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TANABHbIE TEMbl HOMEPA

BUOTEXHOAOTUA

AOHAAA AaHAPU 1 XyaH OAuBep 5
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PA3AEADI:

MPO®UAb
OTMEHUTb «CAMYPAMCKUI 3AKOH»!

MapuHa CMupHoOBa

WHHOBALIUKN
MUKPOISAEKTPOMEXAHUYECKUE
TEAE®OHbI

spun Ctuke

OB3OPhI:

OT PEAAKLIMM
NOTEPU SHEPTUU

50, 100 1 150 AET TOMY HA3AA

HOBOCTUN K KOMMEHTAPUA

¢ JI06bITh BO/Ty Ha JIyHE Oy/1€T OUEHb CJIOKHO
e VerortuusocTb K CITH Ty 6i1arogaps ocre?

¢ HoBoe o gonunre

¢ KaK CTaTh BEJIMKAHOM

» O6parnbiii addekr Jomiepa

¢ CMEPTOHOCHBIE BETPAKH

¢ Jlemorpapuyeckue npoodaeMbl

KHWXXHOE OBO3PEHUE

OYEBUAHOE-HEBEPOSTHOE
3ATOPU3OHTOM COBbITUI

TEXHUYECKHUE HKOAHCDbI
MPOI'YAKA B AECY, UAUTEONOUCK

Mapk KnemeHc

FTOAOBOAOMKA
BCE UAU HUYETO

CNPOCWUTE 3KCIMEPTOB

TTowemy gpusumeckue YnpancHeHus
VKDenasom moluipl?

Kax eosnurarommupancu?

MAil 2004



LESTER LEFKOWITZ Corbis

0T PENAKIHK

oreen JHEIGU

AMepHKe HEOOXOAUMA HOBAS ITOJIMTH-
Ka B OOJACTH 3HEPIrETUKH, KOTOpPAs
MO3BOJIMIA OBl YMCHBIIUTL 3aBUCH-
MOCTB CTPAaHBI OT 3KCIOPTAa HEMTU.
OJHAKO 3AKOHOIIPOEKT O BBIJICICHUU
Ha 3TU 1eau $26 MIp/., 3a6I0KUPO-
BAaHHBIN KOHI'PECCOM B HOs16pe 2003 1,
HCJIb3d INPHU3HATH YIOBJICTBOPUTCI/Ib-
HbIM. OH IIPeAyCMaTPUBAI HAIIPABIIE-
Hue $17 mapa. Ha Pa3pabOTKy MECTO-
POXAECHUIT HEPTH, IPUPOJHOrO Ia3a
U yIJg, 4 TAKKE PA3BUTHE ATOMHOU
3HEPreTUKU. M XOTS B HEM OrOBAPU-
BaJ10Ch (PMHAHCUPOBAHUE MEPOIIPHUA-
TUHA II0 YMEHBUIEHHIO MAPHUKOBOIO
addexra, B LEJIOM IpeanraracMmas
CTpaTerus 6pUIa CJIMIIKOM JOPOTIOCTO-
SIMEH U COMHHUTEIbHOM. Ecnu 651 3a-
KOH IIO 3HEPIETUKE OblI IPUHAT,
JOJZIAPOB  HaJIOT'OIIa-
TEJIBIIUKOB ObLIX OB MOTPAYEHBI HA
Pa3paboOTKy TEXHOJOI'UM, 3pPeKTUB-
HOCTb KOTOPBIX HE JJOKA3aHa.

BMecTO TOro 4TO6H! Yay4dllaTh IPO-
BAJIUBIINNICA 3AKOHOIIPOEKT, KOHI'PEC-

MHWJUTAAPBI

Cy CIIE€0BAJIO GBI BEPHYTHCS K TpobIIe-
MaM sHeprocoepexenun. KonuuecTso
SHEPIUU, COKOHOMJIEHHOU 324 IIEPUO],
¢ 70-X IT. IPOHIJIOIO BE€KA JJO HAIIUX
JIHEM, HAMHOTO IPEBBIIIACT SHEPIHIO,
IIOJYYCHHYIO INPU CKUTAHUU HEPTU
u yrid, ,I(O6I)ITI)IX M3 HOBBIX MCCTOPO-
sKpenuit. 3a Bpems ¢ 1979 o 1986 rr.,
korga BBIT CIIA ysenmumica Ha 20%,
HOTPEOICHUE AIEKTPOIHEPIUN COKPaA-
TUIOCh HAa 5%. W BCe aTO Gnarojgaps
3(pHEKTUBHON IMOJUTHKE HEProcode-
PEKEHUS.

MHOTru€e 3KOHOMHUCTBI CIUTAIOT, YTO
CTPATETHsI SHEPTOCOEPEKEHUS JJOTIK-
Ha OCHOBBIBATHCA HA BBCACHHWM HAJIO-

DAESKTPOCTAHUMS], PABOTAKOLLAST HO YTAL.

ra Ha sHepruio. IIpu TakoMm moaxone
KOHI'PECC HE OYJIET YCTAHABIUBATD HU-
KAKUX CTAHJAPTOB, IIPOU3BOAUTEIU
U ODOTPEOUTENN CAMU CTAHYT HUCIIOJIb-
30BaTb MEHEE S3HEPTOEMKUE IPUOOPHL,
HarpeBaTe/JIbHblE CUCTEMBl U TPAHC-
IIOPTHBIE CPEACTBA C TEM, YTOOBI
MHUHHMH3HUPOBATH HAJIOTOBBIC OTUHC-
JeHusa. Hanpumep, eBpOIEHCKUM
CTpaHaM yJaJIOCh CYLECTBEHHO CHHU-
3UTb PACXO/[bl ABTOMOOMIBHOI'O TOI-
JINBA, YCTAHOBWUB BBICOKHMC HAJIOT'H HA
6cH3uH. OJHAKO CJIEAyeT IOMHUTD,
YTO €CJIM HE€ BBECCTHU HOBBIC AKIITHU3bI /11
MaJI0O6ECIICYEHHBIX I'PAXKAAH, ITOBBI-
LICHUE HAJIOTOB HA SHEPI'HIO IPUBEACT
K HEHNPOIOPLHMOHAJILHOMY YBEIHUYEC-
HUIO HAJIOTOBOTO 6peMEHU HA 6€HbIE
CJIOHU HACEJICHUSL.

Bosee pasyMHBIM IIPELCTABIACTCA
UCIIOJIb30BAHUE MEP IO dHEpProcoepe-
JKEHUIO, YK€ JIOKA3ABIINX CBOIO 3P (PeK-
TUBHOCTb. Bonee uvem B 20 mrarax
CO3/1aHbl OOIIECTBEHHBIC CTPAXOBBIE

($OoH/IBI, KOTOPBIE IMOJAYYAIOT HEOOIb-
II1E CYMMBI OT 3HEPIOIOJIb30BaATENCH
(06B19HO 3TO ~0,1 1IeHTA 32 KAXK/bINA KU-
JIOBATT-44C) M HAIIPABJISIIOT UX HA CO3-
panue 6osee aPPEKTUBHBIX YCTPOUCTB
u npu6opos. B mrate Hoio-Mopk sett-
CTBYET CIIELIMAJIbHAS IIpOrpaMmma, 61a-
rojiapst KOTOPOH €XXErofHOE NoTpebdIie-
HUE 3JIEKTPOIHEPIUU COKPATHUIOCH
6omnee yem Ha $100 wrH. OgHAKO HA de-
JIepaJIbHOM YPOBHE OT IIOLOOHBIX IIPO-
€KTOB OTKA3aJIUCh.

IleaecoO6pa3HO TAKKE BBECTU HO-
BBIE€ CTAHJAPTHI IO PACXO/ly roproye-
ro JUisi apTOTpaHCIoOpTa. B mepsyio
odepenp O6yarojapsi TAKUM CTaHJAP-
TaM, BBCJCHHBIM B 1975 1, cpegHUN
po6er HOBBIX aBTOMOOWIEH Ha 1 1
6eHn3nHa BeIpocC B 1987 1. 10 11,15 kM.
OJHAKO C TE€X MOP 3TOT NOKA3ATENIb
CHU3MJICA 10 8,85 KM. DTO IPOU3OILIO
OTYACTU HOTOMY, YTO MHOI'ME CTAJIU
MMOKYIIATh MAIINHBI CIIOPTUBHOTO TH-
1a, g KOTOPBIX CTAH/AAPTHI 11O pac-
XOJly ropiodero meHee crporue. Ko-
HEYHO, KOHI'PECC JOJIKEH YCTPAHUTH
IIOJJOOHBIE JTA3€UKHU. ABTOIIPOU3BO/IH-
TEJIU PACIIONATrAIOT TEXHOJIOTUSIMU, T10-
3BOJIAIONIMMHU U JAJIBIIC CHUXKATD pac-
XO/1bl
CYEeTE BBII'OJHO U MOTPEOUTEIISIM.

Coser 110 aueprocoepexkenuio CIIA
CYUTAET, 4YTO C IPHUHATHEM 3aKOHZ
O CO3JaHuM (perepanbHOro poHAa 1o
IHEProCcOEPEKEHUIO U ITOBBIIICHUIO
TPEOOBAHUI K PACXOJly OCH3UHA €XKe-
I'OJIHOE ITOTPEOIECHHUE SHEPTUN COKPaA-
TUTCS HA 12%, 94TO TTO3BOJIUT OTKA34Th-

TOpro4Yero, 41o B KOHCYHOM

ca or crpoutenbcTsa 700 HOBBIX
ANEKTPOCTAHIMHA. DTO 4TO-TO J1d 3HaA-
qut! W

B Mupe Hayku




a0, 100, NET TOMY HA3A]

CMepTEABHASI MbIAb * KMBblE YACHI * KUTbI-yOUNLIbI

MAI 1954
PAAVNOAKTUBHOE NMPOAOBOABCTBME. MOIIHOCTL BTOPOI'O
TEPMOALEPHOrO B3PbIBd HA MapIIa/VIOBLIX OCTPOBAX ObLIA
B 600 pa3 6oJbIIIe, YeM Y ATOMHOM 60MObI, COPOIICHHOM Ha
Xupocumy. IIoz yaap Honajao SINOHCKOE PbIOALKOE CYAHO
«CYACTIUBBIA APAKOH» C YIOBOM TYHI[A M AKYJIbl B OTKDbI-
TOM Tpiome. B 80 MMIAX OT IIOJUIOHA KOPA6JIb HAKPBLIO
06J1aKO O€JION 30Jbl, OT KOTOPOU KOXa 23 PbI6AKOB I1O-
KPBbUIACh BOJIABIPAMH, 4 PbIOa CTA/Ia PASUOAKTUBHOMN. 10 BO3-
BPAIICHUHU B TIOPT KOMaH/jA YCIIE/Ia PEATM30BATh YaCTh YIIO-
Ba, IPEXKE YEM IPABUTEALCTBO 3AIIPETUIO IIPOAAXKY. SITOH-
LBl CPA3y K€ IIEPECTAIU €CTh PbIOy. Tenepb H1OMOXO3SUKU
XOJAT 34 IHOKYIKaMU CO
cueTynkamu lenrepa; nena
TYHIIA yraaa BTPOE, T.K. €TO
HHUKTO He 6epeT. MeCcTHhIe
PacIeHUBAIOT pa-
JUOAKTHUBHBIC OCAaJKH KaK

I'a3€Thl

TPETHIO ATOMHYIO 60MOap-
JUPOBKY SAnonuu. M

HACUABHO MUA HE BY-
AELWb. Ecim 6bl HE AeMoO-
KpaThl, NOpPEJaBIIME CBOIO
naptuio B 1948 r, HE BUJATh
reHepany OiseHxayapy be-
JIOro goma. B uem xe npu-
YHHA MAaCCOBOI'O NEpexoza
nszbuparencii Ha CTOPOHY
KaH/UJATA OT PECITyOIMKAH-
1EB?
OIIPOC TIOKAa3aJ, YTO IS

O61meHaOHATbHbBII

MHOTUX AMCPUKAHIICB JINY-
HbI€ KAa4€CTBA KaHAUAATOB
HE HMEIOT CYIIECTBEHHOTO
3HayeHus. OJHAKO y OO0JIb-
IIMHCTBA OIIPONICHHBIX I'€HEPA DIM3CHXAY3P MOJIb3YyETCA Ha-
MHOT'O GOJIBIIMM AaBTOPUTETOM, YeM I'ybepHaTOp CTUBEHCOH.
CUMIIATUA K T'€HEPAly CTa1a IVIAaBHBIM (PAKTOPOM, OObEeAM-
HUBIIMM U36UpATEICH, TOJIOCOBABIINX 32 Hero. M

MAW 1904

LIBETOYHBIE YHACHI. B Cent-Jlynce OTKPbLIACh BBICTABKA, 110~
cpamennaa 100-neTuio JIyudnancko NOKYIIKHU, OJJTHOTO U3
BAXXHENIMUX cOObITUN B ucTopuu CIIA. ITpencraBieHHbIC
TaM IIBETOYHBIEC YAChl B MIECTHA/ATh pa3 60JIbIIE JI060r0
XpoHoMeTpa B Mupe. ITog pacTUTENbHBIM HIOKPOBOM CIIPS-
TaH MEXAHU3M, TAKOM K€, KAK B HAPY4YHBIX 4acax. CrpeJ-

LIBETOYHBIE YACHI, CeHT-Ayuc, 1904 r.

KU IIPEJCTABIAIOT COO0OU MPOJOITOBATBIE CTAIbHBIC EMKO-
CTHU C IJIOAOPOAHOM ITOYBOM, IMTAIOIEH BUHOI'PDAJHbIE JIO-
3bl. BBICOKHE PACTEHUS C TEMHOU JIUCTBOM BBICA’KECHBI B BU-
ne nudp. W

CO,. CToUMOCTD 3JIEKTPO3HEPTrUn B CaH-PpaHIMCKO 32 I10-
CJIEIHUE HECKOJIBKO JIET yIIaaa B ceMb pa3. CerogHs JOCTaB-
K4 3HEPIuUM TasHUA JICAHUKOB CKAJUCTBIX I'Op HA IpPE.I-
NPUATHA NOOEPEKDbI OOXONUTCA JACUICBIIE, YEM HCIIOIb30-
BAHMEC IIAPOBBIX MEXAHU3MOB. IIO0 oOIleHKaM crenua-
JUCTOB, )XUTeMU Hpio-MopKa €XEeroHO BBIIBIXAIOT OKO-
J10 450 TBIC. TOHH YIJIEKH-
CJIOT'O I'a34d, YTO COCTABIIA-
€T BCEro 3% OT BBIOPO-
COB, COIPOBOXKIAIOMUX
CropaHue TOIUIMBA. Bo3-
MOXHO, BCKOPE HaM yAa-
CTCA TIOJIHOCTBIO H36a-
BUTBCSL OT 3TOr'O HUCTOY-
HUKA 3aIPA3HCHUSA ATMO-
cepnl, U TOrga BO3AYX
OOJIBIIUX TOPOAOB CTa-
HET TAKHUM K€ YHUCTBIM,
KaK B gepesHe. M

MAW 1854
KUTbl-YBWUbI. JetiTe-
HaHT Maypu (Maury) pac-
CKa3aJ1, 4TO KanuTaH Poric
(Royes), kuro6oul u3 Ho-
BOM AHIJIMM, IIPUCIAI
€My HUCHbMO, B KOTOPOM
OIMCAJI MECTHA/ATD BU-
OB KUTOB. TOJIBKO 06 Of1-
HOM H3 HUX CBEJCHUS
B CIIEIMAJIBHOM JUTEPATYPE OTCYTCTBYIOT. P62, KOTOPYIO
KaIlMTaH Ha3BaJl KHTOM-YOUHIIEH, JOCTUTAET TPUALLATH Y-
TOB B JUIMHY. Y HEI'O OCTPBIE CUJIbHBIE 3YOblL, 4 CIHUHY YKpa-
A€eT YEThIPEX(yTOBBIN IJIAaBHUK. M3 OAHOH OCOOM MOXK-
HO IIOJAYYUTH HNPUOIU3UTENBHO NATh Oappenei Kupa.
KuThI-yOUAILIBI UPE3BBIYAHO IPAYIUBBL: TOKA OJJUH U3 HUX
HAIaJaeT Ha OOBIYHOI'O KUTA, BIIMBASICH EMY B I'OPJIO, JPY-
rO¥ JIAKOMHTCS A3BIKOM KEPTBBI — JKMPHOM MACCOU BECOM
B TPU-YETbIPE TOHHBL KUTBI-yOUNIILIBI 60PO3AAT MOPS U OKE-
AHBI OT IOJIOCA A0 NOJI0cd. KaXablii ObIBAJIBINA KUTOOOM
BCTpeYacsa ¢ HUMU. W

| B MUpe Hayku
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HOBOCTH W KOMMEHTAPHH

[HINTRI:

Capa CumMmncoH

AOObITb BOAY HO AyHE BYAET O4EHb CAOXKHO.

PAAMOAOKALMOHHbBIE HOBAIOAEHWS KPQ-
TepoB Shoemaker v Faustini Ha KOYKHOM
noAtoce AyHbl HE AQAN OAHO3HAYHOTO
OTBETA O HOAVNYMM 3AMNACOB BOADI.

OBAEAEHEBLLUASY AYHA

Boaa nonaacet Ha AyHY 13 KOCMOCA.
OAHNM 13 BO3MOXKHBIX €€ NCTOYHNKOB
MOTYT BbITb KOMETLI. MaTemaTnyeckoe
MOAEAUPOBOHNE ACAO HEOXNACQH-
Hble pe3yAbTaTbl. OKA3AAOCh, YTO B MO-
TOKE COAHEYHOTO BETPO COAEPNKATCS
MOHbl BOAOPOAQ, KOTOPbIE, AOCTUIQaSs!
MOBEPXHOCTU AyHbI, B3AUMOAENCTBY-
tOT C KNCAOPOAOM 1 OBPA3YIOT MOAE-
KYAbl BOAbI. /IX OCHOBHAS1 AOASI pACHQ-
AQETCSl U 1MCYe30eT B KOCMOCE, HO
MQAQST YACTb, MOMAAQS B MOASIPHbIE
OBAOQCTU, OCepqeT HO AHE KPATEPOB.
B cocTtaBe AYHHOro rpyHTa Moxet
OblTb A0 4% KUCAOPOAQ, YTO U MOA-
TBEPXKAQETCS AQHHBIMM, MOAYYEHHbI-
MU KOCMUYECKMM anmnapatomM Lunar
Prospectors 1998 .

JI71s1 TEX, KTO MEUTACT O CO3/IaHUU IIPOLIBE-
TAIOLIEH KOJIOHUM Ha JIyHe, OOHAPYKUTD
JIEZL HAJIyHHBIX IIOJIIOCAX — 3aBETHAS MCUTA.
MaccHBHBIE KYCKH JIbJd MOKHO JOOBIBATD
U3 JIyHHOI'O I'PYHT4, IUIABUTb U UCIIOIb30-
BATb BOJY JUIA IIUTDs, BbIPAIIUBATDL PACTE-
HUSA U IIPOU3BOAUTD PAKETHOE TOIUIHBO.

VBbI, 3TO UL (paHTA3UU. KaK ITOKasaim
HOC/ICJHUC UCCIICAOBAHMA, IPOBEACHHBIC
ydeHbIMH B O6cepBaTOpun Apecubo Ha
o. IlyapTo-Puxko, Oyzaymiue TyHHbIE KOJIO-
HMCTBI CMOI'YT OOHAPYKUTD JIUIIb MEJIKUC
KPHCTAJUIBI JIbJA, Pa30POCAHHBIE IO I10-
BEPXHOCTH IUTAHETDL.

Bproc Kamn6esut (Brus A. Campbell), Bo3-
IVIABJIAIOMMH LeHTp 110 n3ydeHuio 3eMim
u wiaHeT B CMUTCOHOBCKOM MHCTHTYTE,
PYKOBOIMWI PabOTOMH y4EHBIX, IIPOBOJUB-
IMX MCCIIENOBAHMA C UCIIONIB30BAHUEM Pa-
Jlapa Ha JJIMHE BOJIHBI 70 CM. ACTPOHOMAaM
YIAJIOCh U3Y4YUTb JIYHHYIO IIOBEPXHOCTD,
IIPOHUKHYB Ha IIyOHHY B 5 pa3 OOJIbLIYIO,
YEM B IPEKHUX UCCICAOBAHMSX.

IIpeanonarauoch, 4To 3aMep3IIas BOAd
MOXKET HAXOUTBCA B INIyOOKUX KpaTepax
Ha nomocax JIynel. B atux o6nacrax
CoJHLIE TOAHUMAETCA HAZl TOPU30HTOM
TOJIBKO Ha 2°, 1 Ha IIOBEPXHOCTD JIOKATCS
JUIMHHBIE TeHU. Kor/1a BOJAHON Iap noma-
JA€T B 9TU TEMHBIC OOJIACTH, OH TYT K€
KOHZCHCUPYETCA U KPUCTATUIUZUPYETCA,
TAK KaK TEMIICPATYPa TAM HE IIOAHUMACT-
¢ Bpie —230°C.

PesynsraTel UCCIEJOBAHNH, IPOBECICH-
HBIX B KOHIIE 1990-X I'T., OCTABIISIIA HAJICHK-
Jly Ha TO, YTO B 3THUX XOJIOAHDIX JIOBYIIKAX
MOYKHO OOHAPYKUTb 6OJIbIIOE KOJTHYECT-
BOJIbJIA. YUEHBIC IIPOJIOJLKAIOT CLIOPUTD OO
UHTEPIPETALIN PE3Y/IBIATOB PAJHUALIIOH-
HOT'O CKAHUPOBAHUSA IOBEPXHOCTU JIYHBL.
B nanHOM cirygae MOXKHO F'OBOPUTD 06 00-
HAPYKCHHUU KAK TOJICTBIX KYCKOB JIbJIA, TAK
U OTJIOTHX, IIEPOXOBATBIX CTCH KPATEPOB.
Topazao MeHbIIE CIIOPOB BbI3BA/IA UH(POP-

Maluys, IoIyd4eHHasd B 1998 1. co crryrHuKa
Lunar Prospector O HAIMYUH KUC/IOPOIA
B PaliOHAX IIOJIIOCOB. B XO/1€ 9TUX paHHHX
3KCIEPHUMEHTOB YYCHBIM HE Y1A7I0Ch IIPO-
HHUKHYTb B [VIyOHHY JIYHHOM IIOBEPXHOCTHU
6oJieec YEM HA 2 M.

I'pyra nog pykosoacTsoM bproca Kamii-
©eJ11a C TOMOIIIBIO pajiapa B Apecr6o 1po-
B€JIA UCCIICAOBAHUS KPATEPOB HA CEBEP-
HOM M I0KHOM NoJIocax JIynel B uncne
OOCIENOBAHHBIX OKA3IMCh U KPaTEPbI
Shoemaker v Faustini. I1ony4us C1a0blH,
OTPAKEHHBIA OT NOBEPXHOCTH JIyHbI M-
IIy/IbC, ACTPOHOMBI PEIIIIN, YTO KAMECHH-
CTas1 HOBEPXHOCTD JIYHbI NOITIOIIAET CUT-
HaJl pagapa.

Bproc KaMnbew IpyusHaeT, 4To He I0BO-
JICH PE3Y/BIaTaMU UCCIICAOBAHMI [To ero
MHEHHIO, Ha ITOBEPXHOCTU JIyHBI MOI'YT
HaXOJUTbCA KPUCTAJUIBI JIbJA PA3MEPOM
C KyPUHOE AUII0, HO UX HEBO3MOXKHO 00-
HaPYXUTb pagapoM. Eciiu pasmepsl Kpu-
CTAJUIOB HE 60JIe€ CHEKUHKH, TO JOObIYA
BOZIbI U3 TIYHHOI'O I'PYHTA CTAHET CJIO?KHBIM
U JOPOTUM 3aHATHEM.

CerofHs y4eHbl€ OLICHUBAIOT 34114Chl BO-
Jbl Ha JIyne na yposHe 10 MyiH. TOHH. Ecim
YIACTCSI OOHAPYKUTD KyCKOBOK JIE]] HA TIO-
BEPXHOCTH HAIIETO CITyTHHKA, TO 3TA IIU(D-
pa ysenmuurca. Ilo 3ameyanuio AnaHa
Bynuepa (Alan Bunder), ocHosarens u ju-
pexropa Mucruryra Jlynel u3 ropoaa Ty-
COH 1ITaTa ApU30Ha, 10 MJIH. TOHH COOT-
BETCTBYIOT OObEMY HEOOJIBLIOIO O3€Pa.
TToxopurenu JIyHbI CTOIKHYTCA C OYEHb
CJIOKHOM 33/Ta4€N: KAK COXPAHUTD OIpa-
HUYEHHBIN 3a11aC BJIATH.

HekoTopble yd€HBIEC HACTAUBAIOT HA
TOM, YTO BOZIA CYLLIECTBYET, HO €€ CLIE IIPO-
cro He Hauwid. B 2003 . uccienosarTen us
Yuusepcurera Jxonca IonkuHca nog, py-
KoBOACTBOM bena bycces (Ben Bussey) BbI-
CKA3IU IIPEATIONOKEHUE O TOM, YTO IUIO-
1113/1b XOJIO/IHBIX JIOBYIIEK B 2 Pa3a GOJIBIIIE,
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HOBOCTH H KOMMEHRTAPHH

YeM 3TO IIPUHATO CYUTATh, U OCHOBHBIE 3a-
T1ACHI BOJIbI HAXOJATCA HA JTHC KPATCPOB.
Bce cormacHs ¢ TeM, YTO HECOO6XOAUMO
JIETAJIBHO U3y4aTh BHYTPEHHIOIO ITOBEPX-
HOCTb KpaTepoB. B NASA TOTOBUTCA TPOCKT
10 3aIyCKy armapara Ha Jlyny. OCHOBHOM

32/1a4€H ITOHU IKCIIEAUINN OYET IOCATKA
aIrapara B Kparep, NOIy4eHHUE IPOO IPYH-
T4 U BO3BpalieHue Ha 3emno. Ecim peanu-
3ytorcs mansl CIHIA n Kurtas 1o 3anycky
4esI0BEKA Ha JIyHY, Mbl CTAHEM CBUJICTEIIA-
MM HOBBIX OTKPBITUI. M

[JONUHE: KAXAbA PA3 HOBbI JH3AR

C1uBEH dwAun

[loyemMy HOBbIE CTEPOUAbI TOK AETKO CUHTE3UPOBATL 1 TOK TOYAHO

OBOHAPY)KAT.

OCEHBIO IIPOLUIOTO I'OJjd BECh CIIOPTUB-
HBII MUP ObUT B36YAOPA)KCH U3BECTUCM,
YTO XUMUKU UACHTHU(PULIMPOBAIA HOBBIH,
HEYJIOBUMBIH /11 OObIYHBIX TECTOB, CHHTE-
TUYCCKUI CTepOn, AHIPOI'CHHBIE CTEPO-
W/Ibl Y4CHBIM U3BECTHBI JABHO, 4 X HE3a-
KOHHOE IIPUMEHEHUE B CIIOPTE — JAICKO
HE HOBOCTb. «O CyIIIECTBOBAHNUU XUMUKOB-
CUHTETHUKOB, CO3/JAIOIINX HOBBIC CTEPOH-
JIbI, MbI 3HAEM HE OZIUH ICCATOKJIET, HO HAM
€IIIE HU PA3y HE YA AJIOCh IIOMMATh UX 34 Y-
Ky», — ropoputr Jon Kermmun (Don H.
Catlin), MOJIEKYJIAPHBIH (haPMAKOJIOL U [I1-
PEKTOP AHAIMTHYECKUX J1a60PaTOPUN
o/mMMIUICKUX Uurp B KanmudopHuiickom
ynusepcurere B JIoc-Anzpkenece. OH BbI-
JIEJIT U TIPOAHAIM3UPOBAI TETPATUIPOre-
crpuHOH (TIT) — crepoun, Ha/Ie/IaBIINHT
TAaK MHOI'O ITyMa.

XUMHUKAM-OPraHUuKaM HE COCTAaBJISCT
0COO0ro TpyJd CUHTE3UPOBATH HOBBIC
AHA60JIMYECKUE CTEPOUDL, HE MOALAIO-
LIHUECA PETUCTPALUM CTAHIAPTHBIMU ME-
TOJIAMU. [IeJ10 B TOM, UTO 151 UACHTH(DUKA-
ITUU JIIO6OT'O COEAMHEHYS HY’KHO 3apaHee
3HATB €r0 CTPYKTYPY. TIT 6bU1 O6HAPYKEH
TOJIBKO IIOTOMY, YTO aHOHUMHBII TPEHEP
OC/IA] B aHTUIONUHIOBYIO KOMMCCHIO
CIIA MCTIOIb30BAHHBII IIITPULL CO CIICA-
MM 3TOT'O BEIICCTBA. SIIPOM CTPYKTYPbI
BCEX AHJIPOI'C€HHBIX CTEPOUJIOB SABJIACTCS
KOMIUICKC M3 YETBIPEX MECTUYIVICPOAHBIX
Kosel, MoauduKaus OHOI'O U3 3aMeC-
TUTEJIEH BJIIOOOM KOJIBLIE JAE€T HOBOE IIPO-
MU3BOZIHOC. «B IpUpOJE CYMIECTBYIOT ThICS-

4l CTEPOUJOB, 4 XUMHUKU-OPIAaHUKU O€3
OCOOOTO TPYZA MOT'YT CUHTE3UPOBATD CLIE
CTOJIBKO Ke», — 3amevaeT Kemn. ITo ero
OLICHKAM, J/IS1 IOy YEHHUS B OLTyTHUMOM KO-
JINYECTBE HOBOT'O CTEPOU/IA HYKHO 060-
PYAOBAaHHE CTOMMOCTBIO OT $50 TBIC. IO
$100 TBIC., B3aBUCHMOCTH OT YHCJIA XUMH-
YECKUX PEAKITUH, HEOOXOHUMBIX JUISI CHH-
TE32 (OJHU NPOU3BOIHBIC MOKHO ITIOJIY-
YUTD 34 IIAPY HEJEJIb, APYIUE — 34 CPOK OT
6 MECSIIEB /IO TO/IA).

«CyIIECTBYET MHOI'O IIE€PBOKIACCHBIX
CHELUAIACTOB IO CTEPONAAM, KOTOPBIE
KOI'Ja-TO 3aHUMAIUCh CO3/IaHUEM KOHTPA-
LEIITUBOB U IPYI'UX T'OPMOHAIBHBIX I1PE-
apaTos, — rTOBOpUT [xuH YiiicoH (Jean D.
Wilson), akcrepT B 06/1aCTU (PU3HUOIOTUH
AH/IPOI€HOB M3 MEJUIIMHCKOIO LICHTPA
IOro-3anagnoro ynusepcurera Texaca
B Jlayutace. — MHOTHME M3 HUX CETO/IHS HE
Y JIEJ1 11 BJIIOOOI MOMEHT MOTYT BK/IIOUHTD-
¢ B paboTy IO CUHTE3Y HOBBIX CTEPOU-
108>, Cityaait ¢ TIT nuib caenan TanHoe
SIBHBIM: OH HOATBEPAMJI CJTYXH O CYIIIECTBO-
BAHHUU MCKAYHAPOAHOM CETU J1Aa60PaTO-
pI/II;I, SAHUMAIOINXCA HCJICTAJIbHBIM ITPO-
U3BOJICTBOM CTEPOU/IOB.

TTo cBoet xummdeckon crpykrype TIT
CXOZICH C TPEHOOJIOHOM U I'€CTPUHOHOM,
CUHTECTUYCCKUMU aHAOOIMKAMH, 3aIIpe-
INCHHBIMHA K IPUMCHCHHUIO MCKIYHAPO -
HBIMU  CIIOPTUBHBIMHM  (DEICPAITHSIMU.
TpeHOO0JIOH UCIIONIB3YETCS B BETEPUHAPUI
U1 yBEJIMYCHISA IIPUBECA KPYITHOI'O pOra-
TOr'o CKOTAa. KpoMme Toro, necMoTps Ha

LLEHA MbILLEYHON MACCHI

MpueM CUHTETUYECKX AHOBOANHECKIX
CTEPOVAOB MPUBOAUT K HOPALLMBAHUIO
MbILLEYHOM MACChl Y CNOPTCMEHOB M MO-
BbILUEHWNIO VX BIHOCAMBOCTU, O TAIOKE
YCKOPSIET BOCCTAHOBAEHME CUA MOCAE
VHTEHCUBHBIX Harpy3ok. OAHAKO AQTb
CTPOro HayyHoe OBOCHOBAHME BCEM
3TMM GEHOMEHAM AOBOALHO TRYAHO. Bo-
rnepsblX, cyLlecTsyeT abdekT naauebo.
Bo-BTOPbIX, BOABLLMHCTBO CMOPTCMEHOB
MPUHAMOIOT GHOBOANYECKME CTEPOVABI
B rOpa3A0 BOABLLMX KOAMYECTBAX, YEM
Te, YTO UCMOAB3YIKOTCS B UCMBITAHUSX HO
NOASX. [TOMHUMAS1 CTepOUAbI, CNOPTC-
MEHbI KOHLEHTPUPYIOTCSI HO MOAOXM-
TeAbHbIX 9bdEKTaX, HE OBPALLOS BHAMO-
HMS HO HEXXEAQTEABHbBIE MOCAEACTBUS,
MPOSIBASIOLLECS AULLIb CITYCTS1 KOKOE-TO
BPEMSI: yrpW, HOPYLLEHWS POBOTHI CEPA-
LA, NMOBPEKAEHMIS MEYEHW, HEKOHTPOAM-
pYyeMble BCTbILLKM THEBA.
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OXOTHUK 30 CTEPOUACMN: APMAKO-
AOT AOH KETAMH MOAQraeTt, 4To PyKo-
BOAUTEAM CMOPTUMBHBLIX deapepaunmn
AONKHbBI POBOTATE HA onepeXeHre,
HE AOXMAQSICH, MOKA HOBble Mpena-
PATbl AOVAYT AO CMIOPTCMEHOB.

CBOIO TOKCUYHOCTb U MACCYy ITOOOYHBIX
3(PpPeKTOB, OH OYEHb MONYJAPEH CPEAU
KyJIBTYPUCTOB. [eCTPUHOH, HCIOJIb3YIO-
LIHICA I JIEYEHWA SHJOMETPUO3A, OT/IN-
yaercst oT TIT b TeM, YTO y HEro Ha ue-
TBIPE BOAOPOJHBIX aTOMA MeHblIe. Kak
TO/IbKO Keyinn onpeaenwt crpykrypy TIT,
OH CHHTE3UPOBAJI €10, THIPOIr€HU3UPOBAB
I'CCTPUHOH.

CIOKHOCTD PETMCTPALIMHA HOBBIX CMH-
TETUYCCKUX CTEPOUJOB OOYC/IOBIUBACTCS
HE TOJIBKO TEM, YTO aHUIUTUKAM HEU3BECT-
HAa UX CTPYKTYPd, HO U HECTAOWIBHOCTBIO
ITUX COEAMHEHNN B yCJIIOBHAX IIPOBEZE-
Hust aHam3a, Tak, TI'T yacro paspymiaercs
€el1e Ha IPEIBAPUTEIbHON CTaJUU TECTU-
poBaHus. KeTyimH cMOT €ero uieHTH(OUILIU-
POBATB, TOJILKO IIPUMEHUB 6OJIEC UyBCTBH-
TeIbHbIE METO/bL. OH (PPAKIIMOHHUPOBAT

00pAa3eLL 10 MOJICKYJIIPHOMY COCTABY C IIO-
MOHIBIO JKUJIKOCTHOI U I'a30BOM XPOMATO-
rpapuy, 3a4TEM HOHU30BAT MOJICKYIIbL
3JICKTPOHHBIM YIAPOM, Pa3[eII OCKO-
JIOYHbIC HMOHBI HA MACC-CIIEKTPOMETPE
U TI0 MMOJYYCHHOMY MACC-CIICKTPY U/ICH-
TU(PHULIMPOBAI HCKOMOE BEIIECTBO. JJaiee
oH pazpadoran tect Ha TTT 1o pesynsra-
TaM aHAJIN32 MOYU U AIIPOOUPOBAJI €TI0 HA
HECKOJIBKUX U3BECTHBIX CIIOPTCMCHAX.
Ho UIr'pa B KOMIKWU-MBIIIKK C HOBBIMU aHA-
OOJIMKAMU IPOJOJDKACTCA. besja B TOM, 4TO
MBIIIKH CJTUIITKOM M3BOPOT/IMBBI 1 BCC BPC-
ML MCHSIIOT CBOE OO/INYbE. «Mbl paboTacm
ceryac HaJ| CJIEAYIOUIUM IIPOEKTOM, KOTO-
PbI HALIEJIEH HA [IOMCKU JIPYTUX CUHTETU-
YECKUX CTEPOUJIOB, — FOBOPUT Ke'TnH. —
MoxeT OBITb, HA 3TOT PAa3 MBIIIKAM HE
YAACTCA YCKOJIb3HY Th>. Ml

wa crae BRNUKAHOM

Kewt BoHr

[Toyemy Tyrannosaurus rex CTOAb PA3UTEABHO OTAUYAETCS

PA3MEPAMU TEAT OT APYIMX TUPOHO3CBPOB?

AOUCTOPUHECKUE BEAUKAHDI

O TOM, NOYEMY HEKOTOPLIE AMHO30B-
Pbl B MPOLLECCe 9BOAIOLMM NPEBPATU-
AVICb B HOCTOSILLX BEAVMKAHOB, y4€Hble
MOTYT TOABKO AOTQAbIBATLCSI. BO3MOMK-
HO, YBEAUMYEHUIO UX PA3MEPOB Cro-
COOGCTBOBOAQ BHYTPMBUAOBOST KOHKY-
peHurs. Ho aaxke camble KpyrHble
NPEACTOBUTEAM TRYMMbl XULLHBIX HO-
3EeMHbIX SLWLEPOoB (TepOonoA) OTAUYA-
AVICb PA3MEPaMU TeAd OT T. rex po-
BOAbBHO HE3HA4YMTEAbHO. Bec e
TPOBOSIAHBIX AMHO3CBPOB MOTI AOCTU-
rate 6oaee 30 TOHH. YBEAUYEHME Pa3-
MEPOB TEPONOA ONPAHNYMBAAK Me-
XAHUYecKkne GaKTopbl, CBSI3AHHbIE
C XOABOOW HO ABYX 3QAHMX HOTOX.

[lJ1s1 MOKOJIEHWS], BRIPOCHIETO Ha (PUJIbME
«[TapK IOPCKOT'O IEPHO/IA», TAMHCTBEHHOE
CIIOBOCOYETAHUE TVrannosaurus rex 3By-
YUT BIIOJIHE OOBIJICHHO. Y JIIOJIEH cTapIie-
'O BO3pacTa 06pa3 OrpoOMHOIO 3y6aCTOrO
SITEPa, HATTOMUHAIOIETO CKA304YHOTI'O OI-
HEIBIIIAIIETO JPAKOHA, BBI3BIBAET CTPAX
U oTBpaiieHue. Ho Majo KTo 3HAET, YTO
THPAHO34BP, 3TOT 11APpb HEPBOOBITHBIX
SITEPOB, UMEET IOBOJIBHO CKPOMHOE ITPO-
ucxoxeHue. Ipex/e yem Ha JOUCTOPH-
YECKOM ClieHe NosIBWICH 7. rex (T.e. TUpa-
HO3aBP LAPCTBEHHBIN), AIEPLI U3 POJA
THPAHO3ABPOB ObLIN CPABHUTEIBHO MEJI-
KHUMU JTMHO3aBpamMu. Koneuno, npu Bece
B 1—2 TOHHBI 1 BBICOTE TEJIA B HECKOJIBKO
METPOB H4 POJIb KOMHATHBIX JIIOOHUMIIEB
onHu He noaxoaunn. Ho 7. rex, BTpoe npe-
BBIIIAIOIIUA MAaCCOU CBOUX COPOJUYCH,
OKa3aJICs1 TTOJVIMHHBIM IIEPEPOCTKOM.
IIpUYKHBI TUTAHTU3MA CPEIH TEPOIIOZ,
(IpyIIIbI XMITHBIX HA3EMHBIX JUHO3aBPOB,

NEPEABUTABIIMXCA HA 33/IHUX HOI'AX) JABHO
HE JAI0T 3BOJIOLIMOHHUCTAM IIOKOs. B rtoc-
JICAHME T'OAbI IIOABHUIOCHh HECKOJIBKO I'MITO-
T€3, CBA3ZBIBAIOIINX PE3KOC YBEIMYCHUE PA3-
MEPOB ITUX PENTHIMHA C MNOBBIILIEHHUEM
YPOBHS IBYOKHCH YIJIEPOAA B aTMOCheEpE,
KOTOPOE TIPUBEJIO K MOBBIIICHHIO IIPOIYK-
TUBHOCTH PACTCHHI, BBI3BABIIICE, B CBOIO
ouepe/ip, pazHooOpasus
W YUCJICHHOCTHU TPABOAIHBIX IMHO3ABPOB.

CkotT CamricoH (Scott Sampson) U3 YHU-
BepcuTera mrrara Kora npeyioxu emie 60-
JIEE CJIOKHYIO MOJE/Ib 3TOI'O IPOLECCA.
TTo ero MHEHUIO, U1 BOBHUKHOBEHUSA '~

YBEJIMUECHUC

TFAHTCKUX TEPOIOJ], YCH BEC MPEBBIITAT
3 TOHHBI, JOJDKHBI ObUTU CJIOKUTHCS HCOO-
XOJIUMBIC TIPEIITOCBUTKH. BO-TIEPBBIX, BO-
MPEKU MPETOIOKCHISM MHOTHX YICHBIX,
TU AMECPBI GBUIA XOJIOTHOKPOBHBIMHU >KH-
BOTHBIMU: OI'POMHBIC 3aTPATHI SHCPIUH HA
MOJICP}KAHUE ITOCTOSTHHOM TEMIIEPATYPbI
TEJIA TIPU TAKUX KOJIOCCATBHBIX PA3ZMEPAX
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OTpeOOBAIN 6bI HEBEPOATHOI (B 10 pa3
00J1ee BBICOKOH, 4YEM Y COBPEMEHHBIX
JIbBOB!)  3((MEKTUBHOCTH  OXOTHHUYBEI
CTPATEIUM U CHECLUAIBHBIX MEXAaHU3MOB
OXJTKICHUSA TEIA Ha CTydaid IIEPErPEBAHIA.

BO-BTOPBIX, XOPOILIO HM3BECTHO, YTO
Y IVIOTOSJHBIX JKUBOTHBIX FOPA310 60s1ee
OOLIHUPHBIE TreOorpapUueCKUe aApeabl
Y1 MCHEE BBICOKAS IVIOTHOCTD IOIY/IALIAM,
4eM Y PACTUTC/IbHOSAHBIX. YUCHBIC 3a-
KJIIOYWIH, YTO /IS HOAAEPIKAHUS BBICO-
KO /1151 BbDKUBAHMS YU CJICHHOCTH IIOITy-
JIALIMY THTAHTCKUM TEPONOLaM TpebOoBa-
JINCb OI'POMHBIC, Pa3MEPOM C LEJbIC
KOHTUHEHTBI, MACCUBBI CYIIU. A B-TPETh-
MX, OHU HE JIO/DKHBI ObLITM KOHKYPHPOBATh
C JPYI'MMU CTOJIb K€ KPYIIHBIMU SKUBOT-
HBIMU B 60PbOE 32 ITHILLY.

HeKkoTopble U3 3TUX MOJIOKCHUH IO/~
BEPIVIMCh OCTPOH KPUTHUKE ONIIOHEHTOB.
ITo muenmio Kesuna ITapnana (Kevin Pa-
dian) n3 KamgpopHUHCKOro yHUBEPCHUTE-
Ta B BeprIN, THCTOIOTMYECKU aHAINS KO-
CTEH JUHO3ABPOB YKA3bIBACT HA TO, YTO
B (PU3UOJIOTMYECKOM OTHOIICHUH OHU
OOJbIIE TTOXOAWIA Ha TEIUIOKPOBHBIX
MTULL, YEM Ha XOJIOJHOKPOBHBIX PEIITH-
sii. KpoMe Toro, onpeienuThb (pakruyde-
CKHE Pa3MEPBl MOMYIALUN KAKUX-THO0
BU/IOB BBIMEPIINX JKUBOTHBIX CEI'OJHS HE-
BO3MOXKHO. He MCK/IIOUEHO, YTO META00 N~
YECKUE XAPAKTECPUCTUKU JUHO3ABPOB Ha-

BCEra OCTAHYTCS U1 YYEHbIX TAMHOM 34
CEMBIO ITeYaTIMu. TeM He MeHee NCKOoITae-
MbI€ HAXOJIKH ITOKA YTO HOATBEPKAAIOT
HEKOTOPBIE ITPEACKA3aHUA MOAeIn CaMII-
COHa. Bce 111Th MU3BECTHBIX BHUJIOB JJUHO3AB-
POB-TSAKCIIOBCCOB KUJIN HA HEOOBATHBIX
npocropax cymu CeBepHON AMEPUKH,
HOxn01 AMepuku 1 AGpUKU. M HUKTO U3
HHX HE COIIEPHNYAJI U3-3a [IUIIU C TOA00-
HBIMU cebe «BeTMKaHAMW», Hanpumep, u3
JBYX BHUJOB T'UI'AHTCKHUX [JHHO3aBPOB
(Spinosaurus wn Carcharodontosaurus),
JKMBIIIMX B OJTHO U TO K€ BpeMs B AppHKe,
IIEPBBIM ITATAJICSA PBIOOI, 4 BTOPOH OXO-
THUJICA HA HA3CMHBIX JKUBOTHBIX.

Ho, noxxanyit, caMoe yoeauTeIbHOE O/~
TBEPIKACHUE TEOPHUU I'MI'AHTU3MA TEPOIIO]
JIAI0T HEKOTOPBIE CBEJICHHSI O BOZHUKHO-
BeHUHM 7. rex. bonee ueM 3a 25 MIIH. JIET JIO
TOI'O KaK OHH ITOABUJINCH Ha 3emiie, CeBep-
Has AMepHKa ObLIa Pa3zie/ieHa Ha [IBE Yac-
TH 3aI1aJHBIM BHYTPEHHHM IIPOJIMBOM, CO-
C€IMHABIIMM COBPEMEHHbBIN MEKCHUKaH-
CKHH 3a7IMB U BOJbI ADKTUKU. [To o6eum
€ro CTOPOHAM KHJIN U30JIMPOBAHHBIE I10-
MYJSIIAM TPEX BUJIOB THPAHO34BPOB, Y€
BEC COCTABJISI BCero 1—2 ToHHbl Korpa
69 MJIH. JIET HA32/] OKEAH OTCTYIIHI U TUIO-
1[A/1b JIOCTYITHBIX MECTOOOUTAHN YBEJIN-
YHWJIACh BIBOC, B JKHMBbIX COXPAHWICSH JIUIITH
OJIMH BHJ] TUPAHO3ABPA, KOTOPBIA U Il
HAYaI10 5,5-TOHHOMY 7. 7ex. M

COrAacHO HOBOM rvnoTese, T. rex v He-
CKOABKO APYIMX BUAOB XMULLHBIX AMHO-
30BPOB AOCTUIAU TUFAHTCKUX PO3Me-
pOB OAQropaqdps TPeM OOCTOSATEAb-
CTBAM: OHU BbIA XOAOAHOKPOBHBIMY,
VIMEAU OFPOMHbBIE OPEAAbI U HE UCTIbI-
TbIBAAM MULLLEBOM KOHKYPEHLN CO CTO-
POHbI ARYTUX TPOMOAHBIX YKNBOTHBIX.

COMHNTENHbI (]

AX. MUHKeAb

OKa3bIBACTCSA, MyYHUTEIbHBIC COMHCHUS UC-
MBITBIBAIOT HE TOJIBKO /oA, Korga Ham ro-
Ka3bIBAIOT CEPUIO KAPTHUHOK, MBI JIy4lle
BCEI'O 3aIIOMHHAEM [IEPBYIO U TOCJICAHIOIO.
Ecm sxe HaC IPOCAT BCIIOMHUTD, UTO ObUIO
MCXKy HUMH, MbI 6€CHOMOH_[HO PasBoaM
pyKaMu. YUeHbIE HPEJIOKIWIN 3TOT TECT
MaKaKaM Pe3ycaM, OCTABUB 32 HUMU IIPABO
YIJIOHUTBCSL OT OTBETOB. Kak W Jnogu,
00€3bsIHBI C TOTOBHOCTBIO Y3HABAIN KPai-
HHE KAPTUHKHU U OTKA3bIBAIUCD UICHTH-
(ULIUPOBATb IPOMEXKYTOYHBIE. «CKOpEe

BCEI'O MAKAKN HE UCIIBITBIBAIOT IIPH 9TOM
TAKUX JKE TATOCTHBIX COMHEHMIA, YTO U JIIO-
1u, — 3aMme4daet JpxoH CMUT U3 YHUBECPCH-
Tera T Byddano, — OaHaAKO HE UCKIIOYEHO,
YTO BBICHIMM JKHMBOTHBIM BIIOJIHC MOTYT
OBbITb INPUCYILU HEKUE MBICIIATEIbHBIE
IIPOLIECCHI, CBA3AHHBIC C OLICHKOH IIpa-
BWIBHOCTHU CZICJITAHHOT'O BEI6OPA B HE3HA-
KOMOJ CUTYaLIMH», YUEHbBIM HAMEPEBACTCSA
BBIICHUTD, KAKUE CIIE JKUBOTHBIC 061212~
10T 9TOU CHOCOGHOCTBIO (Y KPBIC U TOITyOEi
OH4, [TIOXOJKE, OTCYTCTBYET HAYUCTO). M

«M-M-M. . .» COMHEHVSIMM MYyYQIOTCS]
HE TOABKO AOAM.

B Mupe Hayku
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DOpamABIL sowexr gonneen

YapAbs Yon

dasosas CKOPOCTb

SRR

OO6bIYHbIN
UMMNYAbC

fffon ot

OTpOXKEHHbIN
UMMNYAbC

Bpewms

C NOMOLLIbKO OCOBOTO YCTPONCTBA ObIA MOAY-
YeH BOAHOBOW MAKET (MMMYABLC), OTRCKEHHbIN
OT ABVDKYLLLENCS IPAHMLLBI (HE MOKA3OHO). Ero
Ha3a (CM. MOAOKEHME KPQACHOM TOYKM) 1 Ha-
30 00bIYHOMO  MIMEAV PA3HOE HOMPOBAEHE.
Takm 06pa3oM, Ga30BAsT CKOPOCTL OTPO-
SKEHHOTO MMMYALCA YBEANYNBAAACH (YOCTO-
T MMYABLCO MOBBILLAAGCSH), T.€. HOBAOAOA-
C$1 OBPATHBIN AOMAEPOBCKNN CABU.

Dddexr Jorepa 3HaKOM BCEM CO HIKOJIb-
HBIX JICT. Birarogapst eMy CBUCTOK IIO€3/d,
HNPUOIPKAIOIIECIOCS K IIEPPOHY, KAKETC
©0071€€ BBICOKHM (3BYKOBbIE BOJIHBI «CT'YILIA-
IOTCS»), 4EM OE3/1A YIATIOMIETOCS (3BYKO-
BBI€ BOJIHBI «PA3PEKAIOTCA>). YUEHBIM U3
LIeHTpa epeJOBBIX TEXHOIOTMYCCKUX CH-
creM Komnanuu BAE B bpucroine (Benmko-
OpUTAHMS) Y/IATI0Ch OOpaTUTb dpekT [1o-

wiepa. Mcnomnb3ys 0coboe yCTPOUCTBO,
OHU OJIyYWIN BOJTHOBOU TAKET, OTPAKEH-
HBIH OT YISO CS rpaHuLbL Ero rpe6-
HH 1 BIIA/TAHBI TICPECMCIIATUCH B TIDOTHUBO-
TIOJIO’KHOM HAIIPABICHUN OTHOCUTEIBHO
JIBIDKCHUSA ITAKETA KAK LIEJIOT'O, T.€. I'PYIIIO-
Basi 1 (pa3oBast CKOPOCTHU ObUIM Pa3HO-
HAaIIPAaBJICHBL BOTHOBOM MAKET, OTPAKCH-
HBIN OT YJAJIAIOIIEHCA I'DAHMIIBI, MMET
GOJIBIIIYIO YACTOTY, 4 HE MECHBIIYIO, KAK TO-
T'O CJIEZIOBAIO OXKUATH JUISI OOBIYHOI'O A(-
¢ekra Jornepa. (ToBOpst HAYYHBIM SI3bI-
KOM, 44CTOT4 BOJHOBOI'O MMIIY/IbCA 3a-
BuCena OT (Ppa3oBOU CKOPOCTH, 4 HE OT
CKOPOCTH ABWXKCHHUSA €O KAK LEJIOTO, T.C.
I'PYIIOBOM CKOPOCTH.) DTOT (PEHOMEH
HAUICT IIUPOKOE NPHUMEHEHUE B MEUIIN-
HC, OIITUKC U TCJICKOMMYHHUKAITMOHHBIX
cucremax. |

emepronochni BEMPAKL

Y3aHAu YUAbSIMC

MaccoBas TMBEAb AETYUYMX MbILLEN YTPOXAET BETPSIHBIM GEePMAM.

[loaneTast K pabOTAKOLWEN BETPSIHOM
TyPOUHE, KPACHbIE BOAOCATOXBOCTbI
NepecTaoT OPUEHTUPOBATLCS B MPO-
CTpaHCTBE. TeAbLIa MOrVOLLIMX 3BEPLKOB
MOYXHO HAMTU HA TEPPUTOPUM MHOTX
BETPSIHBIX DAEKTPOCTAHLMI. [TOAOBHbIE
HAXOAKM MOTYT 30TOPMO3UTb COOPYIKE-
HME HOBbIX BETPSIHBIX hepM.

CTOJIKHOBEHMUA JIETYYUX MBIIIEH C BETPSI-
HBIMU TypOUHAMU HEOXKUIAHHO IIpE-
BPATWIUCh B OAHY M3 CEPbE3HECHIINX
39KOJIOTUYECKUX ITPOOIEM CEBEPHOI Yac-
T Annatadent. B 2003 1. 32 BpeMs OCeH-
HEM MUI'palyu (CEpearHa aBrycra — KO-
HEL OKTAOPA) KEPTBAMH 44 BETPSIHBIX
TYpOUH, YCTAHOBJIECHHBIX Ha TIOpE
b3kOOH B 3anagHou Bupmkunuy, craiu
400 j1eTy4ux MBIIIEH.

OueBUIHO, 3BEPbKU IOIMOIHU B pe-
3yJIBIaT€ CTOJIKHOBEHUS C BPaILAIOLIU-
MMCSI BETPAKAMU, HO IIOYEMY B ITOM ME-
CcTe CTajza BAPYI IIPOUCXOAUTb HUX
MacCCOBasA TUOENIb, OCTACTCA 3aTraJJKOM.
I'pOMKHE TIPOTECTBI BO3MYILEHHOU 06-
MIECTBEHHOCTH 4YPEBATHl IIPHUOCTAHOB-

KON WJIM IIOJHBIM 3aMOPAKUBAHHUEM
MPOEKTA 110 COOPYKEHHUIO €€ HECKOJIb-
KHX COTEH BETPAHBIX TYpOWUH B 3aral-
HOM 4aCcTU MapuieHja U Ha Iore LeHT-
paJIbHOrO peruoHa IleHcunbBaHUU.

I1o MHEHMIO HEKOTOPBIX YYE€HBIX, MMI'-
pHUpYIOIIME JIETYYHE MBIIIM BO BpPEMs
CTOJIKHOBEHMUI C TYPOUHAMU HE HUCIIOJIb-
3YIOT CUCTEMY 3XOJIOKAUUK. JIpyrue 61o-
JIOTY MOJIATAIOT, YTO BPAIAIOIIUECS BET-
PAKA  MCITyCKAIOT BBICOKOYACTOTHBIC
3BYKH, IIPHBJICKAIOIIME 3BEPLKOB. M, Ha-
KOHELI, TPETbH CUUTAIOT, YTO KUBOTHbBIC
MOIPOCTY HONAJAIOT B «JIOBYIIKY> MOII-
HBIX IIOTOKOB BO3/yXa.

buosioru 3anagHon Buppkunun ycra-
HOBMJ/IM BHUJOBYIO IIPHUHALICKHOCTD
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HOBOCTH H KOMMEHRTAPHH

MPAKTUYECKU BCEX 3BEPBKOB, IIOT'UO-
mux B lenrtpe MayHTuHup. BonbimH-
CTBO U3 HUX OKA3AJIUCh IPEACTABUTEIA-
MH CAMBIX OOBIYHBIX BHUJOB JICTY4YHX
MBIIIEM — KPACHOI'O BOJOCATOXBOCTA,
BOCTOYHOAMEPUKAHCKOTO HETOIBIPS
1 MOXHATOI'O BOJIOCATOXBOCTA. HO, Kak
3aMeyaeT 6uosor din Mausuin (Al Man-
ville), «<BeChb y>kacC B TOM, 4TO OOHAPYKHU-
BATb HAM YyJAaCTCA JIUIIb HC3HAYUTCIIb-
HBId TIPOLEHT TPYHOB IIOTHMOMINX
JKUBOTHBIX». DTO CBSI3aHO C TEM, YTO
JICTYYHC MBI — MCJIKHC KMBOTHBIC
U OTBICKATb UX B TPABE OYCHBb HEIIPO-
CTO; K TOMY K€ MHOI'ME€ IOrudumue
3BCPbKU HABCPHAKA CTAHOBATCA 10ObI-
yen JKUBOTHBIX-TIAJAJIBINHUKOB.

[Tpouuibim jieroM B CHIA 6butH O11y6-
JIMKOBAHbI JUPCKTUBBI, COITACHO KOTO-
PBIM COOPYKCHHUIO <«BETPAHBIX (hepM»
JIOJDKEH IIPEAIIECTBOBATD YYET YHUC/ICH-
HOCTU JUKHX JKUBOTHBIX, OOHUTAIOIIUX
B JAHHOM PEruoHe. B Hacrosiee Bpems
BEIYTCS TOPAYUE CIIOPBI O TOM, KaK JOJI-
ro pa3pabOTYUKU BETPAHBIX 3JICKTPO-
CTAHIUH JIOJDKHBI IIPOBOJWUTDL HCIBITA-
HHS HUX 6E30ITACHOCTH I JKUBOTHBIX.
TIo MHEHHIO HEKOTOPBIX OUOJIOIOB, 3TU
HUCHBITAHWA JOJUKHBI IIPOJOJDKATHCA HC
MEHEE [IBYX JIET, OJHAKO MHOI'HIC SHEPIe-
THYECKUE KOMIIAHUH CUHTAIOT TAKON
CPOK CJIUIIKOM OOJIBIITHM.

IIpupo/l0OXpaHHbIE OPraHU3AIINH,
B CBOIO OY€pPE/lb, OOCCIIOKOEHBI CY/Ib-
06011 3BEPBKOB. MX TPEBOTY, MOXOXKE,
YCWINJIO THCHhMO OJIHOT'O M3 CHEIHUAIM-
CTOB I10 JIETYYMUM MbllIaM. Becnoit 2003
r. Maiikn sunon (Michael R. Gannon)
IIPOBEN IBA JIHSI HA TEPPUTOPUHN OYy1y-
el BeTpAHOU (hbePMBI B IIOHUCKAX yOe-
JKUII, PEAKOrO BH/IA JICTYYUX MBIIICH —
UH/IMAHCKUX HOYHUIL, YUYEHBIH NIPEATIIO-
JIOXKWJI, YTO OHU MOTYT JKUTb 3/1€Ch
B JIETHHUE MECSAIIB M YTO HCCIEOBAHUE
MECTHOCTH, COOTBETCTBEHHO, JIOJIKHO
MIPOBOJAUTBCS HA IPOTSHKEHUH BCETO CE-
30Ha. [Io cnoBam IsHHOHA, 6GUOIOTH
HHEPreTUYECKON KOMIIAHUH C 3TUM BbI-
BOJIOM HE COIVIACHBL «YTOOBI OIEHUTH
MOTEHIIUAJIBHBIN PUCK BETPAHBIX TYp-
OUH JUIs1 JIETYYUX MBIIIEH, — umer [oH-
HOH B CBOEM IIMCbME, — COOPYKEHUIO
BETPSIHON (DEPMBI JIOJDKHO IIPEIIECT-
BOBATb JIByXJIETHEE UCCIIE/IOBAHUE MEC-
TOOOWTAHMS )KUBOTHBIX. /O TEX JKe nop,
IIOKa HE OYYT IOJIYYEHBI JIOCTOBEPHbIC
JIAHHBIC, HEJIb3d WUCKJIIOYATh BEPOST-
HOCTB TOI'O, YTO Y€PE3 ITO MECTO MPO-
JIETA€T MUTPAIMOHHBIA NYTh WHUAH-
CKUX HOYHUIL U YTO 3BEPHKU TOITOMY
MOI'YT IIOTMOHYTh... A JTaHHBIE, UMEIOII-
€Cs1 B pACIOPSDKEHUH OUOJIOTOB, YKA3bI-
BAIOT HA TO, YTO TAKOM CIICHAPHI BECh-
Ma BeposATeH». M

CAy4amn TMbeAmn AETYHMX MbllLEN OTMeE-
YOAUCH U HO APYTUX BETPSIHBIX DAEKT-
POCTAHLUMSX B Pa3HbIX YacTtax CLUA,
HO MO CBOMM MAQCLUTABOM BCE OHWU
YCTYNAAM COBbiTMgM B LieHTpe MayH-
TMHUP. MNPEeAOTBPATUTE CTOAKHOBEHMSI
SKMBOTHBIX C TYPOUHAMMN MOXHO AMLLb
OAHVM CMOCOGOM — BBISICHUTbL, KAK
M MoYemy OHM MornbatoT. Mo MHEHMIO
CNEUMAANCTA MO 3SXOAOKALMM AETY-
umx Mbllen Axmma CuMmmoHca (Jim
Simmons), OTBET MOXET MOACKOA3ATb
KMHOCBHEMKA B MHPPAKPACHbBIX AYYOX.
«HeoBbXxoAMMO MPOCAEANTb, KAK NpO-
MCXOAST DTU CTOAKHOBEHWS, B TEMHOTE
3TO MOXHO CAEAATb TOABKO C MOMO-
L0 MHOPAKPACHOM KMHOKAMEPDI»,

DBICMPAR marhurias namart

AX. MUHKeAb

BpeMmsa nsmeHeHnsa MarHUTHBIX COCTO-
SIHUI, KOTOPOE OIPEAESET OBICTPO-
JICUCTBUE MHKPOCXEM MAaTrHHUTHOIN IIa-
MATH, BO3MOKHO, YJACTCS 3HAYUTEIBHO
COKPAaTUThb. YYCHBIM JABHO M3BECTHO,
YTO JIA3CPHBIN JIY4 BBI3BIBACT B PEPPO-
MAarHHUTHOM 3JIEMCHTE T'aIOJIMHUMN KO-
JIeOaHUS ATOMOB U, KaK CJIE/ICTBHE, UX
MAarHUTHBIX CIIMHOBBIX COCTOSHUM.
O/IHAKO PAHBIIE CYUTAIOCH, UTO OOMEH
IHEPTUEH MEKAY KOIEOAHHUIMU ATOMOB

U CIIUHOB IPOUCXOJUT CJIy4aHHBIM 06-
Pa30M U HCIOJIb30BATb ITOT 3(PPEKT
B 3JIEMCHTAX MaMATU Helb3s. HelaBHO
HeMeuKkde (BU3UKU OOHAPYKHUIIU, YTO
npu o6iydeHUU O06pa3la JIA3E€PHBIMU
UMIIYJIbCAMU JJIMTEIBHOCTBIO 30 ¢dC
(1 gpc=10"" ¢) aTOMBI TANONUHUSA U UX
CIIUHBI KOJEOJIIOTCS CTPOTrO C 4YaCTOTOM
3TTu (1 TTu=10"T1) — B 1000 pas 6bI-
cTpee, 4eM B OOBIYHBIX MAIHUTHBIX 34-
IOMHHAIOIMINX YCTPOMUCTBAX. B mpuH-

uIe, KOMOMHHUPYS UMITYIbChI, MOKHO
CO37aBATh MATHHUTHBIC OUTHI, TOAXO/ISI-
IIye UIst CO3/IaHUs KPATKOBPEMEHHOM
OydpepHoit namsaTu. BrpoueMm, mnoka
HESICHO, KaK BCTPOUTH B KOMIIBIOTED
YCTPOMCTBO ISl FTEHEPAITUN YIIBTPAKO-
POTKHUX JIA3CPHBIX UMITYJIbCOB.

PesynbraTel IPOBEAEHHBIX MCCIELO0-
BaHUIT OITYOIIMKOBAaHEL B Physical Review
Letters. @

B Mupe Hayku




HOBOCTH H KOMMEHTAPHM

CMOUYUBOCID « canay GAATomARS OCnE?

Yapas Yon

YCTOMUYMBOCTb K BUPYCY MMMyHOAEDU-
umMTa (BBEPXY) MOXET OblTb OOYCAOB-
AEHA MyTOLMEN, HEKOTAQ 3ALUMLLIAB-
Len AtoAeW OT OCMbl (BHM3Y).

Jlroau, yCTONYHBbBIE K BUPYCY HMMYHO-
nepunnTa, 067131a10T MyTAlIUEH, IIpe-
HNATCTBYIOUIECH BEIPAOOTKE KIECTOYHOI'O
OcJIKa, K KOTOPOMY U IIPUKPEIUIACTCA
BUPYC. DTa MyTallUusl BO3HHUK/IA BCETO
700 ner HazaJl M BCTPEYACTCH, KAK
IIPaBUJIO, TOJIBKO Y €BPONCHIIEB
(y 10%). HekoTopbl€ ydeHbI€ 11OIara-
IOT, YTO MMEHHO OHa 3alMINajIa JIO-
geid oT 6yOOHHOM 4yMbl, OylI€BaBIICH
B EBpomne B XIV Beke. [TonynaumnoHHbIe
reHeTuku u3 KanmudopHUICKOro yHU-
BepcUTETa B Beprin C 3TUM yTBEpP-
JKJIEHUEM KATEIrOPUYECKH HE COIJIAC-
Hbl: OHH CYMTAIOT, 4YTO MyTalusi
3aMMINAIA JIOAEH HE OT 4YyMBbl, 4 OT

ocnel. Teorpadusa pacnpocTpaHeHHUs
3TOI OOJIE3HHU KOPPEIUPYET € YACTO-
TOM 3AIUTHOU MyTALIMH B PA3HBIX Ya-
crax EBponbl. Kpome TOro, ecnm my-
TALMS 3A1UIAJIA JIIOJAECH OT OCIHbI, OHA
C 60JbIIEH BEPOATHOCTBIO MOIJIA CO-
XPAHUTBLCA B FeHOMOH/IE €EBPOIEHIIEB:
BeAb 6YOOHHAs YyMa IIOBCEMECTHO IIE-
pecrana ObITb IVIABHOW NPUYUHON
cMepTu Jojgen eme 250 ser Hasaj,
B TO BpEMsd KaK OCHIa CBHPEICTBO-
BaJIa BIUIOTH A0 1977 1. 1 HakKoOHeEl,
4yMy BBI3BIBAIOT O4aKTEPUH, A OCIY
(kak u CIIM) — BUPYC, COAEPKAIMNUNA
PHK. ®

eorns G H

Aaypa Pant

Kakue TONMbKO TUIIOTE3b! HE BBIIBUT'AJIN 32
[OCJICHUE TPU CTOJICTHA, IIBITAACh OO'bSC-
HUTb CEKPET BOIILEOHBIX 3BYKOB CKPUIIOK
Anronuno Crpaausapu! OgHU TOBOPUIIH,
YTO MACTEP MUCIIOJIb30BAI U1 UX U3 OTOB-
JICHUS ICPEBAHHBIC IEPEKPBITHSA IPEBHUX
COBOPOB, JIPYTUE — YTO OH IIPOIUTHIBAII
JIPEBECUHY MOUYOM, 4 COIVIACHO IOCIIE/IHE-
My IPEANOIOKEHUIO, BHHOM BCEMY ObUIN
COJIHEYHBIE JIy4H — BEPHEE, UX AC(DULIIT.

J1e10 B TOM, 4TO rofibl >KU3HU CTPaUBa-
pu coBnagaior ¢ 70-JI€THUM IIEPHUOJOM
(1645-715 IT.) HU3KOI'O YPOBHSI COTTHEY-
HOI aKTUBHOCTH — TaK HA3bIBA€MbIM MU-
HHUMYMOM MayHaepa. DTOT BPEMEHHOM
UHTEPBAJI XAPAKTEPUIOBAJICA CYIIECTBEH-
HBIM IIOHIDKEHHUEM CPEJHETOJOBOM TEM-
HepaTyphl O BCei 3artagHou Esporie.

ITo cnosam Jlno#na bapwm (Lloyd H.
Burckle), naneonronora uz O6¢cepBaTo-
pun 3emin Jlamonra-JloapTu ipu Komym-
OUNCKOM yHHBepcuTere, «CTpaguBapu
U MUHUMYM MayHjepa «pOoAHInCh> C pas-
HHIICH B I'Ofl, T.€. OIIDKE K KOHLY JKHU3HU,

K4K pa3 KO BpEMEHU PACLIBETA CBOCI'O MAC-
TepCTBA, CTPagUBAPU MOT UCIIOIb30BATD
JUIs U3TOTOBJICHUS CKPUIIOK JPEBCCUHY,
TMOJYYCHHYIO W3 [ICPCBBCB, BBIPOCHIUX
B IIEPUO/] A6COIOTHOI'O MUHUMYMA COJI-
HEYHOM aKTUBHOCTU». B 9TUX yCII0BUAX HA
TEPPUTOPHUIO 3a11aIHOM EBpOIIBI ITOCTYIIA-
JIO MEHBIIIE TEIUIOI'O BJIAKHOI'O BO3AyXd
C ATJIaHTHKH, 4 IOTOMY KIMMaT 6bUI 6071€€
CypOBbIM. OCO6EHHO CHJIBHO 3TO CKa3a-
JIOCh Ha POCTE IEPEBLEB, 44 AITHPOBAHHBIX
K YMEPEHHOMY KJIUMATy, BYaCTHOCTU
€BPOIIECKOM €11, U3 KOTOPOU CTpagrBa-
PH U3TOTABIUBAI JICKy CBOUX CKPHUIIOK.
JlpeBecrHa TaKoro Jepesa, POCIIEro Me/I-
JICHHO U PABHOMEPHO, KAK HEJIb3s JIYYILEC
COOTBETCTBOBAIA TPCOOBAHUSAM, IIPEIbSAB-
JIICMBIM CKPHUITMYHBIX ICJT MACTCPAMU.
KoneuHo, nsMeHeHne KInuMaTa 3aTpo-
HYJIO HE TOJIBKO AJIbIIbI HA ceBepe MTanun.
Ho ecnu yuyecTb YHUKAIBHOE COYETAHUE
(paKTOPOB OKPYKAIOUIECH CPEJBbI B 3TOM
PETrUOHE — I'€OJIOTHYECKUE OCOOEHHOCTH,
COCTAB IIOYBBL, BTAKHOCTb, HAKJIOH U Ha-

MPaBJICHUE FTOPHBIX CKJIOHOB, HAd KOTOPBIX
POCIIN €11, — TO CTAHET SICHO, YTO U3MEHE-
HUE KIMMATA 37IECh MOIJIO UMETh Oojee
CEPbE3HBIC TTOCJIE/ICTBUS, YEM B JIPYTUX
MECTaX.

Ecim cexper ckpunok CrpaauBapy
JIEMCTBUTE/IBHO KPOETCS B YHUKAJIBHOM
COYETAHUU KIUMATUYECKUX U TIPUPO/JI-
HBIX YCJIOBUIA, TO OYAYLHIUM MacTepaM He
CKOPO yJ1aCTCS U3TOTOBUTh MHCTPYMEHT
C TAKHM K€ HEKHBIM 3BYKOM. OZTHAKO, 110
MHeHuIO [[xosdeda Harusapu (Joseph
Nagyvary), XUMHKa U CKPUIIMYHBIX JICJT
macrepa u3 CenbCKOXO3SIUCTBEHHOTO
U IOJIMTEXHUYECKOTO yHUBepcutera Te-
XaCa, BCE He Tak 6e3HajieskHo. Harusapu
YK€ TPUALLATD JIET 3aHUMAETCSL TEM, UTO
HUCCICAYCT BIIMAHUC PA3JIUYHBIX CITOCO-
OOB 0OPabOTKH JIPEBECHHBI HA KAYECTBO
3BYKA HU3TOTABJIMBACMBIX W3 HCC MY3bI-
KaJIbHBIX MHCTPYMEHTOB, U YBEPCH, IYTO
MOYKHO C/IENIATh CKPHUIIKY HE XYK€, YEM
y CTpaguBapy, HE JOKUASACh HOBOTO IVIO-
0a7IbHOIO NOXOAoAaHMsL. M
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feaUcmpailid ooronos

paxem KOAAUHS

CBepXnNpoOBOAMMOCTb MOMOraeT PErmcTPUPOBATb OTAEAbHBIE POTOHDI.

TIpubope! ¢ 3apsAfoBOL CBA3bIO (I13C) mu-
POKO NPUMEHSIOTCS B ObITOBOM 3JIEKTPO-
HHKE: B CKaHEPAX, (POTO- U BUJCOKAMEPAX.
TI3C-maTpu1ibl — CaMblil PaCIIPOCTPAHCH-
HBII THI OIITUYECKUX JICTEKTOPOB B ACTPO-
HOMMM, HO OHU HE TIO3BOJIAIOT OIIPEJE/IUTD
JUIMHY BOJIHBI U, CJIEJOBATE/ILHO, LIBET U3JTy-
ueHus. [ToaroMy B IU(POBBIX (POTOAIIIA-
PATaX MCHOJIb3YIOTCSI KDACHBIE, CUHUE U 3€-
JIEHBIE CBETO(DWIBIPBI UL OT/IE/IbHBIX K-
Celed WIM JAKE Ul TPEX Pa3HBbIX
TI3C-martpuL,. OfHAKO CBETO(MDWIBIPbI CHH-
JKAIOT YYBCTBHTEJIBHOCTb U IO3BOJIAIOT
JIAIIb IPUOIU3UTEIBHO OLPEIE/IUTD JUTUHY
BOJIHBL HegaBHO rpyma ucciae1oBaTeein
13 JIabopaToOpUr PEAKTUBHOTO JABHIKEHHUS
1 KanmpopHUICKOIO TEXHOIOIMYECKOTO
MHCTUTYTA IIOZ PYKOBOACTBOM IImrepa
Hesa (Peter K. Day) mpojieMOHCTpUpPOBaIa
CBEPXITPOBOZIAIIIEE YCTPOUCTBO, IIO3BOJIAIO-
1LIEE PETUCTPUPOBATD OTACIbHBIC (POTOHDI
Y OIIPEAEIIATD MX JUIMHY BOJIHBL HO I1aBHOE,
YTO U3 TAKUX MUKPOJATUUKOB MOKHO CO-
CTABJIATH OOJIBIITHE MATPHIIBL.

H3roToBIEHUE JETCKTOPA HAYMHACTCS
C HAHECEHU TOHKON AJIIOMUHUEBOM IUICH-
KM Ha caripUPpOBYIO NOVIOXKKY. ITocse Tpa-
BJICHUS OOBIYHBIM (POTOJIMTOrPAPUICCKIM
CIIOCOOOM Ha HEH OCTACTCS META/UTMYCCKAS
0710CcKa B hopme Meanapa. ITpu oxutakze-
HUU [IOYTH /IO A0COIIOTHOT'O HYJIs1 (HUKE
1° K) a/tOMHMHUAI IEPEXOANT B CBEPXITPOBO-
JIAIIIEE COCTOSAHUE, U B IIOJIOCKE BO3HUKAIOT
EKTPUYCCKUAC KOJICOAHMA.

B cBEPXIIPOBOAHUKE JICKTPOHBI OO6Pa-
3YIOT CIa0OCBA3AHHbBIC KyIICPOBCKUE I1a-
PBL, KOTOPBIE ABIDKYTCA B METAJLIE, HE
BCTPEYask CONIPOTUBICHUSA. IMEHHO JIeT-
KOCTB UX IIEPEMELIEHHUS OIIPEICIIIET PE30-
HAHCHYIO 4YaCTOTY KOJICOAHUN TOKA
B CBEPXIIPOBOJALIECH AJIIOMUHHUEBOI I10-
siocke. Korga Ha Hee nonazaer (poToH, OH
pa3pylaeT HEKOTOPDIE SJIEKTPOHHDIE 14~
PBL, [ies1ast CBEPXIIPOBOJHUK O0JIEE «BA3-

KUM». B pesyisrare pesoHaHCHAs 4aCTOTa
IIOJIOCKU CHIZKAETCS, 4 PE3OHAHC OCJIA0JIA-
ercst. CTEneHb 9TUX U3MEHCHUI 3aBUCHT
OT YHUUIA PA3PYIHIEHHBIX (POTOHOM KyIIE-
POBCKUX Map, KOTOPOE OIPEHE/IACTC
3HEpruent PoToHA, T. €. €0 JUIMHOM BOTHBL
Yewrenu v Apyrue 3J1eKTPOHHbBIC CXEMbL
34BEPLIAIOT IIPOLIECC AETEKTUPOBAHUSL.
W CIibITaHus OBITHOT'O OOPa311a IIPOBO/IU-
JIUCH C UCIOJIb30BAHUEM PEHTICHOBCKUX
(POTOHOB, UCITYCKAEMBIX PAJIMOAKTUBHBIM
HU30TOIOM JKEJI€34, HO KOHCTPYKLIHIO ICTE-
KTOpPa MOYKHO IPUCIIOCOOUTD K JIOOBIM
JUIMHAM BOJIH — OT CyOMUUIMMETPOBBIX
(MHUKPOBOJIHBI) 10 TAMMA-U3/TyYCHUS.

V OIIMCaHHOI'O IPUOOPA €CTh OTHO BAXK-
HOE JOCTOMHCTBO: IIPHU COCTABJICHHH OIITH-
YECKOM MATPHLBI HE OOA32TEIBHO OCHA-
IIATH [IPEAYCHTUTCIICM 1 CUT'HAJIbHBIM BbI-
BOJIOM KaKAbIM JICMCHTAPHBIA JJATYUK.
Ecim ncnonb3oBaTh 4151 IUKCEICH HECKOIb-
KO PA3/IMYAIONIHECS PE3OHAHCHBIE YaCTO-
ThI, TO MOYKHO ITPUMEHSITh OOIIHN ITPE/TyCH-
JINTEJIb 1 BCET'O OH CUTHAJIbHBIN OTBO/.

BbICOKOUYBCTBUTENIBHBIE ICTEKTOPBI OT-
JICJIBHBIX (DOTOHOB MOTYT IIPHUMCHATBCA
B ACTPOHOMMYECKUX HAOJIIO/IEHUSX B JIU-
ar1a30HE OT CyOMWIIMMETPOBBIX PaZHO-
BOJIH JO I'aMMa-HU3JIy4CHUS, B PCHTI'CHOB-
CKOM aHAJIN3€ MATEPUATIOB, (DITyOPECLICHT-
HOU MHUKPOCKOITMH OT/IC/IbHBIX MOJICKYJT
U B cUCTEMAX CBA3U. OHU YCIICIITHO HC-
MOJIB3YIOTCS JUISI IOMCKA 1E(DEKTOB B MUK-
pocxeMax, T.K. OOHAPYKHUBAIOT HH(PpPa-
KPAaCHOE U3JIy4EHUE, HCITyCKAEMOE TPAH-
3UCTOPAMHU ITPH [TEPEKTIOUCHHUH.

K coxanenuio, ypoBeHb COOCTBEHHOI'O
LIyMa ACTEKTOPOB OKA3AJICS BBIIIC OXKU/IA-
€MOro. UyBCTBHUTEIBHOCTBD JJATYHKOB JIOC-
TATOYHO BBICOKA /151 HEKOTOPBIX ACTPOHO-
MUYCCKUX HAOIOACHUI C 3eMJIH, HO IS
MIPOBEACHUSA UCCIICAOBAHUN C IIOMOILBIO
KOCMHYECKHX TEJIECKOIIOB €€ HYKHO I10-
BBICHUTH KAK MHUMYM B ICCATH PA3. |

=
M3C-MATPVILIA Teneckona Keck B [aBain-
CKown obceparopumn Ha MayHa-Kea —
TUMVYHOE YCTPOMCTBO AASI MOAYHEHMS
M300POKEHMIN B COBPEMEHHOW ACTPO-
HOMMM. CBEPXMPOBOAHMKOBbIE MM3C-Ma-
TPULbI MO3BOASIT PEMCTOUPOBATL OT-

AENbHbIE POTOHBI.

NOrPAHU4YHOE AETEKTUPOBAHWUE

CBEPXMPOBOANMOCTb  UCMOAB3YETCS]
M B APYTOM TUME BbICOKOYYBCTBUTEABHBIX
AETEKTOPOB. KycoueK CBEPXMPOBOAHMKO
NMOAAEPYKMBOETCS HA NOAHM MPEBPALLLE-
H151 B OObIYHBIV MPOBOAHVK, T. €. MPU TEM-
nepaType YyTb HKE TOYKM NEPEXOAQ
B CBEPXMPOBOASILLEE COCTOsIHVE, Ma-
AeMiLLee NoBbILLEHNE TEMMEPATYPSI, Bbl-
3BOHHOE MOMOLLEHME EAVHNYHOTO GOTO-
HQ, NPVBOAUT K MOTEPE CBEPXMPOBOAN-
MOCTU W, CAEAOBATEABHO, PE3KOMY
V3MEHEHMIO AEKTPNYECKOTO COMPOTYIB-
AEHVS LLenn, KOTOPOE PEerncTpmpyeTcs
SAEKTPOHHOM cxemomn. COTRYAHMKM Ha-
LUMOHOABHOMO  MHCTUTYTO  CTOHAQTOB
1 TexHonornm CLUA pabotarot HoA CO3-
AQHMEM BOCbMU MATPULL MO 1600 nukce-
Aen AN TeAecKona «MakcBeAA» [aBAN-
cKon obcepsatopun HA MayHa-Kea
(cenyac TaM YyCTAHOBAEHbI ABE H4-MMIK-
CeAbHble MATpULIBT). OHK NPEAHA3HAYE-
Hbl AASTHOBAIOAEHWN B CYOMUAAMETDO-
BOM AMQMO30HE. AAST KAKAOTO MUKCEAS]
TpebyeTCsl OTAEAbHbIN CBEPXMPOBOAS-
LA KBOHTOBbIN MHTEPOEPEHLIMOHHDBIN
AQTYNK, UTPOIKOLLUM POAb YCUAUTEASI.

B Mupe Hayku
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COBbITUS B MAE

18.05-19.05 2004 .

6-9 KOHepeHUMs «BoaHble aKOCK-
CTEMbI 11 OPTraHMU3MbI»
Buonoruyeckum pakyaster MY

18.05-19.05 2004 r.
MeXKAYHOPOAHBI CUMMO3NYM
«Immnpykenormnst — 2004»
MOCKOBCKUM FOCYACPCTBEHHbIN CO-
LMUCAAbHBIA YHUBEPCUTET

25.05-27.05 2004 .

10-91 HOYYHQS! LUKOAQ-CEMUHAP «AKY-
CTUKO OKEQHO»

UHCcTUTYT OKeaHoAorum PAH

25.05-28.05 2004 .

2-91 MexXAYHAPOAHAS KOHGEepEHLMs
«BMIOTEXHOAOTUSI — OXPPAHE OKPYIKALO-
LEN CpeAb»

Buoaornyeckumn pakyaster My

HOBO® B neoussoficTee monUMEPOB

deaop Kanmua

B DxcnoueHTpe NpouIad NaTas MexX-
JYHApOJHAsl BBICTABKA TEXHOJIOIUM
IIPOM3BOJCTBA U3JCINHI U3 IVIACTMACC
«MHpycrpus nnacrmacc—2004». Cpoio
NPOAYKIUIO HpeAcTaBuau 127 dpupm
M1 KOMHIaHuit u3 16 crpan. OHHU 1po-
JIEMOHCTPUPOBATIN HOBEHIEEe 060pPy-
JIOBAHHE, CBIPbE U BCIIOMOTI'ATCIbHBIC
MaTepUaAbl — KaTAJIU3ATOPHL, CTA0U-
JIM3ATOPBL, HAIIOJHUTE/IU, BCIICHUBAIO-
Y€ ar€HThl, IUTMEHTHL U T.1. B gecs-
TU TEMATHUYECKUX pas3jenax OblUId
NPEACTABIEHDBl IMOCJAEIHUE HAYYHO-
TEXHUYECKUE PA3PAOOTKH, OTPAKAIO-
e COBPEMEHHBIE TEHCHIIUU U IIEP-
CIICKTHUBBI PA3BUTUS JAHHOU OTPACIH.

Pa6oTy OGOJBHIMHCTBA 3KCIIOHATOB
MOHO 6bUIO HAOJIOAATH B JICHCTBUH,
4TO a0 CIECLHUAJINUCTAM BO3MOX-
HOCTb CPa3y OLLCHUTb UX JOCTOUHCT-
Ba M HEAOCTATKU. MHOI'HE MEXAHU3MBbI
ObLIN Ppa3paboTaHbl CHECLUAIBHO /I
POCCHUIICKUX POU3BOJUTEIIEMN.

1 CIEIUaINCTOB B PAMKAX 3KCIIO-
3ULIMK [POHIET psj, KOH(EPEeHUUNI
U CEMUHAPOB, B YACTHOCTH «TeXHOI0-
UM IIOJYYCHUA U IIEPEPAOOTKU IO~
MepOB», «COBPEMEHHBIC KJICH U I'€pPME-
TUKW», <«[IepCIIeKTUBBI PBHIHKA I1OJIH-
mepos B CHI». W

UCCNBO0BAMBNbCKUE yaupercuTeTn

AAna Poroea

[Mocon CLUIA B Poccum AAeKkCaHAP
BepLuboy.

4—6 aripesisi B MOCKBE POXO/IH/IA POCCHI-
CKO-aMEpPHKaHCKasd KoHpepennusa «Mc-
CJIEAOBATE/ILCKUE YHUBEPCUTETEI—2004>.
OpranusaropamMu BbICTYIIWIA MUHUCTED-
CTBO OOPA30BAHUA U HAYKU POCCHIICKON
depepanyn, Poccuiickas akaieMus HayK 1
AMEPUKAHCKUN (POHJL I'PAKAAHCKUX HUC-
caenoBanuil v passutys (CRDF). B OTKpbI-
THH KOH(DEPEHIIUN IPUHAIA YYACTUE MU-
HUCTP O0Pa30BaHuA U HAyKH PO AA. Dyp-
CEHKO, IIpejicenares komurera focynap-
CTBEHHOH yMbl PO 1O 0O6Pa30BAHUIO
n Hayke H.M. Bymaes, Bunie-npesujicHT
PAH, akagemuk B.B. Koznos, mocos CIIIA B
Poccyu Anekcanyip Bepmboy, pexrop MI'Y,
axkageMuk B.A. CanosHuunii, pekrop MI'TY
nM. H.D. baymaHa, 41eH-KOPPECIOHCHT
PAH N.b. ®epopos, npesujaeHT CRDF n-p
Tepcon lep.

Capire 100 pykoBOgHTENIEN OTEYE-
CTBCHHBIX U dAMCPHUKAHCKHUX YHHUBEP-
CUTETOB COBPATIUCH JIJISI TOT'O, YTOOBL
006CyAUTh, KAKUMM JOJDKHBI OBITh
HCCIIENOBATEIbCKUE YHUBEPCUTETHI
B Poccun, u HaMeTUTh OyTH PA3BU-
TUA U HOLJACPKKHA HAYYHO-HCCIEL0-
BaTEJIbCKUX YUpeKIcHUN. B xone 06-
CYXKIEHHUS MOAHUMAINUCH BOIPOCHI
OpraHu3aluyu HUHPPACTPYKTYPbL YHU-
BEPCUTETA, CO3JaHUA OTJIAKCHHOU
CHUCTEMBI YIIPABJICHUSA UCCICIOBAHN-
SAIMU. BBICTYyIIaBIIUX BOJIHOBAJIM B3a-
MMOOTHOWIECHUSA C IPOMBIIIJIECHHBI-
MU HOPEANPUATUAMH, HALHUOHAIb-
HBIMM J1200PATOPUAMH, AKaJCMHUYC-
CKHMH UHCTUTYTAMHU, 4 TAKKE IPOO-
JleMbl (PUHAHCUPOBAHUA. M
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HOBOCTH H KOMMEHRTAPHH

rocypaecren s XKI Beke

AAna Poroea

8 anpesa B MOCKBE B rOCTHHULIE «P3mc-
COH-CIIaBAHCKAsI> COCTOSUIACh BTOPAs €KE-
rogHas KoHgpepeHuus «focynapcrso B XXI
BEKE», OPraHU30BAHHAA [IpeCTaBUTENb-
cTBOM Microsofi 8 Poccum n CHI ipu moj1-
JleprKKe KoMItanuu Hewlett-Packard.

OCHOBHBIMU TEMAMHU KOH(PEPEHLIUN
CTAJIM CTAHJAPTHU3ALMS U IPAKTHIECKOE
BHE/IPEHUCE MEPENOBbIX MTH(HOPMALIMOH-
HBIX TEXHOJIOTMH B Pa60OTY TOCYJdpCTBECH-
HBIX CTPYKTYP.

B MeponpuaTin NpUHAIN y9acTue 60-
Jiee 700 4eI0BEK, CPEIU KOTOPDIX ObUIN PY-
KOBOJUTENIN U COTPYAHUKU YIIPABICHUI
MH(POPMAILTHMOHHBIX TEXHOJIOI'MH, DyKOBO-
auTend (PUHAHCOBBIX IOJIPA3/IEIICHUM,
CHELUAIACTBL B O6JIACTH OE30IIACHOCTU
UH(POPMALIMOHHBIX CUCTEM U ITIaBHBIE
cnenuanucTel IT-niogpasaenenuii peje-

PaJIbHBIX, PETMOHAILHBIX U MECTHBIX OP-
aHOB I'OCYIaPCTBEHHOM BaacTy Poccum.

Kongepenuuio orkpeua llepen Ba-
JepbeBud llepeHos, pyKOBOJAMTEIb
JenapraMeHTa KOPHOPATHUBHOIO YIIPa-
BJIEHUS U HOBOM 3KOHOMMKU MHHU-
CTEPCTBA 3KOHOMHYECKOI'O PA3BUTHA U
Toprosau P®; Koncrantun Brnagnmu-
poBu4Y BeTpoB, NEPBBIN 3AMECTHUTEIIb
npexacenaressi Komurera no uagopma-
UOHHOM NoJuTUKE locaymbl PO, u
Oner Bmagumuposud BAXOB, HA4Ya/Ib-
HUK YIPABICHUA II0 KOOPAWHALWH
OUIT «DnexkrponHas Poccusa» B MUHU-
crepcrse PO TpaHcriopTa U CBA3U.

B paMKax TOpKECTBEHHOM YaCTH KOH-
depeHurn  3aMeCTUTENb  AUPEKTOPA
[71aBHOIO MEXPErvOHAIBHOIO LIEHTPA
06pabOTKU U PACIIPOCTPAHEHUS CTATH-

crrdeckon napopmanuu depepaarbHOn
CITy>KOBI T'OCYJAPCTBEHHOIN CTAaTUCTUKUA
Bnagumup fmmH Bpydwsa npe3ujeHTy
Microsoft 8 Poccun u CHI' Osbre Jepry-
HOBOW MEZAJIb «3a 34C/IYIU B IIPOBEACHUM
Beepoccuickon nepenycu HaCeIeHus >,
Pabora xoHGEPEHIIMU MPOXOANIIA
B HECKOJIBKMX TEMATHYCCKUX CEKIMAX,
B YETBIPE MAPAJUICTIBbHBIX TOTOKA: «APXH-
TEKTypa JIEKTPOHHOI'O IIPABUTEILCTBAY,
«Ob6ecnieueHre NHPOPMAITUOHHON 6€30-
ACHOCTW», «IeXHOMoruu u pemenus Mi-
Crosofi», «ONEeKTPOHHBINA JOKyMEHTOOOOPOT
U IETIONPOU3BO/ICTBO», TH(OPMATMOHHO-
AHAIUTUYCCKUE CUCTEMBI M CUCTEMBI IIPH-
HATUA PEHICHUN», «CRM 1 ERP-CUCTEMBI
B OPraHaX I'OCYyAapCTBEHHO BIACTU», «Pe-
menus Microsoft u Hewlett-Packard s
SJIEKTPOHHOI'O IPABUTC/ILCTBA>. M

moromoy 8 JKCI

LeHmpe

Uropb NotemMKuH

YV MOTOTEXHHUKMU B IIOCICHHEC BpPEM:
TIOSIBJISICTCS BCE OOJIbIIE IMOKJIOHHU-
KOB — 3TOT BHUJI TPAHCIIOPTA XOPOII HE
TOJIBKO JJI1 OTIbIXA. MOTOLIMKIIBI U CKY-
TEPbl MAHEBPECHHBI, YTO HEMAJIOBAKHO
IpU IEPEABIDKCHUU 110 3a0HUTOMY
npob6kamMu ropojy. IToaromy mnpoxo-
JUBIIUNA C 25 1O 28 MapTa B DKCIO-
nenrpe Ha Kpacnon Ilpecne 1-1 Moc-
KOBCKHI MeXXIyHapOJHbINA MOTOCAJIOH,
HCCMOTPA HA MAJICHBKYIO ILIOINAAb
U OTCYTCTBHUC PEKIAMBL, IPUBJICK BHU-
MaHHE HIHPOKOI ITyOIHUKH.

Ha crenjax MOXXHO ObLUIO YBH/IETb
MOTOLIUKJIBL, CKYTE€Pbl, MOTOBE3EXO/bI,
4 TAKKE KYIIUTh 3aI49aCTU U AKCECCya-
pbl K HUM. bbuta npeacTasieHa HOBE-

mast IPOAYKIIUA BCEMHPHO U3BECTHBIX
MapoOK, TakuxX Kak BMW, Honda,
Yamaba, Suzuki, Ducati, Harley-
Davidson, 1 MaluHbl POCCHUHICKUX
npoussogurenenn — OAO «MxkeBckue
MOTOLHUK/Ib> U MPOUTCKOIO MOTOLIUK-
JIETHOT'O 3aBOJA.

IToceTruTeNn MOIJIM HE TOJIBKO MOJIIO-
60BATHCS MIPE/ICTABICHHON TEXHUKOM
U TOJIYYUTh HEOOXOAUMYIO UH(POpPMa-
LIUIO, HO U «IIPUMEPHUTb> HA C€OI MO-
TOLUKJI, CKyT€p WIU MOTOBE3LEXOI,
IIOYYBCTBOBATb CEOsl 3aB3SITbIM OariKe-
poM unu paborHuxkoM JAIIC. M
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PAKTbI U LUDPbI

YYEHbIE TAYMEKOT?..

COrAaCHO MOCAEAHVM CTATUCTUYECKM
AQHHbBIM, YACAO MPUCYIKAEHNN AOKTOP-
CcKoW cTenenn yHmsepcutetamm CLLUA
MPOAOAKAET MAAQTE: AOCTUIHYB MAKCU-
MyMQ B 1998 I., CErOAHS1 OHO YNAAO AO
YPOBHs 1993 I. B HOMGOAbLLEN CTENEHN
3TO CHWXKEHME KACaeTCsl OBAACTU ec-
TECTBEHHbIX Y TEXHNYECKMX HOYK.

Yucao yHueepcutetos CLUA, npucyx-
AQIOLLMX CTENEHb AOKTOPA HAYK: 413

HYNCAO MPUCYXKAEHMIN AOKTOPCKOW CTe-
MEeHM K KOHLLY OKAAEMMYECKOTO FOAQ:

B2002r.: 39955
82001 .: 40790
B 1998 r.: 42654

YNCAO MPUCYXKAEHMIN AOKTOPCKOW CTe-
NeHM B OOACCTN €CTECTBEHHbIX U TEXHM-

YECKMX HAYK:

B2002r.: 24558
82001 25525
B 1998 27283

MPOLEHT AOKTOPCKUX CTEMNEHEeN, Npu-
CY>KAEHHBIX TPAMKAQHAM MAM MOCTOSIH-

HbIM D KkTeAsm CLUA B 2002 .

B OOAQCTV T'YMAHUTOPHBIX HOYK:  80%
B OOAACTY GUBNYECKMX HAYK: 55%
B OOAQCTU TEXHUYECKMX HAYK: 39%

[9Tb CTPOH, YbMM YHEHBIM YHMBEPCUTE-
Tol CLUA yvalle BCero npucy>XaAaAmM B
2002 1. AOKTOPCKME CTEMNEHM B OBAQCTU
€CTECTBEHHbIX U TEXHNYECKIX HAYK:

Kurai: 2395
HOxHas Kopest: 854
NHANS: 678
TarBaHb: 489
KaHaaa: 312

NEMOTPADHYECKHH

kpuue

KapuHa TusaHoBa

B nocnegnne rogpl geMorpadudeckas
CUTyallMs B HAIIEH CTPAHE BbI3bIBA-
€T OY€Hb CEPbE3HYIO OOECIOKOCH-
HOCTb. IIpO61eMBbI HU3KOU POXKIAEMO-
CTH U BBICOKON CMEPTHOCTU IIHPOKO
OO6CYKIAIOTCA CPEACTBAMH MaCCOBOU
nuHdopMaUU, 06 3TOM IrOBOPAT MEP-
BbIC JIMIA Trocygapcrsa. IlpesunpeHt
Poccun B.Ilyrun B Ilocimanum depe-
panbHoMy COOpaHUIO HA3Bal CHUTYya-
UIO KPUTUYECKOM.

Brnpouem, BOIpPOCH (PU3UUECKOTO
U JIyXOBHOI'O 3I0POBbsSl HALIUM, €€ BbI-
JKMBAHUA U OyIOyLIEro aKTyaJIbHbl HE
TOJIBKO Uil POccuu, HO U JyId BEAYIINUX
€BPOMNECICKUX rocy1apcTs. Hegapom ne-
MOrpaHuueCKUU KPU3UC OOCYKAACTCS
Ha ypoBHe Opranuzanuu O6be/IMHEH-
HbIX Harmm.

B nponuiom rogy ara rema HEOJHO-
KPAaTHO IOJHHUMAJIACh HA 33aCELAHUAX
[TapnaMeHTCKOIO Ki1y6a «Poccuiickui
HapAaMEHTAPpUI». B «KpyIIbIX CTOMAX>
MNPUHUMATIN AKTUBHOC y49aCTHC OCMO-
rpadsbl, COLUOJIOTH, NPEACTABUTEIN
Pycckoyt mpaBOC/IaBHON LEPKBH, M3-
BECTHbBIE [TIOJIUTUKY, JenyTaTel [ocymap-
cTBeHHOU JyMmbl: C.Inasepes, B.IaTuen-
KO, A.4yes, A.Yununrapos, B.)Kupu-
HOBCKUI. Ha 0/JTHOM M3 COOpaHU C J10-
KJIaJOM BBICTYIIMJI MHTPOIIOJMT Ku-
puuL. UTOrom o6CyXACHUU CTana pe-
30JIIOLMS, KOTOpAsl OblIa HAIIPABICHA
HNPEINCTABUTENSAM BCEX BETBCH BIACTH,
UHCTUTYTOB I'DAXKAAHCKOIO OOIIECTBA
U CPEACTBAM MACCOBON MH(OPMALIUH.

B despane npiHemnero roga Iapna-
MEHTCKUH KIy6 npu noajgep:xkke Komu-
Tera focynapCTBEHHOM yMbl IO O6pa-
30BAHUIO M HAYKE BHOBb IIPOBEJI
«KPYIJIBII CTOI» HA TeMY «[JI06aIbHBIA
geMorpauueckui Kpusuc u Poccus».

BHHUMAaHUIO y4aCTHUKOB 34CCHAHUSA
ObLJI TPEJCTABICH JIOKJIAJ, Jaypeara
npemuu IIpasurenbcrsa PO 2003 1. 3a
UCCIEJOBAHUS B OOJIACTHU JIEMOrpa-
¢duu npodeccopa C. Kanuuwl Ilepen

COOPABIIUMUCA BBICTYIIMIA 3AMECTU-
Tenb npeacenarens Komurera locynap-
CTBEHHOH JyMbl IO OO6PA30BAHUIO
1 Hayke B.MBanHOBa, OHa HAIIOMHWIA
csioBa B. IlyrnHa 0 HEOOXOJUMOCTH CO-
3/]JaHUS KOHKYPEHTOCIIOCOOHOI'O 00-
LIECTBA. A /I 3TOI'O B IIEPBYIO OYEPEND
HEOOXOJUM €CTECTBCHHBIH INPUPOCT
Hacesnenus. Xord nnociae 2000 1. nacry-
HJId OIPEACICHHAA CTA0MIN3ALINA,
HEJIb3d 3a6BbIBATb O TOM, YTO INOCIE[-
Hee gecaTuneTue XX BEKa IMPAKTUYC-
CKHU IIPUBEJIO K PA3PYIIECHUIO COLIUAIb-
HO-KYJIBTYPHOI'O T'€HOTHUIIA CTPAHBL.
CeropHs, paszpabaTbiBas CTPATETUIO
pasBuTHUA rocygapcrsa o 2015 r., He-
06X0MMO MNPOAHATU3UPOBATL BCE
(daKTOpPEL, BIMAIOIIME HA JEMOIDA-
(PUUECKYIO CUTYALUIO, U JOOUTHCS 1O~
JIOKUTEIBHOU TUHAMUKH.

MBaHOBA 3a4TPOHYJIA TAKKE BOIIPOCHL
BbIBO34 JieTel 32 pybesk. ITo ee MHEHHUIO,
B HBIHECIIHECH CHUTyallUHd pPa3peuaTrh
YCBIHOBJIEHHE B JPYTUE CTPAHBL HE CO-
BCEM NPaBUIbHO. OAHAKO, KAK BO3pa-
3WJId 3aAMECTUTENb MUHHCTPA 34PaABO-
oxpanenus O.Illapamnosa, 32 T'paHULY
Yalie BCETO YBO3AT JCTCH-UHBAIUOB,
OT KOTOPBIX OTCYECTBCHHASA MEIULIMHA
OTKA34J1ACh, 4 TOCYAAPCTBO HE B COCTO-
SIHUU [TPEIOCTABUTD UM HEOOXOUMBIA
YXOZ, *KUJIbE U, [NIABHOE, BO3MOXKHOCTD
JKUTDb B IIOJTHOIICHHOM CEMBE.

BONBIIYIO TPEBOTY BBI3BIBACT U TOT
(AKT, YTO KOJIMYECTBO «OTKA3HBIX» JI€-
TEH CTAaHOBUTCA Bce Oompuie: 80% BOC-
MUATAHHUKOB JIETCKUX JIOMOB HAXO/ISITCS
Ha IONEYEHUHN I'OCYJaPCTBA ITPHU JKHUBBIX
poaurenax. Takum oOpa3oM, BOIPOCHI
HPaBCTBEHHOI'O BOCIIUTAHUA U MOPaJlb-
HBIX I[EHHOCTEH HAIPIMYIO CBI3aHBI
C JEMOrPpaPUUECKOU CUTYALIUCH.

Ha 3acepanuu mogHUMAIMCh TAKXKE
BOIPOCHI BHEIIHEN U BHYTPEHHEN MU-
rpauuun. Pykosogurens degepanbHON
CJIy’KOBI TOCYIaPCTBEHHOM CTATUCTUKU
B. COKONIMH CYUTACT, YTO B HEJAJICKOM
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HOBOCTH H KOMMEHRTAPHH

OyJylleM Ha4yHETCs 60pbOa 32 IMUI-
PaHTOB, IIOCKOJIbKY CEI'OIHA 3TO €AHH-
CTBEHHAs1 BO3MOXKHOCTb Il CTPaH
3anaaHoi EBpONbI KOMIIEHCUPOBATH
yObBUIb KOPEHHOT'O HACEJIECHUA U IIOJIy-
YUTb HEJAOPOIYIO pabouyio cuiy. B Ha-
1€ CTPAHE JEI0 OOCTOUT IO-/IPYTrOMY.
Ecnmn B 1994 1. Poccusi mpuHHMAaIa
CTOJIBKO K€ MHUIPAHTOB, CKOJIbKO
u CIHIA, TO CIIyCTA AECATD JIET UX KOJIU-
4ECTBO COKPATUWIOCH BABOE. [Ipu aTOM
¢ 2008 1. YUCJI0 TPYAOCIOCOOHBIX I'Pa-
JKJAH HAYHET CHUXKAThCI U K 2016 1.
yMeHbIUTCA HA 10 MMJUIMOHOB. MOX-
HO CTPOUTDH I'PAHAMO3HBIC IUIAHBI, HO
KTO K€ OyJIeT IIPETBOPATD UX B XKU3Hb?
11 UHTEHCUBHOI'O PA3BUTHUS 3KOHO-
MHKH, HAYKH, 3lpABOOXPAHCHUSA, OOpa-
30BaHUsA, KYJIBTYPbl, CHCTEMBI yIIPABIIC-
HUS TPEOYETCsL BCE OOMIbILIE TPYAOBBIX
pecypcoB. TakuMm 06pa3oM, perieHue
npob6ineM peMorpauu HEBO3MOXKHO
B PaMKaX OJHOI CTPAHBbI — 3TO 3a/a4a
MHPOBOTO MaCIITa64.

JlekaH (PUHAHCOBO-3KOHOMUYECKOT'O
¢daxynsrera POCCHIICKOIO OTKPBITOT'O
yHusepcurera npodeccop T.Perenrt
IIOAYCPKHYJIA, YTO HAMIMM I[JIABHBIM
60TaTCTBOM OCTAIOTCA OKOJIO 20 MHII-
JIMOHOB PYCCKHMX, IIPOKHBAIOIMINUX Ha
IIOCTCOBETCKOM IIpOCTpaHcTBeE. ITo ee
MHEHUIO, CTPaH4 HE CMOIJIA WIH HE 3a-
XoTenaa HCIIOJAb30BATH YHI/IKaJIbHI)Iﬁ
mIaHC, Korjga mocae pacnaga CCCP
B Poccuio XJipIHy/la OrpOMHadg Macca
PYCCKOA3BIYHBIX HepecencHues. Toraa
MUTpanusa HA 95% IOKPbUIA HAYABIIY-
I0CA enonyaanuio. OJHAKO HUYEro HE
OBbUIO CAEIAHO, YTOOBI 3AKPEIIUTD U PA3-
BUTb 3Ty TEHJACHIUIO. B pesyinsrare
B 1998 1. 3amenieHne MUrpauet ecre-
CTBEHHOM yOBUIH cocTaBmiIo 40%, a B
NpouuIoM roay — Bcero 4,1%. Ho eme
€CTh WIAHC MEPEJIOMUTh MHUIPALMOH-
HYIO cUTyanuio. /it 3Toro HeoOXo/1u-
MO AKTHBHO IIPUBJICKATb B CTPAHY Ta-
JIAHTJINBYIO MOJIOJCXKb, CO3/1aBasg CH
O6JIarONPUATHBIE YCIOBUSL.

O npob6iemMax MOIOAEKH TI'OBOPHUIL
u A. Yyes, 3aMECTUTE/Ib IIPEACEHATEII
Komurera no penam OOLIECTBEHHBIX
OObEIUHEHUI U PEIMTUO3HBIX OPIdHU-
sanu I/l 1 aBTOp 3aKOHONIpOoeKTa «O6
OXpaHe 3J0pPOBbA TI'paxiaaH Poccuri-
ckoyt degepanmnu, HAIPABJICHHBINA Ha
3ALUATY XKU3HU HEPOXKACHHBIX JETCI>.
B 4yncie npuYnuH yXyamEeHUs AeMorpa-
pUUECKON CUTYyaLIMU OH HA3BAJI COLIU-
AJIbHO-3KOHOMUYECKYIO HECTAOMJIb-
HOCTb, HEJOCTATOYHOE BHUMAHHEC
K MOJIOABIM CEMBSM, 4 TAKKE OIPOMHOC
KOJIMYECTBO PA3BOJOB.

BbIXO0M MX CO3[aBIIETOCS II0JIOXKE-
HUA JOJ/DKHO CTaTh (DOPMUPOBAHUE
U IUIAHOMEPHOE IIPOBEJCHUE IOCYyAap-
CTBCHHOI IOJIMTHUKH OJACPIKKH CEMBU,
MATEPHHCTBA U JeTCTBA. CICIyeT YIUTbI-
BATb U TOT (PAKT, UTO HE B IIOCJICIHIOIO
ouepeb Ha 3J0POBbE HALIUU M, COOTBET-
CTBEHHO, Ha BOCIIPOHU3BOJCTBO HACENE-
HUS BIUAIOT «3IHJEMUH HOBOT'O BEKA» —
CIIMJ 1 HapkoMaHus. W

NEPCAEKTHBHOE PASBATHE GIT[JAH b

Ceprev OraHecsH

He nopyexur COMHEHUIO, YTO IOCTYIA-
TEIBHOE PA3BUTHE POCCUHICKOM SKOHOMU-
K1 HEBO3MOKHO O€3 BHEAPEHUS B IIPO-
MBIIIUICHHOCTDb HAYYHO-TEXHUYECKUX JIO-
CTIDKEHMNA. HaM HYXHO HE TOJIBKO
COXPAHATb UHTEJUICKTYAJIbHBIH TOTEHIIN-
aJ1, HO ¥ BOCCTAHAB/IUBATD YTPAYE€HHBIE [10-
3ULIUH, 1TAPAJUIEC/ILHO PA3BUBASA BBICOKO-
TEXHOJIOTMYHOE IPOM3BOACTBO.

OJHUM M3 IaT'OB B TOM HAIIPABICHUU
crajo cozganue B focayme PO mexdpak-
LJUOHHOT'O JEIYTAaTCKOI'O OObEIUHCHUS
«Hayka 1 BBICOKME TEXHOIOTUW»>, Ky[a BO-
11€JT PSIJT BUJIHBIX JICITyTATOB-aKa/IEMUKOB
1 OKOJIO 30 JOKTOPOB M KAHAUJATOB HAYK.
Bosrnasun ero akagemuk, Hob6eneBcKun
naypeat Kopec Andgepos. Ha nmpecc-koH-
(pepeHIUH, TOCBAIEHHON JAHHOMY CO-
OBITHIO, OH OTMETWI, YTO HOBASI CTPYKTY-

pa — HCIOJIUTUYCCKAA OpraHmn3anusl,

[IPU3BAHHAA 3AIIUIIATL U JIOOOUPOBATD
MHTEPECH HayKU. K coxaneHnuio, gerryra-
TbI JIyMBI IIPEABIIYIIETO CO3bIBA (DPAKIIU-
OHHBIC MHTCPCChI CTABUJIN BBIINIC HAYY-
HBIX. JIeJ10 JOXOAMIIO 10 KYPbE3OB: B YaCT-
HOCTH, HIECTb U3 CEMU aKAJEMHUKOB
IIPOr'OJIOCOBAIH 34 TO, YTOOBI AKAZE MU
Hayk PP obmaranach HaJIOrOM.

CerogHs NPUOPUTET UMEIOT OTPACIH,
CBA3AHHBIE C (DYHIAMEHTAIbHBIMU UCCIIC-
JOBAHUAMH B OOJIACTU JICKTPOHUKU, MU-
KPO3JICKTPOHUKY,  HAHOICKTPOHUKU,
OHUOTEXHOIOIMH, MATEPHUATIOBEACHUA, IIO-
CKOJIbKY 6€3 UX UHTCHCHUBHOI'O PA3BUTUS
O CEPbE3HOM TEXHOJIOITYECKOM IPOPLIBE
TOBOPUTD HE IIPUXOAUTCS.

ITo mHeHUIO AndepoBa, HEOOXOAUM
KOMIUIEKCHBIH MOAXO/T K PEHICHUIO CBSI-
3aHHBIX C HAYKOH 3aKOHO/IATEIbHBIX BOII-
pocosB. CnenyeT yAeaaTb BHUMAHUE Ka/l-

pam, GUHAHCHPOBAHUIO HAYYHBIX UCCIIC-
JIOBAHWH, CO3/IaHUIO ITPOMBIIIUIEHHO Oa-
3bl BBICOKHX TCXHO.TIOI‘I/IIZ7 JKUIAITHOMY
CTPOUTEBCTBY, PA3BUTHIO POCCUICKOIO
IIPOU3BOJCTBA, 3AIIUTEC BHYTPECHHEIO
PBIHKA OT HEJOOPOCOBECTHOMH KOHKYPEH-
LIMU 1 OKCHAHCUU 3aPYOEKHOU POAYK-
UM, OXPAHE UHTEJUIEKTYAIbHON COOCT-
BEHHOCTH U T.[I.

Kpome Toro, ciiesyer yauTbIBaTh, YTO He-
rOCYyapCTBEHHBIA CEKTOP IPOU3BOACTBA
COCTABJIACT B HALIEHU CTPAHE OKOIO 90%,
IIO3TOMY OY€Hb Ba’KCH OIArONPHUATHBIN
HAJIOTOBBII KJIMMAT, IO3BOJIAIONINAN IIPE/I-
HPUATUAM UHBECTUPOBATD CPEICTBA B HO-
BBIC TEXHOJIOTHUU. OIITUMAJIbHBIM BapraH-
TOM PEIICHUS NPOOIEMBI MOMKET CTATh
OOBEAMHEHHE YCUINI HAYYHBIX OPTaHU-
32.L[I/Iﬁ U ITPOMBINUICHHOCTH BBICOKUX TCX-
HOMOru. M

B Mupe Hayku
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11K ns nesun

deaop Kanmua

B Mockse npomuia jecstas, 106uien-
Hasl BhICTaBKa «KaHIIDKCIIO», OpraHu-
30BaHHag 3A0 «®kcnoneHTp» u OO0
«HanMOHaNIbHBIN KAHICIAPCKUN aAJlb-
SHC» I10JI HaTpoHaToM TOproso-npo-
MBIIUICHHOM manatel PO. 3a naTh ner
CBOETO CyHIECTBOBAHUA OHA CTajla
IJIABHBIM HAIIMOHAIBHBIM (POPYyMOM
POCCHUICKUX MPOU3BOAUTEIICH KaHIIC-
JIIPCKUX TOBAPOB, IPEJOCTABISAIONIM
MOJIHYIO UH(POPMAITUIO OO 3TOM PbIH-
K€ U OINPEAC/ISIONUM CTPATErUIO pa3-
BHUTUSL OTPACIIU.

CBOIO HPOAYKIMIO NPEACTABUIN HE
TOJIBKO KPYITHBIE POCCUMCKHUE KOMIIA-
HHUU (COCTABJIAIONINE OKOIO 70% OT 06-
IET0 YUCIAd IKCIIOHEHTOB), HO MU HO-
BbI€, MAJIOU3BECTHBIC IOTPEOUTEIIIO
¢dpupmbl. CTATUCTHUKA OKA3bIBAET, YTO
C KOK/IBIM Pa30M YUCIO YYACTHUKOB
BBICTABKU YBEJIUYUBAETCS. B aTOM rony
BIIEPBBIE ITOSIBUJIMCH CTEH/IBI TOJIBCKUX
U TYPELIKUX IIPOU3BOJUTEIICH.

IToceTnTen 03HAKOMUINUCDH C LIUPO-
KHM a4CCOPTUMEHTOM KAHITOBAPOB, HE-
O6XOIMMBIX KaK B IIOBCEJHEBHOU K13~
HH, TaK U B pPaboTe: MHUCbMCHHBIMU
HNPUHAIECKHOCTAMHU, O(PUCHOI U CyBE-
HUPHOM IPOJAYKIUEH, 3IUTHOU OpPI-
TEXHUKOM.

IToceTuTeNAM NPEAIOKUIN OPUTH-
HaJIbHbIC HOBUHKM, BBI3BABIIUE OOJIb-
OU UHTEPEC: O(DUCHBIC NPUHAIICK-
HOCTH C APOMATHYECKUMHU JOOABKAMU,
PYYKHA C BMOHTUPOBAHHBIM HITEMIIE-
JIEM, IIAPUKOBBIC PYYKH, aHATOMUYEC-
CKU aJAITUPOBAHHBIC /I IUCbMa KaK
IIPABOH, TAK M JIEBOU PYKOM, KOHBEP-
Thl U3 HEPBYIIEUCA OyMaru U C KeCT-
KOW BCTABKOMU I IIEPECBUIKH JUCKET
1 KOMIIAKT-AMCKOB. [leTIM NOHpPaBU-
JIMCbh PACKPACKa-KaJ€HAAPb W IUIACT-
MAaCCOBBIM KOHCTPYKTOP, IIO3BOJISAIO-
cobparb
reoMeTpudeckon ¢urypsl. Typenkue

1100705 MOJEIb  JIIOO0H

(pUPMBI U3TOTOBUIH TETPAAU C OCOO0

IPOYHBIM KPCIVICHUECM JIMCTOB U IIPC-
KpacHO¥ Oymaroi. IIpousBopuTenn
MapPKEPOB IIPEAJIOKNIN CHCLMATbHbIC
KpaCKH Ui HAHCCCHUA Ha/:mnceﬁ Ha
PEHTI€HOBCKHE CHUMKH, (DIIOMACTEPHL
JUIA 3AKPAMMUBAHUSA IMIBOB MCXY TIJIUT-
KaMH, HAHCCCHUA Y30Pad HA U3ICITHA U3
JlepeBa, MeTajula, TKaHeu. Pazpadora-
HbI CIICLIMAJIbHBIC JCTCKHE YCPHUIIA,
KOTOPBIMH MOXKHO MHCATh HA 000N
MOBEPXHOCTHU U C JIETKOCTHIO CMBIBATh
HAIlMCaHHOE.

B ocobom pazzene BBICTABKH OBbLIHA
MPEACTABIEHBI AKCECCYAPHI JJ151 KOMIIb-
IOTEPOB, B YACTHOCTH KPOHIITEHHBI
JUIA JKUAKOKPUCTAUIMYCCKUX MOHHUTO-
POB, MO3BOJISIIONINE YCTAHOBUTD IO Ye-
TBIPEX DKPAHOB HA OJIHOM KPEIUIEHUH,
pacxoJHble MATEPHUAIbL, PA3ZHOOOPA3-
HbIC ITOACTABKH.

J1st cienuanaucToB ObUIM OPraHU30-
BaHbI KOH(PEPEHLMH, IIPE3CHTALIUH, Ma-
crep-Kkiaaccel. M

c0BOPUME no-pycckn

KapuHa TusaHoBa

HHMYTO TaK HE OTPAXKAET KYJIBTYPY HAPO/,
€ro HAIIMOHAIBHBIE OCOGEHHOCTH, KaK
A3bIK. Ka3a710Ch OB, «BEJIMKUI 1 MOT'YIHIT»
PYCCKHUII A3BIK MOKET U30€KATh CEPbE3-
HBIX IIPO6JIEM. DTO CKOPEE V/ICIT SA3BIKOB
MaJIbIX HAPOJOB. TeM HE MEHEE CETOHA Ya-
CTO MOXHO YCIbIIATH BBICKA3BIBAHUA
O TOM, YTO HAIll SI3BIK HYKIACTCS B MOJ-
JIEPSKKE, IIPOTIATAH/IE, YCHICHHUH I'€OITONN-
THYECKOT'O BJIUSHMSL. Bosee Toro, ero Heo6-
XOAMMO 3AIIUINATh OT 3ACHJIbSI KPUMH-
HaJBPHOTO >KAPrOHA W HEOINPaBAAHHO-
IO 3aUMCTBOBAHUSI MHOCTPAHHBIX CJIOB.

ITpaBaa, €CTh U APYrast TOUKA 3PCHUS: KyJIb-
TypE PyCCKOI'O A3bIKA HUUTO HE YI'POKACT,
€CTECTBCHHOC PAa3BUTHEC IPEANOIArACT
HOJIHYIO CBOOOY CIOBA.

JUCKyCCHst, IIOCBAIICHHAS 9TUM BOIIPO-
CaM, Pa3BEPHYJIACH BO BPEMsI BCTPEUU POC-
CUHCKMX M 3apYyOCKHBIX (PHIOJIOIOB
B MapTe 3Toro roga Ha Il MexxayHapoaHoM
KOHIpecce «PycCKUi A3bIK: ICTOPUYECKHE
CyZIbOBI 1 COBPEMEHHOCTb», OPTaHU30BAH-
HOM MOCKOBCKHUM I'OCYJaPCTBCHHBIM YHH-
BepcureTom uM. M.B. JIoMmoHOCOBa, [ocy-
JIAPCTBEHHBIM HHCTUTYTOM PYCCKOI'O SI3bI-

Kka umenu A.C. Ilymxkuna u Macruryrom
PpycCcKoro sa3pika uM. B.B.Bunorpagosa
Poccuiickoi akageMruu HayK.

Vuacrue B hopyme 6osee 600 y4eHbIX-
pycucToB U3 30 CTpaH MHUPA, B TOM YUCIIE
CHIA, Slnonuu, eBpONENCKUX I'OCYAPCTB,
CHI, noarsepkaeT OOJbLIION UHTEPEC
K YKMBOMY CJIOBY, K COBPDEMEHHBIM U3MEHE-
HHSM B DYCCKOM SI3BIKE.

VYYaCTHHUKOB NPHUBETCTBOBAIA PEKTOP
MI'V akagemuk BA. CagOBHUYNN, TUPEK-
TOp MHCTUTYTA PyCCKOTO 513bIKAa M. B.B. Bu-
Horpazaosa PAH A M. Mongasas, TUPEKTOP
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Hucruryra MUpoBor mmTepatypbl P.O. Kys-
HenoB. [Tocnanue MeXayHapoHOMY KOH-
rpeccy pycuctos [IpesunenTa Kazaxcrana,
B KOTOPOM I'OBOPUTCs O HEPA3PBIBHOCTU
MCTOPHUYECKHX CY/1€0 JIBYX I'OCY/IAPCTB, 06
OOMINX KyJIBITYPHBIX TPAJAUIUAX U JyXOB-
HOI 6/IM30CTU B BOCIIPUATHH MHPA U IIO-
HUMAHUU HPABCTBCHHBIX IIEHHOCTEH, 3a-
ypra nocon Kazaxcrana T.A. MaHCYpOB.
Ajlekcanip Muxaminosud MosjaBaH
B CBOEM BBICTYIUICHUH IIOCETOBAJI HA yIIa-
JIOK SI3BBIKOBOM KYJIBIYPBI B OOIIECTBE,
B IIEPBYIO OYE€PEb U3-34 HU3KOI'O KA4ECT-
B4 COBPEMEHHOI'O CPEAHETO OOPA30BAHISL.
CaMbI1 OCTPBII BOIIPOC I JIMHI'BUC-
TOB — YUCTOTA PYCCKOT'O A3bIKa. KoMy-TO
KaKyTCs HEJIOITYCTUMBIMHU M PEKYT CIYX
(paszel, 10JOOHBIE 3TOI: «CKavar u3 MH-
TEPHETA U COPOCh HA JJUCKETY», — 4 CTO-
POHHUKH ICMOKPATU3ALINH SA3bIKA CUUTA-
0T, 4YTO 3aUMCTBOBAHUA U CJICHT'OBBIC CJIO-
B4 IIOMOI'AIOT BBIPAKATb COBPEMCHHBIE
peany, AasKe 0OOralaioT A3bIK, JEIaI0T
ero 6onee quHamuaHbIM. Enge A.C. ITymi-
KHH, OJVH M3 CAMbBIX BCIMKHNX 3HATOKOB
PYCCKOTO A3bIK4, IIOJIATaJl, YTO SA3bIK CaM
PELINT, ¥ /IS HETO JIMIIHEE, YTO HE CIICAY-
€T BMEIIUBATBCA B €I0 pa3BUTHUE. Bpsa
CETOIHA KOT'O-TO YAUBST WIU IOKOPOOT
CJIOBA «BUHETPET», «GI0PO», «TPOJLICHOYC>
i «pyTo0s1». A Belb KOIJa-TO 1O IIOBOAY
UX IIPUMEHEHMA I )KAPKUE CIIOPBHI!
Jraxe IpobaeMa 3aTParuBaIach Ha Ofi-
HOM M3 CEKLIMOHHBIX 3ACEAAHNUN «PycCcKmit
SA3BIK B CPEACTBAX MACCOBOUM MH(POpPMa-
nuu». Bo BpeMsa OOCYXKACHUA JTOKIANOB
BO3HUK CIIOP O TOM, CJIEAYET JIM KDUTHUKO-
BaTh 131K CMV WiIn 12Tk ITOJIHYIO CBOOOY
sKypHaicTaM. JJoxnaz 'O, Hukunoper-
TaKUTaBbL, IPEIIOAABATEA PYCCKOI'O A3bI-
Ka U3 SA1MoHUH, 66T TTOCBSIIEH CHIKCHUIO
SA3BIKOBOM KOMIIeTeHIIuU B CMU, uTO, o
€€ MHEHUIO, IOJDKHO NO/IBEPIaThCsl KPUTH-

Ke. Anccieiosarenb u3 YKpannsl J1 A. Kyz-
pABLEBA TIPUACPKUBAIACE ITPOTUBOIIO-
JIOXKHOU TOYKH 3PEHUS.

PykoBojuTENb CEKIINY, TIOLEHT Kade-
PBI PYCCKOTO A3BbIKA (PHIOJIOTUYECKOTO
dakynsrera MI'V um. M.B. JlIoMOHOCOBA,
KaHIUAT (PUIOJIOTHYECKUX HAyK OJibra
Hwukomaesna I'puropbeBsa CYATAET, YTO CC-
roaHs B a3pIlke CMM IpOUCXOAT )KUBbIE
IPOLECCHI, KOTOPBIE NPEACTAB/IAIOT UH-
TEPEC I UCCIIEIOBATEIIA: 3TO A3BIKOBAs
Urpa, 06pa3oBaHUE OKKA3MOHAIHU3MOB,
cMenieHue cruwiek. C TOUKU 3peHust (hpu-
JIOJIOTQ, B SI3BIKE JIOJKHO ObITh PA3HOO6-
pasye U PaCKPEIOIEHHOCTD, TOIIA OH
OyzeT XKUBBIM U APKUM. BeJJoit COBpeMEeH-
HbIx CMU gBIsA€TCA NEPETPYKEHHOCTD
MeTadopaMu. B IOrone 3a OpUruHaabHO-
CTBIO KYPHAJIUCTBL IIOPOU COEAUHAIOT
B OJHOM TEKCTE META(OPHI CAMBIX Pa3-
HBIX CMBICJIOBBIX IIOJICH, MEXKAY KOTOPbI-
MH HET BHYTPEHHEN CBA3U. OT 3TOro
CTPAAACT COACPIKAHME TEKCT4, AHAIU3 (Pa-
KTOB YCTYIIA€T MECTO AMOLMOHATIbHOMY
OTHOIIEHHUIO d4BTOPA.

S3pik CMHM IPOHMKAET B IIOBCEAHEBHOE
OOIIIEHUE JIIO/IEH, ICHCTBYET HA HET'O KAK
MOJIOKUTENBHO, TAK M OTPULIATENBHO. Of1-
HAKO HE CTOUT CTABUTb KAKHUEC-TO (DUIBIPDL.
S3BIK — 3TO CAMOOYMIIAIOIIMICS Opra-
HHU3M.

B 3aximodenune Xxouercs CKa3aTb, YTO
PYCCKMH A3BIK JEUCTBUTEILHO BCETIA
ObLI U OCTAETCS BEJIMKUM, 1 IPEKPACHBIE
[IPOU3BEACHUS JIMTEPATYPhl  CIyXKaT
CBOCOOPA3HBIM 34CJIOHOM BCEMY HEra-
TUBHOMY U CJIy4aHHOMY, YTO HEU3OEKHO
MOSIBJISIETCS B JTIOOOM SI3BIKE U CO BpEME-
HEM UCUYE3A€T CAMO, IIOIOOHO IIeHe. MHe-
HHS O YUCTOTE PEYH MOTI'YT BBICKA3bIBATh-
Cs pa3HbI€, HO yMAETCH, YTO IOCIEIHEE
CJIOBO OCTAHETCS 34 CAMUM PYCCKUM SA3bI-
KOoM. |

YBaykaembie yurareau!

B N24 30 2004 roa, HOLLErO »KYPHAAQ HO CTpaHMLE 15 B moANMCK noa doTorpadurert OBHApYKe-
HQ OLLMGKA: B.E. DOPTOB 30HMMAET AOAKHOCTb AKAAEMUKA-CEKPETAPSI OTASASHSI SHEPTETUKN,
MOLUMHOCTPOEHWSI MEXAHVKU Y MPOLLECCOB YNPABASHMS PAH.
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KOPOTKUE HOBOCTU

Camble APEBHME OCTAHKM CYMYOTOrO
MAEKOMUTAOLWETO OBHAPYKEHbI HA
cesepe Kuntag. [MovTeHHbI BO3PACT
HOWAEHHOTO  3BEPbKA  PA3MEPOM
C Mbllb YKA3LIBAET HA TO, YTO CyMYQ-
Tble OTAEAVMAUCH OT MAQLLEHTAPHbIX
MAEKOMUTAIOLLIMX 125 MAH. AT HO30A,
T.€. Ha 50 MAH. AET paHbLLE, YEM CYM-
TOAM NMAAEOHTOAOTU.

Y4eHble MOKA3AAN, YTO CErMEHTbI Cpe-
AMNHHO-OKEAHNYECKNX XPEeOTOB exxe-
FTOAHO POCXOASTCSl B CPEAHEM HA
0.37-2,0 cm (a He Ha 2,5-117.,5 cm, KaK
ObIAO MPUHSITO CYATATb AO CUX MOP).
Takoe CBEPXMEAANEHHOE PACXOXKAE-
HMEe MOXET M3MEHWNTb CYLLLECTBYIOLLME
NPEACTOBAEHMSI 06 OBPA30BAHNN AU-
TOCHEPHDBIX MAMAT.

CyAbOYy CTBOAOBBIX KAETOK MO3BOASIHOT
NPEACKO3bIBATb HE TOABKO COAEPXKA-
LLIMEeCs! B HUX BELLLECTBA, HO 1 MPOCTbIE
MexaHndeckne GakTopsbl. ECAn mecta
MHOFO, HEKOTOPbIE CTBOAOBBIE KAETKM
YeAOBEKA MPEBPALLAOTCS! B KOCTHbIE
KAETKM, O KOTAQ M TECHO, OHW CTAHO-
BSITCS1 YKMPOBBLIMU KAETKAMMU,

OU3NKA AOKAZAAM, HTO C MOMOLLBIO
MAOCKMX AMH3 BO3MOXHO MOAyYEHME
M300PAXKEHUST B MUKPOBOAHOBOM
AMNANA30HE. DTOT MEeTOA, OCHOBOH-
HbIh HO dEeHOMEHE OTPULATEABHOTO
MPEAOMAEHVISI, MO3BOASIET MOAYYATb
bonee 4yeTkme M300PAXKEHMS, YeM
MCMOAb30OBOHME OBbIYHBIX AVH3 C 130-
rHYTOW MOBEPXHOCTbLIO.

B Mupe Hayku
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OMMERLMb

«CAMYPARC

K 3AKOHx!

.13 OKOH CBO€EI1 KBAPTUPEI B 3/[aHUU YHU-
BepcUTETa HA BOPOOBEBBIX rOpax aKkaje-
MUKy B.IT. CKy/1aueBy OTKPBIBAECTCA UyI€C-
HBIN BUJT; BIA/IM TOBIECKUBAET MOCKBa-pe-

K4, 32 HEH CKBO3b JIBIMKY IIPOCTYIIACT MAHO-
pama ropoja, 4yTb OJIMKE — YHUBEPCUTECT-

CKUH 60TAaHUYCCKUN Cafl U 3aaHue MucTu-
TyTd (PU3UKO-XUMHUYECKON OHUOJIOINU
nM. A.H. Beso3epcKoro, KOToOpeIM OH PyKO-
BOAMT. JKEHA y4EHOT'O IIyTHT, YTO OH MO-
JKET, HE BBIXO/IA U3 JIOM4, BUJCTh, KTO 13 CO-
TPYLHUKOB Ha paboTe, a KTO — HET. C BBICO-

CkyAauyeB BAaaumup MNetpoBud poanAcs 21 despans 1935 . B 1957 . OKOHYMA BUOAO-
rmyeckmn dakyaster MIY. Akaaemumk PAH 1 PAEH. Aaypeart npemun nm. A.H. baxa.
[Mpe3naeHT POCCUNCKOro BUOXMMNYECKOro oBLLECTBA, AMPEKTOP VIHCTUTYTA GU3NKO-
XUMNYECKOM BUOAOTUM UM. A.H. BEAO3epCcKoro, AeKaH GAKYALTETA BUOUHXEHEPUN U
GuounHdopmaTnk MIY. YBAEKAETCS 6Erom, AbKOMU, BAAMUHTOHOM.

MapuHa CmupHoBa

TBI ICCATOT'O 3TAKA N JIIOJ1 BHU3Y, 1 MAIITH-
HbI, 1 cobakmu KAKYTCA MAJICHBKHMH, KaK

MYPaBbH...

MypaBbuHag uctopus
C HUX-TO, C MypPaBbEB, BCE U HAYAJIOCh. 1e710
GBUIO B IIOCJIEBOCHHBIE TO/IBL By/IyIIiero axa-
JIEMHKA CICTCTBA MHTEPECOBAJIN JKUBBIE CY-
1IECTBA, OCOHEHHO MypPaBbU. YTOOBI OIIPaB-
JIAThCSI TIEPET HEJOYMEBAIONTHMH IIPHSITC-
JISIMH U OO'BSICHUTD UM, IIOYCMY OH YaCaAMH
TIIPOCHDIKHUBAET BO3JIC MYPABCHHUKA, OH Ta-
HUHCTBCHHO ITOBCIAJL, YTO OTKPbLUT MyPaBbH-
HBII A3BIK, U ITOJI3YYHE TBAPU PACCKA3bIBA-
10T EMY O CBOEM JKUThE-ObIThE. HO OJTHAMK/TbI
B KOMIAHUIO 8—10-JIETHUX PEOST ITOnaIa
JIeBOYKaA rocTapire. HacTpoeHHast BeCbMa
CKEIITUYECKH, OHA PEIIU/IA BBIBECTH «My-
PaBbEBE/IA» HA YHCTYIO BOALY. «Pa3 Tl 3HACIIb
A3BIK MYPABbEB, ITyCTb OHU TEOE PACCKAKYT,
OTKY/1a B35UIACh 3TA AMKa» JlesaTe HEYero —
TPUIIVIOCH B3ATH YWICHHCTOHOI'OE, IMOCA-
JIATD €T'O B YITIyOJIEHUE B 3¢MJIE U 33[yMaTh-
Cs1 HAJT TEM, KaK BBIMTH M3 MOJIOKEHMS, HE
VIApUB B I'PA3b JIMLIOM. M TyT B3I7Is17] €rO
yHa/I Ha HOT'H JIEBOYKH — OH4 ObUId O0yTa
B OCTPOHOCBIE GOTHHOYKU: «MypaBeii CKa-
3J1 MHE, YTO 3TY SIMKY BBIPBIIA Thl HOCKOM
coel Ty JIeBouKa 6bUIA IIOTPACEHA.
<210 O6BUI TPUYM(D!» — CMEETCS YICHBIH.
MHOTO JIeT CITYCTs, GY/Iy4H YoKE CTY/ICH-
TOM 6rOoaxa, Bragumup IleTpoBud BAPYT
OBGHAPYKIJL, YTO MOXKET HAIIUCATD 06532~
TEJIBHYIO JUIS IEPBOKYPCHHUKOB CAMOCTOSI-
TEJIbHYIO PaOOTY, B35IB B KAUECTBE OObCKTA
UCCIICJOBAHMA MyPABLEB. «DTO ObLIO TAKOE
cyacTbe! — BCrIoMMHAET OH. — OJHO U3
BbICHINX HZ[CIIZDKﬂeHI/IfI B JKM3HMU 51 UCIIbI-
TaJI, KOT/IA ITOHSIL, 9TO MOT'Y TTO/IBECTH Ha-
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YYHYIO OCHOBY ITIOJI CBOH «MypPaBbUHBIN»
unrTepec». Ilepsast paboTa 6bL1a IOCBAILC-
HA4TEM YXUILIPEHUAM, K KOTOPBIM IPUOEra-
10T PACTEHHSL, YTOOBI 3AIUTUTh CBOM HEK-
Tap OT NOCATATEIbCTB MyPABLEB.

Yunrenb
Crpactp k 6uonoruu Braaumup Ilerpo-
BUY YHACJICAOBAI OT OTLId, KOTOPBIHA ObLI
APXUTEKTOPOM, HO IPEKIOHICA IEPE,
ITaBnoBBIM, CEUEHOBBIM U BCIO JKU3HB CO-
KPYLIAICS, YTO HE CTAI (PUBUOJIOTOM.
IMocrynas Ha 6uodak, CKyIa4eB BbIOpal
Kadegpy GMOXUMUY, T.K., IIO €rO MHEHUIO,
MO3HAHUE JKUBOTO JICKUT B OOIACTH TOY-
HbIX, 4 HC OIINCATCIbHBIX HAYK. Vuurenem
ero cran C.E. CeBepyH — OIMCTATENbHBIN
YYEHBIN U yIUBUTEIBHBIN YEJIOBEK, OCHO-
BaTC/Ib Kaq)ellpbl OHOXUMUH JKNBOTHBIX,
KOTOPYIO BO3IVIAB/IAUT HA IPOTSDKEHUH 10~
JryBeKa. OH IIOZ1aJI B OTCTABKY YK€ B 3IIOXY
Top6aueBa B Bo3pacte 89 jiet u ymep /iBa
roJia CIIyCTsl, COXPAaHUB JO KOHLIA IOPA3H-
TEJIbHYIO ACHOCTb yMa M 11amATh. C.E.CeBe-
PUH (PAKTUYCCKHU BBIOPAI TEMY UL CBOETO
VYCHUKA, ITPCAJIOKHB CMY 3aHATHCA IbIXa-
HHEM KJICTOK — UIMEHHO 3TOMY BOIIPOCY
CKYIIQ.‘-I@B M ITIOCBATHJI CBOXO KM3Hb.

CyAbGOHOCHAS Heyaa4a

TlepBas pa6ora, nopyyeHHasi CeBEpHUHbIM
€I'0 CTYJEHTY, OKOHYWIACh Heyaaden. Of-
HAKO IMEHHO OH4 1 IIOBJICK/IA 32 COOOM Lie-
JIYIO LICMOYKY HEOKUIAHHBIX OTKPBITUIL
Ho naynem o nopsaaky. OHaKabpl 3HAME-
HUTBII aMEPUKAHCKUN YYEHBIN AJIBOEPT
JIeHUHKEP OOHAPYKWL, YTO B MUTOXOH/I-
PHSIX [IEYEHH €CTh IEITOYKH OEIKOB, KaTa-
JIN3UPYIOIIUX ITOC/IEIOBATE/IBHOCTD OKUC-
JIATEJIbHO-BOCCTAHOBUTEIBHOM PEAKIIHH.
Ha onpeeneHHbIX 3Tanax JaHHOIO IIPO-
11€CCa IPOUCXOJUT HAKOIUIEHUE SHEPIUU
JIBIXAHUA B BUJIC CIICITUAJIbBHOMN SHEPICTU-
uecKOH BaoTel AT®. Crynenty CKyadeBy
ObUIO IIPEAIOKEHO OBTOPUTD OIIBIT HA
MHUTOXOH/PUAX MBIIIIIBL OHAKO IKCIIC-
PUMEHT HE YAICS: KJICTOYHbBIE OPTaHEIIIbI
YCIICHIHO CKUT'UIU ACKOPOHUHOBYIO KUCTIO-
Ty, HO HAKAIUIUBATb SHEPIUIO OTKA3bIBA-
JIUCh HaoTpes. [Touemy? IIpuanH MOIIO
OBITh THICSYH. BprBaHHbIG U3 IIPUBBIYHBIX
YCJIOBUH «POAHOIO» KUBOI'O OPraHU3MA,
MUTOXOH/IPUM YACTO IIPOCTO «HE HKEJIAIOT>
BBIITOJIHATH CBOVCTBEHHBIE UM (DYHKITHU.

Kaxk 651 TO HI 6bUIO, MOJIOJOH yUEHBIH ObLT
CTPALIHO PACCTPOCH, IIPUHSJICA PAa3MBbIIII-
JIATD HAJl CBOEH HEYAA4Y€N U IIPUILIET K He-
OKUJTAHHO MBICJTU: 4 MOKET OBITh, OIITHIO-
KH HE ObUIO, MOKET OBITh, U B OPIaHHU3ME
MOKET HNPOUCXOJUTD CKUT'AHUE OGUOJIOTH-
YECKOI'O TOIUIMBA 6€3 HAKOIUICHUS SHEP-
run? Hanpumep, 151 TOro, YTO6bI COIPETh-
Cs1 B MOPO3, HY?KHO HE 3AI14CATD, 4 KAK MOXK-
HO CKOPEE PACCEUBATD IOTyYEHHYIO SHEP-
ruto0. CKy/Ia4eB BLIEIIUJICS B CBOIO HEYIA4dy
U PEUIWI PAa3BUTb HOBYIO runoresy. OH
TIPCATIONOXWL, YTO MUTOXOH/APWA BBITTOI-
HACT JBE (DYHKIUI: BHOPMA/IbHBIX YCIIOBH-
SX OHA AKKYMY/IMPYET SHEPIHIO, 4 IIPH HU3-
KOU TEMIIEPATYPE UCIIONb3YET €€ I «OTa-
IUIMBAHMST> OPTAaHU3MA. BEpHOCTD JAHHOTO
BBIBO/1a ObUIA IIOITBEPIK/ICHA OITBITHBIM ITy-
TEM. DTO SIBJICHHE TIOJIYYWIO HA3BAHMC
«TEPMOPETYJIATOPHOE PA30OIIEHUE OKHC-
JieHus 1 poChOPHINPOBAHUS.

B x0z1€ OIbITOB OOHAPYKIICS CIIE OIUH
BEChMa JIIOOOIBITHBIEI MOMEHT: OKA34JIOCh,
4TO GCJIKY, yJACTBYIOIIUE B PACCEAHUU
3SHEPIUY, OJHOBPEMEHHO 3ALUIIAIOT KICT-
Ky OT SIZJOBUTOI'O BO3JECHCTBUS AKTUBHbBIX
dopm knucnopoza. Cergac 3To O/IHA U3 Ca-
MBbIX TIOIIYJIAPHBIX HAYYHBIX TCM, 4 B TC
BPEMCHA TAKAsA TUIIOTE3d COBEPIIECHHO Bbl-
MaJa1a U3 HAy4HOI'O KOHTEKCTA U 31U~
ATh €€ 6bUIO HEIPOCTO. OfHaKO CKy/1a-
4€eB JIIOOWI HECTAH/JAPTHBIC ITOJIXO/IBL.

BrnoaHepreTtuka.
SKCTPOABArAHTHAS TeOpUS
Crenyonumn BOIpoC, 3aMHTEPECOBABIINI
YYEHOI'O: KAKOB MOJIEKYJIIPHBIN MEXAHHU3M
TEPMOPETYIILAN? K 3TOMY BDEMEHU OH CTAII
3aBE/YIOINM OTETIOM HOBOH JTA00PaTOPUN
OHOOpraHnYecKor xumMun MI'Y, opranuso-
BaHHOM A H.Bennozepckum (HbIHE 1A60PaTO-
pus pa3pocIach JO Pa3MEPOB UHCTUTYTA,
HA3BAaHHOT'O IMCHEM €€ OCHOBATeII). CKya-
4EeB OKPECTII €I'0 OTAE/IOM OUO3HEPICTUKU
U BIIEPBbIC BBEJI TOT TEPMUH (€ILE HE Y3yP-
MPOBAHHBIA 3KCTPACEHCAMHU), KOTOPDIH
BCKOPE ObUT O(PUIINAIBHO IPHUHAT HAyYHBIM
MupoMm. Or1ien HaYa1 paboTy O U3YYEHHIO
MCXAHU3MA ICPCKITIOYCHUA NbIXAHWA C O/1-
HOM (pyHKLIMY Ha APYTyIO. Cpa3y BO3HUK BO-
IPOC: KaK 00pasyercst ATD, KakiuM 06pazoM
SHCPI'YA AbIXAHWA HAKATUIUBACTCA B MUTO-
XOHIpHAX? K 3TOMYy BpeMEHM aHIVIMICKHUA
OuoxuMuK ITrrep MUTYEIUT BBIIBUHYII CO-

BEPIICHHO APAJOKCAIBbHYIO runoresy. I1o
€I'0 MHECHUIO, MKy IIPOLIECCAMU JIBIXAHUS
1 HAKOIVIEHHS SHEPI'UU HET TECHOI'O COIIPSI-
JKCHIS: CHAYA/Id B KAYCCTBE IIPOMEKYTOY-
HOI1 (POPMBI HOSIBIIACTCA ANIEKTPUYECTBO, T.C.
XUMMUYECKAsI SHEPI s JIbIXaHS [IPEOOPasy-
€TCs1 B AJICKTPUYECKYIO, KOTOPAs 3aTeM IIepe-
xoauT B AT®. 1 Ha 3TOI IPOMEKYTOYHOMN
CTaUU JIETKO YCTPOUTD «<KOPOTKOE 3AMBIKA-
MPEBPAIIAIONIEE  ATIEKTPUYECKYIO
SHEPIHIO B TeIw1o. [ToHavany Teopuio Mur-

HHE>,

4e/UIa HUKTO HE IPU3HABI, OJHAKO OHA
BITOJTHE COOTBETCTBOBAJIA BEIBO/IAM OT/ICTIA
CkysageBa. A B 1978 1. MuTUEsU1 ITONTY4 I 32
CBOIO Pab60oTy HOBENEBCKYIO ITPEMHIO.

OCTOpPOXHO: 5A!

W3BecTHO, uTO 0,5—2% NOIIONaeMoro Ha-
MU KMCJIOPOZIA IPEBPAIIACTCA HE B BOLY, KAK
IIPU TOPEHUH, 4 B PAAUKAT KUCIOPOJA — Cy-
[IEPOKCHL, KOTOPBIIA, B CBOIO OUEPE/Ib, OUEHD
OBICTPO NEPEXOIUT B IMPOKCHII-PATKAIT —
4 3TO CWIBHEHIINI 5171, YIUBUTEIBHBIM 06-
PAa30M BHYTPH HAIIECI'O OPraHU3Ma BCE BPE-
Ms1 00pa3yeTCs SHOBUTOE BEIECTBO. Tak po-
JIJIOCH HPETIONOKEHUE, YTO OIHA U3 (PYHK-
LW BHYTPUKIETOYHOI'O IBIXAHHA — BOBCE
HE 32I14CaTh S3HEPTUIO U HE PACCEUBATD €€,
2 IIPOCTO «ChECTh> KUCJIOPO, IIOCKOJIBKY
€I'0 NOOOYHBIH POJYKT OITaceH. TakoBa Obl-
JIa UCXOJHAS IIOCBUIKA. A 3a4TEM OKA34JI0Ch,
YTO HA OIPEIEICHHOM JTAIIE KIETKA BAPYT
HAYMHAET C IIOMOMIBIO OIPEIE/ICHHBIX O€I-
KOB, 3aKOJJMPOBAHHBIX B [CHOME, BBIDAOATbI-
BaTb OOJIBLIOE KOJIMYECTBO IOBUTHIX (DOPM
KUC-JI0pozia. TO €CTb B OPraHU3ME 3I0KEHA
IPOrpaMMa OH6PA30BAHUS OTPABJIIONTAX
BELIECTB BHYTPU KIETKU. CHAYIa IIPEATIO-
JIATJIOCh, YTO ITO CBOETO POzia GUOIOrHYe-
CKO€ OPY>KHE KIETOK MHOI'OKIETOYHOI'O OP-
raHu3Ma B 60pboe CPyrot (GOpMOI JKU3HU.
OJITHAKO B TAKOM CJIy4ae siJi JIOJLKEH ObITh
CHAPYKU — TaM ke, I7ie Bpar Ho Hakoruienue
OIIACHOI'O BELIECTBA BHYTPU KICTKU I'OBO-
PUT O TOM, YTO MbI CAMHU C€O51 yOUBACM...

Camypaun noA MUKPOCKOMNOM

YTO KE MPOBOIHPYET KIETKU Ha CAMOYOUF-
CTBO? OKA3aJI0Ch, YTO IIPOrPaMMa CYULH/IA
3AMMCAHa B ICHOME KIETKY, OfHA U3 (PYHK-
U KOTOPOH — IOKOHYUTH C COOOH, €CITN
3TO BBII'OJIHO OPraHu3My. TAKMM 06pa3oM,
CYIIECTBYET HEKHUU «CAMYPANCKUI 3AKOH»,
COIVIACHO KOTOPOMY IIPU OIIPEACICHHOM )

B Mupe Hayku
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CTEYEHUU OOCTOATE/ILCTB KIETKA OO0s13aHa
«C/IeNaTh ceOe Xapakupw», B kauecTse npu-
M€pa MOKHO ITPHUBECTH AMOPHUOHATIBHOE
pasBuTHE 32pOoAbla. Kak U3BeCTHO, ueno-
BEYCCKHUIT SMOPUOH IOMICIOBATEIBHO IIPO-
XOIUT BCE CTAANU IBOJIOLIMU JKUBBIX CY-
IIECTB, B TOM YHCJIE «PbIOOTIO/IOOHYIO», KO-
712 OH UMEET KAOPBI U NTOJJ0O6HME TUTABHU-
KOB. KucTb (hOpMHUPYETCs 32 CIET TOI'O, UTO
KJIETKH, OOPA3YIOIIUE IIEPEIIOHKH MEKIY
KOCTSAMH IUVTABHUKA (OYyIIUMU IAIbLIAMIE),
I10 MEPE PA3BUTHS OPTAHU3MA CAMOYHHY-
TOXKAIOTCSL [ TprueM IporpaMma camMmoyouid-
CTBA ACHUCTBYET OUCHB JICTUKATHO, YTOOBI
HHUKOMY HE HABPEJUTb. B KIIETKE UMEIOTCS
CIICITUATBHBIC <ITy3bIPBKI» — IN30COMBI, CO-
JIEPrKAIIHE OIPOMHOE KOJIMYECTBO JIUTHYE-
CKUX (DEPMEHTOB, T.€. OCJIKOB, PACHICIUISIO-
X Jpyrue ouononumepel. Ecau rpy6o
PAa3pyIIHATh KIETKY, BCE STH BEIICCTBA BBI-
IVIECHY/INCh 6Bl M ATAKOBAH 3/]0POBBIC
CTPYKTYPbL OJHAKO B CJTy4a€ HEOOXOAUMO-
CTHU KJIETKA CaMa pa3bupaeT ceOst Ha COCTa-
BJAIOLINE, KOTOPBIE 3aTEM YT Ha 06Pa30-
BAHHUE HOBBIX YaCTEIH OPraHU3Ma, T.C. )KEP-
TByeT CO60¥ paju Ipyrux. [Iprdaem okaza-
JIOCh, YTO CAMOJIMKBH/IALINA OCYLLIECTBIIACT-
C5134 CYET BBIPAOOTKU AIOBUTBIX (DOPM KH-
CI0pOJA U aKTHUBALIUM JIM30COM. Takosa
MPaYHOBATASI, HO KPACUBAS TCOPHS AJIBTPY-
MU3Ma Ha KICTOYHOM YPOBHE.

MpuHUUN AMCTONOAQ

JIpEBHEPUMCKUI BPA4 M €CTECTBOUCIIBITA-
Tesb [1eH OTHAKIbI OOPATIUI BHUMAHHE HA
TO, YTO CO CJIOMAHHOM BETKH OCEHBIO JINCThS
He OnaJaiorT. M3 3TOro mpocToro (hakra pumM-
JITHUH CIEJIA/I BBIBOJ, O TOM, YTO JINCTOI AL, —
AKTUBHBIN ITPOLIECC, TPEOYIOIHIH JKUBHE/IC-
SATE/IbHOCTH OpraHu3Ma. [aeH HasBasl JaH-
HOC SIBJICHHE AIIONTO3 — OIIaJAHUE JIMCTHEB
(OT TpEY. apis — JIUCT, PIosis — OaJAHUE).
MHOTO HOZKE TOT 7K€ TEPMUH IIPUMEHIINA 1
K CAMOJIMKBUJIALIMN KIETKU. [10 JIOTHKe Be-
LIEH, IPUHITUII CAMOYCTPAHECHUS ObUT Obl
XOPOII JYIs1 IIOOOI OMOIOIMYECKOH CUCTE-
MBI, [IOCKOJIbKY U30aBWI Obl OPI'dHU3M OT
HEOOXOOUMOCTU CJIEAUTD 34 IIOBPEKICH-
HOM WIM HEHYKHOM 4YaCTbIO, JICUUTDb WIN
YHUYTOXKATD €€, TPATUTb CHJIbL HA 60PBOY
KICTOK WIHA UHBIX OPIaHEIUI APYT C JPYIOM.
Hanpumep, B MUTOXOHJPUH, KAK Y2KE ObUIO
CKA32HO, 00PA3YIOTCS AIOBUTBIC (DOPMBbI KH-
crnopoya. M eciu, He 1t 60T; OHa HAYHET «HE

KMECTY» MIX BbIPDAOATBIBATE, TO OYICT OTPAB-
JIEHA HE TOJIBKO €€ COOCTBEHHAS KIIETKA, HO
u coceare. OKa3anoCh, OAHAKO, YTO 3TOTO
HE IPOUCXOAUT, TIOCKOJIBKY MEXAHU3M Ca-
MOJIMKBH/IALIAY ICHCTBYET Uy MUTOXOH/I-
PUI1 U 3AITyCKAETCST OH SJHOBUTBIMU (POpMa-
MU KUCTI0POAA. I10 aHAIOrUHU € arloIITO30M
CKy/1a4eB Ha3BaJI €TO MUTOIITO30M.

Crety1omumii BOIpOC COCTOSUI B TOM, JICH-
CTBYET JIU «CAMYPANCKMIA 3aKOH» HA Ha/l-
KIECTOYHOM YPOBHE. OKA3aJI0Ch, YTO LIC/IbIC
I'PYHIIBI KJIETOK CIIOCOOHBI JIMIIUTD CEOs
JKA3HY, €CJIM 3TO BBII'OAHO OPraHU3MY.
Haubosnee apKuii NpUMep — KOJUIEKTUBHOE
CaMOYOHICTBO B OTBET HA 3aPAKECHUC BU-
PyCOM: MOPAKCHHAS KJIECTKA HE TOJIBKO
KOHYAET C COOO0I, HO U IIOJAET CUTHAJI CO-
CEQHUM MOCTYIUTD TAK *K€. B pesynsrare
BOKPYT OOJIbHOM KIIETKH OOPA3YETCS MEPT-
Basl 30HA, KOTOPAsi IPEIATCTBYET PACIIPO-
CTPAHEHHUIO BUPYCa. MICue3HOBEHUE Opra-
HOB B IIPOLIECCE AMOPUOJIOTHYECKOI'O PA3-
BUTUA (OPIraHONTO3) MOXKET ObITh OTHE-
CEHO K TOM 7K€ KATETOPUHU ABJICHHI.

CmMepTb NOA KOHTPOAEM

JKu3Hb HE JIIOOUT CIIOHTAHHBIX, CAMOIIPO-
WU3BOJIbHBIX ITPOLIECCOB U CTPEMHUTCS ITOCTA-
BUTDH UX 10/ KOHTPOJIb. A BOIIPOC JKM3HU U
CMEPTU — KIIOYEBOU /11 JTIOOOI'O OPraHU3-
Ma, IIO3TOMY BP$iJLJIM OH OCTABJICH «O€3 IIPU-
cMOTpa». Kak BbIsICHI CKy/1a4€eB, TO00HAs
WJ1€51 BIIEPBBIE [TOCETHIIA HEMEITKOT'O OHO-
siora Asrycra Bericmana eme B 18811 — on
[MOPA3WI BECh MHUP, MPEIAIOIOXKUB, YTO
CMEPTh OT CTAPOCTU ObUIA CHEIUATIBHO
U300peTeHa GUOIOTNYECKOM BOIIOIIUEH
KaK HEKHU QIalTAMOHHBIN MEXAHH3M.
M3BECTHO, YTO 6aKTEPUM (PAKTUYECKH HEC-
CMEPTHBI — OHH MOT'YT JIEJIUThCSI GECKOHEY-
HO, IIOKA €CTb IUTaTeabHas cpeaa. Ha ka-
KOM-TO 3TAIIC IBOJIIOIIMH ITPUPOJIA «BBIIY-
MaJ1a» CMEPTh. 3aueM? YTOOBI /1aTh IOPOry
MOJIOZABIM, YCKOPUTb CMEHY HOKOJIEHUM
U CIIOCOOCTBOBATSH ITporpeccy. [1o Teopun
Bericmana, y tex Bus1oB, KOTOPBIE €IIE HECO-
BEPIIECHHBI U HYXKJAIOTCS B «/JOPAOOTKE»,
JKA3Hb KOPOYE, IIOCKOJIBKY KKIOE OCTIC-
JIYIOIIEE ITOKOJIEHUE UMEET IIAHC BBIPAOO-
TATb HOBBIC IIOJIE3HBIC [T BU/JA KAYCCTBA.
HeanbHO IPHUCIIOCOOIEHHDBIN OPraHHU3M
He TpeOyeT JaIbHEHUIIETO COBEPIIECHCTBO-
BaHYsL. TaKMM 0OPa30oM, CMEPTH ObUIA CO3/1A-
Ha JKM3HbIO, YTOOBI U3 IOKOJICHUS B ITOKO-

JIECHUE COBEPLICHCTBOBATb JKHUBOH Opra-
Hu3M. Ho ey 310 IEeHCTBUTENBHO TAK, TO
JIOJDKHA CYLLIECTBOBATbL OCOOAS IIPOIrPaMMa
CMEPTH», 3AJI0KEHHAs B reHax. Mes Beric-
MaHa TaK IIOPa3uia COBDEMEHHUKOB, YTO
OH ObLT OOBUHEH B aHTHIapBUHU3ME. [Tozt
KOHELI )KU3HU YYCHBIA IEPeCTal YIIOMH-
HATb O CBOEU IPOBOKAIIMOHHON KOHIICII-
LI, XOTS HE CYIIECTBOBAIO HU €IUHOIO
(pakra, KOTOPHBI OIIPOBEPT OBl €€.

OJHAKO CErofHsA HAJTMYHE IIPOIPAMMbI
CaMOJIUKBU/IALIH KICTKH U CYILIECTBOBAHUE
I€HOB KIETOYHOM CMEPTH JOKA3aHO, IIPH-
4eM X OTKPBITHUE ObU10 yBeHUaHO Hobeses-
CKO¥ IIpeMueit 1o pusrosnoruu 3a 2002 1.

Bam6yK, KOABMAPbI U BYAYUCTbI
TIpencraBsre cebe rycThlie 3apocin 6amoy-
K4, KOTOPBIA HA NPOTsLKEHUU 15-20 et
Pa3MHOXKACTCS BET€TATUBHO. [TOTOM BIPYT
0aMOYK IEPEXO/IUT HA TIOJIOBOE PA3MHO-
JKEHUE, TIOABJISTIOTCA LIBEThI, CEMCHA, U CO-
BEPIICHHO 37I0POBOE PACTCHUE JKEITCET 1
TMOHET B CAMBbIH pasrap j1eTa. CMbICI CTOJIb
CTPAHHOT'O MPOLIECCA — PACYUCTUTD MEC-
TO JUIS1 MOJIOZIBIX IIOGETOB, KOTOPBIE B IIPO-
TUBHOM CJIy4a€ HE CMOIVIM Obl IPOOUTHCS
K COJIHIY CKBO3b IJIOTHBIF CTPOI CBOUX
60J1€€ CTAPBIX COPOJUYEIL.

COBEPIIEHHO YAUBUTEIbHbIE IIPUMEPDI
CAMOYHHYTOXKEHUS CYIIECTBYIOT B XKIBOT-
HOM Mupe. Tak, CaMKa OCBMHHOTI'a OTK/IA-
JIBIBACT SIHI1A, OXPAHSCT KIA/IKY, A KOT/IA BBI-
JIYIISIFOTCST MJICHBKIE OCBMHHOKKH, OHA
6€3 BCAKOM BUAMMOI IPUYHHBL BIPYT TE-
PSIET AIIIETUT U Y€PE3 HECKOJIBKO JTHEH ITO-
rub6aeT OT roJao/Ad, HECMOTPSI HA OOMIHE
TIHITH BOKPYT. OTHAKO €CITH YAATUTh Y HEe
TAK HA3bIBAEMYIO OIITHYECKYIO JKEIIe3y, HH-
YEero MOJO6HOTO HE IMTPOUCXOUT — OHA
MIPOJIOJDKACT ITUTATHCS M CIIOCOOHA EITIE HE
a3 MpUHECTH TOTOMCTBO. HecMOTpst Ha
IUIAYEBHYIO CYJbOY CAMOK, OZHOKPATHOE
PAaZMHOKCHNC OCbMHUHOTI'OB BBII'OJJHO [IJIA
BH/IA — IMOBBIIIAETCS PA3HOOOPA3UE T10-
TOMCTB2: MATEPBIO CJIEAYIOIINX OCBMHUHO-
T'OB OOSI3ATEJILHO OY/IET YKE IPYTast CAMKA.

Eme ogqun nnpumep. Y OHOTO U3 BU/IOB
KaJpMapa caMel], OIUIOZIOTBOPHUB CAMKY,
KaMHEM HJIET KO JIHY: «MaBp C/ICTIAI CBOE
JIETIO — MABP MOJKET YHATU>.

Erie 6osiee CTpaniHbii 1 HEOO'bSICHUMBIHA
MPUMED BRIIOUEHHA MEXAHU3MA CAMOYOHL-
CTBA — CMEPTb BY/Y Y ABCTPAIMICKUX 460-
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pureHoB. KosiyHbl IPHUTOBAPHBAIOT YETIO-
BEKA K CMEPTH, IOCJIE YETO HAYNHAIOTCSA T10-
rpebaIbHbIC IECHOIIEHMS 110 EITIE JKUBOMY
4YEJIOBEKY. BripoueMm, JKUBbIM OH OCTA€TCs He-
JIOJITO — CMEPTD HACTYITAET B TEYCHHE TPEX
JaHen. [Ipy 9TOM CUMIITOMBI Y BCEX JKEPTB
OJTHH U TE€KE — KATACTPOPHUIECKOE OOE3BO-
JKMBaHMe opraHusma. Ilcuxomormdeckoe
BO3B/JICUCTBHC HAICIITBIBAHWUI KOJJIYHOB U
MECHOIIEHUI  OJIHOCE/IbYAH  HACTOJIBKO
CUJIBHO, YTO KAKUM-TO OOPAa30M HAPYIIIAET-
Cs1 COJIEBOM OOMEH, U YETIOBEK, CKOJIBKO ObI
HU T, IPOCTO HC MOKCT JKUTD JAJIBINC —
Yy HET'O BKIIOYAETCSI OMOXUMHYECKUH TTPO-
LI€CC CAMOJIMKBUIALNN. BbUIH CITyuauy, KOrja
TIOJTULIN YIABAJIOCH BBIBC3TU ITPUT'OBOPCH-
HOI'O 1 JOCTABUTD €I'0 B 6OJIbHI/II_[y — 1 HC
BCEI/IA Y/1ABAIOCh CIIACTH HECYACTHOTO.

3a4eM HYXXHA CTAPOCTb?

M3ygas yIuBUTENIbHBIE TAMHBI IPHUPO/EL,
CKyJIa4y€eB IIPUILIET K OYEPEHOM «KPAMOJIb-
HOW» MBICJIW: HE SABJIACTCA JIA CTAPEHUE PE-
3YJIBIATOM ICMCTBUSA BCE TOI'O KE «CAMyPa-
CKOI'O 3aKOHa» BXKMBOU ITprpoye? Haspanue
3TOMY SIBJIEHUIO ObUIO IAHO C JIETKOU PYKU
3HAMEHUTOIO  (PUIOIOra  aKaZCMUKA
MUJL TIacriaposa — (heHONTO3, YTO IO AHATIO-
THH C aIIOIITO30M MOYKHO IIEPEBECTH KAK
yBsJaHHE OpraHnama. C Te4eHUEM JIET B HA-
LIMX KIETKAX OOPA3yeTCs BCE OOJBIIE 5710~
BUTBIX (POPM KUCTIOPOZIA, KOTOPBIC MEIYICH-
HO yOHBAIOT HAC, IPOBOLIUPYS CTAPYECKUE
6one3Hu. Beab 1 pak, 1 MH(APKT, U MTHCYJIBT,
U 1nabeT — B OOJIBITNHCTBE CBOEM BO3PAC-
THBIC HEIYT'H, KOTOPBIE C TOJAMU IIPOrPeC-
CHPYIOT. JIpyroi BOIpOC — IIOYEMY Y YEJIO-
BEK4 IIPOLIECC CTAPCHUA U YMUPAHUA TAK
JIOJIOT M U3HYpHTENeH? Beab nprupoa 3Ha-
€T IIPHUMEPDI BEJIMKOJIEITHON CMEPTH B PAC-
nBeTe CWIL. ECTb KPYIHBIE OKCAHCKUE IITH-
1IbI, KOTOPBIE JKHUBYT OKOJIO 50 JIET, 4 IOTOM
BHE3AITHO IIOIrU6AI0T 6€3 BCIKUX IIPU3HAKOB
CTapeHUsL. BeposTHO, 3TO CBA3AHO C TEM, YTO
MX SKU3HD BIIOJIHE OGJIATONIONIYYHA — Y HUX
HCT BPAros, BJOBOJIb ITUIIH, MOIITHBIC KPbI-
JIbsl, B X PACIIOPSDKEHNHN OECKPAMHIE MOPST
Y BO3IYILIHbIC OKEAHBL OHU IOCTATOYHO CO-
BEPIICHHbL, YTOOBI ITO3BOJIUTH CEOE YMEPETh
0€3 MYy4YUTEIbHON JPSXIOCTH. Boobe,
IITULLBI B OOJIBITUHCTBE CBOEM CTAPEIOT I'O-
PAa310 MEICHHEE, YEM MICKOIHUTAIOLIHC.
BuauMmo, Te, KTO XOAUT 110 3eMIIE, OOJIbIIC
HYKIAIOTCS B 9BOIIONMI. M TTOKOICHMS CMe-

HAIOTCA OBICTPEE B HAZACKIE BbIPA6OTATDH
HOBBIC IIOJIE3HBIE KAYECTBA U IOPOJUTH
JIydII€e IIPHUCIIOCOOJIEHHOE CYIIECCTBO.

CKa3Ka O ABYX 3aMLOX
JKnnm-6butd 1Ba 328112 — YMHBII W TITYTIBIA.
O6a 6€eranu 6bICTpee CBOUX BPAros 1 6J1a-
TOITOJIYYHO CIIACATUCH OT HUX. HO BOT 110-
CTAPEIN KOCBIE, YK€ HE TaK PE3BbI HOT'H.
OfHOKABl CTOJMKHYJIMCh OHH C JIUCOIL
VMHBIV 325111 CPA3y KMHYJICS 6€KATh, 3AITy T
CJIEABL, 3ATAWICA IO/ KYCTOYKOM, BEPHYJICS
K CBOEH 3a1YUXE U BOCIIUTAI TAKUX XKE YM-
HBIX 3a1T9aT. A IVIyIIBIA 3451 3AMCIIKAJICH,
KUHYJICS1 HE BTy CTOPOHY, 3AMETAICS. — U IO~
7T XUITHUKY Ha OO€/1, HE YCIIEB HATUIO/IUTD
TAKWX YK€ IVIYTIbIX, KAK OH, 3a14aT.

CyTb cell GACHU TAKOBA: II0-BUJHUMOMY,
PA3MHOXKECHHE MOJIOJBIX OCOOEH CITyKUT
UL COXPAHECHUA U 3AKPEIVICHUSA YK€ CyIIIe-
CTBYIOIIMX CBOMCTB BU/IA, 4 PA3MHOKCHUE
3PEJIbIX — MOMBITKA BBIPA60TATb HOBOE Ka-
YECTBO, HO3BOJIAIOLIEE JIYYILE TIPHUCIIOCO-
OUTBHCA K KU3HEHHBIM YCTIOBHAM. C BO3PAC-
TOM OCJIA6EBAIOT BCE (DYHKIIMM OPraHHU3Ma
U HAYUHAIOT SIpYE HPOSABJIATBCS T€, KOTO-
pbIE B MOJIOZOCTH MAJIO BJIMAIOT HA CUTYa-
LIMIO, 4 B CTAPOCTU IOMOT'AIOT JKHBOTHOMY
BBDKUTDB. BepHEMCA K CKa3Ke O 3aU11AX: €CIIU
B MOJIOLOCTH YM OZIHOT'O M IVIYIIOCTb JIPYT'O-
I'O UI'PAIN HE CTOJIb CYHIECTBEHHYIO POJIb,
IIOCKOJIBKY BCET/IA BHIPYYa/Id ObICTPBIC HO-
I'M, TO B CTAPOCTU UMECHHO 3TU KA4ECTBA
OKA3JINCh pEMIAIONMU. BOT moueMy nipo-
IrpaMMa CTAPEHUA MOXKET ObITb CPEICTBOM
OT60PA IOJIE3HBIX KAYCCTB.

B nonckax Be4HOM MOAOAOCTU

KTO HE MeuTaJl BCEINa OCTABATHCS IOHBIM,
CWIbHBIM, KPACUBBIM?! JIIOAW KAKIYT HE
CTOJIbKO 6ECCMEPTHS, CKOJIBKO COXPAHECHUSA
MOJIOAOCTU. A MEXK/TY TEM MEXAHH3M CTape-
HMA BR/IIOYACTCS OY4CHD PAHO, BEPOSITHO, IO
3aBEPILCHUH II0JIOBOIO CO3PEBAHUA WIN
pocra.JIer ¢ 25 4eI0BeUeCKOe CYIIECTBO Ha-
YHHAET OYCHb MEIJICHHO OC/1A6€BaTh. Ecimm
HUCXOIUTD U3 TEOPUU OMOXUMUYECKOI'O Ca-
MOYOMIICTBA OPraHU3MA, B MHOM CBETE
IIPEACTACT 3a4a449a MEIULIMHBL /IO CUX IIOD
OH4 3aHUMA/IACh JICYCHUEM OOJIC3HEL, 3HA-
YUTEIbHAS YACTb KOTOPBIX — CTAPYCCKUE.
A MEXIy TEM CJIEAYET HObITATbCA OTME-
HUTD CaM [IPOLIECC CTAPEHHUA, CJIOMATD [IPO-
IPaMMY, TOT XPOHOMETP, KOTOPBIH IIE-TO

BHYTPU HAC OTCUUTHIBACT OTBE/ICHHBIC HAM
T'OJBbI. Bruieuun 6OJICSHI)7 MBILJIAIIB ITOTy4a-
€M OTCPOYKY, [IOKA IIPOrpaMMa UIIET 00-
XOJJHOU Iy Th. CJIOMaB MEXAHU3M CTAPCHIH,
MBI OOPETEM BEUHYIO MOJIOJIOCTb. CO BpeMe-
HeM (JieT Tak B 120, a MoxeT ObITh, U B 200),
BEPOSITHO, ITOSIBUIMCH Obl HOBBIE, HEU3BECT-
HbIE cTapueckue 6one3Hu. Ho Beab 3a1a49a
HE B TOM, YTOObI JIOCTHYb BEUHOM CTAPOCTH,
4 B TOM, YTOOBI IPOJYIUTb ITIEPUO]] MOJIOZIO-
CTH, 3J0POBbSI M AKTHBHOCTU.

3agaya o4ty (PaHTACTUYCCKAT: HAUTH
BPEIOHOCHYIO IIPOIPAMMY U CJIOMATb €€.
«1 a6COMOTHO HE YBEPEH B CBOCH IPABOTE,
HO JUI1 MEHS OYEBHIHO, UTO KTO-TO JOJDKCH
IPOMTHU 3TUM ITyTEM», — TOBOPUT YYCHBII
OnHAKO CEroiHA AKAJEMUKY JICIYE OTCTAN-
BaTb IKE CAMBIC (DAHTACTHYCCKUE TUIIOTE-
3bl — TEIEPb Ha HETO PA0OTACT HEIIPEPEKAe-
MbI aBTOpUTET (CKyJIa4€B UIMEET CAMDII BbI-
COKMI MUHJIEKC IUTUPOBAHUS CPEI HBIHE
SKHBYILIX POCCUHCKHX OHOJIOTOB), 9TO I10-
3BOJIET €MY UCKATb M HAXOJUTD IOAICIKKY
CBOMX MHUITMATUB. TaK, B 2003 I OH OITy4IHII
I'PAHT OT YaCTHOT'O (POH/IA, KOTOPBIH II03BO-
JIWJI HAYATh SKCIIEPUMEHTBI 110 CJIOMY TTPO-
rpaMMbI Cyu1ii/a. I1o caioBam yaeHoro, it
TOTO, YTOOBI «3ATPETUTE> MUTOXOH/IPHSM
IIPOU3BOUT SJIOBUTOE BEIIECTBO, HEOOXO-
JIAM QaHTHOKCHaHT. HO e/t BBeCTH HEKOTO-
POE Ero KOJIMYECTBO, OPTaHU3M HEME/UICH-
HO HAYHMHAET JIMOO BBIPAOATHIBATH CI1IE OOJIb-
1II€ OITACHOT'O KUCJIOPOZAA, INOO YMEHBIIAET
CHHTE3 COOCTBEHHBIX IIPOTHUBOSINI, T.C. BCC-
MU CWIAMH CTPEMHUTCS PEAIN3OBATH CBOIO
3JIOBEILYIO IPOrpaMmy (PeHOITO3a. OTHAKO
YK€ CHHTE3UPOBAH IPEIAPAT, [HO3BOJIIIO-
i B 1000 pa3 HOBBICHUTH aHTHOKCH/IAHT-
HBIH 3d11aC MUTOXOHZIPUM — 3TO KATUOHHDIH
AHTUOKCH/IAHT, KOTOPbII HAKAIUIMBACTCS 11O
BNEKTPUIECKOMY TOJIIO BHYTPH MUTOXOH/I-
pun. Takylo 103y IPOTUBOSINS OPraHE/UId
BPSAZJIA CMOMKET IIPEOZJONETD. [ lepBhIe STaribl
IIPOBEPKH I'MIIOTESBI YIKE OCYIIECTBIICHbI 1
JIJIV TIOJIOKUTEITBHBIE PE3Y/IBIAThI — UCCIIE-
JIOBATEJISIM Y/IAJIOCh «OTMEHUTH> MUTOITTO3 U
aronTo3 (B TOM YUCJIE U KOJUIEKTUBHDIN).
1 ele HUKOIA HE JEIa1 ITIOOIBHBIX 0600~
MICHUN, — rOBOPUT CKYy/Ia4eB, — HO €CIH
B34Th 1000 T€pOHTONIOrOB, 999 13 HUX HE CO-
IVIACATCA C MOEH ApryMEHTALMEN>. BO3MOX-
HO, OHM IIPOCTO OIIACAIOTCS, YTO G1arofapst
YCHWIMAM aKaJIeMUKA CKyJIa4eBa B O/IUH IIPe-
KPACHBIH JIEHb OCTAHYTCs1 6€3 pa0OTHhL.. M
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MEneqonbl

B 1987 1. porokamepa, NpUCOCAUHCHHAL
K MHKPOCKOILY, CII€Iaa CHUMKH MEJIb-
YaNIIUX YCTPOMCTB, Pa3MEPbI KOTOPBIX
CPaBHUMBI C TOJIIMHON YETIOBEYECKOIO
BOJIOCA. OJJHUM M3 CO3JaTeNICH U3/e/IUM
Obl1 uccinenosarens Keriem Ia6puen
(Kaigham (Ken) J. Gabriel) n3 komnanuu
Bell Laboratories, 3aKOHYUBIIUN 3ICKT-
poTexHuYeCKU (akynsrer Maccauy-
CETCKOI'O TEXHOJIOIMYECKOT'O MHCTUTYTA.

HecMOoTpst Ha TO 4TO U300pETEHUE HE
HAIIJIO IIPAKTUYECKOIO IpUMEHEHM, [5-
OpHUesI IPOAOIDKAI UCC/IEAOBAHMSA B 0612~

CTH MMKPO3JIEKTPOMEXAHUYECKUX CHUC-
TeM (MOMCOC).

OH IIOHSJI, YTO KOMMEPYECKUH yCIIEX
MOI'YT IIPHHECTH TOJIBKO YCTPONCTBA,
NPEAHA3HAYECHHDIE JIJI OIPEJEIEHHOMN
LIEJIM U JIEFKO U3IOTABIMBAEMBIE C IIOMO-
HIBIO OOBIYHBIX IOJIYIPOBOAHUKOBBIX
TEXHONOIMU. CBOM MJEU YIYECHBIN HAYal
MIPETBOPSTH B KU3Hb, CTaB B 1993 T pyKo-
BOJUTEIEM IEPBOX MOMC-IpOrpaMMebl B
VIpasjieHMU IEPCIIEKTUBHBIX UCCIIE0OBA-
HUI 1 pa3pabOTOK MUHUCTEPCTBA O60PO-
nbl CIIA (DARFA).

AKyCTMYeCKas MUKPOCXeMA. MWHUATIOPHbIE MEMOPAHbLI (CETKQ KBAAPQTUKOB) HA
NMOBEPXHOCTU KPUCTAAAC OBECTIEYMBAIOT KOK BbICOKYKO YYBCTBUTEABHOCTb K CAQObLIM
3BYKOM, TAK U LUIMPOKNN YACTOTHBIN ANAMNA30H.

apun Ctnke

B 310 Bpems nadoparopun DARPA OpU1n
3aBAJICHBI OOPA3LIAMU CAMBIX PA3HOOOPA3-
HBIX YCTPOHCTB — OT MUKPOJIBUTATEIIEH IO
MMHUATIOPHBIX POO6OTOB. Toraa Is6puen
onpeaeanI IPUOPUTETEL U IIOAUYECPKHYII
HEOOXOJUMOCTb CO3/1aBATb TAKUC BECILU,
KOTOPBIE MOI'YT 3aUHTEPECOBATD JIIOACH
HACTOJIbKO, YTOOBI OHU COIVIACHJIUCD IUIA-
TUTb 32 HUX. [Toj ero HadmoaenueM DARPA
(PUHAHCHPOBAIO CIELUATIU3UPOBAHHYIO
IIPOM3BOACTBCHHYIO  YCTAHOBKY LIS
MODMC-yCTPOFICTB.

B 1997 r. I56puer 3aHsU1 HOCT 3aBEAYIO-
mero kadeapoi B Yuusepcurere Kapae-
ru—MeJUIOHA U 3aUHTEPECOBAICA O6JIa-
CTBIO, I7IC HE YAE/IUIOCH IOJDKHOI'O BHUMA-
HUA aKyCTHYeCKUMU MOMC. OH npuiien
KBBIBO/IY, YTO JJIS1 TOT'O, YTOOBI BBIBECTU 3BYK
Ha ypoBeHb XXI B, HECOOXOIHUMO U3MEHUTD
MUKPO(DOH U Te1edOoH (IIPeodpa3oBaTEIb
SEKTPUUCCKUX CUTHAJIOB B 3ByKOBBIC).

V I56puerna, B CBOE BpeMst HAITUCABIIETO
JOKTOPCKYIO JUCCEPTALUIO IO OUHAY-
PAIbHOMY CJIBIIAHHUIO (KAK YEJIOBCUCCKUM
MO3I 06Pa0ATBIBACT AKYCTUUCCKUE CUTHA-
JIbl ¥ IOJABJIACT (POHOBBIM IIYM) U YBJIE-
KaBIIETOCS AKyCTUKOH, POJM/IACH UZES CO-
31aHUA AKYCTHYCCKOM MUKPOCXEMBL JIo-
I'MKa y4€HOro Obuia npocrta. B ocHose
U MUKPO(DOHA, U TeIe(POHA JIEKAT KOJIeO-
JIOILIHUECS MEMOPaHbL, KOTOpble B MOMC
MOL'YT UMETb BUJ] KBA/IPATOB CO CTOPOHOU
110 0,5 MM (110 Mepkam MOMC 3TO MHOT0).
Koneb6anusa MeMOpaHbl IPeoOPasyloTcs B
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HHHOBALHN

3JIEKTPUYECKOE HANIPSDKEHUE, COOTBETCT-
BYIOIICE BBICOTE U I'POMKOCTH, CKAKEM, JIAsSL
COOAKU WIH CTYKA IIA1AIOMIEH MOHETDL
CaMor TpyaHOM 3ajadeit, ¢ KOTOPOH
CTOJIKHYJIACh Jlaboparopus Is6puena
B YHusepcurere Kapaern—Mesuiona, cra-
JIO U3roTosIeHue MeMb6bpaH. Kak 1 Bce oc-
TAJTbHBIC JICMCHTBI MUKPOCXCMBI, MeM6-
PAaHBI U3TOTABIUBAIOTCA IIyTEM CO3JAHUS
TOHKHX ITPOBOJAIINX W U3OJIUPYIOIHX
CJIOEB METAJUIA WINA JBYOKUCH KPEMHUS
(8iO2) Ha KPEMHUEBYIO IOJIOKKY C ITOCTIE-
JYIOIMM UX TPaBJIeHHEM. B xoze rorpa-
(PHUUECKOro IPOLIECCa U IIPOLIECCA TPABJIC-
HUA, IPUMCHACMBIX [IJIA U3T'OTOBJICHUA
MeMO6paH, POPMUPYETCS CETKA U3 METAJI-
JIMYECKUX POBOJHHUKOB, IIPOCTPAHCTBO
MCKIY HUMHU 3AITOHACTCSA ABYOKHCHIO
KpeMHHUsL [Tocse TOro Kak CJIOH 3a CJI0EM
MU3IOTABIMBAIOTCA APYI'UE SJICMEHTBL, CCT-
KA OKa3bIBACTCs HA IIOBEPXHOCTH. 3aTEM
C IIOMOUIBIO I'A30BOM IUIA3MBbI BBITPAB/INBA-
€TCsA IOJIOXKKA M OOPA3yeTCs BO3AYIIHASL
IIOJIOCTB, OOECIICYMBAIONIAS BHOBb CO3/1aH-
HOM CTPYKTYPE BO3MOKHOCTb CBOOOHO
KOJ1e6aTbCs1. HaKOHEL BCsA CETKA IIOKPBIBA-
€TCs IOJIMMEPOM, Ha YEM HU3TOTOBICHUE
MEMOPAHBI 3ABEPIIACTCS (CM. PUC. 66EPX)).
MOMC-MUKPO(DOHBI IIPU3BAHBL  Y/Iy4d-
LINTD KAYECTBO 3BYK4, KOTOPOE BO MHOT'HX
COTOBBIX TENE(POHAX OCTACTCS HU3KUM.
TpaMLIMOHHbBIC MUKPOMOHDI CHAOKCHbL
TOJIBKO O/IHOH MEMOPAHOH, KOTOPAsI KOH-
CTPYMPYETCsl HA OCHOBE KOMIIPOMHCCA ME-
2Ky 6OJIBIIUM PA3MEPOM, HECOOXOAUMBIM
JULA YJIABJINBAHUA C1a0BbIX 3BYKOB, U Pa3Me-
POM, IOCTATOYHO MAJIBIM JIJIs1 BOCIIPUSI TS
BBICOKMX 4aCTOT. B ciryaae MOMC-MUKPO-
CXEMBI TAKOH 6JIAHC HE HY’KEH. AKYCTHYC-
ckre MOMC-MHUKPOCXEMBI IIEPBOI'O ITOKO-
JieHns 6y/lyT UIMETh GOJIbIIE 5 MEMOPAH.
OpHU 6yyT OOECIIEYUBATD BBICOKYIO UyB-
CTBUTEJIBHOCTD, IPYIUE — NEPEJAUy Bbl-
COKHMX 4aCTOT. BbIXO[(HI)IC HMITYJIbCBI OT-
JIEJIbHBIX MEMOPaH Gy/lyT OObEAMHATHC
CUT'HAJIBHBIM TIPOLICCCOPOM, BXOJAITHUM
B COCTaB MMKPOCXEMBL. TaKas ske THOKOCTh
KOHCTPYKLIMH IO3BOIUT IIOJIyYUTDb BbICO-
KO€ Ka4eCTBO 3ByKa U B MDMC-Tenedone.
I56puen NOHA, YTO AJIA JaIbHEHIIei
Pa3pabOTKU €ro TEXHOIOTUH BO3MOKHO-
CTEH YHUBEPCUTETCKOU JIAOOPATOPUU HE-
JOCTaTOYHO. OH MOT' IIPOJEMOHCTPUPO-
BATb IIPEUMYIICCTBA AKyCTUYECKOI MUKPO-

Moanmep I

MpPOBOAHUKM ——

LUK

Bo3aAyLUHGS MIOAOCTb

MukpocKonmMyeckasl MeMOpPOHa. [loa  BO3AEWCTBMEM  3BYKOBBIX BOAH  MOAUMEP

C BMOHTMPOBAHHLIMKX  MPPOBOAHMKAMW

cosepLiaet

KOAEOAHMSI,  BO3HMKAIOLLAM

B MPOBOAHMKAX CUMHOA MOAQETCS HO YCTPOMCTBO LdPOBOM OOPABOTKM, BXOASILLEE B

COCTAB MUKPOOCXEMBI.

CXCMBbI, HO HC MCJI IIPCACTABICHUA O TCX-
HUYECKUX TPEOOBAHUAX KOMMEPUECKOTO
CEKTOPA K TAKOMY TUITy MUKPO(OHOB. /IBa
roja Hazaz [»6puer u npeAnpuHUMATEIb
ILxerimc Pok (James H. Rock) cospani Kom-
rmanuio Akustica. Pupma cobpana 6osblie
$14 M1, 3aKTIOYMIIA COTTIAIIICHUS C PSIIOM
KPYITHBIX M3TOTOBUTETICH COTOBBIX TeNE(hO-
HOB 1 CJTyXOBBIX AITITAPATOB M PACCYUTHIBA-
€T BCKOPE NPEICTABUTb OOPA3LIBI MUKPO-
CXEM CJIEAYIOUIETO ITOKOJICHIS.

Akustica cTana BUPTYyaIbHOI KOMIIA-
HUCEH, HE HYK/JAIOMEHCA B COOCTBEHHOM
IIPOU3BOACTBE. [IeJIO B TOM, YTO HPOLIECC
WU3TOTOBJICHUS  3BYYalllUX MHKPOCXEM
IIOJTHOCTBIO COBMECTUM CO CTAHIAPTHBIM
TIPOMBIIIICHHBIM ITPOU3BOICTBOM KOMILIC-
MEHTAPHBIX META/UI0-OKCHAHBIX IIOJTyIIPO-
BOJHUKOBBIX cxeM (KMOIT-cxem). Takum
06pazom, MeMOpaHa (MEXaHUYECKUH dJ1e-
MEHT MHKPOCXEMBI) U3TOTABIUBACTCS O]
HOBPEMEHHO C JICKTPOHHBIMU CXEMaMU
0OpabOTKI CUI'HAIA. BUDTYaJIbHBIH CTATYC
1O3BOJISIET KOMIIAHUUN Akustica pacnona-
raThb HEOOJIBIITHNM IITATOM, 3AHHUMAIOIIHMCA
Pa3pabOTKOM KOHCTPYKIIUM, 1 UCIIOJIB30-
BaTb IIPOU3BOJCTBCHHBIC MOIIHOCTU IIPE/I-
HPUATHI BJIOOOM YacTU cBeTa. Darii ¢ Tex-
HHUYECKUM OITHCAHHUEM MOKET OBITh nepe-
CJIaH MO 3JCKTPOHHOM IOYTE HA 34BOL,
KOTOPBII N3TOTOBUT MUKPOCXEMBI B COOT-
BETCTBUM C TEXHHYECKHMH BO3MOXKHO-
CTAMH KOMITAHWH 1 JOCTABUT MX 3aKA349YH -

KaM. MIcTrioib30BaHUE TIPOU3BOJCTBCHHBIX
MOIITHOCTCH CTAHET HAUOOJIEC BAKHBIM,
€CJIU CIPOC Ha MUKPO(OHHbBIE MUKPOCXE-
MBI JJIS1 COTOBBIX TEIE(POHOB WIM BUJCOKA-
MEP JOCTUTHET HECKOJIBKUX MIWUIMOHOB
mTyK. (Ha nepBbIX ITOpax 3aBEPIIAIONIYIO
OIEPALUIO — OTACICHUE MEMOPAHBL —ARLLS-
tica 6y/eT BBIIONIHSTD 32 CYET COOCTBEHHBIX
MOIIHOCTEH, HO BIIOCJICACTBUM OHA OyzeT
BBIIOJIHATHCS HA 3aBOJIC.)

BHegpeHue akyCTUYECKIX MUKPOCXEM
IOMOMKET KOMIICHCHUPOBATb HEAABHUNI
crajz B O6JIACTU MPOU3BOJACTBA MUKPO-
JIEKTPOMEXAHUYECKUX CUCTEM, KOTOPBIH
OBLI CBA34H C HEBOCTPEOOBAHHOCTBIO OIl-
THUYECKUMX KOMMYTATOPOB Ha OCHOBE
MDMC 13-3a2 PE3KOIO CY’KEHHUs PhIHKA Te-
JIEKOMMYHHMKALAN.

AKHOTA)X BOKPYI MHKPOMEXAHUYEC-
KUX TeIe(OHOB UMEET ropasgo 60/blIe
OCHOBAHMIL. HOBAsA TEXHOJIOI'Us CYIUT
JATh HCCOMHCHHBIC IIPCUMYIICCTBA B CO-
OTHOLLIEHUU PA3MEPA U CTOUMOCTH, KOTO-
pBI€ IO IUIEYy JIUIIb LUQPOBBIM YCT-
porcTBaM. «TeXHOJIOIUU U3TOTOBICHHUS
MHKPO(POHOB U TEAe(POHOB JAOCTUIIN
peena CBOUX BO3MOXKHOCTEH, — FOBO-
put I36puen. — YMEHBIINTD UX PA3MEPbI
0e3 yiepoa U1 UX XapaKTEPUCTUK YKE
HEBO3MOXKHO». C HOABICHUEM AKyCTHYE-
CKHUX MUKPOCXEM KOHCTPYKTOPBI CMOTYT
TIIPUMCHUTD IPUHIUIT «MCHBIIC U ICIIICB-
Jie» B IIOJIHOU Mepe. M
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i LOKA

AoHAAA AaHAPU 1 XyaH OAusep

LLIOK, KOTOPbIN NCMbITLIBAIOT ThICSIHM AIOAEN HA NOPOre CMeEPTU,
YO)KE HE SIBASIETCST AASI MEAMKOB TAOMHOW 3Q CEMbIO MEeYaTsIMU,
Tenepb OHW MbITAKOTCS C HUM BOPOTLCSI.

Kakosa 6b1 HU ObLIa IPUYMHA IOKA, OyIb
TO CEPAEYHBII IPUCTYIIL, aBTOKATACTPOdA
WIH CEIICUC, €I'O XAPAKTCPHBIC IPU3HAKU
(moTepst CO3HAHMA U 3ACTBIBIINIT B3IVIA)
YACTO ABJAIOTCH NPEABECTHUKAMU CMEP-
TH. ExxerogHo Tonbko B CIIIA BHE3ANTHBIN
moK Hacturaer 500 ThIC. YEJIOBEK, OO0~
BHMHA M3 KOTOPBIX yMUPAECT. MIIIMOHBI
JIIOZICH BIA/IAIOT B 3TO COCTOSIHUE HA TEP-
MHHJIBHOM CTa/IUU CEPhE3HOIN OOJIE3HU.
IlprmynHa moxa MeguKaM XOpPOIIO M3-
BECTHA: PE3KOE MOHIKCHHUE APTEPUAIb-
HOT'O JABJICHUS, IIPU KOTOPOM BCE Opra-
Hbl M TKAHW HAYHUHAIOT HCIBITBIBATH
pedunut kuciopoaa. OCO6EHHO OH OIa-
CEH UL FOJIOBHOI'O MO3Tra U IPYTUX JKU3-
HEHHO BAKHBIX OPraHOB. MHOIIA Bpayam
YIACTCs IIOBEPHYTD MPOLIECC BCIATh, HO
B OOJIBIIUHCTBE CJIIy4aCB BCC UX YCUINA
OKa3bIBAIOTCA TINCTHBLIMMU.

V4yeHbIe JaBHO MbITAIOTCSA HAUTHU CIIOCO-
Obl GOPLOBI € IMOKOM U €TI0 CTPALIHBIMU
nocneacrsuaMyu. Ho Bce onpo60oBaHHbIE
B IOCJICIHUE T'OJbI IIPENAPATD], HA KOTO-
pbl€ BO3JIATAIUCh OOJbIIME HANCKIDL, HE
Jad PE3yaBraToB. MOXeET ObITh, AE/IO
CABUHETCA C MEPTBOMU TOYKH 6Iarogapst
HAIIeMy CIy4arHOMY OTKDPBITUIO? Bere-
CTBO, O KOTOPOM HJIET PEUb, HE yCTPAHACT
MEPBOIPUYHHY IIOKA, OJHAKO IOMOIACT
CIIPABUTHCA C HUM TBICAYAM OOJIbHBIX.

Moa AcBAaeHuem

YTO6BI TOHATH, OTYETO BO3HUKACT IIOK,
HEOOXOAUMO ITO3HAKOMHUTBCS C PabOTON
KPOBEHOCHOM CHCTEMBL. [lepBble JKUBbIE

CylecTBa Ha 3emiie, OOUTABIIUE B BOJHOM
cpelie, UCMIOIb30BAIN I U3B/ICYCHUA U3
HEE KUCIOPOAA U IIATATEIbHBIX BEIIECTB,
4 TAKOKE I BBIBCJCHUS IIUIAKOB I1ACCH-
BHYIO AM(dPYy3HUI0 — IPOIECC, MPU KO-
TOPOM MOJIEKYJIBI IIEPEMCINAIOTCA U3
obbpema ¢ 60/bLIEH UX KOHLECHTPALIUCH
B 0OBEM, I7I€ UX KOHIICHTPAIIMSI MECHBIIIE.
Ho CTO/b NPOCTOIM MEXAHU3M OOECIICUH-
BaJl JOCTATOYHBIN YIS HNOAACPKAHUA
JKU3HU IIEPEHOC BELIECTBA BCEIO HA HE-
CKOJIBKO MHJITUMETPOB. KpymHBIM Opra-
HHU3MaM HEOOXOIMUMO ObUIO 60JIEE U301~
PEHHOE YCTPOHCTBO, KAKUM CIIY>KUT
KPOBEHOCHAs1 CUCTEMA, TPAHCIIOPTUPYIO-
11as1 KUCIOPO, U IIMTATE/IbHBIE BEIIECTBA
Ha OOJIBIIUE PACCTOAHUA.

HacplmenHas KUCIOPOJOM KPOBb Te-
YeT 110 PA3BETBIECHHON CETHU aAPTEPUH,
[EPEXOIAIIUX B 60JIEEC METIKHUE COCYAbI —
ApPTEPHONBbl U TOHYANIINE KAIWLIAPEI
C BBICOKOIIPOHUIIAEMBIMH CTCHKaMH. Ka-
IIIUBIPHI IPOHU3BIBAIOT BCE TKAHH, TEC-
HO KOHTAKTHPYS C HUMH M OTJABasT KHC-
Jopoja. Ha cBoemM myTu KpPOBb HCIIbI-
TBIBACT COIIPOTUBJICHUE, KOTOPOE OHA
IIPEOAOIEBACT C IIOMOLIBIO HATHETAIO-
LIETO HACOCA — CEPALIA. ADTEPUAIBHOE /1A~
BJICHHE — 3TO MEPa YCWIMA, NPUIOKEH-
HOT'O K IPOKAYUBAEMOH KPOBH.

Cepaue yenoseka 1000 pas B CyTKH I1e-
PEKAYNBACT [IATh JINTPOB KPOBU I10 COCY-
JIaM JJTMHOM ~16 kM. OCTAaHOBKA TOTOKA
KPOBU BCEI'O HA HIECTb CEKYHZ, MOXKET
IIPUBECTU K IOTEPE CO3HAHUSA, A HEOOJIb-
LIO€ NAZICHUE JABICHUA — K KUCIOPOJ-

HOMY T'OJIOJJAHHIO MO3T'a, CIA60CTU U 00-
MOPOKY. Eciin UpKy/snys KpoBU 1Ipe-
KpAalllaeTCsa HA HECKOJIBKO MHHYT, TO Ha-
pymaiorcs (PyHKUUH APYIUX OPraHOB
Y BO3HUKACT IOK. Eciin oH mymrest joc-
TATOYHO JOJIIO U COIPOBOXKIAETCS HE-
OOpATUMBIMU IIOBPEKACHUAMU OpIra-
HOB, TO YEJIOBEK MMOTU6ACT.

ITyCKOBbIE MEXAHU3MBI IIOKA OBIBAIOT
pasubpiMyU. O4€eHb YaCTO K HEMY IIPUBO-
JUT PE3KOE YMEHBLICHHUE OObEMA KPO-
BU. [IppunHaMK MOTYT OBITb TPaBMa
WIN 513BA JKEJIY[KA, COIIPOBOXKAAIONUINC-
Cqd CHUJIbHBIMU KPOBOTCYCHHAMMU, o0
auapes, IPUBOAALIAd K OOE3BOXUBA-
HHUIO opranusMa. IIIok 3Toro Tuma Ha-
3BIBACTCA THIIOBOJIEMUYECKUM. Cepaue
BBITAJIKUBACT B KPOBEHOCHYIO CUCTEMY
CJIUILIKOM MajIO KPOBH, €€ Ae(ULUT HE
MOXKCT JIUKBUJIUPOBATDH JAKC ITOBBIIIC-
HHE YUCJIA COKPALCHUN, ADTEPUATBHOC
JIaBJICHUC NA/IA€T, OPraHbl U TKAaHU HE-
JIOMOJIyYaIOT KUCIOPO/ U IIUTATEIbHbIC
BemecTsa. IIpu T'UIIOBOJIEMHUYECKOM
IIOKE BPAa4YU MBITAIOTCA OCTAHOBUTb
KPOBOTECYEHUE WIM MOTEPIO KUAKOCTU
U BO3MECTHUTDb UX yTPATy, BBOIA B Opra-
HU3M KPOBb WIH (PUIHOIOIUYECKUNI
pacTBOp (9acToO U TO U APYroe). Anpo-
OUPYIOTCS HOBBIE CIIOCOOBI OCTAHOBKU
KpPOBOTEYEHUS (HAIIPUMED, HAIOKCHUE
CHCHHaHbHOfI MMacCThbl I YIYy4HICHUA
KOAryJIAL1N), 4 TAKKE HOBBIE 3AMCHUTE-
JIM KPOBH.

Jpyroi TUIl OKA — KapJAUOI'C€HHbIM,
BO3HUKACT IIPU HAPYLUIEHUH PAOOTHL )
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cepaua. Takou cO0it MOXKET IPOU3OHTH,
HAIIpHUMED, IIPU 3aKYIIOPKE BEHEYHOU
(kopoHapHOM) aprepuu. B aTtom cirydae
IIEPEKPBIBACTCA IyTh, II0 KOTOPOMY CEP-
JICYHAs] MBI CHAGXKACTCS KHUCJIOPO-
JIOM, U PAa3BUBACTCA UH(APKT MUOKAPAA.
KapInoreHHbIi MOK MOXET BOSHUKHYTh
U IIPHU APUTMHUM — CJIMIIKOM BBICOKOIM
WIN CJIMIIKOM HU3KOI 4aCTOTE CEPAecU-
HBIX COKpaieHui. Exerogno s CHIA pe-
rucTpupyercsa 280 TbIC. CJIyddeB IIOKA
TAKOT'O TUIIA. 7151 6G0PBOBI C HUM UCIOIb-
3YIOT MEAMKAMCHTO3HYIO TEPAIMIO, Ha-
IIPABJICHHYIO H4 BOCCTAHOBJICHHE PA0O-
Thl CEPAEYHOM MBIIILBL, IIPOBOJAT
3aMEHY CEPACYHOIO KJIAMAHA, UMIUIAH-
TUPYIOT ACHUOPWIIATOP (YCTPOUCTBO,
KOHTPOJIMPYIOIEE PETYIAPHOCTb COKPA-
meHus cepaua). Eciu Bce 3tu Mepel He
IIOMOTAIOT, IPUXOAUTCS IPUOETATD K I1€-
pecazike cepaua.

OOTYy CaMBIX Pa3HBIX OPraHOB M TKa4-
Her. Kaxapli roj, CEncuc BO3HHMKAET
y 500 teIC. 2xuTeen CIIA, y TOJIOBUHBL
U3 HUX PAa3BUBACTCA CEHTUYCCKUN
IOK, OT KOTOPOTO ymupaer 125 ThIC.
4JestoBeK. CepALe NPy TAaKOM THIIE HIO-
Ka paboTaeT B yCWJIIECHHOM PEXKUME, I1€-
PEKAYUBAS OIPOMHBIE OOBEMBI KPOBMU.
Koska 60JIbHOTO Ha OLIYIIb KAJKETCA TC-
IIee, 4eM OOBIYHO, BCACACTBUE MATO-
JIOTMYECKUX IIPOLIECCOB, MPOTEKAIO-
IUX B aPTEPUOIAX.

V4eHble JaBHO MPEIIONAraam, 4To, UC-
creysl HapylmeHus B paboTe apTepHOIL,
MOKHO CO37aTh 6osce 3(PPEKTUBHBIC
METOJBl IPEAOTBPALICHUA Ba30JUIA-
TOPHOI'O IIOKA M BBIBOJA U3 Hero. Ilo-
JOOHBIE MCCIICJOBAHUSA, IIPOBCICHHDIC
HAMHU ILIECTD JICT HA3a/, KaK Pa3 U IIpUBe-
JIU K HEOKUIAHHOMY OTKPBITHIO, O KOTO-
POM IIOUZIET PpeEYb.

MOL'YT M3MEHSTbH JAUAMETP apPTEPHUOIL
B pabore cocy10B 3TOro TUia y4acTsyer
OOBIIOE KOTUYECTBO XUMHUYECKUX AI'€H-
TOB — HOPA/IPEHAJINH, BA30IIPECCHH, AH-
ruoreH3ud I, nopaMmuy, okcuj a3oTa.
HexoTopble U3 HUX BCTYIAIOT B JICHCTBHE
B OTBET HA NAJICHUE APTEPUATIBHOTO /1AB-
senus. HopagpeHaaud U aHrMoTeH3uH I,
CEKPETHUPYEMBIC B KPOBb, CTUMYJIHMPYIOT
COKPAIICHUE MBIIILL APTEPUOJT; OFHOBPE-
MEHHO B OPI'dHHU3ME IIOBBIIIAETCS YPO-
BEHb I'OPMOHA, KOTOPBIH BBI3bIBACT YCU-
JICHHOE BBIBC/ICHUC HATPUA C MOYOI, YTO
MPUBOAUT K PACC/IAOJICHUIO MBIIICYHbBIX
BOJIOKOH aPTEPHO M YBEIUYCHUIO UX
pocBeTa. B pesdynsrare apTrepuossl B Ta-
KHX OpraHax, KaK KOXKa U HEKOTOPBIE OT-
JICJIbl MBIIIEYHOM CHUCTEMBI, CYXKAIOTCH,
U KPOBb, HATAIKHUBASCH HA ITOBBIIIEHHOE
COIIPOTUBJICHUC, HAIIPABIACTCA OT HUX
K 00J1€€ BAKHBIM OPI'aHaAM.

Acrke HeDOAbLLIOE MOASHWE OPTEPUAABHOTO ACBASHUS MOXKET
NPWVBECTN K KUCAOPOAHOMY FOAOACHUIO MO3IQ.

TpeTuii, caMblid PaclIPOCTPAHEHHDIN
TUI MIOKA — BA30AWIATOPHBIN. OH MO-
JKET BO3HUKHYTD I1IOCJIE KAPJUOTI'€HHO-
ro WM THIIOBOJIEMHYECKOI'O MIOKA4,
JJIMBIIETOC HECKOJIBKO CYyTOK. HO 4a-
1€ BCETO K HEMY IPUBOJUT CEIICUC, I'E-
HEPAINM30BAHHAA MHEMEKLIUA, [IPHU KO-
TOPOH OAKTEPUU MONAAAIOT B KPOBO-
TOK, 34AIyCKas BOCIAJIUTEIbHBIA IIPO-
necc. ITpIrasgch IPpOTUBOCTOATD UH(EK-
LAY, JIEUKOLIUTBI U JPYTUE 3JIEMEHTDI
MMMYHHOU CHCTEMBlI HAapyHIAIOT pa-

OB30OP: BOPbBA C LLOKOM

I[lo KakuM NIpUYMHAM HAPYIIACTCA
dyHKUMOHUpPOBaHUE aprepuon? Ilato-
JIOTMYECKMH IIPOLIECC HAYUHAETCA 3a-
JIOITO 10 BO3HUKHOBEHMA IIOKA. Hemen-
JIEHHO I10CJIE CHIDKEHMSA APTEPUAIBHOIO
JIABJICHYS, CTPEMACH OIIEPEIUTD HIOK, OP-
I'aHU3M BKJIIOYAET KOMIIEHCATOPHBII Me-
XAHW3M, 3AIYCKAEMBIA B aPTEPUOJIAX.
CTEHKM 3THX ITOJIBIX JIACTUYHBIX TPYOOK
COCTOAT M3 TPEX CJIOEB, OMH U3 KOTO-
pBIX (CpenHuil) OOpa3OBaH IVIAJKOMBbI-
HIEYHBIMM KIeTKamu. COKpalasachb, OHU

e BxxeropHo B CLUA wok Hacturaet 500 Tbic. Atoaen. MNpnymHbl ero camble pas-
Hbl€ — OT HECYACTHOrO C AY4As AO FreHEPAAM3OBAHHOM MHbEeKUMN (Cencuca). Mo-

AOBUHQO BOABbHbIX MOrMOAET.

e [lonckn cnocoboB 6OPLOLI C LLOKOM AOATOE BPEMS HE MPUHOCUAU HUKAKMX
PE3YALTATOB. HOBbIE MOAXOAbI Y AEKAPCTBEHHbBIE MPENAPATHI TOABKO MPUOAMKA-

A GATAABHBIN UCXOA.

e K cyaCTblo, OBHAPYXKMAM HOBOE CBOWMCTBO XOPOLLIO U3BECTHOMO BELLLECTBA BA-
30MPECCUHA. DTOT FOPMOH LUMPOKO MPUMEHSIETCST AASI OCTAHOBKM KULLEYHOTO
KPOBOTEYEHUS, HO TAOBHOE, YTO OH OBAQACET eLlle OAHUM LIEHHBIM KAYECTBOM —

CNOCOBHOCTBLIO MPOTUBOCTOST LLIOKY.

AaBAeHue napaer

Ho ecnu B paboTe 9ToM C/IaKEHHOM CHUC-
TEMBI IIPOUCXO/IUT COOU 1 HYKHBIE apTE-
PHOJIBI HE CYKAIOTCsI, TO KPOBb HE BCTPE-
4aeT Ha CBOEM IIyTH COIIPOTUBJICHUS,
06€CIIEUUBAIOIIEIO €€ TIEPETOK K >KU3-
HEHHO BA’)KHBIM OopraHam. Kak Hu crpaH-
HO, Y OOJBbHBIX B COCTOSHUN BasoauIa-
TOPHOI'O IIOKA B KPOBU OTMEYACTCS
TOBBIIICHHBIN YPOBEHb KaK HOPAAPCHA-
JINHA, TAK U aHruoreHsuHall, uz yero
CJIEJIYET, YTO JIEJIO HE B OTCYTCTBUM CHI-
HaJla K COKpPAILIECHUIO. YUUTBIBASL ITOT
(paKT, MHOTHE CIIEIHUAIMCTBl PENIIIH,
4TO JIENO 3/1eCh B HAPYIIEHUH (PYHKITHO-
HUPOBAHUA MBIIIICYHBIX KJICTOK apTeC-
PHOJI: OHU HE OTBEYAIOT JIOJDKHBIM OOpa-
30M Ha CUT'HAJI K COKPAIEHHIO.

Opnako B cepeaune 1980-x rr. yde-
HbIE OOHAPYKUJIN, YTO KOPEHbD 3/14 — HE
c60M B pPabOTE MBIINIECYHBIX KIETOK,
a JIEMCTBHUE KAKOT'O-TO COCY/OPACIIH-
pstoniero arenTa. Hanbéosee n3BeCcTHbIN
Ar€HT TAKOI'0 PpOJia — OKCH/L A30T4, IIPO-
CTOE BEIIECTBO, 06J1/1AI01EE MUPOKUM
CIIEKTPOM geHcTBUA. OKa3aJI0Ch, YTO
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OT €ro NepPBOMNPUYMHBI.

TUMbI LLUOKA

LLlok — onacHoe AAS1 XM3HU NAAEHNE APTEPUAABHOTO AGBAEHUS. ECAM AOBAEHME OCTAETCS MOHMKEHHBIM B TEYEHNE HECKOAD-
KX MUHYT, TO YXM3HEHHO BAYKHbIE OPraHbI NEPECTAOT GYHKLUMOHUPOBATL. LLIOK OTHOCST K TOMY MAM MHOMY TUMY B 30BUCKUMOCTM

Tvn woka MprymnHa

TpaBma (orHecTpenb-
HO€E PaHeHVe, aBTO-
Karactpoda N T.A.).
YKenyaouHoe KpoBo-
TeyeHne. Anapesl.

1. TMNOBOAEMUYECKIIA
(EO3HVII(OeT npv KpoBoTEYEe-
HUSIX AV MOTEPE BGOABLLIMX
06BbEMOB KNAKOCTEN)

VIHPapKT M1okapAQ.
MospexaeHne cep-
AE4YHOro KAANAHA.

2. KAPAUOTEHHBIV (Bo3HM-
KOET Mpu HOPYLLEHUSIX B PO~
6oTe cepaLa)

LLeHMR).

3. BASOAVAATOPHbIV (803~
HUKOET, KOTAQ NEePEeCTatoT
HOAAEXKALLMM OBPA30M Cy-
XKATbCS APTEPUOALI)

OreHHbIN LWOK (MHOTAC

K& eCAU ero NepBo-
NPUYNHA YCTPAHEHA).

BOHHOS UHGEKLMS).

ApuvtMus (NOBbILLEHVE
VAV CHUXKEHWNE YaCTO-
Tbl CEPAEUHbBIX COKPO-

AANTEABHBIN TMMOBOAS-
MUYECKMIN AV KAPAU-

LIOK HE CHMMAETCS AQ-

Cencwuc (reHepanmso-

Pabota cepaua

Cepaue dyHKUMOHMPYeT
HOPMOAABHO, HO MepeKaYm-
BAET HEAOCTATOYHOE KOAU-
4eCTBO KPOBM (HaNMPUMEP,
3 A/MUH. BMECTO 5 A/MUH.

CepaALe He MOXKeT B MOAHOM
Mepe BbIMOAHSITb GYHKLMM
HOrHETAOLLLEro HACOCA, XO-
51 KOAMYECTBO KPOBU B OPra-
HM3Me OCTAETCs B HOpME.

BCOKHBIM OPraHAM,

Cepaue dyHKUmMOHMPYeT
HOPMOABHO, O6bEM KPOBMN
TOXX€e B HOpME, HO BO3HUKAO-
IOT HOPYLLUEeHWs B paboTte
QPTEPUOA.

MPOUCXOAWT.

QYHKLUMOHNPOBAHNE QPTEPUOA

APTEPUOALI KOHEYHOCTEN CYXXAIOTCS,
KPOBb HOMPOBASIETCS MPEVIMYLLLECTBEH-
HO K >KM3HEHHO BAXKHbLIM OPraHAM.

APTEPUOABI KOHEYHOCTEN CYXXAOTCS,
KPOBb MEPEHAMNPTBASIETCS] K SKUSHEHHO

APTEPUOABI KOHEYHOCTEN PACLLMPEHBI,
nepepacnpeAeAeHusl MOTOKA KPOBU He

MpyHMMOEMbIe Mepbl

OCTAHOBKA KPOBOTEYEHMSI; MHPY-
31151 KPOBU 1 GUSMOAOTNHECKOTO
POCTBOPA; BBEAEHWE KPOBE3AME-
HuTeAen. MpUMeHeHe AeKapCTB,
MOBBILLCIOLLMX CBEPTHIBAEMOCTD
KPOBW (CEMNYAC BEAYTCS PABOTHI
MO CO3ACHMIO MPENAPATOB HOBO-
O NMOKOAEHUS).

BBeAeHWe NpenapaTos, MoBbILLG-
IOLLWMX PABOTOCNOCOBHOCTL Cep-
AEYHOM MbILLLLbI; 3AMEHA NOBPEXK-
ASHHOTO KAQMAHA; UMAAGQHTALMS
AEPUBPUAAITOPA; Mepecaaka
cepAua.

MoMUMO Mep, YKA3AHHbIX BbiLLE,
BBEAEHME CTEPOUNAOB AAS1 YMEHbD-
LeHWs1 BOCMNAAEHUs; Ha3HAa4YeHe
BABOMPECCUHA.

m06asg UHAMEKIUA, IPUBOAAINASL K CEII-
CcuCy (HallpuMep, NHEBMOHUSA WA MeE-
HUHIUWT), COIPOBOXKAAETCA YCKOPEH-
HBIM CUHTE30M B KJIETKAX OKCH/IA 430T4.
BpL1d IPOBEAECHBI KIMHUYECKUE UCIIbI-
TaHUA C IIPUMEHEHHEM HHIHOUTOPA
OKCH/IA A30Ta; IPEAIIONArAIOCH, UTO KAK
TOJBKO COCYZOPACIIUPAIOMUNE aATreHT
OyZeT HEUTPAIU30BaH, HOPAJPCHAINH
Y aHTMOTEH3UH II cMmoryT 6ecrpensaTcT-
BEHHO OK43bIBATb CBOC COCYAOCYKHUBA-
omee aerucrsue. OAHAKO HUCHbITAHUA
HE IPUHECIN OKUIAEMBIX PE3YIBIATOB:
4aCcTOTA JIETAIBHBIX UCXOJ0B U OCIOXK-
HEHMH 6bl1a OOJIBIIE, YEM TIPE/IIOIAra-
JIOCh. OKCHJL 230Ta OKA3bIBAJI HA Opra-
HHU3M CTOJIb Pa3HOOOPA3HOE JECUCTBUE,
4TO €I0 HMHI'UOUPOBAHHE IIPUBEJIO
K MHOJKECTBY CEPBE3HBIX IIPOOJIEM.

B 1992 1. MBI OOHAPYKIWIN AJIBICPHA-
TUBHBIA MEXAHU3M CYXEHUS aAPTEPUOIL
IIPH BA30AWIATOPHOM HIOKE. DTO OTKPbI-
THE CTAJIO PE3YABIaTOM MO3IOBOTI'O
LITYPMA, IPEAIPUHATOIO B PAMKAX U3Y-
YCHUSA PAOOTHl KJIETOYHBIX MEMOPAH.
Kak u3BECTHO, BHYTPCHHSAA U HAPYKHASL

IIOBEPXHOCTH JIIOOOU OGUOTIOIMYECKOU
MEMOpPAaHbl HECYT PA3HBIN JICKTpUYE-
CKMH 32psJ,. DTO CBA3AHO C HAIUYHUCM
YIE€UYKH HAPYXKY IIOJIOXKUTEIbHBIX MOHOB
kanua (KY), yaepKUBacMbIX BHYTPU
KICTKA HeAU(PPYHAUPYIOIIUMU [OJIU-
AHUOHHBIMU (OTPULIATEIBHO 3aPSKEH-
HBIMM) OeJIKaMU. B pe3ynsrate HapyKHas
IIOBEPXHOCTb MEMOPAHbl OKA3bIBACTCS
3APSDKEHHOI MOJIOKUTENIBHO YyTh 6OJIb-
e, 4YeM BHYTPEHHHASA, U BO3HHUKAET
TPAaHCMEMOPAHHBIA TOTCHIIUAIL
MbleYHbIE KIETKA APTEPHOJI UCIIONb-
3YIOT 3TOT JIEKTPOXUMHUYECKUI OTEH-
Lyan i PEryasanuyd HalpaBI€HHOI'O

BHYTPb IOTOKA MOHOB KaJIBIIHS 4Yepe3
Ca**-KaHaJIbl, KOTOPBIE YIACTBYIOT B IIPO-
[jeCCe COKpameHUA MbIm. Kak TOJBKO
TIOJIAPU3 AT HA MCM6paHbI N3MCHACTCA
1 OHA CTAHOBUTCSI CHAPYKH 60JIee OTPH-
LATEAbHOM, YEM U3HYTPH, KAJIbLIMEBBIC
KaHAJIbl OTKPBIBAIOTCA B OTBCT HA ITOBBI-
MCHNC YPOBHA HOPAAPCHAIMHA WJIH AH-
ruorensuHa 11, nonst Ca** yCTrpeMstioTcst
B KJICTKY, I OHA COKpariaercs. Korga mem-
OpaHa CHAPYKU CTAHOBUTCS 60JI€€ I10JIO-
JKMTEIbHOM, YEM H3HYTPH, KaJIbLIUEBbLIE
KaHAJIbI 3AKPBbIBAIOTCA, HCCMOTPSA HA CUT'-
HaJIBI CO CTOPOHBI COCYAOCY>KHBAIOIINX
TFOPMOHOB, 4 IIO MEPE NMAACHUSA YPOBHA P

AoHaap AaHapu (Donald W. Landry) 1 Xyan Oausep (Juan A. Oliver) pabotatoT B Te-
PAMNEBTUYECKOM U XMPYPIMYECKOM KOAAEAXKE MPK KOAYMOUMCKOM YHMBEPCUTETE.
AQHAPW PYKOBOAUT HEDPOAOTNHECKUM OTAEAEHWEM U OTAEAEHUEM 3SKCMNEePUMEH-
TAABHOM TepaAnuMn, rA€ 3AHUMAETCSI CUHTE30OM UCKYCCTBEHHBIX depMeHToB. OAMBEP

MOAYYMA CTEMNEHb AOKTOPA MEAMLMHBI B BAPCEAOHCKOM YHMBEPCUTETE, MPOAOAKNA

obpazoBaHMe B [APBAPACKOM yHMBepcUTeTe. OBA SIBASIKOTCSI AOLIEHTAMY KOAYyMOBWA-

CKOro yHVBEpCUTETA.

B Mupe Hayku
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KAK BA3OIMNPECCUH BOPETC4 C LLUOKOM

HOPMA

KpoBb, HOCHILLEHHOS KNCAOPOAOM, TEYET MO PA3BETBAEHHOW CETU APTEPUN N BOAeE
MEAKNX COCYAOB — OPTEPUOA U KAMUAASIPOB — 1 MO BEHAM BO3BPALLAETCS K AETKUM
(caeBQ). B OTBET HA XMMUYECKME CUTHAAbBI, KOHTPOAVPYHIOLLME COKPALLEHNE UAN
PACCAQBAEHNE MbILLEYHBIX KAETOK APTEPUOA, MOCAEAHUE CY>XKAIOTCS MAN PACLUN-
pstoTCsl. B HopMe BOABLLLMHCTBO APTEPUOA B KOXKE M MbILLLLOX CYXKEHbI M OKO3bIBAKOT
COMPOTUBAEHME BXOASILLLEMY B HUX TOKY KPOBW, HAMPAOBASIS HOCTb €ro K APYrM Opra-
HaM. CoKpaLLEHVE ONOCPEAYETCS MOHAMM KAABLIMSI, YCTREMASIIOLLMMUCS B GOAb-
LLIOM KOANYECTBE B MbILLEYHbIE KAETKN APTEPMUOA (BHM3Y). MNOTOK STUX NOHOB PETYAU-
PYeTCs TAKMMU COCYAOCY>KMBAOLLMMM AreHTAMM, KAK HOPOAPEHAANH,
OTKPbIBAIOLLMM KAABLIMEBLIE KAHAAI.

ApPTEPUNOAQ

- Kanuaaspbl gepg
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HopaApeHOANH

|
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¢ \\\ A
MbILLEYHAS KAETKA ~ -
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CO‘H' NO

KaAbLmMEBbIN

KAHOA
LLIOK

Py BA30OAMACTOPHOM LLOKE B OPFAHN3ME B OOABLLLIOM
KOAMYeCTBE 0B6pa3yeTcst okcua azora (NO). 31o co-
MPOBOXAQETCS MOABEMOM YPOBHS LIMKANYECKOTO rya-
HO3VMHMOHOdOoCchaTa (CGMP), CTUMYAMPYIOLLETO OTKPbI-
BAHWE KAAVEBbBIX KOHOAOB B MEMOPOHOX MbILLEYHbIX
KAETOK. BbIXOAS1 HOPYXKY, MOHbI KOAWSI CO3ACIOT HA HO-
PY>KHOM MOBEPXHOCTY MEMBPAH N3BbITOYHbIN MOAOXKM-
TEAbHbIV 30PSIA, MOA AEVCTBUEM KOTOPOTO 3AKPbIBAOT- ‘
C$1 KOAbLIMEBBIE KAOHAABI. AGNCTBME HOPOAPEHOAMHA i
BAOKMPYETCS], MbILLEYHBIE KASTKU HE COKPALLIAIOTCS],

1 QPTEPUOABLI PACLUMPSIOTCS. KpOBb, MOCTYNAIOLLLAS!

13 QPTEPUN, HE BCTPEYAET OLLYTMMOrO COMPOTUBAEHWS

M HOMPOBASIETCS K Mepndepumn BMECTO TOro, YTOObI TeYb

K YKM3HEHHO BODKHBIM OPTaHAM.

KaAmesbin
KOHOA

BasonpeccuH

B OTBET HA MPUHSTBIE MEPbI

MPOTMBOCTOSTH PACLUMPEHUIO APTEPUOA MOXKET BA3OMPECCUH,
APYroM COCYAOCYXXMBAOLLMA AreHt. OH o6ecnedmBaeT OTKPbIBAHME
KOABLWEBBIX KAHAAOB MPW YHACTUM HOPOAPEHOANHA, MPUBOANT

K CHVYKEHWNIO YPOBHSI OKCUAQ A30TA M YMEHBLUEHMIO KOHLLEHTPALMMN
cGMP v onocpeAyeT 3aKPbIBAHME KOAMEBBIX KOHOAOB.

KaHa/laMH, HO IIOTOK MOHOB C2—12+ 3aBU-

BHYTPUKIETOYHOI'O KAJIbLIMA MBbIIICYHASA
KIETKA pacciadmgercsa. Takum 00pasoMm,
TPAHCMEMOPAHHBIM TOTEHIIUA OOeCIIe-
YUBAET PEAKTUBHOCTD KAJILIIMEBBIX KAHA-
JIOB HAd I'OPMOHBI, CTHUMYJUPYIOIIUE CO-
KpaleHus.

Hrak, noBeseHnue MbINIEYHBIX KIETOK
APTEPUOIT PETYIUPYETCA KAJIbLIUEBBIMHU

30 B Mupe Hayku

cuT OT cpabarbiBanmst K -KaHAIOB, KOH-
TPOJUPYIOUUX XAPAKTED NOJAPU3ALIUNA
MeMOpaH. PYHKIIMOHHUPOBAHUE JKE 000-
UX 3TUX KAHAJIOB, B CBOIO OYEPE/lb, pe-
I'YJIUPYETC IMUPOKUM KPYI'OM BELIECTB,
B TOM YUCIE AACHO3UHTPUGOCHATOM
(AT®), BBICOKOHEPIE€TUYECKUM COE/IU-

HEHHEM, OOPA3yIOMUMCA IIPHU OKUCIIC-
HHUU NIUTATEIBHBIX BelecTs. Korga ypo-
Beub AT® majiaer, HekoTopeie K -kaHa-
JIBI OTKPBIBAIOTCS, U KAaJIUH yCTPEM-
JIICTCA Y€PE3 HUX HAPYXKY (TENEepb €ro
MOTOK CYIIECTBEHHO IIPEBBIIIACT TOK
yTeukn). B pesynsrate HapyxHasa IO-
BEPXHOCTh MEMOpPAHBI NPUOOpPETAET

MAil 2004
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bHOTEXHOROTHH

ropaso 60BN HOJOKUTENBHBIN 3a-
psan, ueM B HopMe, Ca® -KaHa/Ibl 3aKPbI-
BAIOT, M KJIETKA PACCIA0ISETCS.

Moxer 1 AeUUUT KUCIOPOoAa MIpHU
IIOKE IPHUBECTH K CHIKEHHUIO YPOBHS
AT®, penakcaluy MBIIIEYHBIX KJIETOK
M KaK CJIEJICTBUE — YMEHBIIECHUIO apTe-
pHUanbHOTO JaBiaeHus? YTodbl MpoBe-
PHUTb 3TO NPEAIOIOKEHUE, Mbl UCIIOJIb-
30BAJIM  BEIIECTBO I10/I HA3BAHHUEM
IMOEHKIAMU]I, KOTOPOE OJIOKUPYET pa-
60Ty AT®-32BUCUMBIX KAJIMEBBIX KaHa-
J10B. OKa3a/10Ch, YTO JABJIEHHE B IIPUCYT-
CTBUM TIJIMOCHKIAMM/A ITOBBIIIAETCSL.
DTO Cpas3y AaJIO OTBET HA BOIIPOC, II0YE-
My Ha3HAYECHHE HOPAJAPEHAINHA WX aH-
ruoreHsuHa Il He IPUHECIO XKeaaeMoro
pesybrara: 06a mpenapara He MOIVIM pa-
00TaTh, ITOKA ObUIM OTKPBITHI KAJIUEBHIC

pHOJI) BBIPAOATBIBACTCA TUIOMU3OM
B OTBET HA4 INOHIDKCHUE APTEPUATIBHOIO
JABJICHUA M OKA3BIBACT BJIUAHUC HA BCE
OpraHbl U TKaHU. OJHAKO MBI 3HAJIH, YTO
B TEPAIEBTUYCCKUX JI03aX €O ACHCTBUE
OIPAaHUYHMBACTCA COCYAAMU KUIICUHUKA,
IIO3TOMY HE OXKHAAIA HUKAKUX U3MCHE-
HHUH apTEPUATIBHOIO JABICHUA Y 6OJIb-
HOro. K HameMy yAuBJICHHUIO, IIPU OTME-
HE BA30NIPECCHMHA [JABJICHHE Y HETO
YHIO, 4 KOIJAa Mbl BBEJIH IIpEnapar
BHOBB, BEDHYJIOCh K HOpME. MBI pemmiy,
YTO BHHOI BCEMY MH(EKLMA, KOTOPOU
CTpajan MaUMEHT: MO-BUJUMOMY, OHa
IIPUBEIA K IMOBBIIICHUIO BOCIPHUUMYH-
BOCTU OPraHU3Ma K TOPMOHY.

YTOObl KaK CJIEAYET BCE IIPOBEPHUTD,
HY>KHO OBUIO HAUTH 6OJBHOTO C CEIITHU-
YECKUM IIOKOM M THIATEJIBbHO IIOJ06-

€TCs, MOOWIN3YIOTCS BCE 3aMaChl BA30-
IIPECCHHA B OPIA4HU3ME, JAJICE IPOUCXO-
JUT €rO Pa3pylICHUE, 2 CUHTE3 HOBOI'O
IrOPMOHA TPEOYET BPEMEHU. MBI TaKKE
OOHAPYKWIU JIBA COOOIIEHUS, HA KOTO-
pBlc IpEeXe He OOpalai BHUMAHMAL
B HHMX roBOpPHIOCH, YTO BA3OIPECCHUH
YMEHBIIAET COCYAOPACHIUPAIONIEE JeH-
CTBHUE OKCHJA 430Ta HA APTEPUOJIBL
u 6noxkupyer AT®-3aBUCHUMBIE KaaHC-
BBIC KAHAJIbI, YTO IMMPUBOJAUT K OTKPbIBA-
HHUIO KAJIBIIUCBBIX KAHAJIOB M COKpaIic-
HHIO MBINICYHBIX KJIICTOK.

ITocne TOro Kak ObUIN CICTIAHbI 3TH OT-
KPBITUA, B PA3HBIX CTPAHAX OBLIN IIPO-
BEJICHBl HMCCIEAOBAHUA BAa30IIPECCUHA
1 JIOKAa3aHa €ro CIIOCOOHOCTD MOAZED-
JKUBATDH APTCPUATIBHOC JABJICHUC, HC BbI-
3bIBAsA TOOOUYHBIX 3(P(PEKTOB. OT PA3HBIX

Y4yeHbIM YAGAOCH BbISIBUTb T€ CTOAMM BOCTIAAUTEABHOTO NpoLecca
Npw cencuce, KOToPbIE MPUBOASIT K LLOKY.

KaHanel. HO, KaKk M MHIHOUTOP a30Ta,
IMOEHKIAMK]] HE CTal naHaueeid. Ero
3 deKT 6bLT KPATKOBPEMEHHBIM, 4 IIPU
BBICOKHMX KOHIIEHTPALHIX, HEOOXO/H-
MBIX JUIS BBIXO/A M3 IIOKA, OH IIPUBOIMJI
K CHIKEHUIO YPOBHSI Caxapa B KPOBU.
(B HU3KMX KOHLIEHTPALMAX ITOT IIPENa-
paT UCIOJBb3YyCTCA JId JICUCHUA JUa-
6era.) Mbl 3HAIN, YTO BAKHBIM MOMECH-
TOM SIBJISIETCSL PEryJasnus padboThl Ka-
JIMEBBIX KAHAJIOB C mOMOIIbIO AT®, Ham
OBbUIO U3BECTHO O BA’KHOI POJIM OKCH/IA
azoTra. Ho Mbl HE nmenn TPCACTABICHMA,
KaK PEryJIMpoBaATh UX JJIEUCTBUE TAK, YTO-
ObI HE HAHECTH BPE/IA OPIAHU3MY.

HoBbi noaxoA,

B 1997 1. B Hamen KIMHUYECKOM HPAKTH-
K€ MPOMU3OIICT CIy4ay, KapJAUHAIbHBIM
06pPa30M HNOBIUABIINKN HA XOJ| UCCIIENO-
BaHMI. Ham HY)XKHO OBbLIO OCTAHOBHTb
KHUIIEYHOE KPOBOTCUCHUE Yy IALIMEHTA
C CEPbE3HBIM HMH(MEKIMOHHBIM 326071~
BAaHMEM. Mbl BO3JIarajav HAJCKAbl HA
OJ1IH U3 TOPMOHOB, KOTOPBIH MOT CY3UThb
KPOBCHOCHBIC COCYAbl B KHUIICYHHKC.
TopmoH BazonpeccuH (M3BECTHBIA KaK
4ATCHT, BBI3BIBAIOIINIT CYXXCHHE apTe-

paThk O3y Ba30IIPECCHHA, CTPOIO IPU-
JEPKUBASACH IIPUHIIUIIA <«HE HABPELU».
Korga Taxkoil manueHT IIomnajJ K Ham
B KJIMHHKY, MBI BBCJI €MY BA30OIIPCCCHUH
B 103€¢ B 10 pa3 MeHbIIE TOW, KOTOPYIO
10JIy4a1 OOJIBHOU C KUILICYHBIM KPOBO-
TCUCHHCM, HC OKH/1as1 HA TICPBLIX ITOPAX
HHUKAKOTro 3 HEKTA U HAJEACH IIOJIy4YUTh
CIr'o JIMIIb IMPU MCIJICHHOM ITOBBINICHU N
J03bl. KakoBO k€ ObLIO HaIlle yIUBJIC-
HUE, KOI'ZA [AABJICHUE PE3KO IOLUIO
BBEPX Cpa3y IIOCJIC BBCACHHSI MHUHHU-
MaJIbHOTO KOJIM4YeCTBa npemnaparal Kak
NOKA3IN JTAJIbHEHUIIINE UCCICAOBAHMS,
YPOBEHB BAa30IIPECCHUHA Y HAIIETO OOJIb-
HOI'O M JIDYTMX HAIJHEHTOB C CEINTHYe-
CKHM IIIOKOM OBbLII OYEHb HHU3KHM, XOTA
OPIaHU3M JOJDKEH ObUl OBl YCUJICHHO
CEKPETUPOBATD €I'0, YTOOBI HOAHATH aAp-
TEPUAIBHOE JABICHUE.

MBI TOlyMaJIN: MOSKET ObITb, BA30O/IMIA-
TOPHBIH MIOK IPUBOAUT K JIe(PUITUTY Ba-
30IIpeccruHa? JlanpHENmmue HuCCae 0Ba-
HHUA TIOKA3AJIH, YTO IIPU JIIOOOM THIIE
IIOKA HA IIEPBBIX 3TANAX YPOBEHb 3TOI'O
TOPMOHA B OPI'AHU3ME HEOOBIYANHO BBI-
COK, 4 32T€M B TCUCHHEC HECKOJIBKUX 4a-
coB nazaer. Korga mok TOJMbKO HAYWHA-

BPAYEN Mbl Y3HABAIM O HOBBIX CIydasX
CraceHus H6OJIBHBIX OT T'MOEIbHBIX 1OC-
JIEACTBUM IIOKA C IOMOIIBIO BA30IPEC-
cuna. CerofHsa METO[| HCIIOJIb3YIOT BO
MHOTHX KPYITHBIX MHPOBBIX MCAWUIIMH-
CKUX 1eHTpax. [IpoBOASTCS UHTEHCHB-
HbIC KIMHHUYECKMC HCIIbITAHMA, C TEM
4TOOBl OKOHYATEIBHO YCTAHOBUTbH, MO-
JKET JIM OIIOCPEAyEMasi Ba30IIPECCUHOM
HOPMAINU3AIUS APTEPUATIBHOTO JIaBJIC-
HHS YCTPAHUTD HEOIATONPUATHBIE CUM-
IITOMBI IIOKA U NPEAOTBPATHUTD JICTAJIb-
HBII UCXO/I.

OZHAKO 3TUM HE OIPAHUYMBACTCSI
KPYI' UCCIEAOBAHNH, CBA3AHHBIX C IIOMC-
KOM HOBBIX IO/IXOJJOB K OOpB6E C I10-
KOM. B rmoceiHme rojibl y4€HBIM y1AJIOCh
BBIABHUTH TC CTAJWH BOCIIAJIMTCIBHOI'O
IIPOLIECCA IIPU CEIICUCE, KOTOPBIE B KOH-
1€ KOHLIOB IIPUBOJAT K HIOKy. Cervac
NPCANPUHNUMAIOTCA IOIBITKHU CHUHTC3H-
POBaTb AHTHUTENA U JIPYI'UE XUMUYECKHE
ATEHTBI, KOTOPbIE MOTI'YT BMEIIATHCS
B BOCHAJIUTEIBHBIA POIIECC U OCTAHO-
BUTHb €ro. OOCYK/JA€TCSI BO3MOKHOCTD
MNPUMCHCHHA CTCPOUJIHBIX T'OPMOHOB
J171s1 6OPBOBI € cencucom. M
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Teopus BOALLLIOTO B3PLIBA MPEKPACHO cebs
30peKoMeHAOBAAD. OCTAAOCH TOABKO
PA306PATLCS C TAVUHCTBEHHBIM YCKOPEHUEM.,

MOMEHTOABHbLIN CHUMOK BceAeHHown B Bo3pacTe 380 ThiC. AeT OblA
NOAYYEH C MOMOLWbBID KOCcMuyeckoro annapara WMAP. 3eMAs
PACMOAQraeTCsl B LEeHTpe aT1on HebecHon coepbl. KpacHbiv LBet
COOTBETCTBYET BOAEE FOPSHNM OBAACTSIM, O CUHUN — BOAEE XOAOAHBIM.
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CAEUHANbHBIA PENOPTAK

aenoee oo « KOCMONOZU

Axopax Maccep

H3Bectue 060 YCKOPEHUU PACIIUPEHUS
Bcenennon BbI3BAIO BOJIHEHUE U LIOK
B Cpejle KOCMOJIOI'OB.

B 1998 1. acTpOHOMBI PEIIWIN Y3HATD,
C KaKOM CKOPOCTBIO 3aMEJIAETCA PaAC-
mupeHue BecenenHom, a BMECTO 3TOro
OOHAPYXUIW: OHO ycKopsercsa. Eciu,
HECMOTPS HA BCIO 3araZJOYHOCTD, IIPU-
HATb KOCMHUYECKOE YCKOPECHHE KaK
JIOJDKHOE, TO OHO PELIAET MACCy IPO6-
jeM. JJO CEHCALlMOHHOI'O OTKPBITUSA
OCTAaBAJIOCh HETIOHATHBIM HECOOTBETCT-
BH€ BO3pPACTA, IUIOTHOCTU M MACChI
Bcenennon. Hanmmume ycKOpeHUs BCe
CTAaBUT HA CBOM MECTA M BMECTE C pe-
3yJABTATAMU CBEPXTOYHBIX HabJIO/AE-
HUH U HOBBIMU T'HITOTE3aMU BBIBOJUT
TEOPHUIO BONBIIOro B3pbIBA HA KAYECT-
BEHHO HOBBIA YPOBEHb.

HpI/IHHTO CYHUTATh, YTO [OaBHBIM-
JIaBHO Ipousouen BoabmoN B3PHIB,
nopoausmuii Bcenennylo. Teopusa He
COObOMIACT HHUKAKUX IIOJAPOOHOCTEN
O IIEPBOM MOMECHTE TBOPEHHsA, OCTAB-
JIAS1 TOT BOIIPOC KBAHTOBOM MEXAHUKE
u Mmeradusuke. OHA Wb YTBEPKIACT,
4TO KOCMOC BCEIZd PACLIUPSIICH, Pa3-
pexKancga U OXJTAXKIAJICA. HpaBI/IIII)Hee
BCErO TIPEACTABIATh BONBIION B3PHIB
HE KaK €JUHUYHOE COOBITHE, A KAK IIPO-
JOJDKAIOMIMKICA IIPOLLECC MOCTENEHHO-
ro (pOpMUPOBAHUA IIOPAAKA U3 XA0CA.
TTocnegnue HAOGMIOACHUA KaK HEIb3s
JIydlI€ COIJIACYIOTCS C 3TOU MOJEJIBIO.

C TOYKH 3pCHUS XKU3HM Ha 3eMmie,
HUCTOPUA MHUPO3JTAHUA HAYATACHh C UH-
hIALUH, KOTOPAs CMEJIA BCE CYIIECTBO-
BABILIEEC PAHEE U CJeIanad KOCMOC MyC-
TBIM M 6€C(POPMEHHBIM. 3aTE€M OHa
HalloJIHWIA BceneHnylo npakTudecku
OJWHAKOBBIM HM3JIYYCHHUCM, KOTOPOC

pacupeemIoch HACTONBKO CIydai-
HBIM O6PA30M, HACKOJIBKO 3TO BOOOIIE
BO3MOZKHO.

TTocrenenno Becenennas craia cama
CO60M YyHOpsAAOUYUBATHCI. XOPOIIO
3HAKOMBIE HAM 3JIEKTPOHBI U MPOTO-
Hbl CKOHACHCHUPOBAJIMCb W3 H3JIy4C-
HMA, CJIOBHO KaIIC€/JIbKH BOJbI U3 obna-
Ka napa. [To amopdHON cMeCH MONUIN
3BYKOBBIE BOJIHBI, IIPUJABABIINE €M
dopmy. Marepust ynopHO 60pOIaACh 32
BJIACTh HAJ MUPOM M 4€PE3 HECKOJIb-
KO COTCH TBICAY JIET IIOCIAE UH@IA-
LUU OJEprKaja IOJHYIO Iobeny Haj
HU3JIYYCHUCM, OCBO60[[I/IBIHI/ICI) OT €ro
nyT. OTTOJOCKM BEJIUYANIIETO JPEB-
HETO CPaXEHUS HABCETJa 3aCTBLIN
B KOCMUYECKOM MUKPOBOJHOBOM (pO-
He (cm. cmamoio «Kocmuuneckasn cum-
ponua»).

TTouTn nenyro BEYHOCTh MATCPUS Ca-
MOOPTaHU3OBBIBAJIACH B TEJIA BCE 6OJIb-
MUX Pa3MEPOB: CYyOraJlaKTHU4YCCKUE
CI'YCTKH, BEJIHMYECTBEHHBIC T'AJIAKTHUKH,
rIaKTUYECKHE CKOIUICHUA U CYIIEPCKO-
mwieHus. M Jjummb COBCEM HELABHO
(IO KOCMOJIOTUYECKUM MepKam) Bee-
JICHHAs IIPEBPATHIACh B XOPOIIO 3Ha-
KOMOC HaM MHOKECTBO HCOCCHBIX TE,
pas3feeHHbIX 6€3JHAMH PAKTUYECKU
IIyCTOT'O NPOCTPAHCTBA, KAPTY KOTOPO-
I'O YCEPAHO COCTAB/IAIOT COBPEMECHHBIE
ACTPOHOMBI (em. cmamuvio Jlnan Bce-
21eH1otl» ). HeCKOJIbKO MUJUIAAPIOB JIET
HA432/] MATEPUsl HAYIA TEPSITh yIIPaAB-
JICHUE, U HA4aJIOCh KOCMUYECKOE YCKO-
penue. IToxoxe, y Bopmoro B3pbiBa
OTKPBLJIOCh BTOPOE JIbIXaHUE, HE CYIIs-
1jee HaM HU4Yero xopouero. Bee 6oiee
OBICTPOE PACHIMPECHUE YXKE CEHYUAC IIpE-
ISITCTBYET OOPA30BAHUIO KPYIHBIX

CTPYKTYp, 4 B OYAYILEM MOXKET IIPUBEC-
CTH K Pa3PYLICHUIO T'AIAKTHK, 3BE3]
u maaHer (em. cmamaoio «Om 3amedie-
HUA K YCKODEHUIO») .

PaszpabareiBasg 1LIEJIOCTHOE U COIJIa-
CYIOILLEECS C PE3YAbraTaMu HAOIIOnC-
HHUH ONMCAHUE KOCMUYECKON HCTO-
pHM, KOCMOJIOTU BEPHYJIUCH K CTAPOMY
CIIOPY MEXJy Teopueu boapmoro
B3PbIBA 1 KOHICIIIUECH CTALMOHAPHONU
Bcenennoii. B mayke HeT HHYEro
a6COJIIOTHO JOCTOBEPHOI'O, HO YUYCHbBIC
BCEC YETYC OCO3HAIOT, 4YTO IPEXKIC
BCEro HYXHO pa3obparbcs ¢ pyHa-
MCHTAJIbHBIMHU BOIIPOCAMH, HAYNHAA
C BbIAICHCHUA INPUYUH KOCMHYCCKOTO
YCKOPEHHUSL.

Ha cencanmonnoe oTkporrue 1998 1.
KOCMOJIOTM HE OTPEATUPOBANIU JOJLK-
HBIM 06pa3oM. OHU HPOCTO CTPAXHYIU
IbUIb C SUHIITEHHOBCKOM KOCMOJIOTH-
YECKOM IOCTOAHHOU U 3aIIMCAINA HA €€
CYET BJIIMAHUE TAUMHCTBCHHOMN TEMHOM
sHepruu. OHAKO MHOTHE (PU3UKU CUU-
TAIOT, YTO PEBOJIOLUOHHBIC OTKPBITUA
TPEOYIOT PEBOJIOIMOHHBIX OObICHE-
HUI: OBITh MOYKET, HA 6OJIBIINX PACCTO-
SHUAX HAPYLIACTCA 3aKOH TATOTCHUA
(em. cmamorto «Kmo napyuun 3axon
MA0MEHUA?»).

CerojHs pasBUTHE KOCMOJIOIMU KaK
HUKOIZIA 3aBUCUT OT PE3YJIBTATOB
HOBBIX 3KCIICPUMCHTAJIbHBIX U TCOPC-
THUYECKUX paboT. He npuseger nu no-
TOK CBEKMX MJEH K XaocCy? Byuper nu
BHOBb YCTAHOBJICH NOPAJNOK? Heyxenn
ABTOP OJHOI'O U3 CIELUAIbHBIX peE-
HMOPTAXKEH MPAB, 3aMeUasi, YTO KOCMOC
«abcypaeH»? CMOXKEM JIH MBI BHOBB yIIO-
pALOYUTD IIPEACTABIEHUA O HEM? M
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3BYKOBbIE BOAHbI, BO3HUKLLIME HO PAHHUX CTAAMSIX GOPMUPOBAHMS
BceneHHoM (HQ pucyHKe rnpeACTABAEHbI KOMEPTOHAMIM), COAEPRKAT
CBEAEHMSI O BO3PACTE, COCTABE U reomeTpum Kocmoca.
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CAEUHANbHBIA PENOPTAK

KOCMUMBCKAT comonms

YanH Xy, MapTtuH Yaunt

[locAnepHnEe HODAKAEHVS PEANKTOBOTO N3AYYEHUST NOKA3AAM, YTO
MOAOAQS BceaeHHOs ObIAG 3ANOAHEHO TAPMOHUYECKNMK

KOAEOAHUSIMI,

Bnauase 6bu1 cBeT. Ha 3ape ucropumn Mu-
PO31aHUA MOHMU30BAHHOE BECLIECTBO HC-
ITyCKAJIO U3JTy4CHUE, 4 33TEM CHOBA 3aXBa-
ThIBIO ero. ITozanee, xorna Beenennas
pacmupwIach M OCTbUIA, JICKTPOHBI
U IIPOTOHBI COEJIMHUIUCH, OOPA30BAB
HEUTPAJIbHBIC ATOMBI, U BCIECCTBO yTPa-
THUJIO CIIOCOOHOCTb 3aXBATBIBATH CBET.
Crycra 14 wIpa. JIeT UCIYLIEHHbIE BO
BpEMs BEJIMKOI'O OCBOOOXKIECHUA CBETA
(POTOHBI OOPA3YIOT KOCMHUYECKUI MHK-
poBONMHOBBINA (hoH (KM®D), win pesIiKro-
BOC U3JTy4CHHE.

Hacrporire TeseBu3op Ha JI06yIo CBO-
OO/IHYIO OT TEJIEBU3UOHHBIX KaHAJIOB
4aCTOTY, U OKOJIO 1% IOMEX, KOTOPbIE
Bbl YBUAUTEC HA 3KpaHE, OyAeT 0OyCIOB-
JICHO KOCMHYECKHUM MHKPOBOJHOBBIM
(HOHOM. ACTPOHOMBI YCTAHOBWIH, YTO
PEJIMKTOBOE U3JY4YCHUE MNPUHUMACTCS
MPAaKTUYECKU OJUHAKOBO CO BCEX Ha-
npasjJeHui. Ero Be3necymHoCTb U I10-
CTOSHCTBO CBHJICTEJILCTBYIOT O TOM, YTO
OHO BO3HHUKJIO 3aI0JI'O 0 TOIO, KaK
CpOPMUPOBAIUCH 3BE3/Ibl, ILIAHETHI
U raIakTuku. IIpocrora BeenenHorn rex
BPEMCH IIO3BOJIIET C BBICOKOH TOYHO-
CTBIO IIPEACKA3aTh CBOMcTBA KMO
U CPABHUTD UX C PE3YJIBTATAMU TOYHCH-
MUX HAOIIONEHUH, KOTOPBIE IIPOBO-
JATCSL C IOMOIIBIO PAJUOTEIECKOIIOB,
YCTAHOBJICHHBIX Ha 43POCTATAX U KOC-
MMYECKUX annaparax. MisydeHue peymk-
TOBOI'O H3JIy4CHUS IIOMOIAECT Y4YCHBIM
HAUTU OTBETBl HA HEKOTOPBLIC BEYHBIE
BOIIPOCBL: U3 YEro COCTOUT BceenenHas,

KaKOB €€ BO3PACT, OTKYZld B3SJIUCb BCE
CYIIIECTBYIOIIUE B HEH OO'BEKTHI?

Bnepseie KM® 6bu1  O6HApYKEH
B 1965 1. Apno IMensuacom (Arno Penzias)
u Po6eprom Yunconom (Robert Wilson),
KOTOPBIE UCKAIM UCTOYHUK TAUHCTBCH-
HOI'O (POHOBOI'O IIyMad, IPUHUMAECMOIO
PaAnOIOKAINTMOHHBIMHW AHTCHHAMU. nx
OTKPBITUE OKOHYATEIbHO MOATBEPIUIIO
TEOPUIO BOJIBIIOTO B3PbIBA, COITIACHO
KOTOPOM BcenenHas Ha paHHUX 3TAIax
CYIIECTBOBAHUA MPEICTABIAIA COOOU
IUIOTHYIO T'OPSYYIO IUIA3MY, COCTOSIIYIO
U3 3APAKCHHBIX YACTUI U CI)OTOHOB.
C TexX IOp B PE3YJILIATE PACHIMPCHUS
Bcenennom penmMKroBoe HM3JIy4EHHE
ocTbUIO 10 2,7 K. OIHAKO B MOMEHT, KO-
I71a OHO 6BLJIO UCHYIIEHO, Ero TeMIIEpPa-
Typa cocrasiisuia okono 3000 K.

Crexrp KM®, uzmepennsiii B 1990 1.
HUCKYCCTBCHHBIM  CIIYTHHUKOM 3eMnu
COBE (Cosmic Background Explorer),
B TOYHOCTHU COBIAJI C PACYCTHBIM. OfHa-
KO 3TO BIEUAT/AIONIEE JOCTIDKCHUE 3a-
T™MIIA HacTosmas ceHcanus: COBE 06-
HapyXW1 Hebonbimue, nopsaka 0,001%,
pasingus TEMIEPATYPbl PEIUKTOBOIO
H3JIYYCHUS, IIPUXOIAIICIO C PA3HBIX HaA~
npasjacHui. bosnee 20 seT yyeHble 1bITa-
JIMCb BBIABUTL AHMU3OTPONHOCTE KM,
KOTOPAs1 HIOMOIJIA OBl IIOHATD, KAK B XOJI€
3BOJIOLIUY IIEPBUYHOM I1JIA3Mbl OOPA30-
BAJIMCh I'AJIAKTHUKM, 3BE€3/bI 1 IIVIAHCTHIL.

B 2001 r. mia cocrasnenys KapTel KM®
ObUI 3aIlylleH KOCMUYECKUI ammapar
WMAP (Wilkinson Microwave Anisotropy

Probe), koropbli oromen or ColHIA Ha
1,5 MJIH. KM Aa/bII¢ 3EMJIU U OCTAJICS HA
OKOJIOCOJIHEUHOI op6ure. Ha ocHoBa-
HMH IOJyYECHHBIX C €rO IIOMOUIBIO JaH-
HBIX OBUI C/ICJIAH BBIBO/JI, YTO IIPOCTPAH-
CTBEHHOE PACIPENEICHUE TEMIICPATYPBI
PCIMKTOBOIO HM3JIYUCHHA MNMOJYUHACTCA
OIPEJEICHHON 3aKOHOMEPHOCTU. boree
TOT'O, PE3Y/IBraThl HAOIIOACHUM ITO3BOJIH-
JI1 TOYHEE OLEHUTb BO3PACT, COCTAB
U reOMEeTPHIO BeeneHHON. YUeHbIe CJIOB-
HO HBITAINCH OIIPEACIUTb KOHCTPYKIIUIO
MY3BIKAJIbBHOI'O MHCTPYMEHTA II0 XaAPaK-
TEPY €ro 3BydaHusd. OJIHAKO KOCMUYC-
CKYIO CHUMQOHHIO UCHOJHIIOT OYEHb
CTPAHHBIC MY3BIKAHTBI I10]] AaKKOMITAHE-
MEHT YAWBHUTEJIbHBIX COBIA/ICHUN, B KO-
TOPBIX HAM IIPEACTOUT PA30OPATHCSL.
Eme B koHne 1960-x rr. JIxemc
IMu6n3 (P. James E. Peebles) u xxep O
(Jer Yu) mu3 I[IpMHCTOHCKOIO YHUBEPCH-
TeTa IIPULUIA K BBIBOJY, YTO B MOJIOJOM
BceneHnHor JO/KHBI ObUIN PACIIPOCTPA-
HATbCA 3BYKOBBIE BOJHBL (I[TouTH B TO e
BPCMA K OYCHD ITOXOXHUM 3AKITIOYCHUAM
npuiy JAxos 3enpaosud U Pammy Cro-
HAEB U3 MOCKOBCKOI'O MHCTUTYTA IPU-
KIaAHOU MmareMmaTuku.) Korpa wnsnydge-
HHE €lI¢ TOMWIOCh B BELIECTBE, TECHO
CBA3AHHBIC CUCTEMBL (DOTOHOB, JICKTPO-
HOB U IIPOTOHOB BEJIM CEOS1 KAK I'a3, B KO-
TOPOM JIIOO0O€ BO3MYLIEHUE IUIOTHOCTH
HOPOKAAIO IPOJOIBHYIO 3BYKOBYIO BOJI-
HY, HPE/ICTABISIONIYIO COOOH PaCIIpoO-
CTPAHAIOMIYIOCS IOCIEAOBATEIBHOCTD
CJKATUM, HAT'PEBAIOIIMX I'a3, U pPaspe- p
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JKCHUH, OXJIKIAIOMUX €ro. TaKk BOZHUK-
JIa U3MEHAIOMASICA KAPTHUHA BCEJICHCKUX
TEMIIEPATYPHBIX (DIIYKTYaLIU.

Mounck HavyaA

Crycra 380 ThIC. j1eT nocsie Bosbmoro
B3pbIBA BceeHHas BbIPOC/IA IIPUMEPHO
10 OTHOU TBHICSTYHOU CETOHANIHUX Pa3-
MepoB. Temneparypa rasa MNOHU3WIACD,
U IIPOTOHBI HAYIN 34XBATBIBATH JICKT-
POHBL, 0O6Pa3ysl ATOMBL DTOT IIPOLIECC, HA-
3BIBACMBII PEKOMOMHAIINEI, KOPECHHBIM
00pPa3oM U3MEHUT OO6CTAHOBKY. POTOHBI
MPAKTUYECKU IIEPECTAINA CTAIKUBATHCA
C 3APSUKCHHBIMU YACTUIAMU U BIICPBBIC
IOJIyYIIN BO3MOKHOCTb CBOOOJHO pac-
IIPOCTPAHATHCA B IPOCTPAHCTBE. Tak Kap-
THHA TOPSYMX U XOJIOHBIX 06J1ACTEH, CO-
31aHHAA 3BYKOBBIMH BOJIHAMH, HABCKHU
3acThuia B CcTpykrype KMO®. Torza e Be-
LIECTBO OCBOOOAWIOCH OT JIABJICHHUSA W3-
JIy4EeHUs, IPEIATCTBOBABIIEIO OOPA30BA-
HHIO CI'YCTKOB MAaTE€PUH, KOTOPBIE O],
L[ﬁflCTBI/IﬁM CHJI TATOTCHUSA YIVIOTHUIHCh
U CO BPDEMCHEM CTAJIN 3BE3[AMU U I'aJIaK-
TUKAaMHU. COBPEMEHHBIA YPOBCHb BapHa-
1y Temrieparypbl KM®, cocTasisAommri
0,001%, B TOYHOCTU COOTBETCTBYCT AMII-
JIATYZE, HECOOXONUMOM [y OOPA3Z0BAHUSA
KPYIHOMACIITAOHBIX CTPYKTYP, KOTOPBIE
MBI BUJJUM CETOJHA (Cm. cmamuio < Lnam
Bcenennot» 6 amom nomepe).

YTO Ke NOCITYKIUIO UCTOYHUKOM IIEp-
BHUYHOT'O BO3MYIICHHA, IMOPOJUBIICTO
3BYKOBBIC BOJIHBI? BOIIpOC HENPOCTOI.
Ha6mionas 3a passutueM BceneHHOI
C CaMOI'0O Ha4as1d, Mbl MOIJIA OBI BUICTH
JIUIIb IPOCTPAHCTBO, OIPAHUYECHHOE TAK
Ha3bIBACMBIM T'OPU30HTOM, PAJUYC KO-
TOPOI'O PABEH PACCTOAHUIO, KOTOPOE yC-

TIEJT IPOHTH CBET C MOMEHTA BOJIBIIOro
B3pbIBA. [IOCKOJNBKY MH(MOpMALMA HE
MOJKET IIEPEABATHCSA OBICTPEE CBETA, FO-
PHU30HT onpeessaeT chepy BIUAHUA JIIO-
6oro ¢pusnyeckoro mexanusma. Eciuy,
MbITAACh BBIACHUTDH TMPOUCXONKICHUC
CTPYKTYP OIPEJIEICHHOIO pa3Mepa, MBI
CTaHEM JIBUTATHCS B IIPOIIUIOE, TOPHU3OHT
OYJIET CY’)KAThCSI U B KOHIIE KOHIIOB CTa-
HET MCHBIIE, YEM HHTEPECYIOMHUE HAC
obpasosanus (em. cmp.37). Cnegosa-
TEIBHO, HU OJJUH (PU3NYECKUN ITPOIIECC,
HNOJYUHAIONMIUIICA 3aKOHY IPUYHUHHO-
CTH, HE IIOMOXKET HaM Pa300paThCs B UX
reHesuce (Tak HasplBaeMas MPo6iIeMa
IOPU3OHTA).

CornacHo Teopuu UH@IALMUH, YCKO-
peHHoe pacmuypenue Beenennoit cpasy
rocsie BobIIoro B3peIBa IIPOUCXOHIO
[OJ, BIMSHUEM OCOOOI0 MOJIA — UH -
TOHA. TaknM 06pPa30M, CErO/IHSI MbI BU-
JUM JIMIIb MAIYIO 44CThb TOr'O, YTO Ha-
omopanoch 10 uH@AnUY. KBaHTOBBIC
daykryanun MH@IATOHA, YCHUICHHBIC
OBICTPBIM PACHIMPEHUEM, IIPUBEIU K I10-
SABJICHUIO HaA4YaJIbHBIX BOSMYHIﬁHHfI,
HpI/I6JII/IBI/IT€JII)HO OJVHAKOBBIX 110 dMII-
JIUTYZIC KAK B MAJIBIX, TdK U B OOJIBIITHNX
06/1ACTSIX IPOCTPAHCTBA. TaKk B IEepBUY-
HOM IUTa3Me BO3HUK/IN IIPOCTPAHCTBCH-
HBIC KOJICHAHMS ITIOTHOCTH SHEPT UL

KapTI/IHa 3BYKOBBIX BOJIH, 3ACTBIBIIAA
B KM®, IOATBEPKAACT TCOPHIO UHIIA-
nuH. ITOCKOJIBKY BCE BO3MYIIECHUS IJIOT-
HOCTH IIOABWINCH OJHOBPCMCHHO B IICP-
BBIH K€ MOMCHT TBOPCHUSA, 3BYKOBBIC
BOJIHBI OKA3AJIMCh CHUHXPOHU3UPOBAH-
HbeIMU 1IO hase. B pesynsrare cpopmu-
POBAICA CIIEKTP C OOEPTOHAMU, KAK Y My-
3BIKATBPHOT'O MHCTPYMEHTA. Eciu ayTh

OB30P: KOCMWYECKAS AKYCTUKA

o IHOALMS (BbICTPOE pacluMpeHe BCceAeHHOoM B NepPBble MIHOBEHMS MOCAE

BoAbLLIOrO  B3pbIBA) BO3BYAUAQ

3BYKOBble

BOAHbI, KOTOPble Bbl3bIBAAU

nooYyepeAHble CXATUS N PACLUMPEHMSI OBACCTEN NEPBNUYHON MAC3MbI.

* Koraa BceneHHOs1 AOCTATOYHO OXACAMAOCH U OBPA30BAAUCH HENTPAAbHBLIE
QATOMbI, KAPTUHA POCNPEAEAEHNS MAOTHOCTU, CO3ACQHHAS OKYCTUYECKMMMU
BOAHOMM, 30MNEYATAEAACH B PEAVNKTOBOM U3AYHEHUM.

e /I3y4rB QKYCTUYECKYIO MOAYASILMIO PEAUKTOBOrO M3AYYEHUS, KOCMOAOTMU
CMOIAM OLEHUTb BO3PACT, COCTAB U reoMeTputo BceAeHHON. BbISICHMAOCD, YTO
OCHOBHbIM KOMMOHEHTOM COBPEMEHHOW BCEAEHHOW SIBASIETCSI TAUHCTBEHHAS

TeMHOs SHeprus.

B TPyOy C OTKPBITBIMH KOHILIAMH, TO
OCHOBHAs 4aCTOT4 3BYKa OYJET COOTBET-
CTBOBATb BOJIHE (MOJE KOJICOAHUIT) C Ma-
KCUMaJIbHBIM CMCIICHUEM BO3/yXd Ha
KOHIIax pr6I)I 1 MUHUMAJIbHBIM B €€ CE-
pemnune (em. eepxruti puc. na cmp.38).
JmHa BOJIHBI OCHOBHOHM MOJBI pPaBHA
YABOCHHOM jiytiHe TPyObL. HO B 3ByKE Oy-
JIyT IIPUCYTCTBOBATb OOEPTOHBL, COOT-
BETCTBYIOIIME BOJIHAM, KOTOPBIC BABOE,
BTPOE, BYETBEPO U T.J. KOPOUE OCHOBHON
BOJIHBL VITHBIMM CJIOBAMU, YACTOTHI OOEp-
TOHOB (BBICIIME TI'dPMOHHKHU) PABHBI
OCHOBHOM 4aCTOTE (IEPBOM I'APMOHU-
K€), YMHOKCHHOI Ha 2, 3, 4 u 1.1, IMeH-
HO O6EPTOHBI OOOTAAIOT 3BYK U IIO3BO-
JIAIOT OTJIMYUTD CKPHUIIKY CTPaJUBAPH OT
PALOBOIO UHCTPYMEHTA.

Ananusupys 3ByK B paHHeH Bcenen-
HOI7I, MBI JIOJDKHBI PACCMATPHBATH BOJIHBI,
KOJEOIIOmMUECs BO BPEMEHH, 4 HE B
NPOCTPAHCTBE (CM. MUICHULL PUC. Ha
cmp.38). Jnune Tpyobl 6yAET COOTBETCT-
BOBATb IIPOMEKYTOK BPEMCHH, B TEUE-
HHE KOTOPOI'O NEPBUYHAA II1a3Ma ObLIa
3ATIOJIHCHA 3BYKOBBIMU BOJIHAMHU, NCYC3-
HYBIIMMU BO BpEMsA PEKOMOMHALIMU.
TIpeAnonoxuM, 4YTo B HavaIe MHQISIUNT
B HEKOTOPOH OO6JIACTU HPOCTPAHCTBA
TEMIICPATYPA IUIA3MBbI ObUId MAKCUMaJIb-
HOIH (HAaUOOJIbIIEE ITONIOKUTEIBHOE CME-
meHue). B nporiecce pacnpoCTpaHEeHUA
3BYKOBBIX BOJIH €€ IUIOTHOCTDb CTaJId KO-
J1€6aThCsA, U TEMIIEPATYPA YCTPEMUIIACDH
CHA4aIad K cpefHeMy (HyJIeBOE CMeELIe-
HI/IC), 4 32TCM K MUHUMAJIbHOMY 3HAYC-
HHIO (HAUOOJIbLIEE OTPULIATEIBHOE CME-
meHue). Bosna, 6imarogapsi KOTopom
TEMIICPATYPa B JAaHHOM OOJIACTH yHaia
JO MUHHMyMa TOYHO KO BPCMCHH PC-
KOMOWHAIIWH, SIBJISICTCSI OCHOBHOM MO-
JOon panHHeH Bcenennon. O6epTOHBL
C BABOE, BTPOE U T.J. OOJBIIMMHU YACTO-
TAMH B TOT MOMEHT OO€CIICUUBAIOT Ma-
KCHUMAJIbHbIC CMCINCHHA, ITOJIOXKHUTC/Ib-
HBIC WX OTPULATCIIbHBIC, B MCHBIIINX
061aCTAX IPOCTPAHCTBA.

AHaIU3UpYys Pe3y/IBraThl HAOMIOACHUN
PEIUKTOBOIO HM3JIY4ECHHUS, KOCMOJIOTU
MOCTPOMIMN I'PA(PUK 3aBUCUMOCTU BEJIH-
YMHBI TEMIIEPATYPHBIX OTKJIOHEHUI OT
pazMepa ropsuux U XOJIOAHBIX OOsa-
CTEH, T.€. SHEPICTUYCCKUN CHEKTP (CMm.
cmp. 41). OKa3anoCh, YTO yIVIOBOH pa3-
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BPEMEHHA4 LUKAAA BCEAEHHOM

B nepuroa MHOAAILMM BCeAeHHas BbICTPO PACLUMPSIAQCD,
1 AAQ3MA, COCTOSILLAST M3 GOTOHOB U 3APSIKEHHBIX HYOCTULL,
PACMNPOCTPAHUAACH AGAEKO 3Q MPEAEABI TOPU3OHTA, OrpPa-
HNYMBAOLLETO OBAQCTb, AOCTYMHYIO B3OPY MMNOTETUYECKOTrO

HabAoAaTEAS. Yepesd 380 TbiC. AET HOYAAOCH PEKOMOUHAO-
LIS BO3HUIKAM MEPBBLIE ATOMbI M PEAUKTOBOE M3AYyHeEHMe., Cny-
cT19 ewe 300 MAH. AET CBET NepPBbIX 3BE3A CHOBA MOHM3MPO-
BOA GOAbLLYIO HOCTb BOAOPOAQ U FEAMs.

Peankrosoe
V3AYyYeHVe

QoToH

MpoToH
HentpoH

Sgapo
reAmst

MNepsble
TAAQKTUKM

ATOM
reAus

DAEKTPOH
Mepsble
3Be3Ab

ATOM
BOAOPOAC

BRYAN CHRISTIE DESIGH

CoBpEMEHHbIe
FAACKTUKM

MEp 30H C HAUOOJBIIMMHU BaPUALIUAMU
TEMIICPATYPDI COCTABJIACT OKOJIO OJHOI'O
rpagyca. Bo BpemMsi peKOMOMHAIIMU UX
CpeAHUIT IMAaMETP HE IIPEBBIIAT 1 MJIH.
CBETOBBIX JIET, HO B XOJI€ THICIYEKPATHO-
I'O PaCHIMPEHUA BCeIECHHON yBEIMYNIICS
MIPUMEPHO JO 1 MJIPJ. CBETOBBIX JIET.
Hanuuue B 3HEPreTUYECKOM CIIEKTPE
HECKOJIBKUX SIDKO BBIPA’KCHHBIX ITHKOB,
M3 KOTOPBIX IEPBBIA U CAMBIN BBICOKUIA
COOTBETCTBYET OCHOBHOM MOJE, a BCE
MOCIEAYIONUE — OOEPTOHAM, IOJTBEP-
JKAACT TUIOTE3y 06 OJHOBPEMEHHOCTH
BO3HHUKHOBCHUSA 3BYKOBBIX BOJH. Ecim
Obl BO3MYULICHHUSA CO3[JABAJIMCh HEIPE-
PBIBHO BO BPEMEHU, TO CHEKTP HE ObLI
OBl CTOJIb IAPMOHUYCH.

CoryacHO TeOpyUr MHQIALMUA AMILIN-
Ty[bl 3BYKOBBIX BOJIH OBLINM IPHUMEPHO
OJMHAKOBBIMH IIPH JIIOOBIX IIPOCTPAHCT-
BEHHBIX MacHrradax. OHaKo NOCje Tpe-
TBET'O IHUKA HAOIIONAETCS PE3KUI Criaj
creKTpa. [Iej10 B TOM, YTO IIPOU3OLUIO 32~
TyXaHUE KOPOTKHX 3BYKOBBIX BOJIH. AKY-
CTHYECKASl BOJIHA HE MOXET PaCIpPO-
CTPAHATBHCA, CCIINU €C JIMHA MCHBIIC
CpelHed UIMHBI CBOOOAHOIO Mpobdera
YACTUL], U3 KOTOPBIX COCTOMT I'a3 WIU
mwiasma. I[Ipy HOPMaIbHOM aTMOcChep-
HOM JJABJICHUKU MOJICKYJIbI, U3 KOTOPBIX
COCTOUT BO3ZYX, MEXIY AByMs COyAape-
HUAMHA YCIICBAIOT IIPOJICTCTh IIPUMCPHO
10 ~° cm. B epBUYHOI TTa3Me HAKAHYHE
PEKOMOHHALIUH 3TO PACCTOSHUE COCTAB-

JIUIO TIPUMEPHO 10 TBIC. CBETOBBIX JIET.
(ITnorHocTh BceneHHon B TE€ BpemeHa
ObLIa GOJIBLIOIN TOJIBKO IO CPaBHEHHUIO
C COBPEMEHHBIM 3HA4YEHUEM, KOTOPOE
C T€X IIOp YMEHBUIMWJIOCh B MUJIMOH
pas.) Ilocne Toro, kak Bcenennas pac-
mupuIach B 1000 pas, OHO YBEIMYHIOChH
7110 10 mutH. cBeTOBBIX JIET. [ToaTomy amil-
JIATY[BI IIMKOB SHEPIETUYECKOI'O CIICKT-
pa, KOTOPbIE COOTBETCTBYIOT PA3MEPaAM,
He npeBblaomum 10 Takux paccros-
HHH, GBICTPO YOBIBAIOT.

Kak My3bIKAHTBl OTIHUYAIOT CKPUIIKY
MUPOBOT'O KJIACCA OT OOBIYHOI 110 60raT-
CTBY OOCPTOHOB, TaK X KOCMOJIOTH OIIpe-
nendaioT popMy M COCTaB BcenenHor,
AHAIU3UPYS CHEKTP IEPBUYHBIX 3BYy- p
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KOCMUYECKUE OBEPTOHbI

AKYCTUYECKWNIA CMEKTP paHHel BceaeHHomn coaepkan o6epTo- (KPQCHBIV LBET) Y OTKPBITOrO KOHLLA. HO B 3BYKE TAKXKE MPUCYTCTBYIOT
Hbl, CBOMCTBEHHbIE MY3bIKOAbHbIM MHCTPYMEHTaM. ECAN Bbl AyeTe B 06EPTOHbI, AAVHBI BOAH KOTOPbIX B 2 (NepBbI 06epToH), 3 (BTOPOM
TPY6OY, OCHOBHOW TOH COOTBETCTBYET BOAHE C HOMOOABLUMM CXXATUEM 06epToH), 4 (TPeTn 06EPTOH) U T. A. PA3A MEHbLUE AAMHBI OCHOB-
BO3AYXQA (CHHWY LIBET) Y MYHALLUTYKA U HOMOOABLLMM PA3PEXEHNEM HOW BOAHBI.

MakcnmMaAbHOe cxxatne

3BYKOBbLIE BOAHbI B TPYBE

B MOAOAOW BCEAEHHOW 3ByKOBbIE BOAHbI KOAEBAAVCH BO BOEMEHM, O MepBbIX AOCTUIAA MAKCUMYMA (CUHUI LBET), O BO BTOPbLIX — MAUHUMYMO
He B MPOCTPAHCTBE. MNocAe NHOASILIM OCHOBHOSI BOAHA BbI3BAAQ CXATUE (KpACHBIN LBET). 13-30 HOAMYKS OBEPTOHOB TEMMEPATYPA AOCTUIAC MO-
MAQ3Mbl B OAHNX OBAQCTSIX 1 PACLLMPEHVE B ADYTUX, B PE3YABTATE YEro KCYMOABHOWM 1 MUHUMOABHOWM BEAVHMHDBI 11 B MEHBLLIMX OBAQCTSIX.

KO BPEMEHN PEKOMBUHALMN TEMMEPATYPA PEAUKTOBOTO UBAYYEHMS B

AKYCTNYECKME BOAHbI fopsuast 06AACTb

B PAHHEW BCEAEHHOW XOAOAHOS OBAQCTD

38 B MUpe Hayku MAil 2004
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COEUMANBHBIA PEROPTAN

KOBbIX BOJIH. Kapra KM® nomoraer one-
HUTD YITIOBBIC PAa3MEPhI XOJIOJHBIX U T'O-
psauux ob6naacTer HeO6eCHON Ccephl
A TOCKOJIBKY CKOPOCTb, C KOTOPOI pac-
MIPOCTPAHSUICS 3BYK B IIEPBUYHON ITIA3-
MC, U3BCCTHA, YYCHBIC CMOIJIX BBIYHUCITUTD
JUIMHY OCHOBHOM MOJbI aKyCTHYECKUX
KOJICOAHUI HA MOMEHT HA4aJId PEKOMOU-
Hauuu. Takke CTao U3BECTHO, YTO (POTO-
HBI PEJTUKTOBOT'O M3/IyICHHUS, JOCTUTIIIIE
3eMiid, IPOIIIA OKONIO 45 MIIPI. CBETO-
BBIX JIET. (XOTA OHM JBUTAIMCh B TCYCHHE
14 mappa. ner, pacmupeHue BeeneHHomn
YIUIMHWIO UX ITyTh.)

TakuM 06pa3oM, KOCMOJIOTU OJIy4U-
JIA NOJHYIO MH(OPMALUIO O TPEYroJlb-
HUKE, OOPA30BAHHOM BOJIHOH, U yoeu-
JIMCh, 4TO CyMM4 €ro yIJIoB pasHa 180°
3HAYUT, IIPOCTPAHCTBO Hamel Bcenen-
HOM MPAKTHYECKH IVIOCKOE U ITOAYMHS-
€TCs 3aKOHAM EBKJIMIOBOM I'€OMETPHU.
OTcrofa cneiyer, 4To CpefHsAs IIOT-
HOCTb SHCPI'HH B HEM OJIM3KA K TaK Ha-
3BIBAEMOMY KPUTHYECKOMY 3HAUYCHUIO
u cocrasnsger okono 10 2% r/em?’.

HHTEpEeCHDbIE CBEICHMS O PA3/C/ICHUN
BCILECTBA 1 SHEPTUU HECYT B ceOC aMIl-
Tyl 06epToHOB. Ecin nosepeHue
OOBIYHBIX 3BYKOBBIX BOJIH OIIPCACIIACTCA
HCKIIOYUTE/IbHO JAaBJICHHUEM B I'a3e, TO
B MOJIOJION BcCeneHHOM 3aMEeTHOE BIIMA-
HHC HA HUX OKA3bIBAJIA I'PABUTALIMA. Cu-
JIa TATOTEHUA CKHUMAJIA BELIECTBO B 60-
JIee IVIOTHBIX OOJIACTSIX U B 3aBUCUMOCTH
OT (paspl KOJIECOAHUN YCUIHMBAIA WIU
OCIA0JISIA CKATUA U PA3PEKCHUA. AHA-
JIU3UPYsT MOAYIAIAIO BOJIH, MOKHO OIT-
peaeInTh MOITHOCTD I'PABUTAIIUN, KOTO-
pasd, B CBOIO OY€PE/b, IIO3BOJIAET CYAUTD
O MaTEPUAIBHO-3HEPIE€TUYECKOM COCTA-
BE€ CPElbL

Ha 3ape MuposnaHus, Kak U HbIHE, CY-
LIECTBOBIO OOBIYHOE BELIECTBO, COCTO-
AI1IEE€ B OCHOBHOM U3 GAPHOHOB — IIPOTO-
HOB U H€I71TpOHOB, 1 XOJIOgHAasA TEMHAasA
MaTepus, KOTOPas CO3/aeT COOCTBEHHOE
I'PABUTALIMOHHOE I10JIE, HO IIPAKTHUYCCKI
HE B3aUMOJICHUCTBYET C OOBIYHBIM BEIIlE-
CTBOM. BKJTa/1 B MACCy IEPBUYHOTO I'a32 1,
CJIE/IOBATEIBHO, B TATOTCHHE BHOCHIIO
KaK OOBIYHOE, TAK U TEMHOE BECLIECTBO,
HO CKATHUIO U PA3PEKCHUIO B 3BYKOBBIX
BOJIHAX IOJBEPrajoCh TOJBKO IEPBOE.
TIpyn peKOMOMHALMH OCHOBHAS BOJIHA

«3ACThUIA» B MOJIOXKCHUU, KOTJIa B OOJIaC-
TSIX OOJI€€ BBICOKOM IVIOTHOCTHU I'a3d I'pa-
BUTALIMS YCWIMBAJIA CKATUEC OOBIYHOIO
BerecTBa (am. cmp.42). OJHAKO HEPBLII
OOEPTOH C B/IBOC MEHBIIIEH JJIMHOU BOJI-
HBI OBLT «3AMOPOKCH» B IIPOTHUBOIIOJIOXK-
HOH (pase, KOrjga TArOTEHUE CKUMAIO
IUIA3MY, 4 JABJICHHE 432 PACIIUPSUIO e€. B
pE3y/IBTaTe NEpPBast I'APMOHUKA BbI3BAJIA
MCHBIIME OTKJIOHEHMS TEMIIEPATYPHI,
4eM OCHOBHZs BOJIHA. [103TOMY BTOPOU
MK 3HEPreTUYECKOrO CIEKTPA HIDKE
nepBoro. Ilo COOTHOWIEHUIO UX BLICOT
MOXKHO OILICHMTD, KaK B paHHE! Bcenen-
HOW COOTHOCWIHCH CWIA I'PABUTALINU U
JABJICHHUC W3JIYYCHUA. ITo HMECIOMMMCA
JTAaHHBIM, KO BPCMCHHU pCKOM6I/IHaLH/II/I
IUIOTHOCTH 3HEPIrUil 6apUOHOB U (POTO-
HOB ObUIM HPUMEPHO OJWHAKOBBIMH U
COCTABJIAJIL OKOJIO 5% COBPEMEHHOI'O
KPHUTHYECKOI'O 3HAYEHUA. DTO B COIJIACY-
€TCs C PE3YIBIraTAMH PACYCTOB, OCHOBAH-
HBbIX HA4 M3YYEHUU SAJCPHBIX DEAKIUI
CUHTE3d JICTKUX JIEMCHTOB, IPOTCKAB-
IIMUX B IOHOU Bcenennor.

OIHAKO B OOIIEH TEOPUU OTHOCUTEIIb-
HOCTH YTBEPXKIACTCHA, YTO TATOTCHUE
B PABHOM MEpE IPUCYLIE U BELIECTBY,
U SHCPTHUU. VCUIMBAJIIUCh JIU OTKJIOHE-
HHSA TEMIICPATYPBHl I'PABHUTALIMOHHBIM
nosueM (pOTOHOB? Be3ycnoBHO. OJHAKO
€r0 BO3JCHCTBHUE YPABHOBEIIMBAJIOCH
Ipyrum (pakTopoM: IIOCJIE PEKOMOUHA-
THUH KBAHTBI PCIIUKTOBOT'O U3JTYYCHHA N3
6os1ee IVIOTHBIX 061aCTeN TePIA 60JIb-
me 3Hepruu, dyeMm (POTOHBl U3 MEHEE
TUIOTHBIX, TTOCKOJIbKY UM IIPUXOJHUIOCH
«BBIOUPATHCS» U3 Oosee IIyOOKUX I'pa-
BUTAITMOHHBIX M. Peub njer 06 apdek-
Te Cakca-Bonbda, KOTOPBIN YMEHbBIIACT
AMIUIUTYy OTKJIOHECHUI TEMIICPATYPbI
KM®, B TOYHOCTH KOMIICHCHUPYS €€ YCHU-
JICHHE TIOJIEM TATOTEHMSA CBeTa. B 06ia-
CTAX, KOTOPBIC OBUIH CJIMIITKOM BEJIMKU

OB ABTOPAX:

U IIOTOMY HE IIOJBEPKEHBI AKyCTHUYE-
CKHMM KOJIC6aHMAM (MX COBPEMEHHBIC YT~
JoBBIE pazMmepsl mpesbmaior 1°), or-
KJIOHEHUS TEMIIEPATYPBl OOYCIOBICHBI
UCKIIOUUTENBHO 3pdexrom Caxca-
Bonbda. TToaToMy, KaK 3TO HU IapPaZoK-
CaJIbHO, HAU60JIEE KPYITHBIC TOPAYUE 30-
Hbl Ha KapTe KM® COOTBETCTBYIOT MEHEE
IUIOTHBIM PAMOHAM.

Haxonen, usydyenue KM® mossossier
OLIEHUTD JIOJIIO TEMHOIO BEIIECTBA BO
Beenennori. I'paBUTAlMOHHOIO OJIA OJI-
HUX OAPUOHOB HEJOCTATOYHO, YTOOBI
MOJIyJIMPOBATb OTKJIOHEHUA TEMIIEPATY-
PBI 32 IPEAEIAMHA IIEPBOIO KA SHEPre-
TUYECKOI'O CHEKTPA. YTOOBI IpaBUTALIN-
OHHBIC ITOTEHLMAIbHBIEC SIMBl OBLIA
JIOCTATOYHO INIYOOKHUMU, HEOOXOJAHUMO
OOJIBIIOE KOJIMYECTBO XOJOAHOU TEM-
HOM MaTepuu. M3mepuB COOTHOLIEHMS
TPEX MEPBBIX CIEKTPAIbHBIX ITHKOB, KOC-
MOJIOTH YCTAHOBWJIY, YTO €€ IVIOTHOCTD
IIPUMEPHO B IIATb Pa3 IIPEBBIIACT IJIOT-
HOCTb O2PUOHHOI'O BEIIECTBA U COCTAB-
JIAET NPUMEPHO 25% OT HBIHEIIHEIO
KPUTHUYECKOI'O 3HAYECHUS.

MopasnteAbHOE CO3ByUYME

K coxaneHUIO, COBPEMEHHOE PACYETHOE
COOTHOIIICHHUE BEIMICCTBA U SHEPIUU OC-
TAB/IACT HEONPEIEICHHON OKONIo 70%
KPUTHUYECKOH IJIOTHOCTU. 11 06bsicHE-
HHs HEMNOHSATHOI'O PACXOXKACHUS yde-
HBIC IOCTYJIMPOBAJIU CYILIECTBOBAHUE Ta-
UHCTBEHHOM TEMHOW 3HEPIUH, BIMAHUE
KOTOPOMH 110 Mepe pacmupeHus Beenen-
HOM POCJIO (M. cmamuro «Kmo Hapyuiun
3aKorn mazomenuars»). Takum ob6pasom,
MBI ITPUXOJIUM K HCBCPOATHOMY BBIBOJLY:
cerogns BceneHHas COCTOUT B OCHOB-
HOM U3 TEMHOM SHCPIUr U HCBUIMMOT'O
TEMHOI'O BECLIECTBA. XyXXE€ TOI'O, IJIOT-
HOCTb 3HEPIUU TEMHOI'O BELIECTBA B HA-
CTOsILEE BPEMA IIOYEMY-TO COH3ME- p

YanH Xy (Wayne Hu) n Maptul Yaut (Martin White) naydatot nctopmio BceaeHHom. Xy
3AWNTUA KAHANMAQTCKYIO ACCEePTALMIO NO dranKke B KOAMDOPHUNCKOM YHMBEPCUTETE
B 1995 r. Cenyac oH npodeccop ACTPOHOMUU U ACTPOODUIMKM B YUKArCKOM
yHMBepcuteTe. YOWT MOAYYMA CTEMEHb KAHAMAOQTA OUINYECKMX HAYK B 1992 . B
MeAbckoM yHuBepcuteTe. MosaHee oH CTAA NPOdEeCCOPOM ACTPOHOMUM 1 GUMKK B

Bepkan.
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OT3BYKU AUCCOHAHCA

QOTOHbI PEAUKTOBOTO M3AYYEHWUS, WUCMYLLEHHbIE Yepes
380 TbiC. A€T MOCAE BOABLLIOTO B3PbIBA, B GOABLLUMHCTBE CBO-
eM PACNPOCTRAHSIAUCE MO HaABAIOACEMOW BceneHHom Bec-
npensarcTBeHHO. OAHAKO HEKOTOPLIE M3 HNX BCE XKE NUCTbITA-
AV PACCESHME HA 30PSHKEHHBIX YACTULAX, YTO BbI3BBAAO
MOASIPU3ALMIO M3AYHEHUS B OBOLLMPHBIX OBAACTIX HEGECHOM
codepbl. Pe3yAbTaThbl MTOASIPU3ALMOHHBIX HOBAKOAEHN, BBIMOA-
HEHHbIX KOCMMYeCKM annapaTtoM WMAP, CBUAETEALCTBYIOT
O TOM, YTO OKOAO 17% HOTOHOB PACCESIAUCH PASPEXKEHHBIM
MOHWN30BAHHBIM FA30M Yepe3 HECKOAbKO COTEH MUAAMOHOB
AET NOCAE BOABLLOro B3pbIBA.

CTOAb 3HAYNTEABHAOST AOASI PACCESIHHBIX GOTOHOB OKA3Q-
AOCb MOAHOM HEOXKNAOHHOCTBIO. IpexAe KOCMOAOTU MPEA-
MOAQraAM, YTO BOABLLAS HOCTb BOAOPOAC U FEANS BbIAQ MOHW-
30BOHA M3AYYEHMEM MEPBbLIX 3BE3A, OYEHb MACCUBHBIX
N SpPKMX. Ho MO oLEeHKaM TEOPETUKOB, MOBTOPHAS MOHMALS
NPOM3OLLAQ MPUMEPHO Yepe3 MUAANAPA AET MOCAE BoAbLLIO-
ro B3PbIBA, 1 MOSTOMY PACCESIHUE AONKHBI BbIAV MPEeTEPnETL
AVMLLb OKOAO 5% POTOHOB PEAUKTOBOTO MBAYYEHMS. AQHHbIE,
NoAyYeHHble ot WMAP, roBopsIT OT TOM, MOBTOPHAST MOHU3O-
LISl IPOU3OLLAQ TOPA3AO PAHbLLE. TaK MOAEAL MEPBOrO 3TA-
na GOPMUPOBAHKS 3BE3A ObIAC MOCTOBAEHA MOA COMHEHME.
He CTOoAb O4YEBMAHBIM TEMEPL KAMKETCS N TO, YTO MEPBOHO-
YAAbHBIE DAYKTYALIMN MAOTHOCTU B NEPBUYHOW NAQ3ME ObIAV
NPVYMEPHO OAMHAKOBBIMM BO BCEX MACLUTABGAX. ECAM aMnAK-
TYAbl MEAKUX DAYKTYALIMIA BbIAM BOAbLLE AMMAAUTYA KPYMHBbIX,
nepBble 3Be3Abl MOMAN CHOPMUPOBATLCS PAHbBLLE.

CseaeHus, pAobbITbie WIMAP, COAEPXAT U APYTrOor HOMEK
HO OTKAOHEHWME OT MACLUTABOHOW MHBAPUAHTHOCTU DAYKTYQ-

LU, YCTAOHOBAEHHOW cnyTHUMKOM COBE. B KpPYMHbIX MACLUTO-
60X, COOTBETCTBYIOLLMX OBAQCTSIM HEBA C YTAOBBIMU PA3ME-
pamu nopsiaka 600, WMAP n COBE 06HAPRY>KUAN CTPOHHbIN
AEDULIUT OTKAOHEHWI TEMMNEPATYPbI PEAUKTOBOTO WU3AYy4YE-
HWS1, KOTOPbIN, BIPOYEM, MOXKET OKA3ATHCS MPOCTO PE3YALTO-
TOM HEAOCTATOYHOM CTATUCTUKM: MOCKOAbKY YIAOBOM POI3-
MEep BCero Heba cocTaBAsieT 360°, CTOAL KPYMHbIX OBAACTEN
HEeAOCTATOYHO, YTOObI COCTABUTL CTATUCTUYECKN AOCTOBEP-
HYtO BbIOOPKY. TEM HE MEHEE HEKOTOPLIE TEOPETUKM CHUTAIOT,
YTO 3TOT AEDULNT CBUAETEABCTBYET 06 OLLUMOGOYHOCTU MOAE-
AN UHOASILIMN, TEMHOW SHEPTUMN YA TONOAOTU BCeAeHHo .

-

MEPBbIE 3BE3Abl NMOBTOPHO MOHM3OBAAM OKPY>KAIOLLM FA3.

pUMa C IVIOTHOCTBIO TEMHOM 3HEPIUH,
XOTd NPH PEKOMOMHALMHU IIEpBas Ha-
MHOTO IIPEBBIIIAIA BTOPYIO. A HA PAHHEM
3Talle Pa3BUTHA BCe1eHHOM JOMUHUPO-
BAJIO €II€ OJHO TAMHCTBEHHOE II0JIE —
UHIATOH, KOTOPOE M OIIPEAC/IUIO €€
CTPYKTYypYy. IToueMy ke Mbl JOJDKHBI I10-
JIAraTbCA HAa KOCMOJIOTMYECKYIO MOJEIIb,
OCHOBAHHYIO Ha I'MIIOTE3€ O CYIIECTBO-
BAHHU TPEX 3ara/IOYHbIX CyOCTAHIIUI?
Bo-11epBrIX, MX CYIECTBOBAHUE I103BO-
JIIET OOBACHUTD MHOMKECTBO U3BECTHBIX
daxros. Tunoresa 0 TEMHOM BEIIECTBE
BIICPBbIC ObUIA BBIIBUHYTA €€ B 30-X IT.
1 OOBbSICHEHUSI MECTHOH IIOTHOCTH
MACChI B CKOIUIEHMAX TI'AJIAKTHK. KOHLIEeI-
LIMIO TEMHOI 3HEpruu Anpobepr DiiH-
mTerH BBea eme B 1917 1., BKIIOYUB

IOLLYIO BJIMAHUE TAroTeHus. Ilozanee on
OTKA43ICA OT HEE, HO OHA ObLIA BO3POXK-
Jena B 1990-x IT, KOrga Ipu U3y4YEeHUU
JAICKHNX CBCPXHOBBIX BBIACHWIOCH, YTO
pacmupenue BceleHHOM yCKOpAeTCs
(em. cmamoro «<Om 3ameoneHus K yckope-
HU0» 8 Imom Homepe). OLeHKA IJIOTHO-
CTU 3HEPIUM TEMHOI'O BELIECTBA M TEM-
HOH 3HEPIUH IO XaPAKTCPUCTUKAM
KM® yauBUTEIBHO XOPOIIO COBIIAJAET
C PE3yABraTaMU ACTPOHOMUYCCKUX Ha-
OMIOICHUI.

BO—BTOprX7 OIIMCaHHAA KOCMOJIOI'1Ye-
CKas1 MOJIC/Ib TTO3BOJIACT BBIIBUT'ATH IICP-
CIIEKTHUBHBIC rUIIOTE3bL B 1968 1. [lxxo3zed
Cuiik (Joseph Silk), pa6oraromuii ceroj-
HA B OKC(HOPICKOM YHUBEPCUTETE, IIPU-
IICJT K BBIBO/Y, YTO BBICOTA AKYCTUYCCKUX

COOTBETCTBYIOUIEE H3IyYCHUE [JOJDKHO
XAPAKTEPU30BATBCA HEOOIIBIIOM, HO TOU-
HO MU3BECTHOM NoJiApU3aninen. Kazamnocs
Obl, KM® HEe MOXET ObITh HOJISPHU30BAH,
IOCKOJIbKY paccessHue (POTOHOB B IIEp-
BUYHOH IUTa3M€ JJO/DKHO ObUIO IPHUBECTH
K CIy4aldHOMY PACHPEIETICHUIO UX OPH-
enTaui. Ho B Masbix Macmradax ¢poro-
HbI UCIHIBITBIBAIOT CPABHUTCIIBHO HCMHO-
IO COYAAPCHUH M COXPAHAIOT CBOIO
OPHUCHTAITUIO, BBIPAKAIOIIYIOCA B I1OJIA-
puszarinu KM®. Ee ynanocs usMmepuThb NH-
Tepdpepomerpom DASI (Degree Angular
Scale Interferomeler) Ha aHTAPKTUYCCKOI
craniuu AMyHJCEH—CKOTT, 4 IO3/JHEe
U KOCMMYCCKUM annapatom WMAP. TToc-
JIEAHUU OOHAPYXKIJI TAKKE KPYITHOMAC-
MITA6HYIO TOJIIPU3ALIMIO, OOYCJIOBJICH-

B CBOMU YPABHCHUS TAK HA3BIBACMYIO KOC-  IHKOB B crieKTpe KM® fo/pKHA YOBIBATE — HYIO  paccesHueM (POTOHOB  ITOCIIC
MOJIOTHYECKYIO KOHCTAHTY, KOMIICHCHPY-  IIO OINPEACJICHHOMY 3aKOHY. IIpM 3TOM  PEKOMOWHAITUU (CM. PUC. BEEPX)).
10 B Mupe Hayku MAN 2004
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CAEUHANbHBIA PENOPTAN

SHEPTETUMECKWWN CMEKTP

HABAKOAEHNST PEAVNKTOBOIO U3AYYEHMUST MO3BOAVAN
MOCTPOUTb KAPTY OTKAOHEHWM TeMnepdaTypbl HO
BCewn HebecHon chepe (a). AN QHOAM3A ee yya-
CTKOB (b) Yy4YeHble UCMOAB3OBAAM MOAOCOBbIE
OUABTPBI, YTOObI OMPEAEANTD, KAK U3MEHSETCS TEM-
nepaTypa M3AyYEHMsI MPY PA3HbIX MPOCTPOHCT-
BEHHbIX MACLUTAB6AX. B kKpynHOM MacLlitabe, cooTt-
BETCTBYIOLLEM OBAACTSIM C YIAOBBIMU PA3MEPAMM
nopsaka 30° (€), 1 B COMOM MEAKOM (Y4aCTKU He
6onble 0,1°% @) OTKAOHEHWSI TeMMepaTyphl EABA
3amMeTHbl. OAHAKO B MACLUTA6E nopsiaka 1 (d) oHu
BMOAHE OTHETAMBSI. [1€PBbIN MUK B SHEPrETUYECKOM
cnekTpe (rpauK BHU3Y) XAPAKTEPUIYET CHATUS U
PA3PENKEHUS], BbIBBAHHBIE OCHOBHOW BOAHOW B PAH-
Hewn BceneHHOW, a ABO MOCAEAYHIOLLMX COOTBETCT-
BYIOT OOEPTOHAM.

OTKAOHEHUNS OT CpeAHen Temneparypsbl, MKK

b ke oo

YraoBas yacroraq, p(],A.l/IGH_1
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TrPABUTALULUOHHASI MOAYAILIUA

BAMSIHVE TEMHOIO BELLIECTBA MoAyAMpYET aKkyCTUYecKmne
CUrHAAbI B PEAUKTOBOM MBAYHEHUN. [TOCAE MHPASILIMM OBACC-
TV BOAEE BbICOKOW MAOTHOCTM TEMHOTO BELLLECTBA (1PEACTa-
BAEHHbIE BMOAMHAMM HQ AMQrPAMME PABUTALMOHHOIO Mo-
TEHLUMAAQ), VMEIOLWME TOT XKe MACLUTAO, YTO M OCHOBHAOSI
BOAHQ, BTIMMBAOT OAPUOHBI U GOTOHbBI CUAAMM MOABUTALLMOH-
HOTO MPUTSHKEHWS. (BMOAMHBI MOKQ3QHb!I KPQCHbLIM LIBETOM,

CryLieHve TEMHOro BeLecTBa

>

De/\MKTe(,;/;gerpQTVDQ
© Wanyy

SHug

[poBuTAUMOHHOE
nputsHKeHne

B MEHbLLUMX MACLUTABAX rpOBUTALIMOHHbBIE CUAbI U AIKYCTU-
4ecKoe ACBAEHNE MHOTAC AENCTBOBOAM B MDOTUBOMOAONKHBIX
HaNpaBAeHMsX. CryCTK TEMHOrO BELLECTBA, COOTBETCTBYIO-
e BTOPOMY MUKY B SHEPIETUYECKOM CMeKTPe, MAKCUMM3N-
POBAAM TEMMNEPATYPY BO BMAANHOX 3AAOATO AO PEKOMOUHA-
ummn. focae aTOro ACBAEHME O30 BbITAAKMBOAO OOPUOHDI

[poBUTALMOHHOE
nputsHKeHne

TQK KQK roaBUTALIMST MOHVKQET TAKXKE TEMNEPATYPY BCEX Bbl-
AETQKOLLMX U3 DTUX OBAQCTEN POTOHOB.) KO BpEMEHN PEKOM-
OuHauuMK, npumepHo Yepes 380 ThiC. AeT NocAe BoAbLLIOro
B3PbIBA, MOABUTALMOHHBIE CUAbI 1 3BYKOBOE ABUMDKEHUE AEMN-
CTBOBOAM COBMECTHO, MOBLILLAS TEMNEPATYPY BO BIAANHAX
(CUHWV UBET) 1 MOHMKAISI €€ HA MPEBHSIX (KDQCHbLIV LIBET).

NEPBbIM MUK
lpaBuTALMS M 3BYKOBOE ABUXKEHUE AENCTBYIOT COBMECTHO

dotoH bapvion

P
9

1N GOTOHbI U3 BNOAAVH (CUHME CTPEAKM), O MPABUTALMOHHbIE
CUAbI CTPEMUAUCH 3ATSIHYTH UX OBPATHO (BeAble CTPEeAKM).
Takoe NPOTNMBOBOPCTBO YMEHBLLAAO PASAMHME TEMMEPATYP,
4TO OBBSICHSIET MEHbLLIYIO BbICOTY BTOPOrO MMKA CAEKTPA Mo
CPOBHEHMIO C MEPBbLIM.

BTOPOM MWK
lpaBMTALMS NPOTUBOAENCTBYET 3BYKOBOMY ABUXKEHUIO

CryuieHve TeMHOro BeLecTsa

BapwioH
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CAEUHANbHBIA PENOPTAK

Mbl MPULLAM K HEBEPOSITHOMY BbIBOAY: BceaeHHas cocTout
B OCHOBHOM W3 HEBUAMMOIO TEMHOro BeLLeCTBA M TEMHOWM

SHEepruu.

B-TpeTbux, TeMHAs SHEPIHs YCKOPSAET
pacmmpenue BcesleHHOH, 3a CY4eT 4ero
YMCHBINACTCS ITTyOUHA IPAaBUTALHMOHHBIX
IIOTCHIMAJIbHBIX SIM B MECTAX I'a/JIaKTHYC-
CKUX CKOIUICHHU. DOTOHBI, IPONETAIO-
L€ 4Yepe3 TaKUE OOJIACTH, MOJIydaloT
SHEPIeTUYCCKYIO NOAIUTKY IPU IIaJCHUN
B [IOTCHLMAIBHYIO sIMY. BbIOUpPasAch, OHU
TEPAIOT MCHBINIE SHEPIUH, YEM IPUOOPE-
JIY, IOCKOJIbKY IVTyOUHA SIMBI K 3TOMY MO-
MEHTY OKa3bIBA€TCs MeHblIE. ONUCAHHOE
ABJICHUC, HA3BAHHOC MWHTCIPAJIbHBIM
appexrom Cakca—Bonbda, npuseno
BO3ZHHUKHOBCHHIO KPYITHOMACHITAOHbBIX
Bapuanui remreparypsl KM®. Comnocra-
BJICHUE PE3Y/IBraTOB HAOMIOACHUI KPYII-
HBIX T'AJIAKTUYECKUX CTPYKTYP C JaHHbI-
MU, HOJy4deHHBIMU OT WMAP, noaTsep-
JKIACT 3Ty TUIoTe3y. OIEHKAa KOJTMYECTBA
TEMHOI1 SHEPIUH, HEOOXOAUMOMN UL MO-
SIBJICHUS OOIIUPHBIX TEMIICPATYPHBIX OT-
KJIOHEHUH, COBIAAACT CO 3HAYCHUSAMU,
TIOJTYYCHHBIMU ITPU AHAIN3C SHCPICTUYC-
cKoro cnexkrpa KM® 1 B3pbIBOB JaJIEKUX
CBCPXHOBBIX.

Ewe He Beyep

PeIMKTOBOE H3IY4CHUE HECET B cebe
BKHYIO HH(POPMAITHIO O CAMBIX TIEPBBIX
MOMEHTAX IIOCJIE BOJIbIIOro B3pBIBA.
Pesynsrarer nccneposanus KM® 3amer-
HO YKPCIWIH IMO3UITHIO CAMBIX ITPOCTBIX
Mojeselt UHQIAIUY, COTTTACHO KOTO-
PBIM AMIUIMTY/bl HAaYaJIbHBIX (DIYKTya-
IIHH IVIOTHOCTU ObLIH OJUHAKOBBIMH BO
BCex MacmITad6ax. OJHAKO €CIU AAJIbHCH-
LIHE U3MEPECHUSA ITOKAXKYT, UTO 3TO OBLIO
HE TaK, TO HPUACTCA NPHUBIEYb Oosee
CJIO’KHBIC THITOTE3BI U IAKE COBEPLICHHO
WHBIC ITAPATUTMBL.

Y1Oo6bI 60JIBIIC Y3HATh O (PUUKE HH-
hrALMT, HYKHO OIPEAEINUTD, IIPYU KAKHX
SHEPIUAX oHa npourcxoauia. Korga Bee-
neHHas 6pu1a ropsdee 10 K, cnaboie
AACPHBIC U SJICKTPOMATHUTHBIC CHJIbL
MPEACTAB/IN COOOU PA3HBIC ACIIEKTHI
OJHOT'O M TOI'O K€ IEKTPOCIA60I0 B3a-

mogeicTeu. Ecmm nHInus npoucxo-
JUJIA [IPU TAKUX TEMIICPATYPAX, 3HAYUT,
UHIATOH KAK-TO CBA3aH C YHU(PUKAITH-
€l 3NeKTPOCIa0bIX cul. OAHAKO OHA
MOIVIA MPOTEKAThb IIPHU ropasno odosee
BBICOKOM TEMIICPATYPE, KOI/IA SJICKTPO-
caboe B3aUMOJCHUCTBHE CMEHIMBATIOCh
C CWIBHBIM SJICPHBIM. B Takom ciaygae
UHQIALAA CKOPEE BCETO UMEET OTHOLIE-
HHE K BEJIMKOMY OOBCJUHEHUIO (PyH/1a-
MEHTAIbHBIX CHJL

KpoMme BO36yxgcHUS (DIIyKTyal Ui
IUVIOTHOCTH IIEPBUYHOM IUIA3Mbl UH(JIA-
LU IIOPOAWIA MPOCTPAHCTBEHHO-BPE-
MCHHBIC BO3MYILICHUA — I'PDABUTALIMOH-
HbI€ BOJIHBI, JJUHA KOTOPBIX COU3-
MEpUMa C pa3zMepaMu HaOIIOJAeMOU
Bcecenennon, a amrumryga nponopimro-
HaJIbHA KBAIPATY TEMIICPATYPLL, IIPU KO-
TOPOI Npoucxoamna uH@uanua. OTro-
JIOCKH T'DABUTALUOHHBIX BOJIH MOXKHO
OOHAPYKUTb B MOJIPU3ALUU PEIUKTO-
BOT'O U3/Ty4CHUS.

OCO6EHHO ITOTIE3HBIM MOXKET OKA34Th-
¢ usydenue apdexra 3enpnosuda-Cro-
HAEBA, KOTOPBIH OOYCJIOBICH PACCESHU-
eM (oroHoB KM®P ropsayum HOHU-
30BAHHBIM 'A30M B CKOIUICHMAX TaJIdK-
THUK U IO3BOJIACT UACHTUMDHULHPOBATDH
UX B KPHUTUYECKUH IEPHUOJ OKOJIO
5 MJIPZ. JIET HA3a[, KOIZla TEMHAs SHEP-
I'vsl Ha4aId YCKOPATh pacmupenue Bee-
JIECHHOM. YMCIO CKOIIEHMH T'dJAKTHK
XAPAKTEPU3YET AMIUIMTYAY TOILAIIHUX
dykryanuit mwioTHoctu. He Menee
uHTEPECEH 3(PMEKT I'PABUTALIMOHHBIX

AOMNOAHUTEABHAS AUTEPATYPA:

JIMH3, KOTOPBIH BOZHUKACT IIPU IIPOXOXK-
JeHNUHU (POTOHOB PEIMKTOBOIO U3JIyde-
HHS YEPE3 CBEPXMACCUBHBIE CTPYKTYPBI,
HUCKPUBJIIOIIUE UX TPACKTOPUHN U UCKA-
JKAIOIIME PACIIpPENE/ICHUE OTKIOHEHUH
TEMIIEPATYPDI U NOJAPpU3ALMU. Benmyan-
Ha JIMH30BOI'O 3(eKra Xapakrepusyer
AMIUIATYAY (DAYKTYalUH IIJIOTHOCTH,
CBA3AHHBIX C 9THUMH O6p2.30B2lHI/IHMI/I.
OJHAKO I ACTAJIBHOI'O HCCIENOBA-
HUSA UHQIIAIUYA U TEMHOH SHEPIUK yde-
HBIM HYyKHbI KM®-Te1eCcKonsl HOBOI'O
MIOKOJICHUSI, OOIaAa1one 60JIee BBICO-
KMMHU 4YyBCTBUTEIBHOCTBIO M paspelie-
nuem. B 2007 . EBponiefickoe KocMmrJe-
CKOE€ aTr€HTCTBO IUIAHUPYET 3aIIyCTUTb
KOCMMYECKYIO MUKPOBOJIHOBYIO O6CEp-
BATOPHIO «II/TaHK» 1 BBIBECTU €€ HA OLHY
opbury ¢ anmnaparom WHMAP, «[1naHk»
CMOJKET BBIABJIATH PA3IUYUS TCMIICPATY-
pB1 KM®, cocrapmsomue scero 5:10 °K,
U OOHAPYKUBATH TOPSTYUE U XOJIOJHBIC
IIATHA C YIVIOBBIMM Pa3MEPaMHU MEHEE
0,1°. Takue M3MepeHus MO3BOJAT yde-
HBbIM OPOCHUTb OCIJIBIM B3IJIAL Ha BECh
JHANMA30H AKYCTUYCCKUX OCLIMJUIAIIAN
B KM® 1 yrOYHUTD CIEKTP UHQJALIMH.
XOTd CTaHAAPTHAS KOCMOJIOIMYECKAs
MO/IEJIb JIAC€T YAUBUTEIBHO Xopoliee ge-
HOMEHOJIOTMYECKOE OIucanue Bceenen-
HOW, y1s1 60s1€e IIyOOKOro MOHUMAHMS
€€ TalH NPHUACTCA JOXKAATbCSI PE3YIBra-
TOB HOBBIX UCC/IEIOBAHNUI. He BhI3bIBAECT
COMHCHHMS, YTO KOCMHYCCKaAsA CI/IM(I)OHI/IH
OyJleT U B JIAJIBHEUIIEM OYapPOBBIBATH
BHUMATE/IbHBIX CIymiaresei. M

* Wrinkles in Time. George Smoot and Keay Davidson. William Morrow, 1994.
* 3K: The Cosmic Microwave Background Radiation. R. B. Partridge. Cambridge

University Press, 1995.

* The Inflationary Universe: The Quest for a New Theory of Cosmic Origins. Alan H. Guth

and Alan P. Lightman. Perseus, 1998.

* AonoAHUTEABHbIE CBeAEHMS O WMAP 1 KOCMMYECKOM MUKPOBOAHOBOM POHE MOXKHO
HaMTM HO Map.gsfc.nasa.gov n background.uchicago.edu
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BellectBo BceAneHHOM CTPYKTYPUPOBAHO BO BCEX MACLUTABAX, BMAOTb
AO MUAAMOPAC CBETOBLIX AeT. OBbEKTbI PACMPEAEAEHBI B HEN OTHIOAD
HE XOOTUYHO: MPABUTALLMS CO3AQAQ MOPSIAOK.
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DAVID EMMITE PHOTOGRAPHY

CAEUHANbHBIA PENOPTAK

i BCRNeHHOI

MawukA Ctpocc

Hoselnwmne KocMmmyeckme KapTbl NMO3BOAUAM OOHAPYXNTb CAMbIE
KPYMHbIE MPUPOAHBIE CTRYKTYPbI — MRYMMbl TAAQKTUK, MPEBOCXOASILLME
Mo PA3Mepy npoune obbekTbl BceneHHoW.

Eme B 70-x1T. KOCMOIIorus — yaeHue o Bee-
JIEHHOH BI1€JIOM — ObUIa HAYKOH, B KOTOPOH
TIPE/IITOIOKEHYS ITPEOOIaAIN Ha/L (pakTa-
Mu. Ceruac KOCMOJIOIUs OOPesIa IIPOYHBIN
TEOPETUUCCKUH (DYHIAMEHT, OITUPAIOITNE-
Cda HaA OGIHI/II)HI:IC JAHHBIC CUCTEMATHYC-
CKUX HabmoaeHui. Mojenb Bosbioro
B3PbIB4, COIVIACHO KOTOPOH OKOJIO 14 MiIpy,
JieT Ha3a/1 BeeneHHas Hayasia paciumpsiTbCst
M3 COCTOSIHUS C BBICOKOM IUIOTHOCTBIO
U TEMIIEPATYPOU, MOKET OOBSICHUTD JIBU-
JKEHUE MIAKTUK, COOTHOIICHUE BOAOPOAA
M I'€JTHS, 4 TAIOKE CBOHICTBA PEJIMKTOBOTO U3~
JIYY4EHUS] — OCTATKOB TEIUIA OT PACIIUPSIO-
LIETOCH U OXJIKAAIOMICIOCS T34,

Teriepb KOCMOJIOT'M TIBITAIOTCS IIOHSTD,
KaK c(pOpMHPOBAIACH CTPYKTYpa Beenen-
Hou. KpynHomacirabHoe pacrpeeicHue
TAIAKTHK, BBISIBJIEHHOE B X0/1€ CII0aHOB-
CKOro MG POBOro 0630pa HEOA, TIO/ITBEP-
JIWJIO TEOPETUYCCKUE JaHHbIC. CEYaC MbI
pacrnonaraeM Mo/IEbIO TOTr'O, KAK pa3BUBA-
JIACH MEJIbYAUIITHE KOJICOAHUS INIOTHOCTH
OT PAaHHUX 3TAIOB 3BOIIONNM BeeneHHon
JIO COBPEMEHHOI'O Pa3HOOOPA3US OOBEK-
TOB HOYHOI'O HEHA.

3Be3/1bl PACNpeecHbl BO BeenmeHnon
HEOHOPO/IHO: OHU CTPYIIIIMPOBAHBI B I'd-
JIAKTUKU PA3HBIX padmepos. Hame ConH-
1€ — OJJHA U3 COTEH MWIIHAPAOB 3BE371
Hamen [aTakTUKY, TUCK KOTOPOU UMEET
nuameTp 100 ThIC. CBETOBBIX JIET. B CBOIO
ouepenb, Miieunsii [1yrs — 310 OJUH U3
JIECSITKOB MWLTHAP/IOB I'AJIAKTHK HAOIIO/1a-
eMOI yacTtu BceneHHoM, 6ivpKaniias us

KOTOPBIX yJAJIECHA OT HAC HA 2 MJIH. CBETO-
BbIX JIeT. HO M caMy raJIaKTHKK OPraHU30-
BaHbI B ONIPEIETICHHOM NOPsAKe: 5—10% u3
HHX CTPYIIIMPOBAHbI B CKOIUIEHHSA, COEP-
skamue 10 1000 rajakTuk B o6beMe He-
CKOJIBKHMX MUJIJIMOHOB CBETOBBIX JIET.
Panee acTpOHOMBI CYUTAIN CKOTUICHUA
TIAKTHUK CAMBIMU KPYITHBIMH B3aMMOCBSI-
3aHHBIMU CTPYKTYPAMH, CYLLECTBYIOIIUMHI
B IIPUPOJIE, YTO COOTBETCTBOBAJIO MOJECIHA
Bosbmoro B3pbiBa. OJHAKO HE CIEIyET 3d-
OBIBATH, YTO KOT/Ia DUHIITENH BIIEPBbIC
IIPUMEHII OOIIYIO TEOPHIO OTHOCUTEIb-
HOCTHU K BcesleHnoi, on caesan OgHo Cy-
LIECTBEHHOE YIPOILEHUE: IIPEATIONONKNIL,
YTO OHA B CPEAHEM OJHOPOAHA (HE UMEET
KPYIIHBIX YIJIOTHEHHA ) U U30TPOIIHA (BbI-
IVIAJUT OJUHAKOBOM BO BCEX HAIIPABICHU-
aX). KocMosiornyecknii NpuHLIMIT DHMH-
IITEMHA JIEI B OCHOBY BCEX MOJEIEH
Bcecenennor, Brmodas BoOnbIION B3pPHIB
U HEKOI'/Id KOHKYPHPOBABIIYIO ¢ HUM CT1a-
LIMOHAPHYIO MOAEJIb BCesieHHOM.

BoAbLUME CTPYKTYPBI

CIIpaBeIUB JIM KOCMOJIOTMYECKUM ITPUH-
IIAIT B MACIITA0AX OOJIBIINX, YEM CKOILIC-
HUSA FUIAKTUK? Brarogapss COBpEMEHHBIM
TEJIECKOITAM MOKHO OIIPEICINTD, KAKOM U3
OOBEKTOB MaJI ¥ 6JIM30K, 4 KAKOU — yIaJICH
U BEJUK. MBI )KUBEM B PACHIUPAIONICHCS
Bcenennori, rae yem panpiie pacxogsaTcs
TJIAKTHUKY, TEM OBICTPEE KAKIAS U3 HUX
YAAIACTCA OT HAC. MBI MOKEM HAOIIOAATD
32 TaKUM [JBIDKECHUEM, HU3ydas KPacHOE

CMCIICHUE B CHEKTPE TaNAKTUK. Jleno
B TOM, YTO SHEPIHA IPUXOJAIINX U3 'aJIa-
KTUKU (POTOHOB YOBIBACT (JJIMHA BOJIHBI U3
roslyooi OOIaCTH CHEKTPa CABUIACTCA
B KPACHYIO) HA BEJIMYMHY, 3aBUCALLYIO OT
PACCTOSAHMA 1O TUTAKTUKH. YCTAHOBUB 3Ty
3aBUCUMOCTB I OJIN3KUX I'AJIAKTUK, TC
PACCTOSIHUE H3BECTHO, ACTPOHOMBI HC-
HOJb3YIOT €€ I U3y4EHUs OOTICE JATICKUX
TJIAKTUK: U3MEPAIOT KPACHOE CMELICHUE
U BBIYUCIIAIOT PACCTOSIHUC.

K1970-MIT. yCOBEPIIEHCTBOBAHHBIE TE-
JICCKOIIBI 1 IPUCMHHWKH CBCTA ITO3BOJIMIIA
IIPOBECTH OOIIUPHBIE O630PbI KPACHBIX
CMEIICHUH MJIAKTUK. BbUIN CO30aHbI TPEX-
MEPHBIE KapPThI OJIMPKHET'O KocMoca. Eme
y4ach B KOJUICIKE, 51 IPOYEN B Scientific
American crarpio  CruseHa I'peropu
(Stephen A. Gregory) u Jlepaa Tomricona
(Laird A. Thompson), OUCBIBAIOLIYIO IIEP-
BYIO U3 TPEXMEPHBIX KapT (Superclusters
and Voids in the Distribution of Galaxies,
March 1982). ABTOpBI HAMEKAJIH, YTO KOC-
MOJIOTMYECKUI ITPUHIIAI DMHIITEMHA MO-
JKET OKA32ThCA HEBEPHBIM: OOHAPYKWIHCD
YIUIOTHEHUS, 3HAYUTEIBHO IPEBOCXOs-
e OAMHOYHBIC CKOIUICHMA T'dJIAKTHK,
4 TAKXKC OI'POMHBIC ITYCTOTBI MCKTY HUMU
Pa3MepPOM B JECATKU MUJUIMOHOB CBETO-
BbIX JIET. OTKPBITUE ITHUX COBEPUICHHO
HOBBIX CTPYKTYP BO BcenreHHoi npousse-
JIO Ha MCHA HEUBIJIAJUMOC BIICYATIICHMC
U OIPENEINIO MO ITyTh B HAYKE.

B 1986 1. Banepu nie JlarmapeH (Valerie de
Lapparent), Mapraper [esuiep (Margaret )
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COEUHANBHBIA PEROPTANK

J. Geller) n Ixon Xampa (John P Huchra) u3
TapBapa-CMUTCOHOBCKOIO aCTPOMU3UYE-
CKoro nenrpa (CfA) oryoIMKOBAIA KapTy
pacnpenenenyst 1099 ranaxkruk. Habmoe-
HMA 34 STUMU TUTAKTUKAME CTAJIO YACTBIO
00630pa 15 THIC. FTAKTHK, TOATBEPIUBLLIETO
OO0raTCTBO U OBCEMECTHOCTb OI'POMHBIX
CTpYyKTYp. B X0/1€ 0630pa 6bUIA BBISIBIIEHA
reHucTas popMa paclpeesICHUS FaIak-
THUK: OHU KOHLICHTPUPYIOTCS BIIOJIb IIOBEPX-
HOCTEH, OrMOAIOIMIUX OI'POMHBIC ITyCTOTBDL.
Oco60 Ha KAPTE BBIIEIBLIACH CTPYKTYPA, Ha-
3BaHHad Besmmkon CTeHOoM U IPOTAHYBIIA-
s1c Ha 700 MJTH. CBETOBBIX JIET OT OJJHOTO
Kpast HCCIIEIOBAHHOI OOIACTH 10 JPYIOrO.

OTCyTCTBUE JAHHBIX O NPOTSHKEHHOCTH
Beynmkoit CTeHbl yCUIUBAET OO3PCHUE,
YTO KOCMOJIOTHYECKUI TPUHITATI, JIEKA-
LU B OCHOBE TCOPUH PACIIUPAIOMICICS
BceseHHOI, MOXKET OKA32ThC HEBEPHBIM.
Heyxenu Drinnrreria He npas? OJHOPO-
Ha U1 Becenennas B cpegHeM? SICHO, 9To
JIIS BBISICHEHUSI 9THX BOIIPOCOB TPEOYETCs
605nee OOIMMPHBINT 0630p.

fops4asi AU XOAOAHAOS

CoryacHO TeoprH BOJIBIIIOro B3phIBa, COB-
PEMEHHASI CTPYKTYPA B PACIIPE/IC/ICHHH I'd-
JIAKTUK OOPA30BATACh U3 HEOJHOPOIHO-
CTEH, CYIIECTBOBABIIINX B IOYTH H/ICATTBHO
IVIAIKOU paHHen Beenennon. HavanbHbie
pryKTYaIuu ObUIH €/1Ba 3AMETHBL: IVIOTHO-
CTU COCEOHUX OOJIACTCH PaA3NIUYIUCh
npuMepHO Ha 1/100 000 gosmo, 4To 1oKa-
32T U3MEPEHUS TEMIICPATYPBI PETTIKTO-
BOT'O U3JTy4EHUA (M. Cmambro <Kocmuve-
cKas cumgponuss, cmp. 34 . ECim B HEKOTO-
PO 061aCTH MPOCTPAHCTBA TUNIOTHOCTD
ObLIa BBIIIE CPEIHEH, TO K HEH HAOII04A-
JIOCh 60JIee CHIIBHOE TPABUTALIMOHHOE

OB30OP: CTPYKTYPA KOCMOCA

MPUTSHDKEHUE, [TOTOMY BEIIECTBO U3 OJI1-
JKAHMIIEro OKPYKEHUS BTSTUBATIOCH B HEE.
1o TO¥ Ke NMPUYUHE OOIACTD C IVIOTHO-
CTBIO MEHBIIIE CPE/THEH CO BPDEMEHEM TEPsI-
J1a Maccy. biaroapst rpaBUTallMOHHOM He-
YCTOMYMBOCTH HANOO0JIEE TUIOTHBIE 001~
CTH IIPEBPATHUINCH B TUTAHTCKUE CBEPX-
CKOIUIEHUS I'AJTAKTUK, KOTOPBIE Mbl TENIEPh
Ha6JTIOIAEM, 4 MECHEE TTIOTHBIC CTATH O0-
HIUPHBIMU ITyCTOTAMM.

Korza nepsbie 0630pbl KPACHBIX CMEIIE-
HUH YKE 3dBEPIIATUCH, ACTPOHOMBI TTOHSUIH,
YTO CUTYAIHSI HE TAK YK IIPOCTA: BUIUMBIC
HAMHM B I'UTAKTUKAX 3BE3/IbI U I'A3 COCTABIISI-
IOT JIMIIb MAJIYIO YACTb (OKOJIO 29) BELECT-
Ba Becenennort. OCTasbHOE BEMECTBO IIPO-
SIBJISIET CE651 KOCBEHHBIM OOPA30M — Uepe3
TPABUTAITHIO. BBIIH ITPEUIOKEHBI PA3IAY-
HbBIE MOJIEJIA 3TOI'O CKPBITOI'O BEIIECTBA.
OHU Pa3/IeTWINCh HA JIBE KATETOPUH — XO-
JIOJTHYIO U TOPSTIYIO, U 3TO PA3TAYNE UTPACT
PEIIAIONITYIO POJIb B 3BOIIOIAN CTPYKTYP.

Io crieHapuIo, IPEYIOKEHHOMY JKEIM-
comITubncom (P.James E. Peebles) uz ITpuH-
CTOHCKOI'O YHUBEPCHTET4, [IEPBBIMU BO3HU-
KJIM HEOOJBIUE OOBEKTHI TUIA TUIAKTHK
WY JJaKke MeHblIne. CO BpEMEHEM I'PABUTA-
LY OOBEJUHIUIA MX B KPYITHBIC CTPYKTYPBL
CornacHo arou mojenu, Benvkag Crena
cpopMHPOBAIACH HEAABHO. [OpsTaasi ke MO-
Jienb SIkoBa Bopucosryaa 3ep/10BUYa U €ro
KoJuter u3 MI'V ipenosaraer, YTo TEeMHOE
BEIIICCTBO B PAaHHEI BCEIeHHOT ABUT'A/IOCH
XAOTUYECKH C OOJBIIMMH CKOPOCTSIMU
U [O3TOMY MEJIKME CKOTUICHUS PA3ITIKHBA-
JIACD. TTepBbIMU C(DOPMUPOBATIUCH KPYII-
HBIE [IACTHI U BOJIOKHA ITPOTSZKEHHOCTHIO
B MIJUTMOHBI CBETOBBIX JIET, KOTOPBIE TTOZKE
PaCIaIMCh HA FATAKTUKKL B a10M CJygae Be-
Jmkas CreHa — ipeBHeE OOPa30BaHUE.

o ACTPOHOMBI, KOK KOCMUYECKME KAPTOrPAdbl, CO3AQIOT AETAAbHBIE TPEXMEP-
Hbl€ KAPTbI PACAPEAEAEHNS TAAQKTUK U MX CKOMAEHUIA, KpYMHENLLIMIA 13 STUX MNP O-
eKkToB, «CAOQHOBCKUM LMDPOBOM OB30P HEGA», MO3BOAUA MOAYYUTb ACHHBIE
O MUAAMOHE FOACKTUK BIAOTb AO PACCTOSIHUNS B 2 MAPA. CBETOBbIX AET.

o KapTbl MOKA3AAM, YTO FTAAQKTUKM COBPAHbI B TMFAHTCKME CTPYKTYPbl POA3MEPOM
B COTHU MUAAMOHOB CBETOBbLIX AET, KOTOPbIE BbIDOCAMN U3 CAQBLIX PAYKTYALMN
MAOTHOCTH, CYLLLECTBOBABLUMX B IOHOW BceAeHHOM.

o KapTbl CTOAb TOYHbI, YTO MO3BOASIKOT OLLEHNTb KOCMOAOIMYECKME NAPAMETPbI HE-
30BUCKMO OT PE3YALTATOB, MOAYHYEHHBIX MO PEAUKTOBOMY U3AYYEHUIO. Tenepb ac-
TPOHOMbI MEIOT BEPHOE MPEACTABAEHNE 06 MCTOPUN KOCMOCA (14 MAPA. AET).

HTaK, ceayiomemMy HOKOICHHUIO 00630-
POB CJIEAOBAIO HE TOJIBKO IPOBEPUTH KOC-
MOJIOTMYECKHMH IIPUHIUIL  DHUHIITEMHA
U BBIABUTb KDYITHOMACIITAOHBIC CTPYKTY-
PpbI BeenneHHORM, HO M pasralaTh TAUHY TEM-
HOTO BemecTBa. OMH 13 TAKUX 0030POB
B Hayane 1990-x rr. mposenn CTUBCH
IHexrmaH (Steven A. Shectman) u3 MHCTH-
Tyra Kapneru (BammHITon) 1 €ro KoJuie-
ru u3 O6cepsaropun Jloc-Kammanac (Hu-
JIN) C IOMOIIBIO 2,5-METPOBOI'O TEJIECKO-
ma. O630p comepxur 26418 ramakTux
U TIOKPBIBAET CYLLECTBCHHO OOJIBILIEE IIPO-
CTPAHCTBO, YeM 0630p CfA. Pobept Kupi-
Hep (Robert P. Kirshner) u3 CfA4 ckaza, 4To
0630p Jloc-KaMmaHac MoKazajr TaKoe XKe
PACIPEAC/ICHUE TIAKTHK, 4TO U CfA,
U IPOAEMOHCTPUPOBAJL, HACKOJIBKO I'PaH-
nuno3Ha Benukas Crena. OKasaniock, 4TO
KOCMOJIOTMYECKHNA PUHINAT DMHIITEHHA
JIEVICTBYET: B OOJIBIINX MACHITA6AX KOCMOC
OJHOPOJEH U UOTPOIICH.

Ho u 0630p Jloc-Kammnanac HerocTaTod-
HO BCJIHK, 9TOOBI €TI0 BBIBO/IbI CTAJTA PCHIAIO-
1My, OH HUYET'O HE TOBOPUT PO OOIACTH
MNPOCTPAHCTBA PAa3MEPOM 1-2 MJIP/I. CBETO-
BBIX JIET, I7IC HAJIEKHEE BCEIO «paboTaACT>
TeOpys1 (POPMUPOBAHS CKOIUICHU, HO Ha-
OJIOIATb UX OUEHb CJIOXKHO. Bapranyy yrc-
JIA TATAKTUK B CTOJIb KPYIIHBIX OOJIACTAX
MPOCTPAHCTBA HE3HAYUTEIBHBI, [IO3TOMY
MaJICHIINE OMUOKH MOTYT IIPUBECTH K «OT-
KPBITHIO» HECYIIECTBYIONINX CKOIUICHHA.

YlcHOM HOYbIO...

Jlenmast 0630p KPACHBIX CMEILCHUI, ACTPO-
HOMBI OOBIYHO BK/IIOYAIOT B HEI'O BCE I'aJla-
KTHKH SIpYE OIPE/IC/IEHHON 3BE3THOM Be-
JMYUHBL ECi oHM ommoyTCs ¢ O1IEHKOU
SIPKOCTH TUIAKTHK B KAKOH-TTMO0 YaCTH He-
64, TO 13 ITOI OOIACTU B BBIOOPKY MOXKET
IIOITACTh GOJIBINEE YUCJIO TATAKTHK, YTO
MIPUBE/IET K MOSABICHUIO IKOOBI OGHAPY-
JKEHHOI'O CKoOIUleHus. [loaromy 0630p
KPACHBIX CMEIICHUMN JIOJDKEH HE TOJIBKO
OXBATBHIBATb OIPOMHOE IIPOCTPAHCTBO, HO
U ObITb TOYHO OTKAIMOPOBAH.

B 1980-x rr. /Ixeiimc Tann (James E.
Gunn) w3 Ilpuncrona, Puuapp Kpon
(Richard G.Kron) u [lonansi Mopk (Donald
G. York) 13 YMKarckoro yHuBepCHTET4 I0-
CTAPAIUCH BBIACHUTD PACIIPEC/ICHIE FAIa-
KTHK B IIPOCTPAHCTBE MAKCUMAIBHO 60JIb-
1mero oo’beMa, JOCTYITHOT'O JI7Is1 HaOJIIo/1e-
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SDSS COLLABORATION

COEUMANBHBIA PEROPTAN

=TT

=TTl -
LLIAT 1: B sicHble 1 6e3AyHHble HOYM TeAecKon doTorpadupy-
eT HebO CKBO3b 5 LIBETHBIX GUABTPOB CO CKOPOCTLIO 20 KBOA-
PATHBIX TPAAYCOB B YAC, PETMCTPUPYS MUAAMOHBI HEGECHbIX

TeA 30 HO4b.

LLIAT 3: B doKyc TenecKona CTaBSIT METOANHECKYHO MAQCTUHY € 640
OTBEPCTUSIMM MO MECTOM POCTIOAONKEHS FOAQIKTUIK, CKBO3b KODKAOE
OTBEPCTME VX CBET MO OMMUYECKOMY BOAOKHY MOMOACET B CMEKTDO-
rPAd, KOTOPbIN MOXKET PABOTATL ACYKE HE B COMBIE SICHBIE HOYM.

LLUAT 2: [aAQKTUKK 1 ApYTME OBBbEKTbl ABTOMATUYECKM PACMO-
3HAIKOTCS 1 OTOUPAKOTCS AASI TOCAEAYIOLLEN CMIEKTPOCKOMNNN.
3AEChb MOKA3AHA CAMPAAbHAS FAAaKTMKA UGC 03214 B co-
3se3pnn OpPUOHQA.

0.8

A MATHUTHBIV NOTOK

o
[o

o
~

OTHOCUTEABHDI

0.2§

400 600 800
AAVHQA BOAHBI (HOHOMETPbI)

LUAT 4: 211 cnekTpbl MO3BOASIKOT TOYHO KAQCCUOULMPOBATL
06beKTbl. [10 HUM e ACTPOHOMbI U3MEPSIET U KPACHOE CMe-
LEeHME AVHWIA, O 3HAYUT, 1 PACCTOSIHNE AO OOBEKTOB.

KAK COCTABTb KOCMWUYECKYIO KAPTY B HYETbIPE MPUEMA

CAOQHOBCKMA UMIPOBOM 0630p HEBA MO3BOAUT CO3AOQTb COMBIN COBEPLUEHHBIN OTAQC YETBEPTU BCEro HeboCBOAQ.
HabaoaeHUs1 € 2,5-M TEAECKONOM Ha BepLUMHE ANauu-TonHT (WT. Heto-MeKCHKO) 3amMyT MdTb AET.

Mupe nagku
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CHEUHANBHBIR PENOPTAN

KOCMUYECKUE KAPTbI

Ha 2TUX KAMHOBUAHBIX KOPTAX MOKA3AHO PACMPEeASASHUEe TAAAKTUK (TOYKM) B MPOCTPAHCTBE. TpeTbe M3MepeHue,
OXBATLIBAOLLEE YIOA B HECKOABKO MPOAYCOB, CMPOEUMPOBAHO HO NAOCKOCTb. BraHbI ABE «Beaunkne CteHbl», coaepKalume
ThICSIYM FAAQKTUK KAXKACS, O TAKOKE YIAOTHEHMS 1 MYCTOThl BCEX MACLLUTAGOB.

MAEYHbBIA NYTb

B cepeanHe 1980-x 0630p Kpac-
HbIX CMelleHnn TapBapa-CMuUT-
COHOBCKOTrO ACTPODU3NYECKOTO
ueHTpa (CrfA) BbisSIBUA NepBYO Be-
AMKyto CTeHy, HO BCIO ee Mnpo-
CAEAUTb HE YACAOCH.

___ BEAUKA4 CTEHA CfA

MoAoxxeHue Ha HeGe
(NpPsIMOE BOCXOXAEHME, B HACAX)

HbiHeLwHn CAOQHOBCKMIM LdPOBOM 06300 HEGO
(SDSS) MOKpbIA 3HAYUTEABHO OOAbLUMA OBbEM
(3AeCb MOKA3AH AMLLb 1%). OH BbISIBUA BTOPYIO Be-
AMKYIO CTEHY AAVHOW BOAEE MUAAMAPAQ CB. AET.
Kpyrosas kapta (crpasa) nMoka3biBAET B 6 pa3
BOAbLLMA OBBEM; HO HEN OTMEYEHO MOAOXKEHUE
BEPXHUX KAPT. KOHUEHTpUYECKME OKPYXKHOCTA
MOKA3bIBAIOT PACCTOSIHNE B MUAAMOHOX CB. AET.

18y
52 561 raAaKTUKQ

a3
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BRYAN CHRISTIE DESIGN; SOURCES: J. RICHARD GOTI AND MARIO JURIC Princeton University (wedge); SDSS COLLABORATION (bull's-eye)



BRYAN CHRISTIE DESIGN; SOURCE: SLOAN DIGITAL SKY SURVEY

COEUMANBHBIA PEROPTAN

Bce kapTtbl pacnpeaeAeHmst TAAQKTUK
MOXXHO CBECTU K CMeKTPY MOLLHOCTY,
YKQ3bIBOKOLLEMY KOAUYECTBO CTPYKTYP
(BEPTUKAABHQST LLUKAAQ) PA3ANYHOTO
MACLWTABA (FrOPU3OHTAABHQAST LIKAAQ).
TAK K& MOXHO OTOBPA3UTb AQHHbIE
O PEAUKTOBOM M3AYYEHUM, TPOBUTALM-
OHHOM AVH3WPOBOHWUK, pachnpeaene-
HUW CKOMAEHWM FTAAQKTUK U OBAQKOB
MEXKTAAQKTNYECKOTrO BOAOPOAQ, MOMe-
CTVB BCE HA OAMH rpaduK. ChAOLLIHAOS
AVHUSI — MPEACKA3AHNE HAUAYYHLLEN
KOCMOAOIMYECKON MOAEAN. [yHKTU-
POM MOKA3AHO, KAK Bbl BbIASIAEAA Bce-
AEHHQOS MPU OAHOPOAHOM pacnpeae-
AeHuK BelecTsa. CTPEAKOMM YKO3CAHbI
BEPXHME NPEAEAbI.

KOCMUYECKUE KAPTbI

1.0

0.1

0.01

DAYKTYALMM MAOTHOCTH

0.001

Macwtab (MUAAMOHbBI CBETOBbIX AET)

PeAnkroBoe
V3AYYEHNE

10,000 100,000

HHI, 1 06€CIEUUTD IIPU ITOM TOYHYIO Ka-
JIMOPOBKY MX ApKOCTU. Yepes 10 siet crap-
TOBWI IPOEKT CJIOAHOBCKUH IU(PPOBOLT 06-
30p HeOA (SDSS) crouMOoCThIO $80 MITH., BKO-
TOPOM 6bUIH 3afciCTBOBaHbl 200 acTpo-
HOMOB. [IjI1 HETO UCHOJIb3YETCS CIIELIAAb-
HBIM 2,5-METPOBBII TEIECKOI, PaboTaIo-
U B IBYX PEKHUMAX. B camble sCHbIC HOUM
LIMPOKOYI'OJIbHAS KAMEPA TEJIECKOIIA IOy~
4aeT OTKUTMOPOBAHHBIE CHUMKU HEOA B I151-
TU HIMPOKUX CIIEKTPAIbHBIX JUANIA30HAX.
IIprueMHHKOM CBETa B Kamepe Caykut [13C-
MATPULA, OYEHb YyBCTBHUTCIBHOE 3JICK-
TPOHHOE YCTPOHUCTBO, TOYHOCTb KOTOPOT'O
PAaBHA IOJIAM IIPOLICHTA.

B sryHHBIE HOYM WJIH ITPU JIETKOM O6/1a4-
HOCTH Ha TEJIECKOIIE PadOTAIOT 1BA OIITO-
BOJIOKOHHBIX CIIEKTporpaga, ofHOBpE-
MEHHO PETHCTPHUPYIONIHUE CIICKTPhl 608
OO'BEKTOB /IS OLIPEIETICHUS UX KDACHBIX
CMEILEHMI. B OT/Inane ot Ipyrux TeIeCKo-
I10B, KOTOPBIE B TECUEHUE HOYU UCIIONb3Y-
I0TCA U1 HAOJIIOAECHMI 11O PA3HBIM IIPO-
rpaMMaM, TOT TEJIECKOIl NPEIHAZHAUYCH
TOJIBKO JJIS1 OJIHOT'O BHZId UCCIICAOBAHUI,
KOTOPBIC IIPOBOAATCS KAKIYIO HOYb B TE-
YEHME ITATH J1eT. CEHYac HAII IIPOEKT IIPO-
L€ IIOJIOBUHY ITyTH, H3MEPUB KPACHBIE
CMEILIECHNA MIWUIMOHA I'JIAKTUK M KBA3a-
POB. B KauecTBE NPOMEXKYTOYHOI'O 3TAIld
HEIaBHO ObUI 3aBEPIICH AaHAIN3 KPACHBIX
cmerieHU nepspiX 200 THIC. TATAKTHUK.

ABCTpanuICKUE U OPUTAHCKUE ACTPO-
HOMBI CO3/JaIN CIEKTporpad s 3,9-met-
POBOT'O AHIJIO-ABCTPATIMICKOI'O TEIECKO-
114, IIO3BOJIAIOIMI OJJHOBPEMEHHO I1OJIY-
4aTh CHEKTPBl 400 OOBEKTOB B IIOJIE
pasMepoMm 2° (MO3TOMY NPOEKT HA3ZBAIN
JIByxrpagycHoe rone» — 1o Degree Field,
2dF). Komanja 2dF ncronb3oBaia yxe Cy-
LIECTBYIOIINE KATAJIOTU TUIAKTUK, COCTAB-
JICHHBIC IO THIATEJIBHO OTKAIUOPOBAH-
HBIM 1 OTCKAHUPOBAHHBIM (poTOrpacuye-
CKUM aTnacaM. [lnuBmiasgca IdaTh JIET
pabdoTa yKe 3aKOHYCHA: IIOJIY4EH 0030D
KPACHBIX CMemeHn 221 414 ralakTuk.

Hairm 0630pbl TOKA3BIBAIOT PACIIPEICTIC-
HME TATAKTUK HO KaK ObITb C TEMHBIM BEIIIC-
CcTBOM? HeT OCHOBAHMM PEIIONArATh, YTO
PACIIONOKEHUE TATAKTUK B TOYHOCTHU I10-
BTOPACT PACHPEAETICHUE TEMHOI'O BELIECT-
Ba. Hanpumep, raJlakTuKy MOITIN Obl (hOp-
MUPOBATHCS TOJIBKO B OOIACTSX C U30BITOY-
HOH IUIOTHOCTBIO TEMHOI'O BEIIECTBA —
TAKOU «IIOPOI'OBbIT» CLIEHAPHIT ACTPOHOMbI
CUNTAIOT HAUOO0JIEE BEPOSTHBIM.

OB ABTOPE:

Anamsupys NpeAbIIyLIIE OO30Pbl KPAC-
HbIX CMemCHHfI, Mbl BBIACHWJIH, YTO pac-
MPEIE/ICHUE MUTAKTHK M TEMHOT'O BELICCTBA
TECHO CBA3AHbI, HO CLIE/IATh OJHO3HAYHbIN
BBIOOP MEXKIY IPOCTBIMU MOJIEIIIMU «IIOPO-
I'OBOI'O» 1 «OECIIOPOIOBOI'O» CLICHAPHEB MBI
He cmoru. Hepgasno Jlucua Bepae (Licia
Verde) n3 ITeHCWIBBAHCKOI'O YHUBEPCHTC-
T4 U €€ KOJUIETH UCTIOIb30BAIN 0630p 2dF
JUI UI3MEPEHNSA TPOMHBIX I'/IAKTHUK. OKa3a-
JIOCh, YTO YUCJIO TPUIVIETOB 3aBUCHT OT 06-
IIEH MACChI, BKTIOYAS M TEMHOE BEIIECTBO.
HccnepoBareny npearnoioXuIg, 4YTo, o-
BUJHMOMY, PEUIUZYETCA «6ECIIOPOIOBbII»
CLICHAPMIL: TIAKTUKU  PACHpPEAC/ICHbI
B IIPOCTPAHCTBE NPAKTUYECCKU TAK )K€, KAK
TEMHOE BEILIECTBO. DTO O3HAYACT, YTO HALIN
0030PbI TOYHO OTPAXKAIOT OPraHU3ALIUIO
BEIIIECTBA B KOCMOCE.

MoLb crnekTpa MOLHOCTU

Haubosee noae3HpIM HHCTPYMEHTOM JUIsg
AHATIN3A PACIIPCACTICHWA T'AJTAKTUK B IIPO-
CTPAHCTBE CJIY’KUT CIIEKTP MOITHOCTH. )

Marwka Crpocc (Michael A. Strauss) — yHOCTHUK 1 ODULIMAABHBIN MPEACTOBUTEAD MPO-
ekta CAOQHOBCKMI LdpoBOn 0630p HEGA. OH 3ALNTUA AUCCEPTALMIO MO dU3MKe
B KaandbopHumckom yHrBepcutete B bepkan, CTAXKMPOBAACS B KAANDOPHUNCKOM
TEXHOAOTNYECKOM WHCTUTYTE W NPUHCTOHCKOM YHUBEPCUTETE, A CEMNYAC NPEnoAQeT

B [NpWHCTOHE.
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CTPOUTEABCTBO BCEAEHHOM

Y100bI CBS13ATb COBPEMEHHOE PACMPEAEAEHME BELLLECTBA (BbIIBAEHHOE CAOQHOBCKMM 1 ARYTMMM O6300AMI) C TEM, KOTOPOE
ObIAO B PAHHEN BCceneHHOM (U MPOSIBASETCS1 CEMYAC B HABAIOAEHWSIX PEAMKTOBOTO N3AYHEHNST), KOCMOAOIM CO3AQKOT KOMMbIO-
TEPHbIE MOAEAN. KOXKACS KAPTUHKA MOKA3BIBAET MOAEABHYIO CUTYALIMIO Yepe3 ONPEAEAEHHOE BPEMS MOCAE BOABLLOrO B3pbl-
BA. [TOCKOABKY BCeneHHas pacLumpsieTcs], pasMmepbl OBAACTEN PA3HbIE: MONEPEYHNK NEPBON KAPTUHKN OKOAO 5 MAH. CB. A€T,
a nocaeAHem — okoAO 140 MAH. CB. A€T. TOYKAOMM MOKA3AHO BELLECTBO. DTA MOAEAb PACCHUTAHA B HOLMOHAABHOM LIEHTPE

120 MAH. AeT. BHOYOAE BELLECTBO PACMPEAEASIAOCH MOYTU
OAHOPOAHO, C HEGOABLUMMY GAYKTYALMSIMM MAOTHOCTM.

1,2 MAPA. AeT. CO BPDEMEHeM rpaBnTaums cobmnpaerT Be-
LLeCTBO B TMIOHTCKME BOAOKHA, CO3AQBAS MyCTOTbl Me-
XKAY HAMUA.

MPUMEHEHMS CYNEPKOMMBIOTEPOB (MOAHAST AMHAMUYECKAS1 BEpPCUs AOCTYNHA Ha cfep.uchicago.edu/Iss/filaments.himl).

€T YNAOTHEHUIO.

490 MAH. AeT. BoAee NAOTHbIE OBAACTU OTTAMMBAOT BELLLECTBO
13 MeHee NAOTHbIX. DOPMUPYIOTCS MEPBbIE TAAQKTUKMA,

13,7 MAPA. AeT (HaLle Bpemst). POCT KpPYMHbIX CTRYKTYP npe-
KPATUACST, MOCKOABKY KOCMUYECKOE YCKOPEHWE MPEnsTCTBy-

IIpencraBuM, 4TO CPEPBl OIPEIEICHHO-
ro paauyca, ckaxeM, 40 MJIH. CBETOBBIX
JIeT, pa3dpocansl BO BeesieHHoM ciyyan-
HBIM 06pa3oM. ITocunTaem Yucio rajaak-
THK B K&KIOU U3 HUX. [TOCKOJIbKY rajak-
TUKW CTPYHIIMPOBAHBI, UX KOJUYCCTBO
B KAKIOU chepe OKAKETCA PA3HBIM. M3-
MCHCHUC X YHUCJId U CCTh MCPAd KOMKOBA-
TOCTHU UX PACIIPCACTICHUA ITPU 33/TAHHOM

MacIITabe pacCTOAHUI (B HALIEM CIIy-
yae — 40 MJIH. CBETOBBIX JIET). Kocmonoru
IIPOBOJAT 3TH IOJCYECTHI I CPep BCe-
BO3MOHBIX PA3MCPOB, OIIPCAC/IAA CTC-
TMICHb KOMKOBATOCTH B PA3/IMYHBIX MAC-
mrabax. BeIIBiaeHue OTHOCHTEIBHOTO
YUCIA CTPYKTYP OOJIBIIMX U MAJIBIX PA3-
MCPOB CIIYKUT J11 HUX MOIITHBIM KOCMO-
JIOTHYCCKHMM TECTOM.

CHeKTphl MOIIHOCTH ObUIM MU3MEPEHDL
Kak /11 0630pa 2dF, Tak v ij1s1 SDSS 1 OKa-
3Q/INCh BECbMA CXOXHUMH (CM. puc. Ha
cmp.49). CyBedeHreM MacIuTada prryk-
TyallMy yMeHbIIAI0TCs. Cr1adble (hirykTya-
ITUH O3HAYAIOT, UTO PACIIPEACTICHUE raIa-
KTHK OY€Hb OJIM3KO K OJTHOPO/IHOMY, OTBE-
YAIOMEMY KOCMOJIOTMYECKOMY ITPHUHITHTTY
OUHINTENHA.
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COEUMANBHBIA PEROPTAN

Kpowme Toro, Ha 10rapupMUIeCKOM Irpa-
duxe QIyKTyaluyd HE BBICTPAUBAIOTCS
BOOJIb HpHMOfI JIMHMH, 4 UX OTKJIOHCHHEC
MOATBEPIKAACT TOT (PAKT, YTO JUHAMUKA
Beenennort namenmnach co BpemeneM. M3
JIPYI'UX HAOIOJICHUI ACTPOHOMBI Y3HAJIU,
YTO B IVIOTHOCTU 3HEPrUH BeeseHHor 10-
MMHHUPYET BEMIECTBO 1 HEYTO, HA3BAHHOE
«T€MHOW 3Hepruci». PoToHaMu, SHEPTUL
KOTOPBIX Oc1abaeHa paciumpenyuem Bee-
JIEHHOM, CETOJJHA MOYKHO IIPEHEOPEYD. 3aTO
BIIPOLUIOM, KOIJd BO3PACT BeesieHHOM ObLT
MeHee 75 ThIC.JIET, JOMUHUPOBAIU UMEHHO
(OTOHBL [TO3TOMY B Ty 31IOXY IDaBUTALIUA
HE MOIVIA YCUIMBATb (PITYKTYal U CO BpEME-
HEM TAK K€, KAK [TO3KE, YTO U OTPAZWIOCH B
CIEKTPE MOUTHOCTU HA OOJIBIITNX MACIITA-
0ax (6onee 1,2 MIIp/I, CBETOBBIX JIET).

TouHoe 3HaYeHUE MACIITA64 TIO3BOJIIO
OLICHUTDb MOJIHYIO IIOTHOCTb BELIECT-
B4 BO BcesleHHOIM: OHA OKa3a1ach OJIN3-
KO K KPUTHUYECCKON IIOTHOCTH, PaAB-
HOI 2,5-107%7 Kr/M?, 4TO NOATBEPAKIACTC
U IPYTUMHU MU3MepeHusaMu. Kpome Toro,
BCE IIOJTyYCHHBIE PE3Y/IBIAThI IOKA3bIBAIOT,
YTO TEMHOE BEIIECTBO ABJIACTCA XOIO/-
HBIM. Bylydn ropsiauM, OHO OBl CIVIAJUJIO
(DIIYKTYyaUUH B PACIIPEIEICHUN TATAKTUK
HA MQJIBIX MACIITA6aX, 4 9TOT'O HET.

Hab6mozpaeMble HAMU HEOJHOPOIHOCTH
B KPYITHOMACIITAOHOM PACIIPEIC/ICHUH I'd-
JIAKTHK MOL'YT ObITb IPOCTO YCWICHHBIMU
HEOJIHOPOJHOCTSAMU IVIOTHOCTH B PAHHEN
BcenenHom, KOTopble BUAHBI 110 PEJTMKTO-
BOMY H3/Iy4eHUIO. [103TOMYy MBI MOXKEM
CPaBHUTD (DIIyKTYALMU PEJIMKTOBOI'O U3y~
YEHUA CO CIIEKTPOM MOUTHOCTH I'AJIAKTHK.
Kax H1 yIMBUTENBHO, M3 3THUX JIBYX ITOAXO-
JIOB MBI [TOJTy94€EM COIVIACOBAHHBIN PE3YIlb-
Tat. Ha Macimra6ax npumMepHo B 1 MiIpJ1, CBe-
TOBBIX JICT (DIIYKTyalLIUM IUIOTHOCTU I'd-
JIAKTUK coctasior 1/10. A daykryanyuu
PEMKTOBOI'O U3/Ty4EHHA UMEIOT AMILUIUTY-
21y 1/100 000. MIMEHHO TaKO¥ POCT IPE/ICKA-
3BIBAIOT MOJIEJIH, IIOATBEPIKAAS TO, UTO HAII
KOCMOJIOTMYECKUI CLIEHAPUI — BobImoit
B3PbIB, PABUTALIMOHHAS HEYCTOMUYUBOCTD
U BCE OCTATIBHOE — JICVICTBUTEIBHO BEPEH.

UccaepoBaHUS
KPYNHOMOCLUTAGHOM CTPYKTYPbl
TIo 0630py ramakruxk SDSS B OCHOBHOM
H3Y4aIOT CTPYKTYPY KOCMOCA B MACIITA6aX
ot 100 MytH. 10 1 MJIpZ. CBETOBBIX JIET. [1151

UCCIEIOBAHMS elTie 60JIe€ KPYITHBIX 0Opa-
30BaHUI BSDSS 1e/1a€TCsI BTOPAst BHIOOPKA
MPEJE/IBHO IPKUX TUTAKTUK, KOTOPAs Pac-
LIHPACET OOJNIACTb HUCCIAEAOBAHUN Oosee
4eM /10 5 MIIPJ, CBETOBBIX JIET. TPEThsI BbI-
OOpKa JIOJDKHA BBIIBUTH MaJIOMACIITAO-
HbIE CTPYKTYPbL: B HEX U3y4alOTCs JIMHUN
IOIVIOLECHUS B CIICKTPAX JAJICKUX KBA3a-
POB, CBET KOTOPBIX IHNPOXOJUT CKBO3b
IUIOTHYIO CETb OOIAKOB BOJOPO/IA, €IIIE HE
MIPEBPATUBIINXCS B TATAKTUKH.

Cernyac KOCMOJIOIM IIBITAIOTCA CBA3ATh
PE3Y/IBIaThl 3TUX 0630POB (IIOKA3BIBAIO-
LIHUE CTPYKTYPY KOCMOCA CET'O/IHA U B HE-
JIABHEM IIPOIIIOM) CO CBOMCTBAMU PEJIUK-
TOBOI'O U3Iy4CHUA (OTPAKAIONIEIO KOCMU-
YECKYIO CTPYKTYPy Ha CAMOU pPaHHEH
CTagun). B 4aCTHOCTH, CIEKTP MOIIHOCTH
PEJIMKTOBOI'O HU3JIyYCHHS UMECT Psifl Xa-
PAKTEPHBIX TOPOOB, OTPAKAIOIIUX COOT-
HOLIEHHE TEMHOI'O U OOBIYHOI'O BELICCTBA.
ACTPOHOMBI HA/ICIOTCSI HAUTH 1O/I0OOHBIE
rop6bl B COBPEMECHHOM CIIEKTPE MOIIHO-
cru. Ecn 31O yacTces, TO NOABUTCS €IIe
OIHO JJOKA32TEIbCTBO TOIO, YTO HAOIIONA-
€MBbIE CErOHA (PIIYKTYaL[H PA3BUIMCh U3
TEX, KOTOPBIE ObLIN B paHHEH BeeneHHo.

Jpyrum crioco6om npocaenTh PA3BU-

THE CTPYKTYP BO BDEMEHU CITY>KUT U3y4de-
HUE PACIIPE/IC/ICHIS OYCHb JIAJICKUX T'AJTAK-

AONOAHUTEABHAS AUTEPATYPA:

TUK. B Te naexkue BpeMeHa TEMHOE Bellle-
CTBO JOJDKHO OBITb 60JI€€ OQHOPOIHBIM,
TAK KAK 'PABUTALMOHHAS HEYyCTOHYUBOCTD
JeHCTBOBAIA HEoIr0. HO 0630pkL, ITpoBeE-
JleHHbIe EBPOIECKOH I0KHOM 06CEPBATO-
pueii B Y u O6cepBaropueti Kexa Ha Ia-
BASIX, IOKA3AJIH, YTO OYECHbB JAJICKHC I'ajIa-
KTUKA CTPYHNIUPOBAHBI TAaK K€, KaK
1 COBPEMCHHBIE, U COOPAHDI B TAKUE 5KE€ BO-
JIOKHUCTBIE U ITy3bIPYATBIC CTPYKTYPBIL, KAK
1 6/IDKHUE K HaM TUTAKTUKI. HO B oT/iiame
OT COBPEMEHHBIX I'UIAKTUK, KOTOPBIE CJIe-
JIYIOT 32 TEMHBIM BELLIECTBOM, T€ PAHHUE I'a-
JIAKTUKH JOJDKHBI OBITb OOJIbLIE CIPYIIIN-
POBAHBL, YEM OKPYZKAIOIIECE UX TEMHOE BE-
LIECTBO. DTO MOXKET AATh K/IIOU K PEIIEHUIO
BOIIPOCa (POPMUPOBAHUA FUIAKTHK.
VyeHble NPUOIHU3WINCH K TTOHUMAHUIO
IyTEH Pa3BUTUA CTPYKTYPbI KOCMOCA: OT
MEJIKUX BO3MYLIEHUH B «IIEPBUYHOM CYIIE>
J10 CKOIUICHUI 3BE3/IHBIX TAIAKTUK B COBPE-
MEHHOI Beenennoit. B 6mpkaimme roapl
HPEACTOUT OTBETUTD HA BAKHBIC BOIIPOCHL:
KAKOH MEXaHU3M IIPUBE/I K YCHICHUIO (OITy-
KIyallui PEMKTOBOIO H3JIy4E€HHA? KaK
(POPMHUPOBWIUCH M'AJIAKTUKA? II0YEMY OHU
00J134a10T TIOZIOOHBIMU CBOMCTBAMU? ObLT
JIU IPYTOH ITyTh? MOXKHO JIM IIPEJICTABUTD
Bcenennyio ¢ HagaIbHbIMU (DITyKTYALAMUA
OOJIBIIEI W MEHBITICH aMIUTUTY/b1? M

Ha QHIAMIMCKOM $13bIKE:
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AN MUBMEPEHMST PACCTOSIHUM BO BCeAeHHOoM
ACTPOHOMbI ICMOAB3YOT CBEPXHOBLIE TUMA [Q.




DAVID EMMITE PHOTOGRAPHY

CAEUHANbHBIA PENOPTAK

or samennenn  GKOPGHLH]

Aaam Pucc n Mamka TepHep

AOAeKMEe CBEPXHOBbIE YKO3LIBAKOT MOMEHT, KOTAQ pACLUMpeHmne
BCeAeHHOM MepeLlAO OT 3OMEAASIIOLLLErocs K YCKOPSIOLLLEMYCS!.

I'paBuranysa yaepKUBaCT IVIAHETHI Ha UX
OPOUTAX U CBA3BIBACT MEXKY COOOI rajia-
KTHUKU B OI'POMHBIC CKOTIJICHU . Hauunas
co BpemeH HploToHa 1 10 KoHI1a 1990-x 1T
OT/IMYUTEILHON YEPTOM I'DABUTALIMM CUU-
TAJIOCh IpUTsDKEHUE. M XOTa 001mas Teo-
Py OTHOCUTENBHOCTY DHMHIITEHHA AOITY-
CKA€T, YTO CWIbI IPABUTALIUN MOTYT ObITh
OTTAIKUBAIOIIMMU, OOJIBITMHCTBO (PHU3U-
KOB CYUTAJIO 3TO JIMIIb TEOPETUYECKU BO3-
MOKHBIM. JIO HEIABHET'O BDEMEHU U ACTPO-
HOMBI ObUIA YOEKICHDL, YTO I'PABUTALIUA
JIMIIb 3aMeJIACT paclumpenue Beenen-
HOM.

B 1998 1. yueHbie OOHAPYKMIIN OTTAIKH-
BAIOIIMC CUJIBI IpaBUTAIMN. Miccrie/Tyst 1a-
JICKHC CBCPXHOBBIC, OHU 3AMCTUJIH, YTO UX
cBeueHue aradee oxyasierocs. Hanbo-
JIE€ BEPOSTHBIM OO'BSICHEHHEM ObLIO TO,
YTO CBET OT CBEPXHOBBIX, B3OPBABIINXCS
MWUIHAP/bL JIET HA3a/, IPOILET PACCTOS-
HHE OOJIbIIIEE, YEM ITPE/ICKA3BIBAIN TEOPE-
THUKH, 4 3HAYUT — PacIiupeHue BeenenHoi
HE 3aMEZLACTCA, 4 yCKOpsieTcs. Takoe npesi-
CTABJICHUE HACTOJIBKO KAPJAUHAIBHO ME-
HAJIO TPAJAUIIUOHHBIC IIPEACTABICHUS, YTO
HEKOTOPBIC ACTPOHOMBI HOIBITAIUCh O0'b-
ACHUTH MCHBIIYIO APKOCTb CBCPXHOBBIX
KAKMMH-TO MHBIMU [TPUYMHAMM, HAITPH-
Mep, HOIVIOIIECHUEM CBETA MEKIAJIAKTHYC-
CKOM IIBUIBIO. B ITocieiHme rozisl Hadsmoze-
HUs elie 601e€ JAICKHUX CBEPXHOBBIX ITOJI-
TBEPAWIN HOBYIO TUIIOTE3Y.

OpHaKo Bceraa U pacmupenue Bee-
JICHHOI1 IIUIO € YCKOPEHUEM WIH OHO BO3-
HHUKJIO CPAaBHUTEIBHO HEAABHO, OKOJIO
5 MJIPJI, JICT HA3AT?

Ec/m 651 BBISICHHJIOC, YTO PACHIMPEHNE
YCKOPSAJIOCh C CAMOI'O Hadald, yYCHBIM
IIPUIUIOCH OBl IEPECMOTPETD IIPEACTABIIC-
HUs 06 3Bosmonun Beenennoit. Ecnu ke,
KAK IOJIATAIOT KOCMOJIOTH, YCKOPCHHE HA-
YaJIOCh JIMIIb HE/TABHO, TO, YCTAHOBUB, KO-
I71a TATAKTUKA HAYATA HAOGUPATh CKO-
POCTB, y4€HbIE CMOIJIM ObI TOHATH [IPUYN-
Hy IIEPEXO/A OT 3AMEUICHUA K YCKOPEHUIO
U IIPEICKA3aTh Cy/1bOYy BeesieHHOM.

butBa TUTAQHOB
75 J1eT HA3a[, AMEPUKAHCKUI ACTPOHOM
OpuH Xa66n (Edwin Hubble) OTKpbLT
pacmupenue BeesieHHOM, OOHAPYKUB, UTO
JIAJIEKUE TATTAKTUKH YAIAIOTCS OT HAC ObI-
crpee, 4eM OJIU3KHE: CKOPOCTD YAAICHUS
TJIAKTUKU PABHA PACCTOSHUIO JJO HEE, YM-
HOKEHHOMY Ha HEKUH KO3(P(DULIUCHT, HA-
3BAHHBIIN TOCTOSIHHOM Xa66s1a. B KOHTEK-
cre OOIIEeH TEOPUHU OTHOCHUTEIBbHOCTH
DUHIITENHA 3aKOH Xa60671a OTPAKAET OfI-
HOPOJHOE PACHIMPEHUE IIPOCTPAHCTBA
WIM yBEJIMYEHHE PA3MepoB Bceennoi
(em.puc.na cmp.55).

B reopun Drinmrreiina npecrapicHue
O I'PABUTALIUM KAK CUJIE B3AUMHOI'O IIPU-
TAKCHUA CITPABCIJIMBO JIJIA BCCX U3BCCT-
HbBIX (POPM BEILIECTBA U HEPruu. IToaromy
U3 OOLIEIH TEOPHUH OTHOCHTEIbHOCTH CJIE-
JIYET, YTO pacHIpenue BceneHnHom JOmK-
HO 3aMEJIATBCA TEM OBICTPEE, YEM BbIIIE
IUIOTHOCTD BEIIECTBA U SHEPIUU B HEM.
OJHAKO TEOPHs JOIYCKACT CYLIECTBOBA-
HUE POPM SHEPIUH C HECOOBIYHBIMHU CBOV-
CTBAMU, IIPHU KOTOPBIX I'PABUTALIHSA CTAHO-
BUTCSI CWJIOI B3AMMHOI'O OTTAJIKUBAHUSA

(em.epe3nacmp.506). To, 9TO PACHIPEHUE
Beenennoii He 3ameyigeTcs, a yCKOPAEeT-
Cs1, JOKA3BbIBACT, YTO TaKasd (popMa SHEP-
Ir'mu cymecrsyer. Ee HaszBaiu TEMHOM
SHEPIrUCH.

Xapakrep pacmMpenys BcesneHHom o11-

penersercs 60pbOOI IBYX TUTAHUYECKUX
CWI: TPABUTAINMOHHOI'O IIPUTAXKCHUA
U I'PABUTALMOHHOIO OTTAJIKUBAHUA. YTO
IO6EANT B ATOM IIPOTUBOOOPCTBE, OIIPE-
JIEJIIETCSL COOTHOIICHUEM IUIOTHOCTEH
CWJI IIPUTAKCHUA BCIICCTBA Y1 CWJI OTTAJI-
KHUBaHUA TEMHOM 3Hepruu. [1To mepe pac-
HUPEHUA BceleHHON IVIOTHOCTD BELIE-
CTBA B HEU YMEHBIIACTCS, HOCKOJIbKY
YBEJIMYUBACTCS OOBEM IIPOCTPAHCTBA.
(Ha cBeramuecs 3Be3/1bl IPUXOANUTCS He-
OOJIbIIAS 1O BELIECTBA, 4 OCHOBHYIO €I'O
YACTb COCTABJIACT TEMHOE BEIIECTBO, IIPa-
KTHYECKA HE B3aUMOJECHCTBYIONICE HU
C OOBIYHBIM BENMIECTBOM, HH CO CBCTOM,
HO BBI3bIBAIOIICC I'PABUTAITMOHHOC IIPH-
TsOKEHHE). XOTA O TEMHOU 3HEPIUU U3-
BECTHO MaJIO, IPEAIIONATraIoT, YTO C pac-
mypeHueM BeeseHHoM ee INIOTHOCTDb Me-
HAETCA HE3HAYUTEIbHO (CM. npaesblil
pucyror na cmp.57).

KocMOJ10ru CUUTAIOT, YTO PACIIUPEHUE
Beenennort He Beerga yckopsu1oce. B coot-
BETCTBUH C KOCMOJIOTHYECKOH TECOPHUEH,
IJIAKTUKY, UX CKOIUICHUA U 60JI€€ KPYII-
HBIC CTPYKTYPbI BOSHHUK/IH U3 MAJIbIX HEO/I-
HOPOJHOCTE IVIOTHOCTH BELIECTBA B MO-
J10101 BeesneHHOM, BBIABIEHHBIX IIPH Ha-
6JI}O,H€HI/II/I PCIUKTOBOTO  HU3JIYYCHUA.
Boiee CUIBHOE I'PABUTALIUOHHOE IPUTS-
JKEHHE B OOIACTAX OOJIBIIEH ITIOTHOCTHA )
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BELIECCTBA TOPMO3WIO UX PACIIUPEHUE,
YTO MO3BOJIMJIO UM CTATh I'PABUTALIMOHHO-
CBA3AHHBIMH OOBEKTAMU — OT TATAKTHUK
HaIofo6Ue HaIEH 10 TUTAHTCKUX CKOII-
snennit. Ho ecsin 6b1 pacmupenue Beenen-
HOH yCKOPSIOCh C CAMOI'O HA4aJ1a, OHO Obl
PacCTSAHYJIO 3TU CTPYKTYPBI €LIE 10 TOTO,
KaK OHU C(POPMHUPOBAIUCE. KpoMe Toro,
JIBA KJIIOYCBBIX CBOUCTBA paHHEN Beenen-
HOM — XapaKTep BAPUALUHI PEJTUKTOBOI'O
U3IYy4CHUS U PACIIPOCTPAHEHHOCTD JIET-
KHX 3JIEMECHTOB, OOPa30BABIIMXCA B IIEP-
BbIE€ MI'HOBCHUS I1OCJIEC BOIBIIOTO B3PbI-
B4, — HE COIVIACOBAIUCH ObI C PE3Y/IBraTa-
MM HAOIO[ICHUH.

Tem HE MEHEE BAKHO HAUTU IIPSIMBIC
CBUJIETE/ILCTBA 3AMCUICHUSA PACIIUPEHUA
Beenennoin Ha panHeM ararie, 4To yKpeIu-
JIO 6bl CTAHIAPTHYIO KOCMOJIOTMYECKYIO
MOJIEJIb U 1710 KIIOY K IOHUMAHUIO IIPH-
YUH CETOAHAIIHEIO YCKOPEHMS PACIIHUPE-
Hus. Hab/moaas B TEIECKOI ATIEKUE OObe-
KTBI, y4EHBIE UCCIIEAYIOT UICTOPHIO Beesten-
HOM, 3aIU(PPOBAHHYIO B COOTHOIIEHUH
MEXK/Y PACCTOSHUAMU 10 FJIAKTHK U CKO-
poctsamMu ux yaanenus. Ecim pacmumpenue
Bcenennort sameusaeTcs, CKOpoCTHU Jajie-
KHX 'JIAKTUK JJOJDKHBI ObITh 6OJIBITIE ITPE/I-
CKA3aHHBIX 3aKOHOM Xa661a, 2 €CJIU OHO
YCKOPSICTCSL — MEHbIIIE. IHBIMU CJIOBAMH,
€CJIU PACIIUPEHUE YCKOPACTCS, TATAKTUKA
C JAHHOH CKOPOCTBIO JOJDKHA JIEKATD /b~
1€, YeM OKHAACTCA, 4 3HAYUT, €€ CBETH-
MOCTb JIOJDKHA ObITh MEHbIIE (CM. HUNCHULL

puc.nacmp.55).

OxoTa 30 CBEPXHOBbIMU

YTOOBI IIPOBEPUTD IIOCJICTHEE YTBEPIAKIIC-
HHE, HY)KHO HAUTH TAKHUE ACTPOHOMM-
YECKUE OOBEKTHL, JIJIs1 KOTOPBIX U3BECTHA
CBETUMOCTb — KOJIMYECTBO M3IYYCHUS,
CITyCKA€MOE 34 CEKYH/Y, — 1 KOTOPBIC IIPH-
CYTCTBYIOT BO BCEX 061aCTAX BeeneHHomn.

DTUM YCIIOBUAM OTBCYAIOT CBCPXHOBBIC
THIIA [a. BCHBINKK TAKUX CBEPXHOBBIX
CTOJIb APKH, YTO HA3EMHBIE TEJIECKOIIbI 00~
HAPYKUBAIOT UX HA PACCTOAHUH B IIOJIOBH-
Hy pa3Mepa BUJIUMON BeerenHor, a Koc-
MUYECKUN TEJIECKOI «Xab0im» — Ha ele
OOJBIIEM PACCTOSHUU. 32 MOCJICAHUC
10 j1eT acTPOHOMBI TOYHO U3MEPHJI CBE-
TUMOCTb CBEPXHOBBIX THIIA /¢Z, TAK YTO I10
SIDKOCTH MX B3PBIBOB MOXKHO OIPEIEIIATD
PAaCCTOSAHMA 10 HUX. A CKOPOCTD YJAJICHHS
IJIAKTUKH, B KOTOPOH HAXOIUTCA CBEPX-
HOBas1, BBIYUCIIAIOT 110 BEJIMYHMHC KPDACHO-
I'O CMEIIECHMS JIMHUKM B CrIeKTpe. JnrHa
BOJIHBI CBETA, UCIIYILICHHOI'O B 3IIOXY, KO-
I71a pasmep Beenennon cocTasiisan nomno-
BUHY COBPEMCHHOI'O, CCTOJAHA JOJ/DKHA
CTAaTh BJIBOC OOJIbINE, 4 3HAYMT, JTUHUS B
CIIEKTPE JO/DKHA CMECTUTBCA B KPDACHYIO
CTOPOHY. U3MepHB KpAaCHbIEC CMEIICHUS U
BUJHUMBIC APKOCTU MHOTMX CBCPXHOBDBIX,
PACITIONIOKCHHBIX HA PA3HBIX PACCTOAHU-
SIX OT HAC, MO’KHO BOCCTAHOBUTD HCTOPHIO
pacmmpenus BeeneHHOM.

K coxanenuio, cCBepXHOBbIC THIA [d
peaKu. B ralakTuKe aHaIOrMYHO HAIICH
OHM BCIIBIXMBAIOT PA3 B HECKOJIBKO CTOJIE-
TUI, U 4YTOOBI UX OOHAPYKUTb, HECOOXO1-
MO IIPOBECTH MHOT'OKPATHYIO ChEMKY yda-
CTKa HeOa, COJEPXKAIIErO THICAYU T'a-
JIAKTUK, M COIOCTABUTb IOJIy4CHHDIC
n3o6pakenust. Coopannbie 32 1998 . jaH-
HBIC, CBUJETEIbCTBYIOUE 06 YCKOPEHUN
pacmmpeHus BeesleHHOI, TOJTyYeHb IBY-
Ms TPYHIIAMU ACTPOHOMOB, KOTOPBIC UC-
KaJIU CBEPXHOBBIC, B3OPBABIIMECS OKOJIO
5 MJIPJL. JIET HA34/1, KOrja pasmep Beenen-
HOI COCTABJISUI IIPUMEPHO 2/3 HBIHEII-
Hero. OJHAKO HEKOTOPbLIE CIIECLUAIH-
CTBl COMHEBAIOTCS, YTO PE3YJIBIaThl Ha-
OMIO/ICHUN TIPABWIBHO MCTOJIKOBAHBL
B npuniune, 6onee cnabylo, 4eM OKu/1a-
JIOCB, IPKOCTb CBEPXHOBBIX MOXKHO OO'b-

OB30OP: PACLULMPEHUE KOCMOCA

e B 1998 I. HOBAIOAEHWSI AOAEKNX CBEPXHOBBIX MOKA3AAM, YTO pACLUMpEHME Bce-

AEHHOW YCKOPSIETCS.

o /13y4ast yAQAEHHbIE CBEPXHOBBIE, YHEHBIE MOAYUYUAU OHEPEAHBIE CBUASTEALCT-
BAI TOTO, YTO CHAYAAC PACLLMPEHME BCEAEHHOM 3aMEAASAOCH.

o OnpeAeAVB BPeMs, Ha pyBeske KOTOPOro 3aMEeAAEHE PACLUMPEHMS BeceAeH-
HOW CMEHUAOCH YCKOPEHNEM, MOXKHO MPOSICHUTL MPUPOAY TEMHOM SHEPrnn 1

NpPeACKa3aTb CyabOy BceneHHOW.

SICHUTD HE YCKOPEHUEM pacmpenus Bee-
JICHHOM, 4 THOU Npu4ynHOU. Hanpumep,
HX CBET MOKET OBITb OCJIA0TICH MEKIA/IA-
KTUYECKOU ITBLIBIO. A BO3MOKHO, YTO CBE-
THMOCTb JPEBHUX CBEPXHOBBIX ObUIA
MEHBIUIEH, ITOCKOJIbKY XMMHYECKUI CO-
CTaB BceseHHOM OT/IMYaIICs OT HbIHEIITHE-
'O — B HEM OBUIO MEHBIIIE TSHKEIIBIX dJIe-
MEHTOB, OOpPA43YIOIIUXCSA B PE3YJILTATE
ANEPHBIX PEAKIMN B 3BE3/1aX.

Ecny 06a npeinonoKeHus: BEPHbL, TO
Haomoaaemble 3(EKTHI JTOJKHBI YCHUITN-
BATbCA C POCTOM KPACHOI'O CMCLICHMUAL.
Ecnu 2xe «BUHOBATO» YCKOPEHHOE PACIIIH-
penue BeesieHHOI B 6051e€ MO3HEE BPEMS,
IOCJIE IEPUO/IA 3AMEJICHUS, TO OYEHb J1a-
JIEKWE CBEPXHOBBIC JJO/LKHBI BBIIVIS/ICTH
oonee sspruMu. Cl1eJOBaATEIbHO, HAOIO/1e-
HUS CBEPXHOBBIX, B3OPBABIINXCS, KOI7IA
pasmep BeeneHHOM GbUT MEHBIIIE 2/3 COB-
PEMEHHOI'O, MOTYT CBUJETEIbCTBOBATDH
B I10JIb3y TOU WJIM MTHOM T'MIIOTES3bL.

Heserko 06HapyKUTb CBEPXHOBYIO TH-
n1a Ia, B30PBAaBLIYIOCs, KOIa pasmep Bee-
JIEHHOM ObUT OKOJIO ITOJIOBUHBI HBIHEIITHE-
'O, BEJJb €€ APKOCTb IPUMEPHO B 10 MiIpz,
pa3 Menble, yem 'y Cupuyca — CaMou sip-
KO 3Be3/1bl, HAOMIO1aeMou ¢ 3emutu. Ha-
3EMHBIC TEJIECKOIIbI HE B COCTOSAHMH 3a(PH-
KCHUPOBATH ITOJJOOHBIE OOBEKTHI, HO KOC-
«Xa665m»
B 2001 1. oquH 13 aBTOPOB 3TOM CTATbH

MUYECKUI TEJIECKOI MOJKET.
(Prcc) coobmul, uTo TENECKOITy «Xab01»
YIAJIOCh 3AMETHUTDH OYEHD JAJICKYIO CBEPX-
HOBYIO TUNAa [a (OOO3HAYEHHYIO KaK
SN1997[f). Cyns 10 KpaCHOMY CMEILCHUIO,
OHA B30PBA/IACh OKOJIO 10 MJIpz. J1eT Ha3az,
Korza pasmep BeeneHHo cocTassu Ipu-
MEPHO 1/3 COBpEMEHHOI0, U SIPKOCTD €€
ropas/io O6OJIBIIE TOM, KAKast JIO/DKHA ObITh
COIVIACHO TUIIOTE3E O MOIVIONICHUU CBETA
KOCMUYECKOU! ITBUIBIO. DTO CTAJIO IIEPBBIM
MPAMBIM CBUJICTE/ILCTBOM TOI'O, UTO IIEPH-
O/l 3aM€UIEHUA pacIIMpenus Beenennoi
IEUCTBUTEIBHO ObLUL. MBI OXKUIAIU, YTO
OOHAPYKEHUE CBEPXHOBBIX C €IlIe 6OJIb-
MMM KPACHBIM CMCIICHHUCM IIO3BOJIUT
TOYHO YCTAHOBUTD BPEMs [IEPEX0/1A OT 3a-
MEJICHUS K YCKOPEHHIO.

B 2002 . pazmenienme yCoBepIieHCTBO-
BAHHO! OO30PHON KaMEPbI Ha KOCMHYE-
CKOM TEJIECKOIIE «Xa66J1» TPEBPATHIIO ET'O
B MHCTPYMCHT IIOMCKA JAJICKUX CBEPXHO-
BbIX. PUCC BMECTE C KOJUIEIdaMU OOHAPY/KIT
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PACLUUNPAIOLLEECS MPOCTPAHCTBO

PoTOoH

CBepxHOBOS

CKOPOCTb YACGAEHMUS,
ThICSI4M KM/C

MpeacToBbTe Cebe CBEPXHOBYIO, KOTOPAS B3OPBAAACH, KOTAQ
pasMmep BCeAeHHOM COCTOBASIA MOAOBMHY CEroAHSILLHEro
(creBq). KO BpeMmeHM, KOrACQ M3AYHEHME OT B3PbIBA AOCTUIO
HOowewn [OAQKTUKKM, AAVHBI €fO BOAH YABOUAMCH, CMECTUB
CMeKTP B KPACHYIO CTOPOHY (CripaBq). (IGAQKTVKIN M306pake-

Hawa lanaktmka

3ameAaneHme pacLlumpenHns BceaeHHom

YckopeHue
pacLMpeHus
BcenenHon

Hbl HE B MACLUTQ6E: OTHOCUTEABHbIE PACCTOSIHIISI MEXKAY HUMU
ropasao 6oAbLLE.) ECAM Bbl paclUMpeHne BceaeHHOoM 3amMeA-
ASIAOCb, CBEPXHOBASI AOAXKHA BbIAQ Obl BbITb BAVKE K HOM U S10-
4ye, YEM OXKUACETCS, O €CAM Bbl OHO YCKOPSIAOCH, TO CBEPXHO-
BASI OKABAACQCH Obl AOAbLLE U TyCKAEE (CM. QUK BHMZY).

IIECTb CBCPXHOBDBIX, BBOPBABIINXCA, KOI'/1a
pasmMep BeeneHHOM 6bU1 MEHEE ITOJIOBUHBL
HBIHEIIHETro (6osiee 7 MIIP/. JIET HA3aL).
Bmecre ¢ SN1997/f 510 camble JaJIEKUE U3
BCCX 3aMCUYCHHBIX /IO CHX ITIOP CBCPXHO-
BBIX THIIA . HabmoaeHus noaTBE AN
CYLIECTBOBAHUE PAHHETO IIEPUO/A, KOrJa
pacmmpenue BCeleHHON 3aMeIsIOCh.
«Touka nepexoa», KOIia 3aMeJICHUE CMe-
HHUJIOCh HAa YCKOPEHHUE, YAAJIECHA OT HAC
NPHUMEPHO HA 5 MIIPJL JIET (CM./1e6bLL PUC) -
HOK Ma cmp. 57). DTO COOTBETCTBYET OKH-
JAHHAM KOCMOJIOT'OB.

Hawa kocmunyeckas cyabba

M3ydyeHne ApEBHUX CBEPXHOBBIX JAJIO
KJIIOY K IOHHMMAHHIO TEMHOM 3HEPIUU.
OCHOBHBIM KaH/IU/IATOM HA €€ POJIb CTAJIA
IHEPI'UA BAKYYMd, MATEMATUYECKH IKBU-
BAJICHTHA KOCMOJIOTMYECKOM IMOCTOAH-
HOW, BBEICHHON DUHIITEHHOM B 1917 T.
ITOCKOJIbKY BEJIMKUI YYEHBIN CTPEMUIICS
CO3/1aTh CTAIIMOHAPHYIO MOJIE/Ib BeeseH-
HOH, U1 YPABHOBEIIMBAHUSA I'PABUTALIN-
OHHOI'O IIPUTSKEHMS BEECTBA OH BBEJI
«©KYJIBHUYECKHUHY KOCMOJIOTHYECKUI (DaK-
TOP». INIOTHOCTB 3TOM KOCMOJIOTMYECKON

KOHCTAHTBI COCTABJIS1IA IIOJIOBUHY ILJIOT-
HOCTH BerecTsa. Ho YTOObI BBI3BATH YCKO-
peHue pacmmpeHus BeeleHHOM, IoT-
HOCTb 3TOM KOHCTAHTBI JIO/DKHA OBITh
BJBOE OOJIBIIE IVIOTHOCTH BEIICCTBA.
OTKy/1a MOYKET B3SIThCS TAKAS TVIOTHOCTh
aHeprun? [IpUHIMIT HEOTIPEIEIEHHOCTH
B KBAHTOBOM MEXAaHHUKE TPEOYET, UTOOI
BAKYYM ObUIT 3aT1I0JIHEH BUPTYAJIbHBIMU Ya-
CTHIIAMU, HEIPEPBIBHO BO3HUKAIONTUMH
U ucuye3aonyMu. Ho Korja TeopeTuku
MOMBITAIMCH BBIYUCINTD ITIOTHOCTb 9HEP-
I'H, CBA3AHHOM C KBAHTOBBIM BAKYYMOM, )
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KAK FPABUTALIMSA MOXET BbITb OTTAAKUBAIOLLIEN?

B Teopum HetoTOHA rpaBUTALMS — STO CUAQ MPUTSXKEHNS, 3HAYEHME KOTOPOW 30-
BMCUT OT MOCChbI MPUTAIMBAIOLLETO TEAC. HO B TEOPUM DVHLLTEMHA FOOBUTALLOH-
HQAS CUAQ 30BUCUT TAKXKE OT COCTOSIHUS TEA. PUBMKIN XAPAKTEPUIYIOT COCTOSI-
HWE BELLECTBA €ro BHYTPEHHNUM ACQBAEHWEM. CUAC MPUTSDKEHMS], CO3ACBAEMAS]
TEAOM, MPOMNOPLMOHAABHA CYMME NAOTHOCTU SHEPTUM B HEM 1 YTPOEHHOMY BHY-
TPEHHEMY ACQBAEHMUIO. B yacTHoCTK, Hawe COAHLLE MPEACTABASIET COBOM ropsi-
YMIA TA30BbIN LLAP C MOAOXKUTEABHBIM (OBPALLEHHBIM HAPYXKY) BHYTPEHHUM AQB-
AeHMEM. [TOCKOABKY ACBAEHME ra3a PACTET C MOBLILLEHNEM TEMMNEPATYPbI, CUAC
nPEUTSHKEHWST COAHLIO HEMHOTO BOAbLLE, YEM Y CUABI XOAOAHOTO TEAQ TAKOW Ke
Maccbl. C ApYron CTOpOHbI, GOTOHHbBIV A3 XAPAKTEPUIYETCST AGBAEHVEM, PAB-
HbIM 1/3 €ro MAOTHOCTU BHEPTUM, NMOSTOMY CO3ACBAEMAS UM CUAQ MOUTSKEHNS]
AOAKHA ObITb BABOE BOAbLLIE CUALI MPUTSKEHMST DKBUBAAEHTHOM MACChHI XOAOA-
HOrO BeLLLEeCTBA.

TeMHOS1 SHEPTUSI XAPAKTEPUIYETCS OTPULIATEABHBIM ACBAEHMEM. ECAM AQBAE-
HWe NaaaeT Huke ~1/3 MAOTHOCTY SHEPTUM, CYMMO SHEPTUM 1 YTPOEHHOTO BHYT-
PEHHErO ACBAEHMSI OKA3bIBAETCS OTPULLATEABHON N MPOBUTALMOHHAS CUAQ CTA-
HOBWTCSI OTTAAKMBAIOLLLEN. BHYTPEHHEE ACQBAEHME KBOHTOBOrO BAKYYMA [POBHO
MAOTHOCTN 3HEPrMmM C OOPATHLIM 3HAKOM, TAK YTO BAKYYM XAPAKTEPUIYETCS
OOABbLLOW OTTAAKMBAIOLWLEN FPABUTALMOHHOM CUAOW. APYTM MMNOTETUYECKUM
dOopMaM TEMHOM SHEPIN MPUCYLLM 3HAYEHWS BHYTPEHHETO ACQBAEHMS], COCTAB-
Asitole o1 ~1/3 A0 =1 ee NAOTHOCTU BHEPrMN. HEKOTOPbIE 13 BTVX TUMOB TEMHOM
SHEPINN MPUBAEKAANCH AASI OOBSICHEHMST SMOXM MHOASILMN — O4EHb PAHHETO Me-
PUNOAQ YCKOPEHHOTO PACLUMPEHNS BCeAeHHOM. Apyrie TuUMbl TEMHOM SHEPTn
MOryT OblTb KAHAMAOTAMM HA POAb MEXOHM3MA, BbI3bIBAKOLLETO CETOAHSILLHEES
YCKOPEHME PACLUMPEHMS BCEAEHHOM.

TO MOJIYYW/IN 3HAYECHUE HA 55 IOPSAAKOB
BBIIIC H€O6XO,HI/IMOI‘O. BY,HI) IVNIOTHOCTDb
3HEPIUU BAKyyMa TAKOI OOJIBIION, BCE BE-
1ecTBO BeeneHHor cpasy pasieTesnoch Obl
B PA3HbIE CTOPOHBI M I'AJIAKTUKH HE CMOT-
JI1 661 OOPA30BATHCSL.

Taxkoe pacxoK/IeHUE HA3BAJIU ITIABHBIM
32TPYSHEHUEM TEOPETUYECKOM (DUBUKU.

OB ABTOPAX:

Ho, MOXKeET OBITb, KAK PA3 B HEM 3aK/II0YC-
HBI €€ IIEPCHEKTUBBL TeOPETUKU OKUA-
IOT, YTO Y4YC€T HOBOI'O IPUHITUITA CUMMCT-
PHU IIOKAXKET, YTO SHEPTU KBAHTOBOI'O
BAKyyMa paBHaA HyJO. (/[lake KBAHTOBOE
HUYTO HE mMeeT maccel!) Ecnm Tak, 1o
YCKOPEHME PACHIUPEHNS BCeIeHHON BbI-
3BAHO MHOM IIPUYMHOM.

AaaMm Pucc (Adam G. Riess) 1 Manka TepHep (Michael S. Turner) — Beaylime cneuy-
AAMUCTBI MO UCTOPUKM pACLUMpPEeHUs BceneHHom. Pucc coTtpyaHmdaeT C VIHCTUTYTOM
KOCMUYECKOro TEAECKONA U YHMBEPCUTETOM AXKOHCA TonKMHCa. B 1998 1. oH BO3rAQ-
BASIA UICCAEAOBAHUE, MPOBEAEHHOE TPYMNMNON MO N3YYEHUIO CBEPXHOBbIX C BOABLLIUM
KPOCHBIM CMELLEHUEM, B PE3YALTATE KOTOPOTO BbIAO OOBSIBAEHO 06 OTKPLITUM YCKO-
PEHUST PACLUMPEHNS BCeAeHHON. TepHep, 3ACAYXEHHbIVM PAYHEPOBCKUA NMpodec-
COp HYMKArCKoro yHMBEpPCUTETA, CETOAHS 30HMAET MOCT MOMOLLHUKA AUPEKTOPA MO
PUBUKO-MATEMATUYECKMM HAYKOM HaumoHaAbHOro Hay4dHoro coseta CLUA. B ero
cTtatbe (1995 1), onybAMKOBAHHOW B COABTOPCTBE C AoypeHcom Kpayccom
(Lawrence M. Krauss), NpeACKA3AHO YCKOpeHMe pacLunpeHmnst BceAeHHoM 1 BBeAEH

TEPMUH «TEMHQAS1 SHEPTUSI»,

IIpemnaraeTcss MHOMKECTBO UACH: OT BIIU-
SIHUSL CKPBITBIX pa3MepHOCTEN Beenennon
JIO 9HCPTUH, CBSI3AHHOM C HOBBIM I10JIEM,
KOTOPOE MHOIZA HA3bIBAIOT KBUHTICCEH-
LUEN (IIATOM CYIIHOCTBIO») (Cm. leopauil
Aeanu, <Kmo napyuin 3akKon msazome-
HuUAS, cmp. 58 6 amamromepe). B iesiom sce
MPEJIATAEMbIE TUIIOTE3bI PACCMATPHUBAIOT
TEMHYIO SHEPTHIO, INIOTHOCTb KOTOPOH HE
OCTACTCA HOCTOSHHOM M OOBIMHO YMEHBIITA-
€TCA 110 MEPE pacIpeHys BeeneHHoM (HO
MOXKET M BO3PACTaTh). He HCKIIOYEHO,
BIIPOYEM, YTO TEMHOU 3HEPIUM BOOOLIE
HET U HYKHO IIEPECMOTPETH TEOPUIO I'PABH-
TALUU DUHIITEHHA.

ITOCKOJIBKY BAPUAHTBI MOJEJICH IPEJ-
[10JIArAIOT PA3HBIA XapaKTep U3MCHEHUS
TEMHOU SHEPIUU, MCHAIOTCA M 3HAYCHUS
TOI'O py6EsKa, KOrja 3aMeJICHUCE PACIIH-
PEHUA CMEHUJIOCh €r0 yCKopenueM. Eciu
C pacmpeHueM BceneHHON IIOTHOCTh
TEMHOU SHEPIUN YMEHBIIACTCH, 3TOT Py-
6ex 6yler B 6osee pAaHHEE BPEMS, YEM
B C/Iydde pOCTA IVIOTHOCTU TEMHOU SHEP-
I'MH C pacrpenreM Beenennon. Mozeny,
OCHOBAHHBIC Hd HOBBIX TECOPUAX I'DABUTA-
WU, TAKKE IIPUBOJAT K PA3JTMYHBIM 3HA-
YCHUAM BPEMCHU IIEPEXOAA OT 3aME[-
JeHusa K yckopeHuio. ITociennue Ha-
6.TIIOZ[€HI/IH CBCPXHOBBIX COITACYIOTCA
C TEOPUAMU, B KOTOPBIX INIOTHOCTb TEM-
HOM 3HEPIrUH OCTACTCA ITIOCTOSHHOU, HO
HE IPOTUBOPEYAT U TEM MOJEIIAM, B KOTO-
PBIX OHA C1a60 MeHACTCA. OTOPOLICHDI
OBUTH TOJIBKO BAPUAHTHI, IIPCAIIOIATAIO-
IHUE 3HAYHUTCIIbHOC M3MCHCHHCE IIVIOTHO-
CTH TEMHOU SHEPIUU.

J10 cCUX IOP TENECKOIT «Xa6671» OCTAETCS
CAVMHCTBCHHBIM MHCTPYMCHTOM JJIA IIOUC-
KA JAJICKUX CBEPXHOBBIX, PACCKA3bIBAIO-
LIHUX O PAHHUX 3TANAX paClIUpeHus Bee-
JIEHHOI. HO eMy y’ke IIOMOTaIoT HECKOJIb-
KO HA3CMHBIX IIPOT'PAMM, IMOBBINIATOMINX
TOYHOCTb M3MEPEHMI. MHUHUCTEPCTBO
sHepreTuky CIIA n NASA rOTOBAT COBME-
CTHBII IIPOEKT — «OGbEAUHEHHA MUCCUS
O W3YYCHHUIO TEMHOW 3Hepruun» (Joint
Dark Energy Mission,[DEM), B KOTOPOM /151
TIOMCKA TBICAY CBCPXHOBBIX THIIA Ila vc-
MOJIb3YETCA JBYXMETPOBBIA  HMIMPOKO-

YIOJbHBI ~ KOCMMYECKUH  TEJIECKOIL
«OXOTHUKHU 34 CBEPXHOBBIMU» HAJICIOTCH,
uTO /DEM OyIET 3aIlylICH B HAYAJIC CIICAY-

IOMICTO ACCATUIICTHA.
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CAEUHANbHBIA PENOPTAK

TOYKA MNMEPEXOAA

HabAtoAEHWSI AOAEKMX CBEPXHOBBIX MOKA3bIBAOT, YTO AO HA-
YOAQ YCKOPEHMUS paclumpeHmne BceAeHHOW 3aMEAASIAOCH
(CM. AeBbIvt IPAPUK BHIM3Y). ACTPOHOMbI HALLAK, YTO CBEPX-
HOBbIE TMMA /a C KPACHBIMU CMelleHnsaIMn 6oaee 0,6 sipye,
YeM OHU MOTAU ObITb, €CAM Bbl paCLUVpeHne BceaeHHom
BCETAQ YCKOPSIAOCH UAN €CAM Bbl X CBET OCAQBAIAC MEXK-
FrOAQKTUYECKAS! MblAb. (KaXkKaQst TOYKQ HQ rpa¢uke ecTb

cpeaHee ANST CBEPXHOBbIX C OAUBKUMIU 3HQYEHUSIM KPAC-
HOro cmeLleHms.) To4Kka NnepexoAa B paclumpeHnn BceaeH-
HOWM OT 30MEAASIOLLLETOCS] K YCKOPSIIOLLLEMYCSI OTCTOUT OT HA--
wewn anoxm NpUMEpPHO HA 5 MAPA. AET B npolAoe. Ecam
QCTPOHOMbI CYMEIOT ONPEAEAUTb AOHHBII MOMEHT TOYHEE,
OHM Y3HAIOT MAOTHOCTb TEMHOW 3HEPIUM B TO BPEMS U, BO3-
MOXKHO, MOVMYT NPUPOAY 3TOW SHepPrun (MPaBbiv rpaduK).

Tycknee

i

OTHOCUTEABHAS APKOCTb, 3BE3AHBIE BEANYNHDI

0,0 0.5 1.0

KpacHoe cmelyeHne

OCTOSIHHOE YCKOpeHne

3ameanenne,

CBO6GOAHOE pacmmpeHmk

MPEOBAAAAET TEMHOE BELLEECTBO MPEOBAAAAET TEMHAS SHEPTUS
PACLLUNPEHVE SBAMEAANSIETCS

1007

CMEHVBLLEECS!
YCKOPEHMEM
|

MO OTHOLUEHNIO K HbIHELIHEWN NAOTHOCTU BELLLECTBA

OCTOSIHHOE 3aMEeANEeHNe

MAOTHOCTb 3HEprum

01—

2,0
BospacTt BceAeHHon, o
MAPA. AET

KpacHoe cmelieHmne 3,6

1.5

Pasmep BceaeHHoM 02
MO OTHOLLEHWIO K HbIHELLHEMY

Posng MOAEAU
TEMHOW SHeprm

PACLUNPEHWE YCKOPSIETCS

vox3diu
VXOluUe VMVYH

PacKprbIB TaliHy YCKOPEHMS PACIIUpPE-
HUA BceneHHOM, yaeHbIe CMOTYT ITPOTrHO-
3UPOBATSH €€ CyAbOy. EC/IN IVLIOTHOCTD TEM-
HOW 3HEPIUU OCTAETCS IIOCTOAHHOM UJIA
pacTeT CO BpEMEHEM, TO IIPUMEPHO Yepe3
100 mpa, 1eT KpaCHOE CMEIICHUE ITOYTH
BCEX I'AJIAKTHUK CTAHET TAKHUM OOJIBIINM,
YTO UX YK€ HENb3s OyeT yBUICTD. Ecm ke
IUIOTHOCTb TEMHOM S3HEPIUM YMEHDIACT-
Cs1, TO B OyZlyIIEM CHOBA CTAHET IPEO6IIa-
JIaTb BEIIECTBO M Mbl HE IIOTEPSAEM BO3-
MOXXHOCTb M3y4darb Bcenennyro. Ho ne
MCKJIIOYEHBI ¥ CAMBIE PAJIMKAIbHBIE T1EP-
CIIEKTUBBL EC/IN IJIOTHOCTD TEMHOI 3HEP-
' HENIPEPBIBHO PACTET, TO Beenennas
CO BPEMEHEM NPUJIET K «IMIIEPYCKOPEH-
HOMY> PACIIMPEHHIO, B PE3Y/ILTATE YETO

CHAYAJIA TAJIAKTHKY, 4 34TEM 3BC3/IHBIC CH-
CTEMBI, TJIAHETBI U JIAKE ATOMHBIC s/pa
PAa3IETATCS B Pa3Hble CTOPOHBL Eciu e
TEMHAast SHEPTUs YMEHBIIHATCS IO OTPULIA-

AOMNOAHUTEABHAS AUTEPATYPA:

TEJIbHBIX 3HAYCHUI, Bcenennas Kosuiar-
cupyeT. ETUHCTBEHHBIH CIIOCOO IIPEACKA-
34Tb HAIIIE KOCMUYECKOE OYIYIIIECE — BBIAC-
HUTDb IPUPOJY TEMHOM 3Hepryuu. M

Do Type la Supernovae Provide Direct Evidence for Past Deceleration in the Universe?
Michael S. Turner and Adam G. Riess in Astrophysical Journal, Vol. 569, Part 1, pages

18-22; April 10, 2002.

The Extravagant Universe: Exploding Stars, Dark Energy and the Accelerating Cosmos.
Robert P. Kirshner. Princeton University Press, 2002.

Connecting Quarks with the Cosmos. Committee on the Physics of the Universe,
National Research Counsil. National Academies Press, 2003.

Is Cosmos Speed-Up Due to New Gravitational Physics? Sean M. Carroll, Vikram
Duvvuri, Mark Trodden and Michael S. Turner in Physical Review Letters (in press).
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MNoKNAQS HAWy BCEeAeHHYo, YACTULbl TPOBUTALMK YCTREMASIKOTCS
B MHOTOMEPHOE MPOCTPAHCTBO. YTEUKA TIroTeHKMs CTAHOBUTCS 3AMETHOM
AVILLIb B KOCMUYECKUX MOCLUTABAX.




DAVID EMMITE PHOTOGRAPHY

CAEUHANbHBIA PENOPTAK

klll[l HAPYLIHN 3AKOH THTOTERHA?

[eoprumn ABaaun

BO3MOXHO, YCKOPEHME paclmpeHuns BceneHHoW BbI3BBOHO
HE TEMHOW SHeprmnen, a Hem3be>KHOW YyTeUKOW roaBUTALNN,

KocMmosioru u CrienuanucTsl IO (PU3u-
K€ 3JIEMCHTAPHBIX YaCTHL, HHUKOIZAA
€llle He ObUIM CTOJIb O3aJa4dcHBbl [Toue-
My pacminpeHue BeceneHHON yCKOpseT-
cs? Ecmn 6pOoCUTb KAMEHb BEPTUKAIb-
HO BBEPX, TO MO JEUCTBHEM 3E€MHOI'O
NPUTSKEHUSA OH OYyIET yHalATbCA OT
IUIAHETHI C 3AMEJICHUEM, 4 HE C YCKO-
penueM. TOUHO TaK K€ OTAAJICHHDbIC I'd-
JIAKTUKH, PpazbpocaHHble bospmum
B3PBIBOM B PA3HbIC CTOPOHBL, JOJDKHBI
B34MMHO NPUTATUBATBCI U 3AMEJIATD-
ca. OJHAKO OHU YHAJIAIOTCA APyl OT
Jpyra ¢ yCKOPEHUEM, BUHOBHUILICH KO-
TOPOI'O NPHUHATO CYUTATb TAUHCTBCH-
HYIO TEMHYIO 3Heprulio. K coxaneHuio,
MOKa HEU3BECTHO, YTO OHAa M3 cebs
MNPEICTAB/ACT. SICHO OJHO: Ha CaMBbIX
OOJIBIINX HAGIIOAAEMBIX PACCTOIHUAX
rpaBATALMA BEACT CEOs BECbMA HeE-
OOBIYHO, IPEBPANAACh B OTTAIKUBAIO-
LIYIO CHILY.

CormacHo 3aKOHAM (DU3UKU TATOTE-
HHUE NOPOKAAETCA MATEPUCH U SHEPIU-
eil. I[1o3TOMy yde€HBbIE IPUIIHMCBHIBAIOT
CTPAaHHBIA BUJI I'PABUTALIUU CTPAHHOMY
BUJY MaT€pUU WINM 3HEPruu. TakoBoO
O6OCHOBAHUE CYIIECTBOBAHUSA TEMHON
sHeprun. Ho, BO3MOXXHO, CIIEyET U3ME-
HUTb CAMHU 34KOHBL B mcTOpuU HayKu
YK€ ObUI IOJOOHBII IIPELIEACHT: 3aKOH
BCEMUPHOI'O TATOTCHUSA, OTKPBITBII
Hpioronom B XVII B., CTOJIKHYJICH C Ps-
JIOM KOHLEHNTYaJbHBIX M 3KCIECPU-
MEHTAJIbHBIX OIPAHUYEHUI U B 1915 1
YCTYIMII MECTO OOLIEH TEOPUN OTHOCH-
TeabHOCTH DiHITerHa (OTO). V noc-

JIEIHEU TOXE €CTb CBOU TPYLHOCTH,
B YACTHOCTH, CBSI3AHHBIC C €€ IIpUME-
HEHHUEM [IPU YPE3BBIYANHO MAJIbIX PAC-
CTOSIHUSX, C KOTOPBIMH MBI CTaJIKHBA-
€MCs B KBAHTOBOI MeXaHHUKe. Tak ke
KAaK HbIOTOHOBCKAs1 (DU3HUKA CTAIA YACT-
HpiM ciaydaeM OTO, Tteopus DUH-
ITEHHA CO BPEMEHEM IIPEBPATUTCA
B YACTHBINA CAy4al KBAHTOBOU TEOPUU
rpasurauuu (KTT).

DU3UKU yKE IPEIIOKUIA HECKOb-
KO BO3MOXKHBIX 110/1X0/10B K KTT, Hau-
6oJiee 3aMETHBIM M3 KOTOPBIX ABJIACT-
ca Teopud cTpyH. Korzpa rpasuranus
JICHCTBYET HA MUKPOCKOIIMYECKUX PaC-
CTOSIHUSIX — HAIIPUMED, B LICHTPE Yep-
HOM JBIPDL, I'/I€ OTPOMHAA MACCA CKATA
B CyO4aTOMHBIN OOBEM, — B UIPY BCTY-
AIOT NPUYYIIUBbIE KBAHTOBBIE CBOU-
CTBA MAaT€PUU, U TEOPHUs CTPYH OIIUCHI-
BA€T, KAK IIPU 3TOM HU3MCHACTCSH 3aKOH
TATOTCHUSL.

CnenuaaucTel IO TEOPHUHU CTPYH
OOGBIYHO IPEHEOPEraloT KBAHTOBO-ME-
XaHUYECKUMHU 3d(PdeKTaMu, KOraa
peYb 3aXOAUT O GOJIBIINX PACCTOSHU-
ax. OAHAKO MOCIEAHUE KOCMOJIOTUYE-
CKUE OTKPBITUA 31CTABU/IN YUYCHBIX I1C-
PECMOTPETh HEKOTOPBIEC MOTOKEHHS.
YeTpIpe TO/1a HA3a/T MBI 33JJaJINCh BO-
IIPOCOM: HE TOMOKET JIM TEOPHI
CTPYH ONHCATb 3aKOHBI TATOTECHUS HE
TOJIBKO IIPU MUKPOCKOINHUYECKUX, HO
4 IPU CaMBIX OOJBIIMX MACHITA0AX?
Kmodyom K ycmexy Moriau 6bl CTaTh
IPEAYCMOTPEHHBIE B TEOPUU CTPYH
JIOIIOJIHUTEJIbHBIE IPOCTPAHCTBECHHDBIC

U3MCPCHHUA, B KOTOPBIX MOTYT IBU-
raTbCs YACTULLBL.

Panpine CYHUTAJIOCH, YTO MBI HE B CO-
CTOAHMHU ABHUTATHCA B JOITOTHUTCIbHBIX
U3MCPCHHUAX U Ha6JIIO,Z[aTI) X H3-34
TOI'O, YTO OHH CJIMIIKOM Masbl. Ho HO-
BEUIIINEC HAYYHBIC JOCTHMKCHUA ITOKA3bI-
BAIOT, YTO HEKOTOPbIE M3 HHUX (WIH
JIAKE BCE) MOI'YT ObITh OECKOHEYHBIMU
" CKPBITBIMHU OT HAC HC IIOTOMY, YTO UX
pasMepbl HEBEIUKHY, 4 [IOTOMY 4TO 4a-
CTHLIBI, COCTABJIAIONIUE HAIIN TEJIA, HE
MOTYT IIOKUHYTb NPELEIbl TPEX U3ME-
penut. TOIbKO I'PAaBUTOHBL, NIEPEIAIO-
mye I'PaBUTALUMOHHOE B3aUMOJCHCT-
BHE, CIIOCOOHBI BBIPBATBCA M3 3ITOU
JIOBYLIKH, B PE3YJIBTATE YEI'O 3aKOH I'Pa-
BUTALWM M3MCHIACTCA.

KBMHT2CCEHLUS N3 HU4Yero

O6HAPYXUB KOCMUYECKOE YCKOPECHUE,
ACTPOHOMBI NOHAYATY PCHININ NPHU-
IIUCATD €I'O BJIHUAHUIO TAK HA3BIBACMOU
KOCMOJIOT'MYECKOM MOCTOAHHOU. DTOT
IPECIOBYTBIN IIAPAMETP, BBECHHDBIM
U 34TEM OTBEPTHYTBHIN DUHIITCHHOM,
BBIPAXKAET 3IHEPIUIO, CBONCTBECHHYIO
NPOCTPAHCTBY KaK TaKOBOMYy. CoBeEp-
LMICHHO IIYCTOHM OO'BEM HMPOCTPAHCTBA,
JIUIICHHBIM MAaTE€PUH, [JOJLKEH CO-
JIEPXKATh IHEPTHUIO, 3KBUBAJICHTHYIO
npumepno 10 ¢ kr/m®. Xors Koc-
MOJIOTMYECKASA ITOCTOSAHHAA YAA4HO
COTJIACYETCSI CO BCEMH U3BECTHBIMU
JIAHHBIMH, MHOTI'HE (PU3UKH CUUTAIOT
€€ HEINPUEMJIEMOH M3-32 HEOO'BICHU-
MO MaJIOCTU. JIefCTBUTEIBHO, OHA 3
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COEUHANBHBIA PEROPTAN

HACTOJIbKO HUYTOXKHA, YTO IIPOCTO HE
MOTIJId UT'PATH 3AMETHOM POJIU HA IIPO-
TSDKCHUU OOJIBLICH YaCTH KOCMHYE-
CKOM HCTOPHH, BKJIIOYAS PAHHUHI
nepuoj;, (popmuposanus BcereHHomn.
Kpome TOro, KocMOoJIOrudeckas nocTo-
SAHHAS CJAMIIKOM Majld 10 CPABHEHUIO
C 3HEprueu (PU3UUECKUX MPOLECCOB,
KOTOpPBbIC MOIJIA Obl BBI3BATD €€ IOSIB-
nenue (cm. cmamsio «Om 3ameoerHis
K YCKOPeHuUI0»).

IIprTasic 0600OHUTHU 3Ty IPOHIEMY, HE-
KOTOPBbIC (PU3HUKU HPEAIOIOKUIHN, UTO
YCKOPEHME BBI3BAHO HE CAMUM IIPO-
CTPAHCTBOM, 4 3HEPIrETUYECKUM II10-
JIEM, 3AMOJIHAIOIUM €ro, CJIOBHO JIET-
KUH TymaH. IToTeHIMaabHAasA SHEPIrus
HEKOTOPBIX NPOCTPAHCTBEHHO OJHO-
POJHBIX IOJEH BEHET CeO6sl B 3HAUU-
TEJIbHOM CTEIIEHU KAK KOCMOJIOIUYe-
cKasA 1mocrogHHasgs. OQHO TaKOeE IOJIE,
U3BECTHOE KAK HHQJIATOH, BBI3BAJIO,
KaK II0JIAraloT, II€PHOJ, YCKOPEHHOI'O
pacmupenus (MHQIALUN) HA DAaHHEH
craguu passutud Beenennon. Beposr-
HO, BO3ZHHKJIO JPYroe IIOXOXKee I0JIE,
CIIPOBOLIMPOBABILIEE OYEPEIHYIO BCE-
JIeHCKyI0 HuHaauuo. Ero nassanu
KBUHT3CCEHIUEN, T.C. IIATBIM JIEMEH-
TOM HApAAY C 3E€MJICH, BOJOM, BO3/AY-
XOM M OTHEM. KaKk 1 KOCMOIoTn4ecKas
OCTOSIHHAA, IUIOTHOCTb 3HEPIUH
KBUHT3CCEHLMU JOJKHA OBITH OYCHb
MaJICHbKOM. BripoueM, AMHAMHUYECKO
BEJIMYUHE JIETrY€e JOCTHYDb TAKOI'O HHU-
YTOXKHOI'O 3HAYEHUSA, YEM CTATHUYE-
CKOM KOHCTAHTE.

M KOCMOJIOrMYECKYIO IOCTOSHHYIO,
U KBHHT3CCEHLMIO OTHOCAT K TEMHOM

OB3OP: YTEYKA IrPABUTALIUA

sHepruu. Jpyrux OObsACHEHUH MOKa
HET, I03TOMY (DU3UKU BCEPbE3 3ayMBbI-
BAIOTCA O JOIIOJITHUTC/IBHBIX USMCPCHU -
AX, CAMO HAJTMYHMEC KOTOPBIX HCIIPCMCH-
HO IIOBJ/IHAIO 6331 Ha IMOBEACHHC
rpasuTanguy. COITIACHO 3aKOHY BCe-
MHPHOI'O TATOTEHUS U C TOYKU 3PECHUS
OTO cuia rpaBUTAIIMOHHOI'O B3AUMO-
JENCTBUSA OOPATHO HIPONOPLIMOHAIbHA
KBaJpaTy PACCTOSHUA MEKAY OOBCKTA-
mu. Eme B XIX B. Kapn ®puapux laycc
YCTAHOBWJI, YTO BCIWUYHNHA TATOTCHUA
OIIPEIEIACTCS IUIOTHOCTBIO JIMHUU
I'PABUTALMOHHOIO IOJIL, KOTOPBIE IPU
YBEJIIMUYCHUU PACCTOAHUA PACIIPELEIIs-
IOTCSl HA BCE OOJIBIIYIO OTPAHUYNBAIO-
IylI0 IIOBEPXHOCTb. B TpexmepHOM
IPOCTPAHCTBE I'PAHULIA JABYMEPHAdA, U
€€ IIOWAb YBEIUYUBACTCA KAK KBaJ-
paT pacCTOSHUSL

Ecin 661 IPOCTPAHCTBO OBLIO YETDI-
PEXMEPHBIM, TO TpPaHHUIlA ObLId OBI
TPEXMEPHOH, T.€. 0ObEMOM, BEJIMUYUHA
KOTOPOT'O IMPONOPIUOHATIbHA KyOy
paccrosnus. Ho Toraa mioTHOCTb CU-
JIOBBIX JIMHUI 6bLIA Obl CBS3aHA C pac-
CTOSAHUEM OOPATHOU KyOMUYECKOU 3a-
BUCHMOCTBIO M I'DABUTALUSA ObLIa ObI
cirabee, 4yeM B TPEXMEPHOM MHUDPE.
B KOCMOJIOrHYECKUX MacmTabax Ta-
KO€ OCJHa6JIE€HUE TATOTEHUS MOXKET
IIPUBECTU K YCKOPEHHUIO PACIIUPECHUSA
Bcenennorii.

ITouemy MBI HE 3aMeydalH, 4YTO I'pa-
BUTAIIUSI MOKET CBOOOJIHO pPacipo-
CTPAaHATBbCA B AOINOJHUTEIBHOE IIPO-
CTPaHCTBO? B CBA3U C 4eM OOBIYHBIHN
TPEXMEPHBIH 3aKOH OOPATHBIX KBA/Ipa-
TOB TaK TOYHO OOBACHACT ABHKCHUE

e OBbIYHO ACTPOHOMbI CBSI3bIBAKOT YCKOPEHHOE PACLUMPEHNE BceneHHoM ¢ BAMS-
HMEM TEMHOW SHEPrn. BO3MOXHO, AEAO HE B HEW, A B 3AKOHAX GU3NKK, KOTOPbIE
NepecTaoT AENCTBOBATL HO CBEPXAQABHUX AUCTAHLLASIX.

e HOBbIM 3AKOH TSIFOTEHWS MOXHO BbIBECTU B PAMKOX TEOPUKN CTPYH. OBbIYHO ee
PACCMATPUBAIOT KAK TEOPUID, MOCBSILLEHHYIO COMbIM MEABYAULIMM OOBbEKTAM,
OAHOKO OHA MO3BOASIET NMO-HOBOMY B3rASIHYTb M HO HEKOTOPbIE MAKPOCKOrNn4ye-

CKMe gIBASHUSI.

e B yacTtHOCTW, TeOpUsT CTPYH MPEACKA3BIBAET, YTO BO BCEAEHHOM eCTb AOMOAHU-
TEAbHbIE N3MEPEHWUSI, B KOTOPLIE YCKOAB3AET IPABUTALLMSL. YTEUKA TArOTEHUST MOXKET
VCKPUBUTb NPOCTPAHCTBEHHO-BPEMEHHOW KOHTVHYYM U BbI3BATL YCKOPEHNE PAC-

LUIMpeHMs BceneHHon.

paker ¥ maHer? TpaJMIIUOHHBINA It
TEOPUU CTPYH OTBET TAKOB: JIONOJIHU-
TEIbHBIC M3MCPCHUA KOMITAKTHBI —
CBEPHYTHI B KDOIICYHBIC OKPYKHOCTH.
Jlonroe BpeMs CYUTANIOCh, YTO UX Pa3-
MEpP CONOCTABHUM C TaK HAa3bIBACMOU
amuHo Tlnanka (okomo 1077 M), HO
B IOCJEIHUX TCOPETUYECKUX U DKCIIC-
PHUMCHTAJIbHBIX PA60TAX IOKA3aHO, YTO
OH MOXKET gocTuratsd 0,2 mMm. Biusinue
CBEPHYTBHIX U3MECPEHUI HA TPABUTAIINIO
NPOABJIACTCA TOJBKO HA MAJIBIX PACCTO-
STHUSIX, COTIOCTABUMBIX WU MCHBIIUX,
4yeM UX pajuyc. Ha 60abpmuxX AUCTaH-
IUAX JECUCTBYCT TPAJUIIMOHHBIN 3AKOH
TATOTCHUA.

MoXXnsHeHHoe 3aKAlOYEeHNE
Hjes O CymeCTBOBAHUU CBEPHYTBIX U3-
MEPEHUM HE JIMIICHA HEJOCTATKOB.
IToyeMy HEKOTOpPBIC U3MEpPEHHUA (HO-
MNOJIHUTEJIbHBIE) TYI'O CBEPHYTHI, TOIA
KaK Apyrue (OObIYHBIE) IIPOCTUPAIOTCS
B OECKOHEYHOCTD? JIPYIrUMH CIOBAMU,
o[ BJIIMAHWUCM MATCPHUU W IHCPIUH
CBEPHYTBIE U3MEPEHUS JIOJLKHBI ObUIHA
Obl PaCHpPAMIATbCH, €CIHM YTO-TO HE
crabunusupyer uUx. He HCKIIOUEHO,
YTO CTATUBAHUIO WIM PACHIMPEHHUIO
U3MEPEHUI MNPENATCTBYIOT IPEACKa-
3bIBACMBIC TCOPUEU CTPYH IOJIA, IOXO0-
JKUE Ha MarHuTHele. JIpyroe o6bsacHe-
HUE TOSIBWJIOCHh B 1999 TI.: BO3MOXXHO,
BCC UBMCPCHUA, B TOM YHCJIC JOIIOJTHH -
TeJbHBIC, 6€CKOHEYHBL. Habmomaemas
Beenennas — TpexmepHas HOBEPXHOCTb,
WIM MEMOPAHA, B MUPE C OOJIBbIIUM YUC-
JIOM u3MepeHui. O6bluHag MaTepus
MOXKET CYIIECTBOBATDH TOJIBKO B IIpEZE-
JJax MCM6paHbI, HO HCKOTOPBIC CHJIBI,
TAKHUE KAK TATOTEHUE, MOT'YT YCKOJIb34Th
U3 Hee.

I'paBuranmug o06JafaeT TAKOHU CIHO-
COHHOCTBIO, TIOCTOMHON TynuHu, 110-
TOMY 4TO (DYHAAMEHTAIBHO OTINYACT-
cs oT gpyrux cuia. COIVIACHO KBaH-
TOBOU TEOPHUU MOJIA, CUTY TAIOTECHUS
IEPEHOCAT OCOOBIE YACTULIBI — I'PABU-
TOHBI. rpaBI/ITaLU/IOHHOC IPUTAKCHUC
OOYCJIOBJIIEHO UX ITOTOKOM MEK/1Y JIBY-
M TEIAMH, TAK K€ KaK CHJIAd DJICKT-
PHUYECKOI'O WMIA MAT'HUTHOI'O B3aU-
MOJCHUCTBUA OOYCJIOBIECHA IIOTOKOM
(HOTOHOB MEXKAY JBYMS 3aPAKEHHBIMU
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CAEUHANbHBIA PENOPTAK

OT ®DAATAAHAUU AO YETbIPEX MU3SMEPEHUU

N3BECTHbIN MAAKAT xya0skHMKa Askeppn MyHi (Gerry Moony) raacur:

«[POBUTALMS — HE MPOCTO XOPOLLAS UAES, A 3AKOH». HO BCE e 3TOT 30KOH §

AOBOABHO MMBOK. HanpumMep, OH 30BUCUT OT YACAQ MPOCTPAHCTBEHHDBIX o MpPoCTPAHCTBO:
M3MEePEHNI. [PABUTALIMSI OCACBEBAET C PACCTOSIHUEM, MOTOMY HYTO MO E ABYMEPHOE
Mepe YAGAEHMSI OT CBOETO MCTOYHMKA OHO PACTIPEAEASIETCS MO BCE S TpexvepHoe
BoAbLIEN FPAHULE (HQ AMArPAMMAX MOKA3AHA KOQCHBIM). gHeTbIpEXMEepHOe

PaccrosHne
TP NSMEPEHWS: ToOHNLLG CTAHOBUTCS
ABYMEPHOW, U FPABUTALMSI OCACDASIETCS
OBPATHO NPOMNOPLIMOHAABHO KBOAPATY

ABA N3MEPEHWUS: [pOHMLLO — OAHOMEPHAS
AVHUSI, KOTOPAS1 YBEANYMBAETCS MPSIMO
NPOMOPLMOHAABHO PACCTOSIHMIO. B

BRYAN CHRISTIE DESIGN; SOURCE: JEFREY WEEKS (4-D cube)

PE3YALTATE CUAQ TIrOTEHWS yObIBAET
06PATHO MNPOMNOPLMOHAABHO
PACCTOSIHUIO.

Bec

<<
CTOKMAOIOoAMMOBOIo

YEeAOBEKA HA MOBEPXHOCTU
3eman: 10 H

TPEXMEPHON, A TAroTeHMe yobIBOET
NPOMOPLIMOHAABHO KyBYy PACCTOSIHMSI.
OObEKThI eLLEe Aerye, YeM B TPEX
N3MEPEHMSIX.

Bec:
107 HbtoTOH

YETbIPE UBMEPEHU4: 510T CAyHan TPYAHO
1306pA3UTb, HO K HEMY MPUMEHVMbI TE KE
OCHOBHbIE MPABUAQ. [DAHNLA OKO3bIBAETCS

paccTosiHMg. OObeKTbl HO 3AACQHHOM y
PACCTOSIHUM AETHE, YEM B ABYX 4

M3MEPEHMSIX.

Bec:
10° HbtoTOH

yactuamu. Korjga TaroreHue CTaTud-

HO, TI'PAaBUTOHBI BUPTYAJbHBL: XOTS
OOYCJIOBJIIEHHYIO UMW CUJTY MOKHO U3-
MEPUTH, UX HEJb351 HAOIIO1ATh KAK He-
3aBUCHUMBIC 4YacTulpl. COJHIEC yaep-
JKHUBAaeT 3eMJII0 Ha OpPOUTE, MOTOMY
4TO UCHYCKAET BUPTYAJIbHBIE 'PABUTO-
HBbIl, KOTOPBIE HAIIA IUIAHETA [TOTJIONa-
eT. PeasbHblE WU HENOCPEACTBEHHO
HA6J110/Ja€MBbIE€ TPABUTOHBI COOTBETCT-
BYIOT I'PABUTAIIMOHHBIM BOJIHAM, HC-
MYCKAEMBIM NPHU OIPEJCIEHHBIX 00-

CTOATCIAbCTBAX.

COr1acHO TEOPUM CTPYH, I'PABUTO-
HBbI, KAK U BCE 4aCTHULbI, IIPEICTABIIA-
I0T CO60OU KOJEOAHUA KPOUICYHBIX
cTpyH. OJHAKO 3JIEKTPOH, MNPOTOH
1 (HOTOH PpACCMATPUBAIOTCS KAK KOJIC-
6aHMsA CTPYH C OTKPBITBIMU KOHIIAMHU,
NOAOOHBIX CTPYHAM CKPHIIKH, a4 I'pa-
BUTOH — KaK KOJCOAaHHUA 3AMKHY-
TOU MNETIH, NOLOOHOH PE3UHOBOMY
konbly. Mosed IMomuuncku (Joseph
Polchinski) us UHCTUTYTA TECOpETUYC-
ckolt ¢pusuku B Canra-bap6ape noka-

327, YTO KOHIIBI OTKPBITBIX CTPYH

JIOJIKHBI ObITb 32(DPUKCUPOBAHBI B MEM-
Opane. Eciim nonpo60BaTh BBITAHYTb
OTKPBITYIO CTPYHY U3 MEMOPAHBI, OHA
CTaHET JJIMHHEE, HO €€ KOHIIBI OCTa-
HYTCA 3aKpEIUICHHBIMU. HanporTus,
3aMKHYTBIE CTPYHBI TUIIAd I'PABUTOHOB
HH K YEMY HE IIPUBA3AHBI U [IEPEMEIa-
I0TCA BO BCceM 10-MepHOM HPOCTPAH-
CTBE.

HEe 00-
JIAIAI0T A0COTIOTHOM CBOOOOM, MHA-

besycioBHO, I'PaBHUTOHBI

4e KIACCUYECKUU 3aKOH TATOTCHHSA
ObUT 6Bl APYIUM. ABTOPBI I'HIIOTE3HI )
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COEUHANBHBIA PEROPTAN

TPU CNOCOBA BBEAEHNI AONOAHUTEAbHbIX U3MEPEHUN

AABBEPTA SVHLUTEMHA 11 ero coBpeMeHHIKkoB, B ocobeHHocT Teoaopa KaayLy (Theodor Kaluza) n Ockapa KasiHa (Oscar
Klein), NprBeAd B BOCXMLLEHME NAES O CYLLLECTBOBOHUM CKPbITBIX M3MEPEHNIN, KOTOPAS! HOLIAC CBOE BOMAOLLEHVE B TEOPUM
CTPYH. AASI ICHOCTU MPEACTOBbTE cebe HALy TPEXMEPHYIO BCEAEHHYIO KAK MAOCKYLD CeTky. Yepesd KAXKAYIO ee TOYKY
MPOXOAUT AVIHWSI, MPEACTOBASIOLLLASI OAHO 13 AOMOAHUTEABHBIX N3MEPEHUN.

TPAANLUMOHHASA TEOPUS CTPYH: AOAroe BpeMst CHUTAAOChH, YTO
AOTMOAHUTEABHBIE N3MEPEHMST KOHEYHbI 1 UMEIOT BUA
OKPY>KHOCTEN CYB-CYOATOMHOrO pa3mepa. lNepemeLLasicb no

MOAEAb BECKOHEYHOIO OBbEMA: AsTOP
CTATbM U €r0 KOAAETV MPEAMOAOXKMAM, HTO
AOMOAHUTEAbHbBIE N3MEPEHUS HUYEM HE

BO3BPATUAOCH Obl K OTMPABHOM TOYKE.

Kpyrosoe
AOMOAHUTEABHOE
13mepeHne

Mnepboanyeckoe
AOTMOAHUTEABHOE
n3MepeHmne

BceaeHHom.

TAKOMY N3MEepPEeHNto, KpoLlleYyHoe CyLLeCTBO B KOHEYHOM cyeTe

MOAEAb PSHAAAA-CAHAPAMA: HeAQBHO CNELMAANCTbI
Mo TeoOPUU CTPYH NPEANOAOKUAN, HTO AOMOAHUTEABHbIE
M3MepeEHNs 6ECKOHEYHbI MO AAVHE, HO CUABHO UCKPVBAEHDI,
TAK YTO X OObEM CKOHLIEHTPWPOBAH BOKPYI HOLLEW

OTAVYQIKOTCS OT TPEX OObIYHBIX: OHN BECKOHEYHbI
M AVHENHDI.

AVHEnHoe
AOMOAHUTEABHOE
n3mMepeHne

OCCKOHEYHBIX U3Mepenuit JIarsa Pan-
pamn (Lisa Randall) u3 apsapackoro
ynusepcurera u Paman Canzapam
(Raman Sundrum) u3 YHUBEPCUTETA
Jxonca TomkuHCa IIPEAIIOTIOXKHUIIN,
YTO I'PABUTOHBI OIPAHUYCHEBI B II€pPE-
MELICHUAX IIOTOMY, YTO JOINOJIHUTEIb-
HBIC U3MCPCHUA, B OTIUYUE OT TPEX
OOBIYHBIX, CUJIIbHO UCKPHUBJICHBI U 06-
Ppa-3yIOT BIHAANUHY C KPYTBIMH CTE€HKA-
MU, U3 KOTOPOH I'PABUTOHAM TPYAHO
YCKOJIb3HYTb.

Jleno B TOM, 4YTO JOINOJHUTEIbHBIE
U3MEPEHUA TAK CWIbHO U30THYTBI, YTO
ux 3(pPEKTUBHBINA O6bEM KOHEYECH, HE-

CMOTpPS Ha UX OE3rPAHUYHYIO IIPOTSI-
JKEHHOCTD. Kak ke 6€CKOHEeUYHOE MIpPOo-
CTPAHCTBO MOXET HMETb KOHCYHBIN
o6bem? Boobpasure, 4TO Bl HAJTUBAE-
T€ BOJAY B OE3MOHHBIN CTAKAH, PAJUYC
KOTOPOI'O YMEHBIIAETCA OOPATHO IIPO-
HOPLUUOHAIbHO IIyouHE. YTOOBI Ha-
IIOJHUTD €ro, JOCTATOYHO KOHEYHOI'O
KOJIMYECTBA KUJAKOCTH. M3-32 KPUBU3-
Hbl CTEHOK OO'BEM CTAKAaHA CKOHILICHT-
PUPOBAH B €ro BepxHEH yactu. Heyro
IIOXOXKEE IMPOUCXOAUT B CLECHAPUU
Panpamn—CanjpamMa: 06'beM JIOTIOTHU-
TEJIBHOI'O IMPOCTPAHCTBA KOHIIEHTPH-
pyercs BOJIM3U OT HAIIEH MEMOPAHBL

ITo3TOMY I'PaBUTOHBI BBIHYKJECHBI IIPO-
BOJUTD OOJIBLIYIO YACTh BDEMEHH OKO-
JIO MEMOpPaHbL. BeposATHOCTb O6HAPY-
JKEHUSI TPAaBUTOHA OBICTPO YOBIBACT
C YBCJIUYCHUEM PACCTOAHUA. MHBIMU
CJIOBAMM, €I'O BOJTHOBAsA (PYHKLMSA 1OC-
TUT'A€T MAKCUMyMd HA MeMOpaHe — 3(-
(EKT, KOTOPBIA HA3BIBAIOT JIOKAIU3ALIU-
€1 TPABUTALIUU.

Cuenapuid Panpamn—Canjgpama KOH-
LENTYaJbHO OTIMYACTCA OT UAEHU KOM-
NAKTHBIX (CBEPHYTBIX) U3MEPEHUM, HO
JACT IOYTHU TOT K€ CAMBIH PE3YJIBTaT.
O6e Mofenu U3MEHAIOT 3d4KOH TATrOTe-
HUS JIJI1 MaJIbIX PACCTOAHUM, HO HE 3a-
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COEUMANBHBIA PEROPTAN

TPArUBaIOT €TO B CJIydae OOJIBIIUX, TaK
YTO HHU OJHA M3 HUX HE MMCECET OTHO-
LICHUA K HOPpOoO6IeME KOCMHYECKOI'O
YCKOPEHHUS.

®dur3nka Ha mem6paHe
CylLeCcTBYeT TPETUH TOAXO/, IOAPA3Y-
MEBAIOMINUHI HAPYIIECHUE CTAHJAPTHBIX
34KOHOB I'DABUTALIMU B KOCMOJIOTHYEC-
CKHUX MacCHITa0ax M OOBACHSAIOMNNA
yCKOpeHue 6€3 NPUBJIECUYEHUS TEMHOU
snepruu. B 2000 1. mbl BMecTe ¢ 'pu-
ropuem ab6aganse (Gregory Gaba-
dadze) u Maccumo ITopparu (Massimo
Por-rati) uz Hpio-MOpKCKOro ynusep-
CUTETA IPEAINONOXKUIN, YTO AOIOJ-
HHUTCIBbHBIC USMCPCHUA HUYCM HC OT-
JINYAIOTCS OT OOBIYHBIX, HAOII0IAEMbIX
HaAMM TpeX udMepeHun. OHU HE ABJIA-
IOTCAd HHU CBCPHYTBIMH, HU CHJIBHO
U3OTHYTBIMHU.

Jlaxe B TAKOM CJIy4ae I'PABUTOHBI HE
BCETJa MOTYT JBUIaTbCs, Kyld UM 3a-
OnaropaccyaurTcs. VCIyleHHbIE 3BE3-
JlAMU U IPYIUMH OObEKTAMU, PACIIOJIO-
JKCHHBIMH Ha MEMOpPaHE, OHHU MOLYT
VXOAUTH B JOIIOJHUTCIBbHBIC U3MCPC-
HHUS TOJIBKO IIOCJIE TOT'O, KaK IIPOUAYT
HEKOTOPOE KPUTHYECKOE PACCTOA-
Hue. 'paBUTOHBI BEAyT CeOs KaK 3BYK
B METAJUIMYECKOM JIUCTE, YIap MO KO-
TOPOMY CO3J4€T 3BYKOBYIO BOJIHY,
PaCIPOCTPAHAIONIYIOCS BAOJb €rO MO~
BEPXHOCTHU. HO 3BYyK pacnipocTpaHsaeT-
Csl HE TOJIbKO B IIJIOCKOCTH: 4aCTb
SHEPTUU YXOAUT B OKPYKAIOMUKI BO3-
ayx. Béausu ot mecra yaapa moreps
SHEPIUU HE3HAYMTEIbHA, OJHAKO IO
Mepe yoaJeHUsA OT HETO OHA CTAHOBUT-
Cs1 3AMETHOM.

B caydae rpaBUTOHOB TAKOE pacces-
HHE OKA43bIBAECT ITTYOOKOE BIMUSAHHCE HA
CUJIy TATOTCHUSA MEXKIYy OOBEKTAMU,
YAJICHHBIMU Ha PAaCCTOAHMUE OOJbLIC
KPUTHYECKOT'O. YTCUKA OTKPBIBACT BUP-
TYAJIbHBIM T'PABUTOHAM MHOXCCTBO
MHOI'OMEPHBIX OOXO/IHBIX MAPIIPYTOB,
4TO HPUBOJUT K M3MCHCHUIO 3aKOHA
rpasuranuu. IIpocaynpaiomuecs Hapy-
JKy PEAJIBHBIE I'PABUTOHBI TEPAIOTCS Ha-
BCCr/ZIa: Ui HAC, IPUBA3AHHBIX K MCM-
OpaHe, OHU IPOCTO MCYE3AIOT.

B ycnoBuAX MaJEHBKHUX MaCIITA60B
JOTIOJIHUTCIIbHBIC USMCPCHUSA ITPOABJIA-

XECTKUE CB43 MEMBPAH

MPOTOHBI,

MPWVBSI3AHbI K HEW.

MembpaHa

K COXXAAEHNIKO, aaxke eCAM AOMOAHUTEABHBIE MBMEPEHUST CYLLECTBYIOT, AOAM
HUKOTAQ HE CMOryT MOMACTb B HWX. YACTMUBI B HOLUMX TEACX — SAEKTPOHBI,
HENTPOHbI — CAeAyeT PACCMATPUMBATL KAK KOAEBAHWS CTPYH C
OTKPbITbIMY KOHLLOMM, KOTOPbIE 3AKPENAEHbI B MEMBPAHE, 0BPA3YyoLLEN HALLY
BceneHHyto. MPaBUTOHbI (KBOHTbI TSIrOTEHMS)) HE MMEKOT KOHLOB M MO3TOMY He

looBUTOH

“is
T

OAEKTPOH

IOTCA TAK K€, KAK B THMIIOTE3€ CBEPTDI-
BAHUA M cUeHapuu Panpann—Canapa-
Ma. Ha cpegHux aucTaniuax, 60JIbIINX,
4eM pa3Mep CTPYH, HO MCHBIIUX, YEM
PaCCTOsIHUE YTECUKU, TPABUTOHBI BEAYT
ce6sl KaK TPEXMEPHBIE M IIOJIHOCTBIO
MOAYMHAIOTCA KIACCUYECKOMY 3aKOHY
TATOTCHUSL.

T1aBHBIM JEUCTBYIOIIUM JIMLIOM SIBJIsA-
€TCst MeEMOpaHa — IOJIHOIIEHHBII MaTe-
PHAIBHBIA OOBEKT, B KOTOPOM I'DABU-
TalUMs PACHPOCTPAHACTCA HE TAK, KAK

OB ABTOPE:

B OKPYKAIOMIEM ITPOCTPaHCTBE. OObIU-
HbI€ YACTULBI, TAKUE KAK JICKTPOHBI
U IIPOTOHBL, MOT'YT CYILLECTBOBATD TOJb-
KO Ha MeMOpaHne. Jlake Ha BU/J| IIyCTas,
OHA4 COLEPKUT OypJIANIYIO MACCY BUP-
TYaJbHBIX 3JIEKTPOHOB, IIPOTOHOB
U JPYIHUX Y4dCTUL, HEIIPEPBIBHO CO3/a-
BACMBIX M PA3PYHIACMbBIX KBAHTOBBIMU
pyKTYaUAMU. DTH YACTULBL CO3LAI0T
I'PABUTALIMIO U PEATUPYIOT Ha Hee. OK-
pyxaloliee MNpOCTPAHCTBO, HAIIPOTHUB,
JEUCTBUTENILHO MYCTO, U TPABUTOHBL )

lfeoprun Asaau (Georgi Dvali) BeipocC B [PY3unn 1 3ALLUTUA KOHAMAGTCKYIO AUCCEPTO-
Um0 B TBUANCCKOM MHCTUTYTE OUBUKN M. 2.\, AHAPOHMKALLBUAK. [TopaboTtas B [n-
30HCKOM YyHuMBepcuteTe B VTaamm, B uHCTUTYTEe CERN BOAM3M YKeHesbl 1 B MexAyHO-
POAHOM LIEHTpE Teopetndeckom o¢umsmkm B TpmecTte, OH CTAOA COTPYAHUKOM
dusmyeckoro akyasTeTa B Hoto-Mopkckom yHUBepcuTeTe. ABOAU AOBUT NMPEOAOAE-
BATb TArOTEHME, 3AHUMASICh NELLMM FOPHBIM TYPU3MOM, 1 M3BAEKATb MOAb3Y 13 STOW TO-
VMHCTBEHHOW CUAbI BO BPEMSI CKOPOCTHBIX CMYCKOB HO AbIXKOX.
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COEUHANBHBIA PEROPTANK

NOAAPU3OBAHHAY MEMBPAHA

TPABNTOHbBI He MoryT CBOGOAHO CKUTATLCSI MO ACMOAHUTEAb-
HbIM M3MEepPEHKIM. Halwa TpexmepHast BceneHHas (vembpa-
HQ, MOKA3QHHAS1 3AECh KQK MAOCKUM AUCT) 3ANOAHEHA «BUPTY-
QABbHBIMW» YACTULLOMK, KOTOPLIE HEMPEPLIBHO BO3HUKAOT U

ncyesatoT. OHM MOSIBASIKOTCSI MOPAMM: OAHA HYACTULLA C MOAO-
SKUTEABHOW SHEPrnen (CUHsIS), APYrast — C OTPULOTEABHOM
(kpacHas). Takme Napbl MOTyT MPEMNSITCTBOBATL BXOAY MAW Bbl-
XOAY MPOBUTOHOB 13 MEMOPAHBI.

MembpaHa

I-:. .y “oa b
ud
%
g
s

MAPAAAEABHBIE TPABUATOHbI: [DOBUTOH, ABMKYLLMNCS
BAOAb MEMOPAHBI, HUKAK HE BAUSIET HQ BUPTYAAbHbIE
YACTULBI, MOTOMY YTO CO3ACBAEMbIE VIM CUABI AECTBYIOT
NePneHANKYASIPHO MeMOBPAHE. BUPTYAABHbIE HOCTULLbI,

B CBOIO O4epeAb, HE MPEnSTCTBYIOT ABMKEHWIO MOABUTOHA.

BE3 TPABUTOHOB: B oTCYTCTBME PABUTOHOB BUPTYAABHBIE
YACTULBI pACTPEAEAEHbI CAYHYAMHBIM OBPA30M U HE
CO3AQIOT HUKAKOWM PE3YALTUPRYIOLLEN CUAbI TITOTEHNSI.

NEPMEHAUKYASPHbBIE TPABUTOHbI: Koraa
TPOBUTOH BXOAMT B MEMOPAHY WA BEIXOAMT 13
Hee, OH BbICTPAMBAET (MOASIPUIYET) BUPTYOAbHBIE
yacTULbl. MOASPU3OBAHHBIE YTCTULIbI CO3ACIOT
CUAY TSIrOTEHMS], KOTOPAST HOMPABAEHA MPOTUB
ABVKEHWS TOOBUTOHA.

CBOOO/IHO MPOJETAIOT YE€PE3 HETO, B34a-
UMOJEUCTBYS TOIBKO APYT C IPYI'OM.
Xopomas aHaJIOTUA — JUICKTPpUYC-
CKME MaTE€pHabl, TAKUE KAK IUIACT-
Macca, KepaMWKa WIU BoJd. Mare-
puan, B OTJIMYHUE OT BAKYyMa, COJEP-
JKHT 3JIEKTPHUYECKHU 3dPSKEHHBIEC YaC-
THULIBI U MOXKET PEATUPOBATDH HA JJICK-
TPpUYECKOE 10Jie. XOTA 3aAPKEHHbIC
YACTULIBI HE MOT'YT T€Yb YEPE3 AUIJICK-
TPHUK KAK 4epe3 NPOBOAHUK, OHU BCE
JKE€ CIIOCOOHBI TEpEPACHpPENCIAThCS
B €ro npejenax. Eciu K Takomy mMarte-
pualy NPUKIAABIBACTCA 3JICKTPpUYEC-

CKOE I10JI€, OH CTAHOBHUTCH JJIEKTpUYE-
CKM ITOJIIPU30OBAHHBIM. B BOJ€, HANIpu-
MEpP, MOJIEKYJ/IbI IOBOPAYUBAIOTCA TAK,
4TOOBl HX IIOJIOKUTEIbHBIC KOHIIbI
(mapel aTOMOB BOJOpPOJa) ObLIM Ha-
IIPABJIEHBl B OJHY CTOPOHY, 4 OTPHULIA-
TEJIbHBIE (ATOMBI KUCJIOPOJA) — B APY-
rylo. B xymopuje HaTpusa NOJOXHU-
TEJIbHbIE MOHBI HATPHA U OTPULLATENb-
HbIE€ MOHBI XJIOPd HEMHOT'O CMEMAIOT-
Cs B PA3HBIE CTOPOHBI.
IlepepacnpeneneHHble 3apaabl CO3-
J1a10T COOCTBEHHOE JIEKTPUYECKOE I10-
Jle, KOTOPOE YaCTUYHO KOMIIECHCHUPYET

BHCIITHECE. [[UITIECKTPUK MOJKCT TAKUM
06pa30M BIHATH HA PACHPOCTPAHCHUE
(POTOHOB, IPEACTABISAIONINX COOOM KO-
JIEGAHUS ANIEKTPUYECKOTI'O U MATHUTHO-
ro nosieil. POTOHBI, MPOHUKAIOIINE
B JIUJCKTPUK, MHOJSAPUIYIOT €Iro WU,
B CBOIO OY€PE/b, YACTUYHO HECHUTPAJIU-
3ytorcs. Takoit adderr HabmomaeTcs
B TOM CJIy4yae, KOTJja JIJIMHA BOJIHBI (PO-
TOHOB JICKUT B OIIPCACTICHHOM Juaria-
30HEC: JJIMHHOBOJIHOBBIC q)OTOHI)I CJIN-
LIKOM CJa6bl, YTOOBI HOJIAPU3OBATD
JIMBJIEKTPHUK, 4 KOPOTKOBOJIHOBBIE KO-
JIEOTIOTCSL YEpECUyp OBICTPO, U 3aps-
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JKEHHbBIE YaCTHLbI HE YCIIEBAIOT OTPEA-
rupoBarb. [1oaTOMy BOZA IIPO3payvHa
I paAOBONIH (MUMEIOMIUX OOJIBIIYIO
JUIMHY BOJIHBL) U JUJI1 BUAUMOI'O CBETA
(Majas JJIMHA BOJIHBI), HO HENPO3Payd-
Ha 11 MHUKPOBOJH (IIPOMEXYTOYHAA
JUIMHA BOJIHBI). Ha 3TOM OCHOBaHa pa-
60Ta MUKPOBOJIHOBBIX [I€YCH.
ITogO6GHBIM O6PA30M KBAHTOBbIC (DIIy-
HpeEBPALAIOT
B I'DABUTALIMOHHBIN 3KBUBAJIECHT [U3-

KTyaluu MeMOpany
JIEKTPHUKA. Bce IPOUCXOAUT TAK, KAK €C-
JI1 Obl MEMOpPaHa 6bLIA 34II0JIHEHA BUP-
TYyaJIbHBIMU YACTULIAMU C IOTOKUTE/Ib-
HOM M OTPULIATEIbHON aHepruen. Ecian
K MEMOpPaHE IPUKIA/IBIBACTCS BHELIHEE
I'PABUTALIMOHHOE 110JI€, OHA CTAHOBUT-
Csl TPABHUTALMOHHO IIOJIAPHU30BAHHOI.
YaCcTULBL C IOJIOKUTEIBHOM 1 OTPULLA-
TEJIbHOM 3HEPIUEH CJIErKd CMEIAIOTCH
JPYr' OTHOCHUTEJIBHO JApyra. I'paBUTOH,
BOIIOMIAIONIUNI OCIMUJIMPYIOIIEE I'pa-
BHUTALMOHHOE I10JIE, MOXKET IOJIAPU30-
BaTb MEMOpAaHy M HEUTPAIMU3O0BATHCS
B HEH, €CJIM €ro JUIMHA BOJIHbBI OKA3bl-
BA€TCA B HY’)KHOM JIMANIA30HE, KOTOPDIH,
IO HAIIMM paCdeTaM, JICKUT MEXIY
0,1 MM (MM MEHBIIE, B 3aBUCUMOCTH
OT 4MCJIa JIOIIOJHUTEIbHBIX HU3MEpe-
HUN) U IPUOIU3UTENBHO 10 MIpJ. CBe-
TOBBIX JICT.

Hcye3HOBEHME YI'POKAET TOIBKO I'Pa-
BUTOHAM, IICPEMCIIAIOMMNMCI B MEMO-
paHy uiau U3 Hee. JacTunbl rpaBuTa-
UY, NOJOOHO (POTOHAM, SBISIOTCSI
IIONEPEYHBIMHU BOJIHAMU U KOJICOIIOT-
Cs1 IEPIEHUKYJIAPHO K HAIIPABJICHUIO
pacopocrpaHeHus. I'paBUTOH, BXOIs-
MU B MEMOPaHy MM BBIXOJAIINHI U3
HEe, TOJKAET YaCTUIBI BIOJIb MEMOPa-
HBbI, T.€. B HAIIPABJICHHUH, B KOTOPOM
OHMU MOTYT JABUTraTbhCA. IToaTOoMy Ta-
KHE TPABUTOHBI MOI'YT IIOJIAPU30BATh
MEMOpPAHy U, B CBOIO O4Y€pE/lb, HEHUT-
PanIu30BATLCA B HEM. A I'DABUTOHDI, I1€-
peMemaomuecss BAOAb MEMOPAHEL,
MBITAIOTCS BBITOJIKHYTD M3 HEE YACTU-
Lbl B 3AIIPELUICHHOM JIJI1 HUX HaIlPaB-
sieHuu. Takue rpaBUTOHBI HE IIOJISAPU-
3yI0T MEMOPAHY U JIBUT'AIOTCS 11O HEH,
HE BCTpedas conportusieHud. Ha ca-
MOM JeJie GOJBIIUHCTBO I'PABUTOHOB
OKa3bIBAIOTCA MEXAY JBYMS KPanHO-
CTAMH: OHH IHPOHOCATCA 4Y€pe3 IIPO-

rTPABUTALUNA AAAEKAS N BAU3KAS

YACTWLBI B HALLIE BCEAEHHOW cTpemsiTcst GAOKMPOBATH TE NPOBUTOHI,
VIMMYABC KOTOPbBIX AOCTATOYHO BEAMK, HTOGHI BbI3BATH OTBETHYIO PEAKLMIO.
MOABUTOHBI C MAABIM UMMYALCOM (AAVHHOBOAHOBBIE) GECMPENSITCTBEHHO BXOASIT
U BLIXOASIT 13 MEMBPAHBI.

CoAHLe NpuTsarMBaeT 3eMAIO, UCMYCKAS BUPTYAAbHbIE MPOBUTOHBI. VIX AAMHAO
BOAHbI OTHOCUTEABHO HEBEANKA (BOABLLOW MMMYALC), MOSTOMY OHW HE MOTYT
NOKWHYTb MEMBPAHY U BEAYT Ce651 TaK, OYATO AOMOAHUTEAbHBIE U3MEPEHNS He

CYLLECTBYIOT.

[anakTka

OCAQBGEeBOET.

ABE OTAQAEHHbIE TAACKTUKIA NCMYCKAOT AAMHHOBOAHOBBIE MOABUTOHBI (HU3KIM
MIMMYABC), KOTOPbIE MOTYT YXOAUTb B AOMOAHUTEABHBIE M3MEPEHMS. 3AKOH
TSIrOTEHWSI UBMEHSIETCS TAK, YTO CUAC B3AMMOAEMCTBUSI MEXKAY TAACKTUKAMM

[oQBUTOH,
306AOKUPOBAHHbI
B MEMOPOHE

[anakTmka

[POBUTOH CBOBOAHO
BXOAMT B MEMOPAHY
1 BBIXOAMNT N3 HEE

CTPAHCTBO I10J] KOCBIM YIJIOM K MEMO-
pPAaHE 1 HOKPBIBAIOT MUJIJIHAP/IbI CBETO-
BBIX JICT, IIPEJK/IC YEM UCUYC3HYTH B HEIL.

UckpureaeHne mMemM6paHbl

Taxkum 0Opa3om, MEMOpAaHa caMa Kpa-
HHUPYET CeOs1 OT JOTOJTHUTEIBHBIX H3-
MepeHui. Ec/iM IpaBUTOH IIPOMEXKY-
TOYHOU JJIWHBbI  BOJIHBI  IIBITACTCHA
YCKOJIb3HYTh U3 MEMOpPAHbl WIH IIPO-
HUKHYTb B HCC, YACTHUIIbI B HEU epe-
pacnpeensioTCs U IPEISTCTBYIOT 3TO-
My. B pesynbrare rpaBUTOHBI JBUKYTCSA

BJOJIb M€M6paHbI, " TATOTCHUC CICOYy-

€T 3AKOHY OOpPAaTHBIX KBaJpaTOB. Bme-
CTC C TEM 4YCPEC3 JOIIOJHUTCIbHBIC N3~
MEPEHHS MOTYT CBOGOJHO IIPOXOAUTD
JUIMHHOBOJIHOBBIC I'DABUTOHBI, POJIb KO-
TOPBIX HECYIECTBECHHA Ha MAJIBIX PaC-
cTostHUAX. OJTHAKO HA JUCTAHIHAX, CO-
IIOCTABHUMBIX C UX ,HJII/IHOﬁ BOJIHBI, OHHU
JOMUHUPYIOT U OCHAGJIAIOT CIOCO6-
HOCTb MEMOPAHBI U30TUPOBATH CEOST OT
JIOIIOJIHUTENbHBIX U3MePeHUH. [10aTO-
My CHJIA TATOTCHUS HAYUHAET OCIA6-
JIATBCSI TPOMNOPITUOHAIBHO TPEThEH
(ecnu TOMBKO OJHO U3 JIOTIOJHUTEIIb-
HBIX U3MEPCHUI 6ECKOHEYHO), YET- )
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BEPTON (€C/Iu [Ba U3MEPEHUSL O6ECCKO-
HEYHBbI) WIH ele OOobHIEH CTEIEHU
pacCcTosAHUS.

OTKa3aBIMUCh OT MNPEANOJIOKECHUSA
O CYLIECTBOBAHMUU TEMHOU 3HEPIUU,
MBI BMecTe ¢ [a6ananze u CepuKkom
Hedeiie (Cedric Deffayet) us ITapux-
CKOI'O MHCTUTYTA ACTPOMUIUKU IIPU-
I K BBIBOAY, YTO JOIIOJTHUTC/IIbHBIC
U3MEPEHUS HE TOJBKO OCIAOJIAIOT TA-
FOTEHUE, HO U 3aCTABJIAIOT KOCMUYC-
CKO€ pACHIUPEHUE YCKOPATLCA. B mryT-
KY MOXHO CKa3aTb, 4TO, OCIA06d
I'PaBUTAIMOHHBIN <«KJICI», MIPENATCT-
BYIOIIUM PACHIMPEHUNIO, PACCEAHHUE
IPAaBUTOHOB YMECHBIIACT 3aMECIJICHUE
HACTOJIBKO, YTO OHO CTAHOBUTCSI OT-
PHLATEIBHBIM U IPEBPAILAETCA B YCKO-
penue. Pazymeercs, BCe HE TaK IIPO-
CTO, BCIb IPUXOJUTCA YIUTBIBATH, KAK
YTEUKa U3MEHSIET OOIIYIO TEOPHUIO OT-
HOCHUTEJIIbBHOCTU.

OcCHOBHAg M€ TEOPUM DUHII-
TeHHA4 COCTOUT B TOM, YTO TAIOTCHUE
IIPEACTABIAET COOOU PE3YNBraT HC-
KPHUBJICHUSI INPOCTPAHCTBA-BPEMCHU,
CBSI3aHHOI'O C IUIOTHOCTBIO MATEPHUU
U 9HCPI'MHU B HCM. COJIHl_Ie IPUTATUBA-
eT 3eMJII0, U3rubast BOKpPyr cebs mnpo-
CTPAaHCTBO-BpeMsA. OTCYTCTBUE KAKOM-
JIMOO0 MATECPUH WIH SHEPTUU O3HAYACT
orcyrcTBue JeOpMaUU U, COOTBETCT-
BCHHO, Ir'paBUTalMU. OJHAKO B MHOI'O-
MEPHOU TEOPHUU COOTHOILICHUE MEXKIY
HUCKPUBJICHHCM U TNIOTHOCTDBIO U3SMCHA-
CTCA. HOHOHHI/ITeJIbHI)IC U3MCPCHUA
OOYCJIOBIUBAIOT MOSABJICHUE B YPABHE-
HUAX [OINPABOYHOI'O WIEHA, KOTOPBIA
HPUAACT KPUBU3HY JAXKE IYCTOU MEM-
OpaHe. B pesynbrare yredka rpaBUTO-
HOB CO3JA€T B MEMOPAHE HAIIPSLKEHUE,
BBOJIUT B HEE HEYCTPAHUMYIO lcpopma-
LIUIO, KOTOPAsl HE 3d4BUCUT OT IUIOTHO-
CTH MATEPUH U 3HEPIUM B IIpejerax
MEMOPAHBI.

Co BpeMEHEM MaTEpUsl U IHEPIUs
CTAHOBATCSA OOJIEE PA3PEKEHHBIMU, UC-
KPUBJICHHUE, KOTOPOE OHH BBI3BIBAIOT,
YMEHBIIACTCS, U HEYCTPpaHUMas gedop-
Malus HAYUMHACT UI'PATh BCE OOJIBIIYIO
poisb. KpuBusna Bcenennoit npubnau-
JKAETCS K IIOCTOAHHOU BenuuuHe. Tor
JKe caMblit 3 deKT HabmoAaICs Obl, eC-
1 Becenennas 6b11a 6b1 3a1107IHEHA CYO-

CTAHIIUEN, KOTOPAsl HE CTAHOBUTCS 60-
JIe€ PA3PEKEHHOM C TCYCHUEM BpEMe-
HU. [T03TOMY HEYCTPAHUMOE UCKPUBJIE-
HUE MEMOPAHBI JEHUCTBYET TAK K€, KAK
TEMHAsI SHEPI'Hs, KOTOPAs yCKOPSIET KO-
CMHYECKOE PACIIMPEHUE.

HapywmreAm 3aKOHOB

B 2002 r. Tu6o Hamyp (Thibault
Damour) u Anrtonmoc Ilamasoriay
(Antonios Papazoglou) u3z Huctu-
TyTa (PYHIAMCHTAJbHBIX HAYYHBIX
ucciaesoBaHun BO PpaHLMM BMECTE
¢ Artenom Koranom (Ian Kogan) wus
OKC(POPACKOTO YHHUBEPCUTETA IMPEH-
HOJIOXKUIN, YTO CYIIECTBYET OCOOBINA
BU/J] I'PABUTOHOB, KOTOPBIEC, B OTINYHE
OT OOBIYHBIX, 06J2/AI0T HEOHOJBIION
MacCou. JJaBHO U3BECTHO, YTO I'PABU-
TOHBI C MACCOU HE MOJAYUHAIOTCI 00-
PATHOKBAIPATUYECKON 3aBUCHUMOCTH.
OHHM HECTAOMJIBHBI U TTOCTEIIEHHO PaC-
1aJ]aI0TCs, BBI3BIBASL TE K€ A(PPEKTHI,
YTO U IIPU yTEUKE 'PABUTALIUM: IPABU-
TOHBI, HPOXOJs OI'POMHBIE PACCTO-
SIHUS, TIOCTEIICHHO HCYE3aI0T, TArO-
TEHUE OCIABIAETCA, U KOCMUYECKOE
pacmupenue yckopsiercs. Illon Kap-
pon (Sean Carroll), Batikpam JlyBBypu
(Vikram Duvvuri), Maikn Tepuep
(Michael Turner) u3 Yukarckoro yHu-
Bepcurera U Mapk Tpogen (Mark
Trodden) u3 CHpaKbIO3CKOI'O YHUBEP-
cureTa MOJAUMULIUPOBAIU TECOPUIO
DUHIITEHHA g TPEX U3MEPCHUI,
BBEJSl B yDABHEHUS IONIPABOYHBIE UJIC-
Hbl, OOPATHO NPONOPLHUOHAILHbIC
KPUBU3HE HNPOCTPAHCTBA-BPEMCHHU.
OHM 6bUIH Obl IPEHEOPEKUMO MAJIbI
Ha paHHEN CTaAuu pa3suTusd Beenen-
HOM, HO MOTJIM Obl YCKOPHUTDH €€ pac-
mMUpEHUuE B JalbHedmeM. Jpyrue
I'PYIIBI UCCIAEHOBATEICH TAKKE IIbITA-
JINCh U3MCHUTD 3a4KOH TATOTECHUsA, HO
UX HNPEIIOKCHHA HE UCKII0YAIOT I10-
TPEOHOCTH B TEMHON 3JHEPIUH IS
OOBSICHEHUS YCKOPCHHUA.

ITOCKOJIBKY B CLICHAPHUAX C YTEYKOM
I'PABUTALIMM U C TEMHOU 3HEPTUEH I1e-
pexo], OT 3aMEJICHUSA K YCKOPEHHUIO
IPOUCXOAUT COBEPIICHHO O-PA3HOMY,
BbIOPATb OJHY U3 NPEIIOKEHHBIX MO-
Jles1ef IOMOTYT Ha6moieHus. B yacTHO-
cTH, GOJBITUE HACK/IBl BO3JIATAIOTCS

Ha 60J€€ TOYHOE U JIETAIbHOE HCCIe-
JIOBAHHE CBEPXHOBBIX.

BO3MOXKHBI U Ipyrue dIMIIUPUIECKUE
NPOBEPKU. ['paBUTAIMOHHAS BOJIHA,
KaK M 3JEKTPOMATHUTHAS, MOXKET
UMETD IIPEUMYIIECTBEHHOE HAIIpaBIIe-
Hue kone6anui. OTO gomyckaer cy-
IECTBOBAHUE TOJIBKO /IBYX TAKHUX Ha-
MNpPaBJICHUM, HO B AJIBTEPHATHUBHBIX
TEOPHUAX UX MOXKET OBITb U OOJIbIIE,
4TO JIO/DKHO CKa3bIBATHCS Ha JIBHIKE-
HUM I1aHeT. Bmecre ¢ Angpeem I'py-
3uHOBBIM (Andrei Gruzinov) u Martua-
com 3anpapuaroit (Matias Zaldarriaga)
13 Hplo-MOPKCKOTO YHUBEPCUTETA MbI
BBIYMC/IMIN, YTO yTE€YKa I'PABUTOHOB
MOTJia 6Bl BBI3BATh MEJJICHHYIO IIpe-
1neccuio opouTst JIyHsel IToka Jlyna zae-
JIA€T OIUH OH6OPOT BOKPYT 3EMIIH, TOY-
Ka ce
C HAIIEH IJIAHETON JO/DKHA CABUTATh-

HauOOJIbIIETIO  CONMKEHUA
Cs1 IPUMEPHO Ha OJHY TPUJUIMOHHYIO
rpaayca, T.€. IpUOJIN3UTEIbHO HA IO~
MuIIuMeTpa. Takoe CMeLeHue BCKO-
pe MOXKHO OYAET 3aPErUCTPUPOBATH
B 3KCIIEPUMEHTAX I10 U3MEPECHUIO PAC-
CTOAHMA 1,0 JIYHBL, KOTOPOE OLPEIEIi-
€TCs C IIOMOIIBIO JIA3€PHBIX JIy4€H, OT-
PAXKCHHBIX OT 3€PKaI, OCTABICHHBIX
Ha JIyHHOH NOBEPXHOCTHU AMCPUKAH-
CKMMH acTpoHaBTaMu. CeHnyac Io-
IPEMHOCTb JIA3EPHOTO JAaJbHOMEpPA
cocrasinger 1 cm. Dpuk Azxenpbdeprep
(Eric Adelberger) u ero xoseru us Ba-
LMIUHITOHCKOTO YHUBEPCUTETA NIPEJIA-
raloT UCHOJIb30BATb OO0JICE MOUIHBIE
JIa3€PBbl, IO3BOJIAIOUUE ITIOBBICUTD TOY-
HOCTb u3MepeHuid B 10 pas. Habmope-
HHUS C KOCMHUYECKOI'O aIlapaTa IIOMOr-
JI1 OBl BBIABUTD TAKYIO K€ IIPELIECCUIO
opb6buTh Mapca.

Jlonroe BpeMsi CUHUTAIOCh, YTO TEO-
pUs CTPYH KaCa€TCid TOJBKO YpE3-
BBIYANMHO MJIBIX OOBEKTOB, M HHU-
KAKOI 3KCIIEPUMEHT HE CMOXKET MOJ-
TBEPIUTH MJIN OIPOBEPIHYTH €€.
B0o3MOXHO, KOCMHYECKOE YCKOPEHHUE
IIOMOXKET YYEHBIM IIPOHUKHYTb B J10-
MOJHUTE/IbHBIC U3MEPEHU, IIOKA HE-
JOCTYIHBIC /IS HAC, U CBA34Tb HaU-
MeJipuaniiee co cpepxbosbmum. He
UCKJIIOUEHO, 4TO CyabOa Bcenennoi
«BHCHT Ha CTpyHE». B
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qucane

apkme N apPeKTnBHbIE AUCTIIAEN

Be6cTtep loBapa

[NepBbln NOSIBUBLLMINCS HO PbiHKE OCA-ANCIAEN
C AKTMBHOM MATPULLEN AUATOHAABIO 2,2 AOVMA ObIA
BCTPOEH B UMPPOBYIO poToKkamepy Kodak EasyShare LS633.
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HHDOPMALHOHHLIE TEXHONOTHA

Jlo m3o0pereHus BUJCOMATrHUTO(O-
HOB HUCIIOJIb30BAINCh KHHOIPOCKTOPBL.
BO3MOXXHO, BBl IIOMHMTE, KaK LIKOJb-
HBIH YYUTEIb OIIyCKaJI OCJIbIA 3KpaH,
4TOOBl IIOKA3aTh YYCHUKAM (PUIbM
O Pa3BUTHM KU3HU HA 3emie. M, Kak
HAa3710, H4 CAMOM HHTEPECHOM MECTe
B IIPOEKTOPE Ieperopana jgamna. Tem
HE MEHEC Y TEXHUKU TEX JIET ObUIO OJ-
HO HEOCIOPHUMOE IIPEUMYLIECTBO: K-
paH 6bUI JIETKUM, TOHKMM U THUOKHUM,
B OTJIMYHE OT COBPEMCHHBIX TSKEIBIX,
MOTPEOIAIOMMNX MHOI'O SHEPIUU TEJe-
BU3UOHHBIX U KOMIIBIOTEPHBIX AUCILIE-
€B. A HEJIb34 JIUL CBECTH BOEAMHO MPAK-
TUYHOCTb BYEPAIIHUX H300PETCHUI
U CETOJHANIHIOI TEXHOJOTUIO?

OTBET INONOXUTENbHBIN. MCIIONb3ys
HOBBIC OPIrdHUYECKUE CBETOM3IYYalO-
LUE 3JIEMEHTBL, MOXKHO CHENIaTb BU-
3yaJIbHBIC 3JEKTPOHHBIC YCTPOHUCTBA
oosiee yIOOHBIMHU M Ka4E€CTBEHHBIMH.
OpraHuyYeCcKue MaTEPUAIBI ITIO3BOJIAIOT
MOJy4UTh OOJIEE SPKOE U300pPAKEHUE
IIPU MCHBIIEM pPACXOJAE€ 3DHEPIUH,
a IJIABHOE — CHHU3UTb CTOMMOCTD IIPO-
U3BOJCTBA JUCILICEB.

ITOCKOJIBKY OPraHUYECKUE CBETOAM-
oapl (OC/I) camMu U31y4daroT CBET, OHU
TPEOYIOT 3HAYUTEAbHO MCHBIIUX 3a-
TPAaT dHEPIUH, Y€M JUCIUICH HA KU[I-
KUX KPUCTAIAX, A1 KOTOPBIX HEOO-
xoauma 1noacserka. OCH He HyX-
JAI0TCS B KPUCTAJUIMYECKOM CTPYKTypE
(a2 UIMEHHO, B YETKUX IPCLU3UOHHBIX
IrpaHAX KPUCTAJIJIOB 4ATOMOB), IIO3TOMY
UX IIPOUIE NIPOU3BOSUTE. I IIOJIyde-
HUs 60JI€€ YETKOTO U300PAKEHUA Ma-
TEPUAIbl, COOTBETCTBYIOIINE PA3HLIM
LIBETAM, HAHOCATCA TOHKHUMH CJIOAMU
HAa CTEKJIO, FTMOKUI IUIACTUK WIN METAJI-
JIMYECKyIO (poibry. B 6yaymeM MOHH-
TOPBL KOMIIBIOTEPOB 1 9KPAHBbI TEICBH-
30pOB MOXKHO OyJeT CBOPA4YUBATH B
KOMIIAKTHBIC PYJIOHBL. BoeHadaJIbHUK
CMOXKET PAa3BEPHYTDb KAPTY, HA KOTOPOU
B PEXHUME PCWIBHOI'O BPEMEHU OyACT
OTOOpaXaThCsl OO€BasT OOCTAHOBKA.
MasieHbKHE JUCIUICH OyoyT HAIUBATb-
Cs1 Ha PYKaBa WM BCTPAUBATLCA B OflC-
JK7ly. B KauecTBe 3J1eMEHTOB OCBEIICHUSA
HUX MOXKHO OyZeT 060paYuBATb BOKPYT
KOJIOHH WJIM BEWATb HA CTEHBI BMECTO
060€B.

Mekun ancnaen dvpmbl Universal Display
Corporation.

B Hacrosee BpeMs CPOK CIIyKOBI Op-
TAHUYECCKUX CBETOAHNOA0B MCHbBIIEC, YEM
Y TPAAUITMOHHBIX, YTO 3aATPYAHACT HUX
HUCIIOJIb30BAHUE B KAYCCTBE UHIUKATO-
poB. OIHAKO yXe ceruac apkocTb OC/-
3KpaHoB gocturaer 100 xa/m? (ipu-
OIM3UTEIBHO KAK Y HOYTOYKA), 4 CPOK
nux CJIY)K6I)I IIPpH IMOCTOAHHOM HCIIOJIb-
30BAHHU COCTABJIAET HECKOJIBKO JICT.

CeroiHd OKOJIO COTHM KOMIIAHHH
3aHUMAIOTCS Pa3pabOTKON MaJI€eHb-
Kux saueprocoeperaomux OC/-gucm-
seeB (em. cmp. 72). TlepBble 9K3EMIUIAPDI
C AWArOHAIBIO 2,2 morma A 1udpo-
BbIX KAMEP U MOOWIBHBIX TEIE(POHOB
ObUIN NIPEJCTABICHBI BMECTE C IIPOTOTU-
nom 15-morimosoro OC/I-MOHUTOpPA
B miosie 2002 1. xommnaHusiMu Kodak
U Sanyo. COIacHO NPOrHO3aM CIeLra-
JIMCTOB 1IEJIEBOM PBIHOK COBITA Op-
TAaHUYECCKUX [JJUCIIIEEB, COCTABUBIINM
B 2003 r. okosio $219 mH., k 2009 T. BbI-
pacret 1o $3,1 mupg.

Uctopua OCA

B 1962 1 Huxk Xosnousk (Nick
Holonyak, Jr.) nu3o6pes oaynpoBOgHU-
KOBBIC CBETOAMObI BUJUMOI'O CIIEKTPA,
KOTOPBIE HAIJIM IIPUMEHEHUE B Kade-
CTBE KPOIICYHBIX UCTOYHUKOB KPACHO-
IO CBETA B KWIbKYJIATOPAX M 4YacCdx.
Bckope NOABUINCH 3€JICHBIE U JKEITHIE
CBETOLUOABL IT0 CBOMM XapaKTE€PUCTU-
KaM OHU CO BPEMEHEM IPUOIU3UINCD
K JIa3€epaM, YTO IPUBEJIO K CTPEMHUTENb-
HOMY Pa3BUTHIO OIITUYCCKUX METOLOB
rnepejadyy U XpaHeHus JaHnHbiX. Koraa
B 1990-X rT. 6BUIM CO3/IaHbI ITOJIYIIPO-
BOJIHUKOBBIC UCTOYHUKU CUHET'O CBETA,

Ha He6OCKpeHax U PyTOOIBHBIX TAOIO
IOSABUIMCH OTPOMHBIE ITOJIHOLIBETHBIC
3KpaHbl, COOPAHHbIC M3 COTCH TbICAY
CBETOJUOJOB.

W 06bluHbIE, U OPIraHUYECKUE CBETO-
JUOABI CO3[AHBI U3 CJIOEB IIOJYIIPOBO/I-
HHUKOB, 3JICKTPUYECKOE COINPOTUBIIC-
HHE KOTOPBIX BBIIIE, YEM Y HPOBOJ-
HHUKOB, HO HIKE, YEM Y JUITIEKTPUKOB.
Baxknerimee CBOUCTBO NOJYIIPOBOJ-
HHUKOBBIX MAaTE€PHUAJIOB — HAJTUYHC HE-
OOJIBIIOI'O IHEPIECTUYECKOTO Hapbepa
MEXy CBOOOIHBIMU JICKTPOHAMHU, I1€-
PEHOCAIUMU JIEKTPUUIECTBO, U 3JICK-
TPOHAMH, KOTOPBIE YAECPKUBAIOTCS HA
ATOMHBIX OpOUTax. YTOOBI NOCIECJHHUE
MOIJIM IPEOAONETh 6apbep U MOALEP-
JKATb JICKTPUYECKUH TOK, UM HEOOXO-
JUMO COOOIINTD JOCTATOYHOE KOJIMYE-
CTBO 3HEPrUH, IIPUIOKUB K IIOJIy-
IIPOBOJHUKY JIEKTPUIECKOE HATIPSKE-
Hue. IIpOBOJUMOCTD OJIYIIPOBOJHUKA
MOXHO YBEJIUYUTb, €CJAU BHEAPUTD
B HErO IPHUMECHBIE ATOMBI C MCHb-
LIUM YHCJIOM 3JICKTPOHOB, U3-32 HELO-
CTATKAa KOTOPBIX MOABJIAIOTCA IIOJIO-
JKMTCJIbHO 3apsDKEHHBIC JBIPKU. Tak
[IOJIyYaIOTCA ITOJIYIIPOBOAHUKU P-TUIIA.
AHAJIOTUYHO, JIETUPOBAHUE IIOJYIPO-
BOJHUKA ATOMAMHU C U3OBITKOM 3JICKT-
POHOB IIPEBPALIACT €I'O B IIOJIYIIPOBOJ -
HUK 72-TUIIA. OJIEKTPOH, IIONABIINI
B IIOJYIPOBOAHUK p-THUIA, MOXKET
BCTPETUTD ABIPKY U IEPEUTH HA HoJee
HU3KUHN 3SHEPIreTUYCCKUNA YPOBCHb.
IIpu 3TOM M3Iy4acTCa (POTOH, IIUHA
BOJIHBI KOTOPOI'O 3aBHUCHUT OT BEJIUYU-
HBbI 9HEPIECTUYECKOT'O 6apbepa SIMUTU-
pYIOIIEro MaTepuana.

[l MONMy4eHuss BUAUMOTIO CBETA BE-
JIMYUHA 6apbepa MEXKIYy HAUMCHDIICH
1 HaUOOJIbIICH MPOBOJAUMOCTAMHU Ma-
TepUaIa JOJIKHA JIEKATh B OTHOCUTEIb-
HO HEOOJIBIIOM IIPOMEXYTKE OT 1 10
3 3B. [yiuHa BOJIHBI (POTOHA C SHEPTU-
ert 1 3B cocrasnser 1240 um (uudpa-
KPAaCHOE H3JIYyYCHHUE), 4 JJIMHA BOJIHBI
¢orona ¢ suepruent 2 3B — 620 HM
(KpaCHBIN LIBET).

YAUBUTEABHOE CBeYeHue.

OpranudyecKue MOJIYIIPOBOAHUKH CO-
CTOAT U3 I'PYII MOJIEKYJI B aMOP(PHOM
COCTOSIHUH, T.C. IPEACTABIAIOT CO- p

B Mupe Hayku
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0011 TBEPAOE BEIIECTBO C HEKPUCTAI-
JIMYECKON CTPYKTYpOH. CyleCcTBYIOT
nBa suga OC/, OTIMYaonmmuecs pasMme-
pom mouekyJl. Ilepsbin OCJ p-n-Truna
ObL1 n306peTeH B 1987 r. Yunrom Tan-
roMm (Ching W. Tang) u CTUBCHOM BaH
CnarikoM (Steven A. Van Slyke) 13 kom-
nanuu Eastman Kodak, 3aMETHUBITUM
rojay6oe CBE€YEHUE, UCXOJAIIEE OT Op-
FaHUYECKOI'O 3JIEMEHTA COJHEYHOU
6arapeun. Y4yeHbIE YCTAHOBWIH, YTO,
KAaK 1 B CJIy4a€ KPUCTAJUVIMYECCKUX CBE-
TOAHOOB, MOKHO JOOHUTHCS SMUCCHU
(GOTOHOB B 30HE COIPHUKOCHOBECHHUSA
JIBYX OPraHHYECKUX MATEPUAJIOB, B OJI-
HOM M3 KOTOPBIX IIPUCYTCTBYIOT IIPO-
BOJAIIME [OBIPKH, 4 B JAPYIOM — H3-
ObBITOYHBIC 3JICKTPOHBL Pasymeercs,
BHCIIHUIT CJIOM M3JIY4aIOUIEro 3Je-
MEHTA JOJDKEH OeCHpensaTCTBEHHO
IIPOIYCKATb CBET. C APYror CTOPOHEIL,
4TOMBI OJIHOTO U3 MATCPUAJIOB JOJLK-
HBI IPOYHO YACPKUBATH CBOU IJICKT-
POHBI, IO3BOJASL OECHPENATCTBEHHO
J06aBJIATD AbIPKU. [ToaTOMY N300peTa-
TEIU PEHIMIN UCIOJAb30BATb MHPOKO
NPUMEHAEMBIA B IIOJYyIIPOBOAHUKO-
BOHM IIPOMBIIIEHHOCTH IPO3PAYHbBIN
okcyst uuaus u onosa (I70), B KOTO-
POM 3JICKTPOHBI IPOYHO <«ITPUBA3AHBI»
K CBOUM OpPOUTAM.

B pesynbrare mosy4unach TaK Ha3bl-
BaeMas CTpPyKrypa Kodak-tuna, ¢ Tex
IIOp HNPAaKTUYECKU HE U3MCHUBIIAACA
(em. cmp. 71). Ha CTEKIAHHYIO IOJ-
JIOKKY HAHOCSTCSI HECKOJIBKO CJIOCB,
MaTEPUAIbl KOTOPBIX IOABEPTaIOTCA
UCHAPEHUIO U 110 OUYEPESU OCAKIAIOT-

OAEKTPOHHbIE YCTPOWCTBA, BCTPAMBAE-
Mble B OAEXAY M AKCECCYAPbI, MOXHO
ocHawate OCA-ANCIAESIMU, KAK Y ITO-
ro npototmna ot Universal Display
Corporation.

cs Ha Her. O6mas TONIHUHA OPraHu-
YECKOI'O HAIbUICHUS COCTABJIACT OT
100 no 150 um — B 100 pas ToHbuIEC
4eJI0BEYECKOro Bosoca. g cpaBHE-
HUSL OTMETHUM, YTO OOBIYHBIC CBETOLU-
OJIbl, KaK IIPABUJIO, HA IIOPAOK TOJIIIE.
ITOCKOJIBKY MOJICKYJIBl HCIIOJb3YyEMBIX
MaTEPHUAIOB JIETYE MOJIEKYJI IPOCTEH-
mero 6eJKa, CTPYKTypbl Kodak-Tuna
OTHOCATCA K MEJIKOMOJIEKYJISPHBIM
OC/H.

Tanr u Ban Clafik HE CTAJIM OCTAHA-
BJIUBATbCA HA JOCTUTHYTOM M Hadad-
JM paboTaTb HAJ IOBBIIICHUEM (-
¢dexruBHOCTU. OHU JOOABUIU K IMU-
TUPYIOLIEMY MAaTEPUAILy — TPUTUAPO-
KCUXMHOJIMHY AJIIOMUHUSA — HEOOJIb-
IO€ KOJIMYECTBO MOAKPAIIECHHOIO (PIIy-
OPECLIEHTHOI'O KyMapHUHA. DHEPIui,
BBIJCIAIOMAACA [PU PEKOMOUHALIUU
JIBIPOK U 3JICKTPOHOB, IlepegaeTcs iy-

OBb30OP: OPTAHNYECKUE CBETOANOADI

o OBbIYHbIE CBETOAMOABI MOXKHO BCTPETUTb B KOABKYAITOPAX, YOACAX U ARYTNX YCT-
porcTBax. OAHAKO MPOU3BOANTb M3 HUX SKPAHbLI TEAEBN3OPOB M KOMIMBIOTEPHbIX
ANCMAEEB CAULLKOM CAOXHO M 9KOHOMMYECKIN HEBBIFOAHO.

o OPraHNYecKkme CBETOAMOABI FOPOA3AO MPOLLE B M3rOTOBAEHUM, MOTPEBASIIOT
MEHbLLE 3SHEPTNN U MOTYT OblTb HOHECEHBI HO HEAOPOME MOAAOXKN, BKAKOYAS]
TMOKUIA MAQCTUK U METOAAMYECKYIO POAbTY.

o Celnyac 13 OPraHNYECKMX CBETOAMOAOB AEACQIOT AUCTIAEN LINDPOBLIX KAMEP U
MOOWABHBIX TEAEPOHOB. B ByAyLLIEM STOT CKPOMHBIA CAMCOK MOMOAHST SKPOHbI
BGOAbLLNX TEAEBM3OPOB, CBOPAYMBAEMBIE B PYAOH, BOEHHBIE MACQHLLETHI, OTOBPANKA-
toLme 60eByO O6CTAHOBKY B PEXMME PEAABHOTO BREMEHW, U TMOKME OCBETUTEADL-

Hble YCTPOMCTBA.

OPECIIEHTHOMY CJIOI0, KOTOPBIHA H3-
JlydaeT 3HAYUTEJIBHO OOIbIlIE CBETA.
Hanecenue noBepx 3J1EKTPOJIOB I0I0JI-
HUTEJIBHBIX TOHKUX IJIEHOK /70 1 Apy-
T'UX COQZII/IHQHI/Iﬁ MMO3BOJINJIO YCUJIUTDH
MHTEHCUBHOCTb B3aMMOJICHCTBUS 0O-
JIe€ TOJICTBIX CJIOEB U TTOBBICUTH 3 de-
KTUBHOCTD BCETO YyCTPOUCTBA.

Onucannbsie OC/] NCTIONb3YIOTCA IS
MOJY4EHUSI KPACHOI'O, CHHET'O U 3eJe-
Horo csera. [TocsieJHue He yCTynaioT Jy4-
MM Ha CErogHsI CBCTOAUOAAM U OT/IV-
4aI0TCsl HAMOOJIBIIEH CBETOBOM OT/a-
ygert: ot 10 1o 15 kg/Anor 7 1o 10 n1m/Br,
4TO COIOCTABUMO C XAPAKTEPUCTHKA-
MU JIAMII HAKAJIUBAHMI.

MoAumepHas ueHTpudyra
Bropon pasHOBUAHOCTBIO OpPraHUYE-
CKUX MCTOYHUKOB CBETA CTATIH CBETO-
H3JIy4aAI0OIMHUEe KPYHIHOMOJICKYJ/ISIDHbBIC
TIOJIUMEPBI, UBBCCTHBIC KAK IMOJIMMCP-
uele ceeroauoanl (IICH). M3obpereH-
Hele B 1990 1. Ixxepemu Beppoysom
(Jeremy Burroughes) u ero xosuieramu
n3 KeMOpHUIKCKOTO yHHUBEPCUTETA,
OHU H3TOTABJIIMBAIOTCA IIPU IMOMOIIH
HaIlbUICHUA BpamecHueM. TOHKUI CI0H
IOJIMUMEPA HAHOCUTCA HA IIOIJIOXKY
U TO0J1 JIEUCTBHUEM IIEHTPOOEIKHONM CHU-
JIBI PACTEKACTCS 110 HEH, KOT[a €€ pac-
KPY4YMBAIOT JO CKopocTtu ot 1200 no
1500 06./MHH. 3aTEM IOJIOXKKY HATpe-
BAIOT, YTOOBI UCIIAPUTb PACTBOPHUTEID
U 3aBEPIIMTD HOIUMEPU3ALUIO. Takon
CIIOCOO MPOU3BOACTBA IJICHOK OoJiee
3KOHOMMUYCH, YEM METOJ, TEPMUUYECCKO-
I'O MCIIAPEHUs, ONIMCAHHBIN BbllIe. ITo-
JIMMEPBI UMECIOT IIPEUMYLIECTBO HEPE]]
wieHKamu Kodak-Ttuna 1o 3Heprouo-
TPEbICHUIO, IOCKOJIbKY 60JIEE BBICOKAS
JIEKTPUUECKASL IPOBOAMUMOCTD IIOJIHU-
MCPHBIX CJIOCB ITO3BOJIACT CHU3UTD YII-
PaBAIONICE HANPSDKECHUE.

Pannue mopenu IICJ cocrosiaiu u3s
€IMHCTBECHHOTO AKTUBHOTO CJIO IO-
audeHunBuHuiIeHa (PPV), pacnono-
JKCHHOI'O MCXKY MCTAJIIMYCCKUMHAU
KOHTAKTaMHu u3 [70 W KanbOUs IS
O0ECIIEUEHUsT WHXXEKIIUU U JIBIPOK,
U JIEKTPOHOB, Kak B OC/ (em. cmp. 71).
17O urpaer poJsb NOCTABUIUKA JbIPOK,
a KaJbLUU OTAAET 31EeKTPOHBL. COBpE-
mennsle IICH copepxar eme OJuH

70 B Mupe Hayku
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HHDOPMALHOHHLIE TEXHONOTHA

3ATASHEM BHYTPb

Koraa K aAekTpoAAM MHOTOCAOMHBIX OCA (caesa) nam NCA CAOE C SAEKTPOHOM M3 N-MOAYMNPOBOAHWMKA, M3AYHAETCS
(cripaBa) NPUKAOABIBASTCS SASKTPUYECKOE HAMPSHKEHUe,  OAWMH GOTOH. Ero LBet onpeaensieTcsl COCTOBOM 3MUTUPYIO-
BO3HMKAET cBeveHne., Koraa MOAOKUTEABHO 3QPSKEHHAST  LLEro MATepuaAd.

AbIPKO 13 P-MOAYNPOBOAHMKA BCTPEYAEeTCsl B AKTUBHOM

OpPraHn4ecKnm CBETOAMOA, MOAMMEPHBIN CBETOANOA

AHOABI
Karoasl AHOABI Kartoabl

: : OMUTTEPDI
SMUTTEPDI d s - 5 (n-Tna)

- 4 - 1
MOAAONKKA P-CAOV MHXKEKLMM MOAAOXKKO
nepeaAQyn AbIPOK
M3AYHOEMBIN
cset

M3AYyHOEeMbIV
ceet

P-CAOW UHXKEKLIMM
nepeAcyn AbIPOK

[MPVHUMN AEMCTBISI OPTAOHUYECKOTO CBETOAMOAC

P

CBOGOAHbIE
voooun A
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€ || SHepremyeckuin
G || 6apbep
o ®otoH
I
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N — - PR . iy i
YACTBIN MOAYNPOBOAHMK MOAYMPOBOAHMK pPEeKOMOUHALS
NMOAYMPOBOAHMK p-Mna n-Tmna BAEKTPOHA U AbIPKM
1. B NOAYNPOBOAHMKAX, 2. Ecav ms 30HbI 3. Nonynposoarmk n-una 4. Koraa sAekTpoH
TAKUX KAK KOEMHWIA, BAAEHTHOCTN YAQANTb NMOAy4YQeTCs npu NEePEXOANT HO HUXKHIM
VIMEeEeTCs SHepreTM4ecKkumin HECKOABKO SAEKTPOHOB, AOBCBAEHMN SAEKTPOHOB YPOBEHb 1 3aHUMAET
6Qpbep Mexay B HeM MnosiBsITCS HA He3ArnoAHeHHble AbIPKY, U3AYHOETCS KBAHT
3AMNOAHEHHbBIMN HUXKHUMU MOAOXUTEABHO BEPXHWE YPOBHM. cBeTq, T.e. POTOH.
SAEKTPOHHBIMU YPOBHSIMM 3APSHKEHHbIE ABIPKM,
(30HQ BOAEHTHOCTN) a MATEPUOA CTAHET
N HE3AMNOAHEHHbBIMM MOAYMNPOOBOAHNKOM
BEPXHUMN YO OBHSIMM p-TMna.
(30HO MPOBOAUMOCTW). CasazytoLime

¥ rpynnbl

MOAEKYASPHbBIE KYCTbI

B AeHapuMepe $ocdHOopeCLMPYIOLLAsS MOAEKYAQ CAYXKUT OCHOBOW, OT KO-
TOPOW OTBETBASIOTCSI APEBOBUAHBIE KOAbLIEBbIE CTPYKTYPbI, GOPMUPYIO-
e BOABLLOV MOAEKYASTIPHBIN LLAP. XOPOLLYO PACTBOPUMOCTb MATEPUO-
AQ 06ECNeyvBalOT CBSI3YIOLLME PYNMbl, PACMOAOXEHHBIE HO KOHLLOX
OTBETBAEHUIN. DKOHOMUNYHBIE B MPOU3BOACTBE ASHAPVIMEPDI XOPAKTEPW3Y-
OTCS LUMPOKNM AVAMNA30HOM LIBETOB, COBMELLASI B CE€6€ IACBHbIE NMpenMy-
wectsa MNCA n OCA.

B Mupe Hayku n
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OB30OP OPTAHUYECKUX ANCTIAEEB

CBeTA. BOT HECKOABKO NPUMEPOB:

Hebonblne
AMCIAEN

[epcoHAAbHbIE

[Mbkne pncnnen

CJIO¥ TTOJIMMEpPA JUIST MHXKEKIIUU U TIe-
peHoca ApIpOK. PPV M3J1ydaeT XKeJITbIA
CBET U XAPAKTEPUIYETCA OTIUYHBIM
KIIJ] 1 60ipmol HApaObOTKON HA OT-
Ka3: 00eCIeYuBast MPUEMIIEMYIO Sp-
KOCTb KOMIIBIOTEDHOI'O JAMCILIES, OH
MOXKeET paboTark 6osiee 10 ThIC. 4ACOB,
4TO COOTBETCTBYET 10 rogam perysusap-
HOT'O ucCnonb3osanud. (beum npope-
MOHCTPUPOBAHBI W IMOJHOIIBCTHBIC
IIPOTOTHIIBI, OAHAKO CEHYac Ha PbIH-

OB ABTOPE:

SAEKTPOHHbIE YCTPOWCTBA

Opexad, MOPTATUBHBIE
YCTPOMCTBA

OKOAO CTO MPOU3BOAUTEAEN B HACTOSILLIEE BPEMS PABOTAIOT HOA CO3ACHMEM YCTPOWCTB C OPraHUYECKUMY NCTOYHUKAMM

Lindposble kamepsl (Kodak/Sanyo);
Cortosble TenedoHbl (Pioneer, Rildisplay);
ABTOMOBUALHOS AYANOTEXHNKA

(Pioneer, TDK);
SnexTpobputsbl (Philips)

(Pioneen);

ceopaymaemblie amncraen (Universal

Display Corporation)

K€ IIPUCYTCTBYIOT TOJIBKO MOJEIHN
C JKENTBIM CBETOM.) Ha ocHOBe opra-
HUYECKUX MOJIEKY]T HOaudIyopeHa
ObLIN Pa3paboOTaHbl U JPYI'HE BHUJIbI
MOJIUMEPOB U UX cMmecel. Ilogbupas
BELIECTBA, COCTOAIINE U3 MOJICKYJI Pa3-
JTUYHOMN JUIUHBI, MOJKHO IIOJIYIUTD JIIO-
OOl LIBET OT KPACHOIO IO 3EJICHOTO.
K coxanenuio, y IICJ] 3TUX OTTEHKOB
pabouunil pecypc CyUeCTBEHHO MCHb-
e, 94€M y U3JIy4aI0MUX 3JICMCHTOB U3

B 1962 r. Bebctep loBapa (Webster E. Howard) 3awmMtMA KOHAMAOTCKYIO AMCCEPTALMIO
B [apBapAcCKoM yHuBepcutete. C 1974 1. OH 3aHUMAACS PA3PABOTKOMN OPraHNYECKMX
Avcnaees B KOMNaHusix IBM Research, ATT/Lucent n eMagin Corporation. [AGBHbIM ero
AOCTVDKEHNEM SIBASIETCST PA3PABOTKA TOHKOMAEHOUHBIX TPAH3UCTOPOB U XKK-pncniAe-
eB. [1o3xe [oBapA YHYACTBOBAA B pA3PABOTKE MUHNATIOPHBLIX OCA-AMCIAEEB DUPMbI
eMagin pnst LLAEMOB U TOAOBHbIX TAPHUTYP. B 2003 1. OH BbIA HArpAXKAEH Npemmnen XKa-
HO POMXMOHQ 30 CO3AQHNE TEXHOAOTUM MAOCKUX AUCTIAEEB.

BCTpOEHHbIe B 0AEXKAY KOMMBIOTEPDI

MOCTYNUAL B MPOACKY

M3roToBAEHbI MPOTOTUMbI;
BbIXOA HA PbIHOK Yepe3
HECKOABKO AeT

PPV. K TOMy e IIOKA elle He yAaa0Ch
CHUHTE3UPOBATH MATEPHUAJL, SMUTUPYIO-
MM CUHUN CBET.

Bonpekun orpaHn4YeHUsIm

Xota cospemennbsie OCI n IICI mno-
TPEOSAIOT COBCEM MAJIO IHEPIUU, UX
emie IPEACTOUT YCOBEPIICHCTBOBATS.
OgHuM u3 (PaKTOPOB, OTPAHUYMUBAIO-
MHUX Pa3BUTHUE YCTPOICTB IMEPBOTO
IIOKOJICHHA, ABJIACTCA SIICKTpOHHI)IfI
CIIUH — BAXHOE KBAHTOBOE CBOUCTBO
3JIEKTPOHA, OIPECIIIONIEe ero B3au-
MO[[efICTBPIC C MAr"dMTHBIM IIOJIEM.
BCTpeTuBIMUCH, IEKTPOH U JBIPKA 06-
pasyioT 3KCHUTOH. COIVIACHO 3aKOHAM
KBAaHTOBOI MEXAHUKU, B OOJIBITUHCTBE
MATCPHUAJIOB JIMIIb OJMH W3 YCTBIPCX
3KCUTOHOB MCIYCKAaeT (POTOH CBETA,
SHEPrUsi OCTAIBHBIX HJICT HA HAIPEB
MaTepuana.

12 B MUpe Hayku
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B 1998 1. KOJUIEKTUB NOJ, PYKOBOJ-
crBoM Crusena Poppecra (Stephen R.
Forrest) n3 IIpMHCTOHCKOIO YHHUBEP-
curera u Mapka Tomncona (Mark E.
Thompson) uz Yuusepcurera KOxuoi
Kanudopuuu paszpadoran OC/, B KO-
TOPOM 3MHUTHPYIONIUIT MaTE€pPHUAI CO-
JeprKaj IIATUHY WIM UPpUAUNA. B Taxe-
JIBIX METAJIJIAX 3JICKTPOHBI BPALAI0TCS
IO AAJEKO OTCTOAIIMM OT sApa Op-
OUTAM U IMO3TOMY HUMEIOT BBICOKMI
KUHETUYECKMH MOMEHT BpaIllCHUA.
BsaumopencTBysd CO CIIMHOM JIPYIUX
3JIEKTPOHOB, OH CO3JACT I 9KCUTO-
HOB TAKME€ YCJIOBUA, B KOTOPBIX CKOpEe
Oyner BolieneH (POTOH CBETA, 4 HE Te-
w10. Takue >3MUTTEPbl HA3bIBAIOTCS
dochopecnupyromumu  OCJ. Iloc-
KOJIBKY UX TE€OpETHUECKAST 3PPEKTUB-
HOCTh 6nm3ka K 100%, OHU BBICOKO-
MNPOU3BOJUTENbHBl W JOJTIOBCYHBI.
HICKJIIOUEHHE COCTABIAIOT 3MUTTEPDI
CHUHETO LBETA, /I U3rOTOBJICHUA KO-
TOPBIX ITOKA HE HANJICH MOJAXOIAIINI
MaTEepUaL

CylecTByeT M CIOCOO COCUHUTH
MHOT'OLIBETHOCTb MEJIKOMOJICKYJIIPHBIX
OC]], ¢ 5KOHOMHYHOCTBIO TPOU3BO/ICT-
Ba [1C/I? Pe3ynsraThl UCCIICAOBAHUI I10-
Ka3IM, 4YTO TAKOE BO3MOXKHO. Bpuran-
CKHUM YYCHBIM YAAJIOCh CUHTE3UPOBATDH
JIeHIpuMepsl (dendrimer), KOTOPBIE CO-
4eTAIOT B CEHE NPEUMYIIECTBA «MAJICHb-
KUX» MOJICKYJI U IIOJIMMEPOB. B nenapu-
Mepe OT KaKIou (pochopecumpyromeit
MOJIEKYJIbl OTBETBIIAIOTCS APEBOBUIHBIE
KOJIbLIEBBIC CTPYKTYPEL, (DOPMUPYIOLIUE
OOJIbIION MOJIEKYJIAPHBIA 1map (cm.
puc. 71). Ecin OHU NIPABUIBHO IIOJOO-
PAaHbl, TO MOJYYCHHBIC MOJIEKYJIBI MOXK-
HO PaCTBOPHUTb U HAHECTH HA ITOIJIONK-
Ky METOZOM HAaIbUICHUSA BPALICHUEM,
Kak y IIC/. Vxe cenyac AUCIUICH HaA
JECHAPUMEDPAX JIEMOHCTPUPYIOT BbICO-
KHE CBETOBBIC XAPAKTEPUCTUKU (Hosee
50 ku/A u 40 1m/Br).

ITo xauecTBy n3oo6paxkenus OC/I-3k-
paHBL HE YCTYNAIOT KATOAHBIM TPYOKAM
U KUJKOKPHUCTAJUIMYCCKUM MATPULIAM.
IIBETOBBIE TPHUAABI JOJ/DKHBI PACHOIA-
rarbCsl C IUIOTHOCTBIO 6osice 100 Ha
JIOHM (Mau okono 40 Ha 1 ¢cMm), 4TOODBL
V123 HE MOT PA3JIMYUTD COCTABJIAIOUIAE
MX KPACHBIHM, 3€JICHBIA U CUHHUH 3JIe-

LLUnpokodopmaTHein OCA-aAncnAen dup-
Mbl Samsung SDI. AAMHO AMOrOHOAW —
15,5 AIOMMOB, TOALLMHA — 1,8 MM.

MEHTBI. IIpyM M3rOTOBJICHUU 3IJICK-
TPOHHO-JIYYEBBIX TPYOOK U )KUIKOKPH-
CTAUIMYECKUX JUCILUIEEB [JI 3TOrO
npumensierca (oronurorpadus. Jo-
MHUHO(MOPp HIM CBETOPUIBTPYIOIUMI
MaTEPUAI PACTBOPAIOT B CBETOYYBCTBH-
TEJIbHOM IIOJIMMEPE U PABHOMEPHO Ha-
HOCSAT Ha BCIO IIOBEPXHOCTb 3KPaHA.
3aTeM Ha HOJyYEHHBIN CJI0OU 3KCIIOHU-
PYIOT CETYATYIO MACKY, €IO OCBELICH-
HBIC YYACTKHU 3AKPEIUIAIOTCH, 4 BCE OC-
TAJIbHBIE CMBIBAIOTCSA PACTBOPUTEIIEM.
Taxasi onepaLys BbITIOJIHACTCS TPHK/DI,
1O KOJIMYECTBY LIBETOB.

IIpn npomu3BOACTBE MEJIKOMOJIEKY-
aapHbIx OCI-aucCrineeB 3MUTHPYIO-
UM CJION HAHOCHUTCA IIYTEM HCIape-
HUSA BEILECTBA YEPE3 TECHEBYIO MACKY.
1 co3laHuA 3JEMEHTOB 3€JIEHOIO,
KPAaCHOTI'O YU CMHEI'O LIBETOB MACK4 HeE-
MHOI'O CMEIIAECTCA C MHOIPEIIHOCTHIO
He 6osee 10 MKM, rapaHTUPYIOLICH Ka-
JeCcTBEHHOE (POPMUPOBAHUE TPHUA],
pasmepom 250 MKM. B cirydae mosHo-
nBeTHBIX [IC/I-3KpaHOB mpearnoyre-
HHE OTJACTCS METOAY CTPYMHOM Ieya-

AOMNOAHUTEABHAS AUTEPATYPA:

TH. BBICOKOTOUYHBIE CTPYHHBIE IIPUHTE-
PBI C HOJIUMEPHBIMH YEPHUIAMH CIIO-
COOHBI PACIICYATHIBATD LIBETOBBIE 3JIC-
MEHTBI C TOYHOCTBIO OT 5 10 10 MKM.

CeroaHs v 3aBTpa

LBernubie OC/ u ITC/I TakKe MOKHO 13-
TOTABJINBATH U3 SMUTTEPOB GEIIOTO CBE-
T4, OCHAIEHHBIX LBETHBIMU (PUIBTPA-
MH, KaK 3TO 4YaCTO [ICJIACTCS IIPHU
IIPOU3BOJCTBE KPUCTATMUCCKUX CBE-
TOJANUOJOB. TaKOM IOJXOJI peajn3o-
Baja KoMmuaHus eMagin Corporation,
IPOU3BOJAIIASA JUCIUICH HA AKTUBHOM
KPEMHHEBOI MaTPHUIIC C JHATOHAJIBIO
0,6 moitMoB U paspemienueMm 800 Ha
600 MHUKCeei, KOTOPhIE BCTPAUBAIOT-
CAd B IIJIEMBbI AJIs1 BOCHHBIX JICTYHMKOB
U JIIOOUTENICH TPEXMEPHBIX KOMIIBIO-
TEPHBIX UTP.

BoeHHBIE U TPAKIAHCKIE HHCTUTYTEI
WHTCHCHUBHO PAa3BHUBAIOT TEXHOJIOTHIO
MIPOU3BOJCTBA I'MOKUX OPTraHUYECKUX
aucruieeB. Hayg9HO-UCCIe0BATEIbCKAS
naboparopuss apmuu CIIA BbIIC-
gmna xKomnanuu Universal Display
Corporation $2 MJIH. Ha pPa3pabOTKy
OC/I-aucruiest, KOTOPbIH MOKHO OBLIO
OBl CBOPAYMBATH B YCTPOICTBO CBSI3U
pasMepoM C IIAPUKOBYIO Py4dKy. Tem
BpEMEHEM B YIIPABJICHUM NEPCIICKTHUB-
HBIX UCCJIEOBAHUI U Pa3pabOTOK MU-
Hucrepcrsa 060ponsl CIIA (DARPA)
IIOJHBIM XO/IOM HJEeT paboTa HaJ CO3-
JaHHUEM THOKUX AKPAHOB IJIA UCIIOJIb-
30BaHMsA B 6OEBBIX yCI0BUAX. M

The Dawn of Organic Electronics. Stephen Forrest, Paul Burrows and Mark Thompson in
|IEEE Spectrum, Vol. 37, No. 8, pages 29-34; August 2000.
A Bright Future for Displays. Bob Johnstone in Technology Review, Vol. 14, No.3, pages

80-85; April 2001.

OLED-Display Technology. Kathleen M. Vaeth in Information Display, Vol. 19, No.6,

pages 12-16; June 2003.

Organic Light-Emitting Devices. Edited by Joseph Shinar. Springer Verlag, 2003.
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GIIAY NPEGTYNHOCTH B GLRA:

Jeno He 3akpo

PuuyapA PoseHdeAbp

[on4MHbI CNOAQ NPECTYNHOCTU B 1990-X rOAOX OCTAKOTCST AAS
KPUMMHOAOTOB 3arapakor. OAHAKO OHW AOTAABLIBAKOTCS, KAK

MOXXHO YAEPYKATb CUTYALMIO MOA KOHTPOAEM.
L9 .

o

Ha npotspkeHunn 1990-X IT. YNCAO YOUNCTB
B CLUA cokpatnaoch Ha 40%.






coluuonorus

B xonie XX Beka ypOBEHB IIPECTYITHOCTU
B CHIA CTPEMUTEIBHO MOLIET HA YObLIb:
YOUICTB CTAJIO B YETBIPE PA3a MCHBILIE, KO-
JIMYECTBO KBAPTHUPHBIX KPAXK U IPAbEKeit
COKPATHJIOCh HATIOJIOBUHY. Pe3kuil criaj
IIPECTYNHOCTU 033/1a4M/I KPUMUHOJIOT'OB,
JIO CUX IIOP THIETHO NbITAIOMNXCS HAUTH
YIOBJICTBOPUTEIBHOE OObACHEHUE ITOMY
HEOXKU/IAHHOMY (DEHOMEHY.

CeroiHs, KOrja ypoBeHb IIPECTYITHOCTH
BHOBb I1OITIOJI3 BBEPX, HEJIUIIHE OyICT BEP-
HYTbCS K HEKOTOPBIM OOCTOATEIbCTBAM,
CBA3AHHBIM C YJIYUIICHUCM KPUMHWHAJIb-
HOU cuTyanuu B CoeqnHeHHbIX ITarax
B 1990-x1T. Takoit aHaM3 NPUOIU3UT 06-
IMECTBO K MIOHUMAHWIO BOSMOXHBIX ITPH-
YUH KOJIEOAHMIT YPOBHSA IPECTYITHOCTU H,
BO3MOXKHO, IIO3BOJIUT NPOTHO3UPOBATH
BCIIBIIITKKX KpI/IMI/IHZIJIbHOﬁ AKTUBHOCTH.

BelecTBeHHOe AOKO3aTeAbCTBO N21:
DaKTbl
denepanbHOE
(DPBP) peryssipHO COOUPAET U IPOBEPSCT
CBEICHUSA O TSDKKUX IIPECTYIUICHUAX IIPO-
TUB JIMYHOCTH YU COOCTBEHHOCTH, 4 3ATEM
BBIBOJUT CPEIHUE ITOKA3ATEIN, HAIIPUMED,
YUCIO IIOTEPHEBIINX HA KaKble 100 ThIC.
4yeJsioBeK. M3 Bcer KpUMUHAILHOM CTATU-
CTHUKU HAUOO0JIEE JOCTOBEPHBI IAHHBIC, Ka-
caromuecs youiicts. C 1982 o 2001 rr.
ITOT MOKA3ATEIb, JOCTUTTINK B 1991 1. Mma-
KCUMAJIBHOTO 3HaueHUA 9,8 (na 100 ThIC.
sxkurenien), K 2001 1. ymeHbmmicsa Ha 449% —
710 5,5. TTapajuie/IbHO CHU3WIOCH KOJTMYECT-
BO U pyrux npecryiuieHui. K 2000 r.ypo-
BEHb I'PAOCIKEN U KPAK JOMAIIHETO UMY-
LIECTBA COKPATWICA Ha 42%, 4 pa3bocB —
Ha 47% (em. unocmpauuio 1a cmp. 77).

OI0OpO  pacciIeoBaHui

O CHWKEHUHN YPOBHS TAKKHUX IIPECTYTI-
neHuit B 1990-X IT. CBUJICTEIBCTBYIOT HE
TOJIbKO OTYeThl PBP, HO 1 TanHubic Harm-
OHAJIbHOI'O AI'€HTCTBA [IOMOIIM )KEPTBAM
HNPECTYIUVIEHUI. DTAd OPraHU3aLys IIpo-
BOJMT €XErOJHbIE OIPOCHI IOTEPIIEB-
IIUX U PACIIONIaraeT MH(MOPMALMEH J1aXKe
O TeX NPECTYIVIEHUAX, O KOTOPBIX HE CO-
o61aIoCh B monuuuio. EcrecTBeHHO,
JKEPTBBI YOUICTB B HOJZOOHBIX OIPOCAX
Y44CTBOBATb HE MOTYT, HO IIO JAdHHBIM
HanuoHanbHOTO LEHTPA 34PaBOOXpa-
HEHUS, YYUTBIBAIOIIMM CBUAETEILCTBA
O CMEPTH U AHAIUZUPYIOLIHUM CYACOHBIC
OTYETDL, KOJTMYECTBO YOUICTB TAKKE CO-
KPAaTHJIOCh.

BelwlecTBeHHOE AOKO3ATEABCTBO N22:
MNpecTynHukKu
CorIacHO pe3ynsraram aemorpadpude-
CKMX UCCJIEJOBAHMIA, HA IPOTAKEHUH I10-
cnepaux 20 ner B CIIA oTMevancs craj
HPECTYITHOCTU KAK CPEAH IOJPOCTKOB, MO-
JIOJBIX JIIOJEH B BO3PACTE O 25 JIET, TAK
U CPEAM B3POCIBIX I'PaKaH. [J1TaBHOE BHU-
MaHHE OOIIECTBEHHOCTH ObLIO IIPUKOBA-
HO K «J€KPUMHHAIU3ALIUI> MOJIOAEKH, HO
CIa/l B3POCJIOH IPECTYITHOCTU UMEJT 60TIee
BBIPAKCHHBIN XaPAKTEP U NPOJOJLKAIC
Josblie. KommaecTBo yOriCTB, COBEPIICH-
HBIX JIIOJbMH 3PEJIOIO BO3PACTA, HAYAJIO
CHIKATBCA enie B 1980 r., a MOJIO/IBIMU —
TOMBKO B 1993 1. Yyrh nosike, B 1994 r.,
PE3KO COKPATWIOCH U YHUCJIO PA30OIHBIX
HAIlaJICHUH, COBEPIIEHHBIX IOHOIIAMM
U HOAPOCTKAMHU.

dnuaeMus NPECTyIVIEHUN C IIPUMEHE-
HHEM HACWIMSA CPEJIU MOJIOJEKHU, HAUAB-
masca B 1980-X I'T. 1 nomemas Ha yobLIb

OB3O0OP: CIMNAA MNMPECTYNMHOCTA B 1990-X TOAAX

e B nocaeaHee pecatnaete XX Beka B CLUA KOAMYECTBO TSDKKMX MPECTYNAEHNIA
MPOTMB AUYHOCTU M COBCTBEHHOCTU (YOUIMCTB, PA3BOEB 1 rPABEXEN) 3HAYNTEAL-
HO CHWU3WAOCbH. KPDUMMHOAOT HE CMOIAM OOBSICHUTbL 3TO SIBAEHWE.

o AHOAUTUKM MbITOAUCH CBSI3ATb AEKPUMUHAAMZALMIO C UBMEHEHNEM AEMOrPa-
dryeckmx GaKTOPOB, C BBEAEHMEM HOBbIX GOPM MOAAEPKAHMS MPABOMNOPSIAKA,
C U3MEHEHNEM SKOHOMMYECKMX YCAOBUM, C HOBOW MPOBOBOW MOAUTUKOW B OTHO-
LIEHNW K BbITOBLIM MPECTYNAEHVISIM, C MPABOM HO HOLLEHNE OTHECTPEABHOIO OPY-

KNG N TA.

o VIzyyeHre kpumMmmHanbHoM cutyaumm B CLUA B 1990-X . NO3BOAIET CHOPMYAU-
POBATb TPU MOAOXKEHMUS, BAArOACPST KOTOPBLIM MOXHO MPEABUAETL N ACXKE Mpe-
AOTBPATUTL O4YEPEAHOM BCMIAECK MPECTYNHOCTAN B CTPOHE.

B 1990-€ 1T, 3aXJ1€CTHY/IA B OCHOBHOM MO-
JIOJBIX YEPHOKOXKNUX MYKUHH (CM. ULIIO-
cmpayuro na cmp. 77). B nepruon mexay
1984 1 1993 rr. yOUICTB, COBEPIICHHDBIX
YEPHOKOKHUMHU MOJPOCTKAMH MYKCKOT'O
I10J1, CTAJIO B [1BA pa3a OOJIbILE, 4 MOTIObI-
MM YEPHOKOKHUMU MYKYUHAMH — [IOYTHU
B IIATb. 32TEM IOKA3ATE/IN HAYAIU OBICTPO
CHIKATBCSL. OJJHOBPEMEHHO OO0Jiee 4yeMm
HAaIIOJIOBUHY COKPATUJIOCh M YHCIO
yOUIICTB, COBEPUICHHBIX B3POC/IBIMU ad-
POAMEPUKAHIIAMU. YPOBEHD K€ HACH/IbCT-
BCHHBIX IIPECTYIUIEHUIN CPEIU KEHIIUH
U 6€IBIX MYKUHH JIIOOOrO BO3PacTa Ha
NPOTSDKEHUHU TTOCAEAHNX 20 JIET MEHSICA
HE3HAYUTEIIBHO.

CTaTUCTUYECKUE JAHHDIE HE IIO3BOJIIN
BBIIBUTDH KAKUX-JIMOO BPEMEHHBIX OCOOCH-
HOCTECH PACHPOCTPAHEHUSA <«INMUJEMHUMN
MOJIOZICSKHON IIPECTYIHOCTH» B PA3HbIX
peruonax crpassl ITokazarenn youicTs
U pa3d0eB, COBEPLICHHBIX MOJIOJbIMU
JIOAbMH, HA4yaJId pacTd B Hadale
1980-x IT. — CHAa4Ya/1a B METANOIUCAX, A HE-
CKOJIBKOJICT CITYCTS M1 BHEOOJIBIINX TOPOIAX.

BelwecTBeHHOE AOKO3aTeAbCTBO N23:
Opyxue
Cratuctuxa OBP CBUAETEBCTBYET O TOM,
YTO IIOYTHU BCE YOUIICTBA B 1980-X — Hava-
Jjie 1990-X I'T. 6bUIM COBEPILEHBI C UCIIOb-
30BAHMEM OTHECTPEIBHOI'O OPYKUA (KAK
MPABWIO, IIMCTOJICTOB). YCTAHOBJICHO TaK-
JK€, YTO CTAJO 3HAYUTC/IBHO MEHbIIE
YOUIICTB, COBEPUICHHBIX C IIOMOLIBIO XO-
JIOJHOT'O OPYKUS WIH ITIOCPEACTBOM Yy~
MICHMA, IIOBCIICHMA 1 T[T,

OrHecTpesbHOE OpYKUE, 6E€3YCIOBHO,
CBII'PAJIO BA’KHYIO POJIb B YBEJIMYCHUU YHC-
JIa yOUICTB B cepeaune 1980-X IT, Ha KOTO-
pbI€ IPUXOAMIICA MUK MOJIOECKHOM T1pe-
CTYIHOCTH, OJHAKO HE 3TOT (PAKTOP CTAI
NEPBONIPUYMHON KPUMHUHAINU3ALMU MO-
JIofIeKN. MeHee OueBU/IHA CBA3b MEK/TY OT'-
HCCTPCIIBHBIM OPYKUCM 1 CHIYDKCHHUCM 110~
Kazaresie yOurcTs, T.K. Ha IPOTSLKCHUU
1990-x IT. YOHICTB CTaJIO 3HAYUTEIBHO
MEHBILIE, HO COBEPIIAIMCh OHU KAK C IIPH-
MEHEHHEM OIHECTPEJIBHOIO, TAK M XOJIO/I-
HOT'O OPYKHSL.

$umn Kyk (Philip J. Cook) us Yausep-
curera Jpioka u xxoH Jlaydé (John H.
Laub) n3 MapuneHICKOrO YHUBEPCUTETA,
MU3Y4aIONINE IIPECTYIUVICHU IPOTUB JIMY-
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TOABKO PAKTDI

[locAe OBLWEro CHMKEHWNS MOKA3ATEAU YOUNCTB, rpabexen 1 pasdoes B KoHLe 1990-x 1M HAYaAM CTABUAUBNPOBATLCSI,
a B 2000-20001 rr. HE3HAYUTEABHO YBEAMYUAUCD. (B OBLLLEHALIMOHAABHBIM NOKA3aTEAb YOMNCTB 2001 I. HE BKAKOYEHbI XEPTBbI
TEPPOPUCTUYECKMX AKTOB 11 ceHTabps1.) Mo NpeABApPUTEAbHBIM AQHHBIM PBP, B 0AHMX GOABLLNX FOPOACX (HaMpUMEp, B Hbto-
Mopke) yposeHb npecTynHocTV B 2002 I. MPOAOAXKTA MAACTb, A B ARYIMX (HMKAro 1 AOC-AHAKEAEC) HAYOA PACTU. TAKAs! e
ABOWVICTBEHHASI TEHAEHLMSI MPOCAEXMBAAACH B 10 KpynHenwmx ropoaox CLUA v B nepsom keapTtane 2003 .

Nokasareab yéuncte B CLLA (1982-2001 rr.)
114

10—

MokasareAb yGuncrs
(Ha kakable 100 ThiC. XKUTEAEN CTPAHbI)
o ~ ® e}
| | | |

5 T
1982

T L L L
1991 1994 1997 2000
foa

T

19‘85 19‘88
COrAaCHO ACHHBIM OBP, OBLLEHALMOHOABHBIV MOKA3ATEAL YOUINCTB
B CLUA yBeAnumacs B 1991 1. A0 9.8 (Ha kavkable 100 TbiC. YeAoBeK),
a 9 AeT cnycTs ynaa A0 5,5 (1.e. NOHM3NACS Ha 44%).
DMMAEMUST MOAOAEXHOW NPECTYNHOCTM, HaYaBLLOSICS B 1980-x 1 Npo-
AOAKOBLIASCS B 1990-X IT., 3ATPOHYAC B OCHOBHOM YEPHOKOXMX MOA-
POCTKOB U MOAOAbIX MYXXUYUH (CM. MPaBbiv oaguk). AOAS MOAOABIX
SKEHLLUMH 1 BEAbBIX MY>XKHMH B OBOLLEM KOAMYECTBE COBEPLUEHHbIX Mpe-

MokasareAb KpaXx un rpabexxen B CLUA (1982-2001 rr.)
1,500,

MNMokasareAb Kpax 1 rpabexxen
(Ha kaxkable 100 ThiC. KUTEAEn CTPAHbI)
=
el N
o o
? 7
L L L L

NokasateAb paséoes
(Ha kakable 100 ThiC. KMTEAEen CTPAHbI)

600+
1982 1985

T T T T T T T T T T T
1991 1994 1997
foa

I I
1988 2000

B 1990-x rr. mokasaTteAb Kpadk U rpabexen B CLUA ymMeHbLUMACS HO 42%.
B otAnume ot nokasarenein youncTe 1 pas3boeB CHMKEHE STOro NoKa-
30TEAsl HE OrPAHMYMBAAOCH MOCAEAHUM AECSITUAETMEM XX BEKA. [ToKa-
3aTeAN KPOXK U rPaBexen HAYOAM YMEHbLUATLCS elle B HAYoAe
1980-x . 1 30 NocAeAytoLLe 20 AT CHU3UACH BOAEE HYEeM HOMOAOBUHY.

MokasareAmn yGuncTe, COBEpPLUEHHbIX OMEPUKAHCKUMU
MY>XYMHOMU PA3AMYHOM PACOBOM NMPUHAAAEXHOCTU
n Bo3pacra (1982-2001 rr.)

400 —

)

BEABIE  YEPHOKOXXWE
N 14-17 +14-17
n18-24 =18-24
u25+ u25+

300

KOXKAOU PACHI 1 BO3PACTHOM KATEropun
N
o
o
|

MokasareAn y6uincTs
(Ha kavkable 100 TbiC. KUTEAEN CTPAHbI

100
k ~ =
——— e
0 —r1 1 T T 1 T T T T T T T T [ T 1]
1982 1985 1988 1991 1994 1997 200

foa

CTYNAEHUM He3HauMTeAbHa. 3a nepuroa mexay 1984 n 1993 rr. no-
KQ3OTEAU YOWNCTB, COBEPLUEHHBbIX YEPHOKOXUMU MOAPOCTKOMMU
(14-17 AeT), yBEAUMMAMCH MOYTU B M8ITb PA3, O MOAOABIMU YEPHOKOXKW-
MU My>K4MHOMU (18-24 ropa) — 6oaee Yem B ABA pasa. (MokasareAm
YOUNCTB, COBEPLUEHHbBIX AMEPUKAHLLAMM UHBIX, HEXXEAU BEAO U Yep-
HOW, PAC, COCTOBASIOT OKOAO 1% OT OBLLEro MOKA3ATEAS U HA TPAdU-
K& HEe MPEACTOBAEHbI.)

NMokasareAb pasdoes B CLLUA (1982-2001 rr.)
300

260

220+

180

;

140

100 T ]
1982 1985

T T T T T T T 1
1991 1994 1997 2000

Toa

L
1988

CoraacHo ctatmcTke GBP, OCHOBAHHOM HO AQHHBIX MOAULLENCKIX OT-
4YEeTOB, CHWKEHME NOKA3ATEAEN YOUNCTB 1 rPABeXen HO MPOTIKEHUN
1990-X IT. CONPOBOXAOAOCH CPOBHUMbIM YMEHbLIEHNEM NOKA3ATEAEN
paz6oeB (Ha 47%).
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HOCTH, CYHUTAIOT, YTO IIPUYHHbBI BO3HUK-
HOBEHMS M PACHPOCTPAHCHUS KPHUMMU-
HAJIbHOM 3TIW/ICMUU UMEIOT UHYIO IIPUPO-
Iy, HE3KEIU (PAKTOPBI, OOYCIOBUBIINE €€
cra. JeKpUMUHAIU3ALMNA IIPOXOAUIA
ObICTpEE, YEM KDUMUHAIM3ALMS, IPUYEM
CHHMIKAJIVICh ITOKA3aTE/IN 110 BCEM BHUIAM
HPECTYIUICHUI.

AprymeHThbl
J17151 TOro 4TOOBI AATh IIPUEMIIEMOE OObSC-

HEHUE CIIa/1y IPECTYIHOCTU B 1990-X 1T,
HEOOXOAMMO OTBETHUTD HA PsiZl BOIIPOCOB.
ITouemy 110C/IE PE3KOT'O YBEIIMYCHUS SITH-
JIEMUS TIPECTYIIHOCTH CPEIU MOJIOACKHU
CTOJIb K€ OBICTPO NONLIA Ha criaz? [Touemy
OH4 32TPOHY/IA BOCHOBHOM MOJIOZBIX JIIO-

Puuapa PoseHpenbp (Richard Rosenfeld) — npodeccop dakyAbTETA KPUMUHOAO-
MM U YTOAOBHOIO CYAOMPOM3BOACTBA MUCCYPUNCKOro yHnBepcuteta B CeHT-Ay-
nce, ABTOP MHOTOYUCAEHHBIX MYOAUKALMA O COLIMAABHBIX MPUYMHAX NPECTYNMHOCTH
NPOTMB AUYHOCTWN U HALLYMEBLIEN KHUMM «[TpeCTyNMHOCTb M AMEPUKAHCKAS MeyTa»
(«Crime and the American Dream», Wardsworth, 2001). Po3eHbenba — YAEH Ko-
MUTETA MO BOMPOCOAM MPECTYNHOCTA, MPABA U KOCTULUMN HOLMOHOABHOM aKaae-
MUM HOYK U YAEH PYKOBOASILLLETO KOMUTETA HALMOHOABHOTO KOHCOPLMYMA MO U3Y-

YEHMUIO MPECTYMHOCTM.

JICH 4EPHOI'O0 MEHBIIMHCTBA? [louemy
nogbeM (HO He crajl) KpUMHUHAIbHOM
BOJIHBl COIIPOBOKAAJICS YBEJIMYCHUEM
YUCId  NPECTYIUIEHUHM, COBEPIIEHHBIX
C IPUMEHEHUEM OTHECTPEIBHOIO Opy-
sxus? TToueMy BOJIHA IPECTYITHOCTH IO/~
HAJIACh M CIIAJId B METAIONHCaX I'OPa3no
paHplie, 4eM B HEOOJBIIUX I'OPOAAX?
W, HaKOHEL], TOYEMY Ha IPOTKEHUU 110~
cnegHux 20 J1eT HENPEPBIBHO CHUDKAETCSA
YPOBEHDb B3POC/IOM IIPECTYIIHOCTU? [laTh
YIOBJICTBOPUTEIbHBIE OTBETHI HA BCE ITH
BOIIPOCHI HE B COCTOSIHUM IIOK4 HU OZIHA
Teopus. HekoTopele OOMIEIIPU3HAHHDBIC
MPEACTABACHUA Ha IIOBEPKY OKA3IUCh
OIIMOOYHBIMU. P4/l rTHIIOTE3 TEM HE MEHEE
IIOMOI'A€T JIYYILIE [IOHATb MHOTHE ACIICKThI
3TOU IPOOGIEMBL

Aemorpadpuyeckue pakrtopsl. Cormac-
HO OJIHO¥ U3 TEOPUIA, YDOBEHB ITPECTYITHO-
CTU KOJIEOJICTCSA B 3aBUCHMOCTU OT U3ME-
HEHUI YUCJICHHOCTU TEX BO3PACTHBIX
I'PYIII, KOTOPBIE HECYT HAKA3aHHE 34 CO-
BEPLICHHDIE IIPECTYIUICHUS.

OTHOCHUTEJIBHOE YHCIIO YOUALL, HACHIIb-
HHKOB, BOPOB, XyJUT'AHOB U T.J. CPEAU
MOAPOCTKOB U MOJIOABIX JIOJCH BBIIIE,
4eM CPEIU I'PAXKIAH CPEJIHETO U CTAPIIIE-
o BO3pacTta. [To3TOMy HEKOTOPbIE UCCIIE-
JIOBATEJIN OCICIININ 3AKIIOYUTD, YTO IO
Mepe COKPAILICHMA 01U MOJIOZEKHU B 00-
LIECTBE JOJDKECH CHIDKATBCA M YPOBCHD
NPECTyNHOCTH. OAHAKO PAJL APYTUX (PaAK-
TOPOB, BIMAIOIIUX Hd YDOBECHB IPECTYII-
HOCTH, U3MECHSETCS I'Opa3/lo ObIcTpee
U MEHEE IIPEICKA3YEMO, YE€M YHCJICH-
HOCTb <«KPUMMHAJIBHBIX> BO3PACTHBIX
rpymni. K ToMy ke OTHOCUTEIbHAS YUC-
JIEHHOCTBb I'pyImbl pucka (14—24-ner-
HHE YEPHOKOXKUE IOHOMIIN) U3MEHUIACh
¢ 1993 1. (pasrap anu/ieMrUM IOHOIIECKOH
MPECTYIIHOCTU) OYCHb HE3HAYUTE/ILHO.

BxoHoMucTsl ko JJoHoxsio (John J.
Donohue) n3 Crangop/1CKOro yHUBEPCU-
Tera u Crusen JleputT (Steven D. Levitt)
13 YMKArCKOTO YHUBEPCUTETA TIPC/IIOKU-
JIN TIOOONBITHOE AJIBTEPHATUBHOE OO'BSIC-
HEHHE CIaJa KPUMUHAIBHOH aKTUBHO-
cTi. OHHM NOJIAraloT, YTO CHIDKECHHE Ha
50% 4vncia NpeCTyIIEHUIM Ha IPOTKE-
HUHM 1990-X IT. 66710 OOYCIIOBJICHO JIETA-
smzanue aboptos B 1970-e 1T. B pesyib-
TaTE€ COKPATWIOCH YHUCJIO HEKCIAHHBIX
JIETEN, POXK/IEHHBIX MAJI00OECIICUYECHHBI-
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MU JKEHIIUHAMU, YTO, B CBOIO O4Ye€pPE/b,
MIPEIOTBPATUIIO IIPECTYIVICHHS, KOTOPbIE
uepes 15—-20 jeT MOIIM ObI COBEPILUTD
BBIPOCHINC B H€6HaFOHOHY‘{HbIX CEMBbAX
MOJIOABIC JTIOAU. OJHAKO aHAJIU3 CTATH-
CTUYCCKUX JJAHHBIX ITOKA3bIBAET, YTO €CIIU
OBl IPEUIOKEHHAA TUIIOTE32 ObUIA BEPHA,
BOJIHA IOHOIIECKOM ITPECTYIHOCTH JIOJDK-
Ha ObuIa ObI MONTU HA CIAJ, HECKOJIBKO
paHbllle, YEM 3TO IIPOM3ONUIO HA Ca-
MOM JIEJI€.

AesTeAbHOCTb MPOBOOXPAHUTEABHBIX
OpraHoe. B 1990-X IT. BO MHOI'MX KPYITHBIX
ropogax CIIA 6bpl1d IPEAIPHUHATDI 110-
MBITKH YCOBEPLUICHCTBOBATD PA6OTY IIOJIH-
JI51%8 bBruta BBCICHA ITPAKTHUKA «KOJUICKTHB-
HOT'O NOJJICPrKAHMA IIPABOIOPSIKA», IIPH-
HUMAINCH KCCTKHUEC MCPBI B OTHOINICHUH
MEJIKUX IIPABOHAPYIIATENEH U T2, ITomy-
YEHbI MHOI'OYMCJJICHHBIC CBHICTE/IbCTBA,
TIOJTBEPIKIAIOIIHE 11€1IECOOOPAZHOCTD ObI-
CTPOro OGE3BPEKUBAHUSA BOOPYKECHHBIX
aHI'CTEPOB WIH HATPYIUPOBAHUA BOOPY-
JKEHHbIMH HOHHHGﬁCKHMH TOPOJACKHX
KBAPTAJIOB, I7I€ BEJIMKA KDUMUHAIbHAS AK-
TUBHOCTB. JIOKa3aHa 1 BBICOKA 3(P(PEKTUB-
HOCTb KOMITBIOTEPHBIX CYCTHO-aHAIATHYC-
CKHX IIPOI'PAMM, TAKUX KaK Comsict, KOTO-
pble UH(POPMUPYET NOTULICHCKUX O BCEX
MPECTYIUICHUAX, COBEPIICHHBIX B TOPOJIE.
Ho cpaBHHMOE 11O MacIITa6aM CHIDKEHUE
YPOBHS IIPECTYITHOCTU OTMEYAIOCh U B TEX
ropoJax, I71e HUKAKHUE HOBLIECTBA HE BHE-
JIPSUTHCH. [ TO3TOMY TPY/IHO CKa3aTh, CIIOCOO-
CTBOBAJIO JIM UBMCHCHHEC MCTOJOB I1OJIM-
1EHCKOM PAaGOThI CHIYKEHHUIO YPOBHS ITpE-
CTYIIHOCTHU B MACLITA0€ BCEH CTPAHDL.

KpaK, NOAPOCTKM U OrHecTpeAbHoe
opyxwue. Haubosee mnpaponogo6HOE
OOBSICHEHUE CHIDKCHUS YPOBHS IIPECTYII-
HOCTH Npeanoxul Ansdpes bramcreitn
(Alfred Blumstein), KpUMHHOJIOT U3 YHU-
Bepcurera Kapuern—Mewiona. Ilo ero
MHEHUIO, YJIy4IIEHHE KPUMMHOICHHOM
CUTYAITUU OBUIO OOYCJIOBJIEHO COKpallle-
HUEM noTpebsieHus B Hadaie 1990-x IT.
KP3Ka — HU3KOKA4CCTBEHHOI'O KPHUCTAJUIH-
YECKOI'0 KOKauHa. IToMy/sIpHOCTb ACHIEBO-
ro KOKauHa BbI3BaId B 1980-X IT. HEODbI-
BAJIOC OKMBJICHUE HAPKOPBIHKA. YTOObI
YIOBJICTBOPUTb HENPEPBIBHO PACTYLINE
HOTPEOHOCTH HAPKOMAHOB, JIEIbIIbI BO-
BJICKAJIU B CBO OU3HEC I'OPOJICKYIO MOJIO-
JIEKb M CHAGKAJIN €€ OTHECTPEIbHBIM OPY-

JKHUCM I TPOTUBOCTOAHUA I‘pa6I/IT€JIHM,
MONICHHUKAM H TIPOJABIIAM-KOHKYPCH-
TaM. BCKOpe HaYaBMIasicst <I'OHKA BOOPYIKE-
HHI1»> BBIILIA 32 IPAHULIBI HAPKOOU3HECA
U MJIO-TIOMAJTY OXBATWIA OJIU3KUE K HEMY
CJIOU HACEJIEHUST: BOOPYKEHHOE HACWIIHE
TPEOGOBAIO BOOPYKEHHOTI'O OTIIOPA U OT-
MITCHUS.

ITo He BIIOJIHE TTOHATHBIM ITOKA TIpUYIn-
HaM KP3K OKA3aJICH «<HAPKOTUKOM OJTHOTO
IMTOKOJICHUsI». ETO MOKJIOHHUKU JINOO CTa-
PWINCh U IIPEKPAIIAIN €r'O IPUHUMATD,
JIn60 yMUPAIH, 4 HOBOE IIOKOJICHUE HAP-
KOMAHOB IPEAIIOYUTAIIO MAPUXYAHY. o[
CITyCTS IOCJIE TOT'O, KAK CITPOC HA KPIK Ha-
YT [TA1ATh, CTAIA CHIPKATBCS U [IOKA34Te-
JIU NIPECTYIUIEHUH, COBEPIIAEMBIX C IIPU-
MEHEHHEM OTHECTPEJILHOTO OPYKusL. CHA-
qajia 3TO TMPOUCXOJWIO B KPYIIHBIX
ropoAax, I7ie KP3aK 6bU1 OCOOGEHHO HOITYIISI-
PEH, 4 3aTEM U B HEOOJIBIIUX, I7I€ TOTPEH-
JICHHUC HAPKOTHUKA U MUICMHA IOHOIIC-
CKOV IPECTYITHOCTH HAYAJINCh U 3AKOHYH-
JINCb HECKOJIBKO ITO3XKE.

SKoHoMuYyeckumr poct. Tumnoresa biam-
creiiHa He OOBACHAET HU IIPOJOJDKUTEIIb-
HOCTH U MACIITA60B CII/1A IPECTYITHOCTH
C TIPUMCHEHUEM HACUIHS CPEIA MOJIOJIC-
2KM, HU YMEHBIICHWSA YMC/Id IPECTYIUIEHUH
TIPOTUB CO6CTB€HHOCTI/I, HH JJTUTCJIBHOI'O
CHIDKCHUS YPOBHS IPECTYITHOCTH CPEIA
B3pOCJIOro HaceseHus. Hanbomnee BeposT-
HBIM OO'bSICHCHUEM TOTI'O, YTO MOJIOJCKDb
OTXOJMT OT IIPECTYITHOI'O OU3HECA U UIIIET
3aKOHHBIE 1 60J1€E 6E€30ITACHBIE UCTOYHU-
KU JIOXOJIOB, MOJKCT CJTY?KUTh CTAOHIN3a-
U COLMATIbHO-9KOHOMHUYECKOT'O pPa3-
BUTHSI OOIICCTBA, CBA3AHHAS C 3KOHO-
Mu4yeckuMm 6ymoM 1990-x 1. OgHAKO
ITOKA3A TN ITPECTYIUICHUH ITPOTHB COOCT-
BEHHOCTH U JIMYHOCTH CPEIA B3POCIIOTO
HACCJICHUS CHIKAIUCH U B 1980-X I'T., KO-
1A SKOHOMHYCCKHUH KJIMMAT B CTPAHE ObIT
KyZia MeHee 61aronpusaTHEIM. CBA3b MEKIY
6€3paboTUIICH U TIPECTYITHOCTBIO UMECT
6071ee CIIOKHBIN XaPAKTEP, YEM KAKETCS
Ha HCpBbIﬁ B3IJIA/, TToBbIIIEHUE JKU3HEH-
HOI'O YPOBHsA JEIA€T OObIYHBIX JIIOACHU
TIPUBJICKATCABHBIMU  I[MTOTCHITUAJIbBHBIMH
JKEPTBAMM JIJIS IIPECTYITHUKOB, YTO BITOJIHE
MOIJIO CKa3aThCS HA MACIHITA6aX CI1a/1a
TIPCCTYITHOCTH 11O/ BIUAHNUCM CHYKCHUA
YpOBHS 6€3paboTHIIBL C IPYyrOk CTOPOHBI,
JeuuT pabouyux MECT CIIOCOOCTBYET

YMEHBIICHHIO YPOBHS KBAPTHPHBIX KPAXK:
OOJIBIIYIO YaACTh BPEMEHH Oe3pabOTHbIC
IPOBOJIAT IOMA.

W HaKOHEL, CJIEIYET OTMETHTD, YTO YPO-
BEHb IIPECTYITHOCTHU BO MHOI'OM 3aBHCHT
OT TOI'O, HACKOJIBKO BBICOKH IIIAHCHI YEJIO-
BEKA IIOJIYYUTb HE3A4KOHHYIO NPUOLUIb.
XOTs TOProB/si HAPKOTHUKAMU — OY€Hb
OINACHBIN U HEHA/ICIKHBIA PO/ ACATEBHO-
CTH, €10 3aHHUMAIOTCA THICAYHN MOJIOABIX
mojeit. Korjga nICTOYHUKN HEJICTaIbHBIX
JIOXO/IOB UCCSKAIOT (KAK, HAIIPUMED, CITy-
YMJIOCh B Havasne 1990-X It moce naze-
HUS CIIPOCA HA KPIK), 3AKOHHAS TPYAOBASI
JIESITEIIBHOCTD MOYKET IIOKA32ThCS YETIOBE-
Ky 60J1€€ IIPUBIEKATEIbHBIM 3aHATHEM.
WHBIMU CJTIOBAMU, YEM JICTYC HANTHU JIC-
raJIBHYIO PaboTy, TEM ObICTPpEE HAYMHA-
€T CHUKATHCSI YPOBEHDb IPECTYITHOCTH,
U IIPEXK/IE BCErO TaM, I'7IE U3-32 11a/ICHUS
CHpoCa HA HAPKOTUKHU WU 6J1arojapsi
3(PHEKTUBHOIL pa6OTE HOJIULIMH TEPIIAT
KpaxX HAPKOPBIHKU.

PocCT YncAa 30KAIOYEHHbIX. OTHAKO TH-
TEJIBHOE CHIDKEHHUE B3POCJION ITPECTYITHO-
CTHU HENb351 OOBACHUTD YIy4IICHUEM KO-
HOMHYECKOTO KIuMata. BO3aMOKHO, OHO
OBUIO CBSI3AHO C TEM, UTO HA IPOTSHKEHUN
nocreaHux 20 jer B CTpaHe HEYKIOHHO
POCJIO YHCIO 3aKIIOYCHHBIX, KOTOPBIC
B CIIIA coCTaBisiioT 60J1€€ 3HAYNTEIbHbIH
IIPOIIEHT HACEJIICHHSI, YEM B KaKOW-THOO
apyrori crpane mupa. C 1980 o 2000 rofst
YUCIEHHOCTh AMEPUKAHCKUX 3aKIIOYCH-

HbBIX YBEJIMYWIACH BUEThIPE pa3a. Henb3s )
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MOAb3Y.

NPUHECTU

OTPHIIATE, YTO 3TO IIPHUBOJUT K HEKOTOPO-
MY YIy4IIEHUIO CHUTYalMH, HO 3(deKT
JUTITCst Hetonro. COTIACHO JAHHBIM UCCIIe-
JIOBAHMM, CIIa/] IPECTYITHOCTU B 1990-X 1T
H4 YETBEPTh OOYCIOBJIEH PE3KHUM Y/KECTO-
YEHHEM HaKa3aHUi. Ho B 10ITOCPOYHOM
TIEPCIIEKTUBE ATOT (DAKTOP MOKET BBI3BATH
U OOPATHYIO PEAKLIMIO: OH CIIOCOOCTBYET
pOocCTy 6E3pa0OTHIIBL, PACTIA/TY CEMEI U ITOJI-
PBIBY IPYI'UIX COITUATBHBIX OCHOB IMEHHO
TEX CJIOEB HACEICHHS], KOTOPBIC GOJIbIIC
BCEI'O CTPAJAIOT U OT IIPECTYIIHOCTH, U OT

KApaTEJIbHBIX MEP CYIEOHOU CUCTEMBL

BbITOBOSI NPECTYNHOCTb U CKPBITOE HO-
LweHne opyxwms. I oObsICHEHU CllaZa
B3POCJIOHN MPECTYITHOCTU ObLIN IPEAIO-
JKEHBI E111€ IBE I'MITOTE3bL. [IepBas CBA3bIBA-
€T €r'0 C YMCHBIICHUEM YPOBH: OBITOBOI'O
HACWIMA B PE3YIBIATE PAAA MEP, IPUHSA-
ThIX B 1980-x 11 1990-X rT. (pacmupenue
CETH TEJE(MOHHDBIX <«IOPAYUX JIMHUI>
U IPUIOTOB, IPAKTUKA OXPAHHBIX Cy1€0-
HBIX IIPUKA30B 1 T.11.). MlccienoBanmysd, po-
BeseHHble JIopon [lproran (Laura Dugan)
13 MapuIeHACKOIO YHUBEPCUTETA, [I9HN-
enom Hertrunom (Daniel Nagin) u3 VHu-

Bepcurera Kapaeru—Mewiona U aBTOpoM
3TOHU CTATbU IIOKA3AIH, YTO KOJIUYECTBO
OBITOBBIX YOUHCTB PE3KO CHU3HUIIOCH B TEX
KPYIHBIX TOPOJAX, I HAU601e€ 6bICTPO
Pa3BUBAIUCH AABOKATCKAA ACATEIbHOCTD
U paboTa APYrux CayKoO, 3a1UIIAIONAX
IIpaBa XEPTB OBbITOBBIX IIPECTYIUICHUH.
Bmecre ¢ TeM O6HAPYKIWIOCh, YTO HEKOTO-
pbie gpyrue (popMbl 6OPLOBI C OBITOBOM
MPECTYIHOCTBIO (HAIIPUMED, IIPAKTHKA 33~
JIEPKAHUI IIPABOHAPYLINUTEIEH) B OIIpE-
JICJICHHBIX YCIOBHAX IPUBOAWINA K POCTY
YOUICTB B ceMBE. [I€I0 B TOM, YTO BMEIIA-
TEJICTBO NOIMLIMHI B JIMYHYIO JKU3HDb HE-
PEOKO MNPHUBOAUT IIPABOHAPYIIUTEICH
B SIPOCTDb, 4 IPUHUMAEMBIE IIPOTHUB HUX
IIPABOBBIC CAHKLIUK HE MOI'YT 3aIIUTUTD
JKEPTB OT JAJIbHCUIIETO HACKIHA.

Jlpyras runoresa yCMaTpUBAET IPUYH-
HbI CHVDKCHUSA YPOBHS ObITOBOM IIPECTYII-
HOCTH B IPUHATUH 34KOHOB, Pa3pEIIaIO-
LUX COBEPUICHHOJIETHUM HOCHTb OpY-
sxue. OkoHomuct [xon Jlort (John R. Lott)
13 AMEPHUKAHCKOI'O HHCTUTYTA IIPEAIIPH-
HHUMATEIbCTBA IPEAIONOKIWIL, YTO 3AKOHDI,
pa3pelaone CKPEITOE HOIECHUE OPY-
KU1, CHU3WJIM IIOKA3ATENIN IPECTYIUICHUI
MIPOTUB JIMYHOCTH IO OJHOH INPOCTOH
[IPUYHHE: IOTCHIIUATIbHBIC [IPECTYITHUKU
HAa4YaJIM OCO3HABATb, YTO KEPTBBI MOTYT
J1aTb UM BOOPYKEHHBII OTIIOp. Mccneno-
Banue JIOTTa IIOKA3BbIBAET, YTO B TEX MEC-
Tax, 7€ JEHUCTBYIOT 3TH 3aKOHBIL, ITIOKA3aTe-
JIA NIPECTYIUICHUH IIPOTUB JIMYHOCTHU CY-
LIECTBEHHO HIDKE, YEM TAM, I7I€ TIOAOOHbIE
33KOHBI HE IIPUHUMAIHCD. K COXKanIeHUIO,
JPYI'UM HCCIIEIOBATEIAM 3TU PE3Y/IBIaThl
BOCIIPOM3BECTU HE yAAIOCh. TakuM 06pa-
30M, PACXOXKEE MHEHHUE: «OOJIbLIE OPY-
JKUSL — HWDKE IIPECTYIIHOCTb> — OCTAETCS
MOKA 6€3/10KA34TC/IbHBIM.

HTaK, B HACTOSIIEE BPEMs HE CYLIECTBY-
€T TEOPUHU, KOTOPAsL CMOIJIA OBl YJOBJIETBO-
PUTEIBHO OOBACHUTD BCE IPUYHHBI CIIaJd
npecrynHocTu. Hanbosnee 1oCcToBepHON
MPEICTABIIACTCA TUIIOTE3A, CBA3bIBAIONIAS
KOJI€6aHMSA MOJIOACKHOU MPECTYITHOCTU
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C COCTOSIHHUEM PbIHKA KP3aKa. [yiurenbHoe
CHIDKEHUE KOJIMYECTBA IIPECTYIUICHUNI
MIPOTHUB JIMYHOCTU U COOCTBEHHOCTH,
COBEPLICHHBIX JIIObMU CPEAHEIO U CTaAP-
LIETO BO3PACTA, BO3MOXKHO, CBA3AHO C yBE-
JIMYEHHUEM YHC/IA 3aKTIOYCHHBIX, YCUICHU-
€M 60PBOBI C OBITOBBIM HACUJIUEM U KO-
HOMHYECKUM 6yMOM 1990-x r1. OHAKO
MAaCCOBBIE APECTBL, Y4ACTUBIIUCCA CIIy9au
HEOOOCHOBAHHBIX 33[CPIKAHUM, CHIDKE-
HUE YPOBHS 6€3pa6OTHIIBI U YBEIMYECHHE
JIOXOJOB I'PKIAH MOI'YT CIIOCOOCTBOBATD
KaK CIIa/ly, TAK X POCTY IIPECTYIHOCTH.

Mpwurosop

Ecin ygecTb HEBEPOSTHOE MHOIOOOPA3Ue
(PaAKTOPOB, ONPEACIIAIOINX YPOBEHB IIpe-
CTYIIHOCTU B CTPaHE, BO3HUKAET BOIIPOC:
MOYKHO JIM IIPEJCKA3ATb WINA IIPEAOTBPA-
THUTb OYEPEJHON BCIUIECK KPUMUHAILHOU
AKTUBHOCTU? BHMMAaHWS, HA HAII B3I,
3ACITYKHUBAIOT CJIEIYIOLIME TPH TTOJIOKEHUAL

na 1980-x — mavanma 1990-X 11aBHYIO
POJIb UIPAJIH MOJIOJBIE APPOAMEPUKAHIIBI
U JIATUHOAMCPHUKAHIIBI, ITPOXKHBAIOMINC
B OOJBIINX TOpo/aX. MOIO/IEKb U3 Ma-
JICHBKHX I'OPOJIOB WIH ITPUT'OPOJOB MCI'a-
MOJIMCOB OKAa34JIACh 3AMEINIAHA TOJIBKO
B HECKOJIbKUX HIKOJIBHBIX <«Pa300pKax»
C HCIOJIb30BAHUEM OI'HECTPEILHOIO OPY-
kst ITpaBoBast MOMUTHKA U IIPOTrPAMMBI
HUCHPABATCIIBHOT'O BOCITUTAHWA, HATIPAB-
JICHHBIC HA ITPCAOTBPAICHHC HO,I[O6HI)IX
HHLIWJICHTOB, IO/DKHBI B KOPHE OTIIUYAThb-
Cs1 OT CTPATETUI, PACCUNTAHHBIX HA TTO/A-
BJICHUE «['OHKH BOOPYKCHUS» CPEIH I'O-
poackoi Mmonoaexu. Hanbosiee pasyMHbIM
penieHueM 6buta 661 pazpadorka audde-
PEHLIMPOBAHHBIX METO0OB 6OPBHOLI C ITpE-
CTYIIHOCTBIO C y4ETOM OCOOEHHOCTEL Pa3-
JIMYHBIX I'PYIIT HOTCHIMAIbHBIX IIPECTYII-
HHWKOB 1 UX JKCPTB.

YyeT HeXeAaTeAbHbIX MNOCAEACTBUMN
60pb6bl C MPECTYNHOCTLIO. YKECTOYECHUE

HBIF UHCTUTYT 1ocTuiu CHIA ¢puHancu-

POBAJI MHOXKECTBO UCCIICIOBAHUM, TTOCBS-
HIEHHBIX OBITOBOM ITPECTYITHOCTH, HOBBIM
BU/IAM IIOJUIEUCKON pabOThl, AJIBTCPHA-

YxectouyeHne cypaeOHbIX MPUroBOpOB
NPEecCTynNHOCTN B CTPAHE.

MOBAUSIAO HA CIrnadAp

ANPPEepPEeHUNPOBAHHBIA  MOAXOA
K 6opb6e c npecTynHoCTbIo. Kak yxe OT-
MEYAJIOCH, IPOUCXOAIINNI B HACTOSIIECE
BPEMS CITA/1 [IPECTYITHOCTH, 11O CYTH JIC/IA,
HaOI0/JAETCS BO BCEX BO3PACTHBIX I'PYII-
nax. OTHAKO IPABOBAA ITOJIMTUKA B OTHO-
MIEHUM PA3JIMYHBIX KATEIOPUIT I'PAKIAH
HE OJUHAKOBA. JII011, JOCTUTTIINE COBEP-
MIECHHOJICTHA, UMCIOT IIPABO HA HOIICHUE
OTHECTPEJIBHOI'O OPYXKHS, K HUM MOIYT
OBITh IPUMEHEHBI CAHKIIUH, HATIPABJICH-
HBbIC HA IPEJOTBPAIECHUE ObITOBBIX TIpE-
CTYIUICHMI, 4 B CJTy4a€ COBCPIICHUS IIPO-
THBOIIPABHBIX JCHCTBUI OHM IOLIEKAT
APECTY U 3AKIIOYCHUIO B TIOPbMY. MOIO-
JIbIE JIIO/IA B BO3PACTE 10 21 rojia peke noji-
BEPraroTcsa TIOPEMHOMY 3AKTIOYCHUIO U HE
UMEIOT IPaBa BJIA/ICTh OTHECTPEIbHBIM
opyxueM. CaHKIIMU K JICTAM U ITOJPOCT-
KaM, COBEPIIHBIINM OBbITOBBIE K CEMEHBIE
TPECTYIUIEHUS, IPUMEHSIOTCS TOJIBKO IIPH
Y4aCTUU UX poauTeneit. [locnencrsys Ta-
KOU IPABOBOU MOJUTHUKUA B OTHOIIICHUM
HECOBEPIICHHOJICTHUX  IPECTYITHUKOB
MOT'YT IIPOSIBUTHCA TOJIBKO Y€PE3 HECKOJIb-
KO JIET. B KpUMHHAIBHOM 3MTHUEMHUN KOH-

IPUTOBOPOB, BIHOCUMbBIX HAPKOTOPI'OB-
1AM, MOYKECT YCKOPUTH KPUMUHATHU3AIAIO
NPUXOIAINUX HA UX MECTO HECOBEPILIECH-
HOJIETHUX HAPKOJIENIBIIOB U COKPATUTH
TIPOAOJDKUTCIIBHOCTD UX JKU3HU. TIOpﬁM—
HOE 3aK/II0YEHHE HAd KAKOE-TO BPEMs
(1 LeHOM OIPOMHBIX (PUHAHCOBBIX M CO-
LIMAJIbHBIX 32TPAT) CIIOCOOHO BPEMEHHO
CHU3UTH YPOBEHb IIPECTYITHOCTH, HO
B JIOJIFOCPOYHOM IIEPCIEKTUBE 3/I0YIIOT-
pebaeHns NOZOOHBIMU MEPAMU YPEBATDL
YXYAILIEHUEM KPUMHUHAIbHOU CUTYALH.
DTO, KOHEYHO, HE O3HAYAET, YTO II0Pa 3a-
KPBIBATB TIOPBMBI U IPEKPAIIATh 3a7ep-
SKUBATb IIPECTYITHUKOB. Pedb H/IET O TOM,
4TO OOIIECTBO JOJIKHO OBITH I'OTOBO
K HEOXHJAHHBIM <«[I0OOYHBIM 3 PeEK-
TaM», KOTOPBIE HEN36EKHO BBI3OBET IITH-
poKomMacHmTabHas 60pbHa C IPECTYITHO-
CTBIO. 3aKOHOJATEIH JJOJDKHBI IIPEABUICTD
KaK IIO3UTHUBHBIC, TAK M HEI'ATUBHBIE TTOC-
JICACTBUA IPUHUMACMBIX 3aKOHOB U I11CPC-
CMATPUBATH UX, CCJIM OHU IIPUHOCAT 60JIb-
e Bpcaad, 4Y€M I1OJIb3bL.
DKCIEPUMEHTHPOBAHUE B OOJIACTH
OOPBOBI C IIPECTYITHOCTHIO. HarinoHa1b-

TUBHBIM (POPMAM HAKAZAHUS HAPKO/ICIIb-
LIOB 1 Y’KECTOUYECHUIO HAKAZAHUI [UIA ujie-
HOB MOJIOJEKHBIX TaHICTEPCKUX OaH[
M JIIOJICH, HE3AKOHHO BJIA/ICIONIUX OT'HE-
CTPEJIbHBIM OpyKHEM. OJIHAKO HE CIIETyET
326BIBATD, YTO I'PAHULIBI MEXK/Y PA3IMYHbI-
MM BUAAMU IIPECTYIVIEHUHI JOCTATOYHO
3bI6KHE. HarmpruMep, HAHECEHHUE TSDKKUX
TEJIECHDIX IIOBPEKICHNI JAJIEKO HE BCETAA
BITHCBIBACTCS B KATETOPHIO GBITOBBIX ITPE-
CcTyruieHUi. OJIHAKO CEPhE3HBIM IIPETIAT-
CTBHUEM K BBIHECCHHIO CYPOBOI'O IIPUT'OBO-
pa OIACHBIM IIPECTYIIHUKAM MOTYT CTaTh
IOPUANYECKUE TOHKOCTH, CBA3aHHBIC
C TeM, KaK KJIACCU(HULIMPOBATL COCTAB
HPECTYIUICHUL.

11es1ecoOOpPa3HOCTh BBEACHUSI HOBBIX
dopM 1 METOJOB OOPLOBI C IIPECTYITHO-
CTBIO JIOJKHA ObITh IPOBEPEHA SKCIICPU-
MCHTAJIbHO. KOHeqHO, HO,HO6HI)I€ OIIbITHI
HE CMOT'YT IPEJOTBPATUTD BCIUICCKU IIPE-
CTYITHOCTH, 3aTO AHTHUKPHUMHWHAIbHbBIC
pOorpaMmel, 3PGEKTHBHOCTD KOTOPBIX
HOATBEPANIACH, OyyT UMETb PEAIbHbIC
ITAHCHI Ha ycrieX. M
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0bPA30BAHME

Kpacy20nbHbIE

KAMAH 0bPA3OBAHHY

B mapre B PoccuiickoM HOBOM YHUBEP-
curere (POCHOY) nponuio 3aceganue
coBeTa ACCOLIMALIMU HETOCYyAapCTBEH-
HBIX By30B Poccumn (AHBY3). OHo pac-
CMOTPENO COCTOSIHHUE [JE/1 B HEIOCy-
JIapCTBEHHOM CEKTOPE BBICHIETO IPO-
(deccrnoHaNbHOIo 0OPaA30BaAHUS, OIIpE-
JICTTJIO IICPBOOYCPCAHBIC 34/1a4Y1 U HA-
METHJIO IIyTH €TI0 AAJNbHEHNIIErO COBEP-
IMICHCTBOBAHMA.

Accoruarust o6beuHsieT 265 BY30B
pasnuuHbIX peruoHoB Pd. Ceropnsa
AJC€Hb B HUX OGY‘«I&CTCH OKOJIO MHUJIJIMO-
Ha CTYJICHTOB. B roJibl CJIOKHBIX COIIU-
AJIBHO-3KOHOMHUYECKUX IPeOoOpa30oBa-
HUU HEroCyJlapCTBEHHBbIC y4C€OHbIC
3aBEJICHUS /1AM BO3MOKHOCTD JIECSIT-
KaM TbICAY MOJIOABIX JIIO,L[€I71 TIOJIY4UTH
BBICIICE OOPA3OBAHUE IO ALy IIpe-
CTUKHBIX CIICIIUAJIBHOCTEH.

CucreMe HEroCyJapCcTBEHHOIO 06pa-
30BaHusl B Poccum yxe 6osee 10 ner.
3a 3TOT NEPUOA €r0 OOBEMBI BO3POCIN
6oiee ueM B 7 pas (puc. 1). Tocypapcr-
BEHHBIE U HETOCY/IAPCTBEHHBIE CTPYK-
TYPbl YIAYHO JONOJIHAIOT APYI Apyra.
W teM u 1pyruM MUHUCTEPCTBO OOpa-
30BaAHUSI W HAYKH IIPEAOCTABISET
JIMIIEH3HMIO U IAE€T AKKPEAUTAIUIO, KO-
TOpasi, B YAaCTHOCTH, O3HAYACT, YTO
B JJAaHHOM y4€OHOM 34BCJCHUU COJECP-
JKaHHE, yPOBEHDb U KAYECTBO MOATOTOB-
KU BBIITYCKHHUKOB I1O AKKPCAUTOBAHHBIM
HAIPABJICHUAM U CIICIHITUAJIBHOCTAM CO-
OTBETCTBYIOT I'OCY/IaPCTBEHHBIM TPEOO-
BaHUAM. WMHBIMU CJIOBAMH, B CTpATC-
I'MYECKOM IUIAHE T'OCYJapCTBEHHBIE

U HCTOCYAAPCTBCHHBIC BY3bI ABJIAIOTCA
COIO3HUKAMU U APTHEPAMHU, UX TECHOE
B3aMMOJECHUCTBHUE IIO3UTUBHO BIUACT
HA Pa3BUTHUE OTCYCCTBCHHOI BBICIICH
IITKOJIBI.

3a nocjaegHue rojibl HAKOILJICH OOJIb-
IIOH OIBIT COBMECTHOM paboThl MUHU-
crepcTBa o6paszosanust, AHBY3a, ynpa-
BJICHUU OOPA30BAHUA HA MECTAX,
OPTaHOB IIPOKYPATYPHI 11O IIPECECYEHHUIO
JESATEIBHOCTH IICEBAOOOPA30BATENb-
HBIX YUYPEKICHUI.

Ilepen COOGPABHIMMUCH BBICTYITHJI
OBIBIINI MUHHUCTP O6pasoBaHus Poc-
cunckon Pegepanun B.M. Ouimnmos.
OH BBIPA3WI YAOBJICTBOPCHUE TEM, UTO
PYKOBOJAMUTENN YUYPEKICHHUN HETOCY-
JAPCTBEHHOI'O CEKTOPa OOpa30BAHUA
MOAXOAAT K PCHICHUIO BO3SHHKAIOIMHNX
IPOO6JIEM C FOCY/JAPCTBEHHBIX ITO3UITHH.
IIo ero MHEHHMIO, HA CMEHY JEICHUIO
By30B Ha I'OCYyJapPCTBEHHBIC M HEI'OCY-
JApPCTBEHHBIEC CKOPO OyIeT BBEICHO
HOHATHUE «dKKPEJUTOBAHHOEC» U «HE AK-
KPEJUTOBAHHOEC> BbICIIECE y4eOHOE 3a-
BeJCHUE, IIpUYeM TPEOOBAHUA K aK-
KpEOUTALHUU PE3KO YKECTOYCHBL.
QMIMNOIIOB OTMETWIL, YTO (PUHAHCHUPO-
BAHHE BBICIIETO OOPA30BAHUS COKpaA-
AThCSl HE OY/IET, HO HE CTOUT PACCUM-
TBIBATh M HA YBCJIHWYCHHUE JOTALIUIL.
[TnaHnupyercs, OGHAKO, YTO Ha IIOAIO-
TOBKY OJHOTO CIIELITUAJIMCTA OyAET Tpa-
TUTBbCA OOJIbILIE CPEACTB. Il 3TOro He-
006XOIUMO, 4YTOOBI 34 OIOMKETHBIC
JCHBI' BY3bI BCJIM COPCBHOBAHUWC, B KO-
TOPOM BBIMI'PBIBAET TOT, KTO CMOXKET

EBreHnmn basaHoB

Jlyqie HNOATIOTOBUTH CHELUATIUCTOB.
CerogHs BaKHO O6ECIEYUTh PEAIBHOC
PaBEHCTBO U 3J0POBYIO KOHKYPEH-
LUIO TOCYAaPCTBEHHOI'O M HErocyaap-
CTBEHHOI'O CEKTOPA BBICIIEIO 0OPa30-
BaHMs U BHECTU B OIOJPKETHBIN KOLEKC
COOTBETCTBYIOIINE MOIIPABKU.
Hpinemnssa geMorpauyieckas CUTy-
anus B Poccum Takosa, 4To BCA cepa
BBICILIETO OOPA30BAHHSA MOXKET BCKOPE
CTOJIKHYTBCS C CEPBE3HOH NPOOIEMO.
K 1999 1. B pOCCHMCKHX IIKOJIAX HACYH-
TBIBAJIOCH 21 MUIH. yenosek. C Tex nop
KQKIbIH I'OJl IKOJIbHUKOB CTAHOBUJIOChH
POBHO HA4 MWJIJIMOH MeHbIe. B 2003 1.
Ux 6bL10 yke 17 MIH,, a2 K 2008 I. B poc-
CUHCKHUX IIKOJAX OCTAHETCId BCe-
ro 13,5 miH. gereit. COOTBETCTBECHHO,
U BBIITYCKHHUKOB CTAHOBUTCSI BCE MEHb-
me U MeHblue. Ecid B IPOLUIOM TOLy
uxX 6610 1 MJIH. 350 TBIC. YEJIOBEK, TO
K 2015 . mKOJy OKOHYAT HeE 6oiee
750 ThIC. YEJIOBEK. B HacToOAmEee BpeMs
B Poccun 630 rocy/1lapCTBEHHBIX M OKO-
10 400 aKKpEeAUTOBAHHBIX HEroCyaap-
CTBEHHBIX By30B, 3800 IITY 1 2800 Tex-
HHUKYMOB. B 3TOM 1oty Ha II€pBBIA KypC
nocrynuad 1,25 miaH. 4genosek. Eciam
YHCJIO BBIITYCKHHKOB OIIyCTHTCS 1O
750 TBIC., BCE OHM, BEPOATHO, IOMAYT
B BBICIIME y4eOHBIC 3aBeicHUA. OHAKO
U BTIOCYLaPCTBEHHBIX CTPYKTYPAX, M HA
KOMMEPYECKUX NPEANPHUATUAX HEOOXO-
JUMBl  KBaJU(PUUHUPOBAHHBIEC KaJpbl
cpenHero 3peHa, padouue. ITpu aTrom
BBITYCKHUKAM IITY 1 TEXHUKYMOB CCH-
44C NPEMIATraeTCs 3apIulaTa B ABa—TPU
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pasa BbIIIC, YCM JIIOJAM C BBICHIUM 00-
paszoBaHueM. B CBA3M C BBIIECCKA3AH-
HBIM KOHKYPEHLIMS MEXKAY y4COHBIMU
34aBCACHUAMHN HCI/I36C>KH3., Hn HMMCHHO
oHa Oy[eT B 3HAYUTE/IbHOM CTENCHHU OIl-
pEEsATh, KAKHUE U3 HUX OKAXKYTCSl HAH-
6oJiee BOCTPEOOBAHHBIMU.

OueHb CyHECTBEHHON, IO MHCHHIO
B.M. ®unnnosa, IpeAcTaBIsgeTCs MIpo-
61eMa Ka4eCcTBa OOPA30BAHUSA U IIOATO-
TOBKM CHELUANUCTOB. OHA Kacaercs
BCEX BY30B CTPAHbI BHE 31BUCUMOCTH OT
(dopm obyueHust. Heo6X0/IMMO yKECTO-
YEHUE KOHTPOJIA KAYECTBA C TEM, YTOObI
HE AUCKPEIUTHUPOBATH CAMO IIOHATUE
POCCHUICKOIO BBICHIEIO OOPA30BAHUSL.
DTa 32/1a4a IIOCTABICHA U OOIIECTBOM,
u Ilpesngentom Poccuiickon Pexpepa-
nuu. Kpurepuin puHAHCUPOBAHUA BY-
30B JJOJDKEH ObITh OJIUH: CPE/ICTBA BbIJIC-
JIIIOTCSL TEM, KTO IIPEJIOCTABIISICT HaU-
00J1e€ KAYECTBEHHOE OOPA30BAHUE.

BosbHOU Ipo61eMo Aig Munucrep-
CTBA OOpPA30BAHUS M HAYKU U BY30B
OCTA€TCA OTKPBITHE (PUINATIOB ydeo-
HBIX 34BCJICHUN, [IOCKOJIBKY UM HENIPO-
CTO CO37aTh KAYECTBCHHYIO MATEPUATIb-
HO-TEXHHUYECKYIO 643y U PCIIUTh KaJ-
POBYIO IPOOAEMY (IIPUYEM ITO KACAET-
Csl U TOCYZAapPCTBEHHBIX, M HErOCyAap-
CTBEHHBIX By30B). OJJHO U3 HaIIPaBJIE-
HUM PEMIEHUA 3TON 33/1a4U — CO3[JaHUE
TAK HA3bIBACMBIX MHOTOYPOBHECBbBIX CHU-
cTeM NpodECCHOHAIBHOIO 06pa30Ba-
HUs, KOrZla Ha 6a3€¢ OJHOI'O BBICHIEI'O
y4€OHOI'O 3aBEAEHUs OCYILECTBIAIOTCS
MIPOTPAMMBI U HAYAJIbHOT'O, ¥ CPETHETO,
U BBICIIETO NTPOpo6pazoBanus. Jpyras
33Ja4d COCTOUT B TOM, YTOOBI B paii-
IEHTPAX PsAIOM C prInasamMyd BY30B
ycremno padoranu ITTY, npodauuen
U TCXHUKYMBI.

BaXHBIM MOMEHTOM JOJDKHA CTATb
pa3paboTKa HOBBIX CTAH/IAPTOB OOpa-
30BaHHUA — HUX H€O6XO,HI/IMO IIPUHATD
K 2007 r.m BBecTH C 1 centsiopst 2008 T.
OJHAKO HEKOTOPbIC U3MCHEHUS OYyAyT
MIPOUCXOAUTDb YK€ B ONMKaHUIIee Bpe-
Mst. Tak, ¢ cenTsa6pst 2006 r. BCs MIKOIA
Oyzner mepesejeHa Ha HpoduiIbHOE
obydyeHue, UHOCTPAHHBIA SA3BIK OyACT
IIOBCEMECTHO MPENOAABATBCA CO 2-I'O
K1acca, ¢ 5-ro 1o 9-u wiaccel OyayT
HU3Yy4YaATHCA OCHOBBI 9KOHOMUKH U IIpA-

1993 1994 1995 1996 1997

1998

1000

1999 2000 2001 2002 2003

Puc. 1. AMHOMWKQO M3MEHEHNSI KOAMYECTBA CTYAEHTOB B TOCYAQPCTBEHHbIX (CUHMM)
N HEroCyAQPCTBEHHbIX (KOQCHBIM) BbICLUMX Y4EOHbIX 30BEAEHUSIX (ThIC. YEA.)

Ba u T.J. K auBapio 2005 1. 6yzneT BBE-
JICHO OKOJIO CT4 HOBBIX CTAHAAPTOB Bbl-
CIIETO OOPA30BAHUSA, PEYb HUJCT O IIE-
pexoje Ha MHOT'OYPOBHEBYIO CUCTEMY
«OaKamaBp-MarucTp». Beaymue poccuii-
CKUE YHUBEPCUTETBI, OObCIUHUBIINUCD,
yKEe CerYac CO3JANU TAKYIO CHUCTEMY
npuMepHo 1o 80 CHenHUaJbHOCTAM.
HoBbI€ CTAHAAPTHL JOJDKHBI ObITh OCHO-
BaHbI HA (DYHAAMCHTAJIbHBIX TPAJULIU-
SIX OTE€YECTBCHHON CUCTEMBI BBICIIECTO
O6pa30BaHUsA U OTBEYATb COBPEMEH-
HBIM OTPEOHOCTAM OOIIECTBA.
Pexrop PoccuiicKOro HOBOI'O YHHU-
BepcuTeTa Bragumup Anekceesuy 3ep-
HOB OIPEIEIWI KIIOYEBBbIC (PAKTOPDI
Pa3BUTHA HETOCYLAPCTBEHHOI'O CEKTO-
pa 06pa3oBaHud U psf IPOOIEM, KOTO-
pple HEOOXOAMMO PELIUThb. B yacTHO-
CTH OH OTMETHJI, YTO HECOOXOAHUMO Ha
3aKOHOJATE/IbHOM YPOBHE YTBEPIUTb
JUIL HETOCYAaPCTBEHHBIX YUPEKICHUN
paBHBIE YCJIOBHUA C FOCYJAPCTBECHHBIMU
By3aMH. B cOOTBETCTBUU C 3aKOHOJA-
TeJbCTBOM U IlocTanosnenuem I[IpaBu-
TEeNbCTBA PP BCE aKKpEAUTOBAHHBIC
BY3bI JIOJDKHBI ObITh IIPHUBJICYEHBI K BbI-
IIOJIHCHUIO I'OC34Ka3d Ha MOATOTOBKY
CrIeUaAINCTOB. HEOOXOOUMO TaKKE
CO3[IaHUEC TOCYAAPCTBCHHOU CXCMBbI
KPEAUTOBAHUSA IOCTYHAIOIMINX B BY3bl
(B Tom uncae no auHuu 'MaePO) u cu-
CTEM COIMAJIBHON 3AIIUTHI CTYJCHTOB
HETOCYJAPCTBEHHBIX By30B. C Apyro
CTOPOHBI, C YYETOM HPUOIMKAIOIIETO-

Cs JeMOorparuueCcKoro Kpusuca cieny-
€T OXUJATb YCHUICHHUS KOHKYPEHLIMU
MEXJYy BCEMU WICHAMU BY30BCKOT'O CO-
obmecTsa. TakuM 06pa3om, HErocy-
JApPCTBEHHOMY CEKTOPY HEOOXOIUMO
IPOJOJLKATh CUCTEMATUYECKYIO U PaA3-
HOIUIAHOBYIO HMHHOBALlMOHHYIO Jes-
TEJIbHOCTb, 3aHUMATbCS IOUCKOM HO-
BBIX, HCTPAJUILIMOHHBIX, 9(P(HEKTUBHBIX
pelIeHN.

B coBpemeHHBIX (PHHAHCOBO-3KOHO-
MMYECKUX YCI0BHAX Poccun nerocy-
JAPCTBEHHBIC BY3bl OCYLIECTBIIAIOT
CBOIO JEATEIbHOCTD IO IPUHIIUITY Ca-
MO(PUHAHCUPOBAHUA. MEXKAY TEM BO
BCEM MHUDE 34 NOCAEAHUE 4 roja JacT-
HBIE BJIOXKEHUSI B OOPA30BAHUE CIKETO/I-
HO BO3pacTanu Ha 1%. Ha MUpOBOM 06-
Pa30BATEIBHOM PBIHKE, HACYUTBLIBAIO-
meM ceroadsa $2,2 671H., 107 9aCTHOTO
CeKTOpa yBenuuwiack a0 $350 mpa.
U BCKOPE JOCTUI'HET IOKa3aTEesd
$400 mapa.

COBpEMEHHBII PBIHOK OOPA30BAHUA
TpEOYEeT AKTUBHOTO PA3BUTHUA (DIIEK-
CUBHBIX MOZIEJICIT OOy4EHUS: BEUCPHE-
ro, JUCTAHLIUOHHOI'O U T.J., 4 TAKXKCE
IIPUMEHEHHUSA HOBBIX OOYYaIOMUX TCX-
HOJIOTUH. OJHAKO, KAK HOJYE€PKHYJI
B.A. 3epHOB, B BBICHIEM OOpa30Ba-
HUU BAXKEH HE CTOJIBKO CaM IIPOLECC,
CKOJIBKO €I'0 KOHEYHBIHM pe3yabTar.
MMEHHO TaKylO 3a/1a4y CTABUT IEpe],
COOOH HEroCyLapCTBEHHBIH CEKTOP
o6pazoBanus. M
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YYEHBIE H BNACTD

Brixos KO/UIEKTUBHOI MOHOTpaduy,
MHOCBAIIEHHON HMCTOPUKO-CPABHUTE/Ib-
HOMY aHAJINU3y B3aUMOOTHOIEHUI HAy-
KU, TOCYyJApCTBA U OOILECTBA B IIEPUO-
Abl  KPYIHBIX  COLMAJbHO-IIOJIUTH-
YECKUMX M IKOHOMUYECKUX MHOTpsCe-
HHUM, MOXXHO CYUTATb 3HAKOBBIM COOBI-
THEM. JIIO60U y4EeHBIN UIN JCATEIb UC-
KYCCTBAa HEPA3PBIBHO CBA3dH CO CBOCH
3MOXOH, HO B PAAEC CIy4aeB YyCJIO-
BUS OKA3BIBAIOTCA HEOIATONPUATHBIMU,
U TOIZAd €My IIPUXOJUTCS OyKBaJIbHO
BBDKUBATH. MHOIZAa Kpu3ucHasg CUTYya-
LU CKIAABIBACTCA B OTHOUIECHUAX HAy-
KU, OOILECTBA U BJIACTU, KAK IIPOU3OLLIO
BO BpEMEHA TOTAIUTApHU3Ma B Poccun
WIM KyJIBIYPHOI peBoonnu B Kurae.

EPHOZ,
OT aHIVIMHCKON pesomonuu XVII B. 10

ABTOpPBI  PAaCCMATPUBAIOT

«KyJIBIYpHOM pesomouuu B KHP», npo-

pedopmupo-
BAaHMA HAYYHBIX HMHCTHUTYTOB BO BPCMA

CIICKUBAIOT TIPOILCCChI

Benukort (paHIy3ckor peBOJIOIUHN
M B HAIJUCTCKOM [epmanuy, BO Bpems Be-
Jmkon genpeccun B CHIA, Bropon mu-
POBOM BOHMHBI U «XOJIOAHOM BOHWHBI>.

ITpOBEJEHHBIN aHAINU3 IIOKA3BIBAET, YTO,
HECMOTPSI HA CHELU(PUUIECKUE OCOOCH-
HOCTU KaKJOU OTJEIbHOM CTPAHBI, Cy-
LIECTBYIOT OOIIME 3aKOHBI U AJTOPUT-
MBI, OIIPEIEIAIONINE B3AUMOOTHOIICHUS
YYEHBIX U BJIACTHU, UTHOPHUPOBAHUE KO-
TOPBIX HAHOCHUT YIIEPO IPEKAC BCETO
rOCYJapPCTBY.

Bropas xkHura npeacrassieT COO0M
MaTEpUaIbl HAYYHOI'O KOJJIOKBUYMA
«Bmactp M HayKa, HAyKda WU BJIACTDb>.
Kaxxnaplil pasfen 3aBepliacTcs JTHUCKYC-
CUEH U 3AKIIOYUTE/ILHBIM CJIOBOM JIOK-
JIAYUKOB. TakuM 0Opa3oM 4UTATENIb
KaK Obl BOBJICYECH B OOCYKJCHUE BOII-
POCOB. JOKIa/Ibl ITO3BOJISIIOT OO'BEKTHUB-
HO IIPOAHAIHU3UPOBAT UCTOPHYECKOE
[IPOILLIOE, IPOCICAUTh NPEEMCTBEH-
HOCTb HAYKHU. B 3TOM cBA3M paccMaTpu-
BACTCA AESATCIbHOCTb HE TOJIBKO y4e-
HBIX, HO M [E€1aroroB, IPONaraHAuCcTOB
HAyYHBIX 3HAHU.

W3paHue MOKHO CUMTATbh CBOCOOPA3-
HBIM IIPOJIOTOM K OyAyIIUM (PyHIaMEH-
TAJIbHBIM UCCIEAOBAHMAM. M

Hayka n kpusucel. Uctopuko-
CPOBHUTEABHbIE OYEPKMU.

Cne6.: AMutpun byaanuH, 2003. 1040 c.
BAGCTb M HAYKQ, YYEHbIE€ U BAOCTb:
1880-e — HaYaAo 1920-x roA0B.
Marepuanbl MEXAYHAPOAHOTO
HAYYHOrO KOAAOKBUYMO.

Chne.: Amutpun byaanuH, 2003. 530 c.

NAPUKCKHE TAHHAI

KHura He HOBasg, HO OT 3TOT'O HE MEHEE 3a-
CITyKHBAIOL A5l BHUMAHMA, IIOCKOJIBKY, KAK
nucal O. XeMuHIyam, ITaprk HUKOr1a He
KOHYAETCsL, HECMOTPS HA TO, YTO O HEM Ha-
IIUCAHBI ICCATKA TOMOB. YHUTATEIIAM IIPEJI-
JIAraeTCs YBJICKATE/IbHBINA SKCKYPC B UCTO-
PUIO TOPOJIA OT €0 NOABICHUA HA KAPTE
MUPA IO BO3BEACHUA DI(PETICBON OAIIHU.
1O CTpaHULIAM IPOXOAAT T€POU U 3/I0LCH,
KOPOJIK U (paBOPUTKU, (PUIOCOMEL U M-
CaTENU, APUCTOKPATDI U SIKOOHUHITBI, HA HA-
LIMX I71A34X BO3BOAWTCA JIYBP U PYIIUTCA
bacTuius, pasroparoTcst BOMHBL U COBEP-
LIAIOTCA YOUICTBA, IUIITYTCS 3HAMCHUTBIC
IIOJIOTHA U IUIETYTCA UHTPUTH. COOBITUSA
00OpaCTaIOT ACUCTBYIOIUMH JIMLIAMU, JTIO-
OOIBITHBIMU MOAPOOHOCTAMHU, IIPEBPA-
LIASCh B TO, YTO IIPHUHATO HA3bIBATD UCTO-

PUYECKUMU aHEKIOTaMU. [TOBECTBOBAHME
JOIIOJIHACTCA MHOI'OYMCJICHHBIMMA ITUTA-
TaAMH U CCBUIKAMH HA JOKYMCHTBI, BOC-
TIOMWUHAHHWA U IMTHNCbMA COBPCMCHHHUKOB,
B TOM YMCJIE HA MEMYAPBI ' ADTAHbAHA —
report /Ifoma uMern BIIOJIHE PEATbHBIN 1 HE
MEHEE KOJIOPUTHBIA IPOTOTHUIL YUTaTEIA
HEIIPEMEHHO 3aUHTEPECYIOT JIOOOIBIT-
HBIC U MAJIOU3BECTHBIC ACTaNU. Tak, npu-
BOJUTCs BEPCHsA, OCHOBAHHAsA HA paHEE
HCU3BCCTHBIX APXHBHBIX JIOKYMCHTAX, CO-
IJIACHO KOTOPOM JierenaapHasa Kanna
I ApK 6bL12 BOBCE HE O€HOU HEOO6PA3O0-
BAHHOM KPECTBAHKOI, 4, BEPOSATHO, HE3A-
KOHHOPOXXICHHOU JOYEPBIO KOPOJIEBBI
H3abewet baBapckoit 1 repriora JIlonosu-
Ka OpJIeaHCKOTO, T.€. POJTHOU CECTPOU JIO-
puna Kapia.

deaopoea E.B. Mapux.
Beka u Aroau. M.: Usa-so MIY, 2000.

KHura ynraercs Ha OHOM JIbIXaHHH, KAK
3aXBATBIBAIOIIUIT POMAH, U IIOHPABUTCA
KAKJIIOOUTEIIAM UCTOPUH, TAK U ITOKJIOH-
HHKAM UCKyCCTBa. M
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NONE3HIA NYTEBO[IMTEND

B 3armagHO1 Kynsrype CyImecTByeT TPaIu-
LU COCTABJICHHS CJIOBAPEH IIPAKTUYE-
CKH I10 BCEM OOIaCTaM 3HaHus. B 1985 1.
BBIIUIO OYEPEIHOE u3ganue cepun Ox-
Jford ITyreBOOUTEIIb 10 AHITIMHACKOM JIU-
TEpAType», HA OCHOBAHHUH KOTOPOI'O
U1 ObUI IIOJIOTOBJICH COKPAIICHHDIN Ba-
PHAHT, IPECAHAZHAYCHHDIN /IS HIMPOKO-
ro Kpyra yuraresien. OH 1 CTaJI ICTOYHU-
KOM PYCCKOSA3bIMHOU BEPCHH.
C10Bapb BKIIOYAET HE TOJIBKO CTATbH
O BEAYIUX MUCATENIAX, POJAUBLIIUXCA 1O
1939 r, HO ¥ UH(MOPMALIHIO OO HUCTO-
puKax, prtocodax, puaonorax, KpUTh-
KaX, M3AATENAX, )KyPHAIUCTAX, aBTOP-
CKOM IIP4BE, LICH3YPE, JIMTCPATYPHBIX
OOBbEANHEHUAX W JINTEPATYPHBIX Kade,

KHUI'OTOPIOBLIAX U YACTHBIX THIIOIDA-
dusax. TIpencTaBaIeHbl TAKKE CBEICHUA
O CIOXKETAX Xy[JOKECTBEHHBIX IIPOU3BE-
JICHUI 1 UX IIEPCOHAKAX, XAPAKTCPUCTH-
KU JIUTEPATYPHBIX U HACOIOIMYCCKUX
HAIIPAaBJICHUN, MATEPUAJIBI, ITIOCBALIICH-
HBIE AHIVIMHCKOU U UPJIAHICKOI MU(DO-
JIOI'MH, A TAKKE HEPHOJUYCCKUM U3/1AHH-
AM, IIPUBEJICHBI JINTEPATYPOBEIUCCKUE
TepMUHBL KHHra HEe O6XOANT BHUMAHH-
€M U BJIIMSIHUE HHOCTPAHHBIX ABTOPOB Ha
AHIVIMACKYIO JINTEPATYPY

DHUUKIONEAUA COLEPKUT IOPSAAKA
5000 crarei, 4To CO31a€T ITAHOPAMY JIH-
TEPATYPHOU, OOLIECTBEHHOU U KYJIBIYP-
HOW >KU3HU AHIVIMH HA IIPOTSDKEHUM HE-
CKOJIbKHX BCKOB. M

Oxford

[yTeBoAUTEAb MO AHIAMMCKON AUTEPATYPE.
Moa pea. M. Apa66Aa, AX. CTpuHrepa.
M.: OAO U3AQTEALCTBO «Paayra»,
2003.928 c.

OYEBHQHOE

HEBEPOATHOE

HA KAHAAE TBL, MO NOHEAEABHMUKAM B 00:30

nporpamma C.IN. Kanuupl

OHEBI/I

HeB

HDE -5
DFITHOE

«0 CKOnNnsKo Ham uTKmemﬁ YYOHBIX
MToBNT NpocBALLEeHbA OAVX,

11 onkiT, cCeiH OLLMGOK TRPYAHBIX,

111 rennia, napagokcas gpyr,

1 enyvaih, Gor nzobperarenks...

5. /Py tnsiind

2]
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KHH)KHOE ObO3PEHUE

N.A.A3139H. AUAAOT UCKYCCTB
CepebpsHoro BeKka.

M.: Mporpecc-tpaauums, 2001. 400 c.
A.B.UKOHHUMKOB. ApxuteKkTypa XX Beka.
Yronuu n peaabHocTb. T.1, 656 c.

1.2, 672 c. M.: Mporpecc-Tpaanums, 2001;
Teopusi KOMMO3ULMU KAK NO3TUKA
apxutekTtypsl. M.: [porpecc-Tpaamums,
2002.568 c.

PYGCKHE HGCNENOBAHNA MHPOBOID
KYNLTYPHOTO NPOCTPAHCTBA

Kuwra «/Ipanor uckyccts CepebpsiHOro Be-
Ka» JOKTOPA HCKYyCCTBOBEICHUS, ITpOdec-
copa M.A. A3ussid cTasa CBOCOOPA3HBIM
IIPOJIOTOM K MACIITA0HOMY UCCIICAOBA-
HUIO MUPOBOTI'O KYJIBIYPHOT'O IIOJISL. AHAJIH-
3Upy4 TBOpUECTBO B. Kanannckoro, K. Ma-
nesr4a, A. benoro, M. Hecreposa, A. Ilyce-
B4, IPEICTABUTENICH ABAHTAPAA B CKYJIbII-
Type€, aBTOP WULIOCTPUPYET B3AUMOICHCT-
BUE UCKYCCTB B KyJIBIype. TAKHUM 06pa3oM,
IOHATUE «CUHTE3 UCKYCCTB> CMEHIICS 060~
JICC TOYHBIM 1 UTHTCPCCHBIM OIIPCACIICHN -
€M — IUAJIOT KYJIBLYD.

CXOiHas1 KOHLIETILMS OIIPEJEINIA CIie-
UKy usganus «Teopuss KOMIIO3UIUH
KaK IIO3THKA APXUTEKTYPbI». HaJl KHUIOM
pabdoranmu I'C.Jlebenesa, JLI. TapyaluBuiy,
N.A. JO6pHLIbIHA, PyKOBOJAMTEIEM IIPOCK-
Ta cTana M.A. A3U3sH, a4 B CO3JaHUN KOH-
nenuyuu npuaumanu ydacrue K bepH-
urrerid v M. Pes3un. B npakrike MupOBO-
I'O UCKYCCTBO3ZHAHUS CIIE HE ObLIO CTOMIb
MAaCIITaOHOI'O U3JAHUA, KOTOPOE aHAIH-
3UPOBAIO 6Bl PA3HOOOPA3HBIE APXUTEK-
TYPHBIE KO/Ibl HAYMHasd ¢ Burpysus (1iepu-

O/l AHTUYHOCTH) M 3AKAHYMBAA IIMOXO0M
MOJIEPHH3MA U IIOCTMOJEPHU3MA. BaxkHO,
YTO aBTOPBI HE PACCMATPUBAIOT UCTOPUIO
OTEYECTBEHHOI'O NCKYCCTBA HE U30IUPO-
BAHHO, 4 COOTHOCSIT €I'O C MUPOBBIM KOH-
TEKCTOM. MJUIIoCTpavu yaa4Ho JOIIOIHA-
10T PA3MBILUICHUS, 4 LIBETHBIC BRJICHKU I10-
3BOJIAIOT CYIUTh O HAUOO0JIEEC MHTEPECHBIX
OOBEKTAX OIUCAHUS.

Tperbs aHamM3upyeMas KHAra IpeicTa-
BJISIET COOOM TAKXKE ABTOPCKUH ITPOEKT.
OHa CTaJ1a “'TOI'OM MHOT'OJIETHUX U3bICKA-
HU A.B. IKOHHMKOBA U MOCBAIICHA UC-
CJIEZIOBAHHUIO OOILIEH KAPTUHBI MUPOBOT'O
APXUTEKTYPHOI'O Iporecca XX BeKa U Me-
cra Poccun B HeM. B uaganmu npecrasieH
IIUPOKHUHI BDEMEHHOM U Ky/IBI'YPHbII KOH-
TEKCT, YTO IIO3BOJIACT ABTOPY BECTH PA3rO-
BOP O Pa3HOOOPA3HBIX CTUJISIX U HATIPAB-
JeHuax XX Beka. KHura Hanmcana yBieKa-
TEJIBHO U AUHAMHUYHO, 4 IIOTOMY OyIeT
MHTEPECHA HE TOJIBKO NPO(MECCUOHAIIB-
HBbIM UCCJIEJOBATEIAM, HO U MAdCCOBOMY
quTareno. M

KyHumaH ., Bypkapa &P.-M.,
BuamaH ®. duaocoous: dtv-Atlas.
M.: Poi6apu, 2002. 268 c.

[IPOCTO 0 OUAOCODHH HCTOPUM

HaspaB cBO€ H3JaHUE YHHKAJIbHBIM
CIIPABOYHBIM OCOOUEM IO (PHUIOCO-
dHM, COCTABUTENU HHUCKOJIBKO HE JIy-
KaBiAT. Marepuasl OXBATBIBAET BCIO
ucropuio punocopun: «dunocodus
Bocroka», «AHTHYHOCTB», «CpegHue
B€Ka», «Peneccanc», «IIpocsemenue»,
«HeMernkui ujieanusm», «XIX cToneTue»,
«XX croserue». ABTOPBI KHUTH —
Il. Kynuman, P.-I1. Bypkapa, P.Bua-
MaH — T€OJIOTU U (PUIO0COMPHI, CIICIIHa-
JIMCTBI IO CPEIHEBEKOBOM (prtocopum,
AHTPOIIOJIOTHH, ITUKE U (PUIOCOPUN
SK3UCTCHLIUAIN3MA, UCTOPUM, HCKYCCT-
Ba, IpaBa U peauruy. CTonab MHUPOKUH
JMAIIa30H HHTEPECOB IMO3BOJIMJI PAC-

CMOTPETH PUIOCOMHIO HCTOPUH, IIOKA-
34Th JAMHAMUKY Pa3BUTUA (PHUIOCOD-
CKMX H/JICH U TEYECHUI.

Marepuas HM3JIOKEH [JOCTYIIHBIM,
JKHBBIM $3BIKOM M COIIPOBOKIACTCS
OOraTblM HJUIIOCTPATUBHBIM  PAJOM.
Xy#nOXKHHUK A. Baiiib coO3aa1 YHHUKAIb-
HBIHA IrpapUUeCKUM Psafl, HO3BOJIAIOMINI
PACKPBITb KOHLENTDI, COCTABIIAIONINE
CYyTb CUCTEM Pa3/IMYHbIX (PUITOCODOB-
CKHX IIKOJI U OTJEJIbHBIX TCOPETUKOB.
«Mud o nemiepe», «IuTATOHOBCKUM JTU-
AJI0T», < BO3HUKHOBCHUE UJICH», «<BUJIH-
MO€ U HEBUIUMOE» Mepno-TTonTu, Mu-
pai Ilonmepa — TaKOB JIMIIb HEOOIBIION
[IEPEYCHDb LBETHBIX JUarpamm. M
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OYEBH/IHOE-HEBEPOATHOE

o roewaorron COOBIMAL

YepHble AblPbl — OAHM M3 CAMbIX HEOObLIYHbBIX 1 3AradAO4YHbIX OObEe-
KTOB BO BCeAneHHOW, HO CYLLECTBYIOT AU OHN? ECAM YepHbIEe AbIDbI
AEVNCTBUTEABHO €CTb, TO KOKOBbI X CBOMCTBA? KAK OHW BNUCLIBO-
FOTCS1 B OOLLYKO TEOPUIO OTHOCUTEABHOCTU SUHLLUTENHA?

OTBETBI HA 3TU BOIIPOCHI ITPO3BYYA/IN B O€-
cene npogeccopa Cepres Ilerposrnya Ka-
IIHLIBI C JIOKTOPOM (PUBHUKO-MATEMATHYC-
CKHX HAyK, IIPO(PeCcCOPOM, WIEHOM-KOP-
pecnonzieHTOM PoccuiicKon AKajieMun
HAYK, 3aBeJIyIOIMM Kadeapor acTpodu-
3UKU M 3BE3JHON ACTPOHOMUM (PU3U-
yeckoro (pakynsrera MI'Y um. M.B. Jlo-
MOHOCOBZ, JAUPEKTOpOM locyapapcrseH-
HOI'O ACTPOHOMHYECKOI'O HHCTUTYTA
nM. [TK Itepu6epra npu MI'Y, Anaronu-
eM MuxaimioBudeM Yeperanykom.

ACTpOHOMI/II/I BbIITAJIA YECTD ITOIIbITATh-
Cs1 OTKPBITh YEPHBIE JbIPBL OHAKO IIPEJI-
JIATAeTCA PAJL TEOPHI, OTBEPIAIONIMX CaMy
BO3MOKHOCTB CYIIIECTBOBAHHA TAKHX OOb-
€KTOB, UTO JICJIACT UX IIOUCK eIIe 60r1ee MH-
TPUT'YIOIUM X UHTEDECHBIM.

3aberas BHepesi, MOKHO CKa3aTh, YTO
YK€ OTKPBITO OKOJIO IByXCOT MaCCUBHBIX
U YPE3BbIYANHO KOMIIAKTHBIX OOBEKTOB,
CBOMCTBA KOTOPBIX OYCHb IIOXOXXHU Ha
[IPEICKA3bIBACMBbIE OOIICH TCOPHUEH OTHO-
CUTEIbHOCTH B €€ CTAHJAPTHOM BAPUAHTE
CBOMCTBA YEPHBIX ILIP. [TO3TOMY aCTPOHO-
MbI Ha6pan1/1c1) CMCJIOCTH W HA3BIBAIOT
ATUX «KAHIUJATOB» IIPOCTO YCPHBIMH [IbI-
pamu, XOTS U C HEKOTOPOI HATsKKOM. Te-
I1ePb [IEPE, HUMHU CTOUT 3371442 IIOJIyYUTh
HEOCIIOPUMBIC JOKA3ATE/IbCTBA UX HPU-
CyTCTBUA BO BCEJIEHHOM, OTKPBITH KOH-
KPETHBIE SK3EMIUIPDIL, U3MEPUTH MACChI
U PA3MEPBI, BbIABUTL CBOUCTBA U CONOCTA-

BUTb MX C NPEICKA3AHUAMU OOILIECH TEO-
PHH OTHOCHUTETBHOCTHL.

TeMHble 3Be3Ab!

H3zmyyenune He6ECHOI'O TeA C ITIOTHOCTBIO
3eMIU ¥ IIONIEPEYHMKOM B 250 J1aMeTpOB
CoJIHLIA HE CITIOCOGHO MPEOIOIIETD TArOTE-
HHC CBCTWIA U JOCTUYb YAAJICHHOI'O HA-
omoparess. TaknuM 06pa3oM, BO3MOKHO, Ca-
MBbI€ OOJIBIINE U MACCUBHBIC CBETAINMECA
OOBEKTBI BO BCEZIEHHOIM OCTAIOTCS HEBUIH-
MBIMU UMEHHO U3-32 CBOCH BEJIMYHHBIL.

IlepBoe peAIoNIOKEHHE O CYyLIECTBOBA-
HM TECMHBIX 3BC3/] 6bLTO BBICKA3aHO B KOH-
ne XVII B, BCKOpe nocie OTKpbITHs Hblo-
TOHOM 34KOH4 BCEMHPHOI'O TATOTCHUSL
CIIyCTs CTOJIETUE QaHTIVIMACKUI MATEMATUK
JI>xoH MuTden U (ppaHIy3CKUAN aCTPOHOM
IIbep Crumon Jlarac HE3ABUCHUMO JPYI OT
JApyra BbIIBUHYJIU I'AIIOTE3Y, COIVIACHO KO-
TOPOU I'PABUTALINA MOKET OBITb HACTOJIb-
KO CWIBHOH, YTO KBAHTBI CBETA HE MOTYT
BBIPBATHCA M3 MOJI TATOTCHUA U 3BE37a
CTAaHOBUTCS TEMHOM. /10 TEOPHUU TIEKTPO-
MaTrHUTHBIX BOJIH OCT4BAJIOChH ele 6oree
BEK4, U B (DUBUKE I'OCIOACTBOBAIA TCOPUSL
HpIOTOHA, COIVIACHO KOTOPOI CBET — 3TO
KOPITYCKYJ/IAPHBINA ITIOTOK.

YTOOBI TEIO (HAIIPHUMED, YACTULIA CBETA)
MOIJIO IIOKUHYTb ACTPOHOMUYECKUH OO'b-
eKT (IUIAHETY WIX 3BE3[Y), OHO JIO/LKHO
JIBUT'ATHCS C TAK HA3BIBAEMOIL CKOPOCTBIO
y6eranus (BTOpOH KOCMUYECKOH CKOPO-
CTbIO). E€ MOKHO paccyrTaTh UCXOIA U3

PaBEHCTBA IIOTEHIUAIbHON SHEPIUX Ha
MOBEPXHOCTHU IUTAHETBI U KNHETUYECKON
SHEPTUU TEJIA, <yOETAIONIEro» B 6ECKOHEY-
HOCTb. HecMOTpst Ha TO uyTO Muryesn u Jla-
IUIAC UCIIOJIb30BAIA HEBEPHbIC (POPMYJIBL

2
(

my
2

Gﬂifm JUIA TIOTEHIIMAJIbHOW 3HEPIUM),

JUIA KUHETUYECKON 3SHEPIMU U

He paboTaoIue B OOUIEH TECOPHUU OTHO-
CUTEJIBHOCTH, JIOMYIICHHBIE OIMTHUOKHI KOM-
IIECHCUPOBIU JPYI' APYTra: [IOJIYYEHHOE B
KOHLIE XVIII B. BBID@KEHHUE I TPABUTALINA-
OHHOI'O PaInyCa OTHOCTBIO COITIACYETCS
C TEOpHEN DUHIITENHA.

CKOpOCTB yoeraHust orpeaesseTcs hop-

. /2GM
MYJION V= R ,Ie M —Macca KoCMU-

YECKOI'O OObEKTA, R — €ro paguyc, G —rpa-
BUTALIMOHHAA NOCTOAHHAA. HecnoxHOo
PacCYrTATh PAANYC TEJIA 3aJaHHOU MACChI
(rpaBUTALIMOHHBIN PAIAYC 7g), IPU KOTO-
POM CKOPOCTD YOETaHUsA PABHA CKOPOCTU

CBCTA: Ty= 2(6’}2” .

Taxkum 06pa3om, 3B€3/14,

cKarasg B cepy paauycom  7,[] Z(C;—Q/I ,
MNEPECTAHET M3Iy4aTh, 1 BO BcereHnon
BO3HUKHET YEPHAs JbIPA.
I'paBUTALIMOHHBIA PAANYC — BAKHEHIIIAA
XAPAKTEPUCTUKA YEPHOM AbIPHL 1 3em-
JIA €TI0 BEJIMYUHA COCTABIIAET IPUMEPHO
9 MM, fu1a COMHIIA — 3 KM, U1 YEPHOMU JIbI-
PBI TUIIMYHOM 3BE3HOU Macchl (10 macc
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OYEBHJIHOE-HEBEPOSITHOE

Comnuna) — 30 KM, a 11 CBEPXMACCUBHON
YEPHOM ABIPEI B AAPE FUIAKTUKA (2 MIIPZ,
macc Connua) — 40 aCTPOHOMMYECKUX
C€UHULI, YTO IPHUMEPHO COOTBETCTBYET
paccrosHuio ot Connua 1o Inyrona, T.e.
pasmepy COTHEYHOU CUCTEMBL.

Ka3a110Cb HEBEPOSATHBIM, YTO B IIPHUPOJE
MOT'YT HAUTUChH CHJIBL, CLIOCOOHBIC CKATh
THUT'AHTCKYIO 3BE3/ly O CTOJIb HUYTOKHBIX
pa3MepoB. JIaruiac onpenessl YePHYIO Abl-
Py KaK OOBEKT, y KOTOPOI'O BTOPAsi KOCMH-
YECKAsl CKOPOCTb PABHA CKOPOCTH CBETA,
T.C. JAKE CBET HE MOXKET BBIPBATHCS 34 €€
npegesnsl Ho Toraa He ObUIo IPEICKA3aHO
3aMEICHUE XO/14 BDEMEHH BOJIU3U T'OPH-
30HTA COOBITUI U HE OBUIO U3BECTHO, YTO
CKOPOCTb CBETA ABJIACTCA IIPEJE/IbHOM.
Cenyac npeICTaBICHHUE O YEPHBIX JIbIPAX
ropas/o ryoske, yeM c(pOPMUPOBAHHOE
200 ner Hasag Muryesiom v Jlaruracom.

CerozaHs YepHOM AbIPOX IIPUHATO HA3bI-
BaTb OOJIACTB IPOCTPAHCTBA-BPEMEHH, B KO-
TOPOH IPABUTALIMOHHOE I10JIC HACTOJIBKO
CIWIBHOE, UTO JJKE CBET HE MOKET TIOKHMHYTh
ee. CTporoe MaTeMaTUYECKOE IOKA3aTEIbCT-
BO BO3MOKHOCTH CYILIECTBOBAHMS TAKIX O0-
J1acte 6bUIO IOYYEHO B Havasie XX B. He-
MeLKuUM acTpoHomoM Kapnom IIIBapii-
IIWIBJOM, KOTOPBIN ITPOAHATU3UPOBAI
YPaBHEHI: OOIIEIH TEOPHUH OTHOCUTEIBHO-
cru Asib6epra DiHmrreriHa. CoOCTaBUB yPaB-
HCHUC JIBVDKCHUA YACTULIBI B I'PDABUTAITMOH-
HOM I10JIE MACCUBHOI'O T€JI4, OH IIPUIICT
K BBIBOJlY, YTO OHO TepsieT (PU3NUCCKUN
CMBICII (€TI0 PELICHUE OOPAIAETCS B OECKO-
HEYHOCTB) IIPK 7=0 1 7=7g. TOUKH, B KOTOPBIX
XAPAKTEPUCTUKA IIOJII CTAHOBATCS 6€C-
CMBICJICHHBIMH, HA3BIBAIOTCA CUHI'YJIAPHbI-
MU, T.€. OCOObIMU. CUHIY/IIPHOCTD B LICHTPE
YEPHOM JBIPbl (LEHTPAJIbHAA CUHIYIIAP-
HOCTB) OTPAKACT TOUCUHYIO, WIH, KK €€
€€ HA3bIBAIOT, LICHTPAIbHO-CUMMETPHUY-
HYIO CTPYKTYPY IO (BE[Ib JHOOOE Cpeprde-
CKOE€ TEJIO — 3BE3Y WIX IUIAHETY — MOXKHO
MPEICTABUTh KAK MATCPUAIBHYIO TOUKY).
A cepa paryCoM 7g SIBISIETCS TOH CAMOM
MOBEPXHOCTBIO, CKOPOCTb YOETAHUs C KOTO-
PO paBHA CKOPOCTH CBETA. OHA UMEHYETCA
CUHIY/IAPHOU cheport IIBapIIIIba I
TOPU3OHTOM COOBITHI.

[OPM3OHT CO6bITUN
Oz1a U3 ITaBHBIX OCOOCHHOCTEIN YEPHOKU
JBIPBL, IIPEICKA3aHHBIX OOLIECH TeopUelt

OTHOCUTEIbHOCTH, — HAJIMYHE TOPU30OHTA
COOBITHH, €€ (PU3NYECKOU I'DAHULIBL, 32
peieIpl KOTOPOU HE MOXKET YHATH HH
OJJMH CBETOBOM JIyY.

Kor/1a Bbl IUIbIBETE HA ITAPOXO/E, U3-34 T'O-
PU30HTA HOABJIAIOTCA CHAYAIA MAYThI KO-
pabIeii U JIUIIb IIOTOM CAMHU CYZd; IO MEpe
MPUOJIDKEHIA K OEPEry CHAYa/Id IIOKA3bIBA-
I0TCsA TOPBI, 4 3aTeM Oeperosast TMHUA. Ta-
KMM OO6PA30M, TOPU3OHT — 3TO BOOOPAKAC-
Mast JIMHYS, KOTOPAsi IEPEMEIIACTCA BMECTE
C HAOMIOAATEIEM. AHAJIOTHYHO U TOPU3OHT
COOBITHUI HE CYLIECTBYCT KAK MATCPUAIbHAS
IPAHMLIA, HO C yYE€TOM 3aMEJICHIS BpEME-
HU OH CTAHOBUTCS BECbMA 3aMETHBIM. Pasin-
YC TOPU30HTA COOBITHUI HEBPAIIAIOICHCS
YEPHOMU JbIPBI COBIAAACT C IPABUTALIMOH-
HBIM. Y BPAIAIOMINXCA YEPHBIX JIbIP P/~
YC F'OPU30HTA COOBITUI MEHBILE 34 CYCT
LEHTPOOEIKHBIX CHI U 3(PPEKTOB Bpallie-
HYs. JOpU3OHT COOBITHI IIOTPYKEH BHYTPb
3procgepbl — O6JIACTU IIPOCTPAHCTBA-BPE-
MEHH, B KOTOPOM T€JIa HEIIPEPBIBHO JBH-
JKYTCA, TOAXBAYCHHBIC BUXPCBBIM I'DABATA-
IIMOHHBIM ITOJICM.

ComnacHo O61IeH TEOPHUU OTHOCHUTEb-
HOCTH, TEYCHHE BPEMCHM 3ABUCUT OT
CBOMCTB IIPOCTPAHCTBA-BPEMECHU B JAHHOMU
TOUKE. CTOUKU 3PEHMA YIAJICHHOIO HAOIO-
JIaTeIIs1, HA TOPHU30OHTE COOBITUH BPEMS CTO-
Ut Ha Mecre. CO CTOPOHBI MBI HUKOI7IA HE
VBH/IUM, KAK KOCMHYECKUH KOPAOIIb, yCTpE-
MJIAIOIIUIICA K YEPHOMU JIBIPE, [IEPECEKACT
TOPHUBOHT COOBITHI: PUOITIKASICH K chepe
[IBapInIB/Ia, OH O6y/IeT HEMPEPHIBHO 3a-
MEZIATBCS U IIPAKTUYECKH OCTAHOBUTCSL

MEPBUYHbIE YEPHbIE AbIPbI

OJHAKO €C/IN MbI CAMU CAJIEM B KOCMHYE-
CKHI1 KOPAGJIb, TO 31 KOHEYHOE BPEMSI CMO-
SKEM IIPOHMUKHYTH 34 TOPU30OHT COOBITHI,
XOTs1 M HE 3AMETHUM 3TOTO. TOUHO TaK ke I1ac-
CaKHPBI CBEPX3BYKOBOT'O CAMOJICTA HE OIITy-
IIAIOT, YTO IIPEOJIONIEIIN 3BYKOBOI H6apbep
Y HAYAJIU JIBUTATHCS CO CKOPOCTBIO 3BYKA.
3410 HA3EMHBIN HAOOJATE/b HEIIPEMEHHO
3TO 3AMETHT, TAK KAK [IOYYBCTBYET YAAPHYIO
BOJIHY U YBUJIUT B HEOE OCJIbII CIIE,

32 TOPU3OHTOM COOBITUE MBI, BEPOSITHO,
OOHAPYKUM LIECHTPAIbHYIO CUHIYJIIPHOCTD,
YBUZUM JPYIYIO BeesieHHyIo 1 iavke CBOE 6y-
aymiee. JIeno B TOM, YTO BHYTPH YEPHOH JIbI-
PBbl, C TOYKU 3PEHUA, JAJIEKOT'O HAOIOATE-
JIS1 IPOCTPAHCTBEHHAS U BDEMEHHASI KOOP-
JUHATBI MCHAIOTCA MCCTAMHW, U IIYyTC-
IIIECTBUE B IIPOCTPAHCTBE MTPEBPAIIACTCS
B IIyTEIIECTBUE BO BpeMeHU. C TOUKH 3pe-
HUIS1 BHEIITHETO HAGIIO/IATE IS, IBFDKEHIIE TO-
PH30HTA COOBITHI ONPEETISICTCS HE IIPO-
IIUTBIM, 2 GY/IYIIM, KOTOPOE BIIMSIET TOJIBKO
HAa TOPHU30HT COOBITHIH, OKPECTHOCTH Uep-
HO JIbIPBI U €€ BHYTPEHHIOIO O0/1ACTh. T103-
TOMY BCE, UTO IPOUCXOJUT 32 TOPU30HTOM
COOBITHI, HEJOCTYITHO /151 HAOJIOICHUS 13-
BHE, 1 O BHYTPEHHOCTSX YEPHOU /bIPbI
MOJKHO CYAUTB TOJIBKO IO €€ BHEIITHEMY I'Pa-
BUTAIMOHHOMY IIOJIIO, KOTOPOE Ha OOJIb-
IINX PACCTOSTHUSIX TIOTTHOCTBIO COBITA/IACT
C HBIOTOHOBCKIM. ECJ/T KOCMOHABTBI BBDKH-
BYT, OK434BIIMCh BHYTpH cepbl IIBapi-
ITIB/IA, TO BCE PABHO HIUETO HE CMOTYT ITO-
BE/IATH O €€ COZICPKUMOM BHEIITHEMY MHDY,
TIOCKOJIBbKY HEJb35I TOCTIATh CUTHAJI CO CKO-
POCTBIO, TPEBBIMIAIOIIEH CKOPOCTh CBETA. )

MHorme MaAeHbKVE YEPHbIE AblPbI (HO3bIBAEMbIE MEPBUYHBIMI) MOMAM MOSIBUTHCS]
B MOMEHT OOPA30BAHMSI BCEAEHHOW, KOTAQ MMEAU MECTO YYAOBULLHbIE AEPOP-
MALMM NPOCTPOHCTBA-BPEMEHU. AEAO B TOM, HYTO YEPHYIO AbIPY MOXXHO CO3AQTh,
CXKOB MATEPUIO BAOAb HEKOTOPOW MAOCKOCTH. TAKOM NPOLLECC MOT PEAABHO MPO-
MCXOAUTb HO HOYAABHOW CTAAUM GOPMUPOBAHMS BCceAeHHOoNM. B 0BbI4YHbIX CUTYO-
LIMSIX POAb TAKOTO MPECCA MOXKET UrPATb CAMA FPABUTALLMSI. VIMEHHO NOSTOMY 13
CAMBIX MACCUBHBIX 3BE3A, KOTOPbIE BO3HUKAIOT B PE3YALTATE SBOAIOLIMN BELLECT-

BA, MOTyT OBPO30BLIBATLCSI YEPHbIE ABIDbI.

BmecTe ¢ 1em KBaAHTOBblE 2ddEKTbI MPUBOAST K MCMAPEHNIO MOAOMACCUBHbBIX
NMEPBUYHBIX YEPHBIX AbIP. Te 13 HX, MACCA KOTOPbIX BbIAQ MeHbLLe 1012 kr (Mac-
CA ropbl CPEAHNX PA3SMEPOB), YXKE AOAXKHbBI ObIAV MOAHOCTBIO UCHE3HYTh. [T0STO-
MY, ECAN CENYAC CYLLLECTBYIOT NMEPBUYHBIE YEPHBIE ABIPbI, TO MX MACCHI AOAXKHbI
ObITb 6oAbLLE 1012 KI. K COXAAEHMIO, MOKA B XOAE HOBAIOAEHNN HE YAQAOCH 06~

HAPY>XUTb HN OAHY N3 HUX.
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OYEBH]IHOE-HEBEPOAITHOE

TOpH3OHT COOBITHIA — ITO OOIACTL I'PABU-
TAIMOHHOT'O [TOJIsI OUCHB BBICOKOM S9HCPTHH,
/1€ HAOJIO/IAETCSl UICKPUBJICHHE IIPOCTPAH-
CTBA-BPEMCHU U OTCYTCTBYCT CTATUYHOCTb.
C TOUYKU 3pEHUS YAUIEHHOT'O HAOJIIOAATEITS,
OH (POPMUPYETCSI GECKOHEYHO JIONTO. [103-
TOMY COBPEMCHHBIC CBCPXMACCHUBHBIC Yep-
HBIC JIBIPBI, O6PA30BABIIHECH HECKOIBKO
MUUIMOHOB 1 JJAKE€ MIIJIMAPIOB JICT HA3a/1,
CTOIPOIICHTHBIMU YCPHBIMHA JbIPAMW HaA
CaMOM /JIeJIe HE SBIITIOTCS. C TOUKH 3PCHUS
JTAJICKOTO HAOGIONATEII, OHU HAXOJATCSI
B ACUMITTOTHYECKOM COCTOSTHUH, CKUMASICh
Y1 6ECKOHEYHO JIOJITO TPUOGITFIKASICh K TOPH-
30HTY COOBITUH. AKaZiIeMUK f.B. 3enp1oBr4
HA3bIBAI X 3ACTBIBITUMM, WJIN KOJUTATICUPY-
IOIIUMU, 3BE3/1aMU. B CBOET crcTeMe OTCUe-
T2 OHU KOJUIATICUPYIOT 32 KOHCYHOE BPEMS,
4 B HaIEN — 6ECKOHEYHO JIOJTO.

MeToAbl HOGAIOAEHNS

CT0JIb HEOOBIYHBIE CBOCTBA YEPHBIX JILIP
MHOI'MIM KKYTCS IIPOCTO (PAHTACTUYECKHI-
MU, [IO3TOMY UX CyLICCTBOBAHUE YACTO CTa-
BUTCS 11O/ COMHEHHE, 3a6€erast BIEPes, OT-
METHM, YTO COIVIACHO PE3Y/IBIraTaM COBpE-
MEHHBIX HAOMIOJCHUMI YEPHBIE [JbIPbI
CKOpPEE BCET'O JCUCTBUTEIBHO CYIICCTBYIOT.
YTOOBI 3TO I0KA34Th, HECOOXOAUMO JOCTO-
BEPHO 3a(PUKCUPOBATH CIICLIU(PUYHBIE [T
Hux 3pdekroL IIpexkae BCcero peub uaer
O rOPU30HTE COOBITUI. IO Xapakrepy 1B1-
SKEHMS TUTIA3MBbI BOJIM3H HET'O MOYKHO CYIUTH
O METPHUKE OKPYKAIOIIEI'O IPOCTPAHCTBA-
BpEMEHH (T.€. O CBA3U MEXKIY BPEMCHEM
U IIPOCTPAHCTBOM), KOTOPAsi MOJKET COOT-
BETCTBOBATH JINOO YEPHOI JIbIPE, THOO Ka-
KOMY-TO JPYTOMY 9K30TUYECKOMY OOBCKTY.

3AKPYYEHHbIA CBET

Pasrsaserb OKPECTHOCTU YEPHBIX JIbIP
YYEHBIM IIOMOI'YT HOBCHIIIUE CBEPXTOYHBIC
TenecKkonsl B 6mpkarimue 10 e amepu-
KAHCKHE UCCIEIOBATEI COOUPAIOTCS 3aITy-
CTUTb Ha OKOJIO3EMHYIO OPOUTY PEHTTCHOB-
CKUI HHTEP(PEPOMETP C PA3PEIICHUEM
10 7 y1oBO# ceKyHpL [TpOeKThI «Muumm-
METPOH» U «CyOMIIITMMETPOH» IIPEyCMa-
TPHUBAIOT CO3JdHUE MEKIYHAPOIHON KOC-
MHUYECKOHN 06CEpPBATOPHUN — UHTEPdE-
poMeTpa «KOCMOC—3EMIIA—KOCMOC»> I
NPOBEJCHMA ACTPOHOMHYECKUX UCCIIEIOBA-
HHUI B MWIJIMMETPOBOM, CYOMWIITUMETPO-
BOM U UH(PPAKPACHOM JUAIIA30HAX C IIpe-
JICIIbHO BBICOKOI YyBCTBUTEIIbBHOCTBIO U BbI-
COYAMIIUM YIJIOBBIM Pa3pPEHICHUEM.
Kocmuueckuil Tesieckon ¢ 12-MeTpoBbIM
3EPKAIOM OyZICT SKBUBAICHTEH HA3EMHOMY
PaaUOTENECKOITY CAHTUMETPOBOI'O IUalld-
30H4 CO CIVIOLIHOM allEPTYPOU JUAMETPOM
3 KM, 4 B MHTEP(HEPOMETPHUIECKOM PEKUME
[IO3BOJINT IOOUTHCA YITIOBOI'O PA3PEILECHS,
B TBICSYY PA3 IIPEBBIIIAIONICIO PA3PELLICHUC
nHrepdepoOMETPa C IIPEAEIBHON HA3EMHOU
6a3oit. Takum o6pazom, 6omee 10 miipy, He-
OECHBIX UICTOYHUKOB U3/Ty4E€HHA CTAHYT 10~
CTYITHBIMH JIIs UCCIICIOBAHMIL

B pamkax ®enepaibHOM KOCMUYECKOM
IporpaMmmsl Poccun ACTpOKOCMUYECKUN
neHTp (AKLL) 1o pyKOBOACTBOM dKaIEMU-
ka PAH H.C. Kappamesa pazpa6arsiBacT Ha-
3EMHO-KOCMHUYCCKUN PaguonuHTepdhEpO-
MeTp «PaTnoacTpoH», B COCTAB KOTOPOI'O
BOIZICT OPOUTAIbHBIH annapar «Crexkrp-P»
JUI1 ACTPOPU3NIECKUX HAOMIOJECHUM C yT-
JIOBBIM Pa3perneHneM 1o 3-107> YIIIOBBIX ce-
kyH/1. Ha opéure 6yzner pazsepryra 10-me-
TPOBAs IIAPAO6OIMYECKAs AHTCHHA U3 KOM-

B6AM3N AOBOTO AOCTATOYHO MACCUBHOTO TEAQ HABAIOAQETCS UCKPUBASHME CBE-
TOBbIX Ay4Yeit. ECAM YepHAOS AbIPA BRALLIAETCS, TO MOAE €€ TIroTeHUs 3aKPYYMBAET
CBET B CMMPAAL. AOXKE OKOAO HEBPALLAIOLLENCS YHEPHOM AbIPbl 6E3MACCOBbIE
PEASITUBMCTCKME YACTULLBI, B YACTHOCTU HOTOHBI, BEAYT CE681 KAK OBbIHHbIE TEAQ!:
YyAOBULLHASI CUAQ MIPUTSKEHIS 3ACTABASIET UX ABUFATLCS MO KPYTOBLIM OPBUTAM.
Koraa 4epHasi AbIPA 1 GOAEE YAQAEHHAS OT HOC 3BE3AA MPOELIMPYIOTCS APYra HA
APYra, HABAIOAQETCS BDHEKT IPABUTALIMOHHOMO MUKPOAUH3MPDOBAHMS: CBET AQAE-
KOV 3BE3AbI 3ArMBAETCS, M CHAYAAQ MOAYHAETCS YCUASHME, O MOTOM CMAA €ro Sip-
KOCTU. AAUTEABHOCTb TAKOrO BCIAECKA MPOMOPLIMOHAABHA KOPHIO KBOADPATHOMY
113 MOCCbI BAU3KOTO OBBEKTA, YTO MO3BOASIET «B3BECUTHY OANHOUHYIO YSPHYIO AbIDY,
AQXKE He BUAS ee. TAKMM CMIOCOBOM YxKe OTKPbIThI ABE OANHOYHBIE YEPHbIE AbIDbI
B 6 pa3 Tskenee COAHLIA. VIHTEpeCHO, YTO CPEAM HUX MOTYT BbiTb U MEePBUYHbIE.

MO3ULIMOHHOI'O MaTEPHAIA, 4 B KAYECTBE
HA3E€MHOH YaCTH IVTAHUPYETCS UCIIOJIb30-
BATb PAJUOTEICCKOIDBL ITIOOAIbHOM CETU
¢ auamerpamu anteHH ot 20 10 100 m. Ko-
CMIYECKUM PAJUOTEICCKOI OyIET BBIBECH
Ha OpOUTY pakeTo-HocureseM «[IpoTon»
B OJIrDKafIme JBa—TPH I'oJa.

CylecTByeT HAMMEHBIIAsA YCTONYUBAA
OpOUTa, HAXOACh HA KOTOPOH, BEILIECTBO,
HE JIOCTUTLIEE TOPUZOHTA COOBITUM, IBU-
JKETCS1 OKOJIO YEPHOH ABIPLI B COCTOSIHUH
CBOOOHOIO ajeHus. B cirygae HeBpaia-
IOMIENCA YEPHOM ABIPBI PAJUYC 3TOM Op-
OUTBI B TPU Pa3a 60JIbIIE I'PABUTALIMOHHO-
ro. KocMuueckue peHTITeHOBCKHE UHTEP-
(depoMeTphl U PaIUOUHTEPHEPOMETPDL
IO3BOJIAT ACTPOHOMAM YBU/ICTb FOPSIYYIO
IUIA3MY, OOPAIIAIONIYIOCS BOKPYT Y4EPHONI
JIBIPBL, 1 HEIIOCPEICTBEHHO U3MEPUTD I'PA-
BUTALIMOHHBIN PasiMyC nnocsiegHen. boee
TOI'O, M3-34 HEYCTOMYMUBOCTU BELIECTBO
JIOJDKHO BBIIIAJaTh HA YEPHYIO AbIPY B BUJIE
KaIleb, IOCTEIECHHO I'ACHYIINX U YXO/-
LIUX 34 TOPU3OHT COOBITUI. Eciu ke ro-
PU30HTA HET, 4 €CTb JIMIIb KAKAA-TO I10-
BEPXHOCTB, TO IIPU CTOJIKHOBEHHU C HEIO
IUIA3MBbl OyAyT HAOIIOLATbCS BCIIBIIIKU
U3Iy4eHUA. TAKMM 0OPa30M, IPAMBIC HA-
OII0EHUS C IOMOUIBIO KOCMUYECKUX MH-
TEPPEPOMETPOB HO3BOJIAT JOKA3ATh HAJIN-
YK€ FTOPHU30HTA COOBITUI Y UEPHBIX JBIP,
CyLIECTBOBAHNE KOTOPBIX OYIET TEM Ca-
MBIM OKOHYATEJIBHO JOKA3aHO.

HHOr 12 Ye€pHYIO JBIPY YAAETCs OOHAPY-
JKUATD 110 OPOKACHHOMY €10 PEHTIC€HOB-
CKOMY M3JIy4eHMIO. AKaIeMUK S1.B. 3eibao-
BUY PACCMOTPEJL CUTYALIMIO, KOIJIa BO3JIE
YCPHOI JbIPbI OKA3bIBACTCS HOPMA/IbHAS
3B€3/14, 06PA3YIONIAsl C HEM JIBOMHYIO CHUC-
TEeMy. OKA32JI0Ch, YTO B 3TOM CJIy4a€ BELlle-
CTBO, UCTEKAIOUIEE U3 3BE3/bl, OyACT I1a-
JIaTh HAa YEPHYIO AbIPY. [Ipu 3TOM HAPYXy
OyZeT BbIOPACHIBATHCS SHEPIUSA B BUAC
MOIIHOT'O IIOTOKA PEHTI€HOBCKUX JIYYCH.
VIMEHHO TaKOBa IIPUPOJA PEHTICHOBCKO-
ro UCToYHUKA «JIebeap X-1», COCTOAIIErO
U3 JIBYX 3BE3[J; FOJTyOOI'O 'MT'AHTA C MACCOU
B 20 pa3 60s1bI1IE COTHEUHOM U YEPHOI /IbI-
pot B 10 pas Tsokenee ConmHua.

JloKa3aTenbCTBA CYIECCTBOBAHMSA YCPHbIX
JIbIP MOZKHO HOJIYYUTD HIPU IIOMOIIU IDABU-
TALMOHHO-BOJIHOBBIX aHTEHH. ITpU CTOJK-
HOBEHMH /IBYX YCPHBIX JbIP, OOPA3YIOLINX
JIBOHHYIO CUCTEMY, JIO/DKHBI HAOMIOAATbCS
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OYEBHJIHOE-HEBEPOSITHOE

INEPEMEHHOCTb I'PABUTALIMOHHOIO I10JIA
M U3JIy4E€HHE IPABUTALMOHHBIX BOJIH. 1o
XapaKTepy NOCICAHNX MOKHO OyZIET OIpe-
JIEJIATD, YTO CTOJIKHY/IMCh IBE YEPHBIE BIPDI,
4 HE JIB€ HEMTPOHHBIE 3B€3/1bL. IHBIMU CI10-
BAMH, YKE €CTb BO3MOXHOCTD ITOJIyYUTh
NPAMOE NOATBEPKICHHE TOM WIX MHOM MO-
JIEJIA YEPHOM ABIPBI ¥ TEOPUH I'DABUTALIAN.

AcTpOHOMUYECKUE BECHI

Ecnu Macca siipa 3B€3/1bl B KOHLIE 9BOJIIO-
111K 6oJblIe Tpex Macc COMHIIA, TO OHO
Oy/IeT HEOTPAHUYEHHO CKUMATBCS (KOJI-
JIAIICUPOBATb) M MOXKET IIPEBPATUTHCS
B YEPHYIO AbIPY. bosee nerkue 3se3gHole
A71pa CO BDEMEHEM CTAHOBSTCSI HEUTPOH-
HBIMHU 3BC3/JAMH, 4 COBCCM KPDOMNICYHBIC —
OeJIbIMU Kap/IUKaMuU. IT03ToMy UCCIeoBa-
TEJIU JIOJDKHBI JOKA34Th, YTO KAHJUAThI
B YEPHBIE BIPDI 110 KPAMHEN MEPE B TPU
pasa Tsprenee COTHIA.

Ha6mo1aTh YepHbBIE AbIPBI B TEICCKOIL
MBbI ITOKA HC MOKCM, HO USMCPUTDH UX MAC-
ChbI MO JIBMIKEHMIO B JJBOMHBIX CUCTEMAX
BIIOJIHE PEIBHO. PAcCMOTPUM, K IIPUMEDY,
1apy, COCTOSIYIO M3 YEPHOU AbIPbI
1 OOBIMHOI OITUYECKO 3BE3/Ibl THUITA Ha-
mero CosHua. IToCIeqHIOI0 Mbl MOXEM
M3y4aTh C 3EMJIH C IIOMOUIBIO TEJIECKOIIA,
4 I10 XAPAKTEPY €€ ABWKCHUA HAM YIACTCA
M3MEPHUTD MACCY YEPHOU JIbIPBL

Onrryeckas 3Be3/1a B ABOMHON CHUCTEME
HE TOJIbKO IIO3BOJIAET U3MEPUTD MACCY CBO-
€1 IapTHEPIIH, HO TAKKE CIIYKUT CBOCOO-
PAa3HBIM JOHOPOM, IIOCTAB/IAIOIINM BEILC-
CTBO HAa COCEJTHUM PEJITUBUCTCKUI OOBEKT
(HEUTPOHHYIO 3BE3/Ty WIH YEPHYIO ABIPY).
TIprIuBHO Ae(POPMUPYACH B IPABUTALIMOH-
HOM I10JI€ YEPHOU AbIPBI, OHA UCITyCKAET BE-
LIECTBO, OOPA3YIOLIEE BOKPYI YEPHOM JIbl-
PBbI BPAIAIOIIMUICA AKKPELMOHHBII JAMCK,
BO BHYTPEHHHX OOIACTAX KOTOPOI'O JOCTH-
raloTCs CKOPOCTH, GIIM3KUE K CKOPOCTU CBE-
Ta. 30E€Ch IJIa3Ma Pa30rpeBacTcsa A0 Je-
CATKOB MWUIMOHOB I'DAZlyCOB U U3/Iy4aeT
B JKECTKOM PEHTTCHOBCKOM JIUAIIA30HE.
TeopeTudecKoe NPEACKA3aHUE MOLTHOI'O
3SHEPIOBBIIC/ICHIA ITPU HEC(DEPHUUECKOM AK-
KPELIUU BELIECTBA HA YEPHYIO JIBIPY ObUIO
cnenmanoB 1964t 51B.3emposuuemu EE. Car-
nuTepoM. A B Hayane 70-X IT. B paboTax
H.MN. IlIaxyps! 1 PA. Cronsesa, [k ITpunria
u M. Puca, 11/1, Hosrukosau K.C. TopHa 6pu1a
Pa3BUTA TCOPH IUCKOBOM AKKPELIUH BEIIIC-

CTBA HA PEJITUBUCTCKUM OO'BEKT B TECHOI
JIBOMTHOM 3BE3/THOM CHCTEME.

3eMHasa arMocdepa HEMPO3PAYHA UL
PEHITEHOBCKOI'O U3JIyYEHUs, IOITOMY
PEHITEHOBCKUE TEJICCKOIbI MPUXOIUTCS
BBIBOJUTB 34 €€ IIpeebl. CErogHs aCTpo-
HOMBI MOT'YT HAOJIIOJIATh AKKPEIUPYIONTHE
YEPHBIC IBIPHI, 4 TOYHEE, OPEOJIbI IBIIKY-
mEencss BOJIM3H HUX TOPAYCH IUIA3MBL
C 60pPTOB CHELUATU3UPOBAHHBIX CITyTHH-
KOB OTKPBITBI TBICYH KOMITAKTHBIX PCHTTC-
HOBCKMX MICTOYHUKOB, GOJIBIIMHCTBO U3 KO-
TOPBIX [TPE/ICTABIISIOT COOOH TECHbIE JIBOH-
HBIE CUCTEMBI, COCTOSIINEC U3 OOBIYHOM
OITUYCCKOU 3BE3/Ibl U PEJIATHBUCTCKOIO
OOBEKTA B PEKUME AKKPELIUY BemecTsa. Ko-
CMHYCCKHEC 11 HA3CMHBIC HZ[6JIIO,[I€HI/IH npe-
KPACHO JOIIOJIHAIOT JPYT APYrd: HAIMYUE
MOIIIHOI'O PEHTICHOBCKOIO UCTOYHHKA
(CO CBETHMOCTBIO, B COTHHU THICAY Pa3 IIpe-
BBIIIAIONEN  6OJIOMETPUYECKYIO CBETU-
MOCTb COJIHIIQ) YKA3bIBAET HA IIPUCYTCTBHUE
B JBOITHOM CUCTEME MACCUBHOI'O OOBEKTA
MaJIBIX PA3MEPOB (MEHBIIE 3EMIN), MACCY
KOTOPOI'O OIPEAEC/AIOT MO PE3YJIBraTaM
CHEKTPAIbHBIX U (DOTOMETPHUUECKUX HA-
OJIIOZICHUI OIITHYECKOTro cocena. Ecmu pe-
JIITUBUCTCKOE TEJIO KAK MUHUMYM B TPH
pasa Tsokesnee COMHIIA, €rO MOYKHO CUUTATD
KAHAUIATOM B Y€pHbIE AbIPbL Ha ceroans
KOJIMYECTBO TAKUX OOBEKTOB B IBOMHbBIX
CUCTEMAX C HAZICKHO U3MEPEHHBIMI MAC-
CaMH JOCTHIVIO IPUMEPHO JBYX ICCATKOB U
OyIeT BO3PACTATh C PA3BUTHUEM PCHTTCHOB-
CKOH M OIITUYECKOM ACTPOHOMUM.

Macca cBepXMaCCHBHBIX YEPHBIX JIbID
ONIPEAEIACTCS 110 JBUKCHUIO OIN3/IEKA-
IIUX I'A30BBIX OOIAKOB U 3Be371. OHA B MIJI-
JIMOHBI 1 MWUIHMAP/IBI PA3 IIPCBBIIIACT COJI-
HEYHYIO MACCY U COCTABIIAET IIOPSAKA Ofl-

AONOAHUTEABHAS AUTEPATYPA:

HOM TBICSYHOM OT MACChI I'AJTAKTUKU, JIC/1A5
CBEPXMACCUBHBIC YEPHBIE ILIPBI OOEKTA-
MU COBEPLIEHHO OCOO0I0 K1acca. Mx pas-
MEPBbI OLIEHUBAIOTCA 10O EPEMEHHOCTH
U3Iy4CHUs, WIK 110 NPOMWIAM PEHTrE-
HOBCKMX JIMHUA CIIEKTPA. Pe3ynsrarTel Ha-
OMIOACHUI TOBOPAT O TOM, UTO PaJUyC
CBEPXMACCHUBHBIX YEPHBIX /IbIP HE IIPEBBI-
maer 10—-100 rpaBuTaliMOHHbIX. O1HA U3
HUX HAXOAWUTCA B ipe HAIeH [atakTiKy 1
BECUT B 4 MJIH. pa3 6osblie COMHIA.

ApbipsiBas BceAeHHast

WTak, rUIoTes3a O CyleCTBOBAHUU YEPHBIX
JIBIP CO CBOMCTBAMMU, ITPEICKA3AHHBIMU O0-
IIEHU TEOPUEIT OTHOCUTEIIBHOCTH, HAXO/IUT
BCe OOJIBITIE HKCIEPUMEHTATBHBIX ITO/ITBEP-
JKIEHHN. EC/N TTpEINOIOKEHUS U TOT KA
Ha TOT CYET CMEHATCS ITOJTHOM YBEPEHHO-
CTBIO, TO YK€ POJIb Y€PHBIX JbIP KAK UCTOY-
HHMKOB aKTUBHOCTU SIJIEP TATAKTUK 1 KBA3d-
POBIIO3BOJIUT CYUTATH UX BAKHEHUIIIHM JJ1e-
MEHTOM MHUPO3/IaHus1. He MCKITI0UeHO, 4To
CIC HC OTKPBITHIC IICPBUYHBIC YCPHBIC JIbI-
PPl €C/T OHU JICHICTBUTEIBHO CYIIECTBYIOT,
UMEIOT Ky/1a 6OIBIIYIO 3HAYUMOCTb JIIs KO-
CMO(HU3HKHY, YEM KAPKETCS CETOTHSL
HcciieJoBaHUE YEPHBIX JIbIP — 3TO BO3-
MO’KHOCTD €III€ pa3 B3IVIIHYTh HA T'OPU-
30HT COBPEMECHHOU HAYyKH, KOTOPAs pac-
IUPACT HAIIU IIPCICTABICHUA O BDCMCHU
U IIPOCTPAHCTBE. M3y4as rnpe/iesibHble COo-
CTOSIHMSI MATEPHHU, KOI'JJA IPOCTPAHCTBO
U BpPEMsI [IEPEIUIETAIOTCS HEOOBIYAHBIM
00pPa30M, MbI IIO3HAEM CaMble (DYHIAMCH-
TAJIbHBIE CBOMCTBA HAIIEro Mupa. Haémo-
JACHHE 34 CTOJIb 3AI'a/IOYHBIMHU 3BC3JHBIMI
OOBEKTAMU IIPUOJIIDKAET HAC K PA3rajIKe
TAVHBI POXK/ICHUA BCeeHHON U BO3HUK-
HOBCHMUA XKU3HU HA 3ewie. M

o HoBuKoB M.A. YepHble Ablpbl 1 BceneHHast. M.: MoA. reapamst, 1985,
o AnnyHoB B.M. B Murpe ABOMHBIX 3Be3A. M.: KBOHT, 1986.
e Yepenawyk A.M. MaccuBHblE TECHbIE ABOMHbIE CUCTEMDI // 3eMAS 1 BCeAneHHas!.

1985. N2 1. C. 16-24.

o Aot B.M., Yepenallyk A.M. Ontniyeckmne NCCAeAOBAHMSI PEHTTEHOBCKMX ABOMHbIX

cuctem // Tam xe. 1986. N2 5. C. 18-25.

e Yepenatyk A.M. YepHble Ablpbl: HOBbIE AQHHbIE // Tam e, 1992, N2 3. C. 23-30.
o [MH3BYpr B.A. O dumsmke n actpodusnke. M.: bropo «KBaHTym», 1995, 106 c.
» Yepenawyk A.M., YHepHuH A.A. BCceneHHas, m3Hb, YepHble Ablpbl. PpsisnHo: Bek-2,

2003.

B Mupe Hayku




TEXHHYECKHE HIOAHCDI

[IPOTYIIKA B

NEGY,

i 2B0NOUCK

«[Tozppasnsiem! Bam ypanocs ob6Hapy-
JKUTB TAMHUK!> — TaK HAYMHAJIOCh ITMCh-
MO, OOHAPYKEHHOE MHOIO B KOHTEIHE-
pe, CrIipATaHHOM Ha CKJIOHE ropbl. Jlanee
CJIEIOBAJIO IPUMCYAHUC:

«Bpl CTa/mM y4aCTHHUKOM BCEMUPHOIM
UT'PBL, CO3/1aHHOM I BCEX MOJIb30BATE-

ser GPS (ImobanbHast cUcTeMa MO3ULIM-
OHHMPOBAHUSA), KOTOPBIE CTPEMATCS OTbI-
CKaTb COKPOBMIIA, T.€. KOHTECUHEPDL.
OO6HAPYKUB TAMHUK, IIOJIb30BATC/IA CO-
OOIIAIOT JAPYT APYIY €ro KOOPJHUHATHI,
U IOUCK IIPOAOJDKACTCA. [E€OIIOUCK — HO-
Bast MI'PA C IIPOCTBIMU IIPABUIAMU:

Mapk KanemeHc

1. B34Tb 94TO-1M60 U3 TAHUKA.

2. OCTaBUTDb B HEM YTO-TO.

3. Cpenath 3aIUCh B «<KyPHAJI JEXKYP-
HOI'O>.

Panee s npepgnosaraja, 4ro mopra-
THUBHBIA GPS-IPUEMHUK HCIIOJIb3YETCH
TOJBKO BOEHHBIMH. HECKOIBKO JIeT Ha-

Exit 228B

[E]x
On I-35[]

To U.S. 56, Shawnee[]
Mission Pkway.

Services

Furr's Family Buffet[]
Perkin's Family RestaurJ
Comfort Inn[]

Drury Inn[]

Homestead Village |
Distance][] 12.4%
Bearing 027

e [ Map| [ oK |

GPS-NPUEMHUK — NEPEHOCHOE, KOMMAKTHOE, AETKO YMNPABASIEMOE YCTPOWCTBO. MNpu-
6opbl Trex Legend n Maggelan’s SpoorTrak Color noMoryT COCTABUTb MAPLLPYT U MPEA-
AOXQAT CMNCOK PECTOPAHOB, OTEAEN U PA3BAEYEHUN.
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DAVID TAYLOR

TEXHHYECKHE HHAHCDI

3a]] yCTPOUCTBO CTAJIO JOCTYIIHO U I'Pa-
JKIAHCKUM IMLaM. Bea cucrema GPS co-
CTOUT U3 24 CIIyTHHUKOB U 5 HA3€MHBIX
craHiui. OpOUTHl CIIYTHUKOB IPOXO-
JISIT Ha BBICOTE 6osee 12 ThIC. KM, Iepe-
JIaBass MAJIOMOIIHBIC PATMOCUT'HAJIBI HA
vactorel UHF. TlpueMHuk GPS onpeje-
JIIE€T KOOPAMHATBL OOBEKTA B JIIOOOI
TOYKE IIAHETBI, U3MEPsiA BPEMs IIPO-
XOXICHHA CHTI'HAJIA KAaK MHUHHMYM
C 4 CIIlyTHUKOB.

Jlo HelaBHEIO BPEMEHH IIPABUTEb-
crBO CHIA 6510KHPOBAIO GPS-CUTHAJIbL
C TEM, 9TOOBI KX MOIJIU TIOJIy4aTh TOJIb-
KO BOCHHBIC (KOTOPBIC MOXKHO OBLIO
HOMMaTh, HO JJAHHBIC ObLIM HETOYHBI).
B mae 2000 r. afiMUHHCTpALNA IIPE3U-
Jenra KimHTOHA NpuHANLA peleHue
O NPEKPAIECHUMN OJIOKMPOBKH CHUI'HAJIA.
Bckope HEKOTOpbIE KOMIIAHUHU-IIPOU3-
BOJUTCIIM BBIBCJIM HA PBIHOK ITPOCTBIC
B IPUMCHCHUU IIPUEMHHUKH, PaboTaIO-
ME KaK 3JEKTPOHHAA KapTd. B TO Xe
BpeMs PeflepabHOE YIPABICHUE TPAK-
JAHCKOU aBHAIIUU IIPEACTABUIO HIMPO-
KOAWUAIA30HHYIO CUCTEMY HOIbEMaA
(WAAS), KoTOpas Ipu3BaHa KOPPEKTU-
poBarb GPS-CUTHAl C y4€TOM BO3MOXK-
HBIX OHIMOOK B pacyeTax OPOUT CITyT-
HHUKOB. WAAS TO3BOJIACT OIPEACIATH
MECTOHAXOKACHUE MOJIb30BATEIIA C Ma-
KCUMAJIbBHOU TOYHOCTBIO (IIPH YCIIOBUH
OIarONPUATHON IIOrOJAbI B TOM MECTE,
I71€ HAXOIUTCS OO'BEKT).

C I€TCTBA 51 YBIEKAICS OPUEHTHPOBA-
HHEM Ha MECTHOCTU. M Korzga Mo npu-
ATEIb IPEAIOXKUI 3aHATbCS I'€OIOUC-
KOM, C PaIOCTbIO COIVIACWICA. B nepBbIi
NOXOZ 1 OTNPABWIICA C GPS 3 Plus npous-
BOJCTBA KOMIIaHUU Garmin Iternationai.
Mbl ynTaIM MHOOPMALUIO C YCTPOUCTBA
U KApAOKWIUCH IO ropaM, IEePEXOAWIN
BOPOJ PYy4YbU, TIPOOHUPATHCH YEPES BBICO-
KHE 32pOC/IH TPABBI U OPEIU IO PABHH-
HaM. OnbITHbIE CJIEAOIBITBI HAM COBETO-
BaJIM HE CMOTPETb HA 3KpaH GPFS, Korga
NpoXO/ulIb 4yepe3 jec. He obpatus
Ha 3TO BHUMAHUI, 51 C Pa3Maxy HaJICTEI
Ha JIEPEBO.

Yepes 2 KM yCTPOUCTBO MOKA3AJI0, YTO
MBI JJOCTUIJIU LIEJU. DTO O3HAYAJIO, YTO
JAHHOE MECTO COOTBETCTBOBATIO KOOP-
JUHATAM, 33aJaHHBIM CO CIIyTHUKA. Hac
OKPYZKaJl IVIyXO¥ JIEC, ¥ ITOTECHIUAIbHAS

omunbka cocrasmwia 15 M. O6bICKAB BCIO
TEPPUTOPHIO, MBI HUYET'O HE HALIUIM.
Haxkomnery uepes 20 MUHYT IIOJT TPYIOH
XBOPOCTA 6bUI OOHAPYKEH OOBIKHOBEH-
HBIN TUIACTUKOBBIN KOHTCHMHED C HA/ITH-
cblo geocaching.com. B nem siesxanu 6pe-
JIOKH, KJIIOYH, CBUCTOK, BUICOKAMEDPA,
MUHU-(POHAPUK U MACCA JPYIUX MEJIO-
4yeil. OCMOTPEB HAXOKH, 51 3aITUCAII CBOE
UMsI B GJIOKHOT M JIOCTAJI U3 KOHTEHHEPA
KPIOYOK B 3H4K TOI'O, YTO HI'DA MEH:A
«3agenuiaar. B Kadecrse CyBeHHUpPA Mbl
OCTABW/IM HWIPYLIEYHBIA PE3UHOBBIM
MO3I, Ha KOTOPOM KpPaCOBAIACh HaJ-
nuch — Scientific American. 3ane4darics
cebs1 Ha (POoTOKAMEPY, HANJIEHHYIO 3/1€Ch
JK€, Mbl BEPHY/IM KOHTEHMHEP HA MECTO,

C nomouwpto GPS nckateAb TANHUKOB
CMOT HaMTU CBOWM Mnpu3 (Kydyy 6e3aeAy-
LeK), PACNOAOXKEHHbIM B AYNAE OAHOTO
113 AEPEBLEB.

IIPUKPDBUIN €I'0O BETKAMU U, UyBCTBYA CEOs
MOOEANTEISIMA, OTIPABUINCH K HalIeH
MAaIIrHe.

Bo Bpems reononcka MHE y1a710Ch OI-
po6oBath 4 ycrpoucTBa. CaMbIMHU IIPO-
CTBIMHU H YZ(O6HI)IMI/I B HCIIO/JIb30Ba-
HUU OKa3aMUCb Garmin International’s
Geko201 (8149) u Magellan’s SporTrak
Map ($229), KOTOpOE 3HAYUTEIBHO JIC-
LIEBJIE IO CPABHEHUIO C Hpodeccuo-
HanbHBIMU  Garmin’s elrex Venlure
($194) u Magellan’s SporTrak Color
($499). Kaxaplii u3 npubopos oTodpa-
JKAeT KapTy, KOMHIAC U HH(MOPMALIUIO
O KOJINYECTBE CIYTHUKOB B 30HE BUU-
MOCTH. Bbl mosygaere uHQOpMAIUIO

B KOPOTKHUX COOOIIEHUSX, KAK U HA MO-
OWIBHBIX TesneoHax. s TOro 4ToObl
MMOJIY4UTh CBCACHHMA CO CIIYTHHKA Ha
GPS-IpUEMHHK, HEOOXOAMMO IO/IHATH
PYKy BBEPX U MOACPXKATh €€ TaK
15-20 cexyn.

3ara Ha caiit www.geocaching.com,
s1 PENINJ TIOCMOTPETD, HET JIU TAHHUKOB
OGJIM30CTU OT MOero jaoma. Ha carre
ObUIA YKA3aHA JJIOKUHA KJIQ/I0B B pA/INyCe
6,4 KM OT MOETO MECTOXKHUTE/ILCTBA, ObI-
JIN TAHBI KOOPJAWUHATBI U IICPCUYUCTIAINCH
HMMEHA TEX, KTO YK€ ITIOOBIBAJI TAM.

MBI HAYQIM UCKATb OJIVDKAWIINAN Tak-
HHK, IIPUXBATHB C cO60U 4 GPS-1pu60-
pa. HecMOTpsa Ha TO 4TO YCTPOMCTBA
dupmel Garmin HE TaK 4aCTO OOHOBJIA-
JIM KOOPJIUHATHI, KAK TIPUEMHUKU (PUpP-
Mbl Magellan, OHM HX OIPEACIAIN
C OOJBIIEN TOYHOCTBIO.

CKOpPO OOHAPYKUIIOCH, YTO B YCIIOBU-
SIX TOPOJIA YCTPOKCTBA PabOTAIOT IUIO-
X0. TaxKe BBISICHHUIIOCH, YTO CUTHAIT GPS
MOXKET IPOXOAUTH CKBO3b O0JIAKA, CTCK-
JI0, IUIACTUK, 4 HEOOCKPEOHI €My MeITa-
10T. Hawmnydmui  pesynsrar, IIOy-
YEHHBIA B LICHTPE MaHX3TTEHA, COOT-
BETCTBOBWI omuoke B 50 m. Ham yjna-
JIOCh HAWUTHU TAMHHK C JUCKOM Harmo-
HaJIBHOT'O T'€OJIE3UYECKOI0 OBIIEeCTBA
B O6IIECTBEHHON 6ubanorTeke Hpio-
Mopxa Ha 42-11 ynuue.

CrycTd ABa MECALA 5 IOYyBCTBOBAJI CE-
051 BETEPAHOM TI'€ONOHCKA. MHE y/1a710Ch
OGHAPYKUTH 96 TANHUKOB U 27 MEIHBIX
JMCKOB B 4 mrarax (Hpio-Mopk, Hblo-
Hxepcn, IlencunbBanusag n KOHHEKTH-
KyT). IToncku npogospkunnchk B Kanaae
U AHIIMU. S 3aMEHUI JIIOOUTENBCKOE
000pyAOBAHNE TTPO(PECCUOHAIBHBIM,
KOTOPOC B OT/IMYHC OT OOBIYHBIX prueM-
HUKOB OTMe4Yano j0 100 mMapmipyros.
S pemmwt ucrpoOOBATh CAMOE JIOPOroe
u3 Hux — Magellan’s SporTrak Color,
IMOKA3bIBAIONIEE JJOPOTH M PEKU PA3HBI-
MM LIBETAMMU.

CoracHO J1IaHHBIM, B IHTEpHETE yKE
UMEETCA nopsaaka 74725 TaliHUKOB
U KOKAYIO HeJemo nogsndgerca 50 Ho-
BBIX. OKOIO 10 TBICAY YEIOBCK 3aHHUMA-
IOTCS UX IOUCKOM. M

B Mupe Hayku
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TON0BONOMKA

BCE nnu Huero

A3HHuc Wawa

J1060€ COOOIIEHUE MOKHO IIPEICTABUTD
B BUJIE TIOCJIEJOBATEIBHOCTH ymnceL. Ha-
pUMep, CJIOBO «Berpedar B npeioxe-
Huu «Bcrpeya Ha mwomaau Pesomonmn»
OOJBIIMHCTBOM KOMIIBIOTEPOB, HUCIIOJIb-
3YIOIIMX KOAUPOBKY ANS/ 1251, Tpakry-
ercs Kak 194 241 242 240 229 247 224.

JlomycTtrM, BaM HYKHO ITIOC/IATh CEK-
PETHOE COOOIICHUE C IATBIO Kypbepa-
MH. OIacasch, YTO OJHOI'O WU JIBYX U3
HUX II€PEXBATAT, Bbl PEUINU/IN PACIIPEe-
JIUTh UH(MOPMALUIO TAK, YTOOBI I €€
IIOJIHOI'O BOCCTAHOBJIEHUSA TPeHOBA-
JIOCh IOMMATh KAK MUHHUMYM TPOHUX I1O-
CBUIbHBIX.

TTOCKOJIBKY COOOITIECHUE 3AKOAMPOBAHO
YHCJIOM, IPOLIE BCEIO ObUIO Obl Pa3laTh
KKIOMY KypbEpY TOIBKO OIPEACTIEHHYIO
€ro 4acTb. O/IHAKO ITO HE CAMBII 6E3011aC-
HBIA 1oxOozA, JIydiie OpraHu3oBaATh HH-
(POPMALIMOHHBIH «OOPBIB»: C/IC/IATh TAK,
9TOOBI JIIOOBIC /IBA TTOCBUIBHBIX HE MOTJIN
COOOIINTD HUKAKUX ITOJIE3HBIX CBE/ICHUIA,
2TI06BIE TPU OBUIU B COCTOSIHHUU IIEPEIATH
BCE COOBIIEHHE ITOTHOCTHIO.

11 pa3MHUHKU IIPEJICTABBIE, YTO 5 BbI-
OpaJ1 HA TWIOCKOCTH TOYKY, HAIIPUMED C
KOOP/IMHATAMHU 13 1 6, U TIOIIPOCHII TPEX
TOBAPUIIEH HANUTH e¢. JKemaTeabHo, 4To-
Obl HUKTO HE MOT CIIPABUTBCS C 33/JAHU-

€M B OJMHOUKY, HO 6€3 Tpy/Aa IOJIy4HI
MIPaBUJIBHBIN OTBET, OOPATUBLINUCH 34
IOMOIIBIO K JIOOOMY M3 JIByX JApPY3€.
Marre s coOO6IIMI, YTO TOYKA JICKUT HA
JquHnM x=13, Bace — 4TO OHA pacnoso-
JKeHa Ha IPAMOI y=6, a KaTe — 9T0 UCKO-
MBIE€ KOOPJAMHATBHI CBA3AHbI COOTHOLIE-
HueM y=x—7/ (em. puc. 6nu3)y). Kak mou
TOBAPUIITU MOTYT HCIIOJIB30BATH IIOJIY-
4yeHHYyI0 HHOpManuio? COIJIacHbl U
BB, UTO JUIA YCIICIITHOTI'O IIOUCKA HEOOXO-
MO U JOCTATOYHO IIOJIYYHUTh CBEICHUA,
MU3BECTHBIC JIIOOOU mape? ITogobuele
PACCYKACHUA TIOMOI'YT BAM PCLINTDL 3a-
Jlagy O IATH Kypbepax. M

PASMUHOYHASA 3AAAYA: Kok BABOEM OTbICKATb
TOUKY C KoopauHaTamu (13, 6), eCAM ee HeAb3s

HOWTM B OAMHOYKY?

%

%

X — X
;(Q‘SL)

9'cl)

2 =
: [

y=x-7

9'cl)

OTBET HA TOAOBOAOMKY

13 NPEABIAYLLEFO HOMEPA:

AAS MPOBEPKM CXEMbI C YETBIPbMSI SAE-
MEHTAaMM HEOBXOANMbI ABO TECTA. B nep-
BOM Ha BXOAbl A, B, C 1 D HYy»XHO NOAQTb
coortsetctBeHHO 0, 0, 0 u 1 (co4eTaHue
0001). Mpwn aTOM HO BbIXOAE E AOAXKHQ
OblTb €AVHNMLLIA. BO BTOPOM TECTE HA BXO-
Abl HY)XHO NoAQTh codeTtanne 1010. Mpwn
3TOM HQO BbIXOAE E AOMNKEH OblTb HOAb.
B cAydae cxembl C YeTbIPbMSI BEHTUAIMM
«/» HY>KHBI TPW TECTA, B KOTOPbIX HO BXO-
Abl HY>XKHO noaaTte 0111, 1011 1 1110.
TOABKO ABE TPEXIAEMEHTHbIE CXEMbl
HEAb3$1 MPOBEPUTL C MOMOLLBIO OAHOTO
TECTA: Ty, B KOTOPOW BTOPOMN SAEMEHT —
BEHTUAb «/», O OCTAAbHbIE — «VIAN», 1 Ty,
B KOTOPOW BTOPOW 3AEMEHT — BEHTUAb
«NAVI», O OCTOAbHbIE — «/I».

XI9ABAL WKW XIGHLOSEEN

onHeheoedeU BYUOH ‘WOMHDVDE O BO9MEDAUD OHHOEOHIN LAIOW KeeAdY @08V OH 'OHVOIA

OVl YSH OH 9LOXSV LoXOW DMhOL BOWOMOU DHESVOLIDSQ UMHUV UOHVO QO BUTIDWAODH 13910
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MATT COLLINS

CAPOCHTE JKCNEPTOB

N0YEMU H3HYECKHE YAPAXHERRA YKPERRAIOT

HALH MblLNbF?

OtBeuacT Mapk dHApIoc (Mark A. An-
drews), mpogeccop pusnonorun us Koi-
JIEJPKA OCTEONATUYECKON MEIUIIMHBI Ha
o3epe Dpu.

HabpaTp Crty MBIIIIAM IIOMOTI'AIOT /1B
rnpouecca: runieprpodus (YKpyIHEHUE)
MBIIIIEYHBIX KJIETOK U COBEPIIEHCTBOBA-
HUE HEPBHOI'O KOHTPOJIA 34 UX JICATCIIb-
HOCTBIO.

[loy BAMSIHUEM PETY/SIPHBIX (pU3nye-
CKMX HAIPY30K, 32 KOTOPBIMU CJICAYIOT I1e-
PHO/IBI TOKOSI (M ITOTPEOICHUE YEIIOBEKOM
JIOCTATOYHOT'O KOJIMYECTBA OEJIKA), MbIITICY-
HBIE KJIETKU ITOCTEIIEHHO YBETMUYUBAIOTCS
B pazMepax. (OTOT IPOLIECC HE CIIEAYET ITy-
TATh C KPATKOBPEMEHHBIM «Pa30yXaHUEM»
KJIETOK B PE3YJIBIATE MOITIONICHUS UMY BO-
JIbL.) YKPYIIHCHHEC MBIIICYHBIX KICTOK,
a CJICIOBATE/IBHO, U OOLIEE YBEIUUECHUC
MBIIIEYHOHN MACCHI IIPOUCXO/IUT BCIICCT-
BUC YCWICHUS CUHTE32 MBIIICUYHbBIX OCIIKOB.
Koryia MbleyuHble KJIETKU AKTHBUPYIOTCS
CUTHAJIAMH OT HEPBHBIX KJIETOK, OCJIKH AK-
TUH 1 MUO3UH U3MEHSAIOT CBOIO CTPYKTYPY,
34CTABJIIA KICTKU U MBIIIIIBI COKPAILATBCS.
TIpu a1OM OO1IIAST CHIJTA COKPAIIIEHUSI MBIITI-
1IbI 33BUCHT OT TOT'O, C KAKOH CWJIOU COKPa-

LIAIOTCSL OTAEIbHBIC MBIIICYHBIC KICTKH.
TakuM O6pa30M, UEM BBIIIC COACPKAHIE
AKTHHA 1 MUO3HHA, TEM OOJIBUIYIO CUIY IIPU
COKpPAIICHUH CMOKET Pa3BHUTh MBIIILIA.

VKPYITHEHUIO MBIIICYHBIX KICTOK TAKKE
CIIOCOOCTBYIOT HEKOTOPBIE TOPMOHBI U T'e-
HETUYECKUE (PAKTOPDL

HepBHbBI KOMIIOHEHT, OTBETCTBEHHbBIA
34 YBEJIMYCHUE MBIIICYHOM CUIIBL, B IIEP-
BYIO O4Ye€pE/lb BKIIOYACT CIIOCOOHOCTh
HEPBHBIX KIECTOK OZIHOBPEMEHHO BOBJIE-
K4Tb B MBIIIEYHOE COKPALIEHUE KAK MOK-
HO OOJIbIICE KOTMYECTBO MBIIICUYHBIX KJIE-
TOK. DTOT HPOLECC, HOJIyYUBIIUHI HA3BA-
HUE CHUHXPOHHOM aKTHUBAIlUH, PE3KO
OT/IMYAETCH OT ACUHXPOHHOI'O (HECOIIA-
COBAaHHOTO) COKPAIICHUSA KJIETOK HETPE-

HUPOBAHHBIX MBI, TPEHUPOBKA K TOMY
JKE OCJIA0JIIET TOPMO3HOE BIMSIHUE, OKA-
3bIBAEMOC LIEHTPAIbHON HEPBHOI CHUCTE-
MOM Ha COKPAIIAIOMIMECS MBIIIBI 110
HPUHLINAITY OOPaTHOH CBA3U. PaboTaromue
MBIIIIIBI IPEJOXPAHAIOT 3TO BO3ACUCTBUC
OT HEPErpy3KU U IPEAOTBPAIIAIOT BO3-
MOJKHBIH «CAMOPA3PbIB> MBIIIIIBL ONUCAH-
HbBINA IIPOLIECC HEPBHOM aJAIITALIMH IIO3BO-
JIET JOOUBATBCA 3HAYUTE/ILHOI'O IIPUPO-
CTa MBIIIEYHON CHUJIbI P11 MUHHUMAJIbBHOM
YBEJIMYCHUH MBIIICYHON MACChL. IMEHHO
OH ITO3BOJEACT NPOABJIATD HCAIOKMHHDBIC
CWIbI TDCHHUPOBAHHBIM JKCHINWHAM U 1O/ -
pocTkaM. HepBHas aganrauus 110 60J1b-
IICH YACTU OTBETCTBEHHA 1 32 YBEJIMUCHUC
CHJIOBBIX [TOKA34TE/ICH HAa HAYA/IbHbBIX 3Ta-
1aX CHJIOBOU TPEHUPOBKU. [uneprpodus
MBIIIEYHOM MACChI — FOpas/io 60j1ee Meji-
JIEHHBI IIPOLIECC, T. K. TPEOYET 0Opa30Ba-
HUSI HOBBIX 6EJIKOB. TAKMM 0Opa30oM, yBe-
JIMYEHHE MBIITICYHOM CHJIbI 110 BIMSIHHUEM
PETYIAPHBIX (PU3UYCCKUX YIPAKHECHUHN
OOYCJIOBIEHO KaK U3MCHEHUAMU B CAMUX
MBIIIIIAX, TAK 1 60JIEE COBEPIICHHBIM YII-
PAaBICHUEM UX PA6OTHI LIEHTPAILHOU HEP-
BHOJ cucreMon. M

Kak sozmkatr mupnx?

O6mpacusaer dasuH Merep (Edwin Mey-
er), npodeccop pusnku Kosutemxa bony-
nHa-Yosuieca:

OTBETCTBEHHOCTDb 34 BO3HHUKHOBEHHE
MUPAKEH HECYT (POTOHBI (YACTULIBI CBETA),
NPOXOJAIIUE CKBO3b CJIOM BO3/lyXa Pa3-
HOM TEMIIEPATYPDI U INIOTHOCTU, UICKPUB-
JIAIOIIME TPACKTOPUIO UX JABMOKECHUS.

VpeaibHble yCII0BUA U1 NOSBICHUA MU-
PpaKa CKIAIbIBAIOTCA BKAPKHA COTHEYHbBIN
JIEHb, KOI'/Ia BO3/yX HEMNOJBWKHO CTOUT Y
pasorpeTort
C 3TOM NOBEPXHOCTDIO COIPUKACACTCA CA-

IUIOCKOM  ITOBEPXHOCTH.

MBIH TEIUIBIN CJIOU BO3/IyXd; YEM BBIIIE, TCM

BO3/IyX CTAHOBHUTCS 60JI€€ XOJIOJHbIM
U IWIOTHBIM. POTOHBI, YCTPEMIISIONINECS
OT KaKOI'O-JIMOO YJAJIEHHOI'O OOBEKTA
(Hanpumep He6A) K IV1a3aM HaOIIOAATEN,
JIBUJKYTCS 11O UCKPUBJIEHHOMY ITyTH. Kitac-
cu4decKas (pU3MKa OOBACHACT ITOT (PEHO-
MEH TEM, YTO XOJIOJHBIN BO3yX UMeET 60-
Jiee BBICOKUI TIOKA3aTeIIb IPEJIOMIICHHS,
4yeM Teriblil. COOTBETCTBEHHO, (POTOHBI
JBIDKYTCA B MCHCC IVIOTHBIX CJIOAX TCIUIO-
'O BO3/lyXd OBbICTPEE, YEM B O0JICE IVIOTHBIX
CJIOSIX XOJIOTHOTO. COTJIACHO JKE ITPEJICTAB-
JIEHUSM KBAHTOBOM 3JIEKTPOJIMHAMUKH,
TIEPEMEIIASICh U3 OAHOH TOYKH B JIPYTYIO,

(OTOHRI BCerya BRIGUPAIOT TAKOH ITyTh, Ha
IIPEO/IOJICHUE KOTOPOT'O Y HUX YT MU-
HIIMQJIBHOE BPEMST — JAXKE €CJIH OH UCKPHB-
JIEH U JUIMHHEE, YEM HPSIMOH IIyTh MEXIY
JABYMSA TOYKAMMU. B HUCKPUBJICHUHN CBCTA U
KPOETCSI MPUYHHA TOTO, YTO Y/IAJICHHBIN
OOBEKT, OT KOTOPOI'O OH OTPAKACTCH,
KKETCS HAM PACTIOTIOKEHHBIM COBCEM HE
B TOM MECTE, IJIc HAXOIUTCS B /ICHCTBUTCIIb-
HOCTH.

A MHHIMOE 03€PO B ITYCTBIHE — HA CAMOM
JieJie U3006pakeHrne Hebd, KOTOPOE Hall
MO3T IO IPUBBIYKE BOCIPUHUMAET KaK
BOZHYIO IVI/1b, I7I€ OTPAXKAIOTCsA Hebeca. M

B Mupe Hayku




AHOHE

Yutamte B MAMCKOM BbIMYCKe XXYPHOAQ:

BM“I]E Hﬂljkll Po6oTbl HO cTapTe

g MapcuaHckaga oaucces

BUFE CT '|1'_:'F"

MpoxoxxaAeHue BeHepbl
Mo3r HapKOMAOHA
Thno6aAbHOE noTenAeHne
Tuxue semMaeTpssCceHUs

OdopMUTbL NOANUCKY HA XXYPHAA «B MUpPE HaOyKu» MOXXHO:

¢ no karaAoram «Mpecca Poccumn», noaAnUcHon nHaekc 45724; «Pocneyarb», NOANMCHON MHAEKC 81736; nepnoAnYecKnx NsAaHUn AAa GUGAMOTEK,
NOANUCHON UHAEKC B392; nsaaHum oprados HTU, noanucHom niaekc 69970;

® MOANUCKA HA YKpaurHe MO KATAAOTY NOANMCHbBIX U3ACHUI areHTcTBa KSS, noaAnncHom niaekc 10729

* yepes peAaKUMIo (ToAbKo o Poccun), nepeuyncaAms AeHbrn yepes C6ep6aHK UAM NO NoYTe, OTNPABUB KOMUIO KBUTAHLMM (C yikazaHnem ®.N.O.,
TOYHOIO OApecd U nHaekca noanucymka) B PocHOY no noure, no ¢akcy: (095) 105-03-72 nam no e-mail: red_nauka@rosnou.ru. CtoumocTb
NOANMUCKM HA NoAyroame - 390 py6., Ha roa - 780 py6.

MoANMCaTbCA MOXHO CO CAEGAYIOLLETO HOMEPAd, B KBUTAHLMU O6A3ATEABHO YKA3ATb HOMEpP, C KOTOPOro NoMAET NoANMCKa.

BAGHK MOAMMCKU MOXXHO B39Tb B AKOOOM HOMEpPE XXYPHAAQ; MOAYHYUTb B PEACKLMM; BbICbIAGEM NO GaKCy UAM no e-mail.

FA€ KynuTb XXYPHQOA (TEKyLLue Homepa):

® B NepeABMXHbIX KNOCKAX «MeTponoAnTeHoBeL,» OKOAO CTAHLUA METPO;
* B KMOCKe «AeAoBble AloAU», 1-9 TBepckas-AMcKas YA.,1;

e B KMockax Mry, MrMMO, PYAH, MUPJIA;

® B MNABMAbOHE Y MeTPO «TMMUPS3eBKas»;

® B KMOCKQX I. 3eA€HOrpaaa.

Bce HomMepd XXYPHOAOB MOXHO KYNUTb B PEACKLIUK XXYPHAAQ NO aAppecy YA. Paano, Aoom 22

HerocyaapcTeeHHOe 06pa3oBaTeAbHOE yYpexAeHue
«POCCUIMCKUI HOBbIA YHUBEPCUTET»

PacyetHbIn cuet 40703810200000010014
B AKB «McT-Bpurax baHk» 3AO, . Mocksa BNIK 044579128
KoppeCcnoHAEHTCKNM cYeT 30101810500000000128

VIHH 7714082749; KN 770901001

Oammans, N.0., appec NAATEAbLLMKA

Bua naatexa Aata Cymma

MoANMMNCKA HA KYPHOA
«B Mupe Haykun»

MAQTEABLIMK

HerocyaapcrtBeHHOe 06pa3oBaTEAbHOE YYpeXAeHne
«POCCUNCKNI HOBBIN YHUBEPCUTET»

PacyetHbIn cyet 40703810200000010014
B AKB «/cT-Bpuraxx baHik» 3AO, . Mocksa BNIK 044579128
KoppecnoHaeHTCKMIM cyeT 30101810500000000128

WVHH 7714082749; KM 770901001

Gammang, V.0., aapec NAaTeAbLLMKA

Bua naatexa AaTta Cymma

MoANMNCKA HA KYPHAA
«B Mupe HayKku»

[AaTEABLLMK
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