OX OMOC ISR HOYYHO MO ODMOUNOMNMKE XYDHOA

MSMHNSHD

HA KOHBEU\

CKA3SKA CTAHET
BbIABIO ..

33975 DOADbL
NOA KOHTPOAb

HUTDb
BbiTUA.

ODMOITHMKC

AHK-koMnbioTEPbLI ~
3TO PEAABHOCTL?

OXASHMEe AMASOHKW

§ L ll i

.

WwWWwW.SCiam.ry







CEHTABPb 2006

AL

NMABHbIE TEMbl HOMEPA:

26

34

42

50

58

62

66

72

BUOTEXHONOrnun
BUODABPUKU BYAYUEIO

[aeup Belikep, PoH Beric, xxo3edp Jrkeko6coH, [hxen Kacnuur, Jpxum KonnuHs,
Mon Mopapuy, Kpuctuna Cmonke, xopax Yepy u [ipto duamn

IpuHyunst u Memoodsl, 3aUMCMBOBAHHBIE U3 MUKPOINEKMPOHUKU, NOMO2YM
6uomexHonoauu npeodonems pybesic, icomopwiil omoensiem pyuHoe Npou3so0cmso
0mM NPOMBULIEHHO20

WHO®OPMALIMOHHbIE TEXHONOINK
KOMMbIOTEPbI U3 IHK

flkoB BeHeHcoH u Axypa LWanupo

Komnwromeput, cobparHsie u3 JJHK U1 3H3UMOB, CNOCOOHBL 8LINONHSIMb BbIMUCTEHUSL,
nonyudast 8xXo0Hble OdHHbBlE 0M Opyaux HuoN02UUEeCKUX MOIeKYl U 8b10ABdAsl pe3yibmam
8 8ude GUOINEKMPUHECKUX CUSHAIO8 WL TeKAPCMBEHHBIX NPEenapamos

BMOJTUKA

HUTb BbITUA

Bopwuc I0guH

TNocnedHue docmudceHUst MeOUUUHBL U HU0I02UL HE MOJILKO OMKPbLIBAIOIM Nepeo
yejioseuecimsom Ho8ble B03MOMCHOCIMU, HO U CTNAssim pﬂa B80MNMPOCOB IMuUHecKo2o
u npasosoco xapakmepa

MEHMHMHA .

AJIbUT'EMMEP HE NPOUAET!

Mawkn Bynbc

Haii0eHbt cnocobbl 610KUPOo8AHUS. MONEKYNSIPHBLX NPOUECCO8, KOMOpble CAYHCAIm
«MYCKOBLIM MEXAHUIMOM? PA3PYULAIOULE20 TUHHOCTb 3A601e8aHUSL

®APMAKONIOrns
OYEPEOHASA ATAKA HA Ccnna

Mapu Ctuke
B nouckax ysi38umblx mMecm supycda UMMYyHOOeduyuma uenoseka ucciedosamentt
paspa6amblsamm HOB8ble JleKapCmseHHble npenaparnst

NCTOPUA TEXHUKU

CKA3 O JIOrAPUDMUNYECKOU JINHEUKE

Knudpcp Ctonn

B cepedure XX 8. 6buil cO30aHbL KOCMUUECKULL KOpabib, AMOMHbBLL 1eJ0KO0

U SEKMPOHHBUL KOMNBLIOMeEP, HO 8Ce paciemsl Mo20A BLUNONHSUIUCL C NOMOULLIO
yousumenbHO NPoOCcmo2o U Yyoo6HO20 ycmpoticmsa — no2apugdmuieckoll AuHetku

FEOrPA®UA
NMPOCTOPbI APKTUKU

AnekcaHpp [laHunos

Bonvwas uacms cyuiu Haweti cmpaHst omsisaemcest CesepHbiM 1e008UIMbIM OKEAHOM,
u CesepHblil MOpPCKOll NYmMb BCKOpe CMO}cem 8epHYymb cebe 6bLyto caasy U cmams
NnepecneKmusHbIM Mapupymom 0t MPAH3UMHBIX U KABOMANCHBLX Nepeso30K

HAYKW O 3EMJIE
POXAEHUE AMA3OHKHU

KapuHa XopH

Kax ¢gpopmuposanace camast bonvuias 8 mupe pexa? Omsemus Ha 3mom 8onpoc,
uccnedosamenit Cmo2ym o0sSCHUMb UCKoUUMenbHoe u3obunue hnopul U hayHst
8 Mponu4ecKux recax AmasoHuu
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PA3[EJIbI:

OT PEAAKLIN
CUHTETUHECKASA BUOJIorna
HYXOAETCSH B SALLUTE

50, 100, 150 JIET TOMY HA3A[

COBbITUA, PAKTbl, KOMMEHTAPUA

M [MTvunid rpynn cgaet no3vumn?

H NASA c6aBnsieT 060poThI

W Batapeliku Ha Bupycax

W [opora Ha Mapc Ha4nHaeTca Ha 3emre

B K ConHuy noa napycamu

W MonuTBa 6e3 peuenTa

W PoHp «[uHacTus» Harpagun nyywmx negaroros Poccum
B O nonb3e CNUPTHOrO 3aMOsBUTE CNOBO

W BeKoH, Kakoro eLe He 6bI10

W LlenebHbli HUKOTUH

NMPO®UJIb
HAY4YHOE NMPOCTPAHCTBO
U.M. TENIb®AHOA

TatbsiHa MNoTanosa

BHameHumsl Mamemamui, WieH MHo2UX axademuti mupa,
naypeam nouemHsix npemuii u Haepad 8 csou 93 eoda
npodoJuicaem niodomsopHY0 HaYUHYO0 pabomy, Onsiuyrocst
6onee 70 nem

MHEHUE

SALLUNTUTb UHTEJJIEKTYAJIbHYIO
COBCTBEHHOCTb

Omutpuni Muctopos

MooicHO U cmamb MUWUTLOHEPOM HA J0X00bL OM

namenma 8 Poccuu? Ha sonpoc omseudaem pykosooumens
Pocnamenma Bopuc Ilemposux CumMoOHO8

PU3UKA

3AXEYb 3BE31Y HA 3EMIJIE

Onbra 3akyTHAA

B mekyuiem 200y 00NHCHO HAUAMbBCS CIMPOUMENbCMB0
Nepso2o IKCNEPUMEHMANLHO20 MEePMOSIOePHO20
peaxmopa — UTIP

3HAHVE — CUNA
BOJIbLWOE CXXATUE

Mapk ®uwerTn

Yarce Heckobko decsimunemuil HA3a0 8 2paAHcOaAHCKOTL
asuayuu myp6oseHMUISIMOPHbBIe 08u2amett NPUL
HA CMEHY peakmusHbIM

OB30Pbl:
KHVW)XHOE OBO3PEHVE

CMPOCWUTE 3KCIMNEPTOB
Kaic cons u caxap npedoxpaHsitom nuuy om nopuu?
IMouemy 8 cmaicare ¢ 8000t 06pa3yOMest NY3blpbicu?




COURTESY OF RON WEISS Princeton University

OT PERAKLHH

CUHMemuyeckas uonozus

HYKJIAETCA B SAULHTE

nyctd 6osnee 30 JIeT IIOCIe U30-

6peTeHusa MeToJja pa3pe3aHusd

U CIIMBAHUA Pa3HOPOAHBIX
JHK npuxoauTca KOHCTAaTUPOBATh,
YTO yclexu 6MOTEXHOJIOTUU HE CTOJb
6JecTAINN, KaK O¥XUAAIOCH. BuHOM
TOMYy cTajla U HeJgocTaTodHad TOU-
HOCTb MHCTPYMEHTOB, IPUMEHAIOIINX-
cA npu MaHuAnyaanuax c JJHK.

Ilo MHeHUIO aBTOPOB cTaTbu «buo-
dabpuru GyAyIIero», MoJ0OKEHHUE e
MOKEeT KOPEHHBIM 06pa30M U3MEHUTh-
cd, ecau 6UoTexXHOJIOruu OyayT pas-
BUBAThCA TAK e, KAK dJIEKTPOHUKA
NPpH CO3/JTaHUU NUHTErPaJbHBIX MUKPO-
CXeM, MCII0JIb3ys UepapXUdecKyo op-
raHU3aINIO IIPOU3BOACTBA GOCUCTEM:
OT CHUHTE3a I'eHOB Yepe3 COOpKY reHe-
TUYECKUX JeTajel 10 GUOJIOTUYeCKUX
ycTpoiicTB. Takoit mogXoA MO3BOJIUT
U3MEHATH KJIETKHU Ha 6ojiee TiIy6oKoM
YPOBHE, CO3/1aBaTh HOBbIE OPraHNU3MBI,
M3Ha4YaJIbHO 3allporpaMMUPOBaHHBIE
Ha olpeJieIeHHbIN TUII IIOBE/ICHUA.

VYixe cefiyac MOKHO I'OBOPHUTB O 3a-
POMXJIeHUM HOBOH 06JaCTH HAYKH —
CHUHTETHYECKOU GHUOJIOTUU, KOTOopasd
OTKpoeT 6ecKkpailiHUe FOPU30HTHI Ie-
pPex MeIUIIMHOM, CeIbCKUM XO03AMU-
CTBOM, IPOMBIIIJIEHHOCTHIO, dHEpPTe-
TUKOU U JPYTUMH OTPaCIAMU HAYKHU
u nmpousBojcTBa. Ho, Kak U BCcAKUN
HOBOPOMK/JAEHHBIA, CHHTEeTHYeCcKad
6HMOJIOTHA HYK/IAEeTCA B IOJJEPKKE
M 3alluTe, MHAYe OHA o6pedeHa Ha I'u-
6esib. PacCMOTpUM JIMIIB JBE U3 T'PO-
3AMIUX €l OITACHOCTEM.

I[leppasgs — HeraTUBHOE OTHOIIE-
Hue obiecTBa. [logBIeHUe OPraHU3-
MOB, COJlepKaIlluX PEKOMOMHAHTHYIO

JHK, BBI3BIBaeT cepbe3HBIE OITace-
HUA y GOJBIINHCTBA JI0JeH, cCUUTalo-
IIUX, YTO INOJOOHBIE «<MyTaHTBD MOTYT
OBITH BpEJHBI AJIA OKPY:KAIOIIEeH cpe-
nul. K cyacTbio, HAy4HOE COO0IIEeCTBO,
npeaBUSA TAKYIO PEAKIINIO, IPEeAIIPHU-
HAJIO yIpexaaoliue maru. B gacr-
HOCTH, HeJJaBHO Ipouia KoHpepeH-
nusa Synthetic Biology 2.0, mocBAIIeH-
Has JaHHOU IpobyieMe, 3aBEePIINJIOCh
dunaHcupyemoe ®@oHzom CiaoyHa UcC-
cieJoBaHHUe, IPpU3BaHHOE pa3pabo-
TaTh MepHI 110 obecriedyeHUI0 Ge3omac-
HOCTHU OGMOMHKE€HEPHBIX paboT U IIpe-
OJI0JIEHUIO HeJoBepus K HUM. [py3
OTBETCTBEHHOCTH Ilepe]; 06IeCTBOM
M HAYKOH JIOJIKEH JIeKATh He TOJBKO
Ha Y4YeHBIX, HO U Ha OJIUTUKAX U 06-
IIIECTBEHHBIX JieATeNnsax (o npobremax
6uoamuku cm. cmamsto B.I. DouHa
«Hums 66umus).

BTopasa npo6i1eMa — HeCOBEPIIEH-
CTBO CHUCTEMBI NaTeHToBaHUA. Kak
IOYEePKUBAIOT aBTOPHI cTaThu «Buo-
dabpuru Gyaymiero», s yCIEIIHOIO
Pa3BUTUA CUHTETUYECKON GHOJIOTUH
Heo6X0oaMO, 4TOOBI pa3paboTUYUKH
HOBBIX T€HETUYEeCKUX OPIraHU3MOB IIe-
penasaiau nHGOPMAIUIO O HUX B pe-
eCTp CTaHJapTHBIX OGMOJOTUYECKUX
nerajned. Torja npu co3faHUM GUO-
CHCTEM He IIpUJeTCcA BCAKUM pas 3a-
HOBO KOHCTPYHPOBATh HEOOXOIUMBIE
9JIEMEHTHI.

Mesx 1y TeM cCOBpeMeHHas GUOoTex-
HOJIOTUA JaJieka OT AyXa COTPYAHU-
YecTBa, HAIPOTUB, B HEX IAPUT aTMO-
cepa xecTogyarnied KOHKYpPEHIIUU.
I'spu Ctukc, aBTOp cTaThH «X03d€Ba
wusHmw (BMH, Ne 5, 2006), cetyeT Ha

3anporpammMupoBaHHbIe KNeTKn
6€eCrnpeKoCIOBHO BbIMOMHAIOT KOMaHfbI,
3anuncaHHble Ha A3blke XMMUK

TO, YTO KOMIAaHUU U YHUBEPCUTETHI
HaIlepEerOHKU CTPEMATCA IIPUCBOUTH
He TOJIBKO IIeJIble TeHbl, HO U UX (par-
MEHTBI C HEYyCTAaHOBJIEHHBIMU (QYHK-
nuaMu. O6 2ToM e TOBOPUT PYKO-
BoguTenb Pocnnarenta B.I1. CumoHOB
(em.: «Bawumums uHmenleKkmyaisb-
HYto cobcmseHHocmy?). HekoTopkle na-
TEHTBI OXPAHAIOT ropasfo 60JbIINN
o6beM nHpOPMAIUH, YeM HeoOXoau-
MO ISl 3aIIlUTHI MHTEJJIEKTYyaJIbHOU
cobcTBeHHOCTH. IIo Mepe BHeJpeHUs:d
HOBBIX OMOJIOTMYECKUX KOHCTPYKIIUU
nojio6HasA MpaKTHUKA MOMKET CTaTh TOP-
MO30M JIJ1s1 OMOMETUITMHCKUX UCCIIE0-
BaHUN. YTOUHUM: /IeJIO HE B ITATEHTO-
BaHUM KaK TaKOBOM, a B IIJIOXOH €ro
OpraHU3aIUu.

Ecam 66 monBeka Hasa/ aldyHOCTh
M HEOG0CHOBaHHBIE aMOUIIUY BCTATIHA
Ha IIyTH Pa3BUTUA MUKPO3JEKTPOHU-
KU, KOMIObIOTEPHAA PEBOJIIONUA ObLIA
661 HeBOo3MOkHA. CerogHa CTONb Ke
OTBETCTBEHHBI MOMEHT HacTaJ U JJIA
6uoTexHoaoruu. M

B mupe nayku [09] cenmaGpn 2006



a0, 100, 130 NET TOMY HA3AQ

Mpownoe u 6yayuiee BceneHHon m NMpecTtynHbie Hapsaabl s Mpogenku TBopua

CEHTYBPb 1956

PASBUBAKILWAACA BCEJIEHHAA. «MpI nepecMmoTpenu
OCHOBHBI€ KOCMOJIOTMY€CKHe KOHIIENIIUU IePBOM IOJOBUHBI
XX B.: UI€H YETBIPEXMEPHOI'0 IIPOCTPAHCTBEHHO-BPEMEH-
HOT'0 KOHTHHYyMa, HICKPUBJIEHHOTO IIPOCTPAHCTBA, TUIIOTe-
3y 0 pacmmpsoiieiica BceaeHHON U Tpo6iieMy KOHEYHOCTH
160 6eCKOHEYHOCTHU KocMoca. Terneps HaM cjefyeT paso-
6paThCA C TVIAaBHBIM BOIIPOCOM COBPEMEHHOMN KOCMOJIOTHU:
pasBUBaeTCHd IU BeesleHHaA HIHU BEYHO IPEGhIBAET B COCTO-
SHUM CTATUYECKOI'0 PaBHOBECUA? BOJIBIIMHCTBO KOCMOJIO-
T'OB CKJIOHAIOTCA K 9BOJIOIUOHHON rumorese» — JXKOPAXK
T'amoB (George Gamow).

CTATUYHASA BCEJIEHHAS. 13 runoTessl 0 CTATUYHOCTU
BceleHHOU MOMKHO BBIBECTH HECKOJIbKO INOPA3UTEIbHBIX
ciaeAcTBUM. BoT aumies HeKoTOphIe U3 HUX: y BecesleHHOM
He OBLIO HadaJja ¥ HUKOr/Aa He OyAeT KOHIIA, IPOCTPAHCTBO
U BpeMs 6€CKOHEYHBI, IIOBCIO/LY B IPOCTPAHCTBE HEITPEPbIB-
HO poKJaeTcs HoBad MaTepud. BosHUKaeT BIOJIHE ecTe-
CTBEHHOE KeJaHue NPUAATh 3TUM BBIBOAAM 3MOILIMOHAIIb-
HYI0 OKpacKy. OJJHaKO IIpex/Je cleAyeT cAeslaTh BamKHOe
YTOYHEHUE: B TUIIOTE3€ O CTATUYHOCTHU BeeneHHOU nnogpas-
yMeBaeTCs, YTO IIOCTOSTHHBIMU OCTAIOTCA TOJBKO €€ OCHOB-
HBIE TapaMeTPkl, TOrJa KaK FraJIJaKTUKHU U UX CKOIJIEHU BCe
JKe U3MEeHATCsA Bo BpeMeHm» — Dpex Xoiin (Fred Hoyle).

CEHTSBPb 1906

NMOKOPUTEJIN AHTAPKTUKW. BenukoOpUTaHUIO TOJIKHBI
BIIOJIHE YJIOBJIETBOPUTH CBeIecHUA 06 AHTapKTHUIe, COGpaH-
Hble kKanmuTaHoM Po6epTom CroTTOM. UTO e OH 06GHAPY KU
rnocJje He3aGbIBA€MOI'0 BOCXOMKAEHNUA Ha aHTAPKTUYECKUHN
negfHUK? OrpoMHOE MOYTHU IJIOCKOE IIJIaTO Ha BBICOTE 3 KM
Ha/l yPOBHEM MOps, 0OJHOOOpa3Hoe HAa NPOTAKEHUU BCEX
320 KM, IPOHIEHHBIX BIlly6b MaTE€pHUKA.

FEHWAJIbHBIE KOHTPABAHAUCTDI. «Crincok KoHTpa6aH/I-
HBIX TOBapOB, BBO3UMBIX B Ilapu:K, BO3[NIABIAET aJIKOTOMIb.
Yes1I0BEK MOMKET TAWMHO IIPOHECTH JAOBOJIBHO GOJIBIION 06B-
€M CIIMPTHOTO, IPUYEM He 0053aTe/IbHO B JKeIyJKe, KaK 3TO
OOBIYHO JeJAI0T MbAHUIBL. o] :KUIeTOM HU3BICKAHHO OJle-
TOr0 JFKEHTIbBMEHA MHOI/1a MOKHO OOHAPYKUTh PE3UHOBBIN
Oy pAIOK, IIOJTHBIN aJKoroJis. BpeMeHHBIe Heyqo6CTBA C JINX-
BOIM KOMIIEHCUDYIOTCS COJIMJIHBIM GaphIIIoM OT KOHTpabaH-
JBl. A OIVH MOIIEHHUK Jlaske IbITaJICA IPOHECTU EMKOCThb
C JIOPOTUM JIMKE€POM B 3JI€ETAHTHOM IIMJIMHApPE (cM. puc.)», —
coo61aeT opuIep MapUKCKOr0 TAMOKEHHOT0 YIIPABICHUA.

CEHTS{BPb 1856

Y NCTOKOB. Jlopenn OkeH (Lorenz Oken) u aBTop «Pyau-
MeHTOB TBopeHus» Po6epT Yambepc (Robert Chambers)
MONBITAIUCE 0KA3aTh, YTO PA3JIMNYHBIE BUABI COBPEMEH-
HBIX JKUBOTHBIX He ObLIM CO3JaHBI TBOPIIOM, a Pa3BUIUCH

OneraHTHbI KOHTPa6aHANUCT, CAPATABLLMIA CIUPTHOE B LUNUHAPE,
1906 1.

B pe3yjbTaTe 6€eCUYHUCIEHHBIX BEKOB IIOCTENEHHBIX YCOBEP-
meHcTBoBaHUN. Xbio Muiiep (Hugh Miller) monHocThIO
OIIPOBEPT 9TY TEOPUIO, BEJIb U3 Hee clieyeT abCy pAHBIHA BbI-
BOJI 0 TOM, UTO BCE BEJIMKOJIEITHOE pa3dHoobpa3ue :KU3HU Oe-
peT HavaJlo B ofHOU Touke. TeM He MeHee, B cBoux «Cegax
Tsopua» oH, kak u JIyu Araccuc (Louis Agassiz), npusHaer,
YTO JKUBBIE TBAPH CO3JABAJIHUCH IIOCIE0BATEIBHO BCe 6osee
COBEPIIEHHBIMH, U, TAKUM 00pa3oM, corjamaeTcs, 10 MeHb-
el Mepe, ¢ II0JIOBUHOM apryMeHTOB, IPUBOJUMBIX CTOPOH-
HHKaMHU U/JIeU IIOCTENIEHHOI'0 pa3BUTUA BU/IOB.

F'YAHOBAS MEYTA. HekoTopoe BpeMs Ha3aJ| HpOIIeJI CIyX
o ToM, 4TO B THXOM OKeaHe 0OHApPYKEH OTCYTCTBYIOIIUI
Ha KapTax OCTPOB I'yaHo. OKUIIaxy BO€HHOro nurona «He-
3aBHUCHMOCTB» ObLJIO IOPYyYeHO o6ciefoBaTh ero. Kanuran
MepBuH coobmiaeT: «Mbl HaIeAJIUCh HAUTU HACTOAIIee TOP-
roBo€ U CeJIbCKOX03AUCTBEHHOE OIbA0PAZ0, U KOTAA MBI
npubInKaIUCh K ero 6eperaM, BCcexX HAC OXBATHJIO BOJHE-
HUe. OJHAKO OCMOTP Ha MeCTe II0OKa3aJj, YTO OCTPOB LeIu-
KOM IOKPBIT I'YCTOM PAaCTUTEIbHOCTBIO, YTO, C OJJHOM CTOPO-
HBI, CBUJETEJIBCTBYET O YPE3BBIYAHOM ILJIOJOPOJUH MECT-
HOM ITIOYBHIL, a C APYTOM — 0 ero aGCOTIOTHON 6€CII0Ie3HOCTHU
JULSL KOMMEPIIHID.
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BHULEN H3 NEYATH OYEPEJHOM HOMEP KYPHANA

Tematuka cTaTevi HOMepa, Kak Bcerga, Lmpoka
U pa3HoobpasHa.
|
Akagemuky Butanuio Jlazapesudy MMH36ypry, nay-
peaty Ho6eneeckon npemun, paga oTe4eCcTBEeHHbIX
M UHOCTPaHHbIX MPeMuit, YNeHy peaakLMoHHOro coBe-
Ta XypHana «Hayka n xun3Hb» ¢ 1961 r., ucnonHsercs
90 neT. C ero UMeHeM CBsi3aHO MHOrO 3aMeyvaTenbHbIX
CTpaHUL, 0TEYECTBEHHON Y MUPOBOW HayKW, B TOM YUC-
e 1 fABJieHne 0co60ro nopsaka — 06LEMOCKOBCKUIA
cemuHap no TeopeTtuyeckou pusnke 8 DUIAHe, opra-
HN3aTOPOM U 6ECCMEHHbIM PYKOBOAWUTENIEM KOTOPOro
B Te4yeHune naTnaecaTun net 611 B.J1. TMH36ypr. «[po-
LSO y>X€ HECKOMbKO NeT 6e3 cemuHapa Butanua Jla-
3apeBuya, — NULLET OAVH U3 ero y4acTHUKOB JOKTOP
(hU3NKO-MaTemaTn4eckunx Hayk B. BeckuH, —a s no-
CTOSIHHO NOBJIIO C€65 Ha MbICIU, YTO YTPO CPEeAbI HEMb-
31 3aHUMaTb HUKaKUMV fenamMu. 3To feiiCTBUTENTbHO
6blf1a YacTb Hallen XUsHu. M, Moxer, 6bITb, nydlias
ee 4acTb».
NMop6opka «AkageMuk MH36ypr u ero ceMuHap».
|
B 1910 ropy neten conucta Ero Mimnepatopckoro
BenvyectBa TeaTtpa ®.U. lWananuHa He npuHumanu
B lywKuUHCKNN (AnekcaHOpOBCKUIA) NuLen ns-3a
KPECTbSAHCKOrO NPOMC-XOXAEeHUs oTua. CTONbINWH-
ckune pedopmbl, HavaTble nocne pesontouum 1905 .,
He MOrnu KOMMNeHcupoBaTb ABYXBEKOBOE Npomeasie-
Hue ¢ pedopmamu B Poccun. Bpems, oTnyuieHHoe
ncTopuen, yxe Nctekno. JecaTkn MUNIIMOHOB «3JbIX
MY>XXWKOB» C UX TOTaNIbHON HEHABUCTbIO K 06pa3oBaH-
HOMy Knaccy ob6ecne4unv no6eay 6onbLiesmM3ma.
Ct. «B nouckax cepmsikHoOM npasabi».
|
Kak 6bl Bbl OTBETUIIM HA BOMPOC: 3a4eM pacTeHusi Mof-
KapMvMBaloT opraHnudeckumu ynoépeHunamn? Begb
pacTeHus B npouecce HOTOCMHTE3A CO3[AT HEO6-
XOAMMYIO OpraHuky. /inu, BoT 3apaHue: Bam Nopy4eHo
CpaBHUTbL rynnu, nAryLek, rony6en, nowaanewn, Kowek
1 co6ak no cnoco6HOCTU K 06yHeHuto. OnumTe, Kak
Bbl GyieTe NPOBOAUTL IKCMEPUMEHTbI AN peLleHns
3TOM 3ajayu.
CpaBHUB NPUBEAEHHbIE B XypHasie OTBETbl HA AaHHbIe
W Apyrvie BOnpockl, aBUTYPUEHTbI MOTYT NPOBEPUTL
CBOM 3HaHWS, a YnTaTeNIm — NoYepnHyTb KOe-4TO HO-
BO€ Ans cebs.
Ct. «XoTUTE cTaTh 6MONOromM?»
|
Kakas BaniooTa Mupa Hauy4ylinum o6pasom 3ailuie-
Ha oT nogfenkun? Bonrapckuin neB. KOHKPeTHO — Ky-
niopa 20 NeBoB, BbiNyLLEHHas B ceHTs6pe 2005 roga
no cny4ato 120-netus 60aArapcknx 6ymMaxHbIX geHer.
3pecb NPUMEHEH HOBBIN TPIOK, HE MOAAAKLIMUIACSA MO-
BTOPEHUIO JaXe B CaMblX XOPOLLO 060pYyAOBaHHbIX
hanbLUMBOMOHETHbIX MacTEPCKMX (BO BCSKOM criyvae,
noka He nogpatwowuiics). HoBbIi 3aLLUUTHbLIN aNeMEeHT
He 3ps MOSBUIICS UMEHHO Ha 60NIrapCKMUX AeHbrax.
3peluHre hanblLIMBOMOHETHUKM CHUTAIOTCA CambiMy
KBanMULMPOBaHHbIMU B MUPE.
CornacHo NporHo3y 6pUTaHCKMX aCTPOHOMOB, YNNoT-
HeHue o6ra4yHoro nokposa 3eMnu n3-3a rnobanbHo-
ro noTenneHnsa npueeaeT K Tomy, 4To nocne 2050 r.
Has3eMHble ONTUYECKUE TeNlecKonbl oKaxyTcsa 6ec-
nosiesHbIMU.
Moxurble HeMLbI MPeAno4MUTaloT CaMyto BbICOKOKa4e-
CTBEHHYI0 11 JOPOryI0 TeXHUKY. [1eno, BUAUMO, B TOM,
YTO HAaKOMUTbL HeMarble CPefAcTBa Ha TaKyto MOKYMKy
yAaeTCs TONbKO B CTAPOCTU.
NMoa6opka «O YeM NULLYT Hay4YHO-NOoNyNApHbIE
XKYpHanbl Mupa».
|
[epoil yHUKanbHbIX 6UONOrNYECKNX 3KCNEPUMEHTOB
«CBOGOAHON XM3HU Ha OCTpPOBE» LUMMnaH3e boli cTa-
POCTb NPOXWN B 300Mapke 1 ymep oT MHapKTa.
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/08 MOTYT CTATh YHHBECAMNEHLIM

[leHb 3a AHEM, rof 3a rofjOM BETEPUHAPHbIV BpaY 30-
onapka ropoga [ywaH6e Habnogan 3a CBOUMU NU-
TOMLIAMU, POCIIO HE TONIbKO MacTePCTBO B 06paLLeHNK
¢ 6paTbiMM HALUMMU MEHBLUUMU, HO U YACNO 3anos-
HEHHbIX CTPaHWL B 61I0KHOTax. Tak NosiBUNUCH 3anu-
CKM BETEpUHAPHOro Bpaya, nybnukaumsa hparMeHToB

KOTOPbIX Ha4YaTa B CEHTAGPLCKOM HOMepe XypHana.
Crt. «Bo¥i n gpyrue (M3 3anMcok BeTepuHapHoro
Bpaya)».

|

CPEOCTEOM
THEOpaKOBOH Tepanuy ® CTonet Kasag s Poccim
NOABHNMCE NOPTPETL PYCCKHX Nk
CATENeH, M3roTOBNEHHLIE C NOMO-
LLii-HD MHOMVX RCATKOB ThiCAY BYKE
@ B EBpone HeAaBHO CHOBA yco-
BEPLUEHCTEOBANM BENOCHNED,

«HAYKA | KH3Hb»

CTOPYHYECKON

ISSN 0028-1263

HAYRA N shll3Hb

& Awapemink B. 1. Tunzbypr: alag Gt
MHE XOTENOCH NEPEAATE YHTATENH MO
HHTEPEC K TOMY, KK YCTPOEH Mupls
® UYTo TaKDE YCNEX B KOHTEKCTE £4eno-
Bex W oGiecTeos ? @ KaracTpodb1 HMKorga He cTa-
HOBATCA NPOLLNGLIM— 00 3TOM CBMOETENLCTBYET
YepHobbink @ BnokaToph pocTa KpOBEHOCHLD CO-

npo-

Bbl yBnekaetecb 6uceponneteHnem? Torga a1o gns
Bac — TEXHWKA U3roTOBNEHUS BUCEPHbBIX MUHMATIOP,
CMJIETEHHbIX B KPECTUK.
Cr. «MaTpelwka us 6ucepa».
|
3aK4nTesNbHbI aKKOPA CafoBoro ypoxas — nosa-
Hecnenble copTa 3eMsHUKW. OHU paaytoT rnas, no-
Xanyw, paxe 6onblue, 4eM CBepXpaHHue.
CT. «3eMnsiHNKa B 9KCTPEMaJsibHbIX YC/IOBUSX».
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NMUYUL 2[UNN caacr nosnymm?

B ceHTs6pe Ha 6ase
cneymanmu3npoBaHHOW
KnnHnkn HAU

rpunna PAMH

B CaHkT-lNeTepbypre
3aBepLiaroTcs
NCNbITAHUA BaKLMHBI
NPOTMB NTUYLETO
rpunna

IITupokoe pacrpocTpaHeHUE BUPYCOB
rpunna nTHll, BeI3BaBllee Gecrpere-
JEHTHYIO 3IIM300THUIO, pa3pa3uBIIy-
1oca B 2003-2004 rr. cHavaia B cTpa-
Hax IOxHON A3un, a IOTOM U BO BCEM
MHpE€, a TaKKe y9acTUBIINUECH Caydan
3a601€BaHUS JTIOJIEH C BBICOKUM YPOB-
HEM CMEPTHOCTH (II0 IIOCJEHUM JaH-
HBIM BO3, ¢ 2003 1. B Mupe 3a6onenu
233 4yeJIOBEK, U3 KOTOPBIX HE CMOTJIU
criacTy 135) cozgaroT peasibHyI0 yrpo3sy
Pa3BUTUA MIAHAEMHUH ITUYbETO I'PUII-
na. B wactHocTH, B Poccuu nepuonu-
YyecKas UPKYJANMA BUpyca rpunna
H5NI1 Ha woro-3anajge CuGUpu MOKET

IIPUBECTU HE TOJIBKO K 3ab60JIeBaHUIO

JoMallHed NTHUIBI, HO U K paclpo-
cTpaHeHUIo UHPEKIINU cpeau JIofel,
KaK 9TO IIPOUCXOJUT B pPAJE CTPaH.
IIpuuem B HpoHe3uu u TaunnaHpae
IPEAIIOIOKUTENBHO OBLIN CIIydYaH Ie-
peaadu BUpyca oT YeJOBEeKa YeJIOBEKY.
B Poccuu ciy4yaeB 3a6oseBaHUA cpe-
IV JTI0JIefl He 0TMedYasoch, HO B A3ep-
bGatig:xaHe 3a6oyie1u 8 4YeJIOBEK U I10-
rubam 5, npuyeM B OCHOBHOM K€H-
IIITHBI ¥ TOJPOCTKU: JIIOAU 00V paIu
neppA ¢ morubmux jgebeneit u 3apasu-
JINCH, BABIXas 00pa3yIolyIocsa MeJIKO-
JVICTIEPCHYIO IIBLIb.

Y1o6Bl HE JONYCTUTH PACIPOCTpa-
HeHHUA 3ab6ojreBaHUA, HEOOXOAUMO,
Ipex/ie BCEro, co6I0ieHue CAaHUTap-
HO-TUTMEHUYECKUX, KAPaHTUHHBIX
M UHBIX Mep 6€30IIaCHOCTH, PaHHAA
JUArHOCTHUKA (SKOHOMHUYECKHUH yIrepo,
HaAHOCHUMBIH 110601 NHDEKI e, Tem
HHUIKE, 4YeM paHbIlle CTaBUTCA JHa-
rHO3), OMOMOHUTOPUHT, 3PPEKTUB-
HBIE CPeJICTBA JUIS JIeUYeHUs, a TaKiKe
npodUIaKTUKA BO3HUKHOBEHU 3a00-
JIEBAHUM, B TOM YHUCJIE U cO3JaHue -
($EeKTUBHBIX BAKIIUH.

B cBA3u ¢ 5TUM MHUHUCTEPCTBO 34pa-
BOOXPAaHEHUA U COLUAIbHOTO pPa3BU-
TUA PO BhIZIE)IAET B KAYECTBE IPUOPU-
TeTHOH 3ajjayy B paMkax HanpoHasib-
HOM IIPOTPaMMBI 3aIIUTHI HaCEJIeHUS

Poccuy oT maHAEMUU ITUYBErO I'PUII-
rna paspaboTKy U OpraHHU3aIlHIo IIPOo-
MBIIIIJIEHHOTO BBIIIyCKA BAKIIUHBI IPO-
TAB mTaMMa H5N]1 1 Ipyrux aKTy-
aJbHBIX BUPYCOB I'pUINa, KOTOPEIE,
110 IPOTHO3aM CIENMAaJIUCTOB, MOTYT
nNpuiTHU eMy Ha cMeHy. Hak B Mupe,
Tak U B Poccuu mpoaoIKaoTCsa UH-
TEHCHUBHBIEC Hay4YHbIE U KIUHUYECKUE
HUCCIeJ0BAHUSA HOBBIX BAKIIMH, OIIpe-
JIeNAI0TCS OITUMAaJIbHBIE CXEMBI, 103bl
u cnoco6bl UX BBeJleHUd. K HacTosame-
My BPEMEHHM Ha Pa3IMYHBIX CTAJUAX
KJIMHNWYECKOTO U3y4YEHUs B MUPE Ha-
xoauTcs 6onee 30 BAaKIIUH, CO3JaHHBIX
Ha OCHOBE PEKOMEH/IOBAaHHBIX Bcemup-
HOM opraHu3alnuen 3[paBoOXpaHeHUsd
aKTyaJbHBIX IITAMMOB BBICOKOIIATO-
TeHHBIX BUPYCOB I'PUIINA IITHII.

B pamkax corpyaHudectBa ¢ BO3
B Poccum npoBoaATCA INIMPOKHWE KJIN-
HUYECKHME UCIIBITAHUA IPOTUBOT PUII-
MO3HBIX BAKIIMH Ha OCHOBE Pa3IMYHBIX
PEeKOMOMHAHTHBIX HIITAMMOB BHpycCa
H5N1. B ToM 4uCjie 9KCIIEPUMEHTHI
uayT U B HannosnajJbHOM LIEHTPE NpU
HUU rpunna PAMH (r. Cankt-IleTep-
6ypr), BomeameM B coctaB 112 meH-
TpoB BO3 mo rpunny, BKJIIOYEHHBIX
B MMPOBYIO CETbh MOHUTOPHUHTA 3IIHU/I€-
MMUOJIOTUYECKOU cuTyanuu. B naHHBIN
nepuoj Ha 6ase crenuaaiu3upoBaH-
Hoit knuHuKu I'Y HUU rpunna PAMH
3aBEPIIAIOTCA KJIUHUYECKHE HUCIIBI-
TaHUs OT€YECTBEHHBIX I'PUIIIIO3HBIX
MHAKTUBUPOBAaHHBIX BaKIIUH, pa3pa-
6oTaHHBIX HITO «MUKpOreH», IIpous3Be-
NeHHBbIX Ha ocHoBe mramMma NIBRG-14
(tunn A/H5N1) — cy6'beAUHUYIHOM BaK-
nuHbl «OPHU®DJIIO», cop6upoBaHHOMU
Ha rujapookucHu anomuHua (OPHU),
U IoJUMep-CcyObeJUHUYHON BaKIU-
HbI (BCTUTIIC).

B cpaBHUTEIBHOM KJIMHUYECKOM HC-
ciaegoBaHUM, HadaToM B uioHe 2006 1.,
ONpUHAIKA ydacTue 120 30poBBIX J0-
GpOBOJIBIEB, NOANUCABIINX UHPOP-
MUPOBAHHOE COIVIACHE O MEKyHAPO/I-
HBIX HOpMaX IIPOBEJEHUA HCCIe0Ba-
HUH C y9acTHEM 4eJoBeKa B KadyecTBe
ucneitryemoro (cm.: FOOun B.I. Hums
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CObbITHA, MAKTbI, KOMMEHTAPHH

6bimus). BaknmHaMu IPOTUB ITUYbE-
ro rpunmna 6blIU IPUBUTH 120 My«K-
YUH U KEHIIUH B Bo3pacTe oT 18
no 50 yeT, pasjiesieHHbIE HA 6 Irpynn
o 20 yesioBeK B Kaxkaou. CorjiacHoO
NPOTOKOJIy UCCIEJOBAHUSA, BAKIIUHBI
BBOJUJI BHY TPUMBIIIIEYHO B COOTBET-
CTBUM C MHCTPYKIUAMU IO IIPUME-
HEHHIO, IT0CJIeJoBAaTeJbHO IIepexoas
OT MeHbIIIe! K 6oapmeit gose. [Ipesn-
BapUTeJbHBIE PE3yAbTaThl CBUJE-
TEJIbCTBYIOT 00 yIOBJIETBOPUTEIbHOMN
IIePEeHOCHMOCTH BAaKIIMHHBIX IIpema-
pPaToB U OTCYTCTBHUHU ITOGOYHBIX pe-
aknuil. ITo JaHHBIM JOKJIUHUYECKOTO
N3y4YEeHHUA Ha dKUBOTHBIX, CAMBIX 3Ha-
YHUTEJbHBIX PE3yJbTaTOB OXKUAAIOT
OT Cy6peAUHNYHON BAaKIIMHBI HA TU-
JPOOKUCHU aJIIOMUHUA. [l fJanbHen-
nIero IoBbINIeHUs €€ 9P PEeKTUBHO-
CTU HaYaThl UCIIBITAHUA I10 OJJHOBpeE-
MEHHOMY HNPHUMEHEHUIO BAKIIMHHOTO
npenapata ¥ UMMYHOCTUMYJIATOPOB,
B YaCTHOCTH, UHTep(depoHa ramma.
PaspabaTrbiBaeTcsa HOBafA CTpaTerus
BakmuHanuu. K HacroamemMy Bpeme-
HM 3aKOHYEHa BTOpasd BaKIMHAIUA

M HCCJIEAYIOTCS 3allUTHBIE CBOMCTBA
BaKIUH, T.€. CHOCOOHOCTb CTUMYJIH-
poBaThk o6pa3oBaHUE AHTHUTE] K ITU-
gypeMy rpumniy. OKoH4YaTeJIbHbIE pe-
3yJbTAaThl OYyAyT IOJYYEHBI K Cepelu-
He ceHTAGpa 2006 1.

TTo MHEHUIO CIIEIIUAaJINCTOB, Poccuii-
ckaa Penepanysa MOKeT IIPOU3BOAUTH

Ce30HHBbIE MPOTUBOIPUIIIIO3HbIE BaK-
IIUHBI ¥ BAKI[MHY-Pe3epPB IPOTUB BU-
pyca H5NI1 B o6beme 0 60 MJIH. 103,
a B ciaydae naggemMuu — g0 500 MiH.
103, 1 obecrnedynuBaTh aKTyaJIbHBIMU
BaKI[MHAMU IpyTHe CTPAHBI.

TuHa KaTaeBa

1001 CYLIAKT

www.narodinfo.ru
TpaHcnauua online

B Mockse
B Camape
B MypMaHcke
B KpacHopape
B FopHo-AnTancke 68,00mry

612kry
1107ﬂu
68,21mry
68,72mry
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ASd coABNRET 060POTLI

[MpoekT no o6HapyXeHuno NnaHeT 3eMHOro Tuna, 4acTbio

KOTOPOro AOMKHbI 6bINN CTaTb N306PaKeHHbIe Ha PUCYHKE
Tennon3onMpoBaHHble opéuTanbHble TeNecKornbl, 0ka3ancs B Ynucne
MHOTMX Hay4HbIX Muccuit NASA, nonasLUnX NOJ COKpaLleHne 13-3a
pedopmbl 6r0aXeTa areHTcTBa

Korzpa aBa roja Hasaj Npe3ujeHT Jmxopax By o6bABMI
0 HAaMEPEeHUU CHAPAJAUTb OYePEJHYIO JIYHHYIO 9KCIIEe/M-
U0, MHOTHE OIlacaJIMCh, YTO YYEHBIM IIPUJETCS IOTYkKE
3aTAHYTH nosca. OJJHAKO cyMMa, Heo6XoauMas A1 co3/a-
HUA MMJIOTHUPYEMOTO0 HccieloBaTe/bCcKoro anmnapara (Crew
Exploration Vehicle, unu CEV), KOTOPBIN J0JI:KEH IPUNHTH
Ha CMEHY KOCMUYECKHUM IIaTTIaM, U ero nojera Ha Jlyny
K 2020r., oKasajgach He CTOJIb 3200JJaYHON U BIIOJIHE MOT-
J1a GBITH IIOKPBITA 3a CYET COKpalleHus GUHAHCUPOBAHUA
NporpaMM IOAAEPKKU IIATTI0B U Mexk1yHapOogHOU KOCMU-
geckoli craHuuu (MKC). Bojiee Toro, ocyIecTBIATh IPOEKT
NJIaHUPOBAJIOCH 10 CTPATErUH «IIOJIETUT, Korjaa OyAyT NeHb-
I'», 9YTO IO3BOJIAJIO B ciydae feduiura 6ro/:eTa IIpocTo
OTKJIaJbIBaTh ATy I10JI€TA, 4 HE 3aBEPIIATh IIPOEKT 3a CYET
COKpalleHusA MaTepUAJbHOro obecredyeHud ApyTrux Ipo-
rpamMm. Takum o6pas3om, Ka3ajaocCh, YTO AJId YCIEITHOI'O OCY-
IIeCTBJIEHUA MUCCUH Oy1eT JOCTAaTOYHO BeCbMa CKPOMHOTI'0
JIOIIOJTHUTEIbHOI0 (PMHAHCUPOBAHUA B IIEPEXOHBIN MEXK Y
BBIIIEYIIOMAHY THIMU IIPOEKTAaMU EPUO/I.

OaHako, BUAUMO, CKENITUKU OblIM nNpaBel. B despae
2006 . B 6r0/13eTe NASA ObLI OITyGJIMKOBAH JJIMHHBIHN CIIU-
COK Hay4YHBIX IIPOEKTOB, IIONIaBIIMX 110/ COKpalleHue Qu-
HaHCHPOBAHUA: OT COyTHUKA «EBpoma» 70 KOCMUYECKOH
rpaBUTAIIMOHHO-BOJIHOBOM o6cepBaTopum. BrojkeT MHAM-
BUJYAJIbHBIX UCCIEJ0BATEIbCKUX I'PAHTOB OBLJ COKpAIleH
Ha 15%. CoTHU CIIENUAIUCTOB YiKe IOy YU YBEIOMIICHU A
0 IIpeKpallleHNH (pUHAHCUPOBAHUA UX IIPOEKTOB. B ¢esBpa-
s1e 2006 r. B BBICTYILJIEHUU IIepes KoHrpeccoM Manki I'pud-
buH, agmMuHucTpaTop NASA, 3asBUI: «BBINOJIHEHUE HAIINX
06s3aTeabCTB 110 Meixk/IyHapoJHOH KOCMHUYeCKOY CTaHIIUHU

u BBeJileHUe B cTpoii CEV k 2014 1., a BO3MOKHO, U 3HAYU-
TeJIbHO PaHblIle, HA JJ]AHHBIY MOMEHT JIJIA HAC HAMHOT'O BakK-
Hee, YeM IToIIaBIIIHe II0/] COKpallleH1e (pHAaHCUPOBaHUA Ha-
YYHBIE IPOEKTHD.

Hauauio kpusucy 6GbLJIO IIOJIOKEHO ellle I'oJl Has3ajl, Korjaa
agMUHHUCTpanua Byiia oTkasanack NpeJOCTABUTH JamKe
obemnraHHbIe HeGobIINE cpefcTBa Ha IpoekT CEV B nepe-
XOAHBIA mepuoj. 3areM yparaH KarpuHa paspymmua 6a3sl
naTTiaoB B Muccucunu u JlynsuaHe, a TaKKe IIPOU3OIILIIO
cokpaleHue ¢enepanbHOro 6oKeTa B CBA3U C GUHAHCH-
poBaHueM BoMHEI B lpake. Ho caMbIii meyaabHBIN CIOPIIPU3
npenogHec aHaJIN3 cuTyanuu ¢ martiamu 1 MKC: okasa-
JIOCh, UTO IIPOEKTaM TPe6YIOTCA JONOJHUTEIbHbIE JEHbIU
($2 mupa.) TonbiTka M'pudpuHa MoNIydIUTh CpeacTBa B all-
MHHHCTPaLlMU Npe3neHTa OKOHYMIACh HeyAadel — emy
TIOPEKOMEH/I0BAJIH U3BICKATh X B OI0/’KeTe ar€eHTCTBA.

Taxkum o6pasomM, B rtepuog ¢ 2007 o 2011 rr. HayYHBIE
IIPOEKTHI IOTepAIT $6,4 Mipa., T.e. 20% Bcero ¢GpUHAHCH-
poBaHUusdA. ClIO}KUBIIAACA CUTyaIlUs Pa3UTEIbHO OTJINYAEeT-
CA OT CTpATeruy, aHOHCUPOBAHHOM ABa roja Ha3aa. CaMblit
TSAMKEJIbIN yAap IMpHUIlleJIcA Ha IJIaHEeTapHbIE NCCIeOBAHUS:
JIEHEKHbIE BJIOKEHUS B IIPOEKThI U3 9TOU I'PYIIIHI OBLIO ype-
3aHbl HAa 40%. 1o 2010 r. ImaTTJIBI COBEpLIAT JUMIb 16 BMeCTO
3anJlaHUpoBaHHBIX 28 nosetoB K MKC. 9To 6yayT nocuen-
HUE NUJIOTHPYeMble KOCMUYEeCKUE M0JIeThI, KoTopble CIIIA
cMoKeT cebe IT03BOJIUTD, BILIOTH /10 BBoia B cTpoi CEV.

ITo cnoBam I'pudpduna, Takada pedpopma GroakeTa — Bpe-
MeHHas Mepa, Heobxogumasd, 94ToObl peaHUMUPOBATh ITHU-
JIOTUpyeMBbIe oeThl. OJHAKO MHOT'UE CUUTAIOT, YTO IPO-
€KTBI, PACCYUTAHHBIE HA HECKOJIBKO JIET, TPEOYIOT IoCIe-
JloBaTeJIbHOCTU B (GMHAHCUPOBAaHUU. B peaynbTraTe TaKuUX
KapAHHaJIbHBIX pedopM OI0/KeTa areHTCTBO IIOTepAeT Ha-
IOJIOBUHY, @ B HEKOTOPBIX CJIy4asdX U IIOJTHOCTBIO CO3/laHHbIE
YCTAHOBKH, PABHO KaK U II0JIyYeHHBIN B pe3yJIbTaTe KPOIIOT-
JUBO¥ paboThI OOBIT. ITO TAKIKe IMPUBEIET K npobesiaM B
HaKOIIEHUHU JaHHBIX, YTO B IIEPBYIO OUYepeab KacaeTCsa MO-
HUTOPHUHTa KauMaTa 3emin. [Ipo6iemel ¢ 6104:KeToM ObLIN
y NASA u paHbllle, OfHAKO PEKO OHU IIPUBOAUIIN K CTOJIb
Cepbe3HBIM ITIOTEPAM.

ITo muenurto Jlenapaa ®ucka (Lennard Fisk), npeacenarens
JlemapTaMeHTa HMCCiIeJoBaHNA KocMoca B HarmoHatbHOM co-
BeTe€ I10 UCCJIeIOBAHUAM, celfyac areHTCTBO IIPUHIIUITHAIb-
HO MEHSET CTPATEruIo, HO3TOMY HBIHEIITHUU KPU3HC CIIOMKHEE
npeabIAyIuX. BecnipeneeHTHOe cokpallieHrue GUHAHCUPO-
BaHMA HAYYHBIX TPAHTOB, KOTOPOE caMo 1o cebe cTaJo 6oses-
HEHHBIM y/1apoM JIJIfl yYE€HBIX, OKa3bIBaeTcH ellle 6oJiee o6/ I-
HBIM, €CJIU y4eCThb, YTO HA HEM areHTCTBO 9KOHOMUT JIUIIb
$80 MutH. [lenapTaMeHT UCCIIEN0BAHUSA KOCMOCA PACCMATPH-
BaeT BO3MOKHOCTBH COXPAHEHUS GOJIBIIEro Yucjia FPaHTOB
¥ MaJjbIX IIPOEKTOB 3a CYET YIIPOILIEHUS U IPOAJIEHUSA CPO-
KOB peayin3anuu 6ojiee KPyIHBIX IPOEKTOB. B HECKOIBbKUX
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OTKJIOHEHbI

m Kocmunyeckasn o6cepeatopus Ans HabnogeHnn 3a knuma-
ToM DSCOVR (Deep Space Climate Observatory)

B [eocTaunoHapHbIi Dypbe-CNEKTPOMETP C BO3ZMOXHOCTbLIO
nocTpoeHus nsobpaxerun (GIFTS, Geosynchronous Imagi-
ng Fourier Transform Spectrometer)

M MpoekT «[mgpoc» (Hydros)

B Annapart no nccnepoBaHuo obnefeHensix nyH KOnutepa
JIMO (Jupiter Icy Moons Orbiter)

m AyTpurepHble Teneckonbsl O6cepsatopun Keka (Keck Out-
rigger Telescopes)

H Cepusi MapcuaHcKux «pa3BefynkoB» (Mars Scout series)
B TeneKkoMMYHVKaLMOHHbIN cnyTHUK Mapca (Mars Teleco-
mmunications Orbiter)

B MaccuB TeneckonoB A9 SAEPHON CNEKTPOCKONUK
(NuSTAR, Nuclear Spectroscopic Telescope Array)

OT/IOXKEHbI HA HEOMPEAEJNEHHbIVN CPOK

m «CosBespgue-X» (Constellation-X)

B Kocmuyeckasn aHTeHHa Ans nasepHoun nHTepdepomMeTpun
(LISA, Laser Interferometer Space Antenna)

MHorve Hay4Hble nporpammbl NASA 6yayT OTNIOXEHbI UM BOBCE OTKNOHEHbI B pe3ynbTate nepepacnpeneneHvs cpescTs
areHTCcTBa AN5 AOMONHUTENbHOro (hMHAHCUPOBAHUA NPOrpamMMbl NOAAEPXKKN KOCMUYECKNX YenHokoB 1 MKC

M [MpoekT no gocTaBke 06pasL0B MapCUaHCKOW Mopoabl
(Mars Sample Return)

B CtpaTtoccepHas MHpakpacHass acTpoHoMMYeckasi 06-
cepBatopus (SOFIA, Stratospheric Observatory for Infrared
Astronomy)

M [TpoeKT Mo NoOWCKY nnaHeT 3eMHoro tuna (TPF, Terrestrial
Planet Finder)

OTNOXEHbI HA 1-3 TOOA

B [1pOEKT MOHUTOPVWHIra NnaHeTapHbix ocagkos (GPMM, Glo-
bal Precipitation Measurement Mission)

B Muccus nopgaepXaHua NocnefoBaTenbHOCTU JaHHbIX
npoekta «J1aHpcat» (Landsat Data Continuity Mission)

m O6uieHaymoHanbHasa cuctema MonsgpHO-OpOUTaNbHbIX
CMYTHUKOB MO MOHUTOPWHTY OKpy>atoLlel cpenbl (NPOESS,
National Polar-Orbiting Operational Environmental Satellite
System)

M [MpoeKT no kocmuyeckon nHtTepdepometpum (SIM, Space
Interferometry Mission)

M [pOEKT LUMPOKOYronbHbIX 0630pOB He6a B MHppakpacHOM
nnanasoHe (WISE, Wide-field Infrared Survey Explorer)

KPYOHBIX MUCCUAX, TAKUX KAK KOCMHUYECKUH TeJIeCKOI
«Jlaxerimc Ya66», HabmogaeTcs nepepacxoy, 6Io/KeTa, U pe-
BU3UA TAKUX IIPOEKTOB B JIIOOOM CIydae HEMUHyeMa.

Ho y kpu3uca ecTh U CBeTJIbIe CTOPOHBI. BO3MOKHO, OH
HOJHUMET HEKOTOPbIE OCTPhIe Bopockl. CTOUT JIM cpasy OT-
Kas3aTbcd oT maTtTiaoB 1 MKC mim 3aMeyINTh CTPOUTEIb-
ctBo MKC 11511 TOr0 4TO6BI yMEHBIITUTD €3KETOHbIE 3aTPaThI
Ha npoekT? Ctout nu pa3genutb NASA Ha IBa OTAEIbHBIX

areHTCTBA, OJHO M3 KOTOPBIX 3aHUMAaJIOCh ObI TOJBKO Ha-
YVKOH, a IPyroe TOJIbKO acTPOHABTUKOI? Eciiu Takoe pasje-
JIeHWe ITPOU30UJIeT, BEIUTPAET JIU OT 3TOoro Hayka? CeromHs
SICHO OJTHO: €CJIM B CJIOKUBIIIENCS CUTYyaI[UN He Gy/IeT IIPOU3-
BeJieHa JieicTBeHHas, KOHCTPYKTHUBHasA pedopMma, To Ipo-
€KT, Ka3aBIINMICA CTOJb BEJIMKUM JiBa rojia Ha3aJl, MOKeT
OCTaThCA JIMIIb KPACUBOM MEUTOH.

I>xopox Maccep

paTAPEikn Hd BUPUCAK

I'paduTOBBIE 2JIEKTPOABI OGBIYHBIX JUTHEBBIX 6aTapeek He-
IIPONOPIIMOHAJIBHO BEJIUKHU AJIA TOH 9HEPTUH, KOTOPYIO OHU
3amnacaloT. [IJ1d Toro 4To0bl CieIaTh 3JE€KTPOALI MEHEE I'PO-
MO3JKUMH, HccleoBaTeIn 06paTUINCh K MacTepaM caMo-
c6opku — BupycaM. B MaccauyceTCKOM Te€XHOJOTUYEeCKOM
MHCTUTYTE CKOHCTPyHpoBaau Bupyc M13, umeromuii Gopmy
Tpy604KHU, 6eKoBasg 060JI0YKa KOTOPOT0 3aXBaThIBaJla aTo-
MBI KOGanbTa U 3o0J10Ta. [IJIEHKY ITOJIMMEPHOTO 3JI€KTPOJIH-
Ta IOI'Py3WJIM B PACTBOP C BUPDYCHBIMU YaCcTUIlAMU, a 3aTeM
B JKHUJIKOCTB, COJEPIKAIIYIO aTOMBI MeTaJLIOB. B pesyinprare
IOy YUJICA TOHKHUH JIUCT, HOKPBITHIA MOJIEKYJIaMU OKCHUAA
ko6ajbTa U aTOMaMU 30JI0Ta. B sypHae Science coobia-
eTcd, 94To 6aTapeiika ¢ TaKUM 3JIEKTPOJIOM MOKET 3aracaThb
MOYTHU BTpoe GoJIbllle 9HEPrUuU, YeM obbluyHad. Teneps y4de-
HBIe HAMEPEBAIOTCA CO3/IaTh IPOTUBOAIEKTPO, & B JaJIb-
HeHIIIeM 1 caMocobupamInyiocsa 6aTapeiky.

O>x. Munken
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(0p0cd Ha MA[IC HAYHHAETC HA SEMAE

«OT MEUTHI O MEKIIJTaHETHBIX IIyTe-
IIeCTBUAX MBI HAKOHEII-TO MEePEeIIn
K TOMY, YTOGBI oTpabaThIBaTh HA 3eM-
Jle TeEXHOJIOTUU Oyayliell MapcuaH-
CKOM aKCIeAUIUN», — COOOIIUI AHU-
pexTop 'ocygapcTBEHHOrO HayYHOI'O
neatpa P® NUHcTHUTyTa MEeIUKO-6HO-
snoruyeckux npob6iaem PAH, akageMuk
PAH AHatonuii ['puropbeB Ha TpUHA-
aTou KOH(pEpeHITNU 10 KOCMUYEeCKON

OMOJIOTUY 1 @aBUAKOCMUYECKOU Meau-
I[IMHe, KoTopasd npouwia B PAH.

I[IporpaMma KoHpepeHIUHN ObIIa
BeCbMa OOIIIMPHO: YeThIpe JHSA B IBYX
3ajax 3By4aJId JOKJIaJbl, IIOCBAIIECH-
Hble 1 QyHJaMEeHTaJIbBHBIM UCCJIeI0Ba-
HUAM BIUSAHUSA CIIEIUPUIECKUX YCIIO-
BHUI KOCMHYECKOTO IToJieTa (IIpex/ae
BCEro, MUKPOTpaBUTAIINY) HA KUBbIE
OpPraHM3MBbl, ¥ IIPUKJIATHBIM aclleKTaM
MEIUIMHCKOI'0 06eCcreYeHN A KOCMUYe-
CKUX II0JIETOB, B TOM YHCJIE JJIUTEb-
HBIX. 3aKJIOUUTEIbHAA ceccus Oblaa
IOCBAIIEHA MEJUKO-GH0JIOTNYEeCKUM
npob6yieMaM OyAyIIUX MEKIIJIAHETHBIX
II0JIETOB.

ITocnenHAA TeMa BbI3BIBAET OCOOEH-
HBII HHTEPEeC B CBA3HU C IJIAHAMM IIPO-
MBIIIIJIEHHOT'0 OCBOEHUA JIyHBI U ITHJIO-
THPYEMOTO IT0JIeTa C BBICAIKOM KOCMO-
HaBTOB Ha Mapc. B HacTosdAIee BpeMs
OPUEHTHUPOBOYHASA JaTa JYHHOU 9KC-
negunuu — 2015-2020 rr. MapcuaH-
CKasf iKe MOKET COCTOATHCA He paHee
2030 r. OgHaKO, YTOOHBI CKAa3Ky cle-
JIaTh ObLIBIO, YUYEHBIM U MHIKEHEpaM
MIpPEeJCTOUT HANUTHU pelIeHNd psaia Ipo-
61eM. B ux 4uncie n3MeHeHUs IPaBU-
Tanuu: OyAyIMUX KOCMOHaBTOB KJET
JUIATEJIBHBIN ITepesieT B COCTOSHUHY He-
BECOMOCTH, a 3aTeM pabora Ha Mapce,

I7ie cujla TAMKECTU COCTaBJAET IIPU-
mepHO 0,16-0,38 ot 3emHo11. Kopabuio
NpeJICTOUT BBIATH 3a ITpe/iesIbl 3eMHOU
MaraHuTocdepsl, I03TOMY HEOOGXOAUMO
pas3paboTaTh CUCTEMY 3aIIUTHI OT BbI-
COKO®HEPIUYHBIX YaCTHUI] COJTHEYHOTO
BeTpa U KOCMUYECKHUX JIydei. Takmxe
HE00XOIMO YYeCTh IICUX0JIOTUUYECKUe
npo6aeMBbl, KOTOpbI€ MOT'YT BO3HHUK-
HYTb IIPX CTOJb JJINTEJIbHOM Iy Tellle-
cTBHH (IIyTh 10 Mapca JoJIiKeH 3aHATh
okoJio 230 gHelt). B mesiom e peub
HUJET O IIOJTHOM 06ecIieYeHUH aBTOHOM-
HOTO I10JIETA B YCJIOBUAX HEBO3MOMKHO-
CTH OKa3aHUS IIOMOIIU C 3eMJIU.
HakoHer, cyIIecTByeT cepbe3Has
npo6jeMa KapaHTUHA: HEOOXOAUMO
NIpeJOTBPATUTh IIONAaaHUue 3€MHBIX
MUKPOOpPraHM3MoOB Ha Mapc uiu, ec-
JIV KU3Hb Ha KpacHoll miiaHeTe Bce-
TaKHU €CTh, MAapCUAHCKUX MUKPOOOB
Ha 3eMJ. 9To 0CO6EHHO BaXHO, TaK
KaK COIVIACHO HeJaBHEMY 9KCIIEPH-
MEHTY, HPOBeJeHHOMY Ha MemxayHa-
POJHOM KOCMUYECKON CTAHIIMH, BBIHE-
CEeHHBbIE 3a IpeJesIbl CTAHIUHU CIIOPHI
rpu6GoB U MHUKPOOPraHU3MBbI OKa3a-
JINCH KU3HECIOCOOHBI U IO IIpOIIe-
cTBUM 12 MecsAneB NpeOGbIBAHUSA B OT-
KPBITOM KOCMOCE.
Onbra 3akyTHsAs

K GONHILL non napycamn

CorpyaHuku MHCTATYTa KOCMAYECKUAX
uccnegosaHuiit PAH cobuparoTcs CKoH-
CTPYUpPOBATh U OTIIPABUTH B KOCMHU-
YeCcKoe IIPOCTPAHCTBO NEPBBLIM B MUPE
anmapar C COJTHEYHBIM IAPYyCOM.
Annapat IIaHUPYyeTCA IOMECTUTh
B TO4YKYy LI, HaxoaAUyOCca MEXKAY
3emiueit u ColHIIEM HA PpacCTOAHUU
1,5 MJIH. KM OT IIJIAHETBI, TAE CHUJIBI IIPU-
TAMKEHU 9TUX ABYX TeJ c6aJaHCUpPO-
BaHBI, ¥ MAJIOE T€JI0 HAXOAUTCA B paB-
HOBECHUH, T.€. HUKYyJa HE CMeIaeTCs.

Ecnu e cHa6AUTh almnapar COJIHed-
HBIM IIapycoM, TO GyZeT BO3MOMKHO
«I€peMeCTUTh» TOUYKY JIUOpanuu 6au-
sxe K CoJIHIY, T.K. JaBJICHUE COJTHEYHO-
ro cBeTa Ha IIapyc KOMIIEHCUPYET BO3-
pacTaHHEe COJTHEYHOI'O INPUTIKEHUA
110 Mepe NPUGINKEHUA K CBETHUILY.

C moMombIo mapyca HJIaHUPYeT-
cd yIpaBJIATh ABHKEHHUEM almapa-
Ta. OJHAKO, IOCKOJIBKY UCIIOJIb30BATh
MeXaHU3MBI B KOCMOCE HeKeJIaTeIbHO
13-3a PUCKA MOJIOMKH, GBLIO PEIIeHO
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MaHUNOYJIUPOBATH OTPAKATEIbHBIMHA
crioco6HOoCcTAMMU MaTepuasa. «Ecam
IIOMECTHUThb MEKJy UCTOUYHHUKOM CBe-
Ta U UJeajibHO oTpaskarnieit goab-
oM KUJIKOKPUCTAJINYECKYIO IIJICHKY,
TO, IoJlaBasd U CHUMasd dJIEKTPUYECKOE
HaIlpsKeHUe Ha IJIEHKEe, MOKHO U3Me-
HATH €€ IPO3PAavYHOCTh U OTPAKATEIb-
HbIe XapaKTEePUCTUKU OT 3ePKAJIbHO-
ro OTPaMKEHUd [0 IOJTHOTO IOTJIOLIe-
HUA», — IOACHSAET BeAYIIINHI Hay YHBIA
corpyaHuk MK PAH Hatan 91IcMOHT.
IIpu aTOM M3MeHAETCA CUJja JaBiie-
HUSA CBETA Ha [apyc U, KaK CJIeJCTBUE,
BapbUpyeTCA ABUMKEHUE anmapa-
Ta B IPOCTPAHCTBE. AnIIlapaT MOMKeT

OGBITH UCIOJIb30BAH HE TOJBKO /IS Ha-
GJIIOIeHUs 32 COJTHEYHBIM BETPOM, HO
U J11 IPOTHO3UPOBAHUSA COCTOSAHUSA
3eMHOI MarHurTocepsl, KoTopas pea-
rUpyeT Ha aHOMAaJIMH B BBIOpOCax COJI-
HEYHOTO BelllecTBa. YeM arbIlie HaXo-
JUTCA 30H]], TEM PAHBIIIE OH IIOJIyYaeT
nHGOPMAINIO O COCTOAHUU COJTHEY-
HOTO BeTpa U, COOTBETCTBEHHO, TE€M
paHbIlle MOKHO COCTABUTD IIPOTHO3 O
MOBEJIEHUU MarHuTochepsl 3eMJIHN.
Ceifuac IpoeKT B cTaanu pa3pabor-
ku. CaMm anmnapar mJIaHUPYyeTCsH Cle-
aaTh Heb6oapmum, okoao 30-40 Kr.
Iliiomanae napyca Jis 30H4a TaKUX ra-
6apuUTOB COCTABUT O0K0JIO 500 M2,

CaMa ujesa CoJHEYHOro Iapyca He
HoOBa: eme B 70-X I'T. IPOIIJIOro BEKa
o6cysaanachk BO3MOXKHOCTD YCTPOUTD
rouky k JlyHe Ha KopabJIAX C COTHEU-
HBIMHU IIapycaMu. /[Be IOIBITKY UCHbI-
TaTh COJHEUYHBIN IIapyc COCTOSATUCH
B Poccuu, B mpoiujioM rogy u AByMs
rogaMu paHee. Torza B IpoeKkTe yda-
cTBOBaJU ABe cTpaHbl, Poccusan CIIA,
CO CTOPOHEBI IOCJIEJHEN — AMepUKaH-
CKOe€ I/TaHEeTHOE O6IIeCTBO, CO CTOPOHBI
nepBoi — MUKUM PAH u HIIO uwm. C.A.
JlaBouknHa. OHAKO BBIBECTHU alllla-
paT Ha opOUTY He yAAJIoCh U3-3a OT-
Ka3a PaKeTbI-HOCUTEJIA.

Banepusa ®epoposa

MOJUMBA 5e3 peqEnTA

Ony6nukoBaHHBIe B American Heart
Journal pe3ynIbTaThl TPEXJIETHETO HC-
cJIelOBAHUSA CTaJIN 3HAYUTEIbHOH,
HO HaBepHAKA He IOoCJIeHEN MOIbIT-
KOM NPUMEHHUTHh Hay4YHbIe MeTOJ bl
K OILleHKe BJIMAHUA MOJIUTBHI Ha 6ia-
romojayuue Jmofei. B akcnepuMmeHTe
npuHaAIU yyactue 1800 nmanueHTOB,
HOABEPraBIINXCA ONEePALIUU HA CepPJi-
ne. B TeueHue OByX HeJeJb mepes
XUPYPTrUYECKUM BMeIIATEIbCTBOM
3a 3710pOBbe GOJBHOI'O MOJIHJIACH
rpymnra Bepyomux nu3 70 He3HaKOMBIX
C IIaIMeHTOM 4YeJIOBeK. B mocieorne-
PAIMOHHBIN IIEPHOJ CAMOYYBCTBUE
HMCHBITYE€MBIX CPABHHUBAJIOChE C COCTO-
SAHHEM IIPOYMX GOJbHBIX, HE MMEB-
MHUX «I€PKOBHOU MOAJEPKKIW. B pe-
3yJIbTaTe MCCIeJoBaHUsA OblJIO 06-
Hapy¥eHO, YTO II0 BBI’KMBAEMOCTH,
YUCJY OCJOKHEHUN U UX XapaKTepy
rpPynObl HE OTIINYaINCh. EqUHCTBEH-
HOE CTaTUCTUYECKHU JOCTOBEPHOE pa3-
Ju4yre HabJI0aloCch B TeX claydadx,
KOI/IA JIIOJM 3HAJIH O TOM, YTO 32 HUX
MoaAaTcd. 1aa aTux 60IbHBIX ObLIT Xa-
pakTepeH 6ojiee BBLICOKUI yPOBEHb I10-
CJI€0IIepAIlMOHHBIX CEPAEYHBIX apUT-
muit (59% nporus 52% anasa HeocBe-
JIOMJIEHHBIX).

I'pynna uccienoBaTesnei, cocToAmas
M3 IICUXO0JIOTa, CBAIIEHHUKA U Bpaden
M3 MIECTU PA3JIUYHBIX YUPEKICHUH,

BKJII0Yad [apBap/CKyo MeIUIINHCKY IO
IIIKOJIy ¥ KJIMHUKY Malio, mpearoara-
€T, 4TO yXy/lIeHne 06yCI0BJIEHO IICU-
XOJIOTUYECKHMU IPUYrHaMU. «MI3BecT-
HO, YTO BBICOKUI ypOBEHb aJpeHaU-
Ha, BBI3BAHHBIM YyBCTBOM CTpaxa,
MOKET YCUJIUBATh aPUTMUIO», — 3asf-
BIJI HA allpeJIbCKOM Ipecc-KoHdepen-
nuu Yapaes Bere (Charles Bethea),
Bpad U3 6aIITUCTCKOIO KapAUOJIOruYe-
CKoro rocnutasa MHTarpuc — uccie-
JIoBaTeIbCKOIo LIeHTpa B ropoze OxJia-
xoma. «deJ0BeK, KOTOPHIM 3HAET, YTO
KTO-TO MOJIUATCS O €T0 BBI3JIOPOBJIECHHU,
MOKeT HEBOJIbHO AyMaThk: “Heyxenu a
TaK IJIOX, YTO OHU IIpocAT 060 MHe Bo-
ra?”», — KOMMEHTUPYET IJIaBHBIU Ka-
nejajaaH KINHUKKA Matio [lua Mapek
(Dean Marek). OH cuuTaeT, 4YTO IPOBe-
JICHHBIN 9KCIIEPUMEHT GblLJI HeJocTa-
TOYHO XOpOIIIo pa3dpaboTaH, T.K. OTCYT-
CTBOBAJI HEIIOCPEACTBEHHBIH KOHTAKT
60JIBHOTO C MOJAIMUMUCSH. JleueGHAA
cujia MOJIUTB MOMKET 3aKJII04YaTbCs He
B CaMHUX MOJIUTBAX, & B IICUXOJIOrUYe-
CKOH ITOAAEPIKKE MTaIlleHTa MOJIAIIN-
MUCS IPY3bAMU U POJCTBEHHUKAMU.

Pa6GoTra, mpoBoAguBIIAACA MPEUMY-
IIeCTBEHHO Ha JEHbI'U PEJUTUO3HOI0
donpa ixona TeMmiaToHa, o6omiack
B $2,4 MuIH.

KpucTtun Coapec

WccneposaHune nokasano oTcyTCcTBUE
TepaneBTU4eCKOro BO3AENCTBUA MONMUTBbI
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By

OcHoBarenb 1 NoYeTHbIN Npe3naeHT poHaa «AduHacTus» Omutpuii BopucoBny 3umMuH BpyyaeT
AMNoM naypeara yqacTHuLe KoHepeHumMn — monogomy yuutenio Onbre MasnosHe XKykoBoii

«BocIIUTHIBATh HOBBIE ITOKOJICHUSI 06pa-
30BaHHBIX JIIOIEH — 9TO TPyJAHAasd, OT-
BETCTBEHHAas 3ajJavya», — CKa3aJl OCHO-
BaTeJIb U Npe3usieHT poHaa «JuHa-
ctus» [IMuTpuil SUMUH Ha IIepEMOHUN
HarpamkJIeHNsd, COCTOABIIENCA B XO/e
kKoH(pepeHNH JaypeaToB Becepoccnii-
CKOTO KOHKypca yuyuteyieli GU3NKU
M MaTeMaTHKHU B HAy4YHO-MeTOJuYe-
CKOM IleHTpe Iocesika MOCKOBCKUH.
OfHaKO UMEHHO TaKyIO IIeJIb CTaBUT
nepep coboit poup «JMHACTUAY, 3aHU-
MasCh NOJIEPIKKOM HAYKU U 06pa3oBa-
HUSA B 00J1aCTH €CTECTBEHHBIX HAY K.
OnHOM M3 3ajaY €KEeroJHOro IrpaH-
TOBOTO KOHKypcCa, NPOBOAAINIErocs
¢ 2004 r., ctano o6 beAUHEHNE CAMbBIX
npodecCHoOHAIBHBIX MIeJaTOr0B B €/11-
HOE COOOIIEeCTBO, HOIEPIKKA TaTaHT-
JIUBBIX IperofaBaTesiedl, pacipocTpa-
HEHMe HOBBIX 00pa30BaTeIbHBIX METO-
JIVIK, TIOAHATHE IIPECTHxKA IIPodeccuu,
coxXpaHeHUe JIYJIITUX TPaJUIUN oTede-
CTBEHHOTO 06pa3oBaHUA U (POPMUPO-
BaHME HOBOT'O I1eIarOTUYECKOr0 MUPO-
BO33pPEHHUs, OTBEYAIOIIEro BceM Tpebo-
BaHUAM UH(POPMAIIMOHHOI0 00IIIeCTBa,
OCHOBHOU JBUIKYINEH CHJION KOTOPOI'O
CTAHOBUTCS YeJIOBEYECKUI KalTuTa.

IIpenogaBaHUIO TOYHBIX HAYK B POC-
CHUHCKHX IIKOJIaX B HAIIIM THU HE yJie-
JIAETCH TOJKHOTO BHUMAHUSA, a MEHKY
TEM YTOOBI 'OTOBUTH HOBBIE ITOKOJIEHU A
NEePCHEeKTUBHO MBICIAIINX MOJIOJBIX
JIIOZlEel, caMHUM IlegaroraM HeoOXOoau-
MO U JIUYHO, U TPO(eCCUOHAIBHO pa3-
BUBATbhCsA, U TaKU€ KOHKYPCBI 1 KOH-
depennyy, 6e3ycJI0BHO, HECYT B cebe
OIPOMHBIY MIOTEHIINAJ ! TIOJIOKUTEIIb-
HBIH 3apA.

KoHKypc NpoBOAUTCA CPEIY IIIKOJIb-
HBIX IIperiojgaBaTenell GU3UKU U Ma-
TeMAaTHUKHU IO TPEM HOMHHAIIUAM:
«Moso0¥ yYUTENb», «YUIUTEIb, BOC-
nutaBmui YyeHuka» u «HacTaBHUK
OyAyIIUX YYEeHBIX». Jl[eMOKpaTU4YHAaA
nporeAypa Beibopa nmobeguTtesneit mo-
3BOJIAET IIOMUMO MHEHHUA 3KCIIEPTHOTO
COBETa yYUTHIBATH U OIIEHKU MOJIOJBIX
YYE€HBIX, aCIUPAHTOB U CTY/ICHTOB.

Jlydiero MoJ010ro y49UTeas BbIOU-
paeT sKCIepTHBINA COBET HA OCHOBAHUH
paboThI, IPUCIAHHOU Ha KOHKYpC. ITo-
6enuTeNAMU B HOMUHaANUU «MoJsomoi
yuuTeab» ctaau 20 yuurenent GU3nKu
u 10 yunresneit MaTeMaTUKU U3 17 peru-
oHOB P®. 113 HuX 8 moJly4Yuau rpaHThI
IOBTOPHO. B HOMUHaANUU «Y4UTEJb,

BOCIIUTABIINY YUyeHUKA» OBIIO Ha-
rpamx/aeHo 18 ¢pusukoB u 12 marema-
TUKOB U3 23 peruoHoB Poccuu. Jlay-
peaTaMHu KOHKypca B HOMUHAIlUU
«HacTaBHUK OyAyIIUX YYEHBIX» CTAJIO
240 yuureieii u3 57 peruoHon P®. Ca-
MBIM MOJIOABIM NEJAroraMu, OTMeYeH-
HBIMU Harpajou, — 27 u 29 yer, a ca-
MBIM cTapmiumM — 58 u 79 ner.

ITo uToraM KOHKypca I'paHTHI Ha 00-
LIyt cyMMy 9 MIIH. py6Jieit 1 maMAaTHBIE
npu3bl HoayYuan 300 JydIImux poccuii-
CKUX IIpernojiaBaTelie TOUHBIX HayK —
196 pusukroBu 104 maTemaTUKAa.

B pamkax Hay4HOM yacTH Iporpam-
MBI cocTosAsIachk KoHpepeHnud. [Ipak-
THUYeCKasd 4acTb KOH(MEPEHIIUU IIPOo-
X0oJuJja B HOBOM /JIsl IIOJOOHBIX Me-
poupusatuii ¢opmare — «OTKpPBITOE
NpoCTPaHCTBO» ¢ TeMo: «Tpagunuu
1 MHHOBAIlMU B METOJMKE IIpernoja-
BaHUA MaTeMaTUKU U QU3UKU B POC-
CUMCKOU cpenHel 1rkoser. [lo caoBam
HMCHOJHUTEJIBHOIO JUPeKTopa poHaa
«JAunactus» E.Il. YHepHBIIIKOBOH, Ta-
kada ¢opma paboThl Haubojiee ageK-
BaTHA A/ aKTUBHOM U 3aMHTEPECO-
BaHHOM ayauTopuu: «Jloarue JIEKIUH,
KOTI/Jla BCE CIyLIAIOT OJHOTO JOKIa Y-
Ka, He CIOCOOCTBYIOT pean3aliu Bce-
ro IOTEHIMaJIa KOJJIEKTUBHOM Hay4-
HON MJIN TBOPYECKOU MBICaAU. B aTOM
roJy MBI YCIIEIIIHO peajJnu30Balu HO-
BBIII popMaT paboThl, KOTJa B paM-
KaX OJ{THOU OOJIBIIION TeMBbI yYaCTHUKU
KOH(pepeHIInN caMu CHOPMYINPOBATINA
17 nan6ojee aKTyaJbHBIX BOIIPOCOB
Y, paseJMBIINCh Ha TAKOE e YHhC-
JIo rpyni, o6cyauan ux». He orpanu-
YeHHble paMKaMM IIKOJBHOI'O METO-
JAUYEeCKOTro 06’ beJUHEHUs, IIeJaroru,
y4eHble, OOIIeCTBEHHBIE eATEeNHN Je-
JIMJIUCH OIBITOM, OGMEHUBAJIMCh MHe-
HUAMU O COBpDEMEHHOM COCTOAHUU Ha-
Y4YHO-Ielaroru4ecKkoro coobmiecTna.
KondepeHnusa crasa JOTMYECKUM 3a-
BEPIIEHUEM KOHKYPCHOI ITPOrPaMMBbI
¢$oHAA 1 HOBBEIM IIATOM JJIS Iepexoja
K CIeAYIOIIEeMY T'O1y.

Muxann MonyaHoB

12

B mupe Hayku [09] cenmaGpn 2006



PHOTOCUISINE/CORBIS; ILLUSTRATION BY MATT COLLINS (top); FOODPIX (bottom)

CObbITHA, MAKTbI, KOMMEHTAPHH

0 N0b36 CAUDMHO20 samoneute croso

TeM, KTO CJI€JJUT 32 CBOMM 3JJ0POBbEM,
aZpecoBaHbl HOBBIE HCCJIEJIOBAHUA
B 06JaCTU IPaBHJIBHOIO NUTAHUA.
Ilo mociaegHUM JaHHBIM, MHOTHUE IIH-
1eBble MPOAYKTEI, Ybe BO3JeHCTBUE
Ha OpraHU3M paHee cCYUTaJIoch 6J1aro-
TBOPHBIM, MOTYT OKa3aThCsA HE CTOJb
none3HbIMU. Hanpumep, HegaBHO
rpymnia y4eHbIX lepecMoTpena 54 pa-
GOTBI, IOCBAINIEHHBIE JeHCTBUIO He-
6onpIMINX 03 ajnkoronsa. [Ipexpge
CUYHTAJIOCh, YTO YMEPEHHOE yIoTpe-
6JeHUe CIUPTHOIO CHUKAJIO BEPOAT-
HOCTB CMEPTEIBHOr0 UCX0/ia B cllydae
cepAedHbIX 6one3Hel. BropuuHbIi
aHaJIu3 I0KasaJ, 4To 6ojblIas 4acThb
ucciegoBaTele oTHOCUIA K IpynIie
TPE3BEHHUKOB KaK HEIbIOIIUX JIIOJel,
TaK U TeX, KTO GbLI BBIHYKJEH IIpe-
KPaTHUTh ynoTpebeHHue CIUPTHOIO
U3-3a YXYAIIEHUA COCTOSIHUSA 3JJ0PO-
BbA. VIMEHHO IIOCJIeIHUE U CHUMKATIU

CpelHUH I0OKa3aTeNlb 3JOPOBbA B «He-
nploliei» rpynme. B cemu ucciiegoa-
HUAX, IJIe pacCCMaTPUBAJINUCH I'PYIIITHI
ObIOIIUX U «3aBA3aBIINX», & TaKKe
IIpU HOBOM IIO/IXO/Ie K aHAJIU3y paHee
OITyOJIMKOBAHHBIX JAHHBIX, IIO3UTHUB-
HOTO ¥ NPOMUIAKTUIECKOTO BINAHUSA
QJIKOT0JIfl OTpaMkeHo He Oblno. OgHa-
KO ITapaJIoKC B TOM, 4YTO BCe-TaKU Cy-
IIECTBYIOT HEKOTOpPbIe (hU3NOIOTHYe-
CKHe CBU/IETEJIbCTBA OTHOCUTEIbHOMN
OJIb3bI yIIOTPEOIeHUA CIIUPTHOTO,
ormevaeT Keit ®unamop (Kaye Fill-
more) u3 KanmudopHuckoro ynusep-
curtera B CaH-®paHIMCKO, COABTOP
Marickoro oryeTta «Teopus U IpaKTH-
Ka nHary6HOM NpUBBIYKW». Tak JIX 3TO,
MOKaMKeT AAJbHEHIINN aHalIN3, KO-
TOPBINA TOJIKEH IIOMOYb paszobparbcs
B 3aIyTaHHON MUTEHWHON NCTOPHUU.

Kpuctnn Coapec

MonesHo nu cnupTHOe B Manbix fo3ax?
Bonpoc ocTaeTtcs OTKpbITbIM

[iEK[IH, KAKOIO EUIE HE Gbin0

BceMm m3BeCcTHO, 9TO MajIeHbKUE CHM-
NaTUYHBIE CyIIeCTBa I10J] Ha3BaHUEM
MOPCKHE CBUHKU HHUKAKOI'O OTHOIIIe-
HUSA HU K MOPIO, HU K CBUHBAM HE UMe-
10T. He HCKIJII0UY€eHO, OJJHAKO, YTO BCKO-
pe noABATCA HACTOAIME MOPCKHUE
XPIOIIKM — BO BCAKOM CJIy4ae, OIbI-
TBI, KOTOPBIE IIPOBOAAT Cefiuyac reHHbIe
WHKEHepbl, HABOAAT HA NOoJ00HEBIE
MbIcaU. FI3BECTHO, YTO OMera-3-KHup-
HbIe KHUCJIOTHl YMEHBIIAIOT PUCK BO3-
HUKHOBEHUA MH(PAPKTOB U UHCYJIb-
TOB. BoJlbllle BCEro UX COAEPKUTCSA
B PBIOBEM KHUpPE, HO, K COKAJIEHUIO,
MOPENPOAYKTHI OTIUYAIOTCA TAKIKeE
HOBBIIIEHHBIM COAEPIKaHUEM PTYTH.
YT0o6BI TOMYYUTh YUCTHIA NPOAYKT,
rpymnra uccjejioBaTejaed BCTpOUIA CO-
OTBETCTBYIOIIUI I'eH B KJIETKHU IIoJA

CBUHBHU, U3 KOTOPBIX 06pasyeTcs Co-
eUHUTEbHAA TKAHb. 3aTE€M KJIETKHA
KJIOHUPOBAJIU U IIOJIYYUIN IIOPOCAT,
B OpraHusMe KOTOPBIX BhIpabaTshl-
BaeTcs BTpoe GoJiblle oMera-3-Kup-
HBIX KHCJIOT, YeM Y UX HEMOAUDHUIIT-
poBaHHEBIX cobpaTbeB. Terepb HYKHO
IIOCMOTPETH, COXPAHUTCH JU TaKasd
0COGEHHOCTDh Y B3POCJIBIX JKUBOTHBIX.
Eciu fa, TO MBI IOJIyYUM HE TOJBKO
GEKOH C IOBBIIIEHHBIM COAEPIKAHU-
€M LIEHHBIX oMera-3-KHUPHBIX KHUCJIOT,
HO U CBUHel, MeHee IO BePiKEeHHBIX
CepAEYHO-COCYIUCTBIM 3a60JIeBaAHU-
M, & TIOTOMY KUBYIIUX JOJIBIIE, YeM
OOBIYHEBIE OCOOMU.

Yapna YHon

n BKYCHO, 1 NMNOJIe3HO
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HUKOMUH B nogom KAYECTBE

BbISicCHMB, Kaknm
06pa3oM HUKOTUH
CHUMaeT
BOCnaneHue,
ncenegoBartenu
CMOryT

co3faTb HOBblE
NEKapCTBEHHbIE
BellecTBa

B nocnenHee BpemMs penyTanus HUKO-
THUHAa IIpeTepIiesia CyIeCTBEHHbIE U3-
MEHEHUH: BBIICHUJIOCH, YTO OH CMSAT-
YaeT CUMIITOMBI TAKUX HEAyTroB, Kak
60J1e3HBb AJIbLIreiMepa NN A3BEHHBIN
konuT. K coxkasieHUIo, MeXaHU3M Jlel-
CTBHSA 9TOr0 BellleCTBa II0OKA HE ycTa-
HOBJIEH.

JIlync HOnnoa (Luis Ulloa) n3 rocrnn-
Tajsa npu YHuBepcutere CeBEpHOro
Gepera B MaHxacceTe, Hbm—ﬁopx, uc-
caeays Iy Tu 6uoTpaHc@opManuy HU-
KOTHHA, IPUIIIE] K BBIBOJY, UYTO U3 He-
I'0 MOKHO I10JIy YaTh MOIIIHBIE IIPOTUBO-
BOCHAJIMTENbHBIE BellecTBa. M3 Bcex
NaTOJOTUYECKUX COCTOSAHUM, COIIPO-

BOKIAOIIUXCA BOCITAJIEHUEM, Haunb6o-
JIEE€ OIlaCEH CeIIcuc, pa3BPIBaIOH.IPIﬁCH
IIPH IIOIIAJaHUHU IIATOT€HHBIX MUKPO-

HVMKOTMH — MoLLHOE NPOTUBOBOCNANMTENb-
HOe CPeACTBO, OAHAKO OH CINLLKOM onaceH
ANS NPUMEHEeHNs B MeauLHe

OpraHuU3MoOB B KpoBOoTOK. B CIIIA cemn-
cHUC OTBEeTCTBEeH 3a 10% cymmapHOro
4qucJa JieTaJlbHbIX NcXoA0B. Han6ob-
LIyI0 YIpo3y IpeAcTaBiaAeT He caMma
uHdpernud, a 6ypHas UMMyHHas pe-
aKIuA opraHu3Ma Ha Hee. OrpomMHoOe
KOJMYECTBO IMTOKMHOB, IPOBOIMPY-
IOIMX BOCIIaJ€eHUe, IIPUBOJUT K pas-
PYLIEHUIO TKaHel, 1 60JbHOM B KOHIIE
KOHIIOB ITOTU6aeT OT CepAeYHO-COCY/IU-
CTOM HEI0OCTAaTOYHOCTHU M HapylIeHUd
paboThl pa3JIUYHBIX OPTAHOB.

ITpoBo/ A ONBITEI HA MBIIIaX, Oitoa
06HAPYKUII YIUBUTEIbHYIO BEIIlb: HU-
KOTHH OCTaHaBJIMBaeT aHOMaJIbHBIN
BOCIIAJIUTEJbHBIN IIpOLIecC U AakKe I10-
paBisgeT cencuc. «OH BMelIUBaeTCH
B paGoTy MOIIHBIX IPOTUBOBOCHAJIHU-
TeJbHBIX MEXaHU3MOB CaAMOI'0O Oopra-
HU3Ma, U B 9TOM €T0 CUJIa, — KOMMEH-
TUpYeT UccaefoBaTelb. — Mcnonbaysa
HUKOTHUH, Mbl KOIIUPYeM (pU3UOJIOTH-
JyecKHUe MeXaHHU3MBI, KOTOPhIe GbLIU
oToOpaHbI IPUPOOH B XO/I€ 9BOJIIOLINH
KaK MHCTPYMEHT BO3/JIeHCTBHUA HaA pa-
60Ty UIMMYHHOU CUCTEMBD.

IToscHUM, B 4eM TYT Aeso. HUKoTuH
UMUTHUPYET AelCcTBUE HelpoMeamua-
TOpa alleTUJIXO0JHNHA, POJIb KOTOPOTO
JI0JITO€ BPEMSA HEJOOLEHUBAIMU. JTa
«30JIyIIKa» CPeJX HEMpOMeaUaTOPOB
cTaja 3Be3Jl0H, Korja BBIACHUJIOCH,
YTO OHA CBA3BIBAET HEPBHYIO U UM-
MyHHYIO cucTeMbl. C IOMOIIBIO ale-
TUJIXOJIMHA HEPBHASA CUCTEMAa KOHTPO-
JIAPyEeT BOCIAJIUTEIbHbIE IIPOIECCHI,
IOCTOAHHO BO3HUKAIOIIME B HAIIEM
opraHusaMe. ALIETUIXOJIMHOBEIE PEIlel-
TOPBI HAXOJATCHA HE TOJIBKO B HEDBHBIX
OKOHYaHUSAX, HO U Ha NOBEPXHOCTH
UMMYHHBIX KJI€TOK. HUKOTUH Toxe
CBA3BIBAETCSH C 3TUMHU peLeNITOPaMH,
AKTUBUPYET UX M yCTaHABJIMBAET pe-
SKAM JMaJIora MEK/y TOJOBHBIM MO3-
TOM 1 IMMYHHOU CUCTEMOH.

«Kak 9To HU MapajoKCcaJlbHO, — I'o-
BOpUT BayTep fe Honre (Wouter de Jo-
nge), CrieliuaaInucT 10 B3aUMOAeHCTBU-
fIM MaKpo@daros ¢ alleTUIXOJIUHOM, —
3aA4JIBIM KYypPUJIbIIUKAM, KOTOPBIE
CcTpaZaloT OT A3BEHHOIO KOJHUTA, UX

BpeJHadA IIPUBBIYKA B KAKOM-TO CMBIC-
Jle uJeT Ha I0Jab3y. EcTh cBUAETENb-
CTBa TOTO, YTO HUKOTHH IIOMOTaeT IpU
3a00JIeBAHUAX, COITPOBOKAAOIUXCS
BOCITAJIEHUEM, HO HUKTO IIOKa He 3Ha-
€T, KaK 9TO MOKHO UCII0Jb30BaTh».

Ceroana lIOnnoa BHEC HEKOTOPYIO
SICHOCTH B BOIIPOC: OH IOIBITAJICH
00'BACHUTD, IIOYEMY HUKOTHUH OKa3bl-
BaeT MOJOKUTEJbHBIN 29 PeKT npu
TAaKUX pa3HbIX 3a060JIeBAHUAX, KAK
mmu3odpeHusa, 6o1e3Hb AnbIrenme-
pa, 6ose3Hb [TapkuHCOHA, CUHAPOM
TypeTTa U A3B€HHBIH KoauT. Kak no-
Kas3aJiu J1abopaTOpHbIE 9KCIIEPUMEH-
TbI, HUKOTUH CBA3BIBAETCS CO CBOUMU
penenTopaMu Ha IIOBEPXHOCTH Ma-
KpodaroB u GJIOKHPYET MaccoBoe 06-
pasoBaHHUe IUTOKUHOB, CTUMYJINPYIO-
VX BOCIAJIUTEIbHYIO pEaKINIo, IIPU-
4eM JieIaeT 3To KpaliHe a(pPeKTUBHO.
NpentudunupoBaH Takke crienqudu-
YecKUU pelenTtop anabda-7-aleTui-
XOJIMHA, C KOTOPBIM TOKE CBA3bIBAET-
cAd HUKOTHH, OKa3blBasd aHAJIOTMYHOE
JeficTBUE HA BBIPAGOTKY IIUTOKUHOB.

OnHaKO 0 IPUMEHEeHUN HUKOTHUHA
KaK JIEKAPCTBEHHOTO CPe/ICTBA PeYH He
nyeT. OH He TOJILKO BBIBBIBAET 3aBUCH-
MOCTB, HO U IPUBOJUT K CEPAEYHO-CO-
CYAUCTBIM Y OHKOJIOTUYECKUM 3a060-
neBaHuAM. IOmioa ormevaet: «<HUKTO
He cobupaeTcs JIEYUTh C IIOMOIIBIO
HUKOTHHA BOCHAJIUTEIbHBIE 3a6oiie-
BaHUA. MBI XOTUM CHHTE3UPOBATh
cuenuduYeCKUe BelecTBa, KOTOPbIe
CBA3BIBAJINCH OBl C HUKOTHHOBBIMH
pelLenTopaMy U OKa3bIBaIU TAKOE iKe
IIPOTUBOBOCHAJUTENbHOE IeliCTBHUeE,
HO He OBbIJIU CTOJIb TOKCUYHBIMI».

«ITO OJHO U3 CAMbIX BAKHBIX COOBI-
TUI B UMMYHOJIOTUH 32 ITOCJIeTHIE He-
CKOJIBKO JIeT», — yTBep:KaaeT Mur-
gean @unk (Mitchell Fink), skcnept
10 9KCTPEHHOU MeauIuHe u3 [IurTtc-
6yprcrkoro yHuBepcuteTa. Tenepb r1aB-
Had 3ajadya — HaWTHU ONTUMaJbHbBINA
3aMEHHTeJb HUKOTUHA, U B 9TOM HaM
IIOMOTYT 9KCIHEPUMEHTHI, KOTOpPbIE
nposoguTt IOj1oa.

Jlansa MentoH
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MaTtematnka — 310
obnacTtb, B KOTOPOM
cTankmBaloTcs aBa
Tuna MbILLWIEHN —
XYOOXECTBEHHOE,
ob6pas3Hoe U TOYHOE,
normyeckoe. 3ToT
HEenoOBTOPUMbIN CrnaB
aenaet MmaTemMaTuky
obnacTbio,
3aHMMaKoLLEN
ocoboe MecTo

B YeSIOBEYECKOMN
KYynbType.

Moxxanyin, c Hew
MOXET cornepHun4aTb
TOJIbKO MYy3blKa

TaTtbsiHa NMoTanoBa

HAYYHOE NPOGTPAHGTBO

I.M. 2eMbiianna

3paunab MouceeBud 'enb-
¢daHa — 3HAMEHUTBIH MaTe-
MaTHUK, 4J€H MHOTUX aKaje-

MUU MHUPa, JaypeaT IoYeTHBIX TPEeMUM
U Harpaj, B cBou 93 roja IpoJgoJLKaeT
IJIOZOTBOPHYIO HAy4YHYIO paboTy, KO-
Topas aiaurcs 6osee 70 JeT.
IIpodeccop mexmata MI'Y B.M. Tu-
XOMUPOB IIHCAJ, UYTO MOJaBIAIIIEe
GOJIBIIIMHCTBO BEJIMKUX MaTeMaTHKOB
XX B. BBINIJIN U3 06€CHeYeHHBIX Cce-
Mel, UMeJIH B IeTCTBE JoMalllHHe OU-
6JIMOTEKU U MHTEJJIEKTYaJIbHbINA KPyT
o6IIeHnd, YIUJINCh B IIPECTUKHBIX
yHuBepcuretax. Jusnue lenabdanga
HavyMHAaJjaach II0-pyToOMY...

OH poauiicda 2 ceHTs6psa 1913 1. B Me-

creurke Kpacursle OkHBI OfiecCcKOi 06-
JIacTH B ceMbe Oyxrainrepa. B 1923 r.
ceMbs IlepeexaJia B cejio OJIbromnob,
I7ie MaJIBYUK OKOHYMJI CPEIHIOIO0 IITKO-
JIy W, OCTaBUB POJHBIX, yexas B Mo-
ckBy. B 1931 r., HECMOTpPA Ha TO, 4TO
y Fenbdanga He 6bLI0 BBICIIEro 06pa-
30BaHUSA, €ro B IIOPSAJIKE UCKJIIOYCHUS
MPUHSAJIN HA paboTy aCCUCTEHTOM Ka-
denpsl MaTeMaTUKN BeuyepHero XxuMu-
KO-TEXHOJIOTUYECKOIro HHCTUTyTa. bea
yuuTesel, BAAIU OT POAHOro goma, 6e3
cpencTB, 6e3 MOAAEPIKKU, B Bo3pac-
Te 19 JIeT OH CyMeJI IIOCTYIIUTh B aCITH-
paHTypy MOCKOBCKOr0O yHUBEPCHUTETA.
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Ero pyxosogutenem craa A.H. Koamo-
ropoB. Hak nucan ero yyeHnuk B.1. Ap-
HOJIBJI, KoJIMOTrOpoB roBopuiI, 4TO €CTh
TOJIBKO /IBa MaTeMaTHUKa, B pa3roBope
C KOTOPBIMH OH «OIIyIIIaj IIPUCY TCTBHE
BBICIIIETO pa3dyMar, ¥ OAUH U3 HUX —
.M. l'esnredana.

ITocse 3amutel B 1935 r. guccepra-
MU Ha CTelleHb KaHauaTa PU3UKO-
MaTeMaTU4eCKUX Hayk [exbdan/ 6611
ocTaBJiieH Ha Kadeape MI'Y morieHTOM,
a B 1939r. Hauas pa6orats B Mare-
MaTHYeCKOM MHCTUTYyTe UM. CTekJIoBa
AH CCCP ctapmuM HayYHBIM COTPY -
HUKOM U II0 COBMECTUTEJIBCTBY OCTa-
BaJicd poueHToM MI'Y. B 1940 r. oH 3a-
HIUTUJ JOKTOPCKYIO AHCCEPTAIUIO
u paborasnpodeccopom MI'Y.

MaremaTuyeckuin mapadoH

B.M. TuUXOMHPOB IPUBOAUT BBICKA3bI-
BaHue .M. l'ensdanga: «<MaTemaTu-
Ka — 2To MapadoH» U BBIJIEIAET He-
CKOJIBKO IIEPUOJOB B €ro MaTeMaTH-
YyecKoM TBopuecTBe. [lepBbBIl aTan
TMOCBAIIEH QYHKIIMOHAJIBHOMY aHAIH-
3y. 3aTeM MOABUJIACH U IIepBas CTaThA,
TNOCBAIeHHAaA HOPMHUPOBAHHBIM KOJIb-
naM u HantucaHHada ¢ A.H. Koamoropo-
BBIM. 3aBeplIuia UKJI MoHorpadus
«KoMMyTaTHUBHBIE HOpPMUPOBAHHBIE
KOJIbIIa» B coaBTOpcTBe c [[.A. Paliko-
BbIM U [.E. [Iln10BBIM, OCHOBaHHAsA
Ha unee .M. l'enbdanna. A B BoeH-

HHTerpajJbHas reoMeTpusd, 6eCKoHed-
HBIEe ainre6psl JIM, HHTETpUpyeMbIe CH-
cTeMbl, KOMOMHATOPUKA, TEOPUSA T'HU-
nepreoMeTpU4YeCKUX QyHKIUM, He-
KOMMYyTaTUBHas MaTeMaTHKA...

B 1984 r. U.M. T'eabdanyg 6b11 u3-
6paH akaJeMHUKOM 110 OTeIeHUIO Ma-
Tematuku AH CCCP, pa6oraa B UH-
CTUTYTE NPUKJIAAHON MaTeMaTUKU
1o 1990r., sarem nepemen B HUHM cu-
CTeMHBIX ucciaenoBanuii PAHu B ToMm
ke roay yexana B CIIA, rage B cBou
78 neT GBI 3a4YUCJIEH B IITAT YHUBEP-
curera Pyrrepca B Hero-/Isepcu.

B gectb 90-neTHero o6unesa 'enb-
danga B BocToHe mpoIina MaTemMa-
TUYecKasd KOHPepeHI A, Ha KOTO-
po¥ o6uAApP BBICTYIIUJ C JEeKIIUEH
«Mathematics as an Adequate Langu-
age» («MaTteMaTHKa KaK aJIecKBAaTHBIN
A3BIK»). B mIpeauciioBUM K COOPHUKY
MaTepHuajJoB KOH(pEpPeHINU oTMeda-
JIOCh, YTO BJIUSAHUE POCCUUCKOTO y4Je-
HOTO OGHapyKuBaeTCcs BO Bcex obJa-
CTAX MaTeMaTHUKU U MaTeMaTHUIeCKOMU
$UBUKN — OT PYHKIITMOHAJIBHOI'O aHA-
Ju3a 0 TeOMeTPHUH, alare6psl U TEOo-
puu qyucea. MatreMaTU4YeCKUNU CeMU-
Hap enbdaHga cuuTaeTcsa OJHUM U3
CaMBIX BIUATEIbHBIX B UICTOPUH 3TOHU
Hayku. MHorue BeIJaloluecs MaTe-
MaTHKH C TOPAOCTBHIO HA3BIBAIOT Ce-
65 yuennkamu lenbdanga. IIpu aTom,
Kak OTMedYaeT caM y4YeHBIU, HECMOTPA

MaTtemartnyeckumin cemunHap lenbhaHga
CYUTAETCHA OOHUM U3 CaMbIX BNUATENbHbIX

HBIE ToABI ['enbdaHg o6paTuiics K Te-
OpHUU IIpeACTABICHUN.

B 1953 1. l'enbpaHg cTan 3aBeyo-
LM OTZAEI0M MHCTUTy Ta IPUKJIaHON
MaTeMaTUKHU U ObII M36paH YIEHOM-
koppecnoHgeHToM AH CCCP. Cdepa
€To AeATEeJbHOCTHU PE3KO pacCIIUpPU-
Jlachk: McceoBaTelb 3aHAICA 0606-
HIeHHBIMU (PYHKIUAMHU, 0OpaTHBIMU
3ajjayaMi, YUCJIEHHBIMH METOJaMHU,
MaTeMaTU4YeCKOU (PU3UKON U CIy-
YaWHBIMU IIpolieccamMu. Hagaacek pa-
6oTa Haja MoHorpadU4decKkol cepueil
«O6061eHHbIE PYHKIU», ChITPaBIIeN
3HAYUTEJBHYIO POJIb B Pa3BUTUU Ma-
TeMaTuku XX crojieTud. Jlajee mjau

B UCTOPUU STOU HayKU

Ha IIPUHAJJIEKHOCTb K OJHOU IIKOJIe
KasKJbIH 13 €T0 YYCHUKOB IUMEeT B Ha-
YK€ CBOU CTHJIb, CBOU nmoyepk. Ceiyac
9TO M3BECTHBIE CHEIMAJINUCTHI, pabo-
TampIue B pa3HbIX YHUBEpPCUTETAX
mupa: JI.A. Kaxnas (mpodeccop Ma-
TeMaTUKHU [[apBap/ICKOT0 yHUBEPCUTE-
Ta), M.JI. KoHlleBMY (Jlaypeat MpeMuu
dunca, OAUH U3 NATU COTPYIHUKOB
WHCTUTYTAa BBICIINX HCCJIENOBAHUN
B [lapuske), npodeccopa P.A. Bepe-
3uH, 1.H. Bepumrein, E.B. [IbIHKUH,
H.B. ®eiirun, N.U. [Tareukuii-Illanu-
po. A.A. KHUpHUJIJIOB 1 MHOTHE IpyTHE.
Nmsa FenpdaHga yxe HE IPUHATO
YyIOMUHATB 6€3 SIIUTETOB «BEJIUKUI»

U «(3HAMEHHUTBII», B TO K€ BpeMdA caM
V4YeHBIA HEyCTAHHO IIOBTOPAET, UTO
OH IIPOJIOIIKAET YUYUTHCA U YUUTHCHA
Yy ApPYTHUX JIOAEH, 4To celiyac ero uH-
TepecyeT He TOo, Kak 6yJeT pa3BUBaTh-
cdA MaTeMaTHKa, a TO, YTO TaKoe caMa
MaTeMaTHUKa U II0YeMy B Hel ecTb 006-
1€ YepThI ¢ T023Uel U KJIacCUuYecKou
MyS3BIKOI. OH BBIJI€JIAET Y€ ThIpE TaKHe
9epThI: KPacoTa, IPOCTOTa, TOYHOCTh
u 6e3ymue ujen.

OKeaH UCTUHbI

Hayuynoe tTBopuecTBO .M. l'ensdan-
Jla 3HAKOMO He TOJIbKO Y3KHUM CIIeIIU-
anucTaM. [IppuMepHO ¢ cepeInHBI IPo-
IIIJIOTO BEKa, y¥e NpodecCHoOHAIbHO
COCTOABIINCH KAK MaTeMaTUK, [esrb-
daHa HaYUMHAET AaKTUBHO COTPYAHU-
4aTh C reojioraMu, 6uopusnkamu, pu-
3M0JIOTaMU, KJIETOYHBIMU BpadaMH,
6rosoraMu.

3ayeM U IoYeMy YCIIEITHBIA B CBOeH
06J1aCTH YeJI0OBEK TPATUT BPeMs U CHU-
JIBI HAa pa3BUTHE APYTUX obsacTel Ha-
yeu? Kak nucan eme B Hadane XX B.
B.B. KaHAMHCKUH, «IOBO3KY YeJO-
BEUYECKOH KYJIbTYypbD» TAHYT BIIEpe]
U BBEpX TaJaHTIUBBIE J0AuU. [Tiona-
MU UX TPYAOB 3aTE€M II0JIb3YIOTCA BCE
ocTajbHbIE, HO MOTHUBBI, KOTOPBIE 3a-
CTaBJAIT OJapeHHBIX JIOEH caMo-
OTBEPIKEHHO TPYAUTHCA HaJ OTKPbI-
THEM HOBBIX UCTHUH U IpeBpaIleHUEM
UX B JJOCTYIIHBIE JJIA APYTUX TEKCTHI,
o6pasbl UJIU NpeJMeThl, OCTAITCH
TaWHOU KaKJ0ro TBOpLA, ero JUYHBI-
MU CUACTbeM U 60JIbI0. DTO paCCyk-
JIeHU€ B II0OJJHOM Mepe MOKHO OTHECTH
kK U.MT'eabdpanny. OH nucalj, 4To
«<MaTeMaTHUKYy Pa3BUTHE OKPYyXKAIO-
IIETO €T0 BHEITHEro MUpa U BHYTPEeH-
HUH ero MUp (ero XyjoecTBEHHOe
BOCIIPUATHUE) JAIOT BCE€ HOBBIN 3ariac
BIEYATIEHUU U B TO K€ BpeMs KeJla-
HHe IIpeBPaTUTh BCE 3TO B CTPOTrYIO
CHCTEMY).

B oxHOM M3 CBOUX UHTEPBBIO ['€JIb-
dang BcnomuHaeT ¢ppasy Mcaaka Hero-
TOHA O TOM, YTO OH YyBCTBOBaJ cebs
peb6eHKOM, HIOTyIIIUM HHTEPECHBIE Ka-
MEIIKHN Ha Gepery okeaHa UCTUHBI,
M 3aMedvaeT, YTO TOKe OIlyInaeT ce6s
no106HBIM 06pa3oM, HO eMy, KpoMe TO-
ro, OYeHb MHTEPECHO, YTO K€ CBA3BI-
BaeT BMeCTe 9THU KaMeIlIKH, caM OKeaH
U ropbl HA TOPU30HTE. >
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Mpo6nembl 6uonorum

1 MeAULUHbI

Cpeayu MHOTOYMCJIEHHBIX UHTEPECOB
Tenbdanga 6b1y1a 1 6UOIOTUSA, KOTO-
poii oH 3aHdAJCcA B 1960-xrr. 61aro-
napa ceoemy ydyeHuky M.JI. lleTnu-
Hy. CHayaja OHU IloJlarajyd, 4TO UM
yAacTcs YyCIEeNIHO MIPUMEHUTh K 610-
JIOTUYECKUM CHUCTEMaMM ONBIT, HAKO-
NJIEeHHBIN B paboTe cO CI0KHBIMU He-
JKUBBIMHM CHCTE€MaMHU, TAKUMH KakK

HOBBIIIIATH CTEIIEHb CBOEU CTAGUIIBHO-
CTH U COXPaHATb UHAUBUAYATbHOCTh
KaK COBOKYITHOCTH COOGCTBEHHBIX 3a-
nad. BmecTte ¢ Tem, Kayaas ;KUBasg CU-
cTeMa cIroco6Ha MOMOTraTh COCENAM
B OCYIIECTBJIEHUU UX IIJIAHOB, 06be-
JUHAACh B pa3HOOOpa3HbIe KOJIJIEKTH-
BbI: TKAHU, OPTaHbl, CEMbU, KOJIOHUU
u T.7. Ha 6a3e Takux npejacTaBIeHUN
6611 cPOpPMYyIUPOBAHBI HIPUHIIUI
HaVMEHBIIIEeTO JeHCTBUA U IIpeJCcTaB-

Pa3paboTka maTtemaTmn4ecKoro annapara
0719 ONncaHna NOBEOEHNSA XXUBbIX 6EJTKOB
npu3BaHa ctaTb HOBOW reOMeTpPUEN

KBaHTOBafd Teopus 1ojsa. OQHAKO U3-
y4YeHUeE ITePBBIX K€ IBYX KOHKPETHBIX
GMOJIOTUYECKUX ITPOOJIEM — MeXaHU3-
MOB yIpaBJI€HHUs IPOCTEUIITNMH €CTe-
CTBEHHBIMU JBUMKEHUSAMU MJIEKOIIU-
TAIOIIUX U PEryIsAlUU JeJeHUs KJe-
TOK B KYJIbTYpe TKaHU — BBISABUJIO,
YTO, B OTJIMYMUE OT HEKUBBIX CUCTEM,
KasKJasi CTPYKTYpPHAs eIUHUIA B XKU-
BOM cHCTeMe He IIOJYMHEHA JUIIb 3a-
MBICJIy BCEW KOHCTPYKI[MH, HO UMEET
CBOU <JIMYHBIE» [1€JIU, BCET/IA CTPEMSICh

JICHUS O CUHEPTUSAX B yIIPABJICHUU -
SATEeJbHOCTHIO BJIEMEHTOB OHOJIOTUYE-
CKHUX CHUCTEM. ITU IIPUHIHUIBI 00pe-
TAIT OTPOMHOE 3HAYEeHUE B HAIIIU JHUA
Kak 6a3a 151 pa3BUTHUSA BBIYHCIUTEIb-
HOI GMOJIOTUU KUBBIX CHCTEM.

Bonee 40 neT nponoxkaeTCcs II0A0-
TBOPHOE coTpyaHu4decTBO .M. I'eib-
danga c npodpeccopom I0.M. Bacunbe-

BBIM B 06JIACTU KJIETOYHOMN GUOJIOTUU.
Co3pgaHHaa UMY rpymnma BegeT B Mo-
CKBe€ U B YHUBepcuTeTe PyTrepca, mrar

1964 r. Cpepnm y4acTHMKOB Bcecoto3Horo cbe3pa cmsvonoros B r. EpeBaHe.

Hpro-/I:xepcu, cucTeMaTUYeCKOE HC-
cleJ0BaHUE ABUKEHUHN U pa3MHOMKe-
HUA KJIETOK JBYX TKaHeH, aIUTeNInsd
U ME3E€HXMMBI, B KJI€TOYHBIX KYJIbTY-
pax, IIocJIeIoBaTeIbHO NIbITASCH BhIJE-
JIUTh U OXapaKTepU30BaTh OCHOBHBIE
TUIIBI KJI€TOYHBIX PEAKIIUN U JIMIIB 3a-
TEM OIIPEJIEIUTh UX MOJIEKYJIAPHBIE Me-
XaHu3Mbl. HejJaBHO Ha OCHOBE HOBBIX
9KCIIEPUMEHTAJNbHBIX JAHHBIX pa3-
paboTaHa opUrHHajJIbHAA KOHLENIIUA
MEXaHHU3MOB JBYX (HOPM OIyX0JIEBOU
KJIETOYHOM TpaHcOopMaIlu: oOgHA U3
HUX CBfI3aHAa C IOBBIIIIEHUEM dKCIIpeC-
cuu resHa Rho, gpyrasg — c HOHUKEHU-
€M TaKoM sKcnpeccuu. B urore MHoro-
sneTHeln paboTsl ['eabdaHg BIJIOTHYIO
IIO/IOIIIE]I K KOT/a-TO IIOCTABJIEHHON UM
3aj1a4e U TPYAUTCSA B HACTOSIIEe Bpe-
MsA HaJl pa3paboTKOU MaTeMaTU4eCKo-
ro anmapara /JJisd OIIMCaHuA II0BeJe-
HUSA KUBBIX 6€JIKOB, KOTOPBIN, II0 €ro
cJ0BaM, CTaHEeT HOBOM reoMeTpUen.

KpacoTta matemaTtukm —
3TaJIoH B3auMogenucTBUn
YHukanbHada gepTa BCEX HAYYHBIX
B3aumMojiericTBuil lenbdanga, 6yab
TO paGoTa Cc coaBTOpaMH, BeJeHUE
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CEMUHApOB, YTE€HHE JEKIIUM, ob1e-
HHE C YYEHUKAMHU U COTPYJHHUKA-
MU — IpejieIbHasA 4eCTHOCTh U OTBET-
cTBeHHOCTh. OH IPUHUMAET TOJIBKO
Te YTBEPXKACHUA, KOTOPbIe OTBEYAIOT
3TOMY 3TaJIOHy. Bce octaipHOe moa-
BepraeTcs COMHEHUI0. B ob6mieHuu
Takad nosunusa Mapaunisa MouceeBuya
crnocoOHa ObliIa JOoBeCcTU cobeceqHU-
KOB /10 6estoro kajeHus. O6 3ToM Xopo-
110 IIOMHAT YYaCTHUKU 3HAMEHUTOr0
lesbdaHOBCKOTO cEMUHapa II0 KJle-
TOYHOM Oumosoruu, OJHAKO UMEHHO
3TOT CTUJIb, KAK CYUTAET U3BECTHBIN
oHKoutor I"I1. AGeJieB, TTO3BOJIUJ MHO-
T'UM yJep:#KaTbCcd B CBOEH o6acTu Ha
BBICOKOM yPOBHE HAyYHOI'0 IIO3HAHUA.
OTHOCACH C IIOYTEHUEM K crelludUKe
ApyTrux obiacTel, Bce ke 3TAaJTOHOM
YHCTOTHI, IPOCTOTEI U KPacOThI I'esib-
daHa cuuTaeT MaTeEMaTUKY.

Bpau-kapauoJior, npodeccop E.IO.
Bacuibesa, ¢ kotopoit .M. I'enbdans
B JeTCTBe 3aHUMAaJcsa MaTeMaTH-
KOI, Ha BCIO KM3Hb COXPAHUJA OILY-
mieHne 6e3rpaHUYHON KPacoThl 3TOHU
HayKu 61arogaps ToMy, UTO caM yde-
HBIY yUnJI ee ¢ II060BBIO TUCATh PAJBI
OOBIYHBIX MDD, IOBTOPAA IIPU 3TOM,
4TO BCA MaTeMaTHKa — He B TOJIOBE,
a B pyKax.

B Teuenue necatkoB jgeT .M. 'enb-
dana oTHaBaJ MHOTO BPEMEHHU U CUJI
TOMY, 4TOGBI yO6e:xaaTh B HEU3MEPU-
MOU KpacoTe MaTeMaTHUKU MOJIOJEHKD.
9TO U HEepPBBI MaTeMaTHUYEeCKUU KpPy-
JKOK JIJId HIKOJBbHUKOB npu MI'Y, u

1972 r. MNporynka no Mockse ¢ 3apy6eXHbIMU FOCTAMMU.

Outreach Program in Mathematics) u 4e-
pes Hero y:xe K Hadaury XXI B. mpomim
COTHU yYaIIuxcsH.

B HelaBHO nepensgaHHbIX «Odyeprax
0 coBMeCTHOU paboTe MaTeMaTHUKOB
u Bpauei (cm.: KHudcHoe obo3perue //
BMH, N\e 8, 2006) U.M. T'enpdanyg mu-
LIEeT O TOM, KaKUM JIOJIZKEH OBbITh A3BIK
obnacTell 3HAHUA, U3y YAIOIIUX KU~

MaTemaTnka — 0gHO U3 BbICLLUX OOCTUXEHUN
4eNOoBEYECKOro ayxa n, OQHOBPEMEHHO, OYEHb
TOYHbIV U afieKBaTHbIN A3bIK, 6€3 KOTOPOro
dur3rka n mHorme gpyrme obnacTu

3HaMEeHHUTasA MOCKOBCKas IIKoja Ne2,
u Bcecolo3Hasa 3aouHasd mMaTeMaTH-
yeckasa mkona (B3MIL), koTopyio 3a
30 neT okonunsu 6osee 70 ThIC. YeJO-
BeK. 3pauabp MonceeBUY caM 4uTal
JEeKIUU U NHcaj nocobusa AJjs 3aHsA-
THUH, IPUBJIEKAJ K paboTe CO IIKOJIb-
HUKAMU CBOUX COTPYAHHUKOB U CTY-
neHToB. B 1990-x rogax lenbdanyg oT-
kpbL1 punnan B3MIII B CIIA (Gelfand

OblSI 6bl HEBO3MOXXHbI

BbI€ CUCTEMBI: OMOJIOTUY, MEIUIIUHEI,
ICUXOJIOTUU, JUHIBUCTUKU. CaM OH
CYUTAET HEPA3BUTOCTH GOpPMAIN30-
BAHHOIO S3LIKA OIUCAHUS JKUBBIX CU-
CTeM aXMJIJIECOBOU IIATON COBpPEeMEH-
HOU nuBuausanuu: «Caobanuzanus
3ajad JyesoBedecTBa TpebyeT ajek-
BaTHOTO fA3BbIKA... I AyMalio, YTO 3HAIO
HECKOJIbKO BaKHBIX CJIOB B 9TOM S3bI-
a6CoIIoTHASA IIEHHOCTD

» o«

Ke: “COBeCTh,

YyeJIOBEYEeCKOU KU3HU", “OTpUIlaHUE
arpecCUBHOCTHU KaK CpeACTBa peIrle-
HUA I7106aIbHBIX Ipo6aeM”. Bes Tako-
T'0 a/IcKBaTHOTO A3bIKA MBI HE BBITAHEM
BCe Te Npob6aeMbl, KOTOPble UMEIOTCA
B COBpeMeHHOM obmiecTse». B

OOMOJIHUTENbHASA NUTEPATYPA

m Tuxomupos B.M. N3paunnb Monceesuny
lenbdang / MatemaTtunyeckoe npocse-
weHue, 2004, cep. 3, Bbin. 8, c. 8—12.

m The Unity of Mathematics. In Honor of
the Ninetieth Birthday of I.M. Gelfand.
2006. Eds. P. Etingof, V. Retakh, I.M. Sin-
ger // Progress in Mathematics. V.244.
Birkhiauser. Boston-Basel-Berlin. 654 p.p.
(http://www.birkhauser.com).

m ViHTepBbio ¢ akapemunkom U.M. lenb-
darnpgom // KeaHT, 1989, Net (http://kvant.
mccme.ru/1989/01/akademik_izrail_moi-
seevich_gel.htm).

m lenbpang U.M., PoseHdensg B.U.,
WndppuH M.A. O4epkn 0 COBMECTHOW
pa6oTe maTemMaTukoB 1 Bpaden. M.: Egun-
Topuan YPCC, 2005.

m Maronesa E.IN lenbdang v wkona //
KBaHT, Ne1, 2004.
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MHEHHE

JAUEHTHTD

UAMeANexmyanbHyt
COOCMBEHHOCMb

MO>XHO N1 cTaTb MUSISIMOHEPOM
Ha goxofdbl OT nateHTa B Poccumn?
Mo MHeHUIO pykoBOAUTENSA
PocnarteHTta bopwuca lNeTposunya
CuMoHOBa, TEOPETUHECKU Takas
BO3MOXHOCTb CYLLIECTBYET.

Ho pnsa aToro Heo6xogmMmo
yMeno koMmmMepumanusoBaTb
3anaTeHToOBaHHbIE

TEXHUNYECKME PELLEHUS

ypHa1 «B MUpe HayKW» HEOAHOKPATHO Y/IEJIAI
BHUMAaHUe€ BOIIpOCaM 3allUThl UHTEJJIEKTyaJlb-
HOU cob6cTBeHHOCTHU Kak B CIIIA, Tak u B Mupe
(em.: Konnuns I. Ux ne ocmarnosums // BMH, Ne 2, 2003;
Konnuns . [lamenm Ha 6ecnaiamusiii colp // BMH, Ne 3, 2003;
Cmuxc I. Pa3peuteHue Ha axcnepumenm // BMH, Ne 9, 2003;
Cmuxc I. Xossiesa scusHu // BMH, Ne 5, 2006). Tenniepb MbI
BO3BpaliaeMcs K 3Tol TeMe. A Kak obcToAaT gesa B Poccun?

B nHTtepecax nsobpertarens
B Poccuu npaBOBYIO OXpPaHY pe3yJbTaTOB UHTEIIEKTY-
aJbHOMN NeATeJIbHOCTU, B TOM YHCJIe, n306peTeHnue Ipo-
MBIIIJI€EHHBIX 00pa3I[0B, TOBAPHBIX 3HAKOB B COOTBETCTBUU
C JeACTBYIOIIMM 3aKOHOJAaTeJbCTBOM, ocyllecTBadeT de-
JepajibHadA cIy:6a 110 HHTelJIeKTyaaIbHOU COOCTBEHHOCTH,
naTeHTaM U ToBapHBIM 3HakaM (PocniatenT). Bes npaBoBoit
OXpaHBbl TAKUX PE3YyJIbTATOB HEBO3MOKHO 00€CIEUYUTh UX
JlerajlbHO€ BBeJIeHHe B IpaskJaHCKUN 000pOT, a TaKike 3a-
IMUTUTh UHTEPECH co3jlaTeslell COBpeMeHHBIX Hay YHO-TeX-
HUYECKUX JOCTHUIKEHUMN.

Kaxk ormeugaet rnmaBa Pocnnarenrta B.I1. CuMOHOB, B HAIIU
JHU u3obperaTenbcKad aKTUBHOCTD 110 BCEM BUJAM 00b-
€KTOB IIPOMBIIIIJIEHHOX COGCTBEHHOCTU PE3KO BO3pocCa.

OpHaKO, HECMOTPS Ha IOJOKUTENbHbIE TeHAeHIInHU, Poc-

CHf 3HAYUTEJIBHO OTCTAET OT Pa3BUTHIX cTpaH. Tak, B CLIIA
€IKEeroiHO nojaeTcsA mpuMepHo 280 ThIC. 3asIBOK HA N300pe-
TeHus, B Anouuu — 350 TreIC., B DPI" — 140 ThIC., a B PO —
Bcero 30 TeIC.

INTaTrenTHasa ¢opmMa oXpaHbl IPOMBIIIJIEHHON COOCTBEH-
HOCTU IIPEIOCTABJIAET UCKJIIOYUTEIBHOE IIPABO UCIIOJIb30-
BaHUA ee 00bEKTOB ITIaTEHT0006Ia/1aTei0, KOTOPBIA MOKET
oJIy4aTh JOXOABI OT IIATE€HTA UJIM OT COOCTBEHHOU X03H-
CTBEHHOU /IeATEJBHOCTH COIJIACHO JIMIIEH3MOHHOMY JIOI'0-
BOPY C XO3AHUCTBYIOIIUM CyO'BEKTOM UM YCTYIIUB IIATEHT.
OfHAKO IOCKOJBKY M300peTeHNe BCcerjga nMeeT KaK Hayd-
HYIO 3HAYUMOCTB, TAK U PIHOYHYIO CTOMMOCTb, aBTOP MJIU
COaBTOP 3alIaTEHTOBAHHOI'0 CJIy:Ke6GHOr0 N300peTeHUsd, pe-
IIeHUs, TT0JEe3HOM MOJEIH WY ITPOMBIIIJIEHHOro obpa3ana
110 3aKOHY UMeEEeT IIPaBo Ha BO3HATPAMKCHUE, COpa3MepHoe
BBITOZIEe paboTOAATENA-OT €r0 MCIO0JIb30BaHUA (pa3Mep U I10-
PAIOK BBIILJIATHI BO3HATPAMK/ACHUA OrOBAPUBAIOTCHA B JIOTO-
BOpE, 3aKJII0YaeMoM nu3obpeTaTtesieM ¢ paboTosaTesaeM).

Kpome Toro, pa3BuTHe HOBBIX TEXHOJIOTUH BHOCUT CBOU
KOPPEKTUBBI B BOIIPOCHI ITaTeHToBaHUA. Hanpumep, eciu
paHee OXpaHHBIN IOKYMEHT B 06/1aCTU GMOTEXHOJIOTUI BbI-
JlaBaJIM TOJIBKO Ha TaKHWe 00'bEKThI, KAK BEIIeCTBO, IIITAMM
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MHEHHE

[aHHbIe 0 KonuyecTBe 3aperncTpupoBaHHbIX OroBOpOB O Nepenade npae Ha oxpaHdaeMble 006bLEKTHI I'IpOMbILIJJ'IeHHOVI

CO6CTBEHHOCTUN M npepocTtaB/ieHUn npaea Ha Ux ncnojib3osaHune

Mokasatenu 2004 2005
[oroBopbl 06 yCTYNKe naTeHTa 1892 1281*
[oroBopbl UCKNIOYNTENBHON NNLEH3NMU 162 167
[oroBOpbl HENCKIOYNTENBHON NULEH3UN 495 674
Bcero 3apernctpMpoBaHo JOroBOpoB 2549 2122
MocTynuno 3asBneHnii o NnpeocTaBNeHNN OTKPbITON NULEH3UN 75 101
Ony6nmkoBaHoO 3asiBNEHWI 0 NPefoCTaBeHNN OTKPbITOM NINLEH3UN 64 65

* KonnyecTBO NaTEHTOB, B OTHOLLEHWM KOTOPbIX 3aK/04€eHbl JOroBopbl, cocTaBnno 1825. O6Liee KONMMYeCcTBO AOrOBOPOB, 3aperncTpUpoOBaHHbIX
B 2005 r., yMeHbLUMNOCH NO cpaBHeHuto ¢ 2004 r. Ha 17,8%, 4TO 06yCNOBIEHO CHUXEHMEM KONMYecTBa AOroBOPOB 06 yCcTynke

MHKPOOPTAaHMU3Ma, KyJIbTyPy KJIETOK PACTEHHUU U KHUBOT-
HBIX, TO HaunHad ¢ 2003 1. 1o oIpefieIeHHe dIPOAYKT» I10-
najau KOHCOPIIMYMbI MUKPOOPTaHU3MOB, KJIETOK, & TaKKe re-
HETUYEeCKHe KOHCTPYKIIUU, TpPaHC(POPMUPOBAHHBIE KIE€TKH,
TPaHCTeHHBbIE PACTEHUA U KUBOTHEIE, T.€. 00'bEKTHI, KOTO-
pBIe IIPECTABIAIT HEIOCPEACTBEHHbBINA NHTEpPeC I 6HOo-
TEXHOJIOI'MYEeCKOH 06IIIeCTBEHHOCTH BCero Mupa. MeTo/ibl I1o-
JIy4eHHUA U UCH0Ib30BaHUA pekoMOnHaHTHEIX JJHK, mo3Bo-
JISIOIIHE OCYIIIECTBUTD IIEPEHOC I'eHETUYeCKOM HHpopMaIiuu
W3 OJJTHUX OPraHU3MOB B [IpyTHUe, OTKPBLIN HEBUIAaHHBIE BO3-
MOKHOCTH IleJIeHaIIpaBJIEHHOTO MaHUIIYJIMPOBAHUA TeHe-
TUYEeCKUM MaTepuayioM. Ho n3uIIHe MIMPoKoe TOJIKOBaHUE
npaBa cOOCTBEHHOCTH Ha T€HETHUYECKUN MaTepHha MOKET
3aCTONOPUTE IT00ETHOE IITeCTBHE GMOTEeXHOJIOTHM.

MupaTtbl XXI Beka

BypHOe pa3BUTHE PBIHOYHBIX OTHOLIEHUH B Poccuu mpu-
BJIEKJIO oco60e BHUMaHME K po6jieMe 3aIlluThl TOBAPHBIX
3HaKoB. Hepeko KoMIaHUHU, CTpeMAIIUecs 3aHATb CBOE
MeCTO IIOJ COJTHIIEM, IOJAI0T 3adBKU Ha PETUCTPAIIHUIO Jy-
KUX IIMPOKO U3BECTHBIX TOBAPHBIX 3HAKOB, HE MMEIOIIUX
IpaBOBOM oxpaHbI Ha Tepputopuu P®. Haubosee pacrnpo-
CTpaHeHa CUTyallus, KOT[a NUpaThl IPEeTeHAYIOT Ha MapKH,
KOTOpBIE€ M0 KAKUM-TO IPUYMHAM, HAIIPUMEp, B LEeJdX

9KOHOMUU, He OBIIN CBOEBPEMEHHO 3apPErUCTPUPOBAHBI
Ha MMdA UX Bjajejblia.

ITocTpajaBIIne BBIHYKAEHBI OCIIapUBaTh PErUCTPaIlUIO
B COOTBETCTBMUU ¢ 3aKOHOM P® «O ToBapHBIX 3HAKaX, 3HA-
Kax 00C/IyXUBaHUA 1 HAUMEHOBAHUAX MECT IIPOUCXOMKIE-
HUSA TOBAPOB», B YaCTHOCTH, €CJIM 0003HAYEHUE MOKET BBE-
CTHU NOTpebuTessd B 3a0/IyKJeHUE OTHOCUTEIbHO U3r0OTO-
BUTeJA ToBapa. B HacTosAlllee BpeMAa perucTpanusa MoKeT
6BITH OCIIOpPEHA M aHHYJIHUPOBaHA HAa OCHOBAHUU 3aKOHA
«O ToBapHBIX 3HAKaX» (CT. 28), ecyii cCBA3aHHBIE C HEH Jei-
CTBUA IIpaBoobiiaiaTesid, a 10 CyIecTBY IUpaTa, Ipu3Ha-
HBI aKTOM HeZJoOOpOCOBECTHON KOHKYPEHIIUH.

[Tony4ymnB pemeHne aHTUMOHOIIOJIBHOTO OpraHa, KOTOPHIHN
NPU3HAET, UTO IIpaBoo6IagaTe/ b HeJOOPOCOBECTHO 3aperu-
CTPUPOBAJI TOBAPHBIN 3HAK Ha CBOE UM (HAIIpUMep, 3Had,
YTO OH IPUHA/JIEKUT MHOCTPAaHHOM KoMITaHUM), PocnaTeHT
06A3aH IpU3HATh TOCYAAPCTBEHHYIO PETUCTPAIIUIO HeJel-
CTBUTEJIPHON U IPEKPATUTh IPABOBYIO OXpPaHY TOBAPHOTO
3Haka. «IpaBaa, ciegyeT oTMeTUTh, — roBopuT B.I1. CuMo-
HOB, — YTO JJaHHas BO3MOKHOCTb HE BCEIJa HCIIO0Jb3yeT-
cd, 1 HHOCTPaHHBIE KOMIIAHUH JI0 CUX IIOP IPEAIOYUTAIOT
BBIKyHATh y INPATOB CBOM K€ 3HAKW». TaKOBBI POCCUIICKIE
peanumn.

Becepgosan Omutpun Muctopos

Konun4ecTtBo BblHECEHHbIX [1anaTon MO NaTeHTHbIM CNopaM peLleHU B pacnpenesieHnn no o6beKkTaM NPOMbILLNEHHOMN

CO6CTBEHHOCTHN

N3o06peTeHne MonesHas mopenb [MpoMbILLINEHHbIN 06pa3seL, ToBapHbI 3HaK
Pelienuns

2004 2005 2004 2005 2004 2005 2004 2005
Mo BO3paxKeHMsAM Ha peLLleHUst 3KCNepTU3bl 119 102 3 6 2 - 817 516
Mo BO3paXeHWAM NpoTUe NpefocTaeneHms 74 85 55 80 18 16 312 374
npaBoOBOW OXpaHbl
Mo 3aaBneHusam - - - - - - 646 736
Bcero 193 187 58 86 20 16 1775 1626

KonnyecTBo pelueHunit, NpMHATLIX [anarton no naTeHTHbIM cnopam B 2005 r. N0 ToBapHbIM 3HaKaM, MPEBbICUIO KONMMYECTBO pPeLUeHNI, MPUHATBIX
no Apyrum Braam o6bekToB MPOMbILLNIEHHON COBCTBEHHOCTK, 60nee Yem B 5 pas. [Manarta no naTeHTHbIM cnopam noa4nHaetcs PocnateHTy
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Akapemuk PAH, pupekTtop MHcTuTyTa
apepHoro cuHTesa (MAC) Poccuiickoro
Hay4HOro LeHTpa «Kyp4aToBCKWUIA MHCTUTYT»
BaneHTtuH MNaHTeneimonosny CMMpHOB

OIIBITKOU 3aKedb 3BE3Ay Ha

3eMJie ciaerka poMaHTHUYHO,

HO B I[€JIOM BEPHO MOKHO Ha-
3BaTh YCUJIUS YeJIOBEYECTBA II0 OBJIA-
JICHUIO 9HEPrueil ynpaBiIAeMOro Tep-
mosaepHoro cuHTesa (YTC). Peaknuu
CIIUSHUS AAEP JIETKUX 9JIEMEHTOB B GO-
Jiee TSIIKEJIble, CONPOBOMKAAIOIINECS
BBIJEJIEHUEM 9HEPIrUU, IPOUCXOIAT
JINIIb BHYTPpU 3Be31. OJHAKO B CKOPOM

JAKeYb 36E30Y

HA SEMIIE

PaspaboTtumnkn npoekta UTOP HarpaxgeHsi
npemuen «[nobansHasa sHeprna-2006»

BPEMEHH, BO3MOKHO, TaKkasd peaKkIud
npousoiieT Ha 3emire. CTPOUTEIBCTBO
IIE€PBOTO 9KCIIEPUMEHTAIBHOTO TEPMO-
AaxepHoro peaktopa (UTOP unm ITER,
ot International Thermonuclear Expe-
rimental Reactor) [oaxHO Ha4aThCH
y¥Ke B TeKyIlleM roay. Mccienoarenau
uHorga myTdaT, uyto UTOP cTtpourt mo-
JIOBUHA 4YejioBedyecTBa. 1 3TO CI0XKHO
Ha3BaTh OOJIBIINM NpEyBEJINYCHUEM
IoCJjIe TOr'0 KaK K MCXOAHBIM yYaCTHU-
KaMm npoekta — Poccumn, EC, Anonun
u CHIA — npucoeIUHUIUCH TaKue
ctpaHsbl, Kak Maaua u Kuraii.

Jiusa Poccuu npoexkt UTIOP umeer
ocob6eHHOe 3HaYeHUe, TaK KaK B TEPMO-
ANEePHBIX HCCJIeJOBAHUAX HaIlla cTpa-
Ha Bcerja 6p1ya ogeHb cuiabHa. CoBeT-
cknii Coro3 6bLI IIEPBBIM, KTO CHSAJI Ce-
KpeTHOCTh ¢ pabot 1o YTC u BbIHEC
npo6aeMy Ha MexyHapoaHOoe 06Cy kK-
neHue. Bo Bropoii nonosune 1980-x IT.
uMeHHO CCCP BBICTYIIMJ MHUIIAATO-
POM MeXJyHapoJHOTO IMPOEKTa I0
aHaJIN3y U pa3paboTKe CXeMBI U KOH-
CTPYKIIMU IIE€PBOTO 3KCIEPUMEHTAIb-
HOT'0 TEPMOSIEPHOTO PeaKTopa, KOTO-
PBIF ceifuyac U U3BeCcTeH 1oj a66peBu-
atypoii UTIOP.

O IpoABUKEHUHU UCCIIEJOBAHUU B 00-
nactu YTC, 0 HEKOTOPBIX NEPCIEKTUB-
HBIX HaIllpaBJIEHUAX, O COCTOSHUU JIeJ
B cTpouTesnbcTBe UTIAP, 0 poccuiickoit
TEepMOsAIePHOM ITporpaMMe paccKka3sbl-
BaeT akageMmuk PAH BanenTun IlaH-
TesJleiMOHOBUY CMUPHOB, JUPEKTOP
NHctuTyTa sapepHoro cuHresa (MAC)

Poccuiickoro Hay4yHoro mesatpa «Kyp-
9aTOBCKUU MHCTUTYT».

Yaep>XuBatb MarHATOM

Wnu1 B3pbIBOM?

OnHa U3 OCHOBHBIX IIPO6JIEM yHpaB-
JIAEMOr'0 TePMOAJEPHOr0 CUHTEe3a —
KaK IIpeJoOXpaHUTh TOIJIMBO (paso-
IrpeTylo IJIa3dMy) OT KOHTAKTa C OKpPY-
JHAIOIIUMU CTEHKAMM peaKTopa, 4To
MTI'HOBEHHO IPUBOJMT K €€ OXJIaK/]e-
Hulo. Ceiigac cyIiecTByeT JBa CIIOCO-
6a yep:KaHUA: MarHUTHOE U HHEPIU-
OHHO€. XpOHOJIOTMYECKH PAaHBbIIIE IPO-
4UX CTaJ pa3BUBATbCA MAarHUTHBIN
croco6 yaep:KaHUA, U IePBBIMU €ro
OLIEHKY Aanu akajgeMuk Mrops EBre-
HbeBUY TaMM 1 AHApen [IMuTpueBud
CaxapoB. Pa6oTsl B 06;1aCTU UHEPLIU-
OHHOI'O yJIEPaHUA HadaJlluCh II033Ke.
OHO OCHOBaHO Ha OCYIIIECTBJIEHUHU He-
60IBIINX II0CTIEN0BATEIBHBIX TEPMOSI-
JIePHBIX B3PBIBOB, BO BpeMsA KOTOPBIX
BBbIJI€/IAE€TCA 9HEeprud. B aTom ciyyae
BEIIECTBO yAEPHUBAET CUJIa UHEPIIUH,
U TepMosAJepHas peaKIusa UJEeT 10 TeX
rop, MOKa BEIIeCTBO He pasjaeTaeTcsd.
YacTo NpOBOAUTCSA aHAJIOTUA C TEM,
4TO INPOUCXOAUT B aBTOMOOMIIAX, I/ie
KaK/Jbli pa3 B IMJIWHJPE B3pbIBAET-
cdA MopLud roprodeil CMeCU U TOJIKAeT
IOpIIEHb.

K npo61emMe MarHUTHOT'O ye€P:KaAHUA
CIIEIUAJIMCTHI HOAXOJAT II0-PA3HOMY.
B HCTUTYyTE aTOMHOM 9HEPrUuu (HbIHE
PHII «Kyp4aTOBCKUI HHCTUTYT») HA OC-
HOB€ HJ€el, 3aJloKeHHbIX TamMmMoMm
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u CaxapoBBIM, pa3BUBaJach CUCTEMA
«TOKaMak» (TopouaibHble KaMephl
C MarHUTHBIMH Katymkamu), B CIIIA
HOJYy4YnJIO GONBIIYIO IONYJIAPHOCTD
Apyroe HallpaBJIEeHHEe — CTeJlIapaTo-
pBL. X riiaBHOE pasjid4due B CIeAyIO-
IeM: B TOKaMaKe II0 caMOod Ijaa3Me
TeYeT dJIEKTPUYECKUU TOK, TOrAA Kak
B cTeJIapaTrope Takoro HeT. CerogHsa
caMoU «IPOJBUHYTONH» CUCTEMOU Tep-
MOSAJIEPHOT0 CHUHTE3a CYUTaeTCA TOKa-
MakK, U UMEHHO 9TOT MEXaHU3M JIEHKUT
B ocHOBe ITOP.

Bbliy NpeaaokeHbl U APyTHUE CIIO-
coOBl ylepKaHUsA, KOTOPbIe MBI Ha-
3bIBa€M aJIbT€pPHATUBHBIMU. [[J1d TO-
ro 4To6bl HapaMeTphl MJIA3Mbl B HUX
JAOCTHUIJINA YPOBHS, II0JIy9ae€MOr0 B TO-
KaMaKaX, HeoOXOAHUMBI ellle MHOTHE
roabsl. OgHAKO B GyAyIeM, BO3MOXK-
HO, OHU CTaHyT OCHOBOU AJI pa3and-
HBIX THUIIOB T€PMOANAEPHBIX PEAKTO-
poB. I «KaHAMUAAT HOMED OOUH» IS
aJbTEPHATHUBHOIO peaKkTopa — CTeJl-
J1apaTop, KOTOPBI UMeeT HEKOTOphIe
IIOTEHIIUAJbHBIE IIPEUMYIIECTBA: EMY

MOIIHOCTB, 3aTpavynBaeMyIo Ha CO3/a-
HUE U MOJJEP:KAHUE ILIa3MBbl, I03BO-
JIUT TOBOPHUTH O JaJIbHEUIIIEeM pa3BH-
THUU TEPMOSEPHOY SHEPreTUKU.

HoBble BOSMOXXHOCTH

CrpoutenbcTBo UTIP 3aliMeT OKoOJIO
8 j1eT, mocJie 4ero MocjaeayIoT dKcIIe-
PHUMEHTHI, KOTOpPBIE UMEIOT HECKOIBKO
nenel. Bo-niepBbix, UTOP pojskeH npo-
JIeMOHCTPUPOBATh BbIJIEJIEHUE TEIlJIO-
BOI MoHmIHOCTHU Ha ypoBHe 500 MBT,
9TO 0K HO B 10 pa3 mpeB30HUTH MOIII-
HOCTB, 3aTpadyMBaeMyl0 Ha pa3orpes
U NOoJiep:KaHue Mjaa3Mbl. TO OyAeT
IIPOMCXOJUTh B TaK Ha3blBa€MOM HH-
AYKLIUOHHOM pe:KHUMe NOAJepP:KaAHUA
TOKa, KOIZla AJIUTEIBHOCTh UMIIYJIbCA
orpanundeHa 400 c (s UTOP), nocie
4ero HaJio OCTAHOBUThCH, Ilepe3apH-
JUTB HEKOTOPBIE CUCTEMBI 1 CHOBA I10-
aTh UMITyJIbC TOKA B ILTa3My. Ho oka-
3aJ10Ch, YTO CYILIECTBYIOT BO3MOMKHO-
CTHU NOJAJep:KaHUA TOKA B IJIasMe 6e3
IIpUBJICYEHUA BHEITHETO a3UMyTallb-
HOT'0 3JIEKTpHUYecKoro mond. Toraa To-

CTpOUTENBLCTBO NEPBOro SKCNepuMeHTaIbHOro
TEPMOAAEPHOro peakTopa A0JSIKHO Ha4vaTbCs

He HYKEH TOK, CJIeJ0BaTeJbHO, I1JIa3-
Ma B HeM 6oJjiee yCTOHYMBA, 9YEM B TO-
kaMake. Ho, 1o olieHKaM 9KCIIEPTOB,
peakTop-cTesaapaTop 6yAeT UMeThb
3HAYUTEJBbHO OOJbIINE pa3Mephl,
YeM TOKaMakK, a 3TO BJIEYeT 3a co60i
yBeJIUYEeHHEe CTOUMMOCTH. B aToM Ha-
IpaBJIEHNY CErOHA aKTUBHO paboTa-
10T EBponta, Anonusa n CILIA. Poccusa
O4YeHb TECHO COTpyaHUYaeT c [ep-
MaHUeH, rjae 6yeT cCoopyKaThbCA ca-
MBIM GOJBIION Ha JAaHHBIA MOMEHT
crennapatop Wendelstein-7X. Ho mo-
I'yT BO3BHUKHYTH U JPYTU€ CUCTEMBI:
HaIlpuMep, cucTemMa ¢ o6pamieHHbIM
MarHUTHBIM II0JI€M, MAarHUTHBIE JIO-
BYIIKY HOBOTO THIIA, BO3MOIKHO, Oy-
JIeT UCII0JIb30BAaThCA MHEPIIMOHHOE
yAep:KaHUe.

OpHaKO HeJb3s CKa3aTh, YTO yCIexX
HNTOP He BameH [JId IPOYUX HAIIpaB-
JIEHU yiep:raHus niaa3Mel. Co3raHue
paboTalollero peakTopa, MOIIHOCTb
KOTOPOTO CYIIECTBEHHO IIPEBOCXOIUT

y>Xe B TEKYLLEM rogy

KaMaK CTaHOBUTCH ITOJTHOCTBIO CTAIU-
OHaApHOM cucTeMoy. BpeMma nmmnyiabca
B 9TOM CJIy4dae OTpaHUYEeHO 4 He-
o TOJBKO TEXHUYECKUMHU 0COGEHHO-
CTAMU HUCHOJb3yEMBIX dHEpPTreTHYe-
cKux cuctem, u aasa UTOP cocraBasa-
eT 3 THhIC. C.

KpomMme Toro, UTOP fonsen usy4uThb
ocobeHHOCTH (PUBUKU ropAaded Tep-
MOAJEPHOU IJIa3MBI C 9TUM YPOBHEM
TOpPEeHUA U NPOAEMOHCTPUPOBATH pa-
60TOCIIOCOGHOCTDH KIIYEBBIX TEXHO-
Joruii, obecrneynBarOINX MOAAEpKA-
HUE IIa3Mbl B TEPMOSAJEPHOM PEaKTO-
pe. Cam UTOP emte He npefHa3Ha4YeH
JUIS TOTO, YTOOBI KOMMEPUYECKU BhIpa-
6aTBIBATh 2JIEKTPO3HEPIUIO, HO OH yiKe
WMeeT IIPOMBIIIIJIEHHBIE UJIH, CKAKEM
TaK, I0JIyIIPOMBIIIIJIEHHBIE MACIITAObL.
Ecnu npunars KIIJ] nmpeo6pazoBaHusd
TEIJIOBOU 9HEPTUU B 3JEKTPUUYECKYIO
paBHBIM 30%, TO 3JIEKTpUYECKa s MOIIT-
HocTb TIOP mMorja 66 COCTAaBUTH OKO-
10 100-150 MBT, uTO, TEOpETUYECKH,

MOMKET 00€eCIIeYNTh I'OPOJIOK C HaceJe-
HueM okoJyo 20-50 ThIC.

Crnenyromuii 3a UTIOP mexayHa-
POLHBIN TepMOAAepPHBIM peakKToOp
JEMO 6yzaeT IoCTPOeH, KaK 0KHUaeT-
CfA II0 OITUMHCTHUYECKOMY CIIEHAPHIO,
y#xe B 2030-e rr. Ero MOIITHOCTH AOJIK-
Ha NOAHATHCA 0 cpaBHeHHUIo ¢ UTIP
B 5pas u goctuub 1 I'BT anexTpuye-
CKOH MOIIHOCTH. B Hamm ngHU Ha Ta-
KOM ypOBHe paGoTaloT caMble MOIII-
HBIE AJIepHbIe peaKTopbl. Kak ToIbKO
JEMO noka:xkeT cBOO pa6oTocroco6-
HOCTB, JAOJI}KHO HAa4YaTbhCS IMIPOEKTHU-
pOBaHHE U CTPOUTEIHLCTBO IIPOMBIIII-
JeHHoU cTtaHOuU. ITo eBponelickomy
cueHapui Fast Track, KoTOpeIf Ha-
IpaBJIeH Ha CKOpeHIiee IPOIBIIKEHIE
TepMofAJa B IIPOMBIIIJIEHHOCTD, II€P-
Bad ONBITHO-IIPOMBIIIJIEHHAA TEPMOA-
JepHad CTaHIIUA MOXKET ObITh IOCTPO-
eHa yxe B 2045-50-x IT.

N3 yero ctpoutca UTOP?
KOHCTpPYKIIMOHHBIE MaTepHuaabl —
OJlHA U3 KJIIOYEBBIX ITPOGJIIEM TEepMO-
AAEPHOU SHEPreTUKHU, PA3BUTHE KO-
TOPOM CTajo BO3MOMKHBIM GJarojga-
pPA pPa3dBUTHUIO MATHUTHBIX CHCTEM
M3 CBEPXIIPOBOAAINX MaTepPUAJIOB.
(PyroBoguTeneM paboT A HNEePBBIX
B MHUp€ TOKaMaKOB Ha OCHOBE TAaKOH
TEXHOJIOTUHU ObLJ YJIEeH-KOPPECIIOH-
neHT PAH H.A. Yepromniekos). 1 ecnn
GBI HE CBEPXIIPOBOAUMOCTD, TO U CH-
Tyanusa B 06JacTH MAarHUTHOTO yJep-
:aHusa 6p1aa 661 coOBceM MHOUI. Benab
€CJIM OCYIIECTBJIATh MATHUTHOE yIep-
JKaHHUE C IIOMOINbI0O OGBIYHBIX KaTy-
IIEeK ¢ MEJHBIMU BUTKAMHU, 110 KOTO-
PBIM IPOTEKaeT TOK, TO B HUX OyaeT
BBIICTIATHCSA 3HAYUTEIbHAA d9HEPTU,
KOTOPYIO HEOOXOMO OTBOJUTH, B TO
BpeMs KaK IIPOBOJHUK 06€3 3JIEKTPU-
YEeCKOI'0 COITPOTUBJIEHUS COBEPIIEHHO
He HarpeBaeTcH.

J1a 6yaymiux peakTopoB HEoOXoau-
MO pa3pabaThIBaTh MaTepHaJIbl, KOTO-
prle obnanany 6bI HAUMEHBIIEH cTe-
IIeHbI0O AaKTUBAIIUU U HAMUOGOJIBIIUM
CPOKOM CJIyKGbI. PAGOTHI B JAHHOM Ha-
IIpaBJICHUH BEyTCA BO BceM Mupe. Bo-
IEPBBIX, HYKHO CO3/1aTh MaTepHUaJIbl
C HU3KHM YPOBHEM aKTUBAIIUU U C BbI-
cokol pabodeii TeMiiepaTypoi. Bo-BTo-
PBIX, OHU JJOJI’KHBI BBIICPKUBATh 3HA-
YUTeJIbHOEe HEHTPOHHOE 00IydYeHue.
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Tokamak T-15

IIpeanonaraercd, 4yto Hapaay ¢ UTIOP
GyAeT IOCTPOEH MaTepHaIOBEeIeCKII
HEUTPOHHBINA UCTOYHUK, HA KOTOPOM
GyZyT MPOBEJIEHbl UCIBITAHUA TAKUX
MmartepuasioB. Iloka xe B UTOP 6ynyt
HCIIOIb30BAHBI OOBIYHBIE MaTepHaJIbl
(BuacTHOCTH, CTAIH).

06 anbTepHaTMBHOM TOMAMBE

B KayecTBe TEpMOSALEPHOIO ropiode-
ro Ha UTOP 6yayT HcHob30BaThCH
TSeJble U30TOIIbI BOJlopoja — JeH-
Tepuii u Tputui (D-T), TouHee, aeU-
TepUH U INTUHU, IIOCKOJBKY TPUTHUH I10-
JIydaeTcs U3 JUTHUSA IIyTeM 06/IydeHusa
ero HeMTpoHaMu. B HacTosdIee BpeMs
MHOTI'0 TOBOPAT O BO3MOM¥KHOM PEaKTO-
pe Ha ApyroMm TOIIMBE — JAeUTepUu
U u3oTome reaus, reauu-3 (D-He3).
Ho tpe6GoBaHUA K cUCTEME, KOTOpasd
peanuayeT peaknuio Ha D-He3, cyie-
CTBEHHO BBIIIE, T.K. TEMIIepaTypa, He-
obxoauMas OJs 3aKUTaHUSA TAKOU
peaknuu, B 10 pas Gosbllle, yeM I
D-T' —ne 100 MH. rpagycos, a 1 MIpA,.
Takue TpeGOBaHUA 03HAYAIOT, YTO
HYJKHO CO3/1aBaTh HOBBIM KJacC ycTa-
HOBOK, pa3pabaTblBaTh HOBBIE€ TEXHU-
YeCKHe PelIeHUs, CTPOUTh GU3NYECKUe

MOJIeJIU U T. 1. He nckiroyeno, 4To mo-
TpebyeTcs eIe HECKOIbKO JeCATUIe-
THUH, Ipexe YeM TepMosiepHas pe-
aKIMs Ha HOBOM TOIIJIMBE CTAHET pe-
anpHOCTBIO. Kpome Toro, renusa-3 Ha
3eMJie 0OueHb MaJjo, ero Ha/lo 3aBO3UTh
c JIyHBl, IpeABapuUTEeIbHO CO3/IaB TaM
Jo6pIBaoIue npeanpuaTusa. [1oaTo-
My OTHOIIEHUE K TEPMOSAJLEPHOU pe-
axknuu ¢ He3 oco6oe: aTo Gusndecku
He 3alIpelleHo, U 3ajada caMa I1o ce6e
MHTEpEeCHas, HO OYEHb CJIOKHAsA U J10-
porada. M mosToMy BHaJaJie HaJl0 pe-
muTh 6ojiee peajlbHylo 3aja4y. Ho pa-
60TBI B JaHHOU 06JIaCTH, €CJIU HUCCJIe-
JoBaTeau 6yyT UX IPOBOAUTD, MOTYT
NPUBECTHU K HOBBIM THUIIaM PEaKTOPOB
Ha D-T, KOTOpbIE MOT'yT OKa3aThCA 9KO-
HOMUYECKHU IIPUBJIEKATEIbHBIMU.

(0] Tepmosmepl-loﬁ nporpamme
Poccum

PHII «Kyp4uaTOBCKHI HUHCTUTYT» — Be-
Aylias opraHu3anusa 1o IOArOTOBKE
KOHLENIUY Pa3BUTUA TEPMOSALEPHOU
sHepreTuku Poccun, KoTopad B HACTO-
smee BpemMs paspabareiBaeTca B Pe-
JepaJbHOM areHTCTBE 10 aTOMHOH
9Hepruu mno nopydenuio Ilpesugenta

P®. Ona nomxkHa OBITH IIPEACTaBICHA
B KOHIle TeKyluero roga. Tepmoanep-
Has nporpaMmma Poccun 6yeT 6a3upo-
BaTbCHA, BO-NIEPBBIX, HA AaKTUBHOM y4a-
ctun B nporpaMmMe MTIOP, Bo-BTOPHIX,
Ha IIpoBeIeHUM (U3UIECKUX UCCIIE0-
BaHUU B nojaaep:xkky UTOP Ha cyine-
CTBYIOIIMX B Halllell CTpaHe TOKaMa-
kax. [Ipegnonaraercsd, 4To B ciliydae
o06peHNs NpPaBUTENbCTBA Pa6OTHI
110 TEPMOSALEPHOMY CHUHTE3Y, IIPOBO-
JUMbI€ B paMKaXx HallMOHAJbHOU IpPO-
rpamMmsl, 6y1yT 6a3upoBaThCcA HA ycTa-
HOBKe ToKaMak T-15 (cerogHs MBI JIU-
LIIEHBI BO3MOKHOCTHU paboTaTh HA HEHU
MU3-3a OTCYTCTBUS CPEJICTB), PACIoJIo-
seHHoU B UAC, 1 conmpoBOMKAAIOIINX
ee MaJbIX MalllMHaX.

B o6sacTu albTEepHATUBHBIX Ha-
IIpaBJIeHUN MBI TaK:xke Gy/ieM IpPOoaoJI-
#aTh paboTy, HeCMOTpPA Ha TO, YTO
AKTHUBHOCTB 3J/l€Ch rOpa3/l0 MEHbIIIE.
B HacTosdIIee BpeMs CUTyallus ¢ allb-
TEPHATUBHBIMU METOJaMU TE€PMO-
AfepHoro cuHTes3a B Poccum Takosa.
B MHCcTUTyTe 00IIe!l GU3NKHN AKaje-
muu Hayk (MOPAH) paboraeT cresia-
patop, a B HCTUTYyTE A/lepHOU du-
3uku (M1AP) B HoBocubupcke — ycra-
HOBKHY C MAarHUTHBIMHU JIOBYIIKaMHU.
HakoHer1, ecTb HeGOIBIINE, YHUBEPCHU-
TeTCKOro MacmTa6ba, paGoThI II0 aJlb-
TEpPHATHUBHBIM IIPOEKTaM, KOTOpPbIE
npoBoAATCA B MOCKOBCKOM HMHMKEHEP-
HO-(pusndeckoM uHcTUTyTe (MUDU),
B MOCKOBCKOM ToCy1apCTBEHHOM HH-
CTUTYTE PaJUOTEXHUKHU, 3JIEKTPOHM-
kM1 1 aBToMaTuku (MHPOA) u B CaHKT-
IleTep6yprckom rocyAapCTBEHHOM I10-
JIATEXHUYECKOM yHUBEpcUTeTe. Pan
paboT N0 TakK Ha3bIBa€MBbIM KOMIIAKT-
HBIM TOpaM (cucTeMBbl ¢ o6pamieH-
HBIM MarHUTHBIM I10JI€EM) IPOBOJMIJICH
B TpoMIIKOM MHCTUTYTE NHHOBAIIMOH-
HBIX U1 TE€PMOSAJAEPHBIX UCCIEJOBAHUN
(TPUHUTUY), HO ceifuac, K CoKaJIEHUIO,
HET CPEJCTB, YTOOBI UX IPOJOKAT.

IlpeanonaraeTcs, 4YTO HAIlMOHAJIb-
Hasd nporpaMMa Io pa3BUTHIO Tep-
MosfAJlepHOM sHepreTuku Poccuu 6y-
JIeT couyeTaThbCA C NPAMBIM ydacTHUEM
B n1poekTe UTOP B paMKax OTAEJIbHOU
denepanbHON Ije1eBOY mporpaMMbl
no ydacTturo Poccuu B npoekte UTIP,
KoTopasd AoJ:KHa HadaTtbceda ¢ 2007 T.
KpomMme Toro, Bo3amosxHO, Poccusa BMe-
CcTe C MHUPOBBIM COOOIIeCTBOM GyJeT

24

B mupe nayku [09] cenmaGpn 2006



y4acTBOBAThb B COOPYIKEHUU CIEAYIO-
moiero TepMosjepHoro peakropa JE-
MO, Tak 4T06bI kK 2030-35 IT. MBI CMOT-
i 6bI HAYaTh IIPOEKTUPOBAHUE POC-
CHUMCKOTO OIIBITHO-IIPOMBIIIJIIEHHOT' O
SHEPreTHYeCKOI0 TEPMOSAIEPHOIO pe-
akKTopa.

UTOP — He TONbKO 3Heprus
MoskeT IIoKa3aTbCAa YAUBUTEIBHBIM,
HO TepPMOAJEPHBIE UCC/IEJOBAHUSA yiKe
B 3HQYUTEJBHON CTEIEeHU OIlpaBAaId
cebs, ellle He JaB IPUTOJHOMN K UCIIOJIb-
30BAHUIO 9HEPTUU. DTa 0671aCTh OUEHb
XOPOIIIO IEMOHCTPUPYET, KaK peleHue
MIpaKTU4YecKoH 3ajlauu (co3gaHue HO-
BOUM TepMoOAAepPHON 3HEPreTUKH) I10-
Tpe6oBaJIo pa3BUTUS HOBOU o6JjlacTU
dyHAaMeHTaJIbHOU GU3UKN — Puan-
KM TopsAIllel mi1asMel. 1 JOCTHXKE-
HUfA YHUKQJIBHBIX IapaMeTPOB IIPU-
XOIMJIOCH pa3pabaTeIBaTh U BHEAPATH
HOBBIE TEXHOJIOTUH, KOTOPHIE, KaK OKa-
3BIBAJIOCh I1033K€, MOIJIU Obl PEIIUTh
y#e MHOT'He IIPOMBIIIJIEHHBIE 3aaql.

HccnemoBaHuUsA B JaHHOU obGiaacTu
HHOTJa JAI0T caMble HEOKUJAHHbBIE
pe3yabTaThl. B3aTh X0TA OB Takue
cBoeo6Gpa3Hble «OTXOABD TE€PMOAJEP-
HBIX HCCJIEJOBAHNUH, KaK IIJIa3MEHHBIE
ABUTATENH JJI KOCMUYECKUX alma-
paToB, padpaboTaHHbIE COTPYAHUKOM
HAC npodeccopom AnekxceeM VMBaHO-
BUYeM MOpPO30OBBIM.

He nckaro4eHo, 4To B 6y AyIleM Tep-
MOSA/JIEPHBIY peakTop 6yAeT UCI0JIb30-
BaThCA JJIA TepepaboTKU oTpaboTaH-
Horo saepHoro tomiusa (OAT) aTom-
HBIX PEAKTOPOB. B ueM 3/1ecbh COCTOUT
npob6iema? Ilpu peaknuu geaeHus 06-

2006). Ho eciau noMecTUTh TpaHCypa-
HBI B 6JIaHKEeTHI TEPMOAIEPHBIX peaK-
TOPOB, TO IIO/] BO3J€HCTBHUEM HEUTPOH-
HOTO U3Jy4YeHUd IJIa3Mbl OHU OyAyT
nmpeBpalmaThbcA B BemiecTBa ¢ 6oiee
KOPOTKHM BpeMeHeM KUu3HU. [IpaBaa,
Ha 3To TpebyeTcs onpeieIeHHOe Bpe-
Ms. OLleHKU IIOKa3bIBalOT, YTO, Ha-

KOHCTPYKUMOHHbIE MaTepuarnbl — ofgHa
N3 KNK4YEBbIX MPobnemMm TepMosgepHON

pasyioTcsa TpaHCYypaHOBBIE 3JI€MEHTHI
C OYeHb MPOJOKUTEIbHBIM BpeMe-
HeM KU3HU. VX Heo6xoauMo aubo 1e-
pepabaTsiBaTh, IPpUYEM TaKUM obpa-
30M, 9TOOBI HEeJIb35 ObLIIO TOOBITH ILIY-
TOHUH JJIS1 CO3JaHUA aTOMHOM 60MOBI,
aun6o XpaHUTh, A dero tTpebyrorcsa
OrpoMHEBIE pe3epByapsl (cm.: 'nasep
A., poH Xunnen @. [I[pomusocmosms
si0epromy meppopu3dmy // BMH, \e 6,

9HEepreTuKn

npuMmep, 1/8 momHocTu UTOP mocra-
TOYHO JIJIsl TOTO, YTOGHI IlepepabaThl-
BaTh TOIJIMBO BCEX AaTOMHBIX CTAHITUHI
Poccuu. B HacTodAmee BpeMa MEXAY-
HapOJHOE TePMOsIEPHOE COOOIIIECTBO
NEepUOJUYECKH IIPOBOJAUT COBeIla-
HHUSA, T/Ie aHAJTU3UPYIOTCA BO3MOMKHO-
CTH U pa3jNYHbIe TEXHUYECKHE CXe-
MBI TpaHcmyTtanuu OAT Ha TepMos-
JIePHBIX YCTAHOBKAX.

MpoekTHbIV pucyHok peakTopa NTIP

J1sa Poccuu yuacTtue B mpoekte UTOP
MMeJIO ellle OJHO NPUHIMIINAJIbHOEe
3HadeHUe: 6jarogaps KaueCTBEHHOU
pa6oTe HaIIMX KOJIJIET B MEK Iy Hapo/-
HOU IleHTpajJbHOU KOMaH/ie, pOCCHUN-
CKM€ KOJIJIEKTUBEI, 3aHATEIe B UTOP,
3aKJII0YaJil KOHTPAKThl HA BBIIIOJIHE-
HHUe paboT ye II0 APYyTUM HallpaBle-
HUAM QU3NKU U TeXHUKU. Pasbupada
Ha KoJjuteruu @eepajbHOIO areHTCTBa
110 AaTOMHOU aHepruu pa6oty no UTIP,
MBI IIOJICYUTAJIH, CKOIBKO OBbLIIO 3aTpa-
4eHO Ha IIoepsKaHNe TEPMOSAIEPHBIX
HCCJIEAOBAHUM U CKOJIBKO OBLIIO 3aKJTIO-
YeHO MEKJYHApOJHBIX KOHTPAKTOB,
KOTOpBIE CTaJIM BO3MOKHEI 61aroza-
pA ydacTuio Poccum B 3TOM IPOEKTE.
B pesyibTare AB€ CyMMBbI OKa3alHUCh
NPUMEPHO OJAMHAKOBBIMU. 3alJaTUB
oIpezieIeHHbIe JeHbIu, Poccus npu-
BJIEKJIa HOBBIE 3aKa3bl B 06J1aCTU BBI-
COKUX TEXHOJIOTUH M TaKUM o06pasoM
cMorJjla B TO CJIOKHOE BpeMs coxpa-
HUTBH MHOTUE KOJIIEKTUBBL.

Beceposana Onbra 3akyTHas

B mupe nayku [09] cenmaGpn 2006

23



Hasug benkep

A\ PoH Belic
N\ ""11-.\l;ngosecb [IxeKo6COoH
L\ "\“:-__'___;,DQKGVI KacnuHr

N O "'hM‘__K_pnnMHs

[on Moapuy




SLIM FILMS

BHOTEXHONOTHM

MpuHUMNbI

N METOAb,
3auMCTBOBaHHbIE

N3 MUKPOINEKTPOHNKN,
nomMoryT
6MoTEXHONOrNU
npeononeTb pydex,
KOTOpbIA oTOoenseT
py4YHOE NpOon3BOACTBO
OT NPOMBILLSIEHHOIO

JIOBOCOYETAHUE «T€HHAad MH-
JKeHEepUs» BOIILJIO B HAYYHBIN
JIEKCUKOH OoJsiee 30 jieT Hasas,

a metonasl pekoMbuHaHTHBIX [IHK cTa-

JIVL B HAIITY JTHU OCHOBHBIM HHCTPYMEH-

TOM MOJIEKYJISIPHOI 6rosioruu. OgHaKO

paboTra GUOTEXHOJIOTOB IIOKA UMEET

MaJjIo obIIero ¢ TOM, 4TO OCYIIEeCTBIIA-

IOT UHIKEHEPBI 1 KOHCTPYKTOPHI. Tomy

eCThb JIB€ IPUYUHEI. [Ipek/ie BCero,

MHCTPYMEHTBI, IpUMeHAEeMble g

Cco3IaHUSA OUOJOTUUYECKUX CHUCTEM,

IIOKAa ellle He CTOJb TOYHBI U YHUBEP-

cajbHBI, KaK T€, YTO UMEIOTCA B pac-

HOPAMKEHUU JAPYTUX CHEIIUAINCTOB.

He MeHee BasKHBI U pa3JIUYUA B CAMUX

MeTOo/AaX U IOAX0/1aX, UCIIOIb3Y IO X-

¢ B OMOTEXHOJIOTHH C OTHON CTOPOHBI,

B MHKEHEPHBIX HayKaX — C JIPYTroH,

U 3/1eCh OMOTEXHOJOTUU MPEACTOUT

MHOTO€ II03aUMCTBOBATh U3 MUKPO-

9JIEKTPOHUKH.

PeBoJirolius B 2JIEKTPOHHON TE€XHU-
Ke HavaJiach I10CJIe TOro, Kak B 1957 1.
Jsun XoepHu (Jean Hoerni), coTpya-
HUK Heb6oJibIo koMmmanuu Fairchild
Semiconductor — npapoaNUTeIbHUIBI
HbIHeITHeN « CUJIMKOHOBOM JOIUHBD, —
paspaboTaJi IIaHaAPHY IO TEXHOJIOTUIO,
OCHOBAHHYIO Ha IIOCJIeOBATEIbHOM
HacJanBAaHUM HAa KPeMHUEBOH IIjia-
CTHHKE IIOJIyIPOBOJHUKOBBIX U JPY-
TUX MaTepHuaioB C UCIOJIb30BAHUEM
MaTpHIl, Ha3bIBaeMbIX () OTOMACKaAMH.
HoBbI# ITOAXO0[ MTO3BOJISAJ CO3/IaBaTh
TOYHBbIE UHTErpajbHbIe IEeNU U JIer-
KO MoAu(UIIUPOBATH UX, IIPOCTO 3a-
MeHAA ¢poTomMacku. Beckope 6briam co-
37JlaHBI 00IIeJOCTYIIHBIE OMOINOTERKHN
HPOCTHIX MUKPOLIEIIeH, U JI0601 Kea-
IOIUM MOT co6paTh U3 AeTaeit Heob-
XOAIMOE €My CJIOKHOE YCTPOMCTBO.

CodyeTaHUEe TEXHOJOTUYECKUX U Me-
TOAOJIOTUYECKUX MHHOBAIIUUA B pas-
paboTKe U IIPOMU3BO/CTBE IOJIYIIPOBO-
JTHUKOBBIX YHUIIOB IIPUBEJIO K CO3TaHUIO
OZIHO¥ M3 HaunboJiee YCIENIHbIX I1apa-
JUTM 32 BCE BpeMs CyIIeCTBOBAHUSA
MH:KEHEPHOU HayKH, MOTYIIIeH UCIIOIb-
30BaThCs B KQYECTBE MOJEIN U B 3a-
poxAaIoeics TeEXHUIeCKOM OTPACIIH,
CBAA3aHHOU C NPOU3BOJICTBOM HCKYC-
CTBEHHBIX OMOJIOTUYECKUX CHCTEM.

[loka reHHas MHIKEHEPUS OCTaeT-
Cf O CYLIECTBY «PyYHBIM» IPOU3BOJI-
ctBoM. ITo croBam Toma Hatita (Tom
Knight) n3 1a6opaTopuu UCKyCCTBEH-

HOTO MHTeJUIeKTa B MaccadyceTcKoMm
TEXHOJIOTUYECKOM MHCTUTYTE, «HEJI0-
cTaToYHadA CTAaHAAPTU3AIUA METO/IOB
cOOpKM HYKJIEOTH/JHBIX IIOCJIEI0Ba-
TeJbHOCTE! IPUBOJUT K TOMY, YTO Ta-
Kas IPoIe/lypa OKa3bIBAaeTCA KK bl
pas He TOJIbKO HHCTPYMEHTOM ITPU I10-
CTaHOBKE KOHKPETHOTO SKCIIEpUMEH-
Ta, HO U CAMHUM 9KCIIEPUMEHTOM).

CrangapTusanus GMOTeXHOJOTHYe-
CKUX METOJIOB U T€X IIPUEMOB, YTO HUC-
I0JIb3YIOTCA IPU KOHCTPYUPOBAHUU
«JeTaJjiei», II03BOJUT co3JaTh OMUOJINO-
TEKH COBMECTHUMBIX JAPYT C APYroM
«3arOTOBOK» M TEM CAMBIM 3aJIOKUTH
OCHOBBI IIPOU3BOJICTBA GUOJIOTHYE-
CKUX cucTeM. Takoe pasrpaHUYeHUe
KOHIIEIITYaJIbHOU CTOPOHBI Jiesia ¥ cO6-
CTBEHHO ITPOU3BO/ICTBA IT03BOJIUT CIIEe-
I[UAJIICTaM B 0671aCTH OMOMHIKEHEPUU
HUCII0JIb30BAaTh BCIO MOIIb COBPEMEH-
HBIX TEXHOJIOTHUM, TAKUX KaK KOMIIBIO-
TEepHOE MOJIeJINpOBAHUE, JJIS HPEO-
JOJIEHUSA TeX CJIOMKHOCTEeH, KOTOpPbIe
Hen30eXHO BO3HUKAIOT IIpu pabore
¢ 6uoorndyecKuMu ob6beKTaMu. Yire-
HBI HAIlel TPYNIIbI YiKe IPUCTYIUIN
K COCTaBJIEHUIO IIepeYHs U pa3paboT-
Ke HeoOX0/ITMMOTro 060PYIOBAHUSA U Me-
TO/OB, KOTOPBIE MOCIYKUIN ObI OCHO-
BOU I co3aHUA «6nodabpuk».

JeTanun TonbKo BbicLlero
Ka4yecTBa

BuosornyecKMMHu KBUBAJEHTAMHU
TPaH3UCTOPOB (OCHOBHBIX KOMIIOHEH-
TOB 2JI€KTPOHHBIX Ielel) cduTarT-
cd reHsl, AJIMHHBIE cerMeHTHI [IHK co
CTPOT'0 OIIPEJIEJIEHHOM IT0C/IeI0BaTeIb-
HOCTBIO HYKJICOTHUJIOB. 14 co3gaHud
TeHeTUYEeCKUX IleNel HyHHO Hay YUTh-
¢ GBICTPO, HA/ICKHO U C MUHUMAJIbHBI-
MH 3aTpaTaMH CUHTE3UPOBATh JUINH-
Hble pparmeHTel [THK.

JBaauars geT Haszaj MapsuH Kapy-
3epc (Marvin H. Caruthers) us Koio-
pazckoro yHuBepcuTeTa B Boynaepe,
onupasch Ha paGoThl CBOMX IpeJIe-
CTBEHHHUKOB, CO3/]aJl CUCTEMY CUHTeE-
3a ogHonenodeyHo /IHK, ucnonsaya
XUMHUYECKHUEe CBOMCTBA MOCJIeTHEH.
Kaxk usBectHO, Mosekyna JJHK cocTo-
UT U3 YeThIpEX HYKJIEOTUO0B, OTIHU-
YapInuxcda APYyT OT Apyra TeM, KaKoe
M3 YeThIpeX a30THUCTBHIX OCHOBAHUH
BXOJUT B UX COCTAaB: aJIecHUH (A), IUTO-
3uH (C), ryanuH (G) niu tumuH (T). p
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bUHOTEXHONOTHH

OcHoOBaHUA, IPpUHAJJIEKAIIUE HYKJIe-
OTHJlaM U3 PA3HBIX IIellel OHON MoJIe-
kyJsisl [IHK, o6pas3yroT KoMIIIeMeHTap-
Hble Tapel: A - Tu G - C. Cama AByX-
nenovyeuyHas monekyiaa JIHK ckpydena
B BHU/JI€ JBOMHOW CIMpAJIH, KOTOpas
CcTabUIN3UPYeTCS BOAOPOAHBIMU CBSI-
35IMM MEK/ly OCHOBAHUSAMU IIPOTUBO-
TOJIOHBIX LeTIel U MEKIIJIOCKOCTHBI-
MU B3aUMOJEUCTBUAMU HYKJIE€OTUIOB
B/OJIb Ilelell (CTOKUHT-B3aNMOJIeH-
cTBUE).

MeTton Kapysepca, n3BeCTHBEIN Kak
dochopaMUAUTHBINA METOJ XUMHUYE-

MacmitTabHee, YeM Te, YTO yAAeTCs I0-
JIyYUTh JaHHBIM MeToaoM. [lame co-
BCEM ITpocTasd LeNOYKa I'€HOB MOIKET
COCTOATHh U3 HECKOJIbKUX ThICAY 3Be-
HBEB. A T€HOM TaKOTO0 KPOIIEYHOIO
opraHuaMa, Kak 6aKTepHs, MHOTJA CO-
JEPIKUT HECKOJIBKO MUJIJIMOHOB HYKJIE-
OTHU/IOB.

HuBple opraHU3MBlI UCHOJIB3YIOT
nnda cuHresa ceoux JIHK ¢pepmeHTHI —
pasaudHble monuMepasnsl. OHU CIIO-
COOGHBI TPUCOEAUHATH 10 500 HyKI€0-
THUJOB B CEKYH/y, UCIIPABJIAA II0 XOIY
ejia OIMOKY, BEPOATHOCTH KOTOPBIX

buoTtexHonorua npegnonaraet

OPYryro cMcTemMy B3rnaAOOB Kak Ha yXxe
CyLLecTByOLLME BMonorndeckme «mMallumHbl»,
Tak U Ha KOHCTPYMpOBaHME HOBbIX

CKOI'0 CHHTE3a B TBepJloH (ase, 10 cux
II0p OCTaeTCA OCHOBOM GOJIBIIMHCTBA
KoMMepueckux npousBonacts JHK.
IIpomecc HauWHaeTcA ¢ GUKCAIIUH
IepBOTO HYKJEOTHUla HAa UHEPTHOM
TBEpP/OM HOocHUTeJIe (0GBIYHO IOPUCTOM
cTekJAHHOM Inapuke). ITocae obpa-
60TKM TPUXJIOPYKCYCHOMN KUCJIOTOU OH
npuobpeTaeT CIIOCOGHOCTD IIPUCOEIH-
HATH CJIEAYIONIUN HYKJIeoTH, 1o6aB-
JICHHBIH B peaKIIUOHHYIO cMech. [lajee
BHOBB IIPOBOAAT 00paboTKY KUCJIOTOH,
NPUCOEAUHAIOT CIAEAYIOIMIUN HYKJI€Oo-
TUJ U T.J. MHOIrOKpaTHO IIOBTOPAA Ta-
KO ITUKJI, MOXKHO CHUHTE3UPOBATh JIIO-
6yI0 HyKJICOTHUIHYIO IIOCIeJ0BAaTE/Ib-
HOCTb, IPUYEM BEPOATHOCTH OLIUOKU
cocTaBUT IpuMepHoO 102,

OpHaKko MHOTHE TeHEeTUYeCKUe KOH-
CTPYKIWH, KOTOPBIE XOTEJIOCh GBI CO-
37aBaTh 6MOTEXHOJOraM, Topas3zo

paBHa npumepHo 10°. ITo BceM mHoka-
3aTendaM KjaeTouyHasa GMOCHUHTeTHYe-
CKafd MalllMHa NPEeBOCXOJUT CaMBbIi
ayumuii JHK-cuHTe3aTop B TpUJLIN-
OH pa3 (ImocjeJHEMY Ha IIPUCOEIUHE-
HUE Ka/I0r0 OYEPEHOI0 3BEHA HY#KHO
300 cekyHpa). Bonee Toro, in vivo B pe-
NAUKAIIUU JJIMHHOTO FeHoMa (HaIlpu-
Mep, 6aKTepHaIbHOTO) OJTHOBPEMEH-
HO y4aCTBYIOT HECKOJILKO IIOJIUMEpPas,
cyMMapHas «IPOU3BOAUTENbHOCTEY
KOTOPBIX COCTaBJIAET 5 MJIH. HyKJIEO-
TUA0B 3a 20 MUH.

OpuH u3 Hac ([dx. Yepy) rmonsrtTai-
cfA peajlns3oBaTh TAKOM Napaljejin3M
in vitro, IPUCIOCOOUB yiKe CYIIEeCTBY-
IOIYI0 TEXHOJIOTHIO MYJIBTUIIEKCHBIX
CHCTEeM, OCHOBOM KOTOPBIX CIYHUT
TBep/Jas IOoAJI0KKA ¢ GUKCUPOBAHHBI-
MU Ha Hell KODOTKHMMM OJIHOIIeNI0Yey-
HeiMu cermeHTamu JJHK (onurony-

OB30P: BUOJIOTMYECKUE CUCTEMbI HA NMOTOKE

| | rl/léKaﬂ, HagexHasa TexHosnorunsa CﬁOpKVI B CO4YeTaHUN CO CTaHOapTU3UpPOBaHHbIMU MeToaa-

MU 1N co3gaHnem OﬁLLIVIpHOFO Ha60pa feTtanen cnoco6CcTBOBana HanaxnBaHUIO MaccoBOro

Nnpov3BOACTBA NOMYNPOBOAHNKOBbLIX YMMNOB, 4YTO MO3BOSIUIO KOHCTPYMPOBaTb HEOObIYANHO

CNOXHble 3NNEKTPOHHbIE yCTpOVICTBa CamMoro pa3Horo HagHa4eHus.

B Vcnonb3ys aHanornyHbli NoAxXo[, 6MOMHXEHepbl MOryT co6upaTh M3OLLPEHHbIE CUCTEMbI

13 6UoNornyeckmx getanen.

B VHXeHepHble NPUHLUMNBI U MEeTOAbI YXKe UCMOMb3YITCA PAAOM 6MOTEXHONOrMYECKUX KOM-

naHuin ans nonyyYeHUsi KOMMeEpYeCKUX NPOAYKTOB. Tenepb 0YEHb BaXHO 06Yy4UTb UHXEHEP-

HbIM NOAXO0AaM Kak MOXHO 60nbLue MOJIEKYJIAPHbIX 61oNoroB.

KJIeoTuaMu) JiauHor 50-70 3BeHBEB.
VX cMHTe3UpyIOT OJHOBPEMEHHO IIPsi-
MO B A4YeHKaX HOAJIOKKU pochopaMu-
JUTHBIM MeToZioM. Ha ogHOM KBapar-
HOM CaHTHUMETPE IOJJI0KKHU COIEP-
JKUTCA MUJIJIUOH TAKUX SY€eK (TOYEK).
Kaxgaa u3 HUX B HAlIlleM yCTPOUCTBe
uMeeT AuaMeTp oKoj10 30 MKM U U3 Hee
«pacTtyT A0 10 MJIH. OJIUTOHYKJIE€OTH-
J10B. YTOGBI UMETH BO3MOKHOCTD BBI-
60pPOYHO U3BIMATh UX U3 CUCTEMBI, MBI
NPUCOEIMHUIN K HUM OTIIENIseMbIe
JINHKEPHI.

OIUTOHYKJI€OTU/bI U3 PA3HBIX TOUEK
MMeEIOT IIEPEeKPhIBAIOIIUECA KOHIIEBbIE
MOCJIEJ0BATEJIbHOCTHU, TaK YTO U3 HUX
MOKHO B JajbHelIneM cobupaTrs 60-
nee pnuHHBIE cerMeHTHI JJHK, Hanpu-
Mep, Lejble TeHbl. CilelyeT 3aMeTUTh,
4TO B IIPOILECCE CUHTE3a HYKJIEOTU/I-
HBIX I10CJIE/IOBATEIbHOCTEN BO3MOMHBI
OIINOKY, ¥ KAaMKABbIA «HEIIPaBUJIbHBIN»
OJIUT'OHYKJIEOTHU/L IOJKEH ObITh BBISAB-
JIEH U yZlaJIeH, JJIs1 YETO MBI MCIIO/Ib3Y-
€M JIB€ pa3Hble KOPPEKTUPYIOIIUE CH-
CTEMBI.

[lepBas BKJIIOYAET CUHTE3 TAaK Ha-
3bpIBA€MBbIX OJJMTOHYKJIE€OTU/I0B-CE-
JIEKTOPOB, KOMIIJIEMEHTAPHBIX IleJie-
BBIM (X IOJIy4YAIOT C IOMOIIbIO TAKOHU
e MYJBbTHUIIJIEKCHON CUCTEMBI, KaK
U Ta, 4To onmcaHa Bbllle). CeJeKTop-
HbI€ OJIUTOHYKJIEOTH/Ibl OTCOEAUHAIOT
OT IOJIOMKKU ¥ UHKYOUPYIOT UX C OJIU-
TOHYKJI€OTHuAAMHU, GUKCUPOBAHHBI-
MU Ha IepBoi MaTpuue. B pesynbra-
Te rU6PUAN3AINI B3AUMHO KOMILIe-
MEHTapHBIX OJIUTOIeNnell o6pa3yoTca
aByxuenodeuyHsle cermeHTHI JITHK. JI1o-
60e HECOOTBETCTBHUE MEH Y IEePBBIMU
Y1 BTOPBIMU OJIMTOHYKJIEOTUaMU IIPH-
BOAUT K HApyLIEHUIO B CIapMBaHUU
OCHOBAHUU U yKa3bIBA€T HA HAJIUYUE
OIIMGKMU B ITOCjIeIoBaTeIbHOCTHU. TaKkol
OJIUTOHYKJIEOTH], cpa3y OTOpPaKOBbIBA-
ercd. KoneyHo, ommu6Ku MOTYT Coep-
JKaTh He TOJBKO IIeJI€BbIE OJIUTOHYKE-
OTHU/BI, HO U CEJIEKTOPHBIE, HECMOTPSA
Ha TO, YTO MX IIOJIy YaJIu TEM e CII0CO-
60M, HO BEPOATHOCTbD, YTO OIIN60YHAA
ocJeJ0BaTeJbHOCTb U3 OJHOI'0 Ha-
6opa HalgeT cebe KOMIIJIEMEHTAPHOTO
«IapTHepa» U3 APYyroro, KpaiHe Maja.
B pesynbTaTe nepBoro aTamna KOppekK-
IUX U OTOGPAKOBKU MBI IIOJIyJaeM Ha-
60p OJIMT'OHYKJIEOTU/OB, COAEPKAIINNI
Bcero ogHy omu6ky Ha 1300 3BeHbEB.

28

B mupe Hayku [09] cenmaGpn 2006



UNIVERSITY OF TEXAS AT AUSTIN/UNIVERSITY OF CALIFORNIA, SAN FRANCISCO (bottom)

COURTESY OF RON WEISS Princeton University (top); AARON CHEVALIER/

BHOTEXHONOTHM

BEMONNOITMYECKUE YCTPOMCTBA

Takue y30pbl 06pa3yoT KONTOHUN 6aKTepuanbHbIX KNETOK B OTBET Ha CUrHasbl, KOTOPbIE MOCLINAIT KNETKU-«NepefaTimuKkmn».
CurHanamu cnyxar XMMW4Yeckne BeLLecTBa, KOTOpble CEKPEeTUPYIOTCA «nepefartinkammu», pacrnofioXeHHbIMU B LeHTpe
6aKTepranbHOro ra3oHa u3 reHeTU4eCcK MoaMMPULMPOBaHHbIX KNETOK E.coli. Mony4nB KomaHAy, KneTka-«npueMHUK» Ha-
YMHaeT CUHTEe3npoBaTb ryopecumnpyoLnin 6enok. AnnHa BonHbl donyopecLeHumm (LBeT 6enka) 3aBUCUT OT PpacCTOAHNUS
MeX[Y KNeTKOM-«MNPUEMHUKOM>» U «NepefaTinkom», T.e. OT KOHLEHTPaLMM CUrHanNbHbIX Monekyn. IameHss mectononoxe-
HUe «nepefaTyMKoB», MOXHO cO3[aBaTb Bce 60nee CNoXHbIe y30pbl. Takylo UCKYCCTBEHHYIO MHOFOKJIETOYHYIO CUCTEMY
MOXHO UCMONb30BaTb B UCCIEA0BaTENbCKUX LeNsAx, HTOObl NOHATL AENCTBUE CUTHASIBHBIX MEXAHU3MOB in Vivo, Hanpumep,
UX ponb B NpoLiecce pocTa v pa3BUTUSA OPraHN3mMoB. AHANMOrMYHbIE NPUHLMMBI MOXHO MPUMEHATH B TKAHEBOW MHXEHEpUU
LN NPOU3BOACTBA Pa3NMyHbIX MaTepMasnos U U3roToBNEHUs 6MofaTHMKOB

BTopas KOppeKTUpyIoIlasd cucTemMa
npefcTaBiIsgeT cOO0M TOYHYIO KOIIUIO
TOH, 4TO GYHKIIMOHUPYET B 3KUBBIX OP-
ranuamax. Ogqus u3s Hac (I1. Moapuy)
10 neT Ha3a/| BIiepBbIE BOCCO3/AJI B Jie-
TaJIAX BECh IIPOIleCC U Ha3BaJl CUCTEMY
Mut S, L, H. Eciiu npu ru6puausanu
neneit IHK HapymaeTca KaHOHUYe-
ckoe nnpaBuiio cnapuBaHua A-T, G-C,
TO B 9TOM MeCT€ B JIBOMHOM CIIUpPAIHU
noaBisgeTca gedexT. MutS, mpuposa-
HBIN 6€JIOK, pacIio3HaeT HapylIeHus,
cBA3bpIBaeTcA ¢ TeM ydacTkoMm JJHK,
T/ie OHO IIPOM30IILIIO, ¥ IPUBJIEKAET JBa
apyrux 6enka, MutLu MutH, K KOppeK-
nuu omru6ku. J[3k. J[3KeKoO6COH B CO-
TpyaHudecTse ¢ [ImtTepom KappowMm (Pe-
ter Carr) n3 MaccayyCceTCKOro TexXHO-
JIOTUYECKOTO MHCTUTYTA, UCHOIb3YyH
JAHHYIO CHUCTEMY, YMEHBIIIN BEpPOAT-
HOoCTBh omru6ku cuHTe3a JHK go 1074,
YTO BIIOJIHE IIPUEMJIEMO NPU COOpKe
He6GOIBIITHNX IEII0YEK T'eHOB.

[Tapamienusm B cuHTesde JHK u uc-
OJB30BAHMUE CUCTEM KOPPEKIIHH I10-
3BOJIAIOT cOOGUPATh NPOTAMKEHHEBIE,
MOYTH He cojeprKallie OIIUOOK re-
HETHUYECKUE 3JIEMEHTHI ropas3fo ObI-
CTpee M IPU MEHBIIHNX 3aTpaTax, 4eM
paHblIe, YTO CO3/1aeT HEOOXOJUMY IO
6a3y AJ18 IPOM3BOACTBA GUoAeTaIel,

KOTOpPOE, KaK U B CJIydae C IOJIyIIPOBO-
JNHUKaMH, 6yAeT GBICTPO COBEpPIIIEH-
CTBOBATHCH.

B coTpyaHuyecTBe ¢ npupoaoun
OpHOU U3 IEePBBIX 3a/a4, IOCTABJIEH-
HBIX Hallled I'PyNIoi, GbLI IIOUCK HO-
BBIX ITOJIXO/IOB K JIEYEHUIO 3200JIeBAHUI
C MICIIOJIb30BaHMEM TexXHoJioruu bio-fab.
JBoe u3 Hac (Ix. Kacauur u . Beii-
Kep) BO3IVIaBIAIN IabopaTopuu, KOTO-
pble y9acTBOBAJIM B pa3paboTKe CII0CO-
60B 60pBHOBI c HAN60Iee OITACHBIMH IS
YejioBedyecTBa MHQPEKIIMOHHBIMU 3a060-
neBaHuaMu: maaspueit u CIIM{om. He-
CMOTPSA Ha TO, YTO MBI paboTayu ¢ ca-
MBIMH pa3HBIMH TepPareBTUYECKUMHU
cpeacTBaMu, o6e IpyIIbl Ipearorara-
JIX UCIIOJIB30BATh I10JIyYeHHBIE UCKYC-
CTBEHHBIM IIyTeM JUUIMHHBIE CerMEHTHI

Tak «NpUBETCTBOBANN» YHACTHUKOB KOHKYp-
ca iGEM 2004 r. cBeTsAwmecs 6akTepuu.
YCTpoMCTBO M3roToBUNA rpynna nccneposare-
nen na Texacckoro yHueepcuteta B OcTuHe.
B knetku E.coli 6b1nv BCTPOEHbI FEeHETUYECKNE
KOHCTPYKLMK, OTBeYalLme 3a npmMem CBeTo-
BbIX CUTHANIOB U OTBETHYIO (hJlyopecLeHLmIo.
Ha akpaHe (61onneHke) BCMbIXMBanu cCBETO-
Bble KapTUHKW. YCTPOMNCTBO NO3BOMANO MpPO-
cmatpuBaTtb «6ModunbMbl». B cooTBeTCTBUM
C TpagnuusMM KOMMbIOTEPHOrO Nporpammm-
poBaHua, pa3paboTynku NpuBeTcTBOBANU
ayAMTOpUMIO BbICBEYEHHOW Ha 3KpaHe dpaszon
Hello World

JAHK c 3agaHHON HYKJIEOTHUHOM I10-
CJIeI0BATEeIbHOCTBIO.

Yro KacaeTcs MaJAPUH, TO IO Kpaw-
HeU Mepe OJUH mpernapar, KOTOPBIHA
I103BOJIAET YHUUYTOMXKATh BO30OyUTE-
JI B OpraHu3Me MH(PUIIMPOBAHHOTO,
yxe HalifeH. ETo ocHOBOII cTano Be-
IIECTBO MPUPOAHOrO HPOUCXOKICHUSA
C-15-ceckBuTepneH (6oee N3BECTHOE
KaK apTeMHU3WHUH), CHHTe3UpyeMoe
pactenueMm Artemisia annua. OgHa-
KO II0JIy4aeMOTr0 IIPOAYKTA CIUIIKOM

MaJio, YTOOBI YI0BJIETBOPUTHL TOT KO-
JIocCaJIBHBIN CIIPOC, KOTOPBLIM Ha HETo
cymecTByeT. Kpome Toro, oH He o p
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NMPEMMYLLECTBA MEPAPXNYECKOI'O NMOAXOAOA

BonbLuyto nonb3y 6MONHXEHEPaM MOXET MPUHECTU 3aMMCTBOBaHWE MOAXOLOB Y METOAOB, NMPUMEHSEMbIX B MUKPOIMNEK-
TpoHuke. bnarogaps ctaHpapTM3aumMm TEXHOTOTMYECKMX MPUEMOB pPa3paboTHMKM MUKPOYMMNOB MOTIN COCPEfOTOUUTLCS
Ha KOHCTPYMPOBaHWM 1 CO3[aHMN MUKPOLIENen, Apyrue cneumannctbl cobupanu aNeKTPOoHHbIE KOMIMOHEHTbI, TPeTb —
yCcTpoicTBa U T.A. TakoW Xe mepapxvyeckuit NOAX0L MOXHO MCMONb30BaTbh B GUOMHXEHEPUMN MPU CO3[AHUMN CIIOXHbIX
KOHCTPYyKUMI. B pesynbtate bio-fab-KOHCTpYKTOp, paboTatoLLmii Ha YPOBHE LiefbiX CUCTEM, [OJKEH AyMaTb TOMbKO O TOM,
Kakue yCTponCcTBa eMy UCMOMb30BaThb U KaK UX COEANHUTbL APYr C APYroM, YTOObl JOCTUYb NOCTABMEHHON Lenun, U He 3a-
HMMaTbCS co3faHveM camux fetanei. TOYHO Tak Xe pas3paboTyMk MEXaHU3MOB AOMKEH UMETb NMPeAcTaBlieHNe NuLlb
0 (DYHKLMSAX COCTABNASAOLLNX ANIEMEHTOB M 3a60TUTLCA 06 X COBMECTUMOCTM, & CO3[aTENb 3/IEMEHTOB — MOHMMATh, Kak
YCTPOEH KaXX bl U3 HUX, HO B €ro 3afa4vy He BXOAUT U3rOTOBNEHNE «Ha4YMHKN» — cuHTe3 OHK

PA3OEJIEHME TPYOA el

Cuctems,
N7

NHTerpanbHble CUCTEMbI
CouyeTaHme 6MONOrM4ecKnX YyCTPOMCTB, KOTOPbIE BbIMOSHSAOT 3a4aHHbIe
yHKUMM. Hanprmep, cuctema n3 Tpex MHBEPTOPOB paboTaeT Kak OCLuII-
natop

YcTponctea
CoyeTaHue 6uonornyecknx getanen ¢ onpepeneHHbIMU MYHKLUAMMN.
OfVH UHBEPTOP MOXET MosyyaTb Ha BXOA «BbICOKMA» CUTHAN U npe-
06pa3oBbIBaTb €r0 B «HU3KUI». BBeAEHNE MNOHATUA «CTaHAAPTHbIN CUr-
Han» — 4ncno «cpabartbiBaHin» (060POTOB) NONNUMeEpPasbl B CEKYHOY —
obneryaet o6beAuUHEHME YCTPONCTB B CUCTEMY

Oetanu
FeHeTU4YecKne KOHCTPYKUUM C 3afaHHbIMU yHKUMAMU. Hanpuwmep,
TPaHCKPUNUMOHHLIN onepaTtop #R0051 npeactaBnseT co60M CerMeHT
OHK, koTopbIii pa6oTaeT B nape co cneundguyiecknm 6enkom (B gaHHOM
cnyyae — #C0051) v perynupyet akTMBHOCTb reHoB. /3 cTaHpapTHbIX
jetanen ¢ 4eTkon cneundurKaLmen MOXHO cobpaTtb pa3Hble yCTponcTBa

ferany, 4. R0051
Tun: Tpancy

AHK

CermeHnTbl AHK ¢ 3afaHHON HYKNEOTUAHONM NOCNefoBaTENbHOCTLIO ANA
n3rotoeneHus getanen. Ix CMHTe3npytoT B cneymanm3npoBaHHbIX na6o-
paTopuax u [OCTaBMSOT B rOTOBOM BUAe K MecTy c6opku. PaspaboTka
MeTOo[0B 6bICTPOr0 CUHTE3a C HU3KOW YacTOTON OLUIMGOK No3BOAMNMA Npe-
BPaTUTb 3Ty NpoLenypy B pyTUHHYIO

3a LocTaBka
Nocnenge iHan CMHTE3UPOBAHHOW
@ .CloexaTenE,HOCTb NIHK
b tacaccgtgcgtgngac.
a ttacctclggcggtgag

aatggttge

KapMaHY KUTeJIAM OeJHeNIITNX CTpaH,
6oJplIe APYTUX CTPaJalolUuX OT Ma-
JIAPUM.

IMoaTomy rpynmna KaciuHra naTh JeT
Hasaj Hadaja paboTaTh HaJ IOJyde-
HUEM KoIlmu Habopa reHos, obecre-
YUBAIONUX CUHTE3 apTeMU3WHUHA
B KJeTKax pacTeHus. KoHedHoH 1e-
b0 OBIJIO BCTpaWBaHUE HOBOM reHe-
TUYECKOU KOHCTPYKIMU B JIPOMKIKE-
BbI€ KJIETKU U ee MOJUDUKAILIUM C Iie-
JIBIO TIOBBIIIIEHUSA BBIXOJA IPOJAYKTA.

Iloka yjanock BHECTH UBMEHEHH B Ha-
6op reHOB, OTBEYAIOIIUX 34 CUHTE3
IpelIecCTBEHHUKA apTeMU3NHUHA —
amopdanenHa. B pesynbrare ypoBeHb
ero cuHTes3a yBenuuuica B 100 TwIc.
pas o CpaBHEHUIO C TAKOBBIM JJId He-
MOAU(PUIINPOBAHHON KOHCTPYKIIUH,
BCTPOEHHOH B 6aKTepUATbHYIO KJIETKY.
Tenepb IPEICTOUT MOAUDUIIMPOBATH
OCTANbHYIO 9acTh OHOCUHTETUYECKO-
I'o IIy T, BKJIOYAIOIIYIO I'€HbI, KOTOPhIE
OTBEYAIOT 32 CHHTE3 apTeMU3UHUHA.

Bcsd 1eroyka COCTOUT U3 ACBATHU I'e-
HOB JJIMHOU B cpexHeM 1500 map Hy-
KJIEOTUJIOB KaJbll, YTO cOCTaBJIA-
eT B cyMMe INpuMepHo 13 ThIc. map.
Taxkyro o6y AJIUHY 6yaAeT UMeTh
U KaxkJasd HoBas BEPCUS KOHCTPYK-
nuu. XoTenoch Gbl TaKKe MOJY4YUTh
110 OTAEJbHOCTHU pa3Hble BapUaH-
TBI BCEX T€HOB CHUCTEMBI, YTOOBI MOK-
HO 6BLJIO BBIOPATH JIy4IIyI0O KOMOUHA-
nuo. Ilpy HaIM4YUKU BCero ABYX Bapu-
AHTOB Ka:ikJI0OTO I'eHa MBI MIOJy4uM 2°,

a0
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T.e. 512 KOHCTPYKUMH, BKJIIOYAIOIIUX
B cyMMe 6 MiH. nap. Takne macmira-
6Bl He 10 cujIaM TPaJUIMOHHBIM CIIO-
cobaMm cuHTesda JIHK, HO BlonHe ocy-
IIeCTBUMBI METOAOM CHUHTE€3a Ha MU-
Kpounnax. TexHoorus, aHaJoruyHas
TOM, YTO MO3BOJIAET HaJAaJUTh Mac-
mTabHoe IPOU3BOJCTBO TeHETUYECKUX
KOHCTPYKIUN, MOKET IPUMEHATbCH
U AJ5 CO3/JaHUA HOBBIX OEJIKOB: CHH-
TeTUYEeCKUX (PEepPMEHTOB, KaTaJIU3U-
PYIOIIUX ONpeZeIeHHbIE CTaAuu 61O0-
CHMHTE3a WU IIpollecchl, obecneuynBa-
oIyue HedTpaaus3anuio pasaIundHbIX

qucie U MOABUBIINXCA HeJaBHO. Tak,
HCIOJIb30BAHUE NPENMYIIECTB BBI-
COKOCKOPOCTHBIX JIeIIEBBIX CIIOCOO0B
cexkBeHupoBanua JJHK (cm.: Yepu Jorc.
Kaxcdomy — no eeromy // BMH, Ne4,
2006) u bio-fab-MeTOL0B CUHTE3a I10-
3BOJIUT UJEHTUPUIIUPOBATH BUPYC
ATUNUYHON MHEBMOHUM MU KAaKON-
HHuOY/Ab HOBBIM IIITAMM BUpyca rpunna
¥ CO3aBaTh GEJIKOBbIE BAKIIUHBI IIPO-
THUB HUX ropas/io OpICTpee, YeM JeJia-
ercd ceyac.

Pasymeercsda, bio-fab — He mpocTo
Ha60p BBICOKOCKOPOCTHBIX METOJOB

byayLiee 6MOTEXHONOrMM BO MHOMOM 3aBUCUT
OT CO3[aHus rpynn cneumanncTos, Kaxxgas
N3 KOTOPbIX ByaeT 3aHMMaTbCs pa3padboTKom
KakKOW-TO OHOM 4YaCTu CUCTEMBbI

3arpsA3HeHUH, JIN60 BbICOKOCTIETU(pU Y-
HBIX (EPMEHTOB /I TeHHOH TepaIlnuu
WJIM YHUYTOKEHUSA IIaTOreHoB. [pyII-
na Belikepa 3aHnMaeTcsa cerigac pas-
paboTKONM KOMIIBIOTEPHBIX IIPOrpaMM
JIJ151 KOHCTPYUPOBAHUSA HOBBIX GEJIKO-
BBIX CTPYKTYP, B TOM YHCJI€ UMUTH-
PYIOIIIMX OCHOBHBIE CBOMCTBA IIOBEPX-
HOCTHBIX 6eskoB BUY. Takue Genko-
Bbl€ KOHCTPYKIIUH Y3Ke allpoOUPYIOTCS
KaK OCHOBA BO3MOKHBIX BAKIIUH.

KoHe4YHO, KOMIbIOTEPHOE MOJIEIUPO-
BaHUE He TapaHTHUPYET, YTO KaKIbII
HOBBIU 6eJIok OyzieT 061a1aTh HYKHBI-
MH CBOHCTBAMU, OJJTHAKO MOMKHO CHe-
JIaTh JECATKU U JlaKe COTHU BapHaH-
TOB U 3aTeM UCIpo6oBaTh ux. Eciau ne-
PEBECTH BCIO HEOOXOAMMYIO IS 9TOTO
nH(OPMAIUIO C A3BIKA AMUHOKHUCJIOT
Ha A3BIK HYKJICOTHU/IOB, TO MBI YBU/IUM,
9TO NMOTpebyeTCss CUHTE3UPOBATh HY-
KJEOTHUHBIE II0CJIeJ0BATEJIbHOCTH
CyMMapHOH AJIMHON B COTHM ThICAY
3BeHbeB. Byly4yu HENOCHUJIbHON AJA
HBbIHE CYIIECTBYIOI[UX TE€XHOJIOTUH,
Takaf 3ajjada BIIOJHE pelraeMa C HC-
noJab30BaHUEM bio-fab-meTonoB faxke
HEePBOTO NOKOJCHHUS.

[IpOEeKTHI, I1eJb KOTOPBIX — CUHTE3
HOBBIX 6€JIKOB, KaHJUJATOB Ha POJb
npenaparoB IIPOTUB Mandapuu u B1UY,
JIEMOHCTPHUPYIOT BO3MOMKHOCTHU TEXHO-
noruu bio-fab. C ee ITIOMOIIIBIO MOMKHO
OyzeT co3iaBaTh HOBBIE CPeACTBA IPO-
TUB MHOKecTBa 3ab0jIeBaHUM, B TOM

CHUHTe3a, HO U Apyras, 3aNMCTBOBaH-
Hafd y TEXHUYECKUX HAyK, CUCTeMa
B3IVIAZ0B Ha CyIlIecTBYOIUe 610JI0-
TUYeCKHe «MAIIUHBD ¥ Ha KOHCTPYU-
poBaHUE HOBBIX.

HJeTtanun 6uonornyeckKkoro
KOHCTPYKTOpPa
B 2000-m r. Matika duosurn (Micha-
el Elowitz) u Cranuciuac Jleii6aep
(Stanislas Leibler), pa6oTasmiue Tor-
na B IIpUHCTOHCKOM YHUBEpPCUTETE,
a Takke oguH u3 Hac (Jx. KonnuHa)
¢ kosumeramu Tumom Fapauepowm (Tim
Gardner) u Yapiasom Kantopom (Cha-
rles Cantor) u3a BocTOHCKOro yHUBEp-
curera cobpaiu U3 GUOJOTUYECKUX
JeTaJled IpocTeHIle TeHeTUYeCKUe
YyCTPOMCTBA — OCIUJUJIATOP U TYM-
671ep. O TOM, YTO ITOAO0GHBIE KOHCTPYK-
LY VCIIOJB3YIOTCA AJNA PEryJIAlUN
paboThl FeHOB ¥KUBBIMU OpraHU3Ma-
MU, yUeHble 3HAIOT yiKe Gosee 25 e,
HO HMCKYCCTBEHHBIE TeHeTHYeCKUe CU-
CcTeMbI OBLIIN CO3/IaHbI BIIEPBLIE.
IMpucTtynas K UCCIeJOBAHUAM, DJIO-
BuIl 1 Jleiibiaep moJsaraau, 4TO UM
yacTcsa CKOHCTPYHUPOBaTh GHOJIOTHU-
YeCKHe Jachl, KOTOPbIE IOMOTJIU OBl
pasobparbca B paboTe aHAJIOTUYHBIX
MEeXaHU3MOB y €CTECTBEHHBIX *KUBBIX
opraHu3MoB. VX resermyeckas Ie-
OYKa MpeAcTaBisaaa co00i Koblie-
Byto IHK (mrazmupay), cocTodmiyio na
Tpex reHoB: tetR, lacl u \cl, KoTopble

rkogupoBanu 6enku TetR, Lacl u Acl
cooTBeTCTBeHHO. YT0oOBI Havajzack
TPaHCJAAUA JI060T0 reHa (CHHTe3a
6enka), pepment [JHK-monumepasa
JIOJI?KEH CBA3AaThCA C IPOMOTOPOM —
PEeryasapHBIM y4YacTKOM, IIPEAIIIeCTBY-
I0IUM TeHy. [ToruMepasa TpaHCKPH-
6uUpyeT red ¢ o6pa3oBaHeM MaTpUY-
Hoii PHK (MPHK), Ha KoTOpOH 3aTem
cuHTe3upyeTcda 6enok. Eciau mo ra-
KUM-JIN60 IpUYUHaAM IoJuMepasa He
MOKET CBA3aThCA C IPOMOTOPOM, TO
reH He TpaHCKpUOupyeTcd U 6€JIOK He
o6paasyeTcs.

BenkoBbIe IPOAYKTEI T€HOB, CO3/1a-
IoII1E IIeITh B ONbITe JjaoBulia u Jlem-
6siepa, n3bupaTeabHO CBA3BIBAJINCH
C mpomMoTOopaMHu ApPyrux resos. Ha-
npumep, 6enok Lacl Mor B3amMoen-
CTBOBATh C IPOMOTOPOM reHa tetR,
6esiok A\cI — c mpomoTopoM lacl-reHa,
a 6esok TetR — ¢ IpOMOTOpPOM reHa
Acl. B pesynpTraTte TaKuX IIEPEKPECT-
HBIX B3aUMO/ICICTBUH GEJIKOBBIA IPO-
JAYKT OJHOTI'O reHa MOT GJIOKMpPOBATH
CBA3BIBAHUE ITOJIMMEPA3bI C IPOMOTO-
poM zipyroro reHa. CuUHTe3 6€JIKOB IIPO-
HCXOIUJ B KOJIe6aTeJIbHOM pexRUMe:
npu u3bsITKe Lacl reH tetR BBIKIIOYAI-
cs, IIOCKOJIBKY €ro IPOAYKT He 06pa3o-
BBIBQJICA, HUYTO He MelaJio paboTe p

OB ABTOPAX

lpynna BioFab: Oasup Benkep n3 Ba-
LUMHITOHCKOro yHuBepcuteTa, [Xopax
Yepuy n3 MNapeBapacko MeguuUMHCKOWM
wkonbl, AxXum KonnmHa n3 BocToHCKo-
ro yHusepcuteta, Apto dHau n Oxo-
3ec [Axekob6coH n3 MaccadyceTckoro
TEXHONIOrM4ecKoro yHusepcuteta, fhxen
KacnuHr ns KanugopHuinckoro yHmsep-
cuteta B bepku, NMon Mogpuy 13 YHu-
BepcuTteTa [bioka, KpuctuHa Cmonke
13 KannopHUINCKOro TEXHONMOrn4ecko-
ro uHctutyTa 1 PoH Bewc 13 MNpuHCTOH-
CKOro yHusepcuteta. Bce aBTopbl 6B-
NAOTCA TaKXe KOHCYNbTaHTamu mupmbl
Codon Devices B Kenimbpupxe, WwT.
MaccauyceTc, NnepBoro KOMMepP4YecKkoro
npeanpusaTUA, 3aHmaroLLLerocs sBHegpe-
HUEM WHXEHEPHbIX MOAXOA0B B CUHTE-
Tnyeckyto 6uonoruto. Cpegn ero oCHo-
Batenen — Yepy, OHAn, OxXeko6COH un
Kacnuxr. Kpome Toro, 9Hgu cospan He-
KOMMepyeckuii hoHp BioBriks, a KacnuHr
ocHoBan upmy Amyris Biotechnologies.
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BE3OINACHOCTb — lMNMPEBbILWLIE BCEIO

[MpakTuyeckoe NpMMeHeHVe BCEro noteHumMana 6uonHxXe-
Hepun B MeauunHe, NPON3BOACTBE HOBbIX MaTepuanos,
CO3aHun 4yBCTBUTEJIbHbLIX OATHUKOB, OXpaHe OKpyXalo-
el cpefbl, BbIpaboTke S3HePrum TonNbko HaunHaetcs. U kak
no60e HOBOE HauVHaHWe, OHO BbI3bIBAET ONaceHns y obLue-
CTBEHHOCTUN. bronornyeckne cuctembl CNOCO6HbI K camo-
BOCMPOV3BEAEHWNIO N 3BOSIOLINN, B CBA3W C 4eM BO3HMKaeT
PE30HHbIVi BONPOC: MOTYT NI OHW BLINTU U3-MOA KOHTPONSA
M cTaTb OnacHbIMU?

Takue xe coobpaxeHus BbicKadbiBanucb 6onee 30 neT Ha-
3afd. B 1o Bpems 6monorn Hayunnuce Bbipe3aTb reH ua re-
HOMa O[HOro MPoCTeWLLero opraHn3mMa u BctpamsaTb ero
B FEHOM [pYyroro, 4To NPUBOAMIIO K MOABMEHWNI0 KOMOUHA-
LM FreHoB, He cyliecTByLWNX B npupofe. CerogHsa Takas
MeToAuKa cTana OCHOBHbIM UHCTPYMEHTOM BCeX MOJIeKY-
NAPHbIX 6MONOroB B MUpeE.

Mo cyuwiecTBy, HUYEro NPUHLMNMANbHO HOBOrO CErofHsA
B 6MOMHXeHepun He npoucxopgut. Nccneposartenu mo-
ryT pyKOBOACTBOBATbCHA B CBOEW paboTe TeMu npasuna-
MU 1N 3TUHECKNMW HOPMamW, KOTopble 6binn BblpaboTaHbl
B CBO€ BPeMs OTHOCUTENBHO pekombuHaHTHbIX JHK. Camo
cob60M pasymeeTcs, 4To y6eanTbcsa B 4OOPOCOBECTHOM pa-
60Te 4eCTHOro y4eHoro He cocTtasnseT Tpyaa. Ho Henb3sa
VCKNIOYNTb, YTO OfHAaXAbl KaKOW-HMOYAb Heroasn He 3a-
X04eT MCMonb30BaTb CBOWM 3HAHWA BO 3110 U HE CO3[acT,
Hanpumep, HEKUI CMEpPTESNIbHO OMAaCHbIN MUKPOOPraHM3M.
OpuH 13 Hac (Ox. Yepy) npennoxun cos3natb cnyxoy Mo-
HUTOPUWHra, B 0653aHHOCTWN KOTOpPOM BXxoguna 6bl, B YacT-
HOCTW, perncTpauus Bcex uccnegoparenen, paboTaoLLmnx B
061aCTN CUHTETUYECKON BUONOrnK, a TakXe oTCnexveaHme
BCEX CIly4aeB NpMo6peTeHNs KEM-NTMOGO COOTBETCTBYIOLLIErO
060pyAoBaHNS U GUONOrNYECKMX AeTanen.

Bce npepnaraemble Mepbl AONXKHbI NpeBpaTuTb GUOUH-
XEHeputo B ropasfio MeEHee OnacHyl oTpacib, YeM MHO-
rve Apyrve npovsBoacTBa. Kak npaBuno, CMHTeTUYeckKune
OopraHvu3mbl He BbIXOAAT 3a npepenbl naéopatopuin nnm

®dnakoHbl ¢ BioBricks, reHeTU4ecKUMN getansmm ans 6MOUHXeHe-
pun. C HUMM MOXHO paboTaTb B nabopaTopusx CamMoro HU3KOro
ypOBHS 6€30MacHOCTH

NPOM3BOACTBEHHbIX MomelleHnin. Ho MOXHO npegycmo-
TpeTb 3Ty BO3MOXHOCTb U CO3[4aBaTh TOJIbKO Takme 61Mono-
rMYecKne CUCTEMbI, KOTOpbIE UCMOSNb3YIOT APYron reHeTu-
YECKUW KOR, HEXENU BCE XMBblE OPraHN3Mbl, YTO UCKITUYUT
06MeH reHamu Mexgay HuMn. VIckyccTBeHHble 6uonoruye-
CKWe yCTpoMCcTBa MOXHO 3anporpaMmmnpoBaTth Tak, Y4ToObI
nocrie Kakoro-tTo Yncna gefleHUn OHM CaMOYHUYTOXamnMnChb,
MM 4YTOObl OHM HE MOINN CyLlecTBOBaTb 6€3 Kakoro-to
BelllecTBa, OTCYTCTBylOLlero B npupoge. Kaxpgas éunono-
rmyeckas getanb OOMKHA 6blTb MapkKMpoBaHa, Tak Y4Tobbl
MOXHO 6bINI0 UAEHTUMULMPOBATL U MPOCNEANTb fanbHeNn-
LWy cyabOby CKOHCTPYMPOBAHHOIO MpW €e yyacTum opra-
Hu3ma. Ecnv roBoputb 0 [pYrux UHXEHEpHbIX 06nacTsx,
TO C MOBbILUEHNEM MPELU3NOHHOCTN YCTPOWCTB MOBbILLIA-
eTcsi U nx 6esonacHocTb. Mbl HageeMcsi, YTO TO XXe camoe
NPOV30MLET U B GUOMHXKXEHEPUN.

reHa \cl, HoO KOAUpPYeMBIH UM GeJIOK
noxaBisan obpasosaHue Laclu T.11.

Eciau Kk TOMy e OAUH U3 GEJIKOBBIX
HPOAYKTOB BJIMSAJ HA aKTUBHOCTD Ie-
Ha, KOTOPBIHA KOoAMPoOBaJ (Iyopeciu-
pyromuii 6eJ0K, TO IPU BCTPAaUBaHUU
BCell KOHCTPYKIMU B 6aKTepHUaIbHYIO
KJIETKY IePUOJUYHOCTh PaGOTHI Iie-
I MOJKHO OBbLIO HAOGIIOAATh BOOYUIO:
KJIETKA TO BCIIBIXMBAJIA, TO racja, Kak
KpoIleYHas JaMIIOYKa €JOYHOHU TUp-
JIAHABL. BCTPOUB B JaHHY IO KOHCTPYK-
IIUI0O TeHETUYECKUH IepeKJTodaTeib
KonyinH3a B ero mnocjeaHei, ycoBep-
IIEHCTBOBAHHON BEPCHUU, MOKHO 3a-
nporpaMMupoBaTh OaKTepUaTbHbBIE
KJIETKU Ha JeTEeKI[HIO ITIOBPEeXKIECHUHN
B kJyetouHoH /[HK, o yem oHH coobmia-
J11 GBI ITOABJIEHHEM (IIyOpeCIPYIOIe-
ro «ra3oHar.

Iloxkamnyii, camoe UHTEepPeCHOe B II0-
NOOHBIX CHUHTETUYECKUX OHOJIOTHYE-
CKUX MENSAX TO, YTO OHU aHAJIOTUIHBI
110 CBOUM (DYHKIIAM IIEPBBIM dJIEKTPH-
YEeCKUM IelAM, COOPAaHHBIM MHIKEHe-
PaMU-37IeKTPOHIMUKAMH JJIA TECTHUPO-
BaHMSA HOBBIX OII€PAIIUH ITPU CO3JaHUU
IOJIYIIPOBOTHUKOBBIX YUIIOB. [TosABIIE-
HHE TAKUX IIPOCTHIX NPUOGOPOB, KAK
OCHMJITATOP M HepeKJIYaTeslb, BO3-
MOMKHOCTB IPOM3BOJUTH UX B HYKHOM
KOJIMYECTBE U C OOJIBIION TOYHOCTHIO
II03BOJIMJIN KOHCTPYUPOBATh HA UX
OCHOBE CJIO}KHBIE 9JIEKTPOHHBIE CXEMBI.
U pas yx crienraancThl Hay YHUJINCH JIe-
JIaTh CTOJIb K€ HaJeKHble OOJIoTuYe-
CKHeE aHAJIOTH OCHOBHBIX JIEKTPOHHBIX
6JIOKOB, OHU TAK¥Ke CMOTYT COCTABIATH
u3 HUX 6oJiee CI0KHBIE KOHCTPYKIIUY,
TaKHe KaK MHOTOKJIETOYHbIE CUCTEMBI,

IBYX- U TpeXMepHbIe CEeTH U JaKe
yCcTpoUcTBA ¢ HEOHMOJIOTUYECKUMHU
PYHKIUAMU.

P. Belic HelaBHO CKOHCTPyHUpOBaJ
IIPOTOTUI MHOTOKJIETOYHOM CUCTEMBI,
KOTOPYIO MOKHO MCIIOJIb30BaTh, Ha-
IIpUMep, JJI IIOMCKA B3PhIBYATHIX Be-
miectB. O6 omacHOM HaXOJKe KJIETKU
COO6IIaI0T CBETOBBIM CHUTHAJIOM (puc.
Ha cmp. 29). ITogo6HOE 610JIOTUYECKOe
YCTPOMCTBO MO3BOJISET 3alporpaM-
MHPOBATh MHJIJIMOHBI GAKTepUaJIb-
HBIX KJIETOK, CHAG/IUB UX WHCTPYKIIU-
SMU 10 B3aUMOJIEICTBUIO IPYT C APY-
I'OM JIJIs1 BBIIIOJTHEHUSA OIIpeJleIeHHBIX
KOMaH/I.

BIOXHOBJIEHHBIM NEePBBIMU yCIIe-
xamu, J[. 9ugu BmecTe ¢ T. Haltom
u Panau Per6eprom (Randy Rettberg)
13 MaccadyyceTCKOro TeXHOJOTHuYe-
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CKOTO MHCTHUTYyTa co3/ajl 6ubInoTery
GUOJIOTUYECKUX JeTaJsIel, aHaJIOTH4-
HYIO T€M, YTO HUCIIOJb3yIOTCA B MH-
KpO3JIEKTPOHUEKE. IToKa B KOJJIEKIIUIO
BKJIIOYEHO 6osiee 1 TeIc. 06pa31oB (MbI
HasbIBaeM ux BioBricks). [lna yporme-
HUA paboThl GMONMHIKEHEPOB 110 KOMOU-
HUPOBAHUIO ¥ MHOT'OLI€JIEBOMY UCIIOJIb-
30BAHHIO '€HETUYECKUX YCTPOUCTB MBI
BBEJIM IOHATHE CTAHJAPTHOrO CUTHA-
J1a — 49ucio «cpabareiBaHUN» (060po-
TOB) IOJIMMepasbl B CEKYHAY (polyme-
rase per second, PoPS), aHaJIOT CUJIBI
TOKa B IIPOBOAHHKE, COEJUHAIOIIEM
9JIEKTPOHHBIE KOMIIOHEHTHI.

B 2003 r. HamMu OBl OpraHU30BaH
cemuHap International Genetically En-
gineered Machine (iGEM) nio bio-fab-
KOHCTPYHWPOBAHMIO, HA OCHOBE KOTO-
POTro BCKOpe CTa/Ii yCTPauBaThCH €Ke-
roJHbIe KOHKYPCHI C y4YacTHUeM KOMaH[,
U3 pa3HBIX YHUBEPCHUTETOB. 3a TPH
rojga GBLJIIO CO3JJAHO MHOMKECTBO YU-
BUTEJIbHBIX KJIETOUYHBIX YCTPONUCTB,
B TOM 4YHcJje OUOILIEHKA, C IIOMOIIBIO
KOTOPOM MOMKHO JieJIaTh CHUMEKH, 3a-
porpaMMUpPOBAHHASA KJI€TOYHAA CHU-
cTeMa, perucTpupyolas u oTBeva-
olad Ha BXOAAIINE CUTHAJIBI, TaAKHUe
KaK HU3KOMOJIEKYJIAPHOE BEIIEeCTBO
kKo enH, a TaKKe CUYeTHOE yCTPOM-
cTtBO U3 Habopa cermeHToB JITHK (ero
paspaboTanu 4ieHsl rpynnsl Bio-Fab
K. Cmonxke, . Konnuna n Ix. Yepy).
JBaanaru [IHK-6uToB 661710 6B JOCTA-
TOYHO JUUIA MOoZicYeTa U Iepejadu UH-
dopmManuu 0 MUJIJIUOHE COCTOAHUN
KJIeTKU. [Togo6HOE yCTPOHMCTBO MOKHO
BCTPOUTD B JATUMK, CB3aHHBINA C HC-
KyCCTBEHHBIMU I'€HETUYECKUMU CeTs-
MU, TAaKUMU, HallpuMep, KaK OITUMHU-
3UpoOBaHHAA Bepcud ycTpolcTBa K.
KacimHra 1uig nojaydeHus apTeMU3HU-
HHHA, YTO IT03BOJIJIO GBI MHOTOKPaTHO
IIOBBICUTH €r0 IIPOU3BOJAUTEIBHOCTD
GYKBAJIBHO II0 IIEJTYKY BBIKJIIOYATEIA.

Byayuwiee 6MonHxxeHepumn

Korza MbI TOJIBKO IIPUCTYIIATU K pa6o-
Te Mo co3JaHuIo bio-fab-TexXHOoJI0TuH,
y Hac He GBLIO SICHOTO MPEACTaBICHUS
0 TOM, KaK HaJIaJUThb IIPOU3BOJACTBO
6onpmnx JJTHK-KOHCTPYKIIMH, YTOOBI
OHO GBLIIO HEJOPOTUM, BBICOKOIIPEIIU-
3MOHHBIM U HEe 3aHUMAJIO MHOTO BpeMe-
HU. CerogHsa OHO MpeACcTaBIAeT coboi
JIUIIb OAHY U3 TEXHOJIOTU, ITOIIOIHA-

BIO-FAB: HAHAJIO MNOJIOXXEHO

HecKonbko KOMMNaHum y>ke NPUMEHSIOT UHXEHEPHbIE METOAbl U UHCTPYMEHTbI
ANs KOMMep4YeCcKoro npom3eoncrea 61ONIOrMYECKNX CUCTEM

KOMMNAHUA

PO AEATENBbHOCTU

BioBricks Foudation
Kenmbpuagx, Macca4vycetc

MpopBuXeHne paspeLleHHbIX K NpUMeHe-
HUWIO MHCTPYMEHTOB 1 AeTanen ana 6mo-
VHXeHepumn

Blue Heron Biotechnology
BoTtxenn, BalmMHrToH

CuHTes OHK

Amyris Biotechnologies
OmepBunnb, KanugopHus

KoHcTpynpoBaHue Metabonmyeckux nyTemn
CUHTEe3a NIeKapCTBEHHbIX BELLECTB MUKPO-
opraHvsamamu

Codon Devices
Kerim6punpax, Maccadycetc

N3roToBneHne 61Monornyeckmx yCTpomcTs

Foundation for Applied Molecular Evolution
leHcBUNNbL, ®nopuga

Mony4yeHne HOBbIX 6EMIKOB N MaTepuanos

Synthetic Genomics
PokBunnb, MapuneHpg,

Co3spaHve MMKPOOPraHM3MoB AJisfi CUHTe3a
NeKapCTBEHHbIX BELLeCTB

OIUX «SIAK C HHCTPYMEHTAMU» JIJIs
6ronH:keHepur. CHavaJ1a Mbl MOJIEJIN-
PYEeM KUBBIE CUCTEMBI HA KOMITBIOTE-
pe, a 3aTeM o6JIeKaeM UX B GHOJIOrHYe-
ckve GOpMBI — TOYHO TAK K€ IOCTY-
aT KOHCTPYKTOPHI, padpabaTeiBas
M CcOo3/1aBas dJIEKTPOHHBIE YUIIBI.

Kpowme Toro, Tako# moAXo/ [03BOJIs-
€T ONITUMHU3UPOBATH B3aNMOJIeiICTBUE
neTajied KOHCTPYKIIUU MeKAy coOoi
u n3berkaTh HEUCIIPABHOCTE!N B ee pa-
60Te, YTO 0COGEHHO BaKHO IIPU CO3/a-
HUU CJIOKHBIX cucTeM. Errie ogHO mipe-
HMYIIECTBO, KOTOPOE JaeT KOMIIBIO-
TepHOE MOJIe/IMPOBAHUE, 3aKII0YAeTCH
B TOM, 4YTO OMOMHIKEHEDP He JOJIKEeH
caM M3roTaBJIUBATH KAMKAYIO JeTallb
Cco3/1aBa€MOM CTPYKTYPbI, OH JJaKe MO-
JKeT He 3HATh, KaK 9TH JeTaJI yCTPO-
€HbI, — €My BaiKHO, 4YTOOBI OHU IIpa-
BUJIBHO paboTasiu.

CtyneHTHl, yuyacTBylomue B iGEM,
CTAHYT, BOBMOYKHO, IIEPBBIM IIOKOJIE-
HHUEM HCcIeloBaTeel, n3Ha4YaaIbHO
06y4YeHHBIX MBICIUTh KaK OUOJIOTU U
KaK WH:KeHepbl. Terepb MpPeaCTOUT
HAY4YUTh ITOJJOGHOMY MBIIIJIEHUIO ViKe
COCTOSABIIIUXCS CIIEIIUATIUCTOB B 0be-
ux obsactax. [loka ke pa3po3HEeHHBIE
rpynnbl GUOTEXHOJOTOB 3aHUMAOT-
cA pelleHHeM Y3KHX 3ajad (Halpu-
Mep, pa3paboTkol criocoba moayde-
HUSA TOT'O WM UHOTO JIEKAPCTBEHHOTO
BemiecTBa). MIx pabora 6auike K pe-
MecJIy, YeM K IpOou3BOJCTBY. Byayiee

6GUOTEXHOJOTUHU BO MHOIOM 3aBUCHUT
OT TOro, 6YAYT JIU CO3JaHbI 00'benu-
HEHHBbIe 00IIel IIeJbI0 ITPYNIbI e1-
HOMBIIIIJIECHHUKOB, KaMK/aasa U3 KOTO-
pBIX OyeT TPpyAUTHCA HaJ paspaboT-
KOM KaKOM-TO OJHOM 4aCTU CUCTEMBI.
MBI O4eHb HajeeMcsd, 4To Giarojaa-
P OTKPBITUIO (pabpUK IO IPOU3BOJ-
cTBYy 6uosiorndeckux yctpoucTts (bio-
Jfab, aHAaIOTUYHBIX IPEAIPUATUAM I10
CO3JJaHUI0 MUKPOCXEM) pa3BUTHE GUO-
WHKeHepUuu OyeT CTOJb ¥Ke CTPEeMU-
TeJbHBIMU, KaK TO, YTO He TaK JaBHO
Ha6/II0/1a710Ch B 06JIACTU MUKPOJJIEK-
TpoHUKU. A

AONOJIHNTEJNIbHAA JINTEPATYPA

m Synthetic Life. W. Wayt Gibbs in Scientifi
¢ American, Vol. 290, No. 5, pages 74-81;
May 2004.

m Foundations for Engineering Biology.
Drew Endy in Nature, Vol. 438, pages
449-453; November 24, 2005.

m Let Us Go Forth and Safely Multiply.
George Church in Nature, Vol. 438, page
423; November 24, 2005.

m Adventures in Synthetic Biology. Drew
Endy, Isadore Deese, the M.I.T.
Synthetic Biology Working Group and
Chuck Wadey. A comic bookavailable on-
line at http://openwetware.org/wiki/

m Adventures Registry of Standard Bio-
logical Parts: http://parts.mit.edu/
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MATT COLLINS

HHOOPMALUHOHHBIE TEXHOROTHH

Ncnonbays
BbIYUCIUTENBHYIO
MOLLb 6LONOrNYECKUX
MOJIEKYS, MOXHO
co3paBaTtb
KpOLUEYHbIE
KOMMbIOTEPHI,
Crnoco6Hble obLlaTbes
C XXUBbIMM KNeTkamm

ko beHeHcoH 1 Oxya Wanunpo

KOMIObHMEbI v: o

orzpa B 1936 r. 6GpuTaHCKUN Ma-

TeMaTUuk AjnaH TbIOpUHT pas-

paboTayl KOHIENIIUI0 YHUBEP-
CaJIbHOU MPOTrpaMMHUPYyEeMOMN BBIYHC-
JUTEJIBbHOU MANIWHBI, IOJ CIOBOM
«(KOMOBIOTEP» NOApa3dyMeBaoCh He
YCTPOUCTBO, a OOBIYHBIN YeI0BEK, BbI-
NOJHAKIUNA pas3JUdHbIE ONepanuu
HaJ 9uciaaMu. ThIOPUHT 320K QyH-
JaMeHTaJIbHbI€ OCHOBBI BBIUUCIUTEb-
HOM TeXHUKHU, NpUAYyMaB NPUHIIUI
JEeHMCTBUA MAIlIMHBI, KOTOPAs MOTJIa ObI
CIIPABUTHCHA C JIIOOBIMU BEIYUCTIUTEIb-
HBIMU 3ajadamMu. OgHaKO OH HU pa3y
He YIIOMAHYJ, U3 KaKUX MaTepuajoB
cIenyeT ee co3qaBaTh.

B koHIlenTyanpHOU cxeme TroprHTa
He ObLJI0 HU IPOBOJOB, HU TPAH3UCTO-
POB, HU JIOTUYECKUX BeHTUJIel. B ka-
YeCTBE BBIYHCIUTEJIbHONU MalIWuHBI
paccMaTpuBaICs YEJIOBEK ¢ OeCKOHed-
HO JUIMHHBIM PYJIOHOM GyMaru, KapaH-
JAIIoM U CIUCKOM ITPOCTBIX UHCTPYK-
1uii. OH T0JIKEeH ObLJI CYUTHIBATh CUM-
BOJIBI OIUH 32 APYTUM U U3MEHATDH UX
COrJIaCHO 3allporpaMMHPOBaHHBIM
IIpaBUjIaM, ITIOKa He Gy T BBIITOTHEHBI
BC€ MHCTPYKIMMU. Jlumb B 1940-x IT.
noaBuIMch OBM Ha 1aMmIiax, a ere 1mo3-
K€ — Ha KPEMHUEBBIX U IPYTUX HOIY-
I POBOAHUKOBEIX dj1eMeHTaX. CerogHsa

9TO, MOMKAJYH, €eAUHCTBEHHBIU TUI
BBIYMCJIUTEIbHBIX YCTPONUCTB, C KOTO-
PBIMHU CTAJKMBAJMCh MHOTHME M3 Hac.
Ho KoM bIOTEPHI MOTYT NIPUHUMATh
U apyrue popMsal.

Hanpumep, sKHUBble OpraHU3MBbI TOKE
BBIIIOJIHAIOT CJIOKHBIE OIl€paIlUU, PYy-
KOBO/ICTBYACH, I10 CYTH, IITU(PPOBOU NH-
dopmanmeli. BuomoslekynsapHBIe pe-
aKIUU, J]a U IeATEJIbHOCTh OPraHu3ma
B 11€JI0M YIIPaBJIAITCA UHCTPYKIUS-
MU, 3alIMCAHHBIMU B TEHOME I10CJIE/I0-
BaTEJbHOCTBIO HYKJIEMHOBBIX KUCJIOT.
Eciayu BHYTPUKJIETOYHYIO OLOMOJIEKY-
JIAPHYIO MaIlInHy, o6pabaThIBaIONIyIO
HYKJIEOTUAHBIE II0CJIE€I0BATEIBHOCTHU
JHK u PHK, cpaBHUTB ¢ MamIuHOHN
TreropuHra, TO MO¥KHO 3aMETUTh IIOpa-
3UTEJbHOE CXO0ACTBO. O6e CUCTEeMBI
onepupyoT nHdopmanuen, koropad
XpaHUTCA B I[€IIOYKE CUMBOJIOB, IIO-
CTPOEHHOI Ha OCHOBe aJIpaBUTA, U I1ar
3a I1aroM BBINOJHAT UHCTPYKIIUHU,
Mepexo/is OT OJJHOTO 3JIEMEHTA K IPYTO-
MY U IIO OIIpe/IeJI€EHHBIM IIPaBUJIaM U3-
MeHSA UX U 00aBJISAS HOBBIE.

EcTecTBEHHO NPEAIOJIOKUTE, YTO
13 6110JIOTUYECKUX MOJIEKYJI MO¥KHO CO-
3maTh OBM. Buosiornyeckue KOMIIbIO-
TepBI BPAJ JIU OKaKYyTCA 9PPEeKTUB-
Hee TPaJULMOHHBIX IIPUA PEIIEHUHU )
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Brnok ynpasnexuns
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MALUMHA TbIOPUHIA

Bnok ynpaBneHus noo4epeHoO CYUTLIBAET C U

TO OCyLlecTBnseTca nepexon B coctosHue 1

OfHYy no3unumtio Bneso (L)

OHHOI NEHTbI U 3anuCbIBAET Ha Hee No OAHOMY CUMBOY
cornacHo npaeunam nepexofa, y4uTbiBaloLLUM BHY TPEH-
Hee COCTOsIHME MaluuHbl. [aHHbIA NpUMep UInioCcTpupy-
eT OfHO M3 MpaBun nepexopa: ecnun 610K ynpasneHus
HaxoanTcs B cocTosiHum O (SO) n cunTbiBaeT cCMMBON a,

CcbiBaeTCs CMMBON b 1 3atem npoucxoonT CMeLleHne Ha

BbIHNCIIUTEJIbHbIE MALUVHbBI: KOHLEMTYAJIbHbLIE U MPUPOOHbLIE

AnaH TblOpUHI onucan CBOWCTBa MexaHN4eckoro komnbtotepa ete B 1936 r., 3af0Nro [0 TOro, Kak MONEKYNSAPHbIe BblHUCAUTENMN BbiNn
06HapyXeHbl BHYTPU XMBbIX KNETOK. M03Xe BbISCHUIOCH, YTO KPOLLUEYHbIE MPUPOAHbLIE aBTOMATbl AEUCTBYIOT TOYHO Tak Xe, Kak MallnmHa
TblOpUHra: OHN XpaHAT MHOPMaLMIO B BUE CTPOK CMMBOJIOB U MOLLaroso o6pabdaTbiBalOT UX MO CTPOro onpeaenieHHbIM npasunam

TpaHcnopTHas PHK

9

AMWHOKMCNOTHasA
Luenoyka

BUOJIOF'NMYECKASA MALUUHA

BHyTpukneTo4Has opraHenna puéocoma CHMTbIBAET MHpOpMaLMio C re-
HEeTU4YeCcKoro TpaHckpunta B Buae nHdopmaunoHHon PHK n TpaHcdop-
MUpYyeT ee B NOCNefoBaTeNlbHOCTb aMUHOKUCIOT, (DOPMUPYIOLLIMX GENOK.
CumBonuyeckuin andasut nHgopmaumornHoit PHK o6pasoBaH Tpolikamu
HYKNeoTnAO0B (KogoHaMM), Kaxkaas n3 KOTOpbIX COOTBETCTBYET onpeaenieH-
HOW amuHokucnote. Pu6ocoma o6pabaTbiBaeT KOLOH 32 KOLOHOM, & MO-
nekynbl TpaHcnoptHo PHK pocTaBnfitloT K HEW HYXHble aMUHOKUCAOTHI.
PacnosHaB cooTBeTCTBYOLWNIA KOAOH, TpaHcnopTHasa PHK BeicBo60oXxaaeT
aMWHOKMCIOTY, KOTOpas NMPMCOeAUHAETCS K pacTyLLel Lenoyvke
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MHudopmaumoHHas PHK

OOBIYHBIX BBIYHUCIUTEJIbHBIX 3a/a4:
I POU3BOJUTEIBHOCTb €CTECTBEHHBIX
MOJIEKYJISIPHBIX MAIIINH, TAKUX KaK PU-
60COMBI, He ITPEBHIIIAET HECKOJIbKUX
COTeH omepanuil B cekyHay. Ho 3ato
GHOJIOTUYECKHE MOJIEKYJIBI MOT'YT I'O-
BOPUTD Ha A3BIKE JKUBBIX KJIETOK.
[lepCIeKTUBHOCTHb GHMOMOJIEKYJIAP-
HBIX KOMIIBIOTE€POB OIIPEeJeIaeTCa UX
CIIOCOOGHOCTBI0 paboTaTh B GMOXUMU-
YeCKOU cpeje (B TOM 4HcCJe, BHyTPH
JKUBOTO OpraHu3Ma) U B3aUMOJeH-
CTBOBATh C Hel, NIPUHUMAsA Ha BXO/e
¥ BbIJIaBas Ha BBIXO/e OHMOJIOTHYECKH
AKTUBHBIC MOJICKYJIbI. BHYTPH KUBOH
KJIETKN OGHMOMOJIEKYJIAPHBIA KOMIIBIO-
Tep MOMKeT IPUHUMATh CUTHAJIBI, YKa-
3pIBaIOIHe Ha 60/Ie3Hb, 00pabaThIBaTh

OB30P: XXUBbIE KOMIMbIOTEPDbI

HX I10 3apaHee 3aJI0KEeHHON MeUIITH-
CKOI IMporpaMMe U aKTUBHUPOBATb MO-
JIEKYJIBI IEKapCTBa.

3a1iociieJHUE CEMb JIET OBLIU JOCTUT -
HYTBI OIIPEJICJIEHHBIE YCIIEXU B CO3/a-
HUHU GHOJOTMYECKOr0 KOHEYHOI'0 aB-
ToMaTa Ha OCHOBE IIPOTENHOB U ¢par-
meHTOB /IHK. [Ioka 0OH MOKET TOIBKO
AUATHOCTUPOBATh MOJIEKYJISAPHBIE
CUMIITOMBI OIIpeJleIEHHBIX PAKOBBIX
o6pa3oBaHUU 1 60POTHCA C HUMU, BBI-
OpaceIBas OMOAKTHUBHBIE BEIlECTBA.

OT mopenei K Monekynam

I/ICCJICHOBaHI/IC HaA4YaJIOCh C OCO3HaA-
HHUA TOTO, YTO OCHOBHBEIC I[efICTBI/IH,
BBIIIOJIHSAEMBIE €CTECTBEHHBIMU OHUO-
MOJIERYJIAPHBIMU MalllUHAMU BHYTPHU

B BHYTpUKNETO4YHbIE MONEKYNSAPHBIE KOMMbIOTEPLI 06pa6aThiBAIOT MHOPMALMIO TOYHO Tak

XKe, KaK KoHuenTyanbHasa Bbl4UCIIUTENIbHAA MaLlnHa Anana TbIOpMHFa.

B KoHe4Hbin aBToMaT 13 [IHK 1 dhepmMeHTOB MOXET NpoM3BOAUTL BbIMUCIIEHNS, MonyYas

Ha Bxofe 6uonornyeckune MOneKysbl U BblAaBas MaTepMaI‘IbeIVI pes3ynbTaTt B BUAE MOJiekyn

NleKapcTB.

B KomnbloTepbl, CO6paHHble U3 MONEKYN XU3HMU,

CTPYMEHTOM.

MOryT CTaTb UE€HHbIM MEeOUUNHCKUM UH-

JKUBBIX KJIETOK (pacrio3HaBaHHe MoJie-
KYJISAPHBIX (KUPIUYUKOB», paCIIernie-
HUe U CIINBaHVe GMOIOINMEPHBIX MO-
JIEKYJI, IEpeMeIleHUEe BJ0JIb ITOJTUMep-
HOM IIeNH), MOKHO HMCIIOJIb30BaTh I
CO3/1aHUSA YHUBEPCAJIBHON BBIYUCIIH-
TeJBbHOU MamuHbl ThlopuHra. B 6mo-
MOJIEKYISIPHBIX TEPMUHAX €€ GyHKIU-
OHMPOBAHUE CBOJUTCA K OHOMY pac-
IIO3HABAHHUIO, BYM PaCIIeIlJIeHUAM,
JIBYM COEJUHEHUSAM U CABUTY BJIEBO
WJIU BIIPABO.

Yapaba Bennert (Charles Benne-
tt) u3 kopropanuu IBM o6paTui BHU-
MaHHe Ha 9TO CXO/ICTBO U I PEJJIOH I
TUIIOTETUYECKYIO MOJIEKYJIAPHYIO Ma-
muHy TelopuHra emie B 1982 r. On
n3ydaj 0COGEHHOCTH NOTpebiIeHusd
9HEPrUuM KUBBIMHU OpraHU3MaMUu U
moJyiaraj, 4YTo GMOMOJIEKYJIbl MOTYT
cTaTh OCHOBOHW dHepreTUYecKH 60-
see 9 PEeKTUBHBIX BBIYUCIUTEIbHBIX
YCTPOMCTB.

BriepBble BEIYUCIUTEIbHBIE BO3MOIK-
HOCTHU MOJIEKYJI OBLIN IIPOJIEMOHCTPH-
poBaHbl B 1994 r. JleonapaoMm Apie-
maHoM (Leonard M. Adleman) us YHu-
Bepcuterta IOxnuoll Kanudbopuun,
ucnoab3oBasuem [JTHK ana pemenus
3HAMEHUTOH 3a/1a4M 0 KOMMUBOSIIKEPE,
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HHOOPMALUHOHHBIE TEXHOROTHH

KOTOPBIN JOJIKEH HAaWTH TaKOU KpaT-
YaWIUP MapupyT MeX Ay HECKOIbKU-
MU IOpoJiaMH, YTOOBI IOCETUTh KasK-
JAbIM M3 HUX POBHO IIO OJJTHOMY paay.
CospaBasa monexrynbl [IHK, cumBoin-
3UpYIONIUE TOpoJa U JOPOTU MEKAY
HHUMH, a 3aTe€M CMeIIuBad UX B IIPO-
6upke, UccileoBaTe b I10IyYall OTBET
3a CUYUTaHHBIE MUHYTHI O1arogapsd
CPOJICTBY COOTBETCTBYIOIIUX HYKJIEO-
TuA0B. K coxaneHuIo, Ha BelJIaB/InBa-
HUE U3 PACTBOPA MOJIEKYJIBI C OTBETOM
yXoAuJIo Topasjo 6oybllle BpEMEHH,
o3TOMy AZiJIEMaHy OCTaBaJIOCh TOJIb-
KO #/1aTh IIOABJIEHUA HOBBIX T€XHOJIO-
ruif, KOTOPhIE ITO3BOJMJIN GBI CO3aTh
6osiee TPAaKTUYHBINA MOJEKYJIAPHBINA
KOMIIBIOTED.

9xyx Hlanupo (Ehud Shapiro) pe-
muJg padpaboraTb YHUBEPCAJIbHYIO
JIOTUYECKYIO CXeMy, KOTopas MorJia Obl
cTaTh QyHAAMEHTAJbHOU criequdu-
KaIlMeH IS U POKOT0 Kacca BbIYHC-
JINTEJIbHBIX MAIIIMH HA OCHOBE GMOMO-
nekyna. B 1999 1. oH peann3oBaJl CBOU
3aMbICeJl B BH/JIe IIJIACTUKOBON Mexa-
HUYECKOU MojieJIu. 3aTeM MbI 00 beIr-
HWJIN YCUJIHUA, 9TO0BI cOOpaTh yCTPOU-
CTBO U3 peaJIbHBIX MOJIEKYJI.

IIpesx e yeM NpUCTyHaTh K co3Ja-
HHUIO YHUBEPCAJIbHOU MOJIEKYIAPHOU
MamuHbl ThIOPUHTA, MBI PEIIUIN U3-
TOTOBUTH IPOCTEHIIINI KOHEYHBIHN aB-
ToMmaT. OH JOKeH ObLI ONPEeNeATh,
YeTHOEe WU HeYeTHOE KOJIUYECTBO
CHUMBOJIOB b COEPKUTCHA B CTPOKE,

IIOCTPOEHHOU Ha ABYXOyKBEHHOM aJI-
¢daBuTE N3 CUMBOJIOB au b. 3ajtaga pe-
IIaeTcsl KOHEYHBIM aBTOMAaTOM C JIBY-
MfA BO3MOKHBIMU COCTOSTHUAMU U IIPO-
rpaMMOMN M3 YeThIpeX MHCTPYKIIUMH,
Ha3bIBa€MBbIX IIPAaBUJIAMU II€pexoja.
AxoB BenencoH (Yaakov Benenson)
NPEeAJIOMKUII JJIA BXOJHOU II0C/Ief0Ba-
TEeJbHOCTH MUCII0JIb30BaTh JBOWHYIO
cnupanab JIHK, a npasuia nepexo-
Jla BBIpasKaThb B BUJIEe YeThIpex GoJiee
kopoTKuX (pparmenToB JJHK (cBoeo-
6pa3Hoe mMporpaMMHoe obecredeHue).
B kauecTBe anmapaTHoOro obecreue-
HUA OBLJIN HUCIIOJb30BaHBI (ePMEHTHI
FokI n nurasa, KOTOpble IPUHUMAIOT
ydJacTue B €CTECTBEHHBIX MAHUILYJIA-
nuax c JHK. >

KAK 3TO PABOTAET

bhah
=

HoBoe cocTosiHne

N COCTOAHMNE

Komnnekc HoBbIli
npaeuna cumBon
nepexoga

PacnosHaBaembin
y4acTok

Pacnonoxexue
6110Ka ynpaBneHus

TekyLwmii cumson

MOJE/b MONEKYNAPHOW MALLVHbLI TBIOPUHTA

B mawwvHe TblopuHra, cobpaHHou M3 6uomonekysn, 6yaet MCnonb30BaTbCA MX €CTeCTBEHHAsA Cnoco6-
HOCTb pacnosHaBaTb CUMBOJIbI M PACLLENNATL WU COEAMHATL pparMeHTbl Monekyn. Ee npoo6pasom
cTana nnactukoeas mMogenb (crpasa). Xentble 6510KM N306paxarT MONEKynbl, KogUpyLwme ToT Um
MHOW cuMBO. CUHUE 6I0KN NPeACTaBNAT MOMEKY bl NPOrPaMMHOro 06ecneyeHuns, oTpaxarT COCTo-
sHMe MalUuvHbl 1 3a[aloT npasuna nepexopa. bnoku otnuyatTes Apyr oT Apyra hopmMoit BbICTYNOB

MalunHa o6pabaTbiBaeT NOCNefoBaTeENbHOCTb Mone-
Kyn-cumBonos. B cepeanHe 6noka ynpasneHus pac-
nonarawTcs Kak CHUTbIBAEMbI CUMBOJ, TaK U CUM-
BOJ1, OTpaxarLunin TekyLiee COCTOsiHNE aBTomara

MpaBuno nepexofa npefcTaBAseTCs MONEKYNAPHLIM KOMMIEKCOM, KOTOPbIV
BKJ/Il04aeT B ce6sl MONIEKYIbl, OTpaxartoLLue TeKyLLee 1 NocNeayoLiee cocTo-
SHWSI MaLLMWHBI, & TAKXE CYUTbIBAEMbIA B AaHHbI MOMEHT U HOBbIN CUMBOJIbI.
MpuBeAeHHbIV NPUMEp UNMIOCTPUPYET TaKoe NPaBuo Nepexoaa: eciiu MaLlu-
Ha HaXxoAMTCSA B COCTOSAHUM SO W CHUTLIBAET CUMBOI b, TO COCTOSIHWNE MEHSAETCS
Ha S1, cuMBON — Ha a, a 3aTeM OCYLLEeCTBIISETCS CMeLLeHNE BNIEBO

Ceo60ofHO nnasaLnii KOMMEKC npasuna nepexofa nonagaet B 610k ynpasnexnus (1), rae coeanHAeTca ¢ MoneKynamu BHyTPEHHero
COCTOSIHUA U CHUTLIBAEMOrO CUMBOJA, @ 3aTEM 3aMeHSeT X HoBbIMU (2). Bnok ynpaeneHuns cmellaeTcs Ha OAHY NO3MLUIO BNIEBO, FOTOBbIN
NPUHATbL 04epeAHO MONMEKYNAPHBIA KOMMNMEKC npasuna nepexoda (3). NMpouecc NOBTOPSAETCA C HOBBIMU COCTOSHUAMMU U CUMBONAMM A0 TeX
nop, Noka NpUMeHATCA NpaBuna nepexoaa
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MONEKYJIAPHbIAN KOHEYHbIA ABTOMAT

OHK co3paHa npupopow Ans Toro, 4To6bl XpaHUTb MHpOPMaLNIO, 3anMcaHHyo andaBMTOM HYKNeoTuaoB. BHyTprMkneTo4yHoe «o6opyno-
BaHWe» CYUTbIBAET U U3MEHSET ee C NOMOLLbIO (PePMEHTOB 1 APYrnx Mosiekyn. BaxkHelLyto pofib urpaeT XumMmn4yeckoe CpoAcTBO MOJIeKyn,
No3BOSIAOLLEE UM «y3HABATb» U CBA3bIBATLCA APYr C APYroM. YTo6bl co3faTh BbIYUCIUTENBHYIO MALLUHY U3 MONEKYS, HEO6XOANMO nepe-
BECTUN KOHLUenuuto TblopuHra Ha nx A3blK.

MpocTenwnii KoHLEenTyasnbHbI KOMMNbIOTEP NPeacTaBseT CO60M KOHeYHbI aBTOMAT, CMOCO6HbLIA CYMUTbIBATL CUMBOJ 38 CUMBOJIOM U U3-
MEHATb CBOE BHYTPEHHEe COCTOfHWe COrnacHo npasunam nepexopa. KoHeuHblii aBToMar ¢ AByMsa cocTosaHuamm (0 1 1) MOXET B KOHLe
BbI4MCNEHNS OTBETUTL Ha BOMPOC, TpebyoLnii oTBEeTa «Aa» UK «HeT».

[ns co3pgaHna MONeKynsApHOro KOHe4YHoro aBToMaTta mcnonbaytotcs uenovkn OHK (BxofaHble gaHHble U nporpammHoe obecrneveHuve)
1 pacLuennsowunin nx depmeHT Fokl (annapatHoe o6ecnedenune). Hykneotugamu A, C, G u T KOBUPYIOTCA K&K CUMBOJIbI, TaK M BHYTPEHHME

COCTOSIHUSI BBIYUCNIUTENbHOW MaLUWHbI

Fokl

Y4yacTok, pacno3HaBaembli
tdepmeHTOM Fokl

ANMNAPATHOE OBECMNEYEHUE
®depMmeHT Fokl (cepbiii) pacno3HaeT
HYKNeOoTUAHYI0 NocrefoBaTesibHOCTb
GGATG (cuHui), a [eBaTbIO M TPUHAALA-
Tbi0 HYKJIEOTMAAMU NpaBee Hee paspesa-
eT ABONHyto cnvpans AHK

ABTOHOMHOE BbIYUCNEHUE
MporpamMmmHo-annapaTtHbIi KOMNNEKC
pacrnosHaeT KOMMIeMeHTapPHY0 KOMEU-
HaLMio «COCTOSIHNE/CUMBO» BO BXOJHOW
MONEKyne u coeAnHAETCA C Hell. 3aTem
depmeHT Fokl pacLiennseT BXOAHYIO
HYKNEeOoTUAHYIO LIernoYKy, oTKpbiBas cne-
ayowmin obpabdaTtbiBaemMbli CUMBO

HoBbIi nporpamMmHo-annapaTHbIi KOM-
nsekc pacno3HaeT cefyoLlyo Komou-
HaLMIo «COCTOSIHNE/CUMBON» BO BXOAHOW
Monekyne

Peakuus npogonxaercs 4o Tex nop,
roka NPUMEHsIIOTCS Npasuna v He Jo-
CTUIHYT CUMBOJI-TEPMUHATOP

B paHHOM npvMepe nocne peakuuii pac-
LenneHns octancs CMMBOJI-TEPMMHATOP
(cnipaBa BHM3Y) N3 HeTbIpex HyKNeoTu-
00B, 0603Ha4aloLLNN HyNneBoe BHY-
TPeHHee COCTOSIHME MalUUHbI, KOTOPOe

N ABNAETCA pe3ynbTaToOM BblHUCIIEHWUI

9 HYKNeoTUaoB

13 HykneoTnpos

NPOrPAMMHOE OBECNEYEHUE

MpaBuna nepexopna KOQMPYHOTCA BOCEMbIO
kopoTkumu pparmeHtamu OHK, copepxawum-
MM pacno3HaBaeMmblin pepmMeHToM Fokl y4acTok
(cuHWI), paspennTenbHy0 HYKNEeoTUAHYIO Lie-
NOYKY (3€/1eHBIN) N «NTUMKUA KOHEL» (XKesTbii),
T.€. OAVHaPHYIO NOCNEefoBaTENbHOCTb HYKNEO-
TWAOB, KOTOPas COeAMHAETCA C KOMMIeMeHTap-
HbIM Y4aCTKOM MOJIEKY bl BXOAHBIX AaHHbIX

MporpamMmHo-annaparHbIii KOMMIEKC

50,b

_-::5!1,51:- :-:S1,b:- _-::S‘ali,t:-

<50,a> «céﬂ.b:- -cSl’.'I.t_:-

CMBOJ1 U BHYTPEHHEE COCTOSAHUE
CoyeTaHue cumsona a, b unu t (repmu-
HaTop) U COCTOAHMA MaLnHbl 0 nnu 1
BblpaXaeTcs 4eTbIpbMS HYKNeoTuaaMm.
Hanpumep, nocnepgoBatenbHOCTb U3 NATH
Hykneotngos TGGCT MOXHO pacLenuTb
Tak, 4To ocTaTok 6yaeT o603Ha4vaTb MM60
cuMBOn a un coctosiHmne 0, NM60 cMMBON a
n coctosiHue 1

MoneKyna BXOAHbIX OaHHbIX

Heob6pa6oTaHHble
BXOAHbIE laHHble

-

—

BbiBog = SO
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Ciro:Hee Bcero 6bLI0 IPUAYMATh, KaK
NpeACTaBUTh TEKYylllee BHYTPEHHEE CO-
CTOSAHME KOHEYHOI'0 aBTOMaTa U yKasa-
TeJIb HA CUMBOJI B CTPOKe BBoja. IIpu-
IIJI0Ch IPUGETHYTh K U3AITHON XUTPO-
ctu. Ha kamxk oM miare BeIYUCJIEHUHN
depMeHTaTUBHBIE alllapaTHBIE CPeJl-
cTBa GaKTUYECKH (dIEpEBApUBAJIM» BXO-
namyto JJIHK-1ienoury, otaensasa obpaba-
TBIBA€MBII CUMBOJI U IIOATrOTaBIUBASA
caenyomui. [ToCKOIbKY HYKJI€OTUT,
MOKET ObITh OTIIENJIEH U3 ABYX pas-
JIMYHBIX MO3UIIMH, KasmJasa UTorosas
LEI0YKa MOKET UMETh B JIOIIOJTHEHUU
K COOCTBEHHO HYKJIEOTHAM-CHMBOJIAM
OJIMH U3 JIByX BO3MOMHBIX HYKJIEOTH-
JI0B, 3aJJaI0IIMX COCTOSHUE MOJIEKYJIAP-
HOM MamuHeI. [To3:xke 6b110 0GHaApyHe-
HO, UTO Iofo0HasA cXeMma yiKe Ipejia-
rajack acnupaHToM AjuiemaHa [laynem
PormysaoMm (Paul Rothemund).

I[IpuMeyaTesbHO, YTO BAPUAHT MO-
JIEKYJIAPHOTO KOMIIBIOTEPA, O co3Ja-
HHUU KOTOPOTO MBI coo6iuiau B 2001 r.,
GBI IOJTHOCTBIO aBTOHOMEH. Kak Tosb-
Ko BxogHadA nenouka JJHK BmecTe ¢ co-
OTBETCTBYIOIIUM MOJIEKYJISPHBIM IIPO-
rpaMMHBIM U allapaTHBIM o6ecrieye-
HHEM BIpBbICKHBaJjJach B 6ydepHbIHI
pacTBOp, cpasy e HauWHaJICA IIPOo-
Iecc BbIYUCJIEHUHN, KOTOPBIU IIPOXO-
JIUJI IeJIMKOM 6e3 BMellaTeIbCTBa dye-
JIOBEKA.

B nponecce TeCTUPOBAaHUA 101y YEH-
HOU BBIYHUCJIUTEIBHON CUCTEMBI MBI
IIOHAJIY, YTO OHa crlocob6HAa He TO/b-
KO ONpeJeNaaATh, YeTHO UM HEYETHO
KOJIMYECTBO TOI'0O UJIM UHOT'O CUMBO-
na B tanHou JIHK-nemouke. KoHneuHo-
My aBTOMAaTy, Y KOTOPOI'O MOET GBbITh
Ba COCTOSIHUSA U KOTOpPBLIN paboTaet
C JIByXCHMBOJIBHBIM aJI(aBUTOM, CO-
OTBETCTBYIOT BOCEMB (2°) BOBMOMKHBIX
npasui nepexoja. ITocKolbKy Halle
YCTPOMCTBO OBIJIO IIOCTPOEHO IO MO-
AyJAbHOMY NPUHIIMILY, MBI MOTJIM HC-
N0JIb30BaTh J060€ U3 BOCbMU IIPABUJI,
3a/laBaeMbIX COOTBETCTBYIOIIMMU BO-
CEMbIO MOJIEKyIaMU. IHBIMU CJIOBaMU,
9TOOBI TAKOH e TEpPMUHUPOBAHHBIN
BBIYUCJIUTEIbHBIA aBTOMAT MOT BBI-
MOJHATH Pa3JIUYHbIE 3aJa4U, JOCTa-
TOYHO JIIIb CMEHUTB IPOrPaMMy, BOC-
T0J1b30BABIINCh HYKHOM CMECBIO MOJIe-
KYJI, IPOrPaMMUPY IOIIUX ITEPEXO/bI.

3anyckas pa3JudHble IPOrPaMMBbI
JIJ1s HAIlIero KOHEYHOr'0 aBToMaTa, Mbl

HaIUIY Iy THU JAJbHENIIeTo yiyJIie-
HUSA €ro IPOU3BOAUTEIBHOCTH. B on-
HOM M3 3KCIIEPUMEHTOB U3 PacTBO-
pa 6bliIa UCKJIIOYEHA JUrasa, KoTopas
CKJIEMBAET MOJIEKYJy IIPOrpPaMMHO-
ro obecnedeHuA C IMOCTYyIIAOMed Ha
BXO/] IIOCJI€0BATEeJIbHOCTBIO HYKJIE-
OTUJIOB. ITOT pepMEeHT HeoOXoauM,
9TOOBI MOJIEKYJIAPHAA BBIYUCIUTEIb-
Hafd MallruHAa y3HaBaja (pparMeHTHI
JHK 1 axktuBupoBasna ¢pepmeHT Fokl,
OTINEIIAINN HyKJIeoTuabl. Ho, He-
CMOTPSA Ha OTCYTCTBHE JIUTa3bl, IIPO-
IeCcC BBIYUCIEHUSA He OCTAaHABIUBAJI-
cs. Mbpl o6HaApy:KUJIU paHee He U3-
BECTHYIO cioco6HOCTE pepmenTa Fokl
pacriosHaBaTh ¥ OTIIEIIATH HEKOTO-
pble HYKJIEOTUTHBIE IIOCIeI0BATEb-
HOCTH BHE 3aBHCHUMOCTH OT TOTO, CILIe-
TeHb! ABe nenouyku JJHK niu HeT.

Bo3MokHOCTB y6paTh U3 MOJIEKY-
JIAPHOTO KOMITbIOTEpPA JIUTra3y II03BO-
JIAeT CHU3UTB 06'beM TpebyeMBIX dep-
meHTOB Ha 50%. Kpome Toro, ciiuba-
HHE€ HYKJIEHUHOBBIX KUCJIOT SABJIAETCH
eIMHCTBEHHOU onepariueil, morpebisa-
IOIe HEPIUI0, U II09TOMY yCTPOM-
cTBO 6€3 Jurassl He HYXKJAaeTCA BO
BHEIIHEM HMCTOYHHUKe dHepruu. Ha-
KOHeI], UCKJII0OYEeHHUE OIepaIlU CIIH-
BaHUA MoJpa3yMeBaeT, YTO MOJIEKY-
JIIpHOE IIporpaMMHoOe obecredyeHue
B IIPOILIeCCe BBIYNCJIEHU HEe PACXOay-
eTCA M MOJKeT HCII0JIb30BAaThCA CHOBA
U CHOBA.

JIJIs1 yCOBEPILIEHCTBOBAHUSA MOJIEKY-
JIAPHOTO KOMIbIoTepa 6e3 JIurassl I1o-
Tpe6GoBaIUCH JIOJATHUEe MeCHAIbl HAIIPSA-
sKeHHOH pa6oTrl. C omombo PUBKH
Apap (Rivka Adar) u gpyrux koJjier
BeHeHCOHY y/1a/IoCch HAUTH PeIIeHUe.
Buocsa B nocnegoBarensHocTtu JHK
HebOoJIbIIME, HO CYIeCTBEHHBIE U3-
MEHEHHUS, Mbl CMOIVIU HCIIOJIb30BaTh
OTKPBITOE HAMU CBONUCTBO pepMeH-
Ta Fokl 1 BBIBECTU IIPOU3BOJUTEIb-
HOCTBH KOMIIbIOTEpPA HA KAa4YeCTBEHHO
HOBBIA ypoBeHb. K 2003 r. aBTOHOM-
HBIH IPOrpaMMHUPYEMBIH KOMIIBIOTED,
ucnoabsyomuil JJHK-nenouky B kave-
CTBE UCTOYHUKA dHEPTUU, ObLI TOTOB
(cmp. 38). B npuHIInIIe, OH MOKET 006-
pabaThIBaTh MOJIEKYJIAPHYIO LIETIOYKY
11060 UIMHBI C ITIOMOIIBIO OTPaHUYEH-
HOTO KOJIMYeCcTBa MOJIEKYJI anmnapar-
HOTO U IIPOTPAMMHOTI0 o6GecIlieueHusd,
He NOoTpebJIAs IPU 9TOM 9HEPTIUH.

OHK-pokTop

[TOCKOIBbKY KOHEYHBII aBTOMAT C JBY-
M COCTOSTHUSIMHU CJIUIIIKOM IIPOCT JUJIS
PelIeHus CI0KHBIX 3a/1ad, ero cleay-
€T pacCMaTpPUBATh JIUIIb KaK YAATHY IO
JIEMOHCTPAIVIO UJEeU IIPorpaMMUpye-
MBIX aBTOHOMHBIX GHOMOJIEKYJISIPHBIX
KOMIIbIOTePOB. COCPEIOTOYNUB YCUIUA
Ha co3JaHUU 6oJiee CIOKHOTO aBTOMa-
Ta, MBI BCKOPE CTOJKHYJIUCH C TOH Ke
npo6yieMoi, 9To U AJuIeMaH: HU OAUH
13 U3BECTHBIX pepMeHTOB uau dep-
MEHTHBIX KOMIIJIEKCOB HE B COCTOSTHUH
BBIABJIATH HYKHBIE MOJEKYJBI B Iie-
IIOYKEe, PACIIeIlIATh U CIINBATh Iie-
HOYKH C TUGKOCTBIO, TpebyeMol ajisd
peajnsanuu MalmuHbl ThropuHra. He-
06XOIMO OTBICKATh HY KHBIE IIPUPO/JI-
Hble epMeHTHhI TUG0 CUHTE3UPOBATh
HOBBIE. IIOCKOJIBKY HayKa eIlle He I10/1-
HSJIACh JI0 TAKUX BBICOT, MBI pacIioJa-
raeM JIMIIb TPUHITUITAATBHOM! JIOTUYe-
CKOM CXeMOM OMOMOJIEKYJISIPHOTO KOM-
IbIOTEPA U BBIHYK/JECHBI KAATh, IIOKA
MOSABATCHA DJIEMEHTBHI, U3 KOTOPBIE €ro
MOKHO OyzeT co6paTh.

IloaTOMY MBI BEPHYJIHCH K aBTOMA-
Ty C JBYMS BO3MOKHBIMH COCTOSHMUSA-
MU, YTOOBI BBIACHUTD, IIPUTOIUTCSA TN
OH B MEJUIIMHE U CMOXKET JIU CTABUTh
IIPOCTBIE TUATHO3BI, HAIIPUMED, OIlpe-
Jles1sisl CUMIITOMBI KOHKPETHOro 3a60-
JeBaHUA. [l pelIeHus 9TOH 3ajadu
JIOCTATOYHO JABYX COCTOSTHUU MaIIM-
Hbl — «Ja» ¥ «HeT». OHa Morja Gbl Ha-
YUHaTh paboTy ¢ UCXOAHOTO COCTOS-
HUSA 1a» U IIPOBEPATH I10 OJHOMY yCJIO-
BUIO 32 OAUWH Inar. Eciu Bce ycioBus
BBIMIOJTHATCSHA, TO KOHEYHBIN aBTO-
MaT OCTAeTCA B COCTOSHHUU «Ja», a ec-
JIV XOTh OJTHO U3 HUX HE BBIIOJIHSAET-
cs, TO IIEPEXOJUT B COCTOSHUE (HET»
M OCTaeTcd B HEM J0 OKOHYaHUA )

OB ABTOPAX

flkoB BeHeHcoH (Yaakov Benenson)
n Axya Wanupo (Ehud Shapiro) Hava-
nn coTpyaHuyaTtb B 1999 . BeHeHCOH
pa6oTaeTt B ViccnepoBatenibCKOM LiEH-
Tpe Bbayapa no n3dyveHuto reHoma npu
[apBapAckom yHMBepcuTeTe 1 3aHMMaeT-
Ccs pa3paboTKoN MONMEKYNAPHbIX UHCTPY-
MEHTOB AN U3YHYEHUA XUBbIX KNETOK.
LLlanupo 3aHuMmaeT nocT npodeccopa
MHopMaTUKM N 6roxmmmumn B UHcTutyTe
BenumaHa (PexoBoT, N3paunnb).
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OHK-OOKTOP

| uenoyka
nporpamMmmMHON MONEKY bl

«pa —> na»

N3onupyiowas
uernoyka

Ty |

Leno4ka

Il yenoyka nporpamm-
HOWM MOMNEeKynbl

MudopmaumorHasa PHK —
npusHak 3abonesaHus

mRNA

BBOA4

[y

< Vsonupyrowas

B kayecTBe npuaHaka 3abonesaHuna UCNOMb3yOTCs cneynduyeckme Moneky-
nbl tHpopmaumorHol PHK (mRNA). OHY B3avMOLENCTBYIOT C MONEKYNSPHLIM
nporpaMMHbIM 06ecrne4eHnem 1 onpeaensioT, Kakme MMEeHHO MONeKynbl 6yayT
y4acTBoBaTb B Bbl4MCIeHNaX. B paccmaTpmBaemomM npumepe gBe 4actu Mo-
neKynbl, 3afatoLlen npasmno nepexofa «aa —> Aa», U3HavyasnbHO pasfgeneHsl,
npv4emM ofHa u3 HUX coefiHeHa ¢ usonupytoLlen ueno4vkon. OgHako nocnepn-
HASt XapaKTepunayeTcs CUMbHbIM CPOACTBOM C cUrHanbHo mRNA v npu nepson
e BO3MOXHOCTW CBA3bIBAETCA C HEM, 0CBOOOXAAsA LLeno4Ky MONeKysnbl Npo-
rpammHoro o6ecneveHus. B pesynbtate o6e 4acTv NPOrpaMmMHON MOSIEKY bl
coeauHAOTCSA, 3ajaBas NpaBuo nepexoaa «aa —> ga»

depmeHT Fokl

AKTMBHaa monekyna,
3ajaloLias nepexon

+

MporpaMmHo-annapartHbIn
KOMMnekc

fen 11

KoHeuHbIn aBTOMaT Ha ocHoBe [IHK 1 hbepmeHTOB MOXeT onpefnenuTb, €CTb 1M B OKPYyXaloLen cpeae NpusHaku 3abonesaHus, n B cny4vae
NONOXMUTENBHOrO OTBETA aKTUBMPOBATbL MONEKYNY NEKAPCTBEHHOrO CPEACTBA. B LenoM BbIMUCIUTENBHBIV NPOLIECC OCTAETCH HEU3MEHHBIM:
nporpamMmmHo-annapaTtHble MOMNEeKypHbIe KOMMIIEKCbl 06padaTbiBalOT AMArHOCTUHECKMNE MOSIEKYTIbI, OTLLEMASAA OT HUX CUMBOJ 32 CUMBOJIOM.
OfHako HEo6X0AMMO chenath Tak, YTo6bl NPU3HaKy 3a6oNeBaHns BAUAN Ha COCTaB BXOAHbIX AaHHbIX, @ TaKXe OopraHM3oBaTh npouenypy noa-
TBEPXAEHWs fuarHosa n paspaboTtatb CNoco6 AOCTABKW BCEW CUCTEMbI B KNETKY

HeakTnBHas
Monekyna

nekapcTaa
fen2i

len 314

BbIYUCJIEHUE

MporpaMmMHo-annapaTHble KoMnnekcobl n3 hepmenta Fokl/
1N MONeKyn, 3ajallmnx npasuna nepexoga, oépabdarbisaioT
ANarHoCTUYECKNE MOSEKYIbl, B KOTOPbIX HYK1€OTUAHbIE CUM-
BOJbl CBUAETENLCTBYIOT O MOHVMXXEHHOW () MW NOBbILLEHHOW (1)
3KCrnpeccun onpefeneHHbix reHos. MonekynsapHbIi aBTomaT
Ha4ynHaeT paboTaTb B COCTOAHUMN «Aa», U €CNN NPUCYTCTBYIOT
BCe NPU3HaKn 60ne3Hun, To 6yaeT BbIHECEH MONOXMUTENbHbIN
AnarHos. Ecnu xe XxoTb 0ANH CUMNTOM OTCYTCTBYET, MallnHa
nepenpeT B COCTOSHWE «HET» U OCTAHeTCA B HEM [0 KOHUa
BbI4UCNEHNN

BBIYHCJIUTEIBHOTO mporecca. Mitorom
BBIYUCJIEHUN cTaJio OBbI «a» TOJIBKO
B TOM CJIydae, eCJIU IIPUCYyTCTBYIOT BCE
CUMITTOMBI. ECJTH Ke XOTh OIUH U3 HUX
HEe HOATBEPIKAAETCH, CTABUTCH OTPU-
1aTeabHBIA AUATHO3.

YToO6BbI TaKas JIOTUYECKASA cXeMa 3a-
pa6oTaia, HyXHO OBIJIO KaK-TO 00b-
€AUHUTH MOJIEKYJAPHBIN KOHEUHBIN
aBTOMAT C OMOXUMHUYECKUM OKpYIKe-
HHEM, 9YTOOBI OH MOT pearupoBaTh Ha
oIpejieIeHHbIE IPOABICHUA 6G0JIe3HU.
B 1iesiom pabora aBTOMaTa CTPOUTCH
HAa I PeJINOJIOKEHNH, YTO OKPYKAIOIIA A
cpejZia BIUsSeT Ha OTHOCUTEIbHbBIE KOH-
IEHTPAIIUU MOJIEKYJI, 3aJaIOIUX IIpa-
BUJIA TIepexojia, 1, CIeJoBaTeJIbHO, Ha
XOJI BEBIYMCJIEHU I 1 KOHEYHBIN pe3yJiib-
TaT. [[09TOMy IPHUCYTCTBUE UJIN OTCYT-
CTBUE IPU3HAKOB 3a00JIEBAHUSA JOJIK-
HO OIpeJeIATh KOHIIEHTPAIUI0 MOJIe-
KYJI IPOIPAMMHOI0 06eCIIeYeHU .

Hampumep, MHOTHE OHKOJIOTHYECKIe
3a60J1eBaHUA COIIPOBOKIAIOTCA HApPY-
IIeHVeM yPOBHEH HEKOTOPBIX OEJIKOB

BHYTPH KJETKHU H3-3a aHOMAJBHOI'O
IIOBBIIIEHNUA U NOHWKEHUA aKTHUB-
HOCTH KOJUPYIOIIUX UX TeHoB. Eciau
reH UMeeT HOPMaJIbHYIO 3KCIIPECCHUIO,
To GEepMEHT KJIeTOYHOTrO fA/ipa KOMUPY-
€T ero II0CJIe[0BaTeJIbHOCTh BO (par-
meHT PHK. MosleKynaApHBIA TpaHC-
KpUOT (Ay6JIMKAT) HOCTIEe 0BATENb-
HOCTH HYKJIEOTHUJ OB, Ha3bIBaeMbIA
nHdopmanuonHoit PHK (message RNA,
mRNA), cauTbIBaeTcAa puboCcoMoi, Ko-
Topad IpeBpallaeT nocJjefoBaTelb-
HocTh PHK B 11€e1I0YKy aMHHOKHCIIOT,
dopmupyromux 6eaok. Takum obpa-
30M, HOBBIIIEHHBIH MJIN IOHUKEHHBIH
YPOBEHB COJIEPIKAHUSA CIIEIU(PUIECKO-
ro TPAHCKPUIITA B KJIETKe MOKET OT-
paskaTh 9KCIIPECCUIO Ir'eHa.

BeHeHCOH M306pes CUCTEMY, B KO-
TOPOU HEKOTOPHIE MOJIEKYJIBI, 3a/1a10-
mue IpaBua rnepexosa, u3buparesb-
HO B3aNMO/JIEHCTBYIOT C ¢pparMeHTaMu
nHdopmanumornHoit PHK u Takum o6pa-
30M BJIMAIOT Ha CIIOCOOHOCTH MOJIEKYJI
IIPOrpaMMHOTr0 o6ecreyeHus y4acTBo-

BaThb B BBIYMCJIEHUAX. [IOBBIIIEHHBII
ypoBeHB crenupuIeckoro gparMeH-
Ta MRNA (MoJIEKyJIsIpHOE ITPOSABJIEHHE
60JIe3HU) IPUBOJUT K NpeobiaJaHUI0
MOJIEKYJI, 3aIaI0IIMX ITPaBUJIA IIePeXo-
J1a «aa > a», U YBeJIUIEeHHUIO BEPOATHO-
CTHU IOJIO:KUTEIBHOTO Pe3yIbTaTa Bbl-
YUCJIEHUH 110 JAHHOMY IIPU3HAKY (puc.
ssepxy). TaKkyI0 CUCTEMY MOMKHO IIPU-
MEHUTH K AUATHOCTHKE JII060ro 3ab60-
JIeBaHUSA, CBA3aHHOIO C HapylIeHHUEeM
YPOBHEH IIPOTEUHOB BCJIEJICTBHE AHO-
MaJjbHOM aKTUBHOCTHU I'€HOB, a TAKKe
7151 OOHAPYKEHUA BPEIHBIX My TaIlUi
BO (pparmeHTax mRNA.

Korza B HamieM pacnopsizKeHUH OKa-
3ascAa yaoO6HbeIN nHTepdeic 11 BBO-
a nHpopManyM 0 BHY TPUKJIETOYHBIX
IIprU3HaKax 3a60IeBAaHUSA U JIOTUYECKUI
anmnapar AJj18 AUArHOCTUKY, BUHbAMUH
I'mi (Binyamin Gil) paspa6oran mexa-
HU3M, T03BOJIAIONIUY GOKOMIIBIOTEPY
BBIJIJaBaTh aKTUBHBIE MOJICKYJIbI JIEKAP-
CTBEHHOTI'O IIpernapara, ecjau JuarHos
OKaKEeTCs ITOJOKUTETbHBIM.

40
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[OunarHocTtnyeckas Monekyna
B KOHEYHOM COCTOAHUN «Oa»

il

MonoxuTenbHbIN

| amarHos AKTnBauus
MOneKybl
g > A nekapcTea
B
L
)y on
-j Bbicokuit Hun3kui1 ypoBeHb
=/ yposeHb Monekyna cynpeccopos
- aKTUBHbIX NekapcTea
NeKapCTBEHHbIX
’) MoneKy”n 5E Z
L —
- S
-) Cynpeccop

BbIBOJ,

B cnyuyae nonoxutenbHOro gmarHosa oT AMarHoCTUYeCKO MOMeKysbl OTLEennaeTca nekap-
CcTBO — cneunduryeckas ogmHapHas uenodka AHK (ceBepxy). YTo6bl KOMNEHcMpoBaTh BO3-
MOXHble OLINMGKKN, CO3[a0TCA NHBEPCHbIE ANAarHOCTUYECKNE MOMEKYbl, KOTOPble 06CHNTbI-
BaloTCA napannenbHo. Ecnv npnaHaku 3a6onesaHns OTCYTCTBYIOT, TO OT HUX OTLLENNATCA
cynpeccopbl, NoAaBsloWMe akTUBHOCTb NIEKAPCTBEHHbIX Monekyn. Ecnu B BblYMCNEHUSX
6yayT OQHOBPEMEHHO Yy4acTBOBATb ThbICAYM [MArHOCTUHECKUX MOSIEKYNn 060MX TUMOB, TO
B GOMbLUMHCTBE CNy4aeB Nony4nTCA BEPHbIN ANarHo3, 1 1eKapCTBEHHbIX MOMEKYN OKaxeTcs
NM60 CyLLeCTBEHHO 60SbLUE, YeM UX CYyNPeccoBPOB, 60 HA060POT (CHM3Y)

MOJeKyJbl JieKkapcTea

OcTtaBaoch y4ecThb cyry60o BeposAT-
HOCTHYIO IIPUPOAY BBIYHUCJIECHUH U He-
TOYHOE IT0BeicHNe GMOMOJIEKYIAPHBIX
3JIEMEHTOB. [/leJI0 B TOM, YTO HEKOTO-
pble BBIYUC/ICHUA 3aKaHYUBAIOTCHA BbI-
HeCEeHHEeM II0JIOKHUTEeIbHOr0 JUarHo3a
Jlaske Torja, Korja oTCy TCTBYIOT HEKO-
TOpbIE MJIM JlaKe Bce IPU3HaKU 60J1e3-
HU. Takke BO3MOMKEH U JIOXKHOOTPU-
naTejabHbIN guarHos. K cuacTteio, Be-
POAATHOCTHBIE ITapaMeTPhl IIOBEJEHUS
MOJIEKYJI U3MEPHUMBI U IIpe/ICKa3yeMBbl,
U HaM yAaJIoCh CO3AAaTh AOIOTHUTEb-
HYI0O CUCTEeMY KOHTPOJIA U GaJlaHCHU-
POBKHY YPOBHEH.

Mel pa3paboTai ABa THUIIA BbIYUC-
JINTENBbHBIX MOJIEKYJI: OJHH B clIydae
IIOJIO(KUTEIbHOI'0 AUATHO3a aKTHUBU-
PYIOT JIEKAPCTBO, & IPyTHeE B CJIydae OT-
pUIIaTEeIBHOTO 3allyCKAIOT €ro cyIpec-
cop. IaMeHss OTHOCUTeIbHbIE KOHIIEH-
Tpanuu 060UX TUIIOB MOJIEKYJI, MOKHO
VIIPaBJIATE IIOPOrOM JUATHOCTHUYECKOM
OIIpe/ieJIEHHOCTHU. PerieHus Takoro po-
Jla IpUHUMAeT JIIo60l TepareBsT, Korjaa

OLICHUBAET TAMXKECTHh 3a6oJieBaHUSA, TOK-
CUYHOCTHh Ha3HaA4Ya€MbIX IIpEIIapaToB
1 BO3MOKHYIO HETOYHOCTH UarHO3Aa.

BbluncnutenbHas 6MOTEXHMKA
IToka 6MOMOJIEKYJIAPHBIN KOMIIBIO-
Tep PYHKIIMOHUPYET UCKIIOYUTEIHHO
B IIpoGHpKe. MBI MOJIEIMPOBAIU OKPY-
JKAIOIIYIO €ro GHMOJIOTUYECKYIO Cpeay,
U3MeHAA KOHIEHTPAIUN Pa3IudHbIX
nenouvek /IHK u PHK. Tertepp HaM npef-
CTOUT 3aCTAaBUTh €ro paboTaTh HEIOo-
CPECTBEHHO B JKMBOH KJIETKE, YTOOBI
IIOCMOTPETh, KaK OH GyJeT BeCTU pacye-
TBI BO BHYTPUKJIETOUHOM CpeJie, a TaK-
K€ B3aUMOJEHCTBOBATh C IIPUPOJHBIM
GHOXNMHUYECKHUM OKPYKEHHUEM.
JlocTaBUTE GMOMONIEKYIAPHBINA KOM-
OBIOTEP B KJIETKY HEINPOCTO: GOJIb-
IIMHCTBO MOJIEKYJIAPHBIX TPAHCIIOPT-
HBIX CHUCTEM IPUCIIOCO6IEeHBbI TU60
nox AHK, nu6o mox 6enkm. Harr ke
KOMIBIOTEP COIEPIKUT U TO, U JPyToe.
He MeHee BaKHO OTBICKATh CpeACTBa
HaG6II0IeHU s 32 XOJI0M BBIYMCIECHUH,

UAYIIUX BHYTPH KJIETKU, U yOeAUThCH,
4TO MOJIEKYJISPHBIA aBTOMaT B COCTO-
AHUU paboTaTh HNapajieJbHO C BHY-
TPUKJETOYHBIMU OpraHaMu, KOTOpBIE
BITOJIHE MOTYT Pa3pyIIUTh IIETIOYKY BBI-
YUCJI€HUH VTN IIOBJIUATH Ha II0BEICHUE
MOJIEKYJIAPHBIX KOMIIOHEHTOB KOMITBIO-
Tepa. HakoHel, HE06X0IMMO UCCIE0-
BaTh aJIbT€PHATHUBHBIE CIIOCOOBI CBA3U
MOJIEKYJIIPHOTO aBTOMAaTa C BHYTPU-
KJIETOUHOH cpesioii. CorIacHO pe3yJib-
TaTaM NOCJIeJHUX UCCIeJOBAHUN B 00-
sacTtu 60pb6BI C pAKOM, KOPOTKUE HY-
KJIE€OTH/HBIE IEIIOYKH, IOy YUBIINE
Ha3BaHHue MicroRNA 1 BBIIIOJIHAOIIHE
B KJIETKaxX BaKHBIE PETYJIATHUBHBIE
dyHEOUHU, 601ee 06’ bEKTUBHO CBUJE-
TEeJBCTBYIOT 0 Hanu4uu 6ose3nn. [lo-
3TOMY MBI pa6oTaeM HaJ TeM, YTOOBI
Hallle yCTPOMCTBO B3aMMO/leliCTBOBA-
0 He ¢ MRNA, a ¢ microRNA.

BuoMonekynapHbIE aBTOMATHI, KO-
HEYHO ke, He 3aMeHAT 9BM, Ho y Hux
eCcTh IPAMOM JOCTYII K JaHHBIM, 3a-
KOJMPOBAHHBIM B }KUBBIX MOJIEKyJIaX,
C KOTOPBIMU TPaUIIMOHHBIE KOMIIBIO-
TepBbl HUKOT/IA He Hal 1y T O6IIEero A3bI-
Ka. Pe3ynbTaThl 9KCIEPUMEHTOB IO/~
TBEPIKJAAIOT JKU3HECIIOCOOHOCTh HO-
BOT'0 BH/Ia BBIYUCJIUTEIbHBIX MAIIINH,
Y KOTOpBIX B GyAyIIleM HNOABUTCSA IIU-
POKHH CIEKTP IpUMeHeHusd. Tak uiu
HHa4Ye, BBIYHUCIUTeIbHAA OMOTeXHUKA
yixe rmoaBuaachk Ha cBeT. C JHEM POX-
neHus! B

OOMNOJNIHUTENbHASA NUTEPATYPA

m A Mechanical Turing Machine: Blueprint
for a Biomolecular Computer. Presented
by Ehud Shapiro at the 5th International
Meeting on DNA Based Computers,
Massachusetts Institute of Technology,
June 14-15, 1999. www.weizmann.ac.il/
udi/press

m Programmable and Autonomous Com-
puting Machine Made of Biomolecules.
Y. Benenson, T. Paz-Elizur, R. Adar, E. Kei-
nan, Z. Livneh and E. Shapiro in Nature,
Vol. 414, pages 430-434; November 22,
2001.

m An Autonomous Molecular Computer
for Logical Control of Gene Expression.
Y. Benenson, B. Gil, U. Ben-Dor, R. Adar
and E. Shapiro in Nature, Vol. 429, pages
423-429; May 27, 2004.
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bHOITHKA

Bo3moXHOCTH
COBpPEMEHHOM
MeaUnLUHbI

n 6unonornun

CTaBAT Nepen,
4esI0BEYECTBOM psf
CJTOXHbIX BOMPOCOB
3TUYECKOro

N NPaBOBOro
XapakTtepa

oclleIHUE JOCTUKEHUA Meu-
IIUHBI U GUOJIOTUH HE TOJBKO
OTKPBLIBAIOT IIepe]] YejJoBede-
CTBOM HOBBIE BO3MOKHOCTH, HO U CTa-
BSAT PAJl HEIPOCTBIX BOIIPOCOB 3TUYe-
CKOTO M IIPaBOBOTO XapaKTepa, B TOM
4quycie, 0 JOIyCTUMBIX T'PaHUIIAX HC-
cJIeJOBAaHUH, 0 BO3MOKHOCTHU BTODIKE-
HUSA B CBATAA CBATHIX YEJIOBEYECKOTO
OGBITUA — POMKAEHUE U CMEPTh.
Bpaue6HasA NpaKTHUKA UCIIOKOH BEKOB
OCHOBBIBAJIACh He TOJBKO HA 3HAHUU
oIpefeleHHbIX OMOJIOTUYECKUX, aH-
TPOIOJIOTUYECKUX, PU3UOJOTUUECKUX
3aKOHOB, HO U Ha OIpeJeJeHHBIX MO-
PaJbHBIX IPUHIOHUNAX, TNIAaBHBIA U3
koTopblx — «He HaBpeaw. CerogHsda
HOBBIE T€XHOJIOTUH, C OHOM CTOPOHEI,
HEU3MEPUMO PaCIIUPAIOT BO3MOMKHO-
CTHU YeJIOBEKa, a C APYrol — cTaBAT
Hac IepeJl CUTyaluaMU, KOTOPbIE BbI-
XOAAT 3a PAMKHM MOPaJbHOI'O ONbITA
4JejoBedecTBa. YesI0BEKy IPUXOJUTCA
Jies1aTh HEIIPOCTOM U Ype3BbIYafHO OT-
BETCTBEHHBIN BbIOOD, KOTOPBIH OIIpe-
nendeT cyabOy 6o ero caMoro, 6o
ero 6JM3KUX. B cBA3M ¢ 2TUM BoIpoc
0 HPABCTBEHHOCTHU 3HAHUSA U €TI0 IPU-
MeHEHUSA BCTaJl ¢ HeOGbIBAJIOH OCTPO-
ToM. KakMMU KPUTEPUAMHU JOJIKHBI
PYKOBOJICTBOBATbCA MEJUKU, peliasd,
IpepBaTh UJIHN COXPAHUTH UYesloBede-
CKYIO :KU3HB? JlomycTUMa U 3BTAHA-
3uA? VIcKyccTBeHHOe 3a4aTue — 6y1aro
Uy 37107 MOKHO JIU CO3JaTh «T€HEeTU-
YeCcKU MOJU(DUIIPOBAHHOIO» YeJIOBe-
ka? Hakue MeUIIMHCKNUE U 9TUYECKUE
npo6JieMbl CBSI3aHBI C TPAHCIIJIAHTO-
gorueni? Kak corjiacoBaTh JielicTBUE

PBIHOYHBIX MEXaHU3MOB C BO3MOMKHO-
CTAMH 6HOMeTNIUHEI? [IpaBOMEPHO JI1
HCIIOJIb30BAHUE CTBOJIOBBIX KJIETOK 9M-
GPHOHOB U KJIOHUPOBaHUe? YeM rpo3uT
IIpHUMeHeHNe IICUXOTPOIIHBIX IIperapa-
TOB? ['le ICKaTh OTBETHI HA BOIIPOCHI,
KOTOPBIX paHee He CyIeCTBOBAJIO?

3apoxaeHue 6UMO3TUKMU
O6cy:xaeHue npobyiemM, CBA3aHHBIX
C JIOCTHKEHUSIMU COBPEMEHHOU MeIu-
LIMHBI ¥ GMOTEXHOJIOTUH, a TaKXKe C JI0-
CTYIIOM K pe3yJbTaTaM HCCJIeJoBa-
HUH CTaJIO B HAIM JHU OJHUM U3 Ha-
IIpaBJIeHUH OOIIECTBEHHOM U HAy YHOH
MBICJIY, TIOJyYUBIINM Ha3BaHUe 6HO-
9TUKHU.

3apoxeHne 6H03TUKN HEPEIKO CBHA-
3BIBAIOT C COOBITHEM, IIPOU3OIIEIINM
B KOHIIe 60-X rr. XX B. Tora B OHOM U3
6ospHUI CuaTia (CILIA) mosBUIICA IIEp-
BBIA ammapaT AUaan3a «ACKyCCTBEH-
Has 1mo4Kay. [IoCKOIBKY OH GBLI €IUH-
CTBEHHBIM Ha BCIO KJIMHUKY, CO BceH
ocTpoToil BcTasa nmpobiaema BbIGO-
pa: KOMy U3 ITaIJHeHTOB JaTh AOCTYII
K CIIACUTEJIbHOMY IIPUGOPY, a KOMY
HeT. Bpauu oTkasannuck 6paTh Ha cebsa
OTBETCTBEHHOCTb U IIPEATOMKHUIU CO3-
aTh KOMHUCCHIO U3 yBaKaeMBbIX I'PaK-
JlaH, KOTopas B3BelInBaJia Obl BCe «3a»
U dIPOTUB» U BEIHOCUJIA CBOI BEPJUKT.
TeM caMBbIM OfHA U3 HOPM BOCXOAAIIEH
k 'unmokpaTy KOpIOpaTUBHOH Bpa-
4eGHOUM 3TUKU, IpeAIoJaraBiias, 9To
BCe BONPOCHI, CBA3aHHBIE C J€YEHU-
€M IalueHTa, HAaXOAATCA B UCKIIIOYH-
TEeJBHOM BEJEHHUU caMHUX Bpadel, ObI-
J1a nepecMoTpeHa. Tak 6bLIO II0JI0KEHO
Ha4yaJIo OTKPBITOMU IUCKYCCUU OTHOCH-
TEeJIbHO 9TUYECKUX IPUHIIUIIOB, B KO-
TOPYIO BKJIIOYUJINCH HE TOJIBKO BPadu
U y4YeHBble, HO U HNOJUTUKHU, CBAIIEH-
HOCJIY$KUTEJIU, IOPUCTHI, 3Ky PHAJIUCTBI
U pAfoBBIe TpaxkaHe. TeMa okasatach
mupe, 9eM IIpeAnoaarajock — B 4acT-
HOCTH, pedyb IIlJIa He 06 OJHOM JIMIIb
JIOCTYIIE K JTIOCTHUIKEHUAM MEIUIIUHBI,
HO U O 3alllUTe IIpaB U JOCTOUHCTBA
JeJIoBEKa IepeJl JIUIIOM HOBBIX GHOMe-
JUIOUHCKUX TeXHOJIOTHH, KOTOPBIE MO-
I'yT UCII0JIb30BAThCSA HE TOJIBKO BO 6J1a-
ro yejoBeKa, HO ¥ BO BPEJl €MY.

3awumTa npas UCMbITYyEeMbIX
IIpoBeneHue a1060T0 GUOMEUITUH-
CKOIrO HCCJI€EAOBAaHUA C ydaCTHUEM

YeJIOBEKA BCET/Ia COIIPAMKEHO C oIpe-
JIeJIEHHBIM PHCKOM, MUHUMHU3UPOBATH
KOTOPBIH U ITPU3BAHbI MHOTOYHCJIEH-
HBbI€ JOKYMEHTBI, perIaMeHTUPYIO-
e MoJ06HYI0 AeATEeJIbHOCTb U IIPU-
HATBHIE IeJBIM PAJAOM MEKJAYHapOI-
HbIX opraHudanui: JOHECKO, BO3,
CoseToMm EBponnl, EBponetickum co-
1030M, BceMupHONM MeaUIIMHCKOM ac-
conmanued (BMA), MexayHapoagHBIM
COBETOM MEIUIIMHCKUX HAYYHBIX 006-
mecTB (CIOMS) u np. KiriroueBbIM HOp-
MaTHUBHBIM aKTOM cTaJjla XeJIbCUHK-
ckad Aekjgapanuda BMA «3Tudeckue
OPUHIUITEI MEUIITNHCKUX HCCIIE0Ba-
HHH Cc y9acTHEM YeJIOBEKa B KauecTBe
HCIIBITYEMOrO», IpUHATadA B 1964 r.
BriociiegcTBUH, IO Mepe pacIIupeHNA
MacmTaboB UCCIEJOBAHUN U pPa3BU-
THUA MEXaHU3MOB UX 3TUUYECKOI'0 CO-
NPOBOMXK/CHUA, JeKJapalusa HeOJHO-
KpaTHO nepepabaTbsIBajach; IIOCIEI-
HUeE CyIIeCTBEHHbIC N3MEeHEHU ObLIN
BHeceHbI B 2000 r. OCHOBHBIE TI0JIOKE -
HUA JeKJapalliy HallJu OTPaskeHue
B HaIlMOHAJIbHBIX 3aKOHOIaTeIbCTBAX
MHOTUX CTPaH MHUpa.

Cpeau HEM3MEHHBIX TpeObOBaHUN —
He0O6XO0UMOCTb 0CO3HAHHOTO J06PO-
BOJIBHOTO WJIM, KaK IIPUHATO IFOBO-
puTh, ”THGOPMHUPOBAHHOI'O COTJIACUSA
Ha 9KCIIEPMMEHT, IIoJipa3yMeBalolie-
ro, 4TO 4YeJIOBEK OCBEJOMJIEH O TOM,
KaKHe ONBITHI U C KAKOU IeJIbIo OyAyT
IIPOBOAUTHCH, KAKOBBI BO3BMOKHBIE PH-
CKU 1 BBITOABI OT y4aCTUA B UCCJIE0-
BaHUU. Kpome Toro, AJjid NpoBeJeHUA
ONBITOB HeoOXoAMMa CAaHKIIUA He3a-
BHCHMOTO OT aJJMUHHUCTPAIlNH 3TUIE-
CKOTO KOMHUTETA (9TUYEeCKasd dKCIep-
TH3a).

OQHUM U3 NOCJIeJHUX OPUANIECKUX
JIOKYMEHTOB, IPU3BAHHBIX PEryJIHNpPO-
BaTh GMOMEJUIIMHCKHUE HCClIeoBa-
HUsA, 0643aTeJIbHBIM JIJIS COOITIONEeHU A
BO BCeX rocyAapcTBax, paTU(PUIIUPO-
BaBIIUX ero, ctana Kousennua Cose-
Ta EBponbl 0 3a1uTe npas U JOCTOUH-
CTBa YeJIOBEKAa B CBA3M C IPUMEHEHUEM
OOCTHIKEHUM OMOJOTUU U MEIUIIUHBI
(nnu KonBeHIUA 110 GMO3THUKE), IIPU-
HATad B 1997 1. [lo cocToAHMIO HA aIl-
pesnb 2006 1. JOKYMEHT IOANHUCANH
33 u3 46 Bxogamux B CoBeT EBponbl
cTpaH, a 19 U3 HUX yxke paTuGUIU-
poBanm ero. /13 4yncia BeLyIiux eBpo-
NeNCKUX rocy/lapcTB K KOHBEHIIUU )
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He NPUCOEeJUHUINCH Benrukobpura-
Hud, l'epmanua u Poccuda. C Touku
3peHusa BeTnKoGpUTaHNY, HEKOTOPBIE
HOPMBI, IIPeJyCMOTPEHHBIE TOKYMEH-
TOM, B YaCTHOCTH, Kacalol[uecs Ipo-
BeJleHUsI UCCJIEJOBAaHUN Ha YeJoBede-
CKHUX 9MOpUOHAX, MPEACTABIAIOTCH
CJIMIIKOM KEeCTKUMID. [[epMaHusd, Ha-
060pOT, CYUTAET, UTO IIPEATOKEHHBIE
Mephl He 3alUINaT JOKHBIM o6pa-
30M ITpaBa M JJOCTOUHCTBO TeX «II0J0-
OBITHBIX», KOTOPBIE HE B COCTOAHUH
1aTh IOPUINYECKH 3HAYNMOE COIJIacHe
(meTu, muna ¢ ncuxudeckumu 3abosie-
BaHUAMHU U IIP.).

He BnostHe AcHO, moyemy Poccus o
CHUX IIOP He ITPUCOeUHUIIACh K KOHBEH-
I, XOTS HA PA3HBIX YPOBHAX (B TOM
qucie, B [locygapcTBeHHOUN AyMe) He-
OJHOKPATHO T'OBOPUJIOCH O HEOOXOIH-
MOCTH TaKOrO0 IIara, a 3aKOHOJaTeJb-
CTBO CTPaHBI B IIOJITHON Mepe COOTBET-
CTBYeT AyXy KOHBEHI[UU.

Meay TeM IOpUAUYeCKOe PeryJIu-
poBaHue no00HOM AEeATEILHOCTH He-
06X0/IUMO, IIOCKOJBbKY GMOMEIUIINH-
CKHE HCCJIeIJOBAHUSA IIPEeBPATUIINCH
CeroJHs B HACTOSAIIYI0 UHAYCTPUIO,
TJle IepeceKaTCsa U BCTYIAT B IIPO-
TUBOpeYHe MHTEpPeCchl cCaMbIX pa3-
HBIX cTOpOH. Tak, ¢apMarneBTudecKas
HPOMBIIIIJIEHHOCTh UJET HA OTPOMHBIE
(dUHAHCOBBIC BJIOXKEHUA (B CpeJHEM
Ha CO3JaHWe U IIPOJABUIKEHUE HOBOTO

npemnapara Tpe6yeTrcs okoso $800 MIH.)
U CTPEMUTCS HE TOJIBKO OKYIIUTH pac-

XOJbI, HO U MOJYyYUTh NPUOBLIL. MHO-
rue KpynmHOMAacIITaOHbIe UCIIBITaHUA
BeJyTCA Ha MEXKJYHApOJHOM YpPOB-
He, U HepeJIKO BO3HUKAeT cobJIa3H uc-
I0JIb30BAaTh JKUTeJIel 6eTHBIX PEr'OHOB
B KA4eCTBE «II0JIONBITHBIX KPOJMNKOB»
7151 pa3paboTKU HOBBIX IIPENapaTros,
KOTOpBIE B ciydae ycrexa OyayT Hpo-
M3BOJUTHCA €BPONEVCKUMU U aMepH-
KaHCKMMH GpuUpMaMU U CTOUTH Ha-
CTOJIBKO IOPOTO, YTO HAaceJeHue CTpaH
TPETHEro MUpa OKAMKETCHA HE B COCTO-
AHUU UX npuobperaTtb. CerogHsa cie-
IIUAJIMCTHI II0 GMO3THKE HEPEIKO TOBO-
pAat, 9To 90% cpencTB, pacxoayeMBbIX
B MUpe HA GUOMEJUIIMHCKNE DKCIIePH-
MEHTEBI, UJIeT Ha HOJJIEPIKKY HCCIIEI0-
BaHMUU, pe3yJIbTaTaMU KOTOPBIX CMOTYT
BOCHOJb30BaTheA JUIIbL 10% Haceme-
HUA IIJIAHETHI, T.€. JKUTEJIU 6JIaromno-
JIyYHBIX cTpaH. HampoTus, Ha 6GOpb-
6y ¢ 3a60JI€eBaHUSAMH, AKTYyaJIbHBIMHA
nnsa 90% nronedt, Tpatutcsa Bcero 10%
cpeactB. TakuM o6pasoM, Ipob6IeMbl
GMO9THUKU UMEIOT BIIOJIHE OIILYTHUMBbIE
9KOHOMHMYECKUE, IIOTUTHIYECKHEe U MO-
paiabHBIE cOCTaBIAIOIINE, T.K. PeYb
UJeT He TOJIBKO O 3allliTe IIpaB HaHU-
Gosee yAI3BBUMBIX YYAaCTHUKOB 9KCIIe-
PUMeHTOB (neTel, 6epeMeHHBIX, KOp-
MAIIUX MaTepeu, JIUI ¢ OrpaHUYEeH-
HBIMU YMCTBEHHBIMH CIIOCOOHOCTAMH,

BOEHHOCJYy¥aIlluX U T.J.), HO U O IO-
JIyYEHUU UCHBITYEMBIMU IIOTEHIINAIb-
HOM BBITOJIBI, O CIIPABEJJIMBOM JOCTY-
e K HOBBIM IIperiapaTaM, TE€XHOJIOTH-
AM JIMarHOCTUKU U TePaIUU.

ﬂOHOpr XuBble nu mepTBble
BrnpoueM, BHe 3aBUCUMOCTH OT 3IIOX,
JIOKYMEHTOB U KOPIIOPATUBHBIX UHTE-
pecos, BeICIIAA IeJIb U 3ajada Meau-
LIUHBI OCTAaeTCcA IIperHeld — crace-
HHE YeJIOBEYECKUX KU3HEH JTI00bIMU
3aKOHHBIMU CPE/ICTBAMU.

Biaromapsa nmepecajgke OpraHoB U
TKaHeH B MUpe ObLIN CIIACEHBI COTHU
ThICAY HU3HEeU. OJHAKO ycHex ome-
panuu U JajabHEHUIIero BOCCTaHOBIIE-
HUSA OpraHU3Ma BO MHOT'OM 3aBHUCHUT OT
«CBEIKECTH» TPAHCIIAHTUPYEMOTO Op-
raHa: 4eM MeHbIIIe BDEMEHU IIPOXOAUT
C MOMEHTAa CMEPTH JI0HOPA, TE€M BEIIIIe
BEPOATHOCTH TOTO, YTO TPAHCILJIAHTA-
U OKaeTcs ycremHol. [ToaTomy
OCTPO CTOUT BONIPOC: KAK OIPEJEIUTh,
$KUB YeJIOBEK UJIH YKe MEPTB?

B nociiegHue necaTuaeTuA 6611 pas-
paboTaH HOBBIM KPUTEPUHN CMEPTH —
oJTHAs MO3roBas CMePTh, UJIU CMEPTh
BCEro Moara, — KOTOPBIN y3aKOHEH
B OOJIBIIMHCTBE CTPAaH MHpA, BKJIIO-
yaa Poccuro. Mexay TeM IIocjie TOro,
KaK KOHCTaTHpOBaHa CMepPTh MO3ra,
B OPraHMU3Me ellle Ha MPOTAKEHUU He-
CKOJIBKUX JTHEH MOXKET IO IePKUBATh-
cd JAbIXaHue, KpoBooGpallleHue U IIp.,
MO03TOMY HEKOTOPBIE JIIOAU HE MOTYT
COTJIACUTBCS C TEM, YTOOBI TAKOU opra-
HHU3M CcYHUTAJICA MepTBBIM. Kpome To-
o, IIo4Yac ocTaeTCcsA MECTO JIIA COMHe-
HUH B TOM, & IeCTBUTEJIBHO JIM BpauX
JiejlaId Bce BO3MOKHOE /I ClIaCeHUs
JKU3HU NaIlMeHTa, He IMOCHEIININ JIU
OHHM NPHU3HATH ero ymMepmum. Takue
II0I03PEHUA MOT'YT ObITH HEHTpaau-
30BaHBbI TOJIBKO HEYKOCHUTEJIbHBIM
cob6IroleHueM caMbIX CTPOTHUX 3THU-
YeCKUX U IpUANYecKUX HopM. OxHaA
U3 HUX COCTOUT B TOM, 4TO GpuUraja
MEAUKOB, OCYyIIeCTBIAKIIUX pPeaHU-
MaIlMOHHBIE MEPOIIPUATHUSA, HE TOJIKHA
OBITH CBAA3aHA C TOU OpUTagoON, KOTO-
pas 6yeT NpOU3BOAUTH TPAHCIIJIAH-
TalUIo.

Cepbe3HBbIE OITACEHUA BBI3BIBAET U
KOMMepIIHaanu3anusa JAaHHONW oTpac-
siu. Kak u3BeCTHO, COCTOSATEIbHBIE I1a-
IIMEHTHI TOTOBBI IIJIATUTh OTPOMHBIE

a4
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JIeHbI'H 32 HEOOXOAMMBIA UM OpraH.
C apyroil CTOPOHBI, B HEKOTOPBIX
cTpaHax Mupa (Hampumep, B UHaUN)
6YKBaJbHO HA IIOTOK ITOCTABJIEHO I10-
JIy4eHHe OpraHoB (JYalle BCero — Io4-
KH) OT HEUMYIIIUX, TeX, KTO TOTOB, PU-
CKYfl 3[J0POBBEM, IIPOAATH YacThb COG-
CTBEHHOTO TeJIa.

YT06BI 110 BO3MOMKHOCTH OTPAJUTH
JTOHOPOB 0T GPUHAHCOBOTO, KPUMU-
HAJIBHOT'O U MHOTO JIaBJICHUS, IPUHAT
PAA MEKIYHAPOJHBIX JOKYMEHTOB, Ta-
kux kak KoaBeH1usa o 6uostukre CoBe-
Ta EBpONBI U JIOTIOTHUTEIbHBIN ITPOTO-
KOJI K HeH, CIIeIMaJIbHO IIOCBAIIEHHBIH
TPAHCIJIAHTOJIOTHH, 3alpeliaomux
TOPTOBJIIO OPraHaMM U TKAHAMU YeJIO-
BEUYECKOI0 IIPoucXokaeHusa. CoracHo
3akoHy P® «O TpaHcHJaHTallUMU Op-
TaHOB U (UJIM) TKAHEH YeJIOBEeKa» IKU-
BBIM JIJOHOPOM MOJKeT OBITh TOJIBKO
JINII0, HAXOAAIIEeCs B FTeHETUYIEeCKOM
POACTBE C PELUIIUEHTOM. (DTO, IIOMHU-
MO BCEro IIpOYero, yMeHbIIaeT BEPo-
SATHOCTb OTTOPIKEHUA ITIePeCakeHHOT 0
opraHa.) EcTecTBeHHO, y }KMBOT'O JIOHO-
pa MOKHO U3BJIEKATH TOJIBKO T€ Opra-
HBI U TKAHU, OTCYTCTBHE KOTOPBIX HE
BBI3BIBAET YI'PO3BI AJIA KU3HU (Jale
BCEro IIOYKy — HapHBIYA opraH). B 1e-
JIOM K€, YUYUTBIBAdA, YTO U3BATHE OP-
TraHOB y ¥KHBOT'O JIOHOpPA TAaK UJIU UHAa-
Ye CKa3blBaeTCs Ha ero 370poBbe, 60-
Jlee IPeJIOYTUTEIbHBIM CUYUTACTCHA
HCII0JIb30BaHUE OPraHOB YMEPIIUX J10-
HOPOB.

CornacHo 3akoHy P®, Heo6xonuma
«IPEe3yMIIIUS COTJIACUS»: €CIIU CaM Je-
JIOBEK IIPU 3KU3HU, JINOGO POACTBEHHU-
KU IIOCJIE €0 CMEPTH He BBICKA3bIBa-
IOTCSA IPOTHUB HUCIIOJb30BAHUSA €0 Op-
TraHOB U TKaHeH JUI TPAHCIUIAHTAIIH,
IIpEeAIIoIaraeTcsa, YTO MOKHO CUUTATh
corjlacue IoJy4eHHbIM. OJHaKO 3a-
KOH He IpeJycMaTpuBaeT KaKod Obl
TO HU OBLIO MPOLEAYPHI A IOPULH-
4ecKoro opOpMIIEHUS MMOJ0GHOTO BO-
JIen3'bABIEHUA. 1 9TO MOpOKIAET He-
MaJIo Ipo6aem.

CiepyeT ckasaThb O TOM, YTO JJOHOP-
CTBO U IepecajKa YeJIOBEeYEeCKUX Op-
raHOB BBI3BIBAIOT IOBBIIICHHBIN HH-
Tepec co cTopoHbl CMU, KOTOPBIH BbI-
pakaeTcs B HEPEJKUX CEHCAIITOHHBIX
ny6nukanuax. K coxaneHuro, nmopoi
9TO HAHOCUT TSKEJIBbIH yJap II0 Ipe-
CTHUIKY W peIlyTaluy BCEH oTpaciau

KYNbTYPHO-PEJIUTMO3HbLIE TPAONLUNA

NEPECAOKA OPIrAHOB:

ByAanM3amM — TONbKO OT XXMBOrO fOHOPA, €CNN OH AO06POBOSILHO NPUHEC Takow Aap 601bHOMY
1 He nony4an gexHer

Wypanam — oT XMBOro AoHopa, ecnm oH [06pPOBOSIbHO XEpTBYeT OpraHoM 1 nepecagka
He MPUBOAUT K YXYALLUEHUIO COCTOSIHUA 3[0POBbSA PeuunueHTa; oT yMepLUero JoHopa, ecnu
co6nofeHa npe3yMnuusa cornacus; opTogoKcanbHble Nyaen MoryT oTKasaTbCs OT nepecanku
opraHoB, eCniv npoLieaypa He OCBsLLEHa PaBBUHOM; B NI060M crly4ae Tesno fOHOpa He AOMXHO
6bITb N3YPOAOBAHO.

KaTonuumam — ecnv HeT anbTepHATUBHbLIX BAPMaHTOB JIe4eHus

MycynbmMaHCTBO — TOMbKO OT XXMBOroO AOHOPA, UCMOBEAYOLLEro ncnam v aasLiero Ao6po-
BOJIbHOE corflacue; fonycKaeTcs UCNoMb30BaHNE OPraHoB yMepLLEro fJoHopa, eciu oH 6bin
MyCYNbMaHWH, a Mocne CMepT MO3ra MCKYCCTBEHHO MOAAEPXMBANUCh AblXaHNe N KPOBOO-
6palieHune

lNMpaBocnaeBue — OT XWBOrO [OHOPA, €CNN TPAHCNNAHTaLUUsA He yrpoXaeT ero Xu3Hu; fo-
nyckaeTcsi NOCMEPTHbIA 3a60p opraHoB AMs TpaHcnaaHTauum, ecnu 6b110 NONyYeHo npea-

BapuTenbHOe corjlacue nauneHTa unu ero poacTBeHHUKOB

TPAHCIJIAaHTOJOTUH, a 3TO, B CBOIO 04e-
penb, obopadynBaeTcsa TE€M, UYTO Teps-
I0TCHA KU3HU NOTEHIIUAJIbHBIX PEIlU-
NHUEHTOB, JIJI CIIACEHUA KOTOPHIX He
XBaTaeT JOHOPCKUX opraHos. [locie
pAZla CKaHJaJI0B, BCIBIXHYBIINX B I10-
ciefHee BpeMs, KOJIHUYEeCcTBO Iepeca-
JIOK OPraHOB PE3KO COKPATHJIOCh —
MOKHO TOJIBKO raJlaTh, CKOJIbKO JIIO-
e, ToJaMU OKHUJIaBIIUX JOHOPCKOTO
opraHa, yIILJO U3 ¥U3HU. «BoT U 10-
Ka3bIBAal MOCJIE 3TOTO0, YTO THI HE JIO-
Joeq», — C TOpedblo IIyTHUJI aKaje-
MUK Basnepuit UBaHoBuu lllymakos,
aupekTop HMU TpaHCIJIAHTOJIOTUM U
HCKYCCTBEHHBIX OpPraHOB. Brnpouewm,

CIIpaBE€AJIMBOCTH paAl CTOUT CKa3aTh,

9TO MOAOGHBIE IIPOGIEMBl BOSHUKAIOT
BO MHOTHX CTpPaHaXx MUpa.

Cob6aube cepaue

BeposaTHO, pemuTh Ipo6JIeMbl TpaHC-
IIJIAHTOJIOTMU MOT ObI IIEPEXO/ OT Iepe-
CaJKM YEJIOBEYECKHX OPTaHOB U TKa-
Hel (ajdjloTpaHCHJIAHTAIIUHU) K HC-
II0JIb30BAHUIO B KaYeCTBE JJOHOPOB
JKUBOTHBIX (KCEHOTPAHCIJIAHTALIUA).
OnHaKoO U TyT He Bce IpocTo. B psa-
Jie ciaydaeB C TOYKU 3peHUuA oOblya-
€B, IPUHATHIX B TOW WJIN UHOU KYJIb-
Type, epecajika B TeJIO YeJIOBeKa Op-
raHa, U3bATOr0 y JKUBOTHOTO, MOMKET
BBI3BIBATh HE TOJIBKO OHOJIOTHYECKOe,
HO IICUXOJIOTUYECKOE OTTOPIKEHUE. )
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Jl1a MHOTUX KCEHOTPpaHCIIJIaHTaInua

UMeeT U PeJIUTU03Hble OTPaHUYEHUA.
Tak, Hanbosee GIIM3KOM K YeJIOBEKY 10
HEKOTOPBIM aHATOMUYeCKHM XapaKTe-
pUCTHKAM OKasajach CBUHbSA, OJHA-
KO y MHOTHX HapOJ0OB OHAa CYUTAETCA
HEYHCTOU U Jame He ynorpebiusercd

B nuIny. TpyaHO HNPEAIIOIONRUTE, ITO
KPENKUH B Bepe MyCYJIbMaHWUH COIJIa-
CUTCSA IPUHATH OPraH 3TOr'0 JKUBOTHO-
ro. B IHauu, rae Koposa noyuTaeTcsa
KaK BOILJIOIIleHHe 60oKecTBa, JAJIs1 MHO-
TUX BEPYIOIIUX HEIIPUEMJIIEMO JaKe
HMCIIOJIb30BAaHUE IIpernapaToB, CO34aH-
HBIX Ha OCHOBE TeJIAYbeld ChIBOPOTKU
(HeKoTOpBIe BAaKIIUHBI, 3IIUTEIU3UPY-
IOIIVI€ WJIN pereHepHupylomnire JeKap-
CTBEHHBIE CPEJCTBa U JIp.), HE TOBO-
pA y#e 0 BO3MOMKHOCTHU HUCIOJIb30Ba-
HUA JJI TPaHCIIJIAaHTAIllUU €€ OpraHOB
" TKaHEMH.

C mo3unuu Haubosiee pagUKaIb-
HBIX 3alIUTHHUKOB IIpaB KUBOTHBIX
U3bATHE Y HUX OPraHOB HEJOIyCTHU-
MO, IIOCKOJIBKY *KMBOTHOE€ B OTIHYHE
OT YeJIOBEKa He MOKET JaTh J00po-
BOJIBHOT'O coIyiacus Ha 9To. E1le ogHa
cepbe3Hasa npobiaema, obeyxgaemad
B CBfA3U C KCEHOTPAHCIJIaHTaIueu,
COCTOHUT B TOM, UYTO B OPraHU3ME KU-
BOTHBIX CYIII€CTBYIOT Pas3HOro poja
BUPYCHI, K KOTOPBIM JJaHHBIN BUJ, IIPU-
crocobuiIcs B X0Jie 3BOJIIONUU. [ToraB
B OpPraHHU3M YEJIOBEKA, OHU MOTYT BbI-
3BaTh HE3HAKOMBIE MeTUITUHE 3a601€e-
BaHUA.

Peb6eHok Ha 3aKa3
Hemauo sTuyecKux Ka3yCoOB BO3HHUKA-
€T CEeTroaAHsA HE TOJIBKO BO}prI‘ 6OJIC3HI/I

KYNbTYPHO-PEJIUTMO3HbLIE TPAONLUNA

NCKYCCTBEHHOE OMNIOAOTBOPEHME:

Wypnansam — ecnu gpyrme cnocobbl 3a6epeMeHeTb okasanucb 6e3pesynbraTHbiMU, paspe-
LLIEHO ONMoAOTBOPEHME CNEPMOI 3aKOHHOTO MyXXa

MycynbmaHCTBO — paspeLleHO OniofoTBOPEHWE CMepMOi 3aKOHHOrO Myxa C cornacus
060uMx cynpyros

lNMpaBocnaeme — paspeLuaeTcs Onof0TBOPEHME XeHbl CNEPMOI My>Ka, eCN Apyrue cnoco-
6bl 3a6epEMEHETH OKa3annch 6e3pe3ynbTaTHbIMU, XOTH HEKOTOPbIE CBALLEHHUKW BbICTyNatoT
NPOTUB UCKYCCTBEHHOrO OMJIOA0TBOPEHUS; B HEKOTOPbLIX Clly4asx AOMYyCKaeTcs OniofoTBO-
peHvie crnepmoii JoHopa Npu cornacum mMyxa

lMpoTecTaHTU3IM — OroBapuBaeTcs JiMllb, YTO AEATENbHOCTb Bpaya [OSKHA 6biTb KOMMNe-
TEHTHOW U r'yMaHHoOW

NMPEPbIBAHVUE BEPEMEHHOCTMU:

Byaavam — 3anpelyaet UCKYCCTBEHHOE NpepbiBaHne 6epeMeHHOCTH

Wypnanam — 3anpelyaet UCKYCCTBEHHOE NpepbiBaHne 6epeMeHHOCTH

MycynbmMaHCTBO — fonyckaeTtcs abopT A0 NepBOW Hefenun 4eTBepToro Mecaua 6epeMeH-
HOCTU, KOTAa, Kak cuuTaeTcs, y am6pnoHa nossnseTcs gyLua

NMpaBocnaeBne — NPOTUB UCKYCCTBEHHOrO MpepbiBaHNA 6€PEMEHHOCTUN Ha Mo6bIX CPOKax;
abopT AONYCTUM TOSIbKO NPY NPAMbIX MEANLMHCKUX NOKa3aHUAX — Yrpo3e XW3HWU matepu;
He MpU3HalTCA nccnefoBaHna IMOPMOHOB, T.K. CHMTAeTCA, H4TO peyb naeTt 06 youncTee He-
BUHHbIX MNageHLeB

Katonuumam — npoTuB UCKYCCTBEHHOrO npepbiBaHns 6epeMeHHOCTH Ha MobbiX Cpokax;
abopT AONYCTUM TOSbKO MPU NPAMbIX MEAULMHCKUX NOKa3aHUSAX — Yrpo3e XWU3HN MaTepu;
nNpoTWB NCCIeA0BaHNIN 9MOPUOHOB

U CMEPTH, HO ¥ BOKPYT POMXKAECHUA Ue-
snoBeka. CoBpeMeHHBbIe OMOMETUITNH-
CKH€ TeXHOJIOTH, B YaCTHOCTH, I'eHe-
THU4YECKHE TECTHI, BBIIOJHAEMbIE HaA
CcTaJuAX BHYTPUYTPOOHOrO Pa3BUTHUA
mwiIosa (IpeHaTaJbHAsA TUATHOCTHUKA)
a1ubo Jaxke A0 TOTO, KaK pa3BUBAIO-
uiicad B IpoO6UpKe SMOPUOH Iepeca-
JKUBaeTCA B MATKY KEHIIUHBI (IPEeUM-
IUIAaHTAIIMOHHAA JUAarHOCTHKA), II0-
3BOJIAIOT HE IIPOCTO ONPEJEeNATh 01
IJ10/1a Ha PAaHHUX CTAAUAX GepeMeH-
HOCTHU, HO U UMIIJIAaHTUPOBATh Oyay-
me maTepu 3MOPHOH KeIaeMoro I1o-
Jla ¢ oIpeJleIeHHBIMU IF'eHeTUYeCKU
noao6paHHBIMU XapaKTePUCTUKAMU.
OpHaKO caMa BO3MOMKHOCTB IIPOBO-
[UTH «CEJIEKIINI0» HA SMOPHOHAIBHOM
YPOBHE BBI3BIBAE€T HEOJJHO3HAYHOE OT-
HOILIEHUE.

B GonpmnHCTBE CTpaH MHpA HE J0-
IyCKaeTCsA UCII0JIb30BAHNE BCIIOMO-
raTejJbHBIX T€XHOJOTUN eTOpOXKae-
HUA B IIeJIAX BbIOOpa Itojia GyayIero
pebeHKa 3a UCKJII0OYEeHUEeM HeOoOXOI1-
MOCTH IIPEOTBPATUTh HACJIeJOBAHUE
3a607€BaHUA, CBA3AHHOTO C IIOJIOM.
Tem He MeHee, IpeHaTaJlbHadA AUa-
THOCTHKA IOJIy4YMJa JOCTATOYHO IIIU-
POKO€ HejerajJbHOE pacIpocTpaHe-
Hue, OHa IPUMEHSAETCH IIPEH/IE BCETO
B Te€X CTpaHax, I/ie 110 COIUOKYJIBTYyP-
HBIM HOpMaM IIPeAIIOUYTEeHUEe OTAAeTCA
MaJIBYMKaM, a POK/ICHUE IeBOYEK CUU-
TaeTcs HexkenaTelbHbIM. CoIIacHO I10-
CJIETHUM JaHHBIM, TAKOH «(MCKYCCTBEH-
HBIH O0TGOP» yiKe IOPOKIAET OIpese-
JIEHHBIN II0JIOBO3PACTHON JAucOaIaHC.
Ecam B 06BIYHON MOIIYyJIAINN HOpMa
poxnaemoctu — 105-106 MaIbYMKOB
Ha 100 geBodYeK, To, 0 AaHHBIM KoH-
CYJIBTATUBHOU KOMUCCHUH 110 GO THKE
npu npesugeHTe CIIA, B HEKOTOPBIX
pervoHax HabIIOJAIOTCA OTKJIOHEHUS
OT 3TUX BEJIWYMH. B yacTHocTH, B 3a-
KaBKa3CKHUX pecny6JuKax GbIBIIETO
CoseTtcroro Coroa3a IIOKa3aTesIn JI0X0-
oAt go 122:100. Eciu Takast TeHAEH-
U COXPAHUTCHA, TO ke depes 15 1et
MOKeT BOSHHUKHYTB KOJIOCCAJIBHBIH Jie-
GUIUT AEBOYEK, YTO MOKET NOBIUATH
He TOJIBKO Ha JieMorpauyecKyIo CUTy-
aIMIo, HO ¥ CIIPOBOIIMPOBATh COIHATIb-
HbIe ITpobJIeMbl U oTpAceHud. HexBat-
Ka MOJIOABIX }KEHIINH IIPUBE/ET K TOMY,
4TO IOHOIIU, JUIIEHHBIE BO3MOMKHO-
CTH peaan3oBaTh ce6s B CEKCYyaJIbHOM
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mIaHe 1 B 3aboTe o 61aroOIIOIyYUH Ce-
MbH, MOI'yT HAallpaBUTh CBOIO 9HEPIUIO
B JIpyroe, pa3pylmuTeabHOE PyCIo.

9TUYecKUe BOIIPOCH], CBA3aHHBIE C
IpenMILIaHTAIlMOHHON JUAaTrHOCTUKOMU
U HEOEBIr'€HUKOU, COIIPATAIOTCS C IIPO-
671€eMaMi UCKYCCTBEHHOTO IIpephIBa-
HUA 6epeMeHHOCTH. C TOYKH 3peHUA
HEKOTOPBIX PEJIUTUHU, deJoBedecKasd
KU3Hb HAYWHAaeTCA ¢ MOMEHTAa 3ada-
THUSA, a TIOTOMY ab0PT BOCIIPUHUMAETCH
KaK caMoe HacTosAllee y6uiicTso. JIpy-
r'ye ke II0JaraoT, YTO IIJIOJ CTAHOBUT-
Cf 9eJIOBEYEeCKUM CyIIeCTBOM Ha OIIpe-
JIeJIEHHBIX CTaAUAX BHY TPUY TPOGHOTO
pasBUTHUA, a 3HAYUT, K OIVIOAOTBOPEH-
HOU ANIEKJIeTKe, 3apObIIILY U aMOpU-
OHY MOKHO OTHOCUTBCA KaK K 6roMac-
ce, C KOTOPOH IT03BOJIUTEIBHO IIPOBO-
AUTH N06ble MaHUNYAANUU. Takas
rnosunusa TeM 6ojee IpUBJIeKaTe/lIbHA,
4TO 3MOPUOHAJIBHBIA MaTepHUaJ BCe
AKTHUBHEE UCIIOJb3yeTCA B MEIUIIUHE,
KOCMETOJIOTUH U T.II.

CTBONOBbIE KNETKU

U KNoOHupoBaHue

CTBOJIOBBIE KJIETKU 3MOGpUOHA OBIIN
BIepBbBIe BbIAeJaeHBl B 1998 1. OHHU
OpecTaBIAIT cCO60M YHUKAIBHBIN
6MOJIOrMYECKUN MaTepuall, IIOCKOJIBKY
ABJAIOTCA TOTUINOTEHTHBIMU. V3 HUX
MOIKHO BBIPACTHUTB KJIETKH IIPaKTHUYe-
CKH JII060T0 OpraHa WJIH TKaHU, KOTO-
PpBIe MOTYT Pa3BUBATHCA B JIIOGOM YeJIo-
BEYECKOM OpraHHu3Me, UTO B IIepCIIeK-
THBE MOKET O3BOJIUTD JIEYUTh MHOTHUE
cepbe3HbIe 3a00IeBaHUA.

J1J1s1 To1y YeHH s 60IbIINX KOJTUYECTB
®MOPUOHATBHBIX CTBOJIOBBIX KJIETOK HC-
II0JIb3yeTCA TEXHOJIOT U TepaneBTude-
CKOT'0 KJIOHUPOBaHHA. Pa3BUBaOIINN-
cd 5MOpUOH U3BJIEKaeTCd Ha 14-M gHe
CBOETO CyIIeCTBOBaHMU, T.€. 10 BHeJIpe-
HHUA B CTEHKY MaTKHU, a 3aTeM U3 HEro
BBIZIe/IAETCA KyJIBTyPa CTBOJIOBBIX KJIe-
TOK, KOTOPBIE CETOAHSA IBITAIOTCA HC-
I0JIb30BaTh JJIf 3aMECTUTEIbHON Te-
panuu — BOCCTAHOBJIEHUA yTpadeH-
HBIX (PYHKIIUN Pa3JIMYHBIX OPTaHOB.

Bonpoc o KIOHUPOBAaHUU 3MGpHO-
HOB B MEJUIIMHCKUX U HAY YHBIX LIEeJIAX
B Pa3JIMYHBIX CTpaHaX penraeTcs II0-
pasHomy. KouBeHnusa o 6nosatuke Co-
BeTa EBpOITIEI He AOIIyCKaeT Co3TaHUA
YeJIOBEUYECKUX d3MOPHUOHOB CIEIUaJIb-
HO JJ151 IPOBEJEHUsA HUCCIeOBaHUM,

a JIONOJTHUTEIBHBIN IIPOTOKOJ K HEH,
NpUHATHIN B 1998 1., 3anpeniaeT KJo-
HHUpOBaHUe 4yeaoBeKa. OfHaKO KOHBEH-
1A He 3aTparuBaeT MCCJEOBaHUMN,
BBITIOJTHAEMBIX HA U3'bATOM Y YeJIOBEKA
GHOJIOTMYECKOM MaTepualle, a TaKKe
Ha BMOpPHOHAX in vitro, XOTA U pacupo-
cTpaHAeTCcs Ha 3MOPUOHBHI in vivo. He-
KOTOpBIE €BpPOIle¥ICKMe CTPAHBI, B TOM
gyucae Ppannua u lepmanus, npusHa-
Bad 3alpeT Ha PENpOAYKTHUBHOE KJIO-
HHUPOBaHUeE, NbITAIOTCA JOOUTHCA pa3-
pelIeHnsa Ha TepaneBTUYecKoe, OJTHOMU
U3 IjeJIefl KOTOPOTo ABJISAETCA IIPOU3-
BOJICTBO CTBOJIOBBIX KJIETOK. B Benu-
ko6putaHuu B 2002 r. 6b171M OPUATHI
IOIIPAaBKH K 3aKOHY «O deloBeYeCKOU
3MOpPUOJIOTHUN», COTIACHO KOTOPBIM
pas3penieHo UCKyCCTBEHHOE Co3JlaHue
9MOPHUOHOB B JIEUEOHBIX U HCCIIe0Ba-
TeJIbCKUX Lleaax. B Poccun neiictByet
npuHATHIN B 2002 1. 3aK0H «O BpeMeH-
HOM 3allpeTe Ha KJIOHHPOBaHME YeJI0-
BeKka», BIIJIOTH 1o 2007 r. 3ampeniaio-
Y penpoAyKTUBHOE KJIOHUPOBaHUE
3MOPHOHOB.

9Ta TEXHOJIOTUS BOCIPUHUMAETCA
MHOTUMH KaK YHHKAION[as deJloBe-
YecKoe JIOCTOUHCTBO, BeAyllasd K UH-
CTPYMEHTAINU3AIUN Y€JIOBEYECKOTO
CyIlecTBa, KaK IOKyIIeHHWe Ha TaWH-
CTBa POMKJAECHUA U CMEPTH.

lNMpaBo Ha cmMepTb
HMeeT 11 4eI0BEK, IOpaKEHHbBIN HEN3-

JIEIYUMBIM, MYYHUTEJIbHBIM HEAYTOM,

npaso Ha cMepTh? [lomoms B 106po-
BOJILHOM yXOJIe U3 KU3HU Oe3HaIeHKHO
60IBbHOMY — yOUIICTBO WM MHUJIOCED-
nue? MOKHO JIU OTKJIIOYUTB OT CUCTEMBI
JKU3HEOoOeCIIeYeHUs YeJ0oBeKa, Jexa-
IIIeT0 B KOMe, — Be/lb (PYHKI[TMOHUPOBa-
HUe OpraHu3Ma MOM¥HO MCKYCCTBEHHO
MOAJEPKUBATH IeCATUIE TUAMU?

9TH BOIIPOCHI BHOBb U BHOBb BCTa-
IOT IlepeJ MeAUKaMU, 1a U He TOJBKO
rnepes HUMHU, IIEPUOAUYECKU IOy das
I'POMKYIO OIVIacKy. BepoATHO, MHOTUM
IaMATHBI HeIaBHUE CJIy4Yau, B YaCTHO-
CTH, Ipecc-KoH(pEepPEeHIIUA CMePTEIbHO
60JIBHOUM U U3YyPOJOBAHHOW HELYTIOM
AHIIIMYAaHKH, KoTopas IyOJINYHO OT-
cTamBaja CBOE IIPaBO yMepeTh, UIH
BBIIIEAIINE HAa BBICIINE YPOBHU Bja-
ctu B CIIIA ne6aThl 110 ITIOBOY ITPEKpa-
mieHud :xu3Hu Teppu lllnaso, niau geio
aMepuKaHCKoro Bpava /[:xerka Kesop-
KAHA, KOTOPBIA CO3/aJ YCTPONCTBO,
I103BOJIAIOIIEE MMAIMEHTY CaAMOCTOS-
TEJbHO CBECTH CUYETHI C JKU3HBIO (Ta-
KUM 11yTeM «JJokTop CMepTh» KeBOpKaH
noMor 6oJiee uem 100 nanyeHTaMm).

HacKkoJIbKO IIpaBOMEPHO CTABUTh BO-
Ipoc O IeJIecooO6pa3HOCTH Ubel ObI TO
HU 661710 cMepTU? OGBIYHO CUUTAETCH,
9TO JUISI TOrO, YTOOHI HE HAYMHATD JIe-
YeHUe UJIM €ro IpeKpaTUTh, MallueH-
TOM JIOJIZKHA OBbITh BBICKa3aHa IIpejBa-
pUTenbHasA BOJSA, €CJIH Ke OH He B CO-
CTOSHUM CJIeJIaTh 9TO, PEIIeHHe MOTYT
OPHUHATH €ro poACcTBeHHUKU. OgHA-
KO BCe He TaK ITpocTo. OTKII0YEeHUE )
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OTHOWEHNE K 3BTAHA3NIN

BapMaHTbI OTBETOB

My>4mnHbl, %

JKeHLWunHbI, % Bcero, %

CornacHbl v Bbl C TEM, YTO 3BTAHA3UA JOSKHA ObITb Y3aKOHEHa B Hallel cTpaHe?

Ha 58,6 30,1 39,2
Het 28,1 59,6 49,5
3aTpyaHsAlCh OTBETUTL 13,3 10,3 1,3

Ecnu 6bl KTO-TO N3 BaLLMX POACTBEHHUKOB Haxonunncsa B KOMaTto3HOM COCTOAHUN,
nanw 6bl Bbl, Kak ero npencTtaBuTesib, cornacue Ha 3BTaHa3unw?

Ha 58,6 68,4 65,3
Het 32 23,2 26
3aTpyfHAlCh OTBETUTL 9,4 8,4 8,7

JKU3HE00eCIIeYnBaOIUX CUCTEM T1aJjie-
cTUHCKOro auzepa fcupa Apadara Obl-
JI0 06YCJIOBJIEHO HE TOJIBKO TSAMKECTBIO
3a60JIeBaHUSA U HEOTBPATUMOCTBIO JIe-
TaJbHOIO UCXO0Ja, HO ¥ TE€M, UYTO B Ka-
KOM-TO MOMEHT yJaJ0Ch IOCTUYD CO-
rIacusa Mexay eHor Apadara u mna-
JIECTUHCKUM PYKOBOJACTBOM. TakuM
06pa3oM, CMEpPThb YeJIOBEKA CTAHOBUT-
Cfl He IIPOCTO €CTECTBEHHBIM COOBITH-
€M, HO ¥ KOHTPOJIHUPYEMBIM IIPOLIECCOM,
XO/I0OM KOTOPOTI'0O MOX¥KHO MAaHHIIYJINPO-
BaTh, UCIOJIb3YH MOIIb MEJUIIMHCKUX
TeXHOJOoTrui. KoJb CKOpO KU3Hb HOJI-
JepKUBAETCA C IIOMOIBIO COOTBET-
CTBYIOIIVX aIlllapaToB, ee IpeKpalle-
HHE HacTyHaeT TOorja, Korga KeM-To
HPUHATO pelieHue o6 9ToM. A pas Tak,
BIIOJIHE €CTECTBEHHBIM CTAHOBUTCH JKe-
JIaHUE YeJIOBEKA 3aKaHYUBATh KU3Hb
o COGCTBEHHOM, a He II0 Yber-1u60
WHOH BOJIE.

OT4YacT UMEHHO OTCIOAA HUCXOAUT
HEYKJIOHHO HapacTalolllee BO MHOTUX
CTpaHax MUPa CTPeMJICHHUE Y3aKOHUTh
Te UJIN UHbIe (OPMBI JOOPOBOJIBHOIO

OB ABTOPE

Bopuc Mpuropbesuy KOAUH — uynen-
KoppecnoHaeHT PAH, uneH coBseta au-
pekTopoB MexayHapofHoOM accounaumnm
6MO03TUKKN, TNaBHbIN pefakTop XypHa-
na «4Yenosek», 3aBegyloLn oTAeNoOM
WNucTtutyTa dunocodun PAH, npepcta-
BuTenb Poccun B KommteTte no 6MoaTmke
Coseta EBponbl.

yxo/a U3 KU3HU TeX, KTO B CUJY TdA-
JKEJION 1 HenaJIednMoUn 6osie3HU o6pe-
4YeH Ha cTpajaHusd. Beien 3a N'omiaH-
Avel 9BTaHA3UsA cTaja IOPUAUYECKU
JOMYyCTUMOU B pAJie aMEepUKaHCKUX
IITATOB, CXOJHBIE TEHJAEHIINU IIPO-
cinexuBaroTcA B [lannn, [lIBetirapumy,
BenukoGpurtaHuu. XapaKTepHO, 4TO
B KaiKJOM TaKOM cjydae 3aKOHojlaTe-
JI1 UAYT HaBCTPeUdy OOIeCTBEHHOMY
MHEHHIO, KOTOPO€ OTHOCUTCHA K 9BTa-
Ha3uu Bce 6ojee 0Jo6pUTETbHO.

B Poccuu akTUBHAdA 9BTaHA3UA, T.€.
YAOBJIETBOPEHNE NPOCHOBI GOJIBHOTO
06 YCKOPDEHHUM €ro CMepPTH, 3allpelle-
Ha 3aKOHOM. OJlHaKO, KaK IOKa3bIBa-
IOT JAHHBIE COLIUOJOTUYECKUX HCCJIIe-
JMOBAHUU, U B HaIllel cTpaHe OTHO-
IIeHWE K 3BTAHA3WU CTAHOBHUTCS BCE
6osiee TepnUMBIM. Tak, 10 JaHHBIM
BoJrorpajackoro cornuoJsora /[.C. Jlo-
nacrerckoro, onpocusmero 400 ma-
UEHTOB, 60jiee IIOJOBUHBI PECIIOH-
JIEHTOB-MY4YHH U OKOJIO TPETHU pe-
CIIOH/IEHTOB-KEHIIIUH MOAJePKUBAIOT
y3aKOHHBaHUe 3BTaHa3uu B PO. Eme
GoJsibIIIee KOJIMYECTBO PECIIOHJAEHTOB
6BLJIO GBI TOTOBO COTJIACUTBHCS HA IIPU-
MEHEHME 3BTaHAa3UU K POACTBEHHUKY,
OokasaBIIeMycd B Kome. B To xe Bpe-
MfA POCCHSHE OIIacaioTCs TOrO, YTO 9B-
TaHa3udA 6yeT IPUMEHATHCA II0 CO-
o6paKeHuAM, JaJeKUM OT I'yMaHHO-
CTH. OTO MHEHHE BBICKA3bIBaeT 61%
PECHOHAEHTOB, U TOJBKO 27,5% Tak
WJIM MHAYe COTJIAaCHBI C TYMAaHHOCTBIO
TaKOU MepHI.

CuHApPOM HenocnyLHbIX
MaJib4yUKOB

OnHOM M3 caMBbIX aKTyaJbHBIX 00Ja-
cTeill GUOMeUIITMHBI CTAHOBUTCSH Ce-
TroJIHA U3y4YeHHEe IeHeTUYeCKUX, O1o-
XUMHUYECKUX U HeHpopU3NOJIOTHU-
YEeCKUX MEXaHNU3MOB YeJOBEYECKOT O
IOBeAEeHUA. ITHU HCCJIeJOBAHUA Ha-
IIpaBJIeHbl HA BBIABJIEHHUE OMOJIOTU-
YeCKHUX JeTepPMHUHAHT, 00yCJIIOBIIU-
BAIOMUX T€ WJIHU MHBIE ICUXO0PU3U-
YeCKHe XapaKTEePUCTHUKU YeJIOBEKa.
Ho BMecTe ¢ TeM B HHUX MOMKET CTa-
BUTHCA U MPUHIAMINAJIBLHO UHAA 3a-
adya — IIOUCK CPEJICTB BO3JIEUCTBUSA
Ha OpraHMU3M, HallpuMep, ncuxodap-
MaKOJIOTUYEeCKUX, KOTOPbIE ITI03BOJIH-
i GBI MEHATH NCUX0(PU3NIECKUE Xa-
PAaKTEpPUCTHUKH B KeJATEJIbHOM Ha-
IIpaBJIEHUH.

BoT Toabpko oguH npuMep. Beem us-
BECTHO, YTO HEKOTOPbIE MAJIbYNKHU BbI-
JIEJIAI0OTCA CBOEH ITOBBIIIIEHHON BO30Y-
JVIMOCTBIO, HEIIOCEJINBOCTBIO, HEIIO-
caymanueM. Takue 1eTH CTaAHOBATCH
BEYHOM IroJIOBHOM 60JIBIO AJISI CBOUX
poxuteneil u yaurenei. [lo HegaBHe-
o BDEMEHH 9TO He pacCMaTpUBaJIOCh
KaK naroyiorusa. C4uTaNIO0Ch, YTO JUUIA
IIPOTHUBOIEHCTBUSA TAKOTO POJa 0CO-
6EeHHOCTAM NOBeJeHusA TpebyroTcd
IIpek/ie BCEro IeJarorudyeckue cpes-
ctBa. Ho HEKoTOpOe BpeMs Hasaj «He-
IIOCIYIIHBIMYA MaJIbYUKaMI» 3aUHTE-
pecoBaJINCh NICUXHUATPHI: ITOABUJIICA
CIIe[JUaJIbHBIM TEPMUH — CHUHPOM
TUIIEPAKTUBHOCTH (TOYHEE, CUHAPOM
nedpUnUTAa BHUMAaHUA U THIEpaK-
TuBHOocTHU, C/IBI'), 1 nmpo6iema cra-
Jla BOCHPDUHUMATHCA KaK MEJIUIIUH-
cKad. B Kakux-To ciydasax aTo AeH-
CTBUTEJBHO TaK, OJJHAKO IICUXUATPHI
JIO CHX IIOP HE B COCTOSHHUHY TOYHO OXa-
pPaKTepu30BaTh CUMIITOMBI PAaCCTPOM-
cTBa. TeM BpeMeHeM Ha PBIHKE YiKe I10-
SBUWJIMCE ITpenapaThl IJI ero JeUYeHU I,
caMBbIil pacIpoCTpaHEHHBIN U3 KOTO-
PBIX — pUTAJIMH.

JI0BOJIBHO GBICTPO BBIACHUJIOCH, YTO
MEeJAUIIMHCKUU MOoAX0Ja K npobiaeme
TUIIePaKTUBHOCTHU yCTpauBaeT ca-
MBbI€ pa3Hble CTOPOHEI. B camoMm fede,
U POAMUTENAM, U yUUTEJAM yrobHee,
Korja JieTH BeAyT cebda CIOKOMHO,
HEe JOCTaBJAA JONOJIHUTEIbHBIX XJIO-
noT. [IpuBiiekaTenpHa TaKasA CUTya-
IUA U AJA ICUXUATPOB, HOCKOIBKY
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UX YCJIYTYA OKA3bIBAIOTCSH YPE3BbI-
gyaliHO BocTpeboBaHHBIMU. U, Ha-
KOHeIl, caMad 3auHTepecoBaHHAA
cTopoHa — 3T0 ¢papMareBTHYECKUE
GupmMBbl, IPOU3BOAAIINE PUTATIUH
U TOoJ06HBIE €My JeKapCTBEHHBIE
cpencTsa. B menoMm cutyanusa npea-
cTaBJIsIeTCS AaJIeKo He 0e300U HOM.
Bo-nepBBIX, HIOTOMY YTO yIoTpebie-
HUe pUTAJUHA U NOJOOHBIX Ipera-
paToB npuobpeTaeT MaccoBbIe Mac-
mTabbl, a UX oTAaJdeHHbIe 3dPEeKTHI
JI0 CHX IOP MaJIo M3y4eHbl. Bo-BTO-
PBIX, MBI IMEEM JIeJI0 C OJHUM U3 fAp-
KUX ITPOABJIEHUH TOT'O, YTO IPUHATO
Ha3bpIBaTh MeAuKanausanuein. CyTh
aToro ¢eHoMeHa B TOM, YTO JIOJIU,
CTaJKWBafACh C KAKUMU-TO TPYAHO-
CTAMU WU HEOKHUJAHHOCTAMU, ObI-
BaIOT CKJOHHBI HE CTOJBKO UCKATh
BBIXOJI CAMOCTOSTENBHO, CKOJIbKO
obpamarbca 3a IOMOIIBI0 UMEHHO
K BpayaM. B Hamewm ciydae OKa3bI-
BaeTCs, YTO KOJIb CKOPO TUIIEPAKTUB-
HOCTb BOCIIPUHUMaeTCsAd Kak 60JIe3Hb,
HU caMOMy peGeHKY, HU OKPYyIKaI0-
UM HeT HaJJOGHOCTH NpujaaraTk cob-
CTBEHHBIE YCUJINUA, YTO Ha3bIBaeTCH,
OPOSBIATH XapaKTep U BOJIO.

MpaBo BbIGOpa

M 0683aHHOCTb BbIGUpaTh
Hay‘-IHbIC M TEXHOJOTMYECKHE BO3MOK-
HOCTHU, KOTOPBIMHU pacIiojlaraeT ce-
TOAHSA YE€JIOBEK, IIPEACTABIAIOTCS I10-
HNCTHUHE 6CCHpeLLeJ'IBHbIMI/I. HpI/I 9TOM
HaInpaBJIeHbl OHU Ha Ipeo6pa3oBaHue
HE TOJIbKO MHPpa BOKPYT Hac, HO U, BO
Bce 6oJIbIen MEpE, CaMOTo KE YEJIOBE-
Ka, €ro teja, €ero CI)I/ISI/IOJ'IOI‘I/II/I " IICHU-
XHUKH.

CoBpeMEHHOI'0 4eJIOBEKa Bce 6oJIbIe
TATOTUT 3aBHUCHMOCTBb OT HEIIOAKOH-
TPOJIBHBIX €My BJIIUSAHUN: OKPYKaIO-
I.LICfI Ccpeabl, BpEMEHH, COOCTBEHHBIX
ncuxouU3NIeCKUX JaHHBIX. BonesHu,
cTap4dYecKasa HEMOIIb, HEAOCTATOYHAA
BBIHOCJINBOCTBD, OI‘paHI/I‘{eHHI)If/'I 00'b-
€M [IaMATH, HE YIOBJIETBOPAIOIIIUE HAC
UHTEJNJIEeKTyaJbHble U GU3NUECKUE
CIIOCOGHOCTHU — BCE 9TO HAYUHAET 0CO-
3HaBaATbCA KaK HpO6J’IeMI:I, AOIIyCKalo-
e ¥ Jaxe TpeOyloliye TeXHOJIOTU-
YyecKUux pemieHui. [Tpupona yenoBeka,
TaKHUM 06pa30M, OKa3bIBaA€TCHA ITOJIH-
TOHOM JJIfd CaMBbIX pa3H006pa3HBIX Ma-
HUIIYJIAIUHA 1 MOAU(DUKALIIH.

Jl1a Tex, KTo cBA3bIBaeT Oyaylee ¢

IPOEKTAMHU TEXHOJOTUYIECKON MOJU-
duranuy JejgoBeka, TPAJUIIMOHHBIN
IryMaHH3M OKa3bIBAaeTCHA CIUIIKOM
y3KoU miaTdopMoii: CBOIO HO3UIUIO
OHU XapaKTepU3YIOT KaK TpaHCryMa-
HU3M. U noka 4To TPpyAHO CyAUTD, SAB-
JIAeTCA JIM TPAHCTYMaHH3M Pa3BUTHU-
eM, coBpeMeHHOH ¢da30i ryMaHU3Ma,
WM TPAJUIMOHHBIN I'YMaHU3M C I10-
3UNUHN TpaHCTYMaHU3Ma JJOJKEH ObITh
OTOPOIIIEH KaK HEYTO apXanuvyHoe.

Harre moHMMaHue IPUPOABI YeJI0BeKa,
TaKUM 06pa3oM, TECHO CBA3aHO C TeM,
KaKoe Oyayimiee ero oxunaer. PyHnpa-
MeHTaJbHbIe YeJOBeYeCKHe LIEeHHO-
CTH BBICTYHAIOT B 9TOH CUTyally He
KaK HEe4YTO OTBJIEYEHHOE, yIaJIeHHOe
OT IOBCEHEBHBIX pealuil, — UMEHHO
MMU ONIPEIESIAI0TCA T€ Iy THU, KOTOPBIE
MBI Oy/ieM BBIGUpPATh B MUP€ BBICOKUX
TEeXHOJIOTHI. MBI HE MOKEM OKHUJATh,
IIOKa MOSABUTCSA HEKTO, HaJeJIeHHBIN
CBEPXBECTECTBEHHBIM aBTOPUTETOM,
M yKamKeT HaM, Kyjaa uaTu. bpemsa
BbIOOpa Bcerga OyzeT jexaTh Ha Hac.
A pid Toro, 9To6BI 3TOT BBIOOP Jenal-
Ccfl OCO3HAHHO U OTBETCTBEHHO, He-
06X0AUMBI IIIMPOKUE O6IeCTBEHHbIE
JVICKyccuH, Jlesio BoBCe He B TOM, YTO
OHU ITO3BOJIAAT HPUATH K OTHO3HAYHBIM
pelIeHusaM, — TaKue HaJeX /bl CPOJI-
HU yTOIIMU. JleJ0 B TOM, 4YTO UMEHHO
B xo7ie (a He B ucxoze!) TaKUX JUCKYC-
CHI1 MBI B COCTOSIHUY ONIPEe/IUTh, Ka-
KHe BO3JIeHICTBUA Ha 4YeJIOBEKa JOIly-
CTUMBI, & Kakue HeT. TOJIbKO TaKuM

06pa30M MBI 1 MO EM OTBE€YATh HA BO-
IIPOCHI: 9TO €CTh YeJIOBEeK? KaKoBa ero
npupozaa? i

Mpw yyactum TuHbl Kataeson

Pepakuus sxypHaJa Girarogapur mpo-

rpaMmy «OdueBHAHOE — HEBEPOATHOE»
3a IOMOIIb B IOATI0TOBKE MaTepHaJia

OOMNONIHUTENbHASA NATEPATYPA

m [pukas Munsgpaea Poccum «O6 yTeep-
XAeHun MpaBun KNNHUYECKOW NPakTUKn
B P®» ot 19 nions 2003 1. (Ne 266)

m ®epepanbHbii 3akoH «O BpeMEHHOM
3anpeTe Ha KJIOHMpOBaHME 4YefoBeka
B P®» o1 20 mas 2002 r.

m 3akoH P® «O TpaHcnnaHTauumn opra-
HOB 1 (M) TKaHen Yenoseka» oT 22 fe-
Kabpsa 1992 r.

m OTudeckas akcnepTnsa 6MoMeanLmnH-
ckux uccneposanuii / Mog obLien penak-
umen t0.6. Benoycosa. Bropoe nsgatue.
M., 2005.

m brosTtuka: npuHuunel, npasmna, nNpo-
6newmbl / OTB. pen. B.I. tOaunH. M.: Egu-
Topuan YPCC, 1998.

m Beepenne B 6103TuKy. M.: lMporpecc-
Tpapguums, 1998.

m Crpeyya 3., Tamb6oHe B. Buosatuka.
YyebHuk. M.: Bubnencko-60rocnoBckui
VMHCTUTYT CcB. anocTona Nasna, 2001.

m TuweHko M.O. Buo-Bnacte B anoxy
6unotexHonoruni. M.: U® PAH, 2001.

m Broatuka: Bonpocskl n otBeThl. M.: [po-
rpecc-Tpaguuus, 2005.
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TINA WEST

MEQTHI{HHA

HanpgeHbl cnocobbl
6NoKMpoBaHUA
MOJIEKYIIAPHbIX

NpoLeccoB, KOTOpPbIE

CNny>aT «MyCKOBbIM

MEeXaHU3MOM»
3abosieBaHus,
paspyLiaroLlero
NINYHOCTb

Mawvikn Bynbd

anbll2eIMep
HE NPOMJET!

OJIOBHOM MO3TI YeJIOBE€Ka — Upe3-

BBIYAWHO CJIOMKHBIH OHMOJIOTU-

YeCKUN KOMIIBIOTEP, KOTOPBIN
BOCHPUHHUMAET, IlepepabaTbiBaeT U
XpaHUT OTPOMHOE KOJHNYECTBO HH-
dopmanuu. Hapymenusa B ero pabo-
Te, BOBHUKAIOIIYe ITpU 60JIe3HU AJIbII-
reiMepa, 3aTparuBamT «KECTKHU
JIVCK» ¥ CTUPAIOT BHa4YaJje caMble CBe-
skre paiiipl, a IOTOM U BCE OCTAJIBHBIE.
IlepBBIM IIpU3HaKOM 3a6oJieBaHUA
CTaHOBUTCA OOBIYHO HECIIOCOGHOCTH
BCIIOMHUTH HNOAPOGHOCTH MOCJIETHUX
HECKOJIbKUX JHeH (TesiepOHHBIN pas-
roBOp C NpUATeEJIEeM, HeJaBHee I10-
cellleHMe MarasvHa | T.J.), IIPA 9TOM
BCE, YTO IIPOUCXOJUJIO pPaHee, IIOM-
HUTCA Xopouro. [To Mepe Toro, Kak 3a-
6GoseBaHUe IPOrPEeCCUPYeT, U3 HaMs-
THU YCKOJIb3AIOT U JJaBHUE COOBITHUA,
U B KOHIIE KOHIIOB 60JIbHOM nlepecTaeT
y3HaBaTh JJa)e caMbIX OJIU3KUX JIIO-
nei. Boneanb AnblreliMmepa cTpali-
Ha He GUBUYECKUMHU CTPAJAHUAMH,
a yTpaToU OIIyIIEeHUA JKU3HU U CAMO-
UIeHTU(UKAIUH.

K coxaneHunIo, aHAJOTUA MEKIAY
BBIIIEAIINM U3 CTPOSA KOMIBIOTEPOM
M COCTOSHHEM MO3ra npu 060JIe3HH
AunbrreiMepa He coBceM TodHasd. [lo-
BpPEXJEHHBIA MO3TI HEBO3MOKHO BOC-
CTAHOBUTH, 3aMEHUB MCIOPYEHHBIE
«IeTaJI» U IIepe3arpy3nuB IPOTPaMMBIL.
Henyr He mpocTo ctupaeT nHpopMma-
IIUIO, OH paspyllaeT caMy CTPYKTYpy

Mo3ra, cocTosmiero 6ojgee 4eM U3
100 MJIpZ. HEPBHBIX KJIETOK (HeHpo-
HOB) co 100 TpuaiIuoHaAMU CBA3EU
Mexay HUMHU. Oco6eHHO cTpajamT
HEHPOHBI, CBA3aHHBIE CHHAIICAMH,
Y KOTOPBIX MEJUAaTOPOM CJIYKUT alle-
TUAXOJNUH. [leficTBUe GOJBIINHCTBA
IIpernapaToB, UCIOJb3YOIUXC IS
JIedeHUs CTPAIIHOU 60JIe3HU, HAIIpaB-
JIEHO Ha IoJJIep:KaHue yPOBHA alle-
THJIXoJUHA. [TopaskeHHbIe HEHPOHBI
IepecTaT CHHTE3UPOBATh 3TOT HEH-
poMeauaTop, a JEeKapCTBEHHBIE CPEJI-
CTBa MHTUOUPYIOT GPEPMEHT, B HOP-
Me pacHleNIARIUNA almeTUIX0NIUH,
IIOBBIIIAA TEM CAMBIM €TI0 YPOBEHbB.
B peasysibpTaTe IPOUCXOJUT CTUMYJIA-
1A NOCTCUHANTUYECKUX HeHPOHOB,
U naMATh nposdcHAeTcA. K coxare-
HUIO, IMEOIIYecd CPeACTBa IepecTa-
I0T JeHCTBOBATh yike yepes 6-12 me-
cALEB, IOCKOJbKY He MOI'YT KOMIIEH-
CUpPOBaTh MOCJIEACTBUA OTMUPAHUA
HeWpoHOB. JIeKapcTBO APYToro THUIIA,
MeMaHTHH, CMATYaeT CUMIITOMEI 3a-
GosieBaHUA Ha 0oJjiee MO3AHUX CTaU-
fAX, CHUKad N30BITOYHYI0 aKTUBHOCTh
JApyroro HelipomeaguaTopa — IJIyTaMa-
Ta, OJHAKO IOKAa HEU3BECTHO, AeHCTBY-
€T JIX OH XOTA Obl B TEYEHMeE rojia.
Emie gecAaTs JeT Ha3a/l He BEPUJIOCh
B BO3MOKHOCTbH HU3JIe4eHHUd OT 6oJes-
HU Anbrreiimepa. O ee 6uonoruu Obl-
JIO MOYTHY HUYEro He U3BECTHO, IIPOUC-
XOMKJAeHHe U XOJ IIaTOJOTUYeCKOoro )
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rmporecca IIpeACTaBIAINCh CIUIIKOM
cJI0KHBIMU. OHAKO COBCEM HEJAaBHO
CUTyalus CyleCTBEHHO U3MEHUJIACh:
HuccjeoBaTelaM yAaaoch pa3o6paTh-
cd BO MHOTHUX MOJEKYJIAPHBIX IIPO-
meccax, KOTOpbIe HAXOAATCHA Y UCTO-
KOB HeJlyTa, ¥ CETOAHA OHU IBITAIOTCA
paspaboTaThb CIIOCOObI UX 3aMeIJIEHUA
WU ycTpaHeHud. Bee yare B HAy YHOU
U MeJUIINHCKOU cpejie 3By4HUT CJIO-
BO «HaJled/ja», paHee KasaBlleecsa He-
COBMECTHUMBIM C JUarHO30M «60JI€3Hb
AnbrreimMepar.

AmMunougHas runoresa

100 et Ha3ajg HEMEKHUN NICUXUATP
U ImmaTojioroaHaToM Ajou3 AIbITemn-
Mep BIIepBBIE ONHCAJ [BA OCHOBHBIX
npu3HaKa 60J1€3HU: CEHUJIbHBIE G-
KU U HeHpopUuOGpUIIAPHBIE KIYOOUKH
B KOpe€ TOJIOBHOI'O MO3ra U JInMOude-
CKOM cucTeMe — CTPYKTypax, OTBe-
YaloUIUX 34 BBICIIYIO HEPBHYIO Jed-
TeJBHOCTDb. BiAnku o6pasyloTcs BHE
HEHPOHOB M COCTOAT U3 HU3KOMOJIEKY-
napHoro 6enka amuiona-6era (A-be-
Ta). Kiny6o4ky 13 BOJIOKOH GesIKa IoJ,
Ha3BaHUEM Tay JIOKAJIU3YIOTCS B Teje
HEWPOHOB U MX OTPOCTKAX (akKCcoHaX
u geHapurax). Korga atu anomanuu
66111 OOHAPYKEHBI, B MEJUITMHCKON
cpezie pasropeJics CIop, JJIUBIINHCA
60aBIIYIO0 YacTh XX BEKa: OTBETCTBEH-
HBI JIU OIAIIKY U KIyOOYKY 3a IeTeHe-
panuio HeHPOHOB MJIM OHU JIUIIb CIIy-
JKaT MapKepaMU BBIIIEIINX U3 CTPOs
y4acTKOB T'0OJIOBHOTO Mo3ra? 3a Io-
cileaHee JAecATHUIIeTHE Bo3obiaga-
Jla TAK HasbplBaeMasd KacKajJHas aMU-
JIOUJHAsA TUIoTe3a, COTJIAaCHO KOTO-
poii A-6eTa u Tay HAaNIPpAMYIO CBA3aHBI
C HAYaJIOM JIereHePaTUBHOTO IIPOIeC-
ca, Ipu4YeM 3allyCcKaeT ero o6pasoBa-
HUe A-GeTta.

A-6eTa npeacTaBisgeT COO0M HU3KO-
MOJIEKYJIAPHBIN 6eJIoK (IeNTUxR), Ko-
TOpBIX B 1984 I. GBI BBIJIEIEH U OXa-
pakTepusoBaH [[opaxeM [NTeHHepom
(George G. Glenner) u Kaiine Bourom
(Cai'ne W. Wong) us KanudopHuiickoro
yHuBepcuTeTa B CaH-/lpero. 9ToT nem-
TUJ, ABJSETCA 4acThIO 60j1€e KPYITHOTO
6enka-npenmiectBeHHuka (APP, amyl-
oid-beta precursor). APP — TpaHCMeM-
6paHHBIN 6€JIOK, OJHA €ro 4acTh BBI-
CTyIaeT U3 KJIETKU HApPYKy, Apyrasd
IPOHMU3BIBAET MEMOPAHY U BBIXOAUT

B OUTOILIA3My. A-6eTa OTIIENIAI0TCA
oT APP ¢ mOMOIIBIO IBYX IPOTEOIUTH-
YeCcKUX (pepMeHTOB (IIpoTenHas): 6eta-
CeKpeTashl ¥ raMMa-ceKpeTasbl. Takol
Imporecc B HOpMe IPOTeKaeT IIOYTH BO
BCeX KJIETKAaX Halllero opraHusMa. g
4ero KJIeTKe HyeH A-GeTa, He sICHO,
BO3MOKHO, OH y4acTBYyeT B KaKUX-TO
KU3HEHHO BaKHBIX CUTHAJIBHBIX Me-
XaHHA3Max.

YacTh MoJeKyJabl A-6eTa HAXOIUT-
cA BHYTPHU MeMOpaHBI, MEXKAY ee Ha-
PYHOM M BHYTPEHHEU CTEHKAMH.
BHYTpEHHAA YacTh KJIETOYHBIX MEM-
6paH o6pa3oBaHa rugpo¢po6HBIMU
«XBOCTaAMM» JUIIUAHBIX MOJIEKYJI, I10-
9TOMY HOTIPY:KE€HHBbIE B HE€ CEIMEHTBI
6eIK0B OOBIYHO COCTOAT U3 TUAPOP06-
HBIX aMUHOKHUCI0T. Korna A-6eta oT-
merissroTess ot APP ¢ moMonibio 6eTa-
U raMMa-ceKpeTa3 U OKa3bIBaloTCHA
OKPYKEHHBIMH KUJTKOCTBIO, HX THPO-
¢$oOHBIE yYaCTKU CTPEeMATCA 06 begu-
HUTbCH, B pe3yIbTaTe MOJIeKyJ/bl A-Ge-
Ta 06pas3yioT He6OoIbIIINE BOJOPACTBO-
puMmble arperatbl. B Hagane 1990-x rr.
IMurtep Jlan36ypu mi. (Peter T. Lansb-
ury, Jr) u3 FapBapACKOI MeUITMHCKOMN
LIIKOJIBI OGHAPY#KUJI, UTO IIPU BBICOKHX
KOHIICHTPAIHUAX MOJIEeKyIbl A-6eTa 00-
pasyer in vitro BOJJOKHUCTBIE CTPYKTY-
PEBI, aHAJOTUYHBIE T€M, YTO IIPUCYT-
CTBYIOT B GJAIIKaX IOJIOBHOTO MO3-
ra 60JBHBIX. PacTBOpHMEIE arperaTsl
U BOJIOKHA A-GeTa OKa3bIBAIOT TOKCH-
4JecKoe JieficTBrEe Ha HEPOHBI B KYJIb-
Type, a arperaThbl OTPUIIATEIbHO BIIUA-
IOT Y MBIIIIEY Ha IIPOIECCHI, CBA3aHHBIE
C 3allOMHUHaHHEM.

[TpuBesieHHBIE JaHHBIE CBUJIETE/Ib-
CTBYIOT B II0JIb3y KaCKaJHOM aMUJIO-
HWJTHOM THIIOTE3BI, HO ellle 6ojiee cepbes-
HBIM €€ IOJTBEPKJEHHUEM CJIy:KaT pe-
3yJIbTaThI 06C/IeI0BAaHNSA YJIEHOB ceMel
C IOBBIIIEHHBIM PHUCKOM BO3HHKHOBeE-
HuA 6ose3Hu Anbireiimepa. Bece oHn
OKa3bIBAIOTCA HOCUTEJIAMU MyTaIlUU,
NpeoNpeeIdoInX pa3BuTue 3a60-
JleBaHUA B CPABHUTEJBHO MOJOAOM
Bo3pacTe, 06b19HO 710 60 1eT. B 1991 1.
Jxon Xapau (John A. Hardy) us Ha-
IIUOHAJIBHOT'O UHCTUTYTA I'€POHTOJIO-
I'UU BIEepBble 0OHAPYKUJI TaKUE MY-
TalUU B TeHe, KoaupyoieM APP, npu-
9eM 0COGEHHO cepbe3Hble HapyIIeHU S
Habaoaamuch B A-6eta U IIPUMBIKA0-
MX K HeMY y4dacTkax. Bckope [lenuc

Cuinxke (Dennis J. Selkoe) n3 I'apBap/-
ckoro yHuBepcuretra u CtuBeH SIHKUH
(Steven Younkin) n3 Knuauku Maiio
B JlskekcoHBUJLIe, Popuia, He3aBHU-
CHMO JPYT OT Apyra HOKas3alid, 4To
CJIeICTBUEM MY TAIIUH CIYKUT 06paszo-
BaHMe 60JbIIero Koandectna A-Gesrka
KaK TaKOBOI'0 UJu ocoboit ero GpopMHl,
Ype3BBbIYAMHO CKJIOHHOU K (OPMUPO-
BaHUIO OJisAmek. Bosee Toro, y 60IbHBIX
¢ cuHApOMOM JlayHa, HeCYIIUX TPU KO-
U XPOMOCOMBI 21 BMeCTO ABYX, 60-
JIe3Hb AJIbIITeliMepa B MOJIO/IOM BO3-
pacTte BO3HHKaeT ropaszio Jaiie, YeM
B CpeJHEM B MNONyIAnUU. [TOCKOIb-
Ky XxpomocoMa 21 copep:ut APP-reH,
TO y TaKuxX 60JIbHBIX yPOBeHb A-OeTa
IIOBBIIIEH C CAMOTO POKICHUSA, U aMU-
JIOUJIHBIE OJIAIIKHA 0OHApPYRUBAIOTCH
HHOrJa Jae y 12-1eTHUX feTel.

Bcrope mexay 6ose3HBIO AJIBITeH-
Mepa U TeHaMU, PeryaupyoIuMu 06-
pasoBaHue A-GeTa, 6blia BhIABICHA
3aBHCUMOCTSG Apyroro poga. B 1995r.
IMurep Axopaxk-Xusnon (Peter Geor-
ge-Hyslop) us YuusepcuteTra TopoHTO
UAeHTUOUIIPOBAJI MyTalluU B IBYX
POACTBEHHBIX I'eHax, presenilin 1 u 2,
KOTOPBIE ACCOIIMUPYIOTCHA C arPECCUB-
HOU (popMoii 6ose3HH AnbrreriMmepa,
0OBIYHO BO3HUMKAaIIIEH B Bo3pacTe
ot 30 mo 40 net. [Tocaenyromniye U3bl-
CKaHUA [OKA3aJjH, YTO MyTallUU IIPU-
BOJAT K YBEJIHUYEHUIO JOJIU TOM pa3Ho-
BUJIHOCTU A-6eTa, KoTopas 0CO6GeHHO
CKJIOHHA K arperanuu. BeIICHUIIOCH,
qyTo 6eJKH, Kogupyemble presenilin-
reHaMH, CJIYKaT COCTAaBHON 4acCThIO
depMeHTa raMMa-CceKpeTasbl.

Wrak, 3a pa3BuTue 601e3HU AJbIIl-
reiMepa B MOJIOJIOM BO3PacTe OTBEYAIOT
Tpu reHa. OAVH U3 HUX KOAUPYET IIPe/i-
mecTBeHHUKA A-6eTa, ABa APyTUX —
crnenuduyeckre KOMIIOHEHTBI IPOTeH-
Ha3bl, CIIOCOOCTBYIOIIHE 06PAa30BAHUIO
IIeNTH/Ia C OITAaCHBIMY CBOMCTBaMU. Bo-
Jiee TOTO, UCCJIEeI0BATENN O0OHAPY K-
JIY, YTO HOCUTEJIU CIIeIn(pUIECKON Ba-
pUaHTHOM GOPMEI F'eHa, KOJUPYIOIIEro
amosunonpoTenuH E, 6eJIoK, KOTOPBIN
IIOMOTaeT KJIaCTepU3aIuN MOJIEKYJ
A-6GeTa, IIOIBEPralOTCs MOBBIIIEHHOMY
PUCKY pa3BUTHUA 60sie3HU AJbLrelime-
pa B CTap4YeCcKoOM BO3pacTe.

Kakum o6pas3om pacTBOpUMBIE ar-
peraTtsl 1 HepacTBOPUMBbIE BOJOKHA
NPUBOAAT K PA3pyLICHUIO HEHPOHOB,

a2
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BE3XXAJNNIOCTHbLIE «MONEKYJTAPHbIE HOXXHWL|bI»

CornacHo KackafHo amunonaHon runotese, 6one3Hb AnblreiiMepa Ha4mMHaeTcs ¢ 06pa3oBaHnsa M36bITOYHOro KonmyecTea nentuaa amunong-6eta
(A-6eTa), KOTOPbIN OTLLENNAETCSA OT 6enka-npeawecTeeHHnka (APP). BHayane (puc. cnesa) chepMeHT nof Ha3BaHWEM GeTa-cekpeTasa oTpe3aeT
Monekyny APP, BbICTynatoLLyt0 Hapy>y 13 KneTo4yHol MembpaHbl. 3aTeM 6efoK NPeCceHnNH, KOMMOHEHT APYroro hepMeHTa, ramma-cekpeTasbl,
paspesaeT OCTaBLUMIACA TpaHCMeMOpaHHbI CErMEHT B TOM €ro 4acTu, KoTopas norpyxeHa B membpaHy, ¢ ocBoboxaeHnem A-6eTa (puc. cripasa).
OcCTaHOBUTb 3TV NMPOLECCHI MOXHO ABYMS cnocobamu: NMM60 NofaBUTb aKTUBHOCTb raMMa-ceKkpeTasbl, 60 3acTaBUTb hepMeHT oTLennaTe APP

no Apyromy camTty ¢ nocnegyoLnm obpasosaHmem 6onee KOPOTKON, 4em 06bI4HO, hopMbl A-6eTa

Beta-cekpeTasa

KUCNOThI

J10 KOHIla He sAcHo. VMMeromuecd JaH-
HbI€ MT03BOIAIOT MIPEANOJOKUTE, UTO
arperaTel A-GeTa BHe HEIPDOHOB 3ally-
CKaIOT KacKa/J IPOLIeCCOB, B YUCJIE KO-
TOPBIX — U3MEHEeHUe Tay-6eJIKOB, JIO-
KaJIN30BaHHBIX B caMoM HelipoHe. Ha-
nmpuMep, arperaTsl MOTYT KaKHM-TO
06pa3oM CKa3bIBAThCA HA aKTUBHOCTU
KJIETOYHBIX (epPMEHTOB I10/] Ha3BaHU-
€M «KMHa3bD, KOTOpble IPUCOECIUHAIOT
K OeJIKOBBIM MoJIeKyJIaMm ¢ocdaTHbIe
rpynnsl. JledekTHBIe KMHA3bI BBIIIOJ-
HAIOT CBOIO Pa6OTy CAUIIKOM aKTHUBHO,
Tay-6eJIKY OKa3bIBAIOTCA IIePerpyKeH-
HBIMU (pochaTHBIMU IPyIIIAMH, U3Me-
HAIOT CBOM XMMHYECKHE CBOUCTBA U
06pasyIoT IepeKpydYeHHble HUTHU. H3-
MeHEeHHBI€e Tay-6eJIKH MOTy T BEIBOJUTH
U3 CTPOA HEHPOHBI, pa3pymas MUKpPO-
TPY6OYKHU, IO KOTOPBEIM BJ0JIb aKCO-
HOB U JICH/IPUTOB TPAHCIIOPTUPYIOTCH
6eJIKU U JIpyrue KPyIHBIEe MOJIEKYJIbI.
MyTanuu B reHe Tay TOKe MOTYT IIPOo-
BOIIMPOBATh 00pa3oBaHUE Tay-HUTEH
U BBI3BIBATH JPyTHE THUIIBI HEHpoe-
reHepaTUBHBIX 3a601eBaHUN IIOMUMO
6one3HU Anblreimepa. ltak, Tay-HuU-
TH, IIO-BUAUMOMY, IMEIOT OTHOIIIEHUE
K rubesu HEHpPOHOB, a A-6eTa — K 3a-
IIyCKY ITaTOJIOTMYECKOro IpoIiecca.

OcTtatku acnapar

Monekyna APP

—
b

”~

KnetoyHas
MeMbpaHa

F ol

Kak octaHOBUTb
«MOJIEKYSIIPHbIE HOXXHULLbI»?
ITockoabky A-GeTa UTrpaeT KIIYEBYIO
pOJb (IyCKOBOTO MeXaHU3Ma», HYX-
HO KaKHM-TO 06pa3oM 3aTOPMO3UTh
ero obpaszoBaHUe, /IS Yero HEOOXOaU-
MO IIOIaBUTH aKTUBHOCTH IIPOTEHNHA3,
KOTOpBIE OTINENIAIOT JaHHBIN EeNTU/
oT APP. JToka3aHO, YTO UHTUOUTOPHI
NPOTENHA3 OKA3bIBAIOT HOJIOKUTEIb-
HO€ BO3JIefiCTBUE IPU JICYEHUHU JPY-
rux 3aboneBanuii — CIIM/la uiu ru-
HepTOHUYeCKOo! 60sie3HU. [IepBbIii mar
K 06pa3oBaHUIO A-GeTa COCTOUT B pas-
pesanuu 6era-cexkpeTasoii APP Ha BBI-
Xo/e UX MeMOpaHBl. DTOT QPEpPMEHT,
B GOJBIINX KOJINYECTBAX IIPUCYTCTBY-
IOIUY B HEHpOHaX rOJIOBHOI'O MO3ra,
GBI OTKPBIT B 1999 I. HE3aBUCUMO APYT
OT Jpyra IfaTbIO UCCIEJ0BATEIbCKIMHU
rpynnamu. HecmoTpsa Ha To, 4To Oe-
Ta-ceKpeTasa IorpyKeHa OJJHHUM CBO-
MM KOHIIOM B MeMOpaHy, OHa CXOJHA
C IpyIIoN MPOTeNHAa3, [EJTUKOM HaXO0-
JAIUXCA B BOJHOM cpeJie BHYTPU U BHE
KJIETOK. YJIeHBI JaHHOM I'PYIIIHI (B TOM
qpclie IpoTenHasa, ydacTByoIasa
B pemnkanuu BMIY, Bupyca, BeI3bIBa-
rorero CITVM/I) MCIIONB3YIOT AJIA YCKO-
peHusa cBoell paboThl aclaparuHOBYIO

/ MenTug A%

CoefvHeHve ¢ apyrumm
KOMMOHeHTaMu
raMma-cekpeTasbl

OcTtaTkmn
acnaparmHoBon
KUCNOTbI

KHCJIOTY (OLHY U3 aMUHOKHCIOT). BceMm
IpoTenHAa3aM IPU paspe3aHUH COOT-
BETCTBYIOIIUX GEJIKOB HYKHAa BOAA,
a (epMeHTHI, OTHOCAIIUECA K IpyIIIe
acmapTUI-IIPOTEeNHAa3, IPUBJICKAIOT
JIB€ MOJIEKYJIbI ACaparuHOBOM KUCIIO-
THI [J151 aKTUBALIUH MOJIEKYJIBI BOBI.
YauTeIBadA To, 4TO GeTa-cekpeTrasa
OTHOCHUTCSH K YIIOMAHYTOMY CEMEHCTBY
¢depMeHTOB, MOKHO CyMMUPOBATH BCIO
nHGOPMALUIO O APYTUX YIEHAX ITO-
r'o JKe ceMelcTBa C TeM, 4TOOBI cocTa-
BUTB IIOJTHOE IIPEJCTABJIECHHUE O JAHHOM
depMeHTE U 0 TOM, KaK €ro MOKHO BBI-
BECTH U3 CTPOsi. [IOCKOIBKY HCCIIENO-
BaTeJIAMH yCTAHOBJIEHA TPeXMepHad
CTPYKTypa 6eTa-cekpeTasbl, OHH MO-
I'yT UCHOJb30BaTh €€ KaK I1a6I0H IpU
KOMIIBIOTEPHOM I10160p€e BO3MOMKHBIX
HHTUOUTOPOB. Pe3ynbTaThl reHeTHude-
CKHX HCCJIeJOBAHUH IT03BOJIAIOT IIPeJ-
II0JIOKUTH, YTO GIOKHUpOoBaHUe bep-
MEHTATUBHOI aKTUBHOCTH HE IpUBe-
JIET HU K KAKUM HEKEeJIaTeIbHBIM JJIsI
opraHuaMa IIoCIeACTBUAM. Bo BCAKOM
ciaydYae, OIBITHI Ha MBIIIAX ITOKa3a-
JIM, YTO yAaJjleHUe reHa, KOAUPYIoIe-
ro GeTa-cekpeTrasy, COIPOBOKIAETCS
HcYe3HOBeHHEeM A-6eTa M3 TOJIOBHO-
ro MO3ra }XUBOTHBIX 6€3 ITIOGOYHBIX )
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FONTOBHOWM MO3I: UMMYHHAS ATAKA

OpuH 13 cnoco6oB neveHns 6one3Hn Anbureimepa 3akno4aeTcs B 0CBOO60XAEHNM FONOBHOIO MO3ra OT TOKCUYHbIX arperaToB A-6eTa

|-

Komnnekcsbl

A-6eta

OHpoTennanbHas KnetTka

A-6eTa, BbICBOGOXJaOLLMECS B BOJHYIO Cpeay
BHE HEMPOHa, TYT Xe COeUHSIOTCA APYT C ApY-
rom, o6pasys He60snbLLUME BOJOPACTBOPUMbIE
KOMMEKChI U ANIMHHbIE hrunameHTbl. Kak no-
KasblBaloOT UCCNEAoBaHUs, Takne o6pa3oBaHuns
ryouTenbHbl 458 HEMPOHOB M HapyLLAlT CBA3N
MexXy HUMU y Mbllwei. CneunanuncTbl NbiTaloTcs
HaWTh cnocobbl 3aMeAsieHns NpoLeccoB arpera-
unn A-6eta unu ero 6110KMpoOBaHNS

MO>XHO nonbITaTbCa CTUMYNMPOBATH OpPraH
JIbHOTO K BblpaboTke aHTuTen K A-6eta unm
roToBble aHTUTeNa, Nony4eHHble in Vitro (3eneHas
cTpersika), KoTopble CTUMYNUPOBanu 6bl UMMYHHbIE
KNEeTKM rOfIOBHOMO MO3ra (rnnanbHble Makpodarm)
K aTake Ha arperatbl A-6eTa. AHTUTENa Jaxe He
HY>XHO MHbeLMpPOoBaTh B FONOBHON MO3r: yCTpaHe-
Hue A-6eTa B Apyrunx opraHax v TKaHsax 3actasuT

| nentuabl AU GYHAMPOBaTh U3 0611aCTH C BbICOKOW
I NX KOHLIEHTpaLueii B 0CTasbHble 4acTu OpraHna-
) Ma, FAE OHM MOYTW OTCYTCTBYIOT

a(pderToB. OMHAKO B HACTOAIIEE Bpe-
MsfA UHTUOUTOPEI GeTa-cekpeTasbl, Ko-
TOpBIE MOKHO OBLIO GBI IPEJIOKUTH
[ KINHUYECKUX UCHBITAHUMI, HE
HalaeHbl. CaMoe rIaBHOE HNPENsaT-
CTBHE 3aKJIOYaeTCAd B pa3Mepe MoJle-
KYJbI Bell[eCTBa: 4YTOGbI HIPOHUKHYTh

B MO3T, OHaA J0JKHa ObITh HEGOIb-
Ioii. B oTiinyme 0T KPOBEHOCHBIX CO-
CYZOB B APYTUX YaCTAX Tesa, KaIW-
JISIPBI B TOJIOBHOM MO3T€ BBICTIAHBI U3-
HYTPHU 9HJOTEIUAIBHBIMUA KJI€TKAMH,
YJIOKEHHBIMHU HACTOJIBKO IIJIOTHO, YTO
MPOTUCHYTHCA MEKAY HUMU MOTYT

TOJIBKO OYEeHb MeJIKUEe MOJIEKYJIbI. YTOo-
OBl mONacTh B TOJIOBHOM MO3T, MHTH-
GUTOPBI IPOTENHA3 JOJIKHBI IPOUTH
Jepe3 KJIeTOYHbIe MeMOpaHBbI, OfHA-
KO GOJIBIIMHCTBO KPYITHBIX MOJIEKYJ
HE MOTYT IIPeoJ0JeTh reMaTosHIeda-
JIUYeCcKni 6apbep.

al
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Bropoii mar k o6pasoBaHuIio A-6eta
COCTOHUT B OTIIEIVICHUH BBICTYIIAIOIIE-
ro u3 MeM6GpaHbI TaMMa-CeKPeTa3HOT 0
«0bpy6Ka», KOTOPBIH ocTaeTcsa oT APP
ocJie oOTpe3aHus ero Gera-cekpeTa-
3o1i. [Ipu 9TOM raMmmMa-cekpeTasa IIpo-
SIBJISIET YAUBUTEJIBHYIO CIIOCOGHOCTD
HCIOJb30BaTh BOAY, «paboTas» B T'H-
npodobHOM cpejie, KAKOU ABIAETCHA
BHYTPEHHUU cy10ii MeM6paHsl. [IoHATE
CcBOMCTBA IPOTEUHA3BI IIOMOTJIN J1BA
o6cToaTenbCcTBa. Bo-mepBhIiX, B 1998 1.
Baprt ne Ctponep (Bart De Strooper) ua
Kartonuueckoro yHuBepcutera B Jly-
Bbe (Benbrus) obHaApyXUI, UTO Jese-
THUpOBaHUe reHa presenilin 1 y Mmpliei
pasvKaJIbHBIM 06pa3oM yMeHbIIaeT
gacToTy pa3pe3anusa APP raMmma-ce-
KpeTas3oi. ITO 3HAYUT, YTO GEJIOK, KO-
JAVIPYEeMBbIH YIIOMAHYTBHIM I'€HOM, He00-
XoauM 11 paboTsl pepmeHTa. Bo-BTo-
PBIX, COTPYAHHUKH Moel 1abopaTopuu
(a2 paboTan B To BpeMA B YHUBEpPCHU-
Tete TeHHeccu B Memduce) nokazaiy,
YTO BEIIECTBO U3 KJIacca OOBIYHBIX MH-
rUOHUTOPOB acapTUI-IpoTenHas 6J0-
KuUpyeT paciuemyienue APP ramMma-ce-
KpeTas3oil. Takoe ITOJ0KEHUE Belllel
npearoJaraeT, 4YTo raMMa-ceKpeTa-
3a, Kak U 6eTa-cekpeTrasa, COAEPKUT
Ba ocTaTKa aclaparuHOBOM KHUCJIO-
ThI, HEOOXOAUMBIE IJI pas3pe3aHusd
6enka. Ha ocHoBaHUU faHHOU nH(QOP-
MAaIll¥ MBI IIPEIIOI0KUIN, YTO Ipece-
HUWJINH IPEJICTaBIAEeT COO0M HEeoOhId-
HYIO acIapTUJI-IIPOTEUHA3Y, «BIIUTYIO»
B TKaHb KJIeTOYHOU MeMOpaHbl. Kor-
na s pa6oran B [apBapACKOM YHUBeEp-
cuTeTe, Mbl BMECTE C KOJUIEraMH 06-
HapYyXHUJIU B MOJIEKYJIe IIPECEeHUINHA
JIBa aclaparvnHOBBIX OCTATKAa B TOH 4a-
CTH aMUHOKHCJIOTHOMN LIeITH, KoTopas
norpy:keHa B MeMOpaHy, U JoKa3aJsu,
YTO OHU HEOOGXOJUMBI JJI BBIIIOJIHE-
HHA raMMa-ceKpeTa3ol ee PyHKIIUU.
Jlayiee GbLIIO yCTAHOBJIEHO, YTO MHTH-
GUTOPBI raMMa-CeKpeTas3bl CBA3bIBA-
IOTCS HEIIOCPEJCTBEHHO C IIPECEeHUJIN-
HOM, KOTOPBIN /17151 BBIIIOJTHEHU S CBOEH
paboTsl AOMKEH OO BETUHUTHCH C JIBY-
Ms JPYTUMU IOTPYKEHHBIMU B MeM-
6panHy 6enkamu. Terrepb raMMa-ceKkpe-
Ta3a CYUTAETCHA POJOHAYAIBHUKOM
HOBOI'0 KJIacca IPOTEeNHAa3, «BTATMBA-
IOIUX» BHYTPb KJIETOYHON MeMOpPaHBbI
BOAY, 6€3 KOTOPOU OHU HE MOTYT PYHK-
IIUOHUPOBATh.

JlBa roga Hasaj A Npodell JIEKIUIO
IIKOJIbHUKAM IITOr0 Kjaacca, TAe yIuI-
cs MOM cbIH. f pacckasaj UM O TOM,
4YeM 3aHUMAITCA COTPYAHUKHU MO-
el ma6opaTtopuu, o6’bAACHUI, YTO Ta-
KO€ aMMJION/IBI M OTKY/1a OHU 6epyTcH,
MoJeINJICS HAIIUMU IJIAaHAMU OTHO-
CHUTEJIBbHO BBIBEJICHUSA U3 CTPodA (ep-
MEHTOB, y4acTBYIOIIUX B UX o6paso-
BaHWM, U IOHUCKA JeKapcTBa JJIA Jie-
yeHUs 601e3HU Anbureiimepa. Ogun
MaJIbYUK CIIPOCHJ MEHs: «A UTO, eclau
depMeHTBI He06XOAUMBI OPTaHU3MY
I 9eTo-HUOyAb apyroro? Benb BHI
MOMKeTe HaBpeJUThb dejJoBeKy». Omna-
ceHue, BbICKadaHHoe 10-71€eTHUM pe-
6EeHKOM, BOBCE He JIUIIIEHO OCHOBAHUM:
raMMa-ceKpeTasa UTrpaeT KJIIYEBYIO
Poab B KJIEeTOYHOU AudPepeHIInpoOB-
Ke B pPa3/IMYHBIX OpraHax " TKaHAX,
B TOM YHCJIE B CO3PEBAHUU CTBOJIOBBIX
KJIETOK B KOCTHOM MO3T€, B pe3yJIbTaTe
4ero o6pasyIoTca 9pUTPOLUTEI U JTUM-
¢donutel. Kpome Toro, ramma-cekpe-
Tas3a pacHieniadeT HaXoAAIIuica Ha
MOBEPXHOCTH KJIETKU O€JIOK, TaK Ha-
3pIBaeMblit Notch-penentop. CerMeHT
6eIKa OTCOeUHAETCS OT MeMOpaHBHI,
nomnajiaeT BHYTPb KJIETKU U MOCHLJIA-
€T AAPY CUTHAJ, OT KOTOPOTO 3aBUCHUT
JajbHenmasn cyib6a KJIeTKH.

B 601bpIINX KOHIEHTPAIUAX UHTH-
GUTOPBI FTaMMa-CeKpeTas3bl OKA3bIBAIOT
TOKCHUYECKOE JIeHCTBUE HA IIOJONBIT-
HBIX MBIIIEN BCIeACTBHE ITOAABIECHUSA
Notch-curnHaia, 4To aesnaeT Ipobiaema-
TUYHBIM UX IPUMEHEHHE B MEIUIIHE.
Tem He MmeHee, pupma Eli Lilly mpoBe-
Ja TecT Ha 6e3onacHocTs (I pasza kim-
HUYECKUX OIBITOB) OJJTHOI'O U3 UHIH-
6GUTOpPOB M cobupaeTcs NPUCTYIUTH
ko Il aTanmy ucnelTaHUN HA MAIlUEH-
Tax Ha paHHel craauu 3abojieBaHUSA.
Kpowme Toro, naeHTUPUIUPOBAHBI BE-
miecTBa, U3MEHAIIUE AaKTUBHOCTDb
raMMa-ceKkpeTasbl TaKUM ob6pa3om,
YTO OHA IIepecTaeT KaTaJIN3upoBaTh
o6pasoBaHue A-GeTa, HO IO-TIPEKHEe-
My pacienisaeT Notch-penenTop. JlaH-
HBbIE BeIllecTBa HE B3aUMOJEHCTBYIOT
C OCTaTKaMM aclaparunHOBOU KHUCJIO-
TbI (epPMEHTA, 3aTO OHU CBA3BIBAIOT-
Cf C MOJIEKYJION BO MHOTUX JAPYTUX Me-
cTax ¥ U3MEHAIOT ee KOH(pOpMaIlHIo.

HexkoTopble HHI'IOUTOPHI OKA3bIBAIOT
Ha GEepMEeHT COBCEM JIpyToe JIelcTBUE:
nojJ UX BIANAHUEM OH KaTaJIU3UPYET

ob6pasoBaHHue He Tol Bepcum A-bera,
4TO CKJIOHHA K arperanuu, a 6ojee Ko-
POTKUX INENTHU/0B, KOTOpbIe KjIacTe-
pusyoTca MeHee oXoTHo. OIUH Ta-
KO mpemnapart, ¢aypusaH, HOJydeH
9asapaom Ky (Edward Koo) uz Kanu-
dopHuiickoro yausepcurera B CaH-
Huero u Togom l'onpom (Todd Golde)
n3 Knnaukn Maiio B J[:KeKCOHBUILIE.
B pesynbTaTe ero UCHBITAHUHN Ha Na-
IIUeHTaX Ha paHHeH ctaguu 601e3HU
AnpureiiMepa IojydeHbl O6HaIEeKU-
BaIIye pe3yabTaThl, II03BOJIAONIINE
nepeiitu k III pase mcuerravmii.

B ronoBHOM mo3re — HU4ero
MNOCTOPOHHEro

ANBTEepHATUBHBINA METOJ JIEUeHUA 60-
JIe3HU AsblreliMepa COCTOUT B OCBO-
60K I€HUH IOJIOBHOTO MO3Ta OT KOM-
miIekcoB A-6eTa y:ke mociae ux obpa-
30BaHHUA, B YACTHOCTH, C IIOMOIIBIO
MMMYHHOU CUCTEMBI CAMOI'0 60JIbHOTO.
B 1999r. [letin lllenk (Dale B. Schenk)
us Elan Corporation (CaH-®paHINCKO)
cJies1asl THTEePECHOE OTKPBITHE: BBeJe-
HUe A-6eTa TPAHCT€HHBIM MBIIIAM CO
CKJIOHHOCTBIO K 06pa30BaHUIO GJIAIIEK
BBI3BIBAJIO UMMYHHYIO PEaKIHIO, B pe-
3yJabTaTe KOTOPOHU HE TOJIBKO He II0-
SABJISIIUCH HOBble 06pa30BaHUSA B I'O-
JIOBHOM MO3T€ MOJIOJBIX *KUBOTHBIX,
HO U paccachlBajJUCh YK€ CYIIeCTBY-
OIIVE Y CTApBIX. Y UMMYHH3UPOBAH-
HBIX MBILIEH IPOAYIIUPOBATINUCH AHTHU-
TeJjla, KOTOpble pacno3HaBaiau A-GeTa
U 1o6y:Kanu KJIeTKU TOJIOBHOTO MO3ra
paspylaTh IeITUIHBIE arPeraTsl (puc.
Ha cmp. 54). [ToJI0}KUTENbHbBIE PE3YIb-
TaThbl OIBITOB Ha I'PhI3yHaX IT03BOIMJIN
O0YeHb CKOPO IEPEeHTH K KIMHUYECKUM
HCIBITAHUAM.

TecT Ha 6e30macCHOCTh Ipenapa-
Ta MIpoIleJl YCIEeIIHO, OJJHAKO BO Bpe-
MA I aTana y HEKOTOPBIX IAIIUEHTOB
BO3HUKJIO CEPbE3HOE OCJIOKHEHUE —
sHIledAIUT (BOCIIaJeHHE TOJOBHOTO
Mo3ra), Io3TomMy paboThl GbIIM IIpe-
pBaHEI. JlaJbHeHIIue ucciaeJoBaHuA
II0Ka3aJId, YTO BOoCIaJIeHHe MOIJIO BO3-
HUKHYTB BCJIEICTBHE CIUIIKOM CHJIb-
HOM peakuu T-KJI€TOK UMMYHHOH CHU-
CTeMBI Ha KjacTephl A-GeTa. McnbiTa-
HUA IIOKA3aJIH, YTO Yy MHOTUX 60IBHBIX
B OpraHU3Me CTajId BEIpabaTeIBAThCA
aHTUTeJa K A-6eTa U yIydIInIoCh CO-
CTOsSTHUE. >
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OATAJIbHBIE USBMEHEHUNA

Kak npepBath LLenoyKy npoLeccos, NPOUCXOASALLMX Ha 6ofee NO3AHUX CTaauax 3a6onesaHna?

1}_ ——

'|7|p9' B, [0 KOHUa

10T KPYMNHblE MOSEKY bl /i

Baanmopeiic

He6e3onmacHOCTh aKTUBHONM UMMY-
HHU3aIUH IIpUBejJa MEJUKOB K MBICIH
006 aJIbTepHATUBHOM crmocobe — mac-
CHUBHOU MMMYHU3AIUU, T.€. BBeJe-

HUIO B OpraHU3M TOTOBBIX aHTUTEI.
HOCJICI[HI/IC OBLIH IIOJIYYE€HBI U3 KJI€-
TOK MBIIIIENA U MOI[I/I(l)I/II.II/IpOBaHbI TakK,

Mo4emy arperatsbl U hUnameHTbI A-6e}a MPVBOASAT K rM6enu
cHo. CKkopee BCero, Moj ux Bus-

VMIEM B KIIETKE Ha4NHAIOTCS XUMUYECKNE peakLni, KOTopbIe
VU3MEHSIOT caoﬁcrsral,ﬁenka Tay. Bﬁbpme OH cTabunuavpyet

MUKPOTPYG0UKU, MO KOTOPbIM B axfc'om:l W feHppatbl noctyna-

amu A-6eTa 1 HelipoHOM
NPUBOAMUT K BbICBOBGOXAEHUIO BbICOKOPEAKLIMOHHOCTOCOBHbIX
MOJIEKYJ1, KOTOPbIE U3MEHSIIOT XUMUYECKME NPOLLECChI B KNETKE. %
®DepMEHTbI NMof Ha3BaHNEM KMHa3bl MPUCOEAMHSAIOT K MONEKY-
nam Tay-6e1KOB CAINLLKOM MHOro dhocaTtHbIX rpynn. Besku
OTCOEAVHAIOTCS OT MUKPOTPY60HEK 1 06pasytoT nepekpyyeHHble
HWUTU 1 KITYy604KU, KOTOPbIE 3aKYMOPUBAIOT aKCOHbI U AEHAPUTBI.
ay4Hble N1a6opaTopum NbITATCS HANTU BELLECTBO, NOAaBMAI0-

o =

oMneKchbl U punameHTbl A-6

Tay-6enku

®docartHas
rpynna

9TOOBI N36€KaTh UX OTTOPKEHUA Op-
raHU3MOM YeJIOBEKa, UCKJIIOYUTh T'U-
IepaKTUBALMIO T-KJIETOK U CBA3aHHBIE
C Hel ocJIokHeHUs. MeTo macCUBHOMN
HMMMYHHU3alluu, pa3paboTanHbiit Elan
Corporation, mpoxonut ceiiyac II ¢pasy
KJIMHUYECKUX UCITBITAHUMN.

PacnaBswascs
MUKpOTpy6Ka

Kny6ouek

Kaxkum o6pa3oM aKTHUBHAA UJIH ITac-
CUBHasg UMMYHH3aLHUd MOKET IPHU-
BECTH K yJaJieHuI0 A-GeTa U3 TOJIOB-
HOTO MO3ra — He COBCEM IIOHSATHO,
IIOCKOJIbKY HEU3BECTHO, JIETKO JIU aH-
THUTeJa IPEOoJoIeBaAIOT TeMaTOdHIle-
danuyueckuil 6aprep. Bopouewm, ecTb
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IIPEAIIOIOKEHUS, YTO UM U HE HYKHO
JleJ1aTh HUYero rmogo6HOro: pacTBope-
HUue 6iAniexk A-6eta B OCTaJIbHBIX Ya-
CTAX TeJIa MOKET IIPUBECTHU K MaCCOBO-
MY «MCXOZIY» 9THX IIEIITUOB U3 FOJIOB-
HOT0 MO3Tra IIpocTo 3a cuet auddysun
B CTOPOHY MEHBIIEN UX KOHIeHTpa-
nuu. Ha cerogHsa maccuBHAs UMMY-
HU3anusd OpeAcTaBiseTcss Hanboree
IIEPCIIEKTUBHOM, HO €€ aJbTEPHATUBY
TOKE HE CTOUT cOpachIBaTh CO CUETOB.
Kak mokasblBalOT pe3yabTaThl Ipej-
BapUTEJbHBIX UCCJIEJOBAHUN, IPOBe-
JIeHHBIX B [apBapICKOM YHUBEPCUTE-
Te, UMMYHU3AIMSA C UCII0JIb30BaHUEM
OIpeeIeHHBIX CETMEHTOB MOJIEKYJIbI
A-Geta, a He IIeJI0r0 [TEeTITU/AA CTUMYJIU-
pyeT BeIpaGoTKy B-KIeTOK, a T-KJIeTKH
pU 9TOM He 06pasyroTcs U BocIaje-
HUSA HEe BOBHUKAET.

VHTepec NpeaCcTaBIAIT U HEUM-
MYHOJOTUYECKUE METOIBI IIPEIOT-
BpalleHus arperanuu A-6eTa ¢ IIoMo-
IIBIO BEIIECTB, KOTOPhIE CBA3BIBAIOT-
Csl ¢ TMENTUAAMU U IOIIEPKUBAIOT UX
B PACTBOPUMOM COCTOSTHUU B JKUJTKOMU
cpezie BHE HEMPOHOB rOJIOBHOTO MO3Ta.
dupmoii Neurochem n3 KBe6eka moiy-
YeHO HU3KOMOJIEKYJISIPHOE BEIIECTBO
aJIbIreMe]l, UMUTHUPYIOIIee AeACTBIE
renapuHa, IPpUPOJHOrO0 aHTUKOATY-
JAHTA. [enapuH OPenATCTBYET «CKJIe-
UBaHUIO» TPOMGOLIUTOB B KPOBU U 06-
paszoBaHUIO TPOMGOB, HO KOTJa 3TOT
noJiucaxapu/ cBa3biBaeTcs ¢ A-Gera,
MEeNTUJ, HAIIPOTUB, IproGpeTaeT ere
GOJIBIIIYIO CKJIOHHOCTD K 06pa30BaHUI0
Gasimiek. [IOCKOJIIBKY aablreMe/ CBsi-
3bIBAaeTCA C TEMU ke caritamu A-Ge-
Ta, YTO U relapuH, OH GJIOKUPYyeT AeH-
CTBHE IOCJIETHEr0 ¥ YMEHbIIIaeT arpe-
ranuio nenTuaa. AJabIreMe/ IO4YTH He
OKa3bIBaeT HeGJIATOIIPUATHOIO BO3-
IeHCTBUA Jake IPU BBICOKHUX J03axX
U TOJIOKUTEJIBHO BINSAET Ha CUMIITO-
MmaTuky. Cefiyac NOJHBIM XOJOM UJYT
KJIMHUYECKUE UCIBITAHUS 3TOTO Be-
mectsa (III dpasa).

MuwieHb — 6enoK Tay

O6pa3oBaHUE AaMUJOUIAHBIX G-
LIeK — JIMIIb ofHa u3 6eJ], KoTopkle
MOAKUAAIOT JTIOfIeH, IONaBIIUX B IIel-
KUe JIaIbl 601e3Hu AnblreiMepa. Bro-
pad, He MeHee cTpallHas, — Tay-HHU-
TH, popMuUpyOIIUe KI1yOO4KHU BHY-
TpU HEUPOHOB. VX ycTpaHeHUe TaK e

Heo6X0AUMO AJA NPeAOTBPalleHUA
JereHepanyy HEUPOHOB, KaK U paspy-
LIeHUe aMUJIOUIHBIX GIAIIeK. YCUIUA
uccliefoBaTeleil HanpaBJeHbl Ha T10-
MCKU BeIlleCTB (MHTUOUTOPOB KMHA3),
KOTOpBIE IIeperpy:xarT GochaTHBIMU
rpynmnamMu 6eJIok Tay, co3aBas IIpej-
IIOCBIJIKM K MOABJIEHUI0O HUTeN. IToka
HUKAaKUX KaHAUJATOB HA POJIb UHTHU-
6GUTOPOB, C KOTOPBIMHU MOXKHO OBIIO
6Bl IPOBOAUTH KIMHUYECKHUE UCIIbITA-
HUA, He HalifieHo. Ho yueHbIe HaeIoT-
cd, YTO UX YCUIUA YBEHUYAIOTCA yCIIe-
XOM, U HacCTyILJIEHHE cpa3y Ha ABYX
¢dpoHTaX (AMUIOUIHBIE OIAIMIKYA U Ge-
JIOK Tay) B KOHIIE KOHIIOB ITI03BOJIAT I10-
6eauTh 60JIE3HD.

B03MOXHO, IEpPCIEKTUBHBIM OKa-
JKETCH ellle OAUH MeTOJl JedeHUs 60-
JIe3HU AJIbLireliMepa — MCII0JIb30Ba-
HUe CTAaTHHOB, J€KapCTBEHHBIX IIpe-
mapaToB, IIOHUKAIIUX yPOBEHb
XoJecTepuHa B KpoBU. VX IIIMPOKO HUC-
MOJIB3YIOT /1A NPpoUIaKTUKH cepyed-
HO-COCYIMCTBIX 3aboseBanHuii. Coryiac-
HO 3MHUJEMUOJOTUYECKUM JaHHBIM,
JIIO[IM, IPUHUMAIOI[UEe CTAaTUHBI, pe-
e CTAaHOBATCA KepTBaMU 60JIe3HU
Anpureimepa. B yvem npuyuHa ta-
KOU KOpPpeIAINH, He BIOJHE IIOHAT-
HO. BeposaTHO, CHUKas ypPOBEHb XOJIe-
CcTepHuHa, JaHHbIe IpenapaTsl CIIoco6-
CTBYIOT TaK:Ke NaJeHUIo ypoBHA APP,
a MOKeT ObITh, OHU BO3/IEICTBYIOT He-
IOCPEACTBEHHO Ha Ipolecc o6paso-
BaHuA A-6eTa, I0J|aBjiAsd aKTUBHOCTb
COOTBETCTBYIOIIUX cekpeTa3. Celfiuac
IIOBOAUTCA TECTUPOBAHUE CIIOCOOHO-
CTHU OAHOTO U3 CTATHUHOB, IIpenapara
noJ Ha3BaHUEeM JUNUTop (pupmer Pfi-
zer), IpeoTBpaIlaTh pa3BUTHE 50JIe3-
HHU Anprrenmepa.

Jlpyroe MHTepecHOe HampaBle-
HUE — KJjeTo4yHasda Tepanuda. Mapk Ty-
cuHckH (Mark Tuszynski) us Kanudop-
HUNCKOro yHuBepcuTtera B CaH-Jluero
IIPOBEJI CJIEAYIOIIUI SKCIIEPUMEHT: OH
B35JI KOXKHBIM GUONTAT y HaIlMeHTa,
UMEOIIEero PaHHIOI cTafguio 6oJes-
HU AnbLreiiMepa, ¥ BBEI B €0 KJIETKHU
reH, KOAUpYyoIui pakTop pocra He-
pBoB (PPH). 3aTeM reHe TU9eCKU MOJH-
dunmpoBaHHbIe KJIE€TKU GBI BBeJe-
HBI B IIepeJHUN Mo3r 6071bHOT0. CMBICT
IIponeAyphl 3aKI0Yalcd B TOM, 4TO
UMIIIAHTUPOBAHHBIE KJIETKH Ha4d-
HYT BbIpabatreiBaTh ®PH, KOTOpBIHI

IIpeOTBPATUT YTPATy alle TUIXOJINH-
OPOAYINUPYIOIINX HEHPOHOB U TEM
caMbIM OCTaHOBUT HelpojereHepa-
TUBHBIE IIpollecchl. KieTouHasa Tepa-
OHUA ABJISETCSI eJUHCTBEHHBIM CIIOCO-
6oM goctaBku ®PH B roJIoOBHOM MO3T,
IOCKOJIbKY CTOJIb KPYITHAs MOJIEKY-
Jla He MOIKEeT IIPeoJ0JeTh remMaTo-
sHIedanrnyeckuit 6aprep. [loka Bce
HMCCJIeJTOBAHUSA IIPOBOJUINCH HA He-
60JIBIIIOM YHCJIE HAIIUEHTOB, IIPUYEM
6e3 yJyacTUs KOHTPOJbHON T'PyNIbI,
YTO CHYUTAETCHA CEPbEe3HBIM HEJJOCTAT-
koM. I TeM He MeHee, eCTb yKa3aHUA
Ha TO, 4YTO y OOJBbHBIX HAMETHUJIOCH
HEKOTOpOE CMATrYeHUe CUMIITOMOB:
yJIydIIeHne NaMsaTH, KOTHUTUBHBIX
GYHKIUN U T. 1.

KoHe4HO, 1ajieko He BCe U3 OITUCAaH-
HBIX METO/IOB OKaKyTCH CTOJIb MHOTO-
o6emarnmuMy, Kak JyMajaoch BHaYa-
se. Ho Bpauu HaeOTCA, 4YTO HAUJET-
¢ XoTdA 6bI OJTHO CPEICTBO, CIIOCOGHOE
3aMeJJINTh WU JaKe OCTAHOBUTH pa3-
PYLIUTEJIbHBIE IIPOILIECCH], OIIyCTOIIA-
IOIFIe TOJIOBHOM MO3T KepTB 6ojes-
HU AnbrreimMepa. Torga MokHO GyeT
OPUCTYNUTH K CIEAYIOIIEMY 3TaIly
6OpBHOBI C HEAYTOM — BOCCTAHOBJIE-
HUIO yTPa4eHHBIX QYHKITUHA.

JlekapcTBeHHBIE IIperapaTsl, Ha-
eJieHHbIe HA A-GeTa, ocTaHABJIUBa-
IOT IATOJIOTUYECKUU MPOIECC TOJIb-
KO Ha paHHUX CTaauAX, OyAYyT JIHU
oHU 3(PPEeKTUBHBI, ecau 60JIe3Hb 3a-
HOEeT CIUIIKOM JAJIEKO, IIOKA He SICHO.
Ho y uccienoBaresei eCTh IIOBOJ, I
onTuMHu3Ma. MHOTOYNMCIEHHBIE OT-
KPBITHA HEJaBHETO BPEMEHU YTBEPAU-
JIX HAC BO MHEHUH, YTO IIOUCKH CIIOCO-
6OB JIEYEHU S TAKOI'O CTPAIITHOTO HELY-
ra, Kak 60y1e3Hb AsIpIreliMepa, B KOHIIE
KOHI[OB ITPUHECYT CBOU ILJTOAGI. M

OB ABTOPE

Maiikn Bynbd (Michael S. Wolfe), npo-
teccop HeBponoruu lMapesappckon
MeAULMHCKOW LUKOMbI, 3aHMMaeTca 13-
y4eHMEeM MONEKYNAPHbIX OCHOB 60Ne3HN
Anburenmepa n pas3paboTKon MeTofoB
ee nevexus. B Havane 2006 r. opraHu-
3oBan B [apBapae nabopatopuio no pas-
paboTKe NeKapCTBEHHbIX CPeacTs Ans
neveHus 6onesxu AnburenmMepa.
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B nouckax
YA3BUMbIX

MEeCT Bupyca
nMMyHogeduumTa
yenoseka (BNY)
nccnegosartenm
pa3pabaTbiBatoT
HOBblE
NleKapCTBEHHbIE
npenaparbl

CUJINA BUPYCOJIOI0OB, 3aHUMA-
rormuxcAa 6ops6oit co CITM oM,
HanpaBJIEHBI CEroAHA Ha Je-

TaJIbHOE OTCJIEJKMBaHMUE BCETO KU3-

HEHHOTO IIUKJIa ITaToreHa — OT CBH-

3BIBAHUSA €r0 C UMMYHHOH KJIE€TKOU

U NPOHUKHOBEHUSA B HEE O BBICBO-

6O I€HUA HOBBIX BUPYCHBIX YaCTHI]

B OpPTaHU3M U JAJIbHEHUIIIero ero uH-

dunmposaHusa. B mocinegHuil pas3 o6-

IIUPHBIN KJacc JeKapCTBEHHBIX IIpe-

napaTtoB npoTuB BY noaBuica okoyio

10 neT Hasaj, BCKOpeE IIOCJIE BBEAEHUS

B HUCCJIEJOBATEIbCKYI0 IPAKTUKY WH-

ru6UTOPOB IIPOTEHNHA3, TIOJABJIAIOIINX

JieficTBUE OJTHOTO U3 (pepMEHTOB, HEOO-

XOAUMBIX JIJIA 3aBEPIICHUA peIlINKa-

IIUY BUPYCOB.

B To BpeMsa y HEKOTOPBIX MEJUKOB
OSABUJIACH HAJIeXK A, YTO UHIUOUTO-
PBI IPOTEMHA3 MOKHO OyAEeT HUCIIOIb-
3o0BaTh AJida gedyeHusa CIIN/la. OgHako
nsobpeTaTeJlbHBIM BUPYC HE II03BO-
JIAJI UX Me4dTaM OoCyIlecTBUThcA. B xo-
Jie OTHOTO U3 UCHBITAHUM, IPOBEJEH-
HBIX B CIIIA, BBIACHUJIOCH, YTO NpPU-
MepHO nojaoBuHa BUY-mo3UTUBHBIX
nanueHToB MHPUIMPOBaHA BUPYCOM,
Yy KOTOpPOTO pa3BUjIach PE3UCTEHT-
HOCTB K O/THOMY U3 JIEKapCTBEHHBIX Be-
IIECTB — KOMIIOHEHTY KOMIIJIEKCHOM
Tepanuu. Y KIUHUIIMCTOB ObLI BBIOOD
u3 Gosee 20 mpemapaToB Ha OCHOBE
NPOTENHA3HBIX NHTUOUTOPOB U IBYX
KJAaCCOB BEIIECTB, KOTOpPbIe GJIIOKU-
poBanu konmupoBaHue BupycHou PHK
c obpaszoBanueMm JIHK, mpepbiBas TemMm
caMBIM peluIMKanuio Bupyca. Codge-
TaHHE 3TUX areHTOB CHUKAJIO IIPUCY-
IIIyI0 BUpycaM MyTabeJbHOCTb, HO He
HCKJII0YaJIo Pa3BUTHUE PE3UCTEHTHO-
CTH, B TOM YHCJIe K MHTUOUTOpPaM IIPO-
TenHa3. «YCTOMYUBBIX IITAMMOB CTa-
HOBUTCSA Bce GOJIBbIIIE, U 9TO 3aCTaBJIA-
€T UCKaTh HOBBIE IIyTHU BO3AEHCTBUA
Ha JKU3HEHHBIU IIUKJ BUpyca», — 3a-
aBageT Opuk ®pup (Eric Freed), onun
U3 YYaCTHUKOB ITPOrpaMMBbI 110 60pb-
6e c BUY-pe3ucTeHTHOCTDIO, peaanay-
eMol HantmoHa/IbHBIMU UHCTUTYTAMU
3apaBooxpaHenuda CIIIA.

CerofgHa Ha pa3HBIX CTAAUAX pas-
paboTKN HaXOAATCHA JIEKAPCTBEHHBIE
npenaparsl, KOTOpbIe BIUAIOT HAa pa3-
JWYHBIE CTAAUM KU3HEHHOTO I[UK-
na BUY. Pajg akaieMU4€eCKUX YYEHbBIX
U COTPYAHUKHU HEGOJBIION GHOTEXHO-

Jorndeckoi pupmsel Panacos, pacmno-
JIOdKE€HHOU B BamuHrtoHe, pa6oramT
HaJ CO3JaHHUeM IpenapaToB, U3BECT-
HBIX 1107l O6IIIMM Ha3BaHHEM MHT'UOU-
TOPOB CO3PEBaHUHA, KOTOPHIE ITOJABJIA-
0T aKTUBHOCTB IIPOTENHA3 JPYTUM
nyTeM. ITHru6UTOpEI IPOTENHA3 aTa-
KYIOT HerocpeacTBeHHo BUY-nporen-
Haay, B pe3yJbTaTe OHa He MOMXKEeT pac-
IIENUTh BUPYCHBIA 6eslok GAG B 1o-
JIO’KEHHOM MecTe. [Ipy npaBUJIbHOM
pacnienjeHuu Belpe3daHHble u3 GAG
y4JacTKH o6pa3yloT KOHYyCcoOOGpa3HYyIo
CepALeBUHY (KalCHUA), 3alIUIIAONIIY IO
BupycHylo PHK. MHru6urop cospena-
HUuA pupmbl Panacos 6IIOKUPyeT CauT
B MoJieKye GAG, ¢ KOTOPBIM B HOpME
CBA3BIBAETCA IIPOTEUHA3a, B PE3YIb-
TaTe obpasdyeTrcs neeKTHBIN KallCHU/,
U BUPYC JUIIAeTCd BO3MOKHOCTHU HH-
¢unupoBaTh Apyrue KJICTKH.

Y nctokos

HMcTopua noAaBJIeHUA HA CBET IIPO-
AykTa upmbl Panacos BOCXOAUT K
cepeaune 90-X IT. NPOIJIOro BEKa,
Korga komnaHus Boston Biomedica
B COTPYAHHUYECTBE C OJJHUM U3 IIPO-
deccopoB CeBEepOKapOJIUHCKOTO YHU-
BepcuTeTa B I. Yonen-XuJlI Ipej-
NPUHAJNA IONBITKY HAWUTH BEIeCcTBa,
aKTUBHBIE B OTHolleHUu BUY, B pac-
TEHUAX, UCIIONb3YINUXCA B TpaAgu-
IIMOHHON KUTANWCKON MeauiuHe. 13
TpaBhl, NpouspacTtaromeil Ha TaliBa-
He, ObIJIO BBIJEJIEHO BEIeCTBO, 6eTy-
JIMHOBAsA KUCJIOTA, IPOABJIABIIEE CIa-
6yI0 IPOTUBOBUPYCHYIO aKTUBHOCTD.
Ho korzpa coeguHeHMe GbLJIO pa3/ieIeHO
Ha COCTaBJIAIOIINE U OJTHO U3 HUX XU-
MHYECKU MOAM(PUIINPOBAHO, PE3YJIb-
TaT IIPEB30IIeJ BCce ORuAaHuA. Ecnu
cama 6eTyJMHOBAs KHUCJOTA OKa3bI-
BaJjla JeCTBUE B MUKPOMOJISAPHBIX
KOJIMYecTBax, TO €e IPOU3BOJHOE —
B HAHOMOJIPHBIX.

IIlecTs neT Hazan us Boston Biome-
dica BBIIeINIACE T'PyINa, 3aHUMaB-
masca BUY, u Ha ee ocHOBe 6blj1a CO3-
nana ¢upma Panacos. OHa Havyana
CBOIO JIEATEIBHOCTD C MCCIEJOBAHUA
YIIOMSAHYTOTO IPOU3BOJHOI0, HA3BaH-
HOro PA-457. ®upMe He HYKHO OBLIO
3KCTParupoBaTh ChIPbE U3 9K30THUYE-
CKOTO TaliBaHBCKOro pacTeHud. bety-
JIMHOBafA KHCJIOTA COJlep:Kalach B J[O-
CTATOYHOM KOJIMYECTBE B IJIaTaHe )
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u 6epese. MccaegoBaTean NO4YTHU HeE
COMHEBAJIUCh, 4TO PA-457 aKTUBEH
B OTHOIIIEHUHU BcCeX mramMMoB BUY,
HO UM HY¥HO OBIJIO BBIACHUTH MeXa-
HH3M €ro IeCTBUA Ha MOJIEKYJISPHOM
YPOBHeE, 4YTOOBI CO37aTh IIpenapar Ho-
Boro tuna. Pupma 3akJO4YnIa KOH-
TpakT c gabopartopueii Ppuga, 3aHU-
MaBIIelca U3y4YeHUeM KHU3HEHHOT O
IIUKJIA BUpyca.

BBIACHUJIOCH, YTO IIpenapatr BJIH-
AeT Ha IO03JHI0I CTaJUI0 peIanuKa-
MU BHpyca, HO-BUANMOMY, Ha IIPO-
necc ¢popmupoBaHusd kancuga. K ato-
My BPEMEHU yiKe OBLIO YCTAHOBJIEHO,
yTo Kancujg BUY o6pasyerca mocie
TOro KaK HOBOCUHTE3UPOBAHHBIN Ge-
0ok GAG cBA3BIBaeTcA ¢ MeMOpaHOM
X03AUCKON T-KJIETKU U pacllenigeT-
ca BUY-nporenHa30i Ha HeGOJIbIINE
dparMeHTHI. BblJI0 N3BECTHO TaKiKe,
qTOo 0601 c60¥ B IIporiecce pacmie-
mieHusa GAG IpUBOJUT K yTpaTe BU-
pycoMm HHPeKuoHHOCTHU. [loaToMy
OBIJIO pEIIeHO HadyaTh C HUCCJIeJoBa-
HHUA B3auUMOAeNCTBUA MexaAy PA-457
1 GAG, 94TOOBI BEHIACHUTH, KaK UMEHHO
OHO HapyllaeT IpaBUJIbHOE paclie-
nieHue GAG.

Pe3ncTeHTHOCTb Mo 3aKa3y
Jl1sa Toro uTo6bl pa3o6paThCd, Kak pa-
6oTaeT TO MJIN UHOE JIeKAapCTBEHHOE
BEIIIECTBO, UCCJIEAOBATEIM YACTO IIPHU-
6erarmT K TAKOMY IIPUEMY: OHM CO3/a-
IOT YCJIOBUS, IIPU KOTOPBLIX K JTAaHHOMY
BEIIIECTBY BOBHUKAET PE3UCTEHTHOCTD.
Takoll mogxo/ M03BONAAET UACHTUDU-
IUPOBATh MECTO B3aUMOAEHCTBUS Be-
IecTBa C MUIIEHBIO. /I Moy YeHUs
PE3UCTEHTHBIX IITAMMOB Ppu U €ro
KoJuJIern nHKy6uposanu BUY-uHbu-
HUupoBaHHBbIE T-KJIETKU B KYJIbType
PA-457 B HU3KUX Ao03ax. 3aTeM OHHU
oTo6paau pe3suCTEeHTHBIE IITaMMBI,
CEKBEHMPOBAJIU UX T€HOM U CPaBHUJIU
€ro ¢ TEHOMOM BHUPYCOB, YyBCTBUTEJIb-
HBIX K PA-457. OGHapYyKHUJIOCH, YTO U3-
MEHEHHUA IIPOUCXOJAT B TOM YaCTH re-
HOMa, KoTopasa KogupyeT 6eyok GAG,
601€e KOHKPETHO — CAUT, C KOTOPBIM
CBAI3BIBAETCSA IIPOTENHA3A.
PesynbTaThl MCCIE€JOBAHUA PE3U-
CTEHTHBIX IITAMMOB IOKa3aJu, 4TO
PA-457 — He IPOCTO HOBBINI MHIUOU-
TOpP NPOTEeNHa3. BoJIBIINHCTBO JIeKap-
CTBEHHBIX BeNIeCcTB, He ToJbKOo BNY-

HOBbIE CMOCOBblI BOPbBbLI C BU4Y

Ha ctaguu paspaboTku HaxoAsTcsi MPOTUBOBMPYCHbIE MpenapaTbl HOBOro TWNa,
Ha3blBaEMble MHTMOGUTOPaMu co3peBaHus Bupyca. OHu BUSAIOT Ha NO3[HIOK0 cTa-

HOPMAJIbHOE CO3PEBAHUE BUPYCA

Korpa o6pasyeTcs HOoBas BMpycHas 4acTtuua ¢ 060/104KON, 3aMMCTBOBaHHOWN
y MeM6paHbl T-KNeTKW, 1 BUPYCHbIMM 6enKamun Ha NOBEPXHOCTU, BUPYCHas Npo-
TenHasa pacuiennset 6enok GAG Ha pparmMmeHTbl

MHdpuumpoBaHHas
T-kneTka

Moukytowasncs
BUpyCHas Yactuua

[ToBEPXHOCTHbLIN
BUPYCHbIN
6enok

Benok
GAG

Benok
CEPALEBMHbI

Apyroi
6enok

HUHTUOUTOPOB, OKa3bIBAIOT CBOE JIeU-
CTBHUE, CBA3BIBAACh C PEepPMEHTAMMU.
I'paxem AnnaBasii (Graham Allaway),
IJTaBHBIA OoNepaIrMOHHBIN JUPEKTOP
dupmsbl Panacos, coobiiaeT: «<Baanumo-
neiicTBUe ¢ cybcTpaToM (a He pepMeH-
TOM), — SIBJIEHUE, IIPEXk/ie He HabJIIo-
nasmieecs. HaM kameTcs, YTO MBI IMe-
€M JIeJIO C ITaTE€HTHBIM CIydaeM.
[ToaBaeHUE MITAMMOB, PE3UCTEHT-
HBIX K JJaHHOMY IIpenapary, BOBce He
o03HayaeT, YTO OH CKOPO IlepecTaeT

MpoTtenHasa

Benok SP1

Benok Hykneokancuga

N3 aTtux pparmeHTOB 06pasyeTcs KO-
Hycoo6pas3Hasa ceppueBunHa (kancug),
KOTOpasi BMECTe C BHYTPEHHUM HYKeo-
Kancupom obecnevymBaeT NpPaBUIIbHYIO
yNakoBKY BMPYCHOroO reHoma — f[BYX
Mosiekyn ogHouenoyeyHorn PHK

BupycHas
PHK

Hykneokancug

3penas BupycHas
yacTuua

geiicrBoBaThk. Ha camoMm gene pesu-
CTEHTHOCTH K PA-457 MoKeT pa3BHU-
BaThCA OYEHBb MEJJIEHHO, IIOCKOJIBKY
calt ero cBa3biBaHUA B GAG Cc Tpyaom
U3MEHAETCA B pe3yJibTaTe My Tallui.
PA-457 mpoxoguT BTOpyIo ¢asy KIu-
HUYECKUX UCIIBITAHUN — TEeCT Ha akK-
THUBHOCTL. B TeueHue 10 gHell ogHa
rpynna nanueHToB IoJIydasa JeKap-
CTBO, a BTOPOH, KOHTPOJBbHOH, AaBa-
au nnanebo. CogepskaHue maToreHa
B OpTaHM3Me II0oCjie Tepaluu ynaJjo
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Hpyroi
6enok

OAPMAKONOTHA

L0 XW3HEHHOTO LMKNa NaToreHa, T.e. Ha C60pPKY 13 HOBOOGPa30BaHHbIX KOMMO-
HEHTOB BUPYCHbIX YACTUL|, OTMOYKOBbIBAKLLMXCS OT UHPULIMPOBAHHOW T-KJIETKM

OBPA30BAHUE JE®EKTHOWN BUPYCHOW YACTWULIbI
PA-457 ceasbiBaetcs ¢ 6enkoM GAG 1 610KupyeT OTLLEeNNeHne ero KancupgHoro
KOMMOHEHTA OT OCTasibHOW YacTu Monekynbl (SPT1 1 6enok Hykneokancuaa)

B pe3ynbTarte cepAueBrHa M BHYTPEHHUI HyKeoKancug npuHMMaoT HenpasBuIib-
Hyt0 (hOPMY, 1 CO3PEBaHMUS BUPYCHO YacTULbl HE MPOUCXOAUT

PA-457

Benok \

Benok SP1

Benok
HyKkfeokancuaa

[MpoTenHasa

B cpeaHeM Ha 92% npu MaKcuMallb-
HOM fo3e npenapata 200 mr. OgHaKO
Ha HEKOTOPBIX NAIlMEHTOB Tepalusd
He IofielicTBoBajIa, U KOMIIAaHUA cObU-
paeTcd IPOBEPUTD, MOM¥HO JIM YBEJIN-
YUTH J03UPOBKY. «OTBET Ha IVIaBHBIHN
BOIIPOC MBI yiKe IOJIYy4YUJIU — IIpena-
paT aKTHUBEH, U UCCIEJOBAHUA HYKHO
IpoAoI:KATh», — roBoput Jxeddpu
Jxexo6con (Jeffrey M. Jacobson),
BO3IIaBIABIMUN kadpeapy nHpek-
IIUOHHBIX 6oJie3Hel B MeJUIIMHCKOM

Hykneokancupg

Benok GAG

CepgaueBuHa

[AechekTHas BMpycHas
yacTtuua

KoJIe/:ke YHUBepcuTeTa Jlpekcena
U PYKOBOAAIIMMN KIMHUYIECKUMHU HC-
NBITAaHUAMU.

B nanpHelimeM mpejmoJiaraeTcs
NPOBECTH UCIBITAHUA Ha B3aUMOJeH-
ctBue PA-457 ¢ ApyTUMHU cpeacTBa-
MU, UCIIOIb3YIOIIUMUCSA IIPHU JIE€YEeHUU
CIIN/la, TOCKOIBbKY AJ1s1 60pbOBI C HUM
BCer/la IpUMeHseTCA KOMIIEKCHAsA Te-
panusa. Eciu Bce oiiieT 1o miaHy, TO
Panacos paccyuTBIBAET IOy YUTH O/10-
6penue FDAxk 2008 T.

Opyrve npenapartbl

PA-457 siBasieTCsA HE eJUHCTBEHHBIM
M3BECTHBIM MHI'MOHUTOPOM CcO3peBa-
HudA. [pynnel ucciaegosaTtenei u3 Ana-
6aMCKOro U MapHUIeHACKOTO YHUBED-
CUTETOB HE3aBHUCHUMO JIPYT OT JApyTra
UAEHTUPUIINPOBAJIN HU3KOMOJEKY-
JIApPHOE OpraHUYecKOoe BEIeCTBO, KO-
TOpoe IpeJoTBpalllaeT COeJUHEHHUE
KalICUIHBIX €INHUI] B IIEJOCTHYIO
CTPYKTYDY.

IIpegnpuHUMAIOTCA MOUCKHU APY-
TUX areHTOB, IIPePHIBAOIIUX JKU3HEH-
HbIA kI BUY. Tak, moyydeHs! Bele-
CTBa, KOTOPHbIE OJIOKUPYIOT IPOHUKHO-
BEeHUE BUpyca B KJeTKy. OJHO U3 HUX
yiKe nmoayduiso ogobpenue FDA, HO
OHO IPUMEHAETCH TOJIBKO B Ka4eCTBE
UHBbEKIUH. [Ipermapart, HaJx KOTOPBIM
pa6oraeT Panacos, npejamnojaraeT-
cdA BBIIYCKATh B Buje Tabietok. Cpe-
U JI€KapCTBEHHBIX CPEJCTB APYTroro
TUIIA, IPOXOAAINX KINHUYIECKUE HC-
NBITAHUA, — UHI'UOUTOPBI UHTErpaas,
KOTOpble NHAKTUBUPYIOT (PEPMEHTHI,
croco6CTBYWOIME UHTErpaliuy BU-
pycHoit THK c JJHK x03AHCKOH KJeT-
KM, 1 T€M CaMbIM OJIOKUPYIOT CUHTE3
BupycHoii PHK. B 6ops6e co CITHN/lom
HYKHO HCIOJIB30BAaTh BCE€ MMEIOIIHE-
cf CpeicTBa U He ITpeKpalnaTh HONCKHA
HOBBIX. [1306peTaTeJbHOCTh BUpYCA,
HeboJIbIINE pa3Mephl KallCyJIbl, COAEP-
sameit PHK, u MuHorue npyrue oco6eH-
HOCTH IIaTOr'€Ha MOT'yT CBECTH Ha HET
BCE€ XMTPOYMHBIE 3aMBICTIBI MOJIEKY-
JAPHBIX 610710T0B. M

AONOJNIHUTEJNIbHASA JINTEPATYPA

m PA-457: A Potent HIV Inhibitor That
Disrupts Core Condensation by Targeting
a Late Step in Gag Processing. F. Li et al.
in Proceedings of the National Academy
of Sciences USA, Vol. 100, No. 23, pages
13555-13560; November 11, 2003.

m The Prevalence of Antiretroviral Drug
Resistance in the United States. Douglas
D. Richman et al. in AIDS, Vol. 18, No. 10,
pages 1393-1401; July 2, 2004.

m The Discovery of a Class of Novel HIV-1
Maturation Inhibitors and Their Potential
in the Therapy of HIV. Donglei Yu et al. in
Expert Opinion on Investigational Drugs,
Vol. 14, No. 6, pages 681-693; June
2005.
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Ba IOKOJICHUSA Ha3a/] BEPHBIMU

HpU3HAKaAMU UHIKEeHepa ObLIu

G6esaa pybamrka, y3KUU raj-

TYK H'jorapudmMuyeckas JUHeHKa.

Ceityac py6amika ¢ raJICTYKOM IIpe-

BPaTHJINCH B PyTOOJIKY C pEKJIaMOU Ka-

KOU-HUOYIb KOMIIBIOTEPHON (UPMBI,

a mMecTo JorapudMHUYeCKOr JUHEHKU
3aHAJ 2JICKTPOHHBIN KAJIbKYJIATOP.

Brots 1o 1970-x rr. 1orapudmuye-
CKUe JUHEHUKH ObLIN TaK Ke pacIIpo-
CTPaHEHBbI, KaK ITHUIIYIUe MAaIluHKN
u muMeorpadsl. JIOBKUM JIBUKEHU-
€M pYK WH:KeHep 6e3 TpyJa HepeMHO-
JKaJl U €SNI JIIoOble YUcJia U U3BJIe-
KaJ KBaJpaTHbIe U KyOM4YecKue Kop-
HU. Yy Tb 60JbIIe yCUJINI TPe60oBaIoCh
JIJIS1 BBIYHUCJIEHUA TPOITOPIIUI, CHHYCOB
U TaHT'€HCOB.

YEKpalleHHasa JIOKUHON QYyHKIIHO-
HaJbHBIX IIKAJ, JorapudMudecKkas
JIMHEeMKa CUMBOJHU3HUPOBaa COKPO-
BEHHBIE TalHBI HAyKU. Ha camowMm feire,
OCHOBHYIO paGOoTy BBIIOJHSAJIN BCETO
JIBE IIIKAJbI, IIOCKOJIbKY IPAKTUYECKN
BCE TEXHUYECKUE paCYeThl CBOJUIINCH
K YMHOKEHUIO U JeJIeHHuo. [InaHucTy
J11s1 UT'PBI TpebyeTcs BCA KIaBUuaTypa,
a BOT MHIKEHEPY PeJKO NPHUXOAUIOCH
I0JIb30BATHCSA BCEMH IIIKAJIAMH Ha €T0
(mouTH HUKOTAA ee) Iorapu(PMUIeCKON
JINHENKe.

OJHU IIeroJIsaan JorapupmMuyecKu-
MH JUHeHKaMU U3 KPAacHOTO JiepeBa
U caMIIHUTa, APYyrue NpeAloInuTaIn
CJIOHOBYIO KOCTb, 2 JIOMUHUHN U CTEKJIO-
BOJIOKHO. ABTOP 9TOH CTAThU U pyTHE
CKPATHU M0Jb30BAJIUCH YCTPOMUCTBAMHU
n3 nnactTuka. OgHAKO IPUHIUI JeH-
CTBHA U JJOPOTUX, U IELIEBbIX MOZeIe
OB1J1 OCHOBAH Ha Jiorapudpmax.

PoxpeHue

norapuMmm4ecKkom NIMHENKN
Jlorapudmsbl 6b11M N306peTEHHI MIOT-
JaHACKUM MaTeMaTukoM JxxoHom He-
nepoM (1550-1617) B 1614 r. Ero «Ka-
HOH 0 JiorapudmMax» HAYNHAJCA TaK:
«Oco3HaB, 4TO B MaTeMaTUKe HET HU-
gero 60jee CKy4YHOro U yTOMUTEIb-
HOTO, YeM YMHOMKEHUe, JleJeHue, 13-
BJIeYeHVE KBaJPATHBIX U KyOHUYECKUX
KOpHEN, ¥ 4TO Ha3BaHHBIE OIEpPAIUU
ABJAIOTCA 6ecriose3Hol TpaTou Bpe-
MEHH Y HEHCCAKAEeMBIM UCTOYHUKOM
HEYJIOBUMBIX OIINOOK, I PEIIuJ Hal-
TH IIPOCTOE U HAJEKHOE CPEACTBO,
4T006BI N36aBUTHCA OT HUX». Celiuac
B 9TO TPYAHO IIOBEPUTH, HO Jorapud-
MBI, TOJIOBHAafA 60JIb CTAPIICKIACCHU-
KOB, ObLIV ITPUAYMAaHBI IJIS TOT0, YTO-
ObI 00JIETYNUTH HAM KU3Hb. HaBepHA-
Ka HAIIM ITPaBHYKH YAUBATCHA, KOTAa
Y3HAIOT, YTO KOMIILIOTEPHbI OBIIHN CO-
3/IaHBI C TOH Ke 61aropoHON IIEeJIBIO.

Tak kak ke paboTaloT Jorapudmsl
Henepa? CnoBo usobperareinto: «OT-
6GpochbTe Yuciia, Ipou3BefleHue, JacT-
HOE UJIM KOPEHb KOTOPBIX HEOOXOAUMO
HaWTH, ¥ BO3BMUTE BMECTO HUX TaKHe,
KOTOPBIE YT TOT K€ Pe3yabTaT I10-
CJIe CJIOMKEHUS, BBIYUTAHUSA U JeJICHUS
Ha JBa U HA Tpw. UHBIMHU CJI0BaMH,
HMCIIOJB3YS JIOTapu(PMbl, YMHOMKEHUE
MOJKHO YIIPOCTHUTD /IO CJIOKEHUH, Jesie-
HUe IPeBPaTUTh B BEIYUTAHUE, a4 U3-
BJIEYEHUE KBAJ[PATHOTO U KyOMYEeCKOro
KOpHeH — B JieJIeHHE Ha Ba U Ha TPU
cooTBeTCTBEeHHO. Hampumep, 4T06bI
NEPEMHOKUTE uyncia 3,8 u 6,61, orpe-
JIeJTAM C TIOMOIIBIO Ta6IUIBI U CIIOKUM
ux sorapudmer: 0,58+0,82=1,4. Tenepb
HaleM B TabJIuIe 4ucio, jorapudm
KOTOPOT'0 paBeH IIOJIyYeHHOH CyMMe,
M TOJIy9UM HOYTHU TOYHOE 3HAUEHUE
HCKOMOTO ITpou3BeieHud: 25,12. I Hu-
KaKUX OIIUOOK!

MareMaTHUKU 6BICTPO IIPHUCIIOCOOUIN
nsobperenue Herepa 1j1s yCKopeHUS
BBIYHCIEHU . VICTIOIb3Ysl JIorapugMBbl,
HeMelnKUU acTpoHoM HMoranH Kemniep
emie B HavaJjie XVII B. paccuuTal op-
6uty Mapca. KTo 3HaeT, MoKeT ObITB,
6€3 UX IIOMOIIIY OH HUKOT/A He OTKPBIIT
ObI TpU 3aKOHA HeGECHOW MeXaHUKU.
Brigamoiuiicsas aHINNIMHCKUNA MaTeMa-
Tuk ['enpu Bpurrc (Henry Briggs) cre-
nuaabHO noceTuJ lloTaaHANIO, YTO-
6bI BcTpeTUThCA ¢ Hertepom: «Mwuitopg,

f OTIIPABUJICA B 9TO JIOJTO€ Iy TeIle-
CTBUE JIUIIB JJIS TOTO, YTOOBI JIMIHO
MO3HAKOMUTHCA C BAMU U y3HATh, YTO
HATOJIKHYJIO BaC Ha MBICJIb O CAMOM I10-
JIE3HOM JIJIs aCTPOHOMUH MaTeMaTHhe-
CKOM MHCTpPyMeHTe... [lopakarocs, 1o-
4yeMy HUKTO He M300pes ero paHblIle,
BeJlb Tellepb, KOTJla Mbl 3HAeM O HEM,
OH KasKeTCA TAKUM IIPOCTBIM». Bckope
Henep, koToporo Bpurrc cunrasn reHu-
QJIBHBIM, U300peJI JeCATUYHYIO TOUKY
U BBIYHUCJINTEIbHBIE CTEPIKHH (I1aJI04-
ku Henepa), a TakiKe 3aJI03KMJI OCHOBBI
HHTerpajbHOro u nuddepeHnuaaibHo-
I'0O CYHUCJIEHUS.

Henep ynpocTusa MHOTHE BBIYHCIIU-
TeJbHBbIE 3aJIa4M, HO JUIA UX PelIeHUs
IPUXOJUJIOCHE BCErjja UMeTh IOJ pPy-
KON Tabauisl jorapudmoB. OgHAKO
B 1620 r. IOHZOHCKUH MaTeMaTUK I/I-
myHJ M'oHTep (Edmund Gunter) Harec
Ha JINHEUKY IIIKaJy, HAa KOTOPOU I0JI0-
JHEHUE KaiKJoro 4ucjia GbLJIoO IIPOIop-
IIMOHAJBbHO ero jgorapudmy. Tenepsp
111 IePEeMHOMKEHUA IBYX YUCEe] J0-
CTaTOYHO OBLIO 3a(UKCUPOBATDH IIUP-
KYyJI€M PAcCTOSHHE OT HadaJla IIKaJIbl
J10 TIEPBOI'O COMHOMKUTEJIA, & 3aTeM
YCTAHOBHUTH OJHY €ro HOMKKY Ha BTO-
POM COMHOMKHUTEJIE U CUUTATh YUCJIO,
Ha KOTOPOE YKAMKeT Apyras HOXKKa.

B 1622 r. aHINIMKAHCKUM CBSIIEH-
HUK Yuiabam Otpen (William Ought-
red) mOJIOXKMI PAJOM ABE IOABHUMKHBIE
Jorapu@MUYeCKHe MIKAJbl U CO3aJ
IIePBYI0 B MUpPE JIOTAPUPMUIECKY IO
JIVHEeNKY. HeCKOJIBKMMH rojaMH 1103-
3K€ OH U3TrOTOBUJI €€ KPYyTOBOM aHAJIOT.
Bnpouewm, 6yay4u JII0GHUTEIEM YUCTOU
MmaTteMaTuku, OTpej He IIpuiaBall 0co-
60oro 3HaYE€HUSA CBOUM U300pEeTEHUAM
¥ He CTaJl HUYero Iy6JIMKOBAaTh O HUX.
B KOHIIe KOHIIOB, NICTUHHBIE MaTeMa-
TUKH BBIBOJAT (POPMYJIBI 1 HUYYTh HE
3a60TATCA 06 UX NPAKTUYECKOM IIPHU-
MEeHEeHUU.

B 1630 r. yuenuk OTpena Puyapn
Henameiin (Richard Delamain) Hame-
gaTaJj CTaTbhI0 O KPYyroBOU jorapud-
MHYECKOU NuHelKe U o6 pABUI ceba
aBTOpOoM m3o6perenus. Ckopee UH-
JKeHep, YeM MaTeMaTHUK, OH UCKPEHHe
BOCXUIIAJICS IIOPTATUBHOCTHIO U Y100~
CTBOM HOBOTO BBIYHCJIHUTEIBHOTO YCT-
poiictBa. OTpex cTpallHO pa3THe-
BaJICSI 1 BMECTE CO CBOMMM COPATHU-
KaMu obpymuiaca Ha [Jerametina, )
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Kpyrosas norapndmMuyeckas nuHerika lreHpm
CaTToHa 6bl1a U3roToBneHa NpMéaN3NTENLHO
B 1663 .

00GBHUHAA €ro B 6€CCTBIJHOM IIPHUCBO-
€HUU 4JyKux 3aciayr. Ckangan 3a-
TUX JUIIb IIocjie cMepTU JleraMeiiHa
U He IPUHEC HUYEro XOPOIIero HU
OJTHOU M3 CTOPOH.

Hukakunx norapucomos!

C nosBiaeHueM auHeku OTpe/ia jora-
pudMuUeckre Ta6IUIbl CTATA HEHY K-
HBIMH: 9TOOBI IEPEMHOKUTD BA YUC-
J1a, AOCTATOYHO OBLIO IIPOCTO COBMeE-
cTUTH HUGPHI HA IITKAJIAX U IPOYUTATH
oTBeT. U Bce ke, HECMOTPSA Ha HOpTa-
THUBHOCTB U yA06CTBO, Jorapudmude-
CcKafd JUHeHKa IoJIy4uja Bceoblee
IpU3HAHUE TOJIBKO CIIyCTH IBA CTOJIe-
THuA. B 1850 . aHIIUHCKUI MaTeMaTHK
Asryct e MopraH (Augustus De Mor-
gan) yAUBJIAJICA KOHCEPBATUBHOCTH
CBOMX KoJuIer: «<MHOTHE 10 CHX IIOp Ka-
JICIOT HECKOJIBKO IIUJIJIMHIOB Ha IIPU-
o6peTeHre KapMaHHOI'0 ycTPOHCTBa,
06JIeTYaloIIero CJI0KHENHIIINe BBIYUC-
JI€eHUs B COTHU pa3!»

B niepBoii mosioBuHe XIX B. torapud-
MHYecKad JUHEHKa 6b11a nopabora-
Ha U ycoBeplIeHCTBOBaHa. B 1814 r.
ITutep Pomxer (Peter Roget) mpencra-
BuJ KoposeBckoMy Hay4dYHOMY oOIie-
CTBY JIMHEHUKY C TBOWHOU JIO-
rapudMUIeCKOHI

JNloHaoOHCKUIN
nHxeHep Otuc Kuhr
06epHyn nonyTopaMeTpoByto
norapvMNYecKyIo LLKany BOKpyr
He60/bLLOro UMMHAPA 1 co3fan BbICOKOTOU-
HbIi KAPMaHHbIA BbIYUCIINTENbHBIV Npn6op

mIKaJoH, KoTopasda mo3Boiasaga 6ea
TPy/JAa BBIYUCIATH APOOHBIE CTEIIEHU
U KOpHU (Hampumep, Bo3BoauTth 30,6
B cTeleHb 2,7). OmqHaKo HOBoe n306pe-
TeHHEe 0Ka3ajoCh BOCTPe6GOBaHHBIM
TOJIBKO B HayaJsie XX B., KOI/1a XUMUKHU
U (pU3UKHU Hada/Iu CTAJIKUBAThCA ¢ 60-
JIee CJIOKHONM MaTeMaTHUKOM.

[TonynapHOCTh JorapudMUIecKOn
JIMHEeNWKe puHec 19-1eTHUN GpaHIy3-
CKUH apTHIepucT AMaaed MaHxenm
(Amédée Mannheim). B 1850 r. oH BbI-
GpaJi 9yeThIpe CaMBbIX II0JI€3HBIX IITKAJIbI
u 1o6aBuiI 6eTyHOK (IOABHIKHBIN YKa-
3aTeJlb, IOMOTAIOIINHI COBMEIATh YHC-
JIOBBIE OTMETKH). B apMuu ycTpoicTBO
cpasy IPHIKHUIIOCh: KOI/la Bpar aTaky-
€T U HyKHO CPOYHO HABOJUTH OPYAHeE,
HET BPEMEHU CYUTATb CTOJIOHMKOM.

Jlonroe BpeMs eBpOIIEHCKUE MHIKe-
HEPBI, T€0/Ie3UCTHI, XUMUKU U acTpO-
HOMBI I10JIb30BaJINCh JUHEHKON MaH-
xetima. [Tocse ITepBoii MUPOBOIT BOMHBI
ee B3fJIM Ha BOOPYIKeHVe ¥ aMePHUKaH-
CKHe CIleIHaJuCThl. [[paKTUYeCKH
Bce JiorapudMUYeCcKue JUHENKH ObI-
JIN OCHAII€HBI IIKAJIaMU JJI BBIYUC-
JIEeHUS KBaJpaToB, Ky60oB, KBajgpar-
HBIX U KyOMUYecKUX KopHel, o6part-
HBIX BEJIMYUH, CHUHYCOB U TAHTE€HCOB.
Hawub6osee aipoBUHY ThIE» MOJEJIH I10-
3BOJIAAJIM HAXOJUTh 3HAYEHUS T'UIlep-
GonuyecKux QYHKIIMIH, YacTO BCTpe-
qarouuxcsa B Gopmynax Ajasa pacdyeTa
3JIEKTPUYECKUX CXEM U ITOBECHBIX MO-
cTOB. YTOOBI TOBBICUTH TOYHOCTH BBI-
YHUCJIEHHUHN, MPOU3BOAUTENN IIPUMe-
HAJIN yBEJINYUTEJIbHbIE CTEeKJa, Ha-
HOCUJIM Ha IIKaJbI Bce 60jiee TOHKUE
OTMETKHU U U3roTaBJIMBaAJIU Bce Goliee
JMIMHHBIE TUHEWKU.

B 1921 r. noHA0HCKNN nHKEeHEp OTHC
Kusur (Otis King) cBepHy mosyropa-
METPOBYIO JIOTAaPU(PMHUUYECKYIO IIKAY
B CIIMpaJIb ¥ HAHEC ee Ha [IOBEPXHOCTh
CTEepIKHA TUAMETPOM B OJUH JIOUM.
YcrpoiicTBo o6ecrieanBao TOYHOCTH
10 4eTbIpexX 3HaKOB. Emle Ha mops-
JIOK TOYHee ObliIa JIMHelKka Pyrepa:
nuINHApP BeicoTol 30 cM 06BU-
BaJia JABEHAI[aTUMe-
TpoBas MIKaJja,

OCHAIlleHHAaf CHelUaIbHbIM yKa3aTe-
JIeM, KOTOPBIN yBeJIN4YUBaJI ee apdek-
TUBHYIO JUIUHY 10 25 M.

Jlns yno6eTBa Ha IIKaJIax OTMedaan
MaTeMaTU4YeCKrue KOHCTAHTHI, TaKue
KakK 7, 7/4 1 e (OCHOBaHMUE HATypallb-
Horo jorapudma), MoJIeKyJIsIpHbIe Beca
M IIEepUOABI MOoJIypacnaja pasiudHbIX
XUMHUYECKHUX dJIEeMEeHTOB. BeTpeua-
JIVCH ¥ CIIeIUAJIN3UPOBAHHBIE IITKAJIbI
ISl pacyeTa T'UApaBINYECKUX COOT-
HOIIEHUU U IlepeBojia AI0MMOB B CaH-
THMETPBI, JIOIIAAWHBIX CUJI B BATTHI U
T.A. K 1945 r. mmupokoe pacnpocTpaHe-
HUE T0JIy4YunJia ABYCTOPOHHASA JIUHEHN-
Ka C JBOMHOM jorapudMUYecKoU MKa-
sori. OcHaIeHHAaA ABYMSA JIOKUHAMUA
IIIKaJI, OHA [103BoJIsyIa 6e3 0co60ro TPy-
Jl1a BO3BOJUTH YHCJA B IPOU3BOJIbHYIO
cTeleHb, pa6oTaTh ¢ JIOOBIMHU TPUTO-
HOMETPHUYECKUMU U THUIIEPOOINIeCKU-
mu pyHEMuAMA. Bo Bpemsa Bropoit mu-
POBOI BOMHBHI JIJII BOEHHO-BO3YIITHBIX
cun CIIA 6bL1a TpugymMaHa Jorapud-
MUYecKas JUHeHKa o6Iero Ha3Hayve-
HUSA: B QJJIOMUHUEBBIA KOPIIYC C IJIa-
CTHUKOBBIM GE€Ir'YHKOM BCTaBJIAJIUCH
crenuaJu3upoOBaHHBIE IEJTYJIOUHbIE
IIIKAJIBI 17151 pacyeTa BBICOTHI, JaIbHO-
CTH IOJIETA ¥ PacXofa roprodvero.

B 1960-X rT. 4YTO6GBI OKOHYUTH MHIKE-
HEPHBIN KOJUIE3K, HYKHO OBIJIO ITPOU-
TH 0683aTeJbHBIN KypC II0 II0JIb30Ba-
HUIO JIOTAapUPMUIECKON TUHEUKOM.
KosxaHble 4eXJbl ¢ INHEHKaMU CBUCA-
JIY ¢ GPIOYHBIX PEMHEN COTPYIHUKOB
BCEX 9JIEKTPOTEXHUYECKUX OT/AEJIOB, a
caMble CTHUJIBHBIE HOCHUIU 3aKUMBI 1715
rajcTyka B BHJ€ JIoTapUPMUUECKUX
aquHeek. Ha cemunapax Bcerga ObI-
JIO BU/THO, KTO IIpoBepAeT Hudphl, Ha-
3BaHHBIE IOKJIAJYUKOM. [I0YTH B KaxK-
J10H BBICOKOTE€XHOJIOTUYHOM KOMIIAaHUHU
6BLJIO IPUHATO AapUTh Hauboee rnep-
CHEKTUBHBIM NapTHEpPaM U KJIHeHTaM
JorapudMHuYeCcKUe JUHEHKU C JOTOTH-
oM U PMBEL.

3Be3HbIN Yac
norapnpmmny4eckom IMHENKn
Bnaronapﬂ ABYM CKOJIb3AIIUM ITJIaH-
KaM Ha CBET IMOABUJIUCH 3HAMEHUTHINA
HBIO-HOPKCKUUN HeboCKpeb «IMnamp-
CreiT-Bungunr u motuHa ['yBepa Ha
peke Konopato, MmocT 30710ThIE BOPOTA
B CaH-PpaHIIUCKO U TUAPABINYeCKas
KopobKa mepegad, TPAH3UCTOPHOE
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OTnpasnsasck Ha JIyHy, amepuKkaHCKne acTpoHaBTbl 6panu ¢ cobon nuHenky Pickett N600-ES B ka4ecTBe 3anacHoro Kanbkynatopa

paguo u aBuagainHep «BouHr-707».
CoszaTeab HEMELKON pakeTsl «Pay-2»
U aMepUKAaHCKOM paKeThbI-HOCUTEJIA
«CatypH-5» BepHep ¢on BpayHn (Wer-
nher Von Braun) nmonp3oBaJica oTHO-
CUTEJIBHO ITPOCTOM JIorapruMUIeCKON
JTUHeWKoU HeMenkoli ¢upmel Nestler.
AcTpoHAaBTEHI, JeTaBiue Ha JIyHy,
6panm c cobolt ITMHEHKN KoMITaHuH Pi-
ckett B KauecTBe 3al1aCHBIX KaJbKYJIs-
TOpoB. [eHUAJIbHBIN COBETCKUMN HMH-
#KEHeP-KOHCTPYKTOP, OCHOBOIIOJIOK-
HUK IPaKTHUYECKOH KOCMOHABTHUKH
Cepreit [IaBnoBud KopojeB MCIIOIb-
30BaJj TUHENKy Nestler mpu IpoOeKTU-
POBaHUU IIEPBOTO B UCTOPUHU UEJIO-
BE€4YeCTBA UCKYCCTBEHHOI'O CIIyTHU-
Ka 3eMJIM U IEPBOr'0 NUJOTHUPYEMOTO
KOCMHYECKOro kopabiusa «BocTok-1».

Opa norapmgmMmyeckmx NMHeek 3akoH4unacb
B 1972 r., Korga B Npogaxy nocTynua KapmaH-
HbI KanbKynsTop HP-35 ctoumocTbio $395

OHa xe 6bL1a Jro6uMuned Anpbepra
OWHINTEHHA.

U Bce ke y JorapudMUUECKOU JIU-
Helku ObliIa axuijaecoBa IATa: TO4Y-
HOCTBH OOBIYHBIX MOJIEJIEY OTPaHUYU-
BaJlaCh BCETO TpeMs 3HAKaMHU. DTOro
OBLJIO JOCTATOYHO, YTOOBI OIIPEJEJIATD,
CKOJIBKO 6€TOHa yiieT Ha PyHJaMEeHT,
HO HE XBaTaJIo I pacdeTa TPaeKTo-
pU# MeKILIaHEeTHBIX 30HI0B. Kpome
TOr'0, B X0/ie BBIYUCJICHUN HYKHO ObI-
J10 06A3aTeJIbHO CIE€AUTH 3a IOJIOMKE-
HUEM JIECATUYHOU Touyku. Yuciao 3,46
I0J1 BUBNPOM GeryHKa MOTJIO O3HAYaTh
u 34,6, u 3460, u 0,00346. [ToaTomy
BCer/ia MpUXONJIOCh OIIEeHUBATh B yMe
HOPAJOK BBIYUCISAEMON BEJIUYHUHBI,
9TOOBI IPAaBUJIBHO UCTOJKOBATH IOJIY-
YeHHBIN pe3yJbTarT.

Ho Het xyna 6e3 nqo6pa: noiab3oBa-
TEJH JIOTapU(PMUIECKUX JINHEEK XO-
poiro pazéupasnuch B CyTH HPOBOIU-
MBIX Pac4eTOB U BCErja UMeJIU B BUAY
OIIMOKY OKPYIVIEHUS U CUCTeMaTHyde-
CKHe IorpemHocTu. Bmecto 6e3ayM-
HOT'0 IIepeMaJjIbIBaHNUSA YHCEJ C IIOMO-
b0 CUCTEMBI aBTOMAaTU3UPOBaH-
HOI'0O IPOEKTHUPOBAHUA OT MHIKEHepa
TpeboBasock 6osee riaybokoe IOHUMA-
HHE BCEeX TOHKOCTEH BBIYNCIEHNA Ha-
I'PY30K U HAIIPSAMKEHUH, TOKOB U UMIIe-
JIaHCOB, YTJIOB 1 paccToAHUU. B ocHO-
BY OTBETOB, MOJIy4YaeMbIX BPYYHYIO,
3aKJIAJBIBAJIMCh 3HAHUA U OIIBIT, & HE
OPOCTO YMEHHE IOJIb30BAThCA KOM-
ObIOTEPHOU ITpOorpaMMOoH.

B ycioBUAX orpaHUYEHHOU TOYHO-
CTHU ¥ HU3KOH CKOPOCTH BBIYMCJIEHUH
MaTeMaTUKU CTPEMUJINCH YIIPOIIaTh
CJIOJKHBIE 3a/la4H, ITOABEPras CJI0MKHbIE
HeJIUHEeNHble ypaBHEHUA JINHeapu3a-
Y ¥ 3aKPhIBas IVIa3a Ha YJIEHBI 6oJiee
BBICOKOTO nopsfjaka. Hanpumep, pac-
X0/ TOILIUBA PacCYUTHIBAJICA UCXOASA

W3 MOII[HOCTU JBUTATEJs, 2 3aBUCHU-
MOCTBH COIIPOTHBJIEHUS BO3JyXa OT
CKOPOCTH aBTOMOOUJIA HE YYUTHIBA-
Jack. 1718 NpoBeAeHUA BbIYUCICHUHN
IIMPOKO MCHOJIb30BAIUCH 9MIHUPUYE-
CKMe ITpaBuJIa U IPUGIHKEHHBIE METO-
J1bI, KOTOPBIE IIO3BOJISAIN COKOHOMUTH
BpeMs#, HO IIPUBOJMIIN K HAKOIICHUIO
TIOTPENIHOCTEN U OIINOOK.

[ToCcKONBKY MHKEHEPHI I10JIarauch
Ha HeCOBEPIIIeHHbIE BBIYUCIECHUS, IPU
IIPOEKTUPOBAHUY OHU ObLIIN BBIHYXK/IE-
HBI IPUJIEPKUBATHCA KOHCEPBATHU3MA
U JieJIaTh BCce C 3amacoM. B pesynbTa-
T€ CTEHBI II0JIy YaJIUCh TOJIIIE, KPBLIbS
caMoJIEeTOB — TsAMKeJee, a MOCThl —
IIpoYHee, YeM HYKHO. [Ip1 9TOM HOBBI-
IIaJIACh HAJEKHOCTD U JJOJITOBEYHOCTh
KOHCTPYKIIH, HO CTPAJAJIH €€ 9KOHO-
MHUYHOCTB, 9P(DEKTUBHOCTH U TEXHO-
JIOTUYHOCTb.

IToCcKONIBbKY HENOATOTOBIEHHOMY Ye-
JIOBEKY HEIIPOCTO OBJIJIETh UCKYCCTBOM
BBIUMCJIEHUUN Ha JorapudMuieckon
JIMHeKe, oHA He IIPHUIKUJIACH Cpelu
HapOAHBIX Macc, T.K. C €€ IIOMOIIbIO
HeJIb35 ObLJIO CKJIAIBIBATH U BBIYUTATD,
Jla K TOMY Ke BCe BpeMs IIPUXO/UJIIOCH
CJIEJUTH 3a IIOJIOKEHUEM JAeCATUIHON
TOYKH. YTO TOBOPUTH, Jorapudmumye-
CKasfd JIMHEHKa TaK U oOCTaJIach UHCTPY-
MEHTOM JIJ1 cIleriuaanucToB. |

OOMNONIHUTENbHASA NATEPATYPA
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and Allied Instruments. Florian Cajori. First
published in 1909. Reprinted by Astragal
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m Slide Rules: Their History, Models and
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1999.
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Bonbluas 4yactb

CyLLUU HaLuen

CTpaHbl OMblBaeTCH
CeBepHbIM
NejoBUTBIM OKEaHOoM,
n CeBepHbIi MOPCKOW
nyTb, NPU3HaHHbLIV

Ha eBpoa3naTCcKux
KOHpepeHUuax
MeXOYyHapoLHbIM
TPaHCMNOPTHbLIM
KOpMOopOM, BCKOpe
CMOXET BEpHYTb cebe
ObINyo crnaey U CTaTb
NepCneKTUBHbLIM
MapLUpyTOM A1
TPaH3UTHbIX

N KaBOTaXHbIX
NnepeBo30K

a IPOTAXKEHHUU BEKOB IIOCie
OINOoXHU BEJIUKUX reorpadu-
YeCKUX OTKPBITUU U BILJIOTH

J10 3aBepIIeHUA cTpouTeabcTBa CyaIl-

Koro kaHaja CeBepHBIM MOPCKOU Iy Th

(CMII) 6B11 OCHOBHBIM IIyTEM, COE€IH-

HABIMIKUM EBpony m Asuro. 3aTeM ero

3HaYe€HHUEe CHU3UJIOCHh, HO TeNephb CHU-

Tyanud MeHaeTcd: GaKTHYEeCKH yiKe

oIpejiesieHa CTpATerusa Pa3BUTHUA ap-

KTHUYECKOM MOPCKOM TPaHCIOPTHOH

CHUCTeMBbl, IPU3BAaHHOU 06ecnedYuTh

JOCTaBKy Pa3JIMYHBIX I'PYy30B, OCBOE-

HHE MECTOPOMKJIECHUHN YIIeBOAOPOIHO-

I'0 CBIPbSA, MOPCKYIO TPAHCIIOPTUPOBKY

HedTH U Tasa, YTO 3HAUYUTEIBHO Jie-

mieByie TpyOoIpoBOAHOM, U pa3BUTHE

IIePEBO3OK.

MepcneKTusbl

CeBepHOro MOpPCKOro nyTu
Baumanmue k cygoxoactsy no CMII cBa-
3aHO B II€PBYIO OYEPEJb C OCBOEHHU-
€M yIJIEBOJOPOJAHBIX MECTOPOKACHUN
Ha Imegbdax 3aMep3arolux Mopeu
C yJacTHeM POCCHMHCKHUX U 3apyOeix-
HBIX KOMIIAaHUH U PAJOM JPYyTUX Mep-
CIIEKTMBHBIX OT€YECTBEHHBIX U MEK-
JYHApOJAHBIX IPoeKTOB. Kpome Toro,
10 M€pe OKUBJIEHUS d9KOHOMHUKHU ap-
KTHYECKOH 30HBI YBEJIMYUBAIOTCA 00b-
eMBbl U KaGoTaKHBIX I1EPEBO30K, KOTO-
pbele k 2015 . MmoryT goctudb 13-15
MJIH. T B TOZ.

CTUMYJIOM pa3BUTHUSA CYI0XO[CTBA B
BocTounowMm patione CMII MokeT cTaTh
skcropT HedTHu B EBpony ¢ HukHe-
JIEHCKUX MECTOPOKJeHUU. B cTpaHbl
A3znaTcko-THX00OKEaHCKOI0 peruoHa
OKM/IA€TCA 9KCHOPT IIOJIUMETAJI0B
U allaTUTOB U3 apKTUYECKOTO MECTO-
posxaeHus Tomrop B Pecrtybimke Caxa
(AryTHa). MoxeT BO3OGHOBUTHCH 9KC-
nopT 1o CIIM JecHBIX I'Py30B, HAIpH-
Mep, IPOAYyKTOB IIPOU3BO/ICTBA PA3BU-
BaloIIUXCH JeconepepabaThIBaIOIIUX
npeanpuAaTUid B 6acceliHax ExHucesa
U JleHBbl. YBEJIUYUTH 00'bEM TPAH3UT-
HBIX IIEPEBO30K MOKHO 1 3a CUET 9KC-
nopTa YepHBIX METAaJIJIOB U MHHe-
PalabHBIX YIOOGPEHUN, TPOU3BOIUMBIX
NpeANpPUATUSAMU B €BPOIIEHCKON ya-
ctu Poccun.

Takum o6pa3oM, 9KCHEPTHI O CYJ0-
XO/ICTBY BIIOJITHE 3aKOHOMEPHO IoJIara-
IOT, 4TO co BpeMeHeM CeBepo-BocTou-
HBIM MOPCKOHM NyTh, UAYIIUHN BAOIb

CEBEPHOTO POCCHMCKOTO Nobepexbd
Mumo Cubupu, MOKeT BHOBb CTaTh
TPaHCIOPTHOU apTepueil MUPOBOIO
3HAYeHU4.

KpomMme Toro, corysiacHo cymiecTBYIO-
IIVIM OIleHKaM, IIPOUCXOJUT COKpallle-
HHE KOJIMYeCTBa APeUyIoNuX JbI0B
Ha 2-3% ramable 10 geT. CoxpaHeHUe
TaKUX TEHAEHIINH IpUBEAEeT K TOMY,
9TO B TEIJIBII IIEPHUOJ rofa apKTHYe-
CKHe Mops OyAyT B T€UYEHUE JOCTATOU-
HO IIPOJIOJIXKUTETBHOTO BpEMEHHU CBO-
60HBI OT ApeHPYIIUX IBA0B. TO
3HAYUTEJIBHO YIYYIIUT YCIOBUA KPY-
IVIOTOJJTUYHOI'0 TOPTOBOI'0 CYAOXOJCTBA
Ha Tpacce CeBepHOTr0 MOPCKOT0 IIyTH,
U OH MOXKET CTaTh PeaabHOU ajlbTepHa-
THUBOI HAMHOTO 60JIee IPOTAKECHHOMY
I0KHOMY Iy TH yepe3 CysI KUl KaHaJl,

Jl1s cpaBHEHUA: B IIEPBOM ciydae,
9T0OBI TpoXiTU U3 EBponsl B AnoHuro,
HeoOXOJMMO IIPEO0JIETh 7 THIC. MOP-
CKUX MHUJb U IyTellecTBUE 3aHUMAa-
eT 22 nH4d, a yepe3 CysIKU KaHAT —
11 THIC. MOPCKUX MUJIb, HA YTO YXOAUT
35 nHell. DKOHOMUA BPEMEHU B yCJIO-
BUAX apKTUYECKUX U 3aMep3alolux
Mopel KpaliHe BasKHa.

OpHaKO AJId YCIEIIHOTO Pa3sBUTUA
CMII Heo6xoaUM pAJ yCIOBUU: He
TOJIBKO PEKOHCTPYKIIUSA U KallUTaJb-
HBIA PEMOHT CTapbIX U CTPOUTEILCTBO
HOBBIX JIEJOKOJIOB, HO U BBOJ B CTPOU
HOBBIX TPAHCIIOPTHBIX CYJIOB JI€JOBBIX
KaTeropui, NOoNoJIHEeHUEe TAHKEPHOI'0
¢roTa, a TaKxke cCOBepIIEHCTBOBaAHUE
CeTH TUJpPOMETEOPOJIOTNYeCKUX Ha-
GJITOICHU M, IPU3BAaHHOU 06€CIIeYuTh
6e3omnacHoe MOpenjaBaHue.

B nocegHue rofibl paspadaTeIBaioOT-
CA IIPOEKTHI CYZIOB JIEIOBBIX KaTETrOPUU
715 TIepeBO3KU HedTH, rasa U ApyTou
IIPOAYKIIUU, CIIOCOGHBIX IIPEO0JIEBATH
JIOCTATOYHO TAMKEIbIe JIbJbI 6€3 IIpU-
BJI€YEHUA JIEAOKOJIOB. B wacTHOCTH,
roMIaHud «HOpUIBCKUHE HUKeIb» I10-
CTpOMJIa OTHOMMEHHBIH CyXOrpy3, UC-
NBITAHUSA KOTOPOI'0 GBLIN ITPOBEAEHBI
B MapTe TeKyllero rojga. Paspa6aTsl-
BAIOTCHA IIPOEKTHI CYZOB AJIf II€PEeBO3-
KH CXKHMKEHHOI'0 ra3a oT I0JIyOCTPOBa
Aman.

Fu.qpomeTeoponoruﬂ

Poccueli HaKoIIeH 60raThIi OIIBIT T'U-
pOMeTeopoJornd4eckoro obecreyge-
HHUSA CyJOXOACTBA B apKTUYECKUX P
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U 3aMep3aaronux Mmopax. OgHaKO u3-
MeHUBHIHECA B 1990-X IT. TeONOJIUTH-

YecKHe yCcJIO0BUA U OypHOe pa3BUTHE
HOBBIX TE€XHOJIOTHH TpeGyIoT IMOUCKA
COBPEMEHHBIX II0/[X0/I0B, YCOBEPIIEH-

CBOEBPEMEHHOCTbH, OIIEPAaTUBHOCTH
M TOYHOCTH IIPOTHO3UPOBAHHUSA, CJIE-
aoBaTeabHO, o6eciiedynuT 6e30IacHOCThb
KOpabIeBOXK/AEHUA B aKBATOPUAX 3a-
Mep3aronux MOpe.

[MpopomeTeoponornyeckas v negosas
MHGOOPMaLNSA CO CNYTHUKOB U MONAPHbIX
CTaHuuin ob6pabaTtbiBaeTCca Ha MecTax

N B MHCOOPMALMOHHBIX LEeHTpax

CcTBOBaHHUsA 060pyLOBAHUA U CO3Ja-
HUSA OIPUHIUIIHAIBHO HOBBIX CHUCTEM
U KOMIIJIEKCOB MOHHUTOPHUHTA COCTOM-
HUA aTMocdepbl U rTupocdepsl, 4TO
II03BOJIUT HOBBICUTE 3P (PEKTUBHOCTb,

Bcesa Heob6xoguMas UAPOMETEOPO-
Jloruueckas u jgefoBas nHbopMaus,
IIOCTYyTAOIIAsA CO CILy THUKOB, CTAIIHO-
HapHBIX MOPCKUX IIaTGOPM, C CYAOB,
JIEeIOKOJIOB, MOPCKUX TEPMHUHAJIOB,

HOJAPHBIX CTAHIIUUA U U3 JPYTUX HUC-
TOYHUKOB, o6pabaTsIBaeTcsa HA Me-
cTaXx U B MHGOPMAIIMOHHBIX I€H-
Tpax. OgfHaKO 4TOGBI 06eCHeYuTh
JIOCTOBEPHOCTb U HOMEHKJIATYPY IpPO-
THO30B pa3InvHOM 3a6/1ar0OBpeMeHHO-
CTHU, HEOOXOAUMO, YTOOBI yIaIeHHbIE
06BEKTHI 1 6a30BbI€ IIEHTPHI COCTAB-
JISIIU €JUHBIA TEXHOJOTUYECKUI KOM-
IUIEKC ¢ IPOCTPAHCTBEHHO pacIipe-
JleJIeHHBIMU MoAyasaMHU. CTaHOBUTCH
OYEeBUHBIM, UTO 6€3 CO3laHUA HOBO-
I'o IIOKOJIEHUS CUCTEM T'HJPOMETe0pO-
JIOTUYECKOr0 o6ecriedeHusA MOPCKOM
NeATEeIbHOCTH B 3aMepP3aIoIIUX MO-
PAX, 06'beJUHAIOIINX c60p, 06paGoTKY
M aHAJIN3 UCXOJHBIX JaHHBIX, pa3pa-
GOTKY IIPOrHOCTUYECKOMN IIPOAYKI[UU
U J0BeJleHUe NHQPOPMAIlMU 10 KOHEeY-
HOTo IoTpebutens, 06 3pPpeKTUBHONI
JIeATeJIbHOCTHU B CEBEPHBIX PerruoHax
TOBOPUTH HE ITPUXOJUTCH.

B 2005-2006 rr. B pamkax depe-
palbHOMU IleJeBOW HAy4YHO-TEXHU-
YeCKOH nmporpamMmsl «MccieqoBaHusa
" pa3paboTKH II0 IPUOPUTETHBIM Ha-
IIpaBJIeHUSAM Pa3BUTHUSA HAYKU U TeX-
HUKU Ha 2002-2006 rr.» B HUU ApkTU-
ku 1 AHTapKTHEU (CaHKT-IleTepOypr)
0T PyKOBOJCTBOM JUPEKTOpPA MHCTHU-
tyTa U.E. ®posioBa peanuadyeTcs Ipo-
€KT II0 pa3paboTKe IPOTOTHUIIA aJall-
THPYEMOI'0 KOMILJIEKCA MOHUTOPUHTA
¥ OPOTHO3UPOBAHUSA COCTOSHUSA aT-
Mocdepsl U rugpocdepsl s obecrre-
YeHUs MOPCKOH JeATeJIbHOCTH B ap-
KTHYECKUX U 3aMep3aloluX MOPAX
Poccuu (AKMOH).

Beperca paspaboTka TEXHHUYECKO-
I'o IPOrpaMMHOr0 o6ecIiedyeHUs afall-
THPYEMOI'0 KOMILJIEKCA, MOHUTOPHUHTA
¥ IIPOTHO3UPOBAHUA COCTOAHUSA aT-
Mocdeps! u rugpocdepsl, CIIOCOOHO-
I'o yIpaBJATb 'MJIPOMETE0POJIOruye-
ckoli nHopMaIuell Ha pa3JInYHBIX
YPOBHAX ee 06paboTKH U IIpeicTaBJIe-
HUA U o6ecneunBaTh GBICTPOE OIlOBe-
meHre. B 0CHOBY POCCHHICKOM cUCTe-
MBI IToJIo:keH komnuaekc CliWare, pe-
KOMEH/IOBAHHBIH JIJ151 UCIIOJIb30BaAHUSA
THAPOMETEOPOJIOTUYECKUMHU CIIyKba-
MU CTPaH-4Je€HOB BceMupHoON MeTeo-
POJIOTMYECKOM OPraHU3aIuu.

B coctaB pa3dpabaTbiBaeMOro KOM-
naekca AKMOH BxoguT 6a30BBIU
MOJYJIb, COCTOAMMNN U3 6J0Ka CBA-
3M, eIMHOHN 6a3bl JAHHBIX U YeThIpex
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IIOACHCTEM, IIpeJHA3HAYEHHBIX IJIA
cbopa U yCBOEHUA NH(POPMAIUHU, TeX-
HOJIOTMYECKOI'0 COIIPOBOKACHUS, CO3-
JaHUA THOOPMAIIMOHHON IPOAYKIIUH,
nepefady U NpeAcTaBIeHUA HWHOOP-
Maluu, a TaKKe yJaJeHHbIe MOLYIU
B BH/Ie aBTOMaTU3UPOBAHHBIX pabo-
qux MecT (APM) KOHEYHBIX IT0OJIb30Ba-
TeJlel, pacIIoJIOKeHHBIX Ha CyJax, Tep-
MUHaJax, I1aT@opMax U T.J.

MoaynbHad CTPyKTypa 6iarogaps
NPUHIUNY eJUHOI KoOHDUTrypanuu
TEXHOJIOTUYIECKOH IETIOYKH IT03BOJIAET
aJanTHPOBATh IIPOIeCC MOHUTOPUHTA
U IPOTHO3UPOBAHUA IPUPOJHOU cpe-
bl K KOHKPEeTHBIM (GU3UKO-Teorpa-
¢GUYIEeCKUM yCIOBUAM U CIEIHAU3U-
POBaHHBIM 3aIIpocaM HOTPeOUTeNd.
Paszpa6GoTaHHBIE TEXHOJIOI'MHU OCHOBA-
HBI Ha eIMHBIX HayYHO-TEeXHOJIOTu4e-
CKHUX IPUHIIUIIAX, a allllapaTHO-IIPO-
rpaMMHBI€ KOMILJIIEKCHI ¥ METOJBI X
HMCNOJIb30BAHUSA IIOJHOCTBIO YHUDU-
LIIPOBAHBHI.

OnHaKO co3aHUe BBICOKOD(]Dek-
THBHOT'O 060PyA0OBAaHUA Ha OCHOBE CO-
BPEMEHHOT0 ITPOTPaMMHOro obecie-
YeHUs, OpPUTHHAJIbHbIE TeXHOJIOTHYe-
CKHeE pelIeHUus — 3TO JUIIb IIoJea.
Heob6xoauMo pa3BUTHE METOAOB aHA-
JmM3a, JUarHo3a U MPOrHo3a JeJOBbIX
U TUJPOMETEOPOJOTUYECKUX IIPO-
meccoB, 6a3UPYIOIIUXCA HA COBpe-
MEHHBIX GU3HUKO-CTAaTUCTHYECKUX,
BEPOATHOCTHBIX U THAPOAUHAMUYE-
CKHMX MOJIEJIAX, YTO IIO3BOJIUT yUUTHI-
BaTh TEKYIUE U OKUAaeMble U3MeHe-
HUA KJIIMAaTa, COCTOAHNE aTMOoC(hephl
u ruapocdepsl, 1e10By0 06CTaHOBKY,
BJMAIONIME HA yCIOBUA IPUMOPCKOU
JeATelbHOCTH. [IpH 9TOM HE06X0AMMO
COBMeEIATh JaHHBbIE MOJEJIBbHBIX pac-
4eTOB C OllepaTUBHON MHpOpPMaIMe,
IocTyIaromniei co CIIyTHUKOB U OT Ha-
3eMHBIX CJIY#KO, )11 00paboTKU 1 aHa-
JIn3a KOTOPOH GYyAyT HCIIOIb30BAThCHA
reouHdopmanuonHsle cuctemel (I'VIC)
U OpUTHMHAJIbHBIE IIPOIPAMMBIL.

FeonHdopmaLMOHHbIE
CUCTeMbl

AAHUU n komnaHued «MoOpUHTEX»
6pLa pa3dpaboTaHa cyfoBas CHUCTe-
Ma C OIepaTUBHBIM OGHOBJICHHUEM HMH-
dopmanuu o 1eJ0BOA U TUAPOMETEO-
POJIOrMYEeCKOM 06CTAHOBKE — T'€OMH-
dopmanmonHasa cuctema (FUC) dKart

o g

Ice Navigator. YcTaHOBIE€HHBIHN Ha CyI-
He ['VIC-TepmuHan dKart Ice Navigator
IpefiocTaBlIAeT KalUuTaHy HOAPOGHY IO
nHGOPMAILUIO O COCTOAHUH JIEJAHOTO
IIOKpPOBAa Ha IIyTH CJIEIOBAHHUA U JaeT
BO3MOYKHOCTb BBIOUPATh ONTUMAJb-
Hble MapUIPyTH ABUMkeHUsd. Bepero-
Bol cermeHT 'MIC Mo:xkeT mepegaBaThb
nHpoOpManuio Ha 60pT cygHa 24 yaca
B CYTKH, U IIPU 3TOM 3KOHOMUTBb Tpa-
UK ciyTHUKOBOU cBA3U. COBpeMeH-

HBI€ CpeAcTBa TECICKOMMYHHUKaAIIUU

mnl‘ :
e A i

II03BOJIIOT OBICTPO IIepeiaBaTh CIIYT-
HUKOBbIE CHUMKHM, JIeJJOBble KapTBhI,
IIPOTHO3 MOTOABLI U T.JI. HA 00'bEKTHI
B MOpe€ U Ha cyIlle U oTo6GpaKaTh JaH-
HBIE B 9JICKTPOHHBIX HAaBUT'AITMOHHBIX
kapTorpadpudyeckux cucremax. Ilpu
aToM JiefioBble KapThl B 'MIC-dopmaTax
JaroTcd KaK CaMOCTOATEIBHBINA I0JIb-
30BaTEJBbCKUU CJION, KOTOPBIHA MOMKET
OGBITH COIIOCTABJIEH C JAHHBIMU IIPO-
rgosa. OnepaTUBHOE MOJyYeHUE Jie-
0BoU MHGpOpPMAIlMU U COBMEIIeHUE )

| x| 40 | O
| sy =0 | =

MHdopmaLmoHHas naHenb CyA0BOro MOHMTOPaA C 306paKeHnem HaBUraumoHHON, NefoBon
06CTaHOBKMN M MECTOMONOXEHMSA CyAHA B peanibHOM BPEMEHM
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MHMOPMaLMOHHOM CUCTEMbI

€e C HaBUTAIIUOHHOU 3JIEKTPOHHOU
KapTOM MO3BOJIAET COKPATUTh BpeMs
IepexoioB BO JIbJax, IPUHUMATh Ipa-
BUJIBHBIE DEIIEHUA B HECTAHAAPTHBIX

OB ABTOPAX

AnekcaHpgp MBaHoBu4Y [laHunos —
KaHgupaTt usnko-matemMaTu4yeckmnx
HayK, 3amecTtuTtens gupektopa MNHL PO
AAHUWWN. O6nacTb Hay4YHbIX UHTEPECOB —
dum3nyeckasn okeaHorpadmsa, U3MeHeHUs
Knumara, BRusiHne OKpyXaroLLlen cpefbl
Ha MOPCKYI0 AeATenbHOCTb. Y4YaCTHUK
MOPCKMX 3KCMNeauumnii, pyKoBoanTeNb
Hay4HbIX NpoekToB B pamkax ®LM «Mu-
poBOM OKeaH» U APYrux nporpamMmm.
YneH Hay4yHo-3kCnepTHOro coseta npu
Mopckor konneruv npu npaBuUTeNbLCTBE
P®. AsTop 6onee 100 Hay4HbIX Ny6nu-
Kauun.

AMmuTtpun MonyaHoB — KOPPECMOHAEHT
XypHana «B mupe Hayku».

TSKEJIBIX YCJIOBUAX IJIABAHUSA, YTO I10-
BBIIIAET 6€30I1aCHOCTB CY/IOXO/CTBA.
B Hauase 2006 r. cuctema dKart Ice
Navigator ycrenrHo mpoiija UCIbITa-
HHuA B TaTapckoM mpoiuse Ha 6opTy
HedTeHaIUuBHOIro TaHKepa «Huka-1»,
IpU IPOBOJAKE Ccy0B B PUHCKOM 3a-
JMBE€ Ha JIeJIoKoJe «AnMupaJ Maka-
poB» U Ha aAusenab-ajekTpoxone «Ho-
PUJIBCKUY HUKEJIb» IPU CAMOCTOSA-
TeJIbHOM (6€3J1€/ITOK0JIbHOM) INIAaBAHUU
o MapupyTy MypmaHcK-/lyAUHKA.

CnyTHUKOBOE 30HAUpPOBaHMUe,
MOHUTOPUHT U CBA3b

PasBuTHE METOAOB CIIly THUKOBOTI'O JIUC-
TAaHIMOHHOTO 30HAUPOBAHUA C HC-
II0JIb30BAHHEM WHGOPMAIUH, IOJIY-
YEeHHOH OT UCKYCCTBEHHBIX CITy THUKOB
3emuu (MC3), u npumMeHenue 'MC-
TEeXHOJIOTUH 718 KapTorpadupoBaHUs
MOPCKUX JIB/IOB II03BOJISIET CO3/1aTh aB-
TOMATHU3UPOBAHHBIE IIPOIELYPHI I10-
CTPOEHHA U aHaIu3a KapT JIeJOBOU

o6cTaHOBKU. [Toy4YeHHBIE CO CIIYT-
HUKOB JaHHBIE MOT'Y T UCIIOIb30BaThCA
JUIL YUCJICHHBIX JIEJIOBBIX IIPOTHO30B,
UX BU3yaJIN3alllH, CO3JaHUA 6a3 JaH-
HBIX U pacIpocTpaHeHHUdA paKkTUde-
CKOM U IIPOrHOCTUYECKON MH@OopMa-
LMK II0 KaHaJIaM CIIyTHHKOBOM CBA3U.
Y1066l 06€CIeYUTh MAKCUMAJIbHY IO
3¢ PEeKTUBHOCTD IIOJyUEHUH, IIepe-
paboTEM U Iepenadyu HHPOpMaIUU
rkomIiiiekcom AKMOH, paspa6aTsli-
BaeTcd TEXHOJIOTUdA, II03BOJAIIIAA
COBMeEIIaTh OCHOBHBIE 3TaIlbl o6pa-
GOTKHU OIlepPATHUBHBIX TUIPOMETEOPO-
JIOTUYECKUX JaHHBIX, JeKOJUPOBaAHUE
CBOJIOK, ITOUCK OIIMGOK U UX KOpPpEeK-
THPOBKY.

B HacTofAIIee BpeMs COBEPIIIEHCTBY-
€TCs TeXHOJIOTUSA CIIy THUKOBOI'O MOHHU-
TOPHHIA COCTOSHUA JeAAHOIO IOKPO-
Ba 1 okeaHa. IIpu aToMm oco6oe BHU-
MaHUe yJelndeTcsa aBTOMaTHYECKOU
reorpaduyeckoi NpUBA3Ke HECKOJIb-
KHUX CIIyTHUKOBBIX U300pameHUu, UxX
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TEQTPADKA

CXEMA PABOTbl NH®OOPMALIMOHHOIO KOMIMTJIEKCA AKMOH

NC3: NOAA, Terra, Radarsat,
«OkeaH», «<MeTeop», «Pecypc»

PervioHanbHble LEeHTPbI
npuema n 06paboTKu faHHbIX
NC3 B Mockee n XabapoBcke

W KanutaHbl 1 afMUHNCTPAaTOPbI
6ypoBbIX Nnatdopm

B Mopckue agMnHMCTpaLmn nopTos
B AIMUHMCTPALMKN OTTPY304HbIX
HeTerasosblXx TEPMUHANOB

-—

Yoy

M JlepoBble KapTbl, pac4eTbl U MPOrHO3bl <€— ' ApKTudeckue ynpasneHus
W HaBuraynoHHble pekoMeHaauum — I 1 LLeHTPbI TMAPOMETCYXObI

| | MeTeoponorMHeCKme NPOrHO3blI

JINlepokonbl n cvoa

NMOTPEBUTENN

B MypmaHcke, ApxaHrenbcke,
Tukewn, OunkcoHe, FKyTcke,
MeBeke

HasemHble n gpendytoLine
rmapomMeTcTaHumm

W KanutaHbl N1ej0K0N0B U Cy0B
nefoBoro nnasaHns

B LLitabbl MOpCKunx onepumi

B 3amMep3atoLLux Mopsx

M /13bicKaTenbckne paboTbl B MOPAX

UHTEepHpeTanuu U OJHOBPEMEHHOU
pa6oTe ¢ HUMHU: Ipeo6pa3oBaHUIO
NPOEKNHUH, MAHUIIYAANUAM C IIPO-
3pavyHOCTBIO, APKOCTBIO, IIBETHOCTHIO,
IIPOPHUCOBKE I'PAHUIL 30H JIBJOB C pas-
JIMYHBIMU XapaKTePUCTUKAMU, PeaK-
THPOBAHUIO ITOJIy Y€HHBIX CJIOEB.

Takxoli IoJX0J II03BOJIAET AaBaTh
JIOCTOBEPHBIE OIEHKN OCHOBHBIX Ha-
BUTAIIMOHHBIX XapaKTE€PUCTUK (BO3-
PacT, CIJIOYEHHOCTD, BEKTOPHI Aperda
JIBJIOB U IP.).

MporHosuposaHue

Jl1a 6e30macHOro CyZl0XoACTBa Kpa-
He BaKHa aBTOMaTH3alMuA KaK J[0JI-
TOCPOYHBIX, TAK U KPATKOCPOYHBIX
JIEJIOBBIX IIPOTHO30B, COCTABJIEHHBIX
0 pa3JINYHBIM dJIEMEHTAaM JIeI0OBO-
ro pexuMa C y4eToM OOIIUX HU3Me-
HeHHuHN B atrmocdepe u rugpocdepe.
OHU BCTpauBamTCA B OOLIYI0 TEXHO-
JIOTUYECKYIO I[eNIOYKY, 6a3UpPYyIOIIyIO-
Cf HA apXUBHBIX U IIOIIOJTHAEMBIX JIe-
JIOBBIX U TH/POMETEOPOJJIOTHYECKUX
JaHHBIX, Ha pe3yJabTaTax MOJEJIbHBIX

pacdeToB, u oTo6pamkarTca B yaob-
HOM BUJie, B ToM yucie B ['MC-dopma-
Te, IPUTOHOM JIJIsl OIEPATUBHOI'O UC-
noJyib3oBaHua HA APM norpeburend.
IToMuMO 1BJOB, CyJla B CEBEPHBIX
MOPSAX MOT'YT HOJBEPraThbCA U JPYyTUM
OIaCHOCTHAM, IOPOKJAAEMBIM Pa3ry-
JIOM CTUXWH. B CBA3YU ¢ 9TUM IIpU BBI-
YUCJIE€HUN PEKOMEHJIOBAHHOI'O IIyTH
IJaBaHUA HE00X0IMO CBOEBPEMEHHO
noJydaTh OIpeseIeHHbI Habop faH-
HBIX, CBA3aHHBIA C TUAPOJIOTUYECKHU-
MU IIPOTHO3aMU MOPCKHX BOJTHEHUH,
KoJe6aHUM yPOBHA MopA B Gepero-
BBIX IIYHKTaX, Ha MPUOPEKHBIX U yC-
ThEeBBIX yYaCTKAaX CyAOXOJHBIX Tpacc,
MOPCKHUX TeYeHU, IPUINBHBIX ABJIE-
HUH, MapaMeTpoB BeTpa Ha OTKPHI-
TBIX OTO JIbJ]Ja AaKBATOPUAX, U Jlaxe 06-
JIeIeHeHUs CyJJ0B U TUAPOTEXHUUEe-
CKUX coopy:xeHuii. C60p, o6paboTka
U nepefadya TaKHUX CBEJIEHUHN TPeOYyIOT
YCOBEPIIIEHCTBOBAHUSA MOJieJIel HA -
MHKU OKeaHa, MOPCKOTO BOJHEHUH,
9BOJIIOIUU JIEASAHOTO IIOKPOBA U AP.
Bce 9T0 1103BOJIMT NOBBICUTH KAY€CTBO

U pacUIMPUTh HOMEHKJIATYPY BBIIY-
CKaeMBbIX IPOTHO30B, 00ecIeYynBaro-
X BEIPAaboTKY 2P (PEeKTUBHBIX HABU-
ralfMOHHBIX PEKOMEHAAIUH, a TaKKe
yCIIEITHOe IPOBEJIeHNe MOPCKUX OIle-
pauii.

T'uapoMeTeopoIoTHYeCKHe TaHHbIe
06 atmocdepe u rugpocdepe, 06 apk-
TUYECKUX Jb/IaX, 0 CTPYKTYPE U JUHA-
MHKE MOPCKHX BOJ, JEIHHUKAX U BeU-
HOM MepaJIoTe, TapaMeTpax BETPOBOrO
BOJIHEHHUSA J1ayT BO3MOMXKHOCTB GoJiee
palMoHaIbHO INIAHUPOBATH II€PUOIBI
HaBUTAIUU, MAPUIPYTHl ABUKEHUSA
CyJIOB M, B KOHEYHOM CYeTe, IIOMOTyT
o6ecreyuTh MaKCUMaJIbHYI0 6e3omac-
HOCTB CYZ0XOJCTBA U IOBBICUTH 9KO-
JIOTUYECKYI0 9(P(PEeKTHUBHOCTD MOPCKUX
nepeBo3okK. M

MaTepman npepocTtasneH
HauunoHanbHbIM I/IHCbOpMaLI,VIOHHbIM
LEeHTPOM NO Hayke U MHHOBaLUUAM

SciencerRF
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KapuHa XopH

DOK[eHLE

*{ﬁ-”'

OCTpOBKgﬁ M apxunenara AHasuxaHac no 6eperam p. Pno-He
Hefaneko ot MaHayca (Bpasunua) HanomuHawT 06LLMPHbIE 326010
TEppUTOpUN, KOTOpbIE, Kak nonaratwT nccnegosartenu, npeobnagarn
B AMasoHuu B nepuog Mexay 16 u 10 MnH. neT Hasag



RICARDO AZOURY Corbis (cTp. 72)

HAYKH 0 3EMIIE

Kak ¢goopmmpoBanach
camas 6onbLuas

B MUpe peka?
OT1BeTMB Ha 3TOT
BOMpPOC,
nccnegosarenm
CMOryT OOBbACHUTL
NCKJTIOHYNTESTbHOE
n3obunue cnopsl

n doayHbl
B TPOMUYECKMX necax
AmaszoHunu

pu B3ragage Ha AMa30HKY

CBEpXY, HeJIb3d He 3aMETUTh,

YTO BoJla ABJAETCA JOMUHAH-
ToU nmaHAmadTa Aame 3a npeaeaa-
MU €€ MOIIHOTO OCHOBHOTO pycia,
OKPYIKEHHOTO 6€CUYUCIeHHBIMHU 03€-
pamu. Pexa namHoi 6,5 ThIC. KM pac-
TAHYyJAach OT TOPUCTOU MECTHOCTH
B Ilepy Ha nob6epexbe Tuxoro okeaHa
10 ATmaHTU4Yeckoro nobepexbsa bpa-
3unuu. MI3BecTHO, YTO peKa NUuTaeT
2,5 MJIH. EM? caMOro pa3Hoo0Gpa3HoOro
Ha 3eMJie TPOoIIMYecKoro jeca. B ceso-
HBI JOMK/JIEU OHA BBIXOJUT U3 O6eperon
¥ 3aTOIIAET OOIIMPHBIE JIECHBIE IIPO-
cekHn. Jloaroe BpeMs He CyIIIeCTBOBAJIO
YEeTKOU TEOPUH OTHOCHUTEJIBHO IIEPUO-
Ja 3apoKAeHUA AMa30HUM.

PoxaeHne peku ObLJIO AJIUTEIBHBIM
U CJIOMKHBIM IIPOIIECCOM, OKa3aBIIUM
3HAYUTEJIbHOE BIUSAHIE Ha 9BOJIOIHIO
PacTHUTENIBHOrO U }KUBOTHOTO MHpA.
MHorue uccjaeoBaTesd CUUTaIoT, YTO
TIpesk/ie YeM HOJONUTU K ATIIAaHTHUYIECKO-
My OKeaHy, peKa IIuTaja MHOMXKECTBO
B3aUMOCBA3aHHBIX 03€p B CPEeJIUH-
HOU YacTU KOHTHMHeHTa. BonoTtucrasa
TEeppUTOPUA co3JaBaljla UaealbHbIE
YCJIOBUA AJIA JKU3HU KaK BOJHBIX, TAK
U Ha3eMHBIX JKUBOTHBIX, KOTOPBIE
NOABUJINCh M Hadyajlld pa3BUBaATbCA

ropasjo paHblle, YeM JyMaJId IIPek-
z1e. 9To OO'BSICHSIET TO, YTO JKUBOTHBIE,
0OBIYHO OOUTAIINE TOJBKO B OKea-
He (cpeau HUX Jlaxe JAeJb(PUHBI), IIpe-
KPAaCHO KUBYT BO BHYTPHUMATEPUKO-
BBIX peKaX U 03epax AMa30HUU.

O yem CBNOeTeNibCTBYIOT
OTNOXEeHUa?

Kak e mpoucxoauiia 9BOJIOLUSA KU~
BOI mpupojsl B AMa3oHuu? B 1988 r.,
NPUCTYNUB K UCCJIEJOBAHUAM, f I10-
Jo3peBajia, 4TO JIy4YIllUe CBUAETEIb-
CTBa, XapaKTePU3YIOIIHUE OKPYKAIO-
IIYI0 Cpeay ApeBHer AMa30HUH, CIPA-
TaHbl B MACCUBHBIX OTJIOMKEHUAX UJIA,
IIecKa M ocTaTKaX pacTeHUU, XpaHdA-
IIUXCSA B pycJiie MOIHOU peku. Ho kak
no6paTbcd 0 OTJIOKEHUM, CKPBITHIX
NJI0THOW PacTUTEJIbHOCTBIO JAKYH-
rineii? Ha npoTs:KeHUU COTEH KUjIoMe-
TPOB BoAHBIX Tpacc B Komym6uu, Ile-
Py u Bpasuinu Mbl 06HAPY KU JIUIITb
HECKOJIBKO JI€CATKOB 3HA4YUTEJIbHBIX
obHaseHuil. Ham ynamoce go6paTh-
csA TOJIBKO JO CaAMBIX BEPXHHUX CJIOEB
CKaJbHBIX GOPMHUPOBAHUN, KOTOPHIE
B HEKOTOPBIX MeCTaX yXOAAT BIIyOb
mo4YTH Ha 1 KM.

I[Tocne 3aBeplIeHUA MOJIEBBIX HC-
CJIeIOBAaHUH A IIPUIIA K BBIBOAY, YTO
npuMepHoO 16 MJIH. IeT Ha3aj, B Hada-
Jle Iepruoja, Ha3blBAEMOIO IreojloraMu
«cepeInHOM» MHUOIleHa, AMa30HKU He
cymecTBoBaJo. Boiabmiasa yacTbk OTHO-
cAmMuUXcA k 6ojiee paHHUM Ileprojgam
CKaJIbHBIX IIOPOJI COCTOAJIA U3 Kpac-
HOBATBIX IVINH U 6EJIOTO KBAapIeBOI0O
Iecka, o4eBU/HO, o6pa3oBaBIIerocs
B pe3yabTaTe 9PO3UU I'PAHUTOB U IPY-
T'UX CBETJIOOKPAIIEHHBIX II0POJ KOHTHU-
HEHTAJbHOTO IPOUCXOKACHUA. Takoi
cocTaB IoAgpa3yMeBalJl, YTO paHHUE
BOJIHBIE IIyTH PErMoHa 3apoiKIaIuCh
B caMoM IleHTpe AMa3oHuu. f caena-
Jla 3aKJI0YeHHe, 4YTO BO BpeMeHa paH-
HEro0 MHUOIIEHA PEKHU TEKJIU Ha CEBEPO-
3amaj] ¢ pacIoJIOKeHHBIX B INIyOUHE
KOHTHHEHTA HU3KUX XOJIMOB, U HEKO-
TOopble U3 HUX Brajanu B Kapubckoe
MoOpe.

JlangmadT AMa3oHUHU 3aMEeTHO U3-
MEHUJICA IIOCJIE TOTO, KaK B pPe3yJbTa-
T€ TEKTOHUYECKON aKTUBHOCTHU B3MBbI-
JIU BBBICh C€BEPO-BOCTOYHBIE AHJIBI.
O6 5TOM CBUJETEIBCTBOBAJIO TO, YTO
MBI CTAJX BCTpedaTh YepeJoBaHUA

GUPIO30BO-CUHUX, CEPBIX U 3€JICHBIX
IVIMH, KODUYHEBOTo IIecyaHUuKa u ¢oc-
CHJIN3UPOBAHHOTO MaTepuaja pacTu-
TeJbHOI'0 IPOUCXOMKICHUA, Ha3bIBae-
MOTO JUTHUTOM. XapaKTepHas CJIOU-
cTas CTPYKTypa GOCCUIN3NPOBAHHBIX
OTJIO:KEHUH IToKa3aJia, YTo Boa, KOTO-
pasa ux ¢dopmupoBaa, yiKe TeKja He
Ha ceBep, a Ha BOCTOK, T.€. HOSBUBIIIN-
ecs Ha 3alajie ropbl U3MEHUJIN XapaK-
TEep CTOKA, 3aCTABUB BOJHBIA IIOTOK
YCTPEMUTBCA B CTOPOHY ATIAHTHUKU.

AHaIu3 ocaJJOYHOU MOPOABI, IPO-
BeJleHHbIM B BareHMHreHCKOM YHHU-
BepcuTteTe B ['ojTaHAWUU, ITOKaA3all,
YTO MHOTHE M3 BKPAIlJIEHUN KOpUY-
HEBOI'0 IIecKka He OblIM (pparMeHTaMu
TEMHOTO aCIUHOTIO CJIAHIA U IPYTUX
II0POJi, KOTOPbIE HAYaJIU BBIMBIBATh-
Ccf C IOJ’bEMOM 3aHOBO POKIEHHBIX
AnJ. Bosee Toro, HEKOTOpPbIE BEpaIljie-
HUSA IBLIBIBI U CIIOP, OOHApPYKEeHHbIE
B INIMHAX U JUTHUTAX, IPUHAJJIENKA-
JIM XBOHHBIM IIOPOJAM M IluaTtee Jpe-
BOBH/IHOM, 2 OHU MOTJIM PACTH TOJb-
KO Ha BepPIIMHAX FOPHOU IpAABL. JTa
NBLIBIIA KOHTPACTUPOBAJja C NBUIBLOHN
pPacTeHUH, KUBYIIUX TOJIbKO B HU3-
MEHHON KOHTHHEHTAJbHON MECTHO-
cTH, oOHapYKEHHOU B 6oJsiee ApeBHUX
OTJIOKEHUAX MUOIleHA. Mou BBIBOJBI
IO TBEPAUIIN KEPHBI CKAJIbHBIX IIOPOJ]
BpeMEH MHoIlleHa U3 Bpasuauu, Ko-
TOpBIE IPEACTABIAIT €JUHCTBEHHYIO
IIOJIHY IO ITOCJIEI0BATEIBHOCTD 3aMEHBI
KPaCHOBATBIX IJIMH Ha CHHHE U KOPHUY-
HeBBIE OTJIOKEHU.

TakuMm 06pa3oM, BpeMs 3apOKICHUA
AMa30HKHU ObLIIO ycTaHOBJIEeHO. Ho BCko-
pe BBIACHHUJIOCH, YTO PEKa JOCTHUIIA
CBOET'0 II0JIHOTO BEJIMKOJICIINS HAMHO-
ro noaxe. B 1997 r. [laBuy [lo6coH (Da-
vid M. Dobson) u3 Kosne:xa 'nindopra
B 'puHc6opo, mt. CeBepHaa Kapou-
Ha, 0OHAPYIKHUJI, YTO IIeCYaHble BKpa-
IJICHUS, KOTOpBIe 1 OTKPBLIa B AMa-
30HUH, BIIEPBbIE CTAJIHU HAKAILINBATE-
cd BIOJIb obepexbsa Bpasuauu Bcero
auib 10 MJIH. J1eT Ha3aj. ITo o3Hava-
€T, YTO IIpeBpallleHrle PeKU B TPaHC-
KOHTHUHEHTAJbHYIO BOJAHYIO CHUCTe-
My IIPOJOJIKAJIOCH 110 KpaliHel Mepe
6 MuIH. JeT. VcciieoBaHue reoJioruye-
CKHUX U3MEHEHU, KOTOPbIE ITPOUCXOM-
JIV B TOT IE€PEXOJHBIN IIEPUOJ, IIPOJIUIIO
CBET Ha IIPOMCXOKIEHUE COBPEMEHHOMU
dayHBbI peruoHa. >
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KPYMHENLUME PEKU MUPA
N NX CTOK

Peka xapakTtepuayeTcs OfMHOW, Nio-
wagbo BOOOCOOPHOro 6accenHa,
rofoBbIM CTOKOM, MakCumalbHbIM
pacxofom BOAbl U eLle LesbiM psagomM
nokasatenen. Camas onuHHas peka
He ob6sa3aTenbHO ob6nagaeT cambiM
60MNbLUNM FOAOBbLIM CTOKOM — Y PEKMU
C MEHbLUVM BOJOCOOPHBLIM 6aCCENHOM
rojOBOM CTOK MOXET ObITb 3HAYNTENb-
Hen. [pn Npo4mx paBHbIX YCNOBUAX
rogoBOM CTOK peku TeM 60JibLUe, YeM
o6LuMpHee ee BOOOCOOPHbIN 6ACCENH.
Ho reorpaduyeckne ycnosus He 6bl-
BalT paBHbIMU. 3aHMMas nepsoe
MecTO no nnowagm Bogoc6opHOro
6acceviHa, AMa3oHKa CTOfb Xe YyBe-
PEHHO NUAMPYET 1 MO FOAOBOMY CTOKY.
BTopoe mecTto no o6oum nokasarte-
nam — y KoHro. Ho yxe 3gecb Ha-
YMHaET YyBCTBOBATLCS HEPABEHCTBO
ycnoeui. Mo nnowapn 6accenHa
KoHro yctynaet AMa3oHKe NnpyMepHoO
BOBOE, a N0 rof0BOMY CTOKY — MOYTU
BnATepo. CornacHo KnumaTtuyeckomn
KapTe, KOIM4ecTBO 0CaakoB B 6accen-
He KoHro meHblue, 4em B 6accerniHe
AmMa3oHKuK, xoTs oba pacnonararTcs
B OCHOBHOM B 3KBaTtopunasibHoM n cy6-
3KBaToOpuasibHOM Mmoscax. AHU3bI
n OpuHOkKO Mo nnowann 6accenHa
BOOOLLE He BOLUIW B MEpBYy OeCHAT-
Ky, HO MO roAOBOMY CTOKY 3aHS/Iu CO-
OTBETCTBEHHO TpPeTbe W 4YeTBepToe
MecTa 6narogaps N€THUM MYCCOH-
HbIM JOXAAM (HHU3bI) U 06UbHBIM
ocajkam cyb6akBaTopumanbHOro nosca
(OpuHOKO). BbiCOKMIA rOAOBOM CTOK
EHuces n JleHbl 06ycnoBreH, B 4YacT-
HOCTW, LUIMPOKMM pacnpocTpaHeHnem
B MX 6acceriHax MHOrofieTHen Meps-
notbl. Mexpgy Tem O6b, 6accerH Ko-
TOpOW NpeBbILLaeT 6acceriHbl KaXxaon
N3 3TUX ABYX PEK N 3aHUMAaET HeTBep-
TOe MecTo B MUpe, MO roA0BOMY CTO-
Ky He BOLUMa B NEPBYIO OECATKY, Tak
kak 3anagHo-Cubupckasa paBHUHA
0YeHb Nyockas, NMOBEPXHOCTHbIV CTOK
3aTpyfHEeH, O 4YeM CBUOETENbCTBYET
cunbHasa 3a60fo04eHHOCTL H6accenHa
O6u. Hun no rogoBoMy CTOKY 3aHVMMa-
eT 26-e mecTo B Mupe, ycTynas Bonre
n OdyHato. Peka npoTtekaeT no camon
KpyrnHOW nycTbiHe Mupa. Bonra, ca-
Mas 6onbluas peka EBponbl, 3aHnma-
eT 18-e mecTo B Mupe no gnuvHe, 15-e
no nnowagn 6acceriHa n 19-e no ro-
[OBOMY CTOKY.

Mo maTepmanam «Pugeps3 gangxecr»

CkenTuumu3m no nosoay
MOPCKOro nponcxoxxaeHusa
PaHee cYMTAJIOCH, YTO B 3IIOXY MUOIE-
Ha TePPUTOPUIO AMA30HUU 3aTallJIu-
BaJIo MeJkoe Mope. CTOpOHHUKHU JaH-
HO¥ TUIIOTE3bl YKAa3bIBAIOT, UYTO JJIH-
TeJIbHAsA CBA3b C OTKPBITBIM OKEaHOM
00'bACHAET, KaK AeIb(PUHBI, JaMaH-
THUHBI, CKaThI U JIP. IIONIAJHN B CepPeIu-
HY KOHTHUHeHTa. [lo3qHee, KOrjga Mo-
P€ OTCTYIHJIO, B XO/i€ 3BOJIIOIINN OHU
NPUBBIKIY K JKU3HU B IIPECHOU BOJE.
HccnegoBaTenu Hamau Ha ore IOmx-
HOW AMEpHKM yOequTeJbHBIE JOKa-
3aTeJbCTBA CyIIEeCTBOBAHUSA MEJKO-
ro MOpPsA Ha TEPPUTOPHUHU BHYTPEHHEH
ApreHTHUHBI BO BpeMeHa MuoleHa. Ta-
KHe apryMEeHTBI JeJIAaI0T CIleHAapUi
MOPCKOTO IIPOUCXOKJAEHUA BechbMa
I pUBJIEKATEJIbHBIM, HO MHE yJaJ0Ch
HaUWTH LeJbId pAJ CBUIETEIbCTB, KO-
TOpBIE 3aCTABJIAIT CYUTATH, YTO Be-
POATHOCTH JOMUHAHTHOM POJIX TAKOHU
cBA3U B (OpMUPOBAHUU JaHAIIadTa
Ha MNPOTAKEHUH JIOJITOr0 BpeMeHU
KpaliHe maJjia. HampoTus, MBI moja-
raeM, 4To co6paHHBIe MHOIO 06pas-
IIbI CKAJBbHBIX IIOPOJ], OTHOCAIIINUXCSH
K CPpeJUHHOMY MHUOIIEHY, OXBaThIBa-
IOIEMY IIEPUOJ IIPUMEPHO OT 16 mo
10 MIH. €T Ha3a/, ABIAI0TCA PEJIUK-
TaMH IJIaBHBIM 006pa3oM IIPECHOBO/I-
HOU OKpYIKaIOILIel cpebl.

OpHoM 13 Haubojiee 3HAYNMBIX 0CO-
6eHHOCTEeN CKaJIbHBIX IIJJACTOB Cpe-
JWHHOTO MHUOLIeHa ObliIa X IEPUOJN Y-
HOCTb. BHauasne g mosaraJjia, 4To aTa
CTPYKTypa co3gaBajach II0 Mepe TOo-
ro KaK pas3jJN4YHbIe BUBI OTIOKEHUN
¢dbopMHpOBaAIHCH HA IPOTAKEHUN MHO-
THUX JIeT B XOJie IIePEeMEeKaAIOIIUXCHA Cy-
XWX U BJIQXKHBIX CE30HOB, YTO TUIIHNY-
HO UL TEPPUTOPUH, Ky/Zla CTEKAIOTCA
MaJible peku. Bo BpeMms cyxoro ceso-
Ha YaCTHUIIbI IOYBBI U PACTUTEIbHBIN
MaTepHuall MeJIJIEHHO OCeaId Ha JTHO
MeJIKHUX 03ep U 60J0T, GOopMHUPYHA CU-
HUeE INIUHBI 1 JTUTrHUT. C HACTYIJIEHU-
eM Cce30Ha JI0K/JIeH IOIVIoNIAaIoIe Bee
Ha CBOEM IIyTHU NOTOKHU, HU3BEPTaro-
muecs ¢ GOJbIINX BBICOT HA 3amaj,
HecJIHu ¢ coO60i KOpHUYHEBHIE ITECKH.
Kpowme Toro, B 104X IIeCYaHUKA HAXO0-
AT MUHEPAJIbl, TUIIUYHBIE JJI51 BBICO-
KOTOPDHBIX AHJ,.

MartTu Peiizanen (Matti Rasanen)
u3 YHuBepcuteTa Typry B PUHIAHAUU

YTBEPKIAET, UTO YePeAyOIINeCd TUIII
OTJIOXKEHUU CBUAETEJIHbCTBYIOT O Ha-
CTYIIJICHUU W OTKATe OKCAHCKUX IIPU-
JIUBOB M OTJHUBOB, KOTOPbIE 3aMETHO
U3MEHUJIN 6eperoBble JIMHUU MEJKOI'0
MOpS UM AeJIbTy AMa30HKHU TOrO Bpe-
MeHH. HacTynaromiye NpujJInBbl HECIU
c coboil IIeckH, a UJI U pacTUTEJbHbIE
OCTaTKU OCeJajil BO BpeMsdA OTJIHBOB.
OpHAaKO BaKHO 3aMETUTh, YTO IPUJIHU-
BBl ¥ OTJIMBBI MOTYT OBITH U Ha 0O0JIb-
IIUX IPECHOBOAHBIX O3€pax.

CaMBIM BECOMBIM CBH/AETEIbCTBOM
JNOMWHAHTHOHN POJIM IIPECHOU BOJIBI
B ¢opMHpOBAHHUU JaHAIMIAdTaA BO
BpeMeéHa CPeJJUHHOIro MUOIeHA OKa-
3aJIuCch Norpe6eHHble B OOHAKEHUAX
MHOTOYHCJIEHHBIE OKaMeHesocTHu. Kor-
na ®pasuk Beccenunr (Frank P. Wesse-
lingh) m3a My3sesa ecTecTBO3HAHUSA
B Jletigene, [osmaHanA, COTPOBOMKIAIT
MmeHsa B Konym6uio B 1991 ., oH pac-
KOITaJI B IIOPOAAX CPEJMHHOr0 MUOIE-
Ha KpaliHe pa3Hoo6pa3HOe CKOIJIEHHUe
HCKONaeMbIX MOJIJIIOCKOB. OCHOBBI-
BasAchk Ha OoJsiee paHHUX paborax Ila-
Tpuka Harranna (C. Patrick Nuttall)
u3 BpurtaHckoro mysesa B JIoHIOHE,
BeccenuHTr npoBes TaKCOHOMUYECKOE
HCCcae0BaHUE MOJITIOCKOB, KOTOPHIE
o6uTanu 7 MJIH. JIET NOBCIOAY B AMa-
3oHUU. [lo3:Ke OH IoKasaj, 4YTo 60JIb-
IIMHCTBO M3 HUX IMPUCIOCOOGUINUCH
K JKU3HU B IIPECHOBOJHBIX 03€pax.

B 1998 r. Xpro6epT Bouxod (Hu-
bert B. Vonhof) ua OTkpbsITOro yHu-
BepcuTeTa AMcTepaamMa u BeccesluHT
NPHUIILINA K TOMY K€ cCaMOMy 3aKJIIo4e-
HUIO HA OCHOBAHUU aHAJIN3a XUMHUYe-
CKOTr'o cocTaBa PaKOBHUH MOJIJIIOCKOB.
T'ox 3a TOIOM MOJIIIOCKM CTPOAT CBOU
PAKOBHUHBI U3 yIJIepoja, KUCIOpoAa,
CTPOHIUSA U APYTUX 3JIEMEHTOB, pac-
TBOPEHHBIX B OKPY:IKAIOIIEeH UX BOJE.
CrnenoBaTeIbHO, COCTAB POCTOBBIX 30H
OT/AEIBHON PAKOBUHBI CIYHKUT CBU-
eTeIbCTBOM XMMHUYECKOTO COCTa-
Ba BOJBI 32 BPEMs KU3HU MOJLIIOCKA.
A TIOCKOJBKY COOTHOIIIEHUA U30TOIOB
CTPOHIIUSA 1151 MOPCKOM U ITPECHOM BO-
bl HE OITHAKOBBI, OHU MOTYT CIIYKUTH
IIOKa3aTeseM U3MEHEHUs COJIEHOCTH.

CoOTHOIIEHUA U30TOIOB CTPOHIIUA
OKA3aJIMCh OTHOCHUTEIBHO HEM3MEH-
HBI B IIIIPOKOM BPEMEHHOM U reorpa-
duyeckoM guarnas3oHe Ul N3y YeHHBIX
MOJIJIIOCKOB, & 3TO HE TOJIbKO TOBOPUJIO
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FLIP NICKLIN Minden Pictures (dolphin); DANTE FENOLIO Photo Researchers, Inc. (stingray); RON MILLER (maps)

HAYKH 0 3EMIIE

HAenbdrH AmMaso

Kpanyatbii pe4Ho ckat
(Potamotrygon folkneri)

Camas 6onbLuas TaiHa coBpeMeHHoi AMa3oHUn — fenbmyHbl, CKaTbl U ApYre TUMWYHO MOPCKUE CyLLecTBa, KOTOpble HAacensT UNNCTbIe
npecHble BoAbl Tponuyeckoro neca. Mpegnonaranock, 4TO Ha NPOTSXEHUU MUoLeHa, Mexay 23 n 10 MAH. neT Hasag, FOxHyo AMepuky
C ceBepa Ha 1or nepeceKasno Menkoe MOpe, U YTO 9TU XMBOTHbIE BEAYT Ha4aso OT CBOVX NMPeLKOB B OKeaHe, KOTOpble MUrPUPOBasv B PErMoH
BOAHbIM NyTeM. [o3Xe, Koraa Mope ucyesrno, faHHble BULbl 9BOIIOLMOHUPOBAM B MPECHOBOAHbIX

OT MOPA OO MOPA?

lOxHaa AMepuka B Haln fHN

——— TeppuTtopus,
nokasaHHas
C yBENM4eHnem

0 TOM, YTO cpejla uX obuTaHusa 6bLIa
HPEeUMYyIIeCTBEHHO IPEeCHOBOHOM,
HO U IIpejIiojiarajo, 94To 3abogodeH-
HadA TePpPUTOPUA HpeJcTaBisaaa coboi
rpPOMaJHBIN MAacCUB BOJbI, OXBAThIBA-
o1ui npubansurenbHo 1,1 MaH. kM2
¥ BJBO€ IIPEBOCXOAANINI pa3dMmep Be-
nukux o3ep B CeBepHOU AMEpHEKe.

BTopxeHus mops

HecmoTpsa Ha HOBbIE JJaHHEIE, CBHU/JIE-
TeJbCTBYIOIIME IIPOTUB TUIIOTE3bI O
JOJATOBPEMEHHOM CyIeCTBOBAHUM
MOPCKOH cpeAbl Ha TepPUTOPHUHU AMa-
30HUHU B 310Xy MUOIEHA, COOTHOIIE-
HUA U30TOIOB CTPOHIMSA B OCTAHKaXx
MOJIJTIOCKOB IIOKA3aJIy, YTO COJICHOCTh
OrPOMHOM 03€pPHOM CHCTEMBI BpeMsd
OT BPEMEHU IOBBIIIAIACH. VI3BEeCTHO,
4TO yPOBEHb MOPA BO BpeMeHa MUOIIe-
Ha GBLJ BBIIIIE, YeM CerofHA. BepoaTHo,
Kapu6croe Mope MOIVIO IO Y3KOMY KOH-
TUHEHTaJIbHOMY KaHajy HaXJLIHYThb
Ha I0T. J[eiCTBUTE/IbHO, OKaMEHEeJIOCTHU
pacTeHUH U KUBOTHBIX NOATBEPKAA-
0T CyIecCTBOBaHHE KPATKOBPEMEH-
HBIX CBA3€l ¢ okeaHoM. MopcKue Mu-
KPOOPraHU3MBbI U IbLIbIA MAHI'POBBIX
JlepeBbeB (BUJA, KOTOPBIHM IIpOIIBETAET

B COJIEHON MOPCKOH BoJie) 0GHAPYKU-
BaJIMCh B MOUX 00pasiax CKaJbHBIX
IopoJ, HO peKo. BMecTe B3ATHIE, BCE
CBHU/IETEJBCTBA IIOPA3yMeBaIOT, UYTO
3a IepHo/ CYIIIeCTBOBAHUSA 3a60JI0YeH-
HOU TeppuTopuu 16-10 MJIH. 1eT Ha3a [
AMa3oHUIO 3aTaIlIMBAJIO, 110 KpaltHel
Mepe, IBaKIbl.

Ilo caMBbIM TOYHBIM OIl€HKAM, MO-
pe IeproJuYeCcKH BTOPTrajoch Ha Cy-
LIy, ¥ 9TO HNPOAOIKAJIOCH B T€UEHUE
opAJKa ThICAY, & HE MUJIJIMOHOB JIET.
HecMoTps Ha TO, YTO COJIEHOCTB O3ep
HUKOT/Ia He IOXO/IUJIA JI0 Y POBHA COJIe-
HOCTHU OTKPBITOI'O OK€aHa, OHa BCe Ke
I103BOJIMJIa OOUTAIOIIUM B OK€aHe KU-
BOTHBIM IIPOHUKHYTbH B CAMBIH IIEHTP
AmasoHuu. McciegoBaHus, NIpoBe-
neaHble Hatanowm JlaBmxoeMm (Nathan
R. Lovejoy) n3 Yauepcutera TopoH-
To B CKap60opo, IIoKa3ay, YTO CKaThI
AMa30HUU, HAXOAAIHECS B GIU3KOM
POACTBE CO CKAaTaMU, KOTOphIe cefiyac
ob6utaroT B Kapubckom Mope, MUTpU-
poBaJiu BIiIyOb KOHTUHEHTA HEe3aJ0JI-
ro Jio 16 MJIH. JIeT Ha3a/I.

NsydyeHue nenb(@UHOB NPUBOAUT
K aHaJJOTUYHBIM BbIBogam. B 2000T.
WNuca Kaccenc (Insa Cassens) u3 Ot-

KpBITOTO YHUBepcuTeTa Bproccena
(Beabrusa) npuIlia K BEIBOAY, YTO PO-
30BBbl€ peYHBIE AeIb(UHBEI B COBpeE-
MEHHOW AMa30HUU — PEJIUKTOBBIE
IIOTOMKH UX MOPCKUX cOOpaTheB, IIN-
POKO pacIpoCTpaHEHHBIX B PaHHEM
MUOLIEHE, HO IOTOM OBICTPO UCUYE3HYB-
mMuX, a Te AeJb(PUHBI, KOTOPbIe 001-
TaloT B AMa30HUU TeNepb, ABIAIOTCA
BH/JIOM, IIPUCIIOCOOMBIIIEMCH K KU3HU
B ITpecHOH Boje. EBnanua Banryepa-
Xatminectpoaa (Eulalia Banguera-Hin-
estroza) us Yausepcurera Bosute B Ko-
JIymMOuHM HeJaBHO oIlHcaja JBe TeHe-
TUYECKHN Pa3Hble I'PyNNbI AeIbGUHOB
Inia, ogHy 13 AMa30HKHU, a JAPYTrylo U3
Bonusuu, nokasas, 4YTO UX pasjeasdeT
3HA4YUTEJbHBIN 0Tpe3ok. Takoro pas-
JleJIeHUsl He IIPOU30III0 Obl, ecIu Obl
Mope Bce ellle 00’ beJUHAIO PETUOHBI.

Mpolunoe Tponuyeckoro neca

JlokasaTeabCcTBa TOrO, UTO GaccelH
AMa30HKH BO BpeMeHa MUOoIleHa GbLI
CKOpEe 03epOM, YEM MOPEM, 3aCTaBH-
JIM ICCJIEIOBATEJIEH [10-HOBOMY B3TJIs-
HYTb Ha UCTOPUIO TPOIIUYIECKOTO JIeca.
OIHOM M3 TOCIHOACTBYIONIUX TEOPUHA
0 MPOUCXOMKJAEHUU pasHoobpasus p
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HAYKH 0 3EMIE

TPAHC®OPMALIMA AMA3SOHNA

O6LwupHas TeppuTopus tOXHOM AMeprKK 3a NpoLuefLune 25 MITH. NeT npeTepnena no MeHblUuel Mepe TpW Cepbe3HbIX M3MeHEHWs NaHA-
wadgTa. MHOrMe CoBpeMeHHbIE UCCIEAOBATENN CHUTAIOT, YTO B AaHHbIN Nepuos TeppuTopuio AMasoHUM NOKPLIBaIo MOpE, Nogbem AHL
Hanpasun Te4eHne pekn Ha BOCTOK paHbLLe, YeM NPEeAnonaranocs Npexae, 1 B nocieaytolne MUIMIMOHLI NIeT 3apoxaatoLasnca AMasoHka
nuTana ofHy U3 cambiX KpYMHbIX B MUPE CUCTEM CBA3aHHbIX 03ep, MoKa, HaKOHeL, He Biuack B ATNaHTUYECKMU OKeaH Ha paccTosHUK

noyTn 6500 KM OT UCTOKa

Tepputopus,
nokasaHHas
C yBenu4eHmem

lOxHaa AMepuka
B Halu AHN

CeBepo-BOCTO4HbIE
AHpbI B cTagumn
3apoxpaeHus

3apoxparoLancs
AmaszoHka

CoBpeMeHHble
CeBepOo-BOCTOYHbIE AHAbI

Kapwn6ckoe mope

n

CErogHsa

MopBopHas rpsiaa

CoBpeMeHHas AMa3oHKa

25 MJ1H. IET HA3A

B Havane anoxu muoueHa AMa3OHKW U CEBEpPO-BOC-
TOYHbIX AHA He 6bIno. I3HavanbHble BOAHbIE MOTOKKU
AMaszoHuM TEKNN Ha ceBepo-3anaf C HWU3KO pac-
NOJNIOXEHHbIX XONIMOB B CEpPEfMHE KOHTUHEHTA,

HekoTopble M3 HMX nonaganu B Kapubckoe
Mope

HWn3Ko pacnonoxeHHble XONMbl

15 MJTH. JIET HA3A[

Korpa B pesynbTate MHTEHCUBHOW TEKTOHNHYECKOW aKTUBHOCTY ce-
BEPO-BOCTOYHblE AHbl NOJHANUCL A0 YPOBHS OKOMO YeTBEPTOW
4acTu CBOEN HblHELUHeN BbICOTbl, OHN OTCEKNN PeKn cesepo-
3anajHoW 4acTu permoHa v BbIHyaMNV BOAY Te4b BAOMb CBO-
X BOCTOYHbIX CKSIOHOB. OAHMM U3 TakuMx NOTOKOB cTana
3apoxpatoulasacs AMa3oHKa, KoTopas Hecna cBOu BOfbI
Ha O6LUMPHYI0 3a60M0HEHHYI0 TEPPUTOPUIO, MOCTENEHHO

pacLUMpAIOLLYIOCS B BOCTOYHOM HanpaefeHuu

Peka gocturna coBpeMeHHoro paamepa npuMepHo 10 MH. NeT Hasap, Korga oHa

BOLUMA B HEMNOCPELCTBEHHbIV KOHTAKT C ATNaHTUKOW, BO3MOXHO, 3a CHeT Jomnor-

HUTENbHOIrO TEKTOHUYECKOro nogbemMa AHf. BbinnecHyBLUMCH B OKeaH, peka ocy-

LUMa MHOXECTBO 03ep, KOTOPbIE HA NPOTSXXEHUU A0TOro BpeMeH! JOMUHM-

poBanu B naHglwadTe AMasoHUK, U Havana cMbiBaTb 0Cafo4HbIE NOPOAbI

no6epexobs Bpasnnuu, KoTopble cHOPMUPOBANIU OANH U3 CaMbIX KPYMHbIX
B MVpe NOABOAHbIX CBOLOB

AMaszoHUU GbliIa TUIIOTE3a €€ BO3HUK-
HOBEHUSA cpaay HocJie JEeJHUKOBBIX
HepHOoJI0B, UMEBIINX MECTO NPUOLIN-
3UTEJbHO MUJIMOH JeT Hadaj. Ha-
CTYILJIEHUWE 3aCyIIJIHUBBIX YCIOBUIA,
CXOAHBIX C TEMHU, YTO BO BpeMeHa
JIETHUKOBBIX MEPHOJOB OBIIN XapakK-
TEepHBI JI ceBepHOU yacTu IOmHON
AMeEpHUKH, CTAJO0 OJHUM U3 JIOTHUY-
HBIX 06'bSICHEHUU IIpeBpaIeHUs TPO-
IUYECKOro jieca B HeGoJIbIIne pa3os-
IIeHHbIe cpeabl o6uTaHuA. MHOrue

y4eHble MPEAIOaaraT, ITO IJIA [10-
CTUIKEHUS OMOJOTUYECKOTO U300U-
JIAS TAKOe pasjiejieHrne HeoOGXO0IUMO:
TeopUs IVIACUT, YTO KOrja HeGOoIbIIIne
TEPPUTOPUH HEKOTAA TPOMATHOM cpe-
bl OGUTAHUS OKa3bIBAIOTCS OTPE3aH-
HBIMH JIPYT OT APyra, IIOX0XKHUE IOITy-
JIAIAY BUZA TPEKPaIaoT UHTEPOPU-
AuHT. CIycTsa HEKOTOpOe BpeMs TaKOH!
IIPOI[eCC TMO3BOJISIET OAHOU IOIYJIsi-
IUU OPUOGPECTHU YepPThI, TeHETUYE-
CKU OTVIMYHBIE OT APYTUX, GOpMUpPYH,

B KOHEYHOM CUYeTe, COBCEM HOBYIO pas-
HOBUJIHOCTB.

U3 TOro e caMoro JJoKa3aTelbCTBa,
KOTOpO€e IIPOJIMJIO CBET HA 03E€PHYIO
9KOCHCTEMY, CJIEeAyeT, YTO IO 6OJIb-
el 9acTU COBPEMEHHBIE COBOKYITHO-
CTH PaCTeHUU U JKUBOTHBIX AMa30HUU
IpolBeTall ¥ MUJJIUOHEI JeT Hasajl.
Hanpumep, MoaHBINM Ha60p NBLIBIIHL,
KOTOPBIII MOU ITOMOIITHUKM HU3BJIEK-
JIX U3 CKAJbHBIX IIOPOJI MUOIIEHA, I10-
KaszaJl yIUBUTeJbHOE pa3Hoobpasue
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HAYKH 0 3EMIIE

pacTuTeabHOCTH. I MAeHTUOUIUPO-
BaJsa 214 pasdHoBUgHOCTEH. BonpmuH-
CTBO M3 YacTO BCTpevYaBIInXcsa obpas-
1I0B IIBUIBIIBLI 6BLIO OT IIBETYIIUX pac-
TeHUM, 06BIYHO pacTyIIUX 110 6eperam
PEK u B CBOEM MHOTroo6pas3muu 1momob-
HBIX TEM, YTO MOKHO CEroJHs oOHapy-
HKUTh B jecy. B mro6oM ciaydae, -
TeJIbHOEe NpebbIBaHUE COJIEHOMN BOJBI
B pETUOHE OTPAaHUYHMIO GBI BO3MOMK-
HOCTB ITpe06IaJaHUsA 9TUX HA3€MHBIX
Pa3HOBUHOCTEM.

HoBoe ncciaenoBaHUe MOJIJIIOCKOB,
yEKasbeIBamlee, 4To, 6iarogapsa KIIH-
MaTy, B 310Xy MHUOIl€HA COXpaHU-
Jlochk pa3dHoo6pa3ue TPOINUYECKOIo
Jleca, MOAKPEINUIO Pe3yabTaThl, IO-
JIydeHHBbIe IIPU U3YYEeHUU IBIIBIHI.
Pon Kaanpopn (Ron J. G. Kaandorp)
13 OTKPBITOr0 yHUBEpCUTEeTa AMCTeD-
JaMa 0OCMOTPeJ POCTOBBIE CJIOU PAKO-
BUH MOJITIOCKOB, *KUBIIUX IIPUMEPHO
16 MJH. 1eT Ha3a/, KOTOpble IIOKa3a-
JIA coYyeTaHUe M30TOIIOB KUCJI0POoaa,
HallOMUHAaloIlee aHaJOTUYHOe Jepe-
JOoBaHHE, OTMEUEHHOE y COBPEMEH-
HBIX MOJIIIOCKOB AMa30HUMU. M3BecT-
HO, YTO B COBPEMEHHBIX pPaKOBHHAaX
nepeMeskarIliuecd CJIOU ABIANTCA
pe3yabTaToOM CMEHBI BIAMKHBIX U CY-
XuXx ce30HoB. HecMoTpsa Ha To, 4TO
KJIMMaT BO BpeMeHa MUoIleHa GbLI
Teljee, IPUCYTCTBUE IOYTHU UJEH-
THYHBIX XapaKTEePHBIX 0CO6EHHO-
cTell KUCJIOPOJICOAEPKAIINX COeUHE-
HUI B OCTaHKaX JPEBHUX MOJIJIIOCKOB
nmpejnojaraeT, YTo HeO6X0AUMOe A1
MOAJePKAaHUA S9KOCUCTEMBI TPOIIHYe-
CKOro Jieca Kojeb6aHUEe KIMMaTHUYe-
CKUX YCJIOBUH yiKe ObLIO, IpUYEM 3a-
JIOJITO 10 JIEAHUKOBBIX IIEPUOIOB.

PocTt BUpOB
Bce Goubllle ucciiejoBaTesel CKIoOHA-
I0TCA K TOMY, YTO B 9II0XYy MUOILIEHA 3a-
Gol04eHHAA TePPUTOPUA AMa30HKU
6p1y1a KOIBIOEIbI0 06pa3oBaHUA BU-
JI0B, MECTOM, TJIe TIPOUCXOJINJI 9BOJIIO-
IIMOHHBIN B3pbIB. [TogbeM AHJA HTOCTy-
#KHJI Ha4aJIOM 3TOr0 IIPoIiecca, BI3BaB
poxIeHre AMa3oHKH, KOTOpasd BMECTe
C IPYTHMHU peKaMU IIPOJOoJKaIa MH-
TaTh OOIIMPHYIO 3a60JI0YEHHYIO Tep-
pUTOpHUIO, IpeobIafaBIIyio B AMa3o-
HUU B T€YE€HUE 7 MJIH. JIET.
HacTtyruieHue Ha perMoH MOpsi IIPOXC-
XOJIMJI0 HECKOJIbKO pa3. [IpecHoBogHAA

CBEXWE NOEN

KamHu Bo3pacTom npumepHo B 10—16 MIH. neT, nnacTbl 0CcafoyHbIX NOpof, BKpanmeHus
MbifbLbl U OKAMEHENOCTW MOJIIIOCKOB CBUAETENLCTBYIOT O TOM, YTO B CPEAVHHbIV Nepuog
3noxu MuoueHa B AMa3oHuy 6611 MPECHOBOAHbIE YCOBUS

BkpanneHus nbinblbl, 4acTo BCTpeYato-
LMecs B CKaslbHbIX MOPOAAX CPeAVHHOro
MuoLeHa, BeAyT CBOe MpoUCXOXAeHue
OT UBeTyWmnx pacTeHnn tuna Bomba-
caceae (cnea) n Caesalpinoideae (cnpa-
Ba), KOTOpble 06bI4HO pacTyT BAOSb 6epe-
roB TPOMMYeCKuX pek. Pegkue nosisneHus
NblSbLibl MAHTPOBbIX AEPEBLEB 1 OCTATKOB
MOPCKMX MUKPOOPraHM3MOB B TeX Xe ca-
MbIX OTNOXEHUAX MOATBEPXAAIOT, YTO CO-
neHas Boga BTopranacb B 3TOT PervoH
JMLWb Ha KOPOTKOE Bpems

Yepepytolmecsa nnactbl 0cafoyHbIX Mo-
POA CPEAUHHOrO Neproaa anoxm M1oLeHa,
HblHe 3acCTbiBLUME B CKallbHbIX Mopoaax,
npeacTaBnAlT CO60M TUNNYHbIE 3aNeXu,
XapakTepHble A/ Mefikux 6onoT. Bo Bpe-
Msl CE30HOB [OXA€EW BOAHbIE NOTOKW CMbl-
BaloT 6eCcYHMClIEHHbIE MEeCYUHKM Ha AHO
03ep, a B 3aCyLUMBbIE NEPUOAbI HacTULbI
una, MeasieHHo ocepfas, (hOpMUPYIOT OT-
JI0XXEHWS FWHbI MOBEPX CNos necka

OKpYIKalollas cpe/ia CBA3aHHbBIX MEK-
1y co6oio o3ep Oblia OTIAUYHBIM IH-
TOMHUWKOM /17151 HOBBIX BOJHBIX }KUBOT-
HBIX THIIA MOJUIIOCKOB, KOTOPBIE CO3-
Jlayii KpaiiHe pasHoo6pasHyo ¢ayHy
3a yAUBUTEJIBHO KOPOTKOe BpeMs. OHa
6OblJIa TaKXKe UJeasbHA I MEJIKUX
paxoo6pas3HbIX, HA3BIBAEMbIX PaKyIII-
KOBBIMHU.

ITo3:ke, Korga o3epa IPOJIOKHUIU
PYycJI0 IIOJTHOBOAHON AMa30HKU, 60/Ib-
masg 9acTh IIPECHOBOJAHBIX MOJIJIIO-
CKOB I PAKYyIIKOBBIX, KOTOPBIM HY K-
HBI 6bLJIN 6OJiee CIIOKOMHBIE O3epHbIE

lMpecHoBOAHbIE MONMIOCKKW, BKNo4Yasa Pachy-
don (cnesa) v Sioliella (cnpaBa), cocTaBnsaT
60JIbLLUMHCTBO MOJITIIOCKOB CPEAUHHOro MUO-
LeHa, o6Hapy>XXeHHbIX Ha BCEW TeppuUTOPUN.
TONbKO HECKOMNbKO M3 HaWeHHbIX TaM pasHo-
BWAHOCTEN MOrN BbXKUTL B COJIEHON BOAE

HacbiweHHas

f

v

NcToweHHas

Diplodon

Triplodon

KoHueHTpauus kncnopoga-18 oTHocu-
TeNnbHO CPeaHero ypoBHs B MOPCKOii Boae

PocTt PakoBUHbI BO BDEMEHN ———

M30TONHbIN cOCTaB KMCNOpoAa B pakoBUHAX
MONNoCKoB, Hanpumep, Diplodon (cuHssa kpu-
Bas), BO3PACT KOTOPbIX HACHUTbIBAET 16 MIIH.
neT, TOBOPUT O TOM, YTO XMBOTHbIE XUNKU
B TPOMMYeCKOM MorimMeHHOM o3epe. B po-
CTOBbIX CIIOSIX PaKOBWHbI, KOTOPYIO MOMJIOCK
CTPOWUT M3 PacTBOPEHHbIX B BOAE 3/IEMEHTOB,
OTMeYeHbl CMEHbI MEPUOMOB HACBILLEHNSA N UC-
4e3HOBEHUSA pefKoro n3otona kucnopopa-18.
Takoi xapakTep YepepoBaHWs, KOTOPbIN
OTMEeYaeTCs U y COBPEMEHHOro MOMCcKa
Ama3zoHnuu, Triplodon (kpacHas KpuBas), nop-
pasymeBaeT, YTO XMBOTHbIE XUNK B KNUmate
C NepemMexeHneM BRaxHbIX U CYXUX CE30HOB,
TUMWUYHOM [Ns Tponuyeckux necos. Ecnu Gbl
OHM 06UTanu, Hanpumep, B COIEHOM MoOpe,
KpuBble 6b1nn 6bl ropa3fo 6onee NoONOrnuMm

ycjoBusd, ucdesna. TeM He MeHee, U3-
MEHYUBBIN JaHAIA(T I03BOJIUI 9BO-
JIIOIIMOHUPOBATh 3HAUYUTEJIBHOMY KO-
JINYeCcTBY HAa3€eMHBIX PACTEHUHN U IKU-
BOTHBIX.

JedicTBUTENBbHO, Qpaopa u payHa
AMa30HKU YIUBUTEIbHO 3JTaCTUYHBI.
B Tedyenme 23 MIIH. JIE€T CyIleCTBOBa-
HUSA TPOIIMYECKOTO Jeca OHU He IIPOo-
CTO BBICTOAJIM, HO U IIPOLIBETAIOT, HE-
CMOTpSA Ha cepbe3Hble U3MEHEHUA
naHAamadTa, Mo beM BOCTOUYHBIX AHJ,
poskzeHre AMa30HKU U HACTYIJIEHUSA
MoOpcKol BoAbl. M

B mupe nayku [09] cenmaGpn 2006
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P"G¢“Hn — POCCUWNCKAA HALIMOHATNBHASA

BUBJIMOTEKA OLEHEHHbLIX HEMTPOHHbIX JAHHbIX

Mapk Hukonaes

XX BeK IO MpaBy MOYKET Ha3bIBaThCA BEKOM SA€PHOI
¢dusuku. Ee GypHOoe pa3BUTHE IPHUBEJIO HE TOJIBKO K CO-
3JaHUIO ANEPHOr0 OPYIKHUS, HO U K OTKPBITHIO yIIPaBJIs-
€MO¥ IIEITHOM peaKIuu JeJIEHUA

W3 1ByX BO3MOMKHBIX IIyTel U3BJIEUEHUA ANEPHOMN aHEp-
THU — TEePMOSJEPHOT0 CUHTE3a U IEITHOU peaKI[UU Jiee-
HUSA TAMKEJIBIX A/1ep, — JUIIb IOCAeJHUN GbLII OCBOEH, IIPHU-
YeM B HeOOBIYaMHO KOPOTKUU CPOK. Bo-IlepBBIX, I OCy-
IIIECTBJICHUA IIENHON peaKIlUM JieJleHus He TpebyeTcsa Tex
ACTPOHOMUYECKUX YCIOBUM, KOTOPBIE HEOOXOUMBI JIJI OCY-
IIeCTBJIEHUSA TEPMOAIEPHOTO CUHTe3a. BTOPBIM pemarnm
GaKTOPOM ABUJIOCH 3aIla3/IbIBAHNE YaCTU HEHTPOHOB, UCITY-
CKaeMBbIX IIPU JIeJIeHNH, B CPeJHEM U3MepsaeMoe CeKyHIaMu,
KOTOPOTO OKa3aJI0Ch IOCTATOYHO JJIsI HA/IEKHOT'0 yIIpaBJe-
HUA HEITHOU peaKIuen.

V3BECTHO, YTO JJII COOPYKEHUA AIEPHBIX PEAKTOPOB He-
06X01MMO OBIJIO 3HATH, KAK OCBOOOMKAAOIINECH IPU JeJie-
HHUU HEHTPOHBI B3AUMOJIEICTBYIOT C ATOMHBIMH AJIPAMU.
IToaToMy B T€4e€HHUE HECKOJBKUX JeCATUIETUH (Cc Hada-
na 50-x u 10 koHNAa 90-X I'T. IPOIIJIOTO BeKa) KOJJIEKTUBbI
YYeHBIX-AEePIIUKOB BO MHOI'UX CTPaHAaX 3aHUMAJIHUCh U3-
MepeHMeM HEeUTPOHHBIX JaHHBbIX — XapaKTEePUCTHUK B3au-
MOJIeiCTBUSA HEUTPOHOB C sApaMU. 1151 3TOH LieJIU UCIIOJIb-
30BAJIMCh U PA3JIUYHbIE YCKOPUTEU 3aPAKEHHBIX YACTHUIL,
I03BOJIAIOIIME ITOJIyYaTh HEHTPOHBI B pe3yJIbTaTe AAePHBIX
peaknuil Ha MUIIIEHU YCKOPUTEJIA, U HEHTPOHHBIE ITyYKH,
BBIBEJICHHBIE U3 aKTUBHBIX 30H PEaKTOPOB, U 00JIydYeHUe
B CaMHUX peaKTopax, a 4YacTb dKCIIEPUMEHTOB B CBO€ Bpe-
M ObliIa BBIIIOJHEHA C MCIIOJb30BAHUEM HEHTPOHOB fA/Iep-
HBIX B3PBIBOB. B TedeHHe BCcero sToro BpeMeHH OCYIIEeCT-
BJIAJICS CBOOOIHBIN O6OMeH pe3dyabTaTaMU U3MepeHUH. [Tox
arugoit MATATS ctai uagasBaTbed cHavasaa 6ubauorpadu-
YEeCKUH CIIPABOYHUK I10 AAEPHBIM JAHHBIM, a 3aTeM ObliIa
co3aHa MexkayHapoaHada 6asa gaHHBIX EXFOR, conepxa-
mias pe3yJIbTaThl BCeX BBIMOJIHABIINXCA B MUPE dKCIEPU-
MEHTOB I10 U3MEPEHUIO AJEPHBIX, B IEPBYIO OYepeb, HEel-
TPOHHBIX JJAHHBIX.

Y710 TaKOe HEUTPOHHbIE faHHble?
IIpe:xae Bcero, HEMTPOHHBIE JAHHBIE — 9TO TaK Ha3bIBA-
eMble HEHTPOHHBIE CeYeHUs anep. YTo6bl HEUTPOH B3au-
MojieicTBOBAJI ¢ AZPOM, OH JIOJM¥EH C HUM CTOJIKHYTBCA.
3HasA cocTaB MaTepuasa, ero yeJbHbIN BeC U YHCIo ABora-
JIPO, MOKHO pacCUYUTATh YUCJIO AEP ONPEAEJIEHHOr0 COpTa
B eJuHUIE o6'beMa. SCcHO, 4TO yeM GoJbIlle pa3Mephl A1pa,
TeM 6oJiee BEPOATHO CTOJKHOBEHUE HEeHTpoHa ¢ HUM. Xa-
PaKTepPUCTUKA BEPOATHOCTHU CTOJKHOBEHUS — IIJIOIIaJb
IOIIEPEYHOro ceuyeHusd Afpa. HeTpoHHBIE cedeHUs saaep
U ABJIAIOTCA CAMBIMU BaKHBIMU HEUTPOHHBIMHU JJAHHBIMHU.
ITpo6aeMa 3akjg04YaeTCcA B TOM, 4YTO, 6i1arogaps KBAaHTOBO-
MeXaHUYeCKUM O0COOEHHOCTAM fZIep U HEUTPOHOB, pa3Mep
fAApa «c TOYKU 3PE€HUs HEUTPOHA» 3aBUCUT OT CKOPOCTH,
C KOTOpPOH HEUTPOH NPUOIMKAEeTCA K AApPY (a, cieoBaTeb-
HO, oT eroaHepruu). Ha puc. 1 nokazaHa 3aBUCUMOCTb Heli-
TPOHHBIX Ce4eHU U ypaHa-238 oT aHepruu HeUTpoHoB. Heil-
TPOHHBIE CEUEHU AP IPUHATO U3MePATH B 6apHax (0AUH
6apH=102%cMm?), a 9HEPTUIO HEUTPOHOB — B 2JIEKTPOHBOJIb-
Tax (1 8B — aHeprusd, KOTOPyIo Ipro6peTaeT 3JIEKTPOH, pas-
TOHAACH B BAKyyMe Me/ly INIaCTUHAMM KOH/IeHcaTopa ¢ Ha-
npsaxeraneM 1 BonbT). Pe3aoHaHCHBIN XapaKTep sHepreTuye-
CKOU 3aBUCHUMOCTHU HEHTPOHHBIX CEUEeHUHN — XapaKTepHasd
0COGEHHOCTb B3aNMOJIeiCTBUA HEUTPOHOB ¢ AapamMu. K Ha-
CTOAIIIEMY BpPEMEHU /11 y paHa-238 M3MePEeHbI IT0JI0KEHUA U
mupuHbl 3345 pe3oHaHCOB B UHTepBaJe 0 20 Toic. aB. [l
ypaHa-235 namepeHsl TapamMeTpsl 3193 pe30HaHCOB ¢ 9HEp-
ruamu 1o 2500 3B. TakoBa ke cuTyanus U JJs BCeX APYyTUX
TAXKENBIX Aaep. [Ipu 6ojiee BBICOKUX 9HEPIUAX, I7e 9Hepre-
TUYECKOTO Pa3peNIeHUsl COBPEMEHHBIX HEMTPOHHBIX CIIECK-
TPOMETPOB HEAOCTATOYHO, UYTOOHI «PA3TIAAETh» OTAEIbHBIE
PE€30HAHCHI, PE30HAHCHAA CTPYKTypa CeYeHUU BCe PABHO
IIPOABJISAETCH, HO €€ IPUXOJAUTCH ONUCHIBATh U3 CTATUCTH-
YeCKUX cooOpaskeHUH.

ITocae Toro, Kak HEUTPOH CTOJKHETCH C SAPOM, IPOU-
30H/IET OJHO U3 JABYX: JIN60 HEUTPOH OTCKOYHUT OT AJpa KaK
OT yIIpyTroro Teja (yupyroe paccesgHue), 1160 oH o6pasyeT
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Puc. 1. SHepreTnyeckas 3aBUCMMOCTb NMOSHOMO Ce4YeHUs B3aUMOAeiCTBUS Afep ypaHa-238 ¢ HEMTpOHaMU U ceveHne paguaLroHHOro 3axaara.
To, 4TO ceuyeHue NOrnoLLeHUs COCPEJOTOHEHO B Y3KUX pe3oHaHcax, rae AnvHa npo6era HeMTpoHa B MeTannyeckom ypaHe cocTaBnsieT 4onu
MUNIUMETpa, NPUBOAUT K 3HAMEHUTOMY 3(PMEKTY PE30OHAHCHON CaMOIKPAHUPOBKMW: BO BHYTPEHHWE 06NacTh ypaHOBbIX G/TIOKOB HEWTPOHbI,
KOTOpPbIE MOTYT MOrfoWaTthes B ypaHe-238, No4YTv He nonagaioT U UMeloT BO3MOXHOCTb 3aMeANIMTLCA B OKPYXatoLeM 3TW 611I0KU 3aMegnutene
[0 HU3KUX IHEPT U, Fae ceveHune feneHuns ypaHa-235 ypesBbl4aiHo Bo3pacTaeT. IMEHHO pe3oHaHCcHas camMoaKpaHWpoBKa No3Bonuna co3aath

nepBble AAepHblE peakTopbl, COCTOABLUME U3 6/TIOKOB NPUPOAHOro ypaHa B rpaddMToBOM 3amegnurene

COCTaBHOE /PO, II€PEAAB €My CBOIO KMHETHUYECKYIO dHEep-
TUIO U, IJIaBHOE, 9HEPruio cBa3u. CocTaBHOE AAPO OYEHDb
6GBICTPO pacmajaeTcd, U CIIocob ero pacmaja onpejaendeT
XapaKTep peaKIIny B3aNMOJEUCTBUA: paJHUallUOHHBINA 3a-
XBaT, €CJIM UCIIycKaeTcd GPOTOH; HEYIIPyTroe paccesHUe, ec-
JIM MCITyCKaeTCs HEMTPOH MeHbIIIe 9HEePruu; iejIeHUe, eCIu
APO pacnajeTcda Ha JBe YaCTHU C UCIIyCKaHUEM JByX—TPeX
HEUTPOHOB U T.1I. [IoJIHOE ceyeHre, yMHOKEHHOE Ha BEPOAT-
HOCTb TOM UM NHOM peaKIUy, Ha3blBaeTCA CEYeHUEM TOHN
peaknuu. Ho 3HaTh HEUTPOHHBIE CEYEHUA HEJTOCTATOYHO.
BamxHO moHMMaTh, HAIPUMEDP, B KAKOM HallpaBJIEHUU I10-
JIETUT pacCessHHBINA HEUTPOH. DTO HEIIpocTas 3ajada, 0Co-
6€HHO eCJIM YUYUTHIBATh, YTO (hopMa yII0BOIO paclpejeie-
HUSA MEeHsSEeTCs OT Pe30HaHca K pe3oHaHcy (puc. 2). 118 MHO-
TMX PeaKIu# (B 4aCTHOCTH, JIJIf PeaKIUU JeJIEHUA) BasKHO
3HATh 9HEPTreTUYECKUE CIIEKTPhI MCIIyCKAEMbIX HEUTPOHOB.
Heo6xoauMoO TaKiKe yUUTBIBATh 9HEPreTUYECKUEe CIIEKTPHI
ramMMa-m3sJIy4eHUs, UCIIyCKaeMOro B pe3yJIbTaTe HEUTPOH-
HbIX peakui. TakuM o6pa3oM, HEHTPOHHBIE JaHHbBIE YPE3-
BbIYafHO TPOMO3/KH 1 XapaKTEPU3YIOTCH CIOKHON MHOTO-
MEPHOU CTPYKTYPOH.

3ameTuM, 4T0o 99% NaHHBIX, BKJIIOYEHHBIX B 0a3y JaH-
HbIX EXFOR, 651710 T1I0J1y49eHOo 10 2000 1., a 6osiee mo3gHUue

pe3yabTaThl, KaK IPaBUJIO, JUIIb HEIPUHIUIINAIBHO J0-
MOJIHAIOT MOJIydeHHble paHee. TakuM o6pa3oM, Ipolecc
MoJIy4eHUs HEUTPOHHBIX AAaHHBIX, JJUBIINNCA GoybIIe
MOoJIyBeKa, II0 CyIIecTBY 3aBeplieH. MHbDopManusa, xpa-
HAMasaca B 6a3e gaHHBIX EXFOR, nogo6Ha MbIC/IN: He Oy-
Jly4M BBIpasKeHa CJIOBAMHU, OHA HE MOMKET OBITh HUCIIOJIb-
3oBaHa apyruMu. Tak u co6panHble B EXFORe pe3ylb-
TaThl HEUTPOHHO-PU3UIECKUX U3MEPEHUN HEBO3MOKHO
HCIIOJIb30BaTh: KAK BUJHO U3 IPHUBEJAEHHBIX I'PadUKOB,
9KCIIePUMEHTAaJIbHBIE JaHHbIE JOCTATOYHO pa3bpocaHHl,
HepeJ KO MPOTUBOPEYUBLI U BCETJa HEeIOJHEI. JJId IpakK-
THUYECKOT0 UCII0Ib30BAHUA HEUTPOHHBIE JaHHBIE JOIKHBI
GBITH BEIPAKEHBI B CTAH/APTHOM, IOHATHOM U IOCTYITHOM
¢opwme. 1151 3TOr0 HEOOXOAMMA «OIlEeHKa» HEHTPOHHBIX JJaH-
HBIX, T.€. IPOBEJIeHUE Uepe3 «(dKCIIePUMEHTaIbHbIE TOYKH»
NJIaBHBIX KPUBBIX. OTO JejlaeTcs, KaK IIPaBUJIO, HA OCHO-
B€ TEOPETUYECKHUX MOJesIel IIyTeM UX IOATOHKH, YTOOBI
OIIMCaTh Pe3yJbTAaThl UBMepPEeHUN. B ynopanouyeHHoH ¢op-
Me OlleHEeHHBbIe JaHHBbIe PUKCUPYIOTCA B CHEIUAJbHBIX
KOMITBIOTEPHBIX 6ubanoTekax. g olleHKU HEMTPOHHBIX
JaHHBIX JJI OAHOI0 HyKJHAa TpebyeTcd OT HECKOIBKUX
He/leNb 10 2—-3 YeJO0BEKO-JIeT BbICOKOKBAJIN(UIIMPOBAH-
HOTO TpyZAa. >

19



HauuoHanbHbIil nHgOPMaLMOHHBII LEeHTp no Hayke u unHoBauuam SciencerF

Puc. 2. lucddepeHunanbHblie CEHEHUS yNpyroro paccesHnsa HEMTPOHOB
Ha HaTpUu — NpUMep HEWTPOHHbIX AAHHbIX, 3aBUCALLMX OT ABYX
nepeMeHHbIX. I306paxeHbl TONbKO 3KCMEPUMEHTaNlbHbIE TOYKMU.
Mpumep faHHbIX, 3aBUCALLUX OT TPEX NEPEMEHHbIX — JHepruun
HaneTawoLero HEMTpPoHa, 3HePruM UCMyCKaemoro HemTpoHa u yrna
BblfieTa, — NO MOHSATHBIM NPUYMHAM HEe MOXET 6bITb N306paxKeH aaxe
B M30MeTpumn

Mpo6aemMbl M NyTU X peLLeHus

Bub1noTeK! olleHeHHBIX HEUTPOHHBIX JaHHBIX, COCTaBJIEH-
Hbele B CIIIA (6ubauorexa ENDF/B), Anonun (JENDL), 3a-
naaHoit EBporne (JEFF), Kurae (CENDL) nnu Poccum (616J1m-
otexku ®OHJT u BPOH/I) conep:kat pasnuyarliiuecsd Habo-
PBI OLICHEHHBIX JaHHBIX. HasBaHHBIE 6UO6INOTEKU (Kpome
POCCHUMCKHUX) UMEIOT CTATyC HAITMOHAIBHBIX OM6INOTEK, YTO
03HA4YaeT, YTO IPOEKTHBIE PACUYEThI BCEX A€PHO-9HEPreTH-
YeCKUX YCTAaHOBOK JIOJIZKHBI OBITh BBIIIOJHEHBI C UCIIOIb30-
BaHMEM JJaHHBIX HAI[MOHAJIbHOU 6U6InoTeKu. ITO TpebGoBa-
HUe ofecliedyrBaeT CPABHUMOCTD aJIbTEPHATHBHBIX IIPOCK-
TOB, pa3dpabaTbIBaeMbIX BHYTPU cTpaHbl. B Poccuu Hu oHa
u3 OuGJIMOTEK He NMeJia cTaTyca HallmoHauabHOW: BPOH/
COZIEPIKUT PE3YJIBTATHI TOIBKO TeX OLIEHOK, KOTOPBIE BBIIIOJI-
HEHBI POCCUNCKUMU UIU 6EJIOPYCCKUMU CIIeIUAINCTAMU,
u noromy HertonHa. @OH/I 66111 coOpaH U3 OLIEHEHHBIX TaH-
HBIX pa3HbIX 6ubnnoTek (Briatouyasd BPOH/I) u nmpegHasHa-
qaJicd JAJI IPaKTUYeCKOT0o MCIIOIb30BaHUA B TPaAUIIUOH-
HOI (popMe MHOTOrpPyIIIIOBBIX KOHCTAHT. Takasa 6ubanoTexa
KoHCTaHT — BHAB-93 (ABBN-93), cocTaB/IeHHAd Ha OCHOBE
olleHeHHBIX JaHHbIX DOHJI, mony4nia craryc CtaHaapT-
HbIX CIIpaBOYHBIX JJTaHHBIX U UCII0JIb30BaJIach IIPU pacyeTe
PEaKTOPOB PA3IUYHBIX CIIEKTPATbHBIX KJIACCOB, pagual-
OHHOU 3aIIUTHI, ANEPHOH 6€30IIaCHOCTH Ha IPEANPUATHAX
BHEIITHET0 TOIIMBHOTO IIUKJIA. 32 BpeMs 9KCILTyaTalluy 3TOH
CHCTEMBbI KOHCTAHT GBLJIO IPOBEIEHO MHOM¥KECTBO CPAaBHEHUH

pe3yJIbTaTOB PacYeTOB C JaHHBIMHU 9KCIEPHUMEHTOB, BBI-
NOJHEHHBIX Ha Pa3/IMYHBIX PEaKTOpax, 9KCIIEPUMEHTOB
o pagualMOHHON 3aIuTe, U CTaTUCTUYECKUN aHaAIU3
pacyeTHO-3KCII€epUMEHTaIbHBIX PACXOXKAECHUN BBIABUII He-
06X0MMOCTb KOPPEKTUPOBKN MHOTHUX HEUTPOHHBIX JIaH-
HbIX. [ToaTomy u 6ubiuorexka ®OHJI He Moria NpeTeH/10-
BaTh Ha CTATyC HAllMOHAJIbHOH. CIIO:KUBIIAACA CUTYaAIUA
U IoCIyRuIa Ui gupeknun denepa bHON eaeBol Hayd-
HO-TE€XHUYECKOU IMporpaMmsl «/iccieoBaHuA 1 pa3paboTKH
110 TPUOPUTETHBIM HAIIPaBJICHUAM PAa3BUTHUA HAYKU U TeX-
HUKN Ha 2005-2006 rr.» CTUMYJIOM K 06'bSABJIEHUIO KOHKY P-
caHa1oT «Co3gaHne HallMOHAJIbHOU GUOINOTEKN HEUTPOH-
HBIX JaHHBIX». PaboTa 6bli1a mopyyeHa crernuanauctam [HI
PO «Pu3mKo-sHEPreTUYECKUY HHCTUTY T,

[IpoeKT o CO3JaHUI0 HAIJMOHAJIbHON GUOIMOTEKH Olle-
HEHHBIX HEHTPOHHBIX JAHHBIX 6IM30K K 3aBePIIEeHUIO (OpHU-
€HTHUPOBOYHO — KoHel oKTaA6pA 2006 r.). Bubanoreka mo-
ayunna HazBaHue POCP®OH/] — POCcuiickaa 6ubimuorexa
daiinoB OneHeHHbIX HeliTpoHHBIX JJaHHBIX. COINIACHO TEX-
HUYECKOMY 3aJJaHHUIO, OHA JO0JIKHA BKJIIOYATh JaHHBIE JJIA
BCEX IPUPOAHBIX HYKJIUA0B (NX 284) 1 BCeX JOIT0KUBYIITUX
(c mepuogoM GoJiee CyTOK) PAAUOHYKJINJ0B, KOTOPBIE MOTYT
06pas3oBaThCA B AJIEPHBIX PeaKTOpax B Pe3yIbTaTe LEIIOYeK
HEUTPOHHBIX peaKIuil (1X 366), B TOM YHUCJIE [I/IF BCEX J0JITO-
JKUBYIIUX aKTUHUIOB 10 GepMHs BKIIOYUTEIbHO. [J1aBHaA
3ajJla4ya IIPOEKTa COCTOAIa B 060CHOBAaHHOM 0T60pe Haubo-
Jlee HaJIeKHBIX JaHHBIX. [l aHAIU3a UX MOy Yaad U3 Io-
caeHUX Bepcuil amepukaHckoil ENDF/B-VII (Bepcus 6eTa-
2), eBponetickoit JEFF-3.1, annoHckoit JENDL-3.3, kuTaiickoi
CENDL-2 1 u3 pocCUHCKUX 6M6INOTEK, CO3/1aTeIN KOTOPBIX
NpUHUMAJIH y49acTue B pabote Hag npoekToM. OT60p Impous-
BOJIMJICS HA OCHOBE aHAJIM3a PACXOKICHUN MeKy pasind-
HBIMU OIl€HEHHBIMU JAHHBIMH, C OJJHOU CTOPOHBI, U PE3yIb-
TaTaMHU HEIIOCPEJACTBEHHBIX U3MEPEHUN — C APYTOH.

Jna 6onpmIMHCTBA PaAHOHYKIINA0B ITpo6iaeMa oTbopa
penianack IPOCTO: S9KCIIEpUMEHTaIbHbIE JaHHbIE [/ HUX,
KaK IIPaBUJIO, OTCYTCTBYIOT, & €CJIU U UMEIOTCH, TO, KOHEYHO,
MIPUHATHI BO BHIMAaHUE IIPY OlleHKe. [IJII TAKMUX MaTepHUaJIoB
peeBaHTHA OIEHKA HEUTPOHHBIX CEYEHUN M3 IOCJETHEN
Bepcuu EBporetickoro AktTuBarnuonHoro ®aiina (6ubiauore-
ku EAF-2003), co3paBaBIIerocsa Npu y4acTUH POCCUUCKUX
CIIEIUAJINCTOB. [I714 MHOTHX CTaGMJIBHBIX HYKJINOB U3 IMe-
IOIMXCA OLIEHEHHBIX JAHHBIX yaBaJIOCh HAUTHU TY OLIEHKY,
YTO yI0BJI€TBOPUTEJIBHO (C TOYHOCTBIO 10 3KCIIEPUMEHTAIb-
HBIX ITIOTPEIIHOCTEM) OIMCHIBAJIa COBOKYITHOCTD 9KCIIePUMEH-
TaJbHBIX JaHHBIX. O60CHOBaHUE BbIOOpA OIEHKN 060CHO-
BBIBAJIOCH TpadUKaMU CPAaBHEHUA PA3IHIHBIX OLIEHEHHBIX
JIAaHHBIX IPYT C IPYTOM U C pe3yJbTaTaMU U3MepeHui. B To
sKe BpeMd JJId pAjla MaTepraJloB, IpUYeM Ba:KHENIINX, He
yZAaBaJIoCh BEIOPATH OIIEHKY, IPUEMJIEMYI0 BO BCEX OTHOIIIe-
HUAX, 1 11 POCPOH/la cosgaBaiica coctaBHOU daiin. [Ipu
9TOM IIPUHUMAJUCh MEPbI, YTOObI CTBIKOBKA PE3yJIbLTATOB
Pa3HBIX OLICHOK ObljIa IJIABHOM U He IPUBOJAMJIA K HapyIIle-
HHIO (U3NYECKUX 3aKoHOMepHocTel. Kaxioe obocHoBaHME
COIIPOBOXKAAETCA 3aKII0OYEHUEM C KOHKPETHOH peKOMeH1a-
e, KaKre MMEHHO JJaHHbIe BKJIIOYAIOTCA B halil u1d faH-
HOr'o MaTepuaa, U yKa3aHHeM ero aBTopa. 3aBepllaeTcs
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o60CcHOBaHUeE ITOAPOOGHBIM CoZiep:KaHueM (ariina OIleHEHHBIX
naHHBIX. CBOJIKA BceX 060CHOBAHUU ABJISETCS BA¥KHBIM JI0-
nonHeHUeM Kk 6ubnmnoreke POCOOH/I. [Ipemxae Bcero, oHa
JlaeT IpeACTaBJIeHHUE O COIEPIKAINNXCA B OMGINOTEKe Hell-
TPOHHBIX JaHHBIX. [yId ar060ro MaTepuasa Jerko HauTu
«@Zpec», o0 KOTOPOMY B OMOINOTEKE COMEPIKUTCSA HYIKHAA
uHdopManusa. B cBA3U ¢ 9TUM CBOJ[KA ONIMCAHUI Ha3BaHa
SHIIMKJIONEe e HeHTPOHHBIX JaHHBIX. Ee 06beM cocTaBUT
qyTh Gojiee THICAYM CTpaHUIl. MaTtepuasn OyAeT LOCTyIIeH
yepes IHTEpHET.

B cpaBHEHHNHU C COBpEMEHHBIMU 3apy0eKHBIMU OUOIOTE-
KaMu 6e3yciioBHOe focTonHCTBO POCPOH/IA — o6ocHOBaA-
HHUA Ha pycckoM a3blke. B POCDOH/] oTo6paHbl Haubosee
Ha/JIe’KHbIe TaHHBIE 10 TeM MaTepuaJiaM, I KOTOPbIX B O1-
6IMOTEKe IIPUBOJAATCS IOJIHBIE HAG0PhI HEUTPOHHBIX JAaH-
HBIX, HEOOXOAUMBIX JJIfI pacyeTa paclpoCcTpaHeHUd Hel-
TPOHOB B cpefjax 1 06pa3oBaHUA BTOPUYHOI'O raMMa-MU3JIy-
gyeHusa. HaGopsl OIleHEeHHBIX JaHHBIX JJI 9TUX MaTepHUaJIOB
JIOIIOJTHEHBI JAHHBIMU 006 06pa30BaHUH JJOJITOXUBY X U30-
MEPHBIX COCTOSHUM AJep NPOAYKTOB. B 3apyb6esKHbIX Ou-
6IMOTEeKaX OHU COJEPIKATCA B OTAEJbHBIX, TAK Ha3bIBae-
MBIX aKTUBAIlMOHHBIX, MTOA0NGINOTEKAX, YTO He TapaHTH-
PyeT COINTaCOBAaHHOCTHU CE€YEeHU N aKTUBAIIUU C JaHHBIMU U3
ocHOBHoOU 6ubsmoreku. B POCP®OH/le akTUBalIMOHHAA OU-
6anoTexka o6’beJMHEHA C OCHOBHOM, YTO COOTBETCTBYET ee
HaNpaBJIEHHOCTHU Ha pellleHHe BCero KoMIekca npobiiem
SIEPHOU DHEPreTUKH, BKJIIOYAA JUKBUJAALUIO OTXOJ0B XH-
MHUYeCKOU mepepaboTku oTpaboTasiiero Torusa u PAO, 06-
pasyromuxca npu cHATUU AIC ¢ aKcIIyaTalluyu. 3HaHUe
CeYeHHU MHOTUX peaKIMil HeoOXOAUMO TaKiKe JJIs Hapa-
6O0TKHU M30TOIIOB AJId paJUalluOHHON MEeIUIIUHBI, 11 060-
CHOBAHMSA TEOPUU IIPOUCXOMKIECHUSA DJIEMEHTOB U MHBIX Ha-
YYHBIX IpuiIoxkeHut. O6bem 6ubaunoreku POCPOH/, He-
CMOTPS Ha 9KOHOMHUYHOE ITapaMeTPUYeCcKoe IIpeICTaBICHUe
MHOTUX JJaHHBIX, TpeBbICUT 200 MeraGauT.

O6beM mHpOpMaUU, coAep:Kalleiica B 6UGINOTEKe
POC®OH/I, upe3BbluyaiiHO BEJIUK, a €€ CTPYKTypa BecbMa
cioxkHa. [IoaTOMY AJ1 TPAKTUYECKOT'0 UCII0JIb30BAHUA OLle-
HEHHBbIe HETPOHHBIE JaHHBIE JOJIKHBI OBITh IIepepaboTa-
HbI B (OPMY HEUTPOHHBIX KOHCTAHT, @ ECTECTBEHHBIM U He-
06X0IUMBIM ITPOJOIKEHUEeM paboThl sBaseTcda «Co3naHue
Ha 6a3e 6ubamorexn POCDPOH]/] cucTeMbl KOHCTAHTHO-
ro o6ecrie4yeHUA HEUTPOHHBIX PACUeTOB, CPEJICTB JAOCTyIIa
K Hell u BHegpeHue ee B HUU, KB u BY3b1 Poccum».

K cosxaneHHuIo, COBpeMEeHHBIN yPOBEHb 3HAHUA HEHTPOH-
HBIX JIAHHBIX HE IT03BOJISIET PACCYUTHIBATh XapaKTEePUCTH-
KU PEaKTOPOB U 3aII[UTHI C TPeOyeMoii TOUHOCThIO. B cBA3H
C 3TUM IIPOEKTUPOBIIUKY UCIOJIb3yIOT HEUTPOHHBIE JaH-
HbIE TOJBKO JUJI IPUKU/JIOYHBIX PACYETOB, 2 OKOHYATEJ I b-
Hble 3HAYEeHUS ITPOEKTHBIX XapaKTEePUCTUK ONPeeIAI0T
Ha OCHOBE CpaBHEHUS Pe3yJbTATOB PACYETOB C Pe3yIbTa-
TaMM TAK Ha3bIBA€MbIX MAKPOCKOIIMYECKUX 9KCIIEPUMEH-
TOB HA yCTAHOBKAaX, MOAEJIUPYIONUX IIPOCKTUPYEMBbIH
06 beKT. TakuM o6pa3oM, GU3UKA PEAKTOPOB U 3aIIUTHl —
HayKa B 3HAYUTEJbHOU CTENEeHU dMOUPUYECKAs, U TO,
CKOJIb TOYHBI OyZyT BBIBOJbI IIPOEKTUPOBIIUKOB O (pU3U-
YEeCKUX XapaKTePUCTHUKAX IIPOEKTUPYEMBIX YCTaHOBOK,

CYIIECTBEHHO 3aBHUCHUT OT HAKOIIJIECHHOI'O UMM OIIBITA aHa-
JIM3a MaKposKcHnepuMeHTOB. CHeUaINCThI, IPOEKTUPO-
BaBIIIMeE JEeHCTBYIOIHE ceiiyac peaKTophl, paboTau B 9TON
061aCTH ¢ caMOr'o HavyaJjia pa3BUTUA aTOMHON 9HEPreTUKH,
M OIIBITA UM He 3aHuUMaTh. OJHAKO ceilyac I0JI0KEeHUE CY-
IIeCTBEHHO MeHsAeTCsA. IHHOBAaIlMOHHBIE IIPOEKTHI — J€JI0
CPaBHUTEJIBHO MOJIOJBIX CIEIIMAINCTOB, HE 061a1a0ux
GOJIBIIIMM JIUYHBIM OIBITOM JOCTHUIKEHUS KPUTHUYECKUX
YCJIOBUU U UCCI€OBAHUY XapaKTEePUCTUK PEaKTOPOB U 3a-
HIATHL. [I0YTH BCe KPUTUYECKUE CTEH/IbI, UCII0JIb30BaBIIIH-
ecs IS MOJEeJIUPOBAHUSA, JaBHO J€MOHTHUPOBaHBI. BbIxos
OIH: cOOpaTh Pe3yJIbTaThl U e TaJIbHbIE OITMCAHUA MaKpPO-
CKOIMYECKHUX 9KCIIEPUMEHTOB, YCJIOBUN MUX BBIIIOJHEHUSA
U JIPUMepPATH» Pe3yJIbTAaThl PACYETOB, CIeJJaHHBIX COBpPe-
MEHHBIMU METOAAMU IIPH IIOMOIIY KOMIIBIOTEPOB Ha 6a-
3€e HOBEHIIMX HEHTPOHHBIX JAHHBIX, K Pe3yJIbTaTaM 9THUX
9KCIIEPUMEHTOB.

PasymMmeeTcs, mofoGHAsS CUTyaUA CI0KNIACH HE TOJIBKO
B Poccum, HO 1 B ipyrux ctpaHax. B 1996 r. cnenuaanucTsl
u3 CIIA u Poccuu mpUCTYIIUIN K c60py nHpopmanuu 060
BCEX KPUTUYECKUX dKCIIepUMEeHTaXx. [103Ke K 9TOMY ITPOCK-
Ty, HHUIInupoBaHHOMY Bietipom Bpurrcom (Blair Briggs,
Idaho Nuclear Energy Laboratory, USA), npucoeJuHUINCH
u apyrue crpasbsl. CerogHsa MexayHapoaHbeii CripaBod-
HUK 10 KPUTUYECKUM dKCIEepUMeHTaM B 000CHOBaHUE
anepHol 6esomacHocTH (International Handbook of Evalu-
ated Criticality Safety Benchmark Experiments) conepxuT
OIMCAHUA OKOJIO 4 ThIC. KPUTUYECKUX dKCIIEPUMEHTOB.
B 2000 r. no mnunuatuse b. Bpurrca u dupuko Captopu
(Enrico Sartori, OECD Nuclear Energy Agency) ctapToBall
Me:xayHApOAHBIN IPOEKT 0 pU3NKe peaKkTopoB (Interna-
tional Reactor Physics Experiment Project). I[lepBas mapTusa
JleTaJIbHO OIMCAHHBIX PEAKTOPHBIX 9KCIIEPUMEHTOB (B TOM
YHCJIe U POCCUMCKUX), IPOIIEAIINX MEKAYHAPOIHY IO 9KC-
nepTHU3y, yike focTynHa yepes UuTepHeT (http://www.nea.
Jfr//html/dbprog/irphe-latest.htm). IlomonTHAETCA U MEK-
nyHapoaHasa 6a3a JaHHBIX Pe3yJIbTaTOB DKCIIEPUMEHTOB
0 pajuallMOHHOM 3aIuTe.

TakuM o6pas3oM, Korja o6GHOBJIEHHAA CUCTeMa KOHCTAHT-
HOro obecrieyeHUs GyJleT CO3/1aHa, MOKHO Oy/leT IPUCTY-
IIaTh K ee BepupuKaIly Ha OCHOBE COOpaHHBIX JAHHBIX Ma-
KPOCKOITMYECKHUX OKCIIEPUMEHTOB. [IpuMeHss COBpeMeHHbIe
METOABI CTATUCTUYECKOr0 aHAIN3a PACUYeTHO-9KCIIEPUMEH-
TaJIBHBIX PACXOMK/JAEHUHN, MOKHO IIOBBICUTH I'apaHTHUPOBAH-
HYIO TOUHOCTh CEPUIHBIX PACUYEeTHBIX IIPEJCKa3aHNu J10 ca-
MOTO BBICOKOT'O YPoBHA. TeM caMbIM npobiieMa nepegadu
onbITa (PU3NIECKUX PACUYETOB PEAKTOPOB HOBOMY ITOKOJIE-
HHUIO CIIEIMAJINCTOB OyieT pelreHa. M

PYKOBOAOWUTEJIb MPOEKTA

Mapk Hukonaesu4 Hukonaes — npodeccop, LOKTOP PU3n-
Ko-matematunyecknx Hayk MHL P® «Puanko-sHepretTnyeckui
WNHCTUTYT», I. OBGHUHCK.
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MOJEKVAISPHAS IMATHOGTMKA
JAETCKHX MHDEKLMN

METOOOM ATOMHO-CWJTOBOV MNKPOCKOMNK

Mwuxaunn Knpnm4Hnkos

B Poccuu npo6ieMa feTCKHX HHPEKIMOHHBIX 3a60J1e-
BaHUIi KpaliHe aKTyaJbHa. JleTH GoJIbIlIe YeM B3POCJIbIe
NoABEPIKEHbI TAKNUM 00JIE3HAM, OHHM IPOTEKAIOT y HUX
ropasjao TAXKeJee, C OCJIOKHEHHAMH, a MHOT/A U C Jie-
TaJBHBIM HCX0xoM. IIoaTOMy KpaiiHe HEOGXOAUMO pa3-
pa6oraThk 3dpeKTHBHEBIE METOALI NPOPUIAKTHKU AET-
CKHX 3a00JIeBaHHIi 1 CO3JaBAaTh COBPEMEHHYIO JUATHO-
CTHYECKYIO 6a3y

HecMoTpsa Ha uMeromuecsa orpoMHOe pasHooGpasue Me-
TOAOB AUATHOCTUKHU BUPYCHBIX WHMEKIUN OCTAeTCA aK-
TyaJIbHOU npobyieMa GbICTPOM U BBICOKOYYBCTBUTEIbHOMN
JMaTrHOCTUKU. MeAUIIMHA BCerja cTpeMUuach MCIOJIb30-
BaTh JOCTUKEHUSA €CTECTBEHHBIX HAyK U BHEJPATH B CBOIO
IIPAKTHUKY HOBBIE TEXHOJIOTHH. MeTOABI IOJIMMePa3HOH Iell-
HOHM peaKIMM U UMMYHOXMMHYECKOTO aHA/IN3a IIPOU3BeE-

doToauon

Puc. 1. CxematnyHoe nsobpaxeHne cucTeMbl AeTEKUUM aTOMHO-CU-
NOBOro Mukpockona (83sto n3: Muporos B.J1. OCHOBbI cCKaHUpyoL e
30HA[0BOV Mukpockonun. M.: TexHocgpepa, 2005). Ha nopgnoxke pac-
nonaratoT aHanu3npyemblii MaTepuarsn, noMeLLaloT Ha cneuuanbHbl cTo-
VK B Npubope 1 NpoBOAAT CkaHWpoBaHue. Bo Bpems ckaHMpoBaHUA
OCTpWe 30HAa NPUNOAHMMAETCA U OMnyckKaeTcs, o4epynBas MuUkKpope-
nbed noBepxHOCTU. Ha 3epkanbHyto nnowafky Haj ocTpvem nonagaet
ny4 nasepa. Cnctema potofeTekummn pernctpupyet un obpabdartbiBaet
OTKNOHEHNS 0CTpus

JI1 B CBOE BPEMsA PEBOJIIOIIMOHHBIN IEPEBOPOT B Pa3BUTHUU
JIUATHOCTHUYECKOI0 CeKTopa. Bo3daMoxkHO, 4TO-TO mogo6HOE
MOKET IIPOM30UTHU C AaTOMHO-CHUJIOBOH MHUKPOCKOIIMEH, OT-
KPBITHE KOTOPOM ITPOMU30IILIO B KOHIIE IPOIIJIOro BeKa.

Bonblune BOSMOXHOCTH

MeToha aTOMHO-CUJTIOBOM MUKPOCKONUN
Hcmonp30BaHNE aTOMHO-CUJIOBON MUKpockonuu (ACM) oT-
KpPBIBaeT GOJIbIIINE BO3MOKHOCTU B 06JIaCTHU CO3/JaHUSA CO-
BpPEMEHHBIX JUATHOCTUKYMOB, IIOCKOJBKY METO/, II03BOJISA-
€T 3a He6OoIbIII0e BpeMs (MUHYTBI) IIOJIyYUTh N300pakeHue
IIOBEPXHOCTH o0OpasIia ¢ pa3pelleHueM MoPAJKa HECKOb-
KUX HAHOMeTpPOB. PU3MUECKON 0OCHOBOU paboThl aTOMHO-
CHJIOBOTO MUKPOCKOIIA CJIYKUT B3aUMOJIEMICTBUE MEKIY
OCTpUEM 30H/la, CKAHUPYIOIIETO INIOCKOCTh o6pa3ana, U mo-
BEPXHOCTBIO. B mpolecce ckaHUPOBAHUA 30H/ JBUIKETCHA
CTPOKa 3a CTPOKOU IO OIIPEJEeICHHOMY YYaCTKY ITOJIONK-
ku. [Ipy1 9TOM OCTpHe 30H/1a IIPUIIOAHUMAETCS U OIIyCKaeT-
cd, ouepynBasg MUKpopeabed II0BEPXHOCTH, II0JOGHO TOMY,
KaK CKOJIB3UT II0 I'paMIlIacTUHKe natedoHHad uria. Hax
OCTpHEM PacCIoJIOKeHa 3epKaIbHasA IJIOMIAKA, HA KOTOPYIO
najaeT ¥ oT KOTOPOil oTpakaeTcs iydiadepa. Korga octpue
OIlyCKAeTCH U NOJHUMAETCS Ha HEPOBHOCTSAX IIOBEPXHOCTH,
OTPaKEHHBIN JIy4 OTKJIOHAETCH, U 9TO OTKJOHEHHE Peru-
ctpupyetcsa poTogeTeKTopoM (puc. 1).

Buosioru cpasy no JOCTOMHCTBY OIIEHUJIN BO3MOMKHOCTH
HCII0JIb30BAHUSA ATOMHO-CAJIOBON MUKPOCKOITUH B CBOUX UC-
cileloBaHUAX. JIeiCTBUTEJIBHO, IPUTOTOBJIEHHE ITIPEIapaToB
C ITIOMOIIIBIO ATOMHO-CHJIOBOM MHUKPOCKOIIUH IT03BOJISAET U3-
6exaTh ¥KeCTKON pUKcAIINH 06pa3Il0B M METO/I0B 06paboTKH
COJIIMM TSI3KEJIBIX MEeTAJJIOB, KOTOPbIE TPAAUIIMOHHO IPU-
MEHSAIOTCS B PEHTI€HOCTPYKTYPHOM aHAJIU3€ U B 9JIEKTPOH-
HOM MUKPOCKOIINH. [Togo6HbIe IPOLey Pbl 3a4acTyI0 HE CO-
OTBETCTBYIOT HIPUPOJAHBIM YCIOBUAM, B KOTOPBIX MAaKpPO-
MOJIEKYJIBI IIPOSABJISAIOT CBOIO GMOJIOTUYECKYI0O AaKTUBHOCTD.
ATOMHO-CcHUJIOBasg MUKPOCKOIINA II03BOJISIET HCCJIEJ0BATh
IOBeJleHUe MaKPOMOJIEKYJ U JKUBBIX KJIETOYHBIX CUCTEM
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Solver Bio

Puc. 2. Tnbl aTOMHO-CMUIOBbIX MUKPOCKOMOB, MCMOMNb3yeMbIX B paboTe Haj npoekToM. Cnesa — Solver Bio, 0CHOBaHHbI Ha KOMGUHaLWUK
VHBEPTUPOBAHHOIO OMTUYECKOr0 U CKaHMPYIOLLLEro 30HA0BONO MUKPOCKOMOB, YTO MO3BOMSAET BU3yannu3mpoBaTb MOBEPXHOCTbL obpasua
BO BpeMs npouecca CKaHMPOBaHWA NpW UCMONb30BaHNN Pa3nMYHbIX METOAMK CKaHWpyloLWen 30HA0BOW Mukpockonun. Cnpasa — Sol-
ver P47H, 4buMn 0COBEHHOCTAMU ABNAIOTCS YHUBEPCANBbHOCTb U TMOKOCTb. Cxema CkaHMpOoBaHWS 30HAOM MO3BONAET UccnefoBartb 06-
pasubl, obnagatowmne paamepamm go 100x100x20 mM. CyLiecTByeT HECKONIbKO KOHMUrypaunin Mogenu ans npoBefeHus uccnenoBaHui
B KOHTPONMPYyeMoWi ra3oBoWi cpefe, B XXMAKOCTAX, Npy HarpesaHnmn obpasua ao 300 °C

Solver P47H

B YyCJIOBUAX, NPUOIMKEHHBIX K ¢pusnogorudyeckum. C 1mo-
MOIIIBIO ATOMHO-CUJI0BOY MUKPOCKOIINY MO¥KHO Hab/II0AaTh
B peajJbHOM Bpe€MEHH 3a COOPKOM MaKpOMOJIEKYIAPHBIX
KOMIIJIEKCOB, pacIpejieleHueM GeJKOB Ha IMOBEPXHOCTH
KJIETKH, OCOOEHHOCTAMM BHYTPHUKJIETOYHOTO TPaHCIoOpTa
MaKPOMOJIEKYJ U T.J. BeICcOKOe paspeleHue nopsaaka He-
CKOJIbKUX HAHOMETPOB, OTHOCUTEJIBHO HEGOJIBIIIOE BpeMs,
KoTOpoe TpebyeTcd A8 CKAHUPOBAHUSA, a TAKMKE OTCYT-
cTBUE HEOOXOJUMOCTH PUKCHPOBATh o6pasel] U BBOAUTH
MeTKHU AenaroT ACM y1o6HBIM MHCTPYMEHTOM UCCJIEI0Ba-
HHUH B 6nonoruu. PaspaboTka MeTOOB CTPYKTYPUPOBAHUA
MOJJIOKKHU U aJJPECHOM IPUIITUBKY GOJIBIIOrO YHCIA Pa3Ho-
06pas3HBIX MOJIEKYJ CO3/laeT IPEeAIIOChIIKH AJId CO3/laHusA
AUAarHOCTUYECKUX YUIIOB Ha ocHOBe ACM, HMO3BOJJISIOIINX
aHaJIM3UPOBATh OJJHOBPEMEHHO J€CATKU U COTHU pa3Inyd-
HBIX THQEKIIUN.

B HacTosdAIee BpeMA cllenuaaucThl Kadepbl GMONHKEHe-
puu 6uosiornydeckoro dakynabsrera MI'Y mog pyKoBOACTBOM
arkagemuka PAH Muxania KUpnuyHUKOBA 3aHUMAIOTCA
CO3/JaHUEM TE€XHOJIOTUU JUATHOCTUKY AETCKUX UHPEKITUH,
OCHOBAHHOU Ha HCIIOJIb30BAHUHU METO/A aTOMHO-CHJIOBOH
MUKPOCKOIIMU. B MpoeKTe y4yacTBYIOT A0LIEHTEI iropb Ara-
noB U Hatanbsa MaJjlto4eHKoO, a TAKKe aCIUPAHTbI U CTYAEH-
TbI KadeApbl. BEICOKOKBaIN(UIITPOBAHHBIE CIIEIUANCTBI
kadeapbl GUOMHIKEHEPUH UMEIOT OOJIBIIION OIIBIT PpaGoThI
B 006JIacTH aHAJIN3a GeJIKOBBIX CTPYKTYP U JUATHOCTUKU BU-
PyCHBIX U 6aKTepuaJbHbIX HHQeKknuil. B 2001 1. HayYHBIM
KOJIIEKTUBOM Kadepbl HA4aTO COTPYAHUYECTBO C KOM-
naHuedr ND-MDT — HeCOMHEHHBIM JINJEPOM B pa3paboTke
30H/I0OBBIX CKAHUPYIOIUX MUKDPOCKOIIOB B Hallleli CTPaHe.

CoBMecTHasa paboTa IPOBOAUTCA HA COBPEMEHHBIX aTOM-
HO-CHUJIOBBIX MUKpOCKonax tuna Solver Bio u Solver P47TH
(NT-MDT, Mocksa) (puc. 2).

Ha nepBoMm sTane pa3dpaboTYNKN HPOBOAMIIN AHAJN3 BO3-
MOYKHOCTH ITpUbopa U MeTola pa3peliaTb IPOCTPAHCTBEH-
HYIO CTPYKTYpy 6eJKOB. [[JIg 9TOT0 UCII0Jb30BAIH WINHEH-
Ky» 0€JIKOB pPa3IMYHBIX MOJIEKYJISPHBIX Macc. Bblio moka-
3aHO, 4TO IIpe/ieJl pa3pelleHnd N300paKeHnu, HaX0qUJICH
B obsiactu 7-8 HM. [1y1d MoJieky >60 k/la cCTAaHOBUJIMCH pas-
JUYUMBI OTAEIbHBIE COCTABJISIOIINE OJIOKHU. >

Puc. 3. HavyanbHble aTansl aHanusa. [NognoxkKy ¢ aHannampyembiMu
yacTuuamu (aHTMTena, aHTUreHbl, BUPYChl 1 Mp.) NOMeLLalT Ha cneun-
anbHbIA CTONNK B aTOMHO-CMTOBOM MUKPOCKOME ANS CKaHNMPOBaHUA
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Ay

h2

ht

Puc. 4. Ha nognoxke KoBaneHTHO MMMOOGWIM30BaH NepPBbIA NMUraHA,
B laHHOM cry4yae — aHTuTena (Bsepxy). Moanoxka nHakTuBMpyeTcs
ONA NpefoTBpalleHus Hecrneunduruyeckoro cBA3bIBaHUS (Ha pUCyHKe
oTMeYeHa U3MEHUBLUMMCS LYBETOM), 1 BHOCUTCSH BTOPOWA KOMMOHEHT
(BHM3y). Mpun cBA3bIBAHUN NPOUCXOAUT 06pasoBaHue rpaHysn, Bbl-
coTa KOTOpbIX NMpeBbIlaeT BbICOTY NepBOro cnos. PaspaboTaHHbIi
anropuT™M Mo3BONSET NPOBOAUTbL UAEHTUDMKALUIO KOMMNNEKCOB
no 06Hapy>XeHWto 4acTuL, BbICOTa KOTOPbIX NpesbilaeT ht

Bbi6op meTopa

Paspa6oTaHHBIN HA Kadenape OMONHMKEHEPUHU CII0cO0 BH-
3yasusanuu 6eakoB MeTogoM ACM mo3BojsgeT aHAJIU3U-
poBaTh (popMHUPOBaAHUE KOMIIJIEKCOB «AHTHUI'€H-aHTHUTEJIO).
B HayaJse paboThI GbLIN IPEAIPUHATHI HONBITKU OTIUYUTH
UMMYHHBIE KOMIIIEKCHI OT CBOOOJHBIX AaHTUTEI U aHTUTe-
HOB I10 MOP()OJIOTUHY U TeOMeTPUYECKNUM ITapaMeTpam. Ox-
HaAKO TPYAOEMKOCTb JAHHOU NPOLEYPbl U HEOJHO3HAY-
HOCTh B MHTEPIIpETAIIUH PEe3yJIbTATOB CIIOCOOCTBOBAIH
HOUCKY 0oJiee MPOCTHIX KPUTEPUEB /IS BBISABICHUSA KOM-
IeKcoB. TAKUM KPUTEPHUEM CTaja OleHKA NU3MEHEHU BbI-
COTBI CJIOSI HAHECEHHBIX O€JIKOB. JJIg TOr0 YT06bI BHOCUMBIE
BTOpPBI€ KOMIIOHEHTBI KOMILJIEKCA MOYKHO OBLIO AETEKTUPO-
BaTh 10 U3MEHEHHUIO BBICOTHI, HEOOX0ANUMO (hopMUpOBaHUE
IJIaJJKOI'0 MOHOCJIOSI U3 IIEPBOTOo Juranjaa. ljisa aToro 6sL1a
paspaboTaHa cCUCTeMa IS aHAIN3a CBA3bIBAHUA AHTUTeHA
M a@HTUTeEJA B YCJIOBUAX, KOTJIA OJJUH U3 KOMIIOHEHTOB KOM-
IJIeKCa KOBAJEHTHO MMMOOUIN30BaH (puc. 4). 9To 1M03BO-
naeT 3dPeKTUBHO GOPMUPOBATH MOHOCJION HA MOJJIONKKE,
yIpoliaeT BHECEHUE IOCIEYIOIINX GEJIKOB, a TAKIKe CO3/1a-
€T IIPENOCHIIKY I MHOTOPAa30BOr0 MCIIOJIb30BAHUA IO/~
JIOKEK.

3KCI'IepI/IM6HTbI B MOAeanOVI cucteme
B KadecTBe MOJEJBbHON CUCTEMbI UCCJIeIOBATEN HUCIIOIb-
30BaJIM YIPOIIEHHYIO CXeMy, KOrJja B Ka4eCcTBe IIepPBOT0
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Puc. 5a. 3o6paxeHns uMMyHorno6ynunHos IgM B cBO6GOJHOM COCTOSIHWM (C/1eBa) U B BULAE MMMYHHbIX KOMMIIEKCOB (B LeHTpe),
Nnofly4eHHble C NOMOLLbIO aTOMHO-CUI0BOIrO MMKPOCKONA, CrpaBa — TpexMepHas PeKOHCTPYKLMSA N30NMPOBAHHOrO UMMYHOIO6ynnHa

150 200 250 Hm

Puc. 56. V1306paxeHns UMMyHorno6ynuHos IgG B cBOGOAHOM (c/1€Ba) U B COCTOSIHUM UMMYHHbIX KOMMIEKCOB (B LUEHTPE),
NoJsly4eHHble C MOMOLLbIO aTOMHO-CUTOBOIO MUKPOCKONa, cnpaBa — TpexmMepHas pekoHCTPYKLMSA N30NIMPOBAHHOrO UMMYHOTo6ynnHa
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CJI08 HAHOCHUJIA aHTUTEH He6GOoJIBbIION MOJIEKYJIAPHON Mac-
cel — 60 k/la, UMEIOIMUN TOJTBKO OAUH CAWUT CBA3BIBAHUS
A1 BHOCUMBIX MOHOKJIOHAJBHBIX aHTUTEJ. ITa CUCTeMa
03BOJINJIA UM OTpaboTaTh aJrOPUTM BBIYUTAHUA (HOHO-
BBIX 3HAYEHUUN U BBIABJIEHUA CHEIU(PUIHBIX B3aUMOJEH-
ctBuii. C MOMOIIBI0O UMMYHO(GEPMEHTHOI'0O aHaJIn3a, Ipo-
BE€JIEHHOI'0 Ha ITO/IJIOKKeE, ObliIa JOKa3aHa JJOCTYITHOCTb U CO-
XPaHHOCTB 3MUTOIIOB KOBAJEHTHO NPUIIHUTOTO aHTUTEHA.
CreayrouuM maroM paboThl YUEHBIX OblIa JeTEKIIUA KOM-
MJIEKCOB C YeJI0BeYeCKUMU UMMYHorI06yauHamu IgG u IgM,
MMEIOIIUMU KJIMHUYecKoe 3HadeHre. OCO6eHHOCThIO B3au-
MOJIEICTBUSA «(AHTUT€H-aHTUTEJIO» B JAHHOM cHucTeMe Obliia
BEpPOATHOCTh OMBAJIEHTHOTO CBA3BIBAHUA U 06pa3oBaHUA
6oJiee CIIOKHBIX OEJIKOBBIX KOMILJIEKCOB. HamoMHUM, 4TO
IIpU OIIPeJeIEHNHN BUPYCHBIX NH(PEKIIUN IToKa3aTelb IIPU-
CYyTCTBUSA B CBIBOPOTKE UMMYHOTJI00y1uHOB IgG n IgM saiBNA-
eTCs He TOJIBbKO JUAaTrHOCTUYECKUM (HaIn4une HHQPEeKIIUHN), HO
¥ IPOTHOCTUYECKHUM (COCTOSTHHE NMMYHHOT'0 OTBETA) Iapa-
MeTpoM. C IIOMOIIbI0 ATOMHO-CHUJIOBOM MUKPOCKOITUY CyIIle-
CTBYeT BO3MOKHOCTb AUPPEepeHIINaIbHOTO ONpeieeHUd
IgG u IgM 6e3 mpoBeAeHUS JONOTHUTEIbHBIX CTaAuM obpa-
60TKH, IIOCKOJIBbKY KOMIIJIEKCHI MOKHO PA3JIUINUThH, OCHOBBI-
BasfCh Ha pa3HuIlE B GopMe U pa3Mepax JAaHHBIX UMMYHO-
r106yJIMHOB (puc. 5). Hazo y9UuThIBATh, YTO ITOJ060HaA Aud-
depeHIIMPpOoBKA IPUMEHNMA /I AaHTUT'€HOB, MOJIEKYJIApHAA
Macca KOTOPBIX He IIPeBhINIaeT pa3Mepbl AaHTUTEN, HAIPU-
Mep, I BUPYCHBIX O€JIKOB.

OHUM U3 Ba:KHBIX KPUTEPUEB JUATHOCTUYECKUX CUCTEM
ABJAETCA BO3MOKHOCTD HE TOJIbKO KaueCTBEHHOU OLIEeHKH,
HO U IPOBEJEHUA KOJUYECTBEHHOro aHaiamusa. Vcroasao-
BaHME KOJIMYECTBEHHOro nojaxonga B ACM-ucciaeJoBaHUAX
MoKa3ajo, 4YTO YHCJIO0 GOPMUPYIOIIUXCA KOMIIJIEKCOB Ha-
IPSAMYIO 3aBUCEJIO OT KOHIIeHTpaluuu BHoCUMBIX UT. JlocTo-
BEPHOCTB ITOJIyYeHHBIX JAHHBIX [IOJATBEPIK/IEHA C IOMOIIIbIO
UMMYHO(pEPMEHTHOI'0 aHAJIMN3a.

CrnenuduUIHOCTD, UM CIIOCOGHOCTD OIpeAeaaATh KOMIIO-
HEHT B CJIO}KHBIX MHOTI'OKOMIIOHEHTHBIX GMOJIOTMYECKUX 006-
pasnax, B KOTOPBIX COJIep:KaHUe JAHHOTO KOMIIOHEHTA MO-
sKeT OBbITh UpPe3BBIYAHO HU3KO, TAKIKe ABJISAETCA OAHON U3
KJII0OYEBBIX XapaKTEePUCTHUK JMarHOCTUYECKUX cUcTeM. B Xo-
e paGoTel OblIa IIPOAEMOHCTPUPOBAHA IPUHIIUITHATbHAA
BO3MOKHOCTB JIeTEKTUPOBATh MeToaoM ACM crnenuduye-
CKHe aHTHUTeJa B CBIBOPOTKE B KOHIleHTpanuu 0,5 MKT/MiI.

Busyanusauusa BupycHbix 4yactuy metogom ACM
JlanpHedmasa AeATeIbHOCTD UcciiefoBaTeliel Obliia cBsa3a-
Hac BHsyaanauI/Iei/i Pa3/JINYHbIX BUPDYCHBIX YaCTHI], BBI3bI-
BaIOIUX JIeTCKUe 3aboseBaHUA. 3ajada, CTOABIIASA IIepPes
YYeHBIMH, — I10106paTh ONITHUMAaJbHbIE YCIOBUA COPOLIUYU
BUPycOB Ha ACM-TIOZJIOKKE U IIPOBECTU U3yYEHUE CTPYK-
TYPHBIX 0COGEHHOCTEH BUPYCHBIX JYacTHIl. BelI mpoBeaeH
aHaJIu3 pas3IudHBIX 06pa3I[0B, COJlepKAINX BUPYCHI KOPU
unapotuTa. [Ipy paccMoTpeHHH cocTaBa 06pasroB o6HapPY-
HHUJIACh SBHAYUTEJIIbHAA Fr€TEPOT€HHOCTD YaCTHUIL: OT He6OIb-
mux (pparMeHToB 10 6o1ee-MeHee c(hOpMUPOBAHHBIX BUPYC-
HBIX yacTur (puc. 6). [lorkasaTesieM akKTUBHOTO MaTepHaJja
ABJIAETCA HaaIu4yue c)OPpMHUPOBAHHBIX BUPYCHBIX YaCTHII,

Puc. 6. ACM-un3o6paxeHns obpasua, cogepxaliero BUpyc napotura.
Beepxy — nnowafab ckanuposanus 1200x1200 HM?, BHU3Y — nnowjab
ckaHupoBaHusa 450x450 Hm?

CIIOCOGHBIX K PA3MHOKEHUIO B OPraHU3Me BAaKIIMHUPYEeMOro.
Takue yacTUIIBI MOKHO BBIABJIATE U IIOICYUTHIBATH C IIOMO-
b0 ACM. TakuM 06pa3oM, aTOMHO-CUJI0BAsI MUKPOCKOIIHUSA
MOsKeT GBITh MCHOJIb30BaHa HE TOJAbKO KaK JUarHOCTHUYe-
CKMI MHCTPYMEHT, HO U KaK METO/] OLICHKU U CTaHapTu3a-
MU IIPOTUBOBUPYCHBIX BAKIIMH.

MepcneKkTussbl

Crenyromuii aTamn paboT ucciegoBartesiell OyZeT MOCBAIEeH
BBIIBJIEHUIO GEJIKOBBIX KOMIIOHEHTOB BUPYCOB C IIOMOIIbIO
crienudUIeCKUX aHTUTeJN. B Xonae pa6oThl IJIaHUPYyeTCA
COIIOCTABUTh OCHOBHBIE XapaKTEPUCTUKMN pa3pabaTbiBae-
MBIX CUCTEM: CIIELIU(PUYHOCTD, YYBCTBUTEIbHOCTD, BO3MOK-
HOCTB KOJIMYEeCTBEHHOT 0 aHanu3a, 9pPeKTuBHOCTE. Vccie-
JloBaTeJIU IIPOBEAYT OIEHKY 9KOHOMHYECKOH Iiesecoobpas-
HOCTU pa3paboTaHHOMN TEXHOJOTUU U HAMETAT AaIbHeNIe
IEPCIEKTUBBI PA3BUTHA IIPOEKTA UCII0JIb30BAHUA ATOMHO-
CHJIOBOM MUKPOCKOIIMH B ITUATHOCTUYECKOM cekTope. l

OB ABTOPAX

Muxaun MNMetpoBuy KupnuuHukos — akagemunk PAH, npo-
deccop, npopektop MI'Y nm. M.B. JlomoHocoBa, gekaH 6uno-
noruvyeckoro cakynsteta MI'Y, 3aBegytowmii nabopartopumen
MHXeHepun 6enka NHcTuTyTa 6MoopraHnyeckon xumun PAH
um. M.M. lemsakuHa n t0.A. OBYMHHUKOBA.

EneHa [lemblIrMHa — KOpPpecnoHAEHT XypHana «B mupe
HayKun».
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“BB“EH“E HOBbIX MCTOYHNKOB SHEPT U

JleB MakapLumH

CTpeMuTEJILHOE COKpallleHHE 3aMacoB JeIIeBbIX YIIeBO-
AOPOAOB TpeGyeT IIUMPOKOro OCBOEHUS HOBBIX XUMUYE-
CKHX 3HEProHOCHTEJIEH U aJIbTePHATUBHBIX NJIN HETpa-
AUIMOHHBIX HCTOYHUKOB 3Hepruu y:xe B XXI B. OcoGoe
BHHMAaHUE yAeJIsIeTCA BOAOPOAY, BXOAALIEMY B COCTaB
BCEX OpPraHHYeCKHX BEIIEeCTB U BOAbI, COAepKamieiica
B HEOrpaHHYEHHOM KoJIndecTBe B MHPOBOM OKeaHe
YHUKaJIbHBIE CBOMCTBA BOAOPO/IA ITI03BOJIAIOT CYUTATD €r0
YHUBEPCAJbHBIM U 9KOJOTUYECKU YHUCTBIM XUMUYECKUM
SHepl‘OHOCI/ITeIIeM, HpI/Il‘OLLHbIM JJId UCIIOJIBb30BAHUA B JIIO-
6]31X BHUaX TEIIJIOBBIX ﬂBHraTe]IefI n YCTPOﬁCTB IIOJIyY€HU A
aekTposHepruu. Ocoboe 3HAYEHUE IPU STOM UMEIOT «TO-
IUIMBHBIE IIPOLIECCOPBD — KaTaJUTUYECKUE ra3oreHepa-
TOPBI BOJOPO/A, UCHOIb3YIONINE B KAUYECTBE €r0 UCXOJTHO-
TO HOCUTEJISI OpraHUYeCKHUe COeJUHEHHU TUIIA YIJIEBOLOPO-

JI0B, CIUPTOB U 9¢upoB. KOMIAKTHOCTH ra3oreHepaTopoB

MOJKHO JJOCTHUYb 32 CYET IPUMEHEHU A MUKPOKAHAIbHBIX Ka-
TQJIUTUIECKUX CUCTEM.

I[Togo6HYI0 cUCTEMy IIpPeACTABIIAET COO0M KOMITAKTHBIHN
MurpopeakTop (MP), co6panHBIN 13 MukpomyactuH (MKII)
C KaHaJaMH CyOMUJIIMMETPOBBIX padMmepoB. MKII — Ho-
CUTEJIN KaTAJIUTUYEeCKU aKTUBHOTO KOMIIOHEHTA, KOTOPBIE
0OBIYHO M3rOTaBINBAIOTCA U3 MAaTEPHAJIOB C BEICOKOU Te-
IJIONIPOBOAHOCTEIO. KoHCTpYyKIIUua MP 1Mo3BoJIIeT pelIuTh
PAA BaMKHBIX IP0o6JIeM, BOSHUKAIOIINX IIPU UCII0OIb30BAHU U
TPaJUIIMOHHBIX XUMHUYECKUX peakTopoB. Cpeau HUX —
HHU3Kad pajuajJbHasd TEIJIOIIPOBOJHOCTh HEIIOABUKHOTO
CJI0Sl KaTaJIn3aTopa, He M03BOJIAI0NIasd OTBECTH UJIH IO -
BECTH B 30HY PEAKIINHU HEOOXOAUMOe KOJINYECTBO TEIJIOTHI,
a TaKiKe HeJJOCTATOYHO 3(p(PEeKTUBHOE €T0 UCII0Ib30BaHUE.
JKCIepUMEeHTaJIbHbIE UCCIeJOBAHUA IOATBEPKIAIOT, YTO
paboTa MUKPOKAaHAJIbHBIX CUCTEM B IIPOLIECCE IOJIYYEeHU
BOJIOPOJA CYIIECTBEHHO NOBbIIIAeT 9 HEKTUBHOCTD TEIlJIO-
o0MeHa ¥ MCI0Jb30BAaHHUE KaTaJIu3aTopa 0 CPaBHEHUIO
C TPaAVIIMOHHBIMU XUMHYE€CKUMU peakTopaMu. [lepednc-
JIEHHBIE JOCTOMHCTBA MP IIPUBOJAT K CYIIIeCTBEHHOMY yBe-
JIMYEHHUIO UX y/IeIbHOU IIPOU3BOIUTEIBHOCTH, & B PsAJIE CIIY-
YaeB — U K IIOBBIIIIEHUIO CEJICKTUBHOCTH ITPOXOIAIIUX B HUX
peaknuii. Hau6osee ApKO 9TH AOCTOMHCTBA IPOABIAIOTCA

Puc. 1. Bno4HbIn MUKpOpPeakTop NapoBON KOHBEPCUMM MeTaHona pas-
MepoM 65x90x85 MM, U3roToBneHHbIN U3 natyHn. PeakTop cocTonT
N3 Tpex He3aBUCUMMbIX pa3boOpHbIX CEKLWUI, KOTopble HarpeBalTcs
BCTPOEHHbIMUN dNEeKTpOHarpeBaTefibHbIMK 3iemeHTaMu. B Mukpopeak-
TOpe MCMONb30BaHbl MUKPOKaHasbHble NNACTUHbLI C NapanienbHbIMK
KaHanamv cybMunnMmeTpoBbix pa3amepos. KoHcTpykuua MP nossonsiet
BapbupoBaTtb KonuyecTtso cekuuin MKI1 B 3aBUCMMOCTH OT Tpebyemon
npon3BOAMTENbHOCTM peakTopa. Ana ygob6ctea nepesarpysku MP,
MK no 20-30 wT. cobupatoT B 6nok paamepoM 40x30x18 mMm3, KoTO-
pbili 3aTem BCTaBNAOT B cekuymto MP. 3To no3sonseT foctaTo4HO npo-
cTo ocyuwecTBnATb cMeHy MKII. UcnbiTaHne ogHOM CeKLUKN ONMCAHHOIO
MUKpopeakTopa NpoBoAnnn ¢ ncnonbsosaHvem MKI1, n3rotosneHHbIx
13 NeHoHWkens ¢ katanusatopom Cu—Ce—Al-O. Npn BXOAHOM NOTOKe
XWUAKOW cMecu meTaHona u BoAbl 80 Mn/4ac u TemnepaType peakTo-
pa 260 °C koHBepcua MeTaHona coctasuna 80%. Mpu aTom nponsso-
OUTeNbHOCTbL MO BOJOPOAY OAHOW CEeKLUUM MUKpopeakTopa cocTtasuna
106 n/vac, a ygenbHasi Npou3BOAUTENBHOCTb MUKpPOpeakTopa B nepe-
cyeTe Ha cymmapHbin o6bem MK paBHanace 4,9 n/(cmd-yac)
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IPHU OCYIIECTBJIECHUHN OBICTPBIX PEAKIIUN C MaJbIM BpeMe-
HEM KOHTAaKTa U BBICOKMMU TEIJIOBBIMU 3 deKkTaMu, Ha-
IIpUMep, B X0/ie ITIOJTHOT'0 U ITapIIuaIbHOI0 OKUCIEHUS yIJIe-
BO/IOPOIOB.

IepBble IyGIMKaIU 00 UCIIOIb30BAHUY TEXHOJOTHUI MU-
KPO3JIEKTPOHUKU B U3TOTOBJIEHUU XUMUYE€CKUX CUCTEM II0-
ABuianCch B 1989 r.. UccnenoBaTenbckuil ieHTp Kapiacpya
u MHCTUTYT MUKpoTexHoaoru Marinna (FlepmaHus) mep-
BBIMU Ha4YaJIM U3TOTABINBATh MHOTOKAaHAJIbHBIE PEAKTOPHI,
MHUKPOCMECUTEIN U MUKPOTEIIOOOMEHHUKHU, UCIOIb3Ys
auTorpaduio, raJJbBAaHOTEXHUKY, 9JIEKTPOUCKPOBYIO U Me-
XaHUYECKYI0 00paboTKYy.

Haumunas ¢ 2001 r., BO MHOI'UX IPOMBIIIIJIEHHO Pa3BUTBIX
CTpaHax CTajJd aHOHCUPOBAThCSA KPYITHBIE TOCYJapCTBEH-
Hble porpammbl HYOKP B o6s1acTé BOJOPOLHON HEPreTH-
k. CeroHa NPaKTUYECKU BCe KPYIHbIE aBTOMOGUIbHBIE
¥ 9HepreTUYecKre KOMIIAaHUU MU pPa ¥ COTHU CPEeTHUX U Ma-
JIBIX MTHHOBAIITUOHHBIX IIPEAIIPUATUHN aKTUBHO IIPOBOAAT pa-
60THI B 9TUX HallpaBjIeHUAX. KpyIIHbIe HcciiefoBaTeIbCKUE
nporpamMMbl pacciuTaHbl Ha nepuof 10 2020 r. 1 HaIeJIeHbI
Ha yMEeHbIIICHHUe 3aBUCUMOCTHU PAa3BUTHIX CTPAH OT UMIIOP-
Ta 9HEPropecypcos.

CocTosiHue pa6ot B Poccun

B Poccuu paGoThl 110 U3TOTOBJIEHUIO MUKPOKAHAIbHBIX
KaTaJIATUYIECKUX CUCTEM GbLIM HAaYaThl OKOJIO IECATH JIeT
TOMY Ha3a/l U OKa3aJIUCh CKOHLIEHTPUPOBAHHBIMU B 1H-
crutyTte karanusa uM. I. K. BopeckoBa CUGHPCKOro oT-
nenenusa PAH (MK CO PAH). [lna uccienoBaHUsA KMHETHU-
KU ra30oBBIX FeTEPOreHHBIX KAaTAJIUTUYECKUX IIPOIECCOB
U OoIlpeJle/IeHUs aKTUBHOCTU KaTajlu3aTopoB ObLI paspa-
60TaH U YCIIEITHO peaIn30BaH IeJIbIN PAJ UCCIeJ0BATE I b-
CKUX YCTAHOBOK IIPOTOYHO-IIUPKYJIAIMOHHOTO TUIIA C MU-
KpPOpeaKTOpPaMHU.

B 2004 r. nosBuicsa nepsbii 3akazuuk, OAO 'MK «Ho-
PWJIBCKUI HUKEJIb», KOTOPBIH ITpe1o:knI PAH BRIIOUYUTHCA
B peaIn3alifio KPyITHONU IPOrpaMMBbI 10 BBITIOJHEHUIO HAY Y-
HO-VICCJIEJIOBATEIbCKUX, ONBITHO-KOHCTPYKTOPCKUX U TeX-
HOJIOTUYEeCKUX PaboT B 06/1aCTHU BOJOPOAHOU 9HEPreTUKU.
Ji1a npopoyixeHus GUHAHCUPOBAHUA 3TUX paboT B 2005 .
6bli1a co3paHa HanmoHasibHasg MHHOBALIMOHHA A KOMIIAHU A
«HoBbIe 9HepreTUYeCKHe MIPOEKThD, KOTOpas CTajla OKa3bl-
BaTh GUHAHCOBYIO IIOAJEPKKY HAy YHBIM I'PyInaM, padora-
IOIUM B 06J1aCTH BOJIOPOIHOM 9HepreTUKU. B caMoM HHCTH-
TyTe 0]l pyKOBOACTBOM ITpodeccopa Bragumupa Co6aHrHA
6GBLJIO CO3JJaHO HECKOJIBKO HAY YHBIX T'PYIIH, BBIITOJHAIOIINX
Hay4YHO-HCCIEA0BATENbCKYI0 paboTy II0 NPeaIoKEeHHOMN
TemMaTuKe. ['pylnmna 1o MUKPOKATAJIUTUYECKUM CUCTeMaM
BO IUIaBe C BeAYIIUM HAy4YHBIM COTPYyAHHKOM JIbBoM Ma-
KapIINHBIM 32 OJJUH TOJIBKO I'0J CyMeJIa JOCTUYb HEIIJIOXUX
pe3yabTaToB. BriepBrie 66111 padpaboTaHbl MUKPOKAHAJb-
HbI€ PEaKTOPBI JIJIA II0JIy YEHHU I BOJIOPO/ia B KATAIUTHUYECKOHN
PeaKI U NapoBO¥ KOHBEPCHY METAaHOJIa U MapIlHaJIbHOTO
oxkucjaeHus MetraHa (IIOM). B pesyabTaTe yCIEIIHO BBIIOJI-
HEHHOU paboThl 6bLI co3xaH MUKpopeakTop IIOM pasame-
poM 36%x24x26 MM® ¢ TPOU3BOAUTEIBHOCTHIO CHHTE3-Ta3a
0,8 M3/4.

Puc. 2. MukpopeakTop TennoobmerHoro tuna (MPTO) ans naposon
KOHBepCcUM MeTaHona gvameTpoMm 40 MM M BbICOTON 35 MM, U3roToB-
NeHHbIV U3 HepxaBgetoLei ctanu. B aTom peakTope aHfoTepMuyeckas
peakuusi NnapoBOI KOHBEPCUM MeTaHona ConpsiXeHa no TennoTte ¢ npo-
Tekalllehn B M30IMPOBAHHOM OOGbEME IK30TEPMUYECKOWN peakumnemn
rny6oKoro okucnexHmsa metaHona so3ayxomM. MKI1 66111 U3rotosneHsbl
13 HepxasertoLen ctany un nmetoT no 40 kaHanos cevenvem 0,1x0,1 MM
1 anuHou 20 MMm. 3arpy3ky MP-nnacTMHamu ocywecTBnsnM Takum o6-
pasoMm, 4to6bl MKT1, o6ecnevmnBatoLne NapoByto KOHBEPCUO MeTaHona,
yepeposanucek ¢ MKI1, o6ecneuynsarowumm rnybokoe oKucneHme meTa-
Hona. Mpwu aToM KaHanbl conpukacawwmxca MK 6binu HanpasBneHbl
nepneHpuKynapHo Apyr apyry. Katanusatopom napoBoil KOHBepcuu
MeTaHona cnyxut coctaB Cu—-Zn-O, a rny60Koro OoKUCNeHus meTa-
Hona — Pt/ZrO,. Mpw npoBefeHW UcnbITaHU onuckiBaembii MPTO
TEennou3onupoBanu U Harpeesanu Ao TemrnepaTtypbl Ha4ana katanutu-
4eckoro okucneHus metaHona — 250 °C. lMocne aToro HarpesaTesnb
BbIkNto4anu, n MP Ha4mHan pa6oTaTb B aBTOHOMHOM pexume. MNpu Tem-
neparype peaktopa 270 °C 3apernctpupoBaHHas Npou3BoAUTENBHOCTb
MPTO no Bogopofy paBHsanack 32 n/4ac

PemraroruM MOMEHTOM B IOAJEPKKe HAY YHO-HCCIIEe0Ba-
TENIbCKUX, ONBITHO-KOHCTPYKTOPCKUX M TEXHOJIOTUYECKUX
pa6oT 10 MUKPOKaTaJUTUYECKHUM CUCTeMaM cTaja rnobesa
B KOHKypce PocHayku B 2005 r. Peanusanusa npoekta «Pas-
paboTKka MUKPOPEaKTUBHOU TEXHUKH M YCTPOUCTB Ha ee
OCHOBE /1151 BOJIOPOJHBIX 9HEProyCTaHOBOK» B paMKax de-
JlepajbHOM I1eJIeBOii Hay YHO-TeXHHY€eCKOM IIporpaMMBbI 3Ha-
YUTEJbHO yCKOPUJIA X0, paboT, II03BOJIUB IIPUBJIeYb HOBBIX
HUCIIOTHUTEJIEH ¥ yBeIUIUTh MacIITa0bl 9KCIIEPUMEHTA.

Co3paHue MUKpopeaKTopa

MUKpOKaHAJbHBIM PEAKTOP COCTOUT U3 TpeX 6a30BbIX CO-
CTaBJIAIOIINX: KOPIIyC, MUKPOKaHaIbHBIE I1acTUHBI (MKII)
U 3aKpEIJIEHHBIM Ha HEM KaTaymsaTop. [yig co3gaHud ad-
¢$eKTUBHO paboTaIoIIero yCTPoHCcTBa HEOOXOAMO ITPOBECTH
HayYHO-HCCJIeJ0BATEIBCKYIO M KOHCTPYKTOPCKYIO paGoTy 1o
BCEM TpeM HalrpaBiaeHUAM. Onmyupasch Ha 3apybOeKHbIe pas-
pabGoTKN MUKPOKATAJIUTUYIECKUX CUCTEeM, IHCTUTYT KaTa-
nusdanM. I K. BopeckoBa CO PAH co3pan na6oparopabie MP
JULS TIOJIy Y€HH A BOJIOPO/ia B KATAJIUTHUYECKHUX ITpolieccax p
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Puc. 3. MukpopeakTop KatanmMTM4Yeckoro napumManbHOro OKUCNeHUs
meTaHa. lMones3Hbii 06beM MP, 3aHMMaeMbIi MMKpOKaHanbHbIMU Nna-
ctuHamu MKITT, coctasnsieT 4,0 cm®. BxogHas razoBasi CMecb noctynaet
B peakTop, rae ra3 HarpeBaeTCcsl ¥ paBHOMEPHO pacnpefenseTcs rno ce-
YEHMI0 NONOCTM € pa3meLleHHbiMuU B Helt MK, MKTT 6b1nv n3rotoBneHs!
MeTofoM rodpmpoBaHmns dexpanesor onbru TonwuHom 50 Mkm. B pe-
3ynbrate 6b1nn nony4veHsl MKIM TonwwmHon 0,8 MM, copepxatume 40 ka-
HanoB. KaTanutn4yeckun akTMBHbIM KOMMOHEHTOM Ha 3Tux MKI1 aBnsetcs
coctaB La-Zr-Ce-Ni-Pt-O. VicnbiTanus MP ¢ gecsitbto MKI no Bogopony
cocTaBnset 375 n/4ac npu 77% KoHBepcuMM MeTaHa. OTO COOTBETCTBY-
eT yaenbHOW NpoVM3BOAUTENBHOCTM NpKU nepecyeTe Ha o6bem MKIT,
94 n/(cm®-yac). CeneKTUBHOCTb MO BbIXOAY MOHOKCMAA yrrnepoga co-
cTaBnseT 87%. MNpu 3TOM cocTaB Cyxol ra3oBO CMecu Ha BbiXxoae
M3 peakTopa CO BXOOHOW CKOPOCTbI MoToka 316 mMn/c cnepyowmi:
H, — 06. 36,6%, CH, — 06. 4,6%, N, — 06. 44,5%, CO — 06. 17,1%
n CO, — 06. 1,9%. 370 COOTBETCTBYET PABHOBECHOMY COOTHOLIEHWIO
KOHLEHTpauuii NpoayKTOB OKUCNIeHWs MeTaHa BO3AyXoM Ans aguaéatu-
4YecKoro peaktopa ¢ TemnepaTypoii 840 °C

napoBOM KOHBEPCHUHU MeTaHOJIA U IapIiuaJbHOTO OKHCJIe-
HUSA MeTaHa, IIPOU3BOJUTEIBHOCTD 110 BOAOPOJY KOTOPBIX,
CpaBHHMA C pe3yJbTaTaMH BEeAYIINX HAYYHBIX IITKOJ IPY-
rux crpaH. Boabiiasa pa6oTa 10 CUHTE3y U 3aKPeIICHUI0
BBICOKO2((EKTUBHOr0 KaTajau3aTopa Ha MeTa/UInYecKUue
MEKII 6b11a ITpOBEIeHa B 1abopaTopuu npodeccopa Bragu-
ciaaBa CaablKoBa.

COMCHOJTHUTEJAMHU ITPOEKTA BBICTYHHJIN HAyYHBbIE KOJI-
nexTuBbl HoBocuGupckoro Axkagemropoaka. CubupckuMu
y4eHBIMU ObLIU pa3paboTaHBbl CIIOCOObI U3IOTOBJIEHUSA MU-
KPOKAHAJIbHBIX IJIACTUH U 3aKPEIJICHUs Ha HUX KaTaJlu-
3aTtopa. B MuctutyTe aBTomatuku CO PAH B nab6opaTopunu
KaHAuaTa TEXHUYEeCKUX Hayk Bukropa BeccmernprieBa 6bI-
Jla co3laHa la3epHas MeTOAMKA, ITI03BOJIAONIAA HA METAJIN-
YeCKOH IJIACTUHE U3TOTaBINBATh MUKPOKAaHAJIbI 3alaHHOHN

¢opMel ¢ TounocThIo 0,02 MM. B na6opaTopuu JeToHAILU-
oHHoro TedeHusa MHcTutyTa rugpoanHaMukn CO PAH, ko-
TOPOIf PyKOBOJUT JIOKTOP TeXHUYECKUX HayKk Biagumup
YApAHULKAN, HA MEeTa/UIMYECKYIO IIJITACTUHKY C IIOMOIIBIO
06'bEMHOT'0 B3pbIBa HAHOCUTCA KOPYH/,. BBICOKas CKOPOCTH
JBUKEHUA 3aCTaBJISAET OPOIIOK INIaBUTHCA U 3AKPEIIATh-
csAHA MeTajljle U3 Hep:kaBellel cTaau uiu ¢pexpalie (Bbl-
COKOTeMIIepaTypHOU Hep:xaBelike). [I14 co3aHUsA BBICOKO-
3¢ PeKTUBHOro KaTajnusaropa Ha 3Ty IIOBEPXHOCTh B XO7ie
XUMUYECKON peaKIMu HapallluBaeTCsd BBICOKOIIOPUCTBIN
cioit g-Al,O, c BHyTPEHHEHN MIOPUCTOCTBIO — 0K0J10 300 M?/T.
Jlajee METOAOM «IIPONUTKA/IPOKAJKa» HAHOCUTCH aKTHUB-
HbII KOMIIOHEHT.

MepcneKkTuBbl pa3paboTok

B HacTodAllee BpeMd IepeJ] y4YeHbBIMU CTOUT 3ajada co3-
AaHUA IIOPTATHUBHOI'O «TOIIJIMBHOI'O IIponeccopa» — Ie€He-
paTopa Bogopoaa Ha 6a3e BBICOKOd((EKTUBHOIO MUKPO-
KaHaJbHOro peakTopa. IIpu 2ToM HE06X0AUMO PEIIUTh
BOIIPOCHI, CBA3aHHBIE C pa3paboTKOM U M3rOTOBJIEHUEM
KOMITIQAKTHBIX CMCTEM II0JAa4YM ra3a M JKUJKOro TOIlJInBa,
YCTPOMUCTB OYHUCTKHU CHHTE3-Ta3a 0T MOHOKCH/A yIJIepoJa.
B panbpHelIeM IJIaHUPYETCSA PACCMOTPETh BO3MOKHOCTh
06'b€IMHEHUA «TOIIMBHOI'O IIPOIlecCcopa» C «TOMJUBHBIM
aJIeMeHTOM» IIpeo6pasoBaTeis BOJOpoia NN CHHTE3 rasa
B 3JIEKTPUYECTBO.

Pa3paboTKa y4YeHBIX UMeeT GOJbIINEe IePCIEKTUBBI A
Pa3BUTUA 9HEPreTUKYU CTpaHbl. OHA IIO3BOIUT CO3/]aTh HO-
BBI€ 9HEPrOyCTAHOBKH, HCIOJIb3YIOIIHE YIJIEBOJOPOJHOE TO-
IJIMBO ¥ BO30OOHOBJISIEMbIE UICTOYHUKHN OHEPIrUun. VYixe CEeroaHsda
3a py6erxoM IBITAIOTCA CO3/]aTh KATAJIUTHIECKUE CUCTEMBbI
Ha MUKPOKaHaJIbHBIX peaKTopax, KOTopble CMOTYT obecIie-
YUTh NUTaHUEM MOOHUJIbHBIE Tele(OHBI 1 HOYyTOYKHU. Bpemsa
PaboThI TAKUX UCTOYHUKOB ITPU HEITPEPBIBHOM HCII0Ib30Ba-

HHUU JOCTUTAET OJJHOT' O MecALa. B ocHoBe ux AE€ATEIIBHOCTHU

Puc.4. TunuyHaa MukpokaHanbHaa nnacTvHa, U3roToBfeHHasa U3 He-
pxaBetowen ctanu B NIHcTuTyTe Katanuda CO PAH c nomowbio na-
3epHON nuTorpadunn 1 NocnefyloLero 3f1eKTPOXMMNYECKOro Tpasne-
Hua. Kanansl MKI nmetoT dopmy cnvpaneit Apxumega ¢ ceveHvem
0,2x0,2 MM. HaHeceHMne 1 3akpenneHne Katanuaaropa B MMKpOoKaHanax
npoBoAMNN creayouiMm o6pasom: NMopoLLOK roTOBOro KaTtanuaaropa
Cu/ZnO c pa3amepom HacTnyek 1-5 MKM C NceBAo6EMUTOM B KayecTBe
CBA3YIOLLIEro 3anNpeccoBbIBanNy B kKaHanbl
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JIEIKUT HCIIOJIb30BaHUE BOAOPO/AA UJIU CUHTEe3-Ta3a, ojayda-
€MOTr'0 B «TOILIMBHOM IIPOI[ECCOpPE» C MUKPOPEAKTOPOM JIJIS
BbIpa6aThIBAHUSA 9JEKTPUYECKON 9HEPIUU B «TOILJIMBHBIN
aJIeMeHT». TaKkue CUCTeMBbl HHTEPECHBI C TOYKH 3PEHU CO3-
JaHUA MOOMJIbHBIX IEPEHOCHBIX 9HEPrOyCTaHOBOK.
CeronHsd, Korja 6ypHO 06CYk/IAI0OTCA BO3MOKHOCTH BO-
JIOPOTHOM 9HEPTETUKU C TOYKU 3PEHUS aBTOMOOGUIBHOTO
TpaHcHopTa (HepeBojJ aBTOMOGMIIEH Ha BOJOPOJ KaK 9KO-
JIOTUYECKU YUCTOE TONJMBO), N306peTeHne CUOUPCKUX
CIIE[MAJINCTOB UMEET XOpOIlue MePCIeKTUBbI, XOTH 3TO
HalnpaBJIeHHEe B POCCUNMCKON HayKe — CPaBHUTEJIBHO MO-
nopoe. TeM He MeHee, clIeyeT OTMETUTD, YTO HEOOXOAU MBI

COBPEMEHHBIE TEXHOJIOTUHU U3ITOTOBJICHUA MUKPOKAaHAJIOB,

KaTajJnu3aTopoB, AU3aiiHa peaKkTopa U T.[., — HAXOASAIH1-
ecsi Ha BEBICOKOM MU POBOM ypoBHe. ll

OB ABTOPAX

JleB JlbBoBUY MakapLuMH — [OKTOP XMMW4YECKUX HayK, Be-
OYLMIA Hay4YHbIA COTPYAHUK MIHCTUTyTa Katanmsa um. K. bo-
peckoBa CO PAH.

TaTbsiHa BapxaTtoBa — koppecnoHfeHT LlenTpa «OTkpbiTas
3KOHOMMKA».

O ®EOEPANBHOW LUENEBOW HAYYHO-TEXHUYECKOW MPOrPAMME

«MiccnepoBaHua U pa3paboTKN Mo NPUOPUTETHbIM HanpaBeHNAM
pa3BUTUS HayKU U TeXHUKU Ha 2002—-2006 rogbl»

N3 nHTepBbIO 3amecTUTENna gupekTopa MeXxseJOMCTBEHHOroO aHaIMTUYECKOro LieHTpa
IOpus CumayeBa akcnepTHomMy KaHany Sciencerf.ru:

«PepepanbHo-Lenesas nporpaMma — OAWH N3 Hanbonee oTpaboTaHHbIX U 3PPEKTUBHBIX UHCTPYMEHTOB
6I0[KETHbIX PACXOAOB MO TEM HanpaeleHUsM, KOTOPble BaXKHbl 4719 rOCyfapcTBa B YCII0BUAX
Heo6xo4MMOCTM Nepexofa K MHHOBaLMOHHOM SKOHOMUKe. B nporpamme 2002—2006 rr. 66111 caoenaH psag
CyLLeCTBEHHbIX HOBaLM, CBA3AHHbIX C YCUIIEHNEM POSiY SKCMEPTHOrO COOOLLIECTBA B OLIEHKE pe3ynbTaToB
paboThbl M 3asABUTENEN Ha y4acTre B HUX. Bce aTo cnoco6CTBOBASIO MOBLILLEHUIO KaYyecTBa NPOBOANMbIX
nccnepoBaHuii. [pu aToM, C OQHON CTOPOHbI, CYLLIECTBEHHO BbIpOCia CyMMa rpaHTa no NpoeKTy,

C Opyron — 6bInv yBENNYEHbI CPOKMN €ro peanuiaumm. 3To Takxe cnocobCcTBOBaNO NnonyveHuto 6onee
3HaYUMBbIX PE3YNbTaTOB U CHUXXaOo PUCK pacrblilieHUs pecypcoB»
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Mapk ®uieTtTn

soncuoe GXKAITILIE

Yxe HECKOJIBKO AeCATHUIETUHN IpamkJaHCKUE CaMOJIEThbI
OCHAIIeHBbl TYypPOOBEHTUJIATOPHBIMHU JABUTATEIAMU, IIPU-
LIeIIINMH Ha CMEHY PeaKTUBHBIM, MCII0JIb3YEeMbIM CET O H A
JIAIIB 1718 MaJIod aBranuu. [IpenmMy1ecTBo Ty pOOBEHTUIIA-
TOPHOI'0 JBUTrATess 3aK/JII0YAeTCA B TOM, YTO BEHTUJIATOP
3aKPBIT KOKYXOM, U GOJIBIION 06b€M 3acacblBaeMOIO BO3-
JAYILTHOTO MOTOKA IIPOXOAUT Yepe3 6alinacHyo MarucTpaib,
He [ortaias B KaMepy cropaHus. TAra ke BOBHUKAeT 3a CYeT
N30BITOYHOTO IaBJICHUA, HATHETAEMOT 0 JIOIIACTAMHU BEHTH-
naropa (puc. Ha cmp. 91). IlpuHOUI paboThl PEaKTUBHOI'O
aBurartesis 6asupyeTcs Ha TOM, YTO BO3JYIIHBIN peaKTHUB-
HBI HOTOK, UCTEKAIOIINI U3 IBUTATeJd CaMOJIeTa, CO3/1aeT
BEKTOp TATU B TOPU30HTAJIBHOM HAIIPpaBJIEHUH, 2 BEHTHJIA-
TOP YBEJIUYHUBAET 06'beM BO3yXa, [IPOXOSAIIETo Yepe3 ABU-
raTeiyib, TeM CAMBIM IIOBBIIIASA €TI0 MOIITHOCTb.

B coBpeMeHHBIX MOJeJIAX aBUAIIMOHHBIX JBUTATeleH
oIHOM eAuHMIIE 06'beMa BO3/yXa, IPOIYIIEHHON Yyepe3 Ka-
Mepy CropaHHus, COOTBETCTBYIOT 7—-8 eQUHUI] BO3YIIHOTO
IOTOKA, IIPOXOJAAIIEr0 Yepe3 BEeHTHJIATOP U GalilacHyIo CU-
cremy. Yem Gosrblrie 6ainIacHBIN IIOTOK, TE€M BbIIIIE 3 HEKTUB-
HOCTB paboTel cucTeMsbl. [lo cioBam [Jleitna Kapcrona (Dale
Carlson), meHnezxepa komrmanuu GE Aviation (mt. Oraiio),
IPU ONpPE/IeJICHUH OIITUMAaJIbHBIX IapaMeTPOB JABUTATEIs
HEOOXOMMO YUYUTHIBATh TAKHE KJIIOYeBble KPUTEPUH, KaK
MOIITHOCTB, BEIOPOCHI IIPOAYKTOB CTOPAHUA U IIIyMHOCTb.

ABHAaKOMIIAHUU, UCIIBITHIBAIOIINE (DMHAHCOBBIE TPYAHOCTHU
M3-3a pOCTa IIeH Ha TOILIMBO, BCe 60JIbIIIe BHUMAHUA yICIAIOT
BOIIPOCAM 9KOHOMHUYHOCTH BO3AYIIHBIX Cy/I0B. Kak cunraeT
I'spu Po6ep:x (Gary Roberge), nupekTop JenapTaMeHTa Iep-
CIIEKTUBHBIX TEXHOJIOTUY KoMnaHuu Pratt&Whitney, yBennde-
HUe 9SKOHOMUYHOCTH JIBUTATEJIA Becero Ha 5% yixe 6yaeT 601b-
okt ynaueii. lH:xeHepsl paboTaroT HaJl CO3JaHUEM KopIlyca
JBUTATEJISI U3 TEPMOILUIACTUKA U Yallle NCHOJb3YIOT AeTaIn
W3 QJIIOMUHUSA, YTO IPUBOIUT K CHUIKEHUIO Beca. BHepeHMe
HUKEeJIEBBIX CIIaBOB ¥ KOMIIO3UTHBIX MaTE€PHAJIOB YBEJIHUYHU-
BaeT pabouylo TeMIepaTypy CropaHus Tomiausa. HecMoTps
Ha TO, YTO ceifyac B aBUACTPOEHUH HCIIOIb3YIOTCS YCOBEP-
IIIeHCTBOBAaHHBIE MOJIEJIY, B TedeHue Ommkanmux 10-20 et
B 9KCIIyaTaluu OyayT TypOOBEHTHIATOPHBIE ABUTATEIH.

TYPBOBEHTUJIATOP. MNpun Tako KOHCTPYKUMN peakTUBHO-
ro ABUratens Bo3gyLlHaa macca pa3busaeTcs Ha ABa NOTOKa.
OpuH 13 HUX MAeT Yyepes 6avinacHylo cMcTemy, rae ero aasne-
HWe NofHUMaeTcsa Ao 2 atMocdep, OH YCKOPAETCA U Ha BbIXO-
[e co3faeT BeKTop TArn. BTopon Bo3ayLUHbIM NOTOK nonagaet
Ha nonaTtku Komnpeccopa, rae ero AaBneHve yBennimeaeTcs
B 30—40 pas n TemnepaTypa nogHMMaeTcs [0 3HA4YEHUN Bbille
1200° C. Janee oH nonagaeT B KaMepy CropaHus, cMeLunBaeT-
Cs C TONAMBOM U NOAAEPXKMBAET npouecc ropenHns. NpoayKTbl
cropaHusi NpuBOAAT BO BpallleHe TYpOuHY 1, MPOXOAs Yepes
BbINYCKHOE COMo, CO34aloT AOMNONHUTENbHYIO TArY ABUraTens.
Typ6u1HBI BbICOKOrO AaBfieHUsi MpMBOAAT BO BpalleHne KOoM-
npeccop BbICOKOro AaBneHns. BeHTUNATop n komMnpeccop Hn3-
KOro AaBneHns BpawjalnTcs TYPOUHOM HU3KOrO faBneHns

—= Tara =

nsurartens
= [NogbemMHas cuna

Tara
-} = pBuratens

MNoabemMHasn cuna -

BUHTOBBIE N PEAKTUBHBIE pgsuratenun cospatoT Tary 3a
CcYyeT NMpoKayku Bo3ayxa. VICKpUBMEHHbIN npodunb Kpbina
dopmuMpyeT BO3AYLLUHbINA MOTOK, KOTOPbIA ABUMXETCHA MO BEPX-
HeW NIOCKOCTM C 60NbLUEN CKOPOCTbIO, YEM MO HUXKHEN. Takum
06pa3om, n3-3a pa3HOCTM CKOPOCTEN U OaBNEeHUA BO3HUKAET
nogbemMHas cuna

B mupe Hayku [09] cenmaGpn 2006
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SHAHHE — CHAA

3HAETE J1M Bbl...

m bonblio 06beM BO3AYLLHOrO NOTOKA, MPOXOAALLEro Yepes 6anacHyo CUCTeEMY, yny4dLlluaeT SKOHOMUYHOCTb ABUraTens
W OenaeT ero MeHee LUYMHbIM, YTO, B CBOIO O4epefb, NO3BOMSAET YBENNYUTL pa3Mep BEHTUAATOpa U TYpOuHbI. Mpu Takon
KOHCTPYKLMKN IONATKN BEHTUNATOPA BPALLAOTCA CO CKOPOCTbLIO, NPEBbILLAOLLEeN CKOPOCTb 3BYKa, B pe3ysnbTare 4ero Bo3-
pacTtaeT ypoBeHb Wyma gsuratens. Cneuymanuctel Komnawuu Pratt&Whitney paspa6aTbiBaloT CUCTEMY NPUBOAA BEHTUNS-
TOpa, PacrnosioXXeHHOro B NepefHer 4acTu roHJonbl ABMratens, 4Tobbl 4OOUTLCA YBENMYeHMs 6ainacHoro BO3AyLLHOro
NoTOKa MPU CHMWXKEHUM CKOPOCTU BPaLLEHNS BEHTUNATOPA.

m CBepx3BYKOBOM MPAMOTOYHbIN ABUratesnb OTAn4aeTcs oT 06bIYHOr0 NMPSIMOTOYHOrO TEM, YTO BO3AYLUHbIMA MOTOK, nona-
OaloLnin B Kamepy CropaHus, npeBbillaeT CKOpoCcTb 3Byka. O6bIYHbIN NPAMOTOYHbIN ABUraTenb TepseT ahdeKTUBHOCTb
Npu CKOPOCTSAX Bbllle 5 M, HO TEOpEeTUYECKN OH MOXET paboTaTb U B 3TOM AnanasoHe. B Hoa6pe 2004 r. npoTtoTtun Y-43,
paspaboTaHHbii cneynanuctamm NASA, passuan ckopoctb Ao 10 M. Pa6oTbl Haf neTatefibHbIM annapaToM MpuLLIoCh
npekpaTuTb U3-3a Npobnem c puHaHcnpoBaHmeM. B Poccun Takxxe BegyTCcs nccnefoBaHus B 3ToM 0611acTtu.

m B Knacc peakTMBHbIX BXOASAT TYPOOBEHTUNATOPHbIE U TYPOOBUHTOBBIE ABUraTeNn. Takme CUoBbIE YCTAHOBKM UCMOMb3Y-
10TCA Ha 60EBbIX BEpTONeTax, TaHKax U MOPCKMX cyaax. MpoMbILLNEHHbIE ra30Bble TYPOUHBI MPUHLMMNANBHO HE OTNnYatloTCs
OT TYyp6OBEHTUNATOPHOrO ABUraTens, B HUX MLLIb OTCYTCTBYET 6arinacHas cuctema. [eHepaTophbl Ans BbIpaboTKM 3M1EKTPO-
3Hepruv BpaLlalTcs 3a CHET IHEPTUM ra3a BbICOKOrO AaBneHWs, NPOXOAALLEro Yepesa nonacT TYPOUHBI.

Y TYPBEOPEAKTUBHOI'O pgBuratens BMecTO BEHTUNATOpa
ycTaHaBnvBaeTcs nponennep. Komnpeccop nosbillaeT gaene-
HWe BO3[yXxa 1 HanpaefseT ero B kamepy cropaHus. [lanee npo-
LOYKTbl CropaHvs NpUBOAAT B ABMXEHUE TYPOUHY, KoTopas Bpa-
LaeT nponesnnep, 3a CHeT 4ero U co3faeTcs Tara Asuratens

MPAMOTOYHbIVN aBuratens UCNonb3yeTca Npu noneTax uc-
TpebuTtenen n pakeT Ha CKOPOCTAX OT 2 #o 4 M. MNpexae Yyem
3anycTuTb Takow ABurartenb, NeTaTtenbHbI annapart AOofXeH
pasorHaTbcsa [0 CBEPX3BYKOBOW ckopocTu. [Tonagas B BO3Qy-
X03a60pHMNK, CBEPX3BYKOBOM BO3AYLLUHbIA NOTOK 3aMefnseTcs,
CMeLuMBaeTCs C TONMBOM v cropaeT. MNpoayKTbl cropaHns npo-
XOAAT Yepes3 CoMmso MU CO3[alT BEKTOp TArn. 3acnoHkKn, pac-
NoONOXeHHble B BO3yX03a60pHMKe, MO3BONAIOT perynnpoBartb

BO3,ElyLIJHbIIZ NOTOK U TAry ABuratensa

— lMNponennep

Kamepa cropaHus

Kamepa
cropaHus

Bnpbick
Tonnuea

Boapyxo3abopHuk

TypOuHbI
MpuBopn
BarinacHbin
BeHTunatop BO3JYLUHbIA NOTOK

Typ6u1Ha HU3KOro AaBreHns

O6Tekartenb

Komnpeccop K
HW3KOro Komnpeccop Ciyzaiﬂ
naBneHus BbICOKOIro P
faBneHus
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KHHKHOE ObO3PEHME

CBUEMENbHULA CYqbhb

OBapuatbii BeK AHHbI Kanuubl: B 2 T.
T. 1. BocnomuHaHus, nucbma. T. 2. [1HeB-
HUKK, 3aMeTKu. MogrotosneHo E.J1. Ka-
nuuen, MN.E. PybunnHeiM. M.: Arpad, 2005.

EcTb mronu, obiaiaromniyue peIKuM Ta-
JIAHTOM — OBITh CIIyTHUKaMH, HEU3-
MEHHBIMH U COIPUYACTHBIMU CyIb-
6aM Tex, C KeM CBeJjla UX JKHU3Hb. Ta-
KUM YIUBUTEJIbHBIM apoM obiaaia
A.A. Kaninna — eHa, ApyT, ITOMOIII-
HHUK BBIJJAIOIIETrOCs PYCCKOro (pU3UKa

I1.JI. Kanmunsl, ¢ KOTOPBIM OHA IIPOMKHU-
s1a 6oJiee Moy BEKa.

Co3HaTebHO OCTaBafACh B TEHU CBO-
ero cympyra, oHa MexXJy TeM M caMa
6blJIa JIMYHOCTBIO 3aMedaTeJlIbHOMN.
Jlodb KpyIIHOTO y4YE€HOTro, NHiKEHepa
A.H. KpblnoBa, ymHasa, o6pasoBaH-
Hasd U ojapeHHasd, AHHa AJIEKCeeBHa
yBJ€Kajlach UCTOPUENH MCKYCCTB, XO-
polro pucosaja, MedTaja cTaTh ap-
xeoJyioroM. Ho BcTpeya ¢ 6aucraTtelib-
HBIM PYCCKUM y4eHbIM u3 KemOpuxa
BHECJIa CBOU KOPPEKTUBHI B €€ IIJIaHBI.
Pagu Hero Mojiofasd :eHIUHA 6e3 co-
JKaJICHUH 0TKa3aJjach OT COGCTBEHHBIX
aMOUIIU, KOTOPBIE C TeX ITOP 1 10 KOH-
1a ObIIM CBA3AHBI TOJBKO C MKU3HBIO
u paboToH JII0OOMMOTO YeI0BEeKa.

IIpegnaraeMble KHUTH CIOKUJINCD U3
JHEBHHUKOB U 3alIUcel, BOCTIOMUHAHUMN
U IIICEM — €€, €T0, UX OJIU3KUX, APY-
3el, KoJIeT. OMOIIMOHAJIBHOE U IPKOE
OoTpaKeHUe KU3HU OJHON He3aypsdAl-
HOI ceMbH, CBA3aHHOU ThIcAYaMHU HU-
TeU ¢ UCTOpHEeH CTPaHBbI, XUTPOCILIE-
TeHHue cyneb MHOTUX JIOJel B paM-
KaX I'PaHJUO3HON caru, oXBaTHUBIIEH
IeJablli BEK — OT HAWBHBIX JHEBHU-
KOBBIX 3aMETOK 14-IeTHEN JeBOYKHU

JI0 IHCeM BOEHHBIX JIET, OT TeIlJIOHN
ceMeHHOU NMepenrucKU B MepPUOJ BbI-
HYXJEHHON pasIyKH /0 JeJIOBBIX Oy-
Mar, cBA3aHHBIX ¢ paboToii. [lapux
NepBBIX JecATUneTHH XX B. U Hay4-
HbIM KeMOpuik, crannHckad MockBa
U «(MHTEJUIMTeHTCKOoe THe310» Ha Hu-
KOJIMHOM rope, 6y/IHU HcciieoBaTeJd
U CJIO}KHBIE B3AaMMOOTHOIIEHUSA MEXK-
Iy HAyKOH ¥ BJIACTBIO, IIAJIOCTH AeTel
U IyTEelIeCTBUS, BCTPEYU C YUYEHBIMU
U IepenucKa ¢ IPy3bsaMH, oOpeTeHus
M yTpaThl, OCTPAKN3M U IPU3HAHNE —
JIOKyMEeHTaJIbHbIe MaTepHaJIbl IIpeBpa-
IIAIOTCA B YBJIEKATEIbHBINA CEMEHHBIN
poMaH, rie Hepa3pbIBHBI HAYKA U OBIT,
MaciTab UCTOPUHU U YeJUHEHHOCTDh
YaCTHOMW KU3HU.
Ilepen ynrarTeseM — JUYHBIE 3AIIUCU
1 BOCIIOMHMHAHUSA, KOTOPBIE CO BpeMe-
HeM IIPEeBPATUJINCh B KHUTY HE O HayKe
U Jake He 06 y9eHOM, a O CaMOOTBep-
JHEHHOM CJIYKEHHH CBOEMY IIpU3Ba-
HHUIO, O JIIO6GBU, MyKeCTBe, BEDHOCTH
BBIOPAHHOMY IyTH, O YeJOBEYHOCTHU
U BEYHBIX IIEHHOCTAX, 0OpPECTH KOTO-
pbIe KaKAeT KaKIbIHA, HO HE KambIi
cnoco6eH co3aTh...
Hapba Koctnkosa

HoBas KHUTA U3BECTHOI'O TYPEIKOTO
nucareasa OpxaHa [lamyka, u3BecT-
HOTO yuTaTeso 6iarogaps poMaHam
«JepHada KHuUra», «<MeHs 30ByT Kpac-
HBIN», «CHEr», BpIILIA B cepuun «Mu-
POBOM MUTEpaTypPHBIA U CTPAHOBE-
gyeckuil 6ectcesiepr. Kamaplil geno-
BEK, JIIOOAIUN TOT UJIU UHOU TOPOJI,
BHUJUT €T0 II0-CBOEMY: y BCeX HacC eCTh
cBos MockBa nnu cBol Ilapmx, cBoe
BUJIEHUE MeCTa, IIPOITyIIIeHHOE CKBO3b
HPpU3MY BOCIIOMUHAHUH, aCcCOIUALINH,
YyBCTB, JUYHOU pUI0CcODUU U ONBITA
norkoneHuu. [lpeqiraraemas KHUra —
o Cram0OyJle, KAk €ero BUJUT POJUB-
IUHCSA TaM IIUCcaTesb, a 3HAYUT, U €ro

quTaTteau. [opoj, KUBYIUN B IIPO-
IIIJIOM ¥ YyCTPEeMJIEHHBIH B OyayIiee,
MeraloJIuC CO MHOTUMU MMEHaMHU,
NpUHALJIEKANUNA ABYM KOHTUHEH-
TaM ¥ MHOTOYHCJIEHHBIM KYJbTYypaM,
CHJIEeTEeHHBIMH B IIECTPBHINA KIYOOK,
CTOJINIIA HECKOJIBKHUX UMIIEPUN, PO-
CKOIIHAfA U HUIIAA, H0-eBPOIEHCKHU
OTKPBITASA U HO-BOCTOYHOMY 3arajJiod-
Had. [opop, OKUBAIOIIUN IO IIEPOM
CBOEro ObITOIIHCATENS BMECTE CO BCe-
MU oOMTaTeNAMHU, IJIACT 3a [JIAaCTOM
OTKPBIBAIOIIUICA TOMY, KTO yMeeT BU-
JeTh, CTPAHUIIBI CJIaBbl U KPYIIEHUA:
Busantusa, llaperpas, KonctanTuHO-
noub, CtaMOyI...

Mamyk O. Ctamb6yn. Mopop
BocnomMmuHaHui. M.: VIagaTtenscTBo
Onbru Mopo3oson, 2006.
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CHIPOCHTE JKCNEPTOB

KdK conb # CAXAP NPENOXPAHAHT MHLY OT NOPYH?

Ha Bonpoc orseuaeT Muxkxu IIapuin
(Mickey Parish), coTrpyaHuk pakyab-
TeTa AHUETOJOrnu MIpHJIEeHACKOr o
YHHUBEpCHUTETa

Conp (xy10pug HATpUA) U caxap (Ja-
IIIe BCEro caxaposa) CAepPKUBAIOT
pocT MUKPOGOB M TEM CaMBbIM 3aMe/I-
JIAIOT IIOPYY NUINY 61arofaps [eJIoMy
pany npoueccoB. CaMbIil 1eHiCTBEH-
HBIA U3 HUX — OOBIYHBIA 0CMOC, BBI-
3BIBAIOIIUIN 00€3BOKHMBaHUE ITUIIE-
BBIX ITPOAYKTOB. KOHIleHTpanus coau
MJIM caxapa B IPOAYKTE U OKPYKaIo-
e ero cpejie CTPEMUTCA JOCTHUYb
pPaBHOBECHSA, YTO 3aCTaBJIAET BOLY,
COZEPIKAIYIOCH B IIUIIE, BBIEIATHCA
HapyiKy, & MOJIEKYJIBI COJIU UJIU caxa-
pa — NPOHHUKATh BHYTPb IIUIIEBOI'0O
npoayKTa. B peaynaprare yMeHbIIa-
eTcA aKTUBHOCTB BOAHI (aw), oTpa-
sKaroIasd KOJIU4YecTBO CBOOOAHBIX (He
CBSI3AHHBIX C JIPYTUMU BEIIeCTBAMU)
MOJIEKYJI BOABI B ITUIIE, HEOOXOAUMBIX
JI1S1 TIOJI I PIKAHUA JKU3HEIeATEIbHO-
CTU U Pa3MHOKEHUA MUKPOGOB. [Toka-
3aTesb aw CaMbIX CBEKUX IIPOJYKTOB
cocrtaBiaseT 0,99, a 3HaueHUE AW, IPU
KOTOPOM IIpeKpamiaeTcs pocT 60b-
MmMUHCTBA 6GAKTEepUi, paBHO IpHUOIN-
3uTenbHO 0,91. J[pomIKU U IIJIECEHU

cIIoCcOOHBI BBIXKHUBATH U IpU 6oliee
HU3KOM COJIep’KaHUU BOJABI B IIHUIIE.
CoJib 1 caxap yMeHbIIaIoT pepMeHTa-
THBHYIO aKTUBHOCTb MUKDPOGOB U Ha-
PYLIAIOT MOJEKYJISAPHYIO CTPYKTYPY
ux IHK. Caxap k ToMy e yCKOpseT
HAKOIIJIEHWe B IUINEBBIX IPOAYKTAX
OPOTUBOMUKPOOGHBIX COEqUHEHUH,
BbIPA0aThIBA€MbIX HEKOTOPBIMU JIPY-
rMMH opraHusMaMu. BcrmomHUM, Ha-
IIpuMep, IIpeBpallleHne caxapa B 3TH-
JIOBBIM CIIUPT B BUHE KaK PE3yJIbTaT
JKUBHEAEATEIbHOCTH JPOKIKEN, NI
B OpPraHUYeCKHe KHCJIOTHl B KBallle-
HOH KaIlycTe IIOJ BAHUAHUEM MOJIOY-
HOKMCJIBIX 6aKTepu.

JI71 KOHCEPBUPOBAHUA IIPOAYK-
TOB MOKHO HMCIOJIb30BaTh KaK TBEP-
Jible KPUCTAJIIBI COTU UJIU caxapa, Tak
U UX BOAHBIE pAacTBOPHL. PaccosoM Ha-
3BIBAIOT PACTBOP COJIU B BOJIE, IIPUMe-
HAEMBIU /IS IPUTOTOBJICHUA COJIEHU .
K 4mcily IpoAyKTOB, IOy YaeMbIX ITy-
TeM KOHCEPBHPOBAHHSA C HUCIIOJIbB30-
BaHMUEM COJIM MJIM caxapa, OTHOCATCH
GeKOH, BeTYMHAa, CBUHOE caJjio, Bape-
Hbe, JKeJle, COJIEHbA U T.JI. TaKO! CIIo-
co6 KOHCEPBUPOBAHUSA NIPOAYKTOB
HUMeeT MHOKECTBO BapUAHTOB U MO-
#KeT codyeTaThCA C JPYTUMU METOAaMU

KOHCEPBUPOBaHUA (HAIpUMepP, KOITue-
HUEeM) M MCHOJIb30BaAHHUEM Pa3InIHbBIX
npssHOCcTel U npunpas. KoHcepBUpo-
BaHWeE MUY C IIOMOIIBIO COJTH UJIU ca-
Xapa He TOJIBKO ITpeJIoXPaHAeT HUIILY
OT IIOPYH, HO U IIOJABJISET POCT TAKUX
OIlACHBIX IIHUINEBBIX IIATOT€HOB, KaK
caJbMOHEJIJIAa UJIH BBIZBIBAIOIIUN 6O-
TynausM Clostridium botulinum.

C mOJIHBIM TEKCTOM OTBETOB Ha 9THU
U Jpyrue BOIIPOCHI MOKHO O3HAKO-
MUTBCA Ha calTe www.sciam.com/
askexpert.

NOYEMY B CTAKARE C BOJIOH 06PA3YHITCA NY3bIPHKN?

Ha Bompoc orBeuaeT PUK YOTJIHHT
(Rick Watling), meTeopoJior amepu-
KaHCKO¥M HanuoHaJIBbHOM agMHUHU-
cTpanuH 1o okeaHaM u armocdepe
[Ty3bIpbKU 06pa3yoTCs U3 PacTBO-
PEHHBIX B BoJie aTMOC(epHBIX Ta30B
(asora, kucaopona u ap.). Ux koau-
YeCTBO 3aBHUCHUT OT TeMIIepaTypPhl BO-
Abl 1 aTMocdepHOro AaBieHUs. Yem
BBIIIE JaBJIEHUE U XOJOJHee Boja,
TeM GOoJIbIlle Ta30B B HE pacTBOPEHO,
u Haobopot. Korga crakaH ¢ BogoH

HU3-TI0J KpaHa HarpeBaeTcd A0 KOM-
HaTHOU TeMIIepaTyphl, a30T U KHC-
JIOPOJ IOCTEIIEHHO YJIETY4YUBAIOTCH
U3 Hee B BHUJle KPOIIEYHBIX IIy3bIPh-
KOB, KOTOpBIE€ 00pa3yIoTCcd Ha MUKPO-
CKOIIMYeCKUX AedeKTax cTekna. Eciau
IIpU 9TOM ellle IajlaeT arMmocdepHoe
JlaBJeHHue, TO PaBHOBECHUE MEKAY UYHC-
JIOM MOJIEKYJI Ta3a, IOKUJAOIIUX BOLY
U BO3BpAIAIOIUXCA B Hee, CMelaeT-
cd B CTOPOHY Ta30BBIJIEJICHUSA, U IIy-
3BIPbKOB CTAHOBUTCH e1lle GoJIbIIe.
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NHdopmaLmio 06 0POPMAEHUNFTIOANUCKA
MOXKHO MOAYYUTb MO TEAEPOHAM:

105-03-72 v /727-35-30

YuTaiTe B cnepylowiem BbiNycKe XypHana:

PAKOBbIE CTBOJIOBbIE KJIETKU

3nokavyecTBeHHOE NepepoXAeHNe CTBOMOBBIX KNIETOK NIEXMUT B OCHOBE Liefloro psiga
- OHKONOrnyeckux 3aéonesaHnin. 3apaya uccnepoBartenemn v KIMMHULUUCTOB — HaNTH
N YHUYTOXMUTb HEeYJIOBUMbIE KIIETKU-YOuliLbl

CKAXXW BOJIN «HET!»

CaMbIe nonynsapHblie cerogHa aHanbreTukKy no CyLlecTsy NpeacTaBnda0T cobon nepepa60TaHHble
HapofHble cpeacTea. HelMpo6Monoru iy T HOBbIE, NINLLEHHbIX HEAOCTAaTKOB TPaAULMOHHOM
Tepanuu, Cnocoo6bl nomMoLwin cTtpagarowmm

SRS YTO BMASIT NTUUDI

aBOJ'IIOLI,VIH nogapwuna ntmuam HamMHoOro 6onee nonHoe LBETOBOE 3peHune, Hem J0ObIM
MIeKkonuTakwLwmm, BKIKo4Yasa YenoBeka

3HEPIOCUCTEMA 4151 BOOAOPOAHON 3KOHOMUKW
KpUoreHHble CBEpXMPOBOASLLNE SMEKTPOMMHAM MOXHO 06bEANHUTL B CyrnepceT,
KoTopas 6yAeT NOCTaBAATL 1 3NEKTPOIHEPruio, M BOAOPOAHOE TOMNBO

JECATb BAXXHENLUINX OTKPbITUN «XABBJ1A»

N ougoRTe, L
KAKHDBENE CAoDal “HAEBAA C nomoLLbio KOCMUYECKOro Teneckona «Xab66n» coBepLUEHbl MPUHLMNNASbHbIE OTKPbITUSA

E:E W METAMATEPAA Al B aCTPOHOMUW: iBA HOBbIX CMYTHWUKA [y TOHA, BHECOSTHEYHbIE NNaHeTbl, MEXaHU3Mbl Fr16enu
N pOXAeHus 3Be3[, CBepXMacCuBHbIE YepHble Abipbl... Bnarogaps «Xa66ny» Ham yaanocb
YTOYHUTL XapaKTepPUCTUKN BceneHHon, npexpae CyLLecTBOBaBLUME NVLLb B HAaLLEM BOOGPaXXeHUN

MWUP FAJIAKTUK

BceneHHas — 310 He MUp 3Be3[, @ MUp ranakTuk. MiccnegoBaHns nocnefHnx neT nokasanu,
4YTO BCE 3TN ranakTuKK NorpyxeHbl B HEBELOMYIO paHee KOCMUYECKYI0 Cpeay, MOSyUYUBLLYIO
Ha3BaHWe «TeMHas aHeprus»
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