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JLONOMITCALIAN HPOrPAMM KAIJIH/IATCKOT0 JK3aMena
no cneupajannoceru 03.01.06 — 6Horexnoorus
1o 6nogornveckum naykam Usanosoit Jhoamuianr Hukonaesnni

CopeprkaHne THIOBOI MPOrpaMMbl MUHUMYMA

IIporpamma coaep:kuT OHOJIOrHYECKHE, XHMHYECKHE, TEXHOJOIHYeCKHEe ACTeKThI
coBpeMeHHOI 01OTeXHOJIOHH.

MynbTHANCUMIUIMHAPHOCTD COBPEMEHHBIX OHOTeXHoJIorud. buortexHonorua kax
HanpasJieHHE HayYHO-TEXHUYECKOro POrpecca, ONHparolleecs: Ha MeKAUMCLUUIUIMHADHBIC 3HAHUA
— Ouonoruyeckue (reHeTHka, OHOXWUMHs, OWO(DH3MKA, MHUKPOOHONOTHA, BHUPYCOJIOTHA,
(pu3K0NOrUs KJIETOK pPacTEeHHH M JKMBOTHBIX W JIp.); XMMHMYECKHE (XHMHYECKasd TeXHOJIOTHA,
¢usnueckas (Ouodu3MuecKas) XHMHs, OpraHHYECKas XUMHUs, OMOOPraHHYECKAd XHMUS,
KOMIBIOTEpHAs U KOMOMHATOPHASI XUMHUSI ¥ JIp.); TeXHUUeCKUe (TIPOLECCH] U aNapaTsl, CACTEMBI
KOHTPOJISl ¥ YNpPaBJIEHHs, aBTOMAaTU3UPOBAaHHbIE KOMILJIEKCHI, MOJE/IMPOBAHHE W ONTHUMH3AIINS
NPOLIECCOB U JIp.).

[TonsiTue OMOTEXHOJIOTHH KaK TEXHOJIOTMYECKOTO npuema HOJIy9E€HHAS
MOAN(HULHMPOBAHHBIX OMOOOBEKTOB C LIENBIO NPHAAHUS UM HOBBIX CBOMCTB HM/HITH CIIOCOOHOCTH
NIPOM3BOIUTH HOBEIE BEIIECTBA. '

OcHoBHBIE 0671aCTH IPUMEHEHUSI COBPEMEHHOM GMOTEXHOIOIHH M OCHOBHBIE €€ aCTIeKThI
(Ouonoruyeckne, XMMMYECKHE, TeXHonoruueckue). Hayunele OCHOBBI
o0opMIIeHUS GUOTEXHOJIOTHH.

buosoruyeckme acnekTsl OMOTEXHOJIOTHH.

OOmias 6uosorus, MUKpOOHONOrUs W (DH3UONOTHS KIETOK. OnpeneneHue XU3HA H
CBOHCTBA UBOro. Y POBHH OpraHH3alyy KHBOH MaTepuu. KieTka kak OCHOBa HacTeICTBeHHOCTH
¥ BocnpousseaeHus. CTPOCHHME sIpa W €ro PoJib B HACNENCTBEHHOCTH. XHMHUSCKHUil COCTaB
KIETKM  (HYKJICHHOBBIE ~KHCIIOTBI, O€IKH, IMO/IMCAaXapHbl, JUNHIB]L, HYKICONMPOTEH LI,
TJINKONIPOTEH LI, TMNONPOTCHARI, IENTHAOTNIHKAHDI, TOMU(OCHAThI, MUHEPANEHBIE KOMIIOHSHTEL
U BOJA).

Ctpoenyne ¥ QyHKUMH KIETKH (PA3IMYMS KIIETOK [IPOKAPHOT M 3yKapHoT). CTpoenue
K1eTO4HOM cTeHku Oakrepuit, OOGMEH BeIECTB  Kak COBOKYIIHOCTh IUIACTHYECKOTO W

SHEPreTHdeckoro oomMenoB, JKM3HEHHBIH LUK KNETOK M THIILI KJIICTOUHOIrO JENeHHs (aMHTO3
MHTO3, MEH03),

HHIXKCHCPHOT O

3akonpl Menjens u ux wuurepuperanms ¢ Touku
HACJIEACTBEHHOCTH, Hace1cTBeHHOCTL M M3MEHUYNBOCTL.
| OCHOBHBIE TI0JIOMEHUS IBOIIOLUMONHON Teopun Y. Jlapsuna, ee orniuus or TEOPHH
Jlamapxa. ®opmur o160pa, THIILE BH000pa3oBaNs, OCHOBILIC NYTH IBOMIOLHAL.

Monexynsipipie 0CHOBLI Opranusauun Xpomocompl, ®yuxunn JIHK, rucronos, PHK s
Kierounom merabosmsme. Cuenienue u Kpoccunronep. PexomGunaums y Gaxrepuodaros,

3PCHUSL XPOMOCOMHOIT  Teopun
QOpMbI H3MEHUHBOCTH.




[Tonoxenne MHKPOOPraHnaMoB cpejn APYruX- opranusmos. Canpoursi, TIapa3uTHl,
narorenusie Qgopmbl. Tpunuinsr knaceuukarm Oawrepuit: syGakrepun, LMaHoGakTepum,
apxedaxrepun. OOwast GHONOTHS NPOTHCTOB: BOROpocn, mnpocreiimue. I'pu6eL, Bupycer.
Bupycuslie nadexunu, nusoreuns.

MexXaunsM MmocTymieHns B KJICTKH JYKApHOTOB W NPOKAPHOTOB HKIOTEHHBIX BELECT,
QU3NONOrHS  NHTAHHS. DNEMEHTHl [HTAHUS, KX 3HAUCHHE Ut mpouecca GHOCHHTe3a.
PasnooOpasue  Tunos  nuranus MHKPOOPraHn3MoB  (aBToTpoQusi, reTepoTpodus,
doronuroTpodus, ¢oroopranorpodus, XCMOJIUTOTPO(HSI, XeMOOpPraHoTpodus). PasnooGpasue
HCTOYHHKOB  yriepona, asora, ¢ocdopa, cepbl APYTHX  DJIEMEHTOB, HCIOJb3yeMbIX
MHKPOOpPraHu3MamHu,

Teopust numuTHpOBaHIS 1 HHIHOHPOBAHHMS POCTA KIICTOK JIEMEHTAMH TTUTAHUL,

DU3HONOTHS SHEPreTHUECKOr0 0OMeHa: HCII0JIb30BaHUE KJIETKAMH 9K309HEPreTHYECKUX
TpPOLECCOB, HUX 3(P(PEKTHBHOCTL M  3ABHCHMOCTL OT YCIIOBUI  cpejibl.  DKOHOMHYECKHU
KOIQUUMEHT H €ro CBA3b ¢ YCIOBHAMM pocra. B3aumoneicTBue KIETOK M Cpe/bl, BIUSHUE
BHELIHHX ~ (DU3HYECKHX M (DH3HKO-XHMHUECKHX (akTopoB Ha poct W GHOCHMHTE3 y
MHKpoopranusmoB. Hopma u crpece, npo6iema COXPaHECHHUsI CITOCOOHOCTH K CBEPXCHUHTE3aM.
®usnonorus orMupanus. Cssb CTPYKTYPBI H QyHKumH. DyHKUMOHANBHAS LIATOIOTHS, BOIIPOCHI
N (DepeHIHALNM | YCIIOBHS ee BBI3LIBAIOLITHE.

Crocolsl  KynbTHBHpPOBaHHS MHKPOOPraHM3MOB  (IIEPHOJMYECKOe, HENpephIBHOE,
HMMOOHIM3ALIHS KIETOK U (epmeHTOB). CMelnanHbIe KYJIbTYPbI, KOHCOPUHYMBI. [IpHHLIMIEI UX
KYJIbTHBHPOBAHHS.

MeraGonu3M MUKpoOpraHu3MoB. B3anMOCBS3E OMOCHHTETHUYECKHX M SHEPreTHYEeCKHX
nmpoueccos. IloxsTue «GHonornueckoe oxucnenuey. OcoGEHHOCTH ANIEKTPOH-TPAHCHOPTHEIX
CHCTEM  MHKPOOPTaHH3MOB. AHA3POGHBIE IPOLECCH OKHCICHHUS. AHaspoOHOe mIBIXaHHE.
Bpoxenne. Aspo6roe nsixanme. PasnooGpasue cyGerpaToB, okuciseMbIx MHKpPOOpraHU3MaMHu
(mpHpoaHEIe GHOmOMMMEpEI, YTIIEBONOPOAbI, KCeHOOHOTUKH 1 J1p. ). ITonHOE a3pobHOe okHcIeH e
cyOcTpaTa, HEmoNHOe OKHCIEHHE W TpaHC(OpPMaNKsl OpPraHMYeCKHX CyOCTpaToB. OKHCIeHHe
HEOPraHI4eCKHX CyOcTpaToB. OCOGEHHOCTH GaKTePHANEHOTO ¢dorocunTesa.

BrocunTeTHyeckue mpomeccrl. AccuMuISIHORHAS HUTPATPEAyKUUS, CyabdaTpeayKius,
asoTQukcanus. OCHOBHEIE MOHOMEpEI KOHCTPYKTUBHOTO MeTabonu3Ma. ITytu oGpa3oBanus u
JANbHEHIIEro X MCIONB30BAHMS. SHAYEHHE IHKIIA TPUKapOOHOBBIX KHCIIOT M INIMOKCHIATHOTO
LIYHTa B KOHCTPYKTHUBHOM MeTaboIu3Me.

CHHTe3 NHIHIOB, MOJHCAXAPHIOB M APYTHX KOMIIOHEHTOB KJIETKH. [IpakTHdeckoe
SHAYCHUE OSTHX InpoueccoB. OOpasOBaHHE MHKPOOPraHU3MAMHU OHOIOIHYECKH AKTHBHBIX
BEILECTB: ()EPMEHTOB, AHTHOHMOTHKOB, BHTAMHHOB, TOKCHHOB. IlepBuuHBIE W BTOpHYHEBIE
MeTaboauTel. MIX poits B ipupose. [IpakTHyeckoe ucnonp3oBanie.

Cenekuusi, reHeTHUYeCKHE OCHOBEI ceiekimu. [loHsTe o TeHOTHIIE M (eHoTHUIE.
Hacneznctsennocts, n3menunsocts, 0t6op MHKpPOOpranusmoB. PekomOunanus. [Toustue o

FEHETHKE MOMYJAUMK U MOMY/ISUHOHHON H3MEHYMBOCTH. MeTob! cenekuuu. Cenexuus
MHKPOOPraHu3MoB. [Tpou3BoacTBeHHBIH (epmenTaTOp KaKk 3KOMOrHUECKAs HUIIA. Buocdepa u
PaclpoCcTpaHCHHE MHUKPOOPTaHW3MOB. YYacTHE MHKPOOPraHH3MOB B KPYroBOpOTaxX yriepona,
a30Ta, KHCI0pO/a, cepbl. DOPMBI B3aHMOOTHOLIEHUH MHKPOOPraHH3MOB,

Mouekyasipnasi GHOJIOTHS M reHeTHKA KiIeToK. [OHSTHE IéHa B “KJIacCHYeCKoil” u
MOJIEKYIAPHOH TCHETHKE, €ro JBOJIOLMS. BKIax METORONOMMH FeHHOl HH)KCHEPHH B Pa3BHTHE
MOJIEKYJISIDHOM TeHeTHKH. [IpukianHoe 3HAa4YeHHE TreHHOI HH)KCHEPUH 11 OMOTEXHOJIOrHH.
Morsieky sipHBIe OCHOBBI HACIIE/ICTBEHHOCTH. [Tpupona reneruueckoro marepuana. OcobeHHocTH
CTPOCHHS TCHETHIECKOro MaTepHana npo- u sykapuor. Tpanckpunuus JHK, ee KOMIOHEHTEL.
PHK-nonumepasa i npomorop. Tpancisuus, ee aTansl, Qynkuus pubocom. IeHeTHueckuii ko u
ero cpoicrsa. Perymkauus JIHK u ee remernmueciuii KOHTPOJIb. PexomOunarus, ee THmer u
Mozenn. Mexanusmel penapauun JJHK. Baaumocssss NIPOLECCOB PEIIMKALMN, PEKOMOHHALIMH H
penapauun. MyTtaunouHslil npouecc. Posib GHoXHMEYecKuX MYTAQHTOB B ()OPMHPOBAHHH TEOPHH
«OAMH TeH — oxuH (epment». Knaccuduxarus MyTauui. CrioHTaHHBIH M HHAYIHPOBAHHBIH




Mmyrarenes.  Knacendmarmst  MyTarcHos. Mosiekyisspipifi - Mexanu3m  MyTarcHesa.
H}lmrrmlnncuulm w o cenekims  myranton.  Cynpeceus:  BHYTPUICHIAA, MEAKreHHas U
(penoTnimecKas,

BHEXPOMOCOMHBIC TEHETHUCCKHE DIICMCHTRI. [Trasmujins, X CTpocHue u Kiraccuhukanm.
Iososoii dakrop F, ¢ro crpoeiie u AUINCHIBIE ki Postn (I.)uK'ropa F B MoGuanzaumu
XPOMOCOMHOTO Tiepenoca. OGpasoBanie JIOHOPOR THITA Hfr n F. Mcxaummﬁ K(mmoraruun,
bakrepnodarn, ux crpykrypa u IHANCH LI TIHIULL Hupyncu'l'm,rc u ymepeHtblie bakrepuodary.
Murpupyione reneTHIeckne MIeMerThl: TPacHo3onbl 1 [S-r1ocse/ioBaTeNbHOCTH, UX pojlh B
redetTnucckom obmene.

Meeaeonarie crpykTypl u pynkimm rena. DeMenThi FeHETHICCKOro anaimsa. [uc-
TPANC-  KOMIICMCHTALMONTLIT  TeCT, ['eniernueckoe  kaprupopanue. DU3HYCCKUA  aHaTA?
CTPYKTYPBI Tena, PecTpuiittoniiniif anasims, Merojibl cekpennposanud. Boiapnenne byHKUAH
rena. Perynsinst skenpecci 1eHon. Kouuernimu onepora 1 peryioHa. Kourtposb Ha ypo‘fme
UM Tpanckpuinn. Ipomorop, oneparop U peryiATopHLIc oenkn. [Mo3uTUBHBIA “
HEraTUBHBI KOHTPOJIL dKenpecc renos. Konrposs ia yposHe TEpMHHALNAH TPaHCKPUIILIAH.
Nonsipuniit et 1 ero cynpeccus. KarabojntkonTposmpyemMpic OrepoHpl: MOJICIb JIAKTOZHOTO
onepona. ATTeHyaTop -KOHTPOJUPYEMBIC ONEPOHLI  MOAC/IL TpunTodaHoporo ONEpoHa.
MyabTHBANCHTHAS PEryJsilis SKCIPecCHH reHoB. I [ocTTpaHCKPUNUMOHHBIA KOHTPOIb.

OCHOBBI FeHHON HMHXEHEpUH. MeXaHU3M TEeHHBIX MyTalMi, reHEeTHYECKHi KOHTPOITS.
depMenTbl PECTPUKLMH M MoauuKaluu. BeiieneHne U KIOHMPOBAHHE ICHOE. BekTopei LA
MOJIEKYJISPHOrO KJIOHHPOBaHHS. [IPMHLMIBI KOHCTPYHPOBAHHS PEKOMOMHAHTHBIX JHK # ux
BBEJICHHS B PELIMIIMEHTHBIEC KJIETKH.

XuMHYecKHe AacneKThbl OHoTexHoJorud. OCHOBHbIE OOBEKTBI  HCCIEIOBAHUA
GHOOPraHMYeCKOM XHMMHMH. METONBl HCCIENOBAHHA: XHMHYECKHE, (QHU3IHYECKHE, buzuxo-
XHMHuecKue, Ouoxumuueckue. KomnpiotepHas Xxumus. CHHTE3 W BbIICIECHHE MDOIYKIOB,
YCTaHOBJICHHE CTPOEHHsl, H3y4EeHHEe B3aHMOCBA3H MEXKIAY XHMHYECKHM CTPOCHHEM X
GHONOTMYECKO  aKTHBHOCTbIO  (6Monormueckod  (QyHKUMe#H)  coeauHeHHH.  belxu.
AMMHOKHCJIOTBI, KAK MOHOMEDHBIE CTPYKTYpHBIE €IMHHUIIbI O€IKOB U nenTuaoB. CTepeoxumMus.
[Ipoekuus Puepa. YpoBHH CTPyKTyphl OeskoB. [lepBuuHas cTpyKTypa: METOIBI ONpEISICHASA
10C/IeI0BAaTeNLHOCTH aAMHHOKHCIIOT, CEeKBEHATOpbl. BTopuYHas CTpykTypa OeixoB: ambda- u
Gera-CTpYKTYphl. TpeTHuyHas W ueTBepTHYHas (CyObeNMHHYHAs) CTPYKTypsal Oenxkos. Pois
BOJIOPOTHBIX, HOHHBIX, IUCYIbQHUIHBIX CBA3eH, ruapo¢oOHBIX B3auMoaehcTRul. [[eHaTypanus
(obpaTuMasi, HeobpaTiumas) 6enkoB. [ToHITHE O perynaTopHbIX Oenkax. HyK1eHHOBbIE KHCIOTRI.
JIHK u PHK. CtpykTypHble KOMIIOHEHTBI. THIIBI CBSI3EH.

Metoanl 6norexHosorun. OcHOBHbIE OMOOOBEKTHl OHOTEXHOIOIHH: MPOMBIILICHHEIS
MHMKPOOPraHU3MBl, KJIETKH U TKaHH PaCTeHHH, )KUBOTHBIX U 4e0BeKa, OHOKATATH3ATOPEL, B TOM
YUCJIE PEKOHCTPYHPOBAHHEIE IIPOJYLEHThI OMOJIOTHYECKH AKTHBHBIX BEIIECTB (CENSKINS, METOT
pexombunantHbix JIHK, rubpunomuas Texnonorus). Celpbe 1msi GHOCHHTE3a H OUCHKA €ro
Ouosornyeckoii neHHOCTH. OCHOBHEBIE HCTOUHUKH YIIIepoa, a30Ta, Goc(opa, MHKPOITSMSHTOB.
McceneoBanye HOBBIX HCTOYHHKOB ChIPbsi (BKJIIOUAs BOIIPOCK! €0 NPLABAPHTEIbHOI 00padoTk).
pa3paboTika HOBLIX MUTATEILHBIX CPEJL, B TOM HYHCIE BKIIOUAIOLHX OHOCTHMY/ISTOPLI H IPYTHE
3JIEMEHTLI  YNPaBJICHUS M ONTUMU3ALUMH IIpoueccoB OHOCHHTE3a. MeTonsl ONTHMH3AINH
nurare)bHpIX cpe/l. TUIOBbIE TEXHONIOrMUYECKHE NMPHEMbI H OCOGEHHOCTH KyIbTHBHPOBAHUS
MIKPOOPran3MOB, KJICTOK M TKaHEi PACTCHHI, )KHBOTHBIX H uenoBeka, HenpepriBHble npoueces
KynprusupoBanus. lonynenpepoisubie (fed batch culture) n nepuommueckie MPOLECCh
KyJILTHBHPOBalNA. KHHETHUECKOE OLMCAHNE IEPHOMNCCKOIO KY L THBHPOBAHMSL,
| Yaenpubie ckopoctu pocta Guomacebl, GHOCHITE3a IPOAYKTA 1 NOTpedIeHHA CYOCTPATOB.
Housirne o C-mone  Guomaccnl.  Buwsinme  sarpar cydeTpara Ha  NOJAJSpPIKAHHE
AHSHCICHTCILIOCTH, HA BCAHUHHY  KQOKYHICIOCH IKOHOMHMECKOTO Ko duunenta. Monemu
KHHCTHKY OHOCHITE3a POAYKTOB MCTabOIM3MA B 3aBHCHMOCTIL OT YARNBHOI CKOPOCTH pocTa,
BO3PACTA KYJILTYPLI, KOHLCHTPalnn cyOcTparon i MeTaloinToB B cpere.




[pumimnsl Mactrrabuposanus  npoteccos  pepmentanud. Kpurepun  macirabuoro
nepexona. OcoGeHHOCTH TOYUCHIS UMMOOHIIM30BABIX OHOOOBEKTOB U MX MpUMEHEHHE B
OMOTEXHOJIOTHH.

Jinddysnonnsie orpanuuetns pH UCTIONL3OBAHUK UMMOOKIIM3OBAHHEIX (EPMEHTOB U
KaeTok, THMOBLIC TEXHOJNOTHUCCKHE TPUCMDL CTAJIMM  BBIJCICHHUS M OYACTKH IIPOLYKTOB

Guocunresa. duotamms KIETOK M OCJIKOBBIX TMPOJAYKTOB M3  KyJIbLTYPaJILHOW KUIKOCTH.
DkerparnpoBanne 1pojykTon OnocuHTesa U3 6GMOMACCHI MUKPOOPIaHU3MOB KHIKOCTAMH U
CynepKpuTHUECKUMHU kuakoctsaMu,  Llenrpobexnas skeTpakums JaOUIbLHBIX [POLYKTOB U3

KynbTypanbhoii skmpcoct, Cyuika 1abmibHBIX GHONPOAYKTOB M KUBBIX GHOMpeEnapaTos.
Tectuposanue GHOJOrHYECKH AKTHBHBIX BELIECTB 110 TUIIOBLIM cxemaM. Borpockl Ha/leXKHOCTH H
Oe30omacHBIX  YCJIOBHMI  dKCIUlyaTauny, KOHTPOJs OHONpoLecca, OXpaHbl IPHUMCHEHHUA B
OKpyxarolei cpene.

O6nacTn  coBpemenHoit  Omorexmosorun. DenomeHosornyeckoe  ONMUCaAHUE
TEXHOJIOrHii.

BHOTEXHONOTHH Ul CENBCKOXO3SHCTBEHHOTO TPOM3BOACTBA (CEIBCKOXO3AACTBEHHAA
GuorexHonorus). KoHcTpyupoBaHue TeHHO- HHIKEHEPHO- MOAM(DHUIMPOBAHHBIX (TPAHCIEHHBIX)
pacreHuil. TeXHOJOrHH reHHOW HHXKeHepuH pacreHuil. Co3maHue pacTeHUH, YCTOHYMBBIX K
Gone3nsM u BpenauTensMm. [loBBIIEHWE MPOAYKTHBHOCTH pacTeHud. Co3JaHHe pacTeHHd ¢
YIYYIMIEHHBIMH [MTAaTeIbHBIMM CBOWCTBamM. IIpoOneMbl ¥ mepcrnexTBel.  KadecTBo,
GezonacHOCTh M cepTH(HUKAIMSI FeHMOAH PHIUPOBAHHOIO ChIPbs M IHIUEBBIX MPOAYKTOB HA UX
ocHOBe. IIpuMeHeHHe TreHHOW HWH)KEHEPHH B JKHBOTHOBOJICTBE (TpaHCTEHHBIE JKMBOTHBIC Kak
«OHOpPEaKTOph» OHOJOTHYECKH aKTHBHBIX BEIIECTB).

BHOTeXHONOTHH /U1 KOPMOBO#i 0a3bl JKMBOTHOBOCTBA. [IpOH3BOICTBO KOPMOBOTIO GeNKa-
0enKa OJHOKIETOYHBIX MUKPOOPTaHU3MOB. [IpOMBIIIITIEHHBIE IITaMMbBI-IPOAYLIeHThl. ChIppeBas
©aza. TpeboBaHuUsI, IpeAbSBIIsIEMbIE K KAUeCTBY FOTOBOTO IIPOAYKTa. BroMacca MpOMBIIUIEHHEIX
MHKpPOOPraHHU3MOB KaK CBIpb€ MAJIs1 IOJY4YEeHHs MOIMPOKOH TaMMBI IMPOLYKTOB pa3IdgHOIO
Ha3HauYeHHS. Hcnonp3oBanue TEXHOJIOTHH YTUTU3ALIH pa3IHYHBIX O0TXOJ0B
(uemmono3oco/iep kaliie  MaTepHalbl, MOJIOYHAs CBIBOPOTKA, OTXOJAbl IMIIEBEIX H
peIboIEepepabaThIBAIOIIKX MPOM3BOACTB). MHUKpPOOHOIOrHYECKOe IPOH3BOACTBO ()EPMEHTHEIX
IpenapaToB I KOPMOMPOH3BOACTBA. MUKPOOHONOrHYeCKOe MPOU3BOACTBO MHANBHIYAIbHBIX
L-aMHHOKHCIIOT KOPMOBOTO HasHadeHHs. MHKpPOOHONIOTHYECKOe MPOU3BOACTBO KOPMOBBIX
aHTHOMOTHUKOB. MHKPOOHONIOTHYECKOE MPOU3BOACTBO KOHLEHTPATOB BUTAMHHOB KOPMOBOTO
HasHaueHUs. [IpoM3BOACTBO BakUMH VIS JKHBOTHOBOACTBA. IIPOM3BOACTBO MPOGHOTHKOB IUIS
YKMBOTHOBO/ICTBA.

[Ipou3BOACTBO MHKPOOHBIX IpenapaToB Mlsi pacTEHHEBOICTBA. BHOTEXHOJIOTHH
OakTepHalbHBIX U IPUOHBIX CPE/ICTB 3aLIUTHI PACTEHUH OT BPEAHBIX HACEKOMBIX (HHCEKTHIIHIEL,
yHrunmapn). BUOTEXHONOrMH aHTHOMOTHKOB NMPOTHB KOPHEBOW THUIM M MYYHHCTOI POCEL
buotexnonoruy GakTepHanbHEIX yHnoOpenui. I[IpoH3BOACTBO CTHMYMSTOPOB poOCTa pacTeHMl
FOPMOHAIBHOW TPUPOAbL. JIOCTHIKEHUSI GHOTEXHONOrMKM B OONACTH CO3IaHHS CBOGOMHOrO OT
BPE/IHOM MUKPO(]IOPHI OCa04HOr0 MaTepuaia (paccaisl).

BuoTexHonorudeckue METOAB!  3AIIMTEl  OKPY)KAIOWEH Cpempl  (IKONOrMYecKas
OHOTEXHOJIOTHA). AHTPONOTEHHBIE (DAKTOPHI XMMHYECKOTO H OHOJOTHYECKOTO 3arpsi3sHeHHUs
OKpysatomer cpesbl. OpraHuYecKne KCEHOOHOTHKH, COEJMHEHMS a30Ta, Cepbl, docdopa,
TSKEJIBIE METALIBI ¥ PaJMOHYKIHILL BHOJOrHYecKHe METOAB! A/l pelleHUs 3anaq OXpaHbI
OKpysKatowe# cpesibl. OCHOBHEIE GHOXHMHUECKHE MYTH MHKPOGHONOTHYECKOI TpaHchopMarm
3arpA3HAIONMX BELIECTB. MUKpoopranu3mMbl — GHOLECTPYKTOPHL. Buojiornueckas oumcrka
CTOYHBIX BOJ. [ IpHHIHMNIHANBEHbBIE CXEMBI OYHCTHBIX COOPYKEeHHUI. OCHOBHBIE NPHHIMIB Pa0OTHI,
METOAbI M COOPYXCHHS adpOOHOH M aHadspoOHOM OHOJNIOrHUYECKOH OUYNCTKM CTOMHBIX BOX M
nepepaboTKH  NPOMBILJIEHHBIX OTXOXOB. YTHIM3ALMS JHOKCHIA yriaeposa ¢ HOMOIIBIO
MHKPOOPraHu3MOB. bHosornyeckne MeTozbl 04MCTKM Bo3ayxa. Bronornueckas J€3010patHs
ra3oB. OCHOBHbIE METO/JbI U NPUHUMIHAILHDIC KOHCTPYKUHH YCTAaHOBOK. buopemeauauns u
Onosiornyeckas OUMCTKA NMPUPOAHLIX cpell. OCHOBHDIC MOXOJbL. Co3snanue TexHosoruit ans



BOCCTAHOBJIEHHSI oKpy>Karorei cpe/ibl c MCIIOJIE30BaHUEM T€HHO-
HEKEHEPHOMOAM(HUMPOBAHHBIX  MHUKpOOpraiusmos.  PaspaGotka OMOTEXHOJIOTHYECKUX
CIIOCOGOB YHIUTOXKEHHS XHMHUECKOro Opyskusi. buosioruyeckas nepepadboTka TBEp/bIX OTXO0B.
BuonecTpyKItHsi IPUPOJHBIX H CHHTETHUECKAX MOIMMEPHBIX Mareprasios. KommocTuposanue.
BepMukynbTypa. Brosornueckas Kopposusi u Ououmapl. MOHMTOPHHT OKpYKalOLIeH Cpebl.
Metoas! GHOTECTHPOBAHUS H OMOMHIANKALIMK B MOHHTOPHHTE.
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- M.; MxeBck: MH-T koMnbiOT. Hcenes., 2011, - 922 ¢. @ ui. - ISBN 978-5-4344-0002-2 : 480-
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Mpanosa, E.M. TeopeTHueckue OCHOBbI I[IPOrPECCHBHBIX — TEXHONOTHH  (Xummud,

Guotexnonorus): Yuebuoe nocodue. [Texcr] / E.W. Mpanosa, T.E. JIpososa - M31arenscTBo

MOCKOBCKOTO ~ FOCYAapCTBEHHOTO  OTKpbiToro  yHusepcutera, 2009.  — 150 ¢

[http:/library.aspu.ru/ www.knigafund.ru]

IMMYHOJIOTHSI: CTPYKTypa M (yHKIINH HMMYHHOMH CHCTEMBI: y4eOHOe nocob6ue [Tekcr]/P.M.

Xautos. - M.: I'D0TAP-Menua, 2013. - 280 c.
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Memua, 2013. - 528 c.
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Kyumenko. - MznarensctBo: BIYUT, 2011. -150c.[http:/library.aspu.ro/ www.knigafund.ru]
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139-04.
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Jlx.Yonkep; nep ¢ anrm. T.II. Mocomnosoit u E.IO. Bosenek-Pemernsik, mon pexn. A.B.
Jleamosa u B.W. Tuuikosa. - M.: BMHOM. JlaGopaTopus 3uauuit, 2012. - 848 ¢. + 4 ¢. us.
BKJI.: WJI. - (MeToap! B Guonorun). - ISBN 978-5-94774-937-3:458-00).
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nocryna: http://www.book.ru. - ISBN 978-5-9963-0600-8.
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10.M., Konioxos B.1O., Kpiokos A.IO. u ap. -M.: PYJTH, 2011, - 218 c. [BC 00O «LlenTp
undposoit auctpubynnn « KHUTAGOH]»]
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15. Cmounsien, B. T1. Ocnosbl Guorexnojoruu. OCHOBDI IPOMBILIIEHHONW OUOTEXHOJIOTHH:
yuebuoe nocobue. [Texer] / B.IIL Cmonsies, E.A. Tlinomiko. - Nsparenscteo CIIGIIITY
(Cankr-IleTepOypreknii rocyapeTBeH bl iecorexunyeckuit ynusepenrter). — 2012, — 56 c.
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o
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acreprax Jxek; ITox pexn. Anxosckoro H. K. - M.: Mup, 2002. - 589 c.: un. - (Jly4mmit
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Axaznemus, 2006. - 256 c. - (Beicu. mpod. oOpa3oBanue).
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13. llenxynos, C. H. I'enernueckas umxenepus: Pex. M-Bom oGpazosanus PO B kauecTse yued.
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ITOJIE3HBIE CCBIJIKU
1. TocHUUI'enernxa (Mocksa) http://www.genetika.ru/
2. HWncruryr 6enka PAH (r. [Tyumno Mockosekoii 06:1.) http:/ www.protres.ru/
3. Mucruryr wnronoruu u reserukn CO PAH (HosocuGupek) http:/www.bionet.nse.ru/
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Nupopmannonno-ananuruueckuit  cepsep 1o Guorexnosoruu  “Remedium.ru”
http://remedium.ru/

Mugdopmannonnsiit uentp “Bioinform”™ http://www.genomeweb.com/newsletter/bioinform
Buorexnonorust http://www.biotechnolog.ru/

Otaen knetounoif GHOTCXHONOMMH M HUTATEILHBIX CPEL  CO ClICHHATTU3UPOBAHHOM
KOJUIeKL e KJIETOUHBIX KYJILTYP CEJILCKOXO03SIACTBEHHBIX /KUBOTHBIX
http://www.viev.ru/structure/cell/cell.php

INEPEYEHDb BOIIPOCOB 110 TUIIOBOM ITPOI'PAMME MUHUMYM

3anaun ¥ METOAMYECKHE MOAXOABI GHoTexHOIoruu, McTopuueckoe pa3BUTHE COBPEMEHHBIX
oTpaciel GHOTeXHOJIOrHH

Hcnonb3oBanne COBPEMEHHBIX OHOJIOTHYECKMX METOIOB Ul GOpLOBI C 3arpA3HEHHEM
OKPY>KalOLLEH cpebl

bBronoruyeckas ounCcTKa CTOYHBIX BOJ

PaspaboTka TeXHHYECKHX YCTPOUCTB HA OCHOBE METOIOB GHOJIOrMYECKON OUUCTKH.
OcHOBHEIE KIaccUUKaiu OMOJTOrMYIECKH aKTHBHBIX BEIECTB

[lepcriexTHBHBIE KIacChl GHONOTMYECKH aKTHBHBIX BEIIECTB. [IpakTHUecKOe NMpUMEHEHHE
OMOJIOTHYECKH aKTHBHBIX BEIECTB

IIpOMBILUIEHHBI CHHTE3 HEKOTOPBIX IIEHHBIX OMOJOTHYECKM AKTHBHBIX BEIIECTB M
OHOJIOrMYECKUX KOMIIOHEHTOB (aHTHOUOTHKH)

IIpOMBIIIEHHBIH CHHTE3 HEKOTOPHIX LEHHBIX OMOJIOTMYECKH AKTHBHBIX BEUIECTB M
OHOJIOrMYIECKHX KOMIIOHEHTOB ((epMEHTEI)

IIpOMBIITEHHBI CHHTE3 HEKOTOPHIX IEHHBIX OWOIOTHYECKH AKTHBHBIX BEIIeCTB ¥
OHOJIOrHYECKHX KOMIIOHEHTOB (TOPMOHAIIEHBIE TIPEapaThl)

OH3UMOJIOTHsI KaK COBPEMEHHOE HallpaBjIeHHe OGHOTEXHOIOTHH

OcHOBHBIE 3aJa4l ¥ METOIbI SH3UMOJIOTHH

Pa3paboTka COBpeMEHHBIX CIIOCOGOB Oy YeHHs! (HEPMEHTOB H IPAKTHYECKOE [IPUMEHEHHE
['eHHas uHXeHEPHS Kak COBPEMEHHOE GHOJIOTMYECKOe HAMPABIICHUE

3aja4i ¥ METOMYECKHE ITOJXOMBI TeHHON MHIKEHEPHH

DepMEHTbI [EHETHIECKOH HHIKEHEPHH

Bekropusie monekyer JJHK

Beenerne monexyn JIHK B knetkn. Metozsl 0T60pa THOPHIHBIX KIOHOB.

Metozsl KOHCTpyHpOBaHHs THOPUAHBIX Mosekyt JJHK

[IyTn nepenayn reHeTH4eCcKOM HHPOPMAIIHH.

IIpou3BoACTBO LEHHBIX GHOIOrHYECKHX MpPenapaTos: HUCKYCCTBEHHOE IPOHM3BOJICTBO
MHCYJIMHA, HUHTepdepoHa.

[TpoGrembl oIy YeHHs U PACTIPOCTPAHEHHUS TPAHCTEHHO POLYKIUU

Jleuenue renamu

Kietoynas MHKEHEpUs Kak COBPEMEHHOE OHOJIOrHYECKOe HanpasjeHue. 3amaud |
METOJAMYECKHUE MOAXO/IbI KIETOUHON HHIKEHEPUH

PaspaboTka 1 co3ianne HOBBIX COPTOB PACTEHHH M BUIOB SKMBOTHBIX

[IpoGieMbl KIIOHUPOBAHUSI IKUBOTHEIX OPraHH3MOB

Kpurobuosiorus xak coBpeMeHHOE HanpaBIeHHe GHOJIOrHUYECKUX HayK

OcHoBHBIE 3a/1auk U METO/1bI OMOHUKH.

HcernenoBanye MUKpOMUpa ¢ HOMOIIBIO HAHOTEXHOJIOT |

Brocencoper

IIpumenenne nMMOGHIM3MPOBAHHBIX (GepmenToB

I'ubpunomsr. [Npakruyeckoe npumenenne IPOAYLIUPYEMBIX T'HOPHIOMaMH MOHOKIIOHAJIBHBIX
AQHTHUTEJL.

Knaccuduxauus, yerpoiicrso u NpUHUKIT paboThl (PEPMEHTEPOB.

KynbTuiposanue Mukpoopraiusmos s (pepmenrepax u peakTopax
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34, Kountoraiust Kak pasnonmuioets pekomMGuiarmm Y MHKPOOPIann3mMon,

35, Tpaneaykiust Kak pasioBHocTs pekoMOHiamm Y MUKPOOPIansmon,

36. Tpancdopmannst Kak pasHoOBHANOCTL PeKOMOH AL Y MUKPOOPIanusMons,

37. Bnorexuonorust BaKim.,

38. Knacenguxanms anrnGuornkon,

39. Knerkn uMMYHHOIT CHCTEMBI M HX B3AUMOJICHCTBIE 1B HMMYHHOM OTBETE,

40. Konrposns Ge3Bpesinoctn i MUKPOOHOJIOIHICCKHit KOHTPOJIL BETEPUHAPHBIX OUONOIUYCCKUX

NPpenapaTon

Coaepaxanne 100anITeALIOI HPOrpaMMBE 110 GHOJOr MM
3HauCHUE OKPYXAIOMEH CPEAbl YISl 3JI0POBbS BCCIrO HACC/ICHUS, 3ajaun IKOIOrUU B
TNOBBILICHIN d(GYEKTHBHOCTH MEP 110 OXpaHEe [PHPOJILI 1 03JIOPOBJICHUIO OKPYAKAIONIEH CPE/IBL.
CTpyKTypHO-HEpapXHUecKast OPraHu3aiiusi HKOJOIMUCCKUX CHCTEM. Merojibl 2K0JI0rnYecKux
neenenosanuii, Cpea 0OMTaHMSI IKHBLIX OPranu3MOB U HKOJOMMUCCKHE (pakropel. XuMuyeckuis
COCTAB MOUBbI, T'YMHHOBbBIC BELICCTBA U IJIOJAOPOANE MOUBDL DKOJIOrHYecKue (HakTophl cpe/pl.
Konunenuus muMutnpyrommx (paxropos, 3akon Munumyma 10. JIn6uxa. [Ipenenst ronepanTHoCTH
1 3aKkon TonepantHoctH B.Illendopaa; 3oubl ontumyma, HOpMBI M neccuMyma.  AjanTtangs
OPraHH3MOB K 3KOJIOTHYECKHM (axTopam cpepl. OCHOBHBIE TUIIBI aanTalui
Knaccupukanns xu3HeHHbIX (OpM pacTeHHil U KUBOTHBIX 10 K. Payukuepy n J[.H.
Kawkaposy. IToHATHs 9KOCHCTEMBI M GHOTEOLEH03a, CXOACTBO U (byHIaMeHTaNbHBIE pa3IuyUs
MEXNy HHMH. buoTHueckas u abuoTHUecKass KOMIIOHEHTBHI OHOIEOLEHO3a. CtpykTypHO-
QyHKIHOHANBHAS OpraHm3alys GHOreoNEeH03a. [IpuponHble pecypcsl M HMX HCIOJb30BAHUE.
OCHOBHBIE TIOJIOXKEHHS PALHOHATHLHOTO NPUPOJIONIONB30BAHUSI KAaK OCHOBBI YCTOMYUBOIO
pasBuTHs  obmectBa. OCHOBHBIE NPHHUMIBI OXPAaHBI HPHPOALL. OCHOBHBIE YPOBHHU
OHOJIOrHYecKoro 06pasus U METOMBI OXPaHbL. JKOIOTHUECKOE nporaosupoBanue. OxpaHseMble
[IPHPONHBIC TCPPUTOPUM — 3ANOBEAHUKH, 3aKa3HUKH, HALMOHAIbHBIE NAPKH, HNAMATHUKH
IPHUPOABIL, HX CTaTyC H pPEXHMBI OXpaHbl. Pamcapckue yromesi, KiIrO4eBble OHOTONBI X
Oroxopunopel. BaxkHeiiue sxonoruyeckue mpodiemsl COBpeMeHHOCTH. OCHOBHBIE TE€H/IEHIIUU
SKOJIOTMHECKOro Kpu3uca B COBpeMEHHYIO amoxy. Jloknaael PuMckoro xiy6a. Monpeanbckuit u
Kuorckuit nporokonsl. Kondepenuus B Puo-me-XKaneiipo mo COXPaHEHHUIO OHOIOTHYECKOIO
pa3zHooOpa3usl.
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[Texct]: Vuebnoe mnocobue/ B.A. Comun, JI.O. Komaposa, FO.C. Jlasytkusa. —
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Hepeqenb BOIIPOCOB IIO JOIMOJIHUTEJIbHOMI InporpaMmMe KaHIHOATCKOTO 3K3aMeHe II0
CleuraJbHOCTH - OHOJIOrHs
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[TonsaTHe 0 cpesie 0OUTaHMSI JKHUBBIX OPraHU3MOB, €€ OCHOBHBIE THIIBL.

[Toysa kax cpejla )KU3HHU, 3HAUYCHHE JKUBBIX OPTAHM3MOB B CO3JAHUH TIOYUBEL.

IIpenesns TonepanTHOCTH 1 3aK0H ToNepanTHOcTH B.11lendopaa

AJlanTalli¥ TCHETHYECKUE W MOAMPUKALMOHHBIE., ANANTALMH YACTHEIE, BEIyIIHE K
CIICLHAIM3alMH, U 0011He, 00ECIIEUNBAIOIIHE OCBOCHUE HOBBIX alallTHBHBIX 30H.
KusHenHas Qopma Kak BBIpaXKEHHE YHUBEPCANLHOCTH IPHCIOCOONCHIS OpraHusMa K
YCJIOBUSAM CPE/IBL.

Knaccuduxanua sxu3HeHHBIX (QOpM pacTeHHH W KHBOTHBIX 10 K. Paynkuepy u J{.H.
KamxkapoBy.

KucnoTHpie 10714, UX IPOUCX0IKACHHE U BIUSHIE HA KHBBIC OPTaHH3MBI.

[onarue nomynauumu B sxosoruu. Ilomynsums kak Baxueliwmii YPOBEHb OpPraHH3ALHH
2KOJIOFMYECKHUX CHCTEM, €€ OCHOBHBIC XapaKTePHCTHKH.

Honynsunonnsiit apean u tuipl pacripeeenus ocobell B He.

Crpyxrypa nonysisiiuu,

JMHamudeckue XapakTepUCTUKH  HONYJISIMMN: PONJIACMOCTh, CMEPTHOCTh, HMMHIPALHS,
IMUrpalus. OCHOBHLIE THIILI CMEPTHOCTH B KOFOPTAX.

[onsitue sxonornueckoit numm, DKoNoruuecKas ML Kak rHIEepOObLEM.
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. OCHOBHBIC TPOMBILIUICHHbIE METOABl OYHUCTKHA OTXONAIIMX TIa30B M CTOYHBIX BOI:

gn
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[Ipencenarenn
JI0KTOp G6HOJIOrMYECKUX HayK., mpodeccop

Cexperapb
KaH/IMJaT CeIbCKOX03AMCTBEHHBIX HAYK

Omnpenenenue Guouenosa. Bujosast crpykrypa Guorenosa, Gpakropsl, onpeaessiomue ero
BHIOBOE pazHoobpasue.

Tunsl GHOLEHOTHUECKNX CBSA3CH - Tpohuucckmne, Tonnueckue, hopuueckue, hadbpudeckue.
[TousiThs THLIEBOI 1e1TH, THILEBOM ceTH 1 Tpoduucckoro yposus. [lactOuiinpie, neTpuTHbIe
I IAPA3UTHUCCKHE TTNLIEBLIC LICITH.

[TpoayueHTbl, KOHCYMEHThI, PEJLYICHTDI.

Broakkymynsis  3arpssiuresicii B 1Mnesbx  nensx,  koophuimentsr  HakoreHus;
NPeAebLHO JIONYCTHMBIE KOHICHTPAIHH,

Buonornueckas 1POJAYKTHBHOCTL  OHOICONEeHo308, NepBUUnas, BTOPUYHAA M KOHEYHAd
MPOYKIIUSL.

OCHOBHBIC TIPHHLUIILI OXPaHbI TIPHUPO/LbI. OCHOBHBIC YPOBIHK GHONOIHYECKOro pazHooOpasus
1 METObI OXPaHbl.

.OXp(lHﬂCMbIC NPUPOAHDLIC TCPPUTOPHH — 3ATIOBCAHHKH, 3aKa3HUKU, HALIMOHAJIBHBIE TIApPKH,

NaMATHHKA NPUPOALI, UX CTaTyC U PEIKHUMbI OXPaHbI.

. Pamcapckie yroapsi, KiioueBble OMOTOINBI U OMOKOPHIOPEI.

. OCHOBHBIE TEHJECHIIMH SKOJIOTUYECKOI0 KpHU3UCa B COBPEMEHHYIO IMOXY.

. [noGanbHoe MoTerieHue, ero IPUYMHBI 1 OCHOBHBIE IIOCIEACTBUA.

. I3MeHeHne XMMHUECKOI0 COCTaBa U (PU3HUECKUX CBOMCTB aTMOC(EPEL.

S. 3arpssHenne Buocdepsl. OCHOBHbIE BHIBI 3arpsi3HUTENeH. BiusaHue 3arpAsHuTeIcd Ha

PaCTUTEIIbHOCTD, YKMBOTHBIN MHUD U 3J0POBBEE YCIJIOBEKA.

CHMXEHHE eCTECTBEHHOIO IIJIONOPOAMSI ITIOYB M UX XMMHUYECKOE 3arpsA3HCHHUC.
HpO6JICMI>I HCYEepIIaHus 3al1aCcoOB OPraHMYCCKOro TOIUIMBa U IIyTH €€ IPCOA0JICHHA.
A)'IbTCpHaTI/IBHBIG HCTOYHHUKH OHEPIUU U UX BO3JECUCTBUE HA OKPY2KaroIIyro Cpeay.
DKOJIOTHYECKHE l'IpO6JICMI>I pocCTa HapOAOHACCIICHUS U yp6aHH3aHHH.

TEXHOJIOTHYECKUE CXEMBI OUYHCTKU M IPUMEHSIEMOE 000y I0BaHHE.

OcCHOBHBIE IIPOMBIIIUIEHHBIE METO/BI NEPEPAOOTKU M MCIIOIb30BAHHS OTXO/I0B IPOH3BOACTBA
¥ NOTpeOJIeHHUS. :

MerTo1b! TMKBUAALKMH ¥ 3aXOPOHEHHS ONTACHBIX IIPOMBIIIJIEHHBIX OTXO0/I0B.

DKOJIOrH4ecKue mpodJieMbl OCHOBHBIX IPOMBILUIEHHBIX IIPOU3BOCTB.

Obpainenre ¢ 0TXoaMu He(Ten00bIYM U TPAHCIIOPTUPOBKH HEPTH

BroreHHble 3J1eMEHTHI IIPUPOAHBIX BOJL.

IO.I". BeikoBYeHKO

A.b. bepnubaesa




