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IIPUKA3
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O0 yTBep:KIeHNH MPOrpaMM BCTYNUTEIbHBIX HCIBITAHMIL /15l MPHeMa Ha 00y4YeHHe Mo
NporpaMMam MOJAr0TOBKH HAYYHBIX H HAYYHO-NeJarOrn4ecKHX KaJpoB B aCIUPAHTYype B
2023/24 yueoHOM roay

B cootBerctBum ¢ mpukazom ®UILL buorexnonorun PAH ot 18.10.2022 Ne 18.10-01/A
«O6 yrBepxknennn IIpaBun mnpuema B DepepanbHOE TOCYJAPCTBEHHOE —YUPEKICHUE
«DenepanbHBI UCCIENOBATENLCKUN TEHTP «DyHIaMEHTAIbHBIE OCHOBBI OMOTEXHOJIOTHI
Poccuiickoii akageMun Hayk» Ha 0Oy4deHHE IO MporpaMmam HOJITOTOBKM HAyYHBIX M Hay4dHO-
HeJarorMueckux KaapoB B acnupanType B 2023/2024 yyeOGHOM roy» NpuKa3bIBao:

1. VrtBepaute mporpamMmy coOecemoBaHUs C HAayYHBIM PYKOBOJUTENEM (Ui BCeX
HAy4yHBIX CIELUAIbHOCTEN) U NPOrpaMMbl BCTYNUTENBHBIX HCHBITAHUN MO KaKIOW HAy4dHOMH
CHEUHATBHOCTH JUISl YYaCTUsl B KOHKYpCE O MpHeMy Ha 00y4deHHe Mo MporpaMMaM MOArOTOBKH
HAy4yHBbIX M HAay4YHO-TIEaroru4eckux kajapos B acnupantype B ®UI] buorexnonornn PAH B
2023/24 yuebHOM roay B COOTBETCTBHH ¢ puiioxkeHneM Ne 1 K HacTosIIeMy IIpUuKasy.

2. Paboraukam ®UI] buorexnonormn PAH pykoBoactBoBaThes mpukazom DOUI]
buorexnomorun PAH or 18.10.2022 Ne 18.10-01/A «O6 yrBepxknenun I[IpaBun mpuema B
®denepanbHOE TOCYNApCTBEHHOE yupexkaeHue «DenepaibHbll HCCIECIOBATEIBCKUN IIEHTP
«DyHIaMeHTaTbHBIE OCHOBBI OMOTEXHOIOTUW» PoccHiickol akaJieMUd HAyK» Ha OOY4YEeHHE IO
nporpaMmMaM MOJATOTOBKM HAyYHBIX M HAy4YHO-TIEJAroru4eckux KaJapoB B aCIUPAHType B
2023/2024 yueOHOM TOIy», HACTOSIIMM MPUKA30M NPU OpraHU3alKd paboTHI MO MpHEMY Ha
o0y4yeHHe 1O MporpamMmMaM MOATOTOBKM HAYYHbIX M HAYYHO-TIEJAroTHYECKUX KaJpoB B
acrMpaHType B YaCTH MPOBEICHUSI BCTYIMUTEIbHBIX UCTIBITaHWA B 2023 T.

3. YcraHOBUTH, YTO MPOrpamMMa BCTYNMHUTEIHHOTO SK3aMEHA MO0 MHOCTPAHHOMY SI3BIKY
omnpenensiercs kadeapoit ”HOCTpaHHBIX s3bIKOB MHCTHTYTA si3pikO3HAHUs PAH B cooTBeTCTBUU
C JCUCTBYIOUIMM JIOTOBOPOM.

4. KOHTpOJIb UCIIOJIHEHUS HACTOALIETO IPUKAa3a BO3JIOKUThH HA 3aMECTUTENS JUPEKTOpa
1o Hay4yHoi pabote, k.6.H. A.M. Kamnonckyro.
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[Ipunoxenne Ne 1
k mpukaszy Ne 13.03-05/A ot «13» mapra 2023 r.

l. IIporpamma cobGeceoBaHUsA € MPEAINOJIaraeMbIM HAYYHbIM PYKOBOAUTEIEM
(111 BCceX HAYYHBIX CHeNHATbHOCTEi)

Ilenpto cobecenoBaHMs TOCTYMAIOIIET0 HAa OOy4YyeHHE IO MporpamMmaM MOATOTOBKU
Hay4YHbIX W HAy4YHO-NIEJArOrMYECKUX KaJpOB B AaCIUPAHTypE C MPEANOJaraéMblM Hay4YHBIM
PYKOBOJIUTENIEM SIBIISIETCST 0OIIast OIIEHKa BO3MOXKHOCTEH MocTymaroniero oOydaThCs IO
BBIOPAaHHOW HAy4YHOM CHEUHMATbHOCTH W BBINOJHATH JAWCCEPTAIIMOHHOE MCCIEIOBAHUE TIO
TEMaTHKE, KOTOPYIO BEJET NPEIOIaraéMblii Hay4HbIi pyKOBOJUTEb.

IIpeanonaracmelii Hay4YHBIM PYKOBOAMTENb IPOBOJUT OLEHKY HMEIOIIUXCA 3HAHUHN
MOCTYIAIOIIETO 00 aKTyaJlbHBIX HAay4HBIX 3amadax nmo Ttematukam OUIL] buorexnomoruu PAH,
mo Temaruke (-aMm) Hay4dHoro cTtpykrypHoro mozapaszaenenus ®UILl buorexnonoruu PAH, B
KOTOPOH MOCTYMAIOIIMI [UIAHUPYET BBINIOIHATh HAy4YHbIE HMCCIEIOBAaHUS I0J PYKOBOJACTBOM
MIPEANOIAaraeMoro Hay4Horo pyKOBOJIUTES.

IIpeanonaracmelii Hay4YHbIM PYKOBOAMTENb OIPEACIACT HAIU4YUE Y IOCTYIAIOLIETO
CIIOCOOHOCTEH, yMEHWI, 3HAHWI, HABBIKOB JUIS BBHIMOJHEHHS HAyYHO-HCCIIEIOBATEIbCKON
paboThl Mo TeMaTHKe (-aM) HAY4HOTO CTpyKTypHoro mojnpasnaenenuss ®UL[ buorexnonoruu
PAH, B K0TOpO#l NOCTYNAOMNN MJIAaHUPYET BBIIOJIHATH HAyYHBIE UCCIENOBAHUSA U, B KOTOPOM
IperoiaraeMblii HAy9HbId PYKOBOIUTEND sABIseTcS paboTHUKOM. IlpeamonaraeMplii HaydHbINA
PYKOBOJIUTENb OIIEHMBACT HAJIMYME Yy MOCTYHAIOUIEr0 IEPCOHAIbHBIX CIOCOOHOCTEH K
B3aUMOJICVCTBUIO C KOJUIETAMU B HAYYHOM KOJIJIEKTHBE.

BerynurensHoe McnbITaHHE MPOBOJIUTCS OMPOCHBIM MeToJoM. B 1iensax cobecenoBanus
MOCTYIAIOIINI MPEAOCTABIACT CHUCOK OINYOJMKOBAHHBIX HAy4YHBIX DPAOOT (IIpU HAJTWYUH),
KOTOpbIE NPUHUMAIOTCA K PAcCMOTPEHHMIO B LEISIX Hanbonee OOBEKTUBHOTO IPOBEICHHS
cobecenoBanus. [lo pesymbraTam mpoBeneHUs coOeceloBaHMS TMPEATNOJIAraeMblii HAayUHBINA
PYKOBOIUTENb O(GOPMIIIET COOTBETCTBYIOLIEE 3aKIIOYEHHE, B KOTOPOM, KpOME IIpOYero,
BBIp@)KaeT corjacue / Hecorjacue OCYLIECTBISATh HAyYHOE PYKOBOJCTBO MOCTYMAIOIIUM, C
KOTOPBIM OpPraHMU30BaHO coOecenoBaHue, B ciaydae ero 3aumcieHus B OUIL[ buorexnomorun
PAH.

OueHovHbIe cpeacTBa IPH NMPOBEACHNHU co00eceI0BAHNS ¢ HAYYHBIM PYKOBOAMTEIEeM

Bozmoxxnoe
Kpurepnii onenuBanus KOJI-BO 0aJlIOB
(min — max)

Nwmerommecst 3HaHUA 00 aKTyalIbHBIX HAYYHBIX 3amadax 1o TeMmatukam OUI]
Buorexnonornn PAH, o temaruke (-aM) Hay4HOTO CTPYKTYPHOTO IOAPa3ACICHUs
OUILl buorexnonornn PAH, B koTOpoM mocTynaromuii IUIaHUPYET BBINOJIHATH 0-40
Hay4yHble€ MCCJICZIOBAaHUsS II0Jl PYKOBOACTBOM IIPENIOJIAraéMoro Hay4yHOI'o
PYKOBOJIHUTEJIS

Hanuune y moctynaromero yMeHui, 3HaHWH, HABBIKOB ISl BHITIOJTHEHUS HAY4HO-
HCCIIEAOBATENLCKOM paboThl 10 TeMaTHKe (-aM) HAyYHOTO CTPYKTYPHOTO
noapasaenenus OULL buorexnonoruu PAH, B KOTOpPOM MOCTYHAIOMIUIA TIIaHUPYET 0-40
BBIMIOJIHATh ~ HAyYHbIE HMCCIENOBAaHUS, W  CIIOCOOHOCTEH  CBOEBPEMEHHOIO
oopmMiieHus uccepTaly Ha COMCKAHNE YUCHOH CTeNeH! KaHAuaaTa HayK

Hanuume y mocTymaromero mepcoHaIbHBIX CHOCOOHOCTEH K B3aWMOICHCTBHIO C 0-20
KOJUJIETaMH B HAYYHOM KOJIJICKTHBE
MaxkcuManbHbIH 0al, BCEro 100

MuHUMAaTBEHEIN 0ayuT Ul TOMyCcKa K TOCIEAYIOIEeMY BCTYITUTEILHOMY dK3aMeHy 51




1. IIporpaMma BCTYNUTEIBHOI0 IK3aAMEHA 110 CHEeNMATbHOM IMCUMIINHE
(mayuHasi cnenuajabHOCTh 1.5.3 MoJsiekyJisipHasi GHOJI0THs)

Omnpenenenue mnpeaMera «MOJEKYJsipHass Ouosorus». OCHOBHBIE STambl Pa3BUTHAL
Haubonee mpuHmmnuanbHble OTKpHITHA. JlOKa3aTenbcTBa T€HETHUYECKOW POJHM HYKJIEHHOBBIX
KHUCJIOT. XPOHOJIOTHUSI OTKPBITHM, MOATOTOBUBLIMX co31aHue YoTrcoHoM u Kpukom Mmopenu
nBorHou cnupanu JJTHK.

Hyxkneos3un, nykieorua, noiunykineotua. [Ipuauuns ctpoenus npoitHou cnupanu JHK.
[Tapamerpsr B-, A- u Z-bopm JAHK. Bumer PHK. Ux pons B kierke. Knaccuduxarus
aMUHOKHCIIOT. YeThIpe YpOBHS CTPYKTYpPHOW opranu3anuu OenkoB. [700ynspHble U
bubpmisapabie 0enku. OCHOBHBIE OMOJIOTHYECKHE (PYHKITUU OEITKOB.

@Oynkiun  JTHK. Mudopmanmonnas emkocts. I'enernueckuit koa. Ero ocHoBHBIE
cBoiictBa. [Ipunnuner Tpanckpuniuu. [lonsarue 06 omnepone. CyOobenunuunblii coctaB PHK-
nonumepassl E.coli. E€ ocHoBHble ¢(yHKIMH. OCOOEHHOCTH CTPYKTYpPhI MPOMOTOPOB. DTambl
TPAHCKPHUIILIUK y TPOKApUOT. Perynsiust Tpanckpumniuu y O0aktepuil. HeraTuBHas WHIYKIIHS.
[TosutuBHass wHaykuus. HeratuBHas penpeccusa. llo3utuBHas penpeccus. ATTeHyalus B
perynsuuu dKcnpeccun TpuntodanoBoro omepoHa E.coli. OcoOEHHOCTH TPaHCKPUIIIHH Y
sykapuoT. MHoxecTBeHHOCTh M crnenupuunocts PHK-nonmumepas sykapuor. CiS-aimeMeHTsl u
trans-gakTopsl Tpanckpumnuuu. OOpa3oBaHNE WHUIMATOPHBIX KOMIUIEKCOB ¢ ydactueM PHK-
nosmmMepasel II. Tlonstue o0 sHXxaHcepax u caineHcepax. [Ipomeccunr m-PHK »sykapuor:
KENUPOBaHKE, IOJUAJACHUINPOBAHUE, CIUIAMCHHI, peAakTHpoBaHuE. Pa3inuyHble MEXaHU3MBbI
crutaiicunra. Trans-crutaiicMHTr. AJIBTEpHATUBHBIN CILIAHCHHT.

Mansie PHK. Ux ¢ynkuuu. Ctpykrypa t-PHK. Pexornumus. AMuHoarnenupoBaHue t-
PHK. Crpyktypa pubocom mpo- u sykapuoT. Llentpsl pudocom E.coli. Dramel TpaHcmsamuu y
npokapuoT. benkoBeie dakTopsl TpaHcHsuuu. Perymsius TpaHcasiuu Ha npumepe ¢gara MS2.
Perynsaums o6pazoBanust r-PHK u 6enkoB pubdocom y E.coli. O6pazoBanue pubocom y 3yKapHuorT.
[Tonsitue o sapeimke. [Ipunnunsr perukanuu JIHK. JlokazaTenbCcTBO MOTyKOHCEPBATUBHOTO
xapakrepa perukanuu. epmenraruHas cuctema cuatesza JJHK in vitro.

AxtuBupoBanue JIHK. Ilonstme o wmarpune u 3atpaBke npu pennukauuu JIHK.
Crpoenne u ¢ynkuun JIHK-momumepaszer 1 w3  E.coli. 3nayenne 3'—-5' u 5'—>3
TUAPOJIUTUYECKUX AaKTUBHOCTEM. (CXemMa HENpepblBHOM aHTUINApPAJUIENIbHOM — peIuIMKaluu
KopubGepra. Cxema HempepbIBHOM mNapamienbHoi perumkanuu Kapaca. Cxema mpepbIBHCTOM
aHTHnapauieabHol perumkanuu Oka3zaku. CpaBHuTeNbHAA XapakTepuctuka JJHK-nomumepas, 1,
IT m I u3 E.coli. IHK-momumepaza III, holo-dbepment. Cxema pasmuoxkenus ¢gara M13 u
nokazarenbcTBO Hanumuusi PHK-3aTpaBku npu perumkanumu JIHK. Ilpaiimaza u nmpaitmocoma.
[IpobGnema nmenarypamuu MaTpuilel npu perumkanuu. SSB. Nenmukassl. [IpuHmumsr pabotsl u
O6uonornyeckre GyHKIIMU TOMOU30MEPA3.

CoBpemennas cxema perukanuu JIHK E.coli (Monmens «rpomOGonay). OcobeHHOCTH
perukanuu JIHK sykapuot. Pennukanus muroxonapuansHoi JIHK mo3BOHOUHBIX )KMBOTHBIX.
Tenomepsl, Tenomepaza u craperue. OcHOBHbIE penapabenbHble moBpexaeHus B JIHK u
OPUHIUNBI WX HUCHpaBieHUsA. [eHoM »dykapuoT. «V30BITOYHOCTB», HAJIWYHE TOBTOPOB,
HEKOJMPYIOIIUX I[OCJIEI0BAaTEeIbHOCTEH, KOMIAKTHOCTh, HECTaOMIbHOCTb. OCHOBBI MeTOJa
penarypammu JIHK. Caremnmutnas JIHK. OcoGennoctu cocrtaBa. Jlokanmusamusi B Te€HOME.
Bo3mosknast poinb. [lamuaapomsel. Ponbs oOpaiiieHHBIX TOBTOPOB B T€HOME. THIBI CTPYKTYPHO-
(GYHKIIMOHAJIBHOW OpraHU3alliy AYKAPUOTHUYECKUX TE€HOB. ['€Hbl «JOMalIHEro XO3sicTBa» M
TEHBI «POCKOIIN.

OOmas xapaktepuctuka ructoHoB. Kommnakruzamms JIHK sykapuor. Hykneocomusii,



CynepOuIHBIN, TETIECBON YPOBHU KOMIakTu3anuu. Metadasznas xpomocoma. HectabunbHOCTB
reHoMa. MoOOHMIBHBIE JIEMEHTHl MPO- M dYKapuoT; 3(PQeKTs MX BHeIpeHHs. PeTpoBupychl.
OOparHass  TpaHckpunuus. MOJNEKyIApHbIE OCHOBBI  KaHIleporeHesa. MoJeKyssipHO-
OMoJIOTHYEeCKrEe OCHOBBI BO3HMKHOBEHHs >KM3HHM Ha 3emiie. OOpa3oBaHue OHOINOIMMEPOB.
O06pa3zoBaHre MEMOpPAaHHBIX CTPYKTYP U TPOOUOHTOB.

Pexomenayemasi aureparypa

1. Ampbeprc b., bpeir M., Jlptouc JIx., Padpd M., PobGeprc K., Yorcon [Ix.
MonexynsapHaas ouosiorust kieTku: B 3-x T. 2-e uzn., nepepad. u gom. Ilep. ¢ anrn. — M.: Mup,
1994. - 517 c.

2. AnnGeprc b., bpeit 1., Xonkun K. u ap. OCHOBBI MOJEKYISIpHOW OMOJIOTHH KJIETKH.
[lep. ¢ aurn. — 2-e uzn., ucnp. — M.: Jlaboparopus 3nanwmii, 2018. — 768 c.

3. Kaccumepuc JI. u ap. Knerku no Jlstouny. Ilep. 2-ro anri. uza. — M.: Jlaboparopus
3HaHuii, 2016. — 1056 c.

4. Kpeo6c [Ix., l'ompmreiin O., Kunnatpuk C. I'ensl o JIstouny. Ilep. 10-ro anrn. usm.
— M.: JIaboparopus 3nanwmii, 2017. — 919 c.

5. Jletoun b. I'ensl. [lep 9-ro anrn. uzn. — M.: BUHOM. Jlaboparopus 3nanumid, 2011. —
896 c.

6. Puc 3., Crepubepr M. Beenenue B Monekysipayto 6uonoruto: OT KJIETOK K aTOMaM;

nep. ¢ auri. — M.: Mup, 2002. — 142 c.

I1l.  IIporpamma BCTYNMHUTEJBLHOI0 IK3aMeHA MO CHeNUATbLHON TUCHUIIIHHE
(mayuHasi cnenuajabHOCTh 1.5.4 Buoxumusi)
O0umme Bonpocs!

[IpenMer m 3amauum OMOXMMHH, €€ MECTO B CHCTEME HAyK, CBS3aHHBIX C (hHU3HKO-
XUMHUYECKOW Omomnorueil. bnoxumus kak ogHa u3 (QyHIaMEHTATBHBIX OCHOB OHOTEXHOJOTHH.
Ponb cTpykTypHO# OpraHu3anuy KJIETKH B SBICHUSX XHU3HU. CTPYKTypa IPOKAPUOTUUYECKON U
JYKapUOTHYECKOW KJIETKH. MeTabonu3Mm (kaTaboiauvecKkue M aHaOOJWYECKHE MPOIECCHl) Kak
ocHoBa xwu3HH. [Iporeccel nepeHoca u 00padoTku nHGopManuu B 6uosorun kietku. [Ipodiema
BO3HUKHOBEHUS KHU3HU U MPEAONOIOTUYECKOM IBOIIOIIH.

DU3NKO-XUMHYECKHE OCHOBbI OMOXUMMHU

OOm1ast xapaKTepUCTHKA BEIIECTB, BXOJAIIMX B COCTAB OPTaHU3MOB, UX POJIb M 3HAYCHUE.
Porms BOOBI M MHHEPATBbHBIX 3JIEMEHTOB, OCIKOB, JHIKIOB, YTJIEBOJOB, BUTAMUHOB B OOMEHE
BemecTB. OCHOBHBIC TIOHSTHSI JJIEKTPOXUMUU BOJHBIX pacTBOPOB. OCHOBBI XUMHYECKOMH
KMHETUKH: KOHCTAHTHI CKOPOCTEH XMMHYECKHUX peakiuil u (aKTOpPbI, BIUSIONINE HA CKOPOCTH U
paBHOBecHs peakuuid. [loHsiTHE 0 TOMOT€HHOM U IeTEPOr€HHOM KaTalln3e.

HuskomouiekyJIsipHbIe COeIMHEHHs, BXOASAIIHE B COCTAB OMOJIOTHYEeCKUX 00bEKTOB

[Ipuponnsie amuHokucnoTel. Knaccuduxamus aMuHoKucinoT. OyHKIIMOHATbHBIE TPYIIIBI
aMUHOKHUCIOT. MoHM3amus aMMHOKHUCIOT. MeToAbl pa3/ieleHHs] aMUHOKUCIOT M MEeNTHIOB.
[Ipupoanbie onuronenTu bl [ TIOTaTHOH U €ro 3HaYeHHE B 0OMEHE BEIIECTB.

AMUHOKHCIOTHI KakK COCTaBHbIe dYacTu OenkoB. Du3nMyeckue W XUMHUYECKHE CBOWCTBA
MPOTEUHOTEHHBIX AMHUHOKUCIIOT. HempoTenHoreHHble KUCIOThl. HezaMeHnMbIe aMUHOKHUCIIOTHI.
[Momunentuapl. YrneBoabl U ux kinaccudukanus. CrepeoxuMuss U KOHQOpPMAIHs YTIIEBOJOB.
PacnipocTpaneHHbIe TEKCO3bl W TMEHTO3bl. [ JHUKO3WABI, aMUHO-, Gocdo- U cynbhocaxapubl.
Je3okcucaxapa. JlunoduneHbie coenuHeHuss W kiaccupukauus aununoB. HacklmeHHsble,
HEHACBHIIICHHbIE U MOJIMHEHACBIIIEHHBIE KUPHbIE KUCIOTHI. HellTpanbHble KUPbI U UX CBOMCTBA.



®ochomununpl. I'mukomunuasl u cyabdonunuasl. CTEpUHBI, XOJECTEPUH, KETUHbIE KUCIOTHI.
[TomstprOCTh MOsIEKyIBI (hocharumoB. Ydactue ¢ochaTUIOB U APYTUX JTUMUIOB B MTOCTPOCHUHN
Oouonornyecknx memOpaH. Bocka u crepounsl. M3onpenouapl. TeprneHOUAB U KapOTHHOUIBIL.
[lyprHOBBIE M NHUPUMHAMHOBBIE OCHOBaHUS, HYKJIEO3UAbl M HYKJIeoTHIbl. llukiamueckue
HYKJIEOTH/IBI.

Burtamunbl, KopepMeHTHI U JApyrue OHOJIOTMYECKH AaKTHBHbBIE CcoequHeHus. Poub
BUTAMMHOB B MUTaHUU XUBOTHBIX M 4esloBeKa. BogopacTBopumele BUTaMuHbl. Butamuu Bi u
tuamuHnpodochar. Butamun B, u dQuaBuHOBRIe KOQepmeHThl Butamma PP (B3) u
HUKOTHHaMHIHbIe KodepMmeHThl. Butamun Bg u QyHKUIMH nmupuaokcaneBbIX KOPEpMEHTOB B
ouokaranuse. [lanToTeHoBas kucnora. Jlunoesas kucinora. Butamun By u ero kopepMeHTHBIE
¢ynkunu. Butamun Bg (ponueas kucnora) u kopepmeHTHble pyHkuuu ¢onatos. Buramun C.
depMeHTATUBHOE OKMCIIEHHE acKOPOMHOBOW KHCIOTHL. buodmaBoHouas!, pyruH. Hykieotuast
Kak KodepMmeHThl. KupopacTBopuMble BUTaMHUHBL. Butamun A. KapoTHHOMIBI M MX 3HAYCHHE
Kak npoBuTaMuHOB A. Butamun /| u ero oopaszoBanue. Butamun E. Buramun K. Hadroxunonsr
u youxuHoH. IlpocTarmaHnuHbl Kak HPOU3BOJHBIC IOJIMHEHACHIIIEHHBIX >XUPHBIX KHUCIOT.
buorennsie amuHbl. AnieTuixoiauH. JXKenezonopGupuHel.

CTpyKTypa M cBOMCTBa OMONOJMMEPOB

Ponb GenkoB B siBIeHUAX >KU3HU. [IpUHIMIBI BBIIEICHUS, OUUCTKH, KOJIMYECTBEHHOTO
onpezeNieHus U U3y4eHus: CTpyKTyphl OenkoB. [lenTuaHast cBsi3b, €€ CBOWCTBA M BIMSHHE Ha
KoH(popmanuio nonunentuoB. Ctpoenue 6enkoBoit rinodynel. KoBajgeHTHbIE 1 HEKOBaJICHTHBIE
cBi3M B Oenkax. YpOBHU CTPYKTypHOM opranumszauuu OenkoB. IlepBuunasi, BTOpHUYHAS,
TPETUYHAsl U YETBEPTUYHAsS CTPYKTYpa 0eskoB. COOTHOLICHHE MKy EPBUYHON CTPYKTYpPOHl U
CTPYKTypaMu 0Oojiee BBICOKOTO TOpsiAKa B OENKOBOW MoJieKyle. 3Ha4eHHE TPETUUYHOU
CTPYKTYpbI OEJIKOBON MOJIEKYJIbI Ui MPOSBICHUS €€ OMOIOrHueckoi akTUBHOCTU. Bennunna u
dopma OenkoBbIXx Mojekyn. M3oanekrpuyeckas Touka OenkoB. dusmueckne U XUMHUYECKUE
cBoiicTBa OenkoB. KoHdopmarmonHas 1uHaMuKa OEIKOBOM MOJIEKYIbI. JleHaTtypamus 0eTkoB 1
noymnentuaoB. Pomauar u pedongunr. [lameponst. Ilpuonsl. Knaccuduxanus OemkoB.
I'moGynspusie u QuOpwuIApHBIE OETKU. ANBOYMUHBI, TJIOOYIMHBI, THCTOHBI, NPOTAMHHBI,
nposiaMuHbl, rmoTenuHbl. [Ipocteie u crnoxuble Oenku. PochomnporenHbl, JUIONPOTEHHBI,
[JIMKOTPOTEUHBI, HYKJICONPOTEUHBI, XPOMOIPOTEHUHBI (I€MONPOTEHHBI), METAJJIONPOTEHHBI.
['omosnoruuHbIe MOCIEOBATEILHOCTH aMMHOKHUCIIOT B Oenkax. CeMeiicTBa U cymepcemeiicTa
6enkoB. [Iporeomuka.

[Tomumopdusm ampupmIBbHBIX COSTUHEHU B BOAHBIX pacTBOpax (MHUIIEIUIBI, SIMYJIbCHH,
JaMeJUTbl, OWCIIOWHBIC CTPYKTYphI). Moaenu cTpoeHus Ouonorudeckux memOpaH. das3oBbie
nepexoJisl B arperatax aMpuduiabHbIX coequHeHnid. [I[poHrIIaeMoCcTh OMOTOTHYECKUX MEMOPaH.
[IpuHLHAIIBL 2IEKTPOXUMUU OCMOTHUYECKUX SBJICHUM.

HyxnenHoBble KHCIOTBI MU HMX pOJIb B XKMBOM opranusme. IlepBuuHas cTpykTypa
nonmHykieoTuaoB. Crtpykrypa wmakpomonekyn JIHK u ee ocobennoctu. IlpuHnumn
KOMIIJIEMEHTAPHOCTH  a30TUCTBIX OCHOBaHMHM. MuHOpHble ocHoOBaHus. CTpyKTypHas
opranm3zanuss  Makpomosnekyiasl JIHK. Cynepcnmpanuzaums JHK. Crpykrypa wu
dbynknuonupoBanue xpomatuHa. JIHK Oaxrepuii u BupycoB. JIHK xmopomnactoB wu
mutoxouapuit. [Inmasmunel. Pons JIHK kak HOCHTENS HacieaCTBEHHOW WH(OpMAIIMU B KIETKE.
CtpykTypa pubonykiaenHoBbix kucioT. Tumbl PHK: snepnas, pubocomHas, TpaHCIOpTHasi,
matpuunas PHK. Mukpo-PHK. Mansie wunTepdepupyronmue PHK. PHK-renowmsr.
B3aumoneiictBue 0eNKOB W HYKJICHMHOBBIX KHUCIOT. MeTonbl HW3Y4YEHHUS CTPYKTYpHI
HyKJ1euHOBBIX KucnoT. KionupoBanue /JIHK. bankyu naHHbIX reHoB. I'eéHHas HMH)KeHepusl.



[TonsATHE O reHOMHUKE.

Onuro- u mnonucaxapuabl. Kpaxman M TJIMKOreH, LEUII0JI03a W T€MHULEIUTIONIO3bI.

I'erepononrcaxapuabl, IMTUKO3aMHUHOTINKAHBI. [ TMKOMPOTENHBI M TPOTEOTTTUKAHBI.
OO0OMeH BelecTB M JHEPIrHH B KUBBIX CHCTEMAaX

Comnpsioxenne 6MoxuMuueckux peakiuii. Karabonnmueckue u aHabOIMYECKUE MPOLIECCHI.
MetabonanuecKkue 1enu, CeTH U HUKIbl. EMMHCTBO MPUHIIMITOB OMOXUMHUYECKONM OpraHU3alii BO
BCeX JKUBBIX cucreMax. [loHsTtre o depmeHnTax kak o Oenkax, 00JaJaroUX KaTaTUTUYECKUMU
GyHKIUSAMU. DHEprusi akTUBalMM (epMEHTAaTUBHBIX peakiuii. OOpazoBaHUE MPOMEKYTOUYHOTO
KoMIuiekca «pepmeHT-cyocTpar». [lonarue o0 akTuBHOM 1ieHTpe dpepmeHTa. OCHOBBI KHHETHKH
dbepmenTaTuBHOrO Katammsza. OOpaTUMOCTh ACHCTBUA (DepMeHTOB. YpaBHeHHWe Muxasnuca-
Menrten. Koncranta Muxasmuca U mpueMsl ee pacdera. ENUHUIBI aKTUBHOCTU (PEPMEHTOB.
Kodakropsl B (gepMeHTaTUBHOM Karanuse. 3HAYCHHE METaJUIOB i JeHCcTBUS (DepMEHTOB.
[Ipocrernyeckue rpynmnsl U KOpepMeHTbl. BuTaMuHBI Kak NpEAIIECTBEHHUKHA KO(EPMEHTOB.
BnusHue Qusnueckux M XMMUYECKUX (DAaKTOPOB Ha AaKTHBHOCTH (epMeHTOB. JlelcTBue
TEMIEpaTypbl U KOHIEHTPAllMd BOJOPOJHBIX HOHOB. OOpatuMoe u HeoOpaTuMmoe,
KOHKYPEHTHOE M HEKOHKYpeHTHOe uHrubupoBanue ¢epmentoB. KoomepaTuBHOCTh B
dbepmeHTaTUBHOM Katanuse. JIokanuzamus ¢pepmeHToB B KiieTke. CnenuduaHocTs GepMEHTOB.

Knaccudukanmss u  HOMeHknarypa ¢GepMeHTOB. OKCHUAOPEAYKTa3bl, BaXKHEHIINE
npeacraButTend. TpaHcdepaspl, BaKHEUIINE MPEACTaBUTEIU. [ Mapoia3el, pacpocTpaHEHUE B
IpUpoJe, BaKHEHUIIMe mpeAcTaBuTend. JInasel, BaxHeumme npencraBurenu. IM3omepassl,
BAOKHEUIIME IIPEACTaBUTENN. JIuraspl, BaxKHEUILINE IPEACTaBUTENH.

Perynsauust akTUBHOCTH M cUHTE3a (pepMeHTOB. Astoctepudeckue (epMmeHTsl. Teopus
UHIYLIUPOBAaHHOTO cuHTe3a GepmeHToB JKakoba 1 MoHo. MHOXecTBeHHBIE (OPMBI (hEPMEHTOB,
uzopepmentsl. MynbTudepmentaole cuctembl. [TupyBataeruaporenaza. MiMmoOuan3oBaHHbIE
dbepmenTsl. cnons3oBanue GepMEHTOB B OMOTEXHOJIOTHH U MEeTUIIMHE. PUO0O3UMBL.

OcHoBHbIe TIOHATUS OnodHepreTuku. AT® — yHUBEpCaTbHBIM NMEPEHOCUHMK DHEPTUH B
OMOJIOTHYECKUX CHCTeMaX. Makpo3pruvyecKkue coeAuHeHus (HYKIeo3un au- u Tpudocdarsl,
nupodochar u  momudochar, ryaHuguHPOCHATHI,  AMMITHOIPHUPHI). DHEPreTHUECKOE
COTIPSIKEHHUE.

TepmunanbHOe  OKMCIIeHHMEe. MexXaHM3MBbl — aKTUBalUMM  Kuciopoxa.  OKcuaassbl
KodepMeHTE OKHCIMTENbHO-BOCCTaHOBUTENbHBIX peakimit (HAJ/HAJIH, HAJ® /HAJI®H,
OMH/®MH-H,, ®AJI/DPAJI-H;). DnexrpontpanchepasHble peakiuu. YOWXUHOH, KeJIe30-
CepHble O€NnKM M IUTOXPOMBI KakK KOMIIOHEHTBI JbIXaTenbHOM 1enu. Jlokammzanus
OKHUCJIUTEIBHBIX MPOLIECCOB B AYKAPUOTHUECKONW M MPOKAPUOTHUYECKOM KileTke. MUTOXOHIpUU
KaKk OMO’HEpreTHYeCKMe MamuHbl. Jlokamusamus 3yeKTpoH-TpaHcdepaz B OuomeMOpaHax.
CrpykTypa IbIXaTelIbHOM LIEMU IEepeHoca JJIEKTpOHA. AKTHUBHBIE (OPMBI KHCIOpOJa, HUX
oOpa3oBanue u  oOe3BpexuBaHue. LlUKIMYeCKUH  BEKTOPHBI  MEPEHOC  IPOTOHA.
XUMHOOCMOTHYECKAs TEOPHsS COMpsoKeHHsl okucieHuss u (ochopummpoBanus, ApuH u ero
3HaYeHHe.  JJIEKTPOXMMUYECKOE  COMpsDKEHHEe B MeMOpaHaXx M OKHCIUTEIbHOE
dochopunupoBanue, cuHTe3 AT®. OOMHOCT, NPUHIMIIOB TNPEOOPa3OBaHUS DHEPTHU B
MeMOpaHaxX MHUTOXOHAPUHN, XJIOPOIJIACTOB U XpoMaTopopoB. ATD-a3bl uX cTpoeHUE U PYHKITHS.
JlpIxarenbHble eN MUKPOCOM U OKHCIUTENbHAsl JEeCTPYKLUS KCEHOOMOTHUKOB. TpaHCHIOPTHbIE
AT®a3pl 1 HOHHBIE KaHAIbl W WX pOJb B (UIMOJIOTHM KIETKH. 3HaueHune AT s
MEXaHOXMMHYECKHUX MporeccoB B Ononoruu. CokpaTUTENbHbIE OCIKH.

@®OTOCHHTE3 KaK OCHOBHOM MCTOYHUK OPraHUYECKHUX BEIECTB Ha 3emie. XI0pohuiuIsl U
npyrue nurMeHTsl potocuHTe3a. CTpoeHue U cocTaB XJIopoIutacToB. DOToIu3 BOJbI U CBETOBBIE



peakuuu npu porocunresze.CTpykTypa GOTOCHHTETUYECKOTO anmapaTa: peakllMOHHbIE LIEHTPHI U
anteHHbl. ['enepamus AT® u HAJI®-H B npoueccax dorocuHTe3a. TeMHOBBIE peakivul Mpu
¢dorocuntese. Lukn KanpBuna. XeMocuHTE3.

depMeHTaTHBHBIE MpeBpalleHus yrieBoaoB. Pochopubie 3¢upsl caxapoB. DepMeHTHI,
KaTaJu3uPYIONINE B3aUMOIPEBpAIIEHUsT caxapoB U oOpazoBanue QochopHbIX IPUPOB.
@depMeHThI, THApOIM3YIoUIMe osurocaxapuiasl. Hykneosupmudocdarcaxapa u ux poib B
OMOCHMHTE3€  OJINIOCaxapuloB M  MOJHcaxapuaoB. [ nuko3mnTpaHcdepasbl.  AMMIA3bL:
pacrpoCcTpaHeHHEe B IPUPOJE, XapaKTepUCTUKA OTACIBbHBIX aMHJIa3, 3HA4eHHe IS
o6unorexHonoruu. GepMEeHTaTUBHOE paclleIUICHUEe IeJITI0I03bl, 3HaUeHUEe AJIi OMOTEXHOJIOTHH.
['mukonu3 u riamkoreHosu3. B3auMocBs3b TiuKon3a, OpOKEHUs U JbIXaHUA. DHepreThuyecKas
3¢ (HEeKTUBHOCTh 3TUX MPOIECCOB. MeXaHW3M OKHCICHUS MHUPOBHHOTPATHOM KHCIOTHI. L{uki
JTUKApOOHOBBIX U TPUKAPOOHOBBIX KHCIOT. [lenTo30hocharHplii myTh. [ THOKCUIATHBINA ITUKI.
JIunonmus. depMEHTATUBHBIM TUAPOIU3 KUPOB. JIWmasel, pacnpocTpaHEeHUE B IPUPOLAE U
xapakrepucTrka. Jlunokcurenaspl. OKUCIUTENBHBIN paciiaj >KUPHBIX KUCIOT. bera-, anbda- u
OMera-OKHCIIeHUE KUPHBIX KUCIOT. KosH3uM A u ero ponb B mpoleccax OOMEHa >KMPHBIX
KHUCJIOT. brocuHTe3 KUpHBIX KUCHOT. CHUHTa3a >KUPHBIX KHUCIOT. BHOCHMHTE3 TpUTrIMLEpUAOB.
buocuHTes xonecrepuna. buocuHTE3 N30MTPEHONIOB, TEPIIEHOUIOB U KAPOTUHOUIOB.

AccuMWIIALIMS MOJIEKYJISIPHOTO a30Ta M HUTpaToB. HuTporenasa, HuTpaTpeaykrasa M
HUTpUTpenykraza. CHHTE3 aMMHOKHUCIIOT y PaCTUTENbHBIX OPraHU3MOB W MHKpOOOB. Peakuuu
OpSIMOIO0 AMMHHUPOBAHMSI KETOKUCIOT U IE€pEeaMMHHMpPOBAHMS B CHHTE3€ aMMHOKMCIIOT.
AmunHotpancgepaszbl. OpHUTHHOBBIA HUKI. CTPyKTypa U MEXaHU3M JIEHCTBHS TpaHCAMUHA3 U
OTIENbHBIX (PEPMEHTOB LUKJIA MOYEBHMHOOOpa3oBaHMs. BHOCHHTE3 MypHHOBBIX HYKJIEOTH]IOB.
buocuHTe3 NTMPUMHUIMHOBBIX HYKJIEOTHOB.

[lentuaruaponassl, oOmas  XapakTepUCTHKA,  OTHCJIbHbIE  NPEICTaBUTENN U
pacnpocTpaHeHue B mpupoae. Mcmonb3oBaHuME — MPOTEONUTHYECKHX  (EPMEHTOB B
OMOTEXHOJIOTHH.

Hyxneassl. O0miast xapakTepucTUKa U UCMOJIb30BaHNE B OMOTEXHOIOTHH.
XpaHeHHe U peajin3alnus reHeTHYecKoil HHGopManuu

Ponb HykenHOBBIX KuCTOT B OuocuHTe3e OenkoB. Pemnmukanus JIHK: 6uocuntes JJHK,
JHHK-nonmumepaspl.  Ilpomecc  tpanckpunumu:  Ouocunte3 PHK, PHK-nmommmepasbr.
Komupytomue u wHexonupytomme PHK B Guocunreze Oenka. Madopmanmonnas PHK (MPHK)
Kak nmocpeaHuk B nepenave undopmarmu ot JJTHK k pubocome. MackupoBannas ¢popma MPHK:
nHpopmocomsl. [Toctrpanckpunmuonnsiii mpoueccuar MPHK. O6partnas Tpanckpumims.

buocunte3 Oenka. AkTuBHpoBaHHE amMHHOKHCIOT. TpancmoptHeie PHK u ux pons B
nporecce OnocuuTesza Oenka. ['enerndeckuit koa. Pubocomer: crpykrypa u pynkiuu. [pomece
TpPaHCIALMU: HMHULMALMS TPaHCIALUHU, IOHrauus u TepMmuHauus. [lommucomsl. Perymsanus
cuHTe3a Oenka. [locTTpaHCIsIIMOHHbIE U3MEHEHHS B MOJIeKyJe Oenka, MPOLeCCHHT. TpaHciopT
0enKoB, MX BCTpaMBaHHE B MEMOpaHbBI; NMPOHUIAEMOCTh OHOMEMOpaH A OUOIMOIUMEPOB.
Kionuposanne JIHK. IlomuMmepasHble LE€NHbIE pPEAKIUM HYKJIEUHOBBIX KHCIOT M HX
MPUMEHEHHE B OMOJIOTUN U OMOTEXHOJIOTHH.

Peryasiuusi npoueccoB o0MeHa BellecTB

[TpuHIMIBI pEryiasiuu MeTaboJMYecKUX IpoleccoB. Perymsauus sKcrnpeccud TI'eHOB.
[ToctTpancnsaunoHHass KoBajieHTHass Moaudukanus OenkoB. I[IporemnkuHazbl. Perymsnus
AKTHBHOCTH ()EPMEHTOB CYOCTpaTOM, MIPOIYKTOM U MeTabomuTtamMu. KoBasieHTHast Moaudukanys
6enkoB-hepmeHTOB MOJNEKYISIPHBIE OCHOBBI TOMEOCTa3a KICTKH.

I'opmonsl.  Kiaccuduxanus ropmoHoB. Pementopel  ropmoHoB. ['opMOHBI ¢



TPaHCMEMOPAHHBIM ~MEXaHU3MOM JelicTBUsA. MemOpaHHblE peLENnTOpsl M BTOPUYHBIE
IOCPEIHUKU. ANeHunaTuukiaza U Qocoaudcrepaza. lluknuueckue HyKIEOTHIBI Kak
BTOpPHUHBIA Meccenkep. G-Oenku. Penentop3aBucuMble MOHHBIE KaHanbl. [IpocTarianauHbl.
CTuMysSATOpBI POCTa PAaCTEHUN U MUKPOOPTaHU3MOB; TepOUIIM/bI; AHTUOMOTUKH;, (PUTOHIIUIBI U
UX pEryiasTopHas poJib. Perenmus cBeTa >KUBBIMH CHUCTEMaMHU. AIONTO3, MOJEKYJSpPHBIE
MEXAHHU3MBI alloNTO3a.
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9. DOmmmor B., Dmmuot [[. buoxumust u mMomnekynsipHas OWOJNOTHS; TMep. ¢ aHmL. — M.:
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IV. IIporpaMmma BCTYNHTEJIbHOI0 IK3aMeHA MO creluaabHOl AUCHHUILINHE
(mayuHnasi cnenuajJbHOCTh 1.5.6 BHoTEeXHO/I0THS)
Hcropusi pa3BuTHA OHOTEXHOJOTHH H OCHOBHbIE €€ ACTEKThI

[TonmuaUCIUIUIIMHAPHOCT, ~ COBPEMEHHBIX ~ OMOTEXHONOTHWH. buoTexHomorus  Kak
HAIpaBlIEHUE HAyYHO-TEXHUYECKOrO TMpOorpecca, OMUparoIIeecs Ha MEKIUCIUIUTMHAPHBIC
3HaHWUS — OWojorudeckue (reHeThka, Ouoxumus, OModu3uka, MUKPOOUOIIOTHS, BUPYCOJOTHSI,
¢dbuznonorus KJIETOK PacTeHHM W KUBOTHBIX M JAp.), XMMHUECKHE (XUMHUYECKas TEXHOJIOTHS,
busnueckass (Omodusnueckas) XHUMHS, OpraHUYECKas XUMHUsA, OHOOpPraHWUYECKas XUMUS,
KOMIIBIOTEpHAsl 1 KOMOMHATOPHAs XUMUSA U Jp.), TEXHUUECKHEe (IIPOLECCHl U anmnapaThl, CUCTEMbI
KOHTPOJISI U YIPAaBIIEHUS, aBTOMAaTU3UPOBAHHbBIE KOMILJIEKCHI, MOJICIMPOBAHUE U ONTUMHU3ALUS
nporeccoB u Ap.). [loHsATHE OHOTEXHONOTMHM KaK TEXHOJOTHYECKOTO IMpHeMa MOJIydeHUs
MOIU(PHUIMPOBAHHBIX OMOOOBEKTOB C IENBIO MPUAAHUS UM HOBBIX CBOMCTB M/WJIA CIIOCOOHOCTH
MIPOM3BOUTH HOBBIE BemecTBa. OCHOBHBIE 00JIACTH MPUMEHEHHSI COBPEMEHHOM OMOTEXHOIOTUN
U OCHOBHBIE €€ aCHeKThl (OMOIIOTUYECKUEe, XUMUYECKUE, TEXHOIornueckue). Hayuynsie OCHOBBI
WH)KEHEPHOTO 0(pOopMIICHUSI OMOTEXHOJIOTHH.

Buosioruyeckne acnekTbl 0MOTEXHOJIOTHHU

O6mrast 6uoI0THs, MUKPOOHOJIOTHS ¥ (PU3HOJIOTHS KIETOK.

Onpenenenue >KU3HU W CBOMCTBA >KMBOIO. YPOBHU OpraHu3alldd >KHUBOW MAaTEpHH.
Kiletka kak OCHOBa HACIEICTBEHHOCTH U Bocmpou3BeneHUs. CTpoeHHE sapa U €ro poyib B
HACJICICTBEHHOCTH. ~ XUMHUYECKHI COCTaB KIETKH (HYKJICEMHOBBIC KHCIIOTBI, OCIKH,



MOJINCAXAPUIBL, JIUTIN]BI, HYKJICOTIPOTEUBI, TJIMKOIPOTEUIBI, JIMIIONPOTENIbI,
MeNTUIOTIUKaHbI, ToJidocdaTsl, MUHEpaTbHBIE KOMIIOHEHTHI U BOJIA).

Crpoenre u QyHKIUHM KIETKHU (pa3iuuus KIETOK NMPOKapuoT U dykapuor). CTpoeHue
KJIETOYHOU CTeHKHU OakTepwii. JKM3HEHHBIN MK KIETOK M TUIIBI KJIETOYHOTO JIEICHUS (aMHUTO3,
MUTO3, ME€H03). 3aKOHbl MeHeNs U UX MHTEpIpEeTalHs C TOUKH 3PEHHsS] XPOMOCOMHOM Teopuu
HacieacTBeHHOCTH. HaclieicTBeHHOCTh M M3MEHUYUBOCTh. DOPMBI MU3MEHYUBOCTH.

®opmbl 0TOOpa, TUIIBI BUAO0OPA30BaHUS, OCHOBHBIE ITYTH 3BOJIOLIUH.

MonekynsapHble 0CHOBbI opranuzanuu xpomocombl. dynkiuu JIHK, rucronos, PHK B
KJIeTOYHOM MeTabosm3Mme. Clieruienne u Kpoccuuroep. PekomOunanus y 6akrepruodaros.

[TonoxxeHne MHUKPOOPraHU3MOB Cpeau JApYrux opranu3zmMoB. Canpo@uTsl, Mapa3uThl,
natoreHHsie popmbl, apxedakrepun. Bonopocnu, nmpocreiimme. ['pudsl. Bupycer.

MexaHu3M MOCTYIUIEHUS! B KJIETKH 3YKapUOTOB U MPOKAPUOTOB 3K30T'CHHBIX BELIECTB.
Ou3nonorus NHUTAHHUS. OJIEMEHTHl TUTAaHUS, WX 3HAYEHWE JUIS TIpolecca OMOCHHTE3a.
Pa3HOOOpasue THIOB MUTaHUSI MUKPOOPTaHU3MOB. Pa3Ho0Opa3re MCTOYHUKOB YTIepoaa, a3oTa,
docdopa, cepbl U IPYrux MEMEHTOB, UCIIOIb3YEMbIX MUKPOOPTaHU3MaMH.

BzaumopeiictBue KIETOK M Cpelpl, BIUSHUE BHEUIHMX (QU3MYECKMX U (PUIUKO-
XUMHUYECKHX (PaKTOPOB Ha POCT U OMOCHUHTE3 Y MUKPOOpraHu3MoB. CrocoObl KyJIbTUBUPOBAHUS
MHUKPOOPTaHU3MOB (TIEPUOANIECKOE, HETIPEPHIBHOE, UMMOOMIN3AIINS KIETOK U ()EpMEHTOB).

AHnaspoOHOe awixanue. bposkenme. AspoOHoe napixaHue. PazHooOpasme cyOCTparos,
OKHUCJISIEMBIX MHUKPOOPTaHu3MaMu (TIPUPOTHBIC OUOTIOIMMEPHI, YTIECBOIOPOIbl, KCEHOOMOTHKHU U
np.). buocunrernueckue nponeccel. CUHTE3 TUMUAOB, MOJIKCAXAPUIOB U IPYTUX KOMIIOHEHTOB
kineTkd. llpakThueckoe 3HadeHHWe OHTHX TporeccoB. OOpazoBaHHe MHUKPOOPTraHU3MaAMU
OMOJIOTUYECKH AaKTHBHBIX BEIIECTB: (PEPMEHTOB, AHTUOMOTUKOB, BUTAMHHOB, TOKCHHOB.
[TepBuunblie 1 BropuyHble MeTabonuThl. X ponb B pupoae. [IpakTudeckoe ucnoiab30BaHUE.

Cenexuusi, reHEeTUYECKHME OCHOBBI cenekiuu. llonarue o reHotune u (QeHoTHre.
HacnenctBeHHOCTh, M3MEHYMBOCTH, OTOOpP MHKpOOpraHu3MoB. PexkomOunamms. Ilonstue o
TEHETHKE TMOMYJSIUMIA W TOMYJSIHUOHHOW HM3MEHUYMBOCTH. Metonpl cenekiuu. Cenexuus
MUKpPOOpPTraHW3MOB.  buocdepa W  pacmpocTpaHEHHE  MHKPOOPTaHM3MOB.  YdacTue
MHUKPOOPTaHU3MOB B KPYTOBOPOTAax yriepoja, a30Ta, KUCIOPO/1a, CEPHI.

MouiekyasipHasi 0MOJIOTHS M TEHETHKA KJIETOK

IlonsiTHE reHa B «KJIACCUYECKOW» U MOJIEKYJISIPHOU IeHeTuKe, ero ssosonus. IIpupona
reHeTuyeckoro marepuana. (OcoOEHHOCTH CTPOEHHS T€HEeTHMYEeCKOTo MaTrepuaiga IMpo- HU
sykapuot. Tpanckpunuus JIHK, ee komnonentsl. PHK-nonumepasza u npomotop. TpaHcnsius,
ee orambl, QpyHKIUS pudbocom. ['eHetmyeckuii kox u ero cBoicrBa. Permukamus JIHK u ee
TEHETUYECKUA KOHTpOJIb. PexomOuHaIus1, ee Tumbsl 1 Moaenu. Mexanusmbl pernapanun JJHK.
B3aumocBsI3b IPOIIECCOB PEIUTHKAINH, PEKOMOMHAIIMN U peMapaliuu.

Myranuonnsiii nporecc. Knaccudukarmus myranuii. CIIOHTaHHBIN U UHIYITHPOBAHHBIHA
mytareHe3.  Krnaccudukamus  MyrareHOB.  MOJIGKYJISIpHBI ~ MEXaHW3M  MyTareHesa.
BHEXpoMOCOMHBIE TEHETHYECKHE dJeMeHTHl. [lmasMuapl, WX CTpOeHHE U KiacCU(UKAIIHSL.
Mexanu3M KoHbloranuu. bakrepuodaru, ux CTpykTypa U >KU3HEHHBIN ITUKIT.

DJIEMEHTHI TEHETUYECKOTO aHan3a. [ eHeTndeckoe kapTupoBaHue. OU3MUECKUN aHAIU3
CTPYKTYpPHI reHa. PecTpuKIMoHHbIM aHain3. MeToapl CeKBEHUPOBaHUs. Perysius skcnpeccuun
reHoB. [IpomoTop, onepatop u perymnstopHbie O0enku. [103UTHBHBIN M HETATUBHBIA KOHTPOJIb
SKCHPECCUU T€HOB.

OCHOBBI TeHHOI HHKEHePUH
@®epMeHTHI peCTPUKLIUHU U MOJU(HUKAIMU. Bbienenre u KIOHUpOBaHUE TeHOB. BekTopbl



JUIS MOJIEKYJISIPHOTO KJIOHMpOBaHMs. [IpuHIMIBI KOHCTpyHpoBaHus pekoMOuHaHTHBIX JIHK u
UX BBEJICHUS B PEIIUIHUEHTHBIE KJIETKH.
XumMnyeckue acfeKThl OMOTEXHOJIOTHH

buoopranmnueckas xwmust u  Ouoxumus. OCHOBHBIE OOBEKTBI  HMCCIEAOBAHHUS
OmoopraHM4eckoi XWUMUU. METONbl UCCIEIOBAHMS: XUMHUYECKHe, (Qu3ndecKkue, (HU3NKo-
XAMHYECKHE, OMOXUMHYECKHUE.

benku. AMUHOKHUCIIOTHI, KAK MOHOMEpHBIE CTPYKTYPHbBIE €IUHULIBI OCIKOB U MENTH/IOB.
YpoBHu  crpykTypsl  OenkoB.  IlepBuuHas ~ cTpykTypa:  METOAbl  ONpPEIEICHUS
MOCIIEI0BAaTEIbHOCTH aMMHOKUCIIOT, CEKBEHATOphl. BTopuuHasi cTpykTypa OenkoB: anbda- u
OeTta- CTpPYKTyphl. TpeTwuHas W dYeTBepTUuHas (CyObeAMHWYHAs) CTPYKTYphl OenkoB. Poib
BOJIOPOJIHBIX, MOHHBIX, AUCYIb(GUAHBIX CBs3eH, ruAPOPOOHBIX B3auMoaeicTBuil. JleHaTypanus
(oOpatumasi, HeoOpaTuMasi) OEIKOB.

Hyxneunossie kucnotel. JJHK u PHK. JIBoitnas cnupans JJHK. KommiementapHocTh
OCHOBaHUW. MeToNbl oOmpeeNeHnss HYKICOTUTHOW TOCIEAOBATEIPHOCTH B HYKJICHHOBBIX
KUCTIOTax. PecTpukuusa, pecTpukTasbl. bHOCHHTE3 HYKIEHMHOBBIX KHUCIOT. DepMeHTHI
ouocunTe3a. [loHsTHE O TpaHCKpUIIIIMK, 0OpaTHAS TPAHCKPHUIITA3a.

VYrneBonbl. Monocaxapuasl. Ctpoenue u crepeoxumusi. [leHTo3p1 (pubo3a, apabuHo3a,
KCHJIO3a), TeKCco3bl (TJIFOKO3a, MaHHO3a, TajlakTo3a). MoHocaxapuabsl KaK CTPYKTYpHBIC
MOHOMEpPHbIE EJAMHUIIBI OJUTo- M mnonucaxapuaoB. CTPYKTypHBIM aHamu3 OJUro- U
nonucaxapunoB. DYHKIMH ONHro- W ToIucaxapuaoB. Llemmono3a, Kpaxmal, TIUKOTEH,
XUTO3aH, TMEKTHH. YTJEBOJACOACpKAIIUE CMEIIaHHBIE OHOIMONUMEPBI: TIHKONPOTEHUHBI,
NENTHIOTTUKAHbl. BHOKOMIO3UTHI Ha OCHOBE MPHUPOJHBIX MOJUCAXAPUIOB M MEPCIEKTHBBI HX
UCTIONIb30BaHUS

Jlummuaer.  Knaccudwukanus  mununoB.  Hedrpansubie  naunuasl,  Gocdomunumasl.
CtpyKkTypHBIE KOMIOHEHTHI JUNuAoB. Jlumonporeuasl. [lonarue o cTpoeHnHn GUOIOTHYECKUX
MeMOpaH. Jlunmocomel. HuszkomomnekynspHble OHOPEryasaTopbl - KO(QepMEHThl U BUTAMHHBIL:
HAJl, HAJI®, O®MH, ®DAJl, tuamunnupodocdar, mumnoeBas kuciora, ATD, OuotwH,
acKOpOMHOBAs KHCIOTa, (oiueBas KHUCIOTA, MAHTOTEHAT KajbIUs, KoOalaMUHBL. buoreHHBIC
AMUHBL: allETUIIXOJIMH, CEpOTOHUH U JIp.

AHTHOMOTHKH, KaK MPHUPOJHBIE AHTUMETa0ONUTHL. [leHUIMITHMHBL, 11e(aToCIOPUHEI,
TETPALUKIMHBI, AMUHOTIMKO3UIbI, MPOTHBOOIYXOJIEBbIE AHTHOMOTHKH. [lomycuHTeTHUECKHE
anTuouoTuku. depmeHTs, U uXx Oumoxumuyeckass poib. Kiaccuduxamus v HOMEHKIATypa.
AxTuBHbBIe TIeHTPBI (hepmeHTOB. CyOcTpartHas crnenuduuHocTb. DakTopbl, 0OeCreYNBaAIOIINE
dbepMeHTaTUBHBIA KaTtaiu3. Poib MeTamioB B (QyHKIIMOHUPOBaHUH (GepMeHTOB. MHTHOUTOPHI.
O6parumas u HeoOpaTumas aeHatypaius pepMmeHToB. CriocoObl UMMOOMIH3aIs (HEPMEHTOB
Ha Pa3IUIHBIX HOCUTEIISX.

OcCHOBHBIE TTyTH ACCUMUIISIIIUU CyOCTPaTOB: OEIKOB, )KHPOB, YIIIEBOJOB, aMHHOKHCIIOT,
YIIEBOIOPOAOB, CIHUPTOB, OPraHUYECKUX KHUCIOT, MUHEPATbHBIX KOMIIOHEHTOB. [ NUKONMM3 U
opoxenne. Iluxkn Kpebca, perymsamuss akTUBHOCTH (EPMEHTHBIX CHUCTEM B  LIHKJE.
I'ekco3omonodochaTHbIl TyTh MpEBpaIllEeHUsT YrIeBOAOB. DJHeprerudeckas 3(h(eKTHBHOCTH
nukina Kpedca n rimkonmza. Llens nepeHoca 37aeKTpoHOB, OKUCIUTENbHOE (OChHOpHINPOBAHUE B
neIxatenbHOM 1enu. buocuuTes dvepes anetun-KoA. ®@ynxkumum HAJIH+ w HAJI(®)H+ B
peakuusax cuHTe3a. buocuHTE3 O€NKOB, pOJb HYKJIEHMHOBBIX KHUCIOT. PuUOOCOMHBIN MyTh
ouocunTe3a. [lpuHnunel OuosHepretuku. Iyt M MexaHu3Mbl IpeoOpa3OBaHUs SHEPIHHU B
KUBBIX cucreMax. OOpazoBanne AT® u ApyruX MaKpOIPrUUYECKUX COCIMHEHUH B KIIETKAX.
Poie AT® wu TpancMeMOpaHHOH pa3HOCTH HJIIeKTpoxuMudeckux mnoreHuuaioB (TOII) B



TpanchopMaluu W 3amacaHuyd HDHEPTUM B KieTke. MemOpaHHas OMOHEpPreTHKA: HOHHBIC
HAcOCHI, IEpBUYHBIC U BTOpuuHble reHepaTopbl TOII. TlonsTHe 00 HepreTHYecKoM 3apsijie U
HHEPreTUIecKoi 3((heKTUBHOCTH pocTa.

OCHOBHBIE TUTIBI CONPSDKEHUST KAaTA0OJIMYECKUX M aHAOOIMYECKUX TPOIeCCOB. AIpoOHOE
nbixanue. JlpixarenbHas nenb. OCHOBHBIE BHIBI aKIETITOPOB AJIEKTPOHOB. THIBI OposKeHUS.
Cucremsl cyOctpatHoro (GochopunrpoBaHus. BHOCHHTETHYECKHE TMPOIECCHl B  KIETKE.
buocunTe3 6uononumepoB: 6EIKOB, HYKJIEHMHOBBIX KUCIOT U MoiucaxapuioB. OCHOBHbBIE 3Talbl
MPOLIECCOB, MX OpraHM3alMs B KJIETKax 2y- U MpOKapuoT. buocuHTe3 nunuaos, OuoreHes
o6uomemOpaH. buocunTte3 caxapoB, L-aMHHOKHCIIOT, HYKJICOTHIOB, BUTAMHUHOB (KO(EPMEHTOB).
Bropuunasie MeTabomuThl. A30ThUKCAITHS.

®otocunTe3. OCHOBHBIC THUIBI MPOLECCOB, TOHOPHI AJIEKTPOHOB. becxiopouibHbIN
¢dorocunte3. dotopeuentop. Perymsanus merabonusma. OmnpeneneHue, YpOBHU PETYIISIHM.
Perymauus perummkanun JJTHK u OGmocunTtesa OenkoB. Perymsiums TpaHckpumiuu. Perymsmus
tpanciauuu. [locrTpancnsanuonHas Monupukanus. Perynsanus akTHBHOCTH (EPMEHTOB IMyTeM
oOpatuMoi KOBaJeHTHOM Monaudukanuu. Perynsuus akTUBHOCTH IyT€M HEKOBaJEHTHOIO
B3auMOJICUCTBUS ¢ d(ddekropamu. Perymsums kimertodyHoro neneHus. B3ammopeiicTBue
PETYISTOPHBIX MEXaHU3MOB MPHU YIIPABICHUH CKOPOCTHIO POCTa KIIETOK.

Tpancopt cyOcTpaToB W TPOAYKTOB. MeXaHU3Mbl KIETOYHOW MPOHHUIIAEMOCTH:
busnueckas auddysus, «obnerdeHHas» aud@y3us, MEPBUYHBIA W BTOPUYHBINA aKTUBHBIN
TpancnopT. OpraHu3anusi TPaHCIOPTHBIX cUCTeM. CrocoObl CONPSDKEHHS TPaHCIOPTa C
sHeprued merabonu3ma. Perymsums TpaHCOpTHBIX mpoueccoB. CeKperust M 3KCKpelus.
MemOpanHas perynauus. Perynsius Ha ypoBHE reHoMa.

TexHoJiornyecKue acneKTbl OHOTEXHOJIOTHU

Meroasl O6uotrexHonoruud. OCHOBHBIE OHOOOBEKTHI OMOTEXHOJIOTHH: MPOMBIILICHHBIE
MUKpPOOPTraHU3MBbI, KJIETKU U TKaHU pacTEeHUH, )KUBOTHBIX U YeJIOBeKa, OMOKaTaIN3aTOPhl, B TOM
YHClie PEeKOHCTPYUPOBAHHBIE MTPOYLIEHTHI OMOJIOrMYECKH aKTUBHBIX BELIECTB (CENIEKLUs, METOT
pekomOunanTHbIX JIHK, rubpugomnaas TexHoaorus).

Chipbe U1t OMOCHHTE3a U OLIEHKA ero OMOJIOrnYecKOi IIEHHOCTH.

OcHOBHBIE WCTOYHMKH Yriepona, a3zoTa, (ocdopa, mMukposisemeHToB. MccnemoBanue
HOBBIX MCTOYHHMKOB CBIPbs (BKJIOYAsi BOIIPOCH! €r0 MpeABAPUTEIHHON 00paboTKH), pazpaboTka
HOBBIX NMHUTATEIBHBIX CPEll, B TOM YHUCIIE BKIIOYAIOIIUX OMOCTUMYJISATOPHI U APYTHE 3JIEMEHTHI
yIpaBiICHUS W ONTHUMH3AIMU MPOLECCOB OMOCHMHTe3a. MeToapl ONTUMH3ALUU MUTATEIbHBIX
cpen.

TumnoBble  TEeXHONOTWYECKHME  TNPUEMbl U OCOOCHHOCTH  KYJIbTUBHUPOBAHUS
MUKpPOOPTraHMW3MOB, KIETOK W TKaHEeW pacTeHHil, >KUBOTHBIX W 4YesioBeka. HempepbiBHBIE
IpOIIeCChl KyJIbTUBUPOBaHU. Teopus xemocTaTa. ABTOCEIEKIUS B XeMOCTATe.

[TonynenpepsiBabie (fed batch culture) u mepuoarueckue mporecchl KyJIbTUBUPOBAHUS.

Kunernueckoe onucanue NepuoIn4eckoro KyJIbTUBUPOBAHUSI.

VYienpHBIE CKOPOCTHM pocTa OHOMAacchl, OWOCHHTE3a TMpPOAYKTa U MNOTpeOIeHus
cyOCTpaToB.

[Tonstue o C-mone Ouomaccel. Bnusame 3arpar cyOcTpara Ha TOAIEpKaHUE
KU3HEJEATEIIbHOCTH, HA BEJIMYUHY KaXKYILIErocs YKOHOMUYECKOTO KO3 pUIIHEeHTA.

Mopnenu KMHETUKH OMOCHMHTE3a MPOAYKTOB METa0OJIM3Ma B 3aBUCHUMOCTH OT YAEIbHOM
CKOPOCTH pOCTa, BO3pacTa KyJlbTypbl, KOHIIEHTPAIIMN CyOCTpaTOB U METabOIUTOB B CpeIe.

[Mpuntunsl MacmTabupoBaHus TmpoueccoB (epmenrtanuu. Kputepunm wmacmraOHOToO
nepexoa.



OcC0OEHHOCTH TOJIYyYEHUS HMMMOOWIHN30BAHHBIX OHOOOBEKTOB W WX IPUMECHCHHE B
ouorexHonoruu. Juddy3snoHHbIe OTrpaHUYEHUS TPH MCIOJB30BAHUM HMMOOMIM30BAHHBIX
(hEpMEHTOB U KJIETOK.

MeTo 161 KOHTPOJIS crienu(pUUecKUX mapaMeTpoB Iporiecca hepMeHTaIHH.

TumoBble TEXHONOTHMYECKHE TPUEMBI CTAIUU BBIICTICHUS W OYHUCTKH TPOAYKTOB
OmocuHTE3A.

Onotauust KIETOK ¢ OEJIKOBBIX MPOAYKTOB M3  KYJIbTYPaJbHOM  KUIKOCTH.
DKcTparupoBaHue MPOAYKTOB OHMOCHHTE3a U3 OMOMAacChl MUKPOOPTaHHU3MOB >KHIKOCTSIMH U
CYNEPKPUTHUUECKUMH KHUIKOCTAMU. LleHTpoOexxHas SKCTpakius JaOWIbHBIX MPOIYKTOB U3
KYJIbTYPaJTbHOU KUIKOCTH.

Cymika 1abuIpHBIX OHOMIPOAYKTOB U )KUBBIX OMONpEnapaToB.

TectupoBanre OMOTOTUYECKU AKTUBHBIX BEIIECTB MO THUIIOBBIM CXEMaM.

Bonpocer Hage:KHOCTH U 0€30IMacHBIX YCIOBHI DKCIUTyaTalluy, KOHTPOJIS Ouomporiecca,
oxpaHbl OKpyxkatomeit cpeapl. CoBpeMEHHBIE TOIXOIbI K CO3JaHHUI0 pecypco- U
sHEeprocOeperaImmux OMOTEXHOIOTHH.

O0sacTH NpMeHeHsI COBPeMeHHO 0M0TeXHOI0ruu. PeHOMEeHO0JI0rnYecKoe ONMUcCaHue
TEXHOJI0Tuil. BUOTEeXHOI0rHH UIS CeIbCKOXO03SIIICTBEHHOI0 POM3BOACTBA
(cebCKOX0351CTBEHHAS] OMOTEXHOJIOTHS)

KoHcTpyrnpoBanue TeéHHO- WHKEHEPHO- MOIU(DHUIIMPOBAHHBIX (TPAHCTEHHBIX) PACTEHUHN.
TexHoNOrMM TeHHOW WH)KeHepuu pacteHuil. Co3gaHue pacTeHUH, YCTOMUMBBIX K OOJIE3HSAM H
BpenutesM. [loBbIIeHHe MPOAYyKTUBHOCTU pacTeHuil. Co3laHue pacTeHUW ¢ yIydIIeHHBIMU
MUTATeNbHBIME CBOMCTBaMU. [IpoOaeMbl U IEpCIEKTUBEI.

KagectBo, 6e30macHOCTh U cepTU(UKALUSA TEHMOIU(PUIIMPOBAHHOTO CHIPhSI U MHUIIEBBIX
MPOAYKTOB Ha UX ocHoBe. [IpuMeHeHne reHHOM MHXKEHEpUU B KUBOTHOBOJCTBE (TpaHCTEHHBIE
JKUBOTHBIE KaK «OMOpPEaKTOPhI» OMOJIOTHYECKH aKTUBHBIX BEIIECTB).

buorexHoJsiorum 1jisi KOPpMOBOii 0a3bl ;)KHBOTHOBO/ICTBA

[IpousBoncTBO  KOpMOBOro Oenka- Oeiaka  OJHOKJIETOYHBIX  MHMKPOOPIaHH3MOB.
[IpombrnenHsie  mTaMMbl-ipoayrneHTel.  ChippeBass 0a3a. buomacca TPOMBIIUICHHBIX
MUKpPOOPTaHU3MOB KaK CBIPbE JUISI TONYYCHHS] IIUPOKOH TaMMBI IMPOAYKTOB Pa3IUIHOTO
HA3HAYCHMSI. Hcnonb3oBanue TEXHOJIOTUHU YTHIIN3AIUH Pa3IMYHBIX OTXOJIOB
(LIeTUTFOJIO30COIepIKAIIe  MaTepHallbl, MOJIOYHAsl  CBHIBOPOTKA, OTXOJbl MHIIEBHIX U
prIOoTIepepadaThIBAIOIINX TPOU3BOICTB).

MuxkpoOuonoruyeckoe MIPOU3BOJICTBO (bepMEeHTHBIX IpenapaToB JUISt
KOPMOIPOU3BOJACTBA. MUKpPOOHUOIOTHYECKOE MPOU3BOJCTBO MHAMUBUAYAIbHBIX L-aMHHOKHCIOT
KOPMOBOTO HazHaueHUs. MUKPOOMOIOTUYECKOE MTPOU3BOICTBO KOPMOBBIX aHTUOMOTHUKOB

MukpoOHOIOTUYECKOE  MPOUW3BOJACTBO  KOHIIEHTPATOB  BUTAMHHOB  KOPMOBOTO
HazHayeHus. [Ipon3BOACTBO BAaKIUH IS JKUBOTHOBOJACTBA. [IpOM3BOACTBO MPOOMOTHKOB MAJIS
YKUBOTHOBOJICTBA.

IIpou3BoACTBO MUKPOOHBIX MPENAPATOB /JIsl PACTEHHEBOACTBA
buorexHonornn OGakTepUanbHBIX W TPHUOHBIX CPEACTB 3alIUTHI PACTEHUH OT BPETHBIX
HAaCEKOMBIX (MHCEKTULHbI, (YHTUIHIBI). BHOTEXHOJOTUH AaHTHOMOTHUKOB TPOTHUB KOPHEBOMU
THUJIM W MYYHHUCTOM pocbl. buorexHonoruum OakTepuanbHbIX ynoOpenwii. [Ipou3BoacTBO
CTUMYJISITOPOB pPOCTa PACTEHUH TOPMOHAIBHOW NpHUpoAbl. JloCTHXKeHUsT OMOTEXHOJOTHH B
00J1aCcTH CO371aHUsI CBOOOTHOTO OT BPEIHONW MUKPOMIIOPHI TOCAI0YHOTO MaTepuaa (paccapbl).
buoTexHo0ruM 1J151 MUIEBOM U JIeTKOH NPOMbIIIJICHHOCTH
MukpoOHOIOTUYECKOE  MPOW3BOACTBO  WHAMBHAYAIBHBIX ~ OPraHUYECKHX  KHCIOT



(TuMoHHast, s0JOYHAs, acmaparuHoOBas KHUCJIOTHI). MHKpPOOHOIOTHYECKOE IPOU3BOJICTBO
dbepMeHTHBIX TmpemnapaToB. Vcmonb3oBaHue (EPMEHTOB MHUKPOOHOTO TMPOUCXOXKICHUS IS
MUIICBOA TMPOMBIIUICHHOCTH: TPOU3BOJACTBO IMHUIIEBOIO 3TAaHONIA, BUHOMATEPUANIOB, IIMBA,
XJIEOOMIEKAPCKUX  IPOXOKEH; MPOU3BOACTBO (EPMEHTHBIX NpenapaToB (PEHHHUHOMOAOOHbIE
IPOTEUHA3BI, TJIIOKOU30MEpasbl, OeTra-raJlakTO3uAa3bl, 6era-ppykrodypaHo3uaassl);
IPOM3BOJICTBO MPENapaToB, OCHOBAHHOE Ha MepepadoTKe OMOJIOTNYECKOTO CHIPhS, B TOM UYUCIIE
1 OMOMacc MPOMBIIIJIEHHBIX MUKPOOPTaHU3MOB (TIpermapaThl OMOJIOTMYECKH aKTUBHBIX J00aBOK,
coJlepKalliX CMECH aMHUHOKHCIIOT, MENTHA0B, BUTAMUHOB U MUKPO3JIEMEHTOB; MMUILEBKYCOBBIE
N00aBKM; KOHILEHTPAaThl U H30JAThl OETKOBBIX BEIECTB); IMPOU3BOJCTBO IMOJACIACTUTENCH-
3aMeHHuTeNel caxapa (TII0K030-PppyKTO3HBIE CUPOIIbI, acapTaM); MPOU3BOJACTBO KOHCEPBAHTOB
(mm3uHa). Mcnonb3oBaHue (QEpMEHTOB ISl TEKCTHIBHBIX, KOXKEBEHHBIX TEXHOJIOTUH, MpHU
IPOM3BOJICTBE CTUPATBHBIX TTOPOIIKOB.

MeaunuHckasi 0MOTEXHOJI0TUSA (OMOTEXHOJIOTHS AJIsl MeIUIMHBI)

Hcnonb3oBaHWe  METONOB  UMMOOWIHM3alMd  OHMOOOBEKTOB B MEAHMIIMHCKUX
OMOTEXHOJOTHSIX M B JAMAarHoCTUKe 3aboneBaHuil. TUNBl BakIMH U UX KOHCTPYHPOBAHUE.
KynbrypanpHble W TeHHO-MH)XEHEpPHbIE BaKIMHBI. llpemapaTbl Ha OCHOBE JKHUBBIX KYJIBTYP
MHUKPOOPTaHU3MOB (HOPMOGIOPE W MPOOMOTHKH). J[MarHocTHYecKue cpeacTBa in vitro s
KIIMHUYECKNX wuccienoBanuid. [IpomsBoncTBo mpoOmotukoB. IIpow3BoacTBO  (hepMEeHTOB
MEAMIMHCKOrO0 Ha3zHayeHHs. [Ipon3BOICTBO MMMYHOMOAYISITOPOB, MMMYHOCTHUMYJISITOPOB U
UMMYHOJICTIPECCAHTOB. MMUKpPOOMOJIOTHYECKOE TMPOU3BOJACTBO AHTHOMOTHUKOB  pa3IMYHBIX
KJIACCOB JISI METUITUHBI.

[TonycunTeTnyeckue aHTUOMOTUKH. MHUKPOOHMOJIOTHYECKOE MPOM3BOJICTBO BHTAMHUHOB
JUTSL 3[IpaBOOXpaHeHus. TeXHONIOrHMH TPOAYKTOB TpaHCHOPMAIUU OPraHUYECKUX COCIUHCHHIA
dbepMeHTaMd MHKPOOHBIX KJIETOK: COPOMT B TPOM3BOJCTBE ACKOPOMHOBOW KHCIIOTHI;
TUAPOKOPTU30H U NPEBpalleHHEe €ero B NPEIHU30JOH; MPOAYKTHl JETHIPUPOBAHMUS,
BOCCTAHOBJICHHMSI U THAPOKCHWIIMPOBAHHS CTEPOMIOB; TMPOAYKTHl OKHCIIEHUS TPOU3BOIHBIX
WHJOJAa U NMUPUANHA. TEeXHOJOTHMH KYJIbTUBHPOBAHMS In Vitro KJIETOK M TKaHEH pacTeHMM Ais
NOJy4YeHHUs: (GPUTOIPENAapaToB U JIe4eOHO-IPOPHIAKTUIECKUX TOOABOK.

BuoTexHo10ruM MOJIy4eHUs] IHEPTOHOCUTE el /15 FJHePreTHKH
MukpoOHoIOrn4eckoe TMPOU3BOJACTBO BO30OHOBISIEMBIX HCTOYHHMKOB JHEPIrUU: HH3IIUX
CIHPTOB, alleTOHA, METaHa, OMOKOHBEPCHEW OPraHMYECKUX OTXOJOB U PACTUTEIBHOTO CHIPHSL.
MuxkpoOuosnoruyeckoe nMpou3BoICTBO BOJOPO/IA.
buorexHoJsiornu st Hepre- U TOPHOAOOBIBAKOIIE U 000raTUTEIHHOM MPOMBIILJIEHHOCTH.

I'eomukpoOuosIOrusi v 3k0J10orust Hedre- U yrjie100bIYu

bakTepuanbHOe BbIIIETaYMBAHME XUMHUYECKHX JJIEMEHTOB U3 Py, KOHIIEHTPATOB H
TOPHBIX MMOPOJ, oOorameHue pyn, OuMocopOIus METaUIOB U3 PacTBOPOB. Y NAJEHUE CEephbl U3
Heptu u yrus. [loBeimeHne HedTeoTnaun. YalieHWEe MeTaHa W3 YroJbHBIX ILJIACTOB.
[MomaBnenune Ouokoppo3un HedrenpoBogoB. I[IpomsBoacTBo Omo- U QoropasznaraeMbix
KOHCTPYKIIMOHHBIX IJIACTMACC JJISI TPOMBIIIJICHHON YHEPTeTHKH.

buorexHo/I0rHyecKue METOAbI 31U THI OKPYKAIIIEH Cpeabl (IK0JI0rHYecKas

OHOTEXHOJI0THSsI)

AHTpomoreHHsle (HakTopbl XMMHUYECKOTO M OMOJIOTHYECKOTO 3arpsi3HEHUS OKPYXKarollen
cpenbl. Opranndeckue KCeHOOMOTUKH, COSTUMHEHHUS a30Ta, cepbl, hocdopa, TsHKEIbIe METaIbI U
PaAMOHYKIIHIBI.

Buonoruveckue MeTOIbI JUI PELICHUS 3aa4 OXpaHbl OKPYXKAIOIIeH Cpesibl.

OcHoBHbIE OMOXUMHUYECKUE IyTH MHUKPOOHOIOTUYECKON TpaHchopmManuu



3arpsI3HAIOIIUX BelecTB. MUKpPOOpPraHU3Mbl — OHMOAECTPYKTOPHL. buosornuyeckas ouucTka
CTOYHBIX BOJ. llpUHIMNUANBHBIE CXEMBl OYHMCTHBIX COOpYKeHUH. OCHOBHBIC NPUHIIUIIBI
paboThI, METOJIBI U COOPYKEHHUSI adpOOHON U aHA’POOHON OMOIIOTMYECKON OYMCTKU CTOYHBIX
BOJI M NEpepadOTKU MPOMBIIUICHHBIX OTXOIOB. YTHIHM3AIMs AMOKCHAA YIIEpoia C MOMOIIBIO
MHUKpPOOPTaHHU3MOB.

buonoruueckne MeTo1bl OUUCTKH BO3/1yXa. buosornyueckas ae3010pamus ra3os.

OcHOBHbIE METONBI W MPUHLUIHUAIbHBIE KOHCTPYKLUHH YCTAaHOBOK. buopemenuanus u
Ouosoruyeckas O4MCTKa MPUPOAHBIX cperl. OcHoBHBIE moaxoasl. Co3laHue TEXHOJOTHH AJis
BOCCTAHOBJICHHUSI OKpYyKaromieu Cpelibl C UCIOJIb30BAHUEM  TE€HHO-UHXKEHEPHO-
MOAM(PHUIIMPOBAHHBIX ~ MUKPOOpPraHW3MOB. Pa3paboTka OHOTEXHOJIOTHYECKHX  CITOCOOOB
YHUYTOKCHUS XHUMHYECKOrOo OpyXus. buonormdeckass mnepepaOoTka TBEPAbIX OTXOJOB.
buonectpykius npupogHBIX U CHHTETHUYECKUX IMOJIMMEPHBIX MarepuanoB. KommoctupoBaHue.
Bepmukynbrypa. buonornyeckas koppo3us ¥ OHOIUAbl. MOHUTOPUHT OKpYKAIOMIEH CpEbl.
Mertoap! OnoTecTHpOBaHUs M OMOWHAMKALIMY B MOHUTOPUHTE.

Hay4Hble 0CHOBBI MH:K€HEPHOT0 0OpMJIeHHSI OMOTEXHOJIOTH I

Crepunnzanus TEXHOJIOTHYECKUX TTOTOKOB U 000PYAOBAaHMUS.

Knaccudpukanus mnpous3BOACTB OWOCHMHTE3a 10 OTHOIIEHHWI0O K KOHTaMHUHAI[UH.
Bo3MoskHBIE TTyTH NMPOHUKHOBEHHSI MMOCTOPOHHEH MHUKPOMIOPHI B OMOpPEaKTOp. ACENTHYECKOe
KyJIbTUBHpPOBaHHE. MeTOAbl OTIENEeHUS U JEeCTPYKLUHUU KOHTAMHUHAHTOB, WX CpPaBHUTEIbHBIN
aHaJIN3.

CriocoObl cTepuiIM3aluy JKUIKOCTEH, TBEPIBIX CcyOCTpaToB M Bo3ayxa. Tepmuueckas
crepunmn3anusa. Kpurepuu crepunnzanuu, UX pacder Uil U30TEPMUUYECKOT0, HEIPEPHIBHOIO U
HECTAIMOHAPHBIX YCIOBUH. AnmapaTypHoe 0(OpMIIEHUE CTAAHUN.

JlekoHTaMUHALMA BO3JyXa W O0OOpPYIOBaHMSI B MPOU3BOJCTBEHHBIX IOMELICHUSIX.
MarepuanbHblii ¥ SHEpPreTHYecCKHil OanaHChl Tpolecca OwocuHTe3a. BnusHme ycrnoBuid
KYyJIbTUBUPOBAHUS TMPOAYIICHTa Ha TEIUIOBBIIEICHHE W CTEMeHb YTHIM3aluu cyOcTpara.
[Torpebnenue kucnopoga MHUKpoOpraHudmMamu. Maccomepenaya KHCIOpOAa OT BO3AyXa K
KJIeTkaM. Macconepenaya — yriaekucioro rasa.  IleHooOpa3oBaHue ¥ TEHOTAIICHUE.
[lepememmBanue npu GpepMeHTaul U ero Buasl. OCHOBHOE (pepMEHTALMOHHOE 000PYAOBaHHE,
€ro BUJIBI U TPEIBAPUTEIBHBIN 110100D.

buopeakTopsl NEpHOAMYECKHE W HENPEPBIBHO JCHCTBYIOLIME, IOJIHOIO CMEIICHMS,
MOJIHOTO BBITECHEHHS U TMPOMEKYTOYHOrOo Tuma. buopeakTopsl s OCYIIECTBICHUS
aCeNTHYECKUX, YCIIOBHO-aCENTHYECKMX M HeacenTHueckux omnepanuil. Knaccudukanus
OMOpeakTopoB MO crnoco0y BBOJAA SHEPTUU: ammaparbl ¢ MEXaHHUYECKUM IepEMEINBAHUEM,
O6apOoTaKHBIN, SPIUPTHBIA. MeTObI ONpeIeSIeHNs BEIMUYUHBI KOd(DPHUITMEHTA MacCoTepeiauy B
OropeakTopax pa3IMYHON KOHCTPYKIIHH.

Onucanue OCHOBHOTO OOOPYIOBaHUS JJS BBIICJICHUS, KOHLEHTPUPOBAHHUS M OYHUCTKU
IOPOAYKTOB OHOCHHTE3a C IIeNbI0 MOJYYeHHsS TOTOBBIX TOBAapHBIX (OpPM MpenapaTos.
Ob6opynoBaHue 1Jis pa3ieNeHus] MUKPOOHBIX CYCIICH3HM, )KUIKON 1 TBepAoi ¢a3sl (IeHTpudyru
OCaZUTENBHOTO M (PUIBTPYIOLIETO THUIIA C TIEPUOJUUECKON U C HEMPEPHIBHOM BBITPY3KOM OCaKa;
cynepueHTpudyru; cenapaTopsl st GUIBTPOBAHUSI U OT)KMUMA OCAIKOB).

ObopynoBanue Uis KOHUEHTPUPOBAHMS KYJIbTYPAJIbHBIX KHJAKOCTEH M HATUBHBIX
pacTBOPOB BaKyyM -BBIITApUBAHUEM (ammapaThbl C BOCXOAIICH W Tafaronieil MmiIeHKoH; pOTOPHO-
IUIeHOYHble ucnaputenu). O6opynoBaHue Ui NMPOBEICHHS IPOLIECCOB OCAXKIEHUs (BIUSHUE
HAYaJIbHOM KOHLIEHTpAIMU OCAXKAAEMOTO BEIECTBA, TEMIIEpaTyphl Ha CKOPOCTb 0Opa3oBaHUs
ocajka).



O6opynoBanue Uil TPOBEACHHS TMPOIECCOB OKCTPAaKUUU U3 TBepAod (a3pl U
OpTraHWYECKUM pacTBOpUTEIEM (BIMSHUE COOTHOIIEHUsS a3, BpEeMEHH KOHTakTa (a3 Ha
s dexkTuBHOCTL mporecca). OOopymoBaHue Uit OapoMeMOpaHHOTO pa3AeNeHUS U OYUCTKH
IPOAYKTOB OMOCHHTE3a U BO31yXa (MHUKpOQMIbTpaLus, yIbTpaguiabTpalus; oOpaTHBIH 0cMOC;
CEJIEKTUBHOCTH OapoMeMOpaHHBIX MPOLIECCOB; KOHIIEHTPALUs Telneo0pa3oBaHus).

O6opynoBanue ais  XpoMaTorpauMueckoro KOHIIGHTPUPOBAHUS M Pa3/eleHUs
KOMIIOHEHTOB HAaTHUBHOTO pacTBOpa (MOHHBIM OOMEH M Trenb(QUIbTpalus; OYHUCTKAa MPOAYKTOB
OouocuHTe3a Ha THAPOGOOHBIX copOeHTax). OO0opyaoBaHUE ISl CYIIKH OMOTEXHOJOTHYECKOU
IPOAYKIMH (CYLIIWIKM paclbUIMTENbHbIE, BAIbIIOBO- JIEHTOUYHbIE, OapabaHHBIE, KUIISALIETO CIOM,
ITHEBMaTUYECKHe, CyOIMMallOHHbIe, BAKYYMHbBIE M BAKYYMHBIE C TOIOPOCOM JaBJICHHUS).

[TpuHIMIBL peryTupOBaHUs, KOHTPOJS W aBTOMATUYECKOTO YIPABJICHHS MPOIECCAMU
O6uocunresa. Co3aHue W dKCIUTyaTalusi MpHOOPOB, CUCTEM H3MEpeHHs (PU3NKO- XUMHUECKUX,
buzHoNOrHUecKux U OMO(U3HUECKUX MMAPAMETPOB, KOMITBIOTEPU3UPOBAHHBIX TEXHOIOTHUECKUX
KOMIIJICKCOB.

buorexHo/0orn4ecKkue MeTobl 3aIUThHI OKPYKAIOIIEH cpelbl (AK0JI0rHYecKast

OHOTEXHOJI0THsI)

AHTpomnoreHHsle (HakTopbl XMMHUYECKOTO M OMOJIOTHUYECKOTO 3arpsi3HEHUs OKPYXKaromlen
cpenbl. Opranndeckue KCeHOOMOTHUKH, COSTMHEHUS a30Ta, cephl, hocdopa, TsHKEIbIe METAUIbI U
paaroHykIu bl buonorudeckre MeTo bl Tl pEIIeHUs 3a/1a4 OXPaHbl OKPYKaloUeil cpebl.

OcHoBHbIE OMOXUMHUYECKUE IyTH MHUKPOOHOIOTUYECKOI TpaHchopmanuu
3arpsA3HSIOMMX BeIecTB. MUKpPOOpPraHU3Mbl — OHOAECTPYKTOpPHL. buonorndeckas ouyucTka
CTOYHBIX BOJ. lIpUHIMMUANTBHBIE CXEMBl OYHCTHBIX COOpYKeHUH. (OCHOBHBIC TNPUHITUITHI
paboThI, METOJIBI U COOPYKEHHUSI a’dpOOHON U aHa’POOHON OMOIIOTMYECKON OYMCTKU CTOYHBIX
BOJ U MepepadOTKU MPOMBIIUIEHHBIX OTXOJO0B. YTHJIM3AlMs JUOKCHAA YIJIepoJa C MOMOUIBIO
MHUKPOOPTaHHU3MOB.

buonoruueckue MeTonbl OYMCTKM BO3AyXa. buonoruyeckas ae30[0panusi Ta30B.
OcHoBHBIE METOJBI M NPUHLHUIHUATIBHBIE KOHCTPYKLUMH YCTaHOBOK. buopemenuamus u
Ouosornyeckas O4MCTKAa MPUPOAHBIX cpen. OcHOBHBIE 1moaxosl. Co3gaHue TEXHOJOTHH Ui
BOCCTAaHOBJICHUS ~ OKpYXarolled  cpesl C  HUCIOJb30BAHUEM  T'€HHO-MH)KEHEPHO-
MOIU(HUIMPOBAHHBIX ~ MHKPOOpPraHu3MoB. Pa3zpaboTka  OMOTEXHOJIOTMYECKHX  CIIOCOOOB
YHUYTOXKCHUST XHUMHMYECKOrOo Opykus. buonormdeckass mnepepaboTka TBEPAbIX OTXOJOB.
buopecTpykius NpupoAHBIX U CHHTETUYECKUX MOJMMEpPHBIX MaTepuaioB. KommoctupoBaHue.
BepMukynbrypa. buomornueckass koppo3uss U OMONHAB. MOHHUTOPHHT OKPYKAIOIIEH CpeEbl.
MeTtoapl 6M0TECTUPOBAaHUS M OMOMHIUKALIMA B MOHUTOPHHTE.

Hay4Hble 0CHOBBI MHK€HEPHOT0 0opMJIeHHsI OMOTEXHOJIOTH I

Crepunusanus TeXHOJIOTHYECKUX TOTOKOB U 000PYIOBaHHUS.

Knaccupukanuss mnpousBoacTB OHWOCHHTE3a 10 OTHOIIGHUIO K KOHTAMUHAIIHH.
Bo3MokHBIE TyTH NMPOHHUKHOBEHUS MMOCTOPOHHENH MHUKpPO(IOpHl B OMOpeakTop. AcenTHueckoe
KYJIbTUBHpPOBaHUE. METOABI OTIENCHHUS W NECTPYKIHUU KOHTAMHUHAHTOB, WX CPaBHHUTEIHHBIN
aHaIIn3.

Crioco0Obl cTepuIM3allud KUIKOCTEH, TBEPABIX CyOCTpaTOB W BO3ayxa. TepMuueckas
crepunmn3anus. Kpurepuu crepuinzanuu, UX pacder Jid U30TEPMUUYECKOT0, HEMPEPHIBHOTO U
HECTaIllMOHAPHBIX YCJIOBHM. AmnmapaTypHoe opopmiieHHe ctaauid. JlekoHTaMHuHAIMs BO3ayXa U
000py/I0BaHUs B TPOU3BOJCTBEHHBIX MTOMEIICHUSIX.

MarepuanbHbIi 1 SHEpreTHUecKuil 6anaHchl mporecca OnOCUHTE3A.

CrexnomeTpuss MUKPOOHOJIOTHYECKOTO CHHTE3a. MEeTOIbl pacueTa CTeXUOMETPUUYECKHX



KO2()PUITMEHTOB ¥ COCTABJICHHE MaTepUATIBLHOTO OalaHca CTaIuu OMOCHHTE3A.

Bnusinue ycnoBuil KyJnbTHBUpPOBaHMSI NPOAYLEHTa Ha TEIJIOBBIACICHUE, BEIUYUHY
HKOHOMHUECKOTO KO3((UIIMEHTa U CTeNeHb yTHiau3anuu cyocrpara. [lorpebnenue kuciaopoaa
MUKpOOpraHu3MaMu. Maccomepeaada KUCIopoaa OT BO3ayxa K KieTkaM. KoHIleHTpannoHHbIe
«IMbl».  Maccomepenadya  yIJIEKHUCIOro  Tra3a.  MaccooOMEHHBIE  XapaKTePUCTUKHU
dbepmeHTanmonHoro obopynosanus. [leHooOpa3zoBanue u neHoramenue. [lepemenmnBanue npu
dbepmeHTaIy U ero BUAbl. MaccOOOMEHHBIN U TEIJIOBOM pacueThl OMOPEaKTOPOB: MO 00IaCTIM
MPUMEHEHHUS, TI0 YCIOBHSAM MPOBEACHUS MpoleccoB Onocunre3a. OCHOBHOE (epMEHTALMOHHOE
o0opyI0BaHKe, €ro BUJIBI U TIPEIBAPUTEIBLHBIN TI0100D.

buopeakTopsl mepuogNMUecKHEe W HENPEPBHIBHO JCHCTBYIONIUE, IMOJTHOIO CMEIICHHUS,
MOJTHOTO BBITECHEHUS W TMPOMEKYTOYHOTO THIA. bBHOpPEakTOphl HJs OCYIIECTBICHUS
ACETNITHYECKUX, YCIIOBHO-aCENTHUYECKNX U HeacenTHUYecKux omepanwii. Kiaccudukarus
OMOpEeakTOpoOB MO croco0y BBOJAA JHEPTUU: almaparbl ¢ MEXaHHMYECKHM IEePEMEIINBAHUEM,
6apOOTaXKHBIN, SPITUDTHBIH.

Meroapl ompeneneHuss BEeTWYUMHBI KO3 HUIIMEHTa Maccomepenadyd B OHOpeaKTopax
pa3IMYHON KOHCTPYKIIUH.

OcHOBBI MOIEJIUPOBAHUS OMOPEAKTOPOB

Oranel  MogenupoBaHus. [lapamerpel MojenupoBaHHsi M HMX  COINOCTaBJICHHE.
MopaenupoBaHue 1O BBOAMUMON YAECIBHOHW SHEPrUM, IO HWHTEHCUBHOCTH MAacCOIEpEeHOca
kucnopona. MccrnemoBanue u  pa3pabOTKa TMPUHIMIOB U QJITOPUTMOB  ONTHMAIBHOTO
KOMIIBIOTEPHOTO MPOSKTUPOBAHMSI OMOTEXHOJOTHMYECKHX CcucTeM. OnucaHue OCHOBHOTO
000pyIOBaHUs TSI BBIJEICHHSI, KOHIIGHTPUPOBAHUS M OYUCTKU MPOJYKTOB OMOCHHTE3 C IEIBI0
MOJTyYeHUsI TOTOBBIX TOBapHBIX GopM mpemnapaToB. OOopymaoBaHue Il pa3aeIeHUs] MUKPOOHBIX
CYCTICH3UM, KUAKON U TBepAod (ha3bl (HEHTPUPYTH OCATUTEIHHOTO W (DHIBTPYIOIIETO THIA C
MEePUOINYECKOW W C HENMPEPHIBHOM BBITPY3KOW OCaaKa; CyHEpHeHTpU(yru; cemapaTopbl s
¢unbTpoBaHUS M OTXKUMa ocankoB). OOopynoBaHUE U KOHLIEHTPUPOBAHUS KYJIbTYpPaJbHBIX
KUJKOCTEH M HATHBHBIX PAcTBOPOB BaKyyM -BbIIapWBaHHUEM (ammapaThl C BOCXOIAIEH U
najamliell TUICHKOW; POTOpPHO-TUICHOYHBbIe ucnaputenw). OOopydoBaHHE Ui TMPOBEICHUS
MPOIIECCOB  OCaXJCHUS (BIUSHUE HAYAIBHON KOHIEHTPALMKM OCAXKIAEMOTO BEIIECTBA,
TEMIEPATypPhl HA CKOPOCTh 00PA30BaHUS OCAIKA).

O6opynoBanue Il TPOBEACHHS TPOIECCOB OKCTPAKIUU U3 TBepAod (a3el u
OpTraHWYECKUM pacTBOpUTEIEM (BIMSHUE COOTHOIIEHUsS a3, BpEeMEHH KOHTakTa (a3 Ha
s dexTuBHOCTH Tporiecca). OOopyaoBaHue sl OapoOMEMOPAHHOTO pa3/eNieHus W OYHUCTKH
MPOJYKTOB OMOCHHTE3a M BO3ayXa (MUKpOodHIbTpanus, ynbTpaduibTpanus; o0paTHBIII 0CMOC;
CEJICKTUBHOCTh 0apOMEMOpPAHHBIX MPOIECCOB; KOHIICHTPAIUS Ieie00pa3oBaHus).

O6opynoBanre Uisi  XpoMarorpadu4yeckoro KOHIIGHTPUPOBAHHUS H  pa3eICHUS
KOMIIOHEHTOB HAaTHBHOTO pPAacTBOpa (MOHHBIM OOMEH M TeNb(HIbTPAIHs; OYUCTKA MPOAYKTOB
OomocuHTe3a Ha ruAPodoOHBIX copOeHTax). OOOpyIOBaHHWE AJISI CYIIKHM OMOTEXHOJIOTHYECKON
NPOAYKIHH (CYIIHIIKH PacbUINTENbHBIC, BAIBIIOBO- JICHTOYHBIE, OapaOaHHBIC, KUIISAIIETO CIIOS,
MTHEBMAaTUYECKHE, CyOIMMAaIIOHHbIC, BAKYYMHbBIEC M BAKYYMHBIE C TTOJI0POCOM JaBJICHHUS).

OGopynoBaHue 11 OYMCTKH Ta30-BO3MYIIHBIX BBIOPOCOB W CTOYHBIX BOJ (TpyObI
Bentypu, ckpybOepsl MOKpOW OYHUCTKH, OTCTOMHUKH, OMOMUIBTPHI, adpPOTCHKH, OKCHUTEHKH,
METaHTEHKH ).

[IpuHUUNBI peryJupoBaHus, KOHTPOJISI U ABTOMATHY€CKOI'0 YIIPpaBJIeHHs MpoleccaMu
OmocuHTe32
Cozmanue W OKCIUTyaTalusi MpUOOPOB, CHUCTEM U3MEPEHHS (U3HKO- XUMHUYECKUX,



¢buznonornueckux U 6MopU3NUECKUX MapaMeTPOB, KOMITbIOTEPU3UPOBAHHBIX TEXHOJIOTHUECKUX
KOMIIJIEKCOB.
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V. IIporpamMmma BCTyNHTEIbHOI0 IK3aMeHA MO CleHAJbLHOH TUCIUILINHE
(nayuHasi cnenuajabHoCcTh 1.5.8 Maremaruueckast 0MoJ10rusi, 0MOUH(OPMATHKA)

ba3oBble TMOHATHS W KOHIENUUU MOJEKYIsIpHOM TreHeTuku. OcCHOBHas jaorma
MOJIEKYJIIDHOM TIeHeTUKU. Marpuunslii npuHiun. I[Ipomeccsl peluMkanuu, TPaHCKPHUIILNY,
Tpancnsanuu. ['enermyeckuit kox. Crpykrypa TeHOB u reHomoB. Cnernuduka TeHOMOB
Pa3TUYHBIX [[APCTB KUBBIX OPTaHU3MOB. DK30H-UHTPOHHASI CTPYKTYypa reHOB. TpaHCKPUIIIUS U
e perymsuus. TUIIBI PEeryasSTOPHBIX PaiilOHOB TPAHCKPHUMLUHU. TpaHCKPUMIIMOHHBIE (AKTOPBHI.
CtpykTtypa U (yHKIUS TpPOMOTOpa. DHXAHCEp, CallIeHCepbl W HMHCYIATOpHI. [loHsTHEe O
KOH(OpPMaIMOHHBIX W (PU3UKO-XUMHUUYECKHX cBoWcTBax nBonHoW crimpanmu JIHK. Crpykrypa
XpoMaTrHa. XPOMOCOMBI. DnureHerndeckas perymsanus. Moaudukamuu JIHK u rucToHOBBIX
oenkoB. Ctpykrypa u ¢ynkuus PHK. MuxpoPHK wu ux ywactue B aerpagumpoBanmu PHK.
Jlimanbie Hexkomupyromue PHK. Tpancnsauus PHK. Perynsuus tpancnaumu. CtpykTypa u
(byHKIHS OETTKOB.

WNudopmannonnsie TexHoNorun B OnoumHpopmaruke. Vcrnonbp3oBaHue B OHONOTMH U
MPUKIATIHBIX HcchenoBanusax. CpeacTBa mepenayn JaHHBIX; CPEACTBA XpaHEHUs u 00paboTKH
JMaHHBIX. VIHTEpHEeT Kak CpeJCTBO MPO(ecCHOHAIBHOrO OOLICHHS] M pEIICHUs OMOJIOTHYECKUX
3anau. [lonstus Web-kanana, Web-cTpaHuIlbl, TUTIEPCCHUIKH U T.J. | HTIEPTEKCTOBBIE CHCTEMBI.
XML TtexHomorun. DJEKTpoHHas Tourta. TenekoHdepeHIu. S3pIKM MporpaMMUpPOBAHUS B
ouonHpopmarrke. CpaBHUTEIBHBIA aHan3 cpenctB mporpammupoBanus (C (C++, C#), Java
(biojava), Perl (bioperl), Python, R(Bioconductor)).

ba3bl nannbix B OMomHdpopmaruke. basbl n 6anku naHHbIX. Kiaccel CTpyKTyp JaHHBIX:
UepapXHUecKue, CETeBbIC W PEISLUOHHBIC. SI3bIKM OMHCAHUS W MAHUITYJIUPOBAHUS JTAHHBIMU.
Cucrems! ympasienust 6aszamu ganubeix (CYBJl). Apxurekrypa u ¢pynkuuun CYBJl. Meronsl
noctyna. Manekcel. Xommposanue. A3piku 3ampocoB (SQL u mp.). basel 3Hanuii..OcHOBHBIC
nH(pOpMaIMOHHBIE pecypchl M 0a3bl JaHHBIX 110 MOJIEKYJIsIpHOW Owuonoruu. banku
ouonornueckux nocienoBatenbHocTe (UCSC, Ensemble, GenBank, EMBL), mouck 3amnuceii B
Oankax manHbix mo anHHoTaruu (cucrema UCSC Table Browser, Entrez mnm ux anamor).
Cuctembl opranu3aiuy KOHBeHepHOH paboThl ¢ OnonornyeckuMu qanabiMu (Galaxy).

OyHKIMOHANBHAS aHHOTalus OuomnonuMepoB. [lonstue amroputma. BeramcnurenbHas
CJIO’KHOCTB aIrOpUTMOB. CXOJICTBO OMOJIOIMYECKHX MOCIEI0BATEILHOCTEH, €ro OMOI0rnYeCcKHii
CMBICT. MeTobpl BRIpaBHUBAHUSI OMONOTHYEeCKUX mocienoBaTensHoctei (6enkos, JJHK, PHK);
OCOOCHHOCTH QJITOPUTMOB  BHIPABHMBAHHUS B 3aBUCHUMOCTH OT THNA OHOJOTHYECKOU
MOCIIEI0BATEIbHOCTU. MeToAbl BbIPaBHHUBAHUS: MAapHOE M MHOXECTBEHHOE, JIOKalIbHOE U



riobanbHOe. ANTropuT™ TiobansHOro BhipaBHuBanus Humnsmana-Bynma (Needleman-Wunsh).
ANTopuTM JIOKaIbHOTO BhIpaBHHBaHus Cmurta-Yorepmana (Smith-Waterman). Gibbs sampling.
Anroputmbl  Blast, FASTA; HazHaueHHe ¥ OCHOBHBIE BO3MOXHOCTH. TexXHOIIOTHSA
AHHOTUPOBAHMUS  TOCIEAOBATEIBHOCTEH;  OCHOBHBIE  TOAXOABl K  aBTOMAaTHYECKOMY
AHHOTHUPOBAHUIO MTOCIIEIOBATENLHOCTEH; TOCTOBEPHOCTh AHHOTAIIMH 110 TOMOJIOTHH.
PacnioznaBanue CTpyKTypHO-(DYHKIMOHAIBHBIX MOTHBOB B TE€HETHYECKHX TEKCTaX.
[TonsiTie MOTHBA M METOABI €r0 MpPEACTaBICHUs (KOHCEHCYC, BECOBask MAaTPHUIbl, MAapKOBCKas
Mojienb). OLieHKa TOYHOCTH paclo3HaBaHMs. MeTo/Ibl paclio3HaBaHUs POMOTOPOB, IHXAHCEPOB
U JIPYTUX PETYIATOPHBIX Y4acTKOB. MeToibl IpeAcKka3anusi BTopuuHoM cTpykTypsl PHK.
AHalM3 JaHHBIX MAacCOBOTO OJKCIEpUMEHTa. ['eHoMHMKa W TpoTeomMuka. MeTonbl
KOMIBIOTEPHOTO AaHalu3a IMOJHBIX TEeHOMOB. [IOMCK CHTHAJIOB B TEHOME, MOWCK TCHOB.
Omnpenenenne CTPYKTYPHBIX Bapualliii B TeHOME. MeTo bl CPaBHUTEIHLHOTO aHAIN3a Pa3IHIHbIX
reHOMOB. MeTabonnuecKkue MyTH U METOJbI UX PEKOHCTPYKIHH. JKCIIEPUMEHTALHBIE METOIBI,
OCHOBaHHBIC Ha CeKBeHHpOoBaHWUHU HOBoro nokoseHus (RNA-seq, ChlP-seq, Dnase-seq, WGBS,
Mukpoappen). [IpodaitnuHr sxkcnpeccnu U MpoOJIeMbl aHAIU3a U HHTEPIIPETAIIUN PE3YJIbTaTOB.
[TpodaitnuHr CcBsI3bIBaHUSA (HAKTOPOB TPAHCKPUMIIIMKM M MOIU(DHUKAIIMNA THCTOHOBBIX OEJIKOB;
MOMCK TMHKOB; OMOJoTHYeCKass HHTeppeTanus pe3yabTaoB. [Ipodaiinuuar metunuposanus [JHK,
nouck auddepeHnantbHO-METUIMPOBAHHBIX PETHOHOB, OMOJIOrHYECKas HHTPEIPEeTALIHSL.
OcHoBBI MeTOIOB aHaMKM3a JaHHbIX. [loHsaTus Datamining u Textmining.
Mertoapl knaccuukanum M Kiactepuzauuu. MeTox OmopHbIX BeKTOpoB. DakTOpHBIN
aHayn3 (MeToJ1 rIaBHBIX KOMIIOHEHT). PerpeccnonHblii aHanu3. JJuCKpMMUHAHTHBIN aHAIU3.
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VI. IIporpamma BCTYNHMTEJbHOI0 3K3aMeHA MO CNENHAJTbHON JUCIUIJIMHE
(nayuynas cnenuaabHocTh 1.5.11 Mukpoounosiorus)
Bo3HukHOBeHME U pa3BUTHE MUKPOOHOJIOTUM

OtkpeiTue  Mukpoopranu3moB  Jlesenrykom.  Paborer  I'yka, TepexoBckoro.
[Tocnenyromue pabotel onmcatenbHoro nepuoaa (CamoitnoBuua, Kanwsip ae Jlarypa, I1IBanHa,
Krormara, Opendypra, Kona). OcHoBomnonaratotiast poib [lactepa B pa3BUTHH MUKPOOHOIOTUH
(uccrnemoBanus B 00JIacTH OpOKEHMM, 'CaMOIPOU3BOJBHOTO 3apOoxAcHHS", WH(EKIIMOHHBIX
3aboneBanuit). 3HaueHue pabor Koxa, uyncreie KynbTyphl. M3yueHne GpuU3HOIOTHYECKUX TUIIOB
MHUKpoopranuzMoB. Pabotsl Bunorpanackoro, beliepunka, MeunukoBa, Kitonsepa, Ban-Huus.
OTtkpeiTHe BUpycOB M OaktepuodaroB. Paborsl MBanoBckoro, I'amanes, Tyopra, [['Dpems.
HccnenoBanusi coBeTckux MuKpoOmosnoros. Paborer OmensiHCKoro, KocthueBa, H.XynskoBa,
Hancona, byrkeBuua, XonomHoro, HWcauenko, I[llanommnukoBa, HMepycaimumckoro u mp.
XapakTeprucTUKa OCHOBHBIX Pa3/ieJIOB COBPEMEHHOW MHUKPOOHMOJIOTUH, OOIIasi MUKPOOHOJIOTHS,
TeXHUUYecKas (IPOMBILUICHHAs), CETbCKOX03SIICTBEHHAsA, BO/IHAS, T€0JIOIMUECKasl.

Mukpoopranu3mMsbl 1 UX Kjaaccupurkanus

Mup Mukpoopranu3moB; oOuue npaBuia U pazHooOpasue. [lonoxeHue cpenu Apyrux
opranu3mMoB. [IpokapuoTHBIE ¥ SBKapUOTHBIE MHKPOOPTaHU3MBI, OCHOBHBIE pa3IHYHA.
[puanuner  kinaccupukanuu. [IpaBuna HOMEHKIATYphl H  JMArHOCTUKH. 3HAYCHHE
MOP(HOIOTHUECKUX, KYJIbTYPaIbHBIX, THHKTOPUATBHBIX, IIUTOJIOTHYECKUX, (PU3HOTOTHUECKUX U
pa3NUYHBIX ~ OMOXMMHYECKHX  TPHU3HAKOB IS  CHCTEMaTUKH  MHKPOOPTaHU3MOB.
Takconomuyeckoe 3HaueHue cocraBa M cTpykTypsl JIHK, cocraBa KJI€TOYHOW CTEHKH.
Hymepuueckas takcoHomusi. DuioreHerndeckas cucrematuka. [IpokaproTsl — OCHOBHBIE
00beKThl MHKpOOHONOruH. OCOOEHHOCTH OTIENIBHBIX Tpymil. baktepun m ux paszHooOpaswue.
Hctrunable OakTepun. AKTHHOMUIETHI, MukoOakTepuu, Mukoriazmel, CiupoxeTsl, PUKkeTcHum.
[{nanobakTepun (CHHE-3€JICHBIE BOJOPOCIH) W OJM3KHMEe K HaM MHUKpoopraHu3Mbl. Kiaccer,
NOpPSIIKK M BaKHEHIIMEe ceMeilcTBa NpokKapuoT. OBKapuoThl. KpaTkas xapakTepucTuKa
OTIIENBHBIX TPYII 3BKAPHOTHBIX MHUKPOOPTaHU3MOB: TpHUOOB, BOJOPOCIEH, MPOCTEUIIHX.
Bupycel. Ux knaccudukanms. @aru (6akrepuodaru, aktuHoparu u ap.). OCHOBHbBIE CBOICTBa
BUPYCOB (COCTaB, CTpPOCHHUE, B3aUMOJCHCTBHE C KIETKOW xo3suHa). [lonoxkenue B
OMOJIOTHYECKOM MHpE.

XHMMHYECKHI COCTaB

DneMEeHTapHBI COCTaB KJIETOK MHUKpoopraHu3moB. ConaepxaHue BOABI U €€ (POPMEI.
OcHoOBHBIE TIONUMEPHI KJIETOK; OTIMYUE cocTaBa OT BuUpycoB. Coxaepxanue U (QyHKUUU
pa3IMYHBIX KOMIIOHEHTOB KJIETOK. 3allacHble BeIllecTBA. [I3MeHeHHe cocTaBa KIETOK B
3aBUCUMOCTH OT YCJIOBHI KYJIbTUBUPOBAHUS U COCTOSIHUSI MUKPOOPTaHU3MOB.

Mopdgoiorusi, CTpoeHHEe U pa3MHOKEHHE

MuKpOoCKONMMYECKNE METOABI U3YUYE€HUSI MUKPOOPraHu3MoB. CBETOBOM MUKPOCKOII U €T0
Pa3HOBUIHOCTH; TEMHOMOJbHAS, (Aa30BOKOHTPACTHAS, AHONTpAbHAS W JIOMUHECIEHTHAs
MuKpockonus. [IpuUroroBneHue pazIuyHBIX MpenapaToB MHUKPOOpPraHu3MoB. Metoasl u
3HaYEHUE OKPACKU KJIETOK. DJIEKTPOHHBIM MUKPOCKOI M €ro NMpUMEHEHHE B MUKPOOHOJIOTHH.
VYabTpaTonkue cpesbl. CrocoObl pa3pylieHus KJIETOK U BbIICTIEHUE OTACIBHBIX CTPYKTYP.

Mopdomorusi MukpoopraHu3moB. Paszmepbsl. OJHOKJIETOYHBIE W MHOTOKJIETOYHBIE
dopmbl. OcHOBHBIE (OPMBI  OJHOKJIETOYHBIX OakTepuil. Mopdonoruss aKTHHOMHIIETOB,
MHUKCOOAKTepUH, CIIUPOXET, HUTUYATHIX M MOUYKYIOIIHUXCS (popM, aApoxokelt TpruOoB, BOJOPOCIEH.


http://www.library.biophys.msu.ru/moldyn/

Crtpoenue kietok. OCOOEHHOCTH CTPOEHHs KJIETOK MPOKApUOT B CPAaBHEHHUU C IBKAPUOTAMHU.
SnepHplii ammapaT, cOCTaB M O0COOEHHOCTH opraHu3anuu. CocTaB W CTPOCHHE KIIETOYHBIX
CTEHOK. KIIeTOUHbIE CTEHKH y TPaMIIOJIOKUTENbHBIX U IPAaMOTPHULIATEIBHBIX MUKPOOPTIaHU3MOB,
ux (yaknuu. [Ipotormactsl u chepormactsl. L-hopMbl 1 MUKOIITIa3MBbl; BO3MOXHBIE TIPUYHUHBI
UX BO3HUKHOBEHHUs. Karcynel: pasHOBHIHOCTH, COCTaB M 3HayeHHe. OUMOpUU M BBIPOCTHI.
HuTorna3maruyeckas MemOpaHa, €€ COCTaB, oOpraHuzanmus M QyHKIUS. MUTOXOHAPUH.
Xnopomnactsl. [{uTomnnasma M opraHousl MPOKAPHOTOB: PUOOCOMBI, ME30COMBI, THUIAKOUIBI
(xpomaTodopsl), a3pocoMbl (Ta30BbIC BaKyosH). BKIIFOUeHHS, UX COCTaB U 3HA4YCHHE. J[BHKEHUS
MUKpPOOPraHu3MoB. JKTyTHKH, UX YHMCIO U PaCIoOJioKeHUE Yy OaKTepHil; cOCTaB U CTPOCHHUE.
OumOpuu U aKCOCTHJIb  CIIUPOXET, CKONb3siuX  ¢opM. Tokcuueckue  peakuuu
MHUKPOOPTIaHU3MOB (a3pOTAKCUC, XEMOTaKcHC, ¢poroTakcuc). Pasmuoxxenue. LIukiabl pa3Butus u
CHOCcoOBI Pa3MHOKEHHS TPOKAPHOTHBIX M ABKAPUOTHBIX MUKPOOPraHU3MOB. buHapHoe neneHue
U ToukoBaHWe. PasMHOXeHHMe OakTepwii, aKTMHOMMIIETOB, HHUTYAaTHIX (OpPM, BOJIOPOCIEH,
rpu6boB. IlomoBoii mpouecc y Mukpoopranu3moB. l[lokosimumecst (GopMbl MUKPOOPTaHHU3MOB,
DHIOCTIOPHI OaKTepuit 0Opa3oBaHKE, COCTaB, CBOMCTBA U OMOJIOTHYecKoe 3HaYeHHE. [{UCTHI.
KyiabTHBUpOBaHUE U POCT MUKPOOPTraHU3MOB

HakonutenbHble KyIbTypbl W NPUHIMIBL  AMEKTUBHOCTU. YHCTBIE  KYJIBTYpHI
MUKpPOOPraHu3MoB. MeToapl monydeHus U 3HaueHue. OCHOBHBIE THIIBI Cpell MO COCTaBy M
buszndeckomy coctosiHuio. KynpTuBupoBanue aspoOHBIX, aHA3POOHBIX M (POTOCUHTE3UPYIOIINX
MHUKpoOpranu3MoB. IloBepxHOCTHOe W TJIyOMHHOE BbIpaliMBaHue. PocT  moOmymsiuii
MUKPOOPraHU3MOB B IEPUOAUYECKUX KynabTypax. [loctpoenue kpusbix pocra. dasbl KpUBOU
pocra, ux ocobeHHocTd. OmpeneneHHe CKOPOCTH, YAETbHOH CKOPOCTH pOCTa, BPEMEHH
TeHepaluu, 53KOHOMHUYECKOro Ko3(dduuumenra, cydcTpatHoil KOHCTaHTHL —JIByX(a3HOCTb
pPa3BUTUU KYJIbTYp, BTOpUYHBIE MeTaboiuTHl. Jluaykcus. IlpuyuHBl JAUMHTaLIMA poOcTa U
ormupanusi. HenpepsiBHble KynbTypbl. HenpepbiBHOE BocTipon3BeieHIE KPUBOW pocTa: OaTapen
dbepmeHTepoB, TyOyNsipHbIe anmapaThl. [ OMOreHHO-HENpephIBHOE KYJIbTUBUPOBAHUE. XEMOCTaT,
TypOuaocTar. 3HaueHHe METOAa HEeMpPEPHhIBHOTO KYJIbTUBUPOBAHUS ISl U3YUYEHUS (PU3UOJIOTHU
MUKpPOOPTraHM3MOB U B IPOMBIIIJIEHHOCTH. POCT M pa3BUTHE KIETOK MHUKpPOOPTaHU3MOB.
CHHXpOHHBIE KYJIBTYPBI, CIIOCOOBI UX MOJIYYSHHS.

DuU3H0JI0rusl MUKPOOPIraHu3MoB. /lelicTBHe (D)AKTOPOB BHELIHEH Cpeabl

Poct B 3aBucMMocTH OT TemmepaTypel. KapanHaiabHble TOUKM (BEpXHHE M HUKHHE
rpaauIel). OcobeHHOCTH TMCHXPOGUIOB, Me30pUIOB H TepMOoDmiIoB. TepMOyCTOMYUBOCTH
BEreTaTUBHBIX KJIETOK pAa3IMYHbIX MHKPOOPTaHU3MOB, OHHAOCHOpP OakTepuil U JApYyrux
nokosimuxcst  popm. Mcmnonb3oBaHue BBICOKMX TeMIepaTyp s crepwinzanuu. JlelicTBue
HU3KUX TeMIeparyp. XpaHEHHE 3aMOPOXKEHHBIX KyJIbTyp. ['HMapocTaTHueckoe aBliCHUE;
O6apodunbable U OaporosnepanTHble (Qopmbl. OcmoTHueckoe naaBiaeHue. OcoOEHHOCTH
OCMOQHIOB M TaJOpWIOB, paAcIpOCTpaHEHHE U MPaKTHYECKOe 3HadeHue. Panumarus.
DuU3UO0IOTNYECKOE, MYTareHHOe 51 CTEPUIIN3YIOLIEE JIEUCTBUE. Y cToWunBOCTh
MHUKPOOPTaHM3MOB K  YIbTPa(HONETOBHIM  JIydaM M  HOHHM3UPYIOIIUM  HM3JIyYCHHSM.
®doropeakTuBanus. POCT MUKpOOPraHHU3MOB B 3aBUCUMOCTHU OT BJIAXKHOCTH.

YcroitunBocTh K BhICymMBaHuio. Jlmodpunmszanus. OTHOIIEHHE MHUKPOOPTaHU3MOB K
KHCIIOPOly; a’poObl M aHa’poObl (oOymratHbie W (DaKyabTaTUBHBIC). BO3MOXXHBIE TPUYHHBI
WHTHOMPYIOMEro JEHCTBUSI KUCIOpPOJa Ha CTPOTHMX aHa’dpoboB. PocT pazmmunbix a’po0oB B
3aBUCHUMOCTH OT cojepxkanuss kuciuopona (pO2). OKHCIUTENEHO-BOCCTAHOBHUTEIbHBIM
NOTEHIMAN Cpefbl, (pakTopsl, ero onpenensomue. 3nauenue pH cpensl. lllenodeycroitunseie,
KHACJIOTOYCTOMYUBBIE M alMI0(PHUIbHBIE MUKPOOPTaHW3MbI. 3HAaue€HUE W30BITKA M HEIO0CTaTKa



AJIEMEHTOB MHUTaHUsI. AHTUMHKpOOHBIE BemecTBa. [Ipupoaa n mpoucxoxaeHue (abnorndeckoe,
OMOTHYECKOE) aHTUMUKPOOHBIX BemecTB. CrnenupuIHOCTh W MEXaHU3M  JEHCTBUS.
Bakrepuocrarnueckuit u OakTepunuaHbli 3ddexTe. OOmacTH NpPUMEHEHUS pa3IMYHBIX

AQHTUMHUKPOOHBIX COCIMHECHUM. Baxueiiue XUMHOTEPAIIEBTUYECKUE [pernaparsl,
KOHCEPBUPYIOIIHUE, Ie3UHPUIHUPYIOUIHE 5 CTEPHIU3YIOIIUE CPEJICTBA.
IIuranue

Pa3nooOpasue morpeOHOCTEH B MUTAaHUM B MHUPE MUKPOOPTaHU3MOB. ABTOTpodus u
rereporpodusi. I[lonstus QoroaBroTpodus, dotorerepoTpodusi, XeMOIUTOABTOTPODHUS,
XEeMOJIMTOOpraHoTpodus, xemoopranorerepoTpodus. CanpoduThl, KOMEHCAIBI W Tapa3uTHI.
[TporoTpodsl, aykcoTpodsl, mapaTpodsl (BHYTPUKIETOUHBIC Mapa3uThl). ICTOUHHMKY yriepoaa u
SHEPIruH, UCIOIb3yeMble MUKpoopranusMamu. Pasnoobpasue. Mcrounuku azora. Oprannueckue
M MUHEpAJIbHbIE COCOUHEHHS a3oTa, pojidb B Merabonuzme KieTok. [loTpeOHOCTH
MUKpPOOPTaHU3MOB B TOTOBBIX aMHHOKHCIIOTaX, BHTaMHUHAaX U JPYyrux (akropax pocra.
[IpakTudeckoe MPUMEHEHUE ayKCOTpO(dHBIX MHUKPOOPTaHU3MOB. [TorpeGHOCTH
MHUKPOOPTaHU3MOB B COCAMHEHUSX cepbl, ¢dochopa, B MHKpOIIEMEHTax (’Kelie3e, MarHww,
KaJIuW, KaJbIIMHM, HATPUU, MapraHie, MoJauOaeHe u npyrux). VX poab B MeTaboiau3Mme.
[IpoHukHOBEeHHE B KJETKYy NUTaTeNbHbIX BemiecTB. Juddy3us U aKTUBHBIA TpPaHCIOPT
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN U COeAMHEHUI HEPACTBOPUMBIX B BOJIE.

OO0Men BelecTB (MeTa001M3M)

AHa0onmuyecknue U KaraOONMYecKHue TMpolecchl. VX B3aUMOCBSI3M Y  Pa3HBIX
MHUKPOOPTIaHu3MOB (aBTOTpOQOB, rerepoTpodoB). AMPUOOIUTH U IIeHTPaOoIuTsl. OCHOBHBIC
JOTIOTHUTEIIbHBIC (aHATIIIEPOTHYECKHE) TyTH MeTaboIn3Ma.

1. AHab0113M (KOHCTPYKTUBHBIA METa00TIH3M).

OcHOBHbIE MOHOMEpPHI KOHCTPYKTHBHOI'O MeTa0oiu3Ma (OpraHMYecKHe KHUCIIOTHI,
aMUHOKHCJIOTHI, caxapa, a30TUCThle OCHOBaHUA U Apyrue). [lytu oOpa3oBaHus U HajbHEIIEro
UCIIONIb30BaHUsA. ACCHUMUIISIUS YIiiepofa YIJIeKUCIOThl TrereporpodamMu U aBTOTpodamu.
[TentozodocharHplii  BOCCTAHOBUTENBHBIM IHUKJI YIJIEpOJAa M BOCCTAHOBUTEIBHBIN ITUKII
KapOOHOBBIX KHUCJIOT. Hanmuume »TUX IHMKJIOB Yy pa3iMYHbIX MHUKpOOpPraHu3moB. Ilytu
ACCUMIJIALIMA MHKPOOPTaHU3MaMHU JPYTUX OMHOYTJIEPOIHUX COCIWHEHUH (METaH, METaHOI,
dopmuar). Mcnonp3oBaHue anerata U APYTrUX IBYYTIIEPOTHBIX COSAMHEHHN. 3HAYCHHE ITUKIIA
TPUKapOOHOBBIX KUCIIOT U TJIMOKCUIIATHOTO IIYHTA B KOHCTPYKTHUBHOM METa0OIU3Me. Y CBOCHHE
MUHEPAJIBHBIX COEIMHEHUN a3oTa. ACCUMWIISLMOHHAs HUTpaTpenykius. Ilytu obOpazoBanus
aMUHOKHUCJIOT  (MpsAMOe  aMUHUpPOBaHUE, I€peaMHUHUPOBAHHE,  B3aHMOIIPEBPALICHUE).
OO6pazoBanue MukpoopranudmMamu d -aMUHOKHUCIOT. Dukcanusi MOJEKYJISIPHOTO a30Ta.
CBOOOIHOXKMBYIIIME W CHUMOMOTHYECKHE a30TPHUKCATOpPhl. MexaHu3M  a30T(PHUKCAIIHH.
[IpakTudyeckoe 3HAaUeHUE TpoOIEcca. YCBOCHHE COCIMHEHUW Cepbl. ACCHMUIISIIUOHHAS
cynbarpenykius. CHHTE3 HYKJIEHHOBBIX KHCIOT, moiudocdaroB, OEIKOB, ITUMUAOB,
MOJIMCAXapUI0B, W JAPYTUX KOMIIOHEHTOB KJIETOK. [IpakTudeckoe 3HauYe€HHWE MHUKPOOHOTO
O6unocuHTe3a. MUKpOOPraHM3Mbl KaK HCTOUHUKH JEHIEBOr0 Oeika u aMHHOKUCIOT. OOpa3oBaHue
U BBIJICJICHHE THAPOIUTHYECCKHX (EepMEHTOB (TMpOTeWHA3, HyKJea3, aMmmias, MeKTHUHA3,
1[eJUTI0NA3, JIMIAa3), BATAMHUHOB U JPYTMX POCTOBBIX (PAKTOPOB, MOJIMCAXAPHUIOB (AEKCTPAHOB),
TOKCHHOB, ajJKOJIOMJOB. bHOCHHTE3 aHTHOMOTHKOB. DBakHelne aHTHOMOTUKH U HX
MPOIYLEHTHI; MPAKTUYECKOE MPUMEHEHNE aHTHOUOTHKOB.

2. Katabonu3m (9HEepreTHdecKue mporecch).

CrocoObl TONMYYeHHs] MHUKPOOPTaHU3MaMU DJHEpPrus M MyTH ee TpaHchopmaimy.
buonorudeckoe okucieHwe. DHIAOTCHHBIE W JK30T€HHBIC, OPraHUYECKUE W HEOPraHUYeCKHe



OKHCTIsieMble cyOcTparhl. VX pa3HooOpa3we u OOIMIHOCTh MyTEeH OKHUCIWUTEIBHBIX IPOIIECCOB.
Kucnopon wu npyrume aknentopbl Bojopoaa. llentpameHas pons ATD u  cmocoObl ee
00pa30oBaHUs: OKUCIUTENbHOE (OChHOPHUIMPOBAHUE B IIETIH TIEPEHOCA AIIEKTPOHOB, CyOCTpaTHOE
dochopmmuposanue, hotodhochopuarpoBaHue. DBOIIONUS YHEPTETHUESCKUX TPOIIECCOB.

Bbpoxenns. Knaccudukamus copaxuBanus yrineBojos no lllanommukoy. CybcrpaTHoe
dochopmmmposanne. CririproBoe. MOJIOYHOKHUCIIOE TOMO- U TeTepOoPepMEHTaTUBHOE OpOKEHNE,
IIPOMMOHOBOKUCIIOE, MAaCISIHOKHMCIIOE, alleTOHOOYTHIIOBOE, cMelllaHHble OposkeHus. OCHOBHbBIE
MPONYKTHl Pa3aUYHBIX OpokeHui. V3MeHeHHs: OpOXEHWUW B 3aBUCUMOCTH OT YCJIOBUH
KYyJIbTUBUPOBaHUS ~ MHUKpOOpraHusmoB.  J[ByxdaszHOCTb  OpokeHMil, ee  HpUYUHBL
XapakTepucTuka MHKPOOPTaHU3MOB, BBI3BIBAIONIMX pa3duuHble OpokeHus. I[Ipaktuyeckoe
3HaYeHHE OHTHUX TPOILECCOB. AHA’pOOHOE pA3JIOKEHHE MHUKPOOPTraHU3MAMHU MOJMMEPHBIX
coequHenuii.  Llemmono3opaspymaroniye, NEKTHHpa3pylIAlONKe, aMMOHH(DHUIHPYIOIINE
(THUJIOCTHBIE) COpPaXMBAIOIIUE AMHUHOKHUCIOTHI, OaKkTepuu M JAPYrHe MHUKpPOOpraHu3Mbl. Mx
NpaKTUYeCKOe 3HaAUCHHE.
AHa’po0HOe OKHCJIEHHE OPTaHNYeCKHX Cy0CTPATOB C HCIOJIb30BAHHEM HEOPTaHUYeCKOIo

aKuenTopa Boaopoaa

Metano6pasytomue apxeu. [IyTb 00pa3oBaHus MeTaHa MPU UCHOJIB30BAHUU PA3INYHBIX
coemuaeHUi. Cynbdarpeaykius. MUKpOOPraHW3MBbI, BbI3BIBaIONIME ATOT Tporecc. IlyTs
TUCCUMIIIALIMOHHON  cynbdarpenykuuu. Okwucnsgemble  cyoctpatel.  [enutpuduxarms.
MuKpoopranu3Msel, BbI3BIBAIOIIKME 3TOT mporecc. [lyTh JUCCUMMWIALIMOHHON HUTpPATPEAYKIIUH.
Oxucnsgemple cyocTparhl. 3HaueHHE ACHUTpU(DUKALUU, CYTb()aTpeIyKIIMM M METaHOTeHe3a B
MPUPOIHBIX YCIOBUSX.

A3po0HoOe OKHC/ICHHE OPraHNYeCKUX BellecTB

Pa3nooOpasue cyOcTpaTOB, OKHCISIEMBIX MHKPOOPTaHU3MAMH: YIJICBOJbI, OEIKH,
HYKJIGMHOBBIE KHUCIJIOTBI, JIMMHUIABI, YIJIEBOAOPOJBI, TMOJUMEPHbIE U MEJIKHE MOJIEKYJIbL.
YHuBepcanbHple MexaHu3Mbl mojiydeHuss AT® mnpu OHMOIOTHYECKOM OKHCICHUH: ITHKI
TPUKapOOHOBBIX KHCIOT U TMeHTo30(ochaTHRIE OKUCIUTENbHBIA 1UKI. KoHeuHble myTH
nepeHoca BOJOpOJa M 3JIEKTPOHOB OT cyOcTpara Ha KHciaopoJ. ['nmaBHeWne mepeHOCYHKH U
depMeHThl, ydacTByomue B 3TuX npoueccax. [lonnoe okucnenne 1o COz u HO (mpixanue).
HenonHoe okucieHne OpraHWYECKHX CyOCTpPaToB, MPOAYKTHI M HPUYMHBI 3TOTO SIBICHUSL.
CBeueHue OaKTEpHil U CBA3b 3TOTO MpOIlecca C OKUCIUTEIBHBIMU poIieccaMy. XapaKTepHCTHKa
U MPaKTUYECKOE 3HAUEHUS BAXKHEHIIMX TPYNI MHUKPOOPTraHU3MOB, CIOCOOHBIX OKHCIATH
pa3IuYHbIE TMPUPOJHBIE BellecTBa ¢ 00pa3oBaHUEM MPAKTUYECKH IEHHBIX MPOJYKTOB.
YkcycHokucnble OakTepuu, oOpazyemble MMM OpOAYKTHl. CHHTE3 OpPraHMYECKHUX KHCIOT
IpyruMu  OakTepussiMu W Tpubamu. TpanchopManusi MHKPOOPTaHM3MaMHU CTEPOMJIHBIX,
UHJIOJIBHBIX U JAPYruX coeauHenuil. [IpakTuyeckoe uCmoib30BaHKeE.

OxkuciieHHe HeOPraHUYeCKUX COeANHEHUH (AHOProOKCHUAAIMs) 1 XeMOCHHTe3

['pymnma XEMOJIUTOABTOTPO(PHBIX MHUKPOOPTaHU3MOB, OCHOBHBIE CBOMCTBA
Hutpudukamus, ¢assl nporecca, mpoMexyToyHble U KOHEUHbIE TPOXyKThl. COeAMHEHUS Cepbl,
OKHCIISieMble MUKpOOpranu3mMamu. IlyTH OKHUCIIeHUs, KOHEUHble NpPOAYKTH. OKHCIeHHE
Bojopona. OkucieHue keiae3a W MapraHila, SHEpPreTH4YecKoe 3HaueHue. OJIEKTPOHHO-
TPAHCIIOPTHBIE CHCTEMBI Pa3IMYHBIX XeMOaBTOTpodoB. KoHeuyHble akuenTopsl 3IEKTPOHA.
O(PGhEeKTUBHOCT,  HWCIONB30BaHMUsI ~ CBOOOMHOW  »Hepruu.  [IpakThdeckoe  3HauYeHUE
XEMOJIMTOABTOTPO(OB.

DOTOCMHTE3NPYIOLIIe MUKPOOPTraHU3MbI
XapakrepucTuka (HOTOCHHTE3UPYIOUIMX OakTepuil M MHKpoBojopocieid. OcoOeHHOCTH



0aKTepHaIbHOTO u PacCTUTEIBLHOTO (dorocuHTE3A. ITurmeHTsl, YCTPOMCTBO
(OTOCHHTE3UPYIOILETo anmnapara, MEXaHU3M U IPOILYKThI (POTOCHHTE3A.
I'eneTHka U MI3MEHYMBOCTH

Opranuzanys T€HETUYECKOro amnmapara y 3BKapuOTOB M IIPOKApUOTOB. MexaHu3M
permukanmu JIHK. I'enernueckuit xon u cunHTte3 Oenka. ['eHermueckas u (eHOTHUIMHUYECKAs
(pusmonoruyeckass) n3MeHUMBOCTb. MyTanus U pekomOunanuu. [Ipupona ¥ THIBI MyTalMi.
Yacrora wmyrtanmii. Myrtarennsle ¢aktopsl. [lomynsiuonHas wu3MeHUHMBOCTh. Cenekums
MyTaHTOB. OOjacTh  NPaKTUYECKOTO  HUCMOJIb30BAaHUS  MYTAaHTOB  MHKPOOPTaHU3MOB.
PexomOuHaIms y 3yKapuOTHBIX MUKpOOpraHu3MoB. [1o0BOM M mapacekcyanabHBIM MPOIECCHI.
PexomOuHanms y mnpokapuoT: TpaHchopMauus, TpaHCAYKLHUs, KoHbrorauus. [lnasmuel
Oakrepuif, Perymsums oOmena BemiecTB. KOHCTHUTYyTHBHbIE M WHAYHHOENbHBIE (EPMEHTBHI.
MexaHu3MBbl peryysuuu cuHTe3a (pepMeHTOB (MHAYKLHMA, pernpeccus). Perymsuus akTHBHOCTH
(epMEHTOB; CBOWCTBa aJUIOCTEPUUYECKHX (EPMEHTOB. MMUKpPOOPraHU3MBI M 3BOJIOIMOHHBINA
nporiecc. Bo3MokHBIE (UIIOreHETUYECKHE CBSI3U MUKPOOPTaHU3MOB (IIPOKAPHOT U 3BKApPHOT).
Hx oTpakeHue B cucTeMaTuke. Bo3MOKHOE MPOMCX0KIEHUE BUPYCOB.

IKO0JIOTHSI MUKPOOPTraHM3MOB

buocdepa u pacnipocrpanenre mukpoopranuzMoB. CojiepkaHUE W BOKHEUIIIAE TPYIIITHI
MHUKPOOPIaHU3MOB B IO4YBE, BOJOEMax M arMocdepe. KpyroBopoTsl BemecTB B HpPUPOJE -
yriepoja, a30oTa, MHHEpalbHBIX 3j1eMeHTOB. OcHoBomosaratouye padoTrsl OMENSHCKOTO U
Bunorpazackoro. buoxumuueckasi AesT€IbHOCTh MUKPOOPTaHU3MOB. Poilb MUKPOOPraHU3MOB B
OYBOOOPa30BaTENbHBIX MpOIeccaX M B IUIOJOPOAUH TOYB. 3HAUYCHHE MUKPOOPTaHHU3MOB B
NEPBUYHON NPOAYKIIMHM BOJOEMOB U MHUHEpAJIM3allMM OPraHUYECKUX BellecTB. Vcnonb3oBaHue
JUIsL OYUCTKM CTOuUHBIX Boj. CaHuTapHblii KOHTposb. PacmpocTpaneHne U poiib
MHUKPOOPIaHU3MOB B HEQTSIHBIX MECTOPOXKAEHUSAX. YdacTHe B OOpa30BaHUM IIOJE3HBIX
uckonaembix. IlpuMeHeHHe MHMKpPOOMOJOTMYECKUX MPOLECCOB Ul TMOJTYYEHHUS IOJIE3HBIX
UCKOIaeMbIX. MUKpPOOpPraHu3Mbl B aTMOC(epe U KOCMOCE.
®opMa B3aMMOOTHOIIIEHUIT MUKPOOPTraHU3MOB MeK1y C000H U ¢ BHICIIMMHU OPraHUu3MaMHu

(MeTadmn 03, CUMONO03, AHTATOHU3M)

3HayeHne METaOMOTHYECKMX W  CHUMOHMOTHYECKHMX  B3aUMOOTHOIIECHHH  MEXIy
MHUKpoopranuzMamu. Paznuunbele ¢opmbl  aHTaroHusma ("akTUBHBIA" ©  "maccUBHBIN"
AQHTaroHW3M, Napa3suTU3M, XUIIHUYECTBO). IIpakTHueckoe HCIOJB30BaHUE aAHTaroHU3Ma
MHUKDOOPTaHU3MOB B MEIUIMHE M CEIBCKOM XO35MCTBE. MHUKpPOOPraHHW3MBI U PACTCHUS.
Puzocdepnas u snubutHas mukpodaopa, 3HadyeHHe. CUMOMOTHUECKHE B3aWMOOTHOIICHUS
MEXIy MHUKPOOPTAaHH3MaMH M PAaCTEHUSIMH (KITyOeHbKOBBIE U 000OBBIC PACTEHUS, MUKOPU3HI U
npyrue). duronaroreHHsle MHKpoopraHusMmbl. HopmanbHas Mukpodiopa uenoBeka WU
KHUBOTHBIX. [ 'HOTOOMOTHYECKHE >KMBOTHBIE (aKCEHWYHBIE), HMX HAy4HOE 3HAYCHHE.
CuMOHOTHYECKHE B3aUMOOTHOIICHNSI MUKPOOPTaHU3MOB M KHBOTHBIX (IIpUMEpBL: MUKpodIIopa
pyOma, nmuranue TepMuToB). IlapasuTel M maToreHHblE MHKpOOpraHu3Mbl. PacmpoctpaHeHue.
[Mpuunnsl maroreHHocTH. OOpa3oBaHWE MHMKpOOpraHu3MamMu TOKCHHOB. [loHsTtue 00
UMMyHHUTETe. MUKpOOHOIOrnyeckre MeTo bl 00pbObI C BpEIHBIMUA HACEKOMBIMHU.
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OueHoYHBIE CpPeICTBA NMPHU NPHeMe IK3aMeHAa MO0 CIelHAJbLHOH TUCHUILINHE

Onenka «ynoBieTBOpUTENTBbHO» (51-68 OamioB) - mpaBWIbHBIE W KOHKPETHBIE, O3
rpyObIX OMIMOOK OTBETHl HA OCHOBHBIE BOMPOCHl. Hannune oTAenbHbIX HETOYHOCTEH B OTBETaX.
B 1nenoM mpaBuiibHBIE OTBETHI C HEOOJBITMMH HETOYHOCTSIMH Ha JOMOJHUTEIBHBIE BOIMPOCHI.
HekoTopoe ncronbp30BaHne B OTBETaX Ha BOMPOCH MATEPUAIOB PEKOMEHIOBAaHHON JIUTEPATYPHI.

Onenka «xopomo» (69-85 06amioB) - TBepable HW JOCTATOYHO IIOJHBIE 3HAHUS
MPOrPaMMHOTO MaTepuaia, MOHMMAHHUE CYIIHOCTH PACCMATPUBAEMBIX IMPOILIECCOB W SIBICHUM.
[TocnenoBarenbHble M TMpaBUIbHBIE, HO HEIOCTaTOUYHO pa3BEpHYThIE OTBETHl Ha OCHOBHBIE
Bonpockl. [IpaBuiIbHbBIE OTBETHI HA TOMOJHUTENbHbIE BONPOCHl. CCHUIKA B OTBETAX Ha BOMPOCHI
Ha OTJeJIbHbIE MaTepHalibl PEKOMEHI0BAaHHOM JTUTEPaTyPHI.

Onenka «oTimuHO» (86-100 OGammoB) - TIYOOKHME HWCYEPIIBIBAIOIINE 3HAHUS BCETO
OpPOrpaMMHOTO MaTepuaia, MOHMUMAHHE CYIIHOCTH ¢ B3aUMOCBS3UM PacCMaTPUBACMBIX
MIPOIIECCOB U sBIIEHUH. JlorMuecku mocleaoBaTenbHbIe, MOTHBIC, PABUIbHBIE U KOHKPETHBIC
OTBETHI HA BCE OCHOBHBIE BOMPOCHL. [IpaBMIIbHBIE U KOHKPETHBIE OTBETHI HA JOMOJHUTEIHHBIC
Bomnpockl. Mcmonb3oBanue B HEOOXOAMMOW Mepe B OTBETaxX Ha BOMPOCH MaTepHAlIOB BCel
PEKOMEHI0BAaHHOU TUTEPATYPHI.

Onenka «HeynoBnerBoputenbHo» (0-50 OammoB) BBICTABISETCS B Ciydae, KoOrjaa
KOJIMYECTBO HEMPABUJIbHBIX OTBETOB MPEBBIIIACT KOJTUYECTBO MPABUIBHBIX OTBETOB.

KonnuecTtBo 6anoB mpu OLIGHMBAHMM OTBETA pacHpenensercs B 3aBUCUMOCTH OT
KOJIMYECTBA MPAaBUIIBLHBIX OTBETOB U CJI0KHOCTH BOIIPOCA, B TOM UHCJIE JOMOIHUTEIHLHOTO.



	«Федеральный исследовательский центр
	«Фундаментальные основы биотехнологии»
	Российской академии наук»
	«13» марта 2023 года                                                                                             № 13.03-05/А

		2023-03-27T16:02:57+0300
	Федоров Алексей Николаевич




