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NMABHbBIE TEMbl HOMEPA:

B3rngaa B BYAYLWEE .
ABEHAOLATb COBbITUA, KOTOPBIE MOI'YT
MU3MEHUTb MUP

B n060tt MoMeHm Mo2ym HeoxcUOaHHO npou3otimu cobbumust

KaK NpuUpoOHO20, MAK U AHMPONO2EHHO20 Xapakmepd, Komopbsle
CNOCOOHBL NOHOCMBIO U3MEHUMb 00ULEeCcmMB0, U MHo2Ue U3 HUX 6yoym
PA38UBAMBCSL COBCEM He MAK, KAK 0Hcudaemest

KocmMonorumsa .
YTEYKA SHEPIrn BO BCEJIEHHOWN?
Tamapa [asuc

IHoanast anepaust donxcHa coxparsimscst. JIoboti cmydenm, usyuarouuti pusury,
npoxooum amom pyHOAMEHMANbHBLUL 3aKoH. OOHAKO OH Henpuaoxcum k BeceneHHotl kak k yenomy

PU3UNKA

BPEMA KAK UIJTHO3UA

Kpaur Kannenpep

IoHsamus BpemeHU U uUBMeHeHULL MO2YMm NOPoHOambCsl CMAMUUHOLL 8 cB8oetll ocHos8e BceneHHotl

aBonouuna
KPbIJIATAA MOBEOA

lFapet [avik
Jloneoe Bpemst cuumanocs, Wino co8pemMeHHble NIMUYbL NOSIBUNUCL MOALKO NOCTE UCHEe3HOBEHUS
0uHO3a8pP0o8, 00HAKO HoBellUe OaHHbIEe YKA3bIBAIOM HA MO, WNO HCUAU OHU OOHOBPEMEHHO

MEOUUNHA . .
BOJIE3Hb AJNIbLUFEMMEPA: HAOEXXOA YMUPAET NOCNEOHEN
Mapu Ctukc

Bosdeticmsue Ha 0eeeHepamusHble Npoueccsl 3a007120 00 NOSLBNEHUSL BHEUWHUX CUMNITIOMOB8
3abone8aHUsl — KIOU K OMCPOUKe CMApUecko20 CAaboyMust, a Modxcem Obimo,
U K e20 npedomspauLeHuIo

AHK-TEPANUA AOCTUINA COBEPLWUEHHOJIETUA

MaTtbio Moppoy u [1aBug YaiiHep

B 6opwbe co CITHJom, epunnom u Opyaumu 3ab01e8aHUSIMU OMKPBLIBAIOMCSL HOBblE 20PU30HMbL:
epsidem apa JIHK-saxuyuH u JIHK-nexapcms

BE3OI'IACHOC'I:'b
OAJIbLWUNBLIN BOTOKC — PEAJIbHAA YITPO3A
PavmoHp 3unuHckac u KeH KonmaH

IIpousematrouiuil poIHOK KOHMPAGAKMHBIX NPOOYKMO8 UHOYCMPUU KPACOMbL MOHCEM CMAMb
UCTMOYHUKOM CMEPMEeNbHO ONACHO20 6U002UHEeCK020 OPYAHCUSL

HAYKW O SBEMJIE
HOBOE O COCTABE 3EMJIN
Keun Xupoce

Omlcpblmue Heu3secCcImHo20 paHee muHepaaa B8bLCOKOLL NIOMHOCMU O3HAYAem, YWmno MaHmust 3emau
maum OaHHble, BANCHBLE 011 NOHUMAHUSL ucmopuu Hawel niaHemst
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OHEPrETUKA

YNCTAA SHEPIUA N3 CTOYHbLIX BOA

[xeiH BpakcToH Jiuttn

B kanugopHuiickux 20podax cmouHsle 800bl NOCE OHUCTMKU
3aKkauusarom nod 3emto 0nst NOAYUEeHUS INeKMpPOoIHepSULL

3KoJnorua

OOBbIYA CJIAHLUEBOIO N A3A:

nrCbl NPOTUB MUHYCOB

Mapk ®uweTtTn

Tazodobubimuuku u peeynupyrowue opeamst CILIA cnopsim
Nno nosody HOBOU MeXHON02UU U3BNeUeHUS U3-N00 3eMaU
npupoodHo20 2a3a, epo3siuiell 3aspsi3HeHUeM NO03eMHbLX 800

POBOTOTEXHUKA

BOWHA MALLUWH

Mutep CuHrep

Co 8pemeHU u3obpemeHust AMoMHOILL 60MObL po6ombt
BHECIU, NOHCANYTL, Camble cepbe3Hble U3MEeHEeHU S

8 cnocobbl BedeHU st BOTIHbL

TPAHCNOPT

MPABOA O YACTbIX JIEKTPOMOBUNAX
Marvikn Mowep

Hackonvko akonosudieH anekmpomobuns? Imo 3asucum
om moeo, 20e 8bl e20 nod3apsijcaeme

PA3JEJIbI:

OT PEAAKLUN
MWUP HAYKWN B MUPE OEHEI

50, 100, 150 JIET TOMY HA3AA

COBbITUA, PAKTbI, KOMMEHTAPUU

B HoBble py6exwu B U3yHeHn MUKPOLMPKYNALUN KPOBM
PAH npoTtuB noxapos

MpocTon noBopoT cyAb6bl

BecnepexogHbin TpaH3ncTop

Yrposa Hagonro

JKONornyeckme onpockl Npy aHoMasbHOM Xape

KHUXXHOE OBO03PEHUE
HAYKA 1N OBLLECTBO
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OT PEJIAKLMH

MUP HAYKH B

MHUpPE BCE MEHAETCH, MEHAEMCHA U Mbl

BMecTe ¢ HUM. CyIiecTBEHHBIE C/IBU-

T'Y IIPOM3OIILIN U B iKy pHaJie «<B Mupe
"Haykw. Tak, Scientific American nepermien
K M3/aTeJIIM CAMOI'0 aBTOPUTETHOT O HAy YHO-
nHdopmManuoHHoro xypHana Nature, BXo-
JAAMEro B KPYIIHBIA aHTIIMHACKUN KOHIIEPH
Macmillan. OTMeTHUM, YTO B TE€YEHHUE MHOTUX
seT Nature conepHUYaJj co CBOUM aMePUKaH-
CKUM aHaJioroMm Science. OgHaKoO B IOCHE-
HUE IOkl aHINIMMCKUM Ky pHAaJ IOJTHOCTBIO
BBITECHUJI aMEpPUKAaHCKOe U3/laHhe U CTall
TOJIOBHBIM, OKa3bIBas TEM CaMBIM GOJIBIIOE
BIUAHMNE HAa pa3BUTHE MUPOBOU HayKH. FIMEHHO B 3TOM
HaJI0 BUJIETh IPUYHUHY IIepeMeH M HOBOH ponm Scientific
American.

ITosTomy GoJbllIMe HaJEHk /bl MBI CBA3bBIBAEM C UHUIIU-
aTUBOM cOTpyAHHUYECTBA ¢ MOCKOBCKUM TrOCy/apCTBEH-
HBIM yHHBepcuTteToM UM. M.B. JloMoHOCOBa. 9TO AacT
HOBBIM UMIIYyJIbC PA3BUTHUIO KypHaJa U INOJIUTUKE MHHO-
Banui 6iarogapsa noajep:kke pekropa MI'Y akazeMura
B.A. CafoBHUYEro, IpeJoCTABUBIIEr0 PeJaKIMU HOBbIE
BO3MOMHOCTHU.

A gymaro, 4To MBI — B IEPBY IO O4epe/lb Hay YHOE coo0bIIIe-
CTBO — HE JI0 KOHIIAa IOHUMaeM MacuTab U IeJad IPOouc-
XOAAIIMX NePEMEH, KOTOPble IPUBOAAT K HEOOXOAMMOCTH
TeX UJIA UHBIX OTBETCTBEHHBIX PEILIEHUM, YTO BhIpasKaeTcs
CerofHs B ABMIKEHUU KanuTaja. Tak, 3a mocjegHue aecs-
TUJIETUS IPOU30IIIa UHTErpanusa B MUPOBYIO 9KOHOMUKY
HAIIIeTO 3HEPTreTUYECKOI'0 CEKTOpa, yY¥Ke CTABIIETO HEOT-
HEMJIEMOH YaCThI0 MUPOBON SHEPTreTUYECKOH CHCTEMBI.
9TUM obecrneyuBalTCA KaK d9KOHOMUYECKHE HUHTEPEeCH
CTpaHBI, TaK ¥ BO MHOI'OM Hallla 6€3011acHOCTh U CTa6U/Ib-
HOCTb MUPa.

IToHOIIEHHAA UHTErpanusa POCCUMCKON HAyKH B MUPO-
BYIO CTAHOBUTCSA HEOT'HEMJIEMOM YaCThIO IIPOLecca MoJep-
Husdanuu. [ToaToMmy B 6yAyIeM He MEHBIIYIO pOJb OyaeT
UrpaTh HAllle yYacTUE B Pa3BUTUU MUPOBOU HAYKU U TEX-
HUKU. B KauecTBe IpuMepa yJadyHOro COTPYJAHUUYECTBA
yIOMAHEeM KOCMUY€eCKue IIporpaMMel. Benuk Bkiiaj Poccun
B coopykeHNH Koynaiaepa B CERN, rae pa6orarot 500 Ha-
X YYEeHBIX U HUHiKeHepoB. Beap Hu CoBerckuii Coroa,
Hu CIIIA B 0OIMHOYKY HE CIIPABUJIMCh C IIPOEKTOM TaKOTro
MacmTaba. HecoMHeHHO, TO06HBIM HAIIPaBJIE€HUEM CTAJIO
BO3POK/JICHUE U PA3BUTUE ANEPHOU HEPreTHUKHU, a TaKKe
ydJacTHe B MEXJAYHApPOJHOM COTPYJAHUUYECTBE IPHU COOPY-
:xeHuu ITER.

Bes 10MKHOTOo y4acTud rocyiapcTBa U HayYHOTo c000-
IecTBa, KOTOpPOe HEO6XO0AMMO B JieJIaX TaAKoro Macuiraba,

HPOUCXOAUT CTUXUNHBINA OTTOK CaAMBIX CIIO-
COGHBIX CIIEIIMAJHUCTOB 3a 'paHuIly. B To xe
BpeMs UX ycIex 3a py6eskoM ACHO YKa3bIBaeT,
qTo yquLIe nu I/IHJ{{eHepLI, IIOATOTOBJIEHHBIE
B POCCHUICKOM BBICIIIEH IIKOJIE, TOTOBBI K I10JI-
HOI[EHHOMY BXOK/IEHHUIO B MUPOBOE HayYHOe
coo6ecTBo. Ho 10 cux mmop He chopMuposa-
Ha IOJIMTHKA B 06/1aCTH HAyKH, He II0CTaB-
JIeHBI 33291, KOTOPBIE CIIOCOGHBI IIPUBJIEYb
M «3a’Kedb» HAIly MOJIOJIEKb. B aTOoM peie
ocoboe 3HaUeHUE NPUOGPETAIOT IPUOPUTE-
Thl PA3BUTHUA COBPEMEHHOU GHOJIOTHH U Ha-
HOOHOJIOTUY HAa yPOBHE r'eHOMA.

C apyroii CTOPOHBI, HE MEHbIllee 3HAYEeHHe UMeeT IPO-
6JieMa 4eJIOBEKA, ero CO3HAHUs, a TaKiKe [IOUCKU HOBOTO
CHHTe3a B HayKaXx 00 o6liecTBe U 9KOHOMUKe. S moTomy Ha-
oMUHAaI0 00 3TUX PaKTax, YTO B HUX BU/THBI COIMAIBHBIN
3aKa3 1 TpeGOBaHUA K HOBOMY ITOKOJICHHIO JIUJIEPOB U JINY-
HocTel. [ToaToMy Tak BakHA IOJTHOLlEeHHAA nHpopManusa
o HyTHX M TEHACHIUAX paBBI/ITI/IH COBpeMeHHOﬁ HayI{I/I KaK
I106aIbHOTO AABJIEHUA C OOIIUM IIPOOJIEMHBIM, HHCTPYMEH-
TaJIbHBIM, & TellePb U KaIPOBLIM IIPOCTPAHCTBOM.

W, HakoHel], To, 6e3 Yero He MOXKeT AUHAMUYHO pas-
BUBATbCHA HU OJAUH MPOEKT, — 3TO ydacTHe KPYITHOrO
KalnuTaJa B Pa3BUTHUM HAYKH, Ipolecce o6pa3oBaHUA
M MHHOBaNUAX. [IoaTOMY peiakiusa 6iarogapHa JaabHOBHU/I-
HOMY ¥ IPOCBEIIIEHHOMY IIPECTAaBUTEJIO IeJIOBbIX KPYTOB
A.B. YcMaHOBY 3a IOAJIEPKKY U IOHUMaHUe. f Takxe Xouy
BLIpaSI/ITL HpI/ISHaTeJ'ILHOCTL Hamum (I)I/IHaHCOBLIM nap—
THepaM — xoJauHry «TeslekoMuHBecT U [leTep-CepBUCH.

Tlo-HOBOMY, C OIIOPOIi HA MECTHBIE PECYPCHI, B IEPBYO OUe-
peab Ha YHUBEPCUTETHI, IeHTPbl MHHOBAIIUI U TeXHOIIap-
KM, MBI Oy/ieM pelnaTh BOIIPOCHI 6oJiee NIMPOKOT0 YYacTUA
B JKypHaJIe IIpeJCTaBUTeeH Hay4YHON OOIIeCTBEHHOCTH
cTpaHbl. IMEHHO HAyKa JOJIKHA BEPHYTh cebe 0CTOM-
HOE MECTO B 06IIIeCTBEHHOM CO3HAaHMUH, B IIEPBYIO O4Yepeb
y Hallleld MOJIOJIE KU, YTO JOJIKHO CTATh IIEPBBIM IIIaroM Ha
IIyTH MHHOBAIIMOHHOIO Pa3BUTHUA. [l 3TOro HEOGXOAU-
MBI [OJIHOIIEHHAs NHOpMALYsA U aBTOPUTETHOE OIpeie-
JIeHUe IPUOPUTETHBIX HAIIpABJIIEHUU pa3BuTus. bes aToro
MBI CKOPO IIPOCTO IIepecTaHeM IOHUMATh, YTO IIPOUCXOAUT
B HayKe. DTUMU paKTOopaMu OyAYyT OIPEAeIATbCA PeAaKIIH-
OHHaf IOJUTHKA U POJIb Ky PHaJa «B MUpe HaAyKN» B HAIIIEH
ctpane u ctpanax CHT B mpoiiecce mogepHusanuu. boiee
TOrO0, OIBIT IPOIIJIOr0 MOKa3aj, YTO TOJbKO ONHUPAsCh HA
Hay‘-IHbIﬁ n PIHHOBaL[HOHHbIﬁ IIOTEHIIMAJI CTpaHbI B I1€JI0OM,
MBI CMOK€EM IOJTHOIEHHO 06eCcIiequTh Hallle GyIyIiee B co-
BPEMEHHOM ITIOCTUH/AYCTPHUATbHOM MUpE 3HAHUI. W
Cepren Kanunua

B Mupe nayku [08-09] as2ycm-cenmaGpn 2010



a0, 100, 130 NET TOMY HA3AJl

m BEPTUKAJIbHbIA MOABEM m 39KOJIOTMYECKUE NCCNEAOBAHUSA m JEHb POXXAEHUS SA =

AsrycT 1960

BBEPX! AkTuBHBIE pa3dpaboTKN CAMOJIETOB BEPTUKAJIbHO-
ro B3seta u nocaaku (CBBII) BeayTca u B CIIIA, u 3a rpa-
Huneid. B CoequnenHsbix IlITaTax mporpaMMa peajusyeTcs
NpHU y4acTUHU Tpex cTopoH: NASA, psaja nNpousBoguTeNed
aBUAIIMOHHON TeXHUKH U BOOPYKE€HHBIX CUJI. TpeGoBaHusd
KOMMEPYECKOr0 NacCaXUPCKOro JBUMKEHUA — HE €JIUH-
CTBEHHBIH U JJa’Ke He OCHOBHOM JIBUTaTe b UCCJIEJOBAHUN.
CyxomnyTHble Boiicka, BM® u BBC uHTepecyoT camole-
TbI, KOTOpPbIE MOTYT JIeiICTBOBATh B YCJIOBUAX OTCYyTCTBUA
B3JIETHO-TIOCA/I0YHBIX NoJIoC. MI3y4yaroTca BCce UX TUIBL: I1e-
pexBaT4YMK, Pa3BeJYMUK U IPy30Bble MoguduKanuu. 'pyso-
BBIE CaMOJIETHI MOIJIM OBl 3aMHTEpPecoBaTh KaK BOCHHBIX,
TaK U KOMMEPCAHTOB.

CAMOIJIET C BEPTUKAJIbHbIM B3NIETOM: HoBasi cxema ¢ NMOBOPOTHbLIM
KpbinoM, 1960 r. Monockl TKaHu Ha Kpbinkbax camoneTa Vertol-76 —
CUrHasnbHble yCTPOCTBA, UCNOMNb3YeMble Ha UCTIbITaHNSAX,
4TO6bI OTCNEeANTbL NOTOKM BO3AyXa

Asryct 1910

JNIECA U HABOOAHEHUA. OsxuBiienHble ne6aThl 10 BOIIPO-
Cy BIUAHUA JIECOB HAa PACX0J BOABI B PEKaX BeAyTCH B I10-
ciegHee BpeMda u B EBpone, u B AMepuke. [Ipu ureHuu iu-
TepaTypBhl 110 3TOM 3allyTAHHOU TeMe co3JjaeTcs BIevaTiie-
HUE, YTO GOJIBIIOE KOJUYECTBO TEOPUM GBIJIO BBIJIBUHYTO
Ha CKyZHOM (aKTU4YecKoM MaTepuase. [I[pusHaHue JaH-
Horo ¢pakTa npuHYyAnI0 Meteobropo u JlecHyo ciayx6y Co-
enmHeHHBIX [IITaToB padpaboTaTh U COBMECTHO IIPOBECTH
PAL UCCIeqOBAHUN, YTOOBI IOJYIYNUTh HEOOXOUMBbIE TaH-
Hble. [IlupokomacmTabHOe UccIeJoBaHUE BIUAHUA JIECHOM
PacTUTEJBHOCTHU Ha BOJAHBIE IOTOKU, 9PO3UI0, PACIIOTIOMKE-
HHUE Uja U T.J. 6yeT BBIIIOJIHEHO Ha JABYX Bojopasieax
noaxojAme Tornorpadun 6;1u3 yiieabsa Baron-Bui, mrat
Kosopago. CyTs paGoTbl B TOM, YTOOBI B TEYEHUE BOCbBMU-
JIECATHU JIET IPOBECTU 3aMepbl 06'beéMa JBYX IIOTOKOB; 3a-
TEM OJIMH M3 BOJOPas/esioB OyJeT OUYMIIEH, U U3MEPEHUA
IIPOZIOJIFKATCA €Ille TAKOU e IIePUOJ BPEMEHHU, YTOOBI (-
deKThl 06HAKEHNS MOIJVIN ObITh OIpPEJEeJIeHBI C J0CTATOY-
HOM TOYHOCTBIO.

(Pabomet 8 yuienve BazoH-Bun 6uiiu nepswvim s CIIIA ynpas-
NleMbLM IKCNepUMEeHIMOoM 8 061acmu 8AUSHUSL 1eCO8 HA 80~

OHble nomoku. CokpauweHue necos delicmsumensHo ysenu-
quno pacxod 800bl, HO NOSIBUBULASICS Uepe3 ceMb Jlel HO-
805l NOPOC/Ib BHOBb 8 3HAUUMENLHOLL CMeNneHU YMeHbWUIA
e20. — Ped.)

NNETKUE JAEHbBI'A. ®dpaHIy3ckoe NpPaBUTEIbCTBO pe-
IIUJIO HE NIepeHMMaTh aJIOMHHHUEBYIO YeKaHKy. Ha mpo-
6y ObLIO cAeslaHO GOJIBIIOE KOJIUYECTBO AJTIOMUHHEBBIX
MOHET, HO JIEeTKOCTb 6eJIoro MeTajaa, KoTopas ObLIa O1-
HUM U3 €T0 IJIAaBHBIX JOCTOMHCTB, CTaJIa XU IPUYUHOMN OT-
Kasa OT Hero. IIATh CAaHTUMOB (OAWH II€HT) U3 aJIIOMU-
HHUA BECHJIH Bcero aumb 1,91 (a B 6poH3e 2T0 5 1), 1 OBLI
c/ieJIaH BBIBOJI, UTO MOHETA OYEHbB JIETKO MOKET BBICKOJIb3-
HYTb U3 ITAJIbI€B, 0COGEHHO €CJIM 3TO rpy6ble MajbIlbl pa-
6ouero.

AsrycT 1860

HEMOKOJIEBUMbIA MASIK. HoBblii Mafk Ha HoGepemkbe
MaccadyceTca, KaK O:KHAAIOT, OyAeT 3aKOHYEH U 3aMKIKeH
B Hayaje cleAyIoIlero Mecana. IlepBbld KaMeHb GBI 3a-
snosxeH 12 noHA 1858 r. CTaphlil sene3HbI MasK ObLI yHe-
CeH y:KaCHBIM IITOPMOM B amnpese 1851 r. BMecTe ¢ AByMsA
IOMOIIIHUKAMHU XPaHUTeEId, KOTOpbIe OCTaBaJINUCh HA II0-
cTy. [Ipomwioii 3uMoii BO BpeMsI MHOTOYHCIEHHBIX KECTO-
KHX IITOPMOB HOBBII MafK IIPOTUBOCTOSI G€CIOIaJHBIM
BOJIHAM JUKOU ATIIAHTHKU, HE CyMEBIIHUM BEIOUTH HI KaM-
Hf U3 ero OCHOBaHUA. [I0OCKOJIBKY OH BEICTOSI 6€3 IIOBPEK-
JIEHUH B CTOJIb CyPOBBIX YCJIOBUAX, y3e HUITO HE CMOMKET
COBJIAZIATh C HUM, KOTZ]a CTPOUTEIBCTBO OyIeT 3aBEpIIEHO.
(Masik cmoum no ceti 0eHb U 6bLl NOJHOCIMbBIO ABMOMAMU3U-
posaH 8 1947 2. — Ped.)

MO-NPEXHEMY HALEXHbI. «f uuraro Bamly rasety
yiKe IeCATh JIET; €€ [NIaBHbIE JIOCTOUHCTBA, 10 MOEMY MHe-
HHUIO, — ee abCcoJIoTHAsA HAJIeKHOCTh U IIOJTHOE OTCYT-
cTBUE 6eCCMBICIUILBI U B3Zlopa. I He yMalo, 4TO Bac MOK-
HO NMOAKYIHUTH, YTOGHI BBl CKA3aJIM O YbEi-TO MYXOJIOBKe,
YTO OHA IoMMaeT GoJIbIIIe KPYITHBIX MyX, YeM KaKasda-1u6o
apyras.

«Hpio-Mopk, geTBepr, 28 aBrycra 1845 r.» — aTa aTa cTO-
fAna Ha o6JI0kKKe IIepBOro BBIIIYyCKa Scientific American
(mo3aroa0BoK: «3aIUTHUK IIPOMBIIIJIEHHOCTH U IPeJ-
NPUHUMATEIbCTBA, JKYyPHAJ MEXaHUYECKUX U IPYTUX U30-
6pereHuin). 3a $2 B roj ynTaTENsIM 0GEIIAIY €KEHEETb-
HYIO IIMPOKOIIOJIOCHYIO ra3eTy, KOTopas OXBATUT «HOBbIE
u300peTeHNsA, HAy YHbIE€ IPUHUIMIIBI 1 MHTEPECHBIE pa3pa-
60TKW. Tenepp, 165 seT cIycTA, MBI IIPOIJIN Yepe3 MHO-
roe, Kak M o6IacTU 3HAHUM, KOTOPBIE MBI OCBelllaeM, HO
IPOJOIKAEM IIPUIAraTh BCE YCUIUHA, YTOOHI IIPEJOCTaB-
JIATH HAllleMy YUTATEJI0 CBEKYIO U IOCTOBEPHYI0 NUHGOP-
MaIlUIo B YKa3aHHBIX HAllpaBJIeHUAX. M
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® UBMEHAA CPEQLY m BOJIE3Hb YrAHAbl m UCMYTAHHbBIE KUTOBOU m

CeHTa6pb 1960

JBOJTIOLUUNA YHENOBEKA. <My Tanuu, IojoBble peKoMOHHA-
MY ¥ €eCTeCTBEHHBIH 0T60p IIPUBEIU K IoABIeHUI0 Homo
sapiens. Co3gaHus, eMy IpeJIIecTBOBABIINE, yKe HAKO-
IIMJIK OIBIT U3TOTOBJICHUSA U MCIIOIb30BAHUA OPYAUI TPY-
Jla ¥ Ilepefilayy KyJIbTYPHBIX HOPM. Ho cile1yoIuii 3BoIto-
IUOHHBIN HIar GbLJI CTOJb HIMPOKHUM, YTO oGpas3oBaJiach
mponacTb. M BOT IOSIBUJICA OPraHU3M, KOTOPOMY OBJIAe-
HUe TeXHOJOTHMAMHU U CHMBOJHYECKOH KOMMYHHUKAIHei
II03BOJIMJIO CO3AATh HAJOPraHUYECKYIO KyIbTypy. [pyrue
cylecTBa NpHCIOCA6IUBAIOTCA K cpefie, U3MEHAA I'eHbI
B COOTBETCTBHUH C ee TpeGoBaHUAMH. YeIOBEK U TOJb-
KO OH IIpHCIIOcabIMBaeTcs, U3MeHAA IPUPOJYy TaK, YTO-
GBI OHA COOTBETCTBOBAJIA €I'0 reHaM. Ero reHbl ITI03BOJINIIN
eMy I/I306peCTI/I HOBBIE NHCTPYMEHTHBI, USBMEHUTH MOTUBEI,
LIeJIN U IOBefIeHUe, YTOOBI HPHo6peCcTH HOBOE 3HAHUE U HO-
BYIO MyJpocTk». — Deomocuii Jobpxkanckuii (Theodosius
Dobzhansky).

CeHTa6pb 1910
COHHASA BOJIE3Hb. [To 90-X I'T. MpoILIoro Beka coHHas 60-
JIe3Hb Obljla HEU3BECTHA B YTraH/Ie, U €€ IIEPBYIO BCIIBILIKY
IIPUIKCHIBAIOT ITOABIeHUI0 OMUHa-ITamu (Aayapaa IIHUT-
nepa) u ero 10 ThIC. HocyiegoBaTe e, KOTOPhIE IPUIILIN OT
rpanun reppuropuu KoHro, nearpa 6ose3nu. Bonpoc Bo3-
HUK OTHOCUTEJIbHO paclpe/ie/leHUus IapasuTa. Belio us-
BECTHO, YTO MyXa Ilelie Oblja OTBETCTBEHHA 3a MacIITab-
HBIHA majie:x poratoro ckora B IOxkHON Adpuke; momospe-
HHE I1aJI0 ¥ Ha KPOBOCOCYIIlEe HACEKOMOE, IIPOIBETaoIIee
Ha Geperax ozep. 9to Glossina

TOYKE CO3a€eT HOﬂOﬁI/IC reix’rsepa, K KOTOpOMY Hb}OH.IHfI MO-
HET IIPUKOCHYTBHCSA I‘yﬁaMI/I, B TO Bp€MsSA KaK ocTaJjibHas
BOoJa nmagaeT Ha OCHOBaHHUE q)OHTaHa.

CeHTa6pb 1860

A0 U PbIBAJIKA. B AHriinm HeJjaBHO ObliIa Oy 6JIMKOBaHA
pa6oTra 06 0X0oTe Ha KUTOB IIPU IIOMOIIY f/1a — TUApoIya-
HU/JA (CHHUJIBHON KUCJIOTHI). B cTeKIAHHBIX TPyOKax, 3a-
KPeIIEHHBIX Ha TapIlyHe, COJePaloch IIPUMEPHO BE YH-
MU MeJUUIEHHO JieficTByIomero aaa. locmona B. u T. AHT oT-
IpaBUJIU HEKOTOPOE KOJMYECTBO TaKUX IrapIlyHOB Ha OJHO
M3 CBOMX CYJIOB, 3aHATBIX PbIOOJIOBCTBOM B I'peHIaHAMN.
IIpu BcTpede ¢ KUTOM OBLI YMEJIO IIYIeH rapIyH, Ti1y60Ko
3acTPABIIUN B €ro TeJie; JeBuadaH HEMEJIEHHO HBIPHYJI
HEePIEeHANKYIAPHO BHU3, HO Yepe3 KOPOTKUM IIPOMEKY TOK
BpEMEHU BepeBKa ocJiabia, U MePTBBIA KUT IIOAHAJCH K I10-
BepxHOCTH. KuTO60U GBIIN HACTOJIBKO NOTPACEHBI 9 dek-
TOM, 4TO B JlaJIbHEHIIIEM OTKAa3aJIMCh I10JIb30BaThCA OTPaB-
JIEHHBIMU rapIyHaMU.

BHYTPEHHEE CrOPAHME. Ilapm:xaHUH 10 UMEHU DThEH
Jlenyap (Etienne Lenoir) npou3sBeJs CEHCAIIUIO CPEIH COOT-
€4eCTBEHHUKOB, BEICTABUB HA 0603peHMeE TEIIJIOBOU JBUTA-
Tesb. HeGoubImoil Mara3uH JleHyapa KaK/Ibli IeHb 0Ccax/1a-
IOT TOJIIBI JTIOOONBITHBIX, IIPE/ICTABUTEJIEH BCEX COCJIOBUM.
Kak numet Cosmos u apyrue ¢GpaHIy3CKHe ra3eThl, apa
mapa 3akKoH4YuiIach, o6 Yarre u PyaToHe CKOpo 3abyayT.
9To HOBBIM ITyTh PpaHnuu. Jisurareiss JleHyapa — ABUTA-
TeJib BHYTPEHHETr0 CrOpaHusA, B KOTOPOM BO3/AyX, CMEIIaH-
HBIN C BOAOPOJOM UM CBETUJIb-

palpalis, pa3HOBUIHOCTH IEIlE,
KOTOpPYI0 aGOpUreHbl Ha3bIBa-
0T KuBy. KapTy MmecTHOCTH, Ie
6BLIN ITIOMMAaHBHI IIelle, CPaBHUJIHN
c Ipyrumu, rae 6s11a o6o3Hadge-
Ha 06/1acTh pacIpoCTPaHEHHHA
COHHOM G60JIE3HU: TEPPUTOPUHN
COBIIAQJIN.

®OHTAH. H3o06peTeH rurue-
HUYHBIA MUTHheBONH GOHTAHYHUK
JUIA UCIIOJIb30BAHUA B IIKOJAaX
U JpPYyTUX OOGIIECTBEHHBIX Me-
crax. Kak nmokasaHo Ha HJJIIO-
cTpanuu, cepus Tpy6, KOTOphIe
MOT'yT OBITH COTHYTBI B COOTBET-
CTBUH C JI06BIM J€KOPATUBHBIM
Au3aiiHOM, HalpaBjieHa TaKUM
o6GpasoM, 4ToObI Bojia IIOJHUMA-

HBIM ra3oM, BOCIIAMEHAETCH
B LUJIWHApPE 3JIeKTPUUECKON
HCKPOM, ToJIKasdA TaKUM obpa-
30M IIOPIIEHb BIEpPeJ U Hasag,.
B KadecTBe HEIOCTATKOB TaKO-
ro JBUTATeNd yKa3bBAIOT Ha
€ro TOJYKOOOPa3HBINA IPUHITUAI
nercTBUSA, a TaKKe Ieperpes
OTJEeNbHBIX YyacTeli. [a3 KaK To-
IJINBO HAMHOIO JOPOXKeE VI,
HO TaK YHUCT U yIpaBideM, UTO
ONHAIKIBI HAWAET IPUMEHEHHE
BO MHOMKECTBE MaJeHbKUX JIBU-
raTejeu, KoTopele OyAyT codTe-
HBI IT0JIE3HBIMU JJIS TOT'0, YTOOBI
NPUBOAUTDL B ABHIKECHHE IIBeH-
HBbI€ 1 APYTHE JIETKUE MAIllINHBbI.
(dsueamens JleHyapa — nep-
8blll Npakmuuecku npu2ooHslil

Jack K obuieMy eHTpy. [laBie-
HHE BOJBI B 9TOH IIEHTPaJIbHON

®OHTAH 3HAHWIN — nnm no kpaitHeit Mepe rurneHbl, 1910 1.

dsuzamenb BHYMpPEHHe20 c2opa-
Hust. — Ped.) m
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HOBBIE PYBEXH B H3YYEHHH
MUKPOLURKYNALUY KpOBL

Hax{ H3BECTHO, OCHOBHasA (PyHK-
U CepPAeYHO-COCYIUCTON CH-
cTeMbl — TPAHCKANUJJIAPHBINA 06-
MEH, IIpOIlecC, OTBETCTBEHHBIN 3a
mojJep:kaHue ToMeocTasa BCEX Op-
raHOB U CHCTE€M Ha HeOoOXOZMMOM
UL KU3HEAeATEJIbHOCTH OPraHu3-
Ma ypoBHe. MUKDPOIUPKYIANUA KPO-
BHU CTaJla IPeAMETOM IIPUCTAIBHOIO
HAy4JHOTO HMHTepeca KaK 3apyberx-
HBIX, TAK 1 OTE€YECTBEHHBbBIX CIIeIiua-
AUCTOB ¢ Havasga XX B. [lya uccuaeno-
BaHUU HCIIOJIb30BAJUCh MHUKPOCKO-
IIBI C yCUJICHHBIM UCTOYHHUKOM CBETa,
IIPOCBEYMBAIOIIHE KOIKY U CIIOCOGHBIE
JINIIb BHU3yaJHU3UPOBATh KaIHJLIA-
pel. KaMHeM NpeTKHOBEHHA Ha IIyTH
pas3BuTUA Kanuiapockornuu B CCCP
u Poccruu cTano oTCyTCTBHE HE06XO0-
JMOro 060py/I0BAHUSA U KOMIIBIOTE-
pusanuu Imporecca. 9Ty Ipobiaemy

Ha NPOTAKEHUH IOCIeIHHX 15 mer
YCIIEIIHO pelIaroT COTPyAHUEN 3AO
dleHTp “AHaIU3 BELeCTB™, TJe GbLI0
CO3JJaHO WHHOBAIIMOHHOE MEJUKO-
aHaJIUTU4YEeCKoe o6GopygoBaHHE —
KaIUIAPOCKOI M KAIHUJJISPOCIEK-
TPOMETP.

[TpuGOpEI UCIOJIB3YIOTCA JJIA He-
HHBA3UBHOTO OCMOTPa KallMJIAPOB
JejoBeKa. YHUKAJbHAA OINTHKA Je-
JIaeT BO3MOKHBIM yBE€JIMYEHUE H30-
6paxkenusa B 600 u Gosee pas. C mo-
MOIIbI0O KOMIIBIOTEPHOM IIporpaM-
MBI U300paKeHue BU3yaTIUu3UpyeTCA
U napaMeTpusyeTcd. PesyiabTaTsl
aHaJM3a NO3BOJIAIOT OXapaKTepHU3o0-
BaTh KAaNWUIAPHYIO CHCTEMY IaIld-
eHTa 6oJiee yeM 1o 20 mapameTpam
(MIOTHOCTH KANNUJIASAPHON CETH, IIU-
pUHA NEPUBACKYJISAPHONU 30HBI, JIH-
HellHaA CKOPOCThb KaNMWJJIAPHOTrO

KPOBOTOKA B OTZeJax U Ap.) u pabo-
TaTh B YCJIOBUAX yAaJ€HHOTO JOCTY-
na. Kpome Toro, myTem BKJIIOYEHUSA
B KOHCTPYKIIUIO 060OpynOBaHUA Ja-
3€pHOTro cieKTpodoTOMEeTpa JOCTUT -
HyTa BO3MOMHOCTb 3aIlMCU CIEKTPa
KPOBM B apTe€puaJbHOM U BEHO3HOM
oTAenax Kanuansapa. Takum o6pa-
30M, IIOMHUMO IIapaMe€TPOB MHUKPO-
LUPKYJAIUA HEMHBA3UBHO OIIpeJe-
JIAI0TCSA U HapaMeTpPhl KDOBU.

KanuansapocKkonsbl U KanUJIapoO-
CIIEKTPOMETPbI HAIIJIU IIPUMEHEHUE
B CTOMAaTOJIOTUU, KapJHUOJIOTUH, H-
JIOKPUHOJIOTUH, PEBMATOJIOTUU U XU-
pypruu. Cerogaa B Poccuu aTo 060-
pyZloBaHue BOoCcTpe6OBAaHO B OCHOB-
HoM B HHMU, T.K. B IepBy1o odepeab
NpeAHa3Ha4YeHo JJId IPOBEJEHUSA Ce-
PBE3HBIX HAyYHBIX HCCIEJIOBAHUU.
IlepcneKTUBHBIE 06J1aCTU IIPUMEHE-
HUA allapaToB — KOCMOHaBTHKa
U cnopTUBHasA MeaunuHa. C momo-
IIbI0 KalIMJJIAPOCIIEKTPOMETpa aHa-
JIN3 KPOBU MOMKHO IIPOBOJUTE B JIIO-
OBbIX yCJIOBUAX, B PEKUME PEeabHOTO
BPEMEHM U CKOJIb yTOAHO 4acTo, I0-
9TOMy Npu6Op He3aMEHUM IIPU CO-
CTaBJIE€HUU GHOJOTUYECKOI0 I1acIop-
Ta CIOpPTCMeHa (QHTHUAOIMNHIOBAA
nHunuatusa BAJIA). Madopmanusa
O COCTOAHUU KaIlUJUIAPHOU ceTu
KOHKPETHOTO CIIOPTCMEHa, 0CcOo6eH-
HOCTAX KOMIIEHCATOPHBIX MEXaHU3-
MOB, PeaKIM1 Ha Harpy3KM U Xapak-
TEePUCTUKAX (POPMEHHBIX JIEMEHTOB
KPOBU B pa3HbIe IEPUO/bI AEATEIBHO-
CTH II03BOJIUT COCTABUTbh UHJIUBUIY-
QJIBHYIO KapTy TPEHUPOBOK, BEIBECTU
cIIopTCcMeHa Ha IUK (GOopMBI K 3apa-
Hee 3aIlJIAaHMPOBAHHOMY CPOKY, IIpe-
JyIpeJIuTh BO3MOKHEBIE 3a60/1€BaHuU s,
nojgo6paTh HYKHBIE MeJUKaMEHTBI
U UHAMBUYAJIbHYIO JO3UPOBKY pas-
PEIIeHHBIX IIPerapaToB, OCYIIECTBUTH
0TGOp JIy4YIIUX CIOPTCMEHOB IO TEM
WU UHBIM IIapaMeTpaM JUId y4acTUs
B T€X MJIM UHBIX CODEBHOBAHUAX.

3a py6e:xoM TaKme IPOBOAATCH
U3BbICKAHUA B 06JIaCTU MUKPOIIUPKY-
AU KpoBU. OfHAKO 6€CCIOPHBIMU
NpeuMyIiecTBaMu OTEYeCTBEHHOTIO
06OpyZIOBAaHHUSA CTAIU BO3MOMKHOCTDH
e TaJbHOM MapaMeTpU3alyy U YHU-
KaJIbHad ONITUYECKAs CUCTEMA.

Enena BaxeHoBa, AHHa lanyso
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pan NPOMUB NOXAPOB

upexktop HHcTHUTyTa dU3MUeE-
CKOM XWMHUH M DJIEKTPOXUMUU
uM. A.H. ®pymrnHa akagemuk A.IO. [u-
BaJi3€ BBICTYIIUJ C ITUCbMEHHBIM 3a-
SIBJIEHUEM O BO3MOM¥HOCTHU Npeaynpe-
JKJIeHUdA, TIpeJoTBpallleHusa U ralie-
HUsA IIPUPOAHBIX JIETHUX IIOM¥APOB,
BO3HHUKAIOIINUX M3-3a TOPEHUEes TOop-
GbAHUKOB. B cBOeM 3aABJIEHUU aKajie-
MUK II0JJYEPKUBAET, YTO «aBAPUNHBIA
MeToJl 60pbOBI C TAKUMU ITPUPOJHBI-
MU KaTacTpodaMu cileyeT 3aMeHUTh
KOMIIJIEKCHBIM IIOJIXO/IOM C HCHOJb-
30BaHMEM HOBBIX METOJ0B Hpodu-
JIAKTHUKH U IIOATOTOBKH IIOYB, TEXHO-
JIOTUU TalleHUsd, NPeJOoTBpaIleHUA
U pacHpoCcTpaHEeHHUdA IoxkapoB. Tem
6GoJsiee YTO ®TA IpobiemMa He HOBadAd.
OAHAKO YPOKHU IPOIIJIOro 0 CUX IOP
HE YYUTBIBAIOTCA B IIOJTHOU Mepe»r.
TTogo6HBIe Mmo:kapbl 6Bl B 1972 1.
u 2002 r., npuyem B 1972 r. Ha 3KC-
TpeHHOM 3acegaHuu CoBeta MUHU-
ctpoB CCCP mnox nnpesceiaTeIbCTBOM
A.H. KocbIruHa ¢ JOKJIaiaMy 10 JTaH-
HOMY BOIIPOCY BBICTYIIHJIN IPE3UIEHT
Aragemun Hayk CCCP akajgeMuk
M.B. Kenaplln, a Takke COTPYAHUK
nHCTUTYyTA ITpodeccop E.JI. IIyKuH.
TlomuMo 06X peKOMEHIAIUI O He-
06XOIII/IMOCTI/I IIPaBUJBHOIO, OTBET-
CTBEHHOTO, HeaBpaJbHOIO BeJECHUS
JIECHOTO XO03fAMCTBA OBIIM BHECEHBI
IpeJIoKEeHNs, HallpuMep, 00 UCIIO0JIb-
30BaHUHU OTXOJOB IEJIJIIOJI0O3HOOY Ma k-
HOU NPOMBIIIJIEHHOCTH B KadecTBe
cMagyuBaTeaed TopdAHBIX MMouyB. Ilo-
cie nmo:xapoB 2002 I. UHCTUTYT TaKKe
HaIpaBJIAJd NPEAJIOKEHUs B MUHU-
CTEPCTBO YPE3BBIYAWHBIX CUTYAIlUH.
ITo pesyabraram
U HUCHBITAHUHN CerogHsA peKoMeHJa-

HaOJII0eH U

nuu MHCcTUTyTa GU3NYECKON XUMUN
u ayieKTpoxuMuu uM. A.H. ®pymMEnHa
CBOAATCA K cle/lyloleMy. Bo-nepBhIX,
caMoe IJJaBHO€ — COZIEp:aHue B I10-
pAJKe Jleca U MPOCEK, CUCTEMBbI Ka-
HaJIOB Ha TOPQPAHBIX NOIAX, obecrie-
YeHHe B JOJKHOM KOJMYeCTBE TeX-
HUKU IIOKaporalleHus. Bo-BTOpHIX,
HEOOXOUMO IPUMEHATH crenudu-
Yeckue (PU3UKO-XUMUYECKHe (UIn

KOJIJIOUTHO-XUMHUYECKHE) IIOAXOJBI:
HCIIOJIb30BAHUE [J00aBOK JeIleBBhIX
IOBEPXHOCTHO-AKTHUBHEBIX BEIIECTB
(ITAB) — cmauuBaTeIei Ipy rallleHuu,
BO3MOKHOCTh YaCTUYHOU rugpodpu-
JU3anuu [T,e. IIOBBIIIIEHUA CBA3U BE-
IIECTB C BO/IO¥) IIOBEPXHOCTH HOJISA 10
mepe y6opku ¢ppesepHoro Topda, Ha-
IpUMep OTAEIbHBIX I0JIOC JOCTATOY-
HOM IIMPUHEL. [lo0 MHEHHIO yYEeHBIX,
HeoOXOAMMO TaKiKe BO30OHOBIIEHHE
M pacIIMpeHHe IPOBOAUBIIHXCH
B 9TOH 061acTH HayJHO-HCCJIeJ0Ba-
TeJIbCKUX PaboT, TAKUX KaK OIpeje-
JIEHHEe CMa4YUBaeMOCTH 06pa3IoB TOp-
da, B3ATHIX B pas3HBIX I'OPU30HTAX,
a TakiKe CHCTEeMaTUYeCKHe HCCIIe0-
BaHHUA 3aKOHOMEPHOCTEH,
HOCTEU U yCJIOBUH NPUMEHEHUSA pas-
JIu4YHBIX [TAB n1d moBBIIIEHUA 2(]-
(peKTUBHOCTH UCIOJB30BAHUA BOJEBI,
BIMSAHUA Ha BOJOIPOHHUIIAEMOCTH
U cMaduBaeMocThb o6pasioB Topda,

ocobeH-

U3y4YeHNe BO3MOXKHOCTU YaCTUUYHOM
TuApodUIN3AINN IOBEPXHOCTHU OCY-
II€HHOT'0 TOP(AHOI0 MOJIA.
Axagemuk IluBajgse ob6pamiaer
BHUMaHHEe Ha TOT (AKT, YTO €CJH
TOp(AHBIE OIS CHOBA OBOAHSAIOTCS

(moce yTpaTsl TOoppOM pOIH TOIIH-
Ba), TO 3HAYHUTeJbHAsA 4YacTh OCY-
IIEHHBIX II0JEH MJOJIKHA 3SKCIIya-
TupoBatbcsa. Topd HyKeH U B Celb-
CKOM XO3fIHCTBE, M KaK HCTOYHUK
6GUOJIOTUYEeCKU-aKTUBHBIX BeIIeCTB,
u T.4. [IpydyeM «eclii HHCTUTYT B CO-
CTOAHUU U HENpeMeHHO OyZeT IIpo-
oKaATh HCCIeJOBAHHUA M paspa-
60TKH B 9TOM HaIpaBJE€HUH, TO HC-
NBITAHUA Pa3dpaboOTaHHBIX COCTABOB
U PErjiaM€HTOB OO HBI IPOBOAUTHCA
COBMECTHO C JIECHBIMU X03AHCTBaAMU
U OpraHu3alUuAMHU, II0JBeIOMCTBEH-
HBIMU MUHHCTEPCTBY Ype3BbIYAHBIX
cuTyanuib. B urore, eciu ygacrcd op-
raHM30BaTh TAKYIO KOOIIEpPAIIHIO, CIIe-
IIaJIICTHI TOTOBEI YK€ B GyAyIIeM ToLy
C03/JIaTh YCIOBUS, TI03BOJIAIONINE U36e-
JKATh HEIIPUATHOCTEMN, KOTOPBIE 06py-
MIMJINCH HAa HAIILY CTPAHY 9TUM JIETOM.

OJIHAKO B CBA3U C TE€M, UTO HET yBe-
PEHHOCTHU B OBICTPOM OpraHU3aIUU
TaKOM KOoOoIepaluu, AUpPeKTop MH-
cTUTyTa GU3NYECKON XUMUU U IJIEK-
Tpoxumuu um. A.H. ®pymruHa 06-
pamaeT BHUMaHHE 06IIeCTBEHHOCTH
Ha OTPOMHBIE BO3MOM¥KHOCTH, KOTOPBIE
PAH ucnonb3yeT He B IIOJHOH Mepe,
U IPOCUT MOAAEPKATh HAYKY B pellle-
HUM aKTyaJIbHEHIUX 3a4a4 rocygap-
CTBEHHOr0 Maciraba.

Omutpuin Muciopos
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wpocraii nosopar CUObABI

Ctapas ngesa «tBuctopa» Popgxepa lNeHpoy3aa
NOACTErHyna peBosiouuno B 06n1acTu CynepcTpyH

BHOHue 1960-x rT. U3BECTHBIHN pu-
3UK 1 Matematuk Pomxep IleH-
poy3 (Roger Penrose) npejjoxua pa-
JUKAJIbHO HOBBIA IIyTh pa3paboTKU
eauHON (usmYecKkoil Teopuu. Bme-
CTO TOrO 4TOOBI UCKATh 06bACHEHUSA
TOMY, KaK B IPOCTPaHCTBE U BpEMEHU
JBUKYTCA U B3aUMMOJEHCTBYIOT 4a-
CTHIIbI, OH IPEAIIONIOMKUI, YTO U IPO-
CTPAHCTBO, U BPpeMs — BTOPHUYHBIE
KOHCTPYKIIMH, BO3HUKAWIIUE U3 60-
Jee r1y6OKUX yPOBHEH peasbHOCTH.
OpHaKo ero Tak HasbIBaeMas TEOPUSA
TBUCTOPOB, II0JIyYUBIIas HA3BaHUE I10
TOMY, KaK BBIIVIAAAT B HEU IPUYUHHO-
Cle/ICTBEHHbIE OTHOIIEHUSA BOKpPYT
Bpamjamomieicsa JacTUIbI, He HaIllja
NpU3HAHMA, a KOHLIENTyalbHbIE IIPO-
671eMBI IOCTABUJIM HEMHOTHUX €€ CTO-
POHHHUKOB B TyIHUK. [I0706GHO MHOTUM
JPYTUM HOIBITKAM O00beJUHUTH DU-
3UKy OHa ObliIa 3a6polieHa.

B okTabpe 2003 r. [leHpoy3 3aris-
HyJ B IHCTUTYT NePEIOBBIX UCCJIEI0-
BaHUU B I[IppHCTOHE K OABapAy YUTTE-
"y (Edward Witten), 1uaepy ocHOBHOTO
CEroJHA MoAxo/a K 00 beJUHEHUIO —
Teopuu CcTpyH. IleHpoys oxugan ot

TBUCTOPbI, koTopble, N0 MHEHWIO
MHOrUX (PU3NKOB, MOTYT NpefcTas-
NATb YPOBEHb peanibHOCTU, nexatiuin
HWXe NpocTpaHcTBa U BPEMEHU, ONu-
CbIBAOT HaCTULbl KAK UCKAXEHHYIO
CTPYKTYpPYy CBETOBbIX NlyHeit (Tak Ha3bl-
BaeMyt0 KOHIpPy3HTHOCTb Po6uHCcOHa)

YurTena pasHoca 3a KPUTHUKY, HO
K €ro yZAUBJIIEHUIO YUTTEH 3aTOBOPUIJI
C HUM O €ro 3a0bITOM ujee.

Yepe3 HECKOIBKO MeCALEB YUTTEH
ony6inkoBays 97-CTpaHUYHYIO CTa-
ThIO, B KOTOPOU yBA3bIBaJ, BO3POAUB
K $KU3HU, TBUCTOPBI CO CTPYHaMH,
1 KOTOPOM IIOpa3UJI IaskKe CAMBIX CyPO-
BBIX KDUTUKOB TEOPUU CTPyH. 3a He-
CKOJIBKO IIOCJIEIYIOIUX JIET TEOPETH-
KM Pa3BUIN paboTy YUTTEHA U Iepe-
OCMBIC/IIMJIN IIPUPOAY IPOCTPaHCTBa
n BpemMeHu. OHHU yke paspaboTaiu
BBIYUCJIUTEIbHBIE METOABI, KOTOPHIE
npeBpalapT pelleHUe CJIOMKHeH-
MIUX 3a4a49 OOBIYHON (PU3UKH YaCTHUIY
B JIETCKYIO 3a6aBy.

Jlo nosiBieHus paboThl YUTTEHA «TBU-
CTOPUBD U «CTPYHHUKW» IIIJIA Pa3HBIMU
IIyTSAMU U TOBOPUJIH, B CYILIIHOCTH, HA
PasHBIX A3bIKax. Ecau Ilenpoys u ero
KOJIJIETU CcO3JaIu cebe uMdA Ha paboTax
B 06J1acTH 06IIIel TEOPUH OTHOCUTEIIb-
HOCTH DUHIITEHA, TO TEOPETUKU B 00-
JIaCTH CTPYH BO3BOJIUIN CBOM poJi K pu-
3uke JyacTul. Jlaionen MeticoH (Lionel
Mason) u3 Oxcdopaa pacckasas, 4To,
Korjga oHu c IlempoysoMm B 1987 r. mo-
cetnu CUPaKbIOCCKUN YHUBEPCUTET,
OHM IIPOMTHOPUPOBAIU OOCYKACHUE
TEOPUHU CTPYH, KOTOpOe, KaK Telepb
CTaJIo ACHO, MOIJIO GBI 1aTh UM HYKHBIE
NozACKa3Ku. «MbI He IIOIIJIM Ha CEMUHAap
1o pU3NKe YACTHIL: Mbl ObIN pEIATU-
BUCTaMM», — CKa3aJ MeMtCoH.

IlepponagyanbHo Ilenpoys mocra-
BUJI cebe IesIb IIepeCMOTPETh CIIoco6
IIPUJIOKEHNA KBAHTOBBIX IIPUHITUIIOB
K IPOCTPAHCTBY M BpEeMeHHU. 3jpa-
BBIM CMBICJI IOJCKa3bIBaJI, YTO TeoMe-
TPUA NPOCTPAHCTBA-BPEMEHU JOJIHK-
Ha PIyKTYHpoBaTh B KBAHTOBOM Mac-
mrabe, U3MEHAA B3aUMOOTHOLICHUA
co6rITHil. Ho B 3TOM ciry4ae cobGbITHE,
KOTOpOE, KaK IIPeJIoJaraiock, ObLIO
NPUYUHON APYyroro coOBITHUSA, MOT-
JIO HE OKa3aThCH €10, & 3TO IIOPOKIA-
JIO IapaJOKChl BpOJie T€X, YTO BCTpe-
YalpTcd B paccKasax O IMyTelleCcTBU-

fAX BO BDEMEHU. B Teopuu TBUCTOPOB
NPUYUHHO-CJIEACTBEHHBIE IIOCIEL0-
BaTEJIbHOCTU IIEPBUYHBI U HEe (PIIYK-
TYyUpyOT. BMmecTo aToro QuykTyupy-
IOT MECTOIIOJIOKEHUA U BPEeMeHa CO-
6b1THM. HO CTOPOHHUKYU TBUCTOPOB HE
MOIJIM KOHKPETHU3UPOBaTh U/JIEI0, IIOKA
IIPUBEPKEHIIBI TEOPUHU CTPYH HE II0-
Kas3aJId, 4TO COObITHE C HEOIIPE/IE/IeH-
HBIMHU MECTOIIOJIO#EHNUEM U BDEMEHEM
€CThb He YTO MHOE, KaK CTPyHa.

C Apyroid CTOPOHBI, y «CTPYHHH-
KOB» TOe ObljIa IIepPCIIeKTUBHAA UAes
0 CO3JIaHUU IIPOCTPAHCTBA, KOTOPYIO
OHM HE€ CyMeJd 3aCTaBUTh paboTaTk.
B 1997 r. oHM NpPEAINONIOKUIN, YTO
YaCcTHUIbI, HOCAIUECA B YETbIPEX U3-
MEPEHUAX, MOTYT BECTHU cebd TaK ke,
KaK CTPYHBI B IATU u3MepeHuax. Ho-
BO€ WU3MEpPEHHE MaTepHhaIN3yeTCs
Kak GUrypa B KHUKKe-PACKIA Y IIKE.
OpgHako 3TOT (POKYC HMOPOAMI TOJb-
KO OZTHO U3MEPEHUE B CUJIBHO Jedop-
MHPOBaHHOM npocTpaHcTBe. C IoMo-
b0 KOHIENIIMU TBUCTOPOB TeoOpe-
TUKM CErojHs IOKa3ajad, KaK MOTIyT
MOPOXAAThCA BCE M3MEPEHUA OOBIY-
HOT'O IIPOCTPAHCTBA U JAKe BPeMs.

MHuorue TEOPETUKHU COYJIH BIIOJI-
HE eCTeCTBEHHBIM TOT GaKT, YTO
IIPOCTPAHCTBO-BPEMSA — IIPOU3BOJHOE.
Quppio Xomxec (Andrew Hodges) n3 Oxk-
cdopja ykasas, YTO Mbl HE BOCIIPUHU-
MaeM POCTPaHCTBO-BPEMsA HEIIOCPE/I-
cTBeHHO. Ha ocHoBe mnocrtymnapmei
K HaM MHPOpMaIUU MBI 3aKJII0YaeM,
YTO COOBITHUSA IIPOUCXOMAT B OIIPE/ICIJIEH-
HBIX MECTaX B OIIpe/IeJIEHHbIE MOMEHTBI
BpeMeHU. «<MBICJIb O TOM, YTO II€PBUY-
HBIMHU O0'b€KTaMU BBICTYIIAIOT TOYKU
B IIPOCTPAHCTBE-BPEMEHU, UCKYCCTBEH-
Ha», — TOBOPUT OH. [leHICTBUTEIBLHO,
KOHIIEIIIUIO OIPe/eJIeHHbIX MECTOIIO-
JIOKEHUU 1 MOMEHTOB BPEMEHU Pa3py-
LIIMJIM I'PABUTAILMOHHOE UCKPUBJIEHUE
IIPOCTPAHCTBA-BPEMEHU U IIPECJIO-
BYTBI€ «IIyTamplliye B3auMOAeHCTBUA
KBaHTOBBIX YACTHUII.

IIpeycnenn «TBUCTOPILLD U «CTPYH-
HUKW» B IIepe/ieJIKe IIPOCTPaHCTBa
1 BPEMEHMU UJIA HET, HO OHU yiKe IIPOs-
BUJIA UHTEPEC K TEOPETUKAM (PUIUKHU
qacTul. [1J1a onucaHus Jaxe 10B0JIb-
HO IIPOCTOr'O0 CTOJIKHOBEHUSA YaCTHUIL
TpebyIoTCA ypaBHEHUA, COJEpKAIIUE
JIeCATKU ThICAY YJE€HOB U HaIlMCaH-
Hbl€ C HCIIOJb30BAHUEM CTpATEruu,
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paspaboraHHoil Puuapaom deifHMa-
HOM B 1940-X IT.

ITo4yTH BCE 3THU YJIEHBI B UTOTE B3a-
MMHO YHHUYTOMKAITCH, HO KaKue
MMEHHO W3 HHUX HCYE3HYT, 3apaHee
HEU3BECTHO,
cdA nmpoauparTbes yepes Bce. B apyroit

cTpaTrernu, HpennomeHHoﬁ «TBUCTOP-

IIO3TOMY IIPUXOAUT-

naMm U «CTPYHHUKAMM», UCIOJIb3Y-
I0TCA CUMMETPHH, KOTOPBIE B IIOAXO-
ne ®ellHMaHa HE NPUMEHSAJIHUCh, YTO
II03BOJIAET C caMoro Hadvajia wuaba-

BUTBCA OT HBJIHUIIHEr0 MaTeMaTHude-
ckoro 6araska. Berumcienud, mepen
KOTOPBIMU HEKOTJa CIIacOBaJIM MaTe-
MaTHUYeCKHe TeHUH, 3aHUMAIOT CErof-
HfA BCEro HeJeao-Apyrymo. « yBepeH,
yT0 PeriHMaH ObL1 GbI OYE€Hb JOBOJIEH,
YBUAEB, YTO MBI JejlaeM ceddacr, —
ckasas 3Bu BepH (Zvi Bern) u3 Kanu-
¢opHuiickoro yHusepcutetra B Jloc-
AHKeece.

3apoxkgamwliascsa HOBAasg TeopUd
IPOCTPAHCTBA-BPEMEHH IIOKA O4YEeHb

nmpeABapUTebHA M II09TOMY MaTe-
MaTHYECKH CJIOIKHA, TAK UTO JaXKe Te
pu3UKH, KOTOpPbIE HEIOCPEJCTBEHHO
pa3pabaTbiBAOT €€, JOIYCKAIT, YTO
OHM MOTYT IIPOCTO JHIIb CJIEAOBATH
3a TeM, 4TOo npoucxoauT. TeopeTuram
ele IPEeJCTOUT OOBbACHUTH, IOYEMY
IIPOCTPAHCTBO-BpeMs IIPEJCTABIAET-
Cfl HaM CTOJIb PEaJTbHBIM, €CJIH OHO —
BCETO JIUIIb MBICJIEHHBI KOHCTPYKT.

O>xopox Maccep

pecnepexoubtii MPAHIUCMO]

PagnkanbHO npocTas KOHCTPYKLMSA nosiBunach
4yepe3 85 neT nocre BblABMKEHUS OEN

Mnnnnapnm TPaH3UCTOPOB, CO-
CTABJIALIIUX CepJle KamJo0-

IO KOMIIBIOTE€PA U COCPEAOTOYEHHBIX
B OJHOH MHKpOcCXeMe, OOBbITHO OCHO-
BaHBbI Ha KoHIenuuu Jlszxona Bapau-
Ha (John Bardeen), Yonrepa Bpar-
TeiiHa (Walter Brattain) u Yuasama
Iloknu (William Shockley), Briepssie
OCYILIECTBJIEHHOM B BHUJI€ IPOTOTHUIIA
B KoMmmniaHuu Bell Labs B 1947 r. Ceroa-
HA QU3NKU CO3/1aJIU PaJIUKaIbHO 6oJiee
NpPOCTYI0 KOHCTPYKLIMIO TPaH3UCTO-
pa, 3anmaTeHTOBaHHYIo emle B 1925 1.
aBcTpuiickuM pusnkom IOnmycom -
rapoM JInnuendenbaoMm (Julius Edgar
Lilienfeld), Ho 10 HegaBHUX IIOp HU-
KeM He peaJIn30BaHHYI0 B BUje pabo-
TOCIIOCOOHOTO YCTPOMCTBA.

B KamJ0M TPaH3UCTOpPE ITPOXOIK-
JIeHUEeM TOKa IO IIOJIOCKE IIOJyNpo-
BOAHUKA YIIpaBJfAET 3JEKTPOJ, Ha-
3bIBAEMBIN 3aTBOPOM, OTHHpas WU
3anmmpas TPAH3UCTOpP, T.e. 3ajaBas
COCTOSTHHME JBOMYHOU (PYHKIINU, KOTO-
pad JIEKUT B OCHOBE PA6GOTHI KOMIIBIO-
Tepa. OGBIYHO II0JIOCKA IIOJIYIIPOBO-
JHHUKa CTPYKTYpHUpyeTcs Hamnojgobue
C3H/BUYA, B KOTOPOM CJIOM MaTepu-
aJjla 0JIHOTO THUIIA JIEKUT MEKIY ABY-
M CJI0OIMM MaTepuajia Apyroro Tuma.
B 3anepToM COCTOSSHUM 3TOT «COH/I-
BUI» BbICTyHaeT KaK HU30J4ATOp, HO
3aTBOp CIIOCOOEH C/iesIaTh €ro IIPoBO-
JHUKOM, B YaCTHOCTHU IIPU CO3JAHUU
3JIEKTPUYECKOro rojid. O6GBIYHO Ta-
KOM «COHABU Y (POPMUPYETCA U3 I10JIO-

CKU KPEMHUd, JIETUPOBAHHOM APYyTU-
MU 31eMeHTaMu. Hanmpumep, cpegHui
CJIOH MOKeT GBITh CO3/JaH IIyTeM J0-
6aBJIeHUA aTOMOB, KOTOPBIE 3aXBaThl-
BaIOT JIMIITHUE 3JIEKTPOHEBI, a KpaliHue
cJION — IIPH 7106aBJICEHUH aTOMOB, JIeT-
KO OT/AAIOIIMX CBOU 3JIEKTPOHBI. Kax-
IBIA CJIOU II0 OTAEJIBHOCTHU CIIoCO6eH
IIPOBOJUTH TOK, HO 3JIEKTPOHBI OTKa-
3BpIBAIOTCA II€PECEKATh IIPOMEKYTOU-
HBIN CJIOH, €CJIN 3aTBOP HE OTHEPT.

T'paHUIBI MEXKY CIOAMHU Ha3blBa-
I0TCA nepexogaMu. Ilo Mmepe yMeHb-
IIEHUsA Pa3MEPOB TPAH3UCTOPOB CO3-
AaBaTh YE€TKHE TPAaHUIBI, I'J€ KOH-
LeHTpalUU JIETUPYIOIIUX 3JIEMEHTOB
PE3KO U3MEHAITCA Ha PACCTOAHUU
B HECKOJIbKO HAHOMETPOB, CTAHOBUT-
ca Bce TpyaHee, roBoput MaH-IIbep
Konenx (Jean-Pierre Colinge) u3 Ha-
IIMOHAJIbHOTO MHCTUTYTA UM. TUHAA-
na B Upnanaun.

BBIX040M MOKET OBITh UCKJIIOUEHUE
9TUX rpaHull. Mcxona us uaeu Jiniau-
eHdenbaa, KoleHx 1 ero KoJ1aeru cos-
JlaJd TPAH3UCTOP BCEro C OAHUM THU-
II0M JIETUPOBAHUSA U, CJIEJ0BATEJBHO,
He UMeIoInui repexooB. HoBbIH npu-
6op mpexacTaBiasgeT coboil HaHOCTEP-
#eHb JJMHON 1 MKM M3 CHJBHO Je-
TMPOBAHHOTO KPEMHUSA C 3aTBOPOM,
PacIIOJIOKEHHBIM HaJ €ro cpeaHei
gacTpio. Co3aBaeMoe 3THUM 3aTBO-
POM 3JIEKTpUYECKoe Itoje obeqHseT
CPEJHIOI0 YacThb CTEPMKHA JJIEKTPO-
HaMHU, He [I03B0JIAA UM IIPOXOJUTH 110

CTEpIKHIO, U TAKUM 06pa3oM 3amupa-
€T TPaH3HUCTOP.

Ansa addexTuBHOrOo o06EegHEHUA
9JIECKTPOHAMHU He0oOXO0JUMO,
GBI TOJII[MHA KPEMHUEBOI'O CTEPKHA

qaTo-

6bL1a He Gosbiite 10 HM, a 106UThCS
IOy YeHUs TaKOH TOJIIUHBI B MacCco-
BOM IIPOM3BO/ICTBE y1aJI0Ch JIUIIb He-
naBHo. [Tpu6op 6yaeT Jerko HHTEerpu-
poOBaTh B MUKPOCXEMY, IIOCKOJIBKY OH
COBMECTHUM CO BCEMU CYIIIE€CTBYIOIIH-
MM IPOM3BOACTBEHHBIMH IIpoliecca-
mu, orMmeuaeT KoseHsx. Becniepexoj-
HasfA KOHCTPYKIuA Haubouaee apdex-
THUBHA AJIA 3allUPpAaHUA U OTIIMPDAHUA
TOKQ, TOBOPUT OH, & 9TO 3HAYUT, UTO
OHA CMOKET paGoTaTh IIPU MEHBIIUX
HaNPAKEHUAX, BBIJEJIAA MeHbIIe 6ec-
II0JIE3HOTO TeIlIa, U ¢ OoJIbIIed CKO-
pocTteio. (ITocste pocTa B TedeHUeE fe-
CATUJIETUHN TaKToBas YacToOTa KOM-
OBIOTEPOB B IOCJEJHUE HECKOJIBKO
JIET IPAKTUYECKN 3aCTOIOPUJIAChE HA
ypoBHe okoJo 3 I'T11.)

Jupektop otTaena GU3NYECKUX
Hayk lcciieqoBaTelbCKOro IeHTpa
uM. YorcoHa KomnaHuum IBM Tomac
Tetic (Thomas Theis) roBopur, 4To
6ecriepexoHbIe TPAH3UCTOPHI CMOTYT
CcTaTh IOJIE3HBIMH, €CJIM UX cOo3jaTe-
JISIM yAQCTCH CIeIaTh UX HAMHOTI'O KO-
podye HbIHeNmIHero 1 MKM, 4TOOBI OHU
JIydIlle COBMEIIAJIHUCh C CYIIeCTBY-
IOIIUMH KOMIIOHEHTaMHU, U paGoThl
B 9TOM HAaIllpaBJeHUH BeayTcsa. Ko-
JIEH:K COOOIIMJI, YTO CO BPEMEHH IIy-
6IUKAIIMY UX HCCJIeIOBAHUA UHTEpeC
K 6ecriepexo/JHbIM TPaH3UCTOPaM IIpo-
SIBUJIM HECKOJIBKO KOMITAHU M, BO3MOK-
HO, TOTOBBIX BJIOXKHUTH HOBbIﬁ CMBICJI
B BeIpaskeHue «Byayiee 6e3 rpaHUID.

HaBupe KactenbBekku
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|e03a nanonre

[yéuTenbHble NnocnencTensa pasnuea Heptn
B MekcnkaHckoM 3anuBee, BEPOATHO, ByayT
CKasbIBaTbCA Ha 9KOJIOrM4ecKon 06CTaHOBKE

HEe OOQHO pgecdaTuineTtTumne

C 0 BpEMEHM aBapuu TaHKepa Exxon
Valdez B611131 1106epeskbsa AJISACKUA
npomo Goubmre 20 €T, HO KaJaHBbI
JI0 CHX IIOp HAaTBIKAIOTCA Ha OCTAaTKU
HedTH, 106bIBasg MOJIJIIOCKOB B 3aJIU-
Be [IpuHc-YuibaMm. A B [Taname B6IH3u
MaHTPOBBIX GOJIOT U KOPAJJOBbIX PHU-
¢oB Baxusa-Jlac-MuHnac ciiycts 25 geT

nocje aBapuu Ha HedTeXpaHUIUIIE
B Mope o6pa3yroTca HeTAHBIE CIYCT-
ku. U naxke gepes 40 jeT mocje TOro,
kak y nnoayoctposa Keiin-Kog cenra Ha

BOJIE3Hb MOP4I. Mocne B3pbiBa Ha 6y-
poBon nnatcopme KomnaHun BP B Mek-
CMKaHCKOM 3anuee B mMope obpasoBa-
INCb OBLLNPHbIE HedTAHble NaTHA. TOK-
CMYHble yrneBoaopoAbl HedTM MoOryT
yrpoxartb 3[J0pOBbl0 OKpYyXatoLei cpe-
[bl He OfJHO fecaTuneTne

Menb HedTeHaNUBHAA 6apxa Florida,
3amax uila Ioj, 3apocasaMU CIapTUHBI
HAIIOJHAET BO3JYyX apoMaToM GeH30-
KOJIOHKU.

ITomo6HBIE 6eAbl MOKET CYJIUTH I10-
6epexpio CIIIA B MeKCMKaHCKOM 3a-
JauBe paspylieHue HedTAHOU CKBa-
SKUHBI KoMIlaHuM British Petroleum
(BP) Ha riiy6uHe 1,5 ThIC. M IPUMEPHO
B 65 kM oT Geperos mrara Jlyusua-
Ha. BypoBasa niardopma Deepwater
Horizon (DH) B3opBajnach 20 anpens
2010 1., a IOIIBITKHU IIEPEKPBITH BEIOGPOC
HePTU U3 IOBPEXKJICHHON CKBaKUHDI
YBEHYaAJIUCh yCIIEXOM TOJIBKO B Hada-
se aBrycta. O6muii 06beM nomnasIen
B MOpe He()TH peBhIIIaeT BHITEKIITNI
u3 taHkepa Exxon Valdez B pecaTku
pPas3 1 MOKeT HAHOCHUTD yIiep0 KUBOH
NpPUPO/IE MHOTUE TOJbI.

B medTH copep:aTcsa pas3IUdHBIE
TOKCHUYHBIE YIJTIEBOJOPO/bI, HO HAN60-
Jlee ormacHbl 6€H30JI, TOJYOJ, KCUJO-
JIBI ¥ TIOJIMIMKJIMYECKUE apoMaTHhye-
ckue yraesogopoasl (ITAY), Hanpumep
HadTaIuHbBL. Bce OHU CIIOCOGHBI BBI-
3BpIBATh OOJIE3HU Yy JIIOJEN, KUBOTHBIX
u pacteHuit. Ponang Keggann (Ronald
J. Kendall), crierimaiucT 110 9KOJIOTU-
YeCKOM TOKCHKOJOTuMM u3 Texaccko-
ro TEXHUYECKOTO YHUBEPCUTETA, TO-
BOPHT, YTO B JKUBBIX OPraHU3MaXx 3TU
BellleCTBAa MOTYT IIPEBPaIaThCA B eIl
6oJiee TOKCUYHBIE, CITOCOOHBIE BO3/EH-
crBoBath Ha JIHK. Ognako omacHBI
JI1d OKpY3Karolueil cpebl He Bce ITAY.
Bnaronapa ucnapenuro HedThb Tepd-
eT 20-40% nepBOHA4YaJIbHOIO KOJM-
gecTBa YTIJIeBOJOpoJoB. «Mcmapenue
n3bupaTeabHO yJladsdeT MHOKECTBO
COeJUHEHUH, IPUCYTCTBUE KOTOPbIX
B BOJIe HEMKeJIaTeIbHO», — FOBOPUT CIIe-
nuaaucT no xuMuu Mopsa Kpucrodep
Penpu (Christopher M. Reddy) us Oxe-
aHorpaduYecKkoro MHCTUTyTa B ByJc-
Xoyne. Kpome Toro, HepTh dMYyJIBIH-

pyeT, o6pasys IIeHy U3 CMECHU YTIJIeBO-
JIOPOJIOB U BOJIbI, MJIM CIMIIAETCA B TaK
Ha3bpIBa€MbI€ CMOJIUCTBIEC IIAPUKHU.

Ho K yauBIIEHIIO yYEHBIX OKa3aJI0Ch,
4TO Ha INIyOMHE OKOJIO 1 ThIC. M IIPOTeE-
KaloT CTPyU HePTHU JUIMHOM B HECKOJIb-
KO KMJIOMETPOB, U3 KOTOPBIX BbIMbIBA-
I0TCA TOKCHUYHBIE KOMIIOHEHTHI, 3a-
TpA3HALIME Boagy. B MeKCMKaHCKOM
3aauBe OGUTAIOT OKOJIO 16 TBIC. BUZIOB
HUBOTHBIX 1 paCTeHHﬁ, MHOTI'M€ U3 KO-
TOPBIX MOT'YT IOCTpPaJaTh, «HO y Hac
HEeT IpAMOro crnocoba y3HaTh, KaKue
MMEHHO U B KAKOU CTEeIeHW», — OTMe-
THJIa MOPCKOH 6uostor J[skeiH JIro64yeH-
Ko (Jane Lubchenco), rupextop Haruo-
HaJIbHOTO yIIPaBJIEHUA OKEAHNYECKUX
1 aTMocdepHBIX HccaenoBaHu (NOAA)
Ha npecc-KOH(PEPEHIMU 110 PasauBy
HedTH 12 masa 2010 .

B camoii 30He pasiauBa BO3Jel-
CTBUIO KOMIIOHEHTOB He(TU IIOABEP-
THETCH BCe, YTO HAXOAUTCA B BEDXHUX
cinosax BoAabl. IlpuuyeMm 3arpsas3HeHHE
B UTOr€ MOKET BbI3BaTh KacCKaJHbIe
2 eKTHI BO Bcel MUIEBOH eI .

B 10/ITOCPOYHOM NEpCIEKTUBE yde-
HBIX 6OJIBIIIE BCETO TPEBOKUT IIPOHUK-
HoBeHMe HedTH Ha cymry. «Eciu ns-sa
BBICOKHUX ITPUJIMBOB UJIU CUIBHBIX Be-
TPOB HedTh IOIIAZAaeT Ha IPUOPExK-
Hble 3a60JI04EHHBbIE TEPPUTOPUH, OHA
yAepUBaeTCA 0CaJJOYHBIMU OTIOKE-
HUAMU U OCTAETCA TaM JIeCATUIETUA-
Mu», — oTMedaeT I'ektop I'yaman
(Hector Guzman) n3 CMUTCOHOBCKO-
TO UHCTUTYyTa I/ICCHC}IOBaHI/Iﬁ TpOIIHU-
kOB B IlaHaMme, KOTOPBIN HU3ydas I0-
clleICTBUA pasiuBa HepTU y Geperos
INa"namel B 1986 r. OCO6EHHO YA3BUMBI
MapIIiyd, MecTa o6UTaHusA MHOMKECTBa
JKUBOTHBIX U NTUIl. VX 3arpsasHeHue
CIOCOGHO IPUYUHUTS yInepb sMOpro-
HAM U BJIUATH HAa MHOTHE ITOKOJIEHUA
BUJIOB.

«KaracTpopUUHBIMU MOTYT OBITH
yparaH 4 Jase IPOCTOU Tpomude-
CKMU IIUKJIOH, — noguyepkuBaeT KeH-
nann. — OHuU 3aHecyT HePTb B Me-
cTa, OYUCTUTH KOTOpbIe Oy/IeT O4eHb
TPYAHO.

Jlydie BCero cyThb CI0KMBIIENCA CH-
Tyanuu cpopmynuposaia JIOGUYEHKO:
«Korna BbuinBaetcs HedTh, 6aromno-
JIYYHBIX HCXOJIOB HE GbIBAET.

Oasupg Buenno
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JKONOZUYECKUE ONPOCHI new AHoMANGHON KAPE

HepuoJi aHOMAJBHBIX TeMmIepa-
BTyp, BCEBO3MOJKHBIX KJIUMaTHU-
YEeCKHUX U DKOJIOI'MYECKUX OTKIOHEHUH
poccuiickmne coruosiorn BIIMIOM 1o-
MpPOCHJIN KHUTeJell Poccuu OTBETUTH
Ha HECKOJIBKO BopocoB: «Hak, Ha BaIl
B3IJISI], UBMEHUTCS 9KOJIOTUYeCKast 06-
CTaHOBKAa B BallleM HACEJIE€HHOM IIyH-
KTe B Oumskaiiinme aBa-Tpu rojga? «dro
CEeroj{HA caMoe OIIaCHOE JJIfl OKPYKalo-
mei cpeapl? U «KTo JoJIKEeH HECTH OT-
BETCTBEHHOCTD 32 COCTOSHUE 9KOJIOTUH
B HAIIeM HACeJIEHHOM IIyHKTe?».

OO6I1IeCTBEHHOE MHEHHUE CKIIOHAETCH
K TOMY, YTO SKOJIOTMYeCKas 06CTaHOB-
Ka CKOpee yXyAIIUTCHA, TaK CUYUTAIOT
39% omnpomieHHbIX; 40% pecnoH/IeH-
TOB BBIOpPAJIM BAPUAHT «HE U3MEHUTCSD,
7% — «CKopee yIy4IIUuTCs», 3aTpPyA-
HUJINCH OTBETUTH 14%. COIIMOJIOTH OT-
Me4aloT, YTO He OKUAAIOT U3MEHEeHUH
B 9KOJIOTUYECKON CHTyaIlMU KUTEJHN
KPYITHBIX TOPOIOB (47%) u cen (44%).

CaMBIM OIIACHBIM JUUISI OKPYIKaIOIIeit
cpelbl cTajia, 10 MHEHHIO OIIPOILIEeH-
HBIX (44%), BbIpyOKa j1ecoB. Cepbe3HBbl-
MU UCTOYHUKAMU 3arpA3HEHUs GbLIN
IIpU3HAHBI TAKKe TPAHCIOPT (ABTOMO-
OGUIBbHBIN, KeJe3HOJOPOKHBIN, aBUa-

IUOHHBINA) — 38%, IPOMBIIIEHHBIE
IpeANpUATHA (MeTaJIyprHYecKue,
xuMmudeckue) — 38%, TpaHCIOPTHU-

POBKa 1 3aXOPOHEHHUE PaJUOAKTUBHBIX
oTx070B — 29%. Jlanee uayT GHITOBbIE
OTXOABI, MyCOp, CBaJIKU — 27%, aToM-
HBbIE HEpPreTU4YecKue cTaHnuu — 21%,
a TaKXKe THJPO3JEKTPOCTAHIIUH, Te-
TJIORJIEKTPOCTAaHIIMU — 18%, no6eruya
u nepepaboTka HePTH, rasa U APYyTUX
0JIE3HBIX UCKOITaeMbIX — 15%, arpap-
HBbIEe NpeAnpuATUs (yao6peHus, Mo-
TI'MJIBHUKY JKUBOTHBIX U p.) — 8%, ObI-
TOBafA TEXHUKA (XOJOAUIBHUKHU U IP.) —
7%, 6paKkoHbepPCTBO — 6%, CKy1aibl 60-
€BOH TEXHUKH, OpYKUA — 4%. 3aTpy-
HUJIUCH OTBETUTD 4%.

Ha Bonpoc: «KTo J0/I:K€H HECTHU OT-
BETCTBEHHOCTD 3a COCTOSAHME 9KOJIOTUN
B BallleM HACeJeHHOM IIyHKTe?» JKUTe-
s Poccuu BBIGpaIIN CIeIyOIIe OTBe-
ThI: MECTHAA BIACTb (23%), dbenepab-
Had BJIACTb, IIPABUTEIBCTBO B LI€JIOM
(27%), camu sroniu (12%), pernoHaIbHASA

BJACTh — I'y6epHaTOp, IVIaBa aIMUHU-
cTpanuu U peruoHa (14%), crerpaib-
HbI€ IIPABUTEIbCTBEHHBIE CIY#HObI —
MUHIPUPOABI, 9KOJIOIMYeCcKas IOTIU-
nusa, MYC u ap. (17%), npexnpuaTus
(2%), obmecTBeHHBIE OpPraHU3aAIUH,
B TOM 4MCJIEe dKoJorudyeckue (2%); 3a-
TPyAHUINUCH OTBeTUTH 3%. OTBeT-
CTBEHHOCTh Ha (pefiepaabHble BIACTHU
U Ha caMUX JIoJiell BO3JararoT IJIaB-
HBIM 00pa30M KHUTEIU KPYIIHBIX TOpo-
JI0B (26% 1 22% COOTBETCTBEHHO), HA
MECTHBIE BJIACTH — MOCKBUYM U IIETEP-
6y pKIIbI (49%), a Ha cienuaabHbIe IIpa-
BUTEJIbCTBEHHEBIC CIY:KOBI Jalle yKa-
3BIBAIOT cesIgHe (28%).

NHUIUATUBHBIA BCEPOCCUUCKUN
onpoc nposojauiaca BIIIOM B wumome
2010 r., 66110 OIIpoIIeHo 1,6 THIC. YeJso-
BeK B 140 HaceJIeHHBIX ITyHKTaXx B 42 06-
nacTax, Kpasax u pecny6iaukax Poccnn.

Jpyroii onpoc BIIIOM 6511 HOCBS-
mieH aHoMaJbHOM :kKape B Poccum.
Beliu 3ajaHbl CleAYyIOIIHME BOIIPOCHI:
«Kak BBl cyuTaeTe, K KAKUM IIOCJIE/-
CTBHUAM IIpUBeJa aHOMAaJIBHO KapKasd
noroja Ha Tepputopuu Poccun?» «<AHo-
MasbHad xapa B Poccun — pesynbraTr
r106aJIbHOTO IIOTEIVIEHUA KJIUMaTa
WU eJUHUYHOE OTKJIOHEHHUE OT IOTO/I-
HOM HOPMBI? »

COHPIOJIOI‘PI BBIACHUWJIN, YTO I'JIaBHBbI-
MU HOCJIEACTBUAMHU aHOMAJIBLHO JKaAPKOH
noroAsl Ha TeppuTopuu Poccuu Hamm
corpask/iaHe CUYUTAIOT yXyJIIeHUe ca-
MOYYBCTBUA JIIOJIEH U POCT CMEPTHOCTH
(75%), a TakmKe DKOJIOTMYECKYIO KaTa-
ctpody: rubesb peI6, JKUBOTHBIX U T.[I.
(47%). BplI Ha3BaHBI UCKYCCTBEHHOE
yBeJIMYEHUE LIEH Ha TOBAPHI, MT0JIb3YI0-
IIUECSA IIOBBIIIECHHBIM CIIPOCOM B yCJIO-
BUAX jKapbl: HAIIUTKYU, BEHTUJIATOPDSI,
JeKapcTBa U T.JA. — 46%, yxyjaieHue
CUTyalluU B IIPOJIOBOIbCTBEHHOMU cdepe
u3-3arubenn ypoxasa — 44%, obocTpe-
HUE CaHUTAPHO-3IIUEMUOJIOINYECKOM
o6cTaHOBKU — 38%. PecIioHAeHTHI OT-
MedJaloT pocT 6e3paboTHIbl, HAIIPU-
Mep CeJIbCKOM Xo3aicTBe — 11%, yxyn-
meHue cutyanuu B cepe KX (nepe-
60U ¢ BOJIOH U 9JIEeKTpUYeCcTBOM) — 17%.
2% OIpOLIEHHBIX BOOOIIE HE 3aMETUIN
HUKAKOI'0 BJUAHUSA Kaphl.

COIMOJIOTUYECKUM  oIpoc
4YepKHYJI HEOJHO3HAayHOE€ BOCIIPUA-
THUe Kapbl Io pernoHaM. Ha yxya-
IIEHUEe CaMO4YyBCTBUA JIOJENH M II0-
BBIIIIEHUE CMEPTHOCTH dYallle JPyTux
YKasplBaIlOT KUTeAU IleHTpaabHO-
ro (82%), CeBepo-3anagHOro OKpPyros
(80%) u Jansuero BocToka (82%). O6
9KOJIOTMYECKOH KaTacTpode Jale co-
obmiaroT xurtenu CeBepHoro Kabka-
3a (62%), LIPO (45%), CeBepo-3anaja
(51%), FODPO (42%), ITpuBOIKCKOTO de-
JiepaabHOTo oKpyra (45%), Ypana u Cu-
6upu (49%), aneHero BocTtoka (30%).
OTmeyaeTcs yXyAIIeHUE CUTyalluu

moz-

B IIPOJIOBOJILCTBEHHOM cdepe n3-3a Ir'u-
6eu ypoxasa — IPek/ie BCEro AajibHe-
BOCTOYHUKAMU (62%), ypaabnamiu (56%)
u 1o:kaHamu (58%). Poccusane us LleH-
TpaJIBHOT0 OKpyTa (62%) u l0:kHorO0 de-
JepabHOro okpyra (58%) 6ombIie Bcex
MOYyBCTBOBAJIM B3BUHYMBaHUE IIEeH Ha
omnpejieJIeHHbIE BBl TOBApoOB. 3/€eCh
JKe Jallle BCEro OTMeYaloT yXyALIeHue
CaHUTAPHO-3IIUJEMHUOJOTUYECKON 06-
CTAHOBKHU (COOTBETCTBEHHO 52 1 59%).

CorsacHO IOJy4YeHHBIM JaHHBIM,
€IMHOI0 MHEHHUA O IPUYMHAxX aHo-
MaJIbHO XapKOM IIOrojibl HA TEPPUTO-
PUU CTPaHBIy POCCUSAH HeT. 46% ompo-
IIeHHBIX BBIOpAIN BIUAHHUE II06alb-
HOTO IOTeIIeHusd, 42% CcYUTaloT, 4To
9TO JIUIIb €IUHNYHOE OTKJIOHEHUE OT
KJUMaTU4YE€CKON HOpMBI. [J106a/IbHBIM
IIOTENJIEHUEM aHOMAaJbHO KapPKYIO
4 3acylUIMBYIO IOroly OObACHHAIOT
gare xuteaun IO:xuHoro (63%), Ypaib-
crkoro (53%) u CeBepo-KaBkasckoro
okpyra (49%). pyroil BepcuUH NpH-
JIEPKUBAIOTCA B OCHOBHOM KUTEIU
CeBepo-3armaiHoro okpyra (52%).

MHUIUMATUBHBIA BCEPOCCUUCKUN
OIIPOC O IOCJIEeACTBUAX aHOMAJbHOM
sKaphl IpoBoauIcA 7-8 aBrycra 2010 .,
6BLIIO OIPOIIEHO 1,6 THIC. YeJIOBEK
B 140 HaceJIeHHBIX IIYHKTAaX B 42 obJa-
cTAX, KpaAx u pecnybiaukax Poccum.
B Gyay1iemM HotoGHBIN y4eT OOIIeCTBEeH-
HOT'O MHEHUSA CMOKET IIOMO4Yb B 60pb6e
C IPUPOAHBIMU CTUXUAMU U IKOJIOTU-
4eCKUMHU IIPOGIeMaMHU.

Omutpuin Muctopos
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B3rnan B bYAYWEE

12 cobbimuil,

KOTOPBIE MOTYT
HaMEHHTD MHP

®doTorpacun KesnHa BaH IncTta

B no6o MOMEHT MOTyT HEOXUOAaHHO
NPOU30NTU COOLITUA KaK NPUPOOHOro,
TakK M aHTPOMNOreHHOro xapakrepa,
KOTOpPbl€ CMOCOBGHbI MOSIHOCTbIO

N3MEHUTb O6LLECTBO.

Muorvne n3 atux cobbiTnn 6yayT
pa3BMBaTbCA COBCEM He Tak, Kak
n3naraeTcs B NONYyNAPHbIX KOHUENUMaxX

HACKOJIbKO — I T

BEPOSATHO?

50/50
BEPOATHO

NOYTUN HABEPHAKA

OTOT MHANKaTop
nokasbisaeT
BEPOATHOCTb
HacTynneHus
paccmarpusaemMoro
co6bITns oo 2050 1.

MOYTU HEBEPOATHO
MANOBEPOATHO

KJIOHUPOBAHUE YEJIOBEKA

Yapn3s You

asKHEeUI e JOCTUIKEHUS Ha-

YKH n1peo6pasyioT mpejcTaB-

JICHUS YeJ0BeKa O MUPE U ero
MeCTe B HEM U IIOMOT'alOT IIOHATH U3-
MeHEeHUs, Ha KOTOpble OH HE B CH-
JIaX IMOBJIHUATH HUJIHU IIPUCIOCOGUTH-
cs kK HUM. TeopHs OTHOCUTEIBHOCTH,
€CTeCTBEHHBIH 0oT6Op, MHUKpoGHadA
Teopusa HWHOPEKIUU, TeTHONeHTPH-
JecKkas CHCTeMa M ApyTue ob6bACHe-
HUA IPUPOJHBIX ABJIEHUH U3MEHHUIHN
HaIlUd MHTE/UIEKTYQJbHBIA U KYJb-
TypHBIH ganamadTel. To ke OTHO-
CHUTCA U K TAKUM DPas3HBIM H300pe-
TEeHUAM, KaK KoJieco Wiu VHTepHeT,
¢popmasbHAA JIOTUKA UJINM arpoTex-
HHUKA.

Kaxune HOBbIe ADKHE COOBITUA OMU-
flaloT dejgoBevecTBO? Huske MBI pac-
cMaTpuBaeM 12 BO3MOKHBIX COOBITHI
M A8 KaKJ0TO U3 HUX JAEM OLEHKY
BEPOATHOCTH TOLO, YTO OHO IIPOU-
3omzeT 0 2050 r. HekoTophle U3 HUX,
HECOMHEHHO, HAIIOMHAT JaBHUE CIO-
JKeTHl AHTHYTONHH: CTOJKHOBEHHE
C acTepou/JIoM, B pe3yJbTaTe KOTOPO-
IO IOTUGHET BCE JKUBOE; HHTEJIEKTY-
aJbHBIE MAIIUHBI, KOTOPbIe HAYHYT
BOWHY; MOHCTpPbI PpaHKEHIITEHHA.
OfHaKO JIy4IIUe yMBl y¥e CEroiHs
IpeAIoJaraloT, YTO COOBITUA OYAYT
pasBoOpaYHBaAThCA He TaK, KaK OMH-
Jasiocb. BosaMokHO, OJHUX JITIoAeH Ta-
KOH clieHapuUi pasodyapyeT, APyTuUM
nokakeTcs 3ab6aBHBIM. HecomHeH-
HO OJ{HO: 3TU COGBITHSA MOTYyT HaBCer-
la U3MEHUTb HalllU IIPEeJACTABICHUA
o cebe M 0 TOM, KaK MBI IIPOXKUBAEM
HaIly JKU3Hb. M

l:'l BEPOSITHO

MPOLIECC NCKJTKOYNTEJIbHO TPYOEH, HO HEM3BEXXEH

C MomeHTa poKJAeHUuA oBedyku JloJI-
a4 B 1996 r. KJIOHUpPOBAaHUE YeJJOBEeKa
B PENPOAYKTUBHBIX IEJAX IpeJCcTaB-
JAeTcs Hen36eKHbIM. BollpeKku COMHH-
TEJIbHBIM yTBEPHJACHUAM KJIOHOB Ye-
JIOBEKA IIOKA He GBLIO CO3JIaHO (KpoMme
HPUPOAHBIX UIEHTUIHBIX GIIN3HEI[0B).
HecmoTpsa Ha ycnexu, JOCTUTHYTBIE
B OIIBITAX C JPYTUMU MJIEKOIIUTAOIIU-
MU, IPUMEHUTEIbHO K YEJIOBEKY IIPO-
mecc okasaJjcs ropaszio 6ojee CJIOM-

HBIM, YTO MOKET YTEIIUTh OJHUX U pa-
309apoBaTh APYTUX JTIOJEHU.

Y4deHble CO3/JaIOT KJIOHBI IIyTEeM 3a-
MeHBI A/[pa ANNEKJIEeTKN AAPOM siile-
KJIETKU IPyToro yesjoBeka. VIM yaanoch
KJIOHUPOBATh 9MOPHUOHBI, HO HU OJWH
U3 HUX He IIPOIIeJ B CBOEM Pa3BUTHUH
JlaJIblile paHHeH CTaIuu, TAe 9MGPHUOHBL
IIPEACTABIIAIOT COO0M KOMIAKTHBIE II1a-
PHUKU U3 KJIETOK, Ha3bIBaeMble MOpYJIa-
MU. AKT IlepeHoca s/pa MOXKeT pa3py-
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B3rnAjl B bYAYWEE

IIUTH CIIOCOGHOCTH XPOMOCOM BBICTPaA-
MBaThCA HYKHBIM 06pa3oM B IIpoIiecce
JleJIEHU A KJIeTOK. «KJIOHUPYyA Bce HOBBIE
BU/IBI, BBl GOpMHUPYyeETe KPUBYIO 00y de-
HUSfA, & B CIy4dae 4esJOBeKa IIOIydeHHe
AUIEKJIETKN HACTOJbKO XOPOIIEero Ka-
YecTBa, YTOOBI €e MOMKHO OBIJIO H3Y-
9aTh, IIPEACTABIAETCA TPYAHBIM), —
otmeuaeT Po6ept Jlanma (Robert Lanza)
n3 komnaHuu Advanced Cell Technology,
IIepBOM 00'bABUBIIEN O KIOHUPOBAHUH
aM6proHa yesaoBeka B 2001 r. K cambim
TPYAHBIM 9TalaM OTHOCATCSA IPaBUJIb-
HBII BBIGOP MOMEHTA U CMECHU XUMHUKa-
TOB JIJII COOTBETCTBYIOILETO IE€Pernpo-
rpaMMUPOBAHUA KJIETKH.

XOoTsl HEKOTOPBIN OIBIT U HAKOIIJIEH,
okoJI0 25% KJIOHUPOBAHHBIX KHUBOT-
HBIX UMEIOT ABHbIC }ICCIJCRT])I, yKaSbIBa*
etT JlaHia, — He6oJbIINE CABUTU IIPU
epernporpaMMHUPOBAHUM HJIN BbIpa-
IIUBAHUN SMOPHOHOB JIMOO MaHUIIY-
JIMPOBAHUM C HUMH MOTYT IIPUBECTHU
K oIInOKaM pasBUTHUA. [IOIIBITKU KJIO-
HUPOBATh YeJIOBeKa OyAyT HACTOJIBKO
PUCKOBAaHHBIMU, YTO UX MOKHO YIIO/I0-
GUTH IONBITKE «OTIPABUTh MJIaJIeHIIA
B KOCMOC B paKeTe, KOTOpasd MOMKET
B30PBAThCA C BEPOATHOCTBIO 50%».

9THUYecKue IMpobaeMbl COXPaHATCH
JlaKe B clIydae CO3JaHUA COBEPIIEH-
HO HaJExHBIX MeToAoB. Hampumep,
MOYKHO JIM KJIOHHMPOBATBH 4YEJIOBEKa
6e3 ero Begoma uiu corsacuda? C apy-
roii CTOPOHBI, KJIOH MOKET IIPOMKUTH
6oJiee IIOITHYIO KU3Hb, IIOCKOJIBKY OH
B GYKBaJIbHOM CMBICJIE (ITIOJIyYaeT 3Ha-
HUA OT OPUTHHAJA», TOBOPUT CIIeI[Aa-
JIMCT IO MOJIEKYJIAPHBIM T€XHOJIOTUAM
Jxopmx Yepu (George M. Church) us
FapBap/ACKON# MEIUIIMHCKOU IITKOJIBI.
«Hanpumep, eciau g TOJBKO B 25 jeT
MOHAJ, YTO y MEHSA IPEKPACHBIN My-
3bIKAJIbHBIM CIIyX, a /0 9TOr0 HUKOTI-
a He 6paJjl yPOKOB MY3bIKU, I MOT' ObI
IOCOBETOBATh CBOEMY JBOMHUKY II0-
NBITaThCA HA4aTh 3aHUMAaThCA B PaH-
HEM JETCTBE».

B03MOKHOCTL KJIOHUPOBAHUA MO-
JKeT He orpaHUYUBaThCcA BUAoM Homo
sapiens. YdeHble MOI'yT BCKOpPE IIOJI-
HOCTBIO CEKBEHUPOBATh I'€HOM HeaH-
Aepranbia. XoTd B Ipollecce oKaMe-
HeHUA (poccmnmmzanun) JHK nmoBpe:x-
paercd, Yepd moJsiaraeT, 4TO XOPOIIO
COXpaHMBIIAACA OKaMEHEJIOCTb MO-
JKET COJep:aTh JOCTATOYHOE KOJIH-
YeCTBO MOJIEKYJ /1A (POPMUPOBAHUSA

AONOJIHUTEJIbHBIE MPOCTPAHCTBEHHbLIE USMEPEHUA

Axopax Maccep

reHoMa, IPUTOAHOTO /I KJIOHUPOBa-
Hus. «CoriacoBaHue» BBIMEPIINX BH-
JIOB C COBPEMEHHBIMHU — 3ajlaya ele
Gosee TpyaHaAs, 4eM OObIYHOE KJIOHU-
poBaHME, IOCKOIBKY TaKkue (PaKTOPhI,
Kak cpeja MaTKH U IIEPUOJ] co3peBa-
HUSA IUI0JIa, MOTYT OKa3aThCsA pa3Ind-
HBIMHU. EAUHCTBEHHBIN CO3/JaHHBIN HA
CeroJHs KJIOH BBIMEPIIETo *KUBOTHO-
ro — 6ykap/o (M1IpeHeHCcKoro ropHOro
KO03J1a) — IOoru6 cpasy Imocje poKae-
HUSA U3-32 1e(PEeKTOB JIEeTrKUX.

B CIIIA He Bce mITAThl 3allpPElIAIOT
KJIOHUPOBAHUE YeJIOBEKa B PEIIPOAYK-
TUBHBIX Ieaax. OOH npuHaia Heobs-
3aTeJbHBIN 3anpeT. Eciii KIIOHUpoBa-
HUE COCTOUTCH, TO «Oy/IeT COBEPIIEHO
B 30HE C ME€Hee CTPOTMMMU OTpaHHude-
HUAMU — BEPOATHO, KAKUM-TO 3KC-
OEHTPUYHBIM COCTOATEJIBHBIM Y€JIO-
BEeKOM», moJiaraet JlaHna. YacHeM-
CfA JIU MBI UM CO3PeeM JI0 IIPUHATUSA
KJIOHUPOBAHUA, KaK MbI IPUHAJIN 9KC-
TpaKOpIOpaJbHOE OILJIOJJOTBOPEHUE
(9KO)? Pasymeercsd, paspaboTka HO-
BBIX Iy T€U CO3JJaHUS JKU3HU 3aCTABUT
Hac 3agymarbcAd 06 OTBETCTBEHHO-
CTH, CBA3AHHOH C o6lalaHUEM CTOJIb
OrPOMHOI HAyYHOH MOIIbIO. B

I 135050

KPYMHENLN B MUPE KONNAWMOEP MOXET OTKPbITb HOBBIE MJTACTbI MPOCTPAHCTBA

PasBe He 370pOBO GBLIO GBI IIPOCTE-
PeTh PYKY B YE€TBEPTOE H3MEpEHUE
IIpoCTPaHCTBA? ITO I03BOJMJIO Obl
n36aBUTHCA OT OKOB IIPUBBLIYHON reo-
MeTpuu. BesHaze:xHo 3amyTaBIInecs
YAJIMHUATENbHBIE ITHYPHI JIETKO pac-
nyTarmTcd. IlepyaTky 1J1d IEBOU PyKu
MOJKHO OyJIeT IPEeBPATUTh B IIEPYATKY
JUIA IPABOM B3aM€H TOM, YTO U3TPbI3-
J1a Bama co6aka. CTOMaToJIOT CMOMXKET
o6pabaTbIBaTh KOPHEBbIE KaHaJIbI 6e3
rnoMoniy 60pMallIvHbI, ¥ BaM JaKe He
HYHO GyJIeT paCKpbIBaTh POT.

Cronp 6bl (aHTACTUYHBIMHU HH
NpeJCTaBIAINCh WIMIIHUE» U3Mepe-
HHUS, OHM MOTYT CyllleCTBOBaTh. Camble
pasHble TalHbI OKPYKAIOIIET0 MUPA,
OT OTHOCHUTEJIBHOU cIab0CTH IpaBU-
TalUuU 0 TIIyGOKOIro POJACTBA KamKy-
IMUXCA PA3JUYHBIMU YaCTHUI, CO3/a-
IOT BIIeYaTJIEHUE, YTO U3BE€CTHAA HaM

Bcenennas — q1uIib TEHb P€anbHOCTH,
B KOTOPOH CYIIECTBYET OOJIbIIIee YuC-
J10 n3amepeHuii. Eciu tak, To Boabioi
aApoHHBIN koyutaiaep (BAK) B6au-
3u JeHeBBI, KOTOPBIU OyZE€T CTATKH-
BaTh YaCTUIIBI IPYT C APYTOM, CMOKET
BBICBOOOK/IATh JOCTATOYHO SHEPIUH,
9TO6GBI Pa30UTh OKOBBI, YAEPKUBAIO-
IIIYe YacTHUIbI B PAMKaX TPeX U3Mepe-
HUU, U NO3BOJIUTH HaM IPOHUKHYTH
B 9TOT YMOIIOMPAYUTeIbHBIN MUP.
JlokasaTeJlbCTBO CYyIIECTBOBAHUA
60JIBIIIETO YHCJA U3MEPEHUU ITOJTHO-
CTBIO M3MEHHUT Hallle IIpeJcTaBle-
HHUE O PeaJbHOCTH, TOBOPUT KOCMO-
nor Makc Termapk (Max Tegmark) us
MaccadyceTCCKOro TEXHOJIOTMYECKOT0
MHCTUTYTA, co3faBiunii B 1990 r. ye-
TBIPEXMEPHBII BapUaHT BUJIECOUTDbI
«TeTpuc», 4TO6HI IIOJIYYUTh IIPEICTAB-
JIEHUE O TOM, KaK MOTYT BBITTIAJETH J10-

IIOJIHUTEJIbHBIE U3MepeHUud. (B aToit
UTpe ABMKEHUE TaJalOUX KU PIIAIH-
KOB» OTCJIEKUBAETCSA C IIOMOIIIBIO MHO-
JKeCTBa TPEXMEPHBIX CPE30B IIOJIHOTO
YeTHIPEXMEPHOT0 IPOCTPAHCTBA.)

B coBpeMeHHBIX GU3TIECKUX T€OPHU-
fIX TVIABHBIM JIOBOJIOM B IIOJIb3Yy CyIIe-
CTBOBAHMA OOJIBIIIEI0 YHUCIA U3Mepe-
HUH cTajla KOHLENIUA CylepcuMMe-
TPHUH, IeJIb KOTOPO — 06beINHEHME
Pa3JIMYHBIX BUJOB YacCTHUI] B OJHO
6GoJbIIIOE M CYACTIMBOE CEMENCTBO.
CynepcuMMeTpPHA MOMKET JOCTHUYb
9TOM IeJTH TOJIBKO B CJIydae, eCJIH IIPo-
CTPAHCTBO COJEPIKUT AeCATh U3Mepe-
HUMU. CKpbIBAaThCA OT OOHApPYKEHUS
3TH U3MEPEHUA MOTYT JIHM6GO IIOTOMY,
YTO OHM CJIMIIKOM MaJibl, 1160 MOTO-
MYy, 9YTO MBI CIHIIIKOM 3aI[UKJICHBI Ha
TPEeXMepHOHN «MeMOpaHe», KaK I'yCeHHU-
Iia, BrPBI3MIAACH B JIUCT.

14
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Boob6iie-To He Bce IpejjiaracMble
Teopuu yHUPUKAIIUU TPeGYIOT JOMIOJI-
HUTEJIbHOTO YHcJIa udMepeHuii. [1oaTo-
My oOHapy:KeHUe NN HeoOHapyKeHHue
9THUX U3MEPEHHUH CcTaHeT HeoOXOoau-
MO# TOYKOH oTcyeTa. «OHO IO3BOJHUT
BBIOpATh HYMKHOE HAIlpaBJICHHE», —
roBoputT ¢usuk Jlaiiza Pargomnn (Lisa
Randall) n3 'apBap/ACKOro YyHUBEPCH-
TeTa, co3aaBiias cebe M3BECTHOCTH
HCCIeJOBAHUEM BapUaHTa I'yCEHUIIbI
Ha JIUCTe.

OpuH u3 cnoco6oB Jo6GpaThbCsa 10
9THUX JIOIOJHUTEIbHBIX HU3MEpPeHUH
COCTOUT B HCIIOJb30BAHUU OHEPTUU
yckopuTensa yacTuil. CorjiacHO 3aKo-
HaM KBaHTOBOH MeXaHUKU, UeM 60JIb-
IIIe 9HEPTUM Y YacTHUIIbl, TEM B MEHb-
I1eM IPOCTPAHCTBE OHA COCPEIOTOYe-
Ha. DHEpPruu B 1 TepasIeKTPOHBOIBT
(T=B, unu 1012 3B) cooTBETCTBYET pas-
Mep B 107° M. Eciin JOTIOJTHUTEIBHOE
H3MepeHHe He MeHbIIe 9TOro, YacTH-
na gomkHa Oy/eT 6yKBaJIbHO BIACTh
B HEr'o U HAa4aTh BUOPUPOBATh.

B 1998 r. ¢usuk Topmorn Kein
(Gordon Kane) 13 MU4YuUraHCKOT0 yHU-
BepcUTeTA IIPEICTaBUII cebe coynape-
HUe ABYyX NIpoToHOB B BAK, B pe3yib-
TaTe KOTOPOr0 BO3HUKJIN 9JIE€KTPOHBI
M IpyTHe YaCTUIIbI, UMEIOIIYe 9HEPIUI0

:
!‘
!
!
i

t

He ToJabKOo B 1 TaB, HO U 1esble KpaT-
HbIe eil, HanpuMep 2 unu 3 TeB. Takue
KpaTHBIE JOJKHBI IIPEJICTABIATE CO-
6011 rapMOHUKM BUOpAIIUU B JOIIOJTHU-
TEJIBbHBIX U3MEPEHUAX, BBIABICHHBIX
CTOJIKHOBeHUEeM. HuKkakue craHaapT-
Hbl€ B3aUMOZIEICTBUA YACTHII, U JaxKe
TakKas 9K30TUKA, KaK TeMHas MaTe-
pUs, HE MOTYT OBITh IPUYMHAMHM 3TUX
SBJIEHUH.

JIOIIOJIHUTEIbHBIE U3MEPEHU S MOIJIN
6Bl IPOABUTH Ce0A U JPYTUMU CIIOCO-
6amu. Eciu 661 BAK nopoau cy6aTom-
HbI€ YEPHBIE JBIPBI, 3TO CTAJIO ObI IIPHA-
MBIM JIOKa3aTeJIbCTBOM CYyIIEeCTBOBA-
HUA JIONOTHUTENBHBIX U3MEPEHUH, T.K.
B OGBIYHOM TPEXMEPHOM IIPOCTPAHCTBE
CHJIBI TPaBUTAIIUU CJIUIIKOM CJIabmI,
4TOOBI CO3JATh YEpHBIE JBIPBI CTOJIb
MaJIbIX pasMepoB. OHU NOJOGHBIM e
06pa3oM N3MeHUIH ObI IIOBeJIeHUE IPY-
TUX CHJI, HAIIpUMEp 3JeKTPOMarHuT-
HBIX, B MUKpoMacmitabax. A ynpas-
N5 IeUCTBUEM CyIIepCUMMETPUH, OHU
cMorau 6bI IPUBECTH K CO3/JAHUIO YET-
KMX KAPTUH B3aMMOCBA3U MEKy Mac-
COM M IPYyrUMU CBOHMCTBaAMH YaCTHIL.
Eciau orBieubca or BAK, Hameku Ha
CyIIeCTBOBaHUE JOIOJIHUTEIBHBIX U3-
MEPEeHUH y4YeHble MOIJIU Obl HAUTH IIy-
TeM U3MePEeHUI I'PaBUTALMOHHBIX CHJI

¥ HaOJIIOJIeHU s OPOUT YePHBIX JABIP WIIN
B3PBIBAIOIIUXCSA 3BE3]I.

OTKpBITHE JONOJHUTEIbHBIX U3Me-
peHUil npeo6paszoBayio 6bI HE TOJBKO
¢uU3UKYy, HO U POJCTBEHHbIE JUCIIUTLIN-
HBI. JIOIOJTHUTE/IbHBIE U3MEPEHUH I10-
MoOrJIu Obl pACKPBITh TAKUE TAWHBI, KaK
YCKOpEeHME pacliupeHud BcejeHHOH,
U JlaiKe CTaTh IpeToAuel K mepecMo-
TPy BCel KOHIENIMU Pa3MEpPHOCTH,
yIIy6isia npeacTaBI€HUE O TOM, YTO
IIPOCTPAHCTBO U BPEMA BO3HUKAIOT U3
GUBNYECKUX ITPUHIINIIOB, JEeHCTBYIO-
IUX B 6€3rpaHUYHOM U BEYHOM MUPE.

«HrtakK, XoTA 0GHapYKEHUE JIOII0JIHU-
TeJIbHBIX U3MEPEHUU Oy1eT moTpscaro-
1M OTKPBITHEM, Ha 6ojiee riy6oKoMm,
KOHIIEIITYaJIbHOM YPOBHE OHO OyZleT He
CTOJb Y (PyHIaMeHTaIbHBIM», — TO-
Boput ¢usuk Huma ApraHu-Xamen
(Nima Arkani-Hamed) u3 HHcTHTY-
Ta IEPCIEeKTUBHBIX MCCIEJ0BAaHUN
B [IpuHcTOHE, ITaT HBIO-/3KEepcu.

Ckoab OBl NpUBJIEKATEIbHBIMU HU
GBLIM JIONIOJTHUTEIbHBIE U3MEPEHUS,
MBI CAMH HUKOTI/Ia HE CMOKEM ITPOHUK-
HYTb B HUX. By/lb OHU OTKPBITBIMU JIJI1
4acTHI], U3 KOTOPBIX COCTOAT HAIIHU
TeJa, JONOJHUTEIbHAA CBOOOJA IBU-
JKEHHH lecTabmiIn3upoBasia Gbl CIIOMK-
HBIE CTPYKTYPBI, BKJIIOYas KU3Hb. B
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BHE3EMHOW PA3YM

JxoH MaTcoH

[I:I MAJIOBEPOATHO

KAK Mbl BYJEM PEATMIPOBATb HA CUI'HATIbI 3 KOCMOCA?

B anpene 1960 r. B Hanuonanb-
HOH paJiMoacTPOHOMHYECKOH obcep-
Batopuu B I'puH-BaHke, mrar 3anaja-
Hasa Buprunusa, ®pank [peiik (Frank
Drake), koTopomy Toraa 6bu10 29 JeT,
HaBeJ 26-MeTpPOBBIM pajgUOTEIeCKOIl
Ha ABe Oyvkaiinve 3se3anl. OH Haje-
AJICA MOJIYYUTh CUTHAJ OT LUBUJIN3A-
LIUHA, KOTOPBbIE, BO3BMO¥KHO, CYIIIECTBYIOT
B 9THUX 3B€3JHBIX cUcTeMax. ITomeIT-
Ka He yBeHYaJach yCIIEXOM, HO IIPO-
eKT Ozma JlpefiKa IMOJIOXKUI HaJYaJIo
yCepAHOMY OMCKY BHE3EMHOT0 pasdyMa
(Search for Extraterrestrial Intelligence,
SETI), 1pOoJoIKAOIEMYCS 1 HbIHE.

JIpefiKk, KOTOPOMY B Mae HCIIOJIHU-
aock 80 €T, IPOJOJIKAET 3TO AEJO.
OH pykoBoguT lleHTpoM mo H3yde-
HUIO KU3HU B KocMmoce uMm. Kapia
Carana m HekoMMepdecKuM HHCTH-
TtyTom SETI B MayHTuH-Brio B Ka-
nmudopruu. TeM, KTO 3aHUMaeETCA 110-
MCKOM BHE3E€MHOIO pasyMa, CerojHs
He HY:KHO apeHJIoBaTh BpeMd Ha Apy-
I'MX aCTPOHOMHYECKUX HUHCTPYMEH-
TaX: OHU pacIoaralT COGCTBEHHBI-
MU, CHEIMaJbHO CO3/JTaHHBIMU, BPO/Jie
CcTpoAIIelca CUCTEMBI PaJUOTEIECKO-
noB Allen Telescope Array (ATA) B Xat-
Kpuke (Kanmudopuus). OnHako puHaH-
CUpPyeTCs 3TOT MPOEKT CKYyAHO, ITI03TO-
MY CTPOUTEJBCTBO OCTAHOBHJIOCH Ha
42 Tapejkax M3 3allJIJAHUPOBAHHBIX
350, 1 acTpOHOMBI IIOKa He cobpaJu
JI0OCTAaTOYHO JAaHHBIX, 4YTOOBI paccy-
KJATh O HAJUYUU Pa3yMHOU KU3HU
BO BceneHHOM.

«HecMOTpA Ha TO YTO MBI 3aHUMa-
eMcs 9TUMU MCCJIEJOBAHUAMM YiKe
50 s1eT, MBI HPOOBLIN 32 TEJIECKOIIOM He
TaK Y3 MHOTO BpEMEHU, — CKa3saJl JU-
pexrop LlenTpa SETI-ucciieioBaHui
B MHCcTUTYyTe SETI Jkui1 Taprep (Jill
Tarter). — HaM JIMIIIb U3BECTHO, YTO HE
B KasKJ0U 3Be3IHOM cucTeMe B [amak-
THUKE MMEIOTCsA TEXHOJIOTUHU, 6i1aroja-
PA KOTOPBIM BO3MOKHO IIOCBLIAThL pa-
AUOCHUTHAJIbI».

C HuM corjaceH acTpodusuk AnaH
Bocc (Alan P. Boss) u3 MucTuTyTa Kap-
Heru: «OrcyTcrBue curHanos SETI ce-
roJlHA O3HA4YaeT JIMIIb, YTO LMBUIU-

3allM, OT KOTOPBIX MBI UX OMKHUJAEM,
pacrpocTpaHeHbl He HAaCTOJIbKO, YTO-
6b1 orpaHUYeHHbIe IToucKku SETI o6Ha-
PY#UIN XOTh OAHY, — I'OBOPUT OH. —
EcTh emme MHOM¥ECTBO HEHCCJIeJOBAH-
HBIX TFaJIJAaKTHUK». B pamMKax ogHO! mu3
HaunboJiee MIUPOKUX B HACTOSIIEe Bpe-
MsA IIporpaMM — npoekTta Phoenix —
C IIOMOIIbI0 HEKOTOPBIX KPYITHEHIITNX
B MUpE PaJHOTEJIECKOIIOB HabI01a-
JTUCH GJIM3JIeKaIye 3Be3/1bl B IIMPOKOM
Ayaria3oHe 4acToT. 3a AeBATH JeT ObLIIO
o6cesegoBano 800 3Be3/, YTO COCTABIIA-
€T MEeHbIIle OJHOW MUJIJIMOHHOU IIpo-
IIeHTa BCeX 3Be3/1 Hallel [alakTUKH.
Jlaske 11 HaGJIIOAa BIITUXCSA 3BE3/1 I1a-
paMeTpbl BO3MOM¥KHOI'0O NCKOMOTO CHT-
HaJla YAUBUTEJIBHO MHOTOYHCJIEHHBI.
B ux umcio, Kak ¥ B ciaydae 3eMHBIX
PaguoCTaHIINM, BXOAAT YacToTa (Ka-
Kad cTaHIUA paboTaeT?), Bpems pabo-
ThI (KPYIVIOCYTOYHO CeMb JHEH B HeJe-
JII0 WJIY BBIKJIIOYAETCS HA HOYB?), BUJ
mopynanuu (AM niau UM?) u ap. «QTOT
TIOUCK JIOJI3KEeH OBbITh KAK MUHUMYM Jie-
BATUMEPHBIM, U IIPU 9TOM MBI MOMKEM
IPaBUJIBHO OLIEHUTD, YTO UMEHHO CJIe-
AyeT HUCKaTh, U IIOCTPOUTH ITOAXOA-
U UTHCTPYMEHT JIJII BOCBMU U3 9TUX
M3MepeHUM, HO HUYero He HAlTH 13-3a
OImMGKU B OAHOM», — ToBOpUT TapTep.
JloBOJBI B II0JIb3Y IIOUCKA BHE3EMHO-
TO pasdyMa U IIIUPOKOTro pacIpocTpaHe-
HUS JKU3HU BO BceleHHOM GBLIN MOMI-
KPEIJIEHBI IOATBEPIKAEHUEM PacIIpo-
CTPAHEHHOCTH IIJIAHETHBIX CHCTEM
y ApPYyruX 3Be3]. BOoJabIIMHCTBO U3
400 ¢ ITUINHUM HCCJIEJOBAHHBIX IIJa-
HET JAPYTUX 3BE3JHBIX CUCTEM — 3TO
ropsiuue TUraHThl, HEIIPUTOHbBIE s

OBMEH AAEPHbIMW YO APAMA

dunun Am

JKM3HU B TOM BH/JIe, KAK MBI €e 3HaeM.
Ho B 6mskauinme rogbl KOCMUYEeCKUA
Teneckorn Kemep», o6CaeyONnii ce-
roaHs 6osbie 100 ThIC. 3Be3/1 HA ITPeEJI-
MeT HaJIMYUA IUIAHET, JOJKEH PEeIIUTh
BOIIPOC O PacCIpPOCTPAHEHHOCTH ILjIa-
HET 3eMHOT0 THUIIA.

OnxHakKo Aaske Ha IIAHETaX 3eMHOTO
THUIIA BBICOKOOPTaHU30BaHHASA KU3HB,
crioco6Has co3aTh TEXHOJIOTUHU, II0-
3BOJIAIOIIME IepejaBaTh PaJHOCUTHA-
JIBI, MOKET OBITh PeJKOCTbI0. MHOrme
ucciiefijoBaTeIn HaJeloTCsa HaWTHu 6o-
Jiee IpocThle (POPMBI JKU3HU BPOJIE MU-
KPOoGOB MJIM CIN3eBUKOB. Bocc oTmeua-
€T, 4TO Takue (GOPMBI JKU3HU JOJIKHBI
6BITH JOCTATOYHO IIIHMPOKO PacIpo-
CTpaHEHHBIMH, OJJHAKO TEXHOJOTUS-
MU, KOTOPBIE IT03BOJIUIIHN ObI UX OOHAPY-
JKUTHb, MBI He OyZieM pacriojaraTth ele
110 MEHBIIIeH Mepe /1Ba IeCATKA JIeT.

Ho 4Tto penaTh, eciam KTO-TO Bce-
TaK! ITIOMaeT CUT'HAJ OT BBICOKOPA3-
BUTOM MUBUJIU3AUU? Y coobIecTBa
SETI Ha 3TOT cay4al ecTh Ipeaynpe-
JAUTeIbHBIE 06CepBAaTOPUU BO BCEM
MUpe, a y IPaBUTEJIbCTB TAKOI'O HET.
Jaxe Ha ypoBHe OOH He cyliecTBy-
€T CTPYKTYypPbI, KoTopas Morya 6bl Ha-
NpPaBJIAThH IOCJEAYIOINEe CIOPHBIE
maru. Eciu MBI yCJIBIIIUM KPHUK IIO-
TEHIMAJIbHO Bpaxkae6HOro cocena,
OCMEeJIMMCH JIU MBI OTBETUTH?

Jlns [ipeiika, KOTOPbIH, Gy ydu aciu-
paHTOM, JyMaJl, YTO OOHAPYKMUJ CHUT-
HaJ OT BHE3EMHOI'0 pasyMa, BIedarT-
JleHre He OyJeT COBEPIIEHHO HOBBIM.
«Ecau BBI fyMaeTe, 4TO 9TO CIIyYUJIOCH,
Yy Bac BO3HHUKAET COBEPIIEHHO ocoboe
YyBCTBO, U060 BBl IOHUMAETe, YTO BCE
U3MEHUTCS, — F'OBOPUT OH, IMes B BULY
HOBBIE 3HAHUA 0 JIPYyTUX MUpPaX, CyIIe-
cTBaxX U KyJbTypax. — YUT0OBI TOHATH
9TO OLIyIIeHHe, BBl JOJMKHBI, TaK Ke
KaK 4 g, UCIIbITaTh ero». |

[l:l MAJIOBEPOSITHO

MECTHbIN KOH®NTUKT MOXXET NMPUBECTW K BCEMVPHOMY KOLLUMAPY

OKOHYaHUE XOJIOJHOM BOMHBI U IIPO-
posnxaromuecsa yeuaua CIIA, Poccun
M IPyTUX CTPaH 10 KOHTPOJIIO BOOPYKe-
HHUU HAMHOI'0 YMEHBIIMJIN YI'PO3y IJIOo-
6aJIbHOT0 A/IEPHOTO YHUYTOKeHUA. Of1-

HaKO COXPAHAIIIAACA HAIIPAKEHHOCTD
JieJlaeT MECTHBIN 0OMEeH s/IepHBIMHU Y-
paMu BIIOJIHE peaIbHOM yTPO30ii.
OAMHOYHBIHN A/IEPHBIA B3PBIB MOKET
IIPUBECTU K CTPAIIHBIM IOCJIEACTBH-
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AM. B3pbeIB HaJ XUPOCUMOH, 9KBUBaA-
JIECHTHBIH 15 KMJIOTOHHAM TpPOTHJIA,
IIOPOAMII yIAPHYIO BOJIHY CBEPX3BYKO-
BOM CKOpOCTH, KOTOpas cCHecJla HOYTH
10 OCHOBaHUsA GeTOHHBIE 3xaHusd. Te-
IJI0BO€ H3JIydeHHe B3PbIBA BBI3BAJIO
CcMepTeJIbHBIE OMKOTH y JIIoJeH B paau-
yce KuoMeTpa. JIroau, HaXoAUBIIHECs
Ha MHOT'OKMJIOMETPOBBIX PACCTOSTHHUAX
OT SMHUIIEHTPA, CO BPEMEHEeM ITOTHOIN
OT IMOCJEeACTBUH PaUalMOHHOTO IIO0-
pasKeHUs U paKa.

OpHako rio6anbHBIX 3G@EKTOB He
BO3HHUKHET, €CJIU He B30PBYTCHA JECAT-
KU AJEePHBIX 60M06, 9YTO MOKET ITPOU-
30MTH, HAIpUMep, B ciaydae obMeHa

COTBOPEHUE XXU3HU

Oasng buenno

ANEPHBIMU yaapaMy Mexay MHauei
u IlakucTanoM. Mogenupys npeamnosia-
raeMble 9(PPEKTEI, YUeHbIe HCXOAUIN
U3 NPEAIIOJIOKEHUA, YTO 3TU CTPAHbI
«pa3rpy3AT» BeCh CBOH A/IePHBII IIOTEH-
uas, Io3ToMy GyeT B30PBAHO OKOJIO
100 60M6 MpUMEPHO TAKOU MOIITHOCTH,
Kak B XupocuMme (cm.: Poboic A., Ty O.B.
JlokansHast sidepHast 80otiHA U 2106ab-
Has kamacmpoga // BMH, N 3, 2010).
Kpome 20 MJIH YeI0BEeK, KOTOPHBIE I10-
ru6GHYT B X0/l 9TOI BOMHEI, CO BpeMe-
HEM YMPYT eIlleé MHOKECTBO JIIOJEH,
$KUBYIIHUX BHe 30HBI KOHQIUKTA. [leso
B TOM, YTO B3PBIBBI IIONHUMYT B BEPX-
HHe cJIou aTMocdepbl 5 MJIH T CaXKH.

I:. MOYTUHABEPHAKA ———

CUHTETUYECKASA BUNOJTOTNA MEPECTPANBAET OPTAH/3MBbI,
HO MOXXET JI1 OHA BOOXHYTb XXVU3Hb B HEXXV/BYO MATEPUIO?

YyeHBINH 706aBIsAET HECKOJIBKO XU-
MHUYECKUX COeJUHEHUHU B JabopaTop-
HBII CTakKaH C OyJBKAIOIIEU KUIKO-
CTBIO U B36aiaThIBaeT ee. IIpoucxonar
He3aMeTHbBIe peaKIIUU — U BOT 4yJiecC-
HBIM 06pa3oM BO3HUKAeT HoBadA ¢popMa
JKU3HU, TOTOBas Pa3BUBAThCH U IIPO-
nBeTaTh. TAKOBO IOIYJSAPHOE MIPEJ-
CcTaBJIEHHE O CUHTETHUYECKON OGHoJIo-
THUH WUJIN COTBOPEHUU KU3HU B J1abo-
paropuu.

Ha camoM ziesie crienuaIuCThl B 9TOU
06J1aCTH HE PBYTCA OKUBJIATH HEKU-
Boe. OHU IIOKA ellle AaJeKUu OT IOHU-
MaHUA 6a30BBIX IIPOIECCOB, KOTOPbIE
Moriau Gbl O3BOJIUTH WHEPTHBIM, He
MMEIOIUM yCTPEeMJIEHUN COeNHEeHU-
AM co6paThCA B JKUBYIO CAMOOPTraHU-
3yIoIyocs KIeTKy. [[oBTOpUTE 3HAMe-
HUTBIN 3KcIIepuMeHT Musnepa — KOpu
1952 r., npoiIeMOHCTPUPOBABIINI 06-
pas3oBaHUE AMUHOKHCJIOT U3 CMECH I'a-
30B, COOTBETCTBOBaBIIIEH TOTAAITHUM
IpeacTaBIeHUSAM O cocTaBe aTMocde-
PBI paHHEH 3eMJId, TaK, YTOOBI MOKHO
GBLIO C/Ie/IaTh JOCTATOYHO OIIPefiesIeH-
HbI€ BBIBOJIbI, HEIIPOCTO.

BMecTo 5TOro CMHTEeTHYeCcKas G1oJIo-
I'Uf 3aHUMAETCA BUJLOU3MEHEHHUEM Cy-
IIECTBYIOIIMX OPraHU3MOB. DTO MOKHO
IpEeACTaBUTh KaK F€HHYIO UHKEHEPHUIO
Ha CTEepouJax: BMECTO 3aMeHbI OJIHO-
TO reHa CUHTETHUYECKHe GHOJIOTH MO-

AuPUIUPYOT 60JIbIIINAE I'PYIIIIbI T€HOB
WU Jaske eJible TeHOMBI. MamMeHeHusa
B JIHK MoryT 3acTaBUTh OpPraHU3MBbI
BEIpabaThIBATh XMMHYECKHE COeUHe-
HUSA, TOILJIUBO U JJAKe JIEKAPCTBEHHbIE
npenapaTbl. «OHHM KOHCTPYUDPYIOT
C HyJs Habop KOMaHJ AJId KU3Heaed-
TEJIbHOCTH U BBOJAT UX BO UTO-TO yiKe
JKUBOE, 3aMeHAA IPUPOAHBIN Habop
KOMaHJ[, — OObACHAET OGHOMHIKEHEeD
Jpto Ouau (Drew Endy) us Crandopa-
CKOr'0 YHUBEPCUTETA. — JTO ONPEeIa-
€T aJIbTepPHATUBHBIN Iy Th pAcIpocTpa-
HEHUdA ¥HU3HU 1o 3emie. Bam Teneps
Heo6A3aTeJIbHO IIPOUCXOJUTH HEIO-
CPEICTBEHHO OT POAUTEE.

[lepeHOCHMas BETpaMU, OHA IPHUMED-
HO 3a HeJIeJII0 00OTHeT 3€eMHOM mIap,
a Jepe3 HECKOJIBKO MECSIIEB HAKPOET
€ro BeCh Kak OJ[esiJIoM. 3aTMeHue Heba
JIMIIIAT PACTEHUS JOCTYIA K COJTHEY-
HOMY CBETY U HAPYIIUT BCE MUIIEBLIE
eny KaKk MUHUMYM Ha JeCSATUIIETHE.
B uTOre rojofs CMOMKET HOIyOUTH OKO-
JI0O MUJLIAAP/A YeJI0BEK, CTPAJAIOIINX
OT HEeOCTaTKaA IIPOJOBOILCTBUS U Ce-
TOJIHSA.

IlociencTBUsT MpadHbI, HO €CTh
¥ OJ{HO CBETJIOE IATHO: IIpeJOTBpalile-
HUE TAKOr0 I'y6GUTEIHLHOrO COGBITHSA JIe-
JKUT B IIpeJiesIaX BO3MOKHOCTEMH (1 0T-
BETCTBEHHOCTH) YeJIoBeYeCcTBa. B

B cBeTe 3TOro HEKOTOPHBIE yYEHBIE
He BUJIAT CMBICJIA B TOM, YTOOBI HCKYC-
CTBEHHO BOCIIPDOM3BECTHU CYIIECTBY-
IOIYIO JKUBYIO KJIETKy. «BMmecTo TOro
4TO6Bl CcO3JaBaTh 4YTO-TO OJIH3KOe
K CYIIECTBYIOIIEH KJIeTKe, BBl MOXKETe
IPOCTO €e HCII0Ib30BaTh», — YKa3bIBa-
€T TeHeTHUK — Pa3paboTYNK TEXHOJIO-
ruii [sopasx Yepu (George Church) ns
TapBapACKON MEJUITMHCKOMN IIIKOJIBI.
A MaHUIIyJTUPOBAHHUE [€HOMAMU IIPU-
o6pesio TAaKOM HMIMPOKUU pasMax, u4To
UM 3aHUMAIOTCH JaKe MIKOJIbHUKU
CTapLINX KJIACCOB.

Ha camoM zieste cuHTeTHYeCcKas 61o-
JIOTUA 3aHUMaeTcCHA IepeHeCeHUeM
T PUHIIUIIOB KPYITHOMACIITAGHOT0 IIPO-
M3BOJCTBA B Guosioruio. IIpeacraBbTe
cebe MUD, TZe IIJIETEHOE KPECJIO BbIpaC-
TaeT caMo U3 3aIIPOrPaMMUPOBAHHOI0
COOTBETCTBYIOIIUM 0Gpa3oM 6amMGyKa,

TaK 9YTO HE HaJO CILJIETATh €ro BPpy4-
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HYI0 WM MEXaHHUYECKHUM CII0COGOM.
Wim oMa MUTAKTCA 3J€KTPOSHEPIru-
el OT caMOCOOGHMPAIOIIUXCSA COJIHEY-
HBIX 6aTapeil (JIMCTBEB»), a AEepPEBbA
BBIJIEJSIOT U3 CBOUX CTBOJIOB IU3€JIb-
HOE TOILIMBO. MUp, B KOTOPOM GHOJIO-
rUYeCKUe CHUCTEMBbI IIePEeCTPOEHBI Ta-
KHUM 06pa3oM, 4To0bI yAaIATh 3arpas-
HEHHUA WJIN He 60AThCA HU3MEHEHHH
KJUMaTa. BO3MOXKHO 1ake, 4TO yAacT-
cA co3J]aTh HEKUE IePerrporpaMMupO-
BaHHbIE€ 6AKTEPUH, CIIOCOOHBIE IPOHU-
KaTh B Hallle TeJIO, YTOGBI JIEYUTh €ro,
JleicTBY A IT0J06GHO apMUHU JKUBBIX BHY-
TPEHHUX Bpaden.

«B mpUHIHIIE, BCE, YTO U3TOTABIIHU-
BaeTCs, MOKET IPOU3BOAUTHCH C II0-
MOIIBIO GUOJIOTHW», — TOBOPUT Yepd.
B HebGonpmmux MacmTabax 3To yixe
IIPOUCXOOUT. I/ICHOJIBSyeMLIe B CTH-
paJIbHBIX IIOPOIIKAX 9H3UMBI OT BbI-
COKOTEeMITepaTyPHBIX MUKPOGOB GbLIN
BHUIOU3MEHEHbI TAKUM 06pa3om, 4To-
GBI OHM paboTau B XOJIOAHOH Boje, —
9TO ITI03BOJISAET SKOHOMHUTD 9HEPTHIO.

CuHTeTHYecKas GHOJIOTUs «HaMepe-
BaeTca (yHIaMEHTAJIbHO H3MEHHUTH
croco0bl, KOTOPBIMU MBI U3TOTaBIIH-
BaeM BCe Ha CBeTe, Ha OuIMKaNIIie CTO
JeT, — roBopuTt [{aBuj Pexecku (David
Rejeski), AUpEKTOp HAYYHBIX, TEXHOJIO-

TUYECKUX ¥ MHHOBAIIMOHHBIX IIPOrPaMM
Me:xAyHApPOJHOIO HAy4YHOIO IIEHTpa
uM. Byapo Bunbcona B BaimuHrrone. —
MBI MOKEeM KOHCTPYHUPOBATh MaTEPUIO
B GuoJsiorndeckoM macmrabe. 9To He
MeHbIIlee JOCTHUIKEHUE, YeM IIPOMBIII-
JeHHasd peBoJironud XIX B.»

C 6GOJBIINMH NEPCIeKTUBAMU CBS-
3aH U OOJBIION PHCK — OIIACHOCTB
BBIXO/lIa BUJ/IOM3MEHEHHBIX OpPTraHU3-
MOB 3a ITpejeJnl 1a6opatopuu. Ceroa-
HA 6OJIbI_HI/IHCTBO TAaKUX OPraHU3MOB
CJIMIIIKOM HeyMeJIbl, YTOOBI BEIXKUBATh
B IIPUPOAHBIX YCJIOBUAX, HO GHOJIOTU-
CHUHTETHUCTHI IIOHUMAIOT, UTO AJIA 60-
JIee CJIOMKHBIX CO3JaHUH Gy 1yIIero 1o-
TpebyIoTCcA pa3JudYHble Mepbl 3aIlH-
ThbI, HAIIPUMeP CTPOTUY KOHTPOJIb UJIN
BBEJ/ICHHE KaKOr0-TO MEXaHMU3Ma caMo-
pas3pylIeHUs B HOBBIM I'€eHETHYECKUH
KOJ. IIOCKOJIBKY CIIeIMaINCTBI MOTYT
IOJTHOCTBIO IIepecTpanuBaTh OPraHU3-
MBI HA T€HETUYECKOM YPOBHE, OHU MO-
TyT U U30JIUPOBATh UX OT IIPUPOAHBIX
cucTteM. MBI MOKEM 3aCTaBUTH UX ObI-
CTPO MOTUGHY TH», — FOBOPUT JH/U.

U Bce e HEKOTOpBIE yUYeHBIe IIbITa-
I0TCSI COTBOPUTH KU3Hb. Kapou Jlap-
Tur (Carole Lartigue), Xamunaton CMuUT
(Hamilton Smith) u npyrue us MHcTH-
TyTa Kpeiira Benrepa cospanu ¢ HyIsa

CBEPXMPOBOAMMOCTb MPU KOMHATHON TEMMNEPATYPE

Matrikn Moviep

CBEPXMPOBOOHWKU, COXPAHSAIOLLME CBOV CBOMCTBA MPU OBbIHYHbIX
TEMIMEPATYPAX, MPEOBPA3VYIOT SHEPTETUHECKWE CETW, EC/T OKAXXETCH,

4YTO OHM MOI'YT CYLLECTBOBATb

JIeKTPOCTAHIMIO, paGoTaIOIIYI0 HA
yTjIe, MOKHO IIOCTPOUTH IIOYTHU B JIIO-
6om mecTe. C BO30GHOBJISIEMBIMU UC-
TOYHUKAMHU BJHEPIUU J1eJ0 06CTOUT
nHa4ye. CaMbIe CUJIbHBIE BeprI llyIOT
Ha rOpHBIX 11aT0. COJTHIIE CBETUT sipUe
BCEro B IIyCTHIHAX. [lepefaua sHepruu
U3 9TUX MEeCT Ha COTHU KHJIOMETPOB
B ropojia CTaHEeT OJHOH U3 TPyAHEeH-
IIMX 3a/ja4 [IPY ITepexo/ie Ha BO30GHOB-
JIseMble UICTOYHUKU S9HEPTUU.

Hoseiimue cBepxmpoBoadAmiye kabe-
JIV TI03BOJISIIOT IIEpelaBaTh MeraBaTThL
9JIEKTPO9HEPIUHU Ha THICAYN KHUJIOMe-
TPOB C IOTEPSMH, He ITPEBBIIAIIMU
HECKOJIbKUX IIpoLeHToB. Ho 371ech ecThb
CBOSI CJIOIKHOCTB: 3THU Kabesu JOJIKHBI

MO EPIKUBATECA B CPeJie JKUIAKOI0 a30-
Ta c remrneparypoit 77 K (-196° C). Aato
03HA4YaeT, UYTO IIPUMEPHO Yepe3 KaiK-
ABIM KNJIOMETP NpHUJeTCA pas3MelnaTh
HACOCHBIE U XOJIOAUJIbHBIC YCTAHOBKH,
YTO PE3KO YCIOKHUT U YAOPOMKUT CH-
CTEeMY CBEPXIIPOBOAAIIINX KabeIen.
CBepXIIPOBOJHUKH, CIIOCOOGHBIE pa-
60TaTh IIpHU OOBIYHBIX TeMIIepaTypax,
II03BOJIMIIN GBI 06ECIIEYUTh IIOUCTHUHE
rino6anbHOE 9HeprocHabxeHue. CosrH-
e Caxapsl cmocoGHO obecneunBaTh
3anagHyoo EBpoIly 3Je€KTpO3HEepru-
el 10 CBEPXIPOBOAAIIMM KabexdaM,
IPOJIOKEHHBIM 110 AHY Cpeanu3eMHOro
Mops. Ho cama BO3MOKHOCTB CO3AaHUA
CBEPXIIPOBOJHUKOB, KOTOPBIE MOTYT

reHoM GaKTepuU U Jaie IpeBpaTUIn
OAWH TUIl 6aKTepuu B Apyroi. B npy-
IUX OpraHU3aIMAX MCCIIeJ0BATeIN
co3JaIin CUHTETUYECKUE OpPraHEJIJIbl
U JlasKe COBEPIIEHHO HOBYIO OpraHelI-
J1y, TAK Ha3bIBA€MYIO CUHTOCOMY, KO-
TOpasd JI0JIsHA BIpabaThIBaTh 9H3UMBbI
JUIS1 CMHTeTHu4ecKoi 6rosoruu. Cosna-
HUE KHU3HU C HyJIA MOKET OKas3aTbCs
HEOTBPATUMBIM.

CoTBopeHUE KU3HU He OyAeT o3Ha-
4JaTh, YTO y4eHble MOHAJIM, KaK OHA
BO3HUKJIA BIIEPBbIE, HO MOKET BbI3BaTh
cTpax Iepej, TeM, YTO YeJ0BEe4YeCTBO
He3aCJIyKeHHO IIPU0o6pesIo 60KeCTBEH-
HyI0 Molllb. OJTHAKO 3TO JAOCTUKEHUE
MOET MMETh U 60jiee CKPOMHBIE I10-
ciaeAcTBUA — Ipeobpa3oBaHUE Ha-
III€ro MOHMMAaHHSA COCYIIECTBYIONIUX
c HaMu GopM KHU3HHU. MBI CMOMKEM
IIPUCIIOCOGUTDL CBOIO IIMBUIU3AIUIO
K IIAapTHEPCTBY C }KUBBIM MUPOM Ha MO-
JIEKYJIIPDHOM YPOBHE TaK, 4YTOObI yCTOU-
4YUBO IIPOM3BOJMUTHL HYKHBIE HAM Ma-
TepUaslbl, 9HEPTUIO U IIPOJYKTHI IUTA-
HUSA, — TOBOPUT OHJAU. — MBI JOCTHUT-
HEM paBHOBECUSA B IAaPTHEPCTBE CO BCe-
MU OCTaJIbHBIMU (DOpMaMU KU3HU Ha
IUIAaHEeTEe CII0CO60M, KapJMHAIbHO OT-
JIMYAIOIIUMCH OT TOT0, KaK MbI B3aHMO-
JIefiCTBYeM C IPUPO/OU CeroHs». W

El:l 50/50

pa6oTaThk Npu KOMHATHOU TeMIlepaTy-
pe, ocTaeTcs CeroJHsA TaKOM ke Tai-
HOU, KaKkou oHa 6bL1a B 1986 1., Korjga
y4eHble BIEpPBbIE CO3JAU CBEPXIIPO-
BOJAIIMI MaTepuaJs, IPUTOJHBIA 18
pa6oThl IpU CPAaBHUTEIBHO BBICOKOM
TeMIlepaType KHUKOro as3oTa (IIpeK-
HUe MaTepHraJbl 061a4aIl CBEPXIIPO-
BOAAIIMMU CBOHMCTBAMHU TOJIBKO IIPU
TeMIlepaTypax He Bblie 23 K).

JlBa roga HasaJ OTKPBITHE HOBOTO
KJIacca CBePXIIPOBOJHUKOB — Ha OCHO-
Be JKeJie3a — MOPOJUJIO HAIeHKIAbI, YTO
TEOPEeTHKU CMOTyT pasrajaTh Mexa-
HU3M BBICOKOTEMIIEPATYPHON CBepX-
nposoguMocTu (cm.: Konnun3 I. Ke-
nesnwtil karou // BMH, Ne 10, 2009). Ha
9TOM OCHOBE, BO3MOMHO, YJJaCTCA HaM-
THU IIYyTh K CO3JaHUIO0 CBEPXIIPOBOSHU-
KOB, paboTampIuX IPpU KOMHATHBIX
TeMmIieparypax. Ho BeTpbl nepeMeH He
BCer/ia AYIOT I10 KoMaH/e. W
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CAMOCO3HAHUE MALLUUH

JNlappu FpuHmeliep

||:|:| BEPOSITHO

YTO NMPOWN3OWAET, KOrOA POBOThI HAYHYT OTOABATH KOMAHAbI?

HccnenoBaTelId HUCKYCCTBEHHOTO
pasyma (MIP) He coMHeBalOTCsd, YTO
paspaboTEa BBHICOKOMHTEJUIEKTYaIhb-
HBIX KOMIIBIOTEPOB U POGOTOB, CIIO-
COGHBIX K CaMOBOCIIPOM3BEICHHIO,
caMOOGY4YEeHUIO U IPUCIOCOGIEHUIO
K pa3JIn4YHBIM yCJIOBUSAM, HU3MEHUT
Mup. OJHAKO HA BOIIPOCHI O TOM, KOTga
9TO IPOUBOUAET, KaK JaJeKo 3alieT U
49TO C 9THUM JieIaTh, IOKA HET OTBETa.

CoBpeMeHHBIe pa3yMHbIe MaITHHBI
B GOJILIIMHCTBE CBOEM IIpeHa3HaYe-
HBI JIJI51 PEeIIeHN A KOHKPETHBIX 3a7a9
B ONpeJIeJIEHHBIX yCcI0BUAX. OJHAKO
CKOPO OHM CTaHyT 6oJjiee caMOCTOsA-
TeapHBIMU. «[lo Mepe Toro kak pa6o-
TBI, BBIIIOJTHEHHE KOTOPBIX MBI XOTHUM
IopydvaTh MallllHaM, YCIOKHAIOTCH,
CTaHOBHUTCSA Bce Gojee BaiKHO, YTO-
6bI 3T MAIIUHBI MOTJIN caMu 3a60-
THTBCSA 0 ce6e», — FOBOPUT UHIKEHeP-
MeXaHUK U CIenHaJIMCT 110 HHOp-
matuke Xopx Jlurncon (Hod Lipson) us
KopHeJickoro yHuBepcureta. Uem
MeHbIIIe MBI MOKEM IIPEJBUAETH pe-
3yJIbTAT, YKa3bIlBaeT OH, TeM GOoJIbIIe
HeOOXOUMOCTb B CIIOCOOHOCTH Ma-
IIUH aJalTHPOBAThCA K YCIOBHAM
paboTEI M CAaMOCTOATEIbHO IPHUHU-
MaTh pemieHus. [IoCKOIbKY MaIInHBI
JleJaT ycnexu B o0y4eHUHU, «d Ay-
Ma, 3TO BEJeT K UX CAMOCO3HAHUIO
U caMoaHalu3y», — ToBopuUT Jlum-
COH.

XoTA HEBPOJIOTH PACXOAATCHA BO
MHEHHAX OTHOCHTEJIBbHO GHOJIOTHYeE-
CKOM OCHOBBI CAMOCO3HAaHHHA, KO-
YeBBIM 3JIEMEHTOM IIpPEJCTaBIAETCSA
CJIOKHOCTB, & 3TO II03BOJIAET PACCUYU-
ThIBATh, 9YTO KOMIIBIOTEPHI C OAOCTA-
TOYHO COBEPIIEHHBIMH aJalTUBHBI-
MH allapaTHON M NporpaMMHON 4a-
CTAMH MOTYT OJHAMKIBI IPHOOpPECTH
caMoco3HaHUe. Bo3MOXKHO, MBI y3Ha-
€M, UYTO OHH JOCTHIJIN dTOr0 KOTHHU-
THBHOT'0 YPOBHS, TOJBKO TOTAA, KOrjaa
OHH BHE3aIIHO HAYHYT BOHHY IIPOTHUB
Hac, kak B ¢uiabme «TepMHHATOP».
Bonee BepoATHO, OJHAKO, YTO MBI
CMOXKEM IpeJBHUAETb IIEPEeX0J] TeX-
HUKU Ha 9TOT YPOBEeHb 3abarospe-
MEHHO.

INogo6Hada caMOyBEPEHHOCThb OCHO-
BaHa Ha HabJIIOJEHUAX 3a JIOJBMU.
MBI yHUKaAJAbHbl B OTHOIIEHUU pPas-
BUTOCTHU MHTEJJIEKTA, KOTOPBIX ITIO-
3BOJIAET HAM pa3 3a pa3oM COBEP-
IIEHCTBOBATh cebdA, AoCcTUTas BCe
6onpIINX BBICOT, cuurtaeT Ceimep
Bpunrceopsa (Selmer Bringsjord),
dusnocod wu3 IIOTUTEXHUIECKOTO
uHctuTyTa PeHccenupa. Ecan xu-
BOTHBIE, IIO-BUAUMOMY, 3aKJIode-
HBI B «3a/lJaHHYI0 BHEIITHUMU CUJIaMU
KOTHUTUBHYIO TIOPbMY),
€T OH, TO JIOAU UMEIOT CIIOCOGHOCTDH
0CBOOOKIAATH ce6s OT 9TUX OTPaHU-

YKa3bIBa-

YeHUH.

Kak ToJIBKO MaIllMHA OCO3HAET CBOE
CylIIeCTBOBAHME, OHA CMOKET IIpU-
AyMaTh cebe ycoBepIIEeHCTBOBAaHMUE.
«9TO MOMKET CTaTh IIOMCTHUHE OIlac-
HBIM JIeJIOM», — TOBOPHUT YHJII PaiT
(Will Wright), cospaTenb urpsl Sims
M COy4YPEeAUTEb POGOTOTEXHUYECKON
mactepckor Stupid Fun Club. Korga
Yy MaIlWHBbI BIIEPBbIE BO3HUKHET ca-
MOCO3HaHMeE, 3a HUM IIOCJeAyeT ca-
MOCOBEpIIEHCTBOBAaHUE, KOTOpOE
npeacTaBageT cO60HU «(KPUTUYECKYIO
Mepy TOro, Korjla BEIM CTaHOBATCSA
MHTEPECHBIMMW», 106aBIA€T OH. YCO-
BEPIIEHCTBOBAHUA OYyAYyT OCYIIECT-
BJIATHCA B IOCIEAYIOIIUX IIOKOJE-
HUAX, JUIA CMEHBI KOTOPBIX B ClIy4ae
MAaIlIUH MOKET IOTpe6oBaThCA BCETO
HECKOJIBKO 4acCoB.

WHBIMHU clI0BaMHU, oTMedaeT PayT,
caMOCO3HAaHME IOBEJET K CaMOBOC-
NPOU3BEJECHUIO U Jjajieeé K CO3JaHUI0
6osee cOBepIIEeHHBIX MAIINH 6e3 y4Ja-
CTUA 4YeJIoOBeKa. B oTHoOIEeHuHU cyab-
6Bl yeJIoBeYeCTBA «TAKOW CI€HApUi
JIMYHO MEHA BCerja myraj 6oJblie,
YeM JAPYTUX», TOBOPUT OH. «)TO MOKET
NPOU3OUTH eIlle NPU HaIllel KU3HHU.
M Kak TOJIbKO HaM NPHUJETCH JeIUTh
IUIaHETYy ¢ UWHOU ¢opMoM cymnmepuH-
TeJJIeKTa, AJd Hac Bce OyJeT moTe-
PAHO».

He BCe cTOAL IECCMMMUCTUYHBI.
B KOHIl€ KOHIIOB, MAIIUHBI CJIEAYIOT
JIOTUKE IPOrpaMMUPOBAHUA, U €CIU
BBINOJHATH IPOrpaMMUPOBAaHUeE IIpa-

BMJIBHO, «<MAIlIMHA HE CMOXKeT IIPpUo6-
pecTH KaKol-TO CBepXbeCTEeCTBEHHOM
Mo, ToBopuT Bpunrcropa. OgHako
OH OTMEYaeT, 4YTO OIIaCEHU A BbI3bIBa-
€T BO3MOYKHOCTb MCIIOJIb30BaAHUSA HC-
KYCCTBEHHOT'0 pa3yMa B OPYKHH U
60eBBIX MalllMHAX 3a KyJHUCaMH, /e
HHUKTO HE CMOJKET IOBJIHUATH Ha pas-
BUTHE COOBITHH. «B OCTANBHBIX CIy-
gaax, f AyMaro, Mbl CMOeM KOHTPO-
aIupoBaTth Oyayiee, ucrnoabdysa WP
OTBETCTBEHHO», — yBEPEH HCCJIe/0-
BaTeJIb.

IlosBnenue Gosnee Bbicokoro 1P He
6yZeT MOXO0Ke Ha «BTOPIKEHUE BPaiK-
e6HBIX MAIIUH-TIPUIIEIBIEB C TEM,
9TOOBI BEITECHUTH HAC», COIIaNIaeTCs
Gy TypoJIor 1 BeIAIOIIUICSA TIcaTe b
Pait Kypreiin (Ray Kurzweil). Mamm-
HBI, CHUTAET OH, 6YyAYT CJI€I0BATH ITy-
TeM, IIOBTOPAIOIIUM IIyTh 9BOJIIOINN
gesioBeka. OJHAKO B UTOTE€ CaMOOCO-
3HAIONINUe U CAMOCOBEPIIEHCTBY IO H-
ecs MAaIIUHbBI PA30BBIOTCHA /10 YPOBHA,
KOT/la YeJIOBEK He CMOMKET He TOJBKO
YIpaBiIATh UMU, HO U IOHUMATh UX,
nobaBJiiseT OH.

IOpuanyeckue ciaencTBUs paGoThl
MaminH 6e3 KOHTPOJIA YeJIOBeKa He-
SICHBI, HO, «IIO?KAJIy ¥, CTOUT IIOyMaTh
06 9THUX Bellax», rOBOPUT JIUIICOH.
Eciu po60THI CTAHYT IIPOrPaMMHUPO-
BaTh JAPYT Apyra 6e3 ydacTHus JyeaoBe-
Ka, 6yieT o4eHb TPYAHO o6ecIednuThb
BBITIOJTHEHME 9TUYECKUX IIPABUJI BPO-
Jle BBIIBUHY ThIX TIOKOMHBIM A3eKOM
A3UMOBBIM «TPE€X 3aKOHOB po6OTO-
TEeXHUKW», KOTOPbIe TPEOYIOT, YTOOBI
PO6GOT HE MOT IPUYUHUTH BpeJ| YeJsIo-
BEKY U HE II03BOJIAJI 9TO eJIaTh KOMY
6bI TO HU OBILIO0. «3aKOHBI po60TOTEX-
HHUKHU A3MMOBA OCHOBAHBI HA IIPEJIIIO0-
JIO¥EHHUH, 4TO po6oTa IporpaMMUpY-
eTe Bbl», — FOBOPUT JIUIICOH.

Jlpyrue coMHEBAaIOTCHA, YTO JIIOIU
BOOOIIE CMOT'Y T YIIPABJIATH HOBBIM I10-
koseHueM UP. «KTo ckasai, 4To 3BO-
JIIOIUA HE NOWJeT TaKUM IIyTeM? —
crnpamuBaeT PalT. — JlO/KHBI JIHU
GBI JUHO3aBPBl 3aKOHOAATEIBHO
3aIpeTUTh MJEKONHUTAIOIIUM pas-
MHOKAThCS U 3aXBATUTh GOJBIIYIO
gacTh NOJaHeTHI?» Eciu KOHTpoOJb
oynem
HaJAeATbCH, YTO MBI CMOYKEM MUPHO
YIKUATHCA HA OJJHOH IIJITaHETEe CO CBOU-
MM KPEeMHUEBBIMU COCEeAAMU. B

OKa¥XEeTCA HEBO3MOMXHBIM,

B mMupe nayku [08-09] aszycm-cenmaGps 2010
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YBEPUTE NNAXHbLIA LUE3MOHT: MOBbLILWEHUE YPOBHA MOPA BYKBAJIbHO

NMEPE®OPMUPYET MNP

Teppurtopusa CIIIA coxkpamiaeTcsa —
dusuyecku. Ha BocTtoyHom moGepe-
JKbe OHA B TeueHue XX B. moTepAa I1o-
JIocy IIMPUHOM okoiso 20 M. 3a cueT
HOTEIJIEHUsA (Temnsjas Boja 3aHHMa-
eT GOJIBINNN 06'beM) U TAaAHUSA IOJIAP-
HBIX JIBJIOB YPOBEHb OKeaHa ¢ 1900 r.
nojHAJNCA NpuUMepHO Ha 17 cMm. Of-
HAKO 3TOT IOAbEM COCTABJIAET JIMIIb
MaJjyl dYacTb Inpejacrosuero. «Pac-
CYHTBIBAUTE Ha IeJIbI MeTP K KOHILY
HBIHEIITHETr0 CTOJIeTUS, — FOBOPUT IJIf-
nuosior Po6ept Bunamasiep (Robert
Bindschadler), 3acaymeHHBIH Hay4-
HbI pa6oTHUK NASA B OTCTaBKe. —
IMoTenneHre OKeaHa YHUUYTOMKAET Jie-
JIOBBIY IITUT».

HekxoTopsle 13 Haubojiee U3BECT-
HBIX IIPOIHO30B — 3aTonjeHue dio-
PUABI CJIOEM BOJIbI B HECKOJIBKO METPOB
1 OOIIMPHBIA 3aJIMB HA MECTE HbIHEIII-
Hell BaHrmagem — MOryT cOGBIThCA
JIMIIBL Yepe3 HECKOIbKO cToneTuil. Ho
K 2100 T. clIeyeT 0KUAATE OCBOOOMK/Ie-
HUA 0TO Jbja CeBepHOro JIeZJOBUTOTO
OKeaHa U CyIIeCTBEHHOI0 U3MEHEHU
GeperoBhIX JIMHUH. [10 OIleHKAM dKO-
Homucta Hukosmaca Crepna (Nicolas
Stern) u3 JIOHZOHCKOH IIKOJIBI 9KOHO-
MHUKH, Ha TEPPUTOPUAX, BO3BBIIIAIO-
IIUXCA HaJi COBPEMEHHBIM YPOBHEM
OKeaHa BCETO Ha OJMH METp, KMBYT
200 MJIH YeJIOBEK U PaCIIOJIOKEHBI BO-
CeMb U3 JIeCATHU KPYITHEHIIINX TOPOJIOB
MHpa U BCE METalloJIMChl pa3BUBaO-
muxcd cTpaH. «vIM npuaercd nepebu-
paTbcs», — rojaraeTt bunamaniep.

U B caMOM JieJie, €CJIU BEIGPOCHI ITap-
HUKOBBIX I'a30B HE COKPATHUTh, TO IIO
Mepe TagHUA JIbJa Ha BBICOKOTOPbAX
(roe comepsxuTCA OKOJIO 1% BCero Ibaa
miaHeTsl), B pennanaun (9%) u AH-
TapkTujae (90%) ypoBeHb okeaHa Oy-
et noBbImaTbesd. O61ero o6bemMa 9To-
ro JIbJA JOCTATOYHO JUI TOr'0, YTOObI
YPOBEHB OKeaHa IIOJHAJICSA 110 MEHBIIIe
Mepe Ha 65 M.

YToO6Bl PACTOIUTHL BECh ITOT JIEJ,
NoTpeGyIOTCA CTOJIETUA, HO IIOKA Tad-

HUe IIPOUCXOIUT OBICTPee, 9YeM yUeHbIe
0KHJIaJ I BCETO HECKOIBKO JIET Ha3asl.
"u AQiKe [IPU IIOCTEIIEHHOM IIOBBIIIIEHU N
YPOBHA OKe€aHa PUCK KaTacTpodude-
CKHX IIITOPMOBBIX HATOHOB U TOMY IIO-
JOGHBIX 6€e/ICTBUI pacTeT.

CIOpIIPH30M CTAJI0 HEJaBHO OLleHEeH-
HOe TI'paBHUTAIMOHHOE IIPUTIKECHHE
BOJBI JIBZIOM: ITPy60 TOBOpA, «TasHHe
JpAa B 'peHIaHAUM BBI3OBET ITOBBI-
IIEHUEe yPOBHA B OCHOBHOM B CeBep-
HOM IIOJIyImIapuu, a TAaAHUE aHTAPKTHU-
YeCKOro J1bJa — B IOKHOM, — FOBOPUT
dusuk Puuapp IMearuep (W. Richard
Peltier) n3 Yuusepcutera TopoHTO. —
MBI oxxHiaeM, 9YTO Hauboee IoABep-
JKeHHBIM JIeCTAaOMIN3aI[UH U3-3a IIPO-
JloJKAOIIerocs IOTeIUIEHuA OyaeT
paiion 3anagHoit AHTAapKTUKW.

Jlasxke ecau BBIOPOCHI ITAPHUKOBBIX
ra3oB yJACTCH YMEHBIIUTD, U30exKaTh
TasgHUA HOJAPHBIX IbJOB OyIeT TPY/-
HO, IIOCKOJIbKY H3MEHEHHf JIeJOBBIX
IUTOB OTCTAIOT OT OGIIIUX U3MEHEHU
KJIIMAaTa, i BpeMsA UX BOCCTAHOBJIEHUA
6yzmeT noaruM. Kak cmoskeT mprcmoco-
6UTBHCA YeIoBeYecTBO K 6osee M3061-
JIYIOIIEMY BOJIOM MUDY, IIOKQ HEU3BECT-
HO. HbiHeniHue TEHJECHIIMHU 3acTaB-
JIIIOT AyMAaTb, 4TO «HAM HE yJacTcCsd
usbexaTh 9TOro», yTBepkaaeT bunyi-
mraep. |

SEMJETPSICEHVE B KANM®OPHUM L) noutv HABEPHSIKA

KatpuH XapmoH

PA3OPBET JIN KATIM®OPHUIO CUJTbHO 3AMA3bIBAIOLLEE BOJIbLLOE

SEMJIETPACEHUE?

BosmomxHO, 3eMneTpsacenue Big One
u He caenaet Jloc-AHJsKeeC oCTpPO-
BOM, HO J1000e 3HAYUTEeJIbHOE Ccelic-
MHYeCKoe sBJeHHe Ha pa3iaoMe CaH-
AHJApeac CABUHET 3TOT TOpoJ Ha
HECKOJIBKO METpPOB B cTOpoHYy CaH-
dpaHNUCKO. Y4YeHBIE [AABHO KAYT
CHUJIBHOTI'O 3€MJIETPACEHUA Ha 3amnaj-
HOM ro6epe:xbe. Ilo oneHke I'eosoru-
geckoi ciy:xk6er CIIIA (USGS), Bepo-
STHOCTB TOro, 94To g0 2038 r. B Kaau-
GOopHHUU NPOU3OUJET 3eMJIETPACEHUE
C MAarHUTyJ0H He MeHbIe 6,7, Takoi
JKe cuiIbl, Kak B HopTpumxe B 1994 r.,
cocraBisgeT 99%.

Ho oHO BHmoOJHE MOMKET OKa3aTbCs
u GoJsiee cuibHBIM. HamHoOro GoJsee

cunpHBIM. Eciam pasoMm pasopBerT-
ca Goapmras 4vacTh pasiaoma CaH-
AHJpeac, MarHUTyZa 3eMJIETPSACEHUA
MOKeT JoCTHYb 8,2, roBoput Jlocu
JxxoHc (Lucy Jones), IIaBHBIM Hayd-
HBIN COTPYIHUK [IpoekTa AeMOoHCTpa-
IIUU MHOKECTBEHHOU ortacHocTu USGS
B CeBepHoit KanudopHuu.
Pasnom Camn-AHapeac
HyJCcA NpuMepHO Ha 1,3 TBIC. KM OT
fora Kanudopaum mo samusa CaH-
PpaHIUCKO M o006pa3yeT TIpaHUIYy
MEKY AByMSA TEKTOHUYECKUMU ILIU-

npoTH-

Tamu: CeBepoaMepUKaHCKON, IBUIKY-
mieficss B IOTO-BOCTOYHOM HaIIpaBJe-
HUH, 1 THXOOKEAHCKOH, JBUIKYIIEHCA
B CeBepo-3alaJHOM HaIlpaBJIEHUH.
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Ha ocHOBaHMM TeO0JIOTUYECKHUX JaH-
HBIX yY€HBIE II0JIararT, 4TO CMeIe-
HUA B pasjioMe IIPOUCXOJAT IIPUMEP-
HO Kaskabie 150 geT. OgHAKO II0CIEeN-
HUN KPYIIHBINA CIBUT IIPOU30IIIE] OKOJIO
300 net Hazan.

3eMileTpsCeHre MarHUTy 101 7,8 (Ko-
Topoe B oruere USGS m Kamudop-
HHUUCKOTO T€0JIOTMYECKOro oblmecTBa
3a 2008 r. HA3BaHO «BEPOATHBIM CO-
6GBITHEM») CMOTYT OILYTUTB OKOJIO
10 muH xutenent I0xuo0M Kanudop-
HUU, U3 HUX OKOJO 1,8 THIC. YEJIOBEK
MOT'yT IOT'MGHYTb U OK0JI0 50 THBIC. IIO-
JIy4UTh TpaBMBl. BcTpscka Takoro
MmacmitTaba, kotopyio USGS mopenu-
poBaJyio B paMKax npoekra ShakeOut
Earthquake Scenario, BBI30BET CMelIie-
HUe B palioHe pasjioMa IPHUMEepHO Ha
13 M. OHO npuBeAET K GOJBIIUM pa3-
PYILIEHUAM II€PECEeKAIoIIUX pPa3JIoM
IIOCCEUHBIX U ¥KEJI€3HBIX JOPOTL, TPY-
60IIPOBO/IOB ¥ KOMMYHHMKAIMOHHBIX
kabesel, a Takke BBI30BET 0O0BaJIBI 1
OITOJIBHU. AQTEepHIOKH MarHUTYAOH
10 7,2 6ynyT cOTpscaTh PETHOH eIre
He ofHY Hejeno. O6beM MaTepuab-
HBIX IOTEPb COCTABUT IpUMepHO $200
MJIPA, W ellle MHOI'M€ MHUJIJIMAPABI I10-
TpebyTCA Ha JOJITOCPOYHOE BOCCTA-
HOBJIEHUE UH(PACTPYKTYp U IIPOU3-
BOJICTB, yKa3bIBaeT J[KOHC.

Ho Can-AHapeac — He €JTUHCTBEH-
HBIM pas3jioM, CKJIOHHBIN K CMEIEHUIO,
a celicMu4YecKas aKTUBHOCTb BJOJb
OJIHOTO pas3jioMa MOKET BhI3BaTh CMe-
IIEHUsI U BJOJb JPYyTUX PpPasjIoMOB
C HAKOIJICHHOH 9Hepruem, aaxke yaa-
JIEHHBIX Ha TBICAYY KMJIOMETPOB. 3€M-
JleTpACEHUe MarHuTyaou 6,5 B Mope,
norpsciiee CeBepHylo KanudopHuio
B AHBape, IIPOM30IIJIO Ha I0¥KHOM rpa-
HHIle 30HBI cy6ayknuu Kackagus,
KOTOpas IPOXOAUT BOIHU3U CEBEpo-
3ama/iHoi yacTu THXO0OKeaHCKOro Io-
6epexpa CIIIA. 9Ta rpaHuna ILUIAT
crioco6Ha BBICBOGOJUTH 9HEPTUIO, CO-
OTBETCTBYIOIIYIO MArHUTY/Ie HE MEHb-
e 9,0, kak npu CymaTpaHCKOM 3eMJIe-
TpAceHuu 2004 r., BEI3BABIIEM pa3py-
IIATeIbHBIE IIyHaMU. ['eojloruyecKue
JaHHBIE II03BOJAIT CYUTATh, YTO
B Oamikaiimne JecATUIETUS BEPOAT-
HOCTB 3eMJIETPSACEHUH, IOJOOHBIX 3eM-
sneTpsaceHuro 1700 r., KoTopoe o6pyIIu-
JIO IlyHaMU Ha Bce nobepesxbe Anonuu,
cocTaBadAeT okoJjo 10%.

IMpeackaszaHue 3eMJIETPACEHUM He-
CKOJIbKO HAIlOMMHAET IONBITKY IIPO-
THO3a IIOTO/bl Ha HEJEJI0 BIEepes Ha
OCHOBE€ OOIUX CBENEHUN O KJIuMa-
Te, ropoput reodpusur PoGept Ueiire
(Robert Yeats) us YHuBepcurera mra-
Ta OperoH. Ilonumas, 4To 3eMaeTpsa-
CEHMe BIIOJIHE MOKET ITPOU30HUTHU JI0-
BOJIBHO CKOPO, OH I06aBJIIET, YTO OHO
«He BJIMAET Ha BalllU IJIaHbI Ha OTIIYCK,
HO JIOJIZKHO IOBJIMATH Ha CTPOUTENb-
HbI€ HOPMBI U IpaBuiar. CaMble KpyII-
HBbI€ 3/JTAaHUA MOT'y T OKAa3aThCA U CAMBI-
MU 6€30I1aCHBIMU — HEKOTOpble He6o-
cKpe6bl IITaTa CTOATCH C PACYeTOM
Ha CeHCMOCTOMKOCTh B OTHOIIEHUU
3eMJIeTPSACEHUN ¢ MarHUTYAOU 10 7,8.
A TIOCKOJIBKY G6OJBIIOE 3eMjeTpdAce-
HUeE 3amas3fbIBaeT, CICAYIONUI CABUT
MOKET M He IIPUBECTHU K HAUXYAIIeMy
CIIEHAPHUIO. YUEHBIE IIPOJOIKAIOT U3-
yd4aTh CBEJEHUA O YACTOTE CHUJIbHBIX
3eMJIeTPACEHUN (MAarHUTy 10N GobIie
6,0) B reoJIOTHYeCKUX 3aIIUCAX U HaIll-

JI1 HEKOTOPBIE HOBBIE JaHHBIE, KOTO-
phle IO3BOIAIOT AyMaTh, 9TO 6oJIee TH-
MUYHBIMHY IS padnoma CaH-AHApeac
MOTYT OBITh MEHEe CHJIbHBIE 3eMJIeTPsI-
CEeHUH.

Biaromapsa coBpeMeHHBIM, Gojee
IpPOAYMAHHBIM KOHCTPYKIIUAM 3Ja-
HUH 1 KaMIIAHUAM II0 IIOATOTOBKE Ha-
ceJleHUA 3eMileTpsAceHHe Big One, Kor-
Jla OHO BCe 7K€ IIPOM30H/IET, MOMKET OKa-
3aThCA HE CTOJb Pa3pyIIHTETbHBIM,
KaK J0JITO 60sy1Mch. [opasio 60abInit
XaoC MOMKET BO3HUKHYTb OT 3eMJIe-
TPACEHUH Jake YMEPEeHHOU MOIIIHO-
cTHu B Goslee GEJHBIX CTPAHAX C MEHee
IOATOTOBJIEHHBIM HaceJleHHeM, Kak
9TO IIPOM3OILIO B SHBape Ha auTtw,
T7ie TOru6I0 OKOJIO YeTBEPTH MUJIJIAO-
Ha YeJIOBEK. DTO HATJIAAHBINA IIpUMep
TOro, KaKk BHE3aIIHBIM CABUT pasjoMa
MOKET GBICTPO OGPATUThL B PYHHBI I'0-
poAa, Il KOTOPBIX TINATeJIbHOE IIPO-
eKTHpOBaHMUE OBLIO HEJOCTYIIHOU poO-
CKOIIBIO. W

TEPMOSIAEPHAS QHEPTETUKA l:l NOYTV HEBEPOSITHO

Mavikn Monep

OHA PELLNT MHOIME SKOJTOIT'MHYECKUE MPOBJIEMBI,
HO MOJTYHYUTb EE NMOKA ELLE O4EHb TPYOHO

CorylacHO CTapoy IHIyTKe, A0 Io-
CTPOMKHU paboTarollnero
JIEPHOTO peaKTopa BCerjia OCTaeTCsH
20 net. CerogHa KapTUHA IIPEJCTaBIIA-
eTcs 9y Th 60JIee OITUMUCTUIHON. DKC-

TepMOosi-

IIePUMEHTHI Ha caMOU GOJIBIION ycTa-
HOBKE JIJIfl MCCJIE€JOBAHUM IJIa3Mbl —
peakTope ITER Ha rore ®paHuum —
Ha4yHyTCcA He paHblle 2026 r. YTo6b!
HOJATOTOBUTHCA K IPOEKTUPOBAHUIO
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MocCJIeIyI0IIel yCTaHOBKY — 3KCIEPH-
MEHTAJIbHOTO IIPOTOTHUIIA, CIIOCOGHOTO
II0JIyYaTh IIOJE3HYI0 9HEPTHUIO OT Tep-
MOSIICPHOM ILIA3MBbl, YJAEpPKUBAEMON
B MarHUTHOU JIOBYIIKE, — YyYE€HBIM
U MHMKEHepaM IOHAaJoOUTCA IIPOBO-
OUTh UcnblTaHUuA Ha ITER He MeHbIIIe
pecaTu jeT. U eme 1omxHO 6yieT cMe-
HUTbCH LIeJI0€ IIOKOJIEHUE, IIPEH /e YEM
y4eHbIe CMOTYT Ha4aTh CTPOUTH PEaK-
TOPBI, CIIOCOGHBIE OTAABATh SHEPTHUIO
3JIEKTPUYECKUM CETAM.

TeM BpeMeHeM IIOTPEeOGHOCTH B 9HEP-
ruu npojojskaeT pactu. «loatomy
HY€H HOBBIM NOJAXOM», — yKa3blBa-
et 9aBapa Moasec (Edward Moses), nu-
PEKTOp KPYITHOM yCTAHOBKHU JIJIA TE€P-
MOS/IEPHBIX UCCIeJ0BaHUNA — Hamuo-
HAJbHOTO KOMILJIEKCA 3aKUTaHU, TIe
JUIA MHULMUPOBAHUSA TEPMOSAIePHON
peaknuu Ha TabJeTKYy AJEPHOro TO-
niauBa GoKycupyeTcd MHOMKECTBO Jia-
3€PHBIX ITy YKOB.

TeopeTUYeCKU TEPMOs/IEPHBIE 3JIeK-
TPOCTAHIIUU IIO3BOJAT PEHIIMUTH IIPO-
6ieMy aedpuIUTa 2JIEKTPOIHEPTUU.
TonnuBOM A1 HUX OyJeT CIy#HUTb
TSAKEbIM U30TOI BOJOPOAA, KOTOPBINA

COJZIEp’KUTCA B MOPCKOM BOZie, 1 OHU He
6y1yT naBaTh BPEJIHBIX BEIOPOCOB: HU
KOIIOTH, HU AAE€PHBIX OTXOA0B, HU I1ap-
HUKOBBIX I'a30B. [[JIs1 BEIPA6OTKU dJICK-
TPO9HEPruM Ha 3emJie B HUX Oy1y T UC-
I0JIb30BATBHCA T€ K€ CHJIBI, KOTOPHIE
paboraroT B Hepgpax CosHIIA.

Bo3MO:KHO, OJHAKO, YTO Ha IPaK-
THKE TepMOsepHble PeaKIuUu He U3-
MEHAT MHUP, KaK 9TO IMpejcTaBJIAIN
¢usuru. Co3gaHue TeXHOJOTUH, He-
06XOAUMBIX JJIS 3aIlyCKa CaMOIIOM-
JiepIKUBaIOIeiics TepMOsAIepPHOMN pe-
aKIIMU U YIPaBJIEHUSA €I0, 0Ka3ajoCh
O4YeHb TPYAHBIM jesioM. Boisee Toro,
nepBble PeaKTOPbl HaBEepPHAKA OKa-
JKYTCA CIAUIIKOM AOPOTUMU AJIA IITH-
POKOI'0 BHEJ[DEHUS B HbIHEIITHEM CTO-
JIeTUH.

Moaec U IpyTue y4YeHbIe I0JIaramT,
4TO KpaT4YyaWINIui IIyTh K HUCIOJIb30-
BaHUIO TEPMOSIEPHOM 9HEPTrUHU — T'U-
GPUIHBIA IIOAXO/, IIPU KOTOPOM Tep-
MOsAIePHbIEe pEeaKIIUU HCIOJIb3YIOT-
cA 1151 YCKOPEHUSA peaKIUui JeIeHUsd
B AAZIEPHBIX 0TX0AaX. IIpK 5TOM ITOAX0-
/e, KOTOPBIH MoJIyunsI Ha3BaHUue LIFE
(Laser Inertial Fusion Engine, «iasep-

manoseposTHo [l CTONKHOBEHME C ACTEPOM/IOM

Po6uH Jlnong
CTONKHOBEHME, CMMOCOBHOE MOryenNTb BCE YEJTOBEYECTBO,
MAJTOBEPOATHO, HO B3PbIB B ATMOC®EPE MOXET CTEPETb

C NNUA 3EMJIN LIENbIN TOPOA

13 umoHA MHUMO 3eMJU IIpoJeTes
actepous 2007XB10 puametpoMm 1,1 KM,
IIOTEHIIUAJIbHO CIIOCOGHBIA BBI3BATh

rno6anpHyo kKaractpody. OH mpo-
miejg OT Hee JOCTATOYHO JaleKo —
Ha pacctogHum 10,6 MJIH KM, 4YTO
B 27 pa3 6oJIbIlle pACCTOAHUA OT 3eM-
u go JIyHsl. IToxomxke, B 0603puMoM Oy-
JAYIIEM HU OJIMH TUTaHTCKUM acTEPOUs,
He TOTOB IIEPEMEHUTD UCTOPHIO 3EMIIH.
ITy10Xxass HOBOCTb COCTOUT B TOM, UTO
B Onmxaiimue 200 JIeT MBI MOMKEM
0KUJATh B3PbIBA HEGOJIBIION KOCMU-
YeCKOM IVIBIOBI B 3€MHOM aTMocdepe,
CIOCOGHOI0 YHUUYTOMKUTH CPEJHUX
pasMepoB ropo/l.

AcTepou/ibl U KOMETbI, KOTOPbIE€ MO-
ryT NpubIU3UTCA K 3eMJIe HA PacCTOo-
AHUe MeHbIIe 195 MJIH KM, CYUTAIOT-
cf OKOJIO3eMHBIMU OOBEKTaMU (near-
Earth objects, NEO). B 2009 r. NASA
HacuyuTana 90 NEO, KoTopble HpH-
61mxaroTCAa K 3eMJie Ha pacCTOSsHUE

Has TepMos/JiepHas MallluHa C UHEP-
IAAJbHBIM Y/JE€PiKaHUEM I1Ja3MbD),
SHEPTrufA MOIIHBIX J1a3epoB (OKYCH-
pyeTcd Ha MajeHbKYI TabJIeTKy TO-
IIMBa. B3phIB €€ BBI3bIBAET KOPOTKUI
UMIIYJIbC TEPMOAJNEPHOU peaKIUU.
O6pasoBaBlIdecs B pe3yJibTaTe 3TOl
peaknuu HEWTPOHBI pasjeTalTcs
u 60M6apAUPYIOT OGOIOUKY U3 JeId-
merocsa marepuajga — Jau6o orpabo-
TaHHOT'O TOIIMBA OGBIYHOTO AEPHO-
ro peakTopa, JU60 0GBIYHOTO HU3KO-
o6oraIiieHHOT0 OpPY!KENHOro ypaHa.
B oT0l1 060JI0UKEe HEHTPOHBI 3aIyCKa-
IOT JIOIOJIHUTEJIbHBIE aKThI J€JIEHUSd,
IIPXA KOTOPBIX BBIJIEJIAETCA TENJIO I
IOJIyYeHU s 3JIEKTPOIHEPTUU, U YCKO-
PAIOT pacnaj IpoAyKTOB JI0 CTabuIIb-
HBIX aTOMOB (YTO0 OTHOBPEMEHHO pellia-
eT mpobiieMy yAajleHUd AAEPHBIX OT-
X0J10B). Mo3ec 3aABJIAET, UTO OH MOKET
K 2020 I. IOCTPOUTH TEXHUYECKUH ITPO-
ToTHUIl ycTaHOBKU LIFE, a k¥ 2030 1. —
MOAKIIOYUTE PabOTaIONIYI0 3JIEKTPO-
CTaHIAIO 3TOr'0 TUIIA K 9HEPTOCETH.

WHBIMU CJIOBAMH, /0 NOABJIEHUSA
TEPMOAJIEPHOT0 PEaKTOPa KJaTh OCTa-
snoch 20 ner. W

MEHBbIIIe IATH PACCTOAHUU 10 JIyHBI,
u 21 NEO, cniocoGHBIA NpUGIN3UTh-
cA Ha paccTosIHMUE, He IpeBhIIIaoIee
paccrtosaHusa A0 JIyHbpl. OXOTHUKHU 3a
NEO o6b19HO 0OHApyKHUBAIOT UX KaK
NATHBIIIKA Ha U300pAKEHUAX, U 9TU
Geryiple 3HAKOMCTBA 3aTPYAHAIOT BbI-
4ucIeHus ux op6ut. IToaToMmy uccie-
JIoBaATEJIM MOT'Y T JIUIIb CTABUTH HA y/ia-
4y, II0Ka He IToJIyJyaT 60JbIlle JaHHbIX.
NASA BreiaBusa 940 NEO guaMeTpomM
He MeHbIIle KujIoMeTpa (okoso 85% ot
IIpeJIoaaraeMoro obmiero yucia o6b-
€KTOB TaKUX Pa3MepOB), U HU OJMH U3
HUX He CTOJKHeTcsa ¢ 3emueir. (NEO,
HOryGUBIINKI TWHO3aBPOB, UMeJI TUa-
MeTp OKosI0 10 KM.)

CorimacHo otdyetry HanumonanabHO-
ro HaY4YHO-HCCJIEI0BATEIbCKOTO CO-
BeTa (NRC), ony6JIMKOBAaHHOMY B Ha-
gaje 3TOro rozga, 6ojiee Cepbe3HYIO
YTPO3y NPeACTaBISAT MEHBIINE IJIbI-
6BI. OTHU acTEPOUIbI U KOMETBI, OKOJIO
100 TBIC. M3 KOTOPBIX MMEIOT pa3Me-
pbl 140 M 1 GoJibllle, CAUIIKOM MaJlbl,
4TOOBI BBI3BATh BCEMUPHYIO KATACTPO-
dy. HO 1aKe caMble MeJIKUE U3 HUX ITPU
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BXOJI€ B 3¢MHY0 aTMOC(epy MOTy T BbI-
3BaTh BBIJICJIEHNE 3HEPIUU IOPAJKA
300 MeraToHH B TPOTHJIOBOM 9KBHUBa-
seHTe. U moo6HbIe COOBITUSA IPOUC-
XOAAT B CPEJHEM I'opas/io Jalle (Ipu-
MepHo pa3 B 30 ThIc. jeT 1ida 140-me-
TPOBBIX 06'bEKTOB), YEM CTOJTKHOBEHUA
c obbeKTaMu pas3MepoM,
B 1 kM (pa3 B 700 THIC. JIET).

C yd4eToM BO3MOMKHOH ONACHOCTHU
Konrpecc CIIIA B 2005 r. mopy4mi
NASA Bb1sABUTB K 2020 1. 90% Takux
NEO. Opnako, kak ycraHoBusa NRC,
HexXBaTKa CPEJICTB He II03BOJIUT y4Ye-
HBIM YJIOKHUTbCHA B 3TOT CPOK. OXOTHU-
kM 3a NEO riony4daroT U3 pefepaibHbIX
CpeJICTB OKOJI0 $4 MIIH B TO.

B mo6oM ciaydae, ¢ y4eTOM pHUCKa
CHEIMaIUCThl UMEIOT B BUAY Aa:xke 60-

CHEaMXeM,

Jiee MeJIKUe 06'bEKTHI, IIOCKOIbKY HAaU-
6osee BEPOATEH CLEHApUHU B3pbIBa
B armocdepe «pa3pylIUTeIs TOpo-
noB» — Goaupa nuamerpoM 30-50 M.
Hawub6osee n3BeCTHBIN ciIydail TaAKOTo
poza BO3/IyLIIHOTO B3pbIBa IIPOM30IIIE]I
B 1908 1. B paiioHe pexu IlogramMeHHa A
Tyurycka B BoctouHoit Cubupwu, omy-
CTOIIMUB paiioH pasdMmepoM c JIOHIOH.
3HaMEHUTBII METEOPUTHBIN KpaTep
B ApHu30oHe co3JaH 06'beKTOM, ob1aa-
IOIIMM ITOJ0GHBIM Pa3MEPOM.

B HacTosIee BpemMsa IIOYTU CaMble
IIOJIHBIE JAaHHBIE O B3PBIBaX B aTMOC-
¢epe xpaHATcAa B MHHHCTEpPCTBax
obopoHbl U sHepretuku CIIIA m Ha
CTAaHIUAX HAOIIOAEHUA, CO3JaHHBIX
B paMkax J[oroBopa o BCeo6beMITIOIIEM
3alpelleHnn AJePHBIX HCIBITAHUN
(AB3£M). B otrueTe NRC, rze BbIpaxa-
eTcd IoKeJIaHUe IIpefjlocTaBIeHusa 60-
Jlee IIUPOKOro JOCTyNa K TIIATeJIbHO
o6eperaeMbIM JJaHHBIM, 9aCTOTA «BO3-
JIYITHBIX B3PBIBOB» 25-MeTPOBBIX 06b-
€KTOB OLICHUBaETCs IPUMEPHO KaK pa3
B 200 eT. BOIBIINHCTBO TAKUX B3PhI-
BOB IIPOMCXOJAT HaJl OKEAHOM, TJe He-
IIOCPeJCTBEHHAA yrposa KU3HU JIIO-
el o4eHb Majia, HO BO3MOMHO BO3-
HUKHOBeHUe nyHamu. Yinen NRC Mapk
Bocioy (Mark Boslough) u3 Hammo-
HaJIbHBIX JJabopaTopuii CaHAUA TOBO-
PUT, 94TO OO'BEKTHI pa3MEPOM MOPAIKA
4 M B3pbIBalTCA B aTMocdepe 3eMIn
KasKJIbIN IO,

Tak 4YTO e HAM HYKHO JesaThb,
ecau Mbl o6Hapy:xuM NEO, rpo3samuii
cTolKHOBeHHeM c 3emiueit? Hawubo-

Jjee peaJUCTUYHBbIE IJIAHBI IIPEJOT-
BpallleHUA 9TOM YyIrpo3bl HaXOAATCHA
IIOKa B HaYaJbHON cTaAuu pa3paboT-
KH, roBOopUT WwieH NRC Maiikn AXepH
(Michael F. AHearn) n3 MapujIeHACKO-
ro yHuUBepcuTeTa. B ciyuae He camiI-
KOM 6OJIbIINX 00'bEKTOB, OGHAPYKEH-
HBIX 3a I'OJIbl UJIU IECATUIIETUSA /10 BO3-
MOKHOTO CTOJIKHOBEHUdA, Hauboiee
MOAXOAAIIMM MOKET OKasaTbCd Me-
TOJ U3MEHEHHUA €Tro OpﬁI/ITbI C IIOMO-
IO MEXaHUYECKOro yAapa KocMuyJe-
ckuM annapartom. [ina NEO pasmepa-
Mu 6oabmie 50 M, oGHApPYKEHHBIX 3a

FMBEJIbHAA NAHAEMUA

KatpuH XapmoH

roJbl UJIA MECHIBI 10 CTOJKHOBEHHUS,
eNHCTBEHHBIN BapUaHT — AJAePHBINA
B3pPBIB. [IpUMeHUTENbHO K 06beKTaM
KJIacca pa3pyLInTese ropoioB, o6Ha-
PYKEHHBIM C MaJjoil 3a6jaroBpeMeH-
HOCTBIO, BBIGOD HEBEJIUK. BO3MOKHO,
OH OrpaHUYMBAETCH TOJIbKO 3BaKya-
[yeil HaceJeHUs, U CYaCThe, eClIU ee
yracTca oCylmecTBUTh 3 PeKTUBHO,
cuurtaeT AXepH. Tem 6osbllle OCHOBA-
HUHI, BUAUMO, OBITH GJlaroapHbIMHU
cyab6e 3a To, UYTO, HACKOJIBKO MBI 3HA-
eM, K HaM I[IOKa HUYTO He HalpaBJs-
ercs. m

150550

HECMOTPA HA YKPOLLEHVE BUPYCA HIN1, BUPYCbI T'PUTTA CMTOCOBHbI
YBUTb MUNTTIMOHBI TIOOEN 1 BbI3BATb 3KOHOMUYECKUIA XAOC

Bupyc HINI He BBI3BaJ NAaHAEMUH,
HO BCKPBIJ HECKOJIBKO KECTOKUX MC-
THUH OTHOCHUTEJbHO HAaIlel TIOoTOB-
HOCTH (MJIM HETOTOBHOCTH) K GopnbGe
¢ rubeabHBIM IaToreHoM. HecMoTpsa
Ha 6OoJIBIIINE YCIIeXU MEAUIIMHBI CO Bpe-
MeHHU snujgemMuun rpunmna 1918 r., za-
pasHad 60J1€3Hb IO-IIPEKHEMY MOMKET
BBIKOCUTB HaceJeHHUe U IIepEeBEPHYTh
06IIeCTBEHHBIE, 9dKOHOMUYECKUE, I10-
JIMTAYECKUE U NPABOBbIE CTPYKTYPBI
BO BCEM MHUPE.

HoBeIll BUpPYJIEHTHBIN IITAaMM (BHU-
pyca rpumnmna HJId Jo60ro Apyro-
ro) MoeT YOUTh MUJJIMOHBI JIIO-
e, Jame MOJIOABIX U HAXOAAIIUXCA
B pacIBeTe 3J0pOBbA U CHJI, YKa-
3piBaeT Jlopenc FoctuH (Lawrence
O. Gostin), nmpogeccop BceMHUPHO-
ro nmpasa B 06JacTH 3JpaBOOXpaHe-
HUA U3 J[PKOPAKTAyHCKOI0 YHUBEP-
cureta. Kpome Toro, MHorue crpa-
HbBI, BOBMOHO, 3aKPOIOT I'DAHUILBI,
4TO0 GyZ€T CONPOBOMXKAATHCA JUCKPH-
MUHaIueHd OT/eTbHBIX JIUI U 0GBUHE-
HUAMHU B aJipec IPaBUTEIbCTB. Mex-
JyHapojHasa TOPTOBJA yIajeT, 4TO
«OrpOMHBIE (PUHAHCOBBIE
oTepu», TOBOPUT ['OCTHUH, KOTOPbIN
OIleHWBaeT BepOATHHBIN cmajg BBII
B 3-5%
B $1,8-$3 TpsH). DTOT Nepuoa HeCTAa-
6GUIBHOCTU U PACIPOCTPAHEHUA UH-
GeKI U MOKET JUINThCA HEe OJUH IO,
ropopuT 'OCTHH, TaK KaK IIocjIe0Ba-

BBI3BOBET

(a¢To mpuHeceT mHOTEpHU

TeJIbHbIE BOJIHBI 3260JIEBA€MOCTHU MO-
TyT HaKaThIBAaTh CO CMEHAMU BPEMEH
rozaa.

B cutyanum, Korjga BUpycHas yrpo-
3a TOJBKO HAYHET HNPOABIATHCHA, IO-
JJUTUKAM U IIpaBUTEJbBCTBAM IIPpU-
JeTCSA IPUHUMATh KEeCTKUE PEelIeHUA
Ha OCHOBE HETOYHOM U HEIOJHOU WH-
dopmanuu. YCUIHUA IPABUTEIBCTB I10
60opsbe c pacrpocTpaHeHHeM 3aboiie-
BaHMA MOTYT YIIIEMUTH OCHOBHBIE IIpa-
Ba YeJIOBEeKa.

Ecnau pacnipoctpaHeHne HHQEKITUN
Ha4YHETCA IO 3JIOMY YMBICIY, COIU-
aJIbHBIE IIOCJIEJCTBUA MOTYT OKa3aTh-
csd emne Gojiee TAKeIbIMU. «3aboyeBa-
€MOCTb U CMEPTHOCTb MOTYT OBITH He
TaKUMU BEICOKMMH, HO KOr/ia 6e/ICTBUE
BBI3BAHO YEJIOBEKOM, CTpax y Hapo-
Ia OKa3bIBaeTCA CaMBIM CHJIBHBIM.
B conpaJbHOM U 9KOHOMHUYECKOM OT-
HOIIIEHUM 3TOT ciaydai 6osee paspy-
IIUTEeJeH, YeM IpU IIPUpOoAHOM 6ej-
CTBUW», — cyuTaeT [ocTUH. B

MepeBopa: U.E. Cauesny

AOOMNONHUTEJIbHbIE CBEJEHUSA

B PacluinmpeHHyo MynbTUMEUINHYO
BEPCUIO HACTOALLEN cTaTbM,
cofepxallyto JONONHUTENbHbIE
noapo6HOCTH, CM. Ha
www.ScientificAmerican.com/interactive
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MARK HOOPER

KOCMONOTHA

Tamapa [asuc

YIEYKA QHEPTHM

B0 BCENeHHou?

[MonHas sHeprusa AofmkKHa CoOXpaHATLCS.
JIl060M CTYOEHT, nayydarLwmmn usnky,
NPOXOAUT 3TOT PYHAAMEHTAasbHbIA 3aKOH.
OpHakKo OH HenpunoXxum K BceneHHom

Heprus He co3JaeTcs U He HC-
Je3aeT. TOT IPUHIHUI, Ha-
3BIBAEMBIH 3aKOHOM COXpa-

HEHUSA SHEPTUU, — OJMH U3 Hanubojee

«yBaiKaeMbpIX» 3aKOHOB (pusuku. OH

PYKOBOAUT Halllell JKU3HbIO, IPUCYT-

CTBYET BO BCEX €€ IPOABICHUAX: 9TO

U TeIlIo, HarpeBalolee Kode B Jalll-

Ke, U XUMUYeCKHe PeaKI[UU, IPOUC-

XOAAINNE IPH BBIJEJeHUN KUCIOPO-

J1a TUCTBAMH J€PEBbEB, U ABHKCHHE

3emun no opbute BOKpyr CoJsHIA,

M [Oumia, 3acTaBispniasg OuTbCs

Hamu cepaua. Mbel HE MOMKEM KUThb

6e3 efbl, MAIIWHBI HEe MOTYT JBHU-

raTbcsa 6€3 TOIJIMBA, & BEYHBIN JBU-
ratejlb — BCEro JUIIb 3aMaHYUBasd,

HO HecOBITOYHAA MedTa (PaHTaACTOB.

U ecyiu B Xo/le KAKOT0-1160 9KCIepHU-

MEHTa OKa3bIBaeTCA BO3MOMKHBEIM Ha-

pylIeHNe 3aKOHA COXPaHEHUA SHep-

T, TO HAC 3TO ‘-IpeSBbI‘-IafIHO n3-

ymiasger. Ho 4To Ke AenaTs B TOM

cilydae, Korja HaIlld HaGIIOAEHUS

BCce-TaKU IPOTHUBOpedYaT dTOMY He-

3bI6]IEMOMY 3aKOHY ?

OcTaBUM Ha HEKOTOpPOEe BpeM4 6JIH-
sKalIIue OKpecTHOCTH 3eMJH U II0-
aymaem o BceseHHoii B niesoM. Hau-
Gosplllee KOJMYECTBO MHPOPMAIUU
0 BHEIITHEM MUP€ HaM IIPUHOCAT JIy YU
cBeTa. CorjacHo o61ed TEOPUU OTHO-
curenpHocTu (OTO) Anp6epra DiH-
IITeiHa, CBeT, Iy TelIeCTBYS II0 pac-
mupsAmeica BeenenHol, npuxonsa
OT yJaJICHHBIX 06'bE€KTOB, HAaIIpUMeP
rajJjakTHK, o61ajaeT KPacHBIM CMe-
IIeHuEeM (2JIEKTPOMArHUTHBIE BOJHBI
MEHSAIOT CBOI0 YaCTOTY, «CHKHUMAIOT-
cs»). YUeM Gouibllle JUIMHA BOJIHBI, T€M
MeHbIIle ee 9Heprus. Tak, MoKeT BO3-
HUKHYTB BOIIPOC: KOTJa AJHUHA BOJI-

KakK K uesiomy

HBI U3Jy4YEeHHUs CMeIjaeTcs B Kpac-
HYI0 06JIacTh CIIEKTpa, TO Ky/a JAeBa-
eTcd ero sHeprusa? OHa 4TO, KyZa-To
TepsAeTCsd, Hapyllasd 3aKOH COXpaHe-
HUSA d9HEPTUm?

CTOUT TOJBKO HAM IIOKHUHYTH YIOT
NPUBBIYHON KU3HU U OTHPABUTHCA
Hccae0BaTh 06JIACTU 9KCTPEMaJb-
HBIX IPOCTPAHCTBA U BPEMEHH, KaK
6yaromgaps HCCIeJOBAHUAM COBpe-
MEHHOU QPU3UKN HAUYUHAIOT PYIIUTh-
cA MHOTHUe OOGBbIIeHHBIE IIPeACTaBIIe-
HUA 0 Mupe. M3 npuHIMIA OTHOCH-
TEeJBbHOCTH JWHIITEHHa MBI 3HAEM,
YTO IMOHATHE OJJHOBPEMEHHOCTH HJI-
JII030PHO, YTO BpeMs U pacCTOSAHUE
OTHOCUTEJbHBI. CylIIeCTBYIOT T€O-
PHUH, COTJIACHO KOTOPBIM KaiKyIiad-
Ccsl HEIIPEPBIBHOCTh BPEMEHHU U IPO-
CTpaHCTBA TaK e IpU3padyHa, Kak
U IIaJKoCTh Matepuu. Ha Kakue xe
dusnyecKkre 3aKOHBI MBI BCE-TAKU
MOKeM TBepAao omepeTbca? M Hao-
60poT, KaKue U3 PU3NIECKUX IPUH-

OCHOBHbIE NOJIOXXEHUSA

IIAIIOB, [I0JITO€ BPeMsA CUHTABIINXCH
He3BIOJIEeMBIMUY, 3aCJIOHAIOT HAM II0-
HUMaHUe peaJbHON KapTUHBI MUpa?
Pa6oTa yueHOro 3akjioJyaeTcsa B OT-
KPBITUU HOBOTO U B OGHAPYKEHUU CU-
Tyaluil, KOTJa Hallle 3HaHHe HEII0JIHO
WM faKe IPOCTO HeBepHo. McTopusa
HayK{ 3aMycopeHa OGJIOMKaMHU OT-
GpOIIEHHBIX U/Ied U He IPUKUBIINX-
cA KoHIennuii. He MomeTr am oka-
3aThCA TAK, YTO B MX YHCJE JOJKEH
OTIIPAaBUTHBCA Ha CBaJIKy HUCTOPHUHU
U 3aKOH COXPaHEHUHA d9HEPTUU?

OTBET OTpUIlATEIbHBIN: HET, HE MO-
keT. B macmrabe oTenbHBIX (GoTO-
HOB 9HEPrus BCerja CoXpaHdeTcd,
Jlaske ecJIM CBeT IpruobGpeTaeT KpacHoe
cMmenieHue. Bosee Toro, Aja mporec-
coB B Hallleli [aylakTUKe HapyIieHHue
3aKOHA COXPaHEHUS dHEPIrUU HEBO3-
MOkHO. OHAKO B KOCMOJOIMYECKUX
MacmitTabax Borpoc o6 9HEpPruUu cra-
HOBHUTCA 60Jiee TOHKUM — B 9TOM-TO
U 3aKJIIOYaeTCsA BeCh MHTEpeC.

= [NockonbKy BcenernHas paclumpaeTcs, v ganekue ranakTukm pasberatTcs OT Hac, UX u3nyye-
HWe NpuxoanT K Ham, obnafas KpacHbIM CMELLLEHVNEM, T.e. MeHbLUEN SHepruen.

u Kaxcylleecs HapyLLeHne 3aKoHa COXPaHeHWsl 3Heprum B AeNCTBUTENBHOCTA HE MPOTUBOPEHUT

06LLEeNPUHATLIM (DU3NHECKUM 3aKOHaM.

= [lo MHEHWI0 aBTOpa, 3HEepPrus MHANBMAYaNbHbIX (DOTOHOB COXpPaHAeTCs. AHeprus coxpaHseTcs
1 B pesynbrarte NpoLeccoB, NPOUCXOASALLUX BHYTPU OTAENbHOW ranakTuku.
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MOYEMY HAM KAXETCH, YTO SHEPTUA UCYHE3AET?

Te, KTO cornacHsl, 4To BceneHHas TepsaeT 3Hepru, OCHOBbIBAKOT CBOU BblBOAbl HaCTU4-
HO Ha cbeHomeHe KpacHOro cMeLleHnsa npuxoasLlero K Ham naJjiy4eHus. OkasbiBaeTcs,
Hawa BceneHnHas pacLlumpsaeTcd, Kak ecnin 6bl pacTarneasiocb camo npo-

CTPaHCTBO. Bcnepncteue 3TOro BOSHbI aAneKTpomar-

HUTHOIO N3ny4eHusa pactarnearoTcs, CMeLla-

I0TCA B KpacHyto 061acTb cnekTpa
(B BUAMMOM Ananas3oHe U3ny4eHus).
DOTOHbI € 601bLUEN ANTMHOW BOSHbI
obnaparoT MeHbLLIEN SHepruen,
OTKyAa HanpallumBaeTcod BbiBOA,

4TO NpuxofsLLme K Ham POTOHbI
06nafaroT MeHbLLIEN SHeprmen.

Ho TepsieT nv aHepruio Bca
BceneHHas kak uenoe? O6Lyto
3Hepruo Bcex oToHOB BO Bee-
JNIEHHOW NoAcHMTaTb HEMb3s, HO MOX-
HO hOpMarsbHO BbIHUCIIUTL KONIMHECTBO
3Hepruun, 3aKni4YeHHOE B HEKOTOPOW Npo-

M3BOJIbHO BbIGpaHHOW pacLumpstoLencs obna-

cTu BceneHHown (Ha puc. cnpaBa 3agaHHas 06-

JlacTb npeactaBsieHa 4718 HarnsagHoOCTU Kak

AByMepHasi). DOTOHbI MOTYT NepecekaTth rpaHuLly 06-
NacTu, NPOHUKas B Hee U3BHE U YXOAs U3 Hee, HO nona-

ras nJoTHOCTb NPOCTPaHCTBa O,D,HOpO,D,HOVI, MOXHO

NPUBAMXKEHHO CYUTaTb, YTO YMCII0 (POTOHOB B HaLLEW

Bbl6paHHOM 06nacTu 6yaeT octaBaTbCA NOCTOSAHHbIM.

[MockonbKy Ka)kabl (OOTOH B 3TOM 0611aCTN CTAHOBUTCSA
MEHee 3HePruyHbIM NO Mepe ee pacLUMpPEHWs, TO, COrNacHo

MOAENN aBTopa, NOSTHOE KONIMYECTBO SHEPTUM BCEX
OTOHOB B 3TON 06NacTu, a cCnegoBaTenbHO, U BO BCEW

ocTaBLlencsa BceneHHol, BonxHoO y6biBaTh

SJIEKTPOMATHUTHBIE BOJIHbl CTAHOBATCHA

OJINHHEE...

W.

MpocTpaHcTBO
pacTsirmpaeTcs

CI/IMMeTpI/IFI un coxpaHeHue
3aKOH COXpaHEHUSA HSHEPruM He
TOJIBKO OBIJI YCTAHOBJIEH SMIIUPU-
YeCKU, HO U 060CHOBAH C IIOMOIIIbIO
cTporoii Teopuu. OKoJIO cTa JeT Ha-
3aJi HEMEIKUU MaTeMaTUuK IOMMHU
Herep (Emmy Noether) oTkpsblia,
9TO BCE 3aKOHBI COXpaHeHUs GU3u-
YeCKUX BEJIUYUH OCHOBAHBI Ha CY-
MIECTBYIOIIUX B IPUPOJE CHUMMET-
puAax.

B 06BIJeHHOMN KHU3HU IOJ CUMME-
TpUEH MBI IIOHHUMaeM wusobpaske-
HUe IIPeJMEeTOB B 3epKaljie, OTpaxe-
HUA PaA3JIUYHBIX THUIIOB W Bpalie-
HUs1. PABHOCTOPOHHUM TPEYTOJIBHUK
CHUMMETpPHUYEH, IOTOMY YTO BBl MO-
JKeTe IIOBEPHYTh €ro Ha OJHY TPeTh

26

g

OHeprus
yMeHbLUaeTcs

HavanbHas rpanvua
3aMKHyTOM o6nactu
npocTpaHcTBa

»

DOTOHbI
-
p Pacwmpsiowascs
\ o6nacTtb
npocTpaHcTea

... A4NCIIO ®OTOHOB OCTAETCHA BCE TEM XXE; SHEPI A TEPAETCA

HOJHOTO NMOBOPOTA M IOJYYUTH He-
oTinuumyio durypy. KBaapar Tomxe
CUMMETPUYEH, HO €ro HyHO II0BO-
padyuBaTh Ha OJJHY Y€TBEPTH IIOJHO-
T'O ImoBOpOTA, YTOOBI HOJIy‘-II/ITb TOY-
HO Takylo ke purypy. 3 Bcex puryp
Ha IIJIOCKOCTH Hauboibllel crele-
HBIO CUMMeTpHUU obJyiajlaeT OKPYK-
HOCTb, IIOTOMY 4YTO €€ MOJKHO IIO-
BOpadyMBaTh Ha JIO6GOH yroa u oT-
pakaTh OTHOCHUTEJIBHO JII060H ocH,
NpoxoAAIel yepes ee EeHTp, — Io-
BOPAT, YTO OKPYMHOCTb ob6iaajga-
€T HelIpepbIBHOU CUMMeTpHUed B OT-
JIA4YHe OT AUCKPETHON CHUMMETPUU
B IIPUBEJIEHHBIX BBIIIIE IPUMepax.
dusnyecKkue 3aKOHBI TaKHKe MOI'yT
6bITh CUMMETPUYHBI. Tak, JABUKe-

HUe BO BpEMEHH He MeHAeT 3aKOHOB
IIPUPOJAEI. OTO O3HAYAET CIeAyIoIee:
€CIu BBl IOBTOPHUTE OJKCIEPUMEHT
MHOTO pa3 — HaIlpUMep, CTaJKnBasg
ojJ OAHUM M TEM Ke YIJIOM jABa 6u-
JIBAPAHBIX IIapa, — pe3yJbTaT BCer-
na 6yAeT ONUH U TOT Ke. DTO CBOH-
CTBO Ha3BIBAETCHA BPEMEHHOH CHM-
MmeTpuei'. Jlajsee, 3aKOHBI PU3NKU He
MEHAIOTCA B 3aBUCHMOCTH OT MeCTa,
rfe BBl IIPOBOAUTE OKCIEPUMEHT, —
oHHM 061aJal0T NPOCTPAHCTBEHHOM
cuMmMmeTpuei. U emie 3aKOHBI IPUPO-
Abl HE MEHAKTCA B 3aBUCUMOCTHU OT
HamnpaBJ€HHUSA, B KOTOPOM BBI CMO-
TpUTE, — 9TO BpalaTeabHasa CUMMe-
Tpud. KoHeuHo, ucciaesyeMble Ipo-
LIeCCHI MOTYT MEHATHCA B 3aBUCUMO-

B Mupe Hayku [08-09] aszycm-cenmaGps 2010
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KOCMONOTHA

CTH OT BallleIr'0 MECTOMNOJIOXKEHU, OT
BpEeMEHU, OT HAIIpAaBJIEHUA B3rjad4a,
HO PyHlaMeHTaJbHbIe 3AKOHBI PU3U-
KU, JUKTYIOIINE, KAK UMEHHO IIpoTe-
KAIOT 9THU IIPOILECCHl, OT 9TUX Iapa-
METPOB He 3aBUCAT. TakUM o6pa3oM,
ecan (pu3MUYeCcKHR 3aKOH ocTaeTrcsd
HEN3MEHHBIM, TO OH, IOJI06HO OKPY K-
HOCTH, 061a/1aeT HENPEePBIBHOU CUM-
MeTpuen.

HeTep OoTKpBLIA, YTO KaXK/JIOU He-
NIpepbIBHOM CUMMETPUU B IIPUPOJE
COOTBETCTBYET 3aKOH COXpPaHEHU:
HEKOTOPOH (PU3NYECKON BEIUYUHBI
u Hao60opoT. Tak, MpocTpaHCTBEHHAA
CHUMMETPHsA O3HadyaeT COXpaHeHHUe
MOMEHTA JBU:KEHUsd. BpamareabHasa
CHUMMETpPUA — COXpPaHEHHEe YIJI0BO-
ro MOMEHTA JABUMKEHMUI. BpeMeHHéﬁ
CUMMETPHUA NPUBOJUT K 3AKOHY CO-
XpaHEeHUs 9HEePTUU.

3aKOH COXpaHEeHUs SHEPruu O3Ha-
YaeT, UYTO 3aKOHBI (PU3MKU B IIPO-
IIJIOM U GyIyIlleM TaKHue e, Kak B Ha-
croameM. C IpPyroi CTOPOHBI, €CIH
BPEMEHHAA CHUMMETPHUS HapyllaeT-
cs, TO MOMKET HapyUIUThCA U 3aKOH
coxpaHeHUd sHepruu. Kak gaiee mo-
jaraeT aBTOp, (POPMYJIHPOBKA «CO-
XpaHeHUEe 9HEPTU» MOMKET OKa3aThCA
IIPOTUBOPEYUBOI BO BeceneHHOM, onu-
chIBaeMOH 3aKOHAMM OWHIITEHHA.

MnbIBA NO TEeYEHUIO

OAMH 13 HEeIUIOXUX TEeCTOB, IIoMora-
IOIIUX YCTAHOBUTB, COXpaHAETCA JIN
9Heprus Bo BcesieHHOI, — BBIABUTH
HENPEPLIBHYIO CBSA3b HACTOSAIIETO
C IPOIIJIBIM C IOMOIIbIO AaCTPOHOMHU-
gyeckux HabuiogeHui. CoBpeMeHHbIe
aACTPOHOMHYECKHE UHCTPYMEHTBHI
MOCTUTIN TAKOU MOIIIM, YTO CII0CO0-
HBI YBU/IETh 3aPOXK/AEHUE IIEPBBIX ra-
JIaKTUK BO BceJleHHON M IPOHUKHY Th
Jaske ere riy6ke, B 910Xy HEMHOTUM
mo3:xe BoJabIIOro B3phIBa, KOT/a paH-
Hss1 BcesleHHas npejacTaBisiia co6oit
IIepBUYHYIO I1a3My. CBEeT, KOTOPBIH
MBI PErHCTPUPYEM, HNyTeIleCTBOBAJI
MUJLIMAPBI JieT. VI3MeHeHue JAIUHBI
BOJIHBI CBE€TA U €CTh KJII0Y K IIOHNMa-
HUIO 3aKOHA COXPAHEHUA S9HEPTUH.

CpaBHeHne BceneHHOM ¢ pacLumpsaroLLmmcs
HadyBHbIM LLAPUKOM XOPOLLO TOSbKO

O HarnsgHoOCTU, HO He oTpaXkaeT
domanydeckon cyTu npouecca

B 1920 r. 9aBuH Xab6671 OTKPHII,
9TO H3JIydeHHe GOJbIIMHCTBA ra-
JIAaKTHK CMeII[eHO B KPacHYIo 06;1acTh
cnekTpa. OH 06GHAPYKUII, YTO AJTUHBI
BOJIH ITPUXOAAIUX K 3eMe POTOHOB,
KOTOpBI€ OBLIY U3JIyY€HbI UIH IIOTJI0-
IIeHbI ATOMaMH (HaIlpuMep, aTOMaMU
BOZIOPO/IA) BO BCEX OIMKANINNX K HAM
raJakTUKaXx, pacTAHYTHI II0 CpaBHe-
HUIO ¢ JJUHAMHU BOJH (POTOHOB, HC-
MYIEHHBIX WX IOTJIOIMIEHHBIX TeMH
JK€ aTOMaMU, HO Ha 3emJie. PacTsasxke-
HHE IIPONOPIIMOHATBHO PACCTOAHUIO
JI0 TAJIAKTUK.

KpacHoe (1 rony6oe) cMmelieHue
BCcTpedaeTcsa U Ha 3emie. Tak, 3ByK
VAAIAIONIeToCsd Ioe31a KaKeTca HaM
60Jiee HU3KHUM, a IIPUGIHKAIOIIEr0Csd —
60J1€€ MPOH3UTEIBHBIM. OTOT 3 PEKT
u3BecTeH Kak a¢p ekt [Jonnepa. XoTa
B clly4ae CHUTHaJla Ioe3Jia 3JIEKTPO-
MarHUuTHBIEC BOJIHBI — 3BYKOBEIE, 4 HE
JexaT B BUJUMOM 006JIaCTH CIIEKTpa,
¢GUBUKHN BCe paBHO TOBOPAT O pacTH-
JKEeHUH U COKPAINeHHH BOJH Kak 00
HX KPACHOM U TOIy60M CMeIeHUH CO-
OTBETCTBEHHO.

KocMosrormdeckoe KpacHOE CMeIle-
HUE B O0IIEM ciaydae OTINYaeTCHa OT
sadderra [domuaepa. dpdexT [Homie-
pa BBI3BAH OTHOCHUTEIbHOCTBIO IBU-
$KeHUSA UCTOYHHKA U HabGIogaTeld.
B asToM ciy4yae (OTOHBI He TEPAIOT
U He IPHO6peTaloT 9Hepruio. B nporu-
BOIIOJIO}KHOCTBH 3TOMY KOCMOJIOTHYe-
CKOe KpacHOe CMEIIeHUe OIlpefieIaeT-
cs ABUKEeHUEM (GOTOHOB B HICKPHBJICH-
HOU pacuimpsroleiicsa BeesleHHOM.

KocMoJstornyeckoe KpacHoe cMelle-
HUe UMeeT MeCTO, JaiKe eCJIU BoobIe
He IIPOUCXOAUT HUKAKOI0 IBUKEHUS,
YTO IOKA3BIBAET CJEAYIOIIHMU MBIC-
JIEHHBIH 9KcrepuMeHT. [IpencTaBbTe
cebe OHY JaJIeKyIO-AAIeKyI0 TaJaK-
THUKY, CBA3AHHYIO C HAMHU JUUIMHHOM-

1 Hawa BceneHHas paclumpsieTcs, B paaHble BpeMeHa oHa pasHasi, CUMMETPUM BO BPEMEHU HET
(cneumanuncTbl FOBOPSAT O CUMMETPUM OTHOCUTENBHO CABUMOB BO BpeMeHW). Teopema HeTep Henpu-
MEHVMa, 3aKOH COXPaHEHWS SHEPTUM He paboTaeT. TeCHO CBA3AHHOE C 3TUM YTBEPXAEHME: B O6LLEV
TEOPUN OTHOCUTENBHOCTWN HEBO3MOXHO BBECTM NOHATUE SHEPrUM, NPUMEHUMoe K BceneHHoi. —
Axagemuk PAH, BokTOp thnanko-maTematndeckmx Hayk, npogpeccop B.A. Py6akos.

JAJIUHHON BepeBKOH. OTHOCHTEJIBHO
HacC raJJakTUKa HAaXOAUTCS B IIOKOE,
oCTaJIbHbIE TAJIAKTUKU PAJOM C HEH
YIQIAITCA OT HAac. BeIYMCIeHUA 10~
Ka3bIBAIOT, YTO CBET, UAYIINN K HAM
OT 9TOW NPUBA3AHHOM TraJaKTHUKH,
BCe paBHO OyzeT o6aaTh KPaCHBIM
XapaKTepU3y UM
pacTsaKeHHe IPOCTPAHCTBA, CKBO3b

CMEIIEHUEM,
KOTOPOE€ UAET CBET.

MekynapHas hnsuka

Takum o6pas3oM, HyTelIeCcTBYIOIHE
B pacmupsomeiica Becerennoir do-
TOHBI TEPAKT dHEPrurw. A Kak Ha-
CYeT He TOJBKO 06JaJalolniux HyJe-
BOM Macco 4acTHUII, HO U BemecTBa?
ByZeT 11 OHO TOXKe TePATh 9HEPTUI0?
Korga MbI OITMChIBAEM JBUKEHUE Be-
mecTBa Bo BcelleHHOM, MBI pasiauda-
eM aBa TuIa ABuKeHUs1. OGbEKT MO-
KeT OBITh «(BMOPOMKEHHBIM», CJIENYS
pacuupeHu0, KaK HapUCOBaHHBIE
Ha PE3UHOBOM IIape TOYKU JBHKYT-
cA IIpU HaJAyBaHUU Iiapa. B kocmo-
JIOTUU TaKue 06'beKTHl HAa3bIBAIOTCS
conmyTCcTBYOIUMU. HO 06BEKT MOKET
o6yagaTh U COGCTBEHHBIM IBUKEHU-
€M JOIIOJHUTEIbHO K JIBUIKEHUIO, BbI-
3BAaHHOMY paclIupeHueM. BTopoi
TUI IBUKEHUS HA3bIBAIOT IEKYJISAP-
HbIM. OHO MOKET GbITh BBI3BAHO, Ha-
IIpuMep, TPaBUTALMOHHBIMU B3aMO-
NeVCTBUAMU 00 bEKTOB.

Camu 1o cebe TraJlaKTUKU 004d-
3aTeJbHO 006JIaJal0T NEKYJISAPHBIM
ABvaxeHueM. Ho nda ynajleHHBIX ra-
JIAKTUK OHO MaJIo IO CPaBHEHHIO CO
CKOPOCTBIO UX pasdberanus. Ha cBepx-
GosIbIINX MaclITabax pacrupeeieHue
rajJakTUK PAaBHOMEPHO, II09TOMY JIO-
kajabHble 9G(dEKThl CTAHOBATCHA He-
3HAYUMBIMU, U 9TU FraJJaKTUKH — CO-
nytcTBylomue. TakuM o6pasom, UX
MOKHO CYMTATh TOYKAMHU HA pasnay-
BaIOIIEMCS IApHUKE, T.€. CBOETO poja
BEPCTOBBIMHU CTOJ6AMU PaCHINPAIO-
mieiicsa BeceeHHOM.

ComyTcTByoOIas CUCTEMA OTCUeTa,
omnpezieIeHHAA C IOMOII[bIO FAJIaKTHK,
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NMPNYNHA NCKPUBJIEHUA TEOMETPUN

3aKoHbI COXpaHeHWs TECHEeNLLIMM 06pa3oM CBA3aHbl C CUMMETPUAMU B Npupofe. Tak, S3Heprua coxpaHaeTcs B TOM cilyyae, Korga
3aKOHbI MPUPOALI «CUMMETPUYHBLI BO BpEMEHU». Takas CUMMETPUA O3HAYaET, YTO pe3ynbTar Moboro PrU3n4ecKoro IKCnepumeHTa
OANHAKOB BHE 3aBMCUMMOCTW OT BPEMEHW ero NnpoeeaeHus. Ho ecnu pe3ynbsraT MOXeT OTiM4aTbCs U3-3a NpoBeAeHus
3KCMEPUMEHTOB B pa3Hble MOMEHTbI BDEMEHU, TO SHEPIUA MOXET He COXpaHATLCA. HarnagHbi npumep — nrpa B 6unbsapa Ha
HepoBHOM cTose. B kocmonornyecknx maclutabax reomeTpus Hallen BceneHHon nameH4mBa, H4To 1 03Ha4YaeT, YTO 3Hepruns scen
BceneHHOM Kak Lienoro MoXeT U He COXPaHATbCA

NCKPUBJIEHHBIV BUJTbAPOHBLIN CTOIN

[nsa urpbl B 6UNbsipa Ha HEPOBHOM — o6najatoLmm
HEEeBK/IMA0BOM reoMeTpuen — CTOoMe HYyXXHO OLEHMUBaTb CUNY
CBOEro yaapa, y4uTbiBas aTy reomeTpuio. Tak, ecnv reometpus
UKCMpoBaHa, OfMH 1 TOT Xe yaap NpuBegeT K O4HOMY U TOMY
Xe pe3ynbraTty u cenyac, u B 6yayLiem. MNMonb3ysace Takon
aHanoruewn, MOXHO ckasarb, 4To BO BceneHHomn

MEHAOLWAACHA TEOMETPUA

Ecnv noBepXHOCTb 6UMNbSPAHOrO CTONIa MEHSIETCS CO BPEMEHEM,
TO OTPaBGOTaHHbIV PaHEE yaap MOXET YXe He cpadoTaTb — CUM-
MeTpusi BO BPEMEHM HapyLuaeTcs. He4YTo MOX0Xee MOXET Npounc-
XOAUTb M BO BceneHHow, nockonbky cornacHo OTO ABuxeHve
MaTepun 1 3Heprum N3MeHsieT reoMeTPUIO NPOCTPaHCTBa-

BpPEMEHN. anI TaKUX YCJNIOBUAX 3HEPrusa MOXeT N He COXPaHATbCA

(o] (bMKCI/IpOBaHHOFI reomeTpmeﬁ QHeprusa coxpaHaeTcsa

o4eHb yo0Ha. Tak, OHA JaeT YHUBEP-
caJIbHOE COIVIAIIIEHUE O CYeTe BpeMe-
HHU — KTO yIOJHO, HAXOASACH B JI000H
TaKOU raJlakTUKeE, OJUHAKOBO OTBeYa-
€T Ha BOIIPOC 0 Bo3pacTe BcelleHHO.
Eciu MexrajlakTUYeCKHU My Tele-
CTBEHHUK IIPOMJIET MUJLIIUAPBI CBe-
TOBBIX JIET, OH CMOJKET IPOUTHU MHO-
JKECTBO TaKHUX BEPCTOBBIX Trajak-
Tuk. Ho 3a cueT Toro, uro BeceslenHas
pacuupseTcs, 9TU BEPCTOBBIE CTOJ-
6Bl OYAYT yAQIATbCS APYT OT Apyra,
¥ HaIll NyTelIeCTBEeHHUK OyAeT JABU-
raTbCs BCe MeJJIEHHEE U MeJJIEHHEE,
KOHEYHO, OTHOCUTEJIBHO TOJBKO 3TOMI
BbBIOPAHHOM CUCTEMBI OTCYETA.
Takum 06pa3oM, CBET TepseT dHeP-
TUIO, yBeJWYUBAs AJUHY BOJHBI,
a MaTepus TepseT SHEPIrUio, 3aMe A
cBoe JBHiKeHHe. Ha mepBbIN B3I
3TH JABa TUIIA IOBEJEHUS pPa3Ind-

OB ABTOPE

MocnepyioLwmii -
ypap —————

HBI. HoO HHTEepecHOo To, YTO B KBAHTO-
BOM MexXaHUKe 00'beJUHSAET UX. Ecau
CMOTpPETb Ha MATEPHUIO C TOYKHU 3pe-
HUA KBAHTOBOI MeXaHHUKH, MaCCHUB-
HbIe YaCTHUIIbI 00JI1aJal0T BOJHOBBIMU
cBoricTBaMU. PpaHIy3CKUNA (UUK
Jlyn le6poiine (Louis de Broglie) Ha-
IIIeJI, YTO YeM 6OIbIIIe MOMEHT JIBUIKe-
HUS JaCTHIIBI, TEM MEHBbIIle ee AJTUHA
BOJIHBI U Te€M OOJIBIIIE ee 9HEprusd. 3a
3TO OTKPBITHE OH ObLI yaocTOEH HoGe-
JeBCKoM nmpemMuu 1929r.

YacTUIBl BellecTBa MOTYT o6ia-
naTh GONBIIMM MOMEHTOM JBHIKE-
HUA, obnajgas MJIU OOJBIION Mac-
coli, mau 60JbIIONH CKOPOCTBIO, HUJIH
o6eMMH XapaKTepUCTHUKAMH. ITO
B YACTHOCTH OOGBACHAET, MOYEMY
6eiic60bHBINI MAY IpU OGPOCKe He
JIEMOHCTPHUPYET BOJHOBBIX CBOMCTB,
BeJb C TOYKU 3PEHUA KBAHTOBOU

Tamapa [asuc (Tamara M. Davis) B 2004 r. 3awumtuna gunnom s YHnsepcutete Ho-
Boro lOxHoro Yanbca, B HacTosillee BPeMs — Hay4Hblii COTPYAHMK YHMBepcuteTa
wrtaTta KeBuHcneHa B Bpuc6eHe (ABcTpanus), a Takxe npodeccop KoneHrareHckoro
ynusepcuteta. Chepa MHTEpecoB — TEMHAas 3Heprus, TeMHas matepus, o6paboT-
Ka 60J1bLLINX MaCCUBOB acTPOPU3NHECKUX JaHHbIX C LIeNbl0 NOHATbL, 4TO KOCMOJIOrUs
MOXEeT OTKPbITb ANs PyHAaMEHTaNbHOW (PUINKN.

—— [epBbili yoap

L]
.M!‘_.

MeXaHUKM OH objaajaeT 4y OBHII-
HO GosbmIoN Maccoi. IIpyu TUNIUYHOMN
CKODOCTH 3TOro Mmfa4a B 145 KM/4 ero
JJIUHA BOJHBI Jle6poiyia cocTaBIIsA-
eT Bcero 107 M — CIMIIKOM MaJIylo
BEJIMYHUHY, YTOObI GBITh PETUCTPUPY-
eMoil KakuM-1u6o ob6pasom. C apy-
TOM CTOPOHBI, 2JIEKTPOH, ABUKY U~
cfl ¢ TAKOH e CKOPOCTEBIO, 061a7aeT
JJIUHON BOJHBI B 18 MUKPOH, UTO IPU
CBOEM MaJIOCTH Bce ke Ha 29 mopAn-
KOB BBIIIIE, 4eM Y 6ec60IbHOTro MA4a,
Y 3HAYMMO IIPU U3y YeHUU JABUKEHUA
3JIEKTPOHA.

Korzpa BbI BeIUmMCIS€TE, KaK MHO-
o OTHOCUTEJIBHOM CKOPOCTU TePAET
MaccuBHasA 4acTULA, IPOX0oJsa BOIM-
3M yAANAIINXCA OT Hee YaCTHI], BbI
o6HapyKHUBaeTe, YTO JJMHA BOJHBI
Jle6poiiisg y 4YacTHUIl pacTeT TOYHO
B TAKOH K€ IPOINOPIUU, KaK U AJIU-
Ha BOJHBI (GOTOHOB. TakuM o6pas3oM,
CBET U BEIIECTBO BeAyT cebs ojuHa-
KOBO, KOIJla JIeJI0O KacaeTcs IOTepu
9HEPTUHU B pacmupsdAonieica Beenen-
HOH, U B 060UX CaydasaX 9TO BBIIJIA-
JIUT TaK, KAk ec/Iu 6bI HapymIaJjcs 3a-
KOH COXPaHeHHUd dHepruu. B ciyuae
BEILIECTBA 3TOT I1apaJIoKC 06'bACHAET-
cA T€M, YTO MbI BBIYUCJIAEM CKOPOCTH
B Pas3JIMYHBIX CHCTEMaX OoTCYeTa —
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KOCMONOTHA

OTHOCUTEJbHO pasberarmomuxcsa ra-
TakTUK. Kak MBI yBUJUM B JlajbHEN-
meM, aHaJOTMYHasA CUTyallus CKJa-
ApIBaeTcA U ¢ GOTOHAMU.

TBop4eckas 6yxrantepus

Korga KOCMOJIOTM XOTAT BBIICHHUTD,
TepseT U BcelleHHAa 9HEPruio, OHU
MOIJIA GBI IONBITATHCA IOJACYUTATH
cpasy IOJTHYIO 9Hepruio BcejleHHOI,
a He COCPeJIOTOYHBAThLCA HA KaKOM-
TO OJHOM OoG6BekTe. Ilpesae Bcero
MOKHO IIPOCTO CJIOXKUTH 9HEPIHUIO, CO-
Jlep:Kallylocs B BellecTBe BeeneHHOM
(Macca m u sHeprusa E 5KBHBaJIEHT-
HBI COIVIACHO YPaBHEHUIO JWHIITEH-
Ha E = mc?, rie ¢ — CKOpOCTh CBeTa).
IToToMm cieayeT Npu6aBUTh KUHETHU-
YEeCKyI0 9HEPIruio, CBA3aHHYIO C Ile-
KYJAPHBIM JBUMKEHHEM BeEIleCcTBa.
K nonydeHHOM cymMmMe Hal0 106aBUTH
9HEPTUIO U3JIyYeHHsd, a IOTOM IIpoJie-
JIaTh CJIOMKHYIO paGOTy IIO BBIYUCIIE-
HUIO 9HEePIUH BCEX IPaBUTAI[HOHHBIX

ToJIeil BOKPYT IJIAHET, 3BE3/] U rajlaK-
THK, 2 TaKKe SHEPruu XUMHUUYECKON
U AJIEPHOM CBA3U. (3BYK U TEIJIO —
JIBUKEHHE YaCTHI], I03TOMY UX TOXKE
HYKHO Y4€CTb.)

IlepBasa TpyaHoCcTb: BceslenHasa mo-
JKeT ObITh 6ECKOHEYHO OOJIBIIION U CO-
Jlep:KaTh OECKOHEYHOEe KOJIMYEeCTBO
BEIleCTBA U 9HEPruu. B aToM ciydae
HYKHO Ha KaKOM-TO 3Talle IIpepBaTh
CyMMUpOBaHUE — IpeAcTaBUM cebe
BooOpakaemyio cdepy, OKpPyKaIONIIyI0
HEKOTOpPBIN y4yacToK BeeneHHOU, U 1o-
cYnTaeM BCIO 9HEPTHI0, COCPEIOTOYEH-
HYI0 BHYTpH 9Toro mapa. [IycTs Ternepb
aTa cdepa pacIIMpUTCA, KaK U Hala
BceneHHas: Tak, 4TOObI CONYTCTBYIO-
Y€ rajJaKTHUKA OCTaBaJINUCh BHYTPH.
CBeT u BEIIIECTBO M3BHE MOl"yT mepe-
XOAUTH TPAHUIIbI cPeprbl, HO TOCKOIb-
Ky BeesrleHHa st 0JHOPOJIHA, KOJIMYECTBO
BeIleCTBa U U3JIy4YeHUs, MOCTYMIAIo-
mux B cdepy, paBHO KOJTUIECTBY UCXO-
JAINIX U3 Hee BeleCTBa U U3JIyYeHUA.

Bcest BecenreHHAsI COCTOUT M3 MHOMKECTBA
Takux cdep. Eciiu Bo BeceneHHoN Kak
LIeJIOM JIeICTBYET 3aKOH COXpPaHEHU:
9HEPTHH, TO JOCTATOYHO IIOKA3aTh, YTO
9TOT 3aKOH JIeHiICTBYeT BHYTPH OTAC/Ib-
HO B3ATOH chephl.

Jlnsa pacmupdAomeidca U OXJIamkK-
napieica chepsl, 3alI0JTHEHHOHN Be-
IeCTBOM, pacdeThl IPOBECTHU JIETKO.
B TakoM mpocTelmeM ciydae 9Hep-
T'US COEPKUTCH TOJBKO B Macce Be-
IIeCTBa, U IIOCKOJBKY OHA IO YCJIO-
BUIO He MOKHUAAET IpeJesabl cdepsl,
9HEpPTUusA, OYEeBHUJHO,
Jl14 U3JIyYeHus U AJ1d BeIlecTBa, 06-
JIaTaOIIero IeKyIAPHOU CKOPOCTHIO,
cutyanus 6ojee ciaokHag. XOTs JHC-
J1I0 GOTOHOB M YHMCJIO YACTHUI[ BeIle-
cTBa BHYTPU cdepbl NOCTOAHHBI, CO

COXpaHHAEeTCHd.

BpeMeHeM dHeprus GoTOoHOB IajaeT,
TaK ke KaK U KWHEeTUYIeCKas 9HEPrUsd
IIEeKYJSPHOI0 ABHIKEHUSA BeIllleCTBa.
TaxkuM o6pasoM, IOJTHAA 9HEPTUd Ha
MeMOpaHe yMEHBIIAaeTCA.

MHEHUE: KPACHOE CMELUEHUE U 3®®EKT OMJIEPA

OHeprus nHAMBMAyanbHOro oToHa, NyTeLecTBYOLLEro no
BceneHHon, coxpaHsaeTcs, a KpacHoe CMeLLeHne MOXHO NHTep-
npeTMpoBath Kak nposieneHne addekta Jonnepa.

B nepeBom Bonpoce aBTOp COBEPLLUEHHO Npasa, @ BO BTOPOM
BOMNpoce — HeT. YactoTta poToHa, a cTano 6bITh, €ro u3mepse-
Masi 9Heprus 4ercTBUTENbHO 3aBUCUT OT CUCTEMbI OTCHeTa,
B KOTOpOW NpoBoanTca nameperme. OgHako Bo BceneHHon ectb
BblflefleHHasn cnuctema otcyeTa. AT0 Ta cMCTema, B KOTOPOW Npo-
CTPaHCTBO OJHOPOAHO (BCE YacTu BceneHHoM BbIrMAAAT ognHa-
KOBO) 1 M30TpOMnHO (BceneHHas ognHakoBa BO BCEX HAMpPaBIieHN-
Ax). B panHeli BceneHHow BeLLecTBO 6b1510 FOPSAHUM U MNOTHbIM,
OHO npepfcTaBnAno cobor nnasmy. Tak BOT, 3Ta niasMa nokou-
nacb Kak Liesioe UMeHHO B paccmaTpuBaemMol cucteme otcyeTa.
YpaneHHble ranakTuKm NokoATCS B 3TON cUCTEMe oTcHeTa (C ToY-
HOCTbIO 10 NEKYNAPHBIX ABUXEHWI C HE6ONBLUMMU CKOPOCTAMMU,
0 KOTOPbIX YTOMUHAET aBTOP CTaTbM), & PACCTOSIHUE MEXAY HMU
yBenMyMBaeTCsa UMEHHO 61arogaps pacTsa>XeHWIo MPoCTpaHCTBa.
MN3mepeHHas B 3TOW, KOCMUYECKOM CUCTEME OTCHeTa YacToTa
doToHa ybbIBAET CO BpeMeHeM; (hOTOH KpacHeeT MMEHHO 13-3a
pacTsXeHUs NpoCcTpaHCcTaa.

Oco6€eHHO HarnsgHO 3TO BUAHO Ha NPUMepe PennKToBbIX (o-
TOHOB, UCMYLLEHHbIX FOPAYUM BELLECTBOM B paHHew BceneHHom
He3a[o0sro 0 TOro, Kak OHO, OCTbIBas, NEPELLO U3 COCTOAHUA
nnasmbl B ra3aoo6pasHoe. Kak yxe rosopmnoch, 3To BELLECTBO
B LieNIOM HUKyAa He asuranocb. COOTBETCTBEHHO, ra3 PesinkTo-
BbIX POTOHOB B LIENIOM TOXE HUKYAa He [ABUXETCA, XOTS OTAENb-
Hble (DOTOHbI B HEM [IBUXYTCS BO BCEX HanpasneHusx (pasHuua
€ 06bI4HBIM ra30M COCTOUT TOJIbKO B TOM, 4TO B OT/IM4ME OT MO-
nekyn rasa, pOTOHbl CErofHs He UCMbITbIBAIOT CTONKHOBEHWI HY
Mex [y co60M1, HU € BeLL,ecTBOM). CNekTp pennMKToBbIX (hOTOHOB —
TEennoBowu, NpU4eM UMEHHO B KOCMUYECKOM cUCTeMe oTcyeTa.
OHeprus, n, COOTBETCTBEHHO, TeMnepaTypa pPenMkToBbIX POTO-
HOB y6bIBaeT CO BpEMEHEM B NpoLiecce pacLumpeHmns BceneHHom.
Mpuv yem Ty T acpcpekT Jonnepa? OTBET OAHO3HAYHbIN: HU NPU HYEM.
KpacHoe cmellieHne penMkToBbIX POTOHOB HAYe Kak pacTsxe-
HUEM NPOCTPaHCTBA HE OOBACHULLb.

C dhoToHamu, ncnyLeHHbIMIU yAaneHHbIMU ranakTukamu, Aeno
06CTOUT HEMHOrO CNOXHee. ABTOpP CTaTby MO CyLeCcTBY Npea-
naraet oTKasaTbCs OT MPefCTaBeHUs O pacTsXXeHUU NPOCTpaH-
CTBa ¥ 3aMEHWTb ero NpeAcTaBleHNEM O TOM, YTO ranakTuku
6yKBanbHO pas3neTarTca OT HAac B pagnasbHbIX HanpaBneHnsXx,
a MCNYLLEHHbIA UMW CBET BbIrMAANT NOKPACHEBLUMM U3-3a CBA-
3aHHOro € 3TUM ABUXeHneM acdekTa [lonnepa. Takon B3rnag
[ENCTBUTENBHO HUYEMY He MPOTMBOPEHUT, HO TONbKO eCv peyb
naeT o ranakTukax, yaaneHHbIX OT HAC Ha CPaBHUTENbHO HEGOb-
LLIOE pacCTOfHME, MHOrO MeHbLLEe pa3Mepa BUaMMon BeceneHHon.
B npoTuBHOM cnyyae nHTepnpetauus, paccmatpupaemas
aBTOPOM cTaTbu, NPMBOAUT K NpoTuBopeyunam. NMocnepgHue
YyTBEPX[EHNS, KCTaTu, BMOJIHE COrnacyTcs C BbiICKa3aHHbIM
B CTaTbe COO6pPaKeHNeM 0 TOM, YTO «B AOCTATOYHO Masion 06-
nactu BceneHHas ¢ BbICOKOW TOYHOCTbIO Niiockas. Ho B nnockom
NpOCTPaHCTBE-BPEMEHW HET FpaBUTaLIMK, HET PACTHKEHUSA BOSH,
n noboe kpacHoe CMeLLeHne JOMKHO 6bITk acbchekToM donnepa».
BoT 1 KOHLeNUmMs, 3NoXeHHas B CTaTbe, FOAUTCS NULLIL ANS JO-
CTaTo4HO Marnow obnactu BeceneHHow. B 1o o6nacTu (Ho He BO
BCel BuanMon BeceneHHo!) MOXHO BbiGpaTh Takyto cuctemy oT-
cyeTa, B KOTOPOM NPOCTPAHCTBO He pacLuMpseTcs; aTa cuctema
oTcYeTa OTNIMHAETCH OT KOCMUYECKOW, U ranakTUKN OTHOCUTENBHO
Hee ABUXYTCA. TakoBa 0CO6EHHOCTbL 06LLEN TEOPUM OTHOCUTENb-
HOCTW: NIoKarnbHble ABNEHNS MOTYT BbIrNSAAETb COBEPLUEHHO MO-
pas3HOMy B pa3Hbix cuctemax otcyeTa. BcnomHum SiiHwTenHa:
3eMHOE NPUTSAXKEHNE MOXHO «BbIKITIO4UTb>» B HE6OMbLLION 0611acTu
NPOCTPaHCTBAa, eCiv CeCTb B CBOG0OAHO NaaatoLumii nud . OgHako
BCIOJY N OQHOBPEMEHHO M36aBUTbLCA OT rpaBUTALIMOHHOIO Nons
3emMnu Henb3s. TOYHO Tak Xe HeNb3s «BbIKI4YUTL» pacLluMpeHme
npocTpaHcTBa cpasy BO Bcel BceneHHom.

WNTak, Hanbonee obLasn n agekBaTHas MHTeprnpeTauus KpacHo-
ro CMeLLeHnsi — pacTskeHue npocTpaHcTea. IHTepnpeTnposaTh
KpacHoe cMeLLeHne B TepMmHax addekta [lonnepa MOXHO NuLLb
€ 60MbLLUMMK OroBOPKaMMU.

Akxanemuk PAH, BoKTOp gou3nko-maTemaTnieckmx Hayk,
npogheccop Banepuii Py6akos
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KAK COXPAHAETCHA 3HEPTUd ®OTOHA

KpacHoe cmelleHne, HabnogaeMoe HaMu OT yAaneHHbIX ra-
NaKTUK, 06bIYHO OOBACHAETCHA pacTAXKEHNEM MPOCTPaHCTBA,
HO OHO TakK>e MOXET 6bITb 06BbACHEHO N 3P HEKTOM ABUXKEHMUSA
rafiakTUK OTHOCUTESNIbHO Hac. ATO Tak Ha3blBaeMblli ahheKT
Honnepa, KOTOPbIA, HANPUMEP, MOXHO NOHATb, CNbILa U3Me-
HEHWA B 3BYKE CUPEHbI NpUbAvXaloLLenca n yaanswoLencs
NoNnLIECKOM MaLLnHbI. B npumepe ¢ aBToMo6MneM Mbl Ume-

lony60e cmelleHne cBeTa

OTHOCUTENbHOE
IOBUKEHWE MaLLUVHBI
B NPOCTpaHCTBE

OBbIKHOBEHHOE OOMJIEPOBCKOE CMELLEHUE
CwmelueHue Jonnepa — ahHeKT OTHOCUTENBHOCTU ABUXEHMS.
CBEeT OT MUrasikv NonuLENCKOM MaLLNHBI KaXeTcs Ham 6onee
KpacHbIM Ui 6onee rony6biM B 3aBUCMMOCTU OT TOrO,
yAanseTcs oT Hac MalLnHa Unm NnpuénunxaeTtcs K Ham. Hem
60/5bLLe CKOPOCTb MaLLUMHbl OTHOCUTENbHO HabnaaTens, Tem

eMm geno c addekTom [lonnepa 3ByKOBbIX BOSH, UK, ANs No-
NULENCKOM MUranku, — CBETOBbIX, Tak Xe Kak U B ranaktmkax
Mbl U3MEPSEM KPaCHOE CMELLEHNE BUANMBIX Nyyel. B npume-
pe C MaLLMHOM 3HepPrus COXpaHseTCs; TOYHO TakK Xe, Bbl4UCNAS
adpekT fonnepa ansa ranakTMkKM, Mbl NoNy4aeM, YTo n3ny-
YeHHble (POTOHbI HE TEPAIOT AHEPTUI0

KpacHoe
cMmellleHne ceeTa

Ha6niopgatens

cunbHee aT10T adppekT. Hannune adbdpekta Jonnepa He
03Ha4aerT, 4TO POTOHbI TOXXE MEHSIOT LIBET, T.€. YTO OHU TEPAIOT
3HEepruio nNo nNyTu CBOEero pacnpoctpaHeHus. OHu obnagaroT
pasHbIMU LiBeTaMu (MX U3MyHeHMe CMELLIEHO B Pa3fnnyHbIe HacTu
CMeKTpa) C TOYKN 3PEHUS HEMOABMXKHOIO HabnogaTens

1 C TOYKM 3pEHNS BOAUTENS MaLLUMHbI

Cutyanua cTaHOBUTCHA ele 6ojee
CJIOKHOM, €CJIM YYUTBIBATH TEMHYIO
9HEPTHIO, BBICTYNAIOIYIO IPUYUHON
YCKOPEHHOI'0 paclIMpeHud Halel
Bcenennoii. [Tpupoaa u cBoiicTBa TeM-
HOM 3HEPTUHU JI0 CUX II0P OCTAIOTCH 3a-
raJloYHbIMH, HO C OIPEJEIIEHHOCTbIO
U3BECTHO, YTO €€ INIOTHOCTB ITPU pac-
mupeHun BcelleHHON He MeHAeTCH.
Tak, ecnu o6’béM Ha Halled BbIGpaH-
HOM MeMO6paHe Bo3pacTaeT, KoJudge-
CTBO BHEPTUU Ha HEH TOMKE PacTeT.
Mo:kHO moAyMaTh, YTO POCT T€MHOMN
3HEPruu CMor ObI c6aIaHCUPOBATH I10-
Tepu BceX Apyrux ¢GopM 3HEPruu, HO
3TOr0 He IPOUCXOAUT. Jlaxke C y4yeToM
TEMHOM 3HEpPruu INoJIHAA SHEPrusa Ha
MeMOpaHe He COXpaHAETCH.

Kak cornacyercs Takoe u3MeHeHUe
9Hepruu c teopemoit Herep? Hammu
paccy:/JeHusa MOTYT O3Ha4daTb, YTO
HET OCHOBAHUI IIPUMEHATh T€OpEMY
Hetep k Hamied MeHslolelica Bce-
neHHoi. CormacHo OTO, martepus
U 9HEPTrud HUCKPUBIHIOT IIPOCTPaH-

CTBO-BpEMHd. HOC}{OJII)EY Martepusa

U 9HEPTrud HaxoAATcA B JBUKEHUU
(mnm pasneTalTcA B pacIIUpPAIO-
meMcsa NPOCTPAHCTBE), FeOMETPUSA
NpOCTPaHCTBA COOTBETCTBEHHO Me-
HseTCcsa. B moBceJHEBHON JKU3HU 3THU
3(PEeKTHI CAUIITKOM MaJjbl, YTOObI UX
06HApY¥XUTh, HO HA KOCMOJOTHUYEe-
CKUX MacmITabax OHU 3HAYUMBI,

Takad crtoco6HOCTb IPOCTPaHCTBA
K gedpopManuAaM O3HAYaeT, YTO pac-
mupeHue BeceleHHOM HECUMMeETPUA Y-
HO BO BpeMeHH. IIpocTedmuii cnocob
NpPOJIEMOHCTPUPOBATh 3TOT (PaAKT —
BEPHYTBHCA K HAIlEeMy IIPUMEpPY IIPO
6uIbApAHBIE Iaphl. EC/I MBI TOCMO-
TPUM HECKOJIbKO (UIBMOB O JBUIKE-
HHUM I1apOB IIPU U3MEHEHUU reoMe-
TPUU CTOJIa — HaNpuMep, BHadalje
POBHEBEIN, a co BpeMeHeM JedopMu-
pyeTcd, — TO KamAbId uiabm 6yneTt
OTIMYATHCA OT NPEbIAYIIETO; MOK-
HO BCerjla yKasaTh, KOT[la U B KaKOU
MOCJIeI0BATEJBbHOCTHU GBI CHAT K-
bl puiabm.

MBI NPULLIA K KOHIY IPUHIUIIOB

COXpaHE€HUA: KoOrga INIPOCTPaHCTBO

U BpEMA USMEHYHNBBI, CUMMETPUSA TE-
PAETCHA, 1 3aKOH COXpPaHEHUA 9HEP-
TUY HapymaeTcs.

Jlase eCIu KpUBU3HA IIPOCTPAHCTBA
He MeHsfeTCd, INONBITKA MOACYUTATH
9Hepruio BceneHHOH ecTh Gecrnomes-
HO€ yIpaskKHEHHEe: PAaCCMOTPEHHBIE
II0JICYE€THl HE MOTYT IPUHA/JIEXKATh
HU oJHOMY HabJirofaTero Bo Beenen-
HOH. B yacTHOCTH, B 9THUX pacyeTax
HE€ YYUTBIBACTCSH 3HEPIrUus ABUKECHUA
raJIJaKTUK JPYI OTHOCHUTEJIBHO IPY-
ra, T.e. UX KUHETU4YEeCKAsa dHEPrusd.
JIpyro MOMeHT — IpaBUTaIlMOHHAA
9HEPrusd B3aUMOJEHCTBUA ralakTUK.
N3BectHaa npobirema OTO 3akmroda-
eTcsd B TOM, YTO B TEOPUU MBI HUKOI1a
HE MOKEM OJJHO3HA4YHO ONpEeJeUTh
rpaBUTAIMOHHYIO SHEPTUI0 TaKUM
o6pa3oM, 4TOGHI 3TO GBLJIO IIPUMEHU-
MO KO Bcell BceleHHOM B I1eJIOM.
TakuM o6pasoM, IOJIHAHd dHEPrus
BceneHHON U coxpaHAETCH U HE Te-
pAeTca — oHa Heonpeaeauma. C a1py-
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[TpOCTPAHCTBO B HACTOALLN
L MOMEHT BpEMEHU 8
-
CKOpOCTh =2
ranakTuku
B NPOCTPaH-

-

CTBe-BpeMeHun Q

CwmelLeHue 3a cyeT adpdpekTa Jonnepa,
BbIYMCNEHHOE 4Ns CPAaBHUMbIX CKOPOCTEMN

CkopocTb Habnogarens
B NPOCTPaHCTBE-BpeMeH

~ TpaekTtopusi poToHa

B MPOCTPaHCTBE-BPEMEHU

MpocTpaHCTBO 1 BpeMs U3nyyeHns hoToHa

KPACHOE CMELLEHNE U3NYYEHNA TANTAKTUKN KAK OOMJIEPOBCKOE CMELLEHUE

KpacHoe cMmeLLeHre ranakTMku OEHTUHHO cMeLLeHuto fonnepa,
KOTOpOe 06HapyXunBaeT Habntogatens, cneasa 3a yganeHnem no-
NINLENCKOM MaLLIVHbI, ABUXYLLENCS C TOW Xe OTHOCUTENbHOM CKO-
POCTbIO, 4TO 1 rafakTvka npy cneayoLem npasunbLHOM onpeae-
JIEHUM OTHOCUTENBHOrO ABMXXEHUA. Bo-nepBbiX, Mbl AOMKHbI
HapucoBaTb TPAEKTOPUM ranakTUKK U HabnogaTens He TONbKo

B MPOCTPaHCTBE, HO 1 BO BpeMeHW. (Onsi yno6cTBa M306paxeHus
Ha NpefcTaBNeHHON CXemMe NPOCTPAaHCTBO NOKa3aHo 3Tanamm
3BONIOLNM ABYMEPHON MOBEPXHOCTU; MPOCTPAHCTBEHHO-
BPEMEHHbIE TPAEKTOPUM NPOHM3bIBAIOT €ro.) Bo-BTOPbIX, Mbl

OOMKHbI CPABHUTb CKOPOCTb ranakTUKY B TOT MOMEHT BPEMEHM,
Korga oHa uany4duna oToH (po3oBasi cTpesika Ha cCXeMe), CO CKO-
pocTbto HabnogaTens B MOMEHT npuemMa poToHa (3es1eHas
cTpesika), a NoTOM, UCNOMb3ys HE06X0AMMbI MaTeMaTUHECKUI
annapat OTO, nocynTaTb OTHOCUTENBHYIO CKOPOCTb. [lonnepos-
CKMI COBMI, BbIMUCTIEHHBIN NO 3TOW OTHOCUMTENBHOM CKOPOCTH,
COBMafaeT C KpacHbIM CMeLLIeHeM ranakTuKu, NogTeepxaas,
YTO OHO MOXET ObITb MHTEPNPETMPOBAHO U KaK pe3ynbTar ee oT-
HOCUTENBHOMO ABUXEHUS, N Kak 3pEKT pacLLUMpeHns NpoCcTpaH-
cTBa. Takum 06pa3om, SHEPrUsA HE TEPSETCS

ol CTOPOHBI, €CJIU Mbl PACCMOTPUM
CUTYyaIlUIO C TOYKU 3PEHUA KOHKPET-
Horo Habiiojaarens, cHOKyCHUPyeM-
CcfA Ha OJJHOM YacCTUIE B KOHKPETHbIN
MOMEHT BPEMEHHU U IIPOCJIECAUM JABH-
meHue GoTOHA OT YAAJIEHHOH ra-
JIAaKTUKU, TO OOHAPYKHUM, YTO B Ta-
KOM MHTepnperanuu GoTOH He TepH-
eT sHeprumo. JlejJo B TOM, YTO Hallle
cpaBHeHUe paclupsmpmeiica Bcee-
JIEHHO! C HaJyBaloIuMCd IIapoM
II0JIEBHO TOJIBKO JUJIA BU3yaau3aluu
pacmiMpeHnusd U JOJIKHO HCIIOJIb30-
BaTbhCSA C TOH OrOBOPKOM, 4YTO IIyCcTOE
IIPOCTPAHCTBO HE UMeeT GU3UIECKO-
ro cmbicja. IIOCKONBKY TraJlaKTUKU
yranfaoTca ApPYr OT Apyra, Mbl MO-
K€M pacCMaTpPUBATh UX OTHOCHUTEIIb-
HOe JBUMKEHHUE UM KaK «paclIhpe-
HHE caMOTo IPOCTPAHCTBa», UM KaK
«IBUKEHHUE CKBO3b IPOCTPAHCTBO» —
pas3jnYue TOJBbKO CEMaHTHYECKOe,
a He pu3uYecKoe.

KocMosorudeckoe KpacHoe cMelle-
HUe 00bIYHO XapaKTePU3yeT pacllupe-
HHe npocTpaHcTBa. OgHAKO B 061IIeH

TEOPUU OTHOCUTEIBHOCTH OWHIITEN-
Ha IIPOCTPAaHCTBO OTHOCUTEJILHO, 3Ha-
YHUMO TOJIBKO IPOCTPAHCTBO-BPEMH.
COOTBETCTBEHHO, Mbl MOKEM BBIYMC-
JIATh OTHOCUTEJBbHYIO CKOPOCTh yAa-
JIEHHOM raJJaKTUKHY, CpPABHUBAA HAIILy
U €€ TPAEKTOPUU JABUIKEHUA B IIPO-
cTpaHcTBe-BpeMeHU. Kocmostoruye-
CKO€ KpacHO€ CMeIlleHU€e CTaHOBUTCH
9KBHUBAJEHTHO KPACHOMY CMEIEHUIO
addexrTa Jonnepa.

9TO NPOUCXOJUT IOTOMY, YTO B JI0-
CTaTO4YHO Majoi o6iactu Bcenen-
Hasf C BBICOKOM TOYHOCTBIO IIOCKAS.
Ho B IJIOCKOM IIPOCTPaHCTBE-BPEMEHU
HET TPaBUTAIMU, HET PACTAKEHUA
BOJIH, U J11060€ KpacHOoe CMeIleHHue
JOJKHO 6BITE 9 dexTom Jlomaepa.

OTHOCUTENBHOCTD JBUKEHUSA U3JLY-
yaTena 1 HabGamwogaTess 03Ha4aeT To,
YTO OHU BUAAT POTOHBI B Pa3/IMYHbBIX
HaNnpaBJIEHUAX, a He TO, YTO POTOH Te-
PSAET DHEPIUIO IIPU CBOEM JIBUKEHUU.

B 3akJoO4YeHUE CKaMkeM, 4TO HeT
HUKAKOI0 4y/ia B IoTepe aHepruu ¢o-
TOHAMU: 9HEPTUU U3MEPEHBI HabJIIO0-
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JaTeasaMU B YAAJIAIIUXCA APYT OT
Jpyra raJJaKkTHKax, BCe JIeJI0 B OTHO-
CHUTEJIbHOCTH ABUKEHU.

Takum o6pas3oM, €CIU MbI PEIIUM
y3HaATh, COXpaHAETCHA JIU 9HEPrUs BO
Bceill BcesleHHOM KaK B I1€JI0M, MbI HAT-
KHeMcA Ha QyHJaMeHTaJbHOE orpa-
HHUYEHUE, ITOCKOJIbKY He CYIIeCTByeT
€JMHOTO 4YHCJIa, ONPEAEe/IAIIIEero Be-
JIMYUHY 9HEPTUH BcesleHHOH.

Taxkum o6pasom, BcesleHHasa He Ha-
pyuiaeT 3aKOH COXpaHEHHUSA BdHep-
ruu. ToyHee ckas3aTh, dTOT BOIIPOC
JIeKUT BHE IOPUCAUKIIUM JAaHHOTO
3aKOHa.

OOMONMHUTENBbHASA NUTEPATYPA

B The Kinematic Origin of the Cosm
logical Redshift. Emory F. Bunn and
David W. Hogg in American Journal of
Physics, Vol. 77, No. 8, pages 688—-694;
August 2009.




ONHAMUNKA N3 MOKO4A.
PucyHok Kewita MNutepca
VNNIOCTPUPYET UAEI0 TOTO, YTO
BHYTPEHHE CTAaTUYHBI MUP MOXET,
TeM He MeHee, NopoXaaTtb ANHAMUKY
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Kpanr Kannengep

BPEM

[ToHATUA BpEMEHN N NBMEHEHUI MOTYT NOPOXL4ATbCS
cTaTu4HOU B CBOEN OCHOBe BceneHHOM

uTasg 3TO HPEJJIOKEeHUE, BBHI,

BO3MOJKHO, JyMaeTe, 4YTO Ha-

CTOAIIUIA MOMEHT — 0OCOOEH-
HbIU. Tak u ecTb. CKOJBKO ObI BBl HU
IIOMHUJIM U3 IPOILJIOT0 U Yero 6bl HU
OKUJATN OT OyAyIero, Bbl KHBe-
Te B HacTodAmeM. JleCTBUTEIBHO,
Kask/J0e MIrHOBeHUe OGOoJbIlle HHUKOT-

Aa He moBTopuUTcA. OHO yHHUKAJb-
HO. IHBIMU cJIOBAMHU, KaMKETCH, 4TO
BpeMs TedYeT, T.e. HACTOsAIlee IMOCTO-
sSAHHO OOHOBJIsieT camMo cebsa. MbI UH-
TYUTHUBHO YBEpEHBI, 4YTO Oyayliee
OTKpPBITO, IIOKA HE CTAHOBHUTCA Ha-
CTOANIMM, a IPOIJIoe HEU3MEHHO.
B nioToke BpeMeHU CTPYKTYpa U3 HEU3-
MEHHOTO ITPOIIJIOr0, MTHOBEHHOI'0 Ha-
CTOSAIIEr0 ¥ OTKPBITOr0 OyAYIIEro He-
I pepPBIBHO IlepemerniaeTcs Brepea. OHa
BCTPOEHA B HAIIl A3BIK, HAIIIN MBIIILIe-
HUE U II0BeJI[eHUe, OHA OIIpPeJeIsAeT TO,
KaK MBI IIPOKUBAEM CBOU KU3HU.
Ckoab OBl €CTECTBEHHBIM HU ObLIT
TaKoI o6pa3 MBICJIEH, OTPaKEHUSA €TO
B HayKe BBl He HalijieTe. YpaBHEeHUs
(GU3NKHN He TOBOPAT, KaKue MMEHHO
COOBITUSA MMPOUCXOAAT B JAHHBIN MO-
MEHT, — OHHM II0JJOOHBI KapTe, Ha KOTO-
PO HET 3HAYKA, OTMeYarlollero Harue
MecTonosoxeHue. Hacrosdmero mo-
MEHTa B HUX HET, a 3HAYUT, HET U I10-
TOKa BpeMeHU. Bosee Toro, corsiacHo
TEOPUU OTHOCHUTEJIBbHOCTH AnbbepTa
OWHIITeNHA, He TOJBKO He CYyIIeCTBY-
€T KaKOro-TO eZJUHOT0 0cO60Tro HACTO-

OCHOBHbIE NOJIOXXEHUA

AIero, HO OJMHAKOBO pealbHEI BCe
MOMEHTHI. B nmpuHnumne Gyayiiee He
6oJiee OTKPBITO, YEM IIPOIILIIOE.

MeIcauTeNle BO Bce BpeMeHa 3aHU-
MaJs pas3pbIB MEKAY HAyIHBIM IIOHH-
MaHHEM BpPEMEHH U ero IIOBCEeJIHEB-
HBIM BocrrpuaTueM. [To Mepe Toro kak
PUBUEN MOCTENeHHO JUIIAIN BPeMs
BCeX IPUIMCBIBAEMBIX €My CBOMCTB,
aTa IpomacTh pacmupsanack. Cerop-
Hfl Pa3pbIB MEKAY BpeMeHeM (PU3UKOB
U BpPEMEHEM IIOBCEJHEBHOI'O OIIBITA
JIOCTHUT JIOTUYECKOI'0 3aBEPIICHUS, I10-
CKOJIBKY MHOTHe (PU3UKHU-TEOPETHUKU
IIPUILIN K BBIBOAY, YTO BPEMEHHU KaK
pyHIaMEHTATBHOI0 IOHATHA BOOOIIIe
He CyIIIeCTBYeT.

Wnesa peaJbHOCTH 6€3 BPEMEHU IIO-
HaYally MpPeJCTAaBIAETCA CTOJb IIO-
pas3uTeabHOM, YTO TPYAHO IIOHATH,
KaK OHa MOKeT OBITb HEIPOTHBOpE-
4uBOH. Bce, 4To MBI feaeM, MBI fie-
JlaeM BO BpeMeHH. MUp — 9To mocie-
JIOBATEJIbHOCTH COOBITHH, CBA3aHHBIX
Mexay co6oit BpemeHeM. KaskabIi Mo-
JKeT BUJETh, YTO BOJIOCHI CEJICIOT, TeJa
ABUMKYTCA U T.1. MBI BUIUM IIEpeMe-

u Tema nNpupofbl BDEMEHMN CErofiHA B LiIeHTpe BHUMaHus. MNonck eaquHon Teopumn nobyxnaet
(U3MKOB NnepecmaTpmBaTth camble yHAaMeHTanbHbie MPeAnonoxXeHns, a 6onee MyHAaMeH-
TanbHbIX BELLEW, 4eM BPeMmsl, 04eHb Mano.

®m HekoTopble (hM3UKM FOBOPSAT, HTO BPEMEHU BOOGLLE HE CyLLecTBYeT. [lpyrue nonaratwT, 4To
eMmy crnefyeT npunucatb 605iee 3HaYUTENBHYIO POSib, @ HE NpeyMeHbLIaTh ee. Mexay AByMs
KPanHOCTAMM NEeXMUT nopaauTenibHas UAes, 4To Bpems CyLLEeCTBYET, HO He NpeacTaBnseT co6omn
hyHOaMeHTanbHOro NoHATMS. Bpems, KoTopoe Mbl BOCMPUHMMAaeM, Kak1M-To 06pa3om MopOX-
naetcs ctatuyHou BeceneHHoun.

= Punocodbl 06CyXAaNU NPo6aemMy NpUpoAbl BpeMeHu ele Ao Cokpara, Ho CoBpeMeHHbIe
U3MKM NPUAAIOT NPEACTABIEHUSIM O BPEMEHU KOHKPETHOCTL. COracHo 04HOM U3 MAEW, Bpemst
MOXET BO3HUKATb U3 TOr0, KakuM 06pa3omM pasgeneHa BceneHHas, v T, 4TO Mbl BOCNPUHUMAEM
Kak BpeMsi, OTpaxaeT CBA3U MeX/y ee YacTiMU.
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NOYEMY BPEMA OTJINHHO OT MPOCTPAHCTBA

DUINKK, XyA0XKHUKU U TBOPLIbI BCEBO3MOXHbIX rpacmkos 06bI4HO n3o6paxatoT BpeMs kak 0AHO N3 M3MepeHMI NPOCTpaHCTBa, co3aasas
e[IMHOe NPOCTPaHCTBO-BpeMs, MOKa3aHHOe 3AeCh B BUAE TPEXMEPHOro Ky6a, B KOTOPOM LUAPUK OTCKaKMBaeT OT CTEHKU. Teopus
OTHOCUTENIbHOCTU YTBEPXAAET, YTO MPOCTPAHCTBO-BPEMSI MOXKHO paccekaTb pasfiMiHbiMu croco6amu. OfHaKo He BCe OHU PaBHO3HAYHbI

t

HBI, T.€. U3MEHEHHU A CBOYCTB BO BpeMe-
HU. B oTcyTcTBHE BpeMeHU MUD ObLI
OBl a6COJIIOTHO HEIOABHIKHBIM. Teo-
PUsS OTCYTCTBUS BPEMEHU 3aTPyAHA-
eTcsl OGBbSACHUTD, KAK MBI MOKEM BH-
JIeTh U3MEHEeHUsd, eCJIM MUP Ha CaMOM
Jiejie He MEHSIETCS.

B HemaBHEM WHCCIE€IOBAHUU Jeiia-
€TCH IMOIBITKA COBEPIIUTH 3TOT IOJ-
Bur. HecmoTpa Ha To 4To Ha (yHAa-
MEHTAJIbHOM yPOBHE BPEMS MOKET He
CYILIIECTBOBATh, OHO MOXKET BOBHUKATH
Ha GoJjiee BBICOKMX YPOBHAX — KakK
CTOJI KasKeTCsd MOHOJIUTHBIM, XOTs Ha
caMoM Jiejie OH IpEeICTaBJIAET CO6OoM
COBOKYITHOCTH YaCTHI[, COCTOAIIUX
B OCHOBHOM M3 IIyCTOTO IIPOCTpaH-
cTBa. MOHOJIMTHOCTE — 3TO KOJJIEK-
THUBHOE, UJIU IIPOU3BOJHOE CBOMCTBO

BrnonHe BO3MOXHO,
4yTO 6€3 rNy60oKOoro
OCMbICNEHNS
CYLLHOCTWN BPEMEHM
AOCTUYb YCMEXOB

B CO30aHUM eauHOUN
TEopumn He yaacTcs

yacTul. BpeMsa Tome MOMXKET OBITh
NPOU3BOJHBIM CBOMCTBOM KaKHX-TO
6a30BBIX MHT'PEIMEHTOB MUPA, UYTO ObI
OHHU COOOM HU ITPEICTABIIAIN.
KoHuenusa npousBoJHOTO BpeMe-
HU MOTEHIIUAJIBHO CTOJIb K€ PEBOJIIO-
IIMOHHA, KaK pa3paboTKa TeOpHUHu OT-
HOCHUTEJBbHOCTH WU KBAHTOBOM Me-
XaHUKHU CTOJIETUE Hasaj. JUHINTENH
TOBOPHII,
B CO3JJaHUU TEOPUU OTHOCUTEIBHOCTH
OBLIIO IEPEOCMBICTICHHUE IIOHATUSA Bpe-
MmeHU. g GU3UKOB, CTPEMSAIUXCSA
OCyIIECTBUTh MeuTy OWHINTeHHa 06
00beIUHEHUN TEOPUHU OTHOCHUTEJb-
HOCTH M KBAHTOBOU MEXaHUKH, BpeMs
BHOBB OKa3bIBA€TCA KJIIOYEBBIM ITOHHA-
TueM. B 2008 r. UTHCcTUTYT QyHIaMEH-
TaJIbHBIX IIpobsieM (FQXi) BBICTYIIMII
CIIOHCOPOM KOHKYypca paboT Ha TeMy
OpUPOABI BpEMEHH, YTO I103BOJIHJIIO

YTO KJYEBBIM IIarom

COCTaBUTH IIpEJCTaBIeHHe, KTO €CTh
KTO B COBpeMeHHOU ¢uanke. MHorue
YTBEpKAAIH, 9TO eUHAA Teopus 6y-
JIeT OIHCBHIBATh MUP, He COAEPIKAITUI
BpeMeHHU. [[pyrue GbIIN HE CKJIOHHBI
OTKaseIBaThCcA OT BpemeHU. Ho Bce
COLIUTUCh HA TOM, 4TO 6€3 IriIyGoKoro
OCMBICJIEHUS CYIIIHOCTHU BPEeMEHH [0-
CTHUYb YCIIEXOB B CO3JaHUU eAUHOM Te-
OpHH He yJacTcd.

PacuBeT 1 ynapok noHATUA
BpPeMeHu

B TedeHUe BEKOB 06OraTcTBO IIpej-
cTaBJIeHU! O BpeMeHU, OCHOBAHHBIX
Ha 3/IpaBOM CMBbICJIE, [IOHECJIO PAL I10-
Tepb. B ¢pusnke BpeMeHU OTBOJUIOCH
MHOT'0 poJIel, HO I10 Mepe ee Pa3BUTHUA
OHM OJTHA 3a JPYTOi BBIBOJAMJINCH 32 €€
pPaMKH.

Bo03MO0:KHO, Ha HEPBBIA B3TJIAMA 9TO
He3aMeTHO, HO 3aKOHBI JBUIKEHUS
Hcaaka HeroToHa Tpe6oBaIu OT Bpe-
MEHH psAJia onpe/ieJIeHHbIX CBOMCTB. 1o
HbIOTOHY, II0CJIEI0BATEIBHOCTD IPO-
HCXOAANINX COOBITUI Bce HabIogaTe-
JIM BOCHPUHHUMAIOT oJJMHaKoBo. Kiac-
cuyeckas PU3MKa IoipasyMeBaeT, YTO
HEe3aBUCHMO OT TOTO, TJle ¥ KOr/ia IIpo-
HM30ILIO0 COOBITHE, BBl MOXKETE 00bEK-
THUBHO CYJUTH O TOM, IIPOU3OIIJIO OHO
paHblie J11060ro Apyroro coGbITUSA BO
BcesleHHOM, M03Ke ero WM OJHOBpe-
MeHHO ¢ HuUM. CllefoBaTeIbHO, BpeMs
TOJIHOCTBIO YIIOPAOYNBAET BCE COOBI-
TuA B Mupe. OJHOBpEeMEHHOCTh abco-
JIIOTHA, OHA HE 3aBUCUT OT HabIoaa-
Tens. Bosiee TOro, YTo6bI MOMKHO OBLIO
OIIpe/IeJIATh CKOPOCTH M YCKOPEHUH,
BpeMs JIOJI3KHO ObITh HEIIPEPBIBHBIM.

I[loMHUMO BBIIIEINIEPEYUCIEHHOTO,
B KJIAaCCUYECKOM (PU3MKe BpeMs J0JIK-
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MELISSA THOMAS
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HO MMETh CBOMCTBO JJIMTEJIbHOCTH
(To, uyTOo PU3UKM HA3BIBAIOT METPU-
KO¥), YTOOGBI MOMKHO OBLJIO ompeje-
JIATh, KaK JAJeKO BO BDEMEHU OTCTO-
AT APYr OT Apyra co6bITuA. UTOOBI
UMeTb BO3MOXHOCTB CKasaTb, 4TO
OJIMMITUHACKUY cipuHTEp YCaiH Boit
(Usain Bolt) crioco6eH 6eaTh CO CKO-
pocTeio 43,4 KM B 4ac, MbI JOJKHBI
MMETb MEPY 3TOro caMoro yaca. Jliu-
TEJBHOCTD (B KJIaCCUYECKOU (pusuke)
TOMKE He 3aBUCHUT OT HabJIoAaTesd.
Ecin Anuca u Bo6 BBIIIIIA U3 IIKO-
gl B 15.00, MM pasHbBIMUA Iy TAMU
U BCTpPEeTUJIHUCH JoMa B 18.00, mpoMme-
KYTOK BPEMEHU MEHKAY 9TUMU COOBI-
TUAMHA OJJUHAKOB /1151 HUX 000HX.

B cymnocTn, HeroTOH ncxoauna us
JOIIyIIEHUS, YTO B MUPE CYyIIECTBYIOT
«rJIaBHBIE Yachl», KOTOPBIE OJHO3HAY-
HO U OOBEKTHMBHO 3aJlaloT MI'HOBE-
HUA B Mupe. HeloToHOBCKas puauka
CJIBIIIUT TUKAHbE TOJIBKO 3TUX YacoB
U HUKaKux aApyrux. Kpome toro, Hpero-
TOH 4yBCTBOBAJI, YTO BPEMA TE€YET, U ETO
TEYEHHUE JAaeT HaM «CTPeJy BPEMEHM»,
KOTOpas yKasbIBaeT, KAKOe HalpasJie-
HUE eCcTb OyayIee, XOTs 3TU JOIOJIHU-
TeJIbHbIE CBOMCTBA He GbLIM CTPOTO He-
06XOAMMBIMU JIJISl €0 3AKOHOB.

HpI0TOHOBCKOE BpeMs IIpe/CcTaBId-
eTCA HaM CETro/lHA CTApPOMOJHBIM, XOTH
pasMblIIlJI€HUE IIOKa3bIBAeT, KaK OHO
yAuBUTENbHO. MHOrHE €ro cBoMcTBa —
YIOPAOYEHHOCTb, HENPEPLIBHOCTD,
AJIUTEJIBHOCTH, OAHOBPEMEHHOCTD, T€-
4YeHUe U «CTpeJia» — JIOTUYECKH yCTpa-
HUMBI, HO BCE€ OHU B3aMMOCBA3AHBI
B «[NIaBHBIX Yacax» KoTopble HpI0TOH
Ha3BaJ BpeMeHeM. 9Ta COBOKYIIHOCTh
CBOMCTB OKasaJjach HaCTOJbKO yJlad-
HOH, 4YTO COXpaHAJIach HEU3MEHHOH
MOYTHU IBA CTOJIETUSA.

ATaku Ha Hee HAYaJIMCh Ha pybexe
XIX un XX BB. IlepBBIM ynapom crana
pa6ora aBcTpuiickoro ¢usura JIoa-
BUura BosjbplMaHa, KOTOpPBIA OTMe-
THJI, 9YTO 3aKOHBI HpIOTOHA ofuHa-
KOBO CIpaBEAJUBBI JAJd JABUMKEHUSA
U BIIEpe]], U Ha3aJl BO BpEMEHHU, OTKy/1a
cJIeAyeT, 4TO OHO He UMeeT BCTPOEH-
HOM «cTpesbl. BoablMaH MpPeanoJIo-
JKUJT, YTO PA3TUYUHUE MEKAY IIPOIIIBIM
u OyayLIuM OIpejeIdeTca acCuMe-
TpHUEH CTPYKTypbl MaTepuu Bo Bce-
JIeHHOH. X0oTsa GU3UKH IO CUX IIOP CIIO-
PAT 0 JeTaasaX 3TOro IPeAIoI0KEHUA

(cm.: Kapponn III. Kocmonozauueckoe
npoucxodcoeHue «cmpenst spemeHw //
BMH, Ne 9, 2008), BoabumaH y6enu-
TEJIbHO JINIIIUJI HBIOTOHOBCKOE€ BpEMSA
OJTHOTO U3 €r0 CBOMCTB.

Crenymoomyoo aTaky IpeAIpUHAI
OUHIITENHH, 0OT6POCUBIINN Hie1o abco-
JIIOTHOM O{THOBpeMeHHOoCTH. CortacHO
€ro 4aCTHOM TEOPHUU OTHOCHUTEIbHO-
CTH, TO, KAKHE€ COOBITUA CTAHOBATCH
OOJHOBPEMEHHBIMU, 3aBUCHUT OT TOrO,
KaK GBICTPO ABMIKETCA HAGII0AATEb.
WcTuHHas apeHa coObITUS — He Bpe-
Msl MJIM IIPOCTPAHCTBO, a UX COBOKYII-
HOCTB: IPOCTPAaHCTBO-BPEeMH.

Jna aByx HabuiogaTesneu, JBUIKY-
IIUXCHA C PA3HBIMU CKOPOCTAMU, BpeMs
COOBITUA I MECTO, T/IE OHO ITPOU30IILIO,
6y/ly T pa3JIMYHBIMU, HO MECTOIIOIOKE-
HUE ero B IPOCTPAHCTBE-BPEMEHU —
OJIHUM U TeM jke. [I[pocTpaHCTBO U Bpe-
Ms — BTOPUYHBIE KOHIIEIII[UH, KOTO-
pble, o ciioBaM MaTeMaTuka [epmaHa
Munkosckoro (Hermann Minkowski),
VHHUBEPCUTETCKOT0 podeccopa JitH-
mTelHa, «0o6pedeHbl 06paTUTHCSA BCe-
T'O JIUIIb B TEHN).

B 1915 r. 6pu1a onybsnkoBaHa 06-
mas TeOpUsA OTHOCUTEIBHOCTH, B KO-
TOPOM DUHIITEHH 060611 YaCTHYO
TEOpUI0, PACIpPOCTPAHUB €€ Ha CIIy-
Yau, B KOTOPBIX JEMCTBYeT CHJa TH-
roteHud (rpaBuTanuu). [paButanusa
nedopMUpyeT BpeMA TaKUM oO6pa3oM,
YTO B Pas3HBIX MeCTaxX CEeKyHJa MO-
JKET NPOTEKaTh HEOJUMHAKOBO. CHH-
XPOHU3UPOBATH YaChl 1 COXPAHATH UX
CUHXPOHU3AIMI0 BO3MOKHO TOJIBKO
B PeJIKUX claydJasx. B 1iesom npejacra-
BUTH MUD ABHIKYIUMCH IIar 3a Ia-
roM B €JUHOM BPEMEHHOM TeMIle He-
BO3MOKHO. B mIpefeNpHBIX Clly4asax
MUP MOKET OKa3aThCsA BOOOIIE Hepas-
JeIMMBIM Ha MTHOBeHHA. [Ipu sToM
OIIPEJIEIUTD, KaKoe U3 COOBITHI IIPO-

OB ABTOPE

M30IIJI0 PaHbIIle, a KAKOe II03Ke, OKa-
3BIBA€TCA HEBO3MOKHBIM.

O6mass Teopusi OTHOCUTEIbHOCTH
nMeeT MHOro GYHKIUM, B HA3BaHUAX
KOTOPBIX COIEPIKUTCS CJIOBO «BPEMSI»:
KOOpPAMHATHOE BpeMs, COGCTBEHHOE
BpeMs, rio6anbHoe Bpems. Bee BMecTe
OHU BBINIOJHAIOT pAJ QYHKIUN HBIO-
TOHOBCKOTO BPEMEHH, HO II0 OTJE]Ib-
HOCTH HH OJTHO U3 HUX HE 3aCJIyKUBa-
eT 3BaHuA BpeMeHU. PU3MKMU 1160 He
CIIyIIQIOT 3THU Yackl, IU60, Jamke eclIn
CIIYIIAIOT, IOKA3aHUSA UX IPUMEHUMBbI
TOJIBKO K HEGOJIBIIUM Kyckam BeeneH-
HOHM WJIM K KOHKPETHBIM Habimomare-
n1aM. HecMoTpsa Ha TO YTO CIIeI[HaIU-
CTBI CETOAHA TPEBOKATCA, YTO eHAA
TEOpH S I0JA UCKIIYUT BPEMsH, €CTh
JI0OCTATOYHO OCHOBAHUM CUUTATH, YTO
BpeMs ObLIO yTpadeHo emfe B 1915 1.,
¥ MBI IIPOCTO €l1le He /10 KOHIIa 0CO3Ha-
JIML 9TO.

Bpems Kak BeJIMKUI paccKa34mk
Tak HaCKOJBKO ke [IEHHO BpeMA? Bos-
MOXKHO, Bac yOeAMJIH, YTO pas3HHUIA
MeJy NPOCTPAHCTBOM M BPEMEHEM
IIOYTHU HUCYe3JIa U YTO UCTUHHOU ape-
HOM COOBITUI B PEJIATUBUCTCKOM BCe-
JIEHHOM cTaJjl GOJIBbIION YeTbIpexMep-
HBIHU 6JI0K. OTHOCUTEJIBHOCTD YIIOJ0-
61J1a BpeMs IPOCTPAHCTBY, C/IeJIaB €ro
BCETo JIMIIb €Ille OJHUM M3MEPEHUEM
B 9ToM GOJjoKe. IIpocTpaHCTBO-BpeMs
1noj1o6HO OyIKe, KOTOPYIO MOMKHO pas-
pe3aTk Ha IPOCTPAHCTBO» U «BPEMS»
MIPAKTUYECKH JTIOOBIM CIIOCOGOM.
OpHako B o0uIell TEOPUU OTHOCH-
TEJIBHOCTHU BpPeMsA COXpaHdAEeT 0cobyIo
U BasKHYI0 QYHKIUIO: OHO II03BOJIAET
IIPOBOJUTH MECTHOE pasrpaHUYEHHE
MEXKAY «BPEMAMNOJOOHBIMM» U «IIPO-
CTPaAHCTBOIIOJOOGHBIMI» HAIIPABJIEHU-
AMHU. Mexy COOBITUAMU, CBA3AHHBI-
MU BPEMANOJO0HBIM HAIlpaBJIEHUEM,

Kpenr Kannengep (Craig Callender) — npodeccop dunocodpun B KanugopHuii-
ckoMm yHusepcuteTe B Can-[lnero. Hayas ¢ goktopckon gucceptauun «O6bACHe-
Hue “cTpensl BpemeHu’» (Explaining Time’s Arrow), oH npogoskan uccrnefosaHve
dunocodum n pmu3nkn BpeMeHun, Nnybnmnkysa Oecatkn craten B punocodcknx n du-
3UYECKNX XypHanax n pefakTupysa KHUru no KBaHTOBOW rpasutauum n spemenun. Ox
Hanucan paboTy «3HakoMbTeck: Bpems» (Introducing Time) n paboTaeT Haf KHUron
«Bpems HausHaHky» (Time: From the Inside Out). Kpelir yBepsieT, 4TO HeOCnabHbIi
VHTEpeC K NpMpoae BPEMEHN HUKAK He CBA3aH C ero pamunmen.
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DHINKA

MOMKET CYIIeCTBOBATh NIPUYUHHO-
caenacTBeHHas cBfA3b. OOGBEKT UIU
CHUTHAJ MOTYT IlepeiaBaThCsA OT OJTHO-
0 TAKOI'O COGBITUS K IPYTOMY, BIUSAS
Ha npoucxojsiiee. CoObITUA, MEXIY
KOTOPBIMH CYIIECTBYeT IMPOCTPaH-
crBomofo6GHasA CBsA3b,
CJIeICTBEHHOU CBA3M MeK Iy cO60M He
nMeroT. Hukakue 06'beKThI MJIN CUTHA-
JIBI HE MOTYT IlepeJaBaThCA OT OJHO-
ro TAKOTO COGBITHUA K Apyromy. B ma-

IIPUYINHHO-

TEMATUYE€CKOM OTHOIIEHUHN PA3JININEC
MEKAY 9TUMHU ABYMsA BUJAMU HAIIPAB-
JICHUI OIIpeJie/IieTCA TOIBKO 3HAKOM
«(MUHYC», IMEIOIIUM OIPOMHOE BIIUS-
Hue. [lociieoBaTeIbHOCTE COOBITHN
B IPOCTPAHCTBOIOAOGHBEIX HAIIPaB-
JICHUAIX pasHble HaGII0AaTeaIn MOTYT
BOCIIPHMHUMATB II0-PA3HOMY, & BO Bpe-
MAMNOAO0OHOM HAIIPABJIEHUU IIOCJIEN0-
BaTeJIbHOCTh COOBITHI BCErja OfUHa-
KoBa 1A BceX HalOwoaareneid. Eciu
OIHMH U3 HUX IIOHUMAEeT, YTO OJHO CO-
6GBITHE MOKET BBI3BATh JIPYTO€E, 9TO II0-
HUMAaIOT U Bce HaGII0JaTe IH.

B cBoeli crarbe, HAIIMCAHHOM IJIS
KOHKypca FQXi nBa roga Hasanm,
A paccMaTpuBaJl 3HAYEHHUE JaHHO-
ro cpoiicTBa. BoobGpasure cebe pas-
pes3aHUe IIPOCTPAHCTBA-BpEeMEHH Ha
cJIoN OT IIpoILIoro o 6yayiero. Kas-
ABIA TAaKOHW CJIOM, MJIN cpe3, IIpeJ-
craBifgeT co00H TpexMepHoe IIpo-
CTPAHCTBO B OIIPeJeJeHHBIH MOMEHT
BpeMeHH. COBOKYITHOCTb BCEX CPE30B
IPOCTPAHCTBEHHO-CBA3aHHBIX COOBI-
THUH €CTh YeThIPpeXMepPHOe IIPOCTPAH-
cTBo-Bpemsa. Temeps IpeacTaBbTe
ce6Ge BUJ HA MHUDP «COOKY» U pa3peb-
T€ €ro COOTBETCTBEHHBIM 06pPas3oM.
C 9TOH TOYKM 3pEHUA KAKABINA Tpex-
MEPHBIH Cpe3 OKaMkeTCs CTPAaHHOMH co-
BOKYITHOCTBIO COGBITHH, CBA3aHHBIX
B IIPOCTPAHCTBOIOJOOHBIX (TOJIBKO
JIBYX) M BPeMAINOAOGHOM HaIlpaBJie-
HUAX.

IlepBEIii cri0cO6 XOPOIIIO 3HAKOM (DU-
3MKaM, He TOBOPA O KHHO3PUTEJAX.
Kazapel duibma mpeacTaBiasgioT coboi

meHHO Bpems
obecne4ynBsaeTt
BO3MOXHOCTb
CyLLleCcTBOBaHUA
NnpPOTUBOPEHUN

Ccpe3Bl IIPOCTPAaHCTBA-BPEMEHU: OHU
MOKa3bIBAIOT IIPOCTPAHCTBO B IIOCJIE-
AoBaTEJIbHBIE MOMEHTEI BDEMEHU. ITo-
JI06HO KMHOMaHaM, KOTOpbIe MTHOBEH-
HO OLICHUBAIOT CUTYAIHIO U JIorabIBa-
IOTCS, YTO IIPOU30UJET B CIEAYIOIIUI
MOMEHT, GU3UKH MOTYT, CAeIaB OAUH
IIOJHBIA HIPOCTPAHCTBEHHBIH cpes,
PEKOHCTPYHUPOBATh COOBITHA B IPYTUX
Iy TeM IPUMEHEHU 3aKOHOB (PU3HKH.

IIpocToOi1 aHAJIOTUU BTOPOMY CIIOCO-
6y He cymecTByeT. OH COOTBETCTBYET
paspesaHUIo He OT IPOIILIOro K Gyay-
IeMy, a ¢ BOCTOKA Ha 3amnaj. [Ipumep
TaKOro cpe3a — CeBepHas CTEHa Ba-
IIIero JoMa ILIIC TO, YTO IIPOU30HIeT
Ha 9TOH cTeHe B Oyay1em. [Ipuao:xuB
K HEMY 3aKOHBI (PU3UKH, BBl CMOMKETe
PEKOHCTPYUPOBaTh BUJ[ OCTAJIbHOM
YacTH BaIIero goMa (a GakTUIeCKU —
Bcell BcesleHHOI). 9TO MOMKET IOKa-
3aThCA CTPAHHBIM, HO TaK OHO U €CThb.
Ha mepBBIA B3TJIAJ HEOYEBUAHO, IIO-
3BOJIAAT JIU 3aKOHBI (U3UKHU OCyIIe-
CTBUTB NOAOGHYIO «PEKOHCTPYKIIHIO?,
HO KaK HeJJaBHO ITOKa3aJd MaTeMaTHK
Yonrep Kpeiir (Walter Craig) us YHu-
BepcuTeTa Mak-Mactepa u ¢punocod
CruBeH YaliHcTelH (Steven Weinstein)
u3 YHUBepcureTa YOTepiy, CAelaTh
9TO MOXKHO, II0 KpaiHel Mepe B HEKO-
TOPBIX IIPOCTHIX CIyYadX.

O6a crioco6a «paccJIOeHUs» B IPUH-
e BO3MOKHHEI,
HO OTJIHMYAIOTCA APYT OT Apyra. Ilpm
O0OBIYHOM pa3pe3aHUU OT IIPOIIIOTO
K OyaymiemMy HeoOXOqUMBbIe JaHHBIE

HO EKapAWHAJIb-

HOJyYUTh JOBOJBHO Jierko. Hampumep,
BBl U3MepsAeTe CKOPOCTHU BCEX YACTHUIL.
CKOpOCTb 4YaCTHULBI, Haxojadlelcs
B OJJTHOM MeCTe, HUKAK He 3aBUCUT OT
CKOPOCTH YacCTHIIbI, HaxojAlnelcs
B KaKOM-TO JPYI'OM Me€CTe, IIO3TOMY
MU3MEPHUTHh UX JOBOJBHO Jerko. OgHa-
KO BO BTOPOM CJIy4yae CBOMCTBa dYa-
CTHI HYKHO 6y/IeT YCTAaHOBUTH BECh-
Ma cnenu@UIHBIM crioco60M, MHaYe
OJIHOTO cpe3a GyZeT HeJOCTATOYHO JJIA
PEKOHCTPYKIINH BCEX OCTAJIbHBIX. [
c6opa HEOOGXOAUMBIX JaHHBIX IOTPe-
6yeTcs BBIIIOJIHATb OYEHb CJIOMKHBIE
M3MepeHHUA Ha Irpynnax yactun. Emne
XyiKe TO, YTO JaKe 9TH HU3MEePEeHUHA
HO3BOJIAIOT PEKOHCTPYUPOBAThH BCE
HPOCTPAHCTBO-BPEMS TOJIBKO B HEKO-
TOPBIX 0COOBIX CJIyYasiX BPOJE PACCMO-
TpeHHoro KpeiiroMm u YaifHCTEeHHOM.

B caMOM CTpPOroM cMBIC/IE BpEMA —
HampaBJIeHME B IIPOCTPaHCTBE-
BPEMEHU, B KOTOPOM BO3MOMKHO Ha-
JlekHOe IPpOTrHO3MPOBaHUE, HaIlpaB-
JIeHUe, B KOTOPOM MBI MOKEM paccKa-
3pIBaTh Haubojiee cojep:KaTeIbHbIe
ucropuu. Mcropusa BeceneHHoM pa3Bo-
payuBaeTcs He B IPOCTPAHCTBE, & BO
BPEMEHMU.

KBaHTOBOE Bpemd

OpHa U3 BBICIINX IieJIell COBpEeMEeHHOMN
bu3UKN — 06 beJJUHEHUE TEOPUHU OT-
HOCHUTEJIBHOCTH C KBAHTOBOU MeXa-
HUKOH JIJIfl CO3JaHUA €JUHOMI TeOpHH,
OXBaTBIBAIOIIEH U I'PaBUTAIMOHHBIMN,
1 KBAaHTOBBIM acleKTHl MAaTe€pPUH, T.€.
KBAHTOBOM TeOpHUH
OpHa U3 nperpaj Ha 9TOM IyTH — TO,

rpaBUTaAllNMA.

YTO B KBAHTOBOU MeXaHHUKE BpeMsd
JIOJKHO o6y1afiaTh CBOMCTBAMH, IIPO-
THUBOpEYAIUMHI TOMY, YTO f1 TOBOPHII
JIO CHX IIOP.

KBaHTOBadg MexXaHHKa yTBEpKAA-
€T, 9TO NOBeJeHNE JaCTUI] HAMHOI'O
CJIOKHEE TOTO, YTO MOMKET OBITH OIH-
CaHO B paMKaX TaKHX KJIaCCHYECKHX
MOHATUH, KaK MECTOIIOJIOKEHHE U CKO-
pocTh. IlonHOE onucaHue o6bEKTA Ja-
eTcs MaTeMaTU4eCcKo pyHKIUeH, KO-
Topas Ha3bIBAeTCA KBAHTOBBIM COCTO-
SHUEM, HEeIIPePbIBHO U3MEHSIOIIMCH
BO BpeMeHH. VCIIonb3ys ero, GU3UKN
MOTYT PacCYUTATh BEPOSATHOCTBH pe-
3yJbTaTa dKCIEPUMEHTA IS JI060r0
MOMeHTa. Eciii MBI 3acTaBJIsI€M 3JICK-
TPOH INpPOJIETETh Yepe3 YCTPOMUCTBO,
KOTOpPOE MOXKET OTKJOHUTH €ro BBEPX
UIYM BHU3, KBAHTOBasg MeXaHUKa He
MOKeT CKasaTh OIPeeIeHHO, KyJa OH
oTkJIOHUTCA. OHA MOKET JUIIb yKa-
3aTh BEPOATHOCTU, Hampumep 25%
111 OTKJIOHEHU S BBepX U 75% AJ1d oT-
KJIOHEHUS BHU3. [[B€ CUCTEMBI C OU-
HAKOBBIMU KBAHTOBBIMHU COCTOSHUSA-
MU MOTYT AaThb pasHbIe Pe3yJIbTATHL,
T.€. pe3yJIbTAThI 9KCIIEPUMEHTOB BEPO-
ATHOCTHBIL.

Jl1a ocyIiecTBIEHHUS BEPOATHOCT-
HBIX IIpefiCKa3aHUll KBAaHTOBOU Teo-
puHu HE06X0AMMO, YTOOBI Bpems oba-
JlaJIo oIpejeleHHBIMUA CBOMCTBAMU.
Bo-nepBbIX, UMEHHO BpeMsA obecre-
4YUBaeT BO3MOMKHOCTB CYIEeCTBOBa-
HUA npoTUuBopeunit. Fpanu «3» u «5»
UTI'PAJbHON KOCTH HE MOTYT OBITH 006-
pallleHbl BBEPX OJHOBpeMeHHOo. OHU
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MELISSA THOMAS

KOMY BOOBLUIE HY>KHO BPEMA?

Bpemsi — 3T0 CpeACcTBO ONMCAHUS X042 ABUXEHUI UM UBMEHEHUN,
HanprMep CKOpOCTU CBeTa, TeMna 6MeHusi cepaua unuv BpallieHms 3emnu...

CBET
300 TbiC. KM/C

CEPALIE
75 ynapoB B MUHYTY

3EMIIA
1 060poT B CyTKM

Ha o6opoT

...HO 3TN NPOLLECChbl MOTYT 6bITb COOTHECEHbI APYT C APYrOM HEMOCPEACTBEHHO

6€e3 NPVBA3KN KO BpEMEHUN

=

$2 $100 $2 ThIC.

MOTYT OKa3aTbCAa oOO6palleHHbBIMU
BBEpPX TOJIbKO B pa3Hble MOMEHTHI.
C 9THUM CBOMCTBOM BpPEMEHH CBA3AH
TOT (AKT, 4YTO CyMMa BE€POATHOCTEH
oKas3aTbCA OOpaIleHHONW BHU3 [JId
BCEX IIeCTU IpaHel AOMKHA COCTaB-
1Atk 100%, nHave camMo IIOHATHUE Be-
POATHOCTH IOTEPAET CMEBICT. DTO 3Ke
CIIpaBeJIUBO JJIfl BEPOATHOCTEN TOTO,
4TO KBAHTOBAs JacTUIa OyaeT Haxo-
IUTHCA B AAHHOM MeCTe WU UMEThb
JaHHOe 3HaYeHHe UMITyJIbCa.

Bo-BTOpBIX, UMeeT 3HA4YeHHe IopH-
JIOK KBAHTOBBIX H3MePEeHHUI BO BpeMe-
HH. J[OITyCTHM, A IPOITyCKaIO 3JIEKTPOH
Jepes yCTPOUCTBO, OTKJIOHSAIOIIEE ero
CHaYaja B BEpTUKAJIbHOM HaIlpaBJe-
HUU, a IOTOM B F'OPU30HTAIBHOM, U Ha
BBIXO/I€ U3MEPSIO €r0 MOMEHT UMITYJIb-
ca. 3aTeM f IOBTOPSAIO 9KCIIEPUMEHT,
HO CHaYaJla OTKJIOHSIO 3JIEKTPOH B IO-
PU30HTAJIFHOM HAIIPpABJIEHUH, a ITOCTIe
9TOr'0 B BEPTHUKATBHOM, H CHOBA U3Me-
PSIO ero MOMEHT HMIyJbca. Pe3yib-
TaThl U3MEPEHUU OyAyT OY€Hb CUIBHO
pasInYaThbCH.

B-TpeTbUX, KBAHTOBOE COCTOSHUE
ompejeisdeT BEPOATHOCTH AJIA BCErO
IpPOCTPAHCTBA B HEKUI MOMEHT Bpe-

50 yallek Koge 3a napy
Tydhens

RN

MeHU. Eciim cocTossHME oXBaTbIBaeT
JBE YaCTHUIBI, U3MEpPEHUe Ha OJHOM
U3 HUX MIHOBEHHO U3MEHSET COCTO-
SHUe JPyToM, rae 66l Ta HU ObLIA, pe-
3yJIBTATOM Yero CTAHOBUTCS «yIKACHOE
JeiicTBHE Ha PacCTOSHUI», TAK Tpe-
BOKMBIIEEe OWHINTENHA B OTHOIIEHUN
KBAHTOBOH MexaHUKH. [IpudnHa Tpe-
BOTH COCTOAJIA B CJIEAYIOIIEM: YTOObI
YacTULBI MOTJIM pearupoBaTh OJHO-
BpEMEHHO, BcelleHHaA foKHA UMETh
«IJIaBHBIE 9aChbD, KOTOPbIE TEOPUS OT-
HOCUTEJIBHOCTH 06e30rOBOPOYHO 3a-
npemaet (cm.: Anbepm [I., I'anueH P.
KsaHnmosas mexaHuia yaposcaem me-
opuu omHocumensHocmu // BMH, Ne 5,
2009).

KBaHTOBasg MexaHUKa, IIPU BCeH
IIPOTHUBOPEUYUBOCTU HEKOTOPBIX BBIBO-
JI0B, BO3BpaIllaeT KOHIIEIIIUIO BpeMe-
HU K KJJaCCHYeCKoUd MexaHUKe HproTo-
Ha. Bo3aMoxKHO, eme 60sblire mpo6em,
yeMm Oecriokosmee (U3UKOB OTCYT-
CTBUE BDEMEHHU B TEOPUHU OTHOCHUTE/Ib-
HOCTH, CO3JlaeT KJIodeBas pPoJb Bpe-
MEHH B KBAHTOBOU MeXaHUKe. IMEeHHO
B 9TOM KpoeTcs INyOMHHAA NPpUYUHa
CTOJIb GOJIBIIION TPYAHOCTHU CO3AAHUA
eIMHOM TEeOpUH.

B utore HekoTopble PU3MKKN
rOBOPST, YTO BPEMS — HEYTO
BpOJE eIMHOW BaNOThI,
obneryatoLlei onnucanue
MUpa, HO He CyLLecTBYIoLLen
camocTonTensHo. OnucaHve
npoLIecCoB B NOHATUAX
BPEMEHU MOXHO ynoaobuTb
MCMONb30BaHUIO fieHer Ans
npuobpeTeHns BeLlen
(cnesa) BMmecTo
6apTepa (cripasa)

1ynap

240 TbIC. KM Ha yaap

108 Thic. ynapos

§§
1 vawwka koghe

1 ThiC. YaLuek
kodpe 3a
aBTOMOOUIb

r}

SAWLNTHUKN TEHEHUA
BPEMEHW

He Bce hu3MKu cyuTaloT, 4TO MUp
B NpUHUMNE nuwieH spemenn. OfHa n3
Hanbonee MHTEPECHbBIX anbTepHaTUB —
TEOpUS NMPUHNHHO-CNEACTBEHHbIX MHO-
XecTB, KOTopyto paspabarbisatoT Pa-
aanb CopkuH (Rafael Sorkin) n dasug
PaiipayT (David Rideout) n3 Kanapcko-
ro MHCTUTYTa TEOPETUHECKOWN PUBUKMN.
B Hew npegnonaraeTtcs, 4To MUp npeg-
cTaBnsaeT cob6oi MHOXECTBO COObITUN,
Ha3blBaeMoe KoCceTom (causet), KoTo-
poe pacTeT No Mepe BO3HUKHOBEHUS
HOBBbIX COObITWI B COOTBETCTBUM C Npa-
BUnamMu Teopum BepositHocTen. EcTb
Hafexpa, Y4To 3TOT NpoLecc BOCMPOn3-
BOAUT BOCMNPUHMMAEMbIE HAMMW HepTbl
nNpoCcTpaHCTBa-BPEMEHM, BKIOHas Mno-
TOK BpeMeHW. [MaBHbI BONPOC COCTO-
1T, OfHaKO, B TOM, MOPOXAAeT N 3TOT
npoLecc M1pbl, COBMECTUMBbIE C Teo-
puelt OTHOCUTENbHOCTH
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MUP BSAUMOOTHOLLEHWI. Bpems
MOXET He CyLLiecTBOBaTb camo no cebe,
HO BO3HMKaTb Kak cnoco6 onuncaHus
B3aMMOOTHOLLEHU 06beKToB. OTa nges
BoxHosuna Kenta Nutepca Ha
n3obpaxeHue npeacTaBfieHHbIX 30ecCb
nepenneTawLmxcs neTenb NMHUIA

Kynanpet Bpema?

IIpumMupeHuio obiiefi Teopuu OTHO-
CHTEeJbHOCTH C KBAaHTOBOH MeXaHMU-
KOH IOCBSAIIIEHO MHOM¥KECTBO MCCJIE/I0-
BAHUMH, IIPEJJIOKEHO MHOMXKECTBO T€O-
puii, B TOM YHCJIe TEOPHUH CYIEePCTPYH,
INPUYNHHO-JUHAMHUYECKUX pa3bue-
HHUM, HEKOMMYTAaTHUBHOH IreOMeTpHUH
u ap. VX Mo:xHO rpy60 pasfeIuThb Ha
aBe rpynnsl. Te GusUKH, KOTOPEIE ITO-
JaraioT, 4To 6ojiee HaJeHBIM OCHO-
BaHHUEM MOKET IIOCIYKUTb KBAHTOBAA
MeXaHHKa, HaIllpUMepP CTOPOHHUKU
TEOPHUU CYIIePCTPYH, 6epyT 32 OCHOBY
IIOJTHOKPOBHOE BpeMs. Te iKe, KTO CUU-
TaeT, YTO JIydIlllasd UCXOJHAA TOUKA —
o6Ias Teopus OTHOCHUTEIBLHOCTH, Ha-
YUHAIOT C TEOPHU, B KOTOPOH pPOJIb
BpeMeHU IIPUHUKEHA, U IIO9TOMY CKO-
pee roTOBBI IPUHATH U/ICI0 O PEaJIbHO-
cTu 6€3 BpeMeHU.

Ctporo rosops, TpaHHIA MEKIY
060MMH INOAXOJAaMHU pAaCILIbIBYATA.
Tak, HeZJaBHO CTOPOHHUKH TEOPUH CY-
IIepCTPYH paccMaTPHUBaJIM TEOPUH, He
cozepiKaIye BpeMeHH (CM. 8 9MMOM HO-
mepe: Maccep [lxc. IIpocmotil nogopom
cyoub6ul). OgHAKO 4YTOOBI BBIPA3UTH
npo6iaeMy, KOTOPYIO IIpeACTaBJIAET
BpeMsd, f COCPEJOTOYYyCh HA BTOPOM
noaxoje. [1aBHOE IOI0KEHNE JaHHOU
CTpaTeruu — TeOopUsd HeTIeBOIl KBaH-
TOBOU rpaBuranuu (cm.: Cmonuwn JI.

Amomubl npocmpaHcmsa u spemeHu //
BMH, N\v 4, 2004), koTopas BeZieT CBOe
IIPOMCXOK/IeHHE OT 6olee paHHEH Teo-
PHH, U3BECTHOM I10/] HA3BaHUEM KaHO-
HUYE€CKOU KBAHTOBOM IPaBUTALIMH.

Teopus KAaHOHUYECKON KBAHTOBOU
rpaBuUTalMyd pasBuBajack B 1950-x
u 1960-x rr., Korga GU3UKHU IIepenuca-
U ypaBHEHHUA OWHIITEHHA JAJd rpa-
BUTAIMU B TaKOH ke gopme, KAKyIO
MMEIOT yPaBHEHM /11 3JIEKTPOMarHe-
THU3Ma. Maesa cocTodna B TOM, YTO Me-
TOABI, KOTOPBIE OBIIM HCIIOJIb30BaHBI
A8 pa3paboTKU KBAaHTOBOW Te€OpUU
3JIEKTPOMArHeTHU3Ma, MOKHO IIpUMe-
HUTB U AJ1d rpaBuTanuu. Korga B KoH-
ne 1960-x rr. ¢usuru J[:KOH Yuiep
(John Wheeler) u Bpaiic [leButT (Bryce
DeWitt) monbslITanuck caeaaTh 3T0, OHU
NPUILIN K O4€Hb CTPAHHOMY Pe3yJIb-
Tary. [lonryyeHHoe MMU ypaBHEHUE
(HasBaHHOE ypaBHEHUEM Yujepa —
JleBUTTa) HE COepPiKaIO IepEeMEHHOU
BpeMeHHU. CUMBOJI t, 0603HAYAIOITUI
BpeMs, IPOCTO BBIIAI.

9To ucnyraao GU3NKOB HA JIeCATH-
netusa. Kaxk BpeMsa MOIJIO UCYE3HYTh?
CerofHsa 3TOT pe3yJIbTaT He IIPEe/ICTaB-
JIAeTcA COBCEM HEOXKUAAHHBIM. Kak
A TOBOPUJ BBIIIE, BPEMA YiKe€ IOYTU
MOJIHOCTBIO MCY€E3JI0 U3 061Iel Teopun
OTHOCHUTEIBHOCTH €Ille O TOro, Kak
OBIIY IPEAINPUHATHl IONBITKH 06'be-
JAUHUTH €€ C KBAHTOBOH MEXaHUKOM.

Ecau BBl IPpUMETE 3TOT Pe3yJbTaT
6yKBaJIbHO, BpeMeHHU (PaKTUYECKU He
cymectByeT. Kapsno Poensnu (Carlo
Rovelli)
yHuBepcuTeTra B MapceJie (PpaHiius),
OZIUH U3 OCHOBATeJIed TeopUu IeTiie-
BOIl KBAaHTOBOI rpaBUTAIlMU, O3arja-

u3 Cpeau3eMHOMOPCKOIO

BUJI CBOIO CTaThl0 Ha KOHKypc FQXi
Tak: «3abyabTe 0 BpeMeHW. OH U aH-
rauiickuil ¢dusukr rynuan BapGop
(Julian Barbour) — Hau6oJjiee BUHbIE
CTOPOHHHUKHU JaHHOHI maen. OHU IIBI-
TalOTCA IepennucaTh ypaBHEHUA KBAH-
TOBOI MEXaHHUKHU 6€3 HCI0JIb30BAHUA
BpeMeHH, KaK TOro TpebyeT Teopusa
OTHOCHTEJIBHOCTH.

B03MOKHOCTE TAKOI'0 MaHeBpa 06y-
CJIOBJIEHA TE€M, YTO XOTSA B OOIIeN Te-
OpUH OTHOCUTEJIBHOCTHU TII06aIbHOE
BpeMsA OTCYyTCTBYeT, OHa CIOCOOHA
OIKCBHIBATh M3MeHEHHUdA. [le1aeT oHA
9TO, B CYIIHOCTH, HEIIOCPEJCTBEHHO
CoOTHOCHA PU3UIECKHUE CUCTEMBI IPyT
C IpyTOM, a He ¢ aGCTPAKTHBIM IIOHA-
THEM TJ106aJbHOTO BpeMeHHU. B MbIc-
JIEHHOM B3KCHepUMeHTe OWHIITeHHa
HabIOgaTeIN ONPENeTI0T COOTHO-
LIEHYE MY COOBITUAMU BO BpeMEHU
IIyTeM COIOCTAaBJICHU A IIOKAa3aHU Ja-
COB C IIOMOIIbIO CBETOBBIX CUTHAJIOB.
Mo3sKHO oImucaTh U3MEHEHU II0JI0MKe-
HUS CIIyTHHKa Ha OKOJO3€MHOH Op-
6UTE C IIOMOIILIO TIOKa3aHUMN JoMalll-
HUX 9acOB X HA060poT. IIpu 5TOM MBI,
B CyH_IHOCTI/I, OIIMCBhbIBA€M COOTHOIIIE-
HUe ABYX (pU3ndYecKux o6'beKTOB 6e3
HCIIOJIb30BAHUSA INI0GATBHOIO BpeMe-
HU B KadecTBe IocpenHUKa. [loaBie-
HYe MOPINUH Ha JHIe MOKHO Koppe-
JINPOBATH C ITOJIOKEHHEM CITy THUKA Ha
opbute. BeIpasuThk yckopeHue Geric-
60JIBHOTO MAYa MOMKHO HE B MeTpax
B CEKYH/y B KBajipaTe, a B U3MEHEHUH
negHuKa. M TaKkuX MIPUMEPOB MHOMKE-
CTBO. BpeMs CTaHOBUTCS U3IUIITHUM
darTopoM. l3MeHEHHUA JIETKO OIHU-
caTb, He Ipuberas K HeMy.

OrpoMHasd ceTh B3aUMHBIX KOppeJIf-
Ui opraHU30BaHa O4YeHb YETKO, II0-
9TOMY MOMKHO BBECTH HEKHH (aKTop,
Ha3BaB €ro BpeMeHeM, U IPUBA3LIBATh
BCe COOBITHA K HEMY, 4TO U30aBUT OT
Heo6XOUMOCTHU OTCJIEKUBATD BCE IIPH-
MblIe cooTHoIIeHUs. C IoMOIIbIO GU3H-
YeCKUX 3aKOHOB, pa6oTaIOIINX BO Bpe-
MEHH, MOKHO TOYHO U KPAaTKO CyMMH-
poBaTh BCe MEXaHU3MBI BcejleHHOU.
Ho aTOoT y106HBIH (aKT He CBUAETEIIb-
CTBYET O TOM, UTO BpeMs — GyHaMeH-
TajbHasA 4acThb MUPO3JaHUA. JleHbru
TOKE BECbMa 06JIEr4aroT HAIILY *KU3Hb,
n36aBiAsg OT HEOOXOAUMOCTH HATY-
pajspHOro o6MeHa KaiKJblil pas, Kor-
J1a HaM HYykHO npuobpectu kode. Ho
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TIMOTHY ARCHIBALD

OHIHKA

OHM JINIIb SKBUBAJICHT I[EHHOCTHU Be-
1Iei, a He 4TO-TO caMoIleHHoe. [1o106-
HBIM 06pa3oM BpeMs IT03BOJIAET HAM
COIIOCTABJATH APYT C ApyroM ¢dusuye-
CKHe CHUCTEMBbI, He BJaBasiCh B TOHKO-
CTH, KaK UMEHHO CBS3aHBI MEXK/Y CO-
6011 6ecO0JIbHBIA MY U TassHUE JIEJI-
HUKa. Ho Ipu 9TOM BpeMsA — 9TO TOXKe
UMb yAo6Haa abcTpaknus, He 6osee
peaJibHas B IIPUPOJIE, YE€M JICHBI'U.
OTKa3 OT KOHIIENIIUA BpEMEHU IPU-
BJIEKAQTEJIEH, HO COIIPOBOMKAAETCH
MHOKECTBOM CJIO}KHOCTel. B yact-
HOCTH, OH noTpebyeT paJHuKaIbHOTO
mepecMoTpa KBAaHTOBOM MeEXaHUKH.
PaccMOTpUM 3HaMEHUTBIA IpUMeEp
c romkoi IllpeagmHrepa. OHa Haxo-
JUTCA MEKAY HKU3HBIO M1 CMEPTHIO, U €€
cyabp6a 3aBHCUT OT COCTOSHUSA KBaH-
TOBOM 4vacTuibl. COrjiacHO OGBIYHO-
MY XOJy PaccCy:KJIeHUM, KOIIKa I0CjIe
IIPOBEIeHUS U3MEePEHUS NI KaKOT0-
TO MHOTO 95KBHBAJEHTHOTO IIpoliecca,
IIPUHUMAET OJHO M3 IBYX COCTOAHUM
(ctaHOBHTCA JKMBOU HUIM MEPTBOH).
OpHaxko PoBeisiu Mor ObI CKa3aTh, YTO
COCTOSTHHE KOILIIKY HUKOT/A He OIIpe/ie-
nuTcAa. HecyacTHOE (KUBOTHOE MOMKET
6GBITH MEPTBBIM JJIs ce6sA caMoro, Ku-
BBIM JUUIsI YeJIOBEKa B KOMHATe, MEpPT-
BBIM JIJI [PYT'OT'0 YeJIOBeKa U T.JI.
CaeslaTb MOMEHT I'M6eJIN KOIIIKY 3a-
BUCHAIIUM OT HabaoaTes s, KaK Tpe-
6yeT Teopud OTHOCHUTEIbHOCTH, —
3TO0 oaHOo. [opas3fo yaAuBUTeEJbHEE
apyroe — 4uTo cam GaKT CMEpTH KU-
BOTHOTO CTAQHOBUTCH OTHOCHUTEJb-
HBIM, KaK Itojaraet PoBeJyiy, uCXois
U3 JyXa TEOPUU OTHOCHUTEIbHOCTH.
[OCKOJIBKY BpeMs CTOJIb BaiKHO, €T0
HUCKJII0OYeHHe IpeobpasyeT BCIO CH-
cTeMy B3IVIAJI0B (PU3NKOB HA MUD.

Bo3aBpalyeHue BpemMeHun

Jlasxe ecIu MUP B CBOEH OCHOBE He CO-
JIEPIKUT BPEMEHH, KaXKETCHA, IYTO OHO
BCe K€ CyllecTByeT. Ilepen Ir06bIM
CTOPOHHHUKOM KBaHTOBOH I'PaBUTAIIUN
BCTAeT HEOTJIOKHAsA HEOOXOAMMOCTDH
OO'BACHHUTH, IOYEMY K€ MHUpP IIpef-
cTaBiasgeTcd HMeoImMuM Bpemsa. O6-
mas TeopHus OTHOCHUTEIBHOCTHU TOMKE
He COJIEPKUT HbIOTOHOBCKOI'O BpeMe-
HU, HO OHA II0 KpaliHel Mepe oIepu-
pyeT pasIMYHBIMHU €ro YaCTUYHBIMU
3aMEHHUTEeIAMH, KOTOPbIE B COBOKYII-
HOCTH IIPU c1a60¥ rpaBUTAIlMM U Ma-

JIBIX OTHOCUTEJIBHBIX CKOPOCTAX BEIY T
ce6dA Tak ke, KaK HbIOTOHOBCKOE Bpe-
MA. B ypaBHenun Yuiinepa — JleBuUT-
Ta ¥ 3TUX 3aMeHuTesel HeT. [Ipeamno-
JIOKEHUSA O TOM, KaK BpeMd (MU XOTA
6Bl €ro UJIII03Us) MOKET BOSHUKHYTh
U3 HUYero, BeIABUHYJIN Bap6op u Po-
Besutu. OHaKO KaHOHMYeCKas KBaH-
TOBasA rpaBUTAIUA y#e IPeJIoKNIa
60s1ee pa3zpaboTaHHYIO U/IEIO.

Vped, u3BecTHAs IIOJ, Ha3BaHUEM
MOJyKJIACCUYECKOTO BPEMEHH, BO3-
BpaljaeT Hac K CTaTb€ AHIJIMICKO-
ro ¢usuka HeBuiia Morrta (Nevill F.
Mott), ony6imnkoBaHHOH ere B 1931 1.
B mell paccmaTpuBaeTcA coyJapeHue
Aapa aToma reius ¢ 6oyee TAKEIbIM
atoMoM. [J[1d MOAEIMPOBAHUSA BCEH
cucteMbl MOTT BOCIIOIb30BAJICSH ypaB-
HEHHEeM, KOTOpPOe He COJEP:KUT Bpe-
MEHU U OOBIYHO IIPUMEHAETCA K CTa-
TUYHBIM CUCTE€MaM. 3aTeM OH pasjie-
JIMJI BCIO CUCTEMY Ha JIB€ IO CUCTEMBI
U UCII0JIb30BAJI /IPO I'eJINA B Ka4eCTBe
«gqacoB» AJd aroMa. IlpuMedaTesbHO,
YTO 10 OTHOIIEHUIO K A PY I'eJIus aTOM
NOJYUHAETCA CTaHJaPTHBIM ypaBHe-
HUSAM KBAaHTOBOW MEXaHUKHU, COJEp-
HamuM BpeEMdA. Poab BpEeME€HU HcC-
nosHAaeT GYHKIHUA IPOCTPAHCTBA.
B urore, XxoTd BcA CUCTEMA B I[€JIOM
CyIleCTBYeT BHE BPEMEHU, €€ OT/E/Ib-
HbI€ YAaCTU CyIIECTBYIOT BO BPEMEHMU.
Bpemsa 1A NOACHUCTEM OKa3bIBaeTCH
CKPBITBIM B HE COZIEPiKAIlEM BPEMEHU
YpaBHEHUU 1A BCEU CUCTEMBI.

Kak paccy/aeT B cBoell cTaThbe [
koHKypca FQXi Knayc Kudep (Claus
Kiefer) us KeJbHCKOro yHUBEpCUTE-
Ta B [epMaHuu, cjleayIOIUHI 110 CTO-
nam Tomaca Bankca (Thomas Banks)
u3 KanndopHUCKOro yHUBepCUTETA
B CaHTa-Kpyse u Ipyrux, modTu Ta-
KOM e MOJAXO0J NPUMEHUM U K KBaH-
TOBOI TpaBUTAIMU. BcesleHHad B Iie-
JIOM MOJKET HE€ COJEpKaTh BPEMEHHU,
HO €CJIM MBICJIIEHHO Pa3/e/]UuTh €€ Ha
4acTH, TO HEKOTOPbIe U3 HUX CMOIYT
CIILYKUTB YacaMHU AJid ApyTux. Bpemsa
BO3HUKaeT U3 6e3BpeMeHbsA. MBI BOC-
NPpUHUMAEM BPeMs IOTOMY, YTO IIO
CBOEH IpHUpofe IMpeAcTaBIsaeM co60M
OJIHY U3 TAKMX YacTeM.

Kak HuM MHTepecHa U HU NOpa3u-
TeJIbHA 3Ta UJied, OHA OCTaBJIAET Ke-
naThk Goubliero. BceneHHada He Mo-
JKET BCErja ocTaBaTbCA pa3/elIeH-

HOU Ha 9acTH, UTparoIiyie polb YacoB,
U B 9THUX Cllydadax TEOpUs He JaeT Be-
POATHOCTHBIX IIPOTrHO30B. PaccmoTpe-
HUE TaKUX CUTyaIlui norpebyeT moJ-
HOM KBAHTOBOI TE€OPUU IPaBUTALUU
u 6osiee riy60KOro NOHUMAHUSA CYIIl-
HOCTH BPEMEHHU.

DPU3UKY HaYaIU C YETKO CTPYKTYPH-
POBaHHOI'O BPEMEHH, BOCIIPUHUMAe-
MOT'O OIIBITHBIM IIy TEM, C HEU3MEHHBIM
IIPOIIJIBIM, MTHOBEHHBIM HACTOAIUM
1 OTKPBITBIM OyayiuM. ITocTeneHHO
OHM pas3bupalu 3Ty CTPYKTYpY, U ce-
rofHA OT Hee ocTajJloch HeMHoro. Te-
Iepb UM IIPEeICTOUT IPONATU BeCh Iy Th
0o6paTHO U PEKOHCTPYUPOBAThH BOC-
NIPUHUMaeMO€e BpeMs U3 BpEMEHU He-
dyHIaMEHTAIBHON GU3UKH, KOTOPOE
caMoO HYMHO OyAeT PEeKOHCTPYHUPO-
BaTh U3 CUCTEMBI KOPPEJIAIUNA MEKAY
qacTaAMU GyHAaMEHTAIbHOTO CTATHY-
HOT'0 MUpa.

dpaHnysckuii ¢uiocodp Mopuc
Mepao-Iloutu (Maurice
Ponty) roBoput, 4To BpeMs Ha CaMOM
Jlejie He Te4YeT, a ero KasKyleecs Te-
YyeHHe MpeACTaBJIAeT COO0M (IPOAYKT
TaNHOrO IOTPYMKEHUA B PEKY CBH/E-

Merleau-

TeJIbCTB €ro TedyeHus». ITO 3HAYUT,
4TO CKJOHHOCTb BEPUTb B TEUYEHHE
BPEMEHU — pPe3yJbTaT TOr0, YTO MBI
3a6bIBa€M IIOMECTUTB ce6s U CBOU CBf-
3u B o0myio kapTuHy. Mepio-IToHTH
TOBOPMJI O HallleM Cy6'beKTUBHOM BOC-
NPUATUU BPEMEHU U 10 HEJJABHUX 110D
Jlake He IpeJIoarall, 9To caMo 06b-
E€KTUBHOE BpEMs MOMKET OBITh 00'bsAC-
HEHO KaK CJIeJICTBUE TAaKUX CBA3EH.
B03MOHO, BpeMsA CyIIEeCTBYET TOJIb-
KO IIPU YCJIOBUU, UTO MUP pa3/ieJIeH Ha
MOACUCTEMBI, 1 MBI CMOTPUM, YTO CBS-
3BIBAET UX MeKAYy coboil. B aToi Kap-
THHE BPpeMs BO3HUKAET IIOTOMY, YTO
MBI BOCIPUHUMAaeM ce6s OTeIbHbIMU
OT BCEro npovero. M

MepeBop: N.E. Cauen4

AONONHUTENBbHAA INTEPATYPA

= Mpuroxu W., CteHrepc U. Bpewms, xaoc,
KBaHT: K peLUeHnio napagokca BpeMeH!.
M.: Mporpecc, 1994.

u Three Roads to Quantum Gravity. Lee
Smolin. Basic Books, 2002.

B mMupe nayku [08-09] aszycm-cenmaGps 2010






KAZUHIKO SANO

lapet Jank

KPbINIATAY
nofega

Jlonroe BpemMs cymTanocs,

YTO COBPEMEHHbIE NTULbI MOABUINCE TOSILKO
nocne nc4e3HOBEHUA OMHO3ABPOB, O4HAKO
nocnefHue AaHHble yKasblBalT Ha TO,

YTO XXWUN OHU OOHOBPEMEHHO

4 BOK O BOK. OcHOBbIBasiCb Ha faHHbIX
06 3TOM OKaMeHeNIoM ckenete n3
AHTapKTUKW, XYLOXHUK N306pasun
BeraBuca, ApeBHIO HACTOSALLYIO NTULLY,
KOPMsILLytOCSl HA (DOHE YTKOHOCHIX
AMHO3aBPOB HA MOPCKOM nobepexbe
npumMepHo 67 MIIH NneT Hasapg

OCHOBHbIE NOJIOXXEHUA

MockBe 6Bl fieKabpb, TeMIIe-

paTypa 3a OKHOM OIIyCTHJIACh

1o 15 rpagycoB HUkKE HYJIA.
Barapen B 6ape OBIIN XOJIOJHBIMH,
TaK 4TO A CHJEe] B TOJCTOM IaJbTO
U nepyaTKax, MU BOJAKY U Pa3MBbIIII-
JIAAJ O HEAABHO YBU/IEHHBIX MHOIO CKe-
JleTaxX MCKONAEMBIX NTHUL. OTO GbLI
2001 r., u me1 ¢ E.H. KypouykuHbIM 13
I[1a71€OHTOJOTUYECKOI0 HMHCTUTYTa
PAH npoBoauJu 4ackl B HNAJIEOHTO-
JIOTUYECKOM MYy3€ee, cocTaBJAd 0630p
BCE€X OKaMEHeJIbIX OCTAHKOB ITHIL,
KOTOPBIE KOT/Ia-TO GBIIN 06HAPYHKEHBI
B MOHT0/IMU B pe3yJbTaTe COBETCKO-
MOHT'OJBCKUX 3Kchneaunuii. Cpeau

u CeropHs YCTaHOBJIEHO, YTO NTULbI MPOU3OLLITN OT MEJTKUX AMHO3aBPOB, MNTaBLLUNXCA MACOM.

= [0 Teopum, OCHOBAHHO Ha MCCNEeLOBAHMAX OKAMEHESNIOCTEN, COBPEMEHHbIE MTULbI NMOSIBUSIUCH
rocne nafeHvs Ha 3eMITio acTepomaa, B pe3ynistare KOTOporo 65 MIH fieT Ha3as BbIMepsiv AMHO-

3aBpbl U MHOTWE ApYTrue XUBOTHbIE.

® ViccneposaHus B 061aCTV MOSEKYISAPHON 6UOMOM MU U HEGOMNbLLOE KOIMYECTBO COMHUTESbHbIX
ncKonaembix (oparMeHTOB yKasblBaloT Ha TO, H4TO NTULbI BOSHWUKM paHbLUe.

= HepfaBHO NPOBEAEHHbI aHANN3 OKaMEHEebIX OCTAHKOB APEBHUX NTUL, MOATBEPANI NX 6onee
paHHee NPoVCXOXAeHWe, NOPOAMB BOMPOC, MOYEMY UMEHHO NPEAKN COBPEMEHHbIX MTUL, & He UX
60oree apxavyHble co6paThs, NEPEXUNN KaTacTpody.
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OKaMeHeJbIX KOCTeH IpHUCYyTCTBO-
BaJI0O KpPBIJIO, OTKONIaHHOe B 1987 1.
B nycTelHe ['o6u. CpaBHUBad €ro
C OTJIMYHO COXPAHUBIINMHUCSH CKeJle-
TaMU JUHO3aBPOB U3 MY3€HHOH KOJI-
JIEKIIUH, MBI IIOAYMaJIH, YTO KPOXOT-
HO€ KPBLJIO (Y4bU XPYIIKHUE KOCTH OBLIHN
rnepeMeniaHbl ¥ CJIOMaHBI) BBITJIAIUT
COBEpIIEHHO Hemnpe3eHTabGelbHO.
Ho nMeHHO 3Ta Ky4Ka KocTel cTana
II€PBBIM CBUAETEJIBCTBOM TOrO, 4YTO
IIMPOKO pacnpocTpaHeHHas TOY-
Ka 3PEHUA Ha 9BOJIOIUIO ITHUI] OIIH-
6o4Ha.

CerogHsa 3eMmJo HacenaseT 6oliee
10 TeIC. BuAoB nrtul. HexoTopsle
U3 HHUX IPUCHOCOOGHINCH K IKH3-
HU Ha IIpocTopax OKeaHa, Apyrue —
K 06UTaHUIO B 6€CIJIOJHON ITyCTEIHE,
B TO Bp€MA KaK TPETHU IIpEeAIIOYNUTA-
IOT HOKPBIThIE CHErOM ropsl. 13 Bcex
KJaCCOB HA3eMHBIX II03BOHOYHBIX
OTUIBI Haubosee MHOrooGpas3HBI.
Jloiroe BpeMs 9BOJTIOIIMOHHBIE 6H0JIO-
T'M CYUTAJH, YTO IIPEJKU COBPEMEH-
HBIX NMEepPHATHIX JOCTUIIU paclBeTa
aume 6iaromaps yxapy acTepoupa,
YHUYTOKHUBIIETO JUHO3aBPOB U MHO-
TUX APYTUX HA3EMHBIX IIO3BOHOYHBIX
0K0JI0 65 MJIH JIeT Ha3aa. ApryMeHTa-

nus 6blaa IPOCTOW: HECMOTPS Ha TO
YTO ITUIBI IOABUJIUCH 0 KaTaCTpPO-
GBI, OKaMeHeble OCTAHKU

UX COBPEMEHHBIX IIpeJ-
cTaBUTeNeH OOGHApPYKHU-

BalOTCA B CJIOAX, AATH-

POBaHHBIX 6ojee IO3[-

HHUM IlepuosoM. Pacnser

OTpANOB TIyceo6pa3HBIX,
KYKYIIKOOGPa3HBIX, IOJ0-

TpAJa KOIUOGPU U IIPOUYUX
COBPEMEHHBIX IITHUIL], KOTOPbIE
BMecTe 00pasyloT TpyIIy Ha-
CTOAIIUX BEEPOXBOCTBIX IITHI]
niu HeopHUcoB (Neornithes), mpo-
HU3BOJUT BIIeYATIeHHUE KJIACCUYECKO-
ro ciaydas IINPOKOH aJallITUBHOM pa-
AVaIli{ B OTBET Ha IIOABJIEHHUE CBO-
GOAHBIX BJKOJIOTMYECKUX Hum. J[o
najeHus METEOPUTA TAKUEe HUIIIU, 110
IpeACTaBICHUAM yUYeHBIX, ObLIN 3a-
HATHI apXaUYHBIMU ITULOIAMH U JIeTa-
IOIIVMHY JUHO3aBPaMHU, U3BECTHBIMH
KaK IIT€PO3aBPHI.

OxHaKo 3a IIocaegHee AecATUIeTHE
TIOSIBUJINCH HOBEIE JTAaHHBIE, OCHOBAH-
HBIe Ha HCCJIeJJOBAHUU OKaMeHeJo-
cTel (BKJIOYAA TO U3JIOMaHHOE KPBI-
510) u ananuse JHK HBIHE KUBYIIUX
IITHUIL, yKa3bIBAIOIIUE HA TO, UTO IIep-

LONWHHBIA XBOCT

NTULbI NMPON3OLLNN OT MENTIKUX XULWHbIX AVMHO3ABPOB. Takum o6pasom,
HEeKOTOpbIE N3 N3BECTHbIX YENOBEYECTBY Hanbonee ApeBHNUX OKaMeHenocTen NTuL,
HanpumMep cylecTsoBaBLLMA 145 MNH NeT Ha3aa apxeonTepuke, 06nafatoT Lenbim
pAAOM MPUMUTUBHBIX HEPT, CONMXKAIOLLMX MX C FPYNMOW TaK Ha3blBa€MbIX TEPOMOAO0B.
Hanpumep, 370 3y6bl 1 ANVHHBIN XBOCT. COBpeMeHHbIe NTULbI yXXe He obnagatoT
TakMMU NpU3HaKamu 1 xapakTepuayoTcsa HaliminemM CpoCLLMXCS nanbLes Ha
KPbUIbAX 1 O4eHb MOABMXHbIX 3aNACTWI, @ TaKXXe Maccow ApYrnx XapakTepucTuK,

NoBbIWAKNLWNX NX NNEeTHble Ka4YeCcTBa

Jlo6koBas KoCTb
pacnonaraetcs
nog yrnom

K OCTasnbHbIM
KOCTAM Tasa
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3abaBHo 6bI110 Obl NpeacTaBnUTbL cebe Opo3aa,
CMAsLLLEro Ha CNHe BenoumpanTopa, Uinm yTky,
Npon/bIBaloOLLYO Cpean CNMHO3aBpoOB

CB0o60fHbIE NanbLbl

// / KopoTkuit

XBOCT

Z
Jlo6koBas KOCTb J
napannenbHa Tasy
DY
f ﬁ
N > '\-,_‘ =
N -~ \l\
3 ApxeonTtepukc N CoBpeMeHHas yTKa
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MpoucxoxpaeHue
nTuy

v

s

BOJIEE PAHHEE NMPOUCXOXAEHUE

TpaanLuMoHHas To4Ka 3peHMst Ha 3BOJIOLMIO MTUL, FACUT, YTO B TO BPEMS Kak rpynbl apXauiHbix NTWL NPoLBeTanm 3agonro 4o
KaTacTpodbl, KOTopas noryéuna AMHO3aBpoB 65 MIIH NIeT Ha3a, COBPEMEHHbBIE C TOYKU 3PEHUS aHATOMUM NTULLbI NMOSIBUNNCH
rocrie 9Toro co6bITus, 3arnosiHNMB 0CBOGOANBLLMECS SKONOrMHYecKme HULWK. Ho HejaBHO OTKpbITbIE MCKOMaeMble OCTaHKM
HacTOSLLMX NTUL,, KOTOpble 06uTany Ha 3emsie 4o NafeHus acTepouaa, a MIMEHHO BeraBuca, XMBLLEro 67 MITH NeT Hasag,

1 TEBMOPHWCA, BO3PACT KOTOPOro CocTaBnsieT 70 MIH NET, CBUAETENLCTBYHOT O TOM, HTO rpynna HacTOSALMX NTUL, BO3HMKNA

1 Ha4Yana pasBuBaTbCs paHbLLle, YeM 6bISI0 MPUHATO AyMaTb, U, B OTIMYME OT apXauyHbIX NTUL, NPOAOSIXKMIA CBOe

CyLLEeCTBOBaHUE MOCie KatacTpodbl

MaccoBasi ruéenb B KOHLe MeNoBoOro nepuopa

BeepoxBocTble NTuLbl

HaTble COBPEMEHHOTO THUIIa CKopee
BCEro MOSBUJINCH U PACIHPOCTPAHU-
JINCh paHblIle, YeM 65 MJIH JIET Hasas,.
JlaHHBIEe pe3yJIbTAaThl B KOPHE IIPOTH-
BopevyaT TPaAUIIMOHHBIM IIpEJCTaB-
JICHUAM 06 9BOJIIOIHH IITUI] U IIOPOIK-
JTAOT IIEJIBIH PSAJT BOIIPOCOB O TOM, KaK
JKe 9TH JKMBOTHBIE OKa3aJIMCh Ha 9BO-
JIIOIIMOHHBIX BEPIIMHAX.

OpeBHUE NTULbI

[Ipucnoco6ieHUsA K aKTUBHOMY IIO-
JIETy C IOMOIIBIO B3MaxOB KPBLIb-
MH CyMeJi BbIpaboTaTh BCEro TPHU
Ipynnbl II03BOHOYHBIX. BO-IepBHIX,
9TO AUHO3ABPHI B JnIEe GBICTPO HC-
4Ye3HYBIIUX PENTUINN-IITEPO3aBPOB,
BO-BTOPBIX, MJIEKOIIUTAIOIINE — JIe-
Tyd4ue MBIIIH, IOSABUBIINECS ropas-
JIO TIO33Ke U IO Ccel JIeHb 60opo3asanue
He6o. TpeThio rpynny, Hau6osuaee 06-

OHaHLMOPHNCOBbIE

(opHucoBble)

HoBasi Bepcus
MpowncxoxaeHne

PaHHWe rpynnbl OPHNCOBbIX

(65 MnH neT Ha3ap)
v

TpaauunoHHas
TOYKa 3peHus

[NpouncxoxpeHne
HEOPHUCOBBIX

HEOPHUNCOBbIX

IMIUPHYI0 U pas3HooOpas3Hylo, Ipej-
CTaBJAIOT ITUIBI, 3aCEIUBIINE BCE
BO3YILIHOE MIPOCTPAHCTBO. MHOrue
TOJBI MTAJIEOHTOJIOTH CHOPUIH O IIPO-
HCXOMKJEHUU APEBHUX mTull. OxHU
YTBEPIKAAIN, UTO OHH IPOU3OIIIHN
OT MEJIKUX AUHO3aBPOB (TE€POIIOI0B),
MUATABIINXCSA MACOM, APYTHUE HCCIIe-
JI0BATEJI CUUTAJIHN UX IpeiKaMu 60-
Jlee IPEBHUX MIPECMBIKAOIUXCcA. [[Ba
IeCATUNETUSA Ha3a] GbIIN OTKPBITHI
ITULENO00HBIE TUHO3aBPbI, MHOTHUE
BUABI KOTOPBIX GBIIU IOKPBITHI IIe-
PBSIMU, YTO IPHUBEJO GOIBIIYIO 9aCTh
YYEHBIX K TUIIOTE3€, 9YTO ITUIILI IIPO-
M30LILJINA OT TEPOIIOJIOB.

OQHAKO TreHeaJorUudYecKoe JApPeBO
ITHUI[ 0Ka3aJI0Ch BECbMa Pa3BeTBJIEH-
HBIM U CJI0KHBIM. OJTHA U3 Ol pees-
OIIUX XapaKTEPUCTUK IPYIIIbI — Ha-
JIMYMe KPBUILEB C aCUMMETPUYHBI-

HeopHuchol
(coBpeMeHHble
NTULbI)

ManeorHarsl

Mporpec-
CVIBHble
HeorHartbl

Bopo6buHbie

[annoaHuepartb!

MU IePbAMHU, CIOCOGHBIMHU CO3JATh
IIOJ'BEMHY IO CHUJIY, HEOOXOAUMYIO AT
noseta. CaMbIM JPEBHUM OIIMCAH-
HBIM KaK BH/J CyIIIECTBOM, Yy KOTOPOTO
MMOABUJIMCH TaKUe KPblIbA, CAUTAET-
csa o6HapyKeHHBIU B [epMaHun apxe-
ontepukc (Archaeopteryx), mUBIINHN
145 MJIH €T Has3aJ U IPU3HAHHBIA
JIpeBHENIIIe N3 N3BECTHBIX NTHIL. [To
CTPOEHUIO CBOETO CKeJIeTa OH 6oJIbIIe
II0XO HEe Ha COBPEMEHHBIX IIepHa-
TBIX, @ HA MEJIKUX JIMHO3aBPOB BPoOJie
Besonupanrtopa (Velociraptor), nei-
HOHUXxyca (Deinonychus), aHXMOPHHU-
ca (Anchiornis) u Tpoosona (Troodon).
JIpeBHeHIIINe NTUIeNoJ00HbIe CyIIe-
cTBa BPOJIe apXeoNTepPUKca U HeJaB-
HO OTKpPBITBIX B Kutae m Ha Mapga-
rackape gxexosiopHuca (Jeholornis)
u paxoHaBuca (Rahonavis) mono6-
HO 3TUM JMHO3aBpaM MMeJHU JJUH-
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HBbIe KOCTHUCTBIE XBOCTHI, 4 ¥ HEKOTO-
PBIX IIOMHUMO IIPOYUX IPUMUTUBHBIX
NPU3HAKOB OBLIN OoCTpble 3yOnl. Ha-
CTOSAIINE BEEPOXBOCTHIE IITUIHI, B OT-
JIM4Yye OT HUX, JIMIIEHbl TAKUX YepT
u obpasyioT rpyniy 6osiee BBICOKO-
Pa3BUTHIX JKUBOTHBIX. IIporpeccus-
Hble NPU3HAKU BKJIIOYAIOT IIOJHO-
CTBIO CPOCIIHECS M YaCTUYHO pefay-
U POBAHHBIE NAJbIbl KPBLJILEB (UTO
CHUIKAEeT BeC CKeJseTa, obsierdyasi mo-
JIeT) ¥ O4eHb I'MOKHeE IIACTU U KPbLIbS
(uTOo yBEJMUYMBAET MaHEBPEHHOCThb
B Bo3ayxe). Korga u Kak HEOPHUCHI
IOy YU JaHHbIEe IIPU3HAKH, OIlpe-
JIeJIUTH OBIJIO HEBO3MOXKHO M3-3a OT-
CyTCTBUS OKaMeHeJIoCTel, KOTOphIe
66l 3a(PUKCHUPOBAJU IPOMEKYTOU-
HbBIE CTAJUHU.

9TO He 03HA4daeT, 4YTO B I'€O0JIOTU-
YEeCKHX I'OPU30HTAaX, JaTUPOBAHHBIX
IIE€PUO/IOM OT IOSBJICHU A IIEPBBIX IIEeP-
HaTBIX /10 BPEMEH IIOCJie KaTacTpo-
&bI, 6B17I0 MaAJI0O OCTATKOB HCKOIIae-
MBIX nITUl. Bonee wem 100 MiH JeT
Ha3a/l, B HUKHEM MeJly, BCTpedaauch
apxaW4yHbIe NTHUIBI, JEMOHCTPUPO-
BaBIIWE IIMPOKHUMN pAJX ajganTamui
K IIOJIETY U PA3BUTHIX 9KOJOTUYECKUX
crienuaandanuii. HekoTopble U3 HUX
JeTajld C IIOMOINbI0O KOPOTKUX IIH-
POKHUX KPBLIbEB, APYyIrHe — C IIOMO-
IIbIO AJMHHBIX U TOHKUX. HekoTopbIe
JKHUJIM B jJecax, MUTAsACh HACEKOMBI-
MU U QPYyKTaMH, APyTHe BUJIU FHE3AA
Ha Geperax o3ep MJIM Ha BOJI€ U YIIO-
TPebIsAIN UCKIIOYUTEIbHO phIOy. Ta-
KOe HeBeposATHOe pasHoobpasue cy-
IIECTBOBAJIO B KOHIIE MEJIOBOrO IIe-
puona, 65 MJH jgeT Hasaja. Bmecte
C TOJUTAHACKUMH KoJsleramu u3 Myses
ecTeCcTBEHHOU MCTOpPUHU B MaacTpux-
Te MBI OITUCAaJIN 3y6acTyI0 NTUILY, KO-
CTH KOTOpOM ObLIN HaWJEHBI HENo-
CPEICTBEHHO IOJI TOPU30HTOM, OTMe-
YaOIMM KOHEII IIepHo/ia BBIMUPAHUA
JTMHO3aBpPOB. U Bce CKeJIeTHI IITUI] Me-
JIOBOT'O II€PHOJIa JOCTATOYHO IIOJHBIE,
9TOOBI MOXKHO GBLJIO JIOCTOBEPHO OIIpe-
JIeJIUTh UX IIPUHAJUIEKHOCTh K 6ostee
JAPEBHUM Tpylnnam 3TUX KUBOTHBIX,
HEeXeJIU HacTosIlue IIpeJcTaBUTe-
JI1 BeepoxXBOCTHIX. (U aTm apxaud-
HBIE€ IITUIEI IIOJIHOCTBIO BEIMEPJIN, HE
nepexuB kKatactpody.) Bor mouemy
JI0 HeJlaBHEro BpeMeHH CyIleCcTBOBa-
JIa Teopusd, IpeJcTaBIdInasa co60n

Mo4emy coBpeMeHHbIe MTULIbI BKMMW Nocre
nafeHusl acteponaa 1 conyTCTBYOLLIMX
KaTacTpode 3KONOrn4ecknx N3MeHeHui,

B TO BpeMsi Kak 1x 6ornee npuMmnTUBHbIE
COMNMeMEeHHUKN 1 cobpaThs Mo noneTy
NTepo3aBpbl NPEKPaTUIN CBOE CYLLIECTBOBAHME?

NPOCTEUIINN BBIBOJ, CHeJaHHBIN Ha
OCHOBaHUU HAUAEHHBIX UCKOIIAEMbIX
0CTaTKOB, KOTOpas IJIacuJa, 4YTO Ha-
CTOAIEe BEEPOXBOCTHIE IITHUIIBI BO3-
HUKJU U PaCIPOCTPAHUIHNCH IIOCIIE
najgeHusd acTepoua.

MonekynsipHblie
csBuaeTenbCcTBa
B 1990-x rr.,
TN TIIETHO 3aHHWMAJIUCh IIOHMCKA-

Korga II1aJIEOHTOJIO-

MU IPEJKOBBIX (POPM HEOPHHCOBBIX
NTHUIL B OTJIOKEHUAX MEJIOBOTO IIePH-
ofa, APyroi MeTOoJ PEeKOHCTPYKIUN
5BOJIIOIIMOHHOTO IIpolecca (He 3aBU-
CAIUNA OT HCCIeJOBAHHUS OKaMeHe-
JIBIX OCTATKOB) JlaJI IIOJIOMKUTEIbHBIN
pesyiabTaTt. MoslekyasapHble 610I0TH
3aHAJIUCH OIpeJeJIeHUeM II0CIe0-
BareabHocTtu JHK y mpexncrasure-
JIef IBYX IPyII COBPEMEHHBIX NTHIL,
IocJie YeTo CONOCTaBUIN UX, NbITa-
fACh ONPEJEIUTh NPUMEDPHOE BpeMsA
ux pacxomaeHus. Ilogo6HBIe OIeH-
KM BO3MOKHEI 61arofiapsa TOMY, UTO
HEKOTOPBbIE YaCTU I'eHOMa MYTHUDPY-
IOT C OTHOCUTEJIbHO IIOCTOAHHOU CKO-
POCTBIO, OTCUUTHIBAsA BpeMs TaK Ha-
3bIBAEMBIX «MOJIEKYJAPHBIX YacCOB».
Tlony4yeHHBIM pe3ynabTaT IOCTABMIJI
o/ COMHEHHE JaBHO CYIIEeCTBYIO-
LIy KJIACCUYECKYIO0 TEOPUIO IPOUC-
XOMJAEHUA HACTOAIIUX IITULL, CO3JaH-
HYIO HA OCHOBAHHUM aHaJIU3a UCKOIIa-
€MBIX OCTATKOB. KilloueBBIM aTamnom

nuBepcudUKALUU IIPEJKOB COBpE-
MEHHBIX IEPHATBIX GBLIO pa3jeeHue
IepPBBIX BEEPOXBOCTBIX HA I1aJI€OrHaT
(K KOTOPBIM OTHOCSATCSH CTPAyChl, 9MY
U UX POJCTBEHHUKHU — KPYIIHBIE, I10
GoJpIIel YaCTH Hesle Talolye ITUIIH)
u rasutoaHcepart (Galloanserae), B co-
CTaB KOTOPBIX BXOJAAT KYPUHBIE U I'y-
ceoGpasHble (B TOM YHCJIe YTKH). AHA-
nu3 JJHK nokasai, 4To 9TH ABe rpyI-
IIbl 3KUBOTHBIX — Hauboslee ApeBHUE
CpeaH KUBYIIUX ITUII — o6ocobu-
JINCBh B CePEeJIMHE MEJOBOTO IIepUoja.
CXo/lHBIE CPOKM JAUBEPreHIIMHU HC-
cle0BaTeNU MOJYYUId U AJSA ApPYy-
rux rpynmn. CiegoBaTesIbHO, HIIUPO-
Kad aJlallTUBHAA pajuanusd HEOPHU-
COBBIX HayaJlach ropas/io PaHbIIe,
4eM IIpejlojaraln ydyeHsle. B coot-
BETCTBUU C 3TUMU JAHHBIMU HACTO-
AllMEe BEEPOXBOCTBIE IITHUIBI BOIIpE-
KM JaBHEH TeOpHUU NaJI€EOHTOJOTOB
JKUJIM B OJTHO BPEMs C IMHO3aBpaMM.
3ab6aBHO 6bLI0 GBI IPEACTABUTH cebe
Apo3Ja, CUJAAIIEro Ha CIIMHE BEJIOLU-
panTopa, UJIN yTKY, IIPOIJIBIBAIOIILY IO
cpeAd CHMHO3aBPOB (Spinosaurus).
OnHaKO MOJIEKYJISAPHBIE CBUJAETEb-
CTBa OJJHOBPEMEHHOTO CYyIIIeCTBOBa-
HUA HEOPHMCOB M JUHO3aBPOB OKa-
3aJIUCh CTOJIb CEPbE3HBIMU, UTO Jlake
[1aJICOHTOJIOTU, OOGBIYHO CKEIITUIECKH
oTHocAIuecsa k pedyiabraraM JHK-
aHa/IM3a, HavyaJu UCIO0JIb30BaTh 3TY
nHpopmanuo. Tem He MEHee TeM, KTO

OB ABTOPE

Fapet Jaik (Gareth Dyke), naneoHTonor n3 YHuBepcuteTckoro konnepxa Oyonu-
Ha, 3anHTepecoBasiCa CNOCOBHOCTLIO XUBOTHbLIX K MONETY eLLle Ha NoCnegHeM Kypce
yHuBepcuteTa B AHrnun. lNMpu npoBeaeHnn CBOUX UCCNefoBaHUI Mo 3BOAOLMY NTULL
M MX CNOCOBHOCTU K MONETY OH U3Y4Wn 1 onucan uckonaemble parMeHTbl CKeNneToB
co Bcero mupa. Korga flaik He nyTellecTByeT N0 My3esiM U MecTaM packomnok rae-
HMOYOb B LEeHTpe NyCTbIHN, OH 3aHMMaeTcsa ndyvyeHnem nctopum Esponsi XIX B.
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3aHUMAETCA HN3YYEHHEM JAPEBHUX
CKEJIETOB, XOTEJOCH IIOJIYYUTH IIOA-
TBEPHIACHUE HOBOU T'MIOTES3HI opowuc-
XOMKAECHUA IITUIL], OCHOBAHHOE HA aHa-
JIN3€ NCKOIIAEMBIX OCTATKOB.

MepBbie yTUHbIE

ITocJie HACTYyIJIEHUA HOBOI'O ThICAYe-
JIETUA [TaJIEOHTOJI0raM HaKOHEI] yJIbI0-
HyJack yaada. Bce Haganoch ¢ TOTo
MaJIeHbKOro KpblLla U3 MOHTOJIHUH,
KoTOpoe MbI ¢ KypouKnHBIM ndyyanu
B MockBe. BcnomMmuHasa TOT MOMEHT
B 1987 r., Korja oH BIEpBbIE yBUJE]
9Ty OKaMeHeJocThb, EBreHuii cka-
3aJj, 4TO KPBIJIO IIOKa3aJoCh €My II0-
XOKMM Ha CKeJIeT NpecOUOPHUTU —
rpynnbl BBIMEPIIMX MTHI], MOXOKUX
Ha yTOK U COCTOSAIIUX B POJICTBE C CO-
BPEMEHHBIMU yTKaMu U rycamu. Ho
70 MJIH JeT Ha3a] O6blJI MEeJOBOU me-
pHuOA, a ACHBIX CBU/JETEIbCTB CyIle-
CTBOBAHUA NPeCOGUOPHUTH/]L B TO Bpe-
M, KaK BCe 3HAIOT (MJIM AyMaloT, 4YTO
3HAIOT), He 6b1710. II09TOMY OH TOCYH-
TaJ, 4To ommubca. Ho Hamu Gosee
MO3HUE HUCCIEJOBAHUA B My3€e XO-
snoxHOM 3uMoit 2001 r. y6eaguTeIbHO
NPOAEMOHCTPUPOBAJIU, YTO KPbLJIO —
C ero IpsAMBIM KapIioMeTaKapIlycoM
(kocThIO, chopMUpOBaABIIEHCA B pe-
3yJbTaTe CIUMAHUA KOCTEH nepeaHei
KOHEYHOCTH),
rpebHel 1 OTIIeYaTKaAMHU MYCKYJIOB —
JIeCTBUTENbHO IPUHAAJIEKAIIO IIpe-
c6uopHucy. IToMmumo TOro, JaHHBIHN

A€TaJIAMU BBIEMOK,

9K3EeMILIAP OKa3ayicAd CTapelIIuM
3aperucTPUPOBAHHBIM IpEJCTABU-
TeJeM IpyIIIbl HEOPHUTHUH. Harre ot-
KPBITUE OTJMYHO COYETAJIOCh C BBI-
KJIaZJKaMU MOJIEKYISAPHBIX 6GMOJIOTOB.
B 2002 r. MBI OITy6IMKOBAIH CTATBIO,
B KOTOPOH cJies1anu GopMaabHOE OIH-
caHHUe }XUBOTHOTO U IajIU €My Ha3Ba-
HUe TeBUopHUc (Teviornis).

B cKOpoM BpeMEHHU K TEBUOPHUCY
IIPUCOEJUHUJICHA BTOPOM 3apEeTUCTPHU-
POBaHHBIM NpejcTaBUTENb PAHHUX
BeepoxXBOCTHIX, BeraBuc (Vegavis),
HaWJeHHBIN Ha aHTAapPKTHYECKOM
ocTtpoBe Bera. BeraBuc Oblg HaN-
neH B 1990-X Ir. IUINB AJIS TOTO, YTO-
6Bl Ha JIOJITHE T'OJBbI OKAa3aThCH B OT-
HOCUTEJIbHONU 6€3BECTHOCTHU, 0 TEX
II0p IOKA HE CTaJI0 OYEBUJHBIM €ro
UCTUHHOe 3HaveHue. B 2005 r. [xky-
nusa Knapk (Julia A. Clarke) us Texac-

cKoro yHusepcureTa B OcTuHe omy-
61MKOBaJla CTaThIO, JOKa3bIBAIOIY IO,
YTO BeraBHC OBLJI NTHUIEMN, KUBIIEH
B MEJIOBOM II€PHOJie, KOTOpas JeMOH-
cTpuUpoBaja pAJ NIPU3HAKOB, XapakK-
TEePHBIX VI COBPEMEHHBIX YTUHBIX.
B yacTHOCTH, CTpPOEHHE IJI€YEBOTO
nosdca, KOCTeH Tasa, CKejleTa KpbI-
Jla 1 HI:KHUX KOHEYHOCTEH COOTBET-
CTBy€T aHATOMUHU YyTUHBIX. JlaTupo-
BaHHBIN BO3pacToM oT 66 10 68 MiH
JIeT BeraBHUC OBbIJI HECKOJIBKO MOJIOMKE
TEBUOPHUCA, HO TAaK K€ KaK U OH ABHO
npejuiecTBoOBajl IMEPUOAY MacCOBOM
rubenu 1MHO3aBPOB. 11 ero okameHe-
JIbl€ OCTAHKM OKa3aJIUCh ropas/o UH-
dopmaTuBHEE, T.K. B IIEJIOCTH COXpa-
HHJIAch 60IbIIaA 9aCTh CKEJIeTa.

Ji1g 60NbIIMHCTBA ITaJI€OHTOJIOTOB
HaXxo/lKa BeraBuca oKasaJjach pemia-
IOIIEH B BOIIPOCE CyIIeCTBOBAHUA He-
OPHUCOBBIX IITHUI B MEJIOBOM IIEPUO/IE.
HccnenoBaTeln B MACCOBOM IOPAJKeE
Hayajlu IepecMaTpuBaTh BUJOBYIO
NPUHAJJIERKHOCTh YK€ M3BECTHBIX
9KCIIOHATOB B KOJIJIEKIIUAX, JATUPO-
BAHHBIX 8TUM IIEPUOJOM, B HaJEHK-
Jie OTBICKATh OOJbIlIee KOJUYECTBO
IPUMEPOB CYILECTBOBAHUA PAHHUX
npejacTaBUTeNIed HaCTOAIIUX Bee-
POXBOCTBIX. AMEpUKaHCKad HCClIe-
poBarenbHuNa CuabBuda Xoyn (Sylvia
Hope) n3 Kanudopuuiickoir akxaje-
Muu Hayk B CaH-PpaHIMCKO MHOTO
JIeT mpITajnack AOKasaTb, YTO Hali-
neHHble elo B Hpro-/skepcu u Baiio-
MUHTEe GpParMeHThl CKEeJIeTOB UMEIOT
Bo3pacT oT 80 10 100 MJIH JIeT ¥ IpU-
HajajexaT HeopHuUcaM. Ho naHHBIe
HaXO/KHU (B OCHOBHOM OT/I€/IbHBIX KO-
cTell) He IPUHUMAJIUCh BCEPbE3 PYy-
TUMM HCCJI€J0BaTEeNAMU, ITOCKOJb-
Ky ObLIA CIMIIKOM HEIOJHBIMU AJISA
TOYHOU uaeHTUPUKanuu. OTKpPbITHE
B€raBucCa U TEBHUOPHHCA IIOATBEPAN-
10 ee npaBoTy. CpaBHEeHUE KOCTeEH,
HaWJeHHBIX XoyIl, ¢ 60Jiee ITOJHBIMU
CKeJIeTaMU BHECET GOJIBIIYIO ACHOCTh
B BOIIPOC UX KJacCUPUKAIUU.

MyTb K ycnexy

HUrak, Teneppr ¢QHUIOTEeHETUYECKOE
APEBO HACTOAIIUX BEEPOXBOCTBIX
IITUL[, IIPOCJIEHEHHOE OO MEJIOBOIO
IIepuoja U COCTaBJIEHHOE HA OCHOBa-
HHUN Haﬁl[eHHbIX OCTATKOB, IIOJIHO-
CThIO COOTBETCTBYET pe3yjabTaTamM

JHK-ananusa. TeM He MeHee faHHAA
nHdopManusa He JaeT OTBETA Ha BO-
IIpoc, II0YeMy HACTOAIINE BeepoX-
BOCTBI€ IITHUIBI CMOTJIM BBIKHUTH IIO-
cje majieHusd acTepouJa U Kak Ipu
3TOM M3MEHUJINCh 3aHUMaeMble UMU
9KOJIOTMYECKHUEe HUIIM, eclId ux 60-
Jlee IPUMUTUBHBIE KY3€HBI U3 JIPY-
TUX TPYIII, paBHO KaK M UX cobpaTbsa
10 TOJIETY, ITEPO3aBphbl, BbBIMEPJIU
B pesyiabTaTe KatacTpodsl. Ha Mot
B3IVIAJI, B 9TOM 3aKJII0OYAeTCs OJHA U3
caMBbIX GOJIBIIUX 3arajJloK 3BOJIIOIUU
nrul. OTBeTa Ha JaHHBIA BOIIpOC BCe
ele HeT, U A CJIeJIalo BCe, YTO B MOUX
cuiaax, YToObl HANUTH €ro.

He6onbiioro KoaudecTBa 3aperu-
CTPUPOBAHHBIX OCTAHKOB HEOPHUTH/]
MEJIOBOT0 II€pHo/la HEJJOCTATOYHO A1
pelleHuA Ipo6IeMBbl, TO3TOMY pajau
oIy YeHUs Heobxonumon nHdopma-
LAY IPUIIIOCH OOPATUTHCHA K UCCIIe-
JIOBAHUAM U3 Apyrod ob6iactu. Uc-
0JIb3ys 60JBIION HAGOP AAHHBIX II0
U3MEPEHUAM CKEeJIETOB HbIHE KUBY-
IIUX MNEePHATBIX, MBI C KOJIJIETAMU U3
BenukoOpUTaHUU NTOKA3ajIud, HallpU-
Mep, YTO NPOIOPIIMHU KOCTEH Kpblaa
IIPUMUTUBHBIX BEEPOXBOCTHIX IITHUIL,
BKJIIOYas TEBUOPHUCA U BETaBuUCa, HE
OT/INYaAITCA OT IPONOPUUI BbIMED-
X 3HAHTUOPHHUCOB. CpaBHeHHUE
Nponopuui OKaMEeHEeIbIX OCTaTKOB
C IPONOPIMAMU HbIHE KUBYIIUX BU-
JIOB II03BOJIIET HAM Cy/JUTh O HEKOTO-
PBIX acrnekTax (opMblI KpbLIa U, Cle-
JfoBaTeJIbHO, JaeT MHbopManumo o6
a’3pOoJAMHAMHUYECKUX CBOMCTBAX KPbI-
JIbeB MCKONAeMBbIX NTHUIl. HackoabKko
MBI MO¥KEM CYAUTDH, GOPMBI KPBLIbEB
JBYX T'PyNII UCKOIIAeMBIX IE€PHATbIX
HE UMEIOT 3aMEeTHBIX Pa3JIM4UH, Ipy-
TMMU CJIOBAMM, Mbl HE JyMaeM, 4TO
JIpeBHHE HEOPHHCOBBIE ITHUILI GBIIHN
XOTh CKOJIBICO-HI/IﬁyJIL JYYIIUMU JIe-
TYHaMH{, 4YeM JHAHTHOPHUCHI (XOTS
o6e rpyInnsl ABHO YyBCTBOBAJIM cebs
B BO3J/lyXe yBepeHHee, YeM paHHHE
TEPOIIOA0NOJ06HBIE ITUIBI BPOJE ap-
XeoITepUKca).

Ecin npeuMymecTBo HAaCTOAMIUX
BEEPOXBOCTBIX Ilepes| APYyTUMU Jie-
TYHaMH MeJOBOTO Ilepuoja He GbII0
CBA3AHO CO CIIOCOOHOCTBIO K IIOJIETY,
TO B YEM TOTJa OHO 3aKJIIYaJIOCh?
Paj nmaaeoHTOJIOroB, BKJIOYAA MEHd,
CYUTAIOT, YTO yCIE€X HEOPHUCOB MOT

46

B Mupe Hayku [08-09] aszycm-cenmaGps 2010



OBITH CBfI3aH C OCOGEHHOCTAMHU UX
nuie00bIBaTeIbHOTO TMOBEJEeHUSA.
B moaTBepikAeHUE JAaHHOU TEOPUHU
3a IocJIeJHUE HECKOJIbKO JIeT f OIy-
6GJIMKOBAJI CEPUIO CTaTeH, IJe IIoKa-
3aJ1, YTO BbIIKUBIIIME [IOCJIE MACCOBOM
rubeu BCeX IPOYUX JKUBOTHBIX Bee-
POXBOCTBIE ITHIIBI, KUBIIHE 60 MIH
JIeT HasaJ U Io3JHee, OOHAPYKUBA-
IOTCA B OTJIOMKEHUAX, KOTOPBIE o6pa-
30BaJIMCh NIPEUMYIECTBEHHO B ChI-
PBIX MecTax, HallpuMep Ha MOPCKUX
noGepexbAx, Bo3Je o3ep, 1o 6eperam
PEeK U Ha JiHe oKeaHa. MHorue coBpe-
MEHHBbIE YTUHBIE, HaceJAIue cei-
Yac 9TU TEPPUTOPUU, — TUIHUYHBIE
YHUBepCcaibl, JOObIBAIOIHE THUILY U3
a6COTIOTHO PA3HBIX UCTOUYHUKOB (UTO
JienaeT ux 60j1ee yCTOUYUBBIMU K U3-
MEHEHUAM Cpefbl). A eIJUHCTBEHHAA
JIOCTOBEPHO M3BECTHAas Irpynma He-
OpPHUCOB, IpeJCTAaBUTEIN KOTOPOH
o6GHapYKUBAITCA B TOPU30HTAX Me-
JIOBOT'O IEpHoja, — 3TO TOJBKO II0-
OGHBIE YTKAM IITUIBL. [ PyIIbI ITHILL
M3 MeJja, KOTOpble He BBIXKHJIU II0-
cie kaTacTpo(dsbl, B OTINYUE OT YTH-
HBIX, OBLJIY HAWJEHBI B OTJIOMKEHUIX,
chopMHUPOBABIINXCA B COBEpIIEH-
HO pa3JIMYHBIX yCJIOBUSAX: HA MOP-
ckux Geperax, Ha cyllle, B IyCTBIHAX
u jgecax. Takoe 5KOJOTMYECKOe pas-
Hoo6pasue MOTJIO 6BITh CBA3aHO ¢ 60-
Jiee Y3KOH criennuaan3arueil apxand-
HBIX IITHUIL, IPUCIOCO6GIEHHBIX K 06U-
TAHUIO CTPOr'O BHYTPU CBOEH HUIIU.
Torza, BO3MOMXKHO, CEKpeT ycliexa
IEePBBIX BEEPOXBOCTHIX IITHI[ CBA-
3aH UMEHHO C TeM, YTO OHH II0 CpaB-
HEHUIO C IPOYUMH IpynnamMu GbLIN
ropasjso MeHee CIelMaJlu3UpOoBaH-
HBIMHU. Biarogapsa mogo6HoNM ru6Ko-
CTH HEOPHUCHI MOIJIU GBICTPEE U JIer-
4e npucnocabiuBaThbCA K U3BMEHEHU-
AM, IIOCJIEOBABIIMM 3a IaJeHHuEeM
actepoupa.

I[loka 4YTO 3TO JHUIIb HPUBJIEKA-
TeJbHadA UJiesd, HYKAAIAsACH B IO/I-
TBEPIKJCHUU WU OIPOBEPIKEHUH.
U TOJIBKO HOBBIE HAXOAKU (HEBaKHO,
O 3eMJIEH MJIM B My3€fAX) II03BOJIAT
HaM OIPeJeINTh, KaKUM 06pa3oM Be-
€pPOXBOCTHBIE ITUIILI N30€3KaTU BBIMHU-
pPaHUA U JOCTUIIM HACTOSIIUX BBI-
cor. m

Mepesoa: T.A. MutunHa

BECCMNOPHOE CBUAETEJIbCTBO

YacTnYHO COXPaHMBLLMICS CKeNleT Berasuca ¢ aHTapkTuieckoro octpoea Bera
CBMOETENbCTBYET O TOM, YTO 67 MIH NIeT Hasaf Ha 3emsie 06uTanu NTuLbl, obnanaswme
XOPOLLO PasiMiMMbIMU HEpPTamm COBPEMEHHbIX MTUL, BKJTIOYas CTPOEHUE MNIIe4eBoro
nosica U CPOCLUMECS KOCTYU Kpbifia
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ETHAN HILL

MEQHUHHA

pun CTHke

f0nesnb anbuzeimepa:
HAJIEXIA YMUPAET NOCHEHEN

BoapelicTBue Ha mereHepaTUBHbIE MPOLIECCHI
3a[0/1ro A0 NOABMEHUA BHELLUHUX CUMMTOMOB
3aboneBaHUa — K04 K OTCPOYKe
CTap4eckoro crnabéoymus, a MOXeT ObITb,

N K ero npenoTBpaLleHunto

M IIOHUMAaTh Ha3HadYeHHEe CaMbIX
OPOCTBIX Belled, 3a6blIM, KTO OHU
1 OTKYyZa, U B KOHIIE KOHIIOB 6OJIbIIIE
HE 0CO3HaBaJIM caMHuX cebs». B Takom
COCTOSIHUU JIIOAU ITpebbIBaIu, MOKa

CBOEM BCEMHPHO H3BECTHOM
pomaHe «CTo JIeT OJUHOYE-
cTBa», HAIIUCAHHOM B paM-

KaxXx MeToja MarudecKoro peaina-

Ma, Koaymbuiickuii mucarteab la-

6puanb apcua Mapkec nsoGpaxkaet

MuPUUIECKU TOPOJJOK MaKOH/0, KU-

Tejiell KOTOPOTO B O/JTHOM M3 JIIHU30-

JIOB IIOBECTBOBAHUA IIOpaKaeT II0JI-

Hoe GecmamATcTBO. OHH «IepecTa-

OCHOBHDIE NOJIOXXEHUA

K HECYaCTHBIM He IIPUIIIeJ CKUTAell-
IbITAH, YYEHBIH U BOJIIEOHUK, U He
HAMoWJI 1eJIeGHBIM CHaA06beM, KOTO-
poe UX U3JICYUIIO.

B KaKOM-TO CMBICJIE€ B CXOAHOM! CH-
TyaIly HaXOAATCHA HECKOJIbKO COTEH
skuTesiell ropoga MexpenbuHa B Ko-
JIyM6uu. Y HUX €CTh IIaHC UCIIBITATh
Ha cebe JelficTBUE HEKOEro aHajiora
IBITAHCKOTO HAIlUTKA. B Mexenbune

® [lo Mepe cTapeHus 4eoBe4eCcKon Nnonynauuy ctpagaroLnx 6onesHbio AnblreriMepa cTaHo-
BUTCS BCe 60sblLUe, a 3h(HEKTUBHLIX METOAOB NEeYeHUs Kak He 6bINo, TaK U HeT.

u HoBble NeKapCTBEHHbIE CPeACTBA OKa3blBalOTCSA 6€Cnone3HbiMy CKopee BCEero NoTomy, 4To

K HUM Npu6eratT CAULLKOM NO3AHO.

® BO3MOXHO, cutyaumna NSMeHUTCs C NpUMeHeHnemMm MeTofoB MOHUTOPUHIra fereHepaTtuBHbIX
npoLieccoB A0 NOSBIEHNS CUMNTOMOB 3a60MEBaHNSA U UCMbITAHMEM NPENapaToB Ha PaHHWX CTa-

AMsX npouecca.
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BONE3Hb HACTYNAET

C yBeNMYeHMEeM NPOLAOIIKUTENIbHOCTM XN3HN aMepPUKaHLEB — Kak, BNPOYeM,
1 OCTanbHbIX XUTENEW NNaHeTbl — YUCIO AMAarHOCTUPYEMbIX CllyHaes
3a6oneBaHns HeyknoHHO pacTeT. CerogHsa B CLLA 39 mnH ntogen noXxunoro
BO3pacTa, a K 2050 r. ux cTaHeT No4TN BABOE 60JIbLLe — MpUMepHO 89 MIH

nonvnsauna CTAPEET...
B CLUA npoxwuBatoT MHOrMe MUNMOHBI Niofen B Bo3pacTe cTapLue 65 neT,
N YUCIO UX HEYKITOHHO pacTeT

100
8ﬂ
80
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40
CerogHs, 2010 r.

...C BO3PACTOM YBEJINYNBAETCSH BEPOATHOCTb 3ABOJIEBAHUA...

CBA3b Mex/y BO3pacToM YesioBeKa 1 BEPOSATHOCTHIO TOr0, Y4TO OH 3a60JeeT Yepes AecaTb net

Bospact

/ / Vi

y 7

..M COOTBETCTBEHHO PACTET YMNCJ10 AMATHOCTUPYEMbIX CJTYHAEB

Yucno nopen ¢ auarHo3oMm «605e3Hb AnbLirerimepa» B cnegytowme 20 net
YBENMYUTCA NpUMepHO Ha 50%. OauH Kpy>xok cooTBeTcTByeT 100 ThIC. 60MbHbIX

44444444444 4444044044444
PUDUOOUOYOUOUYYYYDYWYWWW

2000: 4,7 MmnH
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2010: 5,3 mnH
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PODO OO UYODUYDUDYUYWDUOYUYODDWOUDYYDWWWW

2030: 7,9 MnH

U €ro OKPeCTHOCTAX NPOKUBAET ca-
Masd MHOTOYHCJIEHHAA B MUPE I‘I))III*
na JoJel ¢ HacleACTBEHHOU ¢op-
Mo¥ 6ose3Hu AjabureimMepa. YieHbI
25 pacHIMPEHHBIX CEMEUCTB (T.e. ce-
Me, BRJIIIOYAIONUX a6COTIOTHO BCEX —
a He TOJbKO GJIU3KUX — POJACTBEHHHU-
KOB), @ 9TO IIPUMEPHO 5 THIC. YEJIOBEK,
OTANYAIOTCS HEOOBIYalHO paHHUM,
1o 50 neT, pa3sBuTHEM 60JIE3HU AJIBII-
refimepa. O6GBIYHO CUMITOMBI JJAHHO-
ro Heayra IpOABIAITCH TOJBKO IIO-
cie 65 JeT.

WHauBUABl ¢ pAaHHUM Pa3BUTHEM
60J1€3HH — DTO HOCHUTEJIHU My TaHTHOHN
BepCHH clleriupudecKoro rena. MyTu-
POBaBIINH I'eH JIOMUHAHTEH U MOKET
GBITH IIOJyYeH OT JIIOOOTO M3 POIH-
Tenei. Jlona HocuTeneid MyTaHTHOM
Bepcumn — 1% 13 27 MJIH 3aperucTpu-
POBaHHBIX JIUII, CTpajaoImux 6oses-
HBIO AJIbI[TeliMepa 110 BCeMYy 3€MHOMY
mapy (manasle 3a 2008 r.), Ipu 2TOM
XapaKTep HaTOJOTMYeCKUX H3MeHe-
HUH B TOJJOBHOM MO3Tre y HUX TaKOH
JKe, KaKk U y TeX, KTO cTpajaeT I03/-
Hell popMoit.

IIpencka3yeMoCTh BEPOATHOCTH 3a-
6osieBaHUs KUTeEJIE MeaenbuHa 3a-
HHTepecoBaJia I'PyIIy HCCJieoBaTe-
Jed 1 papManeBTUYeCKUX KOMIIaHUH
W HaBeJIa UX Ha MBICJIb UCIIOJIb30BaTh
9Ty CUTYyallHIO JJIA IIOUCKa CIIocoboB
TIOMOIITH GYAYIIIMM ITalleHTaM eIlle 10
NpPOABJIEHUA Yy HUX CUMIITOMOB cJ1abo-
yMHuA (AeMEeHIINN).

TecTupoBaHue IEJOro psana Be-
IIeCTB — KAaHAWUJATOB Ha POJIb Jie-
KapCTBEHHBIX CPEJACTB JUIA G0JbHBIX,
HaXOAAIUXCA HA paHHEH cTaguu 3a-
6GosieBaHUA, — HE a0 pe3yabTarTa.
ITo-BUAMMOMY, ATOJOTUYECKUE IIPO-
1eccel — o6pa3oBaHMe CTYCTKOB abep-
PaHTHBIX OEJIKOB, JlereHepanus Heu-
POHOB TrOJIOBHOT'O MO3Tra 1 HapyIIeHUe
MEKHEHPOHHBIX CBA3eU — 3aIllycKa-
IOTCSA 3aJ[0JITO /IO IIPOSABIEHUS TAKUX
NPU3HAKOB, KaK IIPOBaJIBI B IaMd-
THu. [IpeanonoxkeHne MOATBEPAUIIOCH
B XO/Ie UCCJIeJIOBAHUN C IPUMEHEHUEM
HOBEUNINX METOJO0B, IT03BOJIAIOIIUX
OTCJEXUBATh XOJI IATOJOTUYECKUX
IPOIECCOB B OpPraHU3Me 3a MHOTUE
TOABI A0 IIOABJIEHUSA IIEPBBIX BHEITHUX
CUMIITOMOB. A 3HAYUT, JIEYEHUE JTOJIIK-
HO HAUYMHATBCH ellle TorJa, Korjaa C ma-
MATBIO y TAIITUEHTA BCE B IOPAIKE.




MEQHUHHA

CerogHa ycHJIHsA HccliefjoBaTenen
HaHpanIeHbI Ha TO, ‘-IT06E)I yHI/I‘-ITO*
JKUTDb 00JIE3HB B 3aPOJIbIIIIE, U HE TOJIb-
KO C IIOMOIIIBIO JIEKAPCTB, HO U IIyTeM
u3MeHeHUd o6pasa KU3HU. ITO 6e30-
[IaCHO ¥ TOpPa3/[0 MeHee 3aTPaTHO, YeM
MHOT0JIeTHEee «HAaIlMYKUBaHUE» opra-
HHU3Ma JIEKapCTBaMHU.

Y ncrokos

YneHbl KOJIYMOUMCKUX CEMEUCTB —
nepBble, HA KOM ObLIM anpobupoBa-
HBI IIPEBEHTUBHBIE CIIOCOGBI GOPHOBI
c 6one3HbIo Anblreiimepa. Heipobu-
osor ®pancucko Jlonepa (Francisco
Lopera) eme 28 siet Hasaj obpaTui
Ha HUX BHHUMaHHe, a I103:Ke o6Hapy-
JKUJIOCH, UYTO OHH — HOCHTEJIH OCO-
6ol MyTanuu, IOJYyYUBIIEH HMA
paisa (Tak Ha3bIBAIOT KUTEJIeH TaH-
Horo peruona). Jlorepa ctaj HabJo-
JaTh 3a COTHAMH 3J0POBBIX IIOKa
YJIEHOB CEMEUCTB M HCIIOABOJIb TOTO-
BUTH UX K YYaCTHUIO B TECTUPOBAHUU
JIEKAapCTBEHHBIX IIpErapaToB, KOTO-
pble Morau GBI 6JJ0KMPOBATh 06paso-
BaHHEe T'yOUTEeNIbHBIX /Il HEHMPOHOB
KOMIIJIEKCOB crenuduyeckux 6ei-
KOBBIX ()parMeHTOB — TaK HasblBae-
MBIX aMuJIOuJI0B-6GeTa (A-Gera). [laH-
HbIe KOMILIEKCHI HAUWMHAIOT CBOE Pas-
pyLINTEJbHOE AefCTBHE Ha CAaMBIX
PaHHUX cTaguAx mporecca. «/cIeI-
TaHHA MOZOGHOTO PoJa IOMOIJIH GBI
HaWTH IOAXOJBI K JE€UYEeHUIO CTpaja-
IOIIUX KaK HacjaeACTBeHHON (opMoit
Gosie3Hu AnblreiiMepa, Tak u ¢Gop-
MOM, HPOABIAIONIEHCA B IIOKHJIOM
Bo3pacTe», — ropoput Jlonepa.

B xoxe HCHBITAHUH, IJIAHHUpYe-
MBIX Ha CJIeAYIOIHUA Toj B paMKax
IIUPOKON mporpaMMmbl Alzheimer’s
Prevention Initiative (API), 310poBbIe
HOCHUTEJIN MYTaAHTHOIO reéHa B BO3-
pacte npuMepHo 40 et GyayT IOJIYy-
JaTh aHTHAMUJIOUJHBIE IIpernapa-
Thl (MJIM BaKIIUHBI), YK€ IIPOBEPEH-
Hble Ha 6e3onacHocTb. O6cyxaaeTcsa
TaKke BO3MOMKHOCTb OTIIPaBKHU B Me-
JeJIbUH IHUKJIOTPOHA — YCKOPUTE-
JIST 9JIEMEHTAPHBIX YACTHI, AJIA TOTO
9TOOBI C TIOMONIIBIO PAZUOAKTUBHBIX
METOK IIPOCJIEUTH, BJIUAET JIHU Te-
CTHUPYyEMOE BEIEeCTBO Ha arperamuio
A-Gera.

VcnbITaHUA JOJMKHBI
crioco6eH M IPEeBEHTUBHBIA IIpHU-

IIOKa3aTh,

€M JIEKapCTB OTCPOYUTH UJIUA OCTAHO-
BUTH IIOKA HUKAK BHEIIHE HE IPOAB-
JIAIOIIUAICA IIPOIECC, €CJIM Ha4daTh JIe-
YeHHUe 3a CEMb JIET [0 TOI'O MOMEHTA,
KOIJla y 4JIEHOB CeMEeMCTB — HOCHUTEe-
JIel MyTaHTHOI'0 reHa — OOBIYHO JU-
armoctupyercsa 3abonesaHue. Kpome
9TOTO, INIAaHUPYETCA IPOBEPUTD, MOK-
HO JIM C IIOMOIIbIO CIeNU(PUYHBIX JJI
Gone3Hu AnblreiiMmepa 6MOMapKepoOB
BBIICHUTB, pab0oTaeT JIU TECTUPyEMOe
nexkapcTBo. (Bruomapkep — 3T0 UHIU-
KaTop, HAIIPUMep KOHKPETHBIN GeJIoK,
KOHIIEHTPAIUA KOTOPOI'0 U3BMEHAETCA
B COOTBETCTBHUHU C IIPOI'PECCUPOBAHU-
em 3a6oyieBaHUA.)

Pacrnonaras mejbsIM HaGopoM IIOJA-
XOAANMX MapKepos, (apmarosoru
M KJIUHUIYCTBI CMOTYT OTHOCHUTEJIb-
HO OBICTPO OIeHUBATh 3PDEKTUB-
HOCTb T€palluy, IPOCTO U3MepAd UX
KOHLIEHTPAIIUI0 B TOJIOBHOM MO3TE.
API cobupaeTcs IpOBECTH aHAJIOIUY-
HBbl€ UCIIBITAaHUA Ha KUTenax CIIHA —
HOCHUTEJIAX JABYX KOIIMH MyTaHTHOIO
reHa APOE4. B aToM ciiydae BepOsAT-
HOCTh Pa3BUTHUA 3a60JIeBaHUA BBIIIIE,
YeM IIPU HAJIU4YUHU OAHOM KOIHHU, HO
He BJIBOE.

IIpy IOJIOKUTEJBHOM pe3yJbTaTe
UCHBITAHUA B paMkax API Mmornu Gbl
cTaTh MOIIHBIM UMIIYJbCOM K TOMY,
9T06BI TECTUPOBAHUE C HUCIIOJIb30Ba-

NyTb AJIMHON B 100 JIET

1906 1. Hemeukuit ncuxmnatp Anons AnbLy-
renMep, Nnpoeeas NOCMEPTHbIA aHann3
npo6 rofioBHOro Mo3ra 4enoBeka, Bnep-
Bble onucan 6enkoBble 6MALWKK, Haxons-
LLiMecs BHe HEMPOHOB, U KNy604KM, pacno-
JIOXXEHHbIE B TeNle HEMPOHOB, — XapakTep-
Hble Npu3Hakm 3a6oneBaHuns

Cnepytowme 50 neT. Yrpaty namatu
W Opyrue CUMMTOMbI CTanu paccMaTpi-
BaTb KakK NPU3HaKN cnaéoymms, 06yCcros-
NEeHHOro eCTEeCTBEeHHbIMU NpoLeccamm
cTapeHus opraHuama

1960-e IT. BoiseneHa cBazb Mexay Hapy-
LUEHMEM KOTHUTUBHbIX (PYHKLMI U HNCITOM
6nALLEK 1 KNTYy6O4KOB B rOTOBHOM MO3re

1980-€e rr. Hayano nccnepoBaHuii no
MAEHTUDMKALMM NPOLIECCOB, KOTOPbIE Ne-
XaT B 0CHOBe 06pa3oBaHns Kiy604KoB
M 6nsweK

1990-e rT. NpeHTndmkaums reHos, acco-
LIMMPOBAaHHbIX C NaTONOrMei; NosBneHne
Ha pbIHKE NepBbIX IeKapCTBEeHHbIX Npena-
paToB, KOTOPbIE CMAMYAOT CUMMTOMbI

2000-e rT. Pazpa6oTka METOAOB BU3Ya-
nn3aumumn 611oMapkepos 1 UCCNefoBaHMs
npo6 CMMHHOMO3rOBOM XWUAKOCTH, KOTO-
pble NO3BOASAIOT CNEeANTHL 3a XOA0M naTo-
norudeckoro npouecca. MposeaeHne Knu-
HWYECKMX UCTbITaHWIA HECKOMbKIX Npena-
paToB. OTpuLaTenbHbIE Pe3ynbTaThl Npu-
BOMST MCCNeoBaTeneit K MbIC, 4To Te-
CTMPOBaHMe AOMKHO NPOBOANTLCS Ha Na-
UMeHTax, y KOTOpbIX MoKa He NOosBUANCH
BHELLHME CUMMTOMBbI

TUN NPENAPATA
MHrn6uTop aueTunxonuHacTepassbl
(Mpumepbl: foHene3un, ranaHTaMmH)

MEXAHV3M OENCTBUSA

BrnokupytoT geicteme
aLeTUIXONNHICTepasbl, MOBbILLASA TEM
CaMbIM YPOBEHb aLeTUNXoMHa
(HenpomepgmaTopa) B ronoBHOM MO3re.
Bnaropaps sToMy KoppekTupytoTcs
KOTHUTUBHbIE DYHKLMK, yryyLLaeTca
HacTpoeHue, CTaHOBUTCA 6onee
ajfleKBaTHbIM NoBefeHne

TUM NPEMNAPATA
AnTtaroHnct NMDA-peuentopa
(EBVHCTBEHHbBIV Npenapar: MEMaHTUH)

MEXAHV3M OENCTBUSA

loMoraeT CHATb rMNepakTUBHOCTb,
BbI3bIBAEMYIO0 [TyTaMaToM M NPUBOASALLYIO
K rmbéenu HelMpoHoB. He BnuseT Ha
KNeTOYHble MOBPEXAEHNS,
onocpefytoLlee NporpeccMpoBaHne
3abonesaHuns

HEKOTOPOE OBJIET'YEHUE — HO HE BOJIbLUE

TMpenapartbl, KOTOPLIMY pacronaraeT MeANLIMHA CErOAHS, BIUSIOT NULLb Ha KOTHUTMB-
HbIE CUMMTOMbI, & HE HA COOTBETCTBYIOLLME AereHepaTMBHbIE NpoLecchl. Kpome Toro,
VX AENCTBME HEeA0NrOBPEMEHHO — OT HECKOSIbKNX MECSLIEB 10 HECKOMbKMX JIET

——
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ANDREW SWIFT (illustrations)

HOBbIE METO/bl MO3BOJIAIOT PETUCTPUPOBATb HEBUAUMBIE NPEXXAE

TPEBOXXHbBIE CUTHAJbI

CeropgHsa y4eHble MOryT CrnenTb 3a XO0A0M AereHepaTtuBHbIX NPOLLEeCCOB, KOTOPbIE JieXXaT B OCHOBe 60nesHn Anbu,reﬂmepa, 3a MHorve
roabl A0 nosBJieHUA XapakTepHbIX BHELLHUX CUMNTOMOB. [1ns 3TOro oHn MCNOJIb3YKT MeTo4bl BU3yann3aumnm aHoMarnbHbIX 6e1KOoBbIX
CTPYKTYP B roJJIOBHOM MO3re 1 onpenensatoT cocTtaBs CMUHHOMO3rOBOW XXMAKOCTH, B KOTOpOVI c nporpeccuposaHnem 3a6oneBaHus
CTaHOBUTCS BCE 60JbLLE TOKCUYHbIX 6€NKOB. Y4€EHbIE HAAEIOTCS, YTO C MOMOLLbIO TaKUX 6v|omapKepOB OHU Vl,quTI/Id)MLLI/Ipy}OT 3abone-
BaHMe Ha CaMbIX paHHUX CTagusx, U CBOEBPEMEHHO Ha4aToe fie4eHne OTCPoHUT Unn faxke NnpenoTepaTuT ctapvyeckoe cnaéoymme

Mpexpae Bcero B Tex 061acTsax rofOBHOro Mo3ra, KoTopble oTBeYatoT

3a 3anoMuHaHue TeKyLLUX CobbITUIA, 06pa3ytoTcs arperatbl 6€NKoB Nof
Ha3BaHueM «amunoung-6eta» (A-6eta). 3TOT GUoMapkep, eTEKTUPYIO-
LLMACA KaK 6AsLIKa, NPUBOAMNT K MOBPEXAEHNAM CUHAMNCOB, CTPYKTYP,
KOTOpble 06ecnevynBaoT MeXHENPOHHbIE B3auMOAencTBns. AMunonasl
nepeKpbIBalOT AOCTYN CUTHANbHbIX MONeKyn (HeMpomMeanaTopos),
CeKpeTpyeMbIX O4HUM HEMPOHOM, K cOCefiHeMY. 3a NPoLLeCCOM MOXHO
cneavTb C MOMOLLbIO pa3fnnyHbiX METOAOB BU3yanuaayum, Hanpumep
MeToAa No3UTPOHHOM AMUCCUOHHON Tomorpaduu (M3T), KoTopblii
pernctpupyeTt paagMoakTUBHYIO MeTKY Nof Ha3saHuewm Pittsburg
imaging compound-B (PIB), cneundunyecku cBA3bIBAIOLLYIOCA C aMUNO0-
npom. [ins o6HapyXeHMsa ammnonaHoro 6uomapkepa Hy>XHO npoaHanu-
3npoBaTh TakXe CocTaB CMIMHHOMO3rOBOW XWUAKOCTH

OBPA30OBAHUE ATPEFATOB
N3 BEJIKOB TAY
1-5 neT 0o NOCTAaHOBKWU anarHosa

Ha 6onee no3gHux cTagusx, HO BCe eLLe A0 MOCTaHOBKMN
[varHosa, B HeMpPOHe Ha4YMHaKTCA UBMEHEHUS B MOfleKynax
6enka Tay. B Hopme aT0T 6€nok ctabunuanpyet
MUKPOTPYOOUKM, MO KOTOPLIM B aKCOHbI U AEHAPUTHI
nocTynaT KpynHble Monekynbl. DepmeHTbl Nof Ha3BaHWEM
KWHa3bl NPUCOEAUHSAIOT K 6€/1IKaM Tay N36bITO4YHOE KOIMYECTBO
docdaTHbIX rpynn. Benkn oTcoeanHATCA OT MUKPOTPY6oUeK
1 06pasyoT NepeKpy-eHHbIE HATU K KNyOOYKK, KOTOpble
3aKynopuBatoT akCOHbI U AeHAPUTbI. ATOT NpoLecc Nerko
BbIIBUTb, MPO@HanM3MpoBas cocTas NPo6bl CMTMHHOMO3roBOM

XNOKOCTH

OMNYCTOLLEHME TOJTIOBHOIO MO3rA
1-3 roga 0o NnocTaHOBKKM guarHosa

C nporpeccrpoBaH1Mem NaTonormyeckux npoLeccos
HEpBHbIe KNETKM Ha4ynHalT oTMmpaTb. Cam naumeHT

M YJIEHbI €0 CeMbM OTMeYatoT y 60/bHOro Takme
CUMMTOMbI, Kak MpoBasibl B NamsaTu. B peaynsraTe
rméenn HeMpPoOHOB B TEX 06N1ACTAX FOSIOBHOIO MO3ra,
KOTOPble OTBEYAtOT 3a 3anoMuHaHue (rnnokamn)

1 BbICLLIYIO HEPBHYIO AeATEeNbHOCTb (Kopa), NosBAsATCA
NyCTOTbl. IX MOXHO «yBUAETb>» C MOMOLLbIO BOJIO-
MEeTPUYECKOro MarHUTHO-Pe30HaHCHOro MeTofa.
OnycTolatoLme npoLecchl 3axBaTbiBalOT BCe 60/bLUMe
y4acTKM rofIOBHOrO MO3ra

KT

g

Monexkynbi
A-6eTa

KuHasbl
NPUCOEANHSIOT

K MOnekynam Tay-
6ernKa CIuLLKOM
MHOro cpochaTHbIX
rpynn

PaspylieHne | Mukpotpy6oukm
MWKPOTPY6OUKM | cTabunmampytotcs
Tay-6enkamm

«YcblxaHue»
Kopa KOpbI
rONOBHOIoO o roNoBHOrro
mo3sra ’ | Mogsra

menynoqu
.

'Mnnokamn



BUOMAPKEPHbIE MET

Mepsoe CkaHupoBaHve
CKaHupoBaHue cnycTs 24
?' B mecsua
| y
B\

Monek
- Helipomey

PeLientopb!
3a6510KMpOBaHb!

HewipoH,
nNpUHUMAaoLLWA

M3T-ckaHnpoBaHWe BbIABNAET yBENNYEHNE
curian

cofepxanus PIB, cneunduyeckn cBa3biBaroLLerocs
¢ MoneKkynamu amunouna-6eta, B OGHbIX [ONAX
rOfIOBHOIO MO3ra 74-neTHero naymeHTa

C COXPaHHbIMU KOFHUTUBHBIMWU OYyHKLIMAMMN

Benkn Tay
ob6pasytoT
TOKCUYHbIE
KOMJINEKCE

Paspywatowasncs
MWKPOTPYy60UKa

BoneaHb

Matonorua Anburevimepa

yBenn4eHue

KomnbtoTepHble n306pakeHns Cpe30B FONOBHOMO
Mo3ra 3[,0pOBOro YesioBeKa 1 YenoBeka, cTpagatoLLe-
ro 6onesHbto Anburerimepa. Mony4eHbl BontoMeTpu-
4YeCKMM MarHWTHO-pPe30HaHCHbIM METoAoM. HeTko
BMAHO (¢hoTo cripaBa), kak cxancs Mo3r 6011bHOro

MycToThl
B r1nno-
Kamne

MEQHUHHA

HHUeM OHOMapKepoB IpPeBPaTHJIOCH
B PyTUHHYO IIporeAypy. YTo6sI Joka-
3aTh CIIOCOGHOCTH TOTO MJIM UHOTO JIe-
KapCTBEHHOI'0 CPeJCTBa NpeJoTBpa-
maTk 3abojieBaHUe, HYKHO ropasio
6oJIbIlle BpDEMEHU U CPEJCTB, YeM JJIs
poBepKU 3P PEKTUBHOCTHU ITOrO Ke
cpeJcTBa Ha y#e 3aboseBmIuX. «JIro-
6asa ¢apmaneBTUYECKAA KOMIIAHUA
BPAJ U U3'bABUT KEJIaHUE BKJIAIbI-
BaTh JACHBI'U B JUTUTEJIbHYIO IIPOLIEY-
Py TECTUPOBAHMSA BEIIeCTBA IIPEBEH-
TUBHOI'O AeiicTBUA, 9PPEeKTUBHOCTDH
KOTOPOTO H€ JI0Ka3aHa», — 3aMeda-
et Mapusa Kappuuabso (Maria Carrillo),
JUPEKTOP 10 MEJUIIMHCKON U Hay YHO-
ucciieoBaTeNbCKOU paboTe Acconya-
IIUY SKCIIEPTOB 0 60Ie3HU AJbIITei-
Mepa.

Ecau :xe nmeeTcsa HaGop 6uoMapke-
POB, TO KOMIIAaHUU AOCTATOYHO OIIpe-
JIeTUTh, U3MEHAEeTCA JIU KOHLIEHTPa-
g aMUJION/la UJIU APYyToro Mapkepa
IpU NIpHEMe TEeCTUPYEMOro Ipemna-
paTa — TOYHO TaK e KJIMHUIIUCTHI
IIPOBEPHAIOT A€HCTBEHHOCTH TOTO MU
MHOTO CTaTHUHA, BBIABJIAA yPOBEHb
XoJecTepruHa B KpOBHU. «MbI 063aHBI
UHTEHCHUBHO Pa3BUBATh IIPECUMIITO-
MaTHUYeCKHEe cIoco6bl BMelIaTeslb-
cTBa, MHa4ve OyeT IOTEPAHO IieJioe
IIOKOJIEHUE», — TOBOPUT OPHUK Peii-
maH (Eric M. Reiman), UCIIOJTHUTEIb-
HBIM AUpPeKTOp BaHHEPOBCKOro MH-
CTHUTyTa II0 HCCIefOBaHUIO 6ojes-
HU Anbureiimepa B ®uHHKce (mITaT
Apu3oHa), KOTOPBIII BMECTE CO CBO-
uM koJuteroii ITbepom Tapuo (Pierre N.
Tariot) cTOsAJ y UCTOKOB IIPOrPaMMBI
API.

HcnblTaHUA TNPEBEHTUBHBIX JIe-
KapCTBEHHBIX CPEJCTB — IO-TIPEK-
HeMmy Gonpmas npob6iema. ITo6odg-
Hble 9P@PEeKTH, KOTOPbIe OHU MOTYT
laBaTh, allpUOPU TPYAHO CONIOCTA-
BUTB C IPEUMYIIIECTBAMU UX IIPUMe-
HEHUH, eC/IU y NNallMeHTa HeT HUKa-
KHMX BUJUMBIX CUMIITOMOB.

Kpome TOro, HHUKTO He 3HaeT,
IIpUHECET JU NPEBEHTHUBHOE CpeJ-
CTBO IIOJIB3y TE€M, Y KOTro AedeKT-
HBIl T€H OTCYTCTBYeT M 60JIe3Hb Ha-
YyypHaeTcs B I03JHeM BoapacTte. Ho
HacyllHas HeOoO6XOAMMOCTb B HO-
BBIX CPE€JCTBAaxX U BO3MOMKHOCTH IIO-
Jy4deHusd MHOTOMUJIJIUAPAHBIX
npubblIel — XOPOmHUH CTHUMYJI.

a3



MEQHLUMKHA

MOYEMY TAK MEAJIEHHO?

Jllo6oe nekapcTBEHHOE CPEACTBO, KOTOPOE 3HAYUTENBHO OTCPOY4MBAIO Obl
1nnu Boo6LLe NnpefoTBpaLyano pa3sutme 60ne3Hn Anblreimepa, HeMeaneH-
HO cTano 6bl hapMaueBTMHECKUM 610K6ACTEPOM, HE yCTynarwLuM Npo3aky
n nunutopy. CerofHs Ha pbiHKe Takoro JiekapcTBa HeT, MOCKOJbKY y4YeHble
00 CUX Mop He pa3obpannch, Kak MOBMUATbL Ha fexallne B OCHOBe 3a6one-
BaHWA gereHepaTUBHbIE NPOLECCHI.

CpepcTtBa, NpensaTCTBYOLLNE 06pa3oBaHuio arperatoB A-6eTa, HaXoaaTCs
celyac B LIeHTpe BHUMaHMs 3KCNepToB: Npenapartbl 3TOro psiga, Kotopbie
NPOXOAAT UCMbITAHUSA Ha pa3HbIX CTaaUAX, HECOMHEHHO NOAABMAIOT HaKO-
njaeHne aMmIongoB UM CNOCO6CTBYIOT UX yOANEHUIO N3 FONIOBHOMO MO3ra.
BmecTe ¢ TEM MHOrMe NpoTUBOMUENONAHbIE CPEACTBA, HA KOTOPbIE BO3J1a-
ranucb 60nblUMe HafeXabl, He NpoLunu npoBepky. (B Tabnuue nepeyuncne-
Hbl OCHOBHbI€ KJ1acChl IEKapPCTBEHHbIX MPenapaToB, HaxoAsLmMecs Ha cTa-
Ovn pa3paboTkun.) Bo3HrkaeT Bonpoc: novyemy yAensercs Tak mano
BHUMaHUA TECTUPOBAHMIO BELLLECTB, KOTOPblE MOrNN 6bl BVATbL HA Apyrve
npoueccsl, CBA3aHHble C 60Ne3Hb0 Anburerimepa? I3BeCTHO OKOMI0 COTHU
BELLECTB — NOTEHUManbHbIX UHTMOGUTOPOB arperauun 6enka Tay. Hekoto-
pble U3 HUX NOAAaBMAT BOCMANUTESNIbHbIE NPOLIECChI, YNyYHLIAT PYHKLNO-
HUPOBaHWE MUTOXOHAPWUIA, NOBLILLIAIOT YPOBEHb MHCYNMHA B FOTOBHOM MO3re
1 OKa3bIBalOT APYroro poga 6naronpusTHble BO3AENCTBUSA HA HEVPOHbI.
HepaBHo 6e3pe3ynbTaTHO 3aKOHYUIUCH UCTIbITAHUS O[HOMO U3 TAKUX MHOTO-
o6eLlaloLmx BeLWeCcTB Mo Ha3BaHMeM OUMEGOH, He HaLeNeHHoro Ha
A-6eTa. [Mo-BMOMMOMY, Kak 1 B Clly4ae OHKONIOrMYeCKux 3a6oneBaHunin

n CMNda, pna Toro 4To6bl NO6EAUTL CTOJNIb CEPLE3HOMO MPOTUBHMKA,

HY>KHO OEeNCTBOBaTb N0 BCEM (DPOHTAM

MPENAPATbI HA CTAAUN
PA3PABOTKU

MEXAHU3M OEUCTBUSA

MHrnébuTopsl hepmeHTOB,
KaTanuaupyoLmx obpasoBaHve
A-6eTa

BnokupyoT nnn nameHsaoT gencTeme
(hepMeHTOB, KOTOpbIe paspesaroT
KPYMHbI 610K — NpeaLecTBEHHNK
A-6eTa — ¢ 06pa3oBaHMeM TOKCUHHOIO
nentuga

BakumHbl nn aHtutena, Kotopble
Cnoco6CTBYIOT yaaneHuto A-6eta

BakumHbl 3aCcTaBnsOT OPraHn3m
BblpabarbiBaTh aHTUTENA, KOTOPbIE
CBAI3bIBAIOTCS C aMUITIOUAOM U OCBO-
60X[alT OT HErO FOSIOBHOM MO3T.

K coxaneHnuio, 1 BakLHbI, U aHTUTena
[atoT No6o4HbIe 3hEKTbI, MHOrAA
BeCbMa Cepbe3Hble

MHrnbutopsl o6pasosaHuns A-6eta MpepoTepaLyatoT o6pasoBaHune
KNy604KoB 13 hparmeHToB A-6eTa,

KOTOPble HapyLUaloT paboTy HEMPOHOB

BelecTBa, HaueneHHble Ha 6enkn Tay  OTW BellecTsa, ropa3fo MeHee MHOro-
YUCIIeHHble, YeM Te, YTO HaLeNeHbl

Ha amunounabl, B NpUHLUMNE OKasblBaloT
camoe pasHoe BO3[eiCTBMe Ha naTo-
JIOFMYECKUIA MPOLIECC, B HaCTHOCTM
6MOKMPYIOT 06pa3oBaHNe TOKCUHHOW

popMbl 6enKa Tay UK ero arperaumio

HenponpoTtekTopbl MNpeponprHumatoTcs pas3Horo poga
NOMbITKN aKTUBMPOBATb 3HAOMEHHbIE
COEeAMNHEHVS rONOBHOrO MO3ra,
KOTOpble Y4acTBYIOT B NMoAgep>XXaHnm

LIeNIoCTHOCTN HEMPOHOB

B auBape 2010 r. B oTeJjie as3poIop-
Tta PUHHUKCA COCTOAJACh BCTpedYa
npeacTaBuTened 19 aMepUKaHCKUX
U eBpONENCKUX (papMaleBTUIECKUX
dupm. Ha BcTpede oO6Cykaalnch
Iy TH OpraHU3aIU1 HEKOMMePYECKUX
B3aMMOOTHOIIIEHUN HAYKU U IIPOU3-
BOJICTBA, COBMECTHOTO IIPOBEJIEHUHA
HUCOBITAHUU M CBOGOAHOTO obOMeHa
nHpopManuen.

Henb3da cka3aTk, 4YTO METOABI 6OpPb-
66l ¢ Gosie3HbIO AsblLreimepa BoOG-
1ie OTCYTCTBYIOT, HO BCE OHU JIHIIb
HEMHOI'0 3aMeJJISI0T €€ IIPOrpecCH-
poBaHue. Ilo oleHKaM, K cepeJuHE
XXI B. YUCJIO CTPAJAIOIINUX 3TOU 60-
JIE3HBIO 110 BCEMY 3€MHOMY IIIapy yBe-
JIMYUTCS B YeThIPE pa3a U JOCTUTHET
107 muH. CpeacTBa, OTCPOYUBAIOIIHE
HayvaJio 3a601eBaHUA XOTsA ObI HA IIATH
JIeT, YMEHBIIHUJIN ObI YUCJIO HoTubaro-
IIUX BJIBOE.

YT1o Tam y Hac B ronose?

JleT mATE Hazaja camMa HUjesd IIpoBe-
JIeHUA MPEBEHTUBHBIX MCIBITAHUN
C UCII0JIb30BaHUEM 6MOMapKepoOB HU-
KOMY H€ IIpHUIIIa ObI B TOJIOBY. A MEX-
Iy T€M TaKOU I10/1IX0/1 BeCbMa IIJI0I0T-
BOPEH, IIOCKOJIbKY MU3BECTHO MHOKE-
CTBO METOJOB OIpeJieJIEeHUsA yPOBHA
6roMapKepoB HA Pa3HBIX CTaAUAX
nporecca IIpu pa3JIudHbBIX YCIOBUAX.
B CIIA c 2004 r. opraHu3anusd
Alzheimer’s Disease Neuroimaging
Initiative (ADNI), B paMKaxX KOTOpPOM
TECHO B3aUMOJIEHCTBYIOT dapMareB-
THUYECKHE KOMIIAHUU, YHUBEPCUTETHI
n HanyoHanbHBIE HHCTUTYTHI 3 pa-
BOOXpaHeHUsd, pabGoTaeT HaJ TeM,
9TOOBI MOBBICUTH 3((PEKTUBHOCTH
yiKe anpo6HpOBaHHBIX JIEKAPCTBEH-
HBIX CPEJICTB U UCII0JIb30BaTh UX /I
OTCJIERKUBAHUA COOBITUN, IIPOUCXO-
AAIIUX B OPraHU3Me BCE TO BpeMd,
noxka 6oJIe3Hb HUKAK HE IPOSABIIA-
ercd.

Kinuddopn dxek (Clifford R. Jack),
PYKOBOAUTENb OfHOU n3 rpynn ADNI,
3aHUMAaIOIUICcA ITIouCKaMu 6uomap-
KEpoB, 3a KOTOPBIMH MOJKHO OBIJIO
6BbI CJIEIUTH C ITIOMOIIBIO MAarHUTOpe-
30HAHCHBIX METOJOB, IIOCTPOUJ MO-
JleJIb BO3MOM¥KHOTO pas3BUTHA 3a60-
JIleBaHUs, BBeIsA B Hee OMOMapKepHl,
IIO3BOJIAIOIINE OTCJIEKUBATHL JaH-
HBIA nporecc. Moaenb Oblia mpej-
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COURTESY OF NATALIA ACOSTA (Lopera with patient); COURTESY OF ASHLI PARK (client exercising)

MEQHUHHA

cTaBJIeHa B peRHMMe OHJIAWH 6Gojee
geMm 100 yyacTHUKaM Beb-ceMuHApa
Alzforum.

B cBoeMm noknajne ek cooOIn,
4TO B COOTBETCTBUM C pe3yJbTaTaMU
9KCIIEPUMEHTOB C IPUMEeHEeHUeM GHo-
MapKepoB, IAaTOJIOTMYEeCKUE IIpoliec-
CBhl HAYMHAIOTCH 32 HECKOJIBKO JIET (OT
naTu 10 20) 10 TIOCTAHOBKU AUATHO-
3a. B 2To BpeMs BHE KJIE€TOK I'OJIOBHOTO
MO3ra IPOUCXOJAUT arperanus A-6era
U IIOBpEXKJAEHUE CHHAIICOB, CTPYK-
TYP, ONOCPEAYIOIIUX MEKHEHPOHHbIE
B3auMojencTBUA. MoJIeKyIbl paauo-
aKTHUBHOI'O MapKepa, HanpuMmep PIB
(Pittsburg imaging compound-B), cB-
3BIBAIOTCA C aMHUJIOHU/IOM B TOJIOBHOM
Mo3re IManyeHTa U 06HapyKUBAIOTCA
C IIOMOII[bIO ITO3UTPOHHON SMHUCCUOH-
Hoi ToMmorpaduu (IT9T). Kak nokasa-
JIX Pe3yJbTaThl UCCIEJOBAHUNA MeTO-
JIOM BU3yaJIU3alUU II0J] COKpAIleH-
HBIM HasBaHueMm PIB-II9T, mpomnecc
arperanuy HauyMHAeT CTaGUIU3UPO-
BaThCHA [0 IOABJIEHUA YETKUX CHUM-
IITOMOB.

3areM, HO BCe elle [0 TOCTAHOBKU
AuarHosa, 6eJIKu Tay, KOTOpbIe B HOP-
Me y4acTBYIOT B CTPYKTYPHOM cTa-
6UIN3anuyu MUKPOTPYyOoUeK (10 HUM
B HEPOHBI IIOCTYNAIOT KPYIIHbIE MO-
JIEKYJIBI), OTCOEJUHAITCA OT IIO-
CIeIHUX U 0o0pas3yloT KIy6odku, 3a-
KyHOpHBalOIle€ aKCOHBI M JEHJPU-
Tbl. KJIy6OYKM MOMKHO OGHApYHHUTH,
B3AB ITPOo6Yy CIMHHOMO3TOBOM KUJAKO-
ctu. Ty ke mpo6y MOMKHO IIPOBEPUTH
Ha cojepxaHue A-6eTa, Ybs KOHLIEH-
Tpauud INOHUKAeTcA ¢ 06pa3soBaHU-
€M aMMJIOMJHBIX OJAIIEK B TOJIOB-
HOM Mo3re. O6a npu3HaKa — yMeHb-
IIeHue ypoBHA A-GeTa U MOBBIIIEHHUE
ypoBHA 6elKka Tay — YETKO YKa3bl-
BalOT Ha pa3BUTHE MIATOJOTMYECKOTO
rmpoiecca.

Jlajee B mepuo OT OJHOTO 4O YEThI-
pex JIET JI0 IOCTaHOBKM JUAarHo3a Ha-
crynaer ¢asa ciaabblXx HapylIeHHH
KOIHUTUBHBIX GyHKIuH. OHa Xapak-
TepusyeTcs, B YJaCTHOCTH, IIpoBaJa-
MH B IaMATHU U Ipo6IeMaMu C IPUHSA-
THeM penreHuil. KorHUTUBHBIE HAPY-
II€HUA MOTYT BO3HHUKATH II0 APYyTIUM
IOpuYvuHaAM, 4YE€M T€, YTO CBA3aHBbI
c 6osie3HBbIO AJIbIrefiMepa; B IIOCTe/-
HEM cjy4dae OHU OO6yCJOBIMBAIOTCH
MOBPEKJEHUEM U T'HOeIbIo HeHdpo-

B oTcyTCcTBNE SPPEKTUBHLIX NNIEKAPCTBEHHbIX
CPefcCTB HEKOTOpble Bpayu pekoMeHayoT

B KadecTBe NPEBEHTUBHbLIX Mep nepexon

Ha creyuanbHy0 oMeTy n coyetaHue
dm3nyecKnx ynpaxxHeHnm ¢ TPEHNPOBKOW

namMmdaTi

HOB B OIIpe/IeJIEHHBIX 06/1aCTAX I'OJIOB-
HOTO MO3Ta, yCKOPAIIUMHUCHA BO Bpe-
meHHU. (Ecam npo6ieMbl ¢ HaMATHIO
CTAaHOBATCA IEPBUYHBIM CHUMIITO-
MOM, TO B 6yZiyllieM y IaljieHTa 9acTo
pasBuBaeTcs 6071e3Hb AlbIreliMepa.)
Ha sTo#i cragum 3a mporeccom cje-
JAT C IIOMOIIBIO BOJIOMETPHUYECKOU
MarHUTHO-PE30HAHCHOM ToOMOTrpa-
bun (MPT). laHHBIN METO/ PETUCTPHU-
pyeT yMeHblIeHue 06’beMa I'0JIOBHOTO
Mo3Ta II0 Mepe yTpaThl HelipoHoB. Ka-
CKaJl COOBITHI, BKIIOYAIONIUN paH-
HIOIO arperanuio Mojekya A-6Gera,
NPUBOJUT K HAPYIIEHUIO MeTab0IN3-
Ma. [l ero MOHUTOPUHTA IPUMEHSA-
0T OHY U3 Pa3HOBUJHOCTEU METO-
na I[I9T — dropaesokcuriaokosa-II9T
(PAT-TIOT), KoTOpas NO3BOIHET OIIPe-
e IUTh MeTaboJIudecKUi cTaTyc Hel-
POHOB.

ByayT nu yny4weHuna?
Hcrnonb30BaHUEe GHOMApKEpPOB Kak
OCHOBBI KJIHMHHYECKUX I/ICHLITaHI/Iﬁ
CTABUT IeJBIA paAa npobiaem Iepen
dapManeBTUYECKUMHU KOMIIAHUAMU
¥ KOHTPOJIUPYIOIIUMU OpraHaMu, YTO
He II03BOJIAET B IIOJTHOM Mepe UCIO0JIb-
30BaTh Bech noTeHnuaa APIL. [{insa Toro
9TOO6BI JIEKAPCTBEHHBIH IIperapar I1o-
JTy4ani ogobpeHue opUIUAIBHBIX Op-
TaHOB, HYKHO JIOKa3aTh, YTO OH, B OT-
nuyre oT 1anebo, yaydinaeT KOTHU-
TUBHBIE QYHKIIUU.

Eciu Bo BpeMs TeCTUPOBAHUSA IIpe-
BEHTHBHOTO CPEJICTBA OTCJICKUBACTCA
U3MeHeHHe KOHIleHTpanuu Gruomap-
Kepa, a He CUMIITOMBI, TO HEOOX0AH-
MO y6eIUThCA B TOM, YTO BBI IeHCTBU-
TeJbHO MMeeTe JIeJI0O C HapacTaHueM
cnaboymus. Tak, IOKa HUKEM He JIoKa-
3aHO, YTO U3MEHeHUe yPOBHs A-Gera
OpPeJOTBPATUT I€MEHIINIO, XOTS O BIIU-
SHUU JaHHOro 6eJIKa Ha pa3BUTHE 3a-

6osIleBaHNA CBUJAETEIbCTBYET MHOMKE-
CTBO JAHHBIX.

OnHO M3 paHHHUX TECTUPOBAHUN
NIPEBEHTUBHOI'O CpeJCTBA I0Ka3aJo,
4TO IO/ €ro BO3JeHCTBUEM YPOBEHBb
A-GeTa JIeHICTBUTEIBHO CHUMKAETCH,
HO CHUMIITOMBI IIPX 3TOM HHUCKOJBKO
He uaMeHsioTca. «KTo 3HaeT, momxeT
OBITh, YPOBEHBb MapKepa MEHAETCS IO
JIeICTBUEM TEPaIlNU B JKeJIaeMyI0 CTO-
POHY, HO 9TO HEe UMeeT HUKAKOI'o OTHO-
IIeHUA K KJIMHUYECKOH KapTUHEe», —
roBoput Paccen Kai (Russell Katz),
PYKOBOAUTEIb OTjJejia YIpaBIeHUS
10 KOHTPOJIIO KadecTBa IPOJYKTOB
u jgexapcTs CIIA (FDA) o mpoBepke
HEBPOJIOTUYECKUX IIpenapaTos. I1o ero
MHEHHUIO, OITUMAaJbHBIM ObLI GBI CJe-
JAYIOIIMH IOAXO0/: CHAaYaJIa Hy¥KHO I10-
Ka3aTh, YTO IIPX YMEHbIIIEHUH YPOBHSA
aMUJION/a MK APyroro GromMapkepa
JEeWCTBUTEIBHO YAyYIIAeTCA COCTOA-
HUe GOJIBHBIX CO CJIA0BIMU HAaPYIIeHU-
AMU KOTHUTUBHBIX QYHKIMHN UM I1a-
IIUEHTOB C HEJABHO IOCTABJIEHHBIM
JIMAarHO30M, U TOJBKO IIOTOM TE€CTHUPO-
BaTh 9TOT K€ MapKep Ha IallueHTax
6e3 BCAKUX CUMIITOMOB.

OfHaKO OpraHU3aTOphl HCHBITA-
HUUA NpeBEeHTHUBHBIX cpeaAcTB B Ko-
JIyMOUM yTBEPKIAAIOT, YTO OHHU YKeE
MOT'YyT pEerucTpuUpoBaTh O4YEHb cJja-
6ble U3MEHEHUA CUMIITOMOB C IIOMO-
b0 6uoMapkepoB. A dpuk Peiiman
CChLJIaeTCA HA Pe3yabTaThl CBOUX CO-
TPYAHUKOB, CIIOCOOHBIE CHATH IIPO-
6JIeMBl KOHTPOJA APYTUM CIIOCOGOM.
HcnelTaHUA NOPOBOAUINCH Ha HO-
cHUTensaX BapuaHTHoro reHa APOE4,
C KOTOPBIM CBfI3aHO IOBBIIIIEHUE PU-
cka 6ose3Hu Aubireiimepa. ITo gaH-
HBIM IICUXOJIOTUYE€CKUX TECTOB, y Ta-
KUX JI0Aiell oTMedyaeTcsa cyiabo BBI-
pamkeHHOe yXyJAIIeHWe HaMATH 3a
MHOT'HE T'OABI /0 MOABJEHUA KaKUX-
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an60 KOTHUTUBHBIX OTKJIOHEHUU.
Kak nmosnaraet PeifimaH, mpoBefeHUe
KOTHUTHUBHBIX TECTOB U IIapaJlje/Ib-
HOe U3MepeHHEe YPOBHA GHOMapKepoB
BO BpeMs IPEBEHTHUBHBIX HCIIBITA-
HHUH IIOMOKET OTBETUTh Ha BOIIPOC,
IEeHCTBUTEJNBHO JH €CTh Hajemxja
n36exkaTh AeMEHIIUH, CHUKAA yPo-
BeHb amMmionza. Iloka ke Kar Tak
U He BBIACHHJI, AEUCTBHUTEIBHO U
JIOAU C IOHUXKEHHBIM KOTHUTHUBHBIM
cTaTycoM HeNpeMeHHO OyayT mo-
TeHIUAaIbHBIMU JKepTBAMU GOIEe3HU
Anbrureiimepa.

HecKoIbKO KOMIIAHHH yiKe IIbITa-
I0TCcA pas3obpaTbcAd B TOM, KakK JIyd-
IIIe BCEr'0 UCII0Ib30BaTh 6IOMapKePHI.
Taxk, Bristol-Myers Squibb nonaraer,
YTO aHAJM3UPYA COCTAB CIIMHHOMO3-
TrOBOM JKUJKOCTH, YJaCTCsA IPeJCKa-
3pIBATh, KAKUM MaIlUEHTaM C eJBa
3aMETHBIMU KOTHUTHUBHBIMH Hapy-
IIEHUAMU I'PO3UT 60JIe3Hb ANbITel-
Mepa. [l1d HCIBITAaHUI KOMITAaHUA Ha-
6upaeT J06POBOJIBIEB C HUBKUM Y POB-
HeM A-6eTa U BBICOKUM — 0OesIKa Tay,
a IIOTEHIINATbHBIM TePaleBTUIeCKUM
cpeactBoM 6GyzneT ¢GepMeHT ramma-
ceKpeTras3a, KOTOPBIM KaTaJlUu3UpYyeT
o6GpasoBaHue nentuaa A-6era. «Eciamu
y Bac HeT GuoMapKepa, ¢ HIOMOIIBIO KO-
TOPOT'0 MOMKHO CIEAUTH 32 XOJOM IIPO-
Iecca, To Bac He BKJIIOYAT B YHCJIO HUC-
IIBITyeMBIX», — 3aMedaeT Birax Kopuk
(Vlad Coric), cOTpyAHUK KOMHOaHUH,
KOTOPBIM OTCJIEKUBAET I1006aIbHYIO
CUTyallUI0 C KJIUHHUYECKUMU HUCIIBI-
TaHuAMU. ToT pakT, 4TO B TECTUPO-
BaHHUU GyAYT yIaCTBOBATH TOJIBKO Te€,
YV KOTO BEPOATHOCTE 3a60JIeBAHUA I10-
BBIIIEHA, IIOMOMKET BBIACHHUTB, pa-
60oTaeT JIM TeCTHUPYEMBIH Ipemnapar.
«B 6yaymieM, BO3MOKHO, yAAacTCA Ha-
YMHATh HCIBITAHUA HA NallMeHTaXx,
Y KOTOpPBIX JlereHepaTUBHBIE IPOIIEC-
CBhl HAXOJATCHA Ha ele 6ojiee paHHUX
JOCHUMIITOMATUYECKUX CTAAUAX), —
no6asiaeT Kopuk.

KOrHMTUBHbIN MarasuH

OneIT, NpuO6GpPEeTEeHHBIN BO BpeMs pa-
6OTHI C WIEHAMM KOJIYyMOHMMCKHUX ce-
MeHCTB ¢ PAHHUM pa3BUTHEM 6oJe3-
HU AJnpureiiMepa — y4YacTHUKaMU
nporpamMmmsl API, IOATOJKHYJ UCCJIe-
JoBaTeJlel K MBICJIH alpo6GupoBaTh
JIpyroi croco6 IpeAoTBPallleHUd 3a-

6oseBaHus. Helipo6uonor HKenHeT
Kosuk (Kenneth S. Kosik), umero-
MU IeJI0 C dTUMHU CeMeNCTBaMU yiKe
20 €T U y4acTBOBABIIUU B UAEHTH-
duKkanum MyTauu paisa, B IPOLLIOM
rofly OTKpBLI B OKpecTHocTAX CaHTa-
Bap6aps! (mrat KanudopHus) To, 4To
OH Ha3BaJl KOTHUTUBHBIM MarasuHOM.
OdunmaibHO 3TO yUpPexkJeHNUE HAa3bl-
BaeTcsa «L[eHTp KOrHUTHUBHOTO (PUT-
Heca M HWHHOBAIIMOHHOW Tepamnum»
1 MMeEeT JIeJI0 KaK C TEMHU, Y KOTO B He-
60JIBIION CTeNeHH ociabieHa IaMaTh
U €CTh OIIAaCHOCTb PA3BUTUA 60JIE3HU
AnpureiiMepa, Tak U C BIIOJIHE 3/10PO-
BBIMU JIIOABMHU, KOTOPBIE II0 TEM MJIN
MHBIM IPUYUHaAM 06€CIIOKOE€HBI CBOUM
30poBbeM. OHU NPUXOJAT B 3JJaHUE,
IOCTPOEHHOE B CPEIM3EMHOMOPCKOM
CTHJIE, C T€M YTOOBI y3HATh, KAKOTO
o6pasa KU3HU UM IIPUAEPHKUBATHCA,
4TOOBI IPEJOTBPATUTh 60JIE3Hb MJIN
06/1eErYUTh CBOE COCTOAHUE, €CJIU OHU
y#e 60bHBL e co3gaHusa TaKoro
neHTpa Ko3uk 1osanMcTBOBajl y aM-
6yJ1aTOPHOI0O MEAUIMHCKOI'O yUYPEesK-
JIEHUs, PAaCHOJIOKEHHOI0 HeJalIeKo
ot IleHTpasbHOro rocnuransa Mexe-
apuHA. BosbHBIE ¢ MyTanuei paisa,
onpejeAaoIed paHHee pa3BuTUe 60-
JIE3HU, ChE3KAITCA CI0Ja U3 cCaMbIX
yAalleHHBbIX yroakoB Kosym6un, 9ro-
GBI IPOBECTH OJIMH JIEHb B CBOGOTHOM
O6IIEHNY C IIEPCOHAJIOM, XOPOIIIO 3Ha-
KOMBIM C KaiJbIM M3 IIOCETHUTEJIEH.
«3aMeyYaTeJbHO, YTO TaM, I'le CUCTe-
Ma 37 paBOOXPAaHEHHUA pa3BUTaA Clia-
60, 60JIBHBIE MOTYT GeCIIpPensTCTBEH-
HO IIOJydYaThb IIOMOIIb», — TOBOPUT
Kosuk.

Jlo cBoero npubeitusa B Kamudop-
HHUO B 2004 1. OH y49acTBOBAJ B CO3-
JaHUU KIWHUKH 715 60TbHBIX, CTpa-
JaIUX paccTpoucTBaAaMU IaMsd-
TH, IpUu [apBapACKON MeJUIIMHCKOMN
LIKOJIE, 1 UMEET BO3MOMKHOCTb CpaB-
HUTB JBa I0JAXoJa K O0O6JIerYeHUIo
ydacTu 60JbHBIX. «f 6GoabIle HE MOT
MUPUTBCA C CUTyaluel, Korja Joau
NPUXOAAT B KIUHUKY, U Mbl TOBOPUM
MM: Jla, Ballli CUMIITOMBI HacTopa-
JKUBAIOT — M Ha 9TOM paccTaeMcH.
Msbl Morim 6bI peryJasapHo oGciaeno-
BaTh UX, HO UTOTOM ObLIN GBI JHUIIH
3aIlMCU B UCTOPUAX O0JI€3HU, KOHCTA-
TUPYIOIIUE YXyAIIEHUE COCTOAHUA
NaleHTOB.

«(JleHTp KOTHHUTHUBHOIO (UTHeca
¥ WHHOBAIIMOHHOUW Tepamum» o00b-
eAUHSAET B CBOEH MeToauke Hedop-
MaJIBHOCTB OOIIEHU A, XapaKTEePHYIO
ansa Casa Neurociencias B Konywm-
6uM, ¢ HAyYHO 06GOCHOBAHHBIM, IIOJ-
KPeIJICHHBIM HOBEeUIITUMHU JaHHBIMU,
OAXO0J0M K BBIpA6OTKE pEeKOMEeHJa-
IUH JJIA KaK 0T 0 ciydas. ONMUAeMU-
OJIOTH BEAyT IOCTOSSHHOE Habioje-
HHE 3a rpynmnamMy nmamnueHToB, C TEM
9YTOOBI IPOBEPUTH, AAIOT JU KAKOU-
6o adpdexrT puanIecKue yrpakHe-
HUA, JUeTa U Pa3HOOOpas3Hble BUABI
JeATEIBHOCTH.

[Tocne GU3HKAIBHOIO M IICHUXOJO-
THYECKOTO o6cCiIeJoBaHUA KJIMEHTA
(croBO «TAaIUEHT» 37€Ch HUKOTAA HE
yHoTpebIda0T) eMy AA0T PEKOMEH-
Ay, Cpeau KOTOPBIX MOTYT OBITH
cpeJn3eMHOMOpCKasa aAueTa (lojes-
HBbIE IS 3J0POBbS KUPBI, MHOI'O OBO-
me 1 GPyKTOB), adpobUKa, pasind-
HBbIe YIIPaKHEHUA U UT'PBI JJ1d oA Jep-
JKaHUA YMCTBEHHBIX CIIOCOGHOCTEH.
ViMes B BUJy, UYTO KJIHEHTBI BCET/Ia XO-
TAT Y3HATh KaK MOKHO 60JIBIIIE O CBO-
€M HeJlyTre 1 9acTo MPUGeraT K IIoMOo-
mu UatepHeTa, Tonsa Kuanenn (Tonya
Kydland), KOrHUTUBHBINA IICHUXOJIOT,
B3sJIa Ha ce6da PyHKIMHU «HABUTaTO-
Pa» 1A 3KeJIAIOIUX OPHEHTUPOBATHCA
B Mope HHGOpMAINH, CoAepIKaIieicsa
B Cetu. OHa mpoenupyeT Ha 60JIBIIONR
9KpaH B KOHQEpeHII-3aje CTPAaHHIIBI
u3 lHTepHeTa ¢ nHpopMamuei o mo-
CJIeJHUX KJIHMHHNYECKUX HCIbITAHU-
fIX, HOBBIMU JAHHBIMU O Pa3JIUIHBIX
GHOJIOTHYECKUX A00aBKaX, HAIIPUMEP
KyPKyMHHe, I PAacCKas3blBaeT O IIpe-
HMyIIeCTBaxX OAHHUX CPEJCTB Ilepef
JPYTUMU.

LleHTp 3aHUMaeTcsd TaKKe H3yde-
HUEM CBfA3eH MeK Ay HaJIUIueM y KJIH-
eHTa BapuaHTHoOro APOE4-reHa u Be-
POATHOCTBIO CTATh }KEPTBOH 60JIE3HN
AnbureiiMepa AJIs €ero POACTBEHHU-
KOB — 6paTbeB, cecTep, AeTel U T.A.
9TOT HOAXOA Y MHOTHX BBHI3BIBAET
COMHEHUeE, IIOCKOJbKY, 3Hafd OLUH
TOJTBKO F€eHETHUYECKUI CTaTyC Jeso-
BeKa, HeJb3fA Ipeayrajgathb, 3abo-
JIeeT OH UJM HEeT, K ToMYy ke apdek-
THUBHOTI'O JIEHEHUA BCE€ PAaBHO HE Ham-
JI€HO.

Ko3HK, coaBTOp OAHOI U3 IePBBIX
paboT 0 HCCIeJOBAHUIO TOKCHUYHO-
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cTH GesIKa Tay, OTPUIlAeT, YTO OH IPO-
maraHAVpyeT COMHUTEJIbHBIE HJCH.
B cBoe#t sa6opartopum B CaHTa-
Bap6ape OH IO-IIpEeXHEMY HCCIery-
eT cBolcTBa 0eJIKa Tay U 3aHUMAaeT-
ca aApyrumMm (QyHIaMeHTaJIbHBIMU
6GuoJsiorunYecKuMU Irpo6iaemamu. Llesnn
JdleHTpa KOTHUTHUBHOro ¢QurHeca
Y MHHOBAIIMOHHOU Teparnum» COCTOUT
B TOM, 4TOOBI IIONBITATHCA XOTH ObI Ya-
CTHUYHO 3aI0JHUTh BaKyyM, o6paso-
BaBIIUMCA U3-3a OTCYTCTBUA d3hPek-
THUBHBIX CIIOCOG0B 60PBOBI ¢ 60IE3HBIO
Anbureiivepa. «To, YTO MBI JAesiaeM
B HallleM IIeHTpPe, HeJIb35 Ha3BaTh Jie-
gyeHueM, — ropoput Kosuk. — Ho Beanb
HHUKTO He 3HaeT, KOr/la MOABATCA JIe-
KapcTBa, KOTOPBIE JIEYUIU OBl CTpa-
MAIMUX 3TUM CTPAIIHBIM HEIyTOM
TaK, KaK NEeHUIIUJJIUH JEYUT O0JIb-
HBIX THEBMOHUEH. S He Mory ckasaThb
60JIBHOMY, YTOOBI OH IIOJIOMKAAJ ATH
WU AECATH JEeT, IOTOMY 4YTO ceiiyac
He 3HAI0, 4TO JIeJIaThy.

B 6amxaiimue rogbl IpeBeHTUBHBIE
METO/bI, UCIIOJIb3yeMble B ieHTpe Ko-
3WKa, HECCOMHEHHO CTaHYT IIPEMETOM
TOJTHOIIEHHBIX KJIWHUYECKUX HCIIBI-
TaHWUU, HAlIPaBJIEHHBIX Ha TO, YTOOBI
BBIICHUTB, O Y€M Ha CaMOM JiejIe CBU-
JIeTeJbCTBYIOT 3IIMIEMHUOJIOTUYECKUE
JlaHHBIE: HE IIPEJICTABIIAIOT JIU OHU CO-
60 ITPOCTO Pe3yIbTaT HEBEPHOIO UC-
TOJIKOBAHUS HAGIOAEHUHA.

P essesrrsssrrrmroswnssygnmnss

K pa6GoraM mo onTuMHu3anuu o6-
pasa KH3HU UMEeeTCH OLUH Cepbe3-
HBIA BOIIPOC: MOKHO JIM II€PEHOCUTH
pe3yJabTaThl IPEeBEHTUBHOIO BMeIla-
TeJbCTBA, MOJyYeHHbIe Ha MallueH-
Tax, Y€l roJIOBHOM MO3T IIOKA He IO/ -
BeprcA 3aMeTHBIM HapyIIeHUAM, Ha
TeX, y KOr0 yie HMEIOTCA CUMIITOMBI
3a6oneBaHuA? HekoTopble U3 110g06-
HBIX BMEIIATEeJbCTB JeHCTBUTEIb-
HO MOTYT IOBJIHUATH HA BEPOATHOCTH
BO3HHKHOBEHUA 60JI€3HU, HO €CJIN BBI
yiKe IOTeHIIUAIbHO 60TBHEI, CKAKeM,
B BallleM I'eHOMe€ UMeKTCH JedeKT-
HbIe TeHBI U Balll I'OJOBHOI MO3T IIO-
JIOH aMHUJIOUIHBIX OJIAIIEK, 9TH MePhI
BpAJ JIX HOMOTryT. O4eHb BaiKHO IIPO-
BEPUTH OTO, HCIOJL3YyA OHoMap-
KEepBHI.

B koHIle KOHIOB, meTond 19T manu
NyHKIUA JOOHBIX J[J0JIEd TOJOBHO-
ro MO3Ta MOTLYT OJHO3HAYHO IIOKa-
3aTh, IOMOTAOT JIU BBEJEHUE B PALlU-
OH OJIMBKOBOIO Macja HJIHU OBEYBLEro
ceIpa, a TaKiKe emKeJHeBHble (DU3U-
YeCcKHue YIPaKHEHUA COXPAHHUTh KOr-
HUATHUBHBIE QYHKIUH, UJIU 9TO IIPOCTO
mud. Ecaum 6uomapkepHBIe MeTOAbI
JOKaKYyT 2(P(EeKTUBHOCTb IIPEBEH-
TUBHBIX Mep, TO GHOJIOTH M IICHUX0JIO-
r'u, o0b€IWHUB yCHUIUA, AOOBIOTCA
ycrexa. o

Mepesoa: H.H. WadpaHosckas

MMNOOPTUPOBAHO

N3 KONymseunn

Heripobuonor ®paHcucko Jlonepa

(B 6eniom xanare Ha ¢poTo crieBa)
paspaboTan cTaHfapTHblE METObI
NOALEPXKKN AN cCaMOoi KpynHOW B Mupe
rpynnbl CEMENCTB C HacneACTBEHHOMN
copmoiwt 6onesHn AnbLrenmepa.
OnbIT, HAKOMNMEHHBIN UM NpY padoTe

B COOGCTBEHHOM KNMHMKe B MepenbuHe
(Konym6wus), 6b151 MICNONb30BaH Ans
co3paHusa B CaHTa-bap6ape Tak
Ha3bIBaEMOr0 KOFHUTUBHOIO MarasvHa
(¢poto cnpaga). Ero knueHThbl
3aHUMaIOTCA TPEHUPOBKOM NaMaTu

1 PM3NHECKUMU YNIPaKHEHUSMU

OOMONHUTENDBbHASA NUTEPATYPA

B The Alzheimer’s Project: Momentum in
Science. Based on the HBO documentary.
John Hoffman and Susan Froemke, with
Susan K. Golant. Public Affairs Books,
New York, 2009.

The Alzheimer’s Solution: How Today’s Care
Is Failing Millions and How We Can Do Bet-
ter. Kenneth S. Kosik and Ellen Clegg. Pro-
metheus Books, 2010.

Gabrielle Strobel of Alzforum led a discus-
sion on January 21 about disease-tracking
“biomarkers” with a number of leading re-
searchers: www.alzforum.org/res/for/
journal/detail.asp?livelD=179
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MaTtbio Moppoy v Oasug YarHep

HHR-TEPRIHA  JLOGTMIAIA
GOBE[IUEHHONGMUR

EcTb Hagexpa, 4TO HecKoH4Yaemas 4depena 6e3ycneLlHblX MonbITOK
CO30aHMA BaKUMH U JIEKAPCTBEHHbIX MpenapartoB, HalesleHHbIX Ha
60pbby co CllLom, rpunnom n gpyrumm 3aboneBaHuUsiMn, HaKoHeL,
3aKOHYUTCA: HaYaIMCb KIIMHUYECKME UCMbITAHUS HOBOIro MOKONEeHUsd

€3yJIbTATOM YIIODHOM JecATH-

JIeTHel paboThl HECKOJBbKUX Ha-

YYHBIX rpyni u3 HanuoHauib-
HBIX UHCTUTYTOB 3/[PaBOOXPAaHEHUS
CcTajgo pelleHhe MPOBECTH CpPaBHU-
TeJbHOE TECTUPOBAHUE JIBYyX MHOTIO-
00emarImuxX TUIIOB BAKIIUH IIPOTUB
OJITHOTO U3 CAMBIX KOBAPHBIX BUPYCOB —
BUpyca HUMMyHoOAedHUIIUTA dYeoBe-
ka (BUY). CospaTtennm HaMepeBalOT-
Ccs IPOBEPUTH, KaKasd U3 HUX MOIKET
cTaTh MOIIHOW IIperpajod Ha IyTH
naroreHa. OJHa W3 BaKIUH COJAEp-
JKUT KoJiblieBble muaamuaHbsle JJHK,
KakJaad M3 KOTOPBIX HECeT IeH, Je-
TEPMHUHHUPYOIANA CUHTE3 OJHOTIO U3
nsatu BUY-6enkoB. lleab BaKIUHA-
IIUU COCTOUT B TOM, YTOOBI 3aCTABUTh
peIUINEeHTHbIe KJIETKHU OpraHu3Ma-
X03fMHA CUHTE3UPOBATH BUPYCHBIE
GeJIKY, KOTOpbIe BBI30BYT 3aIIUTHYIO
UMMYHHYIO peaKIUI OpraHu3Ma.
Bo BTOpOI BaKI[MHE B Ka4eCTBE BEK-
TOpa HCHOJIb3yeTCA He IIa3MHUIHAA
JHK, a JHK anenoBupyca, KoTopas
HeceT eAUHCTBEeHHBI BUY-reH, Ko-
JUPYIOLINN OAUH U3 BUPYCHBIX GeJI-
KoB. OCHOBaHMEM /UL TECTUPOBAHUA
HUMEHHO 3THUX [BYX BAaKIHUH CIYKUT
TO, UTO «6e30IacHBI» BUPYC IIPUBO-

NHK-BakuuH 1 nekapcts

JUT B COCTOSIHUE GOEBOM IOTOBHOCTHU
MMMYHHBIE KJI€TKU, U OHU He3aMeJ-
JINTEIbHO pearupynoT Ha BUY-6enku.

OpuH u3 Hac (Yaiinep) paboraer
c JIHK-BaknmHaMu yiKe BOCEMB JIET; OH
BO3Jaraj 6ojblve HaJ e bl Ha BaK-
IIUHY NePBOr0 IOKOJEHUA Ha OCHOBE
mirasmuaHor THK. OpHako peakmus
BAaKIMHUPOBAHHBIX Ha NATb BUY-
6eJIKOB OKa3ajach OYeHb cJIaboi Hin
OTCyTCTBOBaJIa BooOIIe. 3aTO «a/ieHo-
BHUpYyCHas» BaKIIMHA BbI3BaJia Oy PHYIO
peaxkuio. 1, kKoHe4Ho, /1g (papMaIes-
THUYECKUX KOMIIAHUU OHA IIpe/CTaB-
JnseTcd ropaszo 6osee IpUBJIEKATEIb-
HBIM KaHAUJAAaTOM Ha POJIb CIIACUTEN s
yeJjioBedyecTBa. Pe3yibTaThl TECTUPO-
BaHUs He OBLIM II0JTHON HEOMKUJaHHO-
CTBIO, IIOCKOJIbKY CJIA0bIF UMMYHHBINA
OTBET HAGIIOJAJICA U PAaHbIIIe B HEKO-
TOPBIX IPE/IBAPUTEIBHBIX TecTax. Tem

OCHOBHDbIE NOJIOXXEHUA

He MeHee Hey/ladya Hac o6ecKypakuia:
Yy Hac UMeJIUCh BECKHE CBUIETEIbCTBA
B II0JIb3Y TOT'0, YTO BAKLIMHA Ha OCHOBE
MMEHHO JJaHHOU IJ1a3MU/ibl Oy1eT Hau-
Gonee GeszomacHOW M 9(PPEKTUBHON.
YBepeHHbIE B IIPaBUJIBHOCTU MCXO-
JTHOM MJIeM, Mbl PEIIMJIN IONbITAThCA
HaMUTH cr1oco6bl NOBBICUTH 3 HEKTUB-
HocTh JJHK-TexHomornu. U ceromHsa
3THU HaJEMXAbl, IIOX0MXKe, OIpaB/JbIBa-
1oTcd. VcnpITaHUA HOBOTO ITOKOJIEHUA
IJIa3MUJAHBIX BAaKIIUH Ha KUBOTHBIX
U 4eJIOBEKE II0KA3BbIBAIOT, YTO OHU JIeH-
CTBUTEJIbHO MOTYT HHHUIMUPOBATH
HY/HYIO PEeaKIIMI0 OpraHu3Ma, ocTa-
BasCh COBEPIIEHHO G6€30ITacCHBIMU.
Cerogusa nopo6uas JJHK-TexHoIOTUSA
pacmupuia chepy CBOEro IpUMeHe-
HUA U TEIlepb BKJIOYAeT pa3Hble (op-
MBI UIMMYHOTEpAaIUU U aJIPECHYIO J[0-
CTaBKy JIEKAPCTBEHHBIX BEIIECTB.

® Ha BakUMHbI U IeKapCTBEHHbIe Npenaparbl Ha 0ocHoBe nNnaaMmuiaHbix JHK Bosnaranuce 60b-
e Hagexabl — Ka3aloCb, OHM CMOryT npeforepallate U UCKOPEHATb LUIMPOKMIA cnekTp 3a60-
nesaxuii. K coxaneHuio, Nnasmvabl He packpblfiv BCEro CBoero noteHuuana.

= Cpenatb 970 MOMOF/IO CO3AaHNE HOBbIX, 6051ee 3PEKTUBHBIX METO[OB AOCTABKYM Na3MuU

B KNTIeTKU HeJnloBeKa.

u CeropHa AHK-BakunHbl v [IHK-Tepanus ¢ ycnexoM npMMeHsAI0TCS B BETEPUHAPWM, @ HEKOTOpPbIEe
npenaparbl POXOAST NOCMEHIO CTaANI0 KNMMHUYECKUX UCTIbITAHWA.
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BupycHas
YacTuua

W\, enesoit
BupycHble < Ir'leH

reHbl ‘ |

Mnasmnga

HesaBucumo oT Toro, HamepeBaeTech NN Bbl UCNONb30BaTb
OHK ansa nonyyeHna BakUWH MW HOBbIX IEKAPCTBEHHbIX
CpeAcTB, BaM He 060MTUCh 63 nna3mug, KonbLEeBbIX BHEXPO-
MOCOMHbIX FrEHETUYHECKNX 3NIEMEHTOB. B X cocTaBe HyXHble
BaM reHbl CMOryT nonacTb B KNETKu Yenoseyeckoro tena. Oka-
3aBLUMCb BHYTPM KNETKW, NnasMmaa nodyxxaaeT ee CUHTe3un-
poBaTtb NPOAYKTbI TEX FEHOB, KOTOPbIE OHa HeceT. [lonycTum,
4TO pedb npaeT 06 aHTnBMpycHo AHK-BakumnHe. CUHTE3MpO-
BaHHbIE XO35MCKOM KNETKOW BUPYCHbIe 6efku (MX KoaupyroT
reHbl, BCTPOEHHbIE B MN1a3muay) BbI30BY T UMMYHHYIO peakLumio,
KoTOpas NpefoTBpPaTUT MHMMLMPOBaHWE OpraHn3Ma JaHHbIM
BMPYCOM B 6yayLlem

CUHTE3 BUPYCHbIX BEJIKOB

AHK-BakumHa, nonasLias B KNETKW KOXW NauneHTa u B UMMYH-
Hble KINIEeTKW, UHULMMPYET CUHTE3 BUPYCHbIX 6ENKOB — aHTure-
HOB. OHU BbIXOAAT BO BHEKTIETOYHOE NPOCTPAHCTBO U MPOHMU-
KaloT B Apyrne UMMYHHbIe KNeTKK

~ [nasvngbl, Ha AHTUrEHbI
OCHOBE KOTOPbIX
o co3faHa BakLmHa b 'y
s s @ @
/ - v © 1 e © . 7
r ® () NumdpaTnyeckuin
~ - ( 1 ® 9 ysen
KneTtka Koxu— o |
LF O NMMyHHbIE
TpaHcuumpoBaHHble D —— KNeTKn
KneTku © L
OTBET UMMYHHbIX KJIETOK V'MMKVn“e“Tﬁ’('ﬁ
VIMMYHHbIE KNeTKW, HecyLUme aHTUreHbl AHTUreHNpes-
(VX Ha3bIBaKOT @HTUreHNpPeaCTaBNSAIOLLM- cTaBnsoLwas
MM), nonagatoT B niumda- KneTka
TU4ECKYIO cucTemy, rae P ona
B3aMMOJENCTBYIOT -
C OApYyrMumu Knetkamm ¥
VMMYHHOW CUCTEMbI. — B
B pesynbtaTe aHTUTENA /
W KUNnepHble T-KNeTkn Y §
«oby4atoTcs» pacrnosHa- Y y
BaTb 6enKun BMpyca, — KunnepHsie
o e T-KneTku
KOTOPbI MOXET aTako- S
= N 4 NHaKkTNBMPOBaHHbIE

BaTb OpPraHn3m
B GyAyLLem

BUPYCHble YacTuubl

B cBoeM OKOHUATEJIbHOM BHUJE BaK-
IIUHBI 1 METOABI JIeYeHUs, OCHOBAH-
Hble Ha npuMmeHeHum [IHK, cranyT
aJ04YKOU-BBIPY YAJOYKOM TaM, TJie Me-
JVIMHA IT0Ka 6ecCcuIbHA.

Xopolwias npges Bcerga xopotua
WNpea ncnonv3osanusa JHK qia ummy-
HHU3alOUMU IOJy4YuJia pacopocTpaHe-
Hue B Havase 1990-x rr. Ee aneraHT-
HOCTb M IIPOCTOTA CBITPAJHU B 3TOM
HeMalayo pojab. OCHOBHBIM KOMIO-
HeHTOM [IHK-BaKIIMH CIIy NN I1JIA3-
MHUIBI CO BCTpOeHHLIMI/I B HUX T€eHa-
MH, KOAUPYIOINUMHU OJWH UIHu Goiiee
6eskoB natoreHa. OHU JIOJI3KHBI ObLITN
TOJBKO MHUIMHUPOBATh CUHTE3 KOH-

KPETHBIX 6EJKOB B PEIUIHNEHTHBIX
KJIEeTKaX.

Korpa niasmmuja MpoHUKaAEeT B XO-
3AUCKYIO KJIETKY (Ipoliecc Ha3bIBaeT-
cs TpaHchEeKIUeH), IToCaeIHAA HaIu-
HaeT IPOAYIIMPOBATH KON PYEMBIE €I0
GenKku. B KOHIlEe KOHIIOB OHU BBIXOASAT
U3 KJETKU — TOYHO TaK Ke, KaK 3TO
AenaroT gactunbl BUY, — 1 Bocnpu-
HHUMAIOTCA UMMYHHOH CHCTEMOH Kak
qysKepojHble areHTrl. CucTeMa aesa-
€T BBIBOJ, YTO OPraHU3M MHPUIIHUPO-
BaH, M 3allyCKaeT JOJI'OCPOYHYIO OT-
BETHYIO peakIui. BBeneHue Bcero
OJTHOM IIJIa3MUBI ¢ ogHUM BHY-reHoMm
B IIPUHIUIIE MOMKET 3alUTUTh Opra-
HHU3M OT ITOJTHOIIEHHOTO ITaToreHa.

JAHK-BaKIIUHBI HE TOJIbKO Ge3omac-
HBI U IIPOCTHI. 1%5:4 nonyquI/Ie 3aHU-
MaeT ropas/io MeHbIlle BDEMEHU, YeM
TPaAUIMOHHBIX (HAIIpUMeEp, U3TOTOB-
JIeHUe BaKIUHBI IPOTUB BUPyCa I'PUII-
Ia BKJIIOYAeT MHOI'OJHEBHOE KyJIbTU-
BUPOBaHUE KHUBOIO» BUpyCa, €Ile OT
4eThIpeX JI0 IIeCTU MECHAIEeB 3aHUMa-
€T IIPOM3BOACTBEHHBIN npouecc). JJTHK
ocTaeTcs MHTAKTHOM IIPU KOMHATHOMN
TeMIlepaType, TaK YTO IPU TPaHCIIOP-
TupoBKe U xpaHeHuun JJHK-BakIIuHBI
He HYKHO JIepKaTh B XOJI0JUJIbHUKE.

Y JHK-BakIUH ecTb €lle OJHO IIpe-
MMYIIECTBO: UMMYHHAas CHUCTeMa He
CYATAET MNJAA3MHUABI YyKEPOJIHBIMU
areHTaMu — B€/lb, B KOHIIE KOHIIOB, OHI
IIPeJICTaBIIAIOT co60i 06brunyto JIHK, —
TaK 4TO BAaKI[MHBI CAMH 110 cebGe He ITpo-
BOIIUPYIOT HUKAKOH HMMMYHHOH pe-
aknuu. OHAa BO3HUKAET TOJIBKO IIOCJIE
cuHTe3a 06ejiKa, KOAMPYEMOro Iaa3-
MU/IHBIM I'€HOM. 9TO 3HAYUT, YTO IJIa3-
MUy MOHO HCIT0/Ib30BaTh I JAHHO-
TO PENUIIMEHTa MHOIOKPATHO, BKIIOYasa
B Hee pa3HbIe I'eHbl U HE oIlacasch, YTO
opraHusm oTpearupyetT Ha camy JHK
U aTaKyeT IIa3MUy.

Ilepsbie Tecthl IHK-BaknuH BBIA-
BUJIN JIMIIB CJIa6yI0 UMMYHHYIO DEaK-
nuo. OCHOBHOM NpUYMHOMN GblIa He-
JIOCTATOYHO BBICOKafA IIPOHUKAIOIAA
cnoco6HOoCTh maasMuz. OHU TpaHC-
¢opMHUpOBaIU CIAUIIKOM MaJIO KIETOK
11 MmaccoBoro cuHTe3a BUY-6enkoB,
U UX HeJoCTaBaJO A CTUMYIANUUA
MUMMYHHOI'O OTBETA.

ITo3:ke BO3HUKJIA elle ojHa, Goiee
cepbe3Had npobiaema. B 2007 r. ¢pup-
Ma Merck nmpucTynuia K MaclITaGHbIM
KJMHUYECKUM UCHBITAHUAM BaKIIUHbI
npotuB BUY, B KOTOPOH B KadecTBe
BEKTOpPa MCIOJIb30BaJICA aJleHOBUPYC
AdHub. BoopylieBlleHHbIE pPe3y/IbTa-
TaMHU OPEIbIAYIIUX 9KCIIEPUMEHTOB
C NPpUMEHEHUEM aJIeHOBUPYCOB, HC-
cjlefloBaTeIU Bo3Jlaraju 60/IbIIre Ha-
JlexIbl HA TECTUPOBAHUE, IOy YUB-
mee Ha3BaHue STEP. B ucnblTaHUAX
ydacTBOBaJX NpuMepHo 3 Teic. BUY-
HeraTUBHBIX J06poBoJibLeB. O1HU U3
HUX OblIM BaKIMHHUPOBAHBI, Jpyrue
IOy YnIu 11ane6o.

Ho uem AaJibllle IIPOABUTAJIUCH UC-
NBITAHUA, TeM O6OJIbIle CTUpaach
rpaHb MEMXJAY ABYyMd I'DyHIIaMU: BaK-
IIMHUPOBAHHBIE OKAa3bIBAJUCh 3alllU-
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IIEHHBIMU OT 3apaKeHUdA He JIydIe,
YeM Te, KTO MOy YuJI riane6o, 1 B KOH-
11e KOHIIOB OKA3aJIMCh ITOJ{BEPKEHBI 3a-
PaKEHUIO Jlaske B 60JIbIIEH CTEIEeHN: U3
914 uyeJyIoBEeK 3TOH rpynmnsl 49 craau
BUY-nosuTUBHBIMU, a u3 922 die-
HOB BTOPOU I'pyHIIbI TaKUX 6bLI0 33.
B wutore nerom 2009 r. ucnbITaHUA
GBI TIpepBaHbI. AHAIN3 ob6ecKypa-
JKHUBAIOIIUX PE3YILTATOB IPOJOJIAHAET-
Cs; IOy YeHbl HEKOTOPBIE YKa3aHUA Ha
TO, YTO BUHOU BceMy — BeKTOp AdHuU5.
¥ Tex, KTO yie Ipuobpes UMMYHUTET
IIPOTUB JAHHOTO BHpPyCa — a OH BBI-
3bIBAeT OOBIYHYIO IIPOCTYAY, U IIOTOMY
4HCJIO TAKUX JIIO/IEH OTHIOAB HE IIPEeHe-
GpeXMMO MaJlo, — UMMYHHBIE KJI€TKHU
MOTYT aTaKOBaTh CaAMy BaKIMHY.

Btopoe poxaeHue

Bce Te roabl, HOKa CcoO3JaBaJiach
nnardopma A nposeaeHusa STEP-
TECTUPOBAHUA, UMMYHOJIOTH He 3a-
6erBanu o [IHK-Baknmue. OHU He co-
MHEBAJNUCh B €€ CKPBITHIX BO3MOXKHO-
CTAX, KOTOPBIE HYKHO TOJIBKO CYMeTh
packpeITh. Bee yennna 6pLIH HaIpaB-
JIEHbl Ha IIOBBIINIEHME AKTHUBHOCTHU
IIJ1a3Mu/Ji, B YaCTHOCTH HA IIOMCKHU M€E-
TOJIOB YBEJIMYEHHUA UX IIPOHUKAIOIIEeH
CIIOCOGHOCTH M1 CKOPOCTH CUHTE3a KO-
JAUPYEeMBIX UMH OEJIKOB, a TaKiKe Ha
CTUMYJINPOBaHHE OTBETA UMMYHHOM
cucteMsbl. CiieyeT yIIOMAHYTb U O JI0-
6aBJIE€HUU K BaKIIMHE BEIIECTB, CTHU-
MyJ'II/IpyIOH_[I/IX PIMMyHHI:IfI OTBET HaA
BUPYCHBIE GEJIKH.

Kpome Toro, pa3paboTYuMKH HpU-
naBajau GoJbIIOE 3HAYEHHE CII0CO-
6aM BBeIEeHUs BAKI[UH — OT 9TOTrO0 3a-
BUCEJIO YHCJIO MOJYUYUBIIUX IIJIa3MHU-
1y KJIETOK (B YACTHOCTHU, UMMYHHBIX).
Tak, 6b11 annpobupoBaH crocob Ges-
WHBEKIIMOHHOMN JOCTaBKM IIperapara
C IIOMOIIIBIO CKATOT0 Bo3ayxa. B aTom
ciaydae ImjasMyja momajalia B Bepx-
HUE CJIOM KOXKH, I/le 0COOEHHO MHOTO
TaK Ha3blBa€MbIX aHTUTEHIIPE/ICTaB-
JIAIOIIUX KJIeTOK. IIoMHMO BCero mpo-
Yero IpH 3TOM IIOJBEPrajloch TpaHC-
dopmanuu 60splIe KJIETOK, YeM IpHU
0OBIYHON MHBEKIHNU, Oiaromgapsd 4u-
cto ¢pusnyeckuMm apdperram. 114 Toro
9TOOBI IOCTUYb TAKOI'0 JKe pe3yJIibTaTa
IIyTeM BHYTPHUMBIIIEYHOI'O BBEICHUA,
HEO0OXO0/UMO ITPOBECTHU dJIEKTPoIopa-
IIUI0 — pacIIMpPeHUe IOP KIeTOYHBIX

MeMGpaH C IOMOIIBIO AJIEKTPUUYECKUX
MMIIyJIbCOB. JlaHHadA Impoueaypa Io-
BBILIAET JOJIIO IOIVIOIIEHHBIX KJIEeTKa-
MU I1a3MHUL 40 1 ThIC. pas.

YcoBepHieHCTBOBAHUIO
rajuch U CaMHU TFeHEeTHYEeCKHE KOH-
CTPYKIIMH ILJIa3MHUJa/BCTPOEHHBIN
reH. Pedyb ujeT 06 oNITUMU3AUHA KO-
JIOHOB. [leJ10 B TOM, YTO MHOTUM aMH-
HOKHCJIOTAM COOTBETCTBYET HE OJUH,

noaBep-

a HECKOJIBKO KOJIOHOB, IIPU 3TOM O/ H
U3 HUX UCIOJb3yeTCs 4Jallle OCTalb-
HbIX. [logo6paB onTUMaIbHbIE KOJO-
HBI JJIf1 T€HOB, KOJUPYIOIUX BUPYC-
Hble 6EJIKH, MOMKHO IIOBBICUTD Y POBEHb
cuHTe3a KejgaeMmoro 6enka. Crienudu-
JecKoe H3MeHeHMe HyKJIEOTHIHO ITo-
CJIeZIOBATEIbHOCTH IeJIeBBIX T'€HOB II0-
BBIIIAeT CTAGMIBHOCTE MOJIEKYJ Ma-

TpudyHoi PHK (MPHK) — TpaHckpunra
COOTBETCTBYIOIIEro reHa, uYTo CIoco6-
CTBYeT YCKOPEHUIO IIpollecca CUHTe-
3a GeJIKOB.

TpaHcaAnMsa HAYUHAETCA C JUJEP-
Horo cermeHTa JJHK, pacnonoxeHHOro
nepej KaxJbIM reHoM. EMy oTBedaeT
HaYaJIbHBIA yYacTOK 6EJIKOBOM MoJie-
KYJIBI, 1 ONTHUMHU3ANUA HYKJICOTU-
HOU IIoCJIeOBaTeIbHOCTH JHUAEPHOTO
CerMeHTa TOXKE€ YCKOPUT CHUHTe3 6elI-
Ka. HexoTopnle 1uaepHbIE CETMEHTHI,
KpOMe TOro, IIoMe4aloT 6eJIKOBbIe MO-
JIEKYJIBI, IIpeIHa3HaYeHHBIE JIJIS BhIBe-
JeHUA U3 KJIeTKU, YTO HO3BOJIAET UM-
MYHHOM CHCTEMEe paclo3HaBaThb 4y-
JKepOJHBIEe GEJKH, HaXOAANNeca KaK
BHYTPHU TPaHCOUIIMPOBAHHOMU KJIEeT-
KM, TaK U BHe ee. Bce BMecTe 3TO ycH-

Ycnexu B pa3apaboTke METOAOB NOBbILLEHNA 3PPEeKTUBHOCTU BaKLMH, OCHOBaHHbIX
Ha NnpMMeHeHun nnasmug, n JHK-Tepanum Bo3pogunm nHTepec MIMMYyHOMOroB 1 Tepa-
nesToB K [JHK-TexHonormsam. Huxe paccMOTpeHbl OCHOBHbIE BEXW HA MY TH K yCrexy

OBJIEFTYEHUE AOCTABKU MJIASMMNA
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Bbicokas KOHLEHTpaLus
KNeToK, NOrnoTUBLUMX
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C nomoLLbio MeTofa, 0OCHOBAHHOMO Ha UCMONb-
30BaHUVM CXaToro BO3ayxa, nnasmuapl nonaja-
10T B BEPXHWE CNOMN KOXW, re 60nblie BCero
MMMYHHbIX KNeTok. lNprmMeHeHne 06bI14HOro
wnpuua ansa HbekLuin MeHee acPeKTUBHO

ONTUMUIALUNA HYKNIEOTUAHOW
NOCJNIEAOBATEJIbBHOCTU MNA3MUA
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OnekTponopauyus — pacluvMpeHve nop B Kne-
TOYHOW MembpaHe nof fecTBreM cnadbix
3MeKTPUYECKMX UMMYNbCOB — o6nieryaet
NPOHUKHOBEHMWE NNa3Mug, MHbeLMpPOBaHHbIX
€ NOMOLLbO 06bIYHOMO MEAULIMHCKOTO LUnpuLa

OntumarnsHas HyKneotugHas
nocnenoBaTesibHOCTb

VHCTPYKLMK O CMHTEe3e 6enka, Kognpyemoro nna3mMmuaHbIM reHoM,

MOXHO cAenatb 6051ee CTPOrnMm, eCinm 3aMeHUTb HeKoTopble
KOJOHbI U3 Y1CcNa TeX, KOTopble 0TBEYaT AaHHOW aMUHOKUCTIOTE.
Cpeav CUHOHUMUYHbIX KOAOHOB €CTh TAKOW, KOTOPbIN KneTka

YcuneHHsiit
4 UMMYHHbIN
oTBET

MCnonb3yeT Yalle BCeX OCTalsibHbIX, €ro 1 cnefgyeT NCnosb3oBatb

cTuMmyndauma UMMYHHOI O OTBETA

[eHbl BELLECTB, CTUMYNMPYIOLLMX UMMYHHBIN OTBET (MX
Ha3blBalOT afbloBaHTAMU), MOXHO BCTPOWTb B Nna3mu-
ny. AblOBaHTbI, CUHTE3UPYeMble OQHOBPEMEHHO

C BUPYCHbIMU 6efIKaMu (MX reHbl TOXe NpUCYTCTBYOT

B NNasMmnAe), yCunmBatoT UMMYHHbIA OTBET HA @aHTUIEHBI.

-_

leH 'eH BUPYCHOrO
aAbloBaHTa 6enka (aHTureHa)

6pasoBaHune Lienesoro
6enka B 60/bLLOM KONM4ecTBe

B mMupe nayku [08-09] aszycm-cenmaGps 2010



MEQHLUMKHA

JIMBae€T UMMYHHBIA OTBET, BhI3bIBae-
MBbIF BAKITUHOM.

U, HaKkoHel, OCTAHOBHUMCS Ha eIle
ofgHOM crioco6e moBbImIeHUs ddQek-
THUBHOCTU BaKUUH — Jo6aBJIeHUU
K HUM a/J/bIOBAaHTOB. JlaHHBIE Bellle-
CTBa YCHUJIMBAIOT MMMYHHBIA OTBET
U UCIIOJIB3YIOTCA IoBceMecTHO. Heko-
TOPBIE U3 HUX Jlase IePEKJII0YaroT UM-
MYHHYIO CUCTEMY C OJJHOTO THUIIA OTBE-
Ta Ha Apyroi. Hampumep, aIbIoBaHTbI
CcrIoco6CTBYIOT BbIpaGoTKe T-KJIETOK,
KOTOpBIE BBIABIAIT UHOULUPOBAH-
HbI€ KJIETKH, B yIep6 CUHTEe3y aHTU-
Tes, GIOKUPYOIIUX IPOHUKHOBEHUE
naToreHa B KJeTKHU. ITokaszaHo, 4TO
agpoOBaHT Vaxfectin mOBBIIIAET BHI-
paboTKy aHTHUTET,
Hyio IHK-BaKIIMHOI NpPOTUB BUpyca

HHYIIUPOBaH-

rpumnia, B 200 paas. [Ipyroit ablOBaHT,
Resiquimod, BBogAaT B coctas JIHK-
BaKIIMH JUJI IIOBBIIIEHUS BBIPAOOTKH
KaK T-KJIETOK, TAK U aHTUTEJ.

MHorma BMeCTO aJ/bIOBAaHTA UCIIOJIb-
3yIOT €ro reH, BKJIOYad ITOCJEeIHUHN
B COCTaB TOHU ke miIasmMuasl. M Torga
BMecTe ¢ BUY-6en1KkaMu CUHTE3UpY-
eTcs U aJbIOBAaHT. TaKol MeTOJ IpH-
BOOUT K YCUJIEHUIO UMMYHHOI'O OTBETA
ele B IATH pa3 (10 CPABHEHUIO C TEM
ciaydaeM, KOrjia HCIIOJb3YIOT IIPOCTO
OIITUMU3UPOBAHHYIO IJIA3MHUY).

ITnasmupgel,
CKa3aJd, CYIIeCTBEHHO OTINYAOT-

O KOTOPBIX MBI pac-

CA OT MPOCTBIX F'€HETUYECKUX KOH-
CTPYKIIUI NepBBIX IeT paboTsl ¢ JTHK-
BaKIMHaMu. Tenepb, Korjga mojyde-
Hbl ONTUMU3UPOBAHHBIE I1JIa3MUJbI
u paspaboraHsl 6oisee 3pPeKTUBHBIE
croco6bl X BBEICHUA B KIETKU, MOMK-
HO BEPHYThCHA K IPEPBAaHHBIM KJIUHU-
YEeCKUM HUCIBITAHUAM, KOTOPbIE IPO-
Boauina dupma Merck. Bosee Toro, HO-

Basi TEXHOJIOTUS MOJKET CTATh OCHOBOM
As1 pa3paboTKU OTIAUYHBIX OT IIPEK-
HHUX METOJIOB a/IPECHOM JOCTaBKU Je-
KapCTBEHHBIX BEIIECTB U CO3JaHU
HOBBIX IIOJX0/I0B K UMMYHOTepaIuu
OHKOJIOTMYECKUX 3a60JIeBAHUN.

MHoroueneBasi TeXxHoNorus

C 1mosiBJI€EHUEM METOHO0B Oe30I1acHOMn
JOCTAaBKHU B KJIE€TKU Yy KEPOJHBIX Ie-
HOB U CUHTE3a B HUX IIeJIeBBIX OEJIKOB
OTKPBIBAIOTCA BCE IIYyTU K IIHPOKO-
my npumenenuro JJHK-tepanuun. Ha
caMoM Jiejie MHOTHUE U3 3THUX CIOCO-
60B JIEYEHU S BOIIJIN B MEJUIIMHCKYIO
IpaKTUKy emne go nosasieHusa JJHK-
BaKIMH. B oTindne oT OGBIYHEBIX JIe-
KapCTBEHHBIX BEIIECTB, IOCTyNalo-
X B OPraHU3M B (popMe HeGOIBIINX
mouekya, JHK-«wiekapcTtBar — 3To
TeHBbI, KOJAUPYIOIINe IeJieBble GeJIKH.
OfHAKO OT TPAJUIIMOHHON I'eHHOH Te-
panuy Hall caydal oTaudaeTcs TeM,
YTO YYKEPOJHBIN FeHeTUYEeCKUN Ma-
TepuaJ He BKJIOYaeTcsA 6e3BOo3BpaT-
HO B KJIETOYHBIN I'eHOM. OTO II03BOJIA-
eT n36exaTh pa3HOro poja Mo60IHBIX
3¢ PeKTOoB.

Kaxk o6b19HO GBIBa€T C HOBBIMU GHUO-
TEXHOJOTUYECKMMHU MeTOoJaMu, Iep-
BbI€ YCIIEXH TepPaluy Ha OCHOBE ILJIa3-
MHJ GBIN JIOCTUTHYTHI B OIIBITAaX Ha
JKUBOTHBIX. Tak, IMoJiyuyeHa JUIEeH3Us
Ha IpUMEHEHHEe OJJHOTO U3 TaKUX Me-
TOJOB JJIS NpPeAOTBpallleHUsS HEeBBI-
HAIIMBAae€MOCTH ILJIO/IAa Y CBUHOMATOK.
BBefeHHE METOO0M 3JIEKTPOIOPAIUUA
6epeMeHHOI CBUHOMATKE IJIa3MHU/BI,
HecyIel reH OHOro U3 TOPMOHOB PO-
cTa, MOBBIIIAeT COXPAHHOCTH IJIOJA.
TToMHMoO Bcero npodyero, IeHHO TO, YTO
A ToCTHxREHUA 2 derTa focTaTod-
HO OTHOW NWHBEKITNH.

MaTtbtio Moppoy (Matthew P. Morrow) 1 [1asupg YanHep (David B. Weiner) pa6oTatot
B MNMeHcnnbBaHCKOM yHMBEpcuTeTe. MOppoy 3aHNMaeTca Udy4eHnem srpyca MMMyHo-
feduunta HYenoseka yxe gecatb net. Cenvac ero MHTepechl COCPefoTO4EHbl Ha CO3-
AaHun IHK-BaKUMH NpoTMB aHHOrO BUpyca 1 pa3paboTke METOAOB UMMYyHOTEepanuu.
YanHep — npodeccop MeauLmMHbI, PyKOBOAUTENb 06pa3oBaTenbHOM NporpaMmel no
reHHOW Tepanuu 1 BakuMHaM, AeNCTBYIOLLEN B paMKax yHusepcuteta. OguH 13 nuno-
HepoB B o6nacTtu co3panua AHK-BakumH, OH NnepBbIM AOBEN CBOW Npenaparbl Jo cTa-
AUV KIVMHUYECKUX UCTbITaHWUI. YallHep — KOHCYNbTaHT YpaBieHUs No KOHTPOSIO Ka-
YyecTBa npoaykToB u nekapcts CLUA (FDA) n MHOrnx gpapmMaueBTU4eCcKnx KomnaHum
no Bonpocam pa3paboTku TepaneBTUHECKNX MeToA0B Ha ocHoBe OHK.

CeroJiHA IPOBOAATCA MacHITa0HbIe
KJIMHUYECKHUE HWCIBITAHUA pasind-
HbIX MeTonoB JHK-tepanum (mabn.
Ha cnedyroweli cmp.). B ux yucie —
METO/bl JOCTABKU B OPraHU3M I'€HOB
dakrTOpOB pocTa, KOTOPbIE CTUMYJIHU-
PYIOT CTBOJIOBBIE KJIETKHU K BKJIOYe-
HUIO B IIPOLECC YCTPAHEHUSA Cepied-
HBIX martojoruii. Emie ogqHa o6iaacThb
IIPUMEHEHUA — BBeJICHUE B OPTaHU3M
naasMHUABl C TE€HOM, KOIUPYIOIIUM
dakTop pocrta IGF-1. Takum cmnoco-
60M MOIKHO YCTPAHUTD 3a/IEPIKKY PO-
cTa IpU KOMGMHUPOBAHHOM UMMYHO-
nedunuTe (IaToJIOTHsA, CIENJIEHHAS
¢ X-xpomocoMmoii). TpeTbe HaIpaBie-
HUeE CBA3aHO C yCTPaHEeHUeM HapyIire-
HUSA KPOBOOOPAIEHUS KOHEYHOCTEH,
TPYAHO IMOAJAIOIIErocd JEeYeHUIo, —
OCTpoOM UIlIeMUH coCcyZ0B. B aToMm ciy-
YJae BBOJMMaAas IJiadMH A HECET I'€HbI
¢dakTOpOB pocTa, CTUMYIUPYIOIIUX
o6pa3oBaHUe HOBBIX COCYZOB. B oT-
CYyTCTBHE JIEUEHUSA KOHEYHOCTh IIPU-
XOUTCA aMIIyTUPOBATh.

AJIbTepHATHUBHBIE METOJbI
HUSA COYETAIOT B cebe Bce IydIiee, YTo
naroT JHK-Tepanua u BakIMHAIUA.

Jiege-

Hx nenp — JocTaBKa B OPraHU3M Te-
HOB, YbM IPOAYKTBHI CTUMYJIUDPYIOT
UMMYHHYIO PEaKIUIO Ha yiKe UMeIo-
meecs 3aboeBaHue (OIyX0Jb, XPOHU-
gyecKkasd BUPyCHasdA WHPEKIUA U T.J.).
Tak, B 0/lHOM U3 NEPBBIX UCIBITAHUN
npumeHsanack JHK, Hecymasa Bupyc-
HBbI€ I'€HBI, AJId CTUMYJIUPOBAHUA UM~
MYHHBIX KJI€TOK K aTaKe Ha OIyXOJH,
BBI3BAHHBIE BUPYCOM IAITUIJIOMBI Ye-
JoBeka. IlepBble pe3yJabTaThl IOKa-
3a/Id, 4TO I0JIOBUHA PEIUMIIMEHTHBIX
T-KJIETOK pearupyeT Ha BUPYCHBIE
6enkn u 6ostee 90% M3 HUX HAUUHAIOT
MHTEHCUBHBIA CUHTE3 aHTUTeN. [[py-
roe MCILITAHUE TOTO e poja — Te-
crupoBanue JHK-uMmMmyHoTepanuu
Ha CHOCOOGHOCTH K 60pb0e ¢ BUPyCOM
renatuta C. [lojoxKuUTeNIbHBIE IIPEJ-
BapUTeIbHbBIE PE3yJIbTAaThl 060UX HUC-
NBITAHUN OYEeHb PAJYIOT, IOCKOJIBKY
HUKaKUX 9QEKTUBHBIX METOJI0OB UM-
MYHOTEpalUU B 3TUX CIy4dasax He Cy-
1IeCTBYET.

U onsATh HOBBIE GMOTEXHOJIOTHYE-
CKHE€ METOABI TEPAIIUU HAXOAAT IIPU-
MEHEeHUE IIPeKJie BCEro B BeTepHUHa-
puu. Tak, yxe JAOCTUTHYTBI yCIeXU
B JIHK-Tepanuu MeJIaHOMBI y co6ak —
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TOP TO BOTTOM: KLAUS BOLLER Photo Researchers, Inc.; JAMES CAVALLINI Photo Researchers, Inc.; STEVE GSCHMEISSNER Photo Researchers, Inc.

MEQHUHHA

OHK-TEXHOJIOrM BO BCEN UX MOLLN

BakumHbl Ha ocHoBe [JHK 1 [IHK-nekapcTea MOryT UCMonb30BaTbCA MPU CaMbiX pa3Hbix 3a6onesaHnax. HekoTopble 13 HUX yxe
NpUMeEHA0TCA B BeTepuHapuun. Huxe nprveeaeH nepeveHb paga 6onesHent, B 60pbbe ¢ KOTOPbIMY MOTYT NOMOYb HOBbIE TEXHONOrMn

NPOOYKT

3ABOJIEBAHUE (YEJIOBEK)

BakuuHbI ansa npenot-
BpaLleHus 3a6oneBaHns

m CMAA (Tpy BaKUMHbI)
= [pynn (ABe BaKLUMHbI)

u [enatut C
u CMug

VimmyHocTUmMynsaTop ans
ne4yeHunsa yxxe nMmeroLero-
csl 3aboneBaHus

B Pak nevyeHu
® MenaHoma

® Onyxonu, o6pasoBaHHble Nnof fen-
CTBMEM NanuiioMaB1pycoB YeroBeka

TepaneBTU4eckue cpea-
CTBa, YCKOPSIOLLIME CUH-
Te3 Heo6X0ANMbIX
6enkoB

= MenaHoma

m CeppeyHas HefJoCTaTO4HOCTb,

He nogparoLlascs o6bI4HOM Tepanumn

® 3afepxkKa pocTta, 06ycrioBneHHas
KOMBUHUPOBAHHBIM UMMYHOLEPULIMTOM .
B [/lLiemusi COCy[J0B KOHEYHOCTEV (TPU UCTIbITaHNS) g

3ABOJIEBAHVE (XKBOTHOE)

® Jluxopagka 3anagHoro Huna
(nowapp)

B /IHDEKLMOHHBIN
reMornoaTU4eCKnii HEKPO3 (10COCh)

m MenaHoma (co6aka)

m CuctemaTnyeckune BbIKMObILLN
(cBUHBS)

U 9TO OYeHb OGHA/[EKUBAET BCEX, KTO
MMeeT OTHOIIEHHUE K JICICHUIO OHKOJIO-
rudecKux 601pHbIX. [Ipernapar pupmMsl
Merial yBenTuduBaeT MPOAOTKUTEIb-
HOCTB JKM3HH COOAK, CTPAAAIOIINX Me-
JIAaHOMOH, B IIIECTh pas.

Hasap B 6yaywiee

B TeyeHue NoCJIeJHUX JEeCATHU JIET IIPO-
BEJIEHO OI'POMHOE YUCJIO KIMHUYECKUX
ncnbiTanni JTHK-BakinH U crioco60B
nedeHus c npumenenueM JTHK. Mcnbr-
TaHUA IPOXOAAT U ceivac. Ilnasmua-
Hasf BaKIIMHA IIPOTUB BUPYyca IPUIIIIA —
OAWH U3 IIPUMEPOB YCIEUIHOTO IIPU-
MEHEHU S HOBBIX 6UOoTeXHoorui. OHa
paspaboraHa Halled IPyIIION U IIPO-
XOAUT PAaHHUE CTAJAUU KIUMHUYECKUX
ucneiTaHui. IlokaszaHa ee addek-
TUBHOCTb Ha KMBOTHBIX — OHAa OIlpe-
JleJleHHO obecnedyuBaeT 3allUTy OT
OOGBIYHBIX IITAMMOB BHpycCa I'pUIIIIA
U BBICOKOJIETAJBHOI'O IITaMMa IITH-
ypero rpunna H5NI1, KoTopeIM UHDU-
IIUPOBAHO HECKOJIBKO COTEH JIOJEH.
BaknuHa o61ajaeT CTOJb IHIMPOKUM
CHIEKTPOM JIeCTBUA, IIOCKOJIbKY I1J1a3-
MU/la HECET BUPYCHBIM I'eH, UMEIOIIUi
TaK Ha3blBA€MYIO0 KOHCEHCYCHYIO IIO-
CJI€/I0BATEeJbHOCTh, M KOJUPYyeMbIe
UM GE€JIKM CXOAHBI C G€JIKaMU BUPY-
COB pPa3HBIX IITAMMOB. Takas BaKIU-
Ha UMeeT Bce HeoOXOUMBbIE CBOMCTBA
«C€30HHBIX» BAKIIUH U MOMKET IIpUMe-
HATbCA KPYIJIBIA roj.

PasymMmeeTcs, HOBBIH IIITAMM BHpyca
rpunna HINI, BBI3BaBIIUH SITHAEMHUIO
B IIPOIIJIOM I'O/ly, — UCKJIIOUeHue. 11
Hero HymHa ocobas BakmuHa. OgHAa
u3 HUX, pasdpaboraHHas GUPMOI
Vical, 6s11a co3mada B mae 2009 r.
Bcero 3a jABe Hexeau. Ee maccoBoe
NPOM3BOJACTBO 3aHUMaeT Ha JBa Me-
cAlla MeHbIIle BpeMeHU, YeM IIPOU3-
BOJICTBO CTAH/JAAPTHOM BaKIIMHBI.

[lorennuanpHaa wmomb JHK-
BaknuH u JHK-mexkapcTB HaABOAUT
Ha MBICJIb UCIIOJIB30BATh UX B CUTYya-
IUAX, KOT/la MOMOINY #JATh HEOTKY-
aa. Curyanua Ne 1 — CITU/. IToucku
BaKIH IIPOTUB €ro Bo30yAuUTeNd ce-
TOHS BO30OHOBUJINCH C HOBOM CHUJIOM.
OnpHa u3 BaknuH, Pennvax-B, coxep-
sUT Tpu BUY-rena nimoc reH, Kogu-
pylomuii agpoBaHT. Ceifyac oHa IIpo-
XOAUT KINHUYECKUE UCITBITaHuA. [[Be
APYTUX TECTUPYIOTCA B paMKax cTpa-
TEeruy, Ipu KOTOPOH IepBasi BAKIIMHA
obecrieynBaeT paclo3HAaBaHUE HM-
MYHHBIMU KjJeTkaMu BHY-6eskoB,
a BTOpasd yCUJIUBaeT UMMYHHBIH OT-
BeT. OpHa u3 BaknuH, GeoVax, BBO-
OUTCSA BaKI[UHOM-
yCUJIHTEJIeM Ha OCHOBE MOJAUMUIIH-
POBAHHOTO BHpyca II0J YyCJIOBHBIM
HazBaHueM Ankara. VI, mo MpoHUMU

COBMECTHO C

cynb0bl, VMccnenoBaTelbCKUM [EHTP
10 CO3JaHUIO BaKIUH I10J1 aru0oi Ha-
[UOHAJIBbHBIX HWHCTUTYTOB 31pPaBoO-
OXpaHEeHUs IPOBOAUT TECTUPOBA-

Hue oxHo u3 JJHK-BakIMH IIPOTUB
BMUY B KOMILJIEKCE C BaKIMHOM-
YCKOPHUTEJIEeM Ha OCHOBE aJIeHOBHU-
pyca.

HUrak, Heckoabko JIHK-Baknuu
un JIHK-nmpenapaToB yiKe HCIOJb3Y-
IOTCA B BeTepI/IHapI/II/I, a MHorue HpO—
XOAAT IOCJEeTHUE CTaauu KINHUYEe-
CKUX HUCIBITAaHUN. 3HAYUT, dpa IJjas-
MUJIHBIX TE€XHOJIOTHUH He 3a ropaMH.
Te, KTO CTOAJ y €€ UCTOKOB, HE MO-
TYT YCKOPHUTB mpolecc. MM ocrtaeT-
Cs JIUIIb UCHBITBIBATH YYBCTBO IJIy-
GOKOr'0 yIOBJIETBOPEHUSA OT TOTO, YTO
IocJie CTOJIb TPY/AHOTO JieTCcTBa pebe-
HOK BCTaJI HAa HOT'U U TeIlepb YBEPEHHO
HJIeT CBOEH Ioporoi. ®

Mepesoa: H.H. lWWadpaHosckas

AONONIHUTENBbHASA INTEPATYPA

= DNA Vaccines: Precision Tools for
Activating Effective Immunity against
Cancer. Jason Rice et al. in Nature
Reviews Cancer, Vol. 8, No. 2, pages
108-120; February 2008.

= Electroporation of Synthetic DNA Anti-
gens Offers Protection in Nonhuman Pri-
mates Challenged with Highly Pathogenic
Avian Influenza Virus. Dominick J. Laddy
etal. in Journal of Virology, Vol. 83, No. 9,
pages 4624—4630; May 2009.
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bE3ONACHOCTD

Panmona 3unuHckac n KeH KonmaH

MANBUMKBLIA BOTOKE -
lealbhad y2poaa

[MpouBeTarOWM PbIHOK KOHTPaMaKTHbIX
NPOAYKTOB MHOYCTPUN KPaCOTbl MOXET
cTaTb UICTOYHUKOM CMEPTESNIbHO OMacHoOro
6MONOrM4eCcKOro opyXxmus

ama HUCTOpUSA

B 2006 r., kora cyx Apuso-

Hadajaachb

HBl IPU3HAJ CaMO3BAaHOTO
JoKTopa-HaTtyponara Yapga Jlusna-
sna (Chad Livdahl) BUHOBHBIM B MO-
IIeHHUYEeCTBEe U B IOJJEJIKe dTHKe-
TOK Ha JekapcTBa. OH OBLI IPHUTO-
BOPEH K AEeBATH rojaM TIOPbMEI. Ero
JKeHa W IapTHep II0 6h3Hecy B KOM-
nanuun Toxin Research International,
Inc. ua ropoga Tycon 3apa Kapuwm
(Zarah Karim) Tak:xe 6blaa IIpu3Ha-
Ha BUHOBHOMH U IIOJIy4YHMJIa IIEeCTh JeT
TIOpbMBL. O6a 3aIJaTHIH OIPOMHBIE
mTpadbl U IOJHOCTHIO BO3MECTUIN
yOBITKH ITIOCTPAJABIIUM, T.K., ITO JaH-
HBIM OGBHHUTeEJICH, YeTa 3a Tof 3apa-
6oTana okono $1,5 MiaH, mpomaBas
He6ombiue GJIAKOHBI C HaIbIINBBIM
60TOKCOM BpadaMm 110 BceM CoeJUHEeH-
HBIM llITaTaMm.

Vcronb3yeMbIi B MEJUIITHE U B KOC-
METOJIOTHH [JIA PpasriaKuBaHUA
Mek6GpPOBHBIX MOPIIHH WUJIH paccia-
671eHNA MYCKYJIBHBIX CHAa3MOB (IJIA
9ero MPOU3BOJUTCA BHYTPHUMBIIIEY-
Hasfd MHBEKIUA HeOGOIBIIOr0 KoJInuye-
cTBa BellecTBa) 60TOKC — JajieKo He
€IMHCTBEHHBIN Ipenapar, KOTOPBIYX
AKTHUBHO IIOAAE/IbIBAETCA U He3aKOH-
HO cObIBaeTcA IIo0 BceMy Mupy. [ogo-

BOM 060pPOT MHUPOBOTO PBIHKA KOH-
TpadaKkTHBIX ¢dapMaleBTHYIECKUX
MPOAYKTOB cocTaBiasgeT $75 MIpH.
OIHaKO AaKTUBHBIM KOMHOOHEHT 60-
TOKCa (M aHAJOTUYHBIX MeJUKaMeH-
TOB) KapJHUHAJIbHO OTIUYAETCH OT
NPOYUX JIEKAPCTBEHHBIX CPEACTB
TeM, YTO B YHUCTOM BHUJE 3TO CHUJIb-
HEeHWINNUNA 13 U3BECTHBIX HAayKe AJI0B.
dakTHU4YeCKU GaKTepus, BbIpabGaThI-
Baomasa 60TyJINHOBBIA HEHPOTOKCUH
(KkOTOpPBIN BBI3BIBAET GOTYIN3M), IIPU-
Ha/UIEKUT K Ipylne Haubojee cMep-
TOHOCHBIX MHUKPOGOB, IOTEHIINAJb-
HO OTHOCHIIUXCA K GHOJOTUYECKOMY
OpYIKUIO, HAPAAY C TAKUMHU IaTOTe-
HaMM, Kak BO30OyJUTEIH OCHBI, CHU-
6GUpPCKOM A3BBI U YyMBl. IMEHHO 3Ta
ocoGeHHOCTh 60TOKCA JeJiaeT cyle-
CTBOBAaHUE IIPOU3BOAANINX TOKCHUH
HeJIeraJIbHBIX JabopaTopuil U TeHe-

OCHOBHDIE NOJIOXXEHUA

BBIX pacIpocTpaHHUTeJNel, Ipoaao-
IMX TOBAp 10 BCeEMY MUDY 4Yepe3d MH-
TEpHEeT, HeCPaBHUMO 6oJjiee OIIaCHBIM,
4eM Bce mpoune hapMaKoJIorudecKue
HOAJEJIKH.

JlBa roga Haszaj MBI KaK CIEIU-
aJHCTHl IO BoIpocaM O06e30IIacHO-
CTH NPEJNPHUHAIHA IONBITKY H3Y-
YUTh MacmTabbl U IPUPOAY ITOU
ra106aJbHOM HeJIeraJbHOM TOProB-
JIM, B pe3yJIbTATe 4ero BBISCHUJIOCH,
4TO MOAOGHBIE CMEPTEIBHO OIACHBIE
BellleCcTBa, paHee IPU3HAHHBIE TPY/A-
HOJOCTYIHBIMU, Telepb pa3go0bITh
HecJIoxkHO. [[poaHaIN3UPOBAaB IOJIY-
YeHHBIe JaHHBbIe, MBIl IPUILIA K BBI-
BOJY, UTO KOHKPETHBIE eICTBUA, He
Tpebylomniue ocobbIX GUHAHCOBBIX 3a-
TpaT U yCUJIHUM, MOTYT 3HAYUTEJIBHO
CHUBUTD yrpo3y. ClegoBaTeslbHO, Ha-
3pesa He06XOAUMOCTDb CPOYHBIX Mep.

® [oTpe6uTesbCKMii CNPOC Ha KOHTpadaKTHble 60TyN0TOKCMHCOAepXaLume NPoayKTbl MOXeT
CTUMYNMPOBATh pacLUMpPeHe HereranbHoro NPOM3BOACTBA HEPOTOKCHHA.

B BOTYNMHOBBIN HEMPOTOKCUH — CMEPTEeSbHLIN A/ M NOTEeHLUanbHas oCHoBa 61OSI0rM4eckoro

opyXus.

= TeppopuCTbI MOTYT U3rOTOBUTL TOKCUH CAMOCTOSITENbHO UMM MPUOGPECTM €ro y HeneranbHbIX

NPON3BOAUTENEN.

B Y4yeHble U COTPYAHUKHM CyK6 6€30MacHOCTM JOMKHbI 06beANHUTLCS paamn peLleHns Nnpobnemsl

HEe3aKOHHOro NPOU3BOACTBA HEMPOTOKCUHA.

B mMupe nayku [08-09] aszycm-cenmaGps 2010



BE3ONACHOCTD

JInwb oauH war otgenseT npogaxy
KOHTpagaKTHOro KOCMeTHUYeCKoro 60Tokca
OT ONTOBbIX NOCTABOK YNCTOr0 HEMPOTOKCUHA
opraHnsauusm ¢ NPecTynHbIMY HAaMepPEHNAMM

NOTEHUMAJIbHbIV A4

BOTYNMHOBBIN HEMPOTOKCUH, OCHOBHOM
KOMMOHEHT 60TOKCAa 1 aHaNOrnyHbIX
npenapaToB — CUSIbHEWNLLWIA B MUPE
an. YTo6bl NnapanM3oBaTb OOHY
HEPBHYIO KNETKY, 4OCTATO4HO OJHOW
MOneKyJsbl HEMPOTOKCUHA. A ogHa
MUnnnapgHas 4acTb rpamMmma yévsaet
MblLLb

NETAJIbHASA O3A AN MbILWA
1,2 Hr

JIETAJIbHAS AO3A 151 HENNOBEKA
BECOM B 70 KT:

0,09-0,15 mkr
(MHBEKLMS) ~
0,70-0,90 mkr
(MHransaums) /
70 MK

(npviem BHYTpb)

V306paxeHue Lwapos NponopLyoHansHO
yKasaHHOMY Becy

1T MOXET YBUTb:

= 14 285 yenoBek, ecnv 0o6aBuTb
ero B nuLly

= 1,25 MIIH YenoBekK, ecnn pacnbinnTb
ero B BO3gyxe

= 8,3 M/H 4enoBeK, eCnv 3TO KONNYEeCTBO
TOKCUHA MCNONb30BaTh B BUAE
UHbEKUUIA

EAvHULbI n3MepeHus

HaHorpamm (Hr) = 10°r

Mukporpamm (Mkr) = 1061
Munnurpamm (mr) = 104, unn 0,001 r

MHororpaHHbI pbIHOK

B 1989 r. YnpaBjeHue 110 KOHTPOJIIO
KadecTBa IPOAYKTOB U jekapcTs CLIIA
(FDA) Bpiiano komnanum Allergan u3
Hpsaiina B mrare Kanudopuusa nu-
IIEH3UI0 Ha TOPIOBJIIO GOTOKCOM JJIf
HCIIOJIb30BAHUA B MEJUIMHCKUX Ile-
nax. Ilocyie 8TOro KOMIaHUA OXBaTH-
J1a GOIBIIYIO YacTh JeTaJbHOT0 PhIHKA
TIPOAYKTOB IIepepaboTKN 60TYJINHOBO-
ro TokcuHa. B 2002 r. FDA yTBepauia
KOCMETHYECKOe IPUMeHeHUe 60TOoK A,
aB2009r. 06'beM nIpogaxk Allergan co-
ctaBui okoJio $2 mupa. CyliecTByOT
U pyTUe IPOU3BOJUTEIHN U ITPOJABIbI
JIMIIEH3MOHHOT0 60TOKCa, B YaCTHOCTU
dapmaneBTUYECKHEe KOMIIaHUM Ipsen
Bo ®pannuu, Merz Pharma B 'epma-
HUU, THCTUTYT GHUOJIOTUYECKUX IIpe-
naparos Jlanpuwkoy (Kuraii) u T.x. Ha
JaHHBIA MOMEHT TOJIBKO CEMb KOM-
NaHU{ B MUPE UMEIOT JUILEH3UI0 Ha
NPOU3BOJCTBO GOTYJIMHOBOIO TOKCH-
Ha ¢apMalneBTUIECKON KaTeropuu,
T.e. NpeJHa3HAa4YeHHOTO AJIsd UHBEK-
nui moaaM. MHorue Apyrue Komia-
HUU, B TOM YUCJIE TPU aMEPUKAHCKUE,
cHab:xaloT JabopaTopuu GOTYJINHO-
BBIM TOKCHMHOM Kateropuu YJIA («am-
CTBIN /I aHAJIN3a»), KOTOPBIN He pe-
KOMEH/IOBAaH JJId paboTel C JIOJbMU
U IIpeJHa3HavyeH /JId UCI0JIb30BaHUA
B IIPOMBIIIJIEHHOCTA U IIPOBEJIEHUSA
HCClIeIOBAaHUN, HAIPUMeD /18 paspa-
6GOTKHU IPOTUBOSAIUA.

Hnorpa koHTpadaKTHBIE IIPOAYKTHI
CHaGKEeHBbl COOTBETCTBYIOIIUMU 3TH-
KeTKaMU, IPUAAIIMUMU UM CXOJCTBO
C IIPOAYKTOM U3BeCcTHoOro dapmanes-
TUYeCKoro 6GpeHja MM, 4YTO 4Yalle,
MMEIOT CO3BY4YHOE Has3BaHUe, HAIlPU-
mep «6yTokc» uiam «6oTocr. HekoTopslie
U3 HUX — IOAJEJKU B IOJHOM CMBbIC-
JIe cjIoBa, He CO/eps:KaT HU KaIlJId Ha-
CTOANIIEro GOTYJIUMHOBOIO TOKCHHA.
B apyrux e NpUCYTCTBYET OIIpeje-
JIEHHOE€ KOJIM4YEeCTBO OIACHOI'0 Belle-
crBa. Kak mokasajio ucciiefoBaHue,

Pe3yabTaThl KOTOPOT0 GBI OITy GJIKO-
BaHBI B IIPOIIIJIOM TOAYy COTPYAHUKaAMU
Ipsen 9uau [MTukerToMm (Andy Pickett)
u MapTtuHoMm MeBucoMm (Martin Me-
wies), 80% Bcex IpOTECTUPOBAHHBIX
UMY IOAJEIBHBIX IPOJYKTOB CO/Ep-
a1 HEHPOTOKCHUH. IIOCKOJIBKY Ta-
KHEe HeJlerajJbHBbl€ IOJJEJIKUA CTOAT
JleleBjie OPUTMHAJIbHOTO TIPOAYK-
Ta, OCHOBHBIMU IIOKyNaTeJAMHU CTa-
HOBATCA HeJOOPOCOBECTHBIE BpayM-
KOCMETOJIOTU U TocpeAHuKU. OHH
IIOKYIAlT KOHTPAdaKT y HEeJIHUIeH-
3UPOBAHHBIX IPOU3BOAUTEIEN, HAJlEe-
fACh IOJIO¥KUTh PAa3HULY B IleHe cebe
B KapMmaH. IIpou3BOAUTENN OPUTH-
HaJbHOI0 60TOKCA CYUTAIOT, YTO KOH-
TpadaKTHBIN PBIHOK JHUIIIAET UX CO-
TEeH MUJIJIMOHOB J0JIAPOB €K ETOHO.

Kak mokasaj WHIUJEHT, IIPOU30-
menmuil Bo @aopuse B 2006 1., 11eHa,
KOTOPYIO KOHEYHBIM IIOTpeGUTEeNb
IJIATUT 3a UCIOJIb30BaHUE (aIbIINB-
KM, OKa3bIBA€TCH CJAUIIKOM BBICOKOM.
MaHUIyIAIAN C HOAIe/IbHBIM O0TOK-
COM OTIIPAaBUJIN Ha 60TbHUYHYIO KOM-
Ky JII0JIe Ha MHOTUE MeCHAIbI, IoCTa-
BUB MX Ha 'PaHb CMEPTH OT 6OTYJIN3-
Ma, KOrjia KM3Hb IIOJAJEpPKHBAJIaCh
JIMIIB 32 CYET UCKYCCTBEHHOU BEHTU-
IAnUA Jerkux. HecyacTHBIN ciydad
IIPOM30IIe] II0 BUHE JIMIIEHHOIO JIU-
LIEH3U 1 Bpaya-KOCMETOJIOTa, KOTOPbIH
npuobpes TeXHUYECKUH OGOTyIUHO-
BBIM HEMPOTOKCHH Y JIETAJIbLHOI'O IIPO-
U3BOOAUTEIA XUMUYECKUX PEAKTUBOB,
II0CJIe Yero BBEJI KyIJIEHHBIN peareHT
TpeM IalueHTaM u camomy cebe. ITpu-
YUHOM HecyacThbA CTajla CMEPTEJIBHO
onacHad omu6ka. OH nepenyTas eau-
HUIbl U3MEPEHUA — IOHUTBI — C MU-
kporpamMMamu (100 IOHUTOB paBHBI
4,8 HaHOrpaMMa), B pe3yJbTaTe Yero
3HAYUTEJIBHO IIPEBBICHUJ Heo6X0oau-
MYyI0 03y npenapara. B TouHocTtu He
M3BECTHO, KK MHOI'O TOKCHHA IIOJIy-
YMJI KasKJbli M3 MOCTPAJABIIUX, HO
3TOro GBIJIO AOCTATOYHO, YTOGHI Yy Th
He OTIIPAaBUTh UX HA TOT CBET.

Bbl1u 3aperucTpupoBaHbl U pyrue
ciIlydau HeJleTaJIbHOU MPOJaku U I10-
CJIeyIOIero MCIO0JIb30BaHUA B KOC-
METOJIOTUU TEeXHUYECKOro 60TyJo-
TOKCHMHA. Ha yepHOM pBIHKE U3peaKa
MOABIAITCA U OPUTHMHAJIBHBIE (ap-
MaleBTUYECKUE IIPOJYKTBI, KOTOPhIE
GBIJIM ITOXUIIEHBI U3 NapTU TeM WJIN
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OTKPbITAA MPOAAXA CMEPTEJIbHOI'O OPYXWUA

PacTyLumit cnpoc Ha KocmeTu4eckne NPoayKThl, cogepxallne 60TYNNHOBbIN HEMPOTOKCUH, CTUMYNUPYET pasButme
HeneranbHOro MMPOBOrO PbiHKA KOHTPaaKTHLIX NpenapaToB. Y1Cno He3aKoHHbIX MPON3BOAUTENEN TOKCUHA HEM3BECTHO,
HO OHO CKOpEe BCEro pacTeT TEMM Xe TeMMNamu, YTO U CNPOC Ha HENULIEH3UOHHBI MPOAYKT. Bce 3Tu «TeHeBbIe»
n1abopaTopum, COMHUTESIbHbIE MOCPEOHVKM Y aHOHUMHbIE MHTEPHET-NpoAaBLbl, PacnioAUBLLNECS MO BCEMY MUPY,
NoTeHLManbHO MOFYT NOCTaBMATb TOKCUH U TEppPOpUCTam

Mpoussogutenu
chapmauesTmyeckoro .

TOKCUHa P

(ceMb KOMNaHui B Mupe)

MpousBoauTenu ToKCUHa
ANsi XMMUYECKNX naéopaTopui
(HecKonbKo AeCATKOB KOMMaHWMA)

HeneranbHble
npou3BoAUTENN
(4ncno Hen3BeCTHO)

KaHanb! pacnpocTpaHeHUs TOKCUHa
JNeranbHble caenkn

e HeneranbHble Coenku

HeunaBecTHble BO3MOXHbIE COENKM

HHBIM crioco6oM. OZHAKO HPOUCXO-
JKJEeHHEe II0JaBJISAIONIEro OGOJbIINH-
CcTBa IOAAEJbHBIX IpenaparoB IO-
KPBITO TaWHOU. VI3BECTHO JINIIb, YTO
B OCHOBHOM OHU IIPOU3BOJATCA B A3UH
U IIpejjiaraloTcs HeJleraJIbHBIMU ITPO-
JaBLlaMU, KOTOpbIe MHOI/AA 106aBis-
IOT B HUX JOTIOJTHUTEIbHbBIE HHTPEeH-
€HTHI.

B ognom summbs Kutae Mbl o6HaApy-
skuan 20 opraHu3anui (OHU Tpej-
cTtaBiaAan cebsg KaK COJMHUIHBIE KOM-
MaHWH), KOTOpPbIe IIPOBO3IJIAIIAIN HA
CBOUX calTax, YTO OHU — CepTUUIIN-
pPOBaHHBIE IIPOAABILI U IIpeaIaraioT
JUIS IIPO/IAKH HACTOSAIINI KOCMe T Ye-
CKUU 60TOKC. Ajipeca, IIpUBeJeHHbIE
Ha calTaxX, 4acTO OKa3bIBAaJHUCh He-
CYIIEeCTBYIOIIUMU UJIN GUKTUBHBIMU:
KpomleyHble o¢uchl 6bIIN apeHJ0Ba-
HBI CHEIUAJIbHO JJI CO3/IaHUA BUIHU-
moctu. Kak 661 TO HU ObLI0, GoJIbINIAsS
YyacTh TaKUX (GUPM, KaK IIOKa3aau
aHaJIU3bl, IPOBEJIEHHBIE B Ipsen, nMe-

OcbuumanscHbie
pacnpocTpaHuTenu

o o> a» E
—) U

Hepo6pocoBecTHble
nocpeaHuKu
M VHTEepHeT-NPoaaBLbl

sujuy

IOT IOCTYII K HACTOAIIEMY GOTYJIHHO-
BOMY TOKCHHY.

CyIecTBYIOT CBUJAETENILCTBA, YTO
Ha TeppUTOpUM G6bIBIIEr0O COBETCKOTO
Coro3a TaKixe IPOU3BOAUTCA KOHTpA-
dakTHBI 60TOKC, BO3MOMKHO, He 6e3
y4acTUA MECTHBIX IIPECTYIIHBIX IPYyII-
nupoBok. [logmenbHBIE JIEKapcTBa
C HEKOTOPBIX IIOP CTATN OGBITHOM I
Poccun mpob6iaemoi, MO3TOMY IIOJIY-
YyeHHad OT JKCIEePTOB MHOOpMaIUd

OB ABTOPAX

OdcbuumanbHbie
uccnegosaTenu
(NPOMbILLSIEHHUKN
M y4eHble)

JInueHsunpoBaHHble
KOHeYHble noTpebuTtenu
(Bpaum n KIIMHUKWN)

Hepo6pocoBecTHble
JNINLIEH3UPOBaHHbIE
KOHEe4Hble noTpe6uTenu

HenuueH3npoBaHHbIe
KOHe4Hble noTpeéurenu
(KNUHUKWK, Bpa4n
Y MHAMBUAYasbHble
norpeéuTenu)

TeppopucTbl?

>
>

o ToM, 4TO moduTu 90% pocCUHCKUX
KOCMETOJIOTUYECKUX KINHUK XOTS GBI
BpPEMs OT BPEMEHM HCIOJIBb3YIOT KOH-
TpadaKTHBIA 6G0TOKC, He cTajla JJIfd
Hac croprupudoM. OJUH KOHCYJIBTAHT
II0 BoIpocaM 06e30IacHOCTH OIIHCAJ
IIOCTaBIIUKA KOHTpPa(aKTHBIX IIPO-
JIYKTOB Ha OCHOBE GOTYJIOTOKCHHA, KO-
TOopbIi paboTaeT B Poccun 6ostee Tpex
J1eT. ICTOYHUK 9TOTo IICceBI060TOK A,
II0 cJIyXaM, PacIlo/IoKeH Iae-To B Yed-

PanmoHp 3unuHckac (Raymond A. Zilinskas) n Ken KonmaH (Ken Coleman) pa6o-
TatT B LleHTpe nccnepgosaHuna npobnem HepacnpocTpaHeHus opyxus um. ixenmca
MapTuHa npu MIHCTUTYTe MexayHapoHbIx uccnegosanunii B MoHtepee, wrat Kanu-
opHusa. Ob6a korga-To 3aHMManucb Mukpooduosnormein. Cenvac KonmaH — ctapLumi
Hay4Hbl COTPYAHUK MHCTUTYTa W BNajeney 4acTHOro npeanpusaT1s no pacnpocrtpa-
HEHWI0 MeANLMHCKUX TeXHONOrui. 3UnnHcKac Bo3rnaenseT B LeHTpe [porpamMmmy He-
pacnpocTpaHeHns 6MONOrM4eCcKoro 1 XMMUYecKoro opyxus. [lonroe Bpems oH 6bin
KOHcynbTaHTOM npu npaButensctee CLUA n uHcnektopom OpraHusaunm O6beam-

HeHHbIX Hauuni B Mipake B 1994 1.
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KAK PELWWNTb NPOBJIEMY

YT0o6bl Ha4aTb NpeceyeHne [edTeNbHOCTU HeneranbHbIX MPOU3BOANUTENEN 6OTYNOTOKCHHA,
npencTaBUTENIN 3aKOHA [OIKHbI 06beAMHUTLCSA C YHEHbIMU U BbICHUTb, CKOJTbKO B MMPE TakUX NpOn3BO-
autenen. MpeacTaBnsasch COTPYAHUKAMM KITIMHUK, areHTbl 4OMKHbI CKYNUTL 06pasLibl 60TYIOTOKCUHOBbIX
npenapartoB y psifa uHTepHeT-npoaasLos @. AHanus B naéopaTopumn No3BONAUT CO3[AThb «MHANBUAYANb-
HYI0 KapTy» KaXAoro o6pasLa, xapakTepuayioLLlyto ero npou3BoanTens @. «/HanemayansHble KapTbl»
MoKaxyT, KaKOBO KONMYECTBO AENCTBYIOLLMX NPOU3BOAUTESNEN, FAE OHW BEPOSITHEE BCErO PACMONIOXKEHbI,
1 U3 KaKOro UCTOYHUKA CKOpEe BCEro NoJly4atoT Cbipoi 60TYIOTOKCHH @

@ NOJIYYEHUE BEOTY/IOTOKCUHOBBIX @ MPOBEOEHUE AHATIM3A U MONYYEHUE
MNMPOOYKTOB YEPE3 UHTEPHET

© ...KOTOPbLIE YKAXYT HA:
® 4YUCNO AENCTBYIOLLMX

«MHANBUAOYANBbHbBIX KAPT» MPOOYKTOB...

BaHHOW Npu NPON3BOACTBE
TOKCUHA

% AHANNS: npoussopguTenei
g:é;ﬁ;ﬁfﬁﬂ,.x TIHK u LUTAMM 6aKTEpPUK, NCMOMb30-

XUMUNYHECKWUN — npucyT-
CTBUWe NpuMeceii B Boae

1 ApYrvX peakTmeax,
MCMONb30BaBLUMXCS MPU
M3roToBNIEHUM Npenapata

= BeposiTHOe reorpaduyeckoe
pacnonoxeHue NpoM3BoAcTBa
(Ha ocHoBaHUK cocTaBa BofbI
1 MOCTOPOHHMX BKJTHOHEHUI

NOCTOPOHHWE

R

TAVHbBIV ATEHT OBPA3LbI BKIIOYEAUS YHUKAJIbHAA 13 OKpY>KatoLLel cpefbl)
MPABOOXPAHUTESIbHbLIX ~ MPOAYKTOB bl «MHONBUAOYANbHASA
OPrAHOB OKpy>atoLev cpefbl — KAPTA» B BO3MOXHbIE UCTOYHUKU XUMU-
II=EATSREEY, lCeyeLsf G vednk N3rOTOBUTENSA YECKOro CbIpbs (TOKCUHA

He, U UX IpeJACTaBUTEIb PEryJIsapHO
sneraeT B CaHKT-IleTepOypr ¢ yeMoza-
HOM IPOOHPOK, dTUKETKU HA KOTOPBIX
IOIPaKTUYECKU HNACHTHUYHBI I3THUKET-
KaM OpUIMHaJbHOTO 6oToKca. Korma
IOKyINaTeJb CIIpAallluBaeT, KaKoe KO-
JIMYECTBO NPOAYKTA MOMKHO Ipuobpe-
CTH cpaay, IpeJCTaBUTENb OTBEYAET,
qTO0 11060€, BIIOTh JI0 THICAYHU (QIAKO0-
HOB.

MBsI cuuTaeM, 4YTO BCKOpe U MHAUM-
CKHe HeJlerajbHble IIPOU3BOAUTEIH
JIeKapcTB OyyT BOBJICYEHBI B IIPOTHU-
BO3aKOHHBIN GU3HEC, €CJIM OHHU eIle
HEe BKJIIOYUINCh. B IHAUY eCcTh JIUIIb
OMH JINIIEH3UPOBAHHBIM IPOU3BO-
auTenb ¢GapManeBTUYeCKUX G60Ty-
JIOTOKCHUHOBBIX TIPOAYKTOB, KOMIIa-
Hua BOTOGenie, HayaBInada paGoTy
¢ 2007 r., u umeeTca 6ypHO pa3BUBa-
IOIUICA MECTHBIN PBIHOK COBITA KAk
KOCMETHUYECKOI'0, TaK U TeXHUYECKO-
ro 6oTynoToKcuHA. UHAUHCKASA HHAY-
CTPHUA «<MEJUIIMHCKOTO TYPU3Ma», pac-
cunMTaHHasd Ha UIIYIIUX HEJOPOTOoro
JIedeHUA UHOCTPAHIEB, TOXKE aKTHUB-
HO pa3BUBAeTCs U, BEPOSATHO, CKOPO
IpUBJIEYET BHUMAaHUE OXOTAIMXCA 32
NpuGHLIbIO HEJIEraJbHBIX (apMareB-
THUYECKUX OPraHU3AIUH.

AKTHUBHO pacTyIIUH PHIHOK BBI3bIBA-
€T y Hac TPeBOry, T.K. JUIIb OJUH IIar

OT/AeNAeT NPojlaKy KOHTpadaKTHOTO
KOCMETHYECKOIro 60TOKCa OT TOPrOBJIN
YUCTBIM HEHPOTOKCHHOM B 60JIBIINX
KOJIMYeCTBaXx B IPECTYIIHBIX UHTEpe-
cax. Ha pgeiyie, kak IokasaJl IpuMep
Poccun, nomo6HBIE pa3Inyusa GBICTPO
ctuparTcsa. 1 Majao 94To MOKET ITIoMe-
maTh HeJeraJbHOMY IIPOU3BOJUTEIIIO
VI KDUMUHAJIATETY 3aIllyCTUTD 60TyY-
JIOTOKCHUH B IIPOM3BOJICTBO, ITOCKOJIb-
Ky 9TOT IIpoliecc He TPeOyeT CI0KHO-
ro o60pyIOBaHUA U JIUIIb HYKJAeTCHA
B YMEpPEHHOM KOHTPOJIE CO CTOPOHBI
MHKPOGHOJIOTOB.

Co3zpaTb nerko, Ucrnosib3oBaTtb
CJI0XKHee

Clostridium botulinum — 6akTepusd,
Ipou3BOAAIIAA 60TYJINHOBBIN HEpo-
TOKCUH, — €CTECTBEHHBIN 00UTaTEIb
MOYBBL. TO aHA3POOGHBINA MUKPOOpPra-
HU3M, KOTOPBIH pa3BUBaeTCH TOJIBKO
B Cpe/ie, IUIIEeHHOH 0CTyIa Bo3iyxXa.
B nnpontom B CIITA Hau6oJiee pacipo-
CTPaHEHHON NPUYNHON 3a6oieBaHUA
60Ty/IN3MOM — OTpaBJIEHHEM 6OTYIH-
HOBBIM TOKCHMHOM — ObLJIM NHUIIEBbIE
NPOAYKTHI, HAIIPUMED IIOBPE K ACHHbIE
MJIM HECTEPUJIN30BAHHBIE KOHCEPBU-
poBaHHBIe oBolU. CerogHa OOBIYHO
Yy B3pOCJIBbIX HAOII0aeTcsa paHeBoU 60-
TYJIM3M, Yallle BCero BcTpeyalomuiicsa

1 NPOYMX KOMMNOHEHTOB)

Y HAPKOMAaHOB, KOTOpPble UHQUIIMPYIOT
camu cebsa C. botulinum B pe3yJbprarte
MHBEKIIMU HADKOTHUKOB.

YUCTBIN TOKCHUH, KOTOPBIN BbIIEJIA-
0T MUKPOOBI, — CUJIbHEUINNI B MUPE
ax. IToaToMy fasxe Majaoe KOJTUIECTBO
9TOrO BEIleCTBAa, IPOU3BECTU KOTOPOE
crioco6Ha 106ada cTaHAAPTHO 060py-
JloBaHHasA 6uojorudeckas jgaboparo-
puA B 11060 TOYKE MUPa, CMEPTEIBLHO
oracHoO. MeHee 4eM 3a MecslI] 060
CIIEIUAIUCT, 00/IaJal0lUi CTENEHbIO
MarucTpa 6HuoJIOTuH, CII0CO6EeH IPOU3-
BECTU HEOOXO MBI IEUCTBUA U ITOJTY-
YUTh KOJUYECTBO TOKCUHA, 0CTATOY-
HOE /11 MaCCOBBIX OTPABJIEHUM.

BoTyanHOBBI HEWPOTOKCHUH Ha-
CTOJIBKO AJOBUT, YTO Jlaske OJHa €ro
MOJIEKyJa CIIoCO6GHA BBIBECTH U3
CTPOA OJIHY HEPBHYIO KJeTKy. Ddpar-
MEHTBI MOJIEKYJIbBI TOKCHHA OJIOKU-
PYIOT PELENTOpbl HEPBHBIX OKOHYA-
HUN, B peayJbTaTe Yero Iepejgada
HEPBHBIX UMIIYJIbCOB IIPEKpalllaeTcd,
U OKpyiKalollas MyCKyJlaTypa OKa3bl-
BaeTcs napajndoBaHHoi. Korga um-
CTBIM GOTYJIOTOKCHH BBOAUTCA B BEHY
WJIM MBIIINY, fJocTaTouyHo oT 0,09 1o
0,15 Mmukporpamma, 4To06bl yOUTH 4Ue-
JnoBeka BecoMm 70 kr. HecMoTpsa Ha To
YTO HMHrainanusa meHee ddPeKTUB-
HO JIOCTaBJISIET AJ, K HEPBHBIM BOJIOK-
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HaM, B3POCJIOMY YeJI0BEKY JOCTATOYHO
BAOXHYTH 0,7-0,9 MUKporpaMma aTo-
ro BEIIECTBA, YTOOBI OKA3aTbCA IIPU
cMepTH. HYepes KelyJ09HO-KUIIIeYHbI
TPaKT GOTYJIOTOKCHUH BCACbIBaeTCHA
xy:xe. YTo6bl IPUBECTU K JIETAIBHO-
My ucxopay, norpebyerca 70 MHKpPO-
rpamMMoB Ana. TakuM o6pasoM, OAUH
rpamMM GOTYJIMHOBOIO HEMPOTOKCHHA
COLEPKUT 14 THIC. I€eTAJTBHBIX 103 AJII
npueMa BHYTpPb, uau 1 MiaH 250 TeIC.
JIETAJIBHBIX J03 IIPU UHTAJIAIINU.

Bce mrammer C. botulinum, o6Hapy-
JKE€HHBbI€ B IIPUPOJIE, CIIOCOGHBI IIPO-
JyIUpOBaTh HEUPOTOKCHUH, XOTA IIPU
ITPOMBIIIIIEHHOM IIPOM3BO/ICTBE JINIIEH-
3MPOBAHHBIE KOMIIAHUU MCIIOJb3YIOT
Haunbosiee TPOAYKTUBHBIE IITAMMBI.
OauH m3 HUX, noxa HasBaHuem Hall,
IIMPOKO PacCHpOCTPAHEH B HAy4YHO-
HUCCIe0BATEIbCKUX JabopaTopUax
U XPAaHUTCH BO BCEX HAIlMOHAJIBHBIX
KOJUIEKIIUAX MUKPOOMOIOTUYECKUX
KyJIbTyp. JII060H IOTEeHIIMAIbHBIN
M3TOTOBUTENb TOKCHHA, MMEIIUNi
K HEMY AocTyn, 6e3 Tpyaa pasfobyaeT
MHCTPYKIUIO II0 MCIOJb30BAHUIO JAaH-
HOM KyJIbTYpPbI OAKTE€PU, T.K. IIOA06-
HbIe pa60ThI aKTUBHO I1yGJINKOBAINUCH
BO BCEX HAyYHBIX UICTOYHUKAX B TeYe-
HUe rocJieHUX 50 JeT.

Ilpouecc HayuHaeTcd C He6OIb-
moit komonuu C. botulinum, KOTOPYIO
oMemarT Ha INUTATEeIbHYI0 Cpeay
U OCTaBJIAIOT Pa3MHOMKATHCA B yCJIO-
BHUAX CIIEI[UAJIBHOI0 MHKy6aTopa (MIu
depMeHTEpa) B TEUEHNE TPEX-IeThIpex
AHel. 3aTeM CMeChb U3BJIEKAeTCHA
U HeHTpudyrupyercsa uiu GUIbLTPY-
eTcs, KHUJIKOCTh, CojAepiKallasd KOH-
IIEHTPUPOBAHHBIN TOKCUH, OTAEAET-
CcA OT HEHYHBIX ITpuMeceit. IToMmumo
aTOro papmaleBTUYeCKasd MHAYCTPUS
HCIIOIB3YET AOMOTHUTEIBbHY 0 MHOTO-
CTYyII€HYAaTYIO CUCTEMY O4YUCTKH, YTO-
GBI yIOCTOBEPUTHCHA B KAYECTBE U CTa-
6GUIBHOCTH II0JyYEHHOI'0 KOHEYHOTO
IPOAYKTA, KOTOPBIA B UTOr'€ IPUHU-
MaeT BHJ MEJKOH myapsel, pacdaco-
BaHHOU B Hebousbmue (IakoHBI. 3a-
TEM OHM PacIIPeIe/IIIOTCA 110 KOCMETO-
JIOTMYeCKUM KabMHeTaM U KJIMHIKaM.
B urtore cogepuMoe eMKOCTHU 3aJIU-
BaroT 10 Ma ¢puspacTBOpa, B TEUEHUE
HECKOJIBKUX CEKYH/I IIOPOIIOK PACTBO-
pAeTcda U B BUJIE KUJKOCTH I UHB-
EeKI[UH rorajaeT K KOHEYHOMY IIOTpe-

PacnpocTpaHeHune 4yepes NIHTepHeT urpaet
CYLLIECTBEHHYIO pOJib B YBENMYEHUN cnipoca
Ha TOKCWH, YTO genaeT yrpoay eule 6onee

peasibHOW

6uTtenio. IIoCKOIbKY pacTBOp GLICTPO
TepAeT CBOU CBOMCTBA, OH JOJKEH
6BITH HCIIOJIB30BAH B TEYEHUE He-
CKOJIBKMX YaCOB.

OTHocUTeIbHAA HECTOMKOCTb TOK-
CHMHA B pacTBOpE IIOCIY:KHJa CyIle-
CTBEHHBIM IPENATCTBUEM B IIOIBIT-
KaX UCII0Jb30BaTh €r0 B BOEHHBIX Ile-
nax. Hu CHIA, au CCCP He mocTUTIIN
ycnexa B pa3paboTKe OpysKus, PacIIbl-
JIA0IIero 60TyJIOTOKCUH B BUJZE a3Po-
3oJd. Mpak co3gai 60TyJIOTOKCHHCO-
JAepikalyo 6om0y, KoTopas, BEpOAT-
HO, OKaiKeTCsd elle OJHOMN 6eCIIoIe3HON
paspaboTkoii. EfUHCTBEHHAadA J0CTO-
BEPHO ONMCaHHAasA IONBITKA MCIOJIb-
30BaHUA 60TYJOTOKCHUHA B IMOAOGHBIX
LeJsX Herocy/lapCTBEHHOM opraHu3a-
nuel 6plja ocymiecTBJIeHA B Havyaje
1990-x rr.
TUYECKU-TEPPOPUCTUYECKAA CEKTa
«AyMm CUHPHUKE», B YHCJI€ YJIEHOB KOTO-
poi 6bLJIM BpA4H U yY€HBIE, HECKOJIBKO
pas nelTajach paclublIUTh a3P0O30Jib,
cojiep:aIui 60TYJIMHOBBIM HeMpo-
TOKCHUH, C IIOMOIIBIO IyJIbBEPU3aTO-
POB, COIPATAHHBIX B ITOPTdeaax. ITU
aTaKd MPOBAJIUINUCH, T.K. UCIOIb30-

AnoHckas amnokKaauIl-

BaHHBIA y4YeHbIMH «AyM CHUHpHUEE»
mramm C. botulinum okasaiica Head-
(GEeKTUBHBIM, K TOMY e Y YaCTHU IIyJIb-
BEpU3aTOPOB OGBICTPO 3a6UINCH HOCH-
kH. KpoMe Toro, y HEKOTOPBIX Y4JICHOB
CEKTBI BJAPYT IPOCHYJIAch COBECTB,
U OHH OTKa3aJUCh aKTHUBHPOBATh
CBOU yCTpOMCTBA.

Hawub6osnee repCcreK TUBHBIN AJI5 Tep-
POPHCTOB cI1I0co6 UCIOIb30BAHUSA 60-
TYJIOTOKCHHA — OTpaBJIeHUEe UM IH-
INEeBBIX IPOAYKTOB HJIH HAIIUTKOB.
B ogHOM HCCIIeJOBAHUH, OILyGJIHKO-
BaHHOM B 2005 1. B Proceedings of the
National Academy of Sciences USA,
6BIT NIPUBEJEH aHAJIN3 BO3MOMKHBIX
cTpaTeruii BBeIecHUA TOKCUHA B MOJIO-
KO Ha KJIIOYEBBIX 3TAIlaX €ro IyTU OT
depmbl kK moTpebuTento. CTaThd CIPO-
BOLIMPOBAJIa JUCKYCCHUIO O BO3MOKHO-
CTH pAacCIIO3HABAHUA OTPABJIEHHOIO

IIPOAYKTA U, TAKUM 06pa3oM, IIpefoT-
BpaleHnd guBepcuu. K comaeHuro,
aBTOPBI pabOTHI U HE IPEAIIoIaraly,
YTO CIIyCTHA IATH JIET CUTyallud U3Me-
HUTCS HACTOJIBKO, YTO TEPPOPHUCTAM
JULSl CBOUX aKITUH He IIPUJETCA IPOU3-
BOJUTH COGCTBEHHBIN GOTYJOTOKCUH
B J1a60paToOpUAX, UM JOCTATOUHO Oy-
IeT IIPOCTO IIPHOGPEecTH ero depes
AHOHUMHBIN calT. Temeps ocyle-
CTBUTB 9TOT TUIIOTETUYECKHUI CIleHa-
pUIi CTAJI0O HAMHOTO Jerye.

OueHuBas yrposy

Yeunusa MEXAYHAPOAHBIX OpraHu3a-
U II0 NMpeJoTBPAIleHUuI0 paclpo-
CTpaHEHUsA OGUOJIOTUYECKOTO U XU-
MHUYECKOTO OPYyHUS OOGBIYHO HamnpasB-
JIECHBI HAa BBE€JCHHE OFpaHI/I‘-IeHI/Iﬁ Ha
BOOPYKEHHUE CTPAH TPETHETrO0 MUpA.
IIpoBogMMBIE MEPONIPUATUA HAYMHA-
IOTCA 1 3aKaHYHUBAKTCA HO}IFOTOBROﬁ
AOKYMEHTOB, 3allpelarInux paspa-
6OTKY OIpeJieIEHHBIX BU/IOB OPYXKUA,
U IpEKpameHnueEM BBO3a HEOGXO,Z[I/I-
MOTo A CO3JaHHA OPYHHUSI o6o-
KoHTponp skKcmopra
U IIepPeToBOPBI — 3TO AeHCTBUA, pac-

pyZAoBaHUA.
CYHMTAHHBbIE Ha COTPYAHUYECTBO
OZJHOTO INpPaBUTENbCTBA C JAPYLUM,
KaK, HalIpUMeEp, B cjly4yae IPUHATON
B 1972 r. KouBeHIIUU 110 GHOJIOTUYE-
CKOMY U TOKCUYECKOMY OPY#HUIO UJIU
KoHBEeHIIUM IO XMMHYECKOMY OpY-
Euio 1993 .

MmupoBoii 060pOT HeJleraabHBIX 60-
TYJAUHCOJAEPKAIUX ITPOAYKTOB CO3-
JlaeT COBEPIIEHHO HOBYIO U CJIOMKHYIO
CUTyalUIo, IIOCKOJbKY JabopaTopuu
10 IPOU3BOJCTBY TOKCUHA HE 3aBU-
CAT OT NpaBUTEJIbCTBA, U OCHOBHON
cupoc GopMHPYET HE TrocyJapcTBO,
a yacTHBIe InoTpeburenu. BamHen-
LIYI0 POJb B 3TOM IIPOIleCCE UIpaeT
BCCMI/IpHaH HayTI/IHa, T.K. MMEHHO 4e-
pe3 Hee obecliednBaeTCA pacIpocTpa-
HEHUE U CKJIaJIbIBaeTCA CIIPOC HA Hell-
POTOKCHUH. AHOHUMHOCTb U JI€rKas
JIOCTYIIHOCTh IIPUBOAUT K ele 6ojee
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BOPbBA
C KOHTPA®AKTHbLIMUA
NMPOAYKTAMM

[onorpamMmbl Ha 3TUKETKE HacTos-
wero 60ToKca CNOXHO nogaenats,
M UX HanmMyve cBUOETENbCTBYET O TOM,
YTO (hNTaKOH COAEPXKUT NINULEH3NOHHbIV
npoaykT. Kpome T0ro, n3rotoButenu
CcHabXaloT ynakoBKM C OpUrMHabHbIM
60TYNOTOKCUHOBLIM MPOAYKTOM
OPYrMMU MeTKaMu, MoBbIaoLWmMMn
cTeneHb 3aLMThbl, U MOCTOSIHHO Npeay-
npexgaatoT 06LLeCTBEHHOCTb 06 onac-
HOCTW MCMONb30BaHUs KOHTpadakT-
HbIX npenapaTtoB. OgHako 6opb6a
C NosiBNeHneM noanenok — 3To Aeno
He OTHAENbHbIX YaCTHbIX KOMMNaHWM,
a rocyfapcTBEHHbIX CTPYKTYp, Hafe-
JIEHHbIX BNACTbiO

AKTUBHOMY POCTY OGOTYJIOTOKCHHO-
BOH yTI'po3HI (10 CpAaBHEHUIO C JIIOOBIM
Apyrum OMOJIOTMYECKUM UJIU XUMUYe-
CKHM OPYKHUEM, KOTOPOE€ HEBO3MOKHO
3aKasaTh C I0CTaBKOM Ha jjoM). Hamu
ucciaefoBaHuA 3abUKCUPOBAIN, UTO
B TeYeHHUeE IOCIEeJHUX ABYX JIeT B H-
TepHeTe HabJIogaeTcd CYyIIeCTBEH-
HBIA POCT YHCJA NIPOAABIOB (aab-
muBoro mpemnapara. K comxaneHuro,
COIIOCTAaBUMBIM pPOCT IIPOUCXOAUT
U B cepe MPOU3BOICTBA HEJIETaIbHO-
ro 6oTyJoTOKCHHA. [Ipu 9TOM HU Op-
raHbl T'OCYapCTBEHHOM Ge30IIacHO-
CTH, HU CIYKOBI 110 60pb6e ¢ TOProB-
JIe HeJlerajJbHBIMUA MeJUKaMeHTaMH
HEe NpPOABIAIOT 0CO060ro BHUMAaHHA
K BO3MOMHOMY UCTOYHHUKY 6HOTEeppo-
pusMa.

HexoTopsle TpaJUIIMOHHBIE CXEMBbI
6opbOBI C pacupocTpaHEHUEM Opy-
JKUSA OKa3bIBAIOTCA Hed(hPEKTUBHBI-
MU IIPOTUB 9TOH HOBOHM yrpo3bl, T.K.
JUIL IPOM3BOJCTBA TOKCHHA HEOOXO-

JIMO COBEPIIEHHO 06BIYHOE 060pyI0-
BaHUe, a caMa 6aKTepus IIUPOKO pac-
npocTpaHeHa B npupoje. Hosoli geii-
CTBEHHOU CTpaTerveil MOKeT CTaThb
CHUIKEHHE cIipoca Ha KoHTpadakxT.
OTtcyTcTBUE cripoca Ha (aabIIUBbIN
MeJUKaMEeHT — eJUHCTBEHHOE, YTO
MOKET OTBJIEYb IIOAIIOJIBHBIX IIPOU3-
BOAUTENEH OT IMOJJIETK UMEHHO 9TO-
ro mpemnapara. JIMIEH3UPOBaHHBIE
uarotopuTenan ¢GapManeBTHUYECKOro
TOKCHHA B CBOIO OYepeab IPHUBJICKA-
FOT HOBEUIIIME TEXHOJIOIUH 3aIIUTHI OT
HOJIe/IKY, HAIlpuMep, cHaGxkasg OpHU-
THHAJbHbIE 9TUKETKHU T0JIOrpaMMO
WJIM IIpUCBanBad MapTUAM JUIEH3U-
POBAHHOIO IIPOAYKTA IIOJIAOIIHe-
cA IpoBepKe cepuiiHble HoMepa. bia-
rogaps 3TOMY Bpadu U KOCMETOJIOTH
BCerga MOryT YyAOCTOBEPUTHLCA B TOM,
YTO OHHU HNPUOOGpPES UMEHHO OpPUTH-
HaJIBHBIN IPOAYKT. Ho Bce aTH Mepo-
npuATUA 6€CCMBICTIEHHBI, €CJIN KOHEY-
HBII NOTPe6GUTEIb He 3aNHTEePeCcoOBaH
B IIOJUIMHHOCTHU ITpenapara. J[Jig Toro
9YT06BI yOEAUTE JIIOAEH B HE06X0AUMO-
CTH HCIIOJIb30BAHUSA UCKIIOYUTEIBHO
JIETQJIBHOTO MEIMKAMEHTA, YYeHbIe U3
Ipsen o6ecniednsi BCEOOITUI JOCTYII
K MaTepuajiaM HCCJIeIOBAHUMN, BBLIO-
JKUB Ha caliTe CBOU MyOJIHMKAIUU; OHU
TaKKe PEeryJIsapHO IPOBOAAT JEKIINU
¥ CTEH/IOBBIE JOKJIAIbI.

Jlpyroii crparerum B 60pb6e ¢ pac-
NPOCTPAaHEHHUEM HeJIeTaJbHBIX IIPO-
AYKTOB IIpujaep:xuUBaeTca dapma-
neBTudeckas KommaHua Allergan,
00'beJUHUBIIAS CBOU YCUJIUS C UCCJIIe-
noBarensamu u3 Kuras. B peaynbrare
COBMECTHBIX JAEUCTBUU B IIPOBUHIINU
IllaHbcHu 6GblIA pacKpbITa HeJeralb-
Haf omepanudA IO IIpojaaxke GOTYJO-
TokcuHa. OJfHaAKO u3-3a 6OJIBIIOro
KOJIMYeCTBa HeJlerajbHBIX Jabopa-
TOPHUH, IPOU3BOJAIINX IIPOAYKTEI Ha
OCHOBe GOTYJIMHOBOTO HEMPOTOKCHUHA
(4mCIJIO KOTOPBIX IPOJOJIKAET PACTH),
YaCTHBIM KOMIIAHUSAM He XBaTaeT pe-
CYPCOB U IIOJTHOMOY U, HEOOGXOJTUMBIX
JIJ1 BBICJICKUBAHUA U CyJeGHOTO Ipe-
cile0oBaHUA HapylIHUTeleil (ckopee,
3TO JIeJI0 MECTHBIX BJIacTel).

TemM He MeHee CYIIECTBYET OLUH
JIOBOJIBHO TNpoCcTOd U 3hdEeKTUusB-
HBIA METO/I, OIIPOGOBAHHBIN B 60pb6e
¢ apyruM KoHTpadaKTHBIM IIpemna-
paTtoMm. HecKoJbKO JieT Hasaj 06beK-

TOM MHTEpeca M3TOTOBUTEJIEH IoJ-
JIEJIOK CTaJl apTecyHaT — JIEKapcTBO
ot maaapuu. C 2007 r. oT TpeTH 10
II0JIOBUHBI BCEX IIPOJAANK apTecyHa-
Ta B IOro-BocToyHoi A3uUmM IPUXO-
JMJINCh Ha IOJJeJbHBIM IIpenapar,
GoJsibIIasg YacTbh KOTOPOro He obuia-
Jlajla HUKaKUM JIEKapCTBEHHBIM JIel-
CTBHMEM, B pe3yJbTaTe 4Yero mocTpa-
Jlaad He TOJIBKO JIMIIEH3UMPOBaHHBbIE
npous3BoAUTeNN apTecyHaTta. Hept-
BBl MAJIIPDUU YMUpAJIH, & caMo 3a60-
JIeBaHHE pacCIpPOCTPAHAIOCh, IIOTO-
My YTO CJIMIIKOM MHOTHE IalUeHTHI
He I10J1y YaJIi He06X0AMMOT0 JJIeYeHU .
B TOT e roji, 4To6bl OKOHYATEIbHO
UCKOPEHUTh KOHTpadaKTHYIO TOP-
TOBJIIO 3TUM IpenapaToM, GblJIO IPOo-
BeJleHO MacmiTabHoe MeXAyHapo-
HOE€ MEpONpUATHE I10Ji Ha3BaHUEM
«Onepanusa IOnuTep». B HeM npuHAIN
ydJacTue IpeicTaBUTENIN TaKUX Op-
raHusanui, kaxk Uatepnosn, Wellcome
Trust, KopoJieBckasg KOHHA A HOJUIIUA
Kanaapl, YnpaBiaeHrne N0 KOHTPOJIIO
KadecTBa JIEKAPCTBEHHBIX CPEJICTB
ABcCTpajluu, NHoJpasjeleHue II0 3a-
IUTE WHTEJJIEKTYalbHONH COGCTBEH-
HOCTU MUHHCTEPCTBA 06IeCTBEHHOMN
6esonacHocTu Kutas, BceMupHas op-
raHusanusa 3JpaBooxpaHeHud, LleH-
TPBI KOHTPOJIA U NPO(PUIAKTUKU 3a-
6oneBaHuil CIIIA 1 HEKOTOpBIE ApyTHe
YUYpeKJeHUs U HENPaBUTEIbCTBEH-
HbI€ OPTaHU3ALUH.

Xota B npouecce «Onepanuu Omu-
TEP»
Pa3IMYHBIX AeHCTBUH, IO3BOJIUBIINX
B UTOT€ IIOJJABUTh IIPOU3BOJICTBO KOH-
TpadaKTHOTO JIeKapCcTBa, OJHUM U3
HanboJiee 3HAYUTETbHBIX U BaKHBIX
9TaIoB IIPoeKTa GbII c60p MUJIJIMOHOB
06pas3noB KOHTPadaKTHOIO apTecy-
HaTa, IPOJaHHOIO0 B IIATU PA3JIUYHbIX
mecrax: B Kambomsxke, Jlaoce, MbsiHME

OCyII€CTBJAJIOCH MHOMKECTBO

(Bupwme), Tannanzae u BeetHame. OG-
pasnbl GbLIN JJOCTABJIEHBI B aBTOPU-
TeTHbIE JIaG0PAaTOPUM BBICOKOM TOY-
HOCTH, I/l IIOABEPIIUCH AETAJIbHOMY
aHaJIN3y, KOTOPBIM II03BOJIMI CO3/1aTh
(MHANBUAYATBHYIO KapTy»
ro UX HUX. OTU YHUKaJIbHBIE KaAPThD
II03BOJIMJIN AHATUTUKAM BBIYHUCINTD,

KA 10~

CKOJIBKO CYIIIE€CTBYET HeJIeTaJbHbIX
IIpou3BOAUTENEH apTecyHaTta. MMes
Ha pyKax Takylo MH(OpMaIUIo, Bia-
CTH CMOIJIM BBIABUTBH BCE IIyTU pac-
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npocTpaHeHUA (GaabIINBOK. Takum
o6pas3oM, HEKOTOpbIe U3 KOHTpadakKT-
HBIX IPOAYKTOB OBLJIN OTCJIECKEHBI 10
IOro-BocTouynoro Kuras, 4To 1moaBo-
JINII0 OQUIIUMAJIBHBIM IIPEJACTaBUTE-
JIAM JUKBUJAUPOBATH BCIO IIPECTYII-
HYIO CeTb.

Y6enuThe NpaBUTEJbBCTBO OpPraHU-
30BaTh CTOJIb KE CI0KHYIO OIIepaIluio
no 6oprbe ¢ moaAeIbHBIM OOTOKCOM
U JPyTUMU IIpenaparaMu Ha 6ase 60-
TYJOTOKCHUHA OyIeT ropaso CIOKHee,
OJHAKO MBI HajJeeMcs, 4TO IIpUMep
«Onepanuu lOnurep» nmokasaTesleH,
IIOCKOJIBKY OH IIpeJularaeT Hay4YHBIH
MOAXOJ K ONIpeJeIeHHI0 MacuiTaboB
npo6iaembl. Eciin HajelleHHBIE BJa-
CTBIO OpPraHU3AIUMU CAEJAIT XOTH
GBI IEPBBIH IIAT, BEIYUCINUB (DaIbIIN-
BbI€ KIMHUKY U U3'bAB Y HUX KYIIJIEH-
HBI HEJUIEH3UOHHBIH IIPOAYKT,
TO nabopaTOpUU CMOTYT IPOBECTHU
aHaJIu3 U BBIAICHUTH, KAKOE KOJIHYe-
CTBO HeJIETAJbHBIX IIPOU3BOAUTEIEH

gerictByeT. Ilo3ie 9TH JaHHBIE IIO-
MOTYT BBICJIE€IUTH IIPOU3BOAUTEIEH
KoHTpadaKTHOro Impernapara HuJIHU
CMOTYT yKa3aTh Ha IPOUCXOMKIAECHUE
06pasIioB TOKCUHA, IOy YeHHBIX II0-
cjle Kakoro-aiu6o HHIUAEHTA WINA
TepakTa.

CyIecTBYIOT MHPHAIBl TEOPETH-
YEeCKHUX BO3MOMKHOCTEH yrposnsl 06-
mecTBEHHOM 6e3omacHocTU. OaHAKO
JIMIIb HEMHOTHE GMOJIOTUYECKUE U XU-
MHUYECKHNE B€IleCTBA IPUTOJHBI K 1C-
II0Jb30BAHUIO HErOCyAapCTBEHHBIMU
CTPYKTYPaMHU, KeJIAIOI[MMHU BbI3BATh
MaccoByIo rubessp siojieii. YesoBedye-
CKHeE KAaJHOCTB U TIIecJaBHe CTUMY-
JINPYIOT POCT PHIHKA COBITA IOAMAETh-
HBIX GOTYJIOTOKCUHOBEIX ITPOAYKTOB,
1 Ob110 Obl HEAAJTBHOBUHO CUUTATD,
YTO IIPECTYITHUKHN HE BOCIIOIb3YIOTCA
yCIyraMy 9TOr0 IPOI[BETAIOIIET0 13-
Heca. ®

Mepesoa: T.A. MutnHa
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HAYKH 0 3EMNE

Keun Xupoce

HOBOE 0 GOGTABE
JeMIl

OTKpbITUE paHee HENM3BECTHOIo MUHepana
BbICOKOWM MSIOTHOCTM O3HA4aeT, YTO MaHTUSA
3eMnn «BypnuT» eLle cuiibHee, 4eM
npegnonaranu yyYyeHble, U CKpblBaeT
OaHHble, BaXHble AN NOHUMaHUSA

NCTOPUM HaLLeWn niaHeTbl

amasa GoJsbluas ray6uHa, J0

KOTOPOI Ha JaHHBIIA MOMEHT

nobpajicsa 4yeaoBek — 12 kM,
ckBasknHa Ha KoJIbCcKOM mosryocTpoBe
B Poccuu (cm.: Muctopos []. Konbckast
ceepxanybokas Ha pybedice sexos [/
BMH, N 12, 2003). 1 XO0TA MBI 3aILy-
CTHJIM KOCMHUYEeCKUH annapar k [lry-
TOHY, KOTOPBIX yaaaeH oT ColHIa Ha
6 MJIDJ KM, Y€JIOBEYECTBO JI0 CUX IIOp

OCHOBHBbIE NOJIOXXEHUA

HECIIOCOOGHO B3ATH IIPOOBI U3 TIIyOUH
3emuu. IIpakTU4YeCKU IHoIydaeTcH,
YTO LEHTpP Hallleld IJIaHEeTHI, PacCIo-
JIOKEeHHBIN Ha riay6une 6380 kM, Ha-
XOAUTCA Aaiblie, yeM kpail ConHed-
HOH cucTeMBbl. ILIyTOH 6BLI OTKPBIT
B 1930 ., a cynmecTBOBaHME BHYTPEH-
Hero sjpa 3eMJIHu GbIJI0 yCTaHOBJIECHO
C IIOMOIIBIO CEHCMOJIOTUYECKUX TaH-
HBIX JIUIIB CIIyCTH IIECTh JIET.

u [1pun BbICOKOM aBNeHUV camble pacrnpoCTpaHeHHbIe BUAbI MUHEPANOoB B HUXHEN MaHTUM nof-
BeprarwTCa CTPYKTYPHbIM N3MEHEHUsAM U CTaHOBATCA NJIoTHee.

= CyllecTBOBaHMe Takoro ha3oBoro nepexopa 03Ha4vaeT, 4To MaHTusA 6onee AuHammyHa v 6onee
3(h(HEeKTUBHO NOCTABNAET TENNO, HEM CHATANOCH paHee.

u Bornee aKTVBHbIV MepeHOoC Tenna nomoraeT 06bsICHUTL, MOYEMY KOHTUHEHTbI POCAN Tak 6bl-
CTpO, 1 Aaxe TO, KaK MarHuTHoe rnone 3emnu B cBOEM pa3BnTUM fano BO3SMOXHOCTb XWUBbIM

opraHvMamam BbITH Ha CyLLy.
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SEMHASI KOP,
| A g5,

HOBbIE AAHHbIE O CTIO)KHOM CTPOEHUW HALUEW NNAHETbI

3emnsa ycTpoeHa Hanopo6vme NyKoBULibl, TPUYEM COCTaB KaXAoro KoHueHTpuyeckoro  FJIYBUHA (KM)
Cnosi UMeeT CBOM 0CO6eHHOCTU. OTKPbITME HOBOFO MUHEpPAa BbICOKOM ! 410
MAOTHOCTU, HA3BAHHOMO NOCTNEPOBCKUTOM, O3HAYaeT Hanu4me

elLLie OHOro CNosi M BEAET K pasragke CTPaHHOro N3MeHeHUst

CceNcMUYECKNX BOJTH, MPOXOASALLUX CKBO3b 3€MHOW LUap

3EMHASA KOPA (FTTYBUHA 10 35 KM)

KOHTUHEHTbI, KOTOPbIE B MPOLLIOM 6bIIM MOrPY>XXEHbI B OKeaHbl, CTIOXEHbI
13 pa3HOO6pPasHbIX, OTHOCUTENILHO JIErKNX FOPHbLIX MOPOJ BO3pacToM
okono munnuapga net. OHu «nnaBatoT» Ha NOBEPXHOCTM 601ee NNOTHOW
MaHTUK. Taxenble 6a3anbToBble NOPOAbI, NPeACTaBASIOLLME OCHOBY
OKeaHU4YeCKOWN KOpbl, 06pasytoTcs N3 MaHTUIMHOWM Marmbl, KOTopas U3nu-
BaeTCA Ha CPeAMHHO-OKeaHNYecknx xpebTtax n 3aTem onyckaercs
B MaHT1I0. OT0 NPOUCXoauT B TedeHne 100 MiH net

MAHTUA

Mopofbl MaHTUM COCTOSIT NPEXAe BCEro U3 KUCNOPoaa, KPEMHUSA U MarHus.
Byayyv B 0CHOBHOM TBEPLOW, OHA TEM HE MeHee AedopMUpyeTCa Ha NpoTA-
XXEHUW BCEW Fe0N0ornyeckomn nctopmmn. Ee nopoabl MEANEHHO TEKYT, T.K. KOH-
BEKTVBHbIE TEYEHUS IEPEMELLMBAIOT BCE BELLLECTBO MaHTUW. NOTOKM MaHTUn
OTBOAAT BHYTPEHHee Tenso 3eMnu 1 NpUBOAAT B ABUXEHNE KOHTUHEHTbI

BEPXHAA MAHTUA (35—-660 KM)

Yem Gonblue rny6uHa, TEM Bhbille AaBleHUe U Temnepatypa, ¥ B MaHTum
06pasyTcs pasnuyiHbie KpUCTaNIMYeCKUe CTPYKTYpbl (MUHEpansl). Tpu
rpynnbl MYHEPASIOB — OSIMBUH, PA3HOBUAHOCTM LUMUHENM U LLIMUHENb — Aanu
Has3BaHWe COOTBETCTBYIOLLMM CII0SIM BEPXHEN MaHTUK

HVWXXHAA MAHTUA (660-2,9 ThIC. KM)

B TeyeHue gecaTuneTuii HUXHAS MaHTUa cHuTanacb OTHOCUTENBHO
OfHOPOAHOW MO CBOEW CTPYKTYpe. Ho B CENCMONOrnyecKknx aaHHbix 6binm
06Hapy>XeHbl OTKIIOHEHWSA HA ee HUXHEeN rpaHule

* Cnon nepoBckuTa

3pecb npeobnagaeT cunmkaT MarHus
MgSiO, (70% ot obLero Beca), OTHOCS -
LLMIACA K rpynne nepoBcKMToB. B ero
NSIOTHO YNaKOBaHHOM CTPYKTYpPe MOHbI
MarHus (XKesTblii) OKPYXXeHbl OKTadapu-
4YeCKUMU KPEMHEKUCIIOPOAHBIMMY pagn-
Kanamv (rosy6ele 6unupamuasl). 0o
He[laBHEro BpEMeHM y4eHble nonaranu,
410 60s1€€ NIOTHOrO KPUCTANSINHECKOrO
NOCTPOEHMS [aHHbIX AIEMEHTOB CyLLe-
CTBOBaTb HE MOXET

e Crnov nocTnepoBcKuTa

[Mpu naBneHun n TemnepaType, co3aato-
LLMXCA B caMbIX HMOKHUX 300 KM MaHTun,
NEPOBCKUT NpMobpeTaeT HOBYHO CTPYK-
TYPY: NOHbI MarHus u KpeMHeK1Ucnopoa-
Hble paguKasbl 06pasytoT OTAesbHbIe
CNou, NPV 3TOM BbICBO6OX 4aeTCA TEnno
1 06beM ymMeHbLUaeTcs Ha 1,5%. 3To
He6osbLUas BENMYMHa, HO OHa YpeBaTa
ApamaTtu4ecKumm nocneacTBUAMU Ans
BCEW NnaHeTbl

Ll,eHTpaanaﬂ HaCTb 3€MHOro wapa COCTOMUT rnaBHbIM o6pa30M 13 xernesa, XMOKoro Bo
BHELUHeM sijpe N TBepaoro BO BHYTPEHHEM. Bnaro,uapﬂ KOHBEKLMUU, TAK Xe KaK U B MaHTUN,
BO BHELUHEeM afpe naet npouecc nepemMellmBaHus, HoO BBUAYy 60/bLLEN NIOTHOCTH anpa
OHO He cMmelunBaeTcs ¢ MaHTuen. CynuTaeTcs, YTO KOHBEKLUUS B A0pe reHepupyet
MarHuTHoe none 3emnun
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U Bce xe cIlenuaanucTaM, u3ydalo-
UM 3eMJII0, U3BECTHO IMOPA3UTEb-
HO MHOro 06 ee BHYTPEHHEM CTpoOe-
HUU. B 061X yepTax HaILy IJIaHETY
MOKHO IIPEJICTABUTD B BU/JIE JIYKOBU-
1Bl C KOHIIEHTPUYECKU PACIIOTIOKEH-
HBIMHA AJPOM, MaHTHEH U CIOAMU
3eMHOU KOpbl. MaHTHUA COCTaBJIAET
85% Bcero o6beMa, U €ee MeIJIEHHBIE
BHYTPEHHHE II€pPEeMEIeHUs BBI3bI-
BAIOT re0JIOTUYECKNE KATAKJIU3MBbI B
3€eMHOM Kope. 9Ta CpeJuHHAaA 4acTh

KEITH KASNOT (cutaway); KEN EWARD (minerals)

B OCHOBHOM IIpeJICTaBIsAeT COGOM
cMech KpeMHUs, KeJle3a, KUCJIopoja
M MarHusd, pacupe/eJeHHbIX 110 BCei
MaHTHUHU NPUGIN3UTEIbHO B OJUHA-
KOBOM KOHIIEHTPAIIUU C HEeGOJIBIITH-
MU IIPUMECSAMU APYTUX dJIE€MEH-
ToB. Ho B 3aBUCHMMOCTH OT I‘J'Iy-
OGUHBI 9TH 9JIEMEHTHI 06pa3yIoT
pasauYHBbIE BU/IBI
noB. TakuMm o6pasom, cama
MaHTHUA pa3jejeHa Ha KOH-

MUHepa-

IEeHTPU4YeCKUe CJIOU, OT-
Ju4Yalonuecsa MUHeEpaJo-
TUYEeCKUM COCTaBOM Ha

Pa3HBIX INIyOUHAX.
XoTdA HA NPOTHAKECHUU
NeCATUIEeTUn CBOM-
cTBa M cocTaB 060Jb-
IIMHCTBA OTHUX CJIO-
eB OBbLIM JOCTATO4-
HO XOPOIIO U3YYeHHI,
70 HeJaBHETO BpeMe-
HHU caMble HUKHHE U3
HUX OCTaBaJIUCh B HE-
KOTOPOM CMBICJIE 3a-
raakou. B 2002 r. Ha-
YYHBIE COTPYAHUKH
Moel JsabopaTopum,
3aHUMAOIINeCsa HOBBI-
MU MHHepajJaMH BBI-
COKOM MJIOTHOCTH, KO-
Topble 06pasyloTcsa Mpu
TeMIlepaType U JaBie-
HUM, IIPUCYTCTBYIOIIUX
B HU:KHUX 300 KM MaHTHH,
pas3pemuian 3Ty 3arajky.

OTHU HCCIeL0BAHUSA IIOKA3a-

JIY, YTO MUHepaJl, HA3BaHHBIA

TIOCTIIEPOBCKUTOM, KOPEHHBIM
o6pa3oMm BAMAET HA AUHAMUKY
niaaHeTsl. Ero O4Ye€eBUOHOE IIpU-
CyTCTBUE B MAHTHUU O3HAYAET, YTO
KOHBEKIIMOHHBIE IIOTOKHU, 06pasyo-
muecs B HeH, Korjia MeHee HarpeThle

TOpHBIE IIOPOJABI OycKaloTcd, a 60-

JIee TopsYMe IOAHUMAIOTCH, 3abupasd
4acTb BHyTPEHHErO TeIJIa IJIaHEeTHI,
Gosee NMHAMUYHBI U 3)(PEKTUBHBI
B IIEPEHOCE TeIlJIa, YeM CUYUTAJIoCh
paHee. Be3 mocTnepoBCKUTa KOH-
THUHEHTBl poOCJIU O6bl
a ByJKaHBI BeJlH Obl ce6Gs CIIOKON-
Hee. O6GpasoBaHUe NOCTIEPOBCKUTA
MOKET TaKsKe IOJACTETUBaTh yCHuJIe-
HME MAarHUTHOTO MOJIA IIJIaHETHI, KO-
TOpOE, CIy)a 3alUTON OT KOCMU-

MEeOJIEHHEE,

YeCKMX JIydel U COJTHEeYHOTo BeTpa,
fengaeT BO3MOIKHOU KU3HbL Ha 3eM-
Je. JIpyTUMHU CJIOBAMH, IIOCTIIEPOB-
CKUT CTaJl HEeJOCTAIOIIUM KJIIOYHU-
KOM K IIOHHIMAaHUIO 9BOJIIONUH HaIlel
IIJIaHEeTHI.

l'oprle nopoabl

Ha caMmoM gHe

NaMmepsaa ceiCMUYECKHE BOJIHBI, Te-
opU3UKU COCTAaBUJIU KapThl CTpOe-
HUA 3emuan. [locie 3eMyIeTpACEHUH
C IOMOIIbIO YyBCTBUTEJIbHBIX IPU-
60pOB HA NPOTUBOIOIOKHON CTOPO-
HE 3€MHOTO IIlapa MOKHO 3a(UKCH-
poBaTh BOJHOBBIE ABUMKEHHUA, T.K.
OHHU PACIPOCTPAHAITCHA CKBO3b BCIO
Toamy 3emuau. IIpu nepecedyeHUU
IPAHUL] MEXJY Pas3JIMYHBIMU MaTe-
puajaMy IPOUCXOJUT IpPeJIOMIEeHUe
WY OTPakeHUe BOJH. ['J1o6aibHBIE
U3MepeHusA MoKasajau, 4YTO MaHTUSA
COCTOUT M3 NATU CJ0EB, HA T'PaAHU-
IIaX KOTOPBIX IPOUCXOJUT CKa4dOK
CKODOCTH BOJIHBI. lcciegoBaTenu
CBA3AJIM 9TU CKAYKU C U3BMEHEHUAMU
CTPYKTYPBI TOPHBIX IIOPOJ IO, AeH-
CTBUEM JlaBJI€HUA U TeMIePaTyphl,
MEHANUXCA II0 Mepe JIBUMKEHUS
BHU3.

B cocTaB TOpPHBIX IIOPOJ BXOJAAT
pasIudHble MUHEpaIbl. MuHepana —
3TO IOCTPOEHHE ATOMOB B 0COOYIO
reoMeTpudeckyno GopMy, UJIU KPHU-
cTalll, Y HEro eCTh CBOU cocTas, Ghu-
3UYEeCKUe CBOHCTBa U JAe IBET.
Husxe onpe/ieIeHHOI'0 Iopora orpoM-
Hbl€ JlaBJIeHUe U TeMIlepaTypa B MaH-
TUHM 3aCTaBJAIT COCTaBHBIE 3JIe-
MEHTBI MUHepaJja IlepecTpauBaThCcs
1 06pa3oBBEIBATH HOBYIO KPUCTAJIM-
YEeCKYI0 CTPYKTYpPY, UJIH, KaK I'OBO-
pAT du3uKu, npoucxoaut ¢asosoe
IpeBpalleHue.

PaHee, He uMed BO3MOMXKHOCTH I10-
JydaTh HNpo6bl M3 TIIy6uMH 3eMJu,
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B JIABOPATOPUN — KAK B HEJPAX SEMJIN

ABTOp CTaTby CO CBOEWN KOMaHAOM BOCCO3[asnu YCNOBUSA HUXHEN MAHTMUM C MOMOLLbIO
A4YeMKN C anmasHou HakoBanbHeW. Lmnuupapuyeckasa cTanbHaa s4vernka
CKOHCTpyMpOBaHa TakK, 4To6bl, NTOATArMBAs €€ BUHTbI (HTO 06bIYHO AeNnaeTcs BPYYHYH0),
MO>XHO 6b1/10 CKOHLIEHTPMPOBAThL AaBJIEHNE HA MOBEPXHOCTM LLIMPUHO B MUKPOH

MeX Ay KOHYMKamMu AByX anmasoB. O6pasLibl nopofb!, TOMELLEHHbIE

Mexnay anmMasamu, HarpeBalTCA C MOMOLbI nasepa.

OfQHOBPEMEHHO PEHTreHOBCKUWA Ny4 dukcupyer, Kak

MeHsieTCs KpucTannuyeckas CTpykTypa obpasua

Jly4 nasepa

reojIoTH, KejJalolie U3Yy4YUTh 3THU
CTPYKTYPHI, BEIHYKJAEHBI OBIIN HC-
KaTh IIOPOJBI MAHTHUH, BBIHECEHHBIE
Ha IIOBEPXHOCTH INIyGOKONM MarMmou.
OTU OPOJABI YACTO BKJIIOYAIH aJIMa-
3bl. [ToCKOJIBKY aIMa3bl o6pasyloTcs
NIpu AABJIEHUU U TeMIlepaType, co-
OTBETCTBYIOINUX IIy6uHe B 150 KM
n 6ojee, TO IpeAIoJarajaoch, 4TO
BMEIAIOIIUE UX HOPOAbI IMOJHATHI
C TOH ke INIyOUHBI, T.€. OHU HECYT LIeH-
HY0 MH(OPMAIIUIO O CAMBIX BEPXHUX
cI0AX MaHTHUHU. MuHepabl U IOPO-
JIBI, IIPOUCXOAIINE ¢ INIyOuHBI 6o1ee
200 kM, BCTpeYaJauCh O4EHb PEJIKO.
Kak ToJBbKO ydyeHBble Hay4MJIUCh
Cc03/1aBaTh BBICOKHUE JJaBJIEHUE U TEM-
nepaTtypy B J1abopaTOPHBIX yCIOBH-
AX, OHU CMOTJIM CUHTE3UPOBATh MU-
HepaJbl, Ipejnoaaras, 4To BOCIPO-
U3BeJIU HUKHUE CJI0M MaHTUHU. Ilo
npeobiagamoIiuM MUHepaJaM GbLIN
Ha3BaHBI CJIOM MAHTUU: TaK, B BEPX-
Hell MaHTUU ObLIU BBIJEJIEHBbI CJIOU
OJMBHMHA, PAa3HOBU/HOCTEH IINNHE-
A U cOGCTBEHHO IINMUHENINU. 3aTeM,
Ha4yuHAasA ¢ r1y6uHbl 660 KM, riaaB-
HBIM KOMIIOHEHTOM II0POJ] CTAHOBUT-
cdA IJIOTHAsA PA3HOBU/HOCTD CUJIHUKA-
Ta marHua (MgSiO,). OHa oTHOCHUT-
cA K GOJBIION rpynine INepoBCKUTOB,
KpHUCTa/UIMYecKasd pelleTKa KOTOPhIX

3epkano

PeHTreHoBCcKMe
nyum

o6pasyeTcs 3a CUET dJIEKTPOCTATHU-
YEeCKOTO IPUTAKEHUS OTpUIlATeNlb-
HO 3apAMKEeHHBIX MOHOB KHCJIOpOJa
U IIOJIOKUTEJIBHO 3aPAKEHHBIX NOHOB
JABYX IPYTHUX DJIEMEHTOB, B JaHHOM
ciaydyae MarHUA U KpeMHUudA. [lepoB-
CKUTBI Pa3JINYaIOTCA 10 XUMHUYECKO-
MY COCTaBY, HEKOTOpbIE U3 HHUX —
CBEpPXITPOBOJAHUKH, & IPYTHE UCIIOIb-
3yI0OTCA B 3JIEKTPOHUKE, HAaIpPHUMep
B NIbE303JEKTPUYECKUX dJeMEHTaX
M KOHJleHcaTopax.

[Teposckut MgSiO, Gbl1 BIEPBbIE
HOJIy4eH CHHTETHYECKHUM IIyTeM
B 1974 r. npu pgasiaenuu B 30 rura-
nackauseit (I'Tla) (1 ruranackanb, UIU
1 mapp ITa, mpeBeimaeT aTmMmocdep-
HOe JaBJIeHHe Ha ypPOBHE MOpHA IpU-
6ausuTenpHO B 10 ThIC. pa3). B mo-
ciaeaypomue 30 jgeT moAaBiAIOIIe
GOJIBIIMHCTBO CIIEIUAJHCTOB OBbLIN
y6exAeHBI, 9YTO 9TOT MUHeEpaJ pac-
npocTpaHdeTcsa Aajee BIIy6b MaH-
THH BIIJIOTH [0 €€ OCHOBAHUA Ha I'JIy-
6uHe 2,89 TBIC. KM, He IIOJIBEPrasch
ApyruM Gas3oBBIM IIPEBPAIEeHUAM.

OxHako, B 60-x rr. XX cTojeTus
6bl1a oOHapy’KeHa HOBas CeUCcMU-
Jeckas aHOMaJIUs Ha OTMETKE OKO-
g0 2,6 ThIC. KM. HuKHAA MaHTHA,
06bIYHO 0603HAaYaeMasa Kak cJIou D,
cerogHaA mnojapasjaenseTrca Ha D/ n

e |

N306paxeHne audpakumnm
PEHTFEHOBCKUX Ny4en

O6pasel, MMHepana yaepxueaercs
MeXay KOHYMKamm afMmasos
C MOMOLLbIO NPOKNaaKK

AnmasHas HakoBasbHSA

D// (Dmtpux u D aABa mTpuxa). 30Ha
D// sanumaet Hu:xEHNE 300 KM 3TO-
ro cios. B 1983 r. 6b1y10 ycTaHOBIIE-
HO, 4YTO B }:[eﬁCTBHTeJIbHOCTPI aTa
aHOMAaJIMA IPEPBIBUCTA, YTO CBA3aA-
HO C OTHOCHUTEJIbHBIM COZIEpKaHUEM
9JIEMEHTOB, a He C rpaHulei daso-
BOro rnepexoja. JlaHHOe IpPeJIoJo-
JKeHHue OBLIO cAeJaHO oTyacTu 6ia-
rogapd «ujeaJbHON» KpUCTaIA4e-
CKOH CTPYKTYpe€ IePOBCKUTA: aTOMBI
06pa3yT reoMeTpUYecKyo ¢Gopmy
Ha OCHOBE IJIOTHEHIIIeH yIaKOBKH,
U Ka)eTcd, 4TO 3TO JJOBOJUT A0 MAK-
cuMyMa yAeJbHBIA Bec. Crienuaau-
CThl COMHEBAJIMCh, UYTO NEPOBCKUT
MOKHO OBLIIO OBI CiKATh TaK, YTO-
6Bl MOJIYYUTH elle 6ojee MIOTHYIO
cTPYKTypy. CiieayeT oTMETUTB IIPO-
671eMaTUYHOCTh U3MEHEHUA PACIIpo-
CTPAHEHHOCTH 3JIEMEHTOB, T.K. B pe-
3yJbTaTe KOHBEKI[UU BEIeCTBO HUMK-
Hell MaHTHUU JOJKHO IOJHUMATbhCH
U CMEIIUBATbCA C COAEPKUMBIM BbI-
1IeJIesKallliX CJIOEB, a 3TO B CBOIO 0Ye-
peab npuseso 6bl K OJHOPOJAHOCTH
pacnpeseeHuA 2JIEMEHTOB.

ll]'[ﬂ BBISICHEHUW A MCTHUHBI CJIeJ0Ba-
JIO OBl IPOBECTHU SKCIEPUMEHTBI IIPU
nasiaenun 120 I'lla u Temmepartype
2.5 ThiCc. KeabBUHOB (K). B cepenu-
He 90-x rr. XX B. 1 3aUHTEpecoBajICcsa
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3TOI Mpo6JIeMON U IO3Ke HavdaJ jJa-
60opaTOpHBIE UCIIBITAHUSA, UCIIOIb3YH
aJIMa3HYI HaKOBAJIBHIO B f4YeiKe,
rae o6pasnbl MaTepuasa, HOJOOGHO-
TO BEIeCTBY MaHTUU, [I0JJBEPTajuCh
BBICOKOMY [JaBJICHUIO MEKAY BY-
MsA NPUPOJHBIMU aJiMa3aMU YUCTOM
BOJXBI pa3dMepoM IPUOIU3UTETBHO
B 0,2 KapaTa, a 3aTeM HarpeBaJHUCh
nasepoM. Ilpu paBieHUM GoJblle
80 I'lla nmaske asMas, caMblil TBep-
JIbIF M3 N3BECTHBIX MaTepuaJsoB, Ha-
YUHAEeT CUJIbHO AebOpPMUPOBATHCH.
YToG6HI e1l1e MOAHATH JaBJIeHUE, HAJIO
U3MeHUTh GOPMYy KOHUYUKOB ajIMas-
HOW HAKOBaJbHHU TaK, YTOGBI aj-
Ma3 He paspylnajncsa. MbI ¢ KoJlIe-
raMy IIOTepIleJJM MHOTO Heyjad,
HAIIU HCCIEeNOBAHUS CTOUIHU [10-
poro, U MHOTZA MBI HaJaJH AYXOM.
B 2001 r.,
HU C KOCOH 3aTOYKOM, MBI IIPEOJO-
nenu notosok B 120 I'lla. Hama na-
6opatopusa 6blIa OJHON M3 IEPBBIX
B MHpE, JOCTHUTIIEH 5TOro ypOB-
HfA, U NepBOU mcciaeAoBala Bo3Jen-
CTBUA TAKOI'O JABJIEHUS HA IEPOB-
CKUTBHI.

HCIIOJIB3YyA HAKOBAJIb-

Hactynaet icHOCTb
Yro6bl NOHATH, KaKHe IIPOIEeCCHI
IPOUCXOAAT BHYTPU HAIIUX obpas-
II0B, MBIl IOCTABUJIHU 3SKCIIEPUMEHT
Ha SPring-8, caMoi 60JIBIIION B MUpe
CUHXPOTPOHHON PpPEHTreHOBCKOM
yCTaHOBKE, PACIIOJ0KEHHON B Topax
Ha 3anaje AnoHuu. B TeyeHue nouyTu
LIEJIOTO CTOJIETUA YUeHble pacmu@po-
BBIBAJIM CTPYKTYPY KpUCTAJJIOB, Ha-
6iroiasa, Kak AUGpParupyioT, Ipoxo-
/1 CKBO3b HUX, PEHTT€HOBCKHE JIy YU
(oHM OTTAJKUBAJIMCH OT IIOJIOKEHUA,
4TO MEKaTOMHBIE PACCTOAHUA HAXO-
JATCA B TOM K€ uana3oHe JUIMH, 4TO
U BOJHBI PEHTTE€HOBCKOTO H3JIyde-
HUdA). UHTEHCUBHBIE IIyYKU TOHKHUX
KaK BOJIOCKM PEHTTE€HOBCKUX JIy4ei,
coszlaBaeMble B SPring-8, mo3BoJIuIn
HaM c/IeJIaTh BBICOKOTOYHYIO CBbEMKY
C MHTEepBajJaMM B OJJHY CEKYH/Y, YTO
OYEHb BaMKHO JJIA MOHUTOPUHIA U3-
MEeHEHUH KPUCTaTJINYECKON CTPYK-
TypPHl B MOJOGHBEIX SKCTPeMaabHBIX
YyCIOBUSAX.

3umoit 2002 r. Mol ctyaeHT Mo-
Toxuko Mypakamu (Motohiko Mu-
rakami), pa6oraBmuit Ha SPring-8,

COOOIMJI MHE O 3HAYUTEJIbHBIX U3-
MEHEHHUAX KapTUHbl AuUPpaKIuu
B o6pasie neposckuta MgSiO, npu
ero HarpeBaHHU IOJ JaBJIEHUEM
B 125 I'Tla. [Togo6HbIe HaGIIOIEHUSA
06GBIYHO YKa3bIBAIOT HA M3MEHEHHE

CTPYKTYPHI
HO TO, YTO A HCKAJ. ITO OTKPBLITHE

Kpucrajginra — HMEH-

MHUYECKHX peaKIUil o6pasna Iopo-
Bl C MaTepHaJoM, yAePKHUBAIOIIUM
€ro B HaKoBaJbHe (06BIYHO BTO IJIU-
Ha), B pe3yjabTaTe Yero MOMKHO IIO-
JIyYUTh Cepbe3Hble PACXOMKIACHUA
B JaHHBIX audpaknuu. Korga He-
CKOJIBKO JHEH CIIyCTd f paccKasall
MOUM KOJIJIeTaM O HOBBIX HaGIIOeHH-

OKcnepTbl COMHEBAKOTCS, YTO MUHEpPaSbI,
copepXxallmecs B MaHTUKN, MOXHO CXaTb [0
TaKOW CTEMNEHU, 4YTO MOSy4YnTCS
KpucTannuyeckas cTpykTypa 6omnee ninoTHOM

yrNakoBKM

o6emiajio cTaTh CaMBIM BaKHBIM
B MHUHEPAJIOTUHU BBICOKOTO JlaBJICHUS
U, BEPOATHO, BO BCEX HAy YHBIX HUCCJIe-
JOBaHUAX 3€MHBIX INIyOUH, HAUNHaA
c 1974 r., korza 6bLJI BIepBbIe CUHTE-
3UPOBAH CUJIMKAT U3 I'PYIIIEI IEPOB-
CKUTOB.

OpHako BHayaJje g OTHECCA K 9TUM
JAHHBIM HE CJIMIIKOM CEPbE3HO, II0-
CKOJIBKY H3MEHEHHUA KapTHUH Aud-
PAKIMU MOTYT IIPOU3OUTHU IO PALY
NPUYUH — HaAIpUMep, H3-3a XHU-

AX, UX IIepBad peaKknus OblIa JOBOJIb-
HO HEraTUBHOU. «BbI, TOJTKHO OBITH,
Jeaald YUTO-TO HENPaBHIBHO, —
3adABHUJ OJUH KpHcCTawiaorpad. —
VY mepoBCKHUTA HAeaJIbHAA KOMIAKT-
Has CTPYKTypa, U elle HUKTO He BH-
nen pazoBoro mepexosa MepoBCKUTA
B 6oJiee IJIOTHY IO CTPYKTYPY».

MBI MHOTO pa3 IMOBTOPUJIU dKCIIE-
puMeHT. 1 Kam bl pa3 ¢ BOOAYIIEB-
JIeHUeM HaG6IIoAalu IOoABJIE€HUEe HO-
BOHW KapTHUHBI Audpaknuu. Mbl Tak-

OKCMNEPUMEHTAJIbHBIE JJAHHBIE, Ha 0CHOBE KOTOPbIX ObININ YCTAHOBMEHbI
TemMnepaTtypa v faBrieHue nepexofa NepoBCKUTa B MOCTNEPOBCKUT (JIMHUSA
ropora), NokasbIBalT, 4TO CYLLECTBYIOLUMIA CEFOAHSA B HeApax 3eMnun nHTepsan
Temneparyp (YepHas KpuBasi) COOTBETCTBYeT 06pa30oBaHuio NOCTNEPOBCKUTA
B CaMbIX HWXXHMX CNOSIX MaHTUU, Ha rny6uHe 2,6—2,9 Tbic. KM. B paHHem xe
Bo3pacte 3emnu (6enas kpusas) [NA POPMUPOBAHUA MOCTNEPOBCKUTA

Temneparypa 6bina CNULLKOM 60MbLLOW

XonopHee

<
2,0(?0

—» Huxe

Mpodunb Temnepa-
TYyp COBPEMEHHOMN
3emnunokasbiBaer,

N 4TO NOCTNEPOBCKUT

120 MOXeT CyLlecTBO-

BaTb HVXXE OTMETKM

2,6 TbIC. KM

MOCTMNEPOBCKUT

(rony6as 3oHa)

Bbilwe <€— [laBneHue B ruranackansx

TeMﬂepaTypa B KeJibBUHaxX

—> lopsuee

3,0?0 4,0|00

—2,000

—2,200

| Monopas 3ewmnsa k
6bina CIIMLLKOM ropsi-
Ya ans obpasoBaHus

nocTnepoBCKUTa 2,400

—2,600

- 2,800

CooTBeTCTBYIOLLAA MY6MHA B KM (MPUGNN3UTESBHO)
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KOHBEKLUA B COEPOUAAX

Ha mogensax nokasaHo, 4To
KOHBEKLS npoTekaet
6bicTpee 1 6onee XxaoTM4HO
npu y4actum
nocTrnepoBckuTa (cripasa),
yeM, ecnv 6bl MaHTUS 6bina
o6pa3oBaHa 0gHUM
NepoBCKUTOM (c/1eBa), kak
3TO MPOUCXOANIIO Ha 3ape
cylLllecTBOBaHUA 3eMnu.
KOHBEKLIMOHHBIE NIIIOMbI
NOAHMMAIOTCA Haf rops4YMm
A0POM NOJOBHO CTPyike
BO3AyXa Haj pasorpertom
3emnei. No mepe
BOCXOXJEHWS nioma
cofepXaLlnincs B Hem
NOCTMNepOBCKUT Nonagaet
B YCNOBUS 6011€e HU3KOoro
NaBneHns n nepexoanT

B MeHee MOoTHbIN
NepoBCKUT. PacLumpssce,
nsoM cTaHoBUTCS 60nee
nnasy4vM 1 NOAHUMAETCH
6bICTPEE 1 XaoTUYHEE, YEM
B MaHTUK, COCTOALLEN
TOJIbKO U3 MEPOBCKUTA

BE3 MOCTNEPOBCKUTA

00— 2

CTMOCTMNEPOBCKNUTOM

KOHBEKLMOHHbIV
nniom —|

e 0OHAPYRUJIU, YTO IIPU IIOBTOPHOM
HarpeBaHUU TPAaHCHOPMUPOBAHHOIO
o6pasna Npu HU3KOM JaBJIE€HUU OH
BHOBb NpE€BpAIAJICAd B II€POBCKUT.
Takum o6pasoM, npouecc 6611 06pa-
THUMBIM U UCKJIIOYaJ U3MEHEHUS XU-
MHYeCcKOoro cocTana ob6pasna. Mcxonsa
U3 9TOTO, A yBEPUJICA B TOM, YTO MbI
npeo6pasoBanu nepoBckut MgSiO,
B HOBYIO CTPYKTYDY.

Bosiee Toro, Mbl yCTaHOBUJIU, YTO
npu Temneparype 2,5 Teic. K nepexon
ocymecTBaderca npu 120 I'lla, a He
125 I'Tla (MMEeHHO TOM JaBJIE€HUH, YTO
COOTBETCTBYET INIyOMHE 2,6 THIC. KM,
rjae Habarogaacss TAaMHCTBEHHBIN CKa-
YOK CKOPOCTH CEHCMHUYECKUX BOJH).
A moHsAN, 4TO AaBHAA 3aTajKa HAKO-
HeI| pa3pelleHa: Mbl OTKPBIJIU HOBBIN
G$a30BBIA NEepPexo U HOBBIA MaTepH-
aJ1, npeo6aagamuii B cioe D//. Kpo-
Me TOro, s IPEAIIOI0AKMII, YTO OTKPbI-
THIN Pa30BBIN ITepexos MOKET UMETh
BasKHBIE IIOCJIEJCTBUA A JUHAMMU-
KM MaHTHUMH.

Ho npex e yeM NpogoIKUTh pabo-
Ty, HaM HeOo6X0JMMO OBIJIO OIlpeje-
JIATH KPUCTAIIUYECKYIO CTPYKTYDY,
obpasymoinyocsa B HOBOH ¢dase, 4To

6BLIIO HA TOT MOMEHT IIpo6aeMaTH4-
HO, IIOTOMY YTO He GbLJI U3BECTEH HU
OJMH KPUCTAJJ U3 I'PYIIBl II€POB-
CKHUTOB, IPe06pa3yoIuics B JpyTroi
BU/JI IIOJ AaBjeHUeM. ITodTu menbiit
roJ, Mbl MCKaJId B KpucTaJjjorpadu-
YeCKMX Karajorax obpasel], cOOT-
BETCTBYIOIUN HAITUM AU PaKIIHMOH-
HBIM JAHHBIM, — KaK UT'OJIKY B CTOTY
ceHa, CpeJau JeCATKOB ThICAY N0J006-
HBIX KPUCTAJJIUYECKUX PEIIETOK.
B konne 2003 r. Bo BpeMsdA pom/je-
CTBEHCKUX KaHUKYJ MOH KoJle-
xuMuk Kanymorn Kasamypa
(Katsuyuki Kawamura) mpoBoaui
KOMIILIOTEPHOE MOJIEJIMPOBAHME aTo-
MOB MarHus, KPEMHUSA U KUCJIOpoja
B YCJIOBUAX BBICOKOTO AaBiieHUuA. OH
Ha4daJl ¢ IPOU3BOJBHOIO PACIOJIO-
JKEeHUA aTOMOB IIPU OYEHb BBICOKOM
TeMIlepaType, U KOrZa OH OXJIaJMJ
CBOM BUPTYyaJbHBIN o6paser], cMech
HayaJla KpuUCTaJJu3oBaThbcA. 3a-
TEM OH paccuuTal AUPPaKIMOHHYIO
KapTHUHY, KOTOPYIO MOT' 6BI BBIJATh
KPHUCTAJLJI NOA06HON CTPYKTYPHI. Pe-
3yJIBTAT IIOJTHOCTBIO COOTBETCTBOBAJL
Haby01aeMO HaMHU SKCHEePUMEH-
TaJIbHOU KapTHUHE.

ra,

MBI pemuau Ha3BaTh HOBYIO (asy
nocTrnepoBcKUToM. (Co6CTBEHHO, 3TO
elje He MUHepaJl, IIOCKOJbKY OH He
6blJI HAlJIEeH B €CTeCTBEHHBIX yCJIO-
BUAX.) Kak BBIACHUIIOCH, €€ CTPYKTY-
pa IIo CyIIeCTBY MJIEHTUYHA JIByM U3-
BeCTHBIM KpucTtasuiam UFeS, u CalrO,,
KOTOPBIE YCTONYUBBI K OKPYIKaIoei
cpesie. Hamu HemocpecTBEHHEBIE U3-
MepeHUA NOoKa3alH, YTO NJIOTHOCTh
TIOCTIEPOBCKUTA HA CAMOM JIeJI€ BhIIIE
Ha 1-1,5%, yem y IepoBCKHUTA.

MepeHoc Tenna

C Tex mop KaK MBI JIOJIOMKHUIN O Ha-
mux pesyabTatax B 2004 r., yyeHbIe
U3 pasHBIX o6JacTeld HAyKU, olmupa-
fACh Ha HUX, UICKYCHO IIOCTPOUJIU HO-
Bble BeCbMa BIIEYATIAIONNE KapTHU-
HBI Pa3JIHYHBIX IPOLECCOB, IIPOUC-
XoAAmMMUX BHYTpu 3emuu. Haunem
C TOTO, UYTO HaIlle OTKPBITHE IIPOJIHJIO
CBET Ha KOJHUYECTBO TeIlJIa, IOCTyHa-
IoIee U3 AApa B MAHTHIO. IIOCKOIBKY
B cocTaBe Ajpa Ipeobrazaet xee-
30, OHO B /IBa pas3a IIOTHee MaHTHUH.
BceilegcTBHE 9TOr0 Ha HUX IpaHU-
e IPaKTHYEeCKH HET IepeMeIlH-
BaHHUA, a TENJ00OMEH IIPOHUCXOIUT
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JEN CHRISTIANSEN

HAYKH 0 3EMIE

B OCHOBHOM 3a CY€T TEIJOIIPOBOHO-
cTu. U eciu MaHTHA 6GoraTa pajguoak-
THUBHBIMHU YPAaHOM, TOPUEM U KaJIHUEM,
TO B AJpe 3aIlachl paJUoOaKTUBHBIX
U30TOIIOB CKOpDEE BCEro HEBEJHUKU,
a ero HbIHEIIHASA BO3MOMKHaA TeM-
nepatypa 4-5 teic. K coxpaHuiace
6GoJIbIIIE YacThIO CO BPEMEH POIK/ie-
HuA 3eman. C To caMo¥ OPEI AP0
OCTBIBAET II0 MEpPE TOTO, KaK TeIN-
JIO B IIO'PAHUYHOU 30HE IIepeTeKaeT
B MAaHTHIO.

Hcxona u3 BEpoOATHOU TEIIOIPOBO-
JHOCTH MaTepuaja HUKHEeH MaHTUH,
MBI CMOTJIM MOJCYUTATh, YTO PACXO]]
IepeTeKapIero U3 aapa B MaHTHUIO
TerJia MoxkeT 6bITh paBeH 5-10 Tepa-
BaTT (TBT), 4TO CpaBHUMO CO CpeJ-
Hell cyMMapHOM BbIpaGOTKON BCeEX
9JIEKTPOCTAHIUI MHpa. ITO GOJb-
IIUY IOTOK SHEPTUU, U EMY COOTBET-
cTByeT Gojee GBICTPOE OCTHIBAHUE
AApa, 4eM Ipejnojarajochk paHee.
3Hasa cyHIeCTBYIOIIYIO CETOJHA TEeM-
neparypy.
4TO €ero HadajJbHas TeMIlepaTypa
JomkHa 6blia GBITH BBIIIE, YeM CUH-
TaJIOCh IIPEeK/e.

MOMKHO IIPEAIIOJIONKUTH,

TenyioBOM IIOTOK IIpeJOonpeesni
pasBUTHE AApa C MOMeHTa o6pa3oBa-
HUA 3eMJn. BHyTpu I0HOI 3eMiiu Bce
AAPO GBLIO :KUAKUM, HO, COIJIACHO He-
KOTOPBIM HCTOPHUYECKUM IIpeJICTaB-
JIEHUSIM, BHyTpeHHee AApo Hadalo
KPHCTAJIN30BAThCA, U IIO3TOMY Ce-
TOAHSA BBIACIAOT BHyTpeHHee TBEP-
Jloe PO U BHEIIHee :Kujakoe. I3 ero
Goslee OBICTPOTO OCTBIBAHUSA CIIEAY-
€T, YTO BO3PacT BHYTPEHHEIO TBep-
JIOro AApa MOMKET OBITh MEHee MUJI-
Jmapza jeT, T.e. OHO ropas3jo MOJIOKe
camoit 3emnau (4,6 mapna jet), nHa4e
OHO JIOJIFKHO ObIJIO Obl OBLITH 3HAYM-
TeJbHO G6GOJbIIEe CBOUX HBIHEITHHX
pa3MepoB.

O6pa3oBaHUe BHYTPEHHEro sjpa
UMeeT 3HA4YeHUe [JI MarHUTHOLO
nmojsa 3eMJH, KOTOPOE B CBOIO O4e-
peAb BIHAET HA 3eMHYIO KHU3Hb. Hc-
clegoBaTeNIH, H3ydalolue 3eMJIIo,
CYATAIOT, YTO KOHBEKIH KHJKOIO
MeTaJljla B PacljaBJIeHHOM BHEITHEM
AApe TeHepupyeT MarHUTHOE IIoJie
Halled IJaHeThl 6Giarojgaps cBoe-
My AMHaMHU4YecKoMy AelicTBuio. Ha-
JIn4re TBEPAOTro BHYTPEHHEro Aapa
o6yciaoBiuBaeT 6ojee IMOCTOAHHYIO

1 MeHee XaOTUYECKYI0 KOHBEKIHUIO,
BBI3BIBAIOIIYI0 6ojiee CUJIBHOE Mar-
HUTHOE IIoJIe, 4YeM ecJUu OBl ALpo
OoCcTaBaJIOCh IIOJHOCTBIO HKHUIAKHM.
TeomarHuTHOe MoJie 3alUIaeT 3eM-
JIIO OT COJIHEYHOI'0 BeTpa U KOCMHYe-

U IPOJOJIKAET HOAHUMATHCA Jajlb-
me. Ha KOMIBIOTEPHBIX MOJEIAX
BHU/IHO, YTO IIPM y4YaCTUHU IIOCTIIE-
POBCKHUTA ILJTIOMBI 06pa3y0TCA Yale
U oJIy4arnTcs 601ee U3BUIUCTBIMUA,
qyeM eciy Obl HUMKHAS MaHTUS CO-

Nmetowinn 4pesBblHanHO BbICOKYHO
3/1eKTPONPOBOAHOCTbL CIOM NMOCTNEPOBCKUTA
MOr 6bl yCUNUTbL O6MEH MOMEHTOM KOJIn4ecTBa
OBWXEHUS MeX Y XUOKUM BELLLEeCTBOM sapa

N TBEPObLIM MaHTUM BO BCEX CNy4dasx
N3MEHEHWUA NOTOoKa B sape

CKUX JIy4el, KOTOpPbIE MOT'YT BbI3BAaTh
HOSBJIEHUE F€HETUYECKUX MyTalluil
U cTaTh OCOGEHHO OIMACHBIMU IJIsL
JKU3HU Ha Ii1aHeTe. TakuM o6pasom,
BO3MOJKHO, U3MEHEHU I UHTEHCUBHO-
CTH T€OMArHUTHOIO II0JIA, IPOU30-
ImIeIIre OKOJIO MHJIIHapjaa JeT Ha-
3a/i, MOIVIA IIPUBECTHU K BBIXOAY KU3-
HEHHBIX GOPM M3 MOPSA Ha CyIIy.
[IoCTIIEPOBCKUT BJIMSAET HA PACIIPO-
CTpaHeHUe TeIljla He TOJIBKO Ha I'pa-
HUIE AP0 — MAHTHUSA, HO TAKKe II0
BCell MAHTHUHU. DTO OTKPHITHE BbI3BA-
JI0 JAJBHEUIITNI IePeCMOTP UCTOPUU
3emnau. Haja ykaszaHHONW TIpaHHUIEH
06pas3yoTCs BBIHOCHI BellleCTBA MaH-
THUH, WJIN IUIIOMBI (cTpyu). Bocxonsa-
Ui B CJIOE IIOCTIHEPOBCKUTA IIJIIOM
HPOXOAUT I10 Iy TH IIOHUKEHUE TaBJIe-
HUsA, [I0KA He JOCTUTHET IIopora, Ije
TOPAYHUN MMOCTIIEPOBCKUT IEPEXOTUT
B MeHee IIJIOTHBIN ITIEPOBCKUT C yBe-
JIUYeHneM ero o6bema. Bynydm me-
Hee IVIOTHBIM, YeM BMEI[aon[uii ero
6GoJiee MPOXJIaHBIU MaTepUaJl, IJIIOM
CTAaHOBUTCHA eIe 6oJjiee MJIABYYUM

CTOsija IIOJHOCTHIO M3 IIEPOBCKUTA.
Takum o6pa3oM, MOJAEJIUPOBAHUE
II0OKa3aJjio, YTO IIOCTIIEPOBCKUT, Be-
POATHO, YBEJIUYHUBAET IIOTOK TeIlja
CKBO3b MaHTHIO Ha 20%.

npl/l‘-lVlel nepemeLwinBaHus

VCckOpsAsA KOHBEKI[MOHHBIE TeYeHUs,
IOCTHEPOBCKUT IIOBBIIIAET TeMIlepa-
TYypy BepXHell MaHTUHU Ha COTHH r'pa-
nycoB. BeiencrBue aToro Bo3pacra-
eT aKTHUBHOCTH BYyJIKaHOB. Ha paH-
HUX CTaJAUAX PA3BUTHUHA, KOTJa 3eMJIs
6bI1a MOJIOJION, a AAPO elle Gojee ro-
pAYUM, caMas HUKHAA 9aCTh MAHTUHU
nMeJia TeEMIIEPaTy Py TaKsKe BBIIIe, YeM
Ta, IIPA KOTOPOM MOIKET 06pa3oBaThbCs
IOCTHEPOBCKUT. [lapalokcalbHO, HO
B OTCYTCTBUE [IOCTIIEPOBCKUTA, YBEJIU-
YUBAIOIIEro MOTOKU Tellsla, BEPXHAA
MaHTHUs 6bli1a GbI XOJIOAHEE, YEM B Ha-
crodmiee Bpemsd. [1o Mepe MeJIeHHOTO
OCTBIBAHUA 36MHOT0 IIIapa, IPUMEPHO
2,3 MJIpA JIeT Ha3ajJ, HEKOTOpoe KO-
JIMYECTBO IIEPOBCKUTA CTAJIO IIpe-
BpalaThCA B HOCTIEPOBCKUT, YCUIH-

OB ABTOPE

Keun Xupoce (Kei Hirose) — npodeccop TOKMINCKOro MHCTUTYTa TEXHOMOTUN, crne-
LManumcT No eCTeCTBEHHbIM BbICOKMM AaBneHuam. Oby4asacb B TOKMCKOM yHUBEP-
cuTeTe, OH BbiGparsn reonoruio B Hagexae, 4To oTnpaBuTCA B AHTapKTuay unm éyget
n3yyatb rny6okoBofHble Mupbl. OfHaKo ero nccnefosartensckas pabéora npoxoguT
B naéopatopuu, rae OH CTaBUT SKCMEPUMEHTbI MO MOMYYEHUI0 CBEPXBbICOKUX AaB-
NeHui 1 Temneparyp, NposiBnAs 0COObIN UHTEpPeC K Martepuanam, U3 KOTOpPbIX CO-
cTOAT 3emna u gpyrve nnaHeTtbl. TeM He MeHee OH He OCTaBWN MEYTY O Janekux

nytewecTBuax.
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BadA IMOTOKM TeIlIa, UAYIIHE OT AApa,
U IOBBIIIAA TEMIEepaTypy BO Bceil
MaHTHUH. B peayibprare, KakK IOACYU-
TaJld y4eHble, YCKOPEHHOE JBUIKe-
HUE IJIUT U [OBBIIICHHAs BYJKaHU-
Yeckas aKTUBHOCTb MOIJIU IIPUBECTHU
K TOMY, 9YTO KOHTUHEHTBI CTaJIN pa-
CTH B JiBa pa3a G6bIcTpee UMEHHO B Te-
YeHHe 9TUX MOCIeHUX 2,3 MJIPJA JIeT.
Ho 3TOT BBIBOJ OCTAETCA IPEAMETOM
TOPSAYUX CIIOPOB.

Ilo cBOMM PU3UUECKUM CBOMCTBAM
ciaoii D// MoOKeT B 3HAUYUTEIbHOU
CTelneHU OTIHYaThCA OT BhIIIepa-
CIIOJIO}KEHHBIX cJyioeB MaHTUU. Co-
TJIACHO U3MEPEHUAM, IPOBEJEHHBIM
B IIOCJI€/THEE BPEeM#A, IOCTIEPOBCKUT,
o6iragasa GoNbIIEr 3JE€KTPOIIPOBOJ-
HOCTBIO, Y€M IIEPOBCKUT, HOBBIIIIAET
9JIEKTPOITPOBOTHOCTD CAMBIX HUMKHUX
CJI0€B MAHTHM Ha HECKOJIbKO IIOPAMI-
KOB. VMemIluii 4pesBbl-

Ya#HO BBICOKYIO
9JIEeKTPO-

IPOBOJHOCTh CJIOM IIOCTIEPOBCKH-
Ta MOTr OBl YCHJINTh 0OMEH MOMEHTOM
KOJIMYECTBA JBUKEHUA MEXAY KU -
KHUM BEIIECTBOM fAJpa U TBEPABIM
MaHTHH BO BCEX CIIydasaX U3MEHEHUT
noroka B aape. (O6GMeH IPOUCXOAUT
B pe3yJsbTaTre AeiicTBUA cUiIbl JIopeH-
na.) CoraacHoO JaHHBIM KOMIIbIOTEP-
HOTO MOJEeJHPOBAHUSA, IIPOBEJEHHO-
ro IPYTHMH CIEIHATUCTAMH, TaKOH
obmeH MoOr 6Gbl M3MEHATH CKOPOCTH
BpaleHus 3eMJIN Ha ThICAYIHBIE JOIHU
CeKyH/bI, UTO B ACHCTBUTEIBHOCTU
IpOABJIAETCA B U3MEHEHUU IIPOAOI-
JKUTEJIBHOCTH CYTOK 32 IeCATUICe THUHA
nepuos. BosHUKaOIMUI BeileIcTBHAE
3JIEKTPOIPOBOTHOCTH ITOCTIIEPOBCKH-
Ta 3HAYUTEJIbHBIA KHHETHIeCKUH 06-
MEeH MOT GBI TaK:iKe IIOMOYb 06 bACHUTH
epHoJHYecKYIo IIPeIeCCUIo OCH Bpa-
IIeHUA 3eMJIH (Hy TAIUI0).

XoTA MOCTHEPOBCKUT HAXOAUTCHA
B HECKOJIBKMX COTHAX KMJIOMETPOB
caMoU IIIy6OKOM YacTH MaHTHUU 3eM-
JI¥, BO3MOXHO, OH COCTaBJIfAET 60JIb-
Iy 4YacTh BellecTBa JAPYyTUX ILjIa-
HeT. Ilo rUNOTETUYECKUM JAHHBIM,
MgSiO, n3 rpynisl IOCTIEPOBCKUTOB
YCTOMYMUB IPHU AABJIEHUU 70 1 ThIC.
I'lla u remneparype 10 ToIc. K, mocie
4ero pacnajaeTcs Ha CMeCh JIByOKHCH
KPEMHUS U OKMCU MarHud. Takum o06-
pasoM, IOCTIEPOBCKUT J0JIKEH OBbITh
IJIaBHBIM KOMIIOHEHTOM KaMEHUCTBIX
Anep Ypana u Henryna. B otnuuue
OT HUX, KaMeHHUCThIe Ag7pa IOnurepa
u CaTtypHa 06BOJIaKMBAIOTCA CJI0AMU
BOZIOPOJla, KOTOPBIE MOTYT IOBBICUThH
JlaBJe€HUe U TeMIepaTypy /10 CJIUII-
KOM BBICOKUX 3HAYEHUH, YTOOKI ITOCT-
IIEPOBCKUT OCTABAJICA B yCTOMYUBOM
COCTOSAHUMU.

A YTO INPOUCXOAUT Ha IJaHeTax
Apyrux cucrteM? Bce sk3omniaaHe-
TBI, U3BECTHBIE JIO CUX IIOP, II0 CBO-
UM pasMepaM IPeBOCXOAAT 3eMJIIO.
IIpeanonaraeTcs, 4TO NJaHETHI, HE
npeBblIIaoIIie Maccy 3EMIU B Jie-
CATH Pas, CXOKH C HEl I10 COCTaBy —
OHU Ha3BbIBAIOTCHA «CYNEP3EMIAMUY.
ACTPOHOMBI C/I€JIaJI BBIBOJBI O CO-
cTaBe 9K30IIaHEeT, HabIaad 3a UX

POAMTENbCKUMU 3Be3JaMU. AT-
Mocdepa HamIero

cXoa II0 XMMHUYECKOMY
cocTaBy C IJaHeTaMu

CoJIHEYHOH CHCTEMHI,

YTO MOIKHO BBIBECTHU

ConHIa

NeIYKTUBHBIM Me-

TOAOM 10 abcopb6-
LUOHHBIM JIMHU-
fIM B OIITUYECKOM
CIIEKTpe
YeHU

u3Iy-
ConH-
ma. AHaJIoTu4-
HBIM o6pasom
0 OITUYECKOMY
CIIEKTPY APYLUX
3Be3J] aCTPOHOMBI
clenajau  BBIBOJ
0 TOM, 4TO MHOTUE
CyIep3eMJIn UMeIoT
cocTas,
Hameit 3emie. U, Bo3-
MOKHO, IIOCTIIEPOBCKUT —

00 6HBI I

caMbIi pacHpocTpaHeH-
HBIH 9JIEMEHT 9TUX ILIaHEeT.
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npOﬂOIl)KEHI/Ie cnepyet

IIoka HEACHBIM OCTAeTCA CTPOEHHE
cjaramplero Hally IJjaHeTy u 6ora-
TOTO IOCTIEPOBCKUTOM cJyod D//. Ha
riIyObuHe ero 3ajgeraHusa Habmoona-
I0TCSA AHOMAaJHUU CKOPOCTEH celc-
MHYECKUX BOJIH, KaK OyJITO OH
HEOJHOPOJIEH U MMeeT JBe 4YeT-
KO BBIPasKE€HHBbIEC 006JaCTH: OJHA
pacmosaraeTcd rae-To moxa Ad-
PHUKOI, a apyrasa — noj Tuxum
OKE€aHOM. MOTyT JH 3TO OBITH
JiBa MaccCHBa, CJOMKEHHBbIe GoJiee
IJIOTHBIMU, YeM OKPY:KaOIHe UX,
mopojaMu, HO B TO Ke BpeMs J10-
CTaTOYHO JIETKUMHU, YTOOHI IJIaBaTh
Ha/J{ BHEITHUM AJIPOM, I0JJOGHO KOH-
THUHEHTAM, IJIaBAaIOIUM Haj| BepX-
Hell MaHTHUEeNU? ITHU «CKPBIThIE KOH-
THUHEHTBD MOTYT BIUATH HA T€ICHUS
Ha JJHe MAHTHUH U OIIOCPEJOBAHHO —
Ha KOHBEKTHUBHBIE IIOTOKU BO BCeM
MaHTHUU U, CJIEA0BATEIbHO, HA TEKTO-
HUKY IIJIUT Ha MOBEPXHOCTH 3€MJIH.
Kak o6pa3oBaiiCh 3TU KOHTUHEHTHI
¥ PacTyT JU OHU? MOT JIM MacCHUB II0J
TUXUM OKeaHOM ObITh CBS3aH C BbI-
6pocoM MaHTHH, KOTOPBIA MOPOIUI
TaBaiickue octpoBa? Ha atu u npy-
rue BOIIPOCHI, BO3MOKHO, HAUJAYTCH
OTBETHI B OIMKalIIeM Oy 1y Iem.

Camble HUKHUE CJIOU MAHTUHU B Te-
YeHUe JAJUTEJbHOI0 BpEMEHU OCTa-
BaJIMCh 3arajKo¥, HO ceroxHsA, 6ia-
rogaps OTKPBITHUIO IIOCTIEPOBCKU-
Ta, MHOTOE IIposicHsgeTcsA. OQHAaKO Ha
PAL BOIIPOCOB, Kacalonuxcsa 6orato-
ro KeJe30M MeTaJIINYEeCKOro fjapa,
OTBEeTOB elle HeT. [lo CpaBHEHUIO
Cc MaHTHeH AIpO OocTaeTcd «Kpem-
KAM OpENIKOM» IS HMCCJIeJIOBaHUsd,
TOCKOJIBKY 10 HeJaBHEro BpPeMeHU
B 9KCIIEPUMEHTAJbHBIX YCIOBUAX —
B aJIMa3HOU HaKOBajJbHe — He ObLIO
BO3MOJKHOCTHU BOCIHPOM3BECTHU JaB-
JIEeHUEe U TeMIIepaTypy, COOTBETCTBY-
olye yciaoBusam sapa. Mcciaemosa-
TeJIM MOIIU Gbl co31aTh U GoJiee BbI-
COKOe JaBJjieHHWe MEeTOJOM IIPSAMOTrOo
CIKATHA yJAApHOU BOJHOM, HO IIOJIY-
YaeMble B 9TOM CJliydae TeMIepary-
pPBI GYAY T CIIUIIKOM BBICOKH.

C 1952 r. U3BECTHO, YTO KHJKOE
BHelIHee AApo Ha 10% meHee IJIOT-
HOE, YeM YHCTOE JKeJIe30 MJIU CIJIAaB
JKeJie3a U HUKeJsd. 3HA4YUT, B HEM
JIOJI’KHBI IPUCYTCTBOBATh OJWH WJIN

SBOJIIOUMNA MAHTUU N AOPA

Korpa 3apoxpanacbk 3eMns, NocTnepos-
CKWUT B MaHTWUM OTCYTCTBOBAJ, a packa-
neHHoe, 6orartoe xxene3om a4po 6b110
NONHOCTbLIO XNAKUM. [TOCKONBKY MaHTUA
TPYyOHO NpoBOAMNA TEMMO, BHYTPEHHSAS
YacTb 3eMnM ocTbiBana MeasieHHo
(3emnsi B MnageH4Yeckom Bo3pacTe).
Okono 2,3 Mnpg neT Hasaf o6pasoBaHune
NocTNepoBCKUTA Ha AHE MAHTUMN YCKOPU-
110 KOHBEKUMI0. AMHaMUYeCKNE UBMEHE-
HWUSA MOTTIN YCUNUTb BYNIKAHNYECKYIO0
[eaTeNbHOCTb, @ BMECTe C 3TUM U poCT
KOHTUHEHTOB (3emMnsi

B NOAPOCTKOBOM Bo3pacTe). lNocneayto-
LLIMIA YCKOPEHHbIN NepeHoc Tenna crno-
co6CcTBOBAN OXNAXAEHUIO AApa, U OKONO
OAHOro MUNNMappa netT Haszag Ha4ano
hopmumpoBaTbCa BHYTPEHHEE TBEPLOE
aapo (3emns B 3penom Bo3pacte). KoH-
BEKLMOHHbIE TEYEHUS B XUIKOWN HacTh
anapa ctanu 6onee perynspHbIMy 1 CO3-
fanu 4eTkoe reomMarHMTHoe none, KoTo-
poe npefoxpaHsno NoBepxHOCTb 3eMnu
OT OnacHbIX CONHEYHOro BeTpa

1 KOCMUYeCKMX ny4en. BeposiTHo, aTo

1 4ano BO3MOXHOCTb XMBbIM (hopMam
nepemMecTUTbLCA Ha CyLly

HECKOJIBKO 0oJiee JIETKUX 9JIEMEHTOB,
TaKWUX, HAIIpUMep, KakK cepa, KpeM-
HUM, KUCJIOPOJ, yIJIepoz, Bogopoa. Ox-
HAKO UX OIIpeJeJIeHNe BhI3bIBAET Ce-
pbesHble pasHoriacus. Temmneparypa
A7 pa BbIYMCIEHA BeCbMa I0CTOBEp-
HO, MCXO/If1 U3 TeMIIepaTy pbl IJIaB-
JIEHU A CILJIaABOB KeJie3a IIPU AaB-
JIEHVH, CYIIEeCTBYIOIIEM Ha rpa-
HHUIIE *KUJIKOT'O ¥ TBEPJIOTO A/ep.
Ho B coBpeMeHHBIE pacyeThl 3a-
KJIagbIBAeTCH
HOCTBh nopsaka 6osee 2 TeIic. K,
TeMIlepaTypa [JIaBJICHUSA
CTPOro 3aBUCHUT OT KOHKPETHOIO
cocTaBa, KOTOPBIM TOYHO HE H3Be-
cTteH. Kpucramindeckasa CTPYKTypa
JKejle3a, COOTBETCTBYIOIIAA YCJIOBU-
AM BHYTPEHHETrO0 A/pa, TaKKe 0 CUX
II0Op HEU3BECTHA, II03TOMY ceiicMo-
Jorudyeckue HabiwoaeHUd pacmud-
poBaTh TpyaHO. CleayeT OTMETHUTD,
YTO COBCEM HEJaBHO MbI U3TOTOBUJIN
aJIMa3Hyl0 HAaKOBaJbHIO, B KOTOPOii
MOZKHO IIOJIYYUTH BeCch HaGOp AaBJie-
HHUI U TeMIlepaTyp, CYIIeCTBYIOIINX
B Aape 3emun. Hageemcs, 9T0 3TO OT-
KPOeT IyTh K pas3rajke TaWH caMmoil
rnyOMHHOM YacTH HaIlel IJIaHeTHl,
U MBbIL

HeOoIIpeneaeH-

T.K.

CMOKEM COBEPUIUTBH IyTe-
HIecTBUE B IIEHTP 3eMJIH — IyCThb
U BUpTyajbHOe. B

MepeBop: B.M. Cupgoposa
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OCHOBHbIE MOJIOXKEHUA

= 3akayka O4MLLEHHbIX MYHULMNAMbHbIX CTOYHbIX BOA B NOA3EMHbIE FeoTepMasbHbIe Mo MOXET
No3BOJSIUTbL NONy4YaTh Nap ANA NPOU3BOACTBA ANEKTPOIHEPr MM U HACTUHHO PeLLnTbL Npobnemy
YyTUNU3aLMN CTOYHbIX BOA.

= [poekT, peanuadyemsiii B parioHe ropoaa CaHta-Po3bl B KanudopHun, — npumep Toro, Kak
CTPOUTb reoTepMarbHble ANEKTPOCTAHLUN CO CKBaXKMHAMMW 60MbLLOW U Manow rny6uHbl.

= CosfaHve Takux CTaHLMIN MOXET Bbi3blBaTb HEOOMbLUME 3eMNETPACEHUSA HA HENOCPEeACTBEHHO
npuneranLwmx Tepputopmax. MyHMUMNanuTeTbl 4OMKHbI Y4YUTbIBATL 3T CEPbE3HbIe OCMOXHEe-
HUA.




Hble BOAbI
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PEKA PALLEH-PVBEP

B6nn3n CaHta-Po3bl cTana yuile,
Korga ropof npekpatun cépacbiBatb
Tyfa CTOYHbIE BOAbI

utenu ropojga Canra-Posbl

B KanmugopHuu nojab3yoT-

cs1 HeOOJIbIIOW CKUIKON
Ha 3JIEKTPO3HepPrulo. B ropoje Buepari-
HUM CJIUB U3 KaHAIM3AIIUU Ha CJIEYI0-
U €Hb JaeT 3JIeKTPUYECTBO.

CanTa-Posa n sHepreTudeckas KOM-
nanusa Calpine Corporation coTpyiHUI-
YaloT B OCYyLIECTBICHUY KPYITHEHIIIETO
B MHUPe€ IIPOEKTA F'€0TePMAJIbHOM JIeK-
TPOCTAHIIUM Ha CTOYHBIX Bojgax. OHU
HCIIOIB3YIOT JUUIA II0JIYy YEHU A DJIEKTPO-
9HEPIruU TOPOJCKHE CTOYHBIE BOJBI,
4TO yJaydIlaeT XU3Hb HE TOJIbKO JIIO-
ne, Ho U pbI6GbI. COTPYyAHHUYECTBO
¢ Calpine Corporation mo3BoJINJIO T'OPO-
ny nabaBuThcsa oT mTpados 3a c6poc
CTOYHBIX BOJ B peKry Pamren-Pusep
u 3atpar B $400 MJIH Ha CTPOUTENb-
CTBO HOBOI'O OTCTOMHMKA CTOYHBIX
BOJI, & KOMIAHUU — BO3POJUTH I'€0-
TepMaJibHbIe Tapoo6pasyolue Mo,
MIPUXOJUBIINE B yIaJIOK M3-3a YpPE3-
MEPHOT0 MCIIOJIb30BaHUSA.

B paMKax IpoeKTa BO3POKAECHUA
«refizepoB» CaHTa-Po3bl execyTO4YHO
110 Tpy6OIpPOBOJY HA BEPIIUHY TOpHI
B 64 KM OT ropoja IepeKadyuBaeTcs
O0K0JIO 45 ThIC. Ky6. M CTOYHBIX BOJ.
TaMm 3TH BOJBI 3aKa4UBAIOTCA B BO-
JIOHOCHBIH IITacT Ha riaybuHe 2,4 KM,

OB ABTOPE

I7ie TopsiYre IOPOABI IIPEBPAIaloT UX
B IIap, KOTOPBIM 3aTe€M BBIBOAUTCA Ha
IOBEPXHOCTB U IIPUBOJUT BO BpPAIllCHUE
Typ6oreHepaTopel. B mogo6Hoi1 cucTe-
Me B OKpyTe JIeK esxecyTOYHO Iepepa-
6aTpIBaeTcA 0K0JI0 30 ThIC. Ky0. M CTOY-
HBIX BOJI. COBMECTHO 3THU /IBE CUCTEMBI
BeIpabaTeiBaioT 200 MBT a/1eKTpoaHep-
THUH, YTO CPABHUMO C MOITHOCTBIO CPE/I-
Hel TemJIOBOU aJeKTpocTaHInU. [Ipu
3TOM B aTMocdepy He BbIAENAeTCA HU
NAapHUKOBBIX I'a30B, HU 3arpA3HEHUMH.
YacTh 3J€KTPOIHEPTrHUU IIepefaeTcs
paxe B CaH-@paHIMCKO, PACIIOJIOMKEH-
HBII Ha 113 KM I03KHee.

AnMuHUCTpanua npesujgeHra CIIA
Bapaka O6aMbl peKIaMHpPYyeT Teo-
TEepPMaJIbHYI0 SHEPTUI0 KaK YUCTYIO.
CortacHo MUHHCTEPCTBY 3HEPreTH-
ku CILIA, reoTepMaJIbHbIe UCTOYHU-
KU CIIOCOGHBI JaBaTh K 2050 1. 10 10%
NpPOU3BOJUMOU B CTPaHE 3JIEKTPO3-
HEPruw, a 1o APyTUM OlleHKaM — JaKe
6ouipmre. OMHAKO YTOGBI OCYIIECTBUTH
NPOEKTHI II0 PacCIIMPEHUIo OypeHusa
B 9TOI 30HE U HA4YaTh €0 B IPYyTUX Me-
cTax, HEOOXOJMMO Yy4YUTBIBATh BEPO-
ATHOCTb HEGOJIBIINX 3€MJIETPACEHUH,
KOTOpBI€ MOTYT BO3HUKHYTB U3-3a OT-
Ka4yky napa. I B caMoM zesie, s KUTeIn
OKPECTHOCTEH reoTepMaIbHOTO KOM-
nnekca komnanum Calpine maayoT-
cA Ha y4YacTUBIIMECHA TOTYKHU U 6OAT-
csl, YTO CTPOUTETHCTBO HOBBIX I'€OTEP-
MaJbHBIX 9JIEKTPOCTAHIIUNA yCyryOouT
TOJIOKEHUE.

OfHAKO 3aMECTUTEJb JUPEKTOopa
npoekTta s Kapicon (Dan Carlson)
YTBEPKJIAET, UTO B pe3yJbTAaTe €ro
ocymecTBiaenus Canra-Posa nony4qu-
Jla MHOTO IIPEUMYIIECTB. A COTPYIHU-
yecTBO ¢ komnaHuei Calpine momxeT
CIIYUTBH 00pas3noM Ajas paspaboTEu
TBOPYECKUX PEIIEHUN TOPOJCKMX IIPO-
671eM, KOTOpPBIE KAy TCA HEIIPEO0JIH-
MBIMU. PasHble BapUaHTBI HCIIOJb-
30BaHUA Te€OTEepMajbHON 3SHEPrUu
paccMaTpUBalOT CEroJAHA U JpyTue
obmuHbl. «Kakgasa o6IImHa B 4€M-TO
YHHUKaJIbHA, — roBopuT Kapicon. —

IxelH BpakcToH JIutTtn (Jane Braxton Little) — He3aBucuMbIi aBTOp 1 hoTorpad.
JXueT B okpyre Mnamac B KanucopHuu. OHa nuLweT BO MHOTME XYpHarnbl, BKNoYas
Audubon, B KOTOPOM OHa paboTaeT TakXe pefakTopoM.

3ajjadya COCTOMT B TOM, 4TOOBI HAWTH
Haunbosee NoAXOAAINNY BapHaHT».

Kavatb unm He Ka4aTb
OxpectHocTH CaHTa-Po3bl yHUKab-
HBI CBOMMH «Teii3epaMm», KaK 3/1eChb He-
IIPaBUJIbHO Ha3bIBAIOT (PyMapoJbl —
BBIXO/IbI Iapa M3 TOPHBIX 1opoj. Ilap,
BBIPBIBAIOIIUICA CO CKJIIOHOB rop Meii-
axamac, BujieH u3 Canra-Posbl, HO 10
HeJlaBHEr0 BPEMEHM C IPaKTU4YECKOM
TOYKU 3PEHUSA OH CJIYKUJI JINIIb IIOCTO-
AHHBIM poHOM. B 1993 1. aTOT TOpOX,
KOTOPBII HE3aKOHHO c6packIBaJl CTOY-
HBIE BO/IBI B peKy PamneHn-Pusep, Hepe-
CTUIMILE KUKYyda U pasyKHoU ¢popenu
— BU/IOB, HAXOJAIIMXCSA I10J] yTPO30H,
CTOJIKHYJIC C NEPCIEKTUBOM 3arpe-
Ta cOpPOCOB U BBEACHUA MOPATOPHUSA Ha
CTPOUTENBCTBO. BiracTu ropoja neira-
JIUCh BBIMTH U3 IIOJIOKEHUA IIyTEM CO3-
JlaHUA TPUEMJIEMOM 110 CTOUMOCTH CH-
CTEMBI XpaHEHUA U YTUIM3AIUU CTOY-
HBIX BOJI, OTBEYAIOIIEH 5KOJTOTMYeCKUM
Tpe6oBaHUAM 1mrara. C Ipyroi cTopo-
HBI Xpe6Ta MeliakaMac MECTHBIE BJa-
cTH okpyra JIeliK TaKkke OKa3aInCh Ie-
Pe/i TUIIOM 3aIipeTa HEe3aKOHHOT0 c6po-
ca CTOYHBIX BOJ B o3epo HKimp-Jleik,
caMBbIi 6GoJIBIIION TpecHBIN BogoeM Ka-
mudopHUU. Jlaxke I0cjie OYUCTKU [0
YCTaHOBJIEHHBIX CTAH/IapPTOM HOPM 3TH
BOJIbI COJIEPIKAIHN JOCTATOYHOE KOJTUYe-
CTBO BEIIIECTB, BPEJHBIX /I 03€PHbIX
dayHbI 1 QIIOPHI.

PYKOBOJICTBO BBICOKOTOPDHOU TIeo-
TepMasbHOM ctaHuu Calpine Takxe
HAXOJMJIOCh B 3aTPYAHUTEIbHOM II0-
JIOEeHUU. [Ipou3BOACTBO 3JIEKTPO3-
HEPruy UCTOIIAJIO II0/I3EMHBIE peCyp-
CBI GBICTpEE, YEM IIIJIO UX €CTECTBEH-
HO€ BOCIIOJIHEHUE: 3JIEKTPOCTAHIIUAM
6GyKBaBbHO HE XBATaJO I1apa, U PyKo-
BOAUTEIN KOMIIAHMU HMCKaAJIX UCTOY-
HUK BOJBI, YTOOBI O3KMBUTH ITapoobpa-
3yIOIIUe MOJIA.

ITapTHEPCTBO, OPraHU30BAHHOE KOM-
nanueit Calpine ¢ o6enMu o6IMIMHAMHU,
II03BOJIUJIO CHATH BCE TPU IPOGJIEMBI
C TIOMOIIIBIO OJTHOTO IIPOCTOT'O PEIIEHUA:
HalpaBUTh CTOYHBIE BOABI TyAa, Ije
OHM HYKHBI. CerogHs NnepBbI B MUpe
IIPOEKT IOy YEHUS JIEKTPOIHEPIUH U3
CTOYHBIX BOJ| B OKpyTe JIeiik — caMbIii
KPYIHBII B MUpe, IUIaHUPyeTCA pac-
IIUPUTH U IOA06HBIN mpoekT B CaHTa-
Pose. Heob6xoauMo npoaiauThk TpPy6O-
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TIpOBOJ, JlaJibllle, 3a o3epo Kiaup-Jleik,
4TOGBI IPUHUMATL CTOYHEIE BOJABI U3
JlelknopTa W APYTUX HACENICHHBIX
IIYHKTOB, a O6iamu3Jekaiuili HeboJb-
ol ropoj YuHcop B Hosa6pe 2008 r.
HoAIMCAal COIJIallleHHe CPOKOM Ha
30 JieT, IO3BOJIAIOIIEEe EMY €HKECYyTOTHO
c6pacheIBaTh B Tpy6oripoBos; CaHTa-Po3bl
2625 Ky6. M CBOUX CTOUYHBIX BOJ.

Bnactu okpyra Jleiik u Canta-Po3sbl
JIOBOJILHBEI HE TOJBKO 3KOJOTUYECKOH
9P PEKTUBHOCTBIO CBOUX IIPOEKTOB,
HO WM YCTAHOBHUBIIEHCS B pe3ysbTa-
Te UX OCYIIEeCTBICHUA HOPMATHBHO-
IpaBoOBOU U (pUHAHCOBOU CTAGMIIBHO-
CTBIO. «DTO OBLIM OpPraHHU3aIMOHHO-
9KOHOMHUYECKNE peIleHUsd, — 3agBHII
Kapicon. — Eciu 661 MBI MOIVIM HAWTH
6ostee fereBbIe BAPUAHTEI, 9TO IIOMOIIO
661 1 HaM, 1 KoMnaHnuu Calpine».

PopuHa oTpacnun

IIpUYUHON UCTOIEHUSA «"eH3epOB» CTa-
JII TOABI IYPE3MEPHOU dKCILTyaTalUH.
«elisepbD, BXOAAIINE B TeOTepMallb-

HYI0 CHUCTEMY K BOCTOKY OT pasjioMa
CaH-AHJpeac, JIeUCTBYIOT YK€ MHOTO
TeICAYEeTUH. IIIacTel IOposl Harpe-
BaeT GOJIBIIOW MarMaTUYeCcKUI ouar,
pacnosiaralouicsa Ha Iy6uHe Gosb-
me 8 kM. Bozja, yaep:xuBaemMas B ILjIa-
CTe rpayBaKKOBOI'O IIECYAHUKA, KUIIUT,
1 o6pasylonuiicsa nap BEIXOAUT 4Yepes
04YeHb TOHKHE TPEIMHBI B IIOKPBLIBAIO-
IMUX IIOpoJax.

B 1847 r. Yuneam bBenn 9Onauort
(William Bell Elliott), myTemecTBoBaB-
IIMH 10 TUM MECTaM B COCTaBe U3bI-
CKaTeJbCKOM I'PYNIIBI, Ha3BaJ 3TU Ha-
poBble moudA lefizepamu. Ha camom
JieJie, KaK yie GblJIO CKa3aHo BBIIIIE, 3TO
He 3G PeKTHBIE MOIITHbIE BEPTUKATbHbBIE
CTPYyH ropadei Boabl, a GyMapoabl —
paBHOMepHEIe BBIOpochl mapa. Of-
HaKO oIIM60YHOe Has3BaHHUe OIJIIHO-
Ta IPUIKUIIOCH, @ CIIyX 06 3TOM OTKPHI-
THUU IPUBEJI CIOZia CTAGUIBHBIN IIOTOK
TYPHUCTOB, B ToM umcie [[xx. Moprana
(J.P. Morgan) u npe3ufieHTOB Yaucca
T'panra (Ulysses Grant) u Teomopa Pys-

BesnbTa (Theodore Roosevelt). Ho k 30-M rT.
TIPOIILJIOrO BEKA U3-3a IT0KAPOB B TOCTU-
HUIAaX, OIIOJI3HEH U yI'PO3BI NPUO/IMIKA-
TOIIeiCs BOMHBI Ty PUCTUYECKUH GU3HeC
coIles Ha HeT.

Iloka TypUCTBI NPOIUTHIBAJINUCH Ia-
POM, KOTOpBIM 3acTaB/f]l HUHBIX U3
HUX 4yBCTBOBATb ce€6dA «BapEHBIMU aH-
reqamm, JxxoH I'panT (John D. Grant)
noctpomi B 'efizepax nepsyio B CIITA
reoTepMajbHYIO 3JIEKTPOCTAHIUIO.
Ee cTpoUTeNBCTBO OBLIO 3aBEPIIEHO
B 1921 r. HecmoTpsA Ha paspeIBBI TPYO
I'panT
B UTOre JOBEJ ITPOU3BOJCTBO 3JIEK-
TpoaHepruu 7o 250 kBTt. dToro xBara-
JIO JIJIS1 OCBEIEeHUA 3/laHUM U yIUIL Ky-
poprta T'eitzepc-pecopt. K 1960 r. ycme-
XM TEXHUKHU CJIeJIa]d Fe0OTepPMalbHY 0
SHEPruio peHTabeJbHO B ropasio 60-
Jlee KPYNHBIX Macmitabax. Vcromb-
3yd JJd BBIBOJA Ilapa IPoGypeHHBbIe
B NIopojlaX CKBa:KUHBI, Pacific Gas and
Electric Company Hayajia 9KCILTyaTaIIII0
3JIEKTPOCTAHIIUYA MOIHOCTBIO 11 MBT.

" TOBPEKAEHUSA CKBAKUH,

TP NPOBJIEMbI, OAHO PEWWEHNE

lfopoany CaHTa-Pose (BBepxy) u okpyry
JNewik (BHM3y) 6bINO0 HEKYAa copacbiBaTb
OYMLLIEHHbIE CTOYHbIE BOAbI, 8 Napoo6pasy-
IoLMe nons, nuTarLne TypobuHbl reoTep-
ManbHbIX 3NeKTpocTaHumn B Mensepax
(B cepeauHe), nctoLanuch U3-3a Ypeamep-
Horo ot6opa. CerogHa MyHMUUNANUTETHI
eXe[HEBHO 3aka4mBatoT Ha ropbl Menaka-
Mac no 45 TbIC. Ky6. M CTO4YHbIX BOA OJ151 NO-

NOJSIHEHUA 3TUX MoNnewn

~— — Tpy6onposop okpyra Jlenk

«=" Tpy6onposop CaHTa-Po3abl
[ HacocHas ctaHums
‘ OnekTpocTaHuus
1 O4MCTHbIE COOpYXEHMs
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B 1970-x n 1980-X IT. CBOM 3JEKTPO-
CTAaHIIU IIOCTPOUJIH H /:(pyrne KOM-
naHuu. B 1987 r. 1pou3BOACTBO 3JIEK-
TposHepruu B [eiidepax JOCTHUIIO
MakKcumyMa B 2 ToeIc. MBT, nocrarod-
HOTO JJI1s1 06ecleYeHUs dJIeKTPOIHEP-
rueti 2 MutH noMoB. Komnianusa Calpine
BOIJIa B TeOTEpPMAJIbHBIM Ou3HeC
B 1989 r. U cerogHA SKCIIyaTHUPYET
19 u3 21 snekTpoctaHnuu B 'efizepax,
BJajes TeppuTopueii B 104 KB. KM Ha
KPYTBIX CKJIOHAX, UCIICIIPEHHBIX COT-
HAMUJ CKBaKHUH J|JIf1 BBIBOJIA I1apa.

Mapa cTtano He xBaTaTb

OpHako 6ypeHue U 3a6op napa npuse-
JIA K TOMY, YTO €TO 3aIachl IepecTaln
BocnosHATHeA. K 1999 r. mponsBoaCTBO
3JIEKTPOSHEPTUU 3HAYUTEIbHO YIAJIO,
YTO 3aCTaBHJIO PYKOBOJCTBO KOMIIa-
Huu Calpine UCKaTh HOBbIE MCTOYHU-
KU BOJBI /IJIf 3aKAa4YKHU B IJIacT. [IpoexT
roMmIuiekca CaHta-Po3a CTOMMOCTBIO
B $250 MUIH CTOJKHYJICA ¢ Goslee 3HA-
YUTEJIbHBIMHA TeXHUYIECKUMU CJIOKHO-
CTSIMU I10 CPaBHEHUIO C ITOJIOOHBIM IIPO-
€KTOM B OKpyTe JIeHK, pacIioJoXKeHHOM
6aMIKe K BO3BBIIIEHHOCTH, I/le HAXO-
IATCA napoobpaasylomiye 1ojis. 1o me-
cTa HadaJja IojbeMa Ha ropsl Mera-
KaMac TPyOGOIpOBOJ, JOCTaBJIAIOIINN
cTouHble Boabl n3 CaHTa-Po3bl K [elize-
paM, IPOXOJAUT IOJ T'OPOACKUMHU YJIH-
IJaMU, CTPOUTEIBHBIMU ILJIOIAJKAMU
¥ HOJIAMH.

VH:KeHepHl cjieJlali TPyOGOoIIpoBOJ
0 BO3MOMHOCTHU HE3aMETHBIM. «JTa
o6IHa OYeHb 3a60TUTCs 00 OKPYKA-
IOIIeN cpejie», — rOBOPUT OIepPaIOH-
HBIM KOOPAMHATOpP KoMILIekca [eiize-
pos Maiik Illepman (Mike Sherman).
Jlopora oT o4HUCTHOH cTaHOuU Jlary-
Ha B CaHra-Pose go leiizepoB Anu-
HOM 64 KM IIPOXOJUT CpeAu AUKHUX
s6/I0Hb, CMEHSAIOIIUXCSA 110 MEPE OB~
eMa II0 CEepIIaHTUHY 3eMJIAHUYHBIMU
JZIEpeBbSAMU C KPACHOM KOPOU U BeJIU-
YeCTBEHHBIMU JIONACTHBIMU Ay6aMu.
Boupasa yacTbk 9TOU TEPPUTOPUU —
NPUPOJAHBINA 3alOBEJHUK, KOTOPBIM
BeaeT KaJUOpHHUHCKHN duinan
HamnumonaabsHoro Og60HOBCKOTo 06-
mecTsa.

KpyTasa ogHomoJsiocHas jopora Be-
JIeT K BEPIINHE, YyBEHYaHHOU pe3epBy-
apoM BBICOTOMH € TPEX3TAMXKHBIN OM, —
TaKUM e, KaKk 6aK JI0060i MyHHUIIH-
IaJIbHOM BOJIOHAIIOPHOM 6aIIHU, C TEM
JIMIIB OTJAUYUEM, YTO B HEM COJIEPHKUT-
cs 0K0J10 3,8 ThIC. Ky6. M CTOYHBIX BOJI.
B mpomecce gocTaBKM B pe3epByap
OHH IPEJBAPUTENbHO IPOXOJAT TPU
CTYIIEHU OYUCTKU: (PU3UUECKYIO B OT-
CTOMHUKAX — JUIA yAAJIEHUA TYCThIX
CMa30K, He(pTU U JPYTUX IIPUMECEH,
6aKkTepUaabHyl0 — JUIA paclierie-
HUSA OPraHUKHU, yJAJE€HUd OpraHuye-
CKUX M JIpyI'UX COEUHEHUH, a TaKKe
GUAbTpaIUIO Yepe3 IEeCOK UIU aKTHU-
BUPOBAHHBIN yIoJIb — JJIs1 OY4UCTKH OT

OCTaBIIHXCA OPTAaHUYECKUX BEIeCTB
1 mapasuToB. Ilocjie 3TOro CTOYHEBIE
BOJBI €Ille II0/IBEPraloTCs BO3JEH-
CTBHUIO YJIbTPA(HUOIETOBOIO HU3Jyde-
HUA I YHAYITOKEHUS BCEX YCTOM-
YUBBIX OAKTEPUH.
E:xerogHble 3aTpaThl
Calpine Ha 2J1€KTPOIHEPIHUIO, HEOOXO-
JAMYIO JJIS TOAQ9H CTOYHBIX BOJ| B 9TOT
pesepByap, I7ile OHH XPaHATCA 70 MO-
MEHTa 3aKa4K{ B IIApOBBIE II0JIA, PaB-

KaMIIaHUN

usrores $2,5 muiH. Ha anekTpocTannm-
fIX, PACIIOJIOKEHHBIX IIOYTU B KUJIOMe-
Tpe OTCIoAA, OTOUPaeMbIil U3 HEAP Iap
BpalnaeT TypOUHEBI, 3aTeM KOHAEHCUDY-
eTcd, a o6pasyromasncsa BoJa oXIamkaa-
eTcs B BOPOHKOOOPAa3HBIX TPafUPHAX
¥ BHOBBb 3aKadnBaeTcs B Hegpa. Ciop-
peanucTHYecKas KapTHHA 9TOT0 KPyTI-
HEHIIIero B MUpPe KOMILJIEKCa IeoTep-
MaJIbHBIX 9JIEKTPOCTAHIIUI BBITTIAAUT
6e3MATEHON, U TOJIbKO CJIA0BIN IIIyM
TypOUH HapyIIaeT TUIINHY.

3emneTpsiceHus BbI3bIiBalOT
TpeBory

OpHaKo 1 TeX, KTO JXUBET B IIpeje-
nax nopsaaka 30 KM OT 8JIEKTPOCTaH-
UM, CUTyalus HE CTOJb HIWJIINY-
Ha. C Toro BpemeHnu, korpa Calpine
HavaJla 3aKa4uBaTb CTOYHBIE BOJbI
B HeJpa, MECTHBIE KUTEJIU I104yB-
CTBOBAJIM CyIIIeCTBEHHOE yBeJIMYEeHHUE
CEeICMMYECKON [eATEeNbHOCTU: TakK,
¢ 2003 r. oHa noseIcUIach HA 60%.

BO3POXXAEHWE FrEOTEPMAJIbHOW QHEPI NN
Pesepsyap

B komnnekce
lenzepos

B MOPUCTYIO Nopoay
3aKa4msaloTcs
OYMLLEHHbIE CTOYHbIE
BOAbI (cr1eBa), v xap
HUXenexatlemn
MarmMbl npespatiaet
MX B Nap BbICOKOro
nasneHus. 3ToT nap
3abupaeTcs Yepes
CKBaXwHy (cripasa)
1 BpaLlaet
TypboreHeparopebl,
BblpabaTbiBas
3MEKTPO3HEPruio.
OTpaboTaHHbIn nap
KOHOeHcupyeTes,

n obpaasytoLasncs
BOAA 3aKa4ynBaeTcs
o6paTtHo B Hegpa

Mopayva
OYULLEHHBIX
CTOYHbIX BOA

OxnaxpeHHas

MokpbiBatoLias
nopona

MopwcTein
6accevit

pagvpHun

3

Marma

Typ6oreHepaTopbl

MapoBbiBOASALLARA
CKBaXuHa

EcTecTBeHHbIN
BbIXO[ napa
(dbymapona)

DON FOLEY



TIMOTHY ARCHIBALD

JHEPTETHKA

B AnpepcoH-CripuHrce, OTCTOSAIIEM
oT GiIHIKaNIIeil 9JIEKTPOCTAHIIUU BCETO
Ha MoJITOopa KUJIoMeTpa, OplIn 3aduk-
cUpoBaHbl 2562 OT/ENbHBIX TOJYKA,
B TOM 4HcCJIe 24 — ¢ MAaTrHATY/0H 60JIb-
me 4,0. BoarpIIMHCTBO U3 HUX HE Ha-
HeCJIM HUKAKUX ITOBPEXKIeHUN, HO He-
KOTOPBIE BBI3BAJIA I1aJIEHUE IIPEIMETOB
C IOJIOK UM JaKe IOABJIEHHE TPEIIuH
B pyHAaMeHTax 31aHuil. O6 aToM co-
o61m OeIBIINE Tpodeccop YHUBEP-
cutetra CaH-PpaHIUCKO X3MUJITOH
Xecc (Hamilton Hess), KoTOpbIil 11po-
BOJUT YacTh BpeMeHU BOiu3u leiise-
poB HaduHadA ¢ 1939 r. [Ipyrue mect-
Hbl€ KUTEIN TOKE BOCIPUHHUMAIOT
€Ke/JHEBHBIE TOTYKM KaK He4dTo 6ojee
CEPbE3HOE, YEM «HA30UIUBaA MyXay.

«BpI MOkeTe cabllIaTh IPOXOT, pac-
IIPOCTPAHAOIIUICA BHU3 110 YIIEJIbIO.
Korga oH JokaTeIBaeTcs A0 Bac, TO
BO3HUKAET OIIYIIeHUe B3PbIBa IO/, 10-
MOM», — F'OBOPUT IPE3UAEHT OOIIUHBI
AnpepcoH-Cnpunre ikeddpu Tocn
(Jeffrey D. Gospe).

B 2009 r. MecTHBIE KUTEJIU CTOJI-
KHYJIMCh C YTPO30M HapacTaHUsA 3€M-
JIETPACEHUN M3-3a OCYIIEeCTBJIICHUA
3KCIIEPUMEHTAJIbHOI'O IIPOEKTA BHE
IrpaHUI NIAPOBHIX IoJel ['eiizepoB, HO
Ha pacCTOAHUM 4yThb Gojiee 3 KM OT
AnpepcoH-Cnpunrca. IlockoJIbKy reo-
TepMaJIbHasd aKTUBHOCTb B 9TOM Me-
CTe Ha IOBEPXHOCTHU HE IPOABIAET-
cda, komnanusa AltaRock Energy Ha4a-
J1a 6y pUTh CKBAKUHBI INTyOMHOM GoJee
3 KM, 4TOOBI CO3/1aTh UCKYCCTBEHHYIO
CceTh TPEIIUH B ropsadYeil MOoACTUIAI0-
el mopoje, 3akaduBaTh TyAa BOLY
¥ BBIBOJUTH 06pa3yoIuicA map.

TTomo6GHBIH «yCOBEPIIEHCTBOBAHHBIN
reoTepMaJbHBIA NIpoeKT» B bBasese
(IIIBeiiiapus) BEI3BAJ 3eMJIETPSACEHHE
MarHuTy101 3,4, He CIMIIKOM CUJIBLHOE
110 HEKOTOPBIM MEPKaM, HO BbI3BaBIIIEe
paspylleHud, JUKBUJAIIUA KOTOPBIX
o6onutack B $8 MIIH. IIpencraBuTenu
AltaRock 3aABIAIOT, 9TO T'e0JIOTHYe-
CKHe ycjaoBUA B okpyre JIelk oTim4a-
I0TCA OT MBEUIIAaPCKUX, @ pacCTOAHUE
OT KPYHIHBIX pa3jaoMoB 6osbire. Kpome
TOTO, KOMIIaHU S UCIIOIb3yeT TEXHOJIO-
T'UI0, KOTOPOM IIPH OCYIIeCTBJIEHNH 6a-
3eJIbCKOI'0 IIPOEKTA ellle He CyIeCTBO-
Bajo. OJHAKO MECTHBIE JKUTEJH IIPO-
JIOJIZHAIOT IIPOTECTOBATh, YKa3blBasd HA
OIIMOKYU U UCKJIIOYEHUS B IPOBEJEH-

HBIX KomMnaHued AltaRock aHamnaax
YCJIOBUM OKPYIKAIOIel Cpe/ibl.
VY4eHBIM JaBHO U3BECTHO, YTO 3a60p
rnapa U3 HarpeBaeMbIX MarMoi Io3eM-
HBIX 6ACCEIHOB ITIOHUKAET UX TeMIlepa-
TypYy. BbI3bIBad yMEHbIIIEHHE o6beMa
ropHeIix nopoj. Ero cieacrsuem cra-
HOBUTCA JedopManus NOpoJ HOCPes-
CTBOM HEOOJBIIUX 3eMJIEeTPIACEHUH,
ob0BbsAcHAET ceficMouior [[aBup OrIeH-
reiimep (David Oppenheimer) u3 I'eoso-
rudeckoit ciay:x6er CIIIA. Kpome Toro,
CJIOM, U3 KOTOPBIX YXOAUT Map, MOTYT
npocenaTh, TAKKe BbI3bIBAA TOTYKU.
Paszpa6oTumku npoekra aiasa CaHra-
Po3bl mpejckasblBald yBeJIWYEHHE
celicMUYeCKOM aKTUBHOCTH, HO TOPO/]
PENIN OCyIeCTBUTD €ro, CYUTasd, 4To
BBITOABI OT PEIIEHUSA HpOGJIeMBI CTOY-
HBIX BOJ M BBIPAGOTKM YHCTOM 3JIEK-
TPO3HEPIUU IPEBBIIIAIOT U3JAECPHKKH.
910 ciabo yremaeT 500 yesIOBeK, I10-
CTOSHHO IIPOKMBAIOIIUX B pajuyce
30 kM ot Teiizepos. IIpodeccopa Xa-
MUATOHa Xecca M JAPYTUX KUTeIeH
TPEBOAT IJIAHbI PACIIUPEHUA KOM-
miekcoB CaHTa-Po3sl u okpyra JleHk.
MosxkeT 1M 3akadka Oojiee cepbes-
HBIX OG’beMOB BOJbI BbI3BATh CHUJIbBHOE
3emiaerpacenue? Easa nu, cuuTaer
Onnenreiimep. PacmupeHue npous-
BOJICTBa CIIOCOOHO YBEJIMYUTH YHUCIO
TOJI'YKOB MArHUTYJOU okoso 2,0, HO
JIJ1A 3eMJIETPACEHUA MarHUTY/0M 110-
paaka 8,0 Heo6XoAMM KPYHHBIN pas-
JIoM, a B 30He ['efi3epoB CyIIEeCTBYIOT
JIAIIB MeJIKMEe TpeluHbl. CaMoe KpyTI-
HOE 3eMJIETPSACEHHE, OTMEYEeHHOe 3a
30 et Ha6GIOAEHUN, UMEJIO MAaTHUTY-
Ay Bcero 4,5, roBoput OnmneHrenmep.
OpHako IIaHbl KomIraHuu AltaRock
BBI3BIBAIOT 60JIe€ CEPbE3HBIE OITACEHUA
B OTHOIIEHUHU BEPOATHOCTHU CHJIbHBIX
3emuieTpsAceHu. B urone 2009 r. dene-
PpaJIbHBIE CIIy OBl IPHOCTAHOBUIIY OCY-
IIECTBJIEHHE IIPOEKTA JI0 TEX 0P, II0Ka
HayYHbIE UCCJIe/IOBAHUA IIO3BOJIAT JIy4-
1IIe OLIEHUTD OIIAaCHOCTB. B pesyibTraTe
AltaRock B fekabpe 3agBUIA O TOM, UYTO
OTKasblBaeTCAd OT IIPOeKTa. B aHBa-
pe 2010 1. MEUHUCTEPCTBO BHEPTEeTUKU
CIIIA BBeJI0 HOBbIE TpeGoBaHUSA K 6€30-
IIaCHOCTU Ir€0TEPMAJIBHBIX CUCTEM.

Bonblie npenmyuiecTs
B pesynbsrare Beipa6oTku 200 MBT
reoTepMajJbHON  3J€KTPO3HEPruu

CanTta-Po3a u okpyr Jlelk 1o cyime-
CTBY YMEHBIIINJIN BEIGPOCHI TAPHUKO-
BBIX Tra30B B atmocdepy Ha 900 ThIC. T
B T0OJl — CTOJbKO HMX BBIOpACHIBAE€T
3JIEKTPOCTAHLUA CPABHUMOI MOIIIHO-
cTuy, paboTraronias Ha yrie. Kpome Toro,
CanTa-Po3a 1 oKpecTHBIE TOPOJKU I1e-
pecTtanu co6packlBaThb CTOYHBIE BOJbI
B peky PameH-PuBep u osepo Kaup-
Jlefik, ¥ UM He IOHAJO6UIIOCH CTPO-
UTh JIOIIOJHUTEJIbHBIE XpPaHUJIUIA
Y OYHUCTHBIE COOPYKEHUA. A IIOCKOJIBKY
romnaHusa Calpine UCIoOab3yeT CTOY-
HBIE BOJIbI, 4 HE OTOMPAaEeT BOAY U3 IIPU-
TokoB PameH-PuBep, oHu ctanu 6osiee
ITOJTHOBOJHBIMU U GoraThIMU PEIGOM.

TIpeanpuHUMAaTEIN U yYEHbIE HaZle-
I0TCA PacIIMPUTh MCHOJb30BaHUE Ie-
oTepMaJIbHOM 2HEPTUM 110 Bcel cTpa-
He, U B @TOM cMbIcjie IIpoeKT Calpine
IIpeJOCTaBIIAECT UM IIEHHEH NN OIBIT.
Me:xay TeM cynbba npoekrta AltaRock
MOKeT CHU3UTh UHTEPEC K IIEPEJOBBIM
reoTepMaJjibHbBIM CUCTEMAaM C ITTyGOKHU-
MU CKBaskMHAMM B MeCTax, I7le HeT I10-
BEPXHOCTHOM reoTepMabHONM aKTUB-
HOCTH, — HECMOTPSA Ha TO YTO OHM, CO-
IJIACHO pe3yJIbTaTaM HCCJIeIOBAHUMN
rpynnsl npodeccopa kadeapsl Bo306-
HOBJIIEMBIX MICTOYHUKOB 3Hepruu Kop-
HeJUICKoro yHuBepcureTa Jixeddepco-
Ha Tecrepa (Jefferson W. Tester), moryiu
65l 1aTh cTpaHe Gosbiie 100 Teic. MBT
2JIeKTpodHepruu. B mae 2009 r. agmu-
Huctpanud Bapaka O6aMel BelAeIMIa
Ha pa3BUTHE re0TepMaJbHON 3Hepre-
Tukn $350 MIIH, B TOM unciie 80 MJIH —
Ha IIepeIoBbIE IIPOEKTHI.

Kowmrurekc B 'eiisepax MOKeT cTaTh
B/JIOXHOBJISIOIIUM IIPUMEPOM JJIf pa3-
BUTHUA TeOTEPMaJbHOU BSHEPreTUKU
U B Te€X MecTax, I7le HeT NOAXOJAIINX
WCTOYHUKOB BOJKBI Il 3aKa4YKU B He-
Apa. «9TOT MPOEKT IOKa3al, 4TOo JJIA
IIOJIyYEeHUA 3JIEKTPOIHEPTUH C IIOMO-
IIIBIO IIaPA OYMILEHHBIE CTOYHBIE BOJbI
MOI'yT CTaTh PeHTA6GeJIbHON ajabTep-
HATHUBOU CBemel BoJe», — CUYUTAET
Kapiicon. PasymeeTcs, Borrpochl 6€30-
IIaCHOCTH TPe6YIOT JaIbHENIIIET0 U3Y-
4yeHusdA, HO KapJiCcOH ONTUMUCTUYEH:
«B BBIUTPBIIIE U JKUTEJIN, U OKPYKAIO-
masd cpeja. Mcrnoab3oBaTh 3Ty MOJEIb
JUIA YIYYIIEHUS ¥U3HU MOTYT JIIOAU
Bcel 3eMuim». H

Mepesop: N.E. Cauesn4

B mMupe nayku [08-09] aszycm-cenmaGps 2010
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Mapk ®OuwietTtn

/l0bbI1A

LAARLEBOID
[RJA;

I
pomus

MUHICOB

[2300006bLITYMKN U perynupytoLine opraHbi
CLLA crnopsaT no nosBoay HOBOW TEXHOMOIMNMU
N3BJIEYEHUA N3-NoL 3EeMSIN NPUPOLHOro rasa,
rpo3siLlen 3arpsa3HeHneM NoL3eMHbIX BO[,

OCHOBHbIE MOJIOXKEHUA

u [loTeHumManbHO MecTopoxaeHne Mapcennyc morno 6bl 6onee 40 net o6ecneynsatb CLUA
NPUPOAHbLIM ra3om.

u KpUTUKM yTBEPXAAIOT, 4TO METOA rMApopaspbiBa nnacTa ANs U3BNeYeHns rasa 3arpsasHaeT
NOA3EMHbIE UCTOHHUKU NUTLEBOW BOAbI; OHM NMPU3bIBAIOT PErYNIMPYIOLLME OpraHbl pa3paboTarb
CTPOrue Mepbl KOHTPONS.

B CHM3UTb HanpsXXeHHOCTb MOrTIO 6bl MONHOE PACKPbITUE XMMUYECKMX BELLECTB, 3aKa4mBaeMbixX
B CKBaXXWHY M0 3TOMY METOAY rmapopaspbiBa nnacra.




BEYPOBASA YCTAHOBKA npu 6ypeHuu
CKBaXKUHbI HA-CMIaHLLEROM MECTOPOX-
neHun Mapcennyc y ropogka AUMOK,
wrart MNMeHcunseanusa. Byposoi pac-
TBOP M Bbi6ypeHHas nopoga cébpackiBa-
10TCS B NPYA-OTCTONHMK

0 IIOCJIETHUM OIleHKaM, CJIaH-
nesBas (popmanusa Mapcesiyc —
OrPOMHOE MECTOPOIKJEHHUE,

npoTsiHyBIleecs oT mrrara TeHHeccH

no mrarta Heio-Mopk, — MoxkeT co-

JIepiKaTh TAKOe KOJIMYEeCTBO IPUPOJI-

HOI'O ra3a, KOTOPOI'o IIPU HBIHEIITHUX
Temnax norpebiaeHusa CIIIA xBaTUT
6osee yem Ha 40 net. Jlo HacToAIIe-
ro BpEMEeHHU I'a3 U3 3TOr0 JETrKoTo JJIs
pa3paboTKH MEeCTOPOKAECHUSA TO0OBI-

BaJjiCAd Yepe3 ThICAYU BePTUKAJIbHBIX
cKBaUH. OJJTHAKO C IOABJIEHUEM CO-
BPEMEHHOM TeXHOJIOTUU U COBEPIIEH-
HBIX METO/I0B pab0oThl peHTa6eIbHBIM
CTAHOBUTCSA TOPU3OHTAJIbHOE Gype-
HHUE, KOTOpOE 3HAYUTEJbHO yBEJIH-
4YUBaeT S5KOHOMMYECKHU BBITOJHBIN
06beM MOJIy4YaeMoro MPUPOJHOTO
rasa.

Kpome Toro, pacTeT HOJIUTUYIECKOE
CTpeMJIEHUE K 9HEPreTUYeCKON He3a-
BHUCHUMOCTU CTPaHBI OT 3a0KEaHCKUX
IIOCTaBIIMKOB 9HEPTOPECYPCOB U K HC-
T0JIb30BAHUIO JJI51 BBIPAOOTKM dJIEK-
TpudyecTBa 60j€ee YHCTBIX UCTOYHH-
KOB 9HEPTUM, TaKUX KaK IIPUPOJHbIN
ras — IpHU €ro CropaHUU, B CpaBHe-
HUU C KAMEHHBIM yIJIEM, BBIJEJIAETCA
Ha 40% MeHbIIIe IBYOKHUCH yTJIepoja.
9TO0 00bACHAET NPEAIPUHUMAEMBIE
Cero/HA aKTUBHBIE YCUJIMA 110 MAKCH-
MajJbHOMY YBEJIUYEHUIO J0ObIYU rasa
Ha MECTOpOkAeHun Mapcenyc. Bol-
CTpee BCEro TOpU3OHTaIbHOE OypeHue
pasBuBaeTCA B OGIIMPHOM 3aIMoOBe-
HUKe Ha TeppuTopuu mrata [lencuib-
BaHud. Tak, 110 JaHHBIM /lenapTaMeH-
Ta OXPaHBI OKPYIKaIOIIEeH cpe/bl IHITa-
Ta IleHcuibBaHud, ecau B 2005 r.
B Mapceinyce GblIN CAeJIaHbl JIAIIb
nBe CKBaskWHBI, To B 2008 r. ux cra-
0 yxe 210, a B 2009 r. — nesibIx 768.
IIppyeM eKeroJHO Bo3pacTaeT J0JIsd
BBIIAHHBIX paspelleHuil Ha Oype-
HUEe 3/eCb TOPU30HTAJBHBIX CKBa-
#UH, cocTaBuUB 75% B 2009 1. 1 87%
B npomeamyo dactb 2010 r. XoTsa
¢ 2005 o 2009 r. 611N yTBEPIKAEHBI
MeHee 3 TBIC. TAKUX pas3pelleHui,
«MBI O3KHgaeM, 4To B 2010 r. 6yaeT mo-
JlaHO IPUMEPHO 5 ThIC. 3aBOK», — I'0-
Boput [l#oH XaHrep (John Hanger),
CeKpeTaphb JenapTaMeHTa. YCKOpeH-

HO€ pacupocTpaHeHNe TOPU30HTAIb-
HOro OypeHHUd HPOUCXOAUT TaKiKe
B €BPOIIEHCKUX CTPaHAaX.
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OrPOMHBIE 3AMNACbBI TA3A U OBECITOKOEHHOCTb

CnaHuesble .
MECTOPOXIAEHUS
NpVYpPoAHOro rasa,
paspaboTka KOTopbIX
cuutaercs

9KOHOMUYECKM

BbIFOAHOM

MecTopoxaeHve
Mapcennyc

MecTopoxaeHve
YTuka

MecTopoxaeHve
BapHeTT

O6LWwnpHbIe NofA3eMHble cnaHueBble hopMaLunmy (30/10TUCTbIN LBET) MO 6bl MHOTUE
roapl cHabxatb CLUA npupogHbim razom. OgHako HblO-l;]OpK, 06eCMNOKOEHHbIN
BO3MOXHOCTbIO 3arpsi3HEHUS IMYBUHHBIX BOAOHOCHbIX NAcTOB, BbICTYMNWA NPOTUB
6ypeHuns 1 fo6bI4M ras3a B Tex paioHax MecTopoxaeHus Mapcennyc, rae ra3oHocHble
crnaHueBble CIOM NiexaT nof 3anacamu NPecHon NMTLEBON BOAbI

OB HOBPEMEHHO pacTeT 06eCIIOKOeH-
HOCTB YYEHBIX, IOJIUTUYECKUX AeATe-
JIe¥ U ITpeicTaBUTE e 06II[eCTBEHHO-
CTH, KOTOpPBIE Bce 6oJjiee HACTOMYNBO
YKa3bIBAIOT Ha TO, YTO IPOIECC TOPHU-
30HTAJbHOTO OypeHus, HU3BECTHBIN
KaK MeTOJ THuApopaspbiBa IJACTa,
HpeACTaBIsAeT ONAaCHOCTb JJIA OKPY-
JKaIOMer cpeibl U 3J0POBbA JTIOAEH.
B GypoBble CKBAMKHUHBI I10J] BBICOKUM
JZIaBJIEHUEM 3aKa4YNUBaIOTCs OTPOMHBIE
06'beMBI IIPECHOM BOJBI I XUMHUYECKUX
BEII[eCTB, KOTOPbIE pa3pylIalT IOPOo-
Iy U BBICBOGOKJAIOT a3, MOCJe Yero
GOIBIIIOE KOJIUYECTBO 3arpsA3HEHHON
BOJbI BBIJIMBAETCS U3 9TUX CKBAKUH
06paTHO HAa HOBEPXHOCTH 3€MJIH.

Cnopbl Mexay razofgobbiTynkamm

M rpynnamu rpa)aaH no nosoay 6e3onacHoCcTH
npuo6penn Taky OCTPOTY, YTO BOLLMU

B 3TOM rofly B YACNO rfaBHbIX HOBOCTEWN

HKurenu mrraroB, rae ToA00HBIN
MeTOoJ JOoObIYM ra3a IPUMEHSAJICH YiKe
B TeYEHHUE pAJia JIET, }KaJIyIOTCA Ha 3a-
TPA3HEHUE BO3/IyXa U HUTHhEBOM BOABI.
PaccienoBaHUs, OpraHHU30BaHHBIE
opraHaMu IITATOB U ¢eaepalbHBIMU
BegoMcTBaMu B mitarax Texac, Koso-
pano u BalloMUHT, JTUIIb YCUIUBAIOT
TpeBory. Tak, B pe3yJabTaTe HUCCIIEI0-
BaHUsA, NPOBOJUBIIETOCA B TOPOJKE
Jume, mrat Texac, B aBrycte 2009,
6GBLIIO BBISABJIEHO IPEBBIIIEHUE JIONIY-
CTHUMBIX IIPE/IEJIOB COJIEPIKAHUSA B BO3-
nyxe 6eH3051a, KCUJIOJIA U PYTUX TOK-
CUYHBIX BenlecTB. OTAelIbHbIEe TOH06-
Hble (PaKTHI HEJIb3d CYUTATh HAy YHBIM
JI0OKa3aTeJIbCTBOM TOT'O, YTO TaKad J10-
6b14a rasa B 11eJioM onacHa. C gpyroi
CTOpPOHBI, HeJaBHAA HedTAHAA KaTa-
crpoda B MEKCMKaHCKOM 3aJiuBe —
y6equTeJbHBIH II0BOJ IIPOABIATH
OCTOPOIKHOCTE. [IpecTaBIAeT JIU Me-
TOJl TUAPOpPa3phbIBa IIJIacTa Yepecdyp
GospmIyio yrpoady? YeTKoro oTBeTa
Yy Hac HeT.

BHumaTenbHoe paccmoTpeHue
Cropel MexJy Tras3ofo0bITYNKaAMU
U IpyIIaMU I'Pak/aH I10 II0BoAy 6e30-
IaCHOCTHU IIPUOGPEH TAKYIO OCTPOTY,
9TO BOIILJIHU B 9TOM FO/Iy B YHCJIO TJIaB-
HBIX HOBOCTel. [IOCKOIbKY ciIaHIIeBas
dopmanma Mapcesayc pacrojgaraeT-
cd 1071 BOJOCOGOPHBIM GacceilHOM, KO-
TOPBIM CHabxaeT BOJoI Gosee 9 MIIH
muTeneit Mmeramomuca Heo-Hopk
u 200-TBICAYHOE HAaCeJIEeHHE PACIIOJIO-
JKEHHOI'0 K ceBepy ropoaa Cupakbioc,
JlermrapTaMeHT OXpaHbl OKPYIKaOIIel
cpenel mrara Hpo-Mopk B ampeie
Y#KECTOYMJI IPOIEIy Py PETUCTPAIIU.
Temnepsb rogaTe I 3aABKN Ha Oy peHue
JIOJKHBI OyIYT MIPOXOAUTH TINATEIb-
HYIO 3KCIEPTU3Y BO3AEUCTBUA CBOUX
IIPOEKTOB Ha OKPYKAIILYI0 CPefy —
Tpolecc, KOTOPBIM OKa3ajcd HaCTOIb-
KO JIOJITUM U JOPOTOCTOSAIIUM, YTO r'a-
30J0GBITYUKH IIPEJIOYUTAIOT OTKA-
3BIBATHCH OT CBOUX IIEPBOHAYAIBHBIX
miIaHoB. «M3-3a 3TOT0 MBI He cobupa-
emcs BecTH paGoTe! B Heio-Hopke», —
npusHaeTrca Mapk Yutiau (Mark D.
Whitley), cTapmuii BUIle-IPE3UJEHT
KoMIaHuU Range Resources (r. ®opT-
Yapr, mrar Texac), 0IHOroO U3 IJIaB-
HBIX OyPUJIBIINKOB CKBAXUH Ha Me-
cTopokaeHuN MapceJyc.
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3a Mecdll 10 3TOro ATreHTCTBO IO
OXpaHe OKpYyJKamIled cpeibl Hada-
JIO JBYXJEeTHee BCECTOPOHHEE HCCJIe-
JloBaHHUE IIpollecca I'OPU30HTAJIBHO-
ro 6ypeHus, oT BelGopa MecTa paboT
10 OTBEJEHUA 3arpA3HEHHBIX BOJ.
B nocTYynMBIINX II0 3JIEKTPOHHOU IT0-
4Te OTBE€TaX Ha BOIIPOCHI KypHala
Scientific American areHTCTBO COOOIITH-
JI0, YTO O MOTEHIMAIbHO BPEJHOM BO3-
JeICTBUM HA MUTBHEBYIO BOJY I'OBOPAT
JIUIIb PAa3PO3HEHHBIE CBEACHUS, A «<HA-
Y4YHBIE JaHHBIE, IIOATBEPKAOIINE I10-
JI06GHBIE OIIACEHU A, OTCYTCTBYIOT. Kak
yKasaJjo areHTCTBO, LleJIb UCCJIe0Ba-
HUSA COCTOUT B TOM, YTOOBI «yCTPaHUTH
BC€ HayYHbIe HEOIIPEIETEHHOCTH.

ITo MHEHUIO HEKOTOPBIX 3aKOHOJA-
TeJIeH, 10 3aBepIIeHUs NOLOOHBIX UC-
clIeJOBAHUM CIIeiyeT 3a/iepKaTh cia-
4y B apeH/ly 3€MJIU U IIpoBeeHue 6y-
pPoBBIX pa6oT. OJHAKO, KaK 3aABJIAET
Koatpun Kiabep (Kathryn Z. Klaber),
Npe3uJeHT co3faHHOoi B IleHcHIb-
BAaHUU TIa30J00BIBAIOINEH TI'PYIIIIbI
Marcellus Shale Coalition, 6ypeHue He
6yJeT IPUOCTAHOBJIEHO HUTZAE, KPO-
Me, BO3BMOYKHO, IITaTa HbIO—ﬁOpK. «He
BHIKY, KAKMM 00pa3oM HCciIeJoBaHUe
areHTCTBa MOXKET IOBJIMATH HA ILIa-
HBI pacIIupeHus pabor», — nobaBid-
€T K 9TOMY YUTIH.

BHU3 no 6ypoBoii CKBaXXuHe

I'naBHasg NPUYMHA BO3HUKIIEH o6e-
CIIOKO€HHOCTH — XHMHUYECKUE Be-
IecTBa, UCIOJb3yeMble B IIpolecce
ruapopaspeiBa Itacrta. Ilocie pac-
qyucTKU 1,5-2 ra semsu npobypusa-
eTcA CKBalKMHA K CIAHIIEBOMY CJIOIO,
pacIloIOKEeHHOMY, Kak
B 900-2400 M OT ITOBEPXHOCTH 3€M-
1. [TOCKOJIBKY TOJIIUHA 3TOTO CJIOA
cocTaBaAgeT OOBIYHO JTUIIb HECKOJb-

IIpaBUIo,

KO JIeCATKOB METPOB, IOJIOBKa Oypa
NOCTENEeHHO NoBopaunBaeTcsa Ha 90°,
U GypeHUe IPOJIOJIKAETCA YiKe TOpH-
30HTAJBHO, BAOJb CJIAHIIEBOrO CJIOSA,
Ha IpOoTAXKeHUH 1,6 KM. 3aTeM BO BCIO
npoOypeHHYI0 CKBAKUHY BCTABJIACT-
cdA cTanbHasg Tpy6a, KOTOPYIO OKPYyKa-
IOT 0GOJIOYKOM U3 JKUJKOT0 [IEMEHTHO-
ro pacTsopa.

T'uppopasphlB ClIaHIIEBOroO ILjIacTa
IPOU3BOAUTCA OTPE3KAMH JIJINHOMN
no 300 M, HAUUHAA C JaJIbHET0 KOHIIa
TpyOBl. MoIHbIE HACOCHI 3aKa4uBa-

0T B TPyOy 6osiee 4 MJIH JI JKUIKOCTH,
KOTOpas IPOXOAUT 4Yepe3 IPOoOuTHIE
B CTEHKax 3TOM TPyOBI OTBEpPCTHUA,
co3gaBas gaBiaeHue okoso 400 Kr HaA
KB. CM U IIPOU3BO/ISA TU/IPABINYECKUI
paspeIlB Iacrta. Ilojg3eMHoe aaBiie-
HUeE BBITQJIKHUBAET 9TY JKHUJKYIO CMECh
JISI TUAPOPA3phIBa 06PaTHO U3 TPYObI
HaBepX — TaKasfd ¥KHUJKOCTb BBIHOCUT
c co60l U3 cIaHIla pa3JIudHble XUMU-
YeCKHUe COeJJMHEHUSA, BKJIIOYAs COJIH,
THMKeJIble MeTaJUIbl U1 €CTECTBEHHBIE
paaroaKTUBHBIE BelecTBa. Besa aTa
BBITEKAIOIAsA KUJKOCTh IOCTYIIAeT
B IPY/JA-OTCTOMHHUK MJU B CIIeIUAJIb-
HBbIE pe3epByaphbl. [Io3Hee 1o TOM ke
Tpy6e BBIXOJUT raa.

3akaunBaeMas B CKBAKUHY KU/-
Kad cMech nmpumepHo Ha 99,5% co-
CTOUT U3 IPECHOM BOJBI, IIECKA U Ha
0,5% — U3 XUMHUYECKUX BemecTB. [le-
COK IpeJoTBpalllaeT CMBIKAHUE Tpe-
IIMH IT0CJIe CHUMKEHUSA TaBIeHUsA, 110-
3BOJIAA IpocadynBaThed raay. Ilpu pa-
60Te Ha KamKJON CKBaKUHE GypOBBIE
KOMIIAaHUM MCIIOJb3YIOT COGCTBEH-
HYIO JKUJIKYI0 CMECh, BKIIOYAIONUIYI0 OT
10-12 pas3auYHBIX XMMHUYECKUX Be-
IIECTB, B TOM YHCJIe 100aBKY JUI CHU-
JKEHUSA TPEHUS IIPU IPOTEKAHUU CMe-
CH, UHT'UOUTOP AJIA IPeAYIIPeKJIeHUA
obpa3oBaHUA pPIKABUYUHEBI,
Ty JJI OYUCTKHA OTBEPCTUU B CTEH-
Kax TpyObl, 6aKTEepPUIUABLI AJA YHU-
YTOKEHUSI MUKPOOPTaHU3MOB, 3a-

KHCJIO-

MeJIAIONINX HEKOTOPbIE XUMUYECKUE
peaknuu, u Ap. B 6oee yem gecaTke
JKUJAKUX PacTBOPOB AJIA TUAPOpa3-
pBIBa ILTAcTa, KOTOPBIE HCIOJIbL3yeT
Halliburton — ogHa U3 KPyHHEHIINX
aMepUKaHCKUX KOMIIaHHH, pa6ora-
IOIUX II0 dTOM TEeXHOJIOTUH, — CO-
Jiep:RaTcA XJIOPHUCTOBOAOPOAHAA (co-
JAAHAA) KUCJIOoTA,
u GaKTEepUIUAHBINA Ipernapar IJIy-

9TUJIEHTJIHUKOJIb

Tapaabaerun. B
xKomnianusa BJ Services npumeHs-
€T MeTaHOJI U cMeCh He(DTAHBIX JUC-
TunasaToB. Xora 0,5% kakeTcd He-
60bI1110M TUGPOI, 3aKadyeHHBIE B TPY-
6y GoJsiee 4 MJIH JI JKUJKOCTH — 3TO
20 TBIC. J PA3JIUYHBIX XUMUYECKUX
BEII[ECTB.

CBOIO O4Y€pensn,

Co BpeMeHeM BJ0Jb IIEPBON CKBa-
JKUHBI JUIMHOM 1,6 KM Gy1eT IIpou3Be-
JIEHO IIATh THAPOPa3PHIBOB CIAHIIEBO-
ro miacTta. B mocieayromniyue HeCKOJIb-

KO JIeT OT MCXOJIHOM BEPTUKAJbHOM
CKBQKHHBI MOMKET OBITh IMpoOypeHo
10 12 ropu3oHTaJbHBIX CKBakMUH. Ha
JleCATHh CKBAKUH, KaKAad U3 KOTOPBIX
COCTOUT U3 IIATHU OTPE3KOB, II0Tpebo-
BaJioch 6Bl M3pacxofoBaTh 189 MIH I
npecHON Boabl U 946 THIC. 1 XUMHUYe-
CKUX BEIIECTB.

ITo MHEHHIO I'€0JIOTOB, BEPOATHOCTh
TOr0, 4YTO 9TU XMMUYECKHE BEIECTBA
monajayT B IOJA3€MHBIEC BOJBI, Kpai-
HE HEBEJUKA, IOCKOJBKY CaMH BOJBbI
HaxXoAATCcA 06bIYHO Ha INIy6UHEe B He-
CKOJIBKO JIECATKOB METPOB, a CJIaHeI]
OT/leIEH OT HUX BOJJOHEIPOHUIIaeMO
TOPHOM Iopojo#i. Bnpouewm, BeITEKaA-
fommasa o6paTHO U3 TPYOBI HUJKOCTH
BIIOJIHE MOKET NPOCAaYUBATHCA BHU3
4epes3 yCcThe CKBamKUHBI. «M3-3a BBI-
COKOT'0 JIaBJICHUA MOTYT BO3HHUKATh
c6ou B paboTe HA IMOBEPXHOCTU», —
npusHaeT [[:KoH X3Hrep, ceKpeTapb
JlenapTaMeHTa OXpaHBbl OKpYyalo-
mel cpeanl mrarta IleHcUIbBaHUA.
XoTa ANA NpeAyNpeRJeHud TaKo-
ro nmpocaynBaHusa Tpyba OKpy:eHa
IIEMEeHTHON OG6OJO0YKOMU, «paccTosd-
HUE MEXJY CTEHKaMM IIPoOypeHHOM
CKBa:KMHBI U BCTABJIEHHOU B HEE TPY-
6oi1 He Be3/ie OAUHAKOBO», — YKa3bI-
BaeT OHTOHU MHrpaddu (Anthony R.
Ingraffea), mpodeccop MmammuHoOCTpPO-
eHusa KopHeNIJICKoro yHUBEpCUTETA,
UMEIUH JJOKTOPCKYIO CTENEeHb II0
MeXaHUKe TUPpopaspbiBa FOPHOI 10~
POABI, YbH UCCIIEOBAHUA BpEMEHAMU
¢uHaAHCHUPOBAIUCH Ta30100bBITYNKA-
Mu. Takaa CKBamMHa IIepeceKaeT IIy-
CTOTBI, PAa3JOMBI, TPEIIUHBI, <1 UHO-
TJja HeMEHTHBIA pacTBOP He 3aI0JIHA-
€T 3TU HEPOBHOCTID.

HesicHO TaKike, KakK J0JIro Ipojep-
JKUTCA STOT IIEMEHTHBIN pacTBOP.
K Tomy e 6yp MOkKeT onacTh B Me-
TaHOBBIE KapMaHBbl, U TOTJa IOJAHU-
MamIIuicd 0 CKBaKUHe ra3 BCTPe-
TUTCA C MOJA3eMHBIMU Bojgamu. Eme
OJHOM ITPO6JIEeMOIl MOTYyT CTATh yTed-
KM U3 IIJI0XO CJAEeJIaHHBIX UJIHU 06JH-
IIOBAHHBIX NPYAOB-OTCTOUHUKOB. Jlo
40% BOABI U XUMUUIECKUX BEIIECTB,
3aKayMBaeMbIX B CKBaKMHY, BO3Bpa-
IIAITCA B BUJE BBITEKAIOIIEH o6paT-
HO U3 TPyOBl 3arpA3HEHHOMN KUJKO-
ctu. (KoMnaHuM cTaparwTcsd JAelaTh
BCe IpaBUJIbHO, — roBopuT CKoTT Po-
6epTc (Scott Roberts), samecTuTenn
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FTMAPOPA3PbLIB MJIACTA

MeTog rugpaBnmyeckoro paspbiBa Unv rmapopaspeiBa niacta o6ecneymnBaeT Bbl-

CcBO6GOXAEeHME U3 cnaHua npupoaHoro rasa. B npobypeHHyto K cnaHuesomy Croko

CKBa>XXUHY, MayLLyt 3aTeM BLOSb 3TOr0 CNOS, BCTABNSIOT CTanbHY0 TPy6y, BOKPYr
KOTOPOW BBOAUTCSH XUAKMI LLeMEHTHbIN pacTeop. NoTom 6y-

POBYIO YCTAHOBKY YAANsAOT N HA HECKONbKUX OTAENbHbIX

ﬁ?é’TF’:HB::Ka oTpeskax noo4epenHo NPoM3BOaAT MMAPOPasphbIB

5] cnaHueBou nopoabl (04MH 13 Takux OTPE3KOB rokasaH

BHU3Y cripaBa)
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Mocne ynanexus 6y-
pPOBOW yCTAHOBKM

B TPyOy 3aKaynBaeT- ;
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non
aTa Xe XUAKOCTb, : i s
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HO, HanpaBnaeTcs
B MPYA-OTCTOMHMK

nnu B cneunarnbHble O6patHbIn
[OTOK

pesepsyapsl. Mo3a- . XUBKOCTH

Hee Yyepes3 yCTbe 4 4T urasa

CKBaXWHbI (He rmoka-
3aHo) ras nocTtynaet Ha kaxpom otpeske nepgopa-
B Tpy60OMpoBsoa TOp Npo6uBaeT OTBEPCTUSA B CTEHKAX
cTasibHOW TPY6bl, MOKPbITbIX LLEMEHTHLIM PACTBOPOM.
Yepes Hux nof 60MbLUMM AaBIEHUEM NPOXOAUT XunaKas
CMecCb 13 BOAbI, MeCKa U XMMUKaTOB, paspyLuas nopoay.
3arteM aTa XWUOKOCTb, a MO3JHEE U ras, NogHUMaloTcs
BBEepX Mo Tpy6e

cekperaps JlemapTaMeHTa OXPaHBI
OKpYIKaloIleil cpeibl IT0 yIIPaBJICHUIO
MHHepaJIbHBIMU pecypcamu. — Of-
HAKO eIlle BCTPeYaIoTCH OTAeJbHBIE
peicTaBUTENIN, KOTOPBIe 3a0BIBAIOT,
KaKKe JOKHBI ObITh IPUOPUTETHD.

XumMunyeckas npo3payHoOCTb
OT4yacTU NPUYMHON HACTOPOKEHHO-
CTHU IIO IIOBOAY HCIIOJIB3OBaHUA XHW-
CTpaHe 6e3yCrIOBHO HYy>XHa 9HEepPrus.
Ho en TakXe Hy>XHa nuTbeBas Boja.
CoBmeLlaeTcs nm 0gHO € Apyrum?
Bonpoc ocTtaetcsa OTKPbITbIM

MHUYeCKHUX BEeIleCTB CTaJl HEKUH I0pH-
JUYECKU MaHeBpP, 0CBOOOK AU
MeTOoJ| THJpopa3pbiBa OT Heo6X0oau-
MOCTH COOIIOATh ITOJIOMKEHUA 3aKO0-
Ha 0 6e30I1aCHOM MUThHEBOM BOJIE, KO-
TOpBIE KACAIOTCA «KOHTPOJIA 3aKa4YKU
CTOYHBIX BOJ, IIOZ] 3¢MJII0O» U 3aIHIIA-
IOT ITOI3eMHBbIe NICTOYHHUKU ITUTHEBOM
BOJBI OT 3arpsA3HeHHdA. B cBoe Bpema
JTAaHHYIO IPUBHUJIETHIO, 3aKPeIlJIEHHYIO
B 3akoHe 00 9HEPreTHYECKOU MHOJIH-
Tuke 2005 r., OKpecTUIN Jia3ehKon
Halliburtorn», IOCKOJIbKY €€ IIOAAe KAl
TOTJAIIHUKM BuIe-ipe3ugeHT CIIIA
Juk Yeiinu (Dick Cheney) — npexe
TJIaBHBIA HCIOJHHUTEJIbHBIH AUPEK-
Top KomnaHuu Halliburton. nsa ot-
MeHBI 9TOH NpuBHIeruu diaeH Ilana-
THI IIpeacTaBuTrenaeit Mopuc XuHYN
(Maurice Hinchey) npeaiosun cooT-
BETCTBYIOIIUH 3aKOHOIIPOEKT. B mae
JOKYMEHT HaXOAMJICA B KOMUTETE, HO
OTCYTCTBOBaJI rpadUK ero pacCMoTpe-
HUA. BopoueM, kak cuutaeT KaTpun
Kma6ep, Takoi 3aKoH He Oy/IeT ©UMETh
CMBICTIA.

Me®ay TeM B COOTBETCTBUH C Tpe-
60BaHUAMHU YIpPaBJICHHUSA OXpPaHBI
Tpyna, japbas KOMIIAHUA MAOJIKHA
HMeTb CIIMCOK IPUMEHAEMBbIX Ha KOH-
KPEeTHOM OObeKTe XHUMUYECKUX Be-
IIECTB, KaKI0e U3 KOTOPBIX II0JIydaeT
«aracropT 6e30IacHOCTH MaTepHaJar.
Bce oTH JaHHBIE IPEJOCTABIAIOTCS
n1r060My o6GpaTHUBIIEMYyCHA 3a HUMH,
4TOGBI B C/Iy4Yae aBapUU MOMKHO ObLIO
OLIEHUTh BO3MOMKHBIE IOBPEKICHUA
u ymep6. OfHAKO, KAK TOBOPUT B CBO-
eM JOKyMeHTaIbHOM duibMe [ a3oBas
crpaHa» (Gasland — ¢uiabM, nocsi-
IIeHHBIA Ipob6eMe MOTeHI[HaTbHBIX
OIIACHOCTEH JJIs 3J0pOBBSA, KOTO-
peIM noaBepraercsa HacejeHue CIITA)
pexuccep lxom Porc (Josh Fox),
rasofo0bIBaOIe KOMIIAaHUHU OTKa-
3BIBAJIMCh COOOIATh €My, a TaKikKe
IPOMKUBABIIUM IOGIU30CTU TpakK-
JaHaM, KaKue HMEHHO XMMHKATHI HC-
I0Jb30BAJINCH HA T€X U UHBIX 06b-
eKTax.

Kia6ep 3aAaBIAET, YTO MECTHBIE pe-
I'yJAUPYIOIIHe OPraHbl MOTYT IIOJIyYaTh
TaKue nacnopTa 6e30I1acHOCTH U 3HA-
KOMHUTBH C 9TOM mHpoOpManyel Hace-
snenue. Ho B Io0GHBIX IMacopTax He
yKa3blBaeTCA KOHI[EHTPAIIUA XHUMU-
YECKHX BEIIECTB — TO, YTO ATEHTCTBO
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110 OXpaHe OKPY:KAIOIIeN CpeJbl CUU-
TaeT «HEOOXOAMMBIM JJIl OIpejese-
HHUA TOKCUYHOCTH» KOHKPETHOI'O XH1-
MuEaTa. B cBoio ouepensb, Po6epTc us
JlemapTaMeHTa OXpaHBI OKPYKAI-
el cpejibl 3aMedaeT, YTO B IIpejia-
raeMbIX acIopTax He pacKpbIBaeTCs
cnoco6 CMEMIMBAHUA WJIHN IPUMEHe-
HUSA XUMAYECKUX BEIeCTB: «<JTO CUU-
TaeTCHA MHTEJUIEKTYaIbHOM COGCTBEH-
HOCTBIO». Borpoc B TOM, He IpUBEAET
JIX CMEIIMBAHHWE 3TUX XMUMUKATOB NI
HUX PeaKIUs C XUMUYECKUMHU COeIHE-
HUSMU B CKBasKUHE K 00pa3oBaHUIO
KaKUX-TO HOBBIX COEJUHEHUM, KOTO-
pble MOTYT OKa3aTbCH TOKCUYHBIMU.

BpeHBIMU
¥ B YUCTOM BHJE. AIBOKATCKas I'pyII-
na River Reporter n3a ropoga Happo-
ycGepr, mrar Hplo-Hopk, Hampasu-
Jla Ha pacCMOTPEHNE B OpPraHU3aIUI0
Endocrine Disruption Exchange (Heikom-
MepuecKast Hay4HAst opeaHu3ayust, pu-
HaHcupyemast 3a cHem UacmHbslX (POH-
008 U NOJcepmMBoBAHULL 2paHOaH, KO-
mopast 8edem uccnedo8aAmMensbCKyto
u npocsemumensckyto pabomy 8 o6-
nracmu  3HOOKPUHHBLX  HapyuleHull,
8pedHo20 8o30elicmBust HA Op2aHU3M
yenoseka U NPUPOOHYIO OKPYHCAIO-
wyto cpedy pA3nuUUHBLX XUMUUECKUX
sewecms. — IIpum. nep.) CIUCOK U3
54 XMMHUYECKUX BEIEeCTB, NUMEIOINX
TaKOM «1acropT 6e30I1acHOCTH MaTe-
puanar. ITo 3aKJIIOYEHUIO 3TOH opra-
HU3anuu, BoamiasisgemMor Teo Kou-
6opHOM (Theo Colborn), npexHUM Ha-
YYHBIM KOHCYJIbTAHTOM ATEHTCTBA I10
oxXpaHe OKPY:KaIIlell cpe/ibl, JaHHbIe
XMMHUYECKUe BellecTBa paclpeess-
I0OTCA 0 14 KaTEropruAM IOTEHIINATb-
HO OITACHBIX I 3I0POBbS, BKJIIOYASA

XuMHUKaThl OBIBAIOT

BO3MOKHOCTH HAHECEHUSA IIOBPEIKIC-
HUH JIETKUM, [I€4YeHU, IOYKaAM, KpoBH
U TOJIOBHOMY MO3ry 4Y€JIOBEKA.

3arpsisHeHMe Nog3eMHbIX BOJ,

PykoBoguTEeIN Ta30J00BITYNKOB,
BKJIIOYas YUTIU U3 KoMIaHUMU Range
Resources, yKa3bIBaIOT Ha OTCYTCTBUE
JOKYMEHTAJbHBIX IIOATBEPKACHUN
XoTa OBl OJHOTO ciydas 3arpsasHe-
HUA IIOA3EMHBIX BO/I B pesyanaTe nc-
0Jb30BaHUSA MeToJa r'ujpopas3pbiBa
miacta. HekoTopble peryjupyloniye
OopraHbl C dTHUM coIJIacHBI. Kpurtu-
KU ofpalnaloT BHUMaHHE Ha TO, YTO

CKa3aHHOE OTHOCUTCHA JIMIIb K MO b-
€My Ha YPOBEHb IIOJI3EMHBIX BOJ, TOM
JKUJKOCTH, YTO ObllIa paHee 3aKadaHa
B CKBaKMUHY. Eciau ke HocMOTpeTh
Ha IpollecC NPUMEHEHUA ITOro Me-
ToAa B IeJOM, BKJOYas 3alojHe-
HUE 3arpa3HEeHHOU BOJONU IIPy/JOB-
OTCTOMHUKOB, TO CYII€CTBYIOT COT-
HU 3aJJ0KyMEHTHUPOBAHHBIX CJIydaeB
3arpasHeHud. Hanpumep, y ropoaka
JduMok, mrat IlencuabBaHuUs, MECT-
HBIA [lemapTaMeHT OXpaHbI OKpYyKa-
IoIIe cpeibl IPUBJIEK K Cy1eGHOM OT-
BeTCTBEHHOCTH KomnaHuio Cabot Oil
& Gas n3 XpIOCTOHA 3a pa3juB AU-
3€eJIbHOI0 TONJMBAa U 3arpA3HEHHOU
BOZBI, BbITEKABIIE Ha IOBEPXHOCTH
U3 CKBaKMHBI.

Brpouem, Gosblias YacTb Hapy-
II€HUM, HA KOTOpPbIE CCHLIAIOTCA pe-
ryJupyloliyde OpraHbl, He CBA3aHa
¢ XMMUYECKUMU BeIllecTBaMU, IPU-
MEeHAEMBIMU NIPU THUAPOPa3pbIBE
njaacta. /eJo B TOM, 4TO B CBOUX 3a-
ABJIEHUAX U Ta30J00bITYUKU, U UX
KPUTHUKMU «ObIBAIOT HE BIIOJTHE UICKPEHHU-
M — cumnrtaeT Teppu OHrenzep (Terry
Engelder), mpodeccop 3eMmiaeBegeHUsA
u3 YHuBepcurera mrara [lencunbba-
HUSA, UCCJIEJOBAHUA KOTOPOr'O TaKXKe
oT4yacTd (pUHAHCUPYIOTCH Ira30o4006bl-
BaromuMH Kommaauamu. «Hbo-Mopk,
B YaCTHOCTH, BeJIeT ce6dA TUIIEMEPHO —
€ro0 BIIOJIHE yCTPaUBaET OTOIJIEHNE Ha
TIPUPOJHOM rase, KOTOPbIi 106bIBaeT-
cAnyTeM 6ypeHUA BOKPYT ITOA3€MHBIX
HCTOYHUKOB BOJOCHAGKEHUA ropoja
IIuttcbyprar. Tak ke cuutaeT XoH-
rep: «O6e CTOPOHBI cTapaloTcA B3ATh
BepX, a JKePTBOU B 9TOU 60pb6e MOKeT
cTaTh UCTUHA.

PesynbpTaTs!
TOpoe OBbIIO HadyaTo AT€HTCTBOM IIO
oXpaHe OKpYiKalollel cpeabl U JI0IK-
HO 3aBepHIUTHCA B 2012 1., MOIJIH GBI
106aBUTh SICHOCTH B 3TOM BOIIPOCE.
Kpome Toro, B urJje 3TOro rojga 3To
areHTCTBO ILIAHUPOBAJIO OO0bABUTH
UTOTU pacclefjoBaHUA CJydaeB 3a-
IPA3HEHUSA BOJ03a00PHBIX CKBAMXKUH,
KOTOPBIMU IOJIb3YIOTCSA KUTENN Pep-
MEpPCKOTo nocejka I[laBuanoH B IraTe
BaiioMuHT.

HCccaegqoBaHUA, KO-

BypeHue nonHbIiM xogom
HeszaBucumo ot COAEpKaAHUA JOKJIA-
J0B ATeHTCTBa II0 OXpaHE€ OKpYyiKa-

IOIIe cpejbl HUCIOJb30BAHUIO Me-
ToJA THUJApoOpaspbiBa IJAacTa CYyXK-
JIeHo,
Tak, B Mmae komntanusa Statoil Natural
Gas noanycana corjameHue o exxe-
TOAHOU mocTaBKe B TedyeHue 20 et
113 mapa ky6. M rasa U3 MECTOPOK-
nAeHusa Mapcesayc U 0 ero nepekad-
Ke U3 NyHKTa dinucbepr, mrart ITeH-
cunpBaHusa, B TopoHTO. JII06OIIBIT-
HO, 4TO B MapTe 3Ta e KOMNaHU:A

II0O-BUAMMOMY, IIPOIBETATH.

o6s3asache cHaAGXKaTh ra3oM TOpPOJ
Hpo-Hopk.

HanpAameHHOCTb IO IIOBOJAY IIpU-
MEHEeHUd MeToJa TUJpopas3phiBa
njgacTa, BEpOATHO, coxpaHuTcsa. Ha
KOoH(pepeHuH, cocToABIIeca 3 Masa
B YHusBepcurtere J[lokeHa, XaHrep
IIpu3BajJl BBECTU OJd KOMIAHUKM Ha-
JIOT Ha A0OBITBIE IOJIE3HbIE HCKOIIae-
Mble, a coOpaHHBIE TaKUM o6pasom
cpeJcTBa HAIlpAaBUTh Ha repMeTHU3a-
IJUI0 OCTABJIEHHBIX CKBaKUH U Ha UC-
paBJIeHUE APYTUX BO3MOMKHBIX IIO-
BpexJIeHUN. Takol HAJIOT yiKe cyIie-
ctByeT B 28 mtarax. Kinabep B cBoio
oyepeab NpeAynpeaniIa, 4To Yepec-
qyp 60JIbIIIOE YHCJIO NPENATCTBUN MO-
JKEeT CIEpKaTh pacllupeHue 6ypuIb-
HBIX pa6oT B [leHcuabBaHUM, 6i1aro-
Japd KOTOpOMYy, IIOJAYEpKHyJa OHa,
3JleCh B IIPOIIJIOM I'ojly GBLJIO CO3aHO
107 ThIC. pabouynx MecT. [[a30106bIT-
YUKHU, ykaszana Kaabep, He XOTAT,
«qTOOBI UX CTPAaHAa yIyCTUIA BO3MOK-
HOCTh BKYCHTB ILJIOABI O6GJafaHUA
COOGCTBEHHBIM IIPUPOJHBIM Ta30My.
CrtpaHe 6€3yCIOBHO HYKHa dHEPrUd.
Ho eil Takke Hy:KHa NUTbeBas BOJA.
CoBMemiaeTcs JIU OAHO ¢ ApyTuM? Bo-
IIpOC OCTA€TCA OTKPBITHIM. M

Mepesoa: A.H. Boxko

AONOJIHUTENBbHASA JINTEPATYPA

m CeepeHusa oT opraHusaumn Marcellus
Shale Coalition Ha calite: www.
pamarcellus.com

= Bupeo ¢ paccka3oM OHTOHM UHrpad-
dun o cyTM mMeToAda rmgpopaspbiBa nna-
cta Ha caunte: www.mefeedia.com/
watch/28577813

u O pokymeHTansHom cunbme Gasland
Ha caWTe: www.gaslandthemovie/com

B mMupe nayku [08-09] aszycm-cenmaGps 2010
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POBOTOTEXHUKA

Mutep CuHrep

Co BpeMEHN N306peTEHUA aTOMHON 6OMObI
pPO6OThLI BHECU, NOXAJIYN, CaMble CepbedHble
N3MEHEHNSA B CrOCOObI BeAeHUSA BOMNHbI

KakK Ha none 604, Tak U B BO34YLLHOM

NPOCTPaHCTBE Hag HUM

e

iAo G e AL,
B BbICOKbTeXHQHOFMHHOM BOWHE

2 pacnpocmanwnqcb Hapqéofeer*



“¥

e B Hayaae 1970-x rr. He-

CKOJIBKO YYEHBIX, UHKEHEPOB,

HOAPALINKOB MUHUCTEPCTBA
o6oponsbl 1 opunepos BBC CIIIA 065-
€IMHUJINCH B I'PYIIIY, YTOOBI PEIINTD,
B CYII[HOCTH, OAHY 3ajga4dy. OHU 3a1a-
JINCH LEJIBI0 CO3/1aTh MAIIUHBI, CIIO-
co6HBIE IeCTBOBATh B 60€BBIX yCJIO-
BUAX 6€3 HEIOCPEACTBEHHOI'0 yIIPaB-
JIEHUS YeJIOBEKOM, U HAWTHU CIOCOOBI
y6eauTsb o6IIeCTBEHHOCTh U TBEPO-
JI0GBIX BOEHHBIX YMHOB [leHTaroHa

B TOM, YTO 3a/eMCTBOBATh POGOTOB
Ha noje 60 — mepcrekTuBHO. Cta-
pasich He MPUBJEKATh K ce6e BHUMA-
HUs, Tpynna cobupaiachk OJAUH-IBA
pasa B roji, 4To6el 06CyAUTH TEXHU-
YeCKUe BOIIPOCHI, 0OMEHATHCA HOBO-
CTAMHU U BO30OHOBUTH CTaphie APY-
JKECKHE CBA3U.

CKpPOMHOE HEKOI/Ia COOGIIECTBO MO
Ha3BaHUEeM MexayHapogHas acco-
nuanus 6eCIUIOTHBIX CUCTEM 06'be-
AUHSET ceroqHd 6osee 1,5 ThIC. KOM-

OCHOBHbIE NOJIOXXEHUA
® Bbino Bpems, korga BOEHHOE PYKOBOACTBO
CLUA oTBeprano po60ToB, BUAS B HUX MOMEXY
TPaAMLMOHHON BOGHHOW crnyx6e.

® BecnunoTHble CUCTEeMbI MOMYYMIN pacnpo-
cTpaHeHue B 6IMKHEBOCTOYHbIX KOHMINK-
Tax, nomoras Borckam npo6upartbcs Yepes
NabUPUHTLI FOPOACKUX YIWL, UNW Urpast posb
pa3BeayvKOB B OTAANEHHbIX MOCENEeHUsX.

m [lo Mepe pocTa CaMOCTOSTENBHOCTU PO-
60TOB BO3HMKO MHOXECTBO HPABCTBEHHbIX
1 NpaBoBbIX NPO6NeEM.




POBOTOTEXHUKA

NaHU® 1 opraHusanui ua 55 crpaH.
PocT 6OBIT TaKUM CTPEMUTEIbHBIM,
4TO BO3HUKJIO HEYTO BPOJi€ KPU3U-
ca camoomnpejeneHud. Ha ogHol u3
BcTpeu B CaH-/luero gaxe BCTaJ BO-
IpoC O MPUIJANIEHUHU «IJIABHOI'O J10-
KJaJ49UKa», 4TOOBl OH NpeACTaBUI
CBOJIKY NOPa3UTENbHBIX JOCTHUKE-
HUH po60oTOTeXHUKU. Kak MoAbITO-
JKMUJI OJMH U3 YyYaCTHUKOB BCTPEYM:
«OTKyza Mbl npunuin? I'ne HaxoauM-
csa certuac? Kyga MBI JOJKHBI U XO-
THUM UJATHU?»

K mnopo6Hoii peduiekcuu rpynmy
IIOJTOJIKHYJIO OJHO M3 BaMKHEHIIHUX
U3MEHEHUIN B COBPEMEHHBIX CHCTE-

MaXx BOOPYMEHHH co BpeMeH nsobpe-
TeHHUA NopoXa MJHU caMoJieTa: Io-
pPa3uTeNbHO GBICTPOE BHEJPEHUE PO-
6oToB Ha mosie 6osa. IIpoaBUIKEHUE
Boiick CIIIA ot Kyseiita no Barmaga
B 2003 r. HE COIIPOBOMKAAJT HU OAUH
po6ort. C Tex mop Ha Boopy:xkeHue Coe-
AUHEeHHBIX [IITaTOB MOCTYNNUJIO 60Ih-
1re 7 ThIC. 6€CIMMI0OTHBIX JJeTaTeIbHBIX
anmapatos (BJIA) u 12 Teic. aBTOMA-
TUYECKUX HA3€MHBIX MAIIWH, BBI-
MOJIHAIIUX IIUPOKUN KPYyT 3ajad —
OT o6HAapYKEHUA CHANNEepPOoB 10 6oM-
6apAMPOBKU YKPBITUH JTUJIEPOB «AJIb-
Kaunpr B [Takucrane. Cambie MOII-
Hble B MUP€ BOOPYKEHHBIE CUJIBI, OT-

AHATOMUA POBOTA CNEAYIOWEO MOKOJIEHUA

Hu conpatbl-ntoan, HYU 06bI4HbIE MALLMHBI HE CMOTYT CPABHUTBLCS MO CBOMM BO3MOXHOCTAIM C pa3pabaTbiBaeMbIMy CErOAHS
HoBeNLWMMKM 60eBbIMU po6oTamn. HeTBepoHoroe cosfaHune BigDog, noxoxee Ha XUBOTHOE, 6yeT CNoco6HO nepeasunraTbCs no
pasbuTbIM foporam, KaMeHUCTON NN 3aCHEXEHHOW MECTHOCTM, MO IPS3U 1 CKITOHAM, CIIMLLKOM KPYTbIM A1 KONECHOW 1 faxe
r'YCEHNYHOWN TEXHUKW, HECS NMPU 9TOM Ha ce6e COTHU PYHTOB BOOPYXXEHUS NI UHbIX NMOME3HbIX FPy30B

GPS
MecToHaxoxaeHvne po6oTa onpefenseTcs

no KOOpANHaTaM, MPUHUMaeMbIM OT
YHMBEpcarbHOro nokaTopa cuctembl GPS
(Ha pycyHKke He BuaeH)

KomnbloTep
CurHans! oT JaTymMkoB
NO3BONAT KOMMNbIOTEPY
paccumnTbiBaTb CKOPOCTb

1 YCKOpeHue v nepefasaTtb
KOMaHAbl UCNONHUTENbHBIM
opraHam Ansa ynpasneHus
NOIOXEeHNeM Hor

OBuraTtenb

v ruapaBnuyeckas :
cuctema L
MowHocTb, |
BblpabaTbiBaemas 4
ABurarernem, nepefaercs /
Hacocy, KOTopbIn /
obecrne4vmBaeT LMPKYIALmMio
rMapaBIIM4eCKON XUAKOCTH, .
npvBeoasLLen

B [leficTBune
MCMONHUTESbHbIE OpraHbl

BepraBIIFe HEKorja po6OTOB KaK He
COOTBCTCTByIOH_II/IX X BOEHHOU Ryf[b*
Type, CerogHsA pacCcMaTpPUBAIOT BOM-
HY MaIIUH KaK CpeJCTBO GOpbOBI
C HeperyJsipHbBIMU BPaKECKUMHU CHU-
JIaMU, BKJIIOYasg TEPPOPUCTOB, KOTO-
pBIE C IIOMOIIBIO COTOBBIX TejedOHOB
JUCTAHIIMOHHO OCYIIECTBIISIOT B3PhI-
BBl M 3aTe€M CKPBIBAIOTCH B TOJIIIE.
I[IpyMeHeHne 3TUX aBTOMATUYECKUX
CHUCTEM HE TOJIBKO OKa3bIBaeT 60Jb-
IIoe BJIMAHHE HA XapakTep 60eBBIX
JeMCTBUM, HO U IIOJJHUMAaET PAJ BO-
IIPOCOB O MOCJIEICTBUAX UCIIOJIb30Ba-
HUSA aBTOHOMHBIX U «pa3yMHBIX» Ma-
LIVH B 604X. YIaJIUB COJIIAT U3 OIlac-

AneKTpoHHbIe rnasa
Brnvxaniuee okpyxxeHue po6oTta
KOHTPONMPYIOT Na3epHblit
nokarop (nugap) u moaynb
MaLLVHHOrO 3peHus

Hatyvk ——

cunbl 5
Cepgo- \
KnanaH

[atynk Wcnon-
NOsOXeHnst —— HuTenb-
HbIiA

opraH

[laT4yMKun M UICNONTHUTENbHbIE OPraHbl
J[atyvky nepefatoT KOMNbOTEPY UHGOpMa-
LU0 O MOJIOXKEHWW HOT U BO3[EUCTBYIOLLINX
Ha HMx cunax. Mocne nHTerpmpoBaHus
[aHHbIX OT [aTUYMKOB BCEX YETbIPEX HOM
KOMMbIOTEp MOChINaeT Ha cepBoKanaH
KOMaHAy OTKPbITb MOTOK FMAPaBAN4eCKon
XNAKOCTU K UCMOSTHUTENBHOMY OpraHy
(rMapoLMAMHAPY C NITYHXepPOoM), KOTOPbIA
nepemelLaeT HOry B HY>XXHOE NonoXxeHue

B Mupe Hayku [08-09] aszycm-cenmaGps 2010
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POBOTOTEXHUKA

HBIX MECT, MOXHO CIIACTHU UX JKU3HU,
Ho Bce 6oJiee IIMPOKOe BHEPEHUE PO-
60TOB IMOJHUMAET PAJ INIYOOKUX IIO-
JIUTUYECKUX, IIPABOBBIX U 9TUYECKUX
BONIPOCOB 0 GyHAAMEHTAJIBHON HPU-
pojie BOMHEI ¥ O TOM, He MOT'YT JIX 9TH
TEXHOJIOTMH HellpeJHaMePEHHO CIIPO-
BOIIMPOBATH BOMHY.

B 1921 r. vemckuii nucareynb Kapen
Yamnek B nbece «PoccyMcKHUe yHUBED-
calbpHbIe POGOTHD 3alyCTHUJI B 060-
POT CJI0BO «po6OT», HA3BAB UM MeXa-
HUYEeCKHUX CJIYT, KOTOPBIE B UTOre BOC-
CTaJIX IPOTUB CBOUX XO3AEB-JIIOfEH.
CJI0BO 9TO UMeJIO 6OraTyro CeMaHTH-
YeCKyI0 Harpys3Ky, IIOCKOJBKY GBLIO
06pa3oBaHO OT CIABAHCKUX CJIOB CO
3HaYeHUusAMHU «paboTta» U «pabCcTBO»
(mpomsomeaINX OT OJHOTO JpeBHe-
ro KOpPHA), a UCTOPUYECKU OTChIIA-
JIO K 4YEIICKOMY aHTHU(EeoAAIBHOMY
KpeCcTbAHCKOMY BoccTaHU 1775 r.
(a «GapIIMHHBIA KpPEeCTbAHUH» IIO-
yenicku — robotnik). Tema po60TOB,
BBIIOJHAIOMUX PaGoThl, KOTOPBIMH
He XOTAT 3aHUMAaTbCHA JTIOAH, U BIIO-
CJIEICTBUY 3aXBaTHIBAIOIIHUX BJIACTb,
IIOCTOAHHO IIPUCYTCTBYET B HAyYHO-
¢daHTACTUYECKUX JIUTEPATYyPE U KU-
HOPUIbMaX BIJIOTb J[0 CErOJHANTHUX
«TepmuHaTopa» u «<MaTpULbD.

Celfiuac JIogy, 3aHUMAaIOIIHECH
po6oramu, wuaberalmT CcJI0OBa «po-
6oT». OHU cTapalmTca ynoTpebaaTs
ornpejiejieHUs «6eCIUIOTHBIN», «6e3-
SKMIAMKHBIN» «IUCTAHI[MOH-
HO yIpaBJIfgeMBIi», YTOGBl HE BO3-
HHUKaJIO accolManui ¢ KnHoo6pasa-
MU MaIlWH, KOTOpbIE TOTOBATCA HAC
nory6uts. IlonmpocTy roBops, po6o-
TBl — 9TO MAaIIHHEI, paboTaromiue
1o npuHNUIYy: «CoOpueHTUpyHcs, 1o-
Aymam, gercTByi». 9TO 3HAYUT, UTO
Y HUX eCTh AATYHUKH s cbopa UH-
dopmanuu o6 okpyxarmoiei obcra-
HoBKe. MHpopManusa oT AATYUKOB
nepefaeTcad B KOMIIBIOTED, HMEIO-

nian

IIUi, BO3MOMKHO, IPOrPaAMMy HCKyC-
CTBEHHOI'0O HHTEJJIEKTA U HCIIOJIb3Y-
IOIUI ee JJIA NPUHATHUA PEIIeHUH.
HakoHel[, Ha OCHOBe COGPaHHBIX JJaH-
HBIX MeXaHUYeCKHEe CUCTEMBbI, Ha3bl-
BaeMble UCIOJTHUTEIbLHBIMHU OpraHa-
MU, COBEPILIAIT T€ WJIN UHBbIE QU3U-
4YecKue JAeHCTBUA B OKPY:KAIOIIEeH ux
cpeze. BHelrHero cxoncTBa ¢ 4eJIoBe-
KOM OT po60TOB He Tpebyercsd. Paszme-

pBI 1 GOPMBI CUCTEM, BBIIIOJHAOIINX
caMble pasHoo6pasHble (GYHKIUH,
Pas3Iu4arTCsa O4EHb CUJIBHO U PEJKO
HaIlOMUHAKT KHHOO6pasbl — Apouaa
C-3PO niu Tepmunartopa.

B mnocnenHee pecAaATHIETHE TJIO-
6GajbHAA CHCTEMa OIpe/eIeHUd KO-
opauHaTt GPS, cUCTeMBl QUCTAHIU-
OHHOTO yIpaBJIE€HUS BPOJE NpPUMe-
HAEMBIX B BUJEOUTPAX U MHOKECTBO
APYTUX TEXHOJIOTUH cjenanu po6o-
TOB IIPUTOAHBIMU JAJs JeUCTBUN Ha
nosne 6odA. IToBBIIIEHHE BO3MOMKHO-
CTHU BBIABIATH, YKA3bIBATh U aTAKO-
BaTh I1€JIU BO Bpask1e6GHOM 06CTaHOB-
Ke, He I1oJlBepras oacHOCTHU YeJIoBe-
YeCKHe JKU3HU, CTAJIO IT0CIe COOBITUIM
11 cenTabpsa 2001 r. IpUOPUTETHBIM
HamnpaBJIEHUEM, U KaJ0€e IpUMeHe-
HUE Ha NIPaKTUKE TAKUX CUCTEM II0-
POXAAJN0 HUCTOPHUIO yCIleXa, BBI3BI-
BaBIIYIO IIKBAJ OTKJIUKOB. IIpume-
POM MOT'YT CIYKHUTb II€PBbI€ MECHIIbL
adranckod kamnanuu 2001 r., korga
B CTpaHy ObIJI HAIlpaBJIE€H JJIs UCHbI-
TaHUA B PealbHBbIX YCIOBUAX ONbIT-
HBIN o6paser; cucteMbl PackBot, mu-
POKO NpHMEHAEMBIH CerogHsa g
o6e3BpexuBaHuA (GyracoB U MHUH.
OH Tak NOHpPABUJCA coJgaTaM, 4TO
Te He 3aX0TeJIM BO3BpalllaTh €ro U3-
TOTOBUTEIIO, KOMIaHUU iRobot, BbI-
NyCTUBIIEH C TE€X NMOP ThICAYU TaAKUX
ycTpoHcTB. PykoBoguTenIun JApyron
KOMIIAaHMM, M3TOTaBJIMBaIOIEd po-
60TOB, BCIOMMHAIOT, YTO 10 11 ceH-
Ts6psa 2001 1. OHU HE MOIVIU JOGUTHCS
oTBeTa Ha obpamieHusa B IleHTAroH,
a mocJie 3TOM AAThl UM GBLIO CKa3aHO:
«JlenafiTe UX KaK MOMKHO GBICTpEE».

IToce OKOHYAHUSA MUPAKCKOU BOM-
Hbl IPEUMYIIECTBO UCHOJIb30BAHUA
BOEHHBIX POGOTOB CTAJI0 OYEBU/IHBIM.
Korpa B 2003 r. Boticka CIIIA oTmpa-
BUJIKCH B Vpak, HaseMHBbIE CHJbL
BTOPKEHUA HE UMEJU HEIUJIOTHUPY-
€MBbIX CUCTEM, a K KoHIly 2004 1. ux
YHCJIO JOCTUTIIO TpuMepHO 150. Eme
yepes rof ux 6610 yixe 2,4 THBIC., A ce-
roaHsa Ha BoopyxkeHuu CIIIA ux Ha-
cuuTbhiBaeTcsd Goapire 12 Teic. Ta xe
TeHJAeHIUA npociexuBaeTcsa u B BBC
CIIIA: ecsnu BTOp:keHUe B pak 66110
MOAJIEPKAaHO BCEro HECKOJIbKUMU
BJIA, To cerogHA Ha BOOPYKEHUU UX
umeeTcs Gosbmie 7 Teic. U pocT emie
TOJbKO HaunHaeTcdA. OAUH U3 «Tpex-

MPUHECWTE CBOW BECTIUNIOTHUK.
BecnunoTHbI NneTaTenbHbIN annapaT
ScanEagle c Tenekamepon
obecne4ynBaeT 6€30NacCHOCTb MOPCKOW
nexotbl CLLUA B Wpake, yacamu netas
Hap oTAaneHHbIMU foporaMmu

3Be3J04YHbIX» reHepaysoB BBC CIIA
IpeJCKa3bplBAET, YTO B CJEAYIOIIEM
KpynmHoM KoHpuukTe CIIA 6yayT
y4acTBOBATh yiKe He ThICAYU MMEI0-
IUXCA CETOAHA po6OTOB, a JeCATKU
TBICAY.

9tu nudpPbl BBIABIAIT BaKHBIN
C/ABUT B ITIO3UIIUU BOCHHBIX, KOTOPBIE
BCEro HECKOJIbKO JIET Ha3aJ COMHeBa-
JINCh B BOBMOMHOCTAX POGOTOB U OT-
cTauBa/JId HCKJIOYUTEIbHOE IIPaBO
BOMHOB-BETEPAHOB KOMaH/J0BaTh Ha
mose 60sa. CerogHsA CyXOIyTHBIE BOH-
cka, BBC u BMC CIIIA npuBjeKamoT
MOJIOJI€: Kb Ha BOEHHYIO CIykOy, pe-
KJIAMUPYA 110 TEJIEBUAEHUIO B 4aCT-
HOCTHU TO, KaK OHU «HEyCTAHHO pabo-
TAIOT HaJ MaKCUMaJIbHON po6oTHu3a-
IMed BOOPYKEHHBIX CUII.

B Mupe Hayku [08-09] as2ycm-cenmaGpn 2010
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MOMOLLb. ConpaTt 3a6pacbiBaet
B OKHO po60T-pa3sen4uk BackBot,
4YTOO6bI C MOMOLLbIO €ro Tenekamep
paccMoTpeTb BHYTPEHHOCTb
nomMeLleHuns

Kornma mostofple J10Ad B UTOrE I0-
najaloT Ha BOEHHYIO CIy#xkO0y, oHH
IIOCTOAHHO UMEIOT JIeJI0 C aBTOMATH-
YEeCKMMMU CUCTEMaMU B T€YEHHE BCe-
Iro BPEMEHHU CJYKObl OT 3a4UCIECHUSA
/10 yBoJIbHeHUA. Pa6oTe ¢ KOHKpET-
HBIMHM CHCTE€MaMM BOOPYKEHUA OHU
o6y4yaloTcAd C HOMOINBI0O HOBEUIIUX
IIporpamMM BUPTYaJIBHOTO 00y4YeHUd.
IIpoiileHHasa NOATOTOBKA II03BOJIA-
€T YBEPEHHO YIpaBJIATb Po6oTOM-
canepoMm PackBot padMmepoM C raso-
HOKOCUJIKY M CYyXOIyTHBIM Po6GOTOM
TALON, KOTOPBIA MOkeT 06e3BpeKU-
BaTh yrachl U MUHBI UJIA BECTHU Ha-
GirrojieHre M3-3a IpeGHSA BO3BBINIEH-
HOCTH ITpU 0XoTe Ha 60eBUKOB B Mpa-
ke unu ApraHucTaHe.

Ecin HOBOGpaHIBI IIONAJAIOT BO
¢JIOT, OHM BIOJHE MOTYT OKa3aThb-

cs Ha 9CMHUHIE C MHOrOQYyHKIMO-
HaJIbHOU G6oeBOUW cucTeMou Aegis
uau Ha 6GoeBoM Kopabiie mpubpex-
HOH 30HBI, OCHAIIEHHOM pAJOM aB-
TOMAaTUYECKUX CUCTEM — OT GecIu-
JTOTHBEIX BepToaeToB Fire Scout no
6€e39KUIaKHBIX CTOPOMKEBBIX KaTe-
poB Protector. Ha mogBOgHOM JIOKe
UM MOKET ObITh IIOPYyYE€HO yIpaBJe-
HME IOJBOJHBIM POGOTOM, HAIpUMeEpP
REMUS (anmapat B ¢opMe TOpPIebl,
nepBOHAYAJIBHO
OxeaHorpau4eCKUM HHCTUTYTOM
B Bync-Xoyne nnda moucka MUH UIU
pasBeJKU HEJ Py HKECTBEHHBIX ITo6epe-
JKHH). B aBUanuu oOHU MOTYT yIpaB-
IATh GECHMJIOTHBIMHU JeTaTeJbHbI-
Mu annaparamu Predator unu Global
Hawk B lleHTpanbHOM A31H1, HE IOKU-
Jas IPY 9TOM KOHTUHEHTAJbHOM 4da-
ctu CIIIA.

pa3pabGoTaHHBIHN

BoeHHble po60Thl
3aBTpallHero aHs

JI7151 IpUBJIEYEHU A JIIOJIC HAa BOEHHY IO
CaIy:x0y IIOA0GHBIE TEXHOJIOIUH PEeKJIa-
MUPYIOTCA KaK 4acTh COBPEMEHHOMN
BOEHHOW JeNCTBUTEJIBHOCTH, XOTS
M KaXKyTCA HAyIHOM (PaHTACTHUKOM.
Ha geJsie 9T0 — JUILIb IEPBOE IIOKOJIE-
HUE, IIPEeJIBECTHUK MHOI'0 GOJbIIETO,
T.e. cerogHANIHUN PackBot 1y mouc-
Ka MUH Ha goporax unu BJIA Predator,
JeTamomui Hag AQraHUCTaHOM, MOXK-
HO ynomobutbs aBTomobunio Ford T
u camoseTy 6pareeB PaiiT. [IpoToTu-
bl POGOTOB CJIEAYIOIIEro ITOKOJIEHUS
JIEMOHCTPUPYIOT TPU OCHOBHBIX Ha-
npaBjeHUs, 10 KOTOPbIM MeXaHU3-
MBI MOTYT U3MEHUTH CIIOCOOHBI Bee-
HUSA BOUHHI.

Npesa po60ToOB Kak MIpPocTo «6ecrnu-
JIOTHBIX CUCTEM», HOJOOHBIX MHOTUM
JAPYTHM MaIllMHaM, TOJBKO 6€3 ueso-
BeKa Ha 60pTy, HAUMHAET OTMHUPATh.
WX 5BOJIONUS IIOBTOPSIET HUCTOPUIO
aBTOMOOUMIIEN: Uesd TPAHCIOPTHOTO
cpeAcTBa Kak «Ge3JIOIIaJHOTO 3KU-
nasxa» ycrapesa, Kak TOJIbKO 3a JIeJI0
B3AJUCH U3afHePBhI, IIpe/JIaraBIline
HOBBIe (GOPMBI U pa3mepbl. OTKa3 oT
CTEePEeOTHUIIOB I10 OTHOMIEHUIO K POGO-
TaM BeJIeT K TOMy, 9TO MAalllMHBI IIPU-
obperaroT pasnudHble ¢GopMbl. Kak
U CJIeI0BaJI0O OKHUJaTh, HEKOTOPHIE
MOJIeJIM IIOCTPOEHBI HA OCHOBe GUO-
JIOTUYECKUX acconuanuid. Tak, po6ot

BigDog xomnanuu Boston Dynamics
npejpcTaBiasgeT co60il YeTBEPOHO-
I'YI0 METAJINYECKYI KOHCTPYKIIHUIO
Il TPAHCIIOPTUPOBKU pa3HOM all-
napartypsbl. Jlpyrue, HalpuMep T'H-
6GpUAHBIN pa3BebIBaTeIbHBIA POGOT
BoeHHO-MOPCKOH akajeMUH, UMEIOT
¥ HOTHU, U KPBIIbA. A HEKOTOPBIE CHU-
cTeMbl, pa3paboTKa KOTOPBIX eIle
TOJIBKO Ha4yaTa, OyKBaJIbHO JIUIIEHBI
¢dopmel. Hanpumep ChemBot Yukar-
CKOro YHUBEpcUTeTa U iRobot ITI0X0KHU
Ha KAPHOHUYHU, CIOCOOGHBIE U3MEHATH
CBOIO KOH(UTYpaILUIo, HAIIPUMeED I
TOTO, YTOOBI IPOTUCKUBATHCA Yepes
JBIPY B CTEHE.

TTockoJbKYy pPOGOTEI HE paccuyuUTa-
HBbl Ha IPUCYTCTBHUE UYejOBeKa BHY-
TpU, OHU MOI‘yT 6bITb cCaMBbIX pas-
JINYHBIX 00'bEMOB. YiKe CYIIEeCTBYIOT
yCTpo¥MicTBa pa3dMepaMU B MHJIJIUMeE-
TPBI U Maccoil B rpaMMBbI. Tak, paas-
BeJbIBATEIBHBIA PO6OT KOMIIAHUU
AeroVironment nsi 60eBBIX IeHCTBUI
B YCJIOBUAX ropojia HalloOMHUHAeT KO-
1ubpu U crioco6eH Tak e 3aBUCATh
HajJ o6bekToM. CieaylomuM Ia-
TroM MOI‘yT cTaThb HaHOMaCH_ITaﬁHI)Ie
CTPYKTYPhI pasMepaMy B MUJIIUAP/-
HBIE JIOJIM MeTpa, KOTOophble, II0 MHe-
HUI0O HEKOTOPBIX YYEHBIX, MOJIydYaT
IINPOKOE paclIpoCcTPaHEHUE yiKe Je-
pe3 HEeCKOJIbKO AecATUIeTUN. Takasa
MUHHUATIOpHAs «BOEHHAA TEXHUKa»
MOJKET BBINOJHATH LEJIbId pAj 3a-
a4y 1 ObITh caMOil pasdHOOGpas3HOM:
OT «yMHOM HIBLINW», CIIOCOOHON 0o6Ha-
pPy:XUBaTh Bpara, 0 MalllH KJIeTO4-
HOI'O YPOBHSA BHYTPH Teja dYeJloBe-
Ka, CIIOCOOCTBYIONIUX 3aKUBJIEHHUIO
PaH UM, HAIPOTUB, HAHOCAIIUX I10-
BpexaAeHuA. C Apyrod CTOPOHEI, BO3-
MOXKHOCTB CO3JJaBaTh KOHCTPYKIIUU,
He TpelOylolnye y4yeTa TeJeCHBIX I0-
TpeGHOCTEN dYeJlOBeKa, IPUBOJUT
K IOABJIEHHUIO THTAaHTCKUX CHUCTEM
BpPO/ie BBICOTHOT'O JUPHMKALIA KOM-
naHum Lockheed Martin, HecyIiero
pazap pa3dMmepoM ¢ ¢pyTOoIbHOE I10JIe
u crioco6HOro Goibllle MecsAIlla Aep-
JKaThCsA B BO3JyXe Ha BbIcoTax 6oJee
19,8 TheIC. M.

BTophIM KiIO4YE€BBIM HaIpaBie-
HUEM CTAHOBUTCHA pacCIIUpEHUE OU-
amasoHa poJieill, KOTOpble MOTYT
urpatb po6oThsl Ha BolHe. ITogo6HO
PaHHUM «asporiaHaM» [lepBoil MU-
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poBOM BOWHBI, Po6OTHI, HadaBIINE
C eIUHCTBEHHON PyHKIIUU — HAGII0-
JIeHUA U PAa3BEJKU, CErOJHA BBIIOJI-
HAIT U Apyrue 3agadu. Kommnanusa
QuinetiQ North America, co3gaBmias
TALON, Beinyctuiaa B 2007 1. po-
60T MAARS, BOOpYEHHBIN IyjeMe-
TOM U IT'PaHATOMETOM, KOTOPBIA MoO-
JKET BBICTYNATh B Ka4eCTBE YaCOBOTO
U cHaiepa. A MeJUIIHHCKHE POOOTEI,
Takue Kak po6oTr-aBakyaTop Medical
Research and Materiel Command’s
Robotic Extraction Vehicle apmumn
CIIIA, nmpegHasHadeHbl A TPaHC-
MIOPTUPOBKM PaHEHBIX C IoJd 6o0s
B 6e30ImacHOe MECTO U OKa3aHUdA TaM
MeJUIIMHCKOM ITOMOIIH.
TpeTbe HampaBlieHHE
HHUHN — MOCTOAHHO pacTyIue «pasy-

N3MEHE-

MHOCTB» U @aBTOHOMHOCTb. HeyKJIoH-
HBII POCT BBIYUCIUTEIbHON MOIIHO-
CTH pPOGOTOB MOKET IIPUBECTU K TOMY,
4TO K MOMEHTY, KOI/la CeroJHAIIHUE
HOBOOGpPAHIIBI OKOHYAT CIykOy, po-
60THI OyAyT OCHAINATBHCA KOMIIBIO-
TepaMu OyKBaJIbHO B MUJIJIHApP/ pa3
6o/lee MOIMHBIMH, YeM CYIIeCTBYIO-
mue cerogHsa. BoenHble BpeMeH Bro-
po¥i MUpPOBOI He pasinyanu 6om6ap-
AupoBIMUKU B-17 u B-24 no ypoBHIO
(MHTEJJIEeKTYalbHOCTHU,
MEHHBIE€ CHUCTEMBI BOOPYKEHUN Tpe-
6yI0OT Takoro pasjunyeHud. Hampu-
mep, nepsble BJIA cepuun Predator
GBITM IPOCTO AUCTAHIIMOHHO yIIPaB-
JIIEMBIMM, HO CETOJHSA OHU yiKe CIIO-

HO coBpe-

COOGHBI CaMOCTOATEJNBHO B3JIETATh,
caguThCsd U OTCJEKHUBATH /10 12 1e-
Jel oJHOBpeMeHHo. IIporpamMMel
pacro3HaBaHUA LleJed Bcerga HecyT
Ha ce6e cje/bl CBOEro IMPOUCXOMKIe-
HUA, HO U IIpU 5ToM BoeHHBIe CIIIA
ye IJaHUPYIOT 3aMeHUTh BIJIA,
NPpUHATHIE Ha BOOPYKEHHE Iocje
1995 r., HOBBIMHM CUCTEMaMHM.

PocT MHTENIEKTa U aBTOHOMHOCTH
po60TOB IOJHUMAET OCTpPEHIIINe BO-
IIPOCHI O TOM, KaKHe POJIM MOKHO II0-
pydars MamuHaM. ITogo6HEBIE perre-
HUSA CJeAyeT NPUHUMATh C YyYETOM
TOTO, HACKOJBbKO 3((PEeKTUBHBIMU
OHM MOTYT ObITb B yCJIOBUAX BOEHHBIX
gericTBuii. Kpome Toro, He TOJIBKO U3-
MEHUTCHA YyPOBEHb OTBETCTBEHHOCTH
HUX HEIIOCPEACTBEHHBIX KOMAH/UPOB,
HO M BO3HUKHYT o0Iiue npo6aeMbl
IMOJIUTUYECKON, IPAaBOBOM U 3THUYe-

CKOI OTBETCTBEHHOCTH 32 ITOBE/IeHUE
9THUX MAIIIMH.

Haub6oJsiee BepoOATHONH cHUTyanuen
B OamkaimeM OGyaylleM OKaKeTCs
obpas3oBaHUe HEKOero moaobus «6o-
€BBIX COJPY!KECTB» — CMeIIaHHBIX
KOMaHJ], B KOTOPBIX POGOTHI U JTIOAH
6yayT AelcTBOBATH COBMECTHO, pe-
mas Te 3a7ja49d, KOTOphble UM yAaloT-
cA sydmre Bcero. IIpum aToM KUBBIE
COJIAAQTHI BIIOJIHE MOTYT OKas3aThbCHd
B POJIM PacHacoBIIUKOB B GyT6OIb-

WJIN IpucrocabiIuBamTCA APYTUMHU
BOIOIOIIUMU cTOpoHAMHU. OHU BBI3BI-
BAOT BaXHbI€ U3MEHEHUSA HE TOJIb-
KO Ha moJjie 605, HO U B OGIIECTBEH-
HBIX CTPYKTypax. Tak, 6G0JbIION JIyK
3HAMEHUT HE TOJIbKO TE€M, YTO CHO-
co6GcTBOBaJ mobegaM aHIJIMYaH HaJl
dpannysamu npu Kpecu u AseHKype
B xojzte CTosieTHel BOMHBI, HO I T€M, YTO
HO03BOJIAJ OTPAAAM KPECTbAH WHOTAA
6paTh Bepx HaJ PbILAPAMHU, YeM IIPU-
6GrKal KoHell 91Iox| (peoganusma.

HecmoTpsi Ha TOYHOCTb M aKKYpaTHOCTb
pO60TOB, «TyMaH BOVHbI» BPSA4 SN

pasBeeTcs

HOM KOMaHJe, YKa3blBasa 3aJadu po-
60oTaM, HO IPEJOCTABIAA UM JOCTa-
TOYHO CaMOCTOSTEJIbHOCTH, YTOGBI
Te MOIJIM CAaMU pearupoBaTh Ha U3-
MeHeHUs 06CTaHOBKU.

PeanbHas ucropus
3aMeyaTeJabHBIE JOCTHUKEHUS, OIHU-
CaHHBbIE€ BBIIIE, MOT'YyT HE€ OXBaThbI-
BaTh BeChb CIIEKTP BOIIPOCOB O TOM,
B KAKOM HaIlpaBJICHUU PA3BUBAIOTCA
poGOTEI U YTO 3TO O3HAYAET JJA Ha-
mero Mmupa u 6yayiiero BoiH. Bee mo-
CJIEICTBUA HEBO3MOMKHO OLIEHUTDH Ha
OCHOBE OIMCAHUA TOJBKO (GH3HUe-
CKHX BO3MOKHOCTEH, KaKk 3Ha4YeHHUe
IIOpOoXa HE UCYEPIIbIBAETCA TEM, 9YTO
MHUIAMpyeMasd XMMUYECKasa peak-
WA IO03BOJAET IIOCHLIATH CHAPAABI
Ha GOoJIbIINE PACCTOSHUSA.

PoGOTEI — 9TO OZHO U3 T€X PEAKUX
n306peTeHUN, KOoTopble OGyKBaJbHO
MeHAIT IIpaBUiIa Urpel. Takwe pe-
BOJTIONIMOHHEIE TEXHOJOTHH HE JaloT
MOCTOAHHOTO IIPEUMYIIIeCTBA KAKOM-
TO OJTHOI CTOPOHE, KaK OIIMOO0YHO I10-
JlaraloT HEKOTOpble aHATUTHUKH, II0-
CKOJIBKY OHU GBICTPO IIEPEHUMAIOTCA

YnadyHO HCTOPUYECKON Itapali-
JIeJII0 HBIHEIIHEMY BPEMEHU MO-
KEeT CIy®XUTh IlepBad MupoBad BO-
hHa. Torga moABUIach U cTajga BCe
IUpe NPUMEHATbHCA B G0EBBIX JIeH-
CTBUAX CTpPaHHad HoOBas TEXHHU-
Ka, BCETO 3a HECKOJIBKO JIET [0 3TO-
ro kasaBIIagcd YUCTOU (aHTACTH-
koil. Tak, nmMeHHO paccka3 [epGepra
Yannca «3eMHBble OPOHEHOCIBD», Ha-
nucaHHeId B 1903 r., mobyaua YuH-
cToHa Yepyujid, 3aHUMaBIIEro TOr-
Jla IIOCT IIePBOro jJopaa AAMUApaITen-
cTBa (BOEHHO-MOPCKOI'O MUHHUCTPA),
HaCTOATb Ha pasdpaboTKe TaHKa. AB-
TOPBI JAPYTUX NPOU3BEJEHUU TaK-
JKe BHECJIM CBOU BKJIaJ: AlaH AJleK-
caHap MuJIH, aBTOpP HOJIOGUBIINXCS
paccka3soB o BunHu-Ilyxe, otHUM U3
MepPBBIX BBIABUHYJ UJEI0 O IPUMEHE-
HUU cCaMOJIETOB B 60€BBIX eUCTBUAX,
a roap BepH B pomaHe «/[BaanaTts
TBICAY JIbE IO/ BOJOM», BBINIEJIIEM
B 1869-1870 rr., mepBBIM NOKa3al
BO3MOMKHOCTHU IIMPOKOIO IIPUMEHe-
HHUA IIOABOAHBIX JIOJOK B BOEHHBIX
nerictBuax. Te, KTO HCIIOJIb30BAJ HO-
Bbl€ BUJbl OPYKHUSA IEPBBIMHU, IIOJIY-

OB ABTOPE

Mutep CuHrep (Peter Warren Singer) — gupekTop nporpaMmmbl «O60pOoHHas nHnuumna-
TmBa XXI B.» B BpyKMHICKOM MHCTUTYTe, aBTop 6ecTcennepa 2009 r. «Co3aaHHble Ans
BOWHbI: pO60TOTEXHMYecKas pesontounsa u KoHNuKTel B XXI B.» (Wired for War: The
Robotics Revolution and Conflict in the 21st Century; wiredforwar.pwsinger.com).
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JaJIu IPEeNMYIIecTBO, HO OHO OKa3bl-
BaJOCh HEJOJTOBEUYHBIM. Tak, ycmex
n300peTEeHNU U IEPBOTO IPUMEHEHU A
TaHKOB aHINIMYaHaMHU B [lepBoil Mu-
poBoii BoiiHe Gbl1 yepe3 20 jeT mpe-
B30I/IeH HEMIIAMH, Ubs TAKTUKA MOJI-
HHUEHOCHOH BOMHBI IIOKa3aJa, Kak a¢-
¢ eKxTHBHee BCETo UCII0Ib30BaTh 9TOT
BU/JI BOOPYKEHH .

OpHaKo MOSABJIEHNE TAHKOB, CaMO-
JIETOB ¥ TIOJIBOJHBIX JIOJOK OBIJIO BaXK-
HBIM U [IOTOMY, YTO IOJHSAJIO ILIEeJIbIHI

PAA TIIOJIUTUYECKHUX, MOpPAJbHBIX

oKasbsIiBaemoe obmiectBoM. Crapg
TAKOI'o0 IIPOTHUBOJAEHCTBUA Hadajcsa
B CIIIA TOJIBKO B X0/le IPU3bIBa Ha BO-
eHHYO ciIyx0y B 1979 .

YnasneHnue GONMIIOB U3 FOPAYUX TO-
YeK BIOJIHE MOJYKET CIHOCOOCTBOBATH
6oJiee JIETKOMY 3apOKJEHHIO BOEH-
HBIX KOH(QINUKTOB U JaKe U3MEHUTH
oTHomeHue K HUM. Hanpumep, CIIIA
¢ nmomomibio BJIA Predator u Reaper
HaHecau Goapmie 130 BO3AYIIHBIX
yzapoB 1o tepputopuu Ilakucrana,
YTO B TPU C JHUIIHUM pasa GoJblle,

Po60Tbl N0O3BONAIOT HE NocbkINaTh congar
B OMacHble MecTa, HO 9TO MOXET MOHU3UTb
NOPOr BO3HUKHOBEHMA KOH(PIMKTA

U IIPABOBBIX BOIIPOCOB, & 3TO IIPUBE-
JIO K ApaMaTHU4YeCKUM II0CJIeCTBU-
AM. Tak, pa3judue aMepUKaHCKOTO
¥ TepMaHCKOTO II0JIXO/0B K BOIIPOCY
0 3aKOHHBIX popMax JAeUCTBUU IO~
BOJHBIX JOJOK (MOYKHO JH TOHNHUTH
TOproBble cyaa 6e3 mpeaynpexje-
HUA) NpUBeJo K BeTymeHuio CIIA
B [IepByI0 MUPOBYIO BOWHY, Pe3yJb-
TATOM 4YEero CTaJI0 UX IpeBpallleHue
B cBepxJep:kaBy. [Tono6HbIM 06pa3om
caMoJIeThl OKa3aJUCh IPUTOAHBIMHA
He TOJIBKO JJIA pa3BeAKU JeUCTBUH
BpaKeCKUX BOUCK, HO U JJId IITYyp-
MOBKHM U 60MGOMeETAHUS, YACTO BBI-
JINBABUINXCSA B MaCCOBBIE 6OMOEIKKN
rpakJaHCKOI'0 HaCeJeHUsA, YTO IIPU-
J1aJIO COBEPIIEHHO HOBBIM CMBICJI I10-
HATUAM «DPOHT» U «THLID.

KpacKu crywarTcs

CerogHsa MOYTHU TAKYIO K€ KapTHUHY
MBI BUJMM B OTHOIIE€EHHWU BOCHHBIX
po6oToB. Bo3dpMuTE CcosiepiKaHUE HO-
HATHUS, KOTOPOE paHbIle 03HAYAJO
«(BCTYHUTb B BOWHY». [JId JAeMOKpa-
THUYECKUX CTPaH OHO JlaBHO O3Haya-
€T Cepbe3HYI0 paboTy, BKIIOYAIOIIYIO
B ce6A CKJIOHEHHE OOIIeCTBEHHOTO
MHEHHA B II0JIb3Y Jiejia, KOTOpoe cTa-
BUT II0/] yI'PO3Y HE TOJBKO }KHU3HU ChI-
HOBEMH M louepeli rpamk/aaH, HO 1 caMo
cyliecTBOBaHHE rocypapcTtsa. bes-
SKUIIAKHbIE CUCTEMBI (M UX CHOCOG-
HOCTB BBIIIOJIHATH CHUJIOBBIE oOllepa-
1) pa3MbIBAIOT IPOTUBOJEUCTBUE,

yeM 6b1JIO B HagaJe onepanuu B Koco-
Be BCETro JeCATOK JeT Ha3a/. Ho B oT-
nuryue oT cutyanuu ¢ KocoBoMm, aTu
yZapbl He BBI3BAJIM HUKAKUX J1e6aTOB
B KoHrpecce CIIIA u oTkaukoB B CMU.
Ilo cymiecTBYy, MBI BBA3AJINUCh B JI€JIO,
KOTOpOe paHblle O6b1JI0 66 Ha3BaAHO
BOMHO, HO 6€3 06I1IeCTBEHHOTO Pe30-
HaHca. KOHQUIUKT axe HE CYUTAET-
CcsA BOMHOM, IIOCKOJIBKY OH HE YHOCHUT
sxu3Hel rpamxaan CIIIA. C ogHo# cTO-
POHBI, 9TU yAAPHI OBIIN 0O4eHb 2 DekK-
TUBHBIMHU. OHH ITO3BOJIMJIN YHUUYTO-
EKUTh 0 40 nmunepoB «Anb-Kanpabn,
«Tanub6aHa» M COIO3HBIX C HUMU BOe-
HU3UPOBAHHBIX IPYNIIUPOBOK, HE I10-
chLIasi JUISL 9TOTO BOMCKA WU IUJIO-
TOB B OolacHbIe 30HbI. OJJHAKO UX IIO-
CJIEZICTBUSA MOJHUMAIOT BOIIPOCHI, HA
KOTOpBIE eIlle TOJBKO IIPEJICTOUT OT-
BETHUTH.

Hamnpumep, KaKOBO BJIMUAHUE HOBBIX
TEeXHOJIOTUH Ha «BOUHY Hjel», KOTO-
PYIO MBI BEAEM IIPOTUB IIpoImaraHabl
TEPPOPUCTOB U BEPOOBKU UMHU CTO-
POHHUKOB? B yacTHOCTH, TOYEMY BCe
HaIllU YCUJIUHA, [IpUIaraeMble K TOMY,
4TO00BI IEICTBOBATh aKKyPaTHO, BOC-
NPUHUMAIOTCA Ha JAPyroil cTopo-
He 3€eMHOTO IIlapa HellpaBUJIbHO, I10-
poskjas B3pbIBBI THeBa? Eciin B aMe-
pukaHckux CMU MbI Ha3bIBaeM CBOU
TEXHOJIOTUU «TOYHBIMMW» U «HE BBbI3bI-
BaOIUMU IOTEPb», TO BEAYIIIVE ra3e-
ToI [lakucTana Hapekau CIIA «1aB-
HBIM 06'bEKTOM HEHaBHUCTH» U «YHU-

BE€pPCAJbHBIM KO3JOM OTIIYyIIEHU .
K comxaneHuo, CI0BO GKYHKaIKa»
(drone), o6o3nauaromiee BJIA, Bouao
B S3BIK ypPAY, HOABUBIINCH B POK-
nupuke, ob6suHsawpmel CIIA B He-
4eCTHOM BeJIeHUU BOUHBI. OTU BOIIPO-
CHI enle 6oJIbIIe YCIOKHAITCH, KOI-
Jla 1eJ10 JOXOAUT A0 BbIACHEHUSH, KTO
JIOJIZKEH OTBeYaTh, €CJIU Jiejla Hadyu-
HAIOT UATHU HE TaK, Kak Hago. OneH-
KM YHCJIa }KePTB CPeJX MUPHOTO Ha-
CeJIEeHUs KoJIeGII0TCA B IIpejieaax OT
200 mo 1000. OgHAaKO MHOTHE MUP-
Hble KUTEJU IOrubiau B HENocpes-
CTBEHHOM 6JIM30CTU OT HEKOTOPBIX
Haubojee oIacHBIX JHUEPOB TEPPO-
pucToB. ['[1e mpoBecTH 4epTy?

B 2010 r. cMBICTI HOHATHUSA (IOUTHU HA
BOMHY» MUBMEHUJICA U AJIs OTAEJIBHOTO
6oiina. PaHblile 9To Bcerjga o3Havalio,
4TO YEJIOBEK MOMKET H€ BEPHYTbCH.
Axwniutec u Opyccei OTIUIBLIN 32 TPU-
JIeBATH 3eMeJIb BoeBaTh ¢ Tpoeil. Mo
nen nociue Ilepia-Xap6opa oTnpaBUII-
cA BOEBATh C ANOHIIAMU. «J[MCTaHIU-
OHHas» BOIiHA M3MEHMJIa CUTYyalluIo,
coxXpaHABIIylOCA B TedeHue Goiee
5 ThIC. JIeT. Bce GosbIiee YHCIIO «CO-
JlaT» IPOCHINIAIOTCA II0 yTpaM y cebs
noMa, ey T Ha paGoTy U, CU/A 32 KOM-
NbIOTEPAMU, BOIIOT C MATEMKRHUKA-
MU, HaXOJAIIMMUCA Ha PACCTOAHUU
cBBIllle 11 TBIC. KM OT HUX. B KoHIlE
TaKoTo AHA «00€BBIX JEUCTBUN» OHU
caAAaTcA B CBOM aBTOMOOMIIM, BO3Bpa-
IIalTCA JOMOM U, KaK CKasaj OJuH
aMepUKAaHCKUI oduIiep, «yxe yepes
20 MUHYT CUAAT 3a YKUHOM, Gecenys
CO CBOMMH JeThbMW». [JIaBHBIE oIlac-
HOCTHU HJYyT TAKUX «BOMHOB» HE Ha
nose 605, a 10 IIyTH Ha paboTy U 06-
paTHo.

Taxkad OTCTPaHEHHOCTb OT Goe-
BBIX JE€HMCTBUM BeJeT K HN3MEHe-
HUI0O U jAeMorpau4ecKoro cooT-
HOIIIEHUS JIIJel, TaK HJIA UHA4Ye
3aHATBIX «HA BOWHE», U caMOCO3Ha-
HUA cojajgaT (Mojoable HOBOOGpaH-
bl TEeIlepb YacTO BBIIOJIHAIT pa-
60THI,
JIACh TOJIBKO cTapmuM oduiepam),
ux craryca (TeXHHUKOB HJIU O6OMN-
1IOB) xapakTepa
M yCTAJIOCTH Ha BOMHe. MokeT Io-

KOTOpPBIE IIPEKAE MOOBEPH-

unu cTpeccos
Ka3aTbCH, YTO JUCTAHIIMOHHEIE OIle-
paTopsl IPOCTO HUIPalOT B BHJIEO-
HUTPBI, HO OHHU UCIBITHIBAIOT IICHXO0JIO-
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TuYecKre Harpy3KH, cpamaach JHEM
M HOYBIO, 3Had, UTO OT 6e3ommuboy-
HOCTH UX JEUCTBUI 3aBUCAT KHU3-
HU UX COPATHUKOB Ha mnoje 6osa. Mx
KOMaH/JUPHI FOBOPAT, 4YTO 3ajJadvu,
cToAIIMe IIepes IoApa3/ieIeHUAMU,
BeAYIIUMHU JUCTAHIIUOHHYIO BOMHY,
O4YeHBb CHUJIBHO OTINYAIOTCHA OT TeX,
YTO pemaioT BOMCKa HeIIoCpeJCTBEH-
HO Ha noJie 605, U 4acTo gasxe 6oiee
CJIOKHBI.

C KaXabIM HOBBIM 3TaIlOM IIOBBI-
IIeHUsA IMopakarlleil CIIocoOHOCTH
U pa3dyMHOCTHU pO6GOTOB yMeHbIIAeT-
Cs pOJIb «4eJIOBeKa B KOHTYpe yIIpaB-
JIeHUs» IIpU NPUHATUHU peIIeHUH.
B wacTHOCTH, TeMm OOE€BBIX JIeM-
CTBUM TAKOB, UTO pearupoBaTh J0-
CTATOYHO OBICTPO JAJA YHUUYTO-
JKEHUA JEeTAINIUX PaKeT M CHapd-
JIOB MOTYT TOJIBKO CHCTEMBI BpOJE
C-RAM (Counter Rocket Artillery and
Mortar — ycTaHOBKa, IlepeXBaThI-
Balolasd B BO3/yXe BpaiKkeCKHUe CHa-
pAABl U MHUHBI, IIOXOiasd Ha poboT
R2-D2 n3 dunpma «3Be3JHBIE BOU-
HBD). JIfoau, pasyMeeTcd, y4acTBYIOT
B IPDUHATUU PEIIEHUU, HO B OCHOB-
HOM Ha JTalle IMporpaMMHUPOBAHUSA
po6ota. Bo Bpemsa peasibHOM paboThl
MaIINHBI YeJIOBEeK-orepaTop GpaKkTH-
YeCKH pacliojiaraeT TOJbKO BO3MOIK-
HOCTBIO 3ampeTa ee AeHCTBHUH, IIpHU-
YeM Ha 9TO JlaeTcsd He OoJIbIIe I0JI0-
BUHBI CeKyHJABI. VM TUIIbL HEMHOTHE
TOTOBBI OCIIOPUTH TO, YTO OHH BOC-
NPUHUMAIOT KaK HAWJIy4Ilee perre-
HUE MaIllluHbI.

Muorue HabaogaTtenu moJara-
I0T, 4YTO TaKafd TEeHJEeHIIUA IpUBe-
JIeT K YMEHBIIEHUIO YHCIa BEpPOAT-
HBIX OIMNOOK Ha BOWHEe U o6ecreduT
crucTeMaTHUYecKoe BBIIOJTHEHHUE IIpa-
BUJ BeJleHUs 00EBBIX JEWCTBUM, KaK
ecsi 6Bl 3TO OBLIU KOJBI IIPOrpaMM-
Horo obGecneyeHus. OgHaAKO Takas
MO3UIIUA HE YYUTHIBAET CJIOMKHO-
cTh 06CTAaHOBKMU Ha BOiiHe. Bo3Moxk-
HO, 4YTO 6eCIUJIOoOTHAsA CHUCTeMa CIIO-
co6Ha OGHAPYKUTH YeJOBEKa C aB-
Tomatom AK-47 Ha paccTOAHHUU
Goipllle KHJIOMETpa M Jase ycTa-
HOBHUTb, HE CTPEJA] JU OH HEJIAaBHO
(mo TemsI0BOM CUTHATYpE OpYMKHUS),
HO OIIpeJeJIUTh, Bpar JHu OH, 6oel
JIX COIO3HOI'O OIIOJYEHHUSA WU IIPO-
CTOHM JIABOYHHUK, €l OyJaeT He Jer-

BbICOTHbIV OUPVXXABIb

HeceT pagap pasmepomM

¢ chyTH60nNBLHOE Nnone 1 cnocobeH ’

[epxaTbCcs B BO3Ayxe Ao MecsLa f -3

COBPAHUE POBOTOB

Bonbluve n ManeHbkre MaluvHbl Ha 3emie 1 B BO3ayxe
Ha4vasiM BbINOMHATL 3a4a4u, KOToOpble MHOIo croneTumn
6b1nn Nog, CUny TOJNbKO Ntogam

BNA HAMMINGBIRD
(«Konun6pwu») paamepamu

He 6onblue 7,5 CM HEUCTOBO
MaLleT KpblibsMu, a ee
Tenekamepsbl HabnJaoT 3a
06CTaHOBKOW

BJ1A RAVEN,
HanoMMHaoLLNn
aBvamopenb, 3aBoeBan
B VIpake orpomHyto
nonynspHoOCTb

CHEMBOT pa3mepom ¢ nagoHb cnocobeH
MN3MEeHUTb CBOIO hOPMY, 4TOObI NPONE3Th

MAARS — 370 160-KnMnorpamMmmoBbIn Yepes Ablpy B CTEHE U 3aTeM BECTU
4acoBOW, BOOPYXXEHHbIN NyfieMeTom pasBefKy, NepeMeLLasch 13 KOMHaTb!
1 rpaHaToMeToM B KOMHaTy



POBOTOTEXHUKA

BO3AYVIUHASI BOWMHA C ANCTAHLMOHHbLIM YIMPABNIEHUEM 4e, 9eM JI060My GOHIy-4esI0OBEKY ce-
NMO-AMEPUKAHCKHA TO/HA.

He pasBeMBaloT HOBBEIE TEXHOJIO-
THUU U «TyMaH BOHMHBD, Ha UTO Haje-
ANUCh OBIBIIMKA MUHUCTP OGODOHBI
CIIA Honanbx Pamcdensn (Donald
H. Rumsfeld) u gpyrue CTOpOHHH-

CnoxHaa KOMMYHWKaLMOHHAA ceTb MO3BONAET aMepuKaHCKUM conpgartam Ha
OTeYeCTBEHHbIX M 3apy6exHbIx 6a3ax ynpasnsTe 6€CNUAOTHLIMU NleTaTenbHbIMU
annapartamu, NochINalLLMMmM pakeTbl v CHapabl v BeAyLLMMY pa3BeKy Ha none 605
B Mpake n AdrannctaHe. Kaxpaa 6a3a oTBevaeT 3a yrnpasrfieHWe OOHUM uUnu
Heckonbkumu Tunamu BJ1A (opaHxeBbie vHUM) v Nony4veHne passebiBaTesibHbIX
DaHHbIX (3en1eHble imHum). MNepenada nipopmauum ns Npaka n AgraHucrtana s CLLUA
1 obpaTtHo nepepaeTcs Yepes UueHTpbl ceasu B CLUA (cuHne Kybuku)

ku nudposoro moada 6os. Tak, ecTh
CBEJIEHUA, YTO M3-3a OIIUOKHU B IIPO-
TPaAaMMHUPOBAHHUM CJOKHAA CUCTEMA
C-RAM opHaXJbl NPUHAJIA aMepHU-
KaHCKU{ BEPTOJIET 3a BPAIKECKUM.
— K cyacTbio, HUKTO IIPH 9TOM HeE IIO-
ctpagaia. K cosxanenuro, B 2007 1.
MOJO6GHBIN «IIpOrpaMMHBIA c6OM»

B apTujaepuiickoit cucreme ITBO
B IOxkHOU AdpuKe, Kak 3TO ObLIO
IpeJCTaBIEHO B OTYETE O PACCJIEe/0-
BaHUU MHIUJEHTA, 3aKOHYUJICA He
cTonb GiaromoyyyHo. IlmaHuUpoBa-
JIOCh, YTO B X0OJI¢ TPEHUPOBKU CUCTE-
Ma, BOOpYMKeHHasd 37-MM NIYIIKOH,
6yfeT CTpelasATh BBEPX, HO BMECTO
39TOro OHA OIyCTHUJIA CTBOJ M Havaja
cTpeably 10 Kpyry, yOUB AeBATH
CcoJIaT, Ipexae 4YeM 3aKOH-
YUIUCH GOETPUIIACHI.
ITogoGHBIE ciay4dawu,
€CTECTBEHHO, IOJHUMA-
I0T Cepbe3HbIE IIPaBO-
BBI€ BOIIPOCHL. Kak cire-
AyeT pacupenensaTb OT-
BeTCTBEHHOCTBE? Kakoi
\ paBOBOM CUCTEMOM ciie-
~ JIyeT pyKOBOJICTBOBATbCA?
PaccMoTpeHHBIE CHUTya-
. IIMU [IOKA3BIBAIOT, YTO TEX-
| HUKa 4YacTO pa3BUBAETCH
6pICTpee, YeM HaIlu obIe-
CTBEHHBIE HHCTUTYTH. Kak
MBI corjacyeMm 3akoHbl XX B.
C HOBOH peaJbHOCTBHIO?

HoBas oTnpaBHas To4Ka

CoBpeMeHHad 3aMedyaTeJlbHadA TeX-
HUKa, pacnoJaramiias OTPOMHBI-
MU BO3MOKHOCTSMU, BBI3bIBAET ObI-
cTpble M3MEHEHUs HAIIUX OIpeje-
JIeHUW U NMOHUMAaHUA BOUWHBI, TOTO,
Kak BeayTca O6GoeBble JgeHCTBUA
W KTO JOJI:KEH BoeBaTh. YejoBede-
CTBO y¥Ke II0IIaajio B II0JJOGHBIE CH-
Tyanuu. Mel 4acto 6beMcsa 3a TO,
4TOOBI yCBOUTH U IIOHATH HOBBIE TEX-
HOJIOTMH, U CO BPpeMEHeM HadhHaeM
CMOTPETh Ha TO, YTO KOI/JA-TO CYH-

LleHTpbl cBA3M
@ Aswnabasbl

. KomaHpbl po6oTam

~~ - PasBeppaHHble OT po60TOB

TaJIOCh CTPaHHBIM M JaiKe€ HEIIPU-
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POBOTOTEXHUKA

eMJeMBbIM, KaK Ha BEIIU COBEPIIeH-
HO HOpMaJibHble. B03MOMXHO, JIyd-
I IPUMEp MOKeT OBITh B3AT M3
1400-x rr., KOria oAMH GPaHIY3CKUHI
apUCTOKPAT CYUTAJI, YTO apKeOy3bl —
9TO OpyAuA ybuiicTBa, A0 IIPUMEHe-
HUA KOTOPBIX HE JOJKEH OIyCKaTh-
cA HacToAmUN BouH. TOJIBKO Tpy-
CBI, ITHICAJ OH, «HE CMEIOT CMOTPETh
B I71a3a JIOAAM, KOTOPBIX OHU yOHBa-
0T U3JaJIeKa CBOUMHU IIPE3PEHHBIMU
IyJIAMU7».

C Tex IIOp YeJIOBEYEeCTBO U3MEHU-
JIOCh, CTPEMACH K Iporpeccy, HO ce-
TOAHA IIOYTH TO K€ caMoe IIPOUCXO-
IUT B OTHOIIEHHH Po6OTOB. MomKeT
OKa3aThCs, YTO pemaTh TeXHHJe-
CKHe BOIPOCHI OyJeT ropasjo Jer-
4ge, YeM IIOJTUTUYECKUE JUJIEMMBbI,
Moposk/aeMble HEBEPOATHBIMU BO3-
MOKHOCTAMHU MAIIHUH, CHOCOGHBIX
U3MeHATb MUD BOKPYT cebda. MMeH-
HO II09TOMY HEKOTOpBIE HCCJIeJOBa-
TeJIH IPOBOAAT PA3IUIHBIE HCTOPH-
decKHe ITapaJllelId MeRAy HaIluM
CerogHANIHUM IIOJI0MKEHHUEM U Bpe-

MEHaMM IIOSBJIEHUS NyIIeK u ca-
MOJIETOB, @ HE aTOMHOM 60M6bI. MbI
co3aeM TEXHHUKY, KOTopas pas3/BU-
raeT rpaHUIbl HAYKU, HO IIOPOKIaeT
TaKyI0 03a604eHHOCTH 3a IIpejeJia-
MU HAy4YHOTO MHUPAa, YTO MBI BIIOJIHE
MOJKeM IIPUHATHU K pacKasgHUIo, yda-
CTBYS B CO3JJaHUU CTOJb CJIOMKHBIX
TEeXHUYECKUX TBOPEHHUU, KaK CIy-
YHUJOCh C OTIIaMH aTOMHOU 60MOBI.
Pasymeercda, nmogo6HO nsobperare-
asaM 1940-X TT., COBpEMEHHBIE WUH-
JKEeHePBHI IIPOIOKAIOT paboTaTh HAJL
co3gaHueM po6GOTOB, T.K. OHHU IIO-
J€3HBI B BOEHHOM Jiejie, OYeHb IIpU-
6BIIBHBI M HAXOAATCA HA Iepej-
HeM Kpae HayKu. [oBopAaT, Anb6epT
DUHINTENRH oOqHaKALI cCKasasa: «<Ecin
6B MBI 3HAJIHU, YTO TBOPUM, 3TO OBI
HEe Ha3bIBAJOCh HCCJIEJOBAHUEM,
He TaK JIN?»

Ha pnene To, 4To Hekorjga OBIJIO
TEeMOH TBOpdYecTBa
daHTACTOB, CTAHOBUTCHA IIPEIMETOM
Cepbe3HBIX 0OCYKIEHUN, U HE TOJIb-
Ko B IleHTarone. Bce m3jgomxeHHOE

nucaTeyeu-

B 9TOM cTaThe NpuobperaeT 0cobyio
BAKHOCTB C TOUYKHU 3PEHHUSI UCTOPUU
BCEro yejoBedecTBa. B TeyeHue 60-
Jee 5 TBIC. JIET CPAKEHUA HA II0JIE
605 OblLIM MOHOIIONHEN nroaei. Te-
Iephb IIOJIO0KEHNe Belllell KapAUHaIb-
HO U3MEHHJIOCH. B

MepeBop: N.E. Cauesuy

OOMONIHUTENIbHASA NNUTEPATYPA

m Wired for War: The Robotics Revolution
and Conflict in the 21st Century. P.W. Sing-
er. Penguin, 2009.

® Bombs Away. The Economist, Technol-
ogy Quarterly, page 13; March 4, 2010.

B The Regulation of New Warfare. Peter
W. Singer. Brookings Institution. JlocTynHo
oHNnanH no agpecy: www.brookings.edu/
opinions/2010/0227_defense_regulations_
singer.aspx

eXXeMeCs4YHbIN HOYyYHO-UHPOPMALUOHHbIN XKYPHO

SCIENTIFIC
AMERICAN

JYHLWWE MATEPUAIIDI -

O KOCMOCE —

XYPHAJA «B MUPE H{\vkm\\

TEMEPb HA CD-OUCKAX
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Mankn Mownep

IPABJIA O YHCTBIX 3IIEKIII|][|M[|ﬂIIIIHX

HacKonbKo 3KOMOrnyeH a1eKkTpoMobumnb? ITo 3aBUCUT OT TOrO, rAe Bbl €ro noasapsxaeTe

nycTa Mecsl, nocne CAenaHHoro B NPOLUIOM rofdy 3asaBeHns
0 Hayane Bbinycka Nepeoro B M1pe MacCcoBOro 31eKTpoMobuns
Leaf komnaHusi Nissan npoBenia [eMOHCTPaLMOHHbIN «Npo6er
C HyneBbIMU BbIGpocamu» No 24 ropogam. dNeKTpoaBuraTesb y 3Toi
MOAENN Nosly4yaeT SHEPruio OT akKyMynaTopHOW 6atapen, Kotopas
N9 NoA3apsAK1 NOAKII0YaeTCs K CETeBON po3eTke. Y 3Toro aBTomMo-
61N HeT HK ABUraTens BHYTPEHHEro CropaHuns, H1 TONMBHOTO 6aka,
HW BbIXNOMNHOM Tpy6bl. Korga oH egeT no gopore, BpeAHble BbIGPOCHI
B atMocdepy AeCTBUTENBHO OTCYTCTBYIOT. HO HOYbIO ero 6atapeto
Heo6x0ANMO NoAa3apsauTb B rapaxe, Y4To6bl BOCMONHUTL OHEBHOW
pacxop, aHepruv. OnekTpo3Heprus Ans nopsapsaky noctynaer ot
6nvxanLen anekTpocTaHumun. Hynesble BbIGPOCHI, BEPHO?

Mogenb Leaf 6yfeT nepBbIM YMCTO 3IEKTPUHECKUM aBTOMOBUNEM,
COpBaBLUMMCS CO CTapTa, HO NPecnefoBaTen yxe AbliaTt eMy B 3a-
Toinok. Komnanus Chevrolet npepcraenset Volt — anekTpomo6unb
C He6ONbLUNM ABUraTenemM BHYTPEHHEro cropaHus Ansa noasapsapku
6atapen. Ford rotoBuTCA BbiNycTUTb B 2011 I. 3neKTpu4ecKunin Bapu-
aHT cBOEro asTomMo6una Focus. 3a Hum nocnepytoT Toyota, Volvo,
Audi v Hyunday.

[Insi NONHOM XapakTepUCTUKM BAAHUA 9TUX aBTOMOGUIEN Ha OKpPY-
XaloLyo cpefly Heo6X0AUMO Yy4uTbIBaTb BbIGPOCHI 31EKTPOCTaH-
LM, NOCTaBnSAOWMX UM 3Hepruto. Korga cneunanuctel Munuctep-
CTBa 3HEpPreTMKU NpoBeNiv COOTBETCTBYIOLLMIA @aHaNN3, OHU NPULLN
K BbIBOAY, YTO pe3ynbTaThl A8 pa3HbiX PErMOHOB CUTbHO pasnunya-
toTcA. KoHTuHeHTanbHyto Yacte CLUA paspgenunu Ha 13 pernoHos,
onpefeneHHblx CeBepoaMeprkaHcKoi koprnopauven obecneyeHus
HapexHocTu anekTpocetelt (NERC), n paccMOTpenu cocTaB UCTOY-
HUKOB 3NEKTPO3HEPrUN B KXAOM U3 HUX — 0ObIYHO 3TO COYeTaHue
3M1eKTPOCTaHLMIA, paboTatoLLMX Ha Yrie U NPUPOAHOM rase, aToMHbIX
3M1eKTPOCTaHLUMNIA 1 HAXOAALMXCS B CTaaun popmMupoBaHus Bo306-
HOBNIAEMbIX MCTOYHWUKOB 3HEpruu. 3aTeM OHM MOCMOTPENW, KakK W3-
MEHUT CUTyaLmnio Napk aneKTpoMobunen. ATOMHbIE 3NIEKTPOCTaHL N
1N BO30OHOBNSEMbIE WCTOYHWKW, KOTOpble BMecTe BbipabaTtbiBatoT
MEHbLUE 4YeTBEepTU Bcero obbema anekTpodHeprun B CLUA, nmetot
cTabunbHbIV ypOBEHb reHepaunu. Vix aHeprus 6bicTpo noTpebnsaerca
[LNS NOBCEAHEBHbIX HYX[, TaK YTO ANS nof3apsiakv 6ypHO pacTyLlero
napka a11eKTpoMobunent «4UCTON SHEPTUM» MOYTU UM COBCEM He
ocTaeTcsi. Ha npakTuke 310 03HAYaET, YTO [aXe eCnu Bbl X1BE-
Te Ha OfIHOM ynuLe C BETPOI/IEKTPOCTaHUEN, ee 3Heprus
3aKasaHa eLle [0 TOro, KaK Bbl MOLAK/YNTECH K PO3ETKE. -
VICKNo4MB aTOMHble N BO306HOBNSEMbIE UCTOYHUKM, |
nccnefoBaTeny NPULLAN K BbIBOAY, YTO 3HEPruio ANns napka |
3neKTpoMobunen npuaeTca nonyy4atb M3 yrns U NPUPOAHOro
rasa. Ecnu Bbl XuBeTe B MecTe, rae npeobnafaoT 3NeKTPOCTaH-
umn, paboTaroLme Ha rase, BHeipeHVe 3NeKTPOMOOUNEN YMEHbLLINT
BbI6GPOCHI YIIEKNCNOro rasa no CPaBHEHWUIO C 0ObIYHLIMU FMOPUAHBI-
MU (B HEKOTOPbIX cnyvasx Ha 40%). B Tex xe pervoHax, roe npeo6-
nafaloT 3nekTpocTaHumK, paboTatwLuue Ha yrne — ropasgo 6onee
rpAAIBHOM TOMNMNBE, — BHEAPEHWE 3NEKTPOMOOUNEeNn aaxe yBenuyut
BbI6GPOCHI YrieKncnoro rasa B atmocepy. ABTonpober «C Hynesow
3MUCCUelt» 3aBepLLNCA BECHOW, HO CMOPbI 0 TOM, YTO Ha Aene o3Ha-
YaloT HyneBble BbIGPOCHI, TONBLKO pasropatoTcs.

Mepesop: N.E. Cauesuy

< CaMbIM YUCTBIM
Leaf 6ynet Ha
CeBepo-3anafge

NCTOYHUKWN SHEPT U

OTKyga noctynaeT K BaM 3NeKTpoaHeprusa? OTBeT 3aBUCUT OT BPEMEHM
CYTOK, AHSA Heenn n MecTa XuTenbcTea. HYTo6bl onpefennTe UCTOYHUKN
3HEeprum, KoTopble 6yAyT NUTaTh rPAAYLLMIA Napk aneKTpoMobunen, yye-
Hble CMOAEeNMpPoBanu AOMOIHUTENbHYIO Harpy3Ky Ha 3HeproceTn, KoTo-
pyto co3aaayT 3TV MaLUWHbl. OHM HaLLINK, 4TO AOMONHUTESbHbIN CNPOC 6Y-
[eT, BePOSATHO, yAOBNETBOPATLCA B OCHOBHOM 3NEKTPOCTAHLUMAMMU, CXKMU-
ramoLmMy uckonaemoe Tonnueo. Ha gene B LWeCTM permoHax, Homepa
KOTOPbIX flaHbl Ha XXenToM hoHe, yBEeNMYeHne SONN CXUraemoro yrns
npuBepeT K poCTy BbIGPOCOB NapHNKOBbIX ra30B MO CPaBHEHMIO C UCMOb-
30BaHNEM O6bI4HbIX TMOPUOHBIX aBTOMOGUNEN

Yr0/ib B BALLEN MALIMHE 1. CPE[JHUI 3ANAL

YpoBeHb BbIGPOCOB COEMHEHWI yrnepona 47,6% NMPUPO/IHBIN TA3

npwv reHepaLmmn 3neKTpo3IHeprum, Heo6xo- 46,0% Yronb

[MMOW ANA 911eKTPOMOOGUIIEN B pa3HbIX pe- 6,3% BO30GHOBJIAAEMbIE
rvoHax, NpefcTaBieH Ha KapTe cTonéuamm WUCTOYHUKK 0.8%
pasHoW BbICOTbl U LBETOM: YeM Bbille ek
1 TemHee CTon6Lbl, TeM 60MbLUE YPOBEHb 7.2% '
3arps3HEHVs MO CPaBHEHMIO C 3KcnyaTa-

Luen o6bl4HbIX TM6PUAHBIX aBTOMOGUNEN

KAKOB YPOBEHb 3ATPASHEHUA B BALIEM PETVOHE?

B pernoHax, 0TMe4eHHbIX BbICOKUMU U TEMHbIMWN
cTon6uamu, NPOU3BOACTBO 3NEKTPOIHEPTUMN, UCNOMb-
3yeMoil Ans NoA3apAAKM 3NeKTPOMOBUnen, NpUBOANT
K YBENIMYEHNIO BbIOPOCOB YreKMCnoro rasa

CPABHEHME C 06bI4HbIM MMEPULIOM
B PACHETE HA KM MPOBETA

@ sonbluE B cpasHeHun
¢ ruépuaom

Bbi6pock! yrnepona Motpe6nenue 6ex3uHa

I rupun ¢ nogsapsnkoin [l Tw6puA ¢ noasapaakoit

oT ceTn ot cetn
M Snekrpomobuns

[ ] InekTpomobunb

13. CEBEPO-3ANA[l 12. KAJIM®OPHNA

84,3% MPUPOLHbIN FA3 99,0% NPUPOJHbINA rA3
15,7% ATOMHASA 3HEPTUA 1,0% BO30BHOBNAEMbIE
WCTOYHUKK

(::| -200%

<:| -37.2%

<:| -47.0%
<:| -99,6%




TPAHCNOPT

4. Hbt0-1IOPK

67,2% HE®Tb

3.4% Yroib

29,4% NPUPOJHBIA TA3

4,3%

19.0% .
(:| -86%
(:| 109%

2. OJbLLOI UNNNHOIC

24,6% NPUPOJHBINA TA3
75,4% YroJb

11% .
36,0% -

-46,5%

11. HOr0-3AnA

83,6% MPUPO/HbIN rA3
16,1% YroJib
0,3% BO30BHOBNAEMbIE

NCTOYHUKK
T (] g

<:| -12,8%
(—T
(-

32,8% MPUPOJHbII FA3
65,7% YroJib
1,5% BO30BHOB/NAEMbIE

WCTONHIKI
cTo 8% .

21,0% -
(—

5. HOBASl AHITINA

45% HE®Tb

70,3% NPUPOJHbIN FA3
15,5% Yrofib

9,7% BO306HOBNAEMbIE

WNCTOYHUKK <:| A14%

(:l A74%
<:| -44.3%

-46,6%

10. HIKHWUA CPEIHWIA 3ANAL

9. TEXAC

6. CPEHEATIAHTUMECKWIA

2,4% HE®Tb .
60,6% NPUPOJIHbIV TA3
37,0% Yronb

-12%

8. Or0-BOCTOK

TPU BAPUAHTA
3NIEKTPOMOBUNEN

QJIEKTPOMOBWJ1b

Takue maLuuHebl, kak Nissan Leaf,
He umetoLLMe ABuUraTens BHyTPeH-
Hero cropaHus, pa6oTatoT TOSIbKO
OT akKKyMynaTopoB. [pober Takoro
aBTOMOGUIISi CErOAHS COCTaBNAET
160 KM, nocre Yero emy Heo6xoau-
ma nopsapanka

T

r'MePW C MOAO3APAOKON
OT CETU

Takue mMalunHel, kak Chevrolet Volt,
MOryT NoA3apaXaTbCs OT CeTH,
Kak v 9NeKTpoMoBuUnu, Ho UMEeT
1 HebOoMbLLION ABUraTesnb BHYTPEH-
HEero CropaHws, KoTopblii MOXeT
1Ccnonb3oBaThes A1A NoAsapaakm

OBbIYHbIN TUBPUAO

Takue MalmHebl, Kak Toyota Prius,
He MoryT 3apsxaTbcs oT ceTu. Ha
MariblX CKOPOCTSAX OHW NPUBOASATCA
B IBUXEHWE 3NeKTpoABUraTenem,
a npu yBennyeHumn CKopocTum
paboTy 6epeT Ha cebs aBuratens
BHYTPEHHEro cropaHus

1. ®JIOPNJA

44,9% MPUPOHbIN TA3
51,9% Yronb
3,2% BO30BHOBJNIAAEMbIE

WCTOYHUKN <:| 148%

<:| -25,3%
<:| -45,6%
—

88,6% NPUPOJHbINA TA3
11,4% YIoJb

-11,0%

<:| 164%
<:| -46,9%
Y

-41,0%

100,0% NMPUPO[IHbIA TA3 44,9% NIPUPOIHbITE TA3
. 51,9% YT0/lb

<:| -15.0% 3,2% BO30BGHOBNAEMbIE

<:|_25y7% MCTOSHIKN ., '

14,4% .
<:| -46,7%

{ -98,9%

CATALOGTREE (map); COURTESY OF NISSAN, GENERAL MOTORS AND TOYOTA (photographs)
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Mankn Mownep

IPABJIA O YHCTBIX 3IIEKIII|][|M[|ﬂIIIIHX

HacKonbKo 3KOMOrnyeH a1eKkTpoMobumnb? ITo 3aBUCUT OT TOrO, rAe Bbl €ro noasapsxaeTe

nycTa Mecsl, nocne CAenaHHoro B NPOLUIOM rofdy 3asaBeHns
0 Hayane Bbinycka Nepeoro B M1pe MacCcoBOro 31eKTpoMobuns
Leaf komnaHusi Nissan npoBenia [eMOHCTPaLMOHHbIN «Npo6er
C HyneBbIMU BbIGpocamu» No 24 ropogam. dNeKTpoaBuraTesb y 3Toi
MOAENN Nosly4yaeT SHEPruio OT akKyMynaTopHOW 6atapen, Kotopas
N9 NoA3apsAK1 NOAKII0YaeTCs K CETeBON po3eTke. Y 3Toro aBTomMo-
61N HeT HK ABUraTens BHYTPEHHEro CropaHuns, H1 TONMBHOTO 6aka,
HW BbIXNOMNHOM Tpy6bl. Korga oH egeT no gopore, BpeAHble BbIGPOCHI
B atMocdepy AeCTBUTENBHO OTCYTCTBYIOT. HO HOYbIO ero 6atapeto
Heo6x0ANMO NoAa3apsauTb B rapaxe, Y4To6bl BOCMONHUTL OHEBHOW
pacxop, aHepruv. OnekTpo3Heprus Ans nopsapsaky noctynaer ot
6nvxanLen anekTpocTaHumun. Hynesble BbIGPOCHI, BEPHO?

Mogenb Leaf 6yfeT nepBbIM YMCTO 3IEKTPUHECKUM aBTOMOBUNEM,
COpBaBLUMMCS CO CTapTa, HO NPecnefoBaTen yxe AbliaTt eMy B 3a-
Toinok. Komnanus Chevrolet npepcraenset Volt — anekTpomo6unb
C He6ONbLUNM ABUraTenemM BHYTPEHHEro cropaHus Ansa noasapsapku
6atapen. Ford rotoBuTCA BbiNycTUTb B 2011 I. 3neKTpu4ecKunin Bapu-
aHT cBOEro asTomMo6una Focus. 3a Hum nocnepytoT Toyota, Volvo,
Audi v Hyunday.

[Insi NONHOM XapakTepUCTUKM BAAHUA 9TUX aBTOMOGUIEN Ha OKpPY-
XaloLyo cpefly Heo6X0AUMO Yy4uTbIBaTb BbIGPOCHI 31EKTPOCTaH-
LM, NOCTaBnSAOWMX UM 3Hepruto. Korga cneunanuctel Munuctep-
CTBa 3HEpPreTMKU NpoBeNiv COOTBETCTBYIOLLMIA @aHaNN3, OHU NPULLN
K BbIBOAY, YTO pe3ynbTaThl A8 pa3HbiX PErMOHOB CUTbHO pasnunya-
toTcA. KoHTuHeHTanbHyto Yacte CLUA paspgenunu Ha 13 pernoHos,
onpefeneHHblx CeBepoaMeprkaHcKoi koprnopauven obecneyeHus
HapexHocTu anekTpocetelt (NERC), n paccMOTpenu cocTaB UCTOY-
HUKOB 3NEKTPO3HEPrUN B KXAOM U3 HUX — 0ObIYHO 3TO COYeTaHue
3M1eKTPOCTaHLMIA, paboTatoLLMX Ha Yrie U NPUPOAHOM rase, aToMHbIX
3M1eKTPOCTaHLUMNIA 1 HAXOAALMXCS B CTaaun popmMupoBaHus Bo306-
HOBNIAEMbIX MCTOYHWUKOB 3HEpruu. 3aTeM OHM MOCMOTPENW, KakK W3-
MEHUT CUTyaLmnio Napk aneKTpoMobunen. ATOMHbIE 3NIEKTPOCTaHL N
1N BO30OHOBNSEMbIE WCTOYHWKW, KOTOpble BMecTe BbipabaTtbiBatoT
MEHbLUE 4YeTBEepTU Bcero obbema anekTpodHeprun B CLUA, nmetot
cTabunbHbIV ypOBEHb reHepaunu. Vix aHeprus 6bicTpo noTpebnsaerca
[LNS NOBCEAHEBHbIX HYX[, TaK YTO ANS nof3apsiakv 6ypHO pacTyLlero
napka a11eKTpoMobunent «4UCTON SHEPTUM» MOYTU UM COBCEM He
ocTaeTcsi. Ha npakTuke 310 03HAYaET, YTO [aXe eCnu Bbl X1BE-
Te Ha OfIHOM ynuLe C BETPOI/IEKTPOCTaHUEN, ee 3Heprus
3aKasaHa eLle [0 TOro, KaK Bbl MOLAK/YNTECH K PO3ETKE. -
VICKNo4MB aTOMHble N BO306HOBNSEMbIE UCTOYHUKM, |
nccnefoBaTeny NPULLAN K BbIBOAY, YTO 3HEPruio ANns napka |
3neKTpoMobunen npuaeTca nonyy4atb M3 yrns U NPUPOAHOro
rasa. Ecnu Bbl XuBeTe B MecTe, rae npeobnafaoT 3NeKTPOCTaH-
umn, paboTaroLme Ha rase, BHeipeHVe 3NeKTPOMOOUNEN YMEHbLLINT
BbI6GPOCHI YIIEKNCNOro rasa no CPaBHEHWUIO C 0ObIYHLIMU FMOPUAHBI-
MU (B HEKOTOPbIX cnyvasx Ha 40%). B Tex xe pervoHax, roe npeo6-
nafaloT 3nekTpocTaHumK, paboTatwLuue Ha yrne — ropasgo 6onee
rpAAIBHOM TOMNMNBE, — BHEAPEHWE 3NEKTPOMOOUNEeNn aaxe yBenuyut
BbI6GPOCHI YrieKncnoro rasa B atmocepy. ABTonpober «C Hynesow
3MUCCUelt» 3aBepLLNCA BECHOW, HO CMOPbI 0 TOM, YTO Ha Aene o3Ha-
YaloT HyneBble BbIGPOCHI, TONBLKO pasropatoTcs.

Mepesop: N.E. Cauesuy

< CaMbIM YUCTBIM
Leaf 6ynet Ha
CeBepo-3anafge

NCTOYHUKWN SHEPT U

OTKyga noctynaeT K BaM 3NeKTpoaHeprusa? OTBeT 3aBUCUT OT BPEMEHM
CYTOK, AHSA Heenn n MecTa XuTenbcTea. HYTo6bl onpefennTe UCTOYHUKN
3HEeprum, KoTopble 6yAyT NUTaTh rPAAYLLMIA Napk aneKTpoMobunen, yye-
Hble CMOAEeNMpPoBanu AOMOIHUTENbHYIO Harpy3Ky Ha 3HeproceTn, KoTo-
pyto co3aaayT 3TV MaLUWHbl. OHM HaLLINK, 4TO AOMONHUTESbHbIN CNPOC 6Y-
[eT, BePOSATHO, yAOBNETBOPATLCA B OCHOBHOM 3NEKTPOCTAHLUMAMMU, CXKMU-
ramoLmMy uckonaemoe Tonnueo. Ha gene B LWeCTM permoHax, Homepa
KOTOPbIX flaHbl Ha XXenToM hoHe, yBEeNMYeHne SONN CXUraemoro yrns
npuBepeT K poCTy BbIGPOCOB NapHNKOBbIX ra30B MO CPaBHEHMIO C UCMOb-
30BaHNEM O6bI4HbIX TMOPUOHBIX aBTOMOGUNEN

Yr0/ib B BALLEN MALIMHE 1. CPE[JHUI 3ANAL

YpoBeHb BbIGPOCOB COEMHEHWI yrnepona 47,6% NMPUPO/IHBIN TA3

npwv reHepaLmmn 3neKTpo3IHeprum, Heo6xo- 46,0% Yronb

[MMOW ANA 911eKTPOMOOGUIIEN B pa3HbIX pe- 6,3% BO30GHOBJIAAEMbIE
rvoHax, NpefcTaBieH Ha KapTe cTonéuamm WUCTOYHUKK 0.8%
pasHoW BbICOTbl U LBETOM: YeM Bbille ek
1 TemHee CTon6Lbl, TeM 60MbLUE YPOBEHb 7.2% '
3arps3HEHVs MO CPaBHEHMIO C 3KcnyaTa-

Luen o6bl4HbIX TM6PUAHBIX aBTOMOGUNEN

KAKOB YPOBEHb 3ATPASHEHUA B BALIEM PETVOHE?

B pernoHax, 0TMe4eHHbIX BbICOKUMU U TEMHbIMWN
cTon6uamu, NPOU3BOACTBO 3NEKTPOIHEPTUMN, UCNOMb-
3yeMoil Ans NoA3apAAKM 3NeKTPOMOBUnen, NpUBOANT
K YBENIMYEHNIO BbIOPOCOB YreKMCnoro rasa

CPABHEHME C 06bI4HbIM MMEPULIOM
B PACHETE HA KM MPOBETA

@ sonbluE B cpasHeHun
¢ ruépuaom

Bbi6pock! yrnepona Motpe6nenue 6ex3uHa

I rupun ¢ nogsapsnkoin [l Tw6puA ¢ noasapaakoit

oT ceTn ot cetn
M Snekrpomobuns

[ ] InekTpomobunb

13. CEBEPO-3ANA[l 12. KAJIM®OPHNA

84,3% MPUPOLHbIN FA3 99,0% NPUPOJHbINA rA3
15,7% ATOMHASA 3HEPTUA 1,0% BO30BHOBNAEMbIE
WCTOYHUKK

(::| -200%

<:| -37.2%

<:| -47.0%
<:| -99,6%




TPAHCNOPT

4. Hbt0-1IOPK

67,2% HE®Tb

3.4% Yroib

29,4% NPUPOJHBIA TA3

4,3%

19.0% .
(:| -86%
(:| 109%

2. OJbLLOI UNNNHOIC

24,6% NPUPOJHBINA TA3
75,4% YroJb

11% .
36,0% -

-46,5%

11. HOr0-3AnA

83,6% MPUPO/HbIN rA3
16,1% YroJib
0,3% BO30BHOBNAEMbIE

NCTOYHUKK
T (] g

<:| -12,8%
(—T
(-

32,8% MPUPOJHbII FA3
65,7% YroJib
1,5% BO30BHOB/NAEMbIE

WCTONHIKI
cTo 8% .

21,0% -
(—

5. HOBASl AHITINA

45% HE®Tb

70,3% NPUPOJHbIN FA3
15,5% Yrofib

9,7% BO306HOBNAEMbIE

WNCTOYHUKK <:| A14%

(:l A74%
<:| -44.3%

-46,6%

10. HIKHWUA CPEIHWIA 3ANAL

9. TEXAC

6. CPEHEATIAHTUMECKWIA

2,4% HE®Tb .
60,6% NPUPOJIHbIV TA3
37,0% Yronb

-12%

8. Or0-BOCTOK

TPU BAPUAHTA
3NIEKTPOMOBUNEN

QJIEKTPOMOBWJ1b

Takue maLuuHebl, kak Nissan Leaf,
He umetoLLMe ABuUraTens BHyTPeH-
Hero cropaHus, pa6oTatoT TOSIbKO
OT akKKyMynaTopoB. [pober Takoro
aBTOMOGUIISi CErOAHS COCTaBNAET
160 KM, nocre Yero emy Heo6xoau-
ma nopsapanka

T

r'MePW C MOAO3APAOKON
OT CETU

Takue mMalunHel, kak Chevrolet Volt,
MOryT NoA3apaXaTbCs OT CeTH,
Kak v 9NeKTpoMoBuUnu, Ho UMEeT
1 HebOoMbLLION ABUraTesnb BHYTPEH-
HEero CropaHws, KoTopblii MOXeT
1Ccnonb3oBaThes A1A NoAsapaakm

OBbIYHbIN TUBPUAO

Takue MalmHebl, Kak Toyota Prius,
He MoryT 3apsxaTbcs oT ceTu. Ha
MariblX CKOPOCTSAX OHW NPUBOASATCA
B IBUXEHWE 3NeKTpoABUraTenem,
a npu yBennyeHumn CKopocTum
paboTy 6epeT Ha cebs aBuratens
BHYTPEHHEro cropaHus

1. ®JIOPNJA

44,9% MPUPOHbIN TA3
51,9% Yronb
3,2% BO30BHOBJNIAAEMbIE

WCTOYHUKN <:| 148%

<:| -25,3%
<:| -45,6%
—

88,6% NPUPOJHbINA TA3
11,4% YIoJb

-11,0%

<:| 164%
<:| -46,9%
Y

-41,0%

100,0% NMPUPO[IHbIA TA3 44,9% NIPUPOIHbITE TA3
. 51,9% YT0/lb

<:| -15.0% 3,2% BO30BGHOBNAEMbIE

<:|_25y7% MCTOSHIKN ., '

14,4% .
<:| -46,7%

{ -98,9%

CATALOGTREE (map); COURTESY OF NISSAN, GENERAL MOTORS AND TOYOTA (photographs)
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KHWIKHOE ObO3PEHHE

0 npupoge BPpEMEHU U MpOCMpanCMBa

N I'IPOCTPAHCTBA

BHUMaHUIO YuTaTeJIed mpejiara-
eTcs IepBOe CUCTeMaTHU4YeCKOe HC-
ciejoBaHUe,
pUM pelleHUud BbIJAIIIUIMCH oTede-
CTBEHHBIM y4eHBIM B.11. BepHajgckum
(1863-1945) mpo61eMBI TPUPOJIBI Bpe-
MEHM U IIPOCTPaHCTBA. ABTOP MOHO-
rpadpuu, [.II. AKceHOB, KaHIMAAT
reorpaduyecKux HayK, CTapIIHi
Hay4YHBIM COTPYAHUK OTAEJ]Ia UCTO-
puu Hayk o 3emiie MHCTUTyTa UCTO-
PUM €CTECTBO3HAHUA U TEXHUKU
um. C.1. Basunosa PAH, cocTaBui
u3/JlaHie Ha OCHOBE ONyOJIMKOBaH-
HBIX 1 HeOHyﬁJII/IKOBaHHbIX IIPpU U3~

IIOCBAIIEHHOE HCTO-

HU Y4YE€HOI'o IIPOM3BEJeHUN (BCe OHU
cTanayd rnedaTraTrbCcsa TOJBKO B 1965-
1980 rr.). B KHUTE€ HCIOJb30BaHBI
MHOTOYHMCJIE€HHbIE U pa3HooOpa3HbIe
UCTOYHUKM: HEU3JaHHBIE 3aMETKU
Bepna/icKOro pasHbIX JIET, €r0 JHEB-

HUKHU U IIMCbMA, B KOTOPBIX OTpPa3-
nJIach UCTOPUSA pelIeHusA NpobJieMbl
npUupojbl BpeMeHU. [TokasaH MUpo-
KU UCTOpUYeCKUH (poH HAyIHOH pe-
BoJIOOUM Hadasa XX B., B YaCTHOCTH
co3gaHue HOBOM (QU3UMKH U TEOPUU
OTHOCHUTEJIBHOCTH, B TECHOM CBHA3U
c koTopbiMu B.M. BepHaackuii pemai
npo61eMy BpeMEeHU. Y3KHUeE U/I€0JI0TU-
YecKue paMKHU U KeCcTKad IeH3ypa,
B yCJIOBUAX KOTOPBIX NPUIIIOCH pa-
60TaTh yUYeHOMY, B OTPOMHOM cTeIle-
HU 3aTPYyJHUJIM U 3ajJiepiKalu pac-
NPOCTPAHEHHUE €T0 UJIEH.

KHura mnpegHasHadeHa AJdA IIU-
POKOTO Kpyra Hay4YHBIX paGOTHUKOB
€CTEeCTBEHHOHAYYHOro mnpoduid,
HCTOPUKOB HAYKU, & TAKKe I BCEX
HHTEpeCyIIUXCA UCTOPUEH HayKUu
U mpo6j1eMaMi BpEMEHU U IPOCTPaH-
cTBa.

AxceHos I".I1. B./. BepHagckuit o npupofe Bpemenun n npoctpaHcTea. M.: KPACAH[, 2010.

Buicwas dopMa op2anu3oBannoi Mamepuu

B HacToAmed KHUre pacCKas3bIBa-
eTrca 0 (PU3MOJIOTUU YEJIOBEYECKOr0
MO3ra M F'MI'Me€He YMCTBEHHOTO TPY-
na. [IpencTaBiieH MaTepyua o CTpoe-
HUU U QYHKIUAX HEHPOHOB U HEPB-
HOM TKaHHW, O BTOPOH CUTIHAJBHOMN
cucteMe U QyHKIIMOHAJIbHOU acHM-
MeTPHUU M03Ta, TaKMKe paccMaTpHUBa-
IOTCSA IPeACTAaBIeHUA JPEBHUX yde-
HBIX O MO3Te, IIPOCJICKUBAETCS dBO-
JIONUSA HEPBHOUW CHUCTEMBI. ABTOP
KHUTH, U3BECTHBIN YYEHBIHN, JOKTOP

6uosiornyeckux Hayk B.®. Ceprees,
aHAJMU3UPYEeT BIHUAHUE OKPYKAIO-
el cpeabl U HACJIECTBEHHOCTH Ha
pas3BUTHE UHTEJIIECKTYaJbHBIX CIIO-
coGHOCTEeH, ITIOKa3aHo naryoHoe BIH-
SHUE OPraHUYeCKUX AJ0B, AJIKOI0JId
1 HADKOTHKOB Ha MBICIHUTEIbHYIO Jie-
ATEeTbHOCTD YeJIOBeKa.

Kxura 6yaeT moje3Ha BCeM, KTO
HHTepecyeTcA IpobireMaMU BEBIC-
el HEPBHOM J€ATEJIbHOCTH YeJIOo-
BEKa.

CepreeB B.®. Bricliasi hopma opraHu3oBaHHo matepun. Pacckasbl o moare. M3a. 2-e, nepepa6. M.: KPACAH[, 2010.
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KHWIKHOE ObO3PEHHE

Hcmopus thusuku

BHUMaHHIO YUTaTeJd Ipejajara-
eTcs KJIACCHUYEeCKHU TPYJ HeMeIlKo-
ro ucropuka Haykn PepauHanga Po-
3eHbeprepa (1845-1899), npexncras-
JAIUNR co6o ogHO M3 Haubojiee
Cepbe3HbIX U KAlUTAJIbHBIX OOIINX
HCCIeNOBAaHUN dBOJIONUN (DU3UKHU
a0 koHna XIX B. ABTOp, CTPOro IIpu-
JIePKUBAACH XPOHOJOTUYIECKOI'O I10-
pAaka U pasbupas Bce GU3NIECKUE
OTKPBITHSA II0 BPEMEHHU HX IOABJIE-
HUs, TTocTaBujJ cebe TJTaBHOM I1E€JIbIO
U3JI0KUTh UCTOPUYECKOE PA3BUTHE
du3uKkm Takum ob6pas3oM, 4YTOOHI,
C OTHOM CTOPOHBI, GBLIO0 yA06HO ycTa-
HOBUTB COCTOAHUE HAYKU B KaKABIA

MOMEHT BPEMEHH, a C IPYyToi — ompe-
JeJUTh o0lllee HalpaBJeHUE ee pas-
BuTUA. HacToamee usganue mocss-
II€HO ONMCAHUIO 3BOJTIONUU GU3UKHU
B JPEBHOCTHU (IPUGIMU3UTEIBHO OT
600 r. 10 H.9. 10 700 1. H.5.) 1 B Cpen-
Hue Beka (ot 700 po 1500 rr. H.3.),
a TakKe B TAaK Has3bIBaeMBbIU Ilepe-
XOJHBIH IEPUOJ, CpeITHEBEKOBON hU-
3MKU, OXBaThIBAMOIUI Bech XVI B.

Kuura apapecoBaHa ¢uauKaMm
M MUCTOPUKAM HayKH, a TAKKe U PO-
KOMY KpPyTy YuTaTeJIell, UHTepeCyIo-
muxca uctopueil GU3NKH.

o L

b, Pose e
yMICTOPUA Y
OU3NKHA &

YETEIPE

- N
wy B ! "
A5 B CPENHWE BERA
Puanxa
[ [rp——

Po3seH6eprep ®. Victopua dpuanku B HeTbipex KHurax. K. 1: ictopusi hnanku B APEBHOCTU U B CpefHME BeKa.
Mep. ¢ Hem. M.: KHnxHbI gom «JTABPOKOM», 2010.

Maznumubie nong 8 KocMoce

B HacToAmed KHUTE ONIMCBIBA-
I0TCA MarHUTHBIE MOJA U UX IIPO-
ABJIEHUS BO BCE€X OCHOBHBIX THIIAX
KOCMHYECKHX O0BbEKTOB, HauMHAfA
C Hallled IJIAaHETHl U KOHYAasd TaKH-
MU yAaJeHHBIMH O0beKTaMH, KakK
paguoraJaKTHKU M KBasaphl, pac-
CKasbIBaeTCcAd O IPOUCXOKIECHUU,
9BOJIIOIIMM U METOAAX H3y4YeHUd
MAarHUTHBIX NoJed. MarHeTusm —
YHUBEpCAJbHOE CBOMCTBO MaTepUU
B KOCMOCE — UI'paeT 0COGEHHO BaXK-
HyI0 posib. Be3 3HaHUA CTpoeHUdA
MarHUTHBIX IIOJIeH HeJb3sd IOHATH
IIPOUCXOAAIINE B KOCMOCE IIpoIec-
cbl. MarHUTHBIE IIOJIA GeJIBIX Kap-
JINKOB M HEUTPOHHBIX 3B€3]] CUIBHBI
U HCKaXalT aTOMHYIO CTPYKTYpY
BeIlecTBa, a B MEXK3Be3/{HOU cpeje
OHU OY€Hb cJ1abbl, HO BAKHBI 1/ 00-

pas3oBaHUudA 3Be31. MarHuTHBIE NTOJIA
omnpeneaAaoT BCE IIPOSABJIEHUSA COJI-
HEYHOUW aKTUBHOCTU U MHOTHE IIPO-
I[eCChbl COJIHEYHO-3€MHBIX CBf3€MH.
ABTOp KHUTrH, npodeccop MIY,
M3BECTHBIA cIlenuajJucT B ob6iaa-
ctu actpodpusuku H.I. Boukapes,
B caMOM HadaJie B KadyeCcTBe BBeJe-
HHUS pacCcKasbIBaeT O MOBEJAEHUU 3a-
PAXEHHBIX YacTHUIl U NJIa3MBbl, CO-
cTOosINIE M3 HUX, B MArHUTHOM
noJsie. [Io X0ny H3JIOKEHUA 06bAC-
HATCA HEKOTOPbIE aCTPOHOMUUE-
CKHMe TEepMHHBI, BCTpedalolluecs
B pa6ore.

Kaura npegHasHadeHa A CTY-
JeHTOB U IpenojaBaTeneil Gpuande-
ckuxX QaKyJIbTeTOB By30B, a TaKike
JUIS BCEX, KTO MHTEPECyeTCs COBpe-
MEHHOH acTPO(PU3UKOH.

o

MATHUTHBIE
nons
B KOCMOCE -

Boukapes H.I'. MariutHele nons B kocmoce. M3a. 2-e, gon. M.: KHuxHbii gom «JTIMBEPOKOM», 2010.
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KHWIKHOE ObO3PEHHE

BapuauuoHbie NPUALUNGI MEKAHUKL

. X PA3BUTHE
M MPUMEHEHHS
B DU3UKE

ED CRONTOBOH TOOPMK | non

anddb i

BHuUMaHHUIO 4YHTaTeleld Ipeaa-
raercs KHHUra BBIJAIONIErocs OTe-
YeCTBEHHOTo (U3WKa U XUMHUKA
JI.C. TTonaka (1908-2002), B KoTOpO¥
paccMaTpuBaeTcsa pa3BUTHE BapHU-
AIMOHHBIX IPUHIIUIIOB MEXAaHHUKH,
a TaKKe HEKOTOPbIe UX IPUMEHEHU
B pH3HUKe, B TOM YHCJIe UX POJIb B Tep-
MOAMHAMUKE, TEOPUU II0JIA, KBAHTO-
BOM MeXaHUKe U T.A. dTta pabora —
JOKTOpPCKAas AHCCepTallusA aBTOpa,

ony6INKOBAHHAA B BHJAE MOHOTrpa-
dun, — 611 OLleHeHA COBPEMEHHHU-
KaMHU Kak QyHAaMeHTaIbHBINA BKJIAT
B aHAJIMTHYECKYIO MEXaHHUKY, HUCTO-
PHIO HAyKU U B TEOPETUYECKYI0 puU-
3HKY B IIEJIOM.

KHura 6yset nHTepecHa GU3NKaM,
MaTeMaTHKaM, UCTOPUKAM HayKH,
acmupaHTaM U CTYAEHTaM COOTBET-
CTBYIOINIUX CIIEIIHATbHOCTE.

Monak J1.C. BapraunoHHble NPUHLMMIbI MEXaHWUKMK: UX pa3BuUTme

1 NPUMEHEHMS B (OU3MKE.

M3g. 2-e, ucnp. M.: KHuxHbIn gom «JTMBPOKOM», 2010.

Hcmopud 0 unocoquy anapxusma

Mn.on.p

KPATEMH OMEPK
HCTOPHM AHAPXHIMA
B XIX—-XX BER/

]
]

SME (3

AMAPXHYECKHE TTHCEMA

PAIMBIILIHS Ob AHAPRN

BHuMaHUIO 4YuTaTtenled mnpeana-
raercad cO6opHUK paboT IO HCTO-
puu m duisocopun aHapxmsaMma CO-
BpeMeHHoro ¢uiocoda U myobaunu-
cra [1.B. Pa6oBa. HacTosmasa kHura
JaeT IpeJcTaBJIeHUE O CETOJHAII-
HEM aHapXU4YeCKOM MUPOBO33PEHUU
U aHapXM4YeCKOM JBUiKEHUU B Poc-
cum u mupe. «KpaTKuil o4epk UCTO-
puu aHapxm3Ma B XIX-XX Bekax»
JIJAKOHMYHO OIMCBHIBAET OCHOBHBIE
BEXW U 3Tallbl CTAHOBJIEHUS aHap-
XU4YecKol Teopuu — oT Y. [oxBuHA,
M. IIrupuepa u ILM. IIpygona
10 M.A. BakynuHa, I[1.A. KponoTkuHa,
9. MailaTecTbl U COBPEMEHHBIX T€O-
PETUKOB aHApXU3Ma, a TaKke Hanubo-
Jlee ApKMeE 3IIM30/1bl B MCTOPUU aHap-
XWYECKOTO JBUKEHUs, TaAKHE Kak
ITapuikckaa kKoMMyHa, Benukas Poc-

Psa6os N.B. Kpatkuin o4epk ncropumn aHapxuama s XIX—XX sekax;

AHapxuyeckue nucbma. M.: KPACAHL, 2010.

cuiickasa pesostonua 1917-1921 rr.,
HcnaHckada peBomonuda 1936-1939rr.,
peBoaonus 1968 r. C60pHUK acce
«AHapXMW4YECKHUE NUCbMa» COLEPIKUT
pa3MBIIUJIEHUS aBTOpa O BaKHEH-
mux ¢unsocopckux mpobiremax co-
BPEMEHHOTO 4eJloBedyecTBa — CBO6O-
e, OTYYKJE€HUU, JUYHOCTU, PEBO-
smonuu. B aToit pa6oTe npeAnIpuHATA
IONBITKA CHUHTE3a aHapXM4ecKOro
MUPOBO33PEHUA U 9K3UCTEHIUAb-
HOU punocopumn.

Knura aapecoBaHa NIIHPOKOMY
KPYTY YUTaTeJeH, UHTEePEeCYIIUXCH
uctopueil U Teopuel nubeprapHOH
MBICJIM, COBpeMeHHOH dunocoduei,
HEepaBHOAYIIHBIX K IIOJOKEHUIO JTUY-
HOCTHU B HBIHEIIHEM KaTacTpodude-
CKOM MHUpE.
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KHWIKHOE ObO3PEHHE

Kusbie noKkamopbl 0KBaHa

ABTOp HacTOAIEH KHUTU 3HAKO-
MHUT YUTATENs C JKUBBIMH JIOKATO-
paMu MOPCKUX IYYUH — Jesbdu-
HaMU, KUTaMU, TIOJI€HSIMH, INHTBHU-
HaMH, KOTOPbIE€ C IIOMOIIIbIO CBOETO
COHAPHOI'0 YCTPOWCTBA ONPEAes-
I0T PacCTOSTHUE /10 IIOABOJHBIX 00'b-
€KTOB, UX pasMep, GOpMy, CTPYKTY-
py. JIoKaua No3BOJIAET UM «BUAEThH»
NOABOAHBIA OOBEKT OJHOBPEMEH-
HO CO BCEX CTOPOH; B 9TOM OTHOIIIE-
HHUU COHAPHOE YCTPONCTBO MOPCKUX
JKUBOTHBIX IIPEBOCXOJUT BO3MOJK-
HOCTHU HE TOJIBKO JIIOGBIX OPTaHOB
‘-IyBCTB, HO U IIIO6LIX TEXHHUYECKUX

cpenacTB. McciieqoBaHus, 0 KOTOPBIX
pacckaspiBaeTcd B H3JaHUHU, Ha-
npaBJIeHbl HA BCeoObeMJIIIoNee U3-
y4eHHe MeXaHU3MOB OHMOJOKAIIUU
C I[eJIbI0 COBEPIIEHCTBOBAHUS COOT-
BeTCTByIOH_II/IX TEXHUYECKUX CpelICTB
JIOKAIlM — OJHOTO M3 BasKHENIIUX
METOJO0B H3y4YeHUS MOPCKHUX IJIy-
OuH.

KHura OyxeT HWHTepecHa Kak
CIIEeIMAJIU3UPYIOIIUMC A
B pa3JIMYHBIX pasjeigax 6uojorude-

YY€HBIM,

CKO¥f HayKH, TaK M IIUPOKOMY Kpy-
ry 4yuTaTejeil — mgo6uTened mpu-
POABI.

I € Ceprecn

AKIHBbI

JIOK ATOPBI
_OKEAHA

Ceprees B.®. XXusble nokaropbl okeaHa. M13a. 2-e, ncnp. M.: KPACAH[, 2010.

GmpoumenuHbie CEKpembl PesAUX e2unman

B HacToAmer MoHorpaduu BeI1A0-
IIEroCcA eruIITOoJIora, UCTOPUKA APEB-
Hero biumskHero BocToka craBurcsa
BOIIPOC O TOM, KAKUM 06pas3oM ApeB-
HUe eTHIITAHe Iepuojga HoBoro map-
ctBa (XVI-XII BB. 10 H.9.), HE ©UMesA HA
JKeJIE3HBIX HMJH CTAJbHBIX OPYAUH,
HU TpUcriocobieHUN TUIa GIOKOB
u jnebGenok, 6osiee 3 THIC. JeT Ha3an
CMOTJIN BOSIIBI/II‘HyTb BEJINYECTBEH-
HbIe KAMEHHBIE XpaMBbI C KOJIOCCAMH,
chuHKCAMH, 06€JIUCKAaMHU, YKpaIIeH-
HBIE MeTaJJIOM, pelbedaMU U POCIH-
caMu. OnuceIBAlOTCA TAaKKe U Xpa-
MBI, BBIDYOJIEHHBIE B CKalaxX. B kHUTe

IMOAPOGHO PacCKa3bIBAETCS O TeXHHU-
YEeCKHUX MPUCIOCOGIEHUAX, OPYAUAX
U TPYJIOBBIX IIpHEeMaX JPEBHUX CTPO-
uTesei, 6Giarogaps KOTOPBIM OHH
MOIVIA AOGBIBATH U TPAHCIOPTHUPO-
BaTh OIPOMHOE KOJHYECTBO KaMHS
U CTPOHUTEJbHbIe KOHCTPYKIUHU Be-
COM /10 HECKOJIBKUX COTeH TOHH. Oco-
60 paccMaTpHUBalOTCA TEXHUUIECKUE
OTKPBITUA U HEKOTOPBIE CTPOUTEb-
HbIE€ CEKPETHI IPEBHUX erUINTAH. 114
€TUIITOJIOTOB, BOCTOKOBEJOB, HCTO-
PHUKOB KYJBTYDHI, & TaK:Ke IIIPOKO-
ro Kpyra 4uraTesiedl — Jioburtesnei
JIpeBHEU UCTOPUU.

KuHk X.A. [IpeBHeervneTckuii xpam.

3. 2-e. M.: KHuxHbI oM «[IMBPOKOM», 2010.

MaTepuanbl npegocTaBneHbl MUHTEPHET-MarasanHoM Hay4Hon kHurm www.URSS.ru
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HAYKA H OBIHECTRO

JloypeHc Kpaycc

da Ymo 9 N0 Heumpuro

YacTtuubl, KazaBLuMecs noHa4asny HeBepPOATHO
TanHCTBEHHbIMW, NPEeoCTaBNAOT HaM BCe

6orbLle nHhopmaumm

NIPU3HAIO: A IPUCTPACTEH K Hel-
HTpPIHO U Bcerja ObLI IIpUCTpa-
CTEeH.

13 Bcex M3BECTHBIX YACTHI] TOJb-
KO HEHTPHUHO 06/1a7jaeT HACTOIBKO I10-
PasUTEeNbHBIMU W POMAHTHYHBIMHU
CBOMCTBAMHU, UTO BJIOXHOBUJIN J[3KOHA
Anpaiika Ha CO3JJaHUE IIOSMBI U YiKe
50 sieT MoGY:KAAIOT I€JIble KOMaHbl
YYEeHBIX 3a0HUpaThCs IIIyOOKO IO/ 3€M-
JIIO M CTPOUTH TaM YCTAHOBKHU, CJIOBHO
B3ATHIE U3 HAYYHO-(PAHTACTUUIECKON
JIATEepaTypHhl.

MeHA He mepecTaeT yAWUBIATH, UTO
eKeJHeBHO, KaKAYyI0 CEKyHIY, Moe
T€JIO IIPOHUBBIBAIOT Gosbirie 600 Mip/
HEHUTPUHO, POK/IACHHBIX B fJIEPHBIX pe-
aknuax Ha CoJiHIle, U ITOYTHU BCE OHU
6ecrpenssTCTBEHHO IIPOJIETAIOT CKBO3b
Testo 3emuin. Ho emre 6osbIiie yIUBIIA-
eT MeHs TO, YTO, HECMOTPSA Ha UX IIPU-
3pavHOCTh, MBI CIIOCOOHBI OOHAPYKHU-
BaTh HUX, UCCJIEA0BATh U PAaCKPHIBATh
UX TaWHBI.

Bor nogyemy B TeueHue 6onee 30 JeT,
YTO A 3aHUMAIOCh (PU3UKOM, MOU HC-
CJeJOBAaHUSA HEM3MEHHO BO3BpAIAIOT-
CA K 9TUM yAUBUTEJIBHBIM YacTUIlAM.
A B TIOCJeHHE MeCAIbl HEATPUHO
BHOBb HAIIOMHWJIA MHeE, KAKUMHU CMe-
JIBIMU B CBOEM BOOOpaKeHUH IT03BOJIA-
eT HaM ObITh HAayKa.

OGofpeHHbIE BKCHEPUMEHTOM IIO-
KoMHOro PatiMoHa [[9BHCa-MIagIIero
(Raymond Davis, Jr.), IpoBeJeHHBIM
26 sleT Ha3a/[, HECKOJIbKO MOUX KOJLJIET
U [ 3a[yMaJIUCh O IPYTUX IIPUPOJHBIX
HCTOYHHKAX HEHTpuHO. OAUH U3 HUX
HaxoauJIcA 6yKBaJIbHO y HAC I10J] HOTa-
MU. PagyoaKTUBHBIE 2JIEMEHTBHI MHO-
I7ja MOPOMKJAAI0T AaHTUHEUTPHUHO (aH-
TUYaCTUIBI HEMTPUHO), U KOIZla MBI
MOCYHUTAJIM, KAKOE YUCJIO TAKUX aHTHU-
HEUTPHUHO MOT'YT ITIOPOK/JATh BCE IPEe/I-
noJlaraeMble paJIOaKTUBHBIE MaTepHU-
aJIbl 3eMJIH, OKa3aJjI0Ch, YTO OHO ITOYTH

PaBHO IIOTOKY COJIHEYHBIX HEUTPHUHO
B AuAala3oHe MajbIXx oHepruil. OpHa-
KO KOIJia MBI 3aJlyMaJHCh O CIoco6ax
oGHapyKEHHUA 9TUX YACTHIL (2 U3yIUB
HEMHOT'0 Te0(HU3UKY, f IIOHJI, YTO OHHU
MOTYT MHOTO€ paccKasaTh O CTPOCHUH
HaIlel IIAaHEeTHI), MBI OCO3HAJIN, ITO
3Ta 3ajja4a HAMHOTO CJIOKHEe 3aJjadu
JloBrca o OGHAPYIKEHUIO COTHEYHBIX
HEUTPUHO (KoTOpas ToxKe Obljaa BeChb-
Ma HernpocTo). ITosToMy MBI Hamuca-
JIU CTAThIO, IJie YTBEPKIAIN, UTO Ta-
KOe HCCJIe/JOBaHUe He MOXKeT ObITh 0CY-
IIIeCTBJIEHO HUKOT/IA.

OpHaKO MBI IPEIOKHUIIN ele 6oiiee
9K30TUYECKUI MCTOYHHUK. MBI 3HAIU,
YTO IIPU B3pPbIBE CBEPXHOBOU Ha POXK-
JIeHVe HEUTPUHO yXoauT B 10 ThIC. pa3
GoJIblIle 9HEPryUy, YeM Ha CBETOBOE U3-
JlydeHHe. 3HAIW MBI U TO, YTO, KaK
IpeAIoJaraloT acTpoGU3UKU, B3PHIB
CBEPXHOBOIl ITPOHUCXOJHUT IPHUMEPHO
Pas B CTO JIET Ha TaJaKTUKY. I XOTd HU-
KTO HUKOTZa He U3MePSAJI IOTOKOB Hel-
TPUHO OT TAKUX B3PBIBOB, 1 B TO BpE-
M He GBIJIO CPEJICTB IPSAMOT0 3KCIIEPHU-
MEHTAaJIBHOTO HAGIIOACHUSA IIPU CTOJIb
MaJIoil YacTOTe B3PHIBOB CBEPXHOBBIX
B raJaKTUKAaX, MBI IOIBITAINCEH OIle-
HUTBH CYMMAapHBII IOTOK HEHTPUHO Ha
3eMJjle OT BCeX 3Be3J, B30PBABIIHXCS
B Xofle KoCMHYecKol mctopun. Torma

A AyMaJl, 9To 9TO Obljaa, HECOMHEHHO,
camas HeBO3MOXKHAS OIleHKa M3 BCEX,
KaKue 1 KOrjia-1160 BBIITOTHS.

Bepuemcsa k HacTosAIeMy BpeMe-
HHU. B 5TOM rojy THUTaHTCKHUU KUJI-
KOCTHBIN CIIMHTHUIAIUOHHBINU JETEeK-
TOop Borexino B ropHom maccuse I'paH-
Cacco-a'Urtanusa, npegHasHAYeHHBIN
JU1A yJIaBJIUBAaHUSA COTHEYHBIX HEHTPU-
HO, BBISIBUJI «3€MHBIe» HEHTPUHO (BEpPO-
ATHOCTDH UX IIPOUCXOKACHUI N3 IIpyl"I/IX
HCTOYHUKOB OLICHUBAETCA MEHee YeM
B 0,0001), mogTBEpAUB MEHEe TOYHBIE
JIaHHBIE, IT0JIy YeHHbIe paHee B oHuu.
VMHTEHCUBHOCTB UX IIOTOKA YAUBUTEIb-
HO XOPOIIIO COIJIACyeTCH C OLIEHKaMU Ha
OCHOBE KOCBEHHBIX U TEOPETUYECKUX
reoU3NYIECKUX COOGpaKEeHUN O CTpoe-
HUU 3eMJIN.

TeM BpeMeHEM YyBCTBUTEJILHOCTH
BOJIHOT'O AIIOHCKOTO JIeTeKTopa Super-
Kamiokande (Super-K) maccoii 50 ThIC. T
ObLyIa TIOBBIIIIEHA HACTOJBKO, UTO OH
okasajica crocobeH o6GHApyKHUBATh
BCETo OJJHO AaHTUHEUTPHUHO OT B3pbIBA
CBEPXHOBOM B I'0JI, UYTO HE TaK JlaJIeKO
OT OLIEHKU KOCMHYeCKoro ¢oHa, CTOJIb
NpUOGIN3UTEIBHO CIeJIAHHON HAMM I10-
KoJIeHue Ha3a/. [IpumeyaTesbHo, 4TO B
HPOMEIKYTKE MEMKAY 9TUMHU COOBITHA-
MU, a UMeHHO B 1987 1., 66111 06Hapy-
JKeHbI HEHTPHUHO OT B3PhIBA CBEPXHOBOH
Ha Kparlo HaIe 'aJakTUKH, a CerogHs
CIIOKHEHNIIe MeTOABl OTOOpakeHUs
¥ aHAJIMU3a [T03BOJIAIOT HAM 0GHAPY K-
BaThb B3PBIBBI CBEPXHOBBIX B [IpyI‘I/IX ra-
JJAKTUKAX U TEM YyTOYHATH CBEACHUSA
06 ux yactore. OKasajaoch, YTO IpeJ-
CKas3aHHas 4acToTa, C KOTOpoH Super-K
JIOJI3KEeH PeTMCTPUPOBATh AHTUHEHTPU-
HO, OY€Hb XOPOIIIO COIJIacyeTcs C Ha-
el rmepBoHavYaJ IbHON IpeABapuTeIb-
HOM OIEHKOM.

Korma-To 1 coBepIIEHHO HEe BEpUJI
B TO, YTO MBI KOTJa-HUOYIb CMOKEM
X0TsA ObI OOHAPYKUBATh TAKHE BEIH,
WJIM YTO Bepa B pyHIaMeHTaIbHYIO0 G-
3UKY, BJIOXHOBHBIIIAS HAC HA PACCYK/Ie-
HUSA, IOXOKHE Ha HAYYHYI0 GaHTACTHU-
Ky, HAl/IeT CBO€ IOATBEPKAEeHUE. DTO
3acTaBifgeT MNOHATh UCTUHHYIO MOIIb
HAyKH B JieJle U3y4YeHUs HeBooOpasu-
MBIX IIpekJie obIacTell OKpy:KaroIei
Hac TAWHCTBEHHOIN BcesieHHO!N, Ha-
CeJICHHOM He IIpU3paKaMU U JyXaMH,
a ropas/io 60jiee HHTEePEeCHBIMH 00bEK-
TaMHU. ®
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AHOHCI

FoTOBUT NPOCBELIEHBS AYX,
1 onbIT, ChbiH CLUNBEK TRYAHBIX; N\ o
I reHVUIn, N3P3AGKCEOB APYT,

N cay4yai, Bor N306peETarens...

...0 CKOABKO HI! KPbITUA YYAHBIX /) ( A5

¥

O4YEBWAHOE-HEBEPOATHOE

HA KAHAJIE «POCCUS-K» MO CYBBOTAM 15.20 NPOrPAMMA C.N. KAMULbI

YuTanTe B cnegylowem BbinycKe XypHana
KAK MOPE CMACJIO YENIOBEYECTBO

CypoBble KnMMaTU4eCcKe U3MEHEHNS MOTIN CTEPETb € nuua 3emnn CoBCeM
HeAaBHO nosiBMBLLIErocs Homo sapiens, ecnu 6bl Ky4ke yaa4simBbiX OXOTHUKOB-
cobupaTtenen He NOCHACTAMBUAOCH HAUTK cebe ybexuLle B MaNINNYECKOM Yyronke
AdprKaHCKOro KOHTUHEHTa

MNAHETbI, KOTOPbIE Mbl MOl bl HA3BATb JOMOM
[ocTaTo4HOoe KONMYECTBO NiaHeT Hallel ManakTMKu MOryT oKasaTbCsi MOXOXUMMU
Ha 3eMsiio — 1 gaxe NpUITUTL Ha ce6e XN3Hb

TABJIETKA-POBOT

[MyTelwecTBme No 4YenoBe4E€CKOMY Tefly CKOPO nepecTtaHeT 6bITb haHTasnen

1 haHTacTUKOn. KpoxoTHble YCTPONCTBA OTNPAaBATCA B MyTb, YTOObI CTABUTb
AMarHos, AoCTaBnATh K LieNn fiekapcTsa 1 Aaxe oCyLLeCTBAATb XMpypruieckoe
BMeLLaTenbLCTBO

On

Unraitre ‘r YIrPO3A OJ11 OKEAHA

: == YBenuyeHve BbIGPOCOB YrIEKMCNOro ra3a nosbIllaeT KUCNOTHOCTb Bog Muposoro
oKeaHa ¥ NofiBepraeT OMacHOCTV OFPOMHOE KOJIMHECTBO BUAOB — OT MNaHKTOHa [0
KanbmMapos

XAKEP B BALWLEM «)XEJNE3E»

Kak 6yaTo Ham He xBaTano 6ef, NPMHOCUMBIX BUPyCaMu, BPeasLMMU NPorpamMmmMHOMY
o6ecneveHunio! Okasanock, HTO MUKPOUUMbI — OCHOBA OCHOB HaLlero LMgpoBoro
Mupa — He MeHee ya3BUMbI
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KAK O®OPMUTb NOANUCKY/3AKA3 HA XYPHAN «B MUPE HAYKW» YEPE3 PEJAKLMIO

1. Ykasatb B 6naHke 3akasa/moAnuckn Te HoMepa XypHanoB, KOTOPble Bbl XOTUTE MOMYYUTb, a TakXe Ball MOSHbIA No4ToBbIA agpec. Mognucka
0ohopMAISeTCs CO CrneaytoLLero Homepa xypHana.

2. Onnatutb 3aKkas/noanucky B oTaeneHun noboro 6aHka (Ans ynobcTea onnatbl UCMOMb3ynMTe KBUTAHLMIO, OMyONMMKOBaHHy Huxe). OnnaTty MOXHO
NPOM3BECTY TaKXe NPV NOMOLLM NGOV APYrov NnaTeXHoW CUCTEMbI MO YKa3aHHbIM B 3TOM KBUTAHLMW PEKBU3UTaM.

3. Bbicnatb 3anofiHeHHbI 6aHK 3akasa/NnoanmMcku BMecTe ¢ KOMuen KBUTaHumm o6 onnare:

= o agpecy 119991, r. Mockga, yn. JlenuHckve ropsl, 4. 1, k. 46, ocdouc 138, pepakums xypHana «B mupe Hayku»;

H 10 3NeKTPOHHOM noyTe podpiska@sciam.ru, info@sciam.ru;

m 1o pakey: (495) 939-42-66.

CtoumocTb NoANUCKK Ha BTopoe nonyrogue 2010 r. u nepBoe nonyroaue 2011 r.:

[ns cmandeckmx nuu: 1140 py6. 00 Kon. — focTaBka 3aKa3Hon 6aHAeposbio®.

[ns topugnyeckunx nuy;: 1500 py6. 00 kon.

CTonMOCTb OAHOMO HOMepa XypHana: 3a 2005-2006 rr. — 50 py6. 00 kon., 3a 2007 r. — 70 py6. 00 kon., 3a 2008 r. — 80 py6. 00 kon.;

3a 2009 r. — 100 py6. 00 kon. — nepsoe nonyroaue, 110 py6. 00 kon. — BTopoe nonyroaue; 3a 2010 r. — 120 py6. 00 kon. (6e3 y4yeTa fOCTABKM);
CTOMMOCTb MOYTOBOIA jocTaBku no Poccun — 70 py6.

Homepa xypHana 3a 2003-2004 rr. npefocTaBnA0TCA B peAakumy 6ecnnatHo (Mpyu Hanu4um).

BnaHk NOANMUCKM Ha XypHan pasmeLleH Ha cainte www.sciam.ru.

YBaxaemble nognucymku! Mocne NoATBEPXKAECHUA NNaTeXxa Bbl 6yAeTe NoslyyaTb XKYpPHasN eXXeMeCs4HO C JOCTaBKOW Ha OTAEeNeHWe NOYTOBOI CBA3MW.

* Ecnv Bawa 3asieka o noanucke nonyyexa ao 10 yncna mecsaua, To, Ha4MHAA CO cneayoLero mMecaua, ¢ No4YTbl BaM Ha4yHyT NpUxoauTb yBeJOMIIEHUA O 3aKasHon
6aH,ElepOJ'IVI. Takas cuctema AO0CTaBKW XYypHanos rapaHTupyet 100%-Hoe nony4eHwue. 3a A0CTaBKy npocTon 6aH,Elep0J'IbN) pefakuus OTBEeTCTBEHHOCTU He HeceT.

BJIAHK 3AKA3A HOMEPOB XYPHAJIA

51 3akasbiBato cneayloLme HoMepa XypHana «B Mupe Hayku» (OTMETUTL rasiodkon): ®.N.0.
- 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 Vhaexe
O6nacTb
[opon
Ynvua
Lom Kopn. Ke.
Tenechon
E-mail:
e * NOAMUCKA HA XXYPHAN
3A0 «B mupe Hayku» «B MUPE HAYKW»
£ NG BTN T Mooksa HOTO2EIK 04402187 | m o HTepHeT Marasuax
KoppecnoHpeHTckunin cyet 30101810700000000187 www.russische-presse.de.

MHH  7709536556; KM 770901001 -
B KHUXHBIX MarasuHax
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| Hay4HOro ueHTpa

I «®OUSMATKHUIA»,

I Ten.: 409-93-28.

! M no karanoram:

' «Mpecca Poccun»,

' nognucHoii Haekc

: 45724 — pna dums. nuu;
. 39869 — ana op. nuu;

, «Pocneyvatb»,

| NOANMUCHOWN MHAEKC
81736 — pna cms. nuuy;
;19559 - ans op. nuy;
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®damunus, N.0., agpec nnatensLumka

Bup nnatexa Oata Cymma

Mopnucka Ha XypHan
«B mupe Haykun»
Ne rog

Mnarenbwmk

MOAMMUCHON UHAEKC

3A0 «B Mype Hayku» 16575 — pna cdms.nuy.;

PacueTHblil cueT 40702810100120000141 e
8 OAO «BTB» r. Mockea BUK 044525187 — AN 10p. NN,
KoppecnoHaeHTCKuiA cueT 30101810700000000187 H Mopnucka Ha Ykpante

no KaTanory noanucHbIX
n3paHun aredtcTea KSS,
noanucHoOu nHaekc 69970.

H Mopnucka pnsa xurenen
Pecny6nuku Benapycb

ANS UHAUBMAYaNbHbIX
nonb3oBaTenen — MHAEKC
81736, pnns npeanpuaTUn

1 opraHu3aumi — nipekc 19559

B CHI u panbHee 3apy6exbe
000 «UHpopmHayKa»

Ten.: +7 (495) 787-38-73
®dakc: +7 (499) 152-54-81
www.informnauka.com

MHH 7709536556; KM 770901001
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Bug nnatexa Nata Cymma

Mopnucka Ha xypHan
«B Mupe Haykun»
Ne rog

Mnarenbwmk












