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OT PEAAKLIUUA
CTBOAOBbIE KAETKU: BbIXOA ECTb!

50, 100, 150 AET TOMY HA3AA
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* Be3MOABHbIE AMOAOTU

* [loBeAEHVIE MEPUOANYECKIMX LIMKOA

* AOBLIHO APEBECUHbI N3 30TOMAEHHBIX AECOB
* OnaceH Av KOCMUYECKNIA MyCOpP

* BoAesHb COBPEMEHHOM LMBUAM3ALMM
* Pepopma aKOHOMUKM B [epMAHUK

* 30LWKMTA OT MWH

* DKCTPEMAABHAS AKTMBHOCTb COAHLIO

KHUXXHOE OBO3PEHUE

TEXHUYECKUE HIOAHCDbI
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KOMNbIOmepHble OdarHbLe
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OT PEJAKLHK

ersanone ek pevan ECMbY

Koperickue ydeHble BBIJCIHUIN CTBO-
JIOBBIC KJIETKM M3 KJIOHHUPOBAHHOIO
4eJ0BEYECKOro 3MOpHoHa. buonor us
lapsapaa cosnan 17 HOBBIX JIMHUH 3M-
OPHOHAJIBHBIX CTBOJIOBBIX (ES) KJIETOK
4eJI0BEKA U OOBSABUIL, YTO TOTOB IIPEJO-
CTABUTb UX BCEMY HAYYHOMY COOOIIE-
crBy. Bnactu Kasmmpopuuu cobuparorcs
IIPOBECTU I'OJIOCOBAHHUE I10 BOIIPOCY BbI-
neneHus $3 MiIpz. Ha TOAOGHBIE PAGOTHL.
HccnepoBanus SMOPHOHATIbHBIX KIETOK
4eJIOBEKA UIYT ITOJTHBIM XOZIOM, U C 3TUM
HEJIb35 HE CYUTATDCH.

A mexay Tem npasuTeabCcTso CHIA He
JKEJIAET IPUHUMATD B TOM AKTUBHOT'O
yuactusa. B asrycre 2001 r. npe3ugieHT
Ixoppx bym paspemun GUHAHCUPO-
BaHHE Pa0OT C IPUMEHEHUEM IMOPU-
OHAJIbHBIX CTBOJIOBBIX KIETOK U3 (esie-
PaJIbHOTO BIO[KETA, CTPOTO OIPAHNUYUB
IIPY TOM KPYI KJIETOYHBIX JIMHUIL, KOTO-
pbl€ MOXKHO UCHOIb30BATh. OKA3410Ch,
YTO UX CJIMIIKOM MaJIO, MHOTME U3 HUX
HECYT I'€HETUYECKUE AEPEKTBI UIN BO-
o611e HEXXU3HECIOCOOHDI, 4 ITOTOMY
HEIPUT'OJHBI U1 IPUMEHEHUA B MEIU-
LIMHE.

Takoe IOJIOKEHUE [E1 COBEPIIEHHO
HegonycTuMo. deepasbHble OPraHbl
OJHOBPEMEHHO U IIOAACPKUBAIOT UCCIIE-
JIOBAHUsA, CBA3AHHBIE C MCIIOJIb30BAHUEM
CTBOJIOBBIX KJIE€TOK, U OTHOCSITCH K HUM
K4aK K 4EMY-TO HEJOCTOMHOMY. CeroaHs
OpeMs MOPAIbHOM OTBETCTBEHHOCTU
[IPpY IPUHATUH PELIEHUI, KACAIOIIUXC A
paboT c ES-KIETKAMU, IOKUTCS HA 4aCT-
HBIX JIMLI, HETOCYJaPCTBEHHbBIE KOMIIAHUU
U BJIACTU IITATOB. OrpaHUYEHHOE (PUHAH-
CUPOBAHME U3 PEEPATHBHOIO OIO/PKETA —

CTBOAOBbBIE KAETKM B AEASHOW BAHE.

BH/IMMOCTb KOMIIPOMHCCA, CLIOCOOHAS
OOMAHYTb JIMIIb IPOCTAKOB.

VXyAIIAeT CUTYAIHIO U TO, YTO HA IO-
JIMTUKY B OTHOIIIEHUU dSMOPUOHATBHBIX
CTBOJIOBBIX KJIETOK BJIUAIOT OypHBIE 1€0a-
TBI 11O TIOBOJY KJIOHHUPOBAHUA YEJIOBEKA.
BHUOMEIULIMHCKOE COOBIECTBO OTKA3a-
JIOCh OT PENPOAYKTUBHOTO KIIOHUPOBA-
HUSA — CO3JAHUA UJCHTUYHBIX I€HETHYEC-
KHUX KON yestoBeKa. Ho U1 HEKOTOPBIX
BUZIOB TEPAIIUU OBLIO ObI YPE3BBIYANIHO
MOJIE3HO CO3[JaHUE «IMOPHUOHATBHOIO
KJIOHA» B3POCIOI'O OPIraHU3Ma U IOJIyde-
HHE U3 HETO «B3POCJIBIX» CTBOJIOBBIX KJIE-
TOK. YUEHBIE HACTAUBAIOT HA JIET A/TU3ALIUHI
TAKOI'O POZId KJIOHUPOBAHMA, OHAKO MHO-
rUe BO3PAXKAIOT IPOTHUB BOCIIPOU3BEE-
HHSA YEJIOBEYECKOIO OPI'aHM3Ma B JIIOOBIX
(hopMax, CIUTAA, YTO OHO IIPOTUBOPEYUT
npupozae. M3-3a 3aKOHOAATE/IBHOTO BAKY-

yMa B OOJIACTU TEPATIEBTHYECKOTI'O KJIO-
Huposanysa CIIA oCcTanuch U 6€3 4ETKOU
TIOJIMTUKH B OTHONICHUU KIIOHNPOBAHUA
PENPOAYKTUBHOIO.

Ecnu pyrue CTpaHbl C/IE/1aI0T PhIBOK
B oOmacTu ES-repanun n ocrasar CHIA
JATIEKO MO33H, TO IPOUTPAIOT U 6OJIb-
HbIC, 1 OMOTEXHOJIOTHYCCKAST UHAYCT-
puA B 1I€JIOM. AMEPHUKAHCKME KOMIIAHUN
IIOHECYT MHOT'OMMJUIMAPJHBIC YOBITKU.
TTpaBUTEIBLCTBO JO/DKHO HAKOHEL] PEIIUTD,
OI'PAHUYHBATD WIN HCT IIPUMCHCHHUC MCTO-
JIOB TEPANNU C HUCTIOIBb30BAHUEM ES-KIIe-
TOK, Pa3pa0OTAHHBIX B JIPYIMX CTPAHAX.
JIumats 6€/THBIE CJIOM HACEJICHUSI WX TTpe-
CTAPEJIBIXJIIO/ICI HOBBIX METO/IOB JICUCHUS,
KOTOPBIE MOIJIM ObI CLIACTH UM KM3Hb, HE-
JIOITyCTUMO KaK C MOPAJIbHOM, TAK 1 C ITOJTH -
TUYECKON TOYeK 3peHus. Ho u onobpenue
TAKUX METO/I0B cOpHO: CIIIA Kak 6bI 3a-
ABJIAET, YTO IIPOBOJUTDL COOTBETCTBYIOIIHE
UCCIEN0BAHNA HEXOPOLIO, 4 IIOIb30BATHCA
UX 6/1araMy — 3aMEYATEIbHO.

CoBeT IO BUOITUKE PEKOMEHJYET I10JI-
HOCTBIO 3AIIPETUTD PAOOTHI 110 PENPOIYK-
TUBHOMY KJIOHUPOBAHUIO, 4 TAKKE BCE IPY-
IHE UCCIEOBAHNA 10 BOCIIPOU3BEIECHUIO
4EJI0OBEYECKOIO OPraHU3Ma, 34 UCKII0YE-
HHCM 9KCIICPUMCHTOB 10 CJIMAHHIO HﬁL{C-
KJIETKH U CIEPMATO30MJa. YTO Kacaercs
3MOPHOHOB, TO CIIELUAJIUCTBI COBETYIOT
TIPOBOAUTD MAHHUITYIIAITUHN TOJIBKO C TCMHA
M3 HUX, KOTOPBIC ITPONUIN JIUIIb CAMBIC
repBbIe CTAAUU pa3suTus (14 cyTok). Bee
3TO IIO3BOJIAET IIOJIHOCTBIO PA3IPAHUYUTh
PENPOAYKTUBHOE U TEPANEBTUYECKOE
KJIOHUPOBAHUC U B TO JKC BPCMA HC JIH-
IIA€T YYEHBIX BO3MOKHOCTH MOJIYy4aTh
CTBOJIOBBIC KJIECTKHL. M

B Mupe Hayku




a0, 100, NET TOMY HA3AQ

[MAOAOBUTbIE 3BE3AbLI * PA3yMHQOS AOLLIAAL * AesiTeAbHble YepBU

CEHTSBPb 1954

HYTO TAKOE TENAO? «B aBYyX CJIOBAX, TEILIO — 3TO 6€CIIOPAL0Y-
Has dHeprud. OCTaJIbHAA YaCTh HAIEH CTATHU ITOCBALICHA PAC-
H(MPOBKE ITOr'O IPOCTOrO onpeencHus» — @puman Jaricon
(Freeman J. Dyson).

KOCMWUYECKUE SAEMEHTBI. «Co61a3HUTEbHO CIYUTATD, UTO
BCE U3BECTHBIE XUMUYECKHUE JIEMEHTHI BOZHHUKIN U3 BOJJOPO/IA
B PE3YIBTaTE TEPMOSJICPHOTIO CUHTE3a BHYTPH 3B€3/1,. [Touemy
JK€ UIMEHHO BOJJOPO/T CTAJI IPAPOJU-
TEJIEM BCEX a71eMeHTOB? ECTh 1 6osee
CJIO’KHBIA BOIIPOC: OTKY/1a OH B3JICA?

JlorycTuM, OH CyIIECTBOBAJI BCET/A.

Bopueo. Cnpoc Ha HE(PTh 3HAYUTENBHO PEBBIAET CYILECTBY-
OIIEE NPEUIOKEHUC.

AANHEP-TUTAHT. Ha BoicTaBke B CenT-JIynce BceobImee BHU-
MaHHE IPUBICKIA MOJEIb NIAPOXOJd BOJOU3MEIICHUEM
40 TBIC. TOHH, PA3BUBAIOIIECTO CKOPOCTD 10 25 y3i10B. Ecin
HOBBII JaliHep KoMIlaHUuUu Cunard Steamship TIOMECTUTD
PSIOM C HbIO-HOPKCKOH LIEPKOBBIO CB. TPOULIBI, KOHELL €I'O
JBIMOBOI TPYObl BCTAHET BPO-
BC€Hb C CEPEINHONM MNNUJIA. Bercora

XpaMa, HEKOT/Ad CYUTABLIETIOCHA

3TAJIOHOM BEJIUYHS, COCTABIAET

Ho Benb HENPEKPAIaommICcs 1Ipo-
1IECC BOAOPOJIHOIO CHHTE32, TOXOXKE,
HEOOPATHUM, 4 BOJJOPOJI ITO-TIPEKHEMY
CaMBIN PACIIPOCTPAHEHHBINA JIEMEHT
BO Becenennou. CneioBaTenbHO, €ro
BO3PACT HE OECKOHEYEH, UHAYE OH
OBl YK€ 3aKOHYWICS» — Ppejt Xorn
(Fred Hoyle). ®

CEHT4BEPb 1904

MbICAALWASG AOWAAbD. Kaxzasrit
JICHDb B IIPCCCC MOABIAIOTCA HOBBIC
3AMETKH 00 YAUBUTEIBHBIX CIIOCOO-
HOCTAX <«pa3yMHOIo laHca» — xe-
pebua r-ua @on OcreHa. Pe3yIsraTel
HAy4YHBIX UCCIECOBAHNNI CBU/ICTEb-
CTBYIOT O TOM, YTO BBIIICYTTOMSHYTAs
JIOIaAb JACHCTBUTEIBHO OOMagacT
UHTEJUIEKTOM M CIOCOOHA ITPOU3BO-

JIUTh IIPOCTBIE APHU(PMETHICCKUE BbI-

88 M (am. puc.).

AEMOHbI CKOPOCTWU. IIpensi-
AYIIUN peKopA B aBTolpobere
Can-®paHiucko—Hpo-Mopk 6601
HOOUT TOCHOJNAMU YHUTMAaHOM
n Kappucom. MM yganocs npeoso-
JgeTb 7 250 KM 32 33 JHA HA YEThI-
PEXTTMINHAPOBOM MAJIOJIUTPA’KHOM
«PPAHKIMHE> C BO3JYIIHBIM OXJIdK-
snenrem. Ko Bceob11eMy N3yM/IeHHUIO,
ABTOMOOWJIb MOITHOCTBIO 10 Js1oma-
JUHBIX CWI IICPCCCK KOHTUHCHT I10
0€3/10pOXKbIO O€3 KAKUX OBl TO HU
OBLIO CEPBE3HBIX ITOJIOMOK. M

CEHTSBPb 1854
YEPBb KAMEHb TOYUT. B Ilpyccun,
HeJaIeKo OT bepsimnHa, ecTb Iiy-

6oKoe uepHOoe ToOpdgsaHOE 6OIOTO.

uncneHusa. CoTpyaHuK bepimHckoro
3oocana a-p letinpor (Dr. Heinroth)
34/1aBAJ1 KOHIO BOIIPOCHI B OTCYTCTBUC
Cr'o BJIAACIBIIA U ITOJYYUJI OTBCTHI
CTOJIb JK€ YETKUE U TOYHBIC, KAK U B IPUCYTCTBUM POH OCTEHA».
(BeposaTHo, I'aHc pearupoBal Ha CUTHAJIbL, HEOCO3HAHHO IIOdBa-
€MBIC 3PUTENIAMU. — [Ipum. peo. )

MPON3BOACTBO HEDTU. BecemupHast 1o6b19a HepT B 1903 1
cocraswia 20 MH. TOHH. Bosnee 1onoBuHB 066ITO B Poccui,
ocranpHOE — B CoemmueHHbIX [ITatax, Kanazae, PyMpiHuN 1 Ha

HOBBIN OKEAHCKUIA AAVHEP B CpaBHEHWM C
Liepkosbto CB. TpouLbl, 1904 T,

M3BECTHBIN MCCIEAOBATEIDb MENb-
qanmux Gopm KU3HHU nIpodeccop
Openbepr (Ehrenberg) 3assiser,
41O TOP( HA IIIy6uHE 15 M KHUIIUAT
MHKPOCKOIHMYECKUMH CO3JaHUAMU. H3-32 NX 6€CKOHEYHOTO
KOITOIIEHMSA TOP(MAHBIE MACCHI IIOCTOSHHO IIPEOBIBAIOT B HE34-
METHOM JBIKeHUM. [Tpodeccop DpeHObepr CYUTAET, YTO IPHUYIH-
HOM HEOO'BACHUMOT'O Ha IIEPBBIN B3IJIA]] CAMOIIPOU3BOIBHOTO
Pa3pyLlEHHUs HEKOTOPBIX IPOYHBIX C BUAY OCPIUHCKUAX 3/1a-
HUH ABJIAIOTCA OOBEUHEHHDIE YCUINA MUPHA/, KPOIIEYHbBIX
cyiiecTs. |

4 B Mupe Hayku
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HOBOCTH W KOMMEHTAPHH

ronosuoil Moar i IMO]]

MapuHa KpakoBcku

OAHM OBAQCTV MO3rd PACMO3HAIOT LUYTKY, O APYrMe OLLEHUBAIOT
30QKAKYEHHbIN B HEW FOMOP.

BAaroaaps reposiM TeAeceprana
Seinfeld Akeppu, Kpamepy

1 AXKOPAXKY YHEHBIE OOHAPYKMAM,
4TO OAHCO MOAOBMHCO MO3rQl
PACMO3HAET LLYTKY, O APYrast HOXOANT
ee CMeLLHON.

YTO NPOUCXOJUT B TOJJOBHOM MO3IE 4e-
JIOBEKA, CMOTPAIIETO KOMEANIO? OTBETUTD
Ha 3TOT BOINPOC HOIBITAIMCH YYEHBIE U3
ILleHTpa KOrHUTHBHOW HEUPOOUOIOTUHN
JJapTMyTCKOTO KOJUIE/IKA I10J, PYKOBO/I-
crBoM [Ixo3epa MopanHa u Yuiabsama
Kewm. C nomMompio (PyHKIMOHAIBHOU
MAarHuTO-pPE30HAHCHON TOMOTrpadpun
(MPT) oHM HAOIIONAIN 32 AKTHBHOCTBIO
TOJIOBHOT'O MO3I'd JIIOJIEH, KOTOPBIM ITOKA-
3BbIBAJIU OT/ICIbHBIC IMU30/bl KOMEIHI-
HBIX CepUaNoB Seinfeld u The Simpsons.
Pe3ynsraTel NCCIE/I0BAHNS TOKA3AIIH, YTO
OJTHU YYACTKHA MO3I'd OCMBICJIUBAIOT IIyT-
KY, 4 JPYI'Ue HAXO/AT €€ CMEITHOM.

O/1Ha 13 IVIABHBIX OCOOEHHOCTEH JJaH-
HOM pabOThI COCTOSIA B TOM, YTO HCIIBI-
TYECMBIX HC IIPOCWIN HU O6’I)HCH$ITI>, I10-
YeMy HIyTKA [TOKA31ACh UM 3206aBHOM, HU
AKTHBHO BBIPAKATH CBOM AMOIIUH. «Koria
YEJIOBEK CMOTPUT (PHUJIBM B OJJMHOYECT-
BE, — roBoput Kem, — OH, IO KparHen
MEPE, HE TPSCETCS OT XOXOTA, 4 JIBYKEHHS
T'OJIOBBI BO BPEMS IIPUCTYIIOB CMEXA CHITh-
HO UCKKAIOT JaHHbIE MPT», VyeHbIii Tak-
JKC CYUTACT, YTO IIOIIBITKU HCIIBITYCMbIX
O6’bHCHI/ITb, 9YTO CMCHIHOT'O OHH HAIIHX
B IITYTKE, ITOBJIUSIIN HA PE3YJIBIATHI IIPE/I-
MIECTBYIOMUX UCCICJOBAHUIT HEMPOOU-
OJIOTMYECKUX MEXAHU3MOB IoMopa. Benb
3AIIOJIHEHUE AHKETBI WIM JIAKE MPOCTO
CTPEMJICHHUE YACHUTD I Cebs, TTOYEMY
IITYTKA KAKETCST CMEITHOM, HEU30EKHO HC-
KaKaeT OIIYIIEHNE HENO/IC/IBHOM Paioc-
TH OT BOCIIPUSATHS KOMUYHOT'O SITU30/1A.

<Ipynnee Bcero, — oopsacHseT Keu, —
OIIEHUTD, HACKOJIBKO CMEIIHBIM KaXKEeT-
ca parMeHT (pUIbMa HECMEIOUMIEMYCH
4enoBeKy». Mccienoparenn HeE CTanu
AHAJIN3HUPOBATL PCAKIINH HUCIIBITYCMbBIX
Ha Pa3JIUYHbIC IIHM30/Ibl, 4 HOMIPOCTY
pCHIIN CYUTATH CMCIIHBIMU MOMCHTHI,
BBI3BIBABIIHC CMCX B AYJUTOPHUHU BO BPC-

M HNPEABAPUTEIBHOIO NTOKa3a (PUIbMA.
Kpome TOoro, npy aHaau3e CKaHOB OHU
3aMETWIH, YTO CHAYA/Id YEJIOBEK «OOHA-
PYKHBACT> IIYTKY, 4 9yTh ITO3KE — IIPO-
BOJUT €I'O OLICHKY.

V4eHbl€ BBIABIIN, YTO IPOCMOTP CMEII-
HBIX OTPBIBKOB BbI3bIBAJI AKTHBALIAIO HIDK-
HEHN JJOOHOHM U 3aJHEH BUCOYHOM KOPBI
JIEBOI'O IOJAylapus Mosra. Hampotus,
OLICHKA IOMOP2 COIPOBOKIAIACDH BCIIbIII-
KaMH aKTHUBHOCTH B 60JIEE IITyOOKHX «dMO-
LIMOHA/IbHBIX»> OTE/IAX — B HEKOTOPBIX 00-
JIACTAX MUH/IAJIMHBL 1 OCTPOBKOBOU KOPBI
OOOMX MO3I'OBBIX ITOJIYIIAPHL.

ITo muenuio Keyuy, 1ojiydeHHbIE pe-
3YJIBTATBI HEIJIOXO COIVIACYIOTCS C JABHO
U3BECTHBIMU (paKTamMu. bonee paHHHE
HUCCJICJOBAHMSA YCTAHOBU/IN, UTO HIDKHSAA
JIOGHAST KOPA JIEBOTI'O HOJIYIIAPUS MO3Ia
IPHUHUMAET Y44CTHE B CONOCTABICHUN
JIBYCMBICJIEHHOCTH COOBITUA C MPEN-
HIECTBYIOIIUM OIIBITOM YEJIOBEKA. A BEAb
UMEHHO JBYCMBICJICHHOCTD, 46CypA-
HOCTb, HEOKUJAHHOCTb U COCTABJIAIOT
HU3IOMHUHKY MHOTHX IIIyTOK.

«[maBHBINA UTOT HAIER PabOTHI COCTO-
UT B TOM, YTO OH4 IOPOJIWJIA €1Ie 6OJIbIIE
BOIIPOCOB», — 3aMeyaeT Kemu. B 6yny-
LIEM YYEHBIE [TOIBITAIOTCS BbIACHUTD, Ka-
KHM 0OPa30M I'OJIOBHOU MO3T pearupyer
Ha Apyrue (popMel I0MOpa (HAIIpUMeEp,
dapc). i oObACHUTD TOT (PAKT, HIOYEMY
HEKOTOPBDIE JIIOJH, ABHO IOHUMAs CMBICTI
LIyTKH, HUKOIZA HE HAXOJAT €€ CMEIIHOM.
«Borpoc 06 HHAUBUYAJIbHBIX PA3/IMYH-
X B BOCHPHATHU IOMOPA HEOOBIYATHO
UHTEPECEH, — OTMEYaeT IICUXOJIOI M3
Vuusepcurera Mopka B TopoHTo Bunos
Toan (Vinod Goel). — Ecin komy-TO ce-
puan The Simpsons KaxXeTcs COBCEM HE
CMEIIHBIM, TOBOPUTB O TOM, YTO Y 3TUX
JIOZIEH HapymeHbl (DyHKIUH JIOOHOM
KOPBI, ABHO MPEKICBPEMECHHO>. M

] B Mupe Hayku
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NASA

HOBOCTH W KOMMEHTAPHH

Kocnnueckii MUGO

®una Ckortr

MoryTt A OpOUTAABHBIE OBAOMKM CTOAKMBATECSI € MKC?

B nosa6pe 2003 1. pOCCUHCKUIT KOC-
MOHAaBT Anekcanap Kamepu, HaxXoasach
Ha 60pTy MEXAYHAPOAHOM KOCMUYEC-
KOW CTAHLIMH, YCIBIIIAI TPOMKUI yAap.
B anpene 2004 r. sxunax MKC noa-
TBEPAWJL, YTO CTAJ CBHUIETEIEM TAKOI'O
JKE€ COOBITHUSL.

KocMuueckuii Mycop MOABHIICA B Ha-
YaJie KOCMHUYECKOM 3pbl. CaMbIN CTAPBINA
U3 U3BECTHBIX OOBEKTOB HA OKOJIO3EM-
HBIX OpOUTAX — CIyTHUK Vanguard 1,
17 mapra 1958T.
Ceronusi, cuyctss 46 €T, 9UCIO Op-

3anymeHHbIN NASA

OUTAIBHBIX OOBEKTOB PA3MEPAMHU Me-
Hee 10 CM BBIPOCIO HPUMEPHO 10
11 TBIC. — JIMIIb HECKOIBKO COTCH M3
HUX — JEHUCTBYIOMMUE CIyTHUKH. Ha ca-
MBIX HU3KHUX OPOUTAX IPEIMETBHI JIBU-
JKYTCsL CO CKOPOCTBIO 7—8 KM/C, IIPH KO-
TOPOX IONAJaHHUE OOJIOMKA PA3MEPOM
BCETO B HECKOJIBKO MUJUIMMETPOB CPAB-
HHUMO C yJApOM IIapa i OOYIHHIQ,
HECYHIEroCsl CO CKOPOCTBIO TOHOYHOI'O
ABTOMOOUIIA.

B 1996 1. 17151 GOPHOBI C KOCMUYECKUM
MyCOPOM HHKeHEPBI NASA npemioxu-
JIM HCIOJIb30BATb HA3EMHBIN Ja3ep,
Onarogaps KOTOPOMy OpOUTBHI 06JI0M-
KOB U3MCHAT HAIPABJICHHUE B CTOPO-
HY OT MapLIPyTOB KOCMHUYECKUX KO-
pab6sieit. JlazepHBIl HMMITYyJIbC BBIZOBET
a6JIALMIO 4YACTH BEIIECTBA OODBEKTA,
CO3[]aB CHJIy OTAA4H, KOTOPAsd OTKIO-
HUT €ro Tpaekropuio. B NASA roso-
pywin gaxke o6 uee yCTaHOBKU Jia3epa
Ha MKC 151 «OTCTpENUuBaHUsA> OOIOM-
KOB, KaK B BHJECOUIDE <«ACTEPOUMDBD>.
[T1aHUPOBAIOCh YCTAHOBUTb HA 3€EM-
Jle TUTAHTCTKMH Jasep, T.K. Ha MKC
OH TOTPeOJIsIT OBl CIAUIIKOM MHOI'O
3HEPTUU (6OJbIIE, YEM CIIOCOOHA BBI-
padoTraTh CcaMa CTAHLMA) U CTOWJ Obl
CJIUIIKOM JOPOTO.

IToatromy cosparenn MKC ocraHo-
BWJIMCh HA ITACCUBHOM 3aIIUTE, T.€. HA
SKpAaHUPOBAHMU. Ha craHmum pacno-
JIO)KEHBI COTHHM CIELUAJIbHO CKOHCT-
PYUPOBAHHBIX 3KPAHOB, KAXKIbIM U3
KOTOPBIX COCTOUT M3 BHEIIHEIO AJIIO-
MHHHEBOI'O CJIOSI U IIPOYHOI'O IIUTA U3
MyJICHENIPOOUBAEMOI'O HEKCTEIAd WIN
KCBJIApa MCXKAY AJTIOMUHUCM W 3aIH-
maeMbIM MoayJieM. [1pu Tonmune 10 cm
COOPYKEHHE CIIOCOOHO OCTAHOBUTH
OOBEKT IMaMETPOM 10 10 MM, JIETAIUI
CO CKOpPOCTBIO 10 KM/C.

KocMugeckass KoMaHa BBIABIISIET OO-
Jiee KPyHHbIE OOJIOMKH, KOTOPBIE MOI'YT
NPUOIU3UTECA K CTAHIIUM HAa OIACHOE
paccrosanue, 3a 72 4gaca. Ecim BbIAC-
HAETCS, YTO CYHIECTBYET BEPOATHOCTD
CTONKHOBEeHMs, LIeHTp yIIpaBIcHUA 110-
aeTaMu B XbIOCTOHE COBMECTHO ¢ LIVIT
B Mockse cmentaer opouty MKC Ha He-
CKOJIBKO KHJIOMETPOB, YTO IIO3BOJIACT
YMEHBIIUTh BEPOSITHOCTb CTOJKHOBE-
HUA.

B 2003 . Kocmmyeckas KomaHzaa J10-
6aBMIa K CBOUM HAa3€MHBIM aHTCHHAM
BBICOKOYACTOTHBINA pazap, CIIOCOOHBIN
OTCJICKUBATh KOCMHUYECKUIT MyCOpP Pa3-
mepamu o1 10 10 5 cM. OXKHUAACTCA, 9TO
B OpKafime rojibl 6y1eT MOJEPHU3HU-
pOBaHa BCSA CUCTEMA KOCMHYECKOU KO-
MaH/Ibl — K HEHW OyJeT JOOABICHO €lIe
HECKOJIBKO TAKHUX PafapoB. OJHAKO 00-
JIe€ MEJIKME TeJId IO-NPEKHEMY OIlaC-
HbL. OOBEKTBI PA3MEPOM BCETO B MHJI-
JIMMETP MOTYT CEPbE3HO IOBPEAUTD
KOCMMYECKHE YETHOKU, 4 I JIOJEH,
HAXOJAIMIUXCSI B OTKPBITOM KOCMOCE,
OHH MOI'YT OKa34TbCs CMEPTEIbHBIMU.
M 1moka CIyTHHKH OyAyT BBIBOAWTDL Ha
OpOUTEI, KOCMUYECKUN Mycop Oyaer
332COPATh KOCMHYECKOE IPOCTPAHCTBO
U MeIIaTh IojaeTaM. M

'_'-_-i w
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HaseMHble CTAHLMM OTCAEXXMBAIOT
OObEKTbI PA3MEPAMU BOAbLLE

10 cM, HO BoAee MeAKMe TeAQ MOTYT
MOBPEANTb KOCMMYECKMIA ANMNAPAT.

3AMYCOPEHHbBIA KOCMOC
CeroaHs BOKpYr 3eMAM AETAET He-
CKOABKO COTEH AEVCTBYIOLLX CMYTHU-
KOB. KQYKABIN 13 HAX PUCKYET MOAYYMTb
MOBPEXAEHMUS OT 4 MAH. KT OBAOMKOB
Y MPOYNX 3ATEPSIHHBIX B MEXMAQHET-
HOM NPOCTPOHCTBE NPEAMETOB.

* 6OAbLUE BCEro KOCMUYECKOIro My-
copa 06pa30BAAOCH B pe3yAbTATE
B3PbIBA MOCAEAHEN CTYMEHN PAKETHI
Pegasus B 1996 1., KOraQ MOSIBUAUCH
cBbiwe 300 Tbic. OBGAOMKOB PA3MEPAMM
BoAbLLE 4 MM.

e CaMbIN KPYNHbIA 06beKT: ANnapaT
«Kocmoc-382» maccowm 10 T, BbIBEAEH-
HbI! HO OPOBUTY B XOAE BBIMOAHEHWSI CO-
BETCKOW MPOrPAMMbl UICCAEAOBAHMS
/\YHbl.

* DKCKAIO3MBHbIN Mycop: [lepyaTtka
acTpoHasTa 9aa Yanta (Ed White)
C KOCMW4YeCKoro annapara Gemini,
QO TAKXKEe OTBEPTKA U APYrMe MHCTPY-
MEHTbI, MOTEPSHHbIE ACTPOHABTAMM
KOCMWYECKMX HEAHOKOB NpK paboTte
B OTKPbITOM KOCMOCE.

B Mupe nayku




HOBOCTH W KOMMEHTAPHH

nopsoneie BC03a20moBku

Capa CumncoH

BpeBHO MOAHSITO 13 BOAbBI MOCAE

TOrO, KAK €ro CrMAMAM NPV MOMOLLLM
annApaATA C AUCTOHLIMOHHBIM
yrpaBAeHnem Sawfish.

Annapat Sawfish MOXeET MOrpy>KATbCs
HA TAYBUHY A0 300 M (Ha caeayroLemn
CTPQHMLIE).

HEXBATKA APEBECUHbI

* [TOYTM MOAOBUHAO AECOB HA 3eMAe
YHUYTOXEHA, OAHAKO 94% AecomaTe-
PUAAOB B MUPE AOOBIBOETCSI B COXPQA-
HUBLUMXCS NMPUPOAHBIX AeCaX (29 MAH.
KB. KM), O OCTAABHASI YOCTb — HO A€CHbIX
MACHTOLMSIX.

* /AeCHble MOXXAPbI, HE3AKOHHAOS BbIPYO-
KO W PACYNCTKO AECHBIX MAOLLOAEN MOA,
CEAbCKOXO3SMCTBEHHBIE YrOAbS YHNUTO-
XKALOT KADKAYIO MUHYTY MO 26 ra Aeca.

* MMPOBOW CNPOC HO ByMAry, HA MPO-
M3BOACTBO KOTOPOM PACXOAYETCS
GOAbLLAS YHOCTb AODOBIBAEMbIX AECO-
MATEPUAAOB, C 1950 . BLIPOC BMSITEPO,
n oxmaaetcst, 4to K 2050 r. OH MOBbLICUT-
cslelle BABOE.

Peka morioTwia JOEepeBbs, CKPBIB HUX
MO/l TOJIIEH BOJbI, 4 HX CIOXKHBbIC
KOPHEBBIC CHUCTEMBI OIYTAIX JHO BO-
JloeMa — TaKoBa Cy/b0a MHJUIMOHOB
AKPOB IIEPBOKIACCHBIX JIECOB, 3aTOI-
JIEHHBIX B PE3YJBTATE CTPOUTEIbCTBA
TUVIOTUH W CTABIIHUX JKCPTBAMH 3SJICKT-
pudUKaALUH.

Kpuc Togconn (Chris Godsall), sk-
CIEPT IIO JIECHOMY XO3ANUCTBY U3
3anagHoit Kanazpl, m3obpen nepBblid
B MUpPE MOJBOJHBIA aNIapar, MIpe.-
HAa3HAYEHHBIN /11 3arOTOBKM JIECa,
U ¢ gauBapsa 2004 1. HOJHAI C €ro I10-
MOIIBIO CO JIHA BOJOEMOB 60JIEC THICH-
YU JEPEBHEB.

IIpexHye MONIBITKU YTUINM3ALUN 3a-
TOIUIEHHOU JPEBECHUHBI MOKA3AIH, YTO
Jaxke OpeBH4, IPOJIEKABIINE B BOJE
o6osbme 100 €T, IPUrOAHBI K YIIOT-
pebnenuro. HexsaTka KHUCJIOPOAa B 3a-
CTOMHBIX INPUJOHHBIX BOJAX, TJIC OHH
IIOKOATCH, 3AIIMIIAECT UX OT I'HHCHUSL.
ITocie NPOCYMIKU TAKUE JIECOMATEPUA-
JIbI UCITOJIB3YIOTCA JI1 HACTUIKHU I10J14,
H3TOTOBJICHHS ITOTOJIOYHBIX OAJIOK, O0-
IIHUBKUA U IIPOM3BOACTBA MeOEIN — BCe-

I'O TOT'O, UTO MOKHO CZE/IATb U3 CBEXE-
CPYOJIEHHOTO JIeCa.

ITo onenke loacomnmna, U3 3aTOIJICH-
HBIX 45 TBIC. IVIOTUHAMH JCPEBbHCB
II0 BCEMY MMPY MOXKHO 34IOTOBHUTDb
200 MIH. OpeBeH OOLIEH CTOMMOCTBIO
$50 mupa. OH yTBEPIKAAET, UTO TOJIBKO
B bpuranckoii Konym6mu «l1oABOIHBIX>
JIECOB XBATUT HA TO, YTOOBI IIOCTOSH-
HO HCHOJb30BATh 30 THIC. aANIIAPATOB
JUIL 3aTOTOBKU JIPEBECHHBI B TE4e-
nue 30 Jer.

OO6BIYHBIE CPEACTB JIECO3aIOTOBKHU
JUI 3aTOIUICHHOU JPEBECHUHBI OKa3a-
Juch HeaddeKTUBHBIMU. [IpuBIeueHmue
HBIPDATBITUKOB C THUAPABINYCCKUMN
IICIMHBIMH ITHJIAMHW — OOBIYHAS pak-
THUKA B bpaswimu n Manaisun — co-
NPSKEHO C OYEBUAHOM OIIACHOCTBIO.
CeBEPOAMEPUKAHCKUEC TIPEAIIPUATUSA
HCIIOJIB3YIOT NOJBEMHBIE KPAHBI, yCTA-
HOBJICHHBIE Ha 6apyKaX, KOTOPBIE BbI-
KOPUYCBBIBAIOT [CPCBbA U ITOJHHUMAIOT
UX HAa NOBEPXHOCTb. HO OHM CIIOCO6-
Hbl paboTATh JUIb HA IIyouHe 20 M,
noaromy 80% pAepeBbEB B OOBIYMHOM
BOJOEME OCTAIOTCA JJI1 HUX HEJIOCTYII-
HBIMU.

B mapre 2000r1. Tomcomn ocCHOBan
KoMIIaHUIO Triton Logging, NPEBPATUB
CEPUMHBIA JUCTAHIIMOHHO YIIPABIIA-
€MBIA ITOABOJHBIM AMIIapaT B JIECOAO-
OBIBAIOIYIO MAIIHUHY C LENHOM IHJIOH,
CHOCOOHYIO pabOTATh HA INIyOUHAX 60-
see 300 M, U Jan el HazBaHUe Sawfish
(«Pb16a-nmna»).

PadoToit Sawfish MOXHO YIPaBIATb
U3 pyoOKH, YCTAHOBJIECHHOH Ha 6apike,
C NOMOIIBIO 8 BHUJCOKAMED M COHa-
POB, COEIMHEHHBIX C PYOKOH TOJICTBIM
KabeseMm.

OO6bIYHO  Sawfish NPUXKUMACTCS
U IIPHUBUHYHBACTCA K CTBOJIY, 3ATCM HaA-
JIYBAETCSA YEPHBIA BO3AYIIHBIA MEMIOK,
U HAYMHAETCS PACIUII JEPEBA, KOTOPOE
BCKOPE BCIUIBIBAET HA IOBEPXHOCTbD.

8 B Mupe Hayku

CEHTHBPb 2004

TRITON LOGGING



TRITON LOGGING

HOBOCTH W KOMMEHTAPHH

3a OAVH 3aIIBIB B CPEJAHEM MOKHO
cunTh 36 IEPEBBEB, KOTOPBIE Pabo-
4qre OTBO3AT Ha GYKCHPE U MO/BECITNBA-
IOT K IIOHTOHY, OTKY/Ia HUX JOCTABISIOT
K Pa3rpy3o4HOMy JIOKY y 6epera.

XOTA JOCTABKA TSDKEIBIX HAMOKIIHIX
JIEPEBBEB K Pa3/JC/IOYHON 6a3e 06XO-
autcsa Ha 20-30% [Jopoke AOCTABKU

CyXMX, Komnanus Triton Logging SKOHO-
MHT Ha CTPOUTEIBCTBE JOPOT, PACXOAX
Ha 60pbOY C BPEIUTEISIMU U MTOKAPAMU
M Ha BOCCTAHOBJICHUU JICCOB, 4 3HAYHT,
CYIIECCTBYET PBIHOYHBIN MTOTCHI[HAT
TIOZIBOJTHOM JTOOBIUM JIECA.

Kaxxgoe MOAHATOE M3 BOJBI JCPEBO
COXPAHSIET OT BBIPYOKHA OJTHO KUBOC. M

0T AAREHHbIE KBARTOBGIE TI[JB )G/ b

Axopaxk MUHKeAb

IIpn OXNaXACHUM TeJad TEIUIOBBIE
KOJICOAHH, KAK MX OINHCBIBACT KJIAC-
chyeckast PU3MKa, I OPOYHOBCKOE
JBIDKEHUE, 34TyXaI0T U B KOHIIE KOH-
OB OCTAIOTCA TOJIBKO KBAHTOBBIC
BIYKTyallMM, HA3bIBAEMBIE HYJICBOK
sHepruerd. OHU OOYCIOBJIEHBI CO-
OTHOLICHUEM HEOINPENEICHHOCTEN
U OOBIYHO HAOIIONAIOTCA Y (POTOHOB
U 3JEKTPOHOB, HO HE y O0Jee KPYII-
HbpIX OOBekTOB. Kepir IIBa6 (Keith
Schwab) u3 AreHTcTBa HAIlMOHAJIb-

HOI1 6€30HACHOCTU U €r'0 KOJUIETU U3
M>3pHJIEHACKOTO YHHUBEPCUTETA IMO-
JOLUIA O4YE€Hb OJIM3KO K TOMY, YTOObI
OOHAPYKUTD NIEPEXOM, MEKAY KIACCU-
YECKOU M KBAHTOBOM (PU3HKOM, HC-
IOJIb3YA 3APSAYKEHHYIO KOJIEOIIOYIOCH
TIOJIOCKY U3 30J10Td U HUTPUJIA KPEM-
Hus JuuHon 0,01 mm. Ee Bubpanuun
BBITSATUBAIOT JIEKTPOHBI U3 OJJHOIJICK-
TPOHHOI'O TPAH3UCTOPA WJIH BBOJAT
MX B HETO, YTO BBI3bIBAECT U3MEHCHUS
€ro CconpoTusiacHUA. OXJIAXKICHUE

ToJIOCKH /10 60 MK I0JIBEJIO K TOYKE,
NPEBBIIAIONICH KBAHTOBBIA IIPEJE
BCero B 4 pasa. CorjacHo pacyeram,
JUJIL TOTO, YTOOBI OOHAPYKUTb KBAHTO-
BBIE KOJIEOAHMSA, HY’KHO OXJIAJUTDb I10-
nocky Hke 1 mK. Ho, Kak yrBepaxaaeT
IIIBa6, 3TO MOXKET OKa3aTbCSA HEBO3-
MO’KHBIM, Y IIO3TOMY IIPUIETCA 3aAMe-
HUTb OAHOIEKTPOHHBIA TPAH3UCTOP
YCTPOUCTBOM IS YACPKAHUSA DJICKT-
POHOB CBEPXIIPOBOAUMOCTH. M

nepgule qomawnne KOWKD

duaun Im

KPATKUE HOBOCTU

Cepast KpbICa CTAAQ TPETBUM MAEKO-
MATAOLLM (MOCAE YEAOBEKA U MbILLIM),
Yer reHOM PACLLMPPOBAAM YHEHbIE, DTN

HlcTOpUKM yKe JaBHO IIOA03PEBAIM, YTO
IEPBLIMU BJIAICIbLIAMU JIOMAIIHUX KO-
meK ObUIM BOBCE HE APEBHUEC CTUIITSHE.
KocTn KUBOTHBIX, HAM/ICHHBIC BO BpE-
Ms PACKOIIOK OJJHOI'O M3 APEBHUX 34XO-
ponenuii Ha Kumpe, CBUAETEIbCTBYIOT
O TOM, YTO UX OJOMAIIHWIHN IIPEACTA-
BUTEJIN COBCEM JPYIOM LIMBHJIM3ALUN
U CJIyYWIOCH 3TO 3a 5 THIC. JIET JIO TOTO,
KaK 3TUMU 3BEPbKAMU 0633BEJIUCD IPEB-
Hue eruntaHe. JKan-/lenn Bunp (Jean-
Denis Vigne) n3 HaoHaJIbHOTO My3es
€CTECTBEHHOM ucropuu B ITaprke 06-
HAPYKHJI TIOJTHOCTBIO COXPAHUBIIMICS
CKEJIET BOCBMHMMECAYHOMN KONIKH, Jle-

JKABIIMI PAZOM C OCTAaHKAMU 30-JIETHETO
MyKUHUHBL KOCTH 060MX NOKOWIUCH HA
OJUHAKOBO! INIyOUMHE B OJHOM ILIACTE
OCaIOYHBIX HOPOJ, U UMEIU COBEPIICH-
HO OIMHAKOBYIO CTEIICHb COXPAHHOCTH.
ApPX€OJIOru NPEAIONIONKUIN, YTO OCTAH-
KU KOIIKH M 4Y€JIOBEKA OBbUIU NPEAAHbI
3eMJI€ OJHOBPEMEHHO — IPUMEPHO
9500 ner Hazaz. TakuM 06pa3oM, KOIIKHU
OBbUIM OJJTOMAIITHEHBI BCETO uepe3 300 et
MOCJIE IPUPYUEHUA COOAKY, T.€. B TO BPE-
M3, KOTZId HA9aJIO Pa3BHUBATBCS CEJIBCKOE
XO3SUCTBO: IYIIUCTBIE 3BEPbKU, BEPOAT-
HO, IIOMOT'AJIX JIOJAM OXPAaHATD 3aI1aChl
3€pHA OT MbIen. |

3HOHWS MOTYT OKA3ATLCS MOAE3HBIMM
AASI UCCASAOBOHNI B OBAQCTU SBOAIO-
LIVIOHHBIX MPOLIECCOB 1 GUOMEAMLIVHBI:
YeAOBEYECKME FeHbl, CBI3AHHbIE C PA3-
AVHHBIMI 3060AEBAHNSIMM, IMEIOT CBOM
QHOAOTM B KOICUHOM reHOMe.

YMEHbLUEHNE PA3MEPOB MPOU3BOAC-
TBEHHbIX MOMELLLEHNIN YXYALLIQET 3A0-
poBbe CAYXALLMX. OAHAKO PUCK BO3-
HUKHOBEHMSI PA3ANYHBIX 3060AEBAHNN
11, COOTBETCTBEHHO, BDEMEHHOM HETPY-
AOCMNOCOBHOCTM PABOTHUKOB YBEAU-
4YMBAET 1 pe3Koe pacLumnpeHmne npomns-
BOACTBEHHOrO NPOCTPAHCTBA B CBSI3N
C HAMMOM HOBbIX COTPYAHMKOB 1 Opra-
HU3ALMOHHBIMU MPOBAEMaMY.

B Mupe Hayku




HOBOCTH W KOMMEHTAPHH
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Ta6uta NMyaeaXx

Y4yeHsble N3Yy4HAKOT NnosepAeHne HaOCeKOMbIX.

B nocAaepHnn pas pecsitoe
MOKOAEHWE MOSIBASIAOCH B 1987 T.
AVIHVHKM LIMKOA BBIXOAST 13 3E€MAMN
Pa3B 17 AETU AVHSIKOT (BHM3Y).
MpeBPATUBLUMCH BO B3POCAbIX
HOCEKOMBbIX, OHW TYT XKE MPUCTYMOOT
K MONCKY MOAOBbIX MAPTHEPOB. Ce30H
PA3MHOMKEHWSI MPOAOAKAETCS BCETO
HECKOABKO HEAEAL: OTAOXMB SIALLD,
LIMKOABI MOTMBALOT.

B KOHIIC Mas — HAYa/IC MIOHA ITOABISACTCA
OYyepeHOE MOKOJICHUE IEPHOJUYECKUX
OUKa/I. 17 JeT TUYUHKU HACEKOMBIX IIPO-
BOJIAT B 3CMJIC, ITUTAACH KOPHAMU ICPCBLCB.
BbI6paBIIMCh HA IOBEPXHOCTb, MIJIIMAP-
JbI KDYITHBIX HCTIOBOPOT/IMBBIX KPACHOTIJIA-
3bIX LUK/l IPUHUMAIOTCH PACIEBATh CBOU
JIHOOOBHBIE CEPEHAbL VX MacCOBOE MOAB-
JieHue (B NOCICOHUA Pa3 OTMEYABIICECH
B 1983 1) 1 Ha cel pa3 O3HAMEHYET HA4aJIO
POCKOIIHOIO IHMPIIECTBA Ul MEPHATBHIX
U nepuoja 6€CCOHHBIX HOYEH JId 3HTO-
MOJIOT'OB. HaTypaiCThI UIIYT O IEPUOAH-
YECKUX IIUKA/IAX YK€ YETBIPE CTONETHA, HO
MHOTHE OCOOEHHOCTH JKU3HU 3THUX HACEKO-
MBIX IO-TIPEKHEMY OCTAIOTCS 3AT4IKOM.

JlecaAToe MOKOJIEHHUE, TOXKAIYH, CaMoe
KPYITHOE M HauOOJIeE XOPOLIO U3y4EHHOE
U3 NPUOJIMBUTENBHO 15 NOKOJICHUH NIEpH-
OJJMYECKUX ITUKA/T (HAYYHBIC CITOPHI T1O MO-
BOJIy TOYHOI'O X YHCJIA HE CTUXAIOT JO CHX
11op). KBOCTOKyY OT I/1aTO BENMMKYE paBHHHbI
3TH HACEKOMBbIE NOSABIIAIOTCS ITOYTH KKIYIO
BecHy. BriepBbie mx ormvican B 1633 1 ry6ep-
HaTop [IIMMyTCKOIM KOJIOHMH ITOCEJICHLICB
VYubam bpaadopn (William Bradford), Ho
KOPEHHBIC AMEPHKAHIIbI, KOHEYHO, 3HAIA
O HMX C HE3AIIAMATHBIX BpEMEH. MeHee ueM
yepe3 CTONETUE ObUIO YCTAHOBICHO, YTO
LMK PA3BUTUA NEPHUOJNYCCKON LIUKAZbI
npoporpkaerca 17 ner. B cepeayne XIX B. Ha-
TYPAJIUCTBI OOHAPYKIIM OCOOEH U € 13-11eT-
HHM ITUKJIOM PA3BUTHA.

Vxe 6onee 100 sier MaTeMaTUKu U 61-
OJIOTH TBITAIOTCS OOBSICHUTD, IIOYEMY
Y 3THUX HACEKOMBIX C(OOPMHUPOBUIUCH Ta-
KM€ YKU3HEHHbIE TUKJIbL COITIACHO O/IHOM
U3 TEOPUH, PA3TUYHAS TPOJAOJDKUTEIIb-
HOCTb UX JKU3HU OCTAOISIET KOHKYPEHIIUIO
MCKTY HACCKOMBIMHA 34 UCTOYHUKHU ITATITN
U YMEHBIIIAET BEPOSTHOCTb CKPEITMBAHHS
MEXK/y PA3HOBHU/IHOCTSIMU BHYTPU BUJIA:
B OJHOM M TOMU K€ OOJIACTH MOKOJICHUS
MKz C 13- 1 17-IETHUMU [TUKIAMU MOT-
JT1 6BI OJHOBPCMCHHO ITOABIATHCA TOJIbKO
pa3 B 221 roz, Ha camoMm ke iej1e PErMOHbI,
I7Ie OOHAPYKUBAIOTCS ITOKOJICHUS 1TUKA/L
C PAa3HOM NPOAOLKHUTEIBHOCTBIO ITHK-
JIOB, I'€Orpa(pUYECKU €/1Ba TIEPEKPHIBAIOT-
cq. Kpome TOro, COnepHUYECTBO MEKIY
HACCKOMBIMU M3-34 IHUIIU IIPOUCXOIUT
IJIABHBIM OOPa30M MOJI 3€MJIEH, KOIJa
OHU BBICACBHIBAIOT COKU U3 KOPHEI Jiepe-
BbEB. HexkoToprie 6HOJOTH-TEOPETHUKH
MPEITONAT AN, YTO HACCKOMBIE, JKUBYIITHE
10 TAKHUM CXEMaM, U36€Tai0T XUITHUKOB
U [1aPa3UTOB, IIPOJJOJDKUTEIBHOCTD SKU3-
HEHHBIX ITUKIOB KOTOPBIX COOTBETCTBYET
YETHBIM YUCIaM. OTHAKO UCCIICIOBATEIN
1TUKA/T COMHEBAIOTCS B IPABWIBHOCTH
JIAHHOW TUIIOTE3EL «Bce Teopun oTpaxka-
IOT peaibHbIE (DAKTBI U, CJIEIOBATENBHO,
UMEIOT IIPABO HA CYIIECTBOBAHUE, — T'O-
BOPHUT CHEIUATNCT IO IBOJIOIHOHHOM
ounonoruu Kpuc Carimon (Chris Simon) u3
KOHHEKTHKYTCKOT'O YHUBEPCUTETA, — HO
IIPOBEPHTDH MX HEBO3MOKHO». A €€ KOJIIeTa
Iy Mapmrasu (David Marshall) 3ameua-
€T, 4TO YETKAsI NIEPUOAMYHOCTD KU3HEH-
HBIX ITUKJIOB B MUPC IHUKA/] BCTPCYACTCA
KparHe PeJIKO: y OOBbIIUMHCTBA BUIOB OT-
JICIIbHBIC T'PYIIIIBI HACCKOMBIX BBIXOJAT U3
3EMJIA KOKIBIN I'OfL, JJOIyCTHM, 9TO B IIPO-
11ECCE ABOIOIUU BEPOSTHOCT CUHXPOHU-
3L IIUK/IOB LKA/, C T1aPa3UTONTHBIMH
BU/IAMU YMEHBIIAIACh. [ToueMy ke Toraa
HHYETO ITOI0OOHOTO HE ITPOUCXONIIO Y CO-
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HOBOCTH W KOMMEHTAPHH

TEH JIPYTUX BHJIOB 1IMKAJ], HE TOBOPSI YK€
O JPYTUX HACEKOMBIX, CTPAJAIOUIUX OT
[aPA3UTOB U XMITHUKOB?

BripouemM, CaiiMoHa ropasgo 60Jblie
BOJIHYET BOIIPOC O B3AUMOJICHICTBUN MEXK/TY
PASTMYHBIMU ITOKOJICHUAMU IICPUOTUYICC-
KHX IIUKA/I. B KOHIIE KaKTOU BECHBI I'PYII-
14 SHTOMOJIOTOB U3 KOHHEKTHKYTCKOTO
YHHUBEPCUTETA YTOYHACT APEAJIb PACIIPO-
CTPAHEHMST HACEKOMBIX, COOUPAET UX IS
IIOCJIEAYIOMErO T€HETUYECKOIO aHAIN3a

M CTABUT SKCIIEPHUMEHTHI IO CITAPUBAHUIO
HaceKOMBIX. B 2004 1. yueHble COOUPAIOT-
Cs1 OTJIABJIMBATH 1TUKA/T B PA3HBIX YACTAX
mTaToB KEHTYKKM 1 J[KOPILKUA, TAE NeC-
TOE MOKOJICHUE C 17-JIETHUM KU3HECHHBIM
ITUKJIOM BBIXOJUT M3 3€MJIH OJIHOBpE-
MEHHO C OJJUHHA/IIATHIM U JIBCHA/IITATBIM
C 13-71eTHUM IEPUOIOM. 34TEM OHHM H3Y-
yat ux JIHK U 1IO1eITaroTcs BbISICHUTD, HE
CKPEUTUBAJINCH JIN MEKY COOOM ITPE/ICTA-
BUTE/IM PA3HBIX ITOKOJICHHI.

Kpome Toro, y 3Tux HaCEKOMbIX MHOT'-
Ja OTCYTCTBYCT OJHA W3 JIMYMHOYHBIX
CTAJIUH MPOJIOJLKUTEIBHOCTBIO B UETBIPE
roga. CoodmaeTcs Takke 00 YCKOPEHHOM
Pa3BUTHM [PE/ICTABUTEIEH YEThIPHA/II1A-
TOT'O TTIOKOJIEHUSI TIEPUOTAYCCKOH 1TUKA/IbI
¢ 17-1€THUM UKIIOM PA3BUTHSA, KOTOPOE
JIOJDKHO noABUTBECA B 2008 1. EcTh 11pes-
MOJIOKEHHE, YTO €TI0 MPE/ICTABUTEIH I10-
SIBATCS HA 4 TO/1A PAHBIIE ITOJIOKEHHOI'O
Cpoka. |

sEamoneubie {lld

AXxopaXX MUHKeAb

Ecim Bapyr nrym, TpaBmMa WK Pa3psoKeHHAsA
arMocepa IOMEMAIOT OY/IYIUM ACTPO-
HAaBTaM [IEPErOBAPUBATHCA APYT C JPYTOM
BO BpPEMsI KOCMHYECKOI'O IOJIET4, HA IIO-
MOIIb IIPUJIET PA3pab0TaHHbBINA B NASA Me-
TOZ, «4TCHMS MBICJICH Ha PACCTOAHUI>. Kak
U3BECTHO, AAKE KOIZId YEJIOBEK HE IIPOU3-
HOCHUT CJI0BA BUIYX U €TI0 A3bIK M T'OJIOCO-
BbIC CBA3KU COXPAHAIOT IOJIHYIO HEIO[-
BIDKHOCTb, K HUM IIPOJOJDKAIOT IIOCTYIIATh
3JIEKTPUYECKUE PEYEBbIE CUTHAIBL 1
ux ymasmmBaang Yak Moprencen (Chuck
Jorgensen) n3 HayuyHO-MCCI€0BATEILCKO-

T'O LIeHTpa D1MCca NASA IPUKPENMI K 111ee
M HWKHEN CTOPOHE IOAOOPOAKA TPEX
HUCHBITYEMBIX CIIELIATIbHBIE CEHCOPDI PaA3-
MEPOM C Iyrosuily. CUTHaJIbI PErUCTPU-
POBAIUCH M C TIOMOLIBIO KOMIIBIOTEPHOMU
MPOrPAMMBI COINIOCTABILUIUCH C OJHUM U3
20 pas3IM4YHBIX CJIOB, HPOM3HOCUMBIX PO
ceOs1 KAKIBIM YEJIOBEKOM. YCIIEX PACIIO3-
HAaHUS CJIOB COCTaBWI 90%. DTO N306pe-
TEHHUE MOXKET OKA3aTbCsA IOJE3HBIM LA
SKUIAKEN MOPCKUX W BO3AYIIHBIX CY/IOB,
BOJIOJIA30B, 4 TAKKE JIIOZCH C PA3TTMYHBIMUA
HAPYIICHUAMU peyn. M

«[MOACAYLLAHHBIE» MBICAU: CEHCOPBI,
PACMOAOXKEHHbBIE BAN3 TOAOCOBbIX
CBSI30K U 913bIKA, N CNelMAAbHOS
KOMMbOTEPHAS NporpaMmma
YAQBAMBAIOT M OACMO3HAKOT CAOBQ,
6e33BY4YHO MPOV3HOCKHMBIE AKOABMU.

BULE [1d3 o nonw3e can

AxopaXX MUHKeAb

TTOIPOCTKH, KOTOPBIC B PAHHEM JICTCTBE
CTPafiaIi HAPYIICHUAMHA CHA, Yalle 3J10-
YIOTPEOIISIOT AJIKOTOJIEM X HAPKOTHKAMH.
Vuenble 13 MUYUTaHCKOI'O YHUBEPCUTETA
B I. AHH-APOOp Ha NpoTsLKeHuu 10 et
obcneJOBIN 257 MalTbYMKOB, KOTOPBIE
B BO3pacTe 3—5 JeT OBICTPEE YTOMJIS-
JIMCh JTHEM H IIVJIOXO 3ACBIITA/TIN IO BCYC-
pam. YCTAaHOBJICHO, YTO B IIOJPOCTKOBOM
BO3PACTE ITU JICTU B [IBA PA34 YalIE, YEM
UX CBCPCTHUKU C HOPMAJIBHBIM CHOM,
KypWiH, IPUHUMAIN AJIKOT'OJIb 1 HAPKO-

TUKU. [I0 MHEHUIO NCHUXOJIOTa-KJINHU-
1ucra Pobepra 3akkepa (Robert Zucker),
PacCTpOVICTBO CHA Yy MAJICHBKUX JCTCH
MOXXET BBI3BIBATh HAPYHIEHHE OaIaHCA
B PraHU3ME HEKOTOPBIX COEJIMHCHUI.
He HMCKIIOUEHO TAaKKE, YTO HAPYIIEHHE
CHA U IPUCTPACTUE K AJIKOT'OJIIO U HAp-
KOTUYECKUM BEIIECTBAM OIOCPEYETCS
OJIHUMHM U TEMHU K€ CHUCTEMAMU MO3I4d.
Y4EeHBIN OTMEYAET, YTO HOPMAJTU3ALIMA CHA
B PAHHEN JKM3HH MOYKET YOEPEUb YEIOBEKA
B OY/IyIIIEM OT MHOTHUX HENPUATHOCTEH. M

HapyLUueHe CHA Y MOABILLIO MOXET
npeAonpeAeA1Tb ero NpucTpacTne
K GAKOTOAKO M HOPKOTUKOM B 3DEAOV SKN3HU.

B Mupe Hayku

1"




HOBOCTH W KOMMEHTAPHH

«mapuo kombronukedumey
COBEPWEHCTBYET ANNAPATHYHD NAAT@OPMY

Cepren benoBoaOB

Komnanus «Tapno KOMBIOHHMKEUIIHC>
BBETA B JKCIUIyaTAIIMIO HOBBIM Cep-
Bep 6a3bl AaHHBIX ceTu TARIO.net.
B03MOXHOCTH HOBOTO CEpBEpa MO3BO-
JIAT CYIIECTBEHHO PACIIUPHUTD (DYHKITH-
OHAJIBHOCTB KITMEHTCKUX CEPBUCOB U Ha
MOPSAAOK YBEJIUYUTh XAPAKTEPUCTUKU
OWUIMHTOBOHM cucreMbl ceTu. Cepsep,
CTOMMOCTb KOTOPOTO COCTaBUIA Gosiee
$100 TBIC,, TIpEaCTaBIACT COGOM ABYX-

poreccopubiit IBM pSeries 615 mon
ynpasneHuem AIX 5.1 ¢ pacmupsaeMon
JINCKOBOW crCTeMO¥ FAStT 600 (14 uc-
KOB 110 36 I'B), MOJy/Ib PACIIUPEHHUSI
EXP 700 (eme 14 nuckos 1o 36 I'B), uH-
Tepdeiic — 2 I'éur/cex FiberChannel,
nponeccopsl — 2x1.45 I'T IBM Power4+
(RISC) n O3V — 4 I'b. Beibop Takoit
KOH(MUTYPAIIMH CEPBEPA MPOJUKTO-
BaH HEOOXOAMMOCTBIO Ob6eCIeYeHUs

Ha/IC’)KHOH aBTOPHU3ALMNN KIHCHTCKAX
COCIMHEHUI M OE30TKA3HOI KPYIJIOCY-
TOYHOH paboThl ceTu TARIO. net 1o OKa-
3aHHUIO YCIIYT MEKAYTOPOJHOM U MEXK-
JIYHAPOAHOM CBsA3H. [j1s1 obecrnedyeHus
06111eN OTKA30YCTOMYUBOCTU CUCTEMBI
OOHOBJICHA TAKXKE CEPBEPHAA IOLACETD,
TENEPb €€ IPOIyCKHAd CIIOCOOHOCTD
cocrasyseT 1 ruraéur. B

IKBamaK: sxonorus w TERHOROrNH Boy

UpwuHa MpowkuHa

3a moCJIe/IHUE CTO JIET TEMIIBI OTPEO-

JICHWA BOJBI YBCIIMYHNBAIOTCA B IBA PA3a
OBICTPEE, YEM TEMIIBI POCTA HACETICHUS.
He cnyuaiiHO Gmuskanmue JecsiThb JIeT
IO MHULMATUBE EBPONENCKOIO COIO-

32 MPOBO3IVIAIECHBI «MEXIYHAPOJHBIM
JICCATHUICTUEM IIPECHON BOABI>. Yncras
BOAA — LICHHEHIIMHA PECypC, HO YTO-
Obl €€ XBATWIO OyIYIIMM IOKOJIEHUAM,
BOJ4, KOTOPOX MBI ITOJIb3YEMCH, JOIDKHA
BO3BPAIIATHCA B IIPHUPOY MAKCUMAJIBHO
ounIeHHOU. OOCYXACHHUIO HPOOIEM
PAaLMOHAIBHOI'O UCIIOJIb30BAHUA U OXPa-
Hbl BOJHBIX PECYPCOB ObUI IIOCBSLICH
NPOLIEAINA HEAAaBHO B MOCKBE MEX/TY-
HapogHblil popym DKBATIK, KOTOPBII
CO3BIBACTCS EKETOHO € 1994 1

B xoHrpecce npuHsIM y4acTHE Clie-
LHATHUCTDI, OTIPEJC/IAIONINE IYyTH PA3BH-
THSL BOJHOI'O CEKTOPA, 6bUIO 34CIIYIIAHO
cBpie 300 JOKIAOB IO BOIIPOCAM BO-
JIOCHAGKEHMS, BOJOOTBOAA U OYUCTKUA
CTOKOB, 9KOJIOTHYECKOI'O MOHHUTOPUHI'4,
YPE3BBIYANHBIX CUTYAIUHN U SKOJIOTUYEC-
KOI 6€30I1aCHOCTH BOJHBIX OObEKTOB.

B pamkax ¢opyma npomuia BeICTABKA,
Ha KOTOpOoU capie 500 (pupM U OpraHu-
3aU U3 25 CTpaH MUPaA IIPEACTABUINA
PABIUYIHBIC TCXHOJIOTHH, TTO3BOJIAIONINC

SKOHOMHO PAaCXOJOBATb, PALIMOHAJILHO
HCIIOJIB30BATH 1 OYHIIATH BOAY.

YT06BI 06ECIIEYNTh BOJION HACEICHUE
CTPaHbl U HNPOMBIIIEHHOCTD, CO3/JaHa
MOIIHAS MHIYCTPYS, ABJIAIOIIASACA BAKHEM-
MM JIEMEHTOM MyHHUITUIIAIBHON HH(Ppa-
CTPYKTYPBL BojloCHAGKEHNE CTOIUITBI ITO-
PY4YEHO roCyIapCTBEHHOMY IIPEIIIPUATUIO
«BomokaHa», KOTOPOMY, KCTaTH, B 9TOM
roay ucnonngercsa 200 yer. B 1804 . o
yKagy nmrieparpuiibl Ekarepunnl I B Moc-
KBE ObUI IIOCTPOEH IIEPBBIA BOJOIIPOBOL.
B ormmmame or KIo49eBor BOJBI, PEYHYIO
repe/] yroTpedIeHUEM HEOOXOMMO ObUIO
OYMIIATD OT IIPHUMECEH, U1 YErO UCIIOJIb-
30BAJINMCH NIECYAHBIE (DUIIBTPBL

CeroaHsa MOCBOJOKAHAI — MOIIHOE
MIPOMBIIIVICHHOC TIPCATIPUATUC, OCHA-
LMIEHHOE CAMbIM COBPEMEHHBIM OOOpPY-
noanuem. B 2002 1. 6bUIO YCTAHOBJICHO
OUHCTHOE COOPYKEHHE, paboTaroniee Ha
OCHOBE O30HUPOBAHMA BOJbI C IIOCIEYIO-
el copoureit Ha AaKTUBUPOBAHHDIX YIVIAX.
KagecTBO BOIBI KOHTPOJIUPYETCH KKAbIC
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15 munyr. IlutbeBas Boga B MoOCKBe —
OHA U3 JIYYIINX B Poccun v IOTHOCTBIO
COOTBETCTBYET OTECUYECTBEHHBIM HOPMATH-
BaM 1 TPpeOOBAHUAM BCceMUPHON OpraHu-
3a1u1u 3paBooxpanenua (BO3).

B pamkax ¢opyma 6bl1a nposeje-
Ha TAaKKe KOH(PEepeHUUsA «YCTOHYUBOE

BOJIHOC XO3AUCTBO U 37 0POBbE», ITOC-
BAIICHHAA MPHUBEACHHUIO POCCHUICKUX
HOPMATHBOB B COOTBETCTBUE C TpeE-
6oBanusamu BO3. Peub nura, B 4aCTHO-
CTH, O PEAIN3AIUNU HA PETUOHAIBHOM
YpOBHE MEXKIyHAPOJHOI'O MPOTOKOIA
«Boga n 3goposbe». B HacToAmee BpeMsa

B Poccuy roToOBUTCA HOBAA PEIAKIINA
BoaHoro kozekca, 3aKOHbL O BOGOCHA0-
JKEHUU, O TIMTHEBOM BOJIE. B 11€710M BO/JI-
HBIM CEKTOP CTPAHBI CTOUT HA MOPOTre
OOJIBIINX IIEPEMEH, IIPUYEM HE TOJIBKO
B IIPABOBOM, HO U B 3KOHOMMHYECKOM
cpepe. ®

B nabopamop

Il nomARonorI My

NpuHa MpolukuHa

AJuleprusi CYUTAECTCA OJHOM u3 00-
JIE3HEU COBPEMECHHOW IITUBUIN3AIINUH.
COTrJIaCHO CTATUCTUYECKUM JTAHHBIM,
auteprueit crpagaer 20-40% nHacene-
HuA. [Ipy 3TOM 4HCIIO AJUIEPTUKOB IIPO-
JIOJDKAET PACTH: HA MPOTSKEHUU I1OC-
sneaHux 30 JIeT KaKg0e JeCATUIETUE UX
YHCJICHHOCTD YABANBAIACH.

IIpo6iieMa aUIeprund GECHOKOUT HE
TOJIBKO BPAa4E€HU-AJUIEPIOJIOTOB U HUX
IIAITMEHTOB, HO M BCEX CIHCITHAIMCTOB,
3AHUMAIOIHUXCA BOIIPOCAMMU BBQI/IMO,HCﬁ—
CTBUS YEJIOBEKA U OKPYKAIOIIECH CPEIbL.

MeauKu M ydeHbIe MIYT HPHUYUHBI
CTOJIb KATACTPO(PUIECKOTO TOTOKEHUA
U CIIOCO6BI 6OPBOLI ¢ HeAyroM. Tex, KTo
CTPAJaeT IIOJIMHO30M (AJUIEPTUYECKUI
PHHUT U KOHBIOKTHUBHUT), ONACHOCTb
IIOJACTEPErAET B NEPUO/, MBUICHUSA PAC-
TEHUI, MMO3TOMY HWHMOpMaLUsg O Ha-
JIMYUKM B BO3AYXC IIbUIBIBI-AJIJICPTCHA
OY€Hb BAXKHA. DTU JJAHHBIE COAEPKATCA
B TAK HA3bIBACMBbIX IIbIJIBIICBBIX CIICKT-
pax, KOTOPbIE COCTABJIAIOT M U3y4aiOT
YYEHBIC-TIOJIMHOJIOTU. B Hamen crpane
HO,[IO6HI)IMI/I HCCACJOBAHUAMMU 3aHHUMA-
IOTCSL CHELUAIACTBL J1AOOPATOPUH T1O-
JIMHOJIOTUH OHUOJIOTUYECKOIO (DAKYJIb-
Tera MI'Y.

IIo cimoBaM BEAyLIETO HAYYHOI'O CO-
TPYAHUKA, KaHJUJATd OUOJIOTUYECKUX
HayK Enenbl CeBepOBOM, OJHUM M3
OCHOBHBIX HaHpaBHCHI/Iﬁ CUHNTACTCA
A3POIIOIHUHOJIOTUS, T.€. HHUPKYJISALMI
B arMocC(epe NbUIbLIBI U CIIOP, BBI-
3BIBAIOMIUX AJJICPIUYECKUE PEAKLIMU.
Bo BceM Mupe CymeCTBYET Pa3BUTAA
CETb A3POIIOJUHOJOTHYECKOTO MOHHU-

TOpUHId. OHAa (PYHKUHUOHUPYET IPH-

MEPHO T4K K€, KAK METEOPOJIOIHUECKHE
CTAHIIMU: KAKIBIA JICHb IPOU3BOAATCA
3aMepsbl, MPOOBI BO3/AyXa aAHAIU3UPY-
IOTCSI, U PE3YIBTaThl 4Y€pPE3 CPE/CTBA
MaCCOBOHM MH(MOPMALIUU JOBOAATCA JO
noTpebUTEIIEH, B IIEPBYIO OYEPE/b Bpa-
YEU-AJUICPTOJIOTOB U JIIOJICH, CTPAIaio-
MUX OT IOJIMHO3A.

B mameit crpane 10 HEJABHEIO Bpe-
MEHHU TaKOH CIIy’KObl HE ObUIO, XOTS
OTAC/IBHBIC HCCICAOBAHUA IIPOBOIN-
auchk B Mockse, Kpacnomape, Hoso-
cudupcke. C 1992 1. Ha4aI0Ch OCYLECT-
BJICHHE TIOCTOSIHHOI'O MOHUTOPUHIA.
BcecTopoHHIOI NOAEPKKY B ITOM pa-
00TE€ POCCHUHUCKHUM KOJUICTAM OKa3ald
JIabopatopus NONIUHOIOTNU My3es ecTe-
CTBEHHOI mucrtopuu llIBenuu, KOTopas
NPEJOCTABUIIA B APEH/TY ITBUIBLIEBBIC JIO-

ByHIKH. CEroiHsA MOCKOBCKHE CIIELIUAINC-
TBl TECHO COTPYAHHYAIOT C MHCTUTYTOM
MMMYHOJIOTUM MHWHUCTEPCTBA 3/PABO-
OXPAaHCHHA W CIIIHUATIBHOI'O PA3BUTUA
Poccum u Cankr-IleTepOoyprckum rocy-
JAaPCTBCHHBIM MCAUITMHCKUM YHUBCPCH-
TETOM. B MOCKBY NPHE3KAIOT CTAKUPO-
BATbCA COTPYAHUKHU U3 JPYIUX TOPOJOB.
C 2000 1. maboparopusi crajia paboTaTh
KaK IIOJIHOLICHHAA CTAaHIUA a3POIIOIH-
HOJIOTHYECKOI'O MOHMTOPHUHI4, 4 B CKO-
POM BpEMEHHU ITOAOOHBIE CTAHLIUU OYIyT
padoTaTb BO MHOI'MX ropogax Poccum.
ITonyyeHHbIE [JAHHBIE PA3MEMAIOTCA
B MIHTEpHETE U B TCYCHUE CE30HA PETY-
JIIPHO OOHOBIIIOTCA. Tereps, ONUPasCh
Ha UHPOPMALIUIO O COACPKAHUH TIbLIb-
bl B BO3JyX€, KAKABIN YEIOBEK, CTPa-
JAIOIIUHI TIOJIMHO30M, MOKET IIPUO/IH-
3UTENBHO OIIPEACIUTh CBOM «POAHOM»
AJUIEPreH, KOPPEKTUPOBATH TEPAIIHIO
U IUIAHUPOBATD, HAIIPUMED, OTIYCK B 3a-
BHUCHMOCTHU OT <«PACIHCAHWA> TBUICHUA
BPEIOHOCHOTO PACTEHHUSL.

Kaxnpiii rog ¢ 1 anpesna naboparto-
pHs OJIMHOJIOTHU BO3OOHOBIIAET €XKeE-
JIHEBHOE pa3MelieHue HHGOpMAIUU
Ha caure. TeM He MEHEe, CTICITUATHUCTHI
YTBEPXKIAIOT, UYTO 3TOI'O HEJOCTATOY-
HO U CYUTAIOT LEIECOOOPA3HBIM HH-
(GOpMHUPOBATH HACEICHUE O HAJIUYUHU
B BO3QyXC MBUIBIICBBIX AJIJICPI'CHOB
B OJHOM OJIOKE C IPOTIHO30M IIOT'O/IBL
IIo MHEHHIO YYEHBIX, IOJOOHOE pe-
IMIEHUE CTAI0 OBbI PCATBbHBIM BKJIA/IOM
B NPOMUIAKTUKY AJIJICPTUUCCKUX 3a-
60JIEBAHUI U KOHKPETHOM IOMOILIBIO
60JIbHBIM JTIOsIM. M

B Mupe Hayku
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HOBOCTH

GOJHILd

Amutpun Mucropos

28 10:41:56

28 11:59:37

28 11:13:24

28 12:31:05

COAHeYHas BCrbILLKA 28 okTs6ps1 2003 1. o HaBAtoAeHNSIM Ha C3 «KopoHac-P»

C MCMNOAB30OBAHMEM PEHTIEeHOBCKOro TeAeckona CIMNPUT. YeTbipe kaapa 13
KnHodUAbMA. MPMGOP PA3PABGOTAH N ACHHBIE MOAYYEHbLI COTPYAHMKAMMN PU3NYECKOro
MHCTUTYTA UM. [.H. AebeaeBa PAH NoA HAy4YHbIM PYKOBOACTBOM MPOd. .M. CobeAbMaHa.

(MybAmKyeTCsl C pA3peLLEeHMsI ABTOPOB. )

12—-14 nrona 2004 1. B MOCKBE COCTOSIICA
MEKYHAPOHBIA HAYYHBIN CUMIIO3UYM,
MOCBAIEHHBINA UCCIEIOBAHUIO IPUYHUH
U CJIEACTBUIN CHUJIBbHBIX BO3MYIIICHUH,
Ha6m0/1aBIIMXCs B aTMocdepe ComHILa,
B renrocgepe, MarHuTocdepe u HOHO-
cepe 3emn B oKkTa6pe—Hos16pe 2003 1

Kak u3BECTHO, COTTHEYHA AKTHBHOCTD
U CBA3aHHBIC C HEH IIPOLIECCHI B OJIMPKHEM
KOCMOCE NOABEP;KEHBI LIUKIMYECKUM U3~
MEHEHUAM, KOTOPbIE COIIPOBOXKAAIOTCA

CWIbHBIMH M TPYAHO IPEACKA3YEMBbI-
MM CIOPAJAMUYECKUMH BO3MYILICHUAMMU.
Jly4iie BCEro UCCAELOBAHBI OJUHHAJ-
LATWICTHUE LMKIBI, KOTOPBIE MOKHO
IIPOCACOUTD HA IPOTSHKEHUU MHOTUX
CTOJICTUI.

Kak orMeTn1 O1MH U3 Y44CTHHUKOB CUM-
MO3UYyM4, IVIABHBINM HAYYHBIN COTPYJHUK
Hay4HO-MCCIe10BATENBCKOIO UHCTUTYTA
sepHoit pusuku um. /1.B. Ckob6enbiibiHa
MI'Y nnpodeccop U.C. Becenosckuii, oue-

PEAHON COTHEYHBIA I[TUKJI, HAYABIIUICA
B 1996 T. ¥ JIOCTUTTIIUIT MAKCHMYMA I10
OOJIBIIUHCTBY HPOSIBICHUI COJTHEYHOM
akTuBHOCTH B 2000-2001 rr,, ceryac
HaxoauTca B hase craja. Bemeck co-
HEYHOI aKTUBHOCTHU OCEHBIO 2003 1. HE
CTaJI TIOJTHON HEOKUJAHHOCTBIO, XOTs
1 HE ObUI YETKO IPEACKA3AH 3aPAHEE.
ITpOrHO3BI ObUIN CAEIAHBI HECKOJIBKUMU
HAYYHBIMH LIEHTPAMU BCEI'O 33 HECKOJIb-
KO JHEH JI0 CEPUU PEKOPJHBIX IIO CBO-
€1 MOIITHOCTU BO3MyIneHui Ha COJHIIE,
KOI'ZId Ha €O BUJUMYIO CTOPOHY IOCJIE-
JIOBATEIBHO OJJHA 34 JPYI'OH BBILIUIM TPH
OOIIUPHBIX OOIACTU C BBICOKOM AKTHB-
HOCTBIO. B 3TOT mepuoj npoucxoauni
[JIOOAIbHBIN BCIUIECK AKTUBHOCTU Ha
Connue 1 Ha6MO4AIACh CUIbHAA ACUM-
METPHA B €€ PACHPEIEICHUM TI0 JUCKY,
YTO CTAJIO OJHOM M3 NPUYHUH HAOIIOLAB-
HIUXCSl B resimocdepe  spieHuil. Toraa
Ha COHLIE NPOM3OIIINA CAMbBIE MOIIIHBIC
BCIIBIIIKA 32 BECh TEKYIINUU COJTHCYHBIN
LUK/, IO HEKOTOPBIM IIOKA34TEIAM
BCIUIECKM PEHTTCHOBCKOI'O U3JIy4CHHUS
ObUIN PEKOPJAHBIMU 34 BCE BPEMA UX Ha-
OIIO/IEHMS B KOCMOCE. BO BpeMst MOIITHOT
COJIHEYHOM BCHBIINIKH B OKTsA6pe 2003 I.
BIIEPBBIC ObUIM KOJTMYECTBEHHO 3aPErHC-
TPUPOBAHBI IPHU3HAKU OTHOCHTEIBHO
HEOOJIBIIOTO BO3PACTAHUA ITIOTHOI'O COJI-
HEYHOI'O U3JIy4YCHUS, HAd OYCHb HU3KHUX
MIHMPOTAX B CEBEPHOM U IOKHOM IIOJIy-
mapuAax 3eMIM HaOIIOAAI0Ch IIOIAPHOE
CHUSIHUE, T€OMArHUTHBIE 6ypHu 29—-31 OK-
TAOPS 1 20 HOAOPS OTIIMYAIUCH OOJIBIION
UHTEHCUBHOCTBIO, MHOI'ME CITYTHUKOBBIC
IIPUOOPHI U CUCTEMBI UCIIBITBIBAJIA B 3TO
BpeMs1 COOU B pabOTE BILIOTH /IO IIOJTHOT'O
BBIXO/14 U3 CTPOSL.

HccnejoBaHus NPOJIUBAIOT  CBET HA
€IIE HE BIIOJHE HOHATHYIO IPHUPOJY 3TO-
I'O UHTEPECHOTO ABIECHUA U CBUIETEb-
CTBYIOT O €rO TECHOHU B3aUMOCBS3U
¢ noadoTOCHEPHBIMU CAOIMU U IIPO-
rneccamu B Hegipax CoJTHIA.

14 B Mmupe Hayku
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HOBOCTH

ITo nmpeanoXEeHUIo U oA PYKOBO/I-
cTBOM aupexkropa HUMADP MIY npo-
¢deccopa M.U.Ilanacioka, /Uisi KOMII-
JIEKCHOTO aHAJIN3d 3JKCTPEMAIbHBIX
BO3MyHieHNH Ha COJIHLIE B retmocdepe
U Maraurocdepe 6bu1a Co3AaHa KO-
Oopanusa POCCUUCKUX YYEHBIX, KOTO-
pbl€ IOJYYWIW YHHUKAJIbHBIC LAHHBIC,
B TOM uncie Ha HMC3 «Koponac-®».
BoJbIION MHTEPEC K MOJOOHBIM HC-
CJIEJOBAHUAM 3dAMETEH BO BCEM MUPE,
4TO MOKHO BHJETb M3 HIPOTPAMMBI
M JIOKJI4JOB Ha CHEIMHaJIbHOM CeC-
CUU AMEPHUKAHCKOIO reodusnugec-
KOI'O COI03a ¥ CUMIIO3UyMaX 35-1 Ha-
yuHoi Accam6nen KOCIIAP (ITapuk,
19-25 mona 2004 1.). AMEPHUKAHCKUE
YYaCTHUKHA MOCKOBCKOI'O CHMIIO3UyMa
B CBOMX BBICTYIICHUAX OTMEYAJIU, YTO

ujesd CO3AaHUA AHAJIOTUYHOU KOJIIA-
oopanuu B CIIIA BO3HHK/IA B KAYECTBE
CBOECOOPA3HOI'O OTBETA HA MHUIIMATHUBY
POCCUICKHX YYCHBIX. B AMepuKe 3TuM
HEOOBIYHBIM SIBJICHUAM JIA5KE TIPUYyMa-
A crienuanabHoe HaszBaHue Halloween
Storms, TOCKOJbKY OHU IPHUIIIMCh HA
U3BCCTHBIN MNpas3aHUK — KanyH [IHA
BCEX CBATHIX. YUACTHUKHA CUMIIO3UyMa

MIPUHSUIA PENICHHE BHOBb COOPATHCS
B 2005 1, 9TO OTPAXAET TEHJCHIIUIO

K OOBEIMHEHHUIO YCUIHUHI YUEHBIX BCE- [KOpPOHAABHBIN BLIBPOC MACCHI
I'O MMPA U BBIJEICHUIO IIPUOPUTETHBIX 28 okr16ps 2003 1. HaGAO ASHMS
HAMPABACHUN B YCIOBUAX OTPAHUYCH- BbINOAHEHbI KOPOHOrPAGDOM
HOI'O (PUHAHCHUPOBAHHA HAYYHBIX HC- LASCO/C2 Ha 6opTy KOCMUYECKOW
CIIeJIOBAHU. o6cepsatopun SOHO. CoAHue

Kakue emie CIOpnpusbl TOTOBUT HaM 3AKPbLITO AUCKOM, pasmep COAHLA
ConHile B OyaymieM? YYeHbIM €IIIe Ipe/i- YKQ3OH 6EAOM OKPY>KHOCTbIO B
CTOUT OTBETUTH HA 3TOT BOIIPOC. M ueHTpe. (Poto ESA.)

OYEBHJIHOE

HEBEPOATHOE

HA KAHAAE TBU NO NOHEAEABHMUKAM B 00:30

nporpamma C.MM. Kanuubl

oHesmnnHoe -

HEB OFITHOE

.0 CKOJFIbKO HaM OTKPbITA YyOgHbIX
NoToBUT NpocBeLueHbA AyX,

/N1 onbIT, CbiH OLLNBOK TPYAHbLIX,

1 reHvin, napapaokcoB apyr,

N1 cnyvain, 6or nso6peTarens...

g

B Mupe nayku

13




HOBOCTH W KOMMEHTAPHH

10 Muknomy NONID

MapwuHa CmupHoBa

COpr,IIHI/IKI/I BOCHHO-TIPOMBIIIIJICHHBIX
KOMIUIEKCOB BEAYIIUX CTPAH MHUPA,
pa3pabaThIBAIONIME WH/IMBH/IyaIbHbIC
CPEACTBA 3AIUTHI /I TUYHOT'O COCTABA
BOOPYKEHHBIX CHJI, BCEPhE3 032160YEHBI
CO3ZJAHUEM COBPEMEHHOI, JIETKOU U (-
(PEKTUBHOI OPOHE3AIUTEL, ITO3BOJIAIO-
LIEH carepaM BbDKUTD TaM, I PAHbIIE
3TO H6BIJIO HEBO3MOKHO.

Poccurickue CrienuanycTbl TAKKE pa-
OOTAIOT B JAHHOM HallpaB/IcHUM. I'pyrina
y4eHbIX 13 IOKHO-POCCHUIICKOTO rocy-
JapPCTBEHHOTO YHUBEPCUTETA 3KOHO-
MMKH U CEPBUCA HEGOJIBIIOIO TOPOJIKA
MaxTel PocTOBCKOI O6ynacTu 6mM3Ka
K CO3JaHHIO HE HMEIOIIEIO aHAJIOIOB
34IMUTHOIO BOICKOBOI'O KOMILIEK-
T4, NPEAHA3HAYCHHOIO I CaIlepPOB.
Bosrnaenger Hay4yHyIO TIDYIIY JEKaH
TEXHOJOIHYECKOIO (PAKYIBTETA, JOK-
TOp TEXHUYECKUX HAYK, Ipodeccop
Bmagumup IIpoxopoB. OCHOBHBIM
BJOXHOBHTEJIEM IPOEKTA CTAJI IIPENOJA-
BATEJIb Kaeapbl U3/IETUI U3 KOKU TOTO
’Ke By3a AHjpert MupomHuk. OH MHOTO
JIET 3aHUMAJICA PA3PAO6OTKOM ClIEIIOOYBU
JUIA TOPHAKOB, OJHAKO YT'OJIbHAsA OTPAC/Ib
B PErHOHE IPHUILIA B YHAJOK, HPOEKT
ocTancs 6e3 (PUHAHCUPOBAHUA U OBLI
CBEPHYT. MUPOLIHUK 3aUHTEPECOBAICA
uH@opManuen o 3apyoekHbIX pa3pa-
0O0TKax OOYBU, CIIOCOOHOI 3aIUTHTH
HOTI'K COMAAT OT MIPOTHUBOIICXOTHBIX MUH.
JII060NBITHBIE KOHCTPYKLIUH IIPEJIArA/IN
CIIEUAIMCTRI M3 [TepManuy, CUHTaIypa,
Cepbun. Mexny tem B Poccuu, rae
B MOCKOBCKOM HMM cTanmm m CriiaBoB
Pa3padboTaHO MHOKECTBO MOJIENIEN OpO-
HEKWIETOB, GPOHEKOCTIOMOB, KACOK, HE
HAIIUIOCh HU OJIHOM MOJIEIH TTOJOOHOM
06yBu. He CeKperT, 4To, BOIPEKU MEKITY-
HAPOJHBIM KOHBCHITUAM O 3AITPCHICHUH
TIPOTHUBOIICXOTHBIX MHH, OHU IIO-IIPC-
JKHEMY HIHPOKO NPUMEHAIOTCA. Tem 60-
JIEE€ YTO HE BCE CTPAHBI IIOAJCPKUBAIOT
3aIpeT HA UX NPHUMEHEHUE, ITIOCKOJIbKY

JIAHHBINA BUJ| OPYKUS CPABHUTEIBLHO Jie-
meB U BecbMa a(pdpexkruseH. CTPAIIHO TO,
YTO IIPU TOJAPBIBC YCJTIOBCK HCPCAKO BbI-
JKUBAET, HO MOJIy4aeT TsOKEJICUIINE yBE-
4YbsA U HA BCIO JKU3Hb OCTAETCA KAJICKON...
KOJIIEKTHUB MAaXTUHCKUX YYCHBIX 3a-
JaJICA LEIbIO CO3/4aTh CIEIUATIbHYIO
06yBb UMEHHO /IS CAll€POB. B npUHIIM-
1€ MOKHO OBbLJIO 6Bl ITO/IyMaTh U O pa3-
paboTke OOIIEBOMCKOBOI'O 3AIUTHOIO
CPEACTBA, HO INPEBPAIATh MEXOTUHIIA
B IIOJOOME OPOHEMAIIUHBI HELIEJIECOO0-
Pa3HO, HOCKOJIbKY OH IIOTEPSIET HEOOXO-
JIMMYIO JIIS1 BEJICHUS 6051 TTOJIBUSKHOCTD.
A s camepa Takas 3aluTa — BOIPOC
JKU3HU M CMEPTH, MOCKOJIBKY €My IO
JIOJITY CIIYKOBI IPUXOJUTCA UMETD JEJIO
C «QICKUMU MAIIMHAMMW». 33/1a49a pa3pa-
6O0TYNKOB CIICHICHAPAKCHUA — OATb 4C-
JIOBEKY IIAHC OCTATbCA HEBPEHUMBIM.
CHCI_II/IQ.JII/ICTI:I HA4Ya/I TVIAHOMCPHO
pa6orats B mapre 2003 1. OHHU JIOCKO-
HAJIbHO M3YYUJIN CBOMCTBA U TEXHHU-
YECKUE XAPAKTEPHUCTUKU OPOHETKAHEH,
IUIACTUKOBOM, METAJUIOKEPAMHUYECKON
U APMUJHON OPOHHM U JAPYIHX KOMIIO-
3UTHBIX MATEPUATIOB. 34 OCHOBY 6paiu
U3CINA OTCYCCTBCHHDBIX ITPOU3BOJIUTC-
JIEH, KOTOPBIE, KCTATH, HU B YEM HE yCTY-
[IAIOT 3aPYOEKHBIM aHaIoraM. K Tomy xe
POCCHUMCKAA TIPOAYKILIMA CPABHUTEIBHO

Hesopora. B ruiaHe KOHCTPYKLMH OOy-
BU HamboJiee PAMOHAJIBHBIM YYCHBIC
COYIA MCIIOJIb30BAHUE 3JIEMEHTOB K-
30CKEJIETd, KOTOPBIH BBIOTHAET (DYHK-
MUIO HAPYKXHOI'O MAHIIUPA, HAITIOMWHA-
IOILErO XUTUHOBBIA IIOKPOB HACEKOMBIX.
CHeUaIMCTBl Pa3paboTaIn IPOYHYIO
U JIETKYIO KOHCTPYKIIHIO, 3AUIIAIONIYIO
HOTU OT NOPAKAIOIIUX (PAKTOPOB MUHBL:
BBICOKHX TEMIIEPATYP, OCKOIKOB, KyMYy-
JIATUBHOTO 3(ppeKTa. YCTPOICTBO JOJIK-
HO OBITh HEZJOPOTUM M HAJICIKHBIM.

B npomuiom rogy maxTUHCKUE U306pe-
TATEJIU HOJIYYWINA I'PAaH] MUHHCTEPCTBA
006pa30BaHMA U HAYKH, KOTOPBII 06€eC-
IEYWI JBYXT'OJUYHOE (PUHAHCHPOBAHUE
PyHAAMEHTAIBHBIX HAYYHBIX MCCIEHO-
BAHUU TIO JAHHOMY IPOEKTy. OJHAKO
3TO HE PENINJIO BCEX pobiiem. [11aBHoOeE,
HE XBATA€T CPEJCTB Ha 3aKYIIKy HEOO-
XOAUMBIX MATCPUAJIOB U U3I'OTOBJICHUC
OIIBITHOT'O OOPAa311a. YBbI, HU IIPOU3BOJIC-
TBEHHO-3KCIIEPUMEHTAIbHAA 6434 IaX-
THUHCKOTO By3d, HU JPyIrUe€ I'OPOACKUE
OPCANPUATAA HE B CUIAX CIPABUTHCS
C TAKOM 3asa4en. Ho Jaxe ecim KaKuM-
TO 4yJIOM YIACTCA €r0 CAENATb, TOTOBOE
U3JEJINE HYKHO OyZIeT IOABEPIHYTh UC-
MBbITAHUAM B YCIOBUAX, MAKCHMAJIBHO
NPHUOIMPKEHHBIX K 00€BbIM. TO €CTb IOT-
pedyeTCs IIOUIOH, IIE MAKET YEJIOBEKA,
OOIa4EHHBIN B IPOTUBOMHUHHYIO OOYBb,
MOKHO 6y,IICT BHOBbBb Y BHOBD IIO/IPbIBATD,
JACTAJIbHO M3Yy4YaThb INOBPCKICHUSA, BHO-
CUTD HCO6XO,ZII/IMI:IC TIOIIPABKU U JIOBO-
JUTh KOHCTPYKLHUIO IO COBEPHICHCTBA,
IIOCKOJIbKY HUKAKOE BUPTYaJIbHOE MOJIC-
JIMPOBAHUE HE 3AMEHHUT YHUCTOTY MPAK-
TUYECKOI'O IKCIIEPUMEHTA.

B cTronp CoXHBIX BOIPOCAxX paspa-
OOTYHMKAM YHUKAJIbHOU, HE UMEIOIIECH
4HAJIOTOB B MHUPE MOJEJIMN 3aIMUTHONU
0o6yBU HE OOOUTUCH O€3 KOHCYJIBIA-
UM BOEHHBIX CIICIIUAIUCTOB, ITOMO-
I CUJIOBBIX CTPYKTYP W ITOJJCPKKH
rocyjaapcrea. |
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HOBOCTH W KOMMEHTAPHH

NeYlmb tax neyme

KapuHa TusaHoBa

Bxopdamero B 3TOT MUP MaJIE€HBKOI'O
4YEJIOBEKA IIEPBBIMU BCTPEYAIOT BPAYM.
Hx 3260Ta ¥ BHUMAHHE COIIPOBOXK/A-
IOT €T'O BCIO KNU3Hb. OHU JICIAI0T BCE BO3-
MO’KHOE U HEBO3MOKHOE, YTOOBI CIIACTH
YEJIOBEYCCKYIO JKU3Hb... TaK ObIIO, €CTh
u OyJIeT.

Ha cuene TocyapcTBEHHOTO KOHIIEP-
THOTO 3a/1a «Poccus» yKe B 4eTBEPTBIA
Ppa3 Bpy4aslaCb CUMBOJIMYECKAsS CTATYITKA
«30JIOTBIE PYKH Bpaya JACPKAT XPYyCTAIb-
HYIO YKM3Hb YEJIOBEKA» 1 IECHEKHOE BO3HA-
IPAKIECHUE JTyIIIUIM POCCHICKUM BPAYaM,
KIMHUKAM W IPCACTABUTC/IAM HCMCIOH-
IUHCKUX CIHEIUAIbHOCTEM, BHECIIHUM
OOJBIION BK/IA/I B PA3BUTHE MEUIIMHBL
Wpnea yapexaenus npemun «l[Ipussanue»
NPUHAICKUT BEAYIICH MTPOrPAMMEI

«310poBbe» Enene ManblueBon U ap-
THUCTY W OBIBIIEMY Bpaudy AJICKCAHIDY
Pozenbaymy. B aTroM rogy ona 6pu1a npu-
CYyKICHA 11O HCCKOJIbKUM HOMUWHAITUAM.
33-71€eTHUI CAPATOBCKMNA XUPYPI JImu-
TpU MOpPO30B IIPOOIIEPUPOBAT HOBO-
POXAECHHOTO C TSDKEJICHUIICH ITaTOOTU-
e, U CTal IIOOEAUTEIEM B HOMUHAITUN
«32 TIPOBE/ICHHE YHUKAJIBHOI ONEPAINH,
CIacuiey JKU3Hb YEIOBEKa». 34 CO3/1aHNE
HOBOI'O METOZA JICYEHUA U CIELUAIbHO-
ro npubopa A JIeYeHUsA S-O6PA3HOrO
CKOJINO3A Y JIETEH HAIPAKICH HOBOCHOUP-
CKUHM Bpad Asnexcangp Jlaka. A Banen-
THHA [leTepKoBa, Jaypear B HOMHUHALMN
«3a CO3JaHME HOBOT'O HAIIPABJICHUA B M€-
JULIIHE>, Pa3Pa00TaIa CUCTEMY JUATHOCTH-
KU 1 JICYCHUA HU3KOPOCJIOCTH Y ICTEN.

CnenuanbHasg npemus ot Ilepsoro
TeJICKAaHA/IA OblIA NPUCYXKACHA Spuraje
BPA4YEU-TPAHCIUIAHTOJIOIOB TIOJ, PYKO-
BO/ICTBOM ITpodeccopa Ceprest [oTbe.

I[Ipemuio monyduan Taxke lappu
Ab6enes u IOpuit TarapuHoB. OHU HeE
MEIMKH, 4 GUOXMMHKH, HO UX OTKPBITHE
MO3BOJIUT IOMOYb OOJIbHBIM PAKOM.

Ha cueTy 3HAMEHHUTOH OpUrajbl
Bpadeyl MOJ PyKOBOACTBOM Cepres
Tonuaposa, NOMy4YMBIIEH HATPay 34 I10-
MOIIb IIOCTPAJABIIUM BO BPEMs BOIH,
TEPAKTOB U CTUXUMHBIX O€/ICTBUI, HE-
Maso noaBuros. A IOpurt Mcakos u bo-
puc KoBases, nobeanTen B HOMUHAIIUH
«3a BEPHOCTDb NPOMECCUN», CHACIU 34
CBOIO JKM3Hb CTOJIBKO JIIOZICH, YTO U HE
cocunTaTn! M

ANCTARIHOARLIE T

AHonoell

NAbg AeByH

B xonue mrons B PocHOY nipomen Kpyr-
JIBIA CTOJI, IOCBAIICHHBIA BHEAPCHUIO MH-
HOBALIMOHHBIX [OAXOAOB B JUCTAHLIMOH-
Hoe obyuenue. [Ipodeccop CII Karmiia,
JUPEKTOP JENapTaMEHTa IoCyAap-
CTBEHHOU NOJIUTHUKA MMHOOPA30BAHUA
WM. Kanmunaa, pekrop PocHOY B.A. 3ep-
HOB, npopekrop 10.C. PyaeHko, npeacena-
Tesb NpasieHus 6aHka «LenTpoKpeaur>
AM.TapacoB, TI'€HEPAIbHBIA JUPEKTOP
3AO «BupryanbHbIA 1TapK uaen «Mckpa»
W.B.JIeBUH NPHUIUIM K BBIBOJY, YTO JJIA
YCHEMHON PEATU3ALUA TOI'O 3aMbIC/IA
OT TOCYAAPCTBA TPEOYETCA OPraHU3aLIN-
OHHAs U METOJUYECKAS IIOMOILb, 4 OT Py-
KOBOJUTEJICH BY30B 3aBUCHT aJaIlTallHsg
Y4e6HOTI'O IIPOLIECCA, BRIIOYAIOUIETO HO-
BbIC TEXHOJIOTUM. YCIIEX 3ABUCUT U OT THO-
KHUX IIPOTrPAMMHBIX CPEZCTB, C Pa3padboT-
KOU KOTOPBIX JIYYILIE BCETO CIPABIIAIOTCA
MOOH/IbHBIE IPEANPUATUA. OTPAAHO, YTO

Uy (PUHAHCHUCTOB €CTb IOHUMAHHUE TOTO,
4TO UHBECTHUIIMU B OOPA30BAHUE OOs134-
TEJIBHO BEPHYTCA IIPHUOBLIBIO OT OYAYIIIX
MHHOBALIMOHHBIX IIPOEKTOB.

[Tocne OMUUUATBHBIX BBICTYIUICHUI
YYACTHUKOB MPHUIVIACHIN 33 TEPMHUHAI
TIIOMCKOBOM BUKTOPUHBI «OBPUKa». CyTh
UT'PBI 3AKII0YAETCA B TOM, YTOODL, UCIIOJb-
3ys1 IIOMCKOBYIO CUCTEMY, HAHTH IPABUIb-
HBIY OTBET, HAXO/IAITHUICS B 623€ JAHHBIX.
BuKTOpHHA Pa3BUBACT JIOTHUKY, IIOUCKO-
BBIC M aHAJTUTUYECKUE HABBIKY, 4 HEKO-
TOPBIE BOIPOCHI MOI'YT IIPEBPATUTBHCS
B CBOCOOPA3HBIC MUHM-UCCICJOBAHUS.
DTO NOMOTAET UI'PE U30EKATb TUPAKH-
POBAHUA KIUIOBOI'O CO3HAHUA, KOTOPOE
TaK aKTHUBHO HABA3BIBACTCA HAM MHOIO-
YHCJICHHBIMU Testemoy. ITocie npesenTa-
LIUU BUKTOPUHBI MOABUIOCH HECKOJIBKO
HOBBIX W/ICH: BHEPUTD B UTPY BAPHUAHTDI
C HECTAaHJAPTHBIMH OTBETAMH, UCIIOJIb-

30BATh HOBECHIIME TIETATOTUYCCKUE ME-

TOJUKH, BBITYCTUTh TPEHUPOBOUYHYIO
BEPCHUIO 6€3 JINMUTA BPEMEHU JIJIA TEX,
KTO IIPUBBIK MBICJIUTb OOCTOSATEIBHO.

PocHOY u 3A0 «BupTyanbHbI NTapk
naen «JIckpa» B GipKarniiee BpeMs Iia-
HHUPYIOT OPeOOPA30BATh PAAfl YUEOHDBIX
IIOCOOUH B 434PTHYIO UI'Py HA 3HAHUSL.
B BUKTOpUHE CMOT'YT IPUHATb Y4ACTUE
HE TOJIBKO CTYAEHTBl YHUBEPCUTETA, HO
U BCe xesaronye. i

B Mupe Hayku
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MOJIOOBIE TnAuTo

EAnsasetra borapucrt

Bo Broporn udersepru XIX B. CTylIcH-

Thl TCXHUYCCKUX BY30B MPCACTABIAIN
CBOU JUIUIOMHBIE IPOEKTBI (KOTOPHIE,
KCTATH, HEIIPEMEHHO HOCHIIN IIPUKIA/-
HOM XapaKTep) NPsAMO B 3a1aX SUMHETO
asopna. Mmneparop Hukomnart I mnynO
3HAKOMWICH CO BCEMH 3KCIIOHATAMU,
U T€, KOTOPBIE MOJIyYaJId BbICOYANIICE
0J06peHne, OLICTPO BHEAPAIUCH B IIPO-
U3BOJCTBO.

Te BPCMCHA JIABHO MPOIUIM, HO HaNIa
3eMJIA MO-TIPEKHEMY OOrara TajlaHTa-
MH. PaCKpBITh UX, NOJAEPKATD, PEAIU-
30BATb — B 3TOM 3aJIOT NPOLBETAHUA
crpanbl. K COXaneHuio, B MOCIEAHUE
JACCATUIICTUA MBbI CJIBIIIMM HE TOJBKO
O HOBBIX JOCTHIXKCHHUAX HAIIUX Y4UC-
HBIX, HO U O IOCTOAHHOMN «yTEYKE MO3-
rop». BocTpe60OBaHHOCTD POCCUUCKUX
CHELUAIMCTOB 334 PYOEXKOM T'OBOPUT
06 HMX BBICOKOM HPO(MECCUOHATNU3ME;
TEM CEPbE3HEE MOTEPU, KOTOPBIE HECET
OTEYECTBEHHAA HayKa. JIIoboe pasBuToe
TOCYZapPCTBO CHUJIBHO IIPEKAE BCETO CBO-
UM HAYYHBIM [MIOTCHITUAJIOM. COXpaHI/ITI)
U PAZBUTDH TATAHTBI MOJIOJBIX pOCCI/Iﬁ—

CKHX YYCHBIX CTAHOBUTCA O,HHOIZ U3 1ep-
BOCTCIICHHBIX I'OCYZIAPCTBCHHBIX 33/1a4.
Kak ona peanmusyercsa?

ITo crmoBam mipencenarens Kommrera
Tocaymbpl IO OOpPA30BAHUIO U HAYKE
.M. MenpHHKOBA, € KOHITA 8O-X IT. Poccus
YTPATH/IA IPUMEPHO TPETh CBOCTO HAYY-
HOT'O NOoTeHIIMAA. B KoHI1e XX B. €KEroj-
HBIC IOTEPU HAMIECH CTPAHBI U3-32 «yTCY-
K MO3TOB» OIICHHUBAJIUCH B $50 MIIp/I.
Ve3KaloT MPEKIE BCETO CHCIHATHCTBI
B OOJIACTH BBIYUCIUTEIBHOM MATEMATH-
KU, TECHETUKH, OMOTEXHOJIOTHI. Poccuio
IMOKH/IAIOT HE TOJBKO OT/ICTIBHBIC YICHBIC,
HO U IIEJIbIC KOJUICKTHUBBI, JTAGOPATOPHUH,
IPyHIIbL. OMUTPUPYET B OCHOBHOM MO-
JIOJICKbB, YTO BEJIET K CTAPCHUIO HAYIHOM
MHTEJINTeHIIMNA. CPEHUN BO3PACT POC-
CHMCKUX YYCHBIX COCTABIISCT CECTOJHS
6osiee 60 JieT, B TO BpeMst KaK B HA4aJIC
60-X IT. OH HE HpeBbInI 38 seT. Takum
06pa30oM, CTpaHA JIMIIAETCS Haubosee
TPYZOCHOCOOHOI U NPO(PECCUOHAIBHO
AKTUBHOI YaCTH HAYyYHOTI'O COOOIIECTBA,
9TO HAHOCUT CEPBE3HBIH yIep6 CTPAHE,
60J1e€ TOTO — CO3/IACT YI'PO3Y HAITMOHAITb-

HOH 6€30I1aCHOCTH. Boccranosnenue
UHTEJUIEKTYJIbHOTO MOTEHLHUAIA MOT-
pedyeT HEMaJIO BPEMEHU M CPEJACTB.
OnpeieIeHHbIE Al B 3TOW 00IaCTH
YK€ IPEAIPHUHHUMAIOTCA.

Exxeromno na BBII mpoxoaut Bce-
POCCUIICKAsA BBICTABKA HAYYHO-TEXHU-
YECKOI'o TBOpUeCTBa Mostoaexu (HTTM),
OPTaHU3ATOPAMH KOTOPOH BBICTYIIACT
MHHHCTEPCTBO OOpPA30BAHUSA U HaA-
yku P®, TIpaBuTenbcTBO MOCKBBI, MOC-
KOBCKMIT KOMUTET I10 HAYKE U TEXHOJO-
rusaM, COBET PEKTOPOB BY30B MOCKBBI
U MOCKOBCKOH obsactu. ITogo6Hbie
MEPOIPHUATHA CIIOCOOCTBYIOT BO3POXK-
JICHHUIO IIPECTUKA OTCUYECTBEHHOM HAYKH
U CTUMYJIMPYIOT AAJIbHEUIIYIO PaboTy
HAYYHBIX MOJIOJCKHBIX CTYACHYCCKUX
O6IIECTB, KOTOPHIE ITOMHMO IMIPOYErO
3aHHUMAIOTCS BOIIPOCAMH NPO(POPHUEH-
TAalMH IOHBIX TAJTAHTOB.

HpiHemHAd 3KCHO3ULUA 3HAMEHA-
TEJIbHA TEM, YTO ObLIA IPOBEACHA B IOOH-
JIeriHbI 11 BBL roa (BeICTABKE UCIION-
HUJIOCH G5 JIET), KPOME TOTO, BIICPBLIC
B PAMKAaX BBICTABKU PEIAKIIUCH HAYYHO-
UH(MOPMALIMOHHOTIO JKypHana «B mMupe
HayKW» ObLIa yupexaeHa Heszasucumas
IpEMUA B OOIACTA HAYYHO-TEXHHUYEC-
KHMX JOCTIZKEHHN cpeu Monoaexku. Tpu
npemMuu 1o 15 TeIC. pybaen 3a JOCTH-
JKEHUA B O0JACTU (PYyHIAMEHTATBHOM
U IIPHUKIAJTHON HAYKU CPEAU MOJIOAECKHU
CT4/Id HE IIPOCTO HArPAZOH CO3/AATEIAM
UHTEPECHBIX HAYYHBIX Pa3paboTOK, HO
1 CEPBE3HBIM HIAIOM IO OKA3aHHIO CO-
ﬂCfICTBI/IH MOJIOJBIM YYCHBIM, ITPOJIBU-
JKEHUIO JJOCTZKEHUI POCCUMCKON HAYKU
1 O6PA30BAHMSA, PA3BUTUIO IIEPCIIECKTUB-
HBbIX HANPaBJICHUA HEKOMMEPYECKOMN
JIEATEIbHOCTU.

YiaeHbl JKIOPH, B COCTAB KOTOPOTO
BOIIJIX U3BECTHBIN POCCUUCKHN YYECHBIH
C.II. Karniia, mpeacesaTesab KOMUTETA 1O
JIEJIaM MOJIOZICKU U CeMbH [IpaBUTEIbCTBA
Mocksbl O.E. ITMIBIIMKOB, PyKOBOAUTEIIb
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dupmbr TARIO.net BI. KOCTIOHHH, PEK-
TOP POCCUIACKOIO HOBOIO YHUBEPCUTETA
B.A. 3epnos, pekrop MI'TY uM. baymana
WN.B. ®eopoB, CYUTAIOT, YTO TTOOETUTE-
JIM KOHKYPCa — 3TO OyIyIIee 1 IIBET POC-
CHICKOI HAYKH.

ITo cmosam pykosoautens BBILL
M.X. Mycaesa, HI'TM — 6necramas BO3-
MOZKHOCTD JU/I MOJIOJbIX U TATAHTIHBbIX
JIIOZICIT TIOKA3aThb CeOs M PEealn30BaATh
CBOM 3aMbICEJL. B BBICTABKE y4aCTBOBA-
JIO 60JIEE CEMHUCOT YYACTHHUKOB U3 BCEX
pernonos Poccum, npeacTaBUBIINX
528 MPOEKTOB B OOJIACTH XMMMHU, MATE-
MA4THUKH, UH(MOPMATUKH, COLUOJIOIUH,
MEJUIUHBL, 9KOJIOTHUU, ACTPOHOMMUH, AP~
XUTEKTYPBL U T.J. DTH pedaTa CO BpeMe-
HEM C(POPMHUPYIOT KOCTAK I'PAKAAHCKOTO
00IIECTBA, KOTOPOE, XOUETCA HALEATHCA,
CMOJKET BBIBECTH CTPAaHy Ha 0OOJ€€ BbI-
COKUH ypPOBEHb pa3BUTHA. OHHU yIIyo-
JIEHHO 3aHMMAIOTCSI HAyKOM, FTOTOBBI CO-
BEPUICHCTBOBATE NPOMECCHOHAIBHOE
06PaA30BAHUE, PACHIMPSITH CBOU 3HAHUSL.

MooABIM yYEHBIM HEOOXOAMMA IO/~
JIEPIKKA POCCUICKUX IPEAIPHUHUMATE-
JIEH, KOTOPAas O3BOJIM/IA OBl IPUOCTAHO-
BUTD «yTEUKY MO3T'OB», yCTAHOBUTD CBSI3b
MEKIy OU3HECOM M HAYKOMH, PEMIUTD CY-
IIECTBYIONINE IPOOIEMBI, HE TIpHUOETas
K MOMOIIM U3BHE. beCcCmopHO, €€ MOXK-
HO U HYKHO IIPUHUMATD, HO CJIELYET pe-
AJIbHO OLICHUBATD HOCIECACTBIA (PUHAH-
COBOH 3aBUCHMOCTH OT MHOCTPAHHOI'O
KanuTaaa. Beicrynas Ha Bcepoccuiickor
KOH(@EpEHIIMU «TBOPUYECTBO MOJIO/IBIX
B XXIBeKe: pealnuu U IEPCIEKTUBLI»,
3aBEPIIMBUICH IIEPBbIA J€Hb PAO6OTHI
BpIcTaBky, CII. Kanuia mpusen psaj
IIPHUMEPOB, KOIZIA C 3aPyOCKHBIMU I1apP-
THEPAMU 3AKIIOYAINCh KOHTPAKTDI, KO-
TOPBIE OKA3BIBAIUCD BBITOZHBIMH TOJIBKO
Ha IEPBbIN B3I, MTHHOBAIMOHHAA J1€-
ATEBHOCTD JIOJDKHA IIPUHOCUTD I1OIb3Y
npexae scero Poccuu, a HE MHOCTPAH-
HBIM HHBECTOPAM.

K coskaneHu1o, cerojiHgd OTEYEeCTBEH-
Hasl IPOMBIIIJIEHHOCTD HE B COCTOSIHUU
CaAMOCTOATEIBHO PEAIN30BATh CBOH
IOTEHLIUATL. A MEXAY TEM JAXKE B I'OJbI
Benukon OrtevecTBEHHON BOWHBI POC-
CHUHMCKOE MAIIMHOCTPOEHUE, HAIIPU-
MEP, HE TOJILKO BBICTOSJIO, HO U ABAJIO
KAa4ECTBEHHYIO IPOJYKIIUIO, COOTBETC-

TBYIOLIYIO CYIICCTBOBABIINUM B TC I'OJIbI
MHPOBBIM CTAaHAAPTAM, IIPHUYCM BCC
3TO OCYIIECTB/IVIOCh UCKIIOYUTEIBHO
33 CYET COOCTBECHHBIX BHYTPEHHUX pE-
3¢pBOB. Pemarb NmOJOOHBIE BOIIPOCHI
JOJDKHBI HC TOJIBKO YYCHBIC, HO U IIpPa-
BUTEJIBCTBO, locayma, IpPEACTABUTENIN
POCCUUCKOTO KAITUTAJIA.

K coxaneHuio, IOJIOXKEHUE CTYACH-
YECKOU MOJIOJICKH B CTPAHE OCTABIIACT
skenarh sydmiero. Tak, B 2001 1. pazmep
MOOMIPUTEIBHOIO I'PAHTA JJIA CTYJCHTA
cocTapisl 350 pyd. B MECHILL, JIsl ACIIH-
panTa — 450 py6., /11 MOJIOJIOTO KAH/IU-
nata Hayk — 600 py6. [TozaHee MoIozbIe
YYEHBIE CTAIH MOJIyYalOT I'PAHTHI B PA3-
Mepe 2 ThIC. pyO. B MECALL, 4 B TEKYIIEM
rofly IO PAaCHOPSKECHUIO IIPE3UAEHTA
B.B. [lyTHHA CyMMYy YBETHUHIIN /10 26 ThIC.
pyoert.

Xo4geTcss HaJesATbCA, YTO TOCYLaPCTBO
U OU3HEC NPEANPUMYT ONPEIEICHHBIE
ard JJjs MNOMOINM IOAPACTAIOMEMY
MOKOJICHUIO POCCHHUCKHUX MCCIECLOBA-
TEJEl U HOBATOPOB, OT KOTOPBIX B KO-
HEYHOM CU€TE 3a4BUCHUT OyAyIlee BCEro
TOCyAAPCTBA. BO3MOXXHO, HACTAHET ICHD,
korja Ilpesupent Poccuu no npumepy
uMneparopa Hukonas I modrur cBOMM
IPUCYTCTBUCM W BHHUMAHUCM BBICTAB-
Ky JOCTHIKCHHUIT MOJIOJBIX HOBATOPOB
MU J1ACT UM U UX U300PETEHUAM ITyTEBKY
B KU3HDL. W

Mpun3 exxemecsa4Horo
HOYYHO-NHPOPMALMOHHOIO
XXYPHOAAA «B MUPE HAYKW»
Ayylimm npoeKT B HOMUHALN:
«MPUKAAAHBIE HAYKIA»

BropryHOE MCNOAB3OBAHME AOMUHEC-
LLeHTHBIX AOMI KOK METOA YMEHbLLIEHMS
PTYTHOTO 3ArPsI3HEHUSI CPEADI.

Astopebl: MetLuepsikos C.A., BakyaeHko AB.,
O30AUHb A A. (Dusvko-MaTeMaTyeckmmi
Auevt N2 1523 npuv MO CpoeaHsis obLue-
06 a30BATEALHAST LLKOAQ «HACAEAHMK?);
«OYHAAMEHTAABHbBIE HAYKIN»

MeToA MOUCKA CMYTHUKOB MAQHET
ABTOp: HaoxopHeBa A A. (Slbocaasckumit
rOCYAQPCTBEHHbIV MEAQrOr4eCKui yHUBEP-
curet um. KA. YILMHCKOro);
«OPUTHAABHBIA MPOEKT»
BeAocunea ¢ LenHbIM BOpUATOpPOM
AsTOp: [1eB3Hep A.A. (Slpocaasckmin rocy-
AODCTBeHHbIVI MG)KDGI’VIOHOAbeIPI KOAAEAXK
rPOAOCTPOUTEABCTBA U YNPOABASHWST)

B paMKOX BICTABKIM COCTOSIACS
KOHKypc «B3IA9A B BYAYLLEE BBLL»,
MPWYPOYEHHBIN K OBUAEID
BCXB-BAHX-BBL|

MNMoBGeAnTEASIM KOHKYPCO BpyYaeTcs]
30A0TasI MeEAOAL «Adaypeart BBL»
MpoeKkT «MOHOPEAbLCOBAST AOPOra
Ha BBL»

ABTOp: EBCeeB Erop (Mockosckum rocy-
ACPCTBEHHbI CTPOUTEAbHbIN YHNBEPCUTET)

B Mupe Hagku
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in sacenanun HUKUMCKO20 Knyoa

Cepreint ®epopos

OuepenHoe 3aceganne HUKUTCKOTO

K1y6a ObUIO MOCBALIEHO OOCYXACHHUIO
NpeACTOAIMNX pedopM 3SKOHOMH-
KU lepmanun. B mOC/IEBOCHHBIE TOJbBI
B 9TOU CTpaHe ObUIA CO3[4aHA OAHA U3
CaMbIX 3(P@PEKTUBHBIX IKOHOMUYEC-
KHUX CUCTEM — COLIMAJIBbHOE PBIHOYHOE
XO35UCTBO. JIeHCTBUTENBHO JIW JTaHHAA
MOJIE/Ib U3KIJIA ce6:1? Kakue NpUYrHbI
BBI3BAJIM €€ KPU3KUC? MOIJ1a 6Bl 3T4 CUC-
TEMA PaboTATh U Jajiblie? BO3MOXKHO,
KOHLENIUA PA3BUTUSA HAPOJHOI'O XO-
341CTBA, CTABIIA OOPA3LOM JIJISI MHO-
I'MX CTPaH KOHTUHEHTAJIbHOU EBPOIIHL,
MNPUHOCUTCA B KEPTBY HNOJTUTHYECKHUM
uHTEpecaM? YYAaCTHUKU 3aCCOAHUA
MONBITAIMCh OTBETUTb HA 3TU BOIIPO-
CBl, IIOCKOJBKY IPEIMET OOCYXKIECHUS
HEIIOCPEACTBEHHO Kacaerca Poccum
U onelT pepopm B IepmMaHuu moO3BO-
JIUT HU30€XKaTh OMHOOK MHpPHU BbIOOPE
nyrer pepOpMUPOBAHNA POCCUHCKON
3KOHOMHUKH. CBOIO TOUYKY 3PEHUSA BbI-
CK434JIM PYKOBOJAUTEb LleHTpa eBpo-

NercKux uccnenosanuit (MMOMO PAH)
B.II I'yruuk, pykosoautenb lLlenTpa
IePMAaHCKUX UCCACIOBAHUM MHCTUTYTA
Esponer PAH B.b. benos, nupexTop
HMHCTUTYTA MEXKIYHAPOJHBIX 3KOHO-
MHYECKUX U IOJUTUYECKUX HCCIIEN0-
panuii PAH P.C. I'pun6epr u pan 1pyrux
CIELHUAJIUCTOB IO MEXIYHAPOAHOU
3KOHOMHUKE.

IIo mHenuio IyTHHKa, MOJEIbL CO-
LUAJIbHOI'O PBIHOYHOI'O XO3AMCTBA,
paspaboranHas B cepeanHe XX B.
U JIONTro€e BpeMsd pabdoTasiias Oecrie-
peboiiHO, HE MOIVIA YYECTb psifja BO3-
HUKIIHMX B KOHIIE CTOJIETUSI (DAKTOPOB,
TAKUX KaK I7106anu3anus, yriayoaeHue
UHTErpaluu, OCO6EHHOCTU JEMOrpa-
duueckon curyaluu u T.4. bonee toro,
HEKOTOPBbIE €€ OCOOECHHOCTU MPEBPaA-
THUJIUCb B 6APbEPBI I AAJTbHEUIIErO
pasBuThia. CEroHsA CTAJIO OYEBUHBIM,
YTO MONBITKU JIOKAJIbHOTO YMEPEHHO-
ro peopMUPOBAHUA, NPEIIPUHUMA-
€MBbI€ B MOCACJHUE T'OJbl F€PMAHCKHUM

PYKOBOACTBOM, HE [JAJIH JKEJI4€MOI'O
pesyabrara. Hakonusmumecs npobéie-
MBI TPEOYIOT 6€30TIaraTE/AbHBIX JCHCT-
BUH. KaKOBBI BO3MOJKHBIC IIyTH PA3BU-
THA? [IepBbIA BAPUAHT: IIPEAIOKEHHAA
KaHiepom lepmanun I llpeaepom
KOMIUIEKCHAsI IIporpamma pedopm
«JloBectka gHA-2010» (Agenda-2010)
HE yJaCTCd BOBCE WIM OyJeT HUBEIU-
POBATBHCA CEPUEH KOMIIPOMUCCOB, IIPU
3TOM COLMAJIbBHO-PBIHOYHOE XO34HCT-
BO COXPAaHUTCS, HO €rO PIHOYHOE pe-
dpopmMupoBaHue 6yaeT O60JIE3HEHHBIM
U YPEBATBHIM OCJIIOKHEHUAMU. Bropon
BAPUAHT: CYHIECTBYIOIIAs CUCTEMA Oy-
€T MOJEPHU3UPOBAHA, HO COXPAHUT
cBolo cnenuduky. M Tpetuil nmyTh: Ha
CMEHY COLIMATIbHO-PBIHOYHOMY XO34HCT-
By NPUAET AMEPUKAHCKAdA, U, KAK €€
UHOT/A HA3BIBAIOT, yHUBEPCAIbHASA MO-
J1€JIb 9KOHOMHYECKOTO PA3BUTHAL

Vxop lllpenepa ¢ mocTa npeacesaTess
napTu, nageHue perurunra CAINL npo-
THUBOJCHCTBUE pepOpMaM CAMBIX Pa3-
HBIX CJIOEB HACEICHUA CBUJETEILCTBYIOT
O TOM, YTO OOIIECTBO HETATUBHO OTHO-
cutcA K nepemeHam. OHako peopMu-
POBaHNE SKOHOMMKHU €CTb BEJICHUE BPE-
MEHH, U JIOO0E IPABUTEIbCTBO TAK WA
MHA4€ BBIHYKICHO OyIET OCYLIECTBIIATD
ero. OnTuMaIbHBIM 14 [epManum cra-
JIO 6B MOAECPHU3UPOBAHHOE PBIHOYHOE
XO3AUCTBO, COXPAHAIOLEE COLIUATBHYIO
OPHEHTALUIO U YIYUTHIBAIOINIEE YCIOBUA
IJIO6AIbHOU 3KOHOMUKH. IIpojosrkas
O6CYX/ICHUE, JOKIAUUKU OTMEYaH,
4TO HEOOXOAMMOCTb U3MEHCHUSA CO-
LUAJIbHON MOJENN NPU3HACTCA BCEMU
MAPTUAMH, OGHAKO XPUCTUAHCKHUE JIe-
MOKPATBl YOYCTHUIH BO3MOXKHOCTb €€
IIPOBEAECHUA B PAMKAX OOBCAUHEHHA
Tepmanum.

MCIIOTHUTENTBHBIN JUPEKTOP POCCUIC-
KO-TEPMAHCKOI'O >KypHa/Ia <[ TOTUT3KOHOM»>
JLW. epuauH OTMETHI, YTO MACCy yII-
PEKOB B aJIpEC NPABUTEILCTBA BbI3BA-
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JIK OTPOMHBIC BJIOKCHUSA B 9KOHOMUKY
BOCTOYHBIX 3€MCJIb, T.c. ObIBIICH [JIP.
BOHpCKI/I OXUAHUAM, CIUAHHUA 9KOHO-
MHUYCCKHX IMOTCHIHUAJIOB BYX CTPAH HC
IIPOM30IUIO, HA060POT — HAOIIOLACTCA
UX B3aHMHOE OTTOP:KEeHUE. Ternepp gaxe
CKEIITUKAM ICHO, YTO IIPU OOBEAUHCHUN
IOCYZIAPCTB C PA3HBIMU S9KOHOMUYECKU-
MM CUCTEMAMM HEOOXOAUMO TOYHO JO-
3UPOBATh (PUHAHCOBBIC BIOXKEHHUSA U HE
CO3/1aBaTb OJHOCTOPOHHHUX IIPEHUMY-
mecTB. OJHAKO OObeAnHEHUE [epManuu
JIOJDKHO CTaTh Id Poccuu 6€CIIEHHBIM
OIIBITOM, IIOCKOJIBKY IIPH OO'bEIUHECHNUNU
¢ benopyccueit Mbl MOKEM CTOJIKHYTBCS
C IOXOXKMMU IIPOOJIEMAMH.

CymecTByeT M Jpyras TO4YKa 3pe-
HUS HA OObEMHEHHUE /IBYX [epMaHu.
P.C. 'puH6epr pacieHunI ero Kak npu-
MEp MOKOBOU TEPAIIMU CO BCEMU €€ HE-
JIOCTATKAMU. BIOKEHHDBIE B 9KOHOMUKY
I'/IP orpomMHBbIE€ CPEACTBA NPEBPATUIN
BOCTOYHBIX HEMIIEB B IOTPEOUTENIEH.
Cpencrsa Ha/10 6BUIO BBIJICATD TOIBKO
TEM HNPEANPUATHAM, KOTOPBIE CMOT-
JIM COXPAHUTb CBOIO KOHKYPEHTOCIIO-
coOHOCTD. Torga npon3onuio 6ul nepe-
pacnpeneneHue pabodyeil CUJbI, 4 HE
€€ OTTOK B 3aIMaJHbIC 3€MJIM1, CICOACTBU-
€M 4Eero CTajd HHU3Kasg POXAAEMOCTb
M CTApEHUE HACEJIeHUA Bocrounon
Tepmannu. B 3axmouenue I'punbepr
OTMETUIL, YTO B MAKPOIKOHOMHYECKOM
IUIAHE BCE, YTO ITpoucxoaur B EC B 1e-
JIOM U B [epMaHuy, B 4aCTHOCTH, €CTb
CJIICACTBUE PACTYIIEH KOHKYDPEHIIMU
MCKY PA3BUTBIMU WU PA3BUBAIOIUMU-
cq crpaHaMu. Ha npumepe Bocrounor
GCMaHI/II/I BU/JHO, HACKOJIbKO MCJICHHO
IIPOUCXOJUT NPOLLECC SIKOHOMUYECKOU
UHTETPALUH JAKE BHYTPU OJHOI'O I'OCY-
gapcrsa. IToaromy, BEPOATHO, JOLKHO
NpOUTH HE MeHee 50 JIET, HPEeXIE YeM
EBponenckui coio3 mO-HACTOALEMY
IIPEBPATUTCA B €AHUHYIO S9KOHOMUYECC-
KYIO cUCTEMY. JJOKIAJUUK 3aMETHIL, YTO
€CTECTBEHHOE CTPEMJIEHHE YCKOPHUTb
UHTErPALIUIO MOJKET IIPHUBECTU K 060-
cobnenunio 4ieHoB EC OT OCTaJIbHOIO
MHPA.

ITo c/oBaM 3aMECTUTENS TTIABbl MOC-
KOBCKOI'O NPEACTaBUTENbCTBA PoHAa
Anenayspa AE.3aropckoro, ujaes co-
LIUAJIbHOTO PBIHOYHOIO XO3AHCTBA

0a3upyeTcss Ha TPEX INOHATHUAX: HH-
JUBUJYATBHOCTH, CYOCHUJUATBHOCTU
U conugapHocTu. T.e. Bce, YTO BO3MOK-
HO, Y€JIOBEK JOJDKCH JEIaTh CaM, 4 TaAM,
T/1C OH HC CIIPABJIACTCA, JOJDKHA ITIOMOYb
ob6muHa. OJHAKO B TEX BOIIPOCAX, KO-
TOPBIC HE B COCTOSIHUU PELIUTD HU CaM
YeJIOBEK, HU OOMmHHA, HEeOOXOoauma
IOMOIIb TocyAapcTsa. Ho BO MHOTHX
CTpaHaxX pa3MCpPbl COMUAJIbHBIX BBITLIAT
CTaJIU TOPMO3OM pa3BUTHA. M HE TOJb-
KO BCJIEJCTBUE TOTO, YTO OHH TSKEJIBIM
OpEeMEHEM JIEKAT HA TPYAOCHOCOOHOM
YACTHU HACEJICHUA, HO U U3-34 TOI'O, 4YTO
MpOLECC INIOOGAIU3ALNU JUKTYET CBOU
yciosus. [Toaromy Heo6xoaMMa pedop-
Ma MUI'DALMOHHOM NOJIUTUKH, KOTOPAs
IIPUBJICYCT B GCMaHI/I}O BBICOKOKBAJIMN-
(PULIMPOBAHHBIX CIIELIUAIUCTOB U3 APY-
I'x CcTpaH. KOHeYHO, IPY aHAJIM3E 3KO-
HOMMYECKOM CUTYAIIUN HEJIb351 CBOAUTH
npobnaeMy K JeMorpapudeckum pakTo-
paM, OJTHAKO €CIU B OJIvpKanInee Bpems
B IOJUTUKE [epMaHUM HE NPOU3OULET
PCaTbHBIX HSMCHCHHﬁ, €C PaA3BUTHUC
3ameauTcs. Ecam 6b1 mpouecc o6beu-
HEHMsI CTPAHBI IIE/ HO-APYrOMY, HAIIPH-
Mep, IIyTEM CO3[aHUA KOHdegepanuuy,
€€ HBbIHEIIHEE MOJIOXKEHHE, BEPOATHO,
OBbUIO ObI MEHEE CJIOKHDBIM.

IIpencenarens Kapenbckoro ¢opy-
ma AB.YymuuesB ormerus, 4yro EBpo-
NEUCKUI COIO3 — IIPUMEP PEAIM3ALUN
YHHUKAJIbHOM 9KOHOMUYECKOU IIPOIPAM-
MBI, CyTb KOTOPOU — OCO3HAHHAsA BCEMU
HACTOATCIbHAA HCO6XO,III/IMOCTI) JKUTh
110 CAWHBIM ITPABUJIAM.

B sawmoueHue npejcesaresb Kiyda
C.IT. Kannia nogyepknys, 4yro lepmanus
CTOUT CETOAHS IEPE]] BAXKHBIM BEIGOPOM,
U TIOJIMTHUKU JOJIKHBI IIPOABUTDH OTBCT-
CTBEHHOCTBb, KOTOPOH HE BCETJA XBa-
TACT Y TOCYAAPCTBCHHBIX YUMHOBHHKOB,
B TOM uncie u B Poccnu. [IpenmyiecTso
IepMaHHM B TOM, UTO Y HEE €CTh OOT'aThIH
OIBIT IIOCTPOEHUSA IPABOBOI'O T'PAKIAAH-
CKOTO 0611ecTBa. OJHAKO €1 JJO CUX ITOP
HE y1aJI0Cb BOCCTAHOBUTDb TOT YPOBEHb
Pa3BUTHS HAYKH, KOTOPBIM OH4 061314714
B 1epBOM nonosuHe XIX B. A MEXIy TEM
HAY4YHBIA HOTEHIIUA — 3TO JOCTOAHUE
CIIEYIOIMMX OKOJIEHUIM. TaKOBBI YPOKU,
KOTOPBIC MBI MOJKCM U3BJICYD 13 ITCPMAH-
CKOr'o O11bITa. M

COBbITUS B CEHTSBPE:

01.09-04.09 2004 r.

IX KOHdEPEHLWIS MO SKOAOTMYECKOMY
OBPA30BAHUIO «DKOAOTNHYECKOE
06PA30BAHMNE U YCTONHMBOE
PA3BUTUE: CBSI3b MOAUTUKMN

N NPAKTUKM»

BoArapus

21.09-23.09 2004 r.
MeXKaAyHOPOAHbIN GopyM
«QKOAOTMHECKAST KYABTYPO

1N MHOGOPMALMS B IHTEPECTX
YCTOMHMBOTO PA3BUTUSI?

I. BpsiHCcK

21.09-24.09 2004 r.
MeXKAYHOPOAHbIN HOYYHbIN
CUMMO3KYM MO U3MEHEHMIO

KAMMOTQ B APKTUKE
PenkbsiBuk, UCAOHANS

29.09-30.09 2004 r.
MexxayHapOoAHOs
HAYYHO-MPAKTNYECKAS KOHPEPEHLMS
«bopbOA C KPUMMHAABHBIM PBIHKOM

n TPpadUKomM B ATP»
BAGAMBOCTOKCKUMN LLEHTP

Nno U3Y4eHUIO OPraHN3OBAHHOMN
NpPecTyNnHOCTU COBMECTHO

¢ MuHuctepcteom toctuuum CLLA

30.09-02.10 2004 r.

I MeXXAYHAPOAHbBIN KOHTpecc
KOHOAMKTOAOTOB «COBPEMEHHOS
KOHDAMKTOAOTUSI: YTV M CPEACTBO
COAENCTBUS PA3BUTUIO AEMOKPATNN,
KYABTYPbI MUPA 1 COTAQCUSI»
CaHkT-lNMetepbypr.

B Mupe Hagku
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LIEMA AHK OCYLLEECTBAFAKOT CAMOCBOPKY B CAOXHYIO CTRYKTYPY, KOrad
NOCAEAOBATEABHOCTI MX A30TUCTBIX OCHOBOHWI BLICTPOEHBI TAK, YTO OBPA3YIOT MApSI
CO CBOVIMW OMPEAEAEHHBIMU MARTHEPAMU. 3AECH MOKA3AHA CTEPXKHEBASI MOAEAD
YCEYEHHOrO OKTASAPA, KOTOPbI UMEET LLIECTb KBOAPATHBIX M BOCEMb LLUECTUYTOABHbBIX
rpaHen. [PAHU MMEOT AAMHY OKOAO 20 HOHOMETPOB. M3 KAXKAOTO YIAQ BbICTYNOET
KOPOTKAS «LUMMABKA AASI BOAOC» 13 AHK. Tpr CBSI3bIBOHUM YCEYEHHBIX OKTASAPOB

MeXKAY COBOM LUMUALKM» MOTYT U3MEHSITLCS; MU STOM GOPMUPYIOTCS MPABUALHBIE
TPEXMEPHbIE «CTPOUTEABHBIE ASCOY.
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HAHOTEXHONOTHH

JBOURAY Cupank

HenapueH CumaH

AHK — 2510 ©GOoAbLLE, YEM TOABKO TAWMHA YXU3HW, — 3TO TAIOKE

YHUBEPCAAbHbIV
1 HOHOYCTPOWCTB.

Bonee 50 nmer nHazap [xenmc Bartcon
u PpaHcuc KpUK OTKPBUIM JBOMHYIO
CIUPAIBHYIO CTPYKTYPY MOJIEKYIbl JTHK
U CBEJIU T'€HETHUKY K XUMHUHM, HAMECTHB
IIyTb PA3BUTHA OUOJIOIMH HA BTOPYIO 10~
JIOBHHY ABAaALATOrO CcToseTus. Ceromgus
TBICAYU UCCIIEIOBATENCH PACIIU(PPOBDI-
BAIOT '€HETUYCCKUE KOJBI, 3AIIMCAHHBIC
B JTHK.

Hcnonb3ysd COBPEMEHHBIE OHOTEX-
HOJIOTUYECKUE METOMBI, MBI MOKEM
CO3/aBaTh [IMHHBIC MOJIeKyabl JHK
C JKEJIaeMOM  IIOCJIEJOBATECIbHOCTDBIO
(PYHKITMOHAJIBHBIX 6OJIOKOB, pPEaIn3ys
BO3MOJKHOCTH, HE HCIOJIb30BAHHbBIC
IIPUPOAON B XOJE PA3BUTHA KU3ZHU.
Hanpumep, B 1994 1. JIeonap Syiman
(Leonard M. Adleman) u3 YHUBEPCUTETA
Osxn01t KanndopHuu nokasasi, 4ro 13
JHK MOXXHO CZIe1aTh BBIYUCIUTECIBHOC
YCTPOUCTBO. S sxe npeanaraio o6CyquTb
JIPyroe HEGHUOJIOINYECKOE IPHUMEHEHHUE
JHK: cozranmne CTpyKTyp U YCTPOUCTB U3
3NEMEHTOB pazmepom oT 1 10 100 HMm —
OJHUM CJIOBOM, HCHOJb30BaHHE [JHK
B HAHOTEXHOJIOI'UH.

Pemerku u3 JJTHK mornu 6bl yaep:xu-
BATb MHOXKECTBO KOMMH OOIBIINX 6UO-
JIOTUYECKUX MOJIEKYJI U1 OLIPEIE/ICHIA
UX CTPYKTYPBI METOJAMH PEHTICHOBC-
KOIT KpUCTALIOrpaPUN — BAKHBIMA IIar

B pa3paborke Jsekapcrs. Kpome Toro,
TAKHE PENICTKA MOTYT CIIy’)KHUTh CTPO-
WTEIbHBIMU JIECAMU, 3aTOTOBKAMM HJIN
OIEPAITMOHHBIMH YCTPOMCTBAMU IIPU
CO3/TAaHUH HAHOXJICKTPOHHBIX KOMIIO-
HEHTOB. CTPYKTYpa MAaTECPUAJIOB, COCTO-
amux u3 [JHK min nu3aroToBIEeHHBIX C €€
TIOMOIIIBIO, MOJKET OBITH BBIBEPEHA C MO-
JIEKYJIADHOM TOYHOCTBIO. JIBMKyIIUECH
mexanusmbl 13 JJHK mornm Obl BBI-
HOJHATh (PYHKIIMU HAHOCKOITMYECKUX
JATYUKOB, NEPECKIIOYATENCH, 3AKUMOB
U JIPYTUX CIOXKHBIX POOOTOTEXHUYEC-
KUX IPUCIIOCOOTIECHUIL.

PassetBAeHHOa AHK

Hanomacmrad — 310 Macmrad pasme-
POB MOJICKYIIL TunuaHas JJINHA CBA-
31U MCXKIAY ABYMA ATOMAMU COCTABJIACT
npubnusurenapo 0,15 HM. Cnupaib
JHK nmamerpoM NpUMEpPHO 2 HM Je-
JIaeT IIOJHBIM O0OpOT (1ar CIMUPaJIN)
3a 3,5 HM. Ha 3TOM paccToaHNM nmome-
LAIOTCS NPUOIU3UTENBHO 10 map 0CHO-
BaHUI, OOpPA3YIOIIHX CBOCOOPA3HBIE
nepexnaaruubl iectHuusl JHK (an. puc.
6eepxy Ha cmp. 25). Bzaumopeicreue
dparmenTa JHK ¢ gpyrumMu BemecTBa-
MH 34BHCHT OT IMOCJIEJOBATECIbHOCTH
COCTAB/AIOMUX €TI0 Iap OCHOBAHMM.
IToaTomy orpesku JHK MOXXHO NCTTOIb-

KOMMOHEHT AASl CO3ACHUS  HOHOCTRYKTYP

30BATh I PACIIO3HABAHUA HEKOTOPBIX
MOJIEKYJI U JIJIS1 KATAJTUTUYECKOT'O YIIPAB-
JICHUSA COCTABOM MATEPHUAJIOB. B reHHOM
HWHKCHEPHUH IMHUPOKO MNPHUMEHSIIOTCA
TAK HA3bIBAEMBIC JUNKUE KOHIBI JHK
KOTOPBIE BO3HUKAIOT, KOIJJA OJHA LICIb
CIHPAIN BBICTYIIAET HA HECKOJIBKO He-
CIIAPCHHBIX OCHOBAaHUM 32 IpCaciibl
apyrou (cm. puc. enu3y Ha cmp. 25).
HIX TUIKOCTb OOYCJIOBJIEHA CKJIOHHOC-
TBIO BBICTYHAIOIICH YaCTH CLEIUIATHCS
C OTBETHBIM y44aCTKOM JIPYT'OU LIE€MH, Ha
KOTOPOM B COOTBETCTBYIOLIEM MOPAJIKE
PACIIONIOXKCHBI B3AUMHO JOITOTHAIOIC
(KOMIUIEMEHTAPHBIC) OCHOBAHUA — a/IC-
HUH (A) o6pasyeT napy ¢ TUMUHOM (1),
2 nuTO3UH (C) CBA3BIBACTCA C T'YaHU-
HoM (G). (O opyzom npumerenuu 3mo-
20 ceoticmea JAHK vumatime 6 cmamoe
Mazus MuKpouunoe», «B mupe nayku»,
nunommbitl Homep, 2002 2.)
IIpupoanas JHK mnpeacrasnasger co-
60U IMHEUHYIO LIEIb, KOTOPAs TOAUTC
TOJIBKO JJI1 CO3OAHNA HUTEU UIN IICTCIIb,
BO3MOJKHO, CKPYYCHHBIX WJIN 3dBA3AH-
HBbIX y3/10M. HO mpocras nenoyka — He
€JUHCTBEHHAA (POPMA, KOTOPYIO MOXKET
npunumatsd [HK. B xoxe HEKOTOPBIX
KJIETOYHBIX nporueccoB JJHK Ha Hexo-
TOPOE BPEMs IPEBPALIACTCA B PA3BET-
BJICHHYIO MOJICKYJIy, HAOPUMED, IIPH )

B Mupe Hayku
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Llenn AHK B3QMMOAEWNCTBYIOT BECHMA MPOrPAMMUPDYEMBIM
OBpPA30M. VIX OrpOMHAS MIBMEHUYMBOCTL OOECTEYMBAET LUMPOKNE
BO3MOXXHOCTU ANST KOHCTRYMPOBAHMST MOAEKYA.

KOIMPOBAHHUMU B IIEPHOJ, NOATIOTOBKHU
K JIEJICHUIO KJIETKHU 1 BO BPEMA PEKOMOH-
HALIMY, KOI'ZAd COOTBETCTBYIOIINE IAPbI
XPOMOCOM OOMEHHBAIOTCA I'€HETUYEC-
KHUM MAT€PUIOM IpU (POPMUPOBAHUU
CIIEPMATO30M/I0B U SAULIECKICTOK.

BeTBu 06pA3yIOTCA B PE3YIBIATE YaC-
THUYHOT'O PACIUICTCHUA CIHPAJIA HA JBE
genu. IIpu gyGIMpOBAaHUU KaKasd U3
HUX JIOIIOJIHACTCA 110 BCEH JIJIMHE COOT-
BCTCTBYIOIIIUMU HYKJICOTUAAMU U IIPC-
BPAIIAE€TCS B HOBYIO JIBOMHYIO CIIMPAJIb.
(Hyxneorus — KOMOGMHALIAA 430TUCTOIO
OCHOBAHHMS U COOTBETCTBYIOIIEI'O OTPE3-
Ka 6a30BOH LieNM criupain.) bonee nn-
TEPECEH TAK HA3bIBAEMBIH KPOCCOBED,
BO3HMKAIOIIMKU IPU PEKOMOUHALIUU,
Korja ase yactu JJHK pByTcsa 1 4aCTUYHO
PACIUIETAIOTCA, A TIOTYIHBIIUECS YEThIPE
1ENU COEIMHAIOTCS HAoJooue 1epe-
KPECTKA JBYX JJOPOT.

Tam, 1€ BO BpEMsI PEKOMOUHAIIMU
KQKIasd U3 YE€TbIPEX LICNEH IEPEXOIUT OT
OJHOT'O IAPTHEPA K IPYTOMY, BOSHHUKAET
TOYKA pa3BeTBAcHUA. OHA IEPEMELACT-
€4 M3-34 JIBOMHOM CUMMETPHM IIPHUMBbI-
KAaIOIIMX OCHOBAHUH, O1arofapss KOTo-
POI KaKAas LIEIb MOKET OOPA30BbIBATD
napy ¢ J1o601 u3 AByx cocelok. Koraa

OB30OP: AHK HAHOTEXHOAOTUA

B 1979 r. MBI ¢ Bprocom Po6uncoHoM
(Bruce H. Robinson) NbITaIHMCh ONIUCATD
IIPHUPOJY 3TOT'O ABHMKEHUA, BIACHIWIOCD,
YTO CHHTETUYECKHE MOJeKynbl JHK,
HE O0JaAAIOIMME TAKOU CHUMMETPHUEN,
MOT'YT OOpPa30BBIBATH PA3BETBICHHBIC
MOJIEKYJBl C HEIMOJBUKHOIM TOYKOM
cowieHeHUs. YTOObI CKOHCTPYHPOBATD
IIOJOOHBIN Y3€JI, HY)KHO CIEIaThb YETbI-
pe unenu JHK, B KaXI0W M3 KOTOPBIX
MOCJIEOBATEIbHOCTb OCHOBAHWH BJIOJIb
IIOJIOBUHBI LIEIIH COOTBETCTBOBAIA ObI
IIOJIOBUHE BTOPOH LENH, OCTAJIbHAA
4aCcTb — IOJIOBUHE TPETbEH (Cm. puc.
6HU3Y Ha cmp. 25).

OnrumanpHag popma JHK — o6pranas
JIBOMHAs CIIUPAJb, OTKPbITAasg BaTcoHOM
1 KpuKOM. YCTOMYHMBOCTD CTPYKTYPBI OI1-
PEAEIsieTcs Tak Ha3bIBAEMOM CBOOO/ITHOM
IHEPTUCIH, OT KOTOPOI 3aBUCHT, B KAKOM
HAIIPABJICHUHN MONAET XUMHUYECKAsA pe-
AKLUA — B IIPAMOM WK B 06paTHOM. E10
JKE OolpeenaeTcsa KoH(popMaus — Ie-
PErudel 1 COWIECHEHUST — OOBIINX MO-
sexyn [IHK, PHK u 6enkoB. XuMuyeckas
CHUCTEMA BCEIJA CTPEMUTCH K COCTOSHHUIO
C HAaUMEHBbIIEH CBOOOJHOI 3HEPIUEH.
CBOGOJHAA SHEPIUA IBYX B3AUMHO JO-
IOJIHAIONINX LIENE HYKICOTUIOB MUHH-

* AHK - MAEOABHASI MOAEKYAQ AASI CO3ACHSI CTRYKTY HOHOMETPOBbIX PO3MEPOB.
C03A0BAsI LLEM C COOTBETCTBYIOLLMMMN KOMOUHALMSMN KOMIAEMEHTAPHBIX (B3O-
VIMOAOMOAHUTEABHbIX) OCHOBAHWM, KOTOPbIE MPENMYLLECTBEHHO CBSI3bIBAIOTCS
MeXAY COBoM, 06PA3Ys LIEMM ABOMHBIX CAMPAAEN, Lien AHK MOXXHO 3amporpam-
MUPOBATH TAK, YTOObI OHM COMOCOBUPAAUCH B CAOXKHBIE CTRYKTYPbI.

* «CTpounTeAbHblE AeCO» M3 AHK MOTYT YAEPXXMBATE MOAEKYAbI —TOCTU B PETNYASIOHOM
peLeTKe AAS LIeAe KPUCTAAAOTPADUM. OHN MOTYT TAIKOKE MOAAEPKMBATL DAEKT-
POHHbIE YCTPOMCTBA MOAEKYASIPHBIX PA3MEPOB MAU UCTIIOAB3OBATLCS AAST CO3AQHMS
MOTEPUOAAOB C TOYHO 3AACHHBIMN MOAEKYASIOHBIMM KOHPUIYRALMSIMUL

* MaLUVHBbI HOHOMETPOBBIX PA3MEPOB 13 AHK MOryT GYHKLMOHUPOBATL HO OCHOBE
TOrO, YTO YACTU UX CTRYKTYPbI UISMEHSIKOTCS MPU MEPEXOAE OT OAHOM KOHGOPMALN
AHK K Apyron. Stmmm ABMKEHNSIMU MOXKHO YIPABASITb XUMUMYECKUM MYTEM UAM NP

NMOMOLLM CneunanbHbIX Lenen AHK.

MaJIbHA, KOIJd OHU OOPAa3yIOT JBOUHYIO
CIMPAJIb.

YeTpIpe LI€NH, IIPU COEAUHEHUU KO-
TOPBIX MOJIyY4€TCS HEMOABUKHOE COY-
JIEHEHHE, OOpa3yloT MAaKCUMAJIbHOE
KOJINYECTBO JIBOMHBIX CIHPAJICH OObIY-
nou /IHK TOJBKO B TOM Cily4ae, eciu
(opMUPYETCA PA3BETBIECHHAA MOJIEKY-
J1a. BeTB/IEHHUE HEBBIT'OAHO — OHO YBEJIH-
YHBACT CBOOOJIHYIO 3HEPTUIO MOJIEKY-
Jibl. HO 3TO KOMIIEHCUPYETCH HAMHOTO
OOJIBIIUM 3IHEPTETUYECCKHUM BBIUIPBI-
IIEM 32 CYET BO3HUKHOBEHMS YETBIPEX
BETBEI U3 OOBIYHON ABOMHOM CIIUPAIN.
CeroHa CO3JaTb YCTOMYUBYIO MOJICKY-
sy JHK ¢ pasBeTBIeHUEM, CHHTE3UPOBAB
HEOOXOIUMBIC 1IETIH, JIETKO, HO B 1979 1.
3TO O6bUIA O6JIACTD EPEIOBBIX UCCIIEIO-
BAHUIL f] )K€ B T€ rOZbI 3aHUMAJICA KPUC-
TaJIOrpadueii, a HE OPraHUYECKOU XH-
MHUEH, U ITIO3TOMY €ILIE TOJIBKO HAYUHAI
3ayMbIBATHCA O TAKOM CUCTEME.

BAOXHOBEHMEe OT dwepa
Opnaxapl B KOHIE 1980 1. g paccmaTpu-
B4JI I'PABIOPY I'OJUIAHJCKOT'O XYAOKHHKA
M. Dmepa (M.C. Escher) «[nmy6una» (cm.
puc. na cmp. 26) U IPEICTABIIL, UTO TEIO
KOKAOU pPBIOBI — TOYKA COYJICHEHUS,
a TOJIOBA, XBOCT, BEPXHU, HUKHUU, JIC-
BbIM U IIPABBIA IVTABHUKH — IIECTb BETBEH
moJiekysibl THK. K TOMy 2ke pBI6bI paco-
JIOJKEHBI IKBUAMCTAHTHO, KAK MOJICKYJIbI
B MOJIEKYJIIPDHOM KpuUcTtasuie. M TyT meHs
OCEHWJIO: €CJIU CBA3ATb PA3BETBICHHBIC
MOJIEKYJIbI C IOMOMIBIO JIMIIKKMX KOHIIOB,
TO MOKHO IIOJTYYUTb HAHOCKOIIUYECKUH
MOJIEKYJIAPHBIA aHAJIOT CTAU SUIEPOBC-
KHX PbIO!

IIpexae BCETO 3TO IO3BOMUT HaM
HU3IOTABIUBATD BEIIECTBA U3 TILATE/Ib-
HO CKOHCTPYMPOBAHHBIX MOJIEKYJI, CO-
€JUHCHHBIX OIPEAECICHHBIM O06Pa30M
C HAHOMETPOBOU TOYHOCTHIO. B pe3yiib-
TATE€ MBI CMOJKEM IIOJIy4dTb MaT€pUa-
JIBL CO CHELU(PUUIECKUMU CBOUCTBAMHU.
Hanpumep, BBICTpAUBAsA PETY/IAPHBIE
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AHK - CTpyKTYpO HOHOPA3-

CTPYKTYPA AHK

Monekyna pocodara

MEPOB, COCTOSILLLAS 13 ABYX
6a30BbIX Liernen, COCTaB-

2,0 HaHOMETPa

Monekyra caxapa-Ae30KCHPUBO3bI

AEHHbIX 13 rpynn ¢ochara

1 MOAEKYA CAXApa-
AE30KCUPUNOO3bI, MEXKAY
KOTOPbBIMM PACHOAOXKEHbI
KOMMAAEMEHTAPHbIE MAPbI
OCHOBAHUN (ANT, CnG),
CBSI30HHbIE CAQObBIMM CBSI-
39mum (CreBa). Hambonee
0BbI4YHAS KOHOOPMALMS
AHK - 310 B-AHK (B LieHTPE),
KOTOPAS 3AKPYYEHA B
MPOBOCTOPOHHIOK ABON-
HYIO CMMPAAb AUCOMETPOM
OKOAO 2 HOHOMETPOB. OAMH
MOAHbBIN O6OPOT CANPAAN
30HMMAET MPUBANIUTEABHO
3,5 HOHOMETPQ, HO KOTOPbIX
nometaercs ot 10 o0 10,5
NAp OCHOBAHMI. B 0COBbIX
ycnoBugx AHK MoxkeT o6pa-
30BbIBATb AEBOCTOPOHHIOK
ABOWHYIO CMIMPOAb, HO3bIBO-
emyto Z-AHK (cripasa).

«CnuHHOM xpebet AHK -
L—— uenb 3 caxapos

Hykaeotna,

OCHOBGHMS‘I—‘

3.5 HOHOMeETPa

Cnaabble CBsI3n
MEXAY OCHOBAHMSIMM

n docharos

B-AHK

MPABOCTOPOHHSISI CMIMPAAL

/\eBOCTOpOHHﬂﬂ CnpaAb —

L OCHOBaHMS J

Llenb 13 caxapos n pochaTos N

PELETKN C TOYHO 3aJaHHBIMU MEPHO-
JIAMM TIOBTOPEHHSA, MOXXHO CO3/1aBAThb
CHELHUATbHBIC ONTUYECKUE KPUCTAIIBI,
HUCIIOIb3yeMBIE B (DOTOHUKE.

Kpome Toro, XoTesnoch Obl UCIIOIb30-
BaTh JJHK Kak CTpOUTE/IbHEIC J1ECA, YACP-

SKUBAIOMINE MATPUILY U3 MOJCKYJ, HE-
CITOCOGHBIX O6PA30BHIBATE ITPABUIBHBIC
KPHUCTA/UTMYECKUE CTPYKTYPBL. Takoi
TTOJXO/] TIO3BOUT HCIIOIB30BATh KPUC-
Ta7IorpacuIeCcKre METO/BI JUIs OTIPEie-
JICHUS TPEXMEPHOM CTPYKTYPBI GOJIBIITHX

OPTraHUYECKUX MOJICKYJ, B TOM YHCIIC
MHOTHUX PEIECIITOPOB, KOTOPBIC MOTIJIN
OBl CTATh IIPCBOCXOJHBIMU MUIICHAMM
JUIS JIEKAPCTBEHHBIX CPEIACTB (M. puc.
cnpasa na cmp. 26). AHATIOTHIHBIM CIIO-
CO60M MOKHO GBUIO GBI PACIIOIOXKHUTD P
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Camoc6opka cTpykTyp AHK o6ecnedmBaeTcs CUAbHOM CKAOHHOCTbIO Lienen AHK ¢ kom-

X' NAEMEHTAPHBIMU MOCAEAOBATEABHOCTSIMM OCHOBAHUI K CAUMCOHIIO APYT C APYTOM 1 0Bpa-
30BAHWIO ABOMHOW CMMPAAM. TAK HO3bIBAEMbIE AUMKME KOHLLbI (@), KOPOTKME OTPE3KM Lienen
HecnapeHHon AHK, BbICTynatoLLme Ha OAHOM KOHLLE MOAeKyAbl AHK, coeanHsItoTcs co
cneLmdUYECKMM OTPE3KAMU APYTOW Lienu. BTop o BAKHbIN CTOOUTEABHBIN SAEMEHT —BET-
BAeHVe AHK (b), Npu KOTOPOM TPW AN BOAEE CMIMPOAEN COEANHSIOTCS B TOYKE BETBASHMSI
(y3ne). B ectecTBeHHO BO3HMKAIOLLEN PA3BETBAEHHOW AHK TOUKO BETBAEHMSI MOXET Nepe-

X'

MELLIATLCS MO KPYry (€), MOTOMY YTO MOCAEAOBATEABHOCTN OCHOBAHMI HA STUX HYETbIPEX
BETBSIX CUMMETPWYHbI. B MICKyCCTBEHHO CO3AQHHOM BETBAEHMM AHK, HE nmetoLLLem aTomn

CUMMETPUI, TOHKA BETBASHUS YUKCUPOBAHA (d). Kornnm AHK ¢ BeTBAEHNEM 1 C KOMMAEMEH-
TAPHBIMU AUMKAMK KOHLLOMM (€) COMOCOBMPALOTCS B CTRYKTYRY PELLETKN.
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HAHOTEXHONOTHM

U IVIOTHO YITAKOBAHHBIC HAHOJICKTPOH-

HBIC TYCUKU MTAMITH.

HO‘-ICMY JKC Mbl HCIOJIB3YCM HMCH-
HO [IHK? ImaBHOe€, uyro nenouku JHK
B3AMMOJICUCTBYIOT HAUOOJIEE IIPEICKA-
3YyEMBbIM H JIEI'KO IIPOI'PAMMHPYEMbIM
06pazoM. JIMNKUi KOHEI| JUIMHOU B N
OCHOBAHUI IIPEACTABIAET COOOM OfHY
13 4N UX BO3MOKHBIX MOCIEIOBATEC/Ib-
Hocten. KosnoccanpHoe pazHoobpasue
" CKJIOHHOCTD JIMIIKHUX KOHIIOB COCIOH-
HATBCS TOJIBKO CO CTPOI'O COIVIACOBAH-
HOM IIOCJIE/IOBATEIBHOCTBIO OCHOBAHUN
06€CIIeYNBAIOT BO3MOKHOCTb KOHCT-
PYHUPOBAHUST MOJICKYJI, COCTOSAIINX M3
MHOXKeCTBa nenen JTHK, coeqmHeHHbIX
JIPYT C IPyr'OM TOYHO 33JJAHHBIM CIIOCO-
6om. Kpome Toro, /iBa CJIMIIIINXCSI KOHIA
06PA3YIOT KECTKUI OTPE3OK KIACCUYEC-

OB ABTOPE:

lpastopa M. Swepa «AyGuHa»
(creBQ) BAOXHOBWAQ OBTOPA HO

TO, YTOObI PACCMOTPETL MHO-
YKECTBO Y3AOB C LLECTbHIO BETBIMM,
CBSI3OHHbIX MeXAY COBOM TAK, 4TO
06pa3yeTCs KAK Obl TDEXMEPHbIN
MOAEKYASIPHBIN KPUCTAAA (CrIPQaBQ).
LLeHTP KOXKAOW PbIObI MTOXOX Ha
TOYKY BETBAEHMS Y3AQA C LLUECTLIO
BETBSIMW. BMECTO BETBEW OT LISHTPA
PbIGbI OTXOASIT LUECTb OCOBEHHO-
CTEW: TOAOBA N XBOCT, BEPXHUI U
HDKHUIA NAQBHWKU, A€BbI U MPOOBbLIA
MACBHWVKN. TOKME MOAEKYASIOHBIE
MOAMOCTKM MOTYT YASPXKMBATH
APYTE MOAEKYAbI B PEMYATIPHBIX Pe-
weTkax. Hanpumep, s4enkm ns AHK,
COAEPXKALLME OPUEHTUPOBAHHBIE
BNOAOTNHECKME MOKDOMOAEKYAbI,
MO>XHO MCMOAB3OBATb B KOUCTAA-
AOrPAPUYECKMX DKCMIEPUMEHTAX.
[MoAOBHbIM e CnoCOBOM HOHO-
SAEKTPOHHBIE KOMMOHEHTbI MOXHO
ObIAO Bbl OPraHM30BATH B O4EHb
MOAbIE YCTPOMCTBA MAMSITA.

MaKpOMOAEKYAQ

kot cimpan JJHK. Takum 06pazom, Mbl
HABEPHAKA 3HAEM, KAKUE LICIH CBA3bI-
BAIOTCA APYI' C IPYTOM U KaKylo (hopmy
IIPUHUMAIOT COCAUHCHHBIC CCTMCHTBHIL.
B ciydyae MCIIONb30BAHUA B KA4ECTBE
paboyero BemecTsa 6EJIKOB WU AaHTH-
TEJI HEB3S1 IOYIUTh CTOIb HOAPOOHYIO
nHpopManuIo. x pazHoo6pasue Toxe
BEJIMKO, HO OIPEAEINUTD, KAKYIO (hop-
My HPHUMET OEIOK WIN KAK COCIUHATCH
J1Ba O€JIKA WIM AHTUTE/IA, YPE3BBIYANHO
CJIOKHO. Kpome Toro, Jy1s KaXKI0ro KOHK-
PETHOTO CIy4asi 3Ty TPYAOEMKYIO 3214y
MIPUAETCS PEMIATD 3aHOBO.

Jpyrag npuyMHa IIONYJIAPHOCTH
JHK — mmpocToTa ee CUHTEe3a CPeACTBa-
MH OUOTEXHOJOTMYECKOM HPOMBIII-
JIEHHOCTH. MBI MOXKeM ynpasiaarh JHK
C IOMOUIBIO (PEPMEHTOB PACIICIIICHHA,

HenapueH C. («Hep») CumaH (Nadrian C. («Ned») Seeman) — cneumMaAmcT no Kpuc-
TAAAOTPAdUK, PA30HAPOBABLUMCH B 9KCNEPUMEHTAX MO KPUCTAAAMIALMN MAKPOMO-
AEKYASIPHbIX COEAVMHEHWI, OH BbIABMHYA MAEID, YTO 06beanHeHMe Lenen AHK Mox-
HO MCMOAB30OBATb AASI HOBOFO MOAXOAQ K KPUCTAAAM3AUMM. C Tex Nop oH paboTtaeT
HOA OCYLLECTBAEHNEM STOM KOHLLEMLMM 1N €€ NPUMEHEHMEM. B TeYeHne NoCAeAHNX
16 AeT CUMAH PABOTAA HO XMMMYECKOM PpakyAabTeTe Hblo-opkckoro yHneepcureta.
Koraa B cepeamnHe 1980-X IT. eMy CKA3AAW, YTO TO, YEM OH 3AHMMAETCS, 3TO HOHOTEX-
HOAOTWSI, €ro OTBET BbIA MOXOX HO PeaKUMIO XXypAEHA, MEPCOHOXKA NMbeCbl MoAbepa
«MeLLaHVH BO ABOPSIHCTBEY, KOTOPbIN OblA BOCXMLLEH, Y3HAB, YTO BCHO CBOKD XKM3Hb OH

rOBOPWA MPO30MN.

packanpiBaromux JHK B Hy’)KHBIX MecC-
TaX, U JIMI'a3, KOTOPbIE KATAJIU3UPYIOT
COCIMHEHUE ABYX MOJICKYJl KOBAJIEHT-
HBIMH CBA35IMH (CHJIBHBIMU XUMHUYEC-
KHMHU CBA3AMH, B KOTOPBIX Y4aCTBYIOT
Hapbl 3JIEKTPOHOB, IIPUHALICKAIMUX
pas3HbIM aToMaM). Mcronb3ysa 3T Be-
IIECTBA, MOKHO CO3/1aBATb Y U3MCHATD
Kak ooprunyio JJHK, Tak u ee ak3oTHnyec-
KHE IPOMU3BOJHBIC, B COCTAB KOTOPBIX
BXOJAT OCHOBAHMSA, OTJIUYAIOIUECH OT
OOBIYHBIX YETBIPEX, 1 JOIOJHUTEIbHBIC
MOJIEKYJIbI, IPUCOECAUHEHHBIE K BHEIII-
HEM CTOPOHE 6A30BOM Lenu (6OKOBU-
HE CHUPAJIbHOM JiecTHULBD). JJHK 1npe-
KPACHO NOAXOJAUT I CO3AAHUA TAKMX
NPOMU3BOAHBIX, IOTOMY YTO KaXKIbIN
HYKJIEOTH/] B CIIMPAJIA UMEET YIACTKH,
K KOTOPBIM MOTYT IPHUCOCAUHATHCS
JPYI'i€ MOJIEKYJIbI.

Haxonen, /JHK MoxeT NpuUHHMATH
(OPMBI, OTJIIMYHBIE OT OOBIYHOI CITH-
pamu. Mcrionb3ys nepexoipl OT OJHOU
cTpyKTypbl JJHK K APYrom, MOKHO KOHCT-
PYUPOBATL ABUKYIIHMCCA HAHOMECXAHU-
YECKHE YCTPOMCTBA, TAKUE KAK IUHIET
WM BPAIAIOIIMICA BaJl. IJIaBHBIA HEJO-
craTtok [JHK coCTOUT B TOM, YTO U3/ACTUS
U3 HEEC YAAETCA M3IOTABIMBATD TOJIBKO
B BOJIHOM PacTBOpE. BripodeMm, co3aH-
HbIE CTPYKTYPBl HECJIIOXKHO BBICYHIUTD
(HANIpUMeED, HA CJIIOJIEC) Y PABIVIAACTD 11O/
MMKPOCKOIIOM.

26 B Mupe Hayku

CEHTHBPD 2004

DEPTH, BY M. C. ESCHER. © 2004 THE M. C. ESCHER COMPANY. ALL RIGHTS RESERVED (leff); JEN CHRISTIANSEN (right)



ALICE Y. CHEN (left); KEN EWARD BioGrafx (right)

HAHOTEXHONOTHH

[TOAMBAPBI, KOTOPLIE Mbl CTROVIAM, BbIAM MOXOXW HA CTRYKTYPbI,
CAEAQHHblEe 13 3yOOYUCTOK, BOTKHYTbIX MO YIAOM B LLUAPWKMK

3edpupa.

MoaeAu u3s ctepixkHen

B 1991 r. mer ¢ [Ixanrxyaem Yenom
(Junghuei Chen) CUHTE3UPOBAIN KyOU-
4geckyto mosiekyany JIHK (am. puc. enu3y).
Kaxxgoe pebpo Kyba — 11enb JIBOMHOM
CHMPA/IY; 4 KQKIBIA yTOJI — COYJIEHEHUE
C TpeMA BETBAMU. IIOCKOBKY 110645 BEP-
IMHHA CBA3dHA C TPCMA APYIUMU, CBA3-
HOCTb Ky6a paBHa TpeM. CHEIHUAINCTI
10 TEHHOM MHKEHEPUH co3aaim u3 JHK
MHOKECTBO JIMHEMHBIX KOHCTPYKIIMH,
MBI JK€ CIICJIAIN NEPBYIO MoJieKyay THK
CO CBSI3BHOCTBIO 60mblIe JIByX. Ky6 ca-
MOCOOHPAETCA U3 NPUIUNAIOIUX JPYyT
K gpyry ¢parmeHTos JHK, KOHLIBI KOTO-
PBIX OCTAIOTCSA CBOOOAHBIMU. JIUTra3bl Co-
CIVHAIOT UX, U B PE3YJIBIaTE OOPA3YIOTCA
IECTb 3aMKHYTBIX KOHTYPOB — I'DaHEN
Ky6a. biiarojapsi CliupabHON IPUPOJIE
JHK Ka>KIbI U3 HUX CKPYYEH C IIPUMBI-
KAIOIUMH KOHTYPAMH, TdK YTO KyO HE
Pa3BaIUBACTCA, JaKE KOT[A pa3pyma-
IOTCSL BCE CBSI3U, COCIMHAIONIUE I1aPbl
OCHOBAHUM.

Bmecre ¢ IOBenom Ixxanrom (Yuwen
Zhang) Mbl IIOCTPOWJIH JPYIyIO (Pu-
I'YPY — YCEYCHHBIN OKTAdAP (CMm. puc.
na cmp. 22). [lig ero cosnaHus 6bU10
PELIEHO BOCIOJIb30BATBCA Y3JIAMU HE
C TpeEMs, A C YCTBIPbMSA BCTBAMMU: JOIIOJI-
HUTCJIbHYIO BCTBb, BBICTYIIAIOMIYIO HA
KXOM YIY, INIAHUPOBAJIOCH 3a/€HUC-
TBOBATH /1A COCAUHCHUA ITOJTYIYCHHDBIX
MHOTOTPAHHHMKOB B OOJIBIIYIO CTPYK-
TYpy. OJHAKO MBI M3rOTOBWIN JIMIIb
HEOOIBIIOE KOJMUYECTBO YCEYECHHBIX
OKTA3/I]POB — JIOCTATOYHO, YTOOHI yHe-
JAUTHCA B IIPABUIBHOCTU UX CTPOCHMUA,
HO C/IIMINKOM MaJIoO, 9TOOBI TOIIBITATHCS
COEAUHUTb UX MeEXKAy coboil. Kpome
TOT'O, MBI JJOCTHUIJIM IIPEJEIA CBOUX K-
CIIEPUMEHTAJIIBHBIX BO3MOXKHOCTEI:
JalbHEHIAag padoTa noTpedosana Obl
OIITUMHUBAIUU U ABTOMATU3AITUU TIPO-
Lielypbl CHHTE34 HAIIUX MHOI'OI'PDAHHU-
KOB. [T03TOMY MBI O6PAaTUIIUCDH K HoJiee
IIPOCTBIM KOMIIOHEHTAM.

brur eme OAMH BECKMHU APIYMCHT
B I10JIb3Y U3MEHCHUA HAIIPABICHUA Pa-
OOT. BBIACHHUJIOCH, YTO KECTKOCTb ITOCT-
POEHHBIX HAMU MHOTOI' DAHHUKOB OCTA4B-
Jger Kenarb sydimero. Orpesok JHK
JUTMHOU B IBA-TPU BUTKA OTKJIOHAETCS OT
TIPOJIOJIBHOM OCH HE OOJIBIIIE, YEM KyCO-
4EK BAPEHOI'O CHAT€TTH JUIMHOU ABA-TPU
mMuuaMerpa. I1o3ToMy rpaHu HamIMx
(uryp, HECOMHEHHO, OBUIM KECTKUMU.
Ho oxazaynocs, 4TO yIJIbl IIPYU BEPIIMHAX,
K COKICHHIO, HE MOIVIM IIOXBACTATD ITOC-
TOAHCTBOM. ITOJTydE€HHBIE OKTA3/1PbI ObUIN
CJIOBHO CJI€JIaHbBI U3 3yOOUHUCTOK, BOTKHY-
TBIX B IIAPUKU 3€(PUPA, PACTIOIOKEHHDBIC
10 yrnam. Pagymeercs, 1 UM MOKHO Haui-
TH NPHUMEHEHHE, HO KPUCTALIHYECKYIO
PELIETKY JIYYILE BEICTPAUBATD U3 TBEP/BIX
KHUPIIUYHKOB, 4 HE 13 3edupa.

H3yyasg OGHUOJIOTMYECKHUE CHCTEMBI
C PEKOMOUHALIUEL, Mbl HAIIIN PEIIEHUE
3TOH IPOBGJIEMBI — XKECTKYIO MOJIEKYJY
JHK ¢ aBoriHBIM KpoccoBepoM (DX).
OHa COCTOUT M3 IBYX PACIOJIOXKEHHDBIX
PAIBIIIKOM JBOMHBIX CITUPAJICH C ICIIA-

MU, IEPEXOAANUMU OT OJHOM CITUPAIN
K APYTON M COCTUHAIONNUMHA UX MEXKIY
coboit (em. puc. na cmp. 28). Becbma
JKECTKOM OKa3anach U DX+/-MOJIEKyIa,
cozep Kaas eme OAMH MaJIEHbKUN yJa-
CTOK JIBOMHOM CIIMPAJIN, BBITHMPAIOIINH
M3 HEE, — CBOCOOPA3HBIN MapKep.

Opuk Yundpu (Erik Winfree), Pyponr
JIro (Furong Liu) n Jlariza Benwiep (Lisa
A. Wenzler) ucnonab3oBaJii KOMOMHA-
muu DX- 1 DX+/-MOJIEKYT g CO3/a-
HUA JIBYMEPHBIX KPUCTAIJIOB 33 dHHOM
KOH(UTYPAIIMU. DIEMEHTBl COC/IUHSI-
IOTCA JTHUIKHUMHKH KOHIAMH IIO obenm
CTOPOHAM KAXKAOH criupannd. CTonao1bl
DX-MONEKys, 4epeayomuecs co CToJI-
6uamu DX+/-MOJIEKy, OOPA3YIOT IIOJIO-
CBbl, OTCTOSIIIME APYT OT APYId Ha 32 HM.
Ka4uecTBO MOJIy4EHHOI CETKU MBI IIPO-
BEPUJIX C IOMOLIBIO ATOMHOTI'O CUJIOBO-
IO MHMKPOCKOITA, HAHECS €€ Ha IVIOCKYIO
CJIOJSHYIO IIJIACTUHY. YTOOBI YOEAUTbCA
B TOM, YTO JOCTUTHYTBIN PE3YJILTaT He-
CJIy4a€H, Mbl U3TOTOBWIM BTOPOU KPUC-
Tall C UBMCHCHHBIMU 3DJICMCHTAMHM. }

Ky® 13 ctepkHen (BH13y CAeBA), COCTABAEHHbBIN 13 lWecTn neteAb AHK, nokasbisaerT, 4o 13 AHK

MOXXHO CTPOUTb TPEXMEPHbIE CTPYKTYPbI. OCHOBA KOXKAOM Liern AHK n3oB6padkeHa LBETHbIMK che-
PaMU (AAST KQXKAOW LIEMU B3SIT APYIOV LIBET), O OCHOBAHMS 0603HAYEHbI KaK 6enble cdepbl. Kavkpoe
pebpo Kyba coaepMT 20 NAP HYKAEOTUAOB,

VIAVI IPUMEPHO ABO MOAHbBIX OOOPOTA ABOM-

HOW CNNPAAN. KOXKABIN YTOA — y3EeA C TpEMSI

BETBSIMM. YNPOLLEHHAS CXeMA (BHU3Y
CrpaBQ) MOKA3bIBAET, KOK CBSI3AHbI
uenu AHK, Ho onyckaeTt ux CAMpaAbHOe
3AKPYYMBAHME.

A\

a
=
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bazosasi uenb AHK

Mapbl OCHOBAHMI
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XECTKUE PELLETK U3 AHK

a

AUNKME KOHLbI

ABOVHOW KPOCCOBEP

AVNKME KOHLLbI

ur

I ‘\V Sy

Li\\ M»\\ ‘&‘.
v ¢

V13 »KeCTmX «knpnn4dnkos» AHK MOXXHO CTPOWTL ABYXMEPHbIE
KPUCTOAABI. Knpnnumim (@) NpeACTOBASIOT COO0M BAOKN

C ABOMHbBIM KpoccoBepoM (DX) 1 € ABOMHBIM KDOCCOBEPOM
nAoC y3eA (DX+J), KOTopble HE MOTyT MPOBOPAYMBATHCS

B TOYKAX UX COEAMHEHWUS TAK, KAK MOTYT Y3Abl C HECKOABKM-
MU BETBSIMU. KODKABIM KMPMNYMK MMEET YETbIPE PA3AMUYHBIX
AVMKX KOHLLA AAST COEAVMHEHVIST KUPTIMHYMKOB MEXKAY CO-
60w, BiIcTynatoLLast 3eAeHast uenb DX+J COe ANHIETCS BHE
MAOCKOCTU. KaKAbIM BAOK MMEET PA3MEPbl MPUMEPHO 4 Ha

‘!c?“v‘

ABOWNHOW KDOCCOBEP + Y3EA

16 HOHOMETPOB. AAS MPOCTOThI DX 1 DX+J GAOKM MOKA3QHbI
CXEeMATUYECKM, C TEOMETPUYECKUMU GUNYPAMM HA X KOHLLOX,
N300 HKAIOLLMMU AUMKME KOHLLBI (B). B pacTtBope Amnkmne
KOHLLbI HOXOAST KOMMAEMEHTAPHbIE cebe, 1 BAOKM COMOCO-
BUPAIOTCS B ABYXMEPHYIO CTPYKTYPY (€). Ha M30B6paykeHnn
KPUCTAAAQ, MOAYHEHHOM HO QTOMHOM CHMAOBOM MUKPOCKOME,
BMAHQO MOAOCATAS CTPYKTYPA (d) (06pa3eL; AAST MUKPOCKOMN
ObIA HOHECEH HA MAOCKYIO MOBEPXHOCTb CAOAbI. SIPKMeE Mno-
AOCBbI, OTCTOSILLME MPUMEPHO HA 32 HOHOMETPQ, — 3TO AUHUN
AHK, BeicTynatowwmx 13 6Aokos DX+J. [Mapaarenorpammbl AHK
\ TAIOKE CAMOCOBUPAKOTCS B ABYMEPHbIE CTRYKTYPSI (e, f).

B HeMm Tpu DX-cTON011a 6BUIN CBA3AHbI
¢ ogHUM DX+] CTOJIOLOM, U MO3TOMY
MIPOMEKYTOK MEXKIy IOJOCAMU ObLI
B /1B pa3a 60JIbIIIE.

Hepasno rpynna [Ixona Parida (John
H. Reif) u3 YHusepcurera JploKa mIpo-
JEMOHCTPUPOBAIA «IITPUXOBBIE KO/
JHK», ciemaHHbBIE 110 3TOM TEXHOJIOTUH.
C nomompio Bxoguou nenu JTHK pac-
MOJIOKEHHUE TI0JIOC OBLIO 3aIpOrpam-

MHPOBAHO TAKUM OOPaA30M, YTOOBI OHHU
n3obpaxkanu gsonyHoe yuciao 01101.
Ananoru DX- n DX+ 6JI0KOB CaMOCO-
OupaMCh Ha ydyacTkax ucxoanon JHK,
COOTBETCTBYIOMUX O M 1 COOTBETCTBCH-
HO. HECKOIBKO TaKUX ITOCJIC/JOBATEIBHO-
CTEN M3 IIATH IEMEHTOB COEUHSIUCH
apaUIETBbHO, 0Opa3yss COYECTAHUE T1O-
JIOC KOJIA, IPOMEXKYTOK MEX/Y KOTOPBI-
MM COCTABJIAI OKOJIO 15 HM. AHAIU3UPYs

IOJIYYCHHBIN MITPUX-KOJ, C MOMOIIBIO
ATOMHOTO CHJIOBOT'O MHKPOCKOIIA, MBI,
IO CYHIECTBY, IOJIy4a€M JTAHHBIC, KOTO-
pble ObUIN 3aKO/IMPOBAHBI B UCXOHOMN
nenu JIHK. ITojoOHBIE BHU3yaJbHBIC
CpPeACTBA YTEHUA IIOCIACAOBATEIbHO-
cru JHK MOXHO MCIIOJb30BATH JJIS
OBICTPOTO COCTABJIIEHHUS KAPT MyTalAH
U CYUTBIBAHUA PE3YIBTATOB BBIYUCIIC-
HHUM Ha ocHOBE /JHK.
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HAHOTEXHONOTHH

BaykKHENLLOS UeAb AAST HOHOTEXHOAOMW, OCHOBOHHOWM HO AHIK,
COCTOUT B TOM, YTOObI yCnexXm, AOCTUTHYTbIE B ABYX U3MEPEHUSIX,
PACMNPOCTPAHNTL HA TPW N3MEPEHMSI.

Bmecre ¢ Yenrns Mao (Chengde Mao)
Mbl CUHTC3HUPOBAIN ITAPATIICTIOTIDAMMBI
n3 JHK, anasorudHele MHOTOTPAaHHU-
KaM M3 CTEp)KHEM. B pesynsrate coenu-
HEHMSI MHOKECTBA X KOIUI TOJIy4aeTCs
JIBYXMEPHBIM KPUCTAUL Bennuuny ero
BITAJMH MOYKHO PETyJIUPOBATH, U3MCHSISA
pa3Mepbl NAPAIIETOrPAMMOB, XOTS TOY-
KH Pa3BETBICHUS XAPAKTEPUIYIOTCS THO-
KOCTBIO, PACHOJIArasd UX B YIVIAX Iapaljie-
JIOI'PAMMOB, MbI ITIOJIy9aeM ITOAXOIAIINC
3JIEMEHTBI JIBYMEPHON MATPUIIBL

HaHomaLuKnHBbI

M Bce Xe caMO€ MHTEPECHOE B HAHO-
TEXHOJIOTMH — 3TO MEXAHU3MbBI MOJIEKY-
JIAPHBIX pasMepoB. Mbl co3pany u3 JHK
HECKOJIBKO TAKHUX YCTPOMCTB, HO MHE
XOTEIOCh O6bl OOPATUTH OCOOOE BHUMA-
HHE H4 JIB€ KOHCTPYKLIUH, OCHOBAHHBIC
Ha CTPYKTYPHOM HU3MEHCHUH MOJIEKYJI
JHK — nepexoje oT oHOIM KOH(pOopMa-
LM K JPYTOM.

O6prynas JIHK nHaswBacTcsa B-[JHK
U UMEET BUJ| IPABOCTOPOHHEN CIIMPAJIH:
€CJI IOJHUMATBCA 110 HEHU KaK IO JIECT-
HHIIE, TO JIEBAs PyKa Oy€T HA BHYTPEH-
HUX IICPpWIAX, A IIPABAA — HA BHCUIHUX.
Takas CTPyKTypa SHEPreTHIECKH Haubo-
JICC BBII'OJIHA B TUITMYHBIX YCJIOBUAX BO/I-
HBIX PACTBOPOB.

®opma JHK 3aBucuT OT IOCIENO-
BATEJIbBHOCTH OCHOBAHHUH B €€ LENU
U XMMHWYCCKHUX COCAUHEHUM, MPUCYT-
CTBYIOIIUX B OKPY/KAIOIIEM PACTBOPE.
B 19791 Anexkcanap Puu (Alexander
Rich) mn3 MaccadyceTcKOro TEXHOIO-
I'MYECKOIO MHCTUTYTA OTKpbul Z-JIHK
C JIEBOCTOPOHHEN CTPYKTYPOU. YTOOBI
IIOJIYYUTh €€, HEOOXOIMUMO JOOUTHCA Ye-
PCAOBAaHNA B CIIMPATIA ITUTO3WHA U T'ya-
HuHAa. B ocHosnyo nens [HK BxOmAT
OTPHULIATENIBHO 3aPsLKEHHBIE (POC(aTHDBIE
I'PYyHIIBL, KOTOPBIE B Z-JJTHK COMMKaIoTCs.
DHEPreTUYECKA 3TO BBII'OJHO TOJIBKO
B TOM CJIy4dae, €M 3apsi/ibl Ha (pocaTax
3KPAHHUPOBAHBL JIPYI' OT JPyra BOAHOU

CPENoI, COAEPIKAIIEH JIMOO COJIb B BBICO-
KO KOHIIEHTPAIHU, JTUO0 3(P(HEKTOPHOE
COCIMHCHUE, HATIPUMED, TEKCAMUH KO-
6ansra Co(NH,)",
(DYHKLIMIO IIPU HAMHOI'O MEHBIIEH KOH-

BBITIOJIHAIOIUI TY K€

neHTpauuu. I[Ioaéupas pacrooXeHue
MOCAEIOBATENPHOCTH ILIUTO3UH — TIya-
HHWH, MbI OIIPE/C/IICM, B KAKOM MECTE MO~
JIEKYJIBI OYIET NPOUCXOAUTh B—Z-iepe-
XOJI, 4 U3MEHAA CBOIMCTBA OKPYXKAIOMICH
JKUJIKOCTH — HMHULTUHUPYEM €T'0.

Hrro-
MOPKCKOTO YHUBEPCUTETA MBI CO3/IA-

Bmecre ¢ kosmeramu  u3

JIM YCTPOMCTBO, COCTOAIEE M3 JBYX
DX-MOJEKyJI, CBA3aHHBIX JIBOMHOU CITU-
paneio JHK (em. puc. enu3y). Ee nentp
ObUI OOPA30BAH IIOCAEAOBATEIBHOCTBIO
u3 20 map OCHOBAHUI, KOTOPHIE B CO-
OTBETCTBYIOINIUX YCIOBHUAX NPUHUMAIN
Z-(popMy. B HCXOAHOM COCTOSHHUU KaXK-
Jlasg 9acThb MexaHu3Ma obpasyer B-JTHK,
U 06e DX-MOJIEKY/Ibl PACHONATAI0TCH
IO OJHY CTOPOHY OT ocHu. ITpu no6aB-

JIEHUU K PACTBOPY I'€KCAMUH KOOAIBTA
EHTPAIbHAS YACTh BAJIA IPEBPAIACTCS
B Z-JIHK, 1 ogHa 13 DX-MOJIEKYJ ITOBO-
padyuBaeTcd Ha 3,5 060pOTa U OKA3bIBA-
€TCs Ha MNPOTHUBOIOJIOXKHON CTOPOHE
ocu. I1pu y1aleHUH reKCAMHUH KOOAIBTa
YCTPOUCTBO BO3BPAIIACTCA B IIEPBOHA-
YAIIbHOE COCTOSTHUE.

B—Z-MEXAaHU3M HAJICKEH, HO Yy HETO
Yy ABYX-
MEPHOW PEHIETKU U3 HECKOJIDbKUX B—Z-

€CTh HEJOCTATOK. Hampumep,

YCTPOWCTB OyJIET BCEI'O /IBA COCTOSIHUS:
BCE JIEMEHTHI B IOJOXEHUU B U BCE
3JIEMEHTEI B ITOJIOKEHUH Z. [ToaTOMY IO-
JOOHBIE CTPYKTYPBI JKEJIATEIbHO COOM-
paTh U3 yCTPOHCTB, KOTOPBIMU MOKHO
VIIPaBISITh C IIOMOIIBIO CAMHUX IE€NEH
JHK, ucrions3ys g 3aIyCKa KaKJOTO
IEMEHTA YHUKAIBHYIO ITOCJIE/I0BATEIIb-
HOCTb OCHOBAHUM.

MblI pa3zpadoTaIu CUCTEMY, KOTOPAs U3~
MeHseT (POpMy IIPU COCIMHEHUU C Pa3-
HBIMU MOJIEKY/ISIDHBIMH 1IEIOYKAMHU. P

HaHomMexaHu4yeckoe B-Z yCTpOMCTBO, KOTOPOE AEMOHCTPUPYET YNPABASIEMOE ABVKE-

H1e, CAEACHO 13 ABYX 6AOKOB DX (CUHMIA 11 OPQHXKEBBIV), COEAMHEHHbIX «<BAAOM» 113 20 NAp
OCHOBOHNN(PUOAETOBBIN). ABE LIBETHbIE OKPALLEHHbBIE MOAEKYAbI (CEPEBPSIHBIE 1 30AOThIE CHEPBI)
BbIASASIIOT LIBETOM MOAOXKEHMS1 DX-MOAEKYA. B cOCTOSHIM B (CBEPXY) «BAA» — STO OObIYHAS MPA-
BOCTOPOHHSIS1 CAMPAAb B-AHK, 1 06€ DX-MOAEKYAbI HOXOASTCS MO OAHY CTOPOHY «BAACH. KOoraa K
PACTBOPY AODOABASIETCS FTEKCAMMH KOBAABTA, «BAA» MPEOBPA3YETCs B AGBOCTOPOHHIOW Z-AHK (M.
BEPXHIOK MAAOCTPALMIO HA CTP. 25),  DX-6A0KM NOBOPAYMBALIOTCSI HA 3,5 060pOTA OTHOCUTEABHO
APYT APYra, OKA3bIBASICH MO PA3HbIE CTOPOHbI OT «BAAOY.

B-AHK

MoAeKyAQ KpaCKn

B Mupe Hayku

29




HAHOTEXHONOTHM

AHK KAK NYCKOBOE YCTPOMUCTBO

VIHAVBMAYOABHO ynpaBAasiemoe ycTporcTeo 13 AHK nepexatodaeTcs
MEXAY ABYMSI COCTOSIHMSIMM (@, LA 1-8) C NOMOLLLBIO AODOCBAEHMS

1 YAQAEHVSI ONPEeASAEHHbIX OTPEe3KOB Lienein AHK, Ha3biBaeMbIx
30ACIOLWMMU LIENSIMU. [OAOE YCTPOMCTBO COCTOUT U3 HETIPEX ABOMHBIX
CMNPAAEN, CBSIBAHHBIX B CEPEAMHE ABYMSI HECTIAPEHHBIMU LiensiMm
AHK (1). Koraa A06aBAEHbBI CBETAO-CUHME 3aa0t0LWMeE Lieni (2),

OHW CB$I3bIBAIOTCS C HECMAPEHHBIMM LIEMSIMU TOKVMM OB6P0A30M, YTO
BbIHY>KAQIOT YCTPOWMCTBO MEPENTU B «ABADKABI MAPAAAEABHOEY (JX) CO-
CcTOsIHME (3). B 3TOM COCTOSIHUN U1 BEPXHSIS], 1 HUXKHSISI HOCTU KPACHOW U

AEHNN KOMMAEMEHTOPHBIX LIEMEN CBETAO-CUHIE LLEMNM OTLLEMNASIKOTCS
(4), CHOBQ OCTABASISI YCTPOMCTBO rOAbIM (5). Tenepb AOBABASIKOTCS
nypnypHble 3aaatome Lenm (6), KOTOPbIE MPUCOEAVHSIIOTCS APYTVM
CMoCcoB0OM, 3ACTABASIS YCTPOMCTBO NEPENTN B KOHPUTYPALMIO TAK
HOI3bIBAEMOTO NAapaHeMmyeckoro kpoccoepa (PX) (7). Mpwn atom
HIDKHSIS1 HOCTb YCTPOWCTBA MOBOPAYMBAETCS], MOMELLOS KOACHYHO U
3E€AEHYIO CMIMPOAU HO MPOTUBOMOAOXHbBIX CTOPOHAX. LIMKA MexaHn3ma
MOXXHO MPOAOAKUTL, YAQAMB MYPIYPHbIE 30ACOLLME Lienu (8) 1 BBEAS
CHOBQ CBETAO-CUHME.

3eAEHOM CMMPAAe OBPALLEHBI B OAHY M Ty ke CTOPOHY. [pn A060B-

DYHKUMOHNPOBAHME 3TOTO YCTPOWCTBA GLIAO MPOBEPEHO NyTEM

Q

% 5 uem

COEAMHEHWSI PSIAQ €r0 KOMWK B LieMb C 6OAbLLMMK y4acTKaMU AHK
TPANEeLEenAaAbHOM GOPMbI, BBEASHHBIMM B KOYECTBE MOPKEPOB.
Koraa yCTpOMCTBA HOXOASITCSI B COCTOSIHUM PX (b, BHI3Y), BCE
TPANELONABI HOXOASATCS HO OAHOW 1 TOW Yke CTOPOHE. Koraa Bce
YCTPOWCTBA HOXOASITCS B COCTOSIHUM JX (€), MOAOXKEHUS TOANELONAOB
MO CTOPOHAM YepeAYTCS. ATOMHASI CUAOBASI MUKPOCKOMMSI TOYHO
BbISIBASIET 3TOT CNOCO6 noBeaeHus (d, e).

3oaatolye Lenm b

2 A

CoctogHme JX

OHa COCTOUT M3 [BYX NaPaJUICIbHBIX
JBOMHBIX crimpanert JHK, kaxaas nu3 Ko-
TOPBIX B LIEHTPAIBHOU O61ACTH KPOCCO-
BEPA COKPAIIACTCA JO OJUHOYHOIM LICIIH.
O61aCTh IEPECEYEHUS MOKET HAXOUTh-
C B JIByX PA3JIMYHBIX COCTOSIHUAX — PX
(IIapaHEMUYECKUI KpOCCcoBeP) 1 /X («OOK
0 OOK») — B 3aBUCUMOCTH OT TOT'O, KAKUE
MOJIEKY/IAPHBIE LIENTOYKU ObUIA JOOABIIE-
HbI K PACTBOPY, YTOOBI IPUCOECAUHUTD-
Cd K OIHOLIECIIOYHOMY Y4YaACTKY (CM. puc.
66epxy). Korma ycrpofcTBO HAXOAUTCA B
COCTOAHMH PX, IB€ CLIMPAJIN [0 OJIHY CTO-
POHY OT LIEHTPAJILHOI'O Y3/1d IIOBEPHYTHI

Ha IOJI060POTA OTHOCHUTENIBHO UX I10JIO-
JKECHUI B COCTOAHMU JX.

Korzpa B pacTBOp #06aBIAETCA CIIE-
nududecKkad napa 3aJal0MUX HEMOYeK,
OHHU CBA3BIBAIOTCA C LEHTPAIBHON 06-
JIACTBIO 6€3 KPOCCOBEPA U IEPEBOJAT yCT-
POMCTBO B cocrogHue JX. YTOOB CHOBA
NEPEKIIOYUTBCA Ha PX, UX HY)XHO y7a-
suTh. B 2000 1. Bepnapy FOpke (Bernard
Yurke) u ero xosuleru u3 (pupmel Lucent
Technologies mOKa3aau, 4TO ONPEACIICH-
HYIO MOJIEKYJIAPHYIO LIETIOYKY MOXKHO H3-
Biieyb u3 JJHK, npncoegnHuB K HEH MOJI-
HOCTBIO KOMIUIEMEHTAPHYIO Lienb. s

3TOTO 33aJAI0IIUE LENU JOJDKHBL COAEP-
JKaTb KOPOTKUE KOHLIBI, HE CIAPECHHDIC
¢ MexaHu3MoM. Kormga Mbl mo6aBisgem
B PACTBOP IIOTHOCTBIO KOMIUIEMEHTAP-
HYIO IICIIb, OHA IIPUCOCAUHACTCA CHAYa-
JIa K HECITADEHHOMY YY4CTKY, 4 3d4TEM OT-
JIEIIET OT YCTPOMCTBA OCTAIBHYIO YACTh
3aJAI0IECH LICTTOYKU.

ITocne ypanenus OAHUX 33JAIONIAX
Lened Mbl MOXKEM JOOABUTb JPYTHUE.
x MMPUCOCTMHCHUC BbI3bIBACT ITOBOPOT
JIBYX JABOWHBIX CIIMPAJICH U TIEPEBOAUT
YCTPOMCTBO B cocrosuue PX. Ilpouecc
MOKHO OOPATUTD, YAAIAA BTOPLIE 334~
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HAHOTEXHONOTHH

IOIIUE LENU U CHOBA JOOAB/IAA IIEPBBIE.
TakuM 06pa30M, JBOMHYIO CIIMPAJIb 110
JKEJIAHWIO MOKHO IIEPEBOAUTD M3 OJHOMN
(OPMBI B IPYTyI0. MHOMKECTBO PA3IMYHbBIX
PX—]X-yCTPOUCTB MOXKXHO UCIIOJIb30BATH
HE34BUCHMO, TOOABJIAA U YAAIAA 33410~
LI1E LIENH, HACTPOCHHDIE HA UX UH/AUBH-
JlyaJIbHBbIC OOIACTU IIPUCOCAUHEHUA.

YTOOBI IPOBEPUTD, KAK pA06OTACT HAILIE
YCTPOMCTBO, IIPHUIIIIOCH BOCIIOIb30BATh-
Cs ATOMHBIM CHJIOBBIM MHKPOCKOIIOM.
K oHO¥ CTOPpOHE MEXAHU3MOB, COC/IU-
HEHHBIX B JUIMHHYIO LI€Ib, MBI IIPHCO-
enHWIM 60sbImo 610k IHK Tpanenen-
JaIbHOM (popMBL. Korza Bce yeTporcTsa
HaXOJATCA B COCTOAHUU PX, Tpanernou-
JIBI JICKAT HA OJHOU M TOM K€ CTOPOHE
uenu. [Ipu nepexoze 371eMEHTOB LETI0Y-
K1 B COCTOSIHHE /X TPAIICIIOU/IbI BBICTPA-
HUBAIOTCA 3UT'3AIOM.

B 2000 1. rpymnma mos pyKoBOJCTBOM
IOpKe nposEeMOHCTPUPOBAIA HAHOCKO-
NUYECKUI MUHIIET, U3TOTOBJICHHBIN U3
Tpex nenen JHK. 3aparomue nenn (Mx
IOpKe Ha3pIBACT TOIUVIMBHBIMU 1ICTIAMM )
OTKPBIBAIOT U 3aKPBIBAIOT €T0. I pyrue uc-
CJIEIOBATE/IN UCIIOJIb30BAIN AHAJIOINY-
HBIC METO/IbI I BRIIOUEHUA AKTUBHOCTU
PHUOO3UMOB — (PEPMEHTOB, CICIAHHBIX U3
PHK. B 1998 . Marix1 Po6uncon (Michael
P. Robinson) u OHAPIO DJUIMHITOH
(Andrew D. Ellington) u3 Texacckoro
yHuBEpcuTEeTa B OCTUHE IPOJEMOHCT-
puposan 10 000-KpaTHOE ITOBBIIEHHE
AKTUBHOCTH pUO6O3UMA IIPH JOOABICHUN
COOTBETCTBYIOIIECH 3aJAI0IICH IIETIN, KO-
TOpasg HNPHUCOEAUHACTCA K PUOO3UMY
U U3MEHACT €r0 KOH(MOPMALIUIO.

MAGHBI HO 6yAyLLee

I'maBHAsA L€Ib HAHOTEXHOJIOIMU, OCHO-
BaHHoM Ha JIHK, cocronT B pacnpocrpa-
HEHUH JOCTUTHYTBIX B IByX U3MEPEHUAX
yCIexax Ha TpU usMepenus. Korzaa aro
OyZeT CAEIaHO, Mbl CMOXKEM IOKA34Tb
CHOCOOHOCTb KOHCTPYUPOBATD TBEPBIC
MAaTEPUAIbL, 334ABA DAL IOC/IEAOBATEIIb-
nocrer JJHK 1 3aTeM KOMOUHUPYS HUX.
Ecu cruCcTeMBI BBICOKO YIOPSAZAOYEHBIL, TO
MOKHO OyZIeT IPOBOJUTD KPHUCTA/UIOIPA-
pryeCcKre IKCIIEPUMEHTDI C UCIIOIb30BA-
HHEM MOJIEKYJI, YAEPKUBAEMBIX BHYTPU
PEryIsApHO IOBTOPAIOMIEHCA CTPYKTYPBI,
O KOTOPBIX Mbl YIHOMHUHAJIN PAHEE.

Jlpyras 1ejib COCTOUT B TOM, YTOOBI
BKJIIOYMTD yCTporicTBa Ha JHK B cTpyK-
TYpPbL. DTO OBLIO OBl IEPBBIM IMIAIOM
K HAaHOPOOOTOTEXHMKE, BKIIOYAIOMICH
CJIOKHBIC JIBIDKEHHA U PA3HOOOpA3HE
CTPYKTYPHBIX COCTOSIHHI, KOTOPBIC
IIO3BOJIAT HAM CTPOUTb XHUMHUYECKHE
cO0pOUHbIE MTMHUH. MICIIONb3ys yCTPOKC-
TB4, IIOAOOHDBIC OIHUCAHHBIM BBIIIE, MBI
MOIJIM OBl C BBICOKOI TOYHOCTBIO COOH-
paTb HOBbIC MATEPUAIBL. KaK OIBITHBINA
obpasen Ixermc B. Kenapu (James W.
Canary) u @wmn C. JIptokmeH (Philip
S. Lukeman) u3 Hpio-MOpKCKOTO yHH-
Bepcurera, JIu bxy (Lei Zhu), Tenepb
pabdoTaromuri B TexacCKOM YHUBEPCUTE-
Te B OCTUHE, U 5 HEJABHO COOpaIU HA
0a30BOY LIENU M3 HYKICUHOBBIX KUCIOT
HEOOIBIION KyCOK HEMIOHA. MBI IIOJIA-
rd€M, 4TO KOTIZA-HHUOYIAb MBI CMOMKEM
JIEJIATh HOBBIE IIOJIMMEPHI C OIIPEJEICH-
HBIMU CBOMCTBAMH M TOIOJIOIMEN (THUIIA
BUTKOB UX 6A30BbIX IICTIEH).

JJOCTIKEHNE ITUX LIETICH TIPEXKAE BCE-
IO IPEANOoaaraeT ucnoabzosanue JTHK
KaK [IPOrpaMMHPYEMOI'O KOMIIOHEHTA,
HO HU KPUCTAIOrpad s, HU HAHOJICK-
TPOHUKA HE MOTYT IIOJIATATbCA HA OJHY
JHK. Hanpumep, HaHO3JIEKTPOHHBIE
KOMITIOHEHTBI THIA META/UINYECKUX Ha-
HOYACTHLL WIH YITIEPOJAHBIX HAHOTPYOOK
JIOJDKHBI OyAyT OObEJUHEHATBCA C MO-
nekynamu JJHK B crucreMax M B JKHUJKHUX
pacTBOpax, COBMECTUMBIX Kak ¢ /IHK, Tak
U C APYTUMH KOMIIOHEHTAMH. YUUTBIBAS
Pa3HOOOPA3HYIO XUMHUYECKYIO IPUPOILY
3TUX MOJIEKYJ, JOCTUIHYTb 3TOIO Oy-
JeT HenpocTo. Kpome Toro, Jaxe eciu
HAHOJICKTPOHHBIC YCTPOUCTBA MOKHO
IIOCTPOUTD IIyTeM caMocObopku JJHK, Ha-
HOMAIIMHBI B KOHEYHOM CYETE JIOJDKHBI
B3aMMO/ICHCTBOBATb C MAKPOCKOIINYEC-
KHM MUPOM 60JI€€ CIIOKHBIM 06PA30M,
4eM JOOABICHUE U YAAICHUE 33/1aI0MINX
LIETIIEd U3 PaCTBOPA. DTO, BEPOSATHO, OY-
JIeT OYE€HDb TPYZAHAs 337ja44.

MeuTa HAHOTEXHOJIOTUU — MAIIHMHA,
KOTOPAs MOKET OCYLIECTBJIATD KOIIUPO-
BaHue. OTHAKO B OTJIMYHE OT JIUHEUHOMN
JHK, passersnennas JHK He maet Bo3-
MO’KHOCTH JIETKOT'O CAMOKOIIMPOBAHHA.
Bce e B KOHIIE TPONIIOTO rojia YWIbam
In (William M. Shih), Ixo31 Ksuct (Joel
D. Quispe) u Ixepang Ixoiic (Gerald E

AHK oktasAp 6bIA NIOCTPOEH 13 OAHOW
AAVHHOM Lieny AHK 1 ngTn KOpOTKmMx
BCMOMOIQATEAbHbIX Lienen. Kapkaas
«POACMOPKO» COCTOUT U3 ABYX MOPOAAEABHbIX
CB$I3AHHbIX MEXAY COBOM ABOMHbIX
cnmpanen. Noka3aHHOE N30B0PKEHME BbIAO
PEKOHCTPYMPOBAHO NMyTEM OObEAMHEHMS
AQHHbIX OT MOAYYEHHBIX HO KPUO-3AEKTPOHHOM
MUKPOCKOME M30BPKEHNN BOAEE YEM

600 oKTa2APOB. LiBeTa 13obpaxatoT
OTHOCUTEABHYIO SAEKTPOHHYIO MAOTHOCTb!
KPQCHBIN — BBICOKYHO 1 CUHUIN — HA3KYO.

Joyce) n3 HaydHO-HCCIIEeOBATEIBCKO-
ro uHCcTUTyra Ckpunica B Jla-Xonsa
(KanudopHus), CAeaanyd 3aXBaThIBAIO-
LU IIEPBBIA AT K CAMOKOIIMPYIOIIMM-
cs1 oobekTaMm u3 JHK. I3 ogHOM OIuH-
nou unenu JHK (IpuUOIHM3UTEIBHO
1700 ocHOBaHMIT) OHHU HOCTPOUIH
OKTA3/P, HUCIOJb3Yys /1 3aBEPIICHUSA
COOPKU AT KOPOTKUX BCIIOMOI'ATENb-
HBIX LENEH (CM. ULIIOCMPayuio eeep-
x)). Kaxxpgoe pe6po OKTasgpa COCTOUT
M3 JIBYX CBSI3AHHBIX MEX/y COOOM JIBOYI-
HbIX criupaner JHK, cocraBneHHbIX U3
pana DX u PX monekyin. Kaxgoe pebpo
MMEJIO JUIMHY OKOJIO 14 HaHOMETPOB,
WIM IPUOGIU3UTEILHO YETBIPE 000POTA
JBOMHOM criupaivi. CBEPHYTBIN OKTA3AP
HE MOKET BOCIIPOU3BOAMTLCH, HO B Pa3-
BEPHYTOM COCTOAHMHU JIMHHYIO LI€Ib
JIETKO MOKHO PA3MHOKHUTb KJIOHUPOBA-
HHUEM XOTb MHUJUIMOHBI Pa3, UCIIOJIb3Ys
CTAHAAPTHBIM IPOLIECC OUOTEXHOJIO-
I'MH, Ha3bIBaeMbI PCR (LieITHAsA PEAKLIMA
NOJIMMEPA3bI). DTO MOKA ELIE JAJIEKO OT
KOIMPOBAHMSA, OCYHECTBIAEMOIO KaXK-
JBbIM JKUBBIM OPI'daHM3MOM, HO K CTOJIE-
THUIO OTKPBHITUA YOTCOHA U KpHKa MBI,
HaBepHOeE, OyleM HMMETb MAIMHBI Ha
ocHose JJHK, KoTopeie OyAyT A€1aTh TO
JKe camoe. |

B Mupe nayku
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TOM DRAPER DESIGN; KEVIN MARTY AP Photo / Imperial Valley Press (background);
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HHOOPMALHOHHBIE TEXHONOTHAH

MOOEpHU3ALUA

GHGTEMDbI

bfS

B o6mwkaiimee JecITWIETUE BO3MOK-
HOCTU TTIOGIBHOM CHCTEMBI TTO3UITHO-
HUPOBAHWA 3HAYUTCIIBHO PACHIMPATCA.
ITo/IB30BATETb CMOXKET OTMPE/IEIATh CBOU
KOOPJWHATBI C TOYHOCTBIO O METPd.
BoamosknocTu cucremsr GPS 6yyT pac-
IUPATHCA 32 CICT MOACPHUBALINH, TTO/IPA-
3YMEBAIOIICH: BBC/ICHHE JJOTTOJTHUTEITbHBIX
KaHAJIOB CUT'HAJIA HA CITyTHHKE, YBEJINYC-
HHE MOIITHOCTH CUTHAJIA U YCOBEPIICH-
CTBOBAHHE CHCTEMBI €rO KOPPEKIIHH,
HCIIO/Ib30BAHUC HAIIPABJICHHBIX AHTCHH,
2 TAKoKE MHTETPAIUIO C TEICBU3UOHHBI-
MH 1 TCJIC(I)OHHI)IMI/I COTOBBIMH CETAMM.
Ee HOBBIMM BO3MOXHOCTSIMH B IIEPBYIO
o4epesib CMOIYT BOCIOIb30BATHCSE BOCH-
HBIC, /U1 KOTOPBIX OHA U CO3/ABAJIACH.
CamorseTel BOGHHO-MOPCKUX cun CHIA
CMOTYT IMPU3EMJIITHCS Ha TTATTyOy aBHAHOC-
112 B IIOJIHOM TeMHOTE. CUCTEMA CMOKET
OTCJIEKUBATD MECTOHAXOMK/IECHUE BO3YI-
HBIX CYZIOB HA BCCM IPOTAKCHUU TTIOJICTA.
B 6mxarimee Bpemst GPS TOMOMKET KOHT-
POTMPOBATH ABIKCHHUE ABTOMOOHIIBHOTO
TPAHCIOPTA, O6ECIEUNBAT OE30IIACHOCTD
JIOPOKHOTO JIBYDKEHUS, YCOBEPIICHCTBO-
BAHHAsI CHCTEMA CMOJKET GbITh IPUMEHECHA
B AJICKTPOSHEPTETHUKE, B TETICKOMMYHHKA-
UAX, TIPU JJOOBIYE ITOJIE3HBIX HCKOIIA-
€MBIX, KAPTOTPADHUH U JKE B CETTBCKOM

xo3sticTBE. KpOoMe TOro, IOH60H Iy TenecT-
BEHHUK CMOJKET BOCIIONIb30BATHCA GPS HA
BCEH TEPPUTOPUN 3EMHOT'O 1I1APA.

He60 orpaHuumeaer

Cospanue 1106ambHOM CUCTEMBI IIO3ULIU-
OHUPOBAaHMA Havanock B CHIA B 19781
C 3aIyCKa IIEpBOrO CIyrHUKa Nauvstar.
B TO BpeMs MHUHUCTEPCTBO OOOPOHBI
pemmiIo IoMo4Yb 40 ThIC. AMEPUKAHCKUM
BOCHHOCJIYKAIIIUM HAY4YUTbCA OIpeJe-
JIATB CBOM KOOPJMHATHI HA 3€MJIE, B BOJIE
U Bozayxe. Jlumb B 80-X IT. KapTorpadbl
U re0(PU3MKU MOJYYHWIN JOCTYII K CHI-
HaJIaM CIIyTHUKOB, 4 TPKIAHCKHUE JIULA
CT4JIM MOJIb30BATHCA CUCTEMOU € HaYa/Id
90-X IT, KOIZla Ha OpOUTE HAXOAHINCH
24 ciiyrHUKA CUCTEMbI GPS. CerofHs OKo-
710 30 MJIH. 4€JIOBEK UCTIONB3YIOT GPS-Ha-
BUT'ALIUIO, 6;1aroapsi KOTOPOM KAITUTAHbI
CyJIOB, BOJIUTEIA aBTOMOOWIIEN U JIIOOUTE-
JIA NIPUKIIIOYECHUNA OIPEIEIAIOT CBOX KO-
OPAWHATEL B MarasmHax KaskKIbIil MECAL]
npozaeTcs OKoao 200 ThIC. IPUEMHHKOB.
B 2003 1. no Bcemy MUpPy UX IIPOJIAHO HA
$3,5 Mypz1., 11, TIO IMPOTHO3aM MAPKETHHIO-
BOU (pupMbl Frost@Sallivan, ¢ 2010 1. exe-
TOJIHBIC TIOKA34TE/IU MOI'YT BBIPACTH JO
$10 mapa,. (Lnpe! HE BRITIOYAIOT JOXO/IBI
OT OPENIPUATHIH, pabOTAIOIUX B OTPa-

MNep SHre

ci.) bonee 50% o6opyioBaHus Tprodpe-
TAIOT YaCTHBIC NI, 40% — KOMMeEpYeC-
KHE CTPYKTYPBI, ¥ JIMIIb 8% — BOCHHBIC.
AMepHKa HE OJUHOKA, PA3BOPAYMBAL
KOCMHYECKUE HABUTALIUOHHbBIE CHCTEMBL.
B nepnojn «xonmogHon BOMHBL Poccus
pasMecThIa Ha KOCMHUYECKOH opoure
CIyTHUKU Glonass. B 6mpxalimee BpeMs
3Ta OTPACIb OYAET CTPEMHUTEIBHO Pa3-
BUBATBCI U GPS-IPUEMHUKAMU OYyAyT
060PYIOBAHBI KAK JIEFTKOBBIE aBTOMOOU-
JI, TAK ¥ MOOUIIbHBIE TeepOHBL Bckope
CTAPTYET €BPONEHUCKUN NIPOEKT Galileo,
KOTOPBIA MOXKET MPOU3BECTU HEPEIE
PBIHKA CITyTHUKOBOU HABUI'ALIWN.
I[Ipuobpers GPS-IPUEMHUK CTOM-
MOCTBIO B $100, YEIOBEK MOXKET pac-
CYUATBIBATh HA OTKJIOHEHUE B 5—10 m.
ApMerickue IpudOpPbI TO3BOJIAIOT OIIpe-
JEIATh MECTOHAXOXKACHUE C TOYHOCTBIO
110 5 M. Ecm sxe GPS-IPUEMHUK ITOTydaeT
CUTHJI OT HA3€MHOM CTAHIIUUA U IPOBO-
JUT COOTBETCTBYIOIYIO KOPPEKIIUIO JaH-
HBIX, €I'0 TOYHOCTD Bo3pacTaet 10 0,5 M.

MNHPOPMALMOHHBIN AOXKAD

n3 KoCmMocda

YTOOBI TOHATB, YTO HAC JKET B OYIYIIEM,
JlaBafTe pa3bepemMcsi, 4EM MBI PACIIOIa-
TacM CCroJJHAd. }

GPS-TTPUEMHWKN, ncnoAbdyemble npuv yNpaBAEHUN ABTOMOBUAEM MAM COMOAETOM, AOAYKHbI COOTBETCTBOBATL TPEOOBAHMSIM

6€30MaCHOCTH.

B Mupe Hayku
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DeAepanbHOE YNPABAEHWE MPAXKACHCKOM
asraLm CLLUA pazpabaTsiBaET CUCTEMY MNAO-
TUPOBAHMSI COMOAETOB, MOAPC3YMEBAIOLLYIO
MCNOAb30BAHWE GPS ¢ yctporctsamm WAAS,
KOTOPAS1 O6ECMEYNBAET TOYHOCTb U3MEPEHNS
B FOPU3OHTAABHOM HAMPABAEHUM OT 1 A0 2,
QA BEPTUKAABHOM — OT 2 AO 3 METPOB HA BCEN
Tepputopun CLLA n Aasckn. Cnuctema WAAS
BKAIOYOET B ce691 25 NpreMo-nepeAQtoLLmX
CTAHLMIN C GUKCUPOBAHHBIMM KOOPANHATAMM
(D). CTAHLM MOAYHCIKOT CUTHOAbI OT CTYTHKA
CPOBHUBAIOT CBOU KOOPAMHATHI C STUMU ACH-
HbIMW. PE3YALTATHI UBMEPEHWNIN HAMPABASIEOTCS
B OAMH 13 KOHTPOABHBIX LLIEHTPOB (2). 3atem
CBEAEHVSI MOCTYMNAIOT HA CNELMAABHBIA CyT-
HWK (3), KOTOPBIN, B CBOKO O4EPEAD, MEPEATET
MoAb3oBaTeNsIM WAAS OTKOPPEKTUPOBAHHbIN
CUMHOA B PEXVME PECABHOTO BREMEHN.

CnyTtHuK cnctembl WAAS

GPS-cnyTH1K

GPS-curHan

[MorpelHoCcTb
/ WAAS-curHona

HasemHas
CTAHUMS]

LleHTp 06paboTKM
CUTHOAQ

|— MNepeAQtoLLAs HO3EMHASI CTAHLS

CIyTHUKU NEPENAIOT CHUTHAIBL JIBYX
BUAOB. OJUH U3 HUX HECET HH(pOpMaA-
LUIO O MECTOHAXOXJICHUHN CIIyTHHUKA
U BPEMEHU IIepejaun CUrHana. OH Ipu-
HHUMAETCA CTALMOHAPHBIMU HA3€MHBIMU
CTAHLIMSIMH, O6PA0ATHIBACTCA U OTIIPAB-
JIACTCS HAa CIYTHHK, KOTOPBIM Iepena-
€T €TO BCEM IIOJb30BATENIAM CHCTEMBIL.
Bropor curnan — koj, HeOOXOAMMBIH
JUIL ONPEJEICHHUA BPEMEHHU IIepefadun
curnana. Co3faTesi CUCTEMBI HA3bIBAIOT
€I'0 MICEBAOCIIYYaHBIM ITYMOM.

Y1OO6bI
B 20 TBIC. KM, CUTHAJIy TPEOYETCSA BPEMSL.

IIpeoJoONICTb PACCTOAHUC

Ecmm noib30BaTENb CMOKET C ITIOMOIIBIO
CBOCI'O IPUCMHUWKA, B KOTOprI;I 3AJIOKCH

OB3OP:

KOJI, OIPEJEINTb BPEMS €O OTIIPABIIE-
HHS, TO HECJIOKHO OyJeT 3a(PUKCUPOBATD
BpEMsA €TI0 NPOXOXKACHUA M, YMHOXUB
MOJY4YEHHBIC JJAHHBIE HA CKOPOCTb PacC-
MNPOCTPAHEHMS, PACCYNUTATL PACCTOAHUE
JIO CITyTHHUKA.

Ecim B GPS-TIPEMHUK yCTAHOBUTD YACHI,
TO, IIOJIYYUB YAATICHUE OT TPEX CITYTHHKOB,
MOJIb30BATE/Ib CMOKET OIPEICINTD IIUPO-
TY, JOJITOTY Y BBICOTY CBOEI'O MECTOHAXOXK-
JeHus. CUrHaJL, UAYIIAHA OT CITYyTHUKOB, Ha-
IIOMMHAET TPU CPEPBI, IEPECEKAIOIUEC
B PA3JIMYHOE BPEMsA B PA3HBIX TOUKAX. [lj1s1
[IOJIb30BATEIA, HAXOAIIEIOCA Ha 3eMIIE,
CYHIECTBYET TOJIBKO OJIMH MOMEHT UX CO-
IIPUKOCHOBEHUSA B JJAHHBII IPOMEKYTOK

* Cenyac 6oAee 30 MAH. YHEAOBEK MOAB3YIOTCSI cucteMom GPS. KaK TOAbKO npu-
eMHUKaMK GPS ByAyT OCHALLLATLCSI MOBUABHBIE TEAEDOHBI 1 ABTOMOOUAMK, YACAO

MOAB3OBATEAEN PE3KO BO3PACTET.

¢ Koraa rpaAGHCKNE M BOEHHbIE MOAb30OBATEAN CMOTYT NPUHUMATL HOBbIE
GPS-KOHOABI, CUCTEMA N3MEPEHMSI KOOPAMHAT CTAHET 6OAEE TOYHOWN. [epBbIn
CMYTHWK HOBOTFO MOKOAEHWMS1 ByaeT 3anyLieH B 2005 ., O CA€AYIOLLMIA BBINAET HO

OpPBUTY Yepe3 HECKOALKO AET.

* B 6yaywem GPS-NpneMHUKM CMOTYT KOPPEKTUPOBATL OLLUMOKM B pEXUME pe-
QAbHOTO BpeMeHU. OCHOBHbIE YCUAMS PA3PABOTYNKOB CUCTEMbI HOMPABAEHbI HA

3ALLNTY KAHAAOB OT rNOMexX.

* CoBpeMEHHbIE GPS-yCTPOMCTBA MO3BOAST 6E€30MACHO YNPABASITb OBTOMOOUAEM

VA COMOAETOM.

BpeMeHM. /11 6osiee CIaKeHHOU CUHXPO-
HU3ALIMU CUI'HA/IA HA CITyTHUKAX YCTAHOB-
JICHBI 4TOMHBIE 44Chbl, O6CCIIEYNBAIOLINE
TOYHOCTb XO/1a IO OJJHOM MIIITAAPHOI.
B 6onpmmHCTBE GPS-TIPUEMHUKOB OHU
MOI'YT OTCT4BATb HA OAHY WM OoJee ce-
KYH/I B JICHb. MOXHO IOACYUTATH, YTO
OHIMOKA BCETO B OJHY CEKYH/y U3MEHUT
PAaCcCTOAHUE OT CITyTHHKA /IO IIOIb30BaATE-
s Ha 300 TBIC. KM. MHKEHEPBI HA3bIBAIOT
NPOLIECC UBMEPEHMS PACCTOAHUSA MEKILY
CIIyTHUKOM M IIOJIb30BATEJIEM IICEBIOU3-
MepeHUeM. /1eJ10 B TOM, 9TO ITIOIPENTHOCTD
NPHCYTCTBYET U B CUTHAJIAX OT YETBIPEX
CIIyTHHUKOB, B PE3YJIBIATE YErO MbI I1OJIY-
YaeM YEThIPE YPABHEHUA C YETBIPbMS HE-
U3BECTHBIMU.

CospeMmeHHble GPS-TIPUEMHHUKU CIIO-
COOHBI YUUTBHIBATH JJOIUIEPOBCKUN (-
exT B Caydae, ecid U3MEPEHUS IPOBO-
JATCA B ABIDKEHUU. IIpy nepemenieHun
NIPUEMHHKA B CTOPOHY PaCHpPOCTPAHE-
HHS BOJIHBL €€ JUIMHA CTAHOBUTCA 6O0JIb-
me, a IPpU BCTPEYHOM XOJ€ — MEHBIIE.
Kakapll CyTHUK HAIIOMHMHAET CKOPO-
CTHOMU 11oe3. Eciim OH IBUKETCS HaA BaC,
TO €I'0 I'yAOK IO MEPE NPUOIMKECHUA CTa-
HOBUTCSA I'POMYE, d €CJIM YAAIACTCH, TO
CUTHAJI TEPACT MOIIHOCTD. YUUTBIBASA JAH-
HbII 3D HEKT, MOKHO HOJIYIUTh CKOPOCTb
JBIDKEHUA GPS-TIpreMHHUKA. Takoit MeToz,
U3MEPEHUA CKOPOCTU OYE€HDb TOYEH.
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KAK PABOTAET GPS

CMYyTHMKOB.

MNEPECEKAIOLLUMECYH COEPHI

MpPeAnOAOXKMM, YTO MOAL3OBATEAL GPS-MPUEMHMKA
6a3npyeTCcs B 22 TbIC. KM OT MEPBOro CryTHUKA,
HOXOASILLLErOCS1 B AKOOOM TOUKE CHEPhbl C PAANYCOM
22 TbIC. KM. PQCCTOSIHME OT BTOPOro CAYTHUKA AO
MOAB30OBATEASI COCTABASIET 23 ThIC. KM. Teneps,
onpeAeAVB PACCTOSIHNE AO TPETLETO CMYTHUKA,
Mbl MTOAYYOEM ABE TOYKM, B KOTOPbIX BCE TpW Chepbl
nepecekatoTcsl. MOXXHO M3MEePUTb PACCTOSIHNE AO
4YeTBEPTOro CMYTHNKA W BBIOPATb OAHY TOUKY, HO STOrO He
noTpebyeTcs], TAK KAK OAHA 13 TOYEK MepeCeYEeHUs TPEX
chep HOXOANTCS BLICOKO OT 3EMAM 1 €€ KOOPAMHATbI
MOXXHO HE MPUHNMATb BO BHUMAHWE.

MU3MEPEHUE BPEMEHU NPOXOXAEHNG CUTHAAA
Y106bI IBMEPUTL PACCTOSIHNE AO CMYTHUKA,
HEOBXOAVMO OMPEAEAUTE BPEMSI MPOXOXKAEHMS
CUMHAAQ M YMHOXUTb €r0 HO CKOPOCTh
PACNPOCTPAHEHMS BOAHDBI, KOTOPAS MOCTOSIHHO

1 cocTtaBasieT 300 Tbic. KM/Ccek. OCHOBHAOS

NPoBAEMA — N3MEPUTb BPEMSI MOOXOMKAEHMSI CUTHAAQ.
[TO3aTOMY MCMOAB3YETCSI NCEBAOCAYHOMHBIN KOA PRN,
COAEPXKALLMM MHOOPMALMIO O NEPEeACIOLLLEM ero
CMyTHUKE.

XUTPbI KOA

AN TOTO YTOBbI MOHSITL MPUHLMM PABOThI PRN-KOAQ,
PACCMOTPWIM QHOAOTUKO C MY3bIKOABHBIM CUTHOAOM.
[MpPeANOAOXKIM, YTO CYTHUKN 1 GPS-MpUeMHUK
3AUNPAAU MEAOAMIO B OAHO M TO XKE BPEMS. 3BYK HE
OYAET CUHXPOHHBIM, TOK KK CUTHOAY OT CTTYTHUKQ
HOAO MPEOAOAETL OOABLLOE PACCTOSIHUE. HTOObI
CUHXPOHV3MPOBATE MEAOAMIO, MICMOAB3YETCS
NCEBAOCAYYOMHBIN KOA,. YMHOXVB BREMS 3AAESPXIKKN
CUIHOAQ HO €ro CKOPOCTb, Mbl MOAYHY/M PACCTOSIHNE
AO CMNYTHUKA. AASI CUCTEMbI GPS NCEBAOCAYHYAMHDBIA KOA
PRN s1BASIETCS1 HOBOPOM LIMPPOBBIX HOT. BOCCO3A0B 3TY
MEAOAMIO, Mbl MOAYYOEM BPEMS], MO KOTOPOMY CUTHOA
MAET OT CNYTHUKA A0 3EMAM.

CUHXPOHWU3ALING BPEMEHU

Ha KapKAOM CyTHUKE eCTb ATOMHbIE YAChI, HO
0OOPYAOBOHME MOAL3OBATEAS HE OCHALLLEHO TOYHBIMM
4ACAMU, MHAYE ero CTOMMOCTb HEMOMEPHO BO3PACTET.
Kak »e Toraa OCyLLLECTBASIETCSI CUHXPOHU3ALLMS? ECAM
NPOBECTU M3MEPEHVE MO TPEM HOMPABASHUSIM (YEPHASs!
MYHKTUPHQST AVHUST), MOXKHO MOAYYUTb KOOPAMHATbI
TOYKM HO MOBEPXHOCTU 3EMAW, O B TOM CAYHOE, ECAU
B3$ITb YETBEPTOE V3MepeHue (KDACHQAS AUHMST), MOYKHO
MOAYYUTb FTOPA3A0 BOAbLLE MHGOPMALMN. BKAKOUMB

B pACYETHI, YTO YAGQAEHME OT YETBEPTOrO CNYTHNKA

Ha opBuUTe GUKCUPOBAHO, ONMPEASAUTL MOAOXKEHME
MOAb30OBATEASI MOXKHO C TOYHOCTBIO AO HECKOABKMNX
METPOB.

MoBepxHoCTN chep

20k

TAOBAABHAS CUCTEMA MO3NLIMOHMPOBAHMS (GPS) COCTOUT U3 UICKYCCTBEHHBIX CMYTHUKOB, OCHALLEHHBIX PAAMONEPEATTYNKAMM,
1 CUCTEMbI HO3EMHbBIX CTAOHLMN. KOOPAMHATLI MOAB3OBATEAS OMPEAEASIOTCS U3MEPEHNEM PACCTOSIHUSI OT OOBEKTA A0 TPEX

He NPVHNMMAEMOE B PACHET MEeCTOMNOAOXKEHNEe

24 7TbIC. KM

peanbHoe
MeCTOMNOAOXKeHNe
NEVEMHNKA

&

PRN-KOA AN U3MEPEHNS
PACCTOSHMS

[ToBepXHOCTM
chep h’
g

3aaepxKa
[TocAeAOBATEABHOCTb CMYTHMKOBOTO KOAC PRN  BO BpemeHmn

MocaeaoBaATEAL-

[MocAep0BATEABHOCTL PRN-KOAQ MOAB3OBATEAS HOCTb CABUIQ

T |
| |
| —
! 1

108 fog
\\ :
A
CnyTHUK 1# 4 "f GPS-cnyTHMK
KoppeKkumm S
7
M3mepeHme ¢ yuetom
KoppeKumm McxoaHble
M3MepeHust
OTKOPPEKTNPOBAHHOE
NOAOXEHNE

B Mupe Hayku




HHOOPMALHOHHBIE TEXHONOTHH

TaxkuMm 06pasoM, GPS-IPUEMHUKHU OII-
PEACIOT TPU KOOPAUHATHL U TPH BCK-
TOpPa CKOPOCTH, 2 TAKKE ITPOU3BOIAT
CHUHXPOHH3AITUIO BPEMCHH Y€PE3 CETh.
IIpu 3TOM CaMH IPUEMHHUKH HE TTepe/a-
10T CUTHAJIOB B 3¢hup. B cCKOpoM BpemeHn
GPS 6ynyT 060pyJOBAaHbI COTOBBIC TEJIE-
(hOHEI, YTO TIPUBEJCT K IMOJOPOKAHUIO
MTOCTIETHUX BCETO Ha $5.

NMpeoaonesasi voHochepy

CryTHUKU GPS-CUCTEMBI IEPEIAIOT CUT-
HaJl, OOJaAaIOMUIl KIACCUYECKOM CHU-
HYCOW/TAIBHON (POPMOM, HA OOBIYHON
paguodacrore. Cermyac HA MHUKPOBOJI-
HOBOU 4aCTOTE IEPEJAIOTCS [BA CUTHA-

na — L-1,L-2. Kanan L-1 1OCTyIIEH 1A
BceX. CUMTAETCA, YTO OH IIPpEJHA3HA-
YeH /U I'PAKIAHCKUX I10JIb30BATEIICH,
XOTS U BOEHHBIE [IPO HET'O HE 310BbIBAIOT.
Kanasn L-2 npegHasHadyeH i BOCHHO-
CIIyKamux. [paXkaaHCKUe NOAb30BATEN
NPUHUMAIOT Hd CBOU GPS-TIPUEMHUKH
3TOT KaHAJI, HO B CWJIy TOI'O, YTO OHU HE
HUMCIOT 1OCTyNa K PRN-KOZY, BO3HUKAET
OMKOKA B NO3ULIMOHUPOBAHUH. TOJIBKO
JIOPOTUE NIPUEMHUKH ITO3BOJIAIOT I'PAXK-
JAHCKHM I[OJb30BATEIAM Pa0OTATh
B JUarazoHe L-2. ITo3ToMy 60JIbITHHCT-
BO U3 HUX IIPUHUMAET CUTHAI L-1, 1O3-
BOJIAIOIINI TOYHO ONPEJEIATD KOOPAH-
HATBI OT 5 10 10 M.

MHOTOKAHAAbHBIV CUTHAA OBECTIEYUT HAAEXHOCTb PABOTbI

AAS ONpeAeneHUst KOOPANHAT MOAb3OBATEAS U3MEPSIETCS PACCTOSIHNE MEXAY
GPS-NPUEMHUKOM 1 CMYTHUKOMU. [TPOrpaMMA BEIYUCASIET BPEMST MOOXOXKAEHNS
CUrHOAQ CO CMYTHUKA, YMHOXAET €€ HO CKOPOCTb PACMPOCTPAHEHMS BOAHbI U
MOAYHAET PACCTOSIHNE AO CMYTHUKA.
3ABTPA:
B TeueHne BAMKANLLMX HECKOAbKIX
AET CMYTHUKN CUCTEMbI GPS HOYHYT
nepeACQBaTb HOBbIE CUTHOABI.
loaXkpaQHCKME GPS-NPUEMHUK CMOTYT
YBEANYNTL TOYHOCTb MO3NLMOHMPOBAHNSI,
PABGOTAsI C ABYMSI KOHOAQMMU, U TEM
CQOMbIM CBECTU K MUHUMYMY BAUSIHNE
MOHOCdEPBI HA MPOXOXKAEHNE CUTHOAC
CO CMYTHUKA HA 3

CETOAHS:

CeropHs rpaKACHCKME
GPS-np1eMHM1Kn
PABOTAOT C OAHUM
CMYTHUKOBBIM KOHOAOM.

MoHocohepa

30AEPXKKA CUTHOAQ

CErOAH4:

CWABHBI UIMMYABC

HO3EeMHbIX MepeAaTynK
PAANOCTAHLINA MO paAvoCcHrHaAa

NPWBECTU K NoTEPE
GPS-curHoAa ot
CMyTHUKA.

CIOXKHOCTHU IIPU IIPUEME CUTHAJIA BbI-
3BAHBI IJIABHBIM OOpPa30M TEM, YTO pa-
JIMOBOJIHBI HA CBOEM ITyTH IIPEOJOJIEBAIOT
HoHoC(hepy 3eMIH, KOTOPasi IPEICTABIIA-
€T COOO0M TUTa3MEHHOE O6JIAKO, OOPA30-
BaHHOE COJIHEYHBIM BETPOM. Ee rpanuiip
npoctuparorcs ot 70 10 1300 kM HaJ 110-
BEPXHOCTBIO 3EMJIH, Y1 IIPU IIPOXOKICHUN
yepe3 HOHOCHEPY PAAUOCUTHAIBI OCTIA6-
JHAIOTCA U MUCKKAIOTCA. B HOUHOE BpeMs,
KOIZla HOHOC(EPA HAXOIUTCA B COCTOSI-
HMH ITOKOS, 3a[J€PrKKA MIEPEadn CUTHAIA
cocTasiieT 1 M, a IHEM, KOTIJd AKTUBHOCTD
TUTA3MBI BBICOKA, — 6071ee 10 M.

st TOro 4To6BHl MUHUMH3UPOBATH
BJIMSIHUE HOHOCKEPSHI, HCIOJb3YIOT
nuddepeHIUPOBAHHbI D-GPS. B Takoi
CXEME HCHOIb3YIOTCA [BA NPHUEMHUKA:
OJIUH MOOWJIBbHBIN, 4 BTOPOH HAXO/UT-
€A B TOYKE C U3BECTHBIMU KOOPAMHATA-
MU. /lTaHHBIE, TOCTYNAIOMKE C 3TUX GPS,
CPABHHBAIOTCA M O6PadATBIBAIOTCS,
IIOCJIE YETO NPOUCXOANUT KOPPEKTHPOB-
K4 ITIOKA3aHUH MOOWIBHOI'O IIPUEMHHKA.
YeM 6/IKE OHU HAXOAATCS, TEM TOYHEE
OIPEAEIIAIOTCS KOOPIUHATDL

CuAbHbIE U HAnpAaBA€HHble
CUINHAADI

Hauunnas ¢ 2005 r. cnyTHUKU OyAyT repe-
AaBATHb OJOITOJTHHUTEIbHBIC CUIHAJIbI, KO-
TOPBIE TOMOTYT UCKJIIOYUTh IIOMEXU OT
noHocdepsl. 1o Ba curnana 106asaTcs
K BOCHHBIM L-] ¥ L-2 1 OfWH — K TPaX-
JIAHCKOMY L-1, 4 CyImECTBYIOIME HbIHE
CUTHAJIBI HE NIPETEPHIAT KAKHUX-JIMOO M3~
MEHCHMMU.

Cienyromui  3Tann  COBEPIICHCTBO-
BAHUA CHUCTEMBI Ha4yHeTca B 2008 T
CryTHHKM OyIyT HEPEAABATD €IIe ONHUH
IPAKIAHCKAIN CUTHAI L-5, KOTOPBIA OY-
JIET B 5 pa3 60j1€€ MOIIHBIM, YEM CEHYAC.

CIBOCHHBIM CUTHAJI ITO3BOJUT MUHH-
MU3HPOBATh BIUSHUE HOHOC(hEPHI.
GPS-TIPUEMHUKH OyZIyIIETO CMOTYT CPaB-
HHUBATH NCKAKCHUA JIBYX CUT'HAJIOB, BHOCA
HEOOXOAUMBIEC KOPPEKTHUBBI B PACUETHL

OrnepaTopsl, UCNob3yomue D-GPS-ipu-
€MHUKH, TAKKE OKAXKYTCA B BBIMIDBI-
me. HamoMHUM, 94TO TOYHOCTb PAO6OTHI
D-GPS-CNCTEMBI CHHIKACTCA IO Mepe
TOTO, KaK YBEJIUYMBACTCA PACCTOSAHUE
MEXAy (PUKCUPOBAHHBIM IPUEMHUKOM
1 MOOUIBHBIM GPS. DTO CBA3aHO C TEM,
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4TO HA NPHUEMHHUKHM IIONAAAI0T CUTHA-
JIbl OT CITyTHHUKOB, IIPOIIEJIINE YEPE3
pasnble cou nonocdepel. Ilpu padore
C JIByMsI CUTHAJIAMH MOOWIBHBIA GPS
CIOCOGEH OLCHUTDH BIMAHUE HOHOC-
deprl, a gaHHBIE OT (PUKCUPOBAHHOIO
IIPHUEMHHUKA IIOMOTYT CBECTH K MUHUMY-
My OCTJIbHBIE IOI'PEIMIHOCTH, KOTOPBIE
MOI'YT COCTaBIATEL OT 30 70 50 cMm.

YTOOBI HOMYYUTb TOYHOCTH MO3ULIUO-
HUPOBAHUA B IIPEJEIAX CAHTUMETPOB WIA
JIKE MIJUIMMETPOB, IIOJIb30BATEIN MOT'YT
BOCIOJIb30BATbCA D-GPS-IPUEMHHUKAMU.
X COBPEMEHHBIE MOJC/IH, UMES CBA3b CO
CTALIMOHAPHOM CTAHLIMCH 1O PAIMOKAHAIY,
MEPEAAIOT CBEACHMA O CBOEM MECTOHAXOXK-
JIEHUU U NTOJIy9aIOT OTKOPPEKTHPOBAHHBIC
JIaHHBIE. [I/IHA BOJIHBL, HAa KOTOPOIL BEIET-
cAnepeada CUrHaIA CO CITyTHHKA, COCTAB-
et 19 em. [IpueMHUK MOMKET U3MEPHUTD
BpeMA IOJTyYEHHA CUTHAIA C TOYHOCTBIO IO
19%. B aGCOMOTHOM BBIPKCHUM 3T BEJIH-
YMHA COCTABUT HECKOIBKO MIJUIMMETPOB.
[l mpoBesieHus 60J1ee TOYHBIX U3Mepe-
HUH IIPUEMHUK JOJDKEH UIECHTH(MHUIIUPO-
BATb BOJIHY CUT'HAJIA CO CITyTHHKA.

CoBpeMeHHBIE GPS  CONOCTABIAIOT
CUI'HAJIBI OT CITyTHUKOB 110 KaHajnaM L-1
u L-2. B cucreme GPS JjIMHBI BOJIH OTIH-
YaIOTCA HA 85 CM, YTO MMO3BOJIACT IIPOBO-
JIUTb U3MEPEHUA C TOYHOCTBIO IO 8 MM.
HageXHOCTb TAKOIM CUCTEMBbI U3MEPEHMA
B COTHU Pa3 OOJIbILE, YEM Y CUCTEM, Pa-
ooraomux ¢ PRN-kogamu. Mx npenen —
50 cm. D-GPS npyueMHUKY, paboTaionime
C OJHUM KaHAJIOM L-1, 06€CTIeYnBaAIOT
TOYHOCTb U3MEPEHUA 10 19 cM.

Joporne mojaenu GPS UMEIOT BO3MOXK-
HOCTB HOBBICUTD TOYHOCTb U3MEPEHMSA I10C-
PEACTBOM CONOCTABICHNUA YACTOT CUTHAJIOB,
ITOCTYIAIOIMNX 10 KaHamam L-1 u L-2.

C HA4YaJIOM NEPENAYU JTONOTHUTEIb-
HBIX CUI'HAJIOB CO CITyTHUKOB CYIIIECTBEH-
HO BO3PACTET TOYHOCTb M HAJEKHOCTb
padoTsl GPS-IPUEMHUKOB. 'pakiaHCcKre
I1OJI30BATE/IN OJIY4aT OCTYII K OTKPbI-
TOU YaCTU KaHaIa L-2 1 HOBOMY KaHAJTy
L-5. B 6yaymem GPS cMOTYyT IPOU3BO-
JIUTb CPABHEHUE TPEX Hap KaHAIOB (L-1
cL-2,L-2 cL-5,L-2 cL-5L).

Kaxkue enie BO3MOKHOCTH OTKPOIOTCH I1e-
pen nonb3oBaresamMu GPS? depepanbHOE

MaAAQSI MOLLIHOCTb CYTHUKOBOTO CUHOAC AEACQET €0 Y$I3B/MbIM MPY PABOTE B 30-
He HO3EMHbIX MEPEACIOLLINX CTAHLIIA, MTOSTOMY PeASPAABHAS KOMUCCUSI MO CBSI3U
CLUA npuHIAQ psia MEP, HAMPOBAEHHbIX HO 3ALLMTY YHOCTOTHOrO AMANA30HA, HA KO-
TOPOM NEPEAQIOTCS CUTHAABI CO CMYTHUKOB. O AHOKO MOAL3OBATEAM MO-MPEXHEMY
AONXKHbI BbITb MPEAEABHO BHYMOTEABHBIMU MPW MCMOAB3OBAHUN GPS-NPUEMHNKOB
NPV HABUFALMK, T.K. B VX PACTIOPSPKEHNN, B OTAUYNE OT AETYMKOB, HE UMEETCS AYO-
AVIPYIOLLIX CUCTEM HOBUALIMIOHHOTO OO0RYAOBOHMSI, TOKMX KA Loran-C. BoeHHble
YKE MPUMEHSIIOT «YMHbIE» HAMPABAEHHbIE AHTEHHbI, HOCTPAVBAOLLMECS HO CUTHOA
CO CMNyTHMKA. BHEAQAEKOM BYAYLLLEM BCE MOAB30OBATEAM CUCTEMBI GPS CMOTyT Mpwn-
HUMQTb CUTHAA CO CMYTHUKA, HOXOASICh B 30HE AEMCTBIMS POAMOMNEPEATTYMKA.

VIPABICHHUE TPAKIAHCKON aBHUALUHN
CHIA pa3pabarTplBA€T HOBBIC IIPABUJIA
MOJIETOB C HCHOJIb30BAHUEM CUCTEMBI
GPS. MHOIM€ CaMOJIETBI YK€ OCHAIICHBI
MOJOOHBIMH IPUEMHHKAMH, HO BO3MOXK-
HOCTH UX UCIIOJIb30BAHMSA OI'DAHNYEHHBDL
HoBoe 060pynoBaHUE TTO3BOJIAT IIPOU3-
BOJUTD IIOCA/IKY IIPU HYJIEBOI BUIHUMOOC-
TH. OJHAKO JIJI1 3TOr0 NOTPEOYETCs, 4TO-
OB, BO-TIEPBBIX, B IIOOOM CUTYaI U ITHJIOT
YUYUTBIBAJL, YTO MOKA3AHUS IIPHUOOPOB HE
BCETZA COOTBETCTBYIOT PEAJIBHOMY MEC-
TOHAXOXKICHUIO CAMOJIETA, U B SKCTPEH-
HBIX CJIy9asaX BHOCWJI ITONIPABKU B PEKUM
nosera. (IIpu mocajgke OTKIOHEHHE OT
33/IaHHOU TPAEKTOPUU HE JOJDKHO IIpe-
BbIIATE 10 M.) BO-BTOPBIX, aBUALIMOHHBIC
CHUCTEMBI IOJDKHBI UMETb OUY€Hb BBICOKYIO
CTEIIEHb HAJJEKHOCTH.

IIpeacrasurenn PeaepasbHOrO  YII-
paBlIeHUA I'PAKIAHCKONM apuannn CIIA
NPETIOKIIN IBE CUCTEMbI, OCHOBAHHBIE
Ha 6a3¢e D-GPS-TeXHON0ruu. B Ha3eMHyIO
44CTb KOMIUIEKCA BXOJAT NPHUEMHO-IIE-
pelaoe aHTCHHBI, CBA3aHHbBIC C LICH-
TpoM ynpasyieHud. B 2003 1. nogBuiach
CETb HA3EMHBIX CTaHIMN WAAS, KoTopas
MO3BOJIIET B PEKUME PEAUILHOI'O BDEMEHU
KOPPEKTUPOBATb KOOPAUHATBI BCEX ITOJIb-
3oBarenert GPS. (Haj nogo6HbIMU CHUC-
TEMAMU PabOTAIOT UHXKEHEPBI EBPOIIHL,
Kurasa, fnonnn, HMuaun, ABCTpanIuu
U Bpaswiun.) B ciryuae ommbku WAAS

OB ABTOPE:

B TEUYCHUE 7 CEKYH]| BHOCHT KOPPEK-
nuio B D-GPS-nonb3osatens. biarogaps
ITOMY IIPH 3aXO/E€ HA MOCAJIKY MTHJIOT
MOXKET BECTH CAMOJIET IO BBICOTHI 100 M.
B 30He asponopra KUNAK NEPEXOAUT
Ha PEKUM NWIOTHPOBAHUS C WUCIOJIb-
30BAHUEM HA3EMHOI'O HABHUTI'AIITMOHHOI'O
ob6opynoBaHust. CO BDEMEHEM HABUTAIU-
OHHBIE KOMIUIEKCHI LAAS, paboTaromue
B KOPOTKOBOJIHOBOM /IMAITA30HE, CMOI'YT
06eCIIeUYnTh NPU3EMIICHUE IIPU HYJICBOU
BHUIMMOCTHU C MCHOJB30BAHUEM KaHAJIA
L-5. Boenno-mopckue cupl CIIOA pas-
padaThIBAIOT JIII ABUAHOCIIEB CHCTEMY
TOYHOI'O HABEJICHUS M MOCAJIKH CAMO-
nera JPALS, B OCHOBE KOTOPOW JICKUT
OpUHIMI D-GPS-cucTeMbl, padoTaonei
¢ KaHanmamu L-1 n L-2. T1pu 3axoze Ha TT0-
CaJIKy M TIPU3EMJIEHHU JIETYMK MOPCKOM
ABUAIIMHU JIOJDKEH KOHTPOJIMPOBATH PaC-
CTOSHHE JIO HAJTyObl aBUAHOCLA C TOYHO-
CTBIO 10 1 M, YTOOBI CIIEITUATIBHBIN KPIOK
Ha KOPIIyCE CaMOJIETa CMOT 3allCIHTh
TOPMO3HOU KaHAT. ICIIBITAHUA CUCTEMBI
JPALS naunyrcs B 2000 1.

VueHble U UHXXEHEPHI YXKE TPYAATCS
HaJ|, CO3aHueM GPS-CUCTEMBI TPETHETO
TOKOJIEHUSI. 3AITyCK HOBBIX CITyTHHKOB
npousonaer He panee 2012 1. 3a cuer uc-
TOJIB30BAHUS CITYTHUKOBOH CBSI3H U yCTa-
HOBKM Ha HUX 0O0JIE€ MOIIHBIX BBIYHC-
JINTEJIBHBIX KOMIIJIEKCOB CYIIECTBEHHO
pacIIpsATCs BO3MOKHOCTH CHUCTEMBL M

MNep 3SHre (Per Enge) — npodeccop aspoHABTUKM M KOCMOHABTUKM B CTOHOGOPACKOM
yHu1Bepcurete. OHTaKoke paboTaeT B ICCAEe AOBATEABCKON AQBOPATOPUN GPS, rae 3aHK-
MQOETCS BOMPOCAMM YCTONYNBOCTU CMYTHUKOBOTO CUMHOAQ K BHELLHUM BO3AEMNCTBUSIM.

B Mupe nayku
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Ad>kum PobuHc

BO3BpALLEHME BOAKOB B VIEAAOYCTOHCKMIN MOPK BbI3BOAO LIEAbIN
KACKAA HEOXMAQHHbLIX MUBMEHEHNI B €r0 3KOCUCTEME.,
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BeTpeHbIM aBI'YCTOBCKUM [JHEM IIPO-
deccop 6oTaHuKH OPETOHCKOIO YHU-
Bepcurera Yunbam Purmn (William .
Ripple) 3aBOPOXKEHHO pPaCCMATPUBACT
YETBIPEXMETPOBBIN TOIOb, PACTYIIUHI
B gomuHe Jlamap MemmoycToHCKOro
HALIMOHAJIBHOIO IapKa. «Buaure atn
[IOYE€YHbBIE PyOLbI? — CHPAIIMBAET yde-
HBIN, IPpUrudag K 3eMJI€ TOHKHUU CTBOJ
1 IIOKAa3bIBAsd MHC OTMCTHHBI, CBHC-
TEIBCTBYIOIUE O OBICTPOM POCTE JIEpe-

— JIocu HE OOI'PBI3AIN €I'0 HUA B 3TOM
roay, HU B IIPONIJIOM — OHH HC TPOT'AJIN
nepeso ¢ 1998 romal»

A ecnu 6b1 B MIe/UTOYCTOHCKOM TTapKe
HC ITOABHWJIMCH BOJIKH, TOIIOJIA O6BbI HC-
Ye3/u MOJTHOCTBIO. BoT HarsifHOEC CBU-
JIETEIbCTBO  XPYIIKOCTH 3KOCHUCTEMBI

B Mupe Hayku

U yOeIUTENbHOE TOKA3ATENBCTBO JABHO
W3BECTHOW HWCTUHBI, UTO JIIOOOC BME-
LIATEJIbCTBO B JKM3Hb IIPUPOJBI MOXKET
O6EPHYTbCA CAMBIMM HEOXHJAHHBIMHA
CIOPIIPHU3AMU.

B pasrap 3umbl 1995 TI. COTPYJHUKHA
Cy>KObl HALTUOHANbHBIX MapKOB CIIA
U Ci1y>k6b1 ppI6OJIOBHOTIO U OXOTHHYb-
€ro X034UCTBA NpuBe3nn n3 Kanazabl
B Vemnoycron 31 Bonka (Canis lupus).
DTO OBUIM INEPBBIE BOJKH, MNOABUB-
ImMecd C TeX HOP, KaK B Hayasie XX B.
BCEX CEPBIX XMIIHUKOB 3/1€Chb UCTPE-
OWIN OXOTHUKH. DKOJIOTU HAJLCATUCD,
YTO PEMHTPOAYKLIUA BOJIKOB IIOMO-
JKET BOCCTAHOBHUTH B MeumoycTone
OpUIOE OHMOJIOTMYECKOE pPa3HOOOpa-
3ue. Hanpumep, ObLIO BBICKA3aHO )
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PAHHA9 BECHA B AOAVHE peku
AOMAp: B TO BPEMST KOK HECKOABKO
BOAKOB MPECAEAYIOT AOCSI, MEABEAD
MPVI3AWN C HETEPMEHNEM OXKMACET
30BEPLLEHNS MOrOHW. [TOCAE TOro KaK
Ccepble XULLHMKM YObIOT CBOKO AOGbIYY,
MEABEAb MOXET OTOMHATbH X OT TYLLIM.
OAHAKO YALLE MPU3AK AOEACIOT

OCTATKM BOAYBEN TPAMESbI.



JKONorus

MOAOAOM BOAK MPUHIOXMBAETCS K 30NAXAM. B cepearHe AeTa MOAPOCLUNE BOAYATA MOKUAQKOT AOTOBO U MOA MPUCMOTPOM
POAUTEAEN HOYMHAIOT OBLLATLCS C APYIVIMU YAEHOMM CTAN.

NPEANOJOKEHUE, YTO XUIMHUKUA <«OT-
OpaAKyIOT>
HOIIYJIALIMU HEJUIOYCTOHCKHUX JIOCCH.

4aCcTb MHOTOYUCIECHHON

C ucTpebseHUEM BOJIKOB UX YUCJIEH-
HOCTb B IIAPKE OBICTPO YBEIUUYMIIACS.
[IpUBE3EHHBIE XUIIHUKH HOJIHOCTBIO
OIIPAB/AIN HA/IEK/bI YYCHBIX. CEro/IHs

[IapK <«IaTPyAupyioT> 16 BOIYBUX
CTaM, Kak/aasd cocTouT u3 10 KUBOT-
HBIX U €KEJHEBHO YOUBACT 110 OJHOMY
JIOCIO. B pesyiibrare norojosbe J0CEH,
pocruruiee K Hagany 1990-x rr. 20 000
OCO6€H, CErofHs COCTABIAECT MEHEE

10 000 KMBOTHBIX.

OB3OP: PEMHTPOAYKLNY BOAKA
o B 1995T1. no peLueHmnto CAY»KObl HOLUMOHAABHBIX NapKoB CLUA 1 CAy>KObl pbIGHOTO
1 OXOTHUYLErO XO3SICTBA B IEAAOYCTOHCKIMIN HALIMOHAALHBIA NAPK GbIAO PEUHTPO-

AYLNPOOBAHO TPW ASCITKA BOAKOB.

» 30 UcTeKLEee BPEMS XULLHUKU HAMOAOBUHY COKPATUAM MOMYASILMIO NEAAOYCTOH-
CKMX AOCEW, YTO MPUBEAO K BO3OBHOBAEHMIO POCTA MHOTX PACTEHUN.

o C NOSIBAEHUEM MOAOABIX ASPEBLEB B MAPK BEPHYAUCH 6O6PbI. BO3BOAVMBIE MU
MAOTVHbI BbI3bIBAIOT PA3AUBBI PEK, YTO TAKXKE YCKOPJIEeT BOCCTAHOBAESHME PACTU-

TEAbHOCTU.

» BO3BpaALLEHME BOAKOB OTPAZMAOCH M HA YKU3HU APYTX OBUTATEAEN MAPKA —KOWO-
TOB, MTPU3AN, PBIKUX AUCULL, BOPOHOB N ACXKE MEAKNX MTALL,

JKoAorus cTpaxa

Purut xo4er, 4To6bI B IAPKE ObUIO OOJIb-
1II€ IEPEBBEB. «f JIIOOIIIO TOIOJISI», — MEU-
TATEJIbHO 3aMeYaeT IPodeccop, CUasd 3a
YAIIKON KO(E B YIOTHOM PECTOPAHUYUKE
HEJIAIEKO OT Me/uoyCTOHCKOTO mapKa,
IJlc OH IIPOBOJAUT IIOJIEBBIE UCCIIEIOBA-
Hud. Korpa B 1997 1. 1O y4€eHOro omern
CIIyX, UTO JIepeBbeB B MeroycTone cra-
HOBHUTCS BCE MEHBIIIE U HUKTO HE 3HACT,
IIOYEMY 3TO IIPOUCXOAUT, PUrur ornpa-
BWICA B HAPK C TBEPABIM HAMEPEHHEM
pasragarb 3araKy.

IIpodeccop U3ydun 06pasLbl ApeEBe-
cuHbl 98 Tomosel U OOHAPYXKUII, YTO
TOJIBKO /IBd U3 HUX NPOPOCIU B KOHILIE
1920-X IT. — MIMEHHO B 9TO BPEM# B ITAPKE
1 6bUTd YHUYTOMXKEHA IOCJICIHAA TIOITYIIA-
11151 BOJIKOB. JIIOGOIIBITHO, YTO 004 JiepeBa
POC/IU B TAKOM MECTE, KyZld U3 CTpaxa Iie-
pes CepbIMU XHUITHUKAMH HE PEHIAIUCh

10 B Mupe Hayku
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NATIONAL PARK SERVICE (photograph); LUCY READING AND NINA FINKEL (map)

Jronorug

HaBE/IbIBATHCA JJOCH. KpoMme Toro, Purury
6pPOCHIIOCH B TJIa34, 4TO B MemmoycTone
PacTyT Wi OYEHDb KPYIIHbBIE, LI COBCEM
KPOILICYHBIE TOIOJIA — IEPEBbS CPEAHETO
pasMepa OTCYTCTBOBAJIN ITIOJIHOCTBIO, T.K.
B riepuog mexay 1930-mu u 1990-mu 1T
JIOCH HE JABAJIM BO3MOXXHOCTHU IIPOPAC-
TH HOBBIM 1TOGeram. Tak yueHbIit O6HApY-
JKWI IIEPBOE HAIJIAAHOE CBUAETEIbCTBO
«9KOJIOTMYECKOTO 3(PPEKTA BOJIKOB>.

COTIaCHO 3TOM TEOPHH, CEPBIE XUIIL-
HUKH HOAJCP/KUBAIOT TAKYIO UMCJIECH-
HOCTD JIOCEH B IIAPKE, IIPHU KOTOPOU Te
IIOIIPOCTY HE B COCTOSHHUU YHUYTOXKATD
HOBYIO IOPOC/Ib TOIIOJIEH U uB. Korma
BOJIKOB B MeE/UIOYCTOHE UCTpe6UIH,
YUCIJIO COXATBIX OBICTPO BO3POCIO M OHU
MNPHUHAIUCH GYKBAIBHO OIIYCTOMIATD JJO-
JIMHY peKu JIaMap, MaJIo-IIOMay BbITEC-
HAS U3 HEE MHOT'ME BUJIbI JKUBOTHBIX. TaK,
HaIIpUMEpP, ¢ UICYE3HOBEHHUEM MOJO/bIX
JIEPEBLEB JIMIIIUCh CBOEI'O IJIABHOTO
KOpMa O0OPBI, TOCAEAHNUN PA3 UX BUJE-
s B posmne Jlamap B 1950-x 1. A Korzaa
I'PBI3YHBI IIEPECTAIN CTPOUTD IVIOTUHBI
U CO3/IaHHBbIE UMM UCKYCCTBEHHBIC BO-
JIOEMBI BBICOXJIH, B JOJIMHE CTAJIO MEHb-
1€ PACTCHUN-CYKKYJICHTOB — OCHOBHOM
AT MEBEICIH IPUBIH.

Bonkw, npuseseHHbie B Memmoycron-
CKHI apK B 1995 1., Haya/u 6bICTPO pas-
MHOXKATbCA. YUEHBIE BCKOPE OTMETUIN
HE TOJIBKO YMEHBIIEHHUE YUCICHHOCTU
JIOCEH, HO M KOC-KAKME U3MCHEHMS B UX
oseeHUH. OrPOMHBIE MOUTHBIE KOIIBIT-
HbI€ HAYA/IM IIPOBOJUTD MEHBIIIE BpEME-
HH B PEKAX, 4 HA CYLIE CTAJIU NIPUACPIKU-
BATbCA TAKUX MECT, OTKYZA JIETKO ObUIO
3aMETUTD NPUOIMDPKECHUE CEPBIX XHUIHHU-
KOB. Eciiy runoresa «Boaabero apgexrar
BepH4, B Me/UTOYCTOHCKOM TIapKe BIep-
BBIE 34 CEMb JICCATHUIECTHH JOJDKHBI 323€-
JIEHETb MOJIOJIbIE IEPEBbA.

M OHHM AEUCTBUTEIBHO HA4YaJIM BO3-
BPAlATbCA B IAPK. BOJbIIE BCEro UX
BBIPOCJIO TaM, TJE JIOCH BO BPEMs KOP-
MEKKH HE HMMEJIU MOJHOTro 360-rpa-
JIyCHOT'O 0030pa MECTHOCTH. Monozabie
TPEXMETPOBBIC UBBI, K IPUMEPY, IIOIH-
JIMCh 'y MOJHOXKHA HEBBICOKOI'O XOJIMA,
KOTOPBIXA JIOJIKCH 3aTOPAKUBATH COXA-
TBIM 4aCTb MECTHOCTH. [1pu B3rIAje Ha
3TU JEPEBbs CPA3y CTAHOBUTCA SICHO,
YTO 3YOBI JIOCEH HE KACATHUCh UX BETOK )

BOAYMI UMMNOPT

B e AAOYCTOHCKUI HOLIMOHAALHBIA NAPK BbIAY PEUHTPOAYLIMPOBAHbBI BOAKM, OTAOBAEHHbIE
BNOAOTAMM B ABYX OBAQCTSIX KOHOABI. 3a4EM KX HY>KHO ObIAO MPUBO3UTb N3 APYTOW CTPAHDI,
KOTAQ HEMOAQGAEKY, B LUTATE MOHTAHA, BOASITCSI CBOW CePbIe XULLHUKA? YYEeHbIe PELLNAN, YTO
8 leAAOYCTOHE AYHLLIE BCErO MPWKMBYTCS 3BEP, CMIOCOBHBIE OXOTUTHCS HO MECTHBIX KDYMHO-
KOMBITHBIX: FACBHYIO AOBbIHY KAHOACKKX BOAKOB COCTABASIKOT AOCU, O BOAKW 13 LUTATA MOHTAHAO
OXOTSITCS1 B OCHOBHOM HO OAEHEN.

epBble ABA MECSILIA XULLHMKOB ASPXKAAM B CMIELIMAABHO OB0PYAOBAHHBIX AKKAUMATU3OLIA-
OHHBbIX 30rOHOX NAOLLOABIO 0,4 ra. YTO6bl OHM HE MPUBLIKAK K AKOASIM (XOTS1 BBPOCABLIE OCOOU,
B OTAMYME, HOMPUMEP, OT FPU3AN K STOMY HE CKAOHHbI), X KOHTAKTbI C PABOTHUKAMM NAPKA
ObIAV CBEAESHbI K MUHUMYMY. YHEHbIe HOAESIAUCH, YTO 30 BPEMS MPEBObIBAHMS B 3AroHAX BOAKA
CHOPMUPYIOT COLMAABHBIE FPYMMNUPOBKM, KOTOPbIE HO BOAE MPEBPATSTCS B MAOAOBUTHIE CTAM.

HoaeXabl TOAHOCTBIO ONPOBACAMCH. K KOHLLY 2003 . B NApKe yxe 0BUTAAO 16 CTOM BOAKOB,
OBLLOS YACAEHHOCTb KOTOPBIX COCTABASIAC 170 XMBOTHbIX. MeHee Yem yepes 10 AeTnocAe pe-
VIHTOOAY KL BOAKOB B I@AAOYCTOHCKII NOPK MPOBUTEABCTBO COBUPAETCS BbIHEPKHYTH STUX
XULLHMKOB 113 CIINCKA OXPAHSIEMBIX KMBOTHBIX. STOrO COBbITVSI C HETEPMEHNEM XKAYT OKPECTHBIE
depmepsl, 4ern CKOT MOXKET OKA3ATLCS ASTKOW AOBbIHEN BOAKOB.

bputaHCKas
Konymous

ANAQXO

BaroMuHE
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JKONorus

AOCHIXQ C AETEHbILLIEM MOCTOSIHHO HAYEKY: HET AV MOBAM3OCTN BOAKOB? C TeX Mop KAK B IEAAOYCTOHE MOSIBUAUCH CEPbIE XULLHMKM,
KODKAYHO BECHY UX )KEPTBAMM CTAHOBSITCSI MHOTOUYMCAEHHBIE AOCSITA. OBLLAS YACAEHHOCTb COXAThIX B MAPKE COKPATUAOCH

HAMOAOBUHY (CAEBQ).
KOMoT 1 COpOKM AOEAQIOT OCTATKM YOUTOTO BOAKOMM AOCEHKA (CrpPaBA).

YK€ HECKOJIBKO JIET. «371€Ch KUBOTHBIE
HE YyBCTBYIOT C€6s1 B O€30I1ACHOCTH, —
rosopurt Purut. — OTCIO/1a UM HE BUJHO,
4TO HPOUCXOJUT 32 BO3BBIINIEHHOCTHIO,
a4 TIOTOMY HaJIOJITO OCTaBATBHCA B 9TOM
MeCTe OHH 60ATCsA». 34TO B KAKUX-HU-
Oyab 50 M OT XOJIMA, I'/I€ IPOCTUPAETCA
PaBHHHA U IEPE/] [VTA3AMH OTKPBIBACTCS
O6IIMPHAs TAHOPAMA, UBBI €/1BA JJOCTHU-
raloT BBICOTBHI 1 M M 32 TPH T'O/la SBHO
HC OJIMH PAa3 OIMUIIBIBAJIMNCH COXATBIMU.
«BOT 3TO 1 1 HA3BIBAIO SKOJIOTUEH CTPA-
Xa», — FOBOPHUT IIPpOpeccop.

BoAKM n3meHsiioT leAnoycToH

BoccTaHOB/IEHUE PACTUTEIBHOCTH
B JJOJIMHE PEKM JlamMap COnpOBOXK/Ia-
€TCA U IPYIUMH 3KOJIOTMYECKUMU U3-
MCHCHUWAMMU. LIYTI: BBIIIIC IIO TCYCHHIO
BBIpOCIAa 6006pOBAs IUIOTHHA — OAHA
U3 TICPBBIX, BO3BCACHHDBIX I'DBISYHAMM
Ha 3TOM peke 3a nocneguue 50 yer. Ha
peke Cinad-Kpuk (OJHOM U3 NPUTO-
KOB p. JJamap) 600pbl IOCTPOUIH YKE
IIECTb TAKUX COOPYKEHUI. 1o MHEHUIO
Pumnuia, >KMBOTHBIE BEPHYINUCH B IAPK,
IIOTOMY 4YTO TENEPb OHU MOIYT 3[€ECh
MNPOKOPMUTLCA. I'panyT U gpyrue nepe-
MeHbl. ITogpacraomue gepeBbsa yKpe-
AT 6epera U NPUOCTAHOBAT 3PO3HUIO
n04BbL. [10/] CEHBIO I'YCTOM 3€JICHU PEKA
craHeTr 60jee TEHUCTOW M IPOXJIajl-
HOU. B BOAy OyneT nomnazarb OOJbIIE
PACTUTENIBHBIX OCTATKOB, CKOIUICHHUSA

KOTOPBIX 3AMEJIAT TEUYECHHUE BOJOEMA
U CHENAIOT €ro 60Jjee MOAXOASAIINM
MECTOOOUTAHUEM I (POPEIN U IPY-
I'UX KPYIHBIX PBIO.

BiusaHue BOJIKOB, MOXOXE, HE Orpa-
HUYUBACTCA PACTUTCIBHBIMU KOMIIO-
HEHTAMU IUIIEBOU II€NU ﬂennoy—
CTOHCKOTO mapka. HMX mNoOgABIECHUE,
K IpHUMEpPY, CHUJIBHO OTPA3UJIOCh HA
MECTHBIX KOMOTAaX. 34 TPU Ioja 10 UH-
TPOAYKIITUU XUINTHUKOB U3YYCHUCM I10-
MYJIAIIANA KOMOTOB 3AaHUMAJICA BEAYIITNT
COTPYOHUK MeIOoyCTOHCKOTO 9KOJIO-
IMYECKOIO HAy4YHO-HUCCIEIOBATEb-
ckoro neHTpa Pooept KpabTpu (Robert
Crabtree). [Toce npuxo/a BOJKOB YUC-
JIEHHOCTb KOMOTOB B IIdPKE COKPATH-
1ach Ha 50%, a HA TEPPUTOPHU BOITYBUX
crart — Ha 90%. CaM1ibl KOMOTOB 34 3TO
BpCMA 3AMCTHO YMCHBIIWJIMCH B PA3MC-
pax. Kpa6Tpu O0OBSICHIET 3TO TEM, YTO
OHH OBLITH HACTPOCHBI ITO OTHOMICHUIO
K BOJIKAM 60JIe€ aTPECCUBHO, YIPOXKaA-
JIN UM, HO B KOHIIC KOHIIOB ITOTCPIICTIN
TIOPAXKCHUC. CHWKEHUE YHCIECHHOCTU
KOHMOTOB IIPUBEJIO K PE3KOMY YBEIHYC-
HUIO YHMCIICHHOCTH HUX XCPTB — IIOJIC-
BOK, MBIIIECH M IIPOYUX I'PHI3YHOB. DTO,
B CBOIO O4YCPC/ib, BBISBAJIO YBCIUYCHUC
KOJIMYCCTBA PBDKUX JIMCUIL U XUITHBIX
ITULL. A IIOCKOJBKY U T€ U JPYIUe M-
TAIOTCA MCJIKUMHU IICPHATBIMHA, UX YUC-
JIEHHOCTD B IId4PKE MOIJIA TAKXKE U3MeE-
HUTbCS.

BosBpameHue BOJIKOB OTPA3HIOCDH
1 HA KU3HU JPYIUX KPYIHBIX IUIOTO-
SJIHBIX obuTareneil mapka. Measenu
IPU3INA U OYMBl HANIaJaIOT HA B3POC-
JIBIX JIOCEN KpariHe penko. Bonku, Ha-
IIPOTUB, NPEAINOYUTAIOT ATAKOBATH
ux. HaeBmuch 10CBITA, OHU OOBIYHO
OTIPABJIAIOTCS CIATh, NPEAOCTABIAL
OCTATKU CBOEH JOOBIYM B IIOJIHOE PaC-
MOPSKEHUE BCEBO3MOXKHBIX JKMBOT-
HBIX-IAJaJIbIIUKOB — OT T'PHU3JIHU [0
copok. IMeHHO B Ve/mmoycTone 6b110
34PETUCTPUPOBAHO PEKOPAHOE UUCIIO
BOPOHOB (153 mruibl!), KOPMAMUXCS
Ha Tyme youToro Jjocs. «Kaxablid pas
OCTATKH BOJIYbEH TPAIE3bl AOCHAIOT
JIPYTUE JKUBOTHBIE. Mbl HAOIIOA/IH, KAK
UMU KOPMUIMCh 6EJI0T0OJIOBBIE OPJIAHBI,
KOHMOTBI, BODOHBI U COPOKH, — TOBOPUT
PYKOBOAMTEND NPOEKTA IO PEUHTPO-
JyKIMU BOAKOB [lyrinac Cmut (Douglas
W. Smith). — Xoren 6Bl s 3HATH, YEM
MUTAJIUCh 3TU 3BEPH, KOT/IA B IIAPKE HE
OBLIIO BOJIKOB».

Ho aeficTBUTENBHO I CEPBIC XU -
HUKHU CTAJIN «JIBHKYIIEH CHJIOM» BCEX
U3MCEHEHUN? BOJBIIMHCTBO YYC€HBIX
OTBEYAIOT H4 BOIPOC YTBEPAUTE/Ib-
HO. [To MHeHuO CMHTA, BOJKH JJIS
Wennoycrona — BCE PaBHO YTO BOJA
711 6OJOTUCTOrO IAapKa, T.€. IJIABHBIN
dakTOp, OTBETCTBEHHBIU 32 (POPMHU-
pOBaHHE IKOCHUCTEMBL. AHAJIOTUYHBIE
U3MEHEHUA OUOIOTH HAOIIOAAIN B Ka-
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JKonorug

YMeHbLLEHME B I@AAOYCTOHE YUCASHHOCTI AOCEI MOCTENEHHO MPUBOAWT K BOCCTAHOBAEHUIO PACTUTEABHOCTU. Ha CMEHy CTAapbIM
TOMOASIM BCKOPE MOAHUMYTCSI MOAOABIE AEPEBBS (CAEBQ).
MosiBAEHME MOAOABIX AEPEBLEB (OCOBEHHO MB) CMOCOBCTBOBAAO BO3BPALLEHMIO B NAPK 6O6P0B. BO3BOANMBIE UMM MAOTUHBI
BbI3bIBAIOT PA3AMBEI PDEK, HTO ELLLE CUABHEE CTUMYAMPYET PA3BUTUE PACTEHUM (CPABA).

HagckoM HanmonanbHoM napke band,
KOrja B Hero B 1980-X IT. BEpHYIMCH
BOJIKU: YEPE3 HECKOJIBKO JIET MOCIE UX
TIOABJICHUA 31CCh CHOBA BBIPOCIIN UBBI
" B/IBOC YBCIIMYUJIOCH BUTOBOC PA3HO-
06pa3ne U YMCIEHHOCTDb IEBYUX IITHII.
CCI‘OIIHH YU4CHBIC CICITUAJIBHO TIIPU-
€3XaI0T B Ve/UIOyCTOH IS U3YdEeHUs
TICPBBIX CBUACTCIABCTB MOIIHOT'O BJINUA-
HUA CCPBIX XHUIMHUKOB HA 9KOCUCTCMY
PEYHBIX 6€PETOB.

HZI.Y‘IH’J.H JAUCKYCCUA O BJIUAHHUUN BOJI-
KOB Ha 3KOCHUCTEMY MemnoycTOHCKOTO
HapKa C HOBOM CHMJIONM BCKOJIBIXHYJIA
BOIIPOC O HAUOOJIEE AAEKBATHBIX CIIOCO-
06ax peryIsaIuu YUCIEHHOCTH MECTHBIX
siocedd. beito Bpems, korga Ciyxoa Ha-
MUOHAJIbHBIX ITAPKOB CYUTAJIA, YTO JIO-
ceit B MeJuoycToHe pasBenoch CITUITKOM
MHOTO: B 1960-X I'T. Ty/1a HEOJJHOKPATHO
HAPABIAINCH I'PYIIIBI JICCHUYUX 1A
OTJIOBA U OTCTPE/IA JKUBOTHBIX. K KOHITY
JECATUICTHA OOIIEE KOJUYECTBO JIO-
cer COKpaTuanoch 1o 4000 ocobert. ITog,
JIABJICHUEM OOIIECTBEHHOCTU UX YHHU-
TOXXEHUE NPEKPATHUIIOCH, U B 1970-X IT.
Cny»k6a HAIIMOHAJIBHBIX ITAPKOB HA4as1a
IIPOBOJUTD B JKU3Hb IIOJIUTUKY «€CTECT-
BEHHOM perymanumn» YuCJICHHOCTH K-
BOTHBIX B I'OCYJAPCTBCHHBIX 3ATTOBC/IHN -
KaX, PEIIUB IPEBPATUTD UX B «OCTPOBKU
JICBCTBEHHOM AMEPUKM». C TEX ITOP YUC-
JIEHHOCTH JTOcett B MlenmnoycTone nadana
pacru.

CeroHs, 110 IIPOLECTBUN HECKOIBKUX
NECATUIICTUI, BJIACTU IITaTa MOHTaHA
U JIpyTU€ NPOTUBHUKUA ITOTO MOAXOAA
06BUHAIOT Ci1y>KOy HALIMOHAJILHBIX aP-
KOB B TOM, YTO OI'POMHBIE CTa/la JIOCEH
NPUYMHAIOT HENOIPABUMBIN Bpel 00-
IIUPHBIM MACCUBAM IIPUPOJHBIX I1ACT-
ou. ITo uX MHEHUIO, 6€3yMHON OblIa
CaMa MBIC/Ib, YTO IIPUPOJA MOXKET Pa3-
BUBATbCA €CTECTBCHHBIM ITyTEM B HEEC-
TECTBCHHOU CHUTYAIIUM.

Jpyrue uccienoBaTenn yrBepxKaaiorT,
YTO BCE 3aBEPEHMSA PYKOBOJACTBA CIIy>KObI
MAPKOB B TOM, YTO YHCJIEHHOCTb UEIO-
YCTOHCKMX JIOCEX HAXOUTCA B IIPEJEIax
€CTECTBCHHDBIX I'DAHMII, OIIPOBEPraeT CAM
(haKT BO3OOHOBIEHUA PACTUTEIBHOCTH
no 6eperam p. JlJamap. CMuUT npejiara-
€T B3IVIAHYTb H4 CUTYAIHIO NOJ, APYTUM
yIJIoM 3peHus. «C TEeYeHHUEM BpeMe-
HH, — FOBOPHUT YYEHbBIH, — YUCJIEHHOCTD
COXATBIX ITOJBEPIHETCS 3HAUUTEIbHBIM
Kosne6aHuAM. CerogHa Ux JeHCTBUTE/Ib-
HO MHOT'OBATO, OJJHAKO €CJIM PACCMATPU-
BATb JUHAMUKY IIOITY/IALIUN Ha IIPOTSIKE-
HUM JJIATEIBHOIO IIEPUO/A, €€ PA3MEPBI
HE BBIXOJAT 34 HPEAE/Ibl €CTECTBEHHbBIX
IPAaHUL.

OB ABTOPE:

HeBoAbHbIE
PecTaBpPATOPbI 2KOCUCTEMbI
K KakuM Obl BBIBOJAM OTHOCHUTEJIBHO
«9KOJIOTMYECKUX 3(PHEKTOB BOJIKOB> HU
IPUIUIA YYEHBIE, BCE IPOMCXOAAIIECE
B MemoycTOHCKOM TapKe IBHO CBHJIC-
TEJILCTBYET O TOM, YTO INPEICTABUTEIN
CEMEMUCTBA IICOBBIX IIOHEBOJIE BBICTYIIAIOT
B POJIA YMEJIBIX PECTABPATOPOB HPUPO/I-
HOU cpeibl. OXOTACH HA JIOCEU, OHY BBI3bI-
BAIOT OTPOMHBIE U3MEHEHUS B SKOCUCTEME
napka. C TOYKU 3PEHUSA YETIOBEKA MHOTUE
U3 THX MIEPEMEH BECbMA IOJIE3HBI — BO
BCSKOM CJIy4a€, €CJIA Obl UX PEIIMIN OCY-
HIECTBUTD JIIO/IU, PA6OTHI OOONIINUCH ObI
rOCy[apCTBY B O'POMHYIO CYMMY JJE€HET.
MennoycToHCKHE BONKU MPETTOAA |
JPYIrye MoJe3Hble YPOKU. OHM HAIVIAHO
MOKA3A/IM BAKHYIO POJIb XHUIHHUKOB, 34-
HHMAIOIIUX BBICIIME YPOBHU IUILEBbIX
LIeNEN, B IOANCPIKAHUN SKOJIOTHYECKOTO
GasaHCa U KAKUX NPHUPOJHBIX 60raTCTB
JIMIIIIACH T4 YACTb CTPAHBL, I7I€ 9T XUIII-
HHKU 6bUIA UCTPEOGIIEHDL. ITOUCTUHE BOIK
CTaJ1 CETOJHA CHMBOJIOM BCEX HEIPEBH-
JEHHBIX M HEHU3BECTHBIX NOCJIECICTBUM,
BbI3BAHHBIX HEMIPOJYMAHHBIM BMCIIATECIb-
CTBOM Y€JIOBEKA B )KU3Hb IIPUPO/LL. M

AXnm PobuHe (Jim Robbins) — BHELLTATHBIN KOPPECNOHAEHT Scientific American, nuLy-
LM CTATbM O MPUPOAE OMEPUKAHCKOrO 3anaAd.
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NAUHbI ueieocnoes

Cospanue B 1a00PATOPHBIX YCIOBUAX MY-
TAHTHBIX OPTAHU3MOB C OIIPCICICHHBIMI
HAPYHICHUAMH B T€HOME MO3BOJIMJIO 32
MOCJIEJHUE JECATWICTHSA HAKOIUTDb Or-
POMHBIC 62361 JAHHBIX O MOJICKYJIAPHBIX
TIPONECCCAX U X UHTCTPAITUHN B JKU3HC/IC-
ATEIBHOCTU KICTKU. B X0O71€ pazBuTHs Ha-
YKH OTOOPAHO BCET'O HECKOIBKO MOJEIIb-
HBIX OPIaHU3MOB, U3YYCHHC KOTOPBIX
MPOJBUTAETCS HAMOOJIEE YCIEIIHO, IIPO-
JIMBas CBET HA (PYHAAMEHTAIbHBIE 34KO-
HBI CYIIECTBOBAHMA YKU3HHU HA 3eMJIE: 3TO
JIPO30(PHIIA, MBIIIH, 36PHOBBIE PACTCHHUS,
JPOACKH, XJTAMHUJOMOHA/IA, PECHUTYATBIC
NPOCTEUIINE, KUIIEYHAS MAJ0YKa, DAL,
OAKTEPUAIbHBIX BUPYCOB U HEHPOCIIOPA.
O HEN-TO U ONJET PeYb.

Hraxk, Neurospora crassa — pO30Bas
xJ1eOHAasA IVIECEHD — OTHOCUTCS K YUCILY
HauboJjIe€ MONYJIAPHBIX JTA0OPATOPHBIX
OOGBEKTOB.

Bnepsoie ee onucanu B 1843 1, a BCe-
ro 4epes3 CTOJAETUE OHA CTald JI0OU-
MBIM OOBEKTOM I'€HETHUYECKOI'O aHAIU-
3a. C 1939 1. pe3ynsraTel FTEHETUYECKUX
MCCIEJOBAHUN HEUPOCHOPHI IIPOYHO
BOIUIA BO Bce yuyeOHHKU. [K.Y. Bumn
u 0. Tanrym (Beadle G.W. & Tatum E.L,
CHIA, Hobenesckas npemus 1958 1) ot-
KPBUIM HOBYIO 3Py B 6HOJ0ruy, chop-
MYJIUPOBAB C IIOMOIIBIO UCCIECTOBAHNUN
Ha MYTAHTHBIX IITAMMAaX HEHPOCIOPBI
OYCHb BAKHBIN NIPUHIINI «OAUH I'€H —
OJUH (PEPMEHT>, KOTOPBII ONPEACIACT
Ha MOJIEKY/IAPHOM YPOBHE QJITOPUTM II€-
penadn TH(POPMALUH OT F€HOMA UCIIOJI-
HUTEJILHBIM CTPYKTYPAM — OEJIKAM.

C rogaMu yaydmaJMCh TEXHUYECKHE
MPHUCIIOCOOTIEHUA U CPEABI KYJIBITUBUPO-

BaHUA, ITOABJIATIMICH HOBBIC ITPUCMBI, BbI-
3bIBAIOIIVC MYTAITUH, U MCTOJbI COXPAaHC-
HUSA MyTAHTHBIX IITAMMOB. AHAJIN3 CBA3EH
«TeH-(PEPMEHT> CTUMYIHPOBAT PA3BUTHC
ACTAIbHBIX OHMOXUMHYCCKUX HCCIea0Ba-
HUI Herpocnopsl. B 1960 1. 6611 cO3/1aH
Fungal Genetics Stock Center, a B 1961 1.
OKOJIO CTa YYAaCTHHKOB COOPAINCH Ha
IIEPBYIO KOH(PEPEHLUIO, ITOCBAIICHHYIO
Helipocniope. Tak 6bUIO HOJIOKEHO Ha-
4aj0 EKErOJHBIM BCTPEYAM, KOTOpPBIC
MPOJIOJDKAIOTCS U IO CEH JIeHb. B 1962 1.
HA4aJl BBIXOJUTDL >KYpHal Neurospora
Neuwsleiter. biarogapss 06MeHy HAECAMU,
IMTAMMAMH, SKCIICPUMCHTAJIbHBIMU I1O/1-
XO/IaMH U T.JI. TIOBBINIANIACh A(PPEKTUB-
HOCTb padoT. MICONb3yss YHUKAJIbHBIA
KOMIUIEKT MYTAHTOB, KKAasd 1a60paTO-
pHst CTPEMIIIACH BBIOPATH COOCTBEHHOE
HAIIPABJICHUE HCCICJOBAHNH, KOTOPBIC
OXBATHIBAIM OMOTCHE3 MUTOXOH/IPUH, Te-
HETUKY U (PYHKIIHOHHUPOBAHUE BAKYOJICH,
IIPOU3BOJACTBO KOHHUJUH, TU(ATbHBIA
POCT ¥ TOJIOBOE PA3BUTHE, ITUPKATHBIC
PHUTMBI, 9yBCTBUTEILHOCTD K MYTarcHaM,
TKaHEBYIO HECOBMECTUMOCTB U T.JI. B nto-
r'e HEIfPOCIIOPa OKA3a/1ACh HANOOIIEE U3Y-
YCHHBIM M3 BCCX MHUIC/IMATTbHBIX I‘pI/I6OB
Ha BCEX YPOBHAX OPraHu3aIiuy. B Hacro-
SIIee BPEMSI MUPOBAsT KOJIICKITUS BKITIO-
yaet 6osee 4000 mTaMMOB HEHPOCIIOPBI,
C IMOMOIIBIO KOTOPBIX YYCHBIC YCIICITHO
OTKPBIBAIOT BCE HOBBIC OHOTIOTHYCCKUC
3aKOHOMEPHOCTH, TAKHE KaK, HAITPUMeED,
HOBBIC ITyTHU 3AIHUTHI TCHOMA.

TenoM N. crassa ye IOIHOCTBIO pac-
mU@pOoBaH. 3aBEPIIEHUEM I'PAHJHUOZHOTO
IIPOEKTA CTaIA ITyOnuKauus B Nalure (an-
penb 2003 1), noanMcaHHas 77 aBropa-

TatbaHa MoTtanosa

Mu 13 32 opranusanuii u 6 crpan (CIIA,
Tepmanus, Benukobpuranust, M3paunis,
Wranua n ABcrpanus). [eHOM HeHpocCIo-
PBL OKA3JICA 3HAYUTEIBHO OOJIBIIE, YEM,
CKAKEM, Y TAKOI'O OIM3KOIO € ¢ GUOXU-
MUYECKOM TOYKU 3PEHMS OPIdHHU3MA, KaK
Apoxoku: 40 MIIH. I1ap HYKJICOTUIOB 11O
cpaBHEHUIO C 12 MyTH. OJTHAKO JaXKeE C ITO-
MOIIBIO COBPEMEHHBIX TEXHOJIOTHUN 2—3%
I€HOMA IIPOYECTD HE yAAIOCh. OCHOBHAA
pacmu@poBaHHag 4acTh (7 XpOMOCOM)
cocrouT n3 10082 reHoB, KOAMPYIOMMX
oenku (ripu aTroMm 9200 U3 HUX pa3Mme-
pom 6osee 100 aMHHOKHMCIOT). DTO
B/IBOC OOJIBINE, YEM Y JIposokert (4800 —
y S. pombe u 6300 — vy S. cerevisae),
W JIMIIb HCMHOT'IM MCHBIIIC, YCM Y IPO-
3ocdus (14300).

OJIMH U3 KIIOYEBBIX BOIIPOCOB OHO-
JIOTUM — KAaKUM OOpa30M JAEHCTBYIOT
IFE€HETUYECKUE TIPOrPAMMBI, OOECIIEUU-
Basg B PE3YJBTATE€ BHOBb U BHOBb (hOP-
MHPOBAHHUC OJWUHAKOBBIX OPI'daHU3MOB.
Pacrymue rudbl HEHPOCIOPBl — YHU-
KaJIbHASL MOJEJIb, MO3BOJIAIONIAS COIIO-
CT4ABUTDb PA3JIMYHBIC 3KCIIEPUMECHTAIb-
HBIC TAHHBIC O JUHAMHNKC MOJICKYIAPHBIX
IIPOLIECCOB, PA3BUTHU CTPYKTYP U (PYHK-
LIMI [IO MEPE POCTA OPId4HU3Ma C TEHETH-
YECKMMU 0a3aMU JJAHHBIX U PE3YJIBraTa-
MU MATEMATUYECKOTI'O U UMHUTALIHOHHOI'O
KOMIIBIOTEPHOI'O MOJEIMPOBAHMSL.

MOASIPU3OBAHHBIN

BepPXYLUEeYHbIN POCT

ITonoBrHA 6MOMACCHI HA HAIIIECH TUIAHETE
MPECTABISICT COBOM MHOT'OKJICTOYHBIC
OPraHU3MBbI, IPHOOPETAIOUINE TIOPOU Ca-
MbI€ IPUYYUIUBBIE (DOPMBL, KOTOPBIE Pa-
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JIYIOT 17123, 6yAT BOOOpKEHUE, OPOCAIOT
BBI3OB ITBIT/IMBOMY YMY. BEreTaTrBHbIN MU-
nenuit N. crassa OCBOWI OJIHY U3 HAaNO60-
JIe€ PACHPOCTPAHEHHBIX (POPM, UYEM-TO
KpaHe NPUTATATE/IbHYIO U1 BCETO JKUBO-
ro, — popmy iepeBa. OHa BOCIPOU3BO/IUT-
Cs B 9BOIIOIIMH BHOBb 1 BHOBbB: BBICITMMM
PACTCHUAMU 1 KOJIOHHUAMU ITOJIUIIOB, JIC-
TOYHOM M KPOBEHOCHOI COCYJHCTBIMH
CUCTCMAMH, NCHAPUTAMHN HCPBHBIX KJIC-
TOK U T.J. bonee Toro, o6pas gepesa Kak
CTPYKTYPHOU OCHOBBI MHPO3JAHHA Xa-
PpaxTepeH 1t MU(POIOTUH CAMBIX PA3HBIX
CTPaH M HAPOJOB (HAIIPUMED, «<MUPOBOE
JIPEBO» U «IPEBO TTO3HAHMA» ). Hemerkmnit
drtocod Ienpux PUKKePT, aHAIU3UPYS
MECTO U POJIb TaK HA3bIBAEMOH «(DUIIOCO-
UM JKNU3HN> B PA3BUTUU IPECTABICHUN
O IIPUPOJE U Ky/IBIype B HaYa1e XX BEKa,
YTBEPXKIAL, YTO 3aBEJIOMO OOpeucHa Ha
HEY/Ia4y MOIBITKA «[IPEBPATUTH B CAMOEC
JKM3Hb T€ (POPMBI )KM3HU, O€3 KOTOPBIX
HEJIb35 OOOUTUCH>, PACCMATPHBATD KU3Hb
TOJIBKO KaK INOAZICPKAHUE ONIPEJE/ICHHOMN
dopmbl: «OCHOBHOM NPHUHIUIN JKHUBOH
JKU3HU BBIPAKAETCSA B CTPEMJICHHUU PAC-
IIPOCTPAHATBCA U AKTUBHOCTU». DTOMY
$rIocopCcKoMy TE3UCY ITOJTHOCTBIO OTBE-
4aeT IIOBEICHUE BETCTATHBHOIO MULICIUA
N. crassa.

..BOT OHa JIeKUT TIEpeo MHOM HA CTO-
JINKE MMUKPOCKOIIA — U3ALIHOE JKUBOE JIC-
peBLIE: pearupyeT Ha CBET U KUCJIOPO/I, 3d-
MEJIAET AEATEIbHOCTD IIPH OXJIAKIECHUU,
EPEOUPAECTCS YEPE3 MEIKUE TIPEISIT-
CTBUA W HNPOOUBAET HACKBO3b TBEPIbIC
cyoCTpaThl... OHA HE CKPBIBAET CBOUX TAIH:
e He 10 Hac, ona — JKMBET (puc. 1).

MunenuanbHble  (IVIECHEBBIE) TIPH-
Obl, K LJAPCTBY KOTOPBIX NPUHAJICKUT
N. crassa, 3aHAMAIOT B IPUPOJE OCOOYIO
Hunry. OHU NPEACTABIAIOT COOOH MHOT'O-
KJIETOYHBIE F€TEPOTPOMPHBIE OPTAHU3MBI,
KOTOPBIE OBICTPO PACIIPOCTPAHAIOTCA 1O
TBEPABIM CyOCTPaTaM (WIU BHYTPU HHUX),
YACTUYHO MEPEBAPUBAA UX U TAKUM O0-
Pa30M I10J1y4ast U3 CPeibl HEOOXOUMBbIC
JUIL POCTA M Pa3BUTUA BEIICCTBA (Puc. 2).

bmarogapsa HaaWM4YUIoO KIETOYHOU
CTEHKM I'PUOBI MOTYT CO3[ABATb U IOJ-
JIEP’)KUBATD BBICOKOE BHYTPHUKICTOUYHOE
AaBJICHHC. A TO, YTO OHH BBIJCIAIOT HaA
pacTyieM KOHYHKE TH(BI HOBYIO CTCHKY
U nepesBapusaionue (pePMEHTEIL, II03BO-

Puc. 1. @) PocTt BeretateHbIx rtnd Hempocnopbl. CAEBA GPArMeEHT BEPXYLLKM,
M3OAVPOBAHHbIN B TOYKE, YKO3AHHOM HO PUCYHKE CTPEAKOW, CMPOBA — BEPXYLLUKA
MHTAKTHOW rndbl TOTrO YKe Npenapdara. TeMHbIe YYACTKU — MPUPOCT B TedeHue 10 MUH.
nepea onepaumen, Ceetable — B TedeHne 40 MUH. nocAe onepauyn. Maclutat 200 MKM.

6) PoAOBOE AEPEBO HOHAMLEB, B KOTOPOM MPEACTABAEHbI XKUBOTHBIE TPEX
KOCMUYeckmnx chep. bepecta. Myaein QHTPOMOAOIMM 1M STHOFPAGUN. AEHUHIPAOA.

B) KOCMUYecKoe pepeBO, PACTYLLEE HA «KOPABAE MEPTBbIX», YBO3SILLEM LLUIAMAHO B
HUKHAM MUP. AETAAb PUTYAABHOW TKAOHW HOPOAHOCTU KPOo3. OcTpoB CymaTpa.

r) APEBO HEAOBEYECKOM YKM3HU. [PaBOPA AXK. [OAAQPAQ. 1649. BPUTAHCKIMIN My3EN.

/AOHAOH.

JIACT UM IIPOXOJUTDH HACKBO3b TBCPABIC
Cy6CTPaThI IO KaHAJIAM, OOPA3YIOIUMCS
B IICPEBAPUBAEMOM BEIIECTBE. MHOTHE
rpu6Bl MAPAUTHUPYIOT HA PACTCHUIX
U KUBOTHBIX, OJJHAKO HAPAAY C 3THUM
OHMH BBIITOJIHAIOT quSBbI‘{Q.ﬁHO BAKHYIO
B KOJIOTMYECKOM IUTaHE (DYHKIIHIO pe-
JIYIICHTOB, TaK KaK BBIICIIAIOT (PEpPMEH-
TBl (JIUTHUH, TIEPOKCH/IA3Y U IIEJUTIONA-
3y), MEPEBAPUBAIONINEC PACTUTCIBHBIC
ocratku. Kpome TOro, MHOTHE PACTECHUS
BCTYIIAIOT B CUMOHO3 C MHMIICTHAIbHBIMH
rpu6amu, 06pasyst MUKOPH3BL

OCHOBHOH MEXAaHH3M, C HOMOIIBIO
KOTOPOI'O HEHMPOCIOPAa OCBAMBACT
U HCIHONB3YET PECYPChl OKPYKAIOIIECH
Cpepl, — NOJIAPU3OBAHHBIN BEPXYIICY-
HBIH pOCT. TTOJOGHBIIN K€ MEXAHU3M
HCIIOJIb3YIOT KOPHEBBIE BOJIOCKH
U IBUIBLIEBBIC TPYOKH PACTCHUI, IIPO-
pacraiomme Criopbl MOPCKUX BOJOPOC-
JIEM U JIDYTME OPIaHM3MBbL. XapaKTepHas
4epTa TAKOI'O POCTA — HAJIUYHE Y IPO-
JOJIbHO OPHUEHTUPOBAHHOI OGUOJIOI'U-
YECKOM CTPYKTYPBI OCOOOM «BEPXyLIEU-
HOT1» 30HBI, T7IC OTKIA/[BIBACTCS HOBAS )
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MPOTOMNEPUTELIUI

Puc. 2. X)KnsHeHHbIN LKA N. Ccrassa. BHYTPEHHSIS LenoYka COObITUM MAAKOCTPUPYET
HEMOAOBOW LIMKA, KOTOPbIN BKAKOYAET POCT MULLEANS, OOPA30BAHNE MAKOOKOHUANIA
HQ BO3AYLUHbIX T’$OX U 3ATEM NX MPOPACTAHME, KOTOPOE ACET HOBbIN MULLEANIA.
Hapy»kHOS1 LLenmOYKa MOKA3LIBAET CAOXKHYHO LiemNb COObITUIN MOAOBOTO LIMKAC C

0BPA30BAHVEM MPOTONEPUTELMSI, €I0 ONAOAOTBOPEHNEM HYEPES TPUXOTOH KOHUANEM
MPOTUBOMOAOXKHOIO MOAA 1 3aTEM GOPMUPOBAHUEM CYMOK C ACKOCMOPAMU. AeAeHve
SAEP Y MENO3 MOKA3AHbI AAST OAHOM U3 CYMOK B MPABOM YACTU PUCYHKA.

OroMacca, MPOJBUTasl «BEPXYIIKY» BCE
BIEepesn U Buepexn. Pocr um passurue
OIIPEACAIOTCA TECHETUYCCKHUMH TIPO-
rpamMaMu. HO Kak Ha A3BIKE TI'E€HOMZ
CchOPMYITHPOBAHBI TTPABU/IA OPrAHU30-
BAHHOTI'O TIOBCACHHWA KOHKPCTHBIX MOJIC-
KYJI 1 BHYTPUKJICTOYHBIX CTPYKTYP?
I'ma yUTHHAETCS 32 CYET BBICTPAU-
BAHUS KJICTOYHOHM CTCHKH M3 ITOJIHCA-
XAPUZIOB, IVIABHBIM OOPA30M M3 XUTHHA
U B-ITIIOKAaHOB. OTO ABJIICHUE BIICPBBIC
ObUIO OIIMCAHO OOJIeE CTa JIET Ha3axg
U TIOATBEPXKIEHO IIO3KE ABTOPAAHUOIPA-
(IIJI/I‘ICCKI/IMI/I UCCIICAOBAHUAMU HA MUKPO-
CKOIIMYECKOM YPOBHE C MCIIOIb30BAHUEM
MCYCHBIX TPUTUCM IPCAMICCTBCHHUKOB
CHUHTE3a IIONUCAXAPUIOB: N-aLeTHII-
IVIIOKO3aMMHA 1 IVIIOKO3BL, 4 TAKKE OIHU-
canueM 3(PPeKTa «B3PbIBA> BEPXYLIEK PAC-
TyIIEH rudbl IO ACHCTBUEM aHTHOHO-
THUKOB HUKOMHWIIMHA W 3XMHOKAHIWHA,

KOTOPBIE ABJIAIOTCA CHELU(PUIECCKUMU
O7I0KaTOPpAMU CHUHTE30B, COOTBETCTBECH-
HO, XUTHHA U ITIIOKaHA (Puc. 3).

I'mda puamerpom 10—15 MKM yAJIUHSA-
€TCSA CO CKOPOCTBhIO A0 100 MKM/MUH.,
0o6pasyd IPU 3TOM BPEMA OT BPEMEHU
HOBBIEC OOKOBBIE BETBH, KOTOPBIE TAKXKE
HAYHUHAIOT YUIMHATBCA B OOJIACTH BEP-
Xymek. POCT U BETBJICHHE COIVIACOBAHDI
TAaKUM OOpPA30M, YTO OTHOUIEHHE CyM-
MAPHOM JUIMHBI BETBECH K YMCIIy BEPXY-
LIEK COXPAHAECTCS CTPOT'O MOCTOSHHBIM:
OKOJIO 350 MMKPOH. ITpMHATO CYMTATD,
4TO I CTOJIb UHTEHCUBHOT'O PA3BUTUA
HEOOXOJMMO HEINPEPBIBHOE IIOCTYIUIC-
HHE HOBOT'O MATEPUAIA K TOYKAM POCTA
U3 Y4ACTKOB MMLENMSA, OTJAJIEHHBIX OT
BEPXYIICK HA PACCTOAHUE 10 1 CM.

Bepxymka pacrymei TrpubHOH
rudbl — HE IIPOCTO BBICOKOCTPYKTYPU-
POBaHHOE O6PA3OBAHHUE: B XOJE POCTA

BCE CTPYKTYPBI HAXO/ATCS B HENIPEPDIB-
HOMW JUHAMUKE, MEHSSI MECTO, UHTCH-
CUBHOCTb PabOTHI, CBA3b C COCEAAMU.
Ha KOHYMKE HENPEPBIBHO BBIICISCTCS
KJIETOYHAsd CTEHKA U (DEPMEHTBI, IIepe-
BAPUBAIOIIUE OKPYKAIOUUI CyOCTPAT.
B 231011 0671aCTH BO3HUKAIOT XUMHUYECKHE
U (PU3NYECKUE CUTHAIBI, YIIPABJISIONINE
POCTOM M pa3BUTHEM. MeTabommyecKas
AKTUBHOCTb, 6GMO(MPHU3UIECKUE CBOKCTBA,
pacnpeiesneHue OPraHell — BCE 3TO I'pa-
JIyaJIbHO MEHAETCA BAOJIb OCU OT AIHKY-
ca K 6oJiee JUCTATIBHBIM Y4CTAM I'H(QBbL.
KII04€BBIMU [IPU 3TOM SIBJISIOTCS CTPYK-
TYPHO-(PYHKITHOHAJIbHBIC I'PA/IMEHTHI HA
ygactke 100-300 MKM OT anukyca. Poct
IrpUOHOI T'U(BI MOKHO CPABHUTD C IIPO-
TAJIKMBAHHUEM JKUBOT'O BEIIECTBA BIIEPE]]
II0 TYHHEJIO, KOTOPBIM caMa ke ruda
cebe u crpout. CTEHKA 3TOTO TyHHEJS
COCTOUT U3 XU'TUHA U JIOJDKHA BbI/ICPIKH-
BATh JjaByieHuE 10 18 armocdep.

K coxkaieHUIO, 1O CUX IIOP COXPAHACTCS
AHOMAJIbHAA CUTYALUs, KOIZA IPOHCXO-
JUT YPE3BBIYANHO OBICTPOE HAKOIUICHUE
MOJIEKYJIIPHO-OHMOJIOTUYECKUX JTAHHBIX
Ha (pOHE OYEHb MEUICHHOI'O PA3BUTHA
MPECTABICHUN 00 OPTaHU3ALUU AKTUB-
HOCTU KOHKPETHBIX MOJIEKYJI B KJIIETKE.

DAeKTpuYeckas CBa3b B rudpax
Henpocnopsbl

I'uda N. crassa NpencTaBIgeT COO0U
BETBAIIUECS IIETIOYKH KJICTOK JUIMHOM
50-100 MKM, KOTOPBIE 3JIEKTPHUYECKU
CBSI3AHBI JIPYT C APYTOM YEPE3 CCITATh-
HBIC TIOPbI — KAHAJIBI B MCKKICTOYHBIX
MIEPETOPO/IKAX.

BJICKTpI/I‘{CCKaH CBA3b MCKTY JKUBBIMU
KJIETKAMHU PACIIPOCTPAHEHA JOCTATOYHO
mupoko. OINH U3 €€ BUJOB — Nepeada
JICKTPUYCCKUX UMITYJIBCOB I1O HCPBHBIM
BOJIOKHAM, 4 TAKXKC B MBIIIITIAX WJIN CCP-
ane. Ho Mex/y sKUBBIMU KIETKAMH ObI-
BACT W HCUMIYJIbCHASI 3JICKTPUYCCKAS
CBA3b. BO MHOTHMX TKaHAX M OPraHax,
B PA3BUBAIOIHNXCA 3aPO/BIIAX, B KJIC-
TOYHBIX KYJIBTYPaX COCE/THUE KICTKH CO-
OBIMAIOTCS JPYT C APYTOM MTOCPEACTBOM
MENBYANIINX KAHAJIBIIEB, XOPOIIO U30-
JIMPOBAHHBIX OT HAPYKHOU CPEJIbl, HO
CBOGOJHO TIPOIYCKAIONIUX M3 KICTKU
B KJICTKY MOHBI U MCJIKHUC MOJICKYJIBL
Hanmmaue MeXay KICTKAaMU TaKUX Ka-
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HaJIBLIEB JIETKO OOHAPYKUTD C IIOMOIIBIO
CHELUAIBHBIX (PIYOPECLIEHTHBIX KPACHU-
TeIeH NN JICKTPUICCKUX U3MEPECHUM.

DIEKTPUYECKAS CBA3b MEKAY JIEKT-
POHEBO3OY/IMMBIMU KJIETKAMU ObLIA OT-
KPBbITA TIOYTH CIy4aiiHoO B 1963 1. B j1a-
6oparopun Bepuepa JleBeHurTeiiHa
(WR. Loewenstein, CIIIA) B Xoz€e uccie-
JIOBAHUI CBOMCTB AJECPHOU MEMODPAHDI
KJIETOK CIIOHHOU JKEJIE3bl IMYUHKH APO-
30(pWIbI C HOMOMIBIO ABYX MHKDPO3JICK-
TPOZAOB, YEPE3 OJUH U3 KOTOPBIX IPO-
NYCKWINCh TECTHPYIOIINE HMITYIbChI
3JIEKTPHUYECKOI'O TOKA. ITpu nocnenosa-
TEJIbHOM MEPEMEILECHUU JIEKTPOAOB U3
KJICTKH B KJIETKY OKA3JI0Ch, YTO MMITYJIb-
Cbl PETUCTPUPYIOTCS, KOTAA JIEKTPOBI
PacCHONIOXKEHDI B COCEHUX KIETKAX. DTO
OTKPBITHE IIOKOJIEOATIO YBEPEHHOCTD
B TOM, YTO KJIETKA ABIACTCA COUHULICH
skM3HU. Hammuaue npsamoro audy3noH-
HOI'O OOMEHA MEXIY KIETKAMH II03BO-
JIIET KM, COXPaHAsd HHANUBUAYAJIBHYIO
HEIIPUKOCHOBEHHOCTb HACJIEACTBEHHbBIX
MOJIEKYJI, PEATh 4YaCTb >KU3HCHHBIX
po6JIeM, OOBEANHAA HU3KOMOJIEKYILAP-
HBbIE PECYPCBl U pacrpezenss 00a3aH-
HOCTH MEXIY COCEIAMHU.

MEKKJIETOYHBIE KAaHAJIBIBL, 110 KOTO-
PBIM KJIETKH CBOOOJHO OOMEHUBAIOTCS
HOHAMM U MEJIKMMU MOJICKYJIAMH, y Pa3-
HBIX OPraHHU3MOB COBCEM HE ITOXOXKU
JIPYT Ha Ipyra: y PACTEHUU 3TO IUIA3Mazic-
CMB, y JKHBOTHBIX — III€JIEBbIC KOHTAKTBI,
y I'pUOOB — CENTaAbHbIE MOPBL OJHAKO
3JIEKTPUYECKHE CBOMCTBA BCEX MHOI'O-
KJIETOYHBIX CHUCTEM, CBA3AHHBIX BHYTPU
cebd TAKMMM KOHTAKTAMHU, OIIUCBIBA-
IOTCSL OJHUMU U TEMU K€ KAOETbHBIMU
YPABHECHUAMH, Pa3pPaA0OTAHHBIMH KOI-
1a-TO VIl ONMUCAHUSA JIEKTPUYECKUX
IIPOLIECCOB B TelerpaHbIX Kabex,
IIPOJIOKEHHBIX 11O IHY MHPOBOIO OKe-
aHa. BakHad XapaKTEPUCTHKA TAKOI'O
Ka6es — IPOCTPAHCTBECHHAA KOHCTAHTA
A. DTO paCCTOSIHUE BJIOJIb KaOEJs, HA KO-
TOPOM 3aTyXd€T B € Pa3 NPUIOKECHHbBIA
B TOYKE 3JICKTPUYECKUHI ITOTEHIIUAIL.
Benmmunna Ay HEHPOCIIOPHI COCTABIAET
HECKOJIBKO COTEH MHUKPOH, KaK U Y MHO-
I'HMX JPYI'MX OPTIaHHU3MOB.

Bce TUnbl MEXKIETOUHBIX KaHAIb-
1I€B, OOECHEYUBAIOMINX 3JIEKTPUUIEC-
KYIO CBA3b, CIIOCOOHBI CTAHOBUTBCS HE-

MIPOHUITACMBIMH. W 3TO OYeHb BAKHOE
CBOMCTBO, TAK KAK IIPYU CYYAMHbBIX I1OB-
PEXICHUAX OAHOU M3 KJIETOK OHO 3a-
LIMIIAET COCELEH OT KATACTPO(PUUIECKUX
IIOTEPb MOHOB M MEJIKMX MOJEKyJL. Kak
N Y JKUBOTHBIX, IIPOBOJUMOCTDb MCKKJIC-
TOYHBIX KAaHAJIOB y HEMPOCHOPLI HAPY-
MIAETCSA MO/, JEUCTBUEM CUJIBHOM JICTIO-

JIAPU3ALMUA WIM [PU MEXAHUYECKOM
MNOBPEXKICHUN OJHONU M3 KIETOK. [Ipm
M3YYCHUH HAPYIICHUI 3JIEKTPUYICCKOMN
CBA3HU B r(pax HEHPOCIIOPLI OOHAPYKEHO
MHTEPECHOE ABJIcHUE. EC/M ¢ HOMOIIBIO
TOHKOU HI'OJIOYKH CJIETKA MOBPEAUTD
OJHy M3 KJIETOK Ipubda, ee CONCpPKU-
MO€ IOJ| AABJICHUEM BbIOPACHIBACTCA

Puc. 3. CxeMbl 1 MUKPODOTOrpaAdUN, UAAKOCTOUPYIOLLIE METOABI MOAYHEHNS AQHHBIX
O AVMHOMUKE BHYTPUKAETOUHbBIX CTRYKTYP C MOMOLLBIO GAYOPECLEHTHBIX METOK
(BBEPXY). CxemMma NpoLECCOB B KAETOYHOW CTEHKE MPUOHOW rdbl MPY BEPXYLLEYHOM
pocCTe 1 BETBAEHUM (BHI3Y). PO3HOOBPA3HBIE MUKPOBE3NKYALI (O603HAYEHb!
CBETALIMU U1 TEMHBIMU KD YXKKQMU 1 3BE3A0HKAMM) OBPAZYIOTCS B ANNApaTe [OAbAKM
Y TPOHCNOPTUPYIOTCS K MECTAM ArperaLmm BE3NKyA AMOO B BEPXYLLKE, AMOO B TOUKE

BETBACHUS. MUK OBE3MKYAbI CBSI3OHBI AGO C MUKPOPUACMEHTOMY (TOYEYHBIE AVIHUM),
AMBO C MUKPOTRYBOUKAMU (MIPSIMBbIE AUH). TIANOCTUYHBIE YYACTKU CTEHKM COCTOSIT U3
XUTUHA (MPSIMbBIE AUHN) N TAFOKAHO (BOAHUCTBIE AUHMM). B TBEPABIX yHOCTKAX CTEHKM 3TN
MOAEKYAbI KDUCTAAAUBYIOTCS BAQroAQPS KOBAAEHTHBIM CBSI139M (0O03HQYEHb! TEMHbIMI
TOYKAMIT). B MeCTax BOKOBbLIX BETBAEHNN PA3MSITHEHNE CTEHKN CO3AAETCS C MOMOLLBIO

depMeHTOB AM3MNCA (0603HAYEHbI 3BE3A0YKAMI).

BOHRNLODV| |

B Mupe nayku

a7




bHONOTHA

HAPYXXY U Ha MecCTe OBIBIIEH KIETKHU
OCTAETCS «T€Hb»: IIYCTOE MECTO BHYTPH
XUTHHOBOM CTEHKH, OOIIEH C COCETHH-
MU K1eTKaMu. CenTaabHbIE ITOPHI 110 06€
CTOPOHBI «TEHU» MTHOBEHHO 3AMBIKAIOT-
Csl, M 9JIEKTPUYECKAsI CBI3b B 3TOM MEC-
T€ TU(dBI NpepbBacTCa. OQHAKO Yepes
15—20 MHH. U3 O6EUX CENTAIBHBIX 110D,
MPUMBIKAIONUX K «TCHU», TMOSBISIOTCS
POCTKH, JABMIKYIIHUECS HABCTPEYY JIpyr
JIpyry, 1 yepes 1,5-2 4. anekrpuyeckas
CB$I3b Hd 9TOM Y4aACTKE TU(PBI TTOTHOCTHIO
BOCCTAHABIUBACTCSL.

Kakue MMEHHO 33/1a4M PEelaloT IPyIl-
TIbI KJICTOK, OOOOIIECTBUBIIINE CBOU HU3-
KOMOJIEKYJISIPHBIE PECYPCHI, UCCIIE/IOBATH
JIOBOJIBHO TPY/IHO 1O YUCTO TEXHUYECKUM
npuyrHaM. CJIO)KHO PETrucTpUpOBATH
B I'PYIIIE KUBBIX KIETOK OIHOBPEMEHHO
JIMHAMUKY OOMEHA Y€PE3 MEKKICTOYHBIE
KaHIbI ¥ (DYHKIIMOHAIbHBIE XaPAKTEPUC-
THKU OTAC/IBHBIX KJIETOK, COCTABIISIONINX
CBSI3AaHHYIO TpyIITy. BesmmunHa kabenpbHON
TIIOCTOAHHOM A y BCEX MHOTI'OKJICTOYHBIX
OOBEKTOB JIGKUT B IIPEIEIAX OT HECKOIIb-
KHX JIECSITKOB /IO HECKOJIBKHUX COTEH MUK-
DOH, T.€. ANMEKTPUYIECKAA CBA3b (PPEKTUBHA
JUISL OTPAHUYEHHOI'O KOJIMYECTBA KIETOK.
Hanpumep, B rudax N. crassa, rae JyiiHa
KIETKH cocTamsieT 50—100 MKM, Takas
(PYHKITMOHAJIBHO CBSI3aHHAS I'PYIIA JIOJDK-
Ha COCTOSTh U3 4—6 KIETOK. OKa3a/I0Ch,
YTO UMEHHO TAKOE YUCJIO KJIETOK Ha BEp-
XYIIKE PaCTymeH rpu6HOI TUudbI 3hdeK-
THUBHO (PYHKIIOHHPYET KAK €/IMHAS IPYII-
14, CIOCOOHAA YCIEMHO PEaTh 33[a4y
SHEPrETHYECKON KOOTIEPAITHN.

MNepeAQYa MOLLHOCTU OT KAETKU
K KAeTKe 30 cYyet
AAEKTPpUYEeCKomn
CBSI3U
Hpes mepefayu MOIHOCTU OT KJIETKUA
K KJIETKE IOCPEACTBOM AJICKTPHUYCCKOM
cBA3u poawiack y BII Ckymadesa, nu-
pekropa MucturyTra (PU3HKO-XMMUYEC-
Kot 6uonoruu uM. A -H. Benosepckoro.
B 1978 1. HO6€e1eBCK1 KOMUTET Y/10C-
TOWJI IIPEMHUHU AHIVIMHCKOTO OUOXMMUKA
IMurepa Mwutueia (P. Mitchell), renn-
AJIbHO TIPEICKA3ABIIEIO BO3MOXKHOCTD
AKKYMYJIMPOBAHUSA B KMBOM KJIETKE SHEP-
ruy B popMe MEMOPAHHOI'O TOTCHIIUATIA.
[lepsble MyOIMKALMU MuUTdeia Ha 3Ty

TeMy MOSIBUINCH e1ie B Hagaie 60-X IT.,
HO ObUIM BCTPEUYECHBI HAYYHBIM MHPOM
¢ 60pIIMM HeroBeprueM. OIHAKO pOC-
culickue ydensle, (pusuk EA. JIubepman
u 6moxuMuk B.IT. Ckymaues: cpasy nose-
pwm B uaen Murueia. I He npocto
IIOBEPUJIK, HO MPUWIOXKWIN OOJIbIINE
YCUIUA 11 OOOCHOBAHHMSA U PA3BUTHA
€0 IIPEJCTABICHUI O CBA3U SHEPICTUKUA
JKMBOW KJIETKU C JIEKTPHUUYECKHUMHU IIPO-
LIECCAMMU B KJIECTOYHBIX MEMOPAHAX.
biarogaps sHTY3Ma3My ¥ HACTONYHUBO-
cru BIL CkynadeBa CHELMAIMCTBL BO3-
r1assieMoro um HMKM pusuko-xumudec-
Kot 6nonorun um. A.H. Beiozepckoro npu
MI'Y u coTpyaHuKku MHCTUTYTAa TEOPETU-
YECKON U IKCIEPUMEHTAIBHOU 6MO(U-
3uky PAH, npeojones Maccy TeXHHUYEC-
KHX TPYAHOCTEH, IIPOJAEMOHCTPUPOBAINA
YBEJIMYEHUE MEMOPAHHBIX TOTCHIIUATIOB
KJIETOK CMHE-3€JIEHOM BOJOPOC/IH 34 CYET
SHEPIUMU CBET4, KOTOPYIO 3aXBATBIBAIOT
B 3TUX KJIETKAX (POTOCHMHTE3UPYIOIINUE
MOJIEKYJIbL. OUEHb BAKHO, YTO YBEJIAYE-
HHE MEMOPAHHOI'O MOTEHIHUATIA PETHUCT-
PHPOBATIOCh HE TOJILKO B MECTE JIO-
K4JIbHOT'O OCBELIEHMA MHOT'OKJIETOUYHOT'O
BOJIOKHA BOZIOPOCJINA, HO U B €I'O HE OCBE-
MIEHHBIX y4aCTKaX. Taknum o6pazom Obuia
JIOKA32aHA IPUHLIHAATIbHASA BO3SMOKHOCTD
epefadyn  JEKTPUIECKON MOIIHOCTU
B/I0JIb MHOT'OKJIETOYHOH LIETIOYKU 32 CUET
3JIEKTPUYECKOM CBA3H MEXK/Y KICTKAMU.

CB$3b 3AEKTPUYECKUX CBOMNCTB
KAETOK Henpocnopsbl

C BHepreTukomn

Bo Bcex KMBBIX KJICTKAX MOHHBIA TPAHC-
IIOPT 4Yepe3 IIA3MATUYECKUE MeMO6pa-
Hbl — HEOOXOJIJMMOE 3BCHO B MOJYICPKA-
HHUHM HTOHHO-OCMOTHYECKOTO TOMEOCTA34,
repegade MHAMOPMAIINY, dHEPTeTHICC-
KOM OOECIEYEHUH KIETOYHOIo O6MEHa
BCITICCTB, HAKOIUICHUH CyOCTPATOB U y/1a-
JICHUM TIPOAYKTOB paciajad. B crammo-
HAPHBIX YCJIOBUAX BCC MOHHBIC TTOTOKU
YPaBHOBELIEHBI MEXIYy COO0U U COIIA-
COBAaHBI C HHEPIETUYECKUM CTATYCOM
KJICTKH. Pa3HBIC BH/BI MOHHOTO TPAHC-
OPTAa, HEOOXO/IUMBIE IS BBIITOJIHEHUS
OIPEC/ICHHBIX KJIECTOYHBIX (DYHKIIUM,
OCYIIECTBISIIOTCSI  C ITOMOIIBIO PAa3HO-
OOpPAa3HBIX BHYTPHUMEMOPAHHBIX OCIKOB:
MIEPBUYHBIX MOHHBIX HACOCOB (HAIIPH-

Mep, H-AT®as, KOTOpbIe MEPEHOCT Ye-
pe3 MeMOpPaHy IPOTOHBI 34 CYET IHEPIUHU
AT®), BTOPUYHBIX TPAHCIOPTEPOB (Ha-
MIpUMEp, IEPEHOCYNKOB CAXAPOB U AMU-
HOKMCJIOT, IBVKYIEN CHUJION I KOTOPBIX
CIIY’KUT TPAHCMEMOPAHHBIHN JIEKTPOXH-
MMYECKUI IPAJAUEHT IIPOTOHOB), OEJIKOB,
(HOPMHUPYIOMMNX MOHHBIC KAHAJIBI B MEM-
OpaHax u T, Brarosapst akTHBHOCTH Ta-
KUX OEJIKOB 4epe3 KIECTOYHBbIE MeEMOpPa-
HbI MOT'YT IIPOXO/IUTh 3HAYUTEIBHBIC T10
BEJIMYMHE M CTPOIO KOHTPOIHPYEMBIE
HMOHHBIE NTOTOKHU (TTopsika 106—107 no-
HOB/KJIETKY B CEKYH[Y), KOTOPBIC 4aCTO
MOYKHO OOHAPYKHUTD B BUIC SJIEKTPHYEC-
KHUX TOKOB BEJIMYUHOH OT HECKOJBKHX
IMUKOAMIIEP /IO HECKOJIBKUX HAHOAMIIED
Ha KIeTKy. [Ipe/ICTaBIEHUsIMU O TOM, YTO
H'-AT®a3a rpu6HBIX MeMOpaH paboTa-
€T KaK I'€HEPATOp TPAHCMEMOPAHHOIO
JIEKTPUYECKOTO TOKA, Mbl OOS3aHBI HC-
cnepoBanusam Kimmdpdoppa Ciarimana
(C.L.Slayman) u3 MenbCKoro yHUBEPCH-
Tera, CHIA. OCHOBHBIE TPUHIIUITBI MEMO-
PAHHOI'O TPAHCIOPTA y I'PUOOB CIEAYIOT
XEMUOCMOTHYECKOH cXeme Mwuruesuia.
HccnenoBanua Ha HEUPOCIOPE IIPO-
JIEMOHCTPUPOBAIN CHITY XEMHOCMOTH-
YECKOM JIOTMKU B OCBEIIEHUH BOIIPOCOB
(PUBMOIOTUN M SHEPTETUKU KJIETOYHBIX
MeMOpaH (puc. 4).

B anexrpodr3nonoruiyeckux axcrie-
PHUMEHTAX C HUCIIOJb30BAHUEM BHYTPU-
KJIETOYHBIX MUKPO3JIEKTPOAOB OKA3aJI0Ch,
4TO BEPXYIIEYHBIEC KIETKU HEHUPOCIIO-
PBI OIEPKUBAIOT BBICOKHE 3HAYEHUS
MEMOPAHHOI'O MOTEHIINAIA TOJIBKO MPH
HUIMYNM JIEKTPUYECKON CBSI3U C OoJee
B3POCIBIMU KJIETKAMU. [IpH 3TOM MEX-
KJIETOYHBIN TOK B Ir'H(PAIbHON BEPXYIIIKE
COCTABJIACT BOBCE HE YACTb OOBIMHOI'O Ha-
COCHOTI'O TOK4, 4 IIPAKTUYCCKU PABEH €MY.
Y10 310 O3HAYACT?

EAVHOS 3HepreTuyeckas

CUCTeMa rpynnbl KAeTOK

B 70-x 1. COTPYJIHHMKOM MHYIIMHCKOI'O
Hucturyra 6uodusuku PAH KB. Acna-
HU/IU ObLIa Pa3padoTaHa OPUTHHAIbHAAL
MATEMATUYECKASA MOJE/Ib, CBA3BIBAIOIIAS
SHEPreTUKY U HOHHO-OCMOTUYECKUI
rOMeOCTa3 JKUBOTHOM KJICTKU. B Mojenn
MEMOPAHHBIA NTOTEHIIUAT IIPUCYTCTBYET
KdK T'OMEOCTA3UPYEMBII IIAPAMETP, T.€.
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C NomolLLbto O, PACLLENASIKOT FAOKO3Y 1 OKKYMYAUPYIOT OCBOBOAMBLLMIACS MPW
W — — \ STOM U3BLITOK SHEPTUN B MOAEKYACX ATD. ATD BLIXOAUT B LUTOMAC3MY U MOAAE-
T T | —\/ PXKMBAET PABOTY MPOTOHHBIX ATPA3 B BAKYOASIOHBIX M KAETOUYHBIX MEMBPAHAX,

@ @ Puc. 4. PoAb NpoTOHHbIX ATOA3 Y HEMpPOCTopbl (CAEBA BBEPXY). MUTOXOHAPN

I 1 Ly L 1 BAAroAQPS KOTOPOW MPOTOHbI BEIKAYMBAIOTCS] U3 LIUTOMAC3MbI AOO BHYTPb
1«1«** AAAYYYY + BAKYOAEW, AVBO B HOPYKHYIO CpeAy. MoOTOHbI BO3BPRALLAIOTCS] B LIUTONAC3MY 13
0 ! 0'2 i 20 - MTA CPeAbl BXOAE PA3ANYHBIX TOAHCMOPTHBIX MPOLECCOB, HAMPUMEP, Yepe3 TPAHC-
’ ’ NMOPTHbIN 6GEAOK, KOTOPbIM OBEeCNeYMBAET HAKONAEHUE KASTKOW MOHOB KOAMSL.
3a CcYET BbICOKOW CKOPOCTU CPABATBIBAHMST KODKAOW MOAEKYABI MOOTOHHOTO
HOCOCA W BbICOKOW KOHLEHTPALIMM 3TUX MOAEKYA B MEMOPAHE Yepe3 MeEMOPA-

R dx R dx
AN ANN— B I
HY TPVBHOM KAETKM MEPEHOCUTCS MOLLIHBIN MOTOK MPOTOHOB, Y4TO COOTBETCTBYET
dx dx dx 3AMETHOMY SAEKTPUYECKOMY TOKY. [TAOTHOCTb ATPQ3HBIX MOAEKYA B TAC3MATH-
R, @ R, @ R, HECKVIX MEMBPAHOX KASTOK Hepocnopsl cocTaBasieT 2-3x10" /eMm?, caeaoBa-
_|{ E, = E = TEABHO, ANSI TOAAEPIKAHS BAEKTPUYECKOrO TOKA BEAMHYMHOM 10 MUKPOA/CM?

(cooTBeTcTBYeT NepeHocy 6,2x10™ noHos JCMPXC) KOKAQST MOAEKYAQ depMeH-
Ta (4epes KOTOPYIO MPU TMAPOAM3E 1 MOAEKYALI ATP nepekadmBaeTcs 1 npoToH)
AONKHA paboTaTh co ckopocTbio 200-300 060pOTOB/C. DTOT SAEKTPUYECKMI
TOK CO3AQET M MOAAEPXKMBAET BbICOKYHO TPAHCMEMOPAHHYIO PA3HOCTb MOTEHLIMAAOB (B cpeaHeM — 180 MB), KOTOPYKO MOXXHO 3ape-
TMCTPUPOBATbL B 9KCTMEPUMEHTE C MOMOLLBIO BHYTOUKAETOYHOTO MUKPOIAEKTPOAQ.

CneuranbHbIE BHYTPUMEMOPAHHbIE 6eAKM (CrPABA BBELPXY) — BTOPUYHbIE TPAHCMOPTEPSI, MPOMYCKAst BHYTOb KAETKM MPOTOHbBI MO
VX SAEKTPOXUMNYECKOMY FOOANEHTY, UCMOAB3YKOT OCBOBOXACIOLLLYHOCS MPY STOM SHEPTUIO AAS TPAHCTOPTA B KAETKY MPOTYB FPOAN-
EHTA KOHLIEHTPALMN MOAEKYA CYBCTPATA (AMUMHOKNCAOTBI, CAXAPA, HYKAEOTUAQ) AN MOHOB (KaAus, docdatam Ap.). [Mpu BICOKOW
KOHLEHTPALMM BEAKOB-TPAHCMOPTEPOB 1 BBICOKOM CKOPOCTU OOOPOTA KAKAOW TAKOM MOAEKYAbI X CYMMAPHAS OKTVBHOCTb CO3AQ-
€T SAEKTPUYECKUM TOK, OBPATHBIN HACOCHOMY 1 CPOBHUMBIA C HAM MO BEAUYMHE.

OKOAO KOHLIOB PACTYLLMX TPUBHbIX T 3aMEYEHbI LIPKYAUPYIOLLME MPOAOABHBIE DAEKTPUYECKME TOKM, XAPAKTED KOTOPbIX 3ACTOB-
ASIET MPEAMNOAArATb, HTO B CAMbIX MOAOABIX PACTYLLMX KAETKAX MPEVMYLLLECTBEHHO OKTVBHbI BTOPWYHbBIE TPAHCTOPTEPSI, O BXOASILLMIA
yepes 3TN MOAEKYAbI MOTOK MPOTOHOB BO3BPALLIAETCS B OKPYXKAIOLLYIO CPEeAY C MOMOLLBIO MPOTOHHBIX HOCOCOB, PACMOAOXEHHbIX HO
PACCTOSIHUM HECKOABKMX KAETOK OT PACTYLLLEN BEPXYLLKM.

Q) DAEKTPUHECKME TOKM BXOAST B Iy B 30HE BEPXYLLKM 1 BBIXOAST ACABLLE MO CTBOAY.

6) TOKM BO3HMKQAIKOT 13-30 MPOCTPAHCTBEHHOTO PA3AEAEHMUS MPOTOHHBIX HACOCOB M CUCTEM COMPSHKEHHOTO C MPOTOHOM TPAHCMOP-
TO AMUHOKNCAOT.

B) PasaeneHme B NPOCTPAHCTBE HOCOCOB (CBETALIE KPY KK U BTOPWYHBIX TOOHCMOPTEPOB (TOYKM) HE SBASIETCS COBEPLUEHHBIM, HO B
BEPXYLLKE HOCOCOB MEHbLLE.

CxematmyecKoe n30bpakeHe AnKAABHOM YacTU Mindbl (DUCYHOK B PAMKE, BBEPXY). NPeACTABAEHbI PE3YALTATHI MUKPOIAEKTPO-
AHBIX U3MEPEHUIN HO MHTOKTHOW rTnde 1 KOPTUPOBAHMS BHELLHMX TOKOB B 9TOM OBGAACTU. CTPEAKAMM YKA3AHO HOMPOBAEHME BHELLHMX
TOKOB. Pa3mepbl CTREAOK MPOMOPLIMOHAABHBI BEAVYMHOM TOKOB. [OPU3OHTAABHAS LUKAAQ — PACCTOSIHUE OT PACTYLLEN BEPXYLLKM.

DKBMBAAEHTHASI DAEKTPUHECKASI CXEMA ANMUKAABHOW YOCTU bl (DUCYHOK B PAMKE, BH3Y).
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bHONOTHA

YUUTBIBACTCA TOT (DAKT, YTO PU yXY/LIC-
HHH 9HEProOOECIeYeHUs KIETKH B I1OC-
JIEZIHIOIO OYePEb CHUMAETCH CHAOKECHUE
3SHEPIUEH MFOHHBIX HACOCOB IUIA3MATHYEC-
KHX MEMOpPaH, TAK KAaK Y HUX KOHCTAHTA
CBA3bIBAHMA C AT HIDKE, 4eM y KOHKYPEH-
THBIX BHYTPHKICTOYHBIX IOTpEOUTENEH
SHEPIUH. AHAINM3 MOJEIU IPHUBET K Bbl-
BOJy, YTO €CJIM YACTb IEKTPUYECKHU CBSI-
3aHHBIX KJICTOK OKAKETCA HECIIOCOOHON
TNOJICP’KUBATE CBOM NOHHBIN TOMEOCTA3,
TO UX «IIPOOGJIEMBI> MOTYT OBITb PEIICHbI
OJNIDKANIINME KIETKAMU, KOTOPBIM, OJ[HA-
KO, IPUJIETCH TPATUTD HA «IIOMOIIb COCE-
JIIM» COOCTBEHHBIE pecypchl ATO.

Ha mepBbIX mopax wuzes IoJOO6HON
SHEPIETUYECKOU KOOIEPALHU C OOMIb-
LIHAM TPYJOM YTBEPKIAIACh B CPELE CIIE-
LIUAJIACTOB. BBIBOJBI, CIEJIAHHBIE HA OC-
HOBE MOJEIMPOBAHUA, OATBEPIUINACDH
B 9KCIIEPUMEHTAX Ha KyJBTMBUPYEMBIX
KJIETKAX MJICKOIIUTAIOUIMX.

B pesynsrare aKCepruMEeHTAIbHBIX HC-
CJIEJJOBAHUH, IIPOBEJIEHHBIX OOBE/IMHEH-
HBIMHU YCWIMAMU crnenyagaucros HMK
OXb nm. A.H. benoszepckoro MI'Y, mymmmH-
cxoro UTOb PAH u C.-Iletep6yprckoro
UHCTUTYTA 1uTonorun PAH, okasamocs,
YTO B HONYJIALUH KJIETOK, BO MHOI'MX
U3 KOTOPBIX IIOJTHOCTBIO OJIOKUPOBAHbI
nonnbie Hacocsl (Na', K'-AT®azpr), MO-
I'yT JUVIATEIBHOE BPEMs YCTOMYUBO MHOJI-
JEPKUBATBCA B NIPEJEIAX HOPMBI TAKHE
CYIIECTBEHHBIE [IOKA3ATE/IM HOHHO-OCMO-
THUYECKOI'O TOMEOCTA3d, KAK MEMOPAHHbBIC
MNOTEHIAAJIBI ¥ BHYTPHUKJICTOYHOE COJEP-
sarve nonos Na' u K'. Heo6xomuMbIim
YCJIIOBUEM MOAAEPKAHUA ITUX I1OKA34a-
TEJICU CIIyKUT HUIMYUE MEKAY KICTKAMHI
KaHAJIOB, IIPOITYCKAIOIIUX 3HAYUTE/IbHbIE
MOHHBIEC IOTOKUA. MEXKIECTOYHbIE B3aH-
MOJEHCTBUSA B TAKOM CUTYALUH HOCAT
XapAKTEP 3HEPIreTUYECKON KOOIIEPALIMH
MEXIY KJICTKAMH, IIPU KOTOPOH <«3KC-
MOPT>» SHEPIUU U3 KIETOK C AKTUBHBIMU
HACOCAMH COIIOCTABHUM C CYMMAapHBIM
KJICTOYHBIM 3HEPIOIIPOU3BOACTBOM.

OB ABTOPE:

Ocoboe 3HaAYEHHUE HUMEET TOT (DAKT,
4TO BO BCEH MONYJIALUH, IPEACTABIA-
IOIIEN COO0M COOBMECTBO KIETOK C AK-
THUBHBIMU M HEAKTUBHBIMH HOHHBIMH
HACOCAMH, NOAJLEPKUBAIOTCA HE CPEl-
Heapu@PMETUYECKUE 3HAYCHUSA MEXITY
[IapaMETPAMH AKTUBHBIX U HEAKTUBHBIX
KJIETOK, 4 UMCHHO 3HA4YCHHA, IPUCY-
IUE AKTUBHBIM KJIETKAM. DTO CBOUCTBO
MOJIYYHJIO Ha3BaHHUE «d((PEKTA IUIePar.
O4YeBUIHO, 4YTO KIETKU-JIHAEPBL CTa-
HOBSTCA IIPU 3TOM JOHOPAMU 3HEPIUU
JUISL COCEHUX KIETOK, TAK KAK UX SHEP-
ro3arparel Ha PadOTy MOHHBIX HACOCOB
3aBEIOMO MIPEBBIIAIOT PACXO, HA TOAJIE-
prKaHHE TPAHCIOPTHBIX IIOTOKOB 4epe3
COOCTBEHHYIO IIIA3MATUYECKYIO MEMO-
pany. OCHOBHOI 33/Ja4€l ITUX KICTOK
Oy/leT TOJJICPKAHUE MEXKKICTOUYHBIX
HOHHBIX IIOTOKOB, O6€CIECYHUBAIOIMIMNX
HOPMAaJIbHYIO JKM3HEACATEIbHOCTD COCE-
Jer. CABUT TAPAMETPOB HOHHO-OCMOTH-
YECKOI'O TOMEOCTA34 IPOUCXOAUT TOJIBKO
IIOCJIE TOT'O, KAK MCYEPIIBIBAIOTCA PE3EP-
BbI YBEJIMYCHUSA MOIITHOCTU HACOCOB.

B paMKax MU3JIOKCHHBIX BBIIIE MPEJ-
CTABJICHUI MOHATEH CMBICJI OTCYTCTBUSA
HMOHHBIX HACOCOB B 'U(PAIbHON BEPXYIIIKE
HENPOCHOPEL B 0601 KIETKE PECYPChL
AT® pacxomyloTcsi IPUMEPHO MOPOBHY
TPpEMS THUIIAMU IIOTPEOUTENECH: MEXAHU3-
MaMH OHOCHHTE30B, LIUTOCKEIETHBIMU
U MEXAHU3MAMH MEMOPAHHOIO TPAHC-
rnopra. Pacnpenenenue pecypcos IpOUC-
XOJUT HA KOHKYPEHTHOH OCHOBE, IIPH-
4eM y HOHHBIX HACOCOB IJIA3MATUYECKIX
MeMOPaH, KaK IIPABWIO, €CTb OOJBIIOE
IIPEUMYILECTBO MEPe], KOHKYPEHTAMU,
4 UMEHHO — CaMasg HHU3Kad KOHCTAHTa
cBa3biBaHUA ¢ ATO. B ommuue ot 610-
CUHTE32 M AKTUBHOCTH LIMTOCKEIETHBIX
CTPYKTYp, KOTOpBIE HOTPEOIAIOT HeE-
nocpeacTseHHO AT®, pabora cucrem
TPAHCIIOPTA CyOCTPATOB HNOJACP/KUBA-
€TCA AJIEKTPOXUMHUUYECKON PA3HOCTBIO
IIOTEHLIUAIOB Yepe3 MEMOPaHY, T'eHepa-
TOPBI KOTOPOX (B CAy4ae HEHPOCIOPHI

Motanosa TatbsiHa BACUAbEBHA, AOKTOP BUOAOTMYECKUX HAYK, BEAYLLMIA HOYYHbIVI CO-
TPYAHUK HAW dUrsnKo-xmmMmmyeckom 6uonorum nm. A.H. benosepcKkoro, aBtop 6oaee
120 HayYHbIX PaB60oT. Chepa HAYYHBIX MHTEPECOB: MEXXKAETOYHbIE B3AVIMOAENCTBUSI,

SAEKTPOPUBNOAOTIASI.

3TO MPOTOHHBIE HACOCHI) MOTYT PAaCIO-
JIaTaThCsl HA PACCTOSHHUN HECKOIBKUX
COTEH MUKPOH OT 30HBI TPAHCIIOPTA. DTO
O3HAYACT, YTO HA PAGOTY TPAHCIIOPTHBIX
OEIKOB MOYKHO B IIPUHITUIIE PACXO/IOBATh
pecypcel AT® He TOM KIETKH, YEPE3 MEM-
OpaHy KOTOPOH HJET IMTOTOK CyOCTPATOB,
2 HECKOJIBKUX COCEJJHUX KIETOK Ha pac-
CTOAHHNH, COITOCTABHMOM C BCJIMYHMHOM
Ka6eIbHOM ITOCTOSIHHOM A. TO ecTh B I'u-
dax N. crassa 6o1ee B3POCIbIE KIETKH
MOTYT 1aBaTb 3HEPIETUUYECKYIO «CyOCH-
JIUIO> 60JIEE MOJIOABIM, PACTYIIMM. TaKOB
B OOIIUX YEPTAX CMBIC/I SHEPIETHUCCKOM
KOOIIEPALIMH IIPH POCTE TUQBL.

Maremartnyeckue MoAeAu
rMpAAbHOM BEPXYLLKW.
SKCNepUMeHTbl C MUHU-AEPEBOM
[IpyuHUMAasA BO BHUMAHUE, YTO B IVIA3Ma-
TUYECKUX MEMOPaHaX V. Crassa akTHBHO
padoTaIOT NPOTOHHBIE HACOCH, KOTO-
pBI€ HOANEPKUBAIOT BHICOKMHU YPOBEHB
MEMOPAHHOTO MOTEHIIUANA U TAKHUM
06pa3oM 0OOECIIEYNBAIOT SHEPTUEH pa-
00Ty BTOPHUYHBIX TPAHCIIOPTHBIX CHC-
TEM IUIA3MATHYECCKUX MeMOpaH, Bep-
XYIIEYHAsA 44CTb TU(Pbl MOXKET ObITb
IPEACTABICHA KAK «IIOJTyOECKOHEYHBIN»
(TO €CThb 3JIEKTPUYECKU 3aMKHYTBII Ha
OJJHOM KOHIIE) JIEKTPUUYECKUN Ka6€eIb
C HEOJHOPOJHBIM PACIPEIETICHUEM UC-
TOYHHKOB TOKA — IPOTOHHBIX HACOCOB
IJIA3MATUYECKUX MEMOPAH.

B Takoii cucreme yepes cenrajibHbIC
IIOPBI MEKIY BEPXYHICYHBIMH KJICTKA-
MM TU@BI, JMIIEHHBIMH HNPOTOHHBIX
HACOCOB, U O0JI€€ B3POC/IBIMU KICTKAMU
C HOPMAJIBbHO (PYHKLHMOHUPYIOUUMU
HACOCAMU JOJDKEH PACHPOCTPAHATHCA
3JIEKTPUYECKUU TOK, YTO IIOATBEPKIA-
€TCs SKCIIEPUMEHTAIBHO.

OPpHUIMHAJIBHOE TEOPETUYECKOE PEIlIe-
HHE ObUIO ITOIy4eHO B.B. CMOISIHUHOBBIM
(MMAIII PAH) [na MaTeMaTU4eCKOIo
OIMCAHUA SJIEKTPUYECKONU I'eTepPOreH-
HOCTU TU(ANBHON BEPXYHMIKU Ha 6a3e
HanboJjiee IPOCTOI MOJAEIN PaCIpese-
JIECHHUA UCTOYHUKOB TOKA, IIPEJCTABIICH-
HOI CMeNeHHOM (PyHKIMEl XeBucania.
DTa (PYyHKIUA NOCTOAHHOTO CKAYKa
UMEET TOJIBKO OJUH IOATOHOYHBIN I1a-
paMeTp — BEIUYUHY CMEIIECHUSA IOCTO-
SIHHOU IVIOTHOCTH TOK4 OTHOCUTEIBHO
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BEPXYMKHU I'(bl. OKA3AIOCH, YTO TAKOH
YIIPOIIEHHBIN ITOAXO/] XOPOIIO COIIACY-
€TCs C SKCIEPUMEHTAIbHBIMU JAHHBIMMU.
VIMEHHO B 3TOM BAPHUAHTE ObLI IIOJIY4ECH
POCTOM KPUTEPHUH OLICHKU KPUTUYEC-
KOI1 JUIMHBI aIIUKAJIbHOTO CETMEHTA, Ha
KOTOPOI IIJIOTHOCTb UCTOYHHKA TOKA
PaBHA HYJIIO: 3TA JUIMHA OKA3aJ1dCh PAB-
HOI IPUMEPHO IOJIOBUHE A (Puc. 5).

B HUM OXB nm. A.H. benosepckoro MI'Y
ObLIa IPOBEJEHA LIEIast CEPUA UCCIIEN0BA-
HWHA HA OPUTUHATIBHON 9KCIIEPUMCHTA/Ib-
HOH MOAEIN TU(AIBHOIO MUHU-IEPEBA.
B x0z€ 3KCIIEpUMEHTOB TOHKOH UI'0JIOY-
KOU HMOBPEKIAUIU OHY U3 KJICTOK THOBI,
BBI3BIBAA JIEKTPHUYCCKYIO M3OJIALUIO €€
BEPXYWIKA OT MATEPHUHCKON TU(bl Ha
3aJAHHOM PACCTOAHMU. OKa3aJI0Ch, YTO
I'pYyIIa BEPXYLIEYHBIX KIETOK PA3MEPOM
MEHBIIE A IMOCJIE TAKOW ONEPAIU IIpe-
KPAaIlaeT POCT U BOCCTAHABIMBACT €TI0
b Jepe3 30—40 MUH., HE COXPAHUB
HPEABIAYIIYIO HONAPHOCTD. Bepxymeunas
rpymrna u3 4—6 KIETOK OKA3a7I4Ch MHHH-
MAaJIBHOM POCTOBOU €IMHUIICH MUIICIHA:
IIPYU U3OJALUUA OT MULIE/IAA TAKOU (ppar-
MeHT (mHOI 300—-400 MKM) IPOAOIIKA-
€T POCT (XOTA M C MEHBIIEH CKOPOCTBIO)
1 PA3BUBACTCSI CO BDEMEHEM B HOPMaJIb-
HOE rudaIbHOE AepeBo. ['PyImbl KIETOK
pasMepoM GOJIBbIIE A TAKKE IIPOAOLKAIOT
POCT B IPEKHEM Hallpas/ieHUU. I1pu 3Tom
CKOPOCTB TEM BBIIIIE, YEM JUIMHHEE N30T~
POBAHHBIN BEPXYLIEYHBIA (DPATMEHT.

IIo MaTeMaTHYECCKHUM pacdeTaM, Jid
SKBUBAJICHTHOI'O JIEKTPUUECKOTO Kabe-
JIA TIPH U3MEHEHUM €TO JJIMHBL B IhAIIa-
30He o1 400 10 1000 MKM JJOJDKHA PACTH
IUVIOTHOCTD 3JIEKTPHUYECKOI'O TOKA 4Yepe3
JIMIIEHHBIA HCTOYHHKOB 3HEPIHU KO-
Her kabens JymHon 200 MxMm. [l pe-
A7IBHOM I'M(bI 3TO O3HAYAET, YTO IIPHU P

b U,=UX) nepepeska U,=U(X,) OTPOCTOK

Yo=UoO «— || ——» Yo =U,0
- L Y o=
Uy Jy=lg+ sy
Qo : g
% 10 § G %

Yo

) . Q(X)

Urihe o X-L, »a[-X-» Y2

L,

Puc. 5. a) O6LLOs CXeMA ABYX3AEKTPOAHbBIX U3MEPEHUI BXOAHOTO COMPOTUBAEHMS M1dbl N. Crassa B TOUKe X, 1 AUCTAABHOTO
NMOTEHUMAAQ B TOUKE X, > X,. D, — ANMUKAAbHBIN SAEKTPOA, 3, — AUCTOABHBIN SASKTPOA.

6) POCYETHOS1 CXEeMA ABYXCEMMEHTHOrO OTPE3KA BOAOKHA C TPEMS BHELLHUMMN MCTOYHUKAMM TOKOB (fy, jy. ), KOTOPbIE B CEYEHMSIX
BOAOKHQ, COOTBETCTBYIOLLVIX MOAOXEHWUSIM SASKTPOAOB 3, 3, 1 3,, CO3ACKOT BXOAHBIE MOTEHLIMOABI (Ug, Uy, Us,). B TOPLIEBBIX CEYEHMSIX
OTPE3KA BOAOKHA YKA3AHbB! AOMOAHUTEABHBIE LLYHTUPYIOLLIME MPOBOAMMOCTH Y U ¥y, O TAKXKE BBIXOAHBIE MPOAOABHBIE TOKU g U iy,

B) DAEKTPUYECKASI CXEMA OTPE3KA Mdbl AAVHBI L. [TOKO3AHBI HANPOBAEHMSI BXOAHBIX V1 BBIXOAHBIX MPOAOABHbIX TOKOB ABYX
CErMeHTOB, UMEIOLLIMX AAVHBI L, 1 L,. 3AECB j; — BXOAHOW TOK BHELLHETO UCTOYHMKA, CO3AQIOLLIMM BXOAHOW MOTEHLMAA U, U BXOAHBIE

TOKU CEIMEHTOB 1o U /.

r) PacyetHble cxeMbl AeBoro (1) n npaoro (1) cermMeHToB oTpe3Ka rmdbl (CM. B), UICMOAb3YEMbIE AAST ONIMCAHKST PACNPEAEAEHNS
MOTEHUMAAQ. («bronornyeckme memopaHsbi», 2003. T. 20. NeN22, 4.)

B Mupe nayku

al




bHONOTHA

VBCIIUYCHUHN JJIMHBI HW30JIMPOBAHHOI'O
(bparmMeHTa yBEJIMYMBACTCA YUCIIO AKTHB-
HBIX IPOTOHHBIX HACOCOB, PA6OTAIOIINX
Ha OfIHY U TY K€ HAIPY3KY (BEPXYyLICUHbIE
200 MKM), TOCTHT'AsI HACBIIICHUA ITPH JJTA-
He 1000 MmxM. EC/T MHTEHCUBHOCTD BXO/IS1-
LIETO YePE3 MIA3MATUUECKYIO MEMOPaHy
N. crassa 3NEKTPUYECKOIO TOKA OTPAKAET
MHTEHCUBHOCTD ITOCTYIUICHUS CYOCTPATOB
M3 BHEIIHEH CPEIbl, 4 CKOPOCTb POCT4 34-
BHUCHUT HAINIPAMYIO OT UX INOCTYIUICHUA N3~
BHE 4epe3 MEMOPAHy B 30HE PACTSDKCHUA
BEPXYIIKH, YBEJIMYEHUE CKOPOCTU POCTA
IPU YBEJIMYCHUH JJIMHBI (PPArMEHTA BbI-
IVIAIAT BIIOJIHE €CTECTBEHHO. OHAKO B 9K-
CIIEPUMEHTAX CKOPOCTb POCTA OTHIOb HE
jgocrurana npegena npy jmuae 1000 Mrm:
OHa 6bUIA BIIOJIOBUHY HIDKE HOPMAJIBHOM,
CBOHMCTBEHHOM 11710 TU(E.

BoJee Toro, B MaTeMaTHYECKOM MOZIEIN
IIPU UIMUATALMHU C IOMOLIBIO KOMIIBIOTEPA
CUTYaLlUU C YBEJIMUYCHUEM JIIMHBI (Ppar-
MEHTA IJIOTHOCTD TOKA YEPE3 BEPXYILECU-
HBII Y4aCTOK BO3PACTald BO MHOI'O pa3
CUJIBHEE, YEM CKOPOCTD pocTa. [TpHUIIocs
IPCANOJIOKAUTD, YTO <«CIICIHUATHU3AITUA>
BEPXYLIEYHBIX MEMOPAH 10 TPAHCIIOPTY
CyOCTPATOB M3 CBEXKCH Cpelbl IPU3BAHA
HE TOJIBKO «OOCITY’KUBATb> POCT, HO U Ha-
LeJIEHA HA IIEPEHOC CyOCTPATOB B IUC-
TAJIbHbIC KJICTKHU I‘I/I(l)bl JJIA 3aITaCaHMsA
BIPOK. DTO BHOCHUT HEKOTOPBIE KOPPEK-
THUBBI B TPDAKTOBKY COACP)KAHMA SHEPIe-
THYECKOM Koonepauuu. BmecTo Tpora-
TEJIbHOM «32060TbI» B3POCIBIX O MOJIOICKHI
3TO ABJICHUE CTAJIO OOJIbINIE HOXOIUTD HA
«3KCIUTyaTALHIO IETCKOTO TPYAA».

CwveHa-2000

Mions 2000 1. HMramua. CuenHa. Ilpek-
PAaCHBIA CPEITHEBEKOBBIN TOPOA. 3A4ECh
PAHO YTPOM Y3KHE YJIOUKHU ITAXHYT IIAM-
IIyHEM, 4 4yTb IIO3KE — CBEXKUM KOde.
BeuepoM HaJ rOpOJOM CHUAIOT APKHE
IO’KHBIC 3BE3/Ibl, 4 Ha IJIOMIAJAX 3BYYUT
MY3bIKd. YTO IPOUCXOAUT JHEM — yde-
HBIM HCBCJIOMO, ITOCKOJIBKY JHCM OHH
padoTaIOT B 3a71€ C KOHJUIIUOHEPAMU
M CaAMOM COBPEMEHHOM IPOEKIIMOH-
HOM TEXHUKOW, KOTOpPAas NPEBPAIACT
HAy4YHYIO KOH(EPEHIUIO B (PECTUBAIb
KOMIIBIOTEPHBIX MUKPOMUIBMOB. [Ipu
dunancoson noagepxke HATO 70 cne-
LUAIMCTOB U3 18 CTpaH Ha NPOTAKECHUN

[IATH JHEH ITYPMOBAJIA NPOOIEMY MO~
JIAPU30BAHHOI'O BEPXYIICYHOI'O POCTA.

Castomon bapraurku-Tapcna (S. Bartnicki-
Garsia) n3 CIIA 1poaeMOHCTPHUPOBAI
KOMIIBIOTEPHYIO UMUTALUIO PACTYIICH
BEPXYIIKU I'MbL IIporpamMmma BOCIPO-
U3BOJWIA OUHAMUKY POCTA COITIACHO
MATEMATUYECKOU MOJEIH, TOYHO IOB-
TOPAA JUHAMHKY POCTA PEATbHOM I'U(BL
B ocHoBe MOz€NM IEKUT NPEACTABICHUE
O KJIIOYEBOIL POJIA B POCTE TU(PBI OCOO0U
MHMKPOCTPYKTYPBI — LIEHTPA Arperanuu
BE3UKY/L. HO 4TO AB/IAECTCA B KIETKE aHA-
JIOTOM MATEMATUYECKOI MOJEIU U KOM-
MbIOTEPHOM POIPAMMBI?

I'pynna cneuuanuctos u3 HoBoi
3eManauyu MCIOIb30BaIa KOH(MOKAIb-
HBII MHKPOCKOII U MPEACTABUNA pe-
3YJBTATbl HAOIIONECHUN 34 MHBEKLMEHU
(IyOpPECEHTHBIX 30HJOB M MUHIYKIIUCH
BETBJICHHUU OPUIHMHAJIBHBIM CIIOCOOOM
(C TOMOIIBIO JIOKAJIBHOW ANIUINKAITUN
U3 MUKDPOIMIETKA (PEHMUIAIAHUHA).
CormacHoO UX BBIBOJAM, Iiepeq obpa-
30BaHUEM OOKOBOI BETBU B 3Ty TOUKY
MHOCTYNAET HEKUIH CUI'HAJI, KOTOPBII BbI-
3BIBAET, BO-TIEPBBIX, MECTHOE CKOIUICHUE
AKTHHA, BO-BTOPBIX, IIEPECTPOIKY COCE/I-
HEH IIUTOIUIA3MBI, BK/IIIOYAA aKTHUBAIMIO
(EPMEHTOB, PA3PYIIAIONINX XUTUHOBYIO
CTEHKY, B-TPETBUX, IPOLIECC HOPMAIbHO-
ro poCTa € TAKUM HEOOXOAUMBIM ATPU-
OyTOM, KaK LICHTD arperauuy BE3UKYIL
OJHAKO IPUPOA CUT'HAIA, BBI3BIBAIOIIE-
IO Ha4aJIO POCTA HOBOM BETKH, IO-IIPE-
JKHCMY HC ITOHATHA. C‘{I/ITQ.CTCH, 9TO I
IOJCP/KKI» POCTA BEPXYIIKA HEOOXO-
JIUM OIIPEJICJIEHHBI OOBEM IIUTOILIA3-
MblL HO Kak ruda y3HaeT, 4To 3TOT O6bEM
JIOCTUI KDUTHYECKOTO 3HAYCHUA?

MHOro BpEMEHU U CHJI OTAAI U3yde-
HHIO 'H(AIBHOTO POCTA U3BECTHBIN Cpe-
11 MHUKOJIOI'OB KaHAACKUH CHELUATUCT
bpenr Xec (1B. Heath). B ero n1a6oparo-
PHH C TTOMOIIBIO JIOKAJIBHBIX (piryopec-
LIEHTHBIX 30H/10B U TEXHUKH JIOKAJIbHOM
pUKCALMY TOTEHLIMAIA IIPOAEMOHCTPU-
POBaHA BaKHEMNIIAA POJIb B 9TOM IPO-
necce akruHa 1 Ca”": monsr Ca** cobupa-
IOTCSL B BE3UKYJIbI HA annapare Tonbmpku
U TPAHCIOPTUPYIOTCA K BEPXYIIKE, TAM
BE3UKY/bl CJIMBAIOTCA C MEMOPAHOU
u Ca®" BBIJIECKUBACTCA HAPYIKY, BO3BPA-
maach yepes Ca*’-kaHanel B Murpamum

LIUTOIUIA3MBI
K PACTYIICH BEPXYIIKE y4aCTBYIOT 6EI-
KU aKTHH U CIIEKTPUH. [Ipesrnonaraercs,

U TPAHCIOPTE BE3UKYJI

YTO AKTHH YY4ACTBYET B PACIPEACICHUN
1o Mem6pane Ca*'-KaHaJIoB, aKTUBUPYE-
MBIX PACTKCHUEM.

Hux Pun (N. Read, HloTnanaus) 3aHU-
MA€TCsl CYIEPTEXHUKON MUKPOBUJEOPE-
IMCTPALUY, IPWKU3HEHHBIMH (DIIyopec-
LICHTHBIMHM 30H/IAMM VI AAEP, BAKyOsIeH
1 MATOXOHJpHUU. Tenepsp, 61arogaps dy-
JleCaM COBPEMEHHOU TEXHUKH, HA MHOTHE
KPACOTBI, KOTOPbIE HAO/MOAAET PHl B KOH-
(POKAIBHBIF MMKPOCKOIL, MOZKHO IOMIO00-
BaTbCA C IOMOIIBIO HTEpHETA: JOCTATOY-
HO 3aMTH HA OTKPBITHIA HEAABHO CAMT 110
anpecy: http://www.fungalcell.org.

B xoze uccneoBaHuii BbIABIEHBI MHO-
JKECTBEHHBIE IIyTH IIEPEMEIICHUS BE3HU-
KyJI B TPUOHON rude:

1. B mporecce 3HIO0LUTO3a IIPOUCXO-
JUT HEPEMEIICHUE BE3UKYJI OT IUIA3Ma-
TUYECKUX MEMOPAH K BAKYOJISIM;

2.0T 3HJIOIUIA3MATHYECKOTO PETUKY-
ayma (OP) BE3UKy/Ibl MAYT K ammapary
TONB/KY, 3aTEM K IJIABHOMY LICHTPY ar-
rperauuu Be3ukyn (HAB) u cimBarorcs
C aIMKAJIIbHOM MEMOPAHOM;

3. o1 OP Kk Tonbpku 1 K CyOanMKaabHOU
MEMOpaHE;

4. o1 OP k lonpKku, 3aTe€M K CaTCI-
autHbIM [IAB, 3atem K rimasnomy LIAB
U K aIUKaJIbHON MEMOpAHE;

5.0T IUIa3MaTHYECKOU MeMOpPaHbI
B BU/IC SHAOLUTO3HBIX ITy3bIPbKOB K Ca-
TesumTHOMY LIAB, 3aTeM K rimasHOMy 1IAB
U K AITUKATbHON MEMOPAHE;

6. HJIOITUTO3HBIC BE3UKYJ/Ibl IIPEBPA-
LIAIOTCA B SHOCOMBI U IBHIKYTCS K IVIAB-
HoMy LJAB 1 K alIMKQJIBHON MEMOPAHE;

7. 0T OP IBUKYTCS BE3UKYJIbI K alllIapa-
Ty TO/Ib[KY, 3aTEM K SHIOCOMAM U K Ba-
KyOJISIM;

8. KpoMe OCHOBHBIX ITyTE€H IPOCJICKUA-
BAIOTCA IIYTH PETPOrpPaJHbIC, KOTOPHIE,
[O-BUJUMOMY, HOJAEPKUBAIOT OATAHC
MEJKly PA3HBIMH OPraHE/UIAMHU U CO3/a-
IOT BO3MOXKHOCTb PELIMKJIMHIA CIIELIU-
(pUYECKUX MOJIEKYJL

OO6HAPYKEHDI TAKKE PA3JINYHA B PETY-
JIALIAU HOJIIPHOCTU KJIETOK Y MyTaHTOB.

Vd4eHble BCErO MHPa 3aUHTPHUIOBAHBI
TaHAMH POCTA MAaJIEHBKONH Xpabpoit
wieceHU. OJHAKO PE3Y/IBraT HAITOMUHAET

a2 B Mupe Hayku

CEHTABPb 2004



bHONOTUA

HU3BECTHYIO IIPUTYY O CJIEIBIX, OJHUH U3 KO-
TOPBIX OLIYIIBIBACT XBOCT CJIOHA, APYTON —
XOOOT, TPETUH — HOT'Y, YETBEPTLIN — yXO,
U BCE BMECTE CTPACTHO CIIOPAT O TOM, KAK
JKe Ha caMOM JeJie BbiraauT CJIOH.

BmecTo 3akAloueHus
XeMHMOCMOTHUYECKAsA JIOTHKA Mwurdesuia
IIOCTY/IMPYET YHUBEPCAJIBHBIN XapaKTep
HUCIONB30BAHUA KUBOM KJICTKOI 3JICKT-
PHYECKUX KaOEIbHBIX CBOUCTB JUIA Pa3-
JIETICHUA B IIPOCTPAHCTBE MOJIEKY/IAPHBIX
1 UOHHBIX IIPOLIECCOB, CBA3AHHBIX C U3-
BJICYEHUEM 3HEPIMU U3 BHEUIHUX WIN
BHYTPEHHUX HCTOYHUKOB U JAJIbHEUIINM
HX MCIIOJIbB30BAHUEM. B MHOTOKJIETOYHBIX
CHUCTEMAX BO3MOKHA 3JHEPIeTUYCCKASA
KOOIIEPALMA MEXKAY KIETKAMH, KOTOpasd
3AKJIIOYACTCA B PA3JEICHUU TPyAa IO
reHEePAlU MEMOPAHHOI'O MOTCHLIMAIA
OJHUMH KICTKAMU U MCIOJb30BAHNU
3HEPIUU TPAHCMEMOPAHHOIO 3JIEKTPO-
XUMHUYECKOI'O I'PAJUCHTA TEX WIA UHBIX
HOHOB COCEAHUMHU. [IpUHITUITHAIBHO BAK-
HO TO, YTO JICKTPUYECKAS CBA3b MEXKIY
KJIETKAMU BOBCE HE CJIYKUT MEXAHHU3MOM
YCPEAHEHHA HOHHBIX KOHIIEHTPALMI
U MEMOPAaHHBIX IIOTEHLMAJIOB B I'DYII-
I1€ KIETOK. 3AKOHBI IOJJICPKAHNA MOHHO-
OCMOTHYECKOI'O I'OMEOCTA3d TAKOBBI, YTO,
IIOKA XBATAET SHEPrOPeCypPCoOB, KICTKA-
reHepaTop 6yAeT yBEJIMIHUBATL OOOPOTHI
CBOUX MOHHBIX HACOCOB, HEB3UPAs HA TO,
4YTO TPATUT KOJIOCCATbHBIE KOJIUYECTBA
AT® nHa moaAep;KaHUE HE TOJIBKO CBOC-
IO COOGCTBEHHOI'O MOHHOI'O 6AJIAHCA, HO
U YICHOB CBOCH I'DYIIIbL

VUYEHBIM IIOK4 HE YJACTCA CBA3ATb
B CTPOHMHYIO CUCTEMY CTPOTHUE KOJIUYE-
CTBEHHBIC MPEACTABIECHUSA 00 JIEKTPU-
YECKUX KaOEJIbHBIX CBOMCTBAX PACTYIIEH
BEPXYILKH TU(MBI ¢ MOPPOTOTUIECKUMU
XAPAKTEPUCTUKAMU POCTA (IIOCTOTHCTBO
OTHOIICHUS CYMMAPHOM JUIMHBI BETBCH
K YHCJy BEPXYIIEK, UEPAPXUA CKOPO-
CTEN y BETBEH PA3HOI'O IOPAJKA U IIP.).
HHTEpECHDBIE IIEPCIIEKTUBBI OTKPBIBACT
HOBBII MOAXOJ: OOBEAMHEHHE YCUINHI
CHELUAIUCTOB TI0 CJIOKHBIM TEXHUYEC-
KHM CHUCTEMAaM U OUOJIOTOB.

TlepBble U3 HUX MOJIATAIOT, YTO 10 KOJIU-
YECTBY 3AIPOIPAMMHUPOBAHHBIX JICTATICH
OUOJIOTUYECKHUE CUCTEMBI HE CJIOXKHEE,
4eM, HalpHUMeEp, COBPEMCHHBIA 4BHA-

JIAMHEDP, U NPEIAraloT HCIOIb30BATDH
M3BECTHBIC B TEXHHUKE IPHUHIIMIIBI YII-
PAaBICHUA I AaHAIN3A B3AUMO/ICHCTBUN
MEKIY JETAIAMI OUOJIOTMYECKUX CUCTEM.
COBMECTHBIC TPYHIIBI TEXHUKOB U OHO-
JIOT'OB YK€ JJOOHUJIMCh ONPEJEICHHBIX yC-
NEXOB. MOKHO MONBITATHCA TTIPUMEHUTD
TAKOM ITOJAXOA M K AHAJIN3Y JICKTPUYEC-
KO I'€TEPOr€HHOCTH T'H(DAIBHON BEP-
XYHIIKM HEMPOCHOPLL Hanpumep, Moxer
OKa3aTbCA IOJIE3HOU Pa3pabOTaHHAA HE-
J1aBHO B CIIIA KOMIIBIOTEPHAA IIPOrPAMMA
«BupTryasbHas KIeTKa», yCHEIHO UCIOJIb-
3yeMas Ui U3y4eHUs 3aKOHOMEPHOCTEN
TPAHCIIOPTA MEXKAY AJPOM M LIMTOILUIA3-
MOW U JAWHAMHUKUA BHYTPHKIETOYHOT'O
KaJIbIIUS Y JKUBOTHBIX KJIETOK.

I'ne 1 Kak 3a1caHbl B ICHOME 3aKOHBDI,
B COOTBETCTBHUU C KOTOPBIMH MOJICKYJIBI
Y BHYTPHUKJICTOYHBIC CTPYKTYPHI B IIPO-
1ecce IOJAPU30BAHHOIO BEPXYIICYHO-
IO POCTAa HEYKJIOHHO PAaCIIOJaATraloTCs
BHYTPU TPYOKHU C JKECTKUMU CTEHKAMHU
M CTAOMJIBHBIM JHamMeTpoM? [Jie 1 Kak
YCTAHOBJICH MHOPAAOK BETBICHUSA, CO-
372101 (popMy T'H(ATBHOIO JIepeBa
C IIOCTOAHHBIM COOTHOIICHUEM MEXKIY
CYMMAapHOM JUIMHOU BETBECH U YHUCJIOM
BEpXymIek? M mouemy 310 COOTHOMIEHUE
PaBHO BEIMYUHE MUHHUMAJIIbHOI'O POCTO-
BOI'O MOAYJISL K COIIOCTABHUMO C Kab€sIb-
HOI IOCTOAHHOW? I'71e 1 KaK 3aJI0KEHA
porpaMma, OCBOOOXKAAIOIAsA BHOBb
06Pa3YIOIIHNECS KIETKH OT O0S13aHHOCTH
T€HEPHPOBATb MEMOPAHHBIN ITOTEHIIAAT
M CBA3AHHAA C 9TUM CUJIbHAA JICKTPU-
4ecKasl Moasipu3anus rudaibHON BeEp-

AOMNOAHUTEAbHASA AUTEPATYPA:

XYIIKU? BepodaTHO, HA 3TU BOIPOCHI CO
BPEMEHEM OTBETUT KOMIIBIOTEPHA 6GHO-
JIOTHSA, IEPEKUBAIONIAA CETOJHA OypHOE
pasBUTHE.

Ye1I0BEYECTBO HE TAK YK IaBHO HAY4YU-
JIOCh UCHOJIb30BATb JIEKTPHUYECTBO /IS
cBouX HyxZ. IIpeacraBieHus, KOTOpbIe
BOILIUIM B COBPEMEHHYIO GHOJIOTHIO 6J1a-
rojaps MuT4esuly 1 €ro CTOPOHHUKAM,
CBU/ICTC/IbCTBYIOT, UYTO CHUCTCMBbI KHMBbIX
OPIraHU3MOB OCBOWIM 3JIEKTPUYECTBO
ropaszio PaHblIE YETOBEKA.

Pacrymas BepxyIka rpuoHOM r'udel —
YHUKAJIbHOE OOPA30BAHUE, B KOTOPOM
pasfeecHUE MEXKIY COCEIHUMM KICTKA-
MM (PYHKUMI I€HEPALMHA MEMOPAHHbBIX
IIOTECHIHAJIOB 1 HOTpC6IICHI/IH MOIIHO-
CTU Y11 HAKOIUIEHUA CyOCTPATOB CO3JAET
YPE3BBIYANHO CHUJIBHYIO (110 KJIETOYHBIM
MacmTadaMm) 3JEKTPUYECKYIO IOIAPU-
34LMIO HA  Y44CTKE, COIIOCTABUMOM IO
pasmMepam € NOCTOSHHOM JIJINHBI SKBH-
BJICHTHOI'O 3JIEKTPUYECKOIO Kabess
(HECKONBKO COTEH MHUKPOH).

I'ma pacrer cO CKOPOCTBIO HECKOJIb-
KO JICCATKOB MUKPOH B MHHYTY, CJIEJOBA-
TEJIbHO, KKIASA JIEKTPUIECKHU TOJIAPH-
30BAHHAA I'PYIIIA KIETOK CyLIECTBYET Ha
NPOTSKEHNU BCEro 5—10 MuHyT. OJHAKO
OHA C 34BU/IHBIM YIIOPCTBOM BOCIIPOU3-
BOJUTCA BHOBb M1 BHOBb BI)II[BI/II"&}OH_[CI;I—
cs BIEPEJ HOBOM OHMOMACCOU, O(popM-
JIAIOIIEHUCA B BUJIE TPYOKU IOCTOSTHHOT'O
JuaMeTpa. 3a4eM, IMOYEMY U IO KAKUM
npaswiam? [Toka Ha 3TU BOIIPOCHI MOX-
HO JaThb JIMIIb OYCHb HpH6HH3HTCJIbeIfI
OTBET... M
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bHOTEXHONOTHH

CMBONOBbIE KNemku:

GOMHERNA W HAJEX]b

Po6ept AaHua nHaas Po3eHTaAb

Kakme npensTcTBus HY>KHO MPEOAOAETh, YTOOLI MCMOAL3OBAHME
CTBOAOBBIX KAETOK B MEAULIMHE MNePEeCTAAO OblTb TOABKO MEYTOW?

CTBOJIOBBIC KJIETKUA TaAT B ce6€ HEBU-
JIAHHBIE BO3MOKHOCTH: OT PETCHEPALIU
IIOBPEKACHHBIX OPI'4HOB U TKAHEH 10
JIeYeHUA 3200I€BAHNH, HE TTOAJAIOINX-
€A JIEKAPCTBEHHOM Tepanuu. Ho peans-
HO JIM IPUMEHEHUE ITHUX KIECTOK B Me-
gunyHe? CyMEeIOT JIM BPAYM IIPUCTYIIUTD
K JIEYEHHIO OOJIbHBIX C UX MNOMOUIBIO
Cpaasy JKe MOCIE OTMEHBI COOTBETCTBYIO-
UX OrpaHudeHun? ITo-BuamMomy, HeT.
Jaxe cama uAeHTU(MUKALIUA CTBOTOBBIX
KJIETOK — 3TO npodnema. IIpexzae dyem
IIPOBOJUTD TE€ WIX UHBIE SKCIIEPUMEH-
ThI, HECOOXO/IUMO YOEIUTBCS, YTO ITHU
KJIETKA JIEUCTBUTEIBHO ABJIAIOTCS TEM
«CTBOJIOM», U3 KOTOPOI'O, KAK BETBH, BbI-
PacTaoT BCE IPYTUE TUIILI KIIETOK, 4 TAK-
K€, YTO OHM CIIOCOOHBI K CAMOBOCIIPO-
U3BEJECHUIO.

Haubojiee yHHUBEPCAIbHBL 3MOPHO-
— embrionic
Stem) KJICTKU, BIICPBLIC BbIICICHHBIC U3

HaJIbBHBIC CTBOJIOBBIC (ES

MBIIIUHBIX 3MOPUOHOB 20 J1eT Ha3al.
OHM ObIIN B3STHI HA CAMON paHHEH CTa-
UM Pa3BUTUA IUIOAA U3 TOHM €TI0 YaCTH,
KOTOPAs1 B HOPME JJA€T HA4YaJIO TPEM Pa3-
HBIM CJIOSIM (3aPOJBIIIEBBIM JIMCTKAM)
0oJee O3IHEro 3MOPHUOHA (CM. pUC. HA

cmp. 57) 1, B KOHILIE KOHILIOB, — BCEM OP-
TaHAM U TKAHAM. DTO CBOMCTBO ES-Kile-
TOK IIPEAONPEACINIO UX HA3BAHUE —
IUIIOPUIIOTEHTHBIE.

BonpmuHCTBO ES-KAETOYHBIX JTUHUM
4EJIOBEKA, HAXOAIUXCA CETOJHA B PAC-
MOPSKEHUU YYCHBIX, IIOJYYEHBI OT HeE-
OOBIYHBIX SMOPUOHOB — OHM OBLIN CO-
3[AHBl B PE3YJIBTATE HCKYCCTBEHHOI'O
OIUIOAOTBOPEHMA 72 vitro. OJJHAKO IPU
3TOM HE BCE OHU UICHTUYHBL

B nonckax CTBOAOBBIX KAETOK

Hexoropeie tnHuu AU HepeHIupPyIOT-
Cs B KJIETKU TOJIBKO OJHOI'O TUII4, APY-
rge BOOOIIE IUIOXO PACTYT B KYJIBIYPE.
YTOOBI IPOBEPUTD, SABJIAIOTCS JIU KJIET-
KU IUTIOPUITIOTEHTHBIMU, AMEPUKAHCKUE
OUOIOTH MPEAIOXKUIN ABA TECTA, J1aB-
HO arnpoOOMPOBAHHBIX HA ES-KIETKAX
JKMBOTHBIX. TakuM 0Opa3oM, y4eHbIE
HAJICIOTCA CTAHJAPTU3UPOBATH JKCIIEC-
PHUMEHTBI, IPOBOJMMBIE HA ES-KIETKAX
4JejoBeKa. [IepBbld TECT OCHOBAH HaA
BBCJICHUM IIPEAIIONATAEMBIX ES-KIETOK
B OPIraHM3M K4AKOI'O-HUOYIb >KUBOT-
Horo. Ecnu y Toro oépasyercs Tepa-
TOMA (ONYXOJ/b, COJACPKAIAA KICTKU

BCEX TPEX 3a4POJBIIIEBBIX JIMCTKOB), TO
IUIIOPUIIOTEHTHOCTb MOKHO CYHTATh
JIOKA3aHHOM. BTOPOI TECT 3aKII0O4aeT-
Cs1 B MAPKHPOBKE KJICTOK-KAHIUAATOB
U BBEJCHUU UX B PA3BUBAIONIUICA dM-
OpHOH. EC/iM KJIETKU OKAa3bIBAIOTCS BO
BCEX TKAHAX POJMUBLICIOCH JCTEHBIINA,
TO OHU CKOPEE BCETO IUIIOPUIIOTEHTHBDL.
OHAKO IPUMEHEHME TOJOOHOM METO-
JUKH MOXET IIPUBECTH K IOABICHUIO
JKMBOTHOTI'O-XHMMEPDBI, BO BCEX TKAHAX
KOTOPOI'O IIPUCYTCTBYET YEJIOBEUYCCKAAL
JHK, 9TO ¢ 3TUYECKOM TOYKH 3PEHUA
HEIPUEMJIEMO.

YTO6BI HAEKHO UACHTH(MULIUPOBATD
UCTHHHO IUIIOPUIIOTEHTHBIE KJIETKH, HE-
OOXO/IUMO BBISBHUTBH I'€HBI, CLIOCOOHBIC
BKJIIOYATBbCS M BBIKIIOYATBCA B PA3HOE
BpEMA B KyJBIUBUPYEMBIX ES-KIETKAX.
Hanuuue Takoro npoduis 3KCIPeCcCUu
I€HOB HE TOJIBKO CT4JI0 Obl MHCTPYMEH-
TOM Ui HOATBEPXKICHUA CIOCOOHO-
CTHU KJIETOK J1aTh HAYAJIO BCEM OPraHaM
U TKAHAM, HO U HO3BOJWIO Obl IOHATb
MEXaHU3M camoro ¢peHomeHa. K coxa-
JIEHUIO, NPO(MWIb 3KCIPECCUU TI'€HOB
ES-KJIETOK IOKA JIa€T IIPOTUBOPEYUBDIC
PE3yIIBTATEL. 4

SMBPUOH YEAOBEKA Ha 5-6-€ CyTKM MOCAE ONAOAOTBOPEHMUST (BAQCTOLIMCTA), BCKPbITHIA AASI TOTO, YTOObI MOAYHYMUTE AOCTYT K BHYTOEHHEN
KAETOYHOWM Macce (BbIAEAEHQ KDACHbIM LIBETOM) — ICTOUYHNKY SMOPUOHAABHbBIX CTBOAOBBIX KAETOK.
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bHOTEXHONOTHM

KoneyHas 1Lelb 3KCIEPUMEHTOB Ha
ES-K1eTKax — pa3paboTKa HOBBIX METOJIOB
3aMEHBI WIX PEreHepanuu He(yHKIIH-
OHHPYIOIIUX KJIETOK U OPIaHOB, HAIIPH-
MEpP, OCTPOBKOBBIX KJIETOK HODKETYI0Y-
HOMH JKEJIE3bl, BBIPA0ATBIBAIOINX MHCYJIMH
(UX NIOBPEKACHUA BBI3BIBAIOT AUAOET),
WIA HEUPOHOB, BBICBOOOXKIAIOMINX 1O~
MMH (UX BBIXO/] U3 CTPOS JICKUT B OCHOBE
6onesnu IapkuHcoHa). OJHAKO yYCHBIE
HE PACHONAraloT HaJeKHBIMH METOAAMU
MEPEKIIOUCHIS ES-KIETOK Ha ITyTh 0Opa-
30BAHUA HY’KHBIX TKAHCH.

B xynprype ES-xnetku auddepeHiu-
PYIOTCS B 6€CIIOPALOYHYIO MACCY KIETOK
paszHoro Tuna. OJHAKO €CJIM BO3/ICHUCTBO-
BAaTb HA HUX XMMHWYCCKMMU BCIICCTBAMH
B CTPOI'O ONIPEJEIECHHBIE IIPOMEKYTKHU
BPCMCHH, TO OHU HAYNHAIOT CIICIIHATIN-
3UPOBATHCA B KIETKH KAKOI'O-TO OJJHOTO
THII4, IIPAB/A, OXOTHEE OOPA3YIOT JIOCKY-
Thl COKPAIAIOMIEHCA CEPACYHON MBIIII-
11bI, YEM KAKHE-JIMOO JIPYTUE TKAHU.

Kak 3aCTaBUTb KAETKHU
paéorarb?

[TOCKONBKY /1O CHUX IIOP HEU3BECTHO,
KAKUM HHCTPYKIUSAM ITOJYUHSIOTCS
ES-KJI€TKA BO BPEMS PA3BUTHA IMOPUO-
Ha, MHOI'ME YYCHBIC 3aHSINCh U3YYEHUEM
€CTECTBEHHOMN 3MOPUOHAIbBHON «HUILN»,
C TEM YTOOBI TTOHATh, KAKUMH BHECIIHU-
MH CUTHAJIAMH MOKHO OBLIIO ObI BO3/CH-
CTBOBATb HA NPOLECC. [Ipyrue Ucciego-
BATEJIU TBITAIOTCS OTCJACIUTh XaPAKTEP
M3MEHEHUs TPO(MHIIS SKCIIPECCUN T€HOB
1o xoay Aud@epeHnpoOBKY, HAJEIACh

BBISIBUTD T€ U3 HUX, Yb€ BKJIIIOYCHUE WIH
BBIK/IIOUEHUE HAIIPABIIUIO Obl PA3BUTHE
KJIETOK 10 TOMY WM UHOMY ITyTH.

ES-KJIEeTKN MOXKHO 6€3 0COO0TO Tpy-
Jla 3aCTaBUTh OOPA30BBIBATH HEUPOHBI
B yamke IleTpu, OJJHAKO PE3yIbTaT OT
TOTO OYyJIET, TOJBKO €CIH UX yIACTCS
«B)XKMBUTb» B (DYHITMOHHUPYIOIIHUHI MO3T U
HaJIa/IUTh CBA3b C COCETHUMHU HEHPOHa-
mu. Kasanocs, B 2001 1. mponsomen po-
PBIB B 3TOM 061acT — PoHany Makken
(Ronald McKay) u3 HalMOHaJbHBIX
UHCTHUTYTOB 3/IPABOOXPAHEHUSI COO0-
LW, YTO HAKOHEI-TO PEreHEPUpPOBAII
UHCYJIMHIPOAYIUPYIOMHE KIETKH M3
MBIMUHBIX ES-KIeTOK. OJTHAKO HE IPO-
IO M JIBYX JIeT, Kak Jlyrimac MenTtoH
(Douglas A.Melton) us TapBapackoro
VHUBEPCUTETA, IMBITASICh ITIOBTOPHUTH
ONBITBI MaKKesl, OOHAPYXKWI, YTO pe-
I€HEPUPOBAHHBIEC KJIETKH IOIVIONAIN
UHCYJIUH U3 KYJIBTYPAJIbHOM CPE/IBL, A HE
CHUHTE3UPOBAIH €TO.

Ecnu 6b1 ES-KIEeTKHU MOKHO ObUIO UH'b-
E€IIUPOBATh B TOT OPTaH, KOTOPBHIA He-
06XOIMMO PEr€HEPUPOBATH, OPTAHU3M
CMOT' OBl CaM KOHTPOJIMPOBATH IIPO-
LIECC C MOMOUIBIO CUTHAIOB, IIOChUIAE-
MBIX OKPYXKAIOIMMUMHU TKAHAMU. OHAKO
IUTIOPUIIOTEHTHOCTh  ES-KJIIETOK  TauT
B ceOe CJIIMIIKOM MHOT'O HEOKU/IAHHOC-
TEH, YTOOBI TAKOU TTO/IXOJ] MOKHO OBLIIO
UCHONIB30BATh B MEJUIIMHCKUX IIEJIAX.
BBesieHHbIE KIETKU MOTYT UHHUIUHUPO-
BaTh OOPA30BAHUE TEPATOMBI WIH TKa-
HEI COBCEM JIPYT'OTO THUIIA, YEM HYKHO.
OJIHAK/ABI B OKCIIEPUMEHTAX HA KUBOT-

OB30OP: MEPCNEKTMBbLI MPUMEHEHNS CTBOAOBBIX KAETOK

o OTHOLLEHYIE HAYYHOTO COOBLLECTBA K 3OMEHE AV PErEHEPALIMN BILIEALLIVX U3
CTPOS1 OPFAHOB C UCTIOAL30BAHMEM CTBOAOBbIX KAETOK BECHMA HEOAHOZHAYHO: OAHM
CBSI3bIBAIOT C HOBLIM HAMPOBASHUEM GOABLLVE HOASXKADI, APYIVE OTHOCSITCS! K HEMY

C NnoAO3peHneM.

o HAMBOABLLVM NOTEHLIMOAOM OBACACIOT SMOPUOHAABHBIE CTBOAOBBIE KAETKW, HO
Y4YEHbIE MOKA HE 3HAIOT, KAK KOHTPOAMPOBATbL UX PA3BUTUE. AASI PELLEHNS HEKOTO-
PbIX 3aAAQY 6OABLLE MOAXOASIT CTBOAOBbBIE KAETKM B3POCAOTO OPraHN3MA, OAHAKO
AO CUX MOP OCTAETCS OTKPbITEIM BOMPOC 06 MX UCTUHHOM MPOUCXOXAEHUM 1 MO-

TeHUNAAe.

o [Tpexxae Yem MeToAbl TePAnM, OCHOBAHHbIE HA MPVIMEHEHUM CTBOAOBBIX KAETOK,
BOWAYT B MEAVLIMHCKYIO MPAKTUKY, MPUAETCS MPEOAOAETL MHOXECTBO MPErPaA,
KQAK HOYYHBIX, TAK 1 OBLLECTBEHHO-MOAUTUYECKIX.

HBIX YUYCHBIC ITOJIYYWUIIU TCPATOMBI, CO-
JIEPrKABIINE TOJIHOCTBIO C(POPMUPOBAB-
ITHECS 3YOBL

YTOO6BI HE AYMATD O TOM, YTO B PE3YJIb-
TATE MHBECKIMU ES-KJICTOK B OPIdHHU3M
4EJIOBEKA Y HETO B MO3TY WIH B CEPALIE
MOABUTCA OIIYXOJIb, BOOPYKCHHAA 3Y-
0aMM, MHOI'ME HUCCIICIOBATENN PEIIIN
IOUTU OO6XOAHBIM IyTeM. JJOKIABIINCH
rnepexoja ES-KIETOK B 60s1e€ CTabnIb-
HOE, HO BCE €II€ BECbMa IUIACTUYHOE
COCTOSIHHE POJOHAYAIbHBIX KJIETOK,
MO>KHO MPEJOTBPATUTH HEKOHTPOJIUPY-
emMyIo JUM@PEPEHINAIUIO U COXPAHUTD
CIIOCOOHOCTD PEATMPOBATH HA CUI'HAJIBL,
IIOCBIIAEMBIE OKPYKEHHUEM, A TAKKE [ja-
BATb HAYAJIO KIETKAM HYKHOT'O TUIIA.

Ho u 31€Ch CYyIIECTBYIOT IIPOOIEMBL
KieTku-npeamecTBEHHUKU MOI'YT Bbl-
3BATb HIMMYHHYIO PEAKIIHIO CO CTOPOHBI
OPTaHU3MA-XO34MHA: IOJOOHO KIETKAM
TPAHCIVIAHTUPOBAHHBIX OPTIdHOB, OHU
HECYT Ha CBOCH MOBEPXHOCTH AHTUIC-
HBbI, BOCIIPUHHUMACMBbIC HMMYHHOﬁ CcHucC-
TEMOM KaK CUTHAI K aTake. [TOCKOIbKy
BO3MOJKHBI COTHM KOMOMWHAIIMH pa3-
JIMYHBbIX AHTHUICHOB, HOH’d,IIO6$ITC$I
COTHH, 4 BOBMOXHO, U TBICAYHN JIUHUN
ES-KJIETOK JIIsL CO3/1aHUS OAHKA KJIETOK,
13 KOTOPOI'O MOXKHO OBbUIO Obl BEIOPATH
T€, KOTOPbIE COBMECTUMBI C OPI'dHHU3-
MOM 60JIBHOTO. /1151 3TOTO TOTPEOYIOTCS
MWJUJIMOHBI 3MOPUOHOB, OTOPAKOBAH-
HBIX B KIMHUKAX IO UCKYCCTBCHHOMY
OIIOAOTBOPEHMIO. IToaTomy He BCe
YYEHBIEC TOJAEPKUBAIOT HUJCIO CO3[a-
HHS IIOJJOOHOTO 6aHKA. [To X MHEHHIO,
MOXHO IIOJABHUTH I/IMMYHHbIﬁ OTBCT
00JIBHOTO HA ES-KJIETKU U UX IPOU3BO/I-
HBIC WJIU U3MEHHUTh AHTUTI'CHHBIE CBOM-
CTBA CAMHX KJIETOK. PEaIMCTUYHOCTD
TAKOI'O IIOJXO/4 €Il NPEACTOUT IOJ-
TBEPAUTD, 4 TTIOKA €JUHCTBEHHBIIN CIIO-
COO YCTPAHEHUSI UMMYHOJIOTUYECKOI'O
Oapbepa — CO3/1aHUE TUHUM ES-KIETOK
C UCIIOJIb30BAHHUEM COOCTBEHHOT'O I'€HE-
THUYECKOI'O MATEPHUAJIA ITALIUCHTA IIyTEM
IIEPEHOCA KIETOYHOI'O AAPa, WIH KIO-
HHUPOBAHHUA. DTOT METOJ, UMEET CBOU
HEJOCTATKHM U BBI3BIBACT CEPbE3HbBIC
BO3PAXKEHUsA, HO OH YK€ alIpOOUPOBAH
Ha JKUBOTHBIX U a1 OOHA/ICKUBAIOIIHEC
PE3YIBTAThl B AKCIIEPUMEHTAX 1O pere-
HEpauy TKAHCH.
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ANDREW SWIFT

bHOTEXHONOTHH

YTO TAKOE SMBPUOHAABHbBIE CTBOAOBBIE KAETKA

OMOPUOHAABHbBIE CTBOAOBbBIE (ES) KAETKM MOAYHAKOT HO CAMOW PAHHEN CTAANM PA3BUTKSI SMOPUOHA 13 OBAACTU, KOTOPAOST ACET
HAYAAO BCEM OPraHAM W TKAHSIM BYAYLLLETO OPraHM3MA. YHUBEPCAABHOCTb ES-KAETOK OBYCAOBUAQ VX HO3BAHME — MAKOPUMNO-
TEHTHbIE.

CYAbBBA KAETKU ONAOAOTBOPEHHAS
DMBPUOH YeA0BEKA, CHOPMUPOBABLLMIACS 301 5-6 CYTOK MOCAE ONAOAOTBOPEHMS 51l ﬂM%fg/QEJ|(A

LLEKAETKM, COCTOUT 13 100-150 KAETOK, HOHABLUMX CMELMAAUIMPOBATLCS. OH MPEeACTAB-
ASIET COBOM CHEPUYECKYIO CTRYKTYPY MOA HA3BAHMEM OAQCTOLMCTA, KOTOPAS MEET
HAPY>KHBIN CAOWN U MOAOCTb, IAE OBPA3YETCS BHYTPEHHSIS1 KAETOYHAS MACCA.,

113 HOPY>KHOrO CAOST PA3BMBAETCS MAQLLEHTC

N APYrve NoAASPKMBAIOLLME CTRYK-

TYPbI, O 13 BHYTOEHHEM KASTOYHOW HapyskHbI CAOK BAACTOLICTA
MQCChI — OPFaHbI U TKAHM MAOAQ. (5-6¢ym)

K ToeTbeit Hepene SMEPUOH, BHyTpeHHs1

HQ3bIBAEMbI FACTYAOW, LNtk Infehl (Y eletele]

COAEPKUT TPU NMEPBUYHBIX
30POABILLEBLIX AUCTKA, 13
KOTOPbIX OBPABYIOTCS
COTHW TUMNOB KAETOK
TEAC YEAOBEKQ.

TACTPYAA
(14-16 cyt)

3APOABILLIEBBIE
ANCTKN U
OTAEAbHbIE
OOPMUPYIOLLIMECS
N3 HUXTKAHN

SKTOAEPMA ME3OAEPMA SKTOAEPMA

(BHYTPEHHMIN AUCTOK) (CpeAHWUIN AVCTOK) (HOPY>KHbIN AUCTOK)
MoaXKeAyAOUHOS! KoCTHbIN MO3r Koykal
Xenesa CKEeAET, IANOAKME MbILLILLbI HenpoHb!
MeyeHb Cepaue, Mnodua
LLIMTOBMAHQOS YKene3a KPOBEHOCHbIE COCYAbI [AQ3Q, yLum
Nerkne [oYeyHble KOHAAbLLbI
Ypetpa NOAYHYEHUE SMBPUOHAABHbBIX

CTBOAOBbIX KAETOK

YHTOBbI NOAYUUTE AVHUIO ES-KAETOK,

13 BAACTOLUCTLI OTOUPAIOT BHYTREH-
HIOIO KAETOYHYIO MACCY 1 MOMELLAOT
ee B 4aLwKy [eTpu ¢ KAETKAMU-KOP-
MUANLLOMW. Hepesd HECKOALKO AHEN

B YALLKE OBPA3YETCS KOAOHWS KAETOK
(¢poT0 BBEPXY), KOTOPLIE MOXXHO
OTHECTU K OMOPUNOHOABHBIM CTBOAO-
BbIM, €CAV OHM COOTBETCTBYHOT ABYM
YCAOBUSIM: ACKOT MOAOXKUTEABHbBIN
PE3YALTAT HO CTAHACPTHBIE TECTbI

1 OBAQAQKOT CMTOCOBHOCTBLIO K CAOMO-
MOAAEPKAHMIO.

B Mupe Hayku
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CepaLe Mbilm (Cpes Yepes AEBbIN XKEAYAOHEK), MepeHeCcLLEN MHPAPKT MUOKAPAQ.
C NOMOLLIO KAOHUPOBOHHbIX ES-KAETOK B TEHYEHWE MECSILLA BbIAO PEreHeEPNPOBAHO
38% NOPOYKEHHOW TKAHW (A€BAST YOTOrPADUSI, MPSIMOYroAbHUIK). [P GOAbLLEM
YBEAVNYEHNM BUAHBI HOBbIE KAETKM (KDQCHBIE) N KAOHWUPOBOHHbIE (CUHME).

MO>XHO AU NepeBecTn Yachl
Hasaa?

KJIIOHUpOBaHUE MOKHO PACCMATPUBATD
KaK OJJMH U3 CIIOCOH60B OMOJIOKEHHUA OP-
raHU3M4 Ha KJIETOYHOM ypOBHE. Teso ye-
JIOBEKA COCTOUT 6osiee yeM u3 200 pas-
JINYHBIX THIIOB KIETOK. HO ecnu kieTka
npUobpeEna KaKylo-TO CHELUATNU3ALINIO,
TO B HOPME OO6PATHOI'O yTH HET — OHA
TUPPEPEHITUPYETCS OKOHYATEIBHO
U 6eCnoBOPOTHO. OAHAKO €CJIU 3aMe-
HUTH AJIPO HEOIUIOZOTBOPECHHOW M-
LEKJICTKH AAPOM KIETKU COMAaTUYECKON
(HEIIOJIOBOM), OHA MOXKET IIOBECTU €O
KaK OIUIOAOTBOPEHHAd, T.€. IPUCTYIIUT
K JICJICHUIO. ES-KJIETKH OOpPa3yIOErocs

OB ABTOPAX:

aM6puoHa 6yayr copepxatb JHK mo-
HOPHOM COMATHUYECKOMN KJIETKM, 4 OHa
cama OyJeT IepenporpaMMUPOBAHA
U IIEPEUET B PAHI CTBOJIOBOX C IIPUCY-
el e CHIOCOOHOCTBIO PETEHEPHUPOBATD
TKAHH PA3HOT'O THIIA.

HepnaBHO MBI NPOBEIN CIEAYIONUNI
3KCIIEPUMEHT: 4aCTUYHO aAuddepen-
LIUPOBAHHBIC CTBOJIOBBIE KJIETKH, I1O-
JIy4EHHBIE OT KJIOHUPOBAHHOI'O MBbI-
MHUHOI'O 3MOPHOHA, HUHBELUPOBAIU
B CepJlie I'PBI3yH4, IIEPEHECIIETO HH-
dapkr. O6HAPYKUIOCH, YTO B TEUYCHUE
MECAIA IIPOU3O0NIIA 3aMEHA 38% KIETOK
3apyOLIEBABIICICA TKAHU CEPACYHOU
MBIIIIBI HOPMAJIbHBIMU KIETKAMU (CM.

Po6ept AaHua 1 Haas PoseHTtanb (Robert Lanza, Nadia Rosenthal) —BeayLume cne-
LIMAAUCTbI B OBAQCTU U3YYEHWS CTBOAOBBIX KAETOK. AQHLO — AUPEKTOP MO MEANLMH-
CKUM BOMPOCAM B KoMmnaHum Advanced Cell Technovogy, Inc. v pooueHT IHCTUTYTa
pereHepaTMBHON MeanLUnHbI Yak-PopecTckoro yHnusepcuteta. OH 3aHUMA-
eT1Ccs n3yyeHnem ES-KAeToK YHeAOBEKA, KAOHUPOBAHMEM, pereHepaumen TKaHemn
M napTeHoreHe3oM. PO3eHTaAb BO3IAABASIET EBponenckyto AOBOpaATOpUO MOAE-
KYASIPHOM BUOAOTM B Pume. TpeaMeT ee MCCAeAOBAHUN — pereHepaLmst HepBHO-
MbILLEYHbBIX COEANHEHWIN 1 CEPAEYHOM MbILLLLbI C MOMOLLBIO ES-KAETOK, Pa3BUTHE

cepALa SMBPUOHA.

Pomo cnesa). A B 3TOM Irofly METOJIOM
IIEPEHOCA AAPa COMATUUYECKON KICTKU
(Somatic cell nuclear transfer, SCNT)
BIIEPBbIC ObLIA ITOJIy4CHA TUHUA ES-Kie-
TOK 4€JIOBEKA. MOKET ObITh, C IOMOIIBIO
3TOr0 IOAXOJAA YHACTCA IMPEOAOIETH
nperpajgbl Ha IIyTH MCIIOJb30BAHUA
CTBOJIOBBIX KJIETOK B TEPANIEBTUYCCKUX
nenax? I[IepBbIf BaKHBIIN IIAr HA 3TOM
IyTH yXe caenaH. B despane By Cyk
XBaHr (Woo Suk Hwang) u3 CeyibCKoro
HALMOHAJIbBHOI'O YHUBEPCUTETA COOO-
W, YTO, UCTIONIB3Ysl SCNT-METO/I, OH
CO3/7a]1 SMOPHUOH 4YEJI0BEKA, BBIPACTHII
€ro JO CTaIMH 6JIACTOLMCTBL M IOJIy4YHIT
IUIIOPUIIOTEHTHBIE KJICTKU.

B pacriopsprennn XBanra 6pu10 242 s1ii-
LICKJIETKH, YTO ITO3BOJIMJIO BAPbUPOBATH
YCIOBUSL INPOBEACHUA 3KCIIEPUMEHTA
U MO3TAIHO IIPOCJIEAUTD BECh IPOLIECC.
Ho paxke B 3TUX YCIOBUAX yOAIOCH I10-
JIYIUTD JIAIIb OJHY JIMHHUIO ES-KIETOK.
MexaHu3M IEPENPOrpaMMUPOBAHUA
ANLEKIETKH IIPH TAKOM CIIOCO6E €€ OIl-
JIOHOTBOPEHUA BO MHOI'OM OCTA€TCA 34-
raJIKOM — TOYHO T4K K€, KAK U IIPOLIECC
Pa3BUTUA U3 HEEC SMOPUOHA.

HeT yBEpEHHOCTU U B TOM, YTO IIO
XOJly NEPENPOrpaMMHUPOBAHUA WU
B MIPOLECCE MAHUMIYIALMHU C 3MOPUO-
HOM B €O T€HETUYECKOM MATEPUAJIC HE
IIPOU30UIYT MyTALIMH U OOPA3YIOIINECS
ES-KJIETKH HE IIPEBPATATCA B PAKOBBIE.
Janee, Ipexe 4eM NEPEHOCUTD ALPO
COMATHYCCKOM KJIETKU OOJIBHOTO, HEOO-
XOJAUMO yCTPAaHUTD B ero JJHK myranun,
KOTOPBIE MOTYT ObITb IIPUYUHOM HACJIE]-
CTBEHHBIX 3a60JIEBAHUN (HAIIpUMED,
reMO(PUJINK MIA MBIIIEYHOM JAUCTPO-
¢dun). K cuacrpio, METO/BI T€HOCIICIIH-
($pUIHON MOJUPUKAITUH, TTOBCEMECTHO
OCYLIECTBIAEMON B 9KCIIEPUMEHTAX Ha
ES-K1eTKax MbIIIEH, 6bLIH allpOOUpPOBa-
Hbl U HA ES-KJIETKAX 4YEJIOBEK4, TAK YTO
[IPEIBAPUTEIBHOEC YCTPAHECHUE My TALTAN
B JoHOpCcKon JTHK niepes BBeicHUEM €€
B ANLEKIETKY HE JOJ/DKHO OKa3aTbCsA
pO6JIEMOH.

BoJIbIIM BOIIPOCOM OCTA€TCA U MOJI-
HOILICHHOCTb ES-KJIETOK, NPOUCXOI-
IUX OT KJIOHHMPOBAHHBIX 3MOPHUOHOB.
H3BECTHO, YTO MOMIBITKH IIOJIyYUTD KHA3-
HECIOCOOHBIX KJIOHUPOBAHHBIX KUBOT-
HBIX YaCTO 3aKAHYHUBAIMCh HEYNAYCH:
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NMOAUTUKA: OCHOBHOE MNMPENATCTBUE

DKCNepUMeEHTbl HO CTBOAOBBIX KAETKAX B3POCAOIO Opra-
H3MQ He BbI3bIBAIOT HUKAIKNX BO3PANKEHUIA, HO PE3YALTATHB-
HOCTb MX MPUMEHEHMS B MEANLIMHE AQAEKO HE OYEBUAHA.
SMOPUOHAABHbIE CTBOAOBbBIE (ES) KASTKM B STOM OTHOLLEHWM
ropasao 6oaee apdeKTMBHbI, OAHAKO MCMOAL3OBATL BECb
VX MOTEHLIMAA HEBO3MOXHO M13-30 MHOTOYUCAEHHBIX Orpa-
HUYEHW.

B BeAankobpuranumm, CuHranype, tOxxHom Kopee, Kutae,
SINOHUN U PIAE APYTUX CTPAH MCCAEAOBAHMUS C MPUMEHE-

/1 BC€ OHM HOXOASITCS1 B KYABTYPOABHOV CPEAE, COAEPIKALLEN
KAETKM MbILLW, YTO COMPSIKEHO C PUCKOM VX 3APOXKEHS BUPY-
CAMM XKMBOTHBIX. AAMUHUCTOALMS MO KOHTPOAKD 3A MPOAYK-
TAMU NNTAHUS M AekapcTBamMu CLLIA cenyac peliaeT Bonpoc
O TOM, MOXXHO AU UCTMIOAB3OBATH STU KAETKU AAS MDOBEAEHMSI
KAVIHNYECKNX UCTIBITOHM,

[epexoa HO HEroCYAQPCTBEHHOE GUHAHCUPOBAHME MO-
YKET CTATb BbIXOAOM AAS MHOMMX Y4eHbIx B CLLA. Tak, SHApPIO
[poys (Andrew S. Grove), OCHOBATEAb KOMMAHUM INfel, BbIAE-

HUEM ES-KAETOK AKTUBHO GUHAHCUPY-
OTCS1 FOCYAQPCTBOM. BMecTe ¢ Tem,
NoKa EBPONENCKNUM NAPAAMEHT
He onNpeAeAuA eANHYIO MOAUTUKY
B 9TOM OBAQCTU, KOXKAQS M3 CTPAH-
YYQACTHUL, PYKOBOACTBYETCSI CBOUMU
npasmAamMu. A obcyxxaeHrne B8 OOH
BOMPOCA O BbIPABOTKE MEXAYHAO-
POAHOIO COTAQLLEHMST OTAOXKEHO HA
ABQO TOAQ.

B CLUA Hay4YHble COTRPYAHUKN, dur-
HOHCKUPYEMbIE FOCYAQPCTBOM, MO-
ryT pa6oTATb TOABKO C ES-KAETKAMMU,
BbIAEAEHHbIMU A0 aBrycTa 2001 r.,
T.€. AO BBEAEHUS AAMUHUCTRALMEN
bywa orpaHn4yeHnin. PeaabHO Xe
HO MICCAEAOBAHMS TAK HA3bIBAEMBIX
NPE3NAEHTCKNX KAETOYHbIX AUHUIA
B6bIAO BblaeAEeHO MeHee $20 MAH. 13
$27-MUAANOAPAHOTO BIOAXKETA HALIM-
OHOABHbIX MHCTUTYTOB 3APCBOOXPA-
HEeHWS.

TOABKO 15 AUHWUI 13 YNCAQ «MPE3U-
AEHTCKMX» XM3HECMOCOBHbI, OCTAAb-
Hble YKE MAOXO PACTYT B KYALTYPE UAN
COAEPXKAT reHeTNYeCKe AHOMOAUM.

Ayraac MeAToH 13 [apBApPACKOro
YHVBEPCUTETA CO3AOA 17 HOBbIX
AVIHWIA ES-KAETOK, UICMOAB3YSI
SMOPVOHbI, KOTOPbLIE BbIAV MOAYYEHbI
B PE3YALTATE OMNAOAOTBOREHUS iN Vitro.
[MpeanoAaraeTcst, YTO yYeHbIn ByaeT
OAHUM U3 AUPEKTOPOB MHCTUTYTA MO
113yHEHMIO CTBOAOBBIX KAETOK, KOTOPbIN
MACHMPYET CO3AATHL [APBAPACKMNA
YHVBEPCUTET.

VA $5 MAH. CaH-OPAHLIMCCKOMY YH-
BEPCUTETY HA PABOTHI MO CO3AAHUIO
HOBbIX AVIHUI ES-KAETOK, O CTOHDOPA-
CKWU YHUBEPCUTET MOAYUUNA $12 MAH.
OT QHOHUMHOIO CMOHCOPA HAO UCCAE-
AOBOHME PAKOBOro MPOLLECCA C UC-
MOAb30OBAHUEM ES-KAETOK. HO noAun-
TUYECKNIN KAVMAT B CTPAHE TAKOB, YTO
MHOTME NCCAEAOBATEAN CTAPAIOTCS
BOOOLLE OTONTN OT TOMN NPOBAEMBI,
4YTO HE NPUBABASIET SHTY3NA3MA UH-
BECTOPAM M BUOTEXHOAOTNYECKUM
drpmam.

MNepeAoMUTb CUTYALMIO MbITAKOTCS
HeKOTOpPbIE LUTATbI, ASVNCTBYSI HO CBOW
CTPOX U pUCK. OLLEHMB, KAKYIO MPUOBIAL
CYAIT UCCAEAOBAHNS ES-KAETOK, BAOC-
" KaAndopHun peLimam opuLmanb-
HO MX MOAAEPKATh. B HOSIGPE 3aeCh
nponaet pedepeHAYM Mo BONpoOCy
BbIAEAEHWS U3 BIoAXKETA $3 MAPA. HO
NOAAEPXKKY YYEHbIX. TAKYIO Ke Mo3u-
LIMIO 3QHSIAM B MPOLUAOM FrOAY BAOCTU
Hbto-Adkepcu, noo6eLLaB B TEeYeHNe
NSTU AET BBIAEANTb UICCAEAOBATEASIM
wrarta $50 MAH.

4eTBEPOHOTrHUE JUOO MOTudanu, 1160
UMEIU MHOT'OYUCIEHHBIE OTKJIOHCHUSA
OT HOPMBL OJJHAKO IIPOBEPKA ITOTCHLIU-
AJ1a KJIOHMPOBAHHBIX LS-KIETOK IIyTEM
BBC/ICHUA UX B PA3BUBAIOIIYIOCH OIACTO-
LIMCTY A1 HOJIOXKUTEIbHBIA PE3YIBTaT:
IIOABUBIIICECS HA CBET JKUBOTHOE ObUIO
COBEPIIEHHO HOPMAIBbHBIM. OTCIOAA CIIe-
JIYET, 4TO €CJIU O PENPOAYKTUBHOM KJIO-
HHUPOBAHUU IPUMEHHUTEIBHO K YEJIOBEKY
IIOKA HEYEIO U JyMaTb, TO HAJ, UCIIOJb-
30BAHUEM ES-KIETOK B TEPANIEBTUYECKUX
LIEJIAX, ITIOTYYEHHBIX METOOM IIEPEHOCA
SA7Ppa, HEOOXOIUMO PaboTATh.

AHAJIOTUYHBIE OIIACEHUS BbI3BIBACT
U APYroy METOJ, IIoNydeHus ES-Kie-
TOK — IAPTEHOTI'CHES (B IIEPEBOJIE C I'Pe-
YECKOI'0 — <«HEIIOPOYHOE 3a4aTHUC»),
KOT'Za AULEKIETKY CTUMY/IUPYIOT K JIeJIe-
HHIO C IOMONIBIO XMMUYECKUX BEILIECTB.
ITceBnOaMOPHOH (IAPTEHOT) BBIPAIIH-
BATb IOPA3/10 NPOLIE, YEM OTYICHHBIH
METOJOM IepeHoca Aapa. B onbITax Ha
JKUBOTHBIX M3 IAPTEHOT OBUIN IOJIyde-
HbI ES-KIETKH, CHOCOOHBIE K HOPMAJlb-
HOHU Au(d@EPEHUINPOBKE B KYJIBTYpPE
U IpOIIEJINUE TECT HA OOPA30BAHHE
TEPATOMBL

B ommmamne OoT OOBIYHBIX KJIETOK, B KO-
TOPBIX HPUCYTCTBYIOT XPOMOCOMBI OT
0BO0OUX POAUTENEH, TAPTEHOTDI COACPKAT
YABOEHHBIA HA00OP XPOMOCOM MCXOAHOM
sunexiIeTku. OHU 00JIafaioT ITOJTHBIM
KOMIUIEKTOM T'€HOB, HO HE€ IIOJJICKAT
MMIUIAHTALIMUA B MATKY CYPPOTaTHOM Ma-
Tepu. MiMesas TOJIbKO OJHOTIO POJMUTEI,
MAPTEHOT HECET IOJIOBUHY BO3MOKHBIX
AHTUI'CHOB, 4 [IOTOMY IIPU BBEJICHUH B XO-
3AUCKUI OPIdHMU3M BCTPEYACT MCHBIIECE
MIPOTHUBOJEHCTBUE CO CTOPOHBI HUMMYyH-
HOI CUCTEMBL YTOOBI OXBATHTb UMMYHO-
JIOTUYECKUE XAaPAKTEPHUCTHUKUA OOJIbLICH )

B Mupe nayku




bHOTEXHONOTHM

XPAHUAULLE CTBOAOBBIX KAETOK

Basodpua
D03MHOGUA oy

SpuUTpOouUTbI

MoHouut
[emonoatnyeckas e
CTBOAOBQIS] 1 ’

KAeTKa

KOCTHBIN MO3r — 31O

«OBUTAANLLE» KPOBETBOPHbIX
(reMOmnO3TNHECKMX) KAETOK,
HANMBOAEE MOAHO N3yHEHHbIX
CTBOAOBbIX KAETOK B3POCAOTO
OPraHmaMa. OHM AQKOT HOHOAO
POAOHAYAABHMKAM BCEX KAETOK
KPOBM 1 IMMYHHOW CUCTEMBI. [TOMVMO

CTpoManbHas | ks
CTBOAOBQSI }

KAETKO MuenonaHas .
POAOHAHAABHOST “Hempodiia 1 X

MoAMnoTeHTHas

1 MOTEHLMAAQ B3POCAbIX CTBOAOBBIX
KAETOK. Pe4b MAET O CTDOMOABHbIX
CTBOAOBbIX KAETKAX, 113 KOTOPbIX
0BPA3YIOTCSI NPEAWECTBEHHUKIM
YKNPOBOW U KOCTHOW TKOHW 1 KOTOPSbIE,
BO3MOXKHO, SIBASKOTCSI POAOHAYAABHUKAMM
APYIVIX HEAGBHO OTKPbITbIX KAGTOK —
ME3EHXNMOAbHBIX CTBOAOBBIX 1 TAK
HasbiBaeMbix MAPC (Polypotent stem
progenitor cells). B3poCAble CTBOAOBbIE
KASTKM MPUCYTCTBYIOT M BO MHOTUX APYTUX
TKOHSIX —TOAOBHOM MO3re, TKAHSIX TAa3a,
KOXKE, MbILLILLOX, CTEHKAX KPOBEHOCHbIX
COCYAOB, JXEAYAOHYHO-KMLLEYHOM TPAKTE,
HO HEN3BECTHO, MPOUCXOAST AVl OHU 13
CAMUX STUIX TKAHEM AU SIBASIKOTCS MOTOMKAMM
LIMPKYAVPYIOLLIMX B KDOBW FEMOMOSTUYECKINX
KAETOK

3TOro B KOCTHOM MO3Ie COASPKATCS] Aavnoumr CTBOAOBQA Knetka ¥
KAETKM, K KOTOPBIM MOYKHO OTHECTM " W 1 L] a{ - '
MHOTVE HepeLLeHHbIE BOMPOCHI, o - Apongran | B 1I;’!" P

J :
KOCAIOLLMECS ASHTUDUKALIAN | POAOHAUGALHAS TooMBoLyTS

Octeobaact

Knetia-knanep

Ty KAeTKa

-
- )
N

B-Avmdoumt

AEHAPUTHOS KASTKO

gactu Hacenenus CHIA, Hy)KHO CO3/1aTh
OaHK 110 KpariHeit mepe 13 1000 nnapreHo-
TEHETUYECKUX ES-KIETOYHBIX JIMHUMN.

CKpPbITbIV MOTEHUUAA

3aKUBJICHUE PAaH HA KOXKE HAYMHACTCSI
Cpasy e MOoCJIe UX NoABIcHUA. [Tleuenn
YEJIOBEKA B TEUCHHE OJHOIM HEACIN
MOXET PEreHepupoBaTh 10 50% CBOEH
KJIETOYHOHM MA4CCHI, 4 B KPOBH KaAXK/IYIO
MUHYTY NOABIAECTCA 350 MJIH. HOBBIX
3PUTPOIUTOB. M3BECTHO, YTO BO BCEX
GBICTPO BOCCTAHABIMBAIONTUXCS TKAHAX
MMEIOTCST AKTUBHO MTPOIH(EPUPYIOIIE
CTBOJIOBBIC KJICTKH. [To4eMy K CTOJIb XKE
OGBICTPOI PETCHEPAITUN HE CIIOCOOHEI
JIPYTHE OPTaHEl, B IEPBYIO OYEPEb MO3T
U cepale, B KOTOPBIX HEAABHO TOXE
OB OOHAPYKEHDBI KJICTKU, IIPETCHIYIO-
IIHXE HA CTATYC CTBOJIOBBIX?

Haub6oiee nomHo O6bUTH U3YyYE€HbBI KPO-
BETBOPHBIC (TEMOIMIO3TUYECKUE) CTBOJIO-
BBbIC KJIETKH B3POCIIOTO opranuaMa. OHU
HaXO/JATCS B KOCTHOM MO3T€ H JAIOT
HA9aJI0 BCEM (DOPMEHHBIM 3TIEMEHTAM
KpoBU U MBI CTBOJIOBBIEC KIICTKH,
auddepeHIupPYIOMUECs B CEMEUCTBO
KJIETOK OJJHOTO OPTaHa WJIN TKAHH, HA3bI-
BAIOT TIOJINIIOTCHTHBIMH. ECTh Hazexxa,
4TO OHHU OYyAyT OOHAPYKECHBI U B IPYIUX
OpraHax, U TOTAA U PETCHEPAITUN HE
MIPHU/ICTCS TIPOBOJIUTH MAHUITY/ISIITNHA Ha
3MOPUOHAX. A MOXKET OBITb, OyOyT OT-
KPBITBI «B3POCIBIC» CTBOJIOBBIC KJICTKU,
MIPUOITIDKAIOMIHIECS 11O CTENICHH TUTIOPH-
ITIOTEHTHOCTH K SMOPHOHAIBHBIM.

TIOKa K€ YUYCHBIE MBITAIOTCS BBISICHUTS,
He 6JIOKUPOBAH JIM KAKUM-JIN60 OOPa30M
IIPOIIECC CAMOPETECHEPAITUHN B TKAHSX, T7IC
OH WJET OYCHb ME/ICHHO, U HEMb3S JIN

€ro pa3oIoOKMpPOBaTh. CaAM UCTOUYHHK PA3-
JIMYHBIX B3POCJIBIX CTBOJIOBBIX KJIETOK,
4 TAKKE UX HNOTEHITUAI ITOKA O KOHIA
HE YCTAHOBJICHBL. He SICHO Taxke, IPOMC-
XOJAT JIM TKAHECTIEIU(PUYHBIE CTBOJIO-
BbIC KJIETKH BO B3POCJIOM OPTaHU3ME OT
CaMOM 3TOM TKAHU WA OT LUPKYJIUPY-
IOIIMX B KPOBHU I'€MONIO3THUYECKUX CTBO-
JIOBBIX KJIETOK. OCTAE€TCS HEU3BECTHBIM
U TO, KAK JAJIEKO MOTYT IPOJIBUHYTHCS
ITU KIETKH HA NYTU K HEIPUCYIICH UM
CHENMATU3AIIN U YIACTCS JIA OCYIIECT-
BUTbH TAKYIO «TPaHCAN(DOEPEHITUATITHIO
HE TOJIBKO B JITA00OPATOPUH, HO U i1 VivO.
K MBICIM O TOM, YTO HEKOTOPBIC
B3POC/IBIE CTBOJIOBBIC KIETKH O6JI4/1AI0T
OOJIBIINUM IMOTEHITUAJIOM, YUYEHBIX I10/I-
TOJKHYJIU HAOIIO/ICHUS 34 OOJIbHBIMHU,
KOTOPBIM OBUI ITIEPECAKEH KOCTHBIN MO3T:
OOHAPYKUIJIOCH, YTO JIOHOPHBIE KJIETKH
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PacnpoCTPAHWINCh IO MHOTUM TKAHAM
peuunuenTta. C1eJOBATEIbHO, IIPU OIIpe-
JICJIEHHBIX YCJIIOBHAX CTBOJIOBBIC KJIETKU
KOCTHOI'O MO3ra Moryr auddepeHimn-
POBATBbCS B KIETKU NPAKTHYCCKU JIIO-
60ro tuna. (AHAJTOIMYHBIM CBOUCTBOM
06712/1210T (PETATTBHBIE CTBOJIOBBIC KJICT-
KM, BBIJICJIEHHBIC U3 ITyIIOBUHHOU KPOBU
HOBOPOKAEHHOTO.)

OJHAKO HEOJHOKPATHBIE IIOIBIT-
KM IPOBEPUTH TEOPHIO IUIACTHYHOCTU
B3POC/IBIX CTBOJIOBBIX KJIETOK H4 JKHUBbBIX
OPTraHU3MAX HE YBEHYAJIUCH YCIIEXOM.
B mapre 3Toro roja nosBUINCH IBA CO-
obuenusa Ha 3Ty Temy. Jleopa Boncam
(Leora Balsam) wu3 CraH@OpACKOTO
yHuBepcurera 1 Yapas Mappu (Charles
E. Murry) n3 BammmHITOHCKOTO YHUBEP-
CUTETA HE3ABUCUMO JPYr' OT APYyra Mo-
IBITAJIUCh OOHAPYKUTb KPOBETBOPHBIC
CTBOJIOBBIE KJIETKH B CEPACYHOM MBIIILIE
MBIIIY, IEpeHecIer nHMapKT. HuKakux
CJIE/IOB MX Y4ACTHA B PEIC€HEPALIUU HETe-
MAaTOIO3THYECKOM TKAHU HE BBIABHUIIOCE.

OOHAKO OBIIO OOHAPYKEHO MACHITA6-
HOE CJINAHUE CTBOJIOBBIX KJIETOK KOCTHO-
I'O MO3I'd C KJIETKAMH CEPACYHOM MBIIILIBI,
[IEYEHHU U MO3T'4, 3ACTAB/IAIONIEE TO0-UHO-
My B3IVIAHYTb Ha (PDEHOMEH TpaHcaudde-
peHuManuu. B Oyaymux nccaeioBaHuax
B3POCJIBIX CTBOJIOBBIX KIIETOK HEOOXOAM-
MO UCKJIIOUYUTD BO3MOKHOCTD UX ITIPOCTO-
I'O CJIMAHUA C KIETKAMU JJAHHOT'O OPIraHa.
TOJIBKO B 3TOM CJIy4ae MOXKHO OyZAeT Io-
BOPUTb OO0 UX y4aCTUH B PEr€HEPALNN
«HENPO(UIBHOIO» Il HUX OPIdHa.

B uccnegopanuax TkaHecnenuduy-
HBIX CTBOJIOBBIX KJIETOK YK€ JJOCTUTHYThI
OILyTUMBIE ycriexXu. B fepmanmu nnposo-
JIIOCh OOCJIEJOBAHUE ITALIUEHTOB, IIEPE-
HECIIUX OOMUPHBIN MH(MAPKT MUOKAP/A,
KOTOPBIM HEIOCPEACTBEHHO B IOBPEXK-
JI€EHHBIH Y4aCTOK MHBELUPOBAIU UX
COOCTBEHHBIE POAOHAYAIbHBIE KICTKU
CEPJICYHON MBIIIIIEL 32 4 MECALA pa3MepP
IIOBPEKACHHOM OOIACTU YMEHBIIWIICA Ha
10% n1 padora cepAla yIydmaach.

OCHOBHBIM TIPEHATCTBUEM K KIMHH-
YECKOMY IIPUMEHEHHUIO B3POCJIBIX CTBO-
JIOBBIX KJIETOK CJIYKUT MaJIOYHUCIICHHOCTD
UX HNONYJIALUN B TKAHAX W TPYAHOCTU
BblIe/IEHUA. TaK, B KOCTHOM MO3I€ B3POC-
701 MbIK ux Bcero 1 Ha 10000, a pig
4EJIOBEKA 3T4 BEJIMYHMHA MOXKET OBITD CIIE

CTBOAOBbIE KAETKN KOCTHOrO MO3rcl
(pryopecLmpyoT 3eAEHbIM LIBETOM)
MUIPUPYIOT K MOBPEXKAEHHBIM MbILLLLAM
HOMM (CTPEAKQ) NO CUTHAAY 6eAka IGF-1
(MHCYAMHONOAOBHOrO GAKTOPA POCTA)
1 30MyCKQOT MPOLLECC pereHepaummn.

MeHbIIe. Henpeackasyema U J10KaIn3a-
LM CTBOJIOBBIX KJIETOK /11 GOJIBIIMH-
CTBA TKAHEH, 4 BO3MOKHOCTH MX MJICHTH-
pUKALMH ¢ TOMOLIBIO TOBEPXHOCTHBIX
MAapKEPOB WIA NPOMUIEH IKCIIPECCUU
I'€HOB BECbM4 OT'PDAHHUYEHHBL

Jlaske ec/ii B3pOCJIbIE CTBOJIOBBIC KIIET-
KM BBI/ICJICHDL, UX €IIE HY’KHO HAYIHUTbCA
KYJIETUBUPOBATD, T.K. OHH PACTYT 4PE3-
BBIYAITHO MeIeHHO. Kak m B ciydae
ES-KJIETOK, MaJIO YTO U3BECTHO O (DAKTO-
pax, OIPEAC/AIOMHUX Cyab0y B3POC/IbIX
CTBOJIOBBIX KJIETOK. MBI HE 3HAEM TAKXKE,
KaK IOBJIUAET HA UX CIIOCOOHOCTD K pe-
reHEPAUU TKAHEH OOJIbHBIX IIPOLIECC
KyJISTUBUDOBAHMUSL.

BMmecTo TOro 4To6B! TPATUTDH CUJIBI HA
BBIICJICHUE, KyJIBTMBUPOBAHUE M BBE-
JICHUE B OPIraHU3M CTBOJIOBBIX KJIETOK
GOJIBHOT'O, MOKET OBITH, CTOUT MOOWIIH-
30BATb CKPBITBIC BO3MOKHOCTH CAMOI'O
opranusma? Ilogsnsgercsa Bce OOJbIIE
JAHHBIX O TOM, YTO CTBOJIOBBIE KJICTKH,
AHAJIOTMYHO KJIETKAM METACTA3UPYIOIINX
OIyXOJI€M, BOCIPUHHUMAIOT XUMHUYCCKUE

CUTHQJIbI, HAIIPABJIAIOIIUE UX K TEM ME-
CTaM B OPTaHU3ME, I'7I€ BO3HUKIN MOB-
pexigenusa. HeaBHO Mbl OOHAPYKIIIU,
YTO IO CUrHaTy 6enKa IGF-1 (MHCYyIMHO-
MOJOOHBIIN (PAKTOP pOCTa 1) MBIIIUHBIE
CTBOJIOBBIC KJIETKH OTIIPABJIAIOTCA B JITH-
TEJIbHBIC ITyTEHIECTBUA B OPTAHU3ME K-
BOTHOIO (M. (POIMO C/1e6aL).

YTO6B MOOHUIU30BATb OPI'dHU3M HA
3AIIyCK MPOLIECCOB PEr€HEPALIMHU C I10-
MOIIBIO CTBOJIOBBIX KIIETOK, HECOOXOAUMO
JOCKOHAJIbHO HOHATb POJIb XUMHUYECKUX
CUT'HAJIOB. BO3MOXHO, IGF-1 HE TOJBKO
CHOCOOCTBYET aIPECHOU IOCTABKE CTBO-
JIOBBIX KJIE€TOK, HO U IDUHHUMAET y4aCTHE
B IIEPEXO/IC KIETOK MOBPEXICHHON TKA-
HH B IIOJIMIIOTEHTHOE COCTOAHUE C IIOC-
senytomein ux auddepeHnuanue. OToT
(eHOMEH, M3BECTHBIN M0/ HA3BAHHUEM
3MUMOP(UUECKAsA PEreHEPALIMA, JIEKUT
B OCHOBE YAMBUTEIBHOI CIIOCOOHOCTU
TPUTOHA U PBIOBI-3€0PbI K PEre¢HEPALIUT
LIEJIBIX OPI'aHOB.

3aBeTHAsA MEYTA YYCHBIX — HANTH
CoCOO6bl KOHTPOJIA AeauddepeHa-
LU TKAHEH B3POCJIIOTO OPraHU3M4, 11O
CyLIECTBY HAYYUTBCS NIPEBPALATD I1OJI-
HOCTBIO JAU(PPEPEHIIUPOBAHHBIC KJIET-
KU B CTBOJIOBBIE. HO pereneparusBHas
TepaIus, OCHOBAHHAA Ha AU dEepeHITI-
aluy, — 3TO AEJNO JAJEKOTo OyIyIIero,
U CKOpEE BCEro NPUOIU3UTD €TI0 IIOMO-
I'yT UCCNIEAOBAHUA KaK SMOPHOHAIbHBIX,
TaK U B3POCJIBIX CTBOJIOBBIX KJIETOK.

Yro Bnepean?

IToka M3y4eHUE CTBOTIOBBIX KJIECTOK I10O-
poAWIO OOJBLIE BOIPOCOB, YEM AAJIO
OTBETOB. OJJHAKO PE3Y/IBTAThl IEPBLIX
TECTOB HA BO3MOKHOCTb NPHUMEHCHUA
B3POCJIBIX CTBOJIOBBIX KJIETOK JUIA JI€de-
HHUA CEPAEYHO-COCYJUCTBIX 3a60J1€Ba-
HHUH BECbMa OOHA/ICKUBAIOT. [IpOBE/ICHBI
YCIEIIHBIC SKCIIEPUMEHTDI HA JKUBOTHBIX
110 TIPUMEHEHUIO IPOU3BOJHBIX ES-Kile-
TOK JUIA JIEYEHUA HEUPOJEr€HEPATUBHBIX
PACCTPOUCTB, YTO, BO3MOXKHO, ITOJTOJK-
HET COOTBETCTBYIOIIME KIMHUYECKHUE
UCIBITAHUA HA YEJIOBEKE.

MbI yBEPEHBI, YTO 3d PET€HEPATUBHOIM
TEPAINIUEN Ha YPOBHE KJIECTOK U OPI'AHOB
6onpmoe Gyaymee. BecbMa cepbe3HBIE
NPEIATCTBYA HA ITyTU €€ PA3BUTHA ITOKA
HE YCTPAHEHBI, HO IPEOJOIUMEL M
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PacnpocTpaHeHME SAEPHOIO OPYXKMS 1 BAAANCTAYECKINX
PAKET CO3AQET YrPO3y ATOMHOIO YAQPA MO TAOOAABHOMN
CUCTEME UCKYCCTBEHHbIX CMYTHUKOB 3EMAM.
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ANEPHOE OPYKHE

ANBIHBIE szpisei un ovue

O wmronsa 1962 r. B CHIA Ha arosuie
IDKOHCTOH B TUXOM OKeaHe IpPOILIN
UCHBITAHUS TEPMOSJEPHOIO B3PbIBA
B KOCMOCE. 3aIyCK SIZIEPHON 6OEroIoB-
KU C UCITOJIb30BAHHUEM OAJUTUCTHYECKOM
pakets! Thor, IOJ; KOJOBBIM HA3BAHUEM
«Mopckast 3Be3zia-1», 6bUI OCIETHUM
B CCpuun HO[IO6HI:IX AKCIICPUMCHTOB,
TIPOBOUBIINXCA HA IPOTAKCHUUN YCThBI-
pex JIET MUHHUCTEPCTBOM O60pOHBI CIITA.
HO BTOT MOMEHT, KOI7IA PAKETA IIPOYEp-
THIA B HEOE IBIMHBIH CJIE/T, MAJIO KTO MOT'
TIPEAIIOJIOKUTD, HACKOJIbKO HCOXUTAH-
HBIMU OKAXKYTCA ITOC/ICACTBUA BBICOTHO-
I'O B3PbIBA MOITHOCTBIO 1,4 METATOHHBIL.
Tem BpeMeHeM Ha [aBansax, MIpUMEPHO
B 1300 KM OT MecTa COOBITHH, UH(POP-
MaIys O TIOCIEHEM B3PBIBE «Pa/TysKHOI
OOMOBI» ITPOCOYNIIACH B II€YATh, U HACEIIC-
HHE OCTPOBOB C HETEPIIEHUEM OKU/IAIIO
Haudana «perieppepkar. Korna 60eronoska
B30PBAIACHh HA BbICOTE 400 KM, OCIEIH-
TCJIbHAA BCITBIIIKA HA MI'HOBCHUWA O3aPU-
JIa MOPE U HEOO MOAOOHO MOIYACHHOMY
COJIHLLY, IIOCJIE 4ero Hebeca Ha CEKYHIY
IPHUOOPETH CBETIO-3C/ICHBIH 11BET.
OJHAaKO OOJBIIMHCTBO JKHUTEIEH
laBaficKUX OCTPOBOB HAOIIONAIN Me-
HCC IPUATHBIC ITOCICACTBUA B3PbIBA. Ha
ocTpoBe Oaxy BHE3AIMHO IOTACIO Y/INY-
HOE OCBEIIECHUE, IEPECTAIA TIPUHUMATh-
Csl MECTHAS PATUOCTAHIIMS, A TAKKE IIPO-
rmata TesiepoHHas CBA3b. [1e-To B Thuxom
OKEAHE Ha MOJIMHUHYTHI HAPYIIWIACH Pa-
60Ta BBICOKOYACTOTHBIX CUCTEM PA/IHO-
cBs3U. [103Ke yUE€HBbIE YCTAHOBWIH, YTO
«MopcKas 3Be371a» IOC/IA/IA B IIPOCTPAHC-
TBO JIEKTPOMATHUTHBIN UMITYJILC (DMM)

TUT'AHTCKON PA3PYIIMTEIbHON CUIIBL, KO-
TOPBIH 32XJIECTHYJI OTPOMHYIO TEPPUTO-
PHIO BOKPYT 3IIULIEHTPA B3PbIBA.

B TeyeHme HECKONBKHUX MHUHYT HEO6O
HaJl TOPU3OHTOM OKPACWIOCHh B KPOBA-
BO-KPACHBIM LBET (CGM. UIHOCIPALUIO
@1e6a). YIeHbIe C HETEPIICHUEM OKMIAIA
MMEHHO 3TOI'O MOMEHTA. BO BCexX npebl-
JAYIMHUX BBICOTHBIX UCIIBITAHUAX B KOCMO-
CE BO3HHUKAJIO OOJIAKO 3aPSLKEHHBIX YaC-
THLI, KOTOPOE 4e€Pe3 HEKOTOPOE BPEMS
J1€(POPMHPOBATIOCh MATHUTHBIM I10JIEM
3eMJIM U BBITATUBAJIOCH BJJOJIb €€ €CTECT-
BEHHBIX PA/IMAIIMOHHBIX TT0SICOB, OOPHUCO-
BBIBAA UX CTPYKTYPY (CM. UIHOCIIPALUIO
Ha cmp. 65). HO HUKTO HE OXKUIAT TOTO,
YTO CJIyYHJIOCh B HOCJIEAYIOIHAE MECALIBL:
UHTCHCHUBHBIC HCKYCCTBCHHBIC pDana-
ITVMOHHDBIC TIOsACA BBIBCIN U3 CTPOA CCMb
CIIYTHUKOB, OOPAIABIIMXCS HA HU3KUX
OKOJIO3EMHBIX OPOUTAX, — TPETD CYILECT-
BOBABLIET'O TOIJA KOCMUYECKOI'O (PI10TA.

Tpesora:

BbICOTHbIE SiA€PHbI€ B3PbiBbI!
Cerognsa MC3 uCHONb3yIOTCA B CBA3H,
HABUI'ALIUH, TEJIECBUACHUU U PaJuOBE-
1maHur. COINIaCHO JaHHBIM ACCOLIMALIUN
CIIYTHUKOBOU HPOMBIIIJICHHOCTH, Ha
HU3KHUX OpPOMUTAX OOpaIAeTCd OKOJIO
250 KOMMEPYECKHX ¥ BOCHHBIX CITyTHH-
KOB, ¥ 6OTBIINHCTBO U3 HUX A0COTIOTHO
OECIOMOIIHO Tepe]l PaguaIueit, KOTo-
PYIO MOXKET BBI3BATH BBICOTHBIM 4TOM-
HBIM B3PbIB. CTPEMUTENBLHOC YBEJIMYC-
HHE IIPOU3BOJCTBA ANEPHOTO OPYXHUA U
OA/UIMCTUYECKUX PAKET BBI3BIBACT OIld-
CEHUS U 3ACTABJIACT 3ayMaTbCs O Oy-

A3HneA AonoH

JyIIEM MHPOBOM CIYTHUKOBOHM CHUCTE-
Mbl. O/IMH HEOOJIBIION SJICPHBIN 3apsi/,
B30OPBAHHBIA HA BLIOPAHHOM BBICOTE HAJ,
CHIA, «MOXET MOBIUATH HA CBI3b, JICK-
TPOHUKY M JIPYIUE CUCTEMBI, UTO HAHE-
CET HEMONPABHUMBIH YIIEPO SKOHOMHUKE
CTpaHbl», — yIBEp:KgacT Po6eptT Hoppuc
(Robert Norris), crapmuii Hay4HBIH CO-
TpyAHUK COBETA IO OXPaHE IIPUPOJ-
HBIX PECYPCOB, IPUHUMAIONTUI YIACTHE
B A/ICPHOU IIPOrpaMMe.

CHIA, Poccus, Kurait, Bennkoobpuranus,
Opannyd, Uspanne, Maana, [TakucTax u,
BO3MOKHO, CeBepHas Kopest cerruac 06-
JIAJIAI0T TAKUMH BO3MOKHOCTSIMHU.

Oryer 32 2001 1., BBITYIIECHHBINA KOMHU-
TeroM JloHaneaa Pamcdenna (Donald H.
Rumsfield), HBIHEITHETO MUHHUCTPA 000-
POHBI (O(PHUITUATIBHO 3TOT KOMUTET HOCHUT
Ha3BaHMUE: KOMHCCHUA IO OE€30IIACHOCTH
VIIPABJICHUS M OPTraHU3AIIUH HAITUOHAJIb-
HBIX KOCMUYCCKHX UCCIEOBAHUI), IIPE-
aynpexaaert, 9To «CIIA MOXKeT OKUaaTh
«kocmuueckun Ilepn-Xap6op». anee
B 9TOM JJOKYMEHTE COJICP’KUTCS IIPU3BIB
K PYKOBOJICTBY I'OCYAPCTBA IIPEIITPHUHU-
MaTh 60JIc€ AKTUBHBIC JICHCTBUSA, YTOOBI
CHHU3HUTD yTPO3Y HEOKUJAHHOI'O HAIIAJIe-
HUS U €I'0 BO3MOKHBIX ITOCIE/ICTBUH.

CucreMa IPOTUBOPAKETHOM OOOPOHHI,
KoTopyto cozaaet CIIA, yTOObI OrpaiuTh
cebd U CBOUX COIO3HUKOB OT aT4K C UC-
IIOJIb30BAHUEM PAKET AAJIBHEIO JEHUCT-
B, HE CJIMIIKOM HAJIE)KHA U CKOpee
BCETrO HE CIIOCOOHA IIOJTHOCTBIO 3aIU-
THTH 3TU CTPaHbL I'pybo roBOps, eciu
IIPOTUB PAKETHI C ALEPHON OGOErONIOB-
KOW U JUCTAHIIMOHHBIM B3PBIBATEIIEM )
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NPUMEHUTD IIPOTHBOPAKETY, TO 3THM
MOXKHO CHPOBOLIMPOBATb BBICOTHBIN
AZCPHBIN B3PbIB.

B 2001 r. Yopasienue OOOPOHBI
I[lenTaroHa HO CHHXKEHHUIO YI'DO3BI
(Defense Threat Reduce Agency, DTRA)
MONBITAJIOCh  OLCHUTb BO3MOXKHBIE
MOCHAEACTBUSA HUCHBITAHUHN I HU3KO-
OPOUTAIbHBIX CIIYTHHKOB. Pe3yibraTbl
HEYTEIIUTEAbHBIC: OJHOIO HEOOJIBIIO-
ro AxepHoro 3zapsaga (or 10 go 20 xku-
JIOTOHH — Kak 60M6a, cOpolIecHHasA Ha
XHUpOCHUMY), B3OPBAHHOI'O Hd BBICOTE
oT 125 1o 300 KM, «IO0CTATOYHO, YTOOBI
Ha HECKOJIbKO HEZENIb WUIH JAKE MECH-
LIEB BBIBECTH U3 CTPOsA BCE CIIyTHUKH,
HE HUMEIOUIME CHELUATbHOM 3aIIUThI
oT paguanun». Jennc Ilamagonysoc
(K. Dennis Papadopoulos), cnenuanuct
10 (PpU3UKE MIA3MbI U3 M3PUIECHACKOTO
YHMBEPCHUTETA, MHOI'O MHEHUSA: «10-Kn-
JIOTOHHAA AlcpHas 60M0a, B3OPBAHHAsA
HA CHELUAIBHO PACCIYUTAHHOI BBICOTE,
MOXET IPUBECTU K norepe 90% Bcex
HU3KOOPOUTAIbHBIX CIIyTHUKOB IIPU-
MEPHO Ha MECHL.

COrJIaCHO OTYETY YHPABJIEHMSA, B HE-
KOTOPBIX TOYKAX OKOJIO3EMHOI'O IIPO-
CTPAHCTBA B PE3YJIBIATE BBICOTHOTO A11E€P-
HOT'O B3PbIBA YDOBEHb PAJUALIUH MOXKET
YBE/IMYUTBCA HA 3—4 IOPAAKA U OCTa-
BATbCA IOBBIIICHHBIM B TEUYCHHUE JBYX
JIET. Bce CyTHUKHY, OKA34BIINECA B 30HE
C HOBBIIIEHHBIM (DOHOM, OYyT HAKAIIIH-
BATb PAJUALMIO TOPA3J0 OBICTPEE, YEM
MPEANOJIAraIOCh IIPU IIPOEKTUPOBAHUU,
YTO 3HAYUTEIBHO CHHU3UT OBICTPOJEHC-
TBHUE 3JIEKTPOHMKH U INPHUBEIET K PO-
CTy HOTPEOIEHUs SHEPIUU. BeposaTHO,
B IEPBYIO O4YEPEIb OTKAKET CUCTEMA

McnbitTaHne, npoBeaeHHoe B 1958 . MyHMCTEPCTBOM 060P0OHbI CLLA, HO3BAAM
«ANeAbCUH», 1,9-MEraToHHAS1 ATOMHAS1 6OMOA GbIAQ B3OPBAHA HO BEICOTE OKOAO 43 KM
HOA OTOAAOM AXKOHCTOH B TIXOM OKeaHe.

OPUEHTALIUU WM CBA3H, U CITYTHUKH yXKE
HE CMOTYT BBIIOJIHATD CBOU 33Jja4l WIN
HUX CPOK CJIYy:KObl 3HAYUTEJIBHO COKpa-
THUTCA. K TOMY 7K€ BBICOKMH YPOBEHB pa-
JUAIYA TIOMELIAET 3aITyCKy PEMOHTHBIX
Opuray,. «[TWioTupyeMble KOCMUYECKUE
IIOJIETBI JOJDKHBI ObITh IPEKPAIICHBI Ha
roJi Win 60;je¢, I0Ka YPOBEHb PaIUaIIUN
HE CHU3UTCH», — OTMEYACTCA B OTYCTE.
ITOACYNUTAHO, YTO HU3AEPKKA HA 3aMe-
HY aIlllapaTyphbl, BBIBEJICHHON U3 CTPOS
IOCJIEACTBUAMU BBICOTHOT'O SIZIEPHOIO
B3pbIBa, cocTaBAT 60see $100 miupa. (He
cundTas OOHIMX S3KOHOMHYECKHUX IOTEPh

OB30OPbI: 4AEPHbIE B3PbiBbl HA OPBUTE

 B3pbIB IAEPHOTO 3APSIAQ HA HU3KOM OPBUTE HA HECKOALKO AT HOPYLUUT HOP-
MOABHYIO PABOTY KOMMEPHECKMX U FPANKAQHCKIX CTYTHUKOB.

e Bce 60oAblLE CTPAH (M, BOBMOXHO, HETOCYAQPCTBEHHbIX CTPYKTYP) MOAYHAIOT
AOCTYM K IAEPHOMY OPYXXMIO U BAAAUCTUHECKMM PAKETAM. [TOKA BEPOSITHOCTL
ArpecCcum HEBEAMKA, HO, MPVHUMAS BO BHUMOHME YYAOBULLHBIE MOCASACTBUSI, 30-

ObIBATb O HEW HEAB3SI.

o ECAV 9A€PHbBIV B3PbIB B KOCMOCE BCE YKEe MPOU3OMNAET, BOSAENCTBUE HM3KOYAC-
TOTHbIMU PAAMOBOAHAMU MOXKET YMEHbLLUNTbE KOANYECTBO OMACHbLIX 3APsSDKEHHbIX
YACTULL U OYNCTUTB MPOCTPAHCTBO AASI PABOTHI CIYTHUKOB.

OT yTPaTbl BO3MOKHOCTEMH, NIPEJIOCTAB-
JIIEMBIX KOCMHUYECKOM TEXHUKOM!) «K co-
JKAJICHUIO, Mbl HE IPH/IAE€M YI'PO3E BBICOT-
HBIX SA/ICPHBIX B3PBIBOB TOI'O 3HAYCHUA,
KOTOPOI'O OH4 3aCIYKMBACT», — IIPEIO-
creperaer Kypr Benpon (Curt Weldon),
CTOPOHHMK Pa3BEPTBIBAHUA CHCTEMBI
ITPO u sapepHOU OOGOPOHBI, WIEH KOMH-
TETA 1O BOOPYKEHMAM AJIAThI IPEICTA-
BuTEIEr KOHrpecca CIIA.

Hu3kasa op6éuTta — BbICOKUM PUCK

CeroiHs U3y4aloTCsl MOCJIECCTBUA AMEe-
PHKAaHCKUX U COBETCKHUX AJECPHBIX MUC-
MBITAHUI B KOCMOCE, MTPOBOJUBITHXCS
B 1950-x u 1960-x rT. U3BECTHO, YTO
ACPHBIA B3PBIB B ATMOC(EPE CO3JACT
OBICTPO PACHIHPAIONIEECsT OOIAKO pac-
KaJIECHHOI'O ras3a (Iu1a3Mous), KOTOpoe
IIOCBIIAET BOBHE YAAPHYIO BOJIHY. B TO
JKE€ BPEMsSI OHO HCITYCKA€T BO BCEX Ha-
[IPABJIECHUAX YYAOBUIIHOE KOJUYECTBO
SHEPTUH B BUJIC TEIJIOBOTO H3MYICHUS,
BBICOKOHEPIUYHBIX PEHTICHOBCKUX
1 raMMa-KBAaHTOB, OBICTPBIX HEUTPOHOB
1 MOHU3UPOBAHHBIX OCTATKOB CAMOU
SZIEPHON 60€roysoBKU. Bommusn 3emnu
aTMocdepa NOITIOUIAET U3TyIECHUE, U3-
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34 4Ero BO3JyX HAI'PEBACTCA JJO IKCTPE-
MaJIbHO BBICOKOM TEMIIEPATYPBL. DTOTO
JIOCTATOYHO, YTOOBI «MATKO NOCAJAUTH>
AfEPHOE OOIAKO Ha 3eMIO. MOJIEKyYIIbI
BO3/lyXa OCIA0IAIOT I€HEPALUIO DJICK-
TPOMArHUTHOI'O HMITyJIbca. IloaTomy
OCHOBHBIC PA3PYLIECHUA OT AAEPHOIO
B3PbIBA, IIPOU3BEACHHOIO HEJATIEKO OT
IIOBEPXHOCTH, BBI3BAHBI YIAPHBIMU BOJI-
HaMU, CTUPAIOMUMH BCE C JINLA 3EMJIU,
BETPAMU HEUMOBEPHOI CWJIBI U IIOUCTH-
HE aJICKOM JKapOI.

BeIcOoTHBIE 1€ pHBIE B3PBIBBI (OOBIYHO
6onee 40 KM) COIPOBOXKAAIOTCA COBEP-
MEHHO APYTUMHU (ppekramu. [TOCKOIbKY
OHH IIPOUCXOJAT NPAKTUUECKU B 6€3BO3-
JIYITHOM IIPOCTPAHCTBE, OOJIAKO IIJIa3MbI
PacCIIUPAETCS rOPasao ObICTPEE U JOCTH-
raer 60JBIIETO Pa3MeEPd, YEM ITO ObUIO
OBl y IOBEPXHOCTH, 4 U3JIy4CHHE IPOHU-
KA€T ropaszio Jajblie.

MATHUTHbIE OKPECTHOCTU 3EMAU

AVNOABHOE MATHUTHOE MOAE HALLEN NAQHETHI

0BPA30BABLLMECS MPW TASPHOM B3PbIBE), KOTO-

30XBATLIBAET SAEKTPOHbI COAHEYHOTO BETPA (AU

Jenuc IManagonynoc OObICHIET, YTO
BO3ZHUKAIOIIMNI ITPU 3TOM CHIbHBIN JICK-
TPOMArHUTHBIM UMITY/IbC UMECT CIOKHYIO
CTPYKTYPY. B IepBbI€ HECKOIBKO JECATKOB
HAHOCEKYH/, OKOJO 0,1% sHepruu, mpous-
BE/ICHHOH B3PbIBOM, BBICBCUMBAECTCA B BU-
JI€ raMMa-U3JIy4CHHsA C SHEPIUEH KBAHTOB
oT 1 10 3 M3B (MErasneKTpOHBOJIBT, €M~
HUILA U3MEPCHUA IHEPIUU). MOIHBIA
IIOTOK I'AMMA-KBAHTOB yIaPACT B 3EMHYIO
aTMocdepy, I7I€ OHU CTAIKUBAIOTCS C MO-
JIEKYJIAMU BO3/lyXd U OTPBIBAIOT OT HUX
3JIEKTPOHBI (OTCKAKUBAHUE 3JIECKTPOHA
IIPU CTOJIKHOBEHMH C I'AMMa-KBAHTOM (PH-
3HUKH Ha3bIBAIOT a(ppexrom Komnrona).
Tak 06pasyeTcs JIABUHA KOMIITOHOBCKUX
JIEKTPOHOB C IHEPIUAMM ITOPsAKa 1 M3B,
KOTOPBIE JABHKYTCS 1O CITIUPAJIbHBIM TPa-
€KTOPHAM BJIOJIb CWIOBBIX IMHUI MATHUT-
HOro 1oJisg 3emnu. Co3Aat0nuecss HeCTa-
OWJIbHBIE 3JIEKTPUYECKUE TIOJIA MU TOKUA

PaAuALMOHHBIE Nosica 3eMAU s

TeHEPUpPYIOT Ha BeIcOTE OT 30 10 50 KM
Ha/l TIOBEPXHOCTBIO 3EMJIU 3JIEKTPOMAT-
HUTHOE M3JIyYCHUE B IUAIIA30HE PAIHUO-
4acToT OT 15 110 250 MIT1,

ITo crmoBam Jlenuca Ilamagormynoca,
JUIL METaTOHHOM 6OMOBI, B30PBAHHOM
Ha BbicOTEe 200 KM, AUAMETD H3/1ydaio-
mei o6aactu 6yzeT npuMepHo 600 K.
Beicoruerrt D MU MOXKET CO31aTh Pas-
HOCTb HOTEHLIUAJIOB, JOCTATOYHYIO,
YTOOBI PA3PYLIUTD JIIOObIE UYBCTBUTE/Ib-
HbIE€ IECKTPUYECKUE LIEIH U HPHUOOPDI,
HaXOJAIINECS HA 3EMJIE B IIPEEIAX IPs-
MO BUITUMOCTH. «HO Ha BBICOKOM OpOHTE
noJie, cozgaBaeMoe YMU, He TAK CHIIBHO
U B LEJIOM CO3[J4€T MCHBIIEC ITIOMEX>, —
JIOOABIIACT OH.

VueHbIe yIBEPKIAIOT, YTO, 11O KPANHEHN
mepe, 70% 3HEProBbulACACHH ATOMHOM
OOMOBI NPUXOJUTCA HA 3IJIEKTPOMAr-

HUTHOC M3JIYYCHUC B PCHTTCHOBCKOM }

— TpaekTtopus

! =1 SAEKTPOHA

pble ABVYKYTCS BAOAb CUAOBBIX AVHUI OT OAHOTO MO-
AKOCQA K APYTrOMY. DAEKTPOHbI 3AMOAHSIOT OBAACTb
TOPOUNACABHOM GOPMbI (KOK MOHYMK), OMOSICHIBAIO-
LLYO 3€MHOW LLAP W HO3BAHHYIO PAAVOLMOHHBIMM
nosicamm.

MexaAy BHELLHWM 1 BHYTPEHHVM NOSICOMM
1IMeeTCs1 MPOMEXKYTOK — OBACCTb C OTHOCUTEAb-
HO MQOAbBIM KOAUYECTBOM SAEKTPOHOB, TaM MC3
HOXOASTCS B 6€30MaCHOCTUN. ECAM B pesyAbTaTe
BbICOTHOTO SIAEPHOTO B3PbIBA PAAVOLMOHHBIE
NosICA «PABAYIOTCS» OT MOCTYMMBLLMX B HNAX
SAEKTPOHOB, TO 3APSHKEHHBIE YACTHLbI 3ANMOAHST
11 9Ty OOACCTb U BEIBEAYT U3 CTPOSI SASKTPOHHYIO
HOYMHKY CMYTHUKOB.

Koraa aAEKTPOH MPUBAMKAETCS K KOHLLY
MOTHUTHOWM AVHWW, BO3AE MOAKOCOB, TA€ MATHUTHBIE
CWAbI BOAbLLE, OH 3OMEAASIETCS (CM. pPArMeHT).

B HekoTopow To4Ke — ee HA3bIBAKOT 3ePKAABHOM
TOYKOW — YOCTMLLA OCTAHOBAMBAETCS Y HOYNHA-
eT ABUrATbCS1 OBPATHO BAOAL CUAOBOMN AVHNN
MQAFHUTHOTO MOAS1. BbICOTA 38 PKAABHOM TOYKM HOA,
MOBEPXHOCTBIO 3EMAM 30BUCUT OT TAK HO3bIBOE-
MOTO MUTY-YIAQ YOCTULbI — YTAQ MEXAY AVHUEN
MOFHUTHOTO MOAS 1 HOMPOBAEHMEM CKOPOCTU YOC-
TUILLbI, KOTOPAS AETUT MO CMIMPAAM BOKPYT CUAOBOM
AVHAM, AAST HOCTWL, MNTY-YTABI KOTOPbIX OCTPbIE
(ABWKEHME CKOopee NAPAAAEABHO AVHUSIM M-
HUTHOTO MOASI, YeM NEPNEHANKYASIOHO), 36 PKAAb-
HQS TOUKA ASXKMUT HvpdKe 100 KM, 1 TAKME YaCTULLbI
MOTYT CTOAKMBATLCS C MOAEKYAGMU ATMOCHEPDI,
BbI3bIBAISI MOASIPHbBIE CUSIHS. ECAM 3€PKAABHAS
TOYKQ PACMOAOKEHA Bble 100 KM, TO YaCTULLbI
NyTELIEeCTBYIOT OT MOAOCA K MOAKOCY.

o o . e
BHYTDEHHWA SAEKTPOHHBIM MOsIC: Tk

600-5000 km

L
(P4

[MpomedkyTok (6e30nacHAs 30HA):

6000- 12000 km

BHELIHWM SAEKTPOHHBIN MOSIC:

20000-50000 km

CUAOBQSI AUHUS

_J MQFHUTHOTO MOASI
3epPKaAbHOS!

TOYKQ MoAspHOE CusiHne

Toaektopwus
SAEKTPOHA

BHyTpPEHHW nosic

BHelwHWm nosic

507bic. kM *

—_—

5 o
MpomedxyToKr-—= 3
POMEXS IckycCTBEHHbIN NOsIC
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JIMAIIA30HE, KOTOPOE, KAK U COITyTCTBYIO-
1Iee €My IaMMa-M3JIy4eHHUE ¥ HEUTPOHBI
C BBICOKOJ 3HEPIHUEH, IIPOHUKAET CKBO3b
BCE IIPCJMETHI, BCTPECYAEMbBIC HA IYTH.
DHEPrus U3JIy4eHHs YMEHBIIAETCS C PAC-
CTOSAHMEM, IIO3TOMY CIIyTHUKH, HAXO/s-
IIMECA JAICKO OT MECTA B3PbIBA, CTPAJAIOT
MEHBIIIE, YEM OKA34BIINECS TOOTU3OCTHU.

«MATKUA PEHTICH» — PEHTTCHOBCKHE
JIYYU C HU3KOH 3HEPTUEM, KOTOPBIE TAK-
JKe 06PA3YIOTCA IIPU BBICOTHOM SAIEPHOM
B3PBIBE, — HE IPOHMUKAET BHYTPb KOC-
MHYECKOT'O aIlapaTa, HO HArpeBaeT €ro
OOO0JIOYKY, YTO MOJKET BBIBECTH U3 CTPOS
JIEKTPOHHYIO HAYMHKY CITyTHHKA. K'TOMY
JKE€ MATKMHM PEHTICH Pa3pymaeT ITOKPbI-

THE COJHEYHBIX 0aTApEH, 3HAUUTEIIBHO
YXYZALIASA UX CIIOCOOHOCTD BbIPAOATBIBATD
3HEPIHUIO, 4 TAKKE IMOPTUT ONTHYECCKUE
IIOBEPXHOCTU [JJATYUKOB IIOJOXKEHHUA
U TEJIECKOIOB. PEHTIEHOBCKOE U3IIyde-
HHe 60Jiee BBICOKOM 3HEPIUU, BO3/ICH-
CTBys Ha CIIYTHHK, BBI3BIBAET OOPA30-
BAHUE IIOTOKOB 3JIECKTPOHOB, KOTOPBIE

NMOCAEACTBUSA BBICOTHOIO 94AEPHOIO B3PbIBA

[Mpuxoasiee
raOMMO-U3AYYEHNE

HentpaAbHble
MOAEKYAbI

SHepruyHble
SAEKTPOHBI

PaccesHHoe A

raMmma-nsAy4yeHne

.
DAEKTPOMOrHUTHbINA
NMMYABC

-

Hes3awwmLLeHHbIn
CMYTHUK

4

= Ocrtatkm
s 60MObl

! REIVIY
MNoHochepa

HuskoYacToTHbIe MarHutHoe

o)

OtkAOYEHNEe
3/\eI<TpOCI/ICTeMl‘

O6bIYHO B3PbIB IAEPHOM 6GOMGbI HO OPBUTE COMPOBOXATET CAEAYIO-
LLIOSt TOCAEAOBATEABHOCTL COBLITUI. B NepBble ASCATKN HAOHOCEKYHA,
MPONCXOANT MOLLHBIN BBIBPOC FAMMO-KBAHTOB, KOTOPbIE, CTAAKMBA-
SICb C HEUTPAABHBIMU MOAEKYAOMU HA BbicoTe 30-40 kKM B atmochepe
3eMAU, POXKACIOT BICOKOSHEPTNYHBIE SAEKTPOHbI (1). DT 3apst-
YKEHHbIE YOCTULIbI, AETSILLIME C OFPOMHON CKOPOCTBIO, FeHepUPYHIOT
MOLLHbI MW, KOTOPbIN MOXET BbIBECTM U3 CTPOSI AOOYIO HYyBCTBU-
TEABHYIO SAEKTPOHMKY, HOXOASILLYIOCS B MPEAEATX €r0 AOCATAeMOCTU
HO MOBEPXHOCTU 3eMAM (2).

B TeueHre caeaytoLmx HECKOABKMX CEKYHA BOABLLIAS HOCTb SHEP-
M 6OErOAOBKM «BbICBETUTCSI» B GOPME PEHTTEHOBCKOTO U3AYYEHMS
(3). Koraa a1 MOLLHBIE SAEKTPOMAOTHUTHBIE BOAHBI BCTPEYAKOT HO
CBOEM MyTN HE3ALLUMLLIEHHDBIN CMYTHWK, OHW BbI3bIBAKOT CUABHBIE TOKM
1 HAMPSHKEHWS B TEAE CMYTHUKA, OTHEro NeperopaeT BCsl €ro XUTPO-
YMHQ$S1 SAEKTPOHHAS HOYNHKA.

OcCTaTKN GOErOAOBKM B BUAE MOHN3UPOBAHHOTO BELLECTBA, PACTOA-
KMBAEMbIE PACLUMPSHOLLIMCS MAC3MONAOM, MPOAETAT ELLLE HECKOAb-
KO COTEH KMAOMETPOB. DTN 3APSIKEHHBIE YOCTULLEI BBAOMMOAENCTBYIOT
C MArHUTHBIM MOAEM 3EMAWN, OTHETO BO3HUKAET DAEKTPUYECKOE MOAE,
MEHSIOLLLEECS] C HUBKOM YACTOTOM (4). DT MEAAEHHO OCLIMAAMPYIO-
LLIME BOAHBI PACTPOCTPOHSIOTCSI BOKPYT 3€MHOTO LLIAPA, OTPOXKASICh
OT NOBEPXHOCTM 3EMAU U HUXKHETO Kpast MOHOChepbl. HecmoTpst Ha
TO YTO SAEKTPUHECKOE NMOAE CAABO, OHO MOXKET CO3ACQBATH 3HAYM-
TEAbHBIE HAMPSHKEHWSI MEXKAY KOHLIAMM MPOTSHKEHHbIX HA3EMHbIX A
NOABOAHBIX AVIHWIA SAEKTPONEPEAQY, HTO PA3PYLLAET DASKTPUYECKNE
LLlenm AQbke BAOAW OT MECTA B3PbIBA.

B Te4YeHme cAeAyIoLX HEAENAD N MECSILLEB SHEPTUYHbBIE SAEKTPO-
Hbl, 30XBAYEHHBIE MATHUTHBIM MOAEM, MOCTENEHHO BbIBEAYT 13 CTPOSI
SAEKTPUYECKME CUCTEMbI BCEX CMYTHUKOB HO CBOEM MYTH.
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IIPUBOJAT K BO3ZHMKHOBEHUIO CHJIbHBIX
3JIEKTPUYECKUX TOKOB M HAIPSLKEHUM,
CHOCOOHBIX IONPOCTY CKEYb YYBCTBHU-
TEJILHBIC JIEKTPOCXEMBL.

Kaxk cuuraer [lennc ITamajgonynoc, no-
HM30BAHHOE BEIIECTBO CAMOU GOETOJIOBKUA
BCTYIIAET BO B3AMMOJACUCTBUE C MATHUT-
HBIM IIOJIEM 3€MJIM, KOTOPOE BBITAIKHBA-
ercs u3 obnmactu paguycom 100-200 Kk,
U €rO JBIKCHHE IPUBOAUT K BO3ZHUKHO-
BEHMIO HU3KOYACTOTHBIX JIEKTPUYCCKUX
KOJIE6AHHUI. DTH MEJUIEHHO OCIIWLUTHPYIO-
ILIHE BOJIHBI OTPAKAIOTCSA OT IIOBEPXHOCTU
3eMIH 1 HIDKHHX CJI0€B HOHOC(PEPBL, B pe-
3yJIBraTe 4ero a(p@PEKTUBHO PaCcIpoCTpa-
HAIOTCA BOKPYT 3¢MHOI'O I1apa. HecmoTps
H4 TO YTO AMIUIUTYAA JICKTPHUYECKOTO
II0JI1 HEBEJIUKA (MEHEE MHJUIMBOJIBIA Ha
METp), HA OOJBIIMX PACCTOSHUAX, Ha-
IIpUMEP, HA KOHIAX HA3EMHBIX WX IO/~
BOZAHBIX JIMHUI JIEKTPOIIEPENAY, MOKET
BO3HUKHYTb 3HAYUTEILHOE HAIPSLKCHUE,
YTO BBI3OBET MHOI'OYMCJIEHHBIE IIPOOOU
B 2JICKTPUYECKUX Lersax. MMEHHO 3TOT
3(DEKT BbI3ZBAI ABAPUM B JIEKTPUICCKUX
U Tesie(POHHBIX CceTsAX [aBarieB IOCIIe IKC-
IepHUMEHTA «MOPCKaA 3BE3/1a>.

Tlocne nposABICHUA NEPBBIX MOCIEAC-
TBUI B3PbIBA HA CLICHY BBIXOJIUT CaM IUIA3-
MO/, DTO OOIAKO S3HEPIUYHBIX JICKTPO-
HOB U IIPOTOHOB YCKOPSETCA MATHUTHBIM
IIOJIEM B MarHurocgepe 3eMid, B Pe3yJib-
TATE €CTECTBEHHDIE PAJIUALIMOHHBIE T105CA,
OKPYKAIOLINE TUIAHETY, YBEIMYATCA B PaA3-
Mepax. KpoMe TOro, HEKOTOPbIE YaCTHLIbI
«yberaloT» U3 ITUX OOJIACTEN U OO6PA3YIOT
HUCKYCCTBEHHBIC PAaJUALIMOHHBIC I105Ca
B IIPOMEXKYTKE MEXIY €CTECTBCHHBIMMU.
Jr1oT 3pdEKT HA3BaH B YecTb Hukomaca
Xpucrodunoca (Nicholas Christofilos),
MPEICKA3ABIIECTO €TI0 B cepeanHe 1950-X I
B xonne 1950-x rr. CIIA npowussenu ce-
PHIO ANEPHBIX B3PBIBOB B KOCMOCE (IIPO-
€KT «APIyC»), IOJHOCTBIO ITOATBEPAUBIINX
runoTesy XpHucropuiocd, CHUTaBLIETO,
YTO UCKYCCTBEHHBIE PAJUALIOHHBIE 1051~
€a CMOr'yT 6JIOKMPOBATh PAJUOCBA3b WU
JIKE BBIBOJUTH M3 CTPOS MONAAAIOMINE
B HUX O/UIMCTUYECKHE PAKETHL

3ALWUTA CMYTHUKOB

IleHTaroH y»xe HECKOJIbKO AECATUICTUN
pa3padaThIBACT IPOIPAMMY 3AIUTHI CBO-
UX KOCMMYECKHX aIIIapaToB. MHOI'ME BO-

B pamkax ncnbitaHms npoexta «Llapb-
PbIGA» AMEPUKAHCKAS BOAANCTHECKAS]
pakeTa Thor TOAHSIAQ SAEPHYIO
60€eroAoBKY (MOLLHOCTHIO MEHEE

1 MEraToHHbl) HO BLICOTY 97 KM. KpacHoe
CBEYEHME —PEIYABTAT YAQPHOIO
BO3OY)KAEHMSI ATOMOB KMCAOPOAC.
HeoBbl4HOS CTRYKTYPA, HOBAIOAQEMOS]

B HKHEN YACTU GOTOrPAdUM, —PEIYALTAT
B3OMMOAEMCTBIS BEICOKOSHEPMYHbBIX
SAEKTPOHOB C MOAEKYACMM BO3AYXA.

B 1962 r. 70T B3pbIB HO TPW HOCA HOPYLUWA
POAMOCBSI3b B PAOHE TMXOro OKEAHA.

€HHBIC CIYTHHUKU ObUIM IIEPEBE/ICHBI HA
BBICOKUE OPOUTHI, CYUTAIONIUECS OTHO-
CUTEJIBHO O6E€30IACHBIMU B CJIy4ae sijiep-
HOT'O B3pbIBA. Ha HEKOTOPBIE CITyTHUKHU
YCTAaHOBWIHN CIICIIUATIbHBIC 3KPAHBI, 32-
MIUIIAIONINE JIEKTPOHUKY OT PAUAIINN;
1O CyTH, 3TO PaApaIeeBhl KJICTKHA — 3AM-
KHYTBIE META/UTMYECKUE OOOJIOUKH, HE
MIPOITYCKAIONINE BHYTPb BHEITHEE JJICK-
TPOMAarHUTHOE noje. (OObIYHO YYBCTBHU-
TEJIbHBIC 3JIEMEHTBI CITYTHUKA OKPYKAIOT
OOO0JIOUYKON U3 ATIOMHUHUS TOJIIUHOMN OT
1 MM o 1 cm)

COrJIaCHO HEKOTOPBIM OIICHKAM, YCH-
JIECHUE CIyTHUKA CICIIUAIIBHBIMUA 3K-
PAHUPYIOIUMH MAHEIAMU U CO3/LAHUE

OB ABTOPE:

3ALIUIICHHBIX Y3JIOB CUCTEMBI, 4 TAKXKE
BBIBEZICHUE HA OPOUTY JOIOJIHUTEIbHON
MACCBI TOBBIIIAET €I'0 OOIIYIO CTOUMOCTD
Ha 20-50%. DJIEKTPOHHBIE KOMIIOHCH-
TbI, CIIOCOOHBIE BBIICPKATD ITIOBBIIIEHUE
paauallMOHHOrO ypoBHA B 100 pas 6e3
yiep6a uist paboTOCIIOCOOHOCTH, UMe-
I0T padodvyIo MOJIOCY 4acToT B 10 pas
MEHBIIE, YEM BBIITYCKAEMbBIEC CEHYAC, YTO
MOJKET Ha NOPSAAOK YBETUUUTD PACXO/IbI
Ha 3KCILTYaTALHIO.

Jennc [Tarmago1ynoc CY4uTaeT, Y10 CePhb-
€3HOI NPOOIEMOM, BOZHUKAIOIECH IIPU
BBICOTHOM SIZICPHOM B3DBIBE, ABJIACTCA TO,
YTO JUBJICKTPHUKAMH HAKAIUIUBACTCS 34-
ST, BO3HUKAIOITHH M3-32 OOCTPEIIA CIyT-
HHK4 OBICTPBIMU 3JIEKTPOHAMM C 9HEPTH-
er nopaaka 1 MaB. BeicokoaHepruyHbie
3JIEKTPOHBI IPOHUKAIOT CKBO3b KOPIIYC
WU 3AIUTHBIA KOXXYX CIYTHUKA H,
TOPMO3Ch, 34CTPEBAIOT B IOJYIPO-
BOJHHMKOBBIX 3JCKTPOHHBIX 3JIEMEHTAX
U COJIHEYHBIX 6arapedx. Ilpucyrcrsue
«4y;KAKOB» CO3[A€T PA3HOCTb HOTCHIIM-
AJI0B TaM, IJl¢ €€ ObITb HE JOJIKHO, YTO
BEJICT K Pa3psAJIKE AaKKYMYJIATOPOB U BO3-
HUKHOBEHHIO HEXKEIATEIbHBIX TOKOB,
MPUBOJAIINX K PA3PYLICHUIO CUCTEMBL.
IIpu 3TOM, €C/IM TONIIMHA 3AIUTHOI'O K-
paHa npessplmaer 1 cMm, oobscHseT JJeHnc
ITanaponynoc, To ee 3(PPEKTUBHOCTD
CHIDKACTCH, IOCKOJIBKY B 3TOM CJIy4dde
CTOJIKHOBEHUE C BBICOKOIHEPTHYHOU
YACTULIEH IPOBOLUPYET UHTECHCUBHOE
3JIEKTPOMATHUTHOE TOPMO3HOE U3JTyde-
HuE (T.€. U3Ty4CHUE, BOZHUKAIOUIEE IIPU
PE3KOM YMEHBIIEHHUU CKOPOCTH 3aPsi-
JKEHHOW YaCTHULIBI, BBI3BAHHOM CTOJIKHO-
BEHMEM C JIPYTUM TEJIOM).

Jlappu Jlonrzgen (Larry Longden) us
komnanun Maxwell Technologies, ipo-
U3BOJALIECH 3AIMUTY U1 HCKYCCTBEHHBIX
CIIYTHHKOB, YTBEPXKIAET, YTO HA CIIYT-
HHKE MOKHO YCTAHOBUTD JAATYHK, PETU-
CTPUPYIOIUIT YPOBEHb paAHALUU.

A3HueA AtonoH (Daniel G. Dupont) y>ke 6oAee 11 AeT OCBeLLaeT NPOBAEMbI HAYKM,
TEXHWKM N HOLUWMOHOABHOW 6e30nacHOCTM. OH PeAQKTOP HOBOCTHOTO MHTEPHET-NMOPTA-
AQ IncideDefence.com, a TAKXKe BbINYyCKAET CEPUIO MHPOPMALIMOHHBLIX BIOAAETEHEN
Inside the Pentagon. Ero cTatbu BLIXOAWMAM B TAKUX U3AQHUSIX, KOK The Washington Post,
Mother Jones, Government Executive n Apyrnx. AsHUEA AOMOH NOCTOSIHHO COTPRYAHW-

yaeT Cc XypHaAOM Scientific American.
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[Ipu TPEBBINICHUH JOMYCTUMOT'O TIpe-
JIC7IA CUTHAJIOM C 3eMIH MOXKHO OyJeT
BBIKJTIOYUTh OGOPTOBOM  KOMITBIOTEP
U TOAOXKIATh, TOKA CHU3UTCA (POH pa-
IUALINN.

Bcaea 3a 6ombon

Ecmm cerofs IpOTUBHUK B3OPBET A1€P-
HYI0 60MOy B KOCcMoce, TO CIIIA He cMoryT
MOJTHOCTBIO U30€KATh NOCICACTBUN 3TO-
ro B3pbIBa. OJHAKO B OyAyLIEM, IIOXOXKE,
3TO CTAHET BO3MOXKHBIM. ['par Tnne (Greg
Ginet), pyKOBOJMUTEIb IIPOEKTA UCCIICO-
BATEJILCKOU J1a60PATOPHUH BOEHHO-BO3-

JYITHBIX CUJI, TOBOPUT, YTO MOKHO JINK-

BUUPOBATb PAJUALNIO «OBICTPEE, YEM
IIPUPOJA CaMa CIIPABUTCA C BO3HUKIICH
po6seMor». B paMkax npoekra, puHaH-
CUPYEMOTO YIIPABICHUEM NIEPCIIEKTHBHO-
IO IUVIAHUPOBAHUA OOOPOHHBIX HAYYHO-
uccaenoBaTeNbckux pador CHIA (Defense
Advanced Research Project Agency, DARPA),
CENYAC M3Yy4aETCs BOIPOC, MOI'YT JIH MC-
KYCCTBEHHO CO3JIaHHBIC PaJAHOBOJIHBI
OYEHDb HU3KOI YaCTOTBI CLIOCOOCTBOBATD
<«BBIIYBAHHIO» PAAUALIAN U3 OOJIACTEL, IIe
MPOXO/IIT HU3KUE OPOUTBHL.

1A TOrO 4TOO6RI JIydllle ITOHATDb, KAK
metoj; pabdoraer, [enuc ITanmagonynoc
[IPEIIATAET PACCMOTPETD CAEAYIOUIYIO

AHAJIOTUIO. PaIMalTMOHHBIN ITOSIC 3eMJIHU
B KAKOM-TO OTHOUICHHM HAaIIOMMHA-
€T IPOTEKAIOUYIO YalKy. MarHUTHBIE
CHJIBL «3AKAYHUBAIOT> SHEPIUYHBIE YaC-
THULBL, T.€. IUIA3MYy, B PaIMALIMOHHBIE T10-
sca. CKOpOCTh, C KOTOPOU IIA3Ma <«BbI-
TEKACT> OTTYZA, 3ABUCUT OT AMIUIMTY/bI
HH3KOY4CTOTHBIX BOJH (BOJIH C 4aCTO-
Tamu oT 1 Iy 1o 20 KIM1) B Ommskanmein
OKPECTHOCTU. OJHAKO ANECPHBIN B3PHIB
IEPEMNOJHAET «YaAUIKy», [IO9TOMY BO3HH-
KaIOT ZOIIOJIHUTEIBHBIC, UCKyCCTBEHHBIE
paaranoHHbIE 11oAca. CIIoco6, ¢ IOMO-
LIbIO KOTOPOI'O MOYKHO OBICTPEE YIAIUTh
IUIA3My M3 MarHATOC(EPDI, O3HAYAET

CMSArYEHUE NOCAEACTBUN BbICOTHOIO B3PbIBA

CErOAHS

1

AAS1 €CTECTBEHHOIO PACMNOAC PAAUALMOHHOIO NOSICA, OOPA30BAB-
LLIEroCs B PE3YALTATE B3PbIBA, MOXET NOTPEOOBATLCS HECKOABKO AET.
Ero Bpems1 Xm3HM 30BUCUT OT TOFrO, HACKOABKO BbICTPO SAEKTPOHbI
MOKMAQIKOT MATHUTHOE MOAE 3EMAN. BOABLLLIASI HOCTb STUX 3OXBAYEHHbBIX
SAEKTPOHOB AETAET OT OAHOTO MOAKOCA K APYrOMY BAOAb CUAOBBIX AUt-
HUM MOTHUTHOTO MOAST (1). POANOBOAHBI HU3KMX 1 CBEPXHU3KUX YOCTOT
B3AMMOAEMNCTBYIOT C SAEKTPOHAMM BOAM3M MOAKOCA 1 3ACTOBASIKOT UX
OTKAOHSITLCS1 OT CBOEM NEPBOHAYAALHOM TRAEKTOPUN, YTO 3HOYM-
TEABHO MOBbILLAET BEPOSITHOCTb BbINAAESHWS 3APSPKEHHBIX YHACTAL, HOl

HeKkoTopble SAEKTPOHbI ~
OTPOKAKOTCS
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SAEKTPOHOB OTPAXKAETCS ?
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SAEKTPOHOB
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3eMAo (2). YyeHble OBHAPYXKMAK, YTO ECAMU UCKYCCTBEHHO CO3AOBATL
TOKME BOAHBI BOAM3M MOAKOCOB, TO MOXKHO YBEAUYUTL TEMM MOTEPN
SAEKTPOHOB. POKYCHPYS NEPEMEHHOE BbICOKOYACTOTHOE MBAYYEHME
(NepPEMEHHOCTb AOCTUITAETCS MEPUOANYECKNM BKAKOYEHNEM/BBIKAIO-
YEHNEM MBAYHATEAS) HO ABPOPAABHOM OBAACT MoHOCHepPbI B 100 KM
OT MOBEPXHOCTU HOA MOAOCAMM, MOXKHO YMPABASITb SAEKTPUHECKUM
TOKOM B MOHOCdEpE 1 TeM COMbIM UCKYCCTBEHHO FEHEPUPOBATb HN3-
KOYQACTOTHbIE BOAHBI (3). BO3MOXXHO, H4TO KOTAQ-HUOYAD AASI STOTO BYAYT
3AMyCKATb CAYTHUK, N3AYHAIOLLIA HN3KOYACTOTHBIE PAAVOBOAHDI (4).

|>I/IC|<yCCTBeHHb|e
4  HN3KOYACTOTHbIE POANOBOAHBI

B BYAYLLEM

CﬂyTHVIK C HU3KOYACTOTHbIM
M3AyHATEeAEeM

3 DAeKTpOAXKET
h MOCAE BO3AENCTBUS
b
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BbICOKOYQCTOTHBIE POAVOBOAHBI

I Viaaydarens
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ANEPHOE OPYKHE

YBEIMYEHUE CKOPOCTU BBITEKAHUSA U3
«4AIIKU», TPyOO TOBOPS, IPOCTO PACIIU-
PEHNA B HEHN «/IBIPBI>.

TeopeTudecKky MOKHO CO31aTh (PJIOTH-
JIMK CHELUAbHBIX CITYTHUKOB, KOTOPBIC
ObI TEHEPUPOBAJIM HU3KOYACTOTHBIC Pa-
JIMOBOJIHBI B HEIIOCPEJCTBEHHOM 6/IM30-
CTU OT PAaAUALIMOHHBIX IIOSACOB. [ToaToMy
DARPA COBMECTHO C BOEHHO-BO3Z/IYIITHBIMHA
CUJIAMH IIPOBOJUT KCIIEPUMEHTEBI C HU3-
KOY4CTOTHBIMH H3JIy4aTe/IIMUA B PAMKAX
npoekra HAARP (High Frequency Active
Auroral Research Program — ITporpamma
AKTUBHOI'O BBICOKOYACTOTHOI'O HCCIIE0-
BAHMA ABPOPAIbHOM OOJIACTH) B MECTECY-
Ke lakona na Amacke. B HAARP y4deHble
U3y4alOT AKTHBHBIC OOPA30BAHMA B MO-
Hocdepe U TO, KAK MOKHO HMCKYCCTBEH-
HO YHIPABIATb UX CBONCTBAMU. [IpoeKT
IIPEAIIONATAET UCCICJOBAHUA B OOIACTU
TEXHOJIOTHUH CBA3U C NOJBOJHBIMU JIO-
KAMM U IPYTUMH OObEKTAMU, HAXOJAIIN-
MHCA TTOJ] 3EMHOU ITOBEPXHOCTHIO. BakHO
TAKKE IIPOBEPUTD, MOKHO JIA C IOMOUIBIO
YCTAHOBOK YMEHBIINTb KOHLIEHTPALIMIO
3APSDKEHHBIX YACTHULL B PaJUAIIMOHHBIX
nosicax 3emn. Cengac y4eHble OIpe/ie-
JIAIOT, CKOJIBKO CITyTHUKOB TPEOYeTCs I
CO3/1aHMsA IVIOOAIbBHOU CHUCTEMBI IOJAB-
JIEHHA UCKYCCTBEHHBIX PaJHUAlMOHHBIX
IOACOB. MM momoraer pabora y4eHbIX
CTr3H(pOPACKOIO YHUBEPCUTETA, BBIIIOJI-
HeHHadA B 1970—-1980-X 1T, KOTOpPBIE MC-
[IOIb30BAIU U3JTy4aTEIb HU3KOYACTOTHBIX
PaaroBOIIH, PACTIOIOKCHHBINA B pAOHE
FOKHOTO TTOJTIOCA TS TOT'O, YTOOBI TTIOCHI-
JIATb BOJIHBI K PaZMALIMOHHBIM ITOSICAM.
BBIIO 3aMEUEHO, YTO BPEMECHAMHU AMII-
JIATYJA BOJIH 3HAYUTEIbHO YCHWIMBAIACH
3JIEKTPOHAMM, 3aXBAYCHHBIMH PaJHALII-
OHHBIMM TTOosAICamu. Jlenuc Ilamagonynoc
YTBEPIKAACT, YTO 3TO INPOUCXOAUT IIOTO-
My, YTO CBOOO/IHAS SHEPIUsA YACTULL B Mar-
HUTHOI «JIOBYIIKE» IIEPEIACTCA TIEKTPO-
MarHUTHBIM BOJTHAM. DTOT PE3OHAHCHBIH
IIPOLIECC CPOAHU TOMY, YTO IIPOUCXOAUT
BJIa3€PaxX HA CBOOOAHBIX JIEKTPOHAX, IIE
IIEPEMEHHOE MATHUTHOE IOJIE YCKOPAET
3JIEKTPOHBI, KOTOPBIEC U3/Iy4aIOT B CUHX-
POTPOHHOM PEKHUME.

HMeHHO OaHHBIA 3PPEKT JTCKUT
B OCHOBE uzaeu HAARP. TIOCKOIbKY HU3-
KOYAaCTOTHBIC BOJIHBL, U3/Iy4a€MbI€ CITyT-
HHKOM, MOXKHO YCHJINUTb €CTECTBEHHBIM

VcnbiTaHWe Teak GbIAO MPOBEAEHO
MWHNCTEPCTBOM O60POHbI CLLA

B 1958 1., KOTOPOE AOAKHO BLINO
MCCAEA0BATE 9PDEKTHI, MOAE3HBIE AN
NPOTUBOPAKETHOM OBOPOHLI. PakeTa
TMna Redstone BbIHECAQ 1,9-MEeraTtoHHyIo
ATOMHYO BOMBY B BEPXHME CAOU
atMochepbl, TAE ee B30OPBAAN

HA BbICOTE 77 KM.

CIOCO60M, 6€3 IIPUBJICYCHUS TEXHUKH,
TO MOKHO HCIIOJIb30BATb HM3/Iy4aTElIb
MEHBIIEH MOIIHOCTH, YTO 3HAYUTEIILHO
YACIIEBUT NPOEKT. MccnenoBarend U3
MHHHCTEPCTBA 000pOHbI CIITA noxasa-
JIA, YTO 3TO CHU3UT KOJIHUYECTBO Tpebye-
MBIX CIIyTHHKOB J10 10.

V4eHble NPOAEMOHCTPUPOBAIN, YTO
YCTAHOBKM MOI'YT T'€HEPHPOBATbH KOJIC-
0aHMUA HHU3KUX M CBEPXHU3KUX YACTOT
U 3(PPEKTUBHO «BIPBICKUBATH> UX B pd-
JUALMOHHBIC 110CA (CM. UBOCMPALUIO
@1e6a). DTO 6bUIO CAENIAHO IyTEM IIEPHO-
JYECKMX BAPUALIMI aBPOPAIBLHOIO 7IEK-
TPOPKETA — IIPUPOIHOIO TOKOBOTO CJ105 B
noHocepe 3eMIn Ha BeICOTE OKos1o 100
KM. MOIy/ALIMsA IIOTOKA JIEKTPOHOB IIPO-
M3BOJWIACH C TIOMOMIBIO €CTECTBEHHOU
AHTCHHBI, U3/Ty4aIONICH BOJIHbI HU3KUX U
CBEPXHU3KUX YACTOT, KOTOPYIO CO3/1aBa-
JIA ITyTEM MEPHUOJUYECKOIO BKIIOYCHUSA
U BBIKIIOYEHUA BBICOKOYACTOTHOIO IIE-
PEIATUYNKA, U3MEHABLIETO TEMIIEPATYPY, 4
3HAYUT, U TIPOBOJUMOCTb HOHOC(HEPHOMN
IwI1a3Mel. Mccieposaren OXUAAIOT, YTO
METOZ, IOMOKET OLIEHUTD XKU3HECIIOCO0-
HOCTb IUIAHA, COIVIACHO KOTOPOMY OyIeT
CO3[aHA CHUCTEMA YCHJICHUA PAaZAUOBOJIH
Y YMEHBIICHUA KOHLICHTPALIUN 3aPKEH-
HBIX Y4CTHL] B PAJUALMOHHBIX IOSICAX.
KocMU4eCKU 3KCIIEPUMEHT JIIA ITPOBEP-
KM JIAaHHOH T'UIIOTE3bI MOXKET OBITH IIPOBE-
JIcH B TeueHure Ompkarmmx 10 JeT.

TAK AVt MAAQ YTpo3a?
MeKayHapOAHbIE KDU3UCHI MOTYT IIPHU-
BCCTH K BBICOTHBIM AJICPHBIM B3PbIBAM.
I/ICHOJII)SYSI MCTO/IbI, TIPUMCHACMBIC
BOCHHBIMH CTPATCIaMH IIPU INIAHUPO-
BAHMHU W MOJCIUPOBAHUUN PAZBUTHUA
KOH(JIMKTHBIX CUTyaluy, rpymnmna D7TRA
TPCAJIOKUIA IBA BOSMOKHbBIX CIICHAPUA,
KOTOPBIE MOTYT OBbITh PEAJIM3OBAHBI JJO
2010 1. IlepBblil: MHAMUCKHE OPOHE-
TAHKOBBIC BOMCKA MEPECEKAIOT I'PAHU-
ny ¢ ITakncTaHoM BO BpEMsA O4YEpE/I-
HOHU BOOPYKECHHOU CTBIYKU 32 CYABLOY
Kammupa, u npaBuTebCTBO ITakucrana
OTBEYACT B3PBIBOM 10-KUMJIOTOHHOM
spepHot 60omMObl B 300 kM Haj Hblo-
Jemu. CoryiacHO BTOPOMY CIIEHAPHIO,
CesepHas Kopesa mnepen JHIIOM BO3-
MOKHOU arpecCHUy IPUHHUMAET peIIe-
HHE B30PBATD AJECPHYIO OOETOJIOBKY Ha/,
CBOEM COOCTBEHHOU TEPPUTOPHUEIL, IIPU
3TOM CPab6aTBIBAET AMEPUKAHCKAS CUC-
TeMa [TPO, KOTOpas yHUYTOXACT PAKETY
Ha BpICOTE 150 KM.

Ixon Ilarik (John Pike), Bo3riasmus-
IO HAOIIOAATEIBHYIO OOOPOHHYIO
opraHuzanuio <«ImobanpHas Ge3omnac-
HOCTBb», CHHUTACT BIIOJIHC BO3MOXHBIM
CLIEHAPUN PA3BUTUA COOBITUH, IIPU KO-
TopoMm CepepHass Kopesa npoussener
AACPHBIC HUCIBITAHUA COTJIACHO CBOEH
KOCMUYECKOH IPOIPAMME.

DKCIEPTBl PACCMOTPEIU U APYrue
BO3MO’KHBIE BAPHUAHTBL. HekoTOpBIE 13
HUX TIPCAIOIararT BBICOTHBI AnCp-
HbII B3PbIB HAJL Tepputopuer CIIA, yto
BPSi/L IU Oy/ZIeT BO3MOKHBIM. [ToABM>KHAS
MOPCKAs IJIAT(POPMA BIIOJTHE MOXKET CIIy-
JKUTD JIJIA ITyCKd CAMOM IIPOCTOU PAKETDI
C HEOOJIBIION OGOErOIOBKOM, KOTOPAsd
TEM HE MEHEE CIIOCOOHA HAHECTU CEPb-
€3HbBIA yIIepo.

Kpome ToOro, cymecrsyer npoone-
Ma QI€KBATHOI'O OTBETA HA ArPECCHIO.
Besycnosno, apepHaa araka Ha CIIA
I CTPAHBI-COIO3HULIBI IIOJPA3YMEBAET
HEMEUICHHBIM BOCHHBIA OTBET. HO Kak
OBbITb C BBICOTHBIM S/ICPHBIM B3PBIBOM?
Kypr Benpgon cunraert: «C HpaBCTBEHHOM
TOYKHU 3PEHUA POHOIEMA CTOUT TAK: OIl-
PaBABIBACT JIU ACPHBIA B3PBIB B KOCMOCE
BTOP’KCHHE HA TEPPUTOPHIO aArpeccopa
U yOUHICTBO IOACI? ByeT 1 OTBETHBIN
ANCPHBIN yaap? Bo3MOXHO, 4TO HET>. M
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ATMOCODEPA

CeroaHsl pACnpOCTPAHEeHe MeTAHOBPA3YIOWUX MUKPOOOB

OorpAHN4YMBAETCY

TAKMNMU

3AMKHYTbIMW

OeCKNCAOPOAHBIMU

NPOCTPAOHCTBAOMW, KAK, HOMPUMER, KOPOBUM XEAYAOK. OAHAKO

B AOQGAEKOM TMPOWAOM 23T MUKPOOPIAHU3MbI

KAMMAT MNMAQHETHI.

OMNPEAENIAU

OKoJI0 2,3 MJIPAL. JIET HA34]] HEOObIYHBIE
MI/IKpO6bI BIOXHYJ/IN B MOJIOZYIO TVTAHC-
Ty 3eMJId HOBYIO JKM3Hb, HAIIOJIHUB €€
KUCI0pO/ioM. Eciiy 661 3TH IIJIOJJOBUTHIE
OPraHu3Mbl HC IIOABHUJINCH, 3BOJIIOITUA
SKU3HHU MO OBl COBCPIICHHO WHBIM
nyTeM. MHOTUE y4E€HBIE CUHTAIOT, YTO
33/10JI0 /10 TOSIBJIEHUS I1THUAHOOAK-
TEpU 3eMiIA CTala ObuTaeMOoi Ona-
rojlapst JKHU3HEAEATEIbHOCTH JIPYyrof
IPYNIB OJHOKJIECTOYHBIX aHA3POOHBIX
METAHOT€HOB, T'OCIIOJCTBOBABIINX Ha
NPOTSPKEHUM TIE€PBBIX JBYX MHJUIAAP-
JO0B jeT. ITapHUKOBBI 3(P@HEKT BbI-
padaTeIBAEMOIO MMM METAaHA OKa3asl
IJIyOOKOE BIMAHUE HA KJIMMAT HAIICH
IIJTAHCTBHIL.

IIpeanonoxeHne O pemaroIe poaIn
METaHa BIEPBbIC OBUIO CAENAHO 60-
JIE€ YETBEPTU BEKA HA34J, HO HAy4YHbIC
TOATBCPXKACHUA TUIIOTC3bI YUYCHBIC HA-
YAJIU I1OJIYy49aTh COBCCM HCJABHO. Brrio
YCTAHOBJIEHO, YTO METAH, COXPAHAIO-
IUHCSA B HaIEH aTrMocdepe BCEro
10 neTt, B 6ECKUCIOPOIHOM aTMOchepe
JPEBHEN 3€EMIIM CYIIECTBOBA IIEJIBIX
10 TBIC. NTET. MlccnemoBaTenn HE pac-
MOAraloT MCKONAEMBIMHU OCTAHKAMU

KAKUX-JINOO JKHUBBIX OPraHU3MOB TOTO
JIAJIEKOTO BPEMEHH, OJIHAKO, IO MHE-
HUIO OOJBIIMHCTBA MHUKPOOUOJIOIOB,
METAHOT€HBbl OBUIM OJHUMH M3 IEp-
BBIX (DOPM >KM3HH Ha HaIIEH IUIaHe-
Te. COJNIHIIE B TC JIHHU HE OBUIO TAKUM
SIPKUM U JKAPKUM, KaK CETO/HS, 4 I10-
TOMY B IEPUO/] CBOET'O PACIBETA META-
HOTE€HBI MOIJIM BbIPAOATHIBATH JOCTA-
TOYHOE KOJIMYECTBO METAHA I TOTO,
9TO6BI
3amepsanue 3emnn. Ho atu 6axkrepun

NPEAOTBPATUTDL IJIOOAIBHOE

JIOMIHHPOBAJIM HE BEYHO: C OKOHYA-
HHEM HX T'OCIOJCTBA OBIIO CBS3AHO
[1a/ICHUE TEMIIEPATYP, 2 MOXKET OBITb,
U MOCJIEAYIOMIHUE 3MOXU IVI0OATBHOI'O
OJIC/ICHEHUS TJIAHETHI.

Koraa CoAHLe 6bIAO XOAOAHBIM

Kornma 4,6 mupj. ner Hazaj o6pa3oBa-
Jach 3eMiid, APKOCTh MAJAIONIEro Ha
HEE COJIHEYHOI'O CBEeTa cocTanisia 76%
OT TenepemHen. Ho BIUIoTh 10 nepuozaa
BPEMCHH, JATUPYEMOTO 2,3 MIIPA. JIET
Ha3a/J, KAIMCHHAsA JICTOIIMCH ITAHETHI HE
COIEPKUT KAKUX-THOO yOEeqUTEIbHBIX
CBU/IETEJIBCTB O HMIMPOKOMACHITAOHBIX
OJIEJICHEHUSAX. DTO O3HAYAET, YTO KJIHU-

OB30OP: METAHOTEHbI U KAMMAT HA 3EMAE
* B AQAEKOM MPOLIAOM, 2,3 MARA. AET HA3AA, KOTAQ HM B aTMOChepe 3eMAM, HA
B €€ OKEeOHOX elle He BbIAO KUCAOPOAQ, HO MAQHETE rOCMOACTBOBAAM METAH-

06pasyoLLME MUKPOOBBI.

* YyeHble CYUTAIOT, YTO BAQrOACPSI KUSHEAEITEABHOCT METAHOTEHOB (MUKPOOPIOH3-
MOB, BbIPQBATLIBAIOLLX METOH B KAYECTBE MOGOYHOIO MPOAYKTA METABOAM3MA) YPO-
BEHb 9TOr0 ra3a B atMOochepe ApeEBHEN MAQHETHI ObIA B 600 pa3 BbILLIE, YEM CETOAHSI.

* HecmoTpsi Ha TO 4TO COAHLLE B TO AQAEKOE BPEMSI CBETUAO MEHEE SIPKO, YEM CEN-
4aAC, NAPHUKOBBIN 3HDEKT, BbI3BAHHbIN BEICOKMM YPOBHEM METAHA, BbIA AOCTATOYHO
CUABHBIM, YTOObI YBepeUb 3EMAIO OT 3AMEP3AHMSI. TAKAS CUTYALLMSI COXPAHSIAQCH
AO TEXMOP, MOKA ATMOCHEPA MACHETbI HE HANMOAHUACOCH KUCAOPOAOM, YTO MPVBE-
AO K PE3KOMY COKPALLEHMIO MOMYASILN METAHOTEHOB.

MaT 3eMJu ObUI TEIUIee, YEM BO BpeE-
MsI COBPEMEHHOI'O ITUKJIA JIEJHUKOBBIX
anox nociaegHux 100 Teic. aeT. Takum
06pa30M, TAPHUKOBBIE I'd3bl HE TOJIBKO
YCHEIHO KOMIIEHCUPOBAIN HEIOCTA-
TOYHYIO SIPKOCTh COJIHIIA, HO U MOJ-
JIEPKUBAIA HA IUIAHETE ropasjio 6osee
BBICOKHME TEMIEPATYPbl, YEM TE, YTO
OTMEYAIOTCA CErOJIHA.

OJIHAKO Y4Y€HBIE HE Cpa3y O6paTH-
I BHMMAaHME HA METaH. B Hagane
1970-x rr. Kapn Caran (Carl Sagan)
u Ixopax Maien (George H. Mullen)
13 KOpHEJICKOI'O YHUBEPCUTETA IIPE/I-
TIOJIOKIJTH, 9TO 3eMJId 0013aHA CBOUM
CYHIECTBOBAHUEM B IIEPBYIO OYEPE/b
AMMUAKY, KOTOPBII BBI3BIBACT OOJjIce
CUJIbHBIM ITAPHUKOBBIN 3(PdEKT, yeMm
MeTaH. Ho ganpHENImmMe MCCaenoBa-
HUSI TOKA3aJIU, YTO B OECKUCIOPOJI-
HOU aTtMocdepe yasrpadroIeTOBbIE
ayun CoJsiHIIAa OBICTPO  pPa3pymiaioT
3TOT I'a3.

B xauecTBe 1pyroro BO3MOKHOI'O KaH-
auaaTa Obula BBIOPAHA JIBYOKHUCH yIJle-
pona (CO,) — OMH U3 ITIABHBIX I'd30B,
KOTOPBIH BBICIIAICA U3 U3BEPIraBIINXCS
B TO BpeMs BYJKaHOB. Ho B 1995 1. uc-
CJIEJIOBATENIN M3 [ApBAP/ICKOTO YHUBEP-
CUTETA MOKA3AJIN, YTO MOJIOAYIO 3€MIIIO
HE MOI' COIpPeBaTh U ITOT TIa3, T.K. €ro
CcoJEepsKaHuE B aTMOC(pEPE ObLIO CIUII-
KOM HH3KHM.

Ecnmm 6bl KOHIEHTPAIUS JBYOKHCHU
yIJIepoja B ApeBHEN aTrMocdepe mpe-
BBIIIAJIA €€ COBPEMEHHOE COJEPKAHHUE,
cocrasnaomee 380 MMIJIMOHHBIX [O-
neid (PPM), TO B pE3yAbraTe B3aMMO-
nericteus skene3a ¢ CO, B 6ECKUCIO-
ponHOM arMocdepe B MOBEPXHOCTHBIX
CJIOSIX TIOYBBI JIOJDKEH ObUT 6BI O6PaA30-
BBIBATHCsE MUHEpPan cujepur (FeCOy).
Ho xorga wcciegoBaTenu M3ydHIv
06pasipl JPEBHUX IIOYB, JATHPYEMBIX
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ATMOCOEPA

METAHOBPA3YIOLWWUE MUKPOOPTAHU3MbI HA APEBE XXU3HU

Methanobacteriales

Methanomicrobiales

Methanopyrales

Thermoplasmatales

MeTtaHobpasytoLLme MUKPOBLI, AN
UFYOHOAOHTUAbI, COCTOBASIKOT MOAOBUHY
BCEX MPEACTOBUTEAEN APXMOAKTEPUN
(Archaeq) — 0AHOTO 13 3 AOMEHOB
SKVBbIX CYLLLECTB, BO3HMKLLMX OT HEN3Be-
CTHOro 06LLEero npeAKa. MeTaHoreHb!
OTAMHAIOTCSI OFPOMHBIM PA3HOOBPA-
31emM GOPMbI KAETKM (MAAOUKOBUAHCS],
chepuyecKass UTA.) U MOTYT XKNTb
TOABKO B 6ECKMCAOPOAHOW CPEAE.
MHorve ppyrme NnpeACToBUTEAU
Archaea cnoco6HbI PA3BMBATLCS AULLb
B OKCTPEMAAbHbIX YCAOBMSIX (HAMPW-
MeP, B rOPSIHMX MCTOYHUKAX, A AHNKOX
1 O4EHb KUCABIX MOYBAX). BOABLLUMHCTBO
BGMOAOTOB PABAEASIKOT METAHODPA3YIO-
LLME MUKPOObI HO ST FPYMM 1 CHATOKOT
VX OAHUMU 13 ADEBHENLLIMX OPraHN3MOB
Ha 3emne.

Archaeoglobi

Bratoyaet upamo-, npoteo-
1 FOOMMMNOAOXUTEAbHbIE

ARCHAEA

Halobacteriales

Methanococcales

Methanosarcinales

EURYARCHAEOTA

Thermococcales

BACTERIA

6aKkTepumn

OBLLUMM MPEAOK

Caldisphaerales

Cenarchaeales

Desulfurococcales

Sulfolobales

CRENARCHAEOTA

Thermoproteales

MpoTNCTbI,
pacTeHus,
SKNBOTHbIE

2,8—2,2 MUIDJ. JIET HA33]l, HUKAKUX €TI0
CJIEJIOB OHU HE OOHAPYKWIM. A CJIE€JIO-
BATEIBHO, KOHIIeHTpanusa CO, B aTMO-
cdepe ApeBHE IIAHETHI 6bUTa TOPA3J0
HIDKE TOIH, 4TO TPeOOBANACH IS 3aAI-
TBI €€ MTOBEPXHOCTH OT NPOMEP3AHUA.

B xonie 1980-x IT. 6bUIO0 YyCTAHOBIIE-
HO, YTO METAH 3a/CP’KUBACT OOJIbIICE
KOJIMYECTBO Teria, yeM CO, B 3KBHBA-
JIEHTHOM KOHIICHTPAIIUH, ITOTOMY YTO
OH MOIVIONIAET 60JIe€ MHUPOKHUHI CHEKTP
BOJIH MCXOJAMICTO OT 3E€MJIM M3JIyde-
HUsL. HO B paHHUX UCCIEOBAHUAX MAP-

HHUKOBOC 3HAYEHHE METAaH4 ObUIO HEJO-
OLICHEHO.

CeroiHa B 60raTo KUCJIOPO/IOM aT-
Mocepe 3eMau BXOJAAIUN B COCTAB
METaH4 YIVIEPOJ OXOTHEE PEATUPYET
C KUCIOPOJOM I'MAPOKCUIbHBIX PaJH-
KaJIOB ¢ o6pazoBaHueM CO,, OTHOOKH-
cu yraepoga (CO) m BOAAHOIO IIapa.
COOTBETCTBEHHO, METAH COXPAHAETCA
B armocdepe Bcero 10 et u urpa-
€T HE3HAYUTEIbHYIO POJIb B OOOrpe-
B€ IUIaHETHL. Ero copepkanue 37ech
HUYTOXHO MaJIO — Bcero 1,7 ppm.

Konuenrtpanua CO, y HOBEPXHOCTH
IUIAHETHI BbIIe B 220 pas, a BOAAHOIO
mapa — B 6 TBIC. pas.

11 TOTO 4TOOGBI ONPENETNUTD, KAKO-
Ba JIOJDKHA 6bUIA OBITH KOHIICHTPAIIUS
MeTaHa B arMocdepe, 4To6bl OH MOT
COTpEBATHh MOJIOYIO 3EMIIIO, MBI PEIIIH-
JIM CMOJEJIHUPOBATb JPEBHUI KIMMAT
IUIAHETBl U OOPATHJIUCH 32 MNOMOIIBIO
K ydyeHbIM u3 Hayyno-uccienosa-
TEJILCKOT'O ILEHTpa DHUMca npu NASA.
Ecnmm gonyctutb, 94TO ApKOCTH COMHILA
2,8 wuipji. sieT Hasaj 6buia Ha 20% b
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OPTAHUYECKA4A AbIMKA

P030BO-OpaHKEBAST ABIMKO M3 OPTAHUYECKMX YHACTUL, AOATOE METAHA (@) NPYBEAO K YCUAEHMIO NAPHUKOBOTO addeKxTa (b),
BPEMS YAEPIKMBAAQ 3EMAIO HO TOHKOW FOAHM MEXAY Mepe-  HO Yepe3 HECKOABKO AECSITUAETUN HOHYOAQ OBPA30BLIBATLCS
rPEBAHMEM U 3OMEP3AHUEM. YBEAUYEHNE KOHLEHTPAUMN  ABIMKA, CIOCOOCTBOBABLLAS OXACODKASHUIO KAUMATA (C).

Kak TOAbKO 3,5 MAPA,. AET HO30A HO 3eMae
BO3HUKAQ YKM3Hb, METOH HOYOA OKO3bIBATH
peLlatoLLEee BAVSIHNE Ha ee atMochepy.
B 10 AQAEKOE BPEMSI OKEQH HOCEASIAM
OAHOKAETOYHbIE OPraHM3Mbl — METAHOTEHBbI,
Qa3 METOH, KOTOPbIN OHM BEIDAOATHIBAAM,
COXPAHSIACS B GECKMCAOPOAHOM aTMOChEpe
ropa3A0 AOAbLLE, YEM CEroaHs. MeTaH
M APYrOM MOPHUKOBbIN FA3 BYAKOHUYECKOrO
MPOVICXOXAEHWSI, ABYOKVCh YIAEPOAQ,
COrPEBAAV MOBEPXHOCTb MAQHETHI, 3AAEPXKMBAS
nexopsiiee
CO, ot 3emMAn

& % TEnAo (YepHble
Y|
gmz,ag conedex

npenaTCTBOBAAV
JKEATbIe CTPEeAKN).
CH, ( PeAKIA)

YeM CUAbHEE HArPEBAAACH 3EMAS, TEM
B60AbLLE METAHOTEHbI BbIDABATLIBOAM METAHQ.
OB6PATHAS CBSI3b YCUAMBAAQ MOPHNKOBBIA
addeKT, B pesyAbTaTe Yero tTeMneparypa
MOBEPXHOCTN MAQHETHI CTAHOBUACCH eLLE BbilLE.
MoTenAeHne KAMMATA BbI3bIBAAO YCUAEHWE
3PO3UN N BLIBETPMBAHME FOPHbIX MOPOA HOl
KOHTUMHEHTaX. B pesyastarte coaepanme CO,
B aTMOChEPE YMEHBLLIAAOCH, O KOHLEHTPALMS
METAHA MPOAOAKAAC PACTU. TAKAS CUTYALMS
COXPOHSIAQCH AO TEX MOP, MOKA YPOBEHD

060X ra30B
MeHbLUe AByOKMCU yraepoaa, | HE CTAATIONTU
B0AbLLE METaHA OAVHAKOBbBIM.
@ B TQKMX YCAOBMSIX
6% 6 9 noseaeHve
6 8 & d METOHQ B 3eMHOM
% 6 amvocdepe
% pesko
o

YBEAMYEHME YPOBHS METAHA B ATMOChEpe BCe-

« OTPOKEeHHbIe TaKU He

3 YCMEAO NMPEBPATUTE 3EMAIO B «TIAPUIAKY?.
COAHEYHbIE AYHN MoBUCLLAS B HEGE ABIMKO 13 MEABYALLINX

OPTAHNYECKIMX MBIAMHOK HAYAAG MOTAOLLIATH

MPOHMKOBLUME B ATMOCHEPY KOPOTKOBOAHOBbIE

COAHEYHbIE AY4M U MEePEn3AYHATb 1X

B KOCMMYECKOE MPOCTPAHCTBO. B pesyAbtare

0obLLIEee KOAUHECTBO COAHEYHOTO U3AYYEHMS],
AOCTUrOBLLEE NMOBEPXHOCTU MACHETHI,
3HAYUTEABHO COKPATUAOCH, O MAPHWKOBBIN
addeKT ocAab. MHorve TeNnAOAKOOVBbIE

By e
% g’gq 'R

YIAeBOAOPOA J

METAHOTEHb!
He CMOTAM
NPUCNOCOBUTLCS
K MPOXACAHOMY
KAVMQTY, 1 OOLLLOS
BbIPABOTKA
METAHA 3TUMU
MUKPOBAMMU
YMEHbLLAACCH.
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MEHBIIIE, YEM CErojiHs, armocdepa,
IIOJTHOCTBIO JIMIICHHAA METAaHa, JOJDKHA
obu1a copepxkarb 20 TeIC. ppm CO, —
TOJABKO B 3TOM CJIy4dde OH4 MOIJA
IOAJEP)KUBATD TEMIIEPATYPY Ha 3emiie
BBIIIE TOYKU 3aMEP3AHUA. DTA KOHLICH-
Tpanus CO, B 50 pas BbIIIE, YeM T4,
4TO OTMEYAETCd CErojHs, u B 8 pas
6OJII)H_IC, YEM MAKCHMAJIBHOC 3HAYCHUC
ypoBHaA CO, B aTMOCdepE, BBIABICHHOE
B PE3YABTATE U3YYCHUsS JPEBHUX ITOYB.
Korga ¢ mOMOMIBIO KOMIIBIOTEPHOI'O
MOJCINPOBAHUA 6BLIO PpaCCYUTAHO
MaKCHUMaJIbHO BO3MOXXHO€ 3HA4YCHHE
ypoBHsA CO,, 0OKa3a710Ch, YTO JIA TOTO,
4TOOBI MOAAEPKUBATE TEMIIEPATYPY
ITOBCPXHOCTHU 3eMJIM BBIIIE TOYKU 3a-
Mep3aHus, arMocdepe TpedoBanIaACh
nomoib 1000 ppm Merana. HMuabiMu
CJIOBAMH, aTMOC(epa MOJOAOH IIa-
HETHI JO/DKHA 6bi1a Ha 0,1% coCTOsSTh
U3 ITOrO Ia3a.

MNepBO6LITHbIE METOHOreHbI
CTONb BBICOKAsA KOHLICHTPALMSA METAHA
B JIpeBHEN armocdepe Moria Hojaaep-
JKUBATBCA TOJBKO €CIM OOpPa30BAHHE
raza 1Iulo C TAKOH K€ CKOPOCTBIO, YTO
U CerofHs. Morv v ClIPABUTHCA C 3TOM
33/1a4€i1 NIEPBOOBITHBIC METAHOTCHBI?

B ycnosusax apesHert 3emin, coTpsca-
€MOU M3BEPKCHUAMM BYJIKAHOB, METAH-
06pasyIomue MUKPOOBI 4YyBCTBOBAJINA
cebd IPEBOCXOAHO. B KauecTBe UCTOY-
HHKa SHEPIrUM MHOTHME METAHOTCHBI
UCHONBL3YIOT ra3 sopopon (H,) m asy-
OKHCBH YIJICPOJ4, BBIACIAA IIPU ITOM
Jpyrue MeTaHoOOpa3yIolue
MHMKDPOOPTaHU3MBbI HOTPEOIIAIOT aLeTaT

MCTaH.

U IIPOYUE COCIUHEHUA, OOPAYIOIINEC
B PE3Y/IBIATE PA3JIOKCHUA OPIAHUYEC-
KOI'O BELIECTBA B OTCYTCTBUE KHUCJIOPO-
ga. ITo 31O npuYMHE COBPEMEHHBIE
METAHOT'CHBI CIIOCOOHBI JKUTh TOJBKO
B 6ECKHUCJIIOPOJHON Cpejie — HallpuMep,
B JKCITYIKC JKBAYHBIX JKUBOTHBIX U B WUJIC
3aJIMBHBIX PUCOBBIX 1OJIeH. HO Ha 3ape
UCTOPUH 3EMJIM KUCIIOPO/IA B aTMOC(he-
pe He ObUIO, OJHAKO KOHLICHTPALUS BO-
Jopoza B arMocdepe U OKeaHax ObUia
HACTOJIBKO BBICOKA (OHA JJOCTUIAJIA CO-
TEH W JAKE ThICAY MH/UIMOHHBIX JO-
JIEN), YTO METAHOOPAYIOUIHE MUKPOOBI
MOIJIN YTHIHU3UPOBATH €TO.

2noxm
TAOBAABHOTO
OAEAEHEHMS ) N

/ABYOKUCb YTAEPOAQ Ya

Kncaopoa,

OTHOCUTEABHAS KOHLLEHTP AL ——>
b
a

IIIIIII|IIIIIIIII|IIIIIII_|_|—|

1.5 05 0

Bpems (MApPA. AT HO30A)

B atmMocdepe HauYMHAET NMOSIBASITLCS! KUCAOPOA
MosIBASIKOTCS 6AKTEPUN, BBIDABATLIBAKOLLME KUCAOPOA
MeTaHOreHbl HAYUHAKOT BAUSITb HO COCTAB ATMOCdEPSI
L —epBble MUKPOOPTIAHM3MbI CTAAM NOTPEBASTL ABYOKMCb YTAEPOAC

L— BbICOKMI1 YPOBEHb ABYOKNCU YIAEPOAC KOMMEHCHPYET

HEAOCTATOYHYKO HAMPEBATEABHYIO CNOCOBHOCTE COAHLIA

BO3HMKHOBEHWE NEPUOAOB IAOBAABHOTO OAEAEHEHWS (ITYHKTUPHBIE MPSIMbIE)
MOXXHO OBBSICHUTb MBMEHEHNEM OTHOCUTEABHOWM KOHLLEHTPALMM PA3ANYHBIX FO30B B
atMocdepe. CHAYaAa HO 3EMAE OOUTAAN METAHOBPAZYIOLLIME MUKPOBbI, HO KOTAQ
2.3 MAPA,. AETHO30A B ATMOCHEPE CTAA MOSIBAITLCSI KUCAOPOA, PACMPOCTPAHEHNE
3TUX MUKPOBOB PE3KO COKPATUAOCE. [TaAEHME YPOBHS METAHA MPUBEAO K

OXAQOKASHUIO NAQHETDI.

ITO OLIEHKAM I'€OXHUMHKOB, TaKasg CH-
Tyalusd COXPAHIACh TOJIBKO O TEX
OpP, MNOKA METAHOI'€Hbl HE IPEBPATH-
JIX GOJIBIIYIO Y4aCTh BOJOPOJA B METAH.
TepMOIUMHAMHUYECKHE PACYETHI TIOKA3bI-
BAIOT, YTO IPU JJOCTYITHOCTU pocdhopa,
430Ta U JAPYI'UX OCHOBHBIX ITHUTATCI/Ib-
HBIX 3JIEMCHTOB MCTAHOI'CHBI MOIJIH
Obl YTWIM3UPOBATb OOJIBIIYIO YaCTb
JOCTyIHOTO H,. A 60/IBIIMHCTBO UCCIIE-
JIOBATEJIEI IOJIATAET, YTO XUMHUYECKOE
paspymieHre TOPHBIX MOPOJ BIIOJHE
MOIJIO O6ECHEUYUTh METAHOOPAZYIONUX

OB ABTOPE:

MHKPOOGOB JIOCTATOYHBIM KOJIHYECCTBOM
docdopa, a APYrux MUKPOOPIaHU3MOB,
JKMBHINX B OKCAHAX, U aA430TOM. Taxkum
06pa30M, JUIs1 COTPEBAHUS TUIAHETHI ME-
TAHOI'CHBI JOJIKHbBI OBLIN IIPOU3BOJUTH
1000 ppm merana.

BoapmMMUHCTBO METAHOTCHOB JIyqnic
BCCTO PA3BHUBAJIOCH IPU TEMIIEPATYPE
Boinie 400°C, a HEKOTOPBIE — JIAXKE ITPU
850°C. MUKpPOOBI, MPEAIIOYUTABIINE
6071€e BBICOKHE TEMIICPATYPHI, PA3BH-
BAJINCh OBICTPEE, 4 CJICAOBATEIIBHO,
O MepE MOBBIINICHUS TEMIICPATYPHI

Axenme Kacturr (James F. Kasting) naydaet apoaoLpmio atMocdepbl 3eMAn 1 ee BAn-
Kanwmx cocepen —BeHepbl v Mapca. B 1973 1. KACTUHF CTAOA AOKTOPOM HAYK B OOAQCTM
METEOPOAOTUN 1 C TEX MOP METOACMM KOMMBIOTEPHOTO MOAEAVMPOBAHNS UCCAEAYET
XUMUIO OTMOCHEPDI M MAPHUKOBbLIE 9DPEKTbI PAZANYHBIX FTA30B N YACTULL. C HEACBHMX
nop KACTUHI M3y4aeT BONPOC BO3MOXHOCTM CYLLECTBOBAHWMS B HOLLEN [AAQKTUKE MAQHET,

HOMOMUHAIOLLMX 3EMAIO.
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MeTaH 1 Bnpeab BYAET BAUSITE HO KAMMOT MNACHETbI, XOTS MOrOAbI
HO 3eMAE eMY Y)Ke HE CAEAQTD.

TOBCPXHOCTHU IUIAHCTBI, OHH JOJIK-
HbI OBLIM IIOIy4aThb BCE OOJeE MUPO-
Koe pacmpocTpaHeHue. Yem GOIbIIyio
JOJIO TIONYJIAIIUU MCTAHOI'CHOB OHHU
COCTABIISIA, TEM OGOJIBIIEE KOTUYCCT-
BO METAH4 CKAIUIMBAJIOCH B aTMOC(hepe
W TEM BBIIIE CTAHOBUIACH TEMIIEPATYPA
nosepxHocTu 3emnu. Takum o6pazom,
HECMOTPS Ha MCHEE >KAPKOE COJIHIIE,
KJINMAT Ha IJIAHETE B TE JIAJICKHC BpE-
MEHA OBUT TEIJICE, YEM CCT'OJTHS.

Cmor crnacaert nAaHeTy

B pesynbrare 3TUX COOBITUI MHUP IIpE-
BPATUJICA B HACTOAIMYIO <«ITAPUJIKY»,
I71e MOIJIM CYIIECTBOBATD JIUIIb KPali-
HE TEIJIOJIOOUBbIE MUKPOOBL. OJJHAKO
nofgoOHasg CUTyalUsl HE MOIJIA COXPa-
HATBCA A0ATO. KONMb CKOpO copepixa-
HHUE METaHa B aTMocdepe CTAHOBU-
JIOCH BBIIIC, YCM JIBYOKHCHU YIJICPO/A,
ra3 Ha4MHAJ PEArHPOBATb HA COJ-
HEYHBIA CBET MHA4ve. OTHBIHE OH HE
okucnaica 1o CO mnmu CO,, a mogsep-
TAJICA TTIOJTUMCPHU3AITUN: CTO MOJICKYJIBI,
COEIMHAACDH JPYr C APYyrom, obpaso-
BBIBAJIN CJIOKHBIC YITICBO/IbI, KOTOPBIC
3aTE€M KOHJAEHCUPOBAJIUCH B KPOIIECY-
HbIE€ NBUIMHKH, 00pasyd B aTmMocde-
pE OPraHMYECKYIO AbIMKY. ITOXOXyio
KAPTHHY 4aCTPOHOMBI OOHAPYKUIN
B aTMoc(depe KPyHnHEHUIIEro CIyTHU-
ka CarypHa, TuraHa, 4bd aTMocdepa
IJIABHBIM O6Pa30M COCTOUT U3 MOJIE-
KyasspHOro aszora (N,) u He6OoIbIIOoro
KOJIMYECTBA METAHA.

AONOAHUTEAbHAS AUTEPATYPA:

BosMoOxHOE 0Opa30BaHHUE OpPraHH-
YECKOM JIBIMKM B atMocdepe IpeBHEN
3eMu OOAB/IAET HOBBIC INTPUXU K KJIM-
MATHUYECKON MCTOPHUM HAIIEH IUIAHCTBL
ITapHUKOBBII I'a3 IPOITYCKACT K 3emiie
OOJIBIIYIO Y4CTh COJIHEYHOI'O H3JIyde-
HHS BUJUMOIO CIEKTPd, HO IIOIVIOUIAET
U IIEPEUBNYIACT HUCXOAAIIME OT IUIA-
HETbl UH@PAKPACHBIE JIY4H, COI'DEBAd
TCM CAMBIM €€ ITOBCPXHOCTD. HI)LHI/IHKI/L
3ApPOXKAAIONINECA HAa 3HAYUTCIbHOM
BBICOTE HaJ] YPOBHEM MOPs, OOPa3yIOT
OPraHUYECKYIO JIBIMKY, KOTOPas, HAIIPO-
TUB, HOIVIOIAET IIPOHUKAIOIUHI B ATMO-
cepy CONHEUHBIN CBET U IEPEU3ITyda-
€T €ro B KOCMHUYECKOE IIPOCTPAHCTBO,
YMEHBIIASA TEM CAMBIM OOIIEE KOIUYE-
CTBO M3JIY4YEHUSH, JOCTUIAIONIECE TUIAHE-
Tel. Ha TuTane HnpOTUBONAPHUKOBBIN
3(P(EKT BBI3BIBACT OXJIAKICHHUE MOBEP-
xaoctu Ha 7°C. Takom ke CIoH opra-
HHUYCCKOM IIBIJIM BBI3BAI U OXJTAXKIACHHUEC
KIMMaTa JpeBHer 3emiy, Oarojapsi
4eMy B HONYIALUM METAHOOPA3YIOMIHX
MHMKPOOOB BHOBb CTAJIA IPEOOIAAATh
MEUIEHHO Pa3BUBAIOIIMECH (DOPMBI, KO-
TOPBIE HNPEANOUUTAIN OOJIEE MPOXIIA/-
HBIC YCJIOBUA CYIICCTBOBAHUA W OI'pa-
HUYHUBAJIHU TEM CaAMBIM ,II?UII)HCI;IH_ICC
BO3PACTAHUE MPOAYKIIUH MeTaHa. CTOIb
MOIIHAsA CHUCTEMA OTPHLIATEIBHOM 00-
PaTHOMU CBA3U CTAOMIM3UPOBAJIA TEMIIC-
partypy 3eMIH M COCTaB €€ aTMOC(hEpPHI
Ha TOM YPOBHE, HA KOTOPOM B CBOE BpE-
MA Hadaa (POPMHUPOBATHCA CJIOH Opra-
HUYCCKON JIBIMKU.

» Greenhouse Warming by CH, in the Atmosphere of Early Earth. Alexander A. Pavlov,
James F. Kasting, Lisa L. Brown, Kathy A. Rages and Richard Freedman in Journal of
Geophysical Research—Planets, Vol. 105, No. E5, pages 11,981-11,990; May 2000.

« Life and the Evolution of Earth’s Atmosphere. James F. Kasting and Janet L. Siefert in
Science, Vol. 296, pages 1066-1068; May 10, 2002.

* Methane-Rich Proterozoic Atmosphere? Alexander A. Paviov, Matthew T. Hurtgen,
James k. Kasting and Michael A. Arthur in Geology, Vol. 31, No. 1, pages 87-90; January

2003.

AeAHUKOBbIE NEPUOABI

CMOr, MHOPOXACHHBIM METAHOM, Ha-
JIEZKHO COIPEBAI MOJIOAYIO 3EMJIIO, HO
JUIJIOCh 3TO HE Be4yHO. Ha mporske-
HUHM OTPE3Ka BPEMECHU, IMOJIYYUBIIETO
Ha3BaHUE IIPOTEPO3OCKOIO 30H4, 30
XU TJIO6ATTBHOTO OJICACHCHHA BO3HMKA-
JM HA 3eMJIe IO MCHBIIEH Mepe TpU
pasa — 2,3 mupz, 750 mrH. ut 600 MITH.
sieT Ha3al. [IpuyuHbL OeiecHEHNH OJI-
roe BpEMs OCTABAINCh 3ar'd/IKOI, IIPaAB-
J14, METAHOBAS TUIIOTE3d JACT BIIOTHE
MIPaB/IONIOJJOOHOE OOBICHEHHE U ITUM
COOBITHSIM.

IlepBBIT M3 NMEPEUYNCICHHBIX JICTHU-
KOBBIX IIEPHO/IOB HA3BIBAIOT I'YPOHCKUM
OJICJEHEHUEM: TI'€OJIOTUYECKHUE CBUJIC-
TEJIbCTBA O HEM XOPOWIO MPEACTABIIC-
HBI B OOHAKCHHUIAX TOPHBIX ITOPO/T K CC-
BEPy OT 03€pa IypoH B I0XKHOU 4YACTH
Kanazpl [YypOHCKHE COOBITHS, KAK U /IBA
HOCJIEAYIOIIUX HIPOTEPO3OUCKUX OJIC-
JICHEHMS, UMEJIU ITIOOAJIbHBIA XapaKTep:
HCKOTOPBIC M3 ITOKPBIBIIMXCA JIBJOM
KOHTHUHEHTOB PACHOJIATAJIUCh B TO BpeE-
MsA Yy CAMOTI'O 3KBATOPA.

O6pymuBmasgCa HA IUIAHETY CTy-
JK4 BBI3BAJIA OOPA30BAHUE IUIACTOB U3
OECOPALOYHO MEPEMEIIAHHBIX (Ppar-
MEHTOB IIOPOJ, U NIPOYUX MATEPUAIOB.
ITo/1 TUMU OTJIOKEHUSIMH BCTPEYAIOT-
¢ OOJIOMKH YPAHUHUTA U IIUPUTA, I1O-
ABJICHUC KOTOPBIX YYCHBIC CBA3BIBAIOT
C OYCHb HU3KHM YPOBHCM KHCJIOPOIA
B arMmocdepe. JIeJHUKOBBIE IIJ1ACTHI
IIOKPBITBL CJIOEM KPACHOI'O MECYAHU-
K4, COAEPIKALIEIO I'€MATUT — MUHEPAI,
O6Pa3YIONIUICSI TOJBKO B aTmMocdepe,
oorarod kucaopogoM. (On 6bur 0OHa-
pyXeH Mapcoxogom Opporiunity Ha
Mapce.) XapaxkTep 3a71€raHud 3TUX TH-
IIOB I'OPHBIX IIOPOJ] YKA3BIBAET HA TO,
4TO I'YPOHCKOE OJIEICHEHHUE IIPOU3OII-
JIO K4K Pa3 B TO BPEMsd, KOIJd B ATMO-
chepe 3eMiM BIEPBLIC YBEIUYUIICA
ypoBeHb O,

Ecmm mpeanonoxurb, 4TO KIMMAT
JPEBHEHN IUIAHETBl COI'PEBAICA METa-
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XapaKTepHOE OPAHXXEBOE CBEYEHME OAHOTO 13 CMYTHUKOB
CarypHa, TUTaHA, 0B6YCAOBAEHO MAOTHBIM CAOEM YTAEBOA-
HbIX HOCTULL, OBPASYIOLLMXCS B PE3YALTATE PA3PYLLEHWS Me-
TAHA MOA AENCTBMEM COAHEYHOTO CBETA. YUYeHble
MOAQIQIOT, HTO TAKAS! XKE AbIMKA OKYTbIBAAO
B AOAEKOM MPOLIAOM U HALLY NACQHETY.
Ho, K CHACTbIO, HO 3TOM CXOACTBO
MeXAY atMochepamMu ABYX He-
6ECHbIX TEA U 3AKAHYMBAET-
cs: TeMneparypa Ha 3eMae
HWUKOTAQ He OMyCKAAQCH AO
173°C, KAk Ha TutaHe. Ecam
Obl CAOM OPraHn4YeCcKom
AbIMKM HOA, HOLWEN NAQHE-
TOWM ObIA TAKUM YK€ NAOTHbIM,
KAK BOKPYT TUTAHQ, B KOCMU-
4yeckoe MNPOCTPOAHCTBO MNe-
PEU3AYHAAOCH Bbl AOCTATON-
HOEe KOAMYECTBO COAHEYHOTO
MU3AYYEHUS, U HArPEBATEAbHbIN
addeKkT METOHA BbiA Obl CBEAEH HO
HeT. B pesyAbtaTe NOBEPXHOCTh 3EMAM
NPEBPATUAACH Bbl B ASA, HTO NMPUBEAO Obl
K TMGEeAM OAHOKAETOYHBIX MUKPOOOB, BbipAaba-
TbIBOBLUMX METOH.
To, 4yero ApPeBHsIT 3eMASI HEAOMOAYYAAO M3-30 HEAO-
CTATOYHOIO KOAMYECTBA METOHA, OHO KOMMEHCUPOBAAO

30 CYET ABYOKUCU YIAEPOAC U XKUAKOW BOABI — ABYX XUMMU-
YEeCKUX COEAMHEHUN, CAEAQBLUNX BO3MOXHOW SBOAOLMIO
YKM3HW. TOCKOABKY HO TUTOHE STUX BELLECTB HE OBHAPYKE-
HO, YYEHbIE CYUTAIOT, YTO U3BECTHbIE HOM GOPMBI
YKN3HM NMOSIBUTLCS1 BAECH HE MOTAM.
He MCKAIOYEHO, YTO XMMUYeCKme Npo-
LLleCChl, NPOUCXOASLLME B HAOCTOS-
Lee Bpems B atmocdepe TuTaHa,
HAMOMUHAIOT T€, YTO NPOTEeKa-
AV N B aTMOChepe APEBHEN
3emMAn. EBponenckoe Koc-
MWYEeCKOe AreHTCTBO CO-
OGunpaeTcsl NpoBepuTb 3Ty
rMNoTesy C NMOMOLLbIO 30H-
AQ Huygens, KOTOpbIN, KAK
NPEANOAQraeTcs, AOCTUTHET
CaTtypHa B KoHUe 2004 1. Ha
60pPTYy KOCMUYECKOro anmna-
parta NASA Cassini. ECAM 30H-
AY YAQCTCS BONTK B aTMOCdepy
TUTAHAO, B PACNOPSHKEHUN YUYEHBIX
BMEpBblE OKAXYTCS AOCTOBEPHbIE
HAY4YHblE AOHHbIE O TOM, YTO € HA Ca-
MOM AEAE MPEACTABASIET COBON MOPOXKAEH-
HbIl METOHOM CMOT.

(MNoapobHee 06 aTOM umnTQUTEe CTATHIO «BOT 1 CaATypH!»

B MPOLUAOM HOMEPE XYPHAAQ «B Muype HayKmn».)

HOM, MOJKHO YTBEP’KJATh, YTO 3IIOXA
IIIOOAIBHOTO OJIEJICHEHUSI HACTYIIHJIA
2,3 MIpPJ. JIET HA3aJ — KaK CJIEICT-
BHE BO3PACTAHHS YPOBHS KUCIOPOJA
B armocdepe. MHOTrue METaHOT'€HBI
U JIPYIUE aHA3POOHBIE OPTAHU3MBI,
JJOMHUHUPOBABIIHNE HAa 3emie, JHUOO
Cpa3y MCYE3IU C JIMIA IJIAHETHI, JIUOO
COKpPATHJIM CBOE PACHPOCTPAHECHHUE,
JIOBOJIBCTBYSICh 00JIEE€ OTPAHUYEHHBIM
MECTOOOUTAHUEM.

Ha »TOoM, Ka3amochb OB, B ITOBECT-
BOBAHHHM O POJIM METAHA B HMCTOPHUH
3eMIM MOKHO OBUIO ITIOCTABUTH TOY-
Ky. DTOT ra3 O0Jblle HUKOI/|A HE OKa-
3bIBAJT OIIPEJIC/AIONIETO BAUSHUSA Ha
KJIUMAT TUIAHETBI, OJHAKO BIIOJTHE MOT
BO3ACHCTBOBATH HA €€ KIUMATUYCCKUE
XAPAKTEPHUCTUKH B OOJIEE TTO3/IHEE BpE-
Msl — HAaIpuUMEp, B KOHIE IPOTEPO-
3081, KOTJ]d, KaK CUMTAIOT HEKOTOPHIC

YYEHBIC, B PE3Y/IBTATE CEPUU IIEPHUO/IOB
«CHEXHOT'O KOMa» IIPOU3OIUIO TTOITHOE
3aMEP3aHHUE OKCAHOB.

OJIHAKO HUKAKUX IPAMBIX [JOKa3a-
TENbCTB B IOJb3y METAHOOPA3YIO-
IUX MUKPOOOB IOKA HE CYMECTBY-
eT. IIpaBUJIbHOCTb HAIIECH TI'UIIOTE3bI
MOAKPEIUIAIOT JIMIIb HECKOJIBKO KOC-
BCHHBIX CBUJCTEJIbCTB — HAIPUMED,
HU3KUEC 3HAa4eHHUA ypoBHa CO, B ar-
Mocdepe, ONIPEIEC/ICHHBIE B PE3YIBTIATE
U3ydeHHs O6Pa3LOB APEBHUX IIOPOM,
U CPOKU IIEPBOTO ITTIOOAIBHOIO OJIE-
JICHCHUSL.

Ho paxe ecnu HaM He CYXKIEHO IIPO-
BEPHUTD IPABUIBHOCTD NPEAIONIOKCHUA
Ha 3eMJie, Mbl MOKEM ITOMBITATbCS Bbl-
SACHUTb 3TO, HAOGMIONAA 32 ITOXOXKHUMH
Ha 3€MIIO IJIAHETAMH, BPAIAIONIUMH-

¢ BOKPYT Apyrux 3sesz. NASA u Espo-
TIEHCKOE KOCMHUYECKOE ATEHTCTBO (ESA)
KOHCTPYUPYIOT KPYIIHBIE KOCMHYECKUE
TEJIECKOIIBL, IPEJIHA3HAYCHHBIC [JI I10-
HMCKA COPA3MEPHBIX C 3€MJICH IUIAHET,
BO3MO’KHO, BPAIIAIOUIUXCA BOKPYI' HE-
KOTOPBIX M3 120 OGMMKANIIUX K HaM
3BE3/.

Ecmu Ha KakOU-HUOyOb M3 IUIAHET
ydeHbIC OOHAPYXKAT KHUCIOPO[, IOYTH
C IMOJIHOU YBEPEHHOCTBIO MOXKHO OYy-
JET TOBOPUTb O CYIIECTBOBAHUM 3/EChH
(dOpM KM3HH, CPABHUMBIX C 3€MHBIMM.
O6 3TOM MOXET CBHAETEIbCTBOBATD,
HAIIpUMED, M BBICOKUI YPOBEHb META-
Ha B aTMocdepe, Beb €ro CIOCOOHbI
BBIPA0OATBIBATD TOJBKO JKUBBIE Opra-
HU3MBL Takasgd HaxXoJKa JAaCT YYEHBIM
YHUKAJIBHYIO BO3MOKHOCTDb 3aITIAHYThb
B IIpOLLIOE 3E€MJIM B CAMOM Hayajle €€
CTAHOBJICHUA.

B Mupe nagku
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Kowaumin Taas (NGC 6543) — 0AHA 13 HOMBOAEE NPUYYAAMBBIX NIAQHETAPHbIX
TYMOHHOCTEN B HOLLEN [AAQKTUKE: MHOTOCAOMHOE Y MHOTOLIBETHOE rA30BOE OBAAQKO
PACMOAOXKEHO NPUMEPHO B 3 ThiC. CBETOBbIX AET OT COAHLLA. ACTPOHOMOM HEAETKO
BbIAO OOBSICHNTL CAOXKHYIO GOPMY TYMAHHOCTW KoLuaumi [Aa3,
CcHOTOrPAPUPOBAHHOM KOCMUNYECKNM TEAECKOMOM «XAB6A» B 1994,

TaKMe TYMOHHOCTU HE MMEIOT HUYETO OBLLLErO C MAQHETAMM: MX HA3BOHME — AULLb
VCTOPNYECKNN KYpPbe3. B AENCTBUTEABHOCTM 3TO MPEACMEPTHBIN PACTOA 3BE3AbI
YMEPEHHOM MACCHI.



J. P.HARRINGTON University of Maryland, K. J. BORKOWSKI NORTH Carolina State University AND NASA

ACTPOHOMUS

06biYHblN JBEI

Bptoc Baauk n Aaam ®paHk

KoHYnMHa CoAHUQO 4Yepe3 5 MAPA. AeT OYyAEeT BbIAJAETH

3AXBATbIBAKOLLE:

KOK UV Apyrve 3Be3Abl

NPEBPATUTCS B MACOHETAPHYIO TYMAHHOCTb.

JKenras Menysa M KpacHbIE OCBMHUHOT'HA
IUIBIBYT B KOOWJIBTOBOI BOje. Bmecre
C IUIABHBIM IIOTOKOM KOJIEOJIETCA
U JIe€C INTyOOKOBOJHBIX BOJOPOCJICH.
[TepenuBaromuecs pO30Bble PAKOBHUHBI
OOGHUMAIOT JIPYT JIPYyTrd, HOJLOOHO Mmape
BIIOOJIEHHBIX. Bce aTu YAUBUTCIIbHBIC
CTECKJISHHBIC CKYJBIITYPBI CO3JaHbl
Harinom Yuxynu (Dale Chihuly). Jna
ACTPOHOMOB PabOTHl CTEKIO/IYBA, Ubs
MAaCTEPCKAsl PACIIONOKEHA Heaane-
KO OT aCTPOHOMHUYECKOTO OTJEJICHUA
BammMHITOHCKOTO YHUBEPCUTETA, HE-
CYyT MHOM CMBICJI: HEMHOI'O HAHWJET-
Cs IPOU3BEACHUM, TAK yOECAUTEIbHO
IEPEJAIOMUX KPACOTY KOCMUYECKUX
OO'BEKTOB,
HBIMHU TYMAaHHOCTAMMH. OCBCH_ICHHI)IC

HA3bIBACMBIX IIJIAHCTAP-

U3HYTPU POJUTEIbCKOM
pacuBedeHHBIE (DIYyOPECUUPYIOIIUMU
4TOMAaMH M MOHAMHU HA (POHE KOCMU-

3BE3/101,

YECKOM YEpPHOTBHI, I'da30BBIE CTPYKTY-
PBl KAKYTCS >KUBBIMH. YUEHBIC AU
UM npossuia — Mypasen, Mopckas
3Bes3na, Komauwni [nas...

TepMUH <«IUIAHETAPHBIE TYMAaHHOC-
TH», IPEACTABIAIONINE COOON PA3MBI-
ThIC, TTOXOXXHME HAa 067aKa OOBEKTHI,
BU/IMMBIC TOJIBKO B TEJIECKOIM, IPUIY-
MaJI 1BA CTOJIETUS HA34Jl AHTJIUUCKUN
acTpoHOM Bunbam Tepmenn (William

Herschel), nccnegosarenb TyMaHHOC-
TE. MHOTHE M3 HUX UMCIOT OKPYIJIYIO
(popMy, KOTOpAsSE HATIOMHHJIA YYCHOMY
3€JIEHOBATHIN JUCK IUIAHETBl YPaH, UM
JK€ U OTKPBITOH. K TOMY K€ OH moJjia-
raj, 4YTO OKPYIJIBIE TYMAdHHOCTH MO-
yT OBITh IITAHETHBIMU CHUCTEMAMMU,
(HOPMUPYIOIUMUCA BOKPYI' MOJIOJBIX
3pe3z. TepMUH NPWXKUICA, HECMOTPS
Ha TO, YTO JENCTBUTEIBHOCTb OKA34-
JIACb MHOM: TYMAHHOCTH TAKOI'O THIIA
COCTOAT M3 Ia3d, COPOIIECHHOIO YMHU-
paomumu 3se3aamu. [IpumepHo yepes
S mapa. ner COnHLE 3aKOHYUT CBOU
KOCMUYECKUHN BEK U3SAINIHBIM BBIOPO-
COM IUTAHETAPHOM TYMaHHOCTH, YTO HE
BIIOJIHE COOTBETCTBYET TEOPUH IBOJIIO-
LU 3BE3J, — OCHOBE, HA KOTOPOM 6a-
3UPYyETCs HAll€ TIOHMMAaHHE KOCMOCA.
Ecu 3B€3/1bI POKAAIOTCS, XKUBYT U YMU-
PAaIOT KPYIJIBIMH, TO KAK K€ OHU CO37a-
IOT BOKPYT C€6d CTPYKTYpPbI, KOTOPBIE
MbI BUIUM Ha poTorpaduax «Xadoaar,
nopooHele Mypasbio, MOpCKoIt 3Be3ze
nnn Komaubsemy [mazy?

N cmepTb NPUXOAUT 30 HUMU

B Teuyenme XX B. aCTPOHOMBI ITOHA-
JIM, YTO 3BE3/Ibl YETKO JCJIATCA 110 THITY
CMEpPTH HA JBa K1acca. Ecii Macca 3Be3-
JIbl IIPY POKICHUM IIPEBBIIIAIA BOCEMb

TAKOro Tund, OHO

Macc COJIHIIA, TO B KOHLIE JKU3HU 3BE3/1d
BHE3AIIHO B3PBIBAETCA KAK CBEPXHOBA,
4 MEHEEC MACCHBHBIE U3 HUX yMHpPaA-
IOT JOJITO M IIPOBOJAT CBOU IOC/ICAHUE
rOZIbl, CHA3MATUYECKU NepepadaTbiBas
OCTATKU TOIJIUBA.

B Heapax Tako# 3Be3/bl HA NPOTSKE-
HUU IIOYTU BCEH €€ XU3HU TEPMOAIECP-
HBIC PEAKLIUH CKUIAIOT BOJOPO/, 4 3aTEM
resmmn. Korja aaepaoe ropeHue nepeme-
LIAETCA K CBEKEMY BEILIECTBY, B OKPYKa-
IOIIYIO AAPO OOOJIOUKY, TO 3BE3/1d Pa3-
JIYBAETCA B TAK HA3BIBACMBIN KPACHBIN
ruradT. Kak TOJIBKO BOAOPOJ, COXIKEH,
HACTyIIaeT odyepep reaus. Ero ropenme
NPOUCXOJUT HEYCTONYUBO, U 3BE3/1d TE-
paeTr cTabuwIbHOCTD. Ee cumbHbIE KOTE-
6aHHA BMECTE C IABJICHUEM H3JIy4CHUS
pa3ayBaoT C1a00 CBI3aHHBIE TOBEPX-
HOCTHBIE CJIOH, CO3/1aBasl IUTAHETAPHYIO
TYMaHHOCTb.

Haunnag ¢ VIII B. acTpOHOMBI O6HA-
PYKWIM U 3aHECIM B KaTaJOI'H I1OY-
A 1500 1m1aHeTapHBIX TYMAHHOCTEH,
a eme 10 TBIC. UX MOTYT CKPbIBATbCA
334 IUIOTHBIMM IIBUIEBBIMM OOJIaKAMU
lanmakTuky. B TO BpeMs KaK CBEPXHOBbBIC
BCIIBIXMBAIOT B Mieynom Ilyru numb
pa3 B HECKOJIBKO CTOJICTHH, IUVIAHETAP-
HbIEC TYMAHHOCTH POXKIAIOTCA KAXKABIA
roz1. KoHeyHO, CBepXHOBBIE bos1ee 3pe- p

B Mupe Hayku
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TYMOHHOCTU

O4APOBLIBAKOT HAC

JIMIIHBIL, HO MX OCTATKHU HEIPUIJIAJHDI
U XdOTHUYHBL, UM HEJJOCTAET CHMMETPUU
U U3ANMECTBA TYMAHHOCTEH.

[TnaneTapHbIE TYMAHHOCTH HE CTOJIb
V2K JIETKH M CLIOKOMHBI, OHU MACCHUBHBIEC
U1 OypHBIE: MACCa KAXKJOH — OKOJIO Tpe-
TH COJIHEYHOH M BKJIIOYAET IIOYTU BCE
OCTABILEECA HECOXIKECHHBIM SJJEPHOE
TOIJIMBO 3BE3/bl. B Haya/JlbHOU CTa-
JUU CJ1A00 CBA3AHHBIC BHEIIHUE CJIOU
3BE3/Jbl MOKULAIOT €€ CO CKOPOCTBIO
10—-20 KM/C; 3TOT OTHOCUTENBHO MEJ-
JIEHHBIA BETEP YHOCUT OOJIBIIYIO YACTh
MaCChl TYMaHHOCTH. Bce cuibHee 06-
HaKas AP0, 3B€3/1d MEHACT CBOM IIBET
OT aIIeJIbCUHOBOTO K JKEJITOMY, 34TEM K
0eoMy U HaKOHel — roayoomy. Korza
TEMIIEPATYPA €€ ITOBEPXHOCTU CTAHO-
BUTCA BbIIIE 25 000 K, oHa 3a1uBaeT
OKPYKAIOMMHI TIa3 KECTKUM YJIBTPa-
($HONIETOM, HACTOJIBKO MOUIHBIM, YTO
OH Pa3pbIBACT MOJIEKYJbl W JHAMIACT
UX 4TOMBI 3JEKTPOHOB. 3BE3/HBIA
BETEP YHOCUT BCE MEHBIIE MACCHI CO
BCe OoJbIIed CKOpPOCThIO. CriycTss 100
TBIC. — 1 MJIH. JIET, B 3ABUCHUMOCTH OT
HA4YaJbHOM MACCHI 3BE3[bl, IIPOLIECC
NPEKPAIAETC, U OT CBETHUJIA OCTACT-
CA YPE3BBIYANHO IIJIOTHBIA U TOPAYNN
OCJIBIN KAPIUK — <«TJICIOIMIUI yTOJIEK»,
CKATBHINA IPABUTALIMEN B IIAPUK Pa3Me-
poM ¢ 3eMTIo.

MAQHETAPHAOS TYMOHHOCTb KOAbLLO (M 57).

ITOCKONIBKY HPEAIIOJIArajoCh, 4YTO
CHJIBI, OTTAJIKMBAIOIIME BEHIECTBO OT
YMUPAIOIIUX 3BE3, C(PEPUUECCKU CHUM-
METPHYHBIL, TO ACTPOHOMBI 10 1980-X IT.
NPEACTABIAIN IUIAHETAPHBIC TYMAHHOC-
TH KaK PACHIMPAIOMNEcs C(pepUdecKue
y3bIpy. OJJHAKO C TEX IIOP IIPEACTABIIC-
HUA U3MECHWIMCh.

Paccekas My

Eme B 1978 1. 6bIJIO 3aMEUEHO, YTO JKU3HD
IUIAHETAPHBIX TYMAHHOCTEN HE TAK IIPO-
CTa: YABIPA(PUOIECTOBBIEC HAOIIOJCHUS
MOKA3JIU, YTO YMUPAIOIIHE 3BE3/1bI [IPO-
JIOJDKAIOT TEPSITh BEIIECTBO U IIOCIIE TOT'O,

OB3OP: NMAAHETAPHbIE TYMAHHOCTA

* [IA\OHETAPHbIE TYMAHHOCTW — 3ATEMNAMBBIE OCTATKM 3BE3A YMEPEHHOM MACCHI,
MeHee 8 macc COAHLLA. YMUPQOS, 3BE3AC COPACHIBAET BHELLHNE CAOU, MOPOXKAQS
BETEP, KOTOPLIN AYyET CO CKOPOCThIO A0 1000 Km/C. NOCTENEHHO CBETUAO OBHO-
YKAET CBOU ropsidne HEAPQ, YABTRADUOAETOBOE U3AYHEHNE KOTOPBIX MOHU3UPYET

BETEP N 3ACTABASIET €r0 CBETUTLCSI.

* Kocmuyeckmnin Teneckor «<Xab6A» BbISIBUA TYMAHHOCTU C YAVBUTEABHO CAOXKHbBIMM
OYEPTAHNIMU. BO3MOXXHO, MArHUTHOE MOAE, CLLENAEHHOE C SAPOM U BbITOAKMBO-
toLee Betep. bAM3Kas 3Be3AA-KOMMNAHBOH AWM MACCKUBHAS MAQHETA TAK)KE MOTYT
30 CYET NPUAMBHOW CUABI GOPMUPOBATH MMIAHTCKME FA30BbIE KOABLLA 1 MPUACBATL

BETPY GOPMY NECOYHbIX YACOB.

KaK OHU COPOCWIM CBOM BHEIITHUE CJIOU.
PaspeXeHHBbIN IOTOK I'a3a YHOCUTCH CO
ckopocTpio 1000 km/c, T.e. B 100 pas
ObICcTpee 60JIEE INIOTHOT'O IOTOKA, COPO-
LMIEHHOI'O PaHee.

Can Kyok (Sun Kwok) us Yuusep-
curera Kanrapu, Kpucrodep Ilep-
TOH (Ch.R. Purton) u3 JOMHHbOHCKOH
pPaano-acTpopU3NIECKON 0OCEPBATO-
pun Kanmaner u Ilum Ouiypkepanba
(M.P. Fitzgerald) wu3 YuuBepcuTeTa
Barepnoo paspaboTanyd MOJEIb 3BE3-
JHOI'O BETPa: KOIZld OBICTPBIE IOTOKHU
JIOTOHAIOT U TAPAHAT 60JI€E€ MEJICHHBIE,
OHH, IOJOOHO OYIBA03€EPY, YIIOTHAIOT
rnepes cobot cnon raza. O60J04YKa U3
CKATOI'O I'a3d OKPYKAET MOYTH ITYCTYIO,
HO OY€Hb I'OPAYYIO IIOJIOCTb, U MOCTE-
IICHHO OBICTPBIM IIOTOK OYMIIAET BCE
OOBIINIT OOBEM.

Mopnennp B3auMOJCHUCTBYIONUX 3BE3-
JHBIX BETPOB HNOAXOAUT Id cde-
pUYECKUX WJIX TIOYTH cdepudec-
KUX [JIAaHETAPHBIX TYMaHHOCTEIH.
Ho B 1980-e rT. HAaOIIOIATEIN BBISC-
HWIH, 4TO C(HPEPHUUECKUE TYMAHHOCTHU
O4Y€Hb PEIKH, BEPOSATHO, UX HE Hosee
10%. BOIBIIUHCTBO K€ NMEET BBITAHY-
TYIO WIH ANIEOO0PA3HYIO (POPMY, 4 HE-
KOTOPBIE COCTOST U3 JBYX IIy3BIPCI,
PACIIOJIOKEHHBIX IO 60KaM OT YMHPaA-
IOIICH 3BE3/bl. ACTPDOHOMBI HA3BIBAIOT
UX OGUIOIAPHBIMHU.

BMmecre ¢ Buncentom Hkxke (V. Icke)
u I'appenrom Memnemoit (G. Mellema)
n3 JlerigeHckoro ynusepcurera B Hu-
JEpJaHAaX Mbl PA3BWJIA KOHIIECII-
LUIO B3aHUMOJCHUCTBYIOIIUX BETPOB.
IIpeacraBuM, 4TO MEIJICHHBIE TOTOKU
CHa4ana (POPMUPYIOT IUIOTHBINA TOP,
BPALIAIOMIUIICA B IIJIOCKOCTH 3KBATOPA
3BE3/IbI, KOTOPBIA OTKJIOHACT 3BE3/JHBIN
BETEP B HOJAPHOM HAIIPABJICHUHU, (POP-
MHPYS 3JUIMITHYECKYIO TYMaHHOCTbD.
Ecny TOp O4YeHb IJIOTHBINM U KOMITAKT-
HBIHM, TO BO3HUKAIOT TYMaHHOCTU THUIIA
ITecOYHBIX YACOB.
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R. CORRADI Institute of Astrophysics of the Canary Islands (left); DON DIXON (right)

CTPOEHME KOLLUAYBETO TAA3A

HaseMHbIn TeAecKkon BbISIBUA y Kowaybero MAasa «pec-
HUYKM» (CAEBQ) — KAOYKOBATBIN BHELUHWI FA30BbIA CAOWN.
PEeKOHCTPYMPOBAHHAS XYAOXKHUKOM BHYTPEHHSIS1 YOCTb, AN
«3PAYOK» (CrPABA), COAEPXMUT OCTATOK 3BE3AbI, MOrPYXXEHHbIN
B IMLLEOBPA3HYHO FA30BYIO OBOAOUKY, OKPYXKEHHYHO ABYMS OK-

Mojenp BOCIIPOM3BOJM/IA BCE HU3006-
paXeHUs, IOJydeHHBIE K 1993 T
KOMIIBIOTEPHBIE PACYETHI IIOKA3AIH, YTO
ujesd B OCHOBE BEPHA, 4 HOBBbIC HAOJIIO-
JCHUA TIOATBEPAWIN, YTO MEJJICHHDBIC
IIOTOKU BOKPYI' 9KBATOPA 3BE3/bl HosIce
IUIOTHBIE.

OJTHAKO HAIIIA PA/IOCTh ObUTA HEJJOITOM.
B 1994 1. «Xa6671» MOTy4r/I IEPBOE YETKOE
U300PAKEHUE TTAHETAPHOU TYMaHHOCTU
Kormauwmit [maz (NGC 6543), OTKPBITOM
Iepmenem. OUH U3 €€ ABYX II€PECCKa-
IOIIUXCA JUIIICOB — TOHKAd OOOJIOUKA,
OKPYJKAIOIAsl OBAIbHYIO IIOJIOCTh, — CO-
OTBETCTBOBAIN MOzie/Id. HO HUKTO HE MOT
[IPEAIONOKUTD, YTO TYMAaHHOCTb OyneT
OKPYXEHA KJIOYKOBATBIMU KPACHBIMU
obnactamu. Eme 6osee CTpaHHbIMU Ka3a-
JIUCB IIOJIOCBI BHE TYMAaHHOCTH, IIOXOKHE
Ha cTpyy. Hama mMozesb B3anMOoAeHCTBY-
IOIIUX BETPOB B JIYYIIEM CJIydae BEpHA
JIUIIb YACTUYHO.

OcTtaToK
3BE3AbI

Kpenkum opeluek

KpacuBylo HAay4HYIO HJCIO HE TAK-TO
JIETKO OTOpOCHUTh. CHAYA/Id MBI IIBITA-
JIMCh UTHOPUPOBATH PE3YILTATHI Ha-
6nroAeHuI, HaAesachb, 49ro Komavwun
I'nma3 — anomanusa. Ho He TyT-TO OBbUIO:
Jpyrue u3obpaxkenus ¢ «Xaboia» 1noj-
TBEPJWIN, YTO B HALIEM CLECHAPUH
CMEPTH 3BE3/BI OTCYTCTBYIOT KAKUE-TO
BA’KHBIE JICTAJIA.

Cpeny IUIAHETAPHBIX TYMaHHOCTEH
CaMbl€ HEOOBIYHBIC — OUIIOJISPHBIC.
Ha caomMkax «Xa66aa» OHH BBITJISAAT
HU3BbICKAHHO: MEJIKUE AETAIU CUMMET-
PHUYHO BXOZAT B OO€ 4aCTH TYMAaHHO-
cru. CUMMETPUA YKA3bIBAE€T HA TO, YTO
BCA CTPYKTYPa POXKIAIACh KOT€PEHTHO,
B PEIy/LIPHOM IIpOLECCE, NEUCTBOBAB-
meM BOJIM3U ITIOBEPXHOCTH 3BE3I.

11 TAKUX OO'BEKTOB MOJIE/Ib B3AUMO-
JEHCTBYIOIUX BETPOB JA€T IPOIrHO3,
KOTOPBIN JIETKO IIPOBEPUTDL: BBIN/IA 34

CLLEHTPNYECKNMM MY3bIPSIMA, N BCE 3TO OBPAMASIKOT KOHLEHT-
pUYeCKME ra3oBble 060AOHKM, OYEBMAHO, BELLLECTBO BHELLIHMX
yacTen TYMOHHOCTU BbIOPACHIBAAOCH 3BE3A0M B TEYEHME Thi-
CSIMEAETUIN, A BEPXHSIS1 YACTb PA3BEPHYTA K HOBAIOAQTEALOD.

BHelwHmn
ny3biPb

BHYTpPEHHMI
ny3blpb

BHeLwHnn
ny3blpb

OBOACUKM

Ipefebl TOPa, ra3 JOJIKEH BBITEKATD
Hapy’Xy C IOCTOSHHOH CKOPOCTBIO,
KOTOpAas CO3J4€T 3aMETHOE JOIlIC-
POBCKOE CMELIECHUE B €ro CIEKTPE.
K coOXaJleHUIO, TAKOE UCIBITAHUE MO-
Jenb He BbiiepkuBacT. B 2000 . Pomano
Koppaau (Romano L.M. Corradi), pa6o-
TAIOIMI ceryac B I'pyIinie TesecKonos
. HproroHa MHCTUTYTA ACTPOPUIUKU
Ha KaHapcKkux oCcTpoBax, IPU NIOMOIIU
Teneckomna «Xab6m» msyuun IOxnHyo
KpaOOBUIHYIO TYMAHHOCTb (He2-104).
OKa3a710Ch, YTO CKOPOCTDb €€ PACHIN-
PEHUS BO3PACTACT HPONOPLUHUOHAIBHO
PAaCCTOAHMIO OT 3BE3[bI, 4 Haubojee
JAJIEKHUHI OT LIEHTPA I'a3 ¢ CAMOI'O Ha-
Jajga JBUTAICA ObICTpO. IIpekpacHas
TYMaHHOCTDb, IIOXOKasd Ha II€COYHBIE
4aChl, MOTJIA CPOPMUPOBATHCA B PE-
3yJIBTATE U3BEPKCHUA U3 3BE3/bI IIPU-
onusurenpbHo 5700 net Hazaza. YKaib,
HO MOJI€/Ib B3aUMOJCHCTBYIOIIUX )

B Mmupe Hayku




TAAEPES NAAHETAPHbIX TYMAHHOCTEN

V1306paKeHMS1 TAQHETAPHBIX TYMOHHOCTEN, MOAYHEHHBIE KOCMUYECKUM TEAECKOMOM
«XABOA», 3HOAYUTEABHO BOAEE CAOXKHbBIE U PAZHOOBPA3HBIE, YHEM MOMAM NPEACTOBUTL
TEOPETUKN.

Ckar (Hen 3-1357) — camas MOAOAQS U3
MACHETAPHbBIX TYMOHHOCTEN, 30POAMBLLCSICS
AnLb 20 AET Ha30A,. BeposiTHO, Ha ee dopmy
BAMSIOT 3BE3AQ-COCEAKA U FTA30BbIN TOP.

——  OKPY>XEHHAS1 MAOTHBIM, 3AMbIAEHHBIM U HOCILLLEHHBIM YIAEPOAOM TOPOM
(BBEPXY CrpABQ), LLEHTPOALHAOS 3B€3AA TYMAHHOCTU XKyK (NGC 6302) -
OAHQ 113 CAMBIX TOPSIHMX.

L

B tymMaHHOCTM [OAYy6 0N CHEXKOK

(NGC 7662) B1AHbI BbICTPO
ABMKYLLIMECSI OBAQUKA FO30 HESICHOTO
MPOUCXOXKAEHWS (KDQCHBIE MSITHBILLKIAY.

Y

B ueHTtpe TyMmaHHoCcTM ABOMHAS CTpyst
(M 2-9) HOXOANTCS ABOMHAOS 3BE3AA

1 TO30BbIN ANCK pAnamMeTpoM B 10 pas
60AbLLE OPOUTLI NAYTOHA. [OAYObIM

N KPACHBIM MOKA3AHbI ATOMbl BOAOPOAC
1 KNCAOPOAQ, 3EAEHBIM — MOHbI O30TA.
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) ~ LIeHTPOAbHOS 3B€3A0 TYMAHHOCTM

SMLo (CRL 2688), KAK NPOXKEKTOP,
OCBELLOET KOHLEHTPUYeCKne
MblAEBbIE OOOAOUKM, MPOTSIHYBLUNECS]
6onee yeM Ha 0,1 CBETOBOIo road
OT 3Be3Abl. LIBETOM NOKA3aHO
NMOASIPU3ALMS CBETA B POBHbIX
| HAMPABASHUSIX.
—
OpayBAHUWMK (NGC 6751) — 210 NpuMep
BAAAMTNYECKOW MAQHETAPHOM
TYMOHHOCTW. KPACHbBIM, 3€AEHbIM U
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TOAYObIM MOKA3AHA, COOTBETCTBEHHO,
CAQBAS], yMEPEHHAS Y CUALHAOS
MoHM3AUMS rasa.

Ha n3obpaxkeHumn '
FOXHOM KPABOBNAHOM
TYMQHHOCTU (He 2-104)

B AVIHAM U3AYHEHNS
Q30TO BUAHO MOAEHBKOSI
SPKASI TYMOHHOCTb,
BHEAPEHHOS B 6onee
KPYnHY0. MopoAMBLIMIA
€€ KPOCHBIV TUraHT
0BPALLAETCS BOKPYT
6EeA0ro KAPAMKQ.

ESA/NASA AND A. ZIJLSTRA University of Manchester (OKyk): M. BOBROWSKY Orbital Sciences Corp. AND NASA (Ckar); B. BALICK AND J. ALEXANDER University of Washington, A.HAJIAN U.S. Naval Observatory,
Y. TERZIAN Cornell University, M. PERINOTTO University of Florence, P. PATRIARCHI Arcetri Observatory AND NASA (fony6ori CHexok); B. BALICK, V. ICKE Leiden University, G. MELLEMA Sftockholm University

AND NASA (AgostHas ctpys)); NASA/ESA AND HUBBLE HERITAGE TEAM (STScl/AURA) (Mypasein): NASA/ESA, H. VAN WINCKEL Catholic University of Leuven AND M. COHEN University of California, Berkeley
(KpacHsivi MpsmoyroabHuk); NASA AND HUBBLE HERITAGE TEAM (STScl/AURA) ($1440); NASA AND HUBBLE HERITAGE TEAM (STScl/AURA) (OayBaH4mk); R. CORRADI Institute of Astrophysics of the Canary Islands,
M. LIVIO STScl, B. Balick, U. MUNARI Asfronomical Observatory of Padua/Asiago. H. SCHWARZ Nordlic Optical Telescope AND NASA (KOxHas1 Kpa6oBUAHQS TYMQHHOCTb)



TEPPAKOTA

[MAQHETAPHbIE TYMAHHOCTW FOBOPSIT O ByAYLLEM HALLEN
CoAHeyHoM cucteMsl. Koraa CoAHLE COCTAPUTCS, OHO
PA3AYETCS AO PA3SMEPA HbIHELLHEN OPOUTLI 3EMAM, 3ACTO-
BMB MepKkypuin 1 BeHepy cropetb, MOAOBHO rMraHTCKUM
MEeTeOoPAM. 3EMAS N3BEXUT TAKOW YHACTU, MOCKOAbKY
COAHLE, NOTEPSIB HACTb CBOEM MACChI, OCAQOUT NPUTSIKE-
HVE, N HALWA MAQHETA MEPENAET HO HOBYLO, DOAEE YAQAEH-
HYto opouTy. COAHLLE, KAK KPACHBIN MOHCTP, 3ANOAHUT BCE
He60. KOrAQ OAMH €ro Kpam BYAET CKPbIBATLCSI HA 3AMNCAE,
APYrom y>ke Ha4YHEeT BOCXOANTb HO BOCTOKE. boAaee XOAoA-
Hoe, yeM ceropHs (2000 K, a He 5800 K), oHO BCe paBHO
HarpeeT HALLY NACHETY.

3eMAS CTOHET CBMAETEAEM GOPMUPOBAHKSI IAQHETAP-
HOW TYMOHHOCTM KAK ©bl M3HYTPW. COAHLLE COPOCUT CBOU
BHELLUHWE CAOWN, KOAOCCOABHO YCUAMB COBPEMEHHbIN COA-
HEeYHbIN BeTep. [OCTENEHHO «KPACHbLIN 6EeremMoT™ pPasAe-
HETCS AO SIAPQ, KOTOPOE NMPEBPATUTCS B BEABIN KAPAWK.
OcCBeLLEHHble ero ronybbiM CBETOM, MPeAMETbI HO 3eMAe
BYAYT OTOPACHIBATH PE3KME N YEPHbIE KOK CMOAb TEHM.
Bocxoabl M 30KATbI KDOXOTHOTO CBETUAQ CTAHYT MIHOBEH-
HbIMW. MOLLHOE YABTPODUOAETOBOE U3AYHEHNE KAPAMKA
PA3PYLUNT BCE MOAEKYASIOHBIE CBSI3W, KOMEHb MPEBPATUTCS
B MAQI3MY, KOTOP A1 OKYTAET MAQHETY XXYTKMM NEPEANBAIO-
LLIMMCSI TYMAHOM. Tepsis UsAydeHne, 6eAbit KAOPAKK NoCTe-
MEHHO OCTLIHET M MOTYXHET. BCKOpE OCTBIHET M MACHETA. TaK
NOrMBHET HALL MUP — CHOYCAAC B OTHE, O 3ATEM BO AbAY.

lcneneAeHHas1 KPACHBIM TMIAHTOM, — COCTAPMBLUMMCS
COAHUEM, — B ByAYLLEM 3EMASI CTOHET YAOBHBIM MECTOM
AN HOBAKOAEHMS 30 POXXAQKOLLLENCS MAOHETAPHOMN
TYMQHHOCTBIO.

BETPOB, PE/ICKA3bIBABIIAS, YTO TYMAH-
HOCTB (POPMHUPYET HEIPEPHIBHBIH ITO-
TOK, OKa32J14Ch HECOCTOSTCIBHOI.
Koppasan 1 ero Koymeru O6HapysKUIH,
uro IOxHAA KpabOBHAHAS TYMaHHOCTH
Ha CaMOM JIeJI€ — ABE TYMaHHOCTH, BJIO-
JKEHHBIC APYT B APYTa, KaK MaTPEIIKH.
CHavaIa MBI IPEATIONOXKIIIN, YTO BHYT-
PCHHSS TYMaHHOCTb MOJIOJKE BHEIITHEH,
HO HaOTIO/IEHUS ITOKA34JTH, YTO CKOPOCTh
pacmupeHus 06eUxX TYMaHHOCTEH yBe-
JIMIUBACTCS C PACCTOSTHHUEM OJTMHAKOBO.
[Toxoske, 9TO BCSI CJIOKHASI CTPYKTypa

OB ABTOPAX:

c(hOPMUPOBATACH OAHOBPEMEHHO IIPU-
MEPHO O TBIC. JIET HA3A/I.

[TocnegHu rBO3[b B KPBIIIKY I'DO-
62 MOJE/IN B3aUMOJCHCTBYIOIUX BET-
poB 6bL1 BO6UT B KOHIIE 1990-X, Korja
Kyok, Parsenapa Caxau (Raghvendra
Sahai), [bxon Tpayrep (John Trauger) u3
JIaGopaTOpHU PEAKTUBHOT'O JBUXKEHUSA
B [Tacapune (Kamudpopuus) u Mapraper
MerikcHep (Margaret Meixner) us
HIMMHOMCKOIO YHHUBEPCUTETA OIly6-
JIMKOBAJIM PsAJl HOBBIX HM300PAKECHUU,
MOJYYEHHBIX «Xa607I0M», — OYCHb MO-

Bptoc Baauk (Bruce Balick) 1 Aaam Ppank (Adam Frank) — aBTOpbI MHOXECTBA CTATEN,
MOCBSLLEHHBIX HOBAIOAEHWSIM 1 TEOPUN MAQHETAPHbBIX TYMOHHOCTEN U UX 3BE3A-TIPEA-
LeCTBeHHUL, baaunk, npodeccop B PO4ECTEPCKOro YHMBEPCUTETA, 3AHUMAETCS PA3-
AVNYHBIMY HOMPABAEHMSIMM ACTPODUINYECKOM AMHOMUKM SKUAKOCTEN: OT CMEPTU 3BE3A

AO POXKAEHWS NMAQHET.

JIOJBIX IIJIAHETAPHBIX TYMAaHHOCTEH, HA
CTaIMU 1O WIK CPa3y IIOCJIE TOr'O, KaK
3B€3/1a HAI'PENd M MOHU3HUPOBAIA UX.
OXU/IATIOCh, YTO OOBEKTBHI OyAyT HE
CTOJIb BEJIMKH, HO B 1I€JIOM OXOXH Ha
B3POCJIbIE TYMAaHHOCTH. OJIHAKO U Ha
3TOT Pa3 Mbl OMMOJINCE: IMOPHUOHAb-
HBI€ 1 IOHBIE IUIAHETAPHbIEC TYMAHHOCTU
OKA3aJIMCh YPE3BBIYANIHO PA3HOOOPA3-
HbL. X MHOI'OYMCJICHHBIE OCH CHM-
METPUHU HE YAAETCSA OOBACHUTb OJHOU
CTpYyeEI, KaK B HAIICH rurnorese. Moaenb
B3AUMO/JICHUCTBYIOIUX BETPOB 3aBEJd
HAC B TynmuK. Kak OTMETHIN B CBOCH
crarbe 1998 roma Caxau u Tpayrep,
IIPHUILJIO BPpEMs /I IOMCKA HOBOU Ma-
PafurMbl.

Monpo6yem no-Apyromy

HccnenoBarenu 3aKII04YUIN, 9YTO OJITUH
13 OCHOBHBIX (DAKTOPOB — I'PaABUTAIM-
OHHOC IIOJIC 3BE3bI-KOMIIAHBOHA —
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NASA AND HUBBLE HERITAGE TEAM (STSCI/AURA)

ACTPOHOMUS

[IAQHETAPHbIE TYMOHHOCTUN HE CTOAb Y>)K AETKN N CMOKOWHbI, KOK
BBITASIASIT. HOMPOTMB, OHYI MOCCHKBHbIE N BYPHbIE.

CTAHOBUTCA pemaiomum. ITo kpannern
Mepe HNOJOBHUHA BCEX CBETUIL, KOTOPBIE
MBI BUJIUM H4 HEOE, B JEHUCTBUTEIbHO-
CTH SIBJIIIOTCS JBOMHBIMH. B 60IbIIH-
CTBE€ CUCTEM KOMIAHBOHBI TAK JAJICKU
JPYr OT APYTa, YTO KUBYT HE3ABUCHUMO.
HO y HEKOTOPBIX TECHBIX IAP MNPUTA-
JKEHHE OJHOU 3BE31bl MOYKET 3HAYH-
TEIbHO OTKJIOHUTDb BELIECTBO, BBITEKA-
IOIee U3 JPYyrou. JJonsd Takux map Kak
Pa3 COOTBETCTBYET JOJIE OUIOIAPHBIX
OOBEKTOB CPEIU IIAHETAPHBIX TyMaH-
HOCTEH.

CornacHO CIEHAPUIO, MPEIIOKEH-
Homy Mapwuo Jlusno (Mario Livio) u3
HHCTATYyTA KOCMHUYECKOI'O TEJIECKO-
na u Hoamom Cokepom (Noam Soker)
n3 Mucruryra «Texuuon» (M3pauis),
KOMIIAHBOH 3aXB4TBIBACT BELIECTBO,
OTTEKAIOIIEEC OT YMHPAIOIIEH 3BE3/IbL.
B cucreme, rae pasmep opoUT MEHBIIE,
4yeM y MepKypus, 4 OpOUTANBHBINA IOJ,
U3MEPSAETCA 3EMHBIMU CYTKAMHU, TAKOU
O6MeH CNIOKEH. K MOMEHTY, KOrja Be-
LECTBO YMUPAIOIIEH 3BE3/1bI JOCTUTACT
KOMIIAHBbOH4, IOCJICHUI CTPEMHUTEIIb-
HO IEPEMEIIAECTCA IO CBOCH opoure.
BemecTBo, OTTAHYTOE NPUIMBHOMU CU-
JION OT PBIXJIOM YMHMPAIOWIEH 3BE3/bI,
o6pasyeT XBOCT, TAHYIIUHCA 32 60-
JI€€ TUIOTHOM 3BE30M-KOMITAHBOHOM,
U 06pa3yeT MJIOTHBIA TOJICTHIA JHUCK,
O6pamAIOMUUCA BOKPYI KOMIIAHBO-
Ha. MOeIMPOBAHUE MTOKA3BIBACT, YTO
KOMIIAHbOH, HAXOJALIUIICSA HAa CTOJIb
JKe JaJIeKoH, Kak y HenrtyHa, opbure,
MOJKET OKPYKHTb C€651 aKKPELIMOHHBIM
JIMCKOM.

Paspysasgch, ymwmpamomas 3BE3a
CIIOCO6HA IPOIVIOTHUTB CBOEI'O KOMITA-
HbOHA BMECTE C JUCKOM. OKa3aBIIUCh
Ha CIIUPAIBbHOM OpOuTE B TEIE 6OJIb-
e 3BE3/bl, OHU PA3PYIIAIOT €€ HU3-
HyTpH. IIpU 3TOM BBITEKAIOMIHE I10-
TOKU (POPMUPYIOT HU3OTHYTBIE CTPYHU.
IToCTENEHHO KOMHNAaHBOH IIOIPYXKa-
€TCS B 3BE3Jy U HAKOHECL CJIMBAETCA
C €€ AAPpOoM, 4 BBIOPOC BEHIECTBA IIpe-
Kpamaerca. Bo3aMOXHO, ITIO3TOMY HE-

MNAQHETAPHAS TYMAHHOCTb CeT4aTKa
TAa3a (IC 4406),

KOTOPBIE TYMAHHOCTH BBIIVIS/IAT TAK,
Oy/ATO OBI €I'0 IIPUTOK B HUX BHE3AITHO
MIPEKPATUIICH.

AOMNOAHUTEAbHASA AUTEPATYPA:

MarHutHoe ynpaBAeHue
3BE312-COCEIKA 1O IBOMHOM CUCTEME,
BEPOATHO, HE €IMHCTBEHHBINA «CKYJIb-
OTOp» IJIAHETAPHOM TYMaHHOCTH.
JpyrumMm UrpoOKOM MOJKET OBbITb MOIII-
HOE MAIHHUTHOE IIOJI€ CAMON 3BE3[bI
WIWA AUCKA, OKPYKAIOIIETO 3BE3/1y-CO-
cegKy. ITOCKOJIbKY I'a3 B KOCMOCE HO-
HU30BAH, MAIHUTHOE I1OJIE CIIOCOOHO
YIPAaBIATb €TI0 ABMKeHUEM. CUIbHbBIC
OJIA JAEUCTBYIOT KaK yIIPYTHUE PE3U-
HOBBIC HUTU, HAIIPABJIAA I'A30BBIE I10-
TOKH.

B xonnme 1990-x rr. Popxep
Ilepanbe (Roger A.Chevalier) u Junr
Jlyo (Ding Luo) u3 BupruHckoro
YHUBEPCUTETA IPEIIOJIOXKUIHN, YTO
BETEP
YHOCHT NETAH MATrHUTHOI'O MHOJA.

OTTEKAIONIUN 3BE3/JHBIN

Bopbb6a raza ¢ nosiem MOXKET IIpU- p

HA PYCCKOM 43bIKE:

AAnep A. ATOMBI, 3B€3AbI, TYMOHHOCTU. M.: Mup, 1976.

Bbok B., Bok 1. MAeyHbIn [TyTh. M.: Mup, 1978.

KocTsakosa E.b. PramKa NAQHETAPHLIX TyMAHHOCTEN. M.: Hayka, 1982,
Macesuy AT, TyTykos A.B. DBOAOLMS 3BE3A: TEOPUSsI U HOBAOAEHKS. M.: Hayka, 1988.
Motraw C. NAQHETAPHbIE TYMAHHOCTU: U3yYeHUE MNO3AHUX CTOAMIN 3BE3AHON SBOAKOLIMNA,

M.: Mvip, 1987.

Xpomos I.C. [TAGHETAPHbIE TYMAHHOCTU: GU3NKA, SBOAIOLMS, KOCMOToHMs. M.: Hayka,

1985.
HA AHTAUCKOM 913bIKE:

The Shapes of Planetary Nebulae. Bruce Balick in American Scientist, Vol. 84, No. 4, pages

342-351. July 1996.

Cosmic Butterflies: The Colorful Mysteries of Planetary Nebulae. Sun Kwok. Cambridge

University Press, 2001.

Shapes and Shaping of Planetary Nebulae. Bruce Balick and Adam Frank in Annual
Review of Astronomy and Astrophysics, Vol. 40, pages 439-486; 2002.
Ha MmHormx cantax B UHTepHeTe eCTb N306paKeHNsi NAGHETAPHbIX TYMOHHOCTEN, HaNpUmep:

www.astro.washington.edu/balick/WFPC2

www.blackskies.com/intro.htmI#NEBULAE

hubblesite.org/newscenter/archive/category/nebula/planetary

ad.usno.navy.mil/pne
OB SBOAIKOLINN 3BE3A CM.:

www.astronomynotes.com/evolutn/s1.htm

www.blackskies.com/neb101.htm

observe.arc.nasa.gov/nasa/space/stellardeath/stellardeath_intro.html
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KOTAA YMUPAET 3BESAA, POXXAAETCA TYMAHHOCTb

CTPOHHbIE O4EPTAHWS MAQHETAPHbIX TYMAHHOCTEWN, YBEANYEHHOE N3OBPAXEHUE
BbISIBAEHHbIE «<XABBAOMY», MOXOPOHUAM CTAPbIE LIEHTPA TYMAHHOCTU

Teopun X GopPMUPOBAHKS. COBPEMEHHDIE Xe
rMNoTe3bl NPEANOAQraOT MHOTOKPATHBINM COPOC
rasa. Popmy TYMAHHOCTM MPUACET MArHUTHOE MOAE
AMBO CAMOW 3BE3AbI, AUBO AKKPELIMOHHOTO AUCKAO
BOKPYT €€ KOMMOHbOHQ.
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3aKpyYeHHOE MArHUTHOE NOAe .
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MeAAEHHbIN BETEP

YMMparoLLast 3Be3A0
20 « MOLLHbIE MATHUTHBIE MOAS
BbIDbIBAKOTCS 13 SIAPA HA
NMOBEPXHOCTb. BpalleHme 38e3abl
30KPYYMBAET CUAOBBIE AVHNW MOASI B
i 3 CMVPAAb.
¥ 3 = N
o y
1 « Paspyluoemas KOAe6aHNgIMM, h =y ;
YMUPQIOLLLOS 3BE3AA COPACHIBAET 2
BHELLHWE CAOU B BUAE KOHLEHTPNYECKIMX . _

ny3blpen, OKPYXKAET Cebs1 TOPOM BAOAb
BKBATOPA, HE NPEKPALLASI UCMYCKATb
MWV 9TOM MEAAEHHbIV 3BE3AHBIV BETEP.

; 3Be3p0- Anck
L ad . KOMMOHbOH

2b- HO BO3MOMHO, YTO 3BE3AA-KOMMAHLOH
3AXBATUT HACTb BETPA U OKPYXKUT
cebs1 AKKPELWOHHBIM ACKOM C

s ero CO6CTBEHHbBIM CMMPOALHBIM

MQrHATHBIM MOAEM.

IRC+10216
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O60oA0K

bbiCcTpbIM BETEP \

/‘

3 = [A€ Obl H/ BO3HUKAO MArHUTHOE MOAE,
OHO PA3rOHUT CTPYHO Fa3al, KOTOPAS!
BPEXKETCS B MEAAEHHbIV BETEP. TeM
BPEMEHEM TOP NPUACCT BETRY dopmMy
NeCOYHbIX YOCOB.

TolkBa (OH 231.8+4.2)

4.

-
a7

3Be3A0 UCTMYCKAET BbICTPbLIN BETEP,
KOTOPbIN MOANMMPAET MEAAEHHbBIN
BETEP MU3HYTPW 1 CO3AQET FAI30BbIN
0B0AOK.

ABOMHOM My 3blpb XOB66AQ

DON DIXON (illustrations); COURTESY OF N. MAURON AND P. J. HUGGINS IN ASTRONOMY AND ASTROPHYSICS, VOL. 359; 2000 (IRC+10216); NASA/ESA AND V. Bujarrabal National Astronomical Observatory of Spain (Teiksa):

B. BALICK, V. ICKE, G. MELLEMA AND WFPC2/HST/NASA (ABoviHoui rysbipb Xa66Aa)

J1aBaTh IIOTOKY 3K30THUYECKUE (POp-
MBI, HO, 4YTOOBI OH MOT €rO 34XBd-
TUTBH, OHO C CAMOI'O Hadaa JOJIDKHO
OBITH JOBOJBHO CJIA0OBIM, 4 3HAYUT,
HE MOJKET HECTH OTBETCTBEHHOCTDb
34 I'€HEPALUIO BETpa.

Kak ke CUJIbHBbIE MATHUTHBIC I10JIA
BBIOPACBHIBAIOT BEIIECTBO B KOCMOC?
ITOCKOIBKY ymMupalomas 3Be3aa 6yp-
JIAT M3-32 KOHBEKIUH, CBA3AHHOE
C €€ AIpOM MATHUTHOE MOJIE BMECTE
C ra30M MNOJHUMAETCS K HOBEPXHO-
cru. Ecnmm aapo Bpamaercs ObICTPO,
TO II0JIE HAMATBIBAETCA HA HETr'O, KAK
NPYXUHA, 4 KOI'ZA BBIPBIBACTCA HA
MOBEPXHOCTD, 3dXBATBIBAET U BbIOPA-
CBIBAET BELIECTBO HAPYXKy. [logob6Hoe
MOJKET IPOUCXOAUTH U B 3aMar-
HUYEHHOM 4KKPELIHMOHHOM JUCKE.
DAKTUYECKH KAK 3BE3/d, TAK U JHCK
MOTYT CO34aTb Berep. HecoBnagenue
X OCEU OOBACHAET HEKOTODPBIEC
CTPAHHBIE MHOTOIIOJIOCHBIE (POPMBI
Yy MOJIOJBIX INIAHETAPHBIX TYMaHHO-
crer. Bmecre ¢ OpukoMm BiaskmaHOM
(Eric G. Blackman) u3 Pouecrepckoro
yHHUBepcuTeTa, CHHOM MaTTOoM (Sean
Matt) u3 YHusepcurera MakMmacrepa
Anam ®dpank uszyyaer atTu 3pdhek-
Tbl. MarHUTHBIC IIOJA, KAK W [JBOH-
HbIC€ 3BE3/bl, JAI0T JOINOJHUTEIbHbBIE
CHJIBI, CIIOCOOHBIE CO3/44Th HAMHOIO
Oonbliee pazHoobpasue Gopm, dyem
3TO MOJXKET MOJEJb B3aHUMOJEUCTBY-
IOIIUX BETPOB.

VICTOYHHUKH 3HEPIUHU 3BE3[ B IIPO-
LIECCE IBOJIIOLIMU 3aTyXalOT, 4 BHE-
IIHHUE CJIOU COPACBIBAIOTCS B KOCMOC.
DAKTUYECKHU TEOPpUsA BHYTPEHHEI'O
CTPOEHMA U 3BOMIOLUU 3BE3] — OJIHA
M3 CAMBIX YCIIEIIHBIX HAYYHBIX TEO-
punt XX croserus, KOTopass O6bsiC-
HseT HAOJI0/IaeMbI€ CBOMCTBA OOJIb-
IIMHCTBA 3BE3[: UX HU3JIYYECHUE, [IBET
U Jaxxe OOJBbIIMHCTBO HUX HNPUYYI.
OpHako HOBad UHAOPMALHUA [ea-
€T HECOCTOSTEIbHBIMU JAXKE JIyd-
mue u3 Teopui. TakoBa npupojaa
nporpecca. OTKPBITHA 44CTO, Pa3-
pymas CcTapoe, MNO3BOJIAIOT PEHIUTb
Ha00JEBIINE BOIPOCH. U OTKPBIBAIOT
OyTbh K CTPEMHUTEIBHOMY JABUKCHUIO
BIIEDE,

9aCTO — B HCOXHNAAHHOM

HANIPaBJICHWU.

B Mupe nagku
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KHHKHOE 0bO3PEHKE

B MOHGKAN HCTOPHYECKOTD OMBITA

H3ydeHue IOIUTUYECKON MCTOPUH
Poccuu mpearoaraeT aHaau3 paHee
CYLIECTBOBABIIMX MJACH M CHCTEM, KO-
TOPBIE MOT'YT OBbITb HCIIOIb30BAHBI B COB-
PEMEHHBIX YCIOBUAX. TpajiuLIMOHHBII
UHTEPEC BbI3BIBAET 3moxa Ilerpa I —
IIEPHUO], MOUIHBIX COLUMAJIbHBIX, IOJIH-
TUYECKUX W KYJBIYPHBIX KATAKIU3MOB.
VIMEHHO TOrZla OBLIM CO3[aHBI OCOObIE
YUIPEXKIEHUA — KOMUCCHUH, IPHU3BAHHBIC
pemarb KOHKPETHbIE NPOOIEMBI, Ha-
npuMmep, «CIeCTBEHHAsd KOMHUCCHSA 00
A /Jl. MEHIUKOBE», «[leqanbHass KOMUC-
cus o norpedenuu Ierpa Il» m ap. Takue

BABUY M.B. focyaapcTBeHHble yupexxaeHus XVl seka: Komuccuun
NEeTPOBCKOro BpeMeHMU. — M.: POCCUNCKAsI MOAUTNHECKAS SHLMKAOMEAMS

(POCCI12H), 2003.-480c.

I'PYIIIBL CO3JABAINChH I NPOBEACHUSA
PEBU3HIA, OCMOTPA APXUBOB, PACCMOTPE-
HHA ICJ1 O IPETEH3MAX U B3ATKAX, COUU-
HEHUA HOBOI'O YJIOKEHMA U TJI.

Monorpadus BKIIOYAET TPU pasje-
s1a: «KoMuCcCcuU NeTpOBCKOTO BPEMEHU
KaK TOCYAapPCTBEHHBIC YYPEKICHUMA»,
«KoMuccum neTpoBCKOrO BPEMEHU
B MX HMCTOpHUM» U «PyKOBOAAIIMI IIEp-
COH4JI KOMUCCHH IIETPOBCKOI'O BpE-
MEHH: OIIBIT CJIY’KEOHBIX OHOrpauii».
ABTOp HE TOJIBKO MHOJPOOHO XapaKTe-
pusyer 120 nopgoOOHBIX YYPEKICHUH
4 UX POJIb B VIPABJICHUU T'OCyJap-
CTBOM, HO BIIEPBBIC PACCMATPUBACT UX
KaK CUCTEMY. B KHUI'Y BKJIIOYEHBI TAK-
JK€ CBEICHUA O JIMLIAX, BO3IJIAB/IABIINX
KoMuccuu. M

TOPTOBATD WAW YBERJIATD?

JI0 HEAABHETO BPEMEHU CUYUTAIOCH,
YTO AUIIOMATHI JOJIKHBI PCIIATHL UC-
KIIOYUTEIBbHO MOJUTUYECKUE BOIPO-
cpl. OIHAKO TOJOOHAA MO3ULIUA HE-
BEPHA AK€ C MCTOPUYECKON TOYKH
3peHUs. YKE B IDEBHOCTH IIPEIMETOM
MEXKI'OCYLAPCTBEHHBIX IIEPETrOBOPOB
OBLIN HE TOJBKO IIOJIMTUYCCKHEC, HO
U 3KOHOMUYECKHE BONPOCHI, KACAIO-
mUecd, HAIPUMEDP, PaCHpeeacHUs
PBIHKOB MJIU 6€30I1aCHOCTH TOPTOBBIX
nyrert. Co BpeMeHEM OOA3aHHOCTHU
pPa3acianaIncCh: JUIIOMATHI 3AHATUCDH
HOHHTHKOﬁ, 4 KyIIbl — BOIPOCAMH
TOPropau. OJHAKO 3TO BOBCE HE 03-
HAa4aJIO, YTO 3JKOHOMHYECKHUE IIPO-
OJIEMBl IIEPECTANIN BXOAUTb B KpPYI
UHTCPCCOB MCKAYHAPOAHbIX YHMHOB-
HHUKOB. Hecay4aHo Takue rocy1apcr-
BCHHBIC [JEATENIH, KaK, HaIIpuMmep,
k. Bym n JK. IInpak, cyuTaior ceds
OTBETCTBEHHBIMH HE TOJIBKO 34 IIO-

JIMTUYECKOE, HO M 34 9KOHOMMHUYECKOE
6J1arONOIy4YHEe CBOUX CTPAH.

B mpepmaraeMont ymTaTenaM KHUTE
IIPOCTIEKUBAIOTCA UCTOPHUA U MEXAHU3-
MBI (DOPMHUPOBAHUSA IKOHOMUYECKOU
JUIUVIOMATUH, CTAHOBJIICHUE COBPEMEH-
HOHU CHUCTEMBI TOPrOBO-3KOHOMMYEC-
KHUX CBA3€H, 4 TAKKE AHAIU3HUPYIOTCA
OTIENbHBIC ACIEKTBI PAOOTHI JUIUIOMA-
TOB-2KOHOMHCTOB. He BCe BBIBOJBI 4B-
TOpa B PABHOM CTENEHH IPUMEHHUMBI
K POCCHUHICKHM YCIOBHUAM, HO OOraThbIi
U PA3HOOOPA3HBIN (PAKTHUUECKUIT Ma-
TEepUan JENA€T KHUIY IMOJE3HOH KaK
C UCTOPUYECKOM, TAK MU C IIPAKTUYEC-
KOW TOYKH 3peHus. M

KappoH ae Aa Kappbep I. SKkoHOMUYecKast AMIIAOMATHUS.
AVNAOMAT U PbIHOK. — M.: POCCUIMCKAS MOAUTUHECKAOS]
aHUMKAOMNeans (POCCIISH), 2003. - 296 ¢.
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KHWKHOE 0bO3PEHHE

Mbl KJEM NEPEMEN

JIpeBHME KMTAMLIDL, JKEIasd HEAPYTY HEIPH-
SATHOCTEN, TOBOPWIM: «HTOO TE6GE JKUTh
B 3MOXy nepeMeH!» Ha 0o HbIHEIHe-
T'O TIOKOJICHHS BBITIAJIO CTOJIBKO TIOJTHTH-
YECKUX U COITUAIBHBIX KATAKIN3MOB, 9TO
BO3HUKJIA HACTOSTEIbHAS IOTPEOHOCTD
CUCTEMATU3UPOBATh 3HAHUA B OOJIACTU
BCCBO3MOXHBIX MECXAHHM3MOB JEMOK-
PAaTUYECKUX U PBIHOYHBIX NPEO6PA30-
BAHUHM U CBSI3AHHBIX C HUMU IIPOOJIEM.
3a CYMUTAHHBIC ACCATWICTHA HEY3HABAC-
MO TNPEO6PA3HIIACE TTOIUTHYCCKAS, KO-
HOMMYCECKAA U KyJIBIYPHASA KapTd MUPA,
BO3HUK/IM HOBBIE CTPAHBI, PACHAINCH
TPCKHUC U CIOXKWINCH HOBBIC MCKIO-
CyAApCTBEHHBIC OTHONIICHHUSA, 4 BMECTE
C HHUMHU HPETEPIEIN METAMOP(O3bl MU~
POBO33PEHUE U MUPOBOCIPUATUE JIIOJEH,
UX HPABCTBCHHBIC KPUTCPHUU U CUCTEMBI
LeHHOCTEN. ITepeMenbl, OXBATUBIINE MUP
Ha TPAHU THICSYCTICTHH, HOCAT TI00AITb-
HBII XaPAKTEP, a4 IIOTOMY TPEOYIOT CEPb-
€3HOI'O OCMBICJIEHUA U OOCYKIEHUSA, B TOM
YHCNIE B CPEACTBAX MACCOBOM MH(MOpMA-

MU, 3al0JIHUTD 3Ty HUILY B MH(POPMA-
LIMOHHOM IIPOCTPAHCTBE HAMEPEH HOBBIH
MEKIYHAPO/IHBII HAYYHO-OOIIECTBEHHBIN
JKypHAJI «Mup niepemen». Ero msgarens —
HMHCTATYT MEXIYHAPOIHBIX S9KOHOMUYECC-
KMX U HNOJIMTUYECKUX UCCieioBaHn PAH
(MMOITM PAH), KOTOPBIM HA NPOTSKE-
HHH YETbIPEX ACCATUICTUN U3ydaeT ITyTH
crpay, 6pBIMX B cocTrase CCCP u conu-
IMCTUYECKOTIO JIareps, a TENepb PEeBpa-
THUBIIUXCA B CAMOCTOATEIbHBIE TOCYAAP-
CTBA. [TTaBHBIM PETAKTOPOM JKypHaIa CTaJl
nupexrop MMBITH PC. I'punbepr.

«Mup nnepeMeH» HaMepeH COAEUCTBO-
BATb BOCCTAHOBJIEHUIO U PA3BUTHIO IIPE-
PBAHHBIX HAYYHBIX 1 KYJIBI'YPHBIX CBA3CH
MEXY I'OCYAapCTBAMHU, CLIOCOOCTBOBATD
BBIABJICHUIO 3aKOHOMEPHOCTEM MU OCO-
OCHHOCTEHU Pa3BUTUSA CTPAH OBIBHIETO
COLMAIUCTUYECKOrO yareps. JKypnan
rOTOB IIPEJOCTABUTb CBOU CTPAHUILIBI
YUY€HBIM, OOIIECTBEHHBIM [I€SITEIAM
U IIPEANPUHUMATEISIM PA3HBIX CTPAH
C TeM, 4TOOBI coobma chOPMUPOBATD

| [ ——

MWUp
NEPEMEH

=3a

MPEJICTABJIECHUE O COBPEMEHHOM MHPE
1 POPCUPOBATD NPUHATHE MYAPBIX I10-
JIMTUYECKUX PEIICHUN U PEATHU3AIIUNIO
PA3JIMYHBIX MEKIYHAPOIHBIX ITPOCKTOB.
CBOIO MUCCHIO PEAKIIUSA BUIUT TAKKE
B IIPOIIATaH/E HW/ICAJIOB IUIIOPAIN3MA,
JIEMOKPATHH, COIIMAJIBHOM PBIHOYHON
HKOHOMHKHU U I'PAKAAHCKOTO OOIIECTBA.

HoBoe u3gaHme I0J/KHO CTaTh Ha/IeK-
HBIM UCTOYHHKOM JIOCTOBEPHOM U AKTY-
ATBHOM MH(POPMAITHH JIJIs1 SKOHOMHUCTOB,
COIIMOJIOTOB, TIOJIUTOJIOTOB, TOJTUTHKOB
U BCEX TEX, KTO MHTEPECYETCSI COBPEMEH-
HOU Ucropuer. M

HE@TARON BONPOC

JlanHas KHUT'a BXOJUT B CEPUIO HAYYHBIX
TPyAOB, uU3aasacMbix MI'MIMO, u moc-
BAIIICHA BOIIPOCAM 4HAJIM32 U IIPOTHO-
3UPOBAHUA JOObBIYM HEPTU M APYIUX
IIPUPOAHBIX pecypcoB. IIpobnema He
HOB4, HO B Hayase XXIB. OHA IPHOO-
pena 0cobylo aKTyaIbHOCTb HE TOJIBKO
B CBA3HM C JIOKAJIbHBIMH KOH(IUKTAMU
U YIPO30OH HCYEPIAHUA PECYPCOB, HO
U C PA3BUTHEM TEXHUYECKOM MBICIIU,
IIOMCKOM QJIBI€PHATUBHBIX HUCTOYHU-
KOB 3Heprud. Tak, akagemuk I Mecsar,
IIPEANONATAET, YTO HA CMEHY HEPTAHOU
3KOHOMUKE NPHUAET BOAOPOAHAS.
CTpeMsCh JaTb HE3ABUCUMYIO 1 OO'bEK-
THUBHYIO OLICHKY COCTOSIHUA U IIEPCIEK-
THUB HeTeT06BIYM B POCCcUH, aBTOPBI HE
TOJIBKO U3JIArAI0T MHEHUE 32PyOEIKHBIX
CHELMAIUCTOB, TAKUMX KAK AMEPUKAH-

ckut Hedrereosor K. Xyo66epr u ppan-
1y3ckur ydeHboid oK. Jlepbe, HO U BBI-
JIBUTAIOT COOCTBEHHYIO MOjiejib. OHa
CO3/JaH4 HA OCHOBE JIAHHBIX, COOPAHHBIX
IO BCEM KPYIHEHIINUM HEMTECHOCHBIM
pernonaMm Poccurickonn Pepepanuu.
ABTOpBI 3aTPATUBAIOT IMUPOKUHA KPYT
BOIIPOCOB, CBA3AHHBIX C KJIACCU(DUKA-
IUEN 3aI1aCOB U PECYPCOB, XAPAKTCPU-
CTHKAMU HETPAJUIIUOHHBIX BU/IOB HE-
(TH, TUHAMHUKOM JOOBIYH, PA3BEIKON
MECTOPOXKACHUM, 2 TAKXKE IIEHOBOMH ITO-
JINTUKOM U MOJIUTUYECCKUMH ACIEKTAMHU
Hedregoobyn. M

MoasikoBTA., MoAsikoea T.B. MoaAeAU U TPOrHO3HbIE OLLEHKN
nepcnekTmB A06bl4n HedTU. — M.: MOCKOBCKUIM FTOCYAQPCTBEHHbIN MHCTUTYT
MEXAYHAPOAHbIX OTHOLLEHUM (YHUBEPCUTET); POCCUNCKAS MOAUTUHECKAS]

aHUMKAOMeans (POCCIISH), 2004, - 152 c.
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KHHKHOE 0bO3PEHKE

JHIMKNONEHA EBPEACKOTD BONPOCA

Hcropusa eBperckoro Hapoaa B XX B.
HEOJHOKPATHO CTAHOBHJIACH IIPEIME-
TOM CEPbE3HBIX UCCACAOBAHMN. Ha cen
Pa3 aBTOPBI KHUT'H IIPEIAraioT CBOE-
o6pasHyio GopMy MHOJa4Yyd MaTepua-
Jla — B BHUJIE CJIOBAPSL.

HeOoObIYHBIM NPEACTABIAETCA U CAM
3aMBbICE]I, U XapakKrep cratei. CTpeMach
OXBATUTb BCE ACHEKTHI JKU3HH €BPEH-
CKOH HallUH, aBTOPBI AHAIU3HPYIOT €€
JIOKTPUHBL, (PUTOCOPUIO, HJICH, TOJIH-

EBpeun n XX BeK. AHOAUTUHECKUIM CAOBAPS. / [10A pea. 3. bapHasm,
C.OpuanreHaepa. —M.: TekeTt: Ae Xamm, 2002, - 1021 c.

THUYECKUE NOpUcTpacTud. OTAENbHbIE
CTAThU IIOCBAIICHBI HAIIMOHAJIbHOMN
MU(OTIOTrUY, INTEPATYPE, BZAUMOOTHO-
HIEHUSM C LEPKOBBIO, NPOOIEMAM aH-
TUCEMHUTU3MA, MHTEI'PALIMH, DACCEAHUS,
CUM6HMO034, TPAKAAHCTBA U T.JI.

Hcropua Hapoaa HEOTAEIUMMA OT
CyIObOBl HAMOOIEE APKUX €r0 HMPEACTa-
BuTenen. IToaTroMy ocobble pas/elibl
3HAKOMAT YMTATENEU CO 3HAKOBBIMU
durypamy HaMU — IMOJUTHKAMHU, O0-
IMECTBCHHBIMU JCATCIAMMU, HOOEJIEBCKU-
MM JaypearaMu (B YdCTHOCTH, TAKMMU
KPYIHBIMM IUCATENAMMU, Kak Cost besoy,
Mapcens Ilpycr) u gp. ®

BHAMAHNID JKOHOMHUCTOB

C auBapsa 2004 1. HaYalI BEIXOAUTH HO-
BBIM HAy4YHO-TIOJIMTUYCCKUM JKYPHAJI
«MIHHOBAaIIMNU U UTHBECTULIMW». B ero pea-
KOJUIETHIO M PEJIAKITMOHHBIN COBET BXO-
JISIT U3BECTHBIE POCCHUMCKHE 3KOHOMU-
CTBI, (PU3UKU U MATEMATHUKU, TAKHE KAK
IO.A. Cynumos, A YO. ErOpoB, aKalcMUKH
H.ITL. llImenes, O.T. BOroMOJI0OB U MHO-
rye jpyrue. Bosriasiasier uajiaHue J10K-
TOP 9KOHOMMUYECKUX HAYK, IIpOodeccop
M.B. KoHOTONIOB.

I[Io MHEHUIO PEIKOJUIETUH, CETOJ-
HSI, KOIJIa HaIla CTPaHa OKOHYATEIbHO
OTOIIA OT COIUAIMCTUYECKUX METO/IOB
XO3AUCTBOBAHUS, ICPEKUIIA IIEPUO/] PA3-
BJI4 3KOHOMHUKH U «[TUKOT'O» KaITUTAIN3-
Ma, HACTYIIWIA TIOPA IPOAHATTU3UPOBATHh
OIMUOKU MPOIUIOTO M NPUCTYIIUTH K 34a-
KIaJIKe PyH/TAMEHTA HOBOM SKOHOMUKH,
KOTOpPAas IIO/IPa3yMEBACT HUHTEHCU(DU-
KAITUIO OBIECTBEHHOI'O IIPOU3BO/ICTBA
U TIOBBINICHHC YPOBHA JKU3HH HACCIIC-
HUA. CCFOHHH TICPUOJ XA0CAd U CYMATHU-
Il B CTPAaHE IIONIEJ Ha CIaJ, HO I'OBO-
PpUTb O HAJIMYMUM Y HAC KOMIUIEKCHOM
TOCYyJaPCTBEHHOM INPOrPAMMBI PA3BU-
THs 9KOHOMHKH €Ie paHo. Ha cerogus

nepen Poccuert CTouT ImaBHAA 3a1a-
4a — IEPEUTH OT CTAOMWIN3ALNH SKOHO-
MUKHU K €€ TIOCTYIIATEIbHOMY PA3BUTHUIO.
M cTpana uMeeT I 9TOr'O OYEHb MOII-
HBIN IIOTCHIMAJI, HE MCIIOJIb30BATb KOTO-
pblii — npecryiieHue. Marencuduxanys
3KOHOMMKH JIOJDKHA CTOATD HA JIBYX KH-
TaX — HMHHOBAIIMAX W HMHBCCTHUIIMAX.
Hosble pa3pabOTKH, PA3BUTHE TEXHO-
JIOTHH, PAITMOHAJIBHBIC METO/IBI OPTraHU-
3AUU U YIIPABJIICHUSA HPOU3BOJCTBOM
JIOJ/DKHBI IIEPEBECTU SKOHOMUKY Ha OoJiee
BBICOKYIO CTYIIEHb Pa3BUTHA. OJIHAKO 3TO
HEBO3MOKHO 6€3 MOITHOM (PUHAHCOBOI
OJJICPAKKU.

Iles1b HOBOI'O HU3IAHUA €I0 COTPYAHU-
KU BUJIAT B AKTUBHOM Y4aCTUM B pa3pa-
60TKE NPOrpaMM HMHHOBAITUOHHO-WH-
BECTUIIMOHHON KOHIICTIIIUN PA3BUTUA
Poccny Kak BaXKHEHIIEH COCTABIIAIONICH
IIPOI'PAMMBI  3KOHOMMYECKOI'O Pa3BU-
THS, HA €TO CTPAHULIAX OYET TAKKE 00-
CYKAATbCS XOZ, U IIPOOIEMBL €€ PEaIu-
3aumu. JKypHan nyoiIuKyeT MaTepUaIbl,
MOCBAINICHHBIC BOIPOCAM YIIPABICHUA
HMHBECTUITMOHHONM U MHHOBAIIMOHHOW
JIEATEIbHOCTBIO, 9KOHOMUYECKOU Te-

OpHH, YIPABACHUA PUCKAMHU, HAIOI'OB
1 HAJIOTOOOJOXKEHUA U T.l. MHOTO BHU-
MAHUSA YACIACTCA TAKKE JOCTIKEHUAM
TEXHUKH U TEXHOJIOTUH, OTKPBITHAM
1 U3006PETEHHAM — BCEMY TOMY, YTO I1O-
MOTA€T HALIEH CTPAHE IBUTATbCA K IIPO-
nBeTaHuIo. Kpome Toro, unrarenn cMo-
I'yT HOJIy4aTb HOBEUIIYIO HH(MOPMALHIO
O IEATEILHOCTU IEPEIOBBIX POCCUHCKUX
BY30B, MUHUCTEPCTB IPOMBIIIJIEHHOCTH,
HAaYKUd 1 OOPA30BaAHUSL.

Peakiya HaJeeTcs, YTO UX U3JAHHE
CTAHET JJIA 4YuTaTened HE3aMEHHUMbBbIM
ITOMOIIHUKOM U KOHCYJIBTA4HTOM 1O MHO-
I'MM BOIIPOCAM HAYKU U SKOHOMMKU. M
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TEXHHYECKHE HIOAHCDI

snurh 1A Kowsnkax T1dJIbLIEB

Mapk AAnepTt

CUnTbIBATEAN OTNEYATKOB MAAbLEB 3ALLMLLAIOT KOMIMbKOTEPHbIE
ACQHHbIE.

Moe 1eTcTBO TIPOoNuIo B 60-X IT., TOITO-
MY 4, KaK 1 OOJIBITUHCTBO MOUX CBCPCT-
HHUKOB, XOTE€J HNOAPAXATb JKeumcy
Bonay, BooOpakast ceds1 areHToM Opu-
TAHCKOH pPAa3BEJKH, BBICICKHUBAIOIIUM
3JI0/1€EB, CTPEMALIUXCA IOI'YyOUTh MUP.

Tenepp, KOTrJa IIOSABUJICS HOBBIA
KJIACC CUCTEM 3alUTBhl, B TOM YHCJIE
U B IICPCOHAJIBHBIX KOMIIBIOTCPAX, I10-
,HOGH]:IC MCYTBI JICTKO OCYHICCTBHUMBIL.
Hepgoporue ycTpoucTBa, OCHOBAHHBIC
Ha HCIIOJb30OBAHMH OTIHECYATKOB IIAJIb-
LIEB, CIOCOOHBI HAAEKHO 3AIMUTUTD
CEKPETHBIC 3JIEKTPOHHBIEC (DAUJIBL.
CHa4aja NOJIb30BATE/Ib PETUCTPUPYET
OTHEYATOK € MOMOUBIO MUHUATIOPHO-
IO CYMTBIBAIOIIETO YCTPOUCTBA, MOA-
KJIIIOYEHHOTI'O K 1OpTy USB KOMIIBIOTE-
pa. 3aTeM OH WU JIIOOOM JKEIAIOMUII,
4TOOBl OTKPBITH (DAMIbI, JOJDKEH IIPH-
JIOJKUTDH ITIAJICI K CYHTBIBATCIIIO. Ecnn
PHUCYHOK HNAITMJUIAPHBIX JIMHUI HE COB-
aJET C 3aPErUCTPUPOBAHHBIM, JOCTYII
K atinam 6yner 3akpuIT. HOBBIF MeETO/
CMOKET OOECIIEYUTD JOIOJHUTEIbHYIO
3AIIUTY IIPU BBIIIOJHEHUN TPAH3AKIIMNA

ucpes I/IHTCpHCT7 4 TAKKC IIOMcHIACT
XAKCPAM B3JIAMBIBATH KOPIIOPATUBHBIC

ECAM 3AOYMBILLAEHHMKM MBITAKOTCS YKPACTb BALLM GANABI AU BSAOMATL KOMMLIOTEPHYIO W IIPABUTCIBbCTBCHHBIC CCTHU.
CeTb, Bbl MOXETE YCTAOHOBWTb CUCTEMY MAEHTUOUKALM MOAB3OBATEAEN MO OTNEYATKAM Pabora wHajg co3maHUEM OHOMET-
naAbLEeB. OHA 3aperncTpupyeT BroMeTpudeckme AOHHbIE BALLETO NAAbLLA, U Bbl PHUYECCKUX CHUCTEM I/II(CHTI/Iq)I/IKaHI/II/I

CMOXKETE MCMOAL30BATH OTNEYATOK BMECTO NAPOAS AASI AOCTYTA K GAMACM, CETIM UAK JIMYHOCTH BEJICTCSA YXKE MHOTUE TOJIBL
CEeTeBbIM TPAH3AKLMSIM, CO3/1aHbI Pa3JIUYHbIC YCTPOMCTBA, CIIO-
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TEXHWYECKHE HIOAHCBI

COOHBIE pPACIIO3HABATH T'OJIOC, JIUIIO,
IIOYEPK, PUCYHOK PAZy’KHOM OOOIOYKU
win ceTdaTki. OJHAKO HACHTH(MHUKA-
U MO OTIMEYATKYy Halblla Haubosee
IIPOCTA, IMOCKOJIBbKY MANIUIAPHBIC JIH-
HUY, PYOUMKM 3SMUACPMHCA, KOTOPBIE
C/IMYACT MOJUIIMA HA MECTC IPECTYII-
JIEHUA, HENOBTOPUMBI (CM. CMamoto
Mapra Duiwemmu </I6yX 0OUHAKOBbLX
He cyuecmeyem», «B mupe naykus, Ne7,
2003).

g TOro 4rToObl IIOJYYMIICA XOPO-
MU OTTHUCK, MPEACTABUTEISAM IPABO-
OXPAaHUTEIBHBIX OPTAaHOB JOCTATOYHO
IIPOKATATh Majel] MOJO3PEBAEMOTO
10 YEPHWJIBHOM ITOJYIIKE WU 3JICKT-
POHHOMY CKaHepy. Kommepueckue ke
CHCTEMBI TTPOBEPKU OTTEYATKOB MATh-
LIEB JJI1 KOMIIbIOTEpPA JOJIKHBI IIPO-
BEPATh OTICYATOK JAKE TOT/A, KOTZAA
ITajIel] MOKP WJIM HMCHAYKaH CaXapHON
71a3yppio. CUCTEMA 3ALIUTEL, Pa3pado-
TaHHAA KUIM(POPHUICKON KOMIIAHHEI
DigitalPersona, OTBEYaeT 3TUM TPEHO-
BaHMAM.

K oOBanbHOMY IUIACTUKOBOMY OKHY
cunteiBarens U.are.U4000 npukia-
AbIBACTCA masell. JIBa CBETOAUOAA Ha-
MIPABJIAIOT CBET HA BHYTPEHHIOIO CTO-
POHY IIJIACTUKOBOT'O OKOIIKA MO} TAKIM
VIJIOM, YTO OT BHEIIHCH MOBEPXHOCTHU
IIPOUCXOJUT ITOJIHOE BHYTPEHHEE OTPaA-
sxkeHue. Ho taMm, 11€ ¢ HEl CONPUKACACT-
Cs KOKa WIU IPYTOU MaTepual ¢ 6oee
BBICOKMM IIOKA3aTEIEM IPEIOMIICHHUS,
4eM Yy BO3/yXd, HAIPUMEDP KOXK4, 9aCThb
W3Iy4CHUS TIOTJIOMIACTCS (TaKOE SIBIIC-
HHE HA3BIBACTCS HAPYIICHUEM ITOJTHOTO
BHYTPEHHEI'O OTPAXKECHUA). TaknM 06pa-
30M, OTPAKEHUE, KOTOPOE CUUTBIBACTCA
[13C-maTpuuei (MaTpuLed npudéopos
C 3apAfOBOU CBA3BIO), COJACPKUT BCIO
KAPTHUHY OTIEYATKA MaIbIA.

CYNTBHIBATEIb MEPEIACT TOTYICHHOE
n3obpaxeHue (pasymeercs, 3amudg-
POBaHHOE) B MHKPOIIPOLIECCOP KOM-
nplorepa. IIporpaMMHOE OOeCIIeUYeHUE
CUCTEMBI DigitalPersona C TOMOIIBIO
pAfga CIOXHBIX AJITOPUTMOB OIIPCAC-
JgeT npuMepHO 70 XapaKTEePHbIX OCO-
OCHHOCTEH, YIIAKOBBIBAET MOJIyYCHHBIE
JaHHBIC B MIA6JI0H 06beMoM 300 6aliT,
KOTOPBIC HCIIOJB3YIOTCS ISl CH4e-
HUS ¢ oTnedyaTkamu. CamMu ke u306pa-

JKCHHUA CTUPAIOTCA, 9YTOOBI UX HEJIb3s
OBLIO TOXUTUTh. [TOCKOJIBKY KaK/IbIH
mabJI0H COAEPKUT U JJaHHBIE OO yIIax
NAaNWUIAPHBIX JUHHUH, CUCTEMA IIPO-
BOJUT HJICHTU(PUKAIIUIO JAKE TOT/A,
KOI'Zld IIOJIOKEHHE IA/IbLA OTIMYACTC
OT NEPBOHAYAIBHO 3aPErUCTPUPOBAH-
HOrO. [Ipyrue aaropuTMbl UCIIOIb3YIOT-
Ccd VI aHAIU3a OOINEH KAPTUHBI I1a-
NWUIAPHBIX JIMHUKM (TI€TEJIb, 3aBUTKOB
U TPEYTOJbHUKOB) I PACHIM(PPOBKHU
JIIOOBIX 3aTPSI3HEHHBIX MECT Y U300pa-
JKeHud. Bech mponecc 3aHUMaeT OKOJIO
200 mc.

Cucrema DigitalPersona TOABU-
sach B KanudOpHHUHCKOM TEXHOIO-
T'MYECKOM HHCTUTYTE, 4 AJITOPUTMBI
PAaCHO3HABAHUA OTIICYATKOB IAJIbLIECB

B ontnueckom cuntbisateae U.are.U 4000
KkomnaHuu DigitalPersona nsobpaxkerHue
OTNEYATKA MOABLLIO CHUTLIBAETCS C
MOMOLLbIO OTPAKEHHOTO CBETA.

B 90-x IT. paszpaboranu Banc BropH
(Vance Bjorn) n Cepx benomxu (Serge
Belongie). Banc npumen B MOU oduc,
4TOOBI IIOKA34Th HOBEHIINE MPOAYKTHI
KOMITAHWH, U MTO3BOJIMJI MHC 3aPCTUCT-
PUPOBATHCA C ITOMOIIBIO CUHUTBIBATCIIA
U.are.U 4000, MOAKIIOYEHHOTO K MO-
eMy HOyTOyKy. YeTblpe pasza IOApsa
A NPUIOKMWJI YKA34dTENbHBIA MaJIel]
MPAaBOIl PYKH K CBETAIIEMYCH KPACHBIM
OKHY, YTOOBI IIPUOOP MOT CO3/1ATh TOY-
HYIO 3aIIHMCh, IIOCJIE YEro Npubop Craj
KK/JBII Pa3 6€30IUO0YHO OIO3HABATD
MMEHHO 3TOT HaJI€l, HO OTBEPIrajl BCE
ocranbHble. CO3AaTE/NIU CHUCTEMBI HC-
XOJAWIH M3 TOrO, 4YTO BEPOATHOCTb

OIIMOKU NPH UACHTU(MHUKALUU OTIIE-
Y4TKA NAIbLA JO/LKHA OBITb HE BBIIIE,
geM 1:50000,
OTIEYATKOB IOI'PEIHOCTb HE JOJIKHA

a npu padore ¢ 6a30u

npeBbIaTh 1%.

3areM Banc 1moxasaj MHE CUMTBIBA-
TeNb 1oj HaszpanueM U.are U Firefly —
HACTOJIBKO MHUHHATIOPHBIM, YTO €ro
MOKHO BCTPOHUTBH B HOYTOYK U JIAXKE
B IICPCOHAJIbHBIN 3JEKTPOHHBINA CCK-
perapp (PDA). B ycTpoiicTBe IOJIb30-
BATEJIb «IIPOKATHIBAECT> CBOW Hajel] I10
MNPO3PAYHOMY (BpALIAETCA ITOJOOHO
CKAaJIKE€) CTEPXKHIO JIMHOU 12,7 MMm.
IIpu 3TOM H3JIydEeHUE CBETOAHOAA OT-
PAKAETCS OT PA3HBIX YY4ACTKOB ITOBEPX-
HOCTH ITAJIbIA, CO3/1aBasA PAJT TMHEUHBIX
U300PAKEHNH (CTPOK), KOTOPBIE 34TEM
«CIIUBAIOTCS», COCTABJIAA TIOTTHOE U300~
paxenue ornedarkd. CTEp:KEHb TaKKe
MOYXHO HMCHOJb30BATh JUISI IIPOKPYTKH
CTPAaHML] BBEPX M BHHU3 I1O SKPAaHY.

Cucrema No3BOJIAET padboTaTh HA OJI-
HOM KOMIIBIOTEPE HECKOIBKUM IOJIb30-
BATEJIAM, HO JOCTYH KAKAOMY YEIOBEKY
MIPEAOCTABIAETCA TONBKO K €I'O IMYHBIM
darmam. I moneITanCcA HAUTU CIIOCOO
o6MaHyTb cucreMy. CHavana g CAeaan
KOIIMIO CBOEI'O OTIEYATKA INaJblla Ha
KYCOYKC CKOTYa U IPOBCI UM IIO CYH-
ThIBATEIIIO. HO, TOCKONBKY B YCTPOMCTBE
HUCIIOJIb3YETCSI HECKOJIBKO CBETOJUO-
JIOB, YTO CO3ZAET TPEXMEPHOE MU300pa-
JKCHHC, NBYXMCPHAA KOIIHUA HC MOXKCT
OO6MAHYTh YCTPOMCTBO. 3aTeM s IIpHU
TMOMOIIU OOBIYHOM 3aMA3KU ITOJIYYWII
TPEXMEPHYIO KOIHIO U IIPOBEN €10 IO
cuuThiBaTea0. HO M 3Ta NONBITKA HE
YBEHYAIACh YCIIEXOM.

HoBple yCTpPOUCTBA HE OOPEMEHM-
TCAbHBI I KOIIC/IbKA. PosnuuHasg
neHa cucremel U.are.U Personal KoM-
naHuu DigitalPersona, IpelHA3HAYECH-
HOM /IS MCIIOJIb30BAHHUS KaK B O(U-
Cax, TaK U JIOMa, COCTABJIAET MEHbIIE
$100. [TogoGHBIC CHUCTEMBI IIPEIara-
0T o neHam $100-$200 u gpyrue
xkoMmnanuu. Tak, Biolink Technologies
International 1npojaer yCTPOUCTBO
U-Match Mouse, OCHaIEHHOE BCTPO-
CHHBIM CYMTBIBATCICM OTIICYATKOB
nanvelies, a Ildentix — nnary Biolouch
PC — onTHU4YEeCKUI BAPUAHT, IOMEIac-
MBIA B CJIOT KOMIIbIOTEPA. M

B Mupe Hagku




CNPOCHTE 3KCNEPTOR

aBqa NI, yro Mol Henonb3YEM Coo Moar

BGED HA 107%?

Orseuaer bappu bernpcrenH (Barry L.
Beyerstein) n3z Vausepcutera CUMOHA
®perizepa B I. Bankysep:

K coxkaneHuo, HUKAKOro Heucdep-
MIAEMOT'0 PE3EPBA YEJIOBEYECKOIO MO3-
ra HEHpoOOHOJIOraM OOHAPYKUTb IIOKA
He ygaercd. bojee Toro, uCCiaeioBaHus,
TIPOBCACHHBIC HaLlI/IOHaJII)HbIM Hay4-
HO-UCCIEJOBATEIbCKUM COBETOM IIPU
HanmonanpHOM axkagemuun Hayk CIIA,
MOKA34JIM, YTO HU OIMH M3 TAK HA3bIBA-
€MBIX CTUMYJIATOPOB YMCTBEHHOU JI€-
SITETBHOCTH HE BBI3BIBACT CKOJIb-ITUOO
3aMETHOI'O JOJIIOCPOYHOT'O NOBBIIICHUA
PaboTOCIIOCOOHOCTU I'OJIOBHOI'O MO3I'd.

[Touemy K€ MPEIIIOIOKEHUE O TOM,
4910 909 MO3Id JIEKUT MEPTBBLIM I'PY30M,
Cpa3y BBI3BAJIO Y OOJIBIIMHCTBA YYEHBIX
CEPbE3HbIE COMHEHMUA? BO-TIEPBLIX, 110-
TOMY, YTO TOJIOBHOM MO3T, KaK 1 JTIO60H
JPYyrou oprat, cpopMHUPOBAICA B XOJ€
€CTECTBEHHOIo oTHopa. Merabonnsm
MO3TOBOU TKAHU OOXOJUTCS OPraHMU3-
MYy OYCHBb HCACHICBO, 4 ITIOTOMY HAWMBHO
JIyMaTh, YTO 3BOJIIOINS ITO3BOJIMIIA ObI
€My PaCTPA4YMUBATH CBOM PECYPCHl Ha

WITrEl

Otenb MO3IT - cBOOOAHbBIX MECT HET!

GOpMHUPOBAHUE U TOJACPKAHUC KU3-
HEJEATECIPHOCTA CTOJIb MAaCCHBHOI'O
«HEAOI'PY’KEHHOI'O» OPraHd.
Bo-BTOpPBIX, HACTOPAKUBAIOT MHO-
FOYUCJICHHBIE (DAKTBI U3 O6JIACTH KJIU-
HUYECKON Hepposioruu. Ilorepsa de-
JIOBEKOM (BCJIE/ICTBHUE OOJIE3HU WU
MOTPACEHHUA) JaKe€ HEOOJBIION 4aCTU
MO3IOBOU TKAHU UMEET JI1 OPIdHU3Ma
KaTacTpoduyeckue nociae/icTeus. B ro-

JIOBHOM MO3I'€ HET, IOXOXKE, HU OJHOMH
CTPYKTYPBI, IIOBPEXKICHUE KOTOPOH
B PC3YJIBTATC MHCYJIBTA WIN TPABMBI HC
BBI3BAJIO OBl Y YEJIOBEKA KAKOI'O-TH60
CEPBE3HOIO (PUBHOJIOIUYECKOTO HAPY-
HICHUA. DJIEKTPUYECKAA CTUMYJIALUA
Pa3JIMYHBIX YY4ACTKOB I'OJIOBHOI'O MO3Ia
B XOJZI€ HEUPOXUPYPIrUIECKUX OTICPAITUT
TAKKE HE CMOIVIA BBIABUTb KAKMX-JIMOO
«CIIIIUAX> OOJIACTEN, PA3APAKEHUE KO-
TOPBIX CJIAOBIM JIEKTPUUCCKUM TOKOM
HE BBI3BIBAJIO OBl HUKAKUX OIIYIICHUH,
AMOIIUHU UAN JBMKECHHNA. C ITOMOIIBIO
3aneKTposHLedAIOrpadun, MarHHUTO-
sHIIe(paTorpadu, NO3UTPOHHOMN AMHUC-
CUOHHOH TOMOTpaUH, MATHHUTO-PE-
30HAHCHOHN TOMOrpaduu U APYyTrux
METOJOB YYEHBIM YAAJI0Ch COOTHECTU
MUPUAAbL (PUBUOJIOTUYECKUX U TICUXO-
JIOTUYECKUX (DYHKLMI C ONIPEAEICHHI-
MU LEHTPAMU MU CUCTEMAMU T'OJIOBHOI'O
Mo3ra. I HecMOTpst Ha CTOJIb TIIATEb-
HYIO PEKOIHOCLITUPOBKY, UCCIEOBATEIN
IIOKA HE OOHAPYXUJIHU B HEM HU OJHOU
oe3nencTBylonet odaacty. M

Kak onpexenuts sEc 3Emmu?

Orpeuaer Maxki YaxicerimaH (Michael
Wysession), aAbIOHKT-Ipodeccop ¢a-
KYJIBT€Td HAyK O 3emye M IUTAaHEeTaX
COJIHEYHOU CHUCTEMBI BaIllIMHITOHCKOT'O
YHUBEPCUTECTA:

MOXKXHO OTBETUTb HA ITOT BOIIPOC,
BOCIIOJIb30BABIIUCH OOBIMHBIMU HAIIOJIb-
HBIMM BeCaMU. B (pH3HKe CI0KHBIE BEIU
Y4CTO ONHCHIBAIOT C HIOMONIBIO IIPOCTO-
ro ypasHeHus. YTO6bI OIPEAEIUTD MAC-
cy 3eMJId, BOCHOIb3yeMca (POPMYIOU

g=Gx(macca 3emnn)/(pacCToOSHUE 10
ee 11enTpa)’. VCKOpEHHE g, C KOTOPhIM
JII060€ TEJIO ABUXKETCS B IIOJIE CHUJIBI TSI-
SKECTHU, 3ABUCUT OT MACCHI IPUTATUBAIO-
ETO ero o6beKkTa. ITo JAHHBIM MHOTO-
JICTHUX I/ISMCpCHI/Iﬁ, IIOCTOAHHAA CUJIa
TSDKECTU (TPABUTAIIMOHHAS MMOCTOSH-
Has) G pasHa 6,67x107"" (M’ k! ¢ 7).
MBI 3HAEM TAKXKE, YTO PACCTOTHHUEC OT
IMTOBEPXHOCTHU 3CMJIU JIO €€ IICHTPA PaAB-
HO 6371 KM.

YTOOBI OTBETHUTDH HA TTIOCTABJICHHBIN YN~
TATEJIEM BOITPOC, BBIOPOCHKTE BAIIIN HATIOJIb-
HBIC BECBI U3 OKHA U COCUUTAITE, Yepe3
CKOJIBKO CEKyH/] OHU YIIJyT Ha TPOTYyap.
3aremM uU3MEpPBIe PACCTOSIHUE OT OKHA JIO
3EMJIM U HAWJIUTE YCKOPEHHE, C KOTOPBIM
I14/1JI1 BECBL OTBET, KOTOPBIH BbI ITOJIyYUTE,
pasen 9,8 M/c’. Teneph, 3Hast YCKOPEHUE g,
ITOCTOSTHHYIO CHJIBI TSDKECTH U PACCTOSTHHE
JIO LIEHTPA 3EMJIH, BBl MOYKETE PACCUHUTATD
Maccy 3emii — oHa pasHa 6 x 107! k.
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CNPOCHTE JKCNEPTOB

kak (umOHIUGHI soaneicravir
1A OKPYKAWLLYID CPERY?

Ha BOIIPOC OTBCYACT KAHAHUAAT MC-
OULIMHCKUX
laxuHa Pp1oauyeBCKA:

M3BECTHO, YTO BCE PACTEHUS BBI/ICIIS-
IOT OCOOBIE JIETYYUE BEMECTBA — (DUTOH-
1U/Ibl, KOTOPBIE CAYKAT €CTECTBEHHBIM
CPEJ/ICTBOM CaAMO3aIUThl PACTEHUHN OT
BPE/IHBIX MUKPOOPIAaHU3MOB U OKa3bI-
BAIOT AaKTHBHOE BO3/ICHCTBUE HA COCTAB
OKPYXKAIOIEeH Cpe/ibl. MHOTHE paCcTCHUA
CIIOCOOHBI ITIPOTUBOCTOSITH HE TOJIBKO
MHKPOOaM, HO JJake BUpycam. [ToaTomy
gaxe 20 MHUHYT NpPeObIBAHUA B OOIIE-
CTBE JE3UH(MULUUPYIONIUX PACTCHUN
JIOCTATOYHO, YTOOBI BOCCTAHOBUTD Pa-
60TOCIIOCOOHOCTD, HOAPOCTh U MO3U-
THBHOE MUPOOILYIIECHHUE.

JIpeBHUE ETruUNTAHE, B OTIUYHC OT

HAYK BpPa4Y-UMMYHOJIOT

HAC, JIOOUTENIEH BCEBO3MOKHOM Jie-
KapCTBCHHOﬁ XUMHUH, TPCATTOYNUTATIN
HUCIIOJNIb30BATh 1l€JE€OHBIE CBOMCTBA
pacreHun. Ajo3, aHHUC, JIEH, JOTOC,
MATA, MOXKCBCIIbHUK, NYPMAH — UMH
HE TOJIBKO JIEYMJIMCh, HO JIAKE OOpa-
OaTpIBANN CapKOdaru s JIydied co-
XPAHHOCTH IIOTPEOCHHBIX Tel. Y BCEX
3TUX PACTECHHUH €CTh OAHO obuiece
CBOWMCTBO: ITOBBIIIECHHOE BbBIJICJICHHUC
duToHIUI0B. Bce OHU CIOCOOHDBI BO3-
JIEHCTBOBATh HA OPIaHM3M YEJIOBCKA Ha
PacCTOAHUM — IOCTATOYHO, YTOOBI OHU
HaXOIHUJIHUCh B OJHOM C BAMHU ITOMCIIIC-
HUM. Pa36pOocaHHbIE B KOMHATE BETKU
62.FYJII)HI/II(9. U MMUXTHI B ICCATH PA3 CHU-
JKAIOT KOJIMYECTBO MUKPOOPIaHHU3MOB
B BO3/JyX€.

DOUTOHIUABI TUMOHA JCHCTBYIOT Ha
KUIICYHYIO MATOYKY, 1, MEKIY IIPOYHM,
ropasno 3pdEeKTUBHEE, HEXKEINU TAKHEC
CWIBHOZACHCTBYIOIIHUE JIEKAPCTBA, KaK
CTPENTOMMIIMH U 3PUTPOMUIIMH. A €ClIh
Ha BaIIEM MOJOKOHHUKE IPIKUBETCS
TaKOE CPEJU3EMHOMOPCKOE PACTCHUE,
KaK MUPT OOBIKHOBEHHBIH, TO Y BalIeH
ceMbH OyzieT 60JIbLIE HIAHCOB IIPOTUBO-

CTOATh aHIruHe, OP3 1 IpoYynM OCEeHHe-
3UMHUM 3dPA3HBIM BUPYCHBIM XBOPSAM.
KcraTn, OHO XOpOLIO NOMOTAET ACTAM,
CKJIOHHBIM K JIJIEPTHAM.

Po3zmapuH 1€KaPpCTBEHHBIN ITOMOXKET
BaM, €CJIM Bbl IOABEPKECHBI OONIE3HAM
BEPXHUX [IBbIXATCJIbHBIX IIyTEH (JaxKe
TAKUM, KaK OpOHXMaIbHasA acTMa). Bee
3HAIOT, YTO JIMCThA JIABPA HE3aMEHHMBI
B KYJIMHAPHWH, HO HE BCEM U3BECTHO, YTO
OTBAP U3 HUX PEKOMEHIAYIOT GOJIbHBIM
auaberoM, a PUTOHIIH/IBI ITOTO pacTe-
HUSA yJIy4IIAIOT CAMOYYBCTBHE JIIOJCH
C CEPAEYHO-COCYAUCTBIMH 3200IEBAHH-
AMM U CTEHOKAPAHCH.

JKurenm My npenodynTani 3aCbl-
aTh HA MOJYIIKAX, HAOUTBIX JICNIECTKA-
MU po3. UX pUTOHIUILI 61arOTBOPHO
BJIMAIOT HA HEPBHYIO CUCTEMY YEJIOBEKA
M CYUTAIOTCH OTIUYHBIM CPEJCTBOM OT
6ECCOHHUILIBL.

HccnenoBanms OKa3aIu, 9YTO HEKOTO-
pBIE PACTECHHUA, COAECPXKAIIUE OOIbIIOE
KOJIMYECTBO 3(PUPHBIX MACEJI — IyLINIIA,

3MEETOJIOBHUK, KOTOBHUK, JIABAH[A, ME-
JIACCA U JaKE OOBIKHOBEHHAA KOMHATHASA
reépaHb, — OKA3bIBAIOT YCIIOKAUBAIOIICE
JIENCTBHE TIPU PACCTPOMCTBAX HEPBHOMU
CUCTEMBI U OECCOHHHULIE.

ITOMMMO OYMCTKHM BO3AYyXa JOMAII-
HHUE PACTEHHUA MOIYT OBbITb IOJIC3HBI
U B JAPYrUX OTHONICHUAX. MHOrue
€KETHEBHO HCITBITBIBAIOT HAa cebe He-
raTUBHOE BJIMAHUE KOMIIBIOTEPA, BbI-
3bIBAIOINEE IOBBIMICHHYIO YCTAJIOCTD,
COHJIMBOCTDB, I'OJIOBHYIO OOJIb, PE3b
B IJ1a3aX. AHIVIMMCKUE YYCHBIC BbIAC-
HWIM, YTO IOKHOAMEPHUKAHCKHE KaK-
TYCBI CIIOCOOHBI I'dACUTDh ClIaOBIE paJU-
AIMOHHBIC U3JIyYCHUS KOMIBIOTEPHBIX
cucreM. CIENUAIUCTBI IPEATIONATAIOT,
YTO YHMKAJIbHBIE CBOMCTBA KOJIOUUX
pacTeHu OOBSICHIIOTCS TEM, UTO B XO-
JI€ 3BOJIIOLIMM OHU IIPUCIIOCOOUIUCH
K YCJIOBHUAM IOBBIIIEHHOHU pagualuu
y cebs1 Ha POJUHE — B BBICOKOTI'OPBAX
Ilepy n Mekcnku. Henmoxo nocTaBUTh
TAKOM KAKTYC U BO3JIEC TeAeBU30pa. M
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YuTamTe B CASAYIOLLEM BbINYCKe XKYPHOAQ!:

FeHHBIA ACTNUHT

AVArHoCTUKA KOpoBbero 6eLeHCTBa
CeHcopHble ceTn

3araAKa MOHyCcKpunTa BonHuya

OdGOopMUTb MOAMUCKY HA KYPHAA «B MMpPE HAYK» MOXKHO:

® Mo KaTanoram «pecca Poccum», NOANMMCHON MHAEKC 45724; «PocneyaTb», MOAMMCHOM MHAEKC 81736; NEPUOANHECKNX USACHUN AAST BUBAMNOTEK,
noAnMcHom nHaekc b392; naparHum opraHos HT, noanmncHom nHaekc 69970;

® MOAMNCKA HA YKPOMHE MO KATAAOTY MOAMUCHBIX M3ACQHMUI areHTCTBA KSS, MoAnMCHOM MHAeKC 10729

® yepes PeAaKUMIO (TOABKO M0 Poccuin), NepevncAnB AeHbrn Yepes C6ep6aHK NAM MO MOoYTe, OTNPABMB KOMMIO KBUTAHUMK (C yrazaHem O.1.0.,
TOYHOrO OAPECa U MHAEKCA rnoanmcymka) B PocHOY no noute, no ¢akey: (095) 105-03-72; 727-35-30 nan no e-mail: distr@sciam.ru. CToMmMocTb
MOAMMCKM Ha noayroame — 390 py6., Ha roa — 780 py6.

MoANMCATLCS MOXKHO CO CAEAYIOLLErO HOMEPA, B KBUTAHLMM OBS13ATEABHO YKA3ATb HOMEP, C KOTOPOro NOMAET MOAMNCKA.

BAGHK NOAMNCKIM MOXKHO B351Tb B AOOOM HOMEPE >KYPHAAQ; MOAYYUTb B PEACKLMN UAU HO CAUTE WW\W.SCIAM.IU; BBICBIAGEM MO GAKCY MAM MO e-mail.

A€ KyMUTb XKYPHAA (TEKyLLME HOMEPQ):

* B MEPEABMKHBIX KNOCKAX «MeTpONOANTEHOBEL» OKOAO CTAHLIMA METPO;
* B KMOCKE «AEAOBbIE AOANY, 1-51 TBEPCKASI-SIMCKOS YA., 1;

o B knockax MIY, MMIMO, PYAH, MNP3A;

* B KMOCKOX I. 38AEHOrpaAQ:;

« 8 HoBocmbupcke, APTIN «Crnbunpb», TeA. (3832) 20-36-26;

« B HokHeM Hoeropoae, Tea. (8312) 65-74-29;

« B Knese, KSS, Tea. (044) 464-02-20.

Bce HoMepa »YPHAAOB MOXXHO KYMiATb B PEAQKLMN XXYPHOAQ MO OAPECY: YA. POAMO, AOM 22

3AO «B munpe Hayku»

PacyetHbIn cyet 40702810100120000141
B8 OAO «BHeluTOpréaHK» r. Mocksa BINK 044525187
KoppecnoHAEHTCKNN cYeT 30101810700000000187

NHH 7709536556, KIM 770901001

dammans, N.0., aapec NACTEABLLMKA

Bua naatexa Aata Cymma

MoAMUCKA HA YKYPHOA
«B MM1pe HayKm»

MAQTEABLUMK

3A0 «B Mmmnpe HayKkm»

PacyeTHbln cyeT 40702810100120000141
B OAQO «BHelTopréaHk» . Mocksa B/IK 044525187
KoppecnoHaeHTCKUM cyeT 30101810700000000187

VNHH 7709536556; KIM 770901001

dammang, 1.0., aapec NAQTEABLLMKA

Bua, naatexa Aata Cymma

MoARMCKA HO YKYPHOA
«B Mm1pe HayKmn»

[MAQTEABLLMK

96 B Mupe Hayku CERTAGPD 2004





