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I. IlossicHuTeIbHASA 3aIIUCKA

PabGouast mporpamMma AMCHMIUIMHBI pa3paboTaHa B COOTBETCTBHHM C (heaepanibHBIM
TOCY/IapCTBEHHBIM 00pa30BaTEIbHBIM CTAHJAPTOM BBICIIEr0 00pa3oBaHus (YTBEP)KIACH NMPHUKA30M
MunoOpnayku Poccun ot 15 wurons 2017 r. Ne 552) nmo HampaBieHHIO TOATOTOBKH
(cnenmanbHocTH) 32.05.01 Meauko-npopuiakTHIecKoe J1e710, ¢ YI4ETOM peKOMEHIaluii OCHOBHOM
npodeccroHabHON 00pazoBaTenbHOM porpammbl (OITOIT) Beiciero oopa3zoBaHus.

1. Heas u 32124 AMCHMILIMHBI

Lenblo OCBOSHWSI JUCHMILIMHBI SIBISIETCS. ()OPMHUpPOBaHWE Yy OOyYaIOMIMXCS 3HAHWUH H
HaBBIKOB B 00JIACTH MPUJIOKEHUSI TEHETHUECKUX TEXHOJIOTH B IPOMBIIIIIEHHYI0 Onodapmanutio.

3amayamMu OCBOEHS JUCIIATUINHEI SIBIITFOTCSL:

— Hayuute anammupoBate uH(OpMAIMIO B 00JaCTM TEHETMYECKHX TEXHOJOTHH B
Npo(heCCHOHATBPHOM  AESITENIbHOCTH, WCXOAS W3 3HAHWN MOJEKYJISpHOW OWONIOTMM U T€HETUKU
IPOJIYLIEHTOB, COBEPILEHCTBOBAHMS IIPOM3BOJCTBA METOJaMU T'€HHOM HWH)KEHEPUM M HWH)XEHEPHOM
SH3UMOJIOTHHY, 3HAHMS (PyHIAMEHTAJIbHBIX OCHOB METOJIOB KOHTpOJIS KayecTBa M MOIMHHOCTU
IpenaparoB, HOMy4aeMbIX OMOTEXHOIOMMYECKUMU METOIAMH;

— CdhopmupoBaTh y CTYJIEHTOB KOMIICTCHIIMH, TO3BOJISIONIME TPABWILHO OIICHHUBATH
COOTBETCTBHE OMOTEXHOJIOIMYECKOro Mpou3BozcTBa mpasmwiam good manufacturing practice (GMP),
COOTBETCTBHE TPEOOBAHUSAM SKOJIOIMYECKOM O€30MacHOCTH TNPUMEHUTENBHO K HCMOIb3yeMbIM Ha
HPOU3BOJICTBE OMOOOBEKTAM-IIPOTYLIEHTAM U LIEJIEBBIM IPOJTYKTaM;

— OOyuHTh CTYyIEHTOB BBIOMpaTh HamOosee S(PQPEKTUBHBIE W PAIMOHAIIBHBIC CIIOCOOBI
COBEpILICHCTBOBaHMSI OMOOOBEKTOB M METO/Ibl BBIPALMBAHUS KyJbTYp KJIETOK M TKaHEH Ha OCHOBE
COBPEMEHHBIX KOHLCTIIHIA, IPUHATHIX B MUPOBOM TMPAKTHKE, a TAKKe BHIPAOOTKA HABBIKOB Pa3zpabOTKH

TCXHOJIOI'MH JICKAPCTBCHHLIX CPCACTB.

2. [lnanupyemMble pe3y/ibTaThl 00y4YeHHUs! 0 JUCIMILIHHE

DopMHpyeMble HNumukarop ILnanupyemble pe3yabTaThl

KOMIleTeHI[UH AOCTUAKEHUSA o0yuyeHust
ITIKO-9 [IKO-9.4 Ymeer | 3Haer:
CriocobHOCTh U OCYLIECTBIISATh - HaIlpaBJICHUS U IPUMEPBI UCIIOJIb30BaAHUS
TOTOBHOCTD K OLIEHKY  CaHUTApHO- | OMOTEXHOJIOTUH B pa3IMUYHBIX OTPACIIsX;
OpraHu3anuu U SNUAEMHUOJIIOTMYECKOH | - MUKPOOPTIaHU3MBI-IIPOAYLIEHTHl OCHOBHBIX
IPOBE/ICHUIO CUTYyallH, (bapManeBTUYECKUX CyOCTaHIMM 1
COLIMAJIbHO- IpeaiaraTb JIEKapCTBEHHBIX IIPENAPATOB;
TUTHEHUYECKOTO yIpaBieHYECKHE - OCHOBHbIE MUKPOOHOJIOTHYECKHE MPOLIECCHI U
MOHMTOPHHTA, K pelieHust 1O €€ | MUKPOOHbIe KOHCOPIIMYMBI, UCIIOIb3yEMBbIX B
BBITNIOJTHEHUIO YIJIy4ILIEHUIO. OMOTre0TEXHOIOTUSIX U TEXHOJIOTUSAX 3AIIUThI
OLIEHKH pUCKa OKpY KaroIleH cpebl;
3/10pPOBBIO - poJib OMOTEXHOJIOTHI B BIUSHUYU Ha
HaceJIeHus, aKTyaJbHbIe TPOOJIEMBI SKOJIOTHH;
ONPEACIICHUIO Ymeer:
IIPUOPUTETOB MpU - aHaJM3UPOBATh NEPCIIEKTUBBI PA3BUTHS U
pazpaboTke BHEJPEHUS HOBBIX OMOT€0TEXHOJIOTUH;
YIPaBIE€HYECKUX - OIIPEIENSTh BO3MOXHOCTH MCIIOIb30BaHU
pelieHuit as MIPUPOIHBIX U TEHHOMOIU(PUIIUPOBAHHBIX
YCTpaHEHUS LITAMMOB MUKPOOPTaHU3MOB B
(cHMKEHUs) OMOTEXHOJIOIMUYECKUX MPOIIeccax MOTyUSHHs
HETaTUBHOTO (bapManeBTHYECKUX CyOCTaHIINI 1
BO3/ICICTBUS Ha JIEKapCTBEHHBIX NPENapaToB;
310pOBbE - OIIPENENSTh BO3MOXXHOCTH HallpaBIE€HHON
HACEJICHUS MoaubUKaAIMH MUKPOOHBIX COOOIIECTB




OUYHCTHBIX COOPYKEHUM.

Biaaneer HaBBIKAMU:

- popmynupoBaHus MyTel pelieHUs pUCKOB,
BO3HUKAIOIIMX B MPOIIECCE PA3BUTHUSA
OHMO’KOHOMHMKHU,

- COMOCTABJIEHHUSI MOJIYYEHHBIX PE3yJIbTATOB
MPAKTUYECKOU YaCTU C TEOPETUUECKUMHU
3HAHUSIMU, TTOJTYYEHHBIMH B X0/1€ JICKIIUOHHOU
4acTu;

- OLICHUBAHUS MPEUMYILECTB U HEIOCTATKOB
HCIIOJIb30BaHMS OMOTEXHOJIOTHIA.

3. MecTo TUCHMILIMHBI B CTPYKTYpPe OCHOBHOI NpodeccHOHANLHON 00pa3oBaTeIbHOM
NPOrpaMMbI

Juciunmza «['eHeTnka M reHeTHYeCKUe TEXHOJIOTHU B MPOMBIIIIEHHON OMOTEXHOIOTHI
spisgercss pakynbratuBHOW vacteio OIIOII cnenmanutera mo cnermansHocty 32.05.01 Menuko-
npoduIakTUUecKoe Aeo.

Juctunnuaa «['eHeTHKa U TeHETUYECKHe TEXHOJIOTHUH B MPOMBIIIIEHHONH OMOTEXHOIOTHIDY
COZIEpKATEeNIbHO JOMOJIHSET, YIIYOJsIeT U paclMpsieT MOTyYeHHbIe 00yJarolMMUCs paHee 3HaHUS O
KHUBBIX CHCTeMax, JieJlasg aKLUEHT Ha MPaKTHYeCKOM TNPUMEHEHHH TeHETWYeCKHX TEXHOJIOTHH B
Pa3IMYHBIX OOJIACTSX TPOMBIIUICHHOW OMOTEXHOJIOTHH C HETbI0 d(P(EKTUBHOTO M AKOJIOTUUECKU
0e30MacHOro TOMy4YeHus (papMaleBTUUECKUX CYOCTaHIM W TPOW3BOJCTBA JIEKAPCTBEHHBIX
MpenaparoB, 3alUThl OKPY>KAIOIICH CPEeIbl U BHEAPESHHUS SKOJIOTHUECKH O€30MaCHBIX OMOTEXHOJIOTHIA.

[IpemycMarpuBaeTcsi MoOMy4YeHHE 3HAHWHM, YMEHUN U MPAKTUYECKUX HABBIKOB MPHU U3yUYCHUH
OMOTEXHOJIOTHYECKOT0 CIIOCO0a MPOU3BOJICTBA, CIOCOOOB CHHTE3a, KOHTPOJIS, BBIJCTICHUS U OYHUCTKH
JIEKapCTBEHHBIX CPEJICTB, a TAKXKE BaYKHO 3HAUCHHUE TPOLIECCOB U allapaToB, UCTIONb3YEMBIX IS STUX
1eseil, 0cCOOEHHOCTEHN U PEUMYILIECTB OMOTEXHOIOTHH JISKAPCTBEHHBIX CPEZICTB.

OcBoeHue AUCHUIUTHBI TpeOyeT NePBUYHBIX 3HAHUN U YMEHUI, CBI3aHHBIX C UCCIICIOBAHUEM
OMOIOTMYECKUX OOBEKTOB.

[lepeueHp AWCHMIUIAH, YCBOGHHE KOTOPBIX CTyJCHTAMH HEOOXOOUMO JUId HW3y4YEHUs
JMCLUILINHBI «] '€HeTHKa U TeHeTUYECKUE TEXHOJIOTHH B ITPOMBIIUIEHHON OMOTEXHOIOTUIDY:

Duzurka, buodusnka

Teoperuueckre OCHOBBI (PU3MUECKUX METOJIOB HCCIIEOBAHUS JIEKAPCTBEHHBIX cpeAcTB. [IpuHIMmIIBI
paboThI PUOOPOB U PACUYETOB MPU UX UCTIOIb30BAHHUH.

buronorus, sxonorus

Knerka kak ocHOBa HacJIeCTBEHHOCTH U Bocnpon3BeieHus. CTpoeHue 1 (QyHKINH KIeTKH (pa3iuyust
KJIETOK TIPOKapuoT U 3ykapuoT). CtpoeHue kietounoit creHku Oaxrepuid. Oynkimn JJHK, PHK B
KeTouHoM MeTabomu3Mme. Cenekims, TeHEeTUYeCKHe OCHOBBI celekiuu. [loHaTne o reHoTurie u
¢enorumne. HacrnencrBeHHOCTh, U3MEHYHBOCTD, OTOOP MHKPOOPraHM3MOB. PexomOunarms. MeTombl
ceneKuuu. MOINeKyJsIpHble OCHOBBI HACHENCTBEHHOCTH. OCOOEHHOCTH CTPOEHHS T€HETHYECKOTO
Marepuana 1npo- u sykapuot. Tpanckpurmms JIHK, ee komnonenter. PHK-nommmMepasa u nmpomorop.
Tpancnsmus, ee atanbl, GyHKIWs pudocom. ['eneTruecknii koa u ero cBoiicTBa. Perumkarust JIHK u
€e TCHEeTHYEeCKU KOHTPOJIb. PekoMOWHAIus, €e TUIbI W MOJeNU. MyTalMOHHBI TPOIIeCC.
Knaccudukamms mytarmii, mytareHoB. BHEXpOMOCOMHBIE TEHETHYECKHE 3JeMEHTHI (IUIa3MUIIbI,
nonoBoii  Qaktop F, Oakxrepmodarn). MccnenoBanue cTpykTypsl M (pyHKIMM reHa. Perymsmus
IKCTIPECCHUU T€HOB.

OO0mmas xumusi, ON0OpraHuIecKast XUMUs

Cucremaru3anysi HEOPraHWYECKHX BeIECTB, (HU3MYECKUE, XMUMHUUYECKUe U (PU3MKO-XUMUYECKHe
MeToabl WX aHamm3a. CucremMaTu3anysi OpPraHMYECKUMX BEHIECTB, PEAKIMOHHAS CHOCOOHOCTH
COEIMHEHMH, B3aHMOCBSI3b MEXKAY CTPOCHHEM M (PapMakKOJOTMUECKHM JeWCTBUEM, (usmueckue,
XAMHYECKHE M (PU3UKO-XMUMHYECKHE METO/bl MX aHain3a.XapaKTepUCTHKAa OCHOBHBIX KJIACCOB




OPraHWYeCKUX COSTUHEHHH, BXOJSIIMX B COCTAB JKMBOM MaTepHU; YHEPreTHKa OOMEHa BEIIECTB, €T0
TOPMOHAJIbHAS PETYJISIINS, B3aMMOCBSI3b 0OMEHA BEIIIECTB U IMTPUHITUITHI €TI0 PETYIISIINH.
MenmnnumHckas MUKPOOHOIOTHS

[TormoxxeHne MHUKPOOPTraHM3MOB CpeIu JApyrux opraHu3MoB. OOmiasi OWOJIOTHS TPOTHUCTOB:
BOJIOpOCHH, mpocteiiime. ['pudbl. Bupychl. MexaHu3M TOCTYIUIEHHS B KIETKH JYKapHOTOB U
MPOKAPHUOTOB SK30TE€HHBIX BEIIECTB. T€OpHsl JTUMHUTHPOBAHUS W WHTUOMPOBAHMS POCTA KIIETOK
AIIEMEHTaMHU MMUTaHus. B3anMoielicTBre KIIETOK U CPEJIbl, BIUSIHUE BHEITHUX (PU3NYECKUX U (PU3UKO-
XUMHAYECKHX (DaKTOpOB Ha POCT M OMOCHMHTE3 Yy MHUKpoopranm3moB. Hopma m crpecc, mpoGiema
COXpaHEeHUs] CHOcOOHOCTH K cBepxcuHTe3aM. CrmocoObl KyJIbTHUBUPOBAaHHS MUKPOOPTaHU3MOB.
Metabom3m  MuKpoopranm3mMoB. OOpazoBaHHWE MHKPOOpPraHW3MAaMU OHMOJIOTHYECKH aKTUBHBIX
BEIIECTB. ACENTHKA, CTePWIBHOCTh, CHOCOOBI CTepPWIM3AIMK; MHUKPOOHAas KOHTaMHHAIMS
JICKapCTBEHHBIX CPEJICTB.

4. O0béM JUCHUILIHHBI COCTaBIISCT 2 3a4eTHBIC CIUHUIEI, 72 aKaJeMHYCCKHX 4aca, B TOM
yrcie 36 4acoB, BBIICICHHBIX HA KOHTAKTHYIO paOb0Ty 00yJaroIIuXcs C mperoaaBaresieM, 1 36 4acoB
CaMOCTOSITELHOM PabOThI 00YYAIOIINXCSL.

5. O6pa3oBare/ibHbIE TEXHOJIOTHU

B mpouecce npenogaBaHusi AUCHUILTAHBI UCIIONB3YIOTCS CIEAYIONUE 00pa3oBaTeIbHbIC
TEXHOJIOTHH, CIIOCOOBI M METONbI (POPMHUPOBAHUS KOMIETCHIIMI: «KPYIJIBIA CTOMD, y4acTHE B
HAyYHO-TIPAKTUYECKUX KOH(EepeHIMsIX, yueOHO-MCCIenoBaTeNnbcKas padoTa CTyAeHTa, MOATOTOBKA
MUCBMEHHBIX aHAJMTUYECKUX PaloT, TOATOTOBKA M 3amuTa pedeparoB, SKCKYPCUH B TaJICHOBBIA U
MaseBoi 1iexa TBepckoit hapmarieBTiyeckoi habpuku.

DJNIeMEHTBHI, BXOJIIUE B CAMOCTOSITEIIbHYIO paboTy CTy/IEHTa: MOJArOTOBKA K MPAKTHUECKUM
3aHATHSIM, TOATOTOBKa pedeparoB, padota c¢ MHTepHer-pecypcamu, paboTa C SIEKTPOHHBIMHU
CIPaBOYHUKAMHU, CAMOCTOSITEIIFHOE OCBOCHHUE Pa3/IeiOB — IMPOIIECCHl M armaparbl B OMOTEXHOJIOTUH;
OMOTEXHOJNIOTUSI U TPOOJIEMbl SKOJIOTHM U OXPaHbl OKPY)KAaIOIIEH Cpelbl; MMMYHOOHMOTEXHOIOTHS
JICKAPCTBEHHBIX CPEJNICTB; OMOTEXHOJIOTHS CTEPOMIHBIX TOPMOHOB; CO37[aHHE MOHOKJIOHATBHBIX
aHTUTEN; chepbl MPAKTHYECKOTO MPUMEHEHUS] MOHOKJIOHAIBHBIX aHTUTEN;, TEHETHYECKAas WHKECHEPHS
pacTeHwuil.

6. ®opMBbI NPOMEKYTOYHOM ATTECTALUH
[Tocne 3aBepiieHust 00yueHus: TUCUUIUTMHE B 10 cemecTpe mpoBOAUTCS 3a4eT.

II. YyeOnas nporpaMma IuCHUILIMHBI

1. Coneprxanne IMCHMILIUHBI

Pa3nen 1.Benenne B qaucuuminHy. OCHOBbI 0MOXUMHUH M MOJIEKYJISAPHON FeHeTHKH.

1.1 [lonsAiTHE MPOMBINIEHHOH OMOTEXHOJIOTHH.

[Ipumenenue ¢GepMEHTOB M MHUKPOOPTraHU3MOB JJIsl TMPOMBIIUICHHOW NepepaboTKu H
IMPOMU3BOJACTBA XUMHUUYCCKHUX COCI[I/IHGHI/Iﬁ, MaTcpuaioB, TOILIMBA, OHMOTEXHOJIOTHYECKOTO OJIYUYCHHUA
(apMarieBTUYeCKUX CyOCTaHIMI M JIeKapCTBEHHBIX IpenapaToB. O0Ias XapakTepuCcTHKa MT0IX010B
A CO3JaHUsI HOBBIX IIPAKTHYCCKU ITOJIE3HBIX (bepMCHTOB, MUKPOOPTaHU3MOB, COO6HI€CTB
MHUKPOOPTaHH3MOB.

OU3NKO-XUMHYECKHE OCOOCHHOCTH CTPYKTYpbl HYKJIEHHOBBIX KHCIOT. KonblieBble MOJEKYIIbI
nBorHbix cnupaneit JIHK, monstue o cymepcnmpanuzanuu, ee OHONOTHYECKas poJib B KJIETKaX
MHUKPOOPTaHH3MOB.

®U3UKO-XUMHUYECKHE OCOOCHHOCTH CTPYKTYPHI M ()yHKIIMOHUPOBAHUS OEIIKOB 1 (HEPMEHTOB.
MexaHu3Mbl EPMEHTATHBHOTO KaTaln3a U KHHETUKA (PEPMEHTATHBHBIX PEaKIIH.

OCHOBHbIE T€HETHYECKHE MPOLECCHl B KIETKAX MHUKPOOPraHM3MOB U HMX PEryJISILUs.
MexaHu3MBbl pEIJIMKAIIMA W KOHTPOJIb KOMWWHOCTH IIa3Muj. MeXaHu3mbl oOmield u caiT-
cnennpuueckoil pexoMOuHauu. TpaHCKpUNIIUSA U €€ Peryysiius Ha pa3iudHbIX ypoBHsAX. CHHTE3
0erKa — TeHeTUYECKHI KOJ, MEXaHU3M TpaHcMu U ee peryisinus. CtadbunsHocts PHK 1 Genka B
KJIeTKax OakTepuil.

Metoapl reHermueckoro oOMmeHa. [eHermueckass TpaHchopmanMs, TNPUPOIHAS U
uHIynupoBaHHas. CiustHue nportoruiactoB. Konbloranus y Gaktepuil. JIM30reHnss U TpaHCIyKIHA,
obmas u cnenuduyeckas.

1.2. MeTa00J1M3M 1 peryJisiius.



Metabonu3mM Kak HMCTOYHMK COEIWHEHHHA C BBICOKMM PBIHOYHBIM  TOTCHIIMAIOM.
Metabonuyeckas cetb. O01ue npeacTaBieHus o MUKpoOHoM MeTtabonusme. [lonstue katabonusma
1 aHaboyM3Ma, 00II1e META00THYECKIE

1.3. PenakTupoBanue reHoMoB. CHHTE3 F€HOB.

MCTOI[BI T€HETUIECKOU MO)II/I(bI/IKaIII/II/I MUKPOOPTaHU3MOB, MYTArcHe3d M CCJICKUHA, TI'CHHasA
WHXCHEPUS, METO/IbI HAIPABICHHON MOIUGUKAIIMU — METOJl oOMeHa ayliesiel, peKOMOMHUPHUHT -A-
red, CRISPR-Cas cuctems! pegaktupoBanus. PasHooopasue cucrem CRISPR-Cas.

1.4. MeTabosinueckasi HHKEeHePHsl.

Metabonuueckass MHXKEHEPHs — POKICHUE W DSBOJIOIUS TEPMHHA, COBPEMEHHOE OIpeeIICHHE;
(dyHIaMeHTanbHas ~OCHOBA, HO SIPKO  BBIp@XEGHHAs NpPUKIAagHAs  HANPaBICHHOCTh  Ha
WHIYCTPHATHM3AIMIO IOJYyYaeMbIX NPAKTUYECKH 3HAYUMBIX pe3ynbTaroB. Craguu pa3BUTHS
MeTa00InYECKON HHXCHCPHHU, HX CYHIHOCTb, MCTOIOJIOTHUYCCKAaA OCHOBA W IIPHUHOUIIMAJIBHBIC
pa3nmuuus. Pa3BUTHE W COBPEMEHHOE COCTOSHHE METOAOB «PEIAKTUPOBAHHUS)» TI'CHOMOB
MHUKPOOPTaHU3MOB.

Pa3znen 2. BoOreoTexXHOJIOTHH M 3aLIUTA OKPYKAIOLIEH Cpeabl

2.1 buoreorexHoJi0rust

Omnpenenenne OMOTreOTEXHOJIOTHH U OMOTHAPOMETAIUTYPIUH, OCHOBHBIE TOHSATHS, TEPMUHBI.
TexHonmornM mMONMy4YeHHs LBETHBIX M OJarOpoOAHBIX METAUIOB U3 CyIbGUAHBIX pyA. OCHOBHBIC
NPUHIMIBL, JIeKAllie B OCHOBE OHOTHIPOMETAJUTYPIHYECKHX TEeXHOJOTrud. Pa3zHooOpasue
MHUKPOOPTaHU3MOB, HCIOJIb3yEMBIX B OHOT€OTEXHOJIOTMYECKHX Mpoleccax (TaKCOHOMUYECKHE WU
(U3NONOTHYECKIE TPYIIBI), UX OHOr€OXUMHUYECKass U OMOTEXHOJOTHYECKas posib. MexaHU3MBbI
B3aMMO/ICHCTBUS MUKPOOPTaHU3MOB C CYJIb(UIHBIMU MUHEpPATaMU PyJ. BHOTEXHOIOTHUH MOTydeHHS
MetauioB u3 pyd. MHceropus paszButusi. OCHOBHBIE TEXHOJIOTMUECKHE mpolecchl. OmbIT
NPAaKTUYECKOr0 NMPUMEHEHHUsS OHOrMIpOMETAITYPHUYECKUX TeXHOJIOrui. IlepcriekTuBbl pa3BUTHSA
HOBBIX HalpaBlIEHUH B OHMOTMIPOMETAIIYPTMU M BHEAPEHHUS HOBBIX OMOTHIPOMETAILTYPTrHUECKUX
TeXHOJOTHH. buoTexHOmorMum Ui pemieHus  TNPUPOJOOXPAHHBIX  MpobieM B TOPHO-
METAJUTypru4ecKoM KOMIUIEKCe (OYMCTKA CTOUHBIX BOJ OT CyJb()aTOB, HOHOB METAJUIOB, IMAHHUJIOB U
THOI[MAHATOR).

MukpoOuonoruueckue MeToabl ToBbimeHHs Hedreornaun. Omnpenenenne HedTsHON
MHUKPOOHOJIOTUH, U €€ OCHOBHBIX 3371a4. MUKPOOHOJIOTHYECKHE METO bl TOBBIILICHHUS HE(PTEOTIa4uH B
obmeM mporecce pa3paboTku HedTsIHOro MectopokaeHus. Cnenuduyeckne (GpU3NKO-XUMHUYECKHE
(akTopbl, XapakTepHbIe ISl HEPTSIHBIX MecTOpokIeHUH. OCHOBHBIE (PYHKIIMOHAJIBHBIE TPYIIIBI
MHUKpPOOpPraHu3MoB He(TsHbIX IiacToB. Kiaccuueckas cxema TpouUYecKod Lenmu 3aBOJAHSEMOTO
HC(l)THHOFO Iacra. I[I/ICCI/IMI/IHSIHI/IOHHaSI Cy.HI)(banCI[YKHI/ISI, OCYHICCTBJIsIEMAAd Ha MECTOPOKACHUAX
HepTH aHa’POOHBIMU TeTepO- M aBTOTPO(GHBIMH MHKPOOpPTraHM3MaMH. THUIBI MeTaHOTeHe3a B
He(TAHBIX MmIacTax. HedreBpiTecHsI0MME META0OIHTHI, MX KiIaccu(UKays U MIPUHIINAIT JICUCTBUS B
He(TssHOM 1acte. Kinaccudukarus 1 mpuHIAT BEIOOpa OMOTEXHOJIOTHI

2.2. BUOreoTeXHOJIOTMH U 3a1UTA OKPYKaloulel cpeabl

TexXHOJIOruM OYUCTKH CTOYHBIX BOA. McTopus co3maHus U pa3BUTUSL OUUCTHBIX COOPYKCHUH.
@OyHnaMeHTaNbHBIE OCHOBBI OYHCTKM CTOYHBIX BOA ((usmyeckue, (UBNKO-XUMHYECKHE U
ouonorndeckue Metoabl). Ppakuuu cToyHOi Boxbl. OOIIas cxeMa U OCHOBHBIC ATAllbl OYMCTKU
CTOYHBIX BOJ. IloHsATHE «AKTUBHBINA W) — LHECHTPaJIbHOC 3BCHO OHOJIOTHYECKOA OYUCTKHA CTOYHBIX
BOJI (COCTaB, TUIIBI — TUIABAIOIINN, TPUKPEIUIEHHBIN ). MUKpOOpraHM3Mbl 1 MUKPOOHBIE COOOIIECTBA,
BXOJSIIME B aKTUBHBIN W, TOHATHE «(IOKKyNIa» U GIoKKysioobpa3zoBanue. OOmume npeacTaBieHus
00 OCHOBHBIX MHKPOOMOJIOTHUECKHX TIpolleccax — adpoOHble M aHa’dpOOHbIE TIeTepoTpodHBIE
MUKpPOOPTaHU3MBI,  HUTpU(UKanMs, JACHUTPUPHUKAIUSA, aHAMMOKC,  (ochaTakkymymsius,
Cynb(aTpeyKIus, METaHOT€He3.

OCHOBBI TEXHOJIOTUM OYHUCTKH CTOYHBIX BoJA. OOmas cxemMa OYUCTHOTO COOPYKEHHS.
[Monsatne OuOpeakTopa-a’dpoTeHKa (MPOTOYHBIE, MOCJIEJOBATEILHO-IIEPUOJMYECKOTO  THIIA).
[IpuMepbl COBPEMEHHBIX TEXHOJOTHH TIIOJHOW OWOJNOTHYECKOW OYHCTKH CTOKOB (pa3lIM4HBIC
TEXHOJIOTHYECKHE 30HBI, PEUUKIbI). MeTaHoBoe cOpakuBaHHEe — Oa30BbIC MOHATHUS. TEXHOIOTHS
Anammokc. Hurtpu-nenutpudukanus. [IpoaBuHyTbIe  CIIOKHbIE  TEXHOJOTMH  OUYUCTKUA  —
(6nopuIbTPHI, TPaHYJIMPOBAHHBIC HWIIbI, OYMCTKA OT IIMAHUIOB, aHA’POOHOE OKUCJICHHE MeTaHa,
OYMCTKA BO3/1yXa OT aMMOHHS U CEPOBOJIOPOIA).

Pa3nes 3. JkcKypCHSI-IPAKTHKYM



®opma paboTel — 3KCKypeus. OpraHuzanusi SKCKypCUHM Ha JEMCTBYIOIIee NpEeANpHUsiTHE.
3HAaKOMCTBO ¢ 000pyZA0BaHUEM U TaOOPATOPHBIMH MPOLIECCAMH B IPOMBIIIJICHHBIX MacIITadax.

2. YyeOHO-TeMATHYECKHH IVIAH



2. YuyeOHO-TeMATHYECKUI MJIAH JUCUMILVIMHBI (B aKaIeMUYECKUX YacaxX) H MAaTPULA KOMIIeTeHIHii*

KounrakTHas pa6ora Camocrosr
dopmupyemble
00y4Jarouuxcs ¢ eJIbHasl
Koambt Bcero KOMIIeTeHIUH Hcnouab3yemble DopMbI
npenojgaBarteiemM padora
(Homepa) ° 4acoB CIVIeHTA oOpa3oBaTeJibH TeKyllero, B
MonyJeii(pasa g Ha ya > | Utoro ble TeXHOJIOTHH, T.Y.
= 5= BKJIIOY S -
€JIOB) = S = = | KOHTaKT 4acoB 3 CIoco0bI U pyoOeskHOrO
= = ) MOATOTOBK Q
AUCHMILINHBI g =z A HYIO - > MeTOabI KOHTPOJIs
) )
U TeM = g S padory SKIAMEHY S o0y4enus ycneBaeMoCTH
= (3auery)
1 2 3 5 6 7 8 9 10 11 13 14
Paznen 1
1.1 5 5 5 10 X J,A,P CT
1.2 5 5 5 10 X J,A,P CT
1.3 5 5 5 10 X J,A,P CT
1.4 5 5 5 10 X J,A, P C,3C
Pazgeu 2.
2.1 5 5 5 10 X JI, YUPC C, CK
2.2 5 5 5 10 X JI, YUPC C,CK
Pa3nen 3. 4 4 4 X MI' C
3auer 2 2 6 8
UTOro: 34 2 36 36 72

Cnucok cokpaieHui
O0pa3oBaTe/IbHbIe TEXHOJIOTHH, cNIOCOOBI U MeTOoAbI 00y4eHus: nexuus (JI), meroa mansix rpynn (MI'), yueOHo-uccnenoBaTensckas paborta
crynenta (YHUPC), noaroroska pedepatos (P), ananutnueckas 3anucka (A), curyannonssle keiic-3amanus (CK).
®opMbI TEKYLEro, B T.4. py0e:KHOI0 KOHTPOJIsl ycneBaeMocTH: T — TectupoBanue, 3C — pelieHre CUTyalnoHHbIX 3a1a4, C — cobeceqoBanne
10 KOHTPOJILHBIM BOIIPOCaM



III.MoHx OLEHOYHBIX CPEACTB IS KOHTPOJSA YPOBHS C(HOPMHPOBAHHOCTH KOMIIETEHLMIA
(ITpuno:xkenune Ne 1)

1. OneHouHbIe cpeCcTBA VISl TEKYIIET0, B T.4Y. Py0Oe:KHOI0 KOHTPOJIS YCIIeBAeMOCTH

1.1. IlpumepsI 3a1aH1i B TecTOBO# hopme:

1. TpascBepeyst — 310 B BHY TPATEHHOM My AL, 3AK/TFOUAFOLLIAKCST:
a) «BbITAJICHUID) YaCTH TEHETUYIECKOTO MaTEpUaia;

0) B 3aMeHe ypHHA Ha IPYTOH Iy PHH;

B) B 3aMeHe MPUMUIIMHA Ha IPYTON MIPUMUIIVH,

I') B 3aMEHe IyprHA Ha TIMPUMHJIVH;

1) B 3aMeHe MMPUMU/TIHA Ha ITypPHUH.

2. BHOTEXHONOMMYECKHI IMPOLIECC MOyYUeHHsT aCKOPOUHOBOM KHUCJIOTHI BKITHOYACT:

a) KyJIETIBUPOBaHHE TpaHC(hopMHUpPOBAaHHBIX K1eTok Erwinicaherbicola;

0) MHKPOOHOIOTFMECKOE PacCITIeTIICHHE PACIIIeTUICHHEM TIeJUTFOTIO3bL,

B) COBMECTHOE KYJITHBUpOBaHKE MUKpoopraHmMoB Corinebacterium 1 Erwinicaherbicola;

T') TIOCIIENIOBATENTBHOE KYIIBTHBHPOBaHKE MUKpoopraHmMoB Corinebacte-rium u Erwinicaherbicola;
JT) KyJI5TBAPOBAaHKE IITamma Streptococcuseguisimilis.

3. IlomydeHue noimyCUHTETMMECKMX TIEHALIIUIMHOB OCHOBAHO Ha:
a) IBMEHEHNH alWTBHOM TPYTIIHAPOBKY,

0) MBMEHEHNH CTPYKTYPhI aMAHOTICHUIMJITAHOBOM KHCIIOTBL,

B) IPOLIECCAX METHIIMPOBAHMST,

T') YBEJIMYEHHH YCTIA (DYHKIMOHATHHBIX TPYIIIT,

JT) TUAPOITH3E [3-7IaKTaMHOTO 1KJIA.

4. TTna3mua npeicTaBisieT COOOH:

a) ONPE/ICIICHHBIN IIITAMM KHITICIHOM MATIOYKH, UCTIONB3YEMBIH 17151 OMOTEXHOMIOIMUYECKHX T1eTIeH;
0) xombrieoOpazHast /JIHK, BHeXpoMOCOMHBIH AIeMEHT reHeTHYecKOM MH(OpMAI K,

B) yuactok tierm PHK;, Hecynmii HH(OpMALIIO 0 CTPYKType Tena;

T') BUPYC, PA3MHOYKAFOLIIACS B IATOITIA3ME MUKPOOHOH KIIETKY;

1T) XpOMOCOMY, MCTIONB3yeMyHO B KadecTse Bektopa [yt BBeieHus JIHK B kietku Gaxrepuid.

5T ubpunoma —»a10:

a) OeMoK, CHHTE3MpYyeMbIi B-mimdormrami B OTBET Ha TMOMNAJAHKE B OPTaHM3M PaxTMYHbIX aHTUTEHOB 1
CTICTIA(IHECKH C HIMH B3aUMOICHCTBYFOITIVII,

0) THIT TKaHH Y KUBOTHBIX C HETIOHBIM Pa3TPaHIueHHEM KIIETOK;

B) XMMEPHBII OesIOK, COCTOSIILIMIA 13 JIBYX JIOMEHOB, OZIMH M3 KOTOPBIX OOJIAJAET CBOMCTBAMY aHTHTENA, a
JIPYTOi —TOKCHHA,;

I) KICTOYHAs JIMHKS, TOMyYeHHas TIpU CIMSHAM HOPMATBHBIX —AHTHTEIO00PA3YIONMX —KIETOK
('mMOLTOB) ¥ MHETIOMHBIX KIIETOK;

1) CIIMBILIMECS ITPOTOIVIACTBI PA3HBIX MATEPUHCKUX KIIETOK.

DTalI0HBI OTBETOB:
l-r;2—-a;3—-a;4-0;5-r.

1.1.1. Kpurepum OleHKH TECTOBOI'0 KOHTPOJIS:

VYPpOBEHb BBINOJIHEHMS CTYJEHTAaMHM TECTOBBIX 3aJlaHUM OLIEHUWBAETCS II0 YEeThIPeXOaLIbHOM
mkane.CTyIeHTOM J1aHbl IPAaBUJIbHBIE OTBETHI HA 3aJaHus B TeCTOBOH (opme (13 10 TecToBBIX
3a/1aHUH ):

- MeHee 71% — «Hey/10BJIeTBOPHUTEIBLHOY;



- 71-80% 3anaHuii —<y10BJIE€TBOPUTEIbLHOY;
- 81-90% 3agaHuii —«XOpoOIIOY»;
- 91-100% 3amaHUi —«OTJIHIHO.

1.2. [IpuMepbI KOHTPOJIBHBIX BONPOCOB /IS cO0eCeJOBAHUSA:

Kakwue cyniecTBytoT METO/Ibl KOHTPOJIS TApaMETPOB, BIUSIOMINX Ha (pepMeHTaIHIO?
Kak nomny4aroT KyJbTypy ¢ BBICOKOW IIJIOTHOCTHIO?

KaxoBa pyHKIMOHaNbHAS aKTUBHOCTh PECTPUKIUPYIOUMX3HAOHYKIea3 1 JIHK-nuraz?
KakoBbl (hyHKIMM TeH-MapKepa U MOJIUINHKepa?

Kaxue ocHOBHBIE METO/IbI MTOJTyYEHHUSI TPAHCTEHHBIX PACTEHUN CYIIECTBYIOT?

1.2.1. Kpurepuu OoueHKH Npu codeceJOBAHNHU:
- CTYHAEHT JEMOHCTPUPYET CHUCTEMHBIE TEOPETUYECKUE 3HAHUS, BIAAEET TEPMHUHOJOTUEM,
JOTUYHO M IOCJIEJOBATEIbHO OOBSACHSAET CYIIHOCTh, SIBJICHHH M IPOLIECCOB, JENaeT
apryMEHTUPOBAHHBIE BBIBOJBI U OOOOIICHMS, MPHUBOIUT MPUMEPHI, MOKa3bIBa€T CBOOOIHOE
BJIa/ICHHE MOHOJOIMYECKOH pPEUYbl0 U CIOCOOHOCTh OBICTPO pPEarupoBaTh Ha YTOUHSIOIIKE
BOIIPOCHI — OTJIHYHO»;
- CTYJICHT JEMOHCTPUPYET NPOYHBIE TEOPETUUECKUE 3HAHUS, BJIAJICET TEPMUHOIOTUEH, JIOTUIHO
U TIOCJIEIOBATENIbHO OOBSCHSET CYIHOCTD, SIBJICHUHA U MPOIIECCOB, JETaeT apryMEHTHPOBaHHbBIC
BbIBOJbI M OOOOLIEHMs, NPUBOAMT TPUMEPHI, IOKa3blBa€T CBOOOJHOE  BiaJieHUE
MOHOJIOTHYECKON peubl0, HO MPHU ITOM JIENaeT HECYIIECTBEHHBIE OIIMOKU, KOTOpBIE OBICTPO
HCIIPABJLICT CaMOCTOATCIIBHO WKW IIPpH HE3HAYNTEIILHOMN KOppEeKIUHU MpCIoaaBaTCiieM —
«XOpPOLLO»;
- CTyJAEGHT JEMOHCTpUpPYET HerayOOKHe TEOpeTHMYeCKUe 3HaHus, NpOosBISET ciaadbo
c(hOpMUPOBAHHBIE HABBIKM aHAIM3a SBJICHHA M TPOIECCOB, HEJOCTATOYHOE YMEHHE JelaTh
apryMEHTHPOBAHHbBIE BBIBOJbl U MPUBOAUTH NMPUMEPHI, NOKA3bIBAET HEJIOCTATOYHO CBOOOAHOE
BJIAJICHUE MOHOJIOTMYECKOW PEUYbI0, TEPMUHOJOTUEH, JIOTUMHOCTBIO M IIOCIEI0BATEIBHOCTHIO
U3JIOKEHUS, JeJlaeT OMIMOKHM, KOTOpbleé MOXET MCHPAaBUTh TOJBKO MpPH KOPPEKLUUU
MIPEINOJABATENIEM — KYAOBJIETBOPUTEIBLHOY;
- CTYACHT OTKa3bIBACTCA OTBCYATH WM JEMOHCTPUPYCET HCE3HAHUC TCOPCTUUCCKHUX OCHOB
npeaMeTa, HecOPMUPOBAHHBIE HABHIKM aHalK3a SBICHUN U TMPOIIECCOB, HE YMeEET JelaTh
apryMEHTUPOBAHHbIE BBIBOJBI U TPUBOJAUTH TPUMEPHI, IMOKa3bIBaeT ciaboe BiajJeHUE
MOHOJIOTUYECKON pEeYbl0, HE BJIAJAEET TEPMHUHOJIOTUEH, MPOSIBISAET OTCYTCTBUE JIOTUYHOCTU U
MOCJIEIOBATEILHOCTH HM3JI0KEHHUS, JIeJaeT OIMMOKU, KOTOPhIe HE MOXKET HCHPAaBUTh AaXKe MPHU
KOPPEKLUHU MPENO0IaBaTeNIeM — «HEY10BJIEeTBOPUTEIbHOY;

1.2. IIpumepsl CUTYallHOHHBIX 32/1a4:

3agauya 1. Ycmexu reHeTHYECKOW HHXKEHEPHH MpHBENIU K ToMy, 4To cBhimie 100 OemkoB
YeJIOBeKa MOTYT COXpaHsATh CBOIO BujpocnenuduuHocts. OHUM  HapaOaTHIBAIOTCS  Kak
JIEKapCTBEHHBIE CPEACTBA MyTEM MHUKPOOHOJIOTrHYecKoro cuHTe3a. [lomyueHne pekoMOMHAHTHBIX
OCIIKOB YeNOBEeKa pemraeT mpobiemy jaeduimra ChIphbs, TaK KaK U3 YEJIOBCUSCKUX TKAHCH B
IPOMBIIUICHHOM MacliTabe moilydyaTh HX HEeBO3MOKHO. Ha mepBom Mecte mo o0bemy
MPOU3BOJCTBA M CTOMMOCTH MPOIYKIIMH PEKOMOMHAHTHOTO O€lka KaK JICKapCTBEHHOTO
CpeAcTBa HAXOAMUTCS XOPOILIO M3BECTHBIM TOPMOH — HUHCYJIMH, KOHTPOJHUPYIOIIUI YPOBEHBb
TJIFOKO3bI B KPOBU. PabOTHI 110 reHHO-MHKEHEPHOMY TMOJTYUYEHHI0 WHCYJIMHA YeJI0BeKa HAa4aJluCh
B 70-€ roJibl IpOUIOrO CTOJETHS.

B nanHOl cuTyanuu npOKOMMEHTUPYHITE:

. ATarnbl Pa3BUTHS TEXHOJIOTUH MOTYUYEHHUS PEKOMOMHAHTHOTO MHCYJIMHA YEJIOBEKa;

. CXeMy IOJTyYeHHUsI TeHHO-UHKEHEPHOTO YeJIOBEYECKOr0 MHCYJIMHA.



JTaJIOH OTBeTA:

NucynuH — HEOONBIION TIOOYISPHBIA OENOK, coaepkamuid 51 aMHUHOKHCIOTHBIM OCTaTOK W
COCTOSIIINIA U3 JBYX MOJHICTITUAHBIX IIENeH, CBI3aHHBIX MEXKIY COO0N MBYMS TUCYIb(UIHBIMU
Mocthkamiu. Llenb A comepkut 21 aMHUHOKUCTIOTHBIN OCTATOK, a 1enb B — 30 aMMHOKHUCIOTHBIX
ocTaTkoB. Mexay coboif nenu A u B cBs3aHbl AByMs TUCYIbGUAHBIMU CBsi3AMU. Eie ogHa
Takas CBSI3b HMEETCS MEXIy OCTaTKaMW IIUCTeWHa, Haxoasmumucs B A-menn. OOmas
CTEPEOCTPYKTYypa MOJICKYJIbl TMOAJNEPKUBACTCA JTUMU TpPeMs TUCYIbOUIHBIMU CBSI3IMHU, W
a1000€e u3MEeHEeHue B Hell BelleT K MCUE3HOBEHUIO TOPMOHAJILHOM aKTUBHOCTH MHCYJIMHA.
WNucynun cunTe3upyercs -KIeTKaMu OCTpOBKOB JlaHrepranca momkenyqouHoi sxenesbl; 70%
MPHK, BBIZICIIEHHBIX M3 ATHUX KJIETOK, KOJUPYIOT UMEHHO 3TOT OCJIOK.

Cunre3upyercss OH B BHAE OJHOLETIOYEHYHOrO TMPEAIIECTBEHHUKa — MPENpPOUHCYIINHA,
COJIEpKAIIETO KOHIIEBOW CUTHAJIBHBIN mentun (23 aMUHOKHUCIOTHBIX OCTaTKa) W 35-3BEHHBIN
coeuHUTeNbHBIN nentu (C-nentun).

[Ipn ypmameHun CHUTHAIBRHOTO TIEMITHAA B KJIETKE 0Opasyercs TMpPOWHCYJIMH u3 86
AMUHOKHCIIOTHBIX OCTAaTKOB, B KOTOpoM A u B-nenu uHcynuHa coequHeHbl C-menTuaom,
o0ecreunBarouM UM HEOOXOAMMYIO OPHUEHTAIMIO TMPH 3aMBIKAHUU JUCYIb(UIHBIX CBSI3EH.
[Tocne mpoTeonuTnueckoro ormeruienus C-nentuaa oopazyeTcst HHCYJIHH.

CunTte3 o0eux Ieneil MHCYJIMHA U COCAMHEHUE MX AUCYIb(MHUIHBIMU CBS3SIMU JJIS TOJTYYCHUS
UHCYNMHA ObUIM mpoBeneHbl B 1963-1965 rr. Tpems komnexktuBamu uccienoBarerneil B CIIA,
Kurae u ©PT".

B nagane 70-X IT. COBETCKMMH YYEHBIMU ObUI MPEATIOKEH XUMUYECKUH CHHTE3 HHCYJIHMHA.
OcyiiecTBUTh B IMPOMBIIJIEHHOM MacluTabe CTOJIb JOPOTOCTOSALIMI M CIIOXKHBIA CHUHTE3
MNOJIMIIENTUIHOTO TOPMOHA, COCTOAILLIEr0 M3  JECATKOB  aMHHOKHCIOTHBIX  OCTaTKOB,
HEpEeHTa0eNIbHO, B TOM YHMCJIE U MO IPUYKMHE MAJIOr0 BhIXO/1A.

B 1980 r. marckas kommnanusi «HoBomHmactpu» paspaborana MeTOJ MpeBpalICHHUs MHCYJIMHA
CBUHBHM B MHCYJIMH 4YeJOBEKa MmyTeM (epMeHTAaTUBHOTO 3amemnieHus 30-ro ocTraTka ajlaHWHA B
nenu B Ha ocTaTok TpeoHWHA ¢ MOCieayrole xpomaTorpadguueckoil OYHCTKONW MPOAYKTa, B
pe3ynbrare ObUI TIOJyY€H OJHOKOMIIOHEHTHBI HHCYJIHMH uenoBeka 99% wyuctorel. Oba
MHCYJIMHA HE Pa3IMYaIMCh 0 aKTUBHOCTH U BPEMEHH JIEUCTBHUS.

PaboTbl 10 reHHO-WHXEHEPHOMY MOIY4YeHHIO WHCYJIMHA Hadaiauch B 70-€ TroJpl MpOILIOro
cronerusi. B 6akrepusix cunresupyetcs okoso 100000 mMosiekys MHCYIMHA Ha OaKTepHaIbHYIO
KJIETKY.

[TpombInIeHHOE TPOU3BOACTBO PEKOMOMHAHTHOTO UHCYJIMHA OBUTO BIiepBble HauaTo B 1982 r. B
HACTOSIIEe BPEMS €ro roJl0BOM 00OPOT COCTABISIET OKOJIO OAHOM TpeTh olImiero o0opora Bcex
PEKOMOUWHAHTHBIX OEJIKOB, UCTIOIb3yEMbIX B METUIIIHE.

B 1978 r. Obutd CUHTE3UPOBAaHBI OTACIBbHBIC IIETH YEIOBEYECKOTO0 HMHCYJIWHA IOCPEICTBOM
9KCIIPECCHH UX CUHTETHUYECKUX IFeHOB B KieTkax E. coli. CuHTeTH4eckuil reH moacTpanBaics K
3'-koHIy reHa (epMeHTa [(-ranakTo3uaasbl M BBOAWICS B BEKTOpHYI0 Tuiazmuay (pBR322).
Knerku E. coli, TpanchopmupoBaHHble PpPEKOMOMHAHTHBIMH IUIa3MUAAMH, MPOU3BOIMIN
THOpUIHBIE (XUMEpHBIC) OCIKU. DTH OCIIKH COCTOSUTH U3 ()parMeHTa -TalakTo3uaa3sl U A WIn
B mentuna mHCynMHA, IPUCOEAMHEHHOTO K HEW uepe3 ocTaTok MeThoHuHa. [Ipu oOpaboTke
XHMEpHOTo Oenka OpoMIMaHoM TenTui ocBoOoxmaercs. OHAKO 3aMbIKaHUE TUCYIb()UIHBIX
MOCTHUKOB MEXAy 00pa30BaHHBIMU IETSIMU MHCYJIMHA TPOUCXOMIIO C TPYIOM.

[Tomy4eHHBI TE€HHO-MHKEHEPHBIM YEJIOBEUYECKUM MHCYJIMH HE BBI3BIBACT aJIEPTUYECKUX
peaxiuii, Tak Kak OH BUOCTIEU(pHYEH.

Boigenenue n ouncTka peKOMOMHAHTHOTO MHCYJIMHA TPeOYIOT 0CO00H TIIATEIbHOCTH, TaK KakK B
9TOM cllydyae HEO0OXOIUMO OCBOOOXKIATbCS OT MHKPOOHBIX JIMIIO M TJIUKOMPOTEHHOB. KX
NpUMEeCH B PEKOMOWHAHTHOM WHCYJIMHE BCJICJICTBUE TOKCHYHOCTH MOTYT  BBI3BaTh
HeXenarelbHble T000YHBIC (D PEKTHI.

J1si monyyeHus OYMINEHHOTO HWHCYJMHA YeJIOBEKAa BBIJICICHHBIM U3 OMOMAacChl THOPUIHBIN
OeNoOK  MOJBEpraroT XHUMHUKO-(EPMEHTATUBHON  TpaHCPoOpMalMM U  COOTBETCTBYIOIEH



xpomarorpaduyeckoit ourcTke (GpOHTATBHOMH, reNb-IPOHUKAIOLIECH, aHHOHOOOMEHHOM, reJIeBOM
u BOXX).

Hcnonb3oBanue adduuHOi XpomaTorpaduu 3HAUUTENFHO CHHU3HWJIO COJIEpXKaHHE B Ipemnapate
3arpsi3HAIUX OETKOB ¢ Oosee BBICOKOM M.M., ueM y uHcyinuHa. K Ttakum Oenkam OTHOCATCS
NPOMHCYJIMH W YaCTUYHO paclIeIUIEHHbIE MPOUHCYJIMHBI, KOTOpPBIE CIIOCOOHBI WHAYILMPOBATH
BbIpa0OTKY aAHTHUMHCYJIMHOBBIX aHTUTeNl. CraHgapTu3alus UWHCYJMHA 1O 3arps3HEHUIO
KJIaccu(uIupyeT IMpenaparthl Ha OOBIYHBIE, coJepKallue NpouHcyluHa Oonee 1 %, MoOHO-
nukoBeie — MeHee 0,3% m, ynyumenasie MoHonukoBbie — MeHee 0,005% 1 MOHOKOMITOHEHTHBIE,
conepsxauiue menee 0,001% npouncynuHa.

KoHTposnb kauecTBa reHHO-MHKEHEPHOTO0 MHCYJIMHA MPEATNOoIaraeT KOHTPOJIb JTONOJHUTEIbHBIX
HoKa3zaresiel, XapaKTepU3YyIOUMX CTa0WIbHOCTh PEKOMOMHAHTHOTO INTaMMa M IJIa3MHJBL,
OTCYTCTBHE IIOCTOPOHHETO TE€HETHYECKOro MaTepuaia B Ipenapare, HWACHTUYHOCTh
9KCIIPECCUPYEMOI0 T'eHa U Ap. (BCero 22 mnokasares).

3apaua 2.bonbiyto pons B monydeHun BAB wurpaer OuorpanchopMaiusikapIeHONNUIO0B,
TJIMKO3U/IBI KOTOPBIX HCIIONB3YIOTCS B MEIWIIMHE ISl JieueHus Ooje3Hell cepama. PacteHus
Hanepctsinku (Digitalislanata) B 0OJbIIOM KOTHMYECTBE CHHTE3UPYIOT TUTHTOKCHH BMECTO
HE0O0X0IMMOro AUTOKCHHA. /|11 coOTBEeTCTBYIOMIEH OMOTpaHCchOpMAIHH C YCIIEXOM UCTIONB3YIOT
HeuphepeHIUPOBaHHYIO CYCIIEH3HOHHYIO KYJIbTYPY HalepPCTSIHKH.

[Ipoananmu3upyiite cuTyanuo ¢ 000CHOBaHUEM:

. poau 6uoTpaHchopmanuu (OMOKOHBEPCHH) MPH MOJyUYEHHH JEKAPCTBEHHBIX CPEICTB Ha
OCHOBE KYJIBTYP PACTUTEIBHBIX KIIETOK;

. IpEeuMyIIecTBa UMMOOMIM3ALMN PACTUTENIBHBIX KJIETOK IPHU IMOJYyYEeHHH Ha UX OCHOBE
JIEKapCTBEHHBIX BEIICCTB;

. BbIOOpa GOPM U METO10B MMMOOMIIM3ALINN PACTUTENbHBIX KIETOK.

JTaJIOH OTBeTA:

Yacto cuHTE3 METa0OJIUTOB B CYyCIIEH3MOHHOM KyJIbType OCTaHABJIMBAETCS HA MPOMEXYTOUHBIX
JTamax, He JOXOAs 10 TOIy4YeHHS HEOOXOIMMOTO IIeNEeBOTO MpoAykKTa. B 3TOoM ciydae
HOJy4YeHHe KOHEYHOIro MpOoaAyKTa BO3MOXKHO, Onarojapsi mporeccy OumoTpaHchopMaluu, CyTh
KOTOPOTO B M3MEHEHHHU TPOMEXYTOUHBIX META0OJIUTOB C IOMOIIBIO KYJIbTYp APYTUX PacTCHUN
WIN KJIETOK OakTepuil C 1eJbl0 TOBBIIIEHUS OHOJIOTMYECKOM AaKTMBHOCTH KOHKPETHOU
XUMHYECKON CTPYKTYPHI.

[Ipumep:  mpeBpaieHne  AWTMTOKCMHA B JWTOKCMH — KkieTkamu  Digitalislanata.
HemuddepenumpoBannsie KynbTypbl kietok Digitalislanata camm mo cebe He o0pa3yroT
CEpJICYHBIX TIUKO3UIOB, HO MOTYT OCYIIECTBIATH peakluu OuoTpaHchopMaruu cyOCTpaTos,
no0aBIIEeHHBIX B TMUTATENbHYIO cpeny. Pacrenmst HamepctsHku (Digitalislanata) B Gosbimom
KOJIMYECTBE  CHHTE3HPYIOT  JWUTUTOKCMH BMECTO  HEOOXOIMMOro  aurokcunHa. Jlms
COOTBETCTBYIOIIEH OMOTpaHchoOpMaAMA C YCHEXOM HCHOIB3YIOT HeaupdepeHIupoBaHHYIO
CYCIIEH3HOHHYIO KYyJIbTypy HamepCcTAHKH. VIMMOOWIN30BaHHbIE KJIETKH JTOH KYJIbTYpPbI
CTHOCOOHBI JIOJITOE BPEMsI C IMIOCTOSTHHOM CKOPOCTBIO TpaHC(HOpMUPOBATH -METHIITUTUTOKCHH B
B-MeTunaurokcuu (3a cyeT peakiuu 12-TUAPOKCUIMPOBAHMS, KaTalU3UpyeMol (epMeHTOM,
HaxosmuMcs B kieTkax Digitalislanata).

Hpyroit mpumep: KynbTypa KIETOK JKEHBIICHS KOPHEBOTO MPOUCXOXKACHUS CHOCOOHA
ouotpanchopmupoBaTh (TTTMKO3WIIMPOBATH) (heHOITbHBIC COCTMHECHUS (TpOAYKTHI
KU3HEEeATEIbHOCTH CyCIIEH3MOHHOM KYIbTYphI KJIETOK KOpHs Panaxginseng).

Eme omun npumep — OuotpanchopMalusiKapACHOIUAOB, B KOTOPBIX COJAEPKATCS TIUKO3HIBL,
UCIIOJIb3yEMbIe B MEAUIIMHE JUI JieUeHus: O0Je3Hel cepala.

JInst yCmemrHoro OCyIIECTBJICHHSI TMPOIECCOB OMOTpaHCcPopMaluu HEOOXOAUMO TMOCTOSIHHO
MPOBOAUTH CEJCKIUIO CIHEIUAIU3UPOBAHHBIX JIMHUKA KIETOK M ONTUMHU3UPOBATH YCIIOBUS
KyJIbTUBHPOBAHHSI.

NMMoOuIM30BaHHBIE KIETKA 10 CPaBHEHHUIO C CYCIIEH3MOHHBIMU KYJIbTYypaMH HUMEIOT
CJICAYIOUINE PENMYIIeCTBa:



® MHOT'OKPAaTHOC HNCII0JIb30BAHUC,

. YETKOE OTJIeJICHUE OMOMACCHI OT MPOAYKTOB METab0IN3Ma;

. YBEIHUEHUE MPOIOJDKUTEIBHOCTH KYJTbTUBUPOBAHHUS HA CTa MU AaKTUBHOTO OMOCHHTE3a;
. MOJTyYeHre OOJBIIEr0 KOJMYECTBA BTOPUIHBIX META0OIHTOB;

. COKpallleHHe BpeMeHU (epMEHTAIUY;

. yBEJIMUYEHUE CpoKa pabOThl KIETOK (MMMOOMIN30BaHHbIE KIETKH C HU3KOH CKOPOCTBHIO

pocTa crocoOHbI K UHTEHCUBHOM BBIPaOOTKE METAOOIHUTOB).

JInist IMMOOMITH3alIiY KIIETKH KaJUTyCHOHM KYJIBTYpBI TIOMEINAIOT (BCTPAUBAIOT) B OTPEICTICHHBIC
HOCUTENU: aJlbT’MHAT KaJlbLUs; arapo3Hble LIApUKU; TPEXMEpHbIE CeT4aThle CTPYKTYpHl W3
HEWJIOHa, TOPOIIKOBOTO METAllIa, MOJMypeTaHa (B YaCTHOCTH, TaKHE CHCTEMbI HCIIOJIB3YIOTCS
JUIE IMMOOWIM3AalMK KaJUTyCHOM KyJbTypbl kKieTok Digitalislanata) umu agcopOupyroT B HHX.
Hocurenb ¢ kiieTkaMu TIOMEIIAIOT B MUTATEIBHYIO CPEIy, KIECTKH IPU STOM OCTAIOTCS YKUBBIMH.
OHM MpeKpaIiaT pocT, HO MPOJOKAIOT CHHTE3 METa0O0IUTOB, BhIJEIAA UX B cpely. OCHOBHBIE
yCIOBUSI MMMOOMIN3AIIMM — BBIJCJICHHE META0ONNTOB B MHUTATENBHYIO CpPeay M CBOOOTHOE
U3BJIeUEHHE METa0OIUTOB, HAIIPUMED, AIKAJIOUIOB U3 TUTATEIILHOU CPEIbI.

3agauya 3.AckopOuHOBas KHCJIOTa B MHMPOBOM IPOMBIIIICHHOM IPOM3BOACTBE BUTAMUHHOU
OPOAYKIMH B LIEJIOM 3aHMMaeT HauOousblyto Aot — okosio 40 Teic. T B ron. Ee cunTe3 Obut
pa3paboTaH mBelnapckuMu yueHsiMu A. I'ptoccaepom u C. Peiixmreitnom B 1934 r. Cunres
aCKOpOMHOBOW KHCIIOTHI SIBJISIETCSI MHOTOCTAIMMHBIM XMMHMUYECKUM IIPOLIECCOM, B KOTOPOM
TOJILKO OJIHA CTaJMsl IpeJIcTaBleHa OMoTpaHchopManuei.

B mnacrosimee BpeMsi MIMPOKOE HCIIOJIb30BAHHE OMOTEXHOJOTHYECKHX IPOLIECCOB IMO3BOJISIET
COBEpILEHCTBOBAaTh CHHTE3 AaCKOPOMHOBOM KHCIOTBI, COKpallas MHOTO3TalHble U JOpOrue
XUMHUYECKHE CTATUHU.

[Ipoananuzupyiite CUTyalMIO ¢ TOYKHU 3PEHUS:

. YCOBEpILIEHCTBOBAHNE TEXHOJIOTUHU MOJTydyeHus: BuTamuHa C;

. BO3MOXXHOCTH ~ YBEJIMUEHHUS BBIXOJA LIEJIEBOr0 IMPOAYKTa C  HCIOJIB30BAHUEM
PEKOMOMHAHTHBIX MUKPOOPTaHU3MOB.

JTaJIOH OTBeTA:

B mnactosimee Bpems s KPYNMHOMACIITAOHOTO TPOU3BOJACTBA L-acKOpOMHOBOW KHCIIOTHI
(BurampHa C) UCHONB3YIOT BECbMa  TPYAOEMKHH  Npolecc, BKIOYAOLMN  OJHY
MHUKPOOHOJIOTHIECKYIO CTaIUI0 U HECKOJIBKO XMMHYECKHUX; MCXOIHBIM CyOCTpaTOM Ui HEro
apnsieTcss D-rimoko3a. Ha mocneanem srtame storo mporecca 2-keto-L-rynoHoBas kuciota (2-
KLGQG) npeBpaiiaercsi B KUCIBIX YCIOBUAX B L-aCKOpOMHOBYIO KUCIIOTY.

buoxumuueckue uccnaenoBaHus MeTaboau3Ma pazIMUHbIX MUKPOOPraHU3MOB IOKa3ajd, 4To 2-
KLG moxHO moiy4uth ApyruMm myTem. Tak, omuau Oakrepum (Acetobacter, Gluconobacter u
Erwinia) mMoryTt mpeBpamate I0K03y B 2,5-mukeTo-D-ritokoHoByro kucnoty (2,5-DKG), a
npyrue (Corynebacterium, Brevibacterium u Arthrobacter), cunTesmpyromue ¢epmeHT 2,5-
DKG-penyxkrazy, — npeobpaszosiBath 2,5-DKG B 2-KLG.

Hcnonp3yromuiics B HacTosee BpeMs CIIOCOO MOJMY4YeHHsT aCKOPOWHOBOW KHCIOTHI MOKHO
YCOBEpPILICHCTBOBAaTh, €CIAM BKJIIOYUTh B HErO0 COBMECTHOE KYJbTHBHPOBAHHE YKa3aHHBIX
MUKpPOOPraHU3MOB Uil mpeBpamieHuss rmoko3sl B 2-KLG. K coxaneHuto, Takoe
KyJIbTUBUPOBaHUE UMEET CBOM TpyaHOCTH. Hampumep, ucnonb3yemble MUKPOOPTaHU3MbI MOTYT
UMETh pa3Hble ONTHUMYMbI TeMmepatypbl U pH, MoOryt pasnuuaThCsi TaKKe COCTaB Cpellbl U
CKOpOCTh pocTa. VHBIMHM ClIOBaMH, YCJIOBHS KyJbTHBHUPOBAHHUS, ONTUMAJIbHBIE JUISI OJHOTO
OopraHusma, MOTyT OBbITb HENpUeMJEMbl [UIsl JAPYroro, 4YTO HPHUBENET K CIOHTAaHHOMY
«BBIMBIBAHUIO» M3 CpEIbl OJHOTO M3 HUX. B MOAOOHBIX ciay4asx MOYKHO KYJbTHMBHPOBATH
MHUKPOOPTaHU3MBI TOCJEOBATENBHO, IMpaBla TaKOHW TpoLecc TPyAHO OyaeT crenarhb
HENPEPBIBHBIM, €CJIN AJIS1 pOCTa MUKPOOPTraHM3MOB HEOOXOIUMBI CYLIECTBEHHO Pa3HbIE CPEIbL.
HawryummM BBIXOZOM H3 3TOH cHTyanuu ObUIO OBl CO3JaHHE OJHOTO MHKpPOOPTaHH3Ma,
CHUHTE3UpYIOLIEro Bce (epMeHThl, HeoOXoauMble A mpeBpauieHus TIaoko3sl B 2-KLG.
Erwiniaherbicola ocymectBnsier npeBpamenne D-rirroko3sr B 2,5-DKG B HECKOIBKO CTajwid,



KaTaJIM3UpyeMbIX pasHbIMH (epmeHTamu, B TO Bpems Kak Corynebacteriumsp. s
npespaieHus 2,5-DKG B 2-KLG Heobxoauma Tobko ojHa ctaaus. CienoBaTenbHo, Hanboee
IPOCTOI cOCco0 CO3/1aHus OTHOTO MUKPOOPraHU3Ma, CIIOCOOHOTO MpeBpamaTh D-rioko3y B 2-
KLG, cocrout B Beigenenuu resa 2,5- DKG-penykra3zpiCorynebacteriumsp. ¥ BBEIEHUHU €0 B
Erwiniaherbicola.

TpanchopmupoBanubie kieTkd Erwinia akTUBHO mpeBpamaiu D-riiroko3y HEmoCpelICTBEHHO B
2-KLG, npu stoMm coOcTtBeHHbIe ¢epMeHThl Erwinia, j0oKanu30BaHHBIE BO BHYTpPEHHEH
MeMmOpaHe OakTepuaabHOM KIETKH, mpeoOpa3oBeBayiM Tiaoko3dy B 2,5-DKG, a 2,5- DKG -
peayKrasa, JOKaJIn30BaHHAs B IUTOILIa3Me, KaTan3uposana npespamenue 2,5-DKG B 2-KLG.
Takum 00pa3oM, ¢ TMOMOIIBIO TE€HETUYECKUX MAaHUIYJSUN MeTabonnyecKkue peakluy,
IIPOTEKAIOIIUE B CTOJIb PAa3HBIX MUKPOOPraHU3Max, YAAJIOCh OCYILIECTBUTh B OJHOM U3 HUX. DTOT
rudpua  mpuodpen CrnocoOHOCTh CHHTE3UPOBATh KOHEYHBIH MPOAYKT KOMOMHMPOBAHHOIO
MeTa0oJIMYecKoro myTu. Takoil opraHu3M MOXKHO HCHOJNb30BaTh Kak (GaOpuky s
npousBojicTBa 2-KLG, 3ameHstoniyro mepBble TPU CTaJuud B TOM Ipoliecce mnoixydeHust L-
aCKOPOMHOBOM KUCIIOTBI, KOTOPBII UCIIONIB3YETCsl B HACTOSIIEE BPEMS.

1.3.1. KpuTepuu oleHKH NPH PelICHAN CUTYAMOHHBIX 3a/1a4:

- CTYJEHT JEMOHCTPUPYET CHUCTEMHbIE TEOPETUYECKHE 3HAHMS, HEOOXOJUMBbIC Ul pPELICHUs
CUTyallu¥, OIIUCAHHOW B YCJIOBUM 33Ja4yd, BJAJAECET TEPMUHOJIOTHEH, JIOTUMHO U
IIOCJIEI0BATEIbHO OOBACHSAET CYIIHOCTh, SIBJICHUI M INPOLECCOB, J€IaeT apryMEHTHPOBAaHHBIE
BBIBOJIbI U 000011IEHUS, IPUBOAUT IPUMEPhI— «OTIUYHOY;

- CTYJEHT JEMOHCTPUpPYET MpPOYHbIE TEOPETUUYECKHE 3HAHUs, HEOOXOAMMBIE I pELICHUs
CUTyallud, OIIUCAHHOW B YCJIOBUM 33Ja4yd, BIAJAEEeT TEPMUHOJIOTHEH, JIOTUMHO U
IOCJIEIOBATEIbHO OOBACHSAET CYIIHOCTh, SIBJIEHUI M INPOLECCOB, J€IaeT apryMEHTHPOBAaHHBIE
BBIBOJIbI U 0000IIIEHNUs, TPUBOJUT MPUMEPHI, HO IIPU 3TOM JIEJIAE€T HECYIIECTBEHHbIE OIINOKH,
KOTOpble OBICTPO HCHpaBISET CaMOCTOATENIBHO WM MPH HE3HAYUTEIBHOH KOPPEKIHU
IIPETIOIaBATENIEM — «XOPOLLIO0»;

- CTYAEHT JEMOHCTPUPYET HErNIyOOKHE TeOpeTHUeCKHE 3HAHUSA, KOTOPBIX HEJOCTAaTOYHO IS
NPaBWIBHOM OLIEHKM ONUCAaHHOW B YCJIOBUM 3aJa4d CHUTyalud, TMpoOsBIsSieT ciaadbo
c(OpMHpPOBAHHBIE HABBIKM aHaJM3a SIBIEHUI M IPOLECCOB, HEIOCTaTOYHOE yMEHHUE JeNaTh
apryMEHTHPOBAHHbBIE BBIBOJbI U MPUBOIUTH NMPUMEPHI, NMOKa3bIBAET HEJIOCTATOYHO CBOOOAHOE
BIAJCHUE TEPMHUHOJIOTHEH, JIOTUYHOCTBIO M IOCIEHOBATEIBHOCTBIO U3JIOKECHHS, JEJIaeT
OIIMOKH, KOTOPbIE MOXET MWCIPaBUTh TOJBKO TMpPU KOPPEKLUMHU TpEernojaBareieM —
«yA0BJIETBOPHUTEJIBLHOY;

- CTYJIEHT HE JaeT OTBET MO 3aJadye WJIH JIEMOHCTPUPYET HE3HAaHUE TEOPETHYECKUX OCHOB
npeaMera, HecpOpMHUpOBaHHBIE HABBIKM aHajM3a SIBJICHUH M IPOIECCOB, HE YMEET JenaTh
apryMEHTHPOBAHHBIE BBIBOJBI U IPUBOJUTH IIPUMEPHI, HE BJIAJICET TEPMUHOJIOTUEH, MPOSABISAET
OTCYTCTBUE JIOTUYHOCTH M IOCIIEAOBATENBHOCTH H3JI0KEHUS, JAeJaeT OIIMOKH, KOTOphle He
MO>KET MCIPABUTH AK€ IIPU KOPPEKIUH MPETOJABATEIEM — «HEYAOBJIECTBOPUTEILHOY.

1.3 Ilpumepsl Tem pedepaToB:

1. [lepcrieKTUBHBIE UCTOYHHUKH YTIIEPOJIa, a30Ta U POCTOBBIX (PAKTOPOB.

2. .AHTUOHOTUKOPE3UCTEHTHOCTD U IyTH €€ (POPMUPOBAHUSI.

3. buoxumus pa3iaruHbIX TUIOB OPOKEHHUS.

4. OU3NKO-XUMHUYECKHE OCOOEHHOCTH CTPYKTYPbl HYKJIEMHOBBIX KUCIOT. DUBNKO-XUMUYECKUE
OCOOCHHOCTH CTPYKTYypbl M (YHKIMOHUpPOBaHHUA OelakoB U (epMeHTOB. MexaHU3Mbl
(hepMEHTATUBHOTO KaTain3a U KHHETHKA (PepMEHTATHBHBIX PEaKIIHH.

5. PacnpeneneHue OCHOBHBIX oOTpaciieil XxoszsiicTBa. OnucaHue MOPUMEPOB HCIOIb30BAHUS
OMOTEXHOJIOTH B (hapMaIleBTHYECKON OTPACIIH.

6. Otxoapl. OTXOIbl - HETaTUBHBIA pPE3yJbTAaT IPOMBIIUICHHOCTH WM LEHHBIM pecypc.
PackpbITh TeMy Ha KOHKPETHOM IIPUMEDPE.



7. MHUKpOOHOIOTHYECKU CHUHTE3 JIEKApCTBEHHOTO MpenapaTa. PacKpbITh TeMy Ha KOHKPETHOM
puMepe.

1.3.1. Kpurepuu ounenku pedepara:

Kpurepuu onienku pedepara:

«5» (ormmuHO) — pedepatuBHas pabora HamucaHa U O(QOpPMIIEHA COTJIACHO
METOJIMYECKUM YyKa3aHUSM K BBINOJIHEHHIO pedepaTHBHBIX padoOT; TeMa pacKpbITa, MaTepHal
W3JI0’)KEH TOYHO, JJIsl HAIIMCAHUS HCIOJIB30BAJIUCh MHTEPHET PECYPCHI, KAUECTBO 3alUTHI -
YCTHBIN JOKJIAT;

«4» (xopomo) — pedepatuBHas paboTa HamucaHa U O(QOPMIICHA COIVIACHO METOAMYECKHM
yKa3aHUAM K BBIMOJHEHHIO pedepaTUBHBIX paboT; TemMa pacKphiTa, B M3JIO0KEHHM MaTepualia
UMEIOTCS He3HauuTeNbHble HETOYHOCTH, JJIs HallMCaHWs HCIOJIb30Balach YydeOHas U
JIOTIOJIHUTENbHASL JINTEPATypa, KaueCTBO 3alIUTHI - YCTHBIM 0K/ C YAaCTUYHBIM 3aYUTHIBAHUEM
TEKCTA;

«3» (yAoBineTBOpUTENbHO) — B odopmieHUN pedepaTUBHOW pabOThl HUMEIOTCA
OTKJIOHEHUS] OT METOJMYECKUX YKa3aHUH K BBIIOJHEHUIO pedepaTUBHBIX pabOT; TeMa pacKpbITa
HE B IMOJHOM 00OBEME, B H3JIOKEHHWU MaTepualla HMEIOTCSI HETOYHOCTH, JJsl HalHuCaHus
UCIIOJIb30BaIACh TOJIBKO yueOHas JInTepaTypa, KadyeCTBO 3alUThI - HEMPEPHIBHOE YTCHUE;

«2» (HEyIOBIIETBOPUTEIBHO) — HApYILIEHA CTPYKTypa paboThl (COTJIaCHO METOAMYECKUM
yKa3aHHUSM K BBITOJIHEHHIO peepaTUBHBIX paboT); TeMa HEe pacKpbITa, B U3JI0KEHUH MaTepuana
UMEIOTCS TpyOble OMIMOKM B OINpeAeNeHUsX, KIacCU(pUKaUUAX, TEPMHUHOJOTUHU, KAaueCTBO
3aLIUTHI - HETIPEPHIBHOE YTEHUE C OIIMOKAMHU.

1.4 IlpumepHBIe TEMBI AHATUTHYECKUX 3AIIUCOK

1. YcnemrHple mpuMepbl H3MEHEHHSI METa00IM3Ma U PETYJSIIUA OMOCHHTETHYECKUX TEHOB IS
pelieHus 3aa4 CUCTeMHON metabonudeckoil umkeHepun (Metabolic grafting, Retrosynthesis
Metabolic Control Engineering u ap.).

2. OCHOBBI M TOHSTHS OMOPKOHOMHUKH Kak Hayku. lIpoBeneHuwe aHanmm3a pbIHKA, OICHKA
MHUPOBBIX TPEHJIOB M IMO3UIIMOHMPOBAHWE OTEYECTBEHHBIX BO3MOXKHOCTEH. [IpenyoxuTh myTn
pa3BUTHS OMO’PKOHOMMKH C YYETOM PUCKOB. YKa3aTh BO3MOXKHbIE ITyTH UX PEIICHUS.

3. buopemenmarus. IlpoBecTH CpaBHUTENBHBIH aHAIW3 TEXHOJIIOTUH OHOpEMeEIHaIH,
NPUMEHSIEMON Ui 3allUThl OKpPYXKAloIIel cpeabl, C TPaJUIUOHHBIM METOJIOM OYHUCTKH,
BBITTOJIHSFONIMM aHAJIOTUYHYIO 3a7ady. YKa3aThb JOCTOMHCTBA M HeHOCTaTKu. [Ipeminoxurh
pellIeHus 0 YCTPAHEHUIO HEJOCTATKOB B MPUMEHEHUHN COBPEMEHHON OMOTEXHOJIOTHH.

4. CpaBHUTHP C HCHOJB30BAHWEM HAYYHOH JIUTEpaTypbl TPUPOAHBIE H  TEHHO-
MOU(PHUIIMPOBAHHBIC IITAMMBI-IIPOYIIEHTHI OHOTO M3 BUTAMHUHOB TI0 BBIOOPY CTYCHTA.

1.5 Ilpumepusblie Tembl Keiic-3axannii

1. Hdns mocnemoBatenbHocTH Oenka SpCas9 (mpentudukatop B 0Oaze maHHbIXx GenBank
Q99ZW2.1) HaiinuTe myTeM MOUCKa B 0a3ax MaHHBIX psija OETKOB TOMOJIOTOB C MIEHTUYHOCTHIO
nocnenoBarenbHocTd He MeHee 70%. Iloctpoiite MHOXECTBEHHOE BblpaBHHBaHHeE. [lyrem
MOMCKa U aHAIM3a Hay4YHOU JIUTEpaTyphl orpeneinTe GparMeHT/IoOMeH Oellka, OTBeUaroluil 3a
ces3piBanne PAM-nocnenoBarensHoct  JIHK  CRISPR-Cas  kommiekcom. Hcnonb3ys
MHO>KECTBEHHOE BBIPDABHUBAHUE, MPOAHANU3UPYHTE BapuabETbHOCTh TOr0 JOMEHa Yy pa3HBIX
BUJIOB OaKTepuil.

2. Ilpoananu3upyiiTe MPOEKT, HaJ KOTOPHIM Bbl CAMOCTOATEIHHO paboTaeTe B pamMKax MOIYJs
“I'eHeTMKAa M T'€HETUYECKHUE TEXHOJOTMU B IPOMBIIIICHHONW OnoTtexHosorun”. OLEHuTEe Ball
IPOEKT C TOYKU 3PEHHUS €T0 BIMSHHS Ha OKPYXAIOIIYI0 CPeIy /WM BO3MOXHBIX PHCKOB €r0
peamuzanuu. B ciaydae BBISBICHUS HETAaTHMBHOTO BIMSHUS, aJanTHPYHTe HEOOXOAMMBIE
KPUTEPUU B COOTBETCTBHH C MPUHLHUIIAMU U KPUTEPUSIMH YCTOMUMBOTO pa3BuTus. B ciydae
BBISIBJICHUSI PUCKOB, NPEAJIOKUTE BAPUAHTHI 110 UX CHUXKEHUIO UJIU YCTPAHEHHUIO.



Ha ocHOBe moONlydeHHBIX peE3yJabTaTOB TMPH HEOOXOAMMOCTH CKOPPEKTHpPYHUTE CTpaTeruio
IL&J’IBHCfIIHCFO IJIaHUPOBAHHA U BBIITIOJTHCHUA IIPOCKTA,

WIN TPOAHAIN3UPYHTE MpoOJIeMy CYyIIECTBYIOIIErO MPOM3BOJICTBA, NMPEIIOKEHHbIE MM CHOCOOBI
peuicHus, a TakKXKC Ball€ MPEAJIOKCHUEC 110 PCHICHUIO HpO6JI€M WX CHWXXCHHIO PUCKOB HX
BO3HHUKHOBCHHA.

Hanpuwmep:

[Ipobnema - BIUsIHUE TPOLIECCOB TOPHOPYAHOM KoMnanuu «[lomumerany Ha OKPY’KalOIIyIO Cpey.
Pemenne - koMmaHus nekjgapupyer NpuBep:keHHOCTh ESG-mpuHIMIaM U ¢ KaXkAbIM TOJ0M
YBEJIIMYUBAET CBOU BIOKEHUS B IKOJIOIMUYECKUE TPOECKTHI:

- HeMpepbIBHBII MOHUTOPUHT COCTOSIHUS OKPY KalOIe cpebl BOIM3U PACIIONIOKEHUS IPEATPUATHIA
1 MIPOBEICHNE MEPOIIPUSITHI 110 €€ COXPAHEHUIO;

- TIOCTENIEHHBIN MEPEX0/l K UCIOIb30BAHUIO CYXOT'0 CKJIaTUPOBAHUS OTXOJI0OB OT TOPHOI00BIBAIOIICH
1 oOpabaThIBaroIIeld MPOMBIIIEHHOCTH OT TPAJAUIIMOHHOTO BO3BEJICHUS JaMO C IICJIbI0 CHIDKCHUS
PHUCKOB, CBA3aHHBIX C YTCUKAMU U aBapUsIMU.

Pe3ynpTar - MTOrOM MOCTOSIHHO IPOBOJUMBIX MepompusaTHii mo cobmoaernio ESG-npuHImunos
koMnanus «Ilonmumeranm 4eTBepThIi pa3 MOAPS] 3aHUMAET IEPBOE MECTO B PIHKUHTE.

Kakne 6noTexHOI0rny MOTJIH OBl TAK)KE TIOMOYb KOMITAHUH 3aKPENHUTh CBOW pe3ysbTaT?

1.6 KoHTpoJIbHBIE BONPOCHI K 324€ETy

Bonpochl o Teme «MoJieKyJIsipHAasi TeHETHKA

1. OCHOBHbBIE T€HETHYECKHUE MPOIECCHI B KJIETKAX MUKPOOPTAHU3MOB M UX PETYJISIIHUS.

2. MexaHu3MBbI 001Iei 1 calT-criennuIecKoi peKOMOWHAITHH.

3. TpaHckpunuus 1 ee peryysinus Ha pa3IHdHbIX YPOBHSIX.

4. MeToibl TeHETHYECKOTO OOMEHa.

5. 'enerndeckas Tpanchopmarys, IpUPOIHAs U UHIyIUPOBAHHAS.

6. O0mue mpencraBieHUsT 0 MUKpoOHoM MeTabonusme. IloHaTne katabonusma M aHaOONIU3Ma,
o0mue MeTaboJInYecKue MPeIIeCTBEHHUKH, TIepeiaya YHEPTUH B KIIETKaX.

7. Uentpanbubiit MetabonusM E.coli mpu pocTe Ha TII0KO3€ U APYTUX caxapax.

Bomnpocsl mo teme «MeToabl aHaan3a reHoMoB. bnonagopmaruka. MerareHomuka»

1. PazHooOpasue u cTpyKTypa FreHOMOB IPOKapuOT U 3yKapHOT.

2. MeTopl CEKBEHUPOBAHHUS [IEPBOIO, BTOPOT0, TPETHEr0 NOKOJIEHHM.

3. Metoas 00pabOTKH TaHHBIX cCeKBeHUpoBaHUs. KaprupoBanue punos. [Torck myTarimid.

4. Ananmu3 nuddepeHmanbHOM SKCITPECCHU TSHOB.

5. buonornyeckue 6a3pl naHHbIX. [lorck B OMonornyeckux 6a3ax JaHHBIX.

Bomnpocskl no teme «MeTabdosmueckasi HHAKEHeEPHsD)

1. Merabonuveckass WH)XCHEpUsT — ompejaeieHue; (yHIaMEHTalIbHAs HApPaBICHHOCTh
UCCJIEIOBAHUM U MX MPAKTUYECKAs 3HAYMMOCTh. DTalbl Pa3BUTHS, METOI0JIOTHYECKas OCHOBA U
NPUHIUTTHATBHBIC PA3IAYUSL.

2. Tlpumepsl BBIAAIOIIMXCS YCIEXOB COBPEMEHHON MeTaboIMuecKkoil WHXKEeHEepuu (co3laHue
MPOIYIIEHTOB aMUHOKHCIIOT, U3BECTHBIE MOHOMEPHI ISl CHHTE3a ToJiuMepoB (1,3-mpomnananon),
anTuOuoTHKoB (7-ADCA), UCKyCCTBEHHBbIE MOHOMEpHI HJsi cuHTe3a mnoiumepoB (1,4-
OyTaHAHMO), ApTEMU3HHUH, OMOTOITUBO (M30-0yTaHOM)).

3. CoBpeMeHHbIE METOJIbl PEAaKTUPOBAaHUS TE€HOMOB MHUKpPOOpPraHu3MoB. OT mIa3MUIHBIX
MoIU(UKAMA 10 PaHIOMU3AIMH IEJEBBIX MOCIEAOBATEILHOCTEH B XpOMOCOME Ha OCHOBE
PEKOMOMHUPHUHTA C CeNeKIHer (YCTONYMBOCTh K aHTHOMOTHKAM) U KOHTpa-cenekmnueit (SacB, I-
Scel, CRISPR/Cas).

4. Kparkas XapakTepuUCTHKa KOMIIOHEHTOB COBPEMEHHOIO 3Tana HCCIEJOBAaHUN CHCTEMHOU
MeTa0O0IMUECKON NHKEHEPUH.

5. [loctreHOMHBIE X-OMHBIE TEXHOJIOTHH KaK SKCIIEPUMEHTANIbHAS OCHOBA CUCTEMHON OMOJIOTUI
U CHCTEMHOUN MeTa0O0INIEeCKON HHKCHEPHUH.

6. Ponp mocTpoeHHMs pa3iHuYHBIX METa0OJMYECKHUX MOJEeNel OpPraHu3MOB B COBPEMEHHOMN
OMOMH)KEHEPUH U CUHTETHYECKOH OHOIOTHH.

7. ®nykcomuka u 13C-aHann3 MeTabOINISCKUX TTOTOKOB.

Bonpocsl no teme «bHOIKOHOMHKA M HCIOJb30BAHNE OMOTEXHOJIOTHil»



1. Onpenenenue, 3a1a4u U eI OMOIKOHOMHUKH.

2. Otpacnu OuoskoHoMuku. Mx coneprkanue u pa3BUTHE.

3. [IpakTHdeckoe MpUMEHEHHE U BIUSHUE OMOPKOHOMUKH Ha TPOU3BOJICTBEHHBIE TIPOIECCHI.

4. Tlorennmana pa3BUTHs OMOPKOHOMUKH B MUPE - TPEH/IBI ¥ BOZMOKHOCTH.

5. OTedecTBEHHBIE BO3MOXKHOCTH Pa3BUTHS OMOIKOHOMUKH (C MO3UIIUK HAYYHO-TEXHHUYECKOTO,
TEXHOJOTMYECKOTO YpPOBHS, C OLEHKONM MEPCHEKTUB OTEYECTBEHHBIX MPOU3BOJICTBEHHBIX
BO3MOKHOCTEH).

6. Ponb 1 MecTO OMOTEXHONIOTHI B OMOIKOHOMUKE.

7. JIBoifHOE MpUMEeHeHUEe OMOTEXHOIOTUH.

8.  buonormueckas  OezomacHocTh.  KOHTpOdb,  HeratuBHbIE  CLIEHAPHHM,  CIOCOOBI
MIPENOTBPALEHHUS.

9. YcnoBust mpuMeHeHNs OMOTEXHOJIOTUI B Pa3TUYHBIX OTPACIISX M MEPCIIEKTUBBI KX Pa3BHUTHSI.
10. 3nayenuwe OuompenaparoB B JOOBIYE YIJIEBOJOPOIHOTO CHIPhS M TMOTEHIMANE €ro
nepepadoTKH.

11. Ponp OWOTEXHONOTH B MPOM3BOACTBE (hapMalleBTHUECKON MPOAYKIUH U B 0O0JIACTH
3/1paBOOXPAHEHUS.

12. OcHOBHBIE TPHUHIMIBI M KOMIIOHEHTHl OHOTEXHOJIIOTMYECKUX TMPOILECCOB TMOTYUYCHUS
(hapManieBTHUECKUX CYOCTaHIIMI U JICKAPCTBEHHBIX MPEnapaToB

Bonpocsl no Teme «TeXHOTOTHH 0YUCTKU CTOYHBIX BOI»

1. Macmtab 1 pojib OYMCTKH CTOYHBIX BOJI B KQUECTBE KHU3HU YEIOBEKa, YKOJIOTUH.

2. CyTb TEXHOJIOTHI OYUCTKHA CTOUHBIX BO/I.

3. OT 4ero YMCTAT CTOYHBIE BOJIbI — OCHOBHBIE 3aTPS3HUTEIH.

4. OCHOBHBIE TIPOIIECCHI, JICKAIINE B OCHOBE TEXHOJOTHI OYHMCTKH CTOYHBIX BOJ ((husmueckue,
XUMUYECKHE, OMOJIOTHYCCKHE).

5. OcHoOBHBIE (PHU3HOIIOTHYECKUE TPYMIBI MHKPOOPTAaHW3MOB, HCIIOJIB3yeMble B TEXHOJOTHSIX
OYHMCTKH CTOKOB.

6. UTo Takoe akTUBHBIN M. TUIBI IO IPUKPEIUICHUIO, CTPYKTYpE.

7. buoxumudeckue ocHOBHI yaanenus C.

8. buoxumuueckre OCHOBBI yaaneHus N.

9. buoxuMuyeckne oCHOBBI yAasieHus P.

10. CyTp TexHOJIOTUHN AHAMMOKC

11. ba3zoBas cxemMa OYUCTHOTO COOPYKEHUSI.

12. TlonsiTue GnopeakTopa — adpOTCHKA.

13. OcHoBHBIE 30HBI peakTopoB 1o ynanenuto C, N, P.

14. Yto Takoe penuki’?

15. TloHsATHE ¥ Ha3HAYCHHE METAHOBOT'O COpaKMBAHMSI.

16. MOXHO 1 OYUCTUTH BOJY OT SIJIOB?

17. CBsI3b OYMCTKU CTOYHBIX BOJ U BO3yXa, UCIIOJIb30BaHHE OMO(PHIBTPOB.

2.  OueHouyHbIe CpeACTBA IS TPOMEKYTOUHOW AaTTecTAllMd MO0 WTOraM OCBOEHHsI
JUCHHILINHBI (324€T)

B cootBeTcTBUM ¢ OCHOBHOM Mpo(hecCHOHATBHOM 00pa30BaTe/IbHOM MPOrpaMMOi U y4eOHbBIM IJIAHOM
TI0 3aBEPIICHUIO 00yUYeHHs 110 qUcIUILIMHE B 10 ceMecTpe MpoBOAUTCS 3a4eT.

2.1. Ilpumepsbl TECTOBBIX 3aaHUIA:

1. TpascBepcusi — 310 B BHY TPUTEHHOM My TALMH, 3AKTFOUAFOLLIACST:
a) «BBIAICHAD) YaCTU I'eHETHUECKOTO MaTepHaia;

0) B 3aMeHe IypHHAa Ha IPYTOH ITypHH;

B) B 3aMeHe IMPUMUIIMHA Ha IPYTO MMPUMUIIVH,

I') B 3aMEeHe ITypyHA HA TMPAMUTIVH;

1) B 3aMeHE MIMPUMUIHA Ha TTpPYH.



2. BHOTEXHOJIOMMYECKHIA MPOLIECC MOyYeHHsT aCKOPOUHOBOM KHCJIOTHI BKITHOYACT:

a) KyJIETIBUPOBaHKE TpaHC(hopMHUpPOBAaHHBIX KIeTok Erwinicaherbicola;

0) MHKPOOHOIOTFMECKOE PacCITIeTUICHHE PACITISTUICHHEM TIeJUTFOTIO3bL,

B) COBMECTHOE KYJIETHBUpOBaHKE MUKpoopraHmMoB Corinebacterium v Erwinicaherbicola;

T') TIOCIIETIOBATENTBHOE KYIIBTHBHAPOBaHKE MUKpoopraHmmMoB Corinebacte-rium u Erwinicaherbicola;
JT) KyJIETBAPOBaHKE IITamma Streptococcuseguisimilis.

3. Iomydenye NomyCHHTETMHECKHX MEHHLIIUTMHOB OCHOBAHO Ha:
a) VIBMEHEHNH AlWITHHOM TPYTIIHAPOBKY,

0) FIBMEHEHUH CTPYKTYPBI AMAHOTICHHI I UTAHOBOK KHCIIOTB,

B) IPOLIECCAX METYITMPOBAHKST,

T') YBEJMYEHHH YCTIA (DYHKIMOHATHHBIX TPYIIIT,

JT) THAPOITH3E [3-7JaKTaMHOTO IKJIA.

4. TTna3muza npecTaBisieT COOOH:

) ONPE/ICTICHHBIN IIITAMM KHITICIHOM MTATIOYKH, UCTIONB3YEMBIH 711 OMOTEXHOMIOTMYECKHX T1eTIeH;
0) xonbrieodpazHast JIHK, BHeXpOMOCOMHBIH AIeMEHT M'eHeTHYeCKOM MH(OpMAITIL;

B) yuactok tierm PHK;, Hecymmii HH(OpMALIIO O CTPYKType Tena;

I') BUPYC, PAa3MHOXKAFOLIMICS B IATOITIA3ME MUKPOOHOM KIIETKY,

1T) XpOMOCOMY, MCTIONB3yeMyHO B KadecTse Bektopa [yt BBereHus [JIHK B kiietku Gaxrepuid.

5T ubpunoma —-a10:

a) OesIoK, CHHTE3UpyeMblil B-Mdormramy B OTBET Ha MONAIAHKE B OPTrAHN3M PATMYHBIX aHTUTEHOB U
crierhrUecKy C HUIMH B3aUMOJICHCTBYFOITIHI;

0) THIT TKAHH Y KMBOTHBIX C HETIOJTHBIM Pa3IPaHHYEHHEM KITETOK;

B) XMMEPHBIH OeTIOK, COCTOSIIIMIA 13 JIBYX JIOMEHOB, OZIMH M3 KOTOPBIX OOJIaJaeT CBOMCTBAMY aHTHTENA, a
JIPYTOi — TOKCHHA,;

I) KICTOYHAs JIMHKS, TIONMydeHHas TIpH CIMSHAM HOPMATBHBIX —AHTHTEIO00PA3YIONMX —KIETOK
((1MOITOB) ¥ MUETIOMHBIX KJIETOK;

1) CIIMBILIMECS ITPOTOILIACTBI PA3HBIX MATEPUHCKUX KIIETOK.

2.2 Kputepum olleHKH TeCTOBBIX 3aIaHUIM:

CryneHTOM AaHbI IPaBWIbHBIE OTBETHI HA 3a/laHus B TecToBOM (hopme (13 100 TecToBbIX
3a1aHUi):

- 70% u MeHee — He 3aYTCHO;

- 71-100% 3amaHuii -3a4TEHO.

Bpewmst, orBogumoe st perernst S0 3amanuii B TecToBoi hopme — 30 MuH.
CTyneHTbl, TNOJNYYMBIIME HEYJIOBICTBOPUTEIBHYIO OLIEHKY Ha II€pBOM JTame, K
co0eceI0BaHUIO HE JIOMYCKAIOTCSL.

2.3 [Ipumepbl CHTYALMOHHBIX 32/1a4 M KOHTPOJILHBIX BOMPOCOB:

1. IIpu MUKPOOHOIOTHYECKOM MPOU3BOACTBE rpamuiuanHa C B KauyecTBe MPOAYLEHTA
UCTIOJIB3YIOT ~ AKTMHOMHLIETHI  Streptomyces — griseus.  llltaMMbl ~ MHUKpPOOPraHM3MOB
BBIPAIIMBAIOTCS Ha CcpelaX Ha OCHOBE MSCHOTO U JIPOXKKEBOTO THIPOIM3ATOB, COJACPKAIIMX
MUHEpaIbHbIE U OpraHuyeckue coiu. KylbTUBHpOBaHHE MPOBOAST B YCIOBUSX MHTEHCUBHOMU
aspauuu npu Temmepatype 27-29 °C u pH 7,0-7,5. AHTUOMOTHUK H3BIEKAIOT 3KCTpaKLIUEH
xsiopoopmoM. OLIEHNUTE TPABUIBLHOCTH BEIOOPA TEXHOIOTHH.

Bompocsr:

1.  TlomydeHnue SKOJOTUYECKH YUCTOM 3HEpruu. buora3. ®oTonpou3BOACTBO BOIOPOIA.
2.  TpeOoBaHMs K HOCUTENAM JUIsi UMMoOUIu3anuu. Buasl Hocuteneil. Oxapakrepusyiire
a7cOPOIIMOHHYI0 UMMOOMITU3AIINIO OSITIKOBBIX MOJICKYI.



3. TlomyueHue peKOMOMHAHTHOTO COMAaTOTPOIMHA YEJIOBEKA.

2. OOBIYHO JUII MMMOOMIM3AIMKM Kak (DEPMEHTOB, TaK M KJIETOK HCHOJB3YIOT YXKe
rOTOBbIE KOMMEpUECKHE IIpernapaThl aKTUBHPOBAHHBIX Hocutene («varpuip). B Poccun
pa3paboTaH mnpenapaT NEHULWUIMHALWIA3BL, COCTOALIMM W3 KIETOK Escherichia coli,
BKJIIOUEHHBIX B TMOJIMAaKpUIaMHUIHBIN reib, B 1lIBenun ucnonpiyeTcs NeHUMIMJUIMHALINATIA3a U3
Escherichia coli, KOBaleHTHO CBsi3aHHAs C AKTMBUPOBAHHBIM HOCHUTENEM IOJMCAXapUIHON
npupoabl. OxapakTepu3ynTe NpeasioKeHHbIE METOIbl HMMOOMIN3alUU (DEPMEHTOB.

Bompocstr:

1. TlomyueHue  aHTUOMOTUKOB  XMMHUKO-(DEPMEHTATUBHBIM  IyTeM (Ha  IMpuMepe
aMITAIIMJUTHHA).

2. OcCHOBHbIE UCTOYHHMKH 3arps3HEHUS U 3aCOpPEHUs BOA0eMOB. OXapakTepu3ynTe MEeTOIb
OUUCTKU CTOYHBIX BOJ.

3. Tlonmn- 1 MOHOKJIOHAJIbHBIE AHTHUTENA KaK JIEKAPCTBEHHbIE CPEACTBA. JTalbl U CYIIHOCTb
TUOPUIOMHOM TEXHOJOTHH MOTYyYEHHSI MOHOKJIOHAIBHBIX aHTUTEI.

2.4 Kputepnu OneHKH CUTYallMOHHBIX 32124 M KOHTPOJILHBIX BOIIPOCOB

«3a4TEHO» - CTYJICHT JlaeT MpaBUiibHbIE OTBETHI Ha 71% 1 OGosnee 3amanuil B TeCTOBOM Qopme u
JIEMOHCTPUPYET CUCTEMHbIE TEOPETUYECKHE 3HAHMs, HEOOXOIMMBbIE I PEIIECHUs CUTYaIUH,
ONMCaHHON B YCJIOBUM 3aJjaud, BIAJEET TEPMHUHOJIOTUEH, JIOTMYHO U IOCIENI0BaTEIbHO
OOBSICHAET CYIIHOCTb, SIBJICHHH U TPOLIECCOB, JENaeT apryMEHTHUPOBAHHbIE BBIBOJBI U
0000111eHNs,, TPUBOJUT IPUMEPHI, HO MPHU 3TOM JE€JIaeT HECYIECTBEHHbIE OLIMOKH, KOTOpbIE
OBICTPO UCHPABIISIET CAMOCTOSTENIFHO WIIM IIPU HE3HAYUTEIbHON KOPPEKLIUHU MPENoaBaTeieM;
«He 32aYTeHO0» - CTYJCHT JlaeT NpaBUbHbIe 0TBETH HAa 70% U MeHee 3ajaHuil B TeCTOBOM dopme
Win npu cobeceloBaHMM HE JaeT OTBET M0 3aJadye WM JEeMOHCTPUpPYET He3HaHHE
TEOPETUYECKUX OCHOB IpeaMeTa, Hec(hOpMHUpPOBAHHBIE HABBIKM aHAJIN3a SIBJICHUM U MPOLECCOB,
HE yMEeT JejaTh apryMEHTHUPOBAaHHBIE BBIBOJABI M IPHUBOJUTH IPUMEPHI, HE BIIAAEET
TEPMHHOJIOTHEH, MpOSIBISIET OTCYTCTBUE JIOTMUYHOCTH M TOCJIEIOBATENIbHOCTH W3JI0KEHMUS,
JieNiaeT OIUOKH, KOTOPbIe HEe MOXKET UCTIPaBUTh Ja)kKe MPU KOPPEKLUH MPETIOAaBaATENIEM.

@DOH/1 OLIEHOYHBIX CPEACTB sl IPOMEXYTOUHOM artectaiuu npuseneH B Ilpuinoaxennu Ne 1.

IV.Y4eOHo-MeToqu4uecKkoe M MHGpOpMAIIMOHHOE 0O0ecTieYeHne TUCHMIIIMHbI

1. IlepeyeHb OCHOBHOI1 M JONOJIHUTE/ILHOH Y4eOHOH JIMTEepaTypbl, HEOOXOAMMOM 11
OCBOCHHS AMCIMILIMHBI:

a). OcHoBHAs JIMTEpaTypa:

1. buorexnonorus : yuebnuk / pea. B. A. Konomsznas, M. A. Camorpyesa . — M. : TDOTAP-
Memua, 2020 . — 382 c. : puc. - bubmuorp.: ¢. 367-368, I1pun.: c. 369-378, Ilpenm. ykas.: c. 379-382 .

2. OpexoB, C.H. ®apmaneBTuueckas OMOTEXHOJOTHs: PYKOBOJCTBO K HMPAaKTUYECKUM
3aHsaTusAM: yueOHoe mocobue / C.H. Opexos; pen. B.A. breikos, A.B. Katimuckuii. — Mocksa:
I'S50TAP-Menua, 2013. — 381 c.

0). JlonosiHMTE IbHAS JIATEPATYpPA:

L. Kimmandeckast reHetuka. ['eHOMHMKa M NPOTEOMHMKA HACIEICTBEHHOM IIaTOJIOIMU
[OnexTponHbIii pecypc] : yueOHOe mocobue / MytoBun I'.P. - 3-e u3a., mepepab. u gom. - M. :
I'S0TAP-Menua, 2010. http://www.studmedlib.ru/book/ISBN9785970411520.html

2. MenumHcKast 1 6uonornyeckast puznka [DneKTpoHHbIN pecype] : yueOHuk / Pemuszon
AH - 4e w3g, wenp. wm  mepepad. - M. .  IDOTAP-Memma, 2013.
http://www.studmedlib.ru/book/ISBN9785970424841.html

3. @apmarieBTHUeCcKass OHOTEXHOJIOIHs. PyKOBOJACTBO K MPAKTUYECKUM 3aHSTHUSIM.
[OnexTponnsiii pecypc] / OpexoB C.H. / Ilox pen. B.A. beikoBa, A.B. Katmunckoro - M. : T9OTAP-

Menua, 2009. http://www.studmedlib.ru/book/ISBN9785970413036.html


http://192.168.16.5/OpacUnicode/index.php?url=/auteurs/view/18855/source:default
http://192.168.16.5/OpacUnicode/index.php?url=/auteurs/view/18857/source:default
http://192.168.16.5/OpacUnicode/index.php?url=/auteurs/view/26957/source:default
http://192.168.16.5/OpacUnicode/index.php?url=/auteurs/view/18855/source:default
http://www.studmedlib.ru/book/ISBN9785970424841.html
http://www.studmedlib.ru/book/ISBN9785970413036.html

4. ®dapmarieBTHUECKass OHoTexHONOTUs [DnekTpoHHbd pecypc] / OpexoB C.H. - M. :
I'DOTAP-Memua, 2013. http:/www.studmedlib.ru/book/ISBN9785970424995 .html

5. Tymanos, 0. B. MeaunuHckas OWMOTEXHONOTHS : JMArHOCTHKA 3a00JieBaHUM W
co3faHue JekapcTBeHHbIX mpemnaparoB / FO. B. TymanoB, A. H. bonmpipeB, A. U. Ayrenuuoc,
HoBocubupckuii roc. men. yH-T . — HoBocubupcek : HoBocuOupcekuii roc. MeaMIMHCKINA yH-T, 2016 . —
213 c.

6. llImun P. HarnsimHast OMOTEXHOIOTHS ¥ TeHeTHYeCKasi MHKeHepus : miep. ¢ Hem. / P. IlImu .
— 3-e m31., uctp . — Mocksa : Jlabopatopust 3Hanui, 2020 . — 324 c. : puc., Tabin. - bubmorp.: c. 294-
316 . — (Harnsmaas meauiumna) . - [ISBN 978-5-00101-198-9 : 919.60 .

2. IlepeyeHb Y4eOHO-METOAMYECKOr0 O0eCIeYeHUsl ISl CAMOCTOSITEJIbHOH PadoThI
00y4aKOIIUXCH 10 AUCHUIIHHE

1. buotexHonorus : MeToau4eckue yka3aHus ISl CAMOCTOATEIbHOU paboThl CTYIEHTOB /
Hemunoa M.A., Xapuronosa E.B. — TBepckas roc. men. akaz., 2011. — 58 c.

3. Ilepeuens pecypcoB MHGOPMALHOHHO-TEIEKOMMYHHKAIMOHHON ceTtn «MHTepHeT»,
Heo0XO0IMMBIX /I/ISl 0CBOCHMSI AU CIMILIHHBI
Ipodeccnonanbubie 6a3b1 JAHHBIX, HHPOPMALOHHbIE CIIPABOYHBIE CUCTEMbI H JIEKTPOHHbIE
o0pa3oBaTe/ibHbIE peCypcChI:
OnexkTpoHHbIM  cnpaBoyHMK  «MHpopMuo»  nmns  BbICHIMX — y4eOHBIX — 3aBEICHMI
(www.informuo.ru);
ONeKTpoHHBIM  Oubnmoreunblii  abonement lleHTpanpbHOW  HAydyHOH  MEAMIIMHCKON
6ubnuorexku IlepBoro MoCKOBCKOro rocyJ1apCTBEHHOI'O MEIUIIMHCKOTO YHMBEPCHUTETA HM.
W.M. Ceuenosna // http://www.emll.ru/newlib/;
Nudopmanmonno-nouckosas 6aza Medline (http:// www.ncbi.nlm.nin.gov/pubmed);
baza nannbpix «Poccutickas menumuna» (http://www.scsml.rssi.ru/)
Odunmanbubiii  callt MuHucTepcTBa 3apaBooxpaHeHus Poccuiickoit  ®epepaumu  //
https://minzdrav.gov.ru/;
Poccuiickoe obpazoBanue. denepanbHblii oOpa3oBarenbHblii moptai. //http://www.edu.ru/;
Kmuanueckue pexomenaamuu: http://cr.rosminzdrav.ru/;
DneKkTpoHHBINH o0pa3oBaTenbHbll pecypc Web-menununa (http://webmed.irkutsk.ru/)

4. llepeyenb MHGPOPMALMOHHBIX TEXHOJIOTHIl, MCMOJIb3YeMbIX MPH OCYIIECTBIEHUH
o0pa3oBaTe/ILHOIO MpoLecca Mo AUCHUILUIMHE, BKJIIOYAs MNepedyeHb MNPOrpaMMHOIO
olecrieyeHus: 1 MHPOPMAIHOHHBIX CIPABOYHBIX CHCTEM

4.1. llepeyeHb JUIEH3MOHHOTO NMPOTPAMMHOI0 00ecriedeHns :

1. Microsoft Office 2016:

- Access 2016;

- Excel 2016;

- Outlook 2016;

- PowerPoint 2016;

- Word 2016;

- Publisher 2016;

- OneNote 2016.

2. ABBYY FineReader 11.0

3. Kapenbckas Menununckas nadopmanuonnas cuctema K-MUC

4 IIporpammHOe obecrieuenue uist TectupoBanus ooyqarommuxcss SUnRAV TestOfficePro

5. I[IporpammHuoe obecrieuenue «Cpeaa amekTpoHHoro ooydeHus 3KLy»

6. KomnprorepHast mporpamMma Jyisi CTaTUCTHYECKOH 00paboTku nanHbix SPSS

7. DkcnepTHas cucteMa oOHapy K EHHs TEKCTOBBIX 3aMMCTBOBaHUH Ha 0aze

HCKYCCTBEHHOTO MHTEIIIEKTa «PyKoHTEKCT)

8. CnpaBouHo-npaBoBas cucrema Koncynerant [1mroc


http://www.studmedlib.ru/book/ISBN9785970424995.html
http://www.emll.ru/newlib/
http://www.ncbi.nlm.nin.gov/pubmed
http://www.scsml.rssi.ru/
http://webmed.irkutsk.ru/

4.2. llepeuyeHb 31eKTPOHHO-0MOIMOTEYHBIX cucteM (IBC):
1. DnekTpoHHO-OMbOMMOTEUHas cuctema « KoncynpTanT crynentay (www.studmedlib.ru);
2. CnpaBouHo-uH(popmaimonHas cuctema MedBaseGeotar (mbasegeotar.ru)
3. DnextponHas oubnuoreunas cucrema «elibrary» (https://www.elibrary.ru/)

5. MeToauyeckne yKazaHus JJisi 00y4alOUIUXCSI 10 OCBOEHHIO JUCIIUNIMHBI.
Metoauueckue  MaTepuanbl  pa3MEIIeHbl B JJIEKTPOHHOM  MH(OPMAIMOHHO-
00pa3oBaTenbHON cpejie Y HUBEPCUTETA.

V. Onncanue MaTepuaJIbHO-TeXHMYeCKOH 0a3bl, HeOOX0AMMOM /I OCYyIIeCTBJICHHUS
o0pa3oBaTeIbHOIO NMpouecca no JUCHUIINHE
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VI. HayuHo-uccjieioBaresibcKkasi padora cTyIeHTa

N3yyenne cneuuaibHONW JUTEpaTyphl W APYTO HAyYHO-TEXHMYECKOW HWH(OpMAIU O
JOCTHOXKEHUSIX COBPEMEHHOM 0TE€UECTBEHHOM U 3apyOeHOM HAyKHU U TEXHUKU; yUacTHE B IPOBEICHUU
HAYYHBIX HCCIICJIOBAHMI WM BBHIMOTHEHHH TEXHUYECKUX Pa3paboTOK; cOOp, 0OpaboTKa, aHAmM3 U
cHCTeMaTu3alysl Hay4YHO-TEXHUYECKOW MH(OpMAalMK 10 TEME; MPOBEJICHNE HAYYHbIX UCCIIEIO0BAHUIL;
MOATOTOBKA M BBICTYIUIEHHE C JOKJIAJIOM Ha 3aHATHH, 3acenaHuu kpyxka CHO, nHa wtoroBoit
CTY/ICHYECKOW KOH(EpEHINH; ITyOTUKAITii B COOPHUKAX CTYIEHUYECKUX paldoT.

VII. CBenenusi 00 00HOBJIEHUH padoyeii MPOrpaMMbl JUCHHUILIUHBI
IIpencrasnens! B [Ipunoxenun Ne 3
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DoHAbI OLIECHOYHBIX CPEACTB
JJIS IPOBEPKH YPOBHA C(POPMUPOBAHHOCTH KOMIETEHIIMIA (4aCTH KOMIIETEHIIUil)
JJISl IPOMEKYTOYHOM ATTeCTALMHU 110 MTOraM OCBOCHHUS M CHUILTHHBI
32.05.01 Meauko-npoduinakTuyeckoe aesio

IMKO-9
CrocoOHOCT W TOTOBHOCTh K OpPraHM3allMd M IPOBEJCHUIO  COLUAIBHO-
TUTHUEHUYECKOTO MOHUTOPUHIA, K BBHIIOJHEHHIO OLIEHKHM pHCKa 3J0pOBBIO0 HACEICHMS,
OTIpPENICJICHUIO TIPHOPUTETOB TMPHU pa3pabdOTKe YHpPaBICHUYECKUX pEIIeHUH s yCTpaHEeHHUs
(CHMIKEHUS) HETaTUBHOTO BO3/IEHCTBUS Ha 3J0POBbE HACEICHUS

3aganue KOMOMHUPOBAHHOIO THIIA ¢ BIOOPOM BepHOI0 U 000CHOBaHHEM BbIOOpA U3
NpeIJI0KEeHHBIX
Bri6epuTe o uH npaBUIbHBINA OTBET.
3ananmne 1.

[Tpu mcnonp30BaHUU T€HETHUECKU MOJIM(ULIMPOBAHHBIX MHUKpoopranuzMoB (I'MM) B
IPOMBIIIJICHHON OMOTEXHOJIOTUH HPUOPUTETHBIM IMPH pa3pabOTKe YHPaBICHYECKHX pPELICHUN
CUMTAETCSl PUCK

1) cumxeHune 6ropazHO0Opa3usl MOYBEHHBIX MUKPOOPTraHU3MOB

2) BeiOpoc I'MM B OKpyXarolyto Cpely U UX BO3MOXKHAs Tepeaada PeKOMOMHAHTHBIX
T€HOB IIPUPOAHBIM ILITAMMaM

3) yBenn4eHHe CTOMMOCTH KOMMYHAJIbHBIX YCIIyT

4) U3MeHeHue 1[BeTa BOJIbI B BOJJOEME

Orser: 2.

O6ocHOBaHMe: TOPU3OHTAIBHBIH MepeHoc TeHoB oT [MM Kk  npupoaHbIM
MHUKpPOOPraHu3MaM CIOCOOEH HapyLIUTh MUKPOOHOM 4eJIOBEKa U 3KOCHUCTEM.

3ananue 2.

[Tonxo B TEHETUYECKUX TEXHOJIOTHUSX MO3BOJISIONINIA OBICTPO OIEHUTHh TOKCHUYHOCTh U
MYyTareHHOCTh HOBBIX MPOMBITINICHHBIX COSIMHEHHM JUIS [IeJIeH TUTHEHUYIECKOTO HOPMHPOBAHUS

1) ucrionp3oBaHKMe OAKTEPHABHBIX TECT-CUCTEM (Hampumep, TecT Ditmca Ha Salmonella
typhimurium)

2) MOJIHOTEHOMHOE CEKBEHUPOBAHHE YEJIOBEKa

3) KIMHUYECKHUE UCTIBITaHUS Ha TOOPOBOJIBIIAX

4) onpoc HaceIeHUs: 0 CaMOYyBCTBUU

Orser: 1.

O6ocHoBaHme: GaKkTepHalbHbIE TECTHI OBICTPBIC, HEJOPOTUE U XOPOIIO KOPPETUPYIOT C
KaHIIEPOTCHHBIM TTOTEHI[UAJIOM.

3aaHue 3aKpPbITOr0 TUNA HA YCTAHOBJIEHUS] COOTBETCTBUS

3ananue 1
[IpounTaiiTe TEKCT U YCTAHOBUTE COOTBETCTBUE.
YcTaHOBUTE COOTBETCTBHE MEXKIYy METOJIOM TEHETHYECKOTO aHajdu3a W €ero IeJIeBBIM
MPUMEHEHUEM B COLMATIbHO-TUTUEHUYECKOM MOHUTOPHHTE.
K kaxxmo#t mo3uium, JaHHOUM B JIEBOM CTOJIONE, TaliT€ COOTBETCTBYIONIYIO MTO3UIIMIO U3 MPABOTO
cTonbua:

Meton IIpumenenne

a) MukposiiepHslii TECT 1. OueHka HHAMBUAYAIBHON YyBCTBUTEIBHOCTH K
KCEHOOMOTHKAM 3a CUET aHaIM3a MOJUMOP(PU3MOB
0) ['enotunrpoBanue MoauMopdu3MoB | 2. CKpUHUHT FT€HOTOKCHYHOCTH (PAaKTOPOB CPEIbI




CYP450/GST (TspKENBIE METAIUIBI, BEIOPOCHI) HA YPOBHE
TOIYJISIIAN

B) Tect Diimca (Salmonella 3. beIcTpast olleHKa MyTareHHOCTH ITPOMBIIIJIEHHBIX

typhimurium) COCAUHCHMI ISl THTHEHUYSCKOT0 HOPMHUPOBAHHUS

3anuiuTe BHIOpaHHbIE HU(PHI 1O COOTBETCTBYIOMIMMH OyKBaMU

a §)
1 3

3agaHue 3aKPBITOr0 THIIA HA YCTAHOBJICHHUS COOTBETCTBUS
3ananue 1
[IpounTaiiTe TEKCT U YCTAaHOBUTE IIOCJIEI0BATEILHOCTD
YcTaHOBHUTE NPaBUIBHYIO IIOCIEIOBATEIBHOCTh JCUCTBUN IIPU OPraHMU3ALMM T€HETHYECKOIO
MOHUTOPHHIA B PAOHE C IOBBIIICHHBIM YPOBHEM XMMHUYECKOI'0 3arPsI3HECHHUS.

1. Bri6op 6momapkepoB 3¢ (heKxTa 1 YyBCTBUTEILHOCTH.

2. ®opmMupoBaHUEe PENPE3CHTATUBHON BEIOOPKU HACEIECHHUS C YIETOM BO3pacTa, Moja, CTaxa
MIPOXKUBaHUS M TPODECCHOHATLHBIX (DAKTOPOB.

3. Craructudeckas 00pabOTKa TaHHBIX, CPaBHEHHE ¢ (POHOBHIMU 3HAUYCHHUSIMU IO PETHOHY,
BBISIBJICHUE IPYIII NOBBIIICHHOTO PUCKA.

4. Pa3zpaboTka npoTokosia 0T6opa OuoMaTepuaia 1 yCIOBHI TPaHCIIOPTHPOBKH.

5. dopmynupoBaHUuEe PeKOMEHIAIHMH ISl OPraHOB YIIPABJICHUS).

3anuiuTe COOTBETCTBYIOIIYIO  IOCIEAOBATENBHOCTh HHU(P, ONPEACSISIONNX  MOPSI0K
MPOBEICHUS CTAJIUIA CJIeBa HAIIPaBO

1 | 4 | 2 3 | 5 |

3agaHus OTKPBITOH (pOPMBI

HomonHure.
1. Jnga OIEHKHM TEeHOTOKCHUYECKOTO BO3ACUCTBUA (DAKTOPOB Cpelbl B  paMKax
COOHAJIBHOTUTUCHUYCCKOIO MOHHMTOPHHI'a YaCTO HCIIOJIB3YIOT TECT, KOTOpBIﬁ

MO3BOJISIET BBIABIATH XPOMOCOMHBIE TIOBPEXKICHUS [0 HAIMYUIO MHKpPOSACp B KIIETKaXx.
(muxposioepHuwiil)

[IpakTHKO-OpHEHTHPOBAHHbIE 3a/1aHUS

3aganue 1

Ha ou4ncTHBIX COOpyKEHUAX ropoja IUIAHUPYETCs BHEAPEHHE HOBOro mramma ['MM
(reHHO-MOUGUIIUPOBAHHOTO MHKPOOpPraHW3Ma) [UIsl YCKOPEHHOTO pas3liokKeHHs (PEeHOIIoB.
HltaMM comepXUT MapKep yCTOMYMBOCTH K aMIUIWLIMNHY. BOMU3M OYMCTHBIX TNPOKHBAET
12000 4enoBek; psaOM MNPOTEKAET peKa, UCIOJb3yemas IJisd peKpealdd M YacTUYHO — A
X039 CTBEHHO-OBITOBBIX HYXK. Ilepeuncnure 2-3 OCHOBHBIX
TeHETUYECKUX/MUKPOOHOJIOTHYECKUX PUCKA JIJISl 30POBbS HACETIEHUS U SKOCUCTEMBI.

OTajloH OTBETa: TOPU3OHTAJIBHBIM MEPEHOC TI'eHa YCTOMYMBOCTH K aMIULWJUIMHY K
MaTOTeHHBbIM OaKTepHsIM B BOJ0EME; NonagaHue xu3HecnocoOHbx 'MM B peky u KooHU3alus
MPUPOJHBIX OMOIUIEHOK; BO3MOXKHOE M3MEHEHHE MHUKPOOMOMa 4elIOBeKa MPU PEKPEallmOHHOM
KOHTAaKTE C BOJOH.
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Cnpaska
0 MaTepHaJIbHO-TEXHUYECKOM obecrieueHrH paboueil mporpaMMbl AUCIUTUTNHBI
I'eneTnka n reHETHUECKHE TEXHOIOTHH B HpOMBIIHHeHHOﬁ OHMOTEXHOJIOTUHI

(Ha3BaHUE IHMCUUIUIMHBI, MOAYJIS, IPAKTUKH)

Ne HaunmMmeHnoBaHue crienMajJbHbIX* OcHaIIEeHHOCTD CIeHAJIbLHBIX

m\ NoMelleHUH U MOMellleHUH 15 NnoMeleHUH U MoMelleHUu A5
CaMOCTOSITE/IbHOI PadoThI CaAMOCTOSITEJIbHOM PpadoThI

1 YyebHas komHaTa No2 AnrteuHoe CIIELIMATIM3UPOBAHHOE

0o0OpyIOBaHWE ISl  TPOU3BOICTBEHHBIX
antek: MeOenp, MOCyJa, WHBEHTaph U
o0opynoBaHue, 00pasmbl JIEKAPCTBEHHBIX
CpCacCTB, BCIIOMOI'aTCJIbHBIX BCIICCTB,
JICKQpPCTBEHHOTO PACTHTEIBHOTO CHIPHSI.

2 VYueOnas komHaTa Nel [TuceMeHHBII  cTON, Yy4YeOHBIE  CTOJIBI,
CTyJbsl, KOMIBIOTED C BBIXOJIOM B
WNHTepHeT M [IOCTYIIOM K aKTyaJbHOU
HOPMAaTHBHO-TIPABOBOM Oase,
MYJIbTUMEIMIHOE 00OpyZoBaHue, ceid,
XOJIOMWJIBHUK; BUTPUHBI JJII OTKPBHITON U
3aKpBITON BBIKJIQJKH TOBAapOB aNTEYHOTO
aCCOPTHMEHTa, MAaKeThl JIEKapCTBEHHBIX
CPEICTB, MEIULUHCKUX 15631 (117170
MEIUIIMHCKUX MHCTPYMEHTOB,
napadapMareBTHIeCcKOM MPOTYKITHH.

*CrienanbpHble TTOMEIIEHHs - y4eOHbIe ayAMTOPUH JUIS MPOBEACHUS 3aHATHN JIGKIIMOHHOTO
TUNA, 3aHATUH CEMMHAPCKOrO THIA, KypCOBOI'O IPOEKTUPOBAHMS (BBIIOJIHEHUS KypCOBBIX
padoT), rpyIIOBBIX U UHAMBUIYAJIbHBIX KOHCYJIBTALUM, TEKYIIETO0 KOHTPOJIS U IPOMEKYTOUHOM
aTTeCTalluH, a TAaKXKe MOMELICHHUS JJIs1 CAMOCTOSITEIbHON pabOTHI.
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JIMcT perucrpauuu M3MeHeHUH U 10NOJTHEHUH Ha yueOHBIi rojg
B padouylo NporpaMmy AMCUUIJIMHBI (MOAYJIsl, IPAKTUKH)

(Ha3BaHUE NUCUUIUTMHBI, MOAYJIS, IPAKTUKH)

UL CTYZACHTOB KypcCa,

CIICOHUAaJIbHOCTb (HaHpaBJ'IeHI/Ie IOAT OTOBKI/I)Z

(hopma o0yueHus: OUHas/3a09HAS

W3meneHus u gonosiHeHus: B pabouyio NporpaMmy JUCIUILUIMHBI pACCMOTPEHBI Ha

3aceaHuM Kapeaphl « » 201 r. (mpoTokos Ne )

3aB. xadenpoit

CopepkaHHe U3MCHCHHUM M JOIOJIHCHUI

Ne Paznen, nynkr, Homep | Crapblii TEKCT Hose1i1 Texer Kommenrapnii
I/ | CTpaHMIIbl, a03aIl
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