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HNPEIUCJ/IOBHUE

YuebHoe nmocobue noarotoiaeHo B cooTBeTcTBUM ¢ ®I'OC BO u
y4eOHOU MporpaMMoii 1o Kypcy «BBejeHue B OMOTEXHOJIOTHUIO» ISl CTY-
neHToB MHCTUTyTa NpUKIagHOW OMOTEXHOJIOTUU M BETEPUHAPHOU MEIU-
uuasl OI'BOY BO Kpacnospckuit ['AY 10 HanpaBiieHHIO HNOATOTOBKHU
06.03.01 «buonorus».

[{enbr0 AUCHMIUIAHBL SBISETCS OCBOCHHE CTYJIEHTAMH TEOpPETHYE-
CKMX U MPAKTUUYECKUX 3HAHUU U MPUOOPETEHUE YMEHUN U HABBIKOB B 00-
JaCTU OMOTEXHOJOTUM I BOBMOXKHOCTH HCIIOJIh30BaHUSI METOJOB OHO-
TE€XHOJIOTMH B HAPOJITHOM XO3SMCTBE.

ConepxaHue TUCHUIIIMHBI OXBATHIBAET KPYT BOIIPOCOB, CBA3aHHBIX C
T€HETUYECKOM, KJIETOYHOW WHXKEHEepUEeH M HaHOOMOTeXHOJorusMH. Pac-
KPBITHI BOIIPOCHI MCIOJIb30BaHUSA OMOTEXHOJOTMYECKUX MPOILIECCOB B pe-
IIEHUU YKOJIOTUUECKHUX, CEITbCKOX03IUCTBEHHBIX, CHIPHEBBIX MTPOOJIEM.

OCOOEHHOCTBIO AUCHUILIMHBI ABISIETCS U3YYEHUE TPAJULIUOHHBIX U
HOBEMIINX TEXHOJIOTMHA, KOTOPbIE OCHOBAaHBI HA JIOCTUKEHUSAX T'C€HETHYE-
CKOM, KJIETOUYHOM MHXXCHEPUU U HAHOOMOTEXHOJIOTHM. PaccmarpuBaroTcs
TaKue METOJbl OMOTEXHOJOTUH, KaK mojiyueHne pekomOumHanTHeix [JHK,
TPAHCTEHHBIX KUBOTHBIX U PACTCHUM.

[To 3aBepiieHUHU OCBOCHUS Kypca CTYACHThI JOJDKHBI 3HATh 0OBEKTHI
OMOTEXHOJIOTUH, OCHOBBI OMOTEXHOJIOTHH, OMOMH)KEHEPHUU, HAHOOUOTEX-
HOJIOTUH, MOJIEKYJISIPHOTO MOJIECJIMPOBAHUS, TPUEMBI T€HETUUECKON HHKE-
HEpUU. YMETh MPUMEHSITh METOIbl OMOTEXHOJOTHH JJIsl peleHus npodec-
CHOHAJIBHBIX 3a7ay. [I[pUMEHSATh MOJyYEHHBIC 3HAHUS IS aHAJIN3a MpPU-
KJIQAHBIX TPOOJEM XO3IMCTBEHHOW JACSATEIBbHOCTH. BlaneTs MeTojaamu
OMOTEXHOJIOTUN ISl PEIIeHUs MPOo(PECcCHOHANBbHBIX 3aJa4, OCHOBHBIMU
HNOHATUSIMU U TEPMUHAMHU HAyKH, Ja0OOPATOPHBIMH METOJAMU HCCIIEA0BA-
HUSL.

B kaxpgon TemMe u3ydyaemMod HUCIHUIUIMHBI IPEAYCMOTPEHBI KOH-
TPOJIbHBIE BOMIPOCHI, AaH OMOIMorpaduuecKkuii CIuCOK, HEOOXOIUMBIN 1S
OoJiee TOJIHOTO OCBOCHHSI TEM M CaMOCTOSTEIHHOTO M3YUYEHHS BOMPOCOB,
TECTOBBIE 3aJaHUs, CIOKETHbIE 3ajaud. lIpuBEeneH TEPMHUHONIOTMYECKUU
CJIOBApb.



BBEJAEHHUE

broTexXHONOrus — 3TO HayKa O T'€HHO-MHXKEHEPHBIX M KJIETOYHBIX
MeMOpaHax M TEXHOJIOTHSX CO3/IaHUSI M HCIOJIb30BAHUS TE€HETUYECKH
TpachOPMUPOBAHHBIX OHUOJIOTUYECKUX OOBEKTOB [JIi WMHTEHCU(UKAIUU
POU3BOJICTBA WJIHM MOJYYEHUS! HOBBIX BHUJIOB MPOJIYKTOB Pa3JIMYHOIO Ha-
3HAYECHUS.

CoBpemeHHasi OMOTEXHOIOTUSl OKAa3bIBAET OTPOMHOE BIIMSIHUE HA BCE
aCIEeKThl MPAKTUYECKOW NIEATEIbHOCTH 4YenoBeka. C ee MOMOIbI0 B Ha-
CTOSIIIIEE BPEMS IOJYYAOT AECATKHM OMOJIOTMYECKHM AKTUBHBIX BEIIECTB
(ropMOHBI, (PEPMEHTHI, BUTAMUHBI, AaHTUOMOTUKH, CTEPOUJIbI, JIEKAPCTBA).
B npoMBIIUIEHHOCTH HCTOJIB3YIOTCS pa3HOOOpa3Hble OMOMOJIEKYJIbI, KO-
TOpPbIE TPUMEHSIOTCS B MHIIEBOM MPOMBIIIJIEHHOCTH W MNPOU3BOJICTBE
MOIOLIUX BELIECTB. 3HAYUMBIM JOCTHKEHUEM CTaJIO0 CO3AAHUE TEXHOJIOTHU
UMMOOMIN30BAHHBIX (DEPMEHTOB U KJIETOK.

brnaronaps npUMEHEHUIO TEHHOM HWHXEHEPUHU YAAJIOCHh MOIYyYHTh
KU3HEHHO BayKHbIE OMOIpEnaparbl — YEJIOBEYECKUN UHCYJINH, COMATOTPO-
NUH, UHTEPPEPOHbI, MOHOKJIOHAJIbHBIE AHTUTENA, AUArHOCTHUKYMbI, BaK-
nMHbl. BaxkHoe 3HaueHHWe MMeeT OMOTEXHOJOTHUS B IKOJOTHHU IMPOMBIIII-
JIEHHBIX MPOMU3BOJICTB HA OCHOBE CO3/aHMs O€30TXOJHBIX MPOIECCOB
(ouucTKa BOJBI U BO3/yxa, 00pbOa ¢ HEPTAHBIMU 3aPSIZBHEHUSIMU, YHUUTO-
KEHHUE BpPEIUTENCH CENbCKOXO3SUCTBEHHBIX KYIbTYp, YTUIU3AIUA OTXO-
JIOB, TPOU3BOJICTBO OAKTEpUAIBHBIX yA0OpeHul U Ap.). buorexnonornye-
CKHE MPOLECCHI SIBISAIOTCS 0a30il NI MOJIyYEeHUs KOPMOBOIO U MHUIIEBOTO
Oesika, BO30OHOBIJISIEMBIX HMCTOYHUKOB 3HEPruu. bynyiiee CBA3BIBAIOT C
pa3BuUTHEM OEIKOBOW HHXKXEHEPHUHM, OMO3JEKTPOHUKH, C MOJIYYEHUEM HO-
BBIX CTUMYJSITOPOB POCTAa PACTEHU, BHICOKOA((PEKTUBHBIX JIEKAPCTBEH-
HBIX penapaToB, HAHOOMOTEXHOJIOTUSIMH.

brOTEeXHOIOrus MHOTOJIUKA U 10 CBOMM HCTOPUYECKHUM KOPHSAM, U
MO0 CBOEH COBPEMEHHOUN CTPYKType, OObEeIUHSIOMEH 3JIeMEHTh (yHAa-
MEHTAJbHBIX HAYK M TaKUX MPHUKJIAIHBIX OTpaciiei, Kak XuMU4YecKas TeX-
HOJIOTHSI, MAlIMHOCTPOECHHE U CEIbCKOE XO03scTBO. Mmeer orpomusbie
NEPCIEKTUBBI PA3BUTHS B Pa3HBIX OTPACIISX HAPOJHOTO XO35UCTBA.



IlepedyeHb cokpaiieHuii 1 0003HAYEHU

E. coli — Escherichia coli (kumeunas najgouka);

NAD + — HUKOTHHAMUJAICHUHIUHYKJICOTHUI;

A+T,T' + 1 - aneHuH + TUMUH, T'YaHUHT [IUTO3MH;
AT® — anenosunTpudocdar, wim aaeHo3uHTprudochOopHas KUCIIOTa,
BIIK — 6uonoruueckoe noTpedaeHrne KUciopoaa;

I'AT — runokcaHTUH, aMUHOIITEPUH, THMUJIHH;

I'T®PT — runokcantuH-ryanuH-hochoprudo3uia-Tpanchepasa;
I'P — ropmoH pocra;

,Z[;K/M2 — JI>KOyJIb Ha KBaApaTHBIN METP;

JHK — ne30kcupuO0OHyKIEMHOBASI KUCIIOTA;

uPHK — undopmannonnas puOOHyKIEHHOBAS KUCIOTA;
K6 — xumo0basa;

Kp — ko3¢ puIHeHT TPOTO30HHOCTH;

MTI/J1 — MAWUIATPAMM Ha JIUTP;

MHH. — MUHYT;

MKAT — MOHOKJIOHAJIbHOE€ aHTUTEJIO;

MKM — MUKPOMETD;

MKJI — MUKPOJIUTD;

H. 3. — Hallla 3pa;

HJI — HAaHOJIUTD;

HM — HAHOMETD;

Il. H. — TIap HYKJIEOTH/IOB;

Il. H. Il. — HOJINHYKJICOTUHAS LECTIb;

PHK — puboHykienHOBasE KUCIIOTA;

CIIMNJ — cuHapoM NpuOOPETEHHOTO UMMYHOE(DUIIUTA;
T. 1. — TaK JaJiee;

T. €. — TO €CTb;

TPHK — TpancnoptHas puOOHyKIIEMHOBAs KUCIIOTA;
XTIIK — xumMu4eckoe noTpeOIeHNE KUCIOPOa.



TEMA: HCTOPHUSA PAZBUTUA U COBPEMEHHBIE
JOCTU/KEHUSA BUOTEXHOJIOI'NA

HGHBIO ,Z[&HHOIZ TCEMbI ABJIISACTCA O3HAKOMIICHHUEC C OCHOBHBIMHM 3Ta-
I[IaMH pPa3BUTUA 6I/IOTCXHOHOFHI/I, CTAaHOBJICHHUCM €€ KaK HAYKH, TOCTHUIKC-
HUAMHU, U3YUCHUC ITPUCMOB U MCTOJ0B OMOTEXHOJIOTHH.

Bonpocsl

1. ®opmupoBaHre OMOTEXHOJIOTUU KaK HAYKH.
2. OOBEKTHI U METOBI B OMOTEXHOIOTUH.
3. JocTmkeHnss OMOTEXHOJIOTHH B OTPACIISAX HAPOHOTO XO3SMCTBA.

1. dopMupoBaHue OMOTEXHOJIOTMH KAK HAYKH

BnepBbie TepMHH «OHOTEXHOJIOTHSD» OBUI NMPUMEHEH BEHIE€PCKUM
umxeHepoM Kapnom Opeku B 1917 rony ajis onucanusi mpouecca Kpyi-
HOMACIITaOHOTO BBHIPAIIMBAHUS CBUHEW C MCMOJIB30BAaHHEM B KaueCTBE
KOpMa caxapHou cBekjbl. COrIacHO €ro OmpeAesieHUI0, OMOTEXHOIOTHS —
ATO «BCE BHUJBI padOT, MPU KOTOPHIX M3 CHIPHEBBIX MATEPUAIIOB C MTOMO-
IIbIO JKUBBIX OPTAaHU3MOB MPOM3BOIATCS T€ WM WHBIC MPOAYKTHD (My3a-
dapos E.H. u np., 2013; https://dic.academic.ru).

B nHacrosiiiee BpeMs MoJi TEPMHUHOM «OHMOTEXHOJIOTHsS» (Oompeerie-
HUE TPeIoKeHO EBpomeiickoli OMOTEXHOJIOrHYSCKON (eaeparueii) mo-
HUMAIOT HayKy, KOTOpasi HAa OCHOBE MPUMEHEHHUs 3HAHUN B 00JaCTU MHK-
poOnoIoruu, OMOXWMHH, TEHETUKW, TeHHOW WHXEHEPUH, UMMYHOJIOTHH,
XUMHUYECKOM TEXHOJOTHH, NPUOOpPO- M MAIIMHOCTPOCHUS HCHOJIb3YET
OMOTEXHOJIOTUYECKUE OOBEKThl (MUKPOOPTAHU3MBI, KJIETKH TKaHEW >KU-
BOTHBIX M PACTCHHUH) WJIM MOJIEKYJbl (HYKJIEUHOBBIC KHCIOTHI, OEKH,
(bepMEeHTBI, YIaepoabl U Jp.) JJIsl MPOMBIIUIEHHOTO MPOU3BOJICTBA MOJIE3-
HBIX JIJI1 YeJI0OBEKA U KUBOTHBIX BellecTB U npoaykToB (CaccoH A., 1985;
Tuxonos N.B. u ap., 2005).

CormacHo HanuoHanbHOMY cTaHgapty Poccuiickonn ®Penepanun
(TOCT P 57095-2016), «buoTexHOMOTHS» — 3TO NMPUMEHEHUE HAYKH U
TEXHOJIOTUM K KUBBIM OpraHu3MaM, Kak K 00JlacTsIM, IPOJYKTaM U MOJIe-
J5IM, € TETBbI0 MPeo0pa3oBaTh KUBBIE UM HEXKUBBIE MaTEpPUAIIbl I MPO-
M3BOJCTBA 3HAHUS, TPOAYKIIUU WM YCIYT COOTBETCTBEHHO.

[To ompenenenuro akagemuka FO.A. OBUMHHUKOBA, OHOTEXHOJO-
rUsi — KOMIUIEKCHAs,, MHOTONpPOQUiIbHAs 00JacTh HAy4YHO-TEXHUYECKOTO
nporpecca, BKJIIOUYAKOIas pa3Ho00pa3Hblii MUKPOOUOJIOTHYECKUN CUHTE3,
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T€HETUYECKYIO U KJIETOYHYIO MHKEHEPHYIO SH3UMOJIOTHIO, UCTI0JIb30BAHUE
3HAHWU, YCIIOBUI M TIOCIEAOBATEIBHOCTH JEUCTBUS OCIKOBBIX (PEPMEHTOR
B OpraHU3ME PACTEHMH, )KMBOTHBIX M YE€JIOBEKA, B IIPOMBIIICHHBIX pPEaK-
TOpax.

B03MOXXHOCTH HCTIOJIB30BaHUS OMOTEXHOJIOTHH B PAa3IUYHBIX OTpac-
JIIX HAPOJHOTO XO34MCTBAa MPUBECHBI HA PUCYHKE 1.

IMUIIEBAS .
TEHHAS HPOMI)IIIIIII JEHHOCTD CEJIbCKOE X0O35UCTBO
NHXEHEPUSA MOJIOYHOKHCIIBIE  HPOAYKTHI, L D2HCEeHER I DA eI DA
TloyHeH e TPAHCTEHHbIX KH- TIEKAPCIOS  IIPOHZBROJICTES, i~ TCHHBIC )KHBOTHBIC, CHIIOCOBAHHUE,
BOTHBIX, PACTEHUH, MUKPOOpra- BOBapeHue, O€JIOK OIJHOKIE- RO L DL
HU3MOB, BaKIIUHEIL H T. 1. TOYHBIX oMOpHOTpaHCchepsI
MEAMLAHA ®EPMEHTHBIE
[Tonyuenue TOPMOHOB TEXHOJIOTUH
TR NN 5L s crpue nopon
’ > —p KU, IICKTHHA3kI B (bpyKTOBEIE
L LR R I L TS COKH, OHOCCHCOPBI H T. 1.
AHTHTETA T 1 BUOTEXHOJIOI'USA
XUMHYECKHE / \ PA3PABOTKA HE/IP
BEIIIECTBA IMosyyeHne MeTaIOB Me-
HOJ’Iy‘IGHI/IC 3TaHOJIA, TOIOM OHOBBIIIIEIaUMBAHHIS
alieToHa, OyTHIIOBOTO
CIIMPTA, TIOJTUMEPHI
®EPMEHTEPBHI HNEPEPABOTKA OTXO10B Honyqzicn)c? J;Iﬁl:a?a (Me-
Co3laHde ¥ HCHOJIB30- O06paboTKa CTOYHBIX BOJ, OTXOBI TOP- TaH), razoxona (cMech GeH-
BaHHE ()EPMEHTEPOB 1 HBIX pa3pabOTOK, TOKCHYHBIE OTXOIBI, 3I/IHa’I/I3TaHOJIa)
JIPYroro MPOU3BOJICT- OTXOJBI  arpONPOMBIIUICHHOTO  KOM-
BEHHOTO 000PYI0BAHUS IUIEKCa, HEQTAHbBIE PA3JIUBbI U T. 1.

Pucynox 1 — Bozmooicnocmu ucnonvzosanusi ouomexuonocuu (Teunop /. u op., 2005)
(npedcmasneHHas Kaccupurayus A6semcs yCI08HOU, pa3IUYHble HANPABieHUs
MO2Ym nepeKkpuleamucsi)

B 2015 rony omyOnmkoBaHbl paboune matepualnbl EBpasuiickoi
SKOHOMHYECKOM KOMMCCHHU, B KOTOPBIX OHM YKa3bIBAIOT MPUUYUHBI CTpeE-
MUTEJIBHOTO Pa3BUTHs OHWOTEXHOJIOTHH, OOYCIOBJICHHBIC PSIIOM €€ 0CO-
OCHHOCTEM:

— OMOTEXHOJIOTUYECKOE MPOU3BOACTBO SBISETCS HAYKOEMKHM IIPO-
M3BOJICTBOM, @ 3TO 3HAYMUT, YTO €ro Pa3BUTHE BJICUET 3a COOOM CylIecT-
BEHHOE MOBBIIIEHUE 3P(HEKTUBHOCTU SIKOHOMUKH;

— B chepe OMOTEXHOJIOTUH TPYAHO Pa3rPaHUUNUTh (DYHIAMEHTAIbHBIC
UCCJIeI0BaHus, C OJHOW CTOPOHBI, U MPUKIAIHBIE — C APYroil. ITO HaXO-
JUT CBOE BBIPAKEHHUE B TOM, YTO B OMOTEXHOJIOTUH PAKTUYECKH OTCYTCT-

7



BYET BPEMEHHOM pa3pbiB MEXIYy MOJy4eHUEM (PYHIaMEHTAIbHOTO PE3YJib-
TaTa U pa3pabOTKON TEXHOJIOTHH, MO3BOJSIOMIUX OCYIIECTBUTh €0 MpakK-
TUYECKOE OCBOCHUE;

— TEXHOJIOTUH, OCHOBAHHbBIC HA WCIIOJIH30BAHUM KIJIETOK U OHOJIOTH-
YECKUX MOJIEKYJ, MPEIOCTABISAIOT OOJBIITNE BOBMOKHOCTH B MCIOJIb30Ba-
HUU MPUPOJHOTO pazHOOOpa3usi, pe3ysibTaThl GyHIAMEHTAIbLHBIX OMOTEX-
HOJIOTMYECKUX MCCJICIOBAHUIN 00JIaIal0T OTHOCUTEIBHO XOpPOIIeH Mpo-
rPaMMUPYEMOCTBIO ¥ MOTEHIUAIBHON MPAKTUYECKON BaXKHOCTBIO;

— OMOTEXHOJIOTUSI 00ECTIeYMBAET BO3MOKHOCTh 3aMEHBI HEBO30OHOB-
JIIEMBIX PECYpPCOB BO30OHOBIISIEMBIMU, TTO3TOMY OHA PACIICHUBAETCS Kak
CPEICTBO pa3pelieHusi mpoOaeM, CBSI3aHHBIX C ASHUIIMTOM HEBO300HOB-
JseMBIX TpUpoAHBIX pecypcoB (http://www.eurasiancommission.org/ru).

buorexnonorus ¢GopmMupoBazack BMECTE C Pa3BUTHEM UYEIIOBEUYECKO-
ro obmectBa. B cBsA3u ¢ 3TUM ATambl pa3BUTUS OMOTEXHOJIOTHH YUYEHBIE
YCJIOBHO AENAT HA HECKOJIbKO neproioB. B 1984 rony na III ceezne EBpo-
MEHCKOM accoruanuyu OMOTEXHOJIOrOB B MIOHXEHE TOJUTAHACKUN YUYEHBIN
E. XayBuHK MpeIOkKUI pa3AeUTh UCTOPUIO OUOTEXHOJIOTHU B 3aBUCH-
MOCTH OT COJCpKaHMs OTKPBITHH Ha msTh 3p (3TamoB) (Caccon A., 1985;
bekep M.E., 1990).

JonacteponBckasi 3pa (1) (mo 1865 roma) — uCIoIb30BaHUE CITMPTO-
BOTO M MOJIOYHOKHCJIOTO OpOKCHMsI TIPH TIOJyYCHUHW IHBa, BUHA, CHIpa,
xneba. Ilomydenne GpepMEHTHPOBAHHBIX MPOAYKTOB M yKcyca (CM. TIpH-
JI0’)KEHUE).

IocaenacrepoBckasi ’pa (I1) (1866-1940 rr.) — mpoM3BOACTBO
ATaHoJIa, OyTaHOJIa, alleTOHA, TJUIEPUHA, OPTAaHUYECKUX KUCIIOT, BaKIMH.
AspoOHasi OuYMCTKa KaHAJIM3alMOHHBIX BOJ. IIpoW3BOICTBO KOPMOBBIX
JIPONIKEN U3 YIIIECBOOB.

Opa anTuomoruxoB (I11) (1941-1960 rr.) — MPOU3BOACTBO TCHHU-
OWUIMHA W JPYTUX AHTUOMOTHUKOB IyTEeM INIYOMHHOU (epMeHTaluu.
KynsTHBUpOBaHUE PACTUTEIBHBIX KIIETOK M BUPYCHBIX BAKIIHH.

Opa ynpasasiemoro 6uocunresa (1V) (1961-1975 rr.) — npousBo-
CTBO aMHHOKHCJIOT C TIOMOIIbIO MHUKPOOHBIX MyTaHTOB. [loiydeHue dmc-
ThIX (pepMeHTOB. AHAYPOOHASI OYMCTKA CTOYHBIX BO/I.

Jpa HoBoii ouorexnosoruu (V) (mocie 1975 roma) — ucronp3oBa-
HUE TeHHON M KJIETOYHOW WHKEHEPUHU B IEJSAX IMOJYyYCHHS areHTOB OHO-
CUHTE3a, MOJIydYeHrEe TUOPUI0B, MOHOKJIOHATIBHBIX aHTUTEN, TPaHCIJIaHTa-
Iusi SMOPHOHOB. J[OCTHMKEHUSI YUEHBIX B pa3pe3e ATANoOB Pa3BUTHS OUO-
TEXHOJIOTMU IPUBEICHBI B TPUIOKEHHH.



HekoTtopsie yueHble BOSBHUKHOBEHHE, CTAHOBJICHUE U pPa3BUTHE OUO-
TEXHOJIOTMH TOJIPa3ACNIAIOT Ha YEThIpEe MePUoa:

Omnupudeckuii (moucropuveckmii) (1) — oxBaTbIBaeT IPHMEPHO
8000 net, u3 kotopsix 6osee 6 000 et 10 H. 3. 1 okosno 2 000 et H. 3.
Jl71st 3TOTO TIepHOAa XapaKTepHO TaK K€, KaK W JJISI JOMACTEPOBCKOM APHI,
MOJIyYCHUE KHCJIIOMOJIOYHBIX TPOIYKTOB, KBAIlIEHBIX OBOIICH, MEIOBBIX
AJIKOTOJIbHBIX HAMTUTKOB U CUJIOCOBAHUE KOPMOB.

Otnonoruveckuii (1) — Bxirodaer Bropyro monosuny XIX Beka u
nepByro Tpetb XX Beka. TecHo cBs3aH ¢ ucciuegoanusmu Jlyu Ilacrepa,
KOTOPBI YCTAaHOBWJI M JIOKa3aJl MUKPOOHYIO TIPUPOAY OpOKeHUSsI, CO3/1al
Hay4HbIC OCHOBBI BAKITMHOMPO(PHIAKTHUKH.

Bbuorexnonoruueckuii (111) (1933-1972 rr.) — Havyamo BHEApEHUS
KPyIMHOMACIITAaOHOTO TePMETU3UPOBAHHOTO OOOPYyIOBaHMS, OOECIEYU-
BAIOIIETO MIPOBEACHUE MTPOIIECCOB B CTEPHIIHHBIX YCIOBUSX.

I'ennorexuuueckuii (1V) — ¢ 1972 roga, xorna I1. bepr co3man nep-
BYI0 pekoMOuHaHTHYI0 MoJiekyiny JITHK (Tuxonos B.U. u ap., 2005).

JlocTmkeHus: OMOTEXHOIOTUH MPUMEHSIIOTCS BO MHOTHX OTPacCIsX:

— celbcKkoe X0341cmeo — pa3paboTKa TPAHCTEHHBIX arpoKyibTyp,
MOJIyYEHHE TPAHCTE€HHBIX KUBOTHBIX, pa3pabOTKa OaKTEpUAIbHBIX Y/I00-
peHui, OMOJOTUYECKUX CPENICTB 3aIUThl PACTEHUM, CO3JaHUE KOPMOBBIX
IpenapaToB M3 PacTUTEIBLHON, MUKPOOHOW OMOMAcChl U OTXOJOB CElb-
CKOXO3MCTBEHHOTO MPOW3BOACTBA, PEMPOMYKIIUS >KUBOTHBIX Ha OCHOBE
AMOPHUOTEHETUUECKUX METOJIOB;

— MeouyuHa u eemepunapus — pa3padoTka MEIMIMHCKUX OHOoIperna-
paToOB, MOHOKJIOHAJILHBIX AHTHUTEJ, JUATHOCTUKYMOB, BAaKIIMH, Pa3BUTHE
UMMYHOOMOTEXHOJIOTHH;

— npomviuinenHocms (nvineBasi, (apmarieBTUYeCKas, XUMHUYECKas,
HedTerazoBasi) — UCIOJb30BaHUEC OMOCHHTE3a M OMOTpaHchOpMaIuu HO-
BBIX BEIIECTB Ha OCHOBE CKOHCTPYMPOBAHHBIX INTAMMOB OakTepwii U
JIPOXIKEH C 3aIaHHBIMUA CBOMCTBAMU;

— 2KO0JI02Us — TIOBBIIICHUE 3P(HEKTUBHOCTU 3AIIUTHI PACTEHUM, pa3-
paboTKa PKOJIOTMYECKH OE30MACHBIX TEXHOJOTUHA OUYHUCTKU CTOYHBIX BOJ,
YTHUIM3ALMS OTXOJI0OB arpOIPOMBIIIJICHHOTO KOMITIEKCa, TUKBUIAIMS aBa-
puit He(pTH, KOHCTPYHUPOBAHUE YKOCUCTEM;

— 2HepeemuKka — TIPUMEHEHUE HOBBIX MCTOYHUKOB OHMOPHEPrUH, IO-
Jy4YEHHBIX Ha OCHOBE MHUKPOOMOJIOTHYECKOTO0 CHHTE3a, OMOKOHBEPCUU
ounomaccel B 6uoras (Eroposa T.A. u ap., 2008).



2. O0BbEeKTHI 1 METOAbI B OMOTEXHOJIOTHH

OaHUM U3 TEPMHUHOB B OMOTEXHOJIOTHHU SIBJISETCS MOHIATHE «OHUOCHC-
teMmbD» (Tuxono B.U. u ap., 2005). OGo061eHHBIC XapaKTEPUCTUKU OMO-
JOTHYECKOU (’KUBOM) CHUCTEMBI MOTYT OBITh CBEJICHBI K TPEM MPHUCYIIHM
UM OCHOBHBIM ITpH3HAKAM:

1. )KuBble CHUCTEMBI SBJAIOTCS T'€TEPOrCHHBIMU OTKPBITHIMU CHUCTE-
MaMH, KOTOpble OOMEHHBAIOTCS C OKPYXKAIOIIEH CpeIoil BEIIeCTBAMHU H
SHEPIrHUECH.

2. DTH CHUCTEMBI SIBJISIIOTCS CaMOYIPaBISIEMbIMU, CAMOPETYJIUPYIO-
IIUMHUCS, UTAKTUBHBIMU, T. €. CIIOCOOHBIMH K 0OMEHY MH(pOPMAIIHEH ¢ OK-
pyXaromieu cpeoit s MOoJJAepKaHUsl CBOCU CTPYKTYPhl M yIpPaBIICHUS
mporieccaMu MeTabor3ma.

3. XKuBble CUCTEMBI SIBIISIIOTCS CaMOBOCIIPOU3BOASAIIMMUCS (KIIETKH,
opranu3mbl) (MamonToB C.I"., 2006).

[To cTpykType OMOCHUCTEMBI ACHATCS Ha 3JIEMEHTHI (IMOJICUCTEMBI),
CBSI3aHHBIC MEXKIY COO0OH, M XapaKTePH3YIOTCS CIOKHOW OpraHW3aIlieH.
aTOMBI, MOJICKYJIbl, OpraHeJJIbl, KJIETKHW, OPraHu3Mbl, MOMYJISIIUU, COO00-
IECTBA.

B kadecTBe OMOJIOTHYECKUX OOBEKTOB WIIM CUCTEM B OMOTEXHOJIOTUH
UCIIOJB3YIOT OJTHOKJICTOUYHBIE MHUKPOOPTaHU3MBI, & TaKXK€ >KUBOTHBIC U
pacTUTENIbHBIE KIETKU. BBIOOp 3THX 00BEKTOB OOYCIIOBJIEH CIEAYIOMINMU
IpUINHAMMU.

1. Knetku sBisitOTCA cBOEro pojaa OmodadpukaMu, BbIpaOaThIBarO-
UMM B TIIPOIECCE KUHEACATEIHLHOCTH Pa3HOOOpa3HbIE IIEHHBIE MPOJIYK-
ThI: O€JIKH, KUPBI, YIJIE€BObl, BATAMUHBI, aMUHOKHUCJIOTHI, aHTUOMOTHUKH,
TOPMOHBI, aHTHUTEJAa, aHTUTEHbI, (DEPMEHTHI, CIUPTHI U Tp. MHoOrue u3
ATUX MPOJYKTOB, HEOOXOAUMBIE B KHU3HH YEJIOBEKA, IOKA HEJOCTYITHBI JJIS
MOJIYYeHHS] HEOMOTEXHOJIOTHYECKUMHU CIIOCO0aMu M3-3a Ie(PUITMTHOCTHU, BbI-
COKOM CTOMMOCTH CBIPbS, CIIOKHOCTH TEXHOJIOTMYECKUX MPOIIECCOB.

2. Knetkm OBICTpO BOCIPOM3BOIATCS, HAIIPUMED, MPU OJArOTPHST-
HBIX YCJIOBHUSIX BpeMs T'€HEpallid MHOTHUX MHUKPOOPTAHH3MOB KOJIEOJIETCS
ot 20 no 30 MHHYT, B IPOTOYHOMU cpeje OaKkTepuaibHbIe KJIETKH CIOCO0-
HBI JICJIUTHCS Kaxable 15—18 MuHyT.

3. buocuHTE3 CIIOKHBIX BEIIECTB, TAKMX KaK OEIKH, aHTHOMOTHKH,
AHTUTCHBI, aHTUTENA U APYTHe, 3HAYNTEIbHO SKOHOMUYHEE M TEXHOJIOTH-
YeCKH JOCTYIIHEE, YeM XUMHUYECKUH CHUHTE3. IIpu 3TOM HCXOJHOE ChIphe
1 OMOCHHTE3a, KaK IMPaBWIIO, JICMICBJIE U JOCTYMHEEe, YeM ChIphe IS
JIPYTUX BUIOB CHHTE3A.
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4. Bo3MOXKHOCTb IIPOBEACHUS OMOTEXHOJOTHYECKOr0 Mpoliecca B Ipo-
MBIIIICHHBIX MacliTabax, T. €. HaJU4Khe COOTBETCTBYIOIIETO TEXHOJOTHYE-
CKOro 000py1I0BaHus, JOCTYITHOCTh ChIPhsl, TEXHOJIOTUU NIEPEPaAOOTKHU.

Takum oOpazom, mpupoja Jaja B PYKH HCCIEIOBATENSM >KUBYIO
CHUCTEMY, COJICPKAIIYI0 U CUHTE3UPYIOIIYI0 YHUKAIbHBIE KOMIOHEHTHI.

O0bexkTaMu OMOTEXHOJIOTUM SIBJISIOTCS BUPYCHI, OaKTepUU, BOJO-
pOCIH, JIMINAHHUKH, TPUOBI, BOJHBIC PACTCHHS, BBICIIUE pacTeHHUS IN VIVO
1 In Vitro, >xuBoTHLIE IN VIVO U IN VItro.

MeToabl, NpuMeHsieMble B 0MOTEXHOJIOTHH, OTIPEICIISIOTCS IBYMS
YPOBHSIMU — KAEMOUYHLIM U MOJEK)IAPHBIM.

B nepBoM ciiydyae UMEIOT J1€JI0 ¢ OaKTepUAIbHBIMU KJIETKaMu (715
MOJIYYEHHS] BaKI[MHHBIX MpPENapaToB), aKTMHHOMUIETaMH (IIPU MOJYyYEHUH
AHTUOUOTUKOB), MUKPOMHUIIETAMH (TIPU MOJYYECHUU JIMMOHHOW KHCJIOTHI),
KUBOTHBIMHU KJIETKaMU (IIPU M3FOTOBJIECHUM NMPOTUBOBUPYCHBIX BAKIMH),
KJIETKaMHM 4eJioBeKa (MpU U3roTOBJICHUU UHTEPhEpOHa) U JIp.

Bo BTOpOM cCiiyyae UMEIOT JEJ0 C MOJEKYJaMH, HAPUMED, C HYK-
JIEMHOBBIMU KucJIoTaMu. OAHAKO B KOHEYHOM CTaJuM MOJICKYJISPHBIN
YPOBEHb TPAHCHOPMHUPYETCS B KIIETOUHBIH.

KiieTouHass 1 reHHass UHXXEHEPUS SBJISIIOTCS. OCHOBHBIMH METOJaMU
OMOTEXHOJIOTUH.

KiieTku >XMBOTHBIX M PACTCHHMI, MUKPOOHBIE KJIETKH B IIpOIECCe
KUZHEJEATEIBHOCTU (ACCUMUJISILIMKM U JUCCUMUJISILIMKM) O00Opa3yloT HOBBIE
OPOAYKTBI ¥ BBIJACISIOT  META0OJUTHI  pa3HOOOpa3HOro  (U3MUKO-
XUMHUYECKOT0 COCTaBa U OMOJIOTMYECKOTO JEUCTBUA.

[Ipu pocTe KIETKM B HEN OCYIIECTBISAETCS OTPOMHOE YUCIIO KaTalu-
3UpyeMbIX (EpMEHTaMHU pEaAKIUM, B pe3ysibTaTe KOTOPBIX O00pa3yroTcs
IPOMEXKYTOUHBIE COSUHEHHMS, KOTOPBIE B CBOIO OUepe/lb MPEeBPaIalOTCs B
CTPYKTYPHBI KJIETKH.

K mpomexyTodHbIM COEIUHEHUSM OTHOcATCS 20 aMHHOKHCIOT,
4 pubonykneotuaa, 4 ae3okcupubOonykieornaa, 10 BUTaMMHOB, MOHOCA-
Xapa, KUPHbIE KHUCIOTHI, TeKCO3aMHUHBI. M3 3THX KUPIUYUKOB CTPOATCS
osoku: npumepHo 2 000 6enkos, JIHK, tpu tuna PHK, nmonxucaxapumsl,
munuael, GepmerTsl. O0pa3zyromuecs 00K UAYT HA CTPOUTENHCTBO Kile-
TOYHBIX CTPYKTYp: PO, puOOCOMBI, MEMOpaHy, KIETOUYHYIO CTEHKY, MU-
TOXOHAPHH, IN30COMBI U JP., U3 KOTOPBIX COCTOUT KJieTKa (Tadi. 1).
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Ta6muma 1 — CxeMa npoxoxAeHNsS OMOJIOTHIECKOTO CUHTE3a KICTKH

U TIPOJTYKThI CHHTE3a, UCTI0JIb3yeMbI€ B OMOTEXHOJIOTHUU
(Tuxonos 1.B., 2005)

[IpoayKThl, HCTIOJIB3yEMBIE

Cranus OMocuHTE3a KIETKH
B OMOTEXHOJIOTHUH

I. CuHTE3 aMHHOKHCIIOT, MOHOCAXapoB, [lepBruHBIE METAOOIHUTHI
KUPHBIX KUCIIOT, HYKJIEOTHI0B, BATAMHHOB (KUPTIUIHKH )

II. CunTe3 6eNKOB, HYKJIEMHOBBIX KUCIIOT, Makpomoiiekyibl (6JI0KH)
JUNUAOB, MOJIUCAXapUI0B, UX KOMILJIEKCOB

I1I. O6pazoBanue GepMEHTOB, TOPMOHOB, Bropuunbsie MeTaboauThI (0J10KH)
aHTHOMOTHUKOB, TOKCUHOB, aHTUT€HOB, AHTUTEI

IV. O6pazoBanue CTpyKTyp KIETKH (PO, CtpyKTypa KJIETKH (2JIEMEHTHI)

puOOCOMBI, KJIIETOYHAsl CTEHKA, MUTOXOHJPUH,
KTYTUKH U T. ]1.)
V. ®opmMupoBaHuE KIETKH Krerka (uenpHas cucrema)

Ha kaxnoi ctaguu OHMOJOrHYECKOro CHUHTE3a KJIETKH MOKHO OIlpe-
JEIUTh T€ MPOAYKTHI, KOTOPBIE MOTYT OBITh UCIIOJIb30BaHbI B OMOTEXHOJIO-
rud. OObIYHO UX JEJISIT HA YEThIPE KaTeTOPHHU.

llepsas kamezopus — caMM KJIETKU KaK MCTOYHHK IE€JIEBOTO MPOIYK-
Ta, HAIPUMED, BRIPAIICHHBIE OAKTEPUHN WJIM BUPYCHI UCIOIB3YIOT ISl TIO-
Jy4eHUs KUBOM WM YOUTOM KOPIYCKYJSPHOM BAKIIMHBI; JPOXOKH Kak
KOPMOBOM O€JIOK WJIM OCHOBY JIJI MOJTYUYECHUS TUAPOIU3aTOB MUTATEIBHBIX
cped u T. 1.

Bmopas kamezopus — KpynHbIE MOJIEKYJIbI, KOTOPbIE CHHTE3UPYIOTCS
KJIETKaMU B TIpOIlecCe BbIpallMBaHUs: (DEPMEHTHI, TOKCUHBI, AHTUTCHHI,
aHTUTEJA, MENTUIOTINKAHBI U JIP.

Tpemwvs kamezopus — NEPBUYHBIE META0OJIUTHI — HU3KOMOJIEKYJISP-
Hble BemiecTBa (MeHee 1 500 manbToH (paBHas 1/12 maccel aToma yriaepo-
na (IZC), wm 1,661-107% IrpaMMOB), HEOOXOAUMBIE JIJI1 POCTa KJIETOK, Ta-
KM€ KaK aMHUHOKHCJIOTBI, BATAMUHBI, HYKJICOTH/IbI, OPTaHUYECKHUE KHUCIIO-
THI.

Yemeepmas xamecopus — BTOPUYHBIE META0OJUTHI (UIUOIUTHI) —
HU3KOMOJIEKYJISIPHBIE COCJIMHEHUS, HE TpeOyrolIuecs JJisi pocTa KIETOK:
AHTMOMOTHKH, aJIKaJOU/Ibl, TOKCHHBI, TopMOHBI (TuxoHoB U.B., 2005).

BroTexXHOI0TUS UCTIONIB3YET 3TY MPOAYKIHUIO KIETOK KaK ChIpbE, KO-
TOPO€ B PE3YJbTATe TEXHOJOTMYECKOU 00pabOTKM MpeBpallaeTcsi B KO-
HEYHBIN, IPUTOAHBIN JJI1 UCIIOJIB30BAHUS MPOTYKT.
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Bce MHUKPOOOBEKTHI, HUCHOJBb3yeMble B OMOTEXHOJOTUM, OTHOCAT K
akapuoTaM, Mpo- WIM K dyKapuoTram. M3 rpymnmbl akapuoT, HampuMmep,
OTICPUPYIOT BUPyCaMU, MPOKAPHUOT-KIETKAMHA CHHE3CJICHBIX BOJIOPOCIICH U
OakTepul, 3yKapruoT-KJIETKaMH MPOCTEUIITNX, BOJOPOCIIEH U IPHUOOB.

Bbro0OBEKTH U3 MUKPOMHUpPA BAPBUPYIOT B pa3Mepax OT HAHOMETPOB
(BUpycChl, OakTepuodarv) 10 MUUIUMETPOB U CAHTUMETPOB (TUTAHTCKUE
BOJOPOCIIN) U XapaKTEPU3YIOTCS OTHOCUTEIBHO OBICTPHIM TEMIIOM pa3-
MHOKECHUS.

Kak HauOoniee mNepCrHeKTUBHBIE CIEAYET BBIACIUTH CJCAYIOIINE
TPYIIIBI OMOJIOTUYECKUX OOBEKTOB:

— PEKOMOMHAHTHI, T. €. OPTaHU3MBbI, MIOJYYCHHBIE METOJJAMU T€HETHU-
YECKOW MHKEHEPHU;

— PaCTUTENbHBIC U )KUBOTHBIC TKAHEBHIC KIICTKHU;

— TepMO(PUITBHBIE MUKPOOPTaHU3MbI U ()EPMEHTHI;

— aHa’pOOHBIEC OPTaHU3MBI;

— accoIMaIvu JIsl TPEeBpAICHUs CJI0KHBIX CyOCTpaTOB;

— UMMOOMJIN30BaHHbIE OMOJIOTUYECKUE OOBEKTHI.

[Tpoliecc HMCKYCCTBEHHOTO CO3/IaHWs OMOJIOTHYECKOTO OO0BEeKTa
(MHKpOOpraHu3Ma, Wi TKAaHEBOW KJIETKH) COCTOMT B M3MEHEHUU €ro re-
HETUYECKOU MHGOPMAIIUU C TEIbI0 UCKIIOUCHHS HEXKeNaTeIbHbIX U YCHU-
JUBaHMS HY)KHBIX CBOMCTB WJIM TIPUAATh €My COBEPIIICHHO HOBBIC KauyecT-
Ba. Hambomnee 1eneHanpaBieHHbIE U3MEHEHHUSI MOXKHO BBITIOJIHUTH MYTEM
pEKOMOUHAIINI — TIepepacpeeNisis TeHbl WM YaCTU T€HOB M OOBETUHSS B
OJIHOM OpPTraHU3Me T'€HETUYECKyI0 HMH(OpMAIMI0 OT JBYX M Oojiee opra-
HU3MOB. [lomydeHne peKOMOMHAHTHBIX OPTAaHU3MOB MOKHO OCYIIIECTBUTH
METOJIOM CJIMSTHUS MPOTOIUIACTOB, MyTEM IMEpPEeHOCa MPUPOIAHBIX TIA3MUJ
¥ METOJIaMHU TCHHOW MH)KCHEPHH.

K HeTpaaummoHHBIM OMOJOTHYECKUM areHTaM Ha JaHHOM 3Tare pas-
BUTHS OMOTEXHOJIOTMH OTHOCSTCS PACTUTEIBHBIC M JKUBOTHBIC TKAHEBBIC
KJIETKH, B TOM YHCJIe THOPHIOMBI, TpaHCILIAaHTaThl. KyJabTypbl KIETOK
MJICKOTTUTAIOIINX YKE celdac SBISIOTCS MPOAyIeHTaMu WHTepdepoHa U
BHUPYCHBIX BaKIIMH, OCYIIECTBIIICTCS KPYyIMTHOMACIITAOHOE TOJyYCHUE MO-
HOKJIOHQJIBHBIX aHTHUTEJ, TOBEPXHOCTHBIX AHTHUTCHOB KIIETOK YeOBEKa,
AHTUOTEHHBIX (PaKTOPOB.

C pa3BuTHeM METO/I0B OMOTEXHOJIOTUU Bce OOJjblliee BHUMaHUE Oy-
JET YIEHATHCA UCIOIb30BAaHUIO TEPMOPUIBLHBIX MUKPOOPTaHU3MOB U UX
(bepMEeHTOB.

B cBsi3u ¢ HEAOCTATKOM PHEPTUU M BO3MOXKHOCTBIO MOIYy4YeHUs Ono-
raza HaOJI0JaeTCa BO3POXKIECHHE OMOTEXHOJOTMYECKUX IMPOIECCOB C UC-
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MOJIb30BAHUEM aHa’pPOOHBIX MHUKPOOPTaHU3MOB, KOTOpPbHIE YCIICIIHO HC-
MOJIB3YIOTCS JIJIsl TepepabOTKU OTXO0B U CTOKOB.

B nocneanue rosipl pacimpsieTcs MPUMEHEHUE CMEIIAaHHBIX KYJIbTYP
MUKpPOOPTaHU3MOB M UX MPHUPOJHBIX accoluanuii. B peanbHoll Onosoru-
YECKOW CHUTyallMu B MPHUPOJIE MUKPOOPTaHW3MBI CYIIECTBYIOT B BHUJIE CO-
0OI1IECTB Pa3JIMUHBIX MOMYJISAIHM, TECHO CBSI3aHHBIX MEXIY COO0OM U oCy-
IIECTBIISIOIINUX KPYTOBOPOT BELIECTB B MPUPOJIE.

OCHOBHBIE MPEUMYIIECTBA CMEMIAHHBIX KYJbTYp MO CPABHEHUIO C
MOHOKYJIbTYpPaMH CJICAYIOIIHUE:

— CIIOCOOHOCTh YTUJIM3UPOBATH CIIOKHBIEC, HEOJJHOPOJAHBIE MO COCTa-
By CyOCTpaThl, 3a4acTyI0 HEMIPUTOIHBIC ISl MOHOKYJIBTYP;

— CIOCOOHOCTh K MHUHEpAIU3AIUU CIIOXKHBIX OPTaHUYECKUX COEIU-
HCHUI,

— TIOBBIIICHHAs! CIIOCOOHOCTh K OMOTpaHChOpMaIlid OpPraHUuYECKUX
BEILIECTB;

— MOBBIIIEHHAs] YCTOMYMBOCTh K TOKCUYHBIM BEILIECTBAM, B TOM YHC-
JIE TSKEJIBIM METallaMm;

— MOBBIIIICHHAS! YCTOMYUBOCTH K BO3JICUCTBUIO OKPY KAIOIIECH CPEbl;

— MOBBILIEHHAS! TPOAYKTUBHOCTB;

— BO3MOXHBIM OOMEH T€HETHYECKOW MH(OopManuen Mexay OTHAEIb-
HBIMU BAJAMHU COOOIIECTBA.

Cnenyer 0co00 BBIAEIUTH TAKYIO IPYIIy OMOJIOTHYECKUX OOBEKTOB,
KaK (pepMEHTBI-KaTalIn3aTOPbl OMOJIOTUYECKOTO MPOUCXOKICHUS, U3y4e-
HUEM KOTOPBIX B MPHUKJIAJTHOM acCIleKTe 3aHUMAETCSl WHXKCHEPHAask YH3UMO-
norusi. OcHOBHas ee 3ajavya — pa3paboTKa OMOTEXHOJIOTUYECKUX MPOIEC-
COB, B KOTOPBIX MCIIOJB3YETCSl KaTaJIUTUUYECKOE JIEUCTBUE DH3MMOB, Kak
MPaBUJIO, BBIJICJICHHBIX M3 COCTaBa OMOJIOTHYECKUX CHUCTEM HWJIW HaXOHs-
IIMXCSI BHYTPHU KJIIETOK, UCKYCCTBEHHO JIMIIIEHHBIX CIOCOOHOCTH POCTA.
brnarogapsi depMeHTaM CKOPOCTh pEakIUii 0 CPABHEHHUIO C PEaKIUIMHU,
MPOTEKAOIIMMH B OTCYTCTBHE OTHX KaTald3aTOpPOB, BO3pacTaeT B
10°-10" pas.

Takum oOpazom, B OMOTEXHOJIOTHMUECKUX MPOIIECCAX BO3MOXKHO HC-
MOJIb30BaHUE PsAfla OMOJOTHUYECKUX OOBEKTOB, XaPAKTEPU3YIOIIUXCS Pa3-
JUYHBIMU YPOBHSIMH CJIOKHOCTH OHMOJIOTMYECKOUN pEeryisiliuM, Hampumep,
KJIETOYHBIM, CYOKJIETOUHBIM, MOJICKYJSIpHBIM. OT 0COOEHHOCTEH KOH-
KPETHOTO0 OMOJIOTMYECKOTO OOBEKTa 3aBUCHUT IMOAXOJ K CO3JaHUI0 BCE
OMOTEXHOJIOTUYECKOM CUCTEMBI B IIEJIOM.

B pesynbrate (PyHIaMEHTaNbHBIX OHOJOTHUYECKUX HCCIETOBAHUM
YIIYyOJISIIOTCS M PACIIUPSAIOTCS 3HAHUSA O MPUPOJIE U TEM CaMbIM O BO3-
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MOYKHOCTSX MPUKJIATHOTO MCIOIB30BAaHUS TOW WM MHOU OMOJIOTHYECKOM

CHCTEMBI B KaYeCTBE aKTUBHOIO Hadaja OMOTEXHOJOTHYECKOro IMporiecca
(H.B. 3arockuna u jip., 2022).

3. locTkeHnsi OMOTEXHOJIOTHH B OTPACJISIX HAPOJAHOI0 X035l CTBA

JocTuxeHus: OMOTEXHOJIOTMHM B KMBOTHOBOJACTBe. [ eHeTHUEeCcKoe
COBEPIICHCTBOBAHUE MOMYJISIUN CETbCKOXO35HCTBEHHBIX KMBOTHBIX ObI-
JI0 U OCTAETCS KIFOYEBOU 3a7ja4€il J)KUBOTHOBOJCTBA, OT PELICHUSI KOTOPOU
3aBUCUT YPOBEHb €r0 MHTEHCHU(DUKAINK, YBEIMUYCHUE TPOU3BOJICTBA MPO-
OYyKTOB MHTaHUS M OOECIEUYEHUE MPOJOBOJIBCTBEHHON OE€30MaCHOCTH
cTpaHbl. B OCHOBE cUCTEeMBbI KPYIMHOMACIITAOHOW CEJEKIIMU >KUBOTHBIX,
KOTOpAasi OIpeleisuia U ONPEAENSCT TEMIIbI T€HETUYECKOTO YIIYUIICHHS
YKUBOTHOBOJICTBA, JIKAT MPUHIIUIBI MOMYJISLHUOHHON F€HETHKH, CUCTEMA
YCKOPEHUS PENPOYKIUHA KUBOTHBIX C UCIOJb30BAHUEM METOJIOB HUCKYC-
CTBEHHOT'O OCEMEHEHUS, KPUOKOHCEpBAIIMU TaMeT U AYMOPHUOHOB, SMOpHU-
OTpaHc(epTOB.

BmecTte ¢ TeM TOCTHXKEHUS U OTPOMHBIN 00BEM HCClIeI0BaHUN B 00-
JACTU MOJIEKYJIAPHOU OMOJOTHM OTKPBUIM HOBBIE MEPCIIEKTUBBI B COBEP-
[IEHCTBOBAHUM >KMBOTHOBOJICTBA. [ JTaBHBIMM HampaBJICHUSIMU OUOTEXHO-
JIOTUY B )KUBOTHOBO/ICTBE SIBJISIFOTCS KJIETOYHAA M T'€HETUYECKAsl WHXKEHE-
pus.

K ycnexaM KI€TOYHON HMH)XEHEPUU CJEAYET OTHECTH pa3padOTKy
METOJIa TPAHCIUIAHTAIIUK YMOPUOHOB CEIIbCKOXO03SMCTBEHHBIX JKUBOTHBIX.
B Hacrosimee BpeMst 3TOT METOJI IUPOKO MCHOJIB3YETCSA B MPAKTHUKE MPO-
TYKTUBHOTO W HEMPOIYKTUBHOTO )KUBOTHOBO/ICTBA.

C pa3BUTHEM HCKYCCTBEHHOTO OCEMEHEHUs Obliia pelieHa mpodieMa
YCKOPEHUS PacOpPOCTPAHEHUS TEHETUYECKOTrO MOTEHIHANIA MYXKCKUX OCO-
Oeil, YTO MO3BOJMJIO Ha MOPSAOK MOBBICUTH TEMIIBI CEJICKIIMOHHON pado-
Tel. B pe3ynbTaTe 3a KOpPOTKUU MEpHo] ObLIM CO3/1aHbl HOBBIE MOPOJIBI,
BHYTPHUIIOPOJIHBIE THUIIHI.

brina mocraBieHa u perieHa npoodiaeMa J103peBaHUsl OOIMTOB, OILIO-
JOTBOPEHUSI U PAHHETO SMOPHUOHAIBHOTO PAa3BUTHS CEIIbCKOXO3SIMCTBEH-
HBIX KMBOTHBIX IN VIitro. DTO TO3BOJIMIIO WCIOJIL30BAaTh 3HAYMTEIHHOE
YUCJIO JKEHCKUX T'€HEPATUBHBIX KJIETOK OT KUBOTHBIX C IIEHHBIM T'€HOTH-
MIOM y>K€ TOCJI€ TOTO, KOTJla JIaHHbIE 0COOM YK€ 3aKOHUYWIM KU3HCHHBIM
UK.

Kpome Toro, peanuzaiusi JaHHOTO METO/a CIIOCOOCTBOBAJA MOJIyYe-
HUIO UACHTUYHBIX MO T€HOTHUIY Map YXUBOTHBIX, KOTOPBIE IIMPOKO HC-
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MOJIB3YIOTCS B HMCCJIEJOBaHUSAX BIUSHUS (PAKTOPOB BHEIIHEW cpelbl Ha
’KUBOTHBIN OpraHu3M. SBISACH WICATbHBIMU aHAJIOTaMH, 3THU OCOOU IO-
3BOJISIFOT MOBBICUTH JOCTOBEPHOCTHh MCCIIEIOBAHHUM IMPU MEHBIIEM YHCIIE
KUBOTHBIX B IPYyIIIAX.

MukpomMaHUNyJIAIMKA C SMOPUOHAMU, UX PA3JEICHUE U arperamus
MO3BOJISIIOT MOJYYUTh XUMEPHBIX CEIbCKOXO03IMCTBEHHBIX KUBOTHBIX (aJI-
J0()eHHBIX KUBOTHBIX). OHU HE MPEJCTABIAIOT UHTEpeca JJIsS CEJIEKINO-
HEPOB, HO SIBIAIOTCA OOBEKTAMU JUIsl M3ydeHUs (yHIAMEHTAIbHBIX MPO-
osieM uddepeHIMPOBKU KIETOK B MPOIIECCE OHTOT€HE3a, MHOTUX BOIPO-
COB MEXAaHU3Ma KJIETOYHOI'O PAa3BUTUA U MIPOUCXOKICHUSA OTIACIbHBIX TKa-
HEW, UMMYHOJIOTHYECKOTO B3aUMOJICUCTBUS B PA3BUTHUU U JIP.

[lepCEKTUBHBIM SIBIISIETCS KJIOHUPOBAHHUE >XUBOTHBIX. OIHUM U3
HaIPABJICHUM 1O KJIIOHUPOBAHUIO KUBOTHBIX SIBIISIETCS MPUMEHEHUE METO-
Jla BBEICHUS SAIpAa COMATHYECKOM KIIETKA B 3HYKJICHUPOBAHHYIO 3UTOTY.
C npuMeHEHHEM 3TOM METOJMKH CTall0 BO3MOXKHBIM CO3/1aBaTh CTaja
CTaHJAAPTU3UPOBAHHBIX BBICOKOMPOIYKTUBHBIX KUBOTHBIX.

BaxHelIuM acrieKTOM HCCIIEIOBAaHUN B 00JIACTH KJIETOYHOM WHXKE-
HEpPUU SIBIAIOTCS PaOOTHI MO CO3JAHUIO JIMHUM CTBOJIOBBIX TOTUIIOTCHT-
HBIX KJIETOK KMBOTHBIX.

CylIeCTBEHHBIM JOCTUKEHUEM OMOTEXHOJIOTHH B >KMBOTHOBOJICTBE
ABJISCTCA MCIOJb30BAaHUE CTUMYJSITOPOB, IOJYYEHHBIX TPacr€HHBIMU
MUKPOOAMU-TIPOAYLIEHTAMH, HAITPUMEP, TEXHOJIOTUS MPOU3BOJCTBA ObIYb-
€ro ¥ CBHHOTO COMAaTOTPOINHOB.

Baxnelum HampaBlieHUEM OMOTEXHOJIOTUHM B CEILCKOM XO3SMCTBE
ABJISCTCA KOHCTPYUPOBAHUE I'€HOB W MHTETpAMA UX B TeHOM. OJHUM U3
HaIPABJICHUM MCCIICIOBAHUN SBJSECTCA NOJYYEHUE TPACTCHHBIX KHUBOT-
HBIX.

[Tomy4yeHbl TpacreHHBIE MBIIIN, KOTOPBIE MOTYT CIYXHUTh MOJIEIIb-
HBIMU CHCTEMaMH IS U3YUYCHHs OOJIE3HEHM 4YeloBeKa M TeCT-CUCTEMaMu
JUISL MCCIIEIOBAHUSI BO3MOKHOCTH CHUHTE3a MPOJYKTOB, MPEACTABIISIONIUX
UHTEpeC I MEAUIMHBL. TakuMu OOJE3HSIMU SBJISIOTCA, Hapumep, 00-
Je3Hb AjblreiiMepa, apTpuT, MbIIeYHas TUcTpodusi, oOpa3oBaHHUE OITY-
XOJIeH, TUMNEPTOHUs, AUCTpodus SHIOKpUHHBIX xene3 (Axymo T.P.,
2016).

TpaHCreHHBIX MBIIIEN UCMOJIb30BAIN B KAYECTBE MOJICIBHBIX CHCTEM
IUISl UBYUYEHHS SKCIIPECCUU F€HOB, KOAUPYIOIIUX TPAHCTEHHBIE MPOIYKTHI,
KOTOpBIE ceKpeTupyroTcs B Moioko (Tuxonos U.B., 2005).

B Poccum momydeHbl KpOJUKH, BBIACISAIONINE Y-HHTEPDEPOH, dpH-
TponoaTuH (SAxymnos T.P., 2016).
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TpaHCreHHBIM KPYIHBIA POTaThld CKOT MOJYYaroT C LEJIbI0 U3MEHE-
HUS COJIEPKaHUSI B MOJIOKE Pa3JIMYHbIX KOMIOHEHTOB U CO3/IaHUSI YCTOM-
YUBBIX K 3200JICBAHUSIM KUBOTHBIX.

OnBITEl MO TPAHCTE€HO3Y OBEILl U KO3 B OCHOBHOM HAaIlpaBJICHbI Ha
IpeBpalieHue MOJIOYHBIX KeJe3 ATUX KMBOTHBIX B CBO€OOpa3Hbie OHOpe-
aKTOPBI JIJI TTOTYUYEHUSI OCJIKOBBIX MPOYKTOB, UCTIOJIb3YIOIINXCS B MEIH-
nuHe. Co3/1aHbl TPAHCTEHHBIE OBIIBI U KO3bI, B MOJIOKO KOTOPBIX CEKPETHU-
pOBaIMCh OEJIKM 4YeJoBeKa, HapuUMep, B AHTIIMM CO3/IaHbl TPAHCTECHHBIC
OBIIbI, MOJIOKO KOTOPBIX COAEPKHUT (haKTOp CBEPTHIBAHUS KPOBHU. bbLin
CO3/1aHbl TPAHCT€HHBIE OBIBI C MTOBBIIIEHHOW CKOPOCTHIO POCTA MIEPCTH.

[TonoxxurenbHbIE Pe3yabTaThl OBUIM MOJYYEHBI B XOJE IKCIIEPUMEH-
TOB C TPAaCr€HHBIMU CBUHBSIMH. Hampumep, co3/aHbl TPAaHCTE€HHBIE CBU-
HbU, B TECHOME KOTOPBIX MPUCYTCTBOBaNA CIEAYIOIIAsi TeHETUUECKAsT KOH-
CTPYKIIUS: PEryJsiTopHas o0yiacTh reHa [B-rioOuHa yesioBeKa, JBa IeHa
04-TJIOGHHA YeJIOBEKa W OIMH reH B -rmobuHa denoseka. B pesymbrare ee
AKCIIPECCUH B KJIIETKAX KPOBU CBUHEUW CHUHTE3UPOBAJICS YEIOBEUYECKHUM T'e-
MOTJI00MH. YenoBeueckuil reMorioOrH, TpOayIIUPYEeMblid TPaHCTE€HHBIMU
CBUHBSIMH, 00JIala]l TAKUMU K€ XUMHUYECKUMU CBOMCTBAMH, YTO W MPU-
POJHBIA YenoBeueckuil. Ero MOXKHO OYMCTUTH OT I'€éMOTJIOOMHA CBUHEH
00BIYHOM XpoMaTorpaduei.

[TonydeHsl TpaHCTE€HHBIE LBIILIIATA, KOTOPHIX MOXKHO HMCIOJIb30BaTh
JUISl YyAY4IIEHUs TEHOTHUIIA YK€ CYHIECTBYIOIIUX MOPOJ, — ISl MPUAAHUS
UM YCTOMYMBOCTH K BUPYCHBIM MH(EKIUSAM U 3a00JE€BaHUSAM, BbI3bIBac-
MBIM KOKITUJUSAMHU, MOBBIMICHUS 3 (PEKTUBHOCTH YCBOCHUS THIIU, CHIKE-
HUS YPOBHS )KMpPa U X0JIECTEpOJia B sIIax, MOBBIIICHHUS] Ka4eCTBA Msica.

[Io mMepe UCTOILIEHUSI TPUPOJHBIX PHIOHBIX 3alacOB BCE OOJBIIYIO
posib OyzieT nmpuoOpeTaTh pa3BeieHUEe PhIObI B UCKYCCTBEHHBIX YCIOBHSX.
OcHOBHas 11eJ1b UCCJIEIOBAHUM B 3TOM 00JIaCTH — CO3/1aHUE PEKOMOWHAHT-
HBIX pbIO MyTeM TpaHcreHosa. [loyueHsl TpaHCTeHHBIE BUILI PHIO — Kap-
na, Jococs (puc. 2), 3yoarku, ¢popenu, kapna (puc. 3) u T. 1. TpaHCTeHHbBIE
JIOCOCH KpYITHEE U OBbICTpee MPUOaBIIAIOT B BECE.
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Pucynox 3 — I'vanvau (guanli) (mpanceennas ¢hopma) u ecmecmeenmwiil Kapn
(https://gogol.livejournal.com)

[lepBbiMU OOMIEAOCTYNIHBIMM T€HETUYECKH MOAN(PULIMPOBAHHBIMU
JOMAaIIHUMU KUBOTHBIMHU CTaJIM aKkBapuyMHbIe PHIOKHM aaHuo. [lepBas re-
Hetuuecku moauduimpoBanHas peioka GloFish mosiBumace Ha pbeiHKE B
2003 rony.

OTAMYUTENBHON YE€PTOM MCKYCCTBEHHO BBIBEJECHHBIX T'€HETUUYECKOMN
moaudukanueir ocooerr GloFish ot ucxomnoit Gopmel sBIsSETCS KpacHas
okpacka ([JJHK kopamna (ren RFP)), 3enenas — ¢ pparmenrom JTHK Meny-
3bl (reH GFP), pb1OKU, B r€HOTUIIE KOTOPBIX MPUCYTCTBYIOT 00a ¢parMeH-
Ta, — xKenTbie. OKpacku 00Jee 3aMETHBI U MHTEHCUBHBI IIPHU yJIbTpaduoJie-
TOBOM OcBeleHuu (puc. 4-7).
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Pucynox 4 — Jlanuo-pepuo (Daniorerio),  Pucynox 5 — Jlanuo-pepuo (Daniorerio)
npupoonast popma ¢ eenom kopainna (https://akvaok.ru)
(https://www.agvium.ru)

Pucynok 6 — Jlanuo-pepuo (Daniorerio)  Pucynok T — Jlanuo-pepuo (Daniorerio)
C 2EHAMU MOPCKO20 KOPAJLIA U MeO)3bl ¢ eenom meoyswi (https://akvaok.ru)
(http://aquatrade-opt.ru)

JlocTr:keHHe OMOTEXHOJIOTUU B pacTeHueBoaAcTBe. OCHOBHOM II€-
JbI0 OMOTEXHOJIOTHYCCKUX AKCIICPHUMEHTOB Ha PACTEHHUSX SBIISICTCS CO3-
JlaHUE HOBBIX COPTOB KYJBTYPHBIX PAaCTCHUM, YCTOMYUBHBIX K HEOJIaromnpu-
SATHBIM YCIIOBUSAM CPEbl, HACEKOMBIM-BPEIUTESAM, TepOUITIaM, BUpycaM
U OAKTEPUSIM.

broTexHONOrHYECKHEe ITyTH 3allUTBl PACTCHUH OT BPEIOHOCHBIX
areHTOB BKJIFOYAIOT:

— BBIBEJICHHE COPTOB PACTCHHM, YCTOMYMBBIX K HEOJIArOMpHATHBIM
dakTopam;

— XUMHUYECKHUE CpeJicTBa OOPHOBI ¢ COpHIKAMH, TPhI3yHAMH, HEMATO-
namu, OaKTepUsIMHU U BUPYCAMU;

— OMOJIOTHYECKHE Cpe/icTBA OOPHOBI C BPEIUTEIISIMHU, UCIIOIh30BaHNE
UX €CTeCTBEHHBIX BParoB W Mapa3uTOB, a TAaK)KE€ TOKCUYECKUX MPOIYKTOB,
00pa3zyeMbIX KUBBIMUA OpraHU3MaMH.
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Hapsiny ¢ 3amuroit pacTeHUM CTaBUTCS 3a7la4a YBEJIMYEHUS TTPOITYK-
TUBHOCTH CEJIbCKOXO3AMCTBEHHBIX KYJIbTYDP, UX MUILEBOM LIEHHOCTH, CO3-
JIAHUSI COPTOB PACTEHHH, PACTYIIMX HA 3aCOJEHHBIX MOYBAaX, B 3aCylLIH-
BbIX U 3a00JI0YEHHBIX paioHax. [[puMeHeHne KIacCHYECKUX METOJIOB Ce-
JIEKIUU HE MOTYT PEUIUTh 3TH 3aJa4d, OITOMY HNPUMEHSIOT METOJBI I'e-
HETUYECKOW MHKCHEPHH.

['eHbpl yCTOMYMBOCTH K HEKOTOPBHIM TepOUIMIaM, BbIJCICHHBIC U3
OakTepuil M APOAOKEH, ObUIM YCIEIIHO MEePEHECEeHbl B pacTeHus Tabaka.
Pa3BesieHue yCTOMYUBBIX K TepOUIUMJaM PACTEHHIl OTKPHIBAET BO3MOXK-
HOCTh NMPUMEHEHUS TePOUIIUIOB IS YHUUYTOKECHHS COPHAKOB HETOCPEI-
CTBEHHO HA YTOJIbSIX, 3AHATBIX CEIbCKOXO3AMCTBEHHBIMU KYJIbTYPaMH.

C moMolIbI0 T€HETUYECKOW HHKEHEPUU aMEPUKAHCKWUE W aHTJIWM-
ckue reHeTukd B 1994 roay cosmanu Tomathl Flavr Savr ¢ 3amemieHHbIM
IIPOLIECCOM CO3peBaHus. Takue mioabl JOJITO MOTYT OCTaBaThCA HA pacTe-
HUH, TP 3TOM MOBBIIAETCS YPOKANHOCTh U YJIYUIIAKOTCS BKYCOBBIE Ka-
4YecTBa II0A0B. BriepBeie Takue ToMarsl MOCTymwiIn B npoaaxy B CIIIA B
1995 rony, a B Benmuko6putanuu — B 1996 rony (Teitnop . u np., T. 3,
2005).

BaxHoe MeCTO B BBIBEICHUH HOBBIX COPTOB PACTEHHUM 3aHUMAET MeE-
TOJI KyJIbTUBHPOBaHHUS IN Vitro. Pererepupyemas u3 Takux KJIETOK «MOJIO-
7asi MOPOCHb» COCTOUT U3 UACHTUYHBIX MO T€HOPOHIY AK3EMIUISIPOB, CO-
XpaHSAIONIUX I[IEHHbIE KayecTBa M30paHHOrO KJIETOYHOro kjoHa. Hampu-
Mep, B ABCTpaJuu W3 KyJIbTUBUPYEMBIX IN VItr0 KJIECTOYHBIX KIOHOB BBI-
palIMBalOT KpacHbIE KaMeIHbIE IEPEBbs (aBCTPATMNUCKUE IBKAIUIITHI), OT-
JMYAIOIIMECs CIIOCOOHOCThIO pacTH Ha 3acojJeHHbIX nouBax. [Ipeanosnara-
€TCs1, UTO KOPHU ATUX pAacTEeHUN OyyT BhIKAYMBATH BOAY U3 TAKHX MOYB U
TE€M CaMbIM MOHMXaTh YPOBEHb I'PYHTOBBIX BOJ. DTO MPHUBEIET K CHUXKE-
HUIO 33aCOJICHHBIX CJIOEB MTOYBBI B PE3YJIbTATE MEPEHOCA MUHEPAIBHBIX CO-
neit B 0osiee TiryOOKue CJI0M C TTIOTOKaMU J0KI€BOM BOJIbI.

B Manaii3uu u3 KJIETOYHOrO KJIOHA IOJIy4Y€Ha MacIMYHAs Majabma C
MOBBIIIEHHOW YCTOWYUBOCTHIO K (PUTOMATOrE€HAM M YBEJIMYEHHOU CIIOCO0-
HOCTBIO K 00pa3zoBanuto Macia (mpupoct Ha 20-30%).

KiioHupoBaHue KJIETOK C MOCIEAYIOIIMM UX CKPUHUHIOM U pPEreHe-
panuell pacTeHUM U3 OTOOpaHHBIX KJIOHOB PAacCMaTPUBAIOT KaK Ba)KHBIN
METO]I COXPAHEHHUS U YJIYUIICHUS APEBECHBIX TOPOJ YMEPEHHBIX IIHUPOT, B
JaCTHOCTH XBOMHBIX JAepeBbeB. B Poccuu nepBbie paboTHI 10 KIOHATBHO-
My MUKPOPa3MHOKEHHUIO ObUTH MpoBeaeHbl B 60-x rojgax XX Beka B J1a00-
patopuu P.I'. byrenko (MucTUTYT pusmonorun pacrenuii um. K.A. Tumu-
psa3eBa) (Eroposa T.A., 2008).
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C KJIOHMPOBAHUEM KJIETOK CBSI3aHBI HAJICK/Ibl HA YCTPAHEHHUE BUPYC-
HBIX 3a00J€BaHU pacTeHuil. Pa3paboTaHbl METO/IbI, MTO3BOJISIONINE TTOTY-
YaThb PErE€HEPAHThl U3 TKAHEHM BEPXYIIECYHBIX IMOYEK pacTeHUU. B manb-
HEHIIIEM Cpelu PEreHEpPUPOBAHHBIX PACTEHUN MNPOBOIAT OTOOp 0OCOO€i,
BBIPAIICHHBIX U3 HE3apaKEHHBIX KJIETOK, U BHIOPAKOBKY OOJIbHBIX pacTe-
HUM. PacTreHus-pereHepaHThl IOJy4alOT B pe3ylibTare MopdoreHesa
in vitro. K pacteHusiM, OTHOCUTEILHO JICTKO PEreHEPUPYIOIIUM U3 IIPOTO-
IJIACTOB, OTHOCATCS KapTodeb, JIIoIEepHa, MAaHUOK, parc, Tabak u Jap.

KiioHMpoBaHue KJIETOK SIBJSETCS MEPCIEKTUBHBIM METOJIOM TOJTyYe-
HUSA HE TOJBKO HOBBIX COPTOB PACTE€HUN, HO U MPOMBIIIJIEHHO Ba)HbBIX
npoaykToB. [Ipu mpaBuibHOM NOAOOpPE YCIOBUU KYJIbTUBHPOBAHUSA HU30-
JMPOBAaHHBIC KJIETKH Oojiee MPOIYKTUBHBI, YeM Iiejible pacTeHus. Mmmo-
Ounn3anusa pacTUTENbHBIX KJIETOK WJIM MPOTOIIACTOB HEPEAKO BEAET K
MOBBIIIEHUIO UX CUHTETUYECKON aKTUBHOCTH.

Takum oOpa3om, B HacTosIee BpeMsl KJIETOUHasi OMOTEXHOJIOTHS
UMEET B CBOEM PACIOPSIKEHUU PSJi METOJ0B, OCHOBHBIMH M3 KOTOPBIX,
MOMHUMO KYJIbTUBHPOBAHUS KJIETOK U TKAHEW OTAECIbHBIX PACTECHUM, SBJISI-
10TCs: 1) METOABI KJIOHAJBHOTO MHUKPOPA3MHOKEHUSI, BKIIOUAIOIIUE HH-
OYKIWIO0 OpPraHoreHe3a U COMaTU4eCKOoro AMOpUOreHesa; 2) MeTolIbl H30-
JMPOBAHUS MPOTOIUIACTOB U MOJYYEHHUS] COMATUUECKUX THOPUIOB; 3) Me-
TOABI TIOJTYUYCHUS TaIUIOWIHBIX PACTCHUN M MPOU3BOIHBIX OT HUX JUTAll-
JOUJ0B; 4) METO/Ibl TEHETHYECKON TpaHCchOpMaIlMU ¢ MOCIEIYIOIIeH pe-
reHepanuel MoaupuIMpoBaHHbIX pacTennii (badbukosa A.B. u mp., 2007).

JlocTr:KeHnsi OMOTEXHOJIOTHH B MeaulluHe. ['eHeTnueckas u Kie-
TOYHAsl MHXKEHEPUsS OKa3ajia OOJIbIIOE BIUSHHUE U HA PAa3BUTHUE COBPEMEH-
HOM BETEpUHAPHON HAYKH, B YACTHOCTU B HAINPABJIECHUU CO3/IAHUSI HOBOTO
MOKOJIEHUs] OMOJIOTUUECKUX TMpernapaToB, pa3pabOTKH METOJOB JUArHO-
CTUKHU U CPEJCTB crienupuueckoil mpouIakTUKU MHPEKIIMOHHBIX 00JIe3-
Hel >)KUBOTHBIX. [Ipu 3TOM Ha MEpBBIN MJ1aH BBIIBUTAETCS pa3paboTKa BhI-
COKOYYBCTBUTEIBHBIX U BBICOKOCTICIIU(PUIHBIX METOAOB TWArHOCTUKH, B
TOM YHCJI€ DHKCIPECC-METOJIOB HA OCHOBE JIOCTIXKEHUNW B (PU3UKO-
XUMHUUYECKON OUOJoTHH, TexHoiornu pekomouHanTHoix JIHK, ruGpumom-
Hol TexHoJsioruu (Tuxonos B.1., 2005).

B nocnegnee BpemMs MIHPOKOE PACHPOCTPAHCHUE MOTYUHJI UMMYHO-
dbepMEeHTHBIN METOJ WHIMKAIMK pa3IMYHbIX BemecTB. Ha ero ocHoBe
pa3pabaThIBAIOTCS BBICOKOUYBCTBUTENIbHBIE JMATHOCTUKYMBI IJIs psla
MH(PEKIIUOHHBIX U MHBA3UOHHBIX 00JIE3HEH >KUBOTHBIX. OCBOEHO ITPOM3-
BOJCTBO UMMYHO(GEPMEHTHOI'O0 MarHOCTUKYMa BUPYCHOI'O SHTEpUTA Te-
JIAT, U3TOTOBJICHBI OMBITHO-MPOMBIIIJICHHBIE MAapTUH KOMIIOHEHTOB IS
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UMMYHO(EPMEHTHOM TMarHOCTUKH pAJia IPYTUX 3a00I€BaAHUM.

Ha ocHOBe cO3/laHHON PEKOMOMHAHTHOW TUIa3MUJIbI pa3paboTaH U
UCIIBITaH Ha OOJIBIIIOM KJIMHUYECKOM MaTepuaje ruOpuan3almOHHbINA 30H]
ISl uACHTUGUKAIMK BO30YIUTENsT MUKOTUIa3Mo3a cBuHeH. [lomyueHa pe-
KOMOWHAHTHAS IUIa3MHIa, pa3pad0TaH M HCHBITAaH THOPWUIW3AIIMOHHBIA
30HA ISl UAESHTU(UKAUK BO30OYyIMTENEH TyOepKyJie3a MapaBUPyCHOMU
MH(DEKIMU CBUHEH, Teprec BUpPyca, a TaKXKe Uil UICHTU(PUKAIIUU MHUKO-
MJIa3MEHHOW KOHTAMHUHAILIUK KJIETOYHBIX KYJIbTYP.

Meton nennoit nmonmumepu3zaruu (I1LIP) mo3posser aMmimpuiapo-
BaThb JIFOOYI0 HYKJICOTHUAHYIO MOCIEAOBATEILHOCTh. OH BBICOKOYYBCTBU-
TEJEH U clenu(dUUeH, MOXKET IUPOKO HCMOJb30BATHCS KaK HCCIIEIOBA-
TEIBCKUN TECT JJIsI UACHTUPUKAIIUUA PA3TUIHBIX ar€HTOB, B TOM YKCJIE JJIsI
BBISIBJIEHUS PETPOBUPYCOB.

C noMouipt0 THOPUIOMHOW TEXHOJOTHM TMOJYyYE€Hbl THOPUIHBIE
KyJbTYphl, MNPOAYIUPYIOIIUNE MOHOKJIOHAJIbHBIE aHTUTENa K BHUpycam
Al1ypa, JIEMKOo3a KPYyIMHOIO POTraToro CKOTa, PUHOIMHEBMOHUHM JIOIIAJEH,
KJIaCCUYeCKOW M a)puKaHCKOW YyMbl CBUHEH, Opylie/iaM, MUKOOAKTEpHU-
M, JIUCTEPUSIM, aHTUTCHAM PXMHOKOKKA U T. 1. Ha ux ocHoBe pa3padora-
Hbl pa3juyHble JuarHoctuueckue tect-cucrembl (TuxonoB B.M., 2005;
Eroposa T.A., 2008).

[IpruMmeHeHre OMOTEXHOJIOTHUYECKUX METOJOB IO3BOJISIET MOJyYaTh
BaKIIUHBI, KOTOPHIE HE MOTJHU OBITh CO3/aHbl C MOMOIIBIO TPATUIIMOHHBIX
METOJIOB, MPOTUB T'€IbMUHTO30B, OOJIE3HEU, BBI3BIBAEMBIX MPOCTEHIIINMU,
PUKKETCUSIMH, HEKOTOPBIMU OakTepusMu U BUpycamu. Haumbosee 3Hauu-
TEJIbHBIM JOCTHUXKEHUEM B 3TOM 00JacCTH SIBIISIETCS MPOU3BOACTBO HEPEII-
JIMKATUBHBIX BaKIMH, B KOTOPBIX HUCHOJIB3YETCS JUIIL (PparMeHT BUpPYCa,
UMUTHUPYIOIUNA €T0 UMMYHOT€HHBIN YYaCTOK.

bonbilioe BHUMaHUE yAEHSETCS UCCIEIOBAHUSIM, B KOTOPBIX T'€HAM
qy’KOT0 BEKTOpPa BBOJUTCS I'€H, KOAUPYIOIIUN UMMYHOTCHHYIO (PaKIHIO
napasuTa, OakTepuu WU BUpyca. Takue BaKIIMHBI MPEIyCMaTPUBAIOTCS
JUIs. BaKIMHAIIMM MPOTHUB TeJIbMUHTOB (IIMCTO30MBI), MPOTO30MHBIX (Oa-
0€3HO03bl), BUPYCHBIX (OEIIEHCTBO, YyMa KPYMHOTO pOraToro ckora) 0o-
JIC3HEM.

C nmomonipl0 OMOTEXHOJOTUM TOJIYyYE€Hbl AHTUOMOTHKU, TOPMOHBI,
UHTEPGEPOHBI, MHTEPJICUKHUHBI, MOHOKJIOHaJIbHbIE aHTUTena, JHK wim
PHK-mpo06s1, pekoMOMHAHTHBIEC BaKIIMHBI U BaKIIMHBI-AHTUT€HBI, (DEpMEH-
Thl MEJIUIIMHCKOTO Ha3HAYCHUSI.

bonpiue nepcnekTuBbl B JICUEHUM HACIEICTBEHHBIX 3a00JI€BaHMIA
YeJ0BEKa OTKPBIBAECT Te€HEeTHUYECKasl Tepanus (reHorepanus). OHa MO3BO-
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JISIeT YCTPaHUTh reHeThuuecKkue NeeKThl (KOpPEKIMs HACIEACTBEHHBIX Ta-
TOJIOTH) TIyTEM BBEICHUS B COMATUYECKHUE KJIETKHU IMOJTHOUEHHBIX I'€HOB
BMECTO (MJIM TTOMUMO) TOBPEKJICHHOTO (MYyTaHTHOT'O I'€HAa), a TaK¥Ke Jie-
YUTh pa3inyHbIe 3a00JI€BaHUS 3a CUET BBEACHUS B OPTaHU3M Uy KEPOTHOMN
reHEeTUYECKOM MH(OpPMALUU C 1ENbI0 MOJYUYEHUS TEPareBTHUECKOTO (-
dekra (3arockuna H.B., 2009).

[TpuMEHSIOT JBa TUTIA TEPANMH: 3amecmumensiyto (3aKII04acTCs BO
BBOJIC B KJIETKY HEMOBPEKJACHHOTO I'eHa, Korja 00Je3Hb CBsI3aHA C OTCYT-
CTBHEM WJIM MaJbiM KOJWYECTBOM OEJIKOBOTO MPOAYyKTa. B KJIETKYy BBO-
JUTCS HETIOBPEXKIEHHBIN I'€H U CO3JAI0TCS YCIOBUS NI €r0 SKCIPECCUU C
LEIbI0 TIOJYYECHHUS] HEOOXOJAMMOIO KOJIMYECTBA HOPMAIBHOTO Oenka-
npoaykra. BHeceHHas konusi 3aMeHsIeT 0 (QYHKIUSIM COXPAHUBIIUKUCS B
reHoMe OOJIBHOTO Je(PEeKTHBIA T€H) U Koppexmupyrowyro (TpeamnoiaracT
3aMeHy Je(EeKTHOro reHa HOPMaJbHBIM B pE3yJbTaTe PEKOMOWHAIUU.
DTOT METOJ IIPOXOIUT CTAIUIO JIAOOPATOPHBIX MCIIBITAHUI).

B 3aBucumocTu oT crnocoba BBeaeHus 3k30reHHbx JIHK B renHom
NalKUEeHTa CYIIECTBYET JIBA MIPUHIIUIA JICUEHUS: 2eHemuyecKas mepanusi €X
VIVO («TepareBTHUECKHUI» I'eH TIEPEHOCUTCS B M30JIMPOBAHHBIC KJICTKH OO0JIb-
HOTO C TMOMOIIbIO PETPOBUPYCHBIX BEKTOPOB, TPAHCAYLIMPOBAHHBIE KIIETKU
KyJBTHBHPYIOT IN VIrO ¥ CHOBa BBOJAT B OPraHM3M IAIMECHTA) U 2eHemuye-
ckas mepanus in vivo (IpeayCMaTPUBAET BBEJCHUE «TE€PANEBTUYECKOTO» Te-
Ha HEMOCPEICTBEHHO B KJIETKA TKAaHU-MHUILIEHU MAIUEHTA C TIOMOIIIbIO BUPYC-
HBIX BEKTOPOB WM IyTeM nHbekimu unucto [JHK, Onobammmctrku, BBeme-
aust jurocom) (I'muk B. u nip., 2002; 3arockuna H.B., 2009).

Cnucok HacleICTBEHHBIX 3a00JI€BaHUM, KOTOPbIE MOYHO JICUUTh I'e-
HaMHM, PETYJSAPHO MOMOJIHSETCS. BoJbline MepcneKTUBbl OTKPHIBAET HC-
MOJIb30BaHWE TEHOTEPAIHH JJIsI JICUCHUSI OHKOJIOTHYECKUX 3a00IeBaHUM.

Takum oOpazom, B OyayllleM I'€HETHYECKasl Tepanusi MOXKET CTaTh
OJIHUM M3 BEIYIIUX HAIPaBJICHUHN B JICUCHUU HACJIEJICTBEHHON MATOJIOTUH
YeJjoBeKa B CBSI3U C BO3MOXKHOCTHIO MCIPABUTh (PYHKIIMH T€HETHYECKOTO
arrapara naiyMeHTa 1 HopMajau30BaTh ero (heHOTHII.

buorexHomorus obiamaer TpoMaaHbBIM IMOTeHIMaaoM. Bce ee Ha-
MpaBJICHUS JOJDKHBI CIYXKWUTh YeJIOBEYECTBY. B COBpEeMEHHBIX YCIIOBHUSIX
OTKPBIBAIOTCS IMIUPOKUE MEPCIEKTUBBI U BO3MOXKHOCTH JJISI UCIIOJIb30Ba-
HUS HOBBIX HAyYHBIX HMCCJIEAOBAHMI W pa3pabOTOK, KOTOpPHIE MOTYT pe-
IITUTH MPOOJIEMBI COBPEMEHHOTO OOIIEeCTRA.

Takum 00pa3oM, Mbl O3HAKOMUJIUCH C ATAllaMU Pa3BUTUS OMOTEXHO-
JIOTWH, METOJIaMU U IIPUEMAMH, PACCMOTPENH MEPCIEKTUBBI UCIOIb30Ba-
HUsI OMOTEXHOJOTUH B HAPOJTHOM XO35UCTBE.
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OcHOBHbIC TEPMUHBI M IOHATUA: BUOTEXHONIOTHSA, TEHETUYECKAS U
KJIETOYHAs] WHXKEHEPHs, TPAHCIUIAHTALUsI YMOPUOHOB, XUMEPHI, BaKI[UHBI,
OMOJIOTUYECKU aKTUBHBIC BEILECTBA, THOPHU/IbI, MUKPOOPTAHU3MBbI, MMPOKa-
PHUOTBIL, 3YKapUOTHI.

Bonpocs! 111 CAMOKOHTPOJIs

1.  HazoBute 3Tanbl pa3BUTUS OMOTEXHOJIOTHH.

2.  Ha3zoBute OCHOBHBIC 11€JIM U 3a]1a4d OUOTEXHOJIOTHH.

3.  OxapakTepuzyuTe TOMaCTEPOBCKYIO 3Py pPa3BUTHS OUOTEXHO-
JIOTUH, KaKW€ MPUEMBI UCIIOIb30BAJIUCh B 3TOT NEPUOA?

4.  OxapakTepu3yuTe IMOCIENacTePOBCKYIO 3Py, IPOU3BOJICTBO Ka-
KHUX BEIIECTB ObUIO HAJIAKEHO C MOMOIIBI0 OMOTEXHOJIOTUUECKUX METOOB
Y TIPUEMOB?

5. Oxapakrtepuzyite 3py aHTHOMOTHUKOB. Kakumu eie JOCTHke-
HUSIMH OMOTEXHOJIOTHU OTMEYEH ITOT NMEePUo?

6. OxapakTepusyilTte 5py yIpaBiIseMoro OMOCUHTE3A.

/.  OxapakTepuszyiTe 3py HOBOM OMOTEXHOJIOTHHU.

8.  HazoBute 000011IeHHBIE XapaKTEPUCTUKUA OMOJIOTHYECKON (KU-
BOW) CUCTEMBI.

9. HazoBute 00BEKTHI U METO/IBI OUOTEXHOJIOTHH.

10. TlosicHuTe, YTO O3HAYAET TEPMHUH «IIEPBUYHBIC METAOOTUTHI.
Kakue BeniectBa K HUIM OTHOCST?

11. TloscHuTe, 4TO O3HA4YaeT TEPMHUH «BTOPUYHBIE METAOOJIUTHI»
(upuonintsl). Kakue BeliecTBa K HUM OTHOCST?

12. PacckaxuTe O JOCTIKECHHSIX COBPEMEHHON OMOTEXHOJOTHH B
’KUBOTHOBOJICTBE.

13. PacckaxuTe O JOCTIKECHHSIX COBPEMEHHON OMOTEXHOJOTHH B
PaCTEHUEBO/ICTRE.

Bonpocs! 11 caMOCTOSTEIbHOM PadoThI

CoBpemMeHHasi OMOTEXHOJIOTHS B HEMPOIYKTUBHOM >KUBOTHOBOJICTBE
(moJiy4yeHUe TPAaHCTE€HHBIX )KUBOTHBIX, KIIOHUPOBAHUE).

buotexHomorus M pacTeHUEBOJACTBO (OMOTEXHOJIOTHYECKUE ITyTH
3aIUTHl PACTEHUN OT BPEIOHOCHBIX areHTOB; KIOHUPOBAHUE KIIETOK C I10-
CIEAYIOIIMM WX CKPUHMHIOM U pEreHepalnue pacTeHHil U3 OTOOpaHHBIX
KJIOHOB KAaK Ba)XHbIM METOJl COXPAHECHUS U YJIYUYLICHUS APEBECHBIX MOPOL
YMEPEHHBIX MUPOT, B YACTHOCTH XBOMHBIX JIEPEBHEB).
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buorexHonorus U BeTepuHapus (IKCIpEcc-MeTOoAbl HA OCHOBE JIOC-
TUXKEHUNA B (PUBUKO-XMMHUYECKON OUOIOTHU, TEXHOJOTUU PEKOMOMHAHT-
HbIX JIHK, ruGpuioMHONM TEXHOIOTUU; UMMYHO()EPMEHTHBIA METOI).

buorexHosorus 1 MmeauurHa (MOJIy4eHUE AaHTUOMOTHUKOB, TOPMOHOB,
UHTEPHEPOHOB, MHTEPICUKUHOB, MOHOKJIOHaNbHBIX aHTuTen, JHK wnmm
PHK-npo0Osb1, pekoOMOMHAHTHBIE BaKIIUHbI U BaKIIMHbI-AHTUT€HbI, (DEPMEH-
Thl MEIMIMHCKOTO HA3HAYEHUs; TUIbI TEPANIMU HA OCHOBE JOCTHKECHHUI
OMOTEXHOJIOTUU — 3aMECTUTEIbHASA U KOPPEKTUPYIOIIAs; MPUHITUIIBI JieUe-
HUS Ha OCHOBE JIOCTHMIKEHHUSI OMOTEXHOJIOTUU — T'€HETUYEeCKas Tepamnus in
VIVO U TEHETUYECKAasl TepaIus X vVivo).

PexoMenayemas JiuTepaTypa K CaMOCTOATEIbHOM padoTe

1.  buorexnonorusa: yueonuk / U.B. TuxonoB [u ap.]. — CaHKT-
[TerepOypr: TMOP/I, 2005. — 792 c.

2. buorexnonorus: yueOnmk / monm pea. H.B. 3arockunoi,
JI.B. Hazapenko. — 3-e. u3a., ucnp. u gom. — Mocksa: FOpaiir, 2022. —
381 c.

3. buorexHonorusa: Teopus M TpaKTUKA: y4deOHoe mocodue /
H.B. 3arockuna [u ap.]. — Mocksa: Onukc, 2009. — 496 c.

4. T'mux, b. MonekynapHas OuorexHonorus. [IpuHuunel U npu-
menenue / b. I'nmuk, J[x. [Tactepnak. — MockBa: Mup, 2002. — 589 c.

5. Eroposa, T.A. OcHoBBI OWOTexHOJOTHH: y4eOHOEe mocobme /
T.A. EropoBa, C.M. KnynoBa, E.A. XuByxuna. — MockBa: Axkaagemus,
2008. — 208 c.

6. MamontoB, C.I'. buonorus: yued6noe nmocodbue / C.I'. Mamon-
ToB, B.b. 3axapos, T.A. Ko3noBa. — Mocksa: Akagemus, 2006. — 576 c.

/.  CelbCKOXO3MCTBEHHAs OMOTEXHOJOTUsA: yuyeOHOoe Mocodue /
B.C. llleBenyxa [u np.]. — Mocksa: Briciias mkona, 2008. — 713 c.

8.  Teitmop, . buonorus B 3-x T. T. 1: mep. ¢ aun. / mox pen.
P. Conepa. — 3-e¢ m3a. / JI. Tetimop, H. I'pun, V. Crayt. — MockBa: Mup,
2005. — 454 c.

9. Teitmop, . buonorus B 3-x T. T. 2: mep. ¢ aunL. / mox pen.
P. Conepa. — 3-e¢ m3a. / . Tetimop, H. I'pun, V. Craytr. — MockBa: Mup,
2005. — 436 c.

10. Tetinop, J. buonorus B 3-x 1. T. 3: mep. ¢ anrn. / mox pen.
P. Conepa. — 3-¢ uza. / JI. Teinop, H. I'pun, Y. Crayt. — MockBa: Mup,
2005. — 451 c.
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TEMA: OCHOBBI MOJIEKYJIIPHON BUOTEXHOJIOI'MH

[lens naHHOM TEMBbI COCTOMT B M3YUYEHUM TEOPETUYECKOU IPEAIO-
CBUIKH JJIsl TEHETUYECKON HHKECHEPUU.

Bonpocsi
1.  Crpoenue HykienHoBbIX kuciot. Ctpykrypa JHK.
2. T'enetndeckuii (OMOJOTUYECKUI) KOJI.
3.  Penapanus JTHK.
4.  Pemmukaums JJHK.
5.  Tpanckpumnuusi.
6. TpaHcusmus.

1. Ctpoenue HykJenHOBbIX KncaoT. Ctpykrypa JHK

BriepBbie 0 HYKJIEHHOBBIX KHCJI0Tax cooOuun Opuapux Muiiep B
1869 rony, a B 1944 roxy OcBanba Teomgop IBepu ¢ COTpyaHUKAMH JOKa-
3a71, yTo nMeHHo monekyna JHK saBmgercs xpanureneMm HaCleaCTBEHHOU
uH(pOpMaIUU.

PaznuuaroT ABa BHUja HYKIEHMHOBBIX KHUCIIOT — JE€30KCUPUOOHYKIIEH-
HoByto kucinoty (JJHK) u pubonykiennoyto kucinoty (PHK).

HykernHOBBIE KUCTIOTHI SIBJISIFOTCA MaKpOMOJIEKYJIAMU, T. €. OTJInYa-
10TCsl OOJIBIION MOJIEKYJISIpHOM Maccoi. OHU COCTOSIT U3 MOHOMEpPOB —
HYKJICOTHUIOB (MIEHTO3HBIN caxap — Je30KkcupuOo3a win pubo3a; a30TH-
CThIC OCHOBaHWSI — IYPUHOBBIC — AJICHUH U TyYaHWH, MUPUMUIAHOBBIE —
TUMHUH U [IATO3UH; OCTaTOK (hochopHOii KuciIoThl) (puc. 8).
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(‘)H i (|3 / \ C i i C\ /CH
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| — | I
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I OH H i
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| |
i Caxap i OcHoRaHHE
| |

Pucynox 8 — Cmpoenue nykreomuoa (pucynok c cavuma keldysh.ru)
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KonndectBo koMmmiieMeHTapHbIX ocHOBaHUM A + T u I + I y pa3HbIx
BUJIOB XKMBBIX OopraHu3MoB paznuaHo. OtHomenue X(I" + 1) / Z(A + T)
ABIIETCS BaxkHenmen xapakrepuctukon JIHK, kak moxasarens crene-
¢uyHOCTH ee HykjeoTuaHoro cocraBa. Koadduunent cnenuduanoctu y
JHK Bapeupyer ot 0,45 no 2,57 y Mukpoopraau3mos, ot 0,58 no 0,94 —y
BbIcIIUX pacTeHuid u ot 0,54 no 0,81 — y xxkuBoTHbIX (['oHuapenko I'.I".,
2005).

CoenuHeHnEe HYKJIEOTHI0B B MAKPOMOJIEKYJY HYKICMHOBOW KHCIIO-
Thl MPOUCXOJUT MyTEM B3auMojecTBus ¢ocdara 0THOrO HYKICOTHIA C
TUAPOOKCHUIIOM JIPYTOro TaK, YTO MEXIYy HUMHU ycTaHaBiuBaeTcs ¢ocdo-
auddupHas cesa3pb (puc. 9).

PaznuyaroT nepBUYHY0, BTOPUUHYIO U TPETUUYHYIO CTpyKTYypy JAHK.
[Tepeuunas crpykrypa JHK mnpencrasisier coboil mociaeqoBaTelIbHOCTh
HYKJICOTHI0B, 00pa3yroIryrocs 6iaroaaps CI0KHO(DUPHON CBS3HU, BOSHU-
Karomen Me>1<)1y ocTaTKOM (PochopHON KUCIOTHI Y OJHOTO MOHOHYKJIEO-
TAA U C 3yrﬂepoz[0M I€30KCUpUO03bl JIPYyroro MOHOHYyKJIeoTuaa. Bto-
pruuHas crpykrypa JJHK — cimpanuzanus 1ByX NOJIMHYKICOTUIHBIX LENEN
c oOpa3zoBaHueM JBoiHOM crnupanu. Tperuunas crpykrypa JHK mnpen-
CTaBJISIET COOOM OPraHU3aINI0 €€ MOJIEKYJIbl B XpPOMaTHHOBBIE BOJIOKHA B
a/ipax KJIETOK TkaHen opranusma (Axymnos T.P., 2016).
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Pucynox 9 — Cmpoenue nykneomuoos 6 yenu (pucynox c cauma WWw.himhelp.ru)
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O6001IMB JaHHBIE PEHTIEHOCTPYKTYpHOro aHaiu3a, B 1953 r. ame-
pukanckuii onodusuk Jx. Yorcon (puc. 10) u anriuiickuii 6mopu3uk u

reHeTrK @. Kpuk (puc. 11) mocTponau u onucaid MOJICKYJISIPHYO MOJICITh
JHK.

i

'\

Pucynox 10 — ﬂafceﬁc Lvrou Yomcon Pucynok 11 — CDpéchc Kpux

(1928 — u. 8.) (1916-2004 22.)
(¢homo c catima Openlibrary.org) (¢homo c canima Lichnosti.net)

Ha ocHOBaHuMM MOZ€/IM OHU TIPEAIIOJIOXKUIN, YTO T€HBI OTJINYAIOTCS
Ipyr OT ApYyra 4epeloBaHUEM Map HYKJICOTHUIOB, U HACIICACTBCHHAs WH-
dbopmanus 3aKkoMpOBaHa B BUJIE MOCJIEA0BATEILHOCTH HYKJICOTHIOB.

Bocmpoussenenne reHoB 3a510keHO B cTpykType JJHK — B xomruie-
MEHTAPHOCTH €€ OCHOBAHUM U 3aKJIIOYACTCS B PA3bEIMHEHUN KOMILJIEMEH-
TapHBIX LENEU W MOCIECAYIOIIEH TOCTPOUKE HOBBIX, KOMIUIEMEHTAPHBIX
LETIEN U3 HYKJIEOTUIOB KJIETKH.

2. 'eHeTHueckmil (0HOJIOTUYECKHA) KO/

Teopernueckre pabOTHI, B KOTOPHIX pacCMaTPHUBAIMCh BO3MOKHbBIC
BAPHUAHTHI CTPYKTYPbI TEHETUYECKOTO KOJ1a, CTAIH MOSIBIATHCS BCKOPE T10-
cie onyonukoBaHus B 1953 r. crareu [x. Yorcona u ®@. Kpuka, mocBsi-
HIEHHOU onucanuio cTpykTypsl JTHK.

B 1954 rogy I'. 'amOBBIM OBLIO BBICKa3aHO MPEAIOIOXKEHHUE, UYTO
KoaupoBanue uHopmanuu B MoJiekyiaax JJHK momkHO oCyliecTBISThCS
COYETaHUEM HECKOJIbKMX HYKJICOTHI0B. bbl10 00OHapyxeHo 20 aMHMHOKHC-

JIOT. I[JIH IJ_II/I(i)pOBKI/I TaKOI'o UuxX 4ucjiia JOCTAaTO4YHOC KOJIMYECCTBO COYCTA-
28



HUN HYKJICOTHJIOB MOKET 00ECIICUUTh JIUIb TPUILIETHBIA KO, B KOTOPOM
KaXJlasg aMUHOKHUCIIOTa MUMPYETCs TpeMsl CTOSIIIUMHU PSAIOM HYKICOTHU-
naMu. B 3Tom ciydae u3 4eTbipex HYKJICOTHUI0B 00pazyercs 4° = 64 Tpu-
mera. M3 64 Bo3moxHbix TpumuietoB MPHK 61 xomupyer pasmuunbie
aMUHOKUCIOTHI, ocTaBmuecs 3 (YAA, YAI, YI'A) nonyyunu HazBaHHUE
TEPMUHUPYIOLIUX, WU CTOM-TPUILIETOB.

[lonnas pacmmdpoBka koma mpoBeaeHa B 60-e roasl XX Beka.
B 1968 rony Mapmann Hupenbepr, Xap I'oouna Kopana, Pobept Yub-
aMm XOJUTM 32 paciiupoBKY T€HETHUUYECKOIO0 KOJa U €ro poju B CHUHTE3E
OenkoB cranu yjaypearamu HobOeneBckoil mpemMuu 1o (pU3MOI0THH U Me-
TULIAHE.

HaOntomaercs siBHasi U30BITOYHOCTh KOJa, MPOSIBIISAIONIAACS B TOM,
YTO MHOTHE aMUHOKHCIIOTHI MHUPPYIOTCS HECKOIBKUMHU TPHUILJIETAMHU, 3TO
CBOMCTBO KOJIa Ha3BAHO 8bIPOHCOEHHOCHbIO. ITO CBOMCTBO UMEET BAXKHOE
3HAYCHHE, TaK KaK BO3HUKHOBEHHUE B CTPYKType monekyibl [JHK n3mene-
HUW MO THUIY 3aMEHbI OJHOTO HYKJIEOTHAA B LIEMU MOXKET HE U3MEHHUTH
CMbICa TpuiieTa. Bo3Hukiee TakuM 00pa3oM HOBOE COUETAHUE U3 TPEX
HYKJICOTHUJOB KOJUPYET Ty K€ CaMYK) aMHHOKHUCIOTY. PaziuuHbie Tpu-
IJIETHl JUJI1 OJHOW M TOM K€ aMUHOKHUCIOTHI HAa3bIBAIOT TPUILJIETAMU-
CUHOHHMAaMH.

B mporiecce nzyueHus CBOMCTB Kojia Obljia OOHapyKeHa €ro cneyu-
Guunocmob. Kaxaplil TpUILIET CIOCOOEH KOJUPOBATH TOJIBKO OJHY OIpe-
JIEJIEHHYIO aMUHOKHUCIIOTY.

bbUIO BBISBIEHO TOJTHOE COOTBETCTBHE KOJA Y PAa3JIMYHBIX BHUJIOB
KUBBIX OPTraHU3MOB, TaKasl YHUBEPCAIbHOCMb CBUNIETENBCTBYET O €IMHCT-
BE€ POUCXOXKICHHUS.

Ba)kHbIM CBOWCTBOM SIBIIICTCSI Henepekpbleaemochib Koja — CIocoo-
HOCTb KaxkJioro Hyksieoruaa MPHK BXxoauTs B cocTaB BCEro JUIIb OJTHOTO
MH(OPMAIIMOHHOTO TPHUILJIETA.

Henpepvisnocms Konia CBsi3aHA C TEM, YTO MEXIY JIMHEWMHO pacMoJio-
KEHHBIMU TPUIUICTAMU, COCTABJISIOIIMMUA OJHY TPYIIY CUUTHIBAHUS WH-
dbopMar B MOJIEKYJIaX HYKJICHMHOBBIX KHCIIOT, OTCYTCTBYIOT KaKHe-JIHOO
bu3nyeckue HHTEPBAJIbI, CIIOCOOHBIC TTPEPBATh MPOIECC CUNTHIBAHMUSI.

Tpunnemnocms — e€IUHUIA KOJIUPOBAHUSA, MPEICTABISET COOOM
TPONKY HYKJICOTUJIOB (TPHUILIET), KOTOpas OMpeesieT MECTO COOTBETCT-
BYIOIIIE AMUHOKHUCIIOTHI B TTOJIUIICHTHIHOM LIETTOYKE.

Ycnexu B U3y4eHUH T'€HETUYECKOTO KOJAa U CBS3aHHOTO C HUM IPO-
1ecca OMOCUHTE3a MOCIYKHJIM OCHOBOM ISl CO3/IaHMsI HOBOTO HaIllpaBJie-
HUSI COBPEMEHHOW I'€HETUKHU — TEOPUHU F€HETUYECKOU HH(pOpMAITUH.
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3. Penapanusa JHK

CtaObuIbHOCTh T'€HETHYECKOr0 MaTepualia CBsi3aHa C CHCTEMOM pe-
napanuu, kotopas ycrpansiet u3 JJHK Bo3HukIMe B HEM TOBpEXKACHUS.

SBnenue penapanuu O6sU10 OTKpBITO B 1958 Tony B.U. Koporoau-
HBIM y JUIUIOUAHBIX IPOKKEH.

[Tospexkaenns JIHK, Bo3HUKarOMME PU AECHCTBUU MOBPEKIAFOIINX
areHTOB, B PE3yJbTAaTE IPUBOAAT K HAPYUIEHUIO Y OTCOH-KpHKOBCKOU
CTPYKTYpPBI, YTO BBIPAXKAETCS B JIOKAIbHON JEHATYpPALIMU MOJIEKYJbl U
MPUBOJUT K YACTUYHOMY WJIY MTOJTHOMY OJIOKHPOBAHUIO PETUIMKAIINH.

B HacTosiiiiee BpeMsi BBISIBICHO TPU OCHOBHBIX MEXaHHU3Ma pernapa-
unu JJHK:

1. ®oTopeakTUBAIIUSI.

2. DKCLIM3UOHHA. [F>

3. [locTpennukaTuBHas.

doTopeakTUBAIUSA 3aKIIOYAETCI B BOCCTAHOBICHUU OHOIOrHYe-
CKOM aKTMBHOCTH KJeTOK mim Moiiekynl JIHK, moBpexaeHHbIX yibTpa-
(HOJIETOBBIM M3IIYYEHHUEM B PE3yJIbTaTe MOCIEIYIONIEr0 BO3ACHCTBUS BU-
JMMOTO IBETA.

doTopeakTuBauus npu aecteuu Bugumoro ceera (300—400 M)
Obl1a 0OHapyxeHa B 1949 roay B HECKOJIBKUX JTaOOpAaTOPHSIX.

Mexanu3m ObUT packpsIT B Hauasie 60-x roaoB, korna K. Pymeprom
ObLT BBIJICNICH (DEPMEHT JE€30KCUPUOONMUPUMUINH(POTONINA3a. DKCTPAKTHI
IPOXIKEH O0Ka3aluch CIOCOOHBIMHU BOCCTAaHABJIMBATH TPaHCHOPMUPYIO-
mryto aktuBHOCTH JJHK Haemophyllus influenzae na crery.

Cyoctparom ¢depmeHTa (GOTOPEAKTUBAIMU CIIYkKAaT JTUMEPHl MUPUMHU-
JMHOBBIX OCHOBAaHUM, C KOTOPHIMU OH 00pa3yeT KOMIUIEKC B TEMHOTE (C He-
noBpexaeHHoN JIHK dhepMeHT He cBs3wbiBaercs). Ha cBeTy komruiekce pac-
najaeTcsi, Py 3TOM MPOUCXOIUT MOHOMEpU3AITUS TUMEPOB. B KJIeTKe dyKa-
puoT (hEepMEHT JIOKAJIM30BaH B SAJIpe, y MPOKAPUOT — B HEMOCPEACTBEHHOM
OJM30CTH K HYKJICOUAY. ITOT (hepMEHT He OOHapy>KMBaeTCsi B OE3HYKIICO-
THJIHBIX MUHHMKJIETKAX, KOTOphIe 00pa3yroT HeKOTOpbie MyTaHThI E. coli. W3-
BecTeH MyTaHT I-hr E. coli, y xoroporo OyiokupoBaHa (hOTOpEAKTHBAIIHSI.
[Tpu oOnydeHUH B BUAMMOM CBETE Y ATOTO MYTAaHTa HE MCYE3aI0T TUMHUHO-
Bbie nuMepbl u3 JIHK. depmeHT QoTopeakTuBalMK IIUPOKO PaCcIpoCTpa-
HEH, 0OHAPYKEH JaXe Y MPUMUTUBHBIX MUKPOOPTaHW3MOB (MUKOTLIA3Ma).

DKCIU3MOHHAS penapamnus — T. €. CBA3aHHAS C yJaJICHUEM MOBpe-
xaeHHoro ydyactka JIHK, Ha3zpIBaeTcs Takke penapamnuei mo TUITY BBIIIE-
rieHue — 3aMmenieHue. OHa He CTOJb crelu(pruyHa B OTHOIIEHUN TTOBPEXK-
nennoi JIHK, kak ¢oTopeakTuBamms.

TeMHOBas penapaus
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DKCIM3WOHHAS pernapainus MpeacTaBiaseT co00M MHOTO3TAIHBIN
MPOLECC U 3aKIIFOYAETCS B CIEAYIOIIEM:

1. «Y3HaBaHue» aumepa.

2.  Hanpeszanue ognoii nenu JJHK BOIM3M qumepa — HHITU3HH.

3.  Ynamenue numepa — SKCIU3UM.

4.  Pecuntes JIHK.

5.  BoccraHoBneHHE HENPEPHIBHOCTH PEMAPUPYEMOM LIEMH 32 CUET
oOpa3oBaHUs KOBAJICHTHBIX CBs3el caxapodocdaTHoro ckenera MOJIEKYJIbI.

V3naBanue moBpexnaenus B JIHK  ocymectBiser  depmeHT
Y®-3un0HyKI€a3a. OHAa OTBETCTBEHHA W 32 UHIM3HIO, T. €. HAJAPE3AHUE OJ-
Hou nenu JIHK HenmocpeacTBEHHO OKOJIO JUMEpaA € S -KOHIIA B MOBPEKICH-
HOM TIeTH. DKCIIepUMEHTHI IN Vitro ¢ o0aydyennoit JIHK moka3zanu, 4To 4uciio
OJTHOHHUTEBBIX Pa3pbIBOB OKA3bIBACTCS PABHBIM YUCITY IUMEPOB B MOJIEKYJIE.

DOkcuu3uio (BbIpe3aHUe AUMEpa) OCYIIECTBISET Apyras HyKjeasa.
Jlumep ynaisieTcs B COCTaBE KOPOTKOTO OJUTOHYKJIeoTuaa (3—5 ocHoBa-
HUI), 4YTO MOKET COINPOBOXKIAThCS AAIbHEUILICH Jerpajalueil moBpekK-
nenHon crmpanu. Jerpaganmio JIHK ocymectBiger ATd-3aBucumas
JIHKa3a. B pe3ynbrate skciusun u ganbpHewmein nerpaganuu JJHK obOpa-
3YIOTCA OJTHOHUTEBbBIEC Openiu.

Pecunres JIHK, B pe3ynbTaTe KOTOPOIro 3amojHSIOTCS Opemu (mpo-
OeJibl), UJET C UCMOJIb30BAHUEM B KaU€CTBE MATPUIIHI HHTAKTHOM IICTIH.

[Tocneauuii »Tam BOCCTAHOBJICHUS HJIET C TOMOIIbIO (epMeHTa
JIHK-nurassr.

PaznuuHble BapuaHThl SKCIU3UOHHOW pemnapanuu IMHUPOKO pacIpo-
CTpPaHEHbl y TMPO- U IYKAPUOTUUECKUX OpraHu3mMoB. OHa oOHapykeHa y
MPOCTEUIINX, B KyJIbTYPE KIETOK MJICKOIATAOIINX.

Hapymenue nponeccos penapanuu JJHK odHapykeHo y mojaei, mo-
PaXXECHHBIX HACJIC/ICTBEHHBIMU 3a00JE€BAHUSIMU — MUTMEHTHOW KCEpOJep-
Moii. 3BecTHO Heckoibpko THIIOB 1ok Oone3nu: XPI, XPIll, XP,,,, o0mu-
MU CHUMITOMAaMU KOTOPOW CHIYy>KaT MOBBIIICHHAs YYBCTBUTEIBHOCTH K
COJTHEYHOMY CBETY, MPUBOJAIIAS K Pa3BUTHUIO paka kKoxu. KynbTypa Kie-
Tok XPl uyBcTBUTENbHA K YIbTpauOIECTOBOMY CBETY, HO HE K MOHU3U-
pPYIOIIEMY H3JIYyYeHHIO. Y 3TUX OOJbHBIX JeHEKT 3KCIM3UOHHOU pernapa-
UM CBSI3aH C OTCYTCTBUEM aKTUBHOCTH Y D-3HIOHYKII€a3bl. B KyibType
KJIETOK 3/JI0POBBIX JIIOJIEH Mociie 00ydeHusl yiabTpadHroeTOBbIM CBETOM B
noze 10 I[)K/M2 yepes 20 gacoB u3 JJHK ncueszaer 10 90% TUMHUHOBBIX qU-
MEpOB, B TO BpeMs Kak B KieTkax 0oabHbIX XP| quMepsl BooOIIe HE yia-
nsrorcsa u3 JIHK.

Tun XPIl wyBcTBUTENEH Kak K yibTpadHUOIETOBOMY, TaK U PEHTIE-
HOoBckoMy m3nyudeHusM. Kimerku XPIll e crmoco6nsr penapuposats JJHK,
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MMEIOIIYI0 OJTHOHUTEBBIE pa3pbIBbl. B kileTkax 00ibHBIX XP, BhINIEILIE-
HUE JTUMEPOB UJET HOPMAJIbHO, a IEPEKT CBSI3aH C MHBIM TUIIOM perapa-
UK — NOCTPEIUIUKATUBHOM.

Takum oOpazom, OMOTOTMUECKUM CMBICI DKCIIM3UOHHOMN penapaiuu
COCTOMUT B TOM, YTOOBI IPEAYNPEAUTH 3aKPEIJICHUE Y MOTOMCTBA MyTallUi
U TIOCJIETYIOIEE PA3MHOKEHUE U3MEHEHHBIX (POpM.

IMocTpensimkaTuBHAsI penapanus — 3TO OBICTPBINA CIOCOO BOCCTa-
HOBJICHUS HATUBHOW CTPYKTYPBI, IO KparHen Mmepe yactu goyepunx JJHK.
IIpu 3TOM TUMHHOBBIE JUMEPHI OCTAKOTCA B UCXOJHBIX POAUTEINBCKUX HHU-
TAX. DTa penapaimusi MPOUCXOIUT YK€ B MEPBbIE MUHYTHI MOCIE 00IyUe-
HUSL.

CyllecTByeT MeAJIeHHAs1 MOCTPEIVIMKATUBHAA penapauus, s
OCYILECTBIICHHS] KOTOPOM TpeOyeTcs HECKOJIbKO YacoB. Ee mpoBoauT cuc-
TeMa (PEpMEHTOB, KOTOPHIX HET B HEOOIYUYEHHBIX KJIETKAX, U KOTOpas WH-
OyIUpyeT o0yueHre. DTOT MeXaHu3M Ha3biBaeTcs: SOS-penapauus. Ero
XapaKTepHAs YepTa — HETOYHOCTh BOCCTAHOBJIEHUS IIEPBUYHOU CTPYKTYPBI
JIHK, B CBSI3U ¢ 4eM OH MOJy4YrJI TaK)KE HA3BAHUE penapannu, CKIOHHOU K
omuoOKam.

[Ipu sToM Bo3moOkeH penapatuBHbiil cunTe3 JJHK B 00x01 TMMUHO-
BBIX JMEPOB WM, TOYHEE, 3 CUET UCIOJb30BAHUS B KAYECTBE MATPHIIbI
uenu JJHK, conep:xarteit numepst.

Ecnu B KkieTKe, HECMOTPSL Ha OCYIIECTBICHHYIO pernapauuro, KOJu-
4ecTBO noBpexaeHuid u cTpyktypsl JJHK octraeTcss BhIcOKMM, B HEW OJ0-
kupyroTcs npoueccel perunkanuu JJHK. Takas knerka ve nenurcs (Yet-
BeprakoBa E.B., 2022).

4, Pensmmkanusa JHK

Bo Bpems neneHust KIETOK reHeTnyeckas MHQopMalus J0JDKHA Ie-
peuTu B nouepHue knetku. [na moctmxenus sroro Bea JHK kierku ko-
NUPYETCs B MPOIIECCE PEIJIMKAIIMU BO BpeMs S-Pa3bl (CHHTETUYECKUM Tie-
pHOJ) KIETOYHOTO LIMKJIA, IPU 3TOM KaKJasl €€ LEMb CIYKUT MaTpULEeH
JUIsl CHHTE3a KOMIJIEMEHTAPHOM MOCIEN0BATEIBHOCTH.

B pesynbrate u3 onHoi npoitHoi cnupanu JJHK oOpasyrorcs nse
UJICHTUYHbIC JIBOMHBIE criupaiiu. Takol crnocod yaBoeHus monekyinl JJHK
Ha3bIBACTCS MOJYKOHCEPBATUBHBIM. JTOT CIOCOO pEIIMKAlMU MOJTBEP-
aund B 1957 rony Mbatbio Mesenbcon u @pankiina Ctanib, IPOBEAS OIBIT
Ha KJIETKaX OaKTepuil.
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['tonTep 3urmyna CTEHT NpemsiokKUI paccMaTpuBaTh TPHU crocoba
perukanuu JJTHK:

1. KoncepsamueHmsiii, Ipu KOTOPOM HOBBIE MOJIEKYJIBI HE COAEpIKAT
MarepuainoB poaurensckon JJHK.

2. IlonyxoncepsamuesHuiii.

3. J{ucnepcHwiii, KOoTAa MaTtepuall UCXOJHOM MOJIEKYJIbI CIydailHO
pacrpezaenseTcss B 00euxX JoYepHHUX MoJieKyax (puc. 12).

OkcnepumeHT M. Mesenbcona u ®@. Ctans mo3Boyiui caeaaTh BIOOp
MEXK]Ty STUMH TPEMsI BapUaHTaMHU.

KOHCGpBBTHBHbIﬁ nOHYKOHcepBaTHBHbIﬁ AucnepcHbin
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Pucynox 12 — Cnocobwt pennuxayuu JIHK (pucynok c cavima Darwin.wcupa.edu)

C moMorpio pepMeHTa xenukassl ABoriHas cnupaib JJHK B oTaemns-
HBIX 30Hax pacruietaercsa. OOpa3zyromuecss NpU 3TOM OJHOLIETIOYEYHBIE
YYaCTKHU CBSI3BIBAIOTCS CIICIUAIbHBIMHU JECTaOUIU3UPYIOMUMHU OeTKaMHU.
Monekysbl 3TUX O€IKOB BBICTPAMBAIOTCS BAOJb MOJTUHYKJICOTHIHBIX I1€-
e, pacTATUBasi UX OCTOB M Jeiasi a30TUCThIE OCHOBAHUA JOCTYITHBIMHU
JUISL CBSI3BIBAHMSI C KOMILUIEMEHTAPHBIMU HYKJICOTHIAMHU, HAXOIAIIUMHUCS B
HYKJIEOTIa3Me.

O6nacTu pacxoXJI€HUsI MOJMHYKICOTUIHBIX IIENeld B 30HaX PEIliu-
KaIliu Ha3bIBAIOT peniukayuonnvimu eunxamu (puc. 13).

Paznenenue crnmpanbHO 3aKpyyeHHBIX Lenerd poautenbcekon JJHK
(dbepMEeHTOM XeJMKa3a BBI3bIBAECT MOSIBJICHUE CYNEPBUTKOB MEPE] PEIlIu-
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KAIlMOHHON BUJIKOW. DTO OOBSICHSECTCS TEM, UYTO IPH PACXOKICHUHM KaXK-
IbIX JECATH Nap HYKIeoTuAaoB poautenbckas [IHK pgomkna coBepmmnTh
MOJHBIA 000pPOT BOKpYr cBoei ocu. CienoBaTenbHO, JJIS IMPOABHKCHUS
perTMKaIiMoHHOW BUJIKU Bcsi MoJiekyna JIHK mepen Hewt momkHa ObI ObI-
CTpPO BpalllaThCsl, YTO MOTPeOOBaIO ObI OOJIbIIIE 3aTPAT SHEPTHUH.

Marpuua wis cuHTe3a
BeAylUeH Lenu

Hecrabunusupyroumii
6enox

Marpuua mis cuHTe3a
5 OTCTAIOLUEH LenH

Pucynox 13 — Cxema obpaszosanus penauxayuonnoti euiku JJHK (pucynox c catima
http://www.medicalbrain.ru)

Jrtoro HE HaOrogaeTcs Osaromaps dbepmeHTam
JIHK-Tonmonzomepazam. ITOT pepMeHT mMepeMeinaeTcsi BAOJb JIBYXCHH-
panbHOM ponutenbckorn JIHK mepen Buikou permkanuv U pa3pbIBAET
onny u3 neneu JJHK, npucoeneHsercs kK pa3opBaHHOMY KOHILY, U 3TO AT
BO3MOkHOCTh HUTH JIHK Bpamarscss BOKpyr BTOPOU.

B kaxnoi obnactu pemmkauuu npu ydactuu JIHK-nommumepassi
cunresupyerca JJHK aByx HOBBIX TOUYEpHUX MOJIEKYII.

JAHK-mmonmumepasza  OpucOEAUHSECT  OYEPENHOW  HYKIEOTHI K
OH-rpynne B 3 -n00KEHUH TPEAIIECTBYOIIETO HYKJICOTHIA.

Ocob6ennocthio JIHK-mmonumepassl sBiIsSIETCS €€ HECIIOCOOHOCTh Ha-
4aTh CHUHTE3 HOBOW MOJUHYKJICOTHUAHOM IEMU MyTEM MPOCTOTO CBS3bIBA-
HUA ABYX HyKjieo3uarpudocdaroB: HEOOXOUM 3'OH-komnew kakoii-mu6o
MOJIMHYKJICOTUIHOM 1I€NH, ciapeHHor ¢ MaTtpuuHou uenesto JIHK, ¢ koTo-
poit JIHK-monmumepaza MoxkeT Juillb J00aBISATh HOBBIC HYKJICOTHIBI. Ta-

KYIO 1Ielb HA3bIBAIOT 3ampasKou, Ui npaumepom. Poiab 3aTpaBKu BBITIOJI-
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HSAIOT KopoTkue mocienoBatenbHoctTn PHK, oGpasyembie mpu yuyactum
dbepmenta PHK-npaiimassl.

Ota ocobenHocth JHK-momumepaspl 03Ha4aeT, 4To MaTpuiieit mpu
PEIUIUKALMU MOKET CIYXKUTh JIUIIb LEIb I[HK HECYILAsi CIAapEeHHYI C
HEH 3aTpaBKy, KOTOpasi UMEET CBOOOIHBIN 3" OH-koner,

B cBs31 ¢ 3TUM TIpoLIECC PEIIMKAIIMY HAa aHTUIIAPAIUICIBHBIX HETsAX
JHK npumensroT no-pazHomy. Ha O,Z[HOI/I U3 MaTpull cOOpKa HOBOM LeTH
HpOI/ICXO,Z[I/IT HENPABWIBHO OT 5k 3- -KOHIly Y NOCTENEHHO YMEHbIIAETCS
Ha 3'-KkoHIe.

Cunte3 Bropoit ienu JIHK ocyiecTBiseTcss KOpOTKUMHU (PparMeHTaMu
(100200 HyKICOTHIOB) HOYSMBIIMMH HA3BAHHE ¢parmenToB Oxkazakw,
TaK>K€ B HAIPABJICHUU OT 5'k3 -KOHI1Y (TI0 TUITY IIUThS HA3aJ UTOJIKOM).

Cunre3y kaxaoro Qgparmenra mnpeamiecTByeT oOpazoBanue PHK-
3aTpaBKU JUIMHOM OKOJIO JECATH HYKJIEOTHUJ0B. BHOBH 00pa3oBaHHBIM
dbparment ¢ nomotisio ¢parmenta JJHK-nurasel coequnsieTcs ¢ npeaiie-
cTByroIuM (pparmenToM mocie yaaiaenus ero PHK-3arpasku.

OnHa Henb CUMHTE3UPYETCS HENPEPBHIBHO U IMOJYYWIA HA3BAHUE JIU-
oupyrowet. CUHTe3 APpYroi UJeT MEIJICHHEE, TaKk KaK OHa COOMpaeTCs U3
OT/CJIbHBIX (parMeHTOB, TPeOYIOIMX OOpa3oBaHUs, a 3aTEM YIAJCHHUS
PHK-3aTpaBku (3ana3()bzea;ou;aﬂ) XoTs oTneNbHbIe (parMeHThl 00pa3y-
IOTCSI B HAIPABJICHUU 5"k 3/, B nenom nennb pacTeT B HanpaBneHHH 3k5.

Ha 3axmrounTensHOM 3Tane JIHK-nuraza coenunsiet 3! -KOHEI OJHO-
ro u3 pparmeHToB OKa3zaku ¢ 5/-xoHIOM cocenmero dbparmMenTa ¢ oopazo-
BaHueM (pochopHodbuUpHON CBs3U. JlanpHelIas crupanu3aiys MOsIBUB-
merocs yuyactka JIHK npoucxoaut ¢ yuactuem JIHK-rupaszsl (pepMeHT 13
IpyIbl TOMMOU30MEPa3, BBI3BIBAIOIINI 00pa30BaHUE OTPUIATEIBHBIX CY-
MEPBUTKOB B pEJIAKCUPOBaHHOM KoyblieBoM Monekyie JIHK) u HekoTopbix
JIPYTUX OEIKOB.

KoHeuHbIM pe3ynbTaToOM Mpoliecca PEeIUIMKAIMU SBIIIeTCS 00pa3oBa-
Hue nByx mosiekyn JIHK, HykiieoTuHas 1mociieqoBaTelIbHOCTh KOTOPBIX
UJICHTUYHA TAKOBOW B MaTepUHCKOW ABoMHON cniupanu JJHK.

5. Tpanckpunuus

Tpanckpunyus — nepeHoc WHGOPMAIMU C JBYLIETIOYEUHOU MOJIEKY-
el [IHK Ha omHouenoueunsie Moiiekysisl PHK. Ilpu aToM Marpunen s
cunre3a PHK cnyxut Toneko ogna uens JJHK, Ha3piBaemas CMBICIIOBOM.
[Iporiecc TpaHCKpHUIILIUKM OOECIIEUYNBACTCS KOMIUIEKCHBIM JICHCTBUEM
psina ¢pepmentoB, B yactHoctd PHK-nonumepasoi. ¥V sykapuot ycTaHOB-
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neHo Hanmuue saepHord PHK-momumepassr tpex tunos (I, II, 11I) u PHK-
nonuMepas KietouHbix opraneiut. PHK-nonumepasza I tuna naxogurcs B
SJIPBIIIKE W Yy4acTBYeT B cHHTe3e OosbinumHcTBa MoJiekyn pPHK, PHK-
nonumepasa Il tuna obecneunBaer cunte3 MPHK u MsPHK (Manbie snep-
Hele PHK), PHK-nonumepasa III tuna ocymectsisier cunare3 TPHK u on-
HOro Bapuanta mosuekyn pPHK.

TpaHckpunusa noapasaeisieTcs Ha TPU CTaAUMN:

— unuyuayuu — Hadaso cuare3a PHK;

— 9I0H2aYUY — YIJIMTHEHNUE MOJIMHYKICOTUAHOMN LETIOYKHY;

— mepMuHayuyu — OKOHYaHUE IIPOIECCa.

Hhuyuayus TPpaHCKPUIILIMHU 3aBUCUT OT NPEABAPUTEIBHOTO CIEIH-
buueckoro cBsizpiBanus PHK-nonumepasbl ¢ MpoMOTOPOM, KOTOPHKIM pac-
MOJIOKEH MEPEJl CTAPTOBOM TOYKOM CTPYKTYPHOI'O I'eHa, ¢ KOTOPOro Ha4u-
Haercs cuHTe3 PHK. [IpoMOTOpEI MHOTMX T€HOB MPOKAPUOT UMEKOT B CBO-
€M COCTaBE€ YHUBEPCAJIbHYIO IMOCJIECA0BATEIBHOCTD 5_TATAAT-3 (60K
[IpubHOBa), KOTOpasi pacrojaraeTcs IMepes CTapTOBOM TOYKOW Ha pac-
crosaun 10 HykneotnnoB u pacnoszHaercs PHK-mommmepason. dpyras
MOCJIeI0BAaTEIbHOCTD 5/—TTFAL[A—3/ OOBIYHO OOHAPY>KUBAETCSI HAa pac-
CTOSIHUY NMPUMEPHO 35 HYKJICOTHUIOB OT CTAPTOBOM TOUYKH.

B renomax sykapuot gynkuuto y3naBanus 1 PHK-nomumepasst 11
MOTYT BBINOJIHATh YHUBEpCaJbHBIC MochenoBareapHoctTy —TATA— (610K
XorHecca), —-I[IAAT— u cocTosiliie U3 MOBTOPSIOMINXCS HYKICOTUAOB ' 1
[ (I'll-moTuBsI). [Ipn 3TOM TpOMOTOpPHAsT OOJIACTH MOKET COJECPKATH O/I-
HY MOCIEI0BATEIbHOCTh JIM00 UX KOMOWHAIIMIO.

PHK-nonuMepasza cBs3bIBaeTCS ¢ MPOMOTOPOM M HAYMHAET ITPOLECC
paCIUIETEHHS.

Hanbuenmee pacmerenne JJHK cTpykTypHOro rena conpoBoxaaeT-
cs1 yymaeHarneMm HutH PHK (s10n2ayus), pomomkarommuMest 10 TOCTHKE-
nus PHK-nonumepasHoit o6mactu TepMuHaTopa (HyKJI€OTHIHAS MOCIIe10-
BarenbHOCTh JIHK). TepmuHatop HaxoauTcs, Kak MpPaBUIO, B KOHIIE
CTPYKTYPHOTO I'€Ha.

Baxxno nomguepkuyTth, uto u-PHK Tpanckpubupyercs Bcerna ToJIbKO
c ognou nenouyku JIHK B HanpaBiaeHuu ot 3’ k 5'-KOHITY.

JHK 5/ A T- II- I A T T I I 3
3/ T A - I- T A A T- T- 5

[
|

HaIpaBJICHUC TPAHCKPHUIILIUH
u-PHK 5/ A- V- I I A Y- Y- I I 3
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Y 3yKapuoT CTPYKTYpHBIE T€HBI UMEIOT MPEPHIBUCTOE CTPOCHUE, IO-
3TOMYy cHadajia obpasyercs rereporennas saepHas PHK (rsPHK), nu6o
npomatpuyHas PHK (mpo-MPHK), koTopasi otoOpa)kaeT MO3auyHYIO
CTPYKTYpY reHa (MHTPOHHBIE, SK30HHBIE YYACTKH), 3aTEM MPOTEKAET MPO-
necc co3peBanus (nmpoueccudr PHK).

B nponeccuHre npuHUMAarOT y4yacTue U KOpoTkue Mosekyibl MmaPHK
(maneie saepubie PHK), mpeacraBismomme coO0i MOCIEA0BATEIBHOCTH,
ABJISIOIIMECS KOMIUIEMEHTAPHBIMH MOCIEA0BATEIBHOCTSIM Ha KOHI[AX WH-
TpoHHBIX YuacTkoB r1PHK. CnapuBanue KoMIieMeHTapHbBIX HYKJICOTHO0B
MaPHK u rssPHK cniocoOcTByeT cBOpaunBaHuIO B NETII0 UHTPOHHBIX y4a-
CTKOB M COJI>KEHUIO 3K30HHBIX ydyacTkoB TSIPHK, uto nenmaer ux goctyn-
HBIMU JIEUCTBUIO HYKJea3 (paspesatomue pepmenthbl). Mosekyna MaPHK
o0ecneynBaroT NMPaBUILHOCTH Bbipe3aHust UHTpoHOB u3 rsiPHK. Bo Bpems
MPOILIECCUHTA MPOUCXOAUT MOIUPUKAIIIS 5" u 3'-xoHnoB dbopmupyrome-
cs 3penoit mosiekynsl MPHK. 3penas MmPHK B manbHelmiem y4yacTByeT B
TPAHCIALIMU T€HETUYECKON NH(POPMALIUH.

6. Tpancasauusi

OuepeHol 3Tan peain3alny reHeTHYECKON HHPOPMALIMK 3aKIII0Ya-
€TCsl B CUHTE3€ MOJIMIENTHIa Ha pudoCcoMe, P KOTOPOM B KaueCTBE MaT-
puLbl Hcrtonb3yeTrces Mmonekyna MPHK.

Y mpokapuoT, TaK KaK HYKJICOTH] JIEKUT B IIUTOILIA3ME, MPOLECCHI
TPAHCKPUIIAKN U TPAHCISIIAKN UAYT OJHOBPEMEHHO.

VY 3yKapuOT NMpOLECCHl Pa3feiIeHbl BO BPEMEHH B CBSI3U C IMPOILEC-
cuarom PHK u HE0O0X0AMMOCTHIO MX MOCIEAYIOMIEH YIaKOBKHM U TPAaHC-
MOPTUPOBKH U3 KapUOILJIa3Mbl B LHUTOIIA3MY C YYAaCTHEM CIEHUAIBHBIX
TPAHCIIOPTHBIX OEIKOB.

[Ipouecc TpaHCISIUM COCTOUT W3 TPEX ITAIOB: UHUYUAYUU, ITO0H2A-
yuu, mepmMuHayuu.

/s MHUOMAUWU TPAHCISIUIUU BAXKHOE 3HAYCHUE MUMEIOT MOJMCOMBI
(koMmIuTiekc pubocom). B mporiecce TpaHCHAIUK Y4acTBYIOT TaKke MoJIe-
kynbel TPHK. IIponecc npucoenuuenust kaxaon n3 20 aMMHOKHCIIOT K aK-
LENTOPHOMY KOHIY cooTBeTcTByHIIer TPHK cBsizan ¢ ee aktuBanmen
onpeneneHHbIM BapuanTaM (epMmenta amuHoanmi-TPHK-cunTeTassl ¢ mc-
moJib30BaHueM dHeprun ATO.

OOpazoBaBuuiics npu 3ToM cnenududeckuit komiuieke TPHK u
aMHUHOKHCIIOTHI HazbiBaeTcs amuHoaruia-TPHK, mepemeniaercs k pubdoco-
M€ M YYAaCTBYET B CUHTE3€ MOJUNEITUAA.
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Hayano mHULMAIMU TPaHCIALMHU Y 3YKapHUOT 0OecrieyruBaeTcsl TOY-
HBIM COCJIMHCHHUEM 5/-KOHI_Ia monekysibl MPHK ¢ onpenenenHoit 001acTeio
Manoit cyObenuHuiibl pudbocombl. B P-yuactke (omun u3 TPHK-
CBSI3BIBAIOIINX Yy4acTKOB — nentuauia-TPHK-cBsa3bpIBatomuii y4acTok) oka-
3bIBAETCA CTAPTOBBIA KOAOH AV 3T0i MoneKkysbl. @yHKIMOHATIBbHAS OCO-
OCHHOCTH JIaHHOTO Y4YaCTKa COCTOUT B TOM, UYTO OH MOXXET OBITh 3aHAT
TONpKO uMHHUIMupyromen amuaoauin-TPHK ¢ antukomonom Y AL, koto-
pas y 9yKapuoT HECET AMUHOKHUCIIOTY METHOHUH.

[Tocne oOpa3oBaHusI MHUIIMUPYIOIIETO KOMILIEKca B P-yyactke cra-
HOBHUTCS BO3MOKHBIM BOCCOCJAMHEHUE MO U OOJIBIION CyObeIeHUI] PH-
0ocomsl (puc. 14).

YYACTOK

IO JTHITEITT H
JHAA LeIb

Pucynok 14 — Yuacmok cunmesa nenmuoda na pubocome (pucyHox ¢ cauma
http://bio.fizteh.ru)

DJnoHTalMs TOJUIENTHAA HAUYMHAETCS ¢ OO0pa3oBaHUsl MENTUIHOMN
CBSA3M MEXIYy UHUIMHUPYIOUIEH U MOCIenyole aMmuHokucioTaMu. Pubo-
coMa JIBMXKETCS BJIOJIb MATPUILIbI B HANPABICHUU 5'>3' uro COITPOBOK1a-
erca orcoenuHenneM nHunuupytomen TPHK or MPHK, oT unnmmupyro-
el aMUHOKHUCIIOTHI U BBIXOJIOM €€ B IuToriasmy. [Ipu stom pubocoma
casuraercst Ha oauH TpuruieT BAoJib UPHK u ero cBoOOgHBIM A-1IIEHTpOM
(TPHK-cBs3biBatomumii yuactok — amuHoanui-TPHK) cBsizbiBaeT cienyro-
myto amuHoanua-TPHK B cootBeTcTBHU ¢ kKogonom uPHK (puc. 15).
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6enkoBas yenb

7-PHK gna tpuntodana T-PHK gnsa BanuHa

AHTUKOA,0H

Pucynox 15 — Cunmes 6enxa na pubocome (pucynox c cavima http.//sistemurynes.ru)

[Ipouecc umer no tex nop, noka Ha UPHK He BCcTpeTtutcss KOgOH-
TEPMUHATOP.

[Tocne BbIX0oaa U3 PyHKIIMOHATBHOW PUOOCOMBI CBOOOTHBIM 5-xonen
MPHK MokeT BCTYynmUTh B KOHTaKT CO Cieayrolieid prudocoMoi MOIuco-
MHOW TpYyMIbl, HHUIIUUPYS CUHTE3 €I€ OJIHOT0 MOJUMENTHIA. DTUIIUKI
TPaHCIIAIUY TIPECTaBICH Ha pUCYHKe 16.

S noHrauma
=

o o<
o 9. .

CeBobGoaHble pubocombl Benok

Pucynox 16 — Dnuyukn mpancisyuu (pucynok ¢ caiima http://bio.fizteh.ru)
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TEMA: OCHOBBI TEHETUYECKOH UHXXEHEPUU

[lenb M3ydeHHsT TaHHOM TEMBI COCTOMT B OCBOEHHUHM METOJIOB CEKBE-
HupoBanusa JIHK; o3nakomiiennu ¢ sTanmamMu KOHCTpYyUpOBaHUS (parMeH-
ToB pekoMmOuHaHTHRIX [IHK; mepcrnexTuBamu MCMNoOab30BaHUsI T€HETHYE-
CKOM MHXEHEPUU B OTPACIISIX HAPOJIOTO XO3AMCTBA.

Bonpocsl

HcTopus pa3BUTHSA T€HETUYECKOU NHKECHEPHUH.
buorexnonorus pekomOunanTHeix JJHK.
1. Metonsl cexkBenupoBanus JIHK.
KoncrpyupoBanue pparmentoB pekomouHantHbeix JJHK.
DKCHPECCHS UYKEPOIHBIX TEHOB.
Hcnonb30BaHNE F€HETUYECKON UHKEHEPUU B )KUBOTHOBO/ICTBE.

RN NS

1. Hcropusi pa3BUTHSI TeHETHYECKOH NHKEHEePUH

['eHeTnuecKkas MHKEHEPUsI — OBICTPO Pa3BHUBAIOIICECS HAIMPABJICHUE
B OMOTEXHOJIOTUH, KOTOPOE BO3ZHUKIIO HAa CTHIKE MOJICKYJISIPHON OMOJI0THH,
T€HETUKH, OMOXHWMHU U TIO3BOJIIET OCYIIECTBIISITh MAHUITYJISIIIUKM C T€HAMU
Pa3HBIX OPTAHU3MOB.

CormacHo ompemieHuro akagemuka A.A. baeBa, reHeTH4eckass WH-
KCHEpHS MPEJCTaBIIICT COO0H KOHCTpyHUpOBaHKE iN Vitro yHKIIMOHATIBHO
AKTUBHBIX T'€HETUYECKUX CTPYKTYp (CO3aHUE HUCKYCCTBEHHBIX I'€HETHUYE-
ckux nporpamm). O.C. [lupy3siH onpenesnsyi TeHETUYECKYI0 HHXEHEPHUIO
KaK CUCTEMY 3KCHEPUMEHTAIBHBIX MTPUEMOB, MO3BOJISIONIUX KOHCTPYHUPO-
BaTh JIAOOPATOPHBIM IMYTEM HCKYCCTBEHHBIE T€HETUUYECKUE CTPYKTYpPHI B
BUJIe pekoMOMHaHTHBIX Mosiekyn JJHK.

Takum 00pa3oM, OCHOBHBIM OOBEKTOM JJII T€HETHYECKOM HH)KEHE-
puu asisiercs mosiekyna JIHK (3arockuna H.B. u nip., 2009).

CorsacHO ONpPEAEICHUI0 HAIMOHAJIBHBIX HMHCTUTYTOB 30POBBS
CHIA, «pexomounanmuvimu /JJ[HK naszviearom monexynvt /JHK, nonyuen-
Hble 6He HCUBOU KIEeMKU NymemM COeOUHEHUs. NPUPOOHLIX UIU CUHmMemUuYe-
ckux gppaemenmos [{HK ¢ monexynamu, cnocoOHbIMU penTuyupo8amscs 8
knemke» (Eroposa T.A., 2003).

TepMHUH «reHETUYECKass WHXKCHEPUS MOSBUJICS B HAYYHOU JUTEpa-
type B 1970 r. (I'onuapenko I'.I"., 2005).

IlepBas pekomOunantHas [IHK nmonydena B 1972 roay Ilomom bep-
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roM C coaBTOpaMH M Oblia coctaBieHa u3 ¢parmentoB JIHK, B3sTHIX y
Bupyca SV-40, OGaktepuodara A, OakTepun kuimedHas naiouka E. coli.
dopmanbHo 1972 roa ciaeayer cuuTaTh AATOW POXKICHUS T'€HETUUYECKOM
uHxeHepuu. OHa UMEET SPKYI0 UCTOPHUIO Ojarojapsi ToMy OOIIECTBEHHO-
My PE€30HAHCY, KOTOPBIM OHA BbI3Baja C CaMbIX IEPBBIX CBOMX IIaros. Ha-
4ajg0 ATUM COOBITHSIM IOJOXKWIO TMOCIAaHWE YYaCTHUKOB [ OpJOHOBCKOM
koH(pepenuu (1973 r.) npesuanymy akagemuu Hayk CIHIA, B koTopom
TOBOPUJIOCH O BO3MOKHOM OMNMACHOCTH TEXHOJIOTUH PEKOMOWHAHTHBIX
JIHK nins 3mo0poBbst uenoBeka. Bo3aMokHbIe Oyiara reHeTHYeCKOM UH)KEHE-
pUU MPU3HABAIKCH C CAMOT0 Hayaja, HO pa3Horjacus Mo AaHHOM mpoObiie-
M€ HE 3aTUXJIM U cenyac.

Hctoputo pa3BUTUSA T€HETUYECKON UHKEHEPUHU MOKHO YCIIOBHO pa3-
JIEUTh HA TPH dTarna.

IlepBblil 3TANl CBSI3aH C JOKA3aTEIBCTBOM IMPUHIHUIIMAIBHON BO3-
MO>KHOCTH TojydeHus pekomounantHou JJHK in vitro.

Ha BTOpom 3Tane Obud TOKa3aHBI:

— BO3MOKHOCTb CO3/IaHMsI PEKOMOMHAHTHBIX MOJIEKYJ C HCIIOJIb30-
BaHMEeM HCXOAHBbIX MoJiekyn JJHK oT pa3HbIX BHUJIOB M IITaMMOB OakTe-
pui;

— UX JKU3HECIIOCOOHOCTD;

— cTaOMIBHOCTE;

— (DyHKIIHOHHPOBAHUE.

Tpertnii 3Tan cBg3aH ¢ HaYaJIOM padOT MO BKJIKOYEHUIO B BEKTOPHBIE
mosiekybl JIHK reHoB aykapuoT, TJIaBHBIM 00pa3oM pacTEHUM U KUBOT-
HbIX (Tuxonos 1.B., 2005).

B Tabnuie 2 nepednciieHbl HEKOTOPBIE 3HAYMMbIE OTKPBITHS, 0€3 KO-
TOPBIX HEBO3MOKHO OBLIO CTAHOBJICHHWE U PA3BUTHE TCHETUUYECKON MHMKE-
HEpHUH.

Tabnuia 2 — OCHOBHBIE ATaNbl pa3BUTHS TEHETUUECKON MHKEHEPUU

Jara ConepxaHne OTKPBITUA
1 2
1869 | Beigenena JIHK u3 sinep knetok raos (D. Murep)

CxoHcTpynpoBaHa Mojenb ABorHoM cninpanu JJHK Ha ocHOBaHuM pe3yiib-

1953 TaToB peHTreHocTpykrypHoro ananusa JJHK (. Yorcon, ®@. Kpuk)

OTkpsiTo siBneHue peHarypanuu [JHK 1 ycTaHOBIEHBI TOYHOCTH U CIICIH-
1961 | puyHOCTE peakuuu THUOPUIW3AIMK HYKJIEHMHOBBIX KucCIoT (A. Mapmyp,
I1. Dotn)
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Okonuyauue Tad. 2

1 2
1962 | Bnepsole monyueHsl cBeeHus o ¢pepmenTtax pectpukiuuu JJTHK (B. ApGep)
1967 | Otkpeita JJHK-nuraza (M. I'enniepr)
1968 | Beimenena nepsas pectpuktasa (M. Mesenncon, E. FOanb)
1972— | Pazpaborana Ttexuomorusi kionupoBanus JIHK (I. boitep, C. Kooam,
1973 | IL bepr)
1975— | PazpaboTanbl METO/IbI OBICTPOTO OMpENeNeHUsT HYKJICOTUTHOM Mocie1oBa-
1977 | renbHocTH (D. Conrep, P. bappen, A. Makcawm, B. 'un6epr)
1979 | Cunre3upoBan red Tupo3uHoBoi cynpeccopuoit PHK (I'. Kopana)
1981— | [lonmyuyena TpaHCreHHass Mbllib. [lOMy4YEHBI TpPAHCTEHHBIE SK3EMILISIPHI
1982 | npo3odwunsl (P. [Tansmutep, P. bpuncrep, A. Cipaunr, ['. Pyoun)
1986 | Paszpaboran meron momumepasnoit rienHon peakmun (ITLP) (K. Mrommuc)
1988 Havanoce mumpokomacimrabHOe MpOU3BOJCTBO 0OOPY/IOBAaHUS M JIUArHO-
ctuueckux Habopos s TP
1993 [Tonyuensl TpaHcreHHble OBIbI ¢ reHoM xumo3uHa (JI.K. OpHer, . Bpewm,
N.B. [IpokodneB)
1998 | KnonupoBaH#e MBIIIEH U3 Sapa B3POCIOHN KIETKH SIMYHUKA
2004 Co3zniaHa IMHUA YETOBEYECKUX AIMOPHUOHATBHBIX CTBOJIOBBIX KJIETOK, IOy
YEHHBIX C TTOMOIIBIO MTEPEHOCA sIIpa COMATHUECKON KIETKU
Coznana nmopojia OMOTEXHOJOTUYECKUX CBUHEH. DTOT 3(PPEKT AOCTUTHYT
2006 | myrem BCTpawBaHUsI B TEHOM CBUHBM TeHa fat-1, BeIIeIEHHOTO M3 T€HOMA
kpyraoro uepsst Caenorhabditis elegans
2010 Coznana nepBasi *KuBasl KJieTka, B KoTopoi ee cooctBennyto JIHK 3amenu-
JIM Ha UCKyCcCTBEHHO co3aannyto (Kpeiir Benrep)
Texnonorus CRISPR (kopoTkue mNamuHIPOMHBIE TOBTOPHI, PETYJISIPHO
2019 | pacnoso’)keHHBIC TPYyMIaMHu) MPUMEHEHA I PEAAKTUPOBAHMS UYeIOBEYE-
CKUX T€HOB IPH JICUEHUU PAKOBBIX MAIIMEHTOB
VYyensie npeacTaBisaoT HOBBIA MpoayKT noj HazBanueM CHyMErA (Cas
2020 | Hybrid for Multiplexed Editing and Screening Applications), KOTOpbIii

MOJKXHO HCIIOJIB30BAaTh IJI1 aHaJI3a ,IIGI‘/JICTBI/ISI T'CHOB

2. buorexnosnorust pekomOnHanTHbIX JTHK

Hcnonb3yst TexHosioruto pekomonHaHTHbIX JIHK, MOXHO mosy4uTh
MUHOPHBIE KJIETOUHBIE OCJIKM B OOJIBIIMX KOJTMYECTBAX U MPOBECTH TOH-
K€ OMOXMMHMUYECKHE MCCIIECIOBAHUS CTPYKTYphl M (YHKIUH OEnKoB, a
TaK)X€ OCYIIECTBUTH NCTAIBHBIM XUMUYECKUNA aHAJIU3 T€HETUYECKOTO Ma-
Tepuana. Texunonorus noaydenus pekomOuHauTHbIX JIHK Brirouaer cre-
QYIOIIAE METOANYECKHUE TTOAXOIBI:

— crneruduaeckoe pacmierienue JJHK pectpukimupyromumu Hykiea-

3aMHU;
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— OBICTPOE CEKBEHUPOBAHUE BCEX HYKJICOTHUIOB B OUUIIIECHHOM (par-
mente JHK;

— KOHCTpyHpoBaHue pekomonHanTHbIX [[HK;

— TUOpUIM3aIUs HYKJICUHOBBIX KUCIIOT;

— knonuposanue JHK;

— BBejieHUe pekoMOuHaHTHBIX JIHK B kietku unu opranusmsl (Ero-
poBa T.A., 2003; 3arockuna H.B. u ap., 2009).

Texnonorust pexomOunantHbix JIHK oxazama cymecTBeHHOE BO3-
JEUCTBUE Ha BCIO KJIETOYHYIO OMOJIOTHIO, TIO3BOJISISL pelllaTh TaKUE 3aauH,
KaK omnpejereHue CTpoeHus U (yHKIMH HE TOJIBKO OCJIKOB, HO M UH/IUBU-
TyalbHBIX JOMEHOB, a TaKXke paciIupoBbIBATb MEXAHU3MbBI PETYIISIIUU
AKCIPECCHUU T'€HOB, MOJIy4yaTh MHOTHE OCJIKH, YYaCTBYIOIIHUE B PETYJIAIINU
OOMEHHBIX IPOIIECCOB, KJIETOUYHON Tpoiudepanri U pa3BUTUU OpPraHU3-
Ma.

Pacmierienue JIHK B cnenuduueckux ydyacTkax HyKJI€OTUIHBIX MO-
CJIEIOBATEILHOCTEN OCYIIECTBISACTCS OCOOBIMU (pePMEHTAMH — PECTPHUK-
UPYIOIIMMHU HYKJIea3aMH, CIOCOOHBIMU pa3pyuTh gykepoanyro JJTHK.

DepMEHTHI YCIOBHO MOXHO Pa3JeInuTh HA CICAYIOIINUE TPYIIbI:

— ucnoab3yemele 11 nonyuenus: pparmentoB JJHK (pectpukrassi);

— cunresupytomue ¢parmentel JIHK na marpune JJHK (IHK-
nosmmmepasnl) uin PHK (oOpatHbie TpaHCKpuUnTasbl, peBepTasbl);

— coequnstomue gparmentsl JJHK (murassn);

— TO3BOJSIIOIINAE OCYIIECTBUTh W3MEHEHHE CTPYKTYPbl KOHIIOB
¢parmenToB JTHK.

PecTpukra3dpl — crnenuduueckue >HAOHYKIEA3bl, PaCUICILIAIONINE
mosekyny JIHK B cTporo ompeneneHHbIX TOYKaX — CauTax PECTPUKIIUU.
Bnepsrie Obutn BoizieneHsl U3 E. coli B 1968 r. B HacTrosiee BpeMs pas-
JIMYArOT TPU OCHOBHBIX KJIacca PECTPUKTA3:

— pecmpuKkmasvl nepeo2o K1acca OCYUECTBIISIIOT pa3pbiBbl B MPOU3-
BOJIBHBIX TOYKax MoJiekyJibl JIHK, Tounee, Ha pOU3BOJIBHOM OT CalTOB
PECTPUKIINU PACCTOSHUY;

— pecmpukma3zvl emopozo Kiacca pacuersiot JJHK Tonbko BHYyTpH
CalTOB y3HABaHUSI;

— pecmpuxkmaszvl mpemwve2o Kiacca y3HaroT U pacuersitor JIHK na
(UKCUPOBAaHHOM OT CAMTOB pecTpuKIuu pacctosiuuu (Axynos T.P., 2016).

Homenknarypy pectpukras npemnoxuin B 1973 rony C. Cmurt un
J1. Hatancon. CoriiacHO uX HOMEHKJIaType, Ha3BaHUE PECTPUKTA3bl CKJIA-
IBIBAaETCS U3 Tpex OyKB: mepBas 0003HA4YaeT POJOBOE Ha3BaHME, JBE IO-
cieayolye — nepsbie OykBbI Buaa. Hanpumep, depment u3 E. coli 060-
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3Ha4aroT Kak Eco u 1. 1. Tunosas (nau mraMMoBasi) HACHTU(DUKALNAS Clie-
IyeT 3a poI0BUI0BOM, HanpuMmep, EcoRI.

EcrecTtBenHOM (DyHKIMEH PECTPUKTA3 SABIISICTCS 3aldTa 0AKTEpUH OT
gyxepoanou JJHK.

Boineneno cseie 2 000 pectpukras, KOTOpble MOTYT y3HaBaTh 00-
nee 150 caittoB pectpukiuu (3arockuna H.B. u ap., 2009).

MHorue pectpukTassl BHOCAT paspbiBbl B ABe nenu JJHK co cmemie-
HUEM Ha HECKOJHKO HYKJIEOTHUJIOB U OOpa3oBaHUEM Ha KOHIAX (hparMeH-
TOB KOPOTKHUX OJHOIIEMIOYEYHBIX y4acTKOB. OHU cIOCOOHBI 00pa30BHIBAThH
KOMIUIEMEHTAPHBIE TTapbl OCHOBAHUM C JIFOOBIM JIPYTUM OJIHOLIETIOYEYHBIM
Y4aCTKOM, MOJTYYECHHBIM C TTIOMOIIBIO TOTO k€ (hepMEeHTa (JIUMKUE KOHITBI).
JIutikue KOHIIBI TO3BOJISIOT JIETKO COEIUHUTH JIIOOBIX JBa (parmeHTa
JHK B ogno uenoe. [Homyuennsiit pparment JJHK (s1ro6oro mpoucxoxmie-
HUS1) MOKHO BCTpouTh B ountieHHyro JJHK miazmunbr unm 6aktepranbHO-
ro BUpyca.

CpaBuaenue pasmepoB ¢parmentoB JIHK mocne o6paboTku cooTBET-
CTBYIOILIETO y4acTKa T€HOMa HaOOpOM PECTPHUKTA3 MO3BOJIIET MOCTPOUTH
PECTPUKIIMOHHYIO KapTy.

JAHK-nonumepasbl 00J1a/1at0T CrocoOHOCThIO YauHATh 1enb JIHK B
HaIpaBJICHUU 53 MyTEM MPUCOEANHEHUSI KOMILUIEMEHTAPHOTO HYKJIEO-
tuna. Bnepseie [IHK-monumMepasa Oblna BeiaesneHa Aptypom KopuOeprom
¢ corpyaaukamu B 1958 roay m3 E. coli.

OOparnas Tpanckpunrasza (uau peepraza) — PHK-3aBucumast JIHK-
nojimMepasa, C IMOMOIIBI0 KOTOPOM OCYIIECTBIISIETCS OOpaTHas TpaHC-
kpunuus, T. €. cuare3 JJHK nma PHK marpuue. Peepraza koaupyercs re-
HOMamu HEKOTOpbIX PHK-conepxamux BUPyCOB M NOABUKHBIX TEHETUYE-
CKHUX 3JIEMEHTOB I'€HOMAa BBICIIUX OPTraHU3MOB, B TEHHOW MHXKEHEPUH C UX
MOMOIIBI0O MOKHO MOJNYYUTh FeH. OHa UCIOJb3YEeTCs IS TPAHCKPUIILINU
MPHK B xommementapuyro nens JHK. depMeHT BnepBble OTKPBIT B
1970 r., xorna I'oBapa Temun ¢ Catom MusyTanu, a TakKe HE3aBUCUMO
oT Hux JIPBUa bantumop BbIIEIUIA UCKOMBII (PEPMEHT B Ipenapare BHE-
KJIETOYHBIX BUPUOHOB BUpyca capkomsl Payca (xymos T.P., 2016).

Jlurazer cmmBator ¢parmentsl JJHK 3a cuer ¢ocdopHOorPpupHbIX
CBsI3eil, 00pa3yIOIMMNXCS MEXAY 3 -THAPOKCUIBLHON KOHIIEBOM IpyMHIoi o/1-
Horo ¢parmenta JIHK u 5/-(1)0cq)aTH0171 IpyIIon apyroro pparMeHra.

JIHK-nurasel paznensor Ha JBa CEMEMCTBA B 3aBUCUMOCTH OT MEXa-
HU3Ma JIEUCTBUS:

— AT®-3aBuUcCHUMBIC TUTA3EI;

— NAD + — 3aBucumsie JIHK-nurassr (SAxymnos T.P., 2016).
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@epMEHTBI, MNO3BOJSAIOIIME OCYLIECTBUTh HU3MEHEHUE CTPYKTYPHI
koHnoB ¢parmerToB JIHK. C ux moMoIIpi0 MOKHO «IOATYIUTH) HECHUM-
metpuuHble KoHIBI JJHK unu ykopotuts ¢gparmentsl JIHK, TeM cambim
cOMM3UB UX (PYHKIIMOHATBHBIE DJIEMEHTHI.

JIns ycnemHoro pemeHus 3alad T€HETHYECKOM MHKECHEPUU OYEHb
BAXHO OBICTPO CEKBEHUPOBATH (OMPEACIUTH IMOCIEI0BATEIHLHOCTh HYK-
JeoTuaoB) Jro0bie ounieHHsle pparmentsl JJHK. Jlanee paccMoTpum me-
TOJbI CECKBEHUPOBAHUSI.

2.1. Metoanbl cekBenupoBanus JJTHK

[Tonnyto undpopmanuio o mosekyne JJHK MoxHO monyduts, ompe-
JIETIB €€ HYKJICOTUIHYIO MOCIENOBATENBRHOCTh. be3 3THUX JaHHBIX HEBO3-
MOXXHO IPOBOJIUTH MCCIIEIOBAHUS MO MOJIEKYJSIPHOMY KJIOHHUPOBAHUIO.
CexBenupoBanue yyactka JJHK MoxHO npoBecTH pa3HbIMU METOJAMU.

Xumunueckuii Mmeroa (Meroagq Makcama — I'miidepra). Mero ocHO-
BaH Ha xumuueckou naerpananuu JHK. On Obul mpemioxkeH AnaHoM
Makcamom u Yonrepom ['nnbeprom B 1976 rony. CyTh METOJIa COCTOUT B
TOM, 4TO OJWH U3 KOHIOB (Pparmenta JIHK mersat ¢ momomibio m3oTona
dochopa *P (B mocienHee BpeMs BMECTO PaJHOAKTHBHON BBOMIT (IIF0O-
pPECUUPYIONTYIO0 METKY. E€ MOXKHO «UEIIsATh» U K HYKJICOTHAaM, oadupas
Pa3IMYHYI0 OKpacKy niis Kaxzaoro tuna). [Ipenapar meuenoit JJHK nensar
Ha YEThIPE MOPIMHU U KAXKAYI U3 HUX 00padaThIBAIOT peareHTOM, CIEIu-
dbuuecKky pa3pyuiaroIMM OJIHO WU JIBa U3 YEThIPEX OCHOBAHUM, MO0Upast
YCJIOBHUSI PEAaKIMU TaKuM 00pa3oM, 4ToObl Ha Kaxayro moiiekyny JIHK
MPUXOJIMIIOCH JINIITb HECKOJIBKO MTOBPEKICHUM.

Pa3pymienne uaer B nBa srtana. Ha mepBom 3Tane nmpoucxXoIuT MO-
nuuKanysa a30TUCTOTO OCHOBAHMS U MOCJEAYIOIIee ero Beimerienue. Ha
BTOpPOM A3Tare npousBoasaT ruaponus JJHK B MecTtax BhIlIEIIEHUS OCHO-
BaHuil. [lypuHOBBIE OCHOBaHHMS MOJIUPHUIIUPYIOTCS IUMETUIICYIb(aToM.
AJICHUHOBBIE OCTAaTKU METWJIMPYIOTCS IO TPETHEMY aTOMY a30Ta, TyaHHU-
HOBBIE — I10 MOJIOKEHUIO N7.

Ecou Ttakyro momudukamuio obpadorate 0,1 M (menumossipHbIi)
HCI npu 0 °C, To BhIIeIIIsIeTCS MeTHIaAeHUH. [Ipu nocnenyroiieil HKY-
Oaruu B menounoi cpeae (0,1 M NaOH) npu temnepatype +90 °C mpo-
UCXOJIUT pa3zpylieHue caxapo-¢pochaTHON CBSI3M B MECTaxX BBIIICTUICHUS
ocHOBaHMi. OOpaboTKa MOBPEKICHHBIX MOJICKYJ MUIECPUIUHOM MPUBO-
aut K ruaposm3y JJHK o ocrtarkam metwnryannHa. [ITupuMuinHOBBIE OC-
HOBaHHUS MOAUDUITUPYIOTCS THApa3suHOM. B GeccomneBoil cpene Moaudu-
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APYETCS W IIUTO3WH, U TUMHUH, B MPUCYTCTBUH 2 M (IBYXMOJISIPHBIN)
NaCl moaudunmpyercs ToJbKO HUTO3WH. [Ipu manpHelmeldr oOpaboTke
nunepuauHoM mnpoucxoaut pacuierienue JJHK mo Toukam monuduka-
M. MOXXHO UCIOJIb30BaTh U APYTHE PEAKIUUA XUMUYECKOU MoAu(UKa-
AW OCHOBaHWM W pacueruieHus mo HuM monekyn JIHK. B pesynbrare
MoJIy4aeTcsi Ha0op MeUeHbIX (hparMeHTOB, JJIMHBI KOTOPBIX ONPEEISIIOTCS
PacCTOSTHUEM OT Pa3pyLIEHHOrO OCHOBAaHUS N0 KOHILA MOJEKyJibl. Dpar-
MEHTBI, 00pa30BaBIIMECS BO BCEX UETHIPEX PEAKIUSIX, MOJBEPraloT K-
Tpodope3y B YETHIPEX COCEAHUX NOPOKKAX; 3aTEM MPOBOJAT Pagu0aBTO-
rpaduio, U Te ¢GparMeHThl, KOTOPbIE COJEPkKAT PATUOAKTUBHYIO METKY,
OCTaBJISIFOT OTIIEYATKU HA PEHTICHOBCKOM IUIEHKE. [0 monoxkeHuto orme-
YaTKOB MOXHO OINPEAECINTh, HA KaKOM PACCTOSHUU OT MEUEHOTO KOHI[A
HaXOJWJIOCh Pa3pyILIEHHOE OCHOBAHHE, a 3HAs 3TO OCHOBAHUE — €r0 IOJIO-
KCHHUE.

Habop nonoc Ha peHTr€HOBCKOM IJIEHKE ONPeIENsieT HYKJICOTUTHYIO
nocnenoBarenbHOCcTh JIHK. AHanormuno HaOmomaroT (QIFOOPECIIEHTHOE
okpamuBanue. Ecinu s Kaxa0oro U3 4eThIpeX HYKICOTHUIOB ObLI M0100-
paH cBOM 1BET (IIOOPECUEHTHOM METKH, TO MPHU IEKTPOPOpe3e UX HAHO-
CAT HAa OJHY HNOPOXKKYy. Torma pacrnosio)K€eHUE HYKICOTHIOB OTMEUYEHO
IITPUXAMHU PA3HOTO I[BETA, a4 MPOLEAYPY CUMTHIBAHUSA JIETKO aBTOMATU3H-
pOBaTh.

MdepMEeHTATUBHBIA MeTO (IMAE30KCHCEKBEHHMPOBAHUE, METO/
Canrepa). Pazpaboran ®@penepukom Canrepom B 1977 romy. Merona oc-
HOBAaH Ha PH3MMATUYECKOM BBEJCHHU HYKJICOTHAA, TEPMUHUPYIOIIETO TO-
JIMHYKJICOTUIHYIO LEIb.

B sroM ciaydae OOBIYHO HCIONB3YIOT JHUJE30KCUPUOOHYKIEO3UI-
Tpudocdatbl, B KOTOPHIX JICSOKCI/IpI/I6OSa-3/-OH, IpEJCTaBICHHAsA B HOP-
MaJIbHBIX HYKJIEOTHJIaX, OTCYTCTBYET. Takoi MOAu(PUIIMPOBAHHBIN HYK-
neotun, BHeApssch B mnenb JJHK ¢ momompio JJHK-monumepasbl, 610Ku-
pyeT MpUCOeIUHEHHUE cieaytoniero Hykieoruaa. Cuares in Vitro moseky-
ae1 JIHK B mpucyTcTBUM 3aTpaBku (mipaliMepa) U HEOOIbIIOTO KOJIUYECTBa
OJIHOTO M3 TaKUX MOJU(PHUIIMPOBAHHBIX HYKJICOTHIOB MPUBOIUT K 00pa30-
Banuto ¢pparmentoB JIHK B Bume necenku.

Ecnu nns nonyyenus Takux gpparmMeHToB puMeHsTh Mmeuenyro JJHK
(0OBIYHO TIPOBOMST YETHIPE PEAKIIMUA CUHTE3a C UCIOJIb30BAHUEM pPa3Iny-
HBIX HYKJICOTHJIOB, TEPMUHUPYIOUIUX LEMb), a SIEKTPOHOPETUUECKUI
aHAJIN3 MTPOBOJIAT HA YETHIPEX JOPOKKAX TENSA, TO MOKHO ONPEAECTUTD T0-
CJIE0BATEIBHOCTD HYKJIEOTHUIOB.
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ABTOMATH4YeCKOE€ CEKBEHHPOBAHHME BKJIIOYACT AaBTOMATHU3ALUIO
IIPOBEACHUSI CEKBEHUPYIOIIUX PEAKIUN U 3IEKTPOPOPETUIECKOTO pas3fie-
JIEHUsI MEYEHBIX MpOoAyKTOB. Ilpu 3TOM ucnons3yetcs (iyopeciieHTHas
METKa, KOTOpask UEIUIAETCS K KaXI0My U3 YeTbIpex HykiaeoTuaoB. Coaep-
KaHUE BCEX MPOOUPOK COCTUHSAIOT M MPOBOAAT dJEKTpodope3 Ha OTHOMU
JIOPOKKE, KOTOPYIO CKAaHUPYIOT B JIy4€ Ja3€pa U PETUCTPUPYIOT MOJIOXKE-
HUE Kax0¥ ¢iyopecuupytonieid mosockl. JJaHHbie BBOASIT B KOMITBIOTED,
KOTOPBIA UX COIOCTABIAET C MOMOIIBIO CIIENUAIBHBIX ITPOTPAaMM U BBIBO-
JUT Ha JUCIUIEN HYKJICOTUIHYIO MTOCIEI0BATEIbHOCTb.

CexBenupoBanne nmo meroay Solexa (lllumina). Monekyny JTHK
nensT Ha ¢pparmenTsl. K kaxxaomy ydactky JJHK ¢ nByx ctopon mo6asiis-
I0T ajanTepbl (M3BECTHBIC HEOOJIBIIUE IMOCIEI0BATEILHOCTH HYKJICOTHU-
1oB), coaepxkatiue npamepst 11 [JJHK-moaumMepasbl, koTopast ocymiecT-
BisieT permkanuio JIHK. 3arem cmech moMemaroT Ha NOMJIOKKY, HA KO-
TOPOU B BUJE peumieTku pasmenieHbl yyactku JIHK, koMmieMeHTapHbie
agantepam. Ha momnoxke ¢parmentsl JJHK MHOTOKpaTHO KIOHUPYIOT,
nony4das knacrepsl. JJHK npussizana k moamoxke cpasy AByMsI KOHI[AMM.
JHK nenarypupyror. Ilommoxkka nmomMemaercss B pacTBOp, COACPHKAIIUN
JHK-nomumepasy m nmomedeHHble HykineoTuabl. [locie mpucoennHeHus
KOMIUIEMEHTAPHOTO HYKJIEOTHAA JIUIIHUE HYKJICOTHIbl CMBIBAIOT, a (PIIyO-
PECLIEHTHBIE METKHU MpUcoeuHUBIINXCS cunThiBatoT. 3ateM JJHK o6pada-
ThIBalOT (ocarazoii M mpouecc MOBTOPAOT. B pe3ynbTaTe Ha Kaxiaom
[UKJIE MPOYUTHIBAIOT OJHOBPEMEHHO OOJBIIOE YHUCIO HYKIECOTHIIOB U3
pa3HbIX mocieaoBaTeabHOCTEN. [lociie CeKBEHHMPOBaHUSI MHOXKECTBA KO-
POTKHX (parMeHTOB OHHU cOOMparoTCs B eaqunyto monekyny JJTHK.,

IIupocekBeHUPOBaHUE — ONPENCICHUE TMOCIEAOBATEILHOCTH HYK-
neotunoB B JIHK mo mpuHummny cekBeHupoBaHus myTeM cuHTesa. llpum
BKJIFOUCHUH HYKJIEOTH]IA BO BHOBb CHHTE3UPYEMYIO MMOCIEA0BATEIBHOCTD
JIHK BricBOOOXIaeTcss mupodocdaT, KOTOPBIN PErUCTPUPYETCS MOCPE/I-
cTBOM XxeMmmttomuHecneHuu. Tak kak JJHK nvmmobunn3oBana (3adukcu-
pOBaHa), pacTBOPhI HYKJICOTUIOB aJICHUHA, TyaHWHA, [IUTa3MHA U TUMHUHA
T00aBJISIOT U OTMBIBAIOT MOATAITHO, TMOCe Kakaou peakuuu. [locnenora-
TEJIbHOCTh PACTBOPOB, KOTOPHIEC NAIOT XEMIJIFOMUHECIICHTHBINA CUTHAJ, T10-
3BoJIsieT omnpeaenuth mnociuenoBarensHocTh JHK. Korma mnomumepasa
BKJIIOUAET KOMIUIEMEHTAPHBIM HYKJICOTHU]I M BBICBOOOXKIAETCs MUPOdOC-
dar (PPi), dbepment ATD-cynsdypunaza IpeBpaIiacT PPi B anmeHo3uH-
tpudocdar (ATD) B npuCyTCTBUU aJeHO3UH-5 -docdocyiabdara. B mpu-
cyrctBun AT® monmdepasa npesparaet JronudeprH B OKCUTIONU(EpUH
C BBICBOOOKJIEHWEM BHJIMMOTO CBETAa, KOTOPBIA PETUCTPUPYETCS U aHAIIU-
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3UPYETCS KOMITBIOTEPHOU MporpamMmon. [IpUMEHSIOT 3TOT METon, €ciu
JUTMHA TIOCTIeI0BATEBbHOCTH cocTapisieT 0kojio 300-500 HykIeoTHI0B.

Inardopma Supported Oligonucleotide Ligation and Detection
System (SOLID) — texHOJIOrHsl CEKBEHHPOBAHHUS KOPOTKHMX UTEHHUMH, OC-
HOBaHa Ha jurupoBaHuu. [Ipu cekBenupoBanuu ¢parmentsl [JHK nuru-
PYIOTCSA Ha OJUTOHYKJICOTUHBIE aJaINTEePbl, MPUKPEIUVICHHBIC K IIapUKaM,
Jajnee OHU aMIUTM(UIUPYIOTCS C MOMOIIBI0 3MYyabcronHou [T1IP.

OxnoMoutekyJasipHoe cekBenupoBanmne Helicos Biosiences — meton
CEKBEHUPOBAHUS €IMHUYHBIX MOJIEKYJI. [IpuHIIUI pabOThl COCTOUT B TOM,
YTO TIOCJIC KJIOHATBHON aMIuTuuKauy 00opasiia mpoucxXoauT parMeHTa-
nus JHK ¢ mocneayromum nonmaaeHUIMpOBAaHUEM Ha 3 -KOHLE C Jajlb-
HEWIIIUM CEKBEHUPOBAHUEM, UYEPEIYIOIIMMCS C MPOMBIBAHUEM O0O0pPa3IloB
HYKJICOTHAaMU C (IIyOpPECIIEHTHON METKOI.

OaHOMOJIEKY/JIIPHOEe CEKBEHHUPOBAHHME B PeaJbHOM BpPEeMEHH
Pacific Biosciences (Single molecule real time sequencing, SMRT) oc-
HOBAaHO Ha HaOmoAeHUH 3a paboroilt emauHU4YHOM MoJekyabl JIHK-
nosuMepasbl. Mcnonap3oBanue 4deTbipex (IIOOPECHEHTHO MEYECHBIX HYK-
JIEOTUOB TMO3BOJISIET ONPEAECINTh, KAKOW HyKIleoTu npucoeauuser JHK-
oJIMMeEpa3a B JaHHbIM MOMEHT BPEMEHU.

lon Torrent Sequencing (pH-uHAynHpPOBaHHOE CEKBEHHPOBA-
HHMe) — METOJ OCHOBAaH Ha CBS3M MEXIY XHMHUYCCKOHW M IH(PPOBOH HH-
dbopmanueit, YTo MO3BOJISIET OBICTPO CEKBEHUPOBATH OOJIBIIIOE KOJTUYECTBO
o0Opa3uos. [Iporecc ocHOBaH Ha OOHAPYXEHHUU (JIETEKIIMH) MPOTOHOB, KO-
Tophie ToryuaroTes npu cuHTese nenu JJHK kak mo6ounsiii mpoaykr. Kak
cneacteue, pH pacTtBopa MeHsieTcs, 4To U aeTekTupyroT. [lnardpopma Ion
Torrent oTIIM4aETCsI OT OCTAIBHBIX TEXHOJIOTHUN CEKBEHUPOBAHUS TEM, YTO
B HEW HE UCIOJB3YIOTCS MOIUGMUIIMPOBAHHBIC HYKJICOTUIBI M ONITHYECKHE
METOIbl. MeTOoI MO3BONSET UCCIEIOBAaTh TpaHCKpUNTOMBI, Manbie PHK,
npoBoauTh ChIP-seq (meton ananuza JIHK-OenkoBBIX B3amMoOAeHCTBUH,
OCHOBAaHHBI HAa WMMYHOIPEIUINHUTAINN XPOMATHHA), HU3y4aThb T'€HOMBI
MUKPOOHBIX COOOIIIECTB.

HanomnopoBoe ceKBeHHPOBaHHE — METOJ OCHOBAaH Ha H3MEPEHHUU
TOKa MOHOB 4Yepe3 €AMHUYHYIO HAHOIMOPY B HEMPOBOASAIIEH MeMOpaHe.
[Ipyu npoxoxkIeHUU HYKICOTUIAOB YEpPE3 HAHOMOPY TOK majaacT. Bpems, Ha
KOTOPO€ M3MEHSIETCSI TOK MOHOB, U BEJIIMYMHA 3TOTO MAJCHUSA 3aBUCAT OT
TOr0, KAKOM HYKJICOTHUJ B JIAHHBI MOMEHT HaXOAUTCS BHYTpHU NOPHI. [1o-
CJ€ CHKBEHCa MPOBOMAT MOUCK OTKPBHITOM pamku cuuThiBanus (ORF) —
MOCJIEIOBATEIbHOCTH, OTPAHUYEHHOM CTapT- M CTOMN-KOJAOHaMH. Brioop
3aBUCHUT OT TOT0, KAKOE COUYETaHHE U3 TPEX HYKJICOTHIO0B BHIOPAHO B Kaye-
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CTBE IEPBOr0 KOJIOHA. BO3MOXXHBI TP paMKU CUMTHIBAHUSA OJHOU U TOM
XK€ HYKICOTUIHOU ITOCIENOBATEIbHOCTA. Kpome Toro, mocnenoBaTenb-
HOCTb Beerga uutaercs B 5 — 3/ HaNpaBJICHUU, 4 3HAYUT, YTO B ILIEJIOM
U1 ONHOM TOCJHEA0BATEIBHOCTH BO3MOXHBI IIECTh PA3JIMYHBIX PAMOK

cuuTbiBaHus. [IOMCK TPOBOJAT C MOMOIIBIO KOMIBIOTEPHBIX MPOrpaMm
(Iuk B., 2002; bakaii A.B., 2007; Illapunosa M.P., 2015).

3. KoncrpyupoBanue pparmeHToB peKoMOMHAHTHBIX JTHK

CyIIHOCTh T'€HETUYECKOW HMHXKECHEPUU CBOJUTCS K IICJICHAIIPABJICH-
HOMY KOHCTPYUPOBAHHUIO F€HETUUYECKUX CHUCTEM BHE OpraHW3Ma C MOCJe-
OYIOIIAM BBEJICHHUEM WX B )KUBOU OpraHu3M. [Ipm 3TOM peKOMOHMHAHTHBIC
JIHK cTaHOBSITCSI 4aCThIO PELIUIIMEHTHOrO OpraHru3Ma U IIPUBHOCST B HETO
HOBBIC TEHETHYECKHE U (PU3HUO0I0TO-OMOXUMHYIECCKHE CBOMCTRA.

OIuH U3 BaXKHBIX ATAIlOB KOHCTpyupoBaHus MoJiekyJbl JJTHK — nu-
TUpoOBaHueE (CIIMBaHKUE) TeHOB ¢ nmomoIbio ¢pepmenta JIHK-nuraszer. Criu-
Baane (parmenToB JIHK, comepkammux HY)KHBIE TE€HBI, OCYIICCTBIISIOT
METOJAMMU:

— M0 OJTHOMMEHHBIM JIMIIKUM KOHIIaM;

— MO TYIIBIM KOHIIAM;

— CIIMBKa (PparMeHTOB ¢ pa3HOUMEHHBIMU KOHIIAMU.

Metoa cmiuBanusi reHoB (¢pparmenrToB) AHK 1mo oqHoOMMeHHBIM
JUINKUM KOHIaM paspadotaH BrepBbie C. KosHOM M COTpyJIHMKaMu B
1973 rony. OcymectBisiercs pepmentamu JIHK-nurazamu ¢ o06paszoBaHu-
eM KOBaJIeHTHOU (pochoaurdupHOi CBSI3M MEXKIY COCEIHUMH HYKIICOTH-
JTaMH

--ATI'HAATT HAI'TIL----
--TALI TTAAI'THAT----
CmmBanue /JJHK-nuraza

ATTL-AATT-LATTL
TALT-TTAA-TTLUAT

CumimBka mo tynsiMm kOHuHaM. Brnepswie nposen II. bepr B CtaH-
dbopackoM yHuBepcutete B 1972 roay.

Tymble KOHIBI MOXKHO CO€AWHATH 3a cuer aeucTBusa JIHK-nurassl.
Peakuusi nurupoBaHusi UMEET CBOM OCOOCHHOCTH M €€ 3((PEKTUBHOCTH
HIKE, YEM TMPU CIIUBKE MO JIMITKUM KOHIIAM.
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JlaHHBI METOI UCTIOJB3yeTCA NMpU KJIIoHMpoBannu JIHK-konuii mat-
prunbix PHK, koTOpBIE NOCTYNIHBI B OTPAaHUYEHHBIX KOJIUYECTBAX.

CmuBka ¢pparMeHTOB ¢ PAa3HOMMEHHBIMHM KOHIIAMM.

[Ipr OTCYTCTBUH KOMIUIEMEHTAPHBIX JIUNIKUX KOHIIOB Yy CIIMBAEMBIX
(¢bparMeHTOB MX JAOCTPAUBAIOT, T. €. CHHTE3UPYIOT UCKYCCTBEHHO (pepMeH-
TaTUBHBIM TyTeM. JUJIsI 3TOM 1EIH NPUMEHSIOT JUHKEPbl — XMMHUYECKHU
CUHTE3UPOBAHHBIE OJIMTOHYKJICOTHIBI, MPEACTABISIONINE COOOW CaNThI
PECTPUKIIMM WJIM HUX KOMOMHamuio. BrepBeie 3Ty HICIO NPEIIoKUil
I'. lllennep ¢ corpyanukamu B 1977 rony. JIunkue KOHIBI TaKKe MOKHO
(dbepMeHTaTUBHBIM IMyTEM MNpUCOCIUHUTH K Mosekyiam JIHK ¢ Tymbimu
KOHIIaMH. [[7151 3TOro HE0OXOAMMO JTOCTPOUTH HEJoCTarolue (parMeHThI,
4TO0OBI 00pPa30BAIMCh KOMIUJIEMEHTAPHBIC JUIIKUE KOHIBI. [[J11 KOBaJIEHT-
HOTO COeMHEHUs IBYX (parMeHToB ucnonb3yot JJHK-1urazy

ATTHOAATT HTTATATIHA TALI
TALUI'TTAA IFAOTUTAITT ATTIQ
®parmeHT 1 JIlunkep ®parMeHT 2

JIuHkepHbIEe (parMEHTHl HE TOJBKO 00ECTeUBaOT OObEIMHEHNE Te-
HOB, HO Y OOYCJIOBJIIMBAIOT X SKCIPECCUIO, B CBA3U C YEM YaCTO B Cepe-
JUHY JIMHKEpPA MTOMEIIAI0T KaKON-Tu00 perysiTOpHbIM FeHETUUECKUM d1e-
MEHT, HalIpUMeEpP, IPOMOTOP, WJIA YYACTOK CBA3BIBAHUS C PUOOCOMOHA.

Bo3MoHO ciirBanue pparMeHTOB U MO TYIbIM KOHIIaM, KOTJla KOH-
1161 )PAarMEHTOB ABYHUTEBBIE

——-ATTLITT LU TALL----
- TALTLILILL ITT HATT-----

»

A

B 3TOM citydae peakiusi IMTUpOBaHUs UMEET OMOXUMUYECKHUE OCOOCH-
HOCTH U €€ 3((HEKTUBHOCTH HUKE, YEM TIPH CIIIUBKE IO JIUTIKUM KOHIIAM.

[Tocne Toro xak pexkomOunantHas JIHK ciura, ee BBOJAT B )KUBBIC
kieTku. [ns Toro ytoosl pekomOunanTHast JIHK crana coctaBHOM 4acThiO
T€HETUYECKOTO almapara KJICTKH, OHa JIOJKHA JIMOO BCTPOUTHCS (HMHTET-
pUPOBATHCA) B €€ TEHOM M PEIUIMIIMPOBATHCS 3a €T0 CYET, JIMOO OBIThH CIO-
COOHOI K aBTOHOMHOM pEIIMKAIIUH.

Monexkynbsr JIHK, cnocobnsie aknentupoBaTh uyxepoanyio JIHK u
ABTOHOMHO PEIUTALIMPOBATHCS, HA3bIBAIOTCS BEKMOPHLIMU MOJEKYIAMU.
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K uncny BEKTOPOB OTHOCST IIa3MUbI, OakTeprodaru, BUPyChl, UCKYCCT-
BEHHO CKOHCTPYHMPOBAHHBIE BEKTOPHI (UETHOYHBIE BEKTOPHI).

BexkTopbl 10/12KHBI 00J1a1aTH CJIEAYHOIIUMHA 0COOCHHOCTAMU:

1. UmeTh cyOcTpaTHBIE YYaCTKH JUIsl OMPEACICHHBIX dHIOHYKIIEa3 pe-
CTPUKIIUU.

2. ImeTh CBOMCTBA PEILUIMKOHA.

3. Conepxath OAVH WIIM HECKOJIBKO MAapPKEPHBIX T€HOB, KOTOPHIE TIOCIIE
NPOHUKHOBEHMSI BEKTOpa B KJIETKY MPHUIAIOT € (PeHOTHMN, CBUACTEIhCT-
BYIOIIIUI O MPUCYTCTBUU BEKTOPA.

Takum oOpazoM, Bce BEKTOpPHI 00€CTICUMBAIOT PEIUTUKAIIUIO BCTPO-
€HHBIX T€HOB, UX AKCIPECCUIO, UHTETPALIMIO B XPOMOCOMY KJIETKH U T. 1.
Yarie Apyrux B F€eHETUUECKOW WHXKEHEPUU B KAUECTBE BEKTOPOB HCIOJb-
3YIOT IJIa3MU/IbI.

Ilna3Muabl — BHEXPOMOCOMHBIE T€HETHUYECKHE JJIEMEHTHI MPO- U
AYKApUOT, KOTOPHIE€ aBTOHOMHO PEIUIMIIMPYIOTCS B KieTkax. OHU Mpen-
CTaBIISIIOT cOOOM ABYXIENOYeUHbIe KoybleBble Monekybl JJHK ¢ Bapua-
OEbHBIMA MOJICKYJIApHBIMUA MaccaMu. OOBIYHO B TJIA3MHJE UMEETCS He-
CKOJIBKO CaWTOB PECTPUKLIMM JJIsI pa3HbIX pecTpukTas. [lo pasmepy oHu
co0TBEeTCTBYIOT 1-3% reHoMa OakTepualibHOM KJIeTKU. OJIHAKO Aaxe Ta-
Kasi Majasi 4acTh HACJEACTBEHHOIO alapara KOJAUPYET BaKHbIE M€HETH-
YeCcKHUe MPU3HAKH, KOTOPhIe OOBIYHO caMa OaKkTepHualibHAs XpOMOCOMa He
konupyer (Eropoa H.C., 1987; bekep M.E., 1990; I'muk b., 2002).
CrpyKTypa ma3MuaHOTO BEKTOpa MPUBEEHA Ha pUCYHKe 17.

[1na3mMuabl pa3aenstoT Ha KOHbIo2amueHvle, CIIOCOOHBIE caMU Tepe-
HECTHUCh B PELIMITMECHTHBIC KJIETKU C MOMOIIBI0 KOHBIOTAIINHU, U HEKOHBIO-
2amugHvle, He 00IaJal0IINE ITUM CBOMCTBOM.

OHU JEeTEepMUHUPYIOT pa3HbIE CBOMCTBA: PE3UCTEHTHOCTH K aHTHU-
onotukam (R-mmaszmunel); ounoaerpanamnuio (D-mmazmuasl) u ap. Hanpu-
Mep, TIa3MUIbl CTaQUIOKOKKOB HECYT T€Hbl YCTOMYMBOCTU K TICHUITUJI-
JIUHY, COCAMHEHUSIM PTYTH U PAY TSHKEIBIX METAJJIOB, BBI3BIBAIOIINX JIE-
TanbHbIA 3G PEKT (COeAUHEHUE CYPbMbI, BUCMYT, KaJMUN, CBUHEI], UOHbI
apcenata u apcenuta) (Caccon A., 1985). ['eHbl yCTOMUYMBOCTH K TSKeE-
JBIM MeTajiaM OOHapyKeHbl Takxke B coctaBe R-mmasmua E. coli. Konu-
YECTBO IJIa3MHUJ B KJIETKE MOXKET KoJebaTbCad OT OJHOM 110 Ooisiee CTa.
B nienom, yeM kpymnHee miazMuaa, TeM MEHBIIE KOJUYECTBO €€ KOMHUM B
KJICTKE.

IlepBoiii mmasmMuaHbiii BekTOop ObLT mojiydyeH C. Kosnom (1973).
[Ina3muna craia pogoHaYalbHUKOM CEPUU BEKTOPOB U APYTUX CTPYKTYP.
Hcnonp3oBanue mia3Muj B Ka4eCTBE BEKTOPOB JJISI BBEICHUS UYKEPO/I-
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HOTO T'eHa B OakTepuaibHbIE KJIETKH, HauuHas ¢ 1975 roma, MOCITyX U0
TOTYKOM JUJI1 MHTEHCUBHBIX HCCIENOBAHUN MX CTPYKTYpPBI M XapakTepa
PEIUIHKALIUY.

Bolaenaembiit »

Mapkep 0 . Mpomotop
5'-CallT, (BA3bIBAHMA

Y 4 o npawepa
he CaiT pecTpukLmn

Kapta nnasmugb! I
CaiT pecTpuKLn

3'-CailT, (BA3bIBAHUA
npaimepa

[eH POINCTEHTHOCTH e
K dHTHOMOTHKAM ~ ' =
Touxa ori

Pucynok 17 — Cmpyxmypa naazmuonozo eexkmopa (https://studfile.net)

Touxa ori (ecmb y 6cex peniuKOHO8; 3MO NOC1e008aMeNbHOCHb HYKIeOMUO08,
C KOMOPOU HAYUHAEMCs Peniukayus), 2eH pe3uCmeHmHOCMuU K aHmMUuOUoOmuKam —
YVUACMOK, HeCcywull ungopmayuro o benke, KOmMopwlli npuddaem Kilemke pe3sucmenn-
Hocmb K aumubuomuxam. Cautm MHONCECMBEHHO20 KIOHUPOBAHUSL — KOPOMKUU
¢ppaemenm [{HK, coodepocawuii Heckonibko caimos pecmpukyuu, no380510UUX OC)-
wecmenams 6CmasKy 2eHos (umcepyuio). Hucepyus (ppaemenm-ecmaska) — eem,
npomomop unu opyeou ppaemenm [J[HK, kionuposanuvlil 6 catim MHONCECMBEHHO20
KIOHUPOBAHUsL 01 OanvHetiute2o usyuenus. Ilpomomop — gpaemenm JIHK, 3anyc-
Karowuti mpasckpunyuio ceHa. Mapkep ombopa — 2eH, no3goasowuli 6axmepusm
NOJYUamyv 380IOYUOHHOE NPEBOCX0OCME0 U OOMUHUPOBAHUE HAO MeMU, KOmopble He
cooepaicam Oauuwlil mapxep 6 naazmude. Cailm céA3vl8aHUS Npatmepa — KOPOmKas
00HOYEeNnoyeuHas nocied08amelbHOCMb HYKIeomuoo8, UCHONb3YeMdas KaK mouKa
unuyuayuu ons I[P amnauguxkayuu uiu cek8enuposaruu

baktepuodaru — 6akrepuanbHbie BUpYyChl, conepxkamue [JHK B Bume
JIMHEMHOM JBYHUTEBOU CTPYKTYPhI CO CBUCAIOIIUMU JIUIIKUMU KOHLIAMU.

Yaiie B KauecTBE BEKTOPOB UCTONB3YIOT A-(haru, B KOTOPHIE MOMXKHO
BCTpouTh 10 40 ThIC. ap HykiaeoTHAOB (11. H.) uyxkepoanoit JIHK. Oxgnako
CYHIECTBYIOT (aru, Hanpumep, P1 (Par, mopaxaromuii KAIICUYHYIO MaI0Y-
Ky W HEKOTOphIe Apyrue OakTepuu), B KOTOPbIE MOXXHO BCTPOUTH [0
100 TbIC. 1. H.

JIHK ¢ara nsm6aa npeacraBiaser coO0i JUHEHHYIO JIBYXIICIOYESY-
HYIO MOJIEKYJy pasMepoM okojo 48502 1. H. ¢ OJHOILICNIOYEYHBIMHU
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5/-KOHI_IaMI/I n3 12 HykineotunoB. KX Ha3pIBalOT COS-KOHIIAMU (COS-
caliTamu), OHM B3aMMOKOMIUIEMEHTAPHBI U MOTYT CHApUBATBHCSA JIPYT C
JPYyTroM ¢ 00pa3oBaHUEM KOJbIIEBOM MoyeKyJbl. B 3penbix Bupuonax JIHK
HaxoJuTcs B opMe JIMHEWMHOM MOJeKyJbl, nomnaaas B kinetky, JHK muk-
JU3yeTcs Mo cos-caitam u (QyHKIIMOHUPYET B KosblieBor popme (Lllapu-
noBa M.P., 2015).

KocMuabl — MCKYCCTBEHHBIE KOHCTPYKIIMHU, CO3JaHHBIE HA OCHOBE
mia3mMug U para L. KocMuma umeeT mocienoBaTeIbHOCTD Or, MTO3BOJISIO-
myro e peruuiupoBarbes B E. COli, ceneknmonHbii Mapkép ampr, OJIH-
JIMHKEP (CalT MHOKECTBEHHOTO KJIOHUPOBAHUSI) U COS-CANThI, BCTPOCHHbIE
3 (ara A. Cos-caiiTel PEACTABISAIOT COOOM PacHoJIOKEHHbIE HA 000UX
koHiax MmoJiekynsl JIHK c¢ara A xoMmiieMeHTapHbIE OJHOIICIIOYECHHBIC
Y4YaCTKU BEJIUYUHOW 12 HyKII€OTHIOB, Ojarogapsi KOTOPBIM JIMHEWHAas
dopma ¢ara, COeIUHSISACH CO CBOMM COCEIOM 4Yepe3 COS-CalT, oOpazyeT
JUTMHHYIO0 11enh U3 coTeH (aroBbix JJHK mim konkaramep. @epMeHTHI, Ka-
Tanu3upylomure ynakoBky ¢arosoit JIHK, y3HatoT B koHKaTeMepe ABa COS-
caiita, HaxoIAIIMXCs Ha paccTosHuH 35—45 k0 (kO, kmmo0asa, ThiCcA YA —
eAMHUIIA, UCTIONb3yeMas ISl BRIPAKCHUS pa3Mepa HYKJIEMHOBBIX KUCIIOT),
BBILIEIUIAIOT pacnojiokeHHyro Mexay Humu JJHK u ynakoBwiBaloT ee B
royioBky ¢ara. [loaTomy Korma B OTHOCHUTEIIBHO HEOOJIBIIYIO KOCMHUIY,
HECYIIyI0 COS-CalThbl, BcTpauBaercs uyxkepoanas JJHK pasmepom 35-45
KO, MOJIEKyJIa JOCTUTAeT HEOOXOAMMOM JIJTMHBI, UTOOBI YIIaKOBaThCs B (pa-
TOBYIO YaCTHIly. 3aT€M IMOJy4YeHHbIE (Daru, HECYIINE BCTABICHHYIO UYyKe-
ponnyio JIHK, BBomgrcs B kiaetku E. coli mius mociaemyromero pa3sMHoXKe-
Hus (knonupoBanus) (I'oruapenko I'.I°., 2005).

da3MuIbl — 3TO UCKYCCTBEHHBIE TMOPHUIHBIE BEKTOPHI, BKIIOYAIO-
mue JIHK dara u mnasmuael. @a3Muasl mOCiae BCTPOUKH Uy KEPOTHOM
JIHK MoryT B OlHUX YCIIOBUSIX pa3BUBAThCA Kak ¢arv, a B Ipyrux — Kax
miasmMuael. B ee coctaB Bxoaut no 70% reHoma ¢ara. B To xe Bpems
(da3sMUIHBIN BEKTOpP COJEPKHUT Ori-NOCIIEIOBATENIBHOCTh (TOUKa Hayasia
perukanun) mwiazmuasl. Gazmuanyio JJHK Beiaenstor u3 kieTtok OakTe-
puii kak mnasmuaHyro JIHK, rugponusyror pectpukrazou, JIUTHUPYHOT C
npoAyKTaMu ruaposnusa yyxeponnou JHK, npegHazHaueHHOU U1 KIO-
HUPOBAHMS, a 3aT€M MPOBOJIT yNakoBKy pekomOuHanTHou JIHK B kancu-
el (para nsamOna. [lpeumyniecTBo mpumMeHeHus! (a3Mui COCTOUT B TOM,
YTO 3HAYUTEIBHO YIPOIAETCs MpoIeAypa MOJydeHUs: U 0TOOpa peKOMOU-
HAHTHBIX BEKTOPOB, TaK KaK TOJbKO PEKOMOWHAHTHBIC (ha3MUJbI 00pa3y-
I0T Ha OaKTepHaJbHOM Ta30HE (paroBbie OMAMIKK. B oTiamdme oT KOCMU/I-
HOM MM (aroBoM BEKTOPHBIX CHUCTEM, (pa3MUIHBIA BEKTOP CYIIECTBYET B
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KJIETKE B BUJE MJIa3MUJIbI, a KIIOHOTEKAa XPaHUTCS B BUJIE CYCIIEH3UH THO-
punneix (aros (Lllapunosa M.P., 2015; SAxynos T.P., 2016).

darMuabl — UCKYCCTBEHHbIC THOPUAHBIE BEKTOPHI, CO3/IJaHHBIC ITY-
TEM COBMEIIEHHU TIJIa3MHU U HUTEBUIHBIX (paroB B onHy moiekyny JHK,
o0J1a1arone CBOMCTBaMU IIa3MHUJT U (paros.

JKapuoTHYeCKHe BHUPYCHI. [[pakTHYECKH HCHOJIB3YIOTCS TOJBKO
oHKoreHHbld BUpyc SV-40 u ero nmpousBoaHsie. Bce 3Tu BEKTOpHI — Ji€e-
(deKTHBIE BUPYCHI, HE CITIOCOOHBIC JaBaTh MOJTHOIICHHBIE BUPYCHBIC YaCTH-
bl B KJIETKE XO35IMHA.

BekTopHble na3Muabl U BEKTOPHBIE BUPYChI CO BCTPOCHHBIMHU YY-
’KEPOJHBIMM I'€HAMHU YacTO HAa3bIBAIOT TMOPHIAHBIMH (MM XUMEPHBIMH)
mwiazmuaamu (unu paramu). [locne KOHCTpYUpPOBaHUSI PEKOMOUMHAHTHBIX
JIHK ux ¢ momoipio TpancpopMmaiii BBOISAT B PEIUIIMECHTHBIA Opra-
HU3M: OaKTepHaIbHYI0, TPUOHYIO, PACTUTEIBHYIO WM KUBOTHYIO KJIETKY.
Tpanchopmarus npeagycMaTpuBaeT MpeaBapUTEIbHYI0 00pad0TKY KIETOK
COeIMHEHUsIMH, oOycioBnuBatomumMu nponukHosenue JJHK BHyTph Kite-
TOK C MOCIEAYIONMM UX IMMOMEIIEHHEM B CPEly, B KOTOPOH CIIOCOOHBI CY-
IIECTBOBAThH TOJBKO KJIETKH, MOJYYHUBIINE BEKTOPHYIO MOJICKYJY, HAPH-
Mep, B Cpely C ONPEAECICHHBIM aHTUOMOTUKOM.

[Ipouiecc nHPUIIMPOBAHUSA KJIETOK ¢ momolbio gyxkepoanbix JIHK,
MPUBOJAIINN K 00pa30BaHUIO 3peoro (aroBOro mMOTOMCTBA, HA3bIBAETCS
TpaHCcPeKuuen.

JInst KJIOHMpPOBaHUS OAKTEPUAIBHYIO CYCIICH3UIO OIpPEAEICHHON
KOHIICHTPAIIMH BBUIMBAIOT HA TBEPAYIO MUTATEIBHYIO cpeay. bakTrepruain-
Has KJIETKa HAa MOBEPXHOCTU HAYMHAET JEIUTHCS C 00pa30BAHUEM B UTOTE
MaJIEHbKOW KOJIOHWH, MTOXO0KEH Ha NUIANKY rpuda. JTa KOJOHUS Ha3bIBa-
€TCS KJIOHOM, TIPUYEM U3 KaXJO0W KJIETKH oOpasyeTcs CBOM KIJIOH, BCE
KJIETKHM KOTOPOT'O UMEIOT CBOMCTBA OAaKTEpUU-POJOHAYATBHUKA.

[IpoBoasT oT60p OGakTepui-TpaHCHOPMAHTOB C MPUMEHEHUEM METO-
na aBtopaguorpadun. PekoMOMHAHTHBIC KJIOHBI MOTYT OBITh MACHTHU(U-
IMPOBAHbBI U M0 CUHTE3UPYEeMOMY UMU NpoaykTy. Ho vamie nnentuduim-
PYIOT HEIMOCPEICTBEHHO HYKJICOTHUIHYIO BCTaBKY C HMCIIOJb30BAHUEM MeE-
ToA0B TuOpuau3anuu. C 3TON 1eNbl0 OaKTepUaIbHBIC KOJOHUM BhIpaIlv-
BAIOT Ha HUTPOIIEJUIIOJIO3HBIX (PUIIBTpaxX, MOMENIEHHBIX HA Yamky [leTpu ¢
NUTATENbHOM cpenoil. Jlasiee MPUTOTOBISIIOT PEIUIMKH: K (PUIBTPY C HC-
XOJIHBIMU KOJIOHUSIMHM MPUKUMAIOT CBEXXKHN HUTPOLEIUTIONO3HBINA (QUIBTP,
KOTOPBIN 3aTEM MEPEHOCAT Ha YaliKy [IeTpu ¢ INIOTHOM NUTATEIIbHOU Cpe-
J0M, e 00pa3yroTCsl KOJOHUH, UICHTUYHBIC TEPBHIM.
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3ateM (QUIBTP-PEIUIMKY MOABEPraroT LIECJIOUYHOM 00paboTKe, MHpH
ATOM KJIETKH B KOJIOHHSX JIM3UPYIOT, U AcHarypupoanHasa JIHK u3 kie-
TOK CBSI3BIBAETCS C HUTPOLEIUIIOJIO30M B TOM y4acTKe, re Obuia paciosio-
KeHa cooTBeTcTByromas koyionus. [Ipu pagmoaktuBrHou JJHK wnm PHK
(MedyeHoMn P wm 125J) BbIJICp’KUBaHUE (PUIIBTPA B paCTBOPE, COACPKAIIEM
PaIMOAKTUBHBIN MOJUHYKJICOTH, MPUBOAUT K THOPUAN3AIMU C KOMILIE-
MEHTapHBIMHU TOCIEI0BATEILHOCTAMU. B uTore Te y4yactku (uibTpa, B
KOTOPBIX HAXOJWJINCh PEKOMOWMHAHTHBIE KIJIOHBI C TpeOyeMol BCTaBKOM,
OKa3bIBAIOTCS PAJIMOAKTUBHBIMU U UJCHTUPULIMPYIOTCA pagroaBTorpadu-
YECKHU.

4. Jxcnpeccusi 4y:KepOAHbIX I'€HOB

O} dekTuBHOCTh HYHKIIMOHUPOBAHUS OAKTEPUATBHBIX TEHOB HEOIH-
HAKOBa, YTO OOYCJIOBJIMBAET BapUaOEIbHOCTh KOHIIEHTPAIIUU OTACIBHBIX
O€JIKOB B 3aBUCHUMOCTH OT uX (pyHKIui. Takue Bapuanuu OEIKOB, HAIIPU-
Mmep, v E. coli, 00yCIOBIEHBI CUCTEMOW KOHTPOJS, TEHHOW SKCIPECCHH,
OCYIIECTBIISIEMOM B OCHOBHOM Ha ypoBHE TpaHckpunuuu JIHK, u 3aBucst
OT KOJIMYEeCTBA CHUHTE3UpyeMoud Ha JaHHOM reHe MPHK wm aktuBHOCTH
dbepmenta PHK-nonumepassl. [lopsanok B udepenoBaHUM HYKJICOTHUIHBIX
MIOCJIEAOBATEIIBHOCTEN B MPOMOTOPHOM YYacCTKE CTPYKTYPHOTO T€HA OIl-
peneiser creneHb aktTuBHOCTH PHK-nonmmepassl 1 nHMOManuio npouecca
tpanckpunuuu (Eroposa T.A., 2003).

bakrepuanbHble Te€HbI, BKIIOYEHHBIE B TEHOM, KaK MPaBUIIO, YKCIPEC-
cupyrotcs jerko, naBas MPHK u 6enok, B cuity TOro, 4to B CUTHAJIBHBIX 110-
CJIEIOBATENBHOCTSX, YIPABJISIOMINX TPOLIECCAMU TPAHCKPHUIILINYA U TPAHCIIS-
IIUH, Y Pa3IUYHBIX MPOKAPUOTUYECKUX OPraHM3MOB MHOTO OOIIMX dYepT.
DKcrnpeccHsi TEHOB 3YKapHOT B OAKTEPUSIX MPOUCXOAUT PEAKO, MOCKOIBKY
PETYJISTOPHBIE YUYACTKUA SYKAPUOT OTJIMYHBI OT TAKOBBIX Y OAKTEPHil.

Perynstopubie (CUTHAIBHBIC) YUYACTKH HE Y3HAIOTCA OaKTepUaIbHBI-
mu PHK-monmmepasamu, 4TO0 NPUBOAUT K 3aMEIJICHHUIO TPAHCKPUIILIHH.
IIpu knonupoBanuu renomHon JIHK sykapumoTnueckon KIETKU 3KCHIpec-
CHs T€HOB HE MIPOUCXOJUT U3-3a OTCYTCTBUA y OaKTEpUM CUCTEMBI CILIai-
cuHra. CnenoBaTenpHO, ISl PENPECCUN 3YKAPUOTUYECKUX TE€HOB B KJIET-
KaX MPOKapuOT HEOOXOIMMO, YTOOBI JJAaHHBIC T'eHbl HaXOIUJIUCH MOJI KOH-
TPOJIEM NPOKAPUOTUUYECKUX PETYJIATOPHBIX 3JIEMEHTOB. B CBA3M C 3TUM
JUI OCYIIECTBIIEHUS AKCIIPECCUU DYKAPUOTUUECKOTO T€HA COOTBETCTBYIO-
masa kJIHK (unu cunrernueckas [AHK), comepikaiias Kogupyromyw Io-
CJI€AOBATEIBHOCTh B COCTABE BEKTOPHOW MOJIEKYJbI (HApUMEp, MIa3MU-
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IIbl), IPUCOCUHSICTCS K PErYJISATOPHBIM 3JIEMEHTaM OaKTEepUU-TIPOMOTOPA,
onepaTopy U pubocoMaM-CBSI3bIBAIOIIEMY YUACTKY.

Takum 00pa3oM, B CKOHCTPYUPOBAHHBIX MPOMEXKYTOUHBIX PEKOMOU-
HaHTHBIX JIHK sykapuoTudeckuii reH OyaeT HaXOIUThCA MOJ] KOHTPOJIEM
OaKTepuaIbHBIX PETYIATOPHBIX 3JeMEHTOB. LlenecooOpasHee BCTpamBaTh
I'€H B MOJXOSAIIUN BEKTOP JJISI SKCIPECCUU, KOTOPBIN YK€ COIEPKHUT pe-
T'YJISTOPHBIE DJIEMEHTHI, CIIOCOOCTBYIOIINE aKTUBHOM JKCIPECCHUU BCTPO-
€HHOTO T'€Ha TOCJIe BBEJCHUS PEKOMOMHAHTHON TIa3MUIbI B OaKTEpHUaIb-
HYIO KJIETKY.

Hampumep, k Takum 3¢G(HEKTUBHBIM PEryJIATOPHBIM ydacTKaM IpH-
HAJJISKUT TMPOMOTOp TeHa Oerra-maktamasbl. [Ipomotop rena Oerra-
JaKTaMas3bl HEPETYJUPYEMbId, a HMCIOJIb30BaHUE TaKHUX IMPOMOTOPOB HE
BCErjia yJI00HO, TaK KaK CHHTE3UPOBAHHbIEC OCJIKM B OOJIBIIOM KOJIUYECTBE
MOTYT OJIOKHMpPOBATh pOCT OakTepuil. B cBA3M ¢ 3TUM 1emecooOpa3Hee uc-
M0JIb30BaTh PETYJIUPYEMbIE CUIILHBIC IPOMOTOPHI, BKJIFOUNUTH KOTOPBIC JJIsI
CHUHTE3a 4YyXEpPOAHOTO O€JIka MOKHO M B TOM cClly4yae, KOrJa MOoJydyeHa
Oonpinasi OakTepuaidbHas Macca. B 4acTHOCTH, K YHCIy PEryJIHpyeMBbIX
CUJIbHBIX TPOMOTOPOB CJIEAYET OTHECTH TEPMOUYYBCTBUTEIbHBIM MPOMO-
TOp pL, KOTOpPBIN OTBETCTBEHEH 33 HKCIPECCHUI0 HECKOJIBKUX I'€HOB OaKTe-
puodara. benok penpeccop, OJOKUPYIONUMKA JaHHBIM MPOMOTOP, aKTHBEH
npu temreparype +31 °C, Ho HeakTuBeH npu +38 °C, cinemoBaTenbHO, TPU
MHKyOHpoBanuu Oaktepuil npu +31 °C 4dyxepoAHbII I'eH HE SKCIPECCH-
pyeTcs, U, Ha00OPOT, MOBBIIICHUE TEMIIEPATYPHI BbI3bIBAET NHAKTUBAILIUIO
perpeccopa U BICOKHN YPOBEHb CUHTE3a HYKHOTO OeJiKa.

[TociienoBaTebHOCT OCHOBAHUU JIJIMHOM 6—8 HYKJICOTHIIOB, PacIio-
JI0’)KEHHAsI HEMOCPEICTBEHHO MEPE] WHUIMUPYIOMHNM KoaoHOM AV y
E. coli, onpenenser a3hpekTHBHOCTH MpoIiiecca TPAHCISAIUN. DTa TOCIIEI0-
BaTEJIbHOCTh MpEJCTaBIsieT co00i ydyacTok cBsizbiBaHuss MPHK ¢ puboco-
MOM, ¥ €ro CIBHUT B Ty WM MHYIO CTOPOHY CIIOCOOCH YMEHbIaTh 3¢ deK-
TuBHOCTH TpaHncisiiiuu MPHK. Tlo uMenu uccnenoBaresneit, uieHTUDUITN-
POBABIIMX 3TOT Y4YacTOK, OH ObUI Ha3BaH nociedogamenvHocmvio Lllau-
Ha — [lanveapno. OOBIYHO ATy MOCIEAOBATEIBLHOCTh BKJIIOYAIOT B COCTAaB
CaMOro BEKTOpa BMECTE€ C WHHIIMHUPYIOMIMM KOJOHOM Ha HYKXHOM pac-
crosiHud. [Ipu sKkcrpeccun BEKTOPOB TAKOrO TUIA 00pa3yeTcs THOPUIHBIMN
O€JIOK, B KOTOPOM HECKOJIbKO N-KOHIIEBBIX aMHHOKHUCJIOTHBIX OCTaTKOB
OPOUCXOMST OT UCTOYHUKA PETYIATOPHBIX 3JIEMEHTOB U MHULIMUPYIOILIETO
KOJIOHA MPOKAPUOTUYECKOTO reHa. Takue ruOpuHble OeKu 4acTto Oosee
CTaOMIBHBI, 00pab0TKa UX XUMUYECKUM HIIH (DEPMEHTATUBHBIM CIIOCOOOM
NPUBOAUT K BBIJCICHUIO SYKAPUOTUYECKOM YacTu Oeka.
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CyMmapHas akTUBHOCTB 3KCIIPECCHPYEMOTr0 T€HA BO3PACTaeT C POC-
ToM uncia konuil pekomOunantHor [IHK B pacuere Ha knetky. Mcmomb-
3ysi MHOTOKOITUMHBIE TUIA3MUIbI, MOKHO MOJYYHUTh CBEPXCHHTE3 HYXKHBIX
OeNKOBBIX MPOAYyKTOB. [lomydeHbl TeMmepaTypHO-4yBCTBUTEIbHBIE MY-
TAHTHBIE TUIa3MU/IbI, CIIOCOOHBIE HAKOMUTh 10 1—2 ThICSY KOMUM Ha KIIET-
Ky 0€3 HapylleHUs XKU3HEHHO BaXKHBIX (yHKIUN OakTepuil. OOBIYHO XK€
UCIIOJIb3YEMBIE TUIA3MUIHBIE BEKTOPBI MOIEPKUBAKOTCA B KIIETKE B KOJIMYE-
ctBe 20-50 xonuii. [TonmydyeHne GakTepUaTbHBIX IITAMMOB CBEPXITPOYIICH-
TOB TUIA3MUJIHBIX T€HOB — OJIHA U3 BAYKHEUIIIUX 3a]]a4 COBPEMEHHON OMOTEX-
HOJIOTUY B SKOHOMHYECKOM, MEJIMIIMHCKOM Y COLIMAJIbHOM aCIIEKTax.

5. Ucnob30BaHHEe FreHETHYECKOM NHKCHCPHUH B )KUBOTHOBOICTBE

[IprMeHeHne METOJ0B T'€HETUYECKOW MHKEHEPUU B KMBOTHOBO/ICT-
BE OTKPBIBAET MEPCIIEKTUBY M3MEHEHUS psJia CBOWCTB OpraHuW3Ma: MOBbI-
MIEHUE MPOAYKTHUBHOCTU, PE3UCTEHTHOCTH K 3a00JIEBAHUSIM, YBEIUUYEHUE
CKOpPOCTH pOCTa, YIYUIlIEHUE Ka4eCTBA MPOAYKIUU U Ap. ’KMBOTHBIX, HE-
CYIIMX B CBOEM I'€HOME PEKOMOUHAHTHBIN (4Y>KEPOJHbIN) T'€H, HA3bIBAIOT
MPAHCSEHHbIMY, @ T€H, UHTETPUPOBAHHBIM B TEHOM PELUIIUEHTA, MPAHC-
eenom. Ilpoaykt 3TOoro reHa (0enok) sIBISETCS TpaHCTE€HHbIM. biaromaps
MEePEHOCY T€HOB Y TPAHCTEHHBIX KMBOTHBIX BO3HUKAIOT HOBBIC KaueCTRBa, a
JadbHEWIas CeeKIrs TO3BOJISIET 3aKPEMUTh UX B TIOTOMCTBE U CO3/1aBaTh
TpaHCTeHHbIC TMHUU. BBenenne uyxeponnou JHK B xKHMBOTHBIE KieTKH
MOHO OCYIIECTBUTH JU00 (U3MUECKUMHU METoaaMu (MHUKPOUHBEKIIUS,
ANEKTPOIIOpALUs], CIUSHUE JIMTIOCOM), JIMOO MPHU MOMOIIU BUPYCHBIX BEK-
topoB (Tuxonos N.B., 2005).

Crparerusi moJIydeHHUs] TPAHCTEHHBIX KUBOTHBIX COCTOUT B CIEAYIO-
IeM:

1)  KJIOHHPOBAHHBIN T'€H B COCTAaBE BEKTOpa BBOMIST B SAPO OILIO-
JOTBOPEHHOM SIMLEKIIETKHY;

2)  WHOKYJUPOBAHHBIC OIUIOJOTBOPEHHBIC SHICKICTKA MMIUIAHTH-
PYIOT B PEIIUTTUCHTHYIO )KEHCKYIO 0COOb;

3)  oTOMpArOT MOTOMKOB, KOTOPBIC COJIEPKAT KIIOHUPOBAHHBIN TCH
BO BCEX KJIETKaX;

4)  CKpEIIMBAIOT KUBOTHBIX, KOTOPHIC HECYT KJIOHHPOBAHHBIA I'eH
B KJIETKax 3apOJIbIIIEBON JUHUHU, U TIOJYy4YalOT HOBYIO M€HETUYECKYIO JIU-
HUIO.

OTanel MOJMYYEHUS TPACTEHHBIX >KUBOTHBIX IMYTEM MHUKPOWHBEKIIHU
JIHK mpencraBiieHsl Ha cxeme (puc. 18).
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g mccenenoBaHusi y TPaAaHCTEHHBIX KKUBOTHBIX BbLACIsAOT PHK wn3
TeX TKaHEH, B KOTOPBIX MPEAroJiaraeTcsi HanboJiee BHICOKUH YPOBEHB K C-
npeccun. KauecTBeHHBIN M KOJIWYECTBEHHBIN aHAJIM3bl SK30TCHHBIX O€Jl-
KOB IMO3BOJISIIOT CYJUTHh 00 YPOBHE TPaHCIAIUN MHBEIIMPOBAHHOT'O T€HHO-
ro Marepuaia.

[IpuroroBiieHUE pacTBOpa [ToaroroBka TOHOPOB U U3BJICUCHUE
JHK 171 MUKpOUHBEKITUN SMOPHOHOB

,

Busyanuzarus npoHykiaeycoB B SMOpHOHAX >KUBOTHBIX
u Mukpounbekius JJHK

Hepecam(a HMHBCKIUPOBAHHBIX 3M6pI/IOHOB B ﬂﬁHeBOHBI 15005} (HOCJ'IG IIPOMCIKY-
TOYHOI'O KYJ'IBTI/IBI/IpOBaHI/IH) B MAaTKy CHMHXPOHU3UPOBAHHBIX PCIIMIIMCHTORB

JIoKa3aTenbCTBO MHTErPALUN Y POAUBLINXCS [IOTOMKOB U UCCJIEI0BAHNE KC-
IIPECCUU TPAHCI€HA TOTOMKOB. MccneroBaHue dKCIIPECCUH TPaHCTeHa
Ha ypoBHe TpaHckpunuuu (MPHK) u Tpancisium (mpotenH)

HonyquI/Ie TPAaHCICHHBIX IIOTOMKOB

Pucynox 18 — Cxema nonyuenus mpanceenuvix sicueomuwix (Tuxonos U.B., 2005)

['eHeTHUecKuii aHAWU3 POAUBIINXCS TPAHCTEHHBIX >KMBOTHBIX U TO-
JY4YEHHOr0 OT HHUX IMOTOMCTBA IOKa3ajl, YTO, HECMOTPS Ha HHBEKIIHUIO
JIHK Ha paHHUX cTaausX, B TPAHCT€HHBIX JIMHUSAX MOTYT IOSBUTHCA TaK
Ha3bIBaeMble MO3auku. K Mo3ankaM OTHOCSIT KMBOTHBIX, TTPOUCXOASIIUX
U3 OJHOM 3WUIOThI, HO UMEKOIINUX pa3Hble T€HOTHUIIBI. [IoMHUMO KJIETOYHBIX
JUHUH, coAepKallluX TPAHCTEH, OHU MMEIOT €Ill¢ HETPAHCTE€HHbIEC KJIETOY-
Hble tuHud. [logcuntano, 4ro okosio 30% MEepBUYHBIX TPAHCTEHHBIX K-
BOTHBIX, MOJIYYEHHBIX MeToJIoM MUKpouHbekiuu JJHK, mo3auku, uto 3a-
TPYAHSAET CO3JaHHE YUCTBIX TPAHCTEHHBIX JIMHUW KUBOTHBIX. DTUM 00b-
SACHSIETCS TOT (DAaKT, YTO TPAHCTEH TepelaeTCsl MOTOMCTBY C OKHUIaeMOM B
COOTBETCTBUU C 3akoHaMu I'. Mennens yactoroit 50%. Uacte MO3auKoB
BOOOIIIE HE MOKET JIaTh HA4aja0 TPAHCTEHHBIM JIMHUSM, TaK KaK Y HUX OT-
CYTCTBYET Iepeada TpaHCTeHa M0 HACIIC/ICTRY.

OpHa w3 BaXHEHIIMX 3a7a4 CEIbCKOXO3IHMCTBEHHON OMOTEXHOJIO-
TUU — BBIBEJICHUE TPAHCT'C€HHBIX KUBOTHBIX C YIYUYIIIEHHOW MPOAYKTHUBHO-
CTBIO U 00Jiee BHICOKMM Kauye€CTBOM MPOJYKIIMH, PE3UCTCHTHOCTHIO K 00-
Je3HSIM, a TaK)Ke CO3JIJaHME TaK Ha3bIBAEMBIX JKMBOTHBIX-OMOPEAKTOPOB —
IMPOAYIIEHTOB IIEHHBIX OMOJIOTMYECKH aKTUBHBIX BEIIECTB.
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B konre 70-x romoB XX Beka Ha OCHOBE TEXHOJIOTHH PEKOMOMHAHT-
Hoit JIHK momyuwmnu ropmon poctra (I'P) MUKpOOHOTO MpPOMCXOXKIACHHUS.
beimo nmokazano, To I'P oka3biBaeT Takoe XK€ CTUMYJIHPYIOIIEE NCHUCTBUE
Ha JIAKTAI[MI0O U POCT >KUBOTHOrO, KaK W runoduszapHsid. ['opMoH pocTa,
MOJIYYECHHBIN C TOMOUIBIO0 METOAOB F'€HETUYECKON MHKEHEPUHU, TIPU KPYTI-
HOMAcCIITA0OHOM TPUMEHEHUM BBI3BIBAN yBeJIMUeHUE yaoeB Ha 23-31%
npu go3e 13 mr B nenb. PaspaboTtanbl (hopMbl ipenapaTa MpoJIOHTUPOBaH-
HOTO JEWCTBUSA, MO3BOJISIONIME UCIIOJIB30BATh €r0 OJIMH pa3 B JBE HENEIIH
u naxe B Mecdal. IIpu exenHeBHOW MHbEKIWU ['P MOJIOAHSKY KPYHHOTO
pOraToro CKOTa, CBUHEW U OBEll YAAJIOCh YBEIUYUTh CYTOUYHBIE MPUBECHI
Ha 20-30% mpu 3HAYUTETPHOM COKPAIIEHUH PACX0/1a KOPMOB HA €AUHHUILY
npupocTa. ¥ MOJOJHSIKA CBUHEH C YCKOPEHHUEM POCTa YBEIMYUBAIOCH CO-
nepkaHue Oellka M YMEHBIIAIOCh COJEp)KaHUE JKHpa B TKAHAX, YTO IO-
BBIIIAJIO0 KAYE€CTBO MSCOMPOIYKTOB.

IlepBbie TpaHCcTeHHBIE MBI ¢ TeHOM ['P Obutn mosydensr B 1982
roay. ¥ HUX OTMEYaJOCh MOBBIIIEHUE CKOPOCTU POCTA U YBEIUUYEHHUE KO-
HEYHOW >KMBOM Macchl. OIHAKO y TPAaHCTEHHBIX CBUHEW C TeHOM [P yBe-
JUYEHUE POCTa HE HAOJI01aIOCh.

VY moToMcTBa TPaHCTE€HHBIX CBUHEM, MOTY4YaBIIMX MOAU(PUIIMPOBAH-
HBII1 KOPMOBOM pAIIMOH C MOBBIIIEHHBIM cojiep:kanueM oenka (18% cwipo-
ro MPOTEUHA) U C JOTOJHUTEIBLHBIM KOJIWYECTBOM JIM3MHA, OTMEUAIUCh
0oJiee BBICOKHE CpeaHECYTOUHbBIC TpuBeCH (Ha 16,5%).

Y TpaHCreHHbIX OBell ¢ reHamu [ P, HecMOTpsl Ha MOBBILLIEHHBIN YPO-
BeHb ['P, CKOpPOCTh pocTa HE yBeauuuBaiack. BMecTe ¢ Tem, Mo JTaHHBIM
OOJIBIIMHCTBA WCCJIEIOBATENEH, Y TPAHCTCHHBIX CBUHEW Hapsly C MOBBI-
HIEHWEeM cojepkaHusl Oenka HaOMIAaNoCh JIBYKPAaTHOE YMEHBIICHHE
TOJIIMHBI MTMHKA (7—8 MM y TpaHCT€HHBIX NpOTUB 18—20 MM y KOHTpPOJIb-
HBIX JKMUBOTHBIX); AQHAJIOTUYHBIE TMOKA3aTeIM OTMEYEHBI y TPAHCTE€HHBIX
oBel (25-30% >xupa y KOHTPOJIBHBIX )KMBOTHBIX MPOTUB 5—7% Yy TpaHCc-
TeHHBIX OBEIl).

PaccmarpuBaeTcss BO3MOXKHOCTh YMEHBILICHUS! JIAKTO3bI B MOJIOKE
MyTEM CO3JaHUs KUBOTHBIX, Y KOTOPBIX MPHUCYTCTBYET CIEIU(UUESCKUM
JUIS MOJIOYHOM KeJIe3bl IPOMOTOP, COSTMHEHHBIN ¢ TeHOM (hepMeHTa OeT-
Ta-rajakTO3U/a3bl, KATAIU3UPYIONIMNA pachaj JakTo3bl. MOJIOKO TaKux
’KUBOTHBIX, HE COAEprKaIlee JaKTO3bl, MOTYT UCIOJb30BaTh JIOJIH, Y KOTO-
pBIX HE CHHTE3upyeTcs OeTra-rajakro3uaasa. Bemxyrcs paboTsl 1o BBele-
HUIO TEHHBIX KOHCTPYKIUA B OPraHU3M TPAHCTEHHBIX KMBOTHBIX, BhIpada-
THIBAIOIIMX AHTUTEINA, IPEIOTBPAIIAIOIINE MACTHUTBHI.
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Hpyrasi BaxxHas 3ajjada — BBIBEJICHUE TPACTCHHBIX >KUBOTHBIX, YC-
TONYUBBIX K 3a00j€BaHUsIM. BeayTcs McCiienoBaHUs B LEJIAX MOJTYYCHUS
TPAHCTEHHBIX >KUBOTHBIX, PE3UCTECHTHBIX K MACTUTY 3a CUET MOBBILICHUS
comepkaHus Oenka jgakTodeprHa B TKaHAX MOJIOUHOM  KeJle3bl.
JL.K. DpHCT NpoAEMOHCTPUPOBAT YCTOMUYUBOCTh TPAHCTEHHBIX )KUBOTHBIX
¢ renoM aHTucmbiciioBor PHK k 5ieliko3y KpynmHOro poratoro ckora, K 3a-
PaXXEHUIO BUPYCOM JieKKo3a. [1oirydyeHsl TpaHCT€HHBIE KOPOBBI, B MOJIOKE
KOTOPBIX COACPKUTCS YETOBEUECKHUI OENOK JakTohepprH, KOTOPHIN Ijia-
HUPYIOT MPUMEHSTH ISl TPOPUIAKTUKU TaCTPOIHTEPOJIOTHYECKUX 3a00-
JIEBaHUM y JIOJed C HU3KOH HMMMYHOPE3UCTEHTHOCTHIO (OOJbHBIE
CIIN oM, HEeqOHOIIEHHBIE MJIQJICHIIbI, OOJIbHBIC PAKOM, MPOIICAIINE Pa-
JMOTEPAITHIO U JP.).

[IepCEKTUBHBIM ABJISECTCSA UCIOJIB30BAHUE TPAHCTCHHBIX KUBOTHBIX
B MeauiuHe. [loaydyeHue OMONOTrHMYEeCKU aKTUBHBIX COCIMHEHUN 3a CUET
BKJIFOUCHHUS B KIIETKA OPraHM3Ma I'€HOB, BBI3BIBAIOIIMX Y HUX CHUHTE3 HO-
BBIX OCJIKOB.

B Poccun rpymnmoi yuensix noq pykoBojactsoM JI.K. OpHera mony-
YEHbI TPAHCTEHHBIE OBIbI C TECHOM XMMO3WHA, B OJIHOM JIUTPE MOJIOKA KO-
TopbIx conepxkutcs 200-300 Mr XxuMo3WHA, OCHOBHOTO KOMIIOHEHTA IS
MPOM3BOJICTBA Chipa. M3 Tpex JIUTPOB MOJIOKA TPAHCTE€HHOW OBIIBI MOKHO
MOJTYYUTh JOCTATOYHOE KOJMYECTBO XMMO3WHA JJI MPOU3BOJICTBA OJHOM
TOHHBI ChIPA U3 KOPOBBETO MOJIOKA.

B03M0XXHOCTH T€HETUYECKON UHKEHEPUH B )KUBOTHOBOJCTBE U JIPY-
TUX OTPACIISIX HAPOJIHOTO XO35KUCTBA OTPOMHBI U IEPCIIEKTUBHBI. Ha ocHO-
BE€ METOJOB N'CHETUYECKOW WHXKECHEPUU MOJYYEHBbl UHCYJIHUH, COMATOTPO-
MIMH, THTEP(PEPOHHI.

[lepcniekTHBY B Pa3BUTHUH HOBBIX TPAHCTEHHBIX TEXHOJIOTHH CBA3bI-
BAaIOT C CO3/IAHUEM TPAHCTEHHBIX KXUBOTHBIX — UCTOYHUKOB OPTAHOB IS
nepecajiku 4YeJI0BEKY, MOJICIMPOBAHUEM I'€HETUYECKUX 3a00JI€BaHUM.

Takum 00pa3zoM, B JaHHOW TeME MBI PACCMOTPENN MPUEMbI U METO-
Ibl TEHETUYECKOW WHXKEeHEepuH. M31m0KeHbl METOAbl OMOTEXHOJIOTHH Pe-
komOuHaHTHBIX JIHK, meTonsl cexkBenupoBanusi JIHK. /lana xapakrtepu-
CTHKa BEKTOPHBIM MOJIEKYJIaM, UCIIOJIb3YEMBIM B TEHETUYECKON HHXKCHE-
pun. IlpencraBieHbl TOCTUAKEHUS T€HETHYECKOM HHXKECHEPUU B OTPaCiu
KWUBOTHOBOJICTBA U PACCMOTPEHBI MEPCIEKTUBEI €€ TAITBHEUIIIEr0 UCIOIb-
30BaHMUSI.

OcHoBHbie Tepmunbl M nousatTusa: /IHK, PHK, ren, BekTop, mnas-
MUJIa, KocMu1a, 0akTepuodar, pecTpukTasa, TPAaHCTEHHBIE KUBOTHBIE, MO-
3aMKH, STHOTPOIHOE JICUCHHE, TEHHAs Teparus, )KUBOTHBIC-OMOPEAKTOPHI
MaTOT€HETUYECKOE JICUCHUE, PETPOBUPYCHI.
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Bonpocel 111 CaMOKOHTPOJIsA

1. U3 kakux ¢parmMeHTOB OblIa COCTaBlieHa TepBas pPEeKOMOU-
HantHas JIHK?

2. HazoBuTe 3Tambl CTAaHOBICHHS M Pa3BUTHSA T'€HETUYECKOW WH-
KEHEPUHU.

3. Kakue meroawl CEKBEHHPOBAHWS NMPUMEHSIOTCS B TCHETHYE-
CKOM MHXKECHEpUH?

4.  Yro Takoe JTUTUPOBAHUE, KAKUMU OCHOBHBIMHU METOJaMHU OCY-
IECTBIIACTCS ?

5.  Pacckaxute o cummBanuu reHoB (¢pparmenroB) JJHK mo mumn-
KUM M TYTIBIM KOHIIaM.

6. Kakue monekynbl [JHK Ha3piBatoT BEKTOPHBIMU UM KAKUMH OCO-
OCHHOCTSIMU OHH JIOJIKHBI 001a1aTh?

/.  HazoBute BUIBI BEKTOPOB, MPUMEHAEMBIX B T€HETUYECKOU UH-
KEHEPUHU.

8.  Pacckaxute 00 9KCIPECCUU YYKEPOTHBIX T€HOB y MPOKApHOT.

9. HazoBuTe NOCTHMXEHUS TCHETUYECKOW WHKEHEPUU B OTpPACIIU
KUBOTHOBOZICTBA. Kakue MMEIOTCS MePCIeKTUBBI TaIbHEUIIIETO HUCIIOIbh30-
BaHMsI METOJIOB U NMPHUEMOB F'€HETHUECKON MHKCHEPHUH?

10. Tlepeumciure 3TAIbBI MOJIYYEHUS TPAHCTCHHBIX )KHBOTHBIX.

11. Yro o3HauaeT BBIpAKEHHUE «TPAHCTEHHBIE KUBOTHBIE — OHOpe-
aKTOPBI OMOJIOTHYECKH aKTUBHBIX BEIIECTB?

Bonpocs! 11 caMOCTOSITEIbHOM PadoThI

DKcrpeccusi 4y KepOoJHbIX 'eHOB. HanpaBieHHbI MyTareHe3 U reH-
Has MHXeHepus 0enkoB (MeToauka). ['eHHast MH)KeHepusl pacTeHUul (METO-
J0JIOTUs, TpUMEHEHUE). TpaHCTeHHBIE KUBOTHBIE (METOAOJIOTHS, PUME-
HEHME).

MousiekyiisipHas TeHeTUKa 4denoBeka. ['eHHasa tepanusd. JIekapcTBeH-
HBIE CPEACTBA HA OCHOBE OJIMTOHYKJIEUIOB.

PexomeHayeMasi IMTEPATYPa K CAMOCTOATEILHOM padoTe

1.  buotexnonorusa. [Ipon3BoacTBO OEIKOBBIX BEIIECTB: y4eOHOE
nocooue / mox pea. H.C. Eropora, B.J[. CamyunoBa / B.A. BbIkoB,
M.H. ManakoB, B.W. Tlandunor [u ap.]. — Mockpa: Beicmas mikorna,
1987. - 142 c.

2. buotexnomorus: Teopus W TpakTUKa: ydeOHOEe TocobOwe s
By30B / H.B. 3arockuna [u 1p.]. — MockBa: Onukc, 2009. — 496 c.
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3. buotexnonorums: yueOnmk / mom pexa. H.B. 3arockunHoid,
JI.B Hazapenko. — 3-¢ u3f., ucnp. u jgomn. — Mockpa: FOpaiit, 2022. —
381 c.

4. BopoOneBa, A.W. IlpombiiieHHass MUKPOOHMOJIOTHA: Yy4eOHOE
nocodue / A.M. BopoObeBa. — MockBa: MOCKOBCKHII YHHBEPCHUTET,
1989. — 294 c.

5. T'epacumenko, B.I'. buorexnonorusi: ydeOHOoe mocobue /
B.I'. I'epacumenko. — Kues: Buna mkona, 1989. — 160 c.

6. I'nmuk, b. MonekynsipHas OuorexHosiorusi. [IpuHuunsl u npu-
meHenue / b. I'nmuk, J[x. [Tacteprak. — Mocksa: Mup, 2002. — 589 c.

7. T'momep, A. Knonuposauue IHK: meronsl / moxa pen. J. ['mose-
pa. — MockBa: Mup, 1988. — 538 c.

8. T'onuapenko, I'.I'. OCHOBBI TI€eHETUYECKOW WHKEHEPUU: METO-
muueckoe nocodue / I'.I'. 'onuapenko; otB. pea. JI.B. XorsuieBa. — I'o-
menb: [ TY um. @. Cropunsl, 2003. — 118 c.

9. Tonuapenko, I'.I'. OCHOBBI Te€HETHYECKOW HHKCHEPHH: ydeO-
Hoe mocobue / I'.I'. 'onuapenko. — MockBa: Brwicmias mkomna, 2005. —
183 c.

10. Eroposa, T.A. OcHOBbI OMOTEXHOJIOTHMHU: y4eOHOE mocobue /
T.A. EropoBa, C.M. KnynoBa, E.A. )KuByxuna. — 4-e uznu., crep. — Mock-
Ba: Axagemus, 2008. — 208 c.

11. Mamkuna, O.C. I'eHeTnueckass WHXeHepuss U OuoOe3ormac-
HOCTh: Kypc Jekiuii / O.C. Mamkuna, A.K. Byropuna. — Boponex: M3na-
teabcTBO BI'Y, 2005. — 71 c.

12. My3zadapos, E.H. Ouepku no uctopuu OMOTEXHOJIOTHU: y4eO-
Hoe nocobue / E.H. My3adapos, b.C. AGapacuinos, B.A. Andepon. — Ty-
na: U3marensctBo Tynl'y, 2013. —359 c.

13. OcHoBbl O6motexHonorun: ydeOHoe mocoobuwe / H.E. IlaBnos-
ckas, U.B. TI'oppkoBa, N.H. I'arapuna, A.}O. I'aBpusioBa. — Open: U3na-
tenbcTBO Openl’AY, 2013. — 215 c. // Jlaub: 30€KTpOHHO-OMOIMOTEUHAS
cucremMa. — URL: https:// e.lanbook.com/book/71482 (nmara oOpaieHus:
08.11.2022).

14. YeteprakoBa, E.B. buorexHonorusi: ydeOHOe mocobue /
E.B. UerBeprakosa, JI.II. Baageimesckas. — Kpacnosipck, 2011 — 175 c.

15. Ilapunosa, M.P. Kypc nekuuii mo reHeTu4ecKOd UHKEHEPHUH:
ydueobHoe mocodue / M.P. Illapunosa. — Kazanb: U3gatenscto K(I)DVY,
2015. - 114 c.

16. UlenxynoB, C.H. I'eneTnueckas uHxeHepus: yueOHoe nmocodue
/ C.H. llenkyHoB. — 2-¢ u3a., ucnp. u gon. — Hopocubupck: Cubupckoe
YHHUBEPCUTETCKOE U31aTebcTBO, 2004, — 496 c.
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TEMA: OCHOBBI KJIETOYHOM MHXXEHEPUN

HGHB 3aKJIFOYAaeTCsI B OCBOCHHUHM OHMOTECXHOJOTMYECKHUX METOOOB,
IMPUEMOB 1 BO3BMOKHOCTH UX IIPUMCHCHHA B KJICTOUYHOM HHKCHCPUU.

Bonpocsi

1. Uctopus pa3BUTHUS KIETOYHOU MHKEHEPUH.
2. DTanbl NOJy4YeHUs THOPUTHBIX KIETOK.
3. BO3MOXHOCTH METO/AA CIUAHUA KIIETOK.
4. I'mOpumoMHast TEXHOJOTHSI.
5. KiloHupoBaHue KUBOTHBIX.
5.1. Ucropusa merona.
5.2. KiloHnpoBaHUE MIIEKOTIUTAIOIINX .
5.3. MeTtoabl TpaHCILJIaHTALIUU SIAEP.
6. OMOpuoTpanchepsl.

1. UcTopusi pa3BUTUSA KJIETOYHOW MH:KEHEPUH

KiieTouHast uH)KEHEPUS: — OJHO U3 HauboJiee BAKHBIX HAIIPABICHU B
OMOTEXHOJIOTHHU.

OCHOBOW KJIETOYHON WHYKEHEPHUM SIBIISIETCS TMOpPUAU3ALNS COMATHU-
YECKUX KJIETOK — CIMSHUE HEMOJIOBBIX KJIETOK C 00pa30BaHUWEM €IMHOTO
nenoro. ChusHUE KIETOK MOXET OBbITh TOJHBIM WM K€ KJeTKa-
PEUUMUEHT MOXKET NPUOOPECTH OTAEIbHBIE YACTH KJIETKU-IOHOpA: LIUTO-
1a3My, MUTOXOHJIPUH, XJIOPOIUIACTHI, SIACPHBIM T€HOM WIH €TI0 KPYIHBIE
omoku. Beenenue HeOobIINX OJIOKOB reHeTUUeCcKoil nHpopmauu oObIy-
HO OCYIIECTBIISIETCS CPEICTBAMM T'e€HETHYEeCKOW uHxkeHepun. ComaTuye-
CKasi THOpuAM3aIus UMeeT 0osiee MMPOKHUE BO3MOXKHOCTHU ISl CKpeIBa-
HUS (PUIOTEHETUYECKH OTJAJICHHBIX OPTaHU3MOB, YEM IOJOBOE Pa3MHO-
KEHHUE.

MHTEeHCUBHOE pa3BUTHE KIETOUYHON MHXXEHEPUH Hauyajaoch B 90-e ro-
nel XX BeKa, XOTs MOMBITKK BBIPAIIMUBAHUS HM30JMPOBAHHBIX KYCOYKOB
pacTUTENIbHOM TKaHU ObLIU CleNIaHbl Topa3ao panbiie. B konne XIX — Ha-
gajge XX Beka HeMelUKUMHU yueHbIMU X. Déxtunrom (1892), C. Pexunre-
pom (1893), k. Xabepmangom (1902) ObLIu HpoOBECHBI OIBITHI IO CTH-
MYJISIIAM POCTA PACTUTENbHBIX TKAaHEH W OpPraHoB, IMOMEIICHHBIX Ha
GuIbTpOBANBLHYIO OyMary, MPONMUTAaHHYIO0 caxapo3oi. XOTs MOJIOKUTEb-
HBbIE pe3yJIbTaThl OTCYTCTBOBAJIM, B MX paboTax OBUIM BBICKa3aHbl UJIEH,
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KOTOpPBIE HAMHOTO ONEPEIWIIM PAa3BUTHUE HAYKH TOTO BPEMEHHM W HAIIU
CBOE TOJATBEPKICHUE HECKOJBKO AecATUIETAN crmycTsA. Tak, X. OEXTUHT
MPEIOIOXKII, YTO MOJSPHOCTh MPUCYIA HE TOJIBKO OPTaHW3MYy HJIM Op-
raHy pacteHus, Ho u camou kierke. C. PexuHrep onpenenun MUHAMANb-
HBIM pa3Mep cerMeHTa, obpasyromiero kamiyc. CoriacHo ero uccieaoBa-
HUSIM, B KyCOYKax TKaHU TOHbIIE 1,5—2 MM KJIE€TKM HE aeauiauck. Jx. Xa-
OeprnaHj BOEPBbIE YETKO CHOPMYITUPOBAT UIEHU O BO3MOXXHOCTH KYJIbTHU-
BUPOBaHUSA IN VItr0 M30IMpPOBaHHBIX KIETOK PACTCHUN M O TOTUIIOTCHTHO-
CTH KJIETOK, T. €. CIIOCOOHOCTH JIF00OM COMaTUYECKOMN KIIETKU MOJTHOCTHIO
peann3oBaTh CBOM noteHuan pa3putus (3arockuna H.B. u ap., 2009).

[lepBbie ycniexu ObLIM MoJydyeHbl B 1922 rony amepukaHCKUM yue-
HbIM B. Po60uncoM u HemenikuM yueHbiM B. Kotre. HezaBucumo apyr ot
Apyra OHM IOKAa3alld BO3MOKHOCTH BBIPAIIMBAHUS MEPUCTEM KOHUYUKOB
KOPHEM TOMATOB M KYKYpy3bl Ha CHUHTETHYECKOW IUTATEIBHOU CpEnE.
Cuuraercs, 4To UX pPabOTHI JIETJIW B OCHOBY METOJa KYJbTYpPbl U30JUPO-
BAHHBIX KOPHEN PACTCHUN.

Hacrosiee pa3zButhe MeTOAa KYJbTYpbl TKAHEHM M KIIETOK BBICIINX
pacteHuit Hauanoch B 1932 roay ¢ pabot ¢paniry3ckoro yueHoro P. 'otpe
U aMepuKaHckoro uccienoparens ®@. Yaitta. IMu Oblin pa3paboTaHbl Me-
TOABI KyJIbTUBUPOBaHUS 00beKTOB. D.K. KOKKHMHT pa3zpaboTan MeTo[ 1Mo-
aydeHus (PEpPMEHTATUBHBIM IMYTEM H30JUPOBAHHBIX TMPOTOIJIACTOB W3
KOPHEHN U IUIOJOB TOMAaTa U KYJIbTUBUPOBAHUS UX B KOHTPOIUPYEMBIX yC-
JIOBUSIX.

B nacrosmee Bpemsi W30JMPOBAHHBIC MPOTOILIACTHI MPUMEHSIOTCS
IUTSl U3YYEHUSI XUMUU U CTPYKTYPBI KIIETOYHON CTEHKH (pa3pylleHue, CUH-
T€3); U3YUCHUS! CBOMCTB IUIa3MaJEeMMBbl, TPAHCMEMOpPAHHBIX MEpeMelIe-
HUM; MATKOTO BBIJICJICHUSI OpTraHesl; HaOMI0ACHUS 32 3aKOHOMEPHOCTSIMHU
mudPepeHIIMPOBKHU KIIETOK MPU CIUSHUM MPOTOIIACTOB, OTCIICKUBAHUS
B3aMMOJICUCTBUS S/Ipa U ITUTOIIA3MBbI B MOJYYECHHONW THOPUIHON KJIETKE,
M3YUYCHHUSI COMATUYECKUX THOPHUIOB; BBEACHUS UYKHX OPTAHEIUI U UyKe-
POAHBIX T€HOB B PacTUTENbHYIO KJIETKY (TpaHcrenes3) (M.A. MypaiikuHa,
2015).

PazpaboTanHbIli METOJl MOJYYECHHS H30JMPOBAHHBIX IMPOTOIIACTOB
MOCITYKWJI TOJYKOM K TOJYYEHHIO COMaTHMYE€CKHX THOpuaoB. B 310 ke
Bpems JIx. Mopen u P.I. byTeHKO mnpeninoxund MeTox KIOHAIBHOIO
MHUKPOPA3MHOKEHUsSI, KOTOPBIM CPa3y K€ HAILEN IHUPOKOE NPAKTUYECKOE
npuMeHeHUE. BaXXHbIM JOCTMKEHUEM B PAa3BUTHUH TEXHOJIOTUMN KYJIbTUBU-
POBaHUs U30JMPOBAHHBIX TKAHEU U KIIETOK CTAJIO KYJbTUBUPOBAHUE O HU-
HOYHOM KJIETKU C TIOMOILbIO TKaHU-«HSIHBKI». DTOT METOJ ObLI pa3pado-
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TaH B Poccum B 1969 1. B MHHCTHTYTE (QU3MONIOTUH PACTCHUIN
uM. K.A. Tumupszesa PAH non pykoBoactsom P.I'. byrenko (M.A. My-
pamkuHa, 2015).

JIOCTUTHYTBI OOJIBIIIME YCIEXW B Pa3BUTHUU METOIOB IMOJTYUYCHUS
TPACTE€HHBIX PACTEHU, TEXHOJIOTUM UCMHOJb30BAHUS U30JUPOBAHHBIX TKa-
Hel u kietok. [lupokoe pacnpocTpaHeHUE NOTYyUHII METOJ TPAHCIIJIAHTa-
MM 3MOPHOHOB U co3/laHue rubpuaoM. MHTEepec MpencTaBiseT Takxke
MOJIyYEHHE XUMEPHBIX )KUBOTHBIX.

2. JTanbl NOJy4eHUs] THOPUAHBIX KJIETOK

PaboTa mo moay4eHUI0 TMOPUAHBIX KIJIETOK CKJIaJbIBAa€TCA W3 He-
CKOJIBKMX 3TanoB. CIUAHUIO KJIETOK MPEAIIECTBYET YCTAHOBIEHUE TECHO-
ro KOHTaKTa MEXJy Iia3MaThyecKkuMu MeMopanamu. O HaKO 3TOMY Tpe-
NSATCTBYET HAJIMYKME MOBEPXHOCTHOTO 3aps/ia Ha MPUPOJHBIX MeMOpaHax,
0OyCIJIOBJIEHHOTO OTPULIATEIBHO 3apsDKEHHBIMU TpYIaMu O€JIKOB U JIU-
nuaoB. Jlenonspuzauus MeMOpaH MePEMEHHbBIM 3JIEKTPUYECKUM WIIM Mar-
HUTHBIM TOJIEM, HEUTpanu3alusi OTPULATEIBbHOIO 3apsia MEMOpPaH C IO-
MOIIIbI0 KATHOHOB CIIOCOOCTBYET CIUSHUIO KJIETOK.

JIns MHAYKUWUKW CIUSIHUS KJIETOK MCIHOJIBb3YIOTCS BEIECTBA pa3iny-
HO TIpUpobl, HOHB! Ca’’, IIOIMATHICHTIINKOIb, JIN30ICLIUTHH, MOHOOIIC-
aT TJIMIEPUHA, JIEKTUHBI PACTEHUN U aHTUTENA U JIp.

PactutenbHble, rpuOHbIE U OAKTEpUAIBHBIE KIETKU MEepe] CIUIHUEM
OCBOOOKJAIOT OT KJIETOYHOM CTEHKHU, MPU 3TOM MOJYyHarOT MPOTOILIACTHI.
KileTounyro CTEHKY MmoJBepraroT (EepMEHTATUBHOMY THAPOIU3Y, IPUME-
HSISl JTU30LUM ([ OaKTepHaIbHBIX KJIETOK), 3UMOJINA3y YIUTKH (JJ1s1 Kiie-
TOK TpUOOB), KOMIUIEKC LEJUTI0JIa3, TEMULIECIUTIONA3 U IEKTUHA3, TIPOIyIU-
pyeMbIi rpudamMu (17151 KIIETOK PaCTEeHU).

3aTeM ImPOBOST CKPUHHUHT (OTOOP, COPTUPOBKA) THOPUIHBIX KIETOK,
OpU 3TOM UCIOJIB3YIOT PA3IUYHbIE MOAXOABl — Y4eT (DEHOTUIMHYECKUX
NPU3HAKOB; CO3JaHUE CEJICKTUBHBIX YCJIOBUW, B KOTOPBIX BBDKUBAIOT
JUIIh THOPUIBI, 00BEAMHUBIINE TEHOMBI POJUTEIBCKUX KIETOK.

3. Bo3zMoxHOCTH MeTO/1a CJUAHUA KJIETOK

Mertop cnusaHus OTAEIBHBIX COMAaTHUYECKHUX KIETOK OTKPBIBAET MEPET
OMOTEXHOJIOTUEH 3HAYNUTEIIbHBIC EPCIIEKTUBBI.
Bosmooicnocms ckpewusanus gunocenemuuecku 0moaieHHulx Qopm
orcueo20. BriepBbie 3penblid Mexceu0060l 2uopud, MOJIyUYeHHBIM B PE3YJIib-
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TaTe MapaceKCyaabHON ruOpHUIN3allU TPOTOIIACTOB JIBYX COPTOB Tabaka
(Nicotiana glauca ¢ 24 xpomocomamu u N. langsdorfii ¢ 18 xpomocoma-
Mu), onucan Kapiconom B 1972 roay. Kannyc amdumiongaoro rudpuaa
MOT pacTu Ha Oe3ropMoHanbHOM cpeae. ['mOpumHOe pacTeHuEe IBENO.
C tex mop ObUIM MOJIYYEHBI KU3HECTIOCOOHBIE BHYTPUBHUIOBBIEC, MEXKBU]I0-
BbI€, MEKPOJIOBbIC THOPUJIBI.

[lyTeM crnugHUS KJIETOK PacTEHUU MOJYYEHBI TIIOJOBUTHIE (PEHOTH-
MUYECKU HOpMaJbHbIE MEXBUIOBbIE THOPHUIBI Tabaka, KapTodes, Kamyc-
Thl C TYPHEIICOM (9KBHUBAJICHTHBIE MMPUPOJIHOMY parcy), netynuu. Ilepsas
MOMNBITKA II0 CO3JaHUI0 MeNCPOOosblX 2ubpuoos TpUHATICKUT [
Menbxepcey, coznaBmemy B 1978 romy rudpun kaprodens + Tomar (Toma-
Ttodenas). ['mOpua ObuT cTepHIIeH, MOP(OIOrHUECKH aHOMAJICH: TOJICTHIC
KOPHH, OTCYTCTBHME TUIUYHBIX CTOJIOHOB, MaxpoOBbI€ IBETKHU. bbUIO emie
HECKOJIbKO TOMNBITOK MOJYYEHHS] TaKMX TMOPUAOB, HO BCE PACTCHUS CTeE-
PUIIBHBL. JTHU SKCIEPUMEHTHI MMOKA3aJIM OrPaHUYEHHOCTh MPUMEHEHUS T1a-
paceKkCyalbHOW TUOpUIU3AIMU ISl MPUKIAAHOW CENeKUIUU. SIMOHCKUMU
uccnenoBaremsimu (Kucaka X. ¢ coaBt., 1997) nyrem 3J€KTpOCIUSHUS
MPOTOIUIACTOB SUMEHSI U prca ObLI MOJTYyUYEeH MEXPOJOBON COMAaTHUUECKUM
ruopui. IlpoTomnacTel puca moaydanu U3 CYCIIEH3MOHHOW KYJIbTYpBI, a
MPOTOIJIACTHI STYMEHS ObUTH M30JMPOBAHBI M3 MOJOJBIX JHCThEB. YacTh
MOJTYYCHHBIX KaJITyCOB CPOPMUPOBAIIN 3€JICHbIC YUYACTKU U TT00eru. Tob-
KO OAuH moOer chopMUpPOBAII KOPHU, M 3TO PACTEHHE OBLIO YCHEHIHO T1e-
peHeceHo B nouBy. OHO o Mopdoioruu ObUI0 OJU3KO K pAaCTEHUSAM PHUCA.
[{utomornyeckuii aHaanu3 Mokaszaji, 4To TMOpHUA UMET U MaJeHbKUE XPO-
MOCOMBI OT pHca, U OOJIBIIUE OT SUMEHS. bbUTH MpoaHaNN3UPOBAHBI TAKKE
MUTOXOHApHUanbHas u xnopormnactHas JIHK. Pactenue comepxano HOBbIE
IIOCJIEI0OBATEIIBHOCTA U B MUTOXOHAPHUAIBbHOU, U B xjopomactHou JIHK,
KOTOpbIE HE OOHAPYKUBAIUCh HU B ogHOM U3 poautenei (Illesenyxa B.C.
u 11p., 2003; Eroposa T.A., 2008; Yereprakosa E.B., 2010).

HMeroTcst cTepuiibHbIE MEKTPUOHBIE THOPUIBI apaOuI0NIcuca U Typ-
Herca, Tabaka U kaprodeins, Tabaka U OeIaJOHHBI, KOTOpbIE 00pa3yoT
MOP(OJIOrMYeCKH HEHOpMaJIbHbIE cTeONn U pacTeHus. [lepBbie paboOThI 1O
MOJTYUYCHHIO Mediccemeticmaennbix eubpuoos nposeaeHsl K. Kao u B. Bet-
Tepom B 1976-1977 romax (cos + Ttabak). IlozgHee B mabopaTopuu
FO.1O. I'ne6n1 mpoBenn aHAJIOTUYHBIE DKCIIEPUMEHTHI: MacIeHOBbIE + 00-
OOBBIC U JWiEHHBIC (TOpoIek + Tabak u ayK + Tabak). M.d. KaneBckomy
yAaJ10Ch UHIYLHPOBATh MOp(oOTreHe3 cTeOIenoJ00HbIX TEPATOM B KYJIbTY-
pe MexxcemericTBeHHbIX THOpUAOB N. tabacum + Vicia faba.
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[IpakTuecku BO Bcex ciydasx HaOmomanach BupocnenuduyuHas
3JIMMUHALMUSA XPOMOCOM OJIHOTO M3 poAuTeNer. B KynbTypax MexceMen-
CTBEHHBIX THOPHUIOB HAOJI0J]a]IOCh MHOT'O MHOTOSIJIEPHBIX KJIETOK, KJIETOK
C MUHH-spaMH, B MeTadazax ACJICHUN BCTPEYATUCh TMTAHTCKUE XPOMO-
coMbl. OTMEYEHA ACUHXPOHHOCTh B PACXO0KJAEHUU POJUTEIBCKUX XPOMO-
coMm B aHadaze. Mopdorene3 y Takoro marepuaia oTMeueH He Obul. Ilo-
Jy4eHbl KJIETOUHbIC THOPUIBI MEXIY MPEICTABUTEIISIMU Pa3IMYHBIX Ce-
MEWCTB, CYIIECTBYIOIIUE, OJTHAKO, JIMIIb KAK HEOPTraHU30BAaHHO PACTYIIHE
KJIeTKHU (Tabaka u ropoxa, Tabaka u cou, Tabaka u KOHCKUX 0000B).

[MTonyuensl MexxBHIOBBIC (Saccharomyces uvarum u S. diastaticus) u
mexpooBeie (Kluyveromyces lactis u S.cerevisiae) ruOpuabl IpOXKIKEH.

beimn mostydeHsl MEKBHUAOBBIE THOPHU/IBI parca ¢ cypenuiieit: Kpuc
(Brassica napus) x 3onoructoe (Brassica rapa) u Kpuc (Brassica napus)
u SIarapHoe (Brassica rapa). [loyrydeHHbIC UTAIUIONIHBIC TUHHUH MCE)KBH-
JIOBBIX THOPUIOB UCIOIB3YIOT JIJI1 CO3/IaHUsI COPTOB, YCTOMUYMBBIX K aOUO-
tuaeckuM akropam ([layposa A.K. u ap., 2018).

HMeroTcst JaHHbIE O CIUSHUU KJIETOK Pa3IMYHbIX BUIOB IpuOOB U
Oaktepuil. [IpoBeneHbI ONBITHI MO CAUSHUIO KJIETOK JISTYIIEK U MPOTOILIa-
CTOB MOPKOBHU. ['MOpuIHAsI pacTUTEIbHO-XMUBOTHAsI KIJIETKA MOCTEIIEHHO
0JIeBaeTCsl KJIIETOYHOW CTEHKOW U PacTeT Ha cpeAax, Ha KOTOPBIX KYJIbTH-
BUPYIOT paCTUTEIbHBIC KJIECTKH, HO SIJIPO >KUBOTHOW KJIIETKH OBICTPO TEPSIET
CBOIO aKTUBHOCTb.

llonyuenue acummempuunvlx 2uOPUOO8, HECYWUX NOJIHbIU HAOOp 2e-
HO8 00H020 U3 pooumeJiell U YacmuyHslil Habop Opy2020 pooumers. Takue
ruOpUAbl YaCTO BO3HUKAIOT MPU CIUSHUU KIETOK OPTraHU3MOB, (PUIIOTEHE-
TUYECKU YNAIEHHBIX JIPyT OT Apyra. B 3ToM ciydae BCIEACTBHE HEmpa-
BUJIBHOTO JIEJICHUSI KJIETOK B PsAY TMOKOJCHUU TEPSIIOTCS YACTHUYHO WIIH
MOJIHOCTBIO XPOMOCOMBI OJHOTO U3 POJAUTENECH.

AcuMMeTpuuHbIe THOpUIIBI OBIBAIOT yCTOWYHWBEE, IJIOJIOBUTEE U
KU3HECIIOCOOHEee, YeM CHMMETPHUYHBIE, HECYIue MOJIHbIe HaOOphl T€HOB
POAUTENLCKUX KJIETOK. BO3MOXKEH NPUIEIbHBIA MEPEHOC M3 KIETKU B
KJIETKY HYKHOU Xpomocombl. [IpeacTaBiseT uHTepec MoJydeHUE KIIETOK,
y KOTOPBIX THOPUIHON sABNIsIETCS UTOILIazMa. [{uromnazmarudyeckue rud-
pUIbI 00pa3ylOTCs, KOTAa MOCe CIMUSHUS KIETOK SIipa COXPAHSIIOT CBOIO
ABTOHOMMIO M TIPU TMOCJEAYIOMIEM JeJIeHUH THOPUIHON KIETKH OKa3bIBa-
I0TCSl B Pa3HbIX JOYEPHUX KieTKaX. CKPHHUHT TaKHX KJIETOK MPOBOIUTCS
0 TeHaM-MapKepaM SIICPHOTO U UTOIIIA3MATUYECKOTO TEHOMOB.

Knerkn co ciauBLIEHCS UMTOILIA3MOM, HO HE SApaMHu, COAEPKAT
AIEPHBIA T€HOM OJIHOTO W3 POJIUTENIEN U B TO K€ BPEMS COBMEIIAIOT M-
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TOTUIA3MAaTUYECKUE T€HbI CIMBIIUXCA KJIETOK. ECTh yKazaHUsi HA PEKOM-
ounaruio [JHK MutoxoHapuii u XJIOpOIJIacTOB B THOPUIHBIX KJIETKaX.

llonyuenue cubpuooe nymem ciusnus mpex u 0Oojee pooumenbCcKux
knemok. VI3 Takux THOPUIIHBIX KJIETOK MOTYT OBITh BBIPAILICHBI PACTCHUS
(rpubbI) perenepatsbl (pactenue, chopMUpOBaBILIEECs B pe3yJbTaTe MOp-
dboreHesa B KyJIbType H30JIMPOBAHHBIX KJIETOK UJIM TKaHEH pacTeHUI).

T'ubpuouzayus Kiemox, HeCywux pasiuunvie npocpammbl pa3eumus.
CnusgHue KIETOK pa3IMYHbIX TKAHEW WJIM OPraHOB, CIMSHUE HOPMAJIbHBIX
KJIETOK C KJIETKaMu, MporpaMMa pa3BUTHS KOTOPHIX U3MEHEHA B pe3yJibTa-
T€ 3JI0Ka4Ye€CTBEHHOTO TEpepoKaeHus. B 3ToM ciydae momydaroT eubpu-
O0OMHble KIemKu, WIN euOpudomMul, HACIEAYIOIIUE OT HOPMAIbHON pOJHU-
TEIBCKOMN KJIETKU CIIOCOOHOCTh K CUHTE3Y TOTO WJIM MHOTO IMOJE3HOTO CO-
€AUHEHHS], a OT 3JIOKAYECTBEHHON KJIETKH — CIIOCOOHOCTh K OBICTPOMY H
HEOTPAHUYEHHOMY POCTY.

4. 'mOpuaoMHasi TEXHOJIOTHSI

[TonyueHnue rubpuaOM Ha CETOAHSIIHUN JE€Hb — HAanOoJiee MepCIeK-
TUBHOE HAIlpaBJICHUE KJIETOYHOW WHKeHepuHu. OCHOBHas Leiab — olec-
CMEPTUTH KJIETKY, TPOAYLUPYIOLIYIO [ICHHbIE BEIECTBA, IIyTEM CIUSHUS C
PAKOBOM KJIETKOM U KIIOHUPOBAHUS MOJTYyYEHHOU THOPUAOMHON KIETOUYHON
auHuM. [MOpuaOMBI — OECCMEPTHBIE KIIOHBI KJIETOK JTUM(OUIHON TKaHU,
CUHTE3UPYIOIINE MOHOKJIOHAJIbHBIE aHTUTEA.

['uOpuI0MBI MOTYT OBITh MOJTYYEHBI HA OCHOBE KJIETOK MpPE/ICTaBUTE-
JIEW pa3IMYHBIX LAPCTB KUBOTO. CIUSHUE KIETOK PACTEHUM C KIETKaMHU
PACTUTEIBHBIX OITyXOJEH MO3BOJIAET MOIYYNUTh KJIOHBI OBICTPOPACTYIIMX
K1emoK-npooyyeHmo8 HYXHBIX BellecTB. MHOroo0pa3sHo NpPUMEHEHUE
rUOPUIOMHOM TEXHOJIOTMM K >KMBOTHBIM KJIETKaM, IJ€ C €€ MOMOIIBIO
IUTAHUPYETCS TOJIyYE€HHE HEOTPAHUUYEHHO Pa3MHOKAIOUIUXCA MPOIYIEH-
TOB TOPMOHOB M O€IKOBBIX (paKTOPOB KpoBU. Hanbosblliee nmpakTuiyeckoe
3HAYEHHE WUMEIOT TMOPUAOMBI — HPOIYKTHI CIUSHHUS KIETOK 3JI0KA4eCT-
BEHHBIX OMYXO0JIE UMMYHHOU CHUCTEMbI (MUEIIOM) C HOPMAJIbHBIMU KJIET-
KaMH TOU K€ CUCTEMbI — JINM(POIUTAMH.

MHorue uccinenoBaTeny MbITATUCh OTBHICKATh CIOCOOBI MOJYYEHUS
AHTUTEJ C Y3KOM CIEeUUu(PUIHOCTHIO, OJHAKO B OOJIBIIMHCTBE CIy4YaeB MO-
NBITKW OBLIA HEYCIEIIHBIMH.

Pemenue npo6iaeMbl ObLIO TpeiIokeHo B 1975 roay aHTIMNCKUMHU
yuenbiMu ['eoprom Kénepom u Ilezapem Munbinreiinom (puc. 19, 20), xo-
Topeie B 1984 romy monyuunu 3a ee cozmanue HoOeneBckyro mpemuio.
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OnHu pazpaboTand METOAUKY IMOJYUYEHHUS KJIETOYHBIX TMOPUIIOB — TMOpU-
noMm. ['nbpuaomel 00pa3yroTCsi B pe3yibTaTe CIUSAHUS JTUMQOIMTOB, B3si-
TBIX OT UMMYHHU3UPOBAHHBIX KUBOTHBIX, C KJICTKAMH MHEJIOMbI KOCTHOTO
MO3ra, KyJIbTUBHPYEMBIMU 1N Vitro.

Pucynox 19 — Ilezapv (Cezap) Munvwmetin Pucynox 20 — Ieope Kénep (¢homo c
(homo c catima https://www.peoples.ru) cauma http://www.nobeliat.ru)

JKuBOTHOC MMMYHU3HPYIOT, B OTBET Ha BBEJCHHE aHTHICHA B Opra-
HU3ME MBI  AKTHUBU3UPYIOTCS  TMPOAYLHUPYIONIME aHTUTeNna B-
TUM(OUUTHL. ITH KIETKH MOTYT )HUTh TOJIBKO B OPTaHU3ME XO3iUHA, TIPU
NEpPeBOJC Ha HWCKYCCTBEHHYIO NHUTATEIBHYIO Cpeay OHHM THOHYT. Ecnm
CJIUTh UMMYHHYIO KJIETKY C OITyXOJIEeBOU, 00pa3ytoTcs THOPUIHBIE KIETKH,
CIIOCOOHBIE HEOTPAaHUYEHHO JOJITO KUTh B UCKYCCTBEHHBIX cpenax. OmHo-
BPEMCHHO OHH COXPaHSIOT CIIOCOOHOCTh CHHTE3MPOBaTh aHTUTEa. | nO-
PUIOMBI, CHHTE3UPYIOIINE OIpEeICHHbIC BHABI aHTUTEN, OTOMPAIOT Ha
CCJICKTUBHBIX POCTOBBIX CpejlaXx. 3aTeM UX IMOMEIIAIOT B KYJIbTYyPaJIbHYIO
KHUIKOCThb, B KOTOPOW OHHM Pa3MHOXKAIOTCA M OOpa3yloT POJICTBEHHBIC
KJeTku (kjoH). Takue KJI0HBI MOTYT CHUHTE3WPOBATh aHTHUTEINA, MOy B-
e Ha3BaHHE MOHOKJIOHAJIBbHBIX (MKAT). MKAT — aHTUTeNa, OJHOPO/I-
HBIC TI0 CTPYKTYpE M CIEHNU(PUIHOCTH, KOTOPHIC MOYKHO IPOM3BOJUTH B
HEOTPAHUYEHHBIX KOJTMYECTBAX.

Jlpyroit MeTo/ MOTy4YeHUs] aHTUTEST OCHOBAH HA UHBEKIIMH MOJTYUYECH-
HOM THOPHUAOMBI B OPIOIIHYIO MOJOCTh MBIIIHK. Tam THOpHuaOMa peTuInITI-
pPYETCs U BBI3BIBACT 00pa30BaHUE ACIIUTHOM OIMyXOJI (CKOIIJICHHUS KIIETOK,
MJIaBAIOIINX B YKUAKOCTH, 3aMOJHSIONICH OpPIOIIHYIO TOJIOCTh). ACIUTHAs
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KUJKOCTb, BBIACICHHAS W3 3TOM MBIIIU, MPEACTABIAET CYCHEH3UI0, CO-
nepxkantyro antutena. Knetkm n Genku, He oTHOcsmmecs kK MKAT, yaa-
aarotTca. OCTaBIIMKCS MaTepuall, IPEACTaBICHHBIM MHPEUMYIIECTBEHHO
AHTUTEJIAMH, UCTIOJIB3YIOT. DTOT METOJ MO3BOJISET MOJY4aTh BEICOKOKOH-
LIEHTPUPOBAHHBIE Tpenaparsl aHTuTeNn. Ho MaccoBoe MpOU3BOACTBO TpeE-
OyeT OJHOBPEMEHHOI'0 HCIOJIb30BAaHMUS HECKOJBKUX ThICSY Mblmieii. Kpo-
M€ TOTO, MOJydaeMbIii MaTepuan TpeOyeT JOOUYHCTKH. ITO JOPOTO U TPY-
JIOEMKO, IMO3TOMY B HACTOSAIIEE BPEMs MPEAIIOUYTECHUE OTAACTCS NEPBOMY
crioco0y, ¢ UCI0JIb30BaHUEM KYJIbTYPhI KICTOK.

[IpenmoceiikaMu 1Isi BO3HUKHOBEHHUS METOJIa IOJYUYCHHS THOpH-
JI0OM, CHHTE3HPYIOIIUX MOHOKJIOHAIBHBIE aHTHTENa, ObUIH pa3pabOTKH
JIBYX METOAUYECKHUX MOJIXO/IOB:

1) nostyueHue MuesIoM, aanTaius UX K YCJIOBUSM KyJIbTHUBUPOBAHUS
BHE OpraHu3Ma,

2) METOJI COMaTUYECKOM THOpUAN3aIINH KIIETOK.

Y MBbIIIEH MOXHO JIETKO MOJYYUTh MUEIOMBI. DTH OMYXOJIH SIBJISIFOT-
C4 TOTOMKaMHu OJHOW KJIETKH, T. €. UMEIOT MOHOKJIOHAJIBLHOE MPOUCXOK-
JICHUE U CEKPETUPYIOT YHUKAJIbHBIE MUMMYHOTJIOOYJIMHBI, HEKOTOPHIE W3
HUX MOTYT B3aMMOJICHCTBOBATh C M3BECTHBIMMU aHTUT¢HAMU. ONyX0Jiu UH-
IYLUAPYIOT Y SKUBOTHBIX IYTEM BHYTPHOPIOIIHOTO BBEJCHHUS MHUHEpPalb-
HBIX MaceJ WIM WHEPTHOTO TBEPJOro IacThka. J[Jisi BO3ZHUKHOBEHHUS
MHUEJIOM OOJBIIOE 3HAYCHHE MMEET NeHETHYECKUM CTaTyC >KMBOTHOIO, M
TOJILKO y ABYX JIUHUN MHOpenubix mbieit (Balb/C u NZB) skcniepumeH-
TaTopaMm yAajaoCh MOJYYUTh TAKUE OITYXOJIH.

Jpyroil npeAnochlIKOM BO3HMKHOBEHHUS METOJ/a MOJYyUYeHUs THOpHU-
JIOM SIBWJIAaCh TE€XHUKA TMOPUIU3AIIMM COMAaTUYECKUX KIJIETOK, pa3paboTKa
KOTOPOH MIMPOKO MPOBOJUIIACH TOCTE OTKPBHITHS (heHOMEHA CIIOHTAHHOM
rubpuanzanuu. [Ipu causHuM mia3aMaTHYeCKUX MeMOpaH KJIETOK oOpa3y-
IOTCSI KJIETKH C ABYMS WU OOJIBIINM YHUCIIOM siiep — rerepokapuoHsl. I1o-
CJI€ TIEPBOTO JCJICHUS siApa CAUBAIOTCS U 00Pa3ylOT OJHO SIAPO ¢ HAOOpOM
XPOMOCOM OT BCEX CIIMBIIMXCS TAPTHEPOB — 00pazyeTcs ruOpuIHas KieT-
ka. OIHUM U3 MPENSATCTBUN UCIIOIB30BAHUS THOPUIOMHON TEXHUKH SIBJISI-
JIOCh TO, YTO B THOPHUJAX CHMHTE3UPOBAIUCH HE TOJHKO AHTHUTENIA KJIETOK
UMMYHHOM CEJIE3€HKH, HO U UMMYHOTJIOOYJIMHBI POJAUTEIbCKON MHEIOM-
HOM JIMHUU, a TaK)Ke TMOPUIHBIC MOJIEKYJIbI, COCTOSIINE U3 MOJUTICTITH I~
HBIX IIeTel, KaK MHEJIOM, TaK U CEJIE3eHKU. JTa mpobiieMa Obljia Mpeo10-
JICHa TyTE€M HMCMOJb30BAaHUS MUEJIOMHBIX KJIETOK, B KOTOPBIX OTCYTCTBO-
BaJia SKCIIPECCHsI UMMYHOTJIOO0YJIMHOB.
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['uOpugoMHas TEXHOJIOTHSI Oblla C YCIIEXOM HCIOJIb30BaHA U IS
MOJIydeHUsT THOPUIIOB  OMYyXOJEeBbIX JTUMQOUIHBIX JIeTOK ¢ T-
auMmdorutamu. [Tomydensl rHOpUIOMBI ¢ coxpaHeHueM AuddepeHIupo-
BaHHbIX (QyHKIMK T-numdonmron: T-kumneps:, T-cynpeccopsi, T-
XeNMepbl. DT THOPUAOMBI CHHTE3UPYIOT pa3HOOOpa3HbIe UMMYHOPETYJIs-
TOpHBIE (DAKTOPHI, UTO MO3BOJISAET BHIJACIATh U UCCIEIOBATh UX CTPYKTYPY.
[Tonyuena u makpodaransuas rudbpunoma. Mccnenosanue 3Tux rudbpuaiom
BHECJIO OOJIBIIION BKJIAJ B U3YyUYECHHE 3aKOHOMEPHOCTEH (DYHKIIMOHUPOBA-
HUS OTJENbHBIX nonyssiuuil T-mumdonuToB 1 Makpodaros.

[TonHOCTRIO TIpOLIEAypa TOJYYEHUSI MOHOKJIOHAQJIBHBIX aHTUTEI
BKJIFOYAET B CEO0S CIACAYIOIINE ITAIIBI:

NmmyHU3auys >kMBOTHBIX .

[ToaroToBka KJIETOK K CIUSHHUIO.

Cnusnue.

OT60p NpOAYLHUPYIOMINX CHEIUPUUESCKUE aHTUTEA KIIOHOB.
Knonuposanue.

PexnonupoBanue.

MaccoBas HapaboTKa THOPUIOMHBIX KJIETOK.

[TonydyeHue KynabTypaibHOW KUJKOCTH WM acCIUTa, COJAEpKa-
HUE aHTHUTENA.

9.  Brigenenue 3TUX aHTUTEN.

OObI4HO BCs TIpoleypa OT MOMEHTA Hayajla UMMYHH3AlUU JI0 BbI-
JIEJICHUS aHTHUTEN 3aHnuMaeT 3—4 mecsiia.

[lepBrIii mIar B mpoIecce MoaydeHus THOPUIHON KIIETOYHON JIMHUH,
OPOAYLIMPYIONIEH aHTUTENIa OJHOTO TUIA, COCTOMT BO BBEJAECHUM MBbIIIAM
antureHa. [locie psiga UMMyHH3alMi, TPOBEJICHHBIX B TEYEHUE HECKOJIb-
KUX HeJeb, IPOBEPSIOT, MPOU3OIILIIO JIM PA3BUTHUE Y KUBOTHBIX UMMYH-
HOTO OTBeTa. Ecnu oTBET pa3BMIICSA, TO KUBOTHBIX YMEPUIBIAIOT, U3BJIEC-
KalOT CEJIE3CHKY, MTPOMBIBAIOT €€, U3MEIbYalOT U HECUJIBHO BCTPSXUBAIOT
JUIS BBICBOOOXKICHUS €AMHUYHBIX KJIETOK, CPEIM KOTOPBIX HAXOASATCA U
aHTUTENONpoAyIupytoline B-kieTku. B3Bech KIETOK CENe3eHKU CMENI-
BAalOT CO B3BECHIO MHEJIOMHBIX KJIETOK, Je(PEKTHBIX MO THUIIOKCAHTHH-
ryanuH-ocopudosun-tpanchepaze  (ITDPT). KoMOMHMPOBaAHHYIO
B3BECh B TE€UCHHE HECKOJbKUX MHUHYT HUHKYOUPYIOT B 35%-M MOIUAITHU-
JICHTJIMKOJIC, a 3aTeM MEPEHOCSAT B CPEdy, COJEpIKaIlyl0 TUIIOKCAHTHH,
amuHonTepuH U TumMunH (cpeaa 'AT).

OO0paboTKa MOJUATUIICHIJIUKOJIEM OOJIeTYaeT CIAUSHUE KJIETOK, TEM
HE MEHEE CIUSIHUE MPOUCXOIUT PEAKO U SIBISECTCS B JOCTATOYHOU CTENCHH
Cily4yallHbIM cOOBITHEM. B cMecHu MpHUCYTCTBYIOT KJIETKH MHEJIOMBI, Celle-
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36HKH, a TaKXK€ CIMBIIMECS KJIETKH MUEIIOMBI-CEIIE3€HKHU, MHUEIOMBbI-
MHEJTIOMBI, Cele3eHKH-cene3eHku. Onnako B cpeae 'AT pactyT Tonbko
TUOPUIHBIE KIETKU MHUEJIOMbBI-CEJIE3€HKU, BCE OCTAJIbHbBIC TUIIBI KIETOK HE
MOTYT B Hel nponudepupoBaTh.

KileTkn celie3eHKH M CIMBIIMECA KJIETKH CEJE3€HKHU-CEJE3EHKH BO-
0011l HE PAaCTyT B KYJbType, & MUCJIOMHBIC KJIETKU U CIUBIIUECS KICTKU
MHUEJIOMBI-MHEJIIOMbl HE MOTYT HCIIOJb30BaTh THUIOKCAHTUH B KayeCTBE
IpeAIlIeCTBEHHNKA B TpoIlecce OMOCHHTE3a MyPUHOBBIX OCHOBAaHHM Trya-
HUHA U aJIcHUHA, 0€3 KOTOPBIX HEBO3MOXKEH CUHTE3 HYKJIECUHOBBIX KUCIIOT.
Ho y HUX ecTh Ipyrou €CTECTBEHHBIM IIyTh CUHTE3a IIYPUHOB — IIPU y4a-
CTUU TUTUIPO(DOTATPEYKTA3bl, TIOATOMY B COCTaB CPENIbl U BXOJIUT aAMU-
HONTEPUH, MHTUOMPYIOMUN aKTUBHOCTh 3TOro ¢depmeHTta. Takum oOpa-
30M, MHUEJIOMHBIE KJIETKH W CIHUBIIMECS KJIETKH MHUEIOMBI-MUEIOMBI HE
MOTYT CUHTE3UpOoBaTh MypuHsbl B cpene ['AT u morubarort.

CnuBriuecs KJIETKU CelIe3eHKU-MUeNIoMbl pacTtyT B cpene ['AT, mo-
CKOJIbKY:

1) KJIeTKH Cene3eHKH MOCTABIAIT (PyHKIMOHAIbHYIO [T OPT,
KOTOpass MOXET YTWIM3UPOBATh AK30TCHHBINM TUIOKCAHTUH CpENbl, He-
CMOTpsl Ha OJIOKMPOBAHWE CUHTE3a MyPUHOB C y4acCTUEM IUTUAPO(OoIaT-
pEayKTa3bl aMUHONITEPUHOM;

2) KJIETKU MUEJIOMBI CIIOCOOHBI aKTUBHO JICJIUTHCH.

TuMuarH HEOOXOAUM I YCTpaHEHUsI OJIOKUPOBAHUSI B CHHTE3€ TH-
PUMHINHOB, OOYCIIOBIICHHOTO WHTMOMPOBAHUEM AUTHUApOQOIaTpeayKTa-
3pl. Ha 10-14-e cyTtku mocne ciausHusi kieTok B cpene I'AT ocrarorcs u
pPacTyT TOJBKO CIMBIIMECS KIETKU CEJIE3€HKN-MUEIOMBI. X 3aTeM BHOCST
B JIYHKU TJIACTUKOBBIX MUKPOTUTPOBAJIBHBIX IJIAIIEK W BBIPAIIMBAIOT HA
MOJTHOW KyJIbTypanbHOM cpene 6e3 'AT.

[Tocne oTOopa rHOPUAOMHBIX KIETOK, CHHTE3UPYIOIINX ONpPEIeTICHHBIE
aQHTHUTENA, MOYKHO TIPUCTYIUTh K UX MacCOBOMY HapallMBaHHUIO C IEIbIO MO-
JydeHus OOJBIIMX KOJIMYECTB MOHOKJIOHAJIBHBIX aHTHUTEN. B Havaie Kyib-
TUBUPOBAHUS THOPUIOMHBIC KJIETKH MOTYT PacTh MEJICHHO U TUIOXO Mepe-
HOCHUTh HU3KYIO TUNIOTHOCTh MOCeBa. B CBsI3M ¢ 3TUM IIpH MepeceBe KIETOK UX
HAJ0 Pa3BOAUTH HE Oojiee yeM B 3—5 pa3. YCKOPEHHIO PoCcTa KIETOK MOXKET
CHOCOOCTBOBATH AO0ABICHHE KJIETOK MUTAIOIIETO CIIOA.

MoHOKIIOHANIbHBIE aHTUTENIA HaXOAT OYEHb IMIUPOKOE MPUMEHECHHE,
TaK KaK MX OCHOBHOE IMPEUMYIIECTBO — BBICOKas CHEUU(PUUHOCTH. DTO
CBSI3aHO C T€M, YTO MOHOKJIOHAQJIbHBIE aHTUTENA MPOAYLUPYIOTCS OJHUM
JUM(OLUTOM, KOTOPHIA PACIO3HAET JIMIIb OJIHY AHTUTCHHYIO JE€TePMHU-
HAHTY, TO3TOMY UX MIMPOKO HCHOJIb3YIOT, B TOM YHCJE JJI1 THATHOCTUKH
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U Tepaluu pa3InyHbIX 3a00J€BaHUM YelIOBEKa W KUBOTHBIX. Hampumep,
AHTUTEJA TIPOTUB OITYXOJEBBIX AHTUT€HOB, CIIUTBHIE C TOKCUHAMHU, MOTYT
OBITh IPUMEHEHBI JIJIs1 CEJICKTUBHOT'O YOMBAHUS OMYyXO0JIEBBIX KJIETOK B Op-
ranusMe 4esnoBeka. OgHaKO ymoTpeOJieHHe dTUX aHTUTEN OYEHb OTpaHU-
YEeHO, TaK KakK MPHU BBEJCHUU UX B OPTaHU3M 4YeJIOBE€Ka, 0COOCHHO MOBTOP-
HOM, BO3HHUKAIOT PEaKklMH Ha reTeposorudyeckuii 6emok. IToatomy xena-
TEJIbHO NOJIy4aTh MOHOKIIOHAJIbHBIE aHTUTEJIA YEIIOBEKA.

YenoBeK HE MOXKET CIIYKHUTh SKCIIEPUMEHTAIbHOW MOJAEIBIO, ITO3TO-
My OOBIYHBIE CIOCOOBI MOJYUYEHUSI aHTUTEN, T. €. UCIOJb30BAHUU AKTUB-
HOW UMMYHM3ALUU, HEBO3MOXKHBIL. B CBA3U C 3TUM OJIHUM U3 HAIIPaBJICHUMN
UCCJICIOBAaHUM SIBJISIETCS pa3paboTKa crocoO00B MMMYHH3allMM BHE Opra-
HU3Ma. J[pyrou CIIOKHOCTBIO SBJISIETCS CaMa TEXHHUKA IOJIyYEHHUS CTa-
OWJIbHBIX aHTUTEI000pa3yIOINUX JUHUN KIETOK 4eroBeka. B HacTosiee
BpeMs JUISl TTOMYYEHHUS] MOHOKJIIOHAJIBHBIX aHTUTEI IMTPUMEHSETCS HECKOJIb-
KO MIOJXO/IOB:

1) o6padoTka B-nmumdonuToB yenoBeka BUPycOM OMINTEHHA —
bapp;

2) rubpuau3anusi ¢ MUCJIOMHBIMU KJIETKaMU;

3) KOMOMHAIIMS ATUX JIByX METOJIOB.

Bupyc DOnmreiina — bapp aBnsiercst nuMmdponutoTponubiM. OH mpo-
HUKAeT B KJIETKH, afcopOupysck Ha peuenrtope C3d KoMIIOHEHTa KOMILIEe-
MeHTa. Bupyc TpaHchopMHpyeT KIETKH, B PE3YJbTAaTe YEro y HUX IMOSB-
JISIETCSl CIIOCOOHOCTh OECKOHEUYHO PAa3MHOMKATHCA B KYJbTYpE, MPHU ITOM
COXpaHsIeTCsl MPOAYKIMSA MMMYHOTJIOOYJIMHOB, NpeumyiiecTBeHHo IgM
KJIacca.

BeposiTHO, Hanbosiee MepCNeKTUBHBIM MOJIXO0A0M K MOJIYYEHUIO MO-
HOKJIOHAJIbHBIX AHTHUTE CIYKUT KOMOWHAIIUSI METOJ0B TpaHChOpMalUH
noj AeUCTBUEM BUpyca JmiiTeitHa — bapp ¢ comatuyeckoil rubpuauzanm-
€1 KJIETOK.

B OynyiiieM MOHOKJIOHAJIbHBIE aHTUTENIAa CMOTYT 3aMEHUTDH CIIOKHYIO
AHTUCBHIBOPOTKY JIJIsI TUIIUPOBAHUS TKAHEH YeJoBeKa MpU BHIOOPE JOHOPOB
JUISL TPAHCIUIAHTAIMA OPTaHOB. DTU aHTUTENA YK€ MPUMEHSIOT IS U3Y-
YEHHSI CTPYKTYPbl AaHTUICHOB TJIABHOIO KOMILIEKCA THCTOCOBMECTUMOCTH
YeJIOBEKa.

MKAT MOXHO HCIOJB30BaTh JJIs1 00JIE€ TOYHOTO BBISBICHUS THIIOB
AHTUT€HOB MPU INEPECATKE OPTAHOB U TKAHEW, YEM MEHBIIE Pa3INYarOTCs
AHTUTE€HBI, TEM MEHBIIE PUCK OTTOPKCHUS.

B Bupyconoruu ¢ noMoubp0 MOHOKIIOHAIBHBIX AHTUTEN CTPOST Kap-
Thl MOJICKYJIbI TEMAITJIIOTUHUHA BUpYca Tpumnna. B mogoOHbIX nuccaeaoBa-
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HUAX YCTAHOBJIEHA CKOPOCTh MYTAllMX BUpPYyCa TPUMNA IIPU €r0 KyJIbTHUBU-
poBaHMHU IN VItr0 B MPHCYTCTBHH OJHOTO HEUTPAIM3YIOMIET0 MOHOKIIO-
HaJIbHOTO AHTHUTENA. JTUM MOHOKJIOHAJIBHBIM AHTUTEJIOM ONO3HABAIHCH
TOJILKO BUPUOHBI, Y KOTOPBIX MPOHU30LIET MYTAareHe3. B JaHHBIX OIbITax
IUISL ONIPENIENIEHUS] CKOPOCTU MYTAllMd MOYHO MCIIOJIb30BaTh YacCTOTY MPO-
SBJICHUS 30H pOCTa BUpyca. ITa paboTa BakHa ISl IOHUMAaHUsl T€HETHY e-
CKUX U3MEHEHUW BUPYCa, TPOUCXOJSIIIUX B €CTECTBEHHBIX MOIYJIALUAX.

Haubonee mMpPOKO HMCHONB3YIOTCS MOHOKIJIOHAJbHBIE AHTUTENA B
MEJIUIIMHCKON JUArHOCTUKE JIJIsi OCTAaHOBKHU MUarHo3oB. Eciu k aHTUTE-
J1aM TIPUCOETUHHUTD PAIMOAKTUBHBIE I MarHUTOAKTUBHBIE MAaTepUAIbl U
BBECTHU MX B )KUBOU OpPraHU3M, TO MOKHO BBISIBUTh B HEM MATOJIOTHUYECKHE
30HBI. Takne MKAT NpUCOEAUHSAIOTCS K MOPAKEHHBIM O0JIE3HBIO KIIETKaM
OpraHu3mMa, a COOTBETCTBYIOIIUE WHIUKATOPHBIE MATEPUAIBI MO3BOJISIOT
BBISICHUTh UX MECTOHAXOXKJICHUE.

MEKAT ucnosib3yloTcsl U B Ipolieccax OYMCTKH BemiecTB. CoBpeMeH-
HbIE TEXHOJOTHMH OCHOBAHBI HA MPUCOCIUHEHUU AHTUTEN K TBEPAOU MaT-
putie Hocutena. K HuM 100aBIsSIOT CMECh MOJIEKYJI, COAEPKAIIYyI0 HUCKO-
MBI AQHTUTEH. 3aTeéM KOMIUICKChl aHTUT€H-aHTUTEJIO OTMBIBAIOTCS OT
IIpUMECEN, HE CBA3aHHBIX ¢ Marpulen. [locie paspylieHnss KOBaIeHTHBIX
CBSI3€M AHTUTEH-aHTUTEJIO B PACTBOPE OCTAIOTCA CBOOOIHBIE AHTUTEHBI.

Ecnu nonyduTs aHTUTENA OMPEACICHHOIO TUTIA 1 UMMYHU3UPOBATh
UMH KUBOTHOE, TO 00pa3ylOTCAd aHTH-aHTUTENa (AHTUUIAUOTHUITHBIE aHTH-
tena). OHU AEHCTBYIOT HA UMMYHHYIO CUCTEMY KakK IMCEBJOAHTUTEH U TO-
ATOMY MOTYT OBITh UCIOJIb30BAHBI IS €€ CTUMYJISIIIU. Ha 3ToM npuHIu-
1€ OCHOBAHO TMOJYyYE€HHE BakIMH HoBoro tuma. HaGopsi MKAT MoryTt
OBITh TaK)K€ MpeIHA3HAUYEHBI 1J1s1 OOPHOBI C aJIepreHaMu.

MOoHOKIIOHANIbHBIE aHTUTEA MOKHO HMCIIOJIb30BaTh KaK JUATHOCTH-
YECKHE CpEACTBA: TECT HAa OEPEMEHHOCTh, MAarHOCTUKA XJIAMHUANO3a,
CTPENTOKOKKOBBIX MH(EKIIUM Tropia, reprec MepBOro (BBI3BIBACT MPO-
CTyJHBIC MOPAXKECHUS KOXXKHM Ha Try0ax) WU BTOPOTO THUIA (BBI3BIBAET T'€HU-
TaJbHble UH(DEKINM), JeHKo3a U JUM(OMBI, paKa JIETKUX, MOJIOYHOM XKe-
JI€3bl, TOJICTON Y NMPSIMOU KHUILIOK U JP.

Co BpemeHeM MKAT MOKHO OyAeT UCIOJIb30BaTh JJIA JieueHUs 00-
ne3Her. bmaromapss crmocOOHOCTM MOHOKJIOHAJIBHBIX AHTUTEN HAaXOJHUTh
crieniUYHbIC MUIIICHU W CBS3BIBATHCS C HUMH, HAIPUMEP, C PAKOBBIMHU
KJIETKaMH, 3TU aHTUTEJa CTaJld Ha3bIBaTh BOJIICOHBIMH MMyisiMu. Eciu
MPUCOEUHUTH K aHTUTEIY PAJAMOAKTUBHBIA U30TOI WM TOKCHYECKOE XU-
MHYECKOE BEIIECTBO, MOKHO HAJIESITHCS, YTO OHU pa3pyuiar kietky. OnHa
U3 TPoOJEM COCTOUT B TOM, UYTO AHTUTE€HBI, HAaUOOJIee XapaKTEpHbIC IJIs
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PaKOBBIX KJIETOK, OOHAPY>KEHBI TAKXKE U B HEKOTOPBIX HOPMaJIbHBIX KIIET-
Kax, KOTOpbIE TOXKE JOJKHBI OyayT MOruOHyTh. pyras mpobiema cocto-
UT B TOM, YTO @HTUTEJIO CBA3BIBACTCS C MIOBEPXHOCTHIO PAKOBOM KIIETKH, a
HE MPOHUKAET BHYTPb €€, YTOOBbI JOCTAaBUTh TOKCHUH IO Ha3HauYeHUIO. Tem
HE MEHEE B 3TOM HAMPABJIECHHUH €CTh YKE HEKOTOPBIN MPOrpeCC.

MKkAT 6osiee 3(phekTUBHO, YEM JIEKApCTBA, MOAABISAIOT UMMYHHYIO
cuctemy. OHU NOJABJIAOT TOJNBKO T-KIIETKH, a HE BCIO CUCTEMY, KaK 3TO
JIENAl0T MEIUKAMEHTHI, U, TAKUM 00pa3oM, y OOJILHOTO COXPaHSAETCs CIO-
COOHOCTh TTPOTUBOCTOATH OOJIE3HU. DTy CHOCOOHOCTH MKAT MOXKHO HC-
M0JIb30BaTh MPY TPAHCIUIAHTALIMM OPTraHOB U TKAHEH.

Cerognsi 6omee 20% pa3pabaTbiBaeMbIX OnohapMalieBTUYECKUX
MpenapaToB SBISIIOTCS MPOAYKTaMH THOPUIOMHOM TexHoJoruu. HazBanus
BCEX MOHOKJIOHAJIBHBIX AHTUTEN 3aKaHuuBaeTcsi Ha mab. Eciau anTuTeno
MOJIYYEHO OT MBIIIH — J00aBIAIOT OYKBY «0», 1 OKOHYAHUE Y TaKUX aHTHU-
TEJ — omab, XMMEpHBIC aHTUTENIa — Ximab, r'yMaHH3upOBaHHbIC — ZUumab,
MOJTHOCTBIO YesioBeueckre — Umab. Hanbosee u3yueHHBIMU TIpeniapaTaMu
Ha ocHOBe MKAT sBisiroTcs «[ epuentun», «Putykcumady («Mabtepay),
«Anemtyzymaby, «beBaruzymady, «Pemuxeiin» u np. (bymuanos HO.W.,

2012).
5. KiionupoBaHue :KUBOTHBIX
5.1. Ucropusi meTona

B ocHOBe 3BOJIIOLMY JICKUT MEXAHU3M MOJIOBOTO Pa3MHOKEHUSI, KO-
TOPBIM HAIpaBJICH Ha MOJJEpKaHWEe HEOOXOIWMOTO T'€HETUUYECKOTO pa3-
HOOOpa3us B MOMYJISIIIUM KMBOTHBIX. B TO ke BpeMs MOJIOBOM Ipoliecc,
oOecrieunBas Il COXPaHECHUS W HBOJIIOLMM MOMYJISIMU TE€HETHYECKOE
pazHooOpasue, MPEemsITCTBYeT TOYHOMY BOCIPOHM3BEICHHUIO TCHETUYECKHU
IIEHHBIX KUBOTHBIX, CO3JaBAa€MbIX B PE3YyJIbTaTe JUIMTEILHON CEJIEKIIMOH-
HOM paboThl. Takue KUBOTHBIE HE BCETJIa IIepe/Iat0T CBOMM MOTOMKaM BCE
CBOU II€HHBIC TEHETUUECKHE KOMOMHAIINH, TTOATOMY B CEJICKIIUM BO3HUKIIA
npobieMa pa3pabOTKU METOAa MOJYYeHHUs TMOTOMKOB, KOTOpPbI€ OBLIM ObI
TOYHOMW KOTMEN CBOUX BBIJAIOIIUXCS POAUTENIEN, T. €. UX KIIOHAMM.

Bce kieTku opraHusma >KMBOTHOTO HECYT OJMHAKOBYIO T'€HETHYE-
cKkyro uH@popmanuo. OmHako B Ipolecce MopdoreHesa CoMaTHUYECKUE
KJIETKH TG PEepeHITUPYIOTCS, B pe3yJbTaTe Yero 4acTh FreHOMa PeIpeccH-
pyercs. Uem BblllI€ YPOBEHb CHELHATU3AIAN KJIETOK, TEM MEHBIIE UX TO-
TUMOTEHTHOCTh. JTa 3aKOHOMEPHOCTh OblIa YCTaHOBJIEHA B DKCIEPHUMEH-
Tax Mo Mmepecajke saep.
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BriepBbie TpaHCIUIAHTALMIO P COMATHYECKUX KIIETOK 3apO/IbIIIeii
B DHYKJIEMPOBAHHBIE KJIETKH JISATYIIKA OCYIIECTBUJINA aMEPUKAHCKUE HC-
cienoBatenu P. bpurrc m T. Kunar (puc. 21, 22) B 1952 roxy (Kpaco-
ta B.®., 1994).

Pucynok 21 — Pobepm bpueec (pomo Pucynok 22 — Tomac Kune (¢pomo c cati-
¢ cauma https.://www.pnas.org) ma https.//www.pnas.org)

YueHble, N0Ab3YACh MUKPOIUIIETKON, YAAISUIN sApa U3 SULEKIECTOK
MITOPIIEBOM JISITYIIIKH, & BMECTO HUX MEPECaXKUBAJH sJIpa KJIETOK YMOPHO-
HOB, HAXOJSIIMXCS HA pa3HbIX CTaausx pa3BuTus. [I[poBeneHHbIE HCCie-
JOBaHMS TIOKA3ajv, YTO siipa paHHUX 3MOPHOHOB B CTAJIUM MO3JHEN Ora-
CTYJIBI M JIJa)K€ paHHEW TacTpyJibl 001a7al0T TOTUIIOTEHTHOCTRIO U 00ecTe-
YUBAIOT HOPMAJIbHOE Pa3BUTHE YMOPHOHOB.

bonee mmpokue vcciaeqOoBaHMs, OXBAThIBAIOIINE HE TOJIBKO aMQu-
Ouii, HO U pbIO, a Takxke apo3odui, B 1962 roxy ObulM HAYaThl aHTIIMK-
ckuM Onosiorom JIx. I'epmonom (puc. 23). OH IEPBBIM B OIBITAX C FOXKHO-
adpukaHCcKuMH >xkabamm (Xenopus laevis) B kauecTBe JOHOpa SACP HC-
MOJB30BAJI HE 3apOJBIINIEBbIC KJIETKH, a KJICTKHA SIHUTEIUS KHUIICUYHUKA
IJIABAOIIIETO IOJIOBACTUKA. S/ipa SIMIEKIETOK PEIUIMEHTOB OH HE YIS
XUPYPrUYECKUM MYTEM, a pa3pylial yiIbTPa(uoJIETOBBIMU JTy4aMHU.
B GonbIIMHCTBE CiIydyaeB peKOHCTPYHUPOBAHHBIC SUIICKICTKH HE pa3BHBA-
JUCh, HO TPUMEPHO JecsTas 4acTh WX HUX 0Opa3oBbIBaja SMOPHOHBI,
6,5% w13 3TUX 3MOPHOHOB JOCTUTAIX CTaaAuU Onactyibl, 2,5% — craauu
roJIOBacTHKa, M TOJBKO 1% pa3Buiics B MOJOBO3pEILIX ocoOei. OmHako
MOSIBIICHUE HECKOJIBKUX B3POCIHBIX 0COOCH B TAKUX YCJIOBHUSX MOTJIO OBITH
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CBSI3aHO C T€M, YTO CPEIH KJICTOK IMUTEINS KUIICYHUKA Pa3BUBAIOIIETOCS
roJIOBaCTUKa JOBOJBHO JIJIUTEIBLHOE BpPEMsS IPUCYTCTBYIOT NEPBUYHBIC
MOJIOBBIC KJIETKH, Sipa KOTOPBHIX MOIVIM OBITH MCIIOJIb30BaHBI IS IEpe-
cagku. B mociegyromux paboTax Kak cam aBTOp, TaK U MHOTHE JIPyTHE
MCCJICIOBATENIM HE CMOTJIM MOATBEPAUTH JAHHBIE ATUX MEPBBIX OIBITOB.

1H

1!

\‘ \'lllm\un ||éx. |

|
Pucynok 23 — J[con I'epoon (ghomo c caiima
https://whoiswhopersona.info)

[Tozxe JIx. I'epapon momudunmpoBan skcrnepuMeHT. I[loCKOIbKY
OOJBIITMHCTBO PEKOHCTPYMPOBAHHBIX SHIEKIETOK (C SIPOM KIETKU KU-
IIEYHOTO DMUTEINN) TOTUOAIOT 0 3aBEPIIECHUs CTAIUN TacTPYJIbl, OH T10-
npoOoBall U3BJIEYb U3 HUX sI/Ipa HA CTAIUU OJIACTYJIBI M CHOBA MEPECATAUTh
UX B HOBBIC PHYKJICUPOBAHHBIC SIUIEKJICTKH (Takasi Mpolielypa Ha3bIBaeTCs
CEepUMHON TepecaJKoi B OTIMYME OT MEpBUYHOM mepecanku). Yucno 3a-
POJBIIIEH C HOPMAJIBHBIM Pa3BUTHEM TIOCJIC ATOTO YBEIUYHUBAIOCH, U OHU
pa3BUBAIKCH 0 0oJyiee MO3JHUX CTAIUN MO CPABHEHUIO C 3apOJIbIIIAMH,
MOJTyYCHHBIMU B PE3YJIBTATE MIEPBUYHON MEPECATKHU L.

3arem I'epmon u Jlacku (1970) xympTmBUpOBanu iN Vitro ieTku
MOYKH, JIETKOTO M KOXHU B3POCIBIX JKHBOTHBIX M HCIOJb30BAIN YK€ ITH
KJIIETKM B KadecTBe NOHOPOB snep. [IpumepHo 25% nepBUYHO PEKOHCT-
PYUPOBAHHBIX SIMIIEKIETOK pa3BUBAINUCH 10 cTaguu Onactyisl. Ilpu ce-
PUITHBIX TIepecajikaX OHU Pa3BUBAIUCH 10 CTAJUM IJIABAIOIIETO TOJ0Ba-
cTuka. Takum 0Opa3om, OBUTO MOKAa3aHO, YTO KJIETKU TPEX Pa3HbIX TKaHEH
B3pocioro mo3BoHouHoro (X. laevis) comepxkar sapa, KOTOpHIE MOTYT
o0ecIeunTh pa3BUTHE, IO KpallHel Mepe, 10 CTaIuU FOJI0BACTHKA.

B cBoio ouepenb, APYrUMU YYEHBIMH OBUIM MCHOJb30BAHbI MJIS
TPaHCIUIAHTALMU SApa HEACNAIIUXCS U TOJHOCTBIO auQdepeHIInpoBaH-
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HBIX KJIETOK KPOBH — 3PUTPOLIMTOB JArymku Rana pipiens. ITocie cepmii-
HOM mepecanku Takux sanuep 10% pexkoHCTpyMPOBAHHBIX SUIEKIETOK JOC-
TUTAJIU CTaJ WU TJIABAIOIIETO rOJ0BACTUKA. DTH SKCIIEPUMEHTHI TTOKa3aHu,
YTO HEKOTOPBIE fA/Ipa COMATHYECKUX KIJIETOK CIOCOOHBI COXPAHATh TOTH-
NOTEHTHOCTb.

B 1985 romy Obula omucaHa TEXHOJOTHSI KJIOHUPOBAHUS KOCTHBIX
pbIO, pazpaboranHas coBerckumu yueHsiMH JI.A. CrenmoBoit, H.B. /la6a-
rsH u K.I'. 'azapsn.

[Tepecaaku saep y MICKONUTAIOIIMX Ha4YajaucCh mo3aHee, B 80-x ro-
nax XX Beka. ITO ObUIO CBA3AHO C TEXHUYECKUMHU TPYAHOCTSIMH, TaK Kak
3UroTa MIJICKOTUTAIOMMX MMeeT HeOosbiive pa3Mepbl. Hampumep, ama-
METP 3UTOThI MBIIIU MPUOIU3UTEILHO 60 MKM, a TUaMETpP OILJIOJAOTBOPEH-
HOM SULICKJIETKH JATymKH — okoJjio 1 200 MM, T. €. B 20 pa3 Oosblie. 3u-
roTa KOpOBbI HECKOJIBKO KPYITHEE, YEM 3UT0TA MBIIIH, JTUAMETP €€ COCTAB-
asier 160 MKM, HO MPOHYKJICYChI CKPBITHI SIMUYHBIM KEJITKOM, MIOITOMY Tie-
pea MUKPOMaHUITYJISIIUSIMU HE00X0[uMa crielinaibHas 00paboTKa 3UroT.

HecMoTpst Ha epedrcClIieHHbIE TPYIHOCTH, TIEPBHIE COOOIIEHHS O TIO-
JYYEHUU KIJIIOHOB MBINIEN, WJICHTUYHBIX JOHOPY, HOSIBUIUCH Yyke B 1981
rony. B kadecTBe nOHOpa OBUIM KMCHOJIB30BAHBI SMOPHUOHAIBHBIE KIETKU
OJHON W3 JIMHUW MBIIICH, B3AThIE Ha CTaauu OJlacTolUCTh. J[ocToBep-
HOCTh TIOJIYYEHHBIX JaHHBIX BHadajie ObLIa TMOCTaBJI€HA MOJ COMHEHHE,
TaK Kak BOCIPOM3BECTH PE3YJbTAThI IPOBEICHHBIX IKCIIEPUMEHTOB B JIPY-
rux J1a00paTopusix HE yAaBaJIOCh, OHAKO mapy Jiet cinycta k. Mak ['pat
u JI. Contep Takke TOCTUIIM ycmlexa. B 3THX SKCIEpUMEHTaX KIIOHBI
MBIIIEN YAABAIOCHh MOJYYUTh JUIIb B TOM CIIy4yae, €ClId TPAHCIJIAHTUPO-
BaJIA si/[pa YMOPUOHOB HAa CTaJWU HE MO3JHEE NIBYX OiacToMepoB. bbLio
MOKA3aHOo, 4TO SiApa 8-KJIETOYHBIX 3apOJBIIIEN U KIETOK BHYTPEHHEN Kile-
TOYHON Macchl 0JaCTOIMCTHI HE 00ECIEYMBAIOT pa3BUTHE IN VItro pexoH-
CTPYMPOBAHHBIX SUIEKIECTOK JaXKe 0 CTaJUH MOPYJIbI, KOTOpas Mpeiie-
CTByeT ctaauu Omactoructel. HeOompias yacts (5%) saep 4-KIeTOYHBIX
3apOJIbIIIEN JTaeT BO3MOKHOCTh Pa3BUBATHCSl TOJIBKO JO CTaIWU MOPYJIBIL.
OTH U MHOTHE JPYTUe€ JAaHHBIE MOKAa3bIBAIOT, YTO B SIMOPHOTCHE3E Y MBbI-
el KJIETOUHBIC siApa PaHO TEPSIOT TOTUIIOTEHTHOCTh, YTO CBSI3aHO, OYe-
BUJIHO, C OYEHb PAaHHEHN aKTUBAIIMENW N'eHOMa 3apojblllla — YK€ Ha CTaauu
JIBYX KJICTOK.

VY Ipyrux MIEKONMUTAIOUINX, B YACTHOCTH y KPOJHMKOB, OBEL U KPYII-
HOTO pOraToro CKOTa, aKTUBAIlMs MNEPBOM IPyMHIbl TEHOB B YMOpPUOTEHE3E
IPOUCXOANT TMO37Hee, Ha 8—16-kieTouHor cTaauu. Bo3MOXHO, TOITOMY
NEpBbIE 3HAYUTENbHBIE YCIEXU B KJIOHUPOBAHUM 3MOPUOHOB OBUIM J1OC-
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TATHYTHI HA IPYTUX BUAAX MIICKOIUTAONIIMX, & HE HA MbIIax. Tem He Me-
Hee paboThl ¢ MBIIIIAMU, HECMOTPS Ha UX HEMPOCTYIO CYIbOYy, 3HAYUTEIb-
HO pACHIMPUIIM HaIA TPEJICTABICHUS O METOJOJOTHUU KIOHUPOBAHUS
MJIEKOIIATAIOIIMX.

5.2. KiioHupoBaHue MJICKONIMTAOLIUX

Awmepukanckue uccnenoBarenu C. Ctuk u J[x. PoOn, nucnons3ys me-
toauky Mak I'para u JI. Contepa, B 1988 roay mosyduian meCTh KUBBIX
KPOJIMKOB, TIEPECa B sApa BOCBbMHU KJIETOYHBIX SMOPUOHOB OJHOM TOPO-
Il B JIMIIECHHBIC SJIEp SIMUEKIETKU KPOJMKOB APYrod mopojsl. deHorun
POAMBIIUXCS KPOJhYAT TMOJHOCTHIO COOTBETCTBOBAN (DEHOTHUIY JOHOpA.
B 3TuX 3KCniepuMeEHTax TOJBKO MIECTh U3 164 PEKOHCTPYUPOBAHHBIX M-
nekiaeTok (3,7%) pa3BWINCh B HOPMAJIBHBIX KUBOTHBIX. I[eHHOCTH 3TO#
paboThl TEM HE MEHEE B TOM, YTO OHA MOKa3ajia BO3MOXXHOCTh KJIOHUPOBA-
HUSI SMOPHUOHOB KPOJIMKOB.

[IepBbie ycnemHbIE AKCIEPUMEHTHI IO KJIOHUPOBAHUIO CEIBCKOXO-
3SICTBEHHBIX »KUBOTHBIX ObUTH IpoBeaeHbl C. Yunaacunom (S. Willadsen)
B 1986 rony. OH cinuBain 0e3bsiiepHBIE SIMIEKIETKH ¢ OJacToOMepamu, BbI-
JEJICHHBIMU U3 8- U 16-KJIE€TOYHOI0 YMOPHOHA OBIIHI.

Jlx. PoOn u ero corpynnuku B 1987 roay npoBenu pabOTHI 10 mepe-
CaJIKe sep KPYMHOTO poraroro ckora. OHM mepecaXuBajivd B 3UTOTHI Ka-
PHOILTACTBI — MY’KCKOW M KEHCKUU MPOHYKJIEYCHl BMECTE C OKPYKAKOIIEH
UX IUATOIUIa3MOM, a Takxke siapa 2-, 4- uiau §8-KJIETOYHBIX AMOPHOHOB KO-
pPOBBI. PEKOHCTpYMpPOBaHHBIE 3apOJIbIIIN OBUIM 3aKJIFOYEHBI B arapoBbId
UWIMHAP W TIEPECAXKEHbI B NEPEBSI3aHHBIN AMILEBOJ OBLBI. Uepe3 mATh
THEW KyJbTUBHPOBAHUS MX BBIMBIBAIM, OCBOOOXIAIU OT arapa W HCCie-
noBaiii. PeKOHCTpyHpOBaHHBIE 3apOJbIIIM B 3TOM padOTe pa3BUBAIKCH
TOJBKO B T€X CJIy4dasix, KOTJla B 3UTOTHI IIepecaXuBajiv MPOHYKIeychl: 17%
TaKUX 3apOJIbIIIEH TOCTUTIN CTaJUM MOPYJIbI WX OJacTOUMCTHI. J[Ba 3a-
poAbIllIa ObUIM MEPECAKEHBI BTOPOMY PELMIIMEHTY — B MAaTKy KOPOBBI, U
pPa3BUTHE HMX 3aBEPIIWIOCH POXKICHHEM >KUBBIX TEJST. Eciin B KauecTBe
JOHOPOB HMCTOJIB30BAIH sA/ipa 2-, 4- WM -KJIETOYHBIX 3apOJBIIIEN, TO pPe-
KOHCTPYUPOBAHHBIC SUIICKIETKH HE PA3BUBAIUCH JAXKE 10 CTAAUA MOPY-
JIBI.

[To3xxe Obun u Gosiee ycnemnbie padotel. C. Yunaacuun (1989), B
YaCTHOCTH, COOOIIUJI, YTO €MY YJAJIOCh MOJYYUTh YEThIPEX T'€HETUUYECKU
UJECHTUYHBIX OBIUKOB B pe3yJIbTaTe MNEpPEeCcajkd B PEIUMHEHTHBIC SHIle-
KJIETKH sijiep 0J1acTOMEPOB OAHOTO 32-KJIETOYHOIO 3apojbliia. ABTOp yT-
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BEepKAal, 4YTO OOJBIIMHCTBO SJI€P COXpaHSET TOTUIIOTEHTHOCTh Ha
32-KJIETOYHOM CTaguM, a 3HAUYUTEIbHAsA MX 4YacTh Jake Ha 64-KIeTOYHOU
cTaauu, obecreurnBasi HOpMaabHOE Pa3BUTHUE PEKOHCTPYUPOBAHHBIX SHIIE-
KJIETOK JI0 CTaIuu paHHeW OJacTOIUCTHI B sifiieBojie oBLbI. [locie nepe-
CaJKU B MaTKy KOPOB — OKOHYATEJIbHBIX PELMIIMEHTOB, KAK MOJAaracT aB-
TOP, OHU MOTYT U JIaJibllle HOPMAJIbHO Pa3BUBATHCH.

K. boHanonu m coaBTOpHI, UCHOJNB3Ysl B KA4ECTBE IJOHOPOB SIAEP
16—-64-kneTouHble 3apOJIbIIIN KOPOB, TpaHCIUIaHTUpOBaIH 463 pEeKOHCT-
PYUPOBAHHBIX 3apOJbIIIa B MATKy CUHXPOHU3UPOBAHHBIX PEIUNUEHTOB, U
ObpuT0 mosydeHo 92 xuBBIX TeiaeHKa. CeMb M3 HHX OBUIM T€HETHYECKH
UICHTUYHBI, TIPEACTABIAS COOOM KJIOH, MOJYYCHHBIM B pE3yJIbTaTe Tepe-
CaJIKM SiZIEp KJIETOK OJTHOTO JOHOPCKOTO SMOpPHUOHA.

Takum oOpa3zoM, KJIETOYHBIE SApa 3apOABIIIEH KPYIMHOTO POTaToro
CKOTa JOCTATOYHO JOJITO COXPAHAIT TOTUINOTEHTHOCTh U MOTYT oOecre-
YUTh MOJHOE PA3BUTHE PEKOHCTPYUPOBAHHBIX SUIIEKIETOK. MHaue roBops,
METOJUYECKUE TPYTHOCTH KIIOHUPOBAHUS 3aPOABIIIEH KPYITHOIO POraToro
CKOTAa MPAKTUYECKU PEILICHBI.

OKCNEPUMEHTOB 1O KJIOHUPOBAHUIO CBMHEH HEMHOTO. Y CICIIHBIC
uccienoBanus nposenu P. Ilparep ¢ corpynaukamu B 1989 rony. Ckyn-
HOCTb JIaHHBIX, BUJMMO, CBSI3aHA C ONPEACICHHBIMU TPYJHOCTAMHU PAOOTHI
C 9TUM OOBEKTOM.

B 1993-1995 romax rpynma ucciienoBaTelie moja pyKOBOACTBOM
Mena Bunmyra (Ian Wilmut) 13 POCIHHCKOr0 MHCTUTYTA MOTYYHIA KIOH
OBeIl — 5 UJECHTUYHBIX KUBOTHBIX, JOHOPAMU SI€p KOTOPHIX ObLIa KyJIb-
Typa SMOPHUOHAIIBHBIX KJIETOK. JTa paboTa, OCOOCHHO B YACTH KYJBTYPHI
AMOPHOHANIBHBIX KIJIETOK, — 3HAYUTEIbHOE JOCTUXKEHHE B KIOHUPOBAHUU
MJICKOTIUTAIONINX, XOTSI OHA W HE BbI3Baja CTOJb IYMHOTO MHTEpEca, KaKk
cTaThs TOro xe M. BuiMyTa ¢ coaBTopamm, omyOIMKOBAaHHAS B Hadaje
1997 rona, e coodImaioch, 4To B pe3yibTaTe UCIOIb30BaHUS JOHOPCKO-
ro sjpa KJIETKH MOJIOYHOW >KeJe3bl OBIIBI OBLJIO TMOJYyYEHO KIOHAIBHOE
KUBOTHOE — oBIa N0 kinuke o, [locnenuss paboTta METOIUYECKH BO
MHOI'OM IOBTOPSIET MpeabIayliee uccienopanue 1996 roga, Ho B Hell yue-
HBIE MCIOJIb30BAIM SMOpPHUOHANIBHBIE U (HUOPOOIACTONOJOOHBIE KICTKH
IJI0J1a U KJIETKU MOJIOYHOM KEJE3bI B3POCIION OBIIBI.

OBua no knuuke Jloyum pa3Buiachk M3 pEKOHCTPYUPOBAHHOM SIHIIE-
KJIETKH, IOHOPOM siJipa KOTOpOH ObLTa KyJIbTUBUpPYEMas KJIETKA MOJIOYHOM
’eJe3bl OBIbI TOpoabl PuHH aopcet. [lo henoruny Jlom He oTiM4anach
OT OBELl 3TOW MOPO/IbI, HO CHIIBHO OTJINYAJIAaCh OT OBUBI-PEHUNUEHTA. AHA-
JIN3 TEHETUYECKUX MApPKEPOB MOATBEPANI ITOT pE3ybTAaT.

82



B aBrycre 1997 roga nosiBuioch cooOieHue o ToM, 4yto Anad Tpo-
yHCOH (ABCTpasiisi) pa3paboTan TEXHOJIOTHIO, KOTOpas MO3BOJISET cop-
MUpPOBaTh SMOpUOH U3 16, 32 win 64 KIETOK, U 3aTeM KaXKaasl U3 HUX MO-
KET MCTOJB30BaThCs sl popmupoBanus 16, 32 win 64 UASHTUYHBIX HM-
opuonoB. KomrekTuB mcciegoBareneil Bo riaBe ¢ AmaHoM TpoyHCOHOM
co3nan 470 reHeTUYecKH HIAECHTUYHBIX IMOPHUOHOB POTaTOro CKOTa OT
CAMHCTBEHHOW OsacTouucThl. Takas TexHoiorus obecreuynBaeT Oe3rpa-
HUYHBIA UCTOYHHUK T€HETUYECKOr0 MaTeprala JJisi KIOHUPOBAHUS.

B Hacrosiiee Bpemsi BBIAEISIOT J1Ba BUAA KIOHUPOBAHUS: PENPOTYK-
TUBHOE U TE€pANEBTUUYECKOE. B pe3yibTaTe penpoayKTUBHOTO KIOHUPOBA-
HUs1 00pa3yeTcs HOBBIN 1EJIOCTHBIM OpraHu3M, KOTOPBIA SBISETCS T€HETHU-
YECKOM KOIIMEW APYTroro OpraHu3Ma, — KJIIOH.

TepaneBTHUECKOE KIOHUPOBAHUE — 3TO TEXHOJIOTHS KIOHUPOBAHUSA C
LEJIBI0 TOJIYYEHHUS] SMOPHUOHAIIBHBIX CTBOJIOBBIX KJIETOK JJISl HAYYHBIX MC-
CJICIOBAHUI M MCIIOJIb30BAHUS B TEPANMK PA3JIMUHBIX 3a00JICBaHUHN YEI0-
Beka. B mporiecce TepaneBTHYECKOro KIIOHUPOBAHUS IMOPHUOH HE MEPEHO-
CUTCS JI AJIbHEHIIEro pa3BUTUSA B MOJIOCTh MATKH, a4 UCIOJb3YETCS B
KaueCTBE 00BbEKTA HAYUHBIX MCCIETOBAHUN U MOJYYEHHS CTBOJIOBBIX KiI€-
Tok (Sxymos T.P., 2016).

HecMoTps Ha OTCYTCTBHME HEMEJICHHBIX MTPAKTUYECKUX PE3YJIbTATOB
CIEITAaHHOTO OTKPBITHS, TEOPETHUYECKYI0 3HAYMMOCTH €r0 TPYIAHO Iepe-
OIIEHWUTh. BriepBbIe ObLIIO JOKa3aHO, YTO I'€HbI 3aPOrpaMMHUPOBaHbI 00pa-
TUMO. JlanpHelIe NCCae0BaHusl MOTYT MO3BOJUTh MOHSATh, KAK PEryJiu-
pyeTcs pabota reHoB, gudpepeHnnanys KIeToK, IoYeMy KIETKH B OJHUX
CIIydasiX pacTyT M Pa3MHOXKAIOTCS YIIPaBIISIEMO, a B Apyrux (Ipu pake) —
HEKOHTPOJUPYEMO.

5.3. MeToabl TPAHCILUIAHTAIIAHU SA/IEP

B namreit crpane b.B. Kontoxossim u E.C. IInatonoBsim B 1985 roay
OB pa3paboTaH METOI MepeHoca sAep METOJA0M MUKpOMaHUyJaiuu. OH
IpOTEKAaeT B JiBa dTama: cHadajga TOHKOW MHUKPOIHUIETKON MPOKaIbIBAIOT
30HBI MEJUTIONUAA U TIJIa3MaTHYeCKOM MEMOpaHbl U U3BJICKAIOT MPOHYKJIE-
YCBI, a 3aTE€M JIPyToi MUMNETKON Oosbiiero quamerpa (12 MKM) B TO K€ OT-
BEpPCTUE BBOJAT AUILIOUIHOE SIAPO TIOHOpA. B 3TOM ciydyae MeHbIle TpaB-
MUPYETCS IIUTOIIa3Ma 3UTOTHI U TPAHCIIOPTUPYEMOE PO TOHOPA.

TpancmanTaius saep MOXET OCYIIECTBISATHCA U APYTUM CIIOCOOOM,
C MCIOJIb30BAHUEM ITUTOXAJIA3MHOB (BEIIECTB, CHHTE3UPYEMBIX IpHUOaMM).

[{utoxana3uH paspymniaetr CTPyKTypy MHUKPO(PHUIAMEHTOB M CIOCO0-
CTBYET YHHUKAJIbHOMY PACIIOJOKEHUIO SIpa, KOTOPOE OCTAETCA COCIUHEH-
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HBIM C KJIETKOW TOHEHBKUM CTEOEIbKOM IUTOIIa3Mbl. [Ipu nentpudyru-
POBAaHUU STOT MOCTHK pa3pbIBacTcs, 00pa3yloTcs Oe3bsAepHbIC KIETKH
(LIMTOIIACTHI) U KApPUOILIACTHI, MPEJICTABISIONIUME CO00H sA/ipa, OKPYKEeH-
HbIE TOHKHUM CJIOEM IIMTOIUIa3Mbl M ITUTOIIA3MAaTUYECKON MeMOpaHOM.
[{uTonnacTel OTAENSAIOT OT MHTAKTHBIX KJIETOK B I'PAAUEHTE IUIOTHOCTH.
OHU COXpaHSIIOT CIMOCOOHOCTh MPUKPEIUIATHCA K MOBEPXHOCTU KYJBTY-
pPaIbHOTO COCyZia U MOTYT OBbITh MCIIOJIb30BaHbI JI CIUSHUSA C KapuoIlia-
CTaMU JPYTUX KJIETOK C LEIbI0 MOJYyYeHUS KU3ZHECTTOCOOHON KIIETKH.

MeTtonbl BBIIECICHUS KAPUOIIACTOB HECKOJBKO CIIOKHEE M BKIIOYa-
I0T B ce0s1 psAl onepanuii Mo HeHTpUuyrupoBaHUIO, Pa3ACICHUIO B TPaIU-
€HTE MJIOTHOCTU U T. 1. B HEKOTOPBIX CiIydasx K CMECH KIIETOK U Kapuo-
MJIaCTOB JOOABJIAIOT YaCTHUIIBI TaHTala guaMeTpoM 1-3 mMkm. OHU TIPOHU-
KAIOT B KJIIETKA M HUKOT]Ia B KAPUOILIACT, TOATOMY 00JIE€ TSKEIbIE KIETKH
OCaXJIal0TCsl OBICTPEE KapUOILIACTOB.

[{uTormacTel cofepkaT BCE BUJbI OPraHEIUI, NPUCYIINE HOPMaIbHON
KJIETKE, COXPaHSIOT CIOCOOHOCTh MPHUKPEIUIATHECA K CyOCTpaTy, 0Opa3oBbI-
BaTh CKJIAYaTYI0 MEMOpaHy, MePEIBUTaThCS, OCYIIECTBIISATH MTUHOIIUTO3.

KapuomnacTel OKpy>K€Hbl TOHKUM CJI0€M IUTOIiasmMbl (okosio 10%
OT BCEW KJIETOYHOM LUTOIUIa3Mbl), COAEPKAT KOMMIAKTHBIN 3HIOIIa3Ma-
TUYECKUN PETUKYITYM, HECKOJIBKO MUTOXOHJIPUN U pUOOCOM.

JIns pEKOHCTPYKLIHMM KIIETOK CYCIIEH3MIO KapUOIUIACTOB B COJIEBOM
Oydepe 100aBISAIOT K MOHOCJIOI KYJBTYPhl IUTOILIACTOB, U3 MPOMOPLUH
CTO KapHOILJIAaCTOB Ha OJWH IUTOIacT. MHKyOUPYIOT U OTMBIBAIOT pac-
TBOPOM OpJia IS YAAJEHUS HECTUBIINXCS KapUOILIACTOB.

JlanbHEeNIIUM IPOTpPeECC YeIOBEYECTBAa BO MHOT'OM CBSI3aH C Pa3BUTHU-
€M KJIETOYHON M TNeHeTHYECKOM MH)KeHepuu. BmecTe ¢ TeM HE0OXOIUMO
MIOMHHUTb, YTO HEKOHTPOJIUPYEMOE PACIPOCTPAHEHUE NE€HHO-UHKEHEPHBIX
KUBBIX OPTaHU3MOB U MPOAYKTOB MOXET HAPYIIUTh OMOJIOTUYECKUN Oa-
JIAHC B MPUPOJIE.

6. ImOpuoTpanchepsbl

YckopeHrne TEeMIIOB CEJISKITUU CelTbCKOXO03SHCTBEHHBIX KUBOTHBIX B
3HAYUTEIILHOW CTENEHU 3aBHCUT OT BO3MOXXHOCTH HCITOJIB30BAHUS MHPO-
BOT0 (hOH/Ia TEHETUUECKHUX PECYPCOB.

Hcnonbs3oBaHue MUPOBOro TeHOMOHAA SBISETCS 3ajaueil OOJIbIION
HAPOJIHO-XO035MCTBEHHOW 3HAYMMOCTU. DTa paboTa Hadanach C IKCIOPTa-
UMIIOpTa >KUBOTHBIX, 3aTeéM OoOJjblllee 3HAYCHHWE IPUOOPEN SKCIOPT-
UMITIOPT CIIEPMBI, YTO TTO3BOJIMJIO CIeTIaTh ATOT MpoIecc Oojiee onepaThB-
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HBIM ¥ HKOHOMHYECKM O0OOCHOBAaHHBIM. B HacTtosiiee Bpemsi OTKpPbLIACH
BO3MOKHOCTh OOMEHa TE€HETHUYECKHMH pecypcaMHu IMYTeM OJKCIopTa-
UMIIOPTa PAaHHUX SMOPHUOHOB.

OTOT METOJI UMEET PsiJ] MPEUMYIIIECTB, KOTOPBIE COCTOSIT B CIEAYIOLIEM:

— BEPOSITHOCTH 3apa)KEHUsI 3a00JIEBaHUSIMH 3HAYUTEILHO MEHBIIIE;

— OBICTPOTA pean3alluy OKHUIAEMbIX MOTECHI[MAIbHBIX KaueCTB BbI-
JAOIINXCS ’KUBOTHBIX.

Haubonee mpuemieMsl 1711 TpaHCIUIAHTAIIUK SMOPHUOHOB MaJIOTLIO -
HBIE BUJIbI )KUBOTHBIX — KOPOBBI, JIOIIaa1, OBILIbl. B OCHOBE MeTO/1a 3aKIII0-
YeHa BO3MOXKHOCTh JJa0OPATOPHOTO MAHUMYJUPOBAHUS CO CIEPMATO30U-
namu, sdnexkneTkaMu u dsMOpruonamu. [lpu TpaHcmiaHTanuu SMOPHUOHOB
B3aMMOJICUCTBYIOT YEThIpE OHOJOTHMUYECKUE CHUCTEMbl (camMmel], caMKa-
JIOHOP, CAMKa-PEUIUEHT U SMOPUOH-TIJIOA-HOBOPOKICHHBIN). A 3TO 00y-
CJaBJIMBAET B3aMMOJICHCTBUE YETHIPEX T'€HOTUIIOB CO CBOMMH WHJIUBULY-
anbHBIMU UMMYHHBIMH cucTemamu (Kpacota B.®., 1994).

buosiornyeckue mpeAnoChbUIKM METOJla OCHOBAaHBI Ha CIIOCOOHOCTHU
MPEABIMILUIAHTAIIMOHHOTO dMOPHOHA HEKOTOPOE BPEMS COXPaHSATh JKU3HE-
CITIOCOOHOCTh BHE OpraHu3Ma mMaTepud U (U3UOJOTHUYECKUX OCOOCHHOCTSIX
CaMOK, XapaKTepHU3YIOIINXCSI UMMYHOJIOTHUYECKONW TOJEPAHTHOCTBIO CIIH-
3UCTBIX MATKHU MOCJI€ OBYJISIIMU. TpaHCIJIAHTALMI0 YMOPUOHOB B MOJIOY-
HOM CKOTOBOJICTBE MPOBOJST C IEJIbI0O YBEJIMYCHHUS MOJIOYHOU MPOIYK-
TUBHOCTH CTa/a.

Ha nHauanbHOM 3Tane mpoBOAST OTOOP KOPOB-AOHOPOB 3MOPHOHOB,
IIPU 3TOM PYKOBOJICTBYIOTCSI KOMITJIEKCOM CEJICKIIMOHHBIX MPU3HAKOB: TO-
POAHOCTh, 3KCTEPHEP, KOHCTUTYLHUS, MOP(PODYHKIHOHAIBHBIE CBOWCTBA
BBIMEHH, JIETKOCTh OTEJIOB, >KM3HECIIOCOOHOCTh MPUILIOAA, MPOTYKTHUB-
HOCTh M Ap. lIpeamodreHre OTHAIOT KUBOTHBIM C JIUTEIHHBIM CPOKOM
VCIIOJIb30BAaHMUs, BBICOKOW MOJIOYHOHU IPOJYKTHUBHOCTHIO. B kauectBe pe-
IIUITUEHTOB MOKHO HMCIOJIb30BaTh KOPOB M TEIOK KIMHUYECKHU 3I0POBBIX,
0€3 MpU3HAKOB HApYIICHUSI 0OMEHAa BEIEeCTB, C OTeJIaMH 0€3 OCIIOKHEHUM,
XOPOIIO BBIPAXKEHHOW O0XOTOW. MHUHUMaNbHBIM BO3pacT Tenok 16—18 me-
CSIIEB, C )KUBBIM BecoM 350-380 kr.

IlpoBeneHue cynepoByJsiiUM Yy JOHOPOB. JJisi TpOBEICHUST MEPO-
OPUSATHI, HATTPABJICHHBIX Ha MOJIy4YeHUE SMOPHUOHOB, HEOOXOAUMO TOATO-
TOBUTh KUBOTHBIX K OCEMEHEHHIO. ['OpMOHANIbHYIO 00pabOTKY JOHOPOB
HaYMHaIOT He paHee 60-ro AHS mociie oTena. OOBIYHO €€ MPOBOJAT MOCIE
2—3 3CTpajbHBIX IIUKIIOB.

CTUMYJSLMS 1 CHHXPOHHU3AIUS OXOThl OCYIIECTBISETCS C MTOMOIIIBIO
IporecTepoHa — MKEHCKOTO MOJIOBOTO TOPMOHA CTEPOUIHON MIPUPO/IBI, pe-
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TYJUPYIOMIETO XOJ ACTPAIbHOTO IMKJIA, MPOCTArJIaHJAMHOB, a TaKXKe HX
KOMOWHAIMKU. DTOT MPUEM IO3BOJISIET BBI3bIBATH IMOSBICHHE OXOTHI Yy
IPYIN MJIEMEHHBIX )KUBOTHBIX B OJIMH U TOT K€ NEPUOJ BPEMEHHU.

Cy1ecTByeT HECKOIBKO CXEM BBI3bIBAHHS CYNIEPOBYJISILIMMU Y KOPOB U
TEJIOK-JI0HOPOB IMOPHOHOB.

OcemMeHeHHe TOHOPOB MPOBOIAT uepe3 48—54 vaca nocse BBEICHUS
npocrarjanauHa. JIoHopoB oceMeHs 0T 3—4 pa3a ¢ uatepBasiom 10—12 ya-
coB. I oceMeHEHUs MPUMEHSAIOT HATUBHYIO WJIM KPUOKOHCEPBUPOBAH-
Hy10 cnepmy. DPDEKTUBHOCTh HATUBHOM CIIEPMbI BBIIIEC, YEM KPHUOKOH-
cepBupoBaHHoll (Kpacora B.®., 1994).

JleHb IEpBOr0 OCEMEHEHUS JOHOpPA CUUTAETCS AATOM OIIOJA0TBOpE-
Husg. C 3TOro mepuoja CJIEAsT 3a Pa3BUTUEM dMOPUOHOB U OMPEACIISIIOT
BpEMsI UX U3BJICUCHUSL.

Cnoco0bl u3BJedeHusi IMOPUOHOB. I3BiaeueHne >MOPHUOHOB MPO-
BOJISIT Ha 7—8-11 ACHB MOCIIe MePBOr0 OCEMEHEHUS.

Cy1iecTByeT JBa crioco0a M3BJICUECHHUS] SMOPUOHOB — XUPYPrUYECKUN
U HEXUPYPIrAYECKUN.

o 70-x rogoB XX BeKa U3BJCUCHHUE MPOMU3BOAUIN B OCHOBHOM XH-
PYPrUYE€CKUM IyTEM, BIIOCIEICTBUUA OH ObUI 3aMEHEH MEHEE TpPaBMAaTH4-
HBIM U TPYJIOEMKUM HEXHPYPrUYE€CKUM, OCHOBAHHBIM Ha BBEJCHUM B MaT-
Ky 0CO0O0T0 30H/1a IO €CTECTBEHHOMY KaHay.

Onenka 3m0puoHoB. [lepen nepecankol pelUIIUEHTY HEOOXOIUMO
OIICHUTh Ka4eCTBO dMOPHOHA, ONPEACIUTh coco0 ero mnepecanaku. Orie-
HUBAIOT SMOPHUOHBI PA3IMUHBIMU METOJaMH: MOP(OJOTHYECKasl OICHKA
(omieHKa ()OpMBI 3UTOTHI, COCTOSTHUE 30HBI MEJUTIOLMIA, YUCIO OJacToMe-
POB, PaBHOMEPHOCTh APOOJIEHUS, BBIPAKEHHOCTh AMOpHOOIacTa U Tpo-
dobnacTa); MPUKU3HEHHOE OKpalllMBaHUE (HUCTOJB3YIOT (PIIOOPECIICHT-
HYI0O OKpacKy, MO3BOJISIONIYIO OTJIMYUTH >KUBBIE IMOPUOHBI OT IMOTHO-
KX ); MHTEHCUBHOCTh Pa3BUTHUSI; KYJbTUBUPOBAHUE AYMOPHOHA; KOHTPOJIb
oOMeHa BEIIeCTB AIMOPHOHA; ITUTOJOTHUECKUM; KOMIUICKCHBIM.

[ToHOIICHHBIE SMOPHUOHBI JTOJKHBI UMEThH IIapo00pa3Hyto (popMy, He-
MOBPEKICHHYIO MPO3PavYHYI0 000JIOUKY, OJMHAKOBBIE 0JIACTOMEPHI C YETKOMN
TIa3MaTHYECKON 000JI0YKON U CBETIIYIO TOMOTEHHYIO IIUTOILIa3MYy.

[Ipy oneHke KayecTBa HSMOpPHMOHA B Halled CTpaHe MPUHSTA
5-OaypHas IIKajga ¢ y4ETOM CICAYIONIMX IOoKa3aTeaeld: COOTBETCTBHUE
CTaIuU Pa3BUTHUS dMOPHOHA €r0 BO3PACTy; MPABUIBLHOCTH (OPMBI MPO-
3pa4HON 00O0JOYKM U €€ I1IeJIOCTHOCTh; PAaBHOMEPHOCTh JApoOJieHus OJia-
CTOMEPOB, COCTOSHHE IMTOILIA3MbI; MPO3PAYHOCTh TMEPUBUTEIITMHOBOTO
IPOCTPAHCTBA.
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[locne olEeHKH MPUTOAHBIE dMOPUOHBI TPUKABI MPOMBIBAIOT CTe-
puibHBIM 20% pactBopoMm DC (deransHas ceiBopoTka), DCh (dhocdatho-
coneBoit Oydep Hronp0ekKo). DTH ornepaiuy IpoBOAT MOCIIEI0BATEIIBHO,
nepecaxuBasi SMOPHUOHBI U3 KaIUIM B KaILIiO.

WNHuTepBan BpeMEeHH MEXIy MOJYYEHHUEM 3apojiblllia U Ha4aJioM cJie-
IOYIOIIETO TEXHOJIOTHYECKOro 3Tama (KpaTKOCPOYHOTO XPaHEHHS, KPHO-
KOHCEpBAIIMM) HE T0JHKEH MPEBBINIATH IBYX YacOB.

KpatkocpouHoe xpaHeHUe 1e7eco00pa3Ho, €CIM PACCUHXPOHU3ALIUS
MEXIy CTaJHeH pa3BUTHSA YMOPHOHA U TIOJIOBBIM IIMKJIOM PEIUITUCHTOB HE
npeBbIaeT 1,5 cyTok. B ocTalbHBIX Cclydasx TPUMEHSIOT KPHOKOHCEPBa-
muto. [lopsimok 3anmpaBku SMOpHOHA B MAMETTY ISl 3aMOPaKUBAHUS TIPHU-
BEJICH Ha pUCYHKE 24,

f

2 3 5 4

Pucynok 24 — INopsiook 3anpaexu smopuona 6 natiemmy 05 3amopadxcusanus: 1 —
npooka natiemmst, 2 — 0,75 M pacmeop caxapo3swt;, 3 — 6030yuinblil nysvipex, 4 — 1 M
pacmeop aauyepuna 6 20% pacmeope @C u ©CE; 5 — ambpuon

TpancnnanTaius MOpPHUOHOB B HACTOSIIEE BPEMS SIBJISIETCS OJTHOU
U3 HanboJiee akTyalbHBIX MPOOJIEM B 00JIACTH KMBOTHOBOJICTBA. C TTOMO-
IbI0 MEepecagKu SMOPHOHOB MOXKHO PE3KO YBEJIMYHUThH BBIXOJ YHCIA TO-
TOMKOB OT BBICOKOMIPOJYKTUBHBIX KOpOB. [IpuMeHeHue »TOro merojaa
TaK)Xe YNnpoIlraer 00MeH reHOPOHAOM CENbCKOXO35IMCTBEHHBIX )KUBOTHBIX
MEXIy CTpaHaMu W KOHTHUHeHTamH. [lepecagka sMOpHOHOB MOXET OBIThH
UCIIOJIb30BaHa JISl TIOJIYYEHHsS] TIOTOMCTBA OT IIEHHBIX, HO OECIIOAHBIX
KOPOB, YTPATUBIIUX CIIOCOOHOCTh K PAa3MHOXEHUIO B PE3yJbTAaTe HEcUa-
CTHOTO Clly4asi, 00JIC3HH WJIM TI0 BO3PACTY.

Takum oOpa3om, B JaHHOW Teme Oblla M3yueHa KpaTKash HCTOPHS
peaMeTa, dTarbl MOTyYeHUs] THOPUIHBIX KIIeTOK. OnpeaeneHsl BO3MOK-
HOCTH METOJIa CIUSHHUS KJICTOK, KJIOHUPOBAHUS >KUBOTHBIX, TPaHCIIJIaHTa-
MU YMOPUOHOB.

OcHOBHbIE TEPMHMHBI M TIOHATHS. PECTPUKTa3a, XUMepa, KJIOH,
ruopugomMa, MUEJIOMHas KieTka, JuMQoIuT, OacTomepa, OJacTOLHKCTA,
KpUOKOHCEpBaIusi, SMOPUOH, SHYKJIEHPOBAHHHAS 3UT0OTa, MPOHYKIEYC,
NapTEHOreHe3, THHOTEHE3, aHAPOTEHE3.
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Bonpocel 111 CaMOKOHTPOJISA

1. Tlepeuncnurte 3Tanbl MOJTYUYEHUS THOPUIHBIX KIETOK.

2.  Kakue BO3MOXKHOCTH OTKPBIBAET METOJ1 CIUSHUS KJIETOK (HUIIO-
T€HETUYECKH OTJAJICHHBIX (POPM KUBOTO?

3. Ilepeuucnure sTambl pabOTHl MPHU MOJYYCHUU MOHOKJIOHAb-
HBIX aHTHUTEIL.

4. Ilouemy B cpene I'AT pacTyT TOJIBKO TMOpUIHBIE KJIETKU MHE-
JIOMBI-CEJIE3€HKH, a BCE OCTAJIbHBIE TUIIbI KJIETOK HE MOTYT B HEW MPOJIH-
dbepupoBath?

5. HazoBuTe moaxonpl, IPUMEHSIEMbIE B HACTOSIIEE BpeMs IS
MOJIYYE€HHUS! MOHOKJIOHAJIbHBIX aHTUTEI.

6. Kem u korma Obut pazpaboTaH METOI TMEpeHoca SAep METOo-
JIOM MAKPOMaHHUITYJISITAN ?

7. Pacckaxkute 0 TpeabsABISIEMBIX TpeOOBaHUAX K KOpPOBaM-
JTOHOpaM Ipu oTOope.

8. HazoBute criocoObI O1IeHKH SMOPHOHOB.

Q. PacckaxuTe 0 cioco0ax U3BJICUCHHS IMOPHOHOB.

10. Bo03MOXHO Jid MOJy4EHHUE XUMEP OT OObEAMHEHUS YacTel IM-
OpHOHOB pa3HbIX BUJ0B? ECTh M ycniexu B 3TOW 00JaCTH KJIETOYHOU MH-
KEHepuun?

Bonpocs! 118 caMOCTOSITEIbHOM PadoThI

Knonupoanue xuBoTHBIX. McTopus merona. KinonupoBanue muie-
KOMUTAIOMuUX. MeTo bl TpaHCIUTaHTAUK siep. TpaHCIIaHTaIus 3MOpuo-
HOB (O0TOOp JIOHOPOB, MPOBEJICHUE CYIEPOBYIISAILINH, CIIOCOOBI U3BJICYEHUS
AMOPHOHOB, OIIEHKAa YMOPHUOHOB).
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TEMA: HAHOBMOTEXHOJIOI'MHA

HGHBIO I[aHHOI\/JI TCMBbI ABJEICTCA O3HAKOMIICHHC C HCKOTOPBIMHM Ha-
IMpaBJICHUAMHA U JOCTUKCHUAMUA HAaHOOMOTEXHOJIOTHH.

Bonpocsi

1. IIpeacraBieHrne O HAHOTEXHOJIOTUSX.

2. JIoCT>KEHHSI HAaHOTEXHOJOTUHM B MEIUIIUHE U OMOJIOTHH.
3. HammpaBnenns pa3BuTHs HAaHOOMOTEXHOIOTHH.

4. Pucku, CBSI3aHHBIC ¢ HAHOOMOTEXHOJIOTHSIMH.

1. IIpeacraBjieHHe 0 HAHOTEXHOJIOTHAX

B nacrosiiee BpeMs MpoucxoauT GopMUpOBaHUE U Pa3BUTHE HOBOTO
HAy4YHOTO HAIPaBJICHUSI — HAHOTEXHOJIOTUH. JTO BBI3BAHO MEPEXOAOM OT
U3YUYCHUSI MAaKPOOOBEKTOB K U3yUEHHUIO yacTull pazmepom 1-10 am. Hano
(OT rped. NAN0S — KapyuK) O3Ha4aeT OAHY MUJUIHAPIAHYIO JIOJI0 KaKoii-
MO0 €AUHULIBI U3MEPECHUSL.

Ha mMHOrnx o0beKTax MoKa3aHO, YTO TAKME MaJIble pa3Mephbl YacTHUIL
MPUBOJAT K KAYECTBEHHBIM U3MEHEHUSIM UX (PU3UKO-XUMHUYECKUX CBOWCTB
U MOJy4aeMbIX Ha UX OCHOBE CUCTEM. B HMX 3HAUYMTENBHO BO3pPACTAET JO-
JIsl TOBEPXHOCTHBIX aTOMOB M MOJIEKYJI, UTO U BIIMSIET HA CBOMCTBA (AJIEK-
TpUYECKUE, MAaTHUTHBIC, MEXaHUYECKHUE) TaKOM YacTUIlHI B 1ieioM. MHoTr 12
HaHOMAaTEpHUaIbl MOTYT IPUOOPETATH COBEPILIECHHO HOBHIE KAYECTBA.

Bce 3T0 MOXeT 03Ha4aTh, 4TO HAHOPA3MEPHbIE OOBEKTHI UMEIOT Ta-
KM€ CBOMCTBA M OCOOCHHOCTU CTPOCHUS, KOTOPHIE BBIACISIIOT UX KaK He3a-
BUCUMYIO YacCThb MPUPOJIbI, MPOMEXKYTOUHYIO MEXKY MUKPO- U MaKpOMHU-
poM. [ToaTOMy HAaHOTEXHOJIOTHS KaK HAy4YHOE HAIMPABICHUE HOCHUT MEXK-
JTUCIUTUIMHAPHBIA XapaKTEep U B OJUHAKOBOM CTENEHH 3aBUCHUT OT JOCTHU-
XKeHUM pus3uku, xumuu u ouonoruu (3arockuna H.B. u np., 2009).

Pa3Mepbl HaHOOOBEKTOB — MWJLUIMAPJIHBIC JOJM METpa, Halpumep,
pasMep aTOMOB MO MOPSAKY BeIU4uHbI paBeH 0,1 HM; IJIUHBI BaJCHTHBIX
CBSI3€M M PACCTOSIHUSI MEXJYy aTOMaMHM B KPHUCTAJUIMUECKUX pElIeTKax —
TOTO K€ MOPAJIKA; AUaMeTp ABycnpaibHo Mosiekysbsl JJHK — 2 Hm; To-
IMHA KJIETOYHOM MeMOpaHbl — 6—10 HM; pa3smepsl BupycoB — oT 20 10
300 HM; xapakTepHble pa3Mepbl MojeKys 0enkoB — ot 10 go 100 am. Mu-
HUMAaJIbHBIA pa3Mep YIJIEpOAHBIX HAHOTPYOOK, CUHTE3UPOBAHHBIX B Ha-
crosiiiee Bpems, cocrapisier 0,4 aM. HmwkHss rpanuna oObEKTOB, KOTO-
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pPBIMU 3aHUMAETCS HAHOTEXHOJIOTHSI, ONPEIEIAETCS PaJNyCOM aToMa Io-
psanka 0,1 aMm, BepxHsa — pazmepamu 10 0,1 mxm (100 Hm), T. €. pa3mepa-
MU MOJIEKYJI, IPU KOTOPBIX yTpauuBaeTcs crenuduka CBOMCTB U MOBEC-
Hust HaHowactul (KomoB B.I1., 2004; Konuuer A.C., 2003; 3arockuna
H.B. u ap., 2009).

Takum 00pa3oM, HAHOTEXHOJOTUM — 3TO COBOKYIMHOCTh HAayYHBIX
3HaHUH, CIOCOOOB U CPENICTB, HAMPABICHHBIX HA PETYIUPYEMYIO COOPKY
(cuHTE3) M3 OTIEIBbHBIX ATOMOB M MOJIEKYJ Pa3HBIX BEILIECTB, MATEPUAIIOB
C JIMHEHWHBIM Pa3MEPOM CTPYKTYPHBIX JIEMEHTOB 70 1 HM (MUJIHApaHAS
noJist metpa). Kpome Toro, HaHOTEXHOJIOTHHM — 3TO U METOJbl YIIPaBICHUS
HAHOYACTUIIAMU, B PE3yJbTaTe€ MPUMEHEHHUS KOTOPBIX CO3JAIOTCS HOBBIC
CIocoObl 00pabOTKHM, M3rOTOBIICHUS, U3MEHCHHS COCTOSHHS, CBOMCTB,
(GbopMBI CHIPHS, MaTEepHUaia Win moiaydadpukara.

Hctopus ucnonb30BaHUs HAHOTEXHOJIOTUHM YXOJIUT KOPHSIMHU B TIy-
OOKyI0 APEBHOCTH. Hampumep, B J[peBHeM Erunte cmemmBaiu caxy ¢ BO-
JIO¥ 1711 U3TOTOBJICHUS YePHUJI, CKU(PBI MPUMEHSITN MAarHUTHYIO KUJIKOCTh
Fe3O4 (MarHeTutr (MarHUTHBIA JKENE3HSK), HAHOKPHUCTAJUIBI pa3MepoM
42—-45 uM, yepHOro IBeTa) B BUJIE Kpacok. Onajeciupyrolie KpacHble U
pyOuHoBo-KpacHble ctekia JpesHero Erunra, Puma u Butpaxein Cpennee-
KOBbSI MOYKHO TaK€ CUMTATh UCTOPUUECKHU MEPBbIMA HAHOMATEpUATAMMU.

[lepBoe ynmoMruHaHue O METOJIaXx MOCTPOCHUS JIFOOBIX MaTepUAIbHBIX
00BEKTOB «aTOM 3a aTOMOM» Tpo3Bydasio B 1959 rony B nokiazne Ha TeMy
«Tam, BHU3Y, elle MHOTO MECTa», CIECIIAHHOTO aMEPUKAHCKUM (DU3UKOM-
TeopeTukoMm, Jaypeatom Hobenerckoit nmpemuun P.®. deitHMaHOM Ha exe-
rOJIHOM cOOpaHuu AMepHUKaHCKOro (usnueckoro ooduiecta. OH roBOpUI
O TOM, YTO CYHIECTBYET «IOPA3UTEIbHO CIIOXKHBIA MUP MajbiX (OpM, KO-
raa-uuOyae (Hanpumep, B 2000 r.) moau OyAyT yAUBISATHCA TOMY, UTO J10
1960 roma HUKTO HE OTHOCHIICS CEPBE3HO K MCCIIECIOBAHUSIM 3TOTO MHUPAY.
Ho Tonpko B mocnegHrne HECKOJIBKO JIET IPEAIonoxkeHuss PerinMana npu-
onmu3uIrch K peanbHocTH (3arockuna H.B. u ap., 2009).

Hayunble wuccrienoBaHus B 0O0JAaCTH HAHOTEXHOJIOTMU MPU3HAHBI
MPUOPUTETHBIMU BO BceM MHpe. OCHOBHBIC YCUJIUS YUEHBIX CKOHIICHTPH-
POBaHbl HA YMEHBIIICHUU Pa3MEPOB BBIYUCIUTEIBHBIX YCTPOMCTB, CO3/1a-
HUU MEXAHUYECKUX YCTPOUCTB CYOMUKPOHHBIX Pa3MEpPOB (JICKTPUUECKUX
JBUTATEJICH, TPAHCMHUCCUN U T. /I.) U CUHTE3€ HAHOCTPYKTYP XMUMHUYECKHU-
MU METOJIAMH.
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2. JlocTHKEHNSI HAHOTEXHOJIOTUM B MeAUIIUHE H OHOJIOTHHI

OTtpaciib HaHOTEXHOJIOTUH M HAHOMATEPUAJIOB HAXOJUT IIHPOKOE
npUMeHeHre B MeauluHe. Ha cerogHsmHuil AeHb OHU NPUMEHSIOTCS
NPAaKTUYECKU BO BCEX €€ OTPaCisiX, U OCOOCHHO LIMPOKO B I'€HETUKE, I'e-
MaTOJIOTUU, TUTHEHE, TOKCUKOJIOTHWU, MHUKpoOHuosoruu. CoBpeMEHHbIE
NPUIIOKEHHSI HAHOTEXHOJIOTUM B MEIHUIIMHE MOXHO MOJPA3AEIIUTh HA He-
CKOJIBKO TPYTIIL:

1)  HAHOCTPYKTYpHpPOBAHHBIE MATEPHAIIBI, B TOM YHCJIE MTOBEPXHO-
CTH C HaHOpeJIbeoM, MEMOpaHbl C HAHOOTBEPCTHUSIMU;

2)  HaHOYACTHIIBI (B TOM 4Hcie (QyJuiepeHsl U IEHAPUMEDPHI);

3) MHKpO- ¥ HAHOKAICYIIbI;

4)  HAHOTEXHOJOTUYECKHUE CCHCOPHI U aHATN3ATOPHI;

5) HaHOWMHCTPYMEHTHI U HAHOMAHUITYJISITOPHI;

6) MUKpO- M HAHOYCTPOKMCTBA PA3IMYHON CTEIIEHU aBTOHOMHOCTH.

[TpoyKThl HAHOTEXHOJOTUN HCIOJIB3YIOT B JAMArHOCTUKE, MOHHUTO-
pUHTEe, NpU CO3AAHUM OMOCEHCOPOB U COPOEHTOB, a TAaKKE B KauyecTBE
NpOTE30B, UMIUIAHTATOB, UCKYCCTBEHHBIX OpPraHOB YYBCTB. B Xupyprum
HaXOJSAT MPUMEHEHHE MUKPO- U HAaHOYCTPOICTBA pa3IMYHON CTEIEHU aB-
TOHOMHOCTH, 30HJIOBbI€ MUKPOCKOIIbI, HAHOUHCTPYMEHTHl U HAHOMAHUITY-
JSITOPBI, B IEPMATOJIOTUU — COJTHIIE3AIIUTHBIE KPEMBI.

HanouacTuubl mpearnoiaraeTcsi UCHOJIb30BaTh KakK JIEKAPCTBEHHbIE
npenaparsl HOBOTO IOKOJIEHHUS, @ TaKXKE KaK KOHmeuHepwl 0l a0pecHol
00CmMasKu 1ekapcme B KISTKU-MUIICHU (puc. 25), Hanmpumep, JIEKapCTBO
MO>XHO CJIeJIaTh W3 MOPONIKA, COCTOSIIET0 M3 HAHOYACTHI] C OCOOBIMU
CBOMCTBaMH.

OTu yacTullbl OyAyT MPOCKAKUBATh YEPE3 CTEHKY COCyAa WIH KH-
MIEYHYIO CTEHKY M MOMaJaTh K MECTYy Ha3HAUY€HHs ObICTpEE, YTO CHENAET
nedyeHue 6osee 3phexkTuBHBIM. M0KHO, TOCAAUB HAHOYACTHUILY Ha JieKap-
CTBO, MIPEBPATUTh €r0 B CPEACTBO HAINPABJICHHOI'O JIEUCTBUS, 3aCTABUThH
CaJUThCSl HA Ty TKaHb, KOTOPYIO HEOOXOJIMMO pa3pyuluTh (K MpUMEDY,
OIMyXO0Jib) WJIU, HA00OPOT, 3AIUTUTH (HAIPUMEp, CEPALIE, NeueHb). Takum
00pa3oM, HAHOYACTHUIIbI [TO3BOJIAT BpayaM JOCTABJISATh JIEKAPCTBO TOYHO K
MpOOJIEMHOMY YYaCTKY, YBEIUUYHUBAs TEM CaMbIM 3P (PEKTUBHOCTD JICUCHUS
U MUHUMU3UPYS 1no0ouHble 3¢ dexThl. [I[puMeHeHne HaHOYACTHUI] OTKPbI-
BAET TAaK)K€ HOBBIE BOBMOYKHOCTH JIJIi KOHTPOJIUPYEMOI'O BBIBOJIA T€PATIEB-
TUYECKUX BEIIECTB.

Membpanvl ¢ nanonopamu MOTYT NPUMEHATHCA IS (DUIBTpALIUU
’KUJIKOCTEH OpraHu3Ma OT BPEIHbBIX BEIIECTB U BUPYCOB, & MUHUATIOPHbIE
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KarcyJibl ¢ HAHOTIOpaMU — JIJI JOCTaBKH JIGKAPCTBEHHBIX CPEJICTB B HYXK-
HOE MECTO OpraHu3Ma. ITO JaeT BO3MOKHOCTh IMOMEIIATh B KaICyJbl, Ha-
puUMep, WHCYJIUHIPOIYIIUPYIONTUE KICTKA >KMBOTHOTO, KOTOPBhIC WHaye
OBLITM OBl OTTOPTHYTHI OPTAHU3MOM.

Dynnepenosvie nanocghepsvt C60 (puc. 26) MOKHO MOJOOPATH TAKUM
00pa3oM, 4TOOBI CBA3BIBATHCS C 3apaHee BHIOPAHHBIMU OMOJIOTHYECKUMHU
MUIIEHAMHU. ANIyKT QyimepeHa ¢ noauBuHmwinupponuaonom (I1BIT) —
ATO XOPOILIO PACTBOPUMOE B BOJIE COCTMHEHHE, a TIOJIOCTU B €0 CTPYKTYpe
onm3ku o pazMmepaM mosiekysiam C60. IlonocTu jgerko 3amoyiHAITCS MO-
JexkynamMu (yJuiepeHa, B pe3yJbTaTe MoaydaeTcsl IpOayKT ¢ BHICOKOW aH-
TUBUPYCHON aKTUBHOCTBIO, MPEBBIIIAIONICH TAKOBYIO Y PEMaHTaIMHA.

HaHONaCTHUbI nexapcTeo

QNSPENa Liery,

. R
Gaxrepua
\r—ﬁMv/

Py

A

ok

Pucynox 25 — Jlocmaska nanouacmuy c¢ Pucynox 26 — ®@ynnepernosvie

jgekapcmeamu ¢ nomowvio baxmepuu Harocepvr C60 (pomo ¢

(hbomo c cauma http://www.myshared.ru)  catima
http://www.myshared.ru)

MuUKpOCKONIMYECKHE KarcCyJibl UMEIOT MPOCTYH) KOHCTPYKIIHMIO, HO
MOTYT B3STh Ha ce0s Takxke AyOJIUpOBaHWE U PACIIUPEHHUE €CTECTBEHHBIX
BO3MOKHOCTEN OPTraHU3Ma, KaK PECIUPOLUT — UCKYCCTBEHHBIN HOCUTEID
KHCJIOPOJa U JBYOKHCH yTJIepoa, 3HAUUTEILHO MPEBOCXOSAIINNA 11O CBO-
UM BO3MOXXHOCTSIM W DPUTPOLIMTHI KPOBH, U CYIIECTBYIOIIUE KPOBE3aMe-
HUTEIIU.

OcHOBHBIC TUIBI PYJIIEPOUTHBIX HAHOYACTHUII MTPEICTABICHBI HA PH-
cyHke 27.

Hanocdepsl npuMEeHUMBI U B OuacHocmuke, HallpuMmep, B Ka4eCTBE
PEHTTEHKOHTPACTHOTO BEIIECTBA, MPUKPEIUISIOMIETOCS K MOBEPXHOCTH
ONPEACIICHHBIX KJIETOK U MOKA3bIBAIOIIETO UX PACIOJI0KEHUE B OPraHU3-
Me. Kpome Toro, ¢ momoiibio HAHOTEXHOJIOTUM MOKHO ONPENCIISITh Jaxe
OJIHYy MOJIEKYJIY KaKOIro-TO BEIIECTBA, K MIPUMEPY, aHTUTENA WA BUpYCa.
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DTO rapaHTUpPyeT BHICOKYIO TOUYHOCTh MPOBEJCHUS TUATHOCTUKH, €€ Mac-
COBOCTh U OJHOBPEMEHHOE ONpPEACIICHNE HECKOJIbKUX (MHOTJa JECATKOB)
KOMITOHEHTOB, KOT/Ia 32 OJIMH pa3 MOHO CJeJiaTb MHOTO aHanu30B (3a-
rockuda H.B. u np., 2009).

dynnepeH C-60 dynnepen C-70 OpHOCNOMHAA yrnepoaHas
(0,67 Hm) (0,69 Hm) HaHOTpy6Ka (guam. 1 Hm)

®dynnepeH C-540 MHorocnoiHas AcTtpaneH
yrnepogHas HaHoTpybka (cpegHui
(avam. 6-60 HMm) pasmep 45 Hm)

Pucynox 27 — Tunvl pynnepoudnvix nanouacmuy (pomo c catima https://ppt-
online.org)

JlnarHocTrka ¢ NPUMEHEHUEM HAHOTEXHOJIOTMU ITOMOXKET Bpadam
UACHTU(OUIIMPOBATH 3a00JieBaHUE HA paHHEW cTaauu, Onarojgapsi 3TOMY
ne4yeHue OyJIeT MaKCUMaIbHO 3(PHEKTUBHBIM.

[IpuMeHSOTCA HAHOTEXHOJOTUHA U B PEIIEHUU MPOOJeM peceHepa-
MUBHOU MeduyuHvl. B 3TOM ciydae Marepuaibl ¢ HAHOCTPYKTYPHUPOBAH-
HOUM MOBEPXHOCTHIO M MPEIBAPUTEIIBHO 3aJaHHBIMH CBONCTBAMH MOTYT
OBITH MCIOJIb30BaHbI JJI1 3aMEHbI MOBPEXICHHBIX TKaHeil. Kierku opra-
HU3Ma OIMO3HAIOT TaKME MAaTepUalibl KAK CBOM U MPUKPEIUISIOTCS K UX IO-
BepxXHOCTH. [IpeuMyniecTBaMu Takux MpenapaToB SBISIOTCS XOpouias me-
PEHOCUMOCTh, OTCYTCTBHE MOOOYHBIX 3()PEKTOB, TOCTYMHOCTh M HHU3Kas
nieHa (3arockuna H.B. u ap., 2009).

B HacTosimiee BpeMsi JOCTUTHYTHI YCIIEXU B M3rOTOBJIECHUM HAHOMa-
TEpPUAIOB, UMUTHUPYIOIIUX €CTECTBEHHYIO KOCTHYIO TKaHb. HaHOKOCTH
OPUMEHSETCS] B OPTONEIUN, HEUPOXUPYPTUH, OTOJIAPUHTOJIOTUH, YEITFOCT-
HO-JIMLIEBOW XUPYpPrUU, CTOMATOJIOTUH, B TOM YHCIIE B KaUy€CTBE MMILIAH-
TATOB ISl BO3MEILICHHS OOJBIINX KPAaHUAIIbHBIX 1€(EKTOB.

[IpeacraBnsier uHTEpec U pa3pabOTKa HAHOMATEPHAIOB, KOTOPHIE,
HA00O0POT, HE MO3BOJISIIOT KJIETKAaM MPUKPEILIATHCS K MOBEPXHOCTU. OaHOM
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u3 cep MPUMEHECHHUS TAKUX MaTEPUAJIOB MOXKET CTaTh M3TOTOBJICHUE OHO-
PEaKTOPOB ISl BhIpAIIMBAHUS CTBOJIOBBIX KJIETOK. HaHOYacTHIBI MOTYT
MCIIOJIB30BATHCS VISl CTUMYJIMPOBAHMS BPOXKICHHBIX MEXaHU3MOB pereHe-
panun. OCHOBHOE BHUMAHHE MPU 3TOM COCPEAOTOYEHO HA MCKYCCTBEHHOM
aKTUBAIlMU M YIIPABJIECHUU B3POCIBIMHU CTBOJIOBBIMU KJI€TKaMHU. TakuMm 00-
pazoM, MpUMEHEHNE MaTEPHATIOB C HAHOPA3MEPHON CTPYKTYpPOH MOBEPX-
HOCTH JIJISI YIIPABJICHUS TpolieccaMu nposudepanuu u auddepeHnanum
CTBOJIOBBIX KJIETOK IMpPEJCTaBIsA€T COOOM OrpOMHOE MOJe ISl UCCIe0Ba-
HUM, B TOM YHCJIE U B 00JaCTH CO3/IJaHUSI HCKYCCTBEHHBIX OPTaHOB.

VYyeHbIM TIpefocTaBieHa BO3MOXKHOCTh CO3JaHUS MPUHIIUITHATIBHO
HOBBIX THUIIOB NEPeBA30UHbIX U KIEUKUX MAamepuanos ¢ aHTUMUKPOOHOH,
IPOTUBOBUPYCHOW M MPOTHUBOBOCIAIUTEILHON aKTHBHOCTBIO, Je3MH(DEK-
TAHTOB M aHTHCENTUKOB. Hampumep, mosyyeHbl MaTepralibl ¢ HAHOYACTHU-
namMu cepebpa, oOJagaroniue aHTHOAKTepHaIbHBIMU CBOMcTBaMu. OHH
IPUMEHUMBI B MeAUIIMHE (B BHJE KPAcOK, OSCXJIOPHBIX CPEJCTB JIC3WH-
(deKIuu mepeBs30YHbIX MAaTEPUAJIOB, JlaKa IS MOKPHITUA KaTeTepoB T. 1.)
1151 00pHOBI ¢ OAKTEPUSIMU.

V3 HaHOMaTEpHAIOB CO3JIA0OTCS HOBBIE XUpYpeuuecKue UHCMpyMeH-
Mbl C BRICOKUMH PEKYIITUMHU CBOMCTBAMU U U3HOCOCTOHKOCTBIO.

Brenpsercs B MPOU3BOACTBO MOTYUYCHUE MACHUMHBIX HCUOKOCEU —
KOJUTOUIHBIX JUCIIEPCHUN MarHUTHBIX MaTepHajoOB pa3MepoM OT 5 HM [0
10 MKM, KOTOpBIE MOTYT MPUMEHATHCS B Tepamuu omyxojel. s 3Toro
MarHuTHas 9acTUYKa MOKPBIBAETCS JIMIMTUAHOW 000J0UKOM ¢ n00aBIeHUEM
JICKapCTBEHHOTO CPEJICTBa, 3aT€M BBOJUTCS B KPOBb M I0J KOHTPOJIEM
MAarHUTHOTO TIOJISI HAIPaBJISETCS B MECTO JIOKAJIU3AIIUU MAaTOJIOTUYECKOTO
npoiecca. DPPEKTUBHOCTh JIEUCTBUS 0OECIIEYMBACTCS BBICOKON TOYHO-
CTBIO (TIPHUIEITHFHOCTBIO) M BO3MOKHOCTBIO CO371aBaTh MPEJACIHbHO BHICOKHE
KOHIICHTPAIIUH Mperapara B 30HE OMMyXOJIH.

BenyTcst paboThl 110 UCITOIB30BAHUIO MACHUMHBIX HAHOYACMUY B JIe-
YCHUU TPOTPECCUPYIONUX (GOPM paka TPyAu. DTH YACTHIBI KPEIATCS K
aHTUTEJIaM, KOTOpHIE, MOMajas B KPOBEHOCHYIO CHCTEMY, PAacO3HAIOT pa-
KOBBIC KJIICTKH W MPUKPEIUIAIOTCSA K HUM. 3aTEM C ITOMOIIBIO MAarHUTHOTO
IOJIST IIPOUCXOJIUT UX OBICTPHIN Pa30orpeB, KOTOPHIH YOUBACT KICTKH OITY-
XOJIM, HE TIOBPEXKAasi COCCTHUE TKAHM.

BaxHBIM HampaBJICHUEM HCITOIb30BaHUS HAHOTEXHOJIOTHH SBIISCTCS
CO3JIaHUE HAHOBAKYUH ISl TPOPUIAKTUKN U Tepanuu WHPEKITMOHHBIX 3a-
OoJeBaHM, MPOTHUB KOTOPHIX HEBO3MOXKHO pa3padOTaTh BAKIIUHBI TPaIgu-
IIMOHHBIMH MeToAaMu (TyOepKyJie3, remaTuT B, KOBuI, BUpYC TamuuIO-
MBI, JIENTOCTIUPO3, TYyIIpEeMUsi, Opylees).
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HaHoBakIIMHBI UMEIOT PSI/i MPEUMYIIECTB!

— 0e30MacHbI, TaK Kak COAEPKAT TOJIbKO BaKIIMHHBIE KOMIIOHEHTHI;

— HETOKCUYHBI, OMOCOBMECTUMBI M OUOACTPAAUPYEMBI B OPTaHU3ME;

— caMOocOOpKa KOMIIOHEHTOB HAaHOBAKIIMHBI PEHIaeT MPOOJIeMy OYHU-
CTKHM, UIMMOOUJIN3AIIMU U KOHLIIEHTPUPOBAHUSI KOMIIOHEHTOB, 0OecTieunBa-
€T CTaHJAPTHOCTH MOJIy4aeMOro MPOAYKTa;

— TEXHOJIOTHS HAaHOBAKIMH MO3BOJISET MOJy4aTh MHOTOKOMITOHEHT-
HbI€ MpEenapaThl, 3alUILAIOIINE OJHOBPEMEHHO OT IIMPOKOTO CIEKTPa CO-
[IUAIbHO 3HAYMMBIX MM 0CO00 OMACHBIX 3a00JIeBaHUIA.

B HacTtosiee Bpemsi U3y4daeTcs BIUSHUE HAHOOUCNEPCHO20 KpeMHe-
3emMa Ha YMEHBbUIEHUE TOKCUYHOCTH (haKTOpPOB BHEIIHEW cpenbl. Jlokasza-
HO, YTO TaKOW KpeMHE3eM MOHMKAeT TOKCUYHOCTh HUTPUTA HATPHs, (TO-
puga HATpHsi, JOKCOPYOMIIMHA, MPOTHUBOTYOEPKYJIE3HBIX MpEmapaToB 3a
CUET CBA3BIBaHUS OEJKOB, CHI)KEHHS MEPEKHCHOIO0 OKUCIEHUS, 00e3Bpe-
KUBAHUSI HU3KOMOJIEKYJISIPHBIX TOKCMHOB. Ha OCHOBE HaHOAMCHEPCHOTO
KpeMHe3eMa CO3/JjaH MpernapaT ¢ aJcopOLIUOHHO-IETOKCUKAIIMOHHBIM JIeH-
CTBUEM, KOTOPHIA MPUMEHHUM IPU OCTPBIX KHUIICUYHBIX 3a00JICBAHUSIX, BU-
PYCHBIX T€MaTUTax, aTepoCKIEPO3e, OCTPOM MOYECHHONW HEIOCTATOYHOCTH,
MHTOKCHUKAIIUSAX Pa3IMYHOr0 TeHE3a, aAlNIEPTHUYECKUX peakiusix. MecTHO
ATOT Mpenapar MPUMEHSIOT MPU THOWHO-CENITUYECKUX MpoIlleccax, paHax;
B CTOMATOJIOTHUHU — JUISI JICUSHHUs] THHTUBUTOB, CTOMATUTOB, TIAPOJIOHTHTA; B
o(pTaTBLMOJIOTUN — B CIIy4ae OKOT'OB POTOBHUIIBI U BOCTAIIUTEIBHBIX 3200-
JICBaHUU IJIa3.

BripaskeHHbIE POTUBOMUKPOOHBIE CBOMCTBA MPOSBISIOT CAMOCOOU-
parowuecs nenmuonsle HaHompyoOKu, HalpuMep, KUIIeYHas MajlovykKa Mo-
rudaeT B TeueHUe yaca. MeTo; OCHOBaH Ha BHEAPECHUH TENITUIHBIX KOJIEI]
B MeMOpaHy OakTepuii, rie OHU COOMPAIOTCSA B TPYOKH, KOTOPBIE 3aTeM
npUBOJAT K rubenu 6aktepuil. [[poruo3upyercs, 4To camocoOuparouecs
NENTUIHbIE HAHOTPYOKH CTaHyT 3(PPEKTHUBHBIM CpPEACTBOM OOpHOBI C
MHUKpPOOpPTaHH3MaMHM, YCTOMIMBBIMU K aHTHOMOTHKAM.

Mpbl paccMOTpesid HEKOTOpbIe NMPUOPHUTETHHIEC HAIpaBJICHUS pa3BU-
THS HAHOMETUIIMHBI.

Hcnonb30BaHE HAHOTEXHOJIOTUM B CEIIBCKOM XO3SIMCTBE CBSA3aHO C
o0e33apakMBaHUEM BO3/lyXa U Pa3IUYHBIX MAaTEPHAJIOB, B TOM YHCIIE KOP-
MOB U KOHEYHOU MPOAYKIMHU )KUBOTHOBOJICTBA, a TaKKe ¢ 00paboTKOil ce-
MSIH M ypoxKasi B IIeJIsIX ero coxpaHeHusi. Kak v B MeauinHe, onpaBaaiu
HaJICKIbl HAHOIMYJILCUU U aHTHOAKTepUaIbHble HAHOMpENapaThl, AEUCT-
BH€ KOTOPBIX 3HAYUTEIBHO MPOJIOHTUPYETCS 3a CUET HaHouacmuy cepeo-
pa. Takue Matepualnbl UCIIOJIB3YIOT B IOWJIBLHBIX anmnaparax.
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HaHOTEeXHOJIIOrMU MNPUMEHSIOT TMPU CTUMYJISIIIUM POCTa PACTCHUM,
JICYCHUU KUBOTHBIX, JIJIS YIIYUIICHUS] KaueCTBa KOPMOB.

WX aKTUBHO BHEIPSIOT B IIPOU3BOJICTBO C IO YMEHBIIICHHS €T0
HYHEPTOEMKOCTH, ONITUMHU3AIMN METOJ0B OOPaOOTKHU CHIPhS U YBEIUUYCHUS
BBIXOJIa KOHEUHOW MPOIYKIIUH, CO3JaHUsI HOBBIX YIMAKOBOUYHBIX MaTepHa-
JIOB, 00ECIIEUHBAIOIINX JIOJTYI0 COXPAHHOCTD MPOYKIIUH.

BOJIBIIMHCTBO TEXHOJIOTHM CBSA3aHO C MUIIEBOX TPOMBIIIJIEHHOCTBIO,
C HCTOJB30BaHUEM HAHOMATEPHUAJIOB JJis YIMAKOBKHU MHIIM, ONPEACICHUS
WM HEUTpaln3alid OMACHBIX TOKCHHOB, AJJIEPTCHOB WJIM IaTOT'CHOB.
Pa3BuBaroTcst MpOEKTHl MO CO3/IaHUIO M YJIYUYIIECHUIO MHUIIEBBIX J00ABOK,
MOJIYYEHHUIO PACTUTEIBLHOTO Macjia ¢ HaHOI00aBKaMu, MPEMSATCTBYIOIIUMU
MOCTYIUICHHUIO XOJIECTePHHA B KPOBh MJICKOITUTAFOIIIHX.

OTtaenbHBIE TPOEKTHI HAMIPABJICHBI HA pa3BUTHE O0Jiee YOPEKTUBHBIX
U CpenocOeperalumx acpomexHoio2ull, HanpuMep, UCIO0JIb30BaHUE Ha-
HOMAaTEpPUAJIOB JIJI1 OYMCTKHU BOJI B arpodKOCUCTEMAX WM JIJIs TiepepadoT-
KM OTXOJIOB PaCTEHUEBOJICTBA B 3TaHON. B orcusomnosoocmee pazpadatbi-
BalOT METOJIbl MCIOJIb30BAaHUSI HAHOJ00ABOK B IENSAX YMEHBIICHHUS 03
POCTOBBIX (PAKTOPOB W FOPMOHOB, HEHTpaIM3allMA MATOTCHOB HA PaHHUX
CTaAUSAX UX KOHTAKTa C )KUBOTHBIMU.

BHenpeHne HaHOTEXHOJIOTHH TMPU CEJNEKIUU KUBOTHBIX TTOMOXKET
PEIINTh TaKue MPOoOJIeMbl, KaK KOHTPOJIb MPOUCXO0KICHHS, BBISIBIICHHE HO-
cUTeNed HEOIAaronpUsATHBIX MyTallui I UH(EKIUHN, a TAK)KE F€HOB, CBS-
3aHHBIX C XO3SMCTBEHHO IIEHHBIMU MPHU3HAKAMHU, YCTOMYMBOCTHIO K HEeOJIa-
TONPUATHBIM (paKTOpaM OKPY>KaroIel Cpepl.

[Tomy4yeHbl ¥ YCHEMIHO MCIBITAHBl HA KUBOTHBIX dMYJILCHUHU, COJEP-
KaIue HAHOKanau, KOTOpble 001a1at0T aHTUBUPYCHON U aHTUMUKPOOHOM
aKTUBHOCTBI0. OHU CIIOCOOHBI 00€33apakuBaTh MOBEPXHOCTH, YHUUTOXKAS
HE TOJIbKO CaMH MUKPOOPTaHU3MBI, HO U CIIOPHI, TIPH TOM OCTaBasich 0€3-
BPEAHBIMH ISl JKMBOTHBIX. [lOTEHIIMAIBHO IMOJ00HBIE AMYJIBCUU MOTYT
HalTH TPUMEHEHHUE HE TOJHKO B MEIWIIMHE, HO M B IHUIIEBON IPOMBIIII-
JISHHOCTH, JIJI1 OYMCTKH BOJIBI M JaXKe JIJIS 3alIUThI OT OaKTepHOJIOTHYE-
CKOT'O OPYXKHSI.

[lepcrieKTUBHO CO3/1aHUE YCTPOUCTB C MCIOJIb30BAHUEM OHOJIOTHYE-
CKMX MaKpPOMOJICKYJI JIJISl M3YUYEHUs] OMOJIOTMYECKHUX CHUCTEM JIMOO yIpaB-
JICHUSI UMH, TaK KaK XOPOIIIO U3BECTHA CIIOCOOHOCTh OMOMOJIEKYJ K CaMo-
cOOpKe B HAHOCTPYKTYPBI, HAPUMEP, JUIUJIBI CTIOCOOHBI CIIOHTAHHO 00Bb-
eAUHATHCA U (opMupoBaTh Kuakue kpuctamwisl. JJHK ucnonssyercs ms
CO3/JaHMs HAHOCTPYKTYp M B KaueCTBE Ba)KHOTO KOMIIOHEHTA HaHOMEXa-
Hu3MoB. [Ipennonaraercs, HapuMep, 3aMeHa KPEMHHEBON OCHOBBI MHK-
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pocxeM Ha aByxiienodeunyro monekyny JIHK, oco6enHocTH KOTOpO# mo-
3BOJISIIOT OOBEAUHATH aTOMBI B MIPEACKAa3yeMOil Mmocaea0BaTeIbHOCTH. Be-
positHo, yTto JJHK cTaHer OCHOBHBIM KOMIOHEHTOM KOMIIBIOTEPOB CliE-
IYIOILLErO TTOKOJIECHHUS.

bilaromapsi MUKpO- ¥ HAHOTEXHOJIOTHSM TOBBIIIAETCA BO3MOXHOCTh
OOHaApY’>KEHUSI U aHaju3a CBEPXMAJIbIX KOJIMYECTB Pa3IMYHBIX BEIICCTB.
OmHuM U3 BapHaHTOB TaKOT'O POJa YCTPOUCTB SBISCTCS Jlabopamopusi Ha
yune (puc. 28).
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Pucynox 28 — Jlabopamopus na uune (¢pomo c cavima https.//ru.wikipedia.org/wiki)

Ona npencraBiser coOOW IUIACTUHKY, HA MOBEPXHOCTHU KOTOPOH
YVIIOPSAIOYECHHO pa3MENICHbl PEIENTOPbl K HY>KHBIM BEIIECTBAM, HaIpH-
Mep, aHTUTeNna. Takoe yCTpOMCTBO CIOCOOHO OOHApYKUBATh OTACIbHBIC
MOJIEKYJIbIl U MOKET OBITh HMCIIOJB30BAHO IIPU OMPEACICHUM IOCIIeI0Ba-
TenpHOCTH ocHOoBaHui JIHK wnm amuHokucioT s 1enedt uaeHTuduka-
IIMU, BBEISIBJICHUS T'€HETHYECKUX WM OHKOJIOTMYECKUX 3a0oJieBaHUii, 00-
Hapy»XKeHUs1 HHOEKIIMOHHBIX BO30YJAUTENICH, a TakKe TOKCHYECKHUX Be-
IIIECTB.

buonorndyeckue HAaHOYMUIBI TOMOTYT MPOBOJIUTH JUATHOCTUKY COMa-
TUYECKUX U MH(OEKIIMOHHBIX 3a00JIEBaHUM, B TOM YHCJI€ BUIAOBYIO HJCH-
TUUKaIMio BO30yauTene 0co00 onacHbIX HHPEKINI 1 TOKCUHOB.

YcrpoiicTBa, MpenHa3HAYCHHBIE 1T MaHUIYJISAIUA ¢ HAHOOOBEKTa-
MM (HaHOYACTHIIAMH, MOJIEKYJIaMH U OTJIEJIbHBIMM aTOMaMHM), MOKHO Ha-
3BaTh HaHOMaHunyaiamopamu. K HIM OTHOCSITCS CKaHUPYIOIIUE 30H10BbIE
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MHUKPOCKOIIbI, KOTOPBIE MO3BOJISIIOT MIEpeMeNIaTh Jt00ble 00BEKTHI, BIJIOTh
10 atoMoB. Co371aHbl MPOTOTUITBI HECKOJIBKUX BAPUAHTOB HAHOIIMHIIETOB.

B Hacrosiee BpemMsi MPUMEHSIOTCS TaKWe JOCTHKCHHS HAHOTEXHO-
JIOTUM, KaK:

— aMm(pudunpHbIe OCNKH, MOAACPKUBAIOIINE POCT KIETOK JJIsi BOC-
CTaHOBJICHUS MMOBPEKIECHHOTO CIIMHHOTO MO3Ta;

— MOKPBITHSA Ha OIYXOJM TOJOBHOTO MO3ra W3 MAarHUTHBIX HaHOYa-
CTHIl U YYBCTBUTEIbHBIX K (DEpMEHTaM YaCTHII;

— 30H]Ibl U3 HAHOYACTHI] JJIsl BHYTPUKJIETOYHOM JOCTaBKH Iperapara
M DKCIIPECCHUU T€HOB U KBAaHTOBBIE TOUKH, KOTOPbIE OOHAPYKUBAIOT U OII-
pPEACISIIOT KOJIMYECTBO OMOMApKEPOB paka MOJIOYHOM >KeJie3bl YeJIOBEKa
(3arockuna H.B. u np., 2009).

HecmoTpst Ha pucku U mpoOIEMBbI, CBSI3aHHBIE C HAHOTEXHOJIOTHUSAMH,
MPEANoIaracTcsi, YT0 HAHOYCTPOMCTBA CMOTYT MOJIHOCTHIO 3aMEHUTH CY-
MIECTBYIOIINE TTPOMBIIIJICHHBIE U CEIbCKOX03SMCTBEHHBIE TEXHOJIOTHH, BO
MHOTO pa3 MPEB30MTH UX MO MPOU3BOJUTEIHLHOCTH MPU OJTHOBPEMEHHOM
CHUXKEHHUHU 3aTpaT. YUeHbIEe MPOTHO3UPYIOT BO3MOKHOCTh BCTPAaWBaHUS B
KJIETKM KPOBH JIATYMKOB, PEArupyIONMIMX Ha MOSBICHHUE PAIUOHYKIHIOB B
OKpY’KaIoIIel cpejie M PaKOBBIX KJIETOK B OpraHU3MeE, a TaKkKe CO3/IaHHE
CBEPXYYBCTBUTEIBHBIX CEHCOPOB M «YMHOW» KOCMETHUKH, HOBBIX BHJOB
TOTUTMBA U MaTEPHaJIOB JJIS IMOJIETOB B KOCMOC.

3. HanpapyieHusi pa3BuTHS HAHOOMOTEXHOJIOTHUH

C nomonip0 HaHOOMOTEXHOJIOTHU MOKHO OYJET OCYLIECTBIISIThH JIH-
arHOCTUKY W JICYEHHWE Ha KIIETOYHOM, CYOKJIETOYHOM W MOJEKYJISIPHOM
YPOBHSIX.

Hoaxox ceepxy BHU3. OH 3aKIIF0YAETCS B TAIBHEUIIIEM YCOBEPIIICH-
CTBOBAHMM M MHUHHUATIOPU3ALMHU CYIIECTBYIOIIMX MHUKPOYCTPOUCTB. Psij
YYEHBIX BO BCEM MUPE 3aHUMAETCSl CO3/IAaHUEM TAKUX YCTPOUCTB, KOTOPHIE
MOIJIM Obl pabOTaTh BHYTPU YEIOBEUECKOTro opraHu3Ma. OHU JOJKHBI
OBITh OCHAIIEHBI OOPTOBBIMH CHUCTEMaMH YIIPABJICHUS, CBA3W M OpPHUEHTa-
IIM1, OCHOBAHHBIMM Ha HaHOTexHOJoruu. HaHoceHcOphl M HaHOMaHHITY-
JASITOPBI UMEIOT OOJIBIIINE EPCIIEKTUBBI B Oy IyIIIEM.

«Moxpasi» HAHOTEeXHOJIOTuA. JIaHHBIM TOIX01 OCHOBAH HA MpPUME-
HEHUU TOTOBBIX MEXaHU3MOB, CYILIECTBYIOIIUX B )KUBOU mpupoje. B 1967
roay Au3zek A3WMOB MEPBBIM MPEI0KUI UCHOJIb30BaTh MEXAHU3MBI, CO-
CTOSIIIIME M3 MOJICKYJl HYKIIEMHOBBIX KucoT. [lo3guee B. Baut npemo-
KU UCIOJIb30BaTh M'€HETUYECKH MOAMGUIIMPOBAHHBIC BUPYCHI JJISI «pe-
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MOHTa» KIJIETOK. B Hacrosiiee BpeMs UX YK€ aKTUBHO NPUMEHSIOT IS
BHECEHHUS B KJIETKM TOTOBOTO M'€HETUYECKOT0 Marepuana. B mepcrekTuse
MOSIBATCA Pa3HOOOpasHble POOOTHI-BUPYCHI, CIIOCOOHBIC pPaCIO3HABATH
KJIETKY CnenupuyecKoro TUIA, HAXOJAIIYIOCS B OMPENCICHHOM COCTOS-
HUW. B 3aBUCUMOCTH OT KOHKPETHOM CHUTyaIlMu TaKoil poOOT-BUPYC CMO-
KET WU yOUTh ATy KIETKY, HalpuMep, BO30yauTeNs 3a00JieBaHUs, WU
BHeCTH B Hee HeoOxoammbie moJiekynsl JIHK wnn PHK, Bmiots 10 moi-
HOM 3aMEHBI TOBPEKICHHOTO FT€HETHYECKOr0 MaTepurala.

Hanomexanm3Mbl. DTOT MOJAXO0J] HamboJiee MepcrneKTUBHbIN. Oc-
HOBHO€ BHUMAaHHE YJEJSETCS KOHCTPYKIUSM W3 aTOMOB Yriepoja, 4To
0OyCJIOBJIEHO €r0 CIIOCOOHOCTHIO OOPa30BHIBATH OTPOMHOE KOJIUYECTBO
pPa3HOOOpA3HbIX COCIMHEHUM, a TaKXKe PEKOPAHONW IPOUYHOCTHIO CBS3U
MEXKy IBYMsl aToMamu yriepoja. [IpuMmepamu yriiepoIHbIX MOJIEKYII, KO-
TOPbIE MOTYT MOCIYXWUTh NPOTOTHIAMHU HAHOTEXHOJOTHMYECKHUX KOMIIO-
HEHTOB, SIBJISIIOTCS (PyJITIEpEHbI-IIAphl U HAHOTPYOKHU U3 TSITU- WK IIECTH-
YTOJIbHBIX KOJIEI aTOMOB yriiepoaa. M3 yriepona BO3MOKHO M3TOTOBUTH
MOJIEKYJIbI, UMEIOIIe POpMY CaMbIX pa3sHOOOPa3HBIX JeTaneil — mecrepe-
HOK, IIITOKOB, MOJIIUITHUKOB U T. JI. Y CTPOMCTBO JIJIsi TAKOW COOPKU HAHO-
MEXaHU3MOB Ha3bIBAETCS accemonepom.

Hanopo0otel. Co3tanrie HaHOPOOOTOB — OCHOBHAS 3a/1ada Oyayliie-
ro. IIpeanonaraercsi, 4To HAHOPOOOTHI OYYT MPEACTABIISTH COOOM yCT-
pOMCTBa MOJIEKYJISIPHBIX pPa3MEpOB, HW3TOTOBJIEHHBIE M3 HCKYCCTBEHHO
CHUHTE3UPYEMBIX YIIEPOJHBIX LEMIOYEK HA OCHOBE OMOJIOTMYECKUX MaKpO-
MOJIEKYJI, CHaOXEHHBIC JIETEKTOPAMH, MAHUIYJATOPAaMH U BCTPOCHHBIM
KOMIIBIOTEPOM U CIIOCOOHBIE K TEPEMEIICHUIO B OKPYKAIOLIEH Cpee.
[Tpuniun ux padoThl OyJAET HATOMUHATH MEXAHU3MBI JEHUCTBUSL OCIIKOBBIX
MosiekyJsl. HanopoOoThl OyIyT OKa3bIBaTh MOMOIIL B PEIIEHUH OTPOMHOTO
KOJIMYECTBA 3a7a4 — B IMATHOCTUKE U JICYEHUHU JIFOOBIX OOJIe3HEU, BKIIIO-
yasi cTapeHue, yCTpaHEHUHM Ie(EKTOB B OpraHu3Me OOJIHLHOTO YeOBEKa
MyTEeM YIPaBISIEMbIX HAHOXUPYPTUUECKHUX BMEIIATEIbCTB, MEPECTPOIKE
OpraHu3Ma «Io0 3aKa3y», a TAaKK€ B MU3TOTOBJIECHUU CBEPXITPOUYHBIX KOHCT-

PYKLMH U T. 1.
4. Pucku, cBSI3aHHbIE C HAHOOMOTEXHOJIOTHSIMHU

[IpyuMeHEHNE HAHOTEXHOJIOTUM MOYKET IMTPUHECTH YEJIOBEYECTBY 3HA-
YUTEJbHBIC BBHITO/BI, OTHAKO MOTYT OBITh M HEKOTOPBIC pUCKHU. Jlaxke crie-
IIMAJICTHl 00paIIar0T BHUMaHUE Ha OTCYTCTBHE IOpOTa JEUCTBUS HAHO-

MaTepUaIoOB U 3HAYUTENbHBIE BHIOPOCHI MPU UX Mpou3BoAcTBe. Cyliect-
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BYIOT TakKe MOJUTUYECKUE U ITHUECKUE aCTEKThl, HapUMep, pa3paboTka
HOBBIX BUJIOB BOOPYKEHHUS, HEOIIPABIAHHOE TPUMEHEHNE HAHOCTPYKTYP.

[Ipu co3maHnu HOBBIX MaTEpPUATIOB HE CIEAYET 3a0bIBaTh O TOM, UTO
ATO €II€ W PUCK JJIsl 3I0POBbs YEJIOBEKA M OKpY’Karolen cpenbl. Tak Kak
HAHOYACTHUIIBI JIETKO MPOHUKAIOT Yepe3 KOXKY, AbIXaTEJIbHbIC MyTH, KEIy-
JIOYHO-KHUIIIEYHBIA TPAKT, B3aUMOJCHCTBYIOT JIPYT C ApPyromM, npuodperas
TEM CaMbIM HEU3BECTHBIE CBOMCTBA. [l03TOMY mepexoa OT MUKpO- K HaHO-
TEXHOJIOTHSIM TPeOYeT CrelHaNbHbBIX (PYHIAMEHTAIBHBIX UCCIIEAOBAHUN.

Hanomartepuansl MOTyT 00jafaTh OFPOMHOW pa3pylIMTEIbHON CH-
JIOI: HampuMep, YYEHbIE TPOBOJAUIN OMBITHI C YIIE€POAOM U HAHOYIJIEPO-
JIOM Ha aKBapUyMHBIX pbIOKax. [Ipy BHECEHNU B aKBapUyM yrOJIBHOTO TO-
polka peIOKM MPOI0JDKAIN TIJ1aBaTh, a MOPOIIOK ocesl Ha n1HO. Ho mocie
n00aBJIEHUSI HAHOYTJIEPO/Ia BCE PHIOKHM MOTHUOJIM, TOTOMY YTO OH ITPOHUK B
MO3T ¥ 3a0JI0OKHpoBaji HepBHBIE KieTku (3arockuna H.B. u ap., 2009).

HanomenuiinHa 1 HAaHOTEXHOJIOTUSI — HOBBIE 00JIACTH, U CYIIECTBYET
HEMHOTO IKCIEPUMEHTAIBHBIX JTAHHBIX O HEMPEIHAMEPEHHBIX U HebJ1aro-
npusATHBIX 3¢ dexrax. Hemoctatok 3HaHWT 0 TOM, KaK HaHOYACTHUIILI Oy-
IyT BCTPAUBATHCS B OMOXUMHUYECKHUE MPOIIECCHI B YEJIOBEYECKOM TEJIE, BbI-
3bIBAET 03a00YEHHOCTh MUPOBOTO HAYYHOTO COOOIIECTRA.

HeobOxonuma mporpamMma mno Ono0€30MaCHOCTH HAaHOMAaTEPHUaJIOB,
KOTOpas BKJIto4yala Obl B c€0si OCHOBHBIE MTPOOJIEMbI, CBSI3AHHBIE C UX pa3-
pabOTKOM, MPUMEHEHUEM U YTUIIU3AIUEH.

llepsas npobrema — odbecnieueHre OE30MACHOCTU TPYAa MPU MPOU3-
BOJICTBE HaHOMaTrepuasioB. Ilpenmnonaraercs, 4To Ha padOTe BO BPEIHBIX
ycioBusax Oyner 3aHsaTo okoja0 400 ThICSY YEIOBEK, a COOTBETCTBYIOIINE
paBUJIa TEXHUKH 0€30MaCHOCTH TTOKA OTCYTCTBYIOT.

Bmopasa npobrema — oxpana HaHocyOctaHiuid. Kak u B ciyuae c
J0OBIMHM SKOJIOTHYECKH OMAaCHBIMU W TOTEHIIMAIBHO OIMACHBIMHU BEIIECT-
BaMH, BOSHUKAET MpoOjIeMa UX yTUIU3allM1, B TOM YHUCII€ YTUIN3AIUU Ha-
HOOTXO/JIOB, MPOCPOYCHHBIX JICKAPCTB M TMTHEHUYECKUX CPEACTB, CO3/1aH-
HBIX C MPUMEHEHUEM HAHOTEXHOJIOTUH.

Tpemvs npobrema — HEOOXOOUMOCTh KOHTPOJII KadyecTBa MPOIYK-
IIUH, OCOOCHHO JIEKAPCTB U OMOAKTUBHBIX JOOABOK.

Takum 00pa3oM, OYEHb BaXKHO M3Y4YUTh PyHIaMEHTaJIbHbBIE 3aKOHO-
MEPHOCTH TPOSBICHUS OUOJOTHYECKHX M TOKCHYECKUX 3(h(PEKTOB HAHO-
YacTHll, B 3aBUCUMOCTH OT UX (OpPMBI, pazMepa, UCXOJHOr0 MaTepuara,
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IJIOMIAAM TIOBEPXHOCTH, 3apsafa U APyruxX (U3UKO-XUMHUYECKHUX OCOOCH-
HOCTEHM CTpPOEHMS, a TakXKe OT J03bl, IyTEHl BBEJICHHUS, KOHIICHTpPAIIUU B
00J1aCTH OpraHa-MUILICHU W MPOJOIKUTEIHLHOCTH Bo3AcekcTBUsI. HeoOxo-
JMMO TPAaBUJIBHO OILICHUTh BO3MOXKHBIC OTJaJICHHbIE PUCKH U A(PHEKTHI
HaHOTEPAaIlUH.

HanoOnoTexHOJI0rus — OJIHO U3 HauOoJiee CIOPHBIX, HO U €/1Ba JIU HE
Han0oJIee MHOTOO0OCIIAIOMNX HAMPaBISHUN B COBPEMEHHOM HayKe.

OcHOBHBIC TEPMUHBI M MOHATHS: HAHOTEXHOJOTHs, HAHOYACTHIIA,
MUKpPO- M HaHOKAICYJbl, QyaepeHoBble HaHOC(Ephl, HAHOBAKIIMHBI, Ha-
HOTPYOKH, HAHOMAHUITYJISITOPbI, HAHOPOOOTHI.

Bonpocel 111 caMOKOHTPOJIA

1. HazoBute pa3zmepbl 00BEKTOB, UCIIOJIb3YEMbIX B HAHOTEXHOJIOTHSIX.

2. Pacckaxkute, Kakhe BUbI HAHOTEXHOJIOTHHU SBISIOTCS CaMbIMU
JTPEBHUMU.

3. Pacckaxute 00 UCMOIb30BaHUN HAHOTEXHOJIOTHHU B MEIUIUHE.

4. PacckaxuTe 0 HAHOTEXHOJIOTHUSIX, UCIIOJIB3YEMBIX B CEJIBCKOM XO-
3SUCTBE.

5. O0OBsICHUTE, YTO NMPEACTABIISIET COOOI JTadOpaTOPHUS HA YHUIIE.

6. Pacckaxure 00 UCMOIb30BaHUM HAHOMAHUITYJISITOPOB.

7. PacckaxuTe 0 BO3MOKHBIX PUCKaX, CBA3aHHBIX C UCIOJIb30BAaHUEM
HAHOTEXHOJIOTH.

BOl'IpOCI)I ISl CAMOCTOSITEJIbHOM paﬁﬂTbl

Hanorexnomorun B MeauumMHe W Ownosiorud. HaHOTEXHOIOrMH B
CEJILCKOM XO03sIiCTBE (00€33apakMuBaHuE BO3/lyXa U Pa3IMYHBIX MaTepHa-
JIOB, CTUMYJISIIIAS POCTA PACTCHHM, JICUCHHUE KUBOTHBIX, YIyUIIICHHE Kade-
CTBa KOPMOB).

PexoMeHnayemMasi IuTepaTypa K caMOCTOSATeIbHOM padoTe

1. buotexHonorus: Teopuws W TMpaKTUKa: ydeOHOe mocobOwe s
By30B / H.B. 3arockuna [u np.]. — Mocksa: Onukc, 2009. — 496 c.
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2.  buotexnonorus: yueOHUK W MPAKTUKYM JJIs BY30B / TIOJ PEI.
H.B. 3arockunoii, JI.B. Hazapenko. — 3-e. u3j., ucrp. u jaom. — Mocksa:
Opaiit, 2022. — 381 c.

3. OcHoBbl OuorexHonoruu: ydyeObHoe mocoodue / H.E. IlaBnoBs-
ckas, M.B. I'opskoBa, M.H. I'arapuna, A.lO. I'aBpunoBa. — Open: N3na-
tenbcTBO Openl’AY, 2013. — 215 c. // JlaHb: 31€KTpOHHO-OMOIMOTEUHAS
cuctema. — URL: https://e.lanbook.com/book/71482 (mata oOpareHus:
08.11.2022).

4.  Sxynos, T.P. MonekynsipHass OMoTexHonorusa. buonHxenepus:

yueoHoe mocobme / T.P. AxymoB. — Kazambs: M3matensctBo KI'ABM,
2016. — 138 c.
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TEMA: ®EPMEHTbBI B BUOTEXHOJIOI'NU
N UX UMMOBWJIN3ALIUA

[enpro maHHOM TEMBI SBIAETCS O3HAKOMJICHUE C (PEPMEHTAMU U UX
npumeHeHueM. M3ydyenue cnocoba crabunuzanuu GepMEeHTOB — UMMOOU-
JU3alUU.

Bonpocsi

1. 3nauenne GepMEHTOB U UX TPUMEHEHHE.
2. ®aKkTOpHI, BIUSIONIME HA CKOPOCTh (PEPMEHTATUBHBIX PEAKITHH.
3. benkoBas MHXKEHEpHUs.
4. UmmoOunu3anust pepMeHTOB:
4.1. Hocutenu njis tMMOOMIIM30BaHHBIX (PEPMEHTOB.
4.2. Metoasl nMMoOuI3auu epMEHTOB.
4.3. [IpuMeHeHre TMMOOMIM30BaHHBIX ()EPMEHTOB.

1. 3navyenue (pepMEHTOB M UX IPUMEHEHHUE

®epMeHTHl (MU HH3UMbBI) KATAIU3UPYIOT MUJUIMOHBI XUMHUYECKHX
OpeBpalieHui B KJIETKaxX KUBOTHBIX, PACTEHHUI, MUKPOOPTaHU3MOB U BO3-
JNEUCTBYIOT Ha COOTBETCTBYIOIIME CyOCTpaThl BHE KIIETKHU. [Ipu momormu
(epMEeHTOB  MOJy4aroT psA  OPOAYKTOB:  (PPYyKTO3HBIM  cupor,
L -aMHUHOKHUCIIOTHI, MEANKAMEHThl. DEPMEHTHI UCTIOIB3YIOTCS B MUIIEBOM
IPOMBILIJIEHHOCTH U MEJULINHE.

Hamnpumep, B 3aMeCTUTENIBHOW TEpanuu B COCTABE JIEUEOHBIX Iperna-
patoB. IlepopasibHoe BBeneHue (eHUIIaTaHUH-AMMHUAK-JINA3bl CHUXKAET
YpOBEHb (peHMNATIAaHMHA B KPOBH IpH (peHmnkeronypuu. [Iporeonurnye-
ckue (hepMEeHTHI, aMuiIa3y W JUMazy MPUMEHSIOT Npu 3a00JEBaHUSIX XKe-
JyI0YHO-KUIIEYHOTO TpakTa U neyeHu. Mmerorcs ganueie 00 3¢ heKkTuB-
HOCTH NPHUMEHEHHUS MPOTEHMHA3 B SH3UMOTEPANUM 3JI0KAYECTBEHHBIX HO-
BooOpa3zoBanuii. IIporeonutuueckue (HepMEeHTH — MJIA3MUH U AKTHUBU-
pPYIOLIME €r0 CTPENTOKUHA3Y M YPOKHHA3Y HCHOJIB3YIOT ISl PACTBOPEHUS
TPOMOOB B KPOBEHOCHBIX COCYJax; KOJUIareHa3y — Il paccachlBaHUs
pyO1I0BBIX 00pa3oBaHUM; 31acTazy — JUIs 3aJIEPKKH Pa3BUTUS aTepOCKIIe-
po3a; JIU301UM — JUIsl JICYEHUS KOHBIOHKTUBUTOB; J1I€30KCUPUOOHYKIIEa3y
U3 CTPENTOKOKKA (CTPENTO0pHA3a) — JUIsl JICUCHHUs 3a001€BaHUM BEPXHUX
JBIXATEJbHBIX MyTEH U POTOBULIBI I1a3a. PEepMEHTHI MUPOKO UCTIONB3YIOT

B TCCTUPOBAHHH IIATOJIOTHHU TOI'O UJIHW MHOI'O OpraHa 4CJIOBCKA 110 YPOBHIO
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aKTUBHOCTH (PEpMEHTa UM COOTHOIICHHUIO €r0 MHOXKECTBEHHBIX (HOpPM U
nzoepmento. Hampumep, acmapratamMmuHoTpaHcdepasza, uU30LUTpaATIC-
UAPOreHasa, JJAKTaTACTUIPOTeHa3a U allb/loja3a CIIyKaT ISl BbIABICHUS
nH(papKTa MUOKapJa; aJlaHMHaAaMUHOTpaHcdepasza, acrmapTaTaMUHOTPaHC-
depaza u nakTaTaeruaporeHasa — Iisi AMarHOCTUKHU 3a00JIeBaHUM TIEUCHU;
rryTamuiaTpancdepasza — 1y OJOKUPOBKM OTTOP>KEHHUS OPraHOB MPU HX
nepecanke u T. A. (bekep MLE. u np., 1990; Eroposa T.A. u np., 2003.).

Ha ceronHsimHuil 1eHb CaMbIMU KPYITHBIMH MPOU3BOAUTENISIMU (ep-
MeHTOB sABJsitoTCs: CHIA, SAAnonus n @panuus. [nd numeBol mpoOMBIIII-
JICHHOCTH MPEAHA3HAYAIIOCh OKOJIO 26%, TEKCTUIBHON — 23% U CEIBCKOTO
xo3siictBa — 38%, 37% — ocranpHOe motpedaenne (Tuxonor U.B., 2005).

B Poccuu pacuiupsercst BbIlyck (EepMEHTHBIX MpernapaToB pa3HbIX
HauMeHoBaHU. OCHOBHBIMH c(pepaMH WX HUCTOJIB30BAHUS SBISIOTCS MH-
mieBasi, MsICHasl, TEKCTHJIbHASA, KO’KEBEHHAS! IIPOMBIILIEHHOCTh U CEIbCKOE
X034MCTBO, (hapMaKOJOTHSI U MEIUITMHA.

@epMeHTBhI — 3TO OMOJIOTUYECKUE MOJIEKYJIbI, CHHTE3UPYEMbIEC KU-
BBIMH KJIETKaMU. B Ka10#l KJIE€TKE UMEIOTCS COTHHU Pa3fInyHbIX (DepMEH-
ToB. OHU COXPaHSAIOT CBOM yYHUKaJbHbIE CBOMCTBA (3(HEKTUBHOCTD, CIIe-
HU(PUIHOCTh AEHUCTBUSA) BHE KJIETOK, MO3TOMY UX TPAAUIMOHHO IIMPOKO
OPUMEHSIOT B mpakThke. C UX MOMONIIBIO OCYIIECTBISIOTCA MHOTOYHC-
JIEHHbIC XUMUYECKue peakiuu. OepMeHThl Kak OuoKaTaau3aTopbl 00Jja-
JAI0T PSIZIOM YHUKQJIBHBIX CBOMCTB:

1.  Bce dbepmeHTHI IpeACTABISIIOT COOOM TOOYISIPHBIE OCIKH.

2.  ®epMeHTHI HETOKCUYHBI.

3. Hudopmanms o HUX, KaK U O APYTrUX OelKax, 3aKOJUpPOBaHA B
JTHK.

4.  OHU yBEIWYHBAKOT CKOPOCTh PEAKLIHH, HO CAMH B 3TOM peak-
IIMU HE PACXOIYIOTCSI.

5. X mpucyTcTBHME HE BIMSET HU Ha MPUPOJY, HM HA CBOWCTBA
KOHEYHOT'0 MPOAYKTa (MU MPOAYKTOB) PEAKIINH,

6. Ouenp Majoe KOJWYECTBO (hepMEHTa BHI3BIBACT IPEBpAICHUE
OOJIBIIINX KOJIUYECTB CyOCTpaTa, B CpelHeM (PepMEHThI CTIOCOOHBI KaTalu-
3upoBaTh 0koJio 1 000 peakuuii B CEKyHIY.

7.  AKTUBHOCTHh ()E€pMEHTOB MEHSETCS B 3aBUCHUMOCTH OT KHCIIOT-
HOCTH, TEMIIEPATYPhl, TaBJICHUS, a TAKXKE OT KOHIICHTpAIIUU KaK cyOcTpa-
Ta, TaK ¥ caMoro ¢hepMeHTa.

8.  ®depMeHThl CHIXXAIOT JHEPrUi0 aKTUBAIIMU KaTaJu3upyemMoi
pEeaKkuu.
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9. B momnekyne dhepMeHTa €CTh aKTUBHBIN IIEHTP, KOTOPHIA BCTY-
MaeT B KOHTAKT C CyOCTpaToM. DTOT aKTUBHBIA IIEHTP HMMEET 0COO0YIO
bopmy.

10. Karanuzupyemas ¢hepMeHTaMH peakiys oopaTuma.

11. depmeHTHI BBICOKOCTICUU(PUYHBI, T. €. OAUH (HEPMEHT KaTallu-
3UPYyeT 00BIYHO TOJILKO 0J1HY peakiuto (Teimop ., T. 1, 2005).

[lo xapakTepy KaTaau3UpyeMbIX peakiuil (epMeHTHl JensIT Ha
IIECTh OCHOBHBIX KJIACCOB:

1.  Oxcudopedykmasvi — (PEepMEHTHI, KaTATU3UPYIOIMINE OKHUCIIH-
TEJIbHO-BOCCTAHOBUTENIBHBIE PEAKIIUM, T. €. IEPEHOC aTOMOB BOJOPOJia U
KHCJIOPOJAa OT OJHOTO BEIIECTBA K APYroMy (TIHOKO300KCH1a3a, KaTaliasa,
aJIKOTOJIbACTUAPOreHa3a).

2.  Tpancgepaszvr — HepMeHTHI, KaTATU3UPYIOIIUE TIEPEHOC OTMpe-
JICTICHHOW TpYMIbl aTOMOB — METHJIBHOM, anuibHOW, ¢dochaTHOW HIU
aMUHOTPYTIIBI — OT OJTHOTO BEIIECTBA K APYroMy (MpOTEUHKUHA3A, TJIMKO-
reHdochopuiaza, mupyBaTKMHA3A).

3. Tuodponasvl — HepMeHTHI, KATATU3UPYIOIINE PEAKIIUH THAPOITHU-
3a, MPU KOTOPBIX U3 cyOcTpara oOpas3yroTcs JiBa MpojayKTa (IpoTeassl,
aMMIIa3bl, IIEJUTIOJIa3bl).

4.  Jluazer — PepMEHTHI, KAaTATU3UPYIOIINE NPUCOEAUHEHHUE TPYIIIT
K JIBOWHBIM CBSI3SIM, WJIH, HAIIPUMEDP, TPUCOCTMHCHUE XUMHUUYECKOW TPYII-
bl IO ABOWHOM CBsi3U. [Ipm sTom moryt paspeiBarecs cBazu C-C, C-N,
C-0, C-S (acnaptaza, pymapasa).

5.  HM3omepazvl — PpepMeHTHI, KaTaTU3UPYIOIINE PEAKIIUU H30Me-
puzanuu (TJIroKo3ouMepasa, Tpuo3odocdaruzomepasa).

6. Jlueazvl (cuHTeTas3bl) — EPMEHTHI, KaTATM3UPYIOIINE PEAKIIUN
COCIMHEHMS JIBYX MOJIEKYJ B pe3ysbTaTe OOpa30oBaHMS HOBBIX CBSI3EH
C-N, C-0, C-S wmu C-C, conpsbkennble ¢ pacnajom AT® (JIHK-nurasa,
TpUNTO(PAHCUHTETA3A).

depMeHThl CUHTE3UPYIOTCS, KaKk Bce OelKH, Ha pUOOCOMAax M JIOKa-
JU3UPYIOTCS B IUTOIUIa3ME U PA3IMYHBIX CYOCTPYKTYpax, BCTPOCHHBIX B
MeMOpaHbl, HAXOJSITCA Ha TOBEPXHOCTU KIETKH WM B OKpYKalOIICH
KJIETKY Cpeje.

COBOKYITHOCTh aHA0OUYECKUX (PEaKIIMU CUHTE3a) U KaTa0OJIMYECKUX
(peakuuu pacmaja) peakiuil B )KMBOW KJIETKE HJIM )KUBOM OpraHHU3ME Ha-
3bIBACTCS MemaboUIMOM.

B kieTke OJIHOBpEMEHHO padOTaeT HECKOJbKO META0OIWYECKUX ITy-
Tel. Peakuuu NpOTEKarOT COrJIACOBAHHO, MOAYUHSACH CTPOTOM pEryJs-
MU, 4TO OOBICHSAETCS crneruduieckoit mpupoaoi hpepmenToB. Takum 00-

106



pazoM, GepMEHTHI CIyXaT ISl PeryJUpOBaHUs MPOUCXOAIINX B KIETKE
peakiuii 1 00eCTIeYMBaIOT HAJIJICHKAIIYIO UX CKOPOCTb.

Jlnst kaxaoro pepmMeHTa CyIeCTBYEeT CBOM ONTUMYM KHUCIOTHOCTH,
IpU KOTOPOM €ro KaTaboJIMYecKoe AeHCTBHE MakcuMmainbHO. [Ipu peskom
U3MEHEHUU KUCIIOTHOCTU Cpejl (PEpMEHThl MOTYT MHAKTUBUPOBATHCS B pe-
3yJbTaTe€ HEOOpaTUMOMN JeHaTypaluuu (M3MEHEHHE KOH(Urypaiuu, pac-
KpyurBaHue). TemrepaTypa Ha nelicTBUe (PEPMEHTOB BIMSIET TaK ke, Kak
U Ha BCE XMMHUYECKHE Mpouecchl. OJHAKO YCKOPEHUE PEAKIIUU C TTOBBIIIE-
HUEM TeMIepaTyphl HaOJIIOAACTCA B OIPAHUYEHHBIX MPEIesiaX, MOCKOJIbKY
MHorue pepmeHThl yxe mpu temnepatype 40-50 °C neHatypupyor.

DepMEHTBI IIUPOKO HCHOJIB3YIOTCA B PA3IMYHBIX O0JIACTAX MPAKTHU-
YECKOW ACATEIHPHOCTH 4YeNIOBEKa KaK OMOJIOTMYECKHE KaTanau3aTophl. Mc-
TOYHUKaMU (EPMEHTOB MOTYT ObITh KHBOTHBIC, PACTEHUS] U MUKPOOpPra-
HU3MBI. K HacTosilieMy BpeMeHU YCTaHOBJICHO HaJIU4Yue 0oJiee ABYX ThICSIY
(dbepMEeHTOB, a HECKOJIBKO COTEH M3 HUX MOJY4YECHBI KaK MHINBUIYaTbHBIC
BEILIECTBA.

Mukpoopranu3Mbl B Ka4€CTBE MPOJYIIEHTOB (PEPMEHTOB MpEACTaB-
JISIFOT OCOOBIN MHTEpEC, MOCKOJIbKY WX METa0O0JIM3M, a CJIeAOBaTeIbHO, U
paboTa (PEepMEHTHBIX CHUCTEM OCYIIECTBISETCS C OUYEHb OOIBIION MHTECH-
CHUBHOCTBIO.

KpoMe BBICOKOW HWHTEHCHUBHOCTHM MeETa0OIM3Ma OHHM OO0JagaroT
OOJIBIIION CKOPOCTHIO TIPUPOCTa OMOMACCHI. ITO MO3BOJISIET B TEUEHUE KO-
POTKHX MPOMEXKYTKOB BpeMeHU (MHOrJa 3a 24—72 4daca) mojydyaTrh TaKue
KOJIMYECTBA CHIPhS VISl BbIJICJICHUSI (DEPMEHTOB, KOTOPbIE HE MOTYT CpaB-
HUTBHCS C TEM, UTO JAAIOT PACTCHUS U )KUBOTHBIE.

BaxHoe CBOWCTBO MHUKPOOPraHW3MOB — CIIOCOOHOCTH PacTH, HC-
MOJIb3YS PA3IMYHBIC JICHIEBbIE CyOCTpaThl, B TOM YHCJI€ HE UMEIOIINE MHU-
IEBOTr0 3HaUeHUSs (LIEJUTI0JI03a, YTIIEBO bl He(PTH, METaH, METAHOJ U T. 1.).

Brinenenne ¢hbepMEHTHBIX MpenapaToB U3 KJIETOK MUKPOOPTaHHU3MOB
MPOIIEe ¥ SKOHOMHUYHEE, YeM U3 PACTUTEIbHBIX U KUBOTHBIX TKAHEH.

CBoiicTBa MUKPOOPTaHW3MOB MOKHO YJIYUIIHTh C MOMOUIBIO T€HE-
TUYECKON MHKEHEPUU UJIU MTyTEM MOJyYEHUs pa3HOOOPa3HbIX MYTAHTOB.

PaccmoTpuM HekoTopbie Tpynibl (GEepMEHTOB, KOTOPBIE HCIIOIb3Y-
IOTCSI B IPOMBIIIIJIEHHOCTH HAaM0O0JIee IIHPOKO.

Amunonumuueckue ghepmenmuol — ISl pacllEIICHUs MOIUCAXapUIOB
1 OCJIKOB B COJIOJIE€ MPUMEHSIOT O-aMuia3y, -amuiiasy, riaoKoamMuiasy.
[Ipyr npou3BOJCTBE caxapa U3 KpaxMalla MPUMEHSIOT aMHJIa3bl, ISl CHU-
KEHUsI YPOBHsI Oejika B MyKE MPU MNPUTOTOBJICHUU MEUYEHbS MCIOIB3YIOT
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npoteasbl. DT (PEPMEHTHI IPUMEHSIIOTCS B CIUPTOBOM MPOMBIIIIIEHHOCTH,
B XJICOOTICYEHUH.

lIpomeonumuueckue gpepmernmoi. Y CKOPSIOT THUAPOIU3 MENTUIHBIX
cBsi3eil B Oenkax u mentuaax. BaxHas ux oCOOEHHOCTbh — BBIOOPOYHBIH,
CEJICKTUBHBIA XapakTep NCUCTBUS HA MENTUIHBIE CBSA3M B MOJIeKyJe. Ha-
npuMep, TENCHUH JIEUCTBYET TOJBKO Ha CBSI3b C apOMATHYECKUMH aMUHO-
KUCJIOTAaMU; TPUIICUH — TOJBKO Ha CBSI3b MEXIY apTMHUHOM U JIN3UHOM.
depMeHTOB ITOT0 Kacca 04€Hb MHOTO.

[To MecTy aTtaku MOJEKyJIbl cyOcTpaTa MpoTeoauTudeckue pepmeH-
ThI JICJIATCS Ha JiBa Kjacca — YHAONENTH a3kl (MpoTerHas3bl) (paciierisioT
NENTUIHYIO CBSI3b BHYTPHU MENTUIHOM IETH) U SK30MENTHIa3bI (TIeNTHIa-
3b1) (THUAPOJU3YIOMIKUE (PACHICIUISIONINE) TMPEUMYIIECTBEHHO BHEIIIHHE
NENTHIBIC CBSA3U B O€IKax U MENTHIAX ).

[IpuMeHsIOT IpoTeoauTUYECKIE (DEPMEHTHI:

— 8 MACHOU NPOMBIUAEHHOCMU — JIJISI yMATYEHUS Msica (MSCO MOKHO
caenarb 00j1ee MATKUM, TIPEIBAPUTEIIFHO PACIIEITUB HEKOTOPHIE U3 OCITKOB
COCTMHUTEILHON TKAHW M HEKOTOPBIEC U3 MBIIIECYHBIX BOJIOKOH. [Ipu aTom
BOJIOKHA YKOPAYHMBAIOTCS, JIETYE OTHACISIOTCSA APYT OT JIPyra U IOITOMY
jerde paspymmarorcs. s pasMsardeHus Msca daile BCEro HCIOJb3YIOT
narnavH, KOTOPBIM TMOJIy4aloT M3 COKa pAacTeHHs Mamaiis. JToT (pepMeHT
UCIIOJIB3YIOT B JIOMAITHUX YCIOBHUAX. JIJIs1 3TOTO MSCO MapuUHYIOT B COKE
3 pepmenta. Korma Msaco HauyMHAIOT TOTOBUTH, ()EPMEHT pa3pylracTcs.
B HeKOTOpBIX cTpaHax mamauH BBOJISAT B KPOBB JKMBOTHBIM Iepes yooem
WM cpa3y mociie 3a60s. B mornbarmmx KiieTkax pa3pymarTcs TU30COMBI
M BBICBOOOJKIAFOTCS COoeprKaIIrecsl B HUX ()epMEHTHI, KOTOPhIe HAYNHAIOT
MPOIIECC paclIeIUIEHUs. DTOT IpoIlecc U3BeCTeH Kak aBronus) (Tewmop /1.
u np., T. 2, 2005);

— KOJICe8eHHOU NPOMbIULIEeHHOCMU — TIPU 00€3BOJIOIIMBAHUU U MST-
YEHUU MIKYP, (PEPMEHTHI B MATh Pa3 COKPAIIAOT JUTUTEIHHOCTH ITPOIIECCOB
OUYUCTKH, 00€3BOJIAIIMBAHUS U MSATYEHUS KOXH, HA 25—-30% yBeauunBaet-
Cs1 BBIXOJI IIEPCTH M YIIYUIIIaeTCs €€ KaueCTBO;

— KUHonpouzeoocmee — JJIs pacTBOPEHHS JKEJATMHOBOTO CJIOS Ha
TUICHKAX MIPU UX pereHepaliu;

— napgromepHot npomvluieHHoCmu — TIPU CO31aHUU 100aBOK B 3y0-
HYIO TIaCTy, KpeMa, JJOChOHBI;

— NPOMBIULIEHHOCIU CUHMEMUYECKUX MOWUX cpedcme — TIPHU TPHU-
MEHEHHHM MOIOIINX 00aBOK IS yJaJeHUs 3arps3HCHHU OCIKOBOW MpH-

pOIb;
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— MeOduyuHe — TPU JICYEHUU BOCHAIUTEIbHBIX MPOIECCOB, 0KOrOB,
TPOMOO30B.

Ilekmonumuyeckue Gepmenmol (NMEKTUH, TNEKTUHOBBIE KUCIOTHI,
MPOIEKTHH) 00bEAMHEHBI B OJJHY TPYIIITY [0 BHEIIHEMY MPOSIBJICHUIO CBO-
€ro JEUCTBUS — YMEHBIIICHUIO MOJICKYJIIPHOM MAacChl U CHUYKEHUIO BSI3KO-
CTU MEKTUHOBBIX BEIIECTB — MpejcTaBuTeNIei moyucaxapuaoB. OHU CO-
nepkarcs Bo GpyKTax, B KOPHEIJI0Aax, CTEOISIX pacTeHui (JieH).

Bce nexktrHa3bl JeIATCSA HA ABA BUAA — THAPOJIAa3bl U TPAHCIIUMUIA-
3bl.

['uaponasbl OTIIEIIISIOT METUIIbHBIE OCTATKU (MIEKTUHACTEPA3bl) UITU
paspbiBatoT 0-1,4-TIIMKO3UAHBIE CBA3U (MOJUTAIAKTYpPOHA3bl). TpaHcin-
MUJIa3bl YCKOPSIOT HETHAPOIUTHYECKOE pacIICIUICHUE IMEeKTHHOBBIX Be-
IMIECTB C 00pa30BaHUEM JBOMHBIX CBI3CH.

[IpumenstoT:

— 8 MeKCMUIbHOU NPOMBIUIEHHOCMY — BbIMAuYMBaHUE JIbHA MEpe
ero nepepadoTKOM;

— BUHOOeNUU, NUBOBAPEHUU, NPUSOMOBIEHUU (DPYKMOBLIX COKO8, OC-
eemieHuy 6uH, YHUYTOXKEHUE MYTHOCTHU (TEKTHUHBI 00pa3yrOT KOJUIOHW/I-
HYIO CYCIIE€H3UI0, KOTOpas MpHUaaeT MyTHOCTh COKaM M BMHaM. Eciu k co-
Ky WY BUHY 100aBUTH (DEPMEHTHI — MEKTUHA3bI, TO OHU YaCTHYHO pacIIe-
TUISIIOT TIEKTUHBI JI0 TIOJIMCAaxapuaoB M caxapoB. HamuTok craHoBuTCS 00-
Jee mpo3payHbIM. VICTOUHHKOM TMEKTHHA3 ABISIOTCS Oaktepun. s pas-
pYyIICHHsS] OCIKOB M CHIKEHMS] MyTHOCTH THBA MPHU OXJIAKICHUH K HEMY
nobasistot nporernassl) (Teimop /1., 1. 2, 2005).

Lenmononumuueckue gpepmenmoi. O4eHb CEUUPUIHBI, UX ACHUCTBUE
MPOSIBJISICTCS JUIIL B JEMOJTUMEPHU3ANKN MOJIEKYJ 1EUTI0I03bl. OOBIYHO
OHM JICHCTBYIOT B BHJIE KOMILJIEKCOB, KOTOPBIC B IICJIOM JIOBOJISAT THIPOJIN3
110 TJIFOKO3BI.

Mcronp30BaHUE UX OYEHB MEPCIIEKTUBHO:

— 8 2UOPOAU3HOU NPOMBIUIEHHOCMY — TIOyYEHHUE TIIOKO3bl U3 11eJI-
JIFOJIO3HI;

— MeOUYUHCKoU — BBIJICJICHUE JIEKAPCTBEHHBIX BEIIECTB (CTEPOUJIOB)
U3 paCTECHUH;

— nUWesol — yIydllIeHUEe KauyeCcTBa paCTUTEIbHBIX MACET;

— CeNbCKOM X03s1icmee — Kak J100aBKM B KOMOUKOPMA ISl )KBAYHBIX
KUBOTHBIX.

Ha ckopocTh ¢epMEHTAaTUBHBIX pPEaKIMil OKa3bIBaeT BIMSHUE MHO-
&KEeCTBO (paKTOPOB.
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2. @aKTOPHbI, BIMAKIINE HA CKOPOCTh (DEPMEHTATUBHBIX PeaKIul

Ha ckopocTh (pepMEHTATUBHBIX pEAKIMiA OKa3bIBAE€T BJIUSHHUE KOH-
neHTpamnus GepMeHTa, KOHIIEHTpalus cyocTpara, Temneparypa, pH cpena
M KATUOHbI METAJUIOB WJIM AHUOHBl M HEKOTOphIE IPYrue BEIIECTBA
(Ineiikun A.I'. u np., 2019).

Konyenmpayusa pepmenma. Ilpu BBICOKOUM KOHILIEHTpaluu cyOcTpara
U TIPU TIOCTOSIHCTBE APYTrUX (DAKTOPOB, TAKUX, HAIIPUMEP, KaK TEMIIepaTy-
pa u pH cpena, ckopocTh pepMEHTATUBHOM pEaKIIUM MPOMOPLHOHAIbHA
KOHIIeHTpauuu ¢epMenTta. Karanus ocCyiiecTBIsieTCs BCEra B YCIOBUSAX,
KOT/1a KOHIICHTpAaIus epMeHTa Tropa3/io HIKEe KOHIICHTpAIMu cyocTpara.
[TosToMy ¢ BO3pacTaHueM KOHIIEHTpaluu (PepMeHTa pacTeT U CKOPOCTh
(dhepMEHTATUBHOM PEaKIINH.

Konyenmpayusa cyocmpama. 1lpu nanHoW KOHUEHTpauuu GepmMeHTa
CKOpPOCTb (DEPMEHTATUBHON PEaKIMU BO3PACTAET C YBEIWUYCHUEM KOHIICH-
Tpaiuu cyocTpara.

Temnepamypa. C OBBIIEHUEM TEMIEPATYPbI YCKOPSIETCS IBUKEHHE
MOJIEKYJI, BCJIIEACTBHUE YEro y MOJIEKYJ cyOcTpara U (hepMEeHTa OKa3bIBACT-
cs1 OOJIBbIIIE MIAHCOB CTOJKHYTHCA JIPYT € ApyroMm. B pesynbprare yBenudu-
BAETCs BEPOSITHOCTH TOTO, YTO peakius npousonaeT. Temmneparypa, odec-
MEYMBAIoNIasi MaKCUMaJbHYI) AaKTUBHOCTb, HA3BIBACTCS ONMUMAILHOU
memnepamypou. Ecin teMmnepaTypa MOAHUMAETCS BBIIIE 3TOTO YPOBHS,
CKOpPOCTh (DEPMEHTATHUBHOW PEAKIMUA CHUXKAETCS, HECMOTPSI HA yBeJIH4e-
HUE€ YaCTOTHI CTOJTKHOBEHUSI.

TemneparypHblid oNTUMYM ISl OOJIBIIMHCTBA (DEPMEHTOB JICKUT B
npeaenax 37-40 °C. CymecTByrOT, 0aHaKO, (PepMEHTHI ¢ 00Jiee BRICOKUM
TemiepaTtypabsiM ontumymoM — 70 °C.

pH cpeoa. 1lpu nocTosSTHHOU TemIieparype 00 pepMeHT paboTaeT
HanOosee d3phexkTuBHO B y3kux npenaenax pH. OnrumanbHbBIM CUUTACTCS
TO 3HaueHue pH, mpu KOTOpOM peakius MPOTEeKaeT ¢ MAKCUMAJIBHOM CKO-
pocthio. [Ipu 6oisiee BbicokuX u Oonee Hu3kux pH akTuBHOCTH hepMeHTA
cumkaertcs. [Ipu cnuiikom pe3kux casurax pH gepmeHT nenatypupyer.

3. besqkoBasi HHKEHepHUs
[ToniyyeHre W3MEHEHHBIX OEJIKOB, OTIMYAIOUIUXCS OT OEIKOB-
OPOTOTUIIOB 3aMEHOM JIMIIb OJHOTO aMHUHOKHCIOTHOTO OCTaTKa B CTPOTO

3aJaHHOM IIOJIOKCHUH. OTOT MCTOJ ITO3BOJIACT HCJICHAIIPABJICHHO H3MC-
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HATH CTPYKTYPY (PEPMEHTOB, a 3HAYMUT, UX KATaJTUTHUYECKHE CBONCTBA U
CTaOMIIBHOCTb.

Cymb memooa cocmoum 8 Cledyrouem.

— N1 OETIKOB C YCTAHOBJICHHOW MEPBUYHOM M TPETUYHOM CTPYKTY-
poii (M3BECTHO 00JIe€ COTHU TaKUX OEJIKOB) BEIOMPAIOT CAaWT MyTalluH, T. €.
TOT aMUHOKHUCIIOTHBIN OCTAaTOK, KOTOPBIW MOJICKUT 3aMEHE;

— 3aTEM HILYT WJIH CO3[al0T MCKYCCTBEHHBIM ITYTEM KOJIBIIEBYIO T'E-
HETUYECKYIO CTPYKTYpy — IUIa3MHIY, B COCTaB KOTOPOW BXOIUT I'€H, KO-
TUPYIOIIUNA HY>KHBIA O€JI0K;

— XHUMHUYECKUM MYTEM CHUHTE3UPYIOT OJUTOAE30KCUPUOOHYKICOTH]T
muHOoU 12—18 ocHoBanwmii. Ero xumMuueckuii coctaB TOJKEH OBITH TAaKOB,
YTOOBI COOTBETCTBOBATH HEOOJIHIIIOMY YYaCTKy MEPBUYHOU CTPYKTYPHI
BbIOpaHHOTO Oenka (anuHOW 4—6 aMHUHOKHCIOTHBIX OCTaTKOB), BKITIO-
qauero caut myranud. OIHAKO B MPOILECCE XUMUYECKOTO CUHTE3a BMeE-
CTO HYKJIECOTHUIHOTO TPUILIETA, KOJUPYIOIIETO «HATUBHYIO aMHUHOKHUCIIO-
Ty», B COCTaB HYKJICOTHUIHON MOCIEA0BATEIBHOCTH BBOJASIT APYrOd TpH-
IJIET, KOTOPBIM KOAUPYET HOBBI aMHUHOKHCIOTHBIM ocTaToK. Ha ocHOBe
OJTHOHUTEBOM IJIa3MUJIbl U CHUHTE3UPOBAHHOTO OJIMTOHYKJICOTHAA Gep-
MEHTHBIM IYTEM CO3JAI0T FeTepOAYIUIEKCHYIO JABYHUTEBYIO IJIa3MUIY, B
COCTaB KOTOPOW BXOJUT MYTAHTHBIA T€H, HECyUMid HHPOPMALUIO O
CTPYKType OejiKka ¢ 3aMEHOM aMHUHOKHUCJIOTHOTO OCTaTKa B OINpEeICHHOM
MOJIOKEHUHU;

— MOJIy4aroT KJIETKU, KOTOPBIE OCYIIECTBIAIOT OMOCUHTE3 MYTaHTHO-
ro 3aMporpaMMHUPOBAHHOTO OEJIKa.

DTOT METOA JA0pOT, U ModTOMY HauboJiee F3(PhHEeKTUBHBIM OyJeT ero
UCIIOJIB30BAHUE B ciiydyae TeX (DEpMEHTOB, KOTOpPHIE, BO-TIEPBBIX, CAMU
JIOCTaTOYHO JIOPOTO CTOSIT, U, BO-BTOPBIX, NHAKTUBAIIMSI KOTOPHIX CBSI3aHa
C XMMHMYECKON Moau(UKalreld KaKou-TO KIJIHYEBOW TpyImbl (HaIpuUMmep,
okuciieHueM H-rpynmsl BOJU3U aKTUBHOTO IEHTPA WU JI€3aMUHUPOBAHU-
€M OCTAaTKOB aclapruHa).

depMEHTBl KaK KJacC OWOJOTMYECKHX MOJIEKYJ] 00JIaat0T OYECHb
HU3KOU CTaOWIBbHOCTHIO. [loaTOMy maxke mpu HEOOJBIINX OTKIOHECHHSIX
BHEIIIHUX YCJIIOBUH OT T€X, KOTOPBIE XAPAKTEPHBI 1T MUKPOOKPYKEHUS
(GEepMEHTOB B KJIETKE, MOXKET OKa3aThCAd JOCTATOYHO, YTOOBI HAPYIIUTH
CTPYKTYpPY U QYHKIHIO (DEPMEHTOB, T. €. UHAKTUBUPOBATH HX.

OpHako aJisl MpakTUYECKUX IIesIe yacTo Tpedyercs, 4To0bl (hepMeH-
Thl pa0OTaJIM MIPU MOBBIIMICHHBIX TEMIEPATYpaX, SIKCTPEMAIbHBIX 3HAUCHU-
ax pH cpenpl, B IpUCYTCTBHUM BBICOKMX KOHUEHTPALMNA OPraHUYECKUX
PaCTBOPHUTEINIEN MM MMOBEPXHOCTHO-AKTUBHBIX BEIIECTB U T. M. B cBsi3M ¢
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TUM BO3HHUKACT NPoOJeMa CYIICCTBEHHOTO YBEIMYCHHS CTAOMILHOCTH
dbepmerToB. Ctadunuzanuio (GEepMEHTOB MOXXHO OCYIIIECTBUTH Pa3HBIMH
CII0co0aMH.

4. UmmoOmau3anus ¢GepMeHTOB

Haubonpine ycrexu B ctabmimzanuu (HEpMEHTOB CBSI3aHBI C MPU-
MEHEHHEM METO0/1a UMMOOMIIU3AIIUH.

HyumobunuzoeanHviMu HA3618aA10MCs mMaxkue @epmenmsl, KOmopbwvle
gvlOeNenbl U3 KIemKU, UCKYCCMBEHHO C8A3AHbL C HEePACMBOPUMBIM HOCU-
menem u COXpausiom ceoio Kamaiumuieckyro akmueHoCmo.

BnepBbie nMMoOMIM30BaHHbIe (PEPMEHTHI ObLIM TONy4YeHBl B 1916
rony k. Heasconom u E. I'puddunom. OHu mokasanu, 4TO WHBEPTA3a,
MMMOOMIM30BaHHAsT Ha YyTJie TIOCPEICTBOM aJCOPOIIMHU, COXpaHAET KaTa-
JUTUYECKYIO aKTUBHOCTb.

B 1971 rony Ha mepBoil KOHPEPEHIIUU M0 UHKEHEPHOU PH3UMOJIO-
T'UH OB YTBEPXKIICH TEPMUH «UMMOOUTUZOBAHHBIE hepMeHMbL.

NMmmoOunu3oBaHHble (hEepPMEHTHI UMEIOT PsJl MIPEUMYIIECTB B CpaB-
HEHHUH CO CBOOOIHBIMU MOJIEKYJIAMMU:

1. T'ereporeHHsblil KaTaau3aTop JErKO OTIAEIUM OT PEAKIMOHHOU
Cpeibl, YTO JA€T BO3MOXHOCTh OCTAHOBHUTH PEAKIMIO B JIIOOONH MOMEHT,
UCIIOJIB30BaTh ()EPMEHT MOBTOPHO, & TAKXKE MOJy4aTh YUCTHIN OT (hepMEH-
Ta MPOIYKT.

2.  ®OepMEHTATUBHBIN MPOIIECC C HCIOJb30BAHUEM HMMOOMIN30-
BaHHBIX (JEPMEHTOB MOKHO TPOBOJUTH HEMPEPHIBHO, PETYIUPYS CKOPOCTh
KaTAIM3UPYEMOU PEAKIIMU U BBIXOJI MPOIYKTA.

3. Moaudukanusa ¢depMeHTa IeleHANpPaBICHHO W3MEHSET €ro
CBOMCTBA, TAKUE KaK CHEUU(PUIHOCTh (OCOOEHHO B OTHOIIEHUH MAaKpOMO-
JIEKYJIIPHOTO CyOCTpaTa), 3aBUCUMOCTh KaTaIUTUYECKON aKTUBHOCTH OT
pH, WoHHOTO cocTaBa M APYrUx MapameTpoB CPelibl, CTAOMIHLHOCTD K JIe-
HATYPUPYIOLIUM BO3/ICHUCTBUSIM.

4.  MOXHO peryJupoBaTh KaTaAJIUTHYECKYI) aKTHUBHOCTh UMMOOH-
JIM30BAaHHBIX (PEPMEHTOB IyTEM U3MEHEHHUSI CBOMCTB HOCUTEIS JICHCTBUEM
dbusndeckux (pakTopoB, TaKUX Kak cBeT W 3BYK (bepesun u nap., 1987,
[Ineiikua A.I'. u ap., 2019).
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4.1. Hocuresu 1151 ”MMOOMJIN30BAHHBIX (DEPMEHTOB

Jlst mosrydeHruss ”MMOOMIIM30BaHHBIX (DEPMEHTOB MCIOJIB3YETCS OT-
PaHWYEHHOE YHMCJIO KaK OPraHUYEeCKUX, TAaK U HEOPraHUYECKUX HOCUTEIICH.
K Hocutensm mnpeabsBisitorcs cienytomue TpedoBanus ([x. Ilopar,
1974; neiikun A.I'. 1 op., 2019):

— BBICOKAs XUMHUUYECKasi U OMOJIOTHYECKAs] CTOUKOCTh;

— HEPaCTBOPUMOCTH;

— BBICOKAas MEXaHHYECKasl MPOYHOCTb;

— JOoCTaTo4YHasi TUAPOQUIBHOCTh, KOTOpas 00eCleurnBacT CBA3bIBA-
HUe (hepMEHTa C HOCUTEIIEM B BOJIHOU CpeJIe;

— MPOHUIIAEMOCTh JiJIs epMeHTa U CyOCTpaTOB, MOPUCTOCTH, OOJIb-
masi y/ieJibHasi TOBEPXHOCTb;

— BO3MOXHOCTh TOJYYEHHS B BHJIE€ yJOOHBIX B TEXHOJOTHUYECKOM
oTHoIIeHUU Popm (Tpanys, MeMOpaH);

— JIeTKasi akTUBAIIUS;

— HEBBICOKAsI CTOUMOCTb.

O6mas knaccudukaiys npuBecHa Ha pUcyHKe 29.

HOCUTENKN

opraHu4yeckKkue HeopraHn4yeckue

HU3KOMONEKYNApHbIe nonuMmepHblie MaKponopucTeie apyrue

Pucynox 29 — Hocumenu ons ummodbunuzayuu gpepmermos
OpFaHH‘leCKI/Ie MOJIUMEPHBIC HOCUTEC/IN

1. IlpupoaHble MOJUMEPHbI€ HOCUTEH !

a) Oenxosvle — B KA4ECTBE HOCHUTEJICU HCIOIB3YIOT CTPYKTYpPHbIC
MPOTEUHBI, TaKUE KaK KepaTuH, (UOpPOMH, KOJIJIAareH U MPOAYKT Iepepa-
OOTKM KoJUIareHa — >keatvH. JlaHHble O€IKU JOCTYMHBI B 3HAYUTEIBHBIX
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KOJIMYECTBaX, ACIIEBBl K UMEIOT OOJIBIIOE YHNCIO (PYHKIIMOHATBHBIX TPYIII
JUIsl CBsI3bIBaHUS (DepMeHTa, ClIOoCOOHBI K Ouonerpaaanuu. K Hemocratkam
O€JIKOB KaK HOCUTEJIEH B 3TOM cClly4yae CJIEAYEeT OTHECTH UX BBICOKYIO UM-
MYHOT€HHOCTb;

6) noaucaxapuonvle — HaWOOJEe YacTO MCIOJL3YIOT IEIUII0JIO3Y,
JIEKCTpaH, arapo3y 1 uX MPOU3BOJIHbIE;

8) AunuoHvie — MOJENb «(HEPMEHT-IUMKUI» B BUIE MOHOCIOS WU
ouocnos chepuyeckoit popMbl — TUIIOCOMA.

2. CuHTeTHMYeCKME MOJTUMMEPHbIe HOCUTEIN

a) noauMemusieHogule,

6) noruamuoHvle,

8) noausgupHwie.

CUHTETHYECKHE TOJMMEPHbIC HOCUTEIN NPUMEHSIOTCS MJIS KOBa-
JIEHTHOW U COPOLMOHHOW MMMOOWIM3auu (EPMEHTOB, Ui TMOJIYUYCHHS
reyiev, MUKpOKAICyiIL.

CylecTBEHHBIM HEIOCTATKOM OOJBIITMHCTBA MOJUMEPHBIX HOCHUTE-
JIel SIBJIAETCS UX CIIOCOOHOCTh HAaKaIlJIMBaThCAd B opraHu3Me. B aTom oT-
HOIIEHWU MPEANOYTEHUE OTHACTCS MPUPOAHBIM MOJHUMEPAM, KOTOPHIC
ruaposusytorcs pepmentamu. [lo3ToMy B COCTaB JIEKapCTBEHHBIX Mpena-
pPaTOB YAaCTO BXOAUT JEKCTPaH, & U3 CHHTETUYECKUX HOCHUTEJIEH — MOoJIuMe-
pbl Ha ocHOBe N-BHHWINUPPOJHUIOHA. B HacTosdiiee Bpemsi BEIyTCA dKC-
HNEPUMEHTHI 10 CO3/IaHUI0 CUHTETUYECKUX MOJMMEPOB, PACIIEIUISIOIINAXCS
¢ 00pa30BaHMEM HETOKCUYHBIX TPOJAYKTOB OOMEHA.

K npeumyiiiecTBaM NpUPOTHBIX HOCUTEICH CIEAyeT OTHECTH UX J10C-
TYIMHOCTb, MOIU(DYHKIIMOHATBHOCTh U TUAPOPUIBLHOCTD, a K HEJOCTaTKaM
— OMOACTPAAUPYEMOCTh U JOCTATOYHO BHICOKYIO CTOMMOCTb.

Hocurtem Heopranmyeckod mnpupoabl. B kadecTtBe HocuTenen
HanOoJee YacTo MPUMEHSIOT MaTepHuajabl U3 CTEKJa, TJWHBI, KepaMHUKH,
rpaUTOBOM CaXu, CUJIMKAress, a TAakKe€ CUIOXPOMBI, OKCUIAbl METAJIIOB.
Nx MoxHO moaBepraTh XuMuueckod mMoaudukanuu. OCHOBHOE MpEeUMY-
IIECTBO HEOPTAaHUYECKUX HOCHUTENIEH — JIErKoCTh pereHepanuu. [1og00HO
CUHTETUYECKUM TOJIUMEpaM HEOPTaHMYECKUM HOCUTEIISIM MOYKHO MPUJIATh
100y GOpMY U MOJIy4YaTh UX C 000U CTENEHbIO MOPUCTOCTH.
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4.2. MeToabl uMMoOuIn3auun GepMeHTOB

CylecTByeT JBa METOJa UMMOOMIN3aIui PEpMEHTOB: Pu3nveckas
Y XUMHUYECKas.

Dusuyeckas ummoounruzayus, T. €. UMMOOWIM3ALNs, TIPU KOTOPOU
(epMEHT HE COEAMHEH C HOCUTEJIEM KOBAJEHTHOU CB3bl0. B cBOwO Oue-
pEeIb B 3TOU IPyNIIE BBIICISAIOT YETHIPE NOATPYIIIIHL:

— a7iIcopOIMs Ha HEPACTBOPUMBIX HOCHUTEIISIX;

— BKJIIOUCHHE B MOPHI Ieis;

— TPOCTPAHCTBEHHOE OTHeNeHne (PepMeHTa OT OCTaIBHOTO 00beMa
PEAaKIIMOHHOW CMECHU C MOMOIIBIO MOTYHIPOHUIIAEMON MEPETOPOIKH (MEM-
OpaHbl);

— BKJIIOYEHHE B JBYX(ha3HYI PEaKIHMOHHYIO cpeny, riae (hepMeHT
PacTBOPUM U MOKET HAXOJIUTHCS TOJIBKO B OJTHOM U3 3THX (a3s.

CnocoObl (puznueckoit nMMoOmIN3auu (HEPMEHTOB MPEICTABICHBI
Ha pucyske 30.

TEBEPALIV _
HOCHMTENE BOOHEIM NonNnMMEFPHAA CETKA FENA
PACTBOP

CEPMEHT —— [ .

s NFPOOYKT

~

e

CYECTPAT

H“—q

ASAYAPOHMUAEMAS B
MEMEPAHA

Pucynok 30 — Cnocobwt pusuueckoii ummoobunuzayuu gepmenmoas:
A — adcopbyus na nepacmeopumvlx Hocumensax, b — exitouenue 6 nopul cens;
B — omoenenue ghepmenma ¢ nOMOWbIO NOLYRPOHUYAEMOL MeMOPAHDL;
1" — ucnonwvzosamnue 08yxazHot peakyuoHHOU cpedvl
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AJCOpOIIMOHHAST UMMOOWJIM3ALMS SBISETCS HanOoJiee CTapbiM M3
CYIIECTBYIOIIUX CIMIOCOOOB MMMOOMIN3auu (DEPMEHTOB, Hayajao el ObLIO
noJiIokeHo emie B 1916 roay. ITOT crocod A0CTaTOYHO MPOCT U JOCTUTA-
€TCsl P KOHTAKTE BOJIHOTO pacTBopa hepMeHTta ¢ Hocurenem. [locne oT-
MBIBKH HEaJcOpOMpOBaBIIETOCS OelKa UMMOOMIN30BAaHHBIN (DEPMEHT To-
TOB K MCIOJIb30BaHUIO. Y IEpKUBAHUE a7CcOpOUPOBAaHHON MOJIEKYJIbI ep-
MEHTa Ha MOBEPXHOCTH HOCUTEIISI MOXKET 00€CTIeUMBATHCS 3a CUET HECIIe-
U (PUIECKUX BaH-AEP-BaadbCOBBIX B3aUMOJCUCTBUM, BOJOPOIHBIX CBSI3CH,
AIEKTPOCTATUYECKUX U TUAPO(POOHBIX B3aUMOJCHUCTBUN MEKIY HOCHUTE-
JIEM ¥ MOBEPXHOCTHBIMHU IpynnaMu Oenka. B3aumoaencTBus ¢ HocUTeIEM
MOTYT OKa3aTbCsl HACTOJIBKO CHJIBHBIMH, YTO copOIusa OuokaTanu3aTropa
MOYET CONMPOBOXKIATHCS Pa3pylICHUEM €ro CTpyKTypbl. Hampumep, npu
afcopOIMi HEKOTOPBIX PACTUTEIBHBIX KIETOK Ha TpaHyJaX MHUTOJEKCa
KJIETOYHAsI CTeHKa Je(opMUpYyETCs, MOBTOPSIA pelibed MOBEPXHOCTH Hac-
THUIL] HOCUTEJIS.

I[peunmymecrBamMu aJCOPOUOHHON MMMOOMIU3ALMH SIBJISIFOTCS:

— HEOOJIbIINE UK BOBCE OTCYTCTBYIOIIME MOBPEXKACHUS (PEPMEHTOB;

— MIPOCTOTA, JACIIEBU3HA U OBICTPOTA;

— OTCYTCTBHE HEOOXOJAMMOCTHU MPOBEACHUSI XUMUYECKUX MOIUPUKa-
U HOCUTENS WU (pepMeHTa.

Henocrarku meroaa:

— yTE€YKa, BBIMBIBAHHWE, AECOPOIUs (PEPMEHTOB U3 HOCHUTENS U Kak
CJIEJICTBUE 3arPA3HEHUE IPOAYKTA;

— HecTeIU(PUIECKOe CBA3BIBAHUE;

— BO3MOJKHAs MEPErPy3Ka HOCUTEIS,

— CTEPUYECKOE MPEMSATCTBUE CO CTOPOHBI HOCUTEIIS.

Bxkuirodyenue B rejid. CyTh 3TOr0 METOAa UMMOOUIIU3AIIMU COCTOUT B
TOM, UTO MOJIEKYJIbI (PEpMEHTA BKJIIOUAIOTCS B TPEXMEPHYIO CETKY U3 TEC-
HO TMEPEIUICTEHHBIX MOJMMEPHBIX Ienel, obpasyromux reiab. CpenHee
PaCCTOSTHHE MEXKY COCEIHUMHM IEMSIMU B TE€JI€ MEHBIIIE pa3Mepa MOJICKY-
76l BKJIIFOYEHHOTO (hepMEHTA, TOATOMY OH HE MOXKET MOKUHYTh MOJUMEP-
HYIO MAaTPUILy U BBIUTH B OKPYKAIOIIHUI PACTBOP, T. €. HAXOJUTCS B UMMO-
OWJIM30BAaHHOM COCTOSIHUM. JIOMOJHUTENbHBIM BKJIAI B YJEpPKUBaHHE
dbepMeHTa B CETKE Tejisi MOTYT BHOCUTh TaKX€ WOHHBIE W BOJIOPOJHBIC
CBSI3U MEXIYy MOJIEKYJIoW (hepMEeHTa U OKPYKAIOIIUMU €€ MOJTUMEPHBIMU
uernsmu. [IpocTpaHcTBO MEXy MOTMMEPHBIMU LIENSIMU B T'€JI€ 3aIIOJIHEHO
BOJIOM, Ha JIOJII0 KOTOPOM OOBIYHO MPUXOAUTCS 3HAUUTENbHAS YacTh BCETO
o0bema rena. Hanpumep, mMpoko NMpUMEHsIEeMbIE TeH MOJIUMEPOB aKpHU-
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JIOBOW KHUCJIOTHI B 3aBUCHMOCTH OT KOHLIEHTPALHMHU MOJUMEPA U €TI0 IpHU-
poasl coaepxat ot 50 10 90% BoAbI.

NvmoOuu3auuio GpepMEeHTOB B rejie OCyLIeCTBJIAIT ABYMS CIIO-
codamm:

1. ®epMeHT BBOIAT B BOAHBIM PACTBOP MOHOMEPA, a 3aTEM HMPOBOIAT
MOJTMMEPU3AIMI0, B PE3YJIbTAT€ KOTOPOW BO3HUKAET MPOCTPAHCTBEHHAS
CTPYKTYpa MOJMMEPHOIO TENSA C BKIOUYEHHBIMU B €r0 SYEUKU MOJICKYJa-
MU pepMeHTa (MCTOIB3YIOT MOTHAKPUIAMU/T, TIOJTUBUHWIOBBIA CIIUPT, CH-
JIMKaresb).

2. @epMEHT BHOCAT B PACTBOP YK€ T'OTOBOTO IMOJAMEPA, KOTOPBIN
BIIOCJICJICTBUU TMEPEBOAAT B Teje00pa3HOE COCTOSHHUE (KCIOIB3YIOT TeIH
KpaxMalia, arap-arapa, arapo3ssl, pocdara Kaabius).

NmMmoOunu3amust pepMEeHTOB B Trejsix 0OecredruBaeT pPaBHOMEPHOE
pacrpeieieHle MOJIEKYJl B 00beMe HocuTens. Bee renu o6manarT BeICO-
KON MEXaHWYECKOM, XMMHUYECKOM, TCIUIOBOM M OHMOJOTMYECKOM CTOMKO-
CTBI0O U OO0ECIEYMBAIOT BO3MOXHOCTh MHOTOKPATHOT'O HCIIOJIb30BAHUS
dbepMeHTa, BKIIOUYCHHOTO B ero cTpyKTypy (bepesun u ap., 1987).

OO0y NpUHIUI UMMOOMIM3alMH (PepPMEHTOB C MCIOJIb30BAHM-
eM MeMOpaH 3aKJII04YaeTcsi B TOM, YTO BOJHBIN pacTBOp (pepMeHTa OTHe-
JsieTCsl OT BOJHOTO pacTBopa cyOcTpaTa MOJIYyNPOHUIIAEMOW Meperopoj-
koi. [lonynponuiiaemas MemMOpaHa JIEerko MpoIycKaeT HEOOJbIINE MOJIe-
KyJibl cyOcTpara, HO HENpeoAOoJIMMa JJid KPYMHBIX MOJEKYT (epMEHTa.
CyiectBytoine MOAU(PUKAIAA 3TOr0 METOJIa PA3IMYAOTCS JUIIb CIIOCO-
O0aMu MOJyYEeHHS MOTYIPOHUIIAEMOl MEMOpaHbl U €€ Mpupoaoi. BoaHblil
pacTBOp (PpepMEHTa MOKHO BKJIIOYaTh BHYTPb MHUKPOKAICYJ, MPEICTaB-
JSAONIUX CO00M 3aMKHYThIE C(hepUUECKHE MY3bIPhKU C TOHKOW MOJIUMEp-
HOM CTEHKOW (MUKpoKarcyiaupoBanue). [Ipu nBOMHOM 3MyJIbIrUpOBaHUU
MOJYYaEeTCsl BOJHAS AMYJIbCUS U3 Kallellb OPTaHUYECKOrO pacTBOpa MOJIHU-
Mepa, coAepKallux, B CBOIO OYepe/ib, eIle 00jiee MEJIKHME Kalljid BOJIHOTO
pacTtBopa depMmeHTa. Uepes HEKOTOpOE BpeMs pacTBOPUTENb 3aTBEpAeBa-
€T, 00pa3zys cepuyecKkue MnoJMMEPHbIE YaCTULIBI C UMMOOUIIM30BAHHBIM B
HUX (epmeHToM. Eciu BMECTO BOJOHEPACTBOPUMOIO OTBEPICBAIOIIETO
MOJIMMEpPa UCIOJb3YIOTCS KUIKUE YIJIEBOJIOPOIBI C BEICOKON MOJIEKYJISIP-
HOM Maccoil, METOJI Ha3bIBACTCSI UMMOOWIN3AIMEN MYTeM BKJIIOUYCHUS B
xuakue meMmOpanbl. K Mogudukausam MeToaa uMMoOuIn3anuu hepMeH-
TOB C MCIOJIb30BAHHEM IMOJYNPOHUIIAEMBIX O000JIOYEK OTHOCATCS TaKXKe
BKJIIOUCHHE B BOJIOKHA (IIPU ATOM BMECTO Karmesb, CoJepxkamux GepmMeH-
Thl, TIOJIyYalOTCAd HUTH) U BKIIFOYEHUE B JUIIOCOMBI. [IpruMeHeHne cuctem
MEMOpPaHHOTO THUIA MO3BOJISET MOJAy4YaTh UMMOOUIN30BaHHBIEC MpEnapaThl
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C BBICOKUM cojiepkanueM pepmenTa. OCHOBHOM HEOCTATOK MEMOpPaHHBIX
CUCTEM — HEBO3MOKHOCTh (PEPMEHTATUBHOT'O MPEBPAILICHHS BBICOKOMOJIE-
KYJISIPHBIX CyOCTPaTOB.

[Ipy ummoOMIM3aUM (PEePMEHTOB C HCIOJb30BAHUEM CHCTEM
ABYX(a3HOro THNA OTPaHUYEHHE CBOOOBI TMepeMelleHus GpepmMeHTa B
00bEeMe CUCTEMBI JOCTUTAETCS Oaroaapsi €ro CioCOOHOCTH PACTBOPSATHCS
TOJIbKO B 0JHOM u3 (a3. CyOcTpar u mpoayKT (pepMEeHTAaTUBHOIO MpEBpa-
HMICHUSI pacTpesesaoTCsT MexXay oOenuMu (azamMu B COOTBETCTBHHM C HX
pacTBOPUMOCTSIMH B 3TUX (azax. OJHUM U3 BaKHEHUIIUX MPEUMYILECTB
CUCTEM JIBYX(a3HOro TUMA SIBISETCS TO, YTO OHU IMO3BOJISIIOT OCYLIECTB-
JTh (pepMEHTATUBHBIC MPEBPAIEHUS MaKpPOMOJICKYJSIPHBIX CyOCTpaToB,
KOTOPBIE HEBO3MOXXHBI MPU MPUMEHEHHUH >KECTKUX HOCUTEJIEH C OTpaHu-
YEHHBIM pa3MepoM Mop.

Xumuyeckas ummobunusayus, Npu KOTOPOU IMyTEM XUMHUYECKOTO
BO3JICUCTBUS HA CTPYKTYpPY (pepMeHTa B €ro MOJEKYJEe CO3Jal0TCsI HOBBIE
KOBAJICHTHBIE CBSI3M, B YACTHOCTHU MEXKJy OelKoM M HocuTeneM. B oTiu-
e oT (U3UYECKUX METOJIOB ATOT CIIOCOO MMMOOMIM3aUKA 00ECIIeYnBaEcT
IPOYHYIO U HEOOpPaTUMYIO CBSI3b ()EPMEHTA C HOCUTEIEM U YacCTO COMPO-
BOXJAETCSl CTAOMIM3AIMed MOJIEKYJIbl SH3UMA. DTOT CHOCO0 MOJYYEHUS
MPOMBIIIJICHHBIX OMOKAaTaIN3aTOPOB HAanb0JIee pacIpoOCTPaAHEH.

[Iporiecc KOBaJIEHTHOrO CBSI3BIBAHUS (PEPMEHTOB C HOCUTEIIEM CO-
CTOMT B OCHOBHOM W3 JBYX 3TanoB. Ha mepBom sTamne (yHKIHOHAIBHBIC
IPYIIbl, HAXOAIINECS HA MOBEPXHOCTH MaTepualia HOCUTENS, aKTUBUPY-
I0TCS CIIeM(UUECKUM pPeareHTOM, Ha BTOPOM — (PepPMEHTHI J100aBIISIFOTCS
B PEaKIIMIO CBSI3bIBAHUS JJIs 0Opa30BaHMs KOBAJICHTHOU CBSI3U C MaTepHa-
JIOM HOCHUTEJIS.

XUMHUYECKOE MPUCOCAMHEHUE dH3MMa K HOCUTEIIO OTINYACTCS BBI-
COKOU 3((HEKTUBHOCTHIO U MPOUYHOCTHIO CBSA3U. OAHAKO XUMUUYECKUE Me-
TOAbl UMMOOUIU3ALIMH JOCTATOYHO CJIOKHBI U IOPOTOCTOSIIHN, HO OHHM He-
3aMEHUMBI B HAyYHBIX HCCJIEIOBAHUSAX MPU CO3JaHUU (PEPMEHTOB C KOH-
TPOJIMPYEMBIMHU CBOMCTBaMU. PacCMOTpUM HEKOTOPBIE U3 ITUX METOJIOB.

Humobunuzayus Ha Hocumensx, Hecywux euopokcuepynnsi. B 3toi
rpyIie HaumboJiee pacnpoCTpaHeH OpPOMIIMAHOBBIM METOJ, KOTOPBIM IO-
3BOJISIET CBS3BIBATH (DEPMEHT C MOJIUCAXAPUAHBIM UM CUHTETUUYECKUM HO-
CUTEJIEM.

Humobunuzayus Ha Hocumensx, HeCywux amuHocpynnvl. AMHHO-
IpYINNbl HOCUTENECH MPEBPAIIAIOTCS B COJM JUAa30HUS, K KOTOPHIM BIIO-
CIEACTBUM MPUCOEAUHAIOT MOJEKYJbI ()EPMEHTOB 3a CUET B3aUMOJICUCT-
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BUsI ¢ (DEHOJTbHBIMHU, AMUHHBIMHA, UMHIa30JIbHBIMH, THOJIBHBIMU, TYaHU -
HOBBIMH I'DYyIIIaMHU 3TUX (PEPMEHTOB.

Hmmobunuzayus nHa nHocumensx, HeCywux cyib@euopuivHvle 2pyn-
not. Ecnin HocuTenb U (DepPMEHT HECYT CYJIb(OTUAPUIbHBIC TPYIIIbI, TO MO/
BO3JICHCTBHEM KHCIIOPOJa BO3AyXa 3THU TPYIIIBI JIETKO OKHUCISIOTCS ¢ 00-
pasoBanueM aucyiabbuaHbX cBsazed (3arockuna H.B., 2009; Illneii-
kuH A.I'. u ap., 2019).

4.3. IlpumeHeHHe HMMOOUIN30BAHHBIX ()ePMEHTOB

OcCo0EHHO OILIYTUMBIA BKJIaJ UMMOOWIM30BaHHBIE (DEPMEHTHI BHE-
CIIY B TOHKUW OpPraHUYECKUW CHHTE3, aHAJIU3, MEAUIMHY, TPOLECChHl KOH-
BEPCUM DHEPTUH, B MUIIIEBYIO U (hapMaIlEeBTUUECKYIO TPOMBIIILICHHOCTb.

B Oyayiiem BakHYIO poJib B KOHTPOJIE OKPY>Karolend Cpeibl U K-
HUYECKON JUarHOCTUKE JOJKHBI ChITpaTh TaKHE METOJIbl, KaK OMOIIOMU-
HECILICHTHBIN aHaJIN3 U UMMYHO(GEPMEHTHBIN aHAJIN3.

B menuninne mMMOOMIN30BaHHbIE (DEPMEHTHI OTKPBUIN MYyTh K CO3-
JAHUIO JICKAPCTBEHHBIX MPENapaToB MPOJOHTHPOBAHHOTO JIEUCTBUS CO
CHWKEHHOM TOKCUYHOCTBIO W aJUIEPreHHOCThIO. MMMOOWUIHU3aMOHHBIE
MOAXOJIbI CTOCOOCTBYIOT PEIICHUIO MPOOJIEMbI HAIIPABJICHHOTO TPaHCIIOP-
Ta JIEKapCTB B OpraHU3MeE.

[IpoGiemMbl OMOKOHBEPCHM MacChl M SHEPrUU B HACTOSAIIEE BpeMs
MBITAIOTCS PEIIUTh MUKPOOUOJIOTUUECKUM TTyTeM. TeM He MeHee UMMOOH-
JIM30BaHHbIE (PEPMEHTHI BHOCST OIIYTHMBIN BKJIAJ B OCYIIECTBIECHHE (HO-
TOJIU3a BOABI U OMORJIEKTPOKATAIIHS.

3aciny’KMBaeT BHUMAaHUS M UCIOJIb30BAHHE WMMOOUIN30BAHHBIX
(dhepMEeHTOB B Mpolneccax nepepadoTKu JIUTHOLEIITIOI03HOTO ChIPhSI.

NMmoOunn3oBaHHbIE PEPMEHTHI MOTYT MCIIOJIB30BATHCS U KaK YCH-
auTeNnu cnaldblx curHainoB. Ha akTUBHBIA LIEHTP WUMMOOWIM30BAHHOTO
dbepMeHTa MOXKHO TTOJEHCTBOBATh Ye€PE3 HOCUTEIIb, TTOJBEPTrasi MOCISTHUM
yJIbTPa3ByKOBOUM 00pabOTKE, MEXaHUUYECKUM Harpy3kaM Wid (POTOXHUMHU-
YECKHUM MPEBPAIICHUSIM. DTO TMO3BOJAECT PETYJUPOBATh KATATUTUYECKYIO
AKTUBHOCTbh CUCTEMbI (JEPMEHT-HOCUTEND MO ACHCTBUEM MEXAaHUYECKUX,
yIBTPa3BYKOBBIX M CBETOBBIX CHUTHaANOB. Ha 3TOl OCHOBE OBLIM CO37aHbI
MEXaHO- M 3BYKOUYBCTBUTEIbHBIC JATYUKHU U OTKPBIT MYTh K Oeccepeopsi-
HOM poTorpadum.

[IpombllIZIEeHHBIE MPOIECCHl ¢ MPUMEHEHHEM HWMMOOWIN30BaHHBIX
(GbepMEHTOB BHEJIPEHBI MPEXKE BCETO B MUIIEBYIO U (PapMaleBTUUECKYIO
MPOMBIIIIIEHHOCTh. B MHIIEBON MPOMBIILIEHHOCTA C Y4aCTHEM UMMOOU-
JIM30BAaHHBIX (DEPMEHTOB UAYT MPOIECCHI MOTYUEHUS TTHOKO030-(QPYyKTOBBIX
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CUPOIIOB, TJIFOKO3bI, S0JJOYHOM U acTiapariHOBOM KUCIOTHI, ONTUYECKHU aK-
TUBHBIX L-aMHUHOKHUCIIOT, TUETUYECKOr0 OE€3JIaKTO3HOTO MOJIOKA, CaxapoB
13 MOJIOYHOM CBIBOPOTKH U JIP.

[Ipumepom mporuecca, B KOTOPOM YCIIEIIHO UCIOJIb3YHOTCS UMMOOU-
JU30BaHHBIE (DEPMEHTHI, SIBISETCS MPOU3BOJICTBO KYKYpPY3HOI'O CHpoMa ¢
BBICOKMM cojiepkanueM ¢pykto3sl. OH mupoko ucnodb3yerca B CIITA u
Snonuu B kauecTBe nojAcaactutens. Hanpumep, Bo GppyKTOBBIX HAMUTKAX,
TaK KaK OH 3HAYUTEJBHO JIeUIeBIIe caxapo3bl. CHPOIl TOTOBAT U3 IEIIEBOTO
MUCTOYHUKA YIJIEBOJOB — Kpaxmalya, ITOJIYy4aeMOro M3 KOYEpPBDKEK KYKY-
py3HbIX movaTtkoB. [Iporecc ocyiecTBiasieTcss ¢ yyacTueM Tpex (pepMeH-
ToB. CHavana MOJy4aroT KpaxMalbHYI MACCy IIYyTE€M I€peMajlbIBaHUS
(pacTupaHus) KyKypy3bl, 3aT€M JIB€ aMMJIa3bl MPEBPAIIAIOT Kpaxmal B
[IFOKO3HBIA cupor. OOecBeYEHHbI U CKOHIICHTPUPOBAHHBIA CUPOIL J10-
OaBJISAIOT B pa3/IMUHbIE MHINEBBIE MPOAYKTHl M HamUTKU. C MOMOIIBIO
(epMeHTa TIIIOKO30M30Mepa3bl MOXKHO NMPEBPATUTh 3TOT CHUPOI B CMECH,
COJIEpKaIYI0 PaBHOE KOJUYECTBO IIIOKO3bI M (PpyKTO3BL. sl 3TOrO CH-
pOIl IPOITYCKAIOT Yepe3 KOJOHKY, B KOTOPOUM CONEpKUTCS (PEepMEHT, UM-
MOOWJIM30BAaHHBIA MyTEM aJCOpPOIMU Ha IEJUTIOJIO3HOM HMOHOOOMEHHUKE.
AKTHUBHOCTH (pepMEHTa CO BPEMEHEM IIOCTEIIEHHO CHWXXAETCS, MO3TOMY
OOBIYHO HCIOJB3YIOT HECKOJIBKO KOJOHOK, PpadOTarOIIUX OJHOBPEMEHHO.
®dpykTo3a cnaiie TI0K03bl, XOTs 00€ colepKaT OAMHAKOBOE YHCIIO KaJlo-
pUll HA €IMHUIY MAcChl. JTO O3HA4YaET, YTO, UCIOJIb3ysd KYKyPY3HbI CH-
pON C BBICOKMM coOJiepKaHueM (PYKTO3bl, MOKHO TMOIYYUTh TAKOU Ke
CIAJKUW MPOAYKT, KaK C TJIOKO30M, HO C MEHBIINM COJICP/)KAHUEM KaJlO-
puii. Exxerogno B CILIA mpou3BoAUTCS OKOJIO 4 MJIH T CHpOIIA.

B Menniimane uMMOOMIN30BaHHBIE PEPMEHTHI UCIIOIB3YIOTCS TAKKE
KaK JICKapCTBEHHbIE IIpenaparbl, 0COOEHHO B T€X CIy4asx, KOTr/a Heo0Xo-
IUMO JIOKaJIbHOE Bo3zeicTBue. Kpome Toro, Omokaranu3aTopbl ITUPOKO
UCIIOJIB3YIOTCS B PA3JIMUHBIX amnmaparax Jjisl nepPpy3uOHHON OYUCTKHU pa3-
JUYHBIX OMOJIOTMYECKUX JKUAKOCTEeH. BO3MOXHOCTH M MEPCHEKTUBBI HC-
MOJIb30BaHUS B MEIUIIMHE (PEPMEHTOB B UMMOOMIM30BAHHOM COCTOSTHUU
ropas3zo MIMpe, YEM JOCTUTHYTHIE HA CETOIHAIIHUN JE€Hb, UMEHHO Ha 3TOM
NyTH MEIUINHY JKJIET CO3/JaHUuE HOBBIX BBICOKOA(P(EKTUBHBIX METOJOB
nedyenus. [IpumepomM HCHONB30BaHUS MMMOOMIM30BAHHBIX (HEPMEHTOB
MOXET CIYUTh MPOU3BOJCTBO IMOJYCUHTETHYECKHX MNEHULIWUINHOB W3
OPUPOAHBIX MEHUIMUIMHOB. IMMOOMIN30BaHHBIA (PEPMEHT XUMHYECKU
MOAUGUIUPYIOT B OJIHY U3 OOKOBBIX TPYMI MOJEKYJIbl IEHUIIMIIJIUHA, YTO
MPUBOJIUT K MOBBIIIEHUIO aHTUOMOTUYECKON aKTUBHOCTH MEHUIIMIUIMHOB.

O6nacTy MpUMEHEHHUs] UMMOOUIIU30BaHHBIX (PEPMEHTOB MPUBEACHBI
B Tabmnule 3.
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Ta6nuna 3 — [IpuMeHeHe UMMOOMIN30BAaHHBIX (DEPMEHTOB

(Eroposa T.A. u ap., 2003)

Hassanue u Hcrounnk pepmenTa, criocod buorexnonornueckui
mudp hepMeHTa UMMOOUITH3AIUN IIPOIIECC
Aununnneitpamu- | @epmeHt E. coli. BknroueHue B CuHHTE3 CHAJIOBBIX KUCIIOT
HaT-9- MTOJTMAKPYITAMHATHBIN T€ITh
docdarcunTaza
(K® 4.1.3.20)

B-T'amaxro3umaza | @epment Kluyveromyces fragilis, | uaponu3 makTo3sl; T10-
(Kd 3.2.1.23) K. lactis, Aspergillus niger, A.|nydeHne O€31aKTO3HOIO
oryzae. BxiroyeHue B HUTHU alleTara | MOJIOKa, TJTIOK3bI U Tallak-
LEJUTIONIO3bl,  TOJMAKPUIAMUIHBIA | TO3BI
reib; azacopOuuss Ha Qenondop-
MaJbJACTUIHON cMoJe, Moauduim-
POBAaHHBIX KEPAMHKE M KPEMHE3EME
I'mokoamunaza | ®epment Aspergillus niger. Xemna- | [IpeBpamenue  onuroca-
(K® 3.2.1.33) TUPOBAHUE LEJUIIOJIO30M, CTEKIIOM, | XapUI0B B TJIFOKO3Y
HEHJIOHOM; KOBAJICHTHOE CBS3bIBA-
Hue ¢ kinetkamu B. subtilis, E. coli
[Tepoxcuaaza depMeHT H3 XpeHa, mnonumepuso- | Okucienne (QeHora B
(Ko 1.11.1.7) BAHHBIM C THUPO3UHOM M BKJIFOUYEH- | CTOYHBIX BOJAX
HBIU B IeJib AJIbITMHATA
[Tporeasbr depmentsr B. subtilis, B. licheniformis, | TTonydenue OEITKOBBIX
(KD 3.4) B. thermoproteolyticus, Mucor | ruapoM3aToB
pusillus. Brxitouenne B TOJIHAKpU-
JAMUIHBIM T€Jib, CUJIMKarejb;, Xeia-
TUPOBAHUE HA MOBEPXHOCTU CTEKIIA,
MUKpPOOPTaHU3MOB
[Tymnynasa Kmerku Aureobacidium pullulan, | Pacmennenue a-1,6-
(Kd 3.2.1.9) Arthrobacter. KoBajeHTHOE CBSI3bI- | TJIMKO3MIHBIX CBS3€H B
BaHUE ¢ Onoreiaem amuionektuHe. [lomyue-
HUE JEKCTPUHOB (OJIUTO-
caxapu/ibl)
Tepmosmsua Krnetku Bacillus | Peakiust ~ kongeHcaruu
(Kd 3.4.24.4) thermoproteolyticus, BxitoueHHbIe B | L-acaparnHOBOW KHUCIIO-
MOJINYpETaH Thl U METHUJIOBOTO 3upa
L-dbenunananmna ¢ obpa-
30BaHHEM MENTUIHOTO
3aMEHUTEIIS caxapo3bl ac-
naprama (B 100 pa3 cnaie
caxapo3bl)
Tpunrtodanasa Knerku E. coli. Bkmouenue B HutH | [lonydyenne Tpunrtodana
(KD 4.1.99.1) TpHUALIETATALIEIUIIONIO3bl M T'ellb Kap- | u3 L-cepunHa u nHmomna

parvHaHa
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OcHOBHbBIE TePMHMHBI M NOHATHA: (EPMEHT, OKCHUIOPEAYKTa3bl,
TpaHcdepasbl, TUAPOIA3HI, JTUA3bI, K30MEPA3bI, JINTA3bl, META0OTU3M, UM-
MOOMIM30BaHHbIC (PEPMEHTHI, aJICOPOITHSI.

Bonpocsl 111 CaMOKOHTPOJISA

1. HazoBuTe 0CHOBHBIE KacChl (hEPMEHTOB.

2. Oxapaktepusyiite kiacc (pepMeHTOB — OKCHUIOPEIYyKTa3bl, Ha30-
BUTE MPEACTABUTEJIEH JAHHOTO KJ1acca.

3. Oxapaxrepusyiite kiacc (GepMEHTOB — TpaHcdepasbl, HA30BUTE
npeACTaBUTENEH JAaHHOTO Kilacca.

4. Oxapaktepu3yiTe KjIacchl (EPMEHTOB — I'MAPOJa3bl U JUa3bl, HA-
30BUTE MPECTABUTEINCH TAHHOTO Kiacca.

5. OxapakrepusyiiTe kiacc pepMeHTOB — M30MeEpa3bl U JIMTa3bl, Ha-
30BUTE MPECTABUTENICH TAaHHOTO KJacca.

6. Kakue rpynmnsl ¢epMEHTOB HCIOJB3YIOTCS B MPOMBINIJIEHHOCTH
HauOonee mupoko? [IpuBenure npumepsl UX NPUMEHEHUS.

/. Kakue ¢akTopbl ¥ KaK BIUSIOT Ha CKOPOCTh (hepMEHTATUBHBIX pe-
aKuum?

8. [lepeuncauTte HOCUTENH 11 UMMOOWIN30BAaHHBIX (PEPMEHTOB.

9. HazoBuTe JOCTOMHCTBA METOJIa XUMHUYECKOM UMMOOUITU3AITUY.

10. PacckaxnuTte 0 pu3MIECKON MMMOOUITH3AITNH (PePMEHTOB.

Bonpocs! 1J1 caMOCTOATEIbHON Pad0ThI

benkoBass nHxeHepus. lIpumeHeHne MMMOOMIN30BaHHBIX (pepMeEH-
ToB. Knaccel pepmenToB. Biusinue ¢pakTopoB Ha CKOpOCTh (hepMEHTATHB-
HBIX PEAKIUN.

PexomeHayeMasi IMTEPATYPa K CAMOCTOATEILHOM padoTe
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By30B / H.B. 3arockuna [u 1p.]. — Mocksa: Onuke, 2009. — 496 c.

2.  buorexHosorus: ydeOHHK W MPAKTHKYM JUIsI BY30B / TOA pe.
H.B. 3arockunoii, JI.B. Hazapenko. — 3-¢ u3z., ucnp. u aon. — Mockaa:
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3. Byasopa, Ix. UMMoOWIN30BaHHBIE KIETKU U (PEPMEHTHI: TIEP.
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TEMA: AHAJIMTUYECKHUE YCTPOVMCTBA B BUOJIOT U

[lenpto TaHHOW TEMBbI SIBIAETCS O3HAKOMJIEHHME C AHATUTUYECKHUMU
yCTPOMCTBAMU, KOTOPbIE KOHCTPYUPYIOTCS Ha OCHOBE OMOMAaTepuasioB U
UCIIOJIB3YIOTCSI B OMOJIOTHU U MEUIIMHE.

Bonpocsi

1.  buocencopsl. IIpuHIMI KOHCTPYUPOBAHMS, PA3ZHOBUIHOCTH,
IIPUMEHEHMUE.
2.  buouunsl. [TpuHuunel paboThl, IPUMEHEHUE.

1. bwuocencopsl. [IpUHIUN KOHCTPYMPOBAHUS, PA3HOBHIHOCTH,
NMpUMEeHEeHue

buocencopvi — ananuTHYECKHE YCTPOMCTBA, B KOTOPBHIX YyBCTBH-
TEIIbHBIN CIIOM, COAepKallui OMOJOTHYCCKHUN MaTepHay, pearupyer Ha
IPUCYTCTBHUE OIPEACIIIEMOr0 KOMIIOHEHTa U T€HEPUPYET DICKTPUUCCKHUI
curHaj, GyHKIMOHAJIbHO CBS3aHHBIM C HAJTMYHMEM U KOHIIEHTPAIIMEH 3TOro
BemiectBa (puc. 31). bruomarepuanioM MOTyT CIyKHTh (DEPMEHTHI, TKaHHU,
OakTepuw, JIMIIOCOMBI, Opraneiiibl, perentopsl, JJHK, a Takke kieTku, Ko-
TOpbIC UMMOOMIIN30BaHbl Ha (U3MUeCKUX AaTuukax. OTcroa ciaeayer, 4To
OMOCEHCOpHAasl TEXHOJIOTHUS COYETAeT B c€0€ JOCTHXKEHUS OMOJIOTHH U CO-
BPEMEHHON MUKPOIJICKTPOHUKH.

AHanuaupyemas cpega

Cneunduyeckuii KOMNAEKC

Buogartumnk
MNpeobpazoearens

>

Cucrema perucrpaumm
curiana

Uudposas nHpopmaums o CBOHCTBaX
nccneayeMon cMecun

Pucynox 31 — Cxema ycmpoiicmea 6uocencopa (https://bigenc.ru/biology)
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BoabIIMHCTBO OMOCEHCOPOB UCIOJNIB3YIOT I aHallu3a OuoJIorHuye-
CKHUX >KHJKOCTEH, Hampumep, OBICTpOE OINpeeieHUE TIIOKO3bl B KPOBH
YeJn0BeKa.

IIpyHUMNBI KOHCTPYHMpPOBaHHUS OMOCceHCOPOB. buoceHcop mnpen-
CTaBJsieT cOOOW YCTPOMCTBO, COCTOSIIEE M3 JBYX IMpeoOpaszoBarenend —
(U3UYECKOTO U XUMUYECKOTO.

buoxuMuueckuii mpeoOpa3zoBaTesib CUTHAJIa BBHIMOJHSIET (DYHKIUIO
OMOJIOTUYECKOTO JIEMEHTa pacrno3HaBaHus. B 3ToM kauecTBe BBHICTYyHalOT
BCE THUIIBI OMOJOTMYECKUX CTPYKTYpP: (PEpMEHTHI, aHTUTENa, PELENTOPHI,
HYKJIEMHOBBIE KHCJIOTBHI.

du3znyeckuil mpeodpazoBaTeab CHUTHAJIA MHpeoOpa3yeT ompeaensie-
MBI KOMIIOHEHT B JJIEKTPUYECKHUI C MOMOIIBIO CHEIUATIBHON ammapary-
pol. Jl7ig cuuThIBaHUSA W 3amucy MHGOPMAIIUU UCTIOIB3YIOT JIEKTPOHHBIE
CUCTEMBbI YCUJICHUS U PETUCTPALIMU CUTHAJIA.

OCHOBHBIMU TPEUMYIIECTBAMH OMOCEHCOPHOI0 aHaIM3a SIBJISIOTCS
OTIEPAaTUBHOCTh aHAJIN3a, BHICOKAs CHENU(PUIHOCTh MPU HU3KOM CTOMMO-
CTH, OTCYTCTBHE HEOOXOJMMOCTH HCIIOJb30BAHUSL JOPOrOCTOAIICH ammna-
paTyphl.

Hanuuue B ycTpolicTBe OMomMarepualia ¢ yHUKaJIbHBIMH CBOMCTBaMU
MO3BOJISIET C BHICOKOM CEJIEKTUBHOCTBIO OMPEAEIISITh HYKHBIE COCITMHEHUS
B CJIOHOM 110 cocTaBy cMmecH (3arockuna H.B., 2009).

Pa3HoBHIHOCTH OMOCEHCEPOB U UX NpUMeHeHune. PazpaboTka Ouo-
CEHCOPOB MPEACTABIAECT COOOM OAHY U3 BETBEU COBPEMEHHOU OMOTEXHO-
noruu. Hanbonbiiee pa3Butue nonydusia GepMEHTHBIE U KJIETOYHbIE OUO-
CEHCOPBL.

MepMeHTHBbIE OMOCEHCOPBbI MOTYT OBITh MPEIACTABIEHBI (DEPMEHT-
HBIMU JJIEKTPOJaMH, (DEPMEHTHBIMH MHKPOKAIOPUMETPUICCKUMU JaTUH-
KaMu, OMoaTYMKaMU Ha OCHOBE XeMU- U OUOJTIOMUHECIICHIINH.

Depmenmuble 31eKmMpoobl — YCTPOUCTBA OCHOBAHBI HA NMPUMEHEHUH
AIEKTPOXUMHYECKOTO Criocoba OmpeiesieHHs] BelecTB, 00pa3yromuxcs B
xozie (hepMeHTaTUBHOTO TpeBpaiieHus. [Ipeactapiuser co0oi IEKTpo C
HAHECEHHBIM MTOBEPXHOCTHBIM CJIOEM, COJCPKAIIUM OJUH WJIM HECKOJIBKO
UMMOOMJIM30BAHHBIX (PEPMEHTOB.

Depmenmuble MUKPOKAIOpUMEemMpUYecKue 0amuuxuy — YCTPOUCTBA
OCHOBaHBI Ha HCIOJIb30BAaHUHU TEIIOBOTO 3 dekTa HepMeHTAaTUBHON pe-
akuu. CoCTOSAT U3 JIBYX KOJIOHOK, 3alOJHEHHBIX HOCUTEJIEM C UMMOOU-
JIM30BAaHHBIM (PEPMEHTOM M CHApsIKEHHBIX Tepmuctopamu. [Ipu mpomyc-
KaHUM 4epe3 U3MEPUTENIbHYI0 KOJIOHKY aHaJIU3UpPyeMOro obpasiia Mmpouc-
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XOJIUT XUMUYECKAs PeaKirs, KOTOpasi COMPOBOKIAETCS PETUCTPUPYEMBIM
TETJIOBBIM 3P (HEKTOM.

Xemu-ouonromunecyenmuvle O0am4uku — PETUCTPUPYIOT CBETOBOE
U3ITy4eHUE C PAa3IUYHOM JJIMHON BOJHBI, HUCITyCKaeMoe MPOoIyKTamMmu ¢ep-
MEHTAaTUBHOM peaKIiy, HAXOASIIUMUCS B BO30YK/IEHHOM COCTOSTHUMU.

broceHCOphl MO3BOMISIOT WM3MEPUTh AKTHMBHOCTH OOJBIIOTO YHCIIA
dbepmMeHTOB, Hanpumep, B KpoBU. OllEHKAa aKTUBHOCTU (PEPMEHTOB, CBS-
3aHHBIX C CEPJICYHOM NIEATENIbHOCTHIO, 1a€T BO3MOXKHOCTh B KIIMHUYECKUX
yCJIOBHSIX OIICHUBATH rIyOnHY H(papKTa MUOKapaa. Mi3sMepeHus: akTHBHO-
cTu (hepMEHTa aMIJIa3bl HCTIOJB3YIOT B MEIUATPHUU.

Kaerounsie 0moceHcopbl. OJHO W3 JOCTHKEHUNW OMOTEXHOJIOTHH
CBSI3aHO C Pa3BUTHUEM METOJOB BKJIIOUCHHMSI KMUBBIX KJIETOK B MOJMMEPHI U
TBEPJbIE HOCUTENIW PA3IUYHOM MPUPOABI M MPUMEHEHHEM TaKoro poja
MaTepHUasoB I pelIeHU 3a7a9 MEAUIIMHBI U YIIPABIIEeMOro OMOCUHTE3A.

HauGonpiiee npumeHeHHe I HWMMOOWJIM3AIMU HANUIM  KJIETKH
MHUKPOOPTaHU3MOB, KOTOPBIE JIETKO KYJbTUBUPYIOTCS, BOCIIPOU3BOIATCA U
MOJIJICPKUBAIOTCA B YUCTOM KYJBTYpE, a TaKXKE€ PACTECHUMU, KUBOTHBIX H
genoBeka. B oTiuure ot hepMEHTOB, IPH WX UCITOIb30BaHUHU HE TpeOyeT-
Csl JOPOTOCTOAIINX CTAAUN OUUCTKH.

NMMOOMIM30BaHHBIE KJIETKU HAlUTH MIPUMEHEHHE B PA3JIMYHBIX OT-
pacisx HapOJAHOTO XO3SMCTBA JUIS CHHTE3a Pa3HOOOpa3HBIX XMMHUYCCKHUX
COCIMHEHUN OMOTEXHOJIOTMYECKUM CIIOCOOO0M (Taour. 4).

Tabnuia 4 — IIpoMpIICHHOE IPUMEHEHNE KIIETOYHBIX OMOCEHCOPOB
(3arockuna H.B., 2009)

Nmmobnim-
[IpoxykT 6MOTEXHOIIO-
30BaHHbIE Hocurenu
THYECKOT0 Tporiecca
KJICTKU
1 2 3
YKcycHas KuciaoTa Acetobacter | [IpeBecHas cTpysxKa, XJIONOK, KEpaMu-
(CH; COOH) aceti Ka, BKJIIOYCHHUE B KOJUTAreH
Moso4Has KuciaoTa Lactobacillus | Ca-anerunar, araposa, [TAATL (3mek-
(CsHeO3) delbruckii, Tpodope3 B MOTHAKPHUIAMHUIHOM Trelie),
Rhyzopus TI0JIIC BOJIOKHA, MEMOpAHHBIC PEaKTO-
orizae pBI
JlumoHHas KUCTIOTA Aspergillus AncopO1tvs Ha TOJIUTIPOTIHIICHOBOM
(Cs Hg O ) niger TJICHKE, BKIIFOUCHHUE B KOJIJIAaT€HOBYIO
MemOpany, [TAAT", renu Ca-anbruHar,
arap
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Okonuyauue Tadim. 4

1 2 3
AcnaparuHoBas kucio- | Escherichia | [TAAT, arap, arapo3a, KapparfHas, I0-
ta (C4H;/NO,) alcalescens, JbI€ BOJOKHA
E. coli
Tpunrodan E. coli I[TAAT
(C11H12NL05)
ATOD Sacharomyces | [Toniepe4HOCIIMTBIEC CMOJIBI

(C10H16N5013P3) sp.
Buramun B12 (mmano- | Propionibacte | [TonepeyHocIUThIE CMOJIBI, TIOJIUYpe-

KoOamaMuH, rium sp. TaH, arap, KapparuHa
C63H88C0N14014P)

6- E. coli Brrouenue B [TAAT
AMMWHONIEHULIWIIJIAHO-

Bas kucnota (6-AllK,

CgH12N,05S)

Terpauukima Streptomyces | [Toxbie BogokHa
(CoH24N,0g) aureofaciens

broceHCcophl MOKHO HCITOIb30BATh:

— I U3MEPEHHUs THUIIEBON IIEHHOCTH, CBEKECTH U 0€30MacHOCTH
MPOJIYKTOB MUTAHUS;

— DKCIIpecc-aHalii3a KPOBU HEITOCPEACTBEHHO Yy KPOBaTH OOJILHOTO;

— OOHapy»XeHUS W M3MEPEHUsI CTEIICHU 3arpsA3HEHUS OKPYKAIOIIEH
Cpebl;

— ompeeNeHNs KOJWYECTBA B3PhIBYATHIX BEIIECTB, TOKCHHOB M BO3-
MO>XHOTO OMOJIOTHYECKOTO OPYKHS;

— U3BJICUCHHS METAJUIOB U3 CTOYHBIX BOJI;

— U3TOTOBJICHUS BOJOPOIHBIX COTHEYHBIX JICMEHTOB,;

— OYUCTKHU TMIPUPOJIHBIX M CTOYHBIX BO/I.

Pacmo3HaBanue OmnpeaeieHHOro BEIIECTBa ¢ MOMOIIbI0 UMMOOUIH-
30BaHHOTO0 Omomarepuaia BocTpeboBaHo. HekoTopsie GmoceHCOPHI TpH-
MEHSIOT B JOMAITHUX amnTedKax, HapuMmep, JIJIs ONMpEACIICHUs caxapa B
KpoBU. B pa3paboTke KOHCTPYKIIMU OMOCEHCOPOB, 3aMEHSIOIINE PEIETITO-
PBI JKHUBBIX OPraHW3MOB, YTO ITO3BOJIUT CO3/IaTh MCKYCCTBEHHBIC OpPTaHbI
OOOHSIHUA U BKYCa, & TAaK)KE MPUMEHSTh MOJ00HBIE pa3pabOTKu A OoJiee
TOYHOW AUarHocTuku psaa 3adoneBanuit (bynnukor I'.K., 1996; Bapdo-
aomees C.J1., 1997; 3arockuna H.B., 2009).
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2. buouunsl. [IpuHuMnbl pad0THI, MPUMEHEHHE

JlocTrkeHust B 00J1IaCTH MOJICKYJISIPHOM OMOJIOTUU U MUKPOIJIEKTPO-
HUKH TOJITOJKHYJIN pa3padOTUNKOB KOHCTPYKIHMM OMOCEHCOPOB K HOBBIM
pemieHnsiM. Takum pemreHneM ObUTO COo3/1aHue OMoYnIa, 00bBEIUHSIONIETO
CEHCOPHYIO CHUCTEMY, TpaHcHabiocep (duzndeckuid mpeodpa3oBaTeslb CHUT-
Haja — BJIEKTPOXUMHUYECKHUE, CIIEKTPOCKOMUYECKUE, TEPMHUUECKHUE, KAJIO-
PUMETPUYECKHE, PE30HAHCHBIE CUCTEMBI U T. 11.), aHAJIOTO-IIU(PpOBOI TIpe-
00pa3oBaresib 1 MUKPOIPOILIECCOP C IEIbI0 U3MEPEHUS] aHATUTUUYECKOTO
CUTHAJIa U pacuera pe3yJibTaTOB aHAIMN3A.

[Ipoobpazom coBpeMeHHBIX OMounmoB mociyxuil Cay3epH-010TT, U3-
rotoBiieHHbIH B 1975 rogy Onom CayzepHoM. OH HCIOIB30BA HYKJIEH-
HOBYIO KHCJIOTY JJisl ONpeeeHus Creruduueckoil mociaea0BaTeIbHOCTH
dparmenroB JIHK, 3adukcupoBaHHBIX Ha TBepAou mojioxke. B Poccum
y4€HbIC HayajIu aKTUBHO pa3padaThiBaTh OMOUMIIBI TOJBKO B KOHIE 1980-x
ronoB B MHctutyte MonekynsapHoui Ouosiorun PAH mon pykoBojacTBom
A.JI. Mupzabekona (3arockuna H.B., 2009).

TexHoIOrHsT MUKPOYHUIIOB — 3TO MPUHITUIIUAIILHO HOBBIM YPOBEHB Jia-
OOpaTOpPHBIX HCCIIENOBAaHUN, KOTOPBIM IMO3BOJISET MPOBOAUTH OJIHOBpE-
MEHHO€ T€CTUPOBaHUE Thicad 00pa3noB. Treicsun monekyn JHK nnm G6en-
KOB IMOMENIAIOT Ha TTACTUHKU I co3aAanHusi cooTBeTcTBeHHO JIHK-unmnon
WM OEJIKOBBIX YMIOB. DTW MUHHUATIOPHBIC MPHUOOPHI HUCHOJB3YIOT IJIsi
aHanu3a CHneunu(pUUECKUX B3aUMOJICUCTBUN OUOJOTMYECKHX MaKpOMOJIE-
KyJ. 30HJaMH B TaKUX YHUIAX MOTYT CIY>KUTh OJIMTOHYKJICOTHbI, (hpar-
MeHThl reHoMHoM JIHK, PHK, 06enku, penenTopsl, TUravabl ¥ Ap.

3a KOpOTKO€ BpeMsi OMOYMIIBI BBIACIWINCH B CAMOCTOSITEIbHYIO 00-
JacTh aHaldu3a C MNPWIOKEHUSIMH — HCCIEA0BaHMS (DyHIaMEHTATIbHBIX
npo0JieM MOJICKYJISIPHON OMOJIOTUY U MOJIEKYJISIPHOM ABOJIIOIUU A0 MpaK-
TUYECKOTO MPUMEHEHUS B MEAUITMHE, (apMaKoJIOTHH, SKOJIOTHUH, CYJIeOHO-
MEJUIIMHCKON SKCIEPTU3E U OP.

buouynn u npuHoun ero padorbl. CylIecTByeT HECKOJBKO Pa3HO-

BUJIHOCTEH OMOYMIIOB — MaTpu4HbIe (¢ mMMoOunu3oBanHoi JIHK), muk-
podmonaHble (KamUUISIPHBIC) U OMOYUIIBI C UCTIOJIB30BAaHUEM MUKpOCchEp
C LBETOBOU KOJIUPOBKOU.

Y COBpEMEHHBIX MHUKPOYMIIOB pa3Mepbl SUEEK JIeKAT B Ipejesiax
50-200 MUKpPOH; XapaKTepPHbIC 00BEMBI, OTHOCSIINECS K OTASIbHOMN SUcii-
K€, COCTaBJISIOT NMpUMEPHO OT | HII 10 1 MKII; 3HAaYCHUS KOHICHTpalun
aHAJIM3UPYEMbIX MaKpPOMOJIEKYJI HaXOJATCS OOBIYHO B TIpeAenax o
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10 mxMm. OO1IEE YUCITO STUYEEK HA YHIIE COCTABIISIET 103—105, a ero JIMHEH-
HBIE pa3Mephl COCTABIISIIOT MIPUOIU3UTETHHO 1 CM.

MuUKpo30H/1bI, KOTOPHIEC JOJKHBI B3aUMOJICUCTBOBATH C 0Opa3loM,
HAHOCST HA MOJIOKKY pa3MepoM He OoJbllle MOYTOBOM Mapku. Kaxkibrii
MHUKPO30H nMeeT (GopMy KamleabKu, COCTaBsAoMIeH okoo 100 MUKpPOH B
nornepeuyHuke. Bee siueiikn 0JHOr0 MUKPO30H/Ia OJIMHAKOBBI IO Pa3Mepy U
pacnosaratorcs moTHOCThi0 10—-30 xanenek Ha 1 mM°. Unrisl, Ha KOTOPBIX
IpOXOAUT (pepMEHTATHUBHAS PEaKIUs, UMEIOT 00Jee PEAKOE PaCIIOONKe-
HUE A4eeK, yeM 4unbl, Ha KOTopbIX uaer JJHK-peakuus. Takas TexHoII0-
r'Usl TIO3BOJISIET HA OJTHOM OHMOYHWIIE Pa3MECTUTh aHAIM3aTOp (PaKTHUUECKU
Bcero renomMa yesoBeka — oT 30 7o 100 teiCc. reHoB. Ilpu 3TOM neTekTupy-
ercss Hanmnmuue y4dactkoB JIHK mnmHOM OT mIecTw 10 HECKOJIBKHX ThICSY
HYKJIEOTUJOB — B 3aBUCUMOCTH OT ITOCTABJICHHOM 3aJa4H.

Yame Bcero it M3roTOBJICHUS YUIIOB CIYKaT IUIACTUHKH U3 CTEKJIA,
MJIaCTHKA, MOJYIPOBOJHUKA WJIM METAJLJIa, HA KOTOPBIX HAHOCST OMOJIOTHU-
gyeckue Makpomonekyisl (JAHK, 6enku, ¢pepmentsl), criocodHbie n3dupa-
TEJIbHO CBSI3bIBATH BEILIECTBA, COACPKAIINUECS B AHAIIM3UPYEMOM PaCTBOPE.

Bo Bcex MHoOronmapaMeTpuueCKUX OMOYHUIIaX HUCHOJIb3YIOT MEXaHU3M
XUMHYECKOTO B3aWMOJCHCTBUS. MoOJeKyIbl HcCleayeMoro oopasmna co-
EAUHSIOTCA CO CBOEH mapoi (MUKPO30HIOM), TOMEIIEHHOW B OJTHY U3 He-
CKOJIBKMX ThICAY siYeeK Ha uure, Hanpumep, Hutu JJHK coenunstoTcsa co
CBOEHM KOMILUIEMEHTAPHOM MapoOW, aHTUT€H — CO CBOMM AaHTHUTEIOM, CyO-
cTpaT — co cBouM (pepMeHTOM. Hanmume TOro uiv MHOTO BEIIECTBA HIIH
reHa B oOpasie OmpeiessioT Mo JIOMUHECIICHTHOMY CBEUCHHIO Ha IPO-
pearnpoBabiieM unie. OayopecueHus SBISETCS OCHOBHBIM, HO HE €U H-
CTBEHHBIM METOJIOM HM3y4eHUs ruOpuanzanuu. J[aHuele o Xxapakrepe ruod-
PUIM3AIUMYA MOXKHO IOJYYUTh TAKXKE C IMOMOIIBIO MAaCCCIEKTPOMETPUH,
ATOMHOW CUJIOBOM MUKPOCKOIIUU U JIP.

B 3aBHCUMOCTH OT TOTO, KaKHE€ MAKPOMOJIEKYJIbI UCTIOIb3YIOTCS, BbI-
JESI0T pa3IuvYHbIC BUALI OMOYUIIOB, OPUEHTUPOBAHHBIE HA pa3HbIE IIEIH.
B nHacrosiee BpeMs npeodianaet npousBoacTeo JHK-uumnos (94%), T. e.
MaTpuil, Hecyiux MoJiekyisl JIHK u 6enkoBbie unibl (6%0).

B ocHoBe mpuHIMna paboThl BCEX THUMOB OMOYUIIOB ¢ UMMOOHMIN30-
BaHHOM JIHK nexuT TouHOE COOTBETCTBUE MEXKIY NMPAMONW U KOMILIEMEH-
tapuoi JIHK no mpaBuny Yorcona — Kpuka (A/T u G/C). 'mbpunuzyemas
JIHK 3apanee HapabaThIBaeTCs C OMOIIBIO IMOJUMEPA3HON LIETHOM peak-
nuu (IILP). 3atem B X0Jie peakiyy Ha YUTIE TPOUCXOJAUT B3aUMOJICUCTBHE
koMmruieMeHTapHbix nernev JJHK: omHa w3 HMX ¢ M3BECTHOM MOCIEIOBA-
TEIBHOCTHIO HYKJICOTHAOB 3a(UKCUpOBaHa Ha MJIACTHHE, a Jpyras OJIHO-
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nenoyeynas JIHK-mumenb, MedeHHas (QuyopeclieHTHONH METKOMW, HaHO-
curcs Ha JIHK-uumn.

Nmmoobunuzyemas JIHK HaHOCUTCS Ha MOBEPXHOCTh Yepe3 UI0JibYa-
ThI€ PAcTpbl (MMMHBI) MEXAHUYECKOTO pOOOTA MM C MOMOIIBIO TEXHOJIOT U
Tuma ctpyHoro npuntepa. ['ubpuanzyemas JIHK B pactBope meTutcs c
NOMOIILI0 (DIIYOPECHIEHTHOW WM paJuakTUBHON MeTku. CBoiicTBa (iryo-
PECUEHTHOTO KpPAaCUTEIIsl HE HOJIKHBI CHUJIBHO 3aBUCETh OT cocraBa JIHK
(A/T nmm G/C) u TemMiepaTypsl.

[Ipu B3auMoIeicTBMU OMOYMIIA C UCCIEAYEMbIM 00pa3lioM, IIpe/Ba-
pUTEIHLHO 00Pa0OTaHHBIM CBETAIMUMCS ((IyOpPECIEHTHBIM) KpacUTENIEM, B
COOTBETCTBYIOIINX SYEUKAX MPOUCXOJIUT XUMHUUECKAS] PEAKIIUS, B PE3YJIIb-
TaTe€ 4Y€ro 3TU SYEHMKHW HAYWHAIOT CBETUTHCS — TE€M CHJIbHEE, YEM HUHTECH-
CHBHEE MPOLECC. AHAIN3 NMPOPEATUPOBABIINX YUIIOB MPOU3BOJAUTCA aBTO-
MaTHYECKA C MOMOUIBIO aHaIu3aTopa (YUI-IETEKTOpa), KOTOPBIA MpeE.-
CTaBJISIET COOOM MIUPOKOMOJIbHBIM MUKPOCKOT, COCIMHEHHBIN BHUICOKaMe-
poil 1 KOMIIbIOTEpOM. VIMEHHO B BBISIBICHHHM U COIMOCTABICHUHM HAnbOoOJee
SAPKO CBETAIIMXCA SYEEK M 3aKirouaercs pabora mpubopa — aHaIM3aTOpa
OonounnoB. Tak ompeAeNstoTCs pa3IMYHbIE XapaKTepUCTUKU oOpasiia, Ha-
npuMep, IPUCYTCTBUE B OPraHU3ME TEX WM MHBIX BO30yaUTENEH WA Ha-
JIMYUE B TCHOME KaKUX-JTM0O U3MEHEHHBIX TE€HOB.

B reneBbix Omounnax JIHK mMmmoOumu3yercs B clioe MOJIMaKpHia-
MHUAHOrO renst ToMmuHON 10—20 MUKPOH, HAHECEHHOrO Ha CIEIUATBHO
00pabOTaHHYIO TMOBEPXHOCTh CTeKJIa. MIMMOOMIM3aIus OCYIIECTBISAETCS
3a cYET 00pa30BaHUs KOBAJICHTHBIX CBSI3€H C MOMOIIBIO (POTOPEAKIINH TTPU
00JIydeHUU yJIbTpauONETOBBIM H3JIydYeHHEM. B reneBblx Ouounnax
B3anmozercTBue Mexay moisiekyiaamu JJHK nmpumepHo Takoe ke, Kak U B
pactBope. Kpome Toro, 0marogapsi TpexmMepHON KOHGUTYpaIlUU STYCHKH B
TaKMX OMOYHUIIaX 00Iee YKclIo UMMOOUIU30BaHHbIX Mojekyn JIHK 3Ha-
YUTEJIBHO BBIIIE, YEM B MOBEPXHOCTHBIX MUKPOYHIIAX, YTO MPUBOJIUT, CO-
OTBETCTBEHHO, K 00Jiee CHIIbHOMY CUTHATYy (hJIyOpECICHIINH U3 SUCHKH.

OCOOEHHOCTBhIO POCCHIMCKUX TEJIIEBBIX OHMOYHUIIOB SIBIISIETCS TO, YTO
TaKue T YJEePKUBAIOT OOJIbIlIee KOJIMYECTBO MPOOBLI MO CPAaBHEHHIO C
JIBYXMEPHBIMH, ¥ MOTOMY YYBCTBUTEJIHHOCTh OTEUECTBEHHBIX OMOUYMUIIOB
BBIIIE, a CJIEJOBATENbHO, HUKE TPEOOBaHUS K PETUCTPUPYIONIEH anmapa-
Type. HeMa1ioBaXkHO U TO, YTO peaklMi B OObEMHOM TeJie TPOTEKAOT TaK
ke, KaK U B JKUJKOCTSAX, T. €. KaK B )KUBOM OpPraHU3ME. ITO MO3BOJISIET IMO-
JYYUTh PE3YIbTAT, MAKCUMAJIBHO MPUOJIMKEHHBIN K pEaIbHOCTH.

Ha 3anane uccrnemoBaTeny MONUUIKA MO APYromMy IMyTH U pa3padoTainu
s cozmanuss JIHK-uumoB mpormecce ¢otomurorpaduu, aHamIOTHIHBIN
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IpolecCy  MPOU3BOJCTBA  KPEMHHUEBBIX  IPOILIECCOPOB,  HAIPUMED,
Affimetrix (CIIA) co3zman GeneChip-TeXHOIOTHIO, OCHOBAaHHYIO Ha BBI-
COKOIUIOTHBIX yunax, coaepxamux JJHK-mocienosarenbHOCTH.

JIHK-muKkpouunpl IPUMEHSIOT C LEJNBI0 NMPAKTUYECKOTO HCIOIB30-
BaHUs MH(OPMAIIUU, TIOTYYSHHOU B PE3yIbTaTe CEKBEHUPOBAHUS T€HOMOB
YeJI0BeKa U JPYTUX KUBBIX OPraHW3MOB, @ UMEHHO:

— Il uACHTH(PUKAIIMA MyTalWil B T€HAX, CBSA3AHHBIX C pPa3HBIMU
3a00JIEBAHUSIMU,

— HAOJIFOICHMH 32 aKTUBHOCTBIO I'€HOB;

— JWArHOCTUKM WH(EKIMOHHBIX 3a00J€BAaHUM U  OMNpPEACICHUS
HauOoJsiee YPPEeKTUBHOTO METO/1a TEPAITUH;

—  UJAGHTU(PUKAIUM TEHOB, BAXHBIX A MPOJYKTUBHOCTH
CEJIbCKOXO35MCTBEHHBIX KYJIbTYP;

— CKpMHUHTa MUKPOOPraHU3MOB, KaK MaTOT€HHBIX, TAK U MOJIE3HBIX,
HalpuMeEp,  MCIOJB3YEMbIX  JUISI  BOCCTAaHOBJEHUS  3apaKEHHBIX
OpraHU4YeCKUMHU OTXO/IaMU TTOYB.

UToOBI UCTIONB30BaTh M3BECTHBIE MOCIIEAOBATEIHLHOCTH T€HOB U Te-
HOMHBIX KapT, HEOOXOAUMO OMNPENEIUTh (PYHKIMHU BXOJSAIINX B UX COCTaB
reHoB. be3 0eKOBbIX MUKPOUYHUIIOB 3Ta PEAKIUs OYEHb TPYJ0EMKA.

benkoBble OMOYNINBI, HECYIIIME MOJIEKYJIbI, YyBCTBUTENIBHBIE K Pa3-
JUYHBIM HHU3KOMOJICKYJISIPHBIM COCJIUHEHUSAM, YK€ B CKOPOM OyayIiemM
MO3BOJISIT ONPENENATh HAIMYHUE IIUPOKOTO CIEKTpa JICKAPCTBEHHBIX BE-
IECTB, TOPMOHOB, HAPKOTUKOB, MECTUIUIOB MPAKTUYECKUA B JTIOOOM aHa-
JU3UPYEMOM Matepuasie (KpoBb, BOJA, TMHUINA, 0Opa3el] MOUYBBI), a TAKKe
MHOECTBO PAa3JUYHBIX aJUIEPT€HOB, OHKOIE€HOB, OUOJTOTUYECKH aKTUBHBIX
BEIIIECTB U JIa)K€ M'eHETUUECKUX JePeKTOB. TeXHOJOorus 0EJIKOBBIX OMOYH-
OB 3aMEHUT II€JIbIe UMMYHOJOTHYECKHE JTa0OpaTOpUH U J1aCT BO3MOXK-
HOCTh YBEJIWYUTh MPOU3BOJAUTEIBLHOCTh OOJBIIMHCTBA JAUATrHOCTUYECKUX
METOJIOB B THICSIYM Pa3, PE3KO CHU3UB CEOECTOMMOCTh aHAJIM30B.

benkoBbie MUKPOYHITBI TIPEAIIOIAraeTCsl UCOJIb30BaTh:

— 711 OOHapy>KeHUsl OCIKOBBIX OMOMAapKEPOB, XapaKTEPHBIX pa3Iny-
HBIX 3a00JICBaHUH U JJa)Ke Pa3HBbIX UX CTAIHMH;

— OLEHKM TMOTCHHHAIbHOU A()PEKTUBHOCTH U  TOKCUYHOCTH
pEenaparoB B JOKJIMHUYECKUX UCTIBITAHUSAX;

— W3MEPEHUs pa3Iu4uil B CHHTE3¢ OCEIKOB OTICIbHBIMH THIIAMHU
KJIIETOK; KJIETKaMH, HaxXOIAIIMMUCS HAa Ppa3HbIX CTaAusAX Ppa3BUTHUA;
3I0POBBIMH U MATOJIOTUYECKN U3MEHEHHBIMU KJIETKAMU;

— U3YUYCHHS B3aUMOCBS3U MEXIY CTPYKTYPOH U PyHKITUSIMH OCIIKOB;
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— OIEHKH JIKCIPECCUHN OCJNKOB C IEJIbIO BBISIBJICHUS MUIICHEH s
HOBBIX JICKAPCTBEHHBIX MPEINAPATOB;

— U3Y4YEHMUS B3aUMOJICUCTBUM Mexay OelkaMu ¢ JpYyruMu
MOJIEKYJIaMH.

OyHIAMEHTAIBHBIN TPUHLMII, MOJO0XKECHHBIA B OCHOBY TE€XHOJIOTHHU
MUKPOUYMIIOB, MOJATOJKHYJ UCCIIeI0BaTENEH Ha CO31aHuE OOJIBIIOTO YKcia
YCTPOWCTB ISl PELICHUS IIUPOKOTO CIEKTPA HAYYHBIX 33a/1a4 U CO3JaHUSA
HOBBIX MPOAYKTOB (TKAHEBBIE U KJIETOYHBIE MHKPOYMIIBI, MUKPOYHUIIBI HA
OCHOBE MaJIbIX MOJICKYII).

IIpumeHenne OMOYMIIOB. bHOYNIIBI TPUMEHSIOT KaK IS UCCIEN0-
BATEJIbCKUX LIEJICH, TAK U B MMPAKTUYECKON MeaUIMHE. VX UCITONB3YIOT JUIS
MOMCKA U yCTAHOBJICHUSI (YHKIUNU Pa3IUYHBIX T'€HOB. 32 KOPOTKHUM MPO-
MEKYTOK BPEMEHM MOXHO IMPOAHATU3UPOBATH N€HETUYECKHUE MYTAlMU U
BBISIBUTH MPEAPACTIOIIOKEHHOCTh YEJIOBEKA, HAapUMEpP, K OHKO03a00JieBa-
HUAM (oHa BhIIBIsAeTCS y 60% OonbHBIX pakoMm). B Hacrtosiiee BpeMs B
npoliiecce cepTU(UKAIIU HAXOAUTCS OMOYHTII ISl AMATHOCTUKH JICHKEMHUH.

Tak kak CyIIecTBYIOT HE TOJBKO T'€HHbIE, HO U OEJIKOBBIE OHKOMAap-
Kepbl (MOJIEKYJIbl, CUTHAJIU3UPYIOIIME O pake), ObUIN pa3pabOTaHbl U CO-
OTBETCTBYIOIIME Omouunbl. To ke camoe Kacaercsi OMO30HAOB, OIpEIe-
JSAIOMHAX COBMECTUMOCTD IIPU MEPEIMBAHUU KPOBU, AaHAIU3UPYIOLIUX Op-
ra’nusM nainueHToB Ha rematut u CITA/I.

Hcnonb3yst OMOYUIBI, MOKHO JUATHOCTUPOBATh HE TOJBKO HACIEH-
CTBEHHbIE 3a00JIeBaHUs, HO U OOJIE3HU, SIBIISIIOIIMECS PE3YJIbTaTOM IPHU-
XKU3HCHHBIX MyTaI[Mid B TEHETUYECKOM KOJIE.

MuxkpouuIbl MOMOTAOT U3y4aTh MOJIEKYJISIPHBIE MEXaHU3MBI U OCY-
HIECTBJISATh TPOBEPKY ACUCTBHS PA3IUYHBIX JIEKAPCTB.

CylecTBEHHYIO TTOMOIIbL OMOYUIIBI MOTYT OKa3aTh U TPHU Tepecaike
opranoB. OcHOBHas mpoOJjieMa MPU TAKUX OIMEPalMSAX 3aKIIOYAETCA B OT-
TOPKEHUM UMILUIAHTUPOBAHHBIX TKAHEW MMMYHHOM CUCTEMOM YEJIOBEKA.
Mapxkepamu, KOTOpbIE HAXOAATCS B KaXKJIOW YEIOBEUECKOW KIIETKE U CIIy-
&KaT JUIsl UACHTU(UKAIIUA CBOUX KJIETOK, SIBJISIFOTCA O€JIKU TJIABHOTO KOM-
IUJIEKCa TUCTOCOBMECTUMOCTHU. J[Ji1 TOro 4toOBl M30€KaTh OTTOP>KEHHS,
HE00XO0AMMO, UYTOOBI OENKH-MapKephl Ha UMIUIAHTUPOBAHHON TKAHM Kak
MOHO MEHBIIIE OTJIUYAIUCh OT OEJIKOB-MapKepoB MarueHTa. buodunsl
obJieryat 1moa00p HanboJIee MOAXOIAIINX JOHOPOB, TIepecaika OPraHoOB OT
KOTOPBIX BBI30BET MUHUMAaJIbHbI HNMMYHHBIA OTBET.

Pa3pabaTbhiBatoTCsl Tak:ke OMOUYMIIBI JJIsI AMArHOCTUPOBAHUS Pa3JINy-
HBIX opM TyOepkyiie3a. B Hacrosiiee Bpems MOSBUIOCH MHOXKECTBO pa3-
HOBHUJIHOCTEH TYOEpKYJIe3HON MaJOUKH, YCTOMYMBBIX K BO3JCHCTBHIO aH-
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TUOMOTUKOB. BHOYMI MTO3BOJIUT BHISIBUTH BCE U3BECTHBIE HA CETOMHSIIHUN
neHb (GopMbl BO30OYAUTENS] TyOepKyle3a, a TakKe ONpPEeNeTuTh, KaKUM
MMEHHO aHTHOMOTHKOM HYXKHO JICYUTh KOHKpPETHYIO (hopmy 3a00sIeBaHMs.
[Ipuyem BepoOSITHOCTH BBISIBJICHUS OMouunioM (popMbl 3a0o0sieBaHust TyOep-
KyJI€30M C YCTOMYUBBIMU K JieKapcTBaM Bo30yauTens onuska k 100%. qu-
arHOCTHKY MOHO OYJIeT MPOBECTH B TEUCHHE JHS, TOT/Ia KaK APYyTUe Tpa-
TUIMOHHBIE METO/IbI TPEOYIOT HECKOJIBKUX HEENb WU JJAXKe MECAIICB.
buoyumnbl MOXHO NMPUMEHSATH JJIi KOHTPOJIA 32 HEKOTOPBIMU CMeEp-

TEJIHHO OTIACHBIMHU OaKTEPHUsIMHU, HAIIPUMEDP, €CTh OMOYHIIBI, TTO3BOJISIOIITNE
OTpeNeTsATh BO30yAUTENe CHOMPCKOM S3BBI, OCIIBI, YyMbI U OpyIieiiesa, a
TAKXKe JIJIs1 JUArHOCTUKY TPUIIIA U OMPEIeTICHUS €T0 IIITaMMOB.

[IpuBeneHHBIC TPUMEPHI CBUIETEIBCTBYIOT B IMOJIB3Y TOTO, YTO TEX-
HOJIOTHSI OMOYMIIOB OYJIET CTPEMHUTENBHO Pa3BUBATHCS, a MX MacCOBOE
MIPOU3BOJICTBO MPUBEACT K PE3KOMY YMEHBIIIEHHUIO CTOMMOCTH ATON MPO-
nykiuu. Ceiiyac 4uciio pa3MeIiaeMblx Ha OMOYHNIIEe STYEEK JOCTHTACT YXKe
HECKOJIBKUX THICSY, YTO COOTBETCTBYET ThICS4aM MPOOUPOK C IPOBOJIU-
MBIMU B HUX aHaidu3aMH. Takue OMOYHUIIBI MPEACTABISIOT COOOM Ielble
IKCIIPECC-IIa00PaTOPHH, KOTOPBIE MO3BOJITIOT COKOHOMUTH BpeMs KakK Bpa-
yaM, TaKk M MalMeHTaM. Pa3BuUTHE TEXHOJOTHUU HCIOIB30BaHUS OMOYUIIOB
HE TOJBKO MPUBEIET K PE3KOMY COKPAIICHUIO CPOKOB MPOBEJCHUS aHAJI-
30B, HO M JIaCT BO3MOKHOCTb OCYIICCTBJISATh JTUAarHOCTHUKY HA WHIUBHUIY-
aJTHbHOM YPOBHE.

Takum 06pa3zom, MBI O3HAKOMHJIUCH C BO3MOKHOCTBIO HCIIOJIB30Ba-
HUs (epMEHTOB B OHMOCEHCOpaxX W OHWOYHMIIAX, CTPOCHHUEM M BO3MOKHO-
CTBIO PUMEHEHUS dTUX YCTPONUCTB B IPAKTUUECKOU JIESITEIHLHOCTH.

OcHOBHBbIE TePMHHBI M MOHSITUA: OMOceHCcop, Onounn, GpepmMeHT-
HBIE AJIEKTPOIbI, PEepMEHTHBIE MUKpOKaJIopuMeTprueckue aatuuku, JJHK-
yun, JIHK-muiens, noavmepasHas LiernHas peakiiusi.

Bonpoch! 111 CaMOKOHTPOJIS

1. Pacckaxkute o mpuHIIUIE paboThl OMOCEHCOopa.

2. HazoBute coeauHeHUs, SIBISIOMIMECS OMOMaTepruagoM JjIs Mojy-
YeHHUsI OMOCEHCOPOB.

3. PacckaxxuTte 0 MpUHIMIIAX KOHCTPYUPOBAHUS OMOCEHCOPOB.

4. HazoBuTe TUIBI OUOCEHCOPOB.

5. Pacckaxxute, 4TO TpeacTaBiaseT coOOM OMOUYMN U JJIT YeTO OH
npeaHa3HayeH.
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6. JlaliTe XapakTepHUCTUKY PA3HOBUIHOCTSIM OMOYHIIOB.
7. B xakux cnyudasx npumenstot JJHK-mukpounmnsi?

Bonpocs! 11 caMOCTOATEIbHON Pa0d0ThI

buocencopsl. IlpuHnmmnel KOHCTpyHnpoBaHus OmoceHcopoB. Pazno-
BUJIHOCTh OMOCEHCOPOB M UX NpuMeHeHue. dDepMeHTHbIE OUOCEHCOPHI
(pepmenTHBIE 25IEKTPOIbI, (PEPMEHTHBIE MUKPOKATOPUMETPUUECKUE JaT-
YUK, OMOIaTYMKU HAa OCHOBE XeMU- U OnosroMuHecteHumn). Kinetounsie
ouoceHcopsl. buouunsl. buouun wu npuHuun ero padotel. JIHK-
Mukpounnsl. beakossie Onounnsl. [[pumeHeHne OMOYUIOB.

Pexomenayemasi iurepaTypa K CaMOCTOAATEJILHOM padoTe

1. buotexHosorus: Teopus U MpakTUKa: ydeOHOe mocobOue s
By30B / H.B. 3arockuna [u 1p.]. — MockBa: Onuke, 2009. — 496 c.

2.  bymnukos, I'.K. bruoceHcopbl Kak HOBBIA THIT aHAJTUTHYECKHUX
yctpoiicTB / I'.K. BynuukoB // CopocoBckuii 00pa3oBaTebHBIN KypHaAT. —
1996. — No 12. — C. 26-32.

3. Bapdomomeer, C.JI. buocencopsr / C.J. Bapdomomees // Co-
pOCOBCKHI 0Opa3zoBarenbHbli KypHait. — 1997, — Ne 1. — C. 4549,

4. T'mux, b. Monekynapuas OouorexHonorus. [IpuHuunel U npu-
menenue / b. I'nmuk, [[x. [Tactepnak. — MockBa: Mup, 2002. — 589 c.

5.  Eptiorun, I''A. OcHOBbI OHOCEHCOPHUKU [DIEKTPOHHBIN pe-
cypc]: yuebnoe nocodue / I'.A. Estiorun, I'.K. byanukos, E.E. CtoiikoBa;
Kazanckwnii rocynapctBenHbid yaHuBepceuter. — Kazans, 2014.

6. Eropoa, T.A. OcnoBwsl Ouorexnosoruun / T.A. Eroposa,
C.M. Knynosa, E.A. )Kuyxuna. — Mocksa: Akagemus, 2008. — 208 c.

/.  Xumuueckas 0€30MaCHOCTh U MOHUTOPHHI >KUBBIX CHCTEM Ha
OpUHIUNAX OMOMHUMETHKH YyueOHOe Tocobue [DNEKTPOHHBI pecypc]:
yuebnoe nocobue / I'.K. bynuuxos, C.}O. I'apmonoB [u ap.]. — Mockaa:
NMH®PA-M, 2013. — 320 c. — http://znanium.com/go.php?id=354022.

8. UerBeprakoBa, E.B. buorexnonorus: ydebHoe mnocobue /
E.B. UerBeprakona, JL.II. Baageimesckas. — Kpacnosipck, 2011. — 175 c.
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TEMA: BUOTEXHOJIOT'USI B OXPAHE OKPYKAIOLIE
CPE/JbI

[enpro qaHHOM TEMBI SIBISIETCS OCBOCHUE TPUMEHEHHS] OMOTEXHOJIO-
TMYECKUX METOJIOB JJIsl PEIICHUs MPOOJIeM mepepabOTKH OTXOI0B U 3allly-
Thl OKPYKaIOIIEH CpebI.

Bonpocsl

1. 3agaun OMOTEXHOJIOTHU B OXPAHE OKPYKAIOIIECH CPEIbI.

2. BUOTEXHOJIOTHsl OUUCTKH CTOYHBIX BO/I.

3. IlepepaboTKka OTXOIOB B IPUCYTCTBHH KHciopoaa (a3poOHast).
4. PaznokeHue wia CTOYHBIX BOJI (aHAYPOOHOE Pa3IoKEeHHE).

5. M3BiieueHUE MOJIE3HBIX BEUIECTB.

1. 3amauu OMOTEXHOJIOTUM B OXPaHe OKPY:Kalollel cpeabl

[IpuMeHeHne OMOTEXHOJIOTUUECKUX METOJ0B JJIsl pElICHUs Mpo0IeM
OKpY>KaIOIIEel Cpejibl, TAKMX KakK MepepadoTKa OTXO0I0B TPOMBIILICHHBIX U
CEIIbCKOXO3SIUCTBEHHBIX MPEANPUATUNA, OUYUCTKA CTOYHBIX BOJ, YCTpPaHE-
HUE 3arpsA3HCHUM, COCTaBISECT MPEAMET IKOJOTMYECKOM OMOTEXHOJIOTUU
(EropoBa T.A., 2003).

Kpyr mpo0isiem, KOTOpbIE peniaeT 3KOJIOrMYecKas OMOTEXHOJIOTHS,
OYEHb IMHUPOK — OT Pa3padOTKU U COBEPIIICHCTBOBAHUSI METOIOJIOTHH KOM-
MJIEKCHOTO XMMHKO-OMOJIOTHYECKOT0 MCCIEA0BAHUS IKOCUCTEM JI0 pa3pa-
OOTKM TEXHOJIOTMM M peKkoMeHAanuid. B mpoiiecce kpyroBopora 3arpsis-
HAIOIIUX BEIIECTB B 3KOCUCTEMAax OrPOMHYIO POJb UIPAlOT MHKPOOpPra-
HU3MBI, KOTOPbIE MOKHO HCIIOJb30BaTh ISl MEpepabOTKU O0TX0J0B. PocT
HaceJIeHus, ypOaHu3alusl MPUBOIAT K CEPhE3HBIM JKOJIOTUUYECKHUM IMPO-
OjieMaM, TaKMM Kak 3arps3HEHHE BOJOEMOB, YBEIMUYEHUE KOJIMUECTBA ObI-
TOBBIX OTXOJIOB M, KaK CJEACTBUE, POCTY YHCIA TOPOJICKHX CBAIOK. [Ipo-
MBIIIUICHHBIE TPEANPUATHS 3arps3HAIOT arMochepy razoo0pa3HbIMU H
TBEPJIBIMH BBIOpOCAMU, BOJOEMBI — CTOKaMH, COJIEPXKAIUMHU BpPEIHBIC U
yacto sjpoButhie BemecTBa (bexkep ML.E. u np., 1990; Eroposa T.A. u jap.,
2003).

MHorue BeniecTBa OMacHsbI JJIsl YEI0BEKA U )KUBOTHBIX, UX IEPEUYCHb
npuBegeH B Taomuie 5 (Epmos FO.A. u ap., 2000; Yraii S1.A, 2000; Ero-
poBa T.A. u np., 2008).
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Ta6muma 5 — [lepedyeHpb BeIecTB, OMACHBIX JIJI YEJIOBEKA

BemecTBa, IposBIAIOIINE KaHIIE-
POTEHHBIN, MyTareHHbIN YPPEeKT

BemecTBa, BbI3bIBaIO-

M€ PE3UCTEHTHOCTh

y BpeauTeneu, naTo-
T€HOB M COPHSIKOB

Bemectsa, ctumy-
JIMPYIOIINE OTKIIAI-
KY SIMI U Pa3MHOXKe-

HUE BPEIUTENIEH

Xnopoprannueckue: Q1T
(muxopaueHUATPUXIOPITAH,
«IyCT»), TOJUXJIOPITUPEH, ITOJIH-
xinopkamben (I1XII), rexcaxiop-
OyTajaneH

[IpousBoaHble AUTHOKAPOAMHUHO-
BOM KHCIOTBI: IUpaM (XUMHUYe-
CKUil mpemapar, (GYHTHINTI), -
HeO (AelcTByIOIIEE  BEIECTBO
MIECTUITUIOB, KOHTAKTHBIM M CHC-
teMHblid Qynrunua), TMT/ (tu-
paM — JEHCTBYIOIIEE BEIIECTBO
NECTHUIIN/IOB, IPUMEHSETCS B CEJIb-
CKOM XO3sICTBE Jisl OOpPBOBI C 3a-
00JIeBaHUSIMH PACTCHUH)

[IpousBoaHbie KapOAMUHOBOW KU-
cioTel: Oenomun (dbyHmazonm —
JICCTBYIOIIEE BEIIECTBO TMECTHU-
U0B, (YHTHIIMI U3 Kiacca OCH-
3UMJIa30JI0B,  UCIOJb3yeTCsl B
CEJIbCKOM XO35UCTBE AJi1 OOpPBHOBI
c 00JIe3HsIMU pacTeHUi), MUPUMOP
(uHCekTMUMa), OeraHan (celek-
TUBHBIN repOuInI)

NucexkTnuuapl 1 aka-
pumuast: T, Tokca-
deH, PHAPUH, MalaTH-
oH, ¢ocMmeT, XJIOpo-
doc, apamut

ITpon3BogHBIE MOYEBUHBI: KOTO-
paH (IIOYBEHHBII repOuLUA)

Hpyrue:  xmopodoc,  0OazyauH,
nuxiaopoc (MHCEKTUIMIbI), (ra-
10¢oc (BBICOKOTOKCHYHBIA HHCEK-
TUIMI), reTepodoc (MHCEKTHIH,
aKapwIMl, HEMATOIU), KalTaH U
kantodona (MecTuuun)

OyHTUIUABL: Ccynbdar
Meau (MeIHbIH Kymo-
pocC), KamTaH, arpo3uH,
nonauH, QTamaH, M-
HeO, ponaH, GUroH

JUIT, JIUMETE0AT
(dbochopoprannye-
CKUH HMHCEKTHIIU),
METHIMEPKANTohoc
(bochopoopranuye-
CKHH IpernapaTr CHC-
TEMHOTI'O JCHCTBHS)

OT1u 1pobsieMbl MOXHO PEIIUTh C MOMOIIBI0 OMOTEXHOJIOTHYECKHUX

npueMoB. OOBIYHO IS YTWIM3ALHMH OTXOJ0B IPUMEHSIOT KOMILJIEKCHI
MUKPOOPIaHU3MOB U CIIEIIHAJIbHBIEC MPUOOPHBIE YCTPONCTRA.
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2. BUOTEXHO0J10THUsl 0YUCTKH CTOYHBIX BOJ

DKOHOMHMYECKHH POCT CHOCOOCTBYET MPUPOCTY HACEJICHHUS ILIAHEThI,
YCWJICHHUIO JIaBJICHUS TEXHOC(EPhI Ha HKOJIOTHYECKYI0 00CTAaHOBKY B MHpE.

N3-3a TpOMBIIUICHHON, CEIhCKOXO3SHMCTBEHHOW W OBITOBOM Jesi-
TEJIbHOCTH 4YeJOBEKAa IMOCTOSHHO IMPOMCXOAUT H3MEHEHHE (PHU3UYECKHX,
XUMHYECKUX W OHMOJIOTHYECKHUX CBOWMCTB OKPYXKAIOIICH CPEAbl, HMPHUYEM
MHOTHE W3 OTUX W3MEHCHHH HeOJarompwsaTHBL. B cBsI3m ¢ XxuMm3anmei
CEJIBCKOr'0 XO035HMCTBA B BOJOEMBI ITOIIaAaeT OOJBIIIOE KOJMYECTBO IIECTH-
IIU0B, TepOUITUI0B, Ac(OINAHTOB, aHTHOMOTHUKOB, JE3UMH(PUIIHPYIOITUX
CPEACTB, a30TUCTHIX B (HOCPOPHBIX COCTMHEHUM, YTO IMPUBOJIUT K 3aKHC-
JICHUIO BOJHOM CpEbl, CHUKECHUIO YPOBHS PACTBOPEHHOI'O B HEH KHUCIO-
pona u rubenn obuTarene BogoemMoB. [Ipu momaganuy Takux BEIIECTB B
OOJIBIINX KOJIMYECTBAX BOJIOEMBI CTAHOBSATCS HEIIPUTOAHBIMU JIJIS KU3HHU.

OTeuecTBEHHBIN U 3apyOEKHBIN OMBIT MOKA3BIBAET, UTO OXpaHa BOJI-
HBIX PECYPCOB U OKPYKAIOILICH Cpelibl OT 3arps3HEHUSI CTOYHBIMHU BOJIAMU
HE MOKET OBITh MOJHOCTHIO PEIICHA MYTEM CTPOUTEIHCTBA OYMCTHBIX CO-
opyxeHuil. Jlaxxe nmpu coOMI0ICHUU BCEX HEOOXOAUMBIX TEXHUYECKUX yC-
JIOBUHU WX DKCIUTyaTallMyd CTENICHb OYMCTKU CTOYHBIX BOJI B CPEAHEM MpaK-
THYecku aocturaeT He 0ojsee 80-90%, yTo He oOecreunBaeT 3aIUTy BO-
JIOMCTOYHUKOB OKPY>KAIOIIEW CPEZlbl OT OCTAaTOYHOTO 3arpsA3HEHUS MUHE-
PAIBHBIMU ¥ TPYAHOOKHUCIISIEMBIMU OPTaHUYECKUMHU COCAUHECHUSIMH, BO3-
OyauTensasMu HHGEKIMOHHBIX 1 MHBA3MOHHBIX 3a00JICBaHUM.

[Tox kauecTBOM BOJIbI MOHUMAETCSI COBOKYITHOCTh €€ XapaKTEPUCTUK
U CBOWCTB, 00YCJIOBJIEHHBIX MPUPOJON U KOHIICHTPALUEH COAEpKAIIMXCS
B HEU IIPUMECEN.

B Poccuiickoit denepanun TpeOOBaHUA K KauyeCTBY OUMIIECHHBIX
CTOYHBIX BOJ cojiepxkarcs B «lIpaBuiax oXpaHbl HOBEPXHOCTHBIX BOJ OT
3arpsI3HEHUST CTOYHBIMU BoJlaMmuy, «IIpaBuiax oxpaHbl TPUOPEKHBIX paii-
OHOB MOpPEI», CTPOUTENIBHBIX HOPMaxX U MpaBWiax MPOCKTUPOBAHUS KaHa-
JW3alMA U OYUCTHBIX COOPYXEHUH. Bce 3T JOKYMEHTBI ONpEeesaOT yC-
JIOBHUS OTBEACHHUS CTOYHLIX BOJ B BOJOEMBI, U UX BBIIIOJHEHHUE 003aTEIIb-
HO KaK JJI MPOMBIIIJICHHBIX O0BEKTOB, TaK U JUISl XO3IUCTBYIOIMIHNX CYOb-
exToB (CazonoBa 1.A., IllepbakoB A.A., 2016).

PersiameHTUPOBAHHOE COAEPKAHUE 3arPSI3HEHUN B OUMIIIEHHOW BOJE
3aBHUCHUT OT KaTerOpUM MPHUPOJHOTO BOJOEMa, B KOTOPHIA 3Ty Boay cOpa-
CBIBAIOT.

CtouHble BOJABI MOTYT OBITh KJIACCHU(MUIIMPOBAHBI IO HCTOYHHKY
MPOUCXOKICHUS:
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IIpou3BocTBEHHbIE — 00PA3yIOTCS B TEXHOJIOTHYECKUX IpoIeccax
P TIPOU3BOJICTBE WK JOOBIYE MOJIE3HBIX UCKOMaeMbIiX. OTBOJATCS Uyepes
CUCTEMY MPOMBIILICHHOW WM OOIIECTUIaBHONM KaHAJIU3AIIH.

OHHU HE UMEIOT TOCTOSIHHOTO COCTAaBa, B CBSI3M C YEM UX PAa3JIEIAIOT:

no cocmasy 3azpszHumeriel. 3arpsi3HEHHBIE N0 MPEUMYIIECTBY MU-
HEpPaJIbHBIMU TPUMECSIMHU; 3arpSA3HEHHBIC IO MPEUMYIIECTBY OpraHuye-
CKUMHM TIPUMECSIMHU; 3arpsi3HCHHbIE KaK MUHEPAJIIbHBIMM, TaK U OpraHuye-
CKUMH IIPUMECSIMU;

NnO KOHYEeHMpayuu 3azpasHAwWux eewecma. ciado3arpsi3HEHHbIE (C
coaepxkanueMm npumecer 1-500 Mr/m); cpegHesarpsi3HEHHBIE (C COAepIKa-
aueM npumeceit 500-5 000 mr/i); crubHO3arps3HEHHBIE (C COAEPKAHUEM
npumeceit 5 000-30 000 mr/mn); omacHble (C colepkaHueM Mpumecei 0o-
aee 30 000 mr/m);

no C8OUCMEAM 3a2PAZHUMENEU.:

no kuciomuocmu. HearpeccuBnele (pH 6,5-8); cmabGoarpeccuBHbIC
(cnabormenounsie — PH 8-9 u cinabokucieie — pH 6-6,5); cubHOarpec-
CUBHBIC (CHIIbHOIEI0YHBIC — PH > 9 u criibHOKHKCBIE — PH < 6);

O MOKCUYEeCKOMY O0elcmeuio u O0elcmsauro 3azpsazHumeel Ha 800-
Hble 00beKkmbl. COJIEPIKAINE BEUIECTBA, BIUSAIONIME HAa OOIIECAHUTAPHOE
COCTOSTHUE BOJIOEMa; COJICpIKAIlME BEIIECTBA, U3MEHSIOIIME OpPraHOJEl-
TUYECKHE CBOMCTBA (BKYC, 3amax | Jp.); COJEprKalllrie BEIIeCTBa, TOKCHUY-
HbIE JJIs 4YeJIoBeKa M OOMTAIOIIMX B BOJOEMax >KMBOTHBIX M pAaCTCHUM
(CnpaBounuk xumuka. URL: https://www.chem21.info/info/792240).

BbITOBBIE — 00pa3ylOTCs B JKWJIBIX MOMEIIEHUSIX, & TaKKe B OBITO-
BBIX MOMEIICHUSAX HA MPOU3BOJCTBE. OTBOIATCA YEPE3 CUCTEMY XO3SIUCT-
BEHHO-OBITOBOM WJIN OOIECIUIABHON KaHAIU3allUH.

ATMocdepHbIe — OBIBAIOT JABYX THIOB: Tajble U J0XJeBbie. OTBO-
JISITCS Uepe3 CUCTEMY JIMBHEBOM KaHATU3AIUU.

Hanbonee xecTkue TpeOOBaHMS TMPEIBABISIOTCS K Ka4eCTBY BOJBI
00BEKTOB, UCTIOJIb3YEMBIX B PHIOOXO3SMCTBEHHBIX 11EIISX.

Paznuuaior sodonompebiaenue U 6ooononvzosanue. Ilpu eodono-
mpebaenuy BOJIY W3BIMAIOT U3 MECT JIOKAJIM3alMK U mepemMeinaroT. [ naB-
HbIE TOTPEOUTENN BOJABI — MPOMBIIIJICHHOCTh, CEIHCKOE XO03SIHCTBO, TOP-
Hasi J00bIYa, XO3SHCTBEHHO-ITUThEBOE BOJOCHAOXeHue. [Ipu 6odononwzo-
6aHUU BOJY HCIIOIB3YIOT 0€3 M3BATHS W3 MeCT Jokanu3anuu. Hanbomee
KpPYITHBIE BOJOIIOIB30BATEIN — THAPOIHEPTETHKA, TPAHCIIOPT, PHIOHOE XO-
3s1cTBO, cucteMa otabixa (Cazonora M. A., IllepbakoB A.A., 2016).

138



Jns onpeneneHust XapakTepa M CTENEHW 3arps3HEHHOCTH CTOYHBIX
BOJI, KQUECTBA OYMCTKHU HCIOJIB3YETCA Pl MoKazarener. OpraHojentuye-
CKME MMOKa3aTeJn: 1BET, BUJ, 3a1aX, MyTHOCTh, IPO3PAYHOCTb.

YacTo 7151 OLEHKH MOoKa3aTess 001Iel 3arpsi3HEHHOCTH CTOYHBIX BO/T
OPraHUYECKUMU COENUHEHUSAMH MCONb3YIOT nmokaszarenu XIIK u BIIK.

Xumuueckoe nompeonenue kucaopooa (XIIK) — Benuurna, orpe-
nensemMas Mo METOJWKE, MPU KOTOPOM BEIIECTBO, MPUCYTCTBYIOLIEE B
CTOYHBIX BOJAX, XUMUYECKH OKucisieTcs 25%-M nuxpomatom kanus (Ou-
xpomat kanus, K,Cr,O7) npu kunsaeHun npoOsl B TCUCHHUE 2 4acOB B pac-
tBOpe cepHoii kucnotel (H,SO,) ¢ o0bemuoit gomeit 50%. 11t OIHOTHI
OKHCIICHUSI OPraHWYECKUX BEIIECTB MNPUMEHSIIOT KaTalu3aTtop cepedpo
cepHokucioe (cyabdar cepedopa) — AgrSO,4. BoNBIIMHCTBO OpraHUYECKUX
BEIIECTB B TakuX ycioBusx okucisierca 10 H,O u CO,, onHako psj co-
eAMHEeHUM (MUPUIUH, OEH30J1 U €r0 TOMOJIOTH, HadTaluH, TPUMETHIIAMIH )
B 9TOM PEKUME OKUCIISIIOTCS HE MOJHOCTHIO. [Ipu okucieHnn ouxpomaTrom
HapsAAy C OPTaHUYECKHMMHU BEIIECTBAMHU OKHCISIIOTCA U HEKOTOPBIE HEOP-
raHU4YeCKUe BeIIeCTBA. AMMHAK W HOHBI aMMOHHUSI, OOpa3yIoIuecs Mpu
OKHUCJIEHUM OPraHUYECKOro aszora, He okucisarorcs. Bennuuny XIIK BbI-
paXarT B MEpecyeTe Ha CoJAepKaHuEe KHUCIopoaa, Hampumep, B Mr O/,
T. €. IOTpedJieHne OUXpoMara WM NEepMaHraHaTa Kajausl MepeBOAST B K-
BUBAJICHTHOE MOTPEOJICHUE KUCI0poa (TO KOJIMYECTBO KUCIOpPOAa, KOTO-
poe MmoTpedoBaIOCh Obl NI OKUCICHUS KUCIOPOJOM OPTraHHMYEeCKHX Be-
miecTB, cogepxkamuxcs B 1 1 Boasl). Kpome XIIK mo OuxpoMaTtHoOi OKHC-
asseMoctu (XIIKCr) ucnone3ytor takke XIIK mo mepManraHatHoi okuc-
asiemocTH (XIIKMn) — okucnenue 3arpsizHeHuil ¢ nomoibio KMnQO,4. Jta
METOJMKa 0oJiee mpocTasi B UCHOJHEHUHU, HO MIPU €€ HCIOJIb30BaHUU KO-
JINYECTBO OKHUCIISIEMBIX OPraHUYECKUX COCAMHEHUN CYIIECTBEHHO MEHb-
e, yeM npu okucieHuu omxpomartoMm. [Ipu onpenenennn XIIK a3or He
OKHCHAETCSA U ero He yuuThiBatoT. XIIK moa3zeMHbIX NMPUPOIHBIX BOJ CO-
CTaBJISIET JIECATHIEC M COTHIC JOJIM MI/JI; UCKIIOUEHUE COCTABIISIIOT MO3EM-
HbIE BOJIbI HE(TSIHBIX MECTOPOXKIECHUN U TPYHTOBBIE BOJIbI, MMUTAIOIIAECS
3a cuetr 0omnotT. s Boawl ropHbiX pek u o3ep XIIK cocraBmser 2—-3 wmr
O,/n, paBHUHHBIX peK — 5—7 Mr O,/J1, peK ¢ O0JIOTHBIM TUTAHUEM — JICCSIT-
ku MT Ha | utp (CazonoBa M. A., [llepbakoB A.A., 2016).

buonocuueckoe nompeonenue kucaopooa (BIIK). 3mepsiercs: Ko-
JUYECTBOM KHUCJIOPOJa, KOTOPOE pPACXOAYyETCS MHUKPOOPraHU3MaMU IMpHU
a’pOOHOM OHOJIOTHYECKOM Pa3JIOKEHUM BEIIECTB, COASPIKAIIMXCS B CTOY-
HbIX BOJIaX, NPU CTaHAAPTHBIX YCJIOBUSX 3a OINpPEICICHHBIM HWHTEPBaJ
Bpemenu. Ompenenenue BIIK TpeOyer cnenumanbHOM ammapaTyphl; MpU
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MaHOMETPUYECKHUX CIIOCO0aX M3MEPSIETCS YMEHbIIICHUE JTaBJICHUS B arlia-
pate 3a cueT nmorpebneHus kuciopoaa. MccnenoBanusi mpoBOAST B ama-
pate BapOypra nnu B cieliMajibHO pa3pab0TaHHOM PECITUPOMETDE.

N3mepenue BIIK BRIMOMHAIOT cieayromuM oOpa3oM: B repMeTHY-
HBIM (PepMeHTEp MOMEIIAETCsl ONMPEAEICHHOE KOJIMYECTBO HCCIEIyEeMOit
CTOYHOM BOJBI, KOTOPYIO 3aC€BalOT MHUKpPOOpPraHM3MaMu; B IIpOILIECCe
KyJbTUBUPOBAHUSI PETUCTPUPYETCS U3MEHEHHUE KOJIMYECTBA KHUCIOpPOAA
(WM KHCIOpPOAAa BO3yXa), MOILIEANIEr0 HA OKUCICHUE COCUHEHUS, MPU-
CYTCTBYIOIIET0 B CTOYHBIX BOJIAX.

Bropoii, kynonomerpuueckuii crnoco0 omnpexaeneHuss BIIK 0Oonee
CJIO’KEH B armnapatHoM oGOpMIICHHH, OH OCHOBaH Ha KOMIICHCAIINHN 00he-
Ma KUCJI0poJa, MOTpeOJIEHHOI0 MUKPOOPTraHU3MaMH, 32 CUET JIEKTPOJIn3a
COOTBETCTBYIOIIETO KOJUYECTBA BOJIBI, TP 3TOM OOBEM BBIJEITUBIIETOCS
KHCJIOPOJa ONPEAEISETCS MO 3aTpaTaM JIEKTPUUYECTBA.

CTOKHM KHCJIOW U IIEIIOYHOUW mopoibl niepen onpenenennem bIIK Ha-
10 HEUTpaIN30BaTh. BEICOKOKOHIIEHTPUPOBAHHBIE CTOKH IMEPE]l aHATTU30M
pa30aBISAIOT, TAK KaK BO3MOKHO MHTMOMPOBAHUE MOBBIIIEHHBIMUA KOHIIEH-
TpalusIMU 3arpsI3HCHUM.

Oco6oe 3nauenue npu uamepenun bIIK nmeer konuM4ecTBO U Kaue-
CTBO MUKpOQopbl. Mcnonb3ytoT MUKpOdIOpy U3 yxKe padoTaromux 0no-
JIOTUYECKUX CUCTEM, aJalTHPOBAHHYI0O MMEHHO K JJAHHOMY CIEKTpY 3a-
rpsi3HeHUA. Ee KOIn4ecTBO JOKHO COOTBETCTBOBAThH €€ KOHIIEHTPAIIUU B
pabOTaOIINX OYHUCTHBIX COOPYKEHUSX.

OmnpezeneHue JHIIb OJHOTO IMOKa3aTesis KayecTBa CTOYHOM BO/IbI
(BIIK) He Bceraa mo3BoJIsIET OLEHUTh €€ JOCTYIMHOCTD JIJI1 OMOJIOrMYECKOM
OYKCTKH.

[{enbt0 OYMCTKHU MPOM3BOJCTBEHHBIX CTOYHBIX BOJ SIBJISIETCS y/alie-
HUE U3 HHUX B3BEIICHHBIX U PACTBOPUMBIX OPTaHMYECKHX W HEOpTaHUYe-
CKMX COCAMHEHMH 10 KOHIICHTpAIlUM, KOTOPhIC€ HE MPEBBIIIAIOT 3apaHee
periaMeHTHpOBaHHbIC. B 3aBUCHMOCTH OT XapakTepa 3arpsS3HCHUN U UX
KOHIICHTpPAllU BO3MOXXHO NPUMEHEHUE PA3JIUYHBIX CIOCOOOB OYUCTKHU
CTOYHBIX BoJI. Hambosee pacmpocTpaHeHbl METOABI: 1) MeXaHHUYECKHE
(koarymisiuus, HeUTpanu3anus ¢ MOCIeayoUUM OTCTauBaHueM); 2) ¢husu-
KO-XMMHUYECKHE (MOHHBIM OOMEH, copOuusi); 3) Tepmudeckue; 4) OUOXU-
MUYECKHE.

buoxumudeckue cnocoObl OUUCTKA OTHOCSATCS K IMpolieccaM OMoTeX-
HOJIOTUHU. ['JTaBHBIM JIEUCTBYIONIUM HAYajoOM SIBJISIFOTCS MUKPOOPIaHU3MBI,
UCIIOJIB3YIOIIME B KAYECTBE MUTATEIbHBIX BEIIECTB U KICTOYHUKOB YHEPTUU
OpPraHU4YeCKHE W HEOPraHUYECKHUE COEAUHEHHS. MHKpPOOPraHM3Mbl pa3-
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PYWIAIOT 3TH COEAUHEHUS JO0 JUOKCHUJA U BOABI U CO3JAIOT B IpOliecCe
MHUHEPAIU3ALNHU COJIM a30TUCTON U a30THOW KHUCJIOT.

Jlocmouncmea OUOXUMUYECKUX MemOo008: BO3MOXKHOCTD YJIaJICHUS
U3 CTOYHBIX BOJI IIMPOKOTO CIEKTPA OPraHUYECKUX 3arpsA3HEHUM; CaMo-
MIOJICTPANBAEMOCTh CUCTEMBI K U3BMEHECHUIO CIIEKTPAa U KOHIECHTPALUU Op-
FaHUYECKUX 3arps3HCHUI; MPOCTOTa allapaTHOro o(QopMiIeHUS; OTHOCH-
TEJIbHO HEBBICOKME SKCIUTyaTAIIMOHHBIC 3aTPATHI.

Heoocmamxu buoxumuueckux memooos: BHICOKHAE KaIllUTaIbHbBIE 3a-
TpaThl, UAYIIHNE HA COOPYKEHUE OUYUCTHBIX CUCTEM; HEOOXOIMMOCTh CTPO-
roro COOJIOACHUS TEXHOJIOTHUECKUX PEKUMOB OUYUCTKH; TOKCHIHOCTD HE-
KOTOPBIX OPraHUYECKUX COCIWHEHUM il OMOLIEHO3a aKTHBHOI'O MJja; He-
00X0IMMOCTh IPEABAPUTEIBHOTO pa30aBiICHUS BBICOKOKOHIICHTPUPOBAH-
HBIX TOKCHYHBIX CTOKOB, YTO MPUBOAUT K YBEIUYECHHIO MOTOKA CTOYHBIX
BOJI.

HecMoTpss Ha HeZOCTaTKH, OMOXMMHYECKAs OYHMCTKA JIOCTATOYHO
IIMPOKO PacupOCTPAHEHA.

Br16op o6opyaoBaHHs ¥ METOJIBI OYMCTKH CTOYHBIX BOJ 3aBUCAT OT
xapaktepa 3arpsas3HeHus. Cxema OYHUCTKU 3arpsA3HEHHBIX CTOYHBIX BOJ
npuUBEeHA Ha PUCYHKE 32.

‘ SAT'PA3HEHHBIE CTOYHBIE BOJbI |

|

OtneneHue rpyObIX MPUMeECE Ha CUTaX WM B OCAJIOUHBIX sIMax, OTAEJIECHUE KU-
POB U Macen

OCAJJIOK - CYBCTPAT
\ N3menbueHne \ \ XHMHUYECKOE OCAKIACHUE |
YactuuHoe pa3pyuieHue adpoOHbIM buonornueckoe pazpyuieHue
WJIM aHA3POOHBIM CITOCOOOM OpraHUYECKUX BEIIECTB

A
VYTunuszanus OCTaTKOB (CKUTAHNUE WU
UCIOJIb30BaHUE B KAUECTBE Y100pEHNUH)

O‘-II/IH_IGHHBIe CTOYHBIC BOABI

Pucynok 32 — Cxema ouucmku 3a2psi3HEHHbIX CHOYHBIX 800
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3. IlepepadoTKa 0TX0/10B B NIPUCYTCTBUM KHCJI0POaa (a3podHasi)

CyiiecTBYIOT ABE 0O0JbIINE TPYIIbl a3POOHBIX MPOIECCOB OMOOYH-
CTKH:

1. DOxcmencushbiii — OTHOCSAT METOJIBI, HETIOCPEJACTBEHHO HE CBS3aH-
HBIC C YIPaBISEMbIM KYJIbTHBUPOBAHUEM MHUKPOOPTaHHU3MOB, — 3TO IOJIS
OpOIIICHHS, TS (PUIbTpAlMK, OMOTPYAbl. MUKPOOPraHW3MBI, HaXOMs-
IIUECS B BEPXHUX CIIOSAX IMOYBBI MOJICH OPOIICHUS U (GHIBTPAIIUN UIU BO-
IIbI OMOIIPYIOB, 00Pa3yIOT IIEHO3HI, 3a CUET UX JCATECILHOCTH IIPOUCXOIUT
OYHCTKA BOJBI.

2. Uumencuenvlti — B OCHOBE WHTCHCHUBHBIX CIIOCOOOB JICKHUT Jes-
TEJILHOCTHh aKTHBHOT'O HJIA FUIH OMOILICHKH.

AxtuBHBIH ma (puc. 33) mpeacraBisieT cOOOH TEMHO-KOPUYHEBBIC
XJIOMBSI Pa3MepPOM 10 HECKOJBKHX COTeH MUKpOMETpoB. OH COCTOMT Ha
70% W3 )KUBBIX OPraHU3MOB, U 0K0JIO 30% COCTaBISIOT TBEPABIC YACTUIIbI
HEOPTaHWYECKOW TpUPoabl. JKUBbIE OpraHU3MBl BMECTE C TBEPABIM HOCH-
TeJIeM, K KOTOPOMY OHHM MPHUKPEIUICHBI, 00pa3yloT 300271eti — CUMOHNO03 T0-
MyJISIUN OPraHU3MOB, TIOKPBITHIX OOIIEH CIIM3UCTON 000JIOUKOM.

—

Pucynox 33 — Akmuensiii un (https://kolovesi-shop.ru/aktivnyyil)

B3aumopencTBue MUKPOOPTraHU3MOB B TIpEleNax OJHOrO 300rJiest
JOCTATOYHO CJI0KHO, U OCHOBOM €ro CIy>XHUT CUMOMOTHYECKash B3aUMO-
CBSI3b OPraHMU3MOB pa3HbIX monyssnuid. COOTHOIIEHHE KallCYJbHBIX H
OeckancyJbHBIX (OpPM KIETOK B WJI€ HA3bIBACTCS KOIPPuyuenmom 300-
enevnocmu (k;).

AKTHBHBIM WJI UMEET Pa3BUTYIO IMOBEpXHOCTH (10 100 M°/T CyXou
Macchl) U, CIE0BATEIHHO, BEICOKYIO aCOPOITMOHHYIO CTIOCOOHOCT.
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B 3aBuCcMMOCTH OT BO3pacTa BBIACISIOT TPU OCHOBHBIX TUIIA WJIA!

1. PaGoraroniuii Ha HEMOJHOE OKHCJCHHE OPTraHUYECKHUX 3arpsi3-
HEHUU — BO3PACT HAUMEHBIIIUH.

2.  @DOpMHUPYIOIIUICS B PEKUME TTOJHOTO OKUCIICHHUS.

3.  @DOopMHUPYIOIIMICS B PEKUME IOJTHOTO OKHUCJIEHUS C TMOce-
nyromiel Hutpudukamuern — ¢ HaubonpuM Bo3pactoMm (Cazonora M.A.,
[IlepbakoB A.A., 2016).

[lepepaboTka OTXO0/I0B C MOMOIIBI0 AKTUBHOTO MIa ObLIa MpeaioxKe-
Ha B 1914 roxy. OgHako 3TOT METO1 00JIa71aeT PSAIOM HEIOCTATKOB:

— 0oJiee BBICOKHME 3KCILTyaTallMOHHBIE PAacXOJbl HM3-32 HEOOXOAUMO-
CTH MEPEMENINBAHUS U a3PallU;

— 0OJIBIIIME TPYAHOCTH B OCYIIECTBICHUH U MOAEPKKE Mpoliecca;

— 00pa3oBaHue OOIBIIOTO N30BITKA OMOMACCHI.

HecmoTps Ha 3TO, mpoliecc ocTaeTcs Hanbosee pacpOCTPaHESHHBIM.

Mukpoopranu3Msbl, BbIJICJICHHBIE U3 aKTUBHOT'O Mjla, OTHOCST K pa3-
avuuHbIiM - pomam:  Actinomyces, Arthrobacter, Bacillus, Bacterium,
Corynobacterium, Micococcus. Hanbosiee MHOTOYHCIICHHBI OAKTEPUH PO-
na Pseudomonas (1o 80% oOT 4YMCICHHOCTH OaKTEpHWi aKTHBHOI'O WIIa).
OHHU OKHUCIISIIOT CIIUTHI, )KUPHBIE KUCJIOTHI, MapadrHbl, apOMaTUYECKUE YT-
JeBOJIOpOoAbl U Apyrue coeauHenus. [llupoko npeacraBieHbl U OakTepun
pona Bacterium (Beimeneno 6osee 30 BUIOB, KOTOPBIE OCYIIECTRIISIOT JIe-
rpaaanuio HedTu, napadpruHoOB, HAPTEHOB, (PEHOIOB, AINBAETUAOB, KUPHBIX
KHCT0T). Anndarrdeckue yrieBoAOPOIbl OKHCISIOTCS MPEACTaBUTEIAMU
pona Bacillus. OkucinurenpHas CIIOCOOHOCTH MEPEUHUCICHHBIX MHKPOOP-
TaHW3MOB JUJISI PA3JIMYHBIX OPraHUYECKUX COCIUHEHUHN pa3lInuHa, U JIUIIb
mis OakTepuid poma Pseudomonas oHa mpakTUYECKH OJMHAKOBA IS pas-
HBIX BUJIOB 3arpsi3HEHUM.

CyuiecTBeHHass pojib B CO3/1aHUU W (YHKIHOHUPOBAHUM KOHCOP-
HAyMa KJIETOK MPUHAIJIEKUT NpocTedmnM. OyHKIIMKU TPOCTEUIINX MHO-
roo0Opa3HsbI:

— OHU CaMM HE MPUHUMAIOT HEMOCPEACTBEHHOTO y4acTusl B IOTPeO-
JIEHUW OPTraHMYECKHUX BEIIECTB, HO PETYJIUPYIOT BHUIOBOM M BO3PACTHOM
COCTaB MUKPOOPTAaHM3MOB B aKTHBHOM WJIE, MOJJICP)KUBAsi €r0 Ha ONTH-
MaJibHOM YPOBHE;

— morjoiias 00JbIIoe KOJIMYECTBO OaKTEepUi, TPOCTEHIITNE CIIOCO0-
CTBYIOT BBIXOJy 3HAUYMUTEJHHOTO KOJHUYECTBA OaKTepUANbHBIX 3K30(ep-
MEHTOB, KOTOpPbIE MOT'YT KOHIIEHTPUPOBATHCS B CIU3UCTON 0O0O0JIOUKE U
OPUHUMATh YYacCTHE B IECTPYKIIUH 3arpsS3HEHUI.
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B akTMBHOM uJjie BCTpEYarOTCs MPECTABUTENIN KJIACCOB MPOCTEUIIINX
(0,5-1% cycrneHaupoBaHHBIX YaCTHII AKTUBHOTO HJIA).

B OuoiieH03aX OYMCTHBIX COOPYKEHUW BCTPEYAIOTCS HECKOJIBKO CO-
TE€H BUJOB MPEJICTABUTENECH YETHIPEX TPYIN OPOCTEHIINX:

1) capkomoBbeie (Sarcodina) — ameObr (Amoeba limax, Amoeba
diplodea, Amoeba proteus), pakoBuHHBIe KOpHeHOXKKH (Arcella,
Centropyxis), roseie kopaeHoxku Pelomyxa u np.;

2) xrytukoBbie (Mastigophora, Flagellata) — OecuBerHbIe KryTHKO-
HOCIIbI U3 pojoB Bodo, Peranema u np.;

3) pecuuruateie wuHDy30pum (Ciliata) — cBobGoxHOMIABaOIINE
(Colpidium, Stylonychia, Oxytricha, Paramecium — undy3opus Tydenb-
Ka), OproxopecHutdarbic uHpy3opum (Oxytricha, Stylonychia, Euplotes,
Aspidisca), onmHOYHBIC TpUKpeIuicHHBIe (cyBoiiku Vorticella), xomonu-
anbHbIe Tpukperuiennsie (Opercularia, Carchesium, Epistylis);

4) cocymme wuHby3opun (Suctoria) — npeacTaBUTEIN POJOB
Podophrya, Tokophrya, Acineta (Cazonosa U.A., [llepoakos A.A., 2016).

[IpocTeiimne BbIOMPAIOT U3 CMEUIAHHON KYJIbTYphl OaKTEpUid JIMILIb
T€ BUJbI, KOTOPbIE OHM ycBanBaroT. OnaHa UHQY30pUs POMYCKAET Yepe3
cBoit opranusm ot 20 g0 40 Teicsiu 6akTepuit 3a cyTku. [loenanue crapbix
ocyiabJieHHBIX (PopM 00JIeT4aeT Pa3sMHOKEHHUE OCTABLIMXCA U MPUBOIUT K
MOSIBJICHUIO MOJIOJIBIX, OMOJIOrMYECKH aKTUBHBIX OCOOEH.

Kpome 01HOKJIETOYHBIX B aKTUBHOM HJI€ MOTYT OOUTAaTh KOJOBPATKH
Rotatoria (Rotifera) pomos Philodina, Cathypna (Lecane), Monostyla,
Notommata, xpyrmele wepBum Nematoda, MalONICTHHKOBBIC KOJBYATHIC
yepBu p. Aelosoma.

B akTHUBHBIX WJIaX BBICOKOTO KauecTBa Ha | MiIH OakTepHaIbHBIX
KJIETOK JTOJDKHO ObITh 10—15 mpocTeimx opraHu3MoB, 3TO COOTHOIIICHUE
Ha3bIBACTCSA KO Puyuenmom npomosounocmu k,. CKOpocTb OMOXUMHUE-
CKOTO OKHCIJICHHS pacTeT C YBEJIMYECHHWEM 3HaueHUs KoA(h( UIHUEHTOB 300-
TJIEMHOCTH U MPOTO30MHOCTH. ClenyeT OTMETUTh, YTO MPOCTEUIINE OYEHB
YyBCTBUTEIBHBI K IPUCYTCTBUIO B CTOYHBIX BOJIaX HEOOJBIINX KOHIIEHTpPA-
U OMpPEIEJICHHBIX OpPraHUYeCKUX COeIMHEHUH (Tak, heHoa U Gpopmalibjie-
TU]1 YK€ B HE3HAYUTEIbHBIX KOHIIEHTPAIUSAX YTHETAIOT UX PA3BUTHE).

Jpyryto KapTUHY MpEJCTaBIsieT OMOIIEHO3, BO3HUKAIOIIUM B OHO-
dbunpTpax. Ha moBepxHOCTH 3arpy304HOro MaTepuajia OmoduiasTpa mpo-
UCXOAUT 0Opa3oBaHue OMOJOrMYECKON MmiieHKu. B orinune ot OuoneHo3a
AKTUBHOT'O WJIA, KOJIMYECTBEHHBINM U BUAOBOM COCTaB KOTOPOTO MPaKTHUYE-
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CKHM OJIMHAKOB BO BCEHl CUCTEME OYMCTKH, HA PAa3HbIX YPOBHIX OMODUIBT-
pa CO31ar0TCsl CBOM LIEHO3bl MUKPOOPTaHU3MOB, KOTOPBIE IOPOU PE3KO OT-
JINYAKOTCS HE TOJBKO KOJIWYECTBEHHO, HO M KAYECTBEHHBIM COCTaBOM. JTO
BBI3BAHO TEM, UTO MO MEpE MPOXOXKAEHUS CTOUHBIX BOJ uepe3 OMopUiIbTp
3a CYET KU3HEACATEIBHOCTH MPEBIIYIIErO 1EHO3a MEHSETCS XapaKTepHu-
CTHKA OPTaHUYECKUX 3arpsA3HEHHUM BOJbI, MOMAJAIONIEH HA CJICIYIOIIUN
ypoBeHb. [Ipu 3TOM cHauana nmotpeOsstoTcsa 0oJiee JIETKO YCBOSIEMbIE 3a-
IPSI3HEHUSI, IO MEPE TPOJIBIXKEHUS BOJIBI TPOUCXOAUT NOTpebIeHne 0oee
TPYJAHO YCBOSIEMBIX KOMIIOHEHTOB CMeCHU. B HIDKHEN 4acTu Takux OHoIle-
HO30B B OOJIBIIIMX KOJHUYECTBAX CKAIUIMBAIOTCS MPOCTEUIINE U IPYTUE OpP-
TraHW3MBbI, KOTOPbIE€ (PYHKIIMOHUPYIOT 3a CUET MOTPEOJICHUS 4YacTh OHO-
MJIEHKHU, OTOPBABLIEKCS C MOBEPXHOCTU HOcuTeNsa. Co3/aHHbI TaKUM 00-
pa3oM OMOIIEHO3 CIOCOOCH MOYTH MOJHOCTHIO M3BJIEYL U3 CTOUYHBIX BOJI
BCE OPraHUYECKUE MPUMECH.

[Ipu pabdote ¢ OuosoruyeckuM (PUILTPOM HAAO CICAUTH 3a COCTOSI-
HUEM CTOYHBIX BOJI, HE JIOMYCKAaTh MEPErpy3Ky GUIbTpa U MpeaoTBpaIIaTh
YHUYTOKEHUE MUKPODIOPHl TOKCUYHBIMU COCIMHEHUSIMU M HEPACTBOPU-
MBIM OCTaTKOM.

BONBIIMHCTBO OYUCTHBIX COOPYXKEHHI a’poOHOro Tuma paboTaroT
1OJ OTKPBITBIM HEOOM M HE NIPEAYyCMATPUBAIOT CUCTEM PETYISIIUMN TEMIIE-
paTyphl, CJIEAOBATEIbHO, TEMIepaTypa MOXET KoJjie0aThCs B IIUPOKUX
nuano3oHax. CHmkeHue temrneparypsl ¢ 20 mo mitoc 6 °C npuBOAUT K Ta-
JICHUIO0 CKOPOCTH OYUCTKU B 2—3 paza, B OMOIICHO3€ MPEUMYIIICCTBEHHO
pa3BuBaroTCsl Me30(HIbHBIE U TEPMO(DHIIbHBIE (HOPMBI MUKPOOPTaHU3MOB.

baktepuanbHbie (GOPMBI JIydIlle pacTyT B HEUTpalbHOU WM ciabo-
menouHoi cpeae (pH 5,0—,5). Haunyumee 3nauenune pH s cucteM 61o-
JIOTHYECKOUN OYHUCTKHU cUMUTAEeTCs 001acTh OoT 5,5 10 §,5.

ABpOoOHBIN cTOCOO OYMCTKM CTOYHBIX BOJI OCHOBAaH Ha HCMOJIb30Ba-
HUU CHUCTEMBI allllapaToB: a3POTEHK — BTOPUYHBIA OTCTOMHUK. AIPOTEHK
IPEACTABIISIET COOOM OTKPBITOE KEeNEe300€TOHHOE COOPYKEHUE, B KOTOPOM
MPOUCXOUT MEPEMEIIMBAHUE CTOUYHBIX BOJI, MUKPOOHOTO MJIa U BO3yXa.
B oTcroitHrKax W1 ocaxkJiaeTcsa U HakariMBaeTcs. Cxema CUCTEeMBbI adpo0-
HOM OYMCTKH MPOMBIILJICHHBIX CTOKOB MPUBEJIEHA Ha pUCYHKE 34.

B 3aBucumMoct# 0T cioco0a CMENIEHUsI CyCIIEH3UN aKTUBHOTO WJia C
OYMIIAEMO BOJIOW M THUIPOJWHAMUYECKOTO PEKUMaA JBUKCHUS CYCIICH-
3UM aKTUBHOT'O WJIa a3POTEHKU MOAPA3ACISIOTCS:

1) Ha a3POTCHK-BBHITCCHUTEIb,
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2) a9pOTCHK-CMECHUTEIIb;

3) a’pOTEHK CIOKHOTO THIIA.

B aspoTeHke-BhITECHUTENIE CBEXKasl MOPIHS aKTUBHOTO WJa U OYH-
njaeMas BoJia OJJHOBPEMEHHO TMOMaJaloT B armapar, U Jajiee IPOUCXOIUT
IBWKEHHUE CYCIICH3UM aKTUBHOT'O WJIA IO ammapary B peKHUMeE, MPpUOIv-
KAIOIIEMCS K U/I€aIbHOMY BBITECHEHHUIO.

B a»’poraHke-cMecuTenie akTUBHBIM WJI M OYMINIaeMasl CTOYHas BOJA
MOCTYMAIOT MO BCEH JJIMHE amnmapara OJJHOBPEMEHHO, U B almapare co3ja-
€TCsl PeKHUM, OJTM3KUN K TTOJITHOMY CMEIIEHUIO0, OJHOBPEMEHHO M3 ariapa-
Ta OTBOAMUTCS CyCIIEH3HsS aKTUBHOTO HMJIa.

B anmaparax CJIOKHOTO THITa Ha Pa3HBIX dTalax OYHUCTKH OJHOBpE-
MEHHO Pean3yeTCs U PEKUM CMEIIECHHUSI, U PEKUM BHITCCHCHHUS.

30HA AKTUBHOW OYUCTKW WU BUOPA3NOXEHUA

L - L)
Pewérxn MNecxonoexa Nepawomin OTCTOMMMK o AdpoTenx Bropuysma orcroimmk 4 [oouncrea
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Pucynok 34 — Cxema cucmemut azpobHOU 0UUCIKU NPOMBIULIEHHBIX COKO8
(https://acs-nnov.ru/ochystka-stochnyh-vod.html)

K oocmouncmeam a’poTeHK-BBITECHUTENS CIEAYyeT OTHECTH TO, YTO
MPOLIECC MPHU €r0 JOCTATOYHOW JJIUTEIBHOCTH MO3BOJISIET MOJTHOCTHIO M3-
BJIEUb BCE 3arpsi3HEHUs] U3 CTOYHBIX BoA. K redocmamxam oTHOCUTCA TO,
YTO MHKPOOPTraHW3Mbl AKTMBHOI'O WJa B HAdaJdbHBIM MOMEHT OYHUCTKHU
KOHTAKTUPYIOT CO CTOYHOW BOJOM, COACpKAIICh MaKCHUMAaJIbHOE KOJIUYe-
CTBO OPraHWYECKHUX 3arps3HEHUM, OYHUCTHAs CUCTEMa KpalHE YyBCTBU-
TeJbHA K PE3KUM yBEIUUYCHHUSIM WIIM KOJeOaHWSIM HAdYaJIbHOM KOHIICHTpA-

WU 3arPSI3HCHUM.
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OTHUX HEJOCTATKOB JIMIIIEH a3POTEHK-CMECUTENb, TaK KaK CTOYHAs BOJA,
morajasi B ad3poTEHK, OBICTPO pacupeaessieTcs 1Mo 00beMy, TP 3TOM KOH-
LIEHTpALMS 3arPSA3HEHUN CHUKAETCS 40 CTAl[MOHAPHBIX 3HAYCHUH.

B aspoTeHkax CI0XKHOTO THIA COYETAloTCs 00a crocoda IMpOBEICHHS
npoiecca. B nepBoi 30HE ammapara, TJ¢ TPOUCXOIUT KOHTAKT BBICOKO-
KOHIICHTPUPOBAHHBIX CTOKOB C aKTHUBHBIM HJIOM, JOOMBAIOTCS PEKHUMA,
MPUOIUAKEHHOTO K MOJHOMY CMEIIEHHIO, BO BTOPOM YaCTH ISl JOCTUMKE-
HUSI OOJIBIIIEH TTOTHOTHI U3BJICUCHUSI 3arPS3HCHUIN U3 CTOYHON BOJBI — CO3-
JTAI0T PEXUM MOTOKA, MNPUOJIMKEHHOTO K HUJICAIbHOMY BBITECHEHUIO.
K anmaparam Takoro Tuma OTHOCST a’3pOTEHKHA C PACCPEAOTOYECHHOM IO-
Jla4€l CTOYHOM BOJIbI U COCPEIOTOUECHHOM I10/IAY€N AKTUBHOI'O MJIA.

Bremnuil BU a3poTeHKa IPUBEEH Ha pUcyHKax 35—37.

I e~

KowTpons yaanenus
npumeoeﬁ u sanaxa
s, ’ oL Na6opatopus
-~ n BCNomMmorarte/ibHble CI'IY)'KGI:I

Pasveer
acration
channels

Pucynox 35 — Ouucmusbie coopyoicerus cmounwix 800 (https://stroy-
podskazka.ru/ochistka-stochnyh-vod/sooruzheniya/)
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Pucynok 37 — bawennulii a3pomeHK-0mcmouHUK 8 60000YUCTNHBIX CUCTEMAX

(https://bak7.ru/produktsiya/aerotenk)

JIJ1s1 OUKMCTKHU CTOYHBIX BOJ MCIOJIb3YIOT MEPKOJSUUOHHbBIE (DUIIBTPHI.
Onna u3 MoauduKauil yCTAHOBKM COCTOUT B MCIOJIb30BAaHUU YEPEAYIO-
nierocs aBoitHoro ¢puibTpa (YD), korna GuiabTpel, HAa KOTOPHIE CHaYasa
MOCTYNAET NOTOK KUAKOCTH, IIEPUOAUYECKA MEHSAIOTCS MECTAMU C IPYTH-
Mu punbrpamu. YJID 11eHHO Opu OYUCTKE MPOMBIIUIEHHBIX CTOKOB. Jljist
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pa3pylIeHUs! CIOEB IPs3U B TOJIIE (UIBTPOB UCIOIB3YIOT TaKKe o0pat-
HYIO HUPKYJSIIHIO U MYJIbCUPYIOIIYIO ITOJavy.

Coznmanbl Bpamaromuecs: Onojgorudeckue peakropsl. OHM MpeacTaB-
JSI0T coOOM Bpallaroluecs COThl U3 IUIACTUKOBBIX MOJIOC, MOMEPEMEHHO
IIOrPYy>KaeMbl€ B CTOYHBIE BOJBI M IOJHUMAEMBbIE HA MOBEPXHOCTh. [Ipm
TaKOM CIOCO0€ YBEIMYMBAETCA IUIOIIAb TOBEPXHOCTH, C KOTOPOM MOKET
KOHTaKTUPOBaTh OMoMacca, U yJIy4dIlIaeTcs adpalusi.

4. Pa3Jio;keHre HJIA CTOYHBIX BOJ (AaHA3POOHOE pa3Jio;KeHue)

PaznoxxeHne una CTOYHBIX BOJ ABJAETCS CaMOM paclpOCTPaHEHHOM
TEXHOJIOTHEH aHa’dpoOHOH mepepaboTku. IIporecc OpokeHHUs OCYIECTB-
JIAETCS B CIICIIUANIBHBIX anIapaTax — METAHTCHKAaX.

[Ipouiecc OpokeHUS B METAHTEHKAX COCTOMUT M3 JABYX CTaauid — KH-
cJ0M 1 MeTaHOBOW. Kaxknas U3 3TUX cTaguii OCYIIECTBIETCS ONPEICIICH-
HOM TPyNIIONH MUKPOOPTaHW3MOB: KUCJIAs — OpraHOTpodaMu, METaHOBAsT —
autoTpodamu. O6e 3TH TPyNIbl IPUCYTCTBYIOT B METAHTEHKAX OJTHOBpE-
MEHHO, MO3TOMY KHCJOTO- M Tra3000pa3oBaHuE MPOTEKAET MapasjieibHoO.
buonerpananus opraHUYeCKUX BEIIECTB MPU METAHOBOM OPOKEHHHU B Me-
TAaHTEHKAaX MPOTEKAET B TPH TOCIe0BaTeNIbHbBIE (a3bl (Tadd. 6).

Tabnuia 6 — ®a3br METaHOBOTO OPOXKEHUS

['pynmna 6axrepwii,
JHACTBYIOLIUX B ITPOLIECCE HcxonHoe BemecTBo ITponyxt
BUOTI'MJIPOJIN3 TTOJIMMEPOB 1 ATIIMJIOT'EHE3
IM'maponutnueckue Komruiekce Bricmme
aIeTOTCHHBIE OpraHUYECKUX BEIICCTB YKUPHBIC KHCIIOTHI
AIETOI'EHE3 U JETMJIPOI'EHU3ALINA
Bonopoanpoxaytupyroriue Bricime H,, CO,, CH;COOH
OakTepuun KUPHBIE KACIIOTHI
METAHOI'EHE3
Mertanobpasyioutue 6akrepun | H,, CO,, CH;COOH | CO,, CH,

B mepBoit daze okono 76% oOpraHuYeCcKUX KHUCIOT TMEPEXOIUT B
BBICIIINE KUPHBIE KUCHOTHIL, 10 20% — B anierat u 4% — B BOJOPOA.

[TepByto a3y MokHO pa3aenuTh Ha (a3bl TUAPOJIN3A U allUI0TeHe3a
(kucnoTooOpazoBanusi). Bo BTopo#i ¢aze riaBHbIMU SIBJISIOTCS MPOLIECCHI
00pa30BaHUsl U3 BBICHIUMX >KUPHBIX KUCIOT anerara (52%) u Bojmoponaa
(24%). B tpetbeit (aze (OpokeHHE) METaHOTEHHbIE OaKTEpUU 0O0pa3yroT
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u3 anerara 72% metana, uz H, u CO, — 28% merana. CoOTHOIIEHHE TIPO-
MEXYTOUYHBIX U KOHEUHBIX MPOJAYKTOB B MPOIECCE METAHOBOTO OPOKEHMUS
3aBUCHUT OT COCTaBa CpEjbl, YCIOBUM (hepMEHTAIlUU U MPUCYTCTBYIOIICH
MUKPODIIOPHI.

B nepBoii ¢daze OpokeHUs TPUHUMAIOT y4acTUE MUKPOOPTaHU3MBI,
oOJiajaroniye IMEeJUTFOJI0JUTUIECKOM, MPOTCOJIUTUUYECKOM, JIMMOJIUTHYE-
CKOH, Cynb(haTBOCCTAHABIUBAIONICH, NCHUTPUTPUIUPYIOMEH U TPYTUMHU
BUIaMHU aKTUBHOCTH. COCTaB JOMUHHUPYIOIICH MUKPOGDIOPHI TaHHOU (ha3bl
3aBUCHUT OT COCTaBa MUKPO(DIJIOPHI MOCTYIMAIOIIET0 B METAHTEHKH CyOCTpa-
Ta, @ TAKXKE OT XUMMUUYECKON NMPUPOJIBI AETPAAUPYEMBIX OPTAaHUYECKUX BE-
IECTB.

Cy1iiecTBeHHasi poJjib B MPOIECCaX METAaHOBOT'O OpOXKEHMS MPUHAJ-
JISKUT alleTOTCHHBIM BOJOPOANPOAYIHPYIOMHUM OaKTEepusiM. ITH OakTe-
pun npesBpamaroT nponuoHar B anerar, CO, u H,, eciin B cpene ogqHoBpe-
MEHHO MPUCYTCTBYIOT BOAOPONOTPEOIAIONINE OaKTEPUH.

B Tpethelt ¢daze — METaHOTEHHOW — Y4acTBYIOT METaHOOpa3yroIIue
OakTepumu.

B kadecTBe cyOCTpaTa MHOTHE METAaHOT'€HBI MOTPEOIAIOT Popmuar,
KOTOPBII TpaHC(HOPMUPYIOT B METAH: .

4HCOOH (MypaBLI/IHa}I/MeTaHOBaSI KI/ICJ‘IOTa) CH,+ 3CO, +H,0

[Ipu nmepepa®oTKe pa3IMUYHBIX KOMMYHAJIBHBIX U MPOMBIILICHHBIX
CTOKOB NMHUIIEBBIX MPOU3BOJICTB OCHOBHBIM CyOCTpAaTOM JJisi METAHOT€HOB
SIBJISICTCSL ALIETAT, KOTOPBIil TAKKe MPEBPAIIACTCS B METaH:

CH;COOH (yKCYCHaSI KI/ICHOTa/STaHOBaSI) CH,;+ CO,

K aroii rpynme mertanoreHoB oTtHocstcs Methanosarcna barkeri,
Methanococcus mazei, Methanothrx soengenii. HekoTopbsie MeTaHOTEHBI
KOHBCPTHUPYIOT B METAH TAaKXKE METAHOJ U MCTHIIAMHUH:

4/3CH3;0H (MeTaHOJ'I/MCTI/IJIOBHﬁ anpT) CH,;+ 1/2 CO, +2/3 H,0,
4/3CH3NH, (merunamun)+ 2/3 H,O CH, +1/2 CO,

MertaH nipu MeTaHOBOM OposkeHuH noiydaercs takxe u3 CO, u Hy,
oOpa3yrolierocs B pe3ysibTaTe JIESITEIbHOCTH B OCHOBHOM all€TOr€HHBIX
OakTepui.

Y cTaHOBIIEHO, UTO a3pOOHOE METAHOBOE OpOXKEHUE MPUMEHSIOT IJIs
JETOKCUKAIIUU CTOKOB. A3pOOHBIE OaKTEpUU JErpagupyroT HE TOJIBKO YT-
JIEBOJIbI, JUIHWJIBI, TPOTEHUHBI, HYKJICMHOBBIE KUCIOTHI, HO U MHOTHE CO-
eAMHEHUsI He(PTEXUMHUECKON MPOMBIIUIEHHOCTH, HapuUMep, OCH30MHYIO

KHCJIOTY'
4CsHsCOOH (6eH30171Ha;1 I(I/ICJ'IOTa) + 18H,0 15CH,+ 13CO,
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AJTanTUPOBAHHBIC ACCOIMAIIMA aHA’POOOB JErpagupyIOT alleTallbae-
TUj, aleToH, OyTaHOJ, ATWIANETAT, dTWIAKPUJIAT, TIUIEPOd, HUTPOOCH-
3011, PeHOII, IPOIAHOJI, IPONUICHTIINKOJIb, KPOTOHOBYIO, (PyMapoByio, Ba-
JIEPUAHOBYIO KHCJIOTHI, BUHUJIAIIETAT, MapaduHbl, CHHTECTUYCCKUE IOJIH-
MEpbl 1 MHOTHE JPYTHE BEIISCTBA U MTPOIYKTHI.

MertaHoBOe OpoKeHHE MOXKHO pacCMaTpHBaTh HE TOJILKO KaK cpej-
CTBO 3aIlUTHI OKPYKAIOIIEH Cpelbl, HO U KaK METOJ IMOJy4YeHHUs Ia3000-
Pa3HOTO TOIUIMBA, IICHHBIX OPTaHUYECKUX YI0OpEHUN M JaKe KOPMOBBIX
no6aBok. Hampumep, myrem MeTaHOBOrO COpa)KUBaHUSI MEJIACCHOM Oap bl
CIIUPTOBOTO OPOKEHHS OBLI IMOJYy4YeH KOHIICHTpAT BUTaMuHA B .

[TonydeHne meTaHa — BaXKHBIM MyTh YTHIW3AIUHA CEIHCKOXO3SHCT-
BEHHBIX 0TX010B. OH moJjiyyaeTcs B Bujae ouorasza — cmecu Mmetana u CO,.
[IpucyrctBue CO, orpaHnymBaeT TEIUIOTBOPHYIO CIOCOOHOCTH Omorasa
KaK TOILIMBA, KOTOpas B 3aBHCHUMOCTU OT cooTHomenus CH,/CO, cocras-
nset 20,9-33.4 KI[)K/M3. Conepxanue MeTaHa B OMorase MOXKET BapbUPO-
BaTh OT 50 10 85%.

[Tonydenne Onoraza — mporecc, OTIMYAOIIAICS MPOCTOTONH 000py-
JOBaHUS W JOCTYITHOCTBIO CBIPbS, TPeOyeT HEOONBIINX KaUTaJIOBIIOXKE-
Huit (puc. 38).

INCKTPOBHEPrIA
TennoobmeHHUK

leneparop

KorenepauHoHHbIH Orxoaayue
bnok raspl

N

Buoras

Tenno Ha
TeXHONOTHYECKHE

Emkocts pas Huakoe MoAorpes peakTopa HYIAbl, OTONACHHE

c6opa u Cbiphé TennoH BOAOH
roMOreHu3aLuM

UAKOTO CbIpbA

Pucynox 38 — Cxema ycmpotvicmea peakmopa 011 00pabomxu
cenvckoxossiicmesennvix omxooos (https://oboiman.ru/teplo/biogaz)
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[logadya oTX040B U OTOOpP OTPAOOTAHHOTO CTOKA OCYILECTBIISIETCS B
HUKHEW 4acTu peaktopa. Pexxum ero paboThl MOXKET ObITh KakK MEePUOIU-
YECKUM, TaK U MOJTYyHETPEPHIBHBIM.

Jlnst monmydeHus 6rorasa MOKHO HCIIOJIb30BaTh UCIIOPYEHHBIE MPO-
IYKTBI IUTaHUs, CTOKK KpaxMalmepepadaTblBalOMUX MPEeANPUITHH, KUI-
KHE OTXOJIbl CaXapHbIX 3aBOJIOB, OBITOBBIE OTXOJIbl, CTOUYHBIC BOJIbI TOPO-
JIOB M CIIUPTOBBIX 3aBOJOB, OTXObI CEIBCKOr0 XO3SMCTBA.

CBoeoOpa3HbIMU KOMIIOCTaMU SIBJIIFOTCS TOPOJICKHE CBAJIKH.

B CIIIA u ctpanax EBporbl ¢ koHIIa XX Beka Ha4aau MCIOJIb30BATh
ra3, BBIACISIOIMKCSA IIPU PA3JIOKEHUH MYCOpa Ha CBAJIKax, Ui IMOJIyYe-
HUs SHepruu. g 3Toro Ha pa3auvyHOUM riayOuHE yCTaHaBIMBAIOT mepdo-
pUpOBaHHBIC TPYOBI, Yepe3 KOTOphIe OTKauuBaroT ra3. [lomydyeHnue Ouorasa
Ha TOPOJICKMX CBaJIKaX OTHOCHUTCS K THUITY TBep0(da3HOU (epMeHTaIINH.

5. U3BJieueHHue MOJIE3HBIX BEIIECTB

Opna W3 TIaBHBIX 3a]ad TEXHOJOTHUU, CBA3AHHOW C OKpYKaloleu
Cpelloil, — 3TO COXpaHEHHE MPUPOJHBIX PECYPCOB IMyTEM MOBTOPHOTO HC-
TIOJIb30BAHUSI MOJIE3HBIX BEIIECTB, COAEpKauXcs B oTxonax. [lomyuenue
MOJIC3HBIX MAaTEPHATIOB M3 OTXOJOB MMEET JBA aCIEKTa: U3BJICUCHHUE WJTU
KOHIICHTPHUPOBAHUE IOJIC3HBIX BEIIESCTB M3 OTXOJIOB; MPEBPAICHUE OTXO-
JIOB B TIOJIE3HBIE MaTEPHUAIIBI.

CoBpeMeHHBIC TEXHOJOTUM TO3BOJISIOT HE TOJIBKO OYUCTHTH CTOY-
HBbIC BOJBI OT 3arps3HEHUN, HO W M3BJI€Yb U3 HUX TOJIC3HBbIC BEIIECTBA, B
NEPBYIO OYEepeab METaJlIbl, KOTOPbIE MOTYT OBITh CHOBA HAaIpaBIICHHI B
npou3BOACTBO. [lOMUMO HCTONMB30BaHUS HOBBIX BHUIOB COPOCHTOB st
OYHUCTKH CTOYHBIX BOJ BCE IMPE NMPUMEHSIOTCS OMOTEXHOJOTHH, OCHO-
BaHHbBIC HA WCIOJIH30BAaHUU BBICIITUX BOJHBIX PACTCHUN U MUKPOOPTAHM3-
MOB. K mepcreKTHBHBIM, KOHOMHYECKH HE3aTPAaTHBIM OTHOCAT METO]T
duTOopeMe A, KOTOPHI MO3BOJISET YIAIATh TOKCHUYHBIE COCTUHCHHS
U3 TOYBBI, TPYHTOBBIX BOJ M BOJOEMOB IPH MOMOIIM MOYBEHHBIX MUKPO-
OpraHU3MOB M BBICIIUX BOJIHBIX pacTeHUU (3MXOpHHMS, psACKa, JIMMHOGDHIA
v JIIp.).

[Tornmomasick pacTeHUSAMH, TOKCUKAHTHl WHAKTUBUPYIOTCS, MPOXOJIS
pa3zHooOpa3Hble XUMUUYeckue npeBpaiieHus. [lorudiive u BeipaOoTaBIINE
KU3HEHHBIH pecypc pacTeHUs-(OPUTOCOPOSHTHI HETOKCUYHBI M MOTYT OBITh
MCIIOJIb30BaHbl B Ka4eCTBE J0OABOK K KOpMaM >KMBOTHBIM M NTHIAM, IS
MOJIyYeHUsI KOMIIOCTa U OUOTryMmyca.
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[Ipumenenue cynabdaTopenyUUpYOIUX OaKTepuid Il OYHCTKHU
CTOYHBIX BOJ TO3BOJISICT IMOJydYaTh MacChl METajula B BHIE TOBAPHOTO
npoaykra. B Hacrosiiee Bpemsi UCCIEOBaHUS U pa3pabOTKU B ITOMl 00-
JACTH HAIpaBJICHBI Ha Ppa3pabOTKy TEXHOJIOTHYECKHUX CXeM, MpeaoTBpa-
MIAIOIMUX THIUOMPOBAHKUE OAKTEPHUH, HAXOIAIINXCS B CTOYHBIX BOJAX, HO-
HaMH METAJIJIOB, METOJ0B OCAKICHUS METAIIJIOB U3 CTOYHBIX BO, IIPEIOT-
BpAIllCHUE 3arPS3HCHUST OaKTEPHUSIMHU OYHIIEHHBIX CTOKOB M ITOMCK JEIe-
BBIX HMCTOYHUKOB MHUTAaHHUS JJig OakTepuid (OpraHWMYECKHE 3arps3HEHUs
CTOYHBIX BOJI, B YaCTHOCTH T'OPIOYECMA30YHBIC JKUIAKOCTH, X035HCTBEHHO-
OBITOBBIC CTOKH H Jp.) (YTHam3anus OTXOJ0B — MPOOJIEMBI, ITyTH pPEIIIe-
aus, 2015).

N3BieueHue BemecTB U3 BOAbl. Bogy MOXXHO paccMaTpuBaTh Kak
BO300HOBISIEMBI pecypc. IIoBTOpHOE HCIIOIB30BAaHHUE IMPOMBIIIIICHHBIX
CTOYHBIX BOJ SKOHOMHYHO TOJBKO B TSDKEIIOH MPOMBINIJIEHHOCTH, TIE
MOXXHO TMPHUMEHSTh HE TaKyH YHCTYH BOJY, KaK NMHUTHEBYIO, U MOATOMY
MOYXHO CBECTH K MHHUMYMY 00pa0bOTKy CTOYHBIX BOJ. OCHOBHBIC TPYIHO-
CTH TPH OYHUCTKE CTOYHBIX BOJ CBS3aHBI C HAJTMIHUEM COCIMHEHHM, KOTO-
phle HE MOAIaI0TCs IepepadoTKe.

N3BievyeHre BeleCTB U3 0TXO00B CeJIbCKOXO03SIICTBEHHOI0 MPO-
u3BojaAcTBa. [loTpeOHOCTh B yIOOpEHMSIX MOCTOSHHO BO3PACTaeT, OJHAKO
IIEHbI HA XUMHYCCKHE YI0OpEHUs BCE BPEMs PacTyT, IOATOMY CTAaHOBUTCS
BBITOJTHBIM HCIIOJIB30BaHHE OTXOJOB YKMBOTHOBOJCTBA B KauyeCTBE Opra-
HU4Yeckux yaobOpenmii. CojepkaHue pa3IMYHBIX KOMIIOHCHTOB B HABO3€
CEIBCKOXO03MCTBHHBIX JKUBOTHBIX IIPUBEJICHO B TaOIHUIIE 7.

Tabnuna 7 — CogepkaHue pa3IMYHbIX KOMIIOHEHTOB B HaBO3€, %0

JKuBoTHEIE Bona A3zot docdop Kamuin | Kanpoui
KpynHsiii porartblii CKOT 77,3 0,5 0,23 0,59 0,40
CBuHbBH 72,4 0,65 0,19 0,60 0,18
[THmb! 73% 1,31 0,68 0,59
OBIIBI, KO3BI 64,6 0,83 0,23 0,67 0,33
Jlomraau 71,3 0,77 0,28 0,63 0,21

KopmMma ans x&uBOTHBIX. B miporiecce mepepaboTku OTXO0B IPH y4da-
CTUU MHUKPOOPTAHU3MOB 00pa3yeTcss MHOTO MHUKPOOHOTO OeJika, KOTOPBIM
MO>KHO HCIIOJIb30BaTh B KOPM CKoTy (puc. 39).
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CXEMA 9KCTPAKIINH BEJIKA

N

Nn 1. Un
l 2. O06e33apaxnuBaHUE
BricymuBanue 3. lllenmounas o6paboTka
l 4. OuibTpoBaHUE
Crepunuzanus 5. Kucnortnas o6paboTka
l 6. ®uibTpoBaHHe
[Iponykr 7. TlpompiBaHue
8. BricymmBanue
Kopwm miis pei0 1 ckoTa 9. [Iponykr
10. KopM a1 )KUBOTHBIX

Pucynok 39 — Cxema sxcmpakyuu 6enrka uz una CmoyHulx 00

Takum oOpa3om, OHMOTEXHOJIOTHSI MOXKET OKas3aTh CYIIECTBEHHOE
BIMSHUE Ha PEIICHHE YKOJOTHYECKHX IMPOOJIEM, MO3BOJHUT OCYIICCTBUTH
CHUCTEMY MPODIIAKTHICCKUX MEPOIPHUATHI M JTUKBHINUPOBATH MOCIEACT-
BUSI 3arPSI3HEHUS OKPYKAIOIICH Cpebl.

Takum 00pa3oM, MbI BBIACHUJIU, KaKh€ OOBEKThI MOTYT OBITh IO/I-
BEPrHYThl OMOTEXHOJOTUYECKOW 00pabOTKE, U PACCMOTPENIN METOIbBI OMO-
JIOTHYECKON OYHMCTKH CTOKOB.

Bonpocs! 11 caMOCTOSITEIbHOM PadoThI

1. HazoBwure mokasatenu 3arpsi3HEHUS CTOYHBIX BOJ, KOTOpPHIC Xa-
PaKTEepU3YIOT 00IIME CBOMCTBA BOIBI.

2.  HazoBute T KiIacCUDUKAIIUN CTOYHBIX BOJ.

3. Ilepeuncnure OCHOBHBIE MUKPOOPTAHH3MBI, BCTPEUAIOIIHECS B
CTOYHBIX BOJAX.

4,  JlaiiTe ompeaeneHHWE TEPMHHAM «300TJei» U «Kod(pbduimeHT
300TJIEHHOCTI.

5.  Yro npexacrapisieT cOOOM aKTUBHBIN W17

6. Pacckaxute o cnocode BIIK, npumensieMoM 1isi onpeaeaeHus
COJIEpKaHUS OPTAHUYECKUX BEIECTB.

7.  Pacckaxwute, Kak paO0OTalOT NEPKOJIAIIUOHHBIE (DUIBTPHI.

8. HazoBuTe MOCTOMHCTBA M HEAOCTaTKHM B pabOTE a’pOTEHKAa-
BBITECHUTEJIS, a9POTCHKA-CMECHUTEIIA.
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9. HazoBute ¢a3el mMeTaHoBoro Opoxxenms. Kakume MwuKpoopra-
HU3MBI IPUHUMAIOT Y4acTHE B MEPBOM U BTOPOil (aze OpoxeHus?
10. Kak npoucxoauT 3KCTpakius Oenaka U3 akTUBHOTO uiia?

OcHOBHbIE TEPMUHBI M MOHATHUS. CTOYHBIC BOJbI, OMOJOTHUUECKOE
noTpedaeHre KUcIopoaa, KodhUIMeHT 300rIeHHOCTH, aKTUBHBIN W1, KO-
¢ PUIMEeHT TPOTO30MHOCTH, A9POTEHK, OMOTa3.

Bonpocs! 1J1 caMOCTOATEIbHON PadoThI

AnpobOnas mepepaboTka 0TX0J0B (B MPUCYTCTBUHU KHUCJIOpPOaa) (9KC-
TEHCHUBHBIE METOJIbI U MHTEHCHUBHBIE criocoObl). Koadduuuent 3oormnei-
HoctH (kz). Koadumuent nporosoitnoctu (Kp). AHaspoOHOE pas3iokeHue
(kucnasi © METaHOBas CTaJuM mpolecca OpoxeHus). Pa3pl METAHOBOIO
Opoxxenusi. M3BiaedueHre Mojae3HbIX BEIIECTB (U3BJICUCHHUE BEILIECTB U3 BO-
TIbI, U3BJICYEHHUE BEIIECTB U3 OTXOJ0B CEIBCKOXO3SMCTBEHHOT'O MPOU3BO/I-
cTBa.) broouncTKa ra30BO3AYIIHBIX BHIOPOCOB. broTexHOMOTHU U TIOTY-
YeHHE METAUIOB. bakTepuanbHOE BhIIEIaYMBaHUE.

PexoMenayeMasi JiuTepaTypa K CaMOCTOATEILHOM padoTe

1.  buorexnonorus / N.B. Tuxounos [u np.] / mox pea. E.C. Bopo-
HuHa. — Cankt-IlerepOypr: TMOP/I, 2005. — 792 c.

2. buorexHoyOTHSA: TEOpPHUS W TpaKTUKa: ydeOHOe rmocooue s
By30B / H.B. 3arockuna [u 1p.]. — Mocksa: Onukce, 2009. — 496 c.

3. EropoBa, T.A. OcnoBbsl Ouorexnonoruun / T.A. Eroposa,
C.M. Knynoga, E.A. Xuyxuna. — Mocksa: Akagemus, 2008. — 208 c.

4.  OO6mas xumus: yueoHuk s By30B / FO.A. Epiios [u np.]; nox
pen. FO.A. EpmoBa. — 2-e u3f., ucnp. u gon. — Mocksa: Beiciias mikona,
2000. — 560 c.

5. Cazonona, .A. BuoTexHOJIOrU 3alUTHI OKPYKAIOIIEH CPEebl:
kpatkuii kypc nekuuii / M.A. Ca3zonoBa, A.A. lllep6akos; CapaToBCKHii
I'AY. — Caparos, 2016. - 51 c.

6. YTuiamzauus oTXOJI0B — MPOOJIEMBI, IyTH PEIICHUs. AHAIUTH-
yeckuit 0030p. — MockBa: HUN PecnyOnukaHckuil ncciieqoBaTeNbCKUN
Hay4YHO-KOHCYJIbTAIMOHHBIN LEeHTp, 2015. — 27 c.

/. UYerBeprakoBa, E.B. buorexnonorus: kypc aekuuii / E.B. Uer-
BepTakoBa. — Kpacnosipck, 2010. — 90 c.

8. UerBeprakoBa, E.B. buotexnonorus: ydeOHOe mnocobue /
E.B. YetBeprakona, JI.I1. Bnagsimesckas. — KpacHosipck, 2011. — 175 c.
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TECTOBBIE 3AIAHUA

1. Ilepuon, Ajist KOTOPOIO XapaKTEPHO UCIOJIH30BaHUE CITUPTOBOTO U
MOJIOYHOKUCIIOTO OpOKEHHUs MpH TMOJIYyYEeHUM THBa, BUHA, ChIpa, XJeoa,
(hepMEHTHPOBAHHBIX MPOIYKTOB U yKCYyCa:

a) apa HOBOM OnoTtexHoyoruu (rmocie 1975 r.);

0) momactepoBckas 3pa (10 1865 r.);

B) apa ympasisemoro ouocunresa (1961-1975 rr.);

r) 9pa aHTUOMOTUKOB (1941-1960 1T.).

2. DBOJIIOIIMOHHO CJIOKMBIIASACS, MPOCTPAHCTBEHHO OrpaHUYCHHAs,
JUTUTEIBLHO CaMOTIOIJIEPKUBAIOIIASICS, OJJHOPOAHAS IPUPOJHAS CUCTEMA:

a) OMOIICHO3;

0) OMOTreoIIeHO3;

B) MOMYJISIIUS;

r) OMO30Ha.

3. IlepBas pexomOunantHas [IHK, cocraBnennas u3 ¢Qparmenra
JHK o6e3bsiabero Bupyca OB40 u 6akrepuodara A dvgal ¢ ranakTo3HbIM
oniepoHoM E. coli, 6bl1a mosrydeHa:

a) I1. beprom u corpyanukamu (1972 r.);

0) JI. Yorconom, ®. Kpukom (1953 r.);

B) A. Mapmypowm u 1. lotu (1961 1.);

r) B. Ap6epom (1962 1.).

4, Mopenp noiHou cnupanu JIHK Ha ocHOBaHMHM pe3ysbTaToOB
peHTreHocTpykTypHoro ananuza JIHK Obuta ckoHCTpyHpoBaHa:

a) M. HupenOeprom, C. O4oa, I'. Kopana (1966 1.);

0) A. Mapmypowm u I1. lotu (1961 1.);

B) B. Ap6epom (1962 1.);

r) JI. Yorconom, ®. Kpukom (1953 r.);

5. N'enernueckuii ko ObLT paciiMppoBaH:

a) M. HupenGeprom, C. Odoa, I'. Kopana (1966 1.);

0) JI. Yorconom, ®. Kpukom (1953 r.);

B) B. Ap6epom (1962 1.);

r) A. Mapmypowm u I1. lotu (1961 r.).

6. DTan BBIJECP)KUBAHUS KOMIIJIEMEHTAPHBIX TETNel MpU TeMIepaType
65 °C, npuBoOAsSIIMIA K WX CIIAPUBAHUIO M BOCCTAHOBIICHUIO CTPYKTYPHI
JIBOMHOW CIIMPAJIU:

a) rubpuiu3anus, peHaTypamus, Wil OTXKUT;

0) mnaBIcHUE;

B) CCKBEHHPOBAHMUE.
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/. ®epmeHT, ¢ mnoMouIbl0 KoToporo ocymecTtBiasercs JIHK-
JIUTUPOBaHUE (WJIU CIIMBAHUE) T€HOB:

a) TpaHchepassbl,

0) JIHK-nurasa;

B) PECTPHUKTA3HI,

I') TUJIPOIa3bl.

8. OOBEKTHI, KOTOPBIE OTHOCSATCS K YUCITY BEKTOPOB:

a) Tu1a3MuIbl, OakTepruodaru, BUPYChl dKUBOTHBIX;

0) GakTepuu, 6akTeprodaru, BAPYChl )KUBOTHBIX;

B) OakTeprodaru, BUPYChl )KUBOTHBIX, MUKPOMHIIETHI;

I) IUTa3MuJIbI, OaKkTeprodary.

9. ABTOHOMHO PETUIMITUPYIOIIUECS IUTOILUIA3MATUYECKUE OPTaHEITbI
B KJIETKaX PACTCHHM Pa3IMYHBIX BUOB:

a) KOCMH/IBI;

0) Mmaa3MHIbL;

B) ILUTACTHIBI.

10. [Tna3muael, comeprKaime BCTPOCHHBIN cOC-ydacTok ¢ara A, Oia-
rojgaps yemy rmiasmuanas JIHK moxker ObITh ymakoBaHa in Vitro B 00o-
J04Ky (hara:

a) KOCMUJIBI;

0) mIa3MHIbL;

B) TUTACTH/IBI.

11. I'pynina reHeTHYeCKH UASHTUYHBIX KJIETOK, 00pa3yIoIIUXCcs B pe-
3yJIbTaTe€ BEr€TaTUBHOT'O Pa3MHOXKEHUS OJHOTO OOIIEro MpeKa:

a) KJIOH;

0) mTamwm;

B) KOJIOHHUS.

12. ITonyueHue TpaHCTEHHBIX )KMBOTHBIX MPEIyCMaTPUBACT PsiJl dTa-
noB (pacIrpeaenuTe 3Tambl MOCIeI0BATENBHO):

a) mukpounbekiusa JIHK u mepecanka HHbEITUPOBAHHBIX SMOPHOHOB
B SIMIIEBOJIBI MJTH TIOCJIE KYJBTUBUPOBAHUS B MAaTKy CHHXPOHH3UPOBAHHBIX
PEIUITICHTOB;

0) u3BICUYCHNE YMOPHUOHOB U3 JJOHOPHBIX OPTaHU3MOB;

B) mpurotoBiieHne pacteopa JIHK 11si MUKpOUHBEKITHH.

13. IlomHOCTHIO TIpOIlEypa TMOIYyUYEHUS MOHOKJIOHAJIBHBIX AHTHUTEIN
BKJIFOYAET B ce0s CIIEIYIONIUE 3Tanbl (pacnpeaesiuTe 3Tarbl MOCae0Ba-
TEJIbHO):

a) KIIOHUPOBaHME,

0) MOATOTOBKA KJIETOK K CIIUSIHUIO; CIIUSIHUE;
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B) HIMMYHU3aIUs )KUBOTHBIX;

T) 0TOOp NPOAYIUPYIONIUX CHEUPUICCKUEC AaHTUTENA KIIOHOB;

1) MaccoBasi HapaOOTKa THOPUIOMHBIX KIIETOK;

¢) PEKIIOHUPOBAHUE;

K) TOJIYYCHUE KYJIbTYPAIbHOM >KHIKOCTH WM acIluTa, COJCPIKAHUC
aHTUTENA,;

3) BBIJICJICHUE ITUX aHTHUTEIL.

14. CnocoOHOCTh HEKOTOPBIX COMATUYECKUX KJIETOK JaBaTh Ha4aslo
IEJIOMY OpTaHU3MY.

a) TPAHCIYKITHS;

0) TOTHIIOTEHTHOCTb;

B) TpaHc(opMaIus.

15. Ogna w3 cragmii SMOpHOTEHE3a MJICKOIMHUTAIOIMINX, COCTOWT W3
64 KJIeTOK, OpraHW30BAaHHBIX B JIBa CJIOS, CIOCOOHAa K WMIUIAHTAI[UU B
CTEHKY MaTKHU:

a) MOpYyJIa;

0) GiactorucTa;

B) OsacTomep.

16. CTpykTypHOU eIUHUIICH OenKa SBISETCS:

a) HyKJICOTH/I;

0) HyKJIEHHOBAs KUCJIOTA;

B) aMHUHOKHCJIOTA.

17. K nepBUYHBIM META00JIUTAM OTHOCHT:

a) aHTUOMOTHKH, ITUTMEHTHI, TOKCHHBI,

0) aMHUHOKHCIIOTHI, HYKJICOTHIBI, MOHOCAXaPH/Ibl, BATAMHUHBI,

B) TUTMEHTHI, MOHOCAXapH/IbI, HYKJICOTHIBI;

') aHTHOMOTHKH, BATAMUHBI, AMUHOKHCIIOTHI.

18. K BTOpu4HBIM MeTa0OIUTAM OTHOCHIT:

a) aHTUOMOTHKH, ITUTMEHTHI, TOKCHHBI,

0) MOHOCaxapHIbl, TOKCUHBI, HyKJICOTH/IbI;

B) aHTUOMOTHKH, TUTMEHTHI, TOKCUHBI, aMUTHOKHUCIIOTHI,

') aHTHOMOTHKH, aMHUHOKHCIIOTBI, BATAMHHBI.

19. Knacc ¢depMeHTOB, KaTaTU3UPYIOIIUX PEAKIMH TUIPOIN3A, —
pacuierieHue MOJIEKYJI OpPraHWYeCKOro BEIeCTBa HA MOHOMEPHI C TIOMO-
6O BOJIBI:

a) JINTa3bl;

0) nzomepassl;

B) THIPOJIA3kI;

T') JTUa3bl.
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20. CoBOKYMHOCTb (DEpMEHTATUBHBIX PEAKIUN B KUBOM OpPTaHU3ME,

HAIIPpaBJICHHBIX Ha pPaCHICINICHUC CJOXHbBIX OPraHUYCCKHUX BCUICCTB, —
6€J'IKOB, HYKJIICMHOBBIX KHCJIOT, KHPOB, YIJICBOJOB, IIOCTYIIAOIIHUX C ITH-
H_Iefl HJIN 3allaCCHHBIX B OPIraHU3MC!

a) MeTaboJIN3M;

0) kaTabOJIU3M;

B) aHA00JIN3M;

I') KOMMEHCAJIU3M.

21. depmeHTHI Kjacca THAPOJIa3, KaTAIM3UPYIOT paciieIIeHUe Ien-

THUAHDBIX CBs3€il B OeJIKax U IICIITNAax:

a) aMUHOJIUTUYECKHUE (PEPMEHTHI;

0) NEeKTOUTHYECKUE (PEPMCHTHI

B) LICJUTFOJIOJIMTUYCCKUE (DEPMEHTHI;

I') IPOTCOTUTHUSCKHUE (DEPMECHTEHI.

22. ®epMEHTHI, KaTAIU3UPYIOIINE MEPEHOC OMPEAEICHHOM TPYIIIbI

aTOMOB, — METHJIbHOM, anuibHOM, (pocdaTHON WM aMUHOTPYIIBI — OT
OJHOTO BEIIECTBA K IPYTOMY:

a) JINTa3bl;

0) TpaHCcdepassr;

B) M30MEPa3bl;

T) Jua3bl.

23. TemmepaTypHbIli ONTUMYM JIJIsi OOJIBITMHCTBA (PEPMEHTOB JICKHT

B IIpeenax:

a) 35-50 °C;

0) 27-45 °C,

B) 3060 °C;

r) 37-40 °C.

24. K opraHM4ecKuM MOJTUMEPHBIM HOCHUTEIISIM OTHOCST:

a) CHHTETHUYECKHE TIOJIMMEPHBIC HOCUTEIH, IIPUPOIHBIC ITOJTMMEPHBIC

HOCHUTEIIN;

0) mpupoaHbIC MOJUMEPHBIC HOCHUTEIIN, MaTepHallbl U3 CTCKJIA, TIH-

HBI, KEPAMUKH, Tpa)UTOBON CaXKU;

B) OCJIKOBBIC, MOJIMCAXapHIHbIC, MaTepPHANbl M3 CTEKJIA, TJIUHBI, Ke-

pPaMUKH;

I') MaTepHalIbl U3 CTEKJIA, TJIUHBI, KEPAMHKH, JINITATHBIC.

25. K HOCHTEISIM HEOPTaHUYECKOU MPHUPOJIBI OTHOCHT:

a) MaTepuabl U3 CTEKJIA, TJIMHBI, KEPAMHKH, TIOJIMCAXapH THBIC,

0) MaTepHallbl U3 CTEKJa, TJIMHBI, KEPAMUKH, Tpa(pUTOBON CaXXH, CH-

JIMKareyrsl, a TaKKC CUJI0XPOMBI, OKCHAbI MCTAJIJIOB,
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B) MHOJMCaXapuIHbIe, MaTePUAIbl U3 TJIMHBI, KEPAMUKH, CUIHKATCII,

d TAK)KC CUJIOXPOMBI, OKCHUAbI MCTAJIJIOB.

26. I'maBHBIM JEUCTBYIOIIMM HayajioM OMOXMMHYECKOTO CIocoba

OYHUCTKHU CTOYHBIX BOA ABJIAKOTCA:

a) MUKPOOPTaHNU3MBI;

0) MOHHBII 00MEH;

B) TeMIIepaTypa;

r) copOmwsl.

27. K nporieccaM OMOTEXHOJIOTUM OTHOCST METOJbl OUYUCTKUA CTOY-

HBIX BOA:

a) MexaHUYeCKHe (KOaryJIsaius, HeUTpaJIU3alius ¢ MOCICIYFOIIUM OT-

CTaNBaHUEM ),

0) ¢pu3KMKO-XuMHYECKUE (MOHHBII 0OMEH, COPOIIHS);

B) TCPMHUYCCKHC;

) OMOXUMHUYCCKHE.

28. Opranu3mbl, HOPMAJIBHO CYIIECTBYIOIIME M PA3MHOXKAIOIIUECS

IPY CPEeIHUX TeMIepaTypHbIX ycimoBusax (20—40 °C):

a) TepMOQHIIHI;

0) Me30(uIbI;

B) anu0(OUIIbI;

I') TAJIO(QHUITBL.

29. OTKpBITOE KEIE300€TOHHOE COOPYKECHHE, B KOTOPOM IPOHCXO-

AUT NNICPEMCIINBAHHUEC CTOYHBIX BO/, MI/IKpO6HOI‘O HJia 1 BO3J1yXa:

a) METAaHTCHK;

0) a’pOTEHK;

B) OWOTIPY/I.

30. CooTHomieHHEe OaKkTepUaIbHbIX KJIETOK M MPOCTEHIINX OpraHu3-

MOB B aKTUBHOM HJIC:

nJic:

a) ko3 dunueHt nporoszoitHoctH (Kp);

0) xoapunment 3oorneinocty (k,);

B) OKHCITUTEIIEHO-BOCCTAHOBUTENBHBIN MoTeHnnan (eH).

31. CooTHolIEHUE KamCyJbHBIX U OECKancylbHBIX (OPM KIETOK B

a) koo dunueHt nporozoiHoctH (Kp);

0) xoadunment 3oornenoctu (k,);

B) OKHCIIUTEILHO-BOCCTAHOBUTEIbHBIN moTeHnal (eH).

32. AKTUBHBIN U COCTOUT:

a) Ha 20% W13 )KUBBIX OPraHU3MOB U 0K0JI0 80% COCTaBIISIIOT TBEP-

JIbI€ YACTHUIbl HEOPTAHUYECKOW MPUPO/IBIL;
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0) Ha 50% U3 )KUBBIX OPTaHU3MOB U 0KOJI0 50% COCTaBIISIIOT TBEP-
JIbI€ YACTHUIIBI HEOPTAHUYECKON TPUPO/IBI;

B) Ha 70% U3 *KUBBIX OpraHu3MoB U 0koJi0 30% COCTaBIISIOT TBEP-
JIbI€ YACTUIIBI HEOPTAHUYECKON TTPUPO/IBI;

r) Ha 10% u3 )XuBBIX OpraHu3MoB U 0Kk0Ji0 90% COCTaBISAIOT TBEP-
JIbI€ YACTHUIIBl HEOPTAaHUYECKOW TPUPOJIBI.

33. K 9KCTEHCHBHBIM a3pOOHBIM MpolieccaM OMOOYUCTKH OTHOCST:

a) TIOJISI OPOILICHUS, IO (PUIIBTPALIMH, OHUOTIPY/IBI;

0) ACATCIBPHOCTh AKTHBHOT'O HMJIA WM OMOIUICHKH;

B) JCATCILHOCTh aKTUBHOTO WJjla WM OMOIUICHKH W MOJs (HUIbTpa-
L

T) OHONPY/IbIL.
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3AJAYU 1O BUOTEXHOJIOI'MHU

1. W3 oxHOM TOHHBI MOPKOBM MOXKHO M30JHpPOBaTh OJUH T
ButamuHa B, (puboduaBuH), u3 oAaHON TOHHBI TeuyeHu — 6 r. I'pubd
Eremothecium ashbyii (ackomunieTsl) npu BeIpaliiBaHWN HA OJHY TOHHY
MUTATEIbHOM CMECH CIOCOOEH CHUHTE3UpoBaTh 25 Kr. CKOJBKO MOKHO
noJiyduTh pubodiaaBuHa u3 96 T MOpPKOBH, MEUEHU M B PE3yJIbTATe
xkusHeaeaTeapbHoctn rpuba Eremothecium ashbyii ma takom ke oObeme
MUATATEIBLHON cMecu?

2. B pesynbpTaTe OOBIYHOTO XMMHUYECKOTO OKHUCICHUS MHUHEpasa
XaJIbKOMUPUTA (MIPOMBIILICHHBIM HMCTOYHUK MEIH) H3BIEKAIOT TOJIbKO
18% muHepana. baktepuun 3a TakoW k€ CpOK U3BJIEKarT 98% meramia.
Ckonpko Menu Oyner wusBiaedeHo w3 100 TeIc. T XaJlbKONUpUTA
XUMHUYECKUM CITIOCO00M okuciieHusa? bakrepusimu?

3. IlporemH KOpPMOBBIX JpOXGKEeH OoraT  HE3aMEHHMBIMU
aMUHOKHUCI0TaMHu. B omHOM Kr conepxkurca 35—42 r nus3uHa, yto B 10 pa3
Oomnpiie, yeM B oBce U suMeHe. CKOJBbKO HAaI0 KI JPOXIKEH, 4TOOBI
MOJYYUTh OJIHY TOHHY JIM3UHA? A OBCa U SYMEHS?

4.  3eneHble BOJOPOCIH ABISIOTCS JACIIEBBIM UCTOYHUKOM OEJIKOB,
KUPOB, BUTAaMHHOB. B SmoHuu, pa3MHOXasi B MPECHBIX BOJOEMAaX
OJTHOKJIETOYHYIO BOJIOPOCIH — XJIOPEJUTY, ToIy4daroT 16 T Oenka ¢ 0JHOTO
ra. C Takoil e IUIOIIaN TPABSIHOTO MOKPOBAa MOYKHO B35ITh 673 Kr Oelika,
¢ moceBoB apaxuca — 471 kr. CpegHecyTouHass HOpMa Ha OJJHOTO YEJIOBEKa
— 100 r Genka. PaccumTaiite, CKOJIBKO MOXHO «HAKOPMHUTBH)» YEJIOBEK C
OJIHOTO Ta TUIOIIAAN JAHHBIX KYJIbTYD.

5. Ha 1 T pa3naraeMoro OopraHM4ecKOro BEIIECTBA MOJY4YarOT B
cpeqem 400 ky6. rasza, coaepkanue meraHa — 60-80%. Ckoybko
KyOOMETpOB ra3a MOXHO MOJIYYUTh U3 3,5 T OpraHM4EeCcKOro BelecTna’?

6. Kaxnasrit uz oprannzmon Ha 500 KT cBOeM MaccChl 3a OJTHU CyTKH
MPOU3BOJAUT  CIIEAYIONMIEE KOJMYECTBO HOBOOOPA30BAHHOTO  OeKa:
kopoBa — 0,5 kr, cos — 5 kr, apoxxku — 50 T. Bo ckoibko pa3 0oJibIie
OeJiKa CIoCOOHBI TPOAYIIUPOBATH IPOAKIKEBHIC KICTKH?

/. B KOpPMOBBIX JIpOX>KaX COAEPKUTCA TUaMHHA (BUTaMUH Bi) B
cpeanem 12,5 mr/kr, B peioHOM Myke — 0,9 mr/kr, ropoxe — 6,8 MI/KT.
Ckonbko THamMuHa OyJeT cojaepkatbcsi B 1,7 T KOPMOBBIX OPOXOKEH,
pBIOHOM MyKe, Topoxe?

8. B npoxxkax, BbIpalllCHHBIX Ha SYMEHHBIX  3aTOpax,
coaepxutcs. oenka — 50%, xupoB — 3,2%; BhIpalIeHHBIX Ha MeJacce:
oenka — 44,5%, xupoB — 5,2%; Ha rtmaponuzatax — 53% u 2,2%
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COOTBETCTBEHHO. Kakoi cmoco® BeIpaliuBaHus JIpOXoKed Hambolee
s dexTruBeH?

9. Onpegenure  HYKICOTUIHYIO MOCJIE/IOBATEIIBHOCTh U
OpUEHTAIINIO KOHIIOB (pparMeHTa onHOM W3 HUTer mosekyabl JIHK, ecnu
U3BECTHA IIOCIIENOBATEIIBHOCTh M  OPHUEHTALMA KOMIUIEMEHTAPHOIO
y4acTKa APYyroll HUTH 3TOM MOJIEKYJIbI: 3 -A-F-L[-LI-T-T-LI-A-T-S/.

10. TIIpu ananuze uykieotuaHoro coctraBa JIHK Oakrepuodara
MI13 O6but0 0O0HAPY)KEHO CIIEAYIONIee KOJIMYECTBEHHOE COOTHOIICHUE
a30TUCTBIX ocHOBaumii: A — 23%, I' — 21%, T — 36%, 1 — 20%. Kak
MOXXHO OOBSCHUTH NMPUYMHY TOTO, YTO B 9TOM Cllydae He COOJt0maeTcs
MPUHIINAT YKBUBAJICHTHOCTH, yCTaHOBIICHHBIN D. Yapraddom?

11. ®parmMeHT MOJEKyJbl  O€lKa  MHOTJIOOMHA  COJACPKUT
AMHUHOKHCIIOTHI, PACHOJIOAKEHHBIE B CIEIYIOMIEM MOPSIKE: BaJUH-ATAHUH-
[IyTAMUHOBAsI KUCJIOTA-TUPO3UH-CEPUH-TIIyTaMUH. Hanummure cTpykrypy
yuyactka Mozekynsl JIHK, xomupyromero 53Ty mM0oCieqoBaTeIbHOCTh
AMUHOKUCJIOT.

12. Tloacuuraiite, 4TO TsKENee — OENOK WM KOHTPOJUPYIOIIUN
€ro T'€H, €CJIM M3BECTHO, YTO MOJIEKYJISIpHAsA Macca OJTHOTO HYKJIEOTHIa
okoJio 300 a. e. M., a aMUHOKHUCIOTHI — 0k0J10 110 a. e. M.

13. PaccuwnTaiiTe 4MCIIO aMHHOKHUCIIOT B HOJIUIEHTHIHON IIEITOYKE,
kogupyemoir M-PHK, coctosimieit u3 180 HykieoTuoB U (pparmeHTa
monekynsl JIHK, cogepxament 300 map HyKJI€OTHIOB.

14. Tlpu pernmkamuu JHK B kierkax OakTtepuil CKOpOCTH
noauMepu3anuu coctasisieT npuMepHo 500 HyKIIEOTUIOB B CEKYHIY, a B
KJIETKaX MJIEKOTUTAOIINX — OKOJIO 50 HYKJIEOTHIOB B CEKYHIY:

1) CKOJNBKO MOHAIO00UTCS BPEMEHM JJIsI MOJHOTO KOMHUPOBAHUSA O]I-
HOopermkoHHOM MoJekynsl JIHK OaktepuanbHoro Bupyca (6axrepuoda-
ra) CpeHero pasMepa, coaepxaieu 3- 10* nap HyKJICOTHIOB,;

2) caenanTe aHAJIOTUYHBIN pacyeT g mosiekyJibl JJHK onnHoit u3
XPOMOCOM Y€JIOBEKA, COAECPKAIIEH IPUMEPHO 10° 1ap HyKJIEOTUAOB, PU
YCJIOBUH, YTO Takasi MOJIEKYJia MpeJicTaBisiia Obl cOO0M BCEro JIUIIb OJIUH
PEIUINKOH.

15. C momortipio Kakux (HEepMEHTOB MOXXHO TMOJIYUYUTh THOPHUIHYIO
monekyny JHK wu3 stux ¢parmentoB? OmNUIIATE MOCIEI0BATEIbHBIE

ATanbl MOJYYCHUS] THOPUTHON MOJICKYJIBI.
1 5-ATATALITTTTAATTLIALIA-3
3-TLI'TATTALIALITTAAT'TI T-5'

5-ATTAATTLITTATLIATALL-3
3-TALITTAATAATUI TATI-5'
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16. HNmeercs mocnenoBaTeNbHOCTh W3 27 HYKICOTUIHBIX Iap

npyxuenouyeynon JJHK cnenyromiero cocrana:
5-IITTAATTAITATHIAITHAATAITITT -3/
3-TATTAATLTAIT T TTATLIALIALL-5

Kakum cmoco6om 1 Ha CKOJIBKO YacTel MOKHO paspes3ats 3Ty JJHK?
17. HWmeercs mocChenOBaTEIbHOCTh W3 24 HYKJICOTHIHBIX IIap
neyxuenoueynou JIHK cnexgyromero cocrana:
5-THATAATTUTITLLIAAT TAL[TTAI-3
3-ATTUTTALTALILIITTTHATI AATLL-5
Kaknm crmioco6om u Ha CKOJIBKO YacTe MOKHO pa3pesats 3Ty JJHK?
18. TammouaHbIi TE€HOM 4YEJIOBEKAa COJECPKHUT OKOJIOo 3 X 10°
nykieotuaubpix map JIHK. Ckonabko pa3auyHbIX PECTPUKIIMOHHBIX
¢parmenToB OyaeT moJdy4eHO Tpu pa3pezanuu uenoBedecko JIHK
pecTpukiioHHbIM  (epmenToM Not [, y3HaAIOIMMM  OKTaMEpPHYIO
nociaegoBareabHoCTh I' LI T TILII'TL?

IIpuMepsl penieHus 32124 10 reHETHYECKOIl HHIKEHEPUH

Jns peiienust 3a7ad HEOOXOJIWMMBI CBEIICHUSI MO PECTPUKTA3aM U
pacuIeruIIeMbIM UMH TIOCIISIOBATEIIBHOCTSM (CM. TaOII.).

HexoTopbie pecTpUKTa3bl U pacuIeIIseMble MU
nocnenoBaresnbHocTH (I'oHuapenko I'.I°., 2005)

PecTpHKTaszb! VYyacTku pacno3HaBaHus
u Mecta paspesa JHK

Bam | 5-IT-A-T-1-11-3
3-I-I[-T-A-T'al-5

EcoR | 5-I-A-A-T-T-11-3'
3-I-T-T-A-A -5

Hind 11 5-A-A-T-1I-T-T-3'
3-T-T-1I-T-A-A-5

Hae Il 5-r-r1-11-3
3-1-1L-T-5

Hpa Il 5 117-I--3’
3-I-I-1l1-5

Sma | 5 1[-I-L["T-I-I"-3
3-r-I-r-J-1-11-5'
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1. Venosue 3adauu. iMeeTcs Mocie0BaTeIbHOCTh U3 39 HyKjIeo-
TUAHBIX TTap aAByxnenodyeunor JJHK cienyromero cocrana:

5 I TTATTIHITTAATTAATTHAATATTTTTAATTHALIATT -3/
3 TTAATIIITTAIITTAATTHIT TTATHALALITTAAT T TALL-5'

Kakum cmoco6om 1 Ha CKOJIBKO YacTel MOKHO paspes3ats 3Ty JJHK?

Pewenue: B nannon nocnenosarenbHoctu JIHK nmeercs nBa yuact-
ka pacno3HaBanusi: ' AATTL nns pectpukrassl EcoR I u ITIL ans Hae
[T (cm. Ta6i.). [Toatomy nckomast JIHK mosxet ObITh pa3zpe3ana B AByX
MecCTax ¢ 00pa30BaHUEM TPEX PA3IMUYHBIX (PArMEHTOB CIEAYIOIIHX IO~
CJIEIOBATEIbHOCTEN

0 5-LIITTAIT-3 2) J{LUTTAATTAAITLIAATAITITT -
3/-TTAATLILI-5/ TTALUTTAATTHUI TTATLHALALITTAA-
3) -AATTHALIATI-3

-TTI'TALL-5

2. Ycenosue 3a0auu’ TarionHbIA T€HOM YEJIOBEKA COJEPKHUT OKOJIO
3 x 10° HykJeoTuanbix nap (H. 1.) JHK. Eciu pa3pe3ars 4enoBedeckyro
JHK pectukunonusiM pepmentom EcoRI, y3HarommMm rekcamepHyro IMo-
cnepoBaresbHOCTh ['TAATTL], TO CKOJIBKO pa3IUYHBIX PECTPUKLIMUOHHBIX
(parMeHTOB OyJIET MOTYYEHO?

Pewenue: ucxonst u3 NpeanoNoKEeHUs, YTO YEThIPE HyKiIeoTuaa A,
T, I', 1| HaxoasaTcss B paBHBIX KoiuuyecTBax M pacupenersatorcs B JJHK
CIIy4allHbIM 00pa3oM, BEPOATHOCTD JJISA JIDOOTO U3 YETHIPEX HYKICOTUIOB
3aHATh KOHKPETHOE MECTO B ILIEMOYKE COCTAaBIET /4. BeposTHOCTH 1uist
IBYX HYKJICOTUIOB (Hampumep, A-I") 3aHATb KOHKPETHOE MECTO COCTABUT
Va X V4= (1/4)2, a BEPOSITHOCTh JIJI crielM(UIECKON reKcaMepHOM mociie-
JIOBATEJIbHOCTU OYy/JEeT paBHA (1/4)6 = 1/4096. CnenoBarenpHo, EcoRI Oy-
IeT paspesarb MoJiekyny uenoBeueckor JJHK B cpemnem omuH pa3 Ha
4096 mykneotuansix nap. Ecom monekyna JJHK paspexercs n pas, To B
pe3yJibraTte moiydaercs n + 1 ¢dparmenT. ["armionaHeii reHOM U3 3 X 10°
HYKJICOTHUJIHBIX AP COAEPKUT 0KoJo 732 422 (3 X 10° /4096) mect paspe-
3a s pectpukTasbl ECoRI. Ecnu Ob1 monHbIl reHoM yenoBedeckoit JIHK
cocTosl U3 oAHOM Mmoiekynbl, To EcoRI mMorma Obl pa3pe3aTh ero Ha
732422 + 1 ¢parment. Ho mockoJibKy MecTa pa3pe3aHusi pacipeiesiCHbI
no 23 XxpomMocomaM, TO B PE3YJIbTATE MOJHOTO PACUICIIEHUS 4YelIOBEeYe-
ckoit JIHK pectpukrazoit EcoRI momxHo nonyuntbest 732 422 + 23 pect-
PUKIIMOHHBIX (hparMeHTa.
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3AK/IIOYEHUE

JI1s1 COBPEMEHHOT0 CIeIUanrucTa HeOOX0AUMBI TJIyOOKHE U BCECTO-
POHHHUE 3HAHMS BO MHOTHX JUCIMIUIMHAX, OXBATHIBAIOIIMX OOJIBIION TEO-
PETUYECKUN U IPAKTUYECKAN MaTepual.

Y4yebHOe mocoOue IMOMOXKET CTYyASHTaM B OCBOCHHUU JUCIIATLIMHBI
«BBenenne B OMOTEXHOJOTHUIO», YBUIETh CBA3b C APYTUMHU MpEIMETaMHu.
JlacT BO3MO>KHOCTh HAy4YUThCA MPUMEHITh TEOPETUYECKUE 3HAHUS U
PAKTUYECKUE HABBIKM HA MPAKTHKE.

buoTtexHonorus ABISETCS OAHOW W3 MEPCIEKTUBHBIX U BHICOKOPEH-
TaOENIBHBIX OTpPACiIe MPOU3BOJCTBA, HAXOIUT IIMPOKOE MPUMEHEHHUE BO
BCEX OTPaCIsiX HApOJHOTO XO3sIICTBA.

OpgnuM u3 Hambojee OBICTPO Pa3BUBAIOLIMXCS HAIpaBlIEHUU OMO-
TEXHOJIOTUH SIBIISCTCS TEHETHYECKas WHXXCHEpPUs, KOTopas TIO3BOJISIET
OCYIIECTBIIATh BCEBO3MOKHBIC MAHUITYJISIIIUNA C T€HAMH Pa3IMYIHBIX Opra-
HU3MOB. METOJbI T€HETHYECKOW WHXXCHEPHUH TO3BOJISIIOT 32 KOPOTKHM
CPOK CO3/1aTh HOBBIA T€HOTHUII, U3MEHUTh TCHOTHUII IEJICHANIPABICHHO U
MOJIYIUTh ’KUBOTHOE WJIM PACTCHHE C 3aJJaHHBIMHA CBOMCTBAMU.

[Tomy4yeHHbIE TPAHCTEHHBIE JKUBOTHBIE SIBIISTFOTCS yI00OHON MOJEIBIO
TSl U3y4YeHus OoJie3HEH YeoBeKa, TAKUE KUBOTHBIE MOTYT OBITh WCIIOJb-
30BaHbl IS TPOU3BOACTBA HEOOXOJMMBIX 4YEJIOBEKY OHOIpenapaTos,
KpOME€ TOTO, TPAHCTEHHBIX >XHUBOTHBIX MOJKHO HCIIOJB30BaTh B KCe-
HOTPAHCIUIAHTAIIMU (MCTOYHUKH OPTaHOB JJIS TEpPECaku 4eynoBeKy). Or-
POMHBIC TIEPCIIEKTHBBI B JICUSHUHW HACJICICTBEHHBIX 3a00JI€BaHUNA OTKPHI-
BaeT FeHETUYECKas Teparusl.

JlpyruMu TIepCIIEeKTUBHBIMUA HAIPABICHUSIMHU SIBIIACTCS KJICTOYHAS
WHXXEHEpUs M HaHOTeXHOJOTMH. C MX MOMOIIBIO PEMIA0TCS TPOOIEMBI
MEJUIIMHBI, PaCTCHUEBOJACTBA, >KMBOTHOBOJACTBA, MHUIICBON M Mepepada-
THIBAIOIIICH MPOMBIIICHHOCTH, COXPAHCHHUS PEAKUX M MCYE3AOIINX KH-
BOTHBIX.

bonbiioe 3HaueHne UMEOT pepMeHThl. VIX mpUMEHSIOT TIpu co3/a-
HUW HOBBIX TEXHOJOTHH OYHCTKH CTOYHBIX BOJI, IMMPOKO HCIIOJIL3YIOT B
dbapMakoiaorur, MEeIUIIMHE, OMOJIOTUM, TIHILEBOM U TepepadaThIBaIOIICH
MPOMBIIIIICHHOCTH U Ap. [IIupokoe ux nmpuMeHeHnue OonpeesieT TEMITBI X
NpOU3BOJCTBA U TMOTpebnenue. [IpenapaTbl YHUCTBHIX (PEPMEHTOB UMEIOT
pSJ HEOCTATKOB, TaKUX KaK BBICOKas ce0€CTOMMOCTbH, HECTAOMIIBLHOCTD,
TPYJIHOCTH OTIENECHUSI OT MCXOIHBIX CyOCTpaToB U T. 1. DTHU MPOOIEMbI
YAQJIOCh YCIEIIHO PEUIUTh C MOMOIIBI0 MHKEHEPHON HSH3UMOJIOTHH, CO3-
JABIIIeH IMMOOUIIN30BaHHBIE ()EPMEHTHI.
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BHOTEXHOJOTHIECKUMHA METOJAMH YAAJIOCh PEIIUTh W KOJIOTHYE-
CKHE€ MPOOJIEMbI, CBA3aHHBIE C YTWIM3ALUEH TBEPJbIX OTXOJOB U OYHUCT-
KOW CTOYHBIX BOJ. [lepCHIEeKTMBHBIM HampaBJIICHUEM SBIISICTCS Pa3BUBAIO-
miasicsi OMOdHEPreTUKa.

Takum 00pa3om, coBpeMeHHOE OOLIECTBO HMIMPOKO MOJIb3YETCS 10C-
THKEHUSIMH OMOTEXHOJIOTHH BO BCEX OTPAC/IsAX HAPOIAHOTO XO3SIMCTBA, U
MOTEHIMAJ €€ Pa3BUTHS OTPOMEH.
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TEPMUHOJIOT MYECKHI CJIOBAPDH

F-dakTop — dakTtop depTUIBHOCTH — 3MKHCOMa, KOHTPOIUPYIOIAs
CIIOCOOHOCTH OaKTEPHil K KOHBIOTAIUH.

R-¢akTop — snucoma, odecneurBaroias yCTOMUUBOCTh OaKTEpUH K
JIEKapCTBEHHBIM IpenapaTam.

AKpOLEHTpUYECKAsE XPOMOCOMAa — XpPOMOCOMa, Yy KOTOpPOHU
[IEHTPOMEpPA HAXOJIUTCS BOJIU3M OJIHOTO U3 KOHIIOB, NMPU 3TOM OJHO W3
IJI€Y XPOMOCOMBI JNIMHHOE, IPYTO€ KOPOTKOE.

AKTHBHBIH WJ — COOOIIECTBO OakTepwii W MPOCTEUIHUX,
OOMTAIOIMX KOJIOHMSIMA B BHUJIE€ B3BEIIEHHBIX B BOJI€ XJIONbEB. B
NPUCYTCTBUM KHCIIOPOJa MHUKPOOPTaHW3MBI TMOTJIOMIAIOT W  OKHUCISIOT
oprannyeckue BemecTBa. llociie mepepabOTKM MOPIMU STUX BEIIECTB
AKTUBHBIM WJI HAAO OTAEIUTH OT OYMIIECHHOW BOJBl U BEPHYTH B
3arpsiI3HEHHBIE CTOKH, [JI€ MPOLECC IMOIJIOMIEHUSI U 3HAYUT OYMCTKHU
nponospkutcs. Hemoctatok uiayM u30BITOK aKTHBHOTO Wja 3aMEJIUT
po1ecc.

Assioctepuyeckue (pepmMeHTbI — (EPMEHTHI, U3MEHSIONINE CBOIO
AKTUBHOCTb B pPE3yJbTATE MNPUCOCIUHEHHUS K UX PETYIATOPHOMY
(autoCcTEpUUYECKOMY) LICHTPY BelecTBa-3Pdexropa.

AMMHOKHCJIOTBI — CTPOUTENIbHBIE OJI0KM OelKoB. MI3BECTHBI COTHU
aMHHOKHCJIOT, HO B OejKax oOHapykeHO TOoabko 20.

Ammuinpurkauusa  (amplification) — 1pouecc  yBeauueHUs
(pazMHOkeHus1) koauuectBa Huteit JIHK, uncna konuii rexa.

AHada3a — TpeThsa CTaausl MUTO3a WIA MEN03a, BO BPEMSI KOTOPOM
XPOMOCOMBI PACXOATCA K MPOTUBOIIOJIOXKHBIM MOJTIOCAM KJIETKHU.

AHa3po0(bl) — OpraHu3M, CIIOCOOHBIH >XUTh B OECKHUCIOPOIHOU
cpene.

AHa3poOHbIe 0AKTEPHUM — WCIIOJB3YIOT ISl JbIXaHUS CBS3aHHBIN
KHUCJIOPOJI, BXOASIIUN B COCTaB HUTPATOB, @ HE KUCIOPOJ Bo3ayxa. B pe-
3yJIbTaTe BBICBOOOXKAETCS a30T, METAH U JIByOKUCHh YTIiiepoja B BUJE Ta-
30B.

AHTHOMOTMK — BEHIECTBO OHOJIOTUYECKOTO MPOUCXOXKICHUS,
CIIOCOOHOE yOMBaTh MUKPOOPraHW3Mbl WJIM YTHETAaTh UX POCT, a TAKXKE
POCT 3JI0Ka4E€CTBEHHBIX OITYXOJIEH.

AHTHMKOAOH — Trpylmna W3 TPEeX OCHOBAHUW, KOMIUIEMEHTapHAas
kojqony B WMPHK. 3anumaer ¢ukcUpoBaHHOE MOJIOKEHUE B MOJICKYJIE
TPHK.

AyTocoMa — j1100as HemoJaoBas XpoMocoMa.
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A3poOHble DaKTepUuM JBIIIAT CBOOOHBIM KHcIOpoaoM. Obecmneun-
BAaIOT NpPEBpaIllCHUE amMMHaka (MOCie THAPOJIU3a a30TOCOAEpPKAIIUX 3a-
rpsi3HeHUi) B HUTpUTHI (OakTepun Nitrosomonas) m HuTpatsl (OakTepun
Nitrobacter).

A3po0bl — OpraHu3Mbl, CIHOCOOHBIE JKUTh JHUIIL B CpeEJE,
cojieprKalleil CBOOOIHBIN MOJIEKYISPHBIA KUCIOPO/I.

AJ3POTEHK — €MKOCTh C aKTUBHBIM MJIOM M YCTPOMCTBOM pACIIbLIE-
Husl Bo3ayxa. ObOecneyrBaeT OYUCTKY CTOYHBIX BOJ| OT OPraHHYECKOi
dbpakiuu u ee pasznoxkeHue. buopuiabTp — eMKOCTh I OYUCTKH CTOKOB C
MOMOIIIbIO OMOIUIGHKH M3 MHUKPOOpPraHu3MoB. buoruieHka obpasyercs Ha
TaK Ha3bIBAEMOU 3arpy3ke (MOPUCTBIM WM ceTdarblii Marepuain). [Ipu
OpPOIIICHUH CTOKAMU U BEHTWIMPOBAHWU HA OMOIUJICHKE MPOUCXOJUT aJl-
COpOLIMS ¥ OKUCIIEHNE OPraHUYECKUX BEILIECTB.

A3popuiabTpbl — OHOIIOTHYECKUN (QHIIBTP JJII OYMCTKH CTOYHBIX
BOJ CO 3HAUUTEIHHON BBICOTOM (TONIMHON) (UIBTPYIOIIETO CJOS U
YCTPOMCTBOM ISl NPUHYAUTEIBHOW BEHTWIALIMU, OOECIEUHUBAIOIINM
OOJBIITYI0 OKUCIUTEIBbHYIO MOIITHOCTh a3pouibTpa.

buoraz — roproumii ra3, nojgy4aeMbld W3 TBEPABIX M KUIKHUX
OTXOJI0B (’KUBOTHOBOJAYECKHX OTXOJOB, TOPOJCKUX CTOYHBIX BOJA H T. II.),
a Takke Npu COpaKMBAaHUM CIEIUAIBHO BBIPAIIEHHBIX BOJOPOCIECH H
JAPYTUX OPraHUu3MOB C ObICTpOpacTyliel OMoMaccoil.

buosoruueckun axktuBHble BemecrBa (bAB) — BemecTsa,
BbIpA0AThIBAEMbIE KUBBIMM OpPraHU3MaMud U CTUMYJHPYIOIIUE UX
pa3BUTHE WM (QYHKITUH.

buosiornyeckuii GUJIBTP — COOpyXKEHUE JIsI OUOJOTHYECKOU
OYKMCTKH CTOYHBIX BOJl, MNOCTPOCHHOE Ha MPUHIUIE MOCTENEHHOTO
OPOXOXKICHHUS  OYMINEHHBIX Macc 4epe3 ToJjmy (QUIBTPYIOIIETo
Martepuaja, MOKPhITOro aKkTUBHON MUKPOOHUOJIOTHUECKON MIICHKOM.

BuoouncTka — ynajeHue MOCTOPOHHUX WM BPEIHBIX areHTOB W3
BOJI ¥ TIOYB C IMOMOIIIBIO )KUBBIX OPTaHNU3MOB.

Bbaacromepnl (blastomere) — npoOsimuecss KJIeTKH, oOpasyromuecs
P MUTOTHUYECKUX JEICHUSIX SUIEKICTKUA (3UTO0ThI), KOTOpPhIE 00JagatoT
NOTEHUIMSAMHU, peaJnu3yeMbIMU B TMpoliecce pa3BuTus. b. He pacTyT,
MO3TOMY YMEHBIIIAIOTCA B pa3Mepax NpH MOCIeI0BATEIbHbBIX JEICHUSIX.

baacryna (blastula) — 3aponaplil MHOTOKJIETOYHBIX JKUBOTHBIX,
0o0pa3ylomuiicss B TIPOIECCE IMOCIEI0BATEIbHBIX JPOOJCHUN  siIa
(3UTOTHI).

Bbaortunr (blotting — mpomokanme) — stam nporecca CaysepH-
OJI0T THOpUAM3AINK, B pe3yJIbTaTe KOTOPOM BECh ANEKTPO(DOpEeTHIECKUIM
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ciektp JIHK otmeuarsiBaeTcs (blotting) 3a cueT KamWISpHBIX CHJI Ha
OPUIOKEHHOM K TEIII0 HUTPOLEIUIIOJIIO3HONM MemOpaHe (TJIEHKE), MOCIe
4yero GUKCUPYETCs MPU MOMOIIU BHICOKOW TeMIEpaTyphl.

BIIKnoan (OumoxuMuyeckasi MOTPeOHOCTbL B KHCJIOpPoOAe IOJI-
Hasl) — KOJIMYECTBO KUCIOPOJIa, HEOOXOIUMOE JJI1 OMOJIOTMYECKOTO OKHUC-
JICHUSI OPTraHUYECKUX BEIIECTB OAKTEPUSIMU B a’pOOHBIX YCIOBUSX 3a
20 cytok. Uem Gounbiie BennunHa bITK, Tem rps3Hee cToku.

bpo:xxenne — aHa’poOHBI (PEepPMEHTATUBHBIA  OKHUCIUTEIHLHO-
BOCCTAHOBUTEJIBHBIM MPOIECC NPEBPAIICHUS OPraHUYECKUX BENIECTB,
MOCPEICTBOM KOTOPOrO MHOTHE OPraHU3Mbl TOJYYalOT JHEPIHUIo,
HEOOXOIUMYIO JIJISl UX KUZHEACATECIIbHOCTH.

BekTop — monekyna JIHK, cmocoOHass kK aBTOHOMHOM periiKaiuu u
BKIOUEHUIO uyxkeponHon JIHK; sABnsgeTcs WHCTPYMEHTOM T'€HHOMN
WHXEHEpHUH, o0ecTeunBaromuM BKIoueHue aykepoanoi JJHK B kietky u
€€ KJIIOHUPOBAHUE.

BepereHo — cCTpykTypa B KIETKAaxX OJyKapuOT, COCTOALIAS W3
axpomatuyeckux (He coaepxammx JIHK) Huteit, kotopas ocymecTBiaseT
JBIDKEHUE XpoMocoM B MeTadazax u aHadazax MUTO3a U Meio3a.

Bupyc(bl) — HekIeTOUHbIE (POPMBI )KU3HU, CIOCOOHBIE IPOHUKATH B
ONPECIICHHBIE KUBBIE KIIETKU U PA3MHOXKATHCS TOJIBKO BHYTPH KIIETOK.

BuramuH(bl) — HU3KOMOJIEKYJIPHOE OPTraHUYECKOE BEIIECTBO
Pa3IMYHOM  XMMHUYECKOW TMpupoAbl, oOpasymouieecss B  KUBOTHOM
OpPraHU3Me WM MOCTYIAIOLIEE C MUILIEH.

I'ameTbl — TamJIOWAHBIE TOJIOBBIE KIETKH (AMIEKICTKH U
CIIEpPMATO30Ubl), MPU CIUSHUU KOTOPBIX B MPOLECCE OILIOAOTBOPEHUS
o0pazyeTcst IUIUIOUHAs 3UT0TA.

I'en — cTpykTypHas, GQYHKIUOHAIBHO HEACIMMas CIUHUIIA
HACNICJICTBEHHOW  MH(OpMallUM, MPEACTABIAIONIas CO0OM  y4yacTOK
moniekynsl  JIHK  (pexxe PHK), komupyromuidi cuHTE3  OOHOM
Makpomosiekyibl (monunentuaoB, TPHK nu6o pPHK). BonpmuHcTBO
F€HOB HMEIOT (DUKCHUPOBAHHYIO JIOKAIM3AIMI0O Ha XPOMOCOME, OJIHAKO
W3BECTHBI U MEepeMeNIaoniuecs (MUTPUPYIOITUe, MOOUIIbHBIC) TEHHI.

I'eHeTnyeckuii KO — CHCTEMa 3allMCH  HACJEJICTBEHHOU
uHpopMaMu B MOJIEKyJdaX HYKJIEHHOBBIX KHCJIOT, OCHOBaHHas Ha
COOTBETCTBUHU OOPa3YIOIIUX KOJOHBI YePEJIOBAaHUM MOCJIEI0BATEILHOCTEH
nykieotuioB B JIHK wnum PHK amunokucioram 6ei1KoB.

I'ennast wWHKeHepusl — 3aHAMAETC W3YYEHHEM  BOIPOCOB
BBIJICJICHUS U TIEPEHOCA TEHOB OT OJTHOTO OPraHu3Ma K IPYTUM, CO3IaHUEM
HOBBIX WJIM PEKOHCTPYKIIMEN CYIIECTBYIOMMNX OPTaHU3MOB.
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I'eHOM — TTOJTHBIN TaIIOWAHBIN HAOOpP T€HOB WJIM XPOMOCOM KJIETKH
WUJIM OpraHHu3Ma.

I'enomHass  O0moamorexka  (genomic  library) —  Habop
kioHupoBaHHbIX ¢parmentoB JJHK, mpencraBnsronux uHIUBUIYaTbHbBIN
(BUIO0BOI) T€HOM. Y MJIEKONUTAIOMMX (B T. Y. y YEJIOBEKA) I'€HOMBI
KpYIHbIE, TOATOMY JUIsl HUX OOBIYHO CO3al0T XPOMOCOMHBIEC OMOINOTEKU.

I'en-onepaTop — T€H, KOHTPOJMPYIOMUA (PYHKIIMOHUPOBAHUE
CTPYKTYPHBIX T€HOB.

I'eHOTHIT — COBOKYNHOCTh MMEIOIINX (PEHOTUIIHYECKOE MPOSBICHUE
T'€HOB, JIOKAJIN30BAHHBIX B XPOMOCOMaX.

I'eH-ipoMOTOpP — I'EH, ONPEACIAIONINN HAYAJIbHBIM Y4aCTOK CUHTE3A,
KOoHTpoaupyeT Tpanckpurmiuio ¢ JJHK na PHK.

I'en-peryasitop — reH, KOAUPYIOIIMKA CTPYKTYpPy pempeccopa,
(GyHKIIHEH KOTOPOTO SIBISIETCS KOHTPOJIb TPAHCKPUIIIIUU ONIEPOHA.

I'en-cynpeccop — reH, CHOCOOHBIM NOAABIATh (PEHOTUITHMYECKOE
IIPOSIBJIEHUE IPYTUX I'€HOB.

I'mOpuan3zanmss cOMATHYECKHMX KJIETOK — METOJA IOJyYEHHUS
TUOPUIHBIX OPTAaHU3MOB U TUOPUIHBIX KJIETOYHBIX JIMHUN MyTEM CIUSHUS
HETIOJIOBBIX KJIETOK.

I'mopuanas (pexkoMOMHAHTHAS) JHK — HOBAs
nocienoBatenbHOCTh JIHK, oOpaszoBanHas in Vitro mytem JIurnpoBaHUS
JIBYX WK 0oJiee HeroMojoruuHbix MoJiekya JIHK.

I'maposiazel — kiacc (QEpPMEHTOB, KAaTAIM3UPYIOUIUX PEaKIUU
TUIPOJIN3a — PACHICIUICHUE MOJIEKYJ OpPraHWYECKOro BEIIeCTBa Ha
MOHOMEPHI C TOMOIIBIO BOJBI.

I'mcTon — 1000 M3 OCHOBHBIX O€JIKOB, 00pa3yrOMMX KOMIUIEKC C
JIHK B xpomMocomMe 3ykapuorT.

I'n¢ — onHokneToUHbIE (Y HUIMINX TPUOOB) UIIM MHOTOKJIETOUYHBIE (C
OOIMM JIBMKEHUEM LMTOIUIa3Mbl) HUTH, O0Opa3yIolUe BET€TaTUBHOE TEIO
rpu0a.

AT (nyeT) — nuxyioaueHuITPUXJIOPITaH.

Henatypauusa JHK — 1. IIpouecc pazpennHeHnss 1BOMHOW CIIUpaIn
HYKJICMHOBBIX KHUCJIOT Ha KOMIUIEMEHTAPHBIEC OJIHOIIETIOYECYHBIC HUTH TIOJ]
nerucTBueM (U3NYECKUX U XUMUYECKUX (DAKTOPOB (TeMIepaTyphl, JaBie-
Hud, pH cpensl u np.). 2. Ilepas craaus [P, B Xone koTopoit npouncxo-
JWT HarpeBaHUe TEMIIEPaTyphl B peakMOHHOW cMecH In Vitro mo 90 °C, B
T€UEHUE 15 CeKyHJ MPOUCXOAUT pa3pylIeHUE CIa0bIX BOJIOPOJIHBIX CBSI3EH
mexay Hutsamu JIHK, u u3 onHoi nByxnenodeuHoit mojekyibl JJHK 06-
pPa3yroTCs IBE OJHOLEITOYEYHBIE.
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HMenutpudukanus — npeodpa3oBaHie HUTPUTOB U HUTPATOB B Oec-
KHUCJIOPOJAHOM Cpeie ¢ BbIACIEHHEM ra3000pa3HOro a3ora

JHK (me30KCMpPUOOHYKIEHHOBAS KHCJIO0TA) —
BBICOKOMOJIEKYJISIPHBIN IOJIUMED, COCTOAIINHI U3 YeThIpeX
J€30KCUPUOOHYKIICOTUIOB,  YEPEIOBAHHUEM  KOTOPBIX  KOJIUPYETCS
reHeTuyeckasi uHdopmarusi.

JMHK-30na (mpo0a) — onpeneneHHas (M3BECTHAsS) PaAUOAKTUBHO- U
HEpPAJMOAKTUBHO MEUEHAsl MOCJIEI0BATEIbHOCTh HYKJIEMHOBOW KHCIIOTHI,
UCIIOJIb3yeMass B MOJICKYJISIPHOM KIIOHUPOBAHUU JUIsl UIACHTU(UKAIIUU
cnenuuueckux  monekyn JHK, wumeromux — KoMmIuieMEHTapHbIE
MOCJIEIOBATENILHOCTU. J[JI1 3TOr0 HWCHONB3yeTcs paauoaBTorpadus WM
Kakas-nmubo Jpyras cucrtema JAeTeKIuu (0OHapy>KeHHUs) HEPaJIHMOAKTUBHO
MEYEHOTO 30H/1a.

JHK-nosumepa3sbl (DNA-polymerases) — (epMEHTHI,
yuactBytouue B cuntesze JAHK. V E. coli 6binu Boigenenst 3 tuna JJHK-m.:
pol I, polll u pol IIl. Pol Il sBisieTcs OCHOBHBIM (HEPMEHTOM,

oTBeTCTBEHHbIM 3a perumkanuio JHK B knerke Oaktepuit. JIBa npyrux
dbepMeHTa (PYHKIIMOHUPYIOT MPEUMYIIECTBEHHO IPU BOCCTAHOBJICHUU
(penapauuu) JIHK. Dykapuorsl cojaepkatr MHoxkecTBO BujaoB JIHK-
NOJIMMEPA3, HAXOSIINXCS B PA3HBIX YACTIX KJIETKHU: B SAPE, LIUTOIIA3ME
WM MUTOXOHJIPUSIX, W BBIMOJHSIOT pa3iMuHble (YHKIUH, TaKUE Kak
perMKanusi, penapanus 1 peKoMOUHAIHS.

Escherichia  coli, E. coli, Kuime4yHas  majjoyka  —
rpamMoTpuIlaTeNibHas KuieyHas Oaktepus. Ee reHoMm (Xpomocoma)
BrirogaeT okosno 4 500 k6 JIHK, opranmzoBaHHbix B 50 HE3aBHCHUMBIX
TOIOJIOTUYECKHUX JOMEHOB, U COJIEPKUT CEPUI0 MHCEpIMU. B Hacrosee
BpeMs MPAKTUYECKH BeChb I'eHOM cekBeHupoBaH u Oosiee 1 000 reHoB
KapTupoBaHbl. E. cOli uMeeT GosbIioe 3HaUEHUE IS AKCIIEPUMEHTATBHBIX
uccnenoBanuii pexkomOuHantHor JIHK, Tak kak oHa CIy»XUT XO3SMHOM
Ui OOJBIIIOTO YMCJIAa Pa3HBIX BUPYCOB, IUIA3MHA W KOCMHJIHOTO
KJIOHUPOBAHUS BEKTOPOB.

EcoORlI — oxHa W3 MHUPOKO TNPUMEHSEMBIX PECTPUKIIMOHHBIX
SHOHYKJI€a3, WJIU PECTPUKTA3, u3Bjiekaemas u3 Escherichia coli, kotopas
B asyxnenoueyHor JIHK y3HaeTr mocnenoBaTelbHOCT, W3 IIECTH
nykiaeotuaoB AATTIL u paspeszaer ee mexnay I' u A, oOpaszysa jaunkue
KOHIIBI. B Hacrosiiee BpeMs BBIIEIECHO / pecTpukTas rpymmbl ECOR — ot
EcoRI no EcoRVII.

3arpsisHuTeNb — JI000M (PU3HYECKUN areHT, XUMUYECKOE BEIIECTBO
1 OMOJIOTUYECKUN B/, TTONAAIONIUN B CPEAY KU3HU WJIM BOZHUKAIOIINN B
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HEH B KOJIMYCCTBAX, BBIXOJAIIUX 34 PAMKHU OOBIYHOT'O CBOETO HAJIMYMS.

N3omepa3bl — kiacc (EPMEHTOB, KaTaIM3UPYIOIIMX B KIIETKaX
BHYTPUMOJIEKYJISIPHBIC IEPECTPOUKHU.
U3odepmentsl — (¢GepMEHTH C OJMHAKOBOM WJIM CXOAHOM

GyHKIIMEH, KOTOpbIE KOJUPYIOTCS Pa3HBIMH JIOKYCAMH OJIHOTO M TOTO K€
XPOMOCOMHOTO Habopa.

Nan — TOHKO3ECpHUCTBIM OCAJOK B BOJIOEMaxXx MW BOJOCTOKAax,
COCTOAILIMN U3 CMECH MUHEPAIbHBIX WU OPTaHWYECKHUX BELIECTB, YACTO C
MOAABJIAIONIUM MPeoOIaJaHueM OJHOTO U3 HUX.

NHruduropsl — BeHIeCTBA pPA3IMYHOM XUMHUYECKOW IPUPO/IBI,
MOJIABJISIONINE KATATUTHYECKYI0 aKTUBHOCTh OTHAEIbHBIX (DEPMEHTOB WIIH
(EepMEHTHBIX CUCTEM.

NHcynuH — yHUBEpCcalbHbI aHA0OJWYECKUN TOPMOH OEIKOBOU
IPUPOJIBI, BBIPAOATHIBAEMBIM TMOKEITYIOYHOM JKEJIe30M, peryiupyer
YTJICBOJHBIN OOMEH W TOJJACPKMBACT HOPMAJIbHBIM ypPOBEHb caxapa B
KpPOBH.

UuTtepdeponbl — rpynmnsl 0€IKOB, 00pa3yOMMXCs B KIETKaxX MpH
BUPYCHBIX  MH(DEKIUIX W  00eCHeYMBAOIIUX  Hecneruduaeckuit
IPOTUBOBUPYCHBI UMMYHHUTET.

NHTPOHBI — TMOCIENOBATENBHOCTH BHYTPU CTPYKTYPHOI'O T€HAa,
KOTOpPBIE HE YYACTBYIOT B KOJMPOBAHUU OEJIKOBOTO TIpoaykTa reHa. [locie
TPAHCKPUIIAN T€HA MOCIEI0BATEIBHOCTH, COOTBETCTBYIOIIME UHTPOHAM,
ynansarores n3 MPHK B mponiecce crutaiicunra.

Kapunorun — XpoMOCOMHBIA HA0Op KIETKM WIM OpraHu3Ma:
XapaKkTepU3yeTCsl YUCIOM, pa3MEPOM U KOH(PUTYpalel XpOMOCOM.

KaprupoBanue (mapping) — yCTaHOBIICHHWE MNO3WIUN TEHOB WU
KaKUX-TO ONPEAEIICHHbIX cauToB BAOJIb HUTH JITHK.

KO0, kummoOa3za (kb, kilobase) — enunuma, ucnonb3dyemas st
BBIPXKEHUSI pa3Mepa HYKJIEMHOBBIX KucioT, 1 k0 = 1 000 Hyki1eoTHIO0B,
WJIY Map OCHOBaHUU (1I. 0.), B AByxuenodeyHon JHK.

Karta6aan3m — COBOKYITHOCTh ()€pPMEHTATUBHBIX PEAKIINI B KHMBOM
OpraHu3Me, HaIPABJICHHBIX Ha PACHICIUICHUE CJI0KHBIX OPraHHUYECKUX
BEIIECTB — OCJIKOB, HYKJICHMHOBBIX KHCJIOT, JKHUPOB, VYIJICBOIOB,
MOCTYIAIOIINX C MHUIIEH UJIN 3aIMACEHHBIX B OPTaHU3ME.

Karanm3aTop — BemecTBo, wu3MeHsomee (Kak — MPaBuUIIo,
YCKOPSIIOILIEE) CKOPOCTh XUMUYECKON PEAKIUU.

K60, kumimoOa3za (kb, kilobase) — enunuma, ucnonb3dyemas st
BBIpAXEHUS pa3Mepa HYKJIEHHOBBIX KucioT, 1 k0 = 1 000 HyKICOTHIOB,
WJIY Map OCHOBaHUM (1I. 0.), B AByx1enoueunoit JIHK.
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Kinon — rpymnma reHeTM4ecKH HACHTUYHBIX KJIETOK WM OCOOEH,
oOpa3ylomnmxcsi B pe3yibTaTe€ BEreTaTUBHOTO PA3MHOMXEHUS OJHOTO
o01ero mpeaka.

KioHanbHOe MHKpPOpasMHOKeHHe — IIoJlydeHue In  Vitro
HEMOJOBBIM MNYTEM pACTEHUN, TEHETUYECKU HJICHTUYHBIX HCXOAHOMY
PaCTEHHUIO.

KiaonnpoBanue JIHK (DNA cloning) - wucmonb3oBaHue
TexHoiornn pexkomOuHantHOM JIHK 1ns wmHCeprum  (BKIIOYCHUS)
dparmenra JIHK, Hanpumep, reHa, B KIOHUPYIOIIMN BEKTOp W
Pa3MHOKEHHE ITOM MOCJIEeN0BATEILHOCTH MMyTeM TpaHC(hOpMallui BEKTOpa
B MOJIXOJSIIYI0 KJIETKY-XO35IMHA, HalpuMep, B KIETKH KHIIEYHOM
NaJIOYKH.

Koaupyromas mens — uens /JJHK, mocimenoBarenbHOCTH KOTOPOM
naearnaHa nPHK.

Komon — rpymnna w3 Tpex CMEXKHBIX HYKJICOTHJOB B MOJIEKYJE
MPHK, nmu6o xomupyromas oJaHy U3 aMUHOKHCIOT, OO0 0003Hayaromast
KOHEI] CHHTEe3a OeiKa.

KoMmieMeHTapHOCTL — CBOMCTBO HYKJICOTHIOB OOPa3OBBIBATH
NapHbIE KOMIUIEKCHI PU B3AaUMOJEHCTBUY LIENIEH HYKIIEMHOBBIX KHUCIIOT.
Konbwranmas — 1. IlomapHoe  BpeMeHHOE  COJIM>KEHUE

TOMOJIOTUYHBIX ~ XpOMOCOM, TpH  KOTOPOM  BO3MOXKEH  OOMEH
TOMOJIOTMYHBIMU Yy4YacTKaMu (B IUTOTeHEeTHKE). 2. OIUH W3 Croco0oB
0oOMeHa FreHeTUYECKUM MaTepHajioM y OakTepuid (B MUKPOOUOJIOTHH ).

Kocmuabl — Tmia3Mufbl, COJIEpIKallie BCTPOCHHBIM COC-y4acTOK
dara A, Omaromaps dyemy turazmumgHas JIHK mosker ObITh ymakoBaHa in
Vitro B o6onouky ¢ara.

KodepMeHTBI — HHU3KOMOJEKYJSPHBIE OPraHUYECKHUE COCIUHEHUS
HEOETKOBOU MPUPO/IbI, CIIOCOOHBIE CBSI3BIBATHCA C (PEPMEHTOM MOCTOSIHHO
WJIM BPEMEHHO JJIsl yUacTHs B KaTaIU3UPyEMOM pEaKITuHu.

KcenoOmoTrukm (rped. Xenos — 4y:KkoM, DIOtOS — KH3HB)
Yy>KEpOJIHbIE XUMHUYECKHE BEIIECTBA, KaK MPaBUIIO, OPTraHUYECKHUE
COCMHEHMS, TTOCTYTAOIIUE B )KUBOW OPTaHU3M U3BHE.

Jluraza — dbepMeHT, COCOOHBIM yCTPaHATh Pa3pbiBbl B MOJIEKYJIE
JIHK, BoccTraHaBinuBas KOBAJCHTHBIE CBSI3M MEXIY 5- W 3 -KOHLIAMH
MOJIEKY L.

Jluruposanme (ligalion) — 1. IIpornecc KOBaJ€HTHOTO COECAMHEHUS
JIBYX JIMHEHHBIX  MOJIEKYJ HYKJIEHMHOBBIX KHCJIOT  MOCPEICTBOM
dbochonudGupHBIX CBA3EH, OCYIIESCTBISIEMBIA C ydacTHeM (QepMeHTa
nurasel. 2. [I[pyeM B TE€HETMYECKOM WHXKEHEPUH, B XOJ€ KOTOPOIO
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yyxepoanasa [IHK BcrpamBaercs Mexay AByMsT KOHLUAMH ILIA3MUIHOU
JIHK ¢ moMomisto ¢pepmeHTa Jurassl.

Jlunmuabl — XUPONoI00HbIE BEIIECTBA, BXOSIIME B COCTaB >KUBBIX
KJIETOK U Wrpalolliie BaXXHYI pojb B (PU3HOIOTO-OMOXMUMHUYECKUX
npoleccax.

Jlunkuid  KoHem — CBOOOJHBIM  OJHOIICTIOYEYHBIH  KOHEI]
npynenodeynon JIHK, koMmiemMeHTapHOW OJHOLIENIOYEYHOMY KOHILY,
IPUHALJIEKALIEMY TOM ke Win Apyrou moiekyie JJHK.

Mapkep aisi cejieKIUU (CeJIEKTHBHBIM MapKep) — ClelHaIbHBIN
I'eH, KOJUPYIOIUNA YCTOWYHUBOCTh K KAKOMY-JTHOO aHTHUOMOTUKY, KOTOPBIN
BBOJIAT B BEKTOP JJIA MOCIEAYIOIIETO 0TOOpa TpaHC(HOPMaHTOB.

Me3zopuia(bl) — OpraHu3Mbl, HOPMAJIbHO CYILIECTBYIOIIHE U
Pa3MHOKAIOIIUECS MPU CpeHUX TeMrnepatypHbix ycioBusax (20—40 °C). K
ME30(PMIBbHBIM MHKPOOpPTaHW3MaM OTHOCST OOJBIIMHCTBO OaKTepui,
MUKPOBOAOPOCTEH M APYrUX MHUKPOOPTaHHU3MOB, OOUTAIOIIMX B IOYBE,
BOJIE, TEJIAaX )KUBOTHBIX U YEJIOBEKA.

MeTaHTEeHK — €MKOCTb JjIsl MPpeo0pa3oBaHus a30TOCOIEPKAIIUX 3a-
IPSI3HEHUU B MUHEPAJIbHBIE COJIM C TOMOIIBIO aHA’POOHBIX OaKTEpHi,
OCYILIECTBISIONIMX METAHOBYIO (PEPMEHTAIMIO OPTaHUKHU.

Muenoma — JMHHUS ONYXOJEBBIX KIJIETOK, MPOU3OIICANIAs U3
auM@oIuTa, OOBIYHO MPOAYHUPYET OJWH TUMN  HEMOJHOIEHHBIX
UMMYHOTJIO0YJIMHOB.

Muxpoopranusm(bi) — MeEJbYanIlIue, IIPEUMYIIIECTBEHHO
OJTHOKJIETOYHBIE OPraHW3MBbI, BUAUMBIC TOJBKO B MUKPOCKOI. COCOOHBI
CYIIECTBOBATh B CaMbIX Pa3JIMYHBIX YCJIOBHUX. MrparoT BaxkHYIO pOJib B
KPYrOBOPOTE BELIECTB B MPUPOJIE.

Munucaressutbl (minisatelliles) — xopotkue (9-64 H. 1),
CpPEIHENOBTOPAIOLINECS, TaHJIEMHO OpTraHU30BaHHBIE,
BbICOKOBapuabenbHbie nocieaoBaTenbHocTd JIHK (06prun0 Oorateie I'1-
MOCJIEAOBATEIbHOCTSIMUA), PACCPEIOTOYCHHBIE II0 TEHOMY YeJIOBEKa
(BCTpeUaroTCsl TAKK€ Y paCTeHUM U KUBOTHBIX). OHU UMEIOT OJIHY OOUIYIO
KOPOTKYI TocienoBaresbHocTh B 10-35 H. 1m. M.-c. TposBIAIOT
3HAYUTEIBHBIA TOJUMOPGU3M 1O JUIMHE, KOTOPBhI BO3HUKAET B
pE3yJIbTAaTE HEPABHOTO KPOCCHMHTOBEpa. B wmrore B M.-C. U3MeHsETCA
YUCJIO0 KOPOTKUX TaHJEMHBIX TOBTOPOB, YTO BEAET K O0Opa30BaHUIO
nocieaoBatenbHocTelt amuHOM oT 0,1 mo 20 k0 (kmmo6a3). KopoTkwii,
TaHJIEMHO TOBTOPSIOMMICS M.-C., SBISSCH XOPOUIMM T'€HETHYECKUM
MapKepoM JIJIsl aHaiu3a CIEIJICHUSI, MOXXET HMCIIOJIb30BAaThCS B KA4ECTBE
TUOPUAN3AIMOHHOTO  30HJAA JJI1  OJHOBPEMEHHOTO  OOHApYKEHHS
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BbICOKOTIONIUMOp(PHBIX M.-c. B peaenax pectpukrto JIHK. BepostHOoCTh
UJACHTUYHOCTH Toro e Habopa ¢parmentoB JIHK y nByx uemoBek
TEOPETUUYECKM HACTOJBKO MaJld, YTO KaXKIbl YEJIIOBEK CUMUTACTCA
YHUKQJIbHBIM 10 HA0Opy TIOJNIOC, BBISBISIONIMXCS B pe3yjbTaTe
rudbpuIM3auy Ha paguoaBTorpadax.

MuTto3 — gelieHHue SAapa, CICAYIOUIEE 32 PEIUIMKAIUEN XPOMOCOM, B
pe3yabTaTe 4ero JOYEPHUE AApa COAEPkKAT TO K€ YUCIO XPOMOCOM, UTO U
POIUTEIBCKUE.

MuuneJud — MHOTOKJIETOYHAs CTPYKTYpa; CUIIbHO PAa3BETBJIICHHAs
CUCTEMa KECTKUX TPyOOUEK, 3aMI0OTHEHHBIX IUTOILIa3MOM.

MoHoKk/IOHAIbHBIE ~ aHTHTeJa  —  TIOOyJsApHble  OenKw,
CHUHTE3UpYyEMbIe THOpHIOMaMHU, KOTOPBIC MOJYy4YEHBI MyTeM clusHus B-
JUM(OLIUTOB C KIETKAMU MHUEJIOMBI.

MyTtaren — ¢u3UYECKUM, XUMUUECKUN UM OMOJOTMYECKUW areHT,
YBEIIMYMBAIOIINN YaCTOTY BOSHUKHOBEHUSI MyTaIlUH.

MyTaHT — KJIETKa WIN OTAEIbHBbIA OPraHu3M, XapaKTepU3YIOIIUNCs
U3MEHEHHUEM, BbI3BAHHBIM MYTAIUSMU.

Hurtpuduxanus — npouecc yaaiaeHus U3 CTOYHBIX BOJ aMMOHHUITHO-
ro a3ota. [Iporcxoaur 3a cUeT KU3HEAESITEIbHOCTH OaKTEepUid, TyTEM I10-
CTETICHHOTO 00pa30BaHuUs a30TUCTOM M a30THOM KHCJIOT M UX COJIEM — HUT-
PUTOB U HUTPATOB.

OoOpatHas Tpanckpunrta3a — PHK-3aBucnmasa JIHK-monmumepasa —
dbepMeHT, ocymectrisitonui cunte3 JJHK Ha maTpure.

OHKOreHbl — TE€HBI, KOJUPYIOIIUE OEJIKH, CIOCOOHBIE BBI3BATh
3JI0KAYECTBEHHYIO TPaHC(HOPMALINIO KIETOK 3YKapHOT.

OnepoH — eguHUIA TEHETHYECKOM SKCIPECCHUH, COCTOSIIAs U3
OJTHOTO HWJIM HECKOJBKHMX CBSI3aHHBIX MEXIy COOOW IeHOB, a TaKXe W3
IpoOMOTOpa,  Omeparopa W APYTUX  PETYJSIPHBIX  YYaCTKOB,
KOHTPOJIUPYIOIIUX TPAHCKPUIIIAKO OTIEPOHA.

Orxur (annealing) — mnpoiecc BOCCTaHOBJEHUS (peHaTypalus),
Ha3bIBAEMbI TaKxke ruOpuau3alneil, HyKJIECUMHOBOW KHUCJIOThI, BO BpEMs
KOTOPOTO OJHOLIETIOYEYHbBIE MOJIMHYKJIEOTHUIbI o0pa3yioT
JIBYXIECTIOYEYHYK)  MOJIEKYJYy C  BOJOPOJHOW  CBSI3BIO  MEXKIY
KOMIUJIEMEHTAPHBIMUA HYKJICOTHIAMHU JBYX Ienel. MoxkeT MpOoUCXOIUTh
Mexay KomruiemeHtapHbiMu nenoykamu JIHK wnm PHK, B pesynbprare
oOpa3zyloTcsi TUOpUAHBIE JBYXIETOYEYHbIE MoJIeKyJdbl. Ha3Banue
O0OYCJIOBJICHO TE€M, YTO IIPOIECC OTKUra CBSI3aH C MEPBOHAYAIbHBIM
HarpeBaHueM 00paslia U MOCIEAYIOIINM €T0 OXJIAXKIECHUEM.
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IleHUIUJIMH — aHTUOMOTHUK, HAPYIIAIONIUNH OMOCHHTE3 KJIETOUYHOU
CTEHKH OaKTepuil.

Ilnasmuaa — xombreBas Moiekyina JIHK, cmocoOHas craOuibHO
CyLIECTBOBATh B AaBTOHOMHOM, HE CBSI3aHHOM C XPOMOCOMaMH
COCTOSIHUEM.

Hoamorantsl (0T anrja. pollutant — 3arpsi3HuTe/]Ib) — BEIIECTBA
TEXHOTEHHOTO IIPOMCXOXJECHUSA, KOTOPbIE HAHOCAT BpEN  KUBBIM
OpraHrM3MaM U HapylIaloT CTA0OUILHOCTH OMOTE0IIEHO30B.

IIpaiimep, 3aTpaBka (primer) — kopoTkuii onuronykieorusa JHK
win PHK, xommemeHntapusiii yyactky Oonee miuHHOW Mojekysbl JJTHK
nm PHK. K ero 3/-OH-KOHHy JHK-monumepaza MokeT A00aBIIsITH
HYKJIEOTUBI B pacTyiyto uens JJHK B 5/—3/-HanpaBJ'IeHI/II/I.

IIpoayueHTbl — OpPraHu3Mbl, CIyXalld€ HWCTOYHUKOM IOIYyYECHUS
KaKuX-JIMOO BEIIECTB, UCTIOIB3YEMbIX YEIIOBEKOM.

IIpokapuorbl — TMpOCTEHIINE  OJHOKJIETOYHBICE  OpPraHU3MBbI
(OakTepuu U CHHE3ENIEHbIE BOJIOPOCIIH), HE UMEIOIINE SACPHOM MEMOpaHBbI
U OKPY)KEHHBIE 3JIEMEHTAPHBIMU MEMOpaHaMU OPraHeJUl, T€HETHUYECKUM
Marepuag MPOKAPUOT PAaCIOJIO0KEH B HYKICOTHAE — MOPUMHUTUBHOM
SKBHUBAJICHTE S]Ipa 3YKapHOT.

IIponykiieyc — Kaxa0€ U3 ABYX TaIUIOUIHBIX SAEP B AULECKIETKE B
MEPUO]T MEXKTY TPOHUKHOBEHUEM B HETO CIIEPMATO30U1a U CIUSHUS AJIEP.

IIporemabl — cioxHbIe O€JIKH, CcoOJiep)Kaliue HEOEITKOBBII
KOMIIOHEHT (COeMHEHHUE OeJIKa U YIJI€BO/1a — IIIMKOIPOTEU/IbI ).

IIporeuHsl — TmpocThie OEIKH, COCTOSIIIIME U3  OCTAaTKOB
AMHUHOKHCJIOT.

IIporeonuTnyeckue pepmMeHTHI (MpPoTEasbl) — PEepMEHTHI Kiacca
TUAPOJIa3, KaTaTU3UPYIOT pacileruieHue MENTUIHBIX CBs3eH B Oenkax u
NENTUIAX.

IIporomumact — xierka (y pacTeHui), NOJHOCTBIO JIWIICHHAS
KJIETOYHON CTEHKU W UMEIOIIasi TOJIbKO KJICTOYHYI0 MEMOpaHy.

IIpoueccHuHr — COBOKYITHOCTh PEAKIHM, BEAYIIMX K MPEBPALLICHUIO
MEPBUYHBIX MPOJAYKTOB TPaHCKPUIIAH u TPaHCISLINHU B
(YHKIIMOHUPYIOIINE MOJIEKYJIbI.

PenyuneHTbl — OpraHu3Msbl, TJIABHBIM 00pa3oM OakTepuu U rpuobl, B
XOA€ >KU3HENEITEIbHOCTH TMPEBpAIAOIINE OPraHUYECKHE OCTaTKU B
HEOPTaHWYECKOE BEIIECTBA.

PexomOMHauMsa — mepepacnpenesieHue T€HETHYECKOr0 MaTepualia
POIUTETIEN, MIPUBOISIIIEE K HacCJIeICTBEHHOM KOMOWHATUBHOMN
U3MEHYNBOCTH.
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Penpeccop — Ociok, MOMABISIONIMN TPAHCKPUIIMIO OJHOTO WIIA
HECKOJIbKMX T€HOB, TECHO CIEIJIEHHBIX MEXIy COOOM B COCTaBe OIMEpoHa,
100 pa30pOCaHHBIX HA XPOMOCOME.

PecTrpukunoHHbIe JHAOHYKJIEa3bl (pPeCTPUKTA3BI) — Tpynna
IPOKAPUOTUYECKUX JHJIOHYKJIEa3, cnenuduaecku Y3HAOIIUX
ompeieieHHbIE KOpoTKUe nocienoBareabHocTy B JIHK u pacmemsironmx
JIHK.

PecTrpukuuoHHble KapThl — JIHarpaMMa pacloJIOKEHUs Ha
monekyne JIHK cailToB y3HaBaHHSI pECTPUKTA3aAMMU.
PoBHble (Tymble) KOHIbI — TEPMHH, OTHOCAIIMMCA K

nByxnenodeuynbiM ¢parmentam JIHK, y KoTOpeIX HU OJlHa HUTHh Ha
KOHIIEBBIX yYacCTKax HE BBICTYIIAET 3a JAPYIyI0 B OTJIWYHAE OT JIMIKUX
KoHIIOB.  OOpasyroTcs B pe3yiabTare  JCUCTBUSL  PECTPUKTA3
(pecTpuknroHHBIX dHAOHYKIEa3) Alu I, Ecor V, Hpa I, Nac I, Pvu II, Sma
[ v ap., a Takke OyTeM yAaJd€HHS OJJTHOHUTYATHIX KOHIIOB C MOMOIIbIO S1-
HYKJIEa3bl WJIN JOCTPOMKHU ux ¢ nomoupto JJHK-nonumepassr 1.

Pubocoma — opraHouj KIETKH, OCYIICCTBISIONINN OHOCUHTE3
Oeika.

PHK-noniumepa3zbl — depmentsl, cunresupytomue PHK (MPHK,
TPHK, pPHK u PHK npyrux knaccos) na matpuue JHK.

Caijit kJoHMpoBaHusi — wMecto (caitt) pacmermenus JIHK
ONPENCIICHHON PECTPUKTAa30l B BEKTOPE KIOHUPOBAHUA, KOTOPOE
JIOKAJIM30BaHO B IIPEJIENIaX OJTHOTO U3 TEHOB YCTOMYMBOCTH.

CaliT pecTpUMKUMM — TIOCJIEJOBATEILHOCTh Map OCHOBAaHWU B
monekyne JIHK, B mecre pacnonoXeHuss KOTOPOU OINpEeHcseHHAS
PECTPUKIIMOHHAS HYKJIea3a pa3pe3aet (pacilerlisieT) ee.

Caijit y3HaBanusi — crenududeckas nocieaoarenbHocth JIHK, c
KOTOPOW  CBSI3BIBAKOTCS PECTPUKLMOHHBIC SHIOHYKJICAa3bl, a TaKXe
HaunHaeTcsa pacuieruieHue modekynsl JJHK manueim gepmentom. [ns
KOKIOM  PECTPUKTAa3bl  UMEETCS  COOCTBEHHas  crenuduyueckas
MOCJIEIOBATEIIbHOCTh Y3HABAHMUSL.

Cay3epn-0s0T ananu3 — ananu3 moiekyn JIHK u ux ¢parmenton
IIpU TTOMOIITY MeTo1a 0J0T-THOpuan3anuu mo CaysepHy.

Cay3zepn-0i0T ruOpuaM3anMss —  METOJ,  IO3BOJISIOLIAMN
UJICHTU(PUIIUPOBATh KOHKPETHBIE TEHbI W JPYTU€ PECTPUKIMOHHBIC
dparmentsl JJHK mnocne ux snekrpodoperuueckoro pazaeneHus. CyTb
METOJIa 3aKJII0YaeTcsl B TOM, uto cHauyana ¢parmentsl JIHK, paznenennsie
B arapo3HOM rejie, JEHATYPUPYIOTCS 10 OJHOLENOYEYHBIX MOJIEKYJ, a
3aTeM Bechb 2nekTpodopernueckuii cnekrp JIHK ornewaTtsiBaercs
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(blotting) 3a cYeT KamWISAPHBIX CHJI Ha TMPWIOKEHHOM K Teiio
HUTPOILICIITIOJIO3HOW MeMOpaHe (IJICHKE), Tociie 4ero (UKCUPYETCs IpH
MOMOIIIM BBICOKOM TemmepaTypbl. Jlanee memOpaHa momeniaercs B
ruOpUIN3aMOHHBIN Oydep, coaepauui CrenuaibHbIM paJlOaKTUBHO
MEYEHBIN JIHKoBbII1 30H] — KOPOTKYIO crienupuIeCcKyIo
nociegoarenbHocTh  JHK. 3onHn cmocoOeH TruOpuan3oBaThCs  C
ompeneneHHbIM KoMIuieMeHTapHbiM ~ pparmenTom JIHK wu  cBskercs
TOJIBKO C OJTHOM WJIM HECKOJIBKMMH KOHKPETHBIMU (PPAKIMAMH U3 BCETO
ANEKTPOPOPETUUECKOTO  CHEKTpa  MOJYUYEHHBIX  PECTPUKIIMOHHBIX
¢parmentoB JJHK. Ha mnocrmennem »dTame K  HUTPOIECIUIIOJIO3HOM
MeMOpaHe, cojepikailei Bech CreKkTp mnonydeHHbX ¢parmentoB [JHK,
BKJItOUas (Ppakiuuu TUOPUAM3OBABIIUECS C PAJUOAKTUBHO MEUECHBIM
30HJIOM, TMPUKIAABIBAIOT PEHTTCHOBCKYIO  IUIeHKYy. Ha  mneHke
(aBTOpaguorpamMMe) MOCye SKCIO3UILIMK BBISBIISIIOTCS 3aCBEYECHHBIE MECTA,
COOTBETCTBYIOIIUE pacrojokeHno MedeHbix ¢pakuuii JTHK. Meton
pazpadoran 3. Cay3epuom u P. JleiiBucom B 1975 r.

CopaxuBaHue — aHadPOOHOE PACIICTVICHHE MOJIEKYJ MUTATEILHOTO
BEIIIECTBA, HAMpPUMEp, TJIIOKO3bl, COMPOBOX/IAIOIICECS BbIICICHUEM
SHEPTHUH.

CexkBeHnpoBaHue — ONPENCIICHUE HYKJICOTUTHOU
nociaegoBareapbHocTH JIHK nmm PHK.

CeJsiekTUBHBIE CpelIbl — TBEPJIbIE U KUJIKUE MUTATEIbHBIE CPE/IbI, Ha
KOTOPBIX MOT'YT PACTH KJIETKH JIMIIb C ONPEACICHHBIMUA CBONCTBAMU.

ComaTnueckasi ruOpuau3aumsi —  TOJy4YeHHE  TUOPHUIOB
COMATUYECKUX KJIETOK, MPU 3TOM CJIUBAIOTCS WX sJipa (BO3MOXKHA MEXKITY
(UITOTEHETUYECKU OTIAJIECHHBIMU BUJAMH, TOJOBOE CIIAPUBAHHUE MEKITY
KOTOPBIMU HEBO3MOKHO).

CoMaTHyecKHe KJIeTKM — KJIETKM TKAaHEH MHOTOKJIETOUYHBIX
OPraHM3MOB, HE SBJISIOIIMECS [TOJIOBBIMH.
Cos-caiiTel  (cos-SiteS) — OJHOHHMTYATHIC, KOMILJICMCHTAPHBIC

ydacTku Ha o6Ooux koHmax JIHK ¢ara nsmOpa, cocrosimme u3 12
HyKJeoTu10B. ObecneunBaioT ¢ary oOpa3oBaHHE KOJBIIEBBIX CTPYKTYP
MyTEeM COCIMHEHUS BOJOPOIHBIMU CBS3SIMU KOMILJIEMEHTAPHBIX KOHIIOB U
ynakoBky JIHK B  (aroBeie wactuipl. Ucnonb3yrorcs st
KOHCTPYUPOBAHUS KOCMU]I.

Cmnaiicuur — epMeHTaTUBHOE yJaJIeHHE UHTPOHOB U COEIUHEHUE
AK30HOB npu cuHTe3e MPHK.

TerpanukiauH — aHTUOMOTHUK, HAPYIIAIONUA OMOCHHTE3 OCJIKOB Y
OaKTepuil.
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TOTUNMOTEHTHOCTL  —  CBOWMCTBO  KJIETOK  PEAIM30BHIBATH
T€HETHUYECKYIO uHpopManuio anpa, 00eCTeunBalroIIyI0 170'¢
nudhepeHIIpPOBKY.

TouykoBast MyTaus — MyTalus, B pe3yJbTaTe KOTOPON MPOUCXOIUT
3aM€HA OJIHOM HYKJICOTHIHOM Maphl HA IPYTYIO.

Tpancayuupywimue gparu — daru, nepeHocsIme B CBOEM I'eHOME
reHbl 0aKTePUHU-XO035IMHA.

Tpanckpunuus — 6uocuntes monekyiasl PHK na matpure JTHK.

Tpancasimus — OMOCUHTE3 MOJMIEITUIHBIX 1IeTIeH OCIKOB.

TpaHcnmo30H — mNEpeMEAONMICA TEHETUYECKUUA JJIEMEHT —
¢parment JJTHK, KOTOpHIi MOKET MEHSTH CBOE TTOJIOKEHHUE B TCHOME.

®epmeHT(bI) — OHMOJIOTMYECKUE KaTaau3aTOpbl, MPUCYTCTBYIOIIUE
BO BCEX KJIETKAaX >KUBOTO OPraHU3Ma.

Xumepa — OpPraHuW3MBI-MO3aWKH, OTICIbHBIE KIECTKA W TKAHU
KOTOPBIX T€HETUYECKHU OTIUYAIOTCS OT OCTAIBHBIX TUITAYHBIX JJIS1 HOPMBI,
WIM OpPraHu3Mbl, COCTOSIIME W3 TKaHEH JAByX wWiIuW Ooyiee o0cobeil,
UMEIOIINX COMAaTUYECKUE KIIETKU C PA3JINYHBIMUA T'€HOTUITAMMU.

XuMepHble IJIA3MHUABI — TIUIQ3MUJIBI, COJEpPKAIIME BCTaBKY
(pparment) uyxkeponnoit JJHK.

XpomocomHasi oudauorexka (chromosome specific library) — onun
U3 BUJOB N'€HOMHOW OMOJMOTEKH, MCMOJBb3YEeMbIN I aHaJN3a I'eHOMOB
OOJIBIIINX Pa3MEPOB, HAIIPUMED, YEIIOBEKA.

XpoMocoMa — HUTEBHUAHAA CTPYKTYpa B AApPE KIETKH, COCTOUT W3
TE€HOB, PAacCIOJOXKECHHBIX B JIMHEWHOW TOCIEIOBATEIbHOCTA, TE€HOM
MPOKAPUOTUYECKON KJIETKM MOXKET COAEPKATh ECAUHUYHYIO MOJIEKYIY
JIHK, B sykapuoTuueckux kietkax mojekyna JIHK oOpa3yer komiuiekc ¢
TUCTOHAMH U IPYTUMH OCJIKaMH.

XpoMOCOMHBIH HA0OpP — COBOKYIHOCTH XPOMOCOM B SIIpe
HOPMAJIbHOM TaMEThI UJIU 3UTOTHI.

IlenTpomepa — 00aCTh XPOMOCOMBI, K KOTOPOU TMPUKPEILISIOTCS
HUATHU BEPETEHA P MUTOTUYECKOM HJIM MEMOTUYECKOM JICJIICHUU KJICTKHU.

Huanodaktepuu — rpynna (QOTOTPOPHBIX MNPOKAPHUOTUUECKUX
OpraHU3MOB (TpaAUIIMOHHOE Ha3BaHHUE — CUHE3EJICHBIE BOJIOPOCIIHN).

HltamMmm — 4ncTas OAHOBUAOBAS KyJIbTypa MHUKPOOPTaHU3MOB,
BBIJICJICHHAS U3 ONPEICTICHHOTO UCTOYHHMKA WU MOJIy4YCHHAs B PE3yJIbTaTe
MyTalluM U 00J1aaromas crnenu@uaeckumMu Gru3nuoI0ro-0noXuMHUIECKUMHU
pU3HAKAMM.
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JKcnpeccuss  reHa  —  TposiBIeHHE  (DYHKIMOHUPOBAHUSA
reHeTudeckod  umHboOpMmaluMu, 3anucaHHoM B TeHe, B  (dopme
PUOOHYKIIEMHOBOM KUCJIOTHI, OenKka U (DeHOTUITUYECKOTO MPU3HAKA.

IMUCOMBI — F€HETUYECKHUE BJIEMEHTHI (TIa3MUbI), KOTOPBIE MOT'YT
CYIIECTBOBaTh B KJIETKE JIMOO HE3aBUCUMO OT XPOMOCOMBI, JIHOO
BCTPaMBAaTHCS B HEE.

JYKapHOTBI — OpraHuU3Mbl, KIETKM KOTOPBIX HMEIOT YETKO
BBIPOXKEHHOE JICJICHUE HA SIAPO M IUTOIUIa3My. DYKapHOThl MOTYT OBIThH
KaK OJHOKJETOYHBIMU, TaK M MHOTOKJIETOUYHbIMU. K HUM OTHOCATCS
BBICIIIME PACTEHUS U )KUBOTHBIE.

SAnpo — opraHemia JyKapUOTUYECKOW KIIETKH, OKPY)KEHHas
MeMOpaHOU U CoJIeprKaIasi XpOMOCOMBI.

AnpeIIKO — oOpraHesya siapa 3yKapuoT, CBS3aHHAas C Y4YacCTKOM
XPOMOCOMBI, conepxkamuM reasl pPHK.

AinexiieTka — ramera )EeHCKOTO THUIIA.
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HPUJIOXKEHUE

Hctopust OMOTEXHOJIOTUU B 3aBUCUMOCTH OT COJICPKAHUSI OTKPBITUIA

Jara CopepxaHue OTKPbITUS
JIOITACTEPOBCKAS DPA

1665 Omnucana KieTOYHast CTPYKTypa HEKOTOPBIX PAaCTHTENbHBIX TKaHEW, HaOlogaemasi C
MOMOIIBIO CUCTEMBI JTUH3 (P. XyK)

1673 A. JIeBEeHTYK C MOMOUIbI0 MPUMUTHBHOIO MUKPOCKOMA YBUIEN OJHOKJIETOYHBIC Opra-
HU3MBI

1769— | I'.K. Illene moayynsa B Y4MCTOM BHJIC P OPTAHUYECKUX KHUCIOT

1780

1789 T. JloBull MONy4ns1 YKCyCHYIO KHMCJIOTY B KPHCTALIMYECKOM BUjE (JIesiHas yKCyCHas
KHCJIOTA)

1796 | O. JxeHHep MpoBell MEPBYIO YCIEUIHYIO BaKLIIMHAIMIO YEeJIOBEKa IPOTUB OCIIbI

1831 | P. BpamyHs cienan BEIBOJ O TOM, YTO SIIPO SIBJSIETCS] BXKHOM COCTAaBHOW YaCThIO KIIETKU

1836 K. Jle Jlaryp obHapyxui B ocajkax Iocie OpOXeHHs YacTHILbl, CHOCOOHBIE pa3MHO-
KAThCs

1838- | M.A. Ulneiinen, T. lIBanH, P. Buxpos pa3zpaboTaiu KIE€TOYHYIO TEOPUIO

1845

1857 JI. TTacTep Aokasal, 4TO CHUPTOBOE OpoOXKeHHE MTPOUCXOAUT TOIBKO B MPUCYTCTBUHU XKU-
BBIX JIPOXOKEH

I[TOCJIEITACTEPOBCKAS DPA

1859 | Y. [lapBuH onucaia MaTepUaIbHYIO TEOPHUIO BOTIOIMH KHUBON MPUPOJIBI

1856— | I'. MeHzenb SKCIIepUMEHTATFHO 000CHOBAT B C(POPMYITHPOBAIT 3aKOHBI HACIICICTBEHHO-

1863 | ctu

1869 | ®. Mumiep BBIACTIII HYKJICHH U3 JICHKOITUTOB

1875— | O. I'epuur u I'. @one OTKpbUIM OIIIONOTBOPEHUE SHIEKIETKH M CIUSHHUE JBYX MPO-

1879 HYKJICYCOB

1875 | P. Kox pa3paboTas METO/1 YUCTHIX KYIbTYP MUKPOOPTaHU3MOB

1881 | O. bedenpa nonyuni nepsble YUCThIE KYIbTYphl IpUOOB

1883 | M. MeunukoB pa3paboTall TEOPHIO KIETOYHOTO HIMMYHHUTETA

1885 O.I1. Py nokasan, 4To KJIETKH KYpHHOTO 3MOpPHOHA COXPAHSAIOT >KU3HECHOCOOHOCTH B
COJICBOM PacTBOpE BHE TeJla — IIEPBOE UCCIIEIOBaHIE aHA0N03a JKHBOTHBIX

1887 3. BaH beneneH oOHapy KuIl, 4TO KaXKAbI )KUBOW BUJ UMEET ONpPEIETICHHOE KOJIMUECTBO
XPOMOCOM; OTKPBLI Mporiecc (GOPMUPOBAHHS TAIJIOUIHBIX KIETOK

1888— | M. beiiepuk, X. Xenpuren, X. Bunbdapt ycranoBuiu ¢ukcauio atMmochepHoro azora

1901 MUKpPOOpraHu3MaMi (KJIyOeHbKOBBIMHU OaKTEPHSIMHU )
J.W. IBaHOBCKMIi cOOOIINI 00 OTKPBITUM BUpYCa MO3aU4YHOM OOJIE3HU pacTeHMi Taba-
ka. OH J0Ka3al1, 4To 3Ta «00JIe3Hb BHI3BIBAETCS HE KAKUM-TO BO30yAUTEIEM IPHOKOBOIO
Wi 0aKTepUaIbHOTO MPOUCXOXKICHHUS, a €Illeé MEHBIIMMHU M COBCEM MPOCTHIMU (popma-

189y | MM HKMBBIX CYNIECTB, KOTOpbIE MOTYT IPOXOIUTH CKBO3b GUIBTP ¢ HAMMEHBIIUMH TI0-
paMu» U KOTOpbIE HEBO3MOXKHO HAOMIO/ATh NMPHU MOMOIIHM CYIIECTBYIOIIEH B TO BpeMs
TEXHUKH;
Jlx. Knepkep BriepBble BBLACITHI MPOTOILUIACTHI BO BPEMSI MEXaHUYECKOTO MOBPEKICHUS
TKaHU NPU U3YYE€HUH IJIA3MOJIN3a B PACTUTENIBHBIX KJIETKaX

1893 K. Bemep ycTaHOBHI CIIOCOOHOCTH MJIECHEBBIX T'PHOOB CHHTE3UPOBATH JIUMOHHYIO KH-
CJIOTY

1894 N. TakamuHe co3nan nepBbi hepMEHTHBIN Tpenapar, Moay4YeHHbIN U3 TUIECHEBBIX TPHU-

0oB
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Hara

ConepaHne OTKPBITHS

C.H. BuHOrpaackuii mnpoaeMOHCTpUpOBaNl Tpolecc ¢GUKcalud a3oTa OaKTepUsIMHU

1895 L
Costridium B aHa’pOOHBIX YCIOBHIX
3. BroxHep M3roTOBUI U3 JIPOAOKEH OSCKIETOYHBIN SKCTPAKT, MPEBPAIIAIONINIA caxap B
1897 CIIUPT, MPOJEMOHCTPUPOBAB TaKUM 00pa3oM (akT CyliecTBoBaHUS (EPMEHTOB. DTO
COOBITHE CTAJIO KJIFOYEBBIM MOMEHTOM B ITPOIECCE PASBUTHS OMOXUMUH U SH3UMOJIOTUN
1900 [TepeotkpsiTue 3akoHoB . Mennens I'. Jle @puszom (I'ommanaus), K. Koppercom (I'ep-
Manus) u J. Yepmakom (ABCTpus)
B. Carron, T. boBepu nmpeanonaokKuiu, 4To reHbl pacloyioKeHbl B XpOMOCOMaX U Kax-
Jlasi AWLEKIIETKA U CIIEPMAaTO30M] COAEpKAT TOJIBKO 10 OJHOM XpOMOCOME KaXA0ro TH-
1902 | ma. DTa nzaes MoyoKuiIa Ha4yaJlo XpPOMOCOMHOM TEOPHH HACIIECTBEHHOCTH;
I'. Xabepnany moka3an BO3MOXHOCTh KyJIbTUBUPOBAHUSA KIETOK PACTCHUN B MUTATENb-
HBIX pacTBOPax
1904 B. belTCcOH npoaeMOHCTPpUPOBAIL, YTO XPOMOCOMBI HACIEAYIOTCSI KAK €AMHOE LIEJI0€
1906 | M.C. LIset n3o06pen meron xpomarorpaduu Ha Oymare
N.N. Meunukos u 1. Dpaux co3znanu TeOpr0 UMMYHUTETA;
1908 | I'.X. Wlymn nomyunn B CHIA rubpunHyto KyKypy3y METOJOM CaMOOIBIICHHUS;
A. T'appoa BriepBbl€ BBIABUHYI IPENIOI0KEHUE O CBSI3U MEXKAY 'eHaMU U pepMeHTaMu
1909 B. MoranHceH BBen TEpMUH «reH» U CHOPMYJIHUPOBAIl pa3avuUs MEXKIY MOHATUAMU
«TEHOTHI» U «(PEHOTUI»
1910 I1. Payc mokasan crmocoOHOCTh CHEU(PUICCKIX BUPYCOB CITIOCOOCTBOBATh BO3ZHUKHOBE-
HUIO HEKOTOPBIX Pa3HOBUIHOCTEH PAKOBBIX 3a00JIeBaHUM
T.X. Mopraa u ero COTpyIHHKH C(HOPMYIHUPOBAIA COBPEMEHHYIO KOHIEMIHIO O JIH-
HEIHOM pacroIo)KeHUU T'€HOB B XpOMOCOMAaX, OOHApYKMWJIM CBSA3b MEXKy KOHKPETHBI-
1910- | Mu reHamMH ¥ KOHKPETHBIMH XPOMOCOMAaMH; YCTAaHOBHIIU TIOPSIIOK TEHOB B XPOMOCOME —
1922 | mocTpounu nmepByIO KapTy I'eHa; U300peiar METO/ KapTUPOBAaHMS T€Ha U CO3/1ajH KapTy
XPOMOCOM IUIOJIOBOM MYIIKH;
L1. Heitbepr packpbll MeXaHU3MbI OPOKEHUS
1913 | JI. Muxasmuc u M. MeHTeH pa3paboTaiy KHHETHKY (pepMEHTATHBHBIX PEaKIUi
1925 I''A. Hancon, I'.C. ®uinnmnoBu4 yCTaHOBUIN BO3MOKHOCTh UCKYCCTBEHHOI'O MyTareHe-
3a MUKPOOPIaHU3MOB I10/1 BIUSIHUEM PEHTI€HOBCKOIO 00IyUYEeHHUS
J1. CamHep nomyuus nepBblil (epMEHT B KpUCTAJUIMUYECKOM BHJE (ypeasa) U JoKaszal,
1926 | 1T 9TOT 0er0Kk 001a/1aeT KaTaIUTHIECKOM aKTUBHOCTBIO;
T. Mopran onybnukoBan «Teopuio reHOB» — pe3ysibTaT MHOTOJIETHUX SKCIIEPUMEHTOB,
MIO3BOJIMBIIMX PACKPBITh TEHETUYECKYIO OCHOBY OINIPEAEIEHUS M0JIa
A. Cent-/Ipepapu MOMY4YHIT B YUCTOM BUJIE NEpBBIA BUTaMHUH (BUTaMuH C) B BUJE KpU-
1928 CTaIlIIOB;
@. I'puddur onucan sBneHue tpacopmaryu y 6akrepuit
1931 | P. PynenGepr noiay4us NaTeHT Ha MPOCBEYMBAIONINI 3JIE€KTPOHHBIH MHUKPOCKOII
1932 M. Knomns, O. Pycka mocTpomiau mHepBbIii IPOTOTHI COBPEMEHHOTO 3JIEKTPOHHOTO
MHUKpOCKOIIa
1933 A.N. Knyiisep, JI.X. IlepkBuH n300penn METOA KadyaabHOTO KYJIHTHBHPOBAHUS MHUKPO-
OpraHU3MOB
1933 | JI. Tuzennyc UCIoNIb30Bal 3IeKTpodopes s pa3iecHus OenKa B pacTBOpe
1935 B. Ctonnm u3011poBai U KPUCTATU30Ball BUPYC TaOa4HON MO3aMKH — MEPBBINA caydai
OUYHCTKHU BUpYyca
1938— | B.A. DHreasrapaT oOTKphLI Ipoliece adpooHoro pecuHTe3a ATD
1945
OPA AHTUBMOTUKOB
1942 C.A. Bakcman chopmynupoBain yueHrne 00 aHTHOMOTHKAX
1943. | IleHMUIMITMH POU3BEACH B IPOMBIIIJICHHBIX MacHITadax
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ConepaHne OTKPBITHS

1944 | C.A. BakcMaH OTKPBUI CTPENTOMUIIMH

1944 O.T. DiiBepu, K. Mak-Jleon, M. MakKaptu ycranosunu, yto JIHK npencrasisier rene-
TUYECKYIO MH(OPMAIMIO M IEPEHOCUT €€ IPU TPaHCPOPMALINHU KIETOK

1948 b.M. Jlyrrep oTKpbUI XJIOPTETPALMKINH

1949 | JIx. Jlenepbepr OTKpHUT MPOIECC KOHBIOTAIMH Y KHIIICYHOU MaT0YKu

1950- | E.M. KBacHukoB mipoBesl (pyHIaMEHTaIbHbBIE UCCIIEI0BaHUs (PU3HOIOTUHA MOJIOYHOKHC-

1960 | npix OakTepuit

1950 K. Mono pa3paboTtan TeopeTHYecKHe OCHOBBI HENPEPHIBHOTO KYJIbTHBHPOBAHUS MHUK-
po0oB

1951 | M. Teiinep pa3zpaboTan BaKIMHY MPOTHB JKEJITOM JTUXOPAJIKU

1952 VY. Xeiic onmcal mia3MuIy Kak BHEXPOMOCOMHBIN (PaKkTOp HACIEACTBEHHOCTH

1953 JIx. yOTCOH,vq). Kpuxk ycranosunu monens apoiHou crimpanu HK, pacmmdpoBanm
MEXaHU3M JIHCTBHsI FT€HETHUECKOro anmnapara

1955— | . Manexk u 3. ®eHIe co3qanu TeOpuio HEPEPhIBHON (pepMeHTaIH

1965

1955 X. VIrn monoxui1 Hadasio MpakTHYECKOTO KyJIbTUBUPOBAHUS TKAHEBBIX KYJIBTYP;
@. Ckyr u K. Musiep oTKpblIM HOBBIH KJ1acC (PUTOTOPMOHOB — IUTOKHHUHOB

1956 X. ®penkenb-Konpaty yaanocs pa3iequTb BUPYC HA €Er0 OCHOBHBIE KOMIIOHEHTBI —
0€JI0K U HYKJICMHOBYIO KMCJIOTY — U 3aT€M BHOBb COCIMHUTH UX B AKTUBHBIN BUPYC
A. Aticakc u U. JIungeman oTKpbUA HHTEPHEPOH;

1957 | M. Mezenbcon u @. Ctanb NpoJeMOHCTPHUPOBAIN ITOJYKOHCEPBATUBHBIA MEXaHU3M
perukanuu JJHK

OPA VIIPABJIIEMOI'O BUOCUHTE3A

1959 @. XKako6 u XK. MoHO BriepBble YCTaHOBWIN (PaKT CYIIECTBOBAHUS MEXaHU3Ma peryis-
IIUH T€HOB

1961 | I1.J. MuTtuemt npeuioknil XeMHOCMOTHYECKYIO TeopHto oOpazoBanus ATD

1961 C. Kunocura, K. Hakasima, C. KuTtana ycraHOBHIM cIOCOOHOCTh MYTaHTOB OakTepuil K
CBEPXCUHTE3y aMUHOKHUCIIOT

1962 B. A6ep, I'. Cmurt, /I. Hatanc nonyunnu naHHble o cymiecTBoBaHuu ¢epmenta JJHK-
pecTpuKTasza

1963— | P. Xommu, X.I'. Kopana, M. HupenOeprep pacumdpoBany reHeTUYeCKHi KO U €ro

1968 (GyHKIIUM B CHHTE3€ OCJIKOB

1968 | X.I'. Kopana cuHTe3MpOBaj reH B 1a00paTopun

1969 Jx. beksur, /. llanupo, M. MpoH u30nupoBanu reH U3 NEHETUYECKOTO Marepuaia
KIICTKH

1970—- | H.C. KynaeB oTKpbUI HOBbIE TyTH OMocHHTE3a Moyn$oc(haToB MUKpPOOPraHU3MaMu

1980

1972 | I1. bepr pa3pabotan TexHosioruto kioHupoanus JJHK

1972 JIx. Onenbman, P. IlopTep ycTaHOBMIM XMMUYECKUI COCTAB AHTUTEI

1975 I'. Kenep un K. MunbmreiiH nmoryqmsiu ruOpHI0Mbl, CEKPETUPYIOIME MOHOKIOHAJIbHBIE
aHTHUTelNa

SPA HOBOM BMOTEXHOJIOI' M

1977 K. Urakypu, X. Boiiep npu momoiu peKOMOMHAHTHBIX OaKTEepHil MOJIy4YUIIM COMATO-
CTaTUH

1977— | K. Utakypu mpoBel XUMHUYIECKHI CHHTE3 TeHOB COMATOCTaTHHA U WHCYJIMHA

1979

1978— | B.II. Cxy4aeB co3aain TEOPUI0 XEMOOCMATHYECKON ITUPKYJIAINH TTPOTOHOB B OMOJIOTH-

1981 | yeckux MmemOpaHax

1979 1O0.A. OBUMHHMKOB ONIPEICTNI IEPBUYHYIO CTPYKTYPY OaKTEPHOPOIOTICHHA

1981 | BuutaHnacoH NpoBes MUKPOXUPYPIHUECKYIO TPAHCIUIAHTAIIMIO SMOPHOHOB KHBOTHBIX;
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ConepaHne OTKPBITHS

pa3pemieH k npumeHernio B CIIIA nepBblii THarHOCTUYECKH HAOOP MOHOKJIOHABHBIX
AHTUTEN

[TocTynuir B mpoAaKy 4eJIOBEYECKUM MHCYJIUH, IPOAYLUPYEMBIM KIETKAMH KUIIECYHOU

1982
HAJIOYKH

1985- | A.C. Cnupus pa3paboTasl OCHOBBI OECKIECTOYHOTO CHHTE3a OelTka B TPOTOKE

1988

1986 Co3nana reHHO-MH)KEHEpHasi BaKlMHA MPOTHB TernaTUTa B M reHHO-WH)XEHEPHBIH WH-
tephepoH

1986 | K. Mromnumc pa3zpabotan metos noinumepasHoi nemnoi peakmuu (I11P)

1988 Hauano mmpoxomacmtabHOro mponu3BoJCTBa 000PYIOBaHHS M THATHOCTUYECKUX HA0o-
poB jis TP

1989 Coznanne B CIIIA HanuoHanbHOTO IIEHTpa MO MCCIIEI0BAHUIO YE€IIOBEYECKOI0 TeHOMA,
KOTOpbIN Bo3riaBui J[x. YoTrcoH

1990 M. ®pomm coolmmi 06 ycToWdnBON TpaHchHOpMaIK KyKypy3bl ¢ TIOMOIIbI0 OomOap-
JUPOBKU MUKPOUYACTULIAMH — METOJ1 OAJUIMCTHYECKON TpaHCHEKIUH

1990 Hauano MEK/[YHAPOJIHOTO MPOCKTA MO CO3/aHHIO TCHETUYECKOW KapThl YEIOBEKa
(Human Genom Project)

1994 [Tony4en u 0100peH MepBbIi MUIICBONH OHOTEXHOIOTHYECKUN MPOIYKT — ToMathl Flavr
Savr; HayaTo NpUMEHEHUE KOPOBBEr0 COMATOTPOIINHA
B CHIA pa3penieHsl K KOMMEPUECKOMY HCIIOJIb30BAHUIO M€HETHYECKH MOAU(UIUPO-

1995 | BAHHBIC COPTa COM M KYKYDY3HI;
N.K. BeHtep ¢ CcOTpyJHHKaMH 3aBEepIIMI CEKBEHHMPOBAHWE TEHOMa OakTepHii
Hemophilus influenzae u Mycoplasma genitalium

1997 Uccnenosarenu u3 uuctutyra Pocnuna (Illotnanaus) cooOmuam o KIOHUPOBAHUH TEP-
BOI0 MJIEKOITUTAIONIET0 — OBLbI Jlommu
HccnenoBarenu ["aBaiickoro yHuMBepcHUTETa KIOHMPOBAIM TPH IMOKOJEHUS MBIIIEH U3

1998 A]1pa B3pOCIION KIIETKHU SIMYHUKA;
YUYEHBIM SIMOHCKOTO yHUBepcuTeTa KHHKM ynanoch KIOHHMPOBATh BOCEMb HWIEHTUYHBIX
TEJAT U3 KJIIETOK OJHOM B3POCIION KOPOBBI

1999 Co3gaHo mytem TpaHchOpMalMU MEPBOE pacTeHUE C W3MEHEHHOH NHIIEBOW ILIEHHO-
CTBIO — «30JIOTOM pUCY, COJEPKAIUN OeTa-KapoTHH

2001 Komnanus «CuHpKeHTa» 3asBWiIa 00 YCHEIIHOM OKOHYAaHUHU MPOEKTa KapTHPOBAHUS
reHOMa puca
MesxayHapoiHbIe TPYIIIBI UCClIe0BaTeNel CEKBEHUPYIOT T€HOMbI MaJISIpUHHOIO T1a3-

2002 MOJIHS M KOMapa,
onyOJIMKOBaHAa YEPHOBAsI BEPCHsI YEJIOBEYECKOT0 TeHOMa
HccnenoBaTeny 0OHapYKHIIM TeH MPEIPACIOIOKEHHOCTH K JCTIPECCHN W TPUOIMKa-
IOTCSl K pa3rajike B3auMOCBS3H MEXIy T€HETHUECKUMHU OCOOCHHOCTSMHU M IMIHM30(peHH-
eu;
Ha peiHKe CeBepHoit Amepuku nosiBuiics GlOFish — nmepBoe TpaHCreHHOE 1eKOpaTHBHOE
KMBOTHOE, aKBapHyMHasi pbIOKa, CBETSIIASCS KPAacHBIM B YIbTPadUOJIETOBOM CBETE,
ekt nocruraincs Oiaarogaps BCTPOSHHOMY TeHy (hiyopeciupyromero 0enka Kopan-

2003 |

BIIEPBBIC KIIOHUPOBAHBI MTPEJICTABUTENN BHIMUPAIOIIIETO MUPa — OAHTEHT, a TAK)Ke MYJIBI,
JIOLIA/IA U OJIEHU;

ATMOHCKHE OMOTEXHOJIOTH Pa3padoTany MepBhIi, He coJepKanuii kodernHa, copTt Kode;
BenukoOputanus ono0pseT BHEAPECHHE TEPBOW OMOTEXHOJIOTHYECKON KYIbTYpHI, yC-
TOWYMBOMN K TepOUIIIaM KOPMOBOM KYKYpY3bI;

yIpaBieHue 1mo oxpane okpyxatomen cpeapl CIIA omo0psieT TpaHCTEHETHIECKYIO KY-
KYpY3Y, YCTOWYUBYIO K HACEKOMBIM-BPEIUTEIISIM
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Hara

ConepaHne OTKPBITHS

2004

Kopeiickue ydeHble CO3/1any MEPBYIO JTUHUIO YEIOBEYCCKUX IMOPHUOHAIBHBIX CTBOJO-
BBIX KJICTOK, IIOJYYECHHBIX C TIOMOIIBIO TIEpEeHOCa sApa COMAaTHYECKON KIIETKH (TepareB-
TUYECKOE KIIOHUPOBAHHE)

2005

Yuensle yHUBepcuTeTa J[KOPIKUS yCHEIIHO KIOHMPOBAIM KOPOBY M3 COMAaTHUYECKOMN
KJICTKH;

y4eHbIM ["apBapcKoro yHHBEpCUTETa C TIOMOIIBIO MeTo/1a CusHUA (Py3un) ¢ SMOpHO-
HAJIbHBIMH CTBOJIOBBIMH KJICTKaMH YJIaJIOCh TpaHC(bOpMI/IpOBaTB KJIICTKHX KOXH B ILIIO-
PHUITOTEHTHBIE CTBOJIOBBIC KIICTKH;

BO3 oGnaponoBana oryer «CoBpeMeHHas MUIIEBasi OMOTEXHOJIOTHSA, 3I0POBbE U pa3-
BUTHE YeJIOBeKa». B HeM ObLTH MpoaHaIM3UPOBAHbI Pe3yIbTaThl U3yUCHUS BIUSHHA M1O-
tpebnenns I'MO Ha 310pOBbE YETIOBEKa U €Ile pa3 CHEeNIaHbl BHIBOJBI O 0€3011aCHOCTH
pa3pemIeHHBIX K KOMMEPYECKOMY HCIOIb30BAaHHUIO TPAHCTEHHBIX KYJIBTYP

2006

AMepHKaHCKasl accolualus AUETOJIOrOB ONMyOIMKOBaJa MOBTOPHO IOATBEPKICHHOE
3asBJICHUE B MOJIEPKKY CEIbCKOX03AHCTBEHHOM U MUILEBOH OMOTEXHOJIOTHUH;

co3/1aHa Mmopo/ia OMOTEXHOIOTUYECKUX CBHHEH, Call0 KOTOPBIX COAEPIKUT OOJIBIIOE KO-
JMYECTBO OMEra-3 )KUPHBIX KUCIOT. DTOT 3(P(PEKT TOCTUTHYT IMyTeM BCTpaUBaHUsA B Ie-
HOM CBUHBM reHa fat-1, BwimeneHHOro M3 reHoma kpyriioro uepBs Caenorhabditis
elegans. I'enernueckn MOAM(MUIUPOBAHHBIX CBHHEW KIIOHHPOBAIH, IPU ITOM B Opra-
HU3ME ILIECTH U3 JIECATU KJIIOHOB COJIEPKajoCh MOBBIIIEHHOE KOJIMYECTBO OMera-3 Kup-
HBIX KHCJIOT, IPEIOTBPAILAIOIINX PA3BUTHE CEPJICUHO-COCYAUCTHIX 3a00JIeBaHUIi;

BTO (BcemupHasi ToproBasi opraHu3amusi) myOJHKyeT OKOHYATEIbHOE KOH(DHUICHIIH-
anpHOe penienue mo jaeny CIIA / Kanana / Aprentuna npotuB EBpocorosa 1o moBomay
0J1I00peHns1 OMOTEXHOJOTHYECKUX KyNbTyp. M3 3asBneHHs mpecchl Cleayer, 4To, CO-
IJIACHO pelleHnto, EBpocoro3 JokeH U3MEHNTh CBOM KOMMEpUYECKHE 00s3aTeIbCTBA C
y4eToM NosiBJIeHUs 21 celbCKOX035IIICTBEHHOIO0 OMOTEXHOIOIMUECKOT0 IPOAYKTa

2007

COBI[aHa HCKYCCTBCHHAAd XpOMOCOMa

2009

VYyensle UCnoNb3yIOT MoauduupoBanHbeie relsl cepana SAN (iISAN) s coznanus
HEPBOT0 BUPYCHOI'O KapIMOCTUMYJISITOPA Y MOPCKUX CBUHOK

2010

Vuyensle CIIIA co3nanu nepByro KHUBYIO KIETKY, B KoTopoil ee coOctBeHHyto JIHK 3a-
MEHWIH Ha UCKYCCTBEHHO CO3/IaHHYIO

2019

VY4yensle BepBbie coo01manT 00 ucnonp3zoBanuu TexHonorun CRISPR mist penaktupo-
BaHMsI YEJIOBEYECKUX T€HOB JIJIsI JICUEHUS PAKOBBIX MAI[IEHTOB

2020

VYyeHble TpeAcTaBIsIOT HOBBIM mpoaykT non Ha3BanueM CHyMErA (Cas Hybrid for
Multiplexed Editing and Screening Applications), KOTOpbIii MOXHO HCIOJIb30BATh JIJIsS
aHayu3a JIeHCTBUS TEHOB,

WCCIIEIOBATEIIN COOOMIAIOT O pa3pabOTKe NCKYCCTBEHHBIX XJIOPOILIACTOB
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