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1. IPE/IMET /TUCHTHITVTHHBI « bBHOTEXHOJIOTI' U A »

24 Tepmun «BUOTEXHOJIOI'USI» BBemen B 1917 T
BEHIEpCKUM HHX)eHEepoMm Kapsom JDpeku:

BUOTEXHOJIOT'US — 310 BCe BUABI padOT, MPU KOTOPHIX
M3 ChIPbEBbIX MATEPUAJIOB C MOMOUIbI0 KMBBLIX OPraHU3MOB
NPOU3BOAATCS T€ WM HHbIE MPOAYKTHI.

24 K pmamHomy TepMHMHY BHOBb BEpPHYINCH TONBKO B 1961 .
nocjie Toro, Kak ImBeAackud mukpoouosior Kapa I'epen Xenen
IIOPECKOMCHIOBAJl M3MEHHUTH Ha3BaHme JKypHaima «Journal of
Microbiological & Biochemical Engineering & Technology»,
CICIIMAIM3UPOBABIINICS Ha MyOIMKAIlMA Pa0OT MO MPHUKIATHOU
MUKPOOMOJIOTMM W IPOMBIIIICHHOWM  (pepMEHTalluKh,  Ha
«Biotechnology & Bioengineering.

C »sroro MomMenta BHOTEXHOJIOI'US okxasamnachk
CBSI3AHHOM C MCCICAOBAaHUSIMHM B 00JaCTH HNPOMbIIIJIEHHOIO
IPOU3BOACTBA TOBAPOB M YCJAYIr IMNPH YYACTHH KM

Opranmnimos, 0MOJIOTNYeCKHX CHCTEM H IPOIECCCOB. ﬁ




BUOTEXHOJIOI' U4 - 510

084 TIpOMBIINUIEHHOE KCIIOIB30BAaHHE OHOJIOTHYECKUX IPOIECCOB U ar€HTOB
(BBICOKO()(PEKTUBHBIX (DOPM MUKPOOPTraHU3MOB, KYJIBTYP KJIETOK M TKaHEH
PACTEHNM U KUBOTHBIX C 33JITAHHBIMU CBOMCTBAMH);

04 MexmguciuIumMHapHas —00/IacTh  Hay4YHO-TEXHHYECKOTO IIporpecca,
BO3HUKIIIAS HA CTHIKE OMOIOTMYECKUX, XMMUUYECKUX U TEXHUYECKHX HAYK;

2 oObeauHeHHE MUKPOOHMOIOTHYECKOM, OMOXUMHUYECKOM M MHKEHEPHBIX
HayK C II€JbI0 TEXHOJOIMYECKOrO HCIOIb30BAaHUSI MHKPOOPTaHU3MOB,
KYJIBTYp KJICTOK M TKaHEH pacTEeHUM W KUBOTHBIX, a TaKXXE COCTaBHBIX
yacTeu KJIETOK,;

04 1eneHanpaBiIeHHOE IOJyYEHHE IIEHHBIX JUIS HApOAHOIO XO3SHCTBA W
pPa3JIMYHBIX 00JIACTEH YEI0BEUYCCKOM ACATEIBHOCTH IIPOAYKTOB, B MPOLIECCE
KOTOPOr0 MCHOJIB3YETCSI OMOXHMMHYECKAs JAEATEIbHOCTh MUKPOOPraHU3MOB,
M30JIMPOBAHHBIX KJIIETOK U UX KOMIIOHEHTOB,;

04 mHampaBiieHHEe  HAyYHO-TEXHUYECKOTO IIPOrpecca, HCIONb3YIOIIEe
OMOJIOTMYECKHE MPOIIECChl M areHTHI JJIs 1eJICHAPAaBICHHOIO BO3ACUCTBUS
Ha IPUPOLY, & TAKXKE B MHTEPECAX MPOMBIIIJICHHOTO MOJIYYEHUS 10 X
JIJTS1 YEJIOBEKA MPOAYKTOB, B YACTHOCTH JIEKAPCTBEHHBIX CPEIACTB.




B coorBercTtBUM C onpenaeineHueM [Leponeuckou
Deoepayuu  buomexnonocose (EFB, 1984 r)
BUOTEXHOJIOI'US 6a3zupyercs Ha MHTETpaIbHOM
MCHOIb30BAaHUN HAyK O Mpupojae (OMOIOruM, XUMUH,
(pU3UKN), ONOXUMHUH, MUKPOOHOJIOTHH U HHKEHEPHBIX
HayK  (HampuMmep,  DJIIEKTPOHHUKHM) B IEIAX
IIPOMBILLICHHOM peaan3anuu CIIOCOOHOCTEM
MHUKPOOPraHU3MOB, KYJIbTYp KJIIETOK M TKaHEH, U HX
yacten. Eeponeuckas xomuccus IONOJHHANA JTAHHOE
ompeneciaeHue — JJIs TOro, 4YTOObI CHAOJUTh
OMOJIOTHYECKOE COOOIIECTBO TpeOyEMbIMHU

IIPOAYKTAMU U YCIIyTaMH. E




2. HEJIb U 3A/TAYH BUOTEXHOIOT'HH

2  I1IEJb BUOTEXHOJIOI'MH CcOCTOHT B HCIIOIL30BAHHH MHUKPOOPTaHU3MOB, )KMBOTHBIX
Y PACTUTEIBHBIX KJIETOK M TKaHEW, MX COCTaBHBIX YaCTEH WJIM WHJIUBUIYATbHBIX (PEPMEHTOB IS
CHUHTE3a, JECTPYKIUH WIM TpaHCHOpMALMKM Pa3IUYHBIX MATEPUAJIOB C IEIBI0 TOJYYCHHUS
MIOJIE3HBIX JIJIS1 YEJIOBEKA MTPOAYKTOB.

2 3AJAYU BUOTEXHOJIOI'MU cocTosT B CO3MaHUH U IPAKTUIECKOM BHEIPEHUH:

v’ HOBBIX OMOIIOTHYECKH aKTHBHBIX BEIIECTB M JIEKAPCTBEHHBIX MPENApaToB IS
JTUArHOCTUKH, MPOPUIAKTUKH U JICUCHUS PA3JTUUHbIX 3a00ICBaHUMN;

v OMOJIOrMYECKUX CPEACTB 3alUThl pACTEHUM OT BO3OyauTeNel 3a00JICBAaHUM M BpPEAUTENCH,
a TaKke OaKTepHuaIbHbIX YIOOPEHHI U PEryIsITOPOB POCTa PACTCHUHN U )KUBOTHBIX;

v\ HOBBIX COPTOB PACTEHHH, YCTOMYMBBIX K HEOIArONPUATHBIM BO3IEHCTBUAM OKPYKAIOIIEH
cpensl;

v\ HOBBIX ITOPOJI )KMBOTHBIX C TOJIE3HBIMU CBOMCTBaMH (TPaHCTEHHBIE )KMBOTHBIE);

v\ IIEHHBIX KOPMOBBIX I00ABOK IS IOBBIIMIEHUS MPOXYKTHBHOCTH CEIbCKOXO3SMCTBEHHBIX
’KUBOTHBIX (KOPMOBOTO O€JiKa, aMUHOKHCIIOT, BATAMUHOB U JIp., CIIOCOOCTBYIOIIUX MOBBIIIECHUIO
YCBOSIEMOCTH KOPMOB);

v’ HOBBIX OHMOMHKCHEPHBIX METOJOB IS IOAYYEHHS BBICOKOI()()EKTUBHBIX IPEMapaToB
PA3IMYHOTO Ha3HAYEHHUSI, IPUMEHSIEMbIX B CEJILCKOM XO35IMCTBE U BETEPUHAPUHU;

v’ HOBBIX TEXHOJOTHMH ITOJyYCHHS IIEHHBIX IPOAYKTOB Ui IMIICBON, XHMHYECKOW U
MUKPOOUOIOTHYECKON MPOMBIIIICHHOCTH;

V' >(pQEKTHBHBIX TEXHOIOTHI TEPEPadOTKU CETbCKOXO3AHCTBCHHBIX, MPOMBIIIIEH
OBITOBBIX OTXOJOB /ISl TOJYYEHHS MPOAYKTOB, KOTOPHIE MOTYT HCIIOJIb30BAThCS B
OTpACHSX XO3SMCTBEHHOW JIESITEILHOCTH YesoBeKa (Ororas, ynoOpeHusi, TOILJIUBO).




3. HCTOPHYECKHE DJTAIlbl CTAHOBJIEHUA H  PA3BUTHA
bBUHOTEXHOJIOI'HH

A 1. KIACCUOUKAIIMA E. XAYBHHKA (Il cwesn Espomneiickoii
accolyanyy 0noTexHoyioros, MrouxeH, 1984 r.):

1. Jlonacmeposeckuir (1o 1865 r.). xmeOoreueHrne, MOJOYHOKHCIOE OpOXKCHUE,
MOJTy4YeHHE YKCyca, ChIpa.

2. Ilocnenacmeposckuii (1866-1940 rr): mnomydeHue »dTaHONa, OyTaHOIA,
allcTOHA, NIHICPHHA, JIMMOHHOM KHCJIOThI, aHATOKCHHOB, BAaKIIMH, CHIBOPOTOK H
APYTUX  IPOAYKIOB  C  HOMOIIBI0  OMOCHHTCTHYCCKOM  CIOCOOHOCTH
MUKPOOPIaHU3MOB, OPTraHHU3aIus OWOJOTMYECKOM OYHUCTKH CTOKOB a’3pOOHBIMH
MHUKPOOPIaHU3MAaMH.

3. Aumuobuomuroe (1941-1960 1T.). OTKpHITHE AHTHOMOTHUKOB; OTKPBITHE
crtpoenus JIHK (1953 1.).

4. Ynpasenaemozo ouocunmesza (1961-1975 rr):. B 1961 1 BHEpBBIC
yYCTaHOBJICHA CIOCOOHOCTh MHKPOOPTaHM3MOB K CBEPXCHHTE3Y OIPEACIICHHBIX
BEILECTB (AMUHOKHCIIOT, BATAMUHOB U T.II.).

5. Hoeoii ouomexnonozuu (niocie 1975 r.). Oasupyercs Ha COBpeM X
TOCTIKCHUSAX TEHETHUECCKON M KIICTOYHOM MHIKCHEPHH.




3. HCTOPHYECKHE JTAITHI CTAHOBJIEHHA H PA3BUTHA EUOTEXHOJIOTHH
o4 1. KIACCUPUKAIIIA:

1. Imnupuueckuii (0oucmopuueckuii) nepuoo (CaMblii JJIUTEIBLHBIN TIEPUOJ], OXBATHIBAOIINI
npumepro 8000 ner, u3z kotopeix 6000 ner g0 H.3. m okomo 2000 ner H.3.): HAPOIBI UCCTApH
UCIIOJB30BaJId HA TMPAKTUKE MHUKPOOHOJIOTMYECKHE MPOLECChl, HUYEr0 HE 3Has 00 MX MPHUPOJE,
TaKOW K€ SMIUPU3M ObUI CBOMCTBEHEH M MPAKTUKE KCIIOJIB30BAHUS TMOJE3HBIX PACTCHUN U
’KUBOTHBIX.

2. Omuonozuueckuii nepuoo (1856 — 1933 rr.)

BaxxHeniye 10CTHXEHUS STUOJIOTUYECKOTO NIEPUOA :

1856 r. — I'. MeHenb OTKpbLI 3aKOHBI TOMUHUPOBAHUS TIPU3HAKOB W BBEJI MOHSATUE €IUHUIIBI
HACJICICTBEHHOCTH B BUJIE IUCKPETHOTO (PaKTOpa, KOTOPBIM MepeaaeTcs OT pOAUTENIEH TOTOMKAM,;

1869 r. — ®. Mumiep Boienun «uykienn» (JIHK) u3 nelkonuros,;

1883 r. — 1. MeuHukoB pa3padoTaj TEOPUIO KIETOYHOIO UMMYHUTETA,;

1884 r. — @. Jleddaep nzonupoBan v KyJIbTUBUPOBAJ BO3OYIUTENb AUPTEPUH;

1892 r. — JI. IBaHOBCKUI1 OTKPBLIT BUPYCHI;

1893 r. — B. OcTBasnp/ yCTaHOBUI KaTAJIMTUYECKYIO (PYHKIINIO (DEPMEHTOB;

1902 r. — I. XabGepmanar mokazajdl BO3MOXKHOCTh KYJIBTHBHPOBAHHS KIETOK PACTEHUU B
MUTaTENhHBIX PACTBOPAX;

1912 r. — 1. HeliGepr packpbul MEXaHU3M IIPOILIECCOB OPOKEHNS;

1913 r. — JI. Muxasnuc u M. MeHnTeH pa3padoTaiv KHHETUKY (DEpMEHTATUBHBIX PEAKIINN;

1926 r. — X. Moprasn cpopMyJIupoBajl XpOMOCOMHYIO TEOPHIO HACJIEACTBEHHOCTH;

1928 r. — @. I'puddur onucan sBiaeHUE «TpaHcHopMany y OaKTepui;

1932 r. — M. Knomib u O. Pycka n300penu 3JeKTpOHHbIA MUKPOCKOT.




3. HCTOPHYECKHUE 3TAIIbI CTAHOBJIEHHUA H PA3BBUTHA PUOTEXHOJIOTHH

3. Buomexnuueckuii nepuoo (1933-1972 rr.): nadancs B 1933 r ¢ myOmukammu pabotel A. Kmroiteepa m JI.X.II.
[lepkuna «MeTomsl M3ydeHHUs: OOMEHa BEIECTB Y IUIECHEBBIX TpuOoB» K 3TOMy mepmomy OTHOCHTCS BHEIPEHHE B
OMOTEXHOIOTUYECKOE MPOU3BOJCTBO CIENHUATM3UPOBAHHOIO KPYITHOMACIITAOHOTO TeépMETU3NPOBAHHOTO 000PYAOBaHUS,
00ecreYnBaroIero BO3MOXXHOCTh peaIn3altuy MPOIecCOB B ACENTUYECKUX YCIOBUSX.

BaxxHeiiue 10CTHKeHUsI OMOTEXHUYECKOI0 Mepuoaa:
1936 r. — pemieHbl OCHOBHBIC 3aJa4U MO KOHCTPYHUPOBAHUIO, CO3/IaHUIO U BHEJIPCHHUIO B TPOU3BOJCTBEHHYIO MPAKTHKY
CIIEeIUAIM3UPOBAHHOTO 00OPYIOBaHUS, B TOM UKciie U Onopeakropa (pepmeHTepa, anmnapara-KyIbTUBaTOpa);

1938 r. — A. Tuzenuyc pa3zpabortan Teoputo ueKTpodopesa;

1942 r. — M. JlensOpiok u T. AHepCOH BIiepBbI€ YBHUIEIU BUPYCHI C TOMOIIBIO 3JIEKTPOHHOTO MUKPOCKOIIA;

1943 r. — NeHUIWJUIMH MPOU3BEEH B MPOMBIIIICHHBIX MacIITabax;

1949 r. — JIx. JlenepOepr OTKpbUT KOHBIOTAIIMHUIO Y KAIIEYHON MaJI0UKH,;

1950 r. — K. Mono pa3paboTan TEOpPEeTHUECKHE OCHOBBI HEMPEPHIBHOTO YIPABISEMOIr0 KYJIbTHBUPOBAHUS
MHUKPOOPTaHU3MOB, KOTOpbIE pa3BWiIM B cBoux uccienoBanusx M. Credencon, M. Monek, M. Hepycanumckuii, U.
Pab6orHoBa, U. [Tomo3roa, 1. bacuakbsH, B. buprokos,;

1951 r. — M. Teiinep pazpaboTtan BaKIIMHY IIPOTUB JKEJITON JTUXOPAJIKH,

1952 r. — V. Xeiic onucan mia3Mu1y Kak BHEXPOMOCOMHBIN (haKTOp HACIEACTBEHHOCTH;

1953 r. — @. Kpuxk u [Ix. Yorcon pacmudposan crpykrypy JHK, uro cramo moOynutensHbIM MOTUBOM IS Pa3paboTKu
CIIOCOOOB KPYMHOMACIITA0OHOTO KYJAbTHBHUPOBAHHS KIETOK PA3HOTO MPOUCXOKACHUS IS TIONYYEHUS KICTOUYHBIX
MPOAYKTOB U CAMHX KIIETOK;

1959 r. — AmoOHCKHE HCCISAOBATEIM OTKPBLIN IUIa3MHIbl aHTHOMOTHUKOPE3UCTEHTHOCTH (R-(akTop) y Au3eHTepUiHON
OakTepuy,

1960 r. — C. Ovoa u A. KopuOepr BbLAeIUIN OCNKH, KOTOPbIE MOTYT «CIIMBAaTh)» WM «CKICHBATH» HYKICOTHIBI B
MOJINMEPHBIC 1IEMOYKH, cuHTe3upysd makpomosiekyiabl JIHK. Onun u3 takux (GepMeHTOB ObUT BBIJICICH M3 KHUIICUHOU
najouku v Ha3BaH JJHK-nonmmmepasa;

1961 r. — M. HupenGepr mpouuTai nepBbie TP OYKBBI TEHETHYECKOTO KO JJIsI aMHUHOKHCIIOTHI (DeHMITaIlaHnHa,;
1962 r. — X. KopaHa cuHTE3UpOBaj XUMHIECKUM CIIOCOO0OM (DYHKIIMOHATHHBINA TEH;
1969 r. — M. beksur u C. lllamupo BeIIeMIN TeH lac-onepoHa y KHIIEYHOH MaJIOUKH;
1970 r. — BeIICNICH (DEPMEHT pecTpUKTa3a (PECTPUKTUPYIOMIAs YHAOHYKIICa3a).




3. HCTOPUHYECKHE J3TAIIbI CTAHOBJIEHHA H PA3BBUTHA BPUOTEXHOJIOTHH

4, I'enomexnuueckuit nepuoo Havancs ¢ 1972 r.: I1. bepr ¢ cotp. co3nanu nepByr peKOMOUMHAHTHYIO
monekyny JJHK.

CymiHOCTh TeHOTEXHHUYECKOI0 Mepuoda: BBISICHEHHE MEXaHW3MOB (YHKIMOHUPOBAHUS W
peryimsiiiuun JIHK, Boienenue u uzydeHue crneuupuyHbix PEepMEHTOB NMPUBENIO K (POPMUPOBAHUIO CTPOTO
HAyyHOTO TMOJAXOAa K pa3pabOoTKe OMOTEXHOJOTMYECKUX MPOILIECCOB HAa OCHOBE TE€HHO-MHKEHEPHOTO
MOAXO0AA.

Baxueiimmne 10CTHKEHU S TEHOTEXHUYECKOI0 MEePUOAA:

1975 r. — I. Kemnep wm II. MunbmreiiH onyOnukoBanu B kypHaie «Nature» craTbio
«{muTenbHOXKUBYIOIINE KYJIBTYpbl THOPUIHBIX KJIETOK, CEKPETUPYIOIIHME aHTUTENa MPEAoNpeaeIeHHOMN
«CTIeM(UIHOCTH»», B KOTOPOH OMUCAIA METO/T IMOTYYEHNS MOHOKJIOHAIbHBIX aHTHUTEI,

1977 r. — M. Maxkcam u Y. ['mnGept pazpaboranu MeToj aHaiu3a rnepBuaHoi cTpykrypsl JJHK mytem
XUMUYecKor nerpamamnuu, a Jx. CoHrep — myreM MOJIMMEPA3HOTO KOMHPOBAHHUS C HUCIONIh30BAHUEM
TEPMUHUPYIONTUX aHAJIOTOB HYKJICOTH/IOB;

1981 r. — paspemen k npumeHennio B CIIIA mepBwIi IHAarHOCTHYECKHIT HA0OP MOHOKJIOHAJIBHBIX
aHTUTET,

1982 r. — mocTynui B MPOAaXy YETOBEYCCKUN HWHCYIHH, MPOAYIUPYEMBIH KJIETKaMH KHIIIEYHOU
MaJIOUKH, paspelieHa K MpUMEHEHU0 B EBponeiickux cTpaHax BaKIIMHA IS )KUBOTHBIX, MTOJYYCHHAsS IO
TexHonorun pexkomOuHaHTHBIX JIHK; paspaboranbl TeHHO-MHXKEHEpHBIE HUHTEPPEPOHBI, (AKTOP
HEKPOTH3AIUX ONyXOJIH, MHTEPICHKIH-2, COMAaTOTPOIHBIN TOPMOH YeIOBEKa U JIp.;

1986 r. — K. Mromuc pazpadoran Mmetoa noaumMepasHoi nenHoi peakiuu (ITLP);

1988 r. — HauasI0Ch MIKMPOKOMACIITAOHOE TPOU3BOACTBO 0OOPYAOBaHUS U JUATHOCTUYECKUX HA0QPOB
JUISL TIOJIMMEPA3HOM LIEMTHOW PEAKIUM;

1977 r. — xjoHupoBaHO mepBoe MiekonuTaromee (oBeuka Jlomm) u3z auddepeHuupo 15§
COMaTHYECKOM KIIETKH.




3. HCTOPHYECKHE JTAITBI CTAHOBJIEHHS H PA3BUTHA BHOTEXHOJIOTHH
o 1. KIACCUPUKALIUS (Mosnees O.K., 2002):

1. pazeumue smnupuuecxou mexuwonoeuu (nmpumepHo ¢ VI ThIc. 10 H.3.): HCOCO3HAHHOE
NPUMEHEHUE MHUKPOOHOJIOTUYECKUX MPOIIECCOB B TOBCEIHEBHOW JKM3HM 4YeJIOBEKa
(xyebonieueHre, BUHOICINE, TMBOBAPEHUE U T.11.);

2. 3apooicoenue ghynoamenmanvhvix ouonocuveckux nayk (XV-XVIII 8B.);

3. nepuoo pegotOYUOHHLIX NPeodPA308AHUL 8 MUKPOOUONO2UYECKOL NPOMBIULTEHHOCU
(konHer XIX — nagano XX BB.): MepBbic BHEAPCHUS HAyYHBIX JTJAHHBIX B MUKPOOHOJOTHYECKOC
IPOU3BOJICTBO;

4. cozoanue  HAYYHO-MEXHUYECKUX  NPEONOCHLIOK  BO3HUKHOBEHUS  COBPEMEHHOU
ouomexnonocuu (meppas moiloBuHa XX B.). OTKPBITHE CTPYKTYphI OCIKOB, NMPHUMCHCHHUE
BHPYCOB B M3yUYCHHH T€HETUKH KJIETOUHBIX OPTaHU3MOB H T.II.;

5. BO3HUKHOBEHUE cOOCMBEHHO OUOMEXHONO02UU KAK HOBOU HAYYHO-MEXHUUEeCKOU ompaciu
(cepemmaa XX B.): MacCOBOE€ PEHTAOCIHHOE IMPOM3BOJCTBO JCKAPCTBEHHBIX IIPEIapaToB, B
TOM YHUCJIE€ TIPENaparoB peKOMOMHAHTHBIX OCIKOB (MHCYJIMHA, MHTEpdEepOHa, COMAaTOTPOIIMHA,
COMAaTOCTaTHHA, HWHTEPJICHMKUHOB M JIp.), KPYIHOTOHHA)XXHOE IPOU3BOJCTBO OCIKOB Ha
pPa3IMYHBIX NMUTATEIBHBIX CpeaaxX, B TOM YHCIIe Ha YITICBOJAOPOAHBIX H T.II.;

6. nosasienue Hoseuuien OUOMeExXHON02UU, CBA3AHHOU C BAXKHEUIIUMU TOCTHIK
T€HETUYECCKOU Y KIIETOYHOW MHKECHEPHUU, MHKEHEPHON SH3UMOJIOTAH U T.II.



3. HCTOPHYECKHE 3TAIIbI CTAHOBJIEHHA H PASBHTHA BUOTEXHOJIOT'HH

1917 . K. Opeku BBen TepMuH «bUOTEXHOIOT U

1943 r. Hana)xeHo MpOMBILIIIEHHOE MPOU3BOACTBO MEHUIUIIMHA

1944 r. OBepu, Makneon, MakkapTu moka3aiy, YTO FreHeTUYecKuil Marepual npeacrasieH JHK

1953 r. Yorcon u Kpuk onpenenwin cTpyktypy monekyinsl [JJHK

1961 r. Yupexaen xypHai «Biotechnology and Bioengineering»

1961-1966 rr. PacmmdpoBaH reHETUIECKHUI KO

1970 r. Brigenena pectpunupyromas 3HI0HYKIea3a

1972 r. Kopana u cotp. cunTe3npoBaiu nonHopazMepHsii reH TPHK

1973 r. Bbotiep u KosH momoxunm Hagaio TeXHoJoTuH pekoMOmHaHTHBIX JJHK

1975 . Konep n MusibliteiiH onvcaiyu nojJy4eHue MOHOKJIIOHAJIBHBIX aHTUTEI

1976 r. W3nanel mepBbie PyKOBOACTBA, peTiIaMEeHTUpYIoIe paboThl ¢ pekomOuHaHTHRIMU JJHK

1976 r. Pa3paboranbl METO/IBI OMPEACICHUS] HYKIEOTHAHOU nocaeaoBarensHocTu JJHK

1978 . dupma Genentech BeimycTHIIa YSIIOBEUSCKHI HHCYIIMH, ITOMyYeHHBIN ¢ moMotibio E. coli

1982 r. Pazpemiena k npuMeneHuto B EBporie mepBas BaKIMHA [Ji1 >KMBOTHBIX, MOJIYyYEHHAsi MO TEXHOJIOTHUH
pekomOuHaHTHBIX JTHK

1983 r. Jliist TpaHcopManuy MPUMEHEHBI THOPHUIHBIC Ti-TIa3MUIbI

1988 r. Co3gaH MeTO MOTUMEPA3HON LEMHOW peaKIuu

1990 r. B CIIIA yTtBepkAeH IUIaH MCIBITAHUNA TE€HHOM TEpamuh C HCIOJIb30BAHUEM COMATHYECKUX KIETOK
YeJioBeKa

1990 r. OdurmansHo HavYaThl pabOTHI HAJ TPoeKTOM «['€HOM ueToBeKay

1994-1995 rr.  OmyOMKOBaHBI MOAPOOHBIE TCHETUYECKHE U (U3UUECKUE KapThl XpPOMOCOM YEJIOBEKa

1996 r. E>xeroguplii 00beM MpoJaXx MEPBOr0 PEKOMOMHAHTHOIO Oelika (IpUTPONO3THHA) MpeBbicui 1 mupa.
J0JTApOB

1997 r. KionupoBano miekonutaroiiee u3 1udpdepeHImpoBaHHON COMAaTUUYECKOU KIETKH




4. PASBBHTHE BUOTEXHOJIO'HH B POCCHH H 34 PYBE/KOM

24 CHIA: ponrHa COBPEMEHHOM OHOTEXHOIOTHH

1980-1983 rr. — 200;
1985 . — 6o1ee 400;
2012 1. — 6onee 3000 6GuoTexHONOTUUECKUX (HUPM.

IMPUYUHDBI:

Hanorosbie a6roThl

Bbicokue mpuObUIM OT OINepanuii ¢ IIEHHBIMUA OyMaraMu
3aMHTEpPECOBAHHOCTh YaCTHBIX UHBECTOPOB

YenemHoe coueTaHne rocyiapCTBEHHOIO M YaCTHOTO KaruTraia

SN

OCOBEHHOCTH:
v Vnop Ha GyHIaMeHTaIbHBIE HCCIIENOBAHMS (B T.9. OMOTEXHOIOTHH OEIKOBBIX IIPEMapaToB
MEUIIMHCKOTO Ha3HAa4YeHHUs), (UHAHCHUPYEMbIE TOCYyAapCTBOM (MpPU HSTOM NPEANPUITHS
YaCTHOTO CEKTOPA Pa3BUBAIOTCS MPAKTUYECKU 0€3 (PMHAHCOBOU MOAAECPKKH rOCyIapCTBa)

v’ Bxiam KpPyOHBIX MEXKIYHAPOIHBIX (apMaleBTHUECKUX M XMMHYCCKUX KOMITAHHIA:
Monsanto, DuPont, Upjon, American Cyanamid, Eli Lilly, SmithKline Beecham, Merck,
Novartis, Hoffman-LaRoche u ap.

v' BrIcokas MOOMJIBHOCTD

v V3kas crienuaan3aims



4. PASBBHTHE BUOTEXHOJIO'HH B POCCHH H 34 PYBE/KOM

25 SIIMMOHUS: OGHOTEXHOIOTHS — CTparerudecKas MHIYCTPUS W HaIMOHAJIbHBIN
MIPUOPUTET

INPUYUNHBI.
v' COTpPYIZHHUYECTBO MEXKIY TOCYIaPCTBEHHBIM M YaCTHEIM CEKTOPAMU
v. B peanmmsanmm  OTOEJIBHBIX  OMOTEXHOJIOTMYECKMX  IIPOrpaMM
IIPUHUMAET YYacTHe IIPaBUTEJIHCTBO CTPaHBI

OCOBEHHOCTM:

v HexBarka cOOCTBEHHBIX KaJpOB COTPYIHAYECTBO C aMEPUKAHCKUMH
YHABEPCUTETAMUA W KOMIAHUSIMU

v JIugepcTBO B NPOM3BOIACTBE IPOAYKTOB MHKPOOHMOJOTHYECKOIO CHHTE3A
(bepMeHThI, aHTUOMOTHUKHA, aMUHOKHUCJIOTHI, OPTaHUYECKUE KHUCIOTHI, BUTAMUHBI U

Jip.)

v Bropoe mecto (mocae CIIIA) B mpou3BOACTBE T€HHO-UHKEHEPHBIX IIPOIYKTOB.




4. PASBBHTHE BUOTEXHOJIO'HH B POCCHH H 34 PYBE/KOM

24 EBPOIIA: GHOTEXHOJIOIHST — caMasi PEBOIIOLMOHHAS M3 BCEX TEXHOIOIHI XX
BEKa

HauOomnbiee pa3zButue (papmaneBTUUECKOM OHMOTEXHOJIOIMHM HaOII0[aeTCsa B
BenukoOputanuu (3apeructpupoBado cBbiiie 60 Gpupm), Bo @panuuu u I'epmanuu
(cBpime S50 c¢upm). 3HAYUTENBbHBIC YCHUJIHUS II0 Pa3BUTHI0O OHOTEXHOJOTHUH
npeanpuHumarorcss B Hunepmangax, Utanuu, Jlanuu n [IBeuuwn.

INPUYUHDI:

v BONBIIUHCTBO OMOTEXHOJOTNY€CKUX MIPOEKTOB (bUHAHCUPYIOTCS
MPOMBIIIJICHHBIMU KOPHIOPALMUSIMHU U (DMHAHCOBBIMHU YUPEKICHUIMU

v' OtnmenpHble  OHOTEXHOJOIMYECKHE IIPOrPaMMEI  IOJIL3YIOTCS  (DMHAHCOBOM
MOJJICP>KKOM CO CTOPOHBI MPaBUTEILCTBA CTPAHbI

OCOBEHHOCTM:

v’ IIporpaMMbl pa3BUTHS OHMOTEXHOJOTHH OPUCHTHUPOBAHBI HA OCYIICCTBICHHE
L[EJIEBBIX POrPAMM WM JOCTHKEHUE KOHKPETHBIX KOMMEPUYECKUX LIEIEU




4. PASBBHTHE BUOTEXHOJIO'HH B POCCHH H 34 PYBE/KOM

25 POCCHII:

80-e rr. XX Beka: pa3paboTaHa M aKTUBHO OCYIIECCTBISJIACH IEepBasi TOCyIapCTBEHHAsS
mporpaMma II0 OHOTEXHOJIOTHHM, CO3JaHO 15 OumoTexHojormdeckux IeHTpoB B AlIK,
MOJATOTOBJIEHBl  BBICOKOKBATU(HUIMPOBAHHBIE  KaJpbl  CHEIHAIHCTOB-OMOTEXHOJIOTOB,
OpraHU30BaHbl OMOTEXHOJOTHYECKHE Ja0OpaTopuu U Kadeapbl B CEICKIIMOHHBIX IIEHTPaXx,
oTpacieBbix U 30HanbHbIX HUU u By3ax.

Pazsan CCCP . 1QUUTEJIbHOE OTCTAaBaHUE B OOJBIIMHCTBE HANIPABIICHUN Pa3BUTHUSA
OMOTEXHOJOTHH (MCKIIIOUCHHE — KJI€TOYHAasl OMOTEXHOJIOTHsl)

IHPUYNHDBI OTCTABAHMUAL:

v' Pe3koe COKpalleHHE TOCYIapCTBEHHOTO (DMHAHCUPOBAHHS  OHMOTEXHOJIOTHYECKUX
pOrpamMm

IIYTHU ITPEOJOJIEHUA OTCTABAHUAL:
v BoccTaHOBIIEHHE MEKIYHAPOIHBIX HAyYHBIX KOHTAKTOB
v’ ObecrncucHre  MOCTOSHHOM W 3()PEKTHBHON  TroCymapCTBEHHOM  MOIIEPIKKH
OMOTEXHOJIOTUYECKUX UCCIEAOBAHUM

HAIIMOHAJIBHAS INPOI'PAMMA «Pa3Butue OumorexHosoruun B Poccuiickon
®enepaunu Ha 2006-2015 rr» (Ha OCHOBE TOCYIapCTBEHHO-YACTHOIO MapTH )

yrBepxkaeHa |l cbe3znom obmiecTa OnorexnosmoroB Poccuu um. FO.A. OBunHHMKOBA
27 oxtsa0ps 2005 1o




5. CBA3b BUOTEXHOJIOI'UHU C ®YHIAMEHTA/JIBHBIMH HAYKAMH

MonekynsipHast OMOJIOTHS

MuxkpoOuosorus

buoxumusg

I eHeTHKa

XUMHYeCKasi UHKEHEPUs

Knerounas onosiorus

BUOTEXHOJIOI'UA

BricokoypoxaliHbie
KYJIBTYPBI

JlekapCTBEHHbBIE
Ipernaparsl

Baxkiunbl

JIMarnoCTu4YeCKue
METO/IbI

BBICOKOTIPOTYKTUBHBIE
CEJIbCKOXO3IHUCTBCHHBIE
KUBOTHBIC

q,




5. CBA3b BPHOTEXHOJIOI'HHU C OYH/IAMEHTA/IBHBIMH HAYKAMHA

25 1. MUKPOBHUOJIOT'US — nayka, n3ydaromias MHKPOOPTaHHU3MEI
(OakTepHUM, MUKPOCKOIIMYECKHUE TPUOBI, BOJIOPOCIIN), UX CUCTEMATHKY,
MOpP(OJIOTHIO, (PU3HOIOTHUIO0, OHOXHMHIO, HACICACTBEHHOCTh M
M3MEHUYHUBOCTh, PACIpPOCTPAHEHUE W POJIb B KPYrOBOPOTE BEIIECCTB B
IPUPOJIE, a TAKXKE IMIPAKTUUECKOE 3HAYCHHUE.

IlpeumyiecTBa NPOMBINIJIEHHOTO KYJILTHBHPOBAHHS
MHKPOOPTaHN3MOB:
v IIPOCTOTA OPTraHM3aIINH;
v’ BBICOKAasi CKOPOCTh POCTa U PA3MHOKEHMS;
v Oonbloe pasHooOpasue (U3UOIOTMUECKUX U OHOXUMHUYECKHX
CBOMCTB;
v’ CIIOCOOHOCTH Pa3BUBATLCSA B YCIOBHMSX HEMPUTOMHBIX IS JKU3HH
APYTUX OPraHUu3MOB;
v’ CIIOCOOHOCTH pasjararh CIIOKHBIE OpPraHHYECKHE COEHUHEHUS
(OenmKku, YIJIEeBOABI M T.II.), BEIICCTBA, TOKCHYHBLIC IS YEIOB 1
>KUBOTHBIX (METaHOJ, CEPOBOIOPO/ M T.II.), @ TAKKE KCCHOOMOTHK




5. CBA3b BUOTEXHOJIOI'UHU C ®YHIAMEHTA/JIBHBIMH HAYKAMH

Oo6JaacThb
NpUMeHeHus

Menununa,
3IpaBOOXpAHEHMUE,
dapmanus

XUMUYECKHUM
CHUHTE3

JKuBOTHOBOACTBO

PacTenuneBoacTBO

Pr10OHOE XO351CTBO

IIumeBas
IIPOMBIIIJIEHHOCTh

OBJIACTU ITIPUMEHEHUSA MUKPOBHUOJIOI'UHU
IIpumepnI

AHTUOMOTUKH, (EPMEHTHI, AMUHOKHUCIOTHI, KpPOBE3aMEHUTENIU, aAJIKaJIOUIbI,
HYKJIEOTUJbl, HMMYHOPETYJSTOPbl, NPOTUBOPAKOBBIE U  IPOTUBOBUPYCHBIE
Mpenaparsl, BAKIIMHbIL, TOPMOHAJIBHBIE TIPEMapaThl U T.II.

OTWiieH, NpoNnuieH, OyTUJIEH, OKUCICHHBIE YIIIEBOJOPO/bl, OPTAHUYECKUE KUCIIOTHI,
TepreHbl, (PeHOJbI, aKPUJIAThl, MOJUMEPHI, PEPMEHTHI, TOTUCAXAPUIBI U JIP.

YCoOBEpIIEHCTBOBAHUE KOPMOBBIX PAIMOHOB (O€TKHM, BUTAMHHBI, aMHUHOKHUCIIOTHI,
(epMeHTBI, 3aKBacCKH JUIS CHJIOCOBAHMS W JIp.) M BETECPHHAPHBIX IPENapaToB
(aHTUOMOTUKH, BAaKIIWHBI U JIP.) U T.II.

buopannoHanpHbie MECTULMIBI, OaKTepualbHBIE YyIOOpEHUs, TUOOEPINHBI,
nojiyueHue Oe3BUPYCHOTO  IOCAJOYHOTO  Marepuala, BBEJICHHE TC€HOB
YCTOMYMBOCTH K OOJIE3HSIM, 3aCyXe, 3aMOPO3KaM, 3aCOJICHHOCTH TOYB U T.II.

KopmoBoit  6enok,  ¢depMeHThl, AHTUOMOTHUKH,  CO3JAHUE  TIECHETUYECKHU
MOAU(DUITMPOBAHHBIX MOPOJI C YCUJICHHBIM POCTOM, YCTOMUMBBIX K 3a00JICBAHUSIM

benok, aMHUHOKHCIIOTHI, 3aMEHHTENH caxapa (acmapraMm, IITOK030-(pyKTO3HBIH
CUpOM), MOJIUCaXapuabl, OPTAaHUUYECKUE KUCIIOTHI, JTUIUJIbI, IEpepadOTKa MUIIEBBIX
MPOYKTOB



5. CBA3b BUOTEXHOJIOI'UHU C ®YHIAMEHTA/JIBHBIMH HAYKAMH

OoJacTh
NpUMeHeHMs

DHEpreTuka u
T00BIYA TOJIE3HBIX
HWCKOIIAEMBIX

Tsoxenas
MIPOMBIIIJIEHHOCTh

Jlerkasa
MIPOMBIIIICHHOCTh

buosnexkrponuka
KocMmonaBTuka

DKOJIOTUsI

Hayunsbie
UCCIIEIOBAHUS

OBJIACTU ITIPUMEHEHUSA MUKPOBHUOJIOI'UHU
Ipumepsnl

Cnuptbl, Ouoras, >XUpHbIC KHUCJIOTHI, adudaThuyecKue YIIeBOIOPOIbI, BOIOPO,
ypaH, UHTeHCUUKaIys J00bIYM HE(PTH, raza, yiisl, MICKyCCTBEHHbBIH (hOTOCHHTES,
OroMeTauTyprus, 100b14a cepbl

ViydiieHue TEXHUYECKUX XapaKTePUCTHK Kaydyka, OCTOHHBIX, IIEMEHTHBIX WU
TUTICOBBIX PAaCTBOPOB, MOTOPHBIX TOIUIMB, aHTUKOPPO3UMHBIC MPUCAIKHA, CMAa3KH
JUIS1 TIPOKATa YEPHBIX U IIBETHBIX METAJIJIOB, TEXHUYECKUHN OCJIOK U JIUTIHIbI

ViydilieHre TEeXHOJIOTUH MepepadOTKH KOXK, MPOU3BOJCTBA TEKCTUILHOIO ChIPbS,
mepctd,  Oymaru,  napPrOMEpPHO-KOCMETHYECKHX  M3ACIUN,  MOIydYeHUe
OHMOIOIIMMEPOB, UCKYCCTBEHHOMN KOXH, IIEPCTH

buoceHcopbl, OMOUUIIBI
Co3anne 3aMKHYTBIX CHCTEM KM3HE00ECIIeYeHUs B KOCMOCE

YTunmzamuss ~ OTXOAOB  Pa3jMYHOTO  MPOMCXOXKICHHMS,  Ouomerpagauus
TPYAHOpA3/IaraéMblX M TOKCHYHBIX COEAMHEHUN (MEeCTUUUIOB, TIepOUIIUIOB,
He(TH), MPOU3BOACTBO OE3BPENHBIX IECTUIIUAOB, OMOpa3IaraeMbIX MOJIUMEPOB

['eHHO-MH)XEHEPHBIE U MOJICKYJIAPHO-OUOIOTHUYECKUE HccaenoBaHus ((HepMEHTHI
pectpuknun JIHK, JIHK- m PHK-mommmepassl), MEIUIIMHCKHAE HCCICIOBAHUS
(cpemcTBa AMArHOCTUKHU, PEAKTHBBI U JIP.), XUMHUS (PCAKTHUBBI, CEHCOPHI U Jp.)



5. CBA3b BPHOTEXHOJIOI'HHU C OYH/IAMEHTA/IBHBIMH HAYKAMHA

2 1. MHKEHEPHAS DH3UMOJIOI'US -~ orpacis OHOTEXHOJIOTHH,
Oasupyromiascs Ha HCIOJb30BAHMHU KaTaJUTHYECKHX (GYHKIUN (epMeHTOB (Wiu
(epMEHTHBIX CHUCTEM), HAXOJSIIUXCS B M30JUPOBAHHOM COCTOSIHUM WJIM B COCTaBe
’KUBBIX KJIETOK, JIJIsl MOJYYEHUsS] COOTBETCTBYIOIIUX IEJIEBBIX MPOAYKTOB.

Ileab MHKEHEPHOW SH3UMOJIOTUM — Pa3pabOTKa HAyYHBIX OCHOB NMPHUMEHEHHUS
(DEpMEHTHBIX  KaTaJIu3aTOpPOB IS  CO3JaHUS HOBBIX  OHMOTEXHOJIOTHYECKHUX
IIPOM3BOJICTB, HOBBIX METOJ0B B JIMATHOCTUKE U Tepanuu 3a00JI€BaHUN, TEXHOJIOTUHI
OpPraHMYEeCKOro CHUHTE3a W JIp., & TaKXKE pEIIeHUus (PyHIAMEHTAIbHBIX MPOOIEM
SH3UMOJIOTUU MIPU TOMOIIH UMMOOMIM30BaHHBIX (DEPMEHTOB.

3ajaya MH)KEHEPHOM DJH3MMOJIOTHHM — KOHCTPYMPOBAHHE OPraHUYECKHX
KaTajan3aTopoB C  3aJaHHBIMH  CBOMCTBAaMHM Ha OCHOBE (DEPMEHTOB U
noTM(GEPMEHTHBIX CHCTEM, BBIJICJICHHBIX M3 KJICTOK MM HaXOASIIUXCS B HUX.

IIpakTyeckune pa3padoTku B 00J1aCTH MHKEHEPHOU IH3MMOJIOTHH CBA3AHbI
C.
v’ TOJy4eHHEM HOBOTO MPOIYKTA;
v/ yIydIIeHHEM KaueCTBa U3BECTHOIO IPOIYKTa;
v’ TOBBIIICHHEM SKOHOMHUYHOCTH OMOTEXHOIOTHYECKOTO IPOIECCa.




5. CBA3b BPHOTEXHOJIOI'HHU C OYH/IAMEHTA/IBHBIMH HAYKAMHA

A 1ll. TEHETUUYECKAS MHKXEHEPUS — omvH U3 BaXHEHUIIUX METOIOB
OMOTEXHOJIOTUM, MPEJINOoJararoiuid ejJeHalpaBIeHHOEe HCKYCCTBEHHOE CO3/IaHue
ONpEJCICHHBIX KOMOMHAIIMH TeHETUYECKOro Marepuana, CIOCOOHBIX HOPMAaJIbHO
(YHKIIMOHUPOBAaTh B KJETKE, T.€. Pa3MHOXKAThCI M KOHTPOJUPOBATH CHUHTE3
KOHEYHBIX ITPOJTYKTOB.

Buabl reHeTH4eCKON MHKCHEPU U
v’ T'enHast MHKE€HEepHsl 3aKJIIOYacTCS B IEJICHANPABICHHOM HCIIOIb30BAHUH
IIEPECTPOCK €CTECTBEHHOTO TI'€HOMA, OCYIIECTBISIEMBIX IN VIVO u In Vitro, s
U3MEHCHUSA TCHETUYECKUX XapAKTEPUCTUK M3BECTHBIX BHUPYCOB MW KIETOK, T.C.
npamoe manunyiauposanue JIHK.

v’ TeHOMHAsi MHKEHEpHsl 3aKJIIOYaeTCs B  IEJCHANPABICHHON IIyOOKOM
MEPECTPOUKE T'€HOMA AKAPUOT, IPOKAPUOT U DYKAPUOT, BIUIOTh O CO3JIAHUS HOBBIX
BHUJIOB, T.€. IEPEHOC BCETO WM OOJIbIIEH YACTH T€HETUYECKOIO0 MaTepraia OT OJHOMN
KJIETKH K Jpyrov. IIpy Tr€eHOMHOW WHXEHEPUH BO3MOXKHO IOJYYCHHUE IMOJOBBIX
(CusiHME TaMET) U COMATHYECKHX (CIUSIHUE HEMOJIOBBIX KIETOK) THOPHU/IO0B.

v' XpoMocoMHAasi HHKEHEPHSI CBs3aHA C IEPECHOCOM HM30JUPOBAHHBIX XPOMOCOM
OT KJIETKH-IOHOPA OJTHOTO OpraHW3Ma B KJIETKY-PEIUITUCHT JIPYroro OpraHH €
OOBEKTaMHU SIBISFOTCS XPOMOCOMBI POKAPHUOT U IYKAPHUOT.




5. CBA3b BPHOTEXHOJIOI'HHU C OYH/IAMEHTA/IBHBIMH HAYKAMHA

241V, Kiierounasi MH:KeHEpHSl — METOA KOHCTPYHPOBAHHUS KIIETOK
HOBOI'O THIIA B PE3YJIbTAaT€ HX KYJIbTUBHPOBAHHWS, TMOPHAW3ALNN U
PEKOHCTPYKIMH, M Oa3UPYIOMIMICI HAa HCHOJIb30BAHUM METOI0B
KYJIBTYPBI KJIETOK U TKaHEH.

IlepcnieKTUBHBIC HANPABJICHUSA MCIOJb30BAHUSA TOCTUKECHUN
KJICETOYHON WHKCHEePUH:
v’ HCIOJL30BaHKME KIIETOK, MEPEBEAEHHLIX B KYILETYPY, IS CHHTE3a
PA3JIUYHBIX COCAUHEHUM
v IpUMEHEHHE KYALTUBUPYEMBIX KIETOK JUIs IOJyYEHHsS H3 HHX
PACTEHUHN—PETreHEPATOB

IlpeumyiiecTBa KJIETOYHON UHKCHEPU M.
v’ OTCYTCTBHE OTPEOHOCTH B OOJILIINX TUIOMIAIAX
v’ HE3aBHUCHUMOCTH OT TeorpapuUeCcKuX, KIMMATHIECKNX, TIOTOAHEIX 1
IPYTUX YCIOBUM
v’ BBICOKAs IPOM3BOIUTENHLHOCTE




6. IPEUMYIIECTBA BUOTEXHOJ/IOI'HH

v BhICOKas POU3BOAUTEIHHOCTD.
v Huszkast D>HEPrOEMKOCTb.
v" KoMIakTHOCTE IPOHU3BOICTBA.

v' BO3MOXKHOCTH KPYIJIOTOAMYHONM pean3aluy OMOTEXHOJOIMYECKUX IPOLECCOB HE3ABUCHMO OT
reorpauIeCcKrx, KIMMaTHIEeCKUX, SKOJIOTHYECKUX YCIOBUM.

v' BBICOKHIi YPOBEHDL aBTOMATH3ALMK U MEXAHU3ALMH OMOTEXHOJIOIHYECKHUX IIPOU3BOJICTB.

4 Bo3moxxHOCTB IMOJY4YCHUA CHGHI/I(bI/I‘IHI)IX N YHHUKAJBbHBIX IIPUPOAHBIX BCIICCTB, YaCTb KOTOPBLIX HC
YAacCTCs IMOJNYUYHUTD ITYTCM XUMHUYCCKOT'O CMHTC34A.

v TlpoBeneHne OMOTEXHOIOTHYECKOIO IPOIECCOB B «MSITKHX YCIOBHUAX», T.€. IPH OTHOCHUTEILHO
HEBBICOKMX TEMIIEpATypax U JIABJICHUSX.

v' MUKpOOpraHn3Mbl UMEIOT 3HAYUTEILHO 0OJIee BHICOKHE CKOPOCTH POCTa M HAKOIUICHHS KJIETOUHON
OMoMacchl, YeM JIPYyTrue OpraHu3Mbl.

v B Ka4CCTBC CbIPpbsI B OMOTEXHOJIOTHYECKUX IMPOU3BOACTBAX MOKHO MCIIOJIb30BATH OOCTYIIHBIC M
SKOHOMMHWYHBIC OTXOAbI CEJIIbCKOI'O XO3S1CTBa U IMPOMBIIIIJICHHOCTH.

v BHOTEXHOJIOTHYECKHE MPOIECCH B CPAaBHEHHH C XMMHYECKHMH OOBIYHO 00jiee 3KOJOTHYHBI,
XApAKTEPU3YIOTCSI MEHBIIMM YPOBHEM BPEIHBIX OTXOMOB, Oojee ONM3KM K MPOTEKAIOIIUM B MPUPOIE
€CTECTBEHHBIM IMPOLIECCAM.

4 TexHomaorusa wu O60py110BaHI/Ie B OHMOTEXHOJOTHYECKUX MMPpON3BOACTBAX OTINYAKOTCA
HAOCTYITHOCTBIO, SKOHOMHUYHOCTBHIO U HpOCTOTOﬁ, YCM B XUMHWYCCKUX ITPONU3BOACTBAX.




7. COEPBI IIPHMEHEHHA JIOCTHXKEHHHU BHOTEXHOJIOTHH

Buja 0morexHosiornu

MenuiHckas
OUOTEXHOJIOTUSA

Kocmuueckas
OMOTEXHOJIOTH S

I'eonornueckas
OMOTEXHOJIOTUS

[ mmenasa
OMOTEXHOJIOTUS

DHepreTuyeckas
OMOTEXHOJIOT U

DKOJIOTHYECKasd
OHMOTEXHOJIOTUSA

CeJIbCKOX03IHUCTBEHHAS
OHMOTEXHOJIOTH S

O0s1acTh NPAKTHYECKOTO MPUMEHEHUS

[Tonyuenue AHTHOHNOTHKOB, CTEPOUTHBIX TOPMOHOB,
MOHOKJIOHAJIBHBIX aHTHUTE]I, JHK/PHK-11po06sr, CO3/IaHuNE
PEKOMOMHAHTHBIX BaKIIMH M BaKIIUH-aHTUTCHOB, (PEPMEHTOB U JIp.

[ToBhIlIEHNE KavyeCTBa IEJIEBOTO MPOAYKTA

BI:II[GJ'ICHI/IC MCTAJIJIOB U3 6€,I[HBIX pya 1 CTOYHBIX BOJ
MCTAJUTYPIru4CCKUux HpCI[l'IpI/I}ITI/II\;I, ITOBBIINICHHUC OTAa4YU HC(l)TSIHBIX
I1J1aCTOB M T.II.

[TomydeHne OUETUYECKUX TPOAYKTOB TUTAHUS, TOBBIIICHUE
MOJIE3HBIX CBOMCTB MPOAYKTOB NMUTAHMS, MPOU3BOJCTBO MHIIEBBIX
100aBOK U JIp.

[TonyyeHnne 3TaHONa, METaHA U APYTUX YIIEBOAOPOIOB, BOAOPOAA
(B KauecTBe HMCTOYHMKA TOIUIMBA), MOBBIMICHUE 3()PEKTUBHOCTH
(OTOCMHTETUYECKUX CUCTEM, CO3/IaHNe OMOTOTUIMBHBIX 3JIEMEHTOB

OdmncTka Ta30BBIX BBIOPOCOB, YTUIM3AIUS KCEHOOHMOTHKOB,
nepepaboTKa TBEPABIX OTXO/IOB, OUMCTKA CTOUHBIX BOJ U .

buorexHonoruu B PaCTCHUCBOACTBC U ) KUBOTHOBOACTBC




