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[ eHHOW nHXeHepud. YTto ato?

[eHeTnyeckas nHxeHepus (reHHasd MHXXeHepust) — COBOKYMNMHOCTb
NPUEMOB, METOLOB U TEXHOSOMMIMN NOMYyYEHUS PEKOMOUHAHTHBIX
PHKleHeTn4eckada nHxeHepus (reHHas NHXeHepusa) — COBOKYIMHOCTb
NPUEMOB, METOAOB M TEXHONOMMIM NONy4YeHNa peKoMOUHaHTHLIX PHK u
OHKIeHeTn4eckasa nHxXeHepust (reHHas UHXeHepusl) — COBOKYIMHOCTb
NPUEMOB, METOAOB M TEXHONOMMIM NONy4YeHNa peKoMOUHaHTHbIX PHK u
OHK, BblgeneHust reHoBl eHeTUYecKasa NHXeHepusl (reHHas
NHXXEeHepnsa) — COBOKYMHOCTb MPUEMOB, METOLOB U TEXHONOMI
nonydeHnsa pekomonHaHtHbix PHK n OHK, BbigeneHusi reHoB 13
opraHmamal eHeTu4YecKkasa NHXxXeHepua (reHHas MHXeHepus) —
COBOKYMNHOCTb NMPUEMOB, METOL0B N TEXHOMOMMN NonyvYeHus
pekoMmbuHaHTHbIX PHK 1 [IHK, BbligeneHns reHoB U3 opraHmu3ma
(KNeTokK), OCyLWeCTBNEHUSA MaHUNYNALWA C reHaMu 1 BBEOEHUS UX B
apyrme opraHn3Mmbl.

[eHeTnYeckaqa NHXeHepuna He ABnAeTca Haykoul eHeTnyeckad
NHXXEeHepUs He SBNAEeTCH HayKou B LUMPOKOM CMbICIe, HO ABMAETCS
NHCTPYMEHTOM BuoTexHonornul eHeTuyeckasi MHXeHepus He sIBMNSETCS
HayKoOW B LUMPOKOM CMbICIe, HO ABNAeTCS UHCTPYMEHTOM
BMOTEXHONOINK, UCMONbL3YS METOAbI TaKUX BUOSTOrMYECKNX HaAYK, Kak
MoTnekviapHagal eHeTnyeckas nHXeHebud He arngetTcd HAVKOU B




cTtopua pa3Butna U OOCTUTHYTbIN
YPOBEHb TEXHOMNMOMA

Bo Bropoii nosoBrHe XX BeKa ObLIO CJEJIaHO HECKOJIBKO BaKHBIX OTKPBITUI
1 U300pETEHHU, JIEKAIMX B OCHOBE T€HHOW MHKEHEPUU. YCIICIITHO
3aBEPIIUINCH MHOTOJIETHUE MOIBITKH «ITPOYUTATHY Ty OMOJIOTHUYECKYIO
MH(pOpPMAIIHIO, KOTOpas «3alricaHay B reHax. JOTa padora Oblia Hadyara
anaruiickuM yaéaeiM @. CeHrepom  Bo Bropoii momoBuHE XX BeKa OBLIO
CIEJIAaHO HECKOJIBKO Ba)KHBIX OTKPBITUH M U300PETCHUM, JISKAIINX B OCHOBE
T€HHOW MHYKCHEPUH. YCIICIITHO 3aBEPIIUINCH MHOTOJIECTHUE TTONBITKA
«IIPOYMUTATHY Ty OMOIOTUYECKYIO HHq)opMaumo KOTOpast «3alKCcaHay B
reHax. Jra pabora ObuIa Ha4aTa AHNTMHCKUM yuCHbIM ®. CeHrepoM u
aMepHKaHCKUM yuéHbIM Y. [MnbeptoMm  Bo BTOpoii noaoBuHe XX Beka
OBLIO CAEIAHO HECKOJILKO BaXKHBIX OTKPBITHN U N300pETEHUH, JIe)KaI1X B
OCHOBE T€HHOM MHYKEHEPUH. YCIICITHO 3aBEPIIUIUCH MHOTOJECTHUE TTOMNBITKA
«IIPOYMUTATHY» Ty OMOJOTHUECKYI0 MH(POPMAIINIO, KOTOpas «3alucaHa) B
reHax. Jta pabora OblIa HaYaTa aHIMIMMCKUM y4EHBIM @. CeHrepom u
amepukaHckuM yuéHbeiM Y. I'uindeprom (Hobenesckas npemusa no Xxmmum
Bo BTopoii nosioBuHe XX BeKa ObLIO CAEIAHO HECKOIBKO BaXKHBIX OTKPBITUI
1 U300pETEHHUM, JIEKAIMX B OCHOBE T€HHOW MHKEHEPUM. YCIICIITHO
3aBEPIIUINCH MHOTOJIETHUE TOIBITKH «ITPOYUTATHY Ty OMOIOTHUYECKYIO
HH(pOpPMAIIHIO, KOTOpas «3alricaHay B reHax. JOTa pabora Obla Hadara
aHIMUCKUM yu€HbIM D. CeHrepom u aMEPHKaHCKHM yYEHBIM V. ['nunbeprom
(HoGenenckas nmpemust mo xumun 1980  Bo Bropoii monoBuHe XX Beka
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1. ITosiyuyeHue U30JIMPOBAHHOTO T'€HA.

2. BBeneHue rena B BEKTOP /TSI IIEPEHOCA B OPTaHU3M.

3. IlepeHoc BekTOpa ¢ F€HOM B MOAM(PUIIMPYEMBIA OpraHU3M.
4. ITpeoOpazoBaHUE KJIETOK OpraHu3Ma.

5. OT00p renetnuecku MoguupoBaHHbIX opranu3MoB (I MO) u ycTpaHeHue Tex,
KOTOpbIE€ HE OBUIM YCIIEIIHO MOAUDUIIUPOBAHBI.

IIporecc cuHTE3a r€HOB B HACTOSIIEE BpeMs pa3pabd0TaH OY€Hb XOPOIIO U JTaXKe
B 3HAUUTEIILHOW CTEIIEHU aBTOMATU3UPOBaH. CylIEeCTBYIOT CIICIIHAIbHBIC
anmaparbl, CHaOkEéHHbIe BM, B mamMsITH KOTOPBIX 3aKIaJbIBAIOT IPOrPaMMBbI
CHHTE3a Pa3INYHbIX HYKJICOTHIHBIX IIOCIECA0BATCILHOCTEH. Takon ammapar
cuare3npyet orpesku JJHK nqmuaon no 100—120 a30THCTHIX OCHOBaHUU
(onmuronykieotuasl). [lonydunnaa pacnpocTpaHeHHE TEXHUKA, TO3BOJISIONIAS
MCITOJB30BaTh A cuaTe3a JHK pPOILIECC CUHTE3a I'€HOB B HACTOSAIIIEE BPEMSI
Iéa3pa60TaH OYEHb XOPOIIO U JIAKE B 3HAYUTEIIbHOU CTENICHW aBTOMAaTU3UPOBAH.
YIIECTBYIOT CHEHMAIbHBIE anmnaparbl, CHa0EHHbIe IBM, B maMsATH KOTOPBIX
3aKJIaJIBIBAIOT IPOTPAMMBbI CUHTE3a Pa3JIMYHBIX HYKJICOTHIHBIX
MOCJIEI0BATENBHOCTEM. Takou anmapar cuHresupyer orpesku JHK miunon no
100—120 a30THCTHIX OCHOBaHUM (OJUTOHYKJICOTHIBI). [lomyunna
PACIIPOCTPAHEHUE TEXHUKA, ITO3BOJIAIOIIAsA UCIIOJIb30BaTh I cuHTe3a JIHK, B
TOM YHMCJIE MyTAaHTHOMW, NONMMEPAa3HYI0 LienHyto peakumio  Ilponecc
CHHTE3a T€HOB B HACTOsIIIEE BpeMs pa3pad0TaH OYE€Hb XOPOIIIO U JaXKE B
3HAYUTEIBHON CTENEHN aBTOMATU3UPOBaH. CyIIECTBYIOT CIICIIAATIBHBIE
amnmaparbl, CHaO)kEéHHbIe 9BM, B maMsITH KOTOPBIX 3aKIabIBAIOT IPOrPaMMBbI
CHHTE3a Pa3INYHbIX HYKJICOTHIHBIX IIOCICA0BATCILHOCTEH. Takou ammapar
cuare3upyet orpesku JJHK nqmuaon no 100—120 a30THCTBIX OCHOBaHUU
(omuronykiieotunl). [lomydniia pacipocTpaHEHUE TEXHUKA, TTO3BOJISIONIAs
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YtoObI BCTpOUTH I'eH B BEKTOPYUTOOBI BCTPOUTD I'€H B BEKTOP, UCIIOJIB3YIOT
depMeHTLIYTOOBI BCTPOUTH T€H B BEKTOP, UCIIONB3YIOT (hepPMEHTHI —
PEeCTPUKTa3blUToObI BCTPOUTH I'€H B BEKTOP, UCIIOIB3YIOT PEPMEHTHI — PECTPUKTA3BI U
nurasblYToObl BCTPOUTH F'E€H B BEKTOP, UCIIOJIb3YIOT (DEPMEHTHI — PECTPUKTA3BI U
JUTa3bl, TAKXKE SBISIONIMECS MOJE3HBIM HHCTPYMEHTOM IFeHHOM nHkeHepuu. C MOMOIIIbIO
PECTPUKTA3 T€H U BEKTOP MOXKHO pa3pe3arh Ha Kycouku. C MOMOIUIBIO JINTa3 TaKue
KyCOUKH MOKHO «CKJICUBATh», COCIUHSITh B UHOW KOMOWHAIIMU, KOHCTPYHUPYST HOBBIW I'eH
WM 3aKJII0Yasi €ro B BEKTOp. 3a OTKphITHE pecTprukTaz BepHep ApbepUToOs! BCTPOUTH
I'€H B BEKTOP, UCTIOIB3YIOT (PEPMEHTHI — PECTPUKTA3bI U JIUTA3bI, TAKXKE SIBISIOIINECS
MOJIE3HBIM UHCTPYMEHTOM IeHHOW HHKeHEepHH. C MOMOIIBI0 PECTPUKTA3 TE€H U BEKTOP
MOXKHO pa3pe3arh Ha Kycouku. C MOMONIBIO JINTa3 TaKUE KYCOYKHU MOXHO «CKJICUBAThY,
COCIMHSATh B MHOM KOMOWHAIIUK, KOHCTPYUPYS HOBBIN I'€H WM 3aKJII0Uasi €ro B BEKTOP. 3a
OTKpbITHE pecTpukTa3 Bepuep Apbep, JaHnen HataHcUToOw1 BCTpouTh TeH B BEKTOP,
UCIIONB3YIOT PEPMEHTHI — PECTPUKTA3BI U JINTA3bI, TAKXKE SABJISIIOIIUECS MTOJIE3HBIM
MHCTPYMEHTOM T'€HHOU uH»)eHepruu. C MOMOIIbIO0 PECTPUKTA3 T€H U BEKTOP MOXKHO
paspe3atrh Ha Kycouku. C MOMOIIIBIO JIUTA3 TAKUE KyCOUKU MOKHO «CKJIEUBATHY,
COCIMHSATh B MHON KOMOWHAIIUK, KOHCTPYUPYS HOBBIM I'€H WM 3aKJII0Uasi €ro B BEKTOP. 3a
OTKpBITHE pecTpukTa3 BepHep Apoep, Jlannen Haranc m XamuntoH CMUTUTOOR!
BCTPOUTH I'€H B BEKTOP, UCIIOJIB3YIOT (PEPMEHTHI — PECTPUKTA3BI U JIUTA3BI, TAKKE
SBJISIIOIIUECS TOJIE3HBIM UHCTPYMEHTOM T'€HHOUM MHkeHepur. C MOMOIIbIO PECTPUKTA3 T'CH
U BEKTOp MOXHO pa3pe3arh Ha Kycouku. C MOMOIIbIO JIUTra3 TaKue KyCOYKH MOKHO
«CKJICUBATh», COCIMHSTh B UHOW KOMOWHAIIMU, KOHCTPYHUPYS! HOBBIM I'€H WJIU 3aKJIr04as
€ro B BEKTOP. 3a OTKpbITHE pecTpukTas Bepuep Apo6ep, Jlanuen Hatanc u Xamunton
Cwmut Takke ObLIM ynoctoeHbsl Hobenesckoun npemun (1978 ).

TexHuka BBeJICHUS TCHOB B OakTepuH ObLTa pa3paboTaHa mocie Toro, kak Ppeaepuk
[pUddPnT TexHwuka BBeAEHUS TEHOB B OakTepry OblIa pa3paboTaHa MoCiIe TOTO, KakK
Openepuk [puddut oTkphLT siBICHUE OakTepranpbHOM TPAHCopMauUmMn  TexHuka
BBEJICHUS TEHOB B OakTepuu OblIa pazpadborana nocie Toro, kak ®penepuk [puddur
OTKPBLI SIBICHHE 6aKTepI/IaJII)HOI/I TpaHC(bopMauHH B OCHOBE 3TOTO ABJICHHS JICKHT




Paszpeszanme Bextopa wu xpomocommon JIHK
PECTPHKTAZION, cCcoznawmed B8 mMecrax paspesa
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[Tone3Hoe BnuaHmne reHHowu
MHXEeHepun

[eHeTn4YecKkada NHXEeHePUA CNYXUT AN NoNnyyYeHUa XenaemblX Ka4ecTB
N3MEHAEMOro Unm reHeTuyeckn mogmudmunpoBaHHoOro opraHmama. B
oTnnymne oT TpaguUNoOHHOWU cenekumnul eHeTndeckasa NHXeHePUa CIyXuT
ONs NONyYeHna XenaemblX Ka4eCTB U3MEHAEMOro Unu reHeTn4ecKn
MoaNPULMPOBAHHOIO opraHM3ama. B otnnyme oT TpaanLMoHHON
cenekuun, B xoge KOTopoun reHotunl eHeTu4eckas MHXeHepUs CIy>XuT
ONs NONyYeHnA XenaemblX Ka4eCTB U3MEHAEMOro Unu reHeTn4ecKn
MoaNPULMPOBaAHHOIO opraHM3ama. B otnnyme oT TpaanUMoHHON
cenekuun, B xoge KOTOPOW reHoTun noasepraerca MaMeHeHnsMm NnLlb
KOCBEHHO, reHHasi MHXXeHepus No3BoSigeT HenocpeacTBeHHO
BMeLLUNBATLCS B r[eHeTUYeckuml eHeTndeckasa UHXeHepua CrnyXuTt ang
NonyyYeHusa XxxenaembliX Ka4eCTB U3MEHSEMOro NN reHeTU4YeCcKn
MoaNPULMPOBaAHHOIO opraHM3ama. B otnnyme oT TpaanLMoHHON
cenekuun, B xoge KOTOpoW reHoTun noasepraetca MaMeHeHnsM NnLlb
KOCBEHHO, reHHasl MHXXeHepus No3BoSigeT HenocpeacTBeHHO
BMeELLUMBATLCS B reHETUYECKUI annapaT, NPUMEHAA TEXHUKY
MOJSIEKYNAPHOro KNnoHuposaHugd. Npnmepamn npMMeHeHna reHHou




Llenb 3aTUX npMémoB ogHa — AOOUTLCSA U3MEHEeHUA
HacrneACcTBeHHOro, reHeTUYecKoro annapara knetku. Ux pe3yanhj‘.¢
nosny4eHne MHOTOUNCIEHHbIX MUKPOOOB-MYTaHTOB, U3 COTEH My
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MeToaOM reHHOW UHXEeHepPUU NoJIyYeH yxe pﬂpﬂthnawﬁB B 13"
YUCrie UHCYJINH YerioBeKa U NpoTUBOBUPYCHLIN w
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[lpakTyeckoe NpUMeHeHue

Tenepb YMeT y)Ke CUHTE3NPOBAaTb reHbl, U C MOMOLLIbIO TaKNX
CMHTE3MpPOBAaHHbIX FEHOB, BBEAEHHbIX B OaKTepun, nonyyatoT pss
BELLECTB, B YaCTHOCTWN rOPMOHbI U MHTepdepoH. X npon3BoacTBO
COCTaBWUIIO BaXkKHYO oTpachb OMOTEXHOMOIMN.

NHTepdepoH — 6enok, CUHTE3NPYEMbIN OPraHN3MOM B OTBET Ha
BUPYCHYIO MH(PEKLINIO, U3yYaloT cenyac Kak BO3MOXHOE CpeaCcTBO
nedveHuna paka un Clida. NoHagobunuce 6kl ThiCAYM NUTPOB KPOBU
YyerioBeka, YTodbl NONYy4YNTb Takoe KONMYECTBO NHTEPMEPOHA, Kakoe
OaeT BCEro oguH nuTp bakTepuarnbHOU KyneTypbl. ACHO, 4TO
BbIMIPbILL OT MaCcCOBOro NPOWU3BOACTBa 3TOrO BeLLEeCTBa OYEHb
Benuk. O4eHb BaXXHYIO pOrb UrPaeT Takxke nory4yaembii Ha OCHOBE
MUKPOBMOSIOrM4ecKoro CUHTE3a MHCYNUH, HeobxoauMbIn NS
nedyeHnsa gnabeta. Metogamu reHHOU MHXEHEPUU yaanock co3gaTb
N psig BakUMH, KOTOPbIE UCMLITBIBAKOTCA cenyac ans npoBepKu nx
adpdbekTnBHOCTU NPoTMB Bbi3biBatowero Clr1L supyca
nmmyHogeduunta yenoseka (BUY). C nomoLubo pekoMOMHaHTHOM
OHK nony4yatoT B 4OCTATOYHbLIX KOSIMYECTBaX U YernoBevyeckum
FOPMOH poCTa, eONHCTBEHHOE CPEACTBO NeYeHUsa peakon OeTCKoun
bonesHn — rmnoun3apHoOn KapriMkoBOCTM.



[lpakTyeckoe NpUMeHeHue

e ELlle ogoHO nepcnekTtMBHOE HanpasneHne B MmeguumHe,
cBsi3aHHOe ¢ pekomobuHaHTHou OHK, — T.H. reHHas
Tepanus. B aTux paboTax, KOTopble rnoka eLle He BbILSn
N3 3KCNEPUMEHTASIbHOW CTadun, B OpraHn3m ans
6opbObLI C ONMYyXOnb BBOAUTCS CKOHCTPYUMPOBAHHAs MO
METOAY FrEHHOWN NHXEHEPUN KONUA reHa, KogmpyroLwero
MOLLHbIN NPOTUBOOMNYXOSEBLIN PEPMEHT. [ €HHYI0
Tepanuio Havdanm NPUMeHATb Takke anst bopbbbl C
HacneacTBEHHbIMU HAPYLUEHUAMW B UMMYHHOW CUCTEME.

e B cenbckom xo3ancTBe yaanocb reHeTUu4eCkn U3MEHNUTb
OECATKM NPOAO0BONbCTBEHHbIX U KOPMOBbIX KynbTyp. B
XMBOTHOBO/CTBE MUCMNOSIb30BaHME ropMoHa pocCTa,
NoNy4YeHHOro ONOTEXHOOMMYECKMUM NYyTEM, NO3BOSINNMO
NOBbLICUTb YOO MOJOKA; C MOMOLLbIO FrEHETUYECKMU
N3MEeHEeHHOro BMpyca cosaHa BaKunHa NpoTuB repneca
Yy CBUHEMN.



>
Qe
O
B
=

=)
13




[eHHaa UHXXeHepuUusa YerioBeKa

B nnpyMeHeHNH K 4eJIOBEKY reHHas MHKEHEPHS MOIJIa ObI
IPUMEHSTHCS AJ1s JICUCHUSI HACIEACTBEHHBIX Oojie3He. OgHako,
TEXHUYECKHU, €CTh CYIIIECTBEHHAA PA3HUIIA MEXKIY JICUCHUEM
caMoro NnanueHTa 1 u3MeHEeHUeEM FeHOMa ero NOTOMKOB.

B nacrosmiee BpeMs 3(phEeKTUBHBIC METOIBI H3MEHEHUS TEHOMA
4yeJI0BeKa HaXOAATCs Ha cTaauu pa3padoTku. [oaroe Bpems
reHeTUYEeCKask MHXEHEPUsT 00€3bsiH CTAJIKMBAJIAaCh C CEPbE3HBIMU
TpyaoCcTAMH, ogHako B 2009 rony s3KCIEpUMEHTHI YBEHUYAIUCH
YCIIEXOM: Jia]l HOTOMCTBO MEPBBIN N'eHETUYCCKU
MOIHM(UIIMPOBAHHBIA IPUMAT - UTPYHKA OObIKHOBEHHAA B
HacTos1ee BpeMs 3(PDEKTUBHBIE METOIbl M3MEHEHMS TeHOMA
4yeJI0BeKa HaXOAATCs Ha cTaauu pa3padoTku. [oaroe Bpems
reHEeTUYECKask MHXEHEPUsT 00€3bsiH CTAJIKMBAJIACh C CEPbE3HBIMU
TpyaoCTAMH, ogHaKo B 2009 rony 3KCIEPUMEHTHI YBEHUYAITUCH
YCIIEXOM: JiaJl HOTOMCTBO MEPBBIN N'eHETUYCCKU

MO (UIMPOBAHHBINA IPHUMAaT - UTPYHKAa OOBIKHOBEHHAas. B 3ToM
ke rony B Nature B HacTtosiiee Bpems 3 PeKTUBHBIE METO b
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[eHHaa UHXXeHepuUusa YerioBeKa

XOTsl U B HEOOIBIIIOM MaclITade, FTeHHasl HHKCHEPUS YKe
MCIOJIL3YETCS JJ1 TOTO, UTOOBI AaTh IIaHC 3a0€PEMEHETh
KEHIIMHAM C HEKOTOPHIMM PAa3HOBUIHOCTSAMU Oecruioaus . J{iis
ATOI0 UCHOJIB3YIOT SIUIEKICTKH 310pOBOM JKEHIIIMHBI. PEOEHOK B
pe3yabTare HacJeAyeT [EHOTUM OT OJHOIO OTIIA U JIBYX MaTepei.

[Ipu momoIu reHHOM MHKEHEPUH MOXKHO MOJIy4aTh IIOTOMKOB C
yIAYUYIIEHHOW BHEITHOCTHIO, YMCTBEHHBIMHU U (PU3UYECKUMU
CIIOCOOHOCTSIMH, XapaKTepoM U nopeAaeHueM. C MOMOIIbIO
reHoTepanun B OyayIieM BO3MOXKHO YIy4dIlIEeHUE TeHOMa 1
HBIHS)KUBYIIMX JIIOAeH. B mpuHIHIIe MOXKHO cO3/1aBaTh U OoJIiee
CepbE3HBIC N3MEHEHHS, HO Ha MyTH MOJ00HBIX MPEOOpa30BaHUM
YEJI0BEUECCTBY HEOOXOAUMO PEIIUTh MHOKECTBO ITHUECKUX
poOIeM.







Hay4Hble akTopbl ONAacHOCTU
reHHON UHXXeHepUn

1. 'eHHas MH>XEHEPUA B KOPHE OTIIMYAETCS OT BHIBEACHUS HOBBIX
COpTOB 1 MopojI. IccKyCTBEHHOE TOOABIECHHUE YY>KEPOIHBIX T€HOB
CWJIBHO HapyIIAET TOYHO OTPETYIUPOBAHHBIN T€HETUYECKUN
KOHTPOJIb HOPMAJIbHOU KJI€TKH. MaHUIyTMpPOBAaHUE TE€HAMU
KOPEHHBIM 00pa30M OTIIMYACTCS OT KOMOMHHUPOBAHMSI MAaTEPUHCKHUX
1 OTILIOBCKUX XPOMOCOM, KOTOPOE IMTPOUCXOIUT IIPU €CTECTBEHHOM
CKPEIIUBAHUU.

2. B HacTos1ee BpeMsl FreHHasl HHXKCHEPUSI TEXHUUECKU
HECOBEPIIICHHA, TaK KaK OHA HE B COCTOSIHUU YIIPABIISATH MPOIECCOM
BCTpanBaHUs HOBOTo reHa. [loaroMy HEBO3MOKHO HMPEIBUIETh
MECTO BCTpauBaHMs U d(PPEKThl 100aBICHHOIO T'eHa. J[axke B ToM
ciydae, €CJIM MECTOMNOJIOKEHHUE TeHAa OKAKETCS BO3MOXKHBIM
YCTaHOBUTH IOCJIE€ €r0 BCTPAaUBaHUs B T€HOM, UMEIOIIIUECS
cBegeHus o JJHK odeHb HEMOIHEI J1s TOro, YTOObI IIpeICcKa3aTh
pEe3yJIbTaTHI.



3. B pe3ynprare uCKyCCTBEHHOTO 100aBJICHUS Yy KEPOJHOTO I'eHa
HENPEABUICHHO MOT'YT 00pa30BaThCsl OMacHBIC BellecTa. B
XYAIIEM CIy4ae 3TO MOT'YT OBITh TOKCMYECKHUE BEIIIECTBA,
aJUIEPreHbl WU JPYTUe BPEIHBIC JJIs1 300POBbs BEIIECTRA.
CBeJlieHHs 0 TTOJIOOHOTO POJia BOBMOXKHOCTSX €IIE OYEHb HETIOJIHBI.

4. He cymecTByeT COBEPIICHHO HAIEKHBIX METOJ0B IIPOBEPKHU HA
0e3BpenHocThb. bonee 10% cepbE3HbIX MOOOUYHBIX A(PHEKTOB HOBBIX
JIEKapCTB HE BO3MOXXKHO BBIIBUTH HECMOTPS Ha TIIATEIBHO
IIPOBOJIMMBIC UCCIIE0OBAaHMS HA O€3BPEAHOCTh. CTENEHb PHCKA
TOT'0, YTO ONACHBIE CBOMCTBA HOBBIX, MOAU(PUIIMPOBAHHBIX C
IIOMOIIBIO TEHHOW MHKEHEPUH MPOAYKTOB ITMTAHHUS, OCTAHYTCS
HE3aMEUECHHBIMHU, BEPOATHO, 3HAYUTEIIBHO OOJIbIIIE, YEM B CIy4ae
JIEKapCTB.

5. Cy1iecTBy1oI1€e B HACTOSIIEE BpeMs TpeOOBaHUS 110 MPOBEPKE HA
0€3BpEAHOCTh KpaiiHe HenocTaTouHbl. OHU COBEPIICHHO SIBHO
COCTaBJICHBI TAKMM 00pa3oM, 4TOOBI YIIPOCTUTH MPOLEAYPY
yTBepKAeHUS. OHU MO3BOJISAIOT UCHOJIB30BATh KPaHE
HEUYBCTBUTEIBHBIC METOABI IIPOBEPKU HA O€3BpeIHOCTh. [1oaTOMY
CYIIECTBYET 3HAYUTEIbHBIN PUCK TOTO, YTO OMACHBIC JIJIS 3I0POBbS
IPOAYKTHI IUTAHUS CMOT'YT IIPOMTH MPOBEPKY HE3aMEUCHHBIMH.



6. Co3gaHHbIEe 40 HACTOSLErO BPEMEHN C NOMOLLbIO FrEHHOW
NHXXEHEPUN NMPOAYKTbI MMTAaHUA HE UMEIOT CKOMbKO-HNOYOb
3HA4YUTESIbHOM LIEHHOCTU ANsl YerioBeyecTBa. OTU NPOAYKTbI
yOOBJIETBOPSAIOT, rMaBHbLIM 00pa3oM, Nnllb KOMMEPYECKNE
NHTEPECHI.

/. 3HaHNsA O AeNCTBUM Ha OKpYXKatoLLyto cpeay
MOANMDULIMPOBAHHBLIX C MOMOLLbIO F’EHHOW UHXXEHEPUK
OpraHM3mMmoB, NMPUBHECEHHbIX Tyda, COBEPLUEHHO
HeaocTaTouHbl. He gokasaHo eule, 4To MoandULUMpoOBaHHbIE
C MOMOLLbIO TEHHOWN NHXXEeHEePUN OpraHU3Mbl HE OKaXyT
BpeOHOro BO34eNCTBMNA Ha OKpYXKatoLLLyto cpedy. JKororamu
BbICKa3aHbl MPEeanOSIOKEHUS O pa3fNYHbIX NOTEHUMANbHbIX
9KONOMMYeCcKnx ocrioXXHeHnax. Hanpumep, nmeertca MHOro
BO3MOXHOCTEUN OJ19 HEKOHTPOSIMPYEMOIO pacrnpocTpaHeHnd
NoTeHUManbHO OnacHbIX reHOB, UCMNOMNb3yeMbIX rEHHOU
NH)XEeHepuen, B TOM Yncre nepegada reHoB bakrepnsmm u
Bupycamu. OcnoxxHeHUs, Bbi3BaHHbLIE B OKpPY»KatoLlen cpeae,
BEPOSATHO, HEBO3MOXHO DOyOEeT ncnpaBuUTb, Tak Kak
BbINYyLEHHbIE rEHbl HEBO3MOXHO B3ATb 0OpaTHO.



8. MoryT BO3HMKHYTb HOBbIE U OMacHble BUPYChI.
JKCrnepmMeHTarnbHO Noka3aHo, YTO BCTPOEHHbIE B rEHOM
reHbl BUPYCOB MOIYT COeAUHATLCA C reHaMn MHAPEKLMOHHbIX
BUPYCOB (Tak Ha3biBaemMasi pekombnHaumsi). Takme HoBble
BUPYCbl MOTyT ObITb Doree arpeCccuBHbIMU, YEM UCXOAHbIE.
Bupycbl MOryT cTaTb Takke MeHee BnaocneundouyHbIMM.
Hanpumep, BUPYCbl pacTeHU MOryT CTaTb BpeaHbIMWU AN
Nofie3HbIX HACEKOMbIX, XKUBOTHbLIX, @ TaKXe JIoaeun.

9. 3HaHuna o HacneacTBeHHOM BellecTBe, [1HK, o4yeHb
HenonHbl. 1I3BeCTHO 0 pyHKUMK nnb Tpex npoueHTos OHK.
PUCKOBAHHO MaHUNYNMMpoBaTb CIOXHbLIMW CUCTEMaMMU,
3HaHUA O KOTOPbIX HeNormnHbl. OBLNPHBLIK OMNbIT B obnacTtu
buonorun, 3KoONOrMn N MeANLVHLI NOKa3bIBAET, YTO 3TO
MOXET BbI3BaTb CEPbLE3HLIE HEMpPeacKasyemMble Npobnembl 1
PacCTpPOUCTBa.

10. [eHHaqa NHXeHepust He NOMOXET PeLUNTb Npobnemy ronoaa
B MUpe. YTBepXXOeHUe, YTO reHHasa NHXeHePUsa MOXET
BHECTW CYLLECTBEHHbIN BKINad B pa3peLlleHne npobremsol
royioga B Mupe, aBndeTcst Hay4yHo HeOH6OCHOBaHHLIM MUJIOM.



AmMuIiaza - UCOJB3yETCS MPU IIPUTOTOBJIICHUH XJI€0a MYKH,
Kpaxmala

Cuap, BUHO, IMBO Y TakK Jaliee

Pa3peixinTensb (IIeKapCKUi IOPOIIOK) — 100aBKU
XJ1€0 - COIEPKUT COO

Macno Kanona

Karanaza - HCIOJIb3yeTCS MPU MPUTOTOBJIEHUH HAITUTKOB,
AUYHOT'O MOPOIKA, CBIBOPOTKHU

3epHOBBIE KYJIBTYPhI (KPYIIbI) - COASPIKAT COIO
XUMO3UH

[IpoyKThI U3 3€pHOBBIX KYJIBTYP (Kpyn)
Kpaxmai u3 36pHOBBIX KYJIBTYP

CHpoIl U3 3€pHOBBIX KYJIBTYP



[IuieBbie JOOABKH - COAEPKAT APOKKHU

OpyKTOBBIE COKH - MOTYT U3TOTOBJIATHCS UX T€HETUYECKUX
MOIU(UITUPOBAHHBIX PPYKTOB

CHpOII ITTFOKO3bI

MOpOXKEHOE - MOKET CONEPKATH COKO, CUPOII TITFOKO3bI
Kykypy3a (mauc)

Maxkaponsbl (cnareTTH, BEpMUIIEIIb) - MOTYT COAEPKATH COIO
KapTtodens

JIerkre HalUTKY - MOTYT COAEPKaTh CUPON TIIFOKO3bI
CoeBbie 000BI, MPOIYKTHI, MSCO

["azupoBaHHbie OPYKTOBBIE HAITUTKHU

Tody

[ToMuopsI

JIpoxoku (3aKBacka)

Caxap



KJ'IOHI/IpOBaHI/Ie KMNBOTHbIX

OBeuka [[omim, KIOHMPOBAaHHAS U3 KJIETOK BBIMEHU JIPYyTOi, MEPTBOM 0CO0OM,
3anonioHuiIa razeTel B 1997 . UccnenoBarenu Yaupepcutera Pociun (CIIA)
Pa33BOHUIM 00 ycriexax, He aKIIEHTHPYs] BHUMaHUe MyOIMKH Ha COTHAX Heymad,
KOTOpbI€ ObLIIN J10 3TOr0. J[011 HE ObliIa IEPBBIM KJIIOHOM KMBOTHOTO, HO ObLiIa
CaMOl 3HAMEHUTOU. B NEUCTBUTENBHOCTH, B MUPE KJIOHUPOBAHUEM KUBOTHBIX
3aHUMAIOTCS YK€ BCe nociennee necarunerue. B Pociune nepkanu ycnex B
CEKpETE, MOKA UM HE yIAJIOCh 3allaTEHTOBATh HE TOJILKO J[OJIN, HO U BECH
nporuecc ee co3ganusi. BUIIO (BcemupHas opranuzanus no oXxpaHe
MHTEJJIEKTYaIbHON COOCTBEHHOCTH) BbljIaia YHUBepcUTETY Pocinn
SKCKJIFO3MBHBIEC ATCHTHBIC MTPaBa HAa KJIOHUPOBAHUE BCEX )KUBOTHBIX, HE
vuckiodas oaer, 10 2017 roga. Yenex Joaan BIOXHOBHII YYEHBIX 110 BCEMY
36MHOMY I1apy 0apaxTaThCs B CO3/IaTENILCTBE U UTpaTh B rocroaa bora,
HECMOTpPS Ha HETaTUBHBIC MOCICACTBUS JJISI "KUBOTHBIX U OKPYKAIOIIEH Cpe/Ibl.
B Taunanje ydyeHsble NbITAIOTCS KIOHUPOBATh 3HAMEHUTOIO 0€JIoro CJIOHA
xkopoJiist Pamer -111, ymepmero 100 ner nazan. M3 50 ThIC. AUKUX CIIOHOB, JKUBILINX
B 60-x, B Tamnange octainock Toabko 2000. Taumpel XOTIT Bo3poauTh ctago. Ho
BMECTE C TEM HE ITOHUMAIOT, UTO €CJIM COBPEMEHHBIE AHTPOIIOTEHHbIE
HapyIIeHUs] 1 YHUYTOKEHUE MECTOOOUTAaHUM HE MPEKPATUTCS, Ta KE Cyab0a
OJKHJIaeT KJIOHbI. KIOHMpOBaHUE, KaK M BCA T€HHAs MHXKCHEPHUS B LIEJIOM - 3TO
»KaJIKasi TOMBITKA PEIIUTh MPOOIEMbI, MTHOPUPYS UX KOPECHHBIC IPUYHHBL.



My3seu, B1oxHOBIEHHBIE ¢uiibMamu 1ipo napk KOpckoro nepuona, ycrnexamu
TE€XHOJIOTHH KJIIOHUPOBAHUS B PEAIIbHOM MUPE, OOCIEYIOT CBOM KOJUIEKIIUY B TOMCKaX
oopasnoB JIHK BeiMepiux sxuBoTHBIX. CyIlleCTBYET IJ1aH MONMPoO0BaTh KJIOHUPOBATh
MaMOHTAa, YbH TKAHHU XOPOIIIO COXPAHWINCh B ApKTUUYECKUX JibAaX. Beckope nmocne oinu,
Pocima nopoawit [1oyumn - KITOHUPOBAaHHOTO SATHEHKA, HECYIIETO T€H YEIIOBEYECKOTO
OeJika B KOXKJIOM KJIETKE Tea. DTO pacCMaTPUBAIOCh KaK IIar K MacCOBOM MPOAYKIIUH
YeJIOBEUECKUX OEIKOB B JKUBOTHBIX JJIsI JICUCHUS TAKUX YEJIOBEUECKUX OOJIe3HEN KaK
Tpom003. Kak u B ciyvae ¢ Jlonau, ocobo He aduiinpoBaicsa TOT (GakT, 4To yCIexy
MPEIIECTBOBAIO MHOKECTBO HEY/IAY - B POXKJICHUH OYE€HBb KPYIHBIX JCTEHBIIIEH, BABOE
00JIbIlIE HOPMAJIBLHOTO pa3Mepa - 10 9 Kr npu HopMe 4,75 KI. DTO HE MOXKET SBIISTHCS
HOPMOM J1a’ke B ClIyyasx, KOTJa HayKa O KJIOHUPOBaHUU Pa3BUBACTCS ObICTPHIMU
temrnamu. B 1998 1. uccnenorarenu CILLIA n @paHiun cymenu KIOHAPOBATH TEIST
TOJIIITUHCKOW NTOPOJIBI M3 KJIETOK IUToAa. Ecii paHbliie mpouece co3qanus KJIoHa
TpeboBa 3 roja, TO TENEPb OH 3aHUMAET Bcero 9 MecsueB. C Apyroil CTOPOHBI, KA IbIN
JEBSITHIN KJIOH ObLT HEYJIAYHBIM U YMHUPAJ WIN YHAUTOXKAJICA.

KnonupoBaHnue - 3T0 CEpbE3HBIM PUCK IS 3I0POBbA. MccienoBarenu CTOJIKHYIUCH CO
MHOKECTBOM CITy4aeB rHOeu 110/1a, OCIEPOIOBBIX CMEPTEH, TIIalleHTapHBIX
a0OHOPMAaJIbHOCTEN, A0OHOPMAJIBHBIX OTEUHOCTEN, BTPOE U BUYETBEPO OOJIBIIYIO YACTOTY
po0JIEM C TYITOBUHOM U CEPHE3HYI0O UMMYHOJIOTHYECKYIO0 HEAOCTATOYHOCTD. Y KPYITHBIX
MJICKOIIUTAIOIINX, TAKUX KAK OBI[bI U KOPOBBI, UCCIEA0OBATEIN HAXOAAT, YTO TPUMEPHO
MOJIOBUHA KJIOHOB COAEPKUT CEPhE3HbIE HAPYIICHUS, BKIIOYas crieliudpuieckue 1epeKThl
cepaua, JErkux v APyrux OpraHoB, BEAYIIHE K EPUHATAIIBHON CMEPTHOCTH.
AKKyMYJIUDOBaHHBIE T€HETUYECKUE OMMOKN MHPUIIUPYIOT U BIUSIOT HA MOKOJICHUS
kJI0HOB. HO Be/lb HEBO3MOXHO OT/IaTh B MOYMHKY JI€(PEKTHBIN KJIOH KaK JIOMAaHHYIO
MAlIlIAHY.






