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IpeaucaosBue

Hacrosee mocoOue cofepuT MpakTUYeCKHe PEKOMEHIAlUU MO Tepe-
BOJIy HayYHO-TEXHUYECKOW JTUTEpaTyphbl B 00JIACTH OMOTEXHOJOTHH C aHTJIUH-
CKOTO sI3bIKa Ha PYCCKHI S3bIK M, HAO0OPOT, C PYCCKOTO fA3bIKA HA AHTJIMHCKUM.
OHO mpU3BaHO MOMOYb CTyAEHTaM BceX (opM OOydeHHS B CAMOCTOSITENbHOM
paboTe HaJ yKa3aHHBIM KypCOM, KOTOPBIA MPeayCMOTPEH MporpaMMmoit i 6a-
KaJaBpOB YETBEPTOTO rojia 00y4EeHHUS.

ITocobue BkItOUaeT B c€0s1 BBOJHYIO YaCTh, 3HAKOMSIIILYIO YUTATENS C OC-
HOBHBIMU TNOHSATHSAMHU U ONPEICIICHUAMHU NpeaAMeTa OMOTEXHOJIOTUU. 3/1eCh Ke
JIaeTCsl IepeveHb CIIeHU(PUUECKUX TEPMUHOB, HCIIOJIb3YyEMbIX B OMOTEXHOJIOTHH,
C IIEPEBOJOM MX HA AHTJIMMCKUU SA3BIK.

Jlanee cienyroT 1Be OCHOBHBIE YacTH. [lepBas OCHOBHAs 4acTh NOCBSLIE-
Ha OCOOEHHOCTSIM IEPEeBOJa HAYYHOI'O TEKCTa C AHIVIMHCKOIO s3bIKa Ha pyc-
ckuil. OOpaiiaercs BHUMaHUE HAa TaK HA3bIBA€MbI «IITUYUH SI3BIK» — CIIELU-
aJIbHbIE Y3KOMPO(ECCHOHATIbHbIE TEPMHUHBI, UCTIOJIb3yeMble B OMOTEXHOJIOTHH, a
TaKX€ Ha UCMOJb30BAHUE XAPAKTEPHBIX JJIS1 AHTJIMMCKOTO S3bIKAa UMIUIMKALMM U
VMIUIALUTHBIX CIIOB-3AMEHUTEIICH.

bonee cnoxxHbIM B CHITy OOBEKTUBHBIX MPUYUH SIBJSIETCS MEPEBOJ MaTe-
puana ¢ pycckoro si3plka Ha aHTJIUHCKH. Bo BTOpOii OCHOBHOI YacTu mOCcoOus
JAIOTCS PEKOMEHIAllMU 10 BO3MOXKHO OoJiee TOUYHOHM mepenade MHGOpMaLUU
IpU IEPEBOAE: CleIyeT U30erarh JJIMHHBIX KOHCTPYKUUM MPENIOKEHUM, 0COo-
OCHHO CJI0HOITOIYMHEHHBIX; UCIIOJb30BaTh AKTUBHBIM, 8 HE TACCUBHBIN 3aJ10T;
B [IEPBYIO OYEPEb NPUMEHATh crieHU(pUUIECKUE 111 OMOTEXHOJIOTMH TEPMUHBI U
BBIPAKEHHUS.

B npunoxeHuu npeacrasiieH epeyeHb Haubosee 4acTo yrnoTpedasieMbIxX
B HAYYHO-TEXHUYECKOM JIMTEPATYPE aHIVIMMCKUX CJIOB M BBIPAXKECHUI C IEPEBO-
JIOM MX Ha pycckuil s3bIk. [IpuBonutcs npumep odopmiieHus 3amnpoca Ha MoJy-
YeHHE KOIMUU CTaThH, OIMyOJIMKOBAHHON B MHOCTPAHHOM JypHAJe.



1. OcHOBHBIE ITOJIOKEHHUS

1.1. IIpeameT OMOTEXHOJIOTHH

BuorexHosorus — 3T0 HayKa, M3y4aroniasi BO3MOXXHOCTH MCIOJIb30BAHUS
YKUBBIX OPraHU3MOB WJIM IMPOJIYKTOB UX JKU3HENESITEIbHOCTH VISl PEILICHUS TEX-
HOJIOTUYECKHUX 3a7]a4, a TaK)K€ BO3MOKHOCTU CO3/IaHUS )KMBBIX OPraHU3MOB C
HEOOXOMMBIMH CBOMCTBAMHU METOJaMU TeHHOUN nHx)eHepuu. OHa UMEeT JIeJIo C
OMOMOJIEKYJIaMH, MUKPOOPTaHU3MaMH, KJICTKAMA W TKaHSIMH PACTCHUU W KH-
BOTHBIX. Ee JOCTHMXKEHUS NPUMEHSAIOTCS B CaMbIX Pa3HOOOPa3HBIX OTPaCIsaX
MIPOMBIILJICHHOCTH (MUIIEBOH, (papmarieBTUUeCcKoi, HePTAHOH, SJIEKTPOHHOM), B
SHEPreTUKE, MEIULIMHE, CEJIbCKOM XO3SWUCTBE, MPU PEIICHUH IKOJOTMYECKUX
npobsieM. OCHOBHas 11€1b OMOTEXHOJOTUM — TOJIydeHHe OMO0OOBEKTOB C 3ajaH-
HBIMH CBOMCTBaMHU.

Ha3znauenue OMOTEXHOJIOTMH 3aKJIFOYAeTCs B MOAU(UKAIIMUA PACTEHUU U
YKUBOTHBIX MYTEM HMCKYCCTBEHHOTO OTOOpa M THOpUIM3AIlMU, YTO MPUBOAUT K
YIYUYIIEHUIO0 KauyecTBa MUIIEBBIX MPOAYKTOB, YBEIMYEHUIO MPOIYKTUBHOCTH
KUBBIX OPraHU3MOB. BHOTEXHONOTHS OCHOBaHAa Ha T€HETUKE, MOJEKYJSPHOMI
Oononoruu, OMOXUMUHU, IMOPHUOJIOTHH, a TAK)KE MPUKIATHBIX AUCIUTUIMHAX: XH-
MUYECKUX M WH(OPMALMOHHBIX TEXHOJOTUIX U poOoTOTexHUKE. B OmoTexHo-
JIOTUM YCIICIIHO PAa3BUBAIOTCS CIIEYIONINE HAIPABICHUS.

Buoun:xxenepusi — cuMOU03 WHKEHEPUH, OMOJIOTMM W MEIUIIMHBI, Ha-
MpaBJICHHBIA Ha YKPEIUICHUE 30POBbs UeJIOBEYECTBA. B 4acTHOCTH, OHA 3aHU-
MaeTcsi KOMIIBIOTEPHBIM MOJISTUPOBAHUEM CO3/IaHMS OCJTKOB C HOBBIMHU CBOMCT-
BaMH, pa3pabOTKON HOBBIX (hapMalleBTUHYECKHUX MPEIapaToB.

buo- v HaHOMeIUIMHA — JICUCHUE OpraHM3Ma YeJIOBEKA Ha MOJIEKYJISIp-
HOM ypOBHE, a/IpeCHas JOCTaBKa JICKAPCTB K OOJbHBIM KJICTKAM.

Buoundopmarnka — pa3zpaboTka aIropuTMOB MPOTPaMM JJis IpecKa-
3BIBaHMUSI, HAIPUMEP, MPOCTPAHCTBEHHOU CTPYKTYPHI OCITKOB.

Buonmnka — 510 coenuHeHre OMOJIOTHM M TEXHHUKH, ITO3BOJISIOIIEE CO3/1a-
BaTh HOBBIE KOHCTPYKIIMH U MEXAHU3MBI.

Buopemennanusa — KOMIUJIEKC METOJOB OYMCTKH OKPYKAIOIIEH CPebl C
MTOMOIIIBIO JKUBBIX OPTraHU3MOB (PaCTeHH, TPHOOB, HACEKOMBIX, YEPBEHN).

HckyccTBeHHbIl 0TOOP (cenekunusi) — M30MpaTeNbHOE JOMYIIEHUE K
Pa3MHOXKEHUIO OMPEACICHHBIX OPraHU3MOB C II€1bI0 BBIBEJICHUSI HOBBIX COPTOB
Y TIOpoJ.

KionupoBanme — nojy4eHue KJIOHOB (T€HETHUYECKH MIAECHTHUYHBIX Opra-
HHU3MOB WJIH KJIETOK).

I'mOopuan3zanus — o0beIMHEHHE TEHETHYECKOT0 MaTepuaia pa3HbIX Kie-
TOK B OJTHOM KJIETKE.

I'ennasi nH:xeHepus — nepecaxkuanue rena u3z JJHK oxHoro opranusma
B /IHK apyroro mis npuganus HOBBIX CBOMCTB.



B ocHOBE OMOTEXHOJIOTHH JICKAT IMPpOUECChI, MPOTCKAIOINE B KICTKE. ITo-
9TOMY €€ 4aCTO CUHUTAIOT OAHHM M3 pas3JgcI0B HAHOTCXHOJIOTHH, TaK KaK 31CCh
HCIIOJB3YIOTCA TAKHUC IMOHATHA, KaK 6I/IOMOJICKYJ18,, MUKPOOpPTraHU3M U Op., SAB-
JAIOIUECA HAHOCTPYKTYpaMU. Humxe IMPHUBCACHBI OCHOBHBIC ITIOHATHUS U OIIPEAC-
JICHUS, UCITIOJIb3YEMBIC B OMOTEXHOJIOTHH.

1.2. OcHOBHBIC NOHATHS U ONpPeieIeHHs B OMOTEXHOJIOTUH
U MepeBO] UX HA AHTJIMICKUN A3BIK

AMHMHOKHUCIAO0TA (amino acid) — CTPYKTypHas €IMHUIA, U3 KOTOPOU C
MTOMOIIIBIO pUOOCOMBI CTPOSTCS MOJICKYJIBI OeiKa

AHnab6o0au3M (anabolism) — cHHTE3 BEIICCTB.

Bbakrepuaabnblie ynoopenusi (bacterial fertilizers) — npenaparbl, OTHO-
csaumMecss K MUKPOOMOJIOTMYECKUM J00aBKaM, CHOCOOCTBYIOUIUE YIYUIIEHUIO
MUTaHUs PACTEHUM.

Bbakrepus (bacterium) — BUJL MUKpOOPTaHU3MA.

Benok (protein) — 6uonoauMep, COCTOSIIINN U3 aMHUHOKUCIIOT C MOJIEKY-
JSIPHOM MacCOM OT HECKOJIbKUX ThICSY /10 1 MJIH 1 OoJiee ajabTOH.

Buomarepuan (biomaterial) — marepuai, coaepKamuii OMOJIOTHYECKUe
KJIETKU PACTUTEIBHOI0, d)KUBOTHOTO WJIM MUKPOOHOTO MTPOUCXOKICHUS.

Buomonexyasl (biomolecules) — opraHnyecKkue BEUIECTBA, KOTOPbIE CUH-
TE3UPYIOTCS KUBBIMH OpraHu3Mamu (OCNIKH, yTIeBOMABI, KUPBI, HYKICHHOBHIE
KHUCJIOTBI U JIp.).

Bbuonanorexnonorus (bionanotechnology) — Hay4Hblil pa3/ien HAHOTEX-
HOJIOTHH (CM. HIDKE), M3YYArONINil BO3JEHCTBHE OOBEKTOB HAaHOAMAMNA30HA HA
Ounonornyeckue oO0beKThl. Pe3ynbrarhl OMOHAHOTEXHOJOTUA OCOOECHHO BaXKHBI
JUTSL Pa3BUTHUSL MEIUILIMHBI U €€ HOBOI'O HAIlpaBJIEHUS — HAHOMEIMIIMHbI, 3aHU-
MaloIlencs CO3aHMEM HAHOJIEKAPCTB U MEIMIIMHCKUX HaHOMAaTEpHaJIOB, pa3pa-
OOTKOW JMArHOCTUYECKUX CHUCTEM Ha OCHOBE HAHOYACTHUIl (MMMYHOXpPOMATo-
rpauueckux TECTOB, JOT-aHAIM30B, CBETOBBIX U 3JIEKTPOHHOMHUKPOCKOIHUYE-
CKMX UMMYHOMOP(]OJOTHYECKUX UCCIEAOBAHUMN) U METUIIMHCKUX HAHOPOOOTOB.
Oco0oe 3HaueHHe UMEIOT JOCTHXKEHHSI B 00JacTH BBISBJICHUS, AUArHo3a u Jje-
YEeHHs pAaKOBBIX OOJIE3HEH.

Buorexnosnornueckoe mpousBoAcTBO (biotechnological production) —
MOJYYE€HHE MPOTYKTOB C MOMOUIBIO )KUBBIX CUCTEM KJIETOK.

Bbuorexnonorus (biotechnology) — UCHONb30BaHUE KUBBIX OPTAHU3MOB,
UX CUCTEM WJIU MPOJYKTOB UX KU3HEACSATEIbHOCTH JIJIsl PEIICHUS] TEXHOJIOTHYe-
CKMX 33J1a4 MOJIyY€HHUS HOBBIX MUILEBBIX, METUIIMHCKUX U JpP. MAaTEPUAJIOB.

Bupyc (virus) — HexkJIeTOYHBIM MH(EKIMOHHBIA areHT, KOTOPBIM MOXKET
BOCITPOU3BOAUTHCS TOJBKO BHYTPH JKUBBIX KJIETOK.

Boixox npoaykra (product yield) — KOMMYECTBO MOJYYEHHOTO 1I€JIEBOTO
IPOJYKTA.

I'eneTnyeckn MoaupuUUPOBAHHOE pacTeHHe, )KUBOTHOe (genetically
modified plants, animals) — UM€ET B CBOEM T'€HOME UY>KOW MEPECAKECHHBIHN T'€H.



I'enernueckuii marepuan (genetic material) — KOMIIOHEHTBI KJIETKH,
oOecreurBaronIe XpaHEeHUe, peaiu3aluio U Iepenady HacleJCTBEHHON WH-
dbopmanu npy BEreTaTUBHOM WJIM MOJIOBOM PAa3MHOMKEHUU.

I'ennass uH:keHepusi (genetic engineering) — COBOKYITHOCTh METOJIOB U
texHosnorui nojgydeHus: pekomouHantHeix PHK u JIHK myrem BbiaeneHus re-
HOB M3 OJIHMX OPTaHU3MOB (KJIETOK) U BBEJICHUS UX B IPYTU€ OPraHU3MBI.

I'en (gene) — yuactok JJHK, oTBeyaronmii 3a onpeaeneHHbId NPU3HAK Op-
raHu3ma.

I'enom (genome) — mosHBIN HAOOP TEHOB, XapaKTEPU3YIOIIHI OPTAHU3M.

I'uapoausar (hydrolyzate) — mpoayKT pacnaga OEIKOB, )KUPOB U YTIIEBO-
JIOB Ha COCTaBHbIE AMUHOKHUCIIOTHI, >KUPHBIE KUCJIOTHI U caxapa.

Jpoxcxu (yeast) — BUI MUKPOOPTaHU3MOB, OJTHOKJIETOUHbBIE TPUOHI.

Karaboam3m (catabolism) — pacuieniaeHUe CIOXKHBIX BEIIECTB C ILIEJbIO
MOJTYYEHHUS DHEPTUH.

Kuon (clone) — rpynna reHETUYECKA UICHTUYHBIX OPTaHU3MOB UJIU KJIe-
TOK.

Kaerka (cell) — cTpykTypHO-QyHKIIMOHAJIBHASL dJIEMEHTApHAs €IWHUIIA
CTPOCHUS U KU3HEAECATEIbHOCTH BCEX OPIaHU3MOB.

KyabTrypajsbHasgs KMAKOCTb, OyJbOH (culture fluid) — peakunoHHas
CMECh C OCTaTKaMU MUTATEIBHOU CPEJIbl U KJIETKAMU TI0 OKOHYaHUH (hepMeHTa-
I[UH.

KyasTuBupoBanme (cultivation) — mpo1iecc MOJIy4YeHHs] CYCIIEH3UU Kile-
TOK B KoJiOe miu amnmapate (pepmentepe).

Membpana (membrane) — nonynpoHuaemMasi 000J049Ka, PEryaupyromas
B3aUMO/JICMICTBUE KIJIETKU C BHEIIHEN CPEHOM.

Metadoausm (metabolism) — 0OMEH BEIIECTB B KIJIETKE, BKIIOYAIOIIUN
KaTa0oIM3M U aHaOOIHU3M.

Muxkpobuoaorus (microbiology) — Hayka, KOTOpas U3y4aeT MUKpPOOpra-
HU3MBI.

Mukpoopranusmsl (microorganisms) — BUJAMBIE B ONITUYECKUNA MUKPO-
CKOIl JKMBBIE OpPraHU3Mbl, UMEIOIIME KIJIETOUYHYIO OpraHu3auuio (Trpuldsbl, mpo-
cTeilime, 0akTepun) UM HEKJIETOUHbIE (POPMBI )KU3HU (BUPYCHI).

Muxkpockonuueckuii rpud (fungus) — BUJI MUKPOOpPraHU3Ma.

Muxkpo0 (microbe) — Bu MUKpOOPTaHU3MA.

Moaexyna JJTHK (DNA molecule) — ne30kcupuOOHYKIEMHOBASI KUCIIOTA,
MaKpOMOJICKYJIa, SBISIONIASICS HOCHUTENIEM HACJIeJACTBEHHOW WH(pOpManuu, Ha-
xonutes B xpomocome; monekyna JIHK uenoseka cogepxkut 6omnee 3 mupa. map
HYKJICOTHIOB, UMEET (POopMY JTUHEHHOU HUTH JJIMHOU OKOJIO 2 M.

Moaexyna PHK (RNA molecule) — pubonykiernnoBas kuciora (PHK),
0JIHa U3 TPEX OCHOBHBIX MakpoMosiekyl (aBe apyrue — JJHK u 6enku), koTopsie
COZEPKATCS B KJIETKAX BCEX >KMBBIX OPraHU3MOB, YYACTBYET B CHHTE3€ KIIETOY-
HOTO OenKa.



HanoOuotexnonorusi (nanobiotechnology) — CMHOHUM MOHATUS OMOHA-
HOTEXHOJIOTHSI.

HanorexHosiorusi (nanotechnology) — COBOKYIHOCTh TE€XHOJIOTHMYECKHUX
METO/IOB, MPUMEHSIEMBIX JUIsl U3y4YEeHHs, TPOCKTUPOBAHUS M MIPOU3BOJICTBA Ma-
TE€pUAJIOB, YCTPONCTB W CHUCTEM, BKJIOYas lEJCHANPABICHHBIA KOHTPOJb U
yIOpaBJI€HUE CTPOCHUEM, XUMUYECKHUM COCTaBOM U B3aUMOJIEUCTBUEM COCTAaB-
JISTIONINX UX OTACIBHBIX JIEMEHTOB HaHoauana3oHa (1 — 100 am).

Hyxkaeoruasnl (nucleotides) — cnoxubie 3Gupbl HyKJI€03u10B U (Hochop-
HBIX KHUCJIOT; HYKJIEO3U/bl, B CBOIO OU€pE/ib, SABISIIOTCS N-IIMKO3UAaMU, COJEP-
KaIIUMU TeTePOLMKINYECKre (hparMeHThl, CBI3aHHbIE Yepe3 aTombl a3oTa ¢ C-1
aTOMOM OCTaTKa puOO03bI UM J1€30KCUPUOO3HI.

Ilenoramenue (antifoam, defoaming) — nporecc nojaBieHus oopa3oBa-
HUS TIEHBI.

IIurarenbHas cpena (nutrient medium) — CTepUIIbHAs KUJIKOCTh, COEP-
JKarmask HECKOJIbKO MPOLIEHTOB HEOPTaHUYECKUX COJIeH, OEJIKOB, TMIPOIU3aTOB,
BUTAMHMHOB U JPYTUX BEIIECTB JIJIsl POCTa KJIETOK MPH KYJIbTUBUPOBAHUH.

IloceB (microbiological seeding) — HaHeceHue (BHECEHUE) CTEPUIIbHOU
neTyei, MUMeTKOW Karu 0aKTepuaibHOIO MaTepraia Ha MUTATENbHbIE CPEIbI.

IHoacucrembl KieTku (subsystem cell) — cTpOEHUE KIIETKU.

IpoayKr s;ku3HeesATeJJbHOCTH KJIeTKH (cell waste products, metabolite)
— BELIECTBO, POXOSAIIECE Uepe3 MeMOpaHy Hapyxy.

IponyueHnr (producer) — opraHusM, CHOCOOHBIA MPOU3BOJIUTH OPTraHH-
YECKHE BEILIECTBA U3 HEOPIraHUYECKUX BEILECTB.

Ipoxapuotsl (prokaryotes) — 6e3bsiiepHble KIETKU (OaKkTepuu, IHAHO-
OaKTepuu, CUHE-3eJIeHbIE BOJOPOCIN).

Paspymenue kierok (cell destruction) — HapylieHUE KJIETOYHOH 000-
JIOYKH.

Penummkaunms (replication) — npolecc CUHTE3a JOUYEPHEN MOJICKYJIbI JIe-
30KCUPUOOHYKJIEMHOBOM KUCIOTHI HA MaTPUIIE POJUTEILCKON MOJIEKyJbl. B xo-
JIe TIOCJIETYIOUIETO JIEJICHUSI MAaTEPUHCKON KIIETKH KaXKJasi TOYepHsis KIeTKa Io-
ay4daeT no ogHor konuu moisiekyisl JJHK, kortopas ssnsiercs nunentuunon JJHK
MCXOJHOM MAaTepUHCKOMN KJIETKHU. DTOT MPOIECC 00ECIeUnBaeT TOUYHYIO Niepea-
9y TEHETUIECKON MH(POPMAIINH W3 TIOKOJICHUS B TIOKOJICHUE.

Pubocoma (ribosome) — menpuaiiinas CTPyKTypa LHUTOIUIa3Mbl KIJIETOK,
YYaCTBYIOIIAsl B CUHTE3€ MOJIEKYJI OeKa.

Poct KyabTyp (growing crops) — pa3MHOXEHHUE KJIETOK B MUTATEIbHOU
cpeze.

CropocTb pocra (speed of growth) — cKOpoCTbh HaKOIIJICHUS OMOMAaCChHI B
cpere.

Cuopa (spore) — 3auTHas popMa MUKPOOPraHU3Ma C MPOYHON 000J104-
KOM ISl COXpaHEHUsI KIETKU B HEOIAronpUsITHBIX YCIOBUSAX B IPUPOJIE.

Crepunusanus (sterilization) — yHUUTOXKEHUE BCEX MOCTOPOHHUX MUK-
POOPraHU3MOB.



CyocTpar (substratum) — BeUIECTBO, MPOXOJAIIee uepe3 MeMOpaHy
BHYTPb KJIETKHU.

Tkanb pacteHms, ;)KUBOTHOTO (plant tissue, animal) — macca OHOJIOTH-
YEeCKOTo 00BbEKTa, COCTOSIAS U3 KIETOK.

TpaHncrenHoe pacrenue, ;KUBOTHOe (fransgenic plant, animal) — reHe-
TUYECKH MOJUPUIIMPOBAHHOE (M3MEHEHHOE) PACTEHHUE, )KUBOTHOE.

®aru (phages) — BUPYCHI, H30UPATEIHHO MOpaXaronme OaKTeprabHBIE
KJIETKH.

®aronusuc (fagolizis) — pazpyuieHrue o00JI0UEK KIETOK, MPUBOASIIEE K
UX THOEIH.

®epmenTanus (fermentation) — OMOTEXHOJOTUYECKUA TIPOIECC C yda-
CTHEM OIPEIEIEHHOIO IITaMMa MUKPOOPTaHU3MOB.

depMeHT, IH3UM (enzyme) — OEI0K-KaTaIu3aTop, yCKOPSIONINM B KIJIETKE
onpeeeHHYI0 OMOXUMUYECKYIO PEAKIIHIO.

depmenTep, OMopeaxkTop (fermentor, bioreactor) — anmnapar A peayu-
3a1uu npouecca hepMeHTaIuu.

DuUTOropMoH (phytohormones) — BEIIECTBO, CTUMYJIMPYIOIIEE POCT pac-
TEHUH.

Xpomocombl (chromosomes) — CTPYKTYpPHBIE 3JIEMEHTBI KJIETOYHOTO SiA-
pa, SBJISIOIMECS HOCUTEISIMU T€HOB M ONPEACIIAIONINE HACIIEICTBEHHbIE CBOM-
CTBa KJIETOK M OPraHU3MOB. XPOMOCOMBI 3YKAOPHUOT COCTOSIT B OCHOBHOM W3
JIHK u 6enkoB, KOTOpele 00pa3yloT HYKJICOMPOTEMHOBBIN KOMIUIEKC — XpOMa-
THH. BelKy BBIONHSIOT PETYIATOPHYIO POJib, 3aKIIOYAKOLIYIOCS B «3alperie-
HUW» WK «pa3pelieHun» cnucbiBanus nadopmamuu ¢ monekynsl JJHK. Kpome
TOTO, OHU BBIMOJHAIOT CTPYKTYPHYIO (YHKIIMIO, 00ecreunBasi MpOCTPaHCTBEH-
Hyto opranuzamuio JJHK B xpomocomax. ITomumo IHK u GenkoB B cocraBe
xpoMocoM oOHapysxkuBaroTca Takxke PHK, nunuael, nmonucaxapuabl, HOHb Me-
TaJIOB.

uT0304b (cytosol) — BHYTPEHHSIA MOMYKHUAKAS Cpena KIETKH, yIpaB-
JS01asi OOMEHOM BEIlleCTB.

IITamMm (strain) — COBOKYITHOCTh MUKPOOPTaHU3MOB OJIHOTO BUa, 00Ja-
JAIONINX CHEU(PUIECKUMH (PU3UOTIOT0- OMOXUMHUYECKUMHU MTPU3HAKAMHU.

IKCTPAKT (extract) — MPOAYKT MEPEBOJa KOMIIOHEHTOB U3 0OBEKTa B pac-
TBOD.

JyKkapuoThl (eukaryotes) — KIETKH, UMEIOIINE PO C 000IOUKOM, OT/e-
JISIOIIEH €r0 OT IUTOIIa3Mbl (TPUOBI, PACTCHHSI, )KUBOTHBIE).



2. IlepeBoa TekcTa HAYYHOH PadOTHI 10 OUOTEXHOJIOTHH
€ AHTJIMHACKOIO SI3bIKA HA PYCCKUM

2.1. O01mmii moaxo0/a K nepeBoay

Takolt mepeBoj TpeOyeTcsl BBINOIHATH MPU HAMKUCAHUU JIUTEPATYPHBIX
0030poB, coctaBieHuu pedepartoB, Oubmuorpapuyueckux cnpaBok. s Gosee
TOYHOM Tepeaaund CMbIcia O0BbEKTa MepeBoAa BCErja HeOOXOAUMO HCIOJIb30-
BaTh «ITHUYHMH A3BIK» B CYIIECTBYIOIIEH 00JACTH HayKHU WJIM TE€XHUKHU — CIEIU-
aNbHYIO0 y3KOTIpodeccuoHanbHyl0 TepMuHOJoruio. He cienyer 3a0biBaTh, 4TO
JOCJIOBHBIN MEPEBOJ CTAThH (TAK HA3BIBAEMBIN «CBHIPOM MOJICTPOYHUK») IIPUBO-
JIUT, KaK MPAaBUIIO, K TPYJAHOCTH MMOHUMAHUS CMBICIA padOThI, a MOPOU U K €ro
UCKaXXEHHUIO. Takol MepeBoji CYNTAETCA HEKOMIETEHTHhIM. UTOObI clienarh Xo-
pOILIMil MepeBo, HYKHO HE TOJBKO 3HATh S3bIK, HO U OBITh CIIELUATHCTOM B
JAHHOW OTPACJIM WK JI€JIaTh €r0 COBMECTHO CO CIIEHHAINCTOM.

[Ipuctynas x nmepeBoay, HEOOXOAMMO MPOYUTATH BCIO CTaThIO OT Haydaja
U JI0 KOHIIa, YTOOBI YSICHUTh €€ OCHOBHOE cojep:kanue. [lo mepe urenus cieny-
€T OTMETUTh HamboJee TPyJHbIe MecTa. 3aTeM MOXKHO MPUCTYMUTH K MOCIEA0-
BaTeJIbHOMY MEPEBOJly ab3aleB, BHUMATEIBHO aHAIM3UPYS KaXA0€ MpeioxkKe-
Hue. [locne Toro xak OyaeT pa3oOpaHa U MepeBe/ieHa TaKUM 00pa3oM BCs CTa-
Thsl, IPUCTYNAIOT K JTUTEPATYPHOU OTIEIKE IEPEBOA, TPOBEPSS SICHOCTh U TOY-
HOCTb BBIPAXXEHHBIX MbICIEH. ECIM B HEM BCTpEYAKOTCS MPEMJIOKEHUS HE CO-
BCEM SICHBIE, TSIKEJIOBECHBIE MJIM JIONYCKAKOLIME IBOMHOE TOJKOBAHUE, YTO OCO-
OCHHO HEJOMYCTUMO B HAYYHOU CTaThe, TO MPOU3BOIAUTCS UX KOPPEKTHUPOBKA B
COOTBETCTBUU C IIPABHJIAMHU PYCCKOro sA3bika. Heo6xoauMo mpoBepuTh, XOPOIIIO
JIM YATAETCS MEPEBO/I, HET JIU TSLKEJIBIX HEPYCCKUX 000POTOB, HA30MIUBOTO TO-
BTOPEHUS CIIOB THIIA KOMOPbIl, Ymoobsl U T.1. 3aKIIOUNTEIBHBIM 3TarloM pado-
Thl HaJ IEPEBOJIOM SBJISIETCS] CBEPKA C OPUTMHAIOM. Y CTaHABIIMBAETCSI OTCYTCT-
BH€ MPOMYCKOB U OTX0Ja OT OPUTHHAJIA, KOTOPbIE MOIJIM BO3HUKHYTh B IPOLEC-
CE JIMTEPATYPHOU ITPABKHU.

2.2. OcoOeHHOCTH NepeBoia
OcTaHOBUMCSI Ha HEKOTOPBIX CTHIJIMCTUKO-TPAMMAaTHYECKHX OCOOCHHOC-
TSAX aHTJIMHACKOTO TEKCTa, YYXKJbIX CTHUJIIO0 PYCCKOW HAyYHO-TEXHUYECKOU JIMTe-
paTyphl:
a) B aHrimiickoM TekcTe mpeoOIianalT JUMYHBIe (OPMBI rjarojia, TOTaa
KaK PYCCKOMY Hay4HOMY CTHJIIO 0OJiee CBOMCTBEHHBI OC3JIMUHBIC WM HEOIpe-
JIeJICHHO-JTMYHBIE 000POTHI, HAPUMED:

You might ask why bioengineers have gen- MoxHO COpoCUTh, MOYEMY ISl JAOMAIll-
erally chosen to supply us with strains, rather | HUX HaJZ0OHOCTEH OOBIYHO HCIOJIB3YIOTCS
then yeast for our household needs. ITAMMBI, a HE APOAOKH.

We know the eukaryotes to have more N3BecTHO, YTO AYyKapHOTHI UMEIOT OoJiee
complicated structure then the prokaryotes. CJI0)KHOE CTPOEHHE, YEM ITPOKAPUOTBHI.
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0) B aHrmuiickux TeKCTax OMMCATEIBLHOI0 XapaKTepa 4acTo YMoTpeOs-
eTcs Oyayiiee BpeMs JJIsl BBIPKECHHUS OOBIYHOTO AeHCTBHSA. Takue mpesioxe-
HUSI, PYKOBOJICTBYSICh KOHTEKCTOM, HYKHO MEPEBOJAUTH HACTOAIIUM BPEMEHEM,
WHOT/Ia C MOJJaIbHBIM OTTCHKOM:

The zinc in the dry cell accumulates a [IuHK B CyXOM 3JIEMEHTE aKKyMYJIHPYET
great many excess electrons which will move | 605bIIO€ YHCIO0 W3OBITOUYHBIX AJIEKTPOHOB,
to the carbon electrode. KOTOPbIE JBUKYTCS K YTOJIBHOMY 3JIEKTPO.Y.

Fig. 10 gives a drawing of an eukaryote Ha puc. 10 npuBogutcs cxema 3ykKapuo-
cell; the nucleous will be seen in the centre. TUYECKOU KJIETKH; PO €€ BUIHO B IICHTPE.

B) B aHmmiickux Hay4yHO-TEXHUYECKHX TEKCTaX OCOOEHHO 4acTO BCTpE-
YaloTCs MaCCUBHBIE 00OPOTHI, KOTOPBIE MPU MEPEBOJIC HA PYCCKUM A3BIK CIEYET
3aMEHSTh CPEACTBAMU BBIpAXKEHUSI, 00Jiee CBOMCTBEHHBIMU PYCCKOMY SI3BIKY, TO

€CTh, KaK B CTPAJIaTeIbHOM, TaK U JICHCTBUTEIILHOM 3ajore. Tak, mpeaioKeHue
This question was discussed at the conference

MOXXHO IIEPEBECTU HCCKOJIbKUMU CII0co0aMu:
DTOT Bompoc ObLT 00CYXKACH Ha KOH(GEPEHITUH.
3TOT BOIpPOC 00CYXIaJICs Ha KOH(EPEHIIH.
DTOT Bonpoc 00Cykaa Ha KOH(PEPEHIIHH.
Kondepenmus odcyauna 3TOT BOIpoc.

r) ABTOpBI aHIVIMHACKON HAayYHO-TEXHHYECKOW JIMTEPATYyphl IIUPOKO HC-
MOJIB3YIOT PA3JIMYHbIC COKpAIEHUs, KOTOPhIE HE YIOTPEOJSIIOTCS B PYCCKOM
A3BIKE, HAIIPUMCEDP:

d. c. (direct current) — TOCTOSSHHBIHA TOK;

a. c. (alternating current) — epeMeHHBIN TOK;

s. a. (section area) — NMIOWIA/Ib OTIEPEYHOTO CEYEHUS;

b. p. (boiling point) — Temneparypa KUIICHUS;

Gly (glycine) — TnuuuH (aMUHOYKCYCHAasi KUCIIOTA);

Glc (glucose) — rnroko3a.

n) Hekoropeie cnoBa wiM BBIpaXEHUS B aHIVIMMCKOM TEKCTE COAEpKAT
9yl PycCKOMY s3bIKY 00Opa3. [lpu mepeBoge OHU OJDKHBI 3aMEHSATHCS aHa-

joramu, 6osiee OOBIYHBIMHU IS PYCCKOTO TEKCTa, HAPUMED:
Biotechnologists have learned to manufacture dozens of agricultures plants with new
properties to substitute one.

Bwmecro dozens (nroxuHbI) 00Jiee OOBIYHO IS PYCCKOTO SI3bIKA CJIOBO
«JIECSTKU», TIEPEBOJI OyIeT UMETh CICAYIOITUN BUI:

buoTtexHoiorn Hay4drJIMCh TPOU3BOANUTH AECATKH CEIbCKOXO3SIMCTBEHHBIX KYJIbTYpP C
HOBBIMUA CBOﬁCTBaMH, 3AMCHSOIINX HpI/IpOI[HBIe.

Oco0oe BHMMaHHUE MPU MEPEBOJE CIeAyeT OOpaTUTh HA MMILTHKAIMA —
HEsIBHbIEC CIIOBECHBIE BbIpaKeHMs. I3BECTHO, UTO PYCCKOMY SI3bIKY UYK[bl He-
KOTOpbIE MMILIUKAIIMKA, XapaKTepHBIC NJisi aHTJIMICKOTO fA3bIKa, U UX CIEIYeT
yCTpaHsTh. YTOOBI 00JErYnuTh OOHAPYKEHHUE UMIUIMKALUNA B TEKCTE OPUTHHANIA,
BBIJICJIUM UX OCHOBHBIE IPU3HAKU:

1. B nmpeasioxKeHuu OmyCcKaeTcsi OAHO U3 CYIIECTBUTEIbHBIX:
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The annealed hardness of the material does not provide as good a correlation with
the measured erosion wear.

Bripaxkenue annealed hardness (0TOXKEHHasi TBEPAOCTh) HA PYCCKOM
A3bIKE HE UMeeT cMbicna. Crenysi KOHTEKCTY CTaThH, IJI€ TOBOPUTCS 00 OTIKUTE
MOBEPXHOCTHOTO CJIOSI JIeTal, UMIUIMKALUS yCTpaHseTcsl CIeAyrolmuM olpa-

30M:
TBepIOCTh OTOXKKEHHOW MOBEPXHOCTH MaTepuaia He JAeT TaKOM )K€ XOpouIed Kop-
pensiuuy ¢ U3BMEPEHHBIM 3HAUEHUEM 3PO3MOHHOT0 U3HOCA.

2. Cyl1ecTBUTEIbHOE MOXKET ObITh OMYIIIEHO B CPABHUTEILHOM 000pOTeE:

The James [2] and Smith [3] correlations show essentially the same predictive reli-
ability, and are somewhat poorer than Murdock.

Jlnis ycTpaHeHHUs] UMILTUKALUU JO0ABISIIOT CIIOBO «KOPPEISLINS»:

Koppensiiun [Ixeitmca [2] u Cmuta [3] Aa0T nNpakTUUYECKH OJAMHAKOBYIO TOYHOCTD,
HO HECKOJIbKO MEHEee TOUHBI, UeM KoppeJssiiiusa Mapoka.

3. Moxert OIIyCKAaTbCA CJIOBO-3aMCHUTCIIb, HO C COXPAHCHUCM €Io OIIpcC-

JACIICHUA:
Fig. 5 shows the results of these tests, the upper curve being the large protrusion.

3neck the large protrusion = the one for the large protrusion, 4TO U OT-

paxacTCs B IICPECBOJIC:
Pe3ynpTaThl 3THX OMBITOB IMOKa3aHbI HAa PUC. 5, TPUYEM BEPXHSS KPUBAs OTHOCUTCSA K
cllydaro O0JIBIIOTO BBICTYIIAHUS Opyca.

HpI/IBC,Z[CM CIIC OAVH IIPUMEP, OrpaHUYUBasACh PACKPBITUEM UMILIMKAIIUN:
The erosion resistance of the 304 and 316 stainless steel is clearly poorer under these
conditions than the remaining alloys (...than that of the remaining alloys).

4. Ilonsatue, cOCTOSIIIEE U3 HECKOJIBKHUX CJIOB, 3aMEHSICTCS OJHUM CJIIOBOM-
3aMEHHUTENIEM. AHTJIOS3bIYHBIE aBTOPHI HE TOJIBKO Yallle PyCCKUX MPHOETarT K
MECTOMMEHHSIM M CJIOBaM-3aMEHUTENAM (one, that, these, the former, the latter,
(the) same, the whole, the foregoing, counterpart), HO U TATOTEIOT K CJIOBaM-
3aMEHUTENISAM, KOTOpble Ha3biBaloTCs MMILTMIUTHBIMU (MC3) u koTOphie He-
PEAKO YHOTPEONSIFOTCS CaMOCTOSATEIBHO, T.€. 0€3 MPEIIECTBYIONINX UM 3aMe-
HSIEMBIX CJIOB.

NmvmmuiutHoe cinoBo-3ameHuTenb (MC3) o61agaeT MMpPOKUM 3HAYECHUEM,
YTO MO3BOJISICT €My 3aMEHSITh U CEeMAaHTHUYECKU POJCTBEHHBIC CJIOBA M CJIOBA,
CBSI3aHHBIC JIUIITb METOHUMHUYECKH, IPUYEM CBSI3b HE BCETJA JIETKO OOHAPYKUTh.

Tak, UC3 consideration, nMeroliee CIOBapHbIE 3HAUYECHUS «PacCMOTpe-
HHE», «COOOpaKEHUE», «yUET», MOXKET 3aMEHHUTH JTIF000E CII0BO, 0003HAYAIOIIIEE
HEKUH OOBEKT pacCMOTpPeHHS (METOHMMHUYECKOE OTHOIICHHUE «IPOIecC — 00b-

SKT»).
a) Consequently, it is likely that none of the above considerations would have led to

ball-retainer forces sufficiently large to cause failure.

CrneioBaTelbHO, BIIOJIHE BEPOSITHO, YTO HU OJHMH M3 BBIIICPACCMOTPCHHBIX (PAKTOPOB
HE MPUBOAUI K MOSBICHUIO YCHIINNA MEX]y IIApUKAMH U CETapaTopOM, CIIOCOOHBIX BBI3BATh
paspyliieHue.

0) Special considerations insure the reliable operation of these thyristor drive sys-
tems.
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Hapnexxnass paGoTra THPHUCTOPHBIX CHCTEM JJIEKTPONPUBOAA OOeCreunBaeTCs CHelH-
aTbHBIMU MEPaMHU.

NC3 feature, umeroliee OCHOBHBIE CIIOBAPHBIC 3HAUYCHUS «OCOOCHHOCTh>,
«XapakTepHasi 4epTa», «IPU3HAK» U «CBOHMCTBO», MOXKET 3aMEHHUThH JIFOOOE CJI0-
BO, HAa3bIBAIONICE DJIEMEHT HEKOEro Ieioro (METOHUMHYECKOE OTHOIICHHUE

«IMPHUHAAJICKHOCTD — C-)J'ICMCHT»):

a) Salient features of the agreement.

OCHOBHBIC MOCTAHOBJIEHHS COTJIAIIICHHUS.

0) Fig. 2 is a schematic diagram illustrating the salient features of the analitical and
experimental program.

Ha ¢ur. 2 npencraBnena cxema, WUTFOCTPHPYIOMIAs OCHOBHBIC 3TAMbI MPOTPaMMbI
IKCIIEPUMEHTATLHO-TEOPETUIECKHUX PAOOT.

B) The equipment developed for the study of the mechanical pulping process consists
of three major components: the grinder machinery, the grinder control instrumentation, and
data collection features.

Ob6opynoBanue, pazpaboTaHHOE ISl HCCIEAOBAHUS MPOIIECcCa MONYUYCHUs IPEBECHON
MaccChl, COCTOMT M3 TPEX OCHOBHBIX YacTeil: pedudpepa, mpuOOPOB U PETYISITOPOB CUCTEMBI
yIpaBICHUS U YCTPOMCTB 715t cOOpa JaHHBIX.

Mexanusm nepeBoga MC3 nanomunaet nerckyro urpy «Changing WARM
to COLD in four moves»: (warm — ward — word — cord — cold). YToOsI Tipu 11€e-
peBoJie Ha pyCCKU KOHKpeTH3upoBaTh 3HaueHue MC3, kak 3To ObLIO cenaHo B
BBHIIIICTIPUBEICHHBIX TIPUMEPaxX, HY)KHO TOHSITH OOIIYI0 HACI0, 3aJ0KCHHYIO B
NC3. [Ins aToro 00bIYHO AOCTATOYHO MpoaHanu3upoBath 3Hadenue VC3, npu-
BOJMMBIE B JIBYA3BIUHBIX cioBapsx. Tak, B ciydyae UC3 consideration xoHKpe-
TU3allMs HE MPEJCTaBIsieT OOJBIIOr0 TPyJa: PACCMOTPEHHE — PACCMOTpPEHHE
(bakTopoB — paccMoTpeHHbIe (akTopbl — PakTopsl. OTHAKO U3 CIOBAPHBIX 3HA-
yenuii UC3 feature TpynHo cienath BBIBOJ 00 0OIIeH ujee, U ONpeaeauTh ee
MO>KHO TOJIBKO TOCJI€ aHAJIW3a CAMBIX Pa3HBIX KOHTEKCTOB.

[IpakTrka MOKa3bIBaET, YTO MEPEBOJYMKUA C AHTJIMHUCKOTO, CTApasich U3-
0exaThb JI0CIOBHOIO MEpPeBOJia, TaK WM MHaye packpbiBatoT 3Hauenus UC3. C
JPYTOM CTOPOHBI, JIaXKe OMBITHBIE MEPEBOAUMKN HA aHTIIMICKUN (HE SIBJISIOLIME-
Csl HOCUTENSIMU aHTJIMMCKOTO si3bIKa) He MoJib3ytoTcess UC3 nmubo nmo He3HaHUIo
ATOT0 CTUJIMCTHYECKOTO MpHeMa, JU00 U3 OMaceHHus, YTO PeNaKkTop (Takke He
MPUHAICKANTNN K HOCUTEIISIM aHTIIMICKOTO s13bika) couteT MC3 ommoKoii.

[Tpu nepeBone nzbbTounsie MIC3 omyckatorcst 6e3 yiiep0a it moHuMa-

Hus Tekcta. Hanpumep:

a) A schematic drawing of the boiler configuration is shown in Fig. 1.

CxeMaTnueckuii 4epTex KOTJIa moka3aH Ha ¢wur. 1.

0) Low temperature tests were performed with the specimen completely submerged in
liquid nitrogen (76 K) or liquid helium (4 K) environment.

HuskoremreparypHble UCHBITAHUS MPOBOAMIN C 00pa3I[OM, MOJHOCTHIO MOTPYKEH-
HBIM B kuakuii a30T (76 K) nmm sxuaxuii reanii (4 K).

Huxe npuBoastcs nanbonee pacnpoctpanenusie MC3. Jlns kaxaoro us
HUX B KaBbIYKaX yKa3aHa o0IIas ujes, a B CKOOKax — OJJHO WJIM HECKOJIHKO KOH-

KPETHBIX 3HAYCHUM:
Application — «00bEKT, B KOTOPOM MO>KHO IPUMEHUTh» (locomotive, plant);
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Approach — «CBsI3aHHOE ¢ HEKOTOPBIM METOAOM» (results);

Arrangement — «ONpENENsIEMOE CXEMHBIM pellieHueM» (version, plant);

Aspect — «CBSI3aHHOE C HEKOTOPOH 0COOEHHOCTBIO» (equation);

Behavior — «xapaktepu3yemMoe 0cOOEHHOCTSIMH MoBeneHus» (flow);

Category — «nojarolieecs: TpyninupoBKe, Kiaccupuxkanum» (parameter);

Condition — «ONIMCHIBAIOLIEE COCTOSIHUE (Strength);

Configuration — «oTnnyatonieecs Gopmoit» (version, hole);

Contribution — «BIUsIOIIas BEIUUUHA» (Strength);

Consideration — «00BEKT paccMOTpeHus» (factor, measure);

Criterion — «omnpeensemoe Kputepuem» (failure);

Effect — «ucTibITHIBAIOIIEE WM OKa3bIBAIOILIEE BIUSIHUE» (parameter);

Environment — «CBSI3aHHOE C yCIOBHSIMH pabOThI» (0xygen, dearing, vehicle);

Feature — «3ieMeHT 1ienoro» (item, device, stage);

Format —«xapaxkTeprusyeMoe BHEIIHUMU IpU3HaKaMu» (design, coordinates);

Formulation — «pe3yabTaT QOpMyIHUpOBaHUs» (composition, theory, equation);

Geometry — «XxapakTepU3yeMOe T€OMETPUUECKUMU TPU3HAKAMU» (partition);

Information — «u3Bnexaemoe u3 uHbopmauu» (value, figure);

Problem — «BbI3bIBaIONICE KaKKHe-THOO 3aTpyAHEHUs» (fouling, contamination);

Requirement — «TpedyeMoe uiu uckomoe» (amount, loss, value);

Result — «sBnstoiieecst pe3yabTaTom» (characteristics);

Situation — «0THOCAIIEECS K pacCMaTpUBaeMoOMYy ciydaro» (process, film),

System — «paccmaTpuBaeMoe Kak cucrema» (material, burner, fuel / air mixture);

Theory — «CBA3aHHOE C TEOPETUUECKUM ONUCAHUEM» (equation);

Type — «iofpazensieMoe Ha TUIIbI» (fower).

M1 PACCMOTPCIIN OCHOBHBIC 0COOEHHOCTH NepeBOa HAYYHOTI'O TCKCTa C
aHTJIMMCKOTO SI3bIKA Ha pYCCKHﬁ, KOTOPLIC ITOKAa3bIBAIOT, YTO IICPEBO HC SABJIA-
eTcss HabopoM MeXaHUUYeCKUX AehcTBHil. [lepeBoguuk sSBIsSETCS MO CYyTH TBOP-
IIOM HOBOT'O ITPOU3BCACHUS. Pa6ora ero HOpOﬁ CJIOKHEC pa6OTI>I dBTOpa CTATbH,
1o oH AOJDKCH HepeaaTtb CpE€aACTBaAMU IICPECBOJHOTO A3bIKA TOT I/IH(bOpMaHI/IOH-
HBIN IIOTCHII1AaJl, KOTOpLIﬁ 3aJI0KCH B OpUTHHAJIC. HpI/I 9TOM IICPCAATh €ro HE C
JIOCJIOBHOM, a CO CMBICJIOBOM TOYHOCTEIO.

Jlanee MpUBOASATCS TPUMEPHI MEPEBOJA TEKCTOB MO OWOTEXHOJOTHUU C
AHIVIMMCKOIO HA PYCCKHUM C MCIIOJIb30BAHUEM IIPUBEICHHON BBILIE CIIELMAIBHOU

TEPMHUHOJIOTHH U OCOOCHHOCTEH mepeBoa.

2.3. IIlpumepsl nepesBoaa
C wucnonb30BaHUEM BBIIICIPUBEICHHBIX PEKOMEHAAIMN MEepeBEeM Ha
pYyCCKUi s3bIK (pparMeHT TekcTa u3 KHuru David S. Goodsell. Bionanotechnol-
ogy: lesson from nature — Wiley-Liss, Inc., Hoboken, New Jersy, 2004, 337 c.

FROM BIOTECHNOLOGY TO BIONANOTECHNOLOGY

We are now poised to extend biotechnology into bionanotechnology. What is bion-
anotechnology, and how is it different from biotechnology? The two terms currently share an
overlapped field of topics. I will define bionanotechnology here as applications that require
human design and construction at the nanoscale level and will label projects as biotechnol-
0ogy when nanoscale understanding and design are not necessary. Biotechnology grew from
the use of natural enzymes to manipulate the genetic code, which was then used to modify en-
tire organisms. The atomic details were not really important—existing functionalities were
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combined to achieve the end goal. Today, we have the ability to work at a much finer level
with a more detailed level of understanding and control. We have the tools to create biologi-
cal machines atom-by-atom according to our own plans. Now, we must flex our imagination
and venture into the unknown.

Bionanotechnology has many different faces, but all share a central concept: the abil-
ity to design molecular machinery to atomic specifications. Today, individual bionanomachi-
nes are being designed and created to perform specific nanoscale tasks, such as the targeting
of a cancer cell or the solution of a simple computational task. Many are toy problems, de-
signed to test our understanding and control of these tiny machines. As bionanotechnology
matures, we will redesign the biomolecular machinery of the cell to perform large-scale tasks
for human health and technology. Macroscopic structures will be built to atomic precision
with existing biomolecular assemblers or by using biological models for assembly. Looking to
cells, we can find atomically precise molecule-sized motors, girders, random-access memory,
sensors, and a host of other useful mechanisms, all ready to be harnessed by bionanotechnol-
0gy. And the technology for designing and constructing these machines in bulk scale is well
worked out and ready for application today.

Nanomedicine will be the biggest winner. Bionanomachines work best in the environ-
ment of a living cell and so are tailored for medical applications. Complex molecules that
seek out diseased or cancerous cells are already a reality. Sensors for diagnosing diseased
states are under development. Replacement therapy, with custom-constructed molecules, is
used today to treat diabetes and growth hormone deficiencies, with many other applications
on the horizon.

Biomaterials are another major application of bionanotechnology. We already use
biomaterials extensively. Look around the room and notice how much wood is used to build
your shelter and furnishing and how much cotton, wool, and other natural fibers are used in
your clothing and books. Biomaterials address our growing ecological sensitivity—
biomaterials are strong but biodegradable. Biomaterials also integrate perfectly with living
tissue, so they are ideal for medical applications.

The production of hybrid machines, part biological and part inorganic, is another ac-
tive area of research in bionanotechnology that promises to yield great fruits. Bionanomachi-
nes, such as light sensors or antibodies, are readily combined with silicon devices created by
microlithography. These hybrids provide a link between the nanoscale world of bion-
anomachines and the macroscale world of computers, allowing direct sensing and control of
nanoscale events.

Finally, Drexler and others have seen biological molecules as an avenue to reach
their own goal of mechanosynthesis using nanorobots. Certainly, biology provides the tools
for building objects one atom at a time. Perhaps as our understanding grows, bionanomachi-
nes will be coaxed into building objects that are completely foreign to the biological blue-
print.

This book explores these bionanomachines: their properties, their design principles,
and the way they have been harnessed for our own applications. An exponentially growing
body of information is being amassed, revealing the structure and function of individual bio-
molecules and their interactions within living cells. This information is a key resource for un-
derstanding the basic principles of nanomachinery: its structure, its function, and its integra-
tion into any larger application of nanotechnology. These existing, working nanomachines
provide important lessons for the construction of our own nanotechnology, whether based di-
rectly on biology or constructed completely from our own imagination.

3aroyioBOK K TEKCTY MOKHO MepeBecTH Kak «OT OMOTEXHOJIOTUU K OHO-
HAHOTEXHOJIOTHUI», CMBIC] TEKCTa — OMOHAHOTEXHOJOTHS KaK 4YacTh OMOTEXHO-
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jorun. Huke mpuBeAeHbl MOCIEIOBATENBHO K KaXA0MYy a03ally JOCIOBHBIM U
OTPEaKTUPOBAHHBII MEPEBO/IBI.

ITepBnoIii ab3air

JlociioBHBIN IEPEBOL

Tenepb MBI TOTOBBI PACHIMPHUTD MOHATHE OMOTEXHOJIOTHUS J0 MOHATUS OMOHAHOTEXHO-
aorus. Uto Takoe OMOHAHOTEXHOJIOTHS U KaK OHAa OTIMYAeTCsl OT OMOTEeXHOJIOrHn? DTH /Ba
TEpMUHA B HACTOsAIIEE BpeMs JENAT MEPEeKPBIBAIOLIYIOCS 00JIacTh MPEAMETOB OOCYKICHUS.
3neck 51 Oyay onmpeaess T OMOHAaHOTEXHOJIOTHIO KaK NMPUMEHEHUs, TpeOyromue qu3aiiHa Je-
JIOBEKa U KOHCTPYMpPOBAaHUE Ha HAHOPa3MEPHOM ypOBHE, U 0003HaYaTh OOBEKTHI KaK OMOTEX-
HOJIOTHUIO, KOTJ[a HAaHOpa3MEpPHOE NPEACTABICHNE U KOHCTPYUPOBAHUE HE SBISIIOTCS HEO00XO-
TuMbIM. [ToHsITHE OMOTEXHOJIOTHH BBIPOCIIO U3 MCIIOIB30BAHMS IPHUPOIHBIX (PEPMEHTOB B I1ie-
JSIX MAaHUITYJIUPOBAHUS TEHETHYECKUM KOJOM, KOTOPBIH 3aTe€M HMCHOIB30BAN TSI MOIU(H-
[IUPOBAHUA LETBIX OpraHu3MoB. I1oapoOHOCTH HA aTOMHOM ypOBHE Ha CaMOM Jiejie He ObuIn
BOXHBIMH — CYIIECTBYIOIINE (DYHKIMOHATBHOCTH OBUTM OOBETMHEHBI JUI JOCTIDKEHHS KO-
HeuHoW 1enu. CerofHs Mbl CIIOCOOHBI paboTaTh Ha 0oJjiee TOHKOM ypOBHE ¢ Oojee JeTajb-
HBIM YPOBHEM ITOHMMAaHHUS U KOHTPOJIA. Y HAac €CThb MHCTPYMEHTHI JUIS CO3AaHUs OnOornye-
CKUX MAIlIMH «aTOM 32 aTOMOM» COTJIACHO HallMM COOCTBEHHBIM IUIaHaM. Terepb MbI JOJIK-
HBI IOBEPHYThH Hallle BOOOpa)KEHUE U HAUWHAHUE B HEM3BECTHOCTb.

OTpenakTupOBaHHbBIN EPEBO/T

Tenepb MbI TOTOBBI PACIIUPUTH MOHITHE «OMOTEXHOJIOTHS», BKIFOUMB B HEC MOHATHE
«OMOHAHOTEXHOJIOTUs». UTO Takoe OMOHAHOTEXHOJIOTHS 1 B YEM pa3HHIIA MEXAYy HEll U Ouo-
TexHoJoruei? byaem moHMMaTh OMOHAHOTEXHOJIOTHIO KaK OMOTEXHOJIOTHIO, T1e paboTa Hal
00BEKTOM (ZIM3aitH ¥ KOHCTPYUPOBAHWE) MTPOBOJIUTCS HA HAHOYPOBHE, B TO BpeMs Kak B OHO-
TEXHOJIOTUM HaHOpPa3MEpHBIC MPEJCTABICHUS HE SBISAIOTCA HeoOxoaumbiMu. [loHsiTHE OHMO-
TEXHOJIOTMM BO3HHUKIIO B PE3yJIbTaTe UCIOJIB30BaHUS MPUPOIHBIX (EPMEHTOB B IEJISIX MAHU-
MyJTUPOBAHUS TCHETUYECKUM KOJOM, KOTOPBINA 3aTe€M HCTOIb30BATH TSI MOAU(PHUITPOBAHUS
LEJbIX OPraHU3MOB. M3yueHue 3TUX BOIPOCOB Ha aTOMHOM YPOBHE B JaHHOM ciiy4yae He Obl-
JI0 B&XHBIM — CYIIECTBYIOIUE B3aMMOCBSI3M OBUIH TOCTATOYHBIMH JJISI JOCTHKEHUS KOHEY-
HOM 1enmu. CeromHsi MbI CITIOCOOHBI paboTaTh Ha Oojiee TOHKOM YpOBHE M TOIy4aTh Oojee
ri1y0oKyro HHpOpMaLuio 00 u3ydyaeMoM oobekTe. M y Hac eCTh MHCTPYMEHTHI JUISl CO3/IaHHs
OMOJIOTHYECKMX MAIIIMH «aTOM 332 aTOMOM» JUISl PEIICHHsI ITOCTABJICHHBIX 3aJ1ad. Tenepb MbI
JOJIKHBI U3MEHUTH Halll 00pa3 MBIIUICHUS U PUCKHYTh OKYHYThCSI B HETIO3HAHHOE.

Bropoii aG3aig

JlociioBHBIN IEPEBOL

buoHaHOTEXHOJOTUSI MMEET MHOXKECTBO PA3IMYHBIX ACIEKTOB, HO BCE OHU HMEIOT
TJIaBHOE O0IIee MpecTaBlIeHNe: YMEHUE peqHa3HayaTh (pa3pabareiBaTh, CO3/aBaTh) MOJIE-
KYJISPHBIM MEXaHU3M K aTOMHBIM XapakTepucTtukam. Ceroansi pa3paboTaHbl U CO3JaHbl MH-
AUBUYAJIbHBIC 6I/IOHaHOMexaHI/I3MBI JJ11 BBIITOJTHCHU S OCOGBIX HAaHOPAa3sMCPHLBIX 3aa4, TAKUX
KakK MPUCTPEIMBAHUE PAKOBBIX KJIETOK WJIM PELICHHE MPOCTOM pacyeTHOM 3amadd. MHorue
ABJIIIOTCA MOACJIIBHBIMU 3aladyaMiy, CO3JJaHHBIMU Ui IPOBCPKU HAIICTO NMMOHUMAHUA U KOH-
TPOJISL 3TUX KPOUIEUHBIX MeXaHu3MoB. [1o mepe pazBuTHs OMOHAHOTEXHOJIOTUHU MBI Oynaem
nepecMaTpuBaTh OMOMOJIEKYIISIPHBIH MEXaHM3M KIETKH JUIS BBIMOJHEHHS KPYIMHOMACIITA0-
HBIX 33Ja4 JJIS 3/10POBbsI YeNIOBEKa M TEXHUKH. MakpoCKOMmn4YecKue CTpYKTypbl OyayT CTpo-
UTBHCSI C ATOMHOW TOYHOCTBIO CYIIECTBYIOIIMMH OMOMOJICKYISIPHBIMU «COOPIIUKAMU» I C
MOMOIIbI0 OHONOrHYecKUX Mozenel s cOopku. PaccmarpuBas KJIETKH, MBI CMOXKEM C aTo-
MapHOW TOYHOCTHIO HAWTH MOJEKYJSIPHOTO pa3Mmepa JIBUTaTelH, OajKu, ONEpaTHUBHYIO Ma-
MSITh, JATYUKH U MHOXKECTBO JPYTUX IMOJIE3HBIX MEXaHU3MOB, BCE OHH YK€ T'OTOBbI OBITH HC-
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MOJIb30BAaHHBIMH OHMOHAHOTEXHOJIOTHEH. M TexHoaorus A1 OPOCKTHPOBAHUA W CO3JaHHA
3THUX MEXaHH3MOB B MAacCOBOM MacIlTade Xopouio pa3pa60TaHa " IrOTOBa CCTOAHSA K IMpHUMC-
HCHHIO.

OTpenakTupOBaHHBIN NEPEBO

buonaHoTeXHOJIOTHST UMEET MHOXXECTBO Pa3JIMYHBIX AaCMEKTOB, HO BCE OHU HUMEIOT
0OIIyI0 KOHIIEMIINIO: pa3pabd0TKa MOJICKYJISIPHON TEXHUKH, JCHCTBYIOIICH Ha aTOMHOM YPOB-
He. Tak, B HacTosIIee BpeMsi pa3padaThIBAIOTCS M CO3MAIOTCS OTHEIbHBIE OMOHAHOMEXAHU3-
MBI JIJIS BBITTIOJTHEHUS CTICM(PUISCKUX 3a/1a4, TAKUX KaK CEJICKTUBHOE YHUUYTOKEHHUE PAKOBBIX
KJIIETOK WJIA PELICHUE MPOCTON KOMITBIOTEPHOM 3afauu. MHOrMe U3 HUX SIBIISIIOTCS MOJEIb-
HBIMH, CO3/JIaHHBIMH JJISl YTOUHECHHS HAIIETO MOHMMAHHUS YCTPOMCTBA M pabOTBI ATHUX KPO-
HICYHBIX MeXaHu3MOB. [1o Mepe pa3BuTHsi OMOHAHOTEXHOJIOTHH MBI OyJIEM MEPEOCMBICTUBATh
MIPEICTABIICHHE O OMOMOJICKYJISIPHOM MEXaHHM3ME KIETKH C IIEeJIbI0 PEIICHUs KPYITHOMAac-
MITa0HBIX 337a4 JUIS 3JJOPOBBS YETIOBEKAa M TEXHUKH. MaKpPOCKOIUYECKUE CTPYKTYPHI OyIyT
CTPOUTHCSI ¢ AaTOMHOM TOYHOCTHIO CYIIECTBYIOITUMHU OMOMOJIEKYJISIPHBIMU «COOPIIUKAMU»
WIH C TIOMOIIBIO OMOJIOTUYECKUX MOJIeNIel sl COOpPKHU. BriisinbIBasich B KJIETKU, MBI CMOXKEM
Ha YPOBHE aTOMOB M MOJICKYJI HAUTH JBUTATEIN MOJICKYJISIPHOTO pa3mepa, OaJIku, OnepaTHB-
HYIO MaMsITh, JATYUKU U MHOXKECTBO JPYTHX MOJE3HBIX HAHOMEXAHU3MOB, BCE OHU YK€ TOTO-
BBl OBITh MICTIOJIb30BAaHHBIMH B OMOHAHOTEXHOJIOTUHU. W TEXHOJIOTHS TSI IPOSKTUPOBAHUS U
CO3/aHMSI TUX MEXaHMU3MOB B MAaCCOBOM MacIITabe XOpoIIo pa3padoTaHa M TOTOBA CETOIHS K
MIPUMEHEHUIO.

Tperuit ab3an

J1OCTIOBHBIN NIEPEBOT

Hanomenununa Oyner cambiM OonbminM noOenuTenieM. buoHaHOMEXaHU3MBI JTydIle
BCEro paboTalOT B OKPYKEHUH KUBOW KJIETKU U, TAKUM 00pa3oM, IpUCIIOCOOIEHBI ISl MEH-
[IUHCKHUX NpUMeHeHUH. CI0KHbIE MOJEKYJbl, KOTOPbIE UIIYT OOJBHBIC WM PAKOBBIE KIETKU
y’Ke CTaJM peabHOCThIO. JlaTunKu A1 IMarHOCTUKK OOJe3HEN HaxoIATCsl B CTaJuU paspa-
00TKHU. 3aMeCTUTENbHAs TEPANUs C UCTIOIH30BAHUEM CIIEHUAIBHO TTOCTPOCHHBIX MOJIEKYJI Ce-
TOJHSI UCHOJb3YyeTCs [UIsl JeueHus quadeta W AeduuuTa TOPMOHA POCTa, U MHOTO JPYTUX
IIPUMEHEHHUN B IIEPCIIEKTUBE.

OTpenakTUpOBaHHBIN MEPEBOJ

Cample OonbIIME TEPCTIEKTUBB OMOHAHOTEXHOJIOTHH CIEAYET OKHIATh B HAaHOMEIH-
nuHe. bruoHaHOMeXaHU3MBI JIydllle BCEro paboTaroT B )KUBOM KJIETKE U, TAKUM 00pa3oM, MpH-
CIIOCOOJICHBI JUTI MEAMIMHCKHX IIeTIel. YIKe CTalN peaIbHOCTBIO CIOKHBIE MOJIEKYJIBI, KOTO-
pbie CIOCOOHBI UCKATh OOJIbHBIE UM PAaKOBBIE KJIETKH. B cTaauu pa3paboTKu HaXOAATCs Aat-
YUKW IS0 JUArHOCTUKM OosezHei. Jma yedenust nuabera m neduiyra ropMoHa pocTa MC-
MOJIb3YETCSl 3aMECTHTEIbHAS Tepamnus ¢ MIPUMEHEHUEM CIEIMAIbHO CO3JaHHbIX MOJeKyl. B
HEePCIIEKTUBE 0’KUIACTCS MHOTO APYTHX BO3MOXXHOCTEH MCIIOIB30BAHNS HAHOMETUITHHBL.

YetBepThlii ab3a1y

J1ocIIoBHBIN IEPEBOL

buomarepuansl SBASIOTCS APYTUM KPYITHBIM MPUMEHEHHUEM OMOHAHOTEXHOJIOTHH. MBI
y’Ke HIMPOKO UCHOJib3yeM Onomarepuaibl. [locMoTpuTe BOKpYr M 0OpaTHTEe BHUMaHHE, KaK
MHOI'0 APEBECHUHBI UCITIOJIB3YETCA MJIA CO3OaHUA KUIbS U MG6CJ’II/I M KaK MHOTI'O XJIOIIKa, IIEP-
CTH U ﬂpyrnx HaTypaJ'H:HBIX BOJIOKOH I/ICHO.HBBYGTCH B BaI_Heﬁ OJCKIAC U KHHUTaX. EI/IOMaTe—
pHYajbl YYUTHIBAIOT HAITY PACTYIIYIO YKOJIOTHYECKYIO YYBCTBUTEIHLHOCTh — OMOMAaTEpHAIT SIB-
JIAIKOTCA CUIJIIBHBIMH, HO 6HOJ’IOI‘I/I‘ICCKI/I paBHaFaeMBIMI/I. BI/IOMaTepI/Ia.HBI TAKXKEC HperaCHO
BCTpPaWBAKOTCA B )XKUBYIO TKaHb, IIOOTOMY OHHU UACAIIBHO MOAXOAAT AJIA MCAUIIUHCKUX ITPHUME-
HCHUMU.
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OTpenakTupOBaHHbBIN EPEBO/T

buomarepuansl SABISIOTCS €IIe OJHOW Ba)KHOW 00J1aCThIO OMOHAHOTEXHOJOTHU. MBI
yKe IUPOKO HCIOJIb3yeM Omomarepuainbl. [locMoTpuTe BOKpPYr U oOpaTUTe BHUMaHHE, KaK
MHOTO JIPEBECHHBI UCIIOJIB3YeTCs ISl CO3/IaHUS KISl U MEOCIH U KaK MHOTO XJIOMKa, IIIep-
CTH U ﬂpyrnx HaTypaJII:HBIX BOJIOKOH HCHOHBByeTC}I B Bamef/'l OJCKIAC U KHHUTaX. EI/IOMaTe—
pHYaIbl YYUTHIBAIOT HAIIy PACTYIIYIO SKOJOTHYECKYIO YYBCTBUTEIBLHOCTh K 3arpsA3HEHUSIM —
OHMU HAACKHO HaM cnyn(aT n HpI/I OTOM ABJIAIOTCA 6HOJIOI‘I/I‘ICCKI/I paSJIaFaGMBIMI/I. BI/IOMaTe—
pHUabl TaKKe MPEKPACHO BCTPAUBAIOTCS B KUBYIO TKaHb, TIO3TOMY OHU HJI€ATHHO TOIXOJSAT
JJIA UCITIOJIBb30BAHUA B MCAUIIUHE.

[TaTerit adb3arn

JIoCOBHBIN NIEPEBOT

[Tpon3BoICTBO THOPHUIHBIX MAIIUH, YACTUYHO OMOJIOTUYECKUX M YaCTUYHO HEOpraHU-
YECKHX, SBIBICTCS €Ie OJTHON 00JIACThIO MCCIIEA0BaHNI B OMOHAHOTEXHOJIOTHH, KOTOpasi 00e-
[1aeT MPUHECTH OOJBIINE TUIObl. bHOHAHOMAIIMHBI, TAKUE KaK JATYUKH CBETA WIIM aHTUTEA,
JIETKO KOMOMHUPYIOTCSI ¢ KPEMHHEBBIMH YCTPONUCTBAMHU, CO3AaHHBIMU ITOCPEICTBOM MHKPO-
autorpadguu. ITH rHOpHUIBI 00ECIIEYMBAIOT CBSA3b MEXy HaHOpPa3MEpHbIM MHUPOM OHOHAHO-
MaIlliH ¥ MaKpOMHPOM KOMIIBIOTEPOB, JaBas BO3MOXKHOCTH MPSIMOTO 30HIUPOBAHHS W KOH-
TPOJISl HAHOPA3MEPHBIX SBICHUH.

OTpenakTupOBaHHbBIN EPEBO/T

[Tpon3BoACTBO TMOPUIHBIX MAIINH, YACTHYHO OMOJIOTHYECKHX U YACTUYHO HEOPTaHH-
YECKUX, SIBIISETCS CIIEAYIOMEH O00IacThi0 HMCCIeNOBAaHUN B OMOHAHOTEXHOJIOTHH, KOTOpas
o0elaeT mpuHecTH OOJbIINE TUTOIbl. BHOHAHOMANITMHBI, TAKHE KaK JATYHKH CBETA WM aHTH-
TeNa, JETKO COYETAIOTCS C KPEMHUEBBIMH YCTPOHCTBAMU, CO3IaHHBIMH TTOCPEICTBOM MHUKPO-
autorpadun. DTH THOPHUIBI 00ECTIEUNBAIOT CBSA3h MEXKIY HAaHOPa3MEPHBIM MHUPOM OHOHAHO-
MaIlIMH U MaKpOMHUPOM KOMIBIOTEPOB, JaBasi BO3MOXXHOCTh IPSIMOTO 30HIAUPOBAHUS U PETY-
JMPOBAHUS TPOIIECCOB, MPOTEKAIOIINX B HAHOMHUPE.

[Iecroii ab3air

JlociIoBHBIN IEPEBOL

Hakonen, Drexler u apyrue paccMoTpenu OHOJIOTHYECKHE MOJICKYJIbI KaK CPEACTBO
JUTSL TOCTIDKEHUST CBOCH IEJIM MEXaHOCHHTE3a, HCIONIb3yst HaHOpoOoThl. KoHeuHo, Ouonorus
MPEIOCTABIIICT WHCTPYMEHTHI JUIS CO3JIaHUsI OOBEKTOB B OJIMH aTOM OJHOBpPEeMEHHO. Bo3-
MOXHO, TaK KaK Hall¢ IIOHHUMaHUEC paCTeT, 6I/IOHaHOMaH_II/IHBI 6y,Z[YT BOBJICHCHBI B CTpOI/I—
TEIHCTBO 0OBEKTOB, KOTOPBIC A0COIIOTHO UYKIbl OMOJIOTHYECKON KOHIICTIIIUH.

OTpenakTupOBaHHBIN TEPEBOA

W nakonen, Drexler u npyrue paccCMOTpenu OMOJIOTUYECKHUE MOJIEKYNbI B KadeCcTBE
HAaHOPOOOTOB JUISI OCYIICCTBIICHUS MEXaHOCHHTE3a. be3yClIoBHO, OMOJIOTHS B TO K€ BpeMs
IPEJOCTaBIISICT UHCTPYMEHTHI JJIsl CO3/JaHNs 0OOBbEKTOB Ha ypoBHE atoma. [lo mepe yrmyOie-
HUS HAIUX TO3HAHWKA OMOHAHOMAIIMHBI, BO3MOXHO, OyJIyT BOBJICUYEHBI B CO3JaHUEC OOBEK-
TOB, ‘Iy)K,Z[BIX 6HOHOFI/I‘ICCKOI>'I KOHICIIIIUHA.

CenpMoii ab3arg

JlociioBHBIN IEPEBOL

DTa KHUTA UCCIeAYyeT 3T OMOHAHOMAITMHBI: UX CBOMCTBA, UX MPUHIIUIIBI POSKTUPO-
BaHUA U CHOC06 HX HCIIOJIBb30BaAHUA HJI HAIINUX CO6CTB€HHBIX HpHJ’IO)KCHHﬁ. 3KCHOHCHI_II/I—
aTbHO pacTyias Macca WH(pOpMalud HAKATUTMBACTCS, BBISBISI CTPYKTYPY W (QYHKIMH OT-
JCIIBHBIX 6HOMOH€KYJ'I Hn UXxX BBaHMOHeﬁCTBHH B JKHBBIX KJICTKax. 3Ta I/IHq)OpMaI_[I/IH SIBJIACTCA
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KIIIOYEBBIM PECYpCOM JIJIsi MIOHUMAaHMsI OCHOBHBIX MPHUHIIMIIOB HAHOTEXHUKHU: €€ CTPYKTYPHI,
ee (pyHKIMOHUPOBAHUS M €€ BHEAPEHUsS B J000e OoJblliee MPUMEHEHHUE HAHOTEXHOJIOTHH.
OTH cyllecTBYIONIME, padoTaloNe HAaHOMAIINHBI JAlOT BaKHbIE YPOKHU ISl CO3/IaHUS Hallel
COOCTBEHHOM HAHOTEXHOJOTMH, UJIM OCHOBAHHOM HEMOCPEACTBEHHO HAa OWOJIOTMH, WIH TIO-
CTPOCHHOM MOJIHOCTHIO M3 HAIIET0 COOCTBEHHOTO BOOOPAKECHHS.

OTpenakTupOBaHHBIN NEPEBO

B nHacrosimeii kuure paccMaTpuBaIOTCs OMOHAHOMAIIMHBL: UX CBOWMCTBA, MPUHLUIIBI
MPOEKTUPOBAHUS U CHOCOOBI MCIIONB30BAHMS ISl HYXK] YeJoBeKa. DKCHOHEHIIUAJIbHO pac-
Tyliasi Macca WH(GOPMAIMK MO3BOJISIET MOCTOSIHHO YTOUHATH CTPYKTYPY UM (YHKIHU OTAEIb-
HBIX OMOMOJIEKYJ M WX B3aUMOJEHMCTBHS B KUBBIX KJIETKax. JTa MH(OpMaLusa — KIIOUEBOI
pecypc Al HTOHUMaHHUS OCHOB HAHOTEXHHUKH: €€ CTPYKTYpbI, (DYHKIIMOHUPOBAHUSA U PACIIU-
peHUsT BO3MOXKHOCTEH HCIOIb30BAaHUS B HAaHOTEXHOJIOTHUHU. YK€ CYIIECTBYIOUIME B HACTOS-
IIee BpeMsi HAHOMAIIMHBI CIyXaT 00pa3IoM JUIsl CO3/1aHUSI HOBBIX HAIIPABICHUN B HAHOTEX-
HOJIOTHH, OCHOBaHHBIX KaK HETOCPEICTBEHHO Ha OMOJIOTMH, TaK U SBISIOLIEHCS IJIOOM Ha-
IIEr0 COOCTBEHHOTO BOOOPAXKEHUSI.

[Ipu mepeBoie UCIOIB30BAJICS TAKKE CIIMCOK aHTJIIMHCKUX CIIOB M CJIOBO-
COYETaHMI, HAanOOJIee YacTO BCTPEUANOIINUXCSA B HAyYHO-TEXHUYECKOW JIMTEpa-
Type C TIEPEBOJIOM MX Ha PYCCKHM A3bIK. OH HAXOJIUTCS B MPHIIOKCHUU B KOHIIE
II0Co0Ous.

2.4. YopaxkHeHus ISl CAMOCTOSITEJILHOTO IlepeBoia
3aganue 1. [lepeBectu mo npeanokeHHOM cxeme pparMeHT cTtaTbul Mar-
tin A. Hubbe «Lignocellulose Biodegradation in Composting» u3 KHUTH Dinesh
K. Maheshvari Composting for sustainable agriculture. — London, Springer,
2014, 290 p. (Dept. of Forest Biomaterials, North Carolina State University).

Abstract Plant-derived material, i.e., lignocellulosic biomass, makes up a major pro-
portion of the initial mass in a typical composting operation. Such biomass plays some key
roles as the mixture is being converted to prepare a useful soilamendment. For instance, the
lignocellulosic component can provide bulking, can help to balance the C:N elemental com-
position, and serves as the main sourceof energy for the bacterial processes that go on during
composting. This chapter reviews recent research helping to clarify these roles and to explain
the underlying mechanisms. Recent studies have highlighted the importance of bacterial
communities, as well as the succession in the composition of those communities during the
different thermal phases of composting. Progress also has been made in understanding the
flows of heat resulting from metabolism, aeration, and chemical changes in the compost mix-
ture. Advances have been reported in the chemical analysis of compost, revealing details of
chemical transformations occurring during the decomposition and stabilization of compost.
The lignin component in a compostable mixture provides chemical building blocks that give
rise to humic acids and other substances that resist further biodegradation and allow mature-
compost to retain water and bind minerals. Based on the literature one can conclude that
composting, especially when lignocellulosic materials are employed under suitable condi-
tions, is an environmentally responsible, relatively mature technology that can be expected to
receive increasing research attention in the future.

Introduction. Composting depends intimately on the use of plant materials, i.e., ligno-
cellulosic biomass. The goal of this chapter is to review the results of recent research that
help to clarify the various roles of lignocellulosic biomass when mixtures of biodegradable
materials are composted. Four key roles will be emphasized. First, lignocellulosic materials
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typically make up a large proportion of the starting mixture in a compost pile. Second, the
cellulose and hemicellulose (polysaccharide) components of biomass can be seen as a main
source of energy that fuels the composting process. Third, the lignin component of the bio-
mass can be regarded as a main source of what later becomes chemically transformed into
humus—the component of mature compost that holds onto moisture and minerals, enhancing
the quality of soils. Fourth, the bulky nature of lignocellulosic materials provides bulking and
access to aeration not only during composting, but also after the compost has been applied to
soil.

Building upon an extensive review article published three years earlier (Hubbe et al.
2010), the present article is mainly concerned with research articles published more recently.
Indeed, based on the pace and quality of such publications, it appears that research related to
composting has been accelerating. Also, some other review articles have appeared that deal
with different aspects of the topic (Singh et al. 2010; Kumar 2011; Maeda et al. 2011; Wichuk
etal. 2011; Yeoh et al. 2011; Franke-Whittle and Islam 2013).

A few definitions will be provided here on behalf of readers who may not have studied
the composition of plant materials. The term “lignocellulose” denotes material derived from
the photosynthetic growth of plants, leading to the buildup of cell walls. The cell walls of
plants are comprised mainly of two kinds of chemicals— lignin, which is a phenolic polymer
material, and the polysaccharides cellulose and hemicelluloses, which are polymers made up
of sugar units. Cellulose, which has a tendency to form somewhat crystalline, highly fibrous
assemblies, is one of the main polysaccharides in all lignocellulosic materials. Hemicellulose
does not readily form crystalline domains. Rather, side-groups in its linear structure inhibit
crystallization and allow it to act as a more compliant component in the structure of plants.
Some of the hemicellulose is covalently bound to lignin (Tunc et al. 2010), and therefore it
helps to achieve a better integration of the inherently hydrophilic cellulose with the much less
hydrophilic lignin component. Lignocellulosic materials include not only wood, which is a
prime example, but also grasses, sugarcane residues, and various other byproducts from ag-
riculture.

Though the term “composting” already will have been defined in preceding sections
of this monograph, a few points can be emphasized here. Composting can be viewed as a
rocess whereby a mixture of organic materials is subjected to enzymatic action leading to the
heating up of the mixed material, some loss of dry mass, changes in the chemical nature of the
solids, and the ultimate stabilization of the material so that it becomes more suitable as an
additive for fertile soil. The enzymes promoting the chemical changes are mainly secreted by
naturally present bacteria and fungi, though, as will be discussed, there has been recent re-
search related to (Kausar et al. 2010; Hachicha et al. 2012; Razali et al. 2012; Cheng et al.
2011; Paradelo et al. 2013; Thomas et al. 2013). Zhao et al. (2011b) carried out the analysis
in yet finer detail by determining the C:N ratio for different soluble fractions, when using ei-
ther straw or sawdust as the cellulosic component for composting. Losses in carbon content
in the course of composting were mainly traceable to degradation of the cellulose and hemi-
cellulose components.

Concluding Statement. The recent publications reviewed in this article make it clear
that interest in the science and technology of composting is very strong. Lignocellulosic mate-
rials clearly play a major role in composting systems, and this fact is reflected in the topics of
recent publications. A general picture that emerges from the literature is that composting, if
done with care, can be considered to be a relatively mature, reliable, and environmentally
sound technology. Composting is an appropriate means of handling otherwise unwanted
wastes from yards, agriculture, meat productions, sewage, and the like and converting well-
balanced mixtures into a valuable component for addition to soils.
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3ananue 2. [lepeBecTu HAAMUCHU K PUCYHKAM:

Fig. 3.1 Example showing effect on temperature when compost is inoculated during the cool-
down phase. White-rot fungus was added to the compost only in the case represented
by unfilled circles. The unfilled squares,lower in the figure, representthe ambient air
temperature. (Data replotted from Hachicha et al. 2012)

Fig. 3.5 Changes in the concentrations of ammonium ion (filled circles and left-hand axis)
and nitrate ions (open squares and right-hand axis) during the course of composting.
(Data replotted from Wang et al. 2011)

3. IlepeBoa TekcTa HAYYHOU PadOTHI 0 OMOTEXHOJIOTHH
C PYCCKOIO SI3bIKA HA AHTJIMUCKUM

3.1. O61mmii moaxo0/a K nepeBoay
HeoOxoaumMocTh Takoro mepeBoja BO3HUKAET MPH MyOJUKALWKW KHUTH
WIN CTaThH 3a pyOexkoM. Takoi mepeBoa HEOOXOAMMO JAenaTh U AJiA pe3toMe
cTaTbhei, OMbmuorpauueckux CHHCKOB, HAIMPAaBISIEMbIX B PEAAKIIUM OTEUECT-
BEHHBIX JXypHaJOB. IlepeBoa ¢ pycckoro s3blka Ha aHTIMHCKHUNA 10 OOBEKTHUB-
HBIM IIPUYMHAM SIBJISIETCS O0Jiee TPYIHBIM, YeM C aHIJIMHCKOTO Ha pycckuil. s
aJIeKBaTHOTO TMEPeBO/Ia HEOOXOAUMO OBITh HE TOJBKO CIEIHATICTOM B JTAaHHON
001acTH, HO U 3HAaTh 0OCOOEHHOCTH MOCTPOCHUS aHTIMICKUX HAay4dyHBIX ¢pa3. B
U/IeaIbHOM CIly4yae >KeNaTeNbHO MMETh KOHCYJbTaHTa, KOTOPBIM SBISETCS U
CHELHaINCTOM B JIaHHOW O0JIaCTH, U HOCHUTEJEM s3bIKa. TeM He MeHee, JOIyC-
KaeTCsl «pPyCcCKOoe» MOCTPOeHUe (ppa3, HO BCE KE C yUYETOM OIPEJEIEHHBIX Tpe-
ooBanuii. Tak, npu mepeBojie cienyeT u3deraTh ATUHHBIX KOHCTPYKIUN Tpe.-
JIOXKEHUHM, 0COOCHHO CIIOXKHOMOAYMHEHHBIX. Heo6xoanmMo B mepByI0 ouepens
OPUMEHATH crienuduueckre s OMOTEXHOJIOTHM TEPMUHBI U BbIpakeHus. bo-

Jiee KOHKPETHbIE 0COOCHHOCTH PacCMaTPUBAIOTCS HIKE.

3.2. OcoOeHHOCTH MepeBoia

PaccMoTpuM TUTIMYHBIE S3BIKOBBIE CPEICTBA MIEPECTPOCHUS PYCCKUX (Ppa3
B aHTJIMMCKHE.

a) [ns pycckoro si3blka XapakTEpHblI MNPEIJIOKEHUS CO CKa3yeMbIM B
CTpaJaTeIbHOM 3aJI0r€ HACTOSIIIErO U MPOIIEANIET0 BPEMEHU, TPUYEM UCIIOIb-
3yeTCsi OOpaTHBIA MOPSIIOK CJIOB, a IS aHTJIMHACKOTO S3bIKA — MPEIJIOKESHUS CO
CKa3yeMbIM B CTpaJaTeIbHOM 3aJI0re, HO C MPSIMBIM MOPSJIKOM CJIOB (T.€. MOJ-
JIekKalee CTOUT Nepes] CKa3yeMbIM):

H3yuaercs wuzoronmueckuii 3IPpdexkt B The isotopic effect in crystals is studied.
KpHUCTAJIIaX.
HccaenoBanuch (ucciieoBaHbl, ObLIM The properties of radioactive elements

HCCJIEe0BAHBI) CBOWCTBA PATUOAKTUBHBIX | were studied.
3JIEMEHTOB.
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0) Horjga B HAy4HOM aHTIUMHCKOM SI3bIKE MCIOJIB3YIOT CKa3yeMoe B JIeH-
CTBUTEILHOM 3aJI0Te MPH MOAJIEKALIEM, BBIPAXKEHHOM JINYHBIM MECTOMMEHHUEM
NEPBOTO JIMIIA MHOXXECTBEHHOT'O YKCJIa WM CYUIECTBUTEIbHBIM the author (au-
thors), a TaxkKe CYLIECTBUTENIbHBIMU study, investigation, paper (article), ex-
periment, theory, hypothesis n ap.:

M I paccMOTpDEeJaAH pin We have considered a series of stan-
crangapTHeix nporpamm. (B el p a c - | dard programs.
CMOTD € H psIJICTaHIapTHBIX
porpamm). The paper studies some physiological
B cratcke paccMaTpuB a- | ¢ffects.
0T C i HEKOTOpble (DH3MOJOrHUECKUE The investigation deals with the
3¢ heKTsL. nature of DNA.
B HCCA€enOBAaHUH
paccMaTpuUBaeTCsa IpU-
pona JJHK.

B) Coo0111ast 0 TeMe WM MpeAMETe UCCIEI0BAHUS, CIIEyeT MOJIb30BaThCs
B MEPBYIO o4epeab hopMaMu HACTOSIIETO BpeMeHu Present Indefinite unv B TeX
CIIy4asix, KOrjaa HeoOX0uMO MOAYEPKHYTh 3aKOHUYECHHBIN XapakTep NeHCTBUS —
— Present Perfect. ®opma nipomieaiiero BpeMenu Past Indefinite uicnoyib3yeTcs
IIpU ONMCAHUM MPOACIaHHON paboThI (IKCIEPUMEHTA, UCCIIEOBAHMS, BBIYUCIIE-
HUS), eciu paboTa MOCTyKHIJIa OCHOBOM JIJIsl TEX WJIM UHBIX 3aKITIOYCHHI:

MccanenyerTcsa (paccmarpu-
BaeTcs) Ciydaill TOHKHX KPUCTaJJIOB.

M3ydeHa ynbTpacTpykTypa pas-
JUYHBIX Mopdomornueckux craguii  Raiae
Trypanosoma (nam. — nuwiym Kypcugom).

Boaa paccdyYHuTaHa
(paccuyurtaHa) gehopmanus pe-
etk U (opMmyna HCIoNb30BaHA AJIS BbI-
YUCJIEHUS TapaMETPOB.

Kparko om u ¢ a H BI TpenMylecTBa
3TOr0 METOJA.

The case of the thin crystals 1s analyzed
@is considered).

The fine structure of the various morpho-
logical stages of Trypanosoma raiae has
been studied

The deformation of the lattice was esti—
matedand the formula was used to calculate
the parameters.

The advantages of the method are out-—
lined

IIpnme ganmne.DopmackazyeMoro cTpaaaTeIbHOro 3aj0ra IpoLIeIIero BpeMEHH
MOJKET COOTBETCTBOBATH B PYCCKOM SI3BIKE KaK COBEPLIEHHOMY, TaK U HECOBEPILIEHHOMY BU-

ay.

Takum 0Opa3zoMm, Mbl BUJIUM, YTO OYKBaJIbHBINA MEPEBO/J] C PYCCKOTO SI3bIKA
Ha aHIIMUCKUNA U HA00OPOT HEBO3MOKEH. /{7151 TOro yToObI M3NMaraTh CBOU MbIC-
JIM TIO-aHTJIMKACKHU, HY>KHO SICHO MPEJCTABIATh ce0€ JEKCUKO-CUHTAKCUYECKYIO
CTPYKTYPY aHIJIMICKOIO HAYy4HOr'O TEKCTAa.
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PaccMmoTpum npuMepsl epeBoia TEKCTOB MO OMOTEXHOJIOTUH C PYCCKOTO
S3bIKa HAa AHTJIMUCKUMA C MCIOJIb30BAHUEM IPUBEICHHOW BBILIE CIEHHUATBHON
TEPMUHOJIOTHH U OCOOCHHOCTEN MepeBoa.

3.3. lIpumepsl nepesBoaa
IIpumep 1. IlepeBoa pparmenta crateu MBankuna A.H. u ap. «Komma-
TeHOBbIE (DpaKIUU, MOJYyYEHHBIE BOJHO-COJIEBOM AKCTPAKIIMEH U3 KUBOTHOTO
CBIpbsi» U3 KypHana «Applied Biochemistry and Microbiology».

N3BecTHO, uTO GUOPHILIAPHBINA OEJIOK KOJUIareH — OJMH U3 CaMbIX PaclpOCTPaHECHHBIX
Yy MIIGKOIUTAIOIIUX U COCTABISAET OT 25 10 35% OT o0uiero KoauuecTBa OeKa B OpraHu3Me
U, CJIeIOBaTeIbHO, OKOJI0 6% oT maccel Tena [1, 2]. OTnuuuTensHBIMU TIPU3HAKaMH KOJlIa-
TeHa SBJISIFOTCS €r0 HEOOBIYHBIN aMUHOKHUCIIOTHBIA COCTaB, XUMUYECKasi MHEPTHOCTh B (u-
3MOJIOTHYECKUX YCJIOBHSX U CIIOCOOHOCTH MPEBpAILaThCS B KEJNATUHY MPH IIUTEIBHOM Ha-
TPEBAHMM B KMCJIBIX WJIM HIEJIOYHBIX BOJHBIX pacTBopax [3].

PaznuuHble TUTBI KOJIIareHa ObLTH JOCTATOYHO MOJIPOOHO M3y4eHBI COBPEMEHHBIMU
(GU3UKO-XMMHUYECKUMU MeTojnaMu. KX Monekynapl HMMEIOT, KaK IMOKa3ald 3JIEKTPOHHO-
MUKPOCKOIMYECKUE HCCIEAOBAHMS, XapaKTEPHYIO MOMNEPEUHO-TOI0CATYI0 CTPYKTYpy [4].
Mornekynbl KoJijlareHa KOXKHBIX 000JI0YeK, COeAMHUTEIbHOW TKAaHU M CYXOXKHIUN OOBIYHO
COCTOSIT U3 HECKOJIbKUX CIHPATICBUIHBIX CTPYKTYPHBIX CYOBEIUHUI] U COJEPKAT BBHICOKUE
KOHIIEHTPALMK MPOJMHA U OKCUIIpoIrHA (0K0JI0 20% OT BCEX OCTAIBHBIX AMUHOKHCIIOT), a
Takke TIuiuHa U anaHuHa (cBbime 50% OT o0mIero coaep aHus APYTruX aMUHOKHUCIIOT).
Konnaren xapakrepusyercs OTCyTCTBHEM TpUnTodaHa U HU3KUM COJEp>KaHUEM apoMaTHyde-
CKHUX, TETEPOLMKINYECKUX U CEPOCOJCPKAIIMX aMHHOKHUCIIOT [2], B CHITy 4ero oH o0ianaer
HEBBICOKOH MUTATEIBbHON HEHHOCTHI0. MI3BECTHO TaKKe, UTO OH IJIOXO MEPEBAPUBAETCS B Op-
raHu3Me 4eJIOBeKa U3-3a HU3KOTO COACPKaHUS KOJUIareHa3 B AKeTyJOYHO-KUIIEYHOM TPaKTe.
Kpome Toro, HaTWBHBIM KOJUIar€H HAaXOJIWT OIPAaHUYEHHOE NPUMEHEHHE B IMUIIEBOM IPO-
MBINUJICHHOCTH, TaK Kak 00J1aJaeT HEAOCTATOYHOW BOJOCBSI3BIBAIONICH W AMYJIBTUPYIOIIEH
CII0COOHOCTEIO [5].

Tem He MeHee, TeopHsl aJeKBATHOTO MUTAHUS MPEAYCMATPUBAET 00sA3aTeTbHOE HAIU-
Yyye B MPOAYKTAX MUTAHUS YEJIOBEKA MUIIEBBIX BOJIOKOH, POJb KOTOPBIX, HAPSAAY C pacTU-
TEIHHBIMU O€JIKaMH, MOTYT C YCTIEXOM BBIMOIHSITH pa3undHble (hpaKIUU KOJUIareHa, Crocoo-
CTBYIOLIIME HE TOJIBKO HOPMAJIbHOMY IUIIEBAPUTEIBHOMY IIPOLIECCY, HO U YAAICHUIO U3 Op-
raHu3Ma 4ejioBeKa TSKEJbIX METaNIOB, TOKCHHOB, KAHLIEPOTE€HOB U JIPYTUX BEIECTB, MOTEH-
[MAIbHO OMACHBIX IS 310pOBbs [6]. bbuto moka3zaHo, 4yTo OTAEIbHBIE (DpaKIMU KOJIareHa
00JIaZIat0T XOPOLIeH BOJIOCBSI3BIBAIOLICH U AIMYIIBIUPYIONIEH CIIOCOOHOCTHIO MPH CBA3BIBAHUH
MUIIEBBIMUA O€JTKaMH, YTO IMOCIYKUJI0O OCHOBAHUEM JJIsi pEKOMEHAAlMU UX MPUMEHEHUsS B
Pa3IMYHBIX OTPACIISIX MUIIEBOM IPOMBILUIEHHOCTH [7, 8].

3arojoBOK CTaThbu MOXHO InepeBectu Kak «Collagen Fractions Obtained
by Water-Salt Extraction from Raw Materials of Animal Origin».

The fibrillar protein collagen is known to be among the most abundant mammalian
proteins, accounting for 25-35% of their total amount (which is equivalent to 6% of body
weight) [1, 2]. Specific features of collagen include unusual amino acid composition, chemi-
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cal inertness under physiological conditions, and ability to undergo transformation into
gelatin upon prolonged heating of aqueous (acidic or alkaline) solutions [3].

Various types of collagen in considerable detail using modern physico-chemical tech-
niques have been studied. Electron microscopy has demonstrated that the molecules of col-
lagen have a characteristic striated structure [4]. Collagens of skin, connective tissues, and
various tendon types usually consist of several spiral structural subunits and include high
proline and hydroxyproline concentrations (20% of total amino acids), as well as glycine
and alanine (over 50% of total amino acids). Collagen is characterized by the absence of
tryptophan and a low content of aromatic, heterocyclic, and sulfur-containing amino acids
[2], which accounts for its low nutritive value. Due to the low content of collagenases in the
gastrointestinal tract of humans, collagen is poorly digested. In addition, native collagen is
of limited utility in food industry, because of insufficient capacity for water retention and
formation of emulsions [5].

However, the theory of adequate nutrition provides for the mandatory presence in
Sfoodstuffs of nutritive fibers. In addition to plant proteins, various fractions of collagen can be
successfully used as such, due to their ability to facilitate digestion and eliminate heavy met-
als, toxins, carcinogens, and other potentially hazardous products [6J. Individual fractions of
collagen exhibit a pronounced capacity for water retention, protein binding, and the forma-
tion of fat emulsions, which accounts for the recommendation for use of these fractions in
various branches of food industry [7, 8].

IIpumep 2. [lepeBon pparmenta ctatbu A.b. Jlucunpina, A.H. MIBankuna
«CTparerus CHUXEHHUS COJEpKaHMUS MOJIHMAPOMATUYECKUX YIJIEBOJAOPOJOB B

KOIMYCHBIX MSICHBIX IIPOJYKTaX>».

Pe3ome. B craThe mpoaHaliM3upoBaHa B3aUMOCBSI3b KOJMYECTBEHHOI'O COJACPKAHUS
nojauapomMaTuyeckux yrieBogopoaoB (ITAY) B komueHoW MACHOW MPOAYKIIUK OTHOCUTEIHLHO
pEeUenTypbl, YIIAKOBOYHOI'O MaTepralla U TEXHOJIOTUU KOIMYEHHsI. BBIsSBIEHBI HHAUKATOPHI MPU-
cyrcrBus [TAY, npuBeneHsl nmoTeHIMaIbHBIC TyTH CHYDKeHUS [TAY .

Beenenne. KontunbHblll 6IM BO3HUKAET B MIPOLIECCE TUPOJIN3A IPEBECUHBI. B oCHOBE
NUPOJIM3a JIeKAT CBOOOJHOPAIMKAIBHBIE PEaKUUN TEPMOIECTPYKIMU T'€MHULIEIUII0NO03, Le-
JTIOJIO3bI U JIMTHUHA, ipoTekaromue mpu temreparype Boiie 200°C. CocTaBHbIe 4acTH JpeBe-
CHHBI — 0K0I0 50% 1emIron036l, MOUYTH 25% NUrHUHA U OKOJIO 25% TreMULeIUIIoI035l (He
CUMTas BOJABI) — MPEBPAMIAIOTCS TIPH 3TOM B (PEHOJBI, COIUPTHI, KAPOOHUIBHBIC COCITUHEHUSI.
[TonoxxurenpHbIMU 3¢ dexkTamu momnagaHuss B MPOAYKT KONTUIBHBIX BEUIECTB M (U3UKO-
XUMHUYECKHX MPEBpAICHU B HEM, SBISIOTCS 0Opa3oBaHHE BKyca W apoMaTa KOMYEHOCTH,
KOHCEpBUpYIOIee JeHCcTBUE (OaKTEPUITUAHBIA, aHTHOKUCIUTEIBHBIM U aHTHIIPOTEOIUTHYE-
ckuit 3¢¢dexTer). OgHAKO KOMYEHHE MPOJIYKTOB MHTAHUS COMPOBOXKIACTCA OOpa3oBaHHEM
TOKCHKOJIOTHYECKH BPEIHBIX KOMIIOHEHTOB JIbIMa, @ UMEHHO MOJIMIMKINYECKUX apoMaTHye-
ckux yraesogoponaos (ITAY) [1].

[TAY ob6nagaioT sSipKo BBIPAKEHHBIMU KaHILIEPOTEHHBIMU, MYTareHHBIMH M TEPaTOTreH-
HBIMH JISHCTBUSMU Ha denoBeka. [Ipobmema [TAY ocobGeHHO ocTpa, Tak Kak OHH OOJAaroT
CBOMCTBOM OMOAKKYyMYJISILIUHU, U JUIsl HUX HEJIb3sl YCTAHOBUTD IMpe/AeIbHbIE BEIUUNHBI, HUXKE
KOTOPBIX 3TH BEILIECTBA HE OYayT 007a/1aTh KAHIIEPOTEHHBIM MTOTEHIIUATIOM [2].

Pe3yabTaThbl M X 00CYyKI€EHHE.

[IpencraBisio MHTEpEC OLICHUTH BIUSHUE YCIOBHM (DOPMHUpPOBAHUS ABIMHBIX KOMIIO-
HEHTOB pacraja JpEBECHUHbl Ha KOJMYECTBEHHOE cojaepxaHue [IAY B KOMYeHBIX MSCHBIX
npoaykrax. [lo pe3ynbpraram uccienoBaHus, 0ojiee BBICOKas TeMIepaTypa 00pa3oBaHUS JbI-
Ma MPUBOAMIIA K MOBbIIEHNIO KOHIeHTpauun [IAY B npoaykre. [loBbilieHuE TeMnepaTypbl
npuBoauiIo K nossimieHHto copepxkanus CO u CO,, U K CHI)KEHUIO KOHLIEHTPALMU KUCIIOPO-
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na. KomnuectBennoe conepxkanue [TAY pocino npsMo mponopluroOHAIBHO 10 MEpEe yBEJIUYe-
HUS TeMIepaTypbl o0pa3zoBaHus apiMa U yBenuueHus KoHueHTpamun CO u CO,, u o6paTHO
POMOPLUOHAIEHO KOHLIEHTPALUU KUCIOPO/Ia.

AHanu3upys TOJYYCHHBIE JAaHHBIE, OTHOCHTEIHHO YIMAKOBOYHOTO MaTepuana, ObLId
CIeNaHbl CIIEAYIOIIMe BBIBOABL. B MSCHBIX H3JENUAX OBIMHOIO KOMYeHHs, 0e3 000J0YKH,
cymmapHoe conepkanue 15 [TAY B cpennem Ha 25% BblllIe, 4eM B NIPOJIYKTaX, U3TOTOBJICH-
HBIX B HATypaJbHOU (YepEeBbI, CHHIOTH) U UCKYCCTBEHHBIX (OenkoBas u Gpudbpoy3Has) 060104-
Kax, BHE 3aBUCUMOCTHU OT TUMA KommdeHus. HaumeHee mpoHUIaeMoi 711 KaHIIEPOTEHHBIX Be-
IIeCTB ToKa3aya ceds ¢pubpoysHas 00oouka. JITUTETHbHOCTh KOMYEHHs TaK K€ BIUAET Ha
KoruecTBeHHOE coaepkanne [TAY, Tak B CBIPOKOMUEHBIX MSCHBIX MPOJYKTaX B HATypallb-
HOI ob6omnouke comepkanue [TAY B cpennem Ha 30% Bblle, 4YeM B MOJYKOITUEHBIX, TaK KeE
W3TOTOBJICHHBIX B HATYpaIbHOU 000JIOUKE.

AHaIN3 KOJIUYECTBEHHOTO cojepxkanus [IAY B kKomueHOW MSACHOW MPOAYKIIMU B paM-
Kax cepTH(UKalMU MOoKa3all, 4To Hauboee yacTo oOHapyxuBaeMbIMi ObutH 8 TTAY, a uMeHHO
Oens[almupen, Oens[a]antpaneH, Oen3o[b]dmyopanten, OeHzo[k]|dpmyopanTeHn, OeH-
30[ghilnepunen, xpuseH, nudens|a,h]antpanen u unaeHol/,2,3—cd]mupen. CymmapHoOe po-
IIEHTHOE cojiep>kaHue BhImenepedncieHdsix 8 [TAY cocraisio B cpeanem 6onee 75% ot
obmero konmuuectsa [TAY. Eme oguuM GakTopoM B MOJB3y BBIOOpA BBILIETIEPEUHCICHHBIX
8 ITAY B xauectBe unanKaropa npucyrctBus [IAY, sBisieTcs BbICOKasi CTETIEHb U3BJICUCHUS,
KOTOpas Bappupyercs B mpexaenax or 79,2 no 91,4%. B 1o Bpems kak ans auOeH-
30[a,l[mupena, nubeH3|a,elnupena, nudens|(q,ilmupena, nubdeH3|a, hlmupena, cTeneHs u3BIe-
qeHus cocTaBiseT oT 48,2 10 64,2%.

Crnemyrommm 3TarnoM HCCIIEIOBAaHUN CTaJl TIOMCK BO3BMOYKHBIX ITyTE€H CHYKEHUSI KaHIIEPOTeH-
HOM Harpy3Ku MpH yHOTPeOIeHNH KOMYEHBIX MPOAYKTOB. Pa3BuTHe COBPEMEHHBIX TEXHOIOTHI OUH-
CTKH JIETY4YHX BBIOPOCOB M CTOUYHBIX BOJ, IMO3BOMIIN JOOUTHCS MHOTOKpaTHOro cHrbkeHus [1AY,
nyreM (pOTOOKUCTICHHsST W MHUKPOOHOM yTrm3auu. OIHAKO MPUMEHHTH JaHHBIC TEXHOIOTUH JIJIs
MUIIEBBIX IPOTYKTOB HE MPEACTABIISETCS BO3MOXKHBIM.

OnHUM M3 BO3MOXKHBIX ITyTEH CHIKEHHMS KOJIMUYECTBEHHOTO conepxanust [TAY, Moxer ObITh
UCITOJTh30BaHME OaphepHBIX TeXHOJOrui. [1ox 6apbepHOI TEXHOIOTHEH TOHUMAETCS TICHOYHAS
MeMOpaHHas 3aliTa WM KOMIIO3UIIMOHHAS 000JI0YKa, MPENATCTBYIOIINE UIH CYIIECTBEHHO
camxkaromue quddysuto [TAY u3 ra3o-Bo3ayIIHON cpebl B MPOAYKT.

Tepmuueckoe pa3iokeHHe JPEBECUHBI IPOBOINUIIN, HATPEBAsI APEBECHBIC OMMIIKU pa3-
ueix nopox mpu 200 — 700°C ¢ mocneayrorieii 06paboTKON MOAYUYEHHON JBIMHON (ppaKiueit
MUIIEBOr0 MPOAYKTa B TEYCHHE 6 4 C TEMIEpaTypoil HarpeBa oO0pabdaThIBAEMOTO MPOIYKTA
35 -50°C.

B kadecTBe 3alMTHBIX MUICHOK HMCIOJIB30BAIM HaTypalibHYIO 00070uKky mo SN 32/34
EBP, OenkoByro U3 KoJjiareHa Crujika roBsDKbUX IIKYp U (uOpoy3HYyI0 Ha OyMakHOM OCHOBE
C HaTypaJbHBIM LEJUTIOJIO3HBIM MOKphITHEM 0005104ku o [[OCT 16131-86, Oymary mucuyro
mioTHOCTEI0 80 T/M%, Ha MOBEPXHOCTh KOTOpoi HaHocuiu 20%-HYyI0 KUPOCOACPKALLYIO
MUKPOHAHOAMYJIbCUIO PACTUTEIHHOTO MM KMBOTHOTO >KHpa. JJOMOJTHUTENBHO, IS 3alUThI
00pabaTeIBa€MOr0 MUIIEBOTO MaTepuana OT JbIMHBIX KOMIIOHEHTOB, MPOIYKT MPEIBAPUTEIIb-
HO BBIJIEPKMBAJIM CYTKH IIPU KOMHATHOU TeMmIieparype B 9%-HOM pacTBOpE YKCYCHOU KHUCIIO-
ThI WK 3%-HOM PacTBOpPE aCKOPOMHOBOM KHCIIOTHI.

BobiBoabl. [lo pesynbratam paboThl MOXKHO CI€NIaTh BBIBOJ, UYTO CHIKEHHE COJCpXKaHUs
ITAY BO3MOKHO TOOUTHCS HECKONBKUMU MyTssMUA. OTHUM U3 HUX SIBISICTCS CHIDKEHHE COZIep-
JKaHUA JKHpa B PELENTYpEe KOMYEHBIX MPOAYKTOB. [Ipu aTOM cHrkenue conepxkanus [IAY He
CBSI3aHO CO CHWKEHHEM (DEHOIBHBIX BEIIECTB, OTBEUAIOIINX 32 BKYC U apoMaT KomueHocTd. Oc-
HOBHBIM TIapaMeTpOM, BIHUSIOMNUM Ha oOpa3oBanue [1AY, sBusercs temmeparypa oOpa3oBa-
HUS JbIMA.
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W3 nonyyeHHbIX TaHHBIX OYEBUIHBI MPEUMYILECTBA HCIIOIb30BaHUs OCIKOBBIX U 0COOEH-
HO (pubpoy3HBIX 000J0YEK, IO CPAaBHEHHUIO C HATypalbHBIMU. benkoBas u (ubpoysHas o06o-
JIOYKHU SBJISIFOTCS OoJiee MIOTHBIMU 0 CTPYKTYpE, UX MPOTEHHO-IIEIIII0I03HAasi OCHOBA HE SB-
JsIeTCsl CHIIBHO JKUpoHadyxaromieid, Ho npoHunaemMoctb [IAY uepes Takue Gapbepbl BO MHO-
rom 3aTpyaHeHa. [IpoBeneHHbIE peBapUTEIbHBIE NCCAEAOBAHUS TTOKA3aJIU, YTO LB Pl
UHTPEIMEHTOB CIIOCOOCTBYET MOJIYUYEHUIO KOMUEHBIX MSCHBIX U3JENUIl C MOHMKEHHBIM CO-
nepxaarem [TAY. K TakuMm WHrpeIrueHTaM OTHOCSTCSI MHOTHE BUJIBI CIICIIMI, aCKOpOMHOBAs
KHCJIOTa U PAJ MPUPOIHBIX CTaOMIU3aTOpoB. [lomydeHHbIe JaHHBIE OTHOCUTEIBHO KOJIHYECT-
BeHHOTO coaepkanus 15 [TAY, mo3Bonwim BeISIBUTh HHAUKATOPHI pUCyTCTBUS [TAY, KOTOpHBI-
MU SBJLSIIOTCS 8 BbllIenepedncieHHbIX [TAY.

INVESTIGATIONS OF POLYCYCLIC AROMATIC HYDROCARBONS AND
STRATEGIES OF THEIR DECREASE IN SMOKED MEAT PRODUCTS

Abstract The relationship between the quantitative content of polycyclic aromatic hy-
drocarbons (PAH) in smoked meat products and product composition, packaging material and
smoking technology is analyzed. The indicators of PAH presence have been revealed, the po-
tential ways of PAH reduction are presented.

Introduction. Smoke fume is generated during wood pyrolysis. The basis for pyrolysis is
the free radical reactions of thermodestruction of hemicellulose, cellulose and lignin, taking
place at a temperature higher than 200°C. The constitutive parts of wood, about 50% cellulose,
almost 25% lignin and about 25% hemicelluloses (not counting the water), are turned
therewith to phenols, alcohols and carbonyl compounds.

The positive effects of the penetration of the smoke substances into a product and the
physico-chemical transformations in it are the development of taste and odor of a smoked prod-
uct, and the preservative action (bactericidal, antioxidative and antiproteolytic effects). How-
ever, smoking of food products is accompanied by the development of the toxicologically harm-
ful smoke components, namely, polycyclic aromatic hydrocarbons (PAHs) [1].

PAHs have pronounced carcinogenic, mutagenic and teratogenic effects on humans.
The problem of PAHs is especially acute because they have the ability of bioaccumulation and
it is impossible to set up the limits for them, below which these substances would not possess
the carcinogenic potential [2].

Results and discussion. It was interesting to assess the influence of the conditions of the
formation of the smoke components generated as a result of wood decomposition on the PAHs
quantitative content in smoked meat products. According to the results of the study a higher
temperature of smoke formation resulted in the increase in the PAHs concentration in a prod-
uct. The increase in temperature led to the increased CO and CO, content and the reduction of
the oxygen concentration. The PAHs quantitative content grew in direct proportion as the
smoke generation temperature and the CO and CO; concentrations were increasing and in in-
verse proportion to the oxygen concentration.

Analyzing the obtained data regarding the packaging material, it was found that in the
fume smoked meat products without casing the summary 15 PAHs content was 25% higher than
in products produced in natural (little gut, bung) and artificial (protein and fibrouse) casings
independent of the type of smoking. The least permeable for carcinogenic substances was the
fibrouse casing. The duration of smoking also influenced the PAHs quantitative content. Thus,
in raw smoked meat products in a natural casing the PAHs content was 30% higher than in
semi-smoked sausages also produced in a natural casing.

Analysis of the PAHs quantitative content in meat produce in a framework of the certifi-
cation showed that 8 PAHs namely benzo[a]pyrene, benzo[a]anthracene, benzo[b]fluo-
ranthene, benzo[k]fluoranthene, benzo[g h,i]perylene, chrysene, dibenzo[a,h]anthracene,
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indene[1,2,3-cd]pyrene were most frequently detected. The summary percent content of 8 above
listed PAHs was on the average more than 75% of total PAHs amount. Another factor in favor
of the selection of the 8 above listed PAHs as an indicator of PAHs presence is the high degree
of recovery, which is varied from 79.2 to 91.4%, whereas for dibenzo[a,l]pyrene,
dibenzo[a,e]pyrene, dibenzo[a,i]pyrene, dibenzo[a,h]pyrene the degree of recovery was 48.2
to 64.2%.

The next step of the research was the search for the possible ways of the carcinogenic
burden reduction when consuming smoked products. The development of the modern technolo-
gies of cleaning of volatiles emissions and sewage allowed to achieve multiple reduction of
PAHs by photo-oxidation and microbial utilization. However, it is not possible to use these
technologies for food products.

One of the possible ways to reduce the PAHs quantitative content can be the use of hur-
dle technologies. By hurdle technology is implied a film, membrane protection or a composite
casing preventing or significantly reducing PAHs diffusion from a gas-air medium into a prod-
uct.

The thermal decomposition of wood was performed by heating wood sawdust of differ-
ent species at 200-700 °C with the following treatment of a food product with the obtained
smoke fraction during 6 hours at a temperature of the processing product heating of 35-50 °C.

The natural casing according to SN 32/34 EBP, protein casing from collagen of splits of
cattle hides and fibrouse casing on a paper basis with a natural cellulose coating of the casing
according to GOST 16131-86, writing paper with density of 80 g/m’, on which surface a 20%
fat containing micro/nanoemulsion of vegetable oil or animal fat was applied, were used as
protective films. Additionally, a product was hold beforehand in the 9% solution of acetic acid
or 3% solution of ascorbic acid for 24 h in order to protect the processing food material from
smoke components.

Conclusion. On the basis of the research results, it can be concluded that it is possible
to achieve the PAHs content reduction in several ways. One of them is the reduction of fat con-
tent in the formulation of smoked products. With that, the PAHs content reduction is not associ-
ated with the reduction of phenolic substances, which are responsible for taste and aroma of
smoked products. The main parameter influencing the PAHs generation is the temperature of
the smoke generation.

The advantages of use of protein and, especially, fibrouse casings compared to natural
casings are evident from the obtained data. Protein and fibrouse casings are denser, their pro-
tein-cellulose base is not highly fat swelling, but the PAHs penetrability through such barriers is in many
respects hampered.

The performed preliminary investigations showed that a number of ingredients assist the
production of smoked meat products with reduced PAHs content. These ingredients include
many kinds of spices, ascorbic acid and a variety of natural stabilizers. The obtained data re-
garding the 15 PAHs quantitative content allow to reveal the indicators of PAHs presence,
which are 8 above listed PAHs.

IIpu mepeBoae cTaTel TakKe MCIOJIB30BAJICS CIIUCOK aHIVIMWCKUX CJIOB U
CJIIOBOCOYETaHM, HanOoJIee YaCcTO BCTPEUAIOUINXCA B HAYYHO-TEXHUYECKON JIU-
TepaType € IMEPEBOJIOM UX HA PYCCKHUM A3bIK, KOTOPBIM HAXOIWUTCS B MPHIIOKE-
HUM B KOHIIE TOCOOUS.

3.4. YnpaskHeHUs JJisl CAMOCTOSITEJILHOI0 MepeBo/ia
3apanme 1. [lepeBecTH TEKCT HA AHTJIIMHCKUN SI3BIK, MCIIOJIB3YS CIICIIH-
aJIbHBIC TEPMHUHBI 110 OMOTEXHOJIOTHH
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W3 mpupoaHoii cpenpl BeENCH mTamMM Oaktepuid Bacillus thuringiensis — mpoayleHT
OHIOTOKCHHA TPOTHUB KECTKOKPBUIBIX HACEKOMBIX, B YaCTHOCTH, JIJIsl OOPBOBI C KOJIOPAJACKUM
)kykoMm. [lItammy mpucBoern Homep 16931. JlanHbIN mTamMM JenoHUpoBaH Bo BcecoroszHoi
KOJUIEKIIMM TIPOMBILUIEHHBIX MUKpoopranusmoB (BKIIM) nox nHomepom B-6649. Ilpu BO3-
JEUCTBUU pa3BelieHHOM B 10 pa3 KyJabTypalbHOM KMAKOCTHIO JAHHOIO IITaMMa Ha JIMYUHKU
Kostopajickoro xxyka Habmogaercs 100%-nas rubens. s moaydeHus: SHAO0TOKCHHA TOTOBST
MUTATENbHYIO CPEeyY, 3aCeBAIOT €€ ITaMMOM, KYJIbTUBUPYIOT B (hepMEeHTepe 10 Havyayla CIo-
PYJSILMY, 3aTEM MOTYYEHHYIO KYJIbTYPAIbHYIO KHIKOCTh 0TOMpatoT B konuyectBe 90 — 95%
OT 00beMa, TOOPAKUBAIOT TP KOMHATHOM TeMIIEpaType, 3aTeM IEHTPUPYTUPYIOT, TOTydast
npu 3ToM (yraT U Macty, U3 KOTOPOW TOTOBST KOHEUHBIH MpoayKT. Dyrar HampaBisAlOT Ha
MPUTOTOBJICHHE HOBOM MUTATENIbHOM CPEbl, a OCTaBIUIYIOCSA YaCTh KYJIbTYPaIbHOMN KHUIKOCTH
B (pepMeHTEpe HCIONB3YIOT B KAUECTBE MOCEBHOTO MaTepuayia. DTO SBISETCS MPEAMETOM
n3o0peteHus. M300pereHne OTHOCUTCS K MUKPOOHUOJIOTHYECKON MPOMBIIIJIEHHOCTH, 2 UMEH-
HO K MPOHU3BO/ICTBY OaKTEpUATBHBIX CPEICTB 3aIIUTHI PACTCHUH.

W3BecTeH psa BELIECTB, MPUMEHSIEMbIX MPOTUB HACEKOMBIX, MOPAXKAIOIINX CEIbCKO-
XO3SUCTBEHHBIC KYJIbTYPHI, HAPUMEP XUMUYECKUE UHCEKTUIUABL. OHU 3 (HEKTHBHO YHUY-
TOXKAIOT BPEAUTENEH, HO UX JCHCTBUE, KakK mpaBuio, Hecnenuduuno. Kpome Toro, Hakamim-
BasiCh B OKPY)KAIOIIEH cpefie, XUMUISCKUE WHCEKTUIUIBI CO3JAI0T HEOIArOMPHUATHYIO SKOJIO-
THYECKYIO CUTYAIIHIO.

W3BecteH psja mpenapatoB OMONIOTHYECKON MPUPObI, 00JIaTal0IINUX BRICOKON HMHCEK-
TULUTHON aKTHUBHOCTHIO, HarpuMep "butokcubanunun" [1], "HoBogop" [2]. MHCEKTHUIIMTHAS
aKTUBHOCTH "BHTOKCHMOAUMIIMHA" ONpeaessieTcss TePMOCTa0MIBHBIM 3K30TOKCMHOM, KOTO-
PpBIii TOpakaeT CPaBHUTEIHHO IIUPOKHUM CHEKTP HACEKOMBIX, a TaKKe OETKOBBIM YHIOTOKCH-
HOM, TOKCHYHBIM TOJIBKO JIJIsl 4eITyeKphUIbIX. brarogaps BEICOKON CTaOUIBHOCTH SK30TOKCHH
cnabo pasjaraercs B MOYBE, B CBS3U C UYEM CYIIECTBYET OMACHOCTh €ro aKKyMYIISIIMH B OK-
pyxartoieit cpene. ['opazno 6osee BEICOKOH Crelu(UIHOCTHIO B OTHOIICHUHU BO3ACHCTBHSI HA
KECTKOKPBUIBIX HACEKOMBIX OTJIMYAETCs MpernapaT, B KOTOPOM COAEPKUTCS OENKOBBIN SHI0-
ToKcuH (npenapat "Hosonmop"). JlelicTByrolee Hayajlo — 3HAOTOKCUH — MOIY4al0T METO0M
MHUKPOOHOJIOTHYECKOTO CHHTE3a MyTeM KylabTuBHpoBaHus Bacillus thuringiensis (BT). Ilpo-
recc (hepMeHTAMK TPOBOAST HA MUTATEIBHON cpesie, coaeprKaiield HeoOX0AUMbIe HCTOYHU-
KU MHUTaHUA, pU (UKCUPOBAHHOW TEMIIEpaType, B YCIOBHSIX adpUpPOBAHUS U MEpPEMEIINBa-
HUSL.

HaunbGonee 01M3KUM TEXHUYECKUM PEIICHUEM (TIPOTOTUIIOM) K U300PETCHHIO SIBIISCTCS
croco0 ¢ ucnoyib3oBaHueM ImrTamma Bacillus thuringiensis supp, tenebrionis DSM 2803 [3],
CHHTE3UPYIOMIET0 KPUCTALITNICCKUN OCITKOBBIN dHIOTOKCHH, 00JaqatoNui JIeTaIbHBIM JICH-
CTBUEM TPOTHUB KOJOPAJICKOro yka. OJHAKO MO HEKOTOPBHIM KYJIbTYPAJIbHBIM XapaKTepH-
CTHUKaM — BpeMsi ()epMEHTAINH, YPOBEHb CIIOHTAHHON WHAYKIHMH (ara U IPYrux — IITaMM-
nporotunt DSM 2803 ob6mamaeT psiioM CyIIeCTBEHHBIX HeocTaTKoB. [IuTtarenbHas cpena ais
[ITAMMa-TIPOTOTUIIA 00JIAAET PSIAOM HEAOCTATKOB: COMEPIKAIIUM OONBIIOE KOJIUYECTBO J0-
pOTUX KOMIIOHEHTOB, CJIOHA B U3TOTOBJICHUH U HE MOXKET ObITh HCIIOIb30BaHA.

3aganue 2. [TepeBeagurte cJ e yIIHue
npeagJ oxXeHHH o o6pasnuny, moaxoODpPaB
rasaroab C COOTBETCTBYIWIIHM OTTeE@HEKOM
3Ha4YeHU:. [TlocTaBbBTE CKas3yeMOe B
HYXHOH BpeMeHHOHd opMe.

O6paze: PaccmMaTpuBaeTCcC s UHIYIUPOBAHHAS TCHE-
panws y KBaHTOB. /he stimulated emission of y rays is studied.
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1. TIpoBeneno uccnenoBanue nurorazmarnuecko PHK (the cytoplasmic RNA).

2. O6cyxnaercs GyHKIUS JTCHKOIIMTOB B OPraHU3ME YEIOBEKA.

3. O6cyxnanace MerToarnka n3meHenus konudectsa JJHK B sape kineTku.

4. BoisicusieTcs (onpenensieTcs) BIUsSTHUE PEHTI€HOBCKOTO OOTYYCHHs Ha BEDKHBAEMOCTh
KIIEeTOK (on the survival of cells).

(%)

3aganme 3. [lepeBegurTe HAa AaHTJAIHUHUCKHUHA
S3BIK CJeAYyWIue nNpeaxagaoxXeHHUSHTI, CO0O0JI0O-
I a npsiMONU TWODPSIHAIOK CJTO0B U CTasBd
CKasyewmMoe B 3a/1aHHYyI0 BpeMeHHYIHO
bopmy. [floMHUTEe O MeCcTe Hapewuwus.

O6paze: [Ilon poOHO UccaenyeTC s CIHCKTPAIbHOE
pacnpenenenue GoTonpoBoauMocTu. — The photoconductivity spectrum distri-

bution is thoroughly Iinvestigated

1. BuumarensHO u3ydaincs cunres oenka (protein) (Past Ind.).
2. HoBbIif METO] MHTETPUPOBAHUS paccMaTpuBaeTcs BO Beex moapooHocTsx (Pr. Ind.).
3. [IpoBezaeH TmaTenbHbIN aHAIN3 PAKOBBIX KIETOK (cancer cells) (Pr. Perf.)

4. ITonpobHo u3yueHo BnusiHuE (effect) Temmepatypsl Ha pacTBOpUMoOcCTs (solubility) (Pr.
Perf.).

3aganme 4. l[lepepgemaurte CAOXHOINOJMUYHU-—
HeHHBEe INIpejgJJoOXeHHUST B ONpPOCTHE ¢ UH-
QU HHUTUBHBM oO0OO0OpPOTOM, COCTaBbBTE
aHAaAaJOT HUYHEBEe npeagJaoxXeHH ST, UCIIOJ b~
3ysa JeKCHEKY II 0O OHOTEXHOJIOIHH.

O6pasen: It is found that the spectrum exists only for small energies. The

spectrum is found to exist only for small energies.

1. It has been shown that the phenomenon is due to amino acids.

2. It is found that the thermal factor to play an important part in ecological adaptations.
3. It is postulated that a capacity requirement is about 9.5 metric tons.

4. It has been found that the results explain the proton superfine structure.

BagaumeS. 3 anmoJHUTEeE MHOTOTOYHUST Je€K-—
CUKOH NO Balmlled conemnunaadqbHOCTHU.
O6pasen. A study is made of... and... are also investigated.

A study is made of cytoplasmic RNA and its properties are also investigated.
1. ...was studied and measured.

2. ...was analyzed and ... was calculated.

3. A study is made of ... and... properties are also investigated.

4. Measurements (calculations) are made of... It is found that ...

5. ... has been studied and shown to be ....

3agaHnue 6. IlpoaHaauslupyHuTe Dy C-—
CKUHU U aHTJAIUHUCKHUHU BapuaHTH pedepa-
T O B, oOpamnasg BHHUMAHUE H a IMOoDpSHdaqO0K
CAT0B, 3aadJ0T, BpeMeHHBEe GopMb. Boou-
IUTe AaHTJAUUCKHUE 9 KBHUBaAaJdeHTH 7 4
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DYCCKHUX CJOB H
3HAQaYeHHUIMU-:
BaTbhb, HeE
3aBHUCETHb OT
ra{sacuu  C

KU pedepartT oo

CoO4YeTaHUU

SpopmMynTupoBaTrh,
VAU THBATH
yero-aubo;
yeM—JHuO O

CATO0OB CO
V94U TBH-~—

(He ONEeHHUBATGDHD)Y;
OBl T D B cC 0~
CocTaBbhbTe KpartT-—

caomgenmgumadJqgbHOCTH.

DopmyaupyeTcsl TEOpUsi OCHOBHOTO CO-
CTOSIHUSI HEKOTOPBIX CMEIIaHHBIX ()ePPUTOB.
[Tosryuensl Gpopmymbl 1151 3aBUCUMOCTH Mar-
HUTHOTO MOMeHTa U t° Kropu oT conepkaHus
HEMarHuTHBIX KaTHOHOB. HaiineHo, 4to pac-
YyeThl MarHUTHOro MomeHta u t° Kroopu xo-
POILIO COTNIACYIOTCS C AKCIIEPUMEHTOM.

Jlerom 1970 1. GBUTO TpOBEnEeHO oOIIEE
HKOJIOTUYECKOE M3YUYEHHE psifla 03ep, pacro-
JIOKEHHBIX K CEBEPO-3amaay OT DUPUKBEKYIL.
JlaHHbBIE 3a TIpeapIAYyIIME TOIbl HE YYUTHIBA-
nuch. beun uccrenoBaHbl XapakTepHbIE Yep-
ThI TUIAHKTOHA, HO HE OIICHUBAJIaCh CKOPOCTh
ero oopazoBaHwusl.

A theory of ground magnetic state is for-
mulated for some mixed ferrites. Equation-
sare obtained for the dependences of themag-
netic moment and Curie t° on the concentra-
tion of nonmagnetic cations. The calculated
values of the magnetic moment and Curie t°
are found to be in good agreement with the
experimental results.

A general study of the ecology of a num-
ber of lakes, lying north-west of Eirikjokull,
was carried out during the summer of 1970.
The data of previous years were not taken
into account. The characteristics of the
plankton were investigated, but the estimate
of the order of production was left out of con-
sideration.
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IIpunoxkenue
CJi0Ba U CJI0BOCOYETAHMS, YACTO BCTPEYAIOLIHECS
B HAYYHO-TeXHUYECKOM JuTeparype

above Haj, BbIIIE, BHIIICYITOMSHYThII
according to coriiacHo, B COOTBETCTBUU
in accordance with B cooTBeTcTBHU

on account of mu3-3a, BClIIeACTBHE

to account for oOBsACHATH

act upon €iiCTBOBAThH HA

along B10Jb, HAPSY C

although xots

any 110001, BCAKHI (B YTB. IPEITIOKCHIH )
any longer O6osnbie He

amount to gocTUraTh
a number of psn
apart (aside) from
BHUCHUMO

approach noaxon, meton

as Korja, Tak Kak, Kak, 110 Mepe TOro Kak, B
KayecTBe

as compared 110 CpaBHEHHUIO

as early as yxe, emie (+ gara)

as far as HacKOJIbKO, IIOCKOJIBKY

as fast as 1o mepe Toro kax

as follows crnenyrommm oOpa3om, cienyro-
ee

as for (to) u4To Kacaercst, OTHOCUTEILHO
as if kak Oynro

as long as rmoka

as much as mouru

as arule xak npaBuiIO

as ... as Tak e, KaK

as soon as Kak TOJIBKO

as such kak TaxkoBoi

as well Taxxke

as well as Tak ke Kak u

as a whole B nenom

as yet 10 cux mop

at all coscewm, BoOOIIE

at last Haxonenr

at least 1o kpaitHeit mepe

at once cpasy

at present B HacTOsLLEE BpeMs

be alike OBITE MOXO0KHM

be due to o0ycroBnuBaThCs

be of importance wumers 3HaueHUE

be of interest npeacraBiIATE HHTEpEC

be responsible for o06ycnoBnuBaTh

KpoMe, TIOMHMO, He3a-

because mnotomy 4TO, Tak Kak
beacuse of wu3-3a, BCiIeACTBHE

be concerned with xacartecs, UMeTh 1€JI0
before 1o, mpexne, nepen, 10 TOTO, MEPE
TEM KakK

beside psgom, okono

besides kpome TOrO, TOMHMO

both o006a

both...and xak..Taku, ¥ ...H

to bring about ocymecTBIATH

by means of nocpeacTsom

by no means HukouM 00pa3zoM, HU B KOEM
ciryJae

but for eciu OnI He

carry out BBIIIOJHATH

case ciy4ai

in case B ciyuae, ecnu

in the case B>TOM citydae

as is the case xak oOcrouT 1e7I0

such is the case Tak oOGcTouT 1€7I0
catch fire BocmiameHsITHCS

cause IpUYUHA

closely ouensb, TecHO

come into use HKCIOJIL30BATHCS
completely coBepiieHHO
consequently crienoBaTeabHO
considerably 3HaunTenbrHO

consist in 3akIro4YaTLCS B

consist of cocToaTs n3

data paHHBIC

date uymcio

datum pganHHasg BeJIMYMHA

deal with wumeTs geno c, paccmaTpuBarth,
KacaTbCsl

a great deal of mnoOrO

depend upon 3aBuceTb OT
depending on B 3aBUCUMOCTH OT
despite HecmoTps

differ from oTianyaTeCcsa OT Yero MO0
differ in oTaMuyaTeCa YeM MO0

due IDOMKHBIN, HAIUIEKAIIWN

due to Gmaromapsi, BciencTBue
during B TeueHme

each other npyr npyra

either xaxxnpii, m000M (M3 IBYX)
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either ... or wm ... wm

enough jnocrato4Ho

especially ocoGenHo

even Jaxe

even though naxe eciu, XoT4

except 3a UCKIIIOUYCHUEM

except for 3a uckioueHueM, Kpome

except that kpome Toro, 4ro; 3a UCKIIIOUE-
HUEM TOTO, UTO

extensively mmpoko

extremely upe3BbI4aiiHO

expose to 1oaBepraTh ACHUCTBUIO

fail ne ynmaBaThcs

few wmano

afew HeckoIbKO

finely divided wmenko pa3apoOneHHBIH
follow caenoBars 3a, ClIeoUTH

followed by c nocnegyrommm

for this purpose s >TOM HETH

for this reason 1o 3T0if mpuuMHE

for the first time BnepBbie

for the rest B ocranprHOM

for the sake of pamu

force cuna;

to force 3acraBmATH

the former ... the latter nepBsIid... mocnen-
1305071

frequently wacro

fully nomHocThIO

furthermore « Tomy e, Kpome TOTO, OOJNICE
TOTO

give off BeIIEIATH

give rise to TPUBOIUTH K, BBIPAKATHCS B
greatly ouenn

hardly exasa (yin)

have to do wumeTh oTHOIIEHUE

hold for pacnpocrpanarscs Ha

however oxHako, Kakoil ObI HY, KaKk ObI HU
in addition kpome Toro

in addition to xpome

in consequence ciieJ0BaTEILHO

in every respect (way) BO BCEX OTHOIICHUSIX
in many respects BO MHOTHX OTHOIICHHSIX
in many ways BO MHOTHX OTHOILIEHUSX

in order to (that) uToOBI

in other words npyrumu cioBamu

in part otuactu

in place of BmecTO

in some respects B HEKOTOPBIX OTHOIICHHUIX
in spite of HecmoTps Ha

instead BwmecTO 3TOTO, HAOOOPOT

instead of BMmecTO

it takes TtpeOyercs

in terms of Ha ocHOBaHWU, UCXOIS U3

in the same manner TakuMm xe 0O6pazom

in this way Takum ciocobom

in turn B cBOIO ouepenpb

in which case B 3ToM cryuae

in view of BBUIY

just as TOYHO TaK ke Kak

keep in mind nomHUTH

largely rnaBHBEIM 0Opazom

latter (the) mocnexauit (M3 yIIOMSHYTHIX )
like kak, momoOHO

a little wemuoro

make up cocraBisaTh

mean 3HAYUTh, 0003HAYATH;, CPEIHUUN
merely npocro, TOJIBKO

minute MeJbYaAWITNN, TTOAPOOHBIN

much wMHoOro, ropazio (mpunaraTenbHOE B
CpPaBHUTEIBLHON CTETICHN)

most of GoNBIIMHCTBO, OOJIBIIAT YaCTh
namely (viz) a umeHHO
nearly mnoutu

neither ©Hu oxuH U3
neither ... nor Hu ... HU
no longer Ooubiie He
no matter HE3aBUCUMO
not at all coBcem He
not only ... but (also)
(Takxe)

Nnumerous MHOTOYMCIICHHBIM

on account of BciencTBHC

once more ere pa3

on the contrary HanpoTus

the only enuHCTBEHHBIN

other than kpome, momumo

otherwise wHaue, B IPOTUBHOM ClTydae
over CBBIIIIC, HAJ

outline kpartkoe comep)kaHue, OCHOBHBIC T10O-
TIOKeHUsT; 00pHCOBaTh, OYEPTUTH, U3J1araTh
owing to BcleacTBHE

partly yacTtuyHO, OTHaCTH

particular ocoOwrii

in particular per B uacTHOCTH , B

prevent from wMemarh, MPENsSATCTBOBATH
provided mpu ycnoBuu, ecnu

quite coBceM, BIIOJTHE

range KoueOarbcs (B OMPEEIICHHBIX Mpe-
Jenax)

HC TOJIBKO ... HO
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rather n0BOJLHO

rather than a ne ..., ckopee uem

readily merko

reduce to BoCCTaHaBIMBATH (XHMM.), JIOBO-
JIUTH 110, YMEHBIIIATh

refer to ccruraTbes Ha

regardless He3aBUCHMO

resemble wuMeTH CXOICTBO ¢ YeM-IHOO
respectively cooTBeTCTBEHHO

result from BroITekaTh U3

result in nmpuUBOIUTH K

the same TOT ke caMblIii

scarcely enBa

similarly momo6HBIM ke 0Opazom

since Tak Kak, ¢ TeX MOp Kak, C

slightly cma6o, cierka

SO @S TaK YTOOBI

so far 1o cux mop

so far as ocKoBKY

so that Tak 4ToOBI

some HEKOTOPBIN, HEKOTOPOE KOJTUIECTBO
somewhat 10 HEKOTOpOM CTENEHU, OTYACTH
still ere, Bce ele, Bce-Taku

succeed in ynaBatbcs

such as Takoii kak

sufficiently mocratouno

take account of npuHUMATH BO BHUMaHUE
take into account y4uTBHIBaTH, IPUHUMATD
BO BHHMAaHHE

take into consideration
BHUMAaHHE

take advantage of BocIoB30BaTHCA
take fire BocmIaMeHATHCS

to take care of 3a0oTHThCSA

INpuHUMaThb BO

to take into consideration
BHUMAaHHE

take place (in) uMeTh MECTO, IPOUCXOIUTH
to take steps npuHUMaTh MEpHI

thatis To ecth

that is why BoT nmouemy

the ... the uyem ... Tem

the number of kommuecTBO

this is the case Tak u ecTb

this is not the case »To He Tak
thoroughly TmarensHo

through uepes, nocpencrsom

thus, thereby Takum o6pa3zom

treat with oOpabartbiBaTh

to some extent 10 HEKOTOPOU CTENEHU
to0 CIIHIIIKOM, TaKXKE

twice BIBOE

unless eciu HE

unlike B oTian4me oT

until moka He, 10 TeX MOp MoKa

until then 10 Toro Bpemenu

up to BILIOTH 10

way croco0, myTh

whatever kaxoii Obl HH, YTOOBI HU
whereas Ttorma kak

whenever korna Obl HU, BCAKHI pa3 Kak
wherever t1e ObI TO HU, Kyaa ObI TO HA
whether u

while moka, B TO Bpems kak

with a view to c menbio

within BHyTpH, B npenenax

the very TOT camblii, Kak pa3 TOT

yet OJHAaKo, elle, 10 CUX Iop

not yet emie He

IIPUHATH BO
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