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PA3AEJbI:

OT PEOAKLIMN
B3rngda v B NPOLWIOE, U B BYAYUIEE

50, 100, 150 JIET TOMY HA3A/]

COBbITUA, DAKTbI, KOMMEHTAPUU
m [lapTHepbl nnu Bparn?

B HedpTb vwmTe Ha cTapom MecTe

® MHoroo6eLuatoLas Lennonosa

B {3blkoBas moga

® [lo OCHOB martepuu

® [prnb-KoBOOW

® CupeTb Ha ameTe 6ecrnonesHo?

m Jlevicsa, necHs!

m ®uacko B Depmunad

B YMEHbLUUTb BbITIOB — U 6biTh B BbIUIPbILLE

B Pa360pyvBOCTb U COTPYAHNYECTBO

m OO6LLeHMe Ha pacCTOsIHUK

nPO®UIb

MOXXET JIM HENNOBEK MOJIIOBUTb POBOTA?
Yapns Yown

IIpoepammucm /Jasud Jlesu cuumaem, wimo uepe3 50 nem
00U U pobomsbL CMO2YIM BCMYNAIMb 8 3AKOHHbLE OpAKU

MHEHUE

KJIETKA CMMACAET TKAHb

Enena CnaBuHa

IIpogheccop Apronw0 Kannax pacckassisaem o nocaedHux
KIMUHUYeCKUX UCTIbUNAHUSAX npenapamos, OCHOB8AHHBLX

HA 83POCIbIX ME3EHXUMAIbHBLLX CIMBOJI0BbLLX KJleTnKax

TEXHUYECKUE HIOAHCbI .
MJAHETA BOAbl. YHACTOW JIN?
Mapk Puwiettn

Kax pabomarom cmaHyuu 8000n0020mosKu

3HAHUE - CUNIA

XXNBOE NOKPbLIBAIJIO

Mapk ®uwlerttn

Bo s8cem mupe nponaeaHoupyemcst co3oaHue 8 20pooax
aKon02uUecKU 61a2oNPUSIMHBLX (3EeHbLX? KPblULL

MO3Iro-KOMMNbKTEPHbIN TENNIEKUHE3

Oner CeHbKOB

TexHono2uueckutl 2ubpud KOMNBLIOMEPA U MO32a e 20Mos
npoussecmu pegoiouuio 8 UHOYCMpPUL KOMNIOMEPHBLIX U2P

JIABOPATOPUA BKYCA

CNAPXA — K JIETVY!

AHaTtonuii F'eHaWH

Kax npasuwibHO CBeCImMb Ce30HHbLLL osouy

OB30Pbl:

KHW)XXHOE OBO3PEHUE

®OPYMbI, MPEMWN, BbICTABKH

DAKT NN oUKLNA?

MO>XHO JIN OBOUTUCH NOJIOBUHOW CBOEIO
MO3raAa?

B mupe nayku [06] wonb 2008



DU SAN PETRIC IC

OT PEJAKIHH

B3nAN B NPOWINDE
B bYJYUEE

Pasragatb MUHyBLLEE NOPON ObIBAET He ferye,

TaBKU B OTHOIIEHUU OyAyIIero o6bIYHO JeJIaloT

auineTaHThl. TeM He MeHee IToJ00HbIe CTaBKHU MO-

IyT OKa3aThCHd HEOMKUJAHHO HAJEKHBIM CpeJC-
TBOM €ro IIpefcKkasaHusa. Ha oCHOBe 8TOro JONyIeHUs
PaboTarT MHOM¥KECTBO (GPbIOUYEPCHBIX PBIHKOB, BO3HUK-
KX B HEJJaBHUE T'O/bI II0J1 BIUAHUEM ycllexa ToBap-
HBIX PBIHKOB B OTHOIIEHUHU 3a6JaroBpPeMEHHOrO
OoIlpeJieJIeHUA HAWJIYUYIINX CPOKOB IOKYIIKU COH.
HekoTopble MOJIUTUKU CTAJIU BEPUTH, UTO €CIU
¢poUepcHbIE PBIHKM CIOCOOHBI IIPEJICKAa3bIBATh
II€eHbl HA CBUHUHY, OHU, BEPOATHO, MOT'YT IIPOT'HO-
3MPOBATh U MCXOJ BBLIGOPOB B KOHIpPeCC, IIpUYeM
Jlase TOYHee, 4YeM TPpaJHUIIMOHHBIE OIIPOCHI 00IIIe-
CTBEHHOro MHeHHusA. OTHAKO 3THU PBIHKH IIOKA Ja-
JIeKko He 6e301IM60YHbI, II09TOMY TEOPETHUKH IIPO-
JIOJIPKAIOT UCKATh IYTHU CO3JaHUA GoJiee «y MHBIX»
M HaJ€KHBIX PIHKOB. O0 yCHJINAX I10 IIpeBpale-
HUIO OUPIKEBBIX TUKEPOB B Marude-cKue Xpyc-
TajJbHBbIe MIapbl — cTaThd 'spu Ctukrca «Korma
PBIHKU TOYHEE OIIPOCOB».

dusuk Jloperc Kpocc u kocmosor PoGepT

Illeppep, BrIAAEBIIUCH B Oyyliee — B CyIIl-
HOCTH, (paHTACTHUYECKU JlajleKoe, — IIOHSA-
JIY, 9TO 11060€ JKUBOE CYIIeCTBO TOT0O BpeMe-
HHU MOKET OKasaThCHd Ilepe]] Hepas3pelnMoi
TaliHOH. COBpeMeHHbIE aCTPOHOMBI CYMeJIU pe-
KOHCTPYUPOBAaTh BO3HMKHOBEHHE BcesleHHOM,
3arIAHYB B INIYyOMHBI KOCMOcCa U OOGHApYXKUB
cBUJeTeJbCcTBa Bojbmioro B3peIiBa, KOTOPBINA

4yem npepckasaTth rpsayliee

npowusomes 13,5 miupp et Hadaj (crarba «HacTynuT nu
KOHeI[ KOCMOJIOTUN?»). OTHAKO pacIIUpeHNe U 9BOJTIOLUA
BcesleHHOM ITOCTENIEHHO CTHUPAIOT 9TU CBUAETEIbCTBA,
¥ Yyepe3 MUJJIMOHBI CTOJIeTUH y HAUBHBIX ACTPOHOMOB
TOro BpeMEHHU He OyZIleT OCHOBAHHUI COMHEBATbHCH, YTO
OHM JKUBYT B MAJ€HbKOM, IIyCTOM U IIOYTH HEU3MEH-
HOM Mupe. JIOJKHBI I MBI CIUTATD yAa4del, 9To HaM
JIOBEJIOCh KUTH B TO BpeMs, Korga GaKThl HAM eIe

9YTO CBEAECHHUA O INPOUCXOKACHUU IIPOCTpPAaHCTBA
1 BPEMEHMU, O CYIIECTBOBAHNU KOTOPHBIX MbI HE I10-

ﬁ }IOCTyHHLI? n AOJIFKHBI JIM MBI pa3MbIIJIIATL O TOM,

no3peBaeM, yixe 6€63B03BPATHO YTEPAHBI?
HNHorzpa, HO He BCerja, NOMOYb YYEHBIM IIpe-
0/10JIeTh IPENATCTBUA CIOCOGHEBI 60jIee coBep-
IIeHHbIe IPpUGOPHI. B mocegHNe TOABI MHOTHE
JIOAY, 3aHHMaloImuecsad BOINPOCAMH KpUII-
ToaHalM3a U APYyruMu npobieMaMu, QUry-
pajbHO UIM OyKBaJbHO He NOAJAIIMMUCH
pelIeHUIo Ha OGBIYHBIX KOMIbIOTEpPAX, CTalH
BO3JIaTaTh HaJAeX bl Ha HOBbIE TEXHOJIOTUHU KBAH-
TOBBIX BEIYUCIEHUH.
B pesynbTaTe KBAHTOBBIE BBIYMCIEHUS CTa-
JIA IIPEACTABIATHCA UYTh JIU He BOJIIEOHBIM
CPeACTBOM JJIf PEIIeHUA BCEX MBICIUMBIX
npo6yseM. OgHako CKOTT AapOHCOH B CTaThe
«Ha 9T0 crioco6HBI KBAHTOBBIE KOMIIBIOTEPHI?»
moKasaJ, 4To 3TO He TaK. HeT coMHeHUI: He-
KOTOpBIE BOIIPOCHI €Ile JOJIro OCTaHyTcA 6e3
oTBeTa. W

B mMupe Hayku [06] uwnb 2008



a0, 100, 130 nem TOMY HA3AJl

m OAMHOKAS4 TOJINA = BCE BbIWE m YIOJIbHAA PAAVYIA =

MIOHDb 1958
MACCUBHASA HALIUSA. Orpocsl, poBOAVIMBIE CPEH HAIIIEH
MOJIOJEKH, BHOBb 1 BHOBb CTATUCTUYECKHU IIOATBEPHKIAIOT
deHoMeH aMepUKaHCKON KU3HU, KOTOPBIU [{aBujg Pucmen
(David Riesman) B cBoeit kHure «OMHOKAasA TOJIIIa» HA3BaJl
«OPUEHTUPOBAHHOCTBIO U3BHE». TO IOBBIIIEHHASA YyBCTBU-
TEJbHOCTb K MHEHUIO IPDYyTUX U, KaK CJIE[CTBUE, KOHPOPM-
HOCTb. IToxose, 4TO XapaKTepHas 4yepTa Halllero HaIuo-
HaJIBHOT'0 XapaKTepa — CUHAPOM aTpodUH BOJIU, TUIIEPTPO-
¢uu «ro» u guctpodun HHTEIEKTa. Takol 10CTaTOYHO He-
MIPUIIAAHBINA IOPTPET — HEeUu36eKHbIM BBIBOJ, U3 COBOKYII-
HOCTH JJaHHBIX O IIO3ULIMM HBIHEIIHETO MOKoJeHUud. Bojee
MIOJIOBUHBI MOJIOABIX JIoie cunrtaroT, uyTo ®PBP nmMmeet npa-
BO IIPOCJIyIINBATh TeJae(pOHHBIE PA3TrOBOPHI, UTO IOJIUIIUUA
HYKHO Pa3pelIuTh IPUMEHEHHE JoIIpoca C IPUCTPACTHUEM,
4TO JIIOJIM, OTKa3bIBAIOIIHUECHA CBUJETEIbCTBOBATh IPOTUB
caMux ce6s, JOJKHBI ObITh IPUHYK/ICHBI K 9TOMY.
KOPOBUW KAMUTAJI. KpynHEBIH pOraThIil CKOT, 6€3yCII0B-
HO, 3aHUMaeT IIePBO€ MECTO CPEJU JOMAIITHUX }KUBOTHBIX.
BBITh MOKET, HE II0 KOJIUYECTBY — B KOTOPOM €ro mnpe-
BOCXOJAT, HAIPUMED, OBIbI, U HE IO CTENEHM JIIOJCKOIO
yBaeHUs — 3[1eCh JUIUPY-

0T JOIAAu U coGaKu; oqHa- |

KO HM OZHO ApyTroe JoMall-
Hee KUBOTHOe He obecle-

dHUBa€T TaKOro IIHMPOKOIro

Kpyra BasKHeHIuX QdakxTo-
poB 6JaTOJJ€HCTBUSA YeJIoBe-
ka. KpynHbIfl poraThlif CKOT

Aa€T aMEPUKAaHCKOMY U €BPO-

neficKoMy IIOTpebuTeso ro-

BAAUHY, TE€JIATHUHY, MOJIOKO,

MAacJyo, CbIp U KOXKY, U KpoMe

TOro ImImpeaocTaBJIAET YE€JI0-

Tem He MeHee Ha He6oIbIIOM ocTpoBe KynoH 6bli1a co3sia-
Ha KOJOHUA JAJI NIPOKAaMKEHHBIX, B KOTOPYIO GblLIO cobpa-
HO 3HAQYHUTEJbHOE KOJIUYECTBO 60JbHBIX. O4YEBUIHO, YTO
6GOJIBHBIMU IIPOKA30U CIEAYyeT CUUTATh JIUIIb TeX JIIeH,
B YbUX TKAHAX IIPU MHUKPOCKOIIMYECKOM 06CIeJ0BaHUU
ObIIM OOHApPYKEHBbI GallMJ/JIbl Jenphl. [IpuMedaTeabHO,
YTO TOJILKO IIOJIOBUHA U3 CYUTABIIMXCA IPOKAKEHHBIMU
IpU THIATEJbHON NPOBEPKE OKA3aJUCh TAKOBBIMHU Ha ca-
MOM JieJIe.

MULLIYT BPATbSl PAWT. «MbI BeTpeTwau BecHy 1908 T.
C IpaBUTEJbCTBEHHBIM KOHTPAKTOM Ha pykax. Ero ycio-
BHUA HECKOJIBKO OTIUYAJUCH OT T€X, IIPU KOTOPBIX ITPOUC-
XOAMJIU HAaIU noJjeTel B 1905 r. B sydiieM mojere TOro
rojga, cocToAgBIIeMcs 5 OKRTAOPA, caMoJeT C OHUM IHJIO-
TOM Ha 60PTY HOKPHLI PACCTOAHHUE OKOJI0 39 KM CO CKOPO-
cThio 6oJsiee 60 kM/4. KoHTpakT TpebyeT, 4TOOBI MaIlInHa
JeTesla CO CKOPOCTBIO 64 KM/Y U MoIJla MOAHATH ABYX Ue-
JIOBEK, a TaKJKe 3allac TOILJIMBA, JOCTAaTOYHBINA JJIA IIepe-
nera Ha 200 kM. Llespio TocaeJHUX UCOBITAHUH ObLIa IIPO-
BEpKa Ha COOTBECTBUE NPE/IJIOKEHHBIM yCI0OBUAM HAIIEr 0
JeTaTeJbHOro ammnapara, a Takike Heo6X0JUMOCTh OCBO-
UTHCA C HOBBIMH pblyaraMu
yIIpaBJIEHU S, HOABUBIINMU-
cA B MocJeAHEeN MOJeau ca-

MojaeTar. — OpPBUILI U YUII-
6ep Paiir.
‘ WIOHDb 1858

AHWUJNINMHOBBLIE LUBETA.
Brigaromuiicsa aHIIAACKUI
xumMuk ®. Kansepr (F. Grace
Calvert) eme yeThIpe roma

HazajJ yTBepxaanr: «OdeHb

CKOpO U3 yriasa OyJeT IOoJy-

BEKy TOPMOHaJIbHbIC U BUTA-
MHUHHBIE 9KCTPAKThI, KOCT-
HYI0O MYKy Ui no6aBiieHUs
B eIy, KOpM U yaoOpeHusd,
a TaKiKe BBICOKOOEIKOBBIE
KOHIIEHTPATHI I NUTAHUA JOMAIIHUX KUBOTHBIX. On-
Hako 6ojiee yeM TpeThb MUpPoBoro 800-MHUJIMOHHOTO IIOTO-
JIOBbSI KPYIHOTO POraToOro CKOTA UCHOJb3yeTCHA B IIEPBYIO
ouepeab Kak pabouad cujia B HEKBAJIU(PUIIMPOBAHHBIX BU-
Jax IesaTeJIbHOCTH — IIPU NaxXxoTe, Ha MeJbHUIAX, B TAr-
J0BOI paboTe.

MNIOHb 1908

3ABOTA O NMPOKAXXEHHbIX. B TeyeHue 1mocjegHUX He-
CKOJIBKMX BEKOB Ha PUMIIMIINIMHCKUX OCTPOBAX yJAeJdeT-
cf cepbe3HOe BHUMAaHUE YXOAYy 32 IPOKaKEeHHBIMU. Eciu
nu3oaAnUsa 60NBbHBIX OT O0IleCcTBa IIOMOMKET OCTAHOBUTH
pasButue 3a6o1eBaHUA, UMeJIO GbI CMBICI Pa3BUBATh 3Ty
obsacTh npoduUIAKTHUKH Jienpbl. OqHakKo HAa PUINIIIN-
HaX [IOKa He IMOJIyYeHO HUKAKUX OJHO3HAYHBIX MEJUIIUH-
CKUX CBHUJIETENbCTB 9P (PeKTUBHOCTH ITOJOGHOTO IMOIX0/1A.

BbIK nopofbl kaHkpel, pa6oyas pa3HOBUMAHOCTb 3e6y,
ueHTpanbHas NMHgusa, 1958 r.

YeH I[€eHHBIH KpacHuTeJb».

M BOT coBCceM HeJaBHO OH,

cTod nepeJs cobpaHUeM JIOH-

moHckoro O6mecTBa HC-
KyCCTB U peMeces, Ipoje-
MOHCTPUPOBAJI INpeKpPacHBIA 6arpsaHUCTO-(UOJIETOBBIN
IBET, COIEPHUYAIOIIUHI 110 APKOCTHU C OpcejieM (KpacuTelb
€CTEeCTBEHHOIO ITPOUCXOK/ICHUA) U UMEIOIIUN IIepel HUM
IrJIaBHOE IPENMYIIECTBO: OH He pa3pyllaeTcs 10 BO3Iel-
cTBUEM cBeTa. KpacuTeisb, JalOMUA He TOJBKO BBIIIEY-
HOMSAHYTHIN IIBET, HO U GOJIBIIOE KOJUYECTBO APYTUX OT-
TEHKOB, IIOJIYYUJIN U3 KAMEHHOYTOJIbHONU CMOJIBI MOJIO/bIE
uccienosarenu YunbaMm IlepkuH (William Henry Perkin)
u Aptyp Yepd (Arthur H. Church) u HazBaJysi1 ero HUTPO30-
deHunInH niu HuTpo3oHadgTuanH. Kpacku 6611u ucupo6o-
BaHBI Ha IIIEJIKE U OKA3aJIMNCh YPE€3BbIYAaHO CTOMKUMU.
(ITepsbim cuHmesuposan aHUIUH U3 HumpobeH3ona
8 1842 2. pycckuil xumu-opeaHux H.H. SuruH. IIpoucxo-
ouswasi Npu 3MoM peaxyust, NOAYHUBULASL ULUPOKOe PAc-
npocmpaHeHue 8 xumuu, Ha3saHa peakyuett SuHuUHa. —
Ipum. ped.) m
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BRIWEN W3 NEYATH DYEPENHON HOMEP XYPHANA «HAYKA W KH3Hby

TEMATUKA CTATEN HOMEPA, KAK BCEIA, LUMPOKA N PABHOOEPA3HA

Kakum 6b1n knumat LleHTpanbHon A3nmn Mun-
JIMOHbI NET Ha3af, YTO 3a pacTeHUs LapcTBo-
Basv B TO BPEMS, Kakne XXMBOTHblE 06uTanu Ha
CUBUPCKMX paBHUHaxX? 3arnsiHyTb B rNy6UHbI
NpOLUNIOro yaanock 6narogaps cMenomy aKc-
nepvMeHTy no 6ypeHuto gHa barikana.
Crt. «<Akapemuk Muxann KyabmuH:
B3rnsp B rny6uHbl barikana»

]

Pa3BuTre reHHo-MHXeHepHbIX TEXHONOrUn —
OfHO 13 BaXKHENLLNX JOCTUXEHWUI MONEKYNSAPHOM
610N0rMnN N MONEKYNAPHOW reHeTukn. Mpume-
HeHne 6MOTEXHONOrM NO3BONSET 3HAYUTENBHO
YCKOPWTb NPOLECC MOMYYEHUS HOBbIX COPTOB
pacTteHuii. Ho Hackonbko 6e3onacHbl TPAHCTeH-
Hble pPacTEHWs, HE CO3[AI0T NI OHW Yrpo3y 3[0-

pOBbIO YeNoOBeKa 1 61opa3Hoob6pasmio?
Cr. «eHeTU4eCcKM MmoanULIMPOBaHHbIE
OpraHu3Mbl: HayKa 1 XU3Hb»

|

B Houb ¢ 10 Ha 11 Hoa6ps 2007 roga ¢ bankaH-
CKOro pervoHa Ha akBaTopuio YepHoro mops
BbILLIEST FOXKHbIV LIMKIOH M CO CKOPOCTbIO 70 KM/4
ycTpemunca B ctopoHy Kpbima. Heo6bl4HO
CWMbHbLIN ANA 3TUX MECT LUTOPM CTasn npu4un-
HOW HECKONbKMX KopabnekpyLueHuii B KepyeH-
CKoM nponuee. B Mope Bbinunocs okono 1600 T
masyTa. Kak passuBanuncb CO6bITUS U B KAKON
CTEeneHn yfanoch yCTpaHuTb NOCNeACTBUSA Ka-

TacTpodbI?
CT. «[lo cnepam aKCTpemManbHOro
wrTopma»

|

YT1o Takoe «lMpoekT Bpem»? BoTaHu4yeckun
«pali», Co34aHHbIV Ha MepPTBOW 3eMne Kapb-
€epoB 1 0TBaNOB 3a6pPOLUEHHbIX LWaxXT B6N3un
ropopaka CeHt-OcTenn B rpadctee KopHyann
Ha toro-zanage AHrNMU. B orpomHbIx opaH-
Xepesx, rae npeAcTasfieHa pacTUTeNbHOCTb
pas3nnYHbIX NPUPOAHBIX 30H HaLLel NnaHeThbl,
no6biBanu ypanbCKune LWKOJIbHUKN.

CT1. «<Bo3BpalieHue B dpem»

|
B cepeawnHe 50-x rogos npowsoro Beka CLUA
nepBbIMY Havanu padoTbl MO CO3[aHUI0 camo-
neTa c aiepHol cnunoeou yctaHoskon. Cornac-
HO noruke roHkn soopyxeHun CCCP He mor
no3BoNUTL cebe 0TCTaTb OT OCHOBHOIO conep-
Huka. Mo cyTun xe, Takol caMoneT OoTKpbIBan
nepen BOEHHON aBnaunen BO3MOXHOCTb MONy-
YUTb Ha BOOPY>XEHWE MUNoTUPyEMble 60eBble
KOMMJIEKChbl C MPaKTU4eCKN HeorpaHuYeHHowm
NPOAOIIKNTENBHOCTBIO U AaNlbHOCTbIO Mone-
ToB. B nepcnektuBe npepnonaranocb uUc-
nonb3oBaTh aBUALMOHHbIE AEepHble CUNTOBbIE
YCTaHOBKMW B KOCMUY€ECKOW TEXHWKE ANsA none-
TOB K Apyrum nnaHetam. OfHako ganbHeiiee
pasBUTME TEXHUKM NOLLIIO MO MHOMY NyTW...

«slpepHasn xap-ntuya»

|
«[MapannenbHo 60MbLUOMY MUPY, B KOTOPOM
XUBYT 60mblUMe NOAM U 60MbLUME BELLK, CY-
LecTByeT ManeHbKUN MUP C ManeHbKUMU
noabMU U ManeHbKnmu Bewamu. B 6onbLuom
MUpe M306peTeH AU3eNlb-MOTOpP, HanucaHbl
"MepTBble gywun", nocTpoeHa [HenpoBckas
rMApOCTaHUMUA U COBEpLUEH nepeneT BOKPYr
ceeTa. B maneHbkom Mype n3obpeTeH Kpu4a-
LM Ny3blpb "ynan-ynan", HanncaHa neceHka
"Knpnun4mMkn" n noctpoeHbl 6ploku acoHa
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“nonnpen’», — nucann Unea Unbd n EBrenni
MeTpoB B «30110TOM TeNeHkKe».
MpaBpa, HEKOTOpble O6GUTaTENU «MafleHbKO-
ro» MvMpa nepvoan4yeckn BXogaT B CONpPUKOC-
HOBEHME C MUPOM «60NbLUMM». 3aMeTHOoe
MEeCTO cpeaun HUX 3aHMMaeT KopHeT CaBuH,
Ybs haMunva noneseka He cxoauna c rasert-
HbIX CTpaHUL,.

Ct. «Cono pns KopHeTa»

|
Mokep! Yncno ero NOKNOHHWKOB B MUpe U3-
MepSieTCs MUNIMOHAMU, TYPHUPLI cCOGMpatoT

® [lo MHEHUI akapeMuKa
M. W. KyabmuHa, 3Ha4enue baiika-
na, KaK rnagHoro CTpaTermyecKoro
BOAHOro pecypca Poccuu, byper
TONbKO BO3pacTath @ 10 MHMUMATUBE YU-
TaTenei reHeTHYECKU MoaupULMPOBaHHEIe
OpraHnM3mMbl BHOBb B poKyce 0co60ro BHUMA-
HUA Y4éHbIX @ [OTOK MIOOHOB M3 KOCMOCA
CTan UHCTPYMEHTOM apXeonoroB U KpUMK-
HanucTos @ OGesbsiHbl yMHee nogei? NayT
% 3KcnepumeHTbl ® Kakux Tonb-
\) KO HeT Ha CBeTe NaMATHUKOB:
B KaHafckoM ropoge KomapHo
CTOMT NAMATHUK KOMapy.

OrPOMHble TeNneBU3NOHHbIe ayamuTopun. OHM
NpoOXoAsAT MU B MOKEPHbIX knybax, n no NHTep-
HeTy. YBenu4ymBaeTtcs 4Mcno npodeccroHa-
0B, pacTyT Npu3bl.
Poccusa Toxe He oTcTaeTt B 3TOM roHke. Cy-
L ecTBOBaHME OrPOMHOrO KONMMYecTBa aHek-
[OTOB Ha TeMy nokepa TONbKO MOATBEpXAa-
eT ero nonynApHOCTb. Takol «4ecTu» cpean
KapTOYHbIX UFP yAOCTOEH, MoXanyw, Nullb
npedepaHc, ga n To B 0CHOBHOM B Poccuu.
B 4eMm xe cekpeT HeBepOATHON NOMNYNSAPHOCTH
3TOW KapTO4YHOW UrpbI?

«CTpacTu no nokepy»

OnekTpoHHasA Bepcusa ISSN 1683-9528 npepcraBiieHa B ceTy UHTEpPHET, exeMecAYHo peructpupyercs 6oee 60 000 oOparmeHmi.
Anpec pegaknun: 101990, Mocksa, LleHTp, yi1. MacHunkad, a. 24. Ten.(495) 624-1835, dakc (495) 625-0590.
Ciy6a pacripocTpaHeHUA U CBA3eH ¢ obmiecTBeHHOCTHIO: 0. A. Curopckaa — (495) 621-9255. PeksramHad ciay:x6a: (495) 628-5965.

http://www.nkj.ru, e-mail: mail@nkj.ru.

IIpoxosnkaeTcsa MOANMMCKA Ha :KypHaJa «Hayka u :xu3Hb». [lognucHeIe HHAEKCHI: 70601, 79179, 99349, 99469, 34174.
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NAMHEC]bI unn searn?

MosABUNUCb HOBblE reHeTU4YecKne CBUaeTeNbCTBa
TOro, 4YTO YENIOBEK pa3yMHbIl CKpeLlumBarcs
C 4YeNOBEKOM MPAMOXOASALLNM

HOPBI O TOM, B KAKUX B3aHUMOOT-
CHOI_HCHI/IHX Haxoguiauck Homo
sapiens (4enoBek pa3dyMHBIN) 1 Homo
erectus (4e0BeK NMPAMOXOAAIUN) —
IapTHEPCKUX WU BpaKaeOHBIX, — TO
3aTyXaloT, TO PA3ropaloTcs BHOBB yiKe
He OJIUH JecATOK JieT. CeronaHda 60Jb-
IIMHCTBO HCCJIeoBAaTeJed, NBbITa0-
IIIUXCSA ITOCMOTPETh Ha HAIILy ITPeIbIC-
TOPHUIO Yepe3 «T€eHEeTHUYECKYIO JyIy»,
roJlararoT, YTO HUKAKUX CJIefoB 60-
Jlee paHHHUX BHJIOB B HEH HET, U YTO
BC€ COBPEMEHHBIE JIIOJU IIPOU30II-
JIV OT OJHO¥ T'PYIIIbI TOMUHU/IOB, KO-
Topad HNOKMHYyJIa APPUKY IIPUMEPHO
100 TEIC. JIET Ha3a/ U BBITECHUJIA BCEX
APYTHUX npejcTaBuTesiell poga Homo
(B yacTHOCTH, HEAHAEPTATBCKOIO Ue-
JIOBEKA), He CKPEeIIUBasACh C HUMU.

OLHAKO €CTh 9BOJIIOIIMOHUCTEHI,
NPUAEPKUBAIOIINECA HWHOU TOYKH
3penud. I[lo muennio Moppea Kokca
(Murray Cox) m3 ApU30HCKOI'O YHU-
BepcUTeTa, He BCe JaHHBIE YKJIAIbI-
BAIOTCA B MOJEJb €JUHCTBEHHOIO,
IIPOM3OIIEAIIEeT0 OTHOCUTEIbHO He-
JlaBHO «cxoja» U3 AQpUKHN. YUeHBIH
YBEpEH: OH HallleJI caMble y6eUTeb-
HbIe CBHJIETEJIbCTBA TOTO, YTo Homo
sapiens CKpenuBajCcad C IIpeJCcTaBU-
TeJIAMU BUuga Homo erectus, moABUB-
IIerocss IpUMepHO 2 MJIH JIET Has3aj
M, 10 MHEHHWIO MHOTHUX, ITPUHAJICKAT
K TOU 3Ke caMOM JIMHUHU, KOTopasd 03/~
Hee Jajla HayajJo COBPEMEHHOMY 4e-
JIOBEKY.

WUpes obocobiaeHHocTH «adpuKaH-
I1eB» OCHOBBIBAETCHA IPEIKJie BCEro Ha
pes3yJbTaTax UCCIe0BaHUHN Y-XPOMO-
COMBI 1 MUTOXOHJIPUH, «(dHEPreTu-
yeckux pabpuk» kiaeTok. [locien-
HHE UMEIT COOGCTBEHHBIN I'€HOM,
KOTOPBIH HacjeayeTcs IO MaTe-
PUHCKON NMHUU. Bce usaBecTHBIE
BapUaHThI HYKJIEOTUAHBIX II0CIe-
JOBATEJIbHOCTEHN B 060UX CiIydaax
BOCXOAAT K a)pUKAHCKUM IIpeJ-

kaM. O6 3TOM K€ CBHUAETEIbCTBYET
U OTCYTCTBHE YETKO BBIPAKEHHBIX
«TUOGPUAHBIX» OCTAHKOB.

OfHaAKO B FeHOME CYyILIeCTBYeT He-
MaJjo APyTUX MECT, T/ie MOT'YT YKpPBI-
BaThCsA I€HBI HAIIUX JPEBHUX POJ-
CTBEHHUKOB. lI3y4yasa reHeTHUKY COB-
PEMEHHBIX YeJIOBEYECKUX MOIMYJIAINUHN,
Kokc pgertasbpHO HpoaHaA/IU3UPOBAL
obsacTep X-xpomocombl, o6o3HaUae-
My10 RRM2P4, koTopas CyIleCTBEHHO
pasaudanachk y JOJel, NPOKUBaB-
IIMX B pa3HbIX YaCcTAX 3€MHOTI0 II1apa,
YTO TOBOPHUT O IPOU3OIIEIITEeM KOTAa-
TO F€eHETUYECKOM paclienjaeHuu. aa
TOTO YTOOBI BEIICHUTH IIPOUCXOK/IE-
HUEe TeHeTHYeCKUX BapHaHTOB, yde-
HBbIe CEKBEHHPOBAJN COOTBETCTBYIO-
II[ye CerMeHThI reHoMa 250 WHIUBU-
JI0B — TIOJIOBUHY M3 HUX COCTABUJIM

adpukaHIBl, OCTAJbHbIE — YHJINH-
bI, 6acku, xkuTenum lleHTpalbHOU

p=)

A3uu 1 ocTPOBOB THXOro okeaHa.
TpaHcdopmMupoBasn
B HYKJIEOTHU/JHBIX IOCJIEIOBATEIbHOC-

pasiu4uda

TAX B JaTy uUX AuBepreHnuu, Kokc
T PUIIE] K BEIBOAY, YTO pa3Hble Bapu-
aHTBI cerMmeHTa RRM2P4 B TIOCIETHUT
pas3 BCTpedaJHch y OOIIero mpeaka
IIpUMEpPHO 2 MJIH JIET Ha3a/J — KaK pa3
Torja, korga H. erectus murpupoBan
u3 Appuku B Asuto. I caMbIii cTapblit
BapMaHT, I0-BUJUMOMY, UMeJI a3UaT-
CKO€ NPOUCXOMKJEHUE (TOJbKO 3/1€Ch
OH TeIlepb U BCTpeYaeTCsH).

«CoueTaHUE TE€HOB U3 TIyOGOKOH
JPEBHOCTU U F'€HOB a3MaTCKOTO IIPO-
HCXOMKJAEHUA — BIeYATIAIMIUN
¢akT, — 3aasiager Korc. Coraac-
HO IIaJIEOHTOJIOTMYECKHUM JaHHBIM,
H. erectus nc4de3 B A3UU He paHee
30 ThIC. JIeT Ha3aJ, U IPUMEPHO B Te-
yeHue 15 ThIC. 1€T 60K 0 6OK C HUM
o6utan H. sapiens. «YIIOMAHY TBI TeH
Haubojee pacnpocTpaHEH KaK pas
B T€X pPeTUOHaX, IJie MOKHO HAWTH HC-
KoIlaeMble ocTaHKU Homo erectus», —
numeT Kokc B AHBApPCKOM HoOMepe
kypHana Genetics. OH UCIIOJb30BaAJ
HOBEWIINE CTAaTHUCTHYECKUE MEeTO-
JbI, IBITAACH JOKa3aTh, UYTO LIEJIEBOU
TreH ¢ 60JIBIION BEPOATHOCTHIO IMEET
asuaTckoe, a He apUKAHCKOE IIPO-
HCXOKJeHHe. Bo3MOXKHOCTE CKpe-

muBaHuAa H. erectus u H. sapiens
YAUBUTEJIBbHA, T.K., II0 MHEHUIO

GOJIBIIMHCTBA 3BOJIIOIMOHUC-

TOB, HET HHUKAKUX YKa3aHUH

Ha IIPUCYTCTBHE B T€HOME CO-

BPEMEHHOI'O 4YeJ0Be€Ka TeHOB,

NpUHAJUIEKABIINX Jaxke 6oyee

6JIM3KOMY POJCTBEHHUKY — He-
AHAEPTAJIbCKOMY YEJIOBEKY.

He caenyer 3a6bIiBaTh, 4YTO
rny60Kue reHeTU4YeCKHe pa3ju-
9uA MEXKAY Pa3HbIMHU IpylIamMu
MOIJIM BOBHUKHYTb 10 MHOTUM
npuduHaM. HuUKTO He comHe-
BaeTcdA, 4YTo Ooabliasd 4acTh
HaIlero reHoMa umeeT ad-
PUKaHCKOE IIPOUCXOMKAEHUE.
Ho kak pas BciaeacTBue Ta-
KOI'0 JIOMHUHUPOBAHUA TPYA-
HO IIOHATB, YeM 00yCJIOBJIEHbI
He6OoJIbIINEe OTKJIOHEHUA —

OA UJTN HET? CornacHo nocfie4HMM reHeTU4Yecknm
[aHHbIM, Homo sapiens, BO3MOXHO, KOrga-To
ckpewmBancsa ¢ Homo erectus

pPeAKMMH CKpEIIUBAHUAMU

C IIpeAcTaBUTEINAMU APYIrux

B mupe Hayku [06G] uwnbn 2008

R GISBOSSU Sygma/Corbis
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JIMHUN UM KAKUMH-TO CJIy4YaWHBIMHU
npuuynHamMu. Ecim paccmarpuBaTth
reHOM B IIeJIOM, TO MOXKHO 3aMEeTUTh
B HEM CYyIIeCTBEHHBIEe BapualuH,
Jla’ke ecJIM pedb UJEeT O IONYJIALUHU,
BCE YJIEHBl KOTOPOM NOKUHYIU ad-
PUKAHCKUH KOHTHHEHT IPUMEPHO
B OJIHO M TO Ke Bpemd. «fBasioTcda
9TU pa3JNYuA IPOSABIEHUEM KaKUX-
TO 9SKCTPAOPAMHAPHBIX COOBITHUH,
WU OpeJCcTaBIAIT coboll KpaliHue
ciaydau HOPMAaJbHOTO paclipejese-
HUA BapuaHTOB? [lJIg MeHs BOIPOC
ocTaeTcs OTKPBITBIM», — 3afABJAET
IMurep Anaepxunn (Peter Underhill)
n3 CToH(POPACKOro YyHUBEPCUTETA.
CyliecTBYyeT elle oJHa ajbTepHa-
THUBA: «a3UaTCKasg Pa3HOBUJIHOCTB»
XpoMocOMHOU obsractu RRM2P4 mor-
Jia IPUCYTCTBOBATH Y YJICHOB IO YJIs-
Uy, ocTasllelica B Appuke, HO 0O3-
JKe BbIMepIlell. Bo3aMoKHO, oHa UMe-
eTcda U cedyac, mpocTo obciieIoBaHO
CIIMIIIKOM MaJio appUKaHIEB, YTOOBI
ee o6HApy:KUTh. 1 Torjga noisydaercd,
4TO HYKJIEOTHJHASA II0CJIeN0BaTEb-
HOCTB, KoTOopas, 1o MHeHHuI0 Kokca,
6bl1a yHaciaemoBaHa oT H. erectus,
Ha caMoM Jiejle uMeeT appUuKaHCKoe
poucxomxaeHue. IMeHHo 06 9TOM ro-
Bopurt Ilutep ®octep (Peter Foster)

n3 KemO6pupaxka, KOTOPBIM 3aHUMA-
eTCcsA aHAJIU30M apXeoreHeTHYeCKUX
JaHHBIX U He BEPUT B BO3MOIKHOCTD
ckpemuBaHuda Mexay H. erectus u H.
sapiens.

Mesxay Tem Kokc u ero rpynmna mo-
JIyYUJIU OpeaBapUTeNIbHbIC JaHHbBIE
OTHOCHUTEJIbHO Apyroro ydactka JJHK
CO CTOJIBb 3€ JaBHUM pacIllelJIeHUeM,
4910 1 RRM2P4, 1 HECOMHEHHO a3uaT-
CKUM I POUCXOKJEHUEM OTHOT'O U3 Ba-
PHUAHTOB.

Hu oguH reH kak TakoOBOH He JACT
OTBeTa Ha BOIPOC, WHTEPECYIOIINHI
uccienoBaTeN e, CYuTaeT TeHEeTUK

u3 Oxcdopackoro yHuBepcurera Po-
sanuHa XapauHr (Rosalind Harding).
U Bce e LeJIbIA pAJ JAHHBIX YKa3bI-
BaeT Ha HaJMYUE HCKJIIOYUTEJIbHO
TIIyGOKUX Pa3IMYUN MexKJy reHoMa-
MM YeJIOBEYEeCKUX moIrynanui. Tak,
XapauHr o6GHapy:Kujiaa, 4TO YacThb
reHa reMoryiobHa UMeeT O4Y€Hb JIPEeB-
Hee IIpoucxoxaeHue. 1 ecau nogo6-
HbIe HAXOIKU Oy/1y T HAKAIJIUBAThCA,
apXeoreHeTUKH, BO3MOIKHO, COMIYT-
CsI BO MHEHUH, YTO BCE Mbl — HEMHOTO
Homo erectus.

I>xoH Yantcpung

FEHbl OANNEKUX NPEOKOB B HALLEM FEHOME

B Hay4YHOM MUpe He yTuxatloT Cropbl MexXAy CTOPOHHWKAMMU LOBYX OCHOBHbIX
rMNoTe3 MPOUCXOXAEHUS COBPEMEHHOIO YeNlOBEKA: SIBSEMCS NM Mbl MPSMbI-
MU HacnegHMKamn «3MUrpaHToB eQUHCTBEHHOW BOMHbI» C a(PPUKAHCKOrO KOH-
TUHEHTa, NOKMHYBLUMX poauHYy npumMepHo 100 Tbic. NeT Has3af, Unu NosBUIUCH
B pe3ynbTaTe CKpeliuBaHWs npefacTaBUTesnelr pasHbiXx BOMH amurpaunn. Bece
CXO[ATCS TONbKO B OAHOM: MbITAACb y3HaTb HaLly NPefbICTOPUIO U3 «TEHETUYEC-
KOV KHUTW», Mbl pUCKyeM OLLIN6UTbCA. CerogHs nony4YmTb 4OCTATOYHO 60SbLIOWN
06beM UHpopMaL MM He COCTaBnsAEeT TPyAa, OCHOBHasA 3afavya — MOHATb, Kakme
HYK1e0TUAHbIE NOCNEAOBATENIbHOCTU HYXHO Bbi6paTh A1 CPABHUTENbHOrO aHa-
n3a N Kak pa3rpaHuyinTb reHeTu4yeckme NocrnefcTBma eCTeCTBEHHOro otéopa,
MUrpaumnm n Hann4msa adpdekTa «6yTbITOYHOr0 ropbilKa». [laxe OTHOCUTENBHO
NpoCTble aHanM3bl HEBO3MOXHbI 6€3 onpefeneHHbIX AoNYyLEHUI U TPeOyoT He
OLHOW ThICSAYMN 4acoB paboTbl 32 KOMMbIOTEPOM.

Hedimb uuum

ITo MHEHMIO CIIEIUAIUCTOB, UCOJIb-
30BaHUeE cTapbIX HePTAHBIX 3ajekent
U MECTOPOKJAECHUIN B HACTOAIEEe Bpe-
Ms ropasjo BeIrojgHee U 3P DEKTUB-
Hee, YeM JIOPOrOCTOAIIME TeO0JIOTO-
pasBefjouHBIe pab0THI HA HOBBIX TE€p-
putopuax. Okasajgoch, 4YTO B JAaBHO
0oTpaboTaHHBIX CKBAKUHAX BPEMd OT
BpPEMEHM CHOBa IIOABJIAETCA HEPTh.
VccnenoBaHUA B 9TOUM 06JacTU MpPoO-
BogATcA B lHcTHUTYTE ITpobiieM HepTH
U rasa Ioj pyKOBOJCTBOM aKaJeMUKa
A.H. IMUTPUEBCKOTO.

IIpruMepoM MOKET CIIyKUTh Pomair-
KWHCKOE MeCTOpOXKAeHUe B TaTapcra-
He. O6beM 106BITON HEPTHU TaM 3HaA-
YUTEJIbHO IIPEBBICUJI PAHEE YTBEPHK-
neHHble 3amnackl. Bosee 65% HedTH
B TatapcTaHe AO6GBIBAIOT HA CTapbIX
MECTOPOK/ICHUAX, BEBIpaboTaHHBIX HA

HA GTAPOM MEGTE

80%, ogHaKO JOpa3BeKa YiKE U3BECT-
HBIX 3aJIeKel I03BOIMIIA 3a ITOCIeJHUIE
25 neT yBeAIMYMUTh 3amacbl HedTU
B 1,5 paza. B PoMamkuHCKOM Me€CTO-
POKJIEHUY HCceoBaTe/In ToxKe obHa-
PY#KUIN cTapble OTpPaGoTaHHBIE CKBa-
JKUHBI C BO30GHOBJIEHHBIMU IIPUTOKAMH
HedTu U HepTU c Bonor. Kak okasa-
JIOCh, UX 3aIlachkl BO3PacTaloT C yBeIu-
YeHHeM INIOTHOCTH CETHU Pa3I0MOB.
Kak oTMedJaroT y4eHble, 3eMHasd Kopa
nogo6Ha CJI0EHOMY IIUPOTY, COCTOSAIIE-
MY U3 JKECTKUX CJIOEB U TPEIMHOBATO-
IIOPUCTBIX, HACBHIIIEHHBIX Pa3IUYHBI-
MH QIIOUAAMHA, B TOM YHCJIE U HEPTHIO.
B KaKuX-TO MecTax KOpy IPOHU3bIBAET
CeThb TPEIIMH U Pa3IoMOB ¢ 0COGOM ryc-
TOTOH, OHH B CBOIO O4Yepeab 06pasyoT
MOJIOCTH, PACIIOJIOKEHHBIE IIOYTH TOPHU-
30HTAJIBHO. JTA CJIO¥KHAA CUCTEMA U3-

3a JIeiCTBUA TEKTOHUYECKUX CUJI HaXO0-
JIUTCS B HEIIPEPBIBHOM JUHAMMKE: CJION
JBHIKYTCS, TPEIIUHbI PACIINPAIOTCS,
U B 06pasoBaBIINeCs IIyCTOTHI U3 OK-
PY:KAIOIIUX ITOPUCTBIX CJI0€B HAYMHA-
€T HOCTYyIaTh KUAKOCTb. MexXaHu3M
JBUIKEHUSA IKUJKOCTH B KOpe Jei-
CTBYeT KaK B pasjioMax, TaK U B TOH-
KUX TPELIUMHOBATBIX CJIOSAX, IPOCTU-
parInuxcsa Ha 3HAYUTEJIbHbIE PacCTO-
AHUA. [lepeMenieHre IIPOUCXOAUT II0
OPOTAMKEHHBIM CHCTEMaM IHOJOCTeH
U TPEIIMH, PAcIOJOKEeHHBIX Ha IIy-
6une 10—15 kM. [IBUIKEHUE KUJIKOC-
Tel HOCUT KojebaTe bHBIN XapaKTep,
HepTh TO HPUOBIBAET, TO yOBIBAET.
B KPYHIHBIX IIOPUCTBIX CJIOAX IEPUOJ,
KosJIe6aHUM cocTaBiasgeT 0KoJo 10 ThIC.
JeT. B pasiomMax 9TOT IIepHuoj| MeHbIIIe
¥ BapbHPYeT OT THICAYH JI0 COTEH U TaKe
JIECATKOB JIET, €CJIM 30HBI PA3JIOMOB pac-
T0JIOMKEeHBbI HAa HeOOIbIINX INTyOUHAX.
Mwuxaunn MonyaHoB
(Mo matepuanam Informnauka)

B mupe nayku [06] umnb 2008
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0 ocos Mameplill

22-25 masn 2008 r. B pamkax IX MexayHaponHoro opyma
«Bblcokne TexHonornn XXI seka» (r. MockBa) cocTtosnach
Hay4Has ceccus, NOCBsILLEHHas akTyanbHbIM NpobeMam
NCMNONIb30BaHUA COBPEMEHHbLIX MUKPOCKOMOB B Hay4HbIX

ncenegoBaHMAX

PraHU3aTOPOM CECCHUM BBICTYIIU-
na koMmnanuda Carl Zeiss, npeacra-
BUBIIAsA Ha BBICTABKE 006pa3Ibl CBOUX
MHCTPYMEHTOB U, B YaCTHOCTH, HOBBIH
KOH(OKaJIBHBIN MUKpockon LSM 710.
O BO3MOMKHOCTAX CBEPXBBICOKOpA3-
pemaromieil MpocBeYNBAOIEN 3JIeK-
TPOHHOU MHUKPOCKOIHUU B METAJJIO-
BEIEHUNU UM OHOHAHOTEXHOJIOTHUAX
roBopuJ nmpodgeccop Ilerep BaH AKeH,
aupexTop LleHTpa 2JIeKTPOHHON MHK-
pockonmu MHCTUTyTa MeTaJJIoOBeje-
HuA nM. Makca Ilnmanka (Cepmanns).
O mnDpaKTHYeCKOM BHEJAPEHUH Ha-
YYHBIX METOAUK B OHMOTEXHOJIOTHAX
¥, B YaCTHOCTH, O pobiaeMax BeIGopa
METOJUK W3y4YeHUA 00pas3ioB (3jIeK-
TPOHHOM MHMKPOCKOIIUY, BTOPUYHO-
MOHHOU MacCC-CHEKTPOCKOIINU, dHEp-
TOAUCHEPCHUOHHON PEHTTEeHOBCKOM
CIIEKTPOCKOIINY) B 3aBUCHUMOCTH OT
3a7a4y pacckasain npodeccop Kiayc
BypkapT, riaBa JyabopaTopuy aHa-
JINTUYECKUX HCCliejoBaHUN HHCTH-
TyTa eCTeCTBEHHOU MeauIIUHEBI (Cep-
MmaHusd). IIpodeccop Takke NIpuBeEN
IIpUMep IPaKTUYECKOTO BHEJAPEHUSA
GUOTEXHOJIOTUYECKUX pas3paboTok:
B UHCTUTYTE yke okoJo 10 jleT BeayT-

cs1 paGoThI IO CO3aHUIO INIA3HBIX UM-
IJIAHTOB 17151 HE3pAYHUX Jiofet. Taxkon
UMILUIAHT IpeJCcTaBiIAgeT coboil poTo-
YyBCTBUTEIbHBIN yuIl (40 Ha 40 aJ1ek-
TPOJIOB), KOTOPBIA BIKUBJISAETCH B I71a3
4JejioBeKka. K uuny «I1ogcoeuHAET-
cs» :KMBas KJIE€TKa, IPpUHUMAaloIasd oT
HETO0 2JIEKTPUYECKUEe CUTHAJbI U IIepe-
Jaronas ux jajiee B Moar. Takum obpa-
30M, HE3PAYMM JIIOJAM BO3BpaIlaeTCA
3penwue. [lo cioBam npodeccopa Byp-
KapTa, B HACTOsAIllee BpeMs yiKe IIPo-
BOJATCHA KIMHUYECKHUE MCHBITAHUSA,
U MOKHO OKUJATh, 4TO 4yepes3 5-7 jeT
YUIBI CTAHYT JOCTYIIHBIMU JJI Mac-
COBOTO UCIIOJIb30BAHUS.

Bo Bpems# ceccuu crienuaIiCcThbl KOM-
MMaHUU TaKKe HEIOCPEJCTBEHHO Je-
MOHCTPUPOBAJIM IIPUMEHEHUE COBPE-
MEHHBIX METOJ0B MUKPOCKOIMH Ha
JeHcTBYOINNX HWHcTpyMeHTax Carl
Zeiss — pacTPOBOM 3JIEKTPOHHOM MUK-
pockomne Ultra Plus u ycTaHOBKE AJIA
NOoJIy4YeHUd HU30PAKEeHUU U aHaausa
BemiecTBa NVision.

A rBO3JIeM IpOrpaMMbl cTaja Ipe-
3eHTallud HOBOI'O KOH(OKAJbHOIO
Mukpockona LSM 710. O6 oco6eHHOC-
TAX HOBUHKU U O IEPCIEKTUBHBIX 3a-

Jladax KOH(OKaAJIbHOH MHKPOCKOIINH
JOKIaAeIBaa JOKTOp Mopr Jlumpe-
Hay, INIaBHBIN 9KcriepT komnanuu Carl
Zeiss Microlmaging GmbH.

B KOH(}OKaJIBEHOM MHUKPOCKOIIE JIa3ep-
HBIH JIy4 IOCTENEeHHO, TUKCEeJIb 3a ITHUK-
cejieM, CKAaHUPYeT UCCIIeIyeMbIl o6pa-
3eI1, BO30yxaaa QIIyopecieHTHhIE Map-
Kephl. [Ipy 9TOM JEeTEeKTUPYEeTCS CBET,
UCXOAAMUN TOJMBKO U3 (OKAJIbHOU
IJIOCKOCTH OO0BbEKTUBA, 61arogapsa Ha-
nuyuio guadparMbl ¢ MUHHATIOPHBIM
OTBEPCTHUEM COOTBETCTBEHHO B €I'0 KOH-
¢oKaJIbHOM NJI0CKOCTHU. JlaHHBIe, ITOJTYy-
YyeHHBbIE TAKUM CIIOCO60M, 00bEeaUHSA-
IOTCS B INIOCKYI0 KADTUHKY — TOHKUH
OIITHUYECKUI cpe3d ob6pasna. [Togo6HbIX
CPe30B MOKHO C/IeJIaTh IIeIyI0 CTOIIKY.

Taxum 06pas3oM, UCIIOIb30BAHUE KOH-
poKaTbHBIX MUKPOCKOIIOB II03BOJISET
nolyd4aTh TpPeXMepHble N306parkeHnus
KJIETOK, He Ipuberas K IIpoleaypam
TIOATOTOBKU CPE30B, MO3TOMY OCOOBIM
HHTEpeC K HUM IMPOABIAIT OHOJIOTH
u Meauku. KpoMme sToro, B oTuinyue oT
9JICKTPOHHBIX, B JIA3€PHBIX CKAHUPY-
IOIUX MHKPOCKOIIAX HE CYyIIeCTBYeT
OIACHOCTY PaUAIIIOHHOTO IIOBPEK/Ie-
HUA o6pasla, 4To ONATb-TAKH JIeJIaeT
X yZ0OHBIM HMHCTPYMEHTOM JJI1 U3y Je-
HUSA JKUBBIX cUCTeM. E1rte o/1HO mpenmy-
IIECTBO KOH(POKAIBHBIX MUKPOCKOIIOB
10 CPABHEHUIO C (PIIyOpeCIeHTHBIMHU —
BBICOKHE pa3pelIeHre U KOHTPACTHOCTD
usobpakenusa. KoHdokaaIbHBIN MUKPO-
CKOIl MOJKET KCIIOJIb30BaTbCA KaK A
CKaHUPOBAHUA HEIOABIKHBIX 06pas-
0B, TaK M JJIs HabJIIoAeHNH 3a prusmo-
JIOTUYECKMMU IIPOIECCAMU B JKUBBIX
KJIETKaX 1 TKAHAX.

Onbra 3akyTHAs

«JTACCO», opyaune nosa ApeBHEro
rpuéa-xumLiHmKa, NpekpacHo CoXpaHmnoch
B Kycke sHTaps

CaMbIil JPpEeBHUN TPUO-XUIITHUK, OC-
TaHKU KOTOPOr'o OGHAPYIKEHBI B KyCKe
AHTapsa Bo3dpacTtoM 100 MJIH JeT, Io-

rons-KOBO DIl

BHUIIMOMY, JIOBUJI CBOUX KE€PTB C IIOMO-
B0 JINIIKOTO «acco». CoBpeMeHHBbIe
IPUOBI-XUITHUKU TOKE BOOPYIKEHBI
«yaaBKaMW» M JPYTUMU HpHUCIIOCO6-
JEHUSAMU JJIsI IIOUMKHU JIOOBIYU, OJHA-
KO y4YeHBbIe He 3HAIOT, HA KaKUX 9Talax
9BOJIIOLIUY OHU ITOABUJINCE. Kycok aH-
Taps, 0 KOTOPOM HJET peub, ObLI HaN-
JlIeH Ha Ioro-samnaje ®paHInH, I1e Kor-
a-TO TpoOMU3pacTald TycThle Jeca.

B «aHTapHYIO JIOBYIIIKY» II0IIAJ HE TOIb-
KO caM XHWIHUK, HO U €ro KepTBa —
4yepBb HeMaToja. OTYEeTINMBO BHUIHO
opyAue JioBa — JJMHHAA HUTH C MeT-
JIell Ha KOHIle, YyHU3aHHAaA KPOIIIeYHBI-
MM 3alleIKkaMU. PagoM HaxoaAaTca He-
CKOJIBKO HEMATO/] Pa3MePOM C 3Ty MeT-
JII0, 9TO Cpa3y HAaBOAUT HA MBICIb 00
UX He3aBU/JHON y4acCTH.

Kak cuuTaroT wnccnemoBaTeld U3
Yuuepcurera 'ym6oiabara B Bepnn-
He, XUIITHUKOM rpub CcTaj B OYEHb JaB-
HIE BpeMeHa.

Yapna Yon

B mupe Hayku [06] vionbn 2008
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(UG — BECEMBICAENHOE SARATHE?

HepnaBHUE mccileloBaHUA, KOTOpbIE
IPOBOJUIINCH IO PYKOBOACTBOM IIPO-
¢eccopa Tpeticu MarvH (Traci Mann)
u3 yHuBepcuteTa Kanudopuuu B Jloc-
Anxernece, IoKkasajad, 4TO IIOCJIE TOTO,
Kak BBl IIOCUJHUTE Ha JHUeTe, BPAX JIN
BaM yJlacTcsl COXPAHUTDb BEC, KOTOPOTo
BBI JIOGMBAJINCh TAKUM TPY/OM.

H3BECTHO, YTO, IPUEPKUBAACD JIIO-
6011 AUeTHI, BBl MOXeTe OBICTPO IO-
TepATh 5—10% Beca. YueHbBIMU OBLIO
BBISIBJIEHO, YTO CO BpeMeHeM 0O0JIbIIIoe
KOJIMYECTBO JIIOJlel BOCIOJHAIT BCe
IoTepAHHBbIE KWJIOTPAaMMBI U Habupa-
10T eme. COXpaHUTh IIPERHUU BecC yaa-
eTcs JIMIIb HEMHOTUM, B TO BpeMsd Kak
JUIS1 GOJIBITMHCTBA AUETHI He IPUBOJUT
K YCTOMYUBOM IIOTepe Beca WU yIyd-
LIEHUIO 370poBbiA. HeoJHOKpaTHEIE I10-
TepsA 1 Ha6op Beca HA060POT YBEIUYIU-
BalOT PUCK BO3BHUKHOBEHUA CEPJEeYHO-
COCYAMCTBIX 3aboieBaHUM, UH(DAPKTA,
nuabeta W HAHOCAT BpPeJ MMMYHHOM
cucTeMe.

B xozie uccieoBaHUM yyeHble HabJIo-
JlaJIv 3a yYaCTHUKAMU 9KCIIEpUMeHTa
B TeyeHHe 2-5 setT. CTAaTUCTUKA ITOKA-
3aJia, YTO B IIEPBbIE IIIECTh MECHALIEB CU-
neHus Ha nuete 5-10% marogei TepAT
KUJIOTPAMMBI, HO BIOCJIEICTBUH OHU
CHOBa UX HabWparT, mpudem ot 1/3 10
2/3 XyaeBIINX HabupaloT 60JIbIIe, YeM
THOTEPSAIH.

B pesynbraTe ydYeHbIe IIPUIIIHN
K BBIBOJY, UTO GOJBIIMHCTBY JOJeH
JueTa NPOTUBOIOKa3aHa, T.K. B UTO-
re UX BeC OCTAaeTCA NPAKTHUYECKH Ta-
KHUM JKe.

Ecau puetrsl He paboTaroT, YTO
MOJKET IIOMOYb 4YeJIOBEKy B OGopnbbOe
C JIUIIHUM BecoM? ITo MHEHUIO yue-
HBIX, YMEpPEeHHOe IHUTaHUEe U pery-
JsApHBbIe GU3NYIECKUE YITPAKHEHUT —
9TO JIyUYIIUH CII0CO6 KOHTPOJUPOBATh
BecC.

YrpamxHEeHUs MOTYT CTaTh OCHOB-
HBIM (GAKTOPOM, IPUBOAAIIUM K €ro
YCTOMYHNBOMY CHUIKEHUIO.

neiics, NBCHY!

B nocnegHue roasl MesxgyHapoaHas
rpynmna ydeHbIx u3 ®pannum (LleHTp
HanuonaneHbIX HaydHBIX HCclie10Ba-
Hui [Napusxkckoro yHuBepcurera u Jla-
60paTopHs 9KOJIOTUH U IIOBEACHUA YHU-
BepcuteTa Hana Mone BT. CeHT-OTheH)
u Bpasuinnu (YHUBepcuteT B I. Kam-
nuHac U 'ocysapcTBEHHBIM yHUBEP-
cuteT mrara I[lapa) mpoBoguIn 3KC-
NEPUMEHTEI, O3BOJIMBIINE BBIJEIUATH
B IeCHAX 6eJ06POBBIX KOPOJBbKOBBIX
neByHoB (Basi-leuterus leucoblepharus)
KOMIIOHEHTHI, 0603HAaYalole UX BU-
JIOBYIO IIPUHA/UIEKHOCTb, MWHIUBHUY-
aJlbHblE Baphalyy, IIPeJHa3Ha4YeH-
Hble JUIA CcOoCelefi-CaMIlIOB U CaMOK,
a TaKKe CUTHAJIBI 06 UX MECTOIOIOMKE-
HUU. JJaHHBIM BUJ, NE€PHATBIX — Tep-
pUTOpPHUAIbHO MOHOIaMHBIE IITHIBL,
KasKJbIA caMell 3aHUMaeT TEPPUTO-
PHUIO IPOTAKEHHOCTBIO 0K0JIO 75-100 M
1 obuTaeT OOBIYHO B HIKHUX Apycax

(0-6 M) ok AeBOro Jeca, Iie BUIUMOCTh
orpaHUYeHa. B cBA3U ¢ 9TUM IS IIe-
BYHOB 0COOYI0 3HAYMMOCTH HIpHoOpe-
TaeT 3BYyKoBoe ofOmjeHue. OKas3ajochk,
YTO UX MEJIOJUU CPABHUTEJIBHO IIPO-
CTBI ¥ KOPOTKH, HO T€M He MeHee HeCyT
B cebe oIlpe/ieIeHHYI0 WH(pOPMAIUIO.
Bo BpeMs 9KCHEPUMEHTOB IITHUIILI CIIy-
IIaJId 3a0KUCh BUAOU3MEHEHHBIX IIECEH,
¥ OPHUTOJIOTY HAGIIOAIH 32 peaKIyei
nepHaThIX. B pe3ysibpTare uccienoBarte-
JIAMU ObLIU BBISIBJICHBI ONpe/ie/IeHHbIe
KOZBI: BUAOCHEIIN(PUIHBIN, IepCOHAID-
HBIM U reorpaduyeckuil. IlepBbIi omo-
BeIlaeT OKPYIKAIOIINX O BUJIOBOM IIPU-
HA/JIEKHOCTH MeBLA: OH MCIIOJIb3YeTCs
JIJIs1 TOro, 9TOOBI MaKCUMAJIbHOE JHCJIO
ciIyIaTesied y3HauId, 94TO 3[eCh Haxo-
JIUTCSA IITUIIA OITpeieJIEHHOr 0 BUa. Bro-
PO KoJy — 9TO MHAUBHUAYAIbHAA MEJO-
U caMIia, aJpecoBaHHAasA caMIlaM-Co-
censaM. OHH JTOJKHBI OPUEHTUPOBATHCH

B CBOHMX BJIQJC€HUAX M 3HATH, KTO HAXO-
auTcA Ha rpaHulie. [lociaeqHU KO O-
MOra€eT OolIpeJe/IuTh TOYHOE MECTOIIOJIO-
JKeHHe caMmiia.

UccnenoBaHUA 3ByKOBOM KOMMYHU-
Kaluu 6eJ006pOBBIX KOPOJIBKOBBIX II€-
BYHOB [JOMKIAEBOIo Jieca IIPOBOAUJIACH
C Y4€TOM HE TOJIBKO I'OJIOCOBBIX cI10co6-
HOCTeH II€EBHOB, HO 1 aKYyCTUYE€CKUX I1a-
pPaMETpPOB UX MeCTOOOUTaHUS.

CTpaHuly noarotoBun
Mwxann Mon4aHoB
(Mo matepuanam Elementy.ru)

B Mupe nayku [06G] uonb 2008
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MUACKD & ocemunas

BHe3anHoe cokpalleHue 6oaxxeta oLenoMunsio
aMepuKaHCKUX PU3NKOB

B ®MIHAHCOBbIX TUCKAX: HepaBHMe cOKpalleHUs 6l0fxXeTa CHUXalT BEPOSTHOCTb TOrO,
4TO ONbITHblE 06pasLbl Kpuomoaynewn, pasdpaboTtaHHblie AN MexayHapogHOro NMMHENHOro Kos-
nawvpepa, 6yayT nosefeHbl fo cosepeHctsa B CLUA, a Takxe Toro, 4to /LC 6yneT nocTpoeH
B ®epmunab B bataBuun. Ha cHUMKe — Kpuomogynu B uccnepoBatenbCKoMm UeHTpe DESY

B lam6ypre, lepmanusa

BHOCHC}IHI/IG rogbl B pAje HaLU-
oHaJbHBIX Jabopartopuit CIIIA
OBLIO 3asBJIEHO 00 aMOUITMO3HBIX I1JIa-
HaXxX HCCJIe0BAaHUU B obnacTu pusm-
KU BBICOKMX sHepruii. Okojso 170 du-
3UKOB U HHKeHepoB HanmoHaJbHON
YCKOpUTeIbHOI 1a6opaTopun UM. dep-
mu (Pepmuinab) B Barasuu, mrar M-
JIMHOMC, paGoTaIN Ha/l KOHCTPYKIIUeH
U TEXHOJIOTUAMHU A MemxayHapos-
HOro JIMHeWHoro Kosnampaepa (ILC)
— MaIIWHBI, IpeJHa3HAYeHHOH AJId
U3y4YeHUsd IOTPAaHUYHBIX IIPOIECCOB
IIPY BBICOKUX 2HEPIrusaX NpHU coyaape-
HUM 3JICKTPOHOB C UX aHTUYACTHUIA-
MU, no3uTpoHamu (cm.: Bapuw B., Yo-
kep H., Amamomo X. Konnaiidep HoBo-
20 nokonerus // BMH, Ne 5, 2008). Emte
80 corpyaHukoB ®epmuiab 3aBep-
maoT pa3paboTKy IJIAHOB CO3JLaHUA

PA3LENAA BOJIb

yctaHoBKEM NOUVA, TUTaHTCKOTO 1€ TEK-
TOpa Ha ceBepe mTaTa MUHHecOTa, KO-
TOPBIM CMOXKET JIaTh OTBET Ha pyHAA-
MEHTAaJIbHbIE BOIIPOCHI O (pU3UKE HEU-
TPHUHO, Be3Jecyllei, HO HeyJIOBUMOH
yactunel. Ogaako KoHrpecc Heoxu-
JlaHHO ype3as GpuHaHCUpOBaHUE 060-
UX IIPOEKTOB, IIOCTABUB 110/ COMHEHHE
Oynylee aMepruKaHCKON (QU3UKU.
Huperxtop ®Pepmunab [Ieep Ongon
3aABUJI, YTO U3 Ja6opaTOPUM NPUJET-
cAyBoauThb 200 COTPYJHUKOB, T.€. OKO-
10 10% crnenuajauCcToOB, U YTO OCTaB-
muecs 6yyT BBIHYK/AEHBI COTJIACUTh-
cdA Ha JiBa HeollJlaunBaeMbIX pabodynx
IHA B MecAll. Takue Mepbl ITO3BOJIAT
nojaep:xkuBaTh pabotry TeBaTpoHa IO
MIOMCKY HOBBIX YaCTHI] U BBICIIUX N3-
MepeHUU npexje, yeM Oy/ieT 3anyIieH
Bonbioit agponHbIi kKojutaiiaep (LHC).

Depmmnad — He eANHCTBEHHbIV (DN3NHECKUIN MHCTUTYT, KOTOPbIV NOCTPaAan u3-3a He-
JaBHUX coKpalleHu 6ropgxeta. KoHrpecc Takxe cHuamn uHaHcmpoBanve CTaHdOopA-
CKOrO LieHTpa NnHelHbIX yckoputener (SLAC), cotpygHuyasLuero ¢ ®epmunab B nnaHn-
poBaHun MexayHapoaHoro nvHeHoro konnangepa. Hegocratok cpencts ctaBut SLAC
nepen Heo6xoAUMOCTbIO YBONMUTL 125 COTPYAHUKOB U OCTAHOBUTb paboTy Hafd NMOVUCKOM
HapyLLeHWs 3apsfoBOM U NPOCTPAaHCTBEHHOM YETHOCTH B pacnafe KOPOTKOXMBYLLEN Yac-
TUUbI, B-Me30Ha — aKcneprMMeHToM BaBar, 3BeCTHOM Takxe Kak B-habpuka

OpHako 1mocjiae ocTaHOBKU TeBaTpoHa
B 2010 1. OCHOBHBIE YCUJIUA HUCCJIE0-
BaTesned @epmuiiab JOMKHBI 6BLIN CO-
CpefoTOYuThCcA Ha mporpammax ILC
u NOvA. Tenepb Ke ydeHble, 3aHATHIE
B 9TUX IIPOEKTaX, AOKHBI OyAyT Ie-
peiiTu Ha ApyTHe, UiIu O6yAyT YBOJIEHBI.
JJ1aBHBIN yAap HAHECEH 10 OyayIiemMy
sa6opaTopumn», — ropoput O I0H.

3HauUTeJbHYIO YacTh B IJIaHAX Ha
6ynymee 3anumana ILC — mamwuHa
anHOM 31 KM, C IIOMOIIBIO KOTOPOM
npejlojaraeTcsad HU3y4UTb CBOMCTBa
HOBBIX YaCTHUII, OOHapy:KEeHHbIX Ha Te-
BaTpoHe uau LHC. AMepukaHckue pu-
3UKU B3sJIM Ha ce6s OCHOBHYIO J0JIIO
B MEXK/AYyHapOJHOU IIporpaMMe paspa-
6OTKU 9TOr0 KoJulaliiepa, OJHAKO He-
OXUJAaHHOE yMeHbIlleHne (UHAHCHU-
POBaHUSA CHHUKAET IIAHCHI HA TO, YTO
MamuHa GyleT IMOCTpOoeHa Ha 3eMJe
CoegunenHbix [lITaTos. [Ipenmnosnara-
eTcdA, 4TO IPHU OCYIIEeCTBICHUHU JlaH-
HOT'O IIPOEKTa II0OABATCA HOBBIE TeEX-
HOJIOTUM, WHUIMUPYIOIINE IIPOTrpecc
B MeJUIIUHE U MaTepuatoBeaeHuu. Of-
HakKo, 1o cjoBaMm bappu Bapuia, pyko-
BOAUTENA PAbOT IO IPOEKTHUPOBAHUIO
KoJIaiepa, eciau He 6yzieT BO30GHOB-
sneHa noaaep:kka ILC, CILIA okamxyTca
MeHee KOHKYPEHTOCIIOCOOHBIMU B 3TUX
obacTax.

PykosBoauTtenu npoexkta NOvA nna-
HHUPOBAJIU 9TOM BECHOM Ha4aTh I0CTaB-
Ky KOHCTPYKIIMOHHBIX MaTepHaJIOB
JUISI CTPOUTEIBCTBA TUTAHTCKOTO HEH-
TPUHHOTO JiIeTeKTOopa, KOTOPbINA OyAeT
BecUThb 15 Teic. ToHH. HeliTpuHo Mo-
TyT OBITh TPEX TUIIOB (APOMATOB): 3JIEK-
TPOHHBIE, MIOOHHBIE U Ty, MEKIY KO-
TOPBIMU IOCTOSSHHO IIPOUCXOJUT B3a-
MMHOe IpeBpalleHue (OCIMJIIAINSA).
JeTexTop NOvA npegHa3HA4YEeH JJId U3-
MepEeHHUS TOr0, CKOJIBKO MIOOHHBIX HEH-
TPUHO, reHepupyeMbIx B Pepmuiad,
npeobpasyeTcs B 3JEKTPOHHBIE, IIPO-
XOJA MyTh 10 céBepHOM MUHHECOTHI.
Pe3ynbTaThl 9TUX 9KCIIEPUMEHTOB CMO-
IyT JAaTh OTBET Ha CTApyIo 3arajky —
rnoyeMy Bo BcesleHHON MaTepHs Ipeood-
JajiaeT HaJ aHTUMaTepUen.

HecmoTpsa Ha 1O, 9T0 mpoekT NOvA
He OBbLJI 3aKpBIT, U3-3a COKpAIeHU:
¢duHaHCUpPOBaHUA PAJ YUYEHBIX OyAyT
BBIHYK/ACHBI U3 HETO YUTH.

Mapk Annept

B mupe Hayku [06G] uwnbn 2008
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YMEHbiATh Boinos — I OKAJAMbGH B Bbilig[bIlE

CtpeMmieHue
MaJIbHYIO NPUOBIIb, KOTOpOE eaBa

IIOJIYYUThb MAaAKCHU-

He IIPpUBEJIO PBIGHBIA IIPOMBICEJI
K Kpaxy, MOKeT CIIacTH ero. B 0630p-
HOH cTaThe YeThIpeX CIEeIUaJIMCTOB
B o06yiacTU PHIGOJIOBCTBA — BKOHO-
MUCTOB U3 ABCTPaJIHUHUCKOrO HAIlHO-
HaJIbHOTO yHUBepcureTa B Kan6eppe
U U3 BallMHITOHCKOTO YHUBEPCUTE-
Ta — coobIjaeTcs, YTO KpaTKOCPOU-
HOe YMEHBbIIIeHHEe BBLIOBa PBIOBI CY-

IuT B OypymieM Goiblive IpUOBIIN.
CekpeT IIPOCT: KaK TOJBKO PBIOBI CTa-
HeT 0oJIbIlle, 3aTpaThl HA €€ BBIJIOB
yMeHbIIaTCcA. IIpaBpa, 31ech ecThb
O/lHA TOHKOCTB: BCIO BBITOJlY JIOJIZKHBI
HOJYYUTh UMEHHO Te JIOAU, KOTOphIe
corjacsaTCsa Ha YMeHbIIEHHUEe PbI60/I0-
6bIYU, T.€. PeYb JIOJKHA UATH 00 dKC-
KJIIO3UBHOM IIpaBe Ha BBIJIOB.

Bousee Toro, Te, KTO IPeKPATUIT BbI-
JIOB cefiyac M3-3a ero HepeHTabelb-

HOCTH, He JIOJIKHBI I10J1y4YaTh pa3pe-
IIIeH1e Ha HETo B Aa/IbHENUIIEM, Korjaa
KOHBIOHKTYpa HU3MEHUTCHA. ABTOPBHI
cTaThy, TAKUM oO0pa3oM, paTyioT 3a
CMHAUBUAYAJbHBIE KBOTHI C IIPABOM
nepegadyu». MeHeaKepbl B chepe pbI-
6osioBcTBa Ha Ajsicke m HoBou 3e-
JIAHAHWU yKe OoIIpobOoBaN 3Ty CXEMY
¥ OCTAJIUCh JOBOJBbHBI.

Oasupg buenno

P3coPunBocTL KAK nyTo K GOMPU

J1s TOro 4To6hl 06 BACHUTD, ITOYe-
My B HOIYJANUAX BO3HUKAeT U 3a-
KPeIIsieTCs COTPYAHUYECTBO MEKIY
0Cc0o6AMH, HEe CBA3AHHBIMH KPOBHBIM
poACTBOM, GpPUTAHCKHE HCCJIeoBaTe-
JIM CO3JaJI1 KOMIIBIOTEPHYIO MOJEJIb,
B KOTOPO¥ BUpPTyasJbHbIEe yYaCTHU-
KM HaJleJIeHbl PA3HOHM CKJIOHHOCTBIO
K COTPYAHHUYECTBY (T.e. TOTOBHOCTH
II03BOJIUTH NAapTHEPY IOJYYUTH BBI-
rogy 3a COOCTBEHHBIM CYET) U pas-
60pYUBOCTH (TOTOBHOCTH paccTaThCd

C IapTHEpPOM IIpHU IJIOXUX pe3yIbTa-
TaxX COBMeCTHOU paboTsl). [Tocie Kasm-
JIOTO payHJa UTpPbl yYaCTHUK IIOTyda-
€T BO3HArpasK/JeHue, KOTopoe oTpaska-
€T yCUJINSA, IPUJIOKEHHbIE COBMECTHO
060MMU TapTHEpaMU. YYaCTHUKH OKa-
3pIBAlOTCA Hambojlee yAadIUBBIMU
B TOM cJIyd4ae, eCJIi UM yJjaeTcs 3acTa-
BUTB CBOET0 IapTHePA BLIIIOTHUTE KaK
MOHO Gousbirte pa6oTsl. Ilocie momy-
YeHHUA BO3HATPAKACHUA UTPOKU MO-
I'yT OCTaTbCS BMECTE Ha CJIeAYIOIMUNA

ALYECMEY

PayHJ WU :Ke paccTaThCs, II0C]Ie Yero
uM OyeT B CIydalHOM HOpAJKE II0-
nobpaH HOBBIM IapTHep. [IoCKOIBKY
HU3-3a YaCThIX «Pa3BOJ0OB» UT'POKU He-
cyT GojbIIMe PacxoJbl, OKa3aJoCh,
YTO TOTOBHOCTH K COTDPYAHUYECTBY
U pa3bopYUBOCTE PACTYT B IMOIMYJIALIH
napajuiesabHo. O(PPEeKT NpoABIAeTCA
nocJie 60JIBIIIOr0 KOJIMYeCTBa PayH/I0B —
9KBHUBAJIEHTA JJIUTEIbHOMN KU3HU.

dunun Am

psuenne Ha AGCMOARLL

NoeHTndHblie OHK «Bngat» gpyr gpyra napaneka

B oTcyTcTBHE KaKUX-THOO «PYyKOBO-
JAINUX W HAIPaBIAOIINX» MOJEKYJI
asyxuenodeuynele JJHK ¢ naeHTUYHBI-
MU HYKJIEOTHIHBIMH II0CJIEI0BATEIb-
HOCTAMU CIIOCOOHBI paclio3HaBaTh
JApYyT Apyra Ha pacCTOAHUU U JaKe
COIMKATHCA.

B ToM, Y4TO a30THUCTBIE OCHOBAaHUS
pasubix neneii JJHK o6pasyroT napsl,
HeT HUYero yAVBUTEJIbHOr0: aJIEHHH CO-
OTBETCTBYET TUMHUHY, 4 IUTO3UH — I'ya-
HUHY, KaK IIepYaTKa C IIPaBOU PYKH CO-
OTBETCTBYET IlepyaTke ¢ ieBo. Ho kor-
Jla Iapsl yixe 06pa3oBajncCh, T.e. KOra
B3aMMHO KOMILIEMEHTapHBIE [IeIU 00b-
€IMHUJINCH B IBOMHYIO CIIMPAJIb, HUYTO

He o0y /JaeT OCHOBAHUA Pa3HBIX MO-
JIEKYJI K B3aUMOJEUCTBUIO APYT C APY-
roMm. OHU HA/IEKHO yIIPATAHBl BHYTPHU
JBOMHOM CHUpaJIl U 3KPaHUPOBAHBI
2JIEKTPUMYECKU 3apsKEeHHBIM caxapo-
dochaTHBEIM OCTOBOM.

TeMm He MeHee y4yeHble u3 VIMIIepcKo-
ro Kojuiefsxa B JJongone m n3 Hammo-
HaJIbHOT'O MHCTUTYTa pebeHKa U pas-
BUTUSA 4YeJIOBEKA OOHAPYKHUIU, UTO
asyxuenovdeunsle [JJHK ¢ onuHaKOBBI-
MU HYKJIE€OTHUJHBIMHA NOCJIEI0BATEIb-
HOCTAMMU IIPIMEPHO BJIBOe yale c6/Iu-
JKAIOTCA JPpYT C APYTOM, HaXOJsCh Ha
PacCTOSTHUU [0 TPEX HAHOMETPOB, YeM
"HeugeHTnuyHele JJHK (3ameTum, 4To

mupuHa ABoHoH ciupanu [JHK pas-
Ha IPUMEPHO ABYM HaHOMeTpPaM).

BbLIO BBICKA3aHO IIPEJIIOJIOMKEHUE,
YTO B 3aBUCUMOCTHU OT HYKJIEOTHTHOHN
OCJIeIOBATEeIbHOCTH JBOWHASA CIIH-
pajdb CKpPy4YMBaeTCA YyTb-4yTh IIO-
pasHomy, u xoTa Mosekynsl JJHK, 6y-
JAyYU OAUHAKOBO 3apsKeHHBIMH, B3a-
MMHO OTTAJKHBAIOTCA (IIyCTh [aiKe
cs1a00), CXO{HOE PaCIOJIOKEHIE JKEJT0OKOB
¥ rpebHel y UIEHTUYHBIX MOJIEKYJI I10-
MoraeT UM HaWTH JpPyT Apyra I10 IpUH-
IIUITY I0{00HA.

9TO CcrIocO6CTBYET IPABUIBHOMY B3a-
MMHOMY BBICTPAUBAHUIO CErMEHTOB
JHK, 9To aB1sgeTCA HEOOXOAUMBIM yCJIO-
BHEM 0€30IIMO0YHOCTH PENpPOAYKIINHU
U, BO3MOKHO, II03BOJIET U36€KaTh re-
HETUYECKUX HECOOTBETCTBUH, JIEHKAIIIUX
B OCHOBE KaHIIEpOreHe3a U CTAPEeHUS.

Yapna Yon
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maremarukn ceosonuel, KAK H QUNOCOMBI

«MaTtemaTuka n metadusnka no npasy AOJSIKHbI HAXOAUTLCA BO B3aMMOCBA3N,
N B NEPUOLAbI NX peLlatoLLnNX YCNEXOB OHM HAX0AATCA B 6paTCKOM e4UHEHUN».
OT1u cnoea leopra KaHtopa ctanu anurpagom dectmBansa Haykn, KOTOPbIN yxe
TpeTtuin rog opraHnsdyet B CaHkT-lNeTepbypre doHp «duHacTus»

B omiimume oT NMOJOGHBIX MEPOIIPHU-
ATUHN 32 py6ekoM (C JaBHUMH Tpagu-
IIUSIMH) ¥ OT€YECTBEHHBIX (TOJBKO YTO
POAMBIINXCSA), OH JIEMOHCTPUPYET He
JOCTHIKEHUA, a, MOXKaJIyU, INIaBHOE,
JyeM Hayka Gorara, — uaeu. K coxa-
JICHUIO, TOJ] 3a T'OJIOM B €CTECTBEHHBIX
HayKax Bce O0JIbIIe ITITaBEHCTBYET 9KC-
IIEPUMEHT, U BCe MEHBIIIe MeCcTa OCTa-
eTcda uzaee, 6oppbe uaen, TeoOpeTU3nUpPo-
BaHUIO, IapaJloOKCaM, KOTOPbIE MOKET
POKAATh TOJIBKO MBICJIb.

Ho ecTb emie cYacTIUBBEIE yUYeHBIE,
KOTOpPBIE CIUTAIOT Ce6A CBOGOAHBIMHU —
U 9TO UX OOBbEeJUHAET, XOTA HAYKH,
B KOTOPBIX OHU pabGoTaIOT, Ha IIePBBIN
B3IVIAJ], HE UMEIOT U He MOTyT UMeTh
HHu4ero obmero. «Pmyiocodpud u mare-
MaTHUKa» — UMEHHO TaKOH ObliIa Tema
HBIHEITHero pecTUBaIsA, OpraHU30BaH-

Horo ®oHaoM «JluHacTus» U cobpas-
mero Ha Geperax HeBbl MaTeMaTUKOB,
dunocodoB, ITUHIBUCTOB, UCTOPUKOB
HayKd U Jase HCKycCTBoBenoB. Ha
NepBBIN B3IJIAA, MaTeMaTUKa U puio-
codusa HecOBMECTUMBI. Mex Iy TeM Ma-
TeMaTU3alusa eCTECTBEHHOM HayKH, ee
yHUBepcajusanud eme B XX B. IpUBe-
JIX K TOMY, 4YTO OHTOJIOTUYECKUE OCHO-
BBl €CTECTBO3HAHUSA MOMXKHO paccMar-
pUBaTh Kak «IepByI0 (GUI0COPUIOr.
OcMBIC/IEHMEM OCHOBAaHUM MaTeMaTH-
KJ 3aHUMAaJNCh KpyHnHeummue uio-
codbl coBpeMeHHoCcTH — 3. 'yccepib,
A.D. Jloces, IT.A. ®iopenckuii, M. Xaii-
perrep, b. Paccei, A. Baapio u gpyrue.
M3BeCTHO, YTO CO3/JaHUE TEOPUU MHO-
JKECTB UMeJsIo PUIOCOPCKYIO IOJOILIe-
Ky, a POJEeHHNE MOCKOBCKOM MaTeMa-
TUYECKOU IIKOJIBI CBA3aHO C OJHUM M3

CneBa HanpaBo: JlopeH Mpam, XKaH-Muwens KaHtop n Anekcen Cemuxatos

HaIlpaBJIEeHUU pyccKod duirocopum
Cepe6GpsaHOro BeKa.

A.T. YepHAKOB, KaHAUAAT (PU3UKO-
MaTeMaTHU4YeCKUX HayK, JOKTop ¢u-
socopun CBOGOAHOIO yHUBEpPCHUTETA
B AMcTepaame, aBTop KHUTU «OHTOJIO-
rus BpeMeHU. BeiTue u Bpemsa B puio-
codum Apucrorend, ['yccepina u Xaii-
nmerrepar, cuurtaeT: «HeT comHeHUs
B TOM, UTO TOT IIPOrpecc, KOTOPHIH ec-
TeCTBEHHbIE HAYKU C/eJIaJId CO BpeMeH
lanuiaesa, BO MHOTOM ABJIAETCHA CJIEH-
CTBUEM HX “MaTeMaTusanuu’». Mare-
MaTHKa, C €ro TOYKU 3PEHUs, CTAHO-
BUTCA HEOT'BEMJIEMON U CyIIIeCTBEHHOMN
YacTbhI0 HOBOU M HOBeHIIeH «HaTypdhu-
snocopum». Boslee Toro, oHa KOHCTpPY-
upyet ¢opmy mnociegHer. Peub maet
0 IIEPEOCMBICIIEHUU POJIU MaTeMaTHUKU
B COBPEMEHHBIX HCCJIEJIOBAHUAX «pe-
QJIBHOCTW» M, BO3MOKHO, IIEPEOCMBIC-
JIEHUH CAMOTI'0 9TOI'0 IIOHATHUA.

O6 ncTopumu MaTeMaTHUKO-(pUI0COd-
CKUX CBfA3el nuMeHHo B Poccuu paccka-
3as npodeccop 'apBapaa u Maccauy-
CETCKOI'0 TEXHOJIOTMYECKOI'0 MHCTUTYTA
JlopeH I'paM B cBoeM jiokJIaie «PycCKUit
MUCTHIIU3M U MaTeMaTuka». B coas-
TOPCTBE C IPyTUM YYACTHUKOM (pecTH-
BaJa npogeccopoM HaHoMm-Muienem
KanTtopoM, corpyaHukoM MHcTuTyTa
mateMaTtuku Hrocke B [Tapuixe, oH Ha-
nucaJ KHUTY 0 MaTeMaTuke Bo @paH-
nuu 1 Poccuu B Havaste XX B., KoTopas
CKOpO Oy/ieT oIrybJIMKOBaHA Y HaC.

Bopbba uaeit HeBo3MokHa 6e3 auc-
KYCCHH, U BIIOJTHE 3aKOHOMEPHO, UTO
9TOMY MEPOIPHUATHUIO OBLI IOCBAIIEH
Ha ecTHUBaJIE LIEJIbIH IeHb. B pexHue
9IIOXU OBITH CBUJETEJIEeM TAKOI'o poja
JericTBa ABJISJI0CH OAHUM U3 Haubojee
U3BICKAHHBIX MHTEJJIEKTYaJIbHBIX Y/I0-
BOJILCTBUH. 3/1€Ch, B IUTEPCKOM Jlome
YYeHBIX, MOKHO ObLIO HaGII0IaTh TO,
YTO y¥Ke JaBHO IepecTajio ObITh He-
OTHEMJIEMON YaCThI0O HAYYHBIX KOH-
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rpeccoB U KoHpepeHIU, — Ipolecc
HEIIOCPEeJCTBEHHOr0 POKIACHUS MBICIU
U UJeU, JKECTKUH, ITogdac HEIPUMUPH-
MBIH cIIOp, 06GCYy 3 /IeHHe BOIIPOCOB, Ha
KOTOpBIE HET OTBETOB.

«CKamuTe, HOJb B IIPUPOAE CyIIleC-
TByeT?», — BOIIpoLIaJ PYKOBOAUTEJb
1abopaTopuu TeOpeTHUYeCKou ¢u-
3uku uMeHu Ppuamana, mpodeccop
A.A.Tpub. U cam cebe orBeya: «B npu-
poAe He CyLIeCTBYET, HO 9TO TO, U3 YEro
Ipousoluia npupogar. EmMy apocTHO
BO3paKaIu
IIOCKOJIbKY IIPUPOJia — HEe UX OGBEKT.

«4HCTBIE» MaTeMaTHKU,

Ilomgac Bce 3TH JIIOAW HAYWHAIHA
TOBOPUTH Ha PA3HBIX A3BIKAX, U UM
NPUXOJAUJIOCh AAaBaTh APYT AJA ApPY-
ra onpejejJeHUs OJHUX U TeX Ke CJIOB.
A BO3MOKEH JIU /17151 HUX €ITHBIN A3BIK?
B.B. Lleaumies, crnenuaarucT OJHOBpE-
MEHHO B ob6iactu ¢unocoduu JOrUKN
1 MaTeMaTUKH, BBINIYCKHUK (PU3UKO-
TeXHU4YecKoro ¢parxynsrera HoBocnbup-
CKOr'O YHUBEPCUTETA, a Telepb AUPEK-
Top UHcTutyTa dpunocodpun u npasa Cu-
6upckoro otaeseHusa PAH, yBepeH, uTo
BOo3MOsKeH: «Ddurocoud u MmaTeMaTUKa
BO3HUKJIV OJJHOBPEMEHHO, 1 HbIHEIITHIE

pasHoIyIacud MEMJAy pa3IudHBIMU Ma-
TeMaTUYIEeCKUMHU T€YCHUAMU — IIPEK/IC
BCEro pasHoriracusa Guiaocodcrmer.
«Kpyrabiii cton "MaremaTtuka u gu-
Jnocodusa" cobpas MaTeMaTUKOB, (PUIIO-
codOB, HICTOPUKOB, YaCTh U3 KOTOPBIX
AKTHUBHO y4acTBOBaJIa U B "/[HAX HAYKU"
roj Hasaj, — IoJeauJIach BledyaTIeHU-
samu npogdeccop Cankr-IleTepOyprcko-
TO YHHUBEPCUTETA, PYKOBOAUTEJH Ja-
60paTopuHu KOTHUTHBHBIX HCCJIEJ0BA-
Huit T.B. YepHurosckaa. — Begymiuii
U, AyMaro, 3a4UHIIUK BCEro — JOK-
TOp (PU3MKO-MATEeMaTHYECKUX HaAYK
A.M. CeMuxaToB, U3BECTHBIA CBOUM
APKUM HHTEJJIEKTOM U IapajoKcaslb-
HBIMU HJEAMH BpOJie O3aJauyUBaHUA
y4eHOH my6JInKYU BolpocaMu: "A YUCJIO
I B MHBIX FaJlJaKTUKaX — TaKoe ke?"
A ecnu cepbe3HO, TO OH BO30Y/IHJI JUC-
KYCCHUIO BOKDPYT OIIAaCHOM AJIA 4YeJloBe-
YEeCKOTO CO3HAHUA BOOOIIEe U I0BEPUA
K HayKe B YaCTHOCTHU TEMBIL: TJe HaXo-
nAatca GakThl, HE y HAC JIU B TOJIOBE,
00'bEKTUBHBI JIU JI0Ka3aTeabcTBa? Pu-
3MKa yKe [IEPEKUIa 3TOT IIOK C IOABJIE-
HHEM KBAaHTOBOW MEXaHUKH, BKIIOYNB-
11ei Hab rroaareasa Kak HEOT beMJIEMbII

KOMIIOHEHT, HO CTaBUTBh TaK BOIIPOC
B OTHOIIIEHNY MaKpoMHpa U JaKe ca-
MO MaTeMaTHWKU KaK “HayKW HayK’
MaJjIo KOMY IIPUXOUJIO B I'OJIOBY.

BoaMmokHaA TakKiKe KapAUHaJIbHAA
CMeHa Hay4YHOU mapajurMbl — Iiepe-
XOJi Ha WHBbIE TUIIBI JIOTUK U HA IPU-
3HAHUE JOCTOBEPHBIMU JAHHBIX,
He 0653aTeJbHO JJOKa3blBaeMbIX Ma-
TeMaTU4YeCKH, a UCXOJA U3 JIOBEepUs
K "3HATOKy', — Kak cka3au A.B. [lapu-
60kK. MHe 6BLJIO UHTEPECHO U YAUBU-
TeJbHO, YTO CTOJIb IlecTpas npodec-
CHOHAJIBHO ayIUTOPHUSA BCE Ke MOIJa
IJIOAOTBOPHO Pa3roBapuBaTh».

Ha «qecepT» 6bLiIa IpeyIoxKeHa y6-
nu4YHada Jeknua Jimutpusa BynaTtosa
«Science Art: UCKyCcCTBO HCCJeA0Ba-
HUs». ITO HAIIPpABJIEHNE COBPEMEHHO-
ro MCKYCCTBA, NPEeJCTABUTEIN KOTO-
POTro B CBOEM TBOPYECTBE UCIIOJIb3YIOT
HAyYHO-TEXHUYECKUH MHCTPyMEHTa-
puii, U KoTopoe, 10 MHEHUIO €ro COo-
3aTesel, «obpalaeT Hac K BOIIpocam
KYJIbTYPHOH MHTEpHpeTaIluu U XyJ0-
JKECTBEHHOI'0 OCMBICJIEHUS HAYyYHBIX
JIOCTUIKEHU .

EneHa KokypuHa

HAYKA — 3TO KPACHUBO!

KoHkypc nopa Ha3BaHuem «Hayka — 31O KpacuBo!», 06bsIBNIEHHbIN U3JaHUEM
«Hayka n TexHonorun Poccumn» (STRF.ru), npu3saH npoAeMoHCTpUpoBaTb 6ora-
Thle NepCneKTUBbI U CKPbITble pe3epBbl POCCUINCKOWN HayKu, a TaKXe LUMPOTy ee
BO3MOXXHOCTEMN.

CnosHO B NoATBEpPX/AEHMEe TOro, 4TO HayKa He 3HaeT rpaHuy, reorpacdus KOH-
Kypca TakXe Bbilna 3a npefaenbl Poccun. HommHaumm koHkypca «Mup, cKpbITbI
OT HalUuX rnas», «JcTeTuka B “xenese”», «Hayka — saHa4yuT pasButue», «MHHOBa-
LUN — 3TO HE TOJNIbKO 3BYYHOE CNIOBO», «MHOromacLluTabHbIi MUP CTPYKTYp» NpU-
BJIEK/IN BHMMaHWe npeAcTaBUTENEN Hay4YHO-UCCnefoBaTeNbCKUX UHCTUTYTOB,
o6pa3oBaTeNibHbIX YYPEXAECHUNA, COTPYAHUKOB TPeTbIKOBCKOW ranepeu, a Takxe
BOJIbHbIX (poTOorpados.

MopaxaeT rny6uHa 3HaHWS NPUPOAbI, NPOAEMOHCTPUPOBaHHAsA y4YaCcTHUKa-
Mu. HazBaHMA KOHKYpPCHbIX paboT roBopsAT caMmu 3a cebs: «Korga metann tever,
KaK XUpKocTb», «Kpuctannuyeckasa TypoyneHTHOCTb», «MUKPO- U MaKpOKOCM»,
«OkHO B MukpoMup», «MonsHka HaHouBeTOB». Cepua pa6oT, NpeacTaB/ieHHbIX
B paMKax cneuvanbHoW HOMUHauuum «MHoromacwTabHbIi MUP CTPYKTYp» OT
KomnaHuu SIAMS, noka3biBaeT psif XMMU4YECKUX 31IeMeHTOB (30510TO, cepebpo,
OCMUW, KanbLui, 6pom) B BeCbMa HEO6bIYHOM paKypce — B BUAE KPUCTaNoOB,
BblpaLleHHbIX U3 ra3oBou pasbl. ABTOPbl 60/bLUINHCTBA PAa6OT NPOAEMOHCTPU-
poBanu BnageHue pasfiMyHbIMU TEXHONOTUSIMU MUKPO- U MaKPOCbEMKU, CbEMKMN
B 6nnxHem MK-gnanasoHe u B paclumpeHHom (Buaumbin + UK) auanasoxe.

UTorn KkoHKypca 6yayT noaBeAeHbl B UIOHE.

Mopgpo6Has uHopmauua — Ha caute www.strf.ru.

AsTop: A.U. :KaTIK(;B
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V“ Péth){ ,‘r_fei«bfqp I/II/I JIACKYCCUH O JIe-

meica Poccuu He mepBbiii Tof1. MHOT-
la KamKeTcs, YTO OHU 6€eCCMbICTIEHHBI
_ ubyayr ﬁ:ﬁ:ﬁ b GECKOHEYHO, HE IIPUBO-

“— 5 K KOHKPETHBIM peayiabTatam. U, Tem

HE MeHee,
I ,re

+ Gecrutonubl. CTaT0, HAKOHEIN, CKIIabI-

BaThCA yOekeHNe, YTO II0-HACTOAIIe-

My JieMOKpaTH4YeCKoe roCyJapCcTBO He-

AK€ NVICITYTBI HE COBCEM

BO3MOKHO CO3/IaTh (€3 OITOPHI HA FPaK-
JAHCKOE O0IIeCTBO, T.e. 6€3 HaCTOSIIEN
3aMHTEPECOBAHHOCTY U yYACTUA IPAK-

XLXMLK )

Ilo 3aM51c11y ABTOPOB MPOEKTA, KOM-
IIeKC, COCTo,{ampm 13 TPex KOpILyCOB,
O6yneT pacnoﬁcmgcﬂ B OHOM M3 HOBBIX
pan HOB MOCKBBI, HA e;:uzmon TEPPUTO-

HEHTP» — NMPeAHoNaraeTCsi UCIOIb30-
BaTh KaK IIOCTOSHHOE MECTO BCTPEYH
JKUTEJer parioHa ¢ OOIeCTBEHHBIMU
¥ IIOJIUTUYECKUMU JEeATENAMU, JIIOIb-
MM HayKU U UCKYCCTBa — IIUCATEIAMH,
apTUCTAaMU, XyAOKHUKAMHU, YIEHBIMH,

KOCMOHaBTaMHU, O3HECMEHaMU, PYEKO-

J1aH B [leJIaX 0OIIeCTBEHHON U rocyaap-
CTBEHHOU JKM3HU CHU3Y JIOBEPXY.
CerogHa B MockBe BepeTcs pabora
Haj co3faHueM KyinbpTypHO-IpocBeTH-
TeabCKOro Komiaekca «Poccusa XXI Bexo.
K opraHmsanuu 3Toro npoeKTa MHUIU-
ATUBHYIO IPYIIYy COTPYIHUKOB MOCKOB-
ckoro npeanpuaTua 3A0 «AK 3omorasa
AHTUJIONA» IIOATOJKHYJIO BEICTYIIJICHUE
npe3uaeHta P® [Imutpusa MeaBeznesa,
B KOTOPOM OH roBOpHJ 06 OCTPOM He-
006XOMOCTHA CTPOHUTEIBCTBA B CTpa-
HE KYJbTYPHBIX IIEHTPOB U IIPU3BAJ
rpa/JaH IPUHATH B 9TOM JiejIe aKTUB-
HOe yJyacTue. ABTOPBI UJIeu yOek/IeHbI
B HEOOXOAMMOCTH CO3JaHUSA II0A00HOr0O
IIEHTpAa B I1€JIAX 00pa30BaHUA U BOCIIH-
TaHMA OPaCcTAIOIIET0 MOKOJIEHUSA J10-
CTOMHBIMHU NPOAOIKATEIAMU TpPagU-
UM, CO3LAaHHBIX JYYIINMU IpeacTa-
BHUTEJIAMU POCCUNCKOT0 HApoaa.

BOJUTEJISMU MECTHOM U TOPOJCKOM aJi-
MuHUCTpanuu. Ocoboe BHUMaHue Oy-
[T YAEAATHCA QUCILyTaM U JUCKYCCH-
sIM, GYAy T IPOBOIUTHCS TEMATUIECKUE
Bedepa MOJIOJEKHU, KPYIJIbIe CTOJIBL, TIe
JIIOAU CMOTYT BBICKA3bIBATh CBOE MHe-
HUe 110 Pa3JIuIHBIM BorpocaM. Kpome
TOro, 6y{y T IPOXOAUTH TBOPYECKHUE BE-
4yepa, medCKre KOHIIEPTHI JJ1d BeTepa-
HOB U JieTeil. HapAay ¢ 9TUM IIaHupy-
€TCs OPraHU3aIUsAd BEICTABOK /IeTCRoy

T ﬁ

OPHYECTBA, a TAKMKE XyJOKECTBEHHBIX

OCBETUTEJIBbCKUX SRCHOSI/IHI/II/I
pOBeIIeHI/I{ﬂ TAaKHUX MEPOII

R

%
HBIMHA TEXHHUY

CKHUMU

S A

¢ 5ot ue}b}o B ueHTpe
OyZleT IOCTpPOeHA aCTPOHOMHUYECKad
obGcepBaTopusd, IZie MOMXKHO OyAeT Ha-
6sroaTh 3a He6eCHBIMU TeJamu. [lna-
HUPYEeTCA IPOBOAUTD 3aHATHUSA 110 pa3-
JIMYHBIM HaIIpaBJEHUAM HAyKU: Ma-
TeMaTuke, GU3NKe, XUMUH, 6GHOI0THUY,
BBIUYMCIUTEIbHON B POOOTOTEXHUKE.
KpoMme Toro, y IMIKOJBHUKOB IIOSBUTCS
BO3MOKHOCTb 03HAKOMUTBCH C IIPUMe-
HEHUEM HaHOTEeXHOJIOTUH.

B TpeThem Kopmyce — (L leHTpe moaro-
TOBKHU IOHBIX KOCMOHABTOB» — JIETH II0O-
JIydaT BO3MOMKHOCTBH ITO3HAKOMHUTBCSH
C UCTOPHEH OTEeYeCTBEHHOI'0 caMoJe-
TOCTPOEHHS, Y3HATH O CO3AATENIAX U Ie-
POSIX COBETCKOM U POCCUIICKOU a9POKOC-
MUYECKON TeXHUKU U KOCMOHABTHKH.
Ha cnenuaabHBIX TPOdeCcCHOHATBHBIX
TpeHa)kepax pebaTa CMOTYT OIIyTUTH
cebs B pOJIY MUJIOTOB HACTOSAIIETO KOC-
MUYECKOro Kopabiid U IOTPEHUPOBATh-
cA B CTBIKOBKE C OpOUTAIbHOU KOCMU-
YEeCKOU CTaHITUEN.

VHNOyaTopsl MpoeKTa o0palaroT-
¢l ¢ IPOCbOOM KO BCEM, KTO UMEET OIBIT
no06HOM paGoThl, IPUHATH OCHUJIEHOE
ydJacTue B pa3paboTKe HIeHr KOMILIEKCa.

Csou novicenaHus u pekomeHoauuu
Hanpasnsiime no adpecy:
3A0 «‘AK 3onomas anmunona,
111402, Mocksa, Kemuepckas yn.,7.
KonmaxmHuoile menedoHbl:
375-33-84, 375-30-04 (c 9.00 do 15.00).
e-mail: mary_kul@bk.ru y
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nanoTEXHoRorwn — (B0 MOJIDG0E

BTOpaH Bcepoccuiickasg HUHTEp-
HeT-O0JMMIOMNaja 10 HAaHOTEeXHO-
soruaM «HaHOTeXHOJIOTNU — IIPOPBIB
B Oyayiiee!» IpuHEcJa MHOT'O IIPUAT-
HBIX CIOPIIPU30B, OJMH U3 KOTOPBIX —
MoJIOoAble TaJlaHTJIHUBbIE YUYACTHUKU.
B aToM rogy osmMnuajza moMoJsiojesia
n3-3a IIKOJIBHOrO Typa. 1 HecmoTpsa
Ha TO 4TO IOGeUJIN acCIUPaHTHI, pe-
masd caMmble CJIOMKHBIE 3a/la4dU, I0OHbIE
IIKOJIBbHUKU TOXE YCIEITHO Nonpo6o-
BaJI CBOU CHUJIBI.

JI7151 y9acTUsA B OJIUMITHA/JIE 3aPETUCT-
pupoBajochk 2373 yesoBeKa, Cpeau Ko-
TOPBIX OKO0JIO 27% CcOCTaBUJIX IIKOJIb-
HHUKU B Bo3pacTe oT 11 set, 52% —
CTyzmeHTHl, 12,5 — acrimpaHTsl, 4% —
MoJIO/Ible yYeHBbI€ B BO3pacTe /10 27 JIeT,
4% — mnpouue ydacTHUKU. Hopu
OJIMMIIHNAJBI, B COCTAB KOTOPOTO BOIII-
sy npodgeccopa u npenogaBatenu ¢a-
KyJIbT€Ta HayK O MaTepuajax, XUMH-
4YecKoro, OMoJIorMYecKoro, gusmude-
ckoro pakyabTeToB MI'Y, HHCTUTYTOB
Poccuiickoil akazeMuu HayK, IIOATO-
ToBUJIO 60jiee 50 opUrnHAJIBHBIX pac-
YeTHBIX U TBOPUYECKUX 3a7a4, KOTOPbIE
66111 OTyOJIMKOBAHBI HA caliTe Wiww.
nanometer.ru. B peayabraTe O6BLI0
oTtobpano 30 poccuiickux u 8 3apy-
6eXKHBIX YYaCTHUKOB — TAJAHTIUBBIX
IOHOIIEN U JieByIIeK, KoTopble 16 Mad
Ha OYHOM Type€ OJIMMIIMAJbl OIpeje-
JINJIA CBO€ MECTO Cpeau nobeauTesiei
u npusepoB. Cpeau 270 3aperucTpu-
POBAHHBIX yYaCTHHUKOB B BO3pacTe /10

15 yieT KIOpU 0OTMETHUJIO ABOUX — Ba-
Ha KosbipeBa (9 j1eT) Kak camMoro MoJio-
JIOT0 YYaCTHHUKA OJMMIOHAAbI (OH Ha-
6pai 30 6aJyIoB, 4TO ABJIAJIOCH abco-
JIIOTHBIM PEKOPJIOM JIJISl €r0 «BECOBOH
KaTeropumw), u 9ayapaa TabauHukoBa
(13 neT), KOTOPBIM JOrHAJ U IIepEerHal
CBOMX CTapIINX KOJUJIETr-IIKOJIbHUKOB
U 1IoIlaJI C 3aracoM Ha O4YHBIN Typ. OH
JIy4Ille MHOTHIX CTY/IEHTOB PEIINI KOM-
NBIOTEPHBIN TEeCT U ObIJI aKTUBEH IIPU
PeIIeHNH BCeX OCTAJbHBIX 3aJJaHUH (a

TaKKE 3aHUMaJI aKTUBHYIO I'pamjaH-

> e

CKYIO IIO3UINI0, HUHTEPEeCysach, OyAeT
JIA ero AUIJIOM JAeWCTBUTEJEH udepe3s
HECKOJIBKO JIeT, KOTJia OH OyZeT IOCTY-
natb B BY3).

IlepeMOHUA HarpaK/aeHUA nobe -
TeJlell ¥ IPU3epPOB OJIUMIINAABI IIPO-
maa 16 masa 2008 r. B 3ganuu UH-
TeJIIeKTyaJbHOro IeHtpa — DyH-
gaMeHTaJabHOU 6ubnauoreku MIY Ha
JIECHUHCKUX ropax.

OsuMnuany IMoAAep:KalId Tocy-
rapcTBeHHas koprnopanusa «Poccuii-
CKUe HAaHOTEXHOJIOTUW», 0aHKOBCKAas
rpynna OHO9KCHUM, komnmanuum HT
MAT u «Toxkno Boekw», HTL] «bakop»,
¢oupg «JlobpococencTBor, Poccuiickasa
axKaJeMus HayK.

06 ntorax Onumnuagel cM. Ha: http://www.nanometer.ru/2008/05/18/12110565861488.html|

WcTounuk: http://www.nanometer.ru/2008/05/19/internet_olimpiada_52721.html

8 nnewy WM

HeonHo3HauyHBIEe N300pakeHUA Ka-
JKyTCA MEHAMIIUMHUCHA, KAk OyATO
MO3T HUKAK HE MOKET PEeIINTh, KaK UX
BocnpuHuMath. Ky6 Hexkkepa, Hanpu-
Mep, BBIINIAAUT TO BBIIIYKJIBIM, TO YXO-
AAIMUM Briiy6b cTpaHunsl. Kpucrod
Kox (Christof Koch) u ero xomnieru us
KanudopHUHACKOro TeXHOJIOTMYECKO-
o UHCTUTYTA IPOBEJIU 9KCIIEPUMEHT
C y49acTHUeM HIeCTH JOOPOBOIBbIEB, HC-
II0JIb3YS Pa3JIMYHBIEC HEOJTHO3HAYHEIE

BH3yaJbHbIE U ayJUOCTUMYJIBI. B pe-
3yJIbTaTe OHU OOHAPYKHUJIU, YTO 3pa-
YOK paclIupAeTcd, Korja MeHseTcs
BocrpusaTue. CTelleHb paclIMpPeHUd
cocTaBuia 6osee 1 MM M KOpPEJIUPO-
BaJja C TeM, KaK /I0JII0 IPOJIOJIKAIOCH
crienuUIecKoe BOCIPHUATHE.
SAPKOM CBeTe 3padyKH paCIIUPAIOTCH
npubausuTesbHO Ha 2 MM. Pacmupe-

IIpu

HHEe 3paYKOB KOHTPOJIHUPyeTCA HeH-
POTPAHCMUTTEPOM HOP3IUHEePPU-

HOM, KOTOPBIA MOKET UTPATh BAKHYIO
POJIb B IPUHATHUHU HEOCO3HAHHBIX pe-
IIeHUA.

Ddunun Am

BHYTPb TN HAPYXXY: pa3mep 3payka
KOppenupyeT ¢ TUMOM BOCMPUATUS,
KOrja CMOTPULLb HA HEORHO3HAYHbIE
n3obpaxeHus, Takne Kak Kky6 Hekkepa

B mupe nayku [06] umnb 2008
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Yapns Hown

MOKET 11 YEAOBEK
NoNobums poboma?

MporpammucT 3sug JleBn cHnTaerT, 4To Yepes
50 net nogu n poboTbl CMOryT BCTynaTtb

B 3aKOHHble 6paku

Myasee cekca B Hbm—ﬁop}ce ne-

MOHCTPHUPOBAJIOCH U3006pake-

HHUe yiablbaromieiica KeHIIU-
HBI B IIOJIBEHEYHOM I1JIaThe, AepKaIiei
3a PyKy MaJIeHbKOTo poboTa-KeHHnxa.
dlocMoTpuTe, KaKkasd 3aMedaTebHasd
napa! Pa3Be Imj0X0 BBIUTHU 3aMyiK 3a
po6oTa?» — roBOPUT aBTOP 3TOr'0 U3006-
paskeHUusA, HCCIIeAoBaTeNb B 006ylacTH
MCKYCCTBEHHOTO MHTEJJIEKTA U IIax-
matuct [aBupg Jlesu (David Levy). Tem
He MEeHee KOI/la pedb 3aXOJUT O IIPO-
671eMax HECYACTHBIX U OJUHOKUX JIFO-
JIef, OH Pe3KO IIEPEXOAUT C Iy TIINBOTO
TOHA Ha cepbe3HbIi: «HeKOTOpbIM ObI-
BaeT IPOCTO HEOOXOIUMO IIOYYBCTBO-
BaTh PAJOM C cCO60M HEYTO, HE TOJb-

KO IIpuU3HAIIEeCsa BaM B JII00BHU, HO

U IIOCTYIIAoIIee TaK, CJIOBHO 3TO IIpaB-
na. Heyskesnm Tak BaHO, 4YTO UMEH-
HO JieJlaeT Hac cYyacTIUBBIMU?» B cBo-
ett kHure «JII060Bb U ceKc ¢ poboTaMm»
JleBu yTBep:KIaeT, UTO B OiMiKaiiniee
BpeMA OyIyT BO3MOMKHBI HE TOJIBKO
6JIM3KMe OTHOIIEHUA MEKAY YeJJOBEKOM
U MaIlIMHOM, HO U OGpaK MeXAy HUMU.
Bosee Toro, HeCMOTps Ha TO YTO MHO-
True CKENTUYECKH OTHOCATCHA K dTOMY
BoIpocy, JleBu yBepeH B HEU36eXHOC-
TH TAKOT'0 MCXO/A.

Opnako 6uorpacdua [ssuzpa Jleru
YKasbIBaeT Ha TO, YTO TaKHe IIPOBOKA-
LIMOHHBIE UJIeM — He IIPOCTO IPUXOTh
62-neTHero JoHAoHNA. Ero yyeb6a Ha
nocjefHEeM Kypce U yBJIedYeHHE IIPO-
rpaMMHUPOBaHUEM NPUILIUCH HA 3Py

A3BUA NEBU

Bl NPOrHO3: npeppekaeT, 4To
nepBbiM MecToM, rge 6yayT
neranusoBaHbl 6paku MeXx-
Ay YenoBeKOM U po6oTom,
ctaHer wTtat Maccauvycerc,
B KOTOPOM CHacTJIMBO cocyLlec-
TBYIOT nub6epanbHoe 3aKoHopa-
TEeNbCTBO U pa3BUTbie BbICOKME
TEeXHONOruu.

H CYPOBAA PEAJIbHOCTb:
HECMOTpPsl Ha UAE TEeXHOreH-
HOW nio6BuU, JleBU — He NOK-
NOHHUK Hay4yHOW (paHTaCTUKMU:
«EQUHCTBEHHYIO KHUTY 3TOro
)KaHpa f npoYuTan, NoToMy 4To
ee usparenb XoTen NOMecTUTb
MOW OT3bIB O HEW Ha 3aiHIOK 06-
NOXKY, HO OHa 6blyla HACTONbKO
yXXacHa, YTo s He CMOT HA4Y€Ero o
Hent CKA3ATb».

JIAMIIOBBIX KOMIIbIOTEPOB. OH HAYMHAJI
C HAaIlMCAaHMUA MIaXMaTHBIX IPOrpaMM
¥, 3aMHTEPECOBABIINCH UHTEJIEKTY-
QJIBHBIM JIMQJIOTOM MEMKJY Y€JIOBEKOM
M KOMIBIOTEPOM, HadaJj HUCCJIe0BaTh
0COBGEHHOCTH UX B3AUMOJIENCTBUA. DTU
paboTHI JIeryiu B OCHOBY €ro JHuccepTa-
UHU, KOTOopyIo JIeBU 3aIIUTUI TOIBKO
B IIPOLIJIOM roly B YHUBepcurere Ma-
actpuxTta B Hunepnangax. [Ipuuynna
TaKOH 3aJIePIKKU 3aKJII09aIach B TOM,
qyro JleBU, OyAydU MeEKTYHAPOJHBIM
rpoccMefCcTepoOM, A0JIT0e BpeMs IIpHU-
HHUMaJI ydacTHe BO MHOTHX TypPHHUpaX
B Pa3JIMYHBIX YacTAX 3€eMHOTO Iapa
M OCHOBAJI HECKOJIBKO IITaXMaTHBIX
W BBIYHCJIUTEIbHBIX IIEHTPOB, Tpe6o-
BaBIINX €ro HENPEeCcTaHHOI'0 BHUMA-
HUA.

OriaapIBasCh Ha MOCJEIHUE JIeCs-
TUJIETUs, JIeBU oTMedYaeT, 4YTO C poc-
TOM TEXHHYECKOIro ITporpecca OTHO-
IIEHUA MEXKJY YeJOBEKOM U po6oToM
CTaHOBATCSA Bce Oosiee TecHbIMU. He-
CMOTPSA Ha TO YTO IIOCJIeHUE CHAYaIa
HICIIOJIb30BAJIMCH UCKJIIOYUTEIbHO KaK
pa6Goyas cuia, HAIIpUMep, IIPU KOH-
BellepHOM IIPOU3BOJICTBE aBTOMOOU-
JIed Ha GOJIBIIUX 3aBOJaX, CETOTHS UX
HOBBIM MECTOM paboThl CTAJIM HAIIHU
noma. IlppmMepaMu MOTYT HOCIIYKUTH
po6oT-tirliIecoc Roomba 1 3JIeKTpPOH-
HBbIE JJOMAIIHWE JIIOOMMIbI, HAYMHAA
OT TaMaroyu M 3aKaH4YuBasg pPo6O-
ToM-cob6akou Sony Aibo. B Hame Bpe-
Ms po6OTBI MOTYT JaKe IPUHUMATH
yeyioBedeckuil o6auk. Po6oT Repliee,
CKOHCTPYUPOBAaHHBIN Xupocu Hcury-
po (Hiroshi Ishiguro), nupexTopowm Jla-
GopaToprUy MHTEJIEKTYaJIbHBIX P060-
TOB OCaKCKOTO yHUBEPCUTETA, CIIO-
co6eH Ha KOPOTKO€ BpeMs IIPHUBECTU
B 3aMelIaTeJbCTBO JI60ro Habmoa-
IOIEro 3a HUM, 3aCTaBUB IOBEPUTD,
YTO mepeJ HUM He MalllHa, a YeJIOBEK
(cm.: Xonnoyait M. Hayka 06 aHOpoudax
// BMH, Ne 8, 2006). Tlo mHeHuI0 JleBu,
IpPU TAKUX GOraThIX BO3MOMKHOCTAX HE
CTOJIb CJIOMKHO MOJIYYUTh IPUMUTHUBHO-
ro cekc-pobora.

YestoBeU€CTBO BO Bce BpeMeHa aHTa-
3WPOBAJIO O TECHBIX B3ANMOOTHOIIIEHH-
X MEKAY JIOABMU U PAa3HOOOpa3HBIMU
HMCKYCCTBEHHBIMHU (pOpMaMM KU3HU —
HayMHasA OT IpekpacHoi lasarew,
OKUBIIEN cTATyH, co3gaHHOM Ilurma-
JIMOHOM, W 3aKaHYNBasA YyBCTBEHHBIM

B mupe nayku [06] wonb 2008



NPODOHND

aHgpousoM Jlpiita U3 ceprasia «3Be3/-
HBIA Ny Th». JIeBH yBepeH, 4YTO MHOTHE
JIOAW CIIOCOOHBI BIIOOUTHCA B TaKUX
nepcoHakei. IIporpaMMHUCTBI MOTYT
co31aTh po60TOB, MAKCUMAJIbHO COOT-
BETCTBYIOIINX TPeOOBAHUAM KaXKOT0O
OT/EJIbHOTO YeJIOBEKA, UJIM BHECTU B UX
XapaKTep U BHEITHOCTb HEKOTOPbIE He-
IIPUATHBIE YEPTHI, JIUIIb YKPEILIAIoIe
OTHOIIEHUS. ITO HE 3HAYUT, UTO JIIOJHU
HOJIOOAT caM aJrOPUTM IIOBEICHUS Ta-
KUX poOOTOB, HO OHM MOTYT HPOHUK-
HYTbCS CUMIIATHENH K UMUTAIIUN YeJo-
BEYECKOM JKU3HH, KOTOPAS CMOMKET OKa-
3aTh HA HUX 3aMETHOE BIUSHUE.

HccnepoBaHus, IPOBEEHHEBIE B ITPO-
nioMm roay B KanudopHuiickom yHU-
Bepcutere B CaH-/[uero nokasasau, 4To
MHOTHME MaJjleHbKHE JeTH HaYHuHaJIU
BOCIIPUHUMATH JIBYHOTOro poGoTa-ry-
maHouza QRIO nocie TOro, Kak OH OT-
BeJaJsI Ha UX IIPUKOCHOBEHUA. B pe3yib-
TaTe, JaKe IOCJe TOro, KaK ero HaKpbl-
BaJId OJIESIJIOM U TOBOPUJIN KOJIOBBIE
cjI0Ba, NPUBOJAAIIMNE K OTKJIIOYEHUIO
6arapei, JEeTHU IIPOAOJIKAIN CUYUTATH
QRIO cebe mogobHBIM. «JIroU, BBIPOC-
IIve B 910Xy Oy PHOTI'0 pa3BUTHUSA TEXHU-
KU U 9JIEKTPOHUKH, OYZyT OTHOCUTBHCA
K aHJpOoHaM Kak K IPy3baM, ITIapTHe-
paMm miIm gaske JII000BHUKAM», — CUUTA-
et JleBu. B JoKa3aTeIbCTBO CBOUX CJIOB
OH IIPUBOJUT JPYyroe HCCJeJ0BaHUE,
nposojuBIieecsa B 2005 r. B Ctaudopa-
CKOM YHUBEPCHUTETE, I'/le KOMIIBIOTEep-
HbIE ITPOrPaMMBbI ObLIIN OPUEHTHUPOBA-
HBI Ha 3a60TIMBOE OTHOIIIEHUE K UT'PO-
KaM B OJI9K/3KeK. JIIoAY TOBOPUIIHU, YTO
MAaIllMHBI FOpas3/io BHUMaTeJIbHee pea-
THPYIOT Ha UX NMOGEbl ¥ IPOUTPHIIIH,
4eM JKUBbIE CyIIleCTBa.

HoBas spa TeJIeKOMMYHUKAIUH 1103-
BOJISIET JIIOAAM 3HAKOMHUTBCSA, BCTYIIaTh
B KOHTAKT U JJaKe BIIOOIATHCA, HUKOT-
Jla He BcTpedadAch ApyT ¢ ApyroMm. O6-
IIasCh C IOMOIbI0 VIHTepHeTa, MHOTHUE
CIIOCOOHBI UCIBITBIBATh CUJIBHEHUIIIYIO
9MOIIMOHAJIbHYIO IPUBA3AHHOCTD, pe-
3yJIbTATOM KOTOPOM MOMKET CTATh Ke-
HUTB6aA. MIMeeT 1u 3HaYeHHUE, KTO Ha-
XOAUTCA HA OJHOM M3 KOHIIOB TaKON
CBA3U: YEJIOBEK MJIN PO6OT?

Eciu ucciienoBaTesnaM yaacTcs Ipo-
JIBUHYTBHCSA B IOHUMaHUU POMaHTHYeC-
KHUX CBfA3€U, OTHOILIEHUS MEKIY JIIOIb-
MM 1 po60TaMU IepecTaHy T ObITH paH-
TacTukoi. dneH Puiep (Helen Fisher),

AHTPOINOJIOT U3 YHUBepcuTeTa PyTrep-
ca, IpocJiaBUJIach CBOUMHU HCCJIE[0BA-
HHUAMU B JAHHOM HaIlpaBJICHUU U TEM,
YTO BBIJI€JINJIA TPU COCTABJIAIOIINE Me-
XaHHu3Ma 4JesjoBedecKkoi io6Bu. ITo ee
MHEHHIO, 9TO CEKC, POMaHTHUKA U IIy-
6oxkas NnpuBA3aHHOCTb. Kampgaa us
3TUX KOMIIOHEHT MOKET ObITh BBI3BaA-
Ha OOJIBIIUM KOJHMYECTBOM pa3yIdY-
HBIX IpU4YUH. CeKcyaabHOE BO30YHIe-
HHE YeJIOBEeK MOKET YyBCTBOBATh, Y-
Tad KHUTY WU CMOTPA (PUIBM, ¥ OHO
He 0053aTeJIbHO JJOJIKHO ObITh CBA3aHO
C KOHKPETHBIM 4YeJIOBeKOM. IT0CKOJIb-
Ky IIyOOKYI0 IPUBA3AHHOCTH MOMKHO
UCHBITBIBATH, HAIIPUMeED, K CBOEU po-
JIMHE, UJiee, CTOJIY U JJasKe K aJKOT0JII0,
POGOT C JIETKOCTBIO MOMKET CTATh 00Bb-
€KTOM ITOJOGHOTO OTHOIIEHUSA. A UTO
KacaeTcsi pOMaHTHUYECKOH JIIOGBU, TO
JIIOAW MOTYT IMUTATh IOAOOHBIE YyBC-
TBa K T€M, KTO Jaike He 3HAaeT 00 uUx
CYILIECTBOBAHUU. OTO TOBOPUT JIUIIb
0 TOM, HACKOJBKO CHJbHA B YeJIOBEKe
HNOTPe6GHOCTD JIIOOUTH.

W JleBu, n duiiep CUYUTAIOT, YTO
GONBIINHCTBO JIIOJell OyayT HNpUAep-
JKUBATbCS KOHCEPBATUBHBIX B3IVIAI0B
B OTHOIIEHUU BOIIPOCOB JIIOGBU U CEK-
ca. Tem He MmeHee JIeBU yBEPEH, UTO T€
M3 HUX, KTO IO KAaKUM-IU00 IIPUYIU-
HaM HECYACTHBI B CBOEH JIMYHOM KU3-
HH, CMOTYT HaWTHU BBIXOJ B OOIIEHUU
¢ po6oraMu. JIeBU cchlilaeTCA Ha OIU-
CaHHOI'0 B KHHUTe IlcuxoJjora u3 Mac-
CavyCeTCKOro TeXHOJOTUYECKOTI0 NHC-
TutyTa llleppu Tepkn (Sherry Turkle)
«Btopoe s» (The Second Self) crynenTa
9TOr0 MHCTUTYTA, KOTOPOTO aBTOP Ha-
3pIBaeT «JHTOHW», HE Kejasg PacKpbl-
BaTh €ro HacTodllee umsa. Hecmorpsa
Ha MHOTOYMCJIEHHBIE IONBITKH 3aBS-
3aTh OTHOIIEHUSA C JIeByIIKAMHU OHTO-
HH BO MHOTOM OT/IaBaJI IPeIIOUYTeHUE
KoMObploTepaM. JIeBU IMOCBATUI OAHY
13 CBOUX KHUT 9TOMY CTYJIE€HTY U BCEM
TeM, KTO YyBCTBYeT ce6s I0TePAHHBIM
¥ OJMHOKHM, 1aBasd IIOHATH, 4TO He 3a
ropaMu Te BpeMeHa, KOorja JIIoAU CMO-
I'yT o6pecTH cBoe cyacThe, o0IIasch
c po6oramu.

HecMmoTpsa Ha To 4TO0 nTogo6HBIE 06e-
IaHUA BBITIIAAAT JOCTATOYHO ITPaB/IO-
IOI0GHBIMUY, MHOT'HI€ CHUTAIOT UX CIIOP-
HbIMU. Tak, Hanpumep, Tepka NUIIET:
«Ecsi BeI 6ouTech u nsberaere 6;1130cC-
TH C JIOAbMU, OOIIeHNE C MalllnHAMU

3AMYX 3A POBOTA: [ssup Jlesn nonara-
eT, 4To B 6yayuiem 6pakm Mexay 4eroBeKoMm
1 po60TOM HensbexHbl. [lpyrue y4eHble cHm-
TalT 3Ty TEOPUIO KYPbe3HON

MOKeT MOJAPUTh BAM UJLIIO3UIO APy K-
6b6I. Ho B 9TOM HET HUYETo XOPOIIIEeTo:
Be/lb IIPUBJIEKATEJIBHOCTE OTHOIIIEHUH
C MaIIMHAMUY TOBOPUT JIUIIIb O TOM, Ha-
CKOJIBKO OHU G€JHBI C JKUBBIMU JIIO/(b-
Mu. Bee, 4To Hy:XHO UHAUBUAM BpPO/ie
OHTOHU — BTO OIBIT, KOTOPBIY O3BO-
JIUT HNOBBICUTH UX CAMOOIIEHKY M pas-
HOOGpa3UTh KU3Hb OOIIEHHEM C OK-
pyxammuMm. OZHAKO, IO MHEHHUIO
JleBu, Ha 3eMJe HUKOI/Ia HEBO3MOXKHO
PeluTh BCe CcolyabHble HPOGIEMBI,
TaKue KaK OMHOYECTBO MJIN 3a60Ta 0O
cTapuKax.

dumep u TepkJ HAXOAAT UJCIO Jie-
raJIn3anyy JKEeHUTHObI MEKIY JII0JIb-
MU ¥ po60TaMU CMeXOTBOPHOI, HO JIeBU
CHOPUT C HUMH, BCIIOMUHAs, KaK eIle
100 et Ha3a GbLI HEBO3MOMKEH Opak
Mexy AByMA MyxunHaMu. A CITIA Toab-
KO BO BTOPO¥ IToyIoBUHE XX B. OTMEHUIIN
3aKOH, JieicTBOBaBIIUM B 12 mirarax,
COIVIACHO KOTOPOMY MeKpacoBble Opaku
OBLIU 3aIIpeleHbl. Bece 9To MOKeT CBU-
JIeTeJIbCTBOBATD O PaJUKAIbHBIX IIepe-
MeHaX, IIPOM30IIEAIINX B UWHCTUTYTE
6paka 3a 1ocJjesHee BpeMs.

Ha Bompoc: «A 94T0 060 BCEM 3TOM Ay-
MaeT Bama :xkeHa?» JIeBu ¢ yIbIGKON OT-
BeyaeT: «OHa BCceria O4eHb CKeIITUYIecC-
KM OTHOCHJIACh K MOUM HJESM H, II0-
JKAJIYH, 0 CUX IOP He M3MEHNJIA CBOIO
TOYKY 3peHUs». B

Mepesog: O.C. XoBaHcKkui

B mupe nayku [06] umnb 2008

17



MHEHHE

KNETKA GHdCABIT MKdHb

HepnaBHO MoCKBY NOCETUN U3BECTHbIM aMepPUKaHCKMn 6uonor, npodeccop
ApHonbg KannaH, KOoTOpoMy OOHUM U3 NepBbIX yaanoch BbloennTb
B3pPOCSble CTBOJIOBbIE KNETKN U3 KOCTHOro moara. OH npuexan no
npurnaweHuio Jlabopartopun CTBOSOBbIX KNeToK MnH3gpaBcoupa3BuTums
P® n KpuolleHTpa, npoden nekunu B IHCTUTYTe TpaBmaTonorum

n optoneauu nmenun NMpuoposa (LNTO) n Poccuinckon akagemmm
MeOUUMHCKNX HayK. KannaH pacckasas 0 NoCNeaHuUX KIIMHUYECKUX
MCNbITAHUAX NpenapaToB, OCHOBAHHbLIX HA B3POCSIbIX Me3EHXMMalIbHbIX
ctBonoBbIX KneTkax (MCK), a TakXe M310XWn CBOK rmrnoTesdy O TOM,
noyemy OHW OenCTBYIOT. Et0 OH nogenunca u ¢ XxypHanom «B mupe Haykn»

HayvaJia mo3BoJI0 ce6e HEMHOT'0

a36y4YHBIX UCTUH. MBI KUBBHI

TOJBKO IOTOMY, YTO KJETKH
U TKAHU HaIlero Teja HENPepbIBHO
pereHepupyioT. B ecTeCTBEHHBIX yC-
JIOBUAAX B3POCJIBIE CTBOJIOBBIE KJIETKH
obGecreYnBaIOT IIOCTOAHHYIO 3aMEHY
KJIETOK HaIllero opraHusMa. Bapocible
CTBOJIOBBIE KJIETKU, KAK U3BECTHO, ObI-
BaIOT IBYX TUIIOB — I'€MOIIO3TUYECKHE
(kpoBeTBOpPHBIE) I ME3EHXUMAJIbHbIEC —
IpeaIIeCTBEHHUKN TBEePAbIX TKAHEH.
VX UICTOYHUKOM SABJSAETCA B YaACTHOC-
THU KOCTHBIX MO3T. B TeuyeHMne HaIIeu
JKU3HU KOJIMYECTBO B3POCJBIX ME3€H-
XUMaJIbHbIX CTBOJIOBBIX KJIETOK IIO-
CTOAHHO COKpalllaeTcsd (B OTJIMYHE OT
TEMOIIO3TUYECKUX, YPOBEHDb KOTOPBIX
ocTaeTcsa IIPUMEPHO OJNHAKOBBIM).
B 15-netHeM Bo3pacTe 3TO OJHA
kaetka Ha 100 Teicsa4, B 60 — ogHA Ha

MUJLIAOH. Takoe ApaMaTHU4ecKoe co-
Kpamenue yucaa MCHK oxasbiBa-
eT 3Ha4yUTeJIbHOE BO3JeHcTBHUE Ha
Hamy (GpU3NO0JIOTHUIO U COCTOSTHUE OP-
raHusMa.

Eme B Hagane 1990-x rT. MBI paspa-
60oTanu GBICTPYIO M HAJEHKHYIO IIPO-
Liely Py OYMCTKH KJIETOK: 06pasel] KoCcT-
Horo Mmoara (20-40 mJ) IpoImycKarmoT
Yepes rpaJiueHT IVIOTHOCTH, IIPU 3TOM
SPUTPOILIUTHI OCAKJAIOTCSA, 2 MOHOII-
Tbl U JAPYyrUe 3JEMEHTHI KPOBM Il€pe-
XOAAT B cieAyioniyio ¢gasy obpaboT-
K. 3aTeM KJIeTKH IIOMeIaloT B Yally
IleTpu, rie OHU Pa3MHOMKAIOTCA U 06-
pasyoT kKojgoHuM. CaMasa KalnpusHas
4acTh METOJa 3aKJI4YaeTcs B TOM,
YTO KOJOHMM pacTyT Ha 10-mponeH-
THOM TeJIA4bel CBIBOPOTKE, HO, KaK
npaBuJio, TOJbKO oauH u3 30 npoxa-
BaeMBIX ee 00pasloB I'OJIeH s MOJ-

APHONbA KAMJIAH (Arnold I.
Caplan) — ocHoBaTeNb KOMNaHUU
Osiris Therapeutics, Bepywen
B 06/11aCTU KJIETOYHOW Tepanuu,
KoTOopas pa3pab6aTbiBaeT M Bbl-
BOAUT Ha PbIHOK KNEeToYHble
npenapartbl, NPUrogHbIe AN KNU-
HUYECKUX UCMbITAaHWUWA, HblHE —
npocpeccop YHuBepcuteta 3a-
nagHoro pe3epBHOro panoHa
(Case Western Reserve Univer-
sity, Knusnenp, CLLUA) n pykoso-
[UTEeNb PacnosioXKeHHOro TamM Xxe
Skeletal Research Centre.

nep:xaHua pocta. Eciim chIBOpOTEKa
nosobpaHa HeyJAadyHO, JaHHBIE 9KC-
IIEPUMEHTOB BOCIIPOU3BECTH He yJla-
ercd. [To Mepe TOro Kak MbI IACCUPY-
€M 9TH KJIETKU, IIEPEHOCHA UX B HOBBIE
vamy [leTpu, UX 9UCII0 YBEIUINBAET-
c. JI18 KIMHUYECKOT'0 U 9KCIIEPUMEH-
TaJIBHOT'0 MCIIOJIb30BAHUSA JOCTATOYHO
3-4 macca:xkel, korjga u3 10 ky6uKoB
KOCTHOI'0 MO3Ta OJIyJaeTCs IIPUMep-
HO 500 MJIH KJIETOK.

Jlis1 yero e BcCe 9TO JejlaeTca? —
J7151 TOrO 4TOOBI HAWTH MOAXOABI K HO-
BOM, pereHepaTUBHOU MeJUIINHE, KO-
TOpas U3MEHUT B OyAyIEeM U yiKe Me-
HAET IPUHIUIIBI JeYeHU ITaIlUeHTOB.
Hammu sKCcrepuMeHTHI, IIPOBeIeHHbIe
B jgabopaTopuAx KoMIaHUU Osiris,
a TaKiKe B KJUBJIEHCKOM Sieletal
Centre, IOKa3bIBAIOT, KAK IIPU ITIOMO-
mu MCK, ucnoab3ysa NpUHIUIIBI TKA-
HEBOI MHIKEHEPUH, MOKHO pereHepu-
PoBaTh TKAHb. 115 9TUX I1eJIell Hy#KHO
B IIEPBYIO OYepPeIb BBIICTUTDH KIETKH,
3aTeM AOOGUTHCS, YTOOBI OHU POCIU
B 33JJaHHOM HaNpPaBJIE€HUH, HUCIOJb-
3ysd TaK Ha3bIBaeMbI€ POCTOBBIE (aAK-
TOPBI, ¥, HAKOHEIl, HE0OXO/IMMbI HEKHE
CTPYKTYPBI, «paMKH», KOTOpPbIe 06pU-
coBbIBaIu 6Bl popMy obpasyromieiica
TKaHU, €€ OYepTaHUsd, Kpad.

Haunewm c Bompoca o ToM, KaK OTBe-
YaT Ha IIOBPEXKIACHUA Pa3JINYHBIE
TKAHU YU OPTaHU3M B IIEJIOM Ha Olpe-
JIeJIEHHBIX CTAJUAX PA3BUTUA. Y IM-
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6puoHa IIPU MOBPEKJECHUHU BOCHa-
JIUTEJbHBIA IIpOIlecC BBIpAMKeH He-
3HAQYUTEJbHO, IIOCKOJIBKYy BO BCeEX
TKAHAX UJeT aKTUBHAA pereHepanusd,
U pyOLIbI IPAKTUYECKU He 00pa3yroTcs.
Y B3pocCIBIX BCE€ TroOpas3/io CIOMKHEE:
IOBPEWKACHUA  COIPOBOKIAAITCHA
OYeHb CHUJIBHBIM BOCIIQJIUTEIbHBIM
npoleccoM, INPU 3TOM TKaHb TOMKE
npITaeTCA pereHepupoBaTh, HO 6e3-
YCIIEIITHO, ¥ BMECTO 3TOro obpasyer-
ca pyb6en. 3ajada KJI€TOYHON Tepa-
IUU COCTOUT B TOM, YTOOBI YCHUIUTH
mpollecc pereHepanuy 3a cYyeT CHHU-
skeHusa (pubpo3a M HUCKIIOUYEHUs 06-
pasoBaHuda py6ua. MCK kak pas aTum
u 3aHuMarTcda. Ho kak? — Oxassbl-
BaeTcsd, 9TO MPOUCXOAUT HE 3a CUeT
nuddepeHINPOBKU JAHHBIX KJIETOK
U IIpeBpalleHNd UX B HYKHYIO TKaHb,
a 3a CYEeT BBIJICJIEHUA B OKPYKAIOILYIO
cpeay (aKTOpOB, KOTOpPbIE BIMUAIOT
WJIN IPUBOJAT B JIeHiCTBUE pa3lIndHbIe
IIPOIIeCCHl U BO3JAEUCTBYIOT Ha OKPY-
JKAIONIYI0 TKaHb. {1 HA3bIBAIO 3TO TPO-
duyeckuM apPeKToM.

HaunbGosee BaKHBIM CBOMCTBOM
MCK saBasgeTcs CHOCOOGHOCTBH BBIJIE-
1ATh (aKTOPBI, KOTOphle 00agaroT
MMMYHOCYIIPECCOPHBIMHM CBOMCTBAa-
Mmu. O4eHb MHOTrUe JabopaTopuu 3a-
HHUMaJNUCh U3yYeHUEM JaHHOTO sBJIE-
HUA, U ObL710 o6Hapy:keHo, yTo MCK
BBIZIEJIAIOT OIIpe/ieIeHHbIE BEIeCcTBa,
B pe3yabTaTre 4ero T-KJIE€TKU He CIIO-
co6HBI 00pa30BbEIBATH AHTUTEHBI U Te-
PAOT croco6HOCTH Aeanutcd. Tak 94To
MCK, BbIJIeJIEHHBIE U3 KOCTHOT'O MO3-
ra oJ{HOT0 4YeJIOBeKa U BBEJ€HHBIE IPY-
TrOMYy, COBEPIIEHHO 6e30IacHbI C TO4Y-
KU 3pEHUSA COBMECTUMOCTU — UMMYH-
Hafd CHUCTeMa UX IIPOCTO He 3aMETHUrT,
U, cleloBaTeIbHO, OPTAaHU3M HE CMO-
JKeT HMX OTTOPTHYyTh. VMeHHO 3TO
CBOHICTBO ITIO3BOJIMJIO HAM HCIIOJIb30-
BaTh 4Yy:KHE€ B3pOCJble KJIETKHU AJIA
UMMYHOTEpalliy — B YaCTHOCTH, IIpU
60JIe3HU, KOTOpas HOCHUT Ha3BaHUE
«TPAHCIJIAHTAT IIPOTUB XO3AHWHA .
B KJIMHWYECKUX MCIBITAHUAX ydac-
TBOBaJIa TIpylllla IAIlMeHTOB, 00Jb-
HBIX PaKOM KPOBH, KOTOPBIM HeyJad-
HO TPAHCIIAHTHUPOBAJH JTOHOPCKUU
KOCTHBIH MO3T, YTO BBI3BAJIO PEAKIIUIO
OTTOpkeHUA. TpaJUIIUOHHOE JIeUeHHe
He JajJI0 pe3yJabTaToB, U JIOAU ObLIN
o6GpedeHBI HA CMepTh. Pe3yisTaT mc-

OBITAHUN HaAc omreJJoMu: 95% mamu-
€HTOB, KOTOPBIM BHYTPUBEHHO BBEJIU
CYCHEH3UHU KJIETOK, ObLIN JKUBBI JaKe
CcIycTs 6 MecHAIEeB, a CPeU TeX, KOMY
JlaBajyu 0ObIYHBIE UMMYHOCYIIPECCOp-
HBbIe Ipenaparsl, — Bcero 25%.

Bckope MBI 3aHAJIUCH TAKUMH pac-
IpoCTpaHEHHBIMU 3ab00JeBaHUAMU,
KaK MH(ApPKT, UHCYJIbT, AUabeT, a Tak-
K€ U POKMM CIIEKTPOM ITOBPEKACHU
KOCTHON M XpAmEeBOoW TkaHed. Pac-
CMOTPHM, KaK IPOXOAUJ 9KCIIEPUMEHT
Ha JKUBOTHBIX, ¥ KOTOPBIX HUCKYCCT-
BEHHO BbI3BIBAJIN HHDAPKT MUOKap/a.
MpbI HaGII0Ja)IN, KaK Y TPBI3YHOB CITyC-
TS HECKOJIbKO JTHeH rocJje uHpaprTa
pasBUBaeTCA BOCIAJUTEIbHBIA HPO-
I1ecc, yepe3 HECKOIbKO HeJleJIb 06paasy-
eTcs py6er], 1 4yepe3 HECKOJIbKO MeCs-
I€B IIPOUCXOIUT FUITePTPODUA CTEHOK
cepaua. B pesynabTare opraHy yaaeTca
3aKa4yMBaTh KPOBb B HY:KHOM 00'beMe,
OJJTHAKO M3-3a 9TOI'0 BOSHUKAIOT TPY/I-
HOCTHU C IIPOBEJEHUEM 3JIEKTpUUe-
CKOTO MMITyJIbca. Ho eciiu skUBOTHBIM
nocJie nHgapkTa BBectu MCK, To uepes
6-8 HeJenb II0CJIe BBEAEHUS IIPOUCXO0-
JIUT II0JTHOE BOCCTAHOBJICEHUE 30HBI I10-
paxkeHud. IlociiegHNe d9KCIIEPUMEHTHI
B KiuBieH1e IPOBOAUIINCE C MEYEHBI-
Mu MCK, 1 Ha CHUMKe MOKHO BUJAETh
BECh IIyTh KJIETOK: KAK OHU BBOJATCSH
B XBOCTOBYIO BEHY U KaK 4yepe3 HEKO-
TOpOe BpeMs IOABJIAIOTCA B 30HE, IJe
BO3HUK UH(QAPKT.

A o6bsAcHAI 9P PEKT TEM, UTO KJIET-
KA BbIpabaThIBAIOT OHWOAKTHUBHBIE
¢aKTOpBI, KOTOpPBIE BMEIINBAIOTCHA
B TaKue IPOIeCcChl, KaK alonTo3, I10-
naBiaA0T Gpubpo3 TKaHU, obpasoBa-
HUe pyOra, 06;1a1al0T aHTUOT€HHBIMU
CBOMCTBaMH, T.€. «BBIPAIIUBAIOT» HO-
BbIe KaIIUJIIAPBI, YCUINBAIOT JieJICHUe
JIOKAJIbHBIX CTBOJIOBBIX KJIETOK. TaAKUM
o6pasom, MCK, KoTophle momajgamT
B TKaHb OpraHa, He IpeBpallaTcd
B KJIETKHU Cep/lia, a UMEeHHO BhIpaba-
TBIBAIOT pa3jn4yHble GAKTOPHI, ydac-
TBYIOIIIYE B PA3JINYHBIX IPoIeccax, —
9 PeKT NOTHOCTHIO TPOPUIECKHUNA.

Eme oamH mpumep — u3 obiaactu
opronenuu. Ha KoJIeHHOM cycTaBe
Yy B3pOCJIBIX KO3 yJajsaId MEHUCK,
HO OCTaBJAJIM HEeOGOJBIIYI0 4YacTb
TKaHen. Yepea3 [JBe HeaeJaud HOC-
Jle omepanyy KHUBOTHBIX IIO/BEp-
raju Harpyske Ha CIeNUaJbHOM

TpeHasKepe.

Yepes deThIpe Hexe-

JIM HAarpy3KHW U IIeCThb HeJeJb II0cje
oIlepanuy UM BBOAUJIHU B CyCTAaBHYIO
cymky cycnensuiro MCK. IlatoJsoro-
aHAaTOMHYECKOE HCCJIeJOBAHUE II0-
Ka3aJIo, 9TO y KO3 IPOU3OIIIO0 IPaK-
TUYECKU II0JJHOE€ BOCCTAHOBJIEHUE
yJaJeHHOI0 MeJHaJbHOIO MEHHCKA.
f o6bsacHAP 3T0 TeM, yTo MCK 3amyc-
THJIN IIPOIIECC POCTA KAITUJIJISAPOB OT
ocTaTKa TKAHU MEHHCKA. AHTHOTeHe3
6bLJI BBI3BAaH TpodUuuecKkuMUu PaKTo-
paMu, BbIIEJIAEMBbIMHU KJIETKAMU B OK-
Py:KaroIyio TKaHb. [Ipy 9TOM, ONATh-
Taku, camu BBejgeHHbIe MCK He mpe-
BpamaoTcd, He TuddepeHInpyoTCs
B KJIETKU MEHHCKA.

Yem ke 3aHUMAIOTCA HAIIU cob-
CTBEHHBbIE Me3eHXUMaJbHbIe CTBOJIO-
BBI€ KJIETKU B OpPraHu3Me? Mos rumoTe-
3a 3aKJIIOYAETCS B TOM, YTO OHU ABJISA-
IOTCS HEe YeM UHBIM, KaK IepUIUTaMH,
OTPOCYATBHIMH KJIETKAaMU, PACHOJIATraio-
IIIMHUCS HA IIOBEPXHOCTHU KallUJLJIPOB
NpaKTUYEeCKH NOoBcIoy. VX 3agaya —
cTabuaIn30BaTh OOJIBIIHE COCY/BI
M KaOWJJIAPBI, a TaKiKe I0JaBJIATH
MMMYHHYIO CUCTEMY B Te€X cllydyadx,
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KOorja 3allyCKaeTcd ayTOUMMYH-
Had peakIusa IIpU IOBPEXICHUU
TOM MU MHOU TKaHU. Eciau kamui-
JAp OBbLI HOJBEPKEH pas3pylIeHUIo,
IIEPpULUTHl CXOAAT C HEro W 3alllu-
AT MECTO MHoBpexRAeHHudA. Kpo-
Me GOpBOBI C JOKAJBHBIMU BO3JEHC-
TBUAMU HMMYHHOH CHCTEMHI,

YMeHBIIAIOT pas3Mep IOBPekKIeHU,

OHN

npegoTBpamiaoT obpasoBaHue pyo6-
na 1 GaKTUYECKU CO3Jal0T HeobXo-
JMMO€e OKpPYKeHHe, KOTOPOe II03BO-

JIAT BOCCTAaHOBUTEIBHOMY IIpoOIleccy
B JJAaHHOM MecTe IPONUTU 9(pPEeKTUBHO.
Emie ogHa BaskHaA AEeTAJb: IIOCKOJIb-
Ky C BO3pacTOM YMCJIO KAIUJJISAPOB
COKpallaeTcd, UMEHHO 3THUM MOMHO
06BACHUTH TO CaMoO€ ApaMaTHUYecKoe
cHm:enne ducna MCHK, o kKoTopoMm
YIIOMUHAQJIOCh B Hauaje pasroBopa.
MeHblIlle KallUJJIAPOB — MEHbIIIEe «Ha-
GaromaTee».

KoneuHo, Bce 5TO IIOKa JIAIIb IIPEJ-
I0JIOKEHUA, OCHOBAHHBIE Ha JIOTUKE
nerictBusa MCK, Ha caMoM 3Ke JieJie JaH-
HBIU MeXaHHU3M ellle He N3y 4Y€eH 10 KOH-
na. fBasgerca JIXU 3TO MPENATCTBUEM
K UX NpuMeHeHHu0? C Moel TOUKH 3pe-
HUfA, HET: MBI B€Jlb TOBOPUM O B3pOC-
JBIX ME3eHXUMAaJbHBIX CTBOJOBBIX
KJeTKaX, KOTOpble He BBI3BIBAIOT pe-
aKOuy OoTTOpkeHuA. Hanpumep, wH-
cyJauHOM auabeT jJedat yiKe IIOUYTHU CTO
JIeT, a MEXaHU3M €ro JelcTBUA pac-
KPBIT BCETO IIATH JIET Ha3a/l.

Ecin rumoresa «TpoduUecKo-
ro apderTa» BepHA, TO OHA OTKPHBI-
BaeT HOBBIE BO3MOYKHOCTHU IIpUMeE-

HEHUs CTBOJIOBBIX KJIETOK B Kadec-
TBE GKUBBIX alTEK», KOTAa KJIETKH
MOTryT GBITH KCIIOJIb30BAHBI KaK HC-
TOYHUK MHOTHUX JekKapcTB. Yro,
3ampenieHo B (dapMako-

JIOTUM — JIEKAPCTBO BCErja JIOJIMK-

KcTaTty,

HO GBITH YMCTBIM U €JUHCTBEHHBIM,
a 3/1eCh MBI BCE BpeM II0JIyYaeM «KOK-
KOI/la Ha PasHBIX CTaJUAX
mpoiecca BeIAEIAITCA U 06pasyTcs

TENIb»,

pasInYHbIe BelllecTBa. BaHa/pHadA re-
MaToMa — «CUHAK» — IIOCTEIEHHO Me-
HAET CBOM IIBET OT CUHETO K KEJITOMY.
ITo unee, B KamKAbIH U3 3TUX MOMEH-
TOB HY:KHO IIDUMEHATH pa3HBIE JIe-
KapcTBa, HO Noo6paTh TaKyIo IIOCIIe-
JIOBaATEJBHOCTHh U3 (papMIperapaToB
NpaKTUYeCKU HEeBO3MOKHO. TOJBKO
KJIETKA 3HAeT, KaKHe BEIIeCcTBa HYXK-
HO BBIZIEJIUTH B JAHHBIA MOMEHT, UTO-
6Bl CIpaBUTBCA € MOBpexkaeHneM. OHa
«JeT cracaTh TKaHb», U He IIPOCTO 3a-
ImycKaeT IIpoIliecc, HO HapabaThIBaeT
U BeIOpachIBaeT B TKaHb HEOOXOIHU-
MBbI€ BelllecTBa, KOTOpkIE ero u obec-
neyuBaioT. W

e>KeMeCSYHbIN HAYYHO-NHOOPMALMOHHbIN >|<yﬂH0/\
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KOTTIA PbIHKM
MOYHEE 0NPOCO

KoHIle MapTa 1988 r. Tpu ako-

HOMHCTA U3 YHHUBEpPCUTETA

mrata AlioBa IIOITMBAJIN IINBO B
ronyasspHoM 6ape ropoga ArtioBa-CuUtu.
CioBo 3a cjoBo, Oeceayloliue mnepe-
KJIIOYMJINCh Ha 06CYy:KAeHNEe HOBOCTU
nHsa: [ecen J3xekcoH nmoaydui 55%
rojiocoB B MuuyuraHe Ha coGpaHHUAX
110 BBIABMKEHUIO KAHAUAATa B IIpe3n-
JIEHTHI OT JAeMOKpaTUYeCKON ImapTHUu,
9ero OIPOChI HE CMOIVIU ITPE/ICKa3aTh.
B To BpeMA TOJBKO Hadajia BXOAUTH
B MO/JIy 9KCIIEpUMEHTaJIbHas 9KOHOMUKA,

OCHOBHbBIE MOJIOXXEHUA

3aHUMaBIIasACAd IPOBEPKON 9KOHOMU-
YeCKUX TeOpUH IyTeM HaOJIIoAeHUA
MOBEJEHUSA TPYIIII JIOJIe B 06CTaHOB-
Ke y4yeOHBIX ayauTopuii. OHa U MOJI-
TOJIKHYyJIa TPOUX JIOOUTEJIed nuBa
K pasMBIIIIEHUAM O TOM, HACKOJBKO
PBIHOK MOKET OBITH JIyYIIle OIIPOCOB.
Tak 3apoauaach uaes.

PBIHOK MOJUMTUYECKUX KaHAUAATOB
JIOMEH ObLI MOCIYKUTh HOBBIM CIIO-
co60M IPOBEPKU 3KOHOMHUYECKOU T€0-
puH, yTBepKIAOIIEeH, YTO B HHPOP-
MaIus o IeHHOM Gymare oTpaaeTcs

= B 1988 . YHuBepcuTeT WTaTa AloBa Havyas 3KCMEePUMEHT, Lieflb KOTOPOro — BbISCHUTb,
MOXET JIn PbIHOK Ha OCHOBE CTaBOK Ha Mo6efdy TOro MMM UHOTO KaHgupgarta B Npe3upeHTbl

npefckasatb pesynibTaT BbIGOPOB.

= Ha npe3npeHTckunx Bbi6opax ¢ 1988 no 2004 rr. anekTpoHHasa 6upxa lowa Electronics
Markets Tpu pa3a 13 4eTblpex Npeackasana pesynbTaTbl TO4HEE, YHeM Onpochl 06LLECTBEH-

HOro MHeHwus.

u HeCMOTpﬂ Ha 3TOT ycnex NOHATb MexXxaHU3Mm pa60TbI PbIHKOB MPOrHO30B 0 CUX NOpP He
y[anocb, U 3KOHOMUCTLI NbITAOTCHA CO34aTb OCHOBbI TEOPUKN, NO3BONAIOLLLEN pa3obpaTbCs

B JaHHOM npouecce.

[opu CTuke

B €e IleHe. B IleHe aKIUU WJIN WHOH
IIeHHOM 6ymMaru cyMMUpyeTcs, Cpeau
IpOYero, BCe TO, YTO TOPTOBIIBI 3HAIOT
o ¢akTOpax, BIMAIOIINX HA TO, J00Ob-
€TCs JIU KOMITaHUA 3aIlVIaHUPOBAHHOMN
npuGhIM B HACTyHIAIOIleM KBapTaJe,
WJIY K€ IIPOJAKU PE3KO COKPATATCH.
BMecTo TOro 4To6bI IPUBJIEKATH CTY-
JIEHTOB UTPATh POJIb «IOKyIaTesei»
WJIN (IIPOJIABIIOB» TOBAPOB HJIU YCIYT,
KaK B IPYTUX 9KOHOMHUYECKUX 9KCIIe-
pPUMeHTax, HalllM y9aCTHUKaM IpeJ-
Jarajoch TOProBaTh KOHTpPaKTaMH,
BBIIJIATHI 110 KOTOPBIM JOJIMKHBI ObLIN
3aBHCETH OT TOTO, KAKOU IIPOLIEHT I'0-
nocoB nony4dat Jxopmx Bym, Maikn
JIyKaKuC WK ApyTryUe KaHAUAaThl.
Ecnu runores3a o6 s¢pdekTuBHOM
PBIHKE, KaK Ha3bIBAIOT TEOPUIO, OTHO-
cAIyIocd K IeHHBIM OyMmaraM, IIprMe-
HUMa K KOHTPaKTaM, KacalolUMCH I10-
JINTUYECKUX KaH/IUJATOB, TAK K€, KaK K
axknuaM General Electric, To OHa MOMKeT
CTaTh CPEJICTBOM paclo3HaBaHUA TOTO,
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HAYKA NPOTHOSHPOBAHMA

[Toxoxe, 4TO PUHAHCOBbLIE NHTEPHET-PbIHKM HE TONBbKO MO3BONAOT
OLIEHUTb, KaKoBbl 6yayT KacCcoBble COOPbLI CrieayoLLEero

KTO U3 KaHAUAATOB OyIeT TUAUPOBATH
WU OTCTABATh B IOJIUTUYECKON KaM-
IMaHuU. BepoATHO, 2JIeKTOpaIbHBIN PhI-
HOK ITpejicKasaJsi 661 mobeny Jl:xeKcoHa.
B03MOKHO, 9TH 9KOHOMHUCTHI-MedTaTe-
JIVL JOCTUTJINA OJJHOT'0 U3 CAMBIX BbIIAI0-
IIUXCHA YCIIeX0B B 9KCIIEPUMEHTaIbHOU
9KOHOMUKE U CO3aJIH CyOIUCIUTLINHY,
MOCBAIEHHYIO U3yYEHUIO PBIHKA IIPO-
I'HO30B, KOTOPBIH I103BOJIAJ GBI Jie1aTh
WHBECTULIMU WU CTaBKH (CJIOBO BBl MO-
sKeTe BBIGpaTh caMU) He TOJIBKO B IIJIaHe
BBIOOPOB, HO ¥ B OTHOIIIEHUH Oy IyIIHX
M3MEHEHUH KJnuMaTa, KacCOBBIX cO0pOB
B KIHO UJIH OYePeHOT0 BOOPYKEHHOT'0
BTOp:keHUus CIIIA.

CpenanTte nyu4Llylo CTaBKy
Korga nipodeccopsr [sxopax HolimaHH
(George R. Neumann), Po6ept @opcaiit
(Robert Forsythe) m ®oppect Heabcon
(Forrest Nelson) mormpocuiu NogaepKKN
Yy yHUBepcUTeTa, JAeKaH IIKOJbI Ou3-
Heca, CTOPOHHUK CBOGOJHOTO PBHIHKA,
BCTaJI HA KX CTOPOHY, HO JIeKaH KOJLIe/I-
JKa MCKYCCTB U HAYK, IIOJUTOJIOT, oXa-
pakTepusoBaj UX IpPeAJIOKEeHUEe KaK
«caMoe Hepa3yMHOe U3 KOT1a-T160 CIIbI-
IIaHHBIX UM, BCloMuHaeT HoliMaHH.
3apy4UBIINCh HOAJEPHKKON IIaBbI
LIIKOJIbI GM3Heca, TPOoUIla IIPOoJoJIzKaIa
Jo6uBaTbcA cBoero. OHU PENIMIN UC-
I0JIb30BATh PeaIbHbIE JJ€HbIU, YTOGBI
no6yAUTh yYaCTHUKOB 9KCIIEPUMEHTA

TMOJIOUTHU K HeEMY cepbe3Ho. Ho um Tpe-
60oBaJsioch opUIIMATBHOE pa3pelIeHnue
Ha ydJacTHe CTYJAeHTOB U IIperoja-
BaTeJIed B UTPe€ B YHUBEPCUTETCKOM
kaMmIiryce. [eHepaJbHBIM COBET yHHU-
BepcUuTeTa ObLI IIPOTUB, HO IIPOKYPOP
mTaTa paspelinia OpraHu30BaTh PhI-
HOK C peaJbHBIMH JICHbI'aMH Ha OCHO-
B€ 3aKOHA IITAaTa, I03BOJIAIOIIET0 CO-
3/laBaTh IIyJIbI /I8 3aKJII0YEHUA I1apu
Ha paboueM MecTe.

Korma 1 mrona 1988 r. oTKpbLIach
«AllOBCKas IIOJUTHYECKAs OuUpxKay,
naesa BecemupHoit [layTUHBI ellie TOIb-
Ko Gpes:kusia B Mmo3ry Tuma BepHepca-
JIu (Tim Berners-Lee). Oxojo 200 cTy-
JIEHTOB U IIperofaBaTeseil Ha4alu I10-
KyIaTh KOHTPaKThI Ha [lxxopa:xa Byma,
Jlykakuca 1 APYTUX, HOJb3yACH JOBOIb-
HO IPUMHUTHUBHBIM MHCTPYMEHTapUeM
noBe6oBckoro MHTepHeTa. KOHTpPaKThI
NpofaBaJIICh U IOKyNaauCh Ha (PbIO-
YepCHOM PBIHKE, II0JT0GHOM TOMY, Ha KO-
TOpOM (pepmepsl AHOBBI TPOJAIOT CBU-
HUHY. OZHAKO BMECTO MACA NHBECTOPHI
PBIHKA ITOJIMTUYECKUX aKIIUH TOpropa-
JI KOHTpaKTaMM Ha J0JII0 TOJIOCOB, KO-
TOPYIO IIOJIYYUT TOT MJIM MHOU KaHU-
JlaT B JIEHb BEIOOPOB.

Y4yacTHUKU coBepIlaJd TpaH3aK-
UM JI0 caMOro yTpa JHA BBIOOPOB,
XOTA TIpaBUJIa He pas3pelrajd HH-
BecTUpoBaTh Gosee $500. BosbMmem

dunema ¢ xxopoxem KnyHu, 1 HaCKOJbKO
TAXENION OKaXeTcqa anngemMus rpynna,
HO W NpefcKasbiBaloT pe3ynbraThl

BbIGOPOB TOYHEE,
4eM Onpochl

YIPOIIEeHHBIN NpuMep: By nosxyyuni
Ha BeI6opax 53% rosocos, a Jlykakuc —
45%. CoOTBETCTBEHHO KOHTPAKT Ha
Bywma npusec $0,53, a KOHTpPAKT Ha
Nlykakuca — $0,45. Eciu nepep 3a-
KPBITHEM PBIHKA YTPOM B JIEHb BBIGO-
POB BBI KYIHMJM KOHTPAKT Ha Bymia
3a $0,50, BBl HoJIy4YuTE NPUOGHLLIbL
B $0,03 (Bpeska Ha credyrouwux 08yx
cmp.). HamuMm TpeM 3KOHOMHCTaAM
OBLJIO BAKHO HE CTOJIBKO TO, KTO BBIHUT-
PaJj UM IpOUrpaJl AeHbI'u (UJIN BbIOO-
PBI), CKOJIBKO TO, OTBETHUT JIU dKCIIEPU-
MEHT Ha BOIIPOC, BOBHUKIINK B 6ape:
OyleT JU OKUJAEeMBII IIPOIEHT ToJIo-
COB, IIPEJICTABJIEHHBIN IIeHAMU 3aKPbI-
TUS PIHKA HA YTPO HA I'OJIOCOBAHUS,
6oJiee COOTBETCTBOBATH PAKTUIECKUM
pes3yabTaTaM BbIGOPOB, UeM pe3ybTa-
ThI OIIPOCOB? JKCIIEPUMEHT OKa3aJICs
yradHbIM. OKOHYAaTeJIbHble PBIHOY-
HBIE IIEHbl COOTBETCTBOBAJIN ITPOIEH-
TaM TOJIOCOB, IMOJYyYEeHHBIX Bymiem
u JlykaKucoM, JIydIlle, YeM pe3yJbTa-
TBI onpocoB 'anytana, Xappuca, CBS/
New York Times u Tpex APYyTUX KpyI-
HBIX OIIPOCOB.

B 1992 r. «AlfoBckas IOJIUTHUYECKAS
6up:ka» OblIa IeperMMeHOBaHaA B «Al-
OBCKHH dJIEKTPOHHBIA PBIHOK» (lowa
Electronic Markets, IEM), 1 TOProBJs
6blJIa OTKPBITA JAJIS BCEX KEJAIOIUX
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PbIHOK OTKPbIJICA

Tonbko Ha4anacb TOproens
hbloYEpPCHBLIMU KOHTPaKTamu, Bbinnara no
KOTOPbIM 6yfeT 3aBUCETb OT MpoLeHTa
ronocoB, NONMy4eHHbIX KAHAMAATOM

OneKTPOHHbIV pPbIHOK [EM no3sonseT no6omy HenoBeKy, ume-
toiemy foctyn B IHTEpHET 1 cnoco6HOMY nocTaBuTb $5, X1BK
OH xoTb B [lakke nnu Hosocnbupcke, nokynatb 1 npofgasaTb

NOKYMKA NMAKETA

IEM npopaet no ueHe $1 naketsbl,
cofepxalme ofiMH KOHTPaKT Ha KaX4oro
13 KaHaMAaToB. [0 pellaeT KynuTb
naket

KOHTPaKThbl, KacatoLnecs BbI6opoBs. MpuBefeHHbIN HUXe Npu-
Mep 06BbSACHAET B YNPOLLEeHHON hopMe, Kak paboTan 3ToT pbl-
HOK B X0fie Npe3naeHTCKux Bbi6opos 2004 r. CHavana ToproeeL|

Byw 3a 50 LeHTOoB...
Het, HeT. OH gonxeH
cTouTb 40. Keppu 3a
50 yeHToB. HU B
koem cny4ae. OH
[OJXKeH CTOVZS

PACCY>XXOEHUA O>XKO

J[1)XKO CMOTPUT Ha LeHbl pbiHka IEM v cuuTaer,
4YTO OHM HE COOTBETCTBYIOT OXMNAAEMOMY
ncxogy Beibopos. LLaHcel Keppu Ha no6egy
rOBOPSIT, HTO €r0 KOHTPAKT AOJNXKEH CTOUTb
nopoxe naketa bywia.

ot Jly6pioka B AioBe o [lekmHa, KTO
MOT BHecTH He MeHee $5. Komuccusa
II0 TOProBJIe TOBApPHBIMU (QbIOYEpP-
camu (Commodity Futures Trading
Commission, CFTC) cpenana ansa IEM
HCKJIIOYEHUE U3 3aKOHOJATEJIbHBIX
TpeboBaHUM, ITOCKOIbKY IEM paGoTal
B OCHOBHOM C HCCJIEIOBATEIbCKUMHU
1nesAaMu (o6pamaBIrrecs CyMMBbI ObLITH
MEJIKUMU).

«BpibopHasa Ouprkar IIPoOJOIKAIA
CHCTEeMaTH4YeCKH I00eRJaTh OIPO-
ChbI O6GIIECTBEHHOI'0O MHEHUS HE TOJIb-
KO B OTHOIIEHUHM NPE3UJEHTCKUX
BBIOOPOB, HO U BbIGOPOB B KoHrpecc
U lajKe B MEK/JIYHapPOJHBIX Jenax. He-
CKOJIBKO ITpo(peccopoB YHUBepcUTETA
mraTta A¥oBa HMOATOTOBUJIHN CTAThIO,
B KOTOPOW CpaBHUJIU NPOTHO3BI [EM
10 IPe3UJeHTCKMUM BbIGOpaM 3a epu-
on ¢ 1988 mo 2004 rr. ¢ pesynbTara-
Mu 964 o1pocoB 06IIIeCTBEHHOI'O MHE-
HUA 3a TOT #e nepuoy. [Ipornossr IEM
OKa3aJIuCh ToOYHee B 74% ciyuyaeB. Bo-
Jiee TOrO, OHM TOYHEe COOTBETCTBOBA-
JIX UICTUHE He TOJIbKO HEIIOCPECTBEH-
HO HaKaHyHe BBIGOPOB, Ha Jae 3a
100 gHelt 1o HUX (Bpe3ka Ha cmp. 42).

IEM HUKoOraa He cpaBHseTcs ¢ Hpro-
HNopxcroii ponmoBoI Gup:xeii, HO qaxe
B YCJIOBUAX OIPAHUYEHUN, HATOKEH-
HeiXx CFTC, oH mporseraeT. Hwucio
OPOJAHHBIX KOHTPAKTOB BBIPOCJIO
¢ 15286 (ma cymmy $8 123) B 1988 . 10

339222 (Ha $46 237) Ha BBIGopax 2004 T.
B 2004 1. errie 60Jiee aKTUBHBIM OKa3aJI-
cdA apyro# peiHOK IEM, rae npubbLib
OKM/IajIa TOJIBKO TeX, KTO yraJaeT I10-
6enuTens Ha Beibopax (1 106 722 KoH-
TpakTa Ha cymmy $327 385). TeneBu-
3MOHHBIE KOMMEHTATOPHl IPU3HAIU
HOBBII 6apoMeTp HacTpoeHu nu3bupa-
TeJjel, yIIOMUHAs UHOTJA PHIHOYHBIE
KYPCBhI B T€YE€HUE IOCJIEJHEr0 MecAla
nepen BeibopamMu. IToBbICHIICA U CcTa-
Tyc IEM cpeau y4acTHUKOB 6JI0TOBOTO
YyaTa, KOTOPBIM CTaJ KpaeyrojJbHbIM
KaMHEM CETOJHANIHUX ITOTUTUYECKUX
JUCKYCCHH. A Tocje yclexa TOpProB
nepen Beibopamu 2004 1. B oduc IEM
OPUIIN 9JeKTPOHHBIE COOGIIEHUs
C yTBepJIeHUaAMHU, 6ynro cyneppu-
HaHcucT Jlxxopk Copoc npITajacsa Ma-
HUIIYJINPOBATh PBIHKOM, UTOOBI o6ec-
HEeYUTh NOJICPIKKY KaHIUIATY B IIpe-
3UJIEHTHI OT AEMOKPATUYECKON NapTUU
J:xony Keppu. Ho aTu 3aaBieHusa He
TOJIY YMJIN IOJITBEPIKICHUSA.

Kak n nodyemy

IEM npofoJI:KaeT CIYKUTh HE TOJbKO
WHCTPYMEHTOM IIPOTHO3MPOBAHUA,
HO U CPEACTBOM IIOOYK/IEHUSA CTYACH-
TOB K M3Y4YEHMIO PDBIHKOB, a TaKiKe,
4TO, IOMKAJIYH, elle BamKHee, IIOJTUT0-
HOM, I/l JIOJH, 3aHUMaIIIuecsd dKC-
HepUMEHTAJIbHON 9KOHOMUKOM, MOTYT
IPOBEPUTH CBOM TEOPUU O TOM, KaK

U II0YeMY PBIHOK JlaeT TOYHBIE IIPO-
THO3BI. ET0 ycnex ciyRuT, BO3MOKHO,
JIYYIIIMM Ha CEeTrOJHS dSMIHUPUYECKUM
CBHU/IETEJIBCTBOM II0JIE3HOCTH PHIHKOB
nporHo3oB. Ho korpa ydeHble ObITa-
JINCH OIVIAHYTHCS Ha3a/, UIla TEOPUH,
KOTOpPBbI€ MOIUIM ObI O6'BACHUTB, II0Ye-
MY PBIHKU OKa3bIBAIOTCA 3(PPEKTUB-
HBIM CPEJCTBOM IITPOrHO3UPOBAHUSA,
OHU HE MOIJIM HAUTH OJHO3HAYHBINA
oTBeT. Pe3ysabTaThl HEKOTOPBHIX aHa-
JIN30B Jjaske IOCTABUJIU 110/ COMHEHUE
OCHOBHOE HCXOJIHOE ITPE/II0JIOKEeHUE,
YTO PBIHOK CHOCOOEH XOPOIIO IIpej-
CKasbIBaTh Oyayliee.

BHauyaje MBICIb O TOM, YTO PBIHOK
cnoco0eH IIpe/cKas3aTh pe3yabTaThl
BBIOOPOB, HE Kasajach 0co60 yauBU-
TeJbHOU. B KOHIIE KOHIIOB, U IIpeJice-
natenb @enepasbHOU pe3epBHOU cHUC-
TEMBbI, U IJIABHBIM 9KOHOMUCT OaHKa
Goldman Sachs Toxe peryjasspHo IIpo-
CMaTpPUBAIOT II€HbI KU U TOBApOB,
PYKOBOJACTBYSACh MMM IIPU IIPOTHO-
3UPOBAHUU CUTYaAIlUH B d9KOHOMHUKE,
a pPBIHOK (PbIOYEPCOB HA KOHIEHTpPAT
aneJbCUHOBOTO COKa IpeJCcKa3bIBa-
eT noroay Bo ®djiopuae nydine Hamuo-
HaJbHOH CJIyKOBI IIOTO/BI.

Cosparenn IEM u APDYyTAX PBIHKOB
IPOTHO30B YKa3bIBAIOT: PBIHOK OT-
JIN4YaeTcs OT OIIPOCOB TE€M, YTO JAeT
CBe/ICHUSA He 0 TOM, 32 KOT'O JIIOJU CO-
6uparTcsd rojiocoBaTh, a 0 TOM, KTO,
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nokynaeTt 3a $1 nakeT, nofiy4as OfMH KOHTPaKT Ha Bylua n oguH
Ha Keppw. BbinnaTta nocne BbI6OPOB 3aBUCUT OT NMPOLIEHTA FONo-
COB, NMONyYEHHbIX KaXAbIM U3 KAHAMAATOB. HecMOTps Ha He3Ha-

Ler: JOE cimZEN

1Y

suY/ QUANT

SELL  HELD
v v

PELWEHWE

[0 peluaeT cpasy e npofaTb KOHTPaKT Ha
Bylua, LieHy KOTOPOro emMy KaxeTcs
3aBbILLEHHOW, M KyNWTb eLlie OAVH KOHTPaKT
Ha Keppw, KOTOpbIV OH cHMTaeT
HefooLEeHEeHHbIM

ELECTION e
FINAL
REE€
KERRY
| _IEEEERXIOO |

PELLAIOLLVA MOMEHT

Ecnvn 661 Keppu nony4un oxvpgaemblie 60% ro-
nocos, nakeT o ctonn 661 $1,20 (2x0,60),
npuvHecs emy npuobinb 20 LLEHTOB Ha BIIOXKEH-
HbIh gonnap. OgHako undpbl (OKPYrneHHbIe),
nokasblBalT, 4To nobeaun by

YnTenbHble 06BbEMbI TpaHSaKLl,I/II7I PbIHOYHbIE LLeHbl KOHTPaKTOB
B NOCNegHUA MOMEHT nepegHa4danom BbI60pOB Cc y,D,VIBVITeJ'IbHOVI
TOYHOCTbIO NpeackKasanun nx ncxon

BbIMJIATA

IEM BbiNnnayneaeT 3a ABa KoHTpakTa [xo
$0,98 (2x0,49). Mockonbky Oxo BHec $1,
OH TepseT 2 LeHTa

DOUG BENTON Fisheye

110 UX MHEHUIO, TO6eUT, U ITOCTABJIEH-
Hble UMHU CYMMBI CBUJAETEIbCTBYIOT
0 CTelleHU UX yBepeHHocTu. B 2004 r.
BBl MOIVIM IOMTH rojiocoBaTh 3a Kep-
pH, IOTOMY YTO HE ABJIIETECh CTOPOH-
HUKOM BOMHBI B Mpake, HO, IOCIyIIaB
HOBOCTHU U IIOTOBOPUB C COCEASAMMU, BBl
MOIVIM IIPUUTH K BBIBOAY, 4TO Gosee
BepoAaTHa nnobeaa Bymra. U moctaBunm
6Bl IEHBI'U BHI 32 By1ma.

OpHakKoO BOIIPOC, KaKUM o6pas3oMm
YBEPEHHOCTD OT/EJIbHBIX JI0JIEU B TOM,
qT0 aknuu IBM 6yayT pacTH, UJIX 9YTO
n36epyT uMeHHO Bymia, B coueTaHUU
C YBEPEHHOCTSAMHU BCEX JAPYTUX TOP-
roBIeB IIpeo6pasyeTcs B LIEHY, KOTO-
pad OKa3pIBaeTCA CPEJCTBOM TOYHOT'O
IIPOrHO3UPOBAHUSA, IPOJOJKAET II0-
poXJaTh ropAdue CIOpbl B coobIec-
TBe ucciaegonareneil. TeopeTukam oT
9KOHOMUKU €Ille NPEJCTOUT IIOHATD,
II04YeMy HOBO€ CPEJICTBO IIPOTHO3UPO-
BaHUA pe3yJIbTaToB BEIGOPOB paboTa-
€T JIydllle IPOBEPEHHBIX COIIMOJIOTH-
YeCKUX METOJ0B.

Ilpyn OGaumkaiilieM pacCMOTPEHUU
XapaKTEePUCTUKHN yYaCTHUKOB TOPIOB
Ha pbIHKEe I[EM CBOJAAT COELUAJIUCTOB
c yma. B camom Hauaje cTajlo sICHO,
4TO YyYACTHUKU TOPTOB HE MOTYT ObITh
IpeACTaBUTEIbHON BBIOOPKON Hace-
JIEHUA B II€JIOM, UTO ABJIAETCA HEIpe-
MEHHBIM yCJIOBHEM JI060ro ormpoca.
W ananmus coctaBa y4aCTHUKOB TOPTOB

Ha Npe3uJIeHTCKuX Bbibopax 2004 r.
noKa3aJl: 60JBIIMHCTBO U3 HUX — 006-
pa3oBaHHBIE U COCTOATEIbHBIE GeIble
MY#4YUHBI, CTOPOHHUKU PpecIy6au-
KaHCKOM IIapTHUH, yBEPEHHBIE B TOY-
HOCTH CBOEro IIOHUMAaHUSA Pa3HUIIbI
Mexay Bymem n Keppu, T.e. rpynna,
HHUKaK He IIOJAX0A1as 10/, OIIpe/eie-
HUe IIPpaBUJIBHOU BBIOOPKH. [IpnmMep-
HO B 20% TpaH3aKIUH TOPTOBIILI BOB-
Ce He MMEeJIM CBOEr0 MHEHM S O KaMIla-
HUU BETEPaHOB BbeTHAMCKOMN BOWHBI
npotus JlxoHa Keppu UM 0 3aKIi0-
4yeHHBIX B 'yantanamo. [lokynaremns-

MU U IPOAABLIAMHU GbLIM B OCHOBHOM
«po6GOTBl» — aBTOMATHUYECKUE TOPIo-
BbI€ IIPOIPaMMBbI, KOTOpBIE IIOKyIla-
JIM ¥ IPOJlaBaJjiy, KOra CYUTAIU KypC
CJIUIIKOM BBICOKMM WM HU3KUM. Ilo-
JIoGHBIE IIPOrPaMMBbl PEryJIApHO CO-
BepIIaloT cAeJKU Ha Youia-Ctpurt. Uce-
cieoBaTeId U36UpPaTEJIbHOIO PhIHKA
B IEM 10 cuUX IIOp U3y4aloT, KaK 3aJI0-
JKEHHBIE B 9TH IPOTrPaMMBbI CXEMBI TOP-
TOBJIM IIOMOTAIOT CIIOCOGHOCTHU PBIHKA
Npe/ICKas3blBATh PE3YJILTAThI BHIGOPOB.
Komanja us AloBBI Hauaja riry6okue

HCCJIeA0OBaHUA IIPUYHH, IIO-BUAUMO-

OTUbI-OCHOBATEJIN PbIHKA IEM — [Oxoppx HomaHH (George R. Neumann), ®oppecT HenbcoH
(Forrest Nelson) n Po6ept ®opcaiT (Robert Forsythe) — npuwinm kK mbicnv ToprosaTh Ha Beibopax,
korpa B 1988 r. Ha cobpaHMax AeMoKpaTU4ecKon naptTum B MuymraHe no BbIABUXEHUIO KaHANOATOB
B MPe3nAeHTbl HeoXxunaaHHo no6eann [xeccu [1XKEKCOH, KOTOPOMY OMPOChI MpeapeKany nposan
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Bce aHM ¢ Havyana pa6oTbl pblHKa

PbIHOK /EM 06bI4HO NpefckasbiBan NPOLEHTbI FONIOCOB, MOAAHHbIX 3a KaXX[0ro n3
KaHaMOaToB Ha npe3naeHTckmx Bbibopax B CLUA, TouHee, 4em onpocsl. Tabnuua
BHWU3Y NOKa3bIBaET, OMPOC UMM PbIHOK ObININ TOYHEE AN KaXXA0r0o N3 ONPOCOB Ha
npe3npeHTCKuX Bbibopax, HaymHas ¢ 1988 r. Hanpumep, Ha Bbi6opax 2004 r.
onpockl okasanuck TodHee B 110 cny4vasx, a pbIHOK — B 258 cnyvasax

Tou4Hee 1988 1992 1996 2000 2004 All
Onpoc 25 43 21 56 110 255
PbIHOK 34 108 136 173 258 709
% ycnexa pblHKa 58 % 72% 87% 76 % 70% 74 %
Bonble, yem 3a 100 gHe A0 BbIGOPOB

Onpoc 1 20 3 2 66 92
PbiHOK 13 49 30 47 129 268
% ycnexa pblHKa 93% 71% 91% 96 <, 66 % 74%
MocnenHue 5 gHel nepen BbiGopamMu

Onpoc 0] 1 4 8 12 25
PbiHOK 6 5 7 17 18 53
% ycnexa pblHKa 100% 83 % 64 % 68 % 60% 68 %

My, Ho3BoJAINUX [EM npencKasbl-
BaTh UTOTU BEIGOPOB C TAKOU TOYHOC-
TBIO, Cpa3y e nocJe Bei6opos 1988 1.
OT6GpPOCHUB IIPEJIIOIOKEHUS O CIIydaii-
HOM yjadye U BO3MOMKHOCTBb TOI'O, UTO
YyYacCTHUKHU TOPTOB KaKMM-TO 06pa3oM
ABJAIN CcOOON mpejacTaBUTEIbHYIO
BBIGOPDKY HaceJIeHHd, KOMaHJa IIpo-
aHaJIU3UpoBajIa KAapPTUHBI TOPILOBIU
U BBIJEJINJIA TPYNILY «MapruHaJbHBIX
TOProBLEB», KOTOPbIe aKTUBHO IOKY-
najayu ¥ IpojaBaId TOTAA, KOTAA Kyp-
CBbI He OBIIM JOCTATOYHO 0OOCHOBAH-
HBIMU. JII0JIM 9TOM I'PYNIILI MOIJIM, Ha-
ImpuMep, KyIIUTh aknuu Bya 1o 1ieHe,
3HAYUTEJIBHO MEHBIIIEU TOH, KOTOPYIO
YYacTHUKH MOIVIA CUUTATh COOTBET-
CTBYIOIIeH 0KUJaeMOMy IIPOIIEHTY I'o-
JIOCOB, YTO MOJIy4aT pecily6IUKaHIIbL.

9TH yYaCTHHUKH OBLIN CBOEro poja
Yoppenamu bBadderamu (Yoppen
Badder (Warren Buffett) — camprit
ycnemrHbii nHBecTop B CILIA 11 caMblit
6oraTelii 4yesoBeKk B mMupe. — I[lpum.
nep.) ToHkn 1988 T., BJIOKWUBIINMU
B cpeaHeM 10 $56, — BaBoe GoJblile,
4eM MeHee aKTUBHBIE yYaCTHUKH, KO-
TOpBIE MOIJIM IOKYIIaTh MJIH JEPKATh
KOHTPAKT, NIPOCTO IIOHpaBUBIIMNMICA
UM GoJIblIIe JPYTUX, HE YACHUB, KAKOBBI
€ro maHCH Ha ycrnex. MajoaKTUBHbBIE
YYaCTHUKH OOBIYHO HUYEr0 He BBIUT-
pBIBAJIM OT CBOUX CJEJIOK, TOTJa KakK

«MapruHaJIbHbIE TOPTOBIBD ITOJIY YUIU
npubbLIb B 9,6% (ueabix $5,38; Tima-
TeJbHO M3y4YaJIUCh TAKIKe IIPUYUHBI
TOr0, II0YEeMYy CTOJIb MaJjIble CyMMBI —
WJIA UCIIOJb30BaHUE UTPOBBIX JEHET
Ha APYIUX PBIHKAaX — OKa3bIBAJIUCh
CTUMYJIAMU JJI1 y4aCTHUKOB TOPTOB).
Urdopmanua o6 o6HapyReHUU
«MapruHaJbHBIX TOPrOBIEB», OIYyO6-
JuKoBaHHaA B 1992 r. B xypHaje
Americam Economic Review, BbI3Ba1a
uHTepec Joge ¢ Yomr-CTpUT, KoTo-
PBIX Bcerjia 6eCIIOKOUI BOIIpoc 06 0co-
GEHHOCTAX JI0/ieH, CIIOCOOHBIX BBIUT-
paTh Ha pbIHKe. McciemoBartenru uU3
AMOBBI CyMeJI yCTAHOBUTD JIUIIb TO,
YTO GOJIBIIMHCTBO NHBECTOPOB GBLIO
MYKYMHaAMH, HUKAKUX 6ojiee CIeIu-
(GUYHBIX YepT y 9TOU I'PyHNbl y4acT-
HHUKOB TOPT'OB BBIABUTH HE YAJIOCh.
B03MOM¥KHO, YTO HUX IIPOCTO HET.
J:xetimc CypoBenku (James Suro-
wiecki), o6o3peBatenb u3s New Yorker
u aBTop KHUru The Wisdom of Crowds
(«MygmpocTs Tomr, 2004), koTopas npu-
BJIEKJIa BHUMaHHE K PBIHKY IPOTHO-
30B U JPyI'M HOBBIM CPE€JCTBaM IIPHU-
HATUSA PEUIeHUM, CUUTAaeT, YTO «Map-
TMHaJIBHBIA TOproseiy» — aTo Mmud. Hu
OJIVIH Y€JIOBEK U HU O/IHA IOATPYyIIIIa Ha
PBIHKE He UMeeT (prHAHCOBBIX CPEACTB,
CIIOCOGHBIX ITOBJIMATH HA IIEHBI HA PhIH-
Ke TaKUM 00pa3oM, KaK 3TO IpeAIoia-

raeT ruroTe3a 0 «<MapruHaJIbHBIX TOP-
roBHIAX”. HeROTOpre 9KOHOMMCTEI C HUM
COTIJIaCHBI.

Tonbko cnoBa

B03MO0OHO, CAMBIM OCTPBIM KPUTHKOM
PBIHKA IIPOTHO30B CTAJ 9KOHOMETPUCT
Yapsa3 Maucku (Charles F. Manski) u3a
CeBepo-3anmaHOTO0 YHUBepCUTETA
(Northwestern University), 3aHuMa-
IOIUICA U3yYeHNeM TOTO, KaK JIIOIHU
NPUIIMCBIBAIOT BEPOATHOCTU Oyay-
UM COOBITUAM, HAIIpUMEP BO3MOK-
HOCTH IOTepATh paboTy. Heckosabko
JIeT HasaJl ero 3auHTepPeCcOoBaIH TeO0-
peTudYecKkue OCHOBBI ITOBTOPABIINXCS
B IIONYJIAPHOH IIpecce yTBEPKIECHUMH,
YTO PBIHKU CIIOCOOHBI IPE/ICKa3bIBATh
pe3yJbTaThel BBIGOPOB JydIlle, YeM
OIIPOCHI U CITEIUAJIACTHI.

CTOPOHHMKHU PBIHKOB IIPOTHO30B
4acTo ale/UIMPYyIT K POAUBIIEMY-
¢ B ABCTpUHU 9KOHOMUCTY Ppuppu-
xy Xatiery (Friedrich Hayek), koTto-
phIi emte B 1945 1. roBOpHII, YTO LIEHBI
KOHIIEHTPUPYIOT B cebe uHdopma-
IIUIO, COJAEPIKAIINYIOCA B I'PYIIIe «pas-
GpoCaHHBIX OGPBIBKOB HEIIOJHBIX
M 3a49aCTYI0 IPOTUBOPEYUBBIX 3HAHUH,
KOTOPBIMHU PAacCIIoJaramoT OTAeJIbHbIe
Junar. 9T 3HAHUA O0BeJUHAITCH
B IIeHe, KoTopas oTpakaeT B cebe oT-
HOCHUTEJIbHYIO JKeJIaTeJIbHOCTb TOBAPOB
WJIn o0IleCTBEHHOE MHEHHE O IIpef-
MeTe Ha JaHHBIA MOMEHT, 6yAb 3TOT
npeaMeT CBUHWHOU WU KaHAUJATOM
B npe3ugeHTsl CIIIA. MaHcku o6pa-
TUJICA K UCXOOHOU pabore Xailieka,
9YTOOGBl M3Y4YUTh KOJUYECTBEHHBbIE
o6ocHOBaHUsA ero ujeii. Hukakux Ha-
JIeKHBIX IIUQP, KOTOPHIE IOATBEPIK-
Janu Obl MHEHUE O KOJIJIEKTUBHOM
MYAPOCTH TOJI, HE ObLIO. «DTO OYEeHb
ciabble TOBOABI, — CUYUTAET UCJIENO0-
BaTeJb. — 3/1eCh HET HUKAKOH TeOpUU
B COBPEMEHHOM CMBICJIE 9TOTO CJIOBA.
ApryMeHTanusa 4YUCTO CJIOBECHAsD.

B nrore MaHCKU NPEAJIOMKUAI IIOCT-
POUTHL MaTeMaTUYEeCKYIO MOJEJb, KO-
TOopas, BO-NIEPBBIX, NOATBEpAMNJIA Obl
MHeHHe XalieKka O pbIHKe KaK Mexa-
HHU3Me cbopa nH(popMaInU U, BO BTO-
pylo ouepenab, IIOJBejIa TeOpeTHUYe-
CKoe 00O0CHOBaHHUE IIOJ] dMIIMpPUYe-
CKHe pe3yJbTaThbl, KOTOPble IIPUHEC
IEM. DKOHOMETPHUCT CO34aJl MOJEJb
Pa3HOIIEPCTHOU T'PYIIIBI TOPTOBIEB,
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HUCHOJb3ysA PBIHOK KOHTPAKTOB, IIO
KOTOPBIM IoGeuTe] b IIoaydaeT BCe.
Ha sToM pBIHKe, €CJIM ero KaHAuJIaT
GBI IIEPBBIM, BBIUTPABIIHNUN MOIyYal
$1, a B ciayyae Heyiauu oCcTaBaJICA HU
c yeM. Eciu ObI 9TOT PBIHOK paGoTan
TaK, KaK €ro CTOPOHHUKH TOJIKOBA-
n Xalieka, ieHa JoJ:KHa Oblia IIpes-
CTaBJIATH yCPEJHEHHOE 3HAUYEHUE yBe-
PEHHOCTH TOProOBIeB B I06eje KOH-
KpeTHOro kaHauaaTa. KOHTpaKkTel Ha
Keppu npogasanucs no $0,49, u ato
3HAYMJIO, YTO BEPOATHOCTH HOOEbI
Keppu onnenuBasnace B 49%.

OpHako Mojeib MaHCKU He IIOATBEP-
JUJIa JaHHOE IIPeIoJIoKeHre. Bo MHO-
TUX CIIy4YasaX CPeIHAA YBEPEHHOCTD He
CXOAUJIACH C IIEHOHM M JlaKe Pe3KO OT-
JyYajach OT Hee. JTO JaBajio OCHO-
BaHUSA CYUTATh, YTO PHIHOK HE MOYKET
CIIy#KUTH CPEJICTBOM TOYHOI'O ITPOTHO-
3upoBaHudA. Tak, ec/Iv [1leHa COCTaBIIA-
na $0,50, cpeHAs yBEPEHHOCTH TOP-
roBueB B noGene Keppu moria nmeTsb
moboe 3HaYeHUe B pefenax oT 25 1o
75%. MaHCKHU OTMeYaeT, 4YTo JaKe Ipu
II0JIJHOM COBIIQ/ICHUY LIEHBI U YBEPEH-
HOCTH TOPTOBIEB HEJIb3s PydaTbCHd,
9TO 3TO COOTBETCTBYET Pa3yMHOU Be-
POATHOCTU ITO6e bl KAHAUAATA.

MaHCKU HOJIb3yeTCA 3aCIyHKEHHBIM
aBTOPUTETOM CpeAU HKOHOMUCTOB,
W ero BBIBOJABI BBI3BAJIU HEGOJIBIIIOE
cMATEHUE, ITIOCKOJIbKY IIPOTUBOPEYH-
JI1 BO3HHUKIIEMY COIJIACUIO OTHOCH-
TeJbHO IIEHHOCTHU 9TUX PBIHKOB JJIf
IIPOTHO3UPOBAHUSA YEro yrogHo — OT
BBIOOPOB 10 OOIIECTBEHHOU IOJUTHU-
k. OHAKO JIB€ OCJIEIYIOIINE CTaThU
CIPOBOIIMPOBAJIN IIPOJOIIKEHUE JUC-
Kyccuu. B HUX Takxke IPOBOJUIIOCH
CpaBHEHUE IIeH CO CPEJIHUM, HO YMHO-
JKEHHBIM Ha IIepeMeHHYIO, Ha3bIBae-
MYIO OTBpallleHHeM K PHUCKY, KoTopas
XapaKTepUu3yeT CTEIIeHb PeaKIIUU TOP-
I'OBIIEB Ha HEOIIPE/IEJIEHHOCTD PhIHKA.
B aToll mepecMOTpPEeHHON Moe U, KO-
TOpas, 10 MHEHHUIO aBTOPOB, IIpejJia-
raet 6ojiee peaJJMCTUYHBIN CIIeHapUH,
IIeHA U CpeJiHee OKA3bIBAJIUCh IIOYTHU
OJMHAKOBBIMHU. ITO, IOXOMKE, IIOJ-
TBEPIKIAJI0, YTO IleHA IeHCTBUTEIbHO
MOXKeT ObITh MEPOI BEPOATHOCTH.

OpHaKo cortacus Tak M He ObLJIO I10-
JIYYEHO, U BOIIPOC O TOM, KAK MMEHHO
JIOCTUTAeT ycIiexa PBIHOK, OCTAaJICH
6e3 oTBeTa. MaHCKH, CO CBOEH CTOPO-

HBI, TI0JIO3PEBAET, YTO MOJIE/Ib €T0 KPU-
TUKOB HE YYMTBIBA€T BCEX CIOCO6OB
JleficTBUSA PBIHKA IPOIrHO30B B peallb-
HOM MHpe. «/leJJ0 B IPOCTOM yTBEPK-
JIEHUHU, 4YTO PbIHOYHAs Il€Ha BCErja
paboTaeT KaK IPOrHO3, — FOBOPUT HC-
cnegoBaTenb. — Ha gejie oHa 3aBUCHUT
OT YBEPEHHOCTU yYAaCTHUKOB PbIHKA
4 UX OTHOLIEHUS K pPUCKy». He ynos-
JIETBOPAET €ro M J0BOJ, CTOPOHHUKOB
IEM, 4yTO UX JaHHBIE CHCTeMaTH4dec-
KU OKa3bIBAJINCh TOYHEE PEe3yIbTATOB
onpocoB. «Takoe cpaBHEHUE HE JIUIIEHO
HEeJ0CTATKOB, — 3aMedyaeT MaHCKU. —
O611en3BECTHO, UYTO Yy OIIPOCOB MHO-
ro ci1abbIX CTOPOH, U OHU JAIOT JUIIb
gacTh nHpopManum». OH oTMedaerT,
4YTO Yy4aCTHUKU TOprosB Ha IEM, Bo3-
MOKHO, YYUTBIBAIOT JJaHHBIE OIIPOCOB
KaK OAUH U3 MHOTUX (PAKTOPOB, BJIM-
AOIIUX HA IPUHATHE UMU pelIeHuHn
O MOKYIIKE UJIU IIPOJAKE.

INocTosAHHO UTUPyEMasd CTATUCTHU-
Ka o nobegax n3bupaTeabHOr0 PhIHKA
Ha/J oIIpocaMu cTaja 00 bEeKTOM BHU-
MaTeJbHOTO U3y4YeHUs JPYTUMHU CTO-
poHamu. Ilonutosoru PoGepT OpuK-
coH (Robert S. Erikson) us Konym6uii-
cKoro yHusepcutera u Kpucrtodep
BaenuH (Christopher Wlezien) 3 Yuu-
BepcuTeTa TeMILT yTBepk/a/I1 B aHa-
nun3ae, mpoBegeHHOM B 2005 1., 9TO OII-
POCHI ¥ U36HUpaTeIbHbIE PBIHKU UMEIOT
pasHble YHKIIMU, U X IIPAMOE COIIOC-
TaBJIEHHE HenpaBoMepHo. OHU HacTa-

MBAIOT, YTO OIIPOCHI BBIABJIAIOT IIPEJ-
NOYTE€HUSA YYaCTHUKOB Ha TOT JI€Hb,
KOI'/la OHU IIPOBOAATCS, A II€HBI PBIHKA
IEM npOTHO3UPYIOT, YTO IIPOU3OHAET
B JIeHb BEIGOPOB. ABTOPHBI IIPOBEJIU PAJ
MaTeMaTU4eCKUX 060CHOBAHUH OIpo-
COB U HaIllJIX, YTO B IPOEKIIUU Ha IeHb
BBIOOPOB OIIPOCHI JAIOT 60JIee IOJIHYIO
KapTHUHY, YeM U PBIHOK JI0JIeli T0JI0COB,
U PBIHOK, IJe IobequTesb HoJydaeT
Bce. CIIopbl BO30OHOBUJIMCE. [I:KaCTUH
Byndeps (Justin Wolfers), skoHoMHUCT
U3 YapTOHCKOU IIKOJbI [IeHCcHiIbBaH-
CKOTO YHUBEPCUTETA, KOTOPBIN IIPO-
BeJ IIMPOKUU aHAJIM3 PBIHKOB IIPO-
THO30B, BBICTYIIMJI C KPUTUKOH B aj-
pec OpuKcoHa u Brnemuna, rosopd,
4TO B MX HCCJIEJOBAHUAX COIIOCTAaBIIE-
HO JIMIIb He6OJIbIIIOE YHCJIO BEIGOPOB
u onipocoB. Ero Bo3paeHUs BbI3bIBA-
€T U TO, 4TO B aHaym3e 2005 I. «pe3yJib-
TaTbl OIPOCOB KOPPEKTHUPOBAJUCH,
a B JJaHHBIE PIHKOB IIPOTHO30B COOT-
BETCTBYIOI[HE IONPAaBKU HE BHOCH-
JIACH.

Tpuymdp pbiHKa

Criops! A0 cux 1op He yTuxau. A IEM
TOATOJKHYJI K CO3JAHUIO IPYTUX PBIH-
KOB IIDOTHO30B, MHOT'H€ 13 KOTOPBIX HE
OTHOCATCA K Hay4HoU cpeje. Ha I'os-
JINBY/ACKON (pOHIOBOM OGHPIKE TOProOB-
IIbI IeJaI0T CTAaBKU Ha KaccoBble c60-
pel HOBBIX ¢uiabMoB. NewsFutures
TOPryeT KOHTPAKTaMH Ha TeKyIlue

B Havyane XX B. cTaBku Ha Bbi6opax, AenaBLumecs Ha HeouumanbHbiX 6UpXax U YacTHbIM
06pas3om, 6bINIM NOBCEMECTHBIM siBNIEHMEM. [Tpryem npourpasLume YacTo pacnna4yvmBanucb
He fieHbramu, Ho cBoe06pasHbIM MOJOO6NEM «(DAHTOB» — BbIMOSHASA LUYTOYHbIE 3a4aHus.
Tak, Ha Bbi6opax 1924 r., korga no6egun KansuH Kynuax, noctaemelune Ha [xxoHa [1aBuca
[OMXKHbI 6bINN, BNPATLLNCH B ABYXKOJIECHbIN K36, MPOBE3TH MOGEeANTENbHMLY TOTannaaropa
Miopuan lopaoH BAonb Bcer 5- ABEHI0, 4TO 1 NoKa3aHo Ha CHUMKe
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BbIBEPUTE CBOW PbIHOK

K 2020 r. kutanubl BbicagsaTca Ha JlyHe
(pbIHOK Foresight Exscange)

IEM cTan ToN4YkOM K CO34aHunto OPYrnXx pbIHKOB NPOrHO30B, KacakLWnxca He BbI60pOB,

b

K 2020 r. reHHas nnxeHepus OHK gact
npakTuyeckne pesynsTrathbl (DbIHOK
Foresight Exscange)

LIEPH oTkpoeT 6030H Xurrca nep:
(pbiHOK NewsFutures) ()0

co6pITHA. HekoTophle PBIHKU HO3BO-
JIAIOT yYaCTHUKAM IIOKyIIaTh U Ipoja-
BaTh «aKIUW» OYAYIIUX UJEH NN TeX-
HoJIOTHH. He mMes MCKII0YNUTEeIbHOTO
npasa, kotopoe CFTC npepocTaBuiaa
peIHKY IEM, npyrue amMepuKaHCKUEe
PBIHKM HCIIOJb3YIOT BUPTyaJlbHBbIE
urposble AeHbrd B lHTepHeTe. B Hp-
JIAHJWH, I/le TAaKUX OTPAHUYEHU U HeT,
peiHEU TradeSports u Intrade, npuHa-
JeKalnirue OAHOWM M TOH iKe KoMIIa-
HUU, IPUHUMAIOT peaJbHbIE AEeHBIH
U CTaBKU B CIIOPTUBHBIX COPEBHOBA-
HUAX, BBIOOpPAX U APYTUX COOBITHAX.
B uwacTtHocTH, Intrade npepyaran ae-
JaThk cTaBEH, coBepmart gy CIIA nin
Uspamnp HamajJeHWe C BO3ayxa Ha
Upan go 31 mapTa, Uiu HACTYIUT JU
craj B akoHoMuke CIIIA B 2008 1.
MecTo, KOTOpO€ 3aHAJH PBIHKU
porHo3os B o6mecTtBe CIIA, B co-
YyeTaHUU C PEBOJIIOIUEH B obyacTu
¢$opM COBMECTHOT'O MOJIb30BAaHUA UH-
dopMmanuent, KOTOPYyI IpeJocTaBUIA

ybex/1aeT: eciM KapTHUHA TOPTOBJIYU HA
PBIHKAX IIPOTHO30B IIpeJCKa3bIBaeT,
YTO NPUHATHE HEKOM KOHKPETHOU Io-
JINTUKY IIPUBEJIET K POCTY SKOHOMUKH
U CHUIKEHUIO 6e3paboTUIIbI, TO I10JIHU-
TUYECKUEe PYKOBOJUTEIU AOJKHBI TYT
sKe IPUHATD 9Ty INOJIUTHUKY, HAIIPUMeP
CHHIKEHUE IIPOIEHTHBIX CTaBOK HUJIN
IJj1aH ob1ecTBeHHBIX paboT. OH roBo-
PUT, 4TO KOJIJIeKTUBHAA NHopMaIus,
HMemIasacsa y TOProBIEB, IIPEBHIIIE
aHaAJIN30B, KOTOPbIE CIIOCOGHA IIPOBEC-
TH IpyIIIa SKOHOMHUCTOB U IPYTUX CIIe-
IUaJUCTOB. XaHCOH IPEJIOKMII JaKe
¢dopMy mpaBHUTEIBCTBA, KOTOPYIO OH
HasBaJ (pproTapxuei (futarchy), ocHo-
BaHHYIO Ha HCIIOJb30BAHUU PBIHKOB
CO3JJaHUA IOJTUTUKU.

N3-3a Takux yTonuil CTOPOHHUKU
PBIHKOB MOT'YT 3aMTHU CIHIIKOM JlaJIe-
ko. Heckonbko jeT Ha3ajg ATeHTCTBO
IepesoBbIX OGOPOHHBIX MCCJEe0Ba-
TeJIbCKUX NpoekToB (DARPA) npucty-
nuiao kK pa3paboTke IMpoekTa «PBIHOK

Npes «pblHKa TeEppOpUCTUHECKUX PbIOYEPCOB» Obina
OTBEPrHyTa, HO NOABNATCA BCE HOBbIE TUMbI
PbIHKOB, NPU3BaHHbIX MOMOYb MpPaBUTENbLCTBAM

N Kopnopauusam opMynmMpoBaTh peLLeHuns

Bcemupnas [TayTuHa, IpUBEIHN K POC-
Ty IPU3HAHUA 3TUX PBIHKOB KaK HO-
BaTOPCKMX MHCTPYMEHTOB IIPUHATUA
pelleHU U IpaBUTEJbCTBEHHBIMU,
M 4aCTHBIMM OPraHU3AIUAMU. Ycep-
JYe B OTHOIIEHUU NPU3HAHUSA IIPO-
THO30B, I10J1lyYa€MbIX C IIOMOIIbIO 9TUX
PBIHKOB, IIOPOM TPAHUYMT C TPOTECKOM.
PobuH XaHCoH, Tpodeccop 3KOHOMUKN
B YHuBepcureTe [[:xopxa MelicoHa,

aHaign3a noauTukw (Policy Analysis
Market), KOTOpPBIH IO3BOJIAN GBI WH-
BeCcTOpaM TOProBaTh IIPOrHO3aMHU 6y-
AYUIUX TeONOJUTHUYECKUX COOBITUH,
npuYeM B OTJHUYHE OT KOHTpAKTa
peiHEA Intrade B oTHomeHuu MpaHa,
B YHCJIO BO3MOM¥KHBIX COOBITUN BKJIIO-
Jajuch yOUCcTBa, BOWHBI U HOBBIE HA-
nagenud «Anb-Kanaen. [Ipegycmarpu-
BaJIOCh, YTO B CJIy4ae, €CJIM Ha PbIHKE

(rme XaHCOH GBI COBETHUKOM) OyZieT
NpeJIoKEeH KOHTPAKT, IpeaycMaTpu-
BaIONUH MOJIy4YeHUe IPUOLIIN B CIy-
Yae aTaKHd TePPOPHUCTOB, MUHHUCTEP-
CTBO BHYTpPEHHeH G(e30IacHOCTHU
JIOJI#KHO ITOJAHATH yPOBEHb CBOEU OIleH-
KU 3TOM yTPO3BI.

[IpuMepHO TaK IIJIH paccyxkae-
HuA. Uxesa «pblHKA TeppopHUCTHYEC-
KuX (GbOYEepCcoB» OTTOJKHYJa MHO-
rux B BamuHrTOHe U 6BICTPO yMepiIa,
JlarKe BBI3BAB OTCTABKY PYKOBOJUTEA
DARPA J:xona IloriHgekcTepa (John
Poindexter) (mpaBaa, He paHbIlle, YeM
TradeSports Ha4yaj TOproBaTh IPOTHO-
3amu ero orctaBku). Cenarop Bapb6a-
pa Bokcep (Barbara Boxer) or Ka-
Iu@GOpPHUU BO3MYyTHJIACh, YCJbIIIAB
o «PpIHKe aHa/In3a MOJUTUKI. OJHAKO
ee MHEHUe pas/ie/IAIn He Bce. HekoTo-
pBl€ CUUTAJIN, YTO PBIHOK IIPOI'HO30B,
CIIOCOGHBINU CIIYRUTh 3(PHEKTUBHBIM
MexXaHU3MOM c6opa pas3BeAbIBATEIb-
HBIX JaHHBIX, MOXKET IIpeJoTBpa-
TUTH HaJBUTAIOIIUNCA KpU3uc. By-
depc u ero kosera JpUK 3UIEBUIL
(Eric Zitzewitz) nucanu B Washington
Post, 9TO KOHTPAKT Ha TeMy, IIPOJacT
au Hurep ypan Capnamy XycelHy,
B HavaJie 2003 r. 6y1eT KOTUPOBAThCA
HU3KO, OTpakas oblee MHEHUE pa3s-
BEJYUKOB, UTO TaKad CIeJIKa HUKOTJa
HE COCTOUTCSA. DTUM OHU MOJAPHIBAIN
OJIMH 13 apryMEeHTOB aIMUHUCTPaIluN
Bymia B monb3y BTOp:eHUA B Mpak.

Hamagku Ha «PeIHOK aHa/In3a II0JIHN-
THUKW» B UTOT'€ IPOBAJIUIIU 3TOT IIPOEKT,
XOTA INIyMHXa CIIoco6CcTBOBaIa POCTY
OCBEJJOMJICHHOCTH OGII[eCTBa O PhIHKAX
nporuo3osB. [IpoekT DARPA cTai cBoe-
06pa3HBIM NoCcOOHEM, PACIIMPUBIINM
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a npakTu4eckn Nbbix TeM — OT 6oMbapanpoBkn MipaHa oo BEpPOATHOCTU HaBOOHEHUN B A3un

Katun Kypu4 yinget ns CBS News (pbIHOK
Intrade)

B ueHTpanbHOM napke 3a 3uMy BbinageT
6onblie 1,5 M cHera (pbiHOK Intrade)

|\

—

MTn4uin rpunn 6yaeT nepepaBaTbes
OT YefioBeKa K 4enoBeky (pbIHOK Avian
Influenza Prediction Market)

3HaHUA obIiecTBa 06 3TUX PBIHKAX.
«DPaKTUYEeCKN UMEeHHO npoeKT DARPA
IIPUBJICK BHUMaHUe 00II[eCTBa K PbIH-
Ky IIPOTHO30B», — 3aMETUJ JUPEKTOP
IEM [lzxotic Bepr (Joyce Berg).
IToABJIAIOTCSA BCE HOBBIE TUIIBI PBIH-
KOB, IIPU3BAHHBIX IIOMOYb IIPaBH-
TeJbCTBAM U KopIopanuaMm (opmy-
JINPOBATh pelleHud. JIngepomM cCHOBa
OKa3aJic YHUBEPCHUTET ITaTa AoBa.
I[IprMepoM MOTYT CIIYKUTh €r0 PIHKHU
HPOTrHO3WPOBAHUSA HAYAJIA SIUAEMUN
rpunmna. Ha ofHOM U3 HUX, KOTOPBIHA
mpopaboTaJ OKO0JIO CEMU MeCHAIEB, Ha-
quHasA C cepeJUuHBI ceHTAOpa 2004 r.,
rpymnne u3 62 CrenmaaucToB I10 3 pa-
BOOXPAaHEHUIO IIPOJlaBaINUCh (pblodep-
CHBIE KOHTPAKTBI C IPOrHO3aMH OTHO-
CHUTEJbHO HavyaJa dNHUJEMHUH I'PUIIIIA
Ha KamkJAyI0 HeJeJI0 Ce30Ha Tpuina.
Eciu 6Bl KOHTPAKT B OTHOIIEHUU
YPOBHA 3a607€Ba€MOCTH Ha TPETHIO
Heneno sHBapda (LleHTpaMu KOHTPO-
1 3aboseBaeMOCTH W MPOPUIAKTH-
ku (CDC) mpegycMOTpeHa ciaeayonas
IIIKaJIa YPOBHEH: OTCyTCTBHE 3a6oJe-
BaeMOCTHU, crnopajauyeckas 3aboie-
BaeMOCTb, MECTHBI yYPOBEHb, peru-
OHAJIbHBINA YPOBEHb U IIOBCEMECTHOE
pacrpocTpaHeHue) JaJl IPpaBUJIbHbBIA
IIPOTHO3, OH IpuHec 661 $1. PhIHOK
TOYHO IPeJCKa3all Ha4aJjo, UK U KO-
Hell Ce30Ha T'pUIIlla Ha JBe-deThIpe
HeJesn paHblle, yeM oT4eThl CDC 06
ypOoBHe 3a60JIeBAEMOCTH I'PUIIIIOM.
«PBIHKU IIPOTHO30B HUKOI/IA HE 3a-
MEHAT TPAJAUIMOHHBIE CUCTEMBI KOH-
TPOJIsA, HO OHU MOTYT cTaTb addek-
TUBHBIM M HEJOPOI'MM HCTOYHHUKOM
uHOPMAINH, JOIOIHAIIENH Ty, KO-
TOPYIO JAIOT CYLIeCTBYIOIIHUE CHC-

TeMbD, — roBopuT ®uaun Ioarpun
(Philip M. Polgreen), Bpau u nnpodec-
cop MemunuHckoro kKojnemxa Kap-
Bepa B YHUBepcuTeTe mraTta ANosa,
IIOMOTaBIIMH BeCTH PBIHOK. Ilo3n-
Hee YHUBEPCUTET B COTPYJAHUYECTBE
C 3JIEKTPOHHOUW CHCTEMOM perucTt-
panun 3aboneBaHu Pro-Med mail
co3/1aj1 HOBBIM PBIHOK JJIS1 IIPOTHO3M-
poBaHUA COGLITUH, CBA3aHHBIX C BU-
pycoMm nTu4dbero rpunna H5NI.

IIpuBiI€eYeHHBIE IPOPOYECKUMU CIIO-
COOHOCTSIMHU PBIHKOB IIDOTHO30B, Ta-
Kue Komnanuu, Kak Hewlett-Packard
(HP), Google u Microsoft, cosiaau BHyT-
pEeHHUEe PBIHKHU, I03BOJIABIINE UX pa-
60THHUKAM IIPOTHO3UPOBATh JJOCTHUIKE-
HUe [I0CTaBJEHHBIX IleJIel Ipojlask Ha
KBapTaJj UJIHU CPOKOB BBIIIyCKa HOBBIX
nporpaMMHBIX IpoAyKToB. Kak 1 Ha
JPYTUX PBIHKAX IIPOIHO30B, ITOJy4Yae-
MBbIe IIPOTHO3BI YacTO MOy Yaluch 60-
Jlee TOYHBIMU, YeM BHYTPEHHME IIPO-
THO3bI KOMIIAHUU.

HP ycoseplieHcTBOBaJa paboTy
PBIHKOB IIPOT'HO30B, YTOGBI cllenaTh
ux 6ojee NOAXOAAIIMMU JJI TPYII,
KOTOpPBIE MOTJM ObITH CIMIIKOM Ma-
JIBIMU JUISL TOT'O, YTOOBI IeJIaTh TOYHBIE
porHo3el. [lepeg Tem, Kak 3alyCTUTh
PBIHOK, HP olleHuJIa YPOBEHb KBaJIU-
¢uranuu y4yacTHHUKOB U MCCIeoBaIa
UX OTHOIIEHHE K PUCKY — (aKTOPHI,
KOTOpPBIE€ UCIOJb30BaIUCh 3aTEM I
MaTeMaTU4YeCKOM KOPPEKIIUU IIPOTHO-
30B, C/IeJIJAaHHBIX HA OCHOBAHUM CTaBOK
YYaCTHHKOB B OTHOILIIEHUH HEKOETo Oy-
JAyulero peaynabTrara. «Ham MmexaHusm
B CYLUIHOCTH M3BJIEKAET MYJPOCTb
TOJIIBI U3 OYE€Hb MaJeHbKOU Ipymn-
neD, — roBopuT BepHapao Xy6epman

(Bernardo Huberman), nupexTtop Ja-
6opaTopUH COIMAJIBHBIX BBIYUCIEHUN
HP. 9ToT nponecc GUAbTPAUU JAET
JIydIIne pe3yiabTaThl, YeM OJNH pPBbI-
HOK WUJIU JIy YIIIH€ YMBI I'PYIIIIBIL.
PacTymuii UHTepec K pbIHKaM IPO-
THO30B 3aCTaBJIAET BCIIOMHUTB IIPO-
I0e U BepHyThcA B Hadauao XX B.,
KOT/la ellle He CyIIeCTBOBaJIO OIPOCOB,
HO CTaBKU Ha pe3yJbTaThl BbIOOPOB
6bLIM pacIpOCTPaHEHBI IIOBCEMECT-
HO. ['azeTsl peryasapHo nmy6IUKOBaIN
HCTOPUU O COOTHOLIEHUAX CTABOK Ha
TOr0 MJIA MHOTO KaHAUJATa, IpUYeM
coob1eHusa 4acTo ObIBAJIU HA yAUB-
JIeHU€ IPOpOYEeCKUMU. B aTOM cMBIC-
Jie PBIHKYJ IPOTHO30B — 3TO IIOMCTUHE
mar «Hasaji B 6yayeer. «Mo 10oaro-
CPOYHBIM IIPOTHO3 COCTOUT B TOM, UTO
razeTsl 2020 1. 6yAyT BBITJIAAETD, KaK
razeTsl 1920 r.», — roBoput Byidepa.
Ecnu npejckasaHue AeHCTBUTEIBHO
onpaBJaeTcs, MYJAPOCTb TOJIIBI Oy-
JIeT COIIEpHUYATh C MEYTAMU CaMBIX
OIBITHBIX YUYEHBIX MyKel. |

Mepeson: N.E. CaueBuny

OONONIHUTENIbHASA JINTEPATYPA

= The Wisdom of Crowds. James Suro-
wiecki. Anchor Books, 2005.

® Information Markets: A New Way of
Making Decisions. Edited by Robert W.
Hahn and Paul C. Tetlock. AEI-Brookings
Joint Center for Regulatory Studies,
Washington, D.C., 2006. JocTynHo Ha
www.aei-brookings.org/admin/authorpdfs/
page.php?id=1261

® |nfotopia: How Many Minds Produce
Knowledge. Cass R. Sunstein. Oxford
University Press, 2006.
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KocMmonorug

TOJIET Ha3a/l CTaThsA B 3Ky pHaJIe
Scientific American o6 ucropuu
BcesleHHOU U ee KPyITHOMACIII-

TabGHOU CTPYKType ObL1a ObI pacueHe-

Ha Kak omubouHasa. B 1908 r. yueHsle

cyuTaJju, 4To Hama [lajakTuka — «oc-

TPOBHAasA BCEJIEHHAA», U30JIMPOBAHHOE

CKOIIJICHHUE 3Be3]] B OKPYRKEHUU 6eCKo-

HeYHOU nIycToThl. CerogqHsa HaM U3BecC-

THO, 4TO ["aylakTHKa — ojiHa u3 6oJiee

400 mippn mogo6HBIX 06BEKTOB B Ha-

6aromaeMoli yacTu Bcell BceleHHOMN.

Torpa xe, B Hayasie XX B., 10 IPUHSA-

TOMY HayYHOMY coIviallleHuIo, BeceneH-

Has IoJiarajjacb CTATUYHOM U BEYHOM,

¥ BO3MOKHOCTD €€ POKJACHUSA B PEe3YJIb-

TaTe BoJsbmioro B3peiBa B TO BpeMsA He

paccmaTtpuBanack. He 6b11 M3y YeH U CUH-

Te3 XUMUYECKHUX DJIEMEHTOB —HU B IIep-

BbIe MUHYTHI ITocjie BobIroro B3phIBa,

HU B HeJlpax 3Be3/. Jlaske He Ipejoia-

raJioch, YTO IPOCTPAHCTBO MOMKET pac-

T PATHCA U UICKPUBJIATHCSA O] BO3JEU-

CTBHEM HAIIOJTHAOIIEN ero MaTeprH.

TpyAHO IpeacTaBUTH 00JIACTh HH-

TeJJIEKTyaJlbHOU JeATeIbHOCTH, KO-

Topasd HaA HOPOTSMKEHHUU MPOIIIOTro

BEKa MNoABepriach Obl M3MEHEHUAM,

60JBIINM, YeM KocMoJIorus. MBI Kap-

JAUHAJBHO EePEeCcMOTpeIr Hallly TO4-

Ky 3p€HHA Ha CTPYKTYPY OKpyKaroIe-

ro mupa. Ho gomkHa n1u Hayka Oyay-

IIEro MOCTOAHHO TpeboBaTh GOJIbIIIE

OIIBITHBIX 3HAHUU, YeM ObIJIO JOCTYII-

HO paHee? CorjacHO IOCJIEJHUM HC-

clIeJOBAHUSAM, HAa KOCMOJOTHUYECKUX

IIPOMEKYyTKaxX BPEMEHHU OTBET Oy/eT:

«HeT, HE momkHa». BO3MOXKHO, MBI KU~

BEM MMEHHO B TOT HNE€PUOJ dBOJIOINN

BcesieHHOH, KOTrja y4eHbIe MOTYT JI0-

CTUYb IMOJHOTO MOHUMAHUS €€ UCTHU-

HOI MPUPOABHI.

OCHOBHBIE MOJIOXXEHUA

Hamwu uccinenoBaHuA ObIIM MOTH-
BUPOBAaHBI 3II0XaJbHBIM OTKPBITHEM,
COBEPIIEHHBIM BCEro JeCATh JIET Ha-
3aj. /[Be He3aBHUCHUMBIEC TPYNIbI ACT-
POHOMOB OOGHAPYUJIU, YTO IIOCJIeTHUE
5 mupj JieT Hama BceesleHHas paciiu-
pAeTcd, IpudeM ¢ yckopeHueM. Mcrou-
HUKOM TAKOM «KOCMOJIOTUYECKON aH-
TUT'PAaBUTALUI ABJIAETCA HOBasA Gop-
Ma MaTepuu, Ha3blBaeMas «TE€MHOM
9Hepruei», acCOIMUPOBAHHOU C BaKy-
yMoMm. HekoTopble TEOPETUKH, BKJIIO-
yasa ogHoro u3 Hac (Kpocc), oxxuganu
nogo6HOro pesyjabTaTa, OCHOBAHHOTO
Ha KOCBEHHBIX U3MEPEHUAX, HO B (pu-
3UKe 3TO OKA3aJIMCh IPAMBIE KOJIHYe-
CTBEHHBIE HAGIIOIeHU . [|JI1 yCKOpEeH-
HOro pacmupeHusa BceseHHo Heo6-
XOJIUMO, YTOOBI ITyCTOE IIPOCTPAHCTBO
COZIEpIKAJIO IO KpalHed Mepe B TpU
pas3a GoJibllle HEPrUuu, YeM Bce Ha-
6yr01aeMble KOCMUYECKHUE CTPYKTY-
pPBl 1 OOBEKTHI: TaJlaKTHUKU, CKOILJIe-
HHUA U CBEPXCKOIIJIEHU S raJakTUK. [1o
UPOHUHU CybObI, ATb6epT DWHINTEHH
BIIEPBBIE BBEJI B pACCMOTPEHHE TaKy IO
cIlenuaJbHyo0 (opMy MaTepUH, UTO-
6bI COXpAaHUTH CTAaTUYHOCTH Bceelien-
HoM. OH Ha3BaJI €e «<KOCMOJIOTUYECKOH
MIOCTOAHHOMW. TeMHasa 2Heprus OKa-
JKeT 3HAUUTeJbHOEe BIUAHUE Ha Oyay-
miee BcenenHoti. C kocmosiorom Iie-
HoM IlITapkmaHoM (Glenn Starkman)
n3 yHusepcuteTa Knusienga B Oraiio
Kpocc uccnesoBan npuyacTHOCTD e-
HOMEHA KU3HU BO BcesleHHOM K aTOH
3K30TUYECKON MaTEPUH U CAEJIAT IIPO-
rHo3: «Hajau4ue KOCMOJIOTMYECKOH
TIOCTOAHHON HE CYJUT KU3HU HUYe-
ro xopomero». Takaa BcesenHaa Oy-
JIeT IIOCTEIIEHHO CTAHOBUTHCH BCE Me-
Hee ToCcTenpuuUMHOU. [IpucyrcTBue

u [lecAaTb neT Ha3afj aCTPOHOMbI COBEPLLNIIV PEBOMIOLMOHHOE OTKPbITUE YCKOPEHHOMO pacLun-
peHus Hawen BceneHHon. YyeHble npogomkatoT pabotatb Haf NPUMMEHEHUEM 3TON TEOPUN.

= VcKopsiloLeecs pacluMpeHMe Co BpeMEHeM 3acTaBWT rafiakTUKU pasfieTaTbCs OT Hac
C KaXyLLencs CBEepXCBETOBOM CKOPOCTLIO, YTO MPUBEAET K UX MOSIHOMY MCHE3HOBEHWIO U3
nons 3peHus Haénogarenen. ATOT MPOLECC UCKIIOYAET CYLLECTBOBaHME OMOPHbLIX 06LEKTOB
0N U3MEpPEeHUsi CTeMNeHN pacLUMPEeHUsl, a TakxXe MOSIHOCTLI0 «pa3MblBaeT» BCE XapakTep-
Hble 0CO6EHHOCTW, ocTaBLUMecs ¢ anoxu Bonbworo B3pbiBa. MHave roBops, NocTeneHHo
crnaxusatTcs Bce Habnoaaemble NposBneHns Bonblioro B3pbiBa, KOTopble Korga-nnéo
cyllecTBoBasu.

® [1na Hawux ganekux noToMkoB BceneHHas 6yfeT BbIrMageTb Kak Hebonbllas pocchinb
3Be3[ cpean 6€CKOHEYHON N HEM3MEHHOW NYCTOTbhI.

m Kakyto uHdopmaunio BceneHHas yxe ycnena ctepeTb K HblHELUHEMY MOMEHTY Bpe-
MeHUn?
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KOCMONOTHA

PACLUUPSAIOWASCS BCENEHHASA: KPATKUA B3rnsaa

Hab6nopaemas
obnacTtb

ManakTuka

pacLUMpeHns Mol
BUAUM HanbonbLuee
YUCIO ranakTuk,
KOTOpOe Korga-nm6o
6yneT cyLecTBOBaTb

BceneHHasa MoxeT 6bITb 6eCcKOHeYHOoW. PaccmoTpum Teneps,
4YTO NPOUCXOAMT C TPAEKTOpMeEN B MPOCTPaAHCTBE BOKPYr HacC
(¢pnoneToBbIvi LIap), OT KOTOPOro Mbl BUAUM TOJIbKO 4acTb
(>xenTbivi BIoXeHHbIV Wwap). EcnmnpocTpaHCcTBO pacLumnpseTcs,
TO ranakTuku (opaHxeBble NATHa) 6yayT pasneTtartbes
B pa3Hble CTOPOHbI. [TockonbkKy cBeTy TpebyeTcs Bpems

BcenexHon pacTet
6bICTpEe, NO3TOMY

B [ECTBUTENIBHOCTK

Mbl BUAVM BCE MEHbLLYIO
yacTb BceneHHom

O6nacTb
npocTpaHcTBa
® Ha6nonaemasn
@ B Havane o6nacTb NpocTpaHcTBa
YCKOPEHHOro pacTeT, HO 06Kl 06bEM

® VnaneHHble ranakTuku, He
cBA3aHHbIe C HAMU CUIamm

NPUTAXEHUA, yXOOAT U3 nons
3peHus. Me)K,qy Tem aTacuna

o6beaAnHaeT 6MN3KME ranakTukm

B rpaBMtauMOHHO-CBA3aHHbIE
CNCTEMbI

ONs pacnpocTpaHeHus, To Ha 3emMrie Mbl (M HaLun NOTOMKM)
6yneM HabnofgaTb NOCTOAHHBIN POCT 06beMa NpocTpaHcTaa.
Okono 5 mnppa net Hasapg pacwumpexvne BceneHnHon ctano
ycKopeHHbIM. [pouecc npuBen K TOMy, 4TO BCe 60MbLUe U
60nbLUe Aaneknx ranakTuk yBleKatTCs OT Hac C KaxyLlencs
CBEPXCBETOBOW CKOPOCTbIO

® Co BpeMeHeM Bce, HTO Mbl
6yaem BUAETb, OKaxeTcs
O[JHOV rMraHTCKOW ranakTUKoun,
NIOKann3oBaHHOW B NycTOTe

KOCMOJIOTTYEeCKOU ITIOCTOAHHOM MOKeT
IIPUBECTU K 00pa3oBaHUIO PUKCUPO-
BAHHOTO (TOPU30HTAa COOBITUI» — BO-
o6GpakaemMol ceprl, BHE KOTOPOU HUA
MaTepusa, HU U3JIydyeHUe HUKOIJa He
JOCTUTHYT HabmrofaTtess. B Takoit Mo-
nenu BceneHHasa CTAaHOBHUTCH YE€M-TO
Hamnojo6ue «BHEIIHEH YepHO! ABIPHD,
KOTJla MaTepus U U3JIyYeHUe OKa3bl-
BalOTCHA 3alepThHIMU BHE T'OPHU30HTA
coOBbITHH, a HE BHYTPHU Hero. To pac-
CyK/JIeHUEe IPUBOAUT K BBIBOJY O TOM,
4yTOo BUAUMas BceleHHasA COAEPKUT
KOHEYHOE KOJIMYecTBO MHPOpPMAIUH,
u ee mepenadva (cieoBaTeNIbHO, U 3a-
POKJE€HUE U PA3BUTHE KU3HU) HE MO-
JKeT MPOJOJKAThCA BeYHO. 3a/0JIro
JI0 TOro, KaK YKa3aHHBIA NH(OpMaIU-
OHHBIH IIpeJiesI CTaHeT KPUTHUYECKHM,
BCA MaTepUsd U U3JIyUeHHUEe PACIINPS-
folelrica BecesleHHOM OKamKyTCA 3a To-
PU30HTOM COOBITHH. ITOT IIpoliecc
6bLJI U3y4eH B paboTrax A6paxama Jlo-
eba (Abraham Loeb) u KenTapo Ha-

ramuHe (Kentaro Nagamine), y4eHbIX
yHuUBepcuTeTa [apBapja, KOTOpHIe
O0HApYXMJIM, UYTO HAIlla TaK HAa3bI-
Baemasd «MeCTHas I'pylIia» raJaKTHUK
(BkarOUaroiada B ce6sa Halry [amakTu-
Ky, TaJIaKTUKY TyMaHHOCTb AHAPOMe-
JBI 1 HECKOJIBKO KapJIUKOBBIX rajlaK-
THUK-CIIyTHUKOB) COJILETCA B €IHHOE
CBepXCKoIlJIeHUe 3Be3[]. Bce apyrue
raJIJakTUKU UCYE3HYT U3 M0JI 3pEHUd
HabsrofaTesnd. OTOT Ipolecc 3aMeT
100 MappA JIeT; O YeI0BEYECKHUM Mep-
KaM KasKeTcs, YTO 3TO MHOI'O, HO IO
CPaBHEHUIO C BEYHOCTBHIO — YPE3BBI-
YalHO MaJIo.

Pymau.unecn OCHOBbI TEOPUU

Yrto cMmoriu GBI cCKas3aTh 06 UCTOPUU
BcesleHHOI aCTPOHOMEI AAJI€KOT0 6y-
JLyIIEero, ;KUByIHue B cOOPMUPOBAB-
meMcs U3 HECKOJIBKUX raJJaKTUK €11~
HOM CBEpPXCKOIIJIEHUU 3Be31? UToG6hI
OTBETUTH Ha 3TOT BOIIPOC, HAIIOM-
HHUM KJIIOYeBble MOMEHTBI COBPEMEH-

HOTO IIOHUMAaHUA Teopuu Bosbiioro
B3pHIBA.

IlepBBI KpaeyroabHbIN KAaME€Hb —
obmiad TeopusA OTHOCUTEIbHOCTU
OuHmITeliHa. Ha nmpoTs:KeHUU OpU-
MEpHO TPEeXCOT JIeT Teopus YHHUBEP-
caJIbHOH rpaBuTanuu HeooToHA CIy-
JKUJIa OCHOBOM NIOYTH BCE€H acTPOHO-
Muu. bBiarogapsa Teopuu HbHoOTOHa
6bl7a mpojelaHa OCHOBATe/JIbHAA pa-
60oTa II0 NpEACKA3aHUIO IBHUKECHUI
06'bEKTOB B MacmTabax OT 3eMHBIX JI0
rajakTudeckux. Ho aTa Teopusa oka-
3aJlach COBEPIIEHHO He IIPUTOJAHOM,
B YACTHOCTH, AJIA CIHUIIKOM GOJIBITIX
COBOKYITHOCTEI1 MACCHUBHBIX 00'bEKTOB.
O6miaa TeopusA OTHOCHUTEIbHO-CTU
npeogoJiesia 3TU OrpaHUYeHusA. Beko-
pe nocje ony6JMKOBaHUA OWHINTEH-
HOM cBoeM Teopuu B 1916 r. maTckuit
¢dusux Buniaem age CUTTep pemInI
ypaBHeHHUsA O0Ieill TeOpUU OTHOCH-
TEJBHOCTH AJId YIPOIIEHHOU MO
BceseHHOM, BEJIIOYAONIEN 9UHINITEH-
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HOBCKYI0 KOCMOJIOTMYECKYIO ITIOCTOSH-
Hy10. Pa6ora ne Currepa, Ho-BUAUMO-
My, BOCHPOUW3BeJIa PacCIpOCTpPaHEH-
HBIN B TO BpeMd B3I1A/1 HAa BecenenHy 10
KaK Ha U30JIMPOBAHHYIO «TAJIAKTHUKYY,
IIOTPYKEHHYIO B TUTAHTCKYIO HEITO[-
BHIKHYIO IIyCTOTY.

Ho BCKOpe KOCMOJIOTH IOHAJH, YTO
KaiKyIascsa CTAaTUYHOCTh OIIMO0YHA —
BcesieHHasa e Currtepa GECKOHEYHO
pacmupseTcsa. Kak 1mos:xe IposCcHUI
6enpruiickuit ¢usur eopr Jlemerp
(George Lemaitre) — ofMH U3 MHOTUX
YYEHBIX, 3aHMMAaBIINXCA 9TOU IIPO-
61eMoli, — ypaBHeHUd OWHIITEeHHaA
IIpeJCKa3bIBAI0T, YTO OeCcKoHe4YHad,
OZHOPOAHAs, HEIOJBUKHASA BCEJIEH-
Had HeBo3MoskHa. OHa Jo/KHa J1u60
pacmuparbed, JUO0 CIKHUMATBHCHA.
W3 TaKUX pacCy:KJIeHUN U poAnIach
TaK Ha3bplBaeMas «Teopus Boibiioro
B3PBIBaY.

B 20-x rr. IpoLuIoro BeKa acTPOHO-
MBI YCTAHOBHJIN (PaKT pacuInpeHusd
BceneHHON, 4TO CTAJIO CIEAYIOIIEM
KPaeyroJibHbBIM KaMHEM COBpPEMEH-
HOM KOCcMoJioruu. [IepBbIM acTpPOHO-
MOM, OGHAPYRUBIINM HaOI01aTeIb-
Hble ITPOSABJIEHUS PACIINPEHUsd, ObLI
amepukaHel, Becto Ciaridep (Vesto
Slipher), KOTOPBIN UCIIOJIB30BAJI CIICK-
TPBI 3Be3/T UIT U3MEPEHUA CKOPOCTEH
GurxaUIuX rajlakTUK. CBET OT 3Be3-
B, JABHIKYIEHCA II0 HalpaBJIEHUIO
K 3eMJie, obJiajjaeT MeHbIIEN JJIUHOMN
BOJIHBI, CMEII[EHHOU B ro1y0yI0, BBICO-
KOYaCTOTHYIO, 061acThb criekTpa. CBeT
JKe OT 00'bEeKTa, ABUIKYIIETrocs OT Ha-
6aro1aTeliss, obaagaeT GONbINERH AIU-
HOU BOJIHBI, CMEIIIEHHOU B KpacCHYIO
o6i1acTh cHeKkTpa. laMmepas pacTtd-
JKEHUE MUJIM CiKaTHhe CBETOBBIX BOJIH,
Cnatidep cMor onpeaeauTh HaIllpaB-
JIEHVE U CKOPOCTB JBHIKEHUSA yIaJIeH-
HBIX TQJIAKTHUK, UX U3JIYYUBIINX. 3a-
METHUM, YTO B TO BpeMs aCTPOHOMBI
Jlaske He ObLJIM YBEPEHBI, ABIAIOTCH JIN
pas3MbIThIe CBETOBBIE IIATHBIIIKH, KO-
TOpBI€ MBI Ha3bIBaeM «rajlaKTUKaAMID,
JIeACTBUTEIbHO COCTOAIINMU U3 MHO-
JKeCcTBa He3aBHUCUMBIX TeJI (3Be3/1) UIH
3TO BCEro JUIIb o6IaKa ra3da B HalIel
cob6crBeHHOU [anmaktmke. Craudep
HalllesI, YTO IPAaKTUYECKU BCe rajak-
THKH yAQJIAIOTCA OT HAC TaK, Kak Oy/I-
TO MBI HAXOJIMMCS B IIEHTPE 9TOr0 pas-
GeraHUA.

Ho 4decTh OTKPBITHUA paCIIMPEHUS
BcenenHo#t npuHajiexkuT He Ciabi-
depy, a aMEepHUKaHCKOMY acCTPOHOMY
9nBuHY Xab6ny (Edwin Hubble), ko-
TOPBIHA ONPEJEeTU He TOJBKO CKOPO-
CTU TQJIAKTHUK, HO TAaKiKe U PacCTOs-
HUA 10 HUX. ETO n3MepeHus IpuBen
K IBYM OCHOBHBIM BBIBOJIaM, KOTOpPbIE
U CJleJIaJI¥ €r0 3HaMEeHUTHIM. Bo-1iep-
BbIX, Xa66/ IOKa3aJl, 4TO rajJaKTH-
KU HAXOJATCH TaK JJaJIeKo OT HaC, 4TO
JeHCTBUTEJIBHO ABJISAIOTCSA CAMOCTO-
ATEJBHBIMU COBOKYITHOCTSAMU 3Be€3],

JIETKO OIIO3HAHO KaK PEJIUKT PaAaHHUX
cTaaui 9BOJIOIIMU BceneHHOW — OHO
nokasajio, 4To BceneHHasa Havaia
pPacmupATHCA U3 TOPSAYEro U MJIOTHO-
ro COCTOSHUS, OCTHIBAsA II0 Mepe pac-
I pPEeHUA.

IocyenHee HAGIIOHATEIBHOE CBUE-
TeabCTBO BoJblIoro B3pbIBa — fAep-
HbI€ pEeaKIUU B ropAYeld U IJIOTHOU
BceneHHOM, uUaealbHOM MecTe IJIA
Takux npoueccoB. Korga remiepa-
Typa BcesenHol 6bl1a oT 1 MapA 10
10 mapp rpanycoB KenbBuHa, JIeTKUe

Yepes 100 mnpa neTt ocHoBononarakLlee
OTKpbITUE Xabbnom pacLumpeHusa BceneHHomn
He ynanocb 6bl MOBTOPUTL

mogob6HBIMU Halner lajakTuke. Bo-
BTOPBIX, OH BBIBEJ IPOCTYIO CBfA3b
MeXAY pacCTOAHUAMU [0 TaJaKTUK
U UX CKOpocTAMHU. CKOPOCTB rajak-
THKHU IPAMO IPOIOPIHOHAIBHA pac-
CTOSTHUIO JI0 Hee: FajlaKTUKA yJaJIdeT-
¢ OT HacC BJBOE Jjajbllle U BABOE ObIC-
Tpee. Takasa CBA3b MEXKAY CKOPOCTBIO
U pacCTOAHHEM W O3HadaeT PACIIH-
peHue BcesnenHoit. Co BpemeH Xa6-
671a ero OTKpBITHE ObLJIO HEOJHOKpAT-
HO IIPOBEPEHO Pa3JIMYHBIMU MeTOoJa-
MM ¢ 6OJBIION TOYHOCTHIO. HegaBHIE
HaG6II0/IeHU A Y aJIEeHHBIX CBEPXHOBBIX
3Be3/l, IoATBEpPAUB Xab6I0BCKOE pac-
mupeHyue BeceleHHON, IpUBEIU K OT-
KPBITHIO TEMHOU 9HEPTUH.

HakoHel, TpeTu#l KpaeyroJbHBIH
KaMeHb COBPEMEHHON KOCMOJOIUU —
9TO cjaboe CBeUYeHHE KOCMHUYECKOIO
MUKPOBOJIHOBOTO PEJIUKTOBOI'O H3JIY-
YeHUsd, cJIydalHO OTKpbITOE B 1965 I.
aByMda ¢pusnkamu us Bell Labs — ApHO
Ilensuacom (Arno Penzias) u Po6epTom
BunbcoHom (Robert Wilson), korga oHun
HCKaJIU UCTOYHUKM IIOMEX PaINOIIPU-
6opoB. HalijeHHOe m3ay4yeHUEe OBLIO

OB ABTOPAX

Aapa MOriau o0beAMHATHCA B Oosee
TAMKeJble. ITOT BBICOKOTEMIIEPATYP-
HBIH IIPOIECC AIEPHOTO HYKJIE€OCHUHTE-
3a MOT ITPOTEKATh TOJBKO B IEPBLIE He-
CKOJIBKO MUHYT ITOCJIe POKIeHUs Bee-
JIEHHOM, T.K. 10 Mepe pacIIupeHUs OHA
ocTeIBasa. TakuM 06pas3oMm, CIUAHUIO
yCHeJIV IOABEPTHY ThCA CaMBble JIETKUE
asieMeHThI. OCHOBHAs YaCTh I'eJIUSA BO
BcenenHol cdhopMupoBasach UMEHHO
TOr/la, TAK K€ KaK U JeHTepuil («Tsxke-
JBI BoAopoj»). MI3aMepeHHOEe M3006U-
JIVie TeJIUA U e Tepus oA TBEPKIAET
HYKJICOCUHTE3 B paHHe! BcesleHHOH,
BIIEpBBIE IIpejajaras TOYHbIE OI€HKH
KOJIMYeCTBA IPOTOHOB ¥ HEHTPOHOB.

TeMHble He6eca

YTo yBUAAT y4eHble GyyIero, B3IJsd-
HYB Ha He6o dyepe3 100 mupp neT? Bes
THOMOIIA TeJIECKOIIa OHH CMOTYT pac-
CMOTPETB TO K€, YTO U ceyac: 3Be3/Ibl
Hamred MasakTuku. Camble KPyIHbIE U
SAPKYE U3 HUX CTOPAT, UCYEepIIaB BHYT-
PEHHIOIO SHEPruio, HO MHOKECTBO 60-
Jiee MeJIKUX OCTaHeTCs CUATh Ha He6oc-
KJIoHe. CyliecTBEHHOE OTIn4yue GyJieT

JloypeHc Kpocc (Lawrence M. Krauss) n Po6epT Weppep (Robert J. Scherrer) Haua-
1M COBMECTHYIO AeATeNbHOCTb ABa roja Hasap. Kpocc — kocmorsor n3 YHuBepcuteta
3anagHoro pesepBHoro pavona (Knueneng, wrat Oraio) n gupektop ero LleHTpa
06pa3oBaHNs N KOCMOSIOTUYECKNX N acTPOPUINYECKNX NCCNEfOBaHMIA, aBTOP CEMU
KHWUT 1 aKTVBHbIV nonynspusaTop Hayku. LLleppep — kocmornor, npodeccop kadenpbi
(hM3MKM U aCTPOHOMUM B yHUBepcuTeTe BaHoepbunTta, a Takxe aBTop Hay4HO-(aH-

TaCTUYECKUX KHUT.
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AMOKAJIUMNMCUC NO3HAHUA

YCKOpeHHOEe KOCMONOrn4eckoe paclLuMpeHmne Ha4vano NnoapbiBath TPY BaXHeNLwne
HabngarenbHble OCHOBbI Teopun BonbLuoro B3pbiBa: pasberaHme ranakTuk,
KOCMMWYEeCKOe MUKPOBOSTHOBOE (DOHOBOE U3MyYeHNe N OTHOCUTESbHbIN cocTaB
NEerkux aNemMeHTOB, TaKMX Kak renuii ¥ BOLOPOA

B HACTOSILLIEEE BPEM$ BCe Tpu nyHKTa
ABMAIOTCS BaXXHENLLUMM NMOATBEPXKAEHNSIMU
runoTesbl BonbLioro B3pbiBa. Mbl BUANM,
4YTO fanekune ranakTUKM yaanaoTcs oT Hac
(KpacHsble cTpesnku), a 6rIN3Kne Ha060poT
OBUXYTCS K HaM (rosy6bie cTpesku); PoHO-
BOE M3My4eHne pacnpeneneHo rno npo-
CTPaHCTBY; MeX3Be3[Hblii ra3 fonro coxpa-
HAET CMEeCb XMMUYECKNX ANIEMEHTOB,
o6pa3oBaBLUMXCA B paHHel BceneHHowm

CeepxranakTtuka

MWUNNUAPObI NET CMYCTHA 6nuskue

K HaM rafiakTUKu ConbioTcs ¢ MriedHbIM
MyTem, a panekne NcHe3HyT U3 Nons 3pe-
Hus. DOHOBOE M3MyyeHune pacceeTcs,

1 ero CTaHeT HEBO3MOXHbIM 3aperncTpu-
poBatb. MHOrokpaTHoe 3Be3006pa3oBa-
HME UCKa3WUT NepBoHaYanbHbI cocTas
XUMUYECKMUX 37IEMEHTOB MEX3BE34HOr0
rasa

3aMeTHO, Korjia GyAyIIue nccjieaoBarte-
JIV TIOCTPOST MOIITHBIE TEJIECKOIIbI, CII0-
coOHBIEe IPOHUKHYTH B JIpyTHe rajlak-
Tuku. OHU He YBUJAT HU ofHoM! Biu-
JKAUIIUe JaBHO COJBIOTCS ¢ MIedHBIM
IIytem, cpopMUpoBaB OAHY THUTAHT-
CKYIO TQJIAaKTHUKY, a BCe Apyrue yUayT
CJIMIIIIKOM JaJIEeKO, CKPBIBIINCH 3a TO-
PHU30HTOM COOBITHUM BeceneHHOM.
Vcuye3HOBEHHE M3 HAIIETO IIOJIS
3peHus AJaJIeKUX raJaKTHUK OyaeT He
MTHOBEHHBIM, HO IIOCTEIIEHHBIM. WX
KpacHoe cMellleHHe 6y/1eT CTAaHOBUTh-
cs 6€CKOHEYHO OOJIBIINM II0 Mepe UX
NpUOIMIKEHUA K TPaHUIle JOCTYITHOA
HauM HabrroneHusaM obnactu. Kpa-
yc u HltapkMaH rpy6o OIeHHJIN, YTO
gepes 100 Mapa JIeT KpacHOe cMelle-
HUeE TJIAKTHUK ITpeBBIcUT z = 5000, mo-
cturays 3a 10 TpaH (10 000 mapna) et
HeBOoOOpa3uMoU BeanyuHbI z = 1053.
K 5TOMy BpeMEHH CIIEKTPBI KOCMHUYe-
CKUX JIy Y€l CBePXBBICOKUX SHEPTHUU Oy-

JIeT CMEIIeHbI B KPACHYIO 06J1acTh TaK
CHJIBHO, UTO JJIUHBI NX BOJH OKQKYTCH
6osbIlle pa3Mepa rOpU30HTA COOBITUH.
FaJIJaKTUKN OKAMKYTCA OKOHYATEJIbHO
¥ 6eCIIOBOPOTHO HEBUIUMBI /17151 HAC.
Takum 06pa3oM, HPUHIIUITHATBHOE
JUISI COBPEMEHHOMN KOCMOJIOTUY OTKPHI-
Tue Xa6671a HEBO3MOKHO COBEPIINUTH
B OyayieM. Bea pasneraromascsa Ma-
Tepus Bo BceseHHOI NCYE3HET 3a BU-
JVIMBIM T'OPH30HTOM COOBITHH, U B pac-
MOPSAKEHNH HabIo1aTee ocTaHeTCA
TOJIBKO YaCTh I'PABUTAIIOHHO-CBA3AH-
HOTO CKOIJIEHUSA 3Be3J. Il acTpoHO-
MoB Oyayiuero Ha6aogaeMas Beenen-
Has OyAeT HAIIOMHUHATh «OCTPOBHYIO
BCeJICHHYIO» IIpeacTaBiaeHua 1908 r.:
BEYHO CYIIEeCTBYIOIee eJUHCTBEHHOE
TUTAaHTCKOE CKOILJIEHHWE 3Be3[[, OKpPYy-
JKEHHOE IIyCTHIM IIPOCTPAHCTBOM.
OIIBIT IIOKA3bIBAET, YTO JIAKe HAJIU-
que HaOJIIo1aTeIbHBIX JaHHBIX MOMKET
HPUBECTHU K HOCTPOEHUIO ONINOOYHOM

KOCMoJIorTU4YecKkolt mozenu. Hampu-
mep, ¢ 1940-x no cepeauHy 1960-x rT.
Ha ¢yHAaMeHTe HabIgaTeIbHON
KOCMOJIOTMM, OCHOBAHHOH TOJIBKO Ha
OTKphITUU Xab6J0M pacmupeHud
BcenenHoli, HeKoTOpble acTpodU3U-
KH PeIluId BO3POAUTD K KU3HU UACI0
0 «BEYHOU BCEJIEHHOM»: yCTONYNBOM He-
IIOJIBUKHOU BeesleHHOI, B KOTOPOU Ma-
TepHus poXKJaeTCA 3a CYeT pacIIupe-
HHA IPOCTPAHCTBA, TAKUM 06pasoM,
BCEJICHHAA B II€JIOM He JIOJ’KHA U3Me-
HATBCSA CO BpeMeHeM. 9Ta u/jies oKkasa-
JIach UHTEJIJIEKTyaIbHBIM TYIIUKOM, HO
OHa IPOAEMOHCTPUPOBAJIA, UTO OIIU-
GOYHBIE IIPEJIIOJIOKEHUA MOTYT pas-
BUBATBhCSA IIPU OTCYTCTBUU aJI€KBAT-
HBIX HaGII0aTe/IbHbIX JaHHBIX.

A rze e acTpoHOMaM Oy/yIIEero uc-
KaTh IIPOSABJIEHUA BojbIoro B3persa?
CMOKeT JIM KOCMUY€CKOE MUKPOBOJIHO-
BO€ U3JIyYeHHe IPUBECTH UX K IOHUMa-
HUIO JUHAMUKU BecejleHHOMI? YBEBI, HET.
Ilo mepe pacmupeHusa BeesrenHOM 1in-
HBI BOJIH (POHOBOTO U3JIyYEHUs PACTH-
TrUBAIOTCA, U U3JIydeHHe CTaHOBUTCHA
6onee paspesxkeHHBIM. Korga Bcesen-
HadA cTtaHeT Ha 100 Mipx et crapiue,
MaKCHUMYM JUIMH BOJIH MUKPOBOJHOBO-
ro u3j1y4deHUus OyeT NopAKa HECKOJIb-
KHUX METPOB, COOTBETCTBYS PaJHOBOJI-
HaM, a He MUKPOBOJHaM. IHTeHCHUB-
HOCTb H3JIydeHHus OyAeT yMeHbIIeHa
B TPUJLJIMOH pa3, ¥ OHO HUKOI/Ia He CMO-
sKeT ObITh 0GHAPYKEHO.

Jlaxe B He CTOJb OTAAJIECHHOM Oy-
AymieM KOCMUYeCKHH (OH OKameT-
cA HeHabIIoaeMbIM. MeK3Be3gHoe
NpOCTPAHCTBO B HaIlleil lallakTUKe
3aII0JTHEHO MOHU30BAHHBIM 3JI€KTPOH-
HBIM ra3oM. HuakodyacToTHBIE pajno-
BOJIHBI HE MOT'YT IIDOHUKHYTb CKBO3b
TaKy0 cpefy — OHHU GyAyT IOIJIOIIe-
HBI MJIU OoTpakeHbl. [loxoxkui ad-
¢eKT 06'bACHAET, KAKUM 06pa30M aM-
IIATYHO-MOAYJMPOBaHHbBIE PaJUoO-
CTAaHIIUU MOTI'YT HAXOAHUTBHCHA AaIEKO
OT NPUHUMAMIINX UX IIYHKTOB: pa-
JIMOU3JIyYeHHUE OTPaKaeTcsA OT MOHO-
cdepsl 1 Bo3BpalllaeTcA K IOBEPXHOC-
TU 3eMau. IIpocTpaHCTBO B CpeIHEM
MOKeT OBITh IIPEACTABJIEHO KaK T'H-
raHTckasd moHocdepa, 3aloJHEeHHAsd
rajakTukaMu. JIro6ble paiioOBOJIHBI
C YacTOTaMU MeHBbIe OJHOT0 KHJIO-
repna (IaAuHbI BoJH 60ibmie 300 kM) He
CMOTYT IIPOHUKHYTH B HAally [amakTu-
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ky. Korga BcesleHHas ctaHeT cTaplie
B 25 pa3, MUKPOBOJHOBOU GOH «pac-
TAHETCS» 34 9TY AJHUHY BOJHBI, U Ha-
6GiroatenaM Hamed [amakTukm 6y-
JIeT HEBO3MOXKHO €T0 JIeTeKTUPOBAaTh.
U naske o atoro ciaabule ciennl poHo-
BOT'0 M3JIy4YEeHHUs, KOTOpbIe obecreydn-
BaIOT CTOJIb IOJIE3HON MHGpOpMaIei
COBpPEMEHHBIX yYEHBIX, Y€ CTaHyT
CJIMIIIKOM «6€e3rJIaCHBIM».

CoxeHue

CMoryT Jiu HabIoAeHUA N30bITKA XU-
MUYECKHUX DJIEMEHTOB IIPUBECTH KOC-
MOJIOT'OB JJaJIEKOTO GYIyIIero K MOHU-
MaHHI0 MEXaHU3MOB BOJIbIIIOT0 B3pHI-
Ba? OTBET ckopee Bcero OyfeT onfaThb
oTpullaTenbHBIM. IIpo6GiemMa B ToM,
YTO HAIIM BO3MOMKHOCTHU HCCJIEIOBA-
HUSA HYKJEOCHHTe3a B 310Xy, OIn3-
KYI0 K BoJIbIIIOMY B3pBIBY, 3aBUCAT OT
TOr'0, YTO U3OBITOK NeHTEepUA U TeIus
He CHJIBHO U3MEHHJICS C TOTO BpEMEHH
Kak cpopMUpoBajCa MOYTU 14 MiIpA
sgeT Hasaj. [esuii, o6pasoBaBIINICA
B paHHeU BceneHnHol, HampuMep, co-
CTaBJIAJ 0KOJI0 24% OT BCcell MaTEepUH.
HecMoOTps HA TO YTO 3Be3/bI IPOU3BO-
JWJIN TeJIUH B IIpoIecce SAJIePHBIX pe-
AKIMH, OHU YBEJIUYUINA U3GBITOK 9TO-
r'o dJIEMEHTA BCEro Ha HECKOJBKO IIPO-
1eHToB. ActpoHOMBI ®pex Agamc (Fred
Adams) u I'peropu Jlornun (Gregory
Laughlin) n3 yHuBepcuTera Mwuum-

U3MEePEeHUs DTOro U30BITKA CJeNy-
I0T U3 HAOII0IeHNA BOJLOPOJHBIX 006-
JIAaKOB, IO/ICBEYEHHBIX KBa3dapaMu —
JAJIEKMMU APKUMH MafgKaMH, IIpej-
IIOJIOKUTEJIBHO GepYyIIUMU SHEPTUIO
OT YepHBIX ABIP. B manexkom Gyayiiem
BcesleHHON Kak BOAOPOAHBIEC o0IaKa,
TaK 1 KBa3apbl YHAYT 3a TOPU30HT CO-
OBITUM M GyAyT HaBCerJa NOTEPAHBI
nns "Habmogarenei. ToabKO rajgak-
TUYECKUU e TepUM MOKET OCTaThCA
HabaoaaeMbIM. Ho 3Be3ibl paspya-
IOT IeUTepUi, KOTOPOTO CTAHOBUTCSH
MaJio. Jlame ecilIu acTPOHOMBI Oyay-
miero ero o6HapyaT, OHU HE CMOTYT
OZIHO3HAYHO HPUBA3ATH €ro HaJIu4ue
K BosbitoMmy B3phIBY. fiepHbIE peak-
IIUY, B KOTOPBIE€ BOBJIE€YEHBI YaCTUIIbI
CBEpPXBBICOKMX 9HEPTUH, U3ydaeMble
B HACTOsIlee BpeMs KaK BO3MOKHBIE
UCTOYHUKM XOTsA 6B yacTH HabI0Aa-
€MOT0 IefiTepus, MOTJIM ObI OKa3aThCA
6oJiee TOAXOAAII MU,

HecmoTtpsa Ha To 9yT0 HAGIIOAAEMBINT
n30BITOK JETKUX 3JIEMEHTOB He JaeT
HUKAKUX IPAMBIX IIOJATBEPKACHUH Te-
opuu Bosbiioro B3peIBa, TeM He MeHee
OH MOMKeT 0003HAYUTh OJUH ACIEKT
KOCMOJIOTUU GYAyIero, OTJIMYHBIA OT
WJIIO30PHOM KOCMOJIOTUU ITPOIIJIO-
ro BeKa. ACTPOHOMBI ¥ GU3UKHU, KOTO-
pble Pa3BUBAIOT HOHUMAaHHUE S/Ie PHOMI
¢u3uKU, cIpaBeaIUBO 3aKJIIOUHUIIU,
4TO 3BE€3/Ibl CIKUTAIOT AJEePHOE TOI-

Ecnn ctatbn 0 KOCMONOrUKN NMNEPEXnBYT

CBO€ BpeMs, COXpPaHEHHbIE B apxmBax,

TO OHW, BOSMOXHO, OKaXyTCA €QUHCTBEHHbIM
NCTOYHUKOM MHJOopMaLumu o bonbLuom
B3pbiBe ANA umBunnsaunn éygyiero.
[ToBepAT N OHU — JPYrom BONpocC

raHa IPeAIlooKUIN, YTO dTa 4YacThb
Mora 6Bl yBeIU4IUTheA 10 60% 1ocie
MHOTOKPATHOTO 3Be3/1006pa30oBaHUS.
Ha6arogaTessb B JajiekoM 6yayneM o6-
HapyKWJI Obl HEPBUYHBIN I'eJIUH, «I10-
TOHYBIIUI» B TeJINY, BOSHUKIIIEM B pe-
3yJIbTaTe 3Be3/1000pa3oBaHUAd.

B coBpeMeHHYIO 210Xy caMas J0-
cTOBepHas INPOBEpPKa I'MIIOTE3BI Iep-
BUYHOI'O HYKJIEOCUHTEe3a — IO HU3-

ObITKY pAewTepusa. Hamm nyumume

guBo. Ecinm anee oHU clieaioT BBI-
BOJ (OIIMGOYHBIN), YTO BECh TIeUH,
KOTOPBIA OHU HAGIIOAAIOT, OBLI IPO-
MU3BEJIEH B IIpOoLleccax B PAaHHUX 3Be3-
JlaX, OHU CMOT'y T OLIEHUTh MaKCHMaJIb-
HO BO3MOXKHBIN Bo3pacT BcenenHom
U cIejaTh COOTBETCTBYIOIIUI BBIBOJ
0 TOM, YTO HUX raJJaKTUKa He BEYHAa,
M y Hee eCTb KOHKPETHBIX BO3pacT.
IIpoucxoxaeHUe e HabIogaeMou Ma-
Tepuu OyJIeT OKyTaHO TalHOM.

TEPAA «<XXUMWNYECKUE

KJI04n» K TEOPUA
BOJIbLIOIo B3PbIBA

BceneHHas no4Ty NoNHOCTbIO COCTO-
UT N3 BOJopoa u renus, obpasoBaH-
HOro B MepBble TPU MUHYTLI Nocne
Bonbloro B3pbiBa. 3Be3bl Nepepa-
6aTbiBalOT HEKOTOPOE KOJIMYECTBO
BOAOpPOAA B refuii, HO NoKa He Tak
MHoro. Ha6bntonaemble faHHble 06
OTHOCUTENbHOM COCTaBe 3TUX die-
MEHTOB ABMSANUCH MMaBHbIM (PaKTO-
POM B MOHMMaHuu BosnbLuoro B3pbiBa.
B 6ypyliem xe, korga 3se3gbl Npo-
noskat npeobpas3oBaHue BeLecTBa
B CBOMX Hejpax, ata uHdopmaymsa
noTepsieT CBOK LIEHHOCTb, T.K. Nepe-
CTaHEeT 6bITb XapaKTePUCTUKOMN OOHO-
ro Tosbko BonbLuoro B3pbiBa
[l Bognopog lenun
B OnemeHTbl TAXenee renus

Bonblwoii B3pbIB (+ HECKOIbKO MUHYT)

CoBpeMeHHOCTb

1 TpnH net

KakoBa ke cyabb6a ujieu, ¢ KOTOpoH
MBI Ha4YaJH CTaThIO, CKa3aB, YTO Te-
OpuA OTHOCUTEJIBHOCTHU JWHINTEHHA
pe/cKa3bIBaeT pacmupenue BeereH-
HOM U HadyaJbHBIU Boabmioit B3peIB?
Hurenmu pganexoro OGyaymiero MOIIH
6Bl OTKPBITH OOIIYIO TEOPUIO OTHOCH-
TEeJBHOCTH C IIOMOIIBIO BBICOKOTOY-
HBIX U3MEPEHUH TpaBUTAIlUU B HUX
cobctBeHHOU COJIHEYHOW CHCTEME.
Ho ncnonp3oBaHME 3TOU TEOPUH AJIA
BBIBO/IA THINOTE3bl BOJIBIIOr0 B3pPHI-
Ba, BO3MOJKHO, OCTAHOBUTCSH B CHJIY
OTCYTCTBUSA
CTPYKTYpbl — BcesieHHasa Gyxymiero
6yseT HAallOMUHATh «OCTPOBHYIO BCe-
JleHHYIo» fe CUTTepa, IOrpyREeHHYIO

KpynHOMacImTabHOU

B riny6ouaiimyo myctoTy. Mbl, Kpocc
u llleppep, cuuTaem, 4To HabamoAae-
Mylo BecenleHHyI0 B ajieKoM OyayIiemM
OKHJAEeT KOJJIAaIC B UEPHYIO ABIPY,
YTO BHAYaje NPOU3OUJET U C HAIIEH
FajlakTUKOM.
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KOCMONOTHA

NUCYHE3AA BO TbME

Hou4Hoe He60 3emnu (ecnu cumTaTh, YTO Halla NnaHeTa 6ygeT CyLecTBOBaTh B Aafiekom 6yayLiem) KapgMHanbHO UBMEHUTCS,
Korga Hawa Manaktuka MneydHsin My Tb conbeTcs co CBOMMU 6MXanLLMMM cocegamMu, a ganekme ranakTuku ynayT n3 30Hbl

BUONMOCTHU

CEVYAC

TYMAHHOCTb AHOPOME[bI aBuvxeTcs no HanpaBfeHMIo
K HaM M cendac NoYTU NOJSIHOCTbIO 3arnofIHAeT co60n He6O.
ConHue npeBpallaeTcs B KpAaCHOro rmraHta u BnocneacTemm

PACCEAHHASA NOJIOCA, nponeratoLias no Heby, — Buf c pebpa aucka
HaLuen FanakTnkn. Heckonbko 65IM3KNX ranakTUK-CNnyTHUKOB, TAKUX Kak
TymaHHocTb AHgpomeabl n MarennaHosbl O6naka, BUAMMbI HEBOOPY-

>XEHHbIM rna3oM. Teneckon O6Hapy)Kl/lT eLle Mmunnmapabl ranakTuk

OpHum B nyctoTe

YcrkopeHue BcesleHHOM cMOIJIO GBI CO-
XPaHUTb BeIlleCTBO BHYTPU FTOPU30HTA
coOBITUH, IO KpaliHel Mepe, B paMKax
HaIIero TEeKyIIero IOHNMaHUA 00Iei
TEOPUU OTHOCHUTeEJBbHOCTH. ITo aHaJO-
TUU C IPOLIECCOM XOKWHTOBCKOTO MU3-
JIydeHUs BOJIM3M TOPU30HTA YEpPHOU
JBIPBL, IPEAIIoIaraeTCs, YTO FTOPU3OHT
BcelleHHON TaK:Ke MOKET ObITh IIOJI-
BEPIKEH 9TOMY uU3nydeHUio. Ero Tem-
rnepaTtypa JeKHUT MHOT'O HHIKE IIOPO-
ra uamepumoctu — 10—30 rpaaycos
KenbpBuHa. Jlaske eciiu Ucciie[oBaTeNn
CMOTYT €€ 3aperucTpupoBaTh, OHU, Be-
POSITHO, OTHECYT €€ K IIIyMaM JaJIeKuX
JIOKQJIBHBIX UCTOYHUKOB. ACTPOHOMBI
6yAyIIero cMorIu Obl IIOCBHIIATh 30H-
JIbl, IOKU/IAIOIIYE UX «CBEPXTaJIaKTH-
Ky» ¥ CTAHOBAIIIMECA TOYKAMU OTCUYeTa
JUIs1 OGHAPYKEHU S BO3MOMKHOI'0 KOCMO-

JIOTUYECKOr0 pacIIupeHusd. Jlamxe eciu
IpeonaraTh yAa4Hblil HCXOJ] TAKOT'O
NpeANpUATHAA, IOTPEOYIOTCA MUJLIM-
apApbl JET AJ18 TOT0, YTOObI 30HA AOCTUT
TON TOYKHU IIPOCTPAHCTBA, IJIe PACIIU-
pEeHME IIOBJIUAIO ObI HA €r0 CKOPOCTb.
Kpowme Toro, 30HAy AJ1s1 BO3BpallleHUA
norpeboBasack OBl 3Heprus, cpas-
HUMad C TOH, KoTopas HY:KHa 3Be3Jie
JULSL TIOCBIJIKU COOGOIIeHNs Has3al, K ee
co3/laTeNlo, Ha TaKOe e TUTaHTCKOoe
paccrosHue. Takum o6pasoMm, Hayd-
HbIe QOH/IBI OyAyIIero BPAL JIU ITOAAeP-
sKajau 6bI TAKOU «BBICTPEJI B TEMHOTY»,
0o KpaliHel Mepe, eCJId OPUEHTHUPO-
BaTbhCsA HA COBPEMEHHBIH OIIBIT.
BoaMmosxeHn BapuaHT pasBuTua Bcee-
JIEHHOH, COIVIaCHO KOTOPOMY OHa 3aBep-
LIUT CBOE CyIIECTBOBAHUE B JIOKAJIbHOM
BosbIioM XJI0NKe, a He 6yZIeT BEYHO pac-
IIAPATHCA 3a CUET HAJIUYMUA KOCMOJIO-

THUYEeCKON NOCTOAHHOM. Torsia, BOIIpeKu
nporHo3am T.C. 9imoTa, MUP KOHUYUTCSA
BCe-TaKH He BCXJIUIIOM, HO B3DBIBOM.

Hama Jiormka HEOTBPATHUMO HPHUBO-
JIUT HAC K CTPAHHOMY BBIBOZly. BpemeH-
HOH MHTEpBaJl, B TEYeHNE KOTOPOr'o I'pa-
MOTHBIN HabJII0JaTe b MOKET BbIABUTDH
UCTHUHHYIO IPUPOJY PaCIINPAIOIIecs
BcenenHo#, HeBenHWK. lcTopmdueckue
apXUBbI U HAIIMCAHHBIE HAIIIUMU COB-
PEMEHHUKaMU CTaThU 110 KOCMOJIOTUH
MOTYT OKa3aTbCAd €JUHCTBEHHBIM HC-
TOYHHUKOM MHOpManuu 18 Oy Ly X
LVBUIU3ANUN — €CJIM, KOHEYHO, 9TU
CBU/IETEIbCTBA CMOTY T IIEPEKUTH MUJI-
JIMapAbl JeT BOWH, BCHBIIIKUA CBEpX-
HOBBIX, YepHBIE ABIPHI U APYyTHe OoIac-
HocTHU. IIOBEpPAT I OHU — 9TO IPYTroi
Bonpoc. Ho naske oGiajaroniye sTUMHU
3HAHUAMU JIIOJU MOTYT OCTAThCHA B He-
BeJIEHUH 0 BoJIBIIIOM B3pHhIBeE.
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KocMmonorug

YEPES3 100 MJIPA JIET

MPEEMHWK Mne4yHoro Myt — wapoobpasHas
rMraHTckas ranaktuka. 3emns nonsbiBeT HA ee OKpaviHe,
3abpolleHHas n oagmHokas. lNpo4mne ranakTMkv MCHe3HyT

BO TbMe

Ilouemy coBpeMeHHas BceneHHasda
obagaeT TAaKUMU 0COOBIMU CBOMCTBA-
Mu? MHorue wuccjiaegoBaTen O6JIU3KU
K MBICJIM O TOM, 4TO (paKT CyIIeCTBO-
BaHUSA KU3HU oOecliedynBaeT HEKUU
NPpUHIUI oT6Oopa, KOTOPBIM MOMKET
00BbACHUTDH COBHAJEHUSA, ACCOLIUUPO-
BaHHBIE C COBPEMEHHBIM IIEPUOJIOM ee
UCTOPUU. MBI MOJYyYUTIN HECKOJIBKO
YPOKOB OT HalIe paboThl.

Bo-nepBbrix, nandpopmanusa o Bce-
JIEHHOU MOTJIa HEOJHOKPATHO TePATh-
cf B pe3yJIbTaTe yCKOPEHHOIr'0 pacIliu-
peHudA npocTpaHCTBa-BpeMeHu. Ecin
B paHHel BcesreHHOM OB1JI IEepUOJ UH-
¢aanuu, To GBICTPOE pacHIMpEeHHE
B TeYeHHEe TOU 9PbI pasHeCcJIo Jajie-
KO 3a IpeJesibl Hallel HabiaogaeMon
BceeHHOUW IpaKTUYECKU BCE CBU-
JIeTeJbCTBA CyNIeCTBOBABIINX TOTJA
MaTEpUH U SHEPTUHU. [[eICTBUTEIbHO,

YEPES3 100 TPJIH IET

BE3 CBETA: NMocnepHsia 3Be3aa noracna. Hanpo-
TUB TYCKO NOGSIECKMBAIOLLIMX HEPHBIX AbIP Y UCKYC-
CTBEHHbIX UICTOYHVKOB CBETA, CO3[aHHbIX CBEPXLN-
BUNM3aynammn, BceneHHas KaHysla BO Mpak.

FanakTuka cXvMmaeTcs B YEPHYIO AbIpy

OTHOUM M3 MOTHUBAIIUN K IIOCTPOEHUIO
UHOIAITUOHHON Mojesn OblIo u3ba-
BUTH BCeJIeHHYIO OT JOKY YJINBBIX KOC-
MOJIOTUYECKUX 00'bEKTOB, TAKUX KaK
MATrHUTHBIE MOHOIIOJUU, KOTOpPbIE
WHa4Ye JOKHBI ObLJIN CyIIeCcTBOBAaTh
B U300MIHUU.

Bo-BTOpBIX, 4TO elie 6osee BaKHO, —
HaM II0BE3JI0 JKUTh B Ty 3IIOXY, KOTAA
CYIIECTBYIOT HaGIOJaeMble OCHOBBI
BoJbIIoro B3pbhiBa, KOTOPBIE MBI MO-
3KeM 0OHAPYKUTh. MBI BUUIM, YTO JPY-
rue ¢pyHAaMeHTaJbHbIe aceKThl Bee-
JIECHHOMW CerojHs NMPUHIUIHUAJIbHO He
HabmoaeMbl. UTO MBI yiKe OTepsIn?
B03MOKHO, OZ{HAXK/IbI MBI OGHAPYKUM,
qTO HAIlle KaMKyleecss TAKUM IIOJHBIM
NoHUMaHUe BcelleHHOU ocTaBIIAET ce-
PBE3HO KeJIaTh JyJiiero. M

Mepesop: O.C. CaxunHa
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HAYKA 0 MO3TE

BEUECMBEHHOCb
== BENOrD BEWECTBA

CKYNbMNTYPHOE M3OBPAXXEHUE
KOpbl MO3ra (caenaHa nu3 MegHom
NPOBOIOKMN) M HAXOAALLLErocs nog Hew
6enoro BeljecTea
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HAYKA 0 MO3IE

peAcTaBbTe, YTO BO3MOMKHO

3alVIAHYTh BHYTPb TOJIOBBI

U YBUJAETH, I0OYEMY OJUH de-
JIOBEK yMHee Jipyroro. Mnu e y3HaThb,
4TO KaKHe-TO CKPBIThIe 0COGEHHOCTU
MO3Ta BEAYT K Pa3BUTHIO mu3odpe-
HUU WJIN JUCJIeKCHUHU. HOBBI MeTox
TOMOrpaUYecKoro uccjlIeJJoBaHUusA
[103BOJIAET YYEHBIM II0JIyYaTh UMEHHO
TaKHe CBEJEHUA U PACKPBIBAET YAH-
BUTEJIbHYIO BEIllb: HA NUHTEJIEKT, KaK
U Ha ICUXWYECKOe 3/I0pPOBbE, BIUAIOT
TpPaKTBhI, PACIOJIOKEeHHbIE B TIIyOUHe
MO3Tra M COCTOSAIINE UCKIIOYUTEIBHO
13 6eJIoro BelecTBa.

B cepoM BeliecTBe HAIIEro MO3-
ra IpoHCXOAUT yMCTBeHHas paboTa
U XpaHHUTCcA namaTh. Kopa npeacras-
nseT cobol II0YBYy Ha HOBEPXHOCTH
MO3ra, COCTOSAIIYIO U3 IVIOTHO YIIaKO-
BaHHBIX TeJl HEPBHBIX KJIEeTOK, Ha3bIBa-
e€MBbIX HEeHpOHaMU, T7e KakK pa3 U IIpu-
HUMAIOTCA pelleHud. [Iy6ixe JeHUuT
«KOpeHHas rnopoja» — 6ejioe BellecT-
BO, 3aHUMalollee IIPUMEPHO II0JIOBU-
HY o6beMa Mo3ra 4ejioBeKa (HaMHOI'O
6Gonpllle, YeM y :KHUBOTHBIX). Beoe Be-
IIECTBO COCTOUT U3 MUJJIMOHOB COE/IH-
HUTEJbHBIX BOJIOKOH, KayK/10€ U3 KOTO-
PBIX IIpEACTABJIAET COO0M OTAEIbHBIN
JUINHHBIH OTPOCTOK HEPBHOH KJIETKH,
WU aKCOH, OJE€ThIN B 6ejioe KUPOIIo-
Jlo6HOe BEIeCTBO, Ha3blBaeMOe MHUe-
JINHOM.

Hetipoduanonoru fecATUIe TUAMY He
IIPOABJISAJIN IOJIKHOIO NHTepeca K 6e-
JioMy BelecTBy. OHU CUUTAIU MUETUH
OPOCTON M30JAILNEH, a HaXOAAIIUeCcs
BHYTPH aKCOHBI — He 0ojlee 4eM dJIeK-
TPUYECKUMH IIPOBOAMU, KOTOPHIE II0-
JI06HO MarucTpajabHBIM TeledOHHBIM
JINHUAM, CBA3BIBAIOIINM PAXOHBI CTPa-
HBI, COeJUHAIOT MKy CO60M HEMPOHBI
pasIMYHBIX o6acTeld Mo3ra.

B Teopuax, o6bACHALIINX MeXa-
HU3MBI 06y YeHUd, TaMATH U Pa3BUTHE
IICUXUYECKUX PACCTPOHCTB, OCHOB-
HO€ BHUMAaHUE YJAEeIAJI0Ch MoJle-
KYJAAPHBIM COOBITUSAM B HEWpOHaX
U 3HAMEHUTBIX CHHAIICAX — KpOoIled-
HBIX TOYKaX KOHTAKTa MEeXAY HeHpo-
HaMu. OJTHAKO Telepb y4YeHble Ha4U-
HaIOT IOHUMAaTh, YTO HEJ0OLEHUBA N
BaIKHOCTB 6€JI0ro BelllecTBa AJId Iepe-
navu nHGOpMAnUU MeXAy obacTda-
MU Mo3ra. HoBele mcciae/foBaHUA I10-

YyeHble nsgasHa cymtanm 6enoe BeLwecTBO
naccMBHOW MHQpacTpyKTypon moara. OgHako
HOBblE NCCleaoBaHUs NoKa3blBakT, HTO OHO
aKTUBHO y4acTBYeT B 00y4YeHUU, a TaKXe

B pa3BUTUN NCUXNYECKMX 3a60NeBaHNN

Ka3bIBaIOT, YTO CTEIIEHb €T0 PAa3BUTUSA
pasiauyHa y JIofiel ¢ pa3HBIMU Hapy-
IeHUAMHU QYHKIUOHUPOBAHUA MO3-
ra WJIM WHAVBHUJAYAJIbHBIM OIBITOM.
OHO TaKKe MeHAeTCs, KOorja YeJOBeK
ocBaMBaeT MJIM COBEPIIEHCTBYET Ka-
KOI-HUOYb HaBBIK, HAIDUMEpP UIPY
Ha doprenuaHo. Jame HeCMOTpA Ha
TO YTO UMEHHO HEHPOHBI B CEPOM Be-
mecTBe o6ecredyuBalT YMCTBEHHYIO
1 GU3NYECKYI0 aKTUBHOCTD, PYHKIIU-
OHHPOBaHUE GeJIOTO BEIIECTBA MOMKET
GBITH He MeHee KPUTHUYIHO AJIA IPpHo06-
peTeHUus pa3JIndHbIX 3HAaHUH. U 31ech
HaJI0 UCKaTh OTBET Ha BOIIPOC, II0YeMy
cTapyo co6aKy TPyAHO HAy4YUTH BBI-
MOJIHATH HOBBIE KOMaH/IBI.

Yem BbiLLe MacTepCcTBO, TEM
6onblle 6e5oro BeLlecTsa
MuesiH, DpUAAINN 6eJ10MYy Belec-
TBY €r'0 IIBET, BCerja Taui B ce6e MHOTO
3araJiok. bosee cTa jeT y4eHbIe CMOT-
pesiz Ha HePOHBI Yepe3 CBOU MUKPO-
CKOITBI ¥ BU/IE/IU JJIMHHBIE BOJIOKHA —
aKCOHBI, BBIXOJAIINE U3 TeJa HEUpo-
Ha U HaNpaBJIARINNeCcHd K COCeTHEMY
HelpoHy. Bbl10 06HAPYXKEHO, YTO KakK-
JIBIA aKCOH HOKPBIT TOJCTBIM CJIOEM
TPO3PavyHOro reiasa. AHATOMBI IPEJIOo-
JIOKUJIV, YTO }KUPOIOA0O6HOE BEeIecT-

OCHOBHbIE NOJIOXXEHUA

BO M30JIIPYET aKCOHBI IIOJJOOHO pe3u-
HOBOI 060JI09Ke Ha MEeJHOM IIPOBOJE.
CTpaHHBIM, OJJHAKO, OBLJIO TO, YTO MHO-
rue M3 HUX, B OCOOEHHOCTHU CaMble
TOHKHUE, He ObLIM HHUYEM IIOKPBITHI.
U naske Ha N30JIMPOBAHHBIX BOJIOKHAX
NIPUMEPHO Yyepe3 KamKIbIi MUJUIIMETP
GBIIY 3aMETHBI Pa3pPbIBBI B U30JIAIUH.
Takye OroJIeHHBIE YYACTKHU CTaJIH Ha-
3pIBaTh IlepexBaTaMU PaHBbE B 4eCTb
BIIEpBBIE ONMCABIIEro UX GpaHIy3c-
Koro aHaroma Jlyn-AHTyaHa PaHBbe
(Louis-Antoine Ranvier).

B pesynbTaTe COBPEMEHHBIX HCCJIE-
JloBaHUH 6bLJIO 0GHAPYKEHO, YTO eCJIN
AKCOH ITOKPBIT MUEJIHHOM, TO HEPBHBIE
HMITyJIbCHl GeryT IO HEMY IIPHUMEPHO
B 100 pa3 6eicTpee. MueanH HaMOTaH
Ha aKCOH NOJI06HO U30JIEHTE, 06epHY-
Toi o0 150 pa3 BOKpYyr ydacTKa BO-
JIOKHA MEKJY IepexBaTaMu. Ilmockue
CJIOM 3TOT'0 BEIIeCTBA CUHTE3UPYIOT-
cA AByMA THUIIAMU INIMAJIbHBIX KJIe-
TOK, KOTOPBIE He ABIAIOTCA HeHpoHa-
MU, OJJHAKO YHCJIEHHO IIpeo6IafaloT B
MO3Te U BO BC€l HEPBHOMN CHCTEME (CM.:
dunds /. ipyeas uacms mosea // BMH,
Ne 7, 2004). OGepThIBaHME aKCOHA BbI-
MOJHAET INIMaJlbHAafA KJIETKA OJIHUIO-
JIEHAPOIUT, 110 (hopMe HAIIOMUHAIOIA A
oceMuHora. O60J/I09Ka IpegoTBpalia-

® Benoe BeLecTBO, N3[aBHa CYMUTaBLLEECH NACCUMBHbLIM, HAa CAaMOM Jefne akTUBHO BNUSIET Ha
npoueccbl 06y4eHUa 1 y4acTBYeT B pa3BUTUN psifa NCUXMYECKUX 3a6oneBaHuni.

®m HecMOTpSsi HA TO YTO MbllWEeHNe 1 06paboTka UHDOPMALUN BbIMOMHAIOTCS B CEPOM Be-
LiecTBe (COCTOSsLLEM M3 HEMPOHOB), 6enoe BELEeCTBO (COCTOsILLEE N3 aKCOHOB, MOKPbIThIX
MUWENUHOM) perynupyet o6MeH curHanamv Mexany HeipoHamu U KOopAWHUPYET COBMECTHYIO

paboTy pa3nu4yHbIx obnacTen Moara.

® HoBasi TexHonornsa — anddy3MoHHO-TEH30pPHAsA MarHMTope3oHaHcHas Tomorpadgusa (OT-
MPT) — BnepBble No3Bofnna yBuaeTs 6enoe BELLECTBO B AENCTBUU, PACKPbIB M0 HEJOOLEe-

HEHHY0 poJib.

® K MOMEHTY pPOXAEHWUS MUENUH (hOPMMPYETCS NMULLL YaCTUYHO U MPOAOIIKAET NMOCTENEHHO
pas3BuBaTbLCS A0 TEX MOp, Noka Mbl HE [OCTUTHeM Bo3pacTa B 20 ¢ NIULLHKM NeT. Bpems u cTe-
neHb MUENUHU3aLMM MOTYT BIUATL HA 06y4YEeHWeE, CTENEeHb CAMOKOHTPOMS U Pa3BUTHE TAKUX
3a60neBaHui, Kak LWN30MPEHHNs, ayTU3M 1 faxKe NaTonornieckas CKNOHHOCTb KO JIXKU.
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€T yTe4YKy dJIEKTPUYECKOIo CHrHaJja
1 obecrieyuBaeT GBICTPOE «IIeperrphl-
TUBAHHUE» UMIIyJIbCOB II0 AKCOHY OT
OJHOTO IlepexBaTa K JApyromy. B Hep-
Bax 3a IpejeiaMU TOJI0BHOIO U CIIUH-
HOI'O MO3Ta MHEJHH o6pasyloT Apy-
THe IJIMaJbHblEe KJIETKHU, Ha3bIBaeMbIe
[IIBaHHOBCKMMU U mMelomue GopMy
COCHCKH.

IIpu oTCyTCTBUU MUEJIHNHA IIPOUCXO-
JUT yTedyKa CUTHAJIa, U OH 3aTyXaerT.
151 Toro 4To6BI 06ECIIEYnuTh MAaKCH-
MaJIbHYIO CKOPOCTB IIPOBEAEHUS, TOJI-
IUHA U30IAIUHN JOIKHA HAXOAUThCA
B CTPOTO OIPEAeJIeHHON NPOIOpPIIHUU
K JuaMeTpy BOJIOKHA BHYTpH Hee. On-
THMYM JOCTHUTAETCs, KOTrjga OTHOIIIe-
HHE TOJIIIMHBI aKCOHA K CyMMapHOU
TOJIIIIHE BOJIOKHA (BKJI0YaA MUEIUH)
coctaBigeT 0,6. MBI He UMeeM IIpea-
CTaBJIEHUA O TOM, KaK OJIUTOAE€HAPO-
LIUTHI «y3HAIOT», Korjpa tpebyercsa 10,

a korga 100 cioeB, 4TOOBI JOCTUYDb
HeOoOXO0AMMOM TOJIIIIUHBI BOJOKHA 115
aKCOHOB pasjau4Horo auamerpa. Of-
HaKo HeJaBHO 6uosor Kiaayc-ApmMuH
Hasge (Klaus-Armin Nave) u3s MHCcTH-
TyTa 9KCIEePUMEHTAJbHON MeIuIU-
Hbl Makca I[lnanka B 'eTrTuHTEHE, 06-
Hapy®uJ, 94To [IIBAHHOBCKUE KIETKHU
pearupyioT Ha 6eJIoK HeHpOperyauH,
HaXOAIMICA Ha IOBEPXHOCTH aKCO-
Ha. OHU, B 3aBUCHMOCTH OT TOT'0, yBe-
JINYUBAETCA UJIM YMEHBIIAeTCA KO-
JINYECTBO 3TOTO OeJIKa, CO3JaloT COo-
OTBETCTBEHHO GOJIBbIIIE WM MEHbIIIe
CJIOeB MHEJIMHA BOKPYT aKkcoHa. IHTe-
PEecHO, YTO Yy MHOTHUX JIOJIeli, cTpaja-
IOINUX GUITOJAPHBIM PacCTPOHCTBOM
WU MU30(ppeHuen, cymecTByeT ae-
¢eKT B TeHe, KOTOPBIH peryiaupyer
CHHTe3 HellpoperyanuHa.

Y d4eJsioBeKa mIpolecc MHUEJIUHU3a-
U1 NPOTEKaeT IOCTEelNeHHO. B mo-

4YTO TAKOE BEJIOE BELWECTBO?

Benoe BeLlecTBO COCTaBnSAET MPMMEPHO NONOBUHY 06bemMa Mo3ra. OHO
06pa30BaHO MUNNIMOHAMU BOJIOKOH 6e/0ro LuBeTa, CoOeANHAILLNX HENPOHbI
(cepoe BeLLecTBO) pasdnuyHbIX 06racTet Mo3ra Nogo6HO TOMY, Kak
MarucTpasbHble TeNneOHHbIE NMNHUM CBA3LIBAIOT PaioHbl BCEN CTpaHbI

Kopa
601bLLNX
nonyLiapui

Benoe
BELLEeCcTBO

Cepoe
BELLECTBO

MEHT POMKJEHUSA JINUIIb B HECKOJIBKUX
0o6acTAX MO3ra COAEPKHUTCH JoCTa-
TOYHO GOJIBIIIOE KOJIUYECTBO MUEJIH-
Ha, KOTOpBIK 3aTeM k 25—30 rogam
HEpaBHOMEDPHO paclpocTpaHsdeTcs
M OTKJIQJbIBA€TCA B OTHAEIBHBIX MeC-
TaX. MueanHH3anusa OOBIYHO HJET
BOJIHOH OT 3aTBLJIOYHOU KOPBI 60JIBIINX
HoJIyIIapuil K JJOGHOM II0 Mepe B3pocC-
sneHus. CooOTBETCTBEHHO, B JIOGHBIX J10-
JIIX OHA IIPOUCXOJUT II03KEe BCEro. OTU
0671aCTH OTBETCTBEHHBI 32 CJIOMKHBIE
paccy:xaeHusd, IUIAaHUPOBaHUeE Jelc-
TBUH U CYKJECHUS — a TAKHEe HABBIKHU
HPUXOAAT JIUIIE C oIbITOM. Mccneno-
BaTeJIN IIPEAIOoIATraT, YTO HeI0CTa-
TOYHAA MUEJTUHU3ANUA ABIACTCA Of-
HOM U3 NPUYUH TOTO, YTO IOJAPOCTKH
He CIIOCOOGHBI IPUHUMATh OTBETCTBEH-
HbIE PelIeHU TAK JKe, KaK B3POCJIbIe.
[IpeAIIoIIOKUTEIBHO, B YeJloBede-
CKOM MO3Te MUEJMHHU3AIUA aKCOHOB

Mosonuctoe
Teno

.
°e., Mosacok

Mo3zonuctoe
Teno

Mo3zonucToe Teno

npepcrasnseT

co6oi Maccy BONMOKOH

6enoro BeljecTsa, COeAUHAOLLNX
npasoe 1 nesoe nonywapus. B o6enx
NonoBMHaxX Mo3ra BOJIOKHA MAYT No
HanpaBneHWto K Kope, o6pa3ys
CTPYKTYpPY, Ha3blBaeMyto NOSICKOM. Tu
NyTW MOXHO YBUAETb C MOMOLLIbIO HOBOW
Tomorpaduyeckon TexHonorum AT-MPT

4

Kaxaoe BONOKHO MAET OT HEMPOHa OAHOM 0671ACTM K HEWPOHY,
pacnosioxXeHHOMy B ApyroMm mecte. BonokHo npepcTaBnset cobom
aKCOH, N30/IMPOBaHHbIV CI0OEM MOJTOYHO-6€10ro MMennHa
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-ation); DEREK JONES Cardiff University (cingulum tractography)

JEN CHRISTIANSEN (illu:



COURTESY OF R. DOUGLAS FIELDS (Fields); PHILIPS HEALTHCARE (machine); ZEPHYR/ PHOTO RESEARCHERS, INC. (color scan); JOE GALLIVAN Ulster Medical and Surgical Specialists (black-and-white scan)

He 3aBepIlaeTcsd 0 I0JIOBOTO CO3pe-
BaHUA, HOCKOJBKY 70 9TOI'0 BpEMEeHU
BOJIOKHA IIPO/IOJIZKAIOT pacTH, obpeTra-
IOT HOBBI€ BETBU U JIMIIAIOTCA CTAPBIX
B 3aBUCUMOCTHU OT UHANBUAYAJIbHOIO
oIbITa JaHHOTOo yesnaoBekKa. [locie Toro
KAaK OHU HOKPBIBAIOTCA MUEJIHHOM,
B HUX MOT'YyT IIPOUCXOAUTD JUIIb Gostee
OrpaHUYEeHHBIE U3MEHEHHA. YYEHBIX
BOJIHYET, JE€HUCTBUTEIbHO JIA MHUEIUH
obecriednBaeT IO3HABATEJIbHBIE CIIO-
COOHOCTH, WJIN K€ KOTHUTUBHBIE IIPO-
LIECCBI ITPOCTO OI'PAHUYEHBI B T€X 061ac-
TAX, TJIe OH ellle He cpopMUupoBasca?
®peapuk Yianen (Fredrik Ullen),
BUPTYO3HBIM ITHAHUCT, a TaKiKe J[0-
neHT CToKroabMckoro HWHCTHUTY-
Ta mo3ra (Stockholm Brain Institute)
B IlIBenuu, pemiua 3TO BBIACHUTD.
Jna ucciemoBaHuUsA Moara Irpodec-
CHOHAJIbHBIX NUAHUCTOB OH B 2005 T.
BOCIIOJIb30BAJICA HOBOM TEXHOJIOTHUEN
BU3yaJM3alluu Mo3ra — Audpy3noH-
HO-TE€H30PHOU MarHUTOPEe30HAHCHOU
Tomorpaduei (AT-MPT). AT-MPT BbI-
MOJIHAETCA C IMOMOIIbIO ammapary-
PBI, CXOHOM ¢ OGBIYHBIMUA MAarHUTO-
Pe30HaHCHBIMHY ToMOrpagaMu, KOTO-
pble ycTaHaBJIMBAIOT B 0OJbHHUIAX,
OJJTHAKO B HUX UCIIOJIb3yeTCA ApPYyrou
THUII MAarHUTHOI'O MOJA U APyTHue aj-
TOPUTMBI CO3/TaHUA CEPUHU n300paske-
HUU — Cpe30B MO3ra, HA OCHOBE KOTO-
PBIX CTPOUTCA TPEeXMepHas KapTHUHA.
Ha cpesax oTobGpamkaroTcsad BEKTOPHI
(MaTeMaTU4YeCKH oIpeeIeHHbIE KaK
TeH30pHI) AudPy3nn BOABI CKBO3b
TKaHU. B cepoM BelecTBe CHUTHAJ
AT-MPT oTHOCUTEJBbHO cIabbId, mo-
CKOJIBKY Boja JUPPYHAUPYET CHUM-
METPUYHO BO BCE€X HAINpPaABJIEHUAX.
OHaKoO OHA MPOHUKAET B ONPE/IeJICH-
HOM HaIlpaBJIE€HHUU BJOJb IIYYKOB aK-
COHOB, YTO II03BOJISET YBU/AETH Oeiioe
BEIII€CTBO, BHIAABJIAA OCHOBHBIE IIyTU
nepesadyu MHOpMaAIUU, TeEKYIIeH
MexaAy obiractamu moara. Yem Gosee
IUIOTHO YIIAKOBAH MHEJINH U 4YeM OH
TOJIIIE, TEM cuJbHee curuaa JT-MPT.
YnieH o6HaApyXUI, YTO y npodec-
CHOHAJIbHBIX MMAaHUCTOB OIpeJieIeH-
HbIe o6acTu 6eJioro BellecTna 6ojee
Pa3BUTHI, YEM Y JIOJIeH, HE UMEIOIIUX
OTHOIIEHUA K My3bIKe. OTO y4acTKH,
coeuHAKINNE 0671aCTH KOPHI 60Jb-
MUX IOJyIIapuU¥, KOTOPbIE KPHUTHU-

YeCKU HeOOXOIUMBI I KOOpPAH-

Forehead

HUPOBAHHBIX JABUIKEHHUHN IaJIbIEB,
c o6nacTaAMU, 3aHATBIMU APYTUMHU
KOTHUTUBHBIMHU ITpOIleCCaMU, BOBJE-
YEeHHBIMU B UCIIOJTHEHHUE MY3bIKH.
YnieH Takike YyCTAHOBHWJI, YTO YeM
GoJIbIlle YACOB B JIeHb MY3BbIKAHT Tpa-
TUT Ha YIPAKHEHU, TEM CUJIbHEE CTa-
HoButcda curnan IT-MPT. Pasymeercs,
QKCOHBI MOTYT HPOCTO YTOJINAThCH,
Tpebys 6osbIlle MUEINHA JJIA HOANEP-
JKAQHUSA ONTHUMAJIbHOIO COOTHOIIEHUS
0,6, ogHako 6e3 MpoOBeJEeHUA ayTOII-
CHM JTaHHBIA BOIIPOC pa3peliuThb He-
BO3MOXKHO. U BCe ke JTaHHOE OTKPBITHE
KpalHe BaKHO, IOCKOJbKY IIOKa3bIBa-
€T, YTO IIPU OGYUYEHHUHU CJI0KHOMY Ha-
BBIKY IIPOUCXOJAT 3aMeTHbIEC N3MeHe-
HUSA B 6€JI0M BellleCTBe — 06JIaCTU MO3-
ra, B KOTOPOM HET TeJI HEPBHBIX KJIETOK
WU CUHAIICOB, & UMEIOTCS JIUIIb OTHU
aKCOHBI U IIus. VccaeqoBaHUSA Ha dKU-
BOTHBIX IIOKa3bIBAKOT, YTO MUEJIUH
MO3KET U3MEHATHCA B OTBET HAa UHIU-
BUYAJBHBIN OIBIT U YCIOBUSA CPEBbI,
B KOTOPOHM pa3BUBaeTCA JaHHAA 0COOb.
HepaBHO Helpo6uosior Yuiasam ['pu-
Hoy (William T. Greenough) u3 Nniu-
HOMCKOI'0O YHUBEPCHUTETA B IT. IpbaHa
u [[laMneiH DOATBEPANII, YTO KPBICHL,
BBIpaIlleHHBIE B «000Tal[eHHO» cpesie

TpaguUMOHHbBIA MarHUTOPE30HAHCHbIA TOMO-
rpad MoOXeT nuLb NPUGAN3NTENBHO 06pUCO-
BaTb pacronoxeHve 6enoro BeLlecTsa (BHU3y
cne.a, 6enbie o6nactu). OQHaKO HOBbI MeTof,
HadBaHHbIi OT-MPT, nokasbiBaeT ropasgo
6onee feTanbHyl0 CTPYKTYpPY (BHU3Y cripaBa);
KpacHbIM 1 XenTbiM LiBETOM 0603Ha4eHo 6onee
BbICOKOOPraHn3oBaHHoe 6efoe BeLLecTBo

(c 60MBIIMM KOJMYECTBOM HUTPYIIEK
¥ MHTEHCUBHBIM COIlMaJIbHBIM B3au-
MoJieficTBHEM) UMeJIN GOJIbIle MUEIH-
HHU3UPOBAHHBIX BOJIOKOH B MO30JIU-
CTOM TeJjle — MaCCHUBHOM TSKe aKCO-
HOB, COEJMHSAIOIIEM JBa IIOJylIapuUs
Mo3ra.

IToxo:xe, IMONyUYEeHHBIE JAaHHBIE CO-
riacyoTcd ¢ pe3yJbTaTaMH HCClle-
noBaHUU ¢ mpuMeHeHueMm JIT-MPT,

BBIIOJIHEHHBIMHU  HeHpoOHuoorom

OB ABTOPE

Ayrnac ®unp3 (R. Douglas Fields) Bos-
rnaBnseT oTaen pasBuTus HEPBHOW CuUC-
TeMbl U NIacTUYHOCTU B HaumoHanbHoOM
MHCTUTYTe OETCKOro 340pOoBbs U pasBu-
TUS YenoBeka
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®OPMUPOBAHUE MUEJIUHA

[ N1HHbIE aKCOHBI, N30IMPOBAaHHbIE MUE-
JIMHOM, HECYT CUrHasbl MEXAY HelpoHa-
MW 6bICTpPEE, YeM HEMUETIUHU3UPOBAH-
Hble aKCOHbl. KneTku, Ha3biBaeMble
onurogeHapoumMTammn, Npon3BoaaT 3Ty
XUPOMNOA06HYI0 060M04KY M HAaMaTbIBAOT
ee Ha aKCoH TonmHom ot 10 go 150 cno-
eB. Ha npouecc mmenuHmMsaumm MoryT
BNUSATH pasnnyHble aKTopbl; KNETKH,
Ha3blBaeMble acTpoLMTaMM, «MPOCyLLIN-
BalOT» CUrHanbl, nayLine no akcoHam,
1N nepeparwT XMMUYECKMe COOBLLEHMNS
onurogeHgpountam. BHM3y Ha Mukpodo-
TorpadmMm nokasaHo, Kak npoucxogut
MWUENNHN3aLMA aKkCcoHa (aKCOH OKpaLLleH
B KpacHblii LBET)

-

OnurogeHapount

- i
-

-

BuracenToMm llIMutxopcToMm (Vincent
J. Schmithorst) us J/lerckoro rocunura-
aa JUHIOUHHATU, KOTOPBINA CPaBHUI
6es10e BEeIecTBO y JIeTel B Bo3pacTe OT
5 1o 18 neT. Bosee BeIpa:eHHOE pas-
BUTHE €r0 CTPYKTYPbl KOPPEJIHPOBAJIO
c 6osee BbIcCOKMM [Q. B apyrux pa-
6oTax 6BLJIO ITOKA3aHO, YTO Yy JAETeMH,
CTpafalonIuX TAKEIbIM HapyIIIeHUEM
BHUMAaHMUsA, 6€JI0ro BelecTBa B MO30-
JUCTOM TeJje coAepurcsa Ha 17%
MEHBIIIE.

CTVIMyJ'IFILWIﬂ KnepemMmeHam

HakxonieHHBIE JaHHBIE YKa3bIBAIOT
Ha TO, 4TO OIBIT BJIHAET Ha POPMU-
poBaHUE MHEJINHA, KOTOPBIA obecme-
9uBaeT 00ydeHHe U COBEPIIEHCTBOBA-
HUe HaBBIKOB. Ho 4TOGBI IIOJTHOCTBIO
y6eAUuThCA B MCTUHHOCTHU TaKOT'O BbI-
BOJa, HUCCIeJ0oBATEeIAM HEOOGXOJHUMO
HaWTHU 9eTKoe 06’ bACHEHUE TOTO, KaK
o6unaue KUPONOJOOHOro BellecTBa
MOJKeT YJIYyYIIUTh MBIIIJIEHHE, a TaK-
ske 0OHapyKUTh KaKue-Iubo mpAaMbIe
JlOKa3aTeJIbCTBA TOTO, U4TO AedeKThI

AKCOH

MwenuHoBas
o6ono4ka

MUEJINHU3AIUHU HAPYIIAI0T YyMCTBEH-
HBI€ CIIOCOGHOCTH.

MBI ¢ KOJlJIETaMU BBISIBUJIN HECKOJIb-
KO Iy TeM, 110 KOTOPBIM UHIAUBUYAJIb-
HBIA OHBIT MOJKET BJIUATH HA 06paso-
BaHUe MueanHa. HelpoHBI, HAXOAA-
Iyecs B MO3re, IIOCBLJIAI0T 10 CBOUM
aKCOHAM OdJIEKTPUYECKHUE UMIIYJIb-
chbl. BelpamuBas HEepPOHBI U3 KYJb-
TYpPbl 3apOABIIIEBON TKAHU MBIIIEH
B YalllKax, CHAOkKEeHHBIX INIATUHOBBI-
MU 9JIEKTPO/IaMU, MBI MOKEM HaBA3aTh
UM TOT WJIM UHOM XapaKTep UMITYJIb-
coB. B pesynpraTte 6bBLIO OGHApyKe-
HO, YTO UMIIYJIBCBI MOTYT PEryJupo-
BaTh ONpe/ieIeHHbIe TeHbl B HEHPOHAaX.
OJUH U3 TAaKHUX I'€HOB BBI3BIBAET CHH-
Te3 KJIEHKOoro 6ejiKa II0J Ha3BaHUEM
LI1-CAM, KOTOpPBIA KPUTHUYECKU HEOO-
XOAUM B Ha4aJjie 06pa3oBaHUA MUEIH-
HOBOM OGOJIOYKH IS NPUKPEIICHUS
HEPBOTO CJI0S MUEJINHA K aKCOHY.

MBpI Takke OOHAPYKUIH, YTO IVIUA
crioco6Ha «IPOCIYyHIUBATE» UMITYJIb-
CBI, UAYIHE 10 AKCOHY, U YTO yCJIbI-
IIaHHBIA €10 IIOTOK HWMIYJIbCOB

Mepexsar
PaHBbe

MepexsaT

PaHBbe gencTeyet
nogo6Ho
noBTOPUTENIO
CcUrHana: UMnynbc
B HEM yCunmBaeTcs
v nepepaeTcs
nanbuwe. Cka4yok
noteHynana
MHULUMUpyeTcs,
Korja B rnepexsare
OTKpbIBAKOTCA
KaHanbl, Yepes
KOTOPbIE BHYTPb
YCTPEMNATCA NOHbI
HaTpus. 3aTem
no6nunsocTu
OTKpbIBAKOTCA
Kanuesble KaHasbl,
M UMNYNbC HeceTcs
no aKCoHy

K cnepyioLiemy
nepexsary nogo6HO
KaMHIo,
BbINYLLEHHOMY

13 poraTtku

CurHanbHbIn
UMMYnbC

onpefessdeT CTEIeHb MHUEeJINHHu3a-
nuu. [InanpHada KIeTKa I10J Ha3Ba-
HHEM acTPOLIUT, YyBCTBYdA yCUJIEHHE
MOTOKA UMIIYJIBbCOB, BBIJIEJIAET OIpe-
NeJIEeHHBIM XUMUYECKUI areHT. OTOT
XUMHYECKUH KOJI 3aCTaBJIAET OJIUTO-
JIeHJPOIIUTEI 06pa30BBIBATh GOJIbIIIE
MueanHa. MyTanusa B TeHe acTPOIU-
TOB UMeeTCA Yy AeTel, cTpajgaloniux
60JIe3HBIO AJIeKcaHAepa, HacIel-
CTBEHHBIM CMepTeJbHBIM 3aboe-
BaHueM [{HC, npoaBiadgwIIUMCcH OT-
cTaBaHHEM B YMCTBEHHOM Pa3BUTHU
UM XapaKTepU3yINMCI HapyIIeHueM
o6pa3oBaHUsA MUEJIHHA.

Kak Oenoe BelmiecTBO BJIHSAET Ha
KOTHUTHUBHBIE crioco6HOcTH? [To aHA-
jJoruu ¢ MHTEpHETOM MOKET IOKa-
3aThCA, YTO BcA UHPOPMAIUA B MO3-
re JoJIXKHA Ilepe/laBaThCA KaK MOKHO
6picTpee. OTO 03HA4Yaao0 ObI, UYTO BCE
aKCOHBI JIOJIKHBI ObITh MHUEJINHU3U-
poBaHBI B paBHOM cTemneHu. OpHa-
KO JJIsI HEIPOHOB ObICTpEee He Bcerjaa
3HAYUT Jy4mie. VEpopManusa gorxk-
Ha IlepesaBaThCAd HA 3HAYUTEJIbHBIE

42

B mupe nayku [06] uwwonb 2008

VARSHA SHUKLA (micrograph); ALAN HOOFRING NIH Medical Arts (illustration)
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HaTpueBbin
©KaHan

WNoH HaTpus

Kanuesble
KaHanbl

MwenuHoBas
o60no4Ka

pacCcTOAHUA MeXAY HEPBHBIMU IIeH-
TpaMU, Kamk bl U3 KOTOPBIX BBIIOJI-
HAET CBOIO CIIeIMaJbHYI0 QYHKIIHIO
U nochklIaeT UHGOPMAILIUIO B APYTYIO
061aCTh A CJIEAYIOMIEro Iara aHa-
au3a. B ciiyuae ciioHOTO 06y4deHUs
(HampuMep, urpe Ha QopTenuaHo),
nHbpopManua AOMKHA pacIpocTpa-
HATHCA MEXKAY MHOI'UMU 00JIaCTAMUY;
CUTHAJIBI, IPOXOJSAIINE Pa3HbIe pac-
CTOSAAHUA, AOJIKHBI IPUOLITH B OJHO
MEeCTO B oIlpe/ieIEeHHBIF MOMEHT Bpe-
MeHU. J[JIA TOro 4To6hI 3TO IPOUCXO-
JUJI0 TOYHO, HEOOXOAUMBI 3aJlePK-
ku. Eciiu GBI Bce aKCOHBI TepejaBain
nHpOpMaAUIO C MAKCUMAJIbHOU CKO-
POCTBIO, TO CHUTHAJIBI OT YAAJIEHHBIX
HEHUPOHOB NPUXOJUIHU OBl II03:KE, YEM
oT cocelHUX. OOBIYHO UMITYJIbCY Tpe-
6yerca 30 MUJJIMCEKYH/J, HA TO, YTO-
6Bl MPOUTH M3 OJHOIO MOJyIIapud
B ZIpyTo€ II0 MUEJIUHU3UPOBAHHOMY
akcony, u 150—300 Mc — 1o Hemue-
JIMHU3UPOBaHHOMY. Hu 01HO 13 BOJIO-
KOH MO3OJIMCTOrO TeJla He MUEeJIUHU-
3UPOBAHO IIPHU POXKJICHHUH, A& K IIEPHU-

Oy IIOJIOBOT'0 CO3peBaHUA TAKOBBIMU
octaetcsa 30%. PazHoob6pasue BOJIO-
KOH II03BOJIE€T KOOPAUHUPOBATH CKO-
pocTu nepegadu.

BepoATHO, CTOJB K€ BasKHBI Ilepe-
xBaThbl PaHBbe. B mociegHue Trojbl
yd4eHble IIPUIILINA K 3aKJIIOUYEHUIO, YTO
OHM JAeWCTBYIOT KaK CJIOKHBIE OHO-
9JIEKTPUYECKUE PEeTPAHCIATOPhI —
nepejamIe CTAHI[UU, KOTOpPbIE Te-
HEPUPYIOT, PEryJupyooT U OBICTPO
HepechlIAT 3JIEKTPUYECKNEe CHUTHA-
JIBI IO aKCOHY. M3y4dasd morpsdAcarolie
YyTKUMN CJIyX y COB, Helpobuosoru
YCTaHOBUJIH, YTO BO BpeMs MHUEINHU-
3aU¥U OJUTOAECHAPOIUTHI 00pasyooT
Ha HEKOTOPBIX aKCOHaX OoJbllle Ie-
pexBaToB, 4eM TpebyeTcs IS OITH-
MaJIbHO GBICTPOTO IPOBEICHUA CUTHA-
JIa. TO MIPOUCXOIUT JJISL TOTO, YTOGHI
3aMeJINUTh IIepeMeIleHIe CUTHAJIOB.

O4YeBUAHO, UYTO CKOPOCTH Mepeaadn
MMILYJIbCOB IBJISIETCS *KU3HEHHO BaXK-
HBIM aCIeKTOM (PYHKIIMOHUPOBAHUS
Mo3ra. Mbl 3HaeM, 4TO TaMAThb U 00y-
YeHUe BO3MOMKHBI IIPU TOM YCJIOBUH,
9TO B HEKOTOPBIX HEHPOHHBIX CETAX
HPOUCXOIUT YCUJIEHUE CBA3EH MEKIY
HelipoHaMu. BeposaTHO, MHUEINH BIIN-
AeT Ha 3Ty CHJy, U3MEHAA CKOPOCTh
npoBeJeHUs TaKUM o6pa3oM, YTOOBI
pas3pAnbI 9JIeKTPUIECKUX UMIYIbCOB
npuObIBAJIN HA OJUH U TOT K€ HEHPOH
OHOBPEMEHHO II0 MHOKECTBY aKCO-
HOB. Korj1a BO3HUKaeT TaKkas KOHBEP-
TeHIUS, OTAEIbHBIE OTKJIOHEHUS I10-
TEHI[MAJIAa CYMMHUPYIOTCHA, YBEJIUIU-
Bafd CUJIy CUTHAJIa U TaKUM 06pa3oM
obecrieynBas yCUJIECHHUE CBA3U MEKIY
JaHHBIMU HEHPOHAMH.

O6y4yeHune n ncnxmyeckue
paccTponcTBa

B cBeTe HOBOI TEOPUU HECJIOKHO
IIpeaACTaBUTDhL, KaK 3aA€piHKU IIPO-
BE€EACHUS IIO0O BOJIOKHaAM MOTI'YT BECTHU
K HAPpYUIEHUAM IICUXNYECKUX U KOTHU-
THUBHBIX IIPOIECCOB. HCCHTI/IJICTI/IHMI/I
Y4Y9€HbI€ MCKaJU IIPUYUNHBI IICUXUYE-
CKUX 3a060JIeBAHUN B CEPOM BEIIIECTBE,
OJHAKO TEIIEPb IIOABUJINCH JAaHHBIE,
IIOKa3bIBAIOIIME, YTO OeJjioe BeIle-
CTBO UT'PAET HE MEHEEC BaKHYIO POJIb.
HaHpI/IMep, AHUCJTIEKCHUA BO3HHKAET
Npy HapylIeHUU BPEMEHHBIX 3aJep-
HEK B HEPBHBIX NEINAX, YIaCTBYOIIINX
B YTEHHUU: TOMOI‘pa(i)I/I‘IeCHOC HCCJIIEe-

JloBaHHE MO3ra II0Kasajlo CHUMKEHUEe
KoJaHu4decTBa 6eJI0ro BellecTBa B 9TUX
TpakTax. CauTaeTcsd, 9YTO AaHOMAJNH
6eJioro BemecTBa OTPasKaIOT Kak Je-
(pexTh MUEIMHU3aIMU HEPBHBIX BO-
JIOKOH, TaK M HapylIeHUd Ipolecca
¢opMupoBaHUA HEHPOHOB, 06pa3yIo-
IIUX JaHHbIE BOJIOKHA.

Hecroco6HOCTE pas3juyaTh BBICO-
Ty 3ByKa 0o0yCjIOBJIeHAa HapylIeHUd-
MU B BBICOKOYPOBHEBOM o6paboTke
cIyxoBol nHGOpPMAIMU B KOpe 60JIb-
mux nojaymapuii. Ilcuxonor Kpuctu
Xamp (Kristi L. Hyde) us Yausepcure-
Ta Makl'uiana o6Hapy:XHUJI, YTO y Ta-
KUX JIIOJIE CHUKEHO KOJIMYIeCcTBO Ge-
JIOT'O BEIIeCTBA B OJJHOM KOHKDPETHOM
IIy4Ke BOJOKOH Ha IIpaBOM CTOpOHE
Mmo3sra. Boisiee Toro, HoBoe HcCCIIeHO-
BaHUe Jlecnu [:xexo6cena (Leslie K.
Jacobsen) ua Hebckoro yHUBepCH-
TeTa IOKa3bIBaeT, YTO BO3AeHcTBUE
Ta6avyHOro JABIMa Ha IIO3JHUX CTa-
JUAX PA3BUTHUA IJIOAA U B IIOJPOCT-
KOBOM BO3pacTe, Korja IIPOUCXOJUT
MUeJUHU3aNUsa, HEeTraTUBHO BJIMA-
eT Ha GeJyloe BelecTBO. IIo JTaHHBIM
JAT-MPT, ero cTpyKTypa HEIOCPEJX-
CTBEHHO KOppeJUpYyeT ¢ pe3yJbTaTa-
MU TeCTHUPOBaHUA ciiyxa. I3BecTHoO,
YTO HUKOTHUH BJIUAET Ha PEIENTOPHI
OJIUTOACHAPOLNUTOB, PEryJIUPYOMINX
Pas3BUTHE 9TUX KJIETOK. Bo3nericTBue
onpejleIeHHbIX (PAaKTOPOB BHEIIHEH
cpeabl B KpPUTUYECKHE IIePUOABI MU-
€JIMHU3AIUU MOMKET OCTAaBUTBH IIO-
CJIeICTBUSA Ha BCIO :KU3Hb.

B HacTodAlee BpeMs NPUYUHON
mu3opeHU CUYUTAIT AaHOMAaIUH
PasBHTHUA MO3Ta, B TOM YHCJIE HapPY-
meHue obpasoBaHUA cBA3eil. Bpa-
YU BCerJa yAUBIAJIUCH, ITIOYEMY 3TO
3a6oreBaHUe OOBIYHO pa3BUBAETCHA
B IIOAPOCTKOBOM Bo3pacTe. Ho Benp
9TO KaK pa3 TOT BO3pacT, Korja ujaetT
aKTUBHaAA MUEJUHU3ANUA IepefHen
gyacTu 60apmuX noaymapuii! 3a mo-
clefHUE TOABI UCCIefoBaTeIn o6Ha-
PYKHJIN aHOMAJINU 6eJIoro BellecTBa
B HECKOJIBKUX 067acTAX Mo3ra 60JIb-
HBIX MIU30¢ppeHuel — 0Ka3asaoch, YTO
B HEM CHHIKEHO KOJMYECTBO OJIUTO-
JIEHIPOIIMTOB. A KOTJ|a HEJJaBHO CTaJIN
JIOCTYIIHBI TaK Ha3blBaeMble «("€HHbIe
YUIBD — MHUHHUATIOPDHBIE JUATHOC-
THYECKHE IPUCIOCOGIEeHUd, CIO-
coOHBIE OJHOBPEMEHHO OIPEAEIATh
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TBICAYU T'€HOB, — HCCJIeJ0BaTeNHn
ObLIN IIOpaMKEeHbI, OOHAPYKHUB, YTO
MHOT'H€ U3 My THUPOBaBIINUX I'€HOB, CBf-
3aHHBIX C IIN30(peHneH, y9acTBYIOT
B (pOpMHpPOBAHUYU MUEINHA. AHOMAJIUU
6eJIoro BelecTBA TaKiKe BBbISBJIEHBI
y GOJIBHBIX, CTPAJAIOIUX CUHPOMOM
nedunuTa BHUMAHUA U TUIIEPAKTUB-
HOCTH, GUIIOJIAPHBIM PAacCTPOUCTBOM,
HapyILIeHUAMHA pedu, ayTU3MOM, BO3-
PACTHBIMH HApyIIeHUAMHU (PyHKIIUN
Mo3ra u 6one3HbIO AibnrerMepa,
a TaKKe JasKe y JI0JeH ¢ IaToJoruyec-
KOH CKJIOHHOCTBIO KO JIKH.
Helopa3BuTue WU UCTOHYEHHOCTD
MHUEJNHA MOMKEeT OBITH CJIeJCTBUEM,
a He IPUYNHOU IIJIOXOU ITepeiadu CUr-
HaJIOB MeKJy HelpoHaMu. B kKoHIle
KOHIIOB, KOTHUTHUBHBIE QYHKIINH JIetic-
TBUTEJBHO peaju3yloTcsd Giaromaps
KOMMYHUKAIIIY MEXAY HeHpOHAMU de-
pe3 CHHAIICHI B CEPOM BEIIleCTBE MO3ra,
M MEHHO TaM OKa3bIBAIOT CBOE Jieii-
cTBUE GOJIBIIUHCTBO IICUXOTPOITHBIX
npenapatoB. OgHaKO oNTUMaJjJbHaA
KOMMYHHKAIIUA MEXKAY 006JacTAMU
MO3ra, ABJAIIIAACA OCHOBOM aJeK-
BATHBIX MBICIUTEIBHBIX IPOIECCOB,
3aBUCHUT OT 6eJIOro BEIleCcTBa, COeU-
HAMOIIEro sty obysactu. B 2007 r. TFa6-

(.

Y npodeccuoHanbHbiX NMaHUCTOB 6enoe
BELIEeCTBO B HEKOTOPbIX o6nacTax moara
pasBUTO CUJIbHEE, YeM Y NlofeN, He NMEeIoLLNX
OTHOLLIEHMS K My3bIKe. OTO FOBOPUT O TOM, YTO Ha
Hero BnuseT oby4veHue. bonee Toro, 6enoe
BelecTBO 605iee pa3BUTO y Tex NMMaHUCTOB,
KOTOpble Ha4Yanu perynspHo 3aHuMmaTtbCs
My3bIKOM Ao 11 feT, B CpaBHEHUMN C TeMU, KTO
NPUCTYNUI K 3aHATUAM NO3XKe, 4YTO yKasbiBaeT
Ha CyLLeCTBOBaHMeE KPUTUYECKNX NEPUOLOB ANA
BO3MOXHOCTW NPUOGPETEHNA HaBbLIKOB Ha
BbICOKOM YpOBHE

PA3SBUTUE. MO3I' CO3BPEBAET

[Mpun poXxaeHun NuLLb Manas 4acTb
aKCOHOB NokpbITa MuenuHom. Co
BpeMeHEM BCe 60MbLUe BOJIOKOH
npuobpeTaoT N30NALMIO, U MPOLLECC
pacnpocTpaHAeTCs OT 3aTbINOYHOMN
KOpbl K NO6HON. Ha npepgctaBneH-
HbIX N306paxKeHnsX, BbINONHEHHbIX
Monem TomncoHom (Paul Thompson)
13 KannopHUinckoro yHnsepcuTe-
Ta B Jloc-AHpXenece, nokasaHo
dopMUpoBaHNe HEPBHLIX CBA3EN
1 COOTBETCTBYIOLLEE EMY YBENMYE-
HWe Konn4yecTsa muenuHa. Muenu-
HM3aLms obnacTen, oTBeYatoLLmnX 3a
Takue 6a3oBble (PYHKLUM, KakK 3pe-
HWe (3aTblnoyHas obnacTb), 3aBep-
LLaeTCs K YeTbipexsieTHeMy Bo3pac-
Ty, fanee ngyT peyeBble LEHTPbI,
a nocnegHNUMun — o6nacTu, oTBETC-
TBEHHbIE 32 CAMOKOHTPOTb (T06Has
nons)

6onblue 6enoro
BellecTsa

<«—» OtHocuTensHo

OTHOCUTENBLHO
60sbLLIE Ceporo
BellecTBa

puen Kopdac (Gabriel Corfas), HeBpo-
jgor u3 Jlerckoro rocuurand B bocro-
He, ITOKa3aJl, YTO dKCIEePUMEHTATbHOE
BO3/IeICTBHE NMEHHO Ha I'€HBI OJIUTO-
JIEHPOLIMTOB (& He Ha IeHbl HeHpo-
HOB) BBI3BIBAET y MBIIIEH pas3UTeIb-
HBbIE IIepeMeHbl B IIOBEJEHUU, HAIIO-
MUHalmuye musodpeHuro. IIpu sTom
Ha II0BEJIeHHUe BJIMAET OJAWH M3 T'€HOB,
YIIOMUHABIINXCA BBIIIE, & HWMEHHO
HeNpOperyJInH, KOTOPBII OKa3bIBAET-
cs1 aHOMAaJIbHBIM B OHOIICHYECKUX IIPO-
6ax Mo3ra 60JIbHBIX IITN30(DPEeHNEH.
Bompoc o ToM, MEHAIOTCA JIX HEUPO-
HBI U3-3a MHEJINHA WUJIU 3Ke Hao60poT
XapaKTep UMIIYJIbCHOM aKTUBHOCTHU
HEHPOHOB BJIUAET HA KUPOIOJO6HOE
BEIIEeCTBO, I0J06€H CTapOMYy BOIIPOCY
0 KypHIle U fAlle, U pelraTh ero HaJlo
TaK e, KaK U Jpyrue nogo6HbIe JU-
JIEMMBI — C yYeTOM TECHOI'0 B3aHUMO-
JIeICTBUA MEKY ABYMA MexXaHU3Ma-
Mu. [MuanbHble KIeTKH, GOPMHUPYIO-
e MUEJIUH, MOTYT pearupoBaTh Ha
M3MEeHEeHMe 1uaMeTpa akCoHa, OJ{THAKO
OHU K€ U PeryJIUpyIoT 9TOT JUAMETP.
VIMEHHO OT HUX 3aBUCHUT, BBIIKUBET JIU
JaHHBIM akcoH. Hanpumep, npu pac-
CesTHHOM CKJIEpO3€ aKCOHBI U HEeHpo-
HBI THOHYT M3-3a IOTE€PU MHUEJINHA.

Mepepenatb cTapoCcTb

KakoB 6b1 HU OblJI MEXAaHU3M JaH-
HOTO SBJIEHUS, IIPU CO3PEBAHUU Ha-
IIEr0 MO3Ta TOYHOCTBL CBSA3EM MEK-
1y ero obsacTaAMU moBeImaeTcsa. OT
TOro, HACKOJbKO XOPOIIIO IIOCTPOEHBI
CBSI3W, MOJKET 3aBMCETh Hallla CIIO-
COGHOCTB B OIpEICIEHHOM BO3pacTe
OCBaWBATh PA3JUYHBIE HABBIKU.

HccnepoBaHue YiieHa, IPOBEIEH-
Hoe cpeau NMpodeCCUOHAIbHBIX ITH-
aHHCTOB, TaKiKe IOKasaJjlo, 94To Oe-
JIOE BEIeCTBO OBLJIIO PA3BUTO CUJIbHEE
Yy My3BIKQHTOB, HaUaBIINX OCBAUBATh
MHCTPYMEHT B Gojiee paHHEM Bo3pac-
Te. Ay J10/ieil, KOTOpble HAY YUJIUChH UT-
paTh, y:Ke cTaB B3POCJIBIMU, €ro pa3s-
BUTHE GBLIO yCUJIEHO JIUIIb B IIepeTHer
YacTH MO3ra — TaM, Ile MUETUHU3a-
U4 elrje He ObLyIa 3aBepIlieHa.

9TO OTKPBITHE TOBOPUT O TOM, UTO
npoiecc GOPMUPOBAHUA H30JIAINU
BOKPYT HEPBHBIX BOJIOKOH OTYACTH 3a-
JlaeT BpeMEeHHBbIe IIPeJeJIbl JJI51 0CBOe-
HHUS HOBBIX HABBIKOB — TAK Ha3bIBae-
MbI€ KPUTUYECKHUE IIEPUOJbI, B TEUECHUE
KOTOPBIX BO3MOKEH OIIpeJeIeHHBIHN
By 00ydyeHUsA. Vl3ydyas HHOCTPaHHBIHN
A3BIK B 3PEJIOM BO3pacTe, BBl HE CMO-
JKeTe n36aBUTHCSA OT aKIeHTa, OJHAKO
€CJIF BBl OCBaWMBaeTe A3BIK C AETCTBA,
TO CMOJKeTe FT'OBOPUTH Ha HEM KaK Ha
poaHOM. Pazinudue COCTOUT B TOM, 4TO
COeJMHEHUs B MO3re 06pa3yTcA B CO-
OTBETCTBUM C TeM, KaKHe 3BYKU MBI
caplmuM, O6yaydu aeTbMu. MbI OVK-
BaJIBHO Te€PSEM CBA3U, KOTOPHIE IT03BO-
gy 6B HAM CJIBIIIATh 3BYKH, BCTpe-
Jammupecsi TOJIbBKO B WHOCTPAaHHBIX
sA3bIKaX. C TOYKU 3PEHUSA DBOIIOIU-
OHHOT'0 Pa3BUTHUS OYEBUIHO, YTO HET
HHUKaKOT'0 CMBICJIa COXPAaHATH B MO3Te
CBSI3U /IS BOCIIPUATHUSA 3BYKOB, KOTO-
pble YeJIOBEeK HUKOTAA He ciblmal. Ha-
JINYUEM KPUTUYECKUX IEPUOJIOB TaK-
JKe B 3HAYUTEJBbHON CTEIeHU 00bsC-
HSETCS TO, YTO BOCCTAHOBJIEHUE II0CJIE
MO3TOBBIX TPaBM IPOTEKAaeT y B3pPOC-
JIBIX HE TaK IJIaIKO, KAK y JIeTeH.
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PAUL THOMPSON U.C.L.A. (gray matter scans)

HAYKA 0 MO3IE

CrnenuajaucThl BRIABUIN crienudu-
JecKkyue 6GeJKOBbIE MOJIEKYJIbl MUEJIH-
Ha, IpeJoTBpallaioliie pocT akCoHa
1 ob6pas3oBaHUe HOBBIX CBA3ed. Map-
TuH [[IBa6 (Martin E. Schwab), uccie-
JoBaTelb MO3ra u3 L[JopUXCKOro yHH-
BEPCUTETA, OTKPBLJI IIEPBBIA GeoK
U3 IPYNIBI 0COGBIX OEJIKOB MHEIH-
Ha, KOTOPbIE IPU KOHTAKTE C OTPOCT-
KaMHM aKCOHA HEMEJJEeHHO I'y0AaT ux.
Ecnm HeWTpann3oBaTh JaHHBIN Oe-
JIOK, KoTophlit [1IBa6 Ha3Baa Nogo (Te-
nepb OH Ha3biBaeTca Nogo-A), y KuU-
BOTHBIX IPOUCXOJUT BOCCTAHOBJIEHUE
cBA3€M Ha MecTe TPaBMbl CIIMHHO-
o MO3ra: y HUX BHOBb IOABJIAIOTCA
4yBCTBUTEJIBHOCTbE U CIIOCOGHOCTDH
K aBuskeHuro. HegasHo CtuBeH CTpUTT-
MmeTTep (Stephen M. Strittmatter) us
Henbckoro yHuBepcuteTa o6GHApY-
JKMJI, YTO KPUTUYECKHUE IIEPUO/bI 15
obpa3oBaHUA CBA3EU B MO3Te MOIKHO
«3aIlyCTUTB» 3aHOBO, €CJIU 3a6JI0KU-
poBaTh curHaJiel oT Nogo. Eciu Hapy-
IIUATh PaGoTy aToro Geaka y cTapbIx
MBIIIEH, TO MO3T TPBI3YHOB MpHUoGpe-
TeT CIOCOOHOCTh yCTaHABIUBATh HO-
BbI€ CBSI3H B 3pDUTEJILHOI CUCTEME.

Ecau MmuenmHusanua 3aBeplia-
eTcd, KOrjia 4eJIOBEKy HCIOJIHAEeTCH
20 j1eT, TO HE NPOTUBOPEYUT JIU 5TO
BBICKA3aHHBIM HEJABHO IIPEAIIOJO-
JKEHUAM, 4TO MO3I OCTaeTcd IJac-
TUYHBIM /AK€ B CPEJJHEM U CTapIIeM
BoapacTte? Hanpumep, ucciegoBaHud
IoKasaju, 4YTO YMCTBEHHAas Harpys-
Ka IIOMOTaeT OTCPOYMUTh HACTYIIJIEHHUE
6one3HU AjnblreiMepa y dYejlOBEKa
B Bo3pacTe 3a 60, 70 u namxe 3a 80 ner.
IIpoBeeHbI BKCIIEPUMEHTHI, BbIABUB-

IIye, YTO MUEJINHU3AIUA IPOJoJIKa-
eTcs 0 55 JIeT, X0TsS U B 3HAYUTEIBHO
6oJiee CKPOMHBIX MacImrabax.
MOKHO C OIpeJeJI€eHHOCTBIO CKa-
3aTh, 4TO 6ejioe BEIIeCTBO HUI'paeT
KJIIOUEBYIO POJIb B TAKUX BUJAX 00y de-
HUSA, KOTOpPbIEe TPeGYIOT AIUTEIbHOMN
NPAaKTHUKU U MHOTOKPATHBIX IIOBTOPE-
HUH, a TaKKe OOINIMPHOU NHTerpanun
YAQJIEeHHBIX APYT OT Apyra obyacTen
KOpBI 60JBIINX IOJyIIapuil. Y aeten
nponecc MHUEJIWHHU3AIUU UJIET HH-
TEHCHUBHO, U UM HAMHOTO JIer4ye ocBa-
MBaTh HOBbIE HABBIKHY, YeM HUX JeIyIII-
kKaMm u 6abymkam. Eciii gyeloBek Xo-
YeT JOCTUYb BBHICIIETO YPOBHA — KaK
B MHTEJUIEKTYaJIbHOM, TaK U CIIOPTHUB-
HOU cdepax, — TO OH JOJIIKEH HAadaThb
ofydyeHHe B paHHeM BoapacTe. MbI
caMU II0 Meépe B3POCJIEeHUS «CTPOUM»
CBOM MO3T IyTE€M B3aUMOJEHCTBUA
Cc BHeHmIHeW cpenoii. MBI MoxeM HO-
pasHOMY MCHOJIB30BaTh IPUOGpPETEH-
HBbIE CIIOCOOHOCTH, OJHAKO YK€ HU-
KOIZla HE CMOKE€M CTaTh IHaHHUCTa-
MU C MUPOBBIM UMEHEM, YeMIIMOHAMHU
MHpa II0 IIaxMaTaM UIH MacTepaMu
criopTa II0 TEHHHCY, €CJIM He Hadau
o6y4yaTbCA 9TOMY B IETCTBE.
PasymMmeeTcs, MOKUIIbIE JIOAU TOMKE
MOTYT yYUTBHCS, HO UM JIOCTYIIEH JIPY-
To¥ BHUJ 00y4YeHUsd, 3aTParuBaromIui
TOJIBKO CUHAIChl. OTHAKO UHTEHCUB-
HbIe 3aHATUSA 3aCTABIAIOT HEHPOHBI
paspsKaThCs, ¥ HOABJISAETCA BO3MOXK-
HOCTB TOT'O, YTO HEHPOHHBIN pas3pAL
6yZeT CTUMYJIUPOBATh MHEJIMHU3A-
nuio. BodaMoxHO, KOrga-HUuOyab, KOI-
aa MBI IIOJTHOCTBIO ITOMMEM, B KaKOH
HepuoJ U KakKuM obpaszoM GopMUpPY-

eTca Geyoe BEIIIECTBO, MBI CMOM¥KEM

CO3/1aTh CPEJICTBA, II03BOJIAIOINE 13-
MEHATH ero Jare y JIoJeld cTapiie-
ro Bo3dpacTa. YTo6bI MeduTa cTajia pe-
aJbHOCTBHIO, HEOOXOAUMO HAUTH TOT
CUTHAJ, KOTOPBIA NPUKa3bIBACT OJIH-
TOJIEHAPOIIUTAM MUEJIUHU3UPOBATH
OJIMH aKCOH U He JejaTh 3TOr0 C CO-
cenHUM. BeclieHHOe 3HaAHUE COKPBITO
ray6OKO IO/ CJI0EM CEePOTo BEeIeCcTBa,
HO B OyAyIIeM HCCIeI0oBaTEeIAM 00d-
3aTeJbHO yJIaCTCH eTro 10OhITh. M

MNepeson: 5.B. YepHbiwes
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CkoTT AapOHCOH

« @usmcn komnaHuu Haggar co-

3/IaI0T “KBAHTOBBIE MIITAHBI » —
IrJJ1acUuT 3arojJIOBOK B CAaTUPUYECKOM
exeHeJleTbHUKEe Onion. OGBIrpBIBAsA
NPUYY/UINBYIO JBOMCTBEHHOCTD «IIpe-
JUHTE€POBBIX IITAHOB», CTAThA 00bAC-
HSAET, 4TO 9Ta HEHBIOTOHOBCKAA «op-
Ma OAEeMAbl> MOMKET OBITh OJHOBpE-
MEHHO KaK IIapaiHOH, Tak U pabodel.
ITo Bcel BUAMMOCTH, aBTOPHI €KeHe-
JleIbHUKA CChIIIAIOTCA Ha 3aXBaThIBa-
IOI[M€ CTAaThU O KBAHTOBBIX KOMIIBIO-
Tepax, KOTOPbIE Y#Ke IOYTH JeCATH JIET
3aIOJHAIT CTPAHULBI HAY YHO-IIOILY-
JIAPHBIX U3/JaHUH.
PacrpocTapaHeHHBIM 3a0JIyK/IeHU-
€M ABJIAEeTCH yTBEPHKAECHUE O CBEPXBO3-
MOKHOCTSAX KBAaHTOBBIX KOMIIBIOTEPOB
U UX CIOCOOGHOCTU CIIPABUTLCS C 0CO-
6eHHO TPYAHBIM KJIAacCOM TaK Ha3bI-
BaeMbIX NP-IIOJHBIX MaTeMaTude-
CKHMX 3a/ia4, pelleHue KOTOPBIX JawKe

— HA Y10 CROCObRb
KBaHMOBbIE
KOMnbHmepbl?

KBaHTOBbIE KOMMbIOTEPbLI CMOTYT
NUCKJTIOUYNTESIbHO ObICTPO peLuaTb HEKOTOpPbIE
cneynduydeckmne 3agadun, Ho Npu oTBeTe

Ha GOJIbLLUMHCTBO CJ/I0XKHbIX BOMPOCOB OHW,
NoXoXe, NLLb HEHAMHOIO nNpes3onayT
COBpPEMEHHbIE BbIYUCNNTENBHbIE CPEACTBA.
[ToHMMaHWe 3TOro oaktTa MOXEeT NPUBECTHU
K OTKPbITUIO HOBOIo doyHOamMeHTanbHoro
donanydeckoro npuHuymna

Ha JyYIINX COBPEMEHHBIX KOMIIBIOTE-
pax 3aHUMaeT MHOI'O BpeMeHU. [1aB-
HOE JIOCTOMHCTBO KBAaHTOBBIX KOMIIbIO-
TEPOB 3aKJI0YaeTcd He B TOM, YTO OHHU
COBMEIAIOT MHOTHE TEXHUYECKHUE 0CO-
GEHHOCTH KJIACCUYECKUX KOMITLIOTEPOB
U KBAaHTOBO-MeXaHHUYeCKHe IPUHIIH-
el 06paboTKU JaHHBIX, HO B TOM, 4TO
HUX anmnapaTHad 9acTb CIIOCO6HA OJHO-
BpPEMEHHO 06pabaThIBaTh BCE€ BO3MOMK-
HbIe OTBETHI Ha IIOCTaBJICHHbIE 3aJa4uH.
Ecimu 6Bl y4eHBIM JeHCTBUTEIBHO yAa-
JIOCh CO3/aTh UyJ0-KOMIIBIOTED, KOTO-
PBIM CMOKET penaTs nepebopHEIe 3aa-
YU II0CjIe OJJHOTO HasKaTHUsd Ha KHOIIKY,
MUP HU3MEHMJICA OBl 0 HEy3HaBaeMoO-
CTH: cTanu O6bI BO3MOMKHBIMU Iepe6op
BCEX CUTyalUUH Ha pPbIHKE LIEHHBIX Oy-
Mar, aHaJIu3 MeTeOpOJIOTUYeCKUX IIPOo-
LIeCCOB M JleTaJIbHOE HCCJIeIOBAaHUE
J[EeATEIPHOCTA YeJIOBEYECKOTO MO3ra.
ITepe6op Bcex NOMYCTUMBIX PELIEHUN
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ILLUSTRATIONS BY DU AN PETRIC IC

MoJ0OHBIX 3aja4d OyleT COBEPIIEHHO
PYTUHHBIM JI€JIOM, He TPeGYIOIIUM Je-
TaJIbHOI'O IIOHMMAaHUA CyIIecTBa IIPO-
6i1embl. [TomoGHBIA YyA0-KOMIIBIOTEP
cMor 6Bl Jlaske aBTOMATU3UPOBATh Ma-
TEMaTU4YECKOE TBOPYECTBO M IIOMOYb
NpUOIUBATLCA K PEIIEHUI0 TAKUX U3-
BECTHBIX MaTeMaTHUYeCKUX 3a7a4, KaK
npob6isiema onpa6axa mim runoresa Pu-
MaHa — CTOMUT TOJILKO IIOPYYUThH KOM-
NIBIOTEPY IIPOBEPKY BCEX BO3MOMKHBIX
JIOKa3aTeJIbCTB U OIPOBEPKEHUM, He
IIPEBBINIAIONINUX I10 JUIMHE, HAIIPUMED,
Muuapsa cuMmBotioB. (Ecim pokasa-
TEeJIbCTBO Oy/IeT IJINHHEE, EII1e HE U3BEC-
THO, 3aXOTAT JIX yYEHBIE €0 YUTATh.)

IlpaBaa, oXUAATH MOABJIEHUA Ha
II0JIKAX Mara3uHOB CTOJIb MHOroobe-
IIAIOIIET0 MHCTPYMEHTa JJIs pellle-
HUA MaTeMaTHUYeCKHUX 3ajlad MOKHO
He paHbIlle, YeM B CBOOOJHYIO IIpoja-
JKY HOCTYHIAT TE€HepPaTOophl HCKaMKe-
HUs MPOCTPAHCTBA M aHTUIpaBUTa-
IIMOHHBIE 3KpaHBl. He cTouT BnagaTte
B KpaWHOCTb M NPUHHUMATh BCEPbE3
OOGBIYHYIO PEKJIaMy, paBHO KaK U OT-
BepraThb KBaHTOBbIE BLIYMCIIEHUSA, CUH-
Tad UX Hay4YHOU paHTacTUKOU. Bmec-
TO 9TOTO0 CJAEAYET HOIIBITAThCA OLIEHUTH
Ipejebl BO3MOXKHOCTEN KBAHTOBBIX
KOMIIBIOTEPOB U IIOHATH, KaKue 3ajia-
91 MOHO PEIaTh C UX IIOMOIIBIO.

3a 26 jeT, NpoIeaIInuX ¢ TOrO Bpe-
MeHH, korja Gusuk Puuapy @eritnmanH
(Richard Feynman) BuepBbIe BbIJIBU-
HyJ HUJEI0 KBAHTOBBIX BBIYMCJIEHUH,
CIIEUAJIACTBl 10 KOMIIBIOTEPHBIM
HayKaM JIOCTUIJIM GOJIBIINX YCIIEXOB
B OIIMCAHHUM Kjacca 3ajad, A8 KOTOo-
PBIX KBAHTOBBIE KOMNBIOTEPHI ObIIN
661 Haubonee adpdexTuBHBIMU. CO-
IJIACHO 3THUM MCCJIE€IOBAHUAM, TaKHe
KOMIBIOTEPBl MOIVIU 6Bl pajuKalb-
HO YCKOPHUTB pELIeHHUE JUIIb HEMHO-
rMX KOHKDETHBIX 3a/ad, HaIpUMep
B3JIoMa KPUIITOrpaduUyuecKux KoJIOB,
IIAPOKO MCIOJb3YIIIUXCA B GUHAH-
COBBIX OIlepanMaAx, OCYyIeCTBIse-
MBIX 4yepe3 MHTepHeT. YTO e Kaca-
eTcsd JPYyTUX 3ajad, HAIIpUMepP UTPHI
B IIaXMaThl, COCTABJEHUA paclnuca-
HUU aBuapelcoB U A0Ka3aTebCTBa
TEOpeM, TO MHOTOYUCJIEHHbIE HCCJIe-
JIOBAaHUA JAIOT OCHOBAHUE CUUTATh,
4TO KBAHTOBbIE€ KOMIBIOTEPHI OyAyT
MOJAYUHATHCA MHOTMM M3 TE€X aJro-
PUTMUYECKUX OTPAaHMYEHUU, UYTO
U KJIACCHYECKHEe KOMIBIOTEPBI. OTU

OTpaHHYEHUSA HE CBA3AHBI C IpPaK-
TUYECKUMHU TPYAHOCTAMH CO3NAHUA
KBaHTOBBIX KOMIIBIOTEPOB, HAIIPUMED
C IEKOT€PEHTHOCTBIO (HEXKEeTATETbHBIM
B3aUMOJIEICTBUEM KBAaHTOBOI'O KOM-
IbIOTEPA C OKPYIKAIOIIEH CPEAO, BbI-

3LIBAIOLUM OIIMOKMN). Jlaxe eclu OBl
YYEHBIM y/1aJI0Ch CO3aTh KBAHTOBBIN
KOMIIBIOTEP, HOJTHOCTBIO PEIIUB IIPO-
6JIeMy JEeKOT€pPEeHTHOCTH, BO3MOMKHO-
CTHU TaKOM MaIIMHBI C MATEMaTUYECKON
TOYKU 3PEHUA He U3MEHUJINCH ObI.

Knaccbl cnoxHocTtu
Kak 00 bACHUTH TOT (PAKT, UYTO KBaH-
TOBBI€ KOMITBIOTEPHI II03BOJIAIOT YCKO-
PUTH IPOIIECC PENIeHU TN HEGOJIb-
IIIOT0 KJIacca 3a7ja4, HallpuMep 3aJlauu
o B3J0Me Ko10B? Hey:xenu 6oiiee Gbic-
TPBIM KOMIIBIOTEP — 3TO HE IPOCTO 60-
Jiee OBICTPBIN KoMIbioTep? OKa3bIBa-
eTcd, HeT. Y 4TOGBI IOHATH, IOYEeMY
9TO TaK, HA/JI0 3aIVIAHYTh B UHTEJIJIEK-
TyaJIbHOE IIPO KOMIIBIOTEPHBIX HAY K.
J1J151 y9eHOr 0, 3aHUMAIOIIET0Cs KOM-
NIBIOTEPHBIMU BBIYUCIECHUAMH, KO-
YeBBIM BOIIPOCOM SBJISETCHA BOIPOC
0 TOM, KaK GBICTPO pacTeT BpeMsd, He-
ob6xogmMoe IS pelmeHud J60H 3a-
Jlayy, C pOCTOM ee o6'beMa. JTa 3aBU-
CHUMOCTb U3MePAETCA YHUCIOM dJIEMEH-
TapHBIX II1ar0B, BXOJAIUX B JITOPUTM
peureHus 3agagau. Hanpumep, ¢ momo-
b0 ME€TOJla, IIPUMEHSEMOro B Ha-
4YaJIbHOM LIKOJIE, IEPEMHOMKEHUE IBYX
N-pa3pAAHBIX YHCEJ MOMKHO BBIIOJI-
HUTH 32 BpeMs, IIPOIOPIMOHAIBHOE
KBaJpaTy 4ucJia pa3pAajoB (FTOBOPAT,
YTO 3TO BPEMS (IIOJIMHOMHUAJIBHO II0 V).
OnHako BpeMmsA, Tpebyemoe s pas-
JIOIKEHUS YHMCJIAa HA MHOKUTEIH JaKe
caMBIMH COBPEMEHHBIMH METOAAMH,
pPacTeT ¢ YUCJIOM Pa3pPAJ0B 9KCIIOHEH-
UaJbHO (TOYHee, KaK 2 B CTENEeHH,
pPaBHOM KyOHMYEeCKOMY KOPHIO H3 nn).

OCHOBHbBIE MOJIOXEHUA

OTcroAa BUAHO, YTO Pa3JIOKEHUE YU-
ceJl HA MHOMKHUTEIU IPUHIUIINAIbHO
CJI0KHEE UX NEPEMHOKEHHUA, U Korja
JIeJI0 JOXOAUT JI0 ThICAY Pa3pAA0B, pas-
HHIIA IToJIyYaeTcs ropaso 6osee ony-
TUMOH, UeM Me:KAYy IepCOHAJIbHBIM
KoMnbioTrepoM Commodore 64 u co-
BPEMEHHBIM CYIEPKOMIBIOTEPOM.
KomMmnrboTepsl cMOryT 9O (EKTUBHO pe-
IaTh TOJIBKO T€ 3aJa4U, B aJITOPUTME
KOTOPBIX UCHOJIb3yeTCA YUCJIO I1aros.,
pacTtyuiee Kak n B IIOCTOAHHOU cTe-
neHu, Hanpumep n? wiau n 9, rge n—
pasMep BXOAHBIX NaHHBIX. Cmenua-
JIUCTHI HA3bIBAIOT TAaKHE aJTOPUTMBI
a¢pPexkTUBHBIMU, a 3ajJadyu, peniae-
MBI€ C UX IIOMOIIIBbIO, OTHOCAT K KJIaccy
cyoskHOoCTHU P, rie P o6o3HavaeT «I10JIu-
HOMHUAJbHOE BpeMs. [IpocTol mpuMep
TaKOM 3aJjaum: 110 3aJaHHOM CeTKe J0-
por oIpeAeauThb, MOXKHO JIU U3 OJHO-
ro ropoja fob6paThcsa 10 JI060ro Apy-
roro. B ki1acc P BXoauT MHOTO 3ajad4,
pelleHre KOTOPBhIX He CTOJIb OYEBUJI-
HO: HAIIpUMep, pacKJajblBaeTcA JIHU
JTaHHOE YHCJIO HA MHOMKHUTEJN NN IB-
JIAeTCA IIPOCTBIM; BO3MOMKHO JIU, UMes
oIpe/ieIEHHBIN CIIUCOK MY KYUH U KEH-
IIMH, KeJAaIIUX BCTYNUTh B Opak
JIPYT C APYTOM, ToA0o0paTh KAk IOMY Je-
JIOBEKY 3KeJIaHHOTo napTHepa?
Cy1iecTBYIOT U 60jiee CIOKHBIE 3a-
Jla4dM, yCJIO0BUA KOTOPBIX JETKO cop-
MYJUPOBATh TAK, YTOOBI OHH OBLIHN
NOHATHBI HE TOJbKO CIEIMaJIUCTaM:
HaIpUMep, O pa3MellleHUU KOpPOOOK
Pa3INYHBIX pa3MepoB B OaraskHUKe
aBTOMOOUJIA, UJIK O TOM, KaK pacKpa-

m KBaHTOBble KOMMNbOTEPBI 6YAYT MCNONb30BaTbh HEOObIYHbIE 3aKOHbI KBAHTOBOW MEXaHWUKU
Ans o6paboTkn nHpopmauum cnoco6amu, He OCyLLLECTBUMbIMU Ha 0ObI4YHbIX KOMMbIOTEPAX.

B YacTb 0co6bIX 3ajay, HanpuMep pasnoXeHne LenblX YNCEN HA MHOXMUTENU, OHU CMOryT
pewartb HAMHOro 6bICTpee, YeM COBPEMEHHbIE KOMMbIOTEPbLI, HO aHanu3 No3BONAET npeg-
NONOXWTb, 4YTO ANA 60NbLUMHCTBA 3afay KBAHTOBbIE KOMMbIOTEPbl OKaXyTCA HEe HaMHOro

6bICTpee OObIYHbIX.

® HekoTopble N3MEeHEHUsl N3BECTHbIX (PM3NYECKMX 3aKOHOB MOFJIM Gbl MO3BOJSIUTL CO3L4aTh
KOMMbIOTEPbI, CMIOCO6HbBIE peLlaTh pa3nuyHbIe Kacchl TPYAHbIX 3afa4, HO Ha aHHbI MOMEHT
Takme U3MEHeHUst He NPEACTaBAOTCS BO3MOXHbIMU. BeposaTHO, B peanbHOM Mype HEBO3-
MOXHOCTb 9(D(HEKTUBHOMO PeLLEHUs NOLOGHbIX 3afay CrneayeT NPUHATL Kak (yHAamMeHTanb-

HbIA (OU3NYECKUIA NPUHLMN.

B mupe nayku [06] umnb 2008
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KBAHTOBbIE BbIMUCJIEHUA 101

Ddunsnku BosnararT 60MbLUNE Hagexnbl Ha KBaAHTOBble KOMIMbOTEPbI, B KOTOPbIX
0CO6EHHOCTN KBAHTOBOW MEXaHWKM NO3BONAT BbINOMHATL HEKOTOPbIE BbIYUCEHUS
6onee apPEKTUBHO, HEM ITO AENATNOCH HA KNACCUYECKUX KOMMbIOTEPAX

DyHAaMeHTanbHbIM OTIN4YMEM KBAHTOBOMO KOMMbIOTEPA ABAETCSA MCMOMb30BaHNE Ky6uToB
BMeCTO 6MTOB. Ky6yTOM MOXeT 6bITb HacTuua, Hanpumep

3NEKTPOH, Y KOTOPOW NONOXMUTESbHbIN CMNH (CUHME KPYXKM)
npeAcTaBnsaeT eAnHULY, a oTpuLaTenbHbI (KPacHbIE KPYXXKU) —
HOJb. KBaHTOBbIE COCTOSIHUS KaXK A0 Takol 4acTuLbl,
HasblBaeMble Cynepno3numnammn, cogepxaTt O4gHOBPEMEHHO
1 MONOXWTENbHbIN N OTpULIATENbHbIA CMUHbI (XenTbie

KPYXXKM)

He6onbLUOEe YNCNo YacTuL, B KBAHTOBOW CUCTEME
MOXEeT XPaHWUTb OrPOMHbIN 06beM UHDOPMALNK: TaK,

Bcero 1000 YacTuy B cyrnepno3unLnm MoxeTt
npeacTaBnATb Nt060€e YNCNO B AnanasoHe ot
1 no 2% (4yTo npumepHo cocTasnsaeT 103%),
a KBAHTOBbI KOMMbIOTEP NO3BONSAET
o6pabaTbiBaTh BCe YKa3aHHbIe Yucna
O[HOBPEMEHHO, HanpumMep, o6y4asn 31
YacTULbl Na3epHbIMU UMMYNbCamMmn

B npouecce namepeHus cnyvanHbim
06pa3om peannayeTcsi TONbKO OJHO U3
103%°° BOZMOXHbIX COCTOSAHWIA. TeM He
MeHee WCKYCHOe ynpaBrieHne
YacTmuamy no3BonseT 6bICTPO
peluaTb HEKOTOpbIe 3a4auu,
HanpvmMep pasnoxeHune 60bLINX
yncen Ha MHOXUTENn

CHUTB CTPAHBI Ha KapTe TpeMd pas-
JINYHBIMU [IBETAMU, IIPU YCJIOBUU, YTO
rocyiapcTBa, OKpallleHHbl€ OJHUM
U TEM Ke I[BETOM, HUTI/Ie He JOJKHBI
FPAaHUYUTE APYT ¢ ApPyroMm. Xopomio
H3BeCTHA U TAaK Ha3plBaeMasd «3aja-
4ya KOMMHBOS¥KeEpa», B KOTOPOH Tpe-
6yeTcsa ob6bexaTb I'PYIIy OCTPOBOB,
COEIMHEHHBIX MEXKJy co6oil MocTa-
MU, He ITocemas HU OJJUH U3 OCTPOBOB
6onpmie ogHoro pasa. CyIiecTBYIOT
QJITOPUTMBI, II03BOJIAIOIIME pellaTh
Takue 3agadu 6osee 3¢hHEeKTUBHBIM,
9eM NPOCTOU Iepebop BO3MOIKHBIX
BapUaHTOB CIIOCOOOM, HO HU OAUH U3
IIpe/JI0¥KEeHHBIX CIIOCO00B pellleHus He
JlaeT paJUKaabHOTO yaydlleHus. [1aa
BCEX H3BECTHBIX aJIlOPUTMOB 3aTpa-
ThI BDEMEHU Ha pellleHNe TaKUX 3a/1a4
pacTyT Cc yBeJIudeHUeM o6beMa BXOJ-
HBIX JJAaHHBIX 110 9KCIIOHEHIIHATbHOMY
3aKOHY.

Okasajochk, 4YTO BCE TPU IIPUBEIECH-
HBbI€ BBIIIE 3a/]a4U ABJAIOTCA «OANHA-
KOBBIMI» B TOM CMBICJE, YTO adpder-
TUBHBIHA QJTOPUTM peIleHus 00
ofgHON M3 HUX OyneT 3 EKTUBHBIM

-0

U [J1d BceX ocTajJbHBIX. B 1970-x rr.
K 9TOMY 3aMedaTeJIbHOMY BBIBOJLY ITPHU-
mau CtuseH Kyk (Stephen A. Cook) 13
TOpOHTCKOrO yHUBepcUTeTa, Puaapn
Kapn (Richard Karp) m3 Kamnudop-
HUMCKOro yHUBepcuTeTra B Beprin,
u JleoHnusn JleBuH, paGoTaroiuii ce-
rogHA B BOCTOHCKOM yHUBepCHUTe-
Te. OTO OTKpBITUE OBLIO CHeJaHO
MMH BO BpeMs HCCJIeIOBAHUSA TE€OPUU
NP-tionHOTHI (NP 3iech 03HAYaAeT «He-
JleTEPMHUHHUPOBAHHOE MOJUHOMUAIb-
Hoe BpeMs»). B ki1acc NP BXoIAT 3aja-
4y, JUIA KOTOPBIX pPeIIeHUe, €CJIU OHO
OyAeT NPeJJIOKEHO, MOMKET ObITH IIPO-
BEpPEHO 3a IOJUHOMUAJIBHOE BpeMd,
Jlake ecJIM HAaUTHU caMo pelleHue —
O4YeHb TpyAHas 3ajada. Hampumep,
€ecJIM U3BeCTHa KapTa C ThICAYaMH
OCTPOBOB U MOCTOB, JUI1 HAXOKJEHUA
crioco6a o6pexaTh UX BCE TAKUM 00-
pasoMm, 4ToObl HU OJMH U3 HUX He II0-
ceTUTh OOJIbIIE OJHOTO pas3a, MOLYT
notrpe6oBatbed roasl. Ho ecinum takoit
MapIIpPyT y#Ke IIPEJIVIOKEH, IPOBEPUTh,

COXEY U ot

npaBUJIEH JIU OH, OyZleT HETPYyAHO. 3a-
nagu, obaaaaroIne TaKUM CBOMICTBOM,
¥ OTHOCHAT K Kjaccy NP, KOTOpBIit oxBa-
TBHIBA€T OTPOMHO€ YHCJIO 3a/1a4, IIpej-
CTaBJIARIINX NPAKTUYECKUH HHTEPEC.
Jlerko BUAETH, YTO BCE 3aJIa4U Kjaacca
P BxogaT TakKe B Kjaacc NP, Begp Ha
I POBEPKY NPaBUJIBHOCTH
peuleHusa Kamkaou yXo-
OUT He GoJIbIlle BpeMeHU,

YeM Ha pelleHue.

CaMBIMU TPYAHBIMH B KJIac-
ce NP aBiAoTcA riepe6GopHbIe,
nuau NP-11o/1HBIE 3a1a49U, 00J1a-
JAiolue CBOMCTBOM, KOTOpOe
o6Hapyxmnau Kyk, Kapno u JleBun:
ecyii Ha/ieH 3(pHEeKTUBHBIH ajro-
PUTM pelIeHUus OJHON U3 HUX, TO OH
MOXKeT OBITh UCIIOJIb30BaH JJIA perle-
HUsS Bcex ocTtaabHBIX NP-3zagau. Co-
3/JaHME TAKOro ajJropuTMa o3Hadajo
6bI, UYTO COBpEMEHHBIE ITPE/ICTABICHUA
crieruajJanucToB o Kjaaccax P, NP u NP-
TIOJIHBIX 3a/1a9 COBEPIIIEHHO HEBEPHEI,
U Bce 3ajia4u kjacca NP, BKiro4das I1e-
peGopHEBIe, B IeHCTBUTEIBHOCTH OTHO-
cATCA K Kjlaccy P, 4To B CBOIO ouepeab
0O3HadYaeT TOKJAECTBEHHOCTH KJIACCOB
Pu NP.

CymiecTByeT JM TaKOM aJrOpUTM?
BepHo n1u, yTto Kyaccel P u NP coBna-
paoT? lleHa aTOro BoIpoca COCTaB-
JIAeT OAWH MUJIJIIMOH JOJIJIAPOB: UMEH-
HO Takylo Harpaay obemaet WMHCTH-
TyT MaTematuku Kiea B KemGpuixe,
mraT MaccauyceTc.

HecMoTps Ha TO 4TO 3a IIOJIBEKA, IIPO-
IIeIIne CO BPpEMEHU BO3HUKHOBEHUS
9TOM Tpo6IeMbl, HAUTU 3D (PEeKTUBHBIN
QJITOPUTM pelIeHUs ITepeGOPHBIX 3a1a9
HHUKOMY HeE y1aJI0Ch, IIOYTH BCE CIIeIHa-
JIMCTBI 110 KOMITBIOTEPHBIM HAyKaM yBe-
PeHBI, 4To KJaccekl Pu NP He MOTyT CO-
BIIaAaTh. TeM He MeHee IIOHATH, II0YeMy
9TO TaK, UM JOKa3aTh 9TO IIOJIOKEHUE
KaK TeopeMy, HUKTO He CMOT.

Ha 4T0 CNoCo6HbI KBAHTOBbIE
KOMMNbOTEPbI

Ecau knaccel P u NP He paBHBL ApPYyT
JAPYyTy, TO OCTaeTCHA JUIIb OJUH Iy Th,
JaIIUi HaJeXkJAy Ha BO3MOKHOCTB
penreHus nepeGOpPHBIX 3ajad 3a II0-
JIMHOMHUAJIbHOE BpeMsdA, — pacliupe-
HHe NMOHATHUA «KoMIIbloTep». Ha mep-
BBIN B3IJIsA]], HEOOXOAUMBIM IIOTEHIIU-
aJioMm o6J1a/1aeT KBAHTOBAsA MEXaHUKA,
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KOTOpas I03BOJIAET XPaHUTh U o6pa-
6aTeIBAaTh OIPOMHBIE 06'beMbl HUHDOP-
MalliH, UCII0JIb3ysd GOPMY COCTOAHUMN
CPaBHUTEJbHO HEGOJIBIIOro YucjiIa
gacTull. YTo6bI IOHATD, KaK 3TO IIPO-
HUCXOIUT, npeactaBbTe ce6e 1000 yac-
THIL, KaKJasd U3 KOTOPBIX B MOMEHT
U3MEPEeHUA MOMKET HMETh IIOJIOKU-
TeJIbHBIM MJIN OTpULATEeJbHBINA CIIMH.
B nanHOM ciny4ae pU3NYECKUN CMBICT
3HaKa CIIMHA He HUMeeT 3HAYeHHd,
BayKHO JIUIIb, YTO CIIMH — HEKOTOpOoe
CBOMCTBO YaCTHUIBI, KOTOPOE€ B MO-
MEHT U3MEpPEeHUs MOMXKeT UMeTh OJHO
U3 ABYX 3HadeHUU. UToOBl onmcaTthb
KBAHTOBOE COCTOSHHE TaKOH cucTe-
MBI, HYKHO IIPE/ICTABUTh KaK bl pe-
3yJAbTaT U3MEPEHUIH CIHMHA YacTHI]
HEKOTOPBIM YHCJIOM. OTHU 4YHCIa Ha-
3BIBAIOT AMILIHUTYAAMHU BO3MOMKHBIX
Pe3yJIbTaToB; OHU CBA3AHBI C BEPOAT-
HOCTBIO IIOJIyYE€HHUsA KaMKI0I0 Pe3yb-
TaTa B OTAEJbHOCTH, HO, B OTJINYHUE OT
BEPOATHOCTEH, KBAHTOBBIE AMILIIUTY-
Bl MOT'YT OBITH KaK ITOJIOMHUTEIbHBI-
MU, TaK U OTPUIATEJIbHBIMHU YHCJA-
MU (paKTHUUECKH dTO KOMILJIEKCHBIE
yuciaa). Hanpumep, BepoaTHocTH 06-
HapyKEeHUs II0JIOKUTEIBHOTO CIIMHA
y Bcex 1000 gacTuly COOTBETCTBYET
OJIHO 3HAYEeHUe aMIIJTUTYAbI, a BEPOAT-
HOCTH TOTO, 4TO y IepBBIX 500 gacTuy
06GHaAPYKUTCHA MOJOKUTENBHBIN CIINH,
ay 500 ocTanbHBIX OTPUIATEIbHBIN —
COBEpIIEHHO Apyroe. Yucjio BO3MOK-
HBIX Pe3yJbTaTOB cocTaBjseT 21000
niy okos1o 103°°, yTo mpeBpIIIaeT Yuc-
JI0 aTOMOB BO Bcell Buaumoii Beenen-
HOH. B aToM cilyyae IPUHATO TOBO-
puth, 9yTo 1000 YacTUI| ABIAIOTCA Cy-
neprio3dunuen 103°° coctoaHuil nnm,
UHBIMU CJIOBAMHU, B OJHOU ThIcAYe
YacTHUI] MOKHO OJHOBPEMEHHO Xpa-
HUTH 10°°° ypcesn. BKJIIOYUB B cucTe-
My HEKOTOpBIE JIOIOJHUTEJIbHBIE pe-
IyJIMPYIOIIHe YacTUIbl U IIPOU3BOAA
pasJIMYHBIe Ollepalluy HaJ BCel MoJy-
YEeHHOM COBOKYIHOCTBIO (HAaIpUMep,
o6aydyasd 4YacTULBI JIa3€PHBIMU HM-
IMyJbCaMM UJIHM PaJUOBOJHAMU), yUe-
HBI€ I0JIYYUINA BO3MOKHOCTD BBIIIOJ-
HATH QJITOPUTM, OZHOBPEMEHHO IIpe-
o6pasymomuii Bce 10%°° cocrTossHUI
CHCTEMBI, KamJ0e U3 KOTOPBIX ABJIA-
eTcsA MOTEeHIMaJIbHBIM peIIeHUEM.
Ecau 61 B pe3ynbTaTe MOMKHO ObLIO
TOYHO OIIPEAEIUTH OKOHYATEJIbHOE

KBAHTOBOE COCTOSSHHE HCCJIEeyeMOU
CHCTEMBI, KOMIIbIOTEP, OCHOBAaHHBIU
Ha OITMCAaHHOM BBIIIIe IPUHITHIIE, CMOT
GBI GEICTPO IIPOBEPUTH Bee 10°°° perre-
HUH 3a/1a49U, a UCCJIeJ0BATEN CMOTIN
ObI BBIJICJIUTH U3 HUX BEPHOE.

K cosxaneHuIo, Bce He TaK IIPOCTO.
3aKOHBI KBAHTOBOW MEXaHUKH TaKO-
BBI, YTO B pe3yjbTaTe N3MepeHusd (He-
06XO0IUMOTO JIJIsI OTIPE/IeJICHUSI KOHed-
HOT'O COCTOAHHUSA CHUCTEMBbl YaCTHII)
HabogaeTcs AUINb ogHa ua 10°%°° Bos-
MOYKHOCTEN, a BCEe OCTAJIbHBIE HCUe-
3aroT. (Kak u B ciiyyae ¢ «KkBaHTOBBI-
MU IIITaHAMID: €CJIA KTO-TO IIOOBITA-
eTcs UX HaJeThb, TO OKamKeTcsa JTu60o
B IapajHbIX, JIN60 B paboyux MTaHaX,
HO HE B T€X U JPYT'UX OJTHOBPEMEHHO.)
B 5TOM ciydyae KBAHTOBBIH KOMIIBIO-
Tep TepsAeT BCEe CBOU IpPEeUMYyIecTBa
nepej KJIacCUIeCKOM MOJIEbIO: B 060-
UX CIydasx HCCJIeloBaTeNb Iojyda-
eT MH(popMaIHIO TOJbKO 06 OJHOM U3
BO3MOYKHBIX PEIIeHUN.

K cyacTblo, B UICIOJIb30BAaHUU KBaH-
TOBBIX IPUHIIUIIOB BCE K€ €CTh CBOU
npeuMyImiecTBa. IloJIOKHUTEIbHEBIE
¥ OTpULIATeIbHbIE aMIUIUTYAbI MOTYT

XOPOLUME HOBOCTH

B3aUMHO YHHUUYTOMKATHCA — d(PPEKT,
MOJy4YUBIINN Has3BaHHUE JEeCTPYK-
TUBHOU MHTepdepeHIUN. Vcroasaysa
9TOT NPUHLUI, 3(PPEKTUBHBINA aIro-
PUTM JJs KBAaHTOBOTO KOMIIbIOTEpa
JIOJsK€H TapaHTHUPOBATh B3aHMHOE
VHHUYTOMXKEHUE BBIYUCIUTEIBHBIX IIy-
Tel, BEAYIIUX K HEIIPaBUJIBHBIM OT-
BeTaM. B To e Bpems Iy TH, BeAyIiyue
K IPaBUJIBHOMY OTBETY, OyI1yT UMETh
aMILUIUTYABI OAHOTO 3HAKA, COo3/JaBas
KOHCTPYKTHUBHYIO HHTep@epeHIuIo,
YTO yBEJIUYHUBAJO Obl BEPOATHOCTh
MOJIyYeHHU s IPaBUJIBHOI'O OTBETa IpU
U3MePEeHUAX YaCTHUIl B KOHIIE IIpoLiec-
ca. Bo3HUKaeT eCTeCTBEHHBIH BOIIPOC:
JUILS KAKOTO KJlacCa BBIYMCIUTEIbHBIX
3ajJlad MOKHO ObLJIO 6bI OPraHNU30BaTh
TaKyI0 MHTep(dEpPEeHIIUIO, HCIOIb3ysd
JULS pelIeHU s MEHbIIlee YHCJIO IIaros,
YyeM IoTpeboBasioch O6bI Ha KIaccuye-
CKOM KOMIIbIOTEpe?

B 1994 r. ITutep Illop (Peter Shor),
paboTtarmuii cerogHsa B MaccagyceT-
CKOM T€XHOJIOTMY€CKOM MHCTUTYTE, Ha-
111eJI ITePBBIM IpUMep KBAHTOBOI'O aJIr0-
pHUTMA, CIIOCOGHOTO PE3KO YBEIUYUTh
CKOPOCTBH pEIIeHUA INPaKTUIECKOU

Y70 ecnv HOBbIV COBEPLLEHHbIV KBAHTOBbI KOMMbOTEP 6yAeT NOABEPXKEH AENCTBUIO
60J1bLUMHCTBA OrPaHN4EHNI KNacCU4ECKNX BbIHUCIINTENbHBIX YCTPOMCTB? Kak B 3TOM criyvae
noCTyNAT y4eHble, paboTatoLLne HaJ HEBEepPOATHO TPYAHON 3aa4en co3aaHuna XoTsa 6bl camoro
NPUMUTUBHOIO KBAHTOBOIO KOMMbloTepa? Heyxenun oTkaxyTcs oT Bcex cBoux naen? Ectb
4eTblpe NPUHKHBI, N0 KOTOPLIM OHW 3TOrO He caenatoT

Ecnu KBaHTOBbIE KOMMbIOTEPLI KOrAa-HNOYOb M CTaHYT peanbHOCTbIO, TO OCHOBHbLIM eJ10M
0N HUX 6yaeT, BeposaTHee BCero, He B3/IOM KOJI0B, @ MOAeNMPOBaHNe ABNEHNIN KBAHTOBON
hn3nKn — T.€. peleHve hyHAaMeHTanbHoM 3aaa4v XumMnm, HAaHOTEXHONOr Ui
1 apyrux oénacten Hayku, HaCTONbKO BaXHbIX, 4To Ho6enesckue npemmm npucyxaatT

naxe 3a HebomnbLUMe [OCTUXKEHNS B HUX

Mo Mepe yMeHbLLEHNS TPAH3UCTOPOB B MUKPOYMNaXx v MPUGINXKEHUS X pa3MepoB
K aTOMHbIM, M[€eu, N03aMCTBOBAHHbIE Y KBAHTOBbIX KOMMbIOTEPOB, //,

MOTyT CTaTb aKTyasibHbIMU N ONA KfTaCCUYEeCKUX BbI4UCNEHNIA

OKCMepUMeHTbI MO KBAHTOBbLIM BbIHUCIIEHUSAM
HanpaBnAT BHUMaHNE yYeHbIX HA CaMble TAUHCTBEHHbIE
CBOWNCTBa KBAHTOBOW MEXaHUKW, 1 4eM 60nbLue PU3NKn
6yayT 3HaTb 06 3TMX 3arajgkax, TeM ckopee HakgyT um

06bACHEHNE

KBaHTOBbIE BbIHUCIIEHUSI MOXHO paccMaTpuBaTth Kak
camble Cepbe3Hble UCMbITAHWUA KBAHTOBOW MEXAHUKN N3
BCEX, KOTOPbIM OHa KOrAaa-nv6o nogsepranacs.
HekoTopbIM hn3nkam npefacTaBnseTcs, 4To cambiM
BOJIHYOLLMM BO3MOXHbIM Pe3ynbTaToM UCCNe[0BaHUMN
B 06/12CTN KBAHTOBbIX Bbl4MCNEHUI ByaeT OTKpbITUE
dyHAAMEHTaNbHbIX MPUYUH, MO KOTOPbLIM CO3AaHNe
KB@HTOBbIX KOMMbIOTEPOB MPOCTO HEBO3MOXHO.

3710 nopaxeHwe nepeBepHeT cerogHdaLllHne

npeacTaBneHns o uanyeckom mupe, Torga

KaK ycnex BCero nub noaTeepanT Ux
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3ajjayu. A UMEHHO, OH IIOKa3aJl, KaK

YTO MOIYT N YHEIoO HE MOIryT KJIACCU4YECKUE MOKET KBAHTOBBIA KOMITBIOTED pas-
KOMMBbIOTEPBI JIOMKUTH HA MHOKUTEIH N-PaspsagHoe
YHCJIO0, UCIIOIb3YS YHCIIO ITATOB, BO3-
pacTarolee NPUMEPHO KaK N2 — HHBI-
MU CIOBAMH, 3a [OJHHOMHUAIBLHOE

CreumnanucTbl N0 KOMMbIOTEPHBIM HayKaM KnaccuuumpyoT 3agadm B COOTBET-

CTBUWN C T€M, CKOJIbKO BbIYUCIINTENbHbIX LLAros TpebyeTcsa AN peLueHns
3afa4m 60nbLWOro o6bemMa npu NCNoNbL30BaHNN ONTUMATBHOIO
anroputma. o cteneHn TpygHOCTM 3a4ayn rpynnupyoTcs BpeMms. Kaxk yxe GblIO OTMEYEHO, J1y4-
B LUMPOKME MepeceKaroLmecs Knaccel, Tpu Hanbonee IHUH U3 U3BECTHBIX aJITOPUTMOB JJIS
BaXHbIX M3 KOTOPbIX YKa3daHbl HUXe. Bonpeku pacnpo-
CTpaHeHHbIM 3a61yXAEHUAM, MOKa He [oKa3aHo, 4To
KBAHTOBbIE KOMMNbIOTEPbI CMOCOOHbI 3hheKTUBHO
peliaTtb 3aja4n caMoro TpyaHoOro Knacca, Hasbl- YEHHUEM I OKCIIOHEHIIUAIBHO.
BaeMble MOJIHbIMU, UK NepebopHbIMU

KJIACCMYECKUX KOMIbIOTEPOB UCIIOJIb-
3yeT YHCJIO IIaroB, pacTyIlee C yBeJIu-

YepHble aWwmKun

Knacc P. 3agaqu, koTopble KOMMbIOTEPbI MOFY T WTak, KBAHTOBBIE KOMIBIOTEPDI CIIO-
3hheKTUBHO peLlaTh 3a NONIMHOMMasIbHOe BpeMs COGHBI CyIII€CTBEHHO YCKOPUTH PeIIle-
Mpumep. Mpu faHHON ceTke fOPOr, COeANHAILLINX MeXay HUe 332491 0 PA3I0KEeHHH JHCIa Ha
Cco60 N rOpOAO0B, BbISCHNUTbL, MOXHO N [O6PaTbCA N3 OAHOrO

” MHOM¥KUTeIU. TeM He MeHee B HAaCTOs-
no6oro ropoga B apyrou. Mpu 60nbLUMX 3HAYEHUAX N HEO6XOANMOE

YMCMO Waros pacTeT NPOMNOPLMOHASIBHO N2, T.€. MOAMHOMUANBHO. mee BpeMA CYIIEeCTBYIOT pas3/InvHbIe
MoCKOMbKY MONMHOMUATLHBIA POCT ABAAETCA CPABHUTENBHO MELNEHHbIM TOYKU 3PEHUS HA TO, K KAKOMY KJac-
M0 N, COBPEMEHHbIE KOMMbIOTEPbI CMOCOBHbI PeLlaTh Aaxe 04eHb 6oMbLune Cy IpHHAIIEKUT aHHASA 324244, U 0

3apayu knacca P 3a npuemnemoe Bpems
CUX IIOPp HE€ JOKa3aHO, 9YTO OHa ABJIA-

etca NP-tionHoOU. [lyia co3iaHus cBoe-
ro ajgropurtMma [llop ucrosb3oBaa He-

Knacc NP. 3agauv, pelueHune KOTOPbIX JIEFKO MPOBEPUTH.
Mpumep. N3BecTHO, 4TO faHHOE N-pa3psgHoe YNCNO ABNsSeTCA
Npou3BefeHNeM ABYX MPOCTbIX YUCES, KOTOPbIe HY>XXHO HanTW.
B cnyuae, ecnv Takve gBa Yncna 3agaHbl, Nerko NnpoBepuTb,
6yneT N1 ux NnpounssefeHne coBnapath C UCXOAHbIM
yucnom. Mpm aToM onepauns NePEMHOXEHNS ABYX
4yucen 3aHMMaeT NonnMHoMuansHoe BpeMs. HeTpynHo
y6eauTbCs B TOM, 4TO BCe 3aaqn knacca P BXogaT
n B Kknacc NP, Tak 4to knacc NP nonHOCTbIO
coepxuT B cebe knacc P. 3apada pa3noxeHus
oTHocuTcA K knaccy NP, Ho, Kak npegnonaraercs,
He BXOAMT B KNlacc P, NOCKONbKY anropuTm,
KOTOPbI NO3BOMMA 6bl PELUNTb
3Ty 3ajayy Ha Knaccu4eckom
KOMMbloTEpE 3a
nonMHoOMMarnbLHoe Yncno
LaroB, 40 CUX NOP He HaldeH.
Heo6xogvmoe yncno waros
pacTeT Cc yBenn4eHmem n no
9KCMOHEHLMANbHOMY 3aKOHY

KOTOpble MaTeMaTHUYeCKUue CBOMCTBA
COCTaBHBIX YHCEJI U UX COMHOKHUTE-
Jel, oco6eHHO yAoOHBIE A co3Ja-
HHUA TAaKUX THUIOB KOHCTPYKTHUBHOM
U JIeCTPYKTHUBHON HHTepQepeHIInuH,
KOTOPBbIE MOKHO OBLIIO GBI YCHEIITHO HC-
I0JIb30BAaTh B KBAHTOBOM KOMITBIOTE-
pe. B ob6mem ciayuae nepe6opHBIe 3a-
Jlavu, II0-BUAUMOMY, He 06JIaJafoT Ta-
KUMHU cBoMcTBaMu. Ha ceroqHAIIHUMI
JIeHb CHEIUAJIUCThI HAIILIN JUIIbL Ma-
JIO€ KOJINYECTBO JAPYTUX aJITOPUTMOB,
HEePCIEKTUBHBIX B OTHOIIEHUH Y MEHb-
ImIeHUsA BPEMEHM pelIeHUs 3aJadu
C 9KCHOHEHIIUAJIBHOTO 10 MOJUHOMHU-
QJIBHOTO YPOBHH.

Bompoc o cymectBoBaHUU 3 PeK-

THUBHOI'O KBAHTOBOI'O aJropuTrMa Jjsd
Knacc NP-Complete: NonHble, nnv nepe6opHbie 3agaquu. HepeGOpPHBIX 3afad IIOKA OCTAeTCs
OhheKTUBHOE peLLEHNE OQHON N3 TaKMX 3a4a4y faeT aPheKTUBHbIN
nyTb peweHns n ansa scex NP-3apau. . -
Mpumep. MOXHO NN packpacuTb BCe CTPaHbl Ha JaHHON KapTe Tpems MHOMKECTBO IIOIBITOK, HAUTH TAKOU
LBeTaMm TaK, YTo6bl CTpaHbl, OKpaLlEHHbIE OQHUM U TEM XE LIBETOM, AJITOPUTM HeE yaJI0Ch, KaK HE y1aJIoCh
HUrAE He rpaHnynnu apyr ¢ gpyrom? B Tom cny4ae, ecnv 6bl
anropuTM peLleHuns 3Tow 3agaym 6bi1 HaNAEH, ero MOXHO 6b110 6bl
npucnocobuThb 1 ANs pelleHns Bcex 3agad knacca NP (Hanpumep,
Ha3BaHHOW BblLLe 3a4a41 O Pa3oXeHUM Ha MHOXUTENU 1N BE€Ab 10 CUX IIOP HE JOKa3aHO U TO, IYTO
3afa4n 0 BOSMOXHOCTU ajJropuTMa permeHus HepeGopme 3a-
pazsMeLLeHNs N KOPOGOK pasHbix Jad 3a MOJUHOMUATBLHOE BPeMs JJId

pa3mepoB B 6ara>kHMke JaHHOro
06beMa) MPUMEPHO 33 TO XE YHCIIO KJIACCUYECKUX KOMIIBIOTEPOB HE CY-

waros. B aTom cMbicne nepe6opHble mecTByeT. ENMHCTBEHHOE, YTO MOJK-
3aja4yn ABNATCA cambiMn HO yTBEPK/AATh OIIPEAEJIEHHO, TaK 3TO
UEAATIEINED B RO e il @ TO, YTO KBAHTOBBIN aJITOPUTM, CIIOCO6-
N3BECTHbIV anroputm He .

o6ecneunsaeT 3 HeKTUBHOro HbIH 9p(PEKTUBHO pemath nepeGop-
peLueHuns Takux 3apad HBbIE 3aa4U, JOJKEH, KaK aJITOPUTM

6e3 orBeTa. Jlo CUX HOp, HECMOTPS HA

" JOKa3aTh, YTO €ro HE€ CylI€CTBYET.
B aToM HeT HHUYero YAUBUTEJIBHOTO,

Ilopa, UCIIOIB30BATh CTPYKTYPY 3aja-
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4H, HO CIIOCOGOM, JJaJI€KO BBIXOAAIIUM
3a mpejesbl BO3MOKHOCTEH Ceroa-
HAMIHEH TexXHUKU. JlobuThca pagu-
KaJIbHOI'0O YCKOPEHUdA, paccMaTpuBasd
3ajJlauyM KaK He UMeIolue CTPYKTYPBI
«qepHBbIe AWK, Tpebyolnue mapaJl-
JIEJIbHOU IIPOBEPKU 9KCIIOHEHIINAJIBHO
pacTylIero 4ucja pemeHui, HeBO3-
MO HO. [ToJIb3ysACh MOJIE/IbIO «<4EPHOI0
ANTUKA», MOKHO JIUIIB JOCTUYD OIIpe-
JIeJICHHOT'O YCKOPEHUA, U CIIeI[HAJINC-
TaM yJaJIOCh YCTAHOBHUTH, HACKOIBKO
3HAYUTEJBHBIM (M HACKOJBKO Orpa-
HUYEHHBIM) MOKeT GBITh TaKOe yCKO-
peHue. AITOpUTM, ero o6ecIednBaro-
LW, ABJIAETCA BTOPBIM I10 BA’KHOCTH
KBAHTOBBIM aJITOPUTMOM.
Hcnosb3oBaHUE MOJEIU «IE€PHOTO
ANIUKa» MOKHO IIPOUJITIOCTPUPOBATH
Ha cienyomeM npuMepe. IycTs Tpeby-
eTCsA HAaWTH pellleHue TPyAHOU 3ajauu
U eIMHCTBEHHBIN U3BECTHBIN ITOAXOZ,
COCTOUT B Ilepe6ope IIpeAIoIaraeMbIX
PeLIeHnH ¢ MoCIeAyIoeN X IIPOBEP-
KoH. [IpeiIoyIoKuM, UTO y 3a/laUU €CTh
S BO3MOMKHBIX pEIIeHUN, a YHucjiao S
pacTeT 9KCIIOHEHIIUAJIBHO C yYBeJIn4e-
HHEM n. B To BpeMd Kak B JIyYIIIeM CIIy-
4Jae [1epBO€ U3 IIPOBEPEHHBIX PEIICHUHN
OKaKeTCs BEPHBIM, B Xy/IIIIeM ciIydae
npugeTcsa nepe6pats Bce S Ipeao-
JKEHHBIX BapuaHTOB. O4YEBUJHO, UTO

B cpeaHeM IoTpebyeTcsa mnepebpaThb
S/2 BO3MOKHBIX PEIIeHUN.

JlolmycTUM Telephb, YTO IIOABHJIACH
BO3MOMKHOCTB IIPOBEPUTH BCE JOIIyC-
THUMBbl€ PellIeHUA B KBAHTOBOH CcyIlep-
nosunuu. B 1996 r. Jlos I'poysep (Lov
Grover) us komnanuu Bell Laboratories
co3jajl aJropyUTM, I103BOJIAIOLIUNI
B IOJ00HOM ciydae HaxOAUTh IIpa-
BUJIBHOE pPEIIeHNe IIPUMEPHO 3a VSma-
roB. YCKOpeHue oT S/2 1o VS maros —
60/IbIIIOE TOCTUMKEHUE VI MHOT'UX 3a-
Jlad: IIpU MUJJIMOHE BO3MOYKHBIX pe-
IIeHUH BaM IIOHAJIOGUTCA BCEro OKO-
o 1000 maros BMecTo 500 ThIC. Tem
He MeHee JaHHBIA aJTOPUTM MOMKET
JINIIb YMEHBIIUTH BpeMsd IIOMCKa pe-
IIEHUs, HO He CIIOCOGEeH IIpeBPaTUTh
9KCIIOHEHIIUAJbHOE BpeMs B IIOJHMHO-
MuaabHoe. AnropuTM ['poyBepa xo-
POLI JIUIIB JIIS MOJEJIN «d€PHOT0 SIIH-
Ka», U €ro HEBO3MOMKHO YJIyYIIUTh:
B 1994 r. uccinegoBaTteau mokasaju,
YTO KBAHTOBBIM AJITOPUTM «I€PHOTO
AIUKa» TpebyeT He MeHee VS maros.

3a mocieaHUe AecATUIETHE UCcCe-
JoBaTeJUd IIOKasajad, YTO IMoJo6Hoe
He3HA4YUTEeJIbHOE yBeJIN4YeHNe 6BICTPO-
JleicTBUSA ABJIAETCA NPeAeJbHBIM A5
MHOTUX JAPYTUX 3ajad. MckaodyeHue
cocTaBJfAeT 3ajiada IOMCKA MO CIIHC-
KaM, BKJII0Yasd II0JCYET rOJI0COB Ha BBI-

HA 4YTO CNMOCOBHbI KBAHTOBbLIE KOMIMbIOTEPDbI

[unarpamma crnpasa nokasblBaeT, Kakoe MeCTO 3aHMMaeT Knacc 3afay,

3hheKTUBHO peLaeMblxX C MOMOLLIbIO KBAHTOBbIX KOMMbloTepoB (BQP) cpe-

6opax, IOUCK KpaTyalIliero MapuipyTa
U cTpaTeruvyeckue Urpbl BpOAe IIax-
maTt uau ro. OgHOM U3 0COGEHHO TPY/-
HBIX OblJIa TAK Ha3blBaeMas «3ajava
o conocTaByieHUW (collision problem) —
MOUCK JIBYX TO/JI€CTBEHHBIX UIU CBA-
3aHHBIX OIIPeIeIEHHBIM 06pa3oM 00b-
€KTOB B JUIMHHBIX CIHUCKax. Eciu 6bI
CYILIEeCTBOBAaJ OBICTPBI KBAaHTOBBIU
aJTrOPUTM €€ PelleHUsdA, TO MHOI'HUE U3
3JIEMEHTOB CHCTEM 3JICKTPOHHOM TOp-
TOBJIU CTaJIU Obl 6€CII0JIE3HBIMU.

Eciau nouck o6beKkTa B JIMHHOM
CIIICKE MOXKHO CPaBHUTBL C IIOIBIT-
KOM HaWTH UTOJIKy B CTOTe CeHa, TO
IIONCK COBIAJEHUH NOA0GEH PO3BIKY
JIByX OJIMHAKOBBIX COJIOMHUHOK B HEM.
CTpyKTypa TaKol 3aJjadyd OTHOCUTCSHA
K TeM, KOTOpble KBAHTOBBIH KOMIIBIO-
Tep MOTEHIIMAJIBHO MOMKET HCIIOJIb30-
BaTh. TeM He MeHee, B 2002 . aBTOpOM
HacToAmleld cTaTbU GBLIO JOKa3aHo,
YTO B PaMKax MOJEIU «IePHOIr'0 AIIH-
Ka» JII0OO0M KBAHTOBBIA aJITOPUTM Tpe-
6yeT 9KCIIOHEHIINAJIbHOI'0 BDEMEHH /I
pelIeHNd 3a1a4U O COIIOCTABICHUN.

MoOKHO IPEAIOJI0KUTh, YTO TaKOU
IpeJest I MOJEJIH «dePHOTO AIIUKa»
HE MCKJII0YaeT BO3MOMKHOCTHU CO3Jia-
HUA B OyaymeM 3OEeKTUBHBIX aJro-
PUTMOB pellleHudA Nepe6GOpHBIX HIN
nasxe 6osiee CIOKHBIX 3aaa4d. OfHAKO,

NPUMEPbI 3A0AY

| LWaxmatbinxn

ILLUSTRATIONS BY DU AN PETRIC IC

" rMX OCHOBHbIX KNACCOB BbIYMCNTENbHbIX 3afa4. (HenpasunbHas M
LR Aa. ( p PSPACE fonxn
hopma rpaHuLbl 0651acTV 3TOrO Knnacca roBOPUT O TOM, HTO OH HEHETKO
cooTHocuTCes ¢ apyrumn.) B knacc BQP (Bounded-error, Quantum, Pa3smeLieHne kopo6ok
Polynomial) BxogsiT Bce P- u HemHorne NP-3afayu, B HacTHOCTM 3ajada NP- PackpalunsaHue KapTbl
0 Pas3foXeHUN Ha MHOXWUTENM U Tak Ha3blBaemas 3afada IMCKPETHOro complete 3apaqa KoMMrBOsIXXEpa
norapudmunpoBaHus. BonblinHcTBO Apyrux NP-3anady v Bce nepebopHble Cynokynxn
CHMTAIOTCA He OTHOCALLMMMUCS K Knaccy BQP, a 3To 3Ha4UT, 4TO faxe ObhekTUBHO NP | Vizomopdnam rpadhos
KBaHTOBOMY KOMIMbIOTEPY LANs UX PeLLEHNs NOHaA06MTCS YMCTIO LLAaros, paspeLumbie

KBaHTOBbA Pasnoxenue
npeBsbILLaoLLee NosIMHOMMASbHOE.

KOMMbIOTEPOM | Ha MHOXUTENN

Kpome Toro, knacc BQP MoXeT BbIxoauTb 3a pamku NP, [VCKpeTHOe
a 970 03HAYaeT, YTO HEKOTOpbIe 3aja4l KBaHTOBbIE KOMIMbiO- norapudmmnpoBaHune
Tepbl CMOryT peLuaThb faxe 6bICTpee, Yem Knaccu4eckme CBA3HOCTb rpachoB
KOMMbIOTEPbI MOTYT MPOBEPUTDL UX peLleHns. (HanomHum, |_MpoBepka,
4TO KJTACCUHECKUIA KOMMBIOTEP MOXET NNLLb 3G (HEKTUBHO ?]ng'iﬁ; URCIO
npoBepaTb pewleHns NP-3agad, HO peLuatb 3a npuemnemMoe Sz,qaqa -
BPeMms CnocobeH Tonbko P-safgaqn.) Tem He meHee ybeau- CBATOBCTBE

TEeNbHOro NpuMepa noka He HangeHo. Cneuunanuctamm

ObdhekTnBHO
Mo KOMMbIOTEPHLIM HAayKaM fokKasaHo, 4To knacc BQP cep

aspeLunmble
He MOXeT BbIXOAMTb 3a paMkm knacca PSPACE, copepxaluero PR
KJlacCU4ecKnm
B ce6e Bce NP-3apauun. B aTOT Knacc BXOAAT Te U3 HUX, KOTopble
KOMMbIOTEPOM

06bI4HbI KOMMBIOTEP MOXET peLlaThb, UCMOSb3Ys TObKO MOIMHO-
MuanbHbI 06bEM NaMSATU, HO, BO3MOXHO, TONbKO 32 3KCMOHEHLN-
anbHOe YNCHO LWaros

YBenuyeHue TpygHoCTn ————»
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€CJIM TaKHe aJITOPUTMBI CYILIeCTBYIOT,
OHU JIOJIZKHBI UCIOJIb30BaTh CTPYKTY-
Py 3a7a4 mHa4e, YeM dTO JIeJIaI0Ch J0
CHX IIOp, U KJIACCUYECKHE aJITOPUTMBbI
MOT'YyT OKa3aThCsd 3/1eCh He MeHee a(]-
deKTUBHBIMU, YeM KBaHTOBEIe. Vcxo-
1 U3 9TUX COOOparkeHN, MHOTHE CIIe-
I[UAJINCTHI B 06J1aCTU KOMIIBIOTEPHBIX
BBIYHUCJIEHUH Je1al0T BbIBOJI HE TOJIb-
KO 0 HecoBIIaJieHUuUu KjaccoB Pu NP, HO
¥ 0 HEBO3MOXKHOCTHU PEIIeHUdA Iepe-
GOpPHBIX 3aJa4 3a ITOJIMHOMHAJIBHOE
BpeMs Ha KBAaHTOBBIX KOMIIbIOTEpPaX.

Maruyeckue Teopuu
Bce 3HAHUA, KOTOPBIMU pacHojiaraeT
HayKa, FOBOPSAT O TOM, YTO KBAHTOBBIE
KOMIIBIOTEPBI — CaMBbIi OOIIUU THUI
KOMITBIOTEPOB, COIVIACYIOIIUXCS C 3a-
koHaMu pusuku. TeM He MeHee OKOH-
yaTejabHasa Gu3MYecKasa Teopud ele
He CO3/1aHa, U HeJIb35 HCKII0YaTh BO3-
MOYKHOCTB TOT'O, YTO B OyIyIIleM Teo-
pusa HauaeT cpeactBa 3PPEeKTHBHO-
ro peuleHud nepeGopHBIX 3ajgad. Kak
U CIeNyeT OMKUAATb, JIOAU PACCYXK-
JaloT o ele 6oJiee MOTYIIECTBEHHBIX
THUNAaX KOMIOBIOTEPOB, 10 CPaBHEHUIO
C KOTOPBIMU KBAHTOBBIE BBIUMCIIH-
TeJbHBbIe yCcTpoWcTBa OyAyT Ka3aTb-
cd 6osiee MeUINTEeIbHBIMU, HAIIPUMEDP
KaK IIeIIeX0oAbl 10 CPABHEHHUIO C CO-
BpPEeMEHHBIMU aBToOMoOuIAMUu. OxHa-
KO BO3MOKHOCTB CO3JaHHUSA BCEX Ta-
KHUX KOMIIBIOTEPOB 06asupyeTcsa Ha
TUIIOTETUYECKON BO3MOKHOCTH U3Me-
HEHUd 3aKOHOB (PU3UKU.

OpHOM U3 IVIaBHBIX XapaKTEePUCTHUK
KBAHTOBOM MeXaHWKU ABJIAETCA Ma-

TeMaTHU4YeCcKoe CBOHCTBO, Ha3bIBaeMoe
JuHeWHOCThI0. B 1998 1. [laHuen Ji16-
pams (Daniel S. Abrams) u Cet Jlioiig
(Seth Lloyd) m3 MaccadyceTCKOro Tex-
HOJIOTMUYECKOTr0 HMHCTHUTyTa IIOKa3a-
JIML, YTO €CJIU JO0OAaBUTh K yPAaBHEHUAM
KBAHTOBOU MEXaHUKU HeOOIbIIION He-
JIMHEUHBIN YJIeH, TO KBAHTOBBIE KOM-
ObIOTEPLl CMOTYyT 3(Q@EKTHUBHO pe-
marth nepebopHele 3agavyu. He cTouT
pazoBaThCA paHbIle BpEMEHU: CyIIec-
TBOBaHHE TAKOTO YJIeHAa JI0IIYCKaJIO ObI
BO3MO¥KHOCTb HapyILIeHUd IIPUHIINIA
HeoIllpe/ieJIeHHOCTHU ['efizeHbepra u me-
peAadyy CUTHAJIOB CO CKOPOCTBIO 60JIb-
ey, YeM CKOpocTh cBeTa. Kak yka-
3asn dKbpam3 u JIIoia, BO3MOKHO,
JIydIllee MCTOJKOBAHUE UX pe3ysbTa-
TOB COCTOUT B TOM, YTO OHU IIOMOTAIOT
HOHATH NPUYNHY JIMHEHHOCTU KBaH-
TOBOM MEXaHUKU

CyLecTBYIOT TaKiKe pasyInyHble
TEOPHUU O TUIOTETUYECKUX MaIlIUHAX,
CIIOCOGHBIX BBINOJIHATH HEOTPAHU-
YEeHHOEe YHCJIO Oeparui 3a KOHEYHOe
BpeMsA. K comasieHn1o, COINIaCHO COB-
peMeHHBIM (PHU3NIECKUM IIpeICTaBIIe-
HUAM, Ha [[TaHKOBCKUX MacmiTabax,
cocTaBaAIMUX npuMepHo 107 ce-
KYH/I, BpeMs BBIPOMKJAETCHA B Mope
KBAHTOBBIX (PIYKTyaIui U CTAHOBUT-
CcfA IOXO0KUM Ha YTO-TO BPOJE IIEHBI
BMECTO OJHOPOJHOM TJIAJKON JIN-
HUU, YTO, BEPOSAATHO, UCKJIIOYAET BO3-
MOMKHOCTBH CO3JJaHUSA MAIIUH TaKOro
THUIA.

Eciu BpeMs HeJIb3s1 pa3bUThb Ha IIPO-
U3BOJIBbHO KOPOTKHE UHTEPBAJBI, TO,
BO3MOIKHO, JJIfl PEIIeHN ITepeGOPHBIX

CBEPXKOMMbIOTEPbI HA OCHOBE 3K30TUYECKOWN ®U3NKWU?

HecMoTps Ha TO 4TO KBAHTOBbIE KOMMbIOTEPbI €A4BA NN CMOTYT GbICTPO peLlaTh nepe6opHble
3afa4n, HeKOTopble ApYrue Heo6bl4HbIe, TMMOTETUHECKUN OCYLLECTBUMbIE (DU3NYECKUME NpoLec-
Cbl, JOMXXHbI NO3BONUTbL CO3AaBaTh KOMMbIOTEPbI, KOTOPLIM MO nievy 6yayT

M 3T, n ropaspo 6onee croxHble NpobnemMsbl. Tak, NnepemMeLLeHne Bo
o | # BDEMEHM BOMKHO OTKPbITb BO3MOXHOCTb 9D (PEKTUBHOTO peLue-
Husi Bcex 3agad knacca PSPACE, B ToM Yncne 6onee Tpya-
HbIX, 4eM Nepe6OopHbIe, HaNpUMep 3a[a4un Urpbl B LLAXMa-
Tbl Ha Jockax NobbiXx pa3MepoB, BKOYas CTaHAaPTHbIE
Aocku 8 X 8 kneTok. Micnonb3oBaHune nyTeLlecTBUiA BO Bpe-
MEHU ONS pPeLUEHU CMOXHbIX 3aJa4 OCHOBaHO Ha Npefo-
CTaB/IEHUN KOMMbIOTEPY BO3MOXHOCTM BbINOMHATb ANNTENb-
Hble BbI4UCNEHNS, KOTOPble 3aKOHYaTCs B AafieKoM 6yayLlieMm,
C nocnegyoLWmnm BO3BPaTOM NOTYHEHHOro pe3ynbrarta
B HacTosLLee BpeMs. [1ns 3TOro nnaHuMpyeTcs MCnosb-
30BaTb Tak Ha3blBaeMble 3aMKHYTble BPEMAMNO[06-
Hble KpuBble. TeM HE MEHEE OCHOBHas TPYAHOCTb
npun NCMONb30BaHNN TAKOro NOAX0AA 3aKno4vaeTcs
B NPOTUBOPEYUAX C U3BECTHLIMU 3aKOHAMUN (OU3NKMN

3a/lay MOYKHO HCIIOJb30BAaTh UJIEIO ITIy-
TEIIeCTBUA BO BpeMEHU. YUeHbIe, pac-
CMaTpUBAIOIIYE TAKYI0 BO3MOKHOCTb,
TOBOPSAT HE 0 MAIIIMHE BpDEMEHU, a 0 3aM-
KHYTBIX BPEMAIOJO0OHBIX KPUBBIX. I10o
CYILIECTBY, 9TO 3aKOJbIIOBAHHBIE Map-
HIPYTHI B IIPOCTPAHCTBE-BPEMEHH, I10
KOTOPBIM MaTepUs U dHEPTusd MOTYT
nepeMeInaTbcd, 4YToObl BCTPETUTHCH
c co6ol B IIPOILIOM, 06pa3ys 3aKphl-
Ty1o nerino. CoBpeMeHHbIe du3uye-
CKUe TEOpHUM He I03BOJIAIT clejaTh
BBIBOJI O BO3MOMKHOCTHU CYIII€CTBOBa-
HHSA TAaKUX KPUBBIX, HO 9TO HE MeIllaeT
YYEeHBIM OLIEHUTD UX BKJIAJ] B PA3BUTHE
KOMIIBIOTE€POB HOBOT'O IIOKOJIEHUA.
Crioco6 HCIIOJIB30BAHUA BPEMAIIO-
JIOGHBIX KPUBBIX JIJISI YCKOPEHUS BBI-
YUCJIEHUN KaKeTCA OYeBUIHBIM: IIpe-
JIOCTaBUTh KOMITBIOTEPY CTOJIBKO Bpe-
MEHHU, CKOJIBKO eMy noTpebyeTcs ajs
PpellIeHus IoCTaBJIeHHON 3aja4y, a 3a-
TeM IepeciaTh II0JyYeHHOe pelleHue
Ha3aJ BO BpeMEHU K MOMEHTY, KOT-
Jla BBIYMCJIEHUA ellle He HAYUHAJIUCh.
K cokaneHulo, aTa npocras ujed He-
OCyIIIeCTBUMA, IIOCKOJIbKY OHA HE YIU-
TBIBAeT M3BECTHOI0O BPEMEHHOTO IIa-
pazoKca, yTBEPXkKIAIOIIEro, YTO YeJIo-
BEK HE MOKET BEPHYTBCH B IPOIILIOE
u yO6UTh CBOEro co6CTBEHHOTrO Jeja,
HOCKOJBKY B IPOTHUBHOM CJIy4dae OH
caM He CMOT Obl IOABUTHLCA Ha CBET.
IIpUMEeHHUTEJIbHO K CJIy4Yalo BbIYMCIIe-
HUM BO BPEMEHM JAaHHBIM IapajioKc
MOKHO CPOPMYJIMPOBATH CJIELYIOIIM
o6pasoM: YTO IIPOU3OHIET, €CJIU BBI-
KJIIOYUTh KOMIIBIOTEP 10 IOJIy4eHUs
oTBeTa u3 Gyaymniero? TeM He MeHee
B 1991 r. dusuk [dsBup oy (David
Deutsch) n3a Orxcdopackoro yHuUBep-
cuTteta cHOPMYJIUPOBAJ MOJEIb BBI-
YUCJIEHUH, OCHOBAHHYIO Ha 3aMKHY-
TBIX BPEeMAIOAO0OHBIX KPUBBIX, I03BO-
JIAIOIIYI0 0G0UTH 3Ty TPYAHOCTh. Ero
MoOJieJIb rapaHTUPYET, YTO B IIpOLiec-
ce pa3BUTHUA COOBITUI IO 3aMKHYTOH
JIMHUU, 06pasyoiel BpeMAnog00HY 0
KPHUBYIO, ITapaJloKC BOOOIIle HE BO3HU-
KaeT. 9TO 06CTOATEIbCTBO MOMKHO HUC-
HoJb30BaTh MJf co3naHusa sddex-
THUBHOTO aJITOPUTMa, KOTOPBIA s
pelIeHus TPYAHBIX 3aJa4 COBEpIIAJ
6Bl IIUKJIBI BHYTPU IETIU BPEMEHHU.
Takum 06pa3omM, MOKHO GbLIO GBI 3(-
¢deKTUBHO pemnraThb He TOJBKO 3aJa4u
Kyacca NP, HO iae Te, YTO OTHOCATCH

B mupe nayku [06] uwwonb 2008
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HHOOPMAIHOHHBIE TEXHONOTHH

K OoJiee IIIMPOKOMY KJlaccy, Ha3bIBae-
Moemy PSPACE. OHU MOTYT pemiaTbcA
Ha OOBIYHBIX KOMIbIOTEpax, Tpebysd
IIOJIMHOMHAJIBHOTO o6beMa IaMATH,
HO, BO3MOKHO, 32 9KCIIOHEHI[UAJIBHOE
Bpems. [1o cyIiecTBy, 3aMKHY ThIE Bpe-
MANO0A00HBIE KPUBBIE MOIVIN OBbI cle-
JIaTh BpeMs U 06'b€M NaMATHU B3aUMO-
3aMeHAEMBbIMU BBIYUCIUTEIbHBIMUA
pecypcaMmu. (1o cux mop orpaHuYeHUe
IIOJIMHOMHUAJIBbHOU €MKOCTBIO NaMATH
6BLJIO HE CYLIECTBEHHO, T.K. JUId 3a7a4
kJs1accoB Pu NP He Tpe6oBaJIoCh yBeIUu-
YeHUA PECYyPCOB IIaMATH, IIPEBBIIIAI0-
U X IIOJJMHOMHUAIBHBIN pocT.) Hegas-
HO JI:xoH YoTpac (John Watrous) u3a
YHuBepcureTa YOoTepiay IIPOBUHIIUU
OHTapuo U aBTOP HACTOAIIEH CTAaTbU
IIOKA3aJIH, YTO JUIA peaJTu3aIiuy ajaro-
PUTMOB, OCHOBAaHHBIX Ha BPEMAII0A006-
HBIX KPUBBIX, UCIIOJIb30BAHUE KBaH-
TOBBIX KOMITBIOTE€POB BMECTO KJIACCH-
YEeCKUX BBIYMCIUTEIbHBIX CPEJICTB He
1aeT BO3MOMKHOCTHU 3(PPEeKTUBHO pe-
mIaTh Kakue-I1u6o 3a/lauu 3a Ipejeia-
MU Kaacca PSPACE. IHBIMU cJIOBaMH,
Jlaske eCJIM TaKue KPHUBBIE CYIIeCTBY-
IOT, KBAHTOBBbIE KOMITBIOTEPHI GYIy T HE
MOII[HEE OOBIYHBIX.

AxunnecoBa nsita KBaHTOBbIX
KOMMbIOTEPOB

DU3NKHN He 3HAIOT, II03BOJIAT JIU T€O-
puu GyyIiero co3gaTh Kakue-1mub6o ua
PacCMOTPEHHBIX BBIIIe HEOOGBIYHBIX
KOMITbIOTepOB. TeM He MeHee MOIKHO
B3TJIAHYTh Ha IPo6JIEMY C IPyTOH CTO-
poHBIL. BMecTo Toro 4To6b! H306peTaTh
¢usrYecKue TeOprH, 3a1aBasAcCh IOCIe
9TOr0 BOIIPOCOM 00 MX 3HAYEHUH I
BBIYUCIUTENBHBIX BO3MOMKHOCTEH,
MOKHO UCXOAUTH U3 ITOJIOKEHHUS O TOM,
gyT0 NP-3a1a4u ABJIAIOTCA TPyAHOPA3-
pelIMMBIMH, a 3aTeM pacCcMaTpUBaTh
II0CJIEICTBUSA TAKOT0 JOIYIEHUS I
¢usuku. Eciu, HaIpuMep, oKaKeTcsd,
4TO BPEeMAINOJOOHbIE KPUBBIE HE II0-
3BOJIAIOT 3¢ PeKTUBHO pemath NP-3a-
Jladyy, TO, UCXO/Jf U3 OUEBUHOM CIIOMK-
HOCTH 3ajia4 JaHHOTO KJlacca, MOKHO
3aKJIOYUTD, YTO TAKHE KPUBBIE IIPOC-
TO HE MOTYT CyIIIeCTBOBATb.

KoMy-To Takol IOAXOA MOMKET IIO-
Ka3aTbhCA YPE3MEPHO JOTMATUYHBIM,
HO /1151 HEKOTOPBIX (PU3UKOB OH paB-
HO3HA4YeH IIPU3HAHUIO BTOPOTO HAYa-
Jla TEPMOAWHAMUKH HMJIN HEBO3MOIK-

OB ABTOPE

CkoTT AapoHCOH (Scott Aaronson) — [OLEHT 9NEKTPOTEXHUKMN N KOMMbIOTEPHbBIX HayK
B MaccaqyceTCKOM TEXHOJZIOTNHEeCKOM UHCTUTYTE. OKOHu4UuB CpenH WKony, OH no-
nyyun cteneHb 6akanaepa B KopHenbCKOM yHMBEpCcUTeTe, a 3aTeM 3aLUnTun amccep-
Taumo B 0611acTu KOMMNbIOTEPHbIX Hayk B KanndopHuiickom yHuBepcuTeTe B Bepknu,
roe pa6otan nof pykosofacTtesom YmMmewa Basvpanu (Umesh Vazirani). NMomumo Hayu-
HbIX [OCTUXXEHUN AapOHCOH M3BECTEH CBOUM 6510roM (www.scottaaronson.com/blog)
1 co3gaHnem «300napka CrnoxXHocTen» (www.complexityzoo.com) — CETEBOW SHLMK-
nonepuwu, coctosiLlel na 6onee 4em 400 KNaccoB CIOXHOCTH.

HOCTH Iepejadyd CUTHaAJIOB CO CKO-
pOCTBhIO, MpEBBINIAKIIEN CKOPOCTh
cBeTa — JABYX (QyHAaAMEHTAJIbHBIX
OrpaHUYEHUH, ITOJIY YUBIINX CO BpeMe-
HeM cTaTyc (pU3NYEeCKUX IPUHIUIIOB.
B03MOKHO, 4YTO B OyayIlleM y4YeHBIM
yaacTcsa 3KCIIEpUMEHTAJIbHO 060CHO-
BaTh HapyIIeHHe BTOPOro HavaJja Tep-
MOJMHAMMKH, HO IIOKA 9TOr0 He IIPOo-
U301LI0, (PU3UKH CUHUTAIOT ropasjo
6oJs1ee MoJIe3HBIM IPU3HABATh €70 BEP-
HBIM BO BCeX 00JIAaCTAX HAYKU U TEXHU-
KU — OT aBTOMOOMJIBHBIX IBUTATEJIEN
J10 YEPHBIX AbIP. MOMKHO OKHU/1ATh, YTO
Korga-Hubyab cio:kHOCTh NP-3ajmau
6yZneT paccMaTpUBaTBhCA TaKHUM IKe
o6pasomM — Kak (pyHAaMeHTaJIbHBIA
MPUHIMII, OIIMCHIBAIOIIUH YaCcTh CyIII-
HOCTH NPUPOJABI Hallle BcesleHHON.
B HacTosAmee BpeMsa HET BO3MOYKHOC-
THU YKa3aTh Ha TEOPETUYECKHE JOCTH-
JKEHUA UJIU IPaKTUYECKUE CIIE/ICTBHUA,
BBITEKAIOIIME U3 3TOr0 IPUHIIUIIA.

Ha naHHBI MOMEHT HE CTOUT 4Ype3-
MEPHO IojaraTbcs Ha BO3MOKHOCTH
KBAHTOBBIX KOMIIBIOTEPOB. BepoAT-
HO, KOTOo-TO TaKasd OrpaHUYEHHOCTb
pasodapyeT, HO, TeEM He MeHee, Ha Hee
MOMKHO B3IJIIHYTh U Cc 0oJiee OITH-
MUCTHUYHON TOYKU 3PEHUA: HECMOT-
pA Ha TO YTO B MUpPE KBAHTOBBIX KOM-
NBIOTEPOB HEKOTOPBIE KpunTorpadu-
YeCKHe KOJIbl MOTYT OBITH B3JIOMAHBI,
JpyTHe KoAbl, BOBMOMKHO, YCTOAT. YBe-
PEHHOCTh B NPUHIUIIHNAIBHOU BO3-
MOKHOCTH KBAHTOBBIX BBIYHCJICHUN
PacTeT, IOCKOJIBbKY, 4YeM B 6oJiee Kapu-
KaTypPHOM BHUJ€ NIPEACTABIAIOT IIPea-
JaraeMble TEXHOJIOTUHU, TeM ¢ 6oJb-
MMM CKENTHUIM3MOM HYXXHO K HHUM
oTHOcUThCA. (KTO BBEI3BIBAET OoJIbIIIE
JloBEpHUd: TOT, KTO IpejJjlaraeT yCT-
poicTBO, rapaHTHUPYIOIIEE oIy YeHHe
HEOTPAaHUYEHHOI'0 KOJINYECTBO dHEP-
THUM 13 KBAHTOBOTI'O BaKyyMa, UJIH TOT,

KTO npejuiaraet 6osiee a(ppeKTUBHBIH,
YeM NOPOLIJIOTOJHASA MOJEJb, XO0JIO-
IUIbHUK?) HakoHel, ciieicTBUE TaKOM
OrPAaHUYEHHOCTH — TO, UTO CIIeI[Ha-
JIUCTAM MPUETCS MPOAOIKATH CBOIO
paboTy, 3aKJI0YaIIYyIoCcd A1 HUX B
HOMCKaX HOBBIX KBAHTOBBIX QJITOPUT-
MOB. Kak HEBO3MOKHO HpeACTaBUTh
cebe Axmireca 6e3 yA3BUMOM HATHI,
TaK ¥ KBAaHTOBBIM KOMITBIOTEP HE JIU-
IIIeH KAKUX-TO HEJOCTATKOB. M

Mepesop: N.E. Cauesud

AOOMOJIHUTENbHASA NUTEPATYPA

® Quantum Computation and Quantum
Information. Michael A. Nielsen and Isaac
L. Chuang. Cambridge University Press,
2000.

m NP-Complete Problems and Physical
Reality. Scott Aaronson in ACM SIGACT
News, Complexity Theory Column, Vol.
36, No. 1, pages 30-52; March 2005. Cwm.
Takxe www.scottaaronson.com/ papers/
npcomplete.pdf

B Quantum Computer Science: An
Introduction. N. David Mermin. Cambridge
University Press, 2007.

® Shor, I'll Do It. (O6bAcHeHWe anropuT-
mMa Lllopa gna HecneuyuanucTtoB.) Scott
Aaronson. CMm. Takxe www.scottaaronson.
com/blog/?p=208

® Quantum Computing since Dem-ocritus.
Lecture notes from course PHYS771,
University of Waterloo, Fall 2006. CMm. Tak-
Xe www. scottaaronson.com/democritus/

lD,OI'IOJ'IHI/IT(?J'II:HbIe cBefeHnsa o KBaHTOBOW
MexaHuKe, rMnepKoMmnblTepax, UCnosb-
3yloLmx CBOKMCTBa MpocTpaHcTBa-Bpe-
MEHWU, a TakXXe Tak Ha3blBaeMble aHTpOn-
Hble BblYMCINEHUS, CM. HA WwW.SciAm.
com/ontheweb
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BO3MOXHO, eAMHCTBEHHbLIN CrIOCOO cnacTu
rony6éoro TyHuya — oguH U3 Hanbonee
YOUBUTESNbHbIX BUOOB Pbl6, HAXo4ALLMNUCA
nopg yrpo3om McYe3HOBEHUA, —

Puyapg 9nnuc

YHeI[ TYHIly po3Hb. KoHcepBU-

POBaHHOE MACO 3TOU PBIOGHI, KO-

TOpOE UCIIOJB3YIOT JJISL IIPUT0-
TOBJIEHUS COHJBUYEH U caIaToOB, IIPO-
U3BOJMUTCA JIUO0 U3 II0JIOCATOr0 TYHIA
MeTpPOBOM JJIUHBI, 1u60 U3 APYroro
HEKPYIHOTO BHJA — JJIIHNHHOIIEPOTO
TyHIa. Jearoneporo u 60IbIIErIA30-
I'o TYHIIa OOBIYHO KapAT Ha rpuJe. ['u-
TaHTCKUU roy60 TyHell Iy dIlle BCEro
HOAXOIUT JJII HIPUTOTOBJIEHUSA CYIIHN
M CalllUMU, YTO JIeJIaeT ero CAaMOU IIpu-
BJIEKATEJIbHON ITPOMBICJIOBON PBIOOM
B Mupe. OTHAKO HaJ HUM HaBHCJA Ce-
pbe3Has yrpo3a — OH MOMKET CKOpO
COBCEM HCUYE3HYTb, €CJIU KOMMeEpUe-
CKUe NPeJIPUATHUA He HaHAYT CII0COo-
60B pa3MHOMKATh €r'0 B HEBOJIE.

Bec TyHIIa MOXKET JJOCTUTATh IIOYTH
3/4 TOHHBI, a JJINHA — YEThIPEX MET-
poB. B ero maccuBHOM TeJjie CKpbITA
Macca TeIIbIX KPaCHBIX MBIIII, C I10-

OCHOBHbIE MOJIOXXEHUA

3TO OJOMalLUHUTb €ero

MOIIIbI0O KOTOPBIX OH PacCceKaeT BOAY,
paboTas xBocToM B ¢popMe KpUBOI cab-
au. B To BpeMms Kak GOJIBIIUHCTBO U3
20 ThIC. BUJIOB PbIO OTHOCATCSA K XOJIO/I-
HOKPOBHBIM OpPraHM3MaM, U TeMIlepa-
Typa UX TeJia He OTJIINYaeTCHA OT TeMIIe-
paTypsl BOABI, B KOTOPOI OHU IIJIABAIOT,
rosry60i TyHeI[ IIPUHA/JICKUT K He-
6GOJIBIIION T'PYIIIIE TEeIJOKPOBHBIX PhIO.
HeIpas Ha riiy6uHYy A0 1 KM, rae TeMne-
paTtypa BOJBI MOKET COCTABIATE 5° C,
OH IIOJJIEP:KUBAET TEMIIEpATypy Tejaa
B mpepenax 27° C, T.e. IOYTHU Kak
y MiekonuTtamoimux. Kpome Toro, ro-
JIy6oli TyHeIl — OJiHa M3 caMBbIX ObIC-
TPBIX PBIO, OH MOMKET pa3BUBATh CKO-
pocThb 1o 90 KM/4 1 MUTPUPOBATh Ue-
pe3 Bech okeaH. Korma B 1990-x rr.
yd4eHble paboTaju HaJ CO3JaHUeM
pBIGBI-pO6GOTA, OHM B3dAJU 3a obpa-
3eI] UIMEHHO ToJIy60ro TyHIIA U cO3/1a-
JI1 MeXaHU3M C 3a0CTPEHHBIM TeJIOM

® OrpomHas nonynspHOCTb CYLUM U CalIMMK KaTacTpoUYeCcKn ckasanacb Ha YUCIIEHHOCTH
rony6oro TyHua. YpeamepHsble ynoBbl B ATnaHTU4eckoM, Tuxom n MHANACKOM okeaHax Tonka-
10T BUA K FPaHn nc4e3HOBEHUSA. PerynupyioLme opraHbl oka3anncb HECNOCO6HbI YCTAHOBUTb

AO0CTaTO4YHO CTpOorme KBOThbl BblJTOBa TyHLUa.

® Pa3MHOXeHWe rony6oro TyHUa B HEBOME CMOXET CnacTy BUA OT BbIMUPaHUS, OAHaKO 3Ta
3afaya o4eHb HenpocTa. MiccnegoBatenbckue rpynmnbl B AnoHny n EBpone cMornm BeipacTuTb
TyHUa B na6opaTopusx, 1 ceiyac ogHa aBcTpanuinckas KomnaHus nbiTaeTcs peann3oBaTb 3TO

B MPOMbILLMIEHHbIX MacLuTadax.




OKPYXAWWAS CPERA

®AKTbI O rOJ1lYBOM TYHLE

lony6ow TyHeL npeAcTaBniseT cobomn

B 6yKBaSIbHOM CMbIC/le MaLUVHY A5s
NOXMpaHWs NULLLK, NPEKPacHO Npucno-
COGJIEHHYIO ANt OXOTbI B Cy6TPONMYECKUX,
pexe yMepPEHHO TensibiX U TPOMUYECKMX
BO[aXx BCEX OKeaHOB B AnanasoHe oT 5 o
30°C.

Pa3|v|ep. CornacHo UMeLLMMCS JaHHbIM,
caMblli KpYMHbIV FONy60W TYHeL, BECOM

B 679 Kr 6bI51 noiMaH y 6eperos kaHaacKom
npoBuHumn Hoeas LWoTtnangusa B 1979 .
O6bI4HO B3pocnas 0cobb BECUT BABOE
MeHbLLe 1 JOCTUraeT ABYX METPOB B AJINHY.

rony6ble TyHUbl CNOCO6GHbI pa3BMBaTh
cKopocTb A0 90 KM/4 M MOTyT nepeceyb
ATnaHTM4YecKuin okeaH MeHee 4eMm 3a 60 gHen.

10 10 MJTH MKPYHOK B rof. Beinynuelivecs
JIMYUHKKU UMEOT 3 MM B ASIVHY U pacTyT
CO CKOPOCTbIO 1 M B A€Hb.

BepoAaTHOCTb TOro, 4TO NU4YMHKA rony6oro
TyHUa AOCTUIHET NONOBOM 3PENOCTH,
cocTaBnaeT oguH Ha 40 MIH, ofHaKo 3penas
0C06b MOXET NPoXMUTb fo 30 neT.

CTOMMOCTE. B2001T.200-kunorpammo-
Bblll TyHeL 6blS1 KynJieH Ha AMOHCKOM PbIGHOM
pbiHke 3a $173 600, unu okono $868 3a kuno-
rpaMm.

U JKECTKUM XBOCTOBBIM IIJITABHHUKOM
B ¢opme nonymecsna. McciaegoBare-
I OGHAPYKUIN, 9TO 3P (PEeKTUBHOCTH
XBOCTa KPOETCA BO B3aMMOJEHCTBUNU
BUXpel, BOBHUKAIOIIUX IIPU €ro ObIc-
TpoM CcrubGaHUM, HO TUAPOJUHAMHUKA
PYKOTBOPHBIX MOJeslel Aame GIU3KO
He cMorjia npubansutbed K addek-
THUBHOCTH XBOCTA CaMOTo TyHIA. «Hem
60IBIIIE MBI yCJIOKHAIMN HAIIIEro po6o-
Ta, — mucayu 6paTtea TpuaHTaduiLIoy
(Triantafyllou), — Tem GoJbIIe BOCXU-
IIIQJIUCH }KUBOU PHIOOW».

ITogo6HO BOJIKaM, roJjiyOble TYHIIBI
YacTO OXOTATCSA CTAsMU, BBICTPAU-
BasACh Ha GOJIBIION CKOPOCTHU B M30T-
HyTYyIO JUHUIO B (opme mnapaGoisl,
YTO II03BOJIAET UM CTOHATH JOOBIYY
B OJTHO MecTO. MIX MeTaGoau3M Ipu-
crioco6eH A1 CKOPOCTHOM IIOro-
HU, OJJHAKO OHU Hepa3GopYUBHI B efie
¥ OYEHB ITPOKOPJIUBEI, U IOTOMY TOTO-
BBI €CTh BCe, YTO UM Ionajercd, Oyab
TO CTpEMHUTeJIbHAA MAaKpeJb, UIU Ke
obuTarenpb AHA Kambajia, WU JaiKe
cupAa4gre ryoku. MdydeHue CcomepiKu-
MOTO KeJIyJIKa ToJyObIX TYHIIOB, IIPO-
BeZleHHOoe y GeperoB HoBoil AHrium
Bpendoprom Yetizom (Bradford Chase)
u3 MaccagyceTckoro otaejieHus Ha-
IUOHAJBHON CJIYKGBI MOPCKOTO PBI-
60JI0BCTBA, IIOKA3aJ0, YTO OCHOBHOM
IMUINeHd UM CJIY:KHJIa aTIaHTU4YeCcKasd
CeJb/Jb, CJIEOM 3a HEH IIJIM IecYyaH-
KU, 1y¢dapu u pa3dHooOpa3HBIE TOJIOBO-
HOTHE MOJLIIIOCKH. (B skenynkax rakxe
MOKHO ObLIIO 0GHAPYKUTH MACJIIOKOB,
cepe6pUCTOro XeKa, pasJIndHble BUIbI
KaM0aJjbl U CeJIbJAU, MOPCKUX KOHb-
KOB, caijly, CHUHOPOTOB, II0JIyPbLIOB,
IIOJIKAMEHIIIMKOB, KaTpPaHOB, CKa-
TOB, OCBMHHOTOB, KPEBETOK, JIOGCTe-
poB, KpaboB, caygbl U rybok.) TyHIIBI
noejalT BCE, YTO UM yAaeTcs HOH-

MaTh, a IOMMaTh OHU MOT'YT IIPaKTH-
YecKH Bce, YTO ILIaBaeT (WIH MapuT
B BOJIe, WJIM IIOJI3a€eT, MM IIPOCTO Ha-
XOAUTCSA Ha JHE).

OT «nowagnMHoON MaKpenu»

[0 cywm

Fony6oii TyHeI He BCcerga cuuTajcd
neiukarecoM. B Hagase 1900-x rr. ero
Ha3bIBAJIN «JIOIIAJANHON MaKpesblo»,
a KpacHOe MfACO C CHJIBHBIM 3aIlaXxoM
CYUTAJINA TOAHBIM JMIIb A cobak
U Kollek. TeM He MeHee KpyIIHBIe IIPo-
MBICJIOBBIE KOMITaHUU y 6eperoB Hero-
Jsxepcu u HoBolt IlloTnaHaum npu-
IeJbHO OTJIaBJIMBAJIU TOJy60oro TyH-
I1a, IOCKOJIbKY CUYHTAJHN €ro CBOUM
KOHKypeHToM. 3elH I'peii (Zane Grey),
aBTOP TAKHUX IOIYJIAPHBIX IIPUKIIO-
YeHYECKUX POMAHOB-BECTEPHOB, KaK
«BcaJHUKHU MOJBIHHBIX IIPpEepUiD, Tpa-
TUJ GOJBIIYIO YAacTh CBOUX BecbMa
3HAYUTEJBHBIX TOHOPAPOB (a €ero KHU-
T IPOJaBaJINCh B KOJIMYECTBe Goiiee
13 MJIH 5K3eMILIAPOB) HA PBIGOJIOBHOE
CHapAMKeHHe, KaTepa U IIyTelleCTBUA
B 9K30THYECKHe YTOJIKY 3eMHOT0 IIIapa
B IIOMICKAX TYHIIA, Me4-PBIOBI X MapJIH-
Ha. X0oTA Me4-pbI6a ONpeJIeJIEHHO CUH-
Tajlach CbeJOOHOMH, TyHeIl U MapJuH
paccMaTpUBAIUCh HCKIIOYUTEIBHO
Kak 00BEKT a3apTHOH OXOTHI. MsAco ro-
Jy6oro TyHIIA CTAJIO LEHUTHCS JIUIIb
BO BTOpPOU moJsioBuHe XX Beka, Korja
CyLIN CTAJM MNOMNYJIAPHBIMU BO BCEM
MHUpe.

MoskeT IOKasaThbCcA, 4YTO CYIIH
U callMMU BE€KaMH CJYKUJIU OCHO-
BOIl NUTAHUA ANOHIEB, HA CAMOM Ke
JleJie MU pPOKoe yIoTpe6aeHne CBIPOH
PBIGBI — OTHOCUTEJIBHO COBPEMEHHOE
ABjeHue. ANOHIBI HoJydYaau 6ojb-
LIYIO YacTh IUIIEBOTo 6eJIKa U3 IMpo-
JYKTOB MOP, HO B IIPEKHIE BpeMeHa
PBIOY KONITUJIM WU 3acajuBaiu. On-
HAaKO KOIJa B IIOCJIeBOEHHOH fnoHuu
MOABUJINCH XOJOAUIBHUKHU, BO3HUK-
Jla BO3MOMKHOCTb XPaHHUTh HPOAYKT
B CBIPDOM BH/I€ CKOJIb YTOJHO JOJITO.
A xorja pei6oJIOBHas OTPacjb OCBO-
uja HOBBIE TE€XHOJOTHU, TaKHe Kak
IpUMEHEHHEe SApyCcOoB (4pe3BBIYAHO
JUIMHHBIX PbIOOJIOBHBIX OPYAUH, cCHAb-
JKEHHBIX MHOKECTBOM KPIOYKOB C Ha-
JKUBKOH), KOIIIEJIBKOBOTO JIOBA C CeM-
HepoB (C MOMOIIbIO GONBIINX CETEeH,
I03BOJIAIONIUX OKPYKUTb BECh KOCAK
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Ype3mepHbI BbIIOB rony60oro TyHua 0Co6eHHO xecTok B Cpean3eMHOM Mope.
B toxHon Nicnanum rpynna pbi6akos NOAHUMAET CETb, MOSIHYIO FONy6bIX TYHL0B
(BBEpPXY) M 3aTEM BbIFpY>KaeT ropbl FTMraHTCKUX Pbl6UH Ha 6eper (crpasa)

IIeJIMKOM) M yCTAHOBKY Ha PbIOOJIOBEIl-
KUX CyZaX XOJIOAUJIBHOro obopyaoBa-
HHA, 5TO BO MHOIOM U3MEHIJIO MEHIO
Anonues. Eciu paHbllle caMmypai He
cran 6bl ecTh roay6oro TyHIA, IOC-
KOJIBKY TOT CYUTAJICHA (HEYUCTBIM», TO
TeIlepb OH CTaJI <Marypo» — JeJIUKaTe-
COM, COIIEPHUYAIOLINM II0 LIeHe C TPIO-
denaMu u yepHOH UKpoi. «Topo», T.e.
«Marypo» BBICIIIETO Ka4decTBa, JeJaioT
U3 JKUPHOTO Mfca, B3ATOIO C OpromI-
HOM YacTH B3POCJOro rojyboro TyH-
na. B 2001 r. ogHa Takad Tyma Obliaa
npojaHa Ha peIOHOM pbIHKe LlyKua3u
B Tokuo 3a $173 600.

HerpyaHo pgorajgaTbcd, YTO phIGa,
OZIUH KyCOYEeK KOTOPOH CTOUT COTHHU
JIOJ1JIapOB, JOJIKHA IIPUBJIEKATD IleJIble
pri6onoBHEIE (uoTuauu. 1 He yauBu-
TeJbHO, UTO OrojTejas FOHKa pajau
ofecrieyeHHs cIpoca Ha CyIIU U ca-
IIMMY ITpUBeJa K MHTEHCU(PUKAIUU
JIoBa TYHIIa BO BceM Mupe. SIOHIBI
NBITAJINCh CHaYaJla HAllOJHUTh CBOU
XOJOAMJIBHUKHU U PBIGHBIE PBIHKU TeM
TYHIIOM, KOTOPBI OHY MOIJIY ITIOMAaTh
OKOJIO CBOUX Oeperos (a 3To ObLI TUXO-
OKeaHCKHH rony6oil TyHen, Thunnus
orientalis), HO CKOpPO OHH 3aMeTHJIH,
9TO roiy0ble TYHIIBI KpyITHEe, a YUC-
JIO UX 3HAUUTeNbHO B CeBepHOU AT-
saHTUKe. CKyHnIIuKH, paboTaromiue
Ha ANOHCKUX UMIIOPTEPOB PBIOHI, 3a-
YaCcTHJIHU B JOKM TaKUX aMEpPHUKaHC-
KUX IIOPTOB, Kak [stoctep u BapHcTabn
B mTate MaccadyceTc, TOTOBBIE IIPO-

BEPUTH COAEPIKAHUE KUpA B TYHIIE
¥ IIPHU Y/IOBJIETBOPUTEJIBHOM pPe3yJib-
TaTe TYT K€ HAa MeCTe KYIUTH pPBIOY
M OTIIPABUTH €€ B ANoHUIo.

PaHee y4eHble 1tonaraiay, 4to B Ce-
BEpPHOUM ATJIaHTHUKE JKUBYT JIBE IOILY-
JIANUY QTIAHTUYECKOTO ToJryboro TyH-
na Thunnus thynnus, o{Ha U3 KOTOPBIX
HepecTUTCs B MEKCUKAaHCKOM 3aJIMBe
u obuTaeT B 3amajgHOU ATJIaHTHUKE,
a apyras medeT UKpy B CpenmaeM-
HOM MOpe€, a KODMHUTCH B BOCTOYHOH
4acTH OKeaHa. MexJayHapogHas Ko-
MHCCHSA II0 OXpaHe aTJIAaHTUYECKO-
ro tyHua (International Commission
for the Conservation of Atlantic Tunas,
ICCAT), opranu3oBaHHas B 1969 r.,
BbIpa6oTaJja KBOTHI €r0 BBIJIOBA UCXO-
I U3 KOHIENIIUU JABYX pas3feIbHBIX
MONYJANUN, YCTAHOBUB JKECTKHUE OI-
PaHUYEHHUA HA BBUJIOB B 3amnajHOH

OB ABTOPE

ATiiaHTHKE (rie Toy6oH TyHeI[ cTal
peakuMm eme B 1970-x rr.) U paspe-
IIUB HAMHOI'o 60jiee 3HAYUTEIbHBIHN
0B B BocTouHolU ATnaHTuke. OmHa-
KO MeudeHHue pbIO, HauyaToe B 1950-x rr.
®penkoMm Matepom (Frank J. Mather)
u ®pencucom Kepu (Francis G. Carey)
u3 Byzacxoyickoro okeaHorpaduuec-
KOO MHCTHUTYTa U YCOBEPIIEHCTBO-
BaHHOE B IIocJefHHEe roabl bap6a-
poit Biok (Barbara Block) ¢ Mopckoit
crannuu FonkwHca npu CtaHdopa-
CKOM YHUBEDPCHUTETE, II0Ka3ajo, 4TO
royqiy6oi TyHerl BeJieT cebsa coBceM He
TaK, KaK OXHUAAJIOCh. Jlefi-CTBUTEIb-
HO, /1151 pa3MHOXKEHHUA 9TU PBIGHI CO-
6uparoTcad B MEKCHMKAaHCKOM 3aJIUBe
u Cpegu3eMHOM MOpe, OZHAKO OTAe-
JIBHBIE 0COOH MOTYT MUTI'PHUPOBATH Ue-
pe3 Bech OKeaH, M o6JIacTH OTKOpMa
o6eux IMOoNyJIAINN IepeKpPbIBAIOTCA.

Puyapp Annuc (Richard Ellis), ognH 13 BepyLiMx cneumannctoB Mo oxpaHe Mop-
CKWUX OpPraHM3MoB, NMPU3HaH TakXe Ny4YLnM XyLOXKHUKOM, MOCBALLAOLWLMM CBOU NPO-
N3BEeAEeHNss eCTECTBEHHON UCTOPMU MOpS. Ero pucyHKn KUTOB 6bInn ony6nnMKoBaHsbl
B Audubon, National Wildlife, Australian Geographic, Encyclopedia Britannica v ppy-
rmx napgaHusax. B yncne HanucaHHbIX M KHUr — The Book of Whales («KHura o ku-
Tax»), The Book of Sharks («Knura o6 akynax»), Imagining Atlantis («Boo6pa3utb
ATtnaHtuay») u The Empty Ocean («[ycTo okeaH»). Qnnuc SBAseTcs cneynanbHbIM
KOHCYNbTaHTOM AMEPUKaHCKOro KUTOBOro obLecTsa, YneHom Knyba nccnepgosare-
e, a TakXXe Hay4HbIM COTPYAHUKOM AMEPUKAHCKOrO My3es eCTECTBEHHOW UCTOPUN
B Hblo-Vopke. B HacToslLee BpeMsi OH paboTaeT Had KHWrOii O TYHLIE U BbICTynaeT
B KayeCcTBe OfHOro 13 KypaTopoB BbicTaBku «Muduryeckue cosganma» B AMepukaH-
CKOM My3ee eCTECTBEHHOI NCTOPUMN.
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MCTOPUA CYLLN

HeyemHbIn cnipoc Ha cawmmu (6rofo n3
TOHKO Hape3aHHOWN CbIPOW pblbbl) U CyLUU
(6nto80 13 puca, NOKPbLITOro CBEpXy Mnu
3aBEepHYTOro B pbiby, BOAOPOCNY UK OBO-
L) cTan 0CHOBHbIM UCTOYHUKOM Yrpo3bl
ONs rony6oro TyHua.

IV B. po H.3. Cywun nossnsTca B tOro-
BocTo4Hom A3un kak cnocob coxpaHeHus
pbl6bl. depMeHTbl puca He fakT pbibe
vncnoptuTbed. bnogo nonagaet B AnoHuio
B VIl B. H.9.

Hauvano XIX B. Hurupu cywm, B KoTopom
pbIGY YNOTPEeO6NAT CblpON, CTAHOBATCS
nonynspHbIM Ha pbIHKax ropopa a0 (co-
BpeMeHHbI Tokno). OgHako ynotpebne-
HUE CbIpON pbibbl BXOOAUT B MPUBbLIYKY
y ANOHLEeB nuLlb nocne Bropow muposoi
BOWHbI, KOrga B o6uxone NosiBNATCSA
XONOANITbHUKMN.

70-e rr. XX B. 1 N0 HacTosILEee BpeMS.
[MonynsapHoCcTb cyLlumn pe3ko Bo3pacTtaeT
B CLUA, ogHako nuLlb B JOPOrmux pectopa-
Hax nogaroT roay6oro TyHua; 60nbLUyO
4yacTb cyln B AMepuke genaroTt n3 msaca
Xenrtoneporo unu 60nbLLIernasoro TyHua
(KoTopble TakXe HaXo[4ATCsA NoA yrpo3omn
ncyesHoBeHus). MopgasnsaioLlee Konmye-
CTBO rony6oro TyHua notpebnsercs
B caMon AnoHuu.

ITockonbky ICCAT He cmoria ocTaHO-
BUTb U30BITOUYHBIN BBLJIOB PHIOEI B Boc-
TOYHOMN ATJIAHTHUKE, YUCIEHHOCTDb I'O-
Jy6oro TyHIIa Pe3KO CHU3UJIACh BO
BCEM OK€aHe.

Xysxe Bcero nena o6ecroaTt B Cpegu-
3eMHOM Mope. Bocnonb3oBaBIIUCh
ujesaAMH U TE€XHOJIOTUSMU, paspabo-
TaHHBIMU B [O:KHON ABCTpaiuu (Ipu-
MEHUTEJIBHO K I0:KHOMY I'oJIy60oMYy TYH-
iy, Thunnus thynnus maccoyii), ppioa-
KU OKPYaIOT CEThIO KOCAK TYHIIOB,
JIOCTUTIINX II0JIOBUHBI CBOETO pasMe-
pa, u GYKCUpPYIOT UX Ha MOpcKHUe dep-
MBI, I/le UX OTKAapMJ/IMBAIOT, a 3aT€M
3a6UBaIOT U OTHPABIAIOT B ANoHUIO.
Cy1iecTBYIOT 3aKOHBI, 3allpelaiue
BBLJIAQBJIMBATh U3 BOJBI 0COOb, HE JI0-
CTUTIIYIO B3POCJBIX Pa3MepoOB, OJHa-
KO HAYTO HE MeIllaeT IOMMaThb MOJIOJb
TyHIIa ¥ OTKapMJIMBATh €€ B ILIaBy YUX
3aroHax. [IpakTUYeCKU KaKJasa cTpa-
Ha Cpeu3eMHOMOPCKOT'0 PeruoHa (3a
UCKI0YeHueM M3paunas) HUCHoIb3Y-
€T 9TOT npobesl B 3aKOHOAATEJIbCTBE
U COAEPKUT PBIOHBIE (PEPMBI y CBOUX
G6eperoB. Pei6aku u3 Mcnanuu, ®paH-
nuu, Utanuun, 'penun, Typuuu, Kum-
pa, XopBatuu, Erunra, Jlusun, TyHn-
ca, Amxupa, Mapokko u MaJbThI OT-
JIaBJIMBAIOT MOJIOJb COTHAMM TBICAY.
Ecin BBl 3aXOTUTE TapaHTUPOBAaH-
HO YHUUYTOMUTb Pa3MHOMKAIOIIYIOCH
NONYJIALUIO, TO CJeAyeT IOCTyNaTh
MMEHHO TaK: OTJaBJIUBaTh pbIOY pa-
Hee TOro BO3pacTa, KOT/Ja OHa CMOMKET
pPasMHOKATBCS, U JIePHKATh €€ B Oro-
POKEHHOM IIPOCTPAHCTBE BILJIOTH 10

CKynLMKKM pbi6bl OCMaTpPUBaIOT TYLLM
rony6oro TyHLa, BbICTABMIEHHbIE HA
npoJaxy Ha onToBoM pbiHke Llyknaaun
B Tokuno. iImeHHo 3geck B 2001 1.
6blna npon3BefeHa pekopaHas
NoKyrnKa, Korga oguH TyHew, 6b1 Npo-
naH 3a 20,2 MiH neH, unmn $173 600

3a605. @epMBbI II0 OTKOPMY TYHIIA, KO-
TOpBIE JOJIKHBI ObLJIU PEIIUTH IIPO-
671eMy, Tenepp JHUIIb yCyryOIIAIoOT ee.
B 2006 r. BcemupHbii GoHA AUKON
OPUPOABI IIPU3BAJI IIOJHOCTHIO Ipe-
KPaTHUTh OTJIOB TyHIA B Cpeln3eMHO-
MOPCKOM peruoHe, OJJHAKO IOCKOJIb-
Ky mojjep:aHue status quo CyauT
OrpoMHBIE€ (pMHAHCOBBIE BBIMTPBIIIY,
TO MomeTe cebe IpeACcTaBUTh, Ha-
CKOJIBKO 3((PeKTHUBEH ObLI TAKOM IIPU-
3pIB. Ha cBOeM mociaesHeM coGpaHuU
ICCAT urnopupoBajia apryMeHThI 3a-
IIUTHUKOB IIPUPOJIBI U YCTAHOBHMIJIA HA
2008 r. 1prMepHO TaKHUE 3Ke KBOTHI, KaK
u B 2007 r. OpraHusanusa OpPUHA-
Jla IJIaH CHU3UTH BBUIOB TYHIIA Ha
20% 2010 r. ¥ IPOAOIKUTH CHUIKE-
HUE JaJiee, OJHAKO IJIaBa Jejeraluu
CIIIA ocyauna Takoe pelieHue, Ha3BaB
€ro nojiymepoi u 3aaBus, 4To ICCAT
«He cIIoco6Ha BBINIOJHATHL TY MUCCHIO,
pPaau KoTopoi oHa GbliIa cCoO3JaHay.
OpHaKo gaske ecsiv Obl ObIIN BBEJE-
HBI 60J71€€ HU3KHE KBOTEI, TOyboi Ty-
HeIl BCe PAaBHO 0CTaBaJICH OBl IO/ yTPO-
301. CyIiecTByeT OrpOMHBIN OpaKOHb-
epcKU 0T, BEAYIIUY He3aKOHHBIMH,
3TOHU

HEKOHTPOJIMPYEMBI BBIJIOB

PBIGBI U UTHOPUPYIOINUIN BCE KBOTHI,
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OrpaHUYEHUs, FTPAHUIIBI U JTI00bIE APY-
rye InpaBUja U 3aKOHBI. boisiee Toro,
SANOHCKHUU PBIHOK, ITOIVIOHIATOIIINI OKO-
J10 60 ThIC. T TOIy60ro TYHIA €KETo/-
HO, miu 6osee 3/4 MUPOBOTro BBLJIOBA,
C TOTOBHOCTBIO CKyIIaeT 9Ty PhIOY He-
3aBHCHMO OT TOT'O, T/I¢ ¥ KaK OHA MO¥-
name
YXHUTPUJIUCh OGOUTH OrpaHUYEHUS
B CBOell COOCTBEHHOU CTpaHe, BBO3d
TBICAYY TOHH HeJIeraJbHO ITOMMaHHO-

MaHa. SIIOHCKHWE TOpProBIibI

TO TYHIIA €KEeTOHO U IO/ e/ IbIBAsI CO-
OTBETCTBYIONIYI0O OTYETHOCTh. Ecin
BBLJIOB HE MPOBOAUJICA GBI CTOJNb 6e3-
JKAJIOCTHO, 9TO HOILJIO GBI Ha IIOJB3Y
¥ caMOMY TYHILY, U, B KOHEYHOM cYeTe,
OTPe6GUTEII0, OJHAKO JIJIS 3TOTO IIOT-
peboBasiock 66 HU MHOTO, HU MaJI0 —
nepejesiaTh YeJIOBEYEeCKYIO0 IIPUPO-
ny. Y mo Mmepe Toro, Kak YMCJIEHHOCTD
TYHIIA HaJaeT, IoTPe6HOCTh B «TOPO»
JIMIIb YBEJIMYUBAETCH; €CJIM TyHIIa Oy-
JleT MeHbIIIe, TO I[eHa Ha Hero Bo3pac-
TEeT, a BBICOKHE IIeHbI OyIyT 03HAYATh
emre 60jl1e UHTEHCUBHBLIN BBLIJIOB, 4YTO,
pasymeeTcs, IIPUBEAET K TOMY, UTO
pPBIOBI CTAHET eIle MeHbIe. Bce O6vl
HPUIILIO B pABHOBECHE, €CIU ObI ATIOH-
IIbI CMOTJIM 060U THUCH 6€3 CBOEro «ma-
I'ypo», HO 3TO KaKeTCH CTOJIb e HeBe-
POATHBIM, KaK eCJu Gbl aMepPUKaHIIbI
BJPYT PEUIUINCH OTKA3aThCA OT raM-
Gy prepos.

Mopckou ckoT

JsoH Mappa (John Marra), 6uosor-
okeaHorpad us obcepBaTopuu 3eM-
au JlamoHTa-Joreptu Kouym6uii-
CKOTO YHHUBEPCHUTETA, CUYUTAET, UTO
«HeJIb3s1 GOJbIIEe MHUPUTBCA C PBbI-
GOJIOBHBIM IIPDOMBICJIOM B OKE€aHe».
«B MupoBoM MacmTabe MbI OKa3aIUCh
HECIIOCOGHBI KOHTPOJUPOBATh PHIGHBIE
PecypcCEHl, a 4epe3 HEeCKOJIBKO JeCATHU-
JIETUH, BO3MOMKHO, YIIPaBIATH OyJaeT
yiKe HedeM», — TFOBOPHUT OH. Tak 4To

U CO3JaloT AOMOJHUTEIbHOE aaBJe-
HHE Ha INONYyJIANUN AUKUX PbIO, pac-
npocTpaHsasa 0OJe3HU U TOKCHUYHBIE
BeljecTBa. [IpeajiaraeMoe MM pelie-
HHE COCTOUT B TOM, YTOOBI IEpEeHECTHU
BCe OIlepally TaK Ha3blBaeMON Mapu-
KYJIBTYPHBI ITOIAJIbIIE OT Gepera, B BOJbI
HapPY’KHOT0 KOHTUHEHTAJIBHOTO IIIeJIhb-
da, u ucrosb30BaTh HAMHOTO Gojee
KPYIHBIE IIaBy4YHe CAJKU (OrOPOKEH-
HBIE CETKOU IIPOCTPaHCTBA 06 bEMOM /10

100 ThIC. KyGOMETpPOB BOAHI), ILJIaBa-
IOIIHMe TI0Ji MOPCKOM INOBEPXHOCTHIO U
npucnocobIeHHBbIe [1/Ig OYKCHPOBAaHUSA
C OHOTO MecTa Ha Apyroe. Takas cTpa-
TEerus IO3BOJIUT 110 KpalHe! Mepe u3-
6exaTh KOHIEHTPAIlUU 3arpsA3HeHUN
Ha OJTHOM TEPPUTOPUU U CHU3UTD BPE/I,
HaHOCHMBIH OKPYIKaIoIel cpese.
Eciu He yjgacTcsa BbIpaliuBaTh
TYHIIOB KaK JOMAIIHUX KUBOTHBIX,
UX IONYyJAIUN BO BCEM MHpe OyayT

PACXULLEHWUE B MMPOBOM MACILLUTABE

MUTEJIbHO COKpaLlarTca

lony601i TyHel HaxoanTCs Nog yrpo30M MCHE3HOBEHMS. XyXXe BCEro gena o6¢cToat
B 3anagHon ATnaHtuke. HecmMoTpsi Ha To 4To MexayHapoaHas KOMUCCUs No oxpa-
He aTnaHTu4eckoro TyHua (/ICCAT) ¢ 1981 r. ycTaHaBNnBaeT XeCTKMEe KBOTbI Ha
BbINOB B 3anagHon ATnaHTuKe, nccnenoBartenv nonarakoT, 4TO KOMYeCTBO NOso-
BO3peSbiX 0CO6EN B 3TOM PErMOHE HbiHE cocTaBnseT MeHee 20% OT TOro, YTo 6bINo
B cepeanHe 1970-x rr. HacTnyHo npo6nema 3akto4aeTcs B TOM, HTO rofly6ble TyH-
Lbl 13 3anagHon ATNaHTUKN MUTPUPYIOT B BOCTO4HYIO YaCTb OKeaHa, rAe KBOTbl HA
BbINIoB NpumepHo B 10 pa3 6onbLue. bonee Toro, 3asBneHHble 06bEMbI BbIIOBa (Ha
rpaghukax BH13y) He BKII04al0T HE3aKOHHbIN NT0B; CNeuuanucTbl nonararoT, 4To Ha
camoM fene B BoctouHor ATnaHTuke n CpearM3eMHOM MOpe BbilaBNvMBaeTcs B ABa
pasa 6onbLue. [onynaunm TMXOOKeaHCKOrO U KXKHOIO rofy60ro TyHLa TakXKe CTpe-

HOXKHBIN

BbInoB 3anapHo-aTnaHTU4eCcKoro
rony6oro TyHua (TbiC.T.)
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Bbinos OXKHOIMO rony6oro TyHua

FEONPA®UNYECKOE PACMPOCTPAHEHUME roflys0oro TYHUA

BbI10B BOCTOYHO-AT/IAHTUHECKOrO (M CPEAN3EMHO-
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lMnaBy4ne capgku, Nuilb yCKopsAlOLWME NCHE3HOBEHUE TyHLUa, BYKCUPYIOT MO
CpepunsemHoOMy Mopto K 6eperam Cuumnnun (BepxHee ¢oto). B kaxaom cagke
cogepxuTcsa okono 250 ocoben. Y 6epera 6nm3r. dHceHaga B MekcrKe npon3BoauTCs
OTKOPM TUXOOKEaHCKOro rony6oro TyHuUa, noka ToT He HabepeT [OCTATO4YHOro
KonuyecTBa Xupa (cpegHee ¢oto). bpukeTbl CBexXero maca OoTnpaBnalT
B MeXAyHapogAHbln asponopT Jloc-AHpXeneca, roe ux neperpyxarwT Ha
6ecnocafo4Hble pericbl B ANOHUI0. AKBanNaHrncT BHyTpu cagka B AgpnaTtn4eckom
Mope y 6eperos XopBaTuv BMECTE C 06pEeYEeHHbIMU rofy6bIMU TYHL@MW, KOTOPbIX
TakxXe oTnpassaT B ANOHWUIO (HUXHee ¢hoTo)

IPOJOJIKATE CTPEMUTEJBHO COKpa-
maTrbea. OJHAKO pa3BeJeHUe 3TOou
PBIOBI B HEBOJIE IIPEACTABIIAET COOOM
OYeHb TPYAHYIO 3azady. OgHa KOM-
NaHUsA, NBITAIIAACA 9TOro JOOUTh-
cd, Clean Seas Aquaculture Growout,
npuHajjaexuT rpynne Crapa (Stehr
Group) u pacnonaraercsa B [lopT-JInH-
kKoJsibHe B IO HOM ABcTpannu. [IpaBu-
TeJbCTBO ABCTpasinu Belienuio Clean
SeasrpaHT Ha cyMMy 4,1 MJIH aBCTpa-
JIMACKUX A0JIJIApOB (UTO COCTABJIAET
3,4 muH nonnapos CIIA) g komMep-
YEeCKOTO Pa3BeJeHUs IOKHOTO TOJIy-
6oro TyHna. Komnanum yxe yaanoch
OCBOUTBH pa3BeJleHUEe B HeBOJIe GOJb-
moro xeatoxsocTa (Seriola lalandi)
¥ aBCTPAJIMHACKOr0o cepebpucToro rop-
6b11a (Argyrosomus hololepidotum).
B okTabpe 2006 r. Clean Seas nepeBes-
Jla Ha caMoJIeTe I10JIOBO3PEJIbIX caM-
IIOB ¥ CAMOK IO}KHOI'0 T'oJIy6oro TyHIIa
13 CBOUX IIJIaBYYHUX CA/IKOB B 6accelH
06'b€MOM 3 MJIH JIUTPOB, KOTOPBIN GBI
crienuaJbHO pa3paboTaH TakKUM 00-
pas3oM, 4ToObI BOCIIPOU3BOJUTD OIITH-
MaJIbHBIE YCIIOBUA JIS HepecTa.

Korzma B dpeBpasne 2007 r. 1 mpuexas
B [TopT-JIMHKONBH, TO MEHEKEP IPyII-
bl CTapa Po6 CtonToH (Rob Staunton)
OTBE3 MEHA Ha MalllnHe B ApHo-Bei,
pacnosnararomuiica B 120 KM K ceBepo-
BOCTOKY oT ITopT-JInHKOJIBHA, HA 3a-
najgHoMm Gepery 3asuBa CrieHcep. MHe
6bI7T IpefoCTaBJIE€H OrPaHUYEHHBIN
MHPOIIYCK HA BXOJ| B CBATAA CBATBHIX —
OIPOMHBIN KPBITHIN 6acCeiH I TYH-
110B. Ha TeppuTopuu npearnpusaTus He
paspenreHo ¢doTorpaduposaTh, IOC-
KOJIbKY MHKEHEpPHOEe yCTPOMCTBO, 06-
paboTka BOABI, UCKYCCTBEHHBIN KJIU-
MaT U JI00W APYroil 3JeMeHT 3TO-
ro HOTEHIMAJBHOTO «4yJa» CIeayeT
THIaTeJIbHO obeperaTh, 4TOOBI IIpe-
JOTBPATUTh IIPOMBIIIJIEHHBIN IIITHO-
Hax. [JoMUMO rpaHTa OT aBCTPAIHUM-
CKOro IpaBUTEJbCTBA, caMa Ipynna
CTapa BJIOKUIA MUJIJIMOHBI JOJIJIapOB
B pa3paboTKy HOBATOPCKOI'O IpEJI-
npuaTud. [IpeanIpuHUIMaTEe U U3 PYy-
rux CTpaH, HanpuMmep u3 fAnoHUH,
TOKE OYEeHb 3aMHTEPECOBAHBI B OU3-
Hece NCKYCCTBEHHOI'0 Pa3Be/IeHUs Io-
ay6oro TyHIa.

Ilepex HayayIoM 9KCKy pcuu CTOHTOH
U g IOJIKHBI OBbIIIHN ITIepeobyThCHA B CIIe-
UaJIbHBIe Gejble PEe3UHOBBIE Callo-
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I'¥, KOTOPbIE IPOIILIN CTEPUIN3ALNIO,
9TOOBI IPEJJOTBPATUTh 3aHOC UyiKe-
POAHBIX MUKPOOPTAaHU3MOB B 6acceii-
HBI C pBIOO.

B conpoBomxaenuu Tomaca Mapry-
putrta (Thomas Marguritte), aBcTpa-
Jquina ¢GpaHIy3CKOTO IIPOUCXOK/E-
HUS, YIIPaBJIAIOIIETro IPeANIpUsaTHEM,
MBI CMEHHJIN GeJsIble CaIloTu Ha ToJIy-
6blIe U JIMIIB II0CJIE 9TOT0 BOIILIU B 6ac-
celiH. B orpomMHOM, moXo:keM Ha Ie-
1iepy IOMEIIEHUU, OCBEIIeHHOM ps-
naMu (IyopecleHTHBIX JIaMII, IpHU
THUXOM I'yICHUY KOHIUITMOHEPOB, €JI1H-
CTBEHHOM IIOCTOSSHHO CJIBIIIIMMOM
3Jlech 3BYKe (a TeMIlepaTypa CHapykxu
nocturana nouyrtu 38°C), mbl 3abpa-
Jrch Ha GETOHHBIN Kpail 0GIIMPHOTrO
6acceiiHa U 3aIJIAHYJIU BHYTPb.

BacceiiH nmeeT 25 M B guaMmeTpe
1 6 M B INIyOMHY, U IIOCKOJIBKY OCBe-
IIeHYe GBbIJIO IOCTATOYHO CJIAa0bIM, MBI
II0YTH HUYEro He BUJENIH, IToka Map-
TYPUTT He GPOCUJ B BOJY TAPY MEJIKUX
priGemnrek. HeoXn aHHO IOBEPXHOCTH
BO/IbI PACKOJIOJACh OT BCIIBIIIKH YJIb-
TpaMapHHa — 3TO OJJUH U3 TYHI[OB PU-
HYyJICA 3a KOpMOM. Bech 6acceiiH O MII
u OyATO 3aKuIlea. Mbl CMOTJIM Pa3IJIs-
JIeTh II0JIOBO3peJIbIX ocobeti: 300-Ku-
JIOrpaMMOBBI€ JIOCHSAIIHECSH, IIOJIHUPO-
BaHHBIE TOPIIEJbI, CYKEeHHbIE C 060UX
KOHIIOB, C IIyHKTUPHOU JINHUEH KeJ-
TBIX IIJTABHUYKOB OKOJIO XBOCTA U Xa-
pPaKTepHBIMHU BCTABKAMU HA TOPHU30H-
TaAJbHBIX KUJIAX, XPOMOBO-KEJITHIMHU
Y I03KHOT'0 T0JIy60ro TYHIIa U YePHBIMU
Yy C€BEPHBIX BUJIOB.

«MBI MOKEM TOYHO BOCIPOM3BECTH
yCI0BUA B BOJaX OKoJo WHIOHE3WH,
r7ie TyHeIl HEepecTUTCA B IIPUpPoOAe, —
ckasaj MaprypurT. — EfuHcTBEeHHaA
IepeMeHHas, KOTOPYIO HEBO3MOMKHO
HOBTOPUTH, — JTO IMIyOUHA, U OCcTa-
eTCHd JINIITb MOJIUTHCSH, YTOOBI JAHHBIA
¢dakKTOp He OKa3aJICsa KPUTUYHBIM JUUIS
Pa3MHOMKEHU I0KHOI'0 T'oJIy60To TYH-
na». HermocpecTBEHHO K IOTO-3aIany
U 0Ty OT MHJAOHE3UNUCKUX OCTPOBOB
Cywmarpa, fiBa, Bamnu, Jlom60k, CyMm-
6aBa, Cymba u 1p. — pacrnoJjaraeTcs
TaK Has3blBaeMbIli 30HACKUU KeJo00,
B KOTOPOM HaXOJUTCS OJlHA U3 CAaMBIX
riIy60KUX TOo4Yek MHAUNCKOTO OKea-
Ha — 7450 M. Ecam riy6uHa mme-
eT 3HAa4YeHHUe, TO IPOEKT KOMIaHUU
Clean Seas o6pedeH Ha Heygavy.
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AKTUBUCTBI «[pUHNNCa», MEXAYHAPOJHON NPMPOJOOXPAHHOM OpraHn3aLmu, Bblpa-
XatoT cBOM npoTecT Ha 6epery CpeansemMHoOro Mops Ha tore TypLun BO BpeMs exe-
rogHowv KoHdepeHummn ICCAT. MNponrHoprMpoBas NpM3biBbl HEMEANEHHO NPeKpaTuTb
BbINIOB rony6oro TyHua B Cpean3eMHOM MOpe, 3Ta OpraHn3aumsa npuHana nnaH,
npegycMaTtpuBaloLLmMii NNLLb HE3HAYUTENbHOE CHUXKEHME KBOT B 6inxxanLune rogbl

MpupyyeHue rony6oro TyHua
JIro6uTes b CIOPTUBHOM OXOTEI HA PHI6
BUJUT B TOJy60M TYHIIE OTIMBAIOIIETO
cepe6poOM MOTIy4Yero COIepHUKA; JJIA
rapoyHIIUKa 9TO IIeperBYaTas TeHb
Ol BOJOH, yiapAIOIIasa CBOUM Y3KUM
M30THYTBIM XBOCTOM M YHOCHAIIAd-
csd 3a MpeAesibl JOCATaeMOCTH; PhI6aK
Ha celfHepe BUAUT Oy pJIALIUN BOJOBO-
pPOT cepeGpPUCTO-CUHUX TeJl, KOTOPhIE
HYKHO IIOJHATH Ha 60OpT cyAgHA; AJd
ppi6aka Ha APYyCOJIOBE 3TO MepTBasd
peiba, BeITallleHHasA Ha najxy6y BMec-
Te C MHOMKECTBOM JPYTHUX CBEpKAIO-
IIUX MOPCKUX CO3JlaHUM; COTPYAHUK
PBIGHBIX CaJIKOB pacIieHUBaeT rojry6o-
ro TyHIIa Kak 6e3bIMAHHOE CO3JaHue,
KOTOpOe HAaJI0 NPUHYAUTEIBHO KOp-
MUTH, IOKA HEe IIPUJAET II0pa BOH3UTH
cTajJbHOE JIE3BUE B €€ MO3T; TOPTOBeI]
Ha pbeI6GHOM pbIHKe Llyknasu (Tsukiji)
B ToKMO HaciamxkaaeTcsd BHUIOM Oec-
XBOCTBIX JIEASHBIX TYII; SAINOHCKHE
IOTpeOUTENN BUAAT TYHIIA KaK «TOPO»,
TOHKHH JIOMTHUK HACBIIIIEHHO KPACHOTO
Msca, KOTOpoe HYKHO eCTh C Bacabu
M COEBBIM COYyCOM; JJid Guosiora Ty-
Hell — 4yJI0 TUIPOJUHAMUKH, Ybe TEJIO
H03BOJIAET €My €CTh, PACTH, IIABaTh,
HBIPATH U MUTPUPOBATH JIy4Ille BCEX
OCTaAJIbHBIX PBIO B MOPE; @ TOT, KTO XO-
yeT cnactu Thunnus thynnus ot 3a-
6GBEHUS, JOJIIKEH CTPEMUTHCHA IIPeBpa-
THUTH €TI0 B JKUBOTHOE, OJIOMAIITHEHHOE
0106HO KO3€ UJI KOPOBE.

B mupe nayku [06] umnb 2008

HekoTopble He CMOT'YT IPUMUPHUTBCH
¢ Takol nepemeHoi. ['osy6oit TyHel,
CKHTAaJIell OKeaHa, caMas JUKas, ca-
Masd CHJIbHAdA pbl6a B MOpe, He MOMKeT
U, BO3MOKHO, He JJOJI’KeH OBITh IIPUPY-
gyeH. OJHAKO €CIHU OH OCTaHeTCA JU-
KUM, TO OyayIinee OyZeT KEeCTOKUM —
U 10 OTHOIIEHUIO K OTPAacCJIH, IIPOU3-
BOJAANIENH «Marypo», ¥ II0 OTHOIIIEHUIO
K BEJIMKOH pbIbe — rory6omy TyHITy. B

Mepesopn;: b.B. YepHbiweB
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KoHuenumm KocMmyeckoro OpPYXWs OCHOBbIBAKOTCA HA CO3aHUN CliefyrLnX CUCTEM: NPOTUBOCMY THUKOBOIO OPYXuUs (<<y6VII7IL| CI'IyTHI/IKOB>>), MUKPOBOJ-
HOBOIO M N1a3epHO-/Ty4eBOro OpyXus, a TakXXe opbuTanbHbIX NNaTPopPM, C KOTOPbIX MOXHO HAHOCUTL yaAapbl Mo LessaM Ha NOBEPXHOCTH 3emnu
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ObOPOHA

Tepesa XutyeHc

JBE3(HblE

N3meHuBLIasACA B nocnegHue rogsl

BOeHHas fokTpuHa CLUA n geMOHCTpaTuBHbIE
nencTema Kutass MoryT cnpoBoumpoBaTh
FOHKY BOOPY>XeHUN B Kocmoce. Ho 6yayT nu
Takne OencTBMA B YbUX-TO HALMOHASIbHbIX

Bo spemsa 60oa He sBeQume amakxy
HA NPOMUBHUKA, HAX00AW,e20C HA
sepuluHe xonma. He nvimaiimeco
npomusocmosms nNPOMUBHUKY,
amakyrouemy ¢ 8epuluHbl Xonima.
Haiime emy cnycmumusbea ¢ sepuiu-
Hbl U moz20da npuHumaiime 60ii.

Cynb-1i3bl, kumaitickuil B0eHHbLL
meopemuk u nosikosedeu,
mpaxmam «O 80eHHOM uUcKyccmae,
VI-V 8. 0o H.3.

Ime B JAPEBHOCTU IIPOTHUBO-

6opcTBy0OIINE apMUU B IEP-

BYyI0O oOuYepeab CTPEMHJIUCH
3aHATH IJIaBHBIE BBICOTHI Ha IIOJIE
60s. HeynuBUTEJIBHO, YTO B B3IO-
Xy Ppas3BUTHA KOCMOHaBTUKHU BO-
€HHble XOTAT 3aKpPenuTbCA Ha Ha-
n6osiee BO3BBIIIEHHOH IIO3UIIUU
royke — Ha 3eMHOU op6ute. Ho 1o He-
IaBHETO0 BpPeMEHU HEeCMOTpPsS Ha OT-
*YyTCTBUE MEKJAYHAPOAHBIX COIJIalle-
1M, 3alpeljalluX HCIO0JIb30BaTh
{OCMHYECKOE ITPOCTPAHCTBO B BOEH-
1BIX IEJIAX, TOCYJapCTBa BO3JIEPIKU-
3aJIMCh OT pPa3MeIeHUA HesIePHOTO
AHTHUCIIyTHHUKOBOTO OPYKHA B OKO-
103€MHOM KOCMUYECKOM IIPOCTPaH-
>TBe, ollacasch M3MEHEHUs paccTa-
10BKM CHJI M Hadaja HOBOI'O dTala
*OHKU BOOPYKEHUH.

nHTepecax?

OpHAaKO MIATKOE PABHOBECHE MOKET
6bITH HapyllleHo. B okTaA6pe 2006 T.
ApMUHHCTpanusa Ipe3ugeHTa Bymia
ogo6puiia HOBYIO HAaIIMOHAJIBHYIO KOC-
MUYECKYIO IIOJIUTUKY, B COOTBETCTBUH
c kotopoii CIIIA «He MpU3HAIOT JIO0ObIE
orpaHU4YeHUA GQyHAaMEHTAJIbHOTO
npaBa CoeagmHeHHBIX IlITaTOB OCy-
IIECTBJIATH J€ATEJbHOCTD U I10JIy4aTh
nHpoOpMaIuIio B KocMoce». Tpu mecsa-
na cnycta Kurall yHUUYTOMXKUI CBOM
METEeOPOJIOTUYECKUHN CIIyTHUK, B30OY-
JIOpa’KkUB TE€M CaMBbIM MHUPOBYIO 00-
IecTBEHHOCTh. Ha op6uTe okasanochk
6OJIBIIOE KOJMYECTBO KPYIHBIX 00-
JIOMKOB, a B ajpec Kurtasa npossyua-
Jla 060CHOBAaHHAsA KPpUTHKA. McnblTa-
HHE NPOTUBOCIYTHUKOBOTO OPYHHUA
cTajo nepBBIM 3a nociaenHue 20 jeT,

OCHOBHbIE NOJIOXXEHUA

= Henb3a fONycTUTb pasMeLLeHns Opy>Xusi B KOCMOCE, AaXKe HECMOTPS Ha TO YTO OHO MOXET
[aTb HeOCNopMMble cTpaTernyeckme npemmyLLecTea noo6on ctpaHe. Munutapmsaumsa KoCMmu-
4eCKOro NPoCTPaHCTBa HapyLUNT PacCTaHOBKY CUJI.

u MpuHsaTas B 2006 r. agMuHucTpaumeit bywa HaunoHanbHas kocmuyeckas nonutuka CLUA
co3gaeT ycnosusa A9 UCNOSIb30BaHMA KOCMOCA B BOEHHbIX Lenax. Kutan cpasy xe nposen
MCMbITAHNA NPOTUBOCMYTHUKOBOIO OPYXWS.

= PaswmelleHne OpPYyXWA B KOCMOCe MOXET AaTb CTapT HOBOMY BUTKY FOHKU BOOpy)KeHl/Il7l.
paxpaHcKne 1 BOeHHble CNyTHUKK Bcerga 6yayT Nerkon MULLEHbIO.

H /Icnonb3oBaHne KOCMUYEeCKOro OpyXusi Hen36exHo npusedeT K 06pa3oBaHnio 60/bLIOro
KonM4ecTBa 06/10MKOB, KOTOPbIE 3aMOJIHAT OKONO3EMHOE KOCMUYeckoe NpocTpaHcTeo. B Ta-
KWX YCITOBUAX UCMONb30BATh FPaXAaHCKMe CMyTHUKU N 0p6UTaTIbHbIE MUNOTUPYEeMble CTaHLUK
6yneT BeCbMa 3aTpyAHNUTESNIbHO.




0bOPOHA

YHACTHUKU UTPbI

3a nocnegHue rogbl
CYLLEeCTBEHHO BO3POCIO
KONMM4YeCTBO CTPaH U HYaCTHbIX
KOMMaHWM, CNOCOOHbIX BbIBECTU
CNYTHUKWN HA OKOSTO3EMHYIO
op6uTy. B TO Xe Bpems aTu
CTpaHbl BMOJSIHE MOTYT

N YHNYTOXAaTb Takme CNyTHUKMW.
[1o MHEeHU1Io cneunanncToB,
amMepuKaHCcKme pa3padboTku
npuBeayT K TOMY, 4TO

B KOCMUYECKYH0 FOHKY BCTYNAT
Kwntan n Poccus

PACMNOJTIATAKOT
MPOTMBOCIYTHUKOBbLIMU
CNCTEMAMN HASEMHOIO
BA3VPOBAHNA

Kutan, Poccusa, CLUA

MMEKOT CIYTHUKU HA
FEOCTALIIOHAPHOW OPBUTE
(36 TbIC. KM Hap 3emnen)
EBponeinckoe kocmuyeckoe
areHTcTBO (ABCTpUS, Benbrus,
DaHnsa, ®uHnangusa, ®paHums,
lepmanus, Npeuns, Npnangus,
Utanus, JTiokcemobypr,
Hupoepnangbl, Hopserus,
MopTtyranus, icnanus,
LLseuwns, LBenuyapus,
Benunkobputanus), ®paHumns,
International Launch Services
(Poccus, CLLUA), Sea Launch
(Hopserwus, Poccus, CLLA)

MMEIOT CMYTHUKU HA
HN3KNX OPBUTAX (100—2000
KM Hapg 3emnen)

Nupus, Maknctax, N3paune,
VKpaunHa

OB ABTOPE

a cam Kuraii, Hapany ¢ CIIIA u Poccu-
ell, — TpeTbhel CTpaHOU, obJiafaromniet
NoJO06GHBIMH TEXHOJIOTHAMU. [0 MHe-
HUIO 9KCIIEPTOB, Telepb 6aJaHC CUJ
B KOCMHYECKOM IIPOCTPAHCTBE MOMKET
CyIIeCTBEHHO U3MEHUTBCH.

B aMepukaHCKOM oO6IIecTBe IIOKa
HET €JUHOI0 MHEHHUS II0 BOIIPOCY
0 MUJHATapU3anuu kocMmoca. Kpuru-
KU YTBEPKAAIOT, YTO BOEHHBIE CIIYT-
HHUKU U OpOUTaAJIbHBIE CTAHIUU He
CMOTYT YKpPENHuTh HAIUOHAJbHYIO
6e30I1aCHOCTb: OHU BeCbMa YSA3BU-
MBI, UX JIeT'KO 0GHAPYHUTh U KOHTPO-
aupoBaTh. [IoCTOAHHOE COBEpIIEH-
CTBOBaHMUE CPEACTB GOPBOBI C KOC-
MHUYECKHMMU allnapaTaMu IIpUBEIET
K OecIIpelie/IeHTHO! TOHKe BOOpYKe-
HHUU, B KOTOPYIO 6YAYT BOBJIEKAThCSH
BCe HOBBIE TocyAapcTsa. Jlame Ipo-
BE€pKa TEXHUKHU U TEXHOJIOTUH, KaK
aTo caenan Kurai, MoxeT IpuBec-
TH K TOMY, 9YTO BOKpPYT 3eMau 6yaeT
Bpamarbcd OOJbIIOEe KOJIHYECTBO
06JIOMKOB «KOCMHYECKOTO Mycopav,
IIpeACTaBIAIIINX peaJbHYIO oIac-
HOCTB AJIf CHyTHHUKOB M OpOUTAIb-
HBIX cTaHOUH. [Tog yrpo3oi okamyT-
cd TEJEKOMMYHUKAIlUYU, HaBUTAIU-
OHHBIE CUCTEMBI, IIOJIyYeHHe JaHHBIX
JUIA IIPOTHO30B IOTOABI 1 MHOT'0O€ IPY-
roe. Takue IoTepu MOTyT OTOPOCUTH
MUPOBYIO 9KOHOMUKY B IIATUECATHIE
ro/ibl IPOIIJIOTO CTOJNETUS.

«3Be3Hble BOUHbI»
noBTOpSAIOTCS

HOHLICHLII/II/I CO3aHUuA IIPOTUBOCIIYT-
HHUKOBOTO OPYKHsA, 6as3supyIolierocs
B KOCMOCE, cTaaInu paCCManI/IBaTI)CH Ha
3ap€ pa3BUTUSA KOCMOHABTHUKU B Ha-
IIpaBJ€HUU MUJIUTApU3allUN KOCMH-
4ecKoro npocTpaHcTBa. Hanbosnpuryo
M3BECTHOCTBbL M3 BCEX nporpaMM 10

Tepe3a XutyeHc (Theresa Hitchens) — gupekTtop LleHTpa 060poHHOM MHGOopMaL
CLIA, BepeT MNMpoekT no o6ecneveHnto 6e30NacHOCTM B KOCMOCE COBMECTHO ¢ Secure
World Foundation. ABTop KHUrn «Bypaylee KocMuyeckon 6e30nacHOCTU» U pefakTop
XypHana Defense News ¢ 1998 no 2000 r. Ony6nukoBana 605bLUOE KONMUYECTBO
cTatei no 6e3onacHoOCTU, BOEHHOW npoMbiuneHHocTn, HATO. B nocnegHee Bpems
BO3rnaBnseT nccnepoBatenbCKuin fenaptameHT bputaHcko-AMepukaHckoro coseTa
no 6esonacHocTu (British American Security Information Council, BASIC).

MUJIMTApU3alliu KocMoca IoJay4uiia
nporpaMMa «CTpaTeru4eckoi o060-
poHHoI mHunuatusspr CIIA (COH),
noajep:xaHHad Ipe3useHToM Peiira-
HOM. IloTeHIMa/JbHblEe NPOTUBHUKU
Ha3BaJMU 9Ty IIporpaMmy «3Be3JHbIe
BOUHBD.

TpagULIMOHHO KOCMHYECKOE Opy-
JKM€ BBINOJHAET JeCTPYKTUBHYIO
POJb IIPU OCBOEHUU OKOJIO3E€MHOIO
M KOCMHYECKOTO0 IIPOCTPAHCTBA.
K cucTeMaM KOCMHUYECKOIO OPYIKUA
OTHOCATCS IPOTUBOCIIY THUKOBOE OPY-
JKUeE; JIa3epHble CUCTEMbI HA3€MHOTr'0
6a3MpoBaHUA C 3apKajaMH, pasMe-
maemMble Ha camojieTaX WIN CHYyT-
HHUKaX, KOTOpPbIe II03BOJAIOT YHHUY-
TOMKATh I1€JIU 3a JUHHUEH FOPU30HTA;
opy:kHe Ha OpOUTAJbHBIX IIaTdop-
MaX, KOTOpPO€e MOMKET IOpaKaTh IeJIN
u3 kocmoca. HyKHO OTMETHUTB, UTO
BCE roCcy/apcTBa OTKa3aJIUCh OT HC-
HO0JIb30BAHUA B KAa4eCTBE aHTUCIYT-
HUKOBOTO OPYIKHUS BBICOTHOTO fAJIepP-
HOTO B3pBIBA, T.K. IPU AJAE€PHOM B3PBbI-
Be€ 9JEKTPOMATHUTHBIA HMIIYJIbC
U 006J1aKO YAaCTHUI] MOTYT BBIBECTH U3
CTPOSA HNPAKTHUYECKU BCE CIHYTHUKU
U opOUTaJIbHBIE anmnaparsl (cm.: Jro-
nowr /JI. AA0epHule 83puissbl Ha opbume //
BMH, \e 9, 2004).

HekoTopble SKCIEPTHI BBICTYIIUIHN
C MHUIIMATHUBOI pAaCIIMpPEHUA OIIHU-
KJaccuduKkanuu
¥ IPEeJJIOKUIIN BKJIIOYUTH B Hee 6aj-

CaHHOU BBILIE
JINCTUYECKHUE PAKeThl JAJbHEro pa-
Juyca AecTBUA U Ha3eMHBIE 9JIEKT-
POHHBIE CUCTEMBI BOEHHOI'O Ha3Hade-
HUA. COrJIacHO TAKOMY JIOIIOJTHEHHOMY
oIpefeeHNI0, CTAHOBUTCH HECOM-
HEHHBIM OJJHO: KOCMUYECKOE OpYyiKUe
y:xe cymiectByeT. ([1aBHBIN Bompoc
COCTOUT B TOM, BKJIIOYATh JIU aHTH-
COYTHUKOBOE OpY:KHE U OpPY:KHe Ha
opbuTanbHBIX IIAT(GOpPMax B HAIHO-
HaJIbHYIO BOEHHYIO CTPaTeTHIo?)
HoBasa KocMu4YecKas IIOJUTUKA
CIIIA 1 ncnpITaHUA IPOTUBOCIY THHU-
KOBOTO opy#ud Kuraem BeI3BaIu ove-
PeIHYIO BOJIHY ae6aToB. MHOrue BbI-
COKONIOCTABJIEHHbIE BOEHHBIE YHHBI
BBIPA3UIN 6OJBIIYI0 03a6049€HHOCTD
TeM, YTO B cllydyae 060CTPEHUA OTHO-
menuit Kurasa ¢ TaliBaHeM MOTYT I1O-
cTpajaTh aMepUKAaHCKHE CIIyTHUKH,
HaxoaAluecss HAa HU3KUX opbuTax.
B anpene 2007 r. r;mTaBHOKOMAaHAYIO-
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muit BBC CIIIA renepan Matika Moc-
au (Michael Moseley) cpaBHMI pouc-
XOAAINE COOBITHA C 3aIlyCKOM IIep-
BOI'O COBETCKOTO CIIyTHHUEKA B 1957 .,
KOTOPBIM MHOACTETHYJ TOHKY BOOPY-
JKEHUU BO BpeMs «XOJIOJHOU BOWHBD.
OH Takxke orMeTnJ, 4yro CIIIA mepe-
CMaTpUBAaIT CTpaTeruio obecrieye-
HUsA 6€30IIaCHOCTU CBOEH CIIyTHUKO-
BOU I'PyNIHUPOBKU.

He ocTanca B ctopoHe u KoHrpecc
CIIA. CenaTtop oT mTaTa ApH30HA
Jxon Kuin (Jon Kyl) us yucna «Ku-
TAWCKUX ACTpe6OB» NPEAJIOKUI
NPOJOJI:KUTE PabGOTHI II0 CO3JaHUIO
IPOTHUBOCHYTHHUKOBOTO OPYMKHUA IJIA
nporuBoneictBua Kuraro. Bouee
cep:KaHHBIE YJIEeHbl BEpXHEl majaThl
npu3BaJIu Npe3ujieHTa Byma HagaTh
IIEePEeTOBOPHI IO 3aIIpeTy MUJIUTAPHU-
3aIuM KocMoca.

MexxayHapoaHbIli acnekT
npo6nemsl
He tonbxko Kuraii, Ho u UHaus BeaeT
HcclieJOBAHUA 110 KOCMUYECKOMY OpY-
suto. JKypHain Defense News, ccblia-
fCh Ha BBICOKOIIOCTABJIEHHBIA BOEH-
HBIA UCTOYHUK, COOOIIUJ, UYTO HH-
AUMCKHNE y4YeHble yiKe NPUCTYNHUIN
K paspaboTKe KMHETUYECKOTO U Jia-
3€PHOr0 aHTHUCIIY THUKOBOTO OPYKHUS.
Cocen Unpauu IlakuctaH Bpaj JHU
ocTtaHeTcda 6e3y4acTHBIM K II0/I060HBIM
nHunuatusam. O6e cTpaHbBl UMEOT
6OJBIION ONBIT CO3AaHUSA OaJjlIuc-
TUYECKUX paKeT CPeJHEero pajauyca
JIeVCTBUSA, IPUTOHBIX A1 aHTUCIY T-
HHUKOBOTO opykusA. fANoHCKHUe mapJa-
MeHTapuu B uioHe 2007 r. IpUCTYyIIN-
JIN K PACCMOTPEHHIO 3aKOHOIIPOEKTA,
paspemaomniero paboThI 110 CO3/TaHU0
CIIyTHUKOB JIJ1s o6ecriedeHus «060po-
HBI 1 HAIITUOHAJIBHOU 6€30I1aCHOCTI.
HcneiTaHus, nposeseHHbIe B Ku-
Tae, HalllJIU OTKJIUK U B Poccuu. Ilpe-
3uAeHT [lyTHH BbICKa3aJcd 3a 3allpeT
MUJINTAPU3AI NN KOCMHUYECKOTO IIPO-
cTpaHCTBA. B To e BpemsA OH Bo3/iep-
JKaJjICcA OT KpUTUKM [leknHa, HO 06BH-
HuJ CIIIA B nIonbITKaxX Ha4yaTh FTOHKY
BoopyxkeHHUU. [lo ero MHeHUIO, AeH-
ctBuA Kutas 6611H CIIPOBOIIMPOBAHBI
aMepukaHnaMu. OJHAKO €ClIu Jpy-
rue CTpaHbI CTAaHYT pa3MeniaThb Opy-
JKHe B KocMmoce, Poccuu 6yieT CII0KHO
0OCTaThCA B CTOPOHE.

B AMmepuke MHOTHWE CUUTAIOT, 4YTO
OCTAHOBUTH IIPOIIECC HEBO3MOIKHO,
u CHIA j1o/KHBI 3aHATH B HEM JIU-
JUPYIOINYIO ITO3UIINIO0, YTOOBI obec-
IIeYUTh 0€30IIacHOCTh BOEHHBIX
U IPaXJaHCKUX CIyTHUKOB, IIOAJEP-
JKUBAOIIUX Has3eMHBble OIlepalnuu
aMEepPUKAHCKOU apMHH.

OnHaKO B TAaKOM CjIydae He TOJBKO
HapymuTcs 6ajlaHC CUJI, HO U CyIIec-
TBEHHO IIOBBICUTCS PHUCK IJIOGAIBbHO-
ro koH@aukTa. Jlamke eciu BegyIue
JlepKaBbl JJOCTUTHYT OIpe/eIeHHBIX
JIOTOBODEHHOCTEM, HET TapaHTHUH,
4TO OHU OyAYyT UX NPUJEPKUBATHCA.
CrpaHa, nocyurabuias ce6s o60i1eH-
HOM, IocTapaeTcsa HaHECTH yaap Iep-
Boit. Hapsany c yenoBeyeckum akTo-
poOM BO3pacTaeT ONAaCHOCTb TEXHMH-
YeCKOH OMIMOKH, CIIOCOGHOU TPUBECTH
K KaTacTpode. B mogo6HBIX yCI0BU-
AX GyJIeT CJIOM¥KHO IIPUMTH K COrJale-
HUIO.

nepeXBaT'-IVIKVI vyoapHoro
pencrTeua*

I[lo MHEHHUIO BOEHHBIX CIIeIHa-
JIUCTOB U HE3aBUCHMBIX JKCIIEP-
TOoB, KuTall yHHYTOKHUI CBOH Me-
TEOCHYTHHUK CHapAJOM Yy/JapHOrOo
JelicTBUA, 3aNylI€eHHBIM Ha Op-
6UTy JBYXCTyIIEHYAaTOH pakKeTou
cpenHero pajuyca AedcTBUA, 3a
cYyeT KMHETHUYeCKON saHepruu. [laH-
Has TEXHOJIOTUS CETOAHSA SfABJIAET-
cAa mpocTtedmed (unn. sHu3y). bo-
Jlee NI0KUHBI CTPAH MOT'YT BBIBECTH
CIIyTHUKU Ha HU3KYI opourty (100-
2000 KM OT IOBEPXHOCTH 3eMJH)
P IIOMOIIIM PaKeT CpeJHeHN JaIbHO-
CTHU U JIUIIb BOCEMb UMEIOT BO3MOIK-
HOCTb JOCTHYb TIeOoCTallMOHApHOM
(86 TBIC. KM OT IOBEPXHOCTHU 3€MJIU).

* OTn cpencTea onpefensioT Kak KMHeTu-
Yeckoe opyxue (Mpum. pes.).

NEPEXBATYUKWN YOAPHOIO AEUCTBUSA
OOCTVYIHOCTb: Bbicokas

CTOMMOCTb"

[MepexBaT4mKn yaapHoro oefcTBMA Ha3eMHOro 6a3npoBaHna Ha 6a3e CUCTEMbI

MPO: $3 mnpa

MepexBaT4MKun yoapHoro gercTems BO3ayLLHOro 6asuposanus: $3 mnpg

CnyTHUK MOXHO YHUYTOXUTb, HaNpaBumB Ha

HEro rofIoBHYI0 YacTb 6aNINCTUYECKOM

pakKeTbl, Ha HU3KUX op6|/|Tax — C nomMoLbko

pakeT cpegHen fanbHOCTU. Takumm

BO3MOXHOCTAMU pacnonarawT 6onee

OIOXWHbBI rocyaapcTs. Ona Tex xe uenemn

MOXHO UCMOJIb30BaTh NepexBaTtymnkn

yOapHoro fencTBms BO3AYLLUHOro
6a3npoBaHns. YTo6bl YHUUTOXUTb

06bEKT Ha reocTaunoHapHom opéuTe,

noTpebyroTcs 605iee COBEPLUEHHbIE

CUCTEMbl, KOTOPbIMUK 061afatT TONMbKO
XHOM

BOcCeMb rocygapctse. Camonm ¢
3apayent octaeTcs ynpasneHve

N HaBegeHune rnepexsaTtdynka Ha Lellb

*B cToMMOCTb BKNOYEHbI pa3paboTka

1 3KCnnyarauma cucTemMbl Ha NpoTsxeHun 20 net

WcTounuk: Center for Strategic and Budgetary

Assessments, 2007
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API'YMEHTbI NPOTUB

[paxpaHcKne 1 BOEHHble
CNYTHWKM O4€Hb YA3BUMbI

PaspaboTka
NPOTUBOCNYTHUKOBbLIX CUCTEM
npuBegeT K FOHKEe BOOPYXEHUM

30HeHb BbICOKasi CTOMMOCTb

VMicnonb3oBaHue 1 ucnbiTaHne

CMYTHUKOBOIO OPYXUS
npveegeT K 06pas3oBaHunio
60NbLLOro KonnyecTea 06110MKOB

«KOCMMYECKOro Mycopa»,
KOTOpble MOryT co3aaTb
0NacHOCTb A1 rpaXK4aHCKNX
CMYTHUKOB N OpOUTASNBHbBIX
cTaHuum

OcHoOBHasd 3aia4a IIpU IPUMEHEeHU U
TaKOr0 KUHETUYECKOTO OPYKHUSA —
TOYHOE HaBeJeHUe Ha Iejb. Kakum
obpas3oMm ee pemnraju KUTalCKHE BO-
€HHBIe, JI0 CHUX IIOp OCTaeTCcA 3araj-
koii. MeTeocnyTHUK paboran 1o
HOCJIEJHETO MOMEHTA, YTO HMO3BOJIH-
JIO 9eTKO KOHTPOJIHPOBATh €ro Mec-
TOHAXOMKJAEHNE B KOCMUYECKOM IIPO-
CTpaHCTBE.

Jlazepbl HazeMHOro
6a3upoBaHus

B centsabpe 2006 r. cTajio U3BECT-
HO, YTO KMTAMUCKUHN J1a3ep Ha3eMHO-
ro 6a3MpPOBAHUA (IOACBETHU» aMepH-
KAaHCKHUH pa3BeJbIBATEJIbHBIN CIYT-
HUK. [leficTBuTenbHO 1u Kurail xoTen
«OCJENUTH» UJIN YHUYTOKUTH €ro —
B BammHrTOHE HET €IWMHOTO MHEHUA.
B03MOXHO, KUTAlCK1e BOGHHBIE ITPO-
BOJAWUJIM WCIBITAHUA jJa3epa Majaou
MOIIHOCTHU U CHUCTEMBI CJIEKEHHUA 3a
CIIyTHUKaMH.

B smro6oM cirydyae B TaKUX IEeHUCTBU-
AX IMPUCYTCTBYET 3JIEMEHT IIPOBOKA-
nuu. B 3aBuCHMOCTH OT Ha3HAYEHUSA
M KOHCTPYKTHUBHBIX OCOOEHHOCTEH
CIIyTHUKU 0o0j1aaloT pa3HOU cTemne-
HBIO yCTOMYUBOCTU K BHEIIHUM BO3-
perictBuAaM. I[IpoBegeHHBIE aMepu-
KaHCKMMU BOEHHBIMU B 1997 r. ucnel-
TaHusa MIRACL mokasaju, 4TO JaKe
Jla3dep HeGOJbIIIOH MOIIHOCTH MOJKET
BBIBECTHU U3 CTPOA ONITUYECKYIO CUCTe-
MY CIIyTHHUKA HaGJIIOAEeHUA, UCIIOIb3Y-
€MOr0 JIJI pa3BeIbIBATEIbHBIX IIeJICH.

HcnbiTaHuA 60eBbIX 1a3epoB B CIITA
u CCCP Hauanucs emie B 70-e IT. Ipo-
nuIoro Beka. OnTuyeckas CUCTeMa Ja-
3€epHOU yCTAaHOBKU CO3/IaHa Ha OCHOBE
aallTUBHOM ONTHKU, MO3BOJAIOIIEH
YUYUTBIBATh U KOMIIEHCUPOBATH OIING-
KU OT BO3JIEICTBUSA, KOTOPOE OKA3BI-
BaeT HEOJHOPOJHOCTh aTMocC(epsl
BJOJIb Tpacchl Jy4a. Jlua ux paboTsl
TpebyeTcsa KojoccajJbHad JHEpPrusd,
KoTopas 4Yepe3 ONTUYECKYIO CHCTe-
My HampaBJseTcs Ha 00'bEeKT, OJ{THAKO
4acTh €€ TepAeTcA II0 Mepe IMPOX0ikK-
JIeHU A JIy4YoM aTMocdepbl u3-3a obaa-
KOB, cMora 1 paccesHusd. [Ipu nonaga-
HUU Ha 00'BbEKT ITOPAKEHUA JTa3€PHBIN
JIyd A0JeH PUKCUPOBAThCA Ha HEM
JIOBOJIBHO NPOJOJIKUTENbHOE BpeMs,
YTOOBI BHEPTUU XBATHUJIO JJIA IIOPaKe-
HUSA [ETH.

B pamkax pa3paboTOK IO CHUCTe-
me [TPO aMepukaHCKHE y4YeHBIe U3
Starfire Optical Range pas3MecTHUIN
NPOTOTUIl BOEHHOro jasepa Ha la-
BaMAX U IPOBEJIM HECKOJIBKO 9KCII€PH-
MEHTOB, B XO/I€ OJTHOT'0 13 KOTOPBIX JIy4
OBbLJI OTPaKeH 3epKaJIoM, pa3MeIeH-
HBIM Ha KOCMHYecKoM amnmnapare. Ilo
otyeTtaM [lenTarona 3a 2004-2007 rr.
9Ta OpraHu3alnusa oTBedasia 3a pas-
paboTKy IIPOTHUBOCILYy THUKOBOT'O OpPY-
KU, HO ee PUHAHCUPOBAHUE OBLIO
npekpamieHo B 2008 r., korga Kon-
rpecc NpoBeJ pacciiefjoBaHUe, U OKa-
3aJI0Ch, YTO OCHOBHBIE PaboTHI ObLIU
HaIlpaBJIEHBI HA CO3JaHUE aJallTHUB-
HOM OIITHMYECKON CUCTEMBI /I BOCH-
HBIX JIa3€POB, @ HE CUCTEM CJIEIKECHHUH.

OnHAKO 70 CO3/aHUSA ITOJTHOIIEHHO-
ro 6oeBoro o6pasia elie OYeHb Jaje-
ko. [To mmanam BBC CIIIA, noaroTos-
aeHHBIM B 2003 r., Ha3eMHBbIe JIa3epHl,
CIIOCOOGHBIE YHUYTOXKATh KOCMUYe-
CKHe anmnapaTbl Ha HU3KOU opbure,
JOJIKHBI OBLIU IOABUTHCA B 2015-
2030 rr. Ilo mpomecTBUU OATHU JIET
MOJKHO CKa3aTh, YTO TAKOM IIPOTHO3
CJIUIIIKOM OIITUMHUCTHUYECH.

CnyTHUKU-«cocegmn»*
Pa3BuTHE MUKPO3JIEKTPOHUKHU U CHUC-
TeM yIpaBJIEHUS II0JIETOM CII0COG-
CTBOBAJIO POMKAEHHUIO €IIle OJJHOTO BUAA
IIPOTHUBOCIIYy THUKOBOT'O OPYKUA — BO-
€HHBIX MHUHU-CIYTHUKOB (8epXHSAs
unn. Ha passopome). B pamkax mpo-
exTa XSS ObIJIO CO3JaHO HECKOJIBKO
MUHH-CIIyTHUKOB XSS-10 n XSS-11,
BBIBEJIEHHBIX Ha op6uTel B 2003
u 2005 rr. IlpegHas3Ha4YeHHBIE IJIS
KOHTPOJIA COCTOSAHHUSA KpyItHoraba-
PUTHBIX CIOYTHHUKOB, OHU CIIOCOOHBI
TaKie HeCTU Ha OGOpPTYy B3PBIBHBIE
YCTPOMCTBA, IOCTAHOBIINKH PaJIHOIIO-
MeX 1 MUKPOBOJIHOBBIE T€HEPATOPHI.
Bo BpeMmsa «xosoaHOU BOWHBD B Co-
BeTcKOM COr03€e MPOMLIN UCIBITaHUSA
MaJIOro MaHEeBPHUPYIOIIEro CIIy THUKA
C B3PBIBHBIM YCTPOWCTBOM Ha 60pTY,
JIOCTABJIEHHOTO Ha HU3KYI0 OpOutry
6amnuctudeckoit paketoil. Ilo cytu
Jejia, OH INpeACTaBIAI coO60H KOCMU-

* Tak Ha3blBalOT CNYTHUKWU, NpefHa3Ha-
YeHHble ON1A YHUYTOXEeHUs onpepesieHHo-
ro cnyTHMKa noteHUnasnbHOro nNpoTUBHUKa

(mpum. pen.).
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YeCKYI0 MUHY, KoTopas ObljIa B30pBa-
Ha B 1982 r. B HacTodAIee Bpemd 61a-
rogapd pa3BUTUIO CHUCTEM IIHUJIOTH-
poBaHUA NMOAOOHBIE allllapaThbl MOTYT
rnepeMeniaTbCcad Ha pasHble OpOUTHI
U BbIOUPATh LEJIU JIJ15 IIOpaKeHU .

B 2005 r. BBC CUIA npeaigoxuIn
nporpaMMy noj HazBaHuem ANGELS
(aBTOHOMHBIA KOHTPOJb C HCIIOJIb-
30BaHUEM HAHOCIYTHHKOB HaJ CH-
Tyanued B 6amkalmemM KocMmoce) II0
KOHTPOJIIO HaJl CIIyTHUKAaMHU Ha Teo-
cTalnMoHapHOH opbute. Takue HaHO-
CIIy THUKU MOT'Y T OBITh MCIIOIb30BaHBI
U KaK HacTyHaTeJIbHOE OPYKUE.

CIyTHUKU-(Iapa3UThl» CIIOCOOGHBI
CTaBUTh IIOMEXU U JlaKe aTaKoBaTh
00BEKTHI IPOTUBHUKA. B mpuiomxe-
HUU K Joknany Jlonanbsaa Pamcdensaa
Ha 3acegaHuu Komuccuu no xocmocy
B 2001 r. ynoMmuHaeTcs o6 opbuTalb-
HOM CTaHIIMU, HAYUHEHHON MUKpPO-
CIIyTHUKaMU, IpeJHa3HAYeHHBIMU JJ19
YHUUYTOMKEHUSA BPAKECKUX OO BEKTOB.

B 2003 r. BoeHHBIE Ipejjaraiu
K 2015 r. 3ayCTUTH CIIyTHUK C MOIII-
HBIM pajuonepesaTInKoM, OJIOKHPY-
IOIIIMM IIPOXOKAEHNUE PAIMOCUTHAJIOB
U1 T€M CaMbIM HapyIIAIOIINM CUCTEMY
KOMMyHUKanui. HesaBucumele 3K-
CIIEPTBI CYMTAIOT, UYTO JaHHAA IIPO-
rpaMMa MO:KeT ObITh peaju3oBaHa
YK€ CeroH4.

Kocmuyeckue
6omb6apaupoOBLLUKHN
K KaTeropum KOCMHUYECKOI'O OPYKHUA
MOMKeT OBITh OTHeceH IpoeKT CAV
(yHHUOUIMPOBAHHBIN JeTaTelbHBIN
annapar). Kak u 6anaucTudeckue pa-
KeTbl, BBICOKOMAaHEBPEHHBIU T'HUIep-
3BYKOBOH IIJIaHEP ¢ OGBIYHBIM 60MG60-
BBIM OPY#KHMEM BBIBOJUTCA Ha HU3KYIO
OpOUTY CO CBEPX3BYKOBOI'O JIETATEJ Ib-
HOTO anmnapara 4, Bo3Bpalasich B aT-
Mocdepy, nopamxaeT Ha3eMHbIE LI
(unn. Ha cnedyroweii cmp.). KoHrpecc
BBIJIEJIMJI CPEJICTBA HA €r0 COo3JlaHue
IIpU yCJIOBUH, YTO IJIaHEpP He OyaeT
ocHaIlaThbCAd BOOpPYykeHUAMU. He-
CMOTpSA Ha TO YTO y4YeHBIE JOOUIUCH
BIIEUATIAIOIINX Pe3yIbTaTOB, pa3pa-
60TKY MOKHO OTHECTH JIUIIb K YUCITY
IIEPCIIEKTUBHBIX.

NuTtepec ¥k CAV co CTOPOHBI KOH-
IrpecCMEHOB MoABUIICA 61arogaps Apy-
roMy HE€ Me€Hee KOHIENTYyaJlbHOMY

NYTHUKN-«COCEOWN»
OOCTVYMHOCTb: cpepHsas-Bbicokas

CTONMOCTb
[MepexBaT4MKn yaapHoro aencTems
KocMuyeckoro 6asupoBanus: $ 5—19 mnpa

<<Pa,llI/IOFJ'IyLLII/ITeJ'IM>> KOCMUN4YeCcKoro
6aSMpOBaHVIﬂZ HEeT OaHHbIX

Kocmuyeckune munbl: $ 100 MiH — 2 Mnpg

BoeHHble MUKPOCMYTHUKN MOTYT
6bITb BbiBe€[EHbl HA Te Xe Op6I/ITbI,
Ha KOTOPbIX HAXo4AaTCA UX Lesin.
Mony4mne komaHgy ¢ 3eMnu, oHu
MOTyT B3OpBaTbCA, NOCTaBUTb
paguonomMexu, nopa3nTb 06bEKT
MUKPOBOJIHOBbLIM U3Ny4eHnem nnu
NMPOCTO CTOJIKHYTbCA. B OAHOM M3
pPaHHUX NPOEKTOB «KOCMUYECKUN
Mycop» npegnonaranocb cobupaTtb
npun nomMmoLiun OFpOMHOI7I ceTun

(puc. cnipasa).

JTIASBEPHOE
OPYXWUE

OOCTYMNHOCTb
cpepHsia

CTOMMOCTb
Jlazepbl Ha3eMHOro 6a3VpoBaHns:
$4—-6 mnpa

Jlazepbl KOCMUYECKOrO
6asvpoBaHusi: $ 3—6 mnpga

MMWKPOBOJHOBbIE reHepaTopb!
KOCMUYeCKOoro 6a3MpoBaHus:
$200 MnH — 5 mnipg

HaszeMHble nasepbl c aganTUBHOM
3epKaibHOM CUCTEMON, MO3BONAIO-
e KOMNeHcMpoBaTb HeEraTuBHoOE
BIINSIHME aTMOCdEpPbl, CNOCOOHbI
BbIBECTU N3 CTPOSA 060pyfoBaHne
CNYTHUKOB, HAXOAALMXCA HA HU3-
Knx opéutax. Jlazepbl cpegHemn
MOLLIHOCTM MOTYyT BO34ENCTBOBAaTh
Ha OMTUYECKY cucTemy Habnwge-
HUs, 6onee MOLHbIE BbIBOAAT U3
CTPOS 3NEKTPOHUKY U MPOXUraoT
o6WwunBKY. He Bcerga uenu Haxogat-
CSl B 30HE NPSIMO BUAUMOCTHU
nasepHoOro ny4a, Ana nx nopaxeHus
BO3MOXHO MCNOJSIb30BaHUE 3epKan
oTpaxaTenewn, pa3MeLleHHbIX Ha ‘?
camoneTax u cnyTHuKax =
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KOCMWUYECKUUA BOMBAPAUPOBLUNK

OOCTYMNHOCTb: Huskas
TONUMOCTb: $4 mnpa

Mo onpegeneHuto cneymanncToB
lMeHTaroHa, KOCMU4ECKNIA rUnepssy-
KOBOW 60M6apANPOBLLMK He nona-

[aet nog Kateroputo KOCMVI‘-IeCKOI'b\

OpY>XKS, HO ANSl BbINOJIHEHMUSA 60€e-
BblX 3a[a4 OH BbIXOAWUT HA HU3KKe
op6uTbl. BoiBEAEHHLI B KOCMUYEC-
KO€ MPOCTPAHCTBO C MOMOLLbIO
CBEPX3BYKOBOIro HOCUTENSA NnaHep
MOXeT nopaxartb Nto6ble Ha3eMHble
Lenu, Ans BbINOSIHEHNS NOCTaBEH-
HOW 3aja4un emy noTpebyeTcs He
6onee AByx 4acos

IIPOEKTY, IIOJyYHBIIEeMY Ha3BaHUE
«Po3ru roctogHm». OH MOKET HUCIIOJIb-
30BaThCA /I YHUYTOKEHUA YKPbI-
TUIM, B KOTOPBIX pa3MelllaeTCs OpyKUe
MacCOBOr0 yHUUYTOMXKeHUA. B kauecTBe
yapHOT0 dJeMEeHTa IIPeaIoaaraeTcs
HCIOJIb30BaTh JIETANIHUE C GOJBIION
CKOPOCTBIO BoJIb(hpaMOBbIe 60IBAHKU
IIECTUMETPOBOH JUIMHBI ¥ IUaMEeTPOM
B 30 cM, 3anycKaeMble C KOCMUYECKOMN
naaT@opMBL.

OaHaKO BbICOKAs CTOUMOCTh U TEX-
HHUYEeCKHe MPobJIeMbl He II03BOJIAIOT
OCYIIIECTBUTH 9TOT IIPOEKT B peajb-
HOCTU: Y pa3paboOTYNKOB HET yBEPEH-
HOCTHU B TOM, 4YTO GOJIBAHKH HE CrO-
pAT U He nedopMHUPYIOTCH, ITPOXOAA
IIJIOTHBIE cJIou aTMocdepsl. PacueTsl
IIOKa3aJIl, YTO TAKOE OPYIKUE HEe UMe-
eT KaKUX-IU60 MPEeuMYyIIeCcTB Hepes
OOGBIYHBIM, JJa’Ke €CJIM He IPUHUMATh
BO BHUMaHHE CTOUMOCTb TPAaHCIOP-
TUPOBKU 0o00opyZloBaHUA U Goe3danaca
Ha opbuty. [Togo6HbBIe IPOEKTHI IIOKA

MOKHO OTHECTHU Kk obiacTu ¢aHTac-

THUKHU.

Mpo6nembl KOCMUYECKUX
BOOPY>XEHUM
Yro ke ynepxusaeT CIIA m apyrue
CTpPaHBI OT HAavajla TOHKU BOOPYKe-
HUU B Kocmoce? OCHOBHBIX IIPUYUH
TPHU: MOJIUTHUYECKHE, TEeXHOJOrnude-
ckne u puHaHCOBBIe. C yyeToOM HaJIU-
4us AJIEPHOTO OPYMKUSA IPOIECC MO-
JKEeT OKa3aTbCs CJUIIKOM PHUCKOBAH-
HBIM. PasBeJpIBaTe/JIbHbBIE CIIyTHUKH
YK€ CTajlu IPUBBIYHBIMHY, U OHU BHO-
CAT OIPEAEIEeHHYI0 CTAa0GHUIBHOCTD
B OTHOIIIEHUSA I'OCY1apCTB, yMEHbIIad
BEpPOATHOCTH HEOKUJAHHOI'0O AJI€PHO-
ro yaapa. Eciau paspymuTes cucteMy
KOHTPOJs, TO B3aMMHBIE OIACEHUs
U TOJI03PEHUA YCUJIATCHA, YTO MOKET
OPUBECTH K KaTacTpode.

Becpma omacHBIM 118 KOCMOHAB-
TUKU ABJISETCA «KOCMUYECKUH MYy-
cop». Kuralickyue ucnblTaHUSA OIPOTHU-

NMPOYUE NPOTUBOCMNYTHUKOBbBIE CUCTEMbI

ﬂpaKTM‘-IeCKM BCe KpynHble BOEHHbIE Aiep>XXaBbl NPOBOAUIIN 3KCMNEPUMEHTbI

C reHeparopamu paMOBOJIH HA3eMHOro 6a3MPOBaHUS, CMIOCO6HbLIMY 6/10KMPOBaTh

BOCIIYTHUKOBOI'O OPYKHA IIPUBEIH
K o6pas3oBaHUIO 2 ThIC. 06JIOM-
KOB KpyIHee O6elc60abpHOTO
MsAdYa, ABHAKYIIUXCSA IO Op-
6uTte, MpUOIMIKAACE K 3eMJie
Ha 200 KM U yjiandasach Ha 4 ThIC.
KM. Emme 150 Thic. 06JIOMKOB MEeHb-
mIero pasMepa, BEpoATHO, YiKe crope-
JIX B IJNIOTHBIX /10X aTMocdepsl. Or-
POMHAasA CKOPOCTH JieJIaeT Jame Mell-
KU YeCTHUIIBI <(KOCMHUYECKOT0 Mycopa»
ormacHeIMU. [Ipy 9TOM HaJ0 HUMETh
BBU/IY, YTO HA HU3KUX OPOUTAX CJIOK-
HO CJIEIUTH 3a 06’ bEKTaMU pas3-
MepoMm MeHee 5 cM. [[Ba ame-
PUKAHCKUX CIIyTHUKA OBLIN BBIHYK-
JIeHbl U3MEHUTHh CBOU OPOUTHI, YTOOHI
He CTOJIKHYThCA C 06JIOMKaMHU.
PasMelnieHHe Opy KU B KOCMOCE CO-
3/laeT MHOI'0O TEXHUYECKUX IPOLGIeM.
OHO OyJleT IOJBEPIKEHO TEM KE BO3-
JIeMCTBUAM, UYTO U I'PAKJAAHCKHE CITy T-
HUKHU: CTOJKHOBEHHIO C OGJIOMKaMH
KOCMHUYECKOTO Mycopa, METEOPHBIMU
IOTOKaMU, CUCTEMaMU IIPOTUBOJEHC-
TBUA. Co3maHre HEOOXOMMOM CUCTE-
MBI 3aIUTHI IPUBEJET K CyIIeCTBEH-
HOMY YTSMKEJIEHHUIO 3TUX aIlllapaToB
U POCTY CTOMMOCTH HUX HCIIOJIb30Ba-
HUA. BbICOKasa cTeleHb UX aBTOHOM-
HOCTH CYLIECTBEHHO yBEJIUYHUBAET
PHUCK TeXHHUYeCcKOH omubru. Opbu-
TajJbHBIE CIYTHUKHU JIETKO KOHTPO-
JINPYIOTCA HAa3eMHBIMHU CpPeJCTBaAMHU
ciexxeHud. Bpamasacs BOKPYT 3eMJIH,
BOEHHBIE CITyTHUKH Oyy T HAXOIUTh-
cAd B 30HE UX BO3MOIKHOI'O IIPUMEHE-
HUA HEIPOJOJIKHUTEIbHOE BpeMd,
U AJA «CONPOBOMKIEHUS» OOBbEeKTa-
esu notpebGyeTcs 3allyCTUTh CPasy
HECKOJIBKO 60€BBIX €IUHUI] CIIy THU-
KOB-«COCeJIei»

NPOXOXAEHWEe CUTHANIOB B KOCMUYECKOM NpocTpaHcTBe. Bonee Toro, nto6as cTpaHa,
o6napatoLlas saepHbIM OPYXMEM, MOXET UCTOJIb30BaThb €ro B KOCMOCE 1 BHECTY Xaoc

B pa6oTy BCEX KOCMUYECKNX O6BEKTOB

CTOMMOCTb

leHepaTopbl paAMOBOJIH HA3EMHOIo 6a3MPOBaHUSA: HECKOJIbKO

OeCATKOB MUNJIMOHOB Oojyiapos

flnepHoe opyxue Ansi CTpaH, yXXe ero MUMELLUX:
MWHUManbHas
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0bOPOHA

NOCNEACTBUA

Bo€eHHbIV KOHMNKT B KOCMOCE NpuBeneT
K 06pa3oBaHunio 605bLLIOr0 KoIn4ecTsa
06JI0MKOB «KOCMUYECKOro Mycopa», onacHoro.

Ona CNyTHUKOB N NMUNOTUPYEMbIX CTaHuui.

Ha OrFPOMHbIX CKOPOCTAX faxXe MeJnkune

YacTuLbl CMOCOOHbBI HAHECTUN yLuep6

KOCMMYECKOMY 006bEKTY (¢poTO cripaBsa).

MocnencTeuAa agepHOro B3pbiea B

KOCMU4€CKOM NPOCTPaHCTBE MOTYT ObITb -
KaTacTpomyecKuMn. DNeKTpoOMarHMTHOE
N3ny4YeHne BbIBEAET U3 CTPOSt GOPTOBYIO -
3NEKTPOHMKY. KocMUYecKue BOViHbl OTGPOCHT
LMBMAM3ALMIO B NATUAECATLIE rofbl NPOLINOrQ -

BEKA, NIMLLUMB e€ Ba>KHENLLUNX CUCTEM

KOMMyHMKaLWII;I, HaBurauum n MeTeoposiormun.

MoTpebytoTcs AeCAaTUNETUS ANs TOro, YTOGI
BOCCTAHOBUTL yTepsiHHOE.

N camoe rmaBHOe. BrIBoag HaA HU3-

Ky OpOHUTY OJHOrO KHUJIOrpaM-
Ma II0JIe3HOW Harpys3ku obolijeTrcd
B $4-20 TbIC., 2 HA reocTalMOHAP-
Hyio — B $30-40 ThIic. IpHu pecypce

anmnapara B 15 jeT.

AnbTepHaTuBbI

KocMuueckas TOHKA BOOPYKEHUIH MO-
JKET IPUBECTU K POCTY MEKyHaAPOJ-
HOM HANPSXKEHHOCTH U OIPOMHBIM
duHaHCOBBEIM 3aTpaTaM. Oco3Ha-
Bas €€ MOCJIeACTBUSA, IIPOIIE JT0T0BO-
puUTbcA 06 OTPAaHUYUTEIBHBIX MEpaX.
BoJIBIIMHCTBO rocyJapCcTB HAacTanuBa-
0T Ha HOAIIUCAHUHU COIJIAIIeHUH II0
3alpeTy pasMelleHusa BOEHHBIX 00b-
€KTOB B KOCMOCE.

AnMuHHUcTpanusa Bymia BcAadecKu
nsberaeT IIeperoBOpoB, Aejas aKIeHT
Ha TOM, YTO JIpyTHUe CTPaHbI BCE PaB-
HO OyayT mpopoikaTh paboTy 1o co-
3JaHUIO ITI0JTOOHBIX BOOPYKeHUU. Bo-
€HHBbIE€ CYUTAIOT, YTO HEJIb3H CUAETh
U ¥JATh, B TO BPEMS KaK KOHKY DEHTBI
3aBOEBBIBAIOT COOTBETCTBYIOIIME I10-
3UIIUU B KOCMOCE.

CTOPOHHUKHU 3aKJIIOUYEHUS MEKIY-
HapOJHBIX JIOTOBOPOB yTBEPHKJIAIOT,
4TO 3a 3aTATMBaHUE Ipollecca MpH-
JeTcs 3aIljaTUTh OYeHb BBICOKYIO
neny. Criop ujeTt riiaBHBIM o6pasom
BOKPYI IIpo6JieMbl MCIOJb30BaHUA
KOCMHYECKHMX TEXHOJOTUN ABOMHOTrO
Has3HadyeHUsdA. He cekpeT, 4TO rpam-

JlaHCKOe 060py/loBaHHE MOMKET OBITH
HMCIIOJIb30BAHO B BOEHHBIX Ienax. Ox-
HaKO CTOUT BCIIOMHUTD 0 «KoHBeHIIUN
I10 3aIIPEIeHNI0 610JIOTUYECKOT0 OPYy-
KU, VICTIoIHEHWE 3alipeTa Ha UCIIbI-
TaHWUA A pasMelleHne Ha HU3KUX Op-
6uTax AHTHUCIYTHUKOBOI'O OPYXKUA
MOJKHO OCYIIE€CTBIATHL IIPU IIOMOIIU
CYILIECTBYIOINNUX HAa3EMHBIX CPEJCTB
cIeKeHUsd 3a 006JJOMKaMH KOCMUYe-
CKOro Mycopa. Bce ygyacTHHUKM corJia-
meHus 6y1yT pacnoJjiaraTb HHGopMa-
el o 3allycKkaX IapTHEPOB U BCETJa
CMOTYT KOHTPOJIMPOBATh «II0J03PU-
TeJIbHBIE» CITyTHUKH.

IleperoBopel M KOHCYJbTAIlMU IO
PEKUMY MCHOJb30BAHUA KOCMHUYE-
CKOr0 IIPOCTPAHCTBAa UAYT C CEPEIU-
HbI 1990-X IT., HO CyIIIeCTBEHHOTO pe-
3yJabTaTa OHU He IpuHecau. CoelnHEeH-
Hble 1ITaTel 3a610KMPOBAJIM ITONIBITKA
OOH npoBecTH KOH(PEPEHIHUIO II0 3a-
NpeTy pasMeIeHUs OPYKHUA B KOCMO-
ce, TAKMM ke IIyTeM uaeT u Kuraii.

T'oOHKYy BOOPYKEHUI B KOCMOCE MOK-
HO OCTaHOBUTb. O60OCTpEeHUE NOJIU-
TUYECKUX OTHoleHUU Memxay CLLIA
n Kuraem mokasayo, 4TO MBI CTOUM
Ha nepenyThbe. YeJloBe4eCTBO TOJIHK-
HO JaTh OTBET Ha BOIIPOC: XOTHUM JIX
MBI HMCIIOJIB30BaTh KOCMOC TOJBKO
B MUPHBIX Leasax? AJbTepHATUBBI
y Hac HeT. W

Mepesoga: A.lN. Xygonen

Takne Npo6OUHbI
nony4arT CNyTHUKK

npw CTONKHOBEHUU

C MENKUMMU
dparmeHTamm
«KOCMUYECKOro Mycopa»
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CtueeH KaHgnddp, [>xoH Xonn u E Li3toHb

NUHERKH N9 GBEMd

HoBbIN TN nasepa, nanyyarwLwero QUCKpPeTHbIN paa
(«rpebeHKy») ONTUYECKNX 4acTOT, NO3BOSINT CO3aaTb
6osiee TO4YHble aTOMHble Yachbl

a KOPOTKHMH MHUI cBeToOBasd

BOJIHA COBEpPIIAET KBAJPUJIb-

oH (10%) konebaHUM. JlaHHBIN
¢aKT OTKpBIBAET IEpPEJ] yYEHBIMU
U WH:KEHepPaMU HOBbl€ BO3MOKHOCTH.
OHM KacaloTcA caMod CyTH HameH
CIIOCOGHOCTH U3MEPATH BpeMs U Jac-
TOTBI C UCKJIIOUYUTEIBHO BEICOKOM TOY-
HOCTBIO, HA KOTOPYIO HUCCIefoBaTeIn
onuparoTcd IIPU IIPoBepKe PyHAaMeH-
TaJIbHBIX 3aKOHOB IIPUPOJBI, 1 OT KO-
TOpOH 3aBUCHUT paboTa riio6aJabHBIX
CHCTEM OIpeJeleHUuss MecTa, TaKUX
kak GPS. Ho cymecTBYIOT U TPyJHO-

OCHOBHbLIE MOJIOXXEHUSA

cTH, 06yCIOBIEHbIE TEM, YTO METOJBIL,
IIPUTOAHBIE IJIf 3JIEKTPOMATrHUTHOTO
U3J1y4YeHUA MEHBIINX YacTOT, HallpU-
Mep MHUKPOBOJIH, He II03BOJIAIOT MaHU-
IIyJINPOBATh CBETOM.

3amnociegHUe JeCATUIETUS yYeHbIe
JIOCTUIIH OOJIBIINX yCIIEXOB B oGsac-
TH PU3UKU Ja3epoB U paspaboTaiu
TEXHOJIOTUH, II03BOJIAIONINE BBHIABUTH
CKPBITBIA IOTEHIIAJ YaCTOT BUAVMO-
ro ceeTa. B yacTHOCTH, GBLIIU CO3]AHBI
METOABI, TO3BOJIAOIINE UCIIOIb30BATh
0COOBIM BUJ JIa3€PHOTO H3JIyYEHHH,
MOJIYyYUBIINA Ha3BaHUE TIpeGeHKU

® HoBbIN TN nas3epHoro na3ny4vyeHus, Ha3BaHHbIN FpeﬁeHKOIZ onTn4eCcKux 4acToT, No3BoONAeT
Mn3MepaTb HaCcToTbl CBETa U MHTepBallbl BpeMeHU TOYHEee U nerdye, 4em npexpae.

H [pebeHKa ONTUYECKMX YaCcTOT NpeacTaBnseT co60rM NocneoBaTesibHOCTb CBEPXKOPOTKMNX
nasepHbIX UMMNYNbCOB, pa3fesnieHHblIX PaBHbIMU MHTepBanamMu BpeMeHWU, CNeKTp KOTopoun
COCTOWT U3 AEeCATKOB ThICAY «3yOL0B» — AUCKPETHbIX YaCcTOT.

m O6nacTb npuMeHeHuns I'pe6eHOK OMNTUHECKUX HacCcTOT OYeHb LMpoKa: OT co3aaHusa 6onee
TOYHbIX aTOMHbIX HYaCOB U CBEPX4YYBCTBUTEJIbHbIX XMUMNYECKUX OETEKTOPOB OO0 Na3epHOro
ynpasJieHUsa XMUMUYeCKUMU peaKumnsamu; oT yBerindieHunsa I'IpOI'IyCKHOl7I CNOCO6GHOCTN OMTOBO-
JNNOKOHHbIX CUCTEM CBA3U A0 YCOBEPLUEeHCTBOBAHMNA ONTUHECKUX JTOKATOPOB.

ontuyeckux yactoT (I'OY). ITogo6HO
YHUBEpPCAJIbHONH CBETOBOM JIMHEHKe
C COTHSIMU ThICAY «JIeJIeHU», rpebeHKa
TI03BOJISIET BBINOJHATD UCKJIIOUYUTEb-
HO TOYHBIE U3BMEPEHUS YACTOT CBETA.
I'pe6eHKN ONTHUYECKUX YacTOT IIO-
MOT'YT CO3/1aTh HOBOE IIOKOJIEHUEe Gosiee
TOYHBIX ATOMHBIX YaCOB, CBEPXYYB-
CTBUTEJIbHBIE XUMHUYECKUE AETEKTOPBI
U CpEeJICTBA yIIPABJIEHUA XUMUYECKUMU
PeaknuaMHU C IIOMOIIBIO JIa3epoB. X uc-
I10JIb30BAHME HAMHOI'O IIOBBICUT YyBC-
TBUTEJBbHOCTD U JAJIBHOCTD AeH-CTBUA
OIITUYECKUX JIOKATOPOB (IUJAPOB)
a TaKiKe IO3BOJIUT YBEJIUYUTh KOJIUYe-
CTBO CUTHAJIOB II€p€/laBaeMBbIX I10 OIITH-
YeCKHM BOJIOKHAM (8pe3ka Ha cmp. 76).
B XX B. 1J1a u3aMepeHUud ONTUYEC-
KHMX 4aCTOT C OUYE€Hb BBICOKOH TOYHOC-
ThI0 TpebGoBajUCh OpuUrajga y4YeHBIX
U 6GoJIbIIIOE IIOMEIIEHUE, T/I€ pa3Mela-
JIOCh MHOMKECTBO OJJHOYACTOTHBIX JIa-
3epoB. Cero/iHA OJIMH aCIUPAHT MOKET
CIIPAaBUTLCS C TOM ke 3aga4ell IIpU I10-
MOIIU IPOCTOM yCTAHOBKM Ha OCHOBE
I'OY. YcosepmeHCTBOBaHHE IpOIlEC-

1



DAVID EMMITE

DHINKA

JIASEPHbIE MMMYJIbCbI moryT

06pa3OBaTb HEe4TO Bpoae CBETOBOW
TINHENKW, KOTOpPYH y4eHble UCNOJib-
3YHOT AJ19 O4€Hb TOYHOIro N3MepeHns
HacToT U3ny4eHunsa gpyrmux naseposa

ca U3MEpPEeHUH IT03BOJIUT CO3aTh HO-
BbI€ OIITUYECKHE aTOMHBIE Jyackl. Hak
MasATHUK B CTAPUHHBIX Yacax Tpebo-
BaJ 3ybuaToii mepeaadu s npeobpa-
30BaHUA CBOUX KojlebaHUU B MeJJIeH-
HO€ BpallleHHhe cTpesoK, Tak u 'OY B
aTOMHBIX Yacax CJIYXKUT I MojcUe-
Ta MepUOJIOB CBETOBBLIX KoJIeOaHUU U
npeobpa3oBaHUA UX YHUCJIA B II0JIE3-
HBIU 3JI€KTPOHHBIN cUrHal. TOJIBKO B
NPOIIJIOM TOoAYy McIloJb3oBaHue I'OY
MO3BOJIUJIO YYEHBIM IIPEB30NUTHU TOY-
HOCTB IIE3UEBBIX ATOMHBIX 4acoB, KO-
TOpbIe OBLIN 3TAJIOHOM B T€YEHHE He-
CKOJBbKUX JeCATUIECTUH.

BoamoixkHO, co3ganue 'OY, Tak xe
KaK M IOABJIEHHE ocIuIorpada oKo-
g0 100 et Hasajz, IpPUBEAET K IIOUC-
THUHE PEBOJIIOIMOHHBIM IIpeobpasoBa-
HuAM. [Ipu6op, BO3BECTUBIIUY COBpe-
MEHHBIA BEK Pa3BUTHA dJIEKTPOHUKH,
OTKPBIJI BO3MOYKHOCTH HEIIOCPEJAC-
TBEHHOTr'0 0ToOpaMkeHusa (popM cCUTrHa-
JIOB, YTO CIIOCOGCTBOBAJIO pa3paboT-
K€ caMBbIX Pa3HBIX IPUGOPOB — OT Te-
JeBn3opa /10 MoOuiIbHOro tenedoHa.

OfHAKO 4YacTOTa CBETOBBIX BOJIH B Jie-
CATKHU TBICAY Pa3 NpPEBBIIIAET Npeaes
BO3MOM¥KHOCTHU CaMbIX ObICTPOJEHCTBY-
oImuXx ocnuiiorpados. 'pe6eHKn ke
OIITUYECKUX YaCTOT IIPEJOCTABIAIOT
BO3MOKHOCTH OTOOpakeHUs (HopMbL
CUTHAJIOB CBETOBBIX YaCTOT.

INpumenenue 'OY TpebyeT UCKIIIO-
YUTEJBHO TOYHOrO yIIpaBJIEHUS CBe-
TOM B IIMPOKOM /JHAalla30He YacToT.
JlJ1g pasyoBOJIH TaKasd TOYHOCTH JI0-
CTUTHYTAa y:iKe JaBHO, HO TOJBKO Ce-
rofHsA OHA CTAHOBUTCSA JAOCTYIIHOM
JUI CBETOBBIX BOJIH. YTOOBI 0CO3HATH
TpebyeMbId ypOBEHb TOYHOCTHU, MOK-
HO IIPOBECTHU AHAJIOTHIO C MY3BIKOM.
Jo cospanusa 'OY na3epsl MOIVIN Ja-
BaTh M3JIyYE€HHE TOJBKO OJHOTO IIBe-
Ta — OJHOI'0 OIITHUYECKOro «ToHar. Mx
MOMKHO yIOJOOUTh CKPHUIIKE C €JUH-
CTBEHHOU CTpPYyHOH 1 6e3 rpuda, cro-
co6HOU U3aBaTh €IMHCTBEHHYIO HOTY
(oTBIEUYEMCA ITOKA OT TOrO (paKTa, YTO
My3bIKQJIbHadg HOTaA ropasgo Gorade,
4yeM YUCTBIA TOH). [/ HUCIOJHEHUSA
JlasKe cCaMoro IIPOCTOr0 IIPOU3BEIEHU A
moHaa06uI0Ch OB MHOKECTBO TAKUX
CKPUIIOK, KaJiasd U3 KOTOPBIX TPe6o-
BaJia 6Bl OYEeHb TPYLOEMKOU HACTPOU-
KM. [JIA KasKJ0ro MHCTPyMEHTa II0-
TpeboBajica 66 U CBOM MY3bIKAHT —
TaK e KaK JJId KaMJI0ro 0JHOYaCTOT-
HOTO JIa3epa HYK€eH CBOH oIlepaTop.

OpHako ¢ rmomoinbio 'OY oguH ore-
paTop MOMET OXBAaTUTh BECh CIIEKTP
OIITUYECKHUX YACTOT, JAKe HE KaK My-
3uUNUpylomui 3a ¢opTenuaHo nua-
HUCT, & CKOpee KaK KJIaBUIIHUK, UT-
pamomuil Ha CUHTe3aTope, KOTOPBIN
MOKHO 3aIIpOIrpaMMHUPOBATh TAK, YTO-
65 OH UMHUTHPOBAJ JIIO00U My3bIKaJIb-
HBIA MHCTPYMEHT MJIU JaiKe IeJIbIH
opkecTp. TexHom0rNA rpe6EeHOK OITH-
YEeCKHUX 4acTOT II03BOJIAET UCIOIHATh
cuM(OHUU U3 COTEH ThICAY YUCTBIX
OIITUYECKUX TOHOB.

AHaToMUA rpe6eHKu

ONTU4YeCKUX 4acTtoT

I'OY cospaeTcs ycTPOUCTBOM, KOTOpPOe
Ha3bIBAETCHA JIA3€POM C CUHXPOHH3a-
nued Moa U (popMHUPYET yIBTPAKO-
POTKHE CBETOBbIE UMITYJIbCHI. YTOOBI
IIOHATH NPUHIUIINAJIbHBIE CBOHCTBA
TaKUX UMIYJIbCOB, PACCMOTPUM CBe-
TOBYIO BOJIHY JPYTr'Oro BasKHOTO THUIIA
Jlazepa, a UMEHHO Jla3epa HelpepbIB-

HOTO U3JIy4YeHUus. B ugeasne takas BoJ-
Ha IIpeJicTaBAeT co60ii 6€CKOHEYHY IO
IOCJI€0BATEIbHOCTh COBEPIIEHHO
NpaBUJIBHBIX KoJleO6aHUHU (IpexcTaB-
JIAIOMUX 3JIEKTPUYECKOE II0JIe CBe-
TOBOM BOJIHBI), B KOTOPOU Bce IrpebHU
U BIIQJWUHBI UMEIOT CTPOTr0 OJHMHAKO-
BbI€ aMIIUTY/BI ¥ CIIEAYIOT C HEU3MEH-
HOM 4yacTOTOH. VIMITyJIbCHI ke Jia3epa
C CUHXPOHHU3aIUuel MoJ IIpe/CcTaBIA-
10T cO60M KOPOTKME HmaKeThl IpebHel
W BIAJWH, aMIUIUTyJa KOTOPBIX Ha-
pacTaeT oT HyJIA O MAKCIMyMa U 3a-
TEeM BHOBb CIIaJJaeT JI0 HyJIA (8pe3ka Ha-
npomus). CaMble KOPOTKHE UMITYJIbCHI
JUINTEJIBHOCTBIO MeHbIIe 10 ¢pemToce-
kyH/ (1 ¢dc = 10-15 c) cogepxaT BCe-
IO HECKOJIBKO IOJHBIX IIEPUOJOB CBe-
TOBOM BOJIHBI. BHEITHUN KOHTYp Ta-
KOTO MMIIYJIbCA, XapaKTepU3y oMU
€ro HapacTaHUe U CIaJi, Ha3bIBaeTCd
orubaromnie. Tako¥ MMOYJIbC MOMKHO
NpeACTaBUTh KaK ONMCAHHYIO HUIKE
HENPEPBIBHYIO BOJHY (¢HECYIIYIO»),
aMILUIUTyZa KOTOPOM YMHOMKaeTCs Ha
IIepeMEHHYIO BBICOTY orubaromei.

Hecymiaa BoJiHa IpeJcTaBIAET CO-
60I CBET OJHOM YHCTON 4acToThl. Ee
CIIEKTP MMeEET BUJ] €AUHUYHOTO ITUKA
Ha JaHHOM 4YacToTe, YKa3bIBaIOIIETo,
YTO CyIIECTBYET TOJIBKO OJHA 3TA Jac-
TOoTa. MOKEeT IMoOKa3aThCs, IYTO BooOpa-
JKaeMBbIF BAMH CBETOBOM NMITYJIbC TOMKE
COJIEP:KUT TOJBKO OAHY YacTOTy —
4acTOTy HecylIllei, — TOJBKO C MEHH-
forelica aMmmiauTyol. Ho aTo He Tak.
Ha camom paesie mogoGHBIA MMITYJIbC
COJIEPIKUT CBET MHOKECTBA pPa3HBIX
4acTOT, pacCIIPOCTPAHAIONIUXCA OJHO-
BpeMeHHO. YacToThl 06pa3yoT y3KYI0
CILJIOIITHY IO II0JIOCY C IIEHTPOM Ha Hecy-
meil. YeM Kopode UMITYJIbC, TeM IIIUpe
mojoca 4acToT.

KiarooueBsIiMu ayia GopMHPOBAHUA
I'OY aBisAo0TCA elle ABe 0COOeHHOC-
TH UMIIYJIbCOB JIA3€POB C CUHXPOHU-
3anued Moj. Bo-miepBBIX, HEGOJIBIION
cABUT orubaronie OTHOCUTEIbHO Yac-
TOTBI HECYIIIell HEMHOTO N3MEHAET UM-
myabc. MakCUMyM Oru6aroIneil MoxeT
KaK COBIIQJaTh C rpebHeM HecylewH,
TaK U OBITh CMEIIleHHBIM OT Hero. Be-
JIMYMHA TAKOTO CMEIeHUA Ha3bIBaeT-
cda ¢pas3o¥ uMnyJbca.

Bo-BTOpBIX, jJ1a3epbl C CUHXPOHU-
3amued MOJ, HCIIyCKAIOT HMMIIYJIbCHI,
CJeAYIONHe CO CTPOro HOCTOSHHOU
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DH3HKA

TEXHOJIOIrMU TPEBEHOK ONTUHECKUX YACTOT

4 ONTUHECKUE ATOMHbIE HYACHI

OnTnyeckune aToMHbIe Hachl, CamMble TOYHbIE U3 KOrAa-nmbo Co3AaHHbIX, yXe
NPEB30LLIN MO TOYHOCTU MUKPOBOJSTHOBbLIE CUCTEMbI, UICNOSb3YEeMbIe B KA4eCT-
Be 3TaNoHOB BpeMeHu ¢ 1967 r. OHn 6yayT Mrpatb KI04EBYO POJib B KOCMU-
HeCKOWN HaBUraLmm, MexXcrnyTHUKOBOW CBA3U, UCKITIOYNUTENBHO YyBCTBUTESb-
HbIX NPOBepkax PyHAAMEHTalbHbIX (PU3NYECKNX 3AKOHOB U APYTrnX
N3MepeHmnax

- 5
& o
XUMNYECKUNE OATHNKN
Y4eHble NpoAeMOHCTPUPOBASN UCKITIOYNTENBHO YyBCTBUTESIbHbIE XUMUYECKME AaT4MKN Ha
OCHOBE rpe6eHOK ONTUYECKMX YaCcTOT 1 CerofHsa paspabarbiBaloT NX OMbITHbIe 06pa3ubl ANs
cepuiiHbIX NPU6opPOB. Takme fAaT4MKM NoMoratT paboTHUKaM cnyx6 6e30nacHOCTH 6bICTPO
BbISIBMIATb OMACHbIE BeLLeCcTBa (B3pbIBYATKY M NaTOre€HHbIE MUKPOOPraHn3mel). A Bpain cmMo-
ryT YTOYHSATb AVArHo3, aHann3npys BeLLecTBa, CoaepXallunecs B BblgoXe naumeHTa

<« CYMNEPJIA3EPhI

PEHTreHOBCKMX nyyen

TEJIEKOMMYHUKALINN »

NacHOCTb KaHasnoB CBA3U

< YTPABJIAEMAA XMUA

peakuni

TNTASEPHbIV TOKATOP (JIMOAP)

M 0anbHOCTb UX [eNCTBUS

Ipe6eHKMN ONTUYECKMX HACTOT NO3BONSAIOT 06GbEANHUTL BbIXOAHbIE MYy4KN HECKOSbKUX
1a3epos., Nosly4mB O6LLUIA MOTOK UMMYSbCOB, CBET B KOTOPbIX GYAET CTOJb Xe OpraHu-
30BaHHbIM («KOrepPEHTHBIM»), KaK U3Jly4eHne ofiHOro nasepa. Co BpeMeHEM MOXHO
6yAeT KOrepeHTHO ynpaBATb BCEM 3JIEKTPOMArHUTHLIM CMIEKTPOM OT PaAVOBOSTH O

[pebeHKN ONTUYECKNX HaCTOT CMOTYT Ha MOPSAAOK YBEMUYUTbL YUCIIO CUT-
HanoB, nepegaBaeMbiX Mo OAHOMY OMNTOBOJIOKHY, NpU4eM BMeCTO pafa
OTAEeNbHbIX N1a3epoB A5 3TOro noTpebyeTca Bcero ogHa rpe6eHka. MNpu
9TOM 6y,|:|eT YMeHbLUEHbl B3aUMHbIE MOMEXU MexXay KaHanamu. Wcnonb-
30BaHne rpe6eHoK ONTUYECKMNX YacTOT MO3BOMUT TaKXe NOBbICUTL 6€30-

YyeHble YXe nccrieytot BO3MOXHOCTb MPUMEHEHUA KOrepeHTHOro n3siy4eHuns nase-
POB A5 yNPaBieHUs XUMUHECKUMU peakLusamu. Mpe6GeHKM ONTUYECKMX YacTOoT CAena-
10T 3TV MeToAbl 605iee HafeXHbIMU, a pe3ynbTatbl — 60/1ee NpeackadyeMbIMu, YTO
NpuBELET K pa3paboTke HOBOrO Kflacca Tak Ha3bIBAEMbIX YIIbTPAXONOAHbIX PEAKLINIA.
Co BpemeHeM 6narogaps rpebeHkam onTMYeCcKnX 4acToT y4eHble CMOTyT ynpaBnaTh
6100rMYECKUMI PEAKLIMSIMU, KOTOPbIE rOPa3fo CIIOXKHEE BCEX MPOHUX XUMUYECKUX

Jla3epHbli nokaTop, MNN NMAap, OCHOBAaH Ha UCMOSb30BaHMM Na3epHOro N3ny4yeHns ans
onpepeneHns MecTonosIoXeHUs, CKOPOCTU U XapaKTEPUCTUK YAANEHHbIX 0ObEKTOB.
OxupaeTcs, 4To 6narogaps hOPMUPOBAHUIO CUTHANOB 3a4aHHON POPMbI Frpe6eHKHN
ONTUYECKNX YaCTOT NO3BONAT HA MOPAAKN NMOBbLICUTL YYBCTBUTENBHOCTL NMNAAPOB

YacTOTOM — YacTOTOH IIOBTOPEHUA.
YacTOTHBINA CIEKTP TaKOW ITOCIeno-
BaTeJIbHOCTU UMIIYJIbCOB HE ABJISET-
Ccf HEIPEepPbIBHBIM, PACHPOCTPAHHAIO-
IIIMcA B 06€ CTOPOHBI OT YACTOTHI He-
cylIIeH, a pacnajjaeTcs Ha MHOMKECTBO
JUCKPETHBIX 4acToT. B rpaduyueckom
IpeACTaBJIEHUU OH BBIIVIAUT KaK I'pe-
6eHb /1 pacyecblBaHUA BOJIOC, pac-
CTOSTHUSA MEXAY 3yOlaMu (JIMHUAMHU
CIIEKTPa) KOTOPOr0 CTPOr0 OJMHAKO-
BBI ¥ PABHBI YaCTOTE IIOBTOPEHUA UM-
IIyJILCOB JIa3epa.

TunuyHasg 4acToTa NOBTOPEHUS Ta-
KHUX HMIIYJIbCOB COCTABJIIET OKOJIO
1 I'Ty (MuIMapAa IepuoioB B CEKYH-

Jly), T.e. HECKOJIbKO MEHBbIIIe TaKTOBOU
4acTOTbl COBPEMEHHBIX IIPOIIECCOPOB.
IIpu mare 3y61oB B 1 I'T1; rpe6eHka
OIITUYECKUX YACTOT, OXBaThIBAIOIAA
BeCb BUJMUMBIN CIEKTp, OyAeT cojep-
#KaTh 0K0JIO 400 ThIC. TMHUNA. YacTOThI
NOBTOPEHMS IOPAAKA rurarepna (Muk-
POBOJIHOBBIE) yUYEHBIE YMEIOT U3MEPATH
C BBICOKOI TOYHOCTBIO, UCHOJIb3Ys GbIC-
TpoAeUcTByOIIUEe (POTOAUOABI, KOTO-
pbl€ II0OYEPESHO PETUCTPUPYIOT OTHE-
JbHBIE UMNyabchl, 1 'OY mpeacras-
JIAETCH CPEJCTBOM, KOTOPOE IIO3BOJIUAT
PacIpOCTPaHUTh 3Ty TOYHOCTD Ha 00-
JIacTb JJIMH BOJIH BUJMMOro cBeta. Tak
nodeMy Gbl HE HCIIOIb30BAaTh IPEGEHKY

KaK PAJI PEIIePHBIX TOYEK, OTHOCUTEIb-
HO KOTOPBIX ¥ IPOBOAUTH U3MEPEHUA?

3aechb, OJJHAKO, CKPBITA JIOBYIIIKA.
Bce ckaagbpiBaIoch Gbl HAMWJIYYIIUM
o6pas3oM, 6yab ¢asel BCeX UMITYJIBCOB
OCJIeJOBATEIBHOCTH CTPOrO OJHHA-
KOBBIMH, TaK KaK B 9TOM CJIydae pac-
CTOAHUA MeRIy 3ybraMu rpebeHKn
6blIM OBl TOYHO KPATHBIMH 4YacTOTE
HOBTOPEHUSA UMIIYJIbCOB, T.€. ©U3Mepe-
HHE YaCTOTHI IIOBTOPEHUS IO3BOJINIIO
GBI TOYHO 3HATBH OJIOKEHUS 3yOIOB.

K coskaneHuro, Ha npakTuke gaaa
M3MEHSETCH OT UMIIYJIbCA K UMITYJIb-
Cy Ha HEKOTOPYIO HEIIpeJCKa3yeMyIo,
HO IIOCTOSTHHYIO BEJIMYUHY (8pe3ka Ha
cmp. 73). B pe3ynbraTe TUHUY rpebeH-
KU CMEIIAI0TCA OTHOCHUTEIBbHO TOY-
HBIX KPATHBIX YaCTOTHI IOBTOPEHUS
Ha BEJIMYHUHY, HA3bIBAEMYIO CABUTOM
4acTOTHI. YTOGHI ONTPEAEIUT YACTOTEI
JUHUHA TpeGeHKU, HYKHO HU3MEPUTH
CABUT YAaCTOTBI U YaCTOTY IIOBTOpe-
HUSA UMIYJIbCOB. TPyAHOCTb U3Mepe-
HUS CABUTA YACTOTHI ObLIa MPEHsT-
CTBHEM JUUI1 PA3BUTHUA TEXHUKH I'pe-
6eHOK ONTHYeCKUX JacToT. B 2000 r.
B pe3yJibTaTe COBMECTHBIX YCUIHH
YYEeHBIX U3 IByX Pa3HbIX 061acTel uc-
CJIeZJOBAHUA JIA3€POB, a TAKKe OTKPbI-
THUS HOBOTO MaTepuaJa, IpPernsaTCTBUe
GBLJIO IPEOJI0JICHO.

Cxopswmecs HanpaBnieHunsa
B nmocinengnue 40 jgeT y4yeHble, 3aHU-
MaBIIHECHA HCCIeJOBAHUAMU B 00-
JlacTH TeHepaluM U HCIOJb30BaHUA
CBEPXKOPOTKHUX JIa3€PHBIX HMIIYJIb-
COB, MOYTH He yJAelsaJUd BHUMaHUA
$ase UMIYIBCOB U TEOPETUIECKOMY
CHEeKTPpy HUX HJeaJbHOH IocjeoBa-
TeJbHOCTU. IX UHTepecoBaa B OCHOB-
HOM MHTEHCHUBHOCTb II0JIy YaeMBbIX UM-
IyJIBCOB, I KOTOPOU (pa3a He mme-
eT 3HaudeHusd. MccienoBaTenu peako
U3y4aJlu CIIEKTPHI JIa3ePOB C CUHXPO-
HU3anueldl MoJi ¢ pas3pelleHueM, J0-
CTATOYHBIM JJI1 BBIIBJICHUSA IrpebeH-
4aToro CIEKTpa, JIeHKAIero B OCHOBE.
[ToaTOMY JMHUM CHEKTPa CIUBAJIUCh,
o6pasys CHJIOLIHYIO II0JIOCY YaCTOT.
V3MepeHuAMU C BBICOKUM pa3spele-
HHEM 3aHUMAJINCh CIEIHUAIUCTBI I10
MPeNU3MOHHOU CIIEKTPOCKOIINY U MeT-
POJIOTHHU ONITHUYECKUX YaCTOT, y KOTO-
PBIX [NITaBHBIM HHCTPYMEHTOM OBL1 J1a-
3ep HelpepbIBHOIoO uU3nydyeHusa. Kak
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LISA APFELBACHER

OH3HKA

FPEBEHKA ONMTUYECKUX YACTOT

[pebeHKa onTUYeCKMX YacToT NpeAcTaBnaseT cobor nocneno-
BaTENIbHOCTb NPAaKTUY4ECKM OANHAKOBBIX Ta3epHbIX UMMYJSIb-
COB, pa3feneHHbIX CTPOro OfMHAKOBbIMU MHTEPBalaMu Bpe-
MEHWN, 4TO AaeT BO3MOXHOCTb UCMOJIb30BaTh €e OJ19 TOYHbIX
“—N\~
CeeToBas

N\ — Orwu6Garoulas
BOJSIHA

Bpems

Yacrtota

OANHOYHBIV UMMYIbC. HecMoTps Ha TO 4TO 3NeKTpU4EecKoe none
(3eneHas nuHUs Ha BEpXHEM PUCYHKE) KoNebneTcsi C NOCTOAHHbIM
nepvoaoM, UMMysbC COQEPXMUT CBET HE OQHOW YNCTOM YaCTOThI.
HapacTaHue v cnap orubatoLen umnynbca (LUTPUXOBbIE TINHUM Ha
BePXHEeM pUCYyHKe) BO3MOXHbI TONTbKO NMPpY YCNOBWM, YTO CBET Ha Aene
COAEPXMT Lienyto Nonocy HYacToT (HUXHMI pUCYHOK). HeM MeHbLue
AnuTeneHocTb uMmnyneca (T Ha BepXHeM pUCyHKe), TeM 60nbLue
wupwuHa 1/T 31O nonockl (HUXHUEI pucyHok). CNekTp 4acToT OA4HOro
heMTOCEKYHAHOIO UMNynbca (He cumTasn cnabbix Kpaes)
nepekpbIBaeT NPMMEpPHO NONOBUHY BCE BUAUMOW 061acTu

n3mepeHuin. CBoe Ha3BaHWe U3ny4eHne Takoro poga nony4yn-
110 NOTOMY, 4TO €ro CNeKTP, B OTAINYME OT CNEeKTpa OAMHOYHOIO
umnynbca, NpeacTaBnseT Co60M COBOKYMHOCTb PABHOOTCTOS-
LLNX Y3KUX NUKOB

-

WHTepBan mexagy umnynscamun

—_—_— >

YacrtoTa

MOCNEAOBATEJIbHOCTb MMMYJ1IbCOB. Bbl owimn6aeteck, ecnm
fAyMmaeTe, H4TO CMeKTp perynsapHoi nocnenoBaTesibHOCTM UMMNYNbCOB
(BepxHMI pUCYyHOK) TaKOB Xe, Kak 1 OANHOYHOro nmnynoca. Ha
caMoM fAerne OH pa3buBaeTcsa Ha PAL Y3KUX MUKOB (HMXKXHUI PUCYHOK),
o6pasyoLmx CBoero poga rpebeHky. 3To o3Ha4vaeT, 4To CBeT
COAEPXUT psA ANCKPETHbIX 4acToT, @ He CNMOLUHY0 nonocy. Ecnn
MMMYJbChl MOBTOPSIOTCA Yepes KaxAable t HAHOCEKYHA, TO wwar
NNHWI («3y6L0B») rpe6eHkmn paBeH 1/t 'Ty. CnepoBaTenbHO, MOXHO
0YeHb TOYHO OMpeAeNnuTb LIar 4acToTbl B rpe6eHKe nyTem
N3MepeHns 4acToTbl NOBTOPEHUS UMMNYNIbCOB Nasepa

y#e 0OTMEYEHO BBIIIe, TAKOU J1a3ep Uc-
IIyCKaeT HENPEepbIBHBIM IIOTOK CBe-
Ta OAHOW TOYHO M3BECTHOHN YACTOTEHI,
U €ro CIEeKTP MMeeT BUJ, OJUHOYHOTO
nuka. JINIe HEMHOTUE YJI€HBI METPO-
JIOTUYECKOTo coobIecTBa GbLIN OCBe-
JIOMJIEHBI 0 paboTax CIeIuaInuCcTOB II0
Jla3epaM ¢ CMHXPOHU3aluel MoJ, a Te,
KTO 3HaAJI 0 HUX, COMHEBAJIMCh, YTO Ta-
KHe JIa3ephbl CIOCOOHBI Ha IMPaKTUKE
¢opMUupoBaTh TOYHO ONPE/IeIEHHBIN
rpe6eHYaThId clIeKTp yacToT. OHU I0-
JaraJjy, 4To jfase Heboabimue QIyk-
Tyanuu ¢$as OTAEJbHBIX UMIIYJbCOB
6yAyT pa3sMbIBaThb rpebeHKYy.

OpHako GBLIM Te — B IIEPBYIO O4Ye-
penb ato Teomop Xenm (Theodor W.
Hansch) n3 MHCTHUTyTa KBaHTOBOU
onTuku uMeHu Makca [Imanka B ['ap-
xuHre (FepMaHusa), — KTO BEPUJ, YTO
Jla3ephbl C CHHXPOHMU3aIlMeld MoJ MO-
I'yT HEKOorja CcTaThb MHCTPYMEHTaMU
CIIEKTPOCKOIIMU W METPOJIOTUU BBI-
cokoi TouHOoCTU. B 1970-€ rr. XeHi,
npenogaBaBmuil Torga B CtaHOpPA-
CKOM YHHMBEDPCHUTETE, MUCIHO0Jb30-
BaJl JIa3epbl C CHHXPOHU3AIlUEeU MOJ
U pacTBOPOM KpaCHTEJd B Ka4ecT-

B€ aKTUBHOM Ccpejibl 1JIs IPOBEAECHUA
pAZla 2KCHEePUMEHTOB, IM03BOJUBIINX
yCTaHOBUTH 6a30BbIe CBOM-CTBA I'pe-
6eHYaThIX CIEKTPOB W caBura ¢das
B UMITyJIbCaX, UMEIOIIUX 3THU CIIEKTPBHI.
9Tu 3epHa ApeMaau noutu 20 jgeT, 10-
JKUAAACh BPEMEHM, KOTJa ja3epHas
TE€XHHUKa JOCTUTHET YPOBHHA, JOCTa-
TOYHOI'O [/ AAJbHEHNIIIEro NPOABU-

JKEHUSA B 00J1acTU IPe6EHOK OIITHYeC-
KHUX 49acTOT.

B konne 1980-x rr. rogos Ilutep Mo-
yiatoH (Peter Moulton), paGoraBumui
Torga B komnaHuu Schwartz Electro-
Optics, co3pan candup ¢ IPUMECHIO
TUTAHAa, KOTOPBIA MOT CIYMXUTH aK-
TUBHOM CpeoH AJIA TN POKOIIOIOCHBIX
nasepoB. B Hauane 1990-x rr. YusiacoH

OB ABTOPAX

CtuBeH Kangudp (Steven Cundiff), JxkoH Xonn (John Hall) n E U3toHb (Jun Ye)
NpULLAN K COTPYOAHUYECTBY B 0651aCTU pa3paboTKu U NPUMEHEeHUs PeMTOCEKYHA-
HbIX FPe6EeHOK ONTUYECKMX YacToT, KaXAbI MMes 3a nnevyamm Hemanblin onbIT. Xonn
6onbLue 40 net 6b11 BeQyLLUMM CreLmanMcTom B 0611acTv Npeun3noHHbIX U3MEPEHUI
C NCMONb30BaHMEeM CBEPXCTabUIbHbIX Jla3epoB HEMPEPbIBHOro ndnyyexus. B 2005 .
OH cTan ogHuM n3 naypeatos Ho6enesckon npemumn no puanke 3a pa3paboTKy Tex-
HOMOrnmn rpe6eHOK ONTUYeCcKnx YacToT. E Li3toHb 15 neT 3aHnmancsa nccnegoBaHnsmm
CBEpPXCTabWIbHbIX N1a3epOoB HENPEPbLIBHOrO N3nyyeHuns. lNocne Toro kak 6bn OTKPbI-
Tbl FPe6EHKN ONTUHECKNX HacTOoT, OH BHEC 6OMbLUOWN BKNaA B UCCNEfOBaHNSA CBEPX-
6bICTPbIX NpoueccoB. KaHandd npucoeguuuncs kK Xonny n E ListoHo okono 10 net
Hasap. [1o 3Toro oH 3aHMMarncs n3y4yeHnem rnaBHbIM 06pa3oM CMEKTPOCKOMUYECKNX
CBEpXObICTPbIX MPOLLECCOB, HO TaKXe C NCMONb30BaHMEM Na3epoB C CUHXPOHMU3aLMeNn
moA. Bce Tpoe sBnsaloTCcA YyneHamu YyeHoro coseTa JILA — MHCTUTYTa, CO34aHHO-
ro COBMeCTHO HaumoHanbHbIM MHCTUTYTOM cTaHpapToB u TexHonorun CLUA (NIST)
1 YHusepcutetom wtata Konopago B boyngepe
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DU3NKA

CoOBOKYMHbI 3BYK By X KAMEPTOHOB, H4aCTO-
Tbl KOTOPbIX HEMHOO Pa3NnyaloTCs, Xapak-
TepuayeT ABeHne, Ha3blBaemMoe 6UeHNAMM:
€ro rpoMKOCTb KOJ1e6neTcsi ¢ 4HacToTon, pas-
HOW pa3HOCTN 4acToT ABYX KaMepTOHOB
M Ha3blBaeMOW 4acToTOW OUEeHUn.
AHanoru4yHole 6MeHNa CBETOBbIX BOJH

NCNONb3YKTCA BO MHOIMMX U3MeEpPEeHUsaX,
B TOM YMCrie C NPUMEHEHNEM rPe6eHOK ONTu-
HYeCKuMx 4acTtoTt

Cub66erTt (Wilson Sibbett) us yausep-
cutera CB. Axapesa B llloTnamaun
BIIEpPBbIE€ IPUMEHUJI JaHHBIN MaTepu-
aJ B 1a3epax C CHHXPOHHU3aIuei MoJI.
Bcero uyepe3 HECKOJIBKO JIeT TUTAHOBO-
cangupoBbie JTa3ephl yiKe II03BOIAINA
PYTUHHO IIOJy4YaTh HUMITYJIbCHI JJIN-
TeJbHOCTBIO MeHbIIe 10 ¢dc, 4To cooT-
BETCTBYET BCEro TpPeM IepuojiaM cBe-
TOBOU YaCTOTHI.

Pacnonarasg TakKuMH Ja3epaMu,
XeHIII BepHyJICcA K oxugasment 20 et
ujaee rpe6eHOK ONTUYECKUX YacCTOT.
B xonne 1990 rr oH mpoBen pAJ, 9KC-
IepUMEHTOB, NPOJAEMOHCTPUPOBAB-
IINX CKPBIThIE BO3MOKHOCTH JIA3€POB
c cuUHXpoHHu3anuei moa. B ogHOM 13
9KCIIEPUMEHTOB OH IIOKa3aJ, YTO pac-
CTOAHHWE MEXAY JUHUAMHU Ha NPOTU-
BOIIOJIOJKHBIX KOHIlaX I'PeGEHKHU XO-
poliro ompenenaeHo. «3yOnbpl» rpebeH-
KU OKA3aJMCh NOAOOHBIMH IITPUXaM,
BBII'PAaBHPOBAHHBIM Ha CTAJIbHOU JIN-
HelKe, a He Ha pe3nHOBOU jeHTe. B
APYTOM 3KCII€pUMEHTE OH H3MEPHUJ
9acTOTy ONTHYECKOro Iepexoja (M3-
MEHEHHUS COCTOAHHUS aToMa, COOT-
BETCTBYIOILIEr0 UCIIYCKaHUIO UJIU 10T -
JomieHUI0 poToHA JaHHOW YacTOTHI)
aTOMOB I€3UfA, NPUMEHUB Ja3ep C
CHHXPOHU3AIUeH MOJ IJIS INePEeKpPhI-

THUA PA3HOCTHU MEKAY YaCTOTAMU JABYX
JIa3epOB HENPEPBIBHOTO H3JIyYeHUA.
VIMeHHO IIOJIy4eHHBbIEe UM pe3yJbTa-
TBI OOYAWJ/IN HALILY T'PYIIY 3aHATH-
cAd Cepbe3HBIMH MHCCJIEeJOBAHUAMU
B 2TOM o6iactu. Pa6orasa B MHCTUTY-
Te JILA, co3gaHHOM coBMecTHO Hamu-
OHAJbHBIM UHCTUTYTOM CTaHIapTOB
u texHonoruut (NIST) u YHUBepcure-
ToMm mrrara Komopamo B Boynnepe, Mbl
OKa3aJIbCh B YHUKAJIbHOU CUTYyaIlUH,
KorJla y Hac NOSBUJIACh BA3MOKHOCTDb
HCIIOJIb30BaTh JOCTHUIKEHUS 06enx 06-
sacTed GU3NKHU JIA3€POB U ABUTAThCS
ganbiie. MHcTUuTyT JILA TpaguiuoH-
HO CUHTAJICS CUJIBHBIM B METPOJIOTUN
ONITUYECKUX YaCTOT U NPEIM3NOHHOU
CIIEKTPOCKOITUY, OCHOBAHHBIX B 060JIb-
IIIOM CTEIIeH! Ha pe3yIbTaTax COpPoKa-
JIETHUX HCCJIEJOBAHUMN OJHOI'0 U3 HaC
(Xonma) B o61acTH CBEPXCTAGUIBHBIX
JIa3epOB HENPEPBIBHOTO H3JIyYeHUA.
B 1997 r. B JILA npunie eiie oguH U3
Hac (Kangudd), cenuanuct mo Tex-
HUKe JIa3€POB C CHHXPOHM3aIuel Mo/,
U CBEPXKOPOTKHUX UMITYyJIbCcOB. OKOH-
YaTeJpHO HaIllla rpymnmna copmMupo-
BaJlach, KOT/ia OBIJIU ITPEO0JIeHbI KOH-
LHenTyajJlbHble pas3HOIJIacud, U K HaM
IPUCOEAUHUIINCH €Ie JABa MOJOABIX
yueHblx — CrorT Jduanama (Scott

Diddams), pa6oTaromuii HeiHe B NIST,
u JaBupg [QmxoHc (David Jones), ceii-
Jac nojBU3aoluiicad B YHUBEPCUTE-
Te Bpuranckoit Konmym6uu. Tpetuit us
aBTOpOB HacTodAel craTbu (E L[310HB)
NoABUJICA B HaIllell KOMIIAaHUU JI€TOM
1999 r., Korga coGBITUA TOJABKO Hada-
JIF pa3BopadymBaThCA Bcepbes. Bekope
OH BO3IVIABUJI IIOMCK IIPUJIOKEHUHN 115
rpe6eHOK ONTUYECKUX 4acTOT.

Bonwe6Hoe BOJIOKHO
He meHee, yeM pe3ynbTaThl paboT XeH-
I1a, Hac BIIEYATIINJIO €ro CTPeMJIeHUe
136aBUTHCHA OT GOJIBIIIEH YaCTH CIO0MK-
HOM anmapaTypbl. OJHAKO JIJIS UCIIOJI-
HEHHUSA DTOro KeJaHuA TpeboBalics
Jla3dep ¢ CHHXPOHM3aIluel MoJ, uMe-
IOIIIUI OTPOMHYIO CIIEKTPAJIbHYIO I10-
JIOCY — KeJaTeJIbHO He MEHBIIEe OK-
TaBbl (MHTEpBaJla YacTOT, BEPXHAA
Y HUIKHASA FPAHUYHBIE YaCTOTHI KOTO-
poro pasianJarmTcd B iBa pasa, 6yab TO
My3bIKa, 2JIEKTPOHUKA WU OUTHUKA).
XoTa TuUTaHO-candUpOBBIE JAa3ephl
MMeJIU BHYIIHUTEJIBHYIO IJIsl TOTO Bpe-
MEHU IIUPUHY CIIEKTPA, OKTABY CBETO-
BBIX YACTOT OHH IIEPEKPBITH HE MOTJIH.
IMocmegqHUE GparMeHT ToJOBOJIOM-
KM 3aHHAJ CBOoe MecTo, Korja Ha KoH-
depeHnIM 1O JIazepaM M 9JIEKTPO-
ontuke B 1999 r. [Isunenapa Pan-
ka (Jinendra Ranka) m3 KoMnaHum
Bell Laboratories npegcTaBujl cTaTbIO
0 HOBOM THII€ OIITUYECKOI'0 BOJOKHA,
Ha3BaHHOM BOJIOKHOM C MUKPOCTPYK-
TypO#, TaK KaK CBET II0 HEMY IIPOBO-
AT BO3AYIIHBbIE KAHAJIbl MUKPOHHO-
ro pasmepa. Takue cBOHCTBA BOJIOKHA
HO3BOJIAIOT HMIYJbCaM THUTAHOBO-
candupoBBIX JIa3epoB pacupocTpa-
HATbCA 6e3 yIIUupeHud (Hen36e HOro
B 0OOBIYHOM BOJIOKHE M GOJIBIIMHCTBE
JIPYTUX ONITUYECKUX Cpen), 4To obec-
HevYnBaeT COXpaHEHHEe UX UHTEHCUB-
HOCTH U ITIO3BOJIAET HOJIYYHUTh ropaso
GOJIBIIIYIO ITUPUHY CHEKTpa.
BuanMble pe3ysJbTaThl OLIEJIOMJISA-
IOT: TUTAHO-CcaI(pUPOBBIN Ja3ep U3JIy-
qaeT B OimikHed nHppakpacHoi (1K)
obysacTH, 4yTh 3a mpejejiamu obiac-
TH YyBCTBUTEJIbHOCTH IJIa3a YeJIoBe-
Ka — ero U3JIy4eHHe IIPeICTaBIAeTCH
OYeHb CJabbIM KpaCHBIM. YIIUPEHUE
CIEKTPa B BOJOKHE C MUKPOCTPYKTY-
poli mpeBpaImaeT TaKou ciaabblil Kpac-

HBI CBET B BUJMMBINA, 3acTaBadsd
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BOJIOKHO CBETUTHCA BCEMHU ILBETAMU
paayru.

Ocenbio 1999 r. MBI CyMenu IIOJIy-
YUTb HEKOTOPOE KOJIMYECTBO BOJIIIES-
HOTo BOJIOKHa oT Bell Laboratories.
MoMeHT okasajcsa Haubosee JIId 9TO-
ro NOAXOAAIIUM — TOJbKO 4YTO OblIa
3aKOHYEHa CepUd d9KCIIEPUMEHTOB, I10-
Ka3aBIIMX, YTO MCIOJIb30BaHUE TUTA-
HO-can@upoBOro jgasepa HO3BOJAET
IIEPEKPHITh AMAIIa30H 4YacTOT, IpH-
MEepHO BTpoe 0oJjiee IMUPOKUM, YeM
B IIEPBBIX 9KCIEpUMeHTax XeHIIa.
Y Hac y:xe 6bl1a JelcTByOIIAasa ycTa-
HOBKA, B KOTOPYIO JIETKO OBLJIO BBECTU
HOBO€ BOJIOKHO. Bcero depes 1Be He-
JleJIU MBI IIPOBEJIU IIPOBEPOYHBIN 3K-
CIIEPUMEHT, IIOKa3aBIIUN, YTO CIIEKT-
pajbHOE yIINPEHUE B BOJIOKHE C MUK-
poCTpPYKTypoil He paspymaeT I'OY
HMCXO/THOI'0 JIA3€PHOr'0 UMILYJIbCA.

B03MOKHOCTbL IOJy4YEHUS CIEKT-
pa mMIUPUHOM 60JbIIEe OKTaBbl OUYEHb
BaKHO, T.K. OH II03BOJISIET HEIOCPE/-
CTBEHHO HM3MepATh CABUT YaCTOTHI
KaK paJuo4yacToOTy M T€M yCTpaHSAeT

«KAJIMBPOBKA» TPEBEHKU ONMTUYECKUX YA

YIIOMSAHYTOE BBIIIE IIPEIATCTBUE, HE
M03BOJIABIIIEE HCIIOJb30BAaTh IpebeH-
KU ONTUYECKUX YACTOT JJI U3Mepe-
HUA Apyrux 4acTtoT. CyliecTByeT He-
CKOJIBKO METOJ[OB OIIpe/IeJICHUS CABUTA
YaCTOTHI C UCII0JIb30BAHHUEM OKTABHO-
TO CIIEKTpa, MHOTHE U3 KOTOPBIX BOC-
XOAAT K METOoAaM, IMPUMEHSABIIUMCS
B PaJHUOTEXHUKE JI0 HOABJIECHUA ObIC-
TPOAEUCTBYIOIIUX CYeTYUKOB. (CueT-
YUKW IPOCTO (PUKCUPYIOT YHCJIO IIe-
puosoB KosebGaHUI B paJuOBOJIHE 3a
eUHUILY BPpEMEHH, HO C ropaszo 6o-
Jlee BBICOKMMU CBETOBBIMU YacToTa-
MU OHU HE MOTYT CIIPaBUTBCA.) 37€Ch
MBI OITUIIIEM CaMBIH NPOCTOH U YHHU-
BepCaJIbHBIN METOJT U3MEePEHUS C/IBU-
ra 4acTOThl — CAaMOCPaBHEHUeE.
OcHOBHasA UAESA COCTOUT B TOM, UTO
CHEKTP IIMPUHOM GOJIbIIIe OKTABBI I10-
3BOJIAET CPaBHHUBATh MEKAY COOOM
4acToThl ABYX JuHuit I'OY, Haxona-
IIUXCA Y HPOTUBOIIOJIOKHBIX KOHIIOB
cuekTpa. Eciam cABUT 4acTOThI pa-
BE€H HYJIIO, KaXKJOW JIMHUU y HUBKO-
YaCcTOTHOTO KOHI[A CIIEKTpPa COOTBET-

TOT

[Mog penctBneM cnaboro adpdekTa, BANAIOLLLErO Ha HYaCTOTY JIMHUMA FPe6EHKU, OHU
0Ka3bIBalOTCA HEMHOIO CABMHYTLIMM MO YacToTe. YT06bl X MOXHO 6b1S10
ncnonb30BaThb AN N3MEPEHNS YacTOThbl APYroro nasepa, CABUM HYXXHO y4YecTb

MPOBJIEMA

B kaxaom nocnepytoLemM nmnysbce nosioxxeHme
MakcMMyMa aMmnanTy bl CBETOBOW BOMHbI OTHOCUTENBLHO
MaKCUMyMa ormbéaroLLent HECKOJIbKO U3MeHseTcs. Takon

adhhekT Ha3bIBalOT CABUIOM pasbl

KAK USBMEHAETCHA NTPEBEHKA

CaBur hasbl CMeLLaeT 4acToTy 3y6L0B rpe6eHKM Ha BENNYMHY,

CTBYeT JIUHUSA TOYHO BJ[Boe GOJbIIeN
YacTOTHI y BEICOKOUYACTOTHOTO KOHIIA.
JIro60e OTKJIOHEHHE OT OTHOIIEHUSA
2 : 1 okaspIBaeTcAd TOYHOU Mepoiu
C/IBUTA YaCTOTHI (Bpe3ka sHU3Y). ITa
cxeMa HasbIBaeTCA CaMOCPaBHEHUEM,
IIOCKOJIBKY TPe6eHKa OITHYECKHUX Jac-
TOT CPABHUBaETCSA C CAMOM COO0M.

Ha mpakTuke JUIg OCyIeCTBJICHUSA
caMOCpaBHEHHSA YacTh IIOTOKA U3IY-
YeHHUsA Jlazepa IPOIyCKaeTcsa depes
KPHCTAJLJI — FeHepaTop BTOPOI rapMo-
HUKM, KOTOPBIM yiBauBaeT ero 4acTo-
Ty. 1711 9TOr0 HU3KOYACTOTHYIO YacTh
JIa3epHOro IIy4YKa OTBETBJIAIOT C IIO-
MOIIBIO 3€pKaJia, OTpaskarIero 6o-
Jiee JUIMHHBIE BOJIHBI U IIPOITyCKAIOIIe-
ro 6ojiee KOPOTKHUE, U HAIPABJIAIOT €e
Ha KPHUCTAJLJI — yABOUTEIb YacTOTHL.
[MTocyie 4ero NpoONyIIEeHHBIA 3epKaIoM
«BBICOKOYACTOTHBIM» IIYYOK U IIYUYOK
YABOEHHBIX (HU3KHUX» YaCTOT HaIpaB-
JIIFOT Ha OAMH U TOT Ke (POTOIEeTEKTOP.
VIHTEeHCUBHOCTB 06'b€JUHEHHOTI'O ITy4-
Ka KoJyieGJeTcs C 4acTOTOH OueHUMH,
IM0A06GHO NHTEHCUBHOCTHU COBOKYIIHO-

YOBOEHHbIN
cABUr
asbl

LISA APFELBACHER

Ha3blBaeMy0 CABUIOM 4acToTbl. HacTOTbl MIUHWIA FPE6EHKM pPaBHbI
CABUIY 4acToThl MAOC Liefible KpaTHble UX YacTOTHOrO Wwara. Casur
4acTOTbl MOXHO ONPEAENNUTL C MOMOLLIbIO METOAA CAMOCPABHEHUS,
ONs KOTOPOro TpebyeTcs, 4To6bl rpebeHKa NnepekpbiBana He
MEHbLLE MOMHOW OKTaBbl: OT HEKOTOPOW YaCTOTbl B KPACHOW
o6nacTu (nMHMA n) [o BABOE 60sbLUel HacToTbl B hMONEeTOBOM
o6nactu (nMHua 2n)

Casur HacToTHbI

4acTOTbl!

pebeHka

YacrtoTa 61eHun
(paBHas cosury —=
4acToTbl)

PEWEHWE: CPABHEHWE T'PEBEHOK

YacTb rpe6eHKn NnponyckaeTca Yepes KpucTana — yasouTesnb
4acTOoTbl, B pedynbraTe Yero noay4arTcs IMHUN C YacToTaMu,
POBHO BAABOE MPEBbILLAIOLLMMMN HYACTOTbl UCXOAHBIX NHUN

(1 HeKoTopble Apyrue NMHUK, 3aecb He NnokasaHHble). MoCKoNbKY
YABOEHHbIE MO YaCTOTe HU3KOYACTOTHbIE IMHUW OTINYAIOTCA OT
VCXOAHbIX BbICOKOYACTOTHbIX IMHUIA HA BENTUYUHY, PaBHYIO CABUTY
4acToTbl, NPU 06bEANHEHNN CBETOBbIX MY4YKOB BO3HMKAIOT 6MEHUs
€ 4acTOTOM, TOHYHO PaBHOW COABUIY HYacTOThbl, KOTOPbLIN U TpeboBa-
NoCb U3MEepUTb. ITO NO3BONAET YyYEHbIM YETKO ONPEeAensThb Yac-
TOTbI JIMHUA CBOUX rPe6eHoK

YOBOEHHbIN caBur
4acToThbl

YoBoeHHas
no yacrtote
rpe6eHka
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ro 3ByKa JBYX OJIM3KHX YacToT. B ciy-
Yae CBETOBBIX IIYYKOB YyacToTa Oue-
HUU paBHA CABUTY YaCTOTHI, IIOCKOJIb-
Ky KamKJasd JINHUA I'Pe6GeHKH B IyYKe
YABOEHHOM YaCTOTHI OTIHYAETCH OT
YacTOTHI COOTBETCTBYIOIIEH JUHUU B
BBICOKOYACTOTHOM YaCcTU HMCXOAHOTO
IIy9Ka TOYHO Ha BEJIMYUHY 3TOT'0 CIBU-
ra. B aJIeKTPOHUKE U OIITHUKE 3Ta IPO-
ey pa o6'beIMHEHU A CUTHAJIOB /11 I10-
JIy4eHUA 9acTOThI OMeHUI Ha3bIBaeTCH
reTepOJUHHBIM JeTEKTUPOBAHUEM.

I'IepeonpeneneHMe BpemMeHun

IIpocTOTy METO/IOB METPOJIOTUU ONITU-
YeCKUX YacTOT, OCHOBaAHHBIX Ha HC-
MO0JIBb30BAHUU I'PE6EHOK ONTHYECKUX
YacTOT, MOYKHO OLIEHUTH TOJIbKO CpaB-
HHUBafd UX C METOJAMU, IPUMEHABIIIN-
Mucsa paHee. Takyue MeTOJBI OCHOBBI-
BaJIMCh HA UCHOJb30BAaHUU ILIEIIOYKU
reHepaTopoB, B KOTOPOM yacToTa re-
HepaTopa B KaK/JIOM CJIeAYIOIIeM 3Be-
He OblJTa TOYHO KPATHOM YacTOTe re-
HepaTopa B IpeJIIeCTBYIOIIEeM 3BEHE.
IlepBBIM 3B€HOM IIEIOYKU OBIIU I1€3U-
eBble ATOMHBIE Yachl, UCIOJIb3yeMble
B KQ4eCTBE MEXKJAyHaPOJHOI0 3TAJIOHA
cekyH/bI. IX pa6oTa ocCHOBaHa Ha I10-
raonteHuu 9-I'T'1ir MUKPOBOJIH aToMa-
MU 1e3ud. Jlyd nepexoga oT 4acTOTHI
9 I'T1ir kK 9acTOoTE BUAMMOrO cBeTa (KO-
Topad Gonpmie npuMepHo B 40 THIC.
pas) TpebyeTcsa OKOJIO JIOMKUHBI CTY-

IeHel yMHOKeHUA JacToThl. Ha kKam-
JI0M M3 HUX MCIO0JIb3YETCs CBOS TEXHO-
JIOrUd, BKJIIOUYasd Jla3epHBIe B 06J1aCTH
YyacToT BUAUMOro ceera. Pabora 1e-
IIOYKM CBA3aHA C GOJBIINMU 3aTpa-
TaMM MaTepualbHBIX U TPYAOBBIX pe-
cypcoB. B Mupe 6blI0 CO3JJaHO BCETO
HECKOJIBKO TAaKHX YCTAHOBOK, a W3-
MEPEHUA Ha HUX IIPOBOJAUIMCE JIMIIb
BpeMs oT BpeMeHU. Kpome Toro, Ha
NpaKTHUKe O6OJIBIIIOE YHCJIO0 3BEHbEB
B I[€IOYKEe CHUKAET TOYHOCTb UTOTO-
BOTO U3MEPEHUS ONITUYECKUX YaCTOT.

IMoaBieHHUe CTaOMJIN3UPOBAHHBIX
I'OY HaMHOro yIpocTUJIO TOYHOE U3-
MepeHUE YacTOT JIa3ePOB HEIIPePhIB-
Horo uainydeHusa. Kak u B ciaydae 1e-
IIOYKHU YMHOMKMTEJIEN 4acTOThI, JaH-
Had nporneaypa TpebyeT NPUBA3KU
K JacToTe I1e3ueBbIX yacoB. Kak GyzeT
MoKa3aHo Jlajee, AJA U3MePeHHUd Jac-
TOTBI JTMHUM U3Jy4YEHUs jasepa I10-
TpebyeTcd TOJIBKO CIIOCOGHOCTD I1€3U-
€BBIX YAaCOB U3MePATh YaCTOThI IPU-
MepHO no 9 I'T. Heo6xogmumo 3HATH
HECKOJIbKO xapakTepuctuk 'OY. Bo-
NEPBBIX, KAK OTMEYEHO BBIIIE, HYXK-
HO U3MEPUTH CABUT YACTOTHI U YACTO-
THBIH IIAT JIUHUHN rpe6eHku. [To aTum
JIBYM BeJIMYMHAM MOHO PacCUYUTaTh
4acTOThl BCEX €€ JUHHUM. 3aTeM u3-
JIydeHHUe ja3epa, 4acToTa KOTOpPOro
IIOJUIEKUT M3MEPEHUIO, HYKHO 00b-
€IMHUTD C U3JIyYeHUEeM I'Pe6eHKH I

U3MEPEHUE YACTOTbI CBETA

[na namepeHns 4acToTbl U3NY4YEeHUs ApYyroro nasepa (P1MoneToBoro) puankm
KOMOUHUPYIOT ero n3ny4eHune ¢ rpebeHKon onTU4eCcKUX 4acToT U U3MEPSIOT Yac-
TOTY 6GMEHUI ¢ 6nnXKanLen NMHNEN aTon rpebeHku (n). OnpepgennTb, Kakas n3
NVHWIA ABNSeTCA 6nvXanLien, MoOXHO, U3MEepUB NpeaBapuTENbHO YacToTy nase-
pa MeHee TOYHbIM CTaHAapTHbIM MeToAoM. B utore namepeHue Tpex BENMHUH —
cOBWra 4acToThbl, HACTOTHOrO Lara MHUNA rPe6EeHKN 1 HacToTbl 6UEHMI (BCe nexaTt
B rmrarepLoBOM gManas3oHe) — no3BonseT TO4YHO ONpeaenaTb 4acToThbl CBETA

B AvanasoHe 10" Iy,

YHacToTHbIV

Caswur
L war

HacTOThbl

YactoTta

pebeHka

Hpyron nasep

IIOJIyYeHU I GUeHUH 4acTOTHI U3y de-
HUSA Jla3epa ¢ 4acTOTOU Gimmanneit
JIMHUU I'Pe6eHKU U U3MEPUTH YacTOTY
3TUX OMEeHUH, T.e. pa3HOCTh JBYX Ha-
3BaHHBIX YaCTOT.

Bce Tpu HasBaHHBIE BEJIUYHUHBI
(cABUT 9ACTOTHI, YaCTOTHBIN IIAT JIU-
HUI rpeGeHKM M dYacToTa OUEHUH
C JUHHUEHN HCCJIeyeMoro Jjasepa) Je-
JKaT B MHUKPOBOJIHOBOM /Jualla3oHe,
TZie OHU MOTYT OBITh U3MEPEHEI C OUYE€Hb
BBICOKOM TOYHOCTBIO C IOMOIIIBIO IIE3H-
€eBBIX YyacoB. HalmoMHUM, 4TO 4acTOT-
HBIM mar auHuYd 'OY paBeH yacToTe
TIOBTOPEHUS UMIIYJIbCOB, (POPMUPYIO-
mux 3Ty rpebeHKy. BoabmmHCTBO 1a-
3€POB C CHHXPOHHU3aIuel Mo paGoTa-
€T C YacTOTaMU NOBTOPEHUA UMITYJIb-
coB He 6oJiee 10 I'T'r. CABUT YaCcTOTHI
U dYacToTa OMEHUM TaKiKe JemarT
B IIpejesax JUuanasoHa, I/ie BO3MOMK-
HBbI U3MEPEHUA C IOMOIIBIO I1€3UEBBIX
YacoB, T.K. OHU MEHbIIIE YaCTOTHOI'O
mara JUHUHA rpe6eHKn.

Heo6xonyuMO TaKkKe OIPeNenuThb,
K KOmopotil U3 JTUHUM TpeGeHKN OIumKe
BCEro HaXoAWUTCA U3MepsaeMas TUHUA, U
NO KAKYI0 CMOPOHY OT 3TOU JIMHUH OHA
snexuT. CepuiiHbIe BOJTHOMEPHI ITI03BO-
JIAIOT U3MEPATh YaCcTOTHI ONITUYECKUX
JIMHUM C HOT'PEIIHOCTBIO MEHee Tura-
repIa, YTo AOCTATOYHO AJIA IOy YCHU
oTBeTa Ha o6a Bompoca. Eciu Takoro
BOJIHOMEpA HET, MOKHO CUCTeMaTHu4e-
CKM U3MEHATH YacTOTY IOBTOPEHUSA UM-
IyJIbCOB U CABUT YACTOTHI I CMOTPETb,
KaK 9TO BAMAET Ha YACTOTy OHMEHUMH.
CHAB JJ0CTaTOYHOE YUCJIO TOYEK JaH-
HBIX, MOKHO Oy/IeT olpeIe IUTh MECTO-
TI0JIO¥KEHHE UCCJIeTyeMOH JINHUH.

IIpocToTa MeTojxa rpebEHOK OITHU-
YeCKMX YacTOT HE€ TOJbKO IOMOraeT
Yy4YeHBIM BCEro MHpa NPOBOJUTH HC-
KJIIOYUTEJIbHO TOYHBIE HU3MEpPEHUSA
Yarie, HO 1 HAMHOI'O YMEHbIIIAaeT M0-
IPEeIIHOCTU u3MepeHui. C yyeToM Ta-
KUX IPEUMYIIeCTB, BO3MOXHO, CO Bpe-
MEHEM HBIHEIIHUN MHKPOBOJHOBBIHN
Ie3UeBBIN 3TAJIOH BPEMEHH OyIeT 3a-
MEHEH ONTUYeCKUM. IMeHHO moaToMy
rpynna /[:xeiimca Bepriksucrta (James
C. Bergquist) B NIST u rpynmna E I310-
HA B JILA IpOBOAAT U3MEPEHUA dac-
TOT C IPUBA3KON K YyacaM, B KOTOPBIX
I TIOJIyY€HUs BBIXOJAHOTO CUTHaja
HMICIIONIB3YIOTCH CBET U I'Pe6EeHKYU OIITH-
YEeCKHUX JYaCTOT. YK€ CErOAHs IIOTpernI-
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DUHINKA

HOCTHU U3MEPEHUH C UCII0Ib30BaHUEM
JIyYIIUX U3 3THUX YacoB MEHBbIIE II0-
TPEIIHOCTEN M3MEPEHHUU C ITOMOIIBIO
JIyYIINX e3UEBBIX 9TAJIOHOB. DTO BOJI-
Hylolllas Iopa, Korjga MHorue jaéopa-
TOPHUHM MHUpa HalleJeHBbl Ha Co3JaHue
OITUYECKUX 3TAJOHOB YaCTOTHI, KO-
TOPBbIE CMOTYT IIPEB30UTH 110 TOYHOCTH
T€, YTO OBIJIU IEPBUYHBIMU dTAJTOHAMH
4acTOTHI B Te€YE€HUE MHOTHUX JleCATUIIe-
THUH. Pe3yipTaThl U3MepeHUH Py b
Jleo Xonubepra (Leo Hollberg) B NIST
U IPYyII B APYI'UX OPraHU3aIUAX I10-
3BOJIAIOT IIPEJNOJIOKUTD, UTO IPUHIIU-
ITHaJIBHBIN IIpefies oI PEeITHOCTeH 13-
MEpPEeHHUH C IOMOIIBIO I'Pe6EeHOK ONTU-
YeCcKHUX 4acToT ellle Ha JBa IopAAKa
MEeHbIIIe ITIOTPEeITHOCTEH CeroJHANTHUX
OITUYECKUX U3MEPEHU.

Bce panblie Bnepen

OpHaKoO A0 NPUHATHUA OINTUYECKOTO
3TaJIOHA BPEMEHU ITPOUYT eIlle FoAbl.
MeTpoJioraM HYKHO Gy/Ie T TIIATEIBHO
HCCJIe0BATh MHOKECTBO ONTHYECKUX
Iepexo/0B B aToMaX U MOHAaX, YTOObI
BbBIOpATh HauboJIee IMOAXOAAIIUN B Ka-
YyecTBe 3TaJIOHA.

KpomMe wu3ydyeHUHA BO3MOMKHOCTHU
NPaKTUYECKOr0 NpUMeHeHUus rpebde-
HOK ONTHYECKUX YacTOT, IPOJIOIKA-
IOTCHA HCCJIEJOBAaHUA UX (PyHAAMEH-
TaJbHBIX CBOMCTB 10 MHOTHM HallpaB-
neHuaM. Tak, rpynna E [[3roHa cymena
HUCIIOJIb30BaTh OJHY TAKyI0 I'PeOEHKY
71 OJJHOBPEMEHHOTO OOHapyKeHUsd
GOJIBIIIOTO YHCJIA PA3JUYHBIX IIepe-
XOJZIOB B aTOMaX U MOJIEKYJax, JOOUB-
IIUCh OYEHBb BBICOKON YyBCTBUTEJIb-
HOCTHU. ITO II03BOJIAET IPOAHATNU3U-
poBaTh B OJJHOM 3KCHEPHMEHTE BeCh
CIIEKTP 9HEPreTUYEeCKUX YPOBHEU aTo-
ma. ToT e MeTOoJ MOKeT ObITh IpUMe-
HEH /I 00HAPYKEHUA CJIEJOBBIX KO-
JINYeCcTB MHOTHUX BEIIIeCTB B ITpobe.

TexHUKa rpeOEHOK OIITUYECKUX Yac-
TOT YK€ OKasaja CyIlleCTBEeHHOe BJIU-
AHNUE Ha N3y4YeHHe peaKIIuu aTOMOB U
MOJIEKYJI Ha CHJIbHBIE dJIEKTPUYIECKUE
oJIsSI, co3/laBaeMble B MHTEHCUBHBIX
YABTPAKOPOTKUX JIA3€PHBIX UMIYJIb-
cax. 3HAYUTEJIbHYI0 4acTh 3TUX pa-
60T BO3IJIABJIAJ COTPYAHUEK XeHIIa
®depenn Kpayc (Ferenc Krausz), pa6o-
Tammui cerogqHa B IHCTUTyTe KBaH-
TOBOM OIITHKU mMM. Makca IliraHKa.
B wacTHOCTH, €ro rpymnmna HCIIOJIb30-

B cTapuHHbIX Yacax ons npeo6pa3oBaHus pas-
HOMEPHbIX Ka4aHUA MasTHNKA B O4EeHb MEEH-
HOE TOYHOE ABUXEHWNE CTPENOoK Mcnonb3oBanacb
cucTtema 3yb4arbix Konec. [pebeHKn onTn4ecknx
4acTOT BbINOMIHAKT nogobHy 3agady —

npeo6pa3oBaHne BbICOKMX ONTUHECKUX HaCTOT
B 60Jlee HN3KNe, KOTOPblE MOXHO U3MepsThb
C BbICOKOW TOYHOCTbIO, — W NPUMEHSIOTCS,

Hanpumep, ANs U3MepeHus BpeMEHU

BaJla peaKIIUIO 3JIEKTPOHOB JIJIA U3Me-
PEHUA 3JIEKTPUYECKOTO I10JI CBEPXKO-
POTKMX JIa3€PHBIX UMIIYJIbCOB M 0TO6-
paskeHHUsa UX (GOopMBI IIOJOGHO TOMY,
KaK oToO6paMaloTcs paguo4acTOTHBIE
CHUTHaJbl HA dKpaHe ocuusorpada.
Kpayc ncronbsoBal rpe6eHKH ONTHU-
YeCKUX 4YacTOT s cTabuIusanuu
¢a3pl UMIOYJIBCOB, YTOOBI JOOUTBHCA
HEU3MEeHHOCTU (OPMBI IIOCJIe0Ba-
TeJIbHBIX UMITYJIbCOB.

Jpyraa BecbMa aKTyajlbHasa 006-
JIaCTh HUCCJIEIOBAaHUU — IIOHCK ITyTeH
IIPOABUKEHUSA METOJOB I'PeGEHOK OIl-
TUYECKHX Y4acTOT B 60jiee BBICOKOYAC-
TOTHYI0 06/1aCTh CIIEKTpa 3JEKTPO-
MAarHUTHBIX U3JIyuyeHUul (moaydeHue
TaKHUX rpe6eHoK B obyiacTh 6oJiee HU3-
KHX 4acTOT, B TOM YHCJe IIepeKphIBa-
IOIMX BECh JUAIa30oH OT MUKPOBOJH
0 BUAUMOHN o6jIacTH cHeKTpa, He
npejacTaBidgeT TpyAHocTel). B 2005 .
rpynna E I13roHsa B JILA 1 rpynna XeH-
ma B 'apxuHre cosjaiu IPeru3nuoH-
HYI0 I'pe6eHKYy ONTHUYECKHUX 4YacTOT
B KpaiHeM ynbTpaduonere (61M3K0N
K 00JIaCTH 4YacTOT PEHTTE€HOBCKO-
ro JUanasoHa). Y4eHble HCIIOJIb3YIOT
TaKyl0 pacIIMPEeHHYIO Ipe6eHKy A
M3y4YeHUd TOHKOH CTPYKTYPBI ATOMOB

U MOJIEKYJI C MCIOJIb30BAHUEM H3JIy-
YeHUd JIa3epoB KpalHero YP-guana-
30HA.

Bcero 3a HECKOJIBKO JIeT rpeGeHKU
OIITUYECKUX YACTOT IIPOILIN IIYyTh OT
06bEeKTa UCCJIeJOBAHUH, ITpeCTaBIIA-
IOIIEr0 MHTEePEeC JIUIIb AJ1 He60IbIIToM
TPYIIIbI YYEHBIX, 0 WHCTPYMEHTA,
IIMPOKO MPUMEHSAEMOro Ha IIPaKTHU-
Ke U B QyHJaMeHTaJIbHbBIX UCCJIE0Ba-
HUuX. Ho MBI TUIb B HAYaJje NyTH, U
BECh IIOTEHI[UAJ BO3BMOKHOCTEN CBe-
TOBBIX JINHEEK elIlle He ncyepnaH. B

Mepeson: U.E. CaueBuny

OONONIHUTENIbHASA JINTEPATYPA

® Time Measurement at the Millennium.
James C. Bergquist, Steven R. Jefferts
and David J. Wineland in Physics Today,
Vol. 54, No. 3, pages 37-42; 2001.

® Optical Frequency Combs. National
Institute of Standards and Technology.
HocTynHo Ha www.nist.gov/public_affairs/
newsfromnist_ frequency_combs.htm

H Frequency Combs. Max Planck Institute
for Quantum Optics. [JocTynHO Ha www.
mpg.mpg.de/~haensch/comb/research/
combs.html
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TEXHHYECKHE HIOAHCDI

UNCTON JIN?

OCHOBHbIE UCTOYHUKM NOSTYHEHUS MNTLEBOWN
BO/[bl — 9TO NOA3EMHbIE BOOOHOCHbIE
FOPU30HTbI U OTKPbITbIE BOOOEMBI.

KayecTBO NUTbLEBOW BOAbI 3aBUCUT OT TOrO,

HaCKOJIbKO OHM YuCTble. BO3MOXHO nn Boay

N3 BOOOEMOB caenatb NMMTbEBON?

Ha cTtaHumnax BooonoaroToBkn BHeEOPSOTCSA

HOBblE TEXHOMNOMMN OYNCTKHN

&

OuyucTtka Boabl

B MockBe HCIIONB3YyIOT BOAY IIOYTHU
UCKJIOYUTEIBHO M3 OTKPBITBIX BO-
JI0eMOB, (B OCHOBHOM MoOCKBa-pekKa
u Boutra). [TocTpoeHo AT CTaHIIU BO-
ponoaroroBku: CeBepHasd, BocTounas,
Py6ineBckasa, 3ananzasda, IOro-3anan-
Has. Bce oHM TpUHAaAIeXKAT OPOMHOMN
opraHusauuu MI'YIT «<MocBogokaHam »,
B KOTOPOU TpyAATCA ToUYTH 13 THIC. ca-
MBIX Pa3JIMYHBIX CIIEIIUAJNCTOB. Bce
MEeTO/IbI OYMCTKHU U 06e33apaKBaHUA
IPUPOJHON BOJABI IPOXOAAT JAJIUTEIb-
HBIH IIepHUOJ alIpobaIiuy, IIPex/ie 4yeM
UX HAQYMHAIOT BHEJIPATH HA CTAHIIUAX
BOJIONOATOTOBKU. U 3TO ompaBaaHO,
T.K. BOJly U3 KpaHa JIOJU MOo-TIpexKHe-
My ObIOT. [ToJl pyKOBOACTBOM Hadajb-
HUKa yIpaBJeHUA HOBOU TEeXHUKH

u cuctemMHoro pas3sutusa MI'VII «Mo-
cBopokaHa» M.H. KoasioBa Ha nipen-

HPUATHUHN BHEJPAIOTCA HOBBIE TEXHO-
joruu, usydaerca 3¢PpQPEeKTUBHOCTHb
TeX WUJIU UHBIX KOAryJSHTOB, (QJIOKY-
JIAHTOB U JPYT'UX aKTUBHBIX MaTepU-
aJIOB M PeareHToB, C IOMOIIBIO KOTO-
PBIX OYHIIIAeTCA BOJA.

113 MOCKBBI-pEKH BoJa C IIOMOIIBIO
HAaCOCOB II0/iaeTcs 1o TpyborpoBoiam
B IIPHEMHYI0 KaMepy. [IpudyeMm Ha TPy-
6OIIPOBOJIaX HPOBOAUTCA HEIPEPHIB-
HBIM MPUOOPHBIY MOHUTOPUHT KQUeCT-
Ba BOJIbI, aBTOMAaTHY€CKHU OTOUpAIOTCA
npoObl JUIg aHaau3a B J1a60paTOPUH.
3aTeM BoJia IIOIIalaeT B KOHTAKTHBIN
6acceliH 030HMPOBAHUSA, NpPEJCTAB-
NAMUNA co60ll 6ETOHHBIN pe3epBY-
ap 0co60i KOHCTPYKIIUU, B KOTOPBIHA
HoJaeTCsA O30HO-BO3AYIIHASA CMeECh
C KOHIleHTpamued o3oHa 15-80 mr
Ha J. 9TO BelecTBo obpa3dyeTcsa U3
BO3/lyXa B CIEIMAJbHBIX JJEKTPH-
Ye-CKHUX YCTPOUCTBAX, B KOTOPHIX Te-
HepupyeTcsa OGapbepHBIH, WIH «KO-
POHHBIN» pas3pdAf, HU3BECTHBIU Kak
«OTHH CBATOTO0 JabMar. Paspsaj HOHU-
3UpyeT BO3JAYX, U YacCTbhb KHCJIOpoOA
B HEM IIEPEXOJUT B aJUIOTPOIIHYIO

18
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TEXHHYECKHE HIOAHCBI

MoAU(DUKAIIUI0O — O30H, HMEIOIUN
KpaliHe BBICOKYIO OKHUCJIHUTEIBHYIO
croco6HOCTh. OH aKTHBHO paspylla-
€T IBOMHBIE U TPOMHBIE CBA3U B Opra-
HUYECKUX COeJUHEHUAX, CIIOCOOEeH I1e-
pepabaTeIBaTh MECTHULUABI U Jpyrue
BEIleCTBa, KOTOPBbIe KpalHe CJIOKHO
paspymaroTcsa B npupoje. O30H pas-
jlaraeT B TOM 4HCJIe TYMHHOBBIE KHC-
JIOTHI, IpHUJAAIONHE BOJAE KOPUYHE-
BBIA IIBET. OTU COEJUHEHHUA €CTeCT-
BEHHOI'0 IIPOUCXOMKAEHUSA COAEPKATCA
B IIPUPOJHOM IIOYBEHHOM CJIO€ — TY-
Mmyce. OHU He ONACHBI JJIf 3/J0POBBH,
JIFOAY UCIIOKOH BEKOB KyITQJINCh B Ta-
KOM BoJle M gaske nuiaum ee. (Bpicoko-
LIBETHBIE PEKM BCTPeYaloTCA Ha ceBe-
pe, HanpuMep, B Kapenuu.) Eciu roso-
PUTH 0 MOCKOBCKUX BOJOUCTOYHUKAX,
TO T'YMHUHOBBIE KUCJIOTEI IPUCYTCTBY-
0T B BO/DKCKOHM Bose. OHAKO coBpe-
MEHHBbIE Tpe6oBaHUA TAKOBBI, YTO BOJAA
IOTPe6GUTEI0 AOMKHA IIOCTABIATHCA
a6CoII0THO IIPO3pavYHONU. DTOro 1o6u-
BAIOTCSA, B YACTHOCTH, C IIOMOIIIBIO 030-
Ha. PaspynraeT 3TOT OKUC/IUTENb U I'e0-
CMUH — IPOAYKT KU3HEAeATeTbHOCTH
CHHe-3€eJICHBIX BOZIOPOCJIEH; 3TO COeIH-
HEHUE COJIEPKUTCS TAKKE B HABO3HBIX
CTOKaXxX U IMpHUJaeT BoJie HEIPUATHBIN
3amnax. PasnararoTca u Apyrue ofopaH-
THI (IAXHyIIUe» BEIlecTBa), HAIIPH-
MEep CepPOBOJIOPO/JI, 06pa3yIoIuiica Ipu
rmpoleccax THUEHHUs Ha JHe BojoeMa
U 0610 3aIIaXOM TYXJIBIX AHII.
O30HO-BO3AYIIHAA CMECh C IIOMOIIBIO
KE€pPaMUYEeCKUX JHCIEePraTopoB IIPO-
XOJUT yepe3 BeCb 06'béM KOHTAKTHOTO
GacceliHa B BH/I€ MEJIKHUX IIy3bIPbKOB.
YeM-TO 3Ta CHCTeMa HAIlOMUHAeT aK-
BapUyMHBIN aspaTop. Bpemsa koHTakTa
BO/IbI C 030HOM COCTaBJIAET IIPUMEPHO
3-5 MUHYT.

IMocne MEpBUYHOIO O30HHPOBAHUA
BOJla IoNajaeT B CHUCTEMY Koarys-
LMY U ocakJeHusdA. B kadecTBe koary-
JITHTA Ha CTAHIIUM HCIIOIb3yeTCs OK-
CUXJIOpHJ, AaJTIOMHHUA. PacTBOpHUB-
IIVCh B BOJIE, 9TO BEIECTBO HAYMHAET
¢popMuUpOBaTh JETKO ocejaloliye XJIo-
IIbf, UMEWINUE «BETBUCTYIO» dopMy,
KOTOpas II03BOJIAET «3aXBATHIBATH»
13 BOJbI YaCTUIILI IIPUPOJIHOM B3BECH,
yAepXUBaTh Ha INOBEPXHOCTU XJIOIb-
€B pacTBOPEHHBIE U KOJUIOUAHBIEC Be-
mectBa. /{714 noBeieHud 3¢pdeKTUB-
HOCTHU KOAryJasalUy II0CJIeI0BaTEeIbHO

IIPOBOJATCA JiBE CTAAUM: CMelleHue 1
xJIonbeo6pasoBaHue. Ha nepBoii cra-
JHUU KOATYJAHT UHTEHCHBHO IIepeMe-
IIUBAETCA C BOJOM, HA BTOPOH XJIONbSA
YKPYIIHAIOTCA, OKOHYATEJIbHO «CO3pe-
BaT™. OHHU JOCTUTAIOT pa3MepoB 6o-
Jlee 2 MM, BUAUMEI I71a3y ¥ IMEIOT CEPOo-
KOPUYHEBBIN, CEPO-KEJIThIA UM APY-
roil 11BeT, B 3aBUCHMMOCTH OT COCTaBa
MCXOAHOU BOABL. [I1d My dIieii koarymias-
MU B BOAY 06aBIAIOT (PIOKYJIAHTEI —
BEIIleCTBAa, U3roTaB/JIMBaeMble Ha OCHO-
Be nojuakpuiaampujga. OHU cIocob-
CTBYIOT CLENJIEHUIO MEJKHUX XJIOIbEB
B KpyIIHBIE, TOI/la UX JIerde BBIIEIUTH
u3 BojblL. VHorAa 114 ycuiieHus apdek-
Ta 0CaJOK U3 OTCTOMHUKOB IlepeKadu-
BaeTcdA obpaTHO B cMecuTeau. biaaro-
Jlapsd 3TOMy IIPUEMY B BOZIE CO3AAIOTCA
JIOTIOJTHUTEIbHBIE aKTUBHEIE IIEHTPBI —
«3apOJBIIIMD JUIS XJI0IIbeoOpa3oBaHUA.
B cMecuTese Boja npebbIBaeT OKOJIO
5 MUHYT, B KamMepax XJiolbeobpaso-
BaHUA — 10-15 MHHYT, 2 B OTCTOU-
HUKaX, TJe UJEeT IIPOIECC OCAKIACHUS,
WJIM CeJUMEHTAIUH, OKOJIO IBYX YaCOB.
IMoTAKeNeBIINE XJIONbA OIIYCKAIOT-
cd Ha JHO, a YHCTasd BoJA IIepEeTEeKaeT
B 6acceiH AJ1s1 BTOPUYHOI'O O30HUPO-
BaHuA. Eciiu B mpolecce MepBUYHOIO
030HHPOBAHUA 3arpA3HUTENH BOIBI
PaspymaTCH IO «IOJIYIPOLYKTOB», TO
BO BpeMs BTOPUYHOTO — /10 KOHEYHBIX
IIPOAYKTOB, 6€3BPEeAHBIX /11 YeJIOBEKa
BOJBI U YIJIEKHCJIOTO Ta3a. JTall AJTUT-
¢ 3-5 MUHYT.

AOCOTIOTHO YUCTbIX
BOOEMOB CerogHs
B MUpPE HET

3aTeM BoJila CMENINBAETCA C IIOPOIII-
KOBBIM aKTUBHUPOBAHHBIM yIJEM, KO-
TOPBIN aJicopObupyeT BCce BUIBI opra-
HHUYECKUX COeJUHEHUH, U IIOCTyIaeT
B JIBYXCJIOMHBIN QPUIBTP, COCTOAIUN
W3 aHTpamuTa W IIecKa, IJe HaXo-
auTca 2-5 MUHYT. 3aTeM BoJa CHOBa
CMEIINBAETCHA C IOPOIIKOBBIM yIJIEeM
M 0CBOOOKJaeTCsA OT HEro B Iporiecce
MHUKPOQUIbTPAIIUH.

To, YTO NPOUCXOAUT AAJIbIIIE, OTHO-
CUTCHA K pa3pfAAy CaMbIX IepeJoOBBIX
COBpPEMEHHBIX TeXHoJIorui. Boga mpo-
XOJAUT Yepe3 yAbTpaguiIbTPalliOHHbIE

MeMOpaHBbl, U3rOTOBJIEHHBIE C IIPUMe-
HEHHEeM HaHOTeXHOJIOTni. MeMGpaHbI
IPEeACTABIAIT cOO0M AJMHHBIE IIO-
PHUCTBIE KAaOUJIIAPBI JUAMETPOM OKO-
g0 0,8 MM. OHU 3aKpeIlJIeHbl B MOAY-
JIIX, Yepe3 KOTOphIe IIPOXOAUT BOJA.
BpenHele npuMecu, 6aKTepuu, BUPY-
CBhl OCTAIOTCH Ha IOBEPXHOCTH 3TUX
KaIllMJUISAPOB, a OYHUIIEeHHAs BoJa I10C-
JIe CMEIIIeHU A C TUIIOXJIOPUTOM HAaTpU A
U aMMHUAYHOU BO/OM IIOCTyNAET B pe-
3epByap YHUCTOH BoAbl. TaK BBITIAAUT
HOBeHIIasg cXemMa BOJOHOATOTOBKH.
B 6yaymiem, 1o 2020 r., B miaHax «Moc-
BOJIOKAHAJIa» — IPOBECTH COBPEMEH-
HYIO0 PEKOHCTPYKIIHIO BCEX OCTAIBHBIX
CTAHI[UH BOJOIIOITOTOBKU.

K coskaneHuio, cUTyanus B IOCJIE/I-
Hee BpeMs TAaKoBa, YTO IUTh JaiKe
POAHUKOBYIO Boay HebGe30mmacHo AJs
3J0pOBbsA, OCOOEHHO €CJIH OKPeCcT-
HOCTH POJHHUKA PEryJsapHO 3arpas-
HATCA. KayecTBO Ha3eMHBIX U IOJ-

3€EMHBIX BO/J[ BBI3BIBAET B HAIlI€ BPEMSA

COMHEHHUS JaKe y HeCIeIUaJNCTOB.
U sTa mpobiiema TpebyeT perieHusd,
npuYeM Ha BCEX YPOBHAX. M

®uprosa AHunnuHa
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SHAHWE — CHAA

XUBOB noxkpuisano

0 BCEM MHUpe IpolaraHAWpPyeTcA CO3JaHHUuE B Io-

poiax 9KOJIOTHYECKU GJIATONPUATHBIX «3€JIEHBIX»

KPBIIII, CIIOCOGHBIX CMATYUTH HEKOTOPbIE CBOUCTBEH-
HbIe TopojaM IIpo6iaeMbl. TpaBAHON MOKPOB, KYCTAPHUKU
U ApyTye PacTEeHUs, BbICAXKEHHbIE Ha KPOBJIe 3JaHUs, MOTY T
3aMeJUINTh CTOK JINBHEBBIX BOJ U HATPY3Ky HA MECTHBIE Ka-
HaJIM3allMOHHBIE CUCTEMBI U BOJOOUYUCTHBIE COOPYHKEHU.
A pacTUTEIbHOCTh MOMKET YMEHBIIUTh HAarpPeB IIOBEPXHOCTHU
KPBIIIH JIETOM, TEM CAMBIM CHHIKAS 3aTPAThl HA KOHUIIHOHU-
pOBaHUE BO3/IyXa U MUKOBYIO HATPY3KY Ha JIEKTPOCTAHIIVH.

B eBpoIneNCcKUX ropojiax 03€JIEHEHHE KPBIII AKTUBHO pac-
npocTpaHdAeTcs yxe 6omabiire 10 e, a B TOKHO CErogHsA Tpe-
GyeTcs, 4TOOBI TaKHe ITIOKPBITUA UMeJIn He MeHee 20% Ho-
BBIX KDOBEJIb CPEJHUX U KPYIIHbIX 3aHuil. B CIIIA n1uaepom
B 9TOM CMbICJI€E ABAdgeTCcA YuKaro. BoJIbIIMHCTBO 3€I€HBIX
KPBIII YCTPAUBAETCSA HA BHOBB CTPOSAIIUXCA COOPYHEHUAX,
HO IIIMPUTCS UX CO3JAHUE U HA yIKe CYI[eCTBYIOIIUX.

B nr060M ciiyyae CTPYKTypa KOMIOHYETCS U3 HECKOJb-
KHUX CJI0€B, IOKPBIBAIOIIUX BCIO IIOBEPXHOCTh MJIU €€ YacTh
(ocHoBHASt UNL.). «DKCTEHCUBHBIE» 3€JI€HbIE KPBIIIH J0BOJIb-
HO TOHKH — TOJIIIMHA IOYBEHHOTO CJI0 MOMKET COCTABIATH
OKO0JIO 75 MM, — a MX BEC IPU HACBIIIIEHUY BJIaroi 1 HU3KO-
POCJIOM PACTUTEIBHOCTU COCTABJAET IPUMEPHO oT 70 1o
120 kr/m?. (IHTEHCUBHBIE» KPBIIIH TOJIIIE, TAKEIEE U JI0-
POke B CTPOUTENHbCTBE U DKCILJIyaTaIlUU, HO CIIOCOGHBI He-
CTH KJIyMOBI, KyCTHI U 1ake AepeBbs. ([1o Mepe yBeIudeHUA
noTpebHOCTE pPacTEeHUU CJIOW 3€J€HOW KPBIIIN TOJIKHBI
JenaThCcsd IpoYyHee U obecneuynBaTh Jy4IINHA CTOK U aspa-
nuio», — cyurtaet [Jiredd Crunnman (Jeff Stillman), ucmos-
HUTEIbHBIN BUIle-Ipe3uaeHT ZinCo USA, aMepUKaHCKOT0O

3HAETE J1/ Bbl...

HET F'PA3W. B kavecTBe nuTaTeNbHOW cpefbl AN 3eNeHbIX KPbiLl
NPVPOAHYIO NMOYBY MPUMEHSIOT PEAKO, T.K. OHa TAXena v ynioTHAeTCs
[OXAAMM, 13-3a 4ero YMeHbLUAeTCa ee Crnoco6HOCTb yaepXuBaTb
BRary v cHa6>XaTb KOPHY pacTeHuii Bo3ayxom. Bmecto Hee ncnonb-
3YI0T UCKYCCTBEHHbIE MaTepuanbl, B YaCTHOCTU FMIMHY UAN FNIMHUC-
TbIll cnaxewl, 060XXeHHble A0 06pa3oBaHNsA BO3AYLUHbIX KAPMAHOB
1 3aTeM OXJlaXAEeHHbIe, K KOTOPbIM J06aBNSAIOT OPraHN4ecKuii Kom-
NnocT 1 yao6peHus.

JIYHWEE OXJIAXKAEHUE. B xapkuii COTHEYHBIN AEHb C TEMMEpa-
Typoii Bo3ayxa 27° C kpbllwa, 3anutas 6UTyMOM UM MOKpaLleHHas
YepHOW Kpackow, MoxeT HarpeTbcs fo 82° C, 6enasa — fo 49° C,
a noKpbITas pacTUTENbHOCTbIO — BCero fo 29° C.

OPPEKT XKAPKOIO OCTPOBA. lMpu WMpoKOM BHeAPeHUN 3ene-
Hble KPbILLW CNOCO6HbLI MOHU3UTb HAarpy3Ky Ha CUCTEMbI OXJTaXAEHNS
B ropofie, 0CO6E€HHO HOYblO, KOFAA «rOJible» NOBEPXHOCTM OTAAT
HaKonmneHHoe 3a AeHb Tenso. Mo AaHHbIM TOKMIACKOro yH1BEpcuTe-
Ta, ¢ 1900 r. cpegHsAs TemnepaTypa B TOKMO MOBbILLAETCS BNSATEPO
6biCcTpee, YeM B LieNIoM B MUpe. OTO 0fHA U3 BaXHbIX NPUYUH, MO
KOTOPbIM B ropofie NooLpseTcs CO3AaHNe «3eIeHbIX MOKpbIBa».

NMPEAMNOYTUTENEH OYUTOK. Onda 3eneHbIX KpbIL Ny4yLle BCEro
noaxoAAT pacTeHus pofga o4nTok (sedum). OHM pacTyT MeANEeHHo,
3anacatoT B IMCTbAX MHOIO BNarun 1 XopoLUo NpOTUBOCTONAT 3KCTPe-
MyMam TemnepaTypbl 1 BIaXHOCTH.

Mapk duLieTttn

noapasaenenua ZinCo, Inc., KpymHEUIIEro B MUpe OCTaB-
KA KOMIIOHEHTOB 3€JI€HbIX KPBIIII.

«*KrBoe oKpBhIBaI0» MOMKHO COGMPATH, KAK FOJIOBOJIOMKH
u3 GparMeHTOB KAPTUHOK, U3 TOTOBBIX MOAYJIEH IJIOIAAbIO
nopsaka 1 M2, coepaIinx OAUHAKOBbIE CJI0U. [10106HBIN
IOJXOJ, YIIPOIIIaeT CO3JaHUe KOMIIO3UIIUU, XOTA OH MOKET
OBITH JOPOXKE M HEN30EHHO OCTABIIAET IIIBEI.

I'aBHBIN HEJOCTATOK BCEX CIIOCOG0B — JoporoBusHa. He-
KOTOpPBbIE KPBIIIN, OGBIYHO CTapble, MOTYT OBITH HEJOCTA-
TOYHO HNPOYHBIMH, YTOOBI BBIIEPIKATH BEC 3€JIEHOTO II0-
KpbITUA. CTaHAAPTHBIE IPAKTUKY CTPAXOBAHUS CIIOCOGHBI
paccMaTpuBaTh 3e€JIeHble KPOBJIHM KaK CTPYKTYPbI, UYpeBa-
ThI€ IIOBPEKICHUAMU U3-3a «CTOSYEH BOABD, KOTOPHIE, BO3-
MOIKHO, He OyIyT CYUTATHCA CTPAXOBBIMHU CIyYasIMH, €CIU
He JIONOJIHUTH CYIIeCTBYIOIINE IPAKTUKH. «)KCTEHCUBHBIE»
KPBIIIY II0YTU HE TPEOYIOT yX0/1a, UX HYHHO TOJBKO U3PeJI-
Ka IOAKApMJINBATh HEOOJBIINMU 03aMU MEIJIEHHO Jelc-
TBYIOIIUX ya00peHui. ( IHTeHCUBHBIM» K€ HYKEH II0OBCE/I-
HEeBHBIN yxon. OZHAKO U Te, U ApPyrue CIIOCOOHBI IpeBpa-
TUTH JIO0YIO KPBIIIY B MECTO, IZie¢ IPUATHO BBIIUTH Kode,
noobenaTrh, I03aropaTk, Ja U IPOCTO MOABIIIATH CBEKUM
BO3yXOM. B

njowAdb 3EJIEHbIX KPbILL,
co3paaHHbix B CLUA B 2006 r. (M?)

- _d

Cap Ha KpblLue Hap, XusbIM paiioHoMm ToKuo

B mupe nayku [06] uionn 2008

DANIELA NAOMI MOLNAR (this page); REUTERS/CORBIS (photograph);
SOURCE FOR ROOF DATA: GREEN ROOFS FOR HEALTHY CITIES

GEORGE RETSECK (opposite page);



3EJIEHbIE KPbILLA

06bI4HO UMetoT NATb cnoes. KopHeBon 6apbep
He No3BONAET KOPHSAM NpopacTaTb B KOHCTPYKLMIO
34aHus. 3alnTHBIA MaT NoMoraeT CBeCTH

K MMHUMYMY NPOKOJbl. [lpeHa>KHbI CIon npwm
CWIbHbIX JOXAAX AaeT BOBMOXHOCTb BOe CTeKaTb

K MepudepuinHon cucteMe BOAOCTOKOB, HO B CyX0€e
BpeMsi coxpaHseT Bnary. ®unbtpytoLnin 6apbep He
AaeT MenkuMM YacTuLuam 3abvsartb PEeHaXKHbIV CIOW,
a nutarenbHas cpefa (06bI4HO NCKYCCTBEHHbIN
mMaTepwuar, a He no4Ba) o6ecneyvBaeT NuTaHue
pacTeHui

LepessaHHbIn nnyg
6ETOHHbIV 60paH0|
y

BO,U.OCTOLlHa
Tpy6a

APEHAXXHbIN CJIOU
COXpaHsieT Bnary, kKotopas MoxeT
onddyHanposaTth BBEPX B BUAE
napa, Kora nuTaTenbHbIA oM
BbiCbIxaeT. CoToBas CTPYKT
No3BONSAET IMBHEBOW BOAE C
1 06ecneynBaeT AOCTyN BO3AYX:
K KOPHAM

B «MHTEHCUBHbIX>»
KPbILWAX,

Ha KOTOpbIX
BblCaXeHbl Kpyn-
Hble pacTeHus,
HeKoTOpble crion
TonLe, 4YeMm

B «3KCTEHCUBHbIX>,
paccHMTaHHbIX

Ha 6oree Menkue
pacTeHus

DuUNbTPYIOLLNIA CNOWA

L peHaXxHbI cron

Macwtat N
TOSNLMHbI 3alnTHbIN MaT
(25 mm) KopHeBow 6apbep

«OKCTEHCUBHas»  «| C
KpblLLa Kpbiwa



Oner CeHbkoB

MO370-KOMIbHTEPHBIN

MEJCKUHES

[leno He B noxkax, a B BCI

bl MOXKETEe BEPUTH WUJIU He Be-

puthk Martikny Kpaitony, ox-

HOMY M3 CaMbIX CHHUMAaeMBbIX
FonnuByIOM IUcCaTeseld, aBTOPY IABYX
JIeCATKOB MUPOBBIX O€cCTCelJIepOB-
TexXHOTpuJIepoB (o1 dlapka KOpckoro
nepuoga», «Chepb, «CTpeabl BpeMeHU»
JI0 TIomnyJasipHoro tejecepuasna «Cko-
pas IoMoIlb»), KOIJa OH yTBEpKJa-
€T, YTO eMy JI0OBeJIOCh HabJIoaTh Ia-
paHopMaJibHOE fBJIEHUE TeJeKUHe3a,
T.€. IPOSABJICHUE CLIOCOOHOCTH YeJIoBe-
Ka BO3JleiCTBOBATh Ha OKpYyIKAIOIHe

€ro mpeaMeTBhl TOJIBKO CHUJIOH MBIC-
an: «..fl mocMoTpes BHU3 — MOSA JIOK-
Ka HavaJla THyThbcA. f gamxe He 1O-
HAJ 3TOoro. Metas 6Bl IOAATINBBIM,
Kak rmractMmacca. OH He O6bLI TOpAYNM,
TOJIBKO HEMHOTO TeIJIbIM. f 1erko co-
THYJ KOBIIMK JIO¥KKHU IIOIOJIaM, MC-
TI0JIb3YS TOJIBKO KOHYUKH ITAJIBIEB...»

Ho BamM mpupeTcd IOBEpUTH MHE,
€c/Id A CKaKy, 4TO TeJIeKMHe3 — Ha-
Y4HO [JOKa3aHHBI @daKT, peanlb-
HOCTBb, KOTopasd JIOTUYHO HaCJIeAy-
eT Hallle QyTypHUCTUYECKOe IIPOIIIoe

U HacTosfllee, JaBHee jKeJaHHUe YII-
pPaBJIATH BHEIIHUM MUPOM MEHTAJb-
HO, MUHYS CJIHIIIKOM MEJJIEHHYIO s
XXI B. pedIEKTOPHYIO AYTYy «MO3TI-
MbIOInar». TeXHOJIOTUYEeCKUH r1ub-
pux qUPOBOrO U KUBOTO, KOMIIBIO-
Tepa u mo3ra — BCI (Brain-Computer
Interface) — poauscda, BBIPOC U OKpPeEI
B IIOJIyCEKPETHBIX MapTUHAIbHBIX JIa-
6opaTopuax 3a nociaegHue 10-15 set
M YK€ TOTOB IIPOM3BECTH MACIITAOHY IO
PEBOJIOINIO B MHAYCTPUU KOMIIBIO-
TEePHBIX U BUJICOUTD, 106aBUB ropgoe
BClI-friendly ko BceM HOBBIM pejn3aM
MONYJIAPHBIX UT'POBBIX IIPUCTABOK OT
PlayStation u Nintendo no GAMECUBE
1 XBOX. Pa3roBop MOUJET 0 MO3TOBBIX
uHTep@deiicax, oOCHOBaHHBIX Ha JII-
curHajax moara. Ilponeaypa He Tpe-
6yeT HUKAKUX XUPYPrUYECKUX WU
MHBIX BMEIIATEIbCTB B OPraHU3M 4e-
noBeka (00 MHBA3WBHBIX, UMILJIAHTH-
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pyeMbIxX B Teo BCI y#e HEOJJTHOKPATHO
nucajaoch B HaIlleM Ky pHaJe, cm.: Hu-
Konenuc M., Yanur /I. Mblcaie ynpasnasi-
em pob6omom // BMH, Ne 2, 2003; Boa-
xeH K. Hetlipomopgrusle mukpouunst //
BMH, Ne 8, 2005; XoeaH /]. 3abbimas
anoxa anekmpocmumyasuuu mosa //
BMH, \e 1, 2006).

B koH1te peBpassa sToro roxa B CaH-
dpaHOUCKO MNpolla KpyHnHeWInad
B MHPe€ KOHpepeHIUA pa3paboTYNKOB
urp — Game Developers Conference,
rae TexHoJsiorus BCI BnepBble Oblia
ny6JIUYHO aHOHCHUpPOBaHA KaK Ilep-
CIIEKTHUBHOE HaIlpaBJIE€HHUE PAa3BUTHUA
KOMIIBIOTEPHBIX HWUT'p He OyayImero,
a y¥e HACTOSAIEro, He 9KCIEePUMEH-
TaJlbHBIX, €IMHUYHBIX, y3KOCIIEIU-
aJIU3UpPOBAHHBIX IIPOTpaMM, a Mac-
COBBIX, JOCTYIIHBIX Be3Jle U B Jioboe
BpeMa — B MIlHTepHeTe, cMapT@oHax
U Jaske B HApy4YHBIX yacax. Onpenaenu-
auch U GaBOPUTEHI cpeau pa3dpaboTuu-
KOB — J[BE MOJIO/Ible MHHOBAIlMOHHBIE
koMnaHuu (ctapransl) Emotiv Systems
u NeuroSky c coBepIIIEeHHO HEIIOX0MKHU-
MU B3TJIAlaMU Ha TO, KaK He06X0AuMO
pa3BUBATh HEUPOTEXHOJOTHUH B UT'PO-
BOU MHAYCTPUU, U PA3JINYHBIMU CTPa-
TEerusAMU BeJleHUsA 6usHeca. MHe yna-
JIOCh CBA3aThCA C NPEACTABUTEIAMHU
06erX KOMIIaHUH U ITO{POGHO IIOTOBO-
puTh 06 ux pa3paboTKax.

Cob6epu CTOHXEHAX

MoJtoiofi 4eI0BEK, HaJeB Ha TOJIOBY
HaAaOOMHHAWI[UNA OCbMHHOTA OebIi
ieM, OpojejblBaeT 3abaBHBIE Ma-
HUNYJIANNU ITepef 60JbIINM IJIOCKUM
TeJIeaKpaHOM U JanTonioM. Ha skpaHe
M3-TI0/] 3€MJIH ITI00YEPEHO ITOABIIAIOT-
cA MaccuBHbIe MeraJauTbl CTOHXEH/I-
sxa. I[Taccel TOYHO COOTBETCTBYIOT IIe-
PEeABMIKEHUAM KaMHeH, 4eM TsKesee
rapI6a, TeM dHEpPruYHed KEeCTUKYJIIA-
nusd, NOABbEM U OIyCKaHHUE IIPOUCXO-
AT OpaKTUYECKU 0e3 3a/IepiKeK: Imace
PYKOU BBepX — U KaMe€Hb MeJJIEHHO
IIOILJIBLII BBEPX, KPYTOBBIE JIBUMKECHUA
KHCTBIO — U BUCAILAA B BO3IyXe IVIbI-
0a HaYMHAaeT CUHXPOHHO BpalllaThCH.
Yro661 co6paTh HEOOIBIION AaHUMUPO-
BaHHBIA CTOHXEH/[’K, HOTpe6oBaIoCh
OKOJIO IBYX C IIOJIOBUHOUW MUHYT, He-
CKOJIBKO COT KHJIOKQJIOPUH U IIPOTO-
TUn urposoro BCI-unTepdeiica EPOC
om komnaHuu Emotiv.

YerpoiicTBo Emotiv EPOC npeacTaB-
1AeT coboli mogobue JIErkol TapHUTY-
pBl ¢ 16 O3l-anexkTpomaMu, HajeBa-
€MOM Ha TO0JIOBY W II0 6eCIIpOBOJHOM
CBAA3U COEJUHAIOIIENCA ¢ KOMIIBIOTE-
poMm. Takasa cucteMa IO3BOJAET Ma-
IIMHE WJIU KOMIIBIOTEPY JAeTEeKTUPO-
BaThb KaK CO3HATEJbHbIE (MBICIH) TAK
u 6ecco3HaTeJIbHbIE (3MOIINN) COCTOA-
HUSA YeJIOBeKa, NJeKOAUPYSA UX U3 CHUT-
HaJioB Mo3ra B Buje 99I. Komnbio-
TepHasd IporpaMma Uy Urpa IIpu Io-
MOIIYA JTaHHOU CUCTEMBI MOXKET ObITh
HacTpoeHa TaKuM ob6pasom, 4To OyaeT
HOJCTPAaUBAThCA MOJ IOJIb30BATENIs
Ha OCHOBE 00paTHOM OMOJIOTMYECKOM

CBA3M; BUPTyaJbHbIE T€POU UM OCO-
6eHHOCTH ITporpaMM OyAyT pearupo-
BaTh HA 3MOIIMOHAJBHOE COCTOSHUE
YeJ0BEKa, KOTOPHIA B CBOIO OYepenb
CMOKET MaHMUIYJNPOBaTh IpeJMeTa-
MU B BUPTYaJIbHOM MHUPE ITIOCPEACTBOM
HCKJIOYUTEJIBHO COOGCTBEHHBIX MBIC-
Jel: mogyman — caenain. Emotiv EPOC
MOKET «y3HaBaTh» 70 30 pasjUu4YHBIX
COCTOAHUU: HaANpUMEpP KOHIEHTpa-
U0 HAa 4Y9eM-I160, 3MOIIMOHAJIBHOE
BO30yIK/€HUE OT UT'PHI, pacciabieHue,
MEeIVUTATHUBHOE COCTOSHUE, HAIIPSAKe-
HHUEe, 4YyBCTBO pa3odyapoBaHUA U He-
Y/I0BJIETBOPEHHOCTHU; MUMUKY — KOT-
Jla 9eJ0BeK yablbaeTcA UM CMeeTcCH,

! ‘_. \
Y
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ODOAMUTUBAET, YAUBJIEH UJIN YEM-TO

HamnyraH, pas3o3jieH WU YXMBLIAeT-
csd, laXe Korja rpuMacHUYaeT; ILII0C
dusnyeckue AeUCTBUA HAJ BUPTY-
aJIbHBIMHU IIpeJIMeTaMH, TaKue Kak
TOJIKAHUeE, IOJHATHE, OIIyCKaHUe, KU-
JlaHUe, IepeTacKUBaHUE, BpalleHue
BO BCeX IIIECTH HampaBieHUAX. Kak
obGemraer komnaHusg, EPOC mOsABUT-
cf B IIpojiake B ekabpe 9TOro rojga u
6ynetr crouTh nopsaaka $299. Jlomoi-
HUTEJBHO KOMIIAHUsA pa3dpabaTeiBaeT
ceffyac BUPTyaJbHYIO cpeay B IHTep-
HeTe, KyZa JIIo6oi moiab3oBaTeab Emotiv
EPOC cMoxeT 3ariasaablBaTh BpEMs OT
BPEMEHH, YTOOBI 3arPy3UTh UT'PhI, MY-
3BIKY, poTorpaduu U Apyroe pasBie-
KaTeJbHOE COJIepiKaHUe, CIelHalb-
HO pa3dpaboTaHHOE II0J] CUCTEMY, UH-
TEePaKTHUBHO II006IAThCA C JPYTUMU
I10JIb30BATEIAMHU.

Kak pacckasayia MHe IJIaBHBIM HC-
IIOJTHUTEJIbHBIA JUPEKTOP KoMIla-
HuHu muccuc Tan Jle (Tan Le), Emotiv
6bl1a ocHoBaHa B 2003 r. AByMA yue-
HBIMU — IpodeccopoM HeHpoHAYK
Ananom CaalizepoMm (Allan Snyder)
1 OJHUM M3 IIEePBBIX pa3paboTYHUKOB
yunoB Helsom ¥Yactom (Neil Weste),
a TakKe JByMs HpeJIPUHUMATEIAMHA
B 006JlaCTM HAyKOEMKHUX TEXHOJIOTHU
Tau Jle (Tan Le) u Ham [lo (Nam Do).
B HacTosAIee BpeMsa KOMIIAHUA HACU -
ThIBaeT 6ojiee 40 COTPYJHUKOB, IJIaB-
HBIY opuc HaxoguTeda B CaH-PpaHLuc-

KO, a OT/ZeJl pa3paboTKU U HCCJIeloBa-
Hua — B CuaHee, ABcTpanusa. Bna-
rogapsa Tomy, 4To uHTepderic Emotiv
EPOC nMeeT 16 2JIeKTPOOB, OH JOCTa-
TOYHO TOYHO cuuThIBaeT I3l ¢ ompe-
JIeIEHHBIX COMAaTOCEHCOPHBIX U accCo-
LUATHUBHBIX OT/EJI0OB T'OJOBHOI'O MO3Tra
1 HAMHOTO0 60JIe€ YETKO KOHTPOJMPYeT
TO, 0 YeM IyMaeT» MO3T, 110 CDAaBHEHUIO
C APYTUMHU aHAJIOTAMU C MEHBIIUM KO-
JINYECTBOM 3JIEKTPoJ0B. CrienuaabHbIE
QJITOPUTMBI OTCEUBAIOT LIIyMbI U apTe-
¢aKTBI U3 CUTHAJIOB MO3Ta U BEIYJIEHS-
IOT 3HAYUMYI0 UH(POPMAIIUIO O MBICJISAX
WUJIU IIEPEKUBAHUAX YeJIOBEKA B pealb-
HOM BpPeMEHH. 3a CYEeT 3TOT0 U JOCTH-
raeTcsa Takoe GOJIBIIOE YHCJIO (OKO-
j10 30) pa3aUYHBIX PYHKIMOHAIBHBIX
1 3MOILIMOHAJbHBIX COCTOSHUU, KOTO-
poe cucTeMa MOKET JIETKO O PeIe/IATh
U TPAHCJIMPOBATh B IIU(PPOBBLIE KOMaH-
JIbl, HOHATHBIE KOMIIBIOTEPY WJIH APY-
TOMYy «yMHOMY» YCTPOMCTBY.

NMpocToTta — 3anor ycnexa

JIlpyrofi MHHOBAIIMOHHON KOMIIAHU-
el n3 CUJIUKOHOBOM JOJHUHBI, OCHO-
BaHHOH B 2004 r. B Can-Xoce, Kanu-
¢opuua, — NeuroSky, — paspaboran
OIMH U3 NEPBBIX JOCTYIHBIX IIPOCTO-
My IOTpe6GuTeslI0, HOCUMBIX Ha cebe
(wearable) «cyxux OGHOCEHCOPOB».
OaUH-eAUHCTBEHHBIN JOI-31eKTposa
cnocoGeH paclo3HaBaTh 0 YeThIpex
pasauYHbIX PYHKIIMOHAIBHBIX U 9MO-

LIMOHAJbHBIX COCTOAHUI YeJloBeKa:
BHUMaHUE, MeAUTaIlU0, 6eCIoKoic-
TBO U COHJIMBOCTE. [IpoayKT GyaeT 10-
CTYII€H B 9TOM T'OAY JUIA JIULEH3UPO-
BaHUA JAPYTMMHU KOMIIAaHUAMM II0 I[eHe
oxoso $50. IlpocTora, JemeBU3HA
1 BO3MOM¥KHOCTb UHTETPALlMM C JIFOObI-
MU IporpaMMaMU, UI'PAMU UJIN <y MHBI-
MI» YCTPOHCTBaMHU JleJaloT €ro O4eHb
NPUBJIEKATEIbHBIM JUIA MHOIUX KOM-
naHui urposoit uHAycTpUn. NeuroSky
He OyJeT IpojJaBaTh 3aBEpIIEHHBIMH,
KOHEYHBIH IPOJAYKT, KaK, HaIIpUMeEp,
Emotiv Systems — Hao6opoT, oHA Ha-
MepeBaeTcs BecTH 6u3Hec GoJsiee MIU-
POKO, HA YPOBHE «KOMIIOHEHTOB», KaK,
HaIlpUMep, 3TO JieJIaeT IIpolleccopHas
koMIlaHusa Intel, Tpou3BOJAs COCTaB-
Jfmomuye 60JbIINX KOHEYHBIX CUCTEM.
IMpennoxenue NeuroSky — mporpam-
MHBIH ITaKeT OTHO3JIEKTPOAHBIX BCI-air-
TOPUTMOB JIJIsl HHTEerpalnuu ¢ Jo60H
JApyroi cucteMoi, 6yAb 9TO UTPa, KOM-
nbI0TEP UIU cMapTQOH.

MHe ynajaoch cBA3aThCA 110 Teaedo-
Hy C IJIaBHBIM MCHOJHUTEJbHBIM M-
PEKTOPOM KOMIIaHUU MUCTepoM CTaH-
i Axrom (Stanly Yang) u 3agath emy
HECKOJIbKO BOIIPOCOB O TEXHOJIOTHH.
Muctep fHT 00bACHUI MHE, IIOYEMY
KOMIIaHUA IIOILJIA MO IyTHU yIpOIIe-
HHUS — HCIIOJIb30BAaHUSA JJIA JETEK-
nuu O3 TOIBKO OAHOTO 3JJIEKTPOAA,
B€/lb 9TO 3HAYUTEJIbHO CHUKAET Pas-
pelIampIny cioco6HOCTDh BCeU cUCTe-
MBI, €€ TOYHOCTb, @ COOTBETCTBEHHO,
U KOJINYECTBO NpuiIoxkeHu. Kak oka-
3aJ10Ch, OMH BJIEKTPOJ, IIPOIIE B UC-
NOJAb30BAHUM [UI KOHEYHOIO IIO-
TpebuTesasa U KOMIIAHUM, KOTOPBIE JIU-
IEeH3UPYIOT JaHHYI0O TEXHOJIOTHUIO,
a IpoCTOTa — CUHOHUM Ha/JI€KHOCTH,
a 3HAYUT NJACTUYHOCTU B IPUMEHE-
Huu. Hampumep, komnanua Musinaut,
¢paHy3cKkuil koMmaHboH NeuroSky,
B CKOpPOM OyyIlieM HauyHeT UCII0Ib30-
BaThb OJIHO2JIEKTPOJHYIO TEXHOJOTUIO
B IIefiepe JJId HAaBUralluu U BeIOOpa
My3BIKU Ha OCHOBAHUHU (PYHKIIMOHAIb-
HOTO M MOIMOHAJbHOIO COCTOSHUSA
4JeJIOBEKa, UTO He IoTpebyeT 6OIbIINX
MHBECTUIIUN Ha BHEJpEHHE — BCE MaK-
cuMaJibHO n1pocTo. Ho 4To6bI 106U Th-
cA 3TOH IPOCTOTHI U YHUPUKALIUH,
NeuroSky npHUIIJIOCE XOPOIIO IOTPY-
JUTbCA: XOTA KOMIAHUSA CyIIECTBYET
BCEro TPH rojia, pa3paboTKa CUCTEMBI
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BegeTcsa ¢ 1999 r.; 3a 9To BpemMA KOM-
NaHWA CMOIVIa 3aHaTeHTOBaThb OKO-
JIO IeCTH YHUKAJIBHBIX HOy-xay. Kak
o6bacHun MHe CtaHnm SHT, cefiuac
JIOCTYITHO 1Ba YHU(DUIIMPOBAaHHBIX aJI-
ropuTMa pacno3HaBaHUA BHUMaHUA
n pacciaabnenusa. Mx pabora O6wlia
IIpoBEpeHa B TecTaX Ha HECKOJIBbKUX
ThICAYAX YEJOBEK B PA3HBIX YCJIOBU-
fAX, YTO IIOKA3aJI0: TeXHOJIOTudA pabo-
TaeT 6€30TKAa3HO. YiKe CKOpo OyAyT /10-
CTYIIHBI eIlle HECKOJIbKO HOBBIX aJITO-
PUTMOB; HAIIpUMeP, B TAHHBIH MOMEHT
B COTPYAHUYECTBE C BOCEMbIO YHUBEP-
cureraMu AMepuku, Anonun u 'epma-
HHUU pa3pabaTbeIBAIOTCA aJTOPUTMHEIL,
I103BOJIAIOIIE KOHTPOJUPOBATH CO-
cTtoaHMue BoauTend. [IpegcrasbTe, 4TO
BaIll MOOUJIBHUK CMOXKET BOBPEMH OII0-
BEIlaTh Bac IPU IOMOIIM 3BYKOBOI'O
CUTHaJIa WU BUOpaLUU 32 HECKOJIBKO
CEeKYyH/I 10 TOro, KaK Bbl TOTOBBI yCHY Th
3a pyseM! 9TO MokeT OBbITh peaanuso-
BaHO HAa OCHOBAHUU TOHKOH A€ TEKITUH
U3MEHEHUU MeIJIeHHBIX BoJTH 99, Ha
HenaBHel anpenbckoll CTIA Wireless
Conference B Jlac-Berace 6b11u IIpo-
JIEMOHCTPHUPOBAHBI IIE€PBBIE IIPOTO-
TUIIBI C IPUMEHEHHEM TEeXHOJOIUU
NeuroSky B urpax u My3blKke B Tejiedo-
"Hax Nokia. KomnaHus gaxe HaMepe-
BaeTCA CO3/1aTh aJIrTOPUTM OGHapyKe-
HUSA CTOJb HEYJIOBUMBIX U HJLIIO30P-
HBIX BeIllel, KaK COCTOSAHUSA CYACTbA
U TPYCTH, YTO ONATH K€ MOMKET OBITh
HCIIOJIb30BAHO B UTPOBBIX U My3bIKAJIb-
HBIX ycTpoHcTBax ¢ 06paTHOMN 6H0JIO-
I'MYeCcKoil cBA3blo. Bosiee Toro, naH-
Had TEXHOJIOTUA HACTOJbKO IIpOCTa,
9TO MOM¥KET COCTAaBUTh KOHKYPEHIIHIO
TPOMO3JAKUM U goporoctodammumM I9I-
cucTemMaM B KJIMHUKaX U YHUBEPCUTE-
TaxX — KOHEYHO K€, TOJbKO JIJIf pele-
HHA KAKUX-TO IIPOCTHIX 3a1a4. CoBceM
HegaBHO NeuroSky 3amycTuja HOBBIM
IPOEKT noj Ha3dBaHuUeM Milenia B co-
TPYAHUUYECTBE C HECKOJIbKUMU JApPY-
TMMH WHHOBAIIMOHHBIMH KOMITAHUA-
MH, 9TOOBI cO31aTh MHTEp(Ec, KOTo-
PBIF CMOMKET HHTErPUpPOBATh ropasio
6oJsiblre GUOJIOTUYECKUX apaMeTpoOB
HaIleTo TeJla, HallpUMep, ABUMKEHUE
rira3, yKasblBamollee Ha Hampase-
HUe B3IVIAla 4eJIoBeKa, — AJd 6oiee
IIOJTHOTO HMOTPYKEHUSA B UTPOBYIO UJIU
APYTryIo BUPTYyaJbHYIO cpeny. B oTnu-
qpe OT GOJBITMHCTBA AHAJOTHMYHBIX

CHUCTEM, TEXHOJIOTUS He HYKJaeTcd
B JIOJITOBPEMEHHOM HAacTpOWKe: BCETO
3-4 CeKyHABI, U aJTOPUTM CaM IOJ-
cTpamBaeTcAd K omnpenaeseHHOW IIT
4JeJI0BEKa — BCE IPOMCXOAUT aBTOMa-
TU4YeCKU. TexXHOJIOorus MOWeT OBITh
HCIIOJIb30BaHa HE TOJIBKO B KOMIIBIO-
TEPHBIX UT'Pax, HO U JJId TPEHUPOBKU
CIIOCOOHOCTHU K peJlaKcalliM, CHATHUIO
cTpecca WA KOHIIEHTPAlUMM BHUMa-
HHUA. MOGMIIBHBIE Tele(OHBI MOTYT OKa-
3aThCs 3/1eCh OUEHB IT0JIE3HBIMU — BEJlb
OHM Bcerjia ¢ HaMu. BoJjee Toro, B JaH-
HBIM MOMEHT KOMIIAaHMUS COTpyJHMYA-
€T C HECKOJIbKMMU KJIMHUKAMU, YTOOBI
paspaboTaTh CUCTEMY, II03BOJIAIONIYIO
TPEeHUpPOBaTh YMeHHUE (HOKYyCHPOBATH-
Cf1; 9TO IIOMOKET JIIOJAM, CTPaJaolIM
CIIBT (cuaapomoMm jaeduIiTa BHUMA-
HUA Y TUIIEPAKTUBHOCTH) UJIN SIIUJIEI-
cHuel, a TaKKe APYTUMU HapyIIeHU MU
IICUXUKU U pa6oThI MO3Ta.

BesonacHo nnu?
MHorue He3aBUCHUMBIE HCCJIeOBaTe-
a4, yuyeHble U puiiocodrl 60T Tpe-
BOI'y II0 IOBOJY MacCCOBOTO «JOMalll-
HEero» ucrojb3oBaHusa BCI B urposoi
UHAYCTPUU. IKCHEPT B MEJAUIIMH-
ckux BCI Hunbc Bup6aymep (Niels
Birbaumer) Tak paccy:kgaeT Ha 3Ty
TeMy B :rypHase Wired: dIpeacTraBb-
Te cebe, ecau KTo-To rnourpaa B BCI-
UI'PYy, OCHOBAHHYIO Ha UCII0JIb30BAHUU
MeZJIEHHBIX MO3TOBBIX BOJIH YEJIOBEKA,
a 1ocJjie 3TOro ceJj 3a pyiab MalluHBl —
3anpocto MoskeT npousoutu ATID.
HacTopos#eHHO 0T3bIBA€TCs O IpUMe-
"HeHuu BCI B urpax u npe3ugieHT Acco-
UALUY IPUKIAJHON ICUX0(PU3NO0JIO-
TUU U GHOJIOTUYECKOU 06paTHOM! CBA-
3u AnaH lapoc (Alan Garos). Mumnieab
XunH (Michelle Hinn), oquna 13 npena-
craBuTenelr MeXayHaApogHONU acco-
nuanuu pa3paboTYUKOB UTP, TaKkKe
BBICKa3aJl COMHEHHUE B HEOOXOMMOC-
TU ucnoab3oBaHusa BCI njis co3manus
JoMamIHuX Urp: «BCI-UTpel OYEHDb XO-
poIIu AJId JIoAeH ¢ OrpaHUYEeHHBIMU
BO3MOYKHOCTAMHM, HO OHU MOT'YT OBITH
HE CTOJIb IOJIEBHBIMU JJITI OOBIYHOMI
ayauTopuu. f HEe MOTY CO CTOIPOLIEHT-
HOI yBEPEHHOCTBIO CKa3aTb, 4To BCI-
UTPHI HE BBI3OBYT IIP06JIeM CO BHUMA-
HHEM U KOHI[eHTpaIruei.

A mounTepecoBaca y Moux cobe-
CeJHUKOB, YTO OHU AYyMAIOT IO 3TOMY

nosony. Muccuc TaH Jle u3 KoOMOaHUU
Emotiv Systems 6bl1a COBEpPIIEHHO
yBepeHa, 4TO HaM He4Yero omacaTbCsd
npuMeHeHusa BCIB urpax u nporpam-
Max: «BCI-TeXHOJIOTUU JeJIAal0T 00IIe-
HHE B BUPTyaJbHON peanbHOCTHU 60-
Jlee €CTEeCTBEHHBIM, MHTYUTUBHBIM,
KaK B OOBIYHOM KU3HU. [Ipeumymie-
CTBO 9MOIIMOHAJIbHO-MEHTAIBHOHN 06-
PaTHOM cBA3M B IIporpaMMax 4 Urpax
3aKJYaeTcsa B TOM, YTO paspaboT-
YUK MOMKET CO3/aTh TaKHUe IIPUJIOKe-
HUSA, KOTOPBIE OYAyT JTUHAMUYHO I10/1-
cTpauBaThCA I10J] KOHKPETHOE 9MOILIU-
OHAJIBHOE COCTOSTHHE IO0JIb30BATEJ.
Hanpumep, ecau cucTeMol JeTeKTH-
pyIOTCA yCTaJoCTh U IIOTEpA BHUMA-
Husa, BCI-nporpamMma Wiy Urpa cMmo-
JKeT TaK HallpaBUTb B3auMOJeHCcTBUE
T0JIB30BATENA C JTAHHOU CPEIoH, 94TO
CHU3UTCA €ro aKTUBHOCTb, Upe3Mep-
Had Harpyska u T.A. Bce mpoucxoaut
€CTEeCTBEHHO, KaK IIpU OOBIYHOM 006-
meHnH, 6e3 JINIITHUX YMCTBEHHBIX NN
9MOIIMOHAJIBHBIX YCUJINHN: aJITOPUTMBI
BCI camu noacTpauBalTcs o[ Bac,
a He BBI IIOJ] HUX).

IIpeacraBuTenb komnanuu NeuroSky
I'per Xusep (Greg Hyver), cnenuaauct
10 MapKeTUHTY, pasfejn] MHEeHHe
o 6e3onacHocTu BCI-urp: «Hao6opor,
TEXHOJIOTHH C 06paTHOH CBA3BIO HA OC-
HoBe BCI ipearionararoT 6osiee 310po-
BBIN 1 cOaIaHCUPOBAHHBIH CII0C06 06-
II€HUA II0JIb30BaTeJIA C UTPOU, 4TO 10
CHUX IIOp He yZIaBaJIOCh HU OJTHOMY pas-
paboTYUKY KOMIIBIOTEPHBIX WU BU-
neourp. OnpegeneHHbIe HETATUBHBIE
U3MEHEHUA B dMOIIMOHAJIBHOM U pu-
3UYECKOM COCTOSHHUU HUT'POKA, TAKHE
KaK yCTaJIOCTb, IepEeHAIIPSAKEHUE, MO-
ryT 61T 06Hapy:xkeHbl BCI-cucTeMoi
U HUBEJIUPOBAThCA NPOrpaMMOM UIHN
UTPOU Ha OCHOBAHUU 3TOU MHPpopMa-
nuu. 9To 6€CCIOPHBIN IPOPHIB B TEX-
HOJIOTU M.

Byaem HajaeATbCA, YTO HUMEHHO
Tak U npousorger. Uro BCI-urpsl
U IIPOTPAMMBI CTAHYT IIOHUMATh HAC
C IoJIycJioBa B NPAMOM U II€pEHOC-
HOM cMBbIcIaX. UTo m3-3a Bo3pacTa-
HHUA 6GIM30CTHU OTHOIICEHUU YeJIOBEeKa
U KOMIIbIOTEpa MBI He cTaHeM 6oJiee
3aBHUCHUMBI OT IIOcJIeJHETO. YTO, yBJICK-
IINCh MEHTAJIbHBIMU MaHUIIYIAIUA-
MU B BUPTYyaJbHBIX MUpPaX, MbI He 3a-
6y/seM o peaJTpHOCTH. W

B mupe nayku [06] umnb 2008
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Kopuna, I'H. 3muen

OcHoBul
B3aUMO/IeHCTBUS

(bu3HYeCKHX moJiei

¢ OuoJiornye
00BbEKTAMH

HUMH

XXopwmHa J1.B., 3mueBckom
I".H. OcHoBbI B3anmogencTems
dusnyeckux nonen

¢ 6MONIOrMYECKNMY 06 BbEKTAMMU:
Boapencreune noHnaupytoLero
1 OMTUYECKOro MU3nyyeHus. M.:

M3p-Bo MI'TY nm. Baymana, 2006.

Bonpocel GuoMequuuAbl

[Mpomenmuii BeK IIOPOAUI CHTya-
LU0, pPaJUKaJIbHO OTIHYHYIO OT TOH,
4TO CyIeCTBOBaJla B TeYeHUE MHOTHUX
MUJIIMOHOB JIeT 9BOJIIOIUU JKUBBIX Op-
ragu3MoB. [I0ABUINCH MOITHEIE aHTPO-
IIOTeHHBIe U3JIy4YeHUs, B CBOIO oYepeab
aKTHUBHO BIUAIOIINE HA KUBbIEe 00bEK-
TeI. Kak B oITUYeCcKoM, Tak U B Auana-
30He MOHU3UPYIOIINX U3y IYeHUN BO3-
HUKJIO MHOKECTBO UCKYCCTBEHHBIX HC-
TOYHHUKOB, MHTEHCHUBHOCTBH KOTODBIX
CYILIECTBEHHO IIPEBBINIAeT UHTEHCUB-
HOCTb €CTECTBEHHBIX.

KHura npejcrapiigeT co60i y4eOHUK
JUI CTYJEHTOB, 00ydJaloIUXCs 10 Ha-
npaBiaeHUAM «BHOMeUIIMHCKAA TeX-
HUKa» 1 «BHOMeAUIIMHCKAs WHIKEHe-
pusA», IOCTPOECHHBIA TAaKUM 06pasoM,
4TOGBI CTYAEHT, U3yYUBIIUN €ro, cTal
rpaMOTHBIM CIIEIIUAJIHUCTOM II0 paspa-
6OTKe M 9KCIIyaTAl[Myd MeJUITHHCKOMN

annapaTtypbl. M3/I0KeHHBIH B KHU-
re Kypc, ¢ OJTHOHM CTOPOHBI, yIiIybaseT
dyHAaMeHTalbHble PU3NYECKUe IIpe/-
CTaBJICHUA O BO3JCHCTBUAX U3y YCHUH
Ha JKUBBIE OPTaHU3MBEI, C IPYTOM CTOPO-
HBI, 3aTparuBaeT LeJbId PAJ IIPUKIAL-
HBIX BOIPOCOB: TEOPUI0 GHOTEXHUYE-
CKUX CHUCTEM, JIa3epHbIe MEJIUIMHCKUE
CHCTEMBbI, MEJUIIMHCKYIO pPaJHuOIOTUIO,
no3uMeTpHio. PaccMOTpeHBI MeXaHU3-
MBI B3BAUMO/IEUCTBUS U3JIy YeHU NOHU-
3UPYIOLIET0 ¥ OIITUYECKOTr0 TNAIIa30HOB
¢ OHOJIOTUYECKUMH CTPYKTypaMu Ha
Pa3JINUYHBIX YPOBHAX OpPraHU3alluH
OPUMEHUTEJIBHO K 3a/ladyaM MeJUITUH-
CKOM IWAarHOCTHUKY, TePAIIUU U XUPYP-
run. OmucaHBl OPUHIUNBI KOHCTPY-
UPOBAaHUA MCTOYHUKOB U3JIyYEeHUHA
U CPEeJICTB u3MepeHud 103. O6CykIaI0T-
Cf PUCKH, CBA3aHHBIE C UCIIOJIb30BaAHU-
€M MOHU3UPYIOIIUX U3JIY YeHUH.

o qopo2am Esponsl

HoBBIH AYICK, TOATOTOBJIEHHBIN U3/a-
TeabcTBoM M/I/IK, BriepBble npeacTaB-
JIIeT YUTATENII0 CHUCTEMY JOPOKHBIX
kapT EBponbl. OHa OoXBaTbIBAET iKe-
JIE3HO/IOPOKHBIE MAarucTpalyd U aBTO-
JIOPOT'H, KOTOPbIE BKJIIOYEHBI B €JUHYIO
YHOPaBJIAIOIIYIO IIPOrPaMMy, HO3BOJA-
IOIYI0 POCMaTpPUBATh KapThl B JIIO-
ObIX MaciiTabax BIIoTh A0 1:1000000,
a TaKiKe BEeCTH IIONCK HaCeJeHHBIX
IIYHKTOB IT0 HA3BAaHUAM MJIA UX YACTAM.
BaskHO, YTO BCe KapThl 0TOOpaKAIOTCS
B TpebyeMoM Macuitabe ¢ Heo6X0MMO
I10/Ib30BATEJIIO CTEIEHbIO IT0JJPOOHOCTH.
HNHbopManuio ¢ HECKOJIBKUX KAPT MOK-
HO 00'bEUHUTH B OHOM OKHE (HAIIpHU-
Mep, CTAaHIIMU U IpUJIeralye K HUM

JIoOpory), a TaKiKe BBIBECTU YKa3aHHE
PACCTOSHUM 10 aBTO3AINIPaBOK, TOCTHU-
HUIl 1 KEMIIMHIOB. Ba:KHBIM 1 HECOM-
HEHHO II0JIE3HBIM JOIIOJTHEHUEM CTaJN
KapThl KPYIIHBIX I'OPOJIOB, I/ie YKa3aHBbI
OIITUMAaJIbHBIE MapIIPyTHI ITPOE3/a, J10-
CTOIpUMEYaTEeIbHOCTH, MECTa OT/bIXa
U1 aBTOCTOAHKU. [IporpamMma « L {lupKyab»
TIpeoCTaBIAeT BO3MOKHOCTD HE TOJIb-
KO M3MEPHUTh PACCTOSHHE IO ITPOU3-
BOJIBHOMY MapIIPyTy, HO U IIPOJIOKUTH
ONTUMAaJIBHBIN MapIIPy T HOE3KU, IIPU-
BA3BIBAA €ro KO BpPeMEHU, HeoOXOmu-
MOMY JUIA IIpoe3/ia M3 OJHOTO IIYHKTAa
B ipyroi. TeMaTH4eCKHe CIIPABOYHUKN
MO3BOJIAIT MOJYYUTh HHQOPMAIHUIO
0 11060M ITYHKTE MJIN PETHOHE.

Marepuana npu HeoOXOAUMOCTH MO-
JKET aBTOMATHUYECKH OOGHOBJIATHCA
yepes IHTEpHET.

VmeeTcs peJaKTOp KapT, KOTOPBIU I10-
MoraeT BeIOpaTh cxemy TpebyeMoro paiio-
Ha B HE0OX0JMMOM MaciTabe, a 3aTeM
3a/aTh ee HacTpoiku. Ilepes pacneyar-
KOM Ha HEe MOKHO HAHECTHU COOCTBEH-
HBbIE IIOMETKH, IOAIUCU HJIN KOMMEH-
Tapuu. Takasa KapTa OKaKeTcsd I0JIe3-
HOM /I CIENUAIHUCTOB PasJIMYHOIo

npodus.
BYHOT.

ATIAC ANTOMOGHILNMEK 1OPOT
« g s # rannepmsss L

N
-

Hoporu Esponbi:
DVD-ROM. M.: UAAK, 2008

AHanu3 mopcKoil Boqol

B MmoHOrpaduu NIpuBOAATCA JaHHBIE
aHaIn3a MOPCKOH BOJBI C IPUMEHEHHU-
€M He TOJIbKO KJIACCUYeCKUX, HO U HO-
BBIX GU3UYECKUX METOJ0B: aTOMHOM
abcop6allMOHHON CIEKTPOMETPUH,
HEUTPOHHO-aKTHUBAIIMOHHOI'O aHAJIH-

3a, Macc-CIIEKTPOMETPHUH C HHIAYKITH-
OHHOM 1my1a3Moi u 1p. HoBble MeTObI
MO3BOJIAIOT OIPeJEeNATh pacCcessHHBIE
aneMeHTHI B [I/IK (nmpexesbHO gomyc-
THMBIEe KOHIIEHTpPAIlUH), YTO OYEHb
Ba’KHO B YCJIOBUAX OITACHOCTH 3arps3-
HEeHUsA OKpYy:Kalollell cpeasl.
MoHorpapua OyaeT moJie3Ha He
TOJBKO TUPOXUMHUKAM, HO U 9KOJIO-

raM, 3aHUMAaINMCA OXPAHON OKPY-
JKAIOIEH CpeJIbl.

Crompton T.R. Analysis of seawater:
a guide for the analytical and
environmental chemist / Crompton T.R.
Berlin [etc.]: Springer, cop. 2006. XXI,
510 c.: un., Taén. buénuorp. B KOHUe .
Ykas.: ¢. 505-510.
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Hcmopus passumuy

B ocHOBE KHUI'U JIEXKUT KyPC JeKIUHI
110 UCTOPUU MaTEeMaTHUKH, YUTAaeMbIi
aBTopoM B MI'TY nMm. Baymana. B rep-
BOI1 YaCTH U3JaHUA OCHOBHOE BHIMa-
HHUe yJeleHo 6uorpadmaM TBOPIOB
MaTeMaTHKU U TeX MBICIHUTeeH, Ybu
HJed OKasajlM pellalolnee BIUAHHUE
Ha pas3BUTHE 3TOU HAyYKH, BO BTOPOH
4acTHU U3JI0KEeHA UCTOPUSA HEKOTOPBIX
OCHOBHBIX MaTeMaTHUYeCKUX MOHATUHN
U Ujen.

Jrogu, wn3ydamomue MaTeMaTH-
Ky, ObIIM HEOOBIYAHHO OJlapeHHBIMU
U IIUPOKO 06pa3oBaHHBIMU, aBTOP I10-
IIBITAJICA MIOKA3aTh UX BKJIAJ B MUPO-
BYIO KYJIBTYDPY, a TaKKe IPOCIeIUTH
CBA3b Pa3BUTHUA MaTeMaTHKHU C 00-
MM pas3BUTHEM Hallled IIMBUIN3A-
nuyd. YTo6Bl IPOAEMOHCTPUPOBATH

9Ty CBA3b 6oJiee OTYETINBO, B HaYaJje

HEKOTOPHIX IVIaB JlaHa KpaTKasd Xapak-
TEPUCTUKA COOTBETCTBYIOIIET0 UCTO-
pudeckoro nepuoja. IlpusHasas, 4To
coZiepicaHNe KHUTU BO MHOTOM 3aHM-
CTBOBAHO U3 OITyGJIMKOBAHHBIX paHee
paboT Ipyrux ucciaesoBaTeseil, aBTop
TeM He MeHee OTMedYaeT, YTO K HaCTO-
AIeMY BpEMEHHU IIPAKTUYECKH OTCYT-
CTBOBAJ aHAJIMN3 Pa3BUTUA MaTeMaTHU-
KU B XX B. B KHUTe c/iej1aHa MONbITKA
BOCIIOJITHUTB 3TOT npobes, B Hel yaa-
JIOCh HAUTH 30JIOTYIO CEpPEeJUHY MEXK-
Iy IOXOAYMBOCTBIO U TOYHOCTBIO U3-
JIOJKEHUS MaTeMaTUYeCKUX ITPo6ieM.

MoHorpadusa ajapecoBaHa BCEM,
KoMy He6e3pas3jJndyHa HCTOpPUS Ha-
YKH.

B.®. [Tanos

MATEMATHKA

JAPEBHAA U IOHAS,

MaHos B.®. MatemaTtuka
OpeBHAA 1 toHas. M.: N3g-Bo
MITY nm. BaymaHa, 2006.

llepcnexmusel UCNOAb30BAKUY KPEMHUY

Monorpadusa nocpslneHa IIpobJie-
MaM U IIepCIeKTUBAM UCII0JIb30BaAHUSA
KpPEeMHUSA A CO3JaHUsA IPUGOPOB
U YCTPOMCTB HAHOBJIEKTPOHUKU U Ha-
HOMDOTOHUKU.

B kHuTre u3J0KeHBl (QU3NUYECKUE
IPUHIIUIIBI HAHOJJEKTPOHUKH, pac-
cMaTpHUBAIOTCA O0COGEHHOCTH CTPYK-
TYpP C KBAaHTOBBIMU TOYKaMU, HX
orntTudeckrue U (OTOIEKTPUUECKHE
cBoiicTBa. O6Cy:KAAI0OTCA pa3JIudYHbIe
METOJbI U TEXHOJIOTUYECKHE BO3MOMK-
HOCTHU (POPMHUPOBAHUA HAHOCTPYKTYP:
MeTOJ, MOHHON MMILJIaHTAIlUH, METO/[

TEPMHUYECKOTO HCHAPEHUS, CHUHTE3
OPOBOAIUX U HOJIYIPOBOAHUKOBBIX
COeIMHEHUH B KPEMHUEBOUM MaTpUIIE,
pasIuYHbIE CITIOCOOHI MOJIYYeHUA MO-
HOKPHUCTAJIJIOB KpeMHHUsA. B 3akjro-
YUTEJHbHOU IJIaBE PACCMOTPEHBI IEP-
CHEKTUBHBIE HAIIPABJIEHUS KPEMHU-
€BOl HAHOBJIEKTPOHUKHU, CBS3aHHBIE
C HCCJIeJJOBAHUEM CaMOOpPTaHU3aIUU
CTPYKTYP: UCIOJIb30BAHUE B 9KCIIEPHU-
MEHTaX CHHXPOTPOHHOTO U3JIyYeHU,
MoaAUDUKAIUA MOBEPXHOCTH HPH II0-
MOIIIY CKAHUPYIOIIEH 30HJ0BOH MUK-
POCKOTIMH.

nTe

o4 TIPATh -
o

lepacumeHko H.H.,
MapxomeHko 0.H. KpemHuit —
mMaTtepuan HaHO3MEKTPOHMKM.
M.: TexHocdpepa, 2006.

Pa3HoCMAbIC YPaBHEHUS B HOPMUPOBARAGIX NpoCMpanCMmBaK

Mosnorpadusa mnocBsAlleHa JIUHEH-
HBIM U HEJUHEUHBIM Pa3HOCTHBIM
ypaBHEHUAM B HODMUPOBAHHOM IIPO-
CTPaHCTBE, B YaCTHOCTH, CUCTEMAaTHU-
YEeCKOMY HCCJIEIOBAHHUIO ypaBHEHUU
U CYIIEeCTBOBAHHUIO NE€PUOJAUYECKUX
U TOJIOKUTEIbHBIX pelleHui. Mana-
HUe MOKEeT CTUMYJIUPOBATh HHTEpeC
MaTeMaTHKOB K Pa3BUTUIO TEOPHUU

yCTOHYUBOCTH abCTPaKTHBIX Pa3HO-
CTHBIX YPaBHEHUH U UX IPUJIOKEHHU-
fAM K YHCJIEeHHOMY aHaJIU3y, TEOpUU
yIpaBJIeHUsdA, KOHEYHOU MaTeMaTHUKe
U MHpOpMAaTHKeE.

KHura MomeT GbITh HOJIe3HA KaK
JUI CTIEIIMAJIICTOB B 06/1aCTH TEOPUU
YCTOMYHUBOCTH, TaK U AJA CTYAEHTOB
CTapIIUX KyPCOB.

Gil M.I. Difference equations in
normed spaces: stability and oscillations
/ Gil M.I. Amsterdam [etc.]: Elsevier,
2007. XVI, 362 c. (North-Holland
mathematics studies, ISSN 0304-0208;
206). bubnuorp.: c. 347-358. Ykaa.:

c. 361-362.
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pouee cobpanue PAE

YneH PAEH, 4neH-koppecnoHaeHT PAH
C.10. aabeB

po6iieMbl GOPMUPOBAHUA CTpa-

TEeruH JOJTOCPOYHOI'O0 COIlHAb-
HO-3KOHOMHUYECKOro pa3BuTusa Poccuu
OBLIM B IIEHTPE BHUMAHUA HAyYIHO-
NPaKTUYECKOU KOH(MEPEHIINHU, IIPOX0-
nusnieir B MI'Y um. M.B. JIoMmoHOCOBa
23 anpensa B paMkax O6miero co6pa-
HUsA POCCUMICKOM aKaJeMUU E€CTECT-
BEHHBIX HAYK.

IToMUMO IOJABEJEHUSA HUTOTOB MU-
HYBIIETo rojia 6bIJIM HaMeYeHbI 0CHOB-
Hble HaIIpaBJIEHUA IIPOBEICHU A HAY 9-
HBIX UCCJIEIOBAHUM.

Hoxnan npesugenta PAEH O.J1. Kys-
HenoBa «Poccud u rimo6albHBIN MUDY,
B KOTOPOM pacCMaTpPHUBAJUCHL pas-
JINYHBIE ACIIEKThl MHTErPAIIUU B MU-
poBoe COOO6IIecTBO, CIOCOGCTBOBAJI
HpeBpaIieHNI0 KOH(pEpeHIIUU B J1a-
JIOT, KOTZla KaMKJAbIH yIEHBIH MOT BBI-
CKa3aTh CBOIO TOYKY 3PEHHA IIO KHU-
BOTpEINemyIuM npobieMaM COB-
peMeHHOCTH. [lo9TOMYy HEOOGBIYHO
OCTPO M AKTYaJIbHO IIPO3BYYaJiO BbI-
CTyHJI€eHUE JEeHUCTBUTEIBHOrO YJe-
Ha PAEH A.U1. CmupHOBa 06 apk-
TUYECKUX TIeOoCTPATern4YecKux HH-
Tepecax Poccum, B KOTOpPOM Oblia
3aTpOHyTa HOJy4YHBIIAs IIHPOKOE

ocBellleHUEe B 3apyO0exKHOUN Iipecce
TeMa «XOJIOMHOU BOUHEBD B APKTHKE
¥ KOHTPUTIPBI B AHTApKTHUAe. B ipen-
J0oKEeHHOU mpodeccopoM Breicimen
9KOHOMUKHU JEUCTBUTEIb-
HBIM 4ieHoM PAEH A.Jl. CMUPHOBBIM
MoJeau JUHAaMHUKU

IITKOJIBIL

ria1o6aabHOTO
noira OBIIM IIOABEPTHYTHI aHAIU3Y
U KOHCTPYKTUBHON KPUTHUKE COBpeE-
MEeHHBbIE METOIUKHU CIMCAaHUSA I0JITOB,
B YaCTHOCTH, 60raThIM CTpaHaM.

[Ipo6remMa mepexoga SKOHOMHUKH
Poccum Ha WHHOBAIIMOHHBIA IIyTh
¥ OLIeHKAa BO3MOMKHBIX CIlEHAapUEB pa3-
BUTHA CUTyaIlUU OblIa KIOYEBOU Te-
MOM JOKJajga AeHCTBUTEIBHOTO 4YJle-
Ha PAEH, uynen-kKoppecnongenTa PAH
C.I0. I'nasdbeBa. Beliu 0603HAYEHBI
OCHOBHBIE CTpaTE€TUYE€CKUE PUCKH
W IIPUYUHBI HEPABHOMEPHOTO 3KOHO-
MHUYECKOI'0 pa3BUTHUA PErUOHOB, IIPOG-
JeMbl TJIOGAJIbHBIX SHEPreTHUYeCKOU
U BKOJIOTUYECKOU 6€30IIaCHOCTH.

KondepeHniua crama HE TOJIBKO
€KEeroJHbIM CMOTPOM HAay4YHBIX CHII,
HO U coOpaHUEM y4YeHBIX, I10-pPa3HO-
My MBICJISAIIUX U INIy6GOKO 06€CIIOKO-
€HHBIX CyAb0OOM CTpPaHBI U €€ POJIBIO
B INIOOQJIN3YIOMEeMCA MUPE. B

Hagka na MKG

YHIaMeHTaJIbHbIe Hay YHBIE Pa3-
PaboTKU 1 IPUKJIAAHBIE UCCIIEN0-
BaHHUA OKOJIO3EMHOIO IPOCTPAHCTBA,
METOJMKN OPTaHU3aIlMU OT/AbIXa ac-
TPOHABTOB U KOCMUYECKUU TypPU3M —
BCE 9TU TEMBI ObLIIU BOBJIEYEHBI B OP-
6UTY MHTEPECOB yYaCTHUKOB U roCTeN
KoH(epeHIuu U BeicTaBKU «Hayka Ha
poccutickom cermente MKC», npoxo-
puBnIen B anpene B MK PAH.
BricTynmasgs Ha mpecc-KOH(EpPEH-
MY, OPraHM30BAHHOMW IO CJydalo
OTKPBI-THS BBICTABKMW, KOCMOHABTHI
I0.M. Barypun u C.K. Kpukanes noa-
YePKUBAJIN 3HAYUMOCTb IIPOBOJUMBIX
POCCHICKUX HCCIeI0BaHUMN s Oec-
nepe6oiiHOr0 (GYHKIIMOHUPOBAHUSA
MKC. Mup HayKn MHTEpHaIIAOHAJIEH,

U 3KCIIEPUMEHTHI, IIPOBEJEHHBIE II0
nporpamMMam P®, oka3bplBaloTCsa BOC-
Tpe6GoBaHHBIMU /I IPYTUX IIPOEKTOB
MeKAyHapOAHOro Macmraba.

[lepcrieKTUB NOPOBEAEHUA HaAy4-
HBIX HCCJIEJOBAHUN U CTPOUTEIb-
ctBa MKC kocHyJica B JOKJaje Ha
KOH(EepeHIIUN TeHepaJbHBIA KOH-
ctpykTop PKK «9neprus» B.A. Jlontora.
B 6nummadmux niaHax POCCHUUCKOM
PAKEeTHO-KOCMHYECKOH OTpaciu —
opraHU3anusa HOBOIO KOCMOJpoMa
«BocTo4uHEBIN», 06yCTPONCTBO MHPpPa-
CTPYKTYPBI KOTOPOTO MOXKET 3HAYU-
TEJIbHO OOJIETYUTD IIYCK U COITPOBOK-
JiIeHue MoJIeToB JJid Poccun m Apyrux
CTpaH.

IIpenceparens HKoopauHAIIMOHHO-
o HayYHO-TE€XHUYeCKoro coseTa Poc-
KocMoca akajgeMuk H.A. Andumos
HoAPOOGHO OCTAHOBUJICA HA pPas3Ind-
HBIX 9Talax peanu3anuyu [IporpaMMsel

Hay4YHO-IPUKJIAJHBIX UCCIeJOBaHUU
Ha poccuiickoMm cermeHTe MKC. Pas-
BUTHUEM HAy4YHBIX pa3paboTOK B HO-
BBIX YCJIOBUAX BUAUTCA paclIupeHUe
HaIlpaBJIEHUN MEKJAyHapPOJHOTO CO-
TPyAHUYECTBA, 3a/leiICTBOBaAaHUE WH-
HOBAIIMOHHOI'O IIOTEHIIHaja 060pOH-
HBIX NPEANPUATUN U HapalluBaHUE
SHEProMOIIHOCTHY CTAHIIUH.

MeaunyHCKHE U G10JIOTUYECKUE UC-
clIeJOBaHUs, IIPOBOAUMBIE HA POCCU-
ckoMm cermeHTe MKC, ObL1M IpEACTaB-
JIEHBI B JOKIage akagemuka A.W. I'pu-
ropbeBa. KoMIIekcHoe paccMoTpeHue
Hay4JHBIX Ipo6isiem Ha MKC pupekTo-
pom HMHCTUTyTa MEAMKO-OHOIOTHYE-
CKUX IIPO6JIEM ITI03BOJIMJIO CIyIIATEIAM
00'bEKTHUBHO OLIEHUTH BAKHOCTb IIPOBO-
JAVMBIX 9KCIIEPUMEHTOB U UX IIPAKTH-
YeCKyI0 3Ha4YUMOCTbh, B YaCTHOCTH, LI
U3yYEeHUA I1J1a3MOIIBLIEBBIX BO3JEHC-
TBHUH B KOCMOcCe 1 Ha 3emire. B



Jnepeochepezatouue mexonozuu

16 anpesia B MockBe, B 3gaHuu [Ipe-
suauyMa PAH nponuio moaBeeHUe UTO-
roB Broporo Bcepoccuiickoro KOHKYp-
ca Hay4YHO-MHHOBAIIMOHHBIX IIPOEKTOB
«QHeproc6eperarommue TeXHOJIOTUU I
IOBBIIIEHUS Ka4yeCcTBa KUSHU JIIOAEH»,
OpPraHM30BAHHOTO KOMIIaHUEN Siemens
JUI CTapLIeKJIaCCHUKOB. M3 mepBoHa-
4YaJIbHO IIPEJICTABJIEHHBIX B aJpec op-
rkomuteta 409 NpoeKToB OBIIO 0TOG-
pPaHoO 7 — II0 OAHOMY OT KaiKJoro dese-
PaJILHOTO OKpyTa.

3a KOMIIJIEKCHYIO IIPOPaGOTKY IPO-
eKTa 110 060CHOBAHUIO HEOOXOAMMOC-
TH U 0COOEHHOCTEH HCIIOJIb30BaAHUA
BETPOYHEPIrOCTAHIIUN B POCCHUMCKON
yacTtu bapennesa mopsa u B SATO Bu-
JIS1€BO IIEPBOE MECTO OBIJIO IIPUCYH/IE-
HO Anekceio Psa6oBy (CeBepo-zamaj-
HBIA desepaabHbIN OKpyT). Paccauras
Ha OCHOBAHMM TEXHUYECKUX XapaKTe-
PUCTUK CTAHIUI TOJOBOM SKOHOMHU-
yecKUN 3PPEeKT U WHBECTUIIMOHHBIE
3aTpaThl, HOMUHAHT yO€JUTEIbHO /I0-

KasaJl OKYyIIaeéMOCTb CTPOMTEJIbCTBA
B PETHOHE JByX YCTAHOBOK B I'O/I.
Cpasy ueThIpe pelIeHus 110 SKOHOMUU
SHEPTropecypcoB B OBITOBBIX YCIOBUAX —
B [IoOMaX, JKUJIBIX 1 IPOU3BOJACTBEHHBIX
THOMeIleHuAX — npeIoknan Hacracusa
l'anuna, Mapusa JlakTroHOBa 1 AHAcCTa-
cua JlanmmHa. 3a pa3paboTKH IO H3Y-
YEeHUI0 MacIITab0B pacxoja dJIEKTPO-
9HEPruy anmnapaTypou ¢ TeXHOJIOTHeHr
Standby, IpeAI0KEHHYIO CXEMY 0B~
€3JHOT'0 OCBEII€HUs C IIOMOIIBIO CBeE-
TO-IMI0JIOB, aHAJIU3 IIPOCTPAHCTBEHHONU
KOMIIOHOBKH CHUCTEM BOJOCHAOKEHUHA
U KOHCTPYKIMIN KPaHOB-CMECUTEJIEeH,
a TaKiKe 32 UCIIBITAaHUA Ha 6€30I1aCHOCTh
9JIEKTPOHHOM CXEeMBbl Pa3psAJHUKA JJIA
CHCTEMBI 3aKUTaHUA Fa30BOr0 IJIaMEHH!
3anaJIbHOT0 (PUTUJISA BOJOHATPEBATEIb-
HOU KOJIOHKH TPH Y Y€HUIIbI ITKOJIHI LleH-
TpabHOro deiepaJbHOrO OKpyTra 3aciy-
YKEHHO MOJIy YUJIA BTOPOE MECTO.
IIpeo6pa3oBaHue 9SHEPTUHU BOJBI
CeeTnuHckod I'OC Ha peke Buoi

@OPYMbI, NPEMHH, BbICTABKH

B 9HEPruio BOJOPOAA CIOCOGCTBOBA-
JI0 pa3paboTKe YHUKAJIbHOTO IIPOEKTA
YYEeHUKOM 13 J[aIbHEeBOCTOYHOrO (ejie-
paJsibHOro okpyra Jimurpuem KouyGeem.
OGocHOBaHHE PA3BUTHUA 9KOJIOTUYECKH
YHUCTOro BOJAOPOAHOIO IIPOU3BOACTBA
B HKyTI/II/I CTaJIO OCHOBAaHHUEM JIA ITPU-
CYHRAEHUSA EMY TPETHETO MECTA.

IIpu HarpaKAeHUH JIay peaToB YIeHa-
MU ¥KIOPU HEOJHOKPATHO IIOAYEPKUBA-
JIOCBh, YTO BCE CI)I/IHaJII/ICTbI KOHKYypca —
nmobeauTeIn. M

PasBopoT nogrotosun
JleoHnp PaTkuH
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NIAGOPATOPHA BKYCA

Ecnu 311 pasHouBeTHbIe yripyrve ctebnu,
HarnoMuHarLLmMe rno BKYCY LIBETHYIO KanycTy,
BCE €eLle He KaXyTCcA BaM MHTEPECHOM
NULLEN, 3HAYUT, Bbl NPOCTO HE 3HAETE,

KakK Nno-pa3HOMYy UX MOXHO MPUroToBUTb

a MHOTUX eBpOHeﬁCKPIX A3bI-
KaX 9TO MHOTOJIETHEE pacTe-

HHE U3BECTHO II0J] CBOUM JIa-
TUHCKHUM HMeHeM Asparagus WJIN Ha-
3BIBAETCHA KAK-TO IIOXO0MKeE: TI0-HEMEIKHU
Spargel, no-gpaHIy3CKU asperge, IO-
pyccku «cmapixkar. Ero cwemoGHas
yacTh AJUHOM 15-20 cM GbIBaeT 6eJIon,
3eJIeHOH, (PUOJIeTOBOU U Jake 6opao-
Boii. Besas ciap:xa o6BIYHO TOJIIIE 3€-
JIEHOH, 3aTO y 3eJeHOH! BKYyC 6oJiee BbI-
pakeH, oHa U IIOIIOTHee GyIeT.

KoHel BeCHBI 1 HAYaJIO JIeTa I10 Bcer
EBpone npoxoauT II0J, 3HAKOM TOTO
CEe30HHOTI'0 JleIUKaTeca C JEeTKUM, He-
Ha30MJIMBBIM BKYCOM M COBCEM TOHKHUM
apomaroMm. Cyuraercd, YTO UMEHHO
B 9TOT IIEPHOJ, OHA OCOOEHHO HEeXHA.
B HEMeIKOA3BIYHBIX CTPAHAX 9TOT Ce-
30H TaK U HA3bIBAIOT — «IIIapreib-
nawT (Spargelzeit), «BpeMs cnapxm,
KOI/Ia B PECTOPAHHBIX MEHIO IOABJIA-
€TCH CIIeIUaIbHOE Ce30HHOE IIPUJIOKe-
Hue — Spargelicarte. IlogaBaTh cnapxy
B Ipyroe BpeMs rojia CYuTaeTCA MOBe-
TOHOM, XOTS B CyIIepMapKeTax ee MOK-
HO HAWTH KPYIJIBIA T'OJI.

OrpoMHBIE CIap:KeBble IIAHTAIIUN
MOIKHO YBUAETh U B 'epmMaHuu ¢ AB-
ctpueit, u B Mcnanuu c Utanueit. [lamxe
B Hallle UHAYCTPUAJIbHOE BpeMs aTa
XpylIKad KyJIbTypa TpebyeT 60JIbIIOro
PYy4YHOr'o TpysAa, 0CoO6€HHO Ha PUHAIIb-
HOM cTaJuu, IIPU yOOpKEe U COPTUPOBKE
ypoxasa. YTo6bl COXPAaHUTh XPYIIKYIO
CBEKECTDb CIIap:KEBBIX ITOOGEroB mepes,

¢dacoBkoM, UX 3aMavYUBAIOT B OYEHBb
XOJIOJHOU Bojie. 3aTeM Ha KOHBeHepe
HUX COPTUPYIOT IO JUIMHE U TOJIIUHE —
B KaKJOMW ITadyKe, MHOJATOTOBJIEHHOMN
K IIPOJaske, BCA CIIapiKa JOKHBI ObITh
abcosIIoTHO oguHakoBoil. Ha copru-
POBKE OGBIYHO CTOAT MKEHIIUHBI, Y HUX
JIydIie nojydaeTcs 9Ta KpoHnoTiInuBas
pabora, TpebymIiad riia3oMepa, Tep-
IIeHUSA U aKKYPATHOCTU.

FOTOBUTH CHApPKy HYKHO IPAMO
B JIeHb IIOKYIIKH, B KpaliHeM ciIyJae ee
MOKHO IOJEpPRaTh B XOJIOJHUJIbHUKE
napy AHeH, 3aBEpHYTOU BO BIIAKHYIO
TKaHb. BEIMBITYIO0 G€JIyI0 CIIapKy O4U-
IaoT IOYTH IEJIUKOM, CHUMasd TOH-
KUIM BHEIIHUH CJION, a y 3eJIeHOU 4uc-
TAT TOJIBKO HIKHIOI YacThb Itoera,
IIPUMEPHO TPeTh ero JINHBL. CoBceM
MoOJIOABIE U TOHKHE cTebJIM 3eJIeHOU
cIap:Ku WHOIJa JOCTATOYHO IIPOCTO
TIDATEJIBHO IIOMBITH IMeTKOU. KcTa-
TH, He BbIOpacbIBaiiTe crapikeBbIe
OYHCTKM: B UX OTBape MO¥HO CBapUTh

B mupe nayku [06]uwnb 2008

MOJIOZIY IO KAPTOIIKY 1 MOAATh KaK rap-
HUP K TOU JKe CIIapIKe.

OTBapuBaIOT cHap:Ky B IOJCOJIECH-
HOH BOJIe B ITyYKax-CBA3Kax no 10—12
LIITYK, NUHOTAA B 9Ty BOJY 106aBJIAIOT
HEMHOTO CJIMBOYHOTO Macja M caxa-
pa. CnenuajbHO A 3TOr0 XPYyHKO-
I'o OBOIIA CYIIECTBYET IUINHpUYEC-
Kasf KacTPIoJA C 0coO60M pemeTdaToin
BCTaBKOM; B Hell 04eHb yI00HO OTBapPU-
BaTh CIIAPIKY €Il ¥ IIOTOMY, UTO ee He-
JKHBIE I'OJIOBKU OCTAIOTCA HaJl IIOBEPX-
HOCTBIO BOJIbI U JIOXOJAT ZI0 TOTOBHOC-
TU Ha napy. Besnaa cnap:xa nocnesaeT
MUHYT 3a 20, Ha 3eJIEHYI0 (OHA IIOTOHb-
mre) yxonut 10-15 munyT. Ilpu nogaye
CIIap U KaK CaMOCTOATEIbHOT0 6J1roa
06CTOATEIbHBIE HEMIIBI 0GBIYHO 6epyT
npumepHo 400 r Ha efj0OKa; B TOM CJIy-
4Jae, ecJIM clapsa BbICTyIaeT TapHU-
PpoM, ee ITOpPLUSA BIBOE MEHBIIIE.

JITMHHENIUHN CIIUCOK pa3Hoobpas-
HOM CIIap:KeBOH eJbl 110 IIpaBy OTKPHBI-

Ba€T KJJIACCHUYECKOE€ N COBEPIIEHHO




reHuaJbHOE B CBOEH ITpocTOoTe OJIIO-
JI0 — 9TO ropsyas cuapixa moJ; 6eJbIM
coycom «osagaed» (Hollandaise, «roui-
JIaH/ACKUI») U MoJIofasl OTBapHas Kap-
TolIKa. HUYero cJI0XKHOIO B 3TOM CO-
yce HeT ¥ IIPU IOMaIIIHEM UCIIOJTHEHUH,
BCE er0 MHTPEJUEHTHI BIIOJIHE JOCTYII-
HBI: CJINBOYHOE MACJIO, ANYHBIE KeJIT-
KU, 6€JIbIIl BUHHBIHA YKCYC, COJIb, MOJIO-
TBIA YepHBbIN neper. C 3TUM Ke YHU-
BepCaJbHBIM COyCOM IIOAAIOT U MHOTHE
Apyrue 6J110/1a CE30HHOTO MEHIO — CKa-
JKEM, TOT K€ OMJIET CO CIIapiKel, HUJIu
CIIapsKy € 3anedeHHou ¢opesbro. Mox-
HO IOCTYIIUTH U COBCEM IIPOCTO, IIO-
CTaBHUB Ha CTOJI OTBAPHYIO CIApKY
C MOJIOJIOW KapTOIIKOMW, HOJIUTON pac-
TOIUIEHHBIM CJIMBOYHBIM MacijoM. He
3abyabTe, KCTATH, IIPeJBapUTEIbHO
oJorpeTh 611010, HA KOTOPOE BhI Oy/1e-
T€ BBIKJIQIbIBATh 9TOT BEJIUKOJIETTHBIH
MIPOAYKT, OH HU B KOEM cJIydae He J0JI-
$KEH OCTBITD Ha Iy TU U3 KYXHU K CTOJIY.
Xopola criap:ka 1 ¢ pel60it, IpUroTOB-
JICHHOU Ha I'PHUJIE, ¥ C MOPEIIPOAYKTaMU
B Pa3HBIX BUJAX, U C JECHBIMU I'puba-
mu. [y Bamrei IIo6MMON TacThI MOXK-
HO IIPUT'OTOBUTB JIETKUH coyc Ha 6eJIoM
BUHE, IIPeIBAPUTEIBHO 00KapHUB COB-
CeM KOPOTKHE KYCOYKH CIIapKU U TOH-
KHe IUIACTUHKU Tprodesel, ecan Hal-
AyTCHA, HO MOAOUAYT U IIAMIIMHBbOHBI.

OTanvyHad 3aKycKa e/Ba JIM He K JIIOo-
60My HAIIUTKY IIOJIydaeTcs U3 OTBa-
PEHHOM crIap:Ky, Hape3aHHOH Ha IIop-
LIMOHHBIE KYCOYKHU JUIMHOU C MU3HHEI]
U 00:KapeHHOU B KifApe. 3alleKalT ee
II0Z CJI0eM IIMUHATA, OCTaBJIAA Hello-
KPBITBIMU CIIapiKeBbIe TOJI0BKH; ObIBA-
JOT U IIPOCTO TOCTHI CO CIIApIKeH, 3arre-
YEeHHOM C CBIPOM.

Coychl U TapHUPHI BOOOIIE O4YeHb
BaKHBI B 6fofax co criap:keil. Hampu-
Mep, €CJIU K Hel mojaeTcs JoCoCh, TO
OIITUMAaJIbHBIM MOKET OKas3aThCdA Ba-
HUJIBHBIHA COyC, a €cId BeTYHUHA, TO
U KIyOHUYHO-IEpPEeYHBIH, HJIHN eIle
4TO-HUOYAb CTOJb K€ BBIPA3UTE]b-
Hoe. KcraTu, o BeTUnMHE: B HEKOTO-
PBIX €BPOIIEHICKUX CTpPaHaxX K CIIapiKe
ee HepeJKO IOoAAI0T cpa3y B ABYX BHU-
Jax — KOITYeHOM, Hape3aHHOU TOH-
YaWIIUMU JIelleCTKaMU, U BapeHOM,
IUTaCTUHKAMU IIOTOJIIIIE; BIeYaTIeHUA
MO¥KHO CPaBHUTH HeMeJJeHHO. B ce-
30H Jlaske IMUIIY TOTOBAT CO CIIapsKel.
OueHb aNIeTUTHO CMOTPATCA HaIlU
ponHbIe GIUHBI C 3€JIEHOU CIIapiKew,
KpacHOU NKpoH u 6esioit cMeTaHOU. 113
3CTETUYECKUX COOOpasKeHUH crap-
#KEeBBIIf TapDHUP UHOIJa TOMkKe JleIaloT
KOMOMHUPOBAHHBIM: 3€JIeHbIe CTe6aIu
IIOTOHBIIIE U Gesble IOTOJIIE 30POBO
OKUBJIAIOT Bce OJII0f0.

OpHako cama mo cebe cmapxka —
NPOAYKT OTKPOBEHHO AMETUYECKUH,
B Ka:K/JOM ee KryiorpaMMe Bcero 200 ka-
snopuii. [ToaTomy 13 6eJoi criapsu 10-
BOJIBHO YacCTO TOTOBAT HeoOpeMeHU-
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TEJbHBIA CyI-IIIope, a YK OyJIbOH U3
Hee II0JIy4aeTcs BOooOIe BO3YIIHOHN
HeBecoMocTH. Jlro6urenu 6osee MMIoT-
HOM MHUIM WHOTAA KpoIaT B CIap-
JKEBBIM CYyII, HEIIPEPBIBHO €ro IIoMe-
myBas, KaKoW-HUOYAb MATKUH CBID,
a II0CcJIe TOro KaK OH IIOJTHOCTBIO pac-
NaaBUTCH, J06ABIIAIOT €Ile U B30UThIE
Ha CMeTaHe AUYHBIE JKEJITKH.

C Apyroy CTOpPOHBI, CHap:Ka O4YeHb
YAAYHO OTTEHSAET COTUTHOCTDb IPAKTHU-
YeCcKH JIF00oro Msaca, BKJIOYad caMylo
pasHyIo [1n4db. Xopollla OHA U C Kape-
HBIM GEKOHOM, U C HE}KHOH TEeJIATHUHOM,
U C OCHOBaTeJIbHOU (pya-rpa, Cc UCIIaH-
CKHUM XaMOHOM 1 ITaPMCKOM BETYHNHOH,
co MHOruMHU cbeipaMu. K 6apaHuHe Ha
KOCTOYKE CIIapiKy MOMKHO CJerka o6-
JKAPUTD.

Brl He moBepuTe, HO CO cHapKen
MOXKHO IIPUI'OTOBUTH U OPUTMHAJIB-
Hble JecepTHbIe Oiiofa. ITonpobyliTe
U3MEJIbYUTH €€ C TPeUNIPpPyTOM U aBO-
Ka/jo, fo6aBbTe€ HEMHOIO MeJa U JIU-
MOHHOTO COKa. VJIu NpeAoxRUTe CBO-
UM T'OCTAM KOPOTKHE KYCOYKH Oesoi
CIIapKU CO CBeKel KIyOHUKOM U Ha-
pe3aHHBIMU HUIANKAMHA MIAMIIMHBO-
HOB, @ AYUIUCTBIM MOJIOTBIM IIeplieM
IIyCTh OHU IIOCHINIAIOT 3TOT JIeTUKATEC

caMu. CBeKEOTHKATHIN CIIapKEBbIA COK
BBIIVIAAUT GJI€JHOBATO, HO BeAb €ro
MOYKHO CMeIlaTh C MOPKOBHBIM HIJIH,
JIOIIYCTHUM, CBEKOJIBHBIM...

CBesxas JerkoCcTh CIIapIKY Ipeonpe-
JleJIIeT U ee OITHMAaJIbHOe BUHHOE CO-
IIPOBOK/ICHUE: 0OBIYHO 9TO O€eJIble CyxXue
BUHA U3 coptoB Chardonnay, Riesling
unu Sauvignon Blanc, 4To-HUGYb Jer-
Koe 13 (paHIy3CcKoro Jiab3aca, ¢ He-
Menkux 6eperoB PeiiHa u Mosensa uinu
u3 aBctpuiicko llItupuu. Kak npasu-
JIO, BCE 9TH BUHA He IIPOXOAAT GOYKOBYIO
BBIZIEPIKKY, MHAYe BAHWIbHBIE TOHA Oy-
AYT IIOAABJIATH TOHKUIM apoMaT CBexkelr
cnap:ku. MoKHO 0G0MTHUCH TaKKe 00bIY-
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HBIM IIAaMIIaHCKUM — pa3yMeeTcs, Ha-
cTOoAIMNM, U3 PpaHIANA.

IIpuATHO co3dHaBaTh, YTO 3TOT Kpa-
CUBBIM U BKYCHBIN OBOII €Ille U I10JIe-
3eH, B HeM O0Hapy:KeHbl BUTAMUHBI B
u C, a TakKe KaJIui, Kaapnaui u doc-
¢op. Vixke npeBHUE I'pEKHU, a 3a HUMU
¥ PUMJISHE, GbLIIN yBEPEHBI, UTO CIapKa
VEKpPEeIIAeT MYKCKYI0 IIOTE€HIUIO; BIIOJI-
He BO3MOXKHO, CBOIO POJIb 3/IECH ChIIPaJI
ee He 0YeHb CKPOMHBIN BHEITHUN BUJL.
B cpenneBexoBoii EBpomne cnapiky
O0YEeHb YBaKaJIU U B HAPOJHOM, U B 0pU-
UAJIbHOW MeIUIINHE (Ha 9YTO YKa3bIBa-
€T, KCTaTU TOBOPA, €€ MOJIHOe JaTUH-
ckoe Ha3BaHUe — Asparagus officinalis,
TO €CTh «acraparyc JedeOHBbIN); 1y10-
JeHCTBEHHOMY acraparycy IpUIIHCHI-
BaJIU TPOo(pUIAKTHYECKUE U JedyeOHble
CBOMCTBA JJIA OYeHb MHOTUX U COBEP-
IIEHHO Pa3HBIX 60€e3Hel — OT peBMa-
THU3Ma U IPOCTY/IBI O TEMOPPOs U 3y06-
HoOU Gosu. B o6IieM, Kak COBEPIIEHHO
cIIpaBeJJINBO yTBEpPXKIAEeT HEMeIllKad
norosopka, Spargel ist Gesund, cnap-
3Ka — 9TO 3/10pOBheE. B




OAKT HIAH OHKUKA?

Yapna Yon

MOKHO I osoiiTuce NONOBUHON CBOB20 M032a?

Or{epaunﬂ 10/ Ha3BaHUEM TeMH-
cepakToMua — T.e. yAaJleHUE
TI0JIOBUHBI MO3Ta — MOKET II0OKa3aTh-
Ccd CIAMIIKOM paJHuKaJbHOM, YTO-
6Bl Taske IoAyMaTh o Hel. OgHAKO

B IIpOIIE/IIEM BEKEe XMPYPIHy Jena-
JIX €e COTHHU paa3 IIpu 3abojieBaHU-
fAX, He IOJJaBaBIINXCA JIEUEHUIO
Apyrumu croco6amu. Kak Hu yau-
BUTEJIbHO, TaKO€ BMeEIIaTeJIbCTBO
HE OKa3bIBAJIO CyIIECTBEHHOIO BJIU-
SHHUSA HA JIUYHOCTH U TaMATHb YeJIOBEeKa.
OsHavyaeT 1 9TO, YTO HaM JJOCTATOYHO BCe-
ro JUIIb HNOJIOBUHKI Mo3ra? W ga, u HeT. Ye-
JIOBEK MOKET KUTh U 3aHUMATbCA KAaKOU-1160
J1eATeJIbHOCTBIO II0CJIe TAKOM IIPOLely Phl, OJHAKO
BO MHOTMX OTHOIIEHUAX OH CTAHOBUTCSA MHBAJIM/IOM.

IlepBasa remucdepakTomMud Obliaa BBIIIOJHEHA Ha coba-
ke B 1888 r. HemenkuM ¢usuosiorom Ppugpuxom [oasTiem
(Friedrich Goltz). Hetipoxupypr Yoarep Jdenau (Walter Dandy)
BIIEPBBIE IIPOBEJI 9Ty IIPOIEeAYypy Ha 4dejgoBeke B 1923 T.
B YHuUBepcureTte [:xoHca XONKUHCA, IPOOIEPUPOBaB Ha-
IIUEHTA C OIIyX0Jibio Moara. ([Tocjie 3TOro TOT IIPOKMII ele
TPHU rojia U ymMep OT paka.)

B 1938 r., BRINOJHUB reMuUc(PepsIKTOMUIO 16-1eTHeH
feBOYKe, kKaHajckuil Helpoxupypr Kenner MakKensu
(Kenneth McKenzie) coo6Imu, 4To TaKoe JIe4eHHe IIOMOTIJIO
OCTAHOBUTD UPE3BbIYANHO CUIbHBIE 3IIMJIENTUYECKUE ITPU-
najaku. M nasxe B HalllM JHU XMPY PrU IPOBOJAT 3Ty olepa-
IO TE€M HaIlMEeHTaM, KOTOPbIE€ UCIBLITBIBAIOT 3a JEHb Jle-
CATKU IIPUIIAJKOB, HE IOAJAI0IUXCH JEYEHUI0 HUKAaKUMU
MEAUIIMHCKUMU IIpenapaTaMu — IIPU yCJIOBUU, UTO IIPU-
4YUHa IPUCTYIIOB JIOKAJINU3YETCA B OJHOM NoJIylapuu. «Ta-
KO€ COCTOAHME OOBIYHO IIPOrPECCUPYET U IPU OTCYTCTBUU
JIedeHUd pa3pylIiaeT BeCh MO3I», — O0BACHAET HEUPOXHU-
pypr 'apu MatepH (Gary W. Mathern) us Kanudopuuiicko-
ro yausepcurera B Jloc-AHxKenece.

Onepanus NPpoOBOAMUTCSA B JABYX BapuaHTaX. AHAaTOMHU-
JecKad reMuc@epaKkToMus IIoJpa3yMeBaeT yAalleHIe Bce-
ro MnoJymapus, B TO BpeMdA KaK IPU PYHKIMOHAJIBHOU
reMuc@EepsKTOMUHU II0JIylIapue yAaasaI0T JIUIIbL YaCTUYHO,
U IIPU 9TOM IIEPEPE3AIOT MO30JIMCTOE TEJIO (IIy YJOK BOJIOKOH,
COeUHAIONIUN JBe IOJOBUHBI Mo3ra). O6pasoBaBHIyioCca
I10JIOCTh OCTABJIAIOT IIyCTOH, U CO BDEMEHEM OHAa 3aII0JIHA-
eTcsA CIUMHHOMO3I'OBOM JKUJIKOCTBIO.

YacTo I0KTOpa OTAAIOT IPEANOYTEHNE aHATOMUYECKOM re-
MUC(PEPIKTOMUN, IIOCKOJIBKY «€CJIU OCTABUTD JAKe MaJIEHb-
KHUM KyCcOYeK MO3ra, IPUCTYIbl MOTYT Ha4yaThbCSA BHOBB», —

roBopuT HeBpoJsor [:koH @®pumaH (John
Freeman) us Yausepcurera J»xxoHca Xom-
kuHca. C Ipyroit CTOPOHBI, GYHKIMOHAIIb-
Had reMuc@epsKToMUs, K KOTOPOH 0ObITHO
npuberamoT xupypru u3 KamndopHuiicko-
ro yuusepcurera B Jloc-AHAKenece, BeJeT
K MEHbIIIe noTepe KpoBU. «Hamum namnueH-
TaM 0ObIYHO He 6oJiee ABYX JIeT, U Y HUX He
TaK MHOT'O KDOBH, YTOGEI €€ TepATh», — To-
BopuT MarepH. Helipoxupypru BBI-
NOJHAIMN 3Ty OIepaluio Jaske Ha
TPexXMeCAYHBIX MJIaJIEeHIIaX, Y KOTO-
PBIX B JlajJbHENUIIEM NAMATh U JINY-
HOCTb Pa3BUBAJIMCh HOPMAJIBHO.
BonpmUHCTBY MAalUEHTOB, KOTO-
PBIM BBIIIOJTHUJIU I'eMHUCHEPIKTOMUIO
B YHuBepcuTteTe [[3koHca XonkuHca, 6oiee nsaTu jet. He-
JaBHO IIPOBEJICHHOE HCCJIEJOBAHUE IIOKA3aJIo, 4TO y 86%
u3 111 mereli, mepeHeCHINX OIEePAIUI0 B 3TOM YHUBEPCH-
TeTe 3a nepuox ¢ 1975 mo 2001 r., mpUCTyNOB GoJbIIE HE
Habofa0Cchk. B 1pyroMm mccieoBaHUU GbLIO ITOKa3aHO,
YTO y AeTel, IepeHeCcIIuX reMuc@epaKTOMUI0, YacTo II0C-
Jle ICUYe3HOBEHU S IPUCTYIIOB yJIydlllagach aKajgeMuyecKas
yCII€Ba€MOCTb.

A cMoXeTe Ny Bbl TaHLUeBaTb?

PasymeeTcs, yqajleHue IIOJOBUHBI MO3ra UMEET U Hera-
TUBHYIO CTOPOHY — B IIEPBYIO OYEpPEAb 9TO 3HAUUTEIbHAA
norepda GyHKIMHI HA OJJTHOU CTOPOHE TeJa. «Bbl MOMKeTe X0-
AUTh, 6eraTh (MHOrJa Aaske TaHIlEBATh U NPHITaTh), HO BbI
He CHOCOGHBI IT0JB30BAaThCA PYKOU, NPOTUBOIIOIOKHOU
K CTOPOHE yAAJIEHHOI'0 IoJIyInapusd», — roBopuT @pumMaH.
IIpu aTOM TaKkKe yXyAlllaeTcA 3peHUe.

KpowMme Toro, npu yajJeHuu JIeBoM CTOPOHBI MO3ra y 6071b-
MINHCTBA JIOJIe HapymiaeTca pedb. OfHAKO, OTMeYaeT
dpumas, yeM MJIajIIe TaUeHT Ha MOMEHT Ollepaluu, TeEM
He3HadyuTeJIbHee Oy1yT TaKue HapylIeHU.

HepaBHO MaTepH BIIEpBBIE UCCJIELO0BAJI MAIIMEHTOB I10C-
J1e TeMuC(PEepPIKTOMHUU C ITIOMOINBI0 PYHKIIMOHAJIbHON Mar-
HUTHO-PE30HAHCHOU ToMorpaduu, CTpeMACh IIOHATh, KaK
UX MO3T MEHfAEeTCHA B XoJie peabuauranuu. Mayuyenue Toro,
KaK ocTaBIlleecsd IoJIylIapue OCBauBaeT A3BbIK, CEHCOPHBIE,
MOTOpPHBIE U IIpoure PYyHKIIUU, «<MOKET IIPOJIUTH CBET Ha
NJaCTUYHOCTh MO3ra, T.€. Ha €ro CHOCOGHOCTh U3MEHATh-
cs», — paccyxjaaer Ppuman. Bee ke, TOBOPUT OH, reMUC-
depaKTOMUA OcTaeTCA OJHUM U3 HanboJllee paJuKaJIbHBIX
BHU/IOB MO3TOBOM XUPYPruH, U «e€ HAJIO JieJaTh JUIIb B TOM
ciydJae, eCJIM HET HUKaKOU IPyTroy ajlbTepHATUBBD. B
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YuTalite B cnepylowem BbiNycke XypHana

LBET PACTEHUW HA APYIUX MJIAHETAX

Ecnn pacteHnsaMm TpygHO 6bITb 3eneHbiMM fgaxe Ha 3emne, rge um
OTIMYHO NOMOraeT B 3TOM npouecc poTocmnHTesa, npeacTasbTe cebe,
KakK HenpocTo MpuXoauTcs briope MAaHeT, BpallaloLMxca BOKPYr
6onee rops4Mx UM XonogHblx 38e3f, 4em ConHue, 1 B KaKne 3K30Tu-
yeckue LBeTa oHa MOXeT ObITb OKpalleHa

BOCCTAHOBJIEHUE APAJIbCKOIO MOP4

YeTBEpTOE B MUpE MO BENUYMHE 03ep0-MOope NpeBpallaeTcs B 6ecnnon-
HYIO MyCTbIHIO. MOXHO N Kak-To 3aMensiuTb NPOUCXOAsILLME NPOLecChl
1 XOTs 6bl HACTUYHO BOCCTAHOBUTL Apanbckoe Mope?

YINEPOAHbIA MUP YYAEC

B kaxgom LTpuxe, HAHECEHHOM MPOCTbIM KapaHAalloM, CoaepXarcs
4aCTUYKM MHTEPECHENLIero HOBOro maTtepuana, 0O4eHb BaXKHOro Ans
PU3UKN N HAHOTEXHONOTUIM, — rpadeHa

BYAEM KAK ALLEPULLbI

BO3MOXHOCTb BOCCTAHOBIIEHUSI YTPaYeHHbIX YacTel Tena 4enoBeka,
nofo6HO TOMY, Kak siLLepuLbl OTpaLLMBaloT 3aHOBO COPOLLEHHbI XBOCT,
cTana 6bl HacTosILLEe PeBONOLMENR B XUPYPruv U TPAHCMIAHTONOM K

KAK OBHAPYXWUTb AAEPHYIO KOHTPABAHAY?

PagunaumnoHHblie MoHUTOPLI 1 aeTekTopbl nopToB CLUA He cnocobHbI ¢ fo-
CTaTO4YHOW CTENeHbl HAOEeXHOCTU OTCNEeXMBaTb BbICOKOOOOralleHHbIN
ypaH, KOTOpbIA TEPPOPUCTLI MOFYT NpsATaTb B KOHTEWHEPAX C rPy30M

B mupe wayku [06] vionn 2008



KAK O®OPMUTb NOANMUCKY/3AKA3 HA XYPHAI «B MUPE HAYKW»

1. Ykasatb B 611aHke 3aKka3a/noAnvcky Te Homepa XypHarnos, KOTopble Bbl xoTuTe nony4uts, a Takxke Ball nonHbIi No4ToBbI agpec.
2. OnnatuTtk 3akas/nognucky B otaeneHnm CoepbaHka (ans yno6cTea onnaTbl UCNONb3YNTe KBUTAHLMIO, ONYBGNMKOBAHHYIO HUXE).

Onnaty MOXHO NMPOU3BECTU TaKXe NPu NOMOLLM NMto6Oo APYroi NNaTeXHON CUCTEMBI MO YKa3aHHbIM B 3TON KBUTaHLMW PEKBU3UTaM.
3. Bbicnatb 3anofiHeHHbIn 6raHK 3akas3a/NnoAnnckn BMecTe ¢ Konuei KBuTaHumm o6 onnate:
m o agpecy 105005, r. MockBa, yn. Pagwo, a. 22, pepakums XypHana «B mvpe Hayku»;

® 10 3NEeKTPOHHOM noyTe m_biruykova@sciam.ru;
m no dhakcy 925-03-72.
MoanucKy MoXHO ohopMUTbL CO CneayloLero Homepa.

YBaxaemble nognucymku! [loctaBka XXypHana ocyLUecTBASeTCA NO NoyTe 3aKa3HbIM MMCbMOM.

BJIAHK 3AKASA NMPEALIAYLLNX HOMEPOB XXYPHAJIA

51 3akasbiBalo crefytolime Homepa XypHana «B Mmyupe Haykn» (OTMETUTb ranoqKkoii):

- 1 2 3 4 5 6 7 8 9

10 |

2006 .

2005T.

2004 .

LieHa 3a oauH Homep xypHana 80 py6. 00 kon.

®.N.0.

MHpeke

O6nacTb

lopon

Ynuua

Lom

Kopn.

TenecoH

E-mail:

® 9 xo4y nognucaTbcs Ha 6 HOMepPOB XypHana
«B Mupe Hayku» v nnady 840 py6. 00 kon.

= 4 xo4y nognucartbcs Ha 12 HOMEpOB XypHana
«B Mupe Haykn» 1 nnady 1680 py6. 00 kon.

100 py6. 00 kon. (6e3 y4eTa CTOMMOCTV [OCTaBKM)

LleHa 3a oauH HOoMep XypHana no nognucke B 2008 r.

BJIAHK NOANMNCKN

D.1.0.

NHpeke

O6nacTb

Topoa

Ynvua

Hom

Kopn.

TenedoH

[ata poxpeHus

3AO0 «B mMupe Hayku»

PacuyeTHbIi cyeT

B OAO «BTBE» r. MockBa

KoppecnoHAeHTCKuIM c4eT
VHH

40702810100120000141

30101810700000000187
KM 770901001

7709536556;

BUK 044525187

®damunus, N.0., agpec nnatenbLymnka

Bup nnatexa [aTa Cymma

Moanucka Ha XypHan

«B Mupe Hayku»

Ha HOMEpOoB

MnaTtenbLumk

3A0 «B mupe Hayku»

Pac4yeTHbIn cyeT 40702810100120000141

B OAO «BTB» r. MockBa BUK 044525187

KoppecnoHgeHTCcKuiA cuet 30101810700000000187
WMHH 7709536556; KM 770901001

®damunus, N.0., agpec nnaTenbLymka

Bug nnatexa

HaTa

Cymma

Mopnucka Ha xypHan
«B Mupe Hayku»
Ha HOMepoB

Mnatenbwmk

____________________________>€8_

L e e e e T T T S e e e e B T

O®OPMUTb NOANMNCKY
MOXXHO:

= 110 KaTanoram
«Mpecca Poccumn»,
NoAnucHowu uHaekc 45724;
«Pocneyvatb»,

noanucHou nHaekc 81736;
n3panuii opraHos HTW,
noanucHou nHaekc 69970;
«Moyta Poccun»,
noanucHou uHaekc 16575

= Ha YKpauHe no kartanory
NOANMUCHBIX U3AAHWIA areHTcTBa
KSS, nognucHon nigekc 69970

= Bce Homepa XypHanos
MOXHO KynuTb B pefakuum
XypHana no appecy: yn. Paguo,
[oM 22, komH. 409, Ten./chakc
(495) 105-03-72

= B 000 «Egutopuan YPCC»
no agpecy: npocnekt 60-netus
OkTA6p1, A. 9, och. 203,
Ten./chakc (495) 135-42-16.

= B KHWXHBIX Mara3uHax
Hay4HOro LieHTpa
«®USMATKHUTA»

(Ten. 409-93-28): r. [lonronpyaHbIi,
HOBbI kopnyc M®TH;

r. 3eneHorpag,

MW3T, 4-11 kopnyc

= B MHTepHeT-marasuHax:
WwWw.ozon.ru,

www.setbook.ru,

WWW.Urss.ru.



