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BBenenue

[Iporpamma KaHAMIATCKOTO 3K3amMeHa pa3paboraHa B coorBercTBUM ¢ Dene-
palbHBIMH TOCYJAPCTBEHHBIMU TPEOOBAHUSIMU K CTPYKTYyp€ MNpPOrpaMM MOJATOTOBKHU
HAyYHBIX U HAy4YHO-TIEJArOTHYECKUX KAJPOB B ACMHUPAHTYpE (AABIOHKTYPE), YCIOBUIM
UX pealn3aluu, CpOKaM OCBOCHHS 3TUX MPOrPaMM C YYETOM PasziUyHbIX GopM 00yde-
HUsI, 00pa30BaTENIbHBIX TEXHOJIOTUM U OCOOEHHOCTEW OTIEIbHBIX KaTeropuil acriupaH-
TOB (aIbIOHKTOB), YTBEepKIeHHBIMH [Iprkazom MuHHCTEpCTBA HAYKU U BBICIIETO 00pa-
3oBanusi Poccuiickoit denepannu ot 20 okts6ps 2021 r. Ne 951, macopToM HaydHOI
cnenuanbHoctd 1.5.6. buorexnonorus, u Ha ocHoBanuu [Ipukasa MuHHCTEpCTBa HAYKH
u BeIciero obpaszoBaHusi Poccuiickoit deneparuun ot 28 mapta 2014 1. Ne247 «O6
YTBEPKIACHUH MOPSAIKA IPUKPEILICHUS JIUL I CIaYl KaHAUAATCKUX dK3aMEHOB, CAAYU
KaHIUJIATCKUX 3K3aMEHOB U MX NepeuHs» (B pea. nmpukaza MunHoOpHayku Poccum ot
05.08.2021 N 712).

TpynoeMKOCTh OCBOEHMsI MPOTrpaMMbl KaHAMJATCKOTO dK3aMeHa cocTaBisier 1
3ET (36 uyacoB). Kannunarckuili sx3ameH «buoTexHOnOrus» NpoBOAUTCA B COOTBET-
CTBUH C pabOYMM yuyeOHBIM IJIAHOM HOJTOTOBKU Ha TPEThEM rojy oOy4eHHUs B IEPBOM

CCMCCTpC.

1. Ilepe4eHb IUIAHUPYEMBIX Pe3yJIbTATOB 0CBOEHHS NMPOTrPaAMMBbI
KAHIMJATCKOI0 3K3aMeHAa, COOTHECEHHBIX € IVIAHUPYEeMbIMH
pe3yJibTATAMHU OCBOEHHS IIPOrPaMMbl ACIMPAHTYPbI
[Io wTroram OCBOEHHS NPOrpaMMbl KAaHAMAATCKOTO 3K3aMe€Ha IO TUCUUIUIMHE
«BHOTEXHOIOT M aCIUPAHT JIOJKEH:

OO0yyaronuiicst TOJIKeH:

3HaTh

yMEThb

BJIAJIETH

1

2

3

Teopernueckue u
METOJI0JIOTUYECKNE OCHOBAHUS
n30paHHOM 001acTH HAYYHBIX
HCCIIEIOBAaHMI; aKTyasIbHbIE
MpoOJIeMbI ¥ TEHJEHIIUH Pa3BUTHSA
COOTBETCTBYIOIIECH HAYYHON
o0nactu u o0nactu
poeCcCHOHATILHOMN 1eATebHOCTH;
CYLIECTBYIOIINE
MEXIUCIUITIIMHAPHBIE B3aUMOCBSI3H;
CH0CO0bI, METO/IBI U (POPMBI
BEJICHUS HAYYHOM JIHUCKYCCHUH,
OCHOBBI 3()(PEKTUBHOTO HAyUHO-
poeCCHOHATILHOTO OOILEHMS;
aCTeKThl TPOU3BOJICTBEHHBIX
UCCIIEI0BaHMI; TPUHIUITBI
OpraHu3aly OMOTEXHOJIOTUYECKOTO
MIPOM3BOJICTBA; HAIIPABICHUS B
COBPEMEHHOM OMOTEXHOJIOTHH.

Boinenars u cucremMaTu3nupo-
BaTh OCHOBHBIE UJIEH B HAYy4Y-
HBIX TeKCTaX; KPUTUUECKH
OLIEHUBATh JIHOOYIO MOCTyNa-
01yI0 H(OpMaIuio, BHE 3a-
BUCUMOCTH OT UCTOYHUKA; U3-
OeraTh aBTOMaTU4ECKOT0O MpH-
MEHEHHS CTaHJapTHBIX (Hop-
MYJI ¥ IPUEMOB TIPH PEIIEHUHN
3a7a4u. YIpaBiasiTh OMOTEXHO-
JIOTUYECKUMH MPOLIECCAMU;
OCYIIECTBIISATH KOMIIBIOTEPHYIO
00paboOTKy MOTyYEHHBIX JIaH-
HBIX.

Meronamu, HCTIOIB3yEMBIMU
B COBPEMEHHOM OMOTEXHOJIO-

T'HH.




2. Coz:epmamle KaHInAATCKOI0 JK3aM¢cHa

B ocHOBY HacTosiiel mporpaMMbl MOJIOKEHBI CBEACHUS U3 PsAlla OTpaciield HayK,
OMKCHIBAIOIINX (PYHKIIMOHUPOBAHKUE U MEPCIEKTUBBI PA3BUTHUSI COBPEMEHHBIX OTpaciei
OMOTEXHOJIOTHH.

1. UcTopusi pa3BuTHsi OHOTEXHOJIOTHH W OCHOBHBIE €€ ACTIeKThI

[TonmuInCUUIIIMHAPHOCTh COBPEMEHHBIX OHWOTEXHOJOrMi. buoTexHomorus kak
HaIlpaBJICHUE HAay4YHO-TEXHUYECKOTO nporpecca, omnuparoueecs Ha
MEXIUCHUIUITMHAPHBIE 3HAHUS — Ouonocuueckue (TeHETHKa, Omoxumusi, O6uodusuka,
MUKpPOOUOJIOTHSA, BUPYCOJOTHUSA, (PU3UOJIOTUSA KJIETOK PACTEHUH M KUBOTHBIX H Ip.),
Xumuyeckue (XUMHUYECKas TEXHONOTHs, (usnueckas (Ouodusnueckas) XUMHUSA,
OpraHuYecKas XHWMHs, OMOOpPraHHYEecKass XUMUsS, KOMIBIOTEpHAs M KOMOMHATOpHas
XUMUS U Ap.), mexHudeckue (MPOLECChl U alllapaThl, CACTEMbI KOHTPOJIS U YIIPABIICHUS,
aBTOMATU3UPOBAHHBIE KOMIUIEKCHI, MOJEIMPOBAHUE U ONTUMHU3ALIUS POIIECCOB U JIP. ).

[TonsiTue  OMOTEXHONOTMM KAaK TEXHOJOTMYECKOrOo MpHeMa  MOJIyuyeHUs
MOIU(PULIIUPOBAHHBIX OHMOOOBEKTOB C LENbIO MPUAAHHUA UM HOBBIX CBOWCTB W/WIH
CIIOCOOHOCTH NMPOU3BOIUTH HOBBIE BEIIECTBA.

OcHoBHbIE 00aCTU MPUMEHEHUSI COBPEMEHHON OMOTEXHOJOTUU U OCHOBHBIE €€
acrneKkThl (OMOJOTMYECKHE, XUMHUYECKHE, TexHojJoruueckue). HayuHble OCHOBBI
MHXEHEPHOro o(hopmiIeHHs] OMOTEXHOJIOTUH.

2. buosiornyeckue acneKTbl OMOTEXHOJIO0THH

2.1. O0mas 0uoJIorusi, MUKPOOHOJIOTUA M (PU3HOJIOTUSA KIETOK

OnpeneneHue KA3HU M CBOMCTBA JXKMBOIO. YPOBHU OPraHU3alMM KUBOU
Marepun. KneTka Kak OCHOBa HACIIEICTBEHHOCTH M BocrpousBeacHus. CTpoeHue sapa
Y €ro poJib B HACJIEICTBEHHOCTH. XUMHYECKUI COCTAB KJIETKH (HYKJIEUHOBBIE KUCIIOTHI,
O€JIKM, MOJUcCaXapuibl, JUMUIbL, HYKICONMPOTEUAbI, TJIMKOIPOTEUIb], JIUIIOMPOTEUIbI,
MEeNTUIOTINKAHbI, MoaudochaThl, MUHEpATbLHBIE KOMIIOHEHTHI U BOJIA).

CrpoeHune M (QyHKUMM KIETKM (pa3auuus KJIETOK IMPOKApUOT U JSYKapuoT).
CtpoeHue KJIECTOYHON CTEHKU OaKTEPHiA.

OOMeH BeleCTB KaKk COBOKYIHOCTh IMJIACTUYECKOTO U HIHEPTeTUYECKOTO OOMEHOB.
JKu3HEHHBIN LUKI KJIETOK U TUIIBI KJIIETOYHOTO JIeleHUs (aMUTO3, MUTO3, MEHO03).

3akoHbl MeHzeNns U UX MHTEPIpETAUs C TOYKH 3PEHHSI XPOMOCOMHOW TEOPUU
HacJeAcTBeHHOCTH. HacneacTBEHHOCTh M K3MEHYUBOCTh. DOPMbI H3MEHYUBOCTH.

OCHOBHBIE TIOJIOKEHHSI SBOJTIOLMMOHHOW Teopun Y.JlapBuHa, ee OTIMYMS OT
teopun Jlamapka. @opMbl 0TOOpa, TUTIBI BUA00OPA30BaHMS], OCHOBHBIE ITYTH YBOJIIOIUY.

MonexkynspHeie OCHOBBI opranu3anuu xpomocomsl. @ynkiuu JIHK, rucroHos,
PHK B kierounom Merabomusme. CuenjieHue u KpOCCHUHTOBep. PexkoMOuHanus y
OakTeprodaros.

[TonoxkeHne MHUKPOOPraHM3MOB CpeAM JApPYrMX opraHu3moB. Campo(ursl,
napasuThl, maToreHHsie ¢Gopmbl. [IpuHIMIBEI K1accudukanmmu OakTepuii: 3yOaKTepuH,
nuanobaktepun, apxebakrepun. OOmas OWONOTHS  TPOTUCTOB:  BOJOPOCIH,
npocreiimue. ['pudsl. Bupycel. BupycHbie nndexnuu, 1Tu30TeHus.

MexaHu3M NOCTYIUIEHUS B KJIETKH 3YKapHOTOB M IMPOKAPHUOTOB 3K30TE€HHBIX
BemecT. dusnonorus nutaHus. DIEMEHThl NMUTAHUSA, MX 3HAYEHUE Ui Ipolecca
OouocunTe3a. Pa3HoOOpazue THUMOB MNHMTaHUS MHKPOOPraHU3MOB  (aBTOTpodus,
rerepoTpodus, dboTonuToTpodus, dboToopranotpodus, XEMOJIUTOTpODus,
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xemoopranotpodus). PazHooOpa3ue UCTOUYHUKOB yriepojaa, a3zoTa, docdopa, cepsl H
JIPYTUX 3JIEMEHTOB, UCTIOIb3YEMbIX MUKPOOPTaHU3MaMHU.

Teopus TUMUTUPOBAHUS U THTUOMPOBAHUS POCTA KIIETOK AJIEMEHTaMH MUTaHUSI.

®u3noNorusi  HHEPreTMYeckoro  oomeHa: UCIIOJIb30BAaHUE  KJIETKaMU
HHEProAarOUIMX MpoleccoB, UX 3P(HEKTUBHOCTh U 3aBUCUMOCTb OT YCIOBHUM CpPEBbl.
DKOHOMUYECKUM KOIPPUIIUEHT U €ro CBA3b C YCIOBUSMHU POCTA.

B3aumopeiicTBie KJIETOK M Cpeibl, BIUSAHUE BHEITHUX (U3NYECKUX U (PU3BHKO-
XUMUYECKUX (PaKTOpOB Ha pocT W OMOCWMHTE3 y MUKpoopraHuzmoB. Hopma u ctpecc,
npobJieMa COXpaHEHHUsI CHIOCOOHOCTU K CBEPXCHUHTE3aM.

DU3M0N0THSI OTMUAPAHMUSL.

Cesi3p  CTpykTypel u (yHKUMU. OyHKIWOHAIBbHAS UTOJOTHUS, BOIMPOCHI
augepeHIraly 1 yCIOBUS €€ BhI3bIBAIOIINE.

Crioco0bl KyJIbTUBHPOBAHUSI MUKPOOPTAaHU3MOB (MIEPHOANUECKOE, HETIPEPHIBHOE,
UMMOOUIH3AITUS KIETOK U ()ePMEHTOB).

CMelaHHbIe KyJIbTYPbl, KOHCOPLUMYMBI. [[pHHIMIIBI X KYJIBTUBUPOBAHHUS.

Metabonu3m  MHKpOOpPraHu3moB.  B3auMocBsi3b ~ OMOCHMHTETHYECKUX U
sHepreTueckux mnpoueccoB. [lonsTHe «OuoNOrnueckoe oxkuciaeHue». OCOOEHHOCTH
AJIEKTPOHTPAHCHOPTHBIX ~ CUCTEM  MHKPOOPraHU3MOB.  AHa’poOHbIE  MPOIECCHI
okucieHus. AHa3poOHoe JpixaHue. bpoxkenue.

AspoOHoe JIbIXaHUE. Pa3Hoo0Opasue cyOcTpaToB, OKHCIISIEMBIX
MUKpOOpraHu3MamMu (IPUPOJHBIE OHOIMOIUMEPHI, YIIEBOAOPOAbI, KCEHOOMOTUKH U
np.). [lomHoe aspoOHOE OKHUCIIEHUE CyOCcTpaTa, HEMOJIHOE OKUCICHUE U TpaHCchopMalus
opranudeckux cyocrpatoB. OKucieHHWE HeopraHmdyeckux cyoctpaToB. OcoOEHHOCTH
OakTepranIbHOrO (POTOCUHTE3A.

buocunTeTnyeckue IPOLIECCHI. AcCUMHIIALIMOHHAS HUTpaTPEIyKUHUs,
cylbparpenykuus, a30TGuKcanus.

OCHOBHbIE MOHOMEpBI KOHCTPYKTHBHOro Mmetabomusma. [lytu obOpa3oBanus u
JaJIbHEHIIIEr0 MX MCIOJNb30BaHMs. 3HAUCHHE LMKJIA TPUKAPOOHOBBIX KHUCJIOT U
IJIMOKCUJIATHOTO IIYHTA B KOHCTPYKTHBHOM METa00IHU3MeE.

CuHTE3 JIMNHUIOB, NOJMCAXAPUIOB M JIPYrMX KOMIIOHEHTOB KieTKU. I[Ipak-
TUYECKOE 3HaU€HUE 3TUX IpoleccoB. OOpazoBaHUE MUKPOOPraHU3MaMu OUMOJIOTUYECKU
aKTUBHBIX BEIIECTB: ()EPMEHTOB, AHTUOMOTHUKOB, BATAMHHOB, TOKCUHOB. [lepBuuHbIE 1
BTOpHUYHbIE MeTa0b0IUThL. X ponb B mpupoae. [Ipaktnyeckoe ucnosib30BaHUE.

Cenekuusi, reHeTUYECKHE OCHOBBI cenekiuu. [louaTue o reHotune u (GeHoTune.
HacneactBeHHOCTh, U3MEHYMBOCTh, OTOOP MHKpoOpranusmMoB. PexomoOunanus. Ilons-
THE O TEHETUKE MONMYJSIUUNA U MTONMYJSIIUOHHON n3MeHYnBOCTH. MeTtoasl cenekunn. Ce-
JEKUMST MHUKPOOPranm3moB. [Ipou3BOACTBEHHBIN (QepMEHTATOp Kak 3KOJIOrHYecKas
HUIIA.

buocdepa u pacpocTpaHeHue MUKPOOPTaHU3MOB. Y4acThe MUKPOOPTaHU3MOB B
KpyTrOBOpOTax yriepoja, a3oTa, Kuciaopoaa, cepbl. DopMmbl B3aMMOOTHOLIEHUM
MUKpPOOPTaHU3MOB.

2.2. MoaexkyasipHasi 0M0JIOTHS U T€HETHKA KJIETOK

[IoHsiTHE T€HA B «KIIACCUYECKON» U MOJICKYJSIPHOM TE€HETHUKE, €r0 3BOJIFOLHUS.
Bxilag MeTomoJIOTMM TEHHOW HWHXXEHEPUH B PA3BUTHE MOJICKYJISIPHOM T€HETHKH.
[IpuknanHoe 3HaU€HUE TEHHON HHXEHEPUU IJ11 OMOTEXHOIOTHH.

MouiekynsipHble OCHOBBI HACJIEICTBEHHOCTH.



[Ipupona renermyeckoro marepuana. OCOOEHHOCTH CTPOEHHUS T€HETUYECKOIO
Marepuaia npo- u sykapuot. Tpanckpunuusa [JHK, ee komnonentsl. PHK-nmonumepasa
u npomotop. TpaHcnsuus, ee 3Tanbl, PyHKIUs pubocoM. ['eHeTHyecKuid KOA U €ero
cBorictBa. Perummkanus JJHK u ee reneTudeckuii KoHTposab. PekoMOuHaIus, €€ TUIIBI U
moaenu. Mexanu3zmbl penapauuu  JIHK. B3auMocBs3p mnpouneccoB peruivKanuu,
PEKOMOMHAIIMY U perapaluu.

Myrtanmonnsiii nporecc. Ponb OHOXMMHYECKHMX MYTaHTOB B (OPMHUPOBAHUU
TEOpUU «OIuH TeH — oauH (epmeHT». Knaccubukanms myrtanuii. CrOHTaHHBIA U
MHIYLHPOBaHHBIM MyTareHe3. Kiiaccudukanus myrareHoB. MoJEKyJIApHBII MEXaHU3M
MyTarenesa. Maentupukaums u cenekuuss MyTtaHToB. Cympeccus: BHYTPHUI€HHas,
MEXTeHHasi U PEeHOTUITNYECKAsI.

BHEXpOMOCOMHBIE T'€HETHYECKME DJJIeMeHThl. [lmasMunapl, uUX CTpoeHHE U
knaccudukanus. [lonosoit gakrtop F, ero ctpoenue u sxu3HeHHbIN UK. Ponb dakropa
F B moOunmzauuu xpomocoMHoro nepenoca. OOpazoBanue noHopoB tuna Hfr u F.
MexanusM KoHbloranuu. baktepuodaru, uX CTPyKTypa W SKA3HEHHBIMA ITUKIL.
BupynenTtHble 1 ymMepeHHble OakTepuodaru. MUrpupyomye reHeTH4eCKUe IEMEHTHI:
TPaHCIO30HbI U [S-nocnenoBaTenbHOCTH, UX POJIb B TEHETHYECKOM OOMEHE.

HccnenoBanue cTpyKTypbl U QYHKIIMU I'€HA.

DNEeMEHThl T€HETHYECKOro aHamm3a. [Juc-mpanc-KOMIJIEMEHTAMOHHBIA TECT.
I'eneTnueckoe kapTupoBanne. PU3NUECKANA aHATU3 CTPYKTYPBI reHa. PeCTpUKIIMOHHBIN
aHanu3. MeTo bl CEeKBeHHpOBaHus. BblsiBiieHHE (DYHKIIMM reHa.

Perynsuus sxcnpeccuun renoB. KoHuenuuu omnepoHa u peryioHa. KoHTposis Ha
YpOBHE MHUIIMALMK TpaHcKpumnuuu. [IpomoTop, oneparop u peryastopusie Oenku. Ilo-
3UTUBHBIA U HETATUBHBIA KOHTPOJIb DKCIPECCUU I'eHOB. KOHTpOIb HA ypOBHE TEpMH-
Hauuu TpaHckpunuuu. [lonspuslii 3pdexr u ero cymnpeccus. KaraOoauTkoH-
TPOJIMPYEMBIE OIIEPOHBI: MOJEINb JAKTO3HOTO ONEPOHA. ATTEHIOATOPKOHTPOJIUPYEMBIE
ONEpPOHBI: MOJENb TPUNTO(DAHOBOrO oOmnepoHa. MyJbTHUBaJIEHTHAs pPeryJsuus
JKCITpecCcuu reHoB. [locTTpaHCKPUIIIIMOHHBIA KOHTPOJIb.

OCHOBBI TEHHOUN UHXEHEPUHU.

MexaHu3m reHHbIX MyTalHui, TeHETUYECKUU KOHTPOJIb. DEPMEHTHI PECTPUKLIUU
U Moaudukauuu. Belaenenne v KJIOHUPOBaHHUE T€HOB. BEKTOpHI Al MOJEKYJISPHOTO
kioHupoBanus. [Ipunimnsl kKoHcTpyrpoBanus pekomOnHaHTHEIX JJHK u ux BBeaeHus
B PELIUNUEHTHBIE KIIETKH.

3. XuMH4YecKHe acneKTbl 0MOTEeXHOJIOT UM

3.1. buoopranuveckasi XuMus 1 OMOXUMMS

OcHOBHbIE OOBEKTHI HUCCIEAOBAHUS OHMOOPTaHUYECKOW XUMHUU. MeTomabl
HCCIICIOBAHUS: XUMHUUYECKUEe, (Quinueckue, (QU3NKOXUMUYECKUE, OUOXUMHUYECKUE.
Komnrerorepnas xumusa. CHHTE3 U BBIJEIEHUE NPOAYKTOB, YCTAHOBJICHHE CTPOCHUS,
M3YyYEHUE B3aMMOCBSI3M MEXKJYy XHMHUYECKHMM CTPOCHHEM U  OHMOJOTHYecKO
AKTUBHOCTHIO (OMONIOTHYeCcKOi QyHKIIMEH) COSTMHECHUNA.

benku. AMUHOKHCIOTHI, KaK MOHOMEpPHBIE CTPYKTYpHbIE €IUHHULBI OENKOB W
nentunoB. Crepeoxumus. [Ipoeknust Oumiepa. YpoBHE CTpYyKTYpbl OenkoB. [lepBuunas
CTPYKTypa: METObl ONPEIEICHUs NOCIEN0BATEIBHOCTH aMUHOKHUCIIOT, CEKBEHATOPBI.
Bropuunas ctpykrypa 0enkoB: anb(a- u 6eTa-CTpyKTypbl. TpeTUUHas U YeTBepTUYHAS
(cyObenuHMYHAS) CTPYKTYpbl OenkoB. Poiib BOMOPOJHBIX, MOHHBIX, TUCYIb(QUIHBIX
cBs3el, THApoPoOHBIX B3aumojeicTBuil. Jlenatypanus (oOpatumasi, HeoOpaThMasi)
oenkoB. [ToHATHE O pErynsATOPHBIX OENKax.
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Hykneunossie kuciotel. JIHK um PHK. CrpykrypHble KOMMNOHEHTHI. THIIBI
cBs3eil. IIpocTpaHCTBEHHAsi CTPYKTypa MOJUMEPHBIX Heneid. [Boitnas cnupans JJHK.
KomniemMmeHTapHOCTh ~ OCHOBAHHUI. Merogel  ompeneneHus HYKJICOTUHOMN
NOCJIEN0BATENBHOCTH B HYKJIIEMHOBBIX KUCHOTaX. PecTpukuus, pecTpukrasbl. XUMHUKO-
(hepMEeHTAaTUBHBIN CUHTE3 OJIUTO- U MOJUHYKICOTHIOB.

buocunte3 HykienHoBBIX KuciaoT. ®depmentsl Ouocuntesa. Ilonarue o
TPAHCKPUIILIUU, OOpaTHAs TPAHCKPHUIITA3A.

VYrneroasl. Monocaxapuabsl. CTpoeHHE U CTEPEOXUMHS. AJbI03bI, KETO3BI.
AULUMKINYECKHE U IUKINYECKHE CTPYKTYpbl MoHocaxapunoB. [lupanossl, QypaHO3bl,
anbda- u Oeta-aHoMepswl. [lonstue o xoHdbopmarmu. [lentossr (pubo3a, apabuHO3a,
KCHUJI03a), TeKco3bl (IJII0K03a, MaHHO3a, ramaktosa). Jlesokcucaxapa (Pykoza, 2-
Je30KCUpr003a), aMUHOJIE30KCHCaXapa, YPOHOBBIE KHCJIOTHI, CHAJOBBIE KHUCIOTHI.
MoHocaxapuabl Kak CTPYKTYpHbIE MOHOMEPHBIE €IMHHUIIBI OJIMIO- U MOJUCAXapHJIOB.
CTpyKTypHBIN aHAJIN3 OJUTO- U MoJincaxapuaoB. OyHKIUN OJUTO- U MOJIUCAXAPHUIOB.
Ilonsstve o sektuHax. llemmrono3a, Kpaxmall, INIMKOTEH. YTJIEBOJACOAEpIKaIue
CMEIlIaHHble OMOTIONMUMEDPBIL. [ TMKONPOTENHBI, IENTUIOTINKAHbI, TEMX0EBbIE KUCIOTHI.

Jlunuael. Knaccudukanus nununoB. HeltpanbHbie JUnuibl, (oCOUIUIBI,
chunronunuabl. CTpyKTypHbIE KOMIIOHEHTHI JUMUI0B. JKUpHbIE KHUCIOTHL. Briciime
CoupThl, anpaeruabl. llomwosbl, rMuIepuH, MHUOMHO3UT. CTEpEeoXHMMS JIMIIUIOB.
JIunonpoteunasl. [loHsTHE O CTPpOCHUH OMOTIOTHYECKUX MeMOpaH. JINocoMBl.

Huskomonekynsipable  OHOperynsiTopel — KodepMeHTbl W BUTamMuHbL: HAJL,
HAJI®, ®MH, ®AJl, tnamunnupodocdar, nunoeBas kuciora, ATD, Ouortus,
acKOpOMHOBasl KHCIJIOTa, (poiaueBas KHUCIOTA, NAHTOTEHAT KajblUsA, KOOAJIaMUHBI.
Kackan apaxunonoBoit kuciotsl. [IpocTarnanaunasl. bBUOr€HHBIE aMUHBL: allETHIIXOJIWH,
CEpPOTOHUH U JIp.

AHTHUONOTHKH, KaK  IPUPOAHbBIC AHTUMETA0OJIUTHI. [leHnunmIMHSL,
1e(anocnopurHsI, TE€TPALUKINHBI, AMUHOTJIMKO3U/IBI, IIPOTUBOOITYXOJIEBBIE
antuonotuku. [lomycuHTeTHYECKHNE aHTUOMOTHKH.

depmeHThl, U uUx Oumoxumuueckas poib. Kiaccudukanuss m HOMEHKIATypa.
AxtuBHble  UeHTphl  (epmeHToB. CyOcTpaTHas  cnenupuyHOCTb.  DaKTOpHI,
oOecreunBaronre pepMeHTaTUBHBIN KaTanu3. Pojib MeTamioB B (PyHKIMOHUPOBAHUU
¢depmenToB.  MHruOuTOphl:  OOpaTMMble  (KOHKYPEHTHBIC,  HCKOHKYPEHTHBIE),
HeoOpatumble. OOpatumass W HeoOpatumas neHarypaius ¢depMeHToB. CrocoOs
UMMOOMIH3anus (PEpPMEHTOB Ha PA3IMYHBIX HOCUTENSX.

BHyTpH- 1 BHEKJIETOUHBIE (PEPMEHTBHI.

Merabonuyeckuii  (poHa MUKpOOHBIX KieTok. OOmwue mnpeacTaBieHus 00
aHaboJM3Me U KaTaboau3Me.

OCHOBHBIE MYTH AaCCUMWJIALIMM CYOCTpaToB: OEJIKOB, 3>KHUPOB, YIJIEBOJOB,
AMUHOKHCIIOT, YIJIEBOJAOPOJOB, CIHMPTOB, OPraHMYECKUX KHUCIOT, MHUHEPAIbHBIX
KOMITIOHEHTOB. [nmkomu3 wu  Opoxenue. [luxn Kpebca, perynsammsi akTUBHOCTH
(dbepMeHTHBIX cucTeM B Lukiae. ['ekcozomoHO(doC(haTHBII TyTh MpEeBpallCHUs
yIJIeBOJIOB. JHepretuyeckas sddexktuBHOCT, 1MKiIa Kpebca u rnukonuza. Llemnb
nepeHoca d3JIEKTPOHOB, OKHUCIUTENbHOE (POChHOpUIMPOBAHUE B JIbIXaTEIbHOM IICTH.
buocuntes uepes anetmin-KoA. @yukinn HAJTH 1 HAJI(®)H™ B peakiusx cuHTesa.

buocunTe3 0enKoB, POJb HYKIEHMHOBBIX KUCIOT. PUOOCOMHBIN IyTh OMOCHHTE3A.

[Tpuniunel OuosHepreTuku. [lyTm ¥ MexaHM3Mbl MpPeoOpa3OBaHUS PHEPTUU B
KUBbIX cuctemax. OOpazoBanue AT® u ApyruxX MaKpOIPIMUECKUX COEIMHEHUU B
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kieTkax. Poins AT® u tpancMeMOpaHHON Pa3HOCTH JEKTPOXUMHUUECKUX OTEHLINAIOB
(TOIT) B TpanchopManmu W 3amacaHuM »JHEPrUM B  KieTke. MemOpaHHas
OMOPHEpPreTHKa: HMOHHBIE HAcOChl, MEPBUYHBIE U BTOpUYHbIE reHepartopbl TOIL
[TonsiTue 00 SHEpPreTUYEecKOM 3apsle M 3HepreTudeckol 3((PEeKTUBHOCTH pOCTAa.
OCHOBHBIE THIIBI CONPSKEHUS KATa0OJNYECKUX U aHAOOIMYECKUX MPOLIECCOB.

AspobHoe npixaHue. JlpixatenbHas 1enb. OCHOBHBIE BUABI AKLENTOPOB
a5eKTpoHOB. Tunsl 6pokeHus. CuctemMsl cyOCcTpaTHOTO GOCHOPHINPOBAHHUS.

buocuHTeTHYECKHE TpoLecchl B KieTKe. brocuHTe3 OmomnoammMepoB: O€NKOB,
HYKJIEUHOBBIX KHCIOT W mnojucaxapuoB. OCHOBHBIE 3Tambl IPOLECCOB, HUX
OpraHm3alys B KJIeTKaxX 3y- U nMpokapuoT. buocunres mununos, buorenes OnomemoOpaH.
buocuntes caxapoB, L-aMHHOKHMCIIOT, HYKJICOTHAOB, BUTAaMHUHOB (KO(EpPMEHTOB).
Bropuunsie Metabonutel. A3oTduxcarms.

®ortocunTe3.  OCHOBHBIE  THIIBI  MPOIECCOB,  JOHOPBI  BJIEKTPOHOB.
becxnopodunsnbiii horocunTe3. otopenenTtop.

Perymsiius merabonusma. OnpezeneHue, ypoBHU peryisiiuu. Perymsmus peru-
kauuu JIHK u 6uocunTesa 6enkoB. Perymsmus Tpanckpuniuu. Perynsuus TpaHCcasnum.
[ToctrpanciaunonHas Mmoaupukanus. Perynsanus akTHBHOCTH (DepMEHTOB IyTeM o0Opa-
TUMOM KOBaJIEHTHOM MoJuduKauuu. Peryisius akTUBHOCTH IIyTE€M HEKOBAJIEHTHOTO
B3auMojeiicTBus ¢ 3 dextopamu. Perymnsauus kiaetodHoro neieHus. B3aunmopeiicTBue
PETYJATOPHBIX MEXAHU3MOB IIPH YIIPABICHUN CKOPOCTBIO POCTA KIIETOK.

TpancnopT cyOcTpaToB M NPOAYKTOB. MeXaHU3MBbl KIETOYHON MPOHUIIAEMOCTH:
¢usnueckas gupdysus, «obneryeHHas» aAUPQy3us, TMEPBUYHBIA W BTOPHYHBIN
aKTUBHBIA TpaHcnopT. OpraHuzanusi TPaHCHOPTHBIX cHcTeM. CHocoObl COMPSKEHHS
TpaHCIOpTa C DBHeprue meradosusma. Perymanus TpaHCHOPTHBIX MPOLIECCOB.
Cekpenus 1 3kckpenus. MeMOpanHas peryianus. Peryisius Ha ypoBHE T€HOMA.

3.2. buopusnueckass XumMmus

TepMmoauHaMUUYECKHe pacyeThl OMOXUMUYECKUX PEAKIIUN.

Temota u cBOOOAHBIE 3HEPrUM, BIMsAHUE Temmeparypbl, pH u npupoas
pactBopuTenieil. OCHOBHbIE TMOHSTHS TEPMOJWHAMUKM HEOOPATUMBIX MPOLECCOB:
CTENEHB MTOJIHOThI PEAKI[MU, HEKOMIIEHCUPOBAHHAs TEIIOTa U CpoACTBO. COIpsKEHHBIE
peakiu. OOMEH SHEPTUel U YHTPOIUEH MEXY KIETKOU U CPEeIOH.

Kunernueckue ocHOBBI (P€pPMEHTATUBHBIX MTPOLIECCOB.

CrauuoHapHasi KMHETHKAa (PEpMEHTAaTHBHBIX pEaklui, ypaBHeHHe Muxasnuca-
MenTeH. BnusiHue HHTHOUTOPOB M aKTHUBATOPOB HA CKOPOCTh (DEPMEHTATUBHBIX PEaK-
uuid. Temneparypuas u pH-3aBUCMMOCTh AKTUBHOCTH (PEPMEHTOB, WHAKTHUBALUS
(bepMeHTOB.

Kunernueckne 0CHOBbI MUKPOOHOIOTUYECKUX MPOLECCOB.

Kunernueckoe onucaHue npouecca pocta MUKPOOPTraHW3MOB. DKCIOHEHIUAIIb-
Hasi MoJeiib pocra. YpaBHeHue MoHo-Hepycanmnmckoro. MaremaTuueckoe ONKUCaHUE
NEePUOANYECKOM, TYpOUI0CTaTHOM M XeMOCTaTHOM KynbTypbl. KuHeTnueckoe onucanue
CMEIIaHHbIX KynbTyp. Kuneruka rubenn Mmukpoopranu3smoB. KuHernyeckoe onucanue
OMocuHTE3a NPOAYKTOB MUKPOOPTraHU3MaMHu.

MeMmOpannbiii oTeHIMan. Penokc-moTeHuansl B OMOJTOTHYECKUX CHCTEMaX.
[lepenoc BemecTBa uepe3 meMOpanbl. MemMOpaHHOe paBHOBecHe, ypaBHeHHE J[oHHaHA.
BbydepHubie cmecu u ux 6Guosoruueckasi pob.



AJncopOuus U MOBEPXHOCTHBIE SIBJICHUS B OMoJornyeckux cucrteMax. OCHOBHbIE
OPUHIUIIBI XpoMaTorpaduu, ee IpuMeHEHHE.

MukpoOHble MONyJNALMH KaK KOJUIOMAHBIE CHUCTEMbl, CTaOWiM3anus U
KOAaryJsiliys, CeIuMEHTalus. BbICOKOMONEKYNISpHbIE OHOJOTUYECKHE KOJIJIOUIHbBIE
CUCTEMBI, CBOWMCTBa pPACTBOPOB OCJIKOB M TMoOJUCAXapuaoB. DUBHKO-XUMUYECKUE
CBOICTBA TeJieid, poJib Tefiel B OMOJIOrMYeCKUX 00bEKTaX.

4. TexHOIOrMYECKUE aCIIEKThI OMOTEXHOJIOTUU

4.1. MeToabl OMOTEXHOJIOTHHI

OcHoBHbIE OMOOOBEKTHI OMOTEXHOJOTHUHU: MPOMBIIUICHHbIE MHKPOOPTaHU3MBI,
KJIIETKM M TKaHU PACTEHUH, KUBOTHBIX W YEJIIOBEKAa, OMOKATAIM3aTOPbl, B TOM YHUCIE
PEKOHCTPYUPOBAHHBIE TPOAYLEHTHl OHOJIOTMYECKH AKTUBHBIX BEIIECTB (CEIEKUHs,
Metona pekoMOnHaHTHEIX JIHK, rubpumomnuas Texaomorus).

ColIpbe 1151 OMOCUHTE3a U OLIEHKA €r0 OMOJIOTHYECKOM IIEHHOCTH.

OcHOBHBIE HMCTOYHUKHM  yriepoja, a3zora, Gochopa, MHUKPOIIEMEHTOB.
HccnenoBanne HOBBIX MCTOYHMKOB ChIPbSl (BKJIIOYAsl BOIPOCHI €ro IMpPeIBAPUTENILHOM
00paboTKu), pa3pabOTKa HOBBIX NHUTATEIbHBIX CPEll, B TOM YHCJIE BKJIIOYAIOLINX
OMOCTUMYJISTOPBl M ApPYTHE DJIEMEHThl YIpPABICHUS M ONTHMHU3ALMUU TPOIECCOB
OonocuHTe3a. MeTo1bl ONTUMU3ALUU TUTATEIbHBIX CPE.

TUnoBble TEXHOJOTMYECKUE TMPUEMbl U OCOOCHHOCTH KYJbTUBUPOBAHUS
MUKpPOOPTaHU3MOB, KJIETOK U TKaHEH pacTEeHUH, )KUBOTHBIX U 4elioBeka. HermpepbiBHbIE
npolecchl KylbTUBUpoBaHUs. Teopus xemocrara.

ABTOCEIEKIINI B XEMOCTATE.

[TonynenpepsiBabie  (fed batch culture) u nepuoamueckue mporeccs
KyJIbTUBUPOBAHUS.

Kunernueckoe onucanue NeprUoIUYeCKOro KyJIbTUBUPOBAHUS.

VY aenbHbIE CKOPOCTH pocTa OMOMAcChl, OMOCHHTE3a MPOJIYKTa M MOTpeOJIeHUs
cyoctparos. [lonstue o C-mosne 6uomaccel. Biusinue 3atpat cydctpaTta Ha nojaepxa-
HUE JKU3HEIEATEIbHOCTH, Ha BETMUUHY KaXKyIIErocsi 3KOHOMUYECKOro KoahduureHTa.

Mogenu kuHeTUKH OHWOCHHTE3a MPOIYKTOB MeTaboiu3Ma B 3aBUCHMOCTH OT
YAETbHOM CKOPOCTH pOCTa, BO3pacTa KyJIbTypbl, KOHLEHTpAalUU CyOCTpaToB H
MeTabOoIUTOB B CpeJie.

[Tpunuunel  macmrabupoBaHusi — mpoueccoB  ¢epmentrauuu.  Kpurtepun
MaciTabHOro Mmepexoa.

Oco0eHHOCTH NOJIyYeHHS] UMMOOUITM30BAHHBIX OMOOOBEKTOB U UX IPUMEHEHHUE B
OMOTEXHOJIOTHUH. Juddy3ronubie OTPAHUYECHHUS npu MCMOJIb30BaHUH
MMMOOMIM30BaHHBIX (DEPMEHTOB U KIIETOK.

MeTonbl KOHTPOJIS cenupUYecKrX napaMeTpoB Mpoliecca PepMEeHTALMH.

TunoBble TEXHOJOTUYECKHUE MPUEMBbl CTaIUU BBIIEIECHUS U OUYUCTKU MPOJYKTOB
OnocuHTE3A.

®dnotanus KIETOK U OEJIKOBBIX NPOAYKTOB U3 KYyJbTYypadbHOW KUAKOCTH.
DKcTparupoBaHue TMpPOJYKTOB OHMOCHHTe3a U3 OHOMAacchl MHUKpPOOPTaHHW3MOB
KHUIKOCTAMU M CYNEPKPUTHUECKUMH KMIKOCTAMHU. LleHTpoOexxkHas 3KCTpaKius
Ta0WIBHBIX MPOAYKTOB U3 KYJIbTYPAIbHOU KUIKOCTH.

Cymika 1abuibHBIX OMOTIPOIYKTOB U JKUBBIX OMOIIPENapaToB.

TectupoBanne OMOTOTUYECKU aKTUBHBIX BEIIECTB [0 TUIIOBBIM CXEMaM.



Borpocbkl Hame)KHOCTH W O€30MacHBIX YCIOBHHM OKCILTyaTallud, KOHTPOJIS
ouorporiecca, OXpaHbl OKPYXKaIOIIEH CPEJIbI.

CoBpeMEHHBIC TOAXOABI K CO3JaHUIO pEeCcypco- U 3HeprocOeperaroImx
OMOTEXHOJIOTUH.

4.2. OobaacTn NPUMEHEHUS COBpPEMEHHOM OMOTEeXHOJIOTHH.
DeHOMEHO0JI0THYeCKOe ONUCAHNE TEXHOJI0r Ml
4.2.1. buomexnonocuu  0na  CenbCKOXO3AUCMBEHHO20 — NPOU3BOOCMEBA

(cenbCcroxo3siicmeentHas OUOMexHoN02UsL)

KoHcTpynpoBanue TeHHOMHKEHEPHO-MOAU(PUIIMPOBAHHBIX (TPAHCTEHHBIX) pac-
Te-Hui. TexHomoruu reHHou nHxeHepuu pacreHuid. Co3qaHue pacTeHUui, YCTOMYMBBIX
K OonesnsM u BpeautensMm. l[loBwimeHrne MPOAyKTHBHOCTH pacteHmi. CozmaHue
pacCTeHUH C YIydIIEHHBIMH MUTATEIbHBIMU CBOMCTBaMH. [Ip0oOIEMBI M TEPCIICKTUBHI.

KauecTtBo, OezomacHOCTh U cepTUdUKAIMS TEHMOAU(PUIIMPOBAHHOTO CHIPb U
MUIIEBBIX MTPOIYKTOB HA UX OCHOBE.

[IpumMeHeHne TeHHON MH)KEHEpUU B >KMBOTHOBOJICTBE (TPAHCTCHHBIC KUBOTHBIC
KaK «OMOpEeaKTOpb OMOJIOTMYECKH aKTUBHBIX BEIIECTB).

4.2.2. Buomexnono2uu 015 KOPMOBOU O6A3bl HCUBOMHOBOOCMBA

[Tpou3BOACTBO KOpPMOBOTrO Oenka — OeiKa OJHOKJIETOYHBIX MUKPOOPTaHU3MOB.
[IpompbltiieHHBIE ITAMMBI-TIPOTYIIEHTHI. CoipbeBas 0asza. TpebGoBanus,
MPEIbSBISIEMbIE K KAdeCcTBY TOTOBOIO TIPOAYyKTa. buomacca NpOMBIIIICHHBIX
MHUKpPOOPTAaHU3MOB KaK CBIPhE JJIS IMOTYUYEHHUS ITUPOKOW TaMMBI TIPOAYKTOB Pa3THIHOTO
Ha3HadeHWs. VICronb30BaHWE TEXHOJOTHH  YTUIM3AMH  PA3UYHBIX  OTXOJIOB
(memtrono3ocoiepKalie Marepualibl, MOJOYHAs CBhIBOPOTKA, OTXOJbl MHUIIEBBIX U
prIOonIepepabdaThIBAIOLIUX IPOU3BOJICTB).

MukpoOuoIoruueckoe  MPOU3BOACTBO  (DEPMEHTHBIX  MpEemapaTtoB s
KOPMONPOU3BO/ICTBA.

MukpoOHOIOTHYECKOe  MPOU3BOJCTBO  MHAUBUAYAIbHBIX  L-aMUHOKHCIIOT
KOPMOBOTO Ha3HAUYCHUSI.

Mukpobroaornyeckoe Mporu3B0OICTBO KOPMOBBIX aHTHOMOTHUKOB.

MukpoOHoIoTHYecKoe MPOU3BOJCTBO KOHIIEHTPATOB BUTAMHUHOB KOPMOBOTO
Ha3HAYCHUS.

[Tpou3BOACTBO BaKIUH ISl )KHBOTHOBOJICTBA.

[Tpon3BOACTBO MPOOMOTHUKOB JIJIsl JKHBOTHOBO/ICTBA.

4.2.3. Illpouzeo0cmeo MukpoOHuIX npenapamos 0k pacmeHues800Cmad

brorexHomornn OaKTepHATBbHBIX M TPUOHBIX CPEACTB 3AIIUTHl PACTCHHH OT
BpPEJIHBIX HACEKOMBIX (MHCEKTHUIUIbI, PYHTULIUIBI).

broTexHOI0rnM aHTUOMOTUKOB TPOTHUB KOPHEBOM THWJIM U MyYHUCTOU POCHI.

buotexHonoruu 0akTepuaIbHbIX YI0OpEHHUIA.

[Tpon3BOACTBO CTUMYJISTOPOB POCTA PACTCHUI TOPMOHAIILHOM TIPUPOJIBI.

JocTmxennss OMOTEXHOJIOTHHM B 00JacCTH CO3JaHHS CBOOOJHOTO OT BpEIHOM
MUKPO(DIIOPHI TOCATOYHOTO MaTepurana (paccassl).

4.2.4. Buomexnonocuu 01 nuwesotl u 1e2Kotl NPOMbLULIEHHOCU

MukpoOroaornyeckoe MPOU3BOJCTBO WHIUBUIYAIBHBIX OPTaHUYECKUX KHUCIIOT
(TuMoHHas, 010YHAas1, acCTIaparuHOBast KMUCJIOTHI).

Mukpobuonoruueckoe MIPOU3BOJICTBO (dbepMeHTHBIX MpenapaTos.
Ucnonb3oBanue  (pepMEeHTOB  MHUKPOOHOTO  TMPOUCXOXKICHUS  JJI1  THIIEBOU
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NPOMBIIIEHHOCTH: TMPOU3BOJICTBO THUIIEBOTO ASTaHOJA, BHUHOMATEPHAJIOB, IHBA,
XJIE0OTIEKAPCKUX TIPOAOKEH; IPOU3BOCTBO (bepMEeHTHBIX npenaparoB
(peHHUHOTIOIO0HBIE MPOTEUHA3bl, TJIIOKOM30MEpa3bl, OeTa-ranakTo3uaasbl, Oera-
bpykTodypaHo3uasbl); MPOU3BOJCTBO IMPENapaToB, OCHOBAHHOE Ha MepepaboTke
OMOJIOTUYECKOTO ChIPhS, B TOM YHKCIIE U OMOMACC MPOMBIIUICHHBIX MUKPOOPTaHU3MOB
(npemapaThl OMOJOTUYECKU AKTUBHBIX J00ABOK, COJIEpPKAIIUX CMECH aMUHOKHUCIOT,
MENTHI0B, BUTAMUHOB U MHKPOAJIIEMEHTOB; MUIIEBKYCOBBIE T0OOABKH; KOHIIEHTPATHI U
M30JIAThl OEJIKOBBIX BELIECTB); MPOU3BOJICTBO MOJCIACTUTENCH — 3aMEHUTENICH caxapa
(T1I0K030-(PPYKTO3HBIE CUPOIIBI, acIapTaM); IPOU3BOACTBO KOHCEPBAHTOB (HU3UHA).

Hcnonp3oBanue (epMEHTOB AJI TEKCTUIBHBIX, KOXKEBEHHBIX TEXHOJIOTUH, MpU
MIPOU3BOJICTBE CTUPAIBHBIX MTOPOIIKOB.

4.2.5. Meouyunckas buomexnonocus (6uomexnonocus 0Jisi MeouyuHvl)

Hcnonp3oBaHne METOJOB HWMMOOWIM3AIMU OHOOOBEKTOB B MEIUITMHCKHX
OMOTEXHOJIOTHSIX W B JAWAarHoctuke 3aboneBaHuid. OCHOBBI  COBPEMEHHOM
MMMYHOOHOTEXHONOTHU. ['mbpunomuas TexHosorus. lcmonb3oBaHue aHTUTEN IS
OYUCTKM OHMOJOTHYECKHX O>KMAKOCTEH. THNBI BakIMH M WX KOHCTPYHPOBAHHE.
KynbrypanesHple ¥ TE€HHO-MH)KEHEPHBIE BaKIHUHBL. [IpOM3BOJACTBO  CBHIBOPOTOK.
CoBpeMeHHbIE TIPUBUBOYHBIC Mpemnaparbl. [IpemapaTtbl HA OCHOBE >KUBBIX KYJIBTYD
MUKpPOOPraHu3MOB (HOpMO(diopbl U npoduotuku). MmmyHoceHncopsl. IIponsBoacTBo
OMoceHCOpOB Ha oOCHOBe (epMeHTOB. JlparHocTmyeckue cpeacTtBa in VIitro s
KIIMHUYECKUX uccaenoBanuil. [lponszBoactso npoduotukos. Ilpon3BoacTBo GpepMeHTOB
MeUIMHCKOro Ha3zHaueHusd. Co3gaHue (QEpMEHTOB C IMOMOIIBIO METOJOB T'€HHOMN
uHxeHepu. [Ipon3BOACTBO mpenapartoB Ha OCHOBE CMecCH L-aMUHOKHMCIOT MJis
MEPOPATLHOTO U MApEHTEPaIbHOTO MUTaHUA. TEeXHOIOTHH JIEKapCTBEHHBIX MPENapaToB
Ha 0a3e cTaOWIbHBIX aJpecHbIX JunocoM. KoHCTpynpoBaHue M Mpou3BOACTBO I€HHO-
WHXEHEPHOTO UHCYJIMHA. J[pyrue reHHO-UHKEHEPHBIE JIEKapCTBA U MpenapaThl.

[TpousBoacTBO UMMYHOMOIYJIATOPOB, UMMYHOCTUMYJISITOPOB u
MMMYHOJIETIPECCaHTOB.

MukpoOuosornyeckoe MpOU3BOJACTBO AHTUOMOTUKOB DPA3IUYHBIX KJIACCOB MJIs
MeauiuHbl. [lonycuaTeTHueckne aHTHONOTHKHY.

MukpoOroa0ruyeckoe Nporu3BOACTBO BUTAMUHOB JIJISl 3[paBOOXPAHEHUSI.

TexHonornu  MNpPOAYKTOB  TpaHChopMalMM  OPraHUYECKUX  COCIUHEHMH
dbepMeHTaMU MHKPOOHBIX KJIETOK: COpPOUT B MPOM3BOJCTBE aCKOPOMHOBOW KHUCIIOTHI;
THIPOKOPTH30H W TMPEBPAIEHHE €ro B MPEAHU30JIOH; MPOAYKTHI IETUIPUPOBAHMS,
BOCCTAHOBIICHUS] W  TUJIPOKCHIMPOBAHUS  CTEPOHIIOB; TMPOAYKTHI  OKHCIICHHS
MPOU3BOIHBIX UHI0JA U TUPUIUHA.

TexHonmoruu KyJbTUBUPOBaHHS IN VItr0 KIETOK W TKaHEH pacTeHWd s
noyty4eHus: GUTONPENnapaToB U JIeHeOHO-MPOPUITAKTUUECKUX T00aBOK.

4.2.6. buomexnonocuu nonyyenus snep2onocumenetl 0l IHePeemuKU

MukpoOHoI0ornyecKoe MPOU3BOACTBO BO30OHOBIISIEMBIX MCTOYHUKOB SHEPrHUU:
HU3IIUX CHOUPTOB, alleToOHa, MeTaHa, OMOKOHBEPCHEH OpraHWYEeCKHX OTXOJ0B H
PACTUTENBHOTO ChIPbsi. MUKPOOHOIOTrHYECKOE MPOU3BOJCTBO BOJAOPO/IA.

4.2.7. Buomexnonocuu 0ns Hepme- u 20pHOO0OBIGAIOWE U 0DOCAMUMENbHOU
NPOMbBLULTIEHHOCTNU

['eomukpoOuosorust u HKojiorusi Hedre- W yriaeaoObiuu. bakrepuanbHOe
BBIIIIETIAYNBAHNE XMUMHUYECKHX DJIEMEHTOB W3 Py, KOHIICHTPATOB U TOPHBIX IOPO],
oborarenue pya, 6MocopOIHsi METaUIOB U3 PACTBOPOB. YajieHUE cephl U3 HepTH U
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yras. [loBelienne HedTeoTnauu. YaaleHHe MeTaHa U3 YrOJbHBIX ILIACTOB.
[TopaBnenue OMOKOPPO3UH HEPTETPOBOAOB.

[IpousBoacTBO OMO- M doTOpaznaraeMbiXx KOHCTPYKIIMOHHBIX IJIACTMACC s
IPOMBIIIVICHHON YHEPTETUKH.

4.2.8. buomexnonozcuueckue Memoovl  3AUUMbL  OKpydHcaroujelu  cpeobvl
(aK0102UYeCKasE OUOMEXHOI02U)

AHTpoToreHHsle  (PaKTOPhl XUMHUYECKOTO M OHOJIOTUYECKOTO 3arpsA3HEHHS
OKpyXaromei cpeapl. OpraHudeckue KCEHOOMOTHUKH, COEAMHEHUS a30Ta, CEephl,
dbocdopa, TsKETbIe METAUTBl U PATHOHYKITHIHI.

buonornyeckre MeToABI A1l pEHIEHUS 33]1a4 OXPAHbl OKPYIKAOIIEH CPEeIbL.

OcHOBHBIE OHOXMMHYECKHME TYTH MHMKPOOMOJIOIMYECKOW TpaHchopManuu
3arpsA3HIOIIMX BEIEeCTB. MUKpOOpPraHU3Mbl — OMOJECTPYKTOPBHI.

buonornyeckas 04MCTKa CTOYHBIX BOJ. [IpuHIMIIHATBHBIE CXEMBI OUUCTHBIX COO-
pyxeHuil. OCHOBHbIE TMPHUHIMIIBI PAOOTHI, METOJBI U COOPYKEHHUSI a’dpOOHON U aHand-
pOOHOI OHMOJOTrMYECKOM OYUCTKM CTOYHBIX BOJA U MEPEpabOTKH MPOMBIIICHHBIX
OTXOJIOB.

YTunuzanus TMOKCHIa yriiepoa ¢ IOMOIIBI MUKPOOPTraHU3MOB.

buonornyeckre MeToAbpl OYUCTKM BO3ayXa. buosornueckas aezomopanus ra3os.
OCHOBHBIE METO/IbI ¥ TPUHIUNIHAIbHBIE KOHCTPYKIIMHA YCTaHOBOK.

buopemenuanuss u OuosiorMyeckass OYHMCTKAa HNPUPOAHBIX cpea. OCHOBHbIE
noaxoasl. Co3MaHME TEXHOJIOTMA JJIi BOCCTAHOBIICHUS OKPY>KAOIIEH Cpeapl ¢
HCIIOJIb30BaHUEM T€HHOMH)KEHEPHO-MOIU(PUIIIPOBAHHBIX MHUKpPOOPTaHU3MOB.
Pa3paboTka GMOTEXHOIOTMYECKUX CIIOCOOOB YHUUTOKEHUS XUMUYECKOTO OPYKHUSI.

buonornyeckas nepepaboTka TBEPIbIX OTXOJ0B. buoaecTpykuus npupoAHBIX U
CUHTETHYECKUX MOJUMEPHBIX MaTeprasioB. Komnoctuposanue. Bepmukynbrypa.

buonornyeckas Koppo3usi U OMOLUIBI.

MOHUTOPHUHT OKpYKaroIel cpeabl. MeToapl OMOTeCTUPOBAHMS U OMOMHIMKAIIUH
B MOHUTOPHHTE.

5. HayuHble 0CHOBbI HHKEHEPHOT0 0()OpMIIeHHsI OMOTEXHOJIOTHIA

5.1. Crepuian3anus TEXHOJIOTHYECKUX MOTOKOB U 000Py/10BaHUSA

Knaccudukanus mpou3BoACTB OMOCHMHTE3a MO OTHOLIEHHIO K KOHTaMHUHAIIUH.
Bo3MmoxHbIE TyTH NPOHUKHOBEHHUS TOCTOPOHHEW MHUKpPOQIIOpHI B OHOpeakTop.
Acentryeckoe KyJIbTUBUpOBaHHE. MeTO/Ibl OTAENECHUS U AECTPYKIUNA KOHTAMUHAHTOB,
VX CPaBHUTEJIbHBIA AHAJIN3S.

CrocoObl cTepUIM3alii KUJIKOCTEeH, TBEPABIX CyOCTpaToB M Bo3Ayxa. Tepmu-
yeckas crepuwinzanus. Kputepuun crepuim3aluy, UX pacyeT Il U30TEPMHUYECKOro,
HEIPEPHIBHOIO W HECTAI[MOHAPHBIX YCIOBUW. AmmapaTypHoe o(OpMIIEHHE CTaaui.
JlekoHTaMUHaLKA BO31yXa U 000pYI0BaHUS B MPOU3BOJICTBEHHBIX TOMEIIEHUSX.

5.2. MarepuajibHbIi M JHePreTHYECKU 0aJaHChI Mpouecca OMOCHHTE3a

CrexuomeTpus MHUKPOOHOJIOTUYECKOTO CUHTE3A. Metonpr  pacueta
CTEXHMOMETPUIECKUX KOA(D(OUIIMEHTOB U COCTaBJIEHWE MaTePUAIBHOTO OajlaHca CTaauu
OnocuHTE3A.

Binusitnue ycnoBud  KyJbTHUBUPOBAHUSI MPOJYIEHTa HAa TEIJIOBBIJIECIEHUE,
BEIIMYMHY HKOHOMHUYECKOTO KO3(p(UIIMEeHTa W CTeNeHb YTWIM3aluu CcyoOcTparta.
[ToTpebnenue kucnopoaa MUKpoopranuzMaMu. Maccorepenaya KUCI0poia OT BO3ayxa
K kierkam. KoHleHTpaunoHHbIE «siMb». Macconepenaya yrjeKuUciaoro rasa.
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MaccoobmeHHbIe XapaKTEPUCTUKH (epMEHTaLMOHHOT O 000py10BaHUs.
ITlenooOpa3oBanue u neHoramenue. [lepememnBanye npu (pepMeHTaMU U €TI0 BUBIL.

MaccooOMEHHBII 1 TEIUIOBOM pacueTbl OHOpPEakTOpoB: IO  0O0JaCTAM
PUMEHEHUS, 10 YCIOBUAM MPOBEACHUS MTPOLIECCOB OMOCUHTE3A.

OcHoBHOE (hepMEHTALIMOHHOE OOOPYAOBAaHME, €r0 BHIbl U INPEABAPUTEIBHBIN
noaoop.

buopeakTtopsl NEPHOJUYECKHE W  HEOPEPBIBHO  JIEUCTBYIOLIKE, IOJHOTO
CMEUIEHUS, IOJTHOTO BBITECHEHUS U IPOMEXYTOYHOT'O THIIA.

buopeakTopsl s OCYIIECTBICHHS ACENTUYECKHX, YCJIOBHO-aCENTUYECKHX H
HEACENTUYECKUX OIEPALIAN.

Knaccudukaiuss OHOpeakTOpoB MO CHocoOy BBOJA JHEPIHM: ammaparbl ¢
MEXaHUYECKUM MIepeMEeITuBaHuEM, 0apOOTaKHBIHN, SPIU(THBIA.

Metonel  ompeneneHus  BeIMYMHBI  Kod(dduimMeHTa  Maccomepeiaadd B
OMopeakTopax pa3IMyHON KOHCTPYKIIHH.

5.3. OcHOBBI MOJICTHPOBAHNS OHOPEAKTOPOB

Oranbel MoaenupoBaHus. [lapameTrpel MOAENMPOBaHUS M UX CONOCTABIICHHUE.
MopnenrpoBaHu€e 110 BBOAUMOM YIEIbHOW 3HEPTUH, [0 NHTEHCUBHOCTH MacCOIlepeHoca
KHCJIOPOJIA.

HccnenoBanne u pa3paboTka MPUHLMIIOB K QJITOPUTMOB ONTUMAJIBHOTO
KOMITBIOTEPHOI'O MPOEKTUPOBAHUS OMOTEXHOJOTUYECKUX CUCTEM.

5.4. Onucanue OCHOBHOI0 o0opypoBaHus NI BbI/ICJICHHUS,
KOHIEHTPUMPOBAHUA M OYUCTKHM NPOJAYKTOB OHMOCHHTE3a € LeJbI0 INOJy4YeHHs
rOTOBBIX TOBAapHBIX GOPM NpenapaTros

O6opynoBanue mJisl pasfiefieHuss MUKPOOHBIX CYCIIEH3UH, >KUJIKOW U TBEpIOH
¢da3bl (UeHTPUPYTH OCAAUTENIBHOIO U (PUIBTPYIOUIETO THUIA C MEPUOJAMYECKOW U C
HEIPEPHIBHON BBITPY3KOW OCa/iKa; CyNepUeHTPU(YTH; cenapaTopsl s (PUIbTPOBaAHUS
1 OT)KMMa OCaJIKOB).

O6opynoBaHue JUisi KOHIEHTPUPOBAHUSI KYJIbTYpalIbHbBIX KUIKOCTEH U HATUBHBIX
PacTBOPOB BaKyyM-BhITIapMBaHUEM (ammaparbl ¢ BOCXOIAIICH W MaarolIei TMICHKOM;
POTOPHO-IIJIEHOYHBIE UCTIAPUTEIH).

ObopynoBaHue i MPOBEIEHUS MPOLECCOB OCAXKIACHUS (BIUSHUE HAvalbHON
KOHIEHTPAllMl OCaXX/JaeMOI'0 BEIIEeCTBa, TEMIIEpaTypbl Ha CKOPOCTbh OOpa30BaHMS
ocajka).

OOopynoBanue Juisi MPOBEAEHUSI MPOLIECCOB SKCTPAKIMM M3 TBEpAOH (a3bl U
OpraHUYeCKUM PacTBOPUTENIEM (BIMSIHHUE COOTHOIIEHUS (a3, BpeMeHU KOHTakTa (a3 Ha
3 PEeKTUBHOCTH MpoIlecca).

O6opynoBanue s 0apoMeMOpaHHOTO Pa3JCNIeHUs] WU OYHCTKU MPOJYKTOB
OMocHuHTE3a U BO3AyXa (MUKpPOQUIbTpauus, YIbTpapuibTpauus; OOpaTHBI OCMOC;
CEJIEKTUBHOCTh OapoMeMOpaHHBIX MPOLIECCOB; KOHIIEHTPAIUs reJie00pa3oBaHusl).

ObopynoBaHue Ui XpOMaTOrpauuecKkoro KOHIEHTPUPOBAHUS U pa3AeiieHUs
KOMIIOHEHTOB HATHUBHOTO pacTBOpa (MOHHBIH OOMEH U Telb(UIbTpalUs; OYHCTKA
MPOIYKTOB OMOCHHTE3a Ha TUAPO(POOHBIX cOpOeHTaxX).

O6opynoBanue nJisi CYIIKA OWOTEXHOJIOTHYECKOW MPOMYKIHUHA  (CYIIMIKU
pacnlbUIMTENbHbIC, BaJlblIOBOJICHTOUHbIE, OapabOaHHbIE, KHIISIIErO CJIOS, MMHEBMATH-
YyecKue, CyOJIMMalMOHHbIe, BAKYYMHbBIE U BaKyyMHBIE C TOAOPOCOM JIaBJICHUS).
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O6opynoBaHue Uisi OYUCTKU Ta30BO3AYLIHBIX BEIOPOCOB U CTOYHBIX BOJ (TPYObI
Bentypu, ckpy0Oepsl MOKpOH OYMCTKH, OTCTOMHUKH, OHO(DUIBTPBI, a’3pPOTEHKH,
OKCUTEHKH, METAHTEHKH).

5.5. IlpyuHUOMNBI PperyjiMpoBaHUSA, KOHTPOJA U ABTOMATHYECKOIO
yIpaBJieHHus NpoueccaMu O0MOCHUHTE3A.

Coznanue M 3KcrutyaTanusi IpuOoOpoB, CUCTEM HU3MEPEHUS (PU3NKOXUMUYECKHUX,
GU3MOOTHYECKHNX U OMO(MU3MYECKHUX  MapaMeTpoB, KOMITBIOTEPHU3UPOBAHHBIX
TEXHOJIOTUYECKUX KOMILJIEKCOB.

3. CTpyKTypa KaHAUJAATCKOI0 IK3aMeHa

JK3aMeH TTPOBOJUTCS B YCTHOM (popMe U BKITIOUAET TPH BOIPOCa:

1 Bompoc — o0mue aceKThl OMOTEXHOIOTHH,

2 BOIIPOC — U3 IPYTUX Pa3/ieNIOB IPOrPaMMBbl,

3 Bompoc — U3 00JIaCTU HAYYHOTO 3HAHUS, KOTOpasi COOTBETCTBYET TEME JUCCEP-
TalMM acrypaHTa (Ha COMCKaHUE YUYCHOU CTeNEHU KaHAuAaTa HayK).

Heo6xonumocTh B nepec/iaun KaHIUJIaTCKOTO IK3aMeHa 10 OMOTEXHOJIOTUH BO3-
HUKAET TOJIBKO IIPU CMEHE OTPACIU HAYKH, 10 KOTOPOH ITAHUPYETCS TUCCEPTALMOHHOE
WCCJIEIOBAHNE aCIIUPAHTA.

Kpurepuii onieHKH POMeKYTOYHOT0 KOHTPOJISI

OneHka 5 «OTIMYHOY» CTaBUTCS, €CIIU ACTIMPAHT:

- JIEMOHCTPHUPYET TITyOOKHE 3HAHUS POTPAMMHOTO MaTepUaa;

- MCUYEPNBIBAIOIIIE, TTOCIIEIOBATEIBHO, TPAMOTHO U JIOTUYECKH CTPOMHO U3Jaraet Mmpo-
TpaMMHBIN MaTepuall, He 3aTPYIHASCH C OTBETOM MPU BUJOU3MEHEHHUH 3a/IaHNS;

- CBOOOJIHO CITPABIISICTCS C PEIICHUEM CUTYAIIMOHHBIX U MPAKTUUECKUX 33]1a4;

- TPaMOTHO 0OOCHOBBIBAET MPUHSTHIC PEIICHUS;

- CaMOCTOSITEIbHO 0000IIAET U U3JIaraeT MaTepuall, He 0IMycKas OIIMOOK;

- cBOOOJIHO OMEPUPYET OCHOBHBIMHU TECOPETUUYECKUMH TOJIOKEHUSIMH TI0 TIpobema-
TUKE M3JIaraéMoro MaTepuarna.

Onenka 4 «X0opomno» CTaBUTCS, €CJIN ACIIUPAHT:

- IEMOHCTPHUPYET JIOCTATOUYHbIE 3HAHUS POTPAMMHOTO MaTepHaa;

- TPaMOTHO M MO CYIIECTBY M3JIaraeT MPOrpaMMHbIA MaTepuall, He JOIMYCKaeT Cyllle-
CTBEHHBIX HETOYHOCTEH MPU OTBETE HA BOIIPOC;

- TIPaBUWJILHO MTPUMEHSIET TEOPETUUECKUE TIOJIOKESHUSI TIPU PEIICHUN CUTYalIMOHHBIX U
MPaKTUYECKUX 33]1a4;

- CaMOCTOATENBHO 0000IAaeT W M3JaraeT Marepual, He JIOMyCKas CYIIECTBEHHBIX
OILIMOOK.

OneHka 3 «yJIOBIETBOPUTEILHO» CTABUTCS, €CITM aCITUPAHT:

- W3JIaraeT OCHOBHOM IIPOTrPaMMHBIN MaTEPUAIL, HO HE 3HAET OTAEIIbHBIX JICTaJIEH;

- JIOMTyCKAaeT HETOYHOCTH, HEKOPPEKTHBhIC (POPMYIHMPOBKH, HApYyIIAeT TMOCIEI0Ba-
TEIBHOCTh B U3JI0KEHUHU MPOrPAMMHOT0 MaTepHaia;

- WCITIBITHIBAET TPYAHOCTH MPHU PEUICHUN CUTYAIIMOHHBIX U MPAKTUUECKUX 3a/1a4.

OneHka 2 «HEYJOBJIETBOPUTEIBHOY» CTABUTCSI, €CJIM ACITUPAHT:

- HE 3HAET 3HAUYUTEIBHOU YaCTHU MPOrPaMMHOI0 MaTepUaa;

- JIOIyCKaeT rpyObie OMIMOKH MPH U3JI0KEHUH ITPOTrPAMMHOI0 MaTepuaa,

- ¢ OOJIBIIUMHU 3aTPYTHEHUSMHU PEIIAET CUTYAIIMOHHBIE U TPAKTUYECKUE 3a]Ia4H.

Pe3yabTaThl KAHANAATCKOI0 3K3aMeHa 0OPMIIAIOTCH MPOTOKOJIOM (TIPHIIOKE-
Hue 1).
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3. Bonnpochl K BCTYNUTEIBLHOMY 3K3aMeHY
Mukpoopranusmbl, kKak OM000BEKTHI, UX IPUMEHEHHUE B HAPOJHOM XO3SHUCTBE.
['eneTnueckas MH>XEHEpUs: COCTABHbIE YaCTH, 3a/1aun. Jtanbl noaydenus plHK.
3. buorexHosoruyeckoe mpou3BOJACTBO TOPMOHOB, HHTEPPEPOHOB 1 UMMYHOMO/TY-
JISITOPOB.
buorexHosorus — 1uenb, 3a4a4u, STanbl U MEPCIEKTUBBI PA3BUTHSL.

[TpUHLIUIIBI CENEKIIMU MUKPOOPTAaHU3MOB: MyTallMOHHASI U3MEHUUBOCTH, OTOOD

MOJIOKUTEIBHBIX MyTaHTOB, THOPHUIN3A1IAs MUKPOOPTaHU3MOB.

6. Mukpobuonornueckoe MpoOU3BOACTBO MHUILIEBHIX U KOPMOBBIX OEIIKOB.

/. BHOTEXHOJOrUs KaK HallpaBJIeHUE HAYYHO-TEXHUYECKOro mporpecca. OCHOBHbIE
00J1aCTH IPUMEHEHUS] COBPEMEHHON OMOTEXHOJIOTHH.

8. 'enetmueckast nmepecTpoiika in vivo (IIa3Mubl, CIUIHAE TPOTOIIACTOB U KJe-
TOK).

9. ®yukmuu JIHK u PHK, p/IHK-6noTtexHnonorus: noinydeHue GpparMeHTOB dyxKe-
poanoii JIHK, ux ounctka. Koncrpyupoanue p/I[HK u kimoHupoBaHue reHoB.

10.Crioco6b! KynbTUBHPOBAHUS MUKPOOPTaHU3MOB (IIEPHOJNUECKOE, HETIPEPHIB-
HOE).

11.KoucrpyupoBanue pexkomouHaHTHbIX JJHK ((epmMeHThI, BEKTOPHI) U UX 3HAUCHUE
B [IOJIYYEHUU LEJIEBBIX IPOTYKTOB.

12. MuxpoOHOI0TrHIecKOe IPOU3BOACTBO AMUHOKHCIIOT.

13.MuKpoO6HOIOTHIECKOe TPOU3BOJCTBO OPraHNUECKUX KHUCIIOT.

14.CoipreBas 6a3za Ouotexnosnoruu. Knaccudukaius nuTaTeNnbHbIX CyOCTpaToOB U
CBIPBS

15.0t1nenenue, ounucTka, MOAU(pUKAIUS U BbIJICJICHUE 1IEJIEBBIX MTPOTYKTOB.

16.MukpoO1oI0rHIecKoe MPOU3BOACTBO AaHTHOUOTHKOB 1 BUTAMUHOB.

17.KoucrpyupoBanue p/IHK u knonnpoBanue reHos. ['enomnas 6ubnmoteka k/JHK.

18.0OcHoBHBIE OMO0OBEKTHI OMOTEXHOJIOTHH: MPOMBIIIJIEHHBIE MUKPOOPTAHU3MBI,
KJIETKHM U TKaHU PACTEHUH, )KUBOTHBIX M Y€JIOBEKa, OMOKATAIN3aTOPHI.

19.CoxpaHeHne akTUBHOCTH ILITAMMOB M KOHCEPBALIMsI TPOYLIEHTOB.

20.2xonoruveckas OMOTeXHOJIOTHs. AHAIPOOHBIE CUCTEMBI OTYMCTKH CTOKOB. Me-
TaHOBOE OpOKECHHE.

21.TlepcrieKTHBBI TPOMBIIIIICHHOTO IPUMEHEHHUSI METOJIOB OMOTEXHOJIOTUU B HAPO/I-
HOM XO351CTBE.

22.Ctagny OMOTEXHOJIOTHYECKOTO MPOIIecca M METOBI, HCTIOIh3yeMbIe Ha STUX
CTaAUSIX.

23.01aeneHne, OYMCTKA U Pa3CICHUE MPOTYKTOB.

24. KoH1eHTprpoBaHue, 00€3BOKMBaHNE, MOAU(DUKAIINS U cTaOUIu3anmst (CyIKa)
TaOMIIbHBIX OMOMPOYKTOB M KMBBIX OMOIpENnapaToB.

25.TexHOJIOrHYECKUEe CXEMBbI BBIJICJIEHUS IPOAYKTOB U3 KJIETOYHOU OMOMAacCChI U
KyJIbTypaiabHOU sxunkoctu. [lomyderune ToBapHbIX (hopm mpemapaTos.

26.IMmMmoOuIM30BaHHbIe (PEPMEHTHI: UCTOPHS], HOCUTEIHU, UX BUJIbI, METOJIbI U TIPU-
MEHEHHE B POU3BOCTBE.

27 ITpoMblIlIIeHHOE TIOTy4YeHHe KOPMOBBIX 100aBOK. broTexHonornueckas Moau-
dbuKamys pacTUTETLHBIX KOPMOB.

28.bakrepuanbHble 3aKBACKHU.

N =

a s
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29. AHTpOTIOTE€HHBIE (PAKTOPHI XMMUYECKOTO ¥ OUOJIOTHYECKOTO 3arpsi3HEHUSI OKPY-
Karolen cpenbl (OpraHnyeckrue KCeHOOMOTUKH, COEAMHEHUS a30Ta, cephl, poc-
dopa, TxKeNble METaUTbl U PAIUOHYKIIUIBI).

30.0OcHoBHBIE 00BEKTHI U METO/Ibl OMOTEeXHOJIOTUH. [IepBUYHBIE U BTOPUYHbBIEC METa-
OOJUTHI, BHYTPUKJIETOUHAS PETYIISIIUS MeTaboIu3Ma.

31.XapakTepucTruKka OCHOBHBIX BHIOB OMOTEXHOJIOTMYECKON MPOTYKIUH.

32.00mmas XxapakTepuCcTUKa OMOPEaKTOPOB, UX OCHOBHBIE cCUCTeMBI. Kitaccudukanus
OMOpPEaKTOPOB M X HA3HAUYCHUE.

33.Ilpumenenue Texnonoruu pekomobunantHeix JJHK B MenumHckoil u BeTepunap-
HOI TMAarHOCTUKE W NATOJIOTHH.

34.bruoTexXHOIOTHIECKOE 000y TOBAHHE.

35.IIpenapaThl Ha OCHOBE KMBBIX KYJIbTYp MUKPOOPTraHU3MOB (poOnoTHKoB). [1po-
M3BOJICTBO MTPENApaTOB MEIULIMHCKOTO HA3HAYEHUSI.

36.1Ipon3BoCTBO BaKIMH, PEPMEHTOB U JUATHOCTUYECKUX ITPENapaToB.

37. 'eHHOMH)KEHEPHbIE BaKLIMHBI-BaKIIUHBI OYyILIETO.

38.MukpoOuonoruyeckas TpaHchopmalys OpraHMueCKUX COSIUHEHUN B IPOU3BO/I-
CTBE OMOJIOTMYECKU aKTUBHBIX BELIECTB.

39.0c00eHHOCTH KyIbTUBUPOBAHUS KIETOK PACTEHUN U )KUBOTHBIX.

40.CocraneHue penenTyp nurarenbHbix cpel. [lorpedHocT nporoTpodoB, pacTu-
TEJIbHBIX U )KUBOTHBIX KJIETOK B POCTOBBIX (haKTOpax.

41.broreoTeXHOJIOTusl, OMOIHEPTOTEXHOJIOTUSI U OMOceHCOPhl. OCHOBHBIE TPUHIIU-
IbI YIIPaBJIEHUS OMOTEXHOJIOTHYECKMMU MPOLECCAMH.

42 .TlpumeHeHre NMMOOUITN30BaHHBIX ()EPMEHTOB B MHILIEBON MPOMBIIILIEHHOCTH.

43.TTepepaboTka OTXOA0B MPOMBIIIJIEHHOTO TPOMU3BOICTBA (a9poOHasi, aHadpoOHasT),
OMOJIOTUYECKHII KOHTPOJIb 3a CUCTEMaMH MepepadOTKHU.

44 buotexHonorust u 6nooe3onacHocTb. OCHOBHBIE MOJIOKEHUS OM00E3aMacHOCTH.

45.HopMatuBHO-TIpaBoBasi 6aza OMOTEXHOJIOTUH U OMOMH)KEHEPUHU.

46.buoTtexHonoruyeckas rnepepadoTka MPOMBIITUICHHBIX OTX0I0B (MOJIOUHAsI, [TMBO-
BapeHHasl NPOMBIIUIEHHOCTh, Y)KUBOTHOBOYECKNE KOMIIJIEKCHI).

47 TlonnepsxaHue YUCTOM KyJIbTyphl U 60ph0a ¢ MUKPOOAMU-KOHTAMUHAHTAMH.

48.MuKpoOHOJIOTrHI€CKOE MPOU3BOJCTBO BO30OHOBIISIEMBIX HCTOYHUKOB YHEPTHUU.
IIponsBoacTBO aneToHa.

49.MeTo1bl ¥ IPUHIIMITBI CENIEKIINA MUKPOOPTaHHU3MOB.

50.Metozas! pu3ndecKolt 1 XUMHIESCKOW MMMOOMIH3aIun hepMeHToB. [Ipenmytie-
CTBa UMMOOMJIM30BAaHHBIX KJIETOK U OPraHesLl.

51.buotexHonorus B NUIIEBON U nepepadaThIBaOIIE MPOMBIIIIECHHOCTH.

52.Cenexuus MpoayleHTOB aHTHOMOTHKOB, OPTaHMYECKUX KUCIOT U JEPMEHTOB.

53.0cHOBHBIE PEKUMBI KYJITHBHPOBAHUS MUKpOOpraHu3MoB. TBepaodaszHasi, mo-
BEPXHOCTHAA U razodazHas pepMeHTaIusl.

54.1Tpon3BoCTBO O€IKa OTHOKICTOYHBIX.

55.TexHoNMOrMUECKas cxema Moy4eHHusi KOpMOBOM OMOMACCHI.

56.DepMmenTanus, BUbI, Ha3HAYeHUs. Da3bl pocTa KIETOK.

57.Crepunuzarus. [IpenmyIiiecTBa  HEJOCTATKU MEMOPAHHON U TEPMHUYECKOM CTe-
PWIN3ALINH.

58.MukpoOnoJIOruYecKoe MPOU3BOICTBO BO30OHOBIISIEMBIX HCTOUHUKOB YHEPTHH.
IIponsBoacTBO TAHONA.
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59.TexHOJIOrMYeCKHE CXEMBbI BbIICJIEHHUS TPOIYKTOB U3 KJIETOYHOU OMOMAacChl U
KyJbTYpaJIbHOM KUKOCTH.
60.buorexHonornueckas MoauPUKaLU PACTUTEIbHBIX KOPMOB.

5. YueOHO-MeTOAUYeCKOe M HHPOPMAIIMOHHOE 00ecreueHmne
1. be36opoaos, A.M. Mukpobuonornueckuii cuare3 / A.M. bez6opoos, I'.11. Keecu-
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3. bupiokos, B.B. OcHoBbsl npombinieHHo# 6uotexunonoruu / B.B. bupiokos. — M..:
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e-mail: rector@vavilovsar.ru

YTBEPXJIAIO

Pextop ®I'bOY BO

BaBunoBckuii yHUBEpCUTET

J.A. ComoBbeB

«

TI.

ITPOTOKOJI Ne
3aceaHusl DK3aMEHAMOHHOW KOMUCCUHI

OT « » I.

CocTaB KOMUCCHUU: (yTBepXKaeH nmpukazoM N -OJ1 om 20 2):
- 0-p . Hayk, npogeccop xagh. « » (npedcedamenv);
—0-p . Hayk, npogheccop kagh. « », —

op

HAayK, ooyeHm xag. «
CJIVIIAJIN: ITpuem KaHAMAATCKOTO 3K3aMEHA MO JUCHUTLINHE
Hayunas cneyuanvrnocms 0.0.0.

oT

Ha sk3amene ObUIH 3a7aHbI CJIETYIONINE BOTIPOCHI:

Hayk, npogeccop kag. «

», — KaHo.

»

(pamunus, ums, OTYECTBO)

ITIOCTAHOBMWJIN: Cunrath, 9TO

craj(a) sK3aMeH C OICHKOM

Ilpeoceoamensv IK3aMeHAUUOHHOU KOMUCCUU:

Ynennl 91<3ameuauuouuoﬁ Komuccuu:
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O.1.0
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