIBL.

Butamunei, KoQepMeHTHl ¥ Apyrue GHONOTHYECKH aKTHBHEIE COGIMHEHHA. POb BHTAMUHOB B
MUTAHAH OKMBOTHBIX W  UENOBEKa. DBOJOPACTBOPHMEBIC BHTAMHHBL Buramun B, wu
THamMuHnupopocdar. Burtamur B2 m  ¢naBunoBble KO(epmenTsl Burammn PP (Bs) wu
HUKOTHHaMHAJHBIE KOQEepMEHTbL. BurtaMuH B¢ i QyHKIMM NUPHAOKCANEBEIX KO(EPMEHTOB B
Ouokaramuse. Ilanrorenosas kucnota. JIumoesas kucnora. Butamun B2 u ero xodepMmeHTHbIE
dyukuud, Buramua Bo (ponuesas kucnota) u kodepmentheie Gyaxnnu Qonaros. Butamun C.
(DepMEHTATHBHOE OKHCIEHHE acKOpPOHHOBOM KHCNOTHL. Broduasononasl, pytus. HykneoTuas:
KaK KopepmenTrl. JKupopacTROpHUMEIE BHTaMuHEL Butamua A. KapoTHHOWAB H MX 3HAYEHUE
Kak npoBUTaMuHOB A. Butamun ] 1 ero o6pasopanue. Buramun E. Buramun K. HadroxuaoHs!




u yOmxunoH. llpocrarnaniuHbl Kak NpPOU3BOAHBIC MOMMHCHACHINEHHBIX JKMPHBIX KHCJOT.
brorenneie aMunbl. AueTunxonut. JKenesonophupussl.

4. CTpyKTypa u cBoiicrBa OHOHOIHMEDPOB

Pons OenxkoB B ABACHMAX SKM3HM. I[IpUHITMIIBI BBUICNCHHS, OMHCTKH, KOIHWYECTBEHHOI'O
OMpENENEeHUs U U3YyYEeHUs CTPYKTYpHl OenkoB. [lentunHas CBsi3b, €¢ CBOWCTBA W BIAMAHHE Ha
kondopmaluio nonunentHaoR. CtpoeHue 6enkoBol ro6ynsl. KoBaneHTHBIE H HEKOBalEHTHLIE
CBA3M B Ocnkax. YPOBHH CTPYKTYpHOH opraHusauuu Oenkos. [lepsuunas, BTOpHYHAfd,
TPCTUYHANA ¥ YETBEPTUYHASA CTPYKTypa 0eakoB. COOTHOLICHNE MEX Y IIEPBHYHON CTPYKTYPOH U
CTpyKkTypammn 6oJiee BBICOKOIO TIOpsAAKAa B Oenkosod Monexyre. 3Ha4eHHe TPETHYHOM
CTPYKTYpPBI GeNKOBOH MONEKYABI AJIS IPOSIBNICHUS ¢ OHONOrHYCCKON akTHBHOCTH, BelHunHa H
(popma GenxoBeix Monekyn. Mzoomexrpumueckas touka GenkoB. DU3NYECKHE H XHMHUUECKHE
cpofictea Oenkos. Kondopmanuonnas quHamMuka GesKoBol Monekynsl. JeHarypanus 6enkos u
nomunentunos. Ponauar u pedonnuar. Ilaneponsl. [lpuonsl. Krnaccubuxamms 6Genkos.
I'nobGyaspueie u GuOpHwUIApHEIE Oenkd. AnbOyMHHEI, IMOOYIMHBI, THCTOHBI, NPOTAMUHEI,
nponaMuusl, 1noTeauHbl. Ilpoctele n caoxuble Oenku. DocdonpoTerHsl, JUNONPOTSHHEI,
TJIMKONPOTEHHB], HYKICONPOTEHHEL, XPOMONPOTEHHB!  (FeMONPOTEHHBI), METAIIONPOTEHHBI.
T'oMOMOTHYHEBIE MOCAENOBATENLHOCTH aMuHoKkucioT B Oenkax, CeMellcTBa H CynepceMeRcTBa
6enxos. [IpoTeomuxka.

[lonamopdusm ambubHABHEIX CcOeAHHEHHH B BOXHBIX pacTBOpax (MHHIENUIBI, 3MYJLCHM,
namenel, OHCIOHHBIE CTPYKTYpRl). Monenu crpoenus Ouonorndeckux memGpan. Pa3oBble
HEpeXoMp! B arperatax aMQHQUIbHBX coeauHenu. [ponunaeMocts Ouosiornyeckx MemOpaH.
[pHHUHMIIBI 3NEKTPOXUMUYN OCMOTHUECKHX SBIICHHUI,

HykaeHHOBBIE KHCAOTHI M HX pOJb B OKUBOM opradvsMe. [lepeuunas cTpykTypa
noauHykneotnnos. CtpykTypa maxpomonexyn JHAHK wu ee ocobennocrn, [lpuaimn
KOMIUIEMEHTApHOCTH  a30THUCTBIX  ocHOBawud. MunopHble OCHOBaHHA. CTpYKTypHas
opranusanys  Makpomoiekynsl  JHK.  Cynepcnupanuzanus  JHK.  Crpykrypa u
Gynakuuonuposanune xpomatuHa. JHK Oaxtepu#t w BmHpycos. JIHK xnopornactos w
mutoxonapuil. [Inasmunel. Pone JJHK xax HOCHTE 8 HacneACTBEHHON HHPOPMALIHM B KIIETKE.
Crpyxtypa pubonyknennosbix kucior. Tunsl PHK: snepuas, puGocomHas, TpaHCIOpPTHas,
matpuunas PHK. Mukpo-PHK. Mansie wunrtepdepupyromue PHK. PHK-renowmsr
BszaumopneiicTBue ©OelIKOB ¥ HYKNEMHOBBIX KHCIOT. MeTOOBl H3YYEHHA CTPYKTYpbE
HykaenHoBelX KuenoT. Kiaonupopamme JHK. bankw mannpix renos. ['eHHas Hikemepys.
[TousTHE O rEeHOMHUKE.

5. O6men BEHIECCTB M 3HEPIHAH B JKHBELIX CHCTeMAax

Comnpsokenue OuoxuMuueckux peakuuit. KaTabonmuueckme M aHaboMMUCCKHE IIPOUECCHI
MeTtabonuueckne IenH, CETH B IHKIBL EANHCTRO NPHHIMIOB OHOXUMHYECKOH OpraHH3alHiu BO
BCEX MKUBBIX CHCTEMAX.

Torarne o depmenTax Kak 0 Genkax, oGNajalOlIMX KaTAHTHYSCKEME (DYHKIHAMHE. DHEPTHA
aKTHBAaLMK (pepMEHTAaTUBHBIX peakuui. OOpa3oBaHUEe IPOMEKYTOYHOIO KOMIIIEKCA «(PEPMEHT-
cybcrpary. Ilonstre o0 aktuBHOM ueHTpe hepMenTa. OCHOBBI KHHETUKH ()ePMEHTATHBHOIO
kaTanu3za. OBpatuMocTh aeifcreus (epmentor. YpapHenue Muxasnuca-Menred. Koncranta
Muxasnuca u npuemsl ee pacuera, EJWHMIB! akTHBHOCTH (epmenToR. Kodaktoper B




(bepMEHTATHBHOM KaTanw3e. 3Ha4eHHEe METAJUIQB Ans gefictBus depmenTos. IIpocreTHUecKHe
rpynnsl M KodepMeHTH. BHTaMMHBI Kak OpEIWCCTBEHHHKH —KodepmenToB. BusHue
Pr3nYECKHX M XHMHYECKHX (DaKTOpOB Ha aKIMBHOCTL (epMeHTOB. JlelicTBre TeMnIeparyps! H
KOHIEHTPAIHKH  BOJOPOIHBIX HOHOB. OOpatuMoe u  HeoOparuMmoe, KOHKYPEHTHOE U
HEKOHKYpPEHTHOe HHruOHpoBanue GepMenToB. KoomepaTHBHOCTE B hEPMEHTATHBHOM KaTallH3e.
Jloxanusanusa GepMEHTOB B Kerke. CrieriupuaHOCTh (GEPMEHTOB.

Knaccudukanusa 1 HomMeHKIaTypa hepmenToB. OKCHAOPEAYKTA3E], BaKHEHIINE NPeACTaABUTENH.
Tpancdepasel, BaxHelmye npeacrapuresn. [WMApoNa3sl, pacOpOCTPAaHEHHE B IPUPOIE,
BKHEHIIWE NpeAcTaBUTeNH. JInasel, BaxHeiume mnpescrasuteny. MsoMepassl, BaxkHelime
NpeAcTaBUTeNH. JINrassl, BaxkHeHIIHE HpeACTABKHTEH.

Peryjsaumsa akTHBHOCTH M cHHTe3a (depMmeHTOB. Asuioctepuueckue QgepmenTsl. Teopus
HHAYINHPOBAHHOIO CHHTE3a (hepMeHToB JKakoba u Mono. MuoxecTBeHHBIE HOPMBI (HEPMEHTOB,
u3ohepMeHTE. MynbTHhEpMEHTHBIE cucTeMbl, [lupyBaToeruaporedasza. MMMoOuin3oBaHHbIE
¢depmenrTsl. Mcnonbzosanue GepMeHTOB B OHOTEXHOIOIHY M MeIUUKHE, PUBo3uMel.

OcHopurle HOHATHA Onoouepretuxn. ATQ — yHHBepCalnbHBII HEPEHOCUHK 3SHEPIHU B
OHONOTHYECKHX CHCTeMaX. Makpoapruyeckue CcOeNHHEHHs (Hykiaeoswn au- u TpudochaTs,
nupodochar u  nomudocdar, ryanmnuHdocdaTel, AUWITHOIDHPH). DHEPreTHYECKOE
CONPSDKEHHE.

TepMHHANBHOE OKMCHECHHE. MexaHu3Mbl akTuBalmu kuciopond. Oxcupassl. KodepMeHTb
OKHCITHTENBHO-BOCCTAHOBUTENBHEIX peakumit (HAJ/HAJIH, HAI®*/HAIOH, OMH/OMH-
Ha, PA/OA-Ha). Onexrponrpanchepasubie peakund. Y OHXHHOH, JKele30-CepHble GelKu U
IUTOXPOMB] KaK KOMITOHEHTB! ABIXATENLHOH UenHt. JIoKann3anua OKHCIHTENBHBIX MPOLECCOB B
3YKApHOTHYECKOH M NPOKapHOTHYEeCKOH KeTke, MHTOXOHAPHH Kak OHOSHePreTHUECKHEe
MalMHBL JIokanuzauusg SneKTpoH-TpaHchepas B OnomemOpanax. CTpYKTypa AbIXaTENBHOM
LieMH [IEpEHOoca IEKTpoHa. AKTHBHEIE (DOPMEI KHCIIOPOJa, WX 00pa3zopaHue H 00e3BpeKHBaHHE.
[fUKAMYEeCKHH BEKTOPHBIH IEPEHOC IIPOTOHA. XHMMHOOCMOTHYECKAS TEOPHSA COHPSDKESHUS
okucienus u $pochoprunuporanus, AuH u ero 3nauenue. DIEKTPOXHMHYECKOE CONPSDKCHHE B
MemOpaHax M okucnIMTensHoe (Qochopummposanne, cuHTes ATO. OOIMHOCTL NPHUHIIKIIOSB
npeodpasoBaHys SHEPrUK B MeMOpaHax MUTOXOHAPHH, XIOpONnacToB U xpoMatodopor. ATO-
aspl MX CTPOCHWE M (hyHKUMA. [IpIXaTenbHbIE LENH MUKPOCOM H OKHCIHTEABbHAA NECTPYKIUS
kcerobuoTHKOB. Tpancnoprable AT®as3e! 1 HOHHBIE KaHATIB! U MX PONb B DU3HOIOTHH KJIETKH.
3nauenne AT® s MEXaHOXUMHYECKHX NpoleccoB B Ouonorus, COKpaTHTENbHEIE OeIKH.
DOTOCHHTE3 KAK OCHOBHOH KCTOYHHMK OpPraHMYECKHX BeIIECTB Ha 3emiie. Xiopoduuisl u
NPYTHE THTMEHTBI (hoTocHHTE3a. CTPOSHHE U COCTaB XJIOPOIAacTOB. DOTONHZ BOJBI H CRETOBBIE
peakuun npu GortocunTese. CTpyKTypa GOTOCHHTETHYCCKOTO annapaTa: PCakKHOHHEIC HSHTPE! U
anTeHHBl. ['enepanus AT® u HAJI®-H B npoueccax QorocrnTesa. TeMHOBBIE peaxiyy IpH
dorocuntese. Hukn Kanpuna, XeMOCHHTES.

depmeHTaTHBHEIE MNpeBpalieHus yraesogoB. Pochopubie 3>@upbl  caxapoB. DepMeHTEI,
KaTAJIM3HPYIOUWIME B3adMOIPEBpallicHHsT caxapoB B ofpasopaHue (QocopHbx  3QHDPOB.
DepMenTr:, TUAPONH3YIOUHE onurocaxapuasl. Hyxneosuanudocdarcaxapa M HX polb B
OUOCHHTE3e  OJIMroCaxapuios W OoJMcaxapumos. [ nuxosunrpancdepasbl.  AMHUIA3BL
paclpoCTpaHeHHe B TIPUPOJE, XapaKTepPUCTHKA OTACHBHBIX  aMuias, 3HAYeHHe A
OHOTEXHOMOTMKM. (PEPMEHTATHBHOE PACUICIUIEHHE LENIONO03b], 3HAUCHHE I OHOTEXHONIOTHH.
nuxonus u rimkoreHonn3. B3auMocBg3b rukonn3a, GpPOKCHHS H IBIXaHUA. JHepreTHdecKas




9QGEXTHBHOCTE DTHX TPOIECCOB. MeXaHW3M OKHCICHHS HHPOBHHOIPAAHON KHCHOTBL- LHxn
JHKapOOHOBBIX H TPHKapOOHOBLIX KHenoT. TlenTozodocdarHeit myTs. [nnokcunarupii k.
Jlunomus. @epmeHTaTHBHBIR THApOMH3 xupos. Jlunasel, pacnpocTpaHeHHe B MPHUPOLE U
xapaxrepucruka. Jlumoxcurenassl. OKHCANTENLHBIH pacnajl )KUPHBIX KUCIOT. beta-, annda- u
OMEra-OKHCJICHHE JKHPHBIX KHCIOT. KooH3uM A H ero posib B mpoueccax oOMeHa JKHPHBIX
KHCTIOT. BHOCHHTE3 KUPHBIX KHCHOT. CHHTa3a JKHUPHBIX KUCIOT. DHOCHHTE: TPUIIIAIEPHIOB.
buocunTes xonectepuna. BuocHHTE3 H30MPEROKUIOB, TEPICHOUAOB M KAPOTHHOH/I0B.
ACCUMWIIALINA MONCKYNAPHOrO a30Ta W HUTDPAaTOB. HUTpOreHasa, HUTpATpeAyKTa3a H
HATPHTPeNyKTa3a. CHHTE3 aMHHOKHUCIOT Y PACTHTENBHBIX OPTaHH3MOB i MUKpOOoB. Peakuun
IPSIMOTO  aMHHHPOBAHHS KETOKHCIOT W IepeaMHHHPOBAHHA B CHHTE3E aMHHOKHCIOT.
AmuHoTpancdepassl. OpHUTHHOBBIH UMK, CTPYKTYpa B MEXAHH3M NeHCTBUS TpaHcaMuHA3 U
OTHEAbHBIX (EPMEHTOB IMKJIA MO4YEBHHOOOpa3oBaHHUA. DHOCHHTE? IyPUHOBBIX HYKJIEOTHIOB.
buocunTes NHPHMHAHHOBEIX HYKIEOTHIOB.

[lentunruaponassl, o6wmas XapakTepUCTHKE, OTACHLHEIS NPEACTABUTENM ¥ PACHPOCTPAHEHHE B
npupoge. Menons3osanne npoTeoNuTHYECKUX QepMEHTOB B OHOTEXHOIOIHH. .

Hyxneassr. O61as xapakTepHCTHKa U HCIIOIBE30Balie B OHOTEXHOIOTHH,

6. XpaHeHue H peau3alus reHeTHYECKOH uRdopMaun

Ponp HyknensgoBBIX KHCNOT B GuocHHTese Oenkos. Pernuxanus JHK: 6uocunres JHK, JHK-
nonumepasel. Tlponece tpanckpunumu: Ouocunres PHK, PHK-nomumepasel. Koaupyrouue u
nexoqupyronwe PHK B Guocnntese Henka. Mudbopmanuonnas PHK (MPHK) xax mocpensuk B
nepesave wHbopManuu ot JHK x pubocome. Mackuposannas dopma MPHK: uHpOPMOCOMEL
[MocrrpasckpunuyonHbli npoueccuur MPHK. Obparras TpaHCKpUimus.

BuocunTes Oenka. AkTHBHpoBaHue aMUHOKHCHOT. Tpancrnoprasie PHK u X ponp B mpomecce
brnocuntesa Oenxa. [eHeruveckni xon. PubocoMbl crpykrypa W ¢yHkmmu. [lIponece
TPaHCHALHN: WHUIHAUMSA TPaHCAALUMH, IOHTauMs M TepMmuHauus. [loswcomsl. Perynsiums
cunTesa Genka. [locTTpaHcnAUHOHHEIE H3MEHEHHS B MoJiekylie Oenxa, npoueccunr, TpaHenopt
DelKOB, MX BcTpanBanue B meMOpaHbl, NMPOHHHAeMOCTE OuoMemOpad A OHONOIHMEPOB.
Knonnpopanne JHK. IlomuMepasssie UenHble peaklMH HYKICHHOBBIX KHCIOT H HX
IpuMeHeHHe B GUoNorud 1 OHOTEXHOMOTHH.

7. Peryasinus npoueccos o0MeHa BelIeCTB

Mpunnunel  peryisuuu  MeTabONMMYMECKHX — IPOHECCOB. Perynsmua  9KCIOPEeCCHH TIEHOB.
Hocrrpancnaunmonnas KkoBajleHTHas Momudukanua ©Oenkos. [IpoTewHKHHa3bl, Perymarus
AKTUBHOCTH (pepMeHTOB cyOcTpaToM, mpoaykToM u Metabonutamu. KopaneHTHas MoqudHKalus
GenkoB-hepMeHTOR MOEKYAPHEIE OCHOBBI TOMEOCTa3a KIIETKH.,

['opmonsl. Knaccudukanus ropMoHos. PelenTopsl ropMoHOB. I"opMOHEL ¢ TpancMeMOpaHHBIM
MEXaHu3MOM  neicTBha.  MeMmOpaHHBle — penenTopsl W BTOPHYHBIC — NOCPSHHHKH.
ApneHunatiuknasa u - Qocomuacrepasa. [lukiuyeckue HYKNICOTHIABl Kak  BTOPUYHBIN
meccermkep. G-6enku. PenentopsaBucumele HOHEBIE Kanamkl. Ilpocrarnagauael. CTHMYIATOPEI
pocTa pacreHwd W MHKPOOPTaHU3MOB; repOuIMbl, aHTHOHOTHKY; (HTOHOUIEI H HX
PEryNATOpPHAs ponb. Pelenius CBETA O KMBBIMH CHCTeMaMmu. AIONTO3, MOJNEKYISApPHBIE
MEXaHH3MBI aTlOHTO34,
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Crenuansuocts 03.01.06 Buorexnoaorus (B Tom unc/ie GHOHAHOTEXHOIOTHHN)

Beenenue
B ocHOBY HacTOAIIEH NPOrpaMMB! MOJIOKEHB! CBEXCHUS U3 ps/id OTpaciell HayK, OIUCBHIBAFOIIHX
(QYHKIMOHMPOBAHHE H TIEPCIEKTHBBI DAa3BUTHA COBPEMEHHBIX OTpaciell GHOTCXHOJOTHH.

Hcropus PA3BHTHSA OHOTEXHOJXOrHH H OCHOBHbIE ee ACHEKTHI
[TonuauCHunIMHapHOCTE COBPEMEHHBIX OHOTEXHONOTHH. BHOTEXHONOrNS Kak HAIpaBleHHe
HayYHO-TEXHHUYCCKOro MNporpecca, OINMPAIOUICECSs HA MEKIMCUMILIMHAPHBIE 3HAHUA —
Ouosniornyeckue (reHeTrka, bunoxumus, GuodusnKa, MEKPOGHONOTHS, BUPYCOIOT A, QH3HONOTHS
KJIETOK PacTeHHH H XXHUBOTHBIX H Jp.), XMMHUCCKHE (XHMHYECKas TEXHONOTHUS, (hU3ndecKas
(Grodusryeckas) XHMHUs, OPraHUYecKas XHMHS, OMOOPraHHUYECKas XHMHUS, KOMIBIOTEpHAS U
KOMOMHATOPHAS XUMMSA M Jp.), TEXHHUECKHE (IIPOLECCH MW AINNapaThl, CUCTEMBI KOHTPONS M
YIpaBIeHHs, aBTOMATH3HPOBAHHEIE KOMIIEKCH], MOOEITHPOBAHHIE M ONTHMH3AIUS TIPOLECCOB 1
Ap.). Houstre SHOTEXHOMOTHH KaK TEXHOJOTHYECKOTO IIPHeMa ITONYYESHHS MOMPHUIHPOBAHHEIX
0HOOGBEKTOB € LENBI0 IPHIAHHSA UM HOBBIX CBOMCTB H/HIIH CIOCODHOCTH NPOH3BOANTL HOBBIE
BerecTsa. OCHOBHBIC OONACTH IIPHMEHECHHS COBPEMEHHON OMOTEXHONOIMM H OCHOBHEBIE €€
acTieKThl (DHONOrHUECKHE, XHMHYECKHE, TEXHONOTHYeCKHe). HayuHble OCHOBBI HIKEHEPHOTO

othopMIeHHS OHOTEXHOJIOTHH.
Buonoraueckne ACNEKThI OHOTEXHOIOrHH
Obmias buonorus, MHKpoOHONOrus 17 ¢buznonorus KJISTOK.

Onpenenenyie XU3HKM M CBOACTBA XKHBOrO. Y POBHK OpPraHu3atdy xMBOU Martepnu. KineTka Kak
OCHOBA HAaCHENCTBEHHOCTH M BocHpousseseHHsa. CrpoeHue sypa M €ro poib B
HACNEACTBEHHOCTH.  XHMHYECKHH coCTaB KIEeTKH (HYKJIEHHOBBIE  KHCJIOTHL, O€JNKH,
TIOIHCAXAPHIIBL, AHUIHIEL, HYKJIEOTIPOTEHIBI, [JIMKOIPOTEH IR, SUIOIPOTEU LT,
NEeNTHAOTIHKAHEI, nonndocdars, MHHEPATBHEIE KOMITOHEHTHI H BOXA).
Crpoenne 1 QyHKIHE KNETKH (PA3NHYHs KICTOK IPOKAPUOT ¥ aykapuoT). CTpoeHne KIeTOUHOoMH
CreHKH Oakrepui. JKM3HEHHBIH LUK KICTOK W THILI KIETOYHOTO JAecHHsS (aMUTO3, MHTO3,
MEH03). 3akoHbl MeEHIeNd M HX HHTEPHpeTals ¢ TOYKH 3PEHHS XPOMOCOMHOHN TeopHH
sacaeacTeennocTH.  HacnencteeHHocTE  ® M3MeHUYHBOCTH. QOPMBI  H3MEHYHBOCTH.
Dopmel otbopa, THIIBI BHICOOpa3OBAHNS, OCHOBHEIE IyTH SBOITIOLHH.
Monexynsapusle OCHOBBI oOpraHuzauud xpomocombl. ®ymxuwu JIHK, rucromos, PHK B
KnetoynoM Merabosmsme. CuenneHue u KpoccuHrorep. PexomOmmanus y Oakrepuodaros.
[Tonoxenne MHKPOOPraHU3MOB CpeAd JApyrux opranm3moB. CanpoduTel, I1apasuTel,
naroresneie Gopmel, apxebaxrepnu. Bogopocnu, npocteiimue. ['pubel. Bupycsr.

MexaHH3M [OCTYIUIEHMS B KJETKH JYKAPHOTOB H IIPOKAPHOTOB 9K30TCHHBIX BEIHECTB.
Qu3noNorus MNHTAHMA. ONEMEHTHl DUTaHHs, WX 3HAYeHHe Ui [pouecca OHOCHHTE?a.
PasnooOpa3zue TUIIOB DUTAHUS MUKPOOPraHu3MoB. PasHoo0pasue WCTOUHMKOB YIIIEpoa, asoTa,
¢ocopa, cepel W JIPYTHX  3JIEMEHTOB,  HCHONB3YEMBIX  MHKpPOOPTaHH3MaMH.
BzaumopneHcTBue KIETOK M CpEHNbl, BIMSHHE BHEIIHHX (DH3UUYECKHX H (DUIHKO-XHMHYECKHUX
(baxTopoB Ha pocT U OMOCHHTE3 Y MHKPOOPraHH3MOB.

Croco0pl  KYNBTHBUPOBaHMS  MHMKPOOPraHH3MOB  (NEPHOAHYECKOe,  HENpPEepPHIBHOE,
UMMOOHTH3ALIHS KJIETOK o1 bepMeHTOB).
AnaspobHoe apixanume. Dbpomenune. AopobHoe npixanue. PasznooOpasuwe cyGerparos,




OKHCJIAEMBIX MHKPOOPraHu3MaMy {IPHPOJHEIE OHONOIUMEDSE, YINIEBOZOPOIEL, KCeHOGHOTHKY H
Ip.).

brocunreTnueckne mpoueccsl. CHHTE3 NHIHAOB, MONUCAXAPHAOB M APYTHX KOMIIOHEHTOR
KIeTKH. TlpakTHyeckoe 3HaueHme OSTUX IpoleccoB. OOpasoBaHKe MHKPOOPTaHH3MAMH
OHONOTHYECKH AKTHBHBEIX BEINECTB! (DEPMEHTOB, AHTHOMOTHKOB, BHTAMHHOB, TOKCHHOB.
[lepsuunsie 0 BTOpHYHbIe MeTabonuThl. VX pons B mpupode. IIpakTHueckoe HCIONH30BAHKE.
Cenexigusi, TEHETMYECKHE OCHOBHI CENEKUMH. [loHATHe © redHotdne u  (eHOTHIE.
HacnencTBEHHOCTS, M3MEHYHBOCTh, OTOOpP MHKPOOPraHusmoB, PexomOuuaumd. IlousTte o
TeHETHKE TMOMYMSINHHA H MONYyJNAUHOHHOH M3MeHUHBOCTH. MeTtoanl cenexkuuu. Cenexius
MHKPOOPTaHH3MOB,

Briocdepa u pacripoctpanenye MEKPOOPFaHU3MOB. Y 4aCTHE MUKPOOPIaHM3MOB B KPYTOBOPOTaX
YIIEpoOaa, a30Ta, KHCIOPOoIa, CepEl.

Mousekynsipras Guosorus H FeHeTHKA KJIETOK,
Honsitwe rena B “riaccudecko#” ¥ MOAEKYJIAPHOH TCHETHKE, €ro sBonwouua. [Ipupona
reHeTHYecKoro Marepuaia. OcoOEHHOCTH CTPOSHHSA TIEeHETHYECKOrO MaTepuana Npo- U
sykapuot. Tpanckpunuus JJHK, ee xommonenter. PHK-nionumepasa u npomortop. Tparcusys,
ee orambl, QyHKUHA pubocoM. 'enermyeckuit Kox # ero cpoicrsa. Permmmkamus JHK u ee
TeHETHYCCKHH KOHTPONE. PexomOunanus, ee Tvnel ¥ Momenu. Mexanuamel penapaunn JHEK.
Biammocesa3p MPOLECCOB PETUTHKALMH, peKoMOHHALIIH " penapanuy.
Mytausonnblii  mpouece. Knaccuduxamms myTawud. CroHTaHHBI ¥ MHIYNHPOBAHHBIMN
mytarcHes.  Knaccu@ukaums — MyTarcHOB.  MONEKyJNSpHBI — MEXaHH3IM  MYTAreHesa.
BHEXpOMOCOMHEIE TEHETHYECKHE OJNeMeHTH. I[LIasMubl, MX CTpOoeHHe M KnaccH(HKalms.
Mexanusm KoHBIOTaUMH. BakTepuodaryt, WX CTpyKTYpa U )KH3HEHHBIH UMKIL

ONEMEHTHl TIEHETHYECKOr0 aHaiiu3a. | eHeTHueckoe Kaprupobanue. Pusnueckuil aHATH3
CTPYKTYpPHI reHa. PecTpuknmonnsiit aHanns. MeToast CeKBEHHPOBAHUA.

Peryasnus axcopeccHr renos. IIpoMoTop, OnepaTop M peryisTopHbie GenkH. T1o3UTHUBHEIE 1
HETATHBHBIN KOHTPOIH JKCIIPECCHH [EHOB

OcHOBBI reHHOH HHJKeHepPHH,

GepMenThl PECTPHKUNY B MOIubMKaiy. BrineneHue W KIOHUPOBAHHE IE€HOB. BeKTOpHI Juid
MOJICKYJAPHOro KaoHHpoBaHHuA. llpuHnunel xKoHCTpyupoBaHusa pexkoMmOuHanthbix JIHK u ux
BBEJICHHUS B PEUMITHEHTHBIC KIICTKY,

XHMHYECKHE ACHeKTh] GHOTEXHOMOTHH,

buooprannyecias KUMHAL %] OHOXHMESL.
OcHoBHEIE O0BEKTBI MCCISAOBAHHMSA OWOOPraHWYEecKOd XuMHH. METORBl HCCIed0BaHUs:
XUMHYECKHE, QU3HUECKHE, GUINKO-XUMHYECKHE, DHOXUMHUUECKHE.

Benxn. AMHHOKHCIIOTEI, K&k MOHOMEPHBIE CTPYKTYPHBIC €AHHUIIBI OENKOB H MENTHIOB. Y POBHH
CTPYKTypnl Oenkos. [lepBHuHas CTIPYKTYpa: METOABI ONPCACHCHHA I[OCHEAOBATEIBHOCTH
AMUHOKHUCIIOT, CEeKBEHATOpBl. DBTopuunas crpykrypa Oenxos: ambda- u Gera- CIPYKTYpSI.
Tpetuunas u yerBepTHUHAS (CyODenyHNYHAN) CTPYKTYPH GenkoB. Poib BOZOPOIHBIX, HOHHEIX,
IMCYNLOUANBIX  cBsizel, runpodobHbx  BlaumomedicTeuit. J[enarypauus  (obparnmasd,
HeoOpaTMan) OeNKoB.




Hykneunoswie kmcnotel. JHK u PHK. [ipoiimas cmupams JHK. KommiemeHTapHOCTE
OCHOBaHHHA. MeToapl oOmnpenencHHs HYKNEOTHIHON NOCHESNOBATEIBHOCTH B HYKIEMHOBBIX
KUCIOTaX., PEeCTPHKLHA, pPECTPHUKTA3bl. DBHOCHHTEZ HYKIEHHOBBIX KUCTOT. DepMenTHI
OuocuHTE3A, [TonsTue 0 TPaHCKPUIILHH, obparHas TPAHCKPHIITA3A.
Yrnepoppl. Monocaxapuapl. Ctpoenne n crepeoxumus. [lentossr (puboza, apabunosa,
KCHII038), TIeKCOo3bl (IJHOKO3a, MaHHO3a, TrajakTo3a). MOHOCAXapuibl KakK CTPYKTYPHEIE
MOHOMCPHBIE CAHMHHOBI ONHIrO- MW nonucaxapuaoB. CTPYyKTYpHBIA aHAAH3 OJHIO- H
noaucaxapuno. OYHKUMM OJHMro- W noiucaxapuaos. Llemmonosa, kpaxman, TITHKOTCH,
XUTO3aH, TEKTHH. YTNEBOACOAEPXKALIME CMEINAHHBIE OGHOIOMMMEpE!: IIIMKONPOTEHHEL,
MeNTHIOTIHKAHEL. BUOKOMIIOZUTEI HA OCHOBE MPHPOIHBIX MOIHCAXAPUIOB W NMEPCIEKTUBBI UX
HCIIONB30BAHHA

Junuael. Knaccuduxauus nunmaoB. Hedfitpaneneie  munuasl, gochonunus, CTpyKTYpHBIE
KOMIIOHCHTB! THIHAOB. Jlunomportenasl. lloHartue o crpoeHur OGHONOTHMYECKHX MeMOpaH.
Jlunocombr. Huskomonexynspusle Guoperynatopst - kodepmenTsl U BuTaMuHel: HAJ], HAJI®,
®MH, QAJI, tvamunnupodocdar, munoesas kucnora, AT, GuoTHH, ackopOUHOBAs KHCIIOTA,
donmesas KHCIOTA, MAHTOTEHAT Kamblus, KoOGanaMuHbl. BHOreHHBIE aMMHBI ALETHIXOJNHH,
CEPOTOHHH M Op. AHTHOHOTHKH, KaK UpPUpOAHBIE aHTHMeTabonuTel. [[eHHIHITHHEL,
LeaTOCTIOPHHB], TETPAlMKIHHEL, AMUHOITIHKOSHALL, IIPOTHBOONYXONEBble aHTHOHOTHKH.
[onycunretryeckue anTuOHoTHKY. DPepMeHTH, U UX GroXpMHYeckas ponb. Knaccubukamus u
HOMEHKJATypa. AKTHBHblE HeHTpel (epMenToB. CybGerparHas crneuupuuHocTs, ©axTopsl,
obecrieunBalomie  (GepMeHTaTHBHBIN KaTanus. Ponk MeTamoB B (QYHKUMOHHPOBAHHH
(pepmentos. Huruburoper. OGpatimas u Heobparumas neHaTypauust depmenton. CrnocoGsl
HMMOOHIH3aIML (bepMeHTOB Ha PA3JIHYHBIX HOCHTENAX.
OcCHOBHEIE IYTH acCHMMISLMH cyOcTparos: ONKOB, XHPOB, YIJIEBOIOB, AMHHOKMCIOT,
YIJICBOLOPOIOB, CIIHPTOB, OPraHHYECKHX KHCIIOT, MHHEPATLHBIX KOMIIOHEHTOB. I HKONH3 W
Opoxxenne. Lukn Kpebca, perynsiks aKkTHBHOCTH (EPMEHTHBIX CHCTEM B  IIHKIC.
['excosomonodocdarneil myTs mpeBpalieHHs YrAeBONOB. JHepreTHuecKas 3b(EeKTHBHOCTE
uukita Kpebea u rimkonusa. Liens nepeHoca aIeKTpoHOB, OKHCIATENbHOE GoChOPUIHPOBAHKE B
AbIXaTeNbHOH UenH. buocuures depes auertun-KoA. @yuxmmuw HAJIH+ u HAI(®)H+ B
peakuusax cuHTe3a. buOCHHTE3 OeKOB, pONh HYKIEHHOBBIX KHCIOT. PHOOCOMHEIN myTEH
Guocuntesa. llpunuunet Ouosnepretuku. IlyT w0 MexaHuaMel NpeoGpasOBaHHsS OSHEPTHH B
KMBBIX cHcTeMax. OGpaszosanne AT® u Apyrux MakpoOIPTHUECCKHX COSIHHEHHMH B KIETKax.
Ponre AT® u TpancmemOpaHHOH pasHOCTH 3INEKTPOXHMHUECKHX moTeHuHanos (TIOII) B
TPaHCHOPMAaLKMK M 3aMacaHHH SHEPrHH B KieTke. MemOpannas OGHOIHEpPreTHKa: HOHHEBIE
HACOCHL, NEPBHYHBIE U BTOpHYHBIE reHeparopbt TOIL TloHaTre 00 9HEepreTHdYecKoM 3apsie u
PHEPTETHYECKOH 3¢ dekTuBHOCTH pocta. OCHOBHBIE THIBI CONPSDKEHMA KAaTAOONMYECKHX U
anabonuueckux 1npoueccoB. AspofHoe ppixanue. JlpixarennHad mens. OCHOBHbIE BHBI
aKLENTOPOB IEKTPoHOB, Tunsr Opoxenus. Cucrempl cyOcTpaTHOro (GochopriHpoBaHuys.
burocunTeTHYeCKHE NpoLecchl B KieTke. buocuuTes OHONOMMMEpOB: GENKOB, HYKJIEHHOBLIX
KHCIIOT H IOJMCaxapuaoB. OCHOBHBIE 3Tallbl NPOLECCOB, MX OPraHu3ailks B KIeTKax 2y- H
npokapuoT, bruocunTes nununos, Onorenes GromMemOpan. buocunTes caxapos, L-aMHHOKHCIIOT,
HYKNEOTHNOB, BHTAMHHOB (KodepmeHTOB). Bropuunple MeTaGomuTel. AsoThuKCalus,
@otocuHTe3. OCHOBHBIE THIBI [POLECCOB, JOHOPHl OJIEKTPOHOB.  BecxIopodHabHLIH
dorocunTes. Qoropenentop. Perymauus merabosusma. OnpefencHue, YpPOBHH peTyIALHH.
Perynauus penmaxauuu JHK u Guocunresa Genkos. Perymsums Tpasckpunuum. Perynanus




Tpancisume. loetTpancnanuonnas Moaudukaiya. Peryisanus akTHBHOCTH GEPMCHTOB IyTeM
0bparuMOH KOBaleHTHON MOAM(HKAUWKA. Perynstus akTHBHOCTH MNyTeM HEKOBAJICHTHOIrO
B3aUMONCHCTBHA ¢ oQgeKxTopamu. Perynsius KIeTOUHOro JeneHHs. DBiamMmoncicTaue
PETYIASTOPHBIX MEXaHU3MOB pu yIIpaBICHHUH CKOPOCTBIO pocta KIIETOK.
Tpancnopr cyGerpatos u mposykToB. MeXaHH3MB! KIETOYHOM NPOHHIAEMOCTH: (H3MYecKas
nubdysus, «obneruennas» auddy3ud, NepBUYHBIT M BTOPHYHBIA AKTHBHEIM TPaHCIIOPT.
OpraHnsanus TpaucHOPTHBIX CHCTeM. Cnocobbl CONPsKEHHs TPAaHCHIOPTA ¢ SHEprei
metabonmama, Peryjanus TpaHCHopTHBIX npoueccos, Cekpelus M SKckpelus. MemGpaHnas
peryasus. Perynsuuns Ha YPOBHE . TEHOMA.

TexHonoruueckue acnexKTbl OHOTEXHOJMOTH.
MeToap! CHOTEXHOIOMHH.

OcHoBHBIE 0HOOOBEKTEI OHOTEXHONOTHHI: HPOMBIIIICHHBIE MHKPOOPTaHH3MBl, KIETKH U TKAHH
pacTeHyi, JKMBOTHBEIX M 4€/I0BEKa, OMOKATANH3ATOPB!l, B TOM YHCJIE DPEKOHCTPYHPOBAHHEIE
NPOAYUEHTEl OHOOTHYECKH aKTWBHBIX BELIECTB (CeNexuus, mMeTon pexomOunanTtHBIX JIHK,
rubpuoMuad TEXHOJIOTHUSL),
Coippe TS GuocuHTE3a 15 OIIEHKa ero fuonoruyeckoi HEHHOCTH.
OcCHOBHBIC MCTOUHHKH YIUepoja, asora, (ocdopa, MuxpooneMentos. MccienoBaHne HOBBIX
HCTOYHHKOB CHIPBA (BKIIOWAs BONPOCH! €0 MpeIBapHTCHbHON 00patoTky), paspaboTka HOBBIX
MHUTATEABHBIX CPEd, B TOM 9YHCIIE BKIIOYAIOIIHX OHOCTUMYJIATOPEl ¥ JIPYrHe 3I€MEHTH
YUpPAaBICHHS M ONTHMH3ALMK IpoueccoB OHOCHHTE3a. METOABI ONTHMH3AIMHM [TMTATENbHBIX
cpen.

Tunosbie TeXHOMOTHUYECKHE ITIPHEMBI U OCOGCHHOCTH KYJIbTHBUPOBAHMA MHKpPOOPTaHHU3MOB,
KIETOK ¥  TKaHeH pacTeHuil, JKHBOTHEIX M  uelioBeka. HenpephIBHBIE  IIPOLECCHI

KYTbTHBHPOBAHHSL. Teopusa XEMOCTATA. ABTOCEIEKLIHA B XEMOCTaTE.
[TonyuenpepeiBubie (fed batch culture) # mepHoguueckHe NPONECCH KYJALTHBHPOBAHHA.
Kunetnaeckoe OIHCaHKiEe TIEPUONHIECKOro KYJABTHUBHPOBAHUSL.

YIenpHEIE CKOPOCTH pocTa OHOMAacchl, OGHOCHHTE3a IMpPOAyKTa u HOTpedieHus CyOCTparos.
ITonarue o C-mome Oumomacchl. BnusiHue 3atpatr cyberpata Ha — DOEpIKAHME
KH3HENEATENALHOCTH, Ha  BEIMYHMHY  KOKYLIEroCa  3KOHOMHYECKOTO  KOYpduImenTa.
Monenn KHHETHKH OMOCHHTE3a IPOAYKTOB MeTab0IU3Ma B 3aBHCHMOCTH OT YAEIbHOH CKOPOCTH
pocTa, BO3pacTa KYJILTYpPhl, KOHUEHTpauuu c¢yOCTpatoB u  MeTabONHMTOB B Cpefe.
[Ipunnuner Macmrabuposanus npoueccor depmenTauud. Kputepuu MaciutabHOro epexoja.
Oco0eHHOCTH NONMYYeHHS UMMOOHIM3OBAHHEIX OHOOOBEKTOB ¥ HMX TNPUMEHEHHE B
Buorexnonoruu. Jdubddy3noHHBIE OrFpaHHYECHUS MPH HCIONB30BAHHH HUMMOCHIIH30BaRHBIX
(hepMenTOB ¥ KNeTOK. MeTonpl KOHTpPONS crenuPHYeCKHX apaMeTposB nponecca GepMenTalyH.
THnoBele TEXHOJAOIHYECKHE HNPHEMBl CTAJAHH BBLIACHCHHS M OYHCTKH IPOAYKTOR OHOCHHTE3A.
OnoTauuA KIETOK H OEJKOBHIX NPOLYKTOB M3 KYJBTYPATBHOH JKHAKOCTH. JKCTParupoBaHye
OpoAyKTOB OHOCHHTE3a M3 OHOMACcChl MUKPOOPTaHU3MOB XKUEKOCTAMU H CYNEPKPHTHICCKHMU
KUAKoCTAMH, LienTpobexHas sKeTpakLus TabHNABHBIX POAYKTOR U3 KYNBTYPANTBHOM XXHAKOCTH.
Cymka nabUNIbLHBIX OHONPOAYKTOR H KHBBIX Buonpenaparos.
Tectuposanue OroNOrHUecKu AKTHBHBIX BEILECTB o THIIOBEIM CXeMaM,
Bonpoce! HagexHOCTH K Ge30MacHbIx YCAOBHI 3KCIUTyaTaliyy, KOHTpONs Gronpouecca, OXpaHbl
OXpYXatoWeH Cpesbl.
CoBpemeHHble MOAXONBI K CO3NAHHIO pecypco- W 3Heprocheperalomux OHOTEXHOIOFHH.




O61acTH NpUMEHEHHs CcOBpeMeHHOH OnoTexHoIorHH, (PenoMeHOJOTHYeCKoe ONHCAHNE
TeXHOIOTHH,

buoTexnoiorun aaa  ceAbcKOXO3AHCTBEHHOrG MNPOM3BOACTBA  (CeJILCKOX03fiiCTBeHHAs
OHoTeXHOMOTHA).

Koncrpyrposanne reHHO- HIDKeHEPHO- MOIMGUIMPOBAHHEIX (TPAHCTEHHBIX) pacTeHH.
Texuomorny resno#t HmxeHepur pacrennii. CoszaHue pactenud, YCTOMYHBBIX K OONE3HSIM H
BpepuressM. [oBeplienyre NpoayKTHBHOCTH pacrenuil. CO3faHWe pacTeHHH ¢ yay4IIeHHBIME

AUTaTebHBIMH CBOHCTBaMH. Hpobnemsr U IEPCICKTHBEL.
Kauecrso, 0e30macHOCTL M CcepTHOHKALMS TeHMOIU(HIIMPOBAHHOIO CHIPBS H IMHIERLIX
IPOJIYKTOB Ha HX OCHOBE,
IlpumeHeHHe TEHHOM MHJKGHEPHH B JKMBOTHOBOACTBE (TPAHCTEHHLIE JKMBOTHEIE KAk
«OHOpEaKTOPhI» OHONOTHYECKH AKTHBHBIX BELIECTR).

bnorexnosorny pjist KOpMoBoii 6a3bI KUBOTHOBOACTRA,

[Tpou3BONCTBO KOPMOBOTO Genka- Henka OIHOKIETOUHBIX MHKPOOPIaHU3MOB, [IpOMBHIINTEHHEIE
HITaMMBE-IIPOAYIEHTH. CrlppeBas 0aza. bromacca MPOMBIIUNEHHLIX MHKPOOPTAHH3MOB Kak
CBIPbE [UIS MONYUEHHA [MUPOKOH ramMMbl NPOAYKTOB PasiHYHOr0 HaszwadeHus. VcnonpsopaHue
TEXHONOTHH YTHIH3AMHH PasiiyHbiX OTXOAO0B (UENION030COACPKANE MAaTEPHATb, MOJIOYHAS
CBIBOPOTKA, OTXOJEI TTHLIEBBIX H peibonepepabaTrIBaOIMX IIPOU3BOJCTR).
MHEKPOGHONOTHYECKOE TPOH3BOACTBO (DEPMEHTHBIX IIPENAPAaTOR HIi KOPMOIPOM3IBOACTRA.
MuKpOOHOIOrHYECKOE  [IPOM3BOACTBO  HMHIHBHJYANbHBIX  L-aMUHOKHCIOT — KOpPMOBOTO
Ha3HAYCHHUS. Muxkpobuonoruyeckoe IPOU3BOICTBO KOPMOBBIX aHTHOHOTHKOB
MuxpoGHOIOrHYecKoe MPOM3BOACTBO KOHIEHTPATOB BHTAMUHOB KOPMOBOTO HA3ZHAYEHHMSL.
[lpousBonCTBO  BaKUMH  ANT  JKHBOTHOBOJACTBA.  [IPOM3BOACTBO  MNpOGHOTHKOB A
’KHUBOTHOBOJCTRA.

IIpon3BoacTBO MUKPOGHBIX NPENAPATOR 1Ji PACTEHHEBOACTRA.

buoteximonoruy GaxTepHaNbHBIX M TPHOHBIX CPEACTB 3AIUMTHl PACTEHHH OT BPEIHEIX
HACEKOMEIX (MHCEKTULMABL, (QyHrBmuapl). BroTexHONOrHM aHTHOHOTHKOB IPOTHB KOPHEBOMH
THHUAH M MYyYHHCTOM pockl. buorexHonoruy OaxrepuanbHelX ymoGpenuit. IIponssoactso
CTUMYJSTOPOB POCTA pAcTeHHi TOPMOHAIBHOH mpHpoabl. Jdocriskenus OGHOTEXHONOTHH B
obracTu co3ganus cBOOOAHOTO OT BPEIHOH MHUKPOQAOPHI NOCANOYHOIO MaTepuaia (paccaisl).

buorexaoaornu aaa AULEEBOH U JAeTKOH NpOMEBHUJICHHOCTH.

MukpoOHOIOrHYECKOE TIPOH3BOACTEO HHIMBHUAYATIBHLIX OPraHUYECKHX KHCIOT (JIMMOHHAS,
A0109Hasd, acmaparvHoBast KHCIOTBEL). MUKPOGHONOIHYECKOE MIPOM3BOACTBO  (DEPMEHTHBIX
npenapatoB. Mcnonpsoeanue (GepMeHTOB MUKPOOHOTO TIPOHCKOXKAEHHS Uil HUIEBOR

IPOMBIINEHHOCTH:  TPOM3BOACTBO  MHIUCBOIC  JTAHONA,  BHHOMATEPHUANIOB,  IIHBA,
XNeDOTeKapCKUX  JIPOAOKEH; HPOM3BOACTBO (DEPMEHTHBIX MNPENaparoB (peHHMHONOA06HLIE
IPOTEHHAZEI, TIIOKOH30MEPaskl, Oera-raaKTo3nIaset, Oera-QpyKTOoQypaHO3HA3EL);

OPOU3BOIACTEO IIpCIIapaToB, OCHOBAHHOE HA Hepepa60TKe GHOTOrHYECKOro CBIPBA, B TOM 4YHCIIC
u fuoMace OPOMBINIIEHHBIX MHKPOOPIraHHu3MOB (npenapaTBI OHONIOTHYECKH aKTHBHEIX HOG&BOK,
COACPKAPUX CMECH aMHHOKHCIOT, IIEIITHIOB, BUTAMHUHOB H MHUKPOJJICMCHTOB; NHIICEKYCOBEIC




n00aBKH; KOHLEHTPATBI M HM30JIATEI OMKOBBIX BCIICCTB); NPOM3BOACTBO HOACHACTHTENEH-
3aMeHUTeNeR caxapa (MIoK030-(PPYKTO3HEIE CHPOIEL, ACHapTaM); HPOU3BOACTBO KOHCEPBAHTOR
(amsuna). Henonwssosanue (QepMEHTOB MM TEeKCTHIILHBIX, KOXKEBEHHBIX TEXHOJOTHi, mpu
IIPOU3BOJICTRE CTHPANLHEIX TIOPOIITKOB.

MeguuMHCKan OHOTEXHOIOTUs {OMOTEXHOIOTHA 119 MeXHUMALI),

Hcnonp3osanne METOA0B HMMOOUIH3AIHK GHOOGBEKTOR B MEAUITMHCKHX OHOTEXHONOTUAX H B
auartocTrke 3abonepanmif. TWITBI BAKUMH B HX KOHCTpyHpopauue. KyIabTYpanbHble ¥ EHHO-
HHXXCHEPHBIE BakUMHLL Ilpenaparhl Ha OCHOBE JKHBBIX KYJIBTYD MHKPOOPraHH3MOB
(nopMmodropel M TIPOOHOTHKH). JIHATHOCTHYECKHWE CPEACTBA in Vitro il KIMHHYECKHX
uceneposanuil. Ilpowssogcteo npoGuortnkos. [lpou3BoAcTBO (QepMEHTOB  MEIHIMHCKOTO

HA3HAUCHHS. [TponssoncTao MMMYHOMOAYIATOPOB, UMMYHOCTHMYISTOPOB "
UMMYHOJENPECCAHTOB. MHUKPOOHONOTHYECKOE [POM3BOJACTBO AHTHOMOTHKOB  pasiMUHbIX
KII4CCOB ISt MEIHIHHBL. HonycunteTHyeckue AHTHOMOTHKH.
MuEKpOOHONIOrHYECKOS IIPOU3BOLCTBO BHTAMHHOB il 3IpaBOOX paHEHHA.

Texnonoruu npoaykTos TpaHchOpMaLHH OPraHHYECKUX COSNMHEHHH PepMeHTaMH MEKPOOHBIX
KJIETOK: COPOUT B IPOU3BOACTBE aCKOPOGHHOBOH KHCIOTHL, THAPOKOPTHUIOH | IIPEBPAICHHE €r0 B
APEAHU30JI0H; IPOAYKTEI AT HAPHPOBAHN)S, BOCCTAHOBIIEHHS U THAPOKCHINPOBAHNS CTEPOUIOB;

HIPOIYKTH OKUCNEeHHs NIPOU3BOJHEBIX HHOONA " IUPUAHHA.
TexHonorny KynbTHBHPOBAaHHA In Vitr0 KNETOK W TKaHeidl pacTeHMil IS MONyYeHHs
duTonpenaparon H ne4eOHo-NPOhUAAKTHICCKUX n06aBoK.

BuoTtexnonorun IMOJIYICHU A BHGPFOHOCHTBHGFI JIJIH JHEPTETHKH.

MHKpoOHONIOTHUECKOE NPOM3BOACTBO  BO30OHOBNAEMBIX HCTOUHHKOB 9JHEPrHMM: HH3LIAX
CIIHPTOB, ALETOHA, METaHa, OMOKOHBEPCHENH OPraHMYECKHX OTXOJOB ¥ PACTHTENEHOTO CHIPDHA.
Miukpobuonoruueckoe :POM3BOACTBO BOJIOPOJA.

buoTtexnonornu anst Herre- B ropaonofsiBalonieii H 060raTHTEALHON NPOMBINIIEHHOCTH
I'comukpoGrosornst H 3KoJI0rus Hedre- W yriaexodbidu. BakTepHATHLHOE BhIUIETAUNBAHIE
XHMHYECKHX 3JIEMEHTOB U3 PYJ, KOHLIEHTPATOB H FOPHBIX [10poj, oboraiedue pyi, GuocopOuus
METAIVIOB M3 pPacTBOpOB. YialieHHe cepbl 3 He@TH ¥ yrns. [loBbiueHue HedTeoTHAYH.
Yianenue MeTaHa M3 YTONBHBIX IulacToB. llomapneHue OHOKOpPOsHE He(TENpOBOLOB.
[IpoussoacTBo 6u0- ¥ QoTOpasnaraeMblx KOHCTPYKLIHOHHEIX IUIACTMACC M HPOMBIIUICHHOM
JHEPIeTHKH.

buorexnosoruueckne  mMeroabl  3alUHTLI  OKpY:KalOIMeH cpeanl  (3KOJOFrHUeCKas
GHOTEXHOJIOTHST).

AHTpONOreHHple PaKTOPbl XUMHYECKOTO H GHONOTrHYECKOTO 3arPA3HEHUS OKPYKAOMIEH CPEIbL.
Opranuyeckne KceHOOMOTHKH, COSIHHEHHS as30Ta, cephl, ¢octhopa, TLKEIBIE METALIBl U
PaIHOHYKIHAEL

buomoryueckue  MeTONBI I pellieHus  3aJay  OXpaHBl  OKpY)KalomleH  cpenbl
OcHOBHBIE OHOXMMHYECKHE MNYTH MHUKpOOHOIOTHYecKOd TpaHchopMallii 3arpsasHIIOIHX
BELIeCTB. MHUKpoopraHusMel — OHOJECTPYKTOpEL. bHONOrdyeckas OYUCTKA CTOYHBIX BOA.
[IpuHIHENHANBHEIE CXeMBI OUHCTHHIX COOpYXeHWiH. OCHOBHBIC NPUHIMIEl paboThl, METOIEL M
coopyxeHus a’pobHoi B aHaspoOHOH OHONOIrMYECKOH OYHMCTKU CTOYHBIX BOJ U mepepaboTku




TIPOMBILITIEHHBIX OTXKONOB. Y THAH3AUMSA OHOKCHAA YITIEPOAA ¢ MOMONIBI0 MHKPOOPTAHH3MOB.
Bronoruueckye MeToMBl OMHCTKH BO3LyXa. LHOMOTHUecKas Jje3ofopalys rasoB. OCHOBHbI®
METOAbI W IMPHHIMNWANbHEIE KOHCTPYKIHH YCTAHOBOK. bBHopeMenuanus H OGHONOTHYECKas
OUHCTKA NPUPOIHBIX cpeA. OCHOBHBIE MOAx0abl. CO3MaHWe TEXHOJOIHH AN BOCCTAHOBIEHHS
OKPYXKAIOWEH  CPeAbl € WCHOJNL30BAHHEM  ICHHO-HHIKEHEPHO-MOAN(DHIMPOBAHHEIX
MHKPOOPraHU3MOB. PaspaboTka OHOTEXHONOTHYECKUX CnOCO00B YHHYTOXKEHHS XHMMHYECKOIO
opyxus. buonornueckas mnepepaboTka TBEPABIX OTXOLOB. BHOAESCTPYKIMS HPHPOAHBIX H

CHHTETHUYECKHX IOJIMEPHBIX MaTepHAIIOB. Komniocrupopanme. BepMukynsTypa.
buonorpyeckas xopposusa W Owoumnipl. MOHHTOPHHT OKpyKawomlei cpempl. MeTomsl
OHOTECTUPOBAHKA H OHOUHAMKATHH B MOHHTODHHTE.

HayuHble 0cHOBBI HHsKeHEPHOT0 0opMIIEHHs GHOTEXHOI0THIA,

Crepumsanus TEXHOJNOTHYECKUX IIOTOKOB U obopymoBaHMUS.
Knaccrduxauus npoussoacTs OHOCHATE3a 10 OTHOUICHHIO K KOHTaMUKALMK. Bo3MOXHBIE TyTH
TIPOHUKHOBEHUA NOCTOPOHHEH MUKpOdIOpEl B 6HOpeaKkTop. ACENTHYECKOe KYJNBTHBHPOBAHHE.
Merosbl  OTAENEHMS W OCCTPYKUHH KOHTAMHHAHTOB, WX CpABHHTENBHBIH  aHAH3.
Crioco0bl  cTepuNM3aLMH  KUAKOCTEH, TBEpAbIX cybcTpaToB #  Bozdyxa. Tepmumueckas
crepuiuzanid. Kpurepun CTepuIH3allMH, WX pacder MM H30TePMUYECKOTO, HEIPEPLIBHOTO H
HECTALHOHAPHBIX yCIHOBUH. AnnapaTypHoe odopMaeHue cragui, JeKOHTAMUHALIAS BO3AYXa U
060pyIOBaHIA B IPOH3BOACTBEHHBIX IIOMEILECHUSIK. MaTepHanbHbl 1 SHEpreTHIeCKUi 6aManch!
npolecca OHOCHHTE3a. Biusuue yenoBuil KyIBTHBHPOBAHUSA NPOAYIEHTA HA TEINIOBLIIENCHUE U
cremenb  ytunmzauuu  cyGerpara.  [loTpebnenme  kuciopoma — MEKPOOPTaHH3MaMH.
Macconepenada KMCHOpOZa OT BO3AYXa K Kierkam. Macconepenada YINIEKHCIOTO rasa.
[lenoofpasosanne wu neHoramenue. llepemerunsanne npuy (QepMeHTAlM M €ro  BHJBL
OcHoBHoe (epMeHTalMOHHOe O00OpYNOBaHKe, €ro BHILL W IIpEABAPUTEILHBIA mombop.
buopeakTopsl nepuojMyYecKre M HENPEPBIBHO JAeHCTBYIOLIME, TIOMHOTO CMEUICHHS, MONHOTO
BEITECHEHHSI M MPOMEXKYTOUHOTO THINA. BHOPEaKTOPBl IJI OCYIIECTBICHHUS ACEITHYECKUX,
YCAOBHO-aCeNTHYCCKHX M HeaceNnTHuecKux omepauni. Knaccudukanus GHOpeakTopoB mmo
cioco0y BBOJAA 3JHEPrHH: ANINAPATBl ¢ MEXAHPYECKUM [I€peMEIHBAHHEM, O6apOOTaXKHEIH,
IpAHQTHEIA. MeTons! onpeneneHus BeMHYHNL! Koa(dHuHeHTa MaccoTiepeiaun B GHOPEaKTOpax
pasauuHoll  KoHCTpyKuuu. OmnmcaHuwe  OCHOBHOTO  o0OpyHOBaHHMS  IUI1  BBIACTEHHS,
KOHICHTPHPOBAHHA H OYHCTKH ITPOJYKTOB OHOCHHTE3a € LIETIbIO HOIYYEHUS FOTOBBIX TOBAPHBIX
¢opm npenapatos. O6opynOBaHUe /I Pa3feNieHUst MUKPODHDIX CYCIIEH3HH, *H KON H TBepAOH
azpl (UeHTPHGYTH O0CAANTENBHOIO ¥ (PHIIBTPYIOLIErO THIIA C NEPHOIUUECKON H ¢ HENPEPHIBHOM
BEIPY3KOH OCafiKa; CyNepueHTpH(yru; cenapatopsl And QUIBTPOBAHHS M OTXKHMA OCALKOB).
ObopyaoBanue Ui KOHIEHTPHPOBAHUA KyJIBTYPAABHBIX XKHAKOCTEH M HATHBHBIX PaCTBOPOB
BaKyyM -BBIIapHBaHUEM (ANNapaThl ¢ BOCXOASWEH 1 nafaronel NIeHKoH; pOTOPHO-IIIEHOYHbIE
rcnaputeas). ObopymnoBaHue JUil NPOBENEHMS MPOLECCOB OCANKICHUA (BIUAHUE HAYANBLHOMH
KOHLUEHTPAIHA OCAXKIAEMOI0 BEIUECTBa, TEMICPATYphl HAa CKOpPOCTh 00pa30BaHus OCAIKa).
Obopynopanue Oj14 IPOBCACHHS MPOIECCOB HKCTPAKUMH H3 TBEpHOH (A3bl M OpPraHHYECKUM
PAcTBOPHTENICM (BINHAHKE COOTHOLICHHS (a3, BpeMeHHm koHTakTa (az ua 3¢h¢eKTHBHOCTD
npouecca). OOopynosanue 1uis  OapoMemOpaHHOTO pasHOeNeHHs H OYHCTKH NPOIYKTOB
OuocHHTesa M Bo3myxa (MUKpoGHALTpanusA, ynbrpaduisrpamus; oOparHB  0CMOC,
CENIEKTHBHOCTh ~ 0apoMEMOpaHHBIX  NPOIECCOB;  KOHLEHTpamus  reneobpasoBamus).
ObGopynosanue g XpoMaTorpaduyueckoro KOHLEHTPUPOBAHHS H pasfcleHus KOMITOHEHTOB




HATUBHOTO pacTBopa (MOHHEIH OOMEH H relbQUILTPAUMs; OUHCTKA MPOAYKTOB GHOCHHTE3a Ha
rufpodobubix copbentax). ObopynopaHue IS CYLIKH OHOTEXHOJIOTHYECKOW NPOMYKIHH
(CYLWMIKY  paCTBUIMTENBHBIC, BaNbLOBO- JIEHTOUHBIE, OapaGaHHEIS, KHIMWEro  Crod,
IHEBMAaTHYECKHE, CYONMMALMOHHbIE, BAKyyMHBIC ¥ BaKyyMHBIE ¢ MOAGPOCOM JABISHI).
IlpuHNHOBl  PEryNUpOBAHMS, KOHIPONS KW aBTOMATHYECKOTO YIIpaBIeHHS HPOLECCaMu
Cuocunresa. Cosnanue v 3KCIUTyaTalus NpuopoB, CHCTEM H3MCPEHHS (DHIHKO- XHMUYECKHX,

@HBHOHOFI/I‘IGCKI/IX H 6H0(1)H3H‘{€CKHX [TapaMeTpoOB, KOMIBOTECPHIUPOBAHHEIX TEXHONOTHUYECKHAX
KOMIIJICKCOB,

buorexnosoruyeckse  MeToopl  3AamUTHI  OKpYXKAIOMEH  cpeapl  (3KOJOrHYecKas
HHOTEXHOJIOrUs).

AHTPOTIOT€HHBIE HAKTOPEI XMMHYECKOTO H GHONOIHYECKOTO 3arpsA3HEHHUA OKPYKAIOMIEH CPEbL.
Opranuveckue KCEHOOMOTHMKH, COGNHHEHHS a30Ta, cepel, (Gochopa, TOKENble MEeTalibl U
PalHOHYKNH/BL. BHOJOrHUECKHe METO/B! [UI1 PELICHHs 3aad OXDPaHbl OKpYX aiouleH Ccpeis.
OcHoBHBle OHOXHMHYECKHE IIYTH MHKPOOHONIOTHYECKOH TPaHC(OPMALMH 3arpA3HSOIIHX
BEINECTB. MUKpPOOPTaHU3MEl -— OHOJECTPYKTOPEL. BHONOIMYECKas OYHCTKA CTOYHBIX BOJL.
puHimnuanshele cXeMbl OYHCTHBIX COOPYXeHUH. OCHOBHEIE IPUHLMIE PabOTEL, METONH 1
COOpyXeHUs: aspobHOH H aHaspoOHOH OHONOrHYECKOH OYMCTKH CTOYHBIX BOJ H IepepaboTKH
IIPOMBIIINEHHBEX OTXOHOB. Y TUNM3AIMA JHOKCHAA YIJIEPOAA C TOMOWIBI) MHKPOOPTAHH3MOB.
buonoruyeckne MeTOAB! OYHCTKM BO3Ayxa. Buonmormdeckas iesofopanms razos. OCHOBHbIE
METOIBI 5 IPHHLHITHATIBHbIE KOHCTPYKIIHH YCTaHOBOK.
buopemeananus u Guonornueckas OUHCTKA NPUPOIHEIX cpef. OCcHOBHEBIE Nojxoasl. Cosmanue
TEXHOJIOTHH [UIsi BOCCTAHOBICHHS OKPYIKAIOUIEH CPENBl ¢ HCIONB30BAHUEM IeHHO-HHKEHEPHO-
MONHGHHMPOBAHHBIX ~ MHKDOOPTaHM3MOB. PaspaboTka OHOTEXHONOIMYECKHX  CHOCOBOB
YHHYTOXKCHUS XHMHYECKOro OpyxkHsa. buonoruueckas mnepepaborka TBEpHBIX OTXOMIOB.
buoznecTpykuus NpHPOMHEIX ¥ CHHTETHYECKHX MOTMMEDPHBIX MaTepuanos. KoMmocTHpoBaHue.
BepmukynbTypa. brosornueckas xopposus ¥ GHounAsl. MOHHTOPHHT OKpYXAroMel cpebl.
MeTtons OuorecTUpoOBaHUS 5 OHOMHIMKANKH B MOHHUTOPUHTE,

Hay4anbte ocHOBBI HHKeHepHOTo odopmienus GHOTEXHOJIOTHIA.

Crepunuzanns TEXHONOTHYECKUX TIOTOKOB " obopynoBasHust,
Knaccuduxauus npou3soacTs SHOCHHTE3a 10 OTHOLUEHHIO K KOHTAMMHALMH. Bo3MoXHbIe yTH
NPOHHKHOBEHUS NOCTOPOHHEH MUKpOGUIOpBl B OHOpeakTop. AcCernTHYecKoe KylbTHBHPOBALUE.
Merojbl  OTAENEHMS M OECTPYKLUMHM KOHTAMHHAHTOB, WX CpaBHUTENBHBIH  aHamu3.
Crocofsl  cTepunM3almy  SKMAKOCTEH, TBEPARIX CyOCTPaTOB M BO3AyXa. TepMuuecKas
crepunuzannd. KpaTepuu cTepunu3anyy, UX pacuer AJiS H30TEPMUYECKOro, HEHPEPBIBHOTO U
HECTAIIHOHAPHBIX YCIOBHH. AnmapaTypHoe oQOopMIICHHE cTaiuil. JleKoHTaMMHANKS BO3AyXa H
ofopyRoRaHMs B IIPOH3BOJCTBEHHEIX NOMEIIEHUX.
MarepualbHblit %} IHEPreTHYECKHUH fanancel nporecca BrocuuTE3A.
CrexuoMerpuss MHKPOOHMONOTHYECKOTO CHHTE3a. METOObl pacueTa CTEXMOMETPHYECKHX
KO3(pGHIMEHTOB M COCTAaBICHHWE  MAaTCPHANbHOrO  Oamanca  CTafiuH  OHOCHHTE3A.
Baugune ycnosufl  KyNBTHBHPOBAaHHS [IPOAYIEHTA Ha  TEIUIOBBIAETEHHME, BCIHUHHY
5KOHOMHUYECKOTO K03PdHIMEHTa U creneds yrunusauuu cyberpara. [lotpeGuenne kucropoa
MHKpoopragusmMams. Macconepeqaya KUCIOPOAa OT BO3AyXa K KileTKaM. KOHIEHTPALHOHHBIC
«aMpI».  Macconepenavya  yrmekucnoro  raza.  MaccooOMEHHBIE — XapaKTEPHCTHKH
depmenTanmonnoro ofopynosanus. [lenooGpazosanne U nenorawenue, [lepeMenInBanne NpH




(pepmenTanny 1 ero BUALL. MaccOOGMEHHEIN U TEMIOBOM pacyueThl GHOPEAKTOPOB: MO 06NACTAM
NPUMEHEHHA, 10 YCIOBHAM IPOBEACHUA nponeccoB OuocunuTesa. OCHOBHOE (PepPMEHTAIIROHHOE
obopynoBande, ero BHIbl M NPEABAPHTENBHEIA noafop. BHOpeakTOpEl HepHOAWHECKHE H
HCTIPePBIBHO ACHCTBYIOIIME, NONHOIO CMEIIEHHs, NOJTHOTO BBITCCHEHHS W IPOMEXKYTOYHOTO
THNA. DHODEAKTOpPBI A8  OCYLIECTBICHUS  A4CENTHYECKHX, YCIOBHO-ACENTHYECKHX U
HeacenTH4YecKux onepanud, Knaccudpukanus OHOPeakTOpOB IO €I0CO0Y BBOAA HHEPrHu:
annaparsl c MEXAHUYECKUM HEpEMEIIHUBAHUEM, OapboTaxHbIH, 3pIUGTHEIH.
MeTone! onpeaeneHys BENHYHHB KOIDOHIMCHTa MACCONEpeaun B GHOPEakTopax pasIndHol
KOHCTPYKUHH.

OcHOBBI MOAETHPOBAHKA OHOPEAKTOPOB.

Otanel MoAenupoBsanus. [TapaMeTpsl MOISIHPOBAHKSA H UX CONOCTaBNeH e, MoieMpoBanue 1o
BBOMMON  yHENBHOM  OHEpruM, 110  HHTGHCHBHOCTH  MAcCOIEPeHOca  KHCIOpoia.
WVcecnenopanne 1 paspaboTka NPHHIHIIOB K alCOPUTMOB OITHMANBLHOTO KOMITBKOTEPHOTO
NPOEKTHPOBAHHA OMOTEXHOJOTHUYECKHX cHeTeM. Omucauye OCHOBHOrO o60pynoBaHHS A
BBIICNICHHSA, KOHLICHTPHPOBAHHUA H OYHCTKH IPOAYKTOB OHOCHHTE3a € LENBH) MOJYYEHHS
IOTOBBIX TOBApPHBIX dhopm [IpenapaTos.
OGopynosanue Jyis pas/ieneHus MUKPOOHLIX CYCIIeH3UN, XHAKON i TBepuoit ¢asel (weHtpudyru
OCAIUTENBEHOrO 1 (PUIBTPYIOIIETO THIE ¢ IEPUONUYECKON U ¢ HENPEPHIBHOMN BRITPY3KON ocanka;
CYIEePUEHTPH(YIH; cermapaTropnl s GunbTpORaHUA H OTXHUMa  OCajKOR).
OBGopynosanue A KOHIEHTPHPOBAHHS KyNbTYPAIBHBIX JKHAKOCTEN M HATHBHEIX PACTBOPOB
BAKYyM -BbIIAPHBAHHEM (@NMapaThl ¢ BOCXOAIEH W MaNAOIeH ICHKOH; pOTOPHO-IIIEHOYHBIE
venaputeny). OOopynoBaHue A INPOBSACHUS HPOIECCOB OCAXIACHUS (BJIMSHHE HA4YanbHOM
KOHUCHTPAUHH OCXKIAEMOIO BELIECTBA, TEMIEPATYpPhl HA CKOPOCTH 00pasoBaHus 0CaJKa).
ObopynoBaHKe A NPOBEAEHHA NPOLECCOB IKCTPAKIHKM U3 TBEPAOH (hashi U OpraHHYecKUM
pacTsopuTeneM (BIHSHKME COOTHOLICHHS ()a3, BPEeMEeHH KOHTakTa (a3 Ha >QheKTHBHOCTE
nporecea). OOopynosanue s 6apoMeMOpPaHHOIO pasfeleHus M OYHCTKM TpPOLYKTOB
GuocunTesa W Bo3ayxa (MuxpoduiabTpauMs, yaeTpaduibTpanms; oOpaTHLi  0CMOC;
CEIEKTHBHOCTE GapoMeMOpaHHBIX NPOLECCOB, KOHIEHTpaLus reacobpa3oBanHusn).
Ob6opynosanue AnA XpoMaTOrpagHUYEecKOro KOHIEHTPHPOBAHHSA M DA3NE/IEHHS KOMIOHEHTOB
HATMBHOIO pacTBOpa (MOHHBIA OOMEH U refibQUIbTPAllAs; OYHCTKA IPOAYKTOB OHOCHHTE3a Ha
ruapodobHEX copOentax). OGopynoBaHMe AAf CYMIKH GHOTEXHOMOTHYCCKOM NpOAYKIHH
(CYymimjKM  pacHbUIMTENBHBIE, BANLLOBO- JIEHTOUYHBIe, OapafaHHble, KHIAILENO CIIOH,
ITHEBMATHYECKHE, CYOMMMAallOHHBIE, BaKyyMHbBIE M BaKyyMHBIE ¢ MOAOPOCOM IaBISHUS).
Ob6opynoBaHue A OMUCTKH a30-BO3MYINHBIX BBIOPOCOB W CTOUHBIX BOX (TpyCel Bentypw,
CKpyOOepsr MOKpO# OUHMCTKH, OTCTOHHHKH, 6HOGHUABTPEI, a3POTEHKH, OKCUTEHKY, METAHTEHKH ).

IIpuHnEnBl perynupoBanus, KOHTPOAS H ABTOMATHUYECKOTC YNPABJEHHS NPOLECCAMH
puocHHTE3A.
Cospmanne ¥ JKCIDIyaTallMs OpHOOpOB, CHCTEM H3MEPEeHUs]  (PU3UKO- XUMHYECKHX,
(rzHonornueckux ¥ OHODUIHIECKHUX TAPAMETPOB, KOMIBIOTEPH3UPOBAHHEIX TEXHOJOFRYECKHX
KOMITJIEKCOB.
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bazorele HOHATHUS u KOHLENINH MOJIEKYASPHOH I€HETHKU
OcHoBHast 1OT™Ma MOJIEKYJIAPHOH reHeTHky. Marpuusbsii npuuuun, TIpomecchl pernmmKarii,
TPAHCKPHITLKMY, TpaHCHANNH. [eneTndeckuit kox. CrpykTypa reHos u reHomos. Crenuduka
TCHOMOB  Da3/HYHBIX LAPCTB JKHBLIX OPraHH3MOB. JK30H-MHTPOHHAA CTPYKTYpa TEHOB.
Tpanckpunums  w e  perymamus. THIBI  PEryIATOPHBIX  DaflOHOB  TPAHCKPHITIHH.
Tpancxpunuuonnsie gaxrtopsl. CTpyKTypa H QyHKUHS OPOMOTOpa. JHXaHCEp, callIeHCEpPH! H
Hacynstopel. [HoHaTHE © KOHGOPMANHOHHBIX ¥ (DU3HKO-XHMHYECKMX CBOHCTBAX IBOWHOIM
cmupane JIHK.  Crtpyktypa xpomaThra. XpoMOCOMbl.  DNHMIeHETHUECKas  peryIsimus.
Mopudurkaunn JHK u ructonoseix 6enkoe. CtpykTypa u ¢yuxuus PHK., MuxpoPHK 1 ux
yaactue B gerpaauposanvu PHK. Jnursble nexomupyooume PHK. Tpancnsnus PHK.
Perynauns tpancasmuu. CTpyxTypa 0 QYHKLHS GENKOB.

Wupopmanuonnele TeXHONOrHM B Omomndopmaruke. Mcmoms3osanme B OHOJOrud U
IIPUKIIAIHBIX UCCHENoBaHUAX. CpencTsa nepejiadil JAaHHBIX, CPeACTBa XpaHeHHd ¥ 00paboTku
naHHbIx. MHTEpHET Kak cpeAcTRO NpodeCCHOHANLHOIO OOIUCHUA M PEHICHHS GHONOIHYCSCKHX
3agay. [Tousirust Web-kanana, Web-CTpaHHUBL, THIIEPCCHUTKH U T.J(. | MIEPTEKCTOBBIC CHCTEMEL.
XML Ttexnonorun. DnexTponHas moura. TenekoHepeHund. S3BIKH IPOTPaMMHUpPOBAHHS B
buonadopmaruke. CpaBHUTENbHEI aHANH3 Cpencts lporpammuposanus (C (C++, C#), Java
(biojava), Perl (bioperl), Python, R(Bioconductor)).

Baser namnbix B Ouonndopmaruke. basel w OaHky fanubIX. Kimacchl CTPYKTYp HNaHHBIX:
MEPAPXUISCKHe, CETeBbIC M PEISUMOHHBIC. SI3BIKH ONHCaHUA W MAHUTYIRPOBAHMS JAHHBIMH.
Cucremsl ynpasnenus Gasamu maHpeix (CYBH). Apxurextypa B dynxmms CYBJ. Meroast
noctyna. Hupexcsl, Xomuposauue. Szeiku sanpocos (SQL u mp.). Basel snanmit.. OcHOBHBIE
WHQOPMaLONHbIE pecypchl W ©asbl  JaHHBIX MO MOJNEKYIApHOH GHOJNOrMH., BaHKH
duonoruueckux nocnenoparensaoctelt (UCSC, Ensemble, GenBank, EMBL), nouck 3anuceit
Gankax naHHelx 1o ammoTamuu (cmcrema UCSC Table Browser, Entrez mmu ux amayor).
CrcTeMbl Opraui3aLyy KOHBEHEpHOH paGoTe! ¢ Gronornucckumu ganaemvy (Galaxy).

OYHKIHOBAILPHA  AHHOTALMA  OHONOMMepoB. [loHATHE aNrOpHTMa. BEYUCIHTENBHAS
CJIOKHOCTE aNropuTMOB. CXOACTBO OHONOPHYECKHX IOCIIENOBATENEHOCTEH, €ro BHONOrHIeCKHi
eMmblci. MeTonsl BeIpaBHEBAHMA OHONOTHYECKUX HocaegoBatensHocred (Genkos, JHK, PHK);
OCOOCHHOCTH @ITOPUTMOB  BBIDABHWBAHUS B  3aBHCHMOCTH OT THIA OHOJIOTHYECKON
HOCTIEN0BATEABHOCTH. MeToapl BBIpABHMBAHHA: IAPHOE H MHOMKECTBEHHOE, JIOKANLHOE H
rnobaipHoe. AMropuT™M rnobansHOro BhipaBHuBanus Humnemana-Byama (Needleman-Wunsh).
ANTOPUTM JIOKANBHOTO BeIpaBHuBaHHA CMmHTa-YoTepMana (Smith-Waterman). Gibbs sampling.
Anroputmer  Blast, FASTA; HasHaucHWe M OCHOBHBIE BO3IMOXKHOCTH. TEXHONOIHsS
aHHOTHPOBAHHS  TIOCNEHOBATENABHOCTEH;  OCHOBHBIE  NOAXOABI K  aBTOMATHUYECKOMY
AHHOTHPOBAHUIO TOCNEN0BATENLHOCTEH; JOCTOBEPHOCTE AHHOTALIMH 10 FOMOJIOTHH.

PacnosnaBanue CTPYKTYPHO-GYHKUMOHANBHEIX MOTHBOB B IeHETHYECKHX Tekcrax. [loHaTHE
MOTHBA M METOIBI €r0 IPEACTaBiIeHUs (KOHCEHCYC, BECOBAas MATPHUIEL, MApKOBCKAs MOJCHD).
OmneHxa TOYHOCTH pacIIo3HaBaHusI. MeTOAR! pacriosHaBaHus NPOMOTOPOR, 3HXEHCEPOB U APYTUX
PerynATOPHBIX y4acTkoB. MeTomsl npeacKazaHis BropuyHoil crpykTypsl PHK.




AWanu3 IaHHBIX MacCOBOTO 3KCIIEPUMEHTA. | €HOMUKA U MPOTCOMHKA. MeTONB! KOMITBKTEPHOTO
aHalH3a I[ONHBIX TeHOMOB, [JOHCK CHTHamOB B I€HOME, MOHCK reHoB. Onpenencuue
CTPYKTYPHBIX BapHalui B remome. MeTojsl CPaBHHTEABHOTO aHANH3a PaslHYHbIX I€HOMOB,
MeraGonuyeckne IIyTH W METOABl HX PEKOHCTPYKIH. ODKCIEPHMEHTAIBHEIE METOIbI,
OCHOBAHHLIE Ha CEKBCHHpOBaHuM HoBoro nokoneHus (RNA-seq, ChlP-seq, Dnase-seq, WGBS,
MuKpoappen). Ipodaiimsr sxenpeccuu u npobneMel aHANTH32 ¥ HHTEPHPETALIMH PE3yIbTATOB.
[Ipoalinuur cpas3biBanusd (AKTOPOB TPAHCKPHINHM H MOAH(UKALHA THCTOHOBBIX GENKOB;
HOUMCK ITHKOB; BHOMOTHYECKas HHTepIpeTanns pe3ynsTaos. [Ipodatinunr metunuposanns JHK,
nouck AaddepeEnHanbHO-METHIHPOBAHABIX PETHOHOB, OHOJIOTHYECKas HHTPENpPETail s,

OcHoBRl ~ MeTOHOB  aHanmu3a  jgauHblX. [lowsrtuss  Datamining ® Textmining.
MeTtone! xaaccubHuKanuH U KnacTepusauud., Meron onopHBIX BekTopos. MakTOpHBIH ananus
(MeTox raBHBIX KOMIIOHEHT). PerpecCHOHHBIN aHann3. JUCKpAMAHAHTHEIN aHamus,

OcHoBHas IMTEpPaTYpAa

1. Bruce Alberts, Alexander Johnson, Julian Lewis, David Morgan, Martin Raff, Keith
Roberts, Peter Walter. Molecular Biology of the Cell (6th Edition), 2014, ISBN-13: 978-
0815345244,

2. Bpayn T.A. T'enomsl. M., Moxerck, 2011

3. Jeioun T, ['eupl. M.: Bunom, 2011

4. Kumynés U.@. Obmas u MonekynspHas renetuka // Yuebnoe mocodue, Hosocubupcek.
HI'V. 2003.

5. Kadbenpa wundopmammonnoit oOuomorun OEH HIY (nekumu ©u  MeTomuyeckue
Marepranel) http://www.bionet.nsc.ru/chair/cib/php?f=lectures&p=lectures

6. Py6uu A.B. buodusuxa. 1990. http://www.library.biophys.msu.ruw/rubin

7. PusnnueHko [EO. Marematnyeckoe MOJETHPOBAHHE. 1999,
http://www.library.biephys.msu.ru/MathMod/

8. Pusnuyenxo I'IO. Jlexnuu no marematuveckum monensM B Ouonoruu // M-Hxerck.
Wzn. PX]. 2002. 236¢. hitp://www.library.biophys.msu.ru/LectMB/

9. atiTan KB., Capalikun C.C Monexynspnas JUHAMHEKA. 1999.

http://www library.biophys.msu.ru/MolDvyn/
10.  Pomun C.B., Bepkuntnutr M.b. Matematuueckue npobiaemsl B Guonoruun. 1973, 200c.
http://www.library.biophys.msu.ru/FominBerk/index2.htm




Crenuanpnocts 03.02.03 Mukpobuosorus

Beenenune

[TpenMer MAKPOGHONOTHH, CHCTEMATHYECKOE TIONOMKEHNE JKHBBIX CYIICCTE, u3y4aeMbIx obueit
MHKpoOnonoruel. O6wias M MemWUMHCKas Mukpobuonorusa. Mecro wu pons  obuel
MHKPOGHONOTHH B COBpeMeHHOH GHONoriH. 3HadcHne MUKpOOHOIOTHH B HAPOLHOM X034HCTRE,

BosnukHoBeHnne u pazeuTHE MHKpoOuonornu

Otxpbrtie mukpoopranusMos JleserrykoM. PaGotwr Tyka, Tepexosckoro. Iocnenyrommue
paboTsl onmcarensHoro mepuona (Camoiinosnua, Kampsp ne Jlarypa, lllsanma, Krorummra,
Openbypra, Kona). Ocmoponomararomas pons [lactepa B pasBUTHE MHKPOOHONOTHH
(uccnenoBanus B o6macTy GpoXKeHHH, "CaMONPOU3BONBLHOTO 3aPOYNCICHUA", HMHPEKIHOHHBIX
sabosneBanuii). 3nauenne pador Koxa, 4ucThe KyIbTYpEL

Wzyuende Qu3HONOTHYECKHUX THIIOBE MHKPOOPIaHH3MOB. PaGoTEHI Bunorpanckoro, beitepunka,
Meunuxosa, Knronsepa, Bau-Huns.

Orkpsitie BUpyCOB  Gaxrepuodaror. PaGoTsr Usanosckoro, Iamanes, Tyopra, H'Spenns.

Vccnenopannsa coBeTckux MHKpoGuonoros. Pabotsr Omenamckoro, Kocrsiuesa, H.Xynskopa,
Hapncona, ByTtkesnua, Xonoaunoro, Heauenko, [llanomsukora, Mepycamivckoro u Ip.

XapaKTePHCTHKA OCHOBHBIX PA3fIeioB COBPEMEHHOH MUKpoSuonoruu, ofinas MUKpoGHONIOors,
TeXHHYECKas (IPOMBIIUIEHHAN), CENBCKOX03HCTREHHAs, BOAHAS, Ie0/IOTHYECKAS.

Mukpoopranusmes i ux kiaccupuranus

Mup wmukpoopranusmos; ofliue mpasiia u pasHooOpaswe. [10NONKEHHE Cpedn Apyrax
OpraHu3MoB. IIpOKAPHOTHBIE M 3BKAPHOTHBIE MHKPOOPIAHM3MBI, OCHOBHEIE paziMuMs.
Ilpunuuner  knaccuduxanpn.  IIpasuna  HOMEHKNATYPhl M AHATHOCTHKH.  3SHAYESHHE
MOP(OTOTHYECKUX, KyJIHTYPANbHEIX, THHKTOPHATBHBIX, IUTONOTHYECKHX, (PH3HONOTHYECKHX U
pasnHYHBIX  OHOXHMHMYECKMX  TpPH3HAKOB IS CHCTEMATHKH  MMKpPOOPIaHH3MOB.
Takconomuueckoe 3HayeHHe cocraBa u cTpykTyphl JIHK, cocraa KietousHol crenky.
Hymepudeckas takcoHoMus. OUITOrEHETHUECKASN CHCTEMATHKA.

IlpoxapuoTsr - OCHOBHBIE OGBEKTH MHKpOOHONOruH. OCOBEHHOCTH OTJIENBHBIX TPYIIL
bakrepur n wux pasHooOpasue. VcruuHble OGakTepuy. AKTHHOMHIETEL, MuxoGaxTepHu,
Mukonnasmel, Crirpoxersl, Pukkercun. [{nano6aktepun (CHHe-3e1eHbIE BOAOPOCH) H BIHIKUE
K HaM MHKpOOpranusMbl. Kiiaccrl, nopaaku u paxHeHue ceMeiicTBa NpOKapuoT.

IBKapuOTHl. KpaTKas XapaKTepHCTHKA OTHENBHBIX TPYNN 3BKAPMOTHBIX MEKPOOPTaHH3MOB:
rpubOB, BOAOPOCTEH, MPOCTEHIIMX.

Bupycer. Mx xnaccudpuxanus. arn (Gakrepuodarn, akrurodaru u ap.). OCHOBHbIE CBOHCTRA
BUDPYCOB (COCTaB, CTpOEHME, B3aMMOZeHCTBHE ¢ KIETKOH Xo3guHa). [loNOXeHHE B
OHONOTHYECKOM MHpE.

Xumuuecknii cocTap

DJIEMEHTAPHLIH COCTaB KNETOK MHKpOOpranu3mos. Comepikanne Bojsl # e¢ GopMbl. OCHOBHEIE
IOJHMEPB!  KJISTOK; OTNHYME C¢OCTaBa OT BHpycoB. ComepxaHue W (YHKUAH DPa3THYHBIX
KOMIIOHEHTOB KNETOK. 3amacHBle BEIICCTBA. V3MeHeHWe COCTaBa KIIETOK B 3aBHCHMOCTH OT
YCIIOBHHA KyIbTUBHPOBAHHA H COCTOSHHSI MUKPOOPTAHH3MOB,




Mopdoaorust, cTpoense u pasMHOKeHHe

MHKPOCKOIIYeCKHe METOMBI HM3YYCHHS MHKPOOPraHm3MoB. CBETOBOH MHKDOCKON M €ro
PA3HOBHIHOCTH; TEMHONOJbHAS, ()a30BOKOHTpPACTHASN, AHONTPANGHAX MW JIOMHHECIHEHTHA
MEKpocKomust. [lpuroToBnerine pasnmuyHBIX —IIpeNapaToB MEKDPOOPTAHH3MOB. Merousl u
3HAUCHHE OKPACKM KICTOK, DNESKTPOHHBIH MHMKDPOCKON M €r0 MPHMEHEHHE B MHKPOOHONOTHH.
YpTpatonKue cpesbl. Ciocobsr paspymieHus KISTOK H BbIAEIEHHE OTAETBHBIX CTPYKTYD.

Mopdonorus muxpooprannsMos. Pasmepel. OOHOKIFETOUHBIE M MHOTOKIETOYHBIE thopmbl.
OcroBHBIE HOPMBI OAHOKIIETOUHBIX Gaktepuil. MopdoIoris aKTHHOMULCTOB, MHKCODaKTepui,
CITUPOXET, HUTHATEIX K MOUKYIOIHUXCH GopM, AposcKeil rpubos, Bogopoce.

Crpoenue kierok. OcoGEHHOCTH CTPOCHHS KIETOK [POKAPHOT B CPABHEHMM C 3BKAPHOTAMH.
SnepHbii annapar, COCTae 1 OCOBEHHOCTH OPraHM3aIHHL.

CocraB W CTpoeHME KIETOUHBIX CTCHOK., KIIETOUYHBIC CTEHKHM Y IPaMIONOKHUTESBHBIX K
rPaMOTPHHATENLHBIX MHMKPOOPraHu3MOB, Wx ¢yHkmun. [Iporommacter u cepomnactsr. L-
(opMBI 1 MUKOIUIA3MBI; BO3MOXKHEIE IPHYMHBL X BOSHHKHOBEHHS,

Karcynel: pasHOBUAHOCTH, COCTaB ¥ 3HaveHne. OUMOPHY H BEIPOCTEL

Huronnasmarnveckas meMmOpana, ee COCTaB, OpraHM3allds M QYHKIWHS. MUTOXOHIPHH.
XNoponnacTe.

[furonnasma u OpraHon/bl MPOKAPHOTOB: PHOOCOMEIL, ME30COMB, THIAKOHIB! (XpoMarodopsr),
a3POCOMBI (Ta30BBIC BAKYOITH).

BruroueHus, UX COCTAB ¥ 3HAYEHUE,

Asmxenns MAKpoopranu3MoB. JKryThky, BX UMCIO M pacnosoxkeHue y GakTepHit, cocTas H
cTpocHre. PuMOpUM W aKCOCTHNbL CIHPOXET, CKOMb3AIMX (opM. TokcHueckHe peaKIn
MHKPOOPTaHH3MOB (43POTAKCHC, XEMOTaKCeHe, hoToTakcuc). PasMuoxerne. LKLl pasBUTHS 1
Crioco0b! Pa3MHOMKEHHS [IPOKAPHOTHRIX H IBKAPHOTHBIX MUKPOOPraHM3MOoB. Bunaproe nenenne
M TIOYKOBaHHE. PasMHOXeHME OakTepui, AKTHHOMHLETOB, HUTYATBIX (OPM, BOXOPOCIHEH,
rpubos. Ilonopofi mporecc y MuUKpoopraHusMoB. Ilokosumecs HOPMBI MEKPOOPTAHH3MOB,
Supocnops GakTepuit oGpasosanue, COCTaB, CBOHCTBA i GHoNOrnueckoe 3Hayenue. [{HeThL

KynbTHBHpOBaHHE M POCT MUKPOOPraHH3MOB

HaxonurenbHele KynbTyphl M IPHHIHIB AMEKTHBHOCTH, YHCTHIE KYTBTYPhl MEKPOOPraHH3MOB.
MeToaBl MOTyYeH s U 3HAYEHNE,

OcHoBHbIE TUIIBI CPe O COCTAaBY ¥ (PU3HUYECKOMY COCTOAMMK. KynsTHBHpOBaHHE aspoBHBIX,
aHa’poOHBIX ¥  (POTOCHHTE3HPYIONINX MHKPOOPraHHW3MOB. [IOBEPXHOCTHOE M TIyOHMHHOE
BEIpalllHBaHue,

Poer nonymnsauuii MEKpOOPra”W3MOB B NEPHOAHYECKUX KyNbTypax. [I0cTpoeHHe KPHBEIX POCTa.
®a3pl KpuBoOH pocTa, ux ocobeHHOCTH. ONpeleNenune CKOPOCTH, YAETBHOH CKOPOCTH POCTa,
BDEMEHHM  TeHepalMM,  3KOHOMHUECKOro  kox(duuuenta, cyOGCTpaTHOH  KOHCTAHTHI
JByXasHocTh pasBUTHH KyNBTYP, BTOpHYHbIE MeTabomuthl. Juaykcus. [IpHapHb THMHATALMH
pocta H oTMUpaHusa. HenpepriBable KynbTypel. HenpepbiBHOE BOCIPOU3BEIEHHE KPUBOH POCTa:
Gatapen depMenTepos, TyOyspHLIC ammaparhl. ['OMOTeHHO-HENPEpPEIRHOE KYILTHBHPOBAHIE.
Xemoctat, TypOuaocTaT. 3HAUCHHE METO/(@ HENPEPBIBHOIO KyILTHRHPOBAHHA IUIT H3yYCHMUS
(PH3HOTOT UM MAKPOOPTaHU3MOB H B [IPOMBILIIEHHOCTH.




Poct 1 pazsuTHE KJIETOK MEKpOOpPraHuaMoB. CHHXPOHHBIE KYIBTYPEL, CIIOCOOE! HX MONYYEHHS.
Duzuonorus Mmukpoopranusmos. Jefictsre gpaxkropos Buewneil cpeast

Poct B 3aBUCHMOCTH OT TeMIepaTyphl. Kapnunansaeie TOYKH (BepXHHE H HIDKHHE TPaHHIbD).
Ocobennoctu neuxpodunos, Mezodunos u tepmodunos. TepMOYCTORYMBOCTE BEFeTATHBHBIX
KJIETOK PAa3IM9HBIX MHKPOOPraHH3MOB, 3HIOCIOp Oaxrepuil u Apyrux uokoswuxcs (opm.
Mcrnonp3oBanye BEICOKUX TEMIEPATYp /s cTepuiksanuy. JlelicTBHe HU3KMX TeMrepatyp. Xpa-
HeHHe 3aMOPOKEHHBIX KYJILTYD.

I'mopocraTrueckoe pasneHue; OapoduneHele ¥ OapoTonepaHTHBIC (GopMbl. OcMoTHYeCKoe
nasneHue. OcobeHHOCTH OCMOMHIOB M TalOMHIOB, PACIPOCTpaHEHHE ¥ IMPAKTHYECKOe
3HAUCHHUE,

Paguanms. DH3HONOIMYECKOe, MYTAareHHOE M CTepHIIM3yiollee NeHcTBHE, YCTONYMBOCTD
MHKPOOPTaHH3MOB K  YJABTPAQHOJCTOBLIM  JIydyaM W HOHHIHDYIOIIHM  H3JIYYCHUM.
DoTopeakTHBRAIHA.

PocT MHKpPOOPraHH3MOB B 3aBHCHMMOCTH OT BIZKHOCTH. YCTOHUHBOCTE K BBICYLIMBAHMIO.
Juohunuzamus.

OTHOLIGHHE MUKPOOPraHU3MOB K KHCIopomy; aspo0mi H  aHaspobel (oOnuraTHele o
(paxyneTaTHBHEIE). BO3MOXKHBIE NPHYHHB HHIHOHPYIOWETO AEHCTBHA KHCIOpOAa Ha CTPOTHX
aHaspo6oB. PoCT pasnuvHblX aspoGOB B 3aBHCHMOCTH OT coOfepXKaHHa Kuciopoda (pO2).
OKHCIHTENIEHO-BOCCTaHOBUTENBHEI HOTEHLIMAN CPebl, (GaKTOPEL, €T0 OIPEeIeISIONIHE.

3nauenne pH cpempl. UlenodeycToiumBele, KHCIOTOYCTOHYMBEIE W anHEO(UILHbBIE
MHKDPOOPTaHH3MBEL. 3HaUeHHe H30bITKa U HEJOCTATKA INEMCHTOR IHTAHNSL.

AHTUMPKpOOHBIE BelllecTBa. [lpupoxa u npoucxoxaenue (abuoruyeckoe, OHOTHYECKOE)
AHTUMUKPOOHBIX BellecTB. CHENH(HYHOCTh U MEXaHH3M geHcTBHs. Bakrepuocrarnyeckuit u
GaxtepHunaHb 3¢derTel. O07JacTH NPHMEHEHUS Pa3NUYHBIX AHTHMHKPOOHBIX COSIHHEHHH.
Baxxgelimne XuUMMOTEpPANEBTHYECKHE Npenaparbl, KOHCEPBUPYMOLIUE, NE3HHOUUMPYIOIINE 5
CTEPUIN3YIOLIHE CPENICTBA.

Muranue
PazHooOpasue moTpebHOCTEH B MHTAHHH B MHPE MEKPOOPraHA3MOB.

AproTpodus u  rereporpodus.  Ilomstus  QotoaBroTpodus,  doTorerepoTpodus,
XEMONUTOABTOTpodUs, XeMonuTooprarorpodus, xemooprasorereporpodus. Canpodursl,
KOMEHcanel W napasuTel.  [IpoToTpodsl, aykcoTpodsl, mnapatpodsl  (BHYTPUKIETOYHBIS
NapasuThi).

McroyHHKH  yrieposa ¥ SHEPruM, HCIONb3yeMble MHKpoopraHuzmaMu. Pasznoobpasue.
Merounrkr azora. OpraHMyeckie M MHHEpaIbHBIE COSJHHEHMd a30Ta, poNk B MeTabonmsMe
Knetox. [loTpebHOCTE MUKPOOPTaHH3MOB B IOTOBBIX @MHHOKMCIOTAX, BHTAMHHAX M APYTHX
(baxropax pocra. [IpaxTiueckoe NpuMeHEHHE ayKCOTPOPHBIX MUKPOOPIdHH3MOB.

[TorpebHOCTE MUKPOOPTraHKU3MOB B COSIHHEHUSX cepbl, (pocdopa, B MUKpO3IeMeHTax (kenese,
MarHHH, KaIHH, KAJIBIHY, HATPWH, Mapradue, Moimbaene u apyrux). Mx pons B MeTabonusMe.

[TponuKHOBEHHE B KIETKY NHTATeNbHBIX BeulecTB. Juddysus W akTUBHBIE TpaHCOOpT
BLICOKOMOJIEKYIIIPHBIX COSNMHEHHH U COeIMHEHUH HepacTBOPUMBIX B BOJE.




Obmen BemecTs (MeTaboH3M)

Anabonuueckne U xarabonuveckue nporeccsl. MX B3aMMOCBA3M y pasHBEIX MAKPOOPraHH3MOB
(aBTOTpOOB, reteporpodos). AMOHGONUTH U NEeHTpabGonuTe. OCHOBHEIC H HOMONHUTENLHEIE
(aHaAINEPOTUYECKHE) TYTH META0OMH3IMA.

[. Anabonuam (KOHCTPYKTHBHEIH MeTaBOoMH3M).

OCHOBHEIE ~ MOHOMEpPEl ~ KOHCTPYKTHBHOrO  MeraloiM3aMa  (OprasMueckue  KHCJOTEHL
aMHUHOKHCIIOTEI, Caxapa, a30THCTbIE OCHOBaHUS H Apyrue). llyTe obpazosanus m HalibpHeHInero
HCIIOIb30BAHHS.

AcCCHMUTIALMSA YIJIEPOJA YIIEKHCIOTE reTeporpodaMu U aBroTpodamu. [Henroszodocharupii
BOCCTAHOBUTENLHBIH LMK yraepoja H BOCCTAHOBHTENBHBIA MK KapOOHOBEIX KHCIIOT.
Hampuwe 3THX HHKIOB Yy PasiHYHBIX ~ MHKPOOPraHW3MOB. I[lyTM  aCCHMHISAITHH
MUKPOOPIaHM3MaMH APYTHX OAHOYTEPOAHUX COSAUHEHHI (MeTaH, MeTaHoI, GOpMHAT).

Mcnonp3oBanMe apeTaTa W JIPYIWX  ABYYLICPOJHBIX COSIHMHEHMH. 3HaueHue LHKIA
TPHUKapOOHOBBIX KMCIOT M [NTHOKCHIIATHOIO IHYHTa B KOHCTPYKTHBHOM MeTab0M3MeE.

YCBOEHHe MHUHEDAIbHBIX COCOUHEHMH a30Ta. ACCHMWIAUMOHHAS HHUTPAaTpeAyKuud. IlyTu
obpasoBaHus aMMHOKHCIIOT (ipsiMoe aMHHHUDPOBAHKE, NepeaMUEHUPOBAHUE,
B3aHMoINpespauieHne). ObpazoBanie MUKPOOPraHu3MaMiy d -aMHHOKHCIIOT.

Duxcanus MONEKYIIpHOTO a30Ta. CBOGOMHOXKHBYIHE H CHMOMOTHYECKHE a30T(HKCATODBL
Mexannsm azoThukcanus. [IpakTHueckoe 3HayeHue NpoHeccd. YCBOCHHE COEIMHEHMH CepEl.
ACCHUMUIALHOHHAA CYIbhaTpeIyKLIHA.

CHHTE3 HYKIEHHOBEIX KHCIOT, nomudochatoB, GENKOBR, JUOHIOB, TONUCAXAPHIOB, W APYTHX
KOMIIOHEHTOB KJeToK. [IpakTiueckoe 3HayeHHe MEKpOGHOTrO OHOCHHTESA.

MHKpOOPTaHU3MEl KaK HCTOYHHKH [elieBoro Oenka u  aMuHOKHCToT. ObpasoBanue W
BLIZICTIEHHE THAPONUTHYECKHX DEepMEHTOB (IIPOTEHHA3, HyKIeas3, aMHa3, ICKTHHA3, HeITIonas,
JIMITa3), BUTAMHHOB H APYTUX POCTOBBIX (DaKTOPOB, IOMUCAXAPUAOB (IEKCTPAHOB), TOKCHHOB,
anKkoJIouAoB. brocuHTes aHTHOMOTHKOB. BaxHelumme aHTHOHOTHKH H HX IPOXYUEHTEL
IIPaKTUYECKoe NIpHMeHeHde aHTHOHOTHKOB.

2. KaraGonuaM (3HEpreTHUeCKHE IPOLECCHI).

Crocofel monyueHHs MUKPOOPTraHH3MaMH SHEPIHs K IYTH ee Tpaucopmauui. bruonoruyeckoe
OKHUCJIEHHE. ODHNOTEHHBIE M DJK30TCHHEIC, OPraHW4YeCKHe H HEOPraHMYEeCKHe OKHCIsIeMble
cyberpartel. Flx pasHooOpasue u oOWHOCTE myTell OKHUCHWTENBHBIX IporeccoB. Kucnopox u
OpYTHE akIenTopsl Bojopona. LlemrpansHas pone AT® u cnocobbr ee  obpazoBaHus:
OKHCIHMTECNBHOE  (OChOpWIMPORaHHE B IENM IepeHoca  3JEKTPOHOB, cyOcTpaTHoe
hochopunuposanue, Gorodochopunuporanue. DBONKOLHUA YHEPIETHIECKHX TPOIECCOB,

bpoxenns. Knaccupukanus cOpaxkupanus yraesogos no [Hlanommukory. CyOcerpatHoe
(hocdopunnporanne. Cnuprosoe. MoNOUHOKHCIOE TOMO- B TeTepobepMeHTaTHBHOE OpOKEeHuE,
NPONMOHOBOKHUCIOE, MACIAHOKHCIOE, alleTOHOOYTUIIOBOE, cMeluanuble OpoxeHHd. OCHOBHBIE
OPOAYKTBl pasMuYHBIX Opokenuil. Vamenenus OpokeHu#li B 3aBHCHMOCTH OT YCJOBHH
KyIBPTHBUPOBAHHS  MHKpoopraHusMop.  [syxdasnocrs  OpoxeHuii, ee  NPHYMHEL
XapakTepHCTHKa MEKPOOPraHH3MOB, BBI3BIBAIONIMX paznuyHbele OpoxeHus. [lpakThueckoe
3HAYEHHE OJTHX IIPOLECCOB. AHA’POOHOE pa3NOoKEHHE MUKPOOPraHM3MAaMH IOIMMEPHBIX




coequneHuH.  [lennmonozopaspymaiomue, —NeKTHHPA3pYLIAIOWKE, aMMOHH(HLHPYIOIHE
(THATOCTHBIE) COPaXXUBAIOUINE AMUHOKUCIOTHI, DakTepun M Jpyrue MHKpPOOPraHHaMbl Wx
NPaKTHYECKOE 3HAYECHHE,

AH2IPOGHOE OKHCIIEHHE OPraHHYECKHX CyGCTPATOR ¢ HCIIONb30BAHHEM HEOPraHHYeCKOro
AKUENTOPa BOAOPOaA.

Metanobpasyronye apxen. Ilyte oOpasoBanms Merana OpY  UCIONL30BAHHE  PA3NHYHBIX
COCIHHEHWH,

Cynuarpenyxups. MHKpPOOPraHM3MbL, BBI3BIBAIONINE TOT npouecc. IlyTs guccumMunsnuonnoi
cynbdarpenykimu. OKHCIgeMble CyGCTPATEL

Henutpudrkanms. MUKPOOPTaHH3MBI, BLI3HIBAIOMIHE ITOT npouece. ITyTe puccuMunsumonson
HHTpaTpenyKunu, OKuCIIeMble Cy6GCTpaThL.

3navenue ACHUTPH(UKALIH, CYTBHATPEIYKIMY H METAHOICHESA B NIPHPOAHEBIX YCAOBUAX.
A3polHoe OKHCACHHE OPraHUYeCKHX BEHIECTR.

Pasnoo6pasue cyGeTpaToB, okHCIIEMBIX MHKDOOPTaHH3MaMH: YIJIEBOIEL, OENKH, HYKIIEHHOBBIE
KHCJIOTEI, JIMIULIG, YITIEBOROPO/Ib], TONUMEPHEIEC i MENKHE MOIEKYJIbL.

YHHBEpCATbHEIE MEXaHu3Mbl moaydeHus ATO Opy  OHONOTMYECKOM OKHCIEHHM: LMK
TPHKApOOHOBBIX KHCIIOT i HEHT030h0CHaTHEIN OKHCAHTENBHbIH [HKIL.

Koreunsie myTH nepeHoca BOAOPONA H SNEKTPOHOB OT cybcrpata Ha kucimopoa. [ nasHelimue
TIEPEHOCHMKH ¥ QePMEHTBI, yHacTByOIIie B 3THX npoueccax. [lonHoe oxucienne no CO; u
HyO (neixanue). Henonxoe okucnenne opraHudeckix CyOCTPaTOB, MPOAYKTH ¥ IPUUUHE! YTOrO
ABJIEHHSI.

Caeuenue GakTepuit U CBA3b 5TOrO MPOLECCA ¢ OKHCIHTEIbHBIMH IpPOIIeCCaMH.

XapakTepHCTHKA H IPAKTUYeCKOE 3HAYCHHS BAKHEHIIIX IPYII MHUKPOOPTaHU3MOB, CIOCOGHBIX
OKHCIIATE PAsIHIHBIC MPHPOAHLIE BEIIECTBA ¢ 00PA30BAHHEM MPAKTHYECKH HEHHBIX IPOIYKTOB.
Ykeycnoxucnsle GakTepun, o6pasyeMele WMH IPOAyKTel. CHHTE3 OpPraHHYecKHX KHCIOT
ApyruMu GAKTEPUAME H rpudaMu.

TpancdopMauns  MHKPOOPraHH3MAMM  CTEPOHKHBIX, HHAONBHBIX H JPYTHX COCAUHEHHI.
[IpaxkTH4eckoe HCMONL30BAHNE.

Oxncnenne HeOPraHUYECKHX COSNMHEHHI (anoproxecuaanus) U XeMOCHHTE3,

I'pynna xemonuToaBTOTPOGHEIX MHKPOOPTAHH3MOB, OCHOBHBIE CBOHCTBA Hurpudukanus, pasel
IPOLECCE, TPOMEIKYTOUHBIE H KOHCUHEIE MPOLYKTEL

COCIMHEHHS CEPBI, OKHCNAEMbIe MUKPOOPraHU3MaMH. [IyTH OKMCHEHUS, KOHEUHbIE IPOAYKTEL
Oxncnenue Bogopona. OKHCIEHNE XKeNe3a H MAPraHila, SHEPTeTHUECKOe SHAYSHE,

JIEKTPOHHO-TPAHCIIOPTHEIE CHCTEMBI PA3NHUHEIX XEMOAaBTOTPO(OB.

KoHeurble aKIenTophl 90MeKTpoHa. DPOEKTHBHOCTE HCIONL3OBAHUL CBOGOIHOM 3HEPrHUH.
[IpaxTryeckoe 3HAYEHHE XEMONHTOABTOTPOdOB.

D oTOCHHTEIUPYIOMHE MUKDPOOPraHH3MBI.




XapaKTePUCTHKA  (OTOCHHTESHPYIOIMK GakTepuii  u MHKpPOBOZOpOCIeH. OcobeHHOCTH
faKTepHaNEHOrO W PaCTHTENELHOTO (oTocunTeza. [urmenTsl, YCTPOHCTBO
$OTOCHHTEINPYIOIIET0 ANIIapaTa, MEXaHU3M U IPOAYKTH JOTOCHHTE3A.

IeneTHKAa H U3MEHMHBOCTD

Oprasusanys reHeTHIECKOro anmapaTa y 38KapioTos | MPOKapUOTOB. MeXaHH3M PeIlIHKALUY
JHK. Tenetnueckuit koa u cuntes Gesxa.

I'enernueckas u penoTunmuueckas (GU3MONOrHuecKas) H3MEeHUHBOCTS,

Myrauus u pexombunauuu. [Ipuposa w Tumsl MyTanmil. Yacrora MyTranuid. Myrarenuere
haxTopel. [lonynanuoHHas H3MeHUYHBOCTH. CeneKUus MyTaHToB. OGnacTh IPaKTHYECKOrO
HCIOJIB30BAHMS MYTAHTOB MUHKPOOPraHN3MOB.

PexomGuHams y 9BKapHOTHBIX MUKpOOPraHM3MOB. 110N0BOH U napaceKcyanbHbl IpoIecehl,
Pexombunams y mnpoxapror: TpascopMalms, TPAHCAYKIHS, KOHBIOTAmMs. ILmasMuns!
Oaxtepui,

Perynsuns obmena pernects. KOHCTUTYTHBHEIC ¥ MHAYLHHOEIBHLIE depmMeHTE. MexaHu3MBbI
peryaauuy CuHTe3a (epMCHTOB (MHAYKLHA, PenpeccHs). Perymsius akTUBHOCTH (epMEHTOB;
CBOHCTBA A/NIOCTEPHUECKHX (DCPMEHTOB.

MHUKpOOPraHusMel ¥ OBONIOUHOHHBIH Nporecc. BO3MOMHBIE (PHIOTEHETHUECKUE CBA3M
MHKPOOPTraHU3MOB (IIPOKAPHOT H IBKapHOT), MX OTpaxkeHHe B CHCTEMATHKE. BO3MOXKHOE
IPOHCXOKAEHHE BHPYCOB.

JKOJOrHS MHKPOOPTraHH3MOB

buocepa u pacnpoctpanenue MuxpoopranusmMos. CONEpKAHME H BaxKHeHIHe TPYIITEI
MHKPOOPTaHH3MOB B MO4YBE, Bomo&Max u atmocthepe. KpyropopoTel BewecTs B mpupone -
YETIEPOAa, a30Ta, MHHEPANIbHBIX 3eMeHTOR. OCHOBONOMArarouse padoTel OMENSHCKOro u
Bunorpaackoro.

Bruoxumuveckas JEATCALHOCTE MUKDOOPTaHH3MOB.
Pone MEKPOOPranyu3mMoB B nquoo6pa303aTeanmx Impoleccax 1 B ONOA0POIHH [IOYB,

3HavucHue MHKPOOPTaHHu3MOB B HGpBH'—IHOﬁ [NpOAYKUMH BOJAOCMOB H MHEHEpAIH3AUWH
OPTraHHuvICCKHX BEINECTE. Hcnonezosanune I OUHCTKH CTOYHBIX BOJ. CaHHT&prlﬁ KOHTPOJIB.

Pacnpoctpanenue ¥ poiik MHKPOOPraHW3MOB B HEDTAHBIX MECTOPOXKICHUSX. Y4acTHe B
06pasoBanud MONE3HBIX HCKONAEMBIK. [IpHMEHeHHe MHUKPOGHMONOIMYECKHX IIPOLIECCOB AUl
MONyYCHHS MOJE3HBIX HCKOMaeMbIX. MHKPOOPraHH3MEI B aTMOC(EpE H KOcMOce.

DopMa B3aUMOOTHOWEHHH MUKPOOPIaHA3MOB MEKXY €O60i M ¢ BHICIIHMM OPraHH3MAME
(merabmo3, cuMOHO03, AHTATOHH3M)

3unayenue MeTaDHOTHYECKHX " CHMOHOTHYECKHX B3aUMOOTHOUIEHHH MEX Ty
)t

MHKpoopranusMamu. Pasmwunele  ¢opmbl  anrtaronusma  ("aKTHBHBIH
AHTATOHU3M, IADA3HTH3M, XHLIHHYECTRO).

LA

B "HacCcHBHBIH

[IpakTH4yeckoe HCHONB30BAHUE AHTAMOHH3MA MHUKPOOPTaHU3MOB B MEJHILIMHE H CEIBCKOM
XO3SHCTBE.




MHEKPOOPranusMB M pacTeHus. PusocepHas u snudurTHas Mukpodopa, 3HaYSHHE.
CHMOMOTHYECKHE — B3aHMOOTHOLIEHHS  MEX/IY MHKPOOPIaHM3MaMM M PacTeHHSMH
(k1ybenpkoBele u  GoBoBele  pacTeHud, MHKOpH3BI M  apyrue). DUToIaToreHHbIe
MHKpPOOPraHH3MEL

Hopmanenas  muxpodmopa wenoBexa ¥ KMBOTHGIX. |'HOTOGHOTHYECKHE KMBOTHbIE
(aKCeHMYHEBIE), X HayuHOE 3HauYeHHe, CUMOHOTHICCKHE B3aMMOOTHOMICHUA MHUKPOOPFaHH3MOB
H KHBOTHBIX (HpHMEpBE: MHKpoduiopa py6ua, nutaHuc TepMuToB). IlapasuThl W MATOrEHHbIC
MHMKPOOPraHU3MBbI, Pacnipoctpanenue. [pruune TIaTOT€HHOCTH., O6pazoBanue
MHKPOOPTaHU3MaMM TOKCHHOB. [loHaTue o6 nMMyHmTETe. MHKPOGHOIOTHYECKHE METOMbI
©0pBOBI ¢ BpEAHBIMU HACEKOMBIMH.
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