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Opbumansiste annapanv. U Mapcoxo0bt NOMOJIL YHeHbIM NOSHAKOMUINGC
C BeIUMCCINGCHHBIMU )VIKAHAMU, 1EPECOXULUMU DeKAMU, OPEBHUMU 03ePaMLL
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DOUBNKA
3ATAAKA MACCEhI

TopAOH KenH
OmiKyoa y 3nemermapHuix wacmul, Oepemcsa Macca u uem onpeoeniemcs
Omeemul Ha 3 601POCHL NO3BONAIM MeopemuKam pactuuupums Ci
MOO0C/Ib PUSUKLL ANCMEHINAPHBEX YACMIULY, KOMOPAS ONUCLIEACIN
Bcenennoii.

KAMMATOAOTNS
NOXOPOHbI TAOBAABHOTO MOTEMNAEH
Po6ept CokonoB
3axopoHeHe 08YOKUCHU )2NepoOd 6 NOPUCIbIX 20DH;
NPUOCIMAHOBUNIL NPOUECCHL 2/I00ANIIHO20 NOMENJLE

NAAEOHTOAOTUY
KAK CTATb TMITAHTOM? OlNbIT AU
A>XOH XopHep, KeBuH MNaaAnaH, ApMaH Ae Pul
Mup OuUHO3aBPOE Obl/L MUPOM BEIUKAMHOE, KO
U3 HOLHE HCUBYULUX ICUBOIMTHBLX.

MHOOPMALIMOHHbLIE TEXHOAOTUU

MUWKPOSAEKTPOHHOE KPELLIEH
pm Ctuke
CB0e06PA3HOE «<IPeUyeHie» MUKDOUUNOB 11
YMEHBULUITND DLEMEHNTbL uHmezpa/ZbeLx C

BUOTEXHOAOTUU
HOBbIE MOAXOAbI K AEHEHUIO

AHpApec AocaHo, CyHenA Kaana
Yenexu, 0ocmuziymoie 8 u3y1eHul IMuoaioe
HAa npopbze 6 ICHUCHUU 31020 cmpamHozo Hed

APXEOAOIN4
MOAEAUPOBAHUE APEBHUX COO
Tumotn Koaep, Axxopax lammepmaH, Po6ept Pe
Komnwromeproe mooenuposarie nomozaent packp
1020-3aNA0HbIX MePPUMOPULL Amepuri.

APXEOAOTIN4A

AA BYAET CBET!

AeHuc Xypaeaes, AopaH XpLUAHOBCKUMA
ITepesie oceemumensroie NPUOGOPbL NOABUNUCS OHUeHb OAGHO.
JAMIBL OPEBHOCIIU?
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PA3AEADI:

OT PEAAKLUN
MEPCNEKTUBbI NASA

50, 100, 150 AETTOMY HA3AA

COBbITUY, PAKTbI, KOMMEHTAPUA
B KocmMmunyeckumin tobraemn

B [TprYmHbI 6e6UK-6yma

B KpeMH1in NpoTYB pPaKa

m Peontouyst Ha Citroén

H [Tokonaemcs B MO3re

H [pemMnsg HaHOTEXHOAOTOM

B CnyTHUKU-MAAKOTKM

MPO®UADb

MY3bIKA CEPAEL|

OAbra 3aKkyTHsis

Arxaoemux Jleo Anmonosun boxepus, oupexmop Hayurozo
uenmpa cepoeuro-cocyoucmort xupypauu um. baxynesa,
POOOHAMANIBHUK COBPEMEHMHOLL KADOUOXUDYD2ULL.

KHUXHOE OBO3PEHUE

O4YEBUAHOE-HEBEPOSITHOE
PYKOTBOPHbIV PASYM

Amutpuit KOHCTAHTMHOB
ITo mamepuanam 6eceds. ¢ 21a601i xomnaruu ABBYY
Jlasuoom Eezerbesuuem AHoMm.

TEXHUYECKUE HIOAHCbI
CETb... CETb? CETb!

Cepren Tutos
Kax pabomaem cucmema pacnpeoeneHmix 8bluuc1eHul.

OBb3OPbI:

CMNPOCUTE 2KCNEPTOB
Omuezo 6onum 20108a?




NASA

0T PERAKIHN

nepcnekmussl MASA

HCCMOTpH Ha TO 4YTO B IOCJICAHHUE
J1Ba To/1a 610/15KeT NASA BRIPOC HA
7%, 3aIIPOCHI ATEHTCTBA PACTYT €IIe
opicTpee. Bo-nepsrIx, OHO BO3OOHO-
BHJIO TIOJIETHI KOCMHUYECKUX AT TIOB,
npexkparusmuecsa B 2003 1. mocie He-
yaagu ¢ Columbia. Bo-BTOPBIX, aT€HT-
CTBO IUIAHUPYET IPOAOIKUTD MOHTAXK
MexRyHapOAHOM KOCMUYECKOM CTAH-
oUU, Ha 60PTY KOTOPOU HAXOAUTCS
SKMIIAXK U3 IBYX YEJIOBEK, 4 CAMA CTAH-
LU OOCIYyKUBAETCSA POCCUUCKUMU
KOCMHYECKUMU anmnaparamu. M B-Tpe-
ThUX, nIpesugeHT CHIA /Ixopax Byt
pacniopsaniIcs, YToObl NASA 3aHAIOCH
pa3pabOTKOU HOBOTO anmnapara Crew
Exploration Vebicle (CEV), cHOCOO6HO-
IO JOCTABIATb KOCMOHABTOB Ha Jlyny
M J1ake Ha Mapc.

HeT HUYEro HEOKUJAHHOIO B TOM,
4TO AT€HTCTBO MNEPEKIIOUYUTIOCh Ha
Pa3paboTKy TUIOTHPYEMBIX KOCMHYEC-
CKMX aMIIaPATOB, IOCATHYB Ha OIO[KET
OECNUJIOTHBIX IPOrpaMM. B 61o1:xeTe
NASA Ha 2006 (PUHAHCOBBIH IO IIPEJI-
MOJIATa€TCSA COKPAllEHUE CPEACTB Ha
OKOJIO3EMHBIC CIIYTHUKU W MEKILIA-
HETHBIE 30H/bI, YTO BBI3BIBACT IPOTECT
cpenn ydeHblX. Koneuno, uccueno-
BATEJIM CTPEMATCSA CIACTH CBOU IIPO-
€KTBhI, KAKOBA ObI HU OBIJIA pEaJIbHASA
HX IIEHHOCTB, U HHOTA NASA TOMKHO
UJITHU HA JKEPTBBI, YTOOBI €0 OI'PAHU-
YEHHBbIC CPEJCTBA MOIIJIN UMEHHO
H4 T€ IIOJIETBI, KOTOPBIE C HAYYHOM
TOYKM 3pEHHUs Hauobosiee neHHsl. Ho
TO, 4YTO AT€HTCTBO PACCMATPUBAET
JIA’KE IJIAHBI 3AKPBITUS ITPOTPAMMBI
BospkepoB, KOTOPbIE BBIILIN AAJIEKO
3a rpaHun bl COMTHEYHON CUCTEMBI,

CBUJICTEIBCTBYET O TOM, YTO IIPHOPH-
TETbI NASA BCEPbE3 BBIXOAAT 34 PAMKU
Pa3yMHOTO.

CrnenyeT CKOpee COKPaTuTh (pu-
HAaHCHUPOBAHUE NIPOI'PAMM IATTIOB U
MKC. B reuenue ciae1ylomux naTu JeT
NASA NNaHUPYET 3aIyCTUTD 25 MaTT-
JIOB /11 JOCTABKH H4 OPOUTY CTPOU-
TEJIbHBIX (DEPM, COJIHEUHBIX OaTapelt,
CTBIKOBOYHBIX y3JIOB U JIAOOPATOPHBIX
MoAyJIeH, HEOOXOJUMBIX JJIS 3aBEP-
meHUsA MOHTax4a. IIaTT/abl U CTAHIUA
«cpeaoT> 40% 6101keTa NASA, a 1o
3aIJIAHMPOBAHHOI'O OKOHYAHUSA IKC-
mryaranyuy (martios — B 2010 T, cTaH-
nuu — B 2017 1)) 6yzeT NOTPad€eHo, 1o
Kparine mepe, 340 mipg. YTo 1o cpas-
HEHHUIO C 3TUM $4,2-MHUJUTHOHHBII I'O-
JIOBOY 6101KET BosA1:KkepOB?

Korga B 1998 r. Hauyanack c60pKa
MKC, NASA onipaB/ibIBAJIO 3ATPATHI, 00-
pamas BHUMAaHHUE HA IOTCHIUAJIbHbBIC
€e IPEUMyIIECTBA [JId UCCJIETOBAHUSA
MPOBOAUMOCTH MATEPUAJIOB U BBIPA-
IMUBAHUA IPOTECUHOBBIX KPUCTAJIJIOB.
CerogHs areHTCTBO O(PUIHUATBHO
3a5BJISACT, YTO MEAULIMHCKUE UCCIIE-
JOBAHUA KOCMOHABTOB H4 CTAHLIUU
noMoryT NASA moArOTOBUTH ITUJIO-
TUPYEMYIO MUCCHIO K Mapcy. MHOrue
YYEHBIEC CYUTAIOT, YTO HET Oy TUMBIX
pE3YIBTATOB, CIIOCOOHBIX ONPABAATD
3aTPAaThl HA OPOUTAIBHYIO J1A60PATO-
PHIO. A ITITABHBIM IPENATCTBUEM IS
KOCMHYECKUX ITyTEIECTBUU K APYTUM
MJIAHETAM OCTAETCH YI'PO3d MOHHBIX
O60MbBAPAUPOBOK B OTKPBITOM KOC-
MOCE, KOTOPYIO HEJIb3d UCCIEIOBATD
Ha CTAHIUH, 3AMUIIEHHON MarHUTO-
cpepoit 3emnu.

Discovery Ha CTApPTOBOM MAOLLLOAKE.

CokpaimeHue 010/ KeTa MaATTI0B
1 MKC MOXET NIPUBECTH U K JTUIIJIOMA-
TUYECKUM Hpobiemam: EBponerickoe
U SIMOHCKOE KOCMUYECKHUE AT€HTCTBA
YK€ CKOHCTPYUPOBAJIN JOPOTHE JId-
OOpaTOpHBIE MOJYAN U NOJAIHUCAIN
OaprepHoe cornameHue ¢ NASA no
06€CNEUYEHUIO UX JTOCTABKU K CTAH-
nuu. OJHAKO €TO0 €IIe MOXKHO Iepe-
cmorpeTb. Ecnin NASA orpanuuur
YHCJIO MOJIETOB WATTIOB K CTAHLIUHU
JIO WIECTH U CEMHU (YTO AOCTATOYHO
JUISL 3ABEPIIEHUSI OCHOBHOI'O MOHTA-
JKa), TO OCBOOOJUBIINECA CPELCTBA
MOXKHO OyJIeT HAIIPABHUTDb KAK HA IIH-
JIOTUPYEMBIEC, TAK U Ha 6CCIHIOTHBIE
uccienosanus. NASA MOrio Obl yCKO-
puTh pa3zpaboTky CEV 1 HOBBIX OO0JIb-
LIETPY3HBIX PAKET, CHOCOOHBIX 3aI1y-
CK4Tb KaK MEKIIJIAHETHBIC AIIAPaTHhI,
TAK U MOAYJIH JIJIT KOCMUYECKOU CTaH-
nuu. Mccmenosanue, NpoOBEICHHOE
B 2004 r. nog marponHazkem [ iraneTHoro
O6IIECTBA, 3AIUIAECT UMEHHO TAKYIO
crparerulo. B anpene 2005 1. Mank
I'puddun, O4UH U3 IUAECPOB ITOI'O UC-
CJIeJOBAHU S, BO3ITIaBUI [NASA. Bl

B Mupe Hayku
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OKTS4BPb 1955

AAEPHAY KOH®PEPEHLUMUS. TIpomepmas B JKeHeBe
Mex/1yHapoHasE KOH(pEPEHITUS IO MUPHOMY HCIIOIb30-
BAHUIO ATOMHOU HEPIUH COOPAsIa TYUIINX YUEHBIX CO BCE-
ro Mupa. HacTosmyo CEHCAIUIO ITPOU3BEJIO BBICTYIJICHUE
4jieHa KabMHEeTa MUHUCTPOB MH1n JokTOopa XoMu bxaoxa,
KOTOPBIN BBIPA3WUJI YBEPEHHOCTD B TOM, 4TO 4epes 20 jieT
YEJIOBEUYECTBO HAYYUTCS UCIIOJIB30BATH SHEPIUIO YIIPABIISI-
€MOT'0 CUHTE3a TSKEIBIX si/iep Bojopoaa. Eciau npeacka-
3aHHE UHJUUCKOTO YYEHOI'O COYJIETCS, TO Y HAC MOSBUTCS
MOUCTUHE HEUCUYECPITAEMBIF UCTOYHHUK SHEPTUH.

CAYYANHAS HACAEACTBEHHOCTb. «<Ha KaKOM OCHOBAHUU
MBI CYUTAEM CJIYYAHHBIM HACJICACTBEHHBIN MATEPUAJI, IPO-
JYKT MUJIJIMOHOB JIET €CTECTBEHHOI'O OT60Pa? PaccMoTpuMm
qucio 1 (3,14159265...), TOCIEJOBATEIHLHOCTD ITUQP KOTO-
pOro ABJIAECTCSA A0CONIOTHO CIY4aHHOU U HE NOJUYHUHACT-
Cs1 KAKOM OBl TO HU ObLJIIO 3aKOHOMEPHOCTH. [IpeicraBpre
OE3yMHOI'O MATEMATHKA, KOTOPBIA B IIOMCKAX <«I1OJIE3HBIX
4Hce» IepedupaeT clydarHple HUMPOBbIE NOCACA0BA-
TEJbHOCTHU. Korga-uubyab OH HEIPEMEHHO HATKHETCH Ha
YMCJIO 7T U SKCIIEPUMEHTAIBHO YOEJUTCA B €I'0 ITOJIE3HOCTU.
Tak 1 B )KUBBIX OPIraHU3MAX TBICAYETIETHSA CIyYaUHbIX MY-
TALUHU IPUBOJAAT K BOSHUKHOBEHMUIO IOCIEJOBATEIBHOCTEHN
HYKJIEOTHU/IOB, KOJUPYIOINX HOBBIE IIOJIE3HbIE SH3UMBI>. —
Jxopmx amos.

OKT4BPb 1905

3EMHAS XWU3Hb. HeraBHO MOYTEHHBIN JOKTOP YOJiac,
COABTOP JIAPBUHOBCKOI TEOPUU O MPOUCXOXKJECHUU BU-
JOB, BBICKA34JI MBICJIb O TOM, YTO HaAIla IIJIAaHETA — COHUH-
CTBEHHOE MECTO BO BceneHHOM, MPUTroJHOE JJIA )KU3HU.
Cenyac OH yK€ OYEHb CTAp U, HOAOOHO nopay KebBURHY,
CKJIOHEH BH/IETH B yCTPOHUCTBE MATEPHUAIIBHOI'O MU PA BOJIIO
IIposupenusa. [TocnegHee BRICTYIJICHUE JOKTOPA Youiaca
BBIZBAJIO JKAPKHC CIIOPBL: OMHU CHUTAIOT, YTO y‘fICHI)II;I BI1AJI
B CTAPUYECKHUI MApPaA3M, PYI'Ue€ — YTO OH HAKOHEI-TO IO-
YMHEL.

OKTABPb 1855
MYXOAEPA. [Ix. PerrepT, ackBanp u3 Jlaukacrepa, mrar
TleHCUAbBAHMA, IPUITMCHIBACT PACIIPOCTPAHEHHUE XOIEPDI

OnNpOKNABIBAKOLLASICS KPOBATL — CPEACTBO OT AEHM, 1855T.

MaJIEHBKUM AJOBUTBIM MYIIKAM, 4 B KAYECTBE IPOTUBOALUA
IpeIaraeT UCIIOAb30BATh U3BECTKOBYIO BOAY. JJaHKacTep
CTOUT HA U3BECTHAKAX, U B HEM €III€ HU Pa3y HE ObLIO 34-
(PUKCUPOBAHO OOJIEE AECATU CJIyIAEB XOIEPDI, XOTS MECT-
HBIE JKUTEIN 4aCTO O6b1BaIU B Puiagenbduu u baarumope
BO BpeMA anuAeMun B 1832 n 1852 1. PerrepT CYUTACT, 4TO
XOJIEPHBIE MYIIKHU POATCH B BO3AYXE, HO UX HEBO3MOXHO
OTJIMYUTD OT YACTHUYEK MNBbLIU. JIIOAU 3apaKAIOTCA, KOIa
BJBIXAIOT UX UJIX IIPOIJIATBIBAIOT BMECTE C €I0H U TUTHEM.

BOEHHBIE ®OTOTPADUN. «IIIOTAAHICKHUI BECTHUK> COOO-
[AET, ITO KOMAHAUP JIAHKANIHPCKOT'O MOJIKA OPUTAHCKUX
OITOJTYCHIIECB, MHOTHE U3 KOTOPBIX COEKAH ITOCIIC IOy Ye-
HUsI TIEPBOTO KE JKAJIOBAHbBSI, IPU/TYMAJT Ha/ICKHBI CLIOCOO
[IOUMKH JE3EPTUPOB. Ternepp Kask/J0ro HOBOOGPAHI[A CHU-
MAIOT HA JAr€PPOTHUITHYIO IIACTUHY. ECIU peKpyT BAPYT
PEIIUT COEXKATh, €ro JATEPPOTHUIT OY/IET JTOCTABICH MECT-
HBIM MTOJUTEHCKUM, KOTOPbIE 6€3 TPy Y3HAIOT U CXBATSIT
oeriena.

FPO3A AEXEBOK. Ha myuiocTpanuu U300paskeHa HOBAs
KPOBAaTb, KOHCTPYKLIMA KOTOPOH ObLJIA HEJABHO 3aI1ATCHTO-
BaHa. ECJIM 4eJI0OBEK UTHOPUPYET 3BOH OYyJUIbHUKA U IPO-
JIOJIKAET CHATh, CPA0ATHIBACT CIICLIUAIbHBIN MEXAHHU3M,
JIOJKE ONPOKUABIBACTCA, M HE3AAAYINUBBIN COHS MAJA€T Ha
o Jlentsu, 6eperurecs! M

4 B Mupe Hayku
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COBLITHS, DAKTDI, KOMMEHTAPHH

opARy3ckAS IEBONTHIILLY

ABTOoMO6UIbHASA MapKa Cilroén cymena
BHCAPUTDH B CBOU MO/IC/IN PA3HBIX JICT
BHYIIUTC/IBHOC KOJIUYCCTBO MHHOBA-
LIUOHHBIX Pa3paboToK. Cpein HUX —
HEPEAHUI NPUBOJI, TMAPOITHEBMATU-
4ecKas IOJBECKA, aJalITUBHBIE (DapHI,
CHCTEMA KOHTPOJIA KyPCOBOM yCTOM-
YHUBOCTH. CCFOI[HSI MN3BECTHAA CBOUMH
3KCTPABATAHTHBIM JIM3aHHOM U IIepe-
JAOBBIMU TCXHUYCCKHUMHU PCHICHUAMU
dpaHLy3CKas MapKa NPOJOKAECT
YAUBIATD ABTOMOOHIBHBIX IKCIICPTOB.
DTHUM JIETOM MEXKAYHAPOJHAA IPECCa
OblJIa IPOUH(MOPMHUPOBAHA O HOBOM
KOHIICIITYAJIbHOM PCHICHWUU, BHCIPC-
HHE KOTOPOI'O B CEPUIHOE IIPOU3BO/I-
CTBO KOHLIEPH Peugeot-Citroén niaHu-
pyet uepes 10 nerT.

YV aBTOMOOMUAA-KOHIENTA
Citroén C5 by Wire neganei HET BO-
obmie, 2 CTABIIYIO IPUBBIYHOM 34
MHOTHE JICCATUICTUS «OAPAHKY»
3aMEHAET KOHCTPYKIMA, HATIOMU-
HAOOIad mMTypPpBaJIbl BOCHHBIX WU
MACCAKUPCKUX CaMOJeTOB. CTOUT
OTMETHUTD, YTO YK€ HECKOJIBKO JICT
pyJleBO€E KOJIECO HA ABTOMOOUIIAX
«CEPbE3HBIX» MAPOK CTAJIO MHOTO-
(DYHKIMOHAIBHBIM. PACIIONIOXKEHHDIE

Ha HEM PETYIATOPHI U KHOIIKH ITIO3BO-
JIAIOT BOJUTENIO KOHIIEHTPUPOBATD
BHUMA4HHE HA JOPOI'E€ U HE OTBJE-
K4TbCA NPU HACTPOUKE IPUEMHHUKA,
Teae(OHHOM OOIIEHUU U JAXKE IIe-
peKIIoYeHnU nepegad. B To xe Bpe-
Md IITYPBAJ KAK JU3dNH-pECIIEHUEC
YK€ NIPUMEHAJCSA B KOHIENT-Kapax
Pa3HBIX HIPOU3BOAUTENEH KAK OJHO
U3 HAIJIAJHBIX OTJIMYUHN OT CEPUII-
HBIX Mozeaer. Ho Hukorga oH eme
HE OBl CTOJb (DYHKIIMOHAJICH, KaK
Ha Citroén C5 by Wire.

3aMOK 3aKHUTAHUA HAXOJUTCH
MEX/Y IEPEAHUMU KPECIAMU, CIIpa-
Ba OT «PyYHHUK2». Ppluar aBTOMaTH-
4YeCKOU KOpOO6KM nepenad (OH Ha
OOGBIYHOM MECTE) HEOOXOAUMO Nepe-
BECTH B ITOJIO)KEHHE D. 3aTeM, 4TOOBI
ABTOMOOUJIb TPOHYJICA C MECTA U Pa-
30THAJICS, HYKHO HE JaBUTDb HE€Ja/Ib
B OJI, 4 OOJBIIUM HAJIBLEM IIPABOI
WU/ JIEBOU PYKHU HAXKUMATb HA OLHY
U3 IUIACTUH HA JIMIIEBOU YACTH WITYP-
Baj1a. OHU BBIZEICHBI CBETJIBIM U CUM-
METPHUYHBI 3BYKOBOMY CUT'HaJy. s
TOI'O YTOOBI 3ATOPMO3HUTD, HY’KHO I10-
TAHYTb HA Ce€Osd OJJMH U3 «JICIECTKOB>
Ha BHYTPEHHEHU CTOPOHE HMITYpPBaJd,

U, KCTATH, TAKOE JBUXKCHHUEC «HA
cebs1» 6oJiee JOTUYHO /111 OCMBIC-
JEHUA HAYMHAIOIMIMM BOOIHUTCIICM.
[ToBOpaYMUBATh ABTOMOOUIb MOKHO,
IMOKAYHUBAS «pPOra» BIIPABO-BJIEBO,
a4 JJIg TOBOPOTA KOJIEC U3 OJHOTO
KPAaMHETO ITOJIOXKEHUA B Pyroe Jo-
cTaTo4HO 1/3 o60opoTa mWTypBaId.
CUTHAJIBI TOBOPOTA, OCBCIICHUS
U YHOPABJICHHUA CTCKJIOOYHUCTUTCIIA-
MU TAKXKE PACHOJATAIOTCA HA «PO-
rax» mrypsaja. Pyaesoe ynpasieHue,
TOPMOXKEHHUE U YCKOPEHHUE HOBOT'O
($ppaHIIYy3CKOrO KOHIIENTA C HENIPHU-
BBIYKU KAXKYTCSI OCOOEHHO OCTPBIMU
U YYTKUMH. DTO XAPAKTCPHOEC OTIIH-
4ue IACKTPOHHOTO YIIPABICHUSA OT
CHUCTCM C MCXAHUYCCKHUM IIPUBOJIOM

U TUAPABIUYCCKUM YCUJIICHUCM.
HoBas cuctema yupasaCHUS, OCBO-
6o gaomas 60JblIe IPOCTPAHCTBA
B IIEPEAHECI YACTH CAJIOHA, HE TOJIBKO
ITO3BOJACT COKPATUTBD JIJINHY aBTOMO-
ounsa B cpegHeM Ha 15 €M, HO M YMEHb-
MACT PUCK TPABMATUYCCKOTO BO3-
JICVCTBUA IIEAAJIEN HA BOAUTEIA IPHU

JIOOOBOM CTOJIKHOBEHHUH.

AMUTPUIN KOHCTOHTUHOB
wWww.citroen.com

B 2MYOUAI mosra naseron

COyrayTp MyXy, HE pa3MaxXuBas pPy-
KaMH, ITOMOXKET ya3ep. CTOUT JTUIIb
BBCCTH B HCPBHYIO CUCTCMY MYXH
CBETOAKTHBHUPYEMOE BEIMIECTBO, KAK
310 caenanu Croszana Jimma (Susana
Lima) u Jxxepo Museszenb6ok (Gero
Misesenbodeck) uz Menbckoro yHu-
BepcureTa. Mccenenosarenu mogudu-
ITUPOBAIU IIJIOJOBBIX MYIICK TAKHUM
06pa30M, YTOOBI UX HEUPOHBI IIPO-
U3BOJUJIN OCOOBIA 6EIOK, KOTOPBIH
IMOCa€e AKTUBAINU AJJCHO3UHTPH-

pocparom (ATD) HAUMHAET TPOBO-
JUTD ICKTPUIECKUE CUTHABL 3aTEM
OHHU Pa3pPaboOTAIN CBOCOOPA3ZHYIO XHU-
MUYECKYIO «JIOBYIIKY» JJIsI MOJIEKYJI
AT®, xoTOpasA Pa3pylIacTCA IO BO3-
JEUCTBUEM YIBTPA(PHUOIECTOBOTO Ja-
3€PHOT'O U3JIYYCHUA. YYEHBIC BOCIIOb-
30BaJIUCh PEPIIEKCOM MYXH «yJIeTaAl !>,
KOTOPBIN 3aITyCKACTCA IIEHTPAJIbHBIM
HEPBOM HACEKOMOT'O, IAXKE ECINy He-
I'O yZjaJ1eHa ronoBa. OCIENICHHBIE NN
O6€3IVIABJICHHBbIEC MYXHU, OOIy4aeMbIC

Ja3epom, yb6eraau Ui B3JETAIH.
BosgencTBys HAa TEHETUYECKUA aTl-
napaT MYIIKA U aKTUBUPYS PA3THUY-
HBIC O6JIACTU MO3ra, UCCIICTOBATCIIN
34CTABIAIN COHHBIX MYX JICTATb ObI-
cTpee. YY4EHBIE OTMEYAIOT, YTO MPHU
U3YUYCHUHW MO3T'a OITUCAHHAS JIA3CPHAS
METOJIMKA IO3BOJISET IOOUTHCS Hosiee
TOYHBIX PC3YJIbTATOB, YCM IIPU BBC/IC-
HUH 3JCKTPOJIOB.

Ak, P. MuHKkenb
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Ym0 noBeqUM runceronmo?

BOpOTbCA € MOBBIIEHHBIM APTEPU-
AJIBHBIM JJABJICHUEM MOKHO C IIOMO-
LbIO I'PYAHOIO MOJIOKA. Tak cuuTaor
HUCCIEJOBATEIN U3 HOBOCUOUPCKOTIO
HWucruryra dpusunonorun CO PAMH,
HMHCTUTYTA HUTOJOTHUN U I'€HETUKHU
CO PAH u HoBocubupckor rocynap-
CTBEHHOM MEJIMIIMHCKOM AKaJIEMUH .
Kak npaBuJio, runepToOHus IPOaB-
JIAETCA IIPU CO3PEBAHUN OPTAHU3MA,
HO I'€HETHUYECKHE JE(PEKTHI, CIIOCOO-
CTBYIOIIHE 3TOMY, IPOABJIAIOTCS €LIE
B JETCKOM BoO3pacTe. Kpome Toro,
Pa3BUTHUE THIEPTOHUU BO MHOI'OM
3aBUCUT OT TOPMOHAJIBHOI'O (pOHA,
a OOJIBIIMHCTBO TOPMOHOB MJIA/ICHEL]
MOJIYYAET C MOJIOKOM MATEPU.
H3BECTHO, YTO Y B3POCJIBIX KPbIC
C HACIEACTBECHHON NHAYIMPOBAHHOM
CTPECCOM APTEPHUATBHOIN TMIIEPTCH3U-

ert (HUCAT) aprepuanbHOE 1aBJICHHE
cocrapasgeT 170 MM PT. CT., 4YTO CBA3AHO
C HOBBIIICHHBIM YPOBHEM I'OPMOHOB
IUTOBUIHOM KEJIE3bl, B TO BDEMS KaK
Yy OOBIYHBIX KPBIC — 118 MM PT. CT.
HoBocubupckue (pu3noIori npose-
JIA psAJL ONBITOB. OHU PA3JEIHIIN IIOTOM-
CTBO KpbIC 11O anHuK HUCAT: nourn
MECHALL YaCTh JCTEHBIIIECH BCKAPMIIN-
BaJIM UX POJHBIC MATEPH, 4 OCTANIb-
HBIX — IIPUEMHBIE, Ub€ 1ABJICHUE ObLIO
B HOpME. 1O JOCTUKEHUU B3POCIIOTO
BO3pacTa (6 MECSIIEB) OIBITHYIO I'PYII-
Iy IIPOBEPUJIA 11O BCEM IOKA3ATEIIAM:
U3MEPAIN APTEPUAIBHOE 1dBJICHHUE,
cauMann OKI, onpenensaiv ypoBeHb
T'OPMOHOB B KPOBM. Pe3ynbraThl noKasa-
JIM, 4YTO APTEPUAIBHOE JABJICHUE I'PbI-
3yHOB HMCAT, BCKOPMJIEHHBIX JJIOHOPA-
MM, OBIJIO HHIKE, YEM Y IOTOMCTBEHHBIX

TUIICPTOHUKOB, U HAXOJNJIOCH HA

TPAaHUIC HOPMBI U TUIICPTOHHUHU.
JlanpHENINE NCCACTOBAHUA TIOMOTYT
MOHATD, KAKME UMEHHO (DAKTOPBI BbI-
3BIBAIOT PA3BUTUE THIEPTOHUU U KaK
BHCIIHHWC YCJIOBUSA MOT'YyT USBMCHUTD I'C-
HETUYECKYIO MTPEAPACIONIOKEHHOCTD.
Ecnn npeanonoxenus uccuneoBaTeic
MHO/TBEPASTCS, TO JJETH THIIEPTOHUKOB
CMOTYT C PAHHETIO JICTCTBA MOJIy4aTh
KOPPEKTUPYIONLYIO TEPATIUIO.
KapwHa TBaHOBA

KPEMHUL  tepanng paxa

Aabopartopwusl
TBEPAOTEABHbIX
HOHOCTPYKTYP

MI'Y ncnoabsyet
HOHOCTPYKTYPbI B QAT

B nabopatopuu TBEpAOTEITBHBIX HAHO-
cTpykTyp MI'Y (kadenpa obmen pusu-
KU 1 MOJICKYJISIDHOU SJICKTPOHUKHU (U~
3UYECKOTO (PAKYIBTETA) MPEATOKECHO
HCTIOJIb30BATh HAHOYACTHUIIBI KDEMHUS
B (DOTOAMHAMHUYECKON TEPAMTHU PaKa
(®AT). [Tpu OCBEIMEHHUH TIOPAKEHHOI'O
Y9aCTKA TeIa Ta3CPHBIM HU3ITYICHUCM
C JIJIMHO¥ BOJIHBI, COOTBETCTBYIOIICH
MUKy NOTJIOmEHUd (POTOCEHCUOU-
JIN32TOPA, YYBCTBUTEJIBHOTO K CBETY,
B IIOPaKEHHOM OPI'aHE CO3/JACTCH
OYaTr XUMUYECKH AaKTUBHOT'O KUCJIOPO-

/12, pa3pymIamoero onyxonab. OgHAKO
HOTOCEHCHOUIU3ATOPDI JOCTATOYHO
AAOBUTBL U PA3HOCATCS KPOBBIO 110 BCE-
My Teny. IToaToMy O TEX IOP, IOKAa OHU
HC BBIBCAYTCA U3 OPTAHU3MA, ITAITUCHT
OJKEH HAXOIUTHCSA B TEMHOTE, YTOOBI
UCKJIIOYUTb OOPA30BAHUE AKTHUBHOI'O
KUCJIOPOZA B APYTUX TKAHAX.

YTOOBI N36€KATH TOOOYHBIX A(PPEK-
TOB, PYKOBOJHUTE/Ib UCCIEJOBATEIb-
ckor rpynnsl I1LK. Kamkapos npen-
JIaraeT UCHOJb30BATH HAHOYACTULLBI
kpemuusa OT. Bo-nepBbIX, KpeMHUI
OHOIOTUYECKH COBMECTHUM C >KUBBIMU
OPraHU3MaMU, 4 BO-BTOPBIX, OTPA6OTAB
B OPraHHU3M€ Ha CO3[aHUN AKTUBHOI'O
KHCJIOPO/A, OH IIPEBPAILIACTCA B OObIY-
HBIH IIECOK U JIET'KO BBIBOJUTCS U3 OPra-
Hu3Ma. OIBITHL, IPOBEJEHHDIE HA Oa3¢
IenTpa KOMJIEKTUBHOI'O NOJb30BAHUSA
MI'Y, 3TO HATIATHO TTOATBEPUIIN.

NpuHa MpowkmnHa

HEPA3BPbI3rMBAIOLLLAACA
XNAKOCTb

ECAM XOTUTE MOAYHINTH XOPOLUMIA
BCMAECK, BOM HE O6OMNTUCH 6Ee3 ACB-
AEHUS1, HONpUMepP ATMOCHEPHOTO.
OBbI4YHO, KOTAQ KAMEAbKA NAAJET Ha
TACAKYIO MOBEPXHOCTb, OBPA3YeTCs
AY>KMLA C BOAHUCTOW MOBEPXHOCTbIO,
KOTOPAS PA3PLIBAETCS HO MHOXECTBO
6pbiar. DU3NKM N3 YUKATCKOrO YHMBEP-
CUTETA KAMNAAM CMINPT B BAKYYMHOM KA~
MEpPE HA FAOAKYIO CYXYIO CTEKASIHHYIO
MAQCTUHY 1 3AMUCHIBAAW MDOUCXOASI-
LLlee HA NAEHKY C NMOMOLLbIO KAMEPHbI,
CHUMatoLer 47 ThiC. KOAPOB B CEKYHAY.
Koraa AaBAeHMeE B kKOMepe CTAAO Npu-
MEPHO B 6 PA3 MEHbLLE ATMOCHEPHOTO,
KAMAW NepPEeCTAAN PA3BPbI3TMBATLCS

1 CTAAM MPOCTO PACTEKATLCS MO MO-
BEPXHOCTU. ICCASAOBATEAN MOAQIAIOT,
4TO MAAQIOLLME KANAM PA3BPbI3rMBA-
IOTCS1, MOTOMY HTO ACBSILLMIA HO HUX rO3
AECTABUAM3MPYET NPOoLLECC PACTEKA-
HWS. MOAYHEHHbIE PEe3YALTATHI MTOMOTYT
YNPABASITb PO36GPbI3rMBAHNEM TOMAMBA
B KAMEPOX CTOPAHWS U KPACKHU B CTRYMN-
HbIX TPUHTEPAX.

HapAb3 Hon

B Mupe Hayku
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nemorPAoRSEkii DM

[locAe Bropon
MWPOBOW BOWMHbI

B EBpone n Amepuke
NPON3OLLEA
HEOXNACQHHbIV
BCMAECK
POXAQEMOCTMW,

Ha nporaxenun 100 ner poxigae-
MOCTbD B 3aMa/IHBIX CTPAHAX HCYKJIOH-
HO CHHUXAJIaCh, U mmocye Bropon
MHUPOBOM BOMHBI CHEIMATIUCTDI IIPO-
THO3UPOBAJIM JIMIIb HECYIIECCTBEHHOEC
MOBBIIIEHUE €€ YPOBHA. BMecTo 3TOTO
MIPOM3OLIE HACTOAMUI AeMorpadu-
YEeCKHUIT 6yM, OObACHEHUA KOTOPO-
MY COIIMOJIOTH HE MOT'YT AAaThb IO CUX
nop.

Cpeau CIenuaJucTOB IMUPOKOE
MPU3HAHHUE IIOJIYUHJIA TEOPUS, IPE/-
JIOKEHHASI 9KOHOMUCTOM Puuapaom

Hcrepaunnom (Richard Easterlin)
n3 IO)XHOKANIUMOPHUUCKOTO YHHU-
BepcuTeTa. I1o ero MHEHHUIO, MO b-
€M 3KOHOMUKH, OTPAHUYECHHUE UM-
murpanuu B cepeaune 20-x rr. XX B.
U HU3KHU yPOBEHBb 6€3pabOTHUILHI,
OOYCJIOBJICHHBIN HU3KOH POXK/IAEMO-
CTBIO M, COOTBETCTBEHHO, HEXBATKOM
TPY/LOCIIOCOOHOTO HACEIEHUS, IPU-
BEJIU K TOMY, YTO MOJIOAOE IIOCIEBO-
€HHOE IOKOJICHUE OBUIO O6ECIIEUYCHO
XOPOHIEH U NEPCHEKTUBHON PabOTON
U UMEJIO OOJIbIIE MIAHCOB IIPEYCIETD,
4eM UX poguTend. Bee atu hpaKkToph
CIIOCOOCTBOBAJIN 3AKJIIOYEHUIO PAH-
HUX OPAKOB U POCTY POKAAEMOCTH.

Ho pannas treopusd B 60JbIICH CTE-
MEHU KACAETCA TOCYAAPCTB, IPOBOAUB-
MUX LEJIECHANPABICHHYIO ITIOJIUTUKY
COLLMAJIBHOM NMOJAJEP/KKH HACEJICHUS,
Takux Kak CHIA 1 Kanaga. OgHaxo te
JK€ BBIBO/IBI JIMIIb HA 1/3 IPUMEHUMBI
K CTpaHaM 3anaJHou EBpomnbl u He
OOBACHAIOT IPUYHH IPOU3OIIECAIIETO
TaM EMOTr'PA(pPUIECKOrO B3PbIBA.

KaHaaa

BeAnko-
BPUTAHNS

YpoBEeHb POXANEMOCTU
(KOAVYECTBO AETEN HO OAHY XKEHLLMHY)

Koadpduument
poxaaemoctn 2,11

T

1945 1955 1965

NCTOYHUKM:

1975
foA

T
1985 1995 2005

Exxeroanuik no aemorpadum OOH, HALUMOHAAbHBIV LIEHTP CTATUCTUKN

3ADABOOXDAHEHMSI,

AQHHbIE, MPUBEAEHHBIE 3 Mepros 1948-1989 rr., 6oabLue oTHocsTCs K OPI, yem
K 06beAMHEeHHOV [epMaHn. AQHHbIE 3a 1948-1981 IT. yKQ3bIBQKOT HQ CUTYQLMIO,

CAOXMBLLIYIOCST B AHIAMU 1 YaAbCE.

Anan Ceusm (Alan Sweezy), 3KOHO-
MHUCT U3 KaanudopHUNCKOTo TEXHO-
JIOTUYECKOT'O YHUBEPCUTETA, HE OCIIA-
puBasg BBIBOJOB McTepinHa, CYUTAET,
4TO OJHHUM U3 (PAKTOPOB, NOBJIHSAB-
MHUX HA POCT POXKAAEMOCTHU, CTAJIO
U3MEHEHHUE OOMECTBEHHOI'O MHEHUS
B BOIIPOCE O HEOOXOJUMOM KOJIHYE-
CTBE MAJIBIIIEN B ceMbe. COTTIACHO CO-
IIUOJIOTUYECKUM JAHHBIM, TOJBKO 26%
KeHIUH 1909 roga poxaeHusa UMEIU
Tpex u 0oJiee AETEH, B TO BpeMs KaK
CpelH TEX, 4TO MOSBUJIUCH HA CBET
B 1933 1, Takux 65%.

Connonor Hopman Parinep (Norman
Ryder) u3 [IpUHCTOHCKOI'O YHUBEP-
CUTETA YyTBEPXKIAET, 9TO B 20-X IT.
OOJIBIIMHCTBO AMEPUKAHCKUX CEMEH
XOTENU Obl OTPAHUYUTHCS JIBYMS
JETbMH, HO HU3KOE KA4ECTBO MPO-
THUBO34494TOYHBIX CPEACTB HE MO3BO-
JIAJI0 UM 3TOro. B cepennne 50-X IT.
42% mareper, UMEIOINUX IBYX JCTCH
C Pa3HULECH B IATDb JIET, B KAYECTBE
NPOTHUBO3a4aTOYHBIX HCIOJb30BAIN
MEXAHUYECKUE U (PUBUOJOTUYECKUE
cpeacTsa 3amuThl. (IToasuBmuecs
B 60-X IT. IPOTUBO3a4aTOYHBIC Ta-
6JIE€TKH OBLIN JOCTYIHBI JTUIb 6%
JKEHIMUH.) K TAaKUM XK€ KOHTpaIlem-
TUBAM Npubderaau u B 30-X IT., HO 11O
3KOHOMMYECKHUM IIPUYMHAM HE MOIIN
MO3BOJIUTb C€6€ COAEPKATH MHOTO-
4YHCJIEHHOE NOTOMCTBO. B mmocieBo-
€HHBIA NePUOJ, ObIJIO MHOI'O PAHHUX
OpaKOB, U PUCK HEIIAHOBOU 6epe-
MEHHOCTH O6bLI JOCTATOYHO BBICOK.

CredyeHnue Oo6CTOATENBCTB, XaPaK-
Tepuoe st 1945-1965 rr., Bpsij 1u
nosropurc. Ilocnegnue 30 ner 3Ha-
JyeHHE KOAPPUITUEHTA POXKIAEMOCTH
(T.€. CyMMa BO3PaCTHBIX KOIPPUIH-
€HTOB POXAAEMOCTHU, CYUTAIOMASICS
MH(MOPMALTMOHHON XAPAKTEPUCTHUKOI
€€ UHTEHCUBHOCTH) HE IIPEBBIIMIACT
JIBYX e/IMHUIL. 1 B OGimrkaniiee Bpems
YAY4IICHUE CUTYALlUU B PA3BUTHIX
CTpaHaX HE IPEABUIUTCAH.

Poaykep AonA
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DaKeMbI na reaxgancxoi cnyxse

B OCHOBy KOHBEPCHOHHOTO HCIIOJIb-
30BAHUS PAKCTHBIX JIBUTATECIICH JICTITH
pazpaborku yyeHbsix HUMOM u MI'TVY
uM. HD.Baymana. Co3/1aHbl CTPyHHO-a6-
COPOITMOHHBIC CHCTEMBI OYUCTKU I'A30B
JBIXAHUA PE3EPBYAPHBIX [TAPKOB, CJINB-
HO-HAJIMBHBIX 3CTAKAA U TCPMUHAJIOB,
BAKYYMHBIC TUIPOIUPKYIAITMOHHBIC
arperaTsl, CTPYHHO-KOMIIPECCOPHBIC
YCTAHOBKH IJId CXKHUKCHUA HU3KOHA-
MOPHBIX (B TOM 4HUCJIE (PAKETbHBIX)
ra3oB JIIO60ro cocrasa. Paspadorana u
BHCAPACTCA TCXHOJIOI'MA YBCIINYCHUA
WHTEHCHUBHOCTH HE(TEOTAAYN OOBOJI-
HUBIINUXCS CKBAXKUH, 6A3UPYIOASICS
Ha OITBITE CO3/JAHHS PCAKTUBHBIX JIBU-
raTesacH CHEIMAIbHOTO KJIACCA, TP
3TOM OOECIIEUYUBAECTCS ITOBBIIICHUE HE-
(PpTeoTnaun CKBaKUHBI HA 15-20%.
BocTrpeboBaHbl OOpa31bl OPUTH-
HAJBHOTO OGOPY/AOBAHUS /151 CBEPX-
3BYKOBOT'O HATBIJICHUS BBICOKOKA-

YECTBECHHBIX NOKPBITUU. CO3/1aHBI
YCTAHOBKHU I1I0 TEPMOT'A30CTPYHUHON
06paboTKE (OYHUCTKE) M PE3KE PA3IHY-
HBIX MATEPHAJIOB, BKJIIOYas BBICOKOJIC-
TUPOBAHHBIE CTAJIH, IIBETHBIC METAIIIBI
M CILJIABBI, OETOHBI U JKEJIE€3006CTOHHI,
4TO HAIJIO NPUMEHEHUE B BOCCTA-
HOBJICHUU U yTWIN3AIUH PA3JIUUYHBIX
OO'BEKTOB. 34CIYKUBAIOT BHUMAHUSA
YCTAHOBKH JIJ151 I'A30IPOBOJIOB, TOPO/I-
CKHUX I'da30PACHPENEINUTENBHBIX CTAH-
UM, 119 OCYIIKHA NIPUPOJHOTO rasa
B MAruCTPaJIbHBIX I'd30MPOBOJIAX.
DTH U IPyTrUe IPpUMEPHI ObLIN IPUBE-
JIEHBI B JIOKJIAJIE KOJIJICKTUBA YUYCHBIX
(A.B. Boponenkun, C.O. MaKCUMOB,
B.M. HoBukos, B.I. Ilerenbckur) Ha
MAaMCKOM MEX/JYHAPOJHOM CUMIIO-
3uyme «OOpa30BAHUEC YEPE3 HAYKY>,
nocBsmeHHoM 175-netuio MI'TV um.
H.0. baymana.

AMUTpUn MmncropoB

COBbITUS B OKTSIBPE:

oKT96pb 2005

Bcepoccumckas kKoHdepeHLms
«flopoACKOM coumym B Poccum

1 Ha 3anaAae: OT MPOLIAOTO K HA--
CTOSILLLEMY»,

Cry, Caparos

3-6.10. 2005

MeXXAYHAPOAHAS KOHDEepPEeHLMS
«ONTUKA BUOAOTNYECKMUX HOCTUL,
HoBocun6bupck

6.10. 2005

Il HayyHo-NpakTnyeckas KoHde-
peHums «MHPEKLMOHHBIE BOAE3HM
Y GHTUMUKPOBHbIE CPEACTBAY.
Mockea

18-20.10. 2005

Bcepoccumckast AMCTOHLMOHHAS
HAYYHO-TEXHNYECKAS KOHDEepPEeH-
LLMSI MOAOABIX YYEHbIX 1 CTYAEHTOB
«CoBpEeMeHHble NPOBAEMbl POAMO-
DAEKTPOHUKMN.

Mockea

TEXHOCDEPA

KOMOOIWTOO,

OO TEXHONON M,

~ HOBBbIE KHUrM U3QATENbLCTBA

@. MatTei0z, P. Ponunrce KomnozutHele Matepuansi. MexaHuka W TEXHOTOr s
Mlepsan MOHOrBadus 10 BCBMY CHERTDY KOMIOSHUROHHEE METELHAIOE HE DYCCKOM H3LIKE, PACCMOTDEHE
OCOTBHHOCTY MEXAHIYECKDIO MORSASHIA W TEXHOAOMMA NOAYHEHHA KOMIOIHLIMOHHEL MATEDWAI0R HE OCHOBS
KEDAMIYECKME, NOAMMEDHEIR ¥ METALNMYECKIY METRILL, AHENMIKDYIITCH KOMITOINTE, YOHNeHHES
H_B.I’TpE'pn’JEHMMH  EODOTEAMY BON0QKHAMM, 8 TaHWe HaNQAHEHHLE EOMIOINTE, BonLiiog BHUMAHAS ¥AenagToR
-DACCMOTREHUHY MEXAHHIMOR DASDVILISHIA, BANAHNA OKOYKAMOLLEH COBNE W YCTANOCTHOMY MOBEASHUID

Krura npeacrTagniar Bomsliom MHTEDEC [T HAYHHEX i MHKEHEOHO-TEXRWIECKAY DAO0THREDE, 3CMHDEHTOS
VHHBEDCHTETOE, MHTERECYWOLMXCH BOMDOCEME MEXSHHYECKOr0 NOSEOEHWA KOMIOIMLIMONHEX M TEDRANCE,
CRalyanicTos No Marepranoegderio.

Y. Myn, b, DYGHC HanorexHonorun 2-e 4ONOAHEHHOE H3AaHWe

Meproe PYKOBOACTRN Ha PYCCKOM A36IKE, OMUCHBAI0IIEE CTRVKTYPY ¥ CROFCTAA HAHOMATEPUANOE OT
TECOAOTENRHEN 0 OROMOIMYECKHy DO LEKTOE. MCH'EQHMBEJULL{E HANDNEHE! TEXHDTON K MIArOTOBMEHR W MaTOg8
MCCRRL082ANMA HanCTRYR TV, pa{;uooﬁpa@uuc AQURMQNQNER 0T QRTOINQETRONNEN 80 KATI/IH38 ¥

Bropog sagqatee GomoTHen0 Matepuananmy o MeTOqQuYeCKHM SCmeKTan "Ml gycTouMe REHDcucTen™ ¥
NOMAMEHEHMEM HAHOTPYOODK 8 SNerTpDoHuKE.
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BEYUHAH ME[3IN0Ma non vreosoi

B kKoHLe XIX B.
CPEAHETOAOBbBIE
TEMMNEPATYPbI ObIAK
Ha 1,0-3,5°C Huxe,
4yeM B KOHLEe XX B.

B ¢BA3M € IPOrHO3aMHU ITI0OAJIBHOIO
MOTENJCHUA KJIUMAaTa POCCUHUCKUE
I€OKPUOJIOTA HPOABIAIOT 034004€CH-
HOCTb COCTOSIHMEM BE€YHOMN Me€p3-
JIOTHI, 3AHUMAIOMCH 60OJee MO0~
BUHBI TeppuTOopumn Poccun. Mapusa
KyspbmuHnuHa I'aBpuiosa (I1aBHBINA
HAYYHBIA COTPYAHHUK, JOKTOP I'€O-
rpapudeckux Hayk, npodgeccop) mu3
MHCTUTYTA MEP3IOTOBELEHUSA UM.
II.1. Menpaukosa CO PAH (T. fIKyTCK)
NPOAHAJU3UPOBAIA JAHHbIE OOJI€EE
80 METEOPOJIOTUYECKUX CTAHIIUN, OT-
pakarommue BEKOBOM X0, TeMIepary-
PBI BO3[lyXa B O6JIACTH MHOI'OJIETHET'O

MIPOMEP3aHUSA TOPHBIX IIOPOJ, 10 BCEMY
EBpasuincKOMy KOHTUHEHTY (ADKTHUKA,
Cyb6apkruka, 3anajHas, Bocrounas
u OxHas Cubups, JaapHuil Boctok
Poccun, Monronus, AAnonus, Kuraii,
BKJIIOYas TubeT). BBIICHHUIOCH, YTO
IO BCEM MUCCJIEAYEMBIM PErHOHAM
XX B. 6b111 Teriee XIX. B 80-90-x rT.
O3aIPOIIJIOrO BEeKa (HA4YaJI0 UHAY-
CTPUANN3ALUN) CPEAHHUE T'OJOBBIC
TEMIIEPATYPBl BO34yXa, CBUAECTEIb-
CTBYIOIIME O HAJUYUU MEP3JIOTHI U €€
xapakTepe, 6611 Ha 1,0—3,5°C HIKE,
4eM B KOHIIe nnpouuioro. B XX crose-
TUHW HAUOOJbIIEE NOTEIJIEHUE IPO-
MU30LLJIO B KOHTUHEHTAJIbHBIX Paio-
Hax Bocrounoi fAxyrun, MoHronmu
u Kurae, HauMeHbIlIee — B 3a0a]-
HOM CEKTOpPE POCCUICKON APKTHUKH
u Ha /lanpHeMm Bocrtoke. B EBpasun
OTMEYAETCH 3HAYUTEIAbHBIN TPEH/
MOTEIJICHUS /IS 3UMHUX MECSIIEB U
YMEPEHHBIN — 14 JIETHUX. 3UMOH,
PpY MAJIOM IIPUXOJIC COJHEYHOU Pa-
JUALMH, OIPENENAIOMUM (PAKTOPOM

MOTENJICHUSA CTANa HUPKYIALUA AT-
Mocdepsl. JIeToM, IIPU TTOBBIIEHHON
COJIHEYHOU PaJUalliU, €€ YETKON Te-
orpadguueCcKor 30HATBHOCTH U yCTOM-
YUBOCTHU, LUPKYIALUOHHBIE TOCJIE]-
CTBUA HUBeNUpPyloTca. B ITOx)HONI
Cubupu (MpkyTckas o061aCcTh), B 3a-
MaJJHOM, CEBCPHOM, IICHTPAJIbHON
Monronuu u B Kurae (permoHax co
CJ12601 OCTPOBHOU MEP3IOTON) TOLO-
BbIC TeMIIEPaTypsl ¢ 60—70-X I'T. IPO-
LIJIOI'O BEKA IIEPENIN OT OTPHULIATEb-
HBIX K ITOJIOKUTEJIBHBIM. B panioHax,
I7lc OTMEYEHO HAMOOJIbIIEE TIOBbIIIE-
HHE CPEJHErOJOBOM TEMIIEPATYPBI
BO3/1yX4d, BEDXHHUE TOPHU3OHTBI BEYHOM
MEP3IOTHI IEPEXOAT B HEYCTOUYHUBOE
COCTOSTHHME. DTO COIIPOBOXKAAETCA TEP-
MOK4PCTOBBIMH HPOCAJKAMU JHEB-
HOU MOBEPXHOCTU U JPYTHUMHU IIPO-
LIE€CCAMU, HETATUBHO BJIMAIOIMMMHI Ha
YCTOUYHUBOCTD 3JdHUNU, COOPYKEHUN
M IJIOIIA/IEA CENTbCKOXO3AUCTBEHHOI'O
OCBOCHUSI.

AMnTpnn Mmncropos

kakan cmpuys

Ha npo6seMy O4UCTKU CTOYHBIX BOJ
C HOMOIIIBIO CTPYHHOM a3panuu 00-
paTHUIU BHUMAHHUE UCCJIEAOBATEIN
B.C. Kcenogonrtos u /1.B. [IpssyeHKO U3
MI'TY um. H.9. baymana. I1py usydyeHun
a3pal Uy BOJBI CTPYAMH OBbLIO yCTa-
HOBJICHO, YTO 3KEKTHUPYIONIASI CIIOCOO-
HOCTb 3aBUCHT OT CKOPOCTHU CTPYH,
yIJa najeHus, ux OpMbl U JJIHHBL
Ha pacxoj yBiekaemMoro cTpyem BO3-
JIyXa OKA3bIBAIOT BIIUAHHUC JUAMCTPD
U I€OMETPUS COIEJL. YCTAHOBJIEHO, YTO
CYHIECTBYET ONTUMAIBHOE PACCTOSHUE
OT COILIA IO TIOBEPXHOCTH A3PUPYEMOI
JKMJKOCTH, IPU KOTOPOM HaOJIIONACT-
CA MAKCHUMAJIbHAA BEJIMYHNHA 2KCKITMH.

NYYUE?

Ocob0o€e 3HAYEHHUE UMEET YIoJ Naje-
HUA CTPyW. HampuMmep, BEPTUKAJIBHO
najaoas CTPys KPyIJIoro CEYEHUs
06J1a1a€T HEBBICOKOMN )KEKTUPYIOLIEH
CIIOCOOHOCTBIO. B cirydae ucnosub3o-
BAHUA KPYIVIBIX CTPYH IJIOMAJb UX
KOHTAKTa MEXK/Y I'da30M U XKUAKOCTBIO
MUHHMAJIbHA. Bonpmiue 1mionamgmu co-
NIPUKOCHOBCHUA MCXKAY KUJKOCTBIO
U Ira30M U, COOTBETCTBEHHO, CTCIICHD
KEKLIMU MOTYT JOCTUTATbCS IIPU UC-
ITIOJTB3OBAHHUU SJIJTUINCONUTAIDBHBIX,
IJIOCKUX, KOJBIIEBBIX U CTPYH C MaK-
CHMaJIPHO PA3BUTON MNOBEPXHOCTDIO.
BBIACHNIOCH, YTO 2KEKTUPYIONIAS CIIO-
COOHOCTD IJIOCKUX CTPYH B 2—3 pasa

BBIIIIE IO CPABHEHHIO C KPYIJIBIMU CTPY-
AMU. [Ipy 3TOM yroJ1 naJicHUs IJI0CKON
CTPYH JJIs TIOJTyYEHHUST HAUOOIIBIIETO
3HAYCHUS KEKTUPYIOMEH CIIOCOOHO-
CTH JIOJDKEH 6BITh B IIpefenax 30—45°.
T1Io MHEHHIO YYECHBIX, PE3Y/IBTATHI ITPO-
BEJICHHBIX HICCIIC/IOBAHUI MOTYT GBITh
HUCIOAb30BAHBI KAK IIPU MOAEPHU3A-
LUK Pa3pabOTAHHBIX paHee (ProTau-
OHHBIX MAIITHH U AIIITAPATOB, TAK U TIPU
CO3/IaHUH HOBBIX (PIOTAITMOHHBIX KO-
JIOHH JJIS1 OYHUCTKU ITPOU3BO/ICTBCH-
HBIX CTOYHBIX BOJI OT T'H/IPO(POOHBIX
3arpA3HEHUH, HATPUMED, MACEJI, KHU-
POB, HE(PTENPOAYKTOB U T.I1.
AMUTPUIN MNXAMAOB
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yepe3 Tevnn K 3BE3(AM

B nagane okrabpsa MHCTUTYTY KOC-
MHUUYECKHUX Ucciamenosanuu PAH
(MKHK PAH) ucnonnserca 40 ner.
Ecnu 6b1Th a6COMIOTHO TOYHBIM, TO
ITocTranosnenune CoBeta MUHUCTPOB
CCCP 0 cO3JaHMM UHCTUTYTA JATUPO-
BaHO 15 mast 1965 1. Ho npasgHoBaHue
100UJIEsl IPUYPOUEHO K 4 OKTAOPS, TAK
KaK UMEHHO B 3TOT ZIeHb B 1957 I. Ha-
4aJIAaCh HOBAS 3M0XA KOCMHUYECKUX
MUCCJIETOBAHUIM: ObLJI 3a11yIE€H IIEPBBII
MCKYCCTBEHHBIHN CITYTHUK 3E€MJIN.

WKW PAH 6blJ1 CO3/1aH KaK I'OJIOBHOU
AKAJEMUYECKUU UHCTUTYT IIO UCCIe-
JIOBAHHUIO U UCIIOIb30BAHUIO KOCMUYE-
CKOT'O MPOCTPAHCTBA. IlepBbIe AeCATH-
JIETHSA NPOILJIOT'O BeKa ObUTH J1J11 HAIICH
KOCMUYECKOHU HAYKU B IIPSIMOM CMBICJIE
CJIOBA 3BE3AHBIMU. OJIHAKO «CMYTHBIC
BpeMeHa» Hadata 90-X I'T. HAHECJIM POC-
CUICKUM KOCMHYECKUM UCCIIEIOBAHU-
AM U3PAAHBIN yep6. B uacTHOCTH, pE3-
KO€ COKPAILIEHUE CPEJICTB, BBIAC/IACMBIX
U3 OI0/IPKETA HA HAYKY, IIPHUBEJIO K TOMY,
4qTO B rtocaegHue 10—-15 et npaxkruge-
CKHU NPEKPATHUIIUCH 3AITYCKH HOBBIX JIE-
TATEJbHBIX ANIAPATOB — 4 MEXAY TEM
MMEHHO OHHU ABIAIOTCA OCHOBHBIMHU
MHCTPYMEHTAMH 4CTPOHOMOB.

Ceftyac Ha OpOUTE HAXOIUTCS TOJIb-

KO POCCHUIICKO-YKPAUHCKAA COJIHCY-

Has o6cepBaropusd <KOPOHAC-®D»,
sanymeHHasa B 2001 1., a Takxke y4yeo-
HBIN CITYTHUK «YHUBEPCUTCTCKUN—
Tarbpsana» MI'Y um. M.B. IoMOHOCOBA.

B0O3MOXHOCTD paboTaTh POCCHUI-
CKHC UCCICOAOBATCIU TTOJTYUYHUIN 6ma-
rojapsi y4acTHIO BO MHOI'UX MEXIY-
H4POJHBIX HPOECKTAX KOCMUYECKUX
arenTcTts CHIA, EBponsl U Apyrux
CTpPaH. B YACTHOCTH, HAIHN YYCHBIC ITO-
JIYYWJIU IIPABO HA 25% HAOGIIONATENb-
HOTO BpeMeHU EBpOnencKoi KOCMHU-
yeckon ob6cepsaropuu «MMHTETPAJI»
6j1arojapsi TOMy, 4TO Ha OpOUTY €€
BbIBEJId POCCUMUCKASA PAKETA-HOCH-
Tenb «IIPOTOH». 3a BpeMsa paGoThI
OBLIN IIOJIYYCHBI MHOTHUC UHTCPCC-
HBIC PE3YIbTATHI, OTKPBITHI HOBBIC HC-
TOYHHUKU BBICOKOIHEPTETUYECKOIO
MU3JIYy4EHU s, KPOME TOrO, HA OCHOBE
JAHHBIX TJIYOOKOro HAOJIIOLCHUS 3a
MOJIEM TJIAKTUYECKOTO LIEHTPA Obl1a
COCTAaBJICHA MEPBAs KAPTa AAHHOI'O
parioHa B )KECTKUX PEHTTEHOBCKUX
sydax. HeIHEnHeR OCEHBIO 6YAYT IO/~
BEJEHBI UTOT'U BTOPOI'O Iojd paboThl
06CEPBATOPUH.

Mexay TeM POCCHUIICKAA 3BE31HAA
OTPAC/Ib HIOHEMHOI'Y OKHUBAET, O1Ar0
34 IIOCJICJHMC IIATH JICT HAMCTHJICA HC-
KOTOPBIN CABUI B (PUHAHCUPOBAHUHU

HAy4YHBIX UCCAeAOBAHUN. [OTOBATCA

HOBBIE ITPOEKTHI, KAK COBMECTHO C 3a-
PYOE)KHBIMU HAPTHEPAMU, TAK U COO-
CTBEHHBbIE. HEKOTOPBIE N3 HUX BOILIN
B IPUHATYIO HeJaBHO PeiepaibHyIo
KOCMHYCCKYIO Tporpammy Ha 2006—
2010 rr. Tak, B HacTOsAILEEC BPEMS
yuyenbie UKW roToBsiT COOCTBEHHBIE
ACTPO(PU3NYECKUE TIPOEKTHI (B 4aACT-
HOCTHU, pajuonHTepdepomerpa
«Crniekrp-PagnoacTpon», npeJHa3Ha-
YEHHOI'O JIJIsI HAOIIO/IEHUH 34 KOC-
MUYECKHUMU TEJIAMHU OOJIBIION ITPO-
TSKEHHOCTH, 4 TAKXKE 0O6CEPBATOPUUN
«Cnexrp-Penrtren-ramma» 115 Hab110-
JIeHU BCcesrleHHON B pEHTTEHOBCKOM U
raMMa-JUarna3oHax).

K HacTosimemMy BpEMEHHU B CTPYKTY-
PE€ HAyYHOM IeATEIbHOCTH MTHCTUTYTA
0(pOPMHIIOCH HECKOIBKO BEIYIIIHX HA-
MPABJICHUH, B YACTHOCTH, ACTPOPU3U-
KM BBICOKMX HEPIUH U PAJHUOACTPO-
HOMUH, COJTHEYHO-3€MHOU (PUBUKH,
(PUBUKHU KOCMUYECKON I1JIa3MBl, T1J1d-
HET U MaJIBIX TeJ COJTHEYHOU CUCTE-
MBI, JUCTAHITMOHHOTO 30H/JUPOBAHUS
3eMIN U3 KOCMOCA U UCCJIETOBAHUA
HPUPOJHBIX PECYPCOB U T.JI.

PasymeeTcs, HEBO3MOXKHO B OJHOM
MaTepHuase JEeTAJIbHO PACCKA3ATh 000
BCEX pa3pabOTKaAX, KOTOPbIE IPOBO-
aaTCsl B MHCTUTYTE KOCMUYECKUX
MCCJIEIOBAHUIL. B cieyrommux HoMe-
pax HAIIETO )KypPHAJIa MBI €IIe HE Pa3
BEPHEMCS K 9TUM TEMAM U PACCKAXKEM
O HUX 00Jiee TOJJPOOHO.

OAbra 3akyTHsISI
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Had[lald monofeim HAKOTEXHOROTAM

L

B MocKBe COCTOSINOCb
HOrPOXKAEHVE
nobeantenemn

Il Bcepoccumckoro
KOHKYpCa
MOAOAEXHbIX
NPOEKTOB B OOAQCTH
HOHOTEXHOAOTUMN.

OpraHus3aTop KOHKypca — Beayuiee
UH(MOPMALTMOHHO-AHATUTHUECKOE
AI'€HTCTBO B O6JIACTH HAHOTEXHOJIO-
ruil Nanotechnology News Network —
TTOOHIPACT HCHHBIMU IPU3AMU TIOCTHU-
JKCHUSA MOJIOJBIX YUCHBIX U3 Poccun n
CHI ITokazaTeabHbI TEMBI IIEPBBIX J1€-
CATH IPOEKTOB-NIOOEAUTEIICH:

ITo6enurenp, 3ausasmuil I MECTO,
KAaHAMUJAT I'€OJIOTO-MHUHEPATIOTU-
4eCKUX HayK Jmurtpun Kamames
u3 Pecnybnuxku KoMu, npoexr
«[Tony4deHue BbICOKOOPTraHU30BAHHBIX
HAaHOMATPHIL] KDEMHE3EMa».

Jmutpun Kamamres pacckasas Kop-
pECNOHIEHTY «B MUpe HAyKH» O CYTH
npoekra. OCHOBHOH 3aj1a4eil ObIIO
CO3JlaHUE YHOPALOUYEHHDBIX MATPUI]
KpEMHE3€eMa C JUaMeTPOM cep 1o-
psaaka ot 150 go 850 HAHOMETPOB,
C PA3JIMYHBIM THUIIOM YIIAKOBKH
3TUX cdep B CTPYKTYypy. Ob61acTu
NPUMEHEHUA MOI'YT OBITb CAMBIMU
Pa3HOOOPA3HBIMHU U 3aBUCAT OT ME-
TOAOB NPOMNUTKHU JAHHOU MATPUILHI,
OT CHOCOOOB YIAKOBKHU, PA3MEPOB U
MOPUCTOCTH. MI3BMEHAA 3TH apame-
TPBbI, MOKHO CO31aBATh LICJIBIN CIIEKTP
CaAMBIX PA3HOOOPA3HBIX IO TPEOOBA-
HUAM MaTepuanos. Hanpumep, no-
NYJAAPHBIM CTAJIO TTOAYYECHUE CUHTEC-
THUYECKUX aHAJOI'OB 6JarOpOITHOTO
OomnaJjia KaK I0BEJIMPHOI'O CBHIPbs, HO
Ceryac aKLEHTH CMECTUJIMCh K Ha-
HOTCXHOJIOTHUAM.

Il BCEPOCCHMHACKMHA KOHKYPC
MONOOEXHLIX MNPOEKTOB
B OBNACTH HAHOTEXHOMNOrMA

Opranus3aTopsl KOHKypCca HajJe-
IOTCSL, YTO PE3YJIbTATHI IOOEJUBIICTO
MPOEKTA CTAHYT OCHOBOM HOBOI'O I1O-
KOJIEHUSA OTEYECTBEHHBIX 3JICKTPOH-
HBIX U OIITHYECKUX IPOJYKTOB U HAM-
JIyT IPUMEHEHHUE B IPYTUX Cpepax.

IT MECTO 3aBO€Banu CTYJEH-
Tbl MOCKOBCKOTO UMHCTHUTYTA CTAJIU
u criaos (MHMCHC) Top Jlebenes,
Jmurpun 3axapos u IOnusa Beikosa
C IPOEKTOM «MHUKPOAKTIOATOPHI HA
OCHOBE KOMIIO3UTOB U3 HAHOCTPYK-
TYPUPOBAHHBIX CIIJIABOB».

IIT MECTO 3aHSJ IPOEKT MOJO-
JbIX yuyeHbIX u3 JIOTU Bragumupa
MapronyHa u Basentnna ®aHTUKOBA
«JlonydyeHnue M UCCIEJOBAHUE HAHO-
Pa3MEPHBIX IJIEHOK C (PPAKTAIbHON
CTPYKTYPOM».

IV MECTO — «<MUHUATIOPpHBIE
ATOMHBIC 4aChbl HA OCHOBE 3P PeKTa
KOTE€PEHTHOTO MJICHEHUSA HACEJIEH-
Hocren» (Cepren Kapramosbues,
Hapexna Korosa u Ilerp EMenbaHOB,
noJ, PYKOBOJACTBOM Bragumupa
Benmuanckoro).

V MECTO - npoekT «Hano-
CTPYKTYPUPOBAHHBIE CAMOOPIaHU3Y-
IOIIMECA IUIEHKH MOJIM3JICKTPOIHUTOB
U 6EJIKOB ISl CO3/IaHUS BBICOKOYYB-
CTBUTEJbHBIX OMOCEHCOPHBIX CHU-
crem» (JImpua Cokonosckas, EBrennunr
EBTymenko u 'asmnua Jly6auesa). Kax
NOACHUIU KOPPECIIOHAECHTY «B Mupe
HAayKH» AaBTOPHBI, UX J1a00OpaTOpUs

XUMHUYECKOTO (pakynabrera MI'Y um.
M.B.JIOMOHOCOBA CIIELIMAJIM3UPYETCS
Ha CO3J4AHUH OGHOCEHCOPOB — AHAJIH-
TUYECKUX NIPHUOOPOB, NO3BOIAIONINX
AHAIM3UPOBATD LIEJIBIH CIIEKTP BAXKHBIX
BEILECTB, HAIIpUMep, PochOpOOPraHu-
KU, KOTOPBIE HCIOJIb3YIOTCS B KAYECTBE
XUMHUYECKOTO OPyXUd. Buocencopsl
AHATU3UPYIOT HECTULIUBL, PA3/IMYHbIE
depmenTsl U T.4. McciejoBanue Hauu-
HAETCA C YPOBHS MOJIEKYJI, HYKJIEUHO-
BBIX KMCJIOT U BBIIIEC — LEJIBIX KJIETOK
U UX 49aCcTen. B mabopaTropuu co37aHbl
npudOpbl, KOTOPbIE NPUMEHAIOTCS
JUUIg AaHAIU32 (PEHOJIOB, TOKCUYHBIX BE-
LIECTB, UCIIONb3YIOUUXCs, HAIIPUMED,
B JIEPEBOOOPAOATHIBAIONICH TTPOMBIIIT-
JIeHHOCTU. HexoTopble TpuOOphI IPpU-
MEHAIOTCSL B MEJULIMHE, IS SKCIIPECC-
JUATHOCTUKH, OIPEAEIECHUA OOIETO
COCTOSIHUSA OpraHu3Ma. PaszpabdoTku
TAK)KE€ MOTYT HMCHOJb30BATbCA IPU
YHHUYTOXKCHHUHU OOEBbIX OTPABJIAIONIUX
BEIIIECTB, B 9KOJIOI'MYECKUX LEAX.

VI MECTO - «MccnegoBaHuEe MOJTH-
dunupoBanus peabeda B pe3yabrare
UHKECHEPUHU OBEPXHOCTHU MATEPUa-
JIOB UJIH 3KCILIyaTAlUU IIPU Pa3add-
HBIX TEMIIEPATYPAX M JABJICHUAX.
Bnauanue MeTOAMKM U3MEPEHUN HA
nojy4dyaemble pesynbrarel>» (Hauab
CabupsaHos 1 Osbra 3UJI0Ba, IOJ Py-
KOBOACTBOM Cepres Hecteposa).

VII MECTO - y npoexkra
Anexcesa n Haranum KaMaHUMHBIX
«Mccunengopanue (ymireHocogepxKa-
IUX HAHOCTPYKTYPHUPOBAHHBIX KH/I-
KHUX KPUCTALIOB KaK 3(POEKTUBHBIX
MaTpHL [J1d BU3YAJIU3ALUN 1 OPUEH-
TUPOBAHUSA KJIETOK KPOBU YEJIOBEKA».

VIII MECTO — npoekr «DPpaxk-
TaJbHBIA IIOAXO/ K aHAJINU3Y CTPYK-
Typbl HOCUTEJIEH NPpU (POPMUPOBA-
HUH GMOCEHCOPOB /151 OOHAPYKCHUS
OaKTEepUH B YPE3BBIYANHBIX (IKCTPE-
MaJbHBIX) cUTyanuax» (Haranusa
CHerupesa, I0Onmua Kapner, Jlronmuna
IToropenosa, Anexkcen SIpOBUIIBIH,
Anppert Koneiios).
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IX MECTO - «Pagpaborka ai-
TOPUTMOB U IIPOOJEMHOI'O MPO-
IPAMMHOTIO OOECHEUYECHUS 5
NPOEKTUPOBAHUA HAHOPOOOTOB>
(I'puropuit Yepnomopos, Bagum
Kyxapes u3 IOPTTY).

X MECTO — «<ABTOHOMHBIN PO-
00T C MCKYCCTBEHHBIM UHTEJJICK-
TOM Ha 6a3€ HEHpoceTel» (CTYJIEH-
Tel MOU ApTem danbkos, Cepren
Jlemyuna u [Imutpuit Herpos).

IIpu3 3a I mecTO — MOOUIbHAA
HAaHOTEXHOJIOTUYECKUA 1260~
paropus «YMKA», yHUKaJIbHASA
poccurickas pazpab6orka 2004 1.
Omna yMmemaercsa B Kelce u pa-
60Ta€T KOMHATHBIX YCIOBUAX,
MNPUYEM IKCIEPHUMEHTOM MOKHO
YIPAaBIATh C OOBIYHOI'O KOMIIBIO-
Tepa. OCTAJIBHBIM NTOOEAUTEIIM
BPY4Ya/JIUCh COBPEMEHHBIE HOYTOY-
KM, PEMOHTHO-BOCCTAHOBHUTEIb-
HBIH KOMILJICKT JIJIs1 aBTOMOOMIIEN
Ha OCHOBE HAHOYACTHIL, I'OJ0O-
Bas MOJMNUCKA HA €KEMECAYHBIN
CD-ROM «Mup HAHOTEXHOJIOI' U,
PykoBogUTENN KOMAH], IIOTYy4H-
JIM KHUATY Mapuu PpI6anKUHONU
«HaHOTEXHONMOTUU ]I BCEX».
Taxoke jmaypearaM BbIJAIU I'OJO-
BYIO IOJAIIMCKY Ha HAy4YHO-IIOIY-
JISIPHBIE XKy PHAJIBI «B MUpe HayKu»,
«Hayka m )KU3Hb», «YHUBEPCYM>.
Bce 3TO, IO 3aMBIC/Iy OpPraHU3a-
TOPOB, JOJI)KHO CIOCOOCTBOBATH
TApMOHUYHOMY PA3BUTHIO MOJIO-
JIBIX HAHOTEXHOJOI'OB B Poccuu.

Harpapasl Bpyuns AneKcaHap
OJIMKEeBUY, T€HEPAJIbHBIN JUPEK-
TOp KOoMnaunuu Nanotechnology
News Network, NIpe3ujeHT
MOJIOJIEKHOTO HAYYHOTr'O 0011e-
cTBa. OH NIO3/IpaBUI TOOEIUTENEN
U 11061arofapuJl IOKA HEMHOI'O-
YHCJICHHBIX, HO LIEHHBIX CIIOHCOPOB
KOHKypca (Kb JOnmnactpym bank»,
Komnanusa POWERCOM, KoHuiepH
«Hanounpgycrpus» U ap.).

VYV MOJIOAEKHOIO HAHOKOHKYPCa
IPaHAMUO3HBIC IIJIAHBI U OCCKOHEY-
Hasg BEpPa B CIIOCOOHOCTU MOJIO-
JBIX, YETO Y4ACTO HE XBATAET POC-
CUNCKON HayKe.

Muxana AMUTpmnes

Npomeiunennocms Hd BBIL

B xonue aBrycra — Hauasue CeHTAODs
B Mockse Ha TeppuTopuu BBI npasu-
TEIbCTBOM MOCKBBI COBMECTHO C ITPa-
BUTEIbCTBOM MOCKOBCKOH 06/1aCTH
U IIPU IIOJAEPKKE POCCUIICKOro co103a
TOBAPONPOU3BOAUTENEH OblIA IPOBE-
JgeHa XI MOCKOBCKas IPOMBIIIJIEHHAA
BBICTABKA-APMAPKA, IPUYPOUYECHHASA
K MpPa3HOBAHUIO [IHA ropoaa.

BricTaBka Oblyia HanpaBJeHA HA
NPOJBHKEHUE OTEYECTBECHHBIX IIPO-
MBIIIJICHHBIX TOBAPOB, NPOAYKIHHU
U TEXHOJIOI'MI HAd POCCUMCKOM PbIH-
K€, PACIIUPEHUE TOPTOBO-9KOHOMH-
YECKUX CBA3CH M KOOIIEPALIMU MEXY
PETUOHAMU U CTONHNIICH. OCHOBHBIMU
TEMATUYECKUMU PA3JCIAMH BbICTAB-
KM OBUIN: TOPOJICKON 3aKa3 MOCKBBI,
HAayKa ¥ O6PA30BAHUE, IPOMBIIIJICH-
HOCTb U TPAHCIIOPT, MHPOPMALIUOH-
HBIC TEXHOJIOTHUH U CBA3b, CTPOUTEIb-
CTBO U JKMJIHMIIHO-KOMMYHAJIbHOE
XO351UCTBO, QHEPrEeTUKA, O6OPYAOBA-
HHE U NPUOOPHI, MHHOBALIMOHHDIC
TEXHOJIOTUH.

B paMKax BBICTABKM IIPOIIJIN KOH-
depeHLHU 1 KPYIJIbIE CTOMBI, HA KO-

KI MOCKOBCKAA NPOMbIILNEHHAA
BbICTABKA-APMAPKA

TOPBIX OOCYKAANUCh TAKUE IIPpOdIIE-
MBI, KaK 3aII1Ta [IPaB IOTPEOUTEIICH,
6opbbHa ¢ KOHTPADAKTHON U (PaTbCh-
(GUIUPOBAHHON NPOAYKLIUEH, HHBE-
CTULIMM GAHKOB B IIPOMBIIIJICHHOCTD
U BBICOKHE TEXHOJIOTUH, 3aIIUTA UH-

TEJUIEKTYaJIbHOM COOCTBEHHOCTH.
Jlyymue npejrnpusaTus MOJNydu-
JIM BO3MOXXHOCTDb IIPEANCTABIATD
MOCKBY Ha KPYIHEHIINX MEX/IyHa-
POAHBIX X PETMOHAIbHBIX BBICTABKAX.
TTo6ennTenn 6bIN HATPAXK/CHBI CEP-
TUMUKATAMHA U HIOYETHBIMHU JUILIOMA-
MU, MEJAIAMU U 'paH-IIPU BBICTABKH.
Oner HanAnH

MiknATIoPHbIE G

Poccurickuin HUM KOCMHUUYECKOTO
npubopocTpoenus U PakeTHO-KOC-
MUYECKAsA KOpHnopanusa «OHEePTrusd»
OCYWECTBJIAIOT COBMECTHYIO HNPO-
rpaMMy pa3paboOTKH KOCMHUYECKUX
TEXHOJIOTUI Ha HAHOCITYTHUKAX C UC-
MOJIb30BAHUEM MEXKTYHAPOAHOM KOC-
mu4deckor cranuuu (MKC). I[TepBbiMm
06pa3LOM CIYTHUKOBOM II1aT(OPMBI
HaHOoK1acca ctan TCH-0 (macca meHee
5 kr, guameTp 170 MM, IJIMHA OCHOB-
HOM 4acTu 250 MM), JOCTABJICHHBIN HA
MKC B mapre 2005 T. /11 BBIBOJJA KOC-
MOHA4BTAMHU HA OPOUTY «PYyUYHBIM» CIIO-
COOOM M IPOBEJCHUS UCTIBITAHUM.

mHuk

VipasjieHUE HAHOCITYTHUKOM C MH-
HUATIOPHBIMH 6GOPTOBBIMHU IIPHUOOPA-
MU O6YIET OCyHECTBIATBCS MPU HO-
MOIIYA CIIYTHHUKOBOU CUCTEMBI CBA3HU
GlobalStar, Tenedponnot cetu MI'TC
U COTOBOM CBA3U. B paspHemnmem
MJIAHUPYETCA IPOBECTH CEPUIO IKC-
MEPUMEHTOB CO CMEHHBIMH HAYYHBDI-
MU Harpyskamu nnardopmer TCH-0
C HCIIOJB30BAHUEM OOPTOBBIX IPHOO-
POB 115 TeO(DU3UYECKUX U3MEPEHN,
KOMMYHUKAIIUU U JUCTAHIIJMOHHOI'O
30H/IMPOBAHUS 3EMIIU.

AMnTpnn Mmncropos

B Mupe Hayku
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OAbra 3aKyTHsISI

MU3bIKa ceped

kageMuk Jleo bokepusa, supexkTop HayaHOro meHTpa cepaedyHo-coCcyJucTon xupypruu um. A.H. bakyiesa,
padéoTaeT KapAHOXHUPYPIOM IIOYTH COPOK JeT. CBOHM IIyTh B MEJHIIMHE OH HAYHHAJ BO BTOPO¥ IOJIOBHHE

X B. - KaK pa3 TOrAa, KOIAa CTAJTH BO3MOKHBI OII€PAIHH HA OTKPBITOM CEpPJIIEe.
Jleo AuTOHOBHY Bokepus poguiaca 22 nexkadops 1939 r. B ropoge Ogamuupa AGXa3CKOM aBTOHOMHOM pecIyoia-
K CCCP. OKOHYHJI HIKOJIY C CEPEOPAHOM MEJATBIO, IIOCIE YEro PEIINI HOCTYIIUTh B MEJUIIHHCKHH HHCTHTYT,
KOTOPBIM B TOM K€ 'Oy OKOHYHJIA €TI0 cTapmasi cecrpa. Ho ¢ mepBoro pasa 3To He yAajJxoCh, H Oy yIIHi yI€HbIHA

OCYUIEeCTBHJI CBOIO MEUTY JIMIIb Yepe3 [BaA Ioa.

B I MOCKOBCKOM MEIUIITUMHCKOM MHCTUTYTE
(HpitHE MOCKOBCKAd MEJUIIMHCKAA AKaAJACMUA
uMm. M.M. Ceuyenosna) Jleo bokepus y4mniacs J€BATD JET:
LIECTD JIET ObLI CTYAEHTOM U TPHU I'0Jld — ACIIUPAHTOM
(HAay4YHBIA PYKOBOJMUTENb — aKaJEMHUK Bragumup
Bacunpesuu Kosanos). Kapaguoxupyprom Jleo
AnTOHOBHY paboTaeT ¢ 1968 T, U BCs €ro )KU3HDb HE-
Pa3phIBHO CBA3aHA ¢ HayyHBIM LIEHTPOM CEPJACYHO-
COCyauCTON Xupypruu uMmenu A.H. bakynesa, ocHO-
BAHHBIM B 1956 1. Kak MHCTUTYT I'PYJHON XUPYPTHH,
¢ 1961 1. — UHCTUTYT CEP/ICYHO-COCYIUCTON XUPYP-
ruy, a ¢ 1993 . — Hay4HbIl LEHTP.

B 1976 1. JI.A. Bokepust COBMECTHO € B.1. BypaKOBCKuM,
OBIBIIMM TOIJA JUPEKTOPOM MHCTUTYTA, U B.A. Byxa-
PHHBIM NOJYy4YHIN JIECHUHCKYIO IIPEMUIO 32 PA3pabOTKy
U BHEJPECHHE B KJIMHUYECKYIO IIPAKTHUKY METOAA I'U-
epOapHUUECKON OKCUTCHALIMU — OJHOI'O U3 CIIOCOOOB
3AIMMTHI OPraHM3Ma ITALMEHTA OT KMCJIOPOJHOI'O I'0JI0-
JIaHUS BO BpeMs onepanuu. OH 3aK/II094€TCA B TOM, YTO
B 6apOONEPALIMOHHON IOBBIIAIOT AABICHUE BO3AYX4A IO
2-2,5 U36bITOUYHBIX aTMOChep. [TalMEHT IPU 3TOM [Jbl-
AT KUCJIOPOAOM, U ApIUaIbHOE AaBjicHUE O, B KPOBU
npespimaeT 2000 MM pr. CT. (B HOpMe — 100 MM PT. CT.).

YV HOBOI'O METO[A, HECMOTPA HA €TI0 60IbIIYIO 3PP EK-
TUBHOCTD, OKA34JICA OJUH CYIECTBEHHBIA HEJAOCTA-
TOK, OTPAHUYUBIINI BO3MOKHOCTH €TI0 IIPUMCHCHUSA.
«Onepupyiomu Bpad paboTaeT B COCTOSSHUU KECCOHA,

U IIO3TOMY IIOCJIE ONEPAITUU €My HEOOXO/IMMO MIPOF-

14 B Mupe Hayku okmaGpy 2005



CNPABKA

TH JEKOMIIPECCHUIO, HA YTO TPEOYETCA
BpeMA. A 3HAYUT, XUPYPI' MOXKET IIPO-
BOJUTb OTPAHUYECHHOE YMCJIO OIle-
panun B IE€Hb, — pacCKasbiBaeT Jleo
AnTOHOBHY. — HO ¢ HAy4YHOI TOYKH
3PEHUS 3TO OBLJIO CYIIECTBEHHBIM JIO-
CTHUKECHUEM>.

ITocne 3aBepumeHuss padboThl HAJ
runepOoapudYeCcKor OKCUIeHAUEN
Bragumup MBaHoBnY BypaKOBCKHIT
MPEIJIOKUI CBOEMY YUCHHUKY BbIOPATD
HOBYIO TEMY.

Jleo AHTOHOBHY PEIINUJ 3dHATh-
Cs JICYCHUEM APUTMUH (HAPYIICHUMI
HOPMAJIBHOI'O CEPJICYHOTO PUTMA) —
TEMOM, 10 TEX IIOP ITOYTHU HE UCCJICIO-
BAHHOW. /IJI1 3TOro NPHUIIIOCH BILJIOT-
HYIO U3YYUTD JIEKTPO(PUIUOJIOTHIO
cepana. «CMENIHO CKa3aTh, HO KOI/lA
A CTAJl YUTATh JIMTEPATYPY MO TEME,
TO MHE IPUXOJNUIOCH IO HECKOIBKY
pa3 NEPEYUTHIBATD CTATHIO, YTOODI
— paccka-
3piBacT Jleo bokepus, U B €ro rimasax

MTOHSTH, O YEM U/ICT PCUb»,

BCIIBIXUBAIOT O30PHBIC OrOHBbKU. OH
NO6BIBAJI B KIMHHUKE YHHUBEPCUTETA
ioka (CILA), rae y»xe Obl1 MUHHUMAJIb-
HBIH ONBIT JICYCHUSI APUTMHH, pabo-

B.1. BypakOBCKHIT CKa3aJ: «3HACIIb,
HUKTO HE O’KHU/AJ, YTO BBl TAK PBAHE-
TE BIIEPEJ, U TENEPD YK€ HU Y KOTO HET
JKEJIAHHUA C BAMU COPEBHOBATHCS».
Cenyac CHeruaJInuCThl EHTPA IIPO-
BeaM yxKe 19 ThiCcaY onepanui no
YCTPAHEHUIO APUTMUN. DTOM TEMOI
3aHUMAIOTCA TP NOAPA3JEICHUSA: OT-
JEJICHUE TAXUAPUTMUU, OTACICHUE
HEUHBA3UBHOU APUTMOJIOI'UH U 160~
paTopus NEKTPOPUINOIOTUH.
«CeroJHs KJIUHUYECKAd MEJUIIU-
Ha pacroaraeT 60JbINUM CHEKTPOM
HEUHBA3UBHBIX METOLOB HMCCJIELO-
BAaHUA U JIEUEHUSA, — PACCKA3BIBACT
Jleo AHTOHOBHY. — 7151 TOTO YTOOBI
OIIPEAEIUTD, T€ HAXOJUTCA UCTOY-
HUK dPUTMUHU (HEHOPMAJIBHO COKpPa-
IIAIONUICA YY4ACTOK CEPAIIA), 4aACTO
He TpeOyeTcs BBOJUTH HNAIUCHTY
KareTep. Mbpl HaJ€BA€EM H4 HETO Ka-
KeT C 256 a1eKkTpojjaMu. Kommnbiorep
3ANUCBIBAET U PACIIUMPOBLIBAET
pacrnpocTpaHEHUE BO3OYXK/IECHUS 110
cepany. EcTp eme HeCKOJIbKO MOKa3a-
TeJIE HEMHBA3UBHOI'O XaPAKTEPa: 10~
HATHUE «33J€PKAHHOIO ITOTEHIIUATIA,
T.€. HAJIMYUE B CEPALIE MECTA, KOTOPOE

ABCOAIOTHOE BOABLLUVMHCTBO BPOXXAEHHBIX
NOPOKOB CEPALQ, 30MEHA KAQMAHOB,
HEKOTOPbIE BUALI APUTMUK TREBYIOT TOABKO
XMPYPrM4eCcKoro BMELLATEAbCTBA.

T4 C CO3JATENAMU ANNAPATYPbI /14
UX JUATHOCTUKM U JICYEHUA. 3aTEM,
BepHYBIIKCHL B CCCP, OH ¢ AMUpaHOM
[IloTaeBuyeM PeBUIIBUIH, TOT/IA €IO
acnupaHToMm, U B.IL ABainanu (MH-
JKEHEPOM IIEHTPA) CO3A4aJIU OPUTHU-
HaJIPHBIN aNIapaT AJ1d JUAIHOCTUKHU
APUTMUI.

B 1986 1. J.A. Bokepus u ALl PeBu-
mBUIN COBMECTHO C 10.10. bpeau-
kucoMm u O.D. bBykayckacom OblId Ha-
rpaxzaeHnl [oCcy1apCcTBEHHOM IPEMU-
et CCCP 32 pa3pab®OTKy METO/IOB /1Ha-
THOCTUKH U XMPYPrUudeCKOro JICUCHU
TAXUAPUTMHH. 32 HECKOJIBKO JIET ObLIO
MIPOBEJIEHO H0Iee IBYX THICSAY OIepa-
nun. M toraa yaurens Jleo bokepun

HE COKPAMIACTCH, 4 TAKXKE JAHHBIC 1O
JUHAMHKE NyJIbCa, T.H. BApUAOEIb-
HOCTb pUTMA — OJUH U3 BAKHEUITHUX
(paKTOPOB OAATONPUATHOTO HJIN HE-
6IATONPUATHOTO UCXO/IA TTOCTC JTIO-
OOT0 BU/IA ICUEHUSI>.

KpoMme TOor0, pa3BuBacTCA MAJIOUH-
BA3WBHAS XUPYPIUs, KOrja ¢ IIOMO-
MBIO KATETEPOB MOXKXHO YCTPAHHUTD,
HATIPUMEP, MEPIATEIBHYIO APUTMHUIO
0€3 CONYyTCTBYIONEH NMATONOTUU
cepana. O6bIYHO OHA OCJIOXKHSIET JIe-
YCHHC 3AMYICHHBIX CJIYYadCB KJIAIIAH-
HOW MAaTOJIOTUU.

«KOHEYHO, MAJIOBEPOSATHO, YTOOBI
B 00603pHUMOM OYAYIIEM MOKHO OBLIO
JIOITUPOBATH TOYKY, I'IC HAXOJUTCSI

Aeo AHTOHOBUY Bokepus -
AKOAEMUK, YAEH [Tpesnanyma
PAMH, rAGBHbIN KOPANOXMPYPT
P®, reHepaAbHbIN ANPEKTOP
HLUCCX um. A.H. bakyaesa

n ampexTop HAW kapanoxmpyprim
M. B./. BypakoBcKoro,

Naypeat AeHuHckon (1976)

1 TOCYAQPCTBEHHBIX MPEMMUM
CCCP (1986) n P® (2002),
MEXAYHOPOAHON MPEMUU
«3onoTon fnnokpat (2003),
npemun «Tpuymao» (2004),
KaBanep opaeHa «3a 3aCAyrn
nepep OtevecTtsom» Il cTenexmn
(2004) 1 AQypeaT HArpaAb!
«[pPaXAQHCKas A0BAeCTb» (2004),
AECTBUTEAbHbIN YAEH
AMEPUKAHCKOM accoumaLmm
TOPAKAABHBIX XMPYPrOB, MOYETHbIN
YAEH AMEPUKAHCKOro Koaneaxa
XUPYProB.

UCTOYHHUK APUTMUH, U YCTPAHUTD €TO
COBEPHIECHHO 6€3 XUPYPIUUYECKOTO
BMeEIIATENAbCTBA. HO 0O0bEMBI XUPYP-
TUYCCKOU MOMOIIHU, 6€3 COMHECHMUS,
yMEHbIIAIOTCA. PaHee B CTPyKType
CEPAEYHO-COCYIUCTON XUPYPIrUM
KOPOHApHAsA XUPYPIUA 3aHHUMAIA
B cpeaHeM 70%, a cernvyac JOBOJBHO
3HAYUTEJNbHYIO YdCTh TAKUX OOJIb-
HBIX JICYAT C IIOMOIIBIO KATETEPOB.
OZHAaKO 6O0JIbIIMHCTBO OCJIOKHEH-
HBIX (pOopM MHPAPKTA MHUOKAP/IA,
KOrIZla y O0JIbHOI'O BOZHUKAET Je(EKT
MEJKIKENYLOUYKOBOHN IIEPETrOPOJIKH,
pas3puiB WK gedopManusgd MUTPAIb-
HOTO KJIANAaH4, 4 TAKXKE BPOXKJACHHbIC
MOPOKU CEP/ILA, 3AMEHA KJIANAHOB,
HEKOTOPBIE BUJABI APUTMHI, 110~
MPEXHEMY TPEOYIOT XUPYPIrUd€CKOrO
BMCIIATE/IbCTBA>.

B 1994 r. Jleo AHTOHOBUY HPHUHSA
PYKOBOACTBO MHCTHUTYTOM cepiey-
HO-COCYJUCTON XUPYPIrUU, KOTOPBIHA
K TOMY BDEMEHH ObLJI PEOPraHU30BAH
B HAyYHBIN LIEHTDP C JBYMS MHCTUTY-
TAMHU B €TI0 COCTABE: MTHCTUTYTOM Kap-
JUOXUPYpPrum UM. B.M. BypakoBckoro
1 MHCTUTYTOM KOPOHAPHOM IATOJIO-
T'MU U COCYAUCTON XUPYPIUH. >

B Mupe nagku
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AKopaeEMUKO Bokepusi MOXXHO HO3BATH
POBECHNKOM N CO3AATEAEM COBPEMEHHOM

Hosoe 3ganue MHCTUTYTA KapAu-
OXHUPYPIUH, I'I€ CEHYAC HAXOAUT-
cs kabuHeT Jleo AHTOHOBUYA, KaK
rocysapCTBO B rocygapcTse. 3/1eCh
€CThb IIPAKTUYECKU BCE, UTO CO3/a/1a
HAy4YHAA MBICJ/Ib: TUATHOCTUYCCKHUC
LIEHTPBI, OIIEPAIMOHHBIE, J1a60paATO-
puy, HUEHTP TEJIEMEIUIIMHBI, 4 TAKXKE
06pPa30BATEIbHBIA LIEHTP, ACIIMPAH-
Typa U OPANHATYPA, LEHTP AACPHOU
MEIUIMHBI, [UKJIOTPOH, Il€ Ioayda-
IOT PAAOU3OTOIBI IJIA TIOSUTPOHHO-

3MHUCCHUOHHOI'O TOMOTrpada.

KOPAMOXNPY PN,

B HIICCX eXeroHO mpOBOJAUTCA
6oisiee 6,5 THIC. ONEPAIUIT — OKOJIO
35% OT O6mEero 4ucia CEpAeYHO-
COCYyAUCTBIX oncpaunﬁ, BBITIOJIHCH-
HBIX B Poccum. Ceryac B CTpaHE
paboTaeT OKOJO 72 KApJUOXUPYP-
IMYECKUX IIEHTPOB, HO ITOTO HE-
JIOCTATOYHO: B HU/I€AJIE HA OJIUH
MWJIJIMOH HACCJICHUA NOJI’KHA IIPHU-
XOOUTHCA OJHA KIMHHUKA U1 MCIOU-
IUHCKHUU [EHTP, I'ZI€ MOXKHO IIPOBO-
anuTb HEe MeHee 1000 omepanui Ha
OTKPBITOM CEPJIIE.

BnpoueM, Bce cepAcyHbBIE NIPO-
6JIEMBl OTPOMHON CTPAaHBI HE IIOJ
CHJIYy PEHIUTD JdKE BCEM KapJUOXU-
pypram mupa. MmeHHo noaromy Jleo
AHTOHOBHY CTAJI OJHUM M3 MHULIUA-
TOPOB CO3JaHUA JINTU 310POBbs HaA-
LU — OPIaHU34LMH, KOTOPAsA CTABUT
CBOEH LEIbI0 OOPATUTh BHUMAHUE
JKHATENEN Ha COOCTBEHHOE 3/I0POBbE.

Bpau, pyKoBOAUTE b, OOIIECTBEH-
HBIA JIeATENb... KaKeTCsa CTpaHHBIM,
4TO OJAMH YEJOBEK MOXET JENATh
OJITHOBPEMEHHO CTOJBKO zeJl. Passe
4TO 34 CYET JUYHOI'O BPEMEHH, KO-
TOPOE OH BCE PABHO OTHAET KapAH-
OXUPYPIUU — IVIABHOMY JI€JIy CBOEH
JKHU3HU...

Hasepnoe, noatTomy bakyneska 1mo-
XO’Kd HE TOJIbKO Ha OOJIbHUILY, HO €IIe
U Ha OOJIBIION YIOTHBII JIOM CO CBOUM
XO35IMHOM, KOTOPBIH 3[1€Ch HE TOJIBKO
pa6oraeT (OH yCIIEBAET NIPOBOJAUTH
WHOT/JIA IO NATHh ONEPANUI B JICHD),
NPENOJAET U KOHCYJIbTUPYET 6OJIb-
HBIX, HO U IPAKTUYECKU KUBET: IIPHU-
€3K4€T B IIOJIBOCBMOI'O yTPad U PEAKO
ye3:KA€T PAHbBIIE JECATH Beuepa.

Ectpb y JIeO AHTOHOBHYA U APYTI'OHA
JIOM — 60/IbIIA51 CEMbH, BCE YICHBI KO-
TOPOU NOCBATHIN CEOA MEJULIUHE.
7Kena Osbra AnekcaH/IpoBHA, C KOTO-
po# JIeo AHTOHOBUY ITO3HAKOMMUJICS
€Ile B UHCTUTYTE, — BPAU-TECPAIICBT.
[Be pouepu: crapmas, Ekarepuna,
paGoTaeT B 67- TOPOACKOMN GOJIb-
HUIle, Maaamas, Onbpra, Kak U €e
orel, — Kapguoxupypr. Taxxe y Jleo
AHTOHOBUYA €CTh [BA 34T U BHYKH:
JNEBATUJIICTHUIN AHTOH, ITIOJIyTOParo-
nposanble Copus uJIeo n KpomedyHas
(manckas) JInza.

JIOM y4€HOI'O 4aCTO HANOIHACTCS
3BYKaMH MY3bIKH, KOTOPYIO OH JIO-
our ¢ percrsa. [IpucrpacTus MeHd-
I0TCSA B 3aBUCHUMOCTHU OT BO3PaACTa
U oT curyanuu. Eciu oH paboraer
HaJl YEM-TO, UTO He TpedyeT 60IbIION
KOHLICHTPALIMU BHUMAHUA, TO JIOOUT
CIIyIIaTh KIaCcCUKy — baxa, Baruepa,
I'pura. A xorga BCTaeT paHO yTPOM HaA
padoTy, TO CPa3y JKE BKIIOYAET PALHO...
«A BOOOIIE B HAIIICH )KU3HU O€3 MYy3bI-
KU HEBO3MOKHO», — YIbI6ASICh TOBOPUT
Ma3CTPO HAMUX ceperr. M
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NNAHETONOTHA

HOTHE JIIOJAU €yT B IIyCThI-

HIO, YTOOBI MOJIIOOOBATHCS

CKYHNOH MU NEPBO3JAAHHON
NPOCTOTOM, 4 MEHS IIPHUBJICKAET €€
CJIOKHOCTB. [OpHBIE TTOPO/IBI B 321141~
HOM APU3O0HE, I7I€ 51 paboTas, CBUJC-
TEJBCTBYIOT 06 OJHOM U3 Hauboee
3aNYTAHHBIX CTPAHUI] UCTOPHUU HA
3emute. I1nacThl U3BECTHAKA, APTUIU-
T4, KBAPIIEBOI'O NECKA M 3ACTBIBIIECH
JIABBI TOBOPSIT O TOM, YTO HA IPOTI-
JKEHUH ToceJHuX 600 MITH. JIeT 3T
061aCTh CHavaaa OblJIA TEIJIBIM MEJI-
KOBOJ/IHBIM MOPEM, 34TEM HUJIHUCTBIM
00JI0TOM, OTPOMHOM ITyCTBIHEH C pac-
KQJIEHHBIMHU JIIOHAMH, JIEJJHUKOBBIM
MOKPOBOM, 4 TIOTOM MEJKHUM MOPEM.
BynkaHudeckas JesITeIbHOCTD IIPUBE-
J1a K 00pa30BaHUIO OCTPOBOB, TOJJO6-
HBIX SIMIOHCKNM, 4 3aTEM IPUMEPHO HA
150 KM 1O Kpaio I11y6oKoro pasjioma
npeoOpa3oBaIa IVIACTHI IOPOJ, B MPa-
MOp M KBapuuT. [TIoJHATHE U 9PO3UI
CO3/1aJIM COBPEMECHHBIN ITyCTBIHHBIN
JaHmagT.

Panee HEBO3MOKHO OBIJIO CTOIb
JIETAJIPHO BOCCTAHOBUTH I'€OJIOTH-
YECKYyIO UCTOPHUIO Mapca. KpacHas
MJIAHETA NMPEBPATUIACH U3 TOUYKHU
H4 HOYHOM HEOE€ B CTPAHY BEaHYE-
CTBEHHBIX BYJIKAHOB, IIEPECOXIIUX
PEK, IPEBHUX O3€P U MPOJYyBAEMBIX
BETPOM JIABOBBIX IOKPOBOB. IcTOpUSs
Mapca — ogHa U3 HauboJjee 3aXBa-
ThIBAIOMHUX B COJTHEYHON CUCTEME.
[Toka Yy4€HBIM y/1aJIOCh JIUIIb CXEMa-
TUYHO €€ BOCCO3/]aTh, COOUpas ppar-
MEHTAapHBbIC JaHHBIE. [O/laMU OHU HE
MOTJIM pa3zob6parbcd, 6611 1 Mapc
KOTI71A-TO TEIIBIM, CBIPBIM U ITOXOXUM
Ha 3eMJIIO WU OH BCErya ObLI X007~
HBIM, CYXHUM U OECIIOAHBIM, Kak JIyHa.
[11aHETONOTH CJIOBHO MNBITATHUCH 1O
OJIHOM HOTE BOCCTAHOBUTH MY3bIKAJIb-
HOE IPOU3BE/ICHUE IICITUKOM.

I[locnenHee gecaATUIECTUE O3HA-
MEHOBAJIOCh HOBOU, TPETHEN 3POU
u3ydyeHust Mapca, Korjja BCJIe 3a Te-
JIECKONMYECKUMHU HAOTIONECHUIMU
XIX B. mpuIIa 3110xa MepBbIX KOCMU-
YECKHUX allapaToB, HOSIBUBIINXCS B
60-70-x rr. XX B. Biraroyiapst ux pa6o-
T€, 4 TAKXKE C ITOMOIIbIO MaAPCOXO/I0OB
OBIJI COCTABJIEHBI TONOTI'PAPUUIECKHE

KapTHI IVIAHETDI, UCCIEJOBAH €€ MU-
HEPAJIOTUYECCKUI COCTAB, IIOJYyYECHBI
NOJPOOHDBIE U300PAKEHUSA TOBEPX-
HOCTH, NO3BOJIAIOIUE CYAUTD O IIPO-
TEKABIIMX 3J€Ch I'€OJOTUYECKUX
npoueccax. B mrore Mapc MoryT uc-
CJIEIOBATD M €010 Y. TOpHBIE TOPO/IHL,
MHHEPAJIBL U (POPMBI peibeda ITOTOBI
MOBEAATD O €O UCTOPUH.

I[ToBepxHOCTb Mapca NOCTOSAHHO
UCIHOBITBIBAIA BAMUSHUE OIPOMHOTIO
PasHOOOpA3Us NPOLECCOB U YCIOBUM
OKpyzKaoIen cpeabl. Knumar MeHAI-
Csl OT 34CYHIJIMBOTO JIO BJIAXKHOIO, 10
MOSABJICHUA CHEXHOTO M JIEAAHOTO
NOKpOBOB. Tenepb HAM NPEACTOUT
pPa3o06paThCs, HACKOJIBKO TEMJIO HUJIN
BJIA’KHO OBUIO B TOT MJIM UHOU IPO-
MEXXYTOK BPEMEHH, KaK JOJII'O IPO-
JOJIKAIHUCh TAKUE U3MeHeHus. HoBble
OTBETBI HA 3TU BOIIPOCHL, IIOJTyYEHHbIC
B IIpoIecce ndydyeHusa KpacHon mia-
HETBI, yOE€ I MHOI'HX, YTO Ha Mapce
BO3MOXKHA KU3Hb — KaK CE€HYac, TaK
U B IPOIUIOM.

ABa MecCTd, KOK ABE NMAQHETbI
B auBape 2004 1. B ABYX PaA3JIMYHBbIX
parioHax Mapca COBEPIINJIN HOCAAKY
JIBA KOCMMYCCKUX AIAPATA, 3AITyIICH-
HbIX NASA. Mapcoxoabl Spirit u Oppor-
tunity, OCHAIICHHBIC BUACOKAMEPAMU
U CIIEKTPOMETPAMH, JOJKHBI OblIN
OnpejennuTb XUMHUYECCKUI COCTAB
I'PYHTA M TOPHBIX IOPOJ U OTBETUTH
HAa IVIABHBIA BOIIPOC I'€OJIOI'OB: KAKOBA
POJIb BOABI HA Mapce? Spirit CoBepIna
OCAAKy B Kparepe I'yceBa, KOTOPBIN
ObLI BBIOPAH U3-32 (POPMBI penbeda:
H4 IIOJIYYEHHBIX C OPOUTHEI U300pa-
JKECHUAX BUJHO, YTO JOAUHA Maagum
BeeT B Kparep 'yceBa, Kak ety Obl OH
OBLI KOTZIA-TO O3€POM.

CHavana Spiril He HAIIEeJ CBUJE-
TEAbCTB CYIIECTBOBAHUA BOJBI, O0-
HAPYXUB BYJKAHUUYECKHUE ITOPOJIBI,
KOTOPbIE, KAK [T0KA3AJI CIICKTPOMETD,
COCTOSJIM M3 OJIMBUHOB M IMUPOKCE-
HOB — MMHEPAJIOB, KOTOPBIC PA3PYILIN-
JIMCh OBl 1aKE NIPU HE3HAYUTEIbHOM
KOJIMYECTBE KUJAKOM BOABL [Toposabl
HE IIOJIBEPTaJIMCh ICUCTBUIO BOJIBL, BO3-
MOKHO, OKOJIO 3 MJIPJ,. JIET CO BDEMEHU
nx nspepkeHud. Korma Spirit BCkapabd-

KaJICA Ha XOIMbl Konmymouu, garomue
MUPOKUH 0630p MECTHOCTH, CUTYA-
U5 CTAJIA CIIEC MHTEPECHE. Mapcoxoz,
O6HAPYKIJI BLICOKOE COECPKAHUE CO-
JIen cepbl. BUagMMO, BYJIKAHUYECKHE
HOPO/Ibl Pa3/IpOOUINCh HA MEJIKUEC
YACTUYKHU, KOTOPBIE 3aTEM Oaropapsi
COJIM LIEMEHTUPOBAIUCE. TaKoI 1Ipo-
LECC MOT' IPOUCXOJUTD IIPU yIACTUHN
JKHJIKOW BOJIbI, IIPOCAYUBABIICHCS Ye-
pe3 MOPOABI, NJIN CEPHOI KUCJIOTHI,
BCTYHABILICH B PEAKIIHIO C IIOPOJOO-
OpasyomumMu MuHepagsamu. OgHAKO,
HECMOTPA Ha CJIEBI BOJL, 3TU TOPHbIC
HOPOJABI COAEPKAT U 3HAYUTEIBHOC
KOJIMYECTBO OJIMBUHOB U IMPOKCEHOB.
CJ1e0BaTE/IbHO, JAKE €CIU KOTJA-TO
371€Ch U OBUIO O3€PO, TO B NOCIEAHHUE
HECKOJIBKO MUJIJIMAPAOB JIET BOAA
UI'PAjIad BTOPOCTEIICHHYIO POJIb.
Mapcoxon Opportunity COBEPIINAI
NOCAaJKy HAa MEpUJIUAHHOEC IJIATO.
BBIGOpP 3TOrO MECTa OTKPBIBAET HO-
BYIO (pa3y B MCCJICJOBAHUHU YEJIOBEKOM
COJIHEYHOM CUCTEMBI: HUKOT/IA /10 3TO-
I'O YYCHBIC-IIJIAHETOJIOI'H HE MOCHLIA-
JIM 30H/] C LIEJIbIO MUHEPAJIOIHYECKUX
uccaejoBaHum. Bo BpeMsa nepBuIxX
KOCMHYECKHUX IIOJIETOB HA Mapc Obuin
OINpeie/ICHbl XUMUYECKUE IJIEMEHTHI,
BXO/JSIIME B COCTAB MOBEPXHOCTHOTO
104 11aHeThl. ONpeeeHue MUHE-
PaJIbHOI'O COCTABA KPUCTAJIMYECKUX
CTPYKTYP TpebyeT UCCIEOBAHUI CO
CIELMAIBbHBIM CIIEKTPOMETPOM TEILIO-
Boro usnydenus 1ES (Thermal Emission
Spectrometer). Ilpu6op ObLI pa3pa-
60TaH MHOIO I 3aIyLI€HHOro NASA
op6uTasbHOrO anmnapara Mars Global
Surveyor, KOTOPbIA AJOCTUTL IJIAHETHI
B 1997 1. MBI COCTABUIN MUHEPAJIOTU-
YECKUE KAPTHL, U HA HUX MepuruaHHOE
IIATO BBIEJIAIOCH BBICOKHUM COZIEPIKa-
HHUEM KPUCTAJUIMYECKOI'O FEMATUTA.
PacnipocTpaneHHBIN HA 3EMIIE OK-
CHJI JKEJIE3a MOXKET OOPA30BbIBATHCS
B PE3YJIBTATE HECKOJIBbKHX ITPOLIECCOB,
60JibIIAg YACTh KOTOPBIX IPOTEKAET
C yyactueMm BoJbl. OIUH U3 HUX —
OCaX/JEHUE U3 PACTBOPOB, LIUPKY-
JIMPYIOMHUX B OCAJOYHBIX ITOPOJAX.
Jpyrom — ocaxkJjeHue U ACTUpaTa-
LU BOJHBIX OKUCJIOB JKEJIe3d, TAKUX
K4K I'éMaTUT, KpACHOBATO-OyPHIN )

B mupe nayku

19



MNAHETONOTHA

MUWHEPAJI, HAUJICHHBIN BO MHOTHX ITy-
CTBIHHBIX ITO4YBax. CojepKamue re-
MaTHUT HOPOABI MEPUANAHHOTO I1JIATO
MMEIOT BU/J] TOHKHUX IIJIACTOB, TO/IBEPT-
LU XCA 9PO3UU, JIEKAMUX ITIOBEPX 6O-
JIee IPEBHEN HEPOBHOU MOBEPXHOCTH,
BEPOATHO, OCAJJOYHOT'O IIPOUCXOXK/IE-
HUA. OHU 3aNIONMHAIOT PyCa U IPyTrue
MOHMKEHUSA pesibeda U CKOPEE BCEro
OBIJIN OTJIOKEHBI BOJIOH, 4 HE IIPUBHE-
CEHBI B JAHAMAPT AE€ATEIbHOCTHIO
BYJIKAHOB HJIN BETPA.

OB30OP: CTPAHHOCTU MAPCA

Yepes HECKOJIBKO JHEU MOCHE 10~
canxku Opportunity IOATBEPANI, YTO
MepuauaHHOE IIJIATO KOTJa-TO Ha-
XOJMUJIOCH T10J] BOJOH. 3/1€Ch BIICPBBIC
ObLIM OOHAPY’KEHBI OOHAXKEHUSA OCa-
JIOYHBIX OPOJ], KOTOPBIE CTOIb HO-
rarel cyabdaramu (or 30 g0 40% ot
MAaCChI), YTO UX OOPA30BAHUE MOKHO
OOBICHUTD TOJIBKO HUCITAPpCHUCM BO/BI,
cojiepyKaIer 60JIbIIOE KOJIUYECTBO
cepsl. B kparepe I'ycesa cynbdare Ta-
KOM KOHLIEHTPALIMU OJHOCTBIO OTCYT-

m Mapcoxoabl Spirit u Opportunity 6poasaT No Mapcy y)e MOATOpa road.
TpW OPOUTAABHBIX ANMAPATA B 3TO BPEMS COCTABASIKOT TONOrpaduyeckme m
MUHEPOAAOTMYECKNE KAPTbI MAQHETHI.

m PaHee rAaBHbIM MPU3HAKOM CYLLLECTBOBAHMS BOABI HO Mapce 6biAn GopMmbl
peAbeda, HO X TOAKOBAHNE BbIAO HEOAHO3HAYHbBIM. Tenepb MUHEPAAOTNYE-
CKME NPUHAKN (HOAUYME OKCUAOB XXEAE3A N CONEN CEPBDI) N TEKCTYPHbIE (Che-
PONACABbHbBIE OTAEABHOCTU U 3HAKN PSI6U B KOPEHHBIX MOPOACX) HE OCTABASIOT
COMHEHWM B TOM, YTO MeCTO nocaakmn Opportunity — AHO APEBHEFO 03epal.

m [e0AOTNYECKASs UCTOPUS MAQHETHI MPUYYAANBO N KAPAUHOABHO M3MEHYMBA
B 3ABUCUMOCTM OT MECTA N BPpeMEHU. BOAbLLIAS €€ YACTb BBIFASANT TAK, KAK
OYATO HAO HEN HET HU KAMAM BOAbBI, U AQXKE MeCTO nocaakmn Opportunity yxxe
AOATOE BPEMSI OCTAETCS CYXMM. Apyrme reonornyeckmne obbeKkTbl (BYAKAHbI)
TAKXKE OTAMYAIOTCS ARYT OT APYTQ.

CcTBYIOT. ematut umeer popmy Hapu-
KOB, IOXOKHUX HA YEPHUKY, IUAMETPOM
oT 1 10 5 MM, 3AKJIIOYEHHBIX B OCA/I0Y-
HBIX [IOPOAAX WX PAa30POCAHHBIX IO
MOBEPXHOCTU.

CaMbI¥i KPYHHBIA BBIXO/ IIOPOJ, KO-
TOPBIN UccenoBan Opporturnity, Ha3bl-
BAETCA yTeCOM bepHCa U BRIIVIAUT KaK
Pl COXPAHUBIINXCA IIECYAHBIX JIOH,
IIPOMBITBIX IIOBEPXHOCTHBIMH U I'PYH-
TOBBIMM BOJAMH. MHOT'HE NECYUHKU
HUMEIOT CYIb(PATHBINA COCTAB U OOPA30-
BAHBI B PE3YJIbTATE UCHAPEHUSA BOJBHI,
KOTOPas MOIJIA 34CTAUBATbCA HA POB-
HBIX Y4aCTKaX MEXKAY JIOHAMH (B TaK
HAa3bIBACMBIX IJICHCaX). [Topoarr yTeca
Bepnca GOpMUPOBAIUCH HA IIPOTSIKE-
HUH COTEH M JAXKE ThICAY JIET. Kpyriible
3€pH4 I'éMaTHUTa MOIVIM OOPA30BATbCS
MO3AHEE, B IPOLECCE LUPKYAALNHU
HA4CBIICHHBIX JKEJIE30M PACTBOPOB
B OCaJIOYHBIX OTJOXEHUSAX. Briepsbie
YYEHBIE UCCIIEOBAIN OOHAKEHU A 11O~
poz Ha Mapce Tak ke MHOTOCTOPOHHE,
K4K I'€OJIOTU UCCJICAYIOT UX Ha 3EMIIE.

MepunaHHOE IJIATO, OAHO U3 HAU-
6osee IoCcKux popm penveda HaA
MJIAHETE, HAIIOMHUHAET JHO O3€ep4d.
OnpepeseHHbIe C OPOUTEL PA3MEDPDI
pacIpOCTPAHEHUA TEMATUTA CBUJE-
TEJIbCTBYIOT O TOM, YTO 3TO 6BLJIO 6OJIb-
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CyAbdATHbIE OCAAOYHBIE MOPOADI,
OTAOXKEHHbIE BOAOW

DO0A0OBbIE TOHKOCAOUCTbIE MECKMU

DO0AO0BbIE LUMPOKOCAOUCTbIE MECKM

PbixAble neckun

Y1ec bepHCa NpeACTaBASIET CO60M OBHOXEHME MOPOA,
WHTEHCUBHO U3yYyaBLIeecst MapcoxoaoM Opportunity.
BeicoToOM B TPK 3TOXKA, YTEC NPEACTABASIET COOOM

YacTb Kpas KPpATePA BEIHOCAMBOCTM, HOXOASILLETOCs
npuMepHo B 700 M OT TOYKM MOCTAKN MAPCOXOAQ.
Mopoabl B €ro BepXHen 4acT 6oratbl CyAbGATHbIMN
COASIMU (KDTCHBIE U KEATHIE HQ BPEe3e B MCEBAOLBETAX)
1, BEPOSITHO, POPMUPOBAANCH B MpoLiecce
YyepeAOBAHMS MEPUOAOB 3ATOMAEHMUS 1 3ACYX. [TOPOAbI
HUXKHErO SIPyCa — TO TOHKME U MOLLHbIE CAOU — CMECh
(3eAeHbI) CBI3AHHOTO C BOAOW MUHEPAAC reMaTUTa

1 BbICTPO PA3PYLLIAEMbIX BOAON MUHEPOAOB,
06pa3yoLLmMX 6A30ALTb. BEPOSITHO, 3TO APEBHUE AIOHDI,

NASA/JPL/KOPHEAbCKMIA YHUBEPCUTET

1IOC U3OJIMPOBAHHOC O3CPO UJIN JAXKC

MaJIEHBKOE MOPE, 4 HE YaCTh MUPOBOTO
okeaHa. HECKOIbKO KPaTEPOB K IOy
M K 3aI1aJly OT OCHOBHBIX 3JIEXKEN Te-
MaTUTA TAKXKE CJIOKEHBI OOTAThIMU T'€-
MATHUTOM CJIOUCTBIMU ITOPOJIAMHU U, BO3-
MOJKHO, OBLIU OTACITBbHBIMHU O3CPAMMU.
MOKET CO3/1aThCS BICYATICHUE, YTO
JIBA MApCOXO/1a TOOBIBAJIN HA /IBYX 46-
COJIIOTHO PA3HBIX IUIAHETAX, OJJHA U3
KOTOPBIX CYIIE JIIOOOHN NYyCTBIHU HA
3emiie, a APYTYIO MOKHO HA3BATh CTPaA-
HOM TBICAYU 03€ep. Heyxenu reonoru-
Jyeckoe cTpoeHue Mapca emie 6osee
pa3zHOO6pPa3HO? MOT'YT JIM JIBA MECTA
MOCAJKU MAPCOXO/IOB, PA3HECEHHbIC
Ha THICSIYU KHUJIOMETPOB, IIPEJICTAB-
JISITH TOJIHBIN HA60P I'OPHBIX MOPOJ]
M BOJHOM aKTUBHOCTH Ha Mapce?
IIbITasCh OTBETUTDH HA 3THU BOIIPOCHI,
Y4YCHBIC ITO-HOBOMY ITOCMOTPCIN HA
JAHHBIC, ITIOJTYYCHHBIC C Op6I/ITI)I.

AaeoBas semMAs

3a nocneanue 8 net npudop TES 06-
HAPYKHWJI, YTO Caararomuye Mapc rop-
HbIC TTOPOABI U IICCKU ITOYTH ICITU-
KOM OOpPa30BaHBI U3 MATMATUYECKUX
MWHEPAJIOB, COCTABIISAIONINX 64327bT:
MMOJIEBOT'O IMIIATa, TUPOKCCHA U OJIH-
BUHA. Becnorn 2004 r. 3anynjeHHBIA

EBpONENCcKUM KOCMHUYECKUM ATCHT-
CTBOM OpOUTANbHBINA annapar Mars
Express ¢ yCTAHOBJIEHHBIM Ha OOPTY
UHQPPAKPACHBIM CIHEKTPOMETPOM
OMEGA npruCcOEMHUIICA K UCCJICIOBA-
HUSM U U3y YU PACIPOCTPAHEHHOCTD
HOAOOHBIX MUHEPAIOB. OJTMBUH OBLI
HaM/ICH Ha ITyOHUHE 6051€e€ 4,5 KM HUKE
MOBEPXHOCTHU Mapca Ha CTEHAX YIIe-
st Mapunepa. OH O6HAPYsKEH Ha BCEX
AKBATOPHAJIBHBIX PABHUHAX, BKJIIOYAA
pycna pek. OTKppITHE 6A347bTOB HE
OBIO 6OJIBIIUM CIOPIIPU3OM, ITIOCKOJb-
Ky OHH IIOKPBIBAIOT GOJBIIYIO YaCTh
3eman u JIyHsl. JlaBa, «3aTONMUBIIAA>
TaBafin, TOXE 623aJIBTOBAS — NIEPBO-
poaHas, 0O0pa30BABIIALCIH HA IEPBOH
CTAJHWU IIJIABJICHUA MAHTHUH ITJIAHCTBHI.
Ha 3emiie OHa NOCTOAHHO U3BEPIacTCs
U3 CPEAUHHO-OKECAHNYECKUX XPEOTOB,
BBICTHJIAS JIOJKE OKEAHA.

Jpyroe OTKPBITHE CTAJIO0 HEOXKMU-
JaHHOCTBIO. B TO BpeMs KaK IIOPOJbI
JPEBHUX OOIACTEN CO MHOXKECTBOM
KpaTepoB — 6a3aJbTOBBIC, ITOPO/IBI
CCBCPHBIX HU3MEHHOCTEU HATIOMU-
HAIOT AH/IE3UT: OHU COJEPIKAT OOJIbIIE
BYJIKAHUYECKOI'O CTEKJd U MUHEPaA-
JIOB, 60raThIX KPCMHHUCM, U MCHbBIIIC
TEX, 4TO COACpXKaAT xee30. Ha 3emie
AHJE3UTBl OOBIYHO O6PA3YIOTCH, KOT-

KOTOPbIE GOABLLYIO HOCTb BDEMEHM BbIAU CYXUMU, HO
PACAOAQraANCH BOAM3M BOABLLOTO BOAOEMA. AHO
KpaTePAa NOKPbLITO 6A3AALTOBLIMU MECKAMMU (FOAYO0M).

J1a M3-34 ONYCKAHUA TEKTOHUYECKUX
IUIMT BOJA CMEIIMBACTCA C MArMaTH4E-
CKMMH PACIJIABJICHHBIMUA ITIOPOJAMMU.
CymecTBOBAHME AH/IC3UTOB HA Mapce
MOJKET YKA3bIBATb HA TO, YTO €I'O MAH-
TUS 6OJIEE XKUJKAS, YEM Y 3EMIIU, UTU
YTO MOJIOAAA JIaBA IIJIABUJIACH IIPU
HHBIX TEMIICPATYPE UIH JABICHUH,
4eM crapble 6a3aabTel. HeKoTOpbIE p

OB ABTOPE:

duannn Xpucrtencedn (Philip R.
Christensen) - npodeccop YHU-
BEpCUTETA WITATA APU3OHA B TeMMAe,
BEAYLLMA CNELMAAUCT MO XUMUYECKO-
MYy COCTOBY MOPCUAHCKOW NOBEPX-
HOCTU. ErO MCCAEeAOBATEABCKAS TPYIM-
na pas3pabaATbiBAAA MHOPAKPACHbIE
NPUBOPLI AASI TAKKUX MUCCUI, KaK Mars
Global Surveyor, Mars Odyssey un Mars
Exploration Rover. B2003 . NASA 3a HO-
YYHblE MCCAEAOBAHKSI Mapca B MHOPO-
KPOCHOM AMAMNA30HE HAMPAAMAO €ro
MeAQAbBIO 3a BbIAQIOLMECS HAYYHbIE
AOCTMKeHUs, C cepepnHbl 1990-x rr.
OAAroAapPs1 HABAIOAEHUSIM KOCMUYE-
CKMX ANMNApATOB OH 30HUMAETCS N3yye-
HMeM NPOBAEM OKPYXKAIOLWLEN CpeAbl
N ypOaAHM3ALMM SEMAN.
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YUE€HBIE CUMTAIOT, YTO IIpEnoaarae-
MBbI€ AH/IC3UTHI — 3AMaCKHPOBABIIIHE-
cs 6a3anbThL [IJIOTHBIN BOJIHBIN WU
KHCJIOTHBIA TYMaH MOT IIPOPEArupo-
BATb C MUHCPAJIAMHU U NIPCBPATUTD UX
B AHJIC3UTONOAOOHBIEC OTIOKEHUS.
Paspemenue npudopa 7ES 1O0BOJIb-
HO HH3KOE: HECKOJIBKO KHJIOMETPOB
MOBEPXHOCTH HNPUXOJUTCSI BCEI'O HA

TIE HA MAPCE bbillA BORA

1 nukcenb. HacKoIbKO pa3zHOOOpa3eH
MMHEPAJTOIrMYECKUNA cocTa Mapca,
CTaJI0 OYEBUJHO TOJABKO B 2001 r,,
KOI'Zla HayaJIaCch KapTorpaduyeckas
C'bEMKA IUIAHETHI UH(PAKPACHOU Ka-
Mepon THEMIS ¢ IpOCTPAHCTBEHHBIM
paspemenueM 100 M. Mos rpymma pas-
pabdorana kamepy g Mars Odyssey —
OpOUTAIBHOTO AlNapaTa, 3alyIcH-

HOTO NASA, KoTOpHBIN BMecTe ¢ OMEGA
BBISIBUJI MHOT'OOOPA3ME XUMUYECKOT'O
COCTABA U3BEPKEHHBIX IIOPOJ, COIIEP-
HUYAIOUIEE C 3EMHBIM.

B61M31 MapCHAHCKOI'O 3KBATO-
pa HAXOQUTCA BYJIKAH AUAMETPOM
1100 kM — Bonbmon CeipT. Ha ero Bep-
IHUHE UMEETCH HECKOJIBKO KaJbJEP
ob6pymuBaHus. Tejao ByikaHa 6a3ab-

Xaoc Apam - KpaTtep, KOTOPbIN, MOAOBHO MecTy nocaaku Opportunity, 3aNOAHEH
reMaTMToM. HoyHble TeMnepaTypsbl, M3MepeHHbIe OPOUTAAbHBIM annapaTtom Mars
Odyssey, yKa3bIBAKOT HO HAOANYME: TEMAOE (KPACHOE) — CKOABHBIX MOPOA, O XOAOAHOE
(rony60€e) — MblAU 1 NeCKA. B MOAOTOMN LLEHTPAABHOWM YACTU KPpATEPA (OPAHXKEBBLIN),
BEPOSITHEE BCETO, O3€PHbIE OTAOXKEHMS. OBAQCTb TPELLUMH HA tOre YKA3bIBAET Ha
BHE3AMHble OOBAAbI IPYHTA, BO3MOXXHO, MPU U3AUSIHUN FOYHTOBBIX BOA,.

«YepHuKa», Pa3bpOCAHHAS NO MECTY NOCOAKMN, —
CcHEepPOnNATAAbHBIE OTAEABHOCTU. VX BBICOKAS KOHLLEHTPALMSI
B AGHHOW MOPOAE, HO3BAHHOW MNCKOW Irop, (MOKA3AHHOM
3A€Cb B [ICEeBAOLBETAX), MO3BOAMAQ MOPCOXOAY YBEPEHHO
OMNPEAEAUTL UX XMMUYECKUIA COCTAB: 3TO FTEMATUT, KOTOPbIN,
BEPOSITHO, OCCHKACACS B MOPAX O3€PHbBIX OCAAKOB.

MaHopama kpatepa OpeA, rA€ COBEPLUUA MOCAAKY
Opportunity, OTpaXKAET UBMEHEHNE COAESPIKAHMS
remMaTnTa (MMHEePAAQ, CBSIBAHHOTO C BOAOW) OT
HU3KOTO (roAy60K) AO BBICOKOTO (KPACHBIN). TOAYOble
NITHA, PA3MEPOM OKOAO 1 M, BO3HUKAM B PE3YAbTATE

Ha nso6paXkeHnm noa MUKPOCKONOM BUAHbI
CcHEepPONATAAbHBIE OTAEABHOCTU, 3AKAIOYEHHbIE

B rpyHTe (CAEBQ) 1 B CKAAE, HO3BAHHOW BepxHuMK
AowmHamu (BBepxy). Mopoad NCNOAOCOBAHA
CAOSIMN MUAAUMETPOBOM TOALLMHBI, YbM O4EPTAHMS
CBUAETEAbCTBYIOT OO OCANKAEHNM B TEKYYEN BOAE.

NOCAAKN MAPCOXOAQ.
Benble obAaCTM HO
30AHEM NACHE —
OBHAOXKEHWS NOPOA,
TAKKMX KAK DAb-KanutaH
(Bpeska). MNMpn AETAAbHOM
MCCAEAOBAHUU BbIAO
OBHAPYXKEHO, HTO OHMU
COCTOSIT N3 OTAOXKEHHbIX
BOAOW CyAbOATOB

M reMaTnTa.
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CHer. Cenyac Mapc He CTOAb AHAMUWYEH, KOK PAHbLLE, HO MAQHETA
AO CUXMOP XMBA. OpPOUTAAbHBIN ANnApPAT Mars Express OOHAPY XA,
4YTO OBPA30BAHHBIE HEAOBHO, MO FEOAOTMHECKNM MEPKAM, AEAHVKM
nepeTeKkatoT Yepea ropHbIE KPSKM 1 KpATepbl (CAEBQ). OPOUTOAbHbIN
annapat Mars Odyssey 06HAPRYKUA OCTATKU CHETa (CTPEeAKM

B LIeHTPe V1 CrpQABA) HO OBPALLEHHBIX K TOAKOCAM CKAOHAX. CHer Mor
BbITb UCTOYHUKOM TOW YKUAKOW BOABI, KOTOP OIS BEIMBIAC CBEXKME OBPAIM
(cripaBQ). Ecanrae-HMByAb HO Mapce CEroaHst  COXPAHUAUCH
MUKPOBBI, TO CKOPEE BCETO — B 3TUX OCTATKAX CHEXKHOTO MOKPOBA.

TOBOC, 4 CKJIOHBI YCCAHBI KOHYCAMHU
U ITOTOKAMH 3ACTHIBIICIH CTEKJIOBATO-
KPEMHHEBOU Maccod (mauur). Takue
NOPOJBl OO6PA3YIOTCSA B ByJIKAHUYE-
CKHMX O4Yarax-kKaMepax, pacroaoKeH-
HBIX ITO/] BYJIKAHAMMH. HpI/I OCTBIBAHHUMU
MarMbl IICPBBIMHU KPUCTAJIU3YIOTCA
OJINBUH U MUPOKCEH C BBICOKHUM CO-
JIEPKAHUEM JKEJI€3a U MATHUA. DTU
MHHEPAJIBI OITyCKAIOTCS Ha THO OYara,
OCTABJIsAsI MATMY, HACBIIICHHYIO KPEM-
HUEM U AJIIOMUHUEM, — U3 HEE U OOpa-
3YIOTCA JALUTHL. BEpIMIUHB BHYTPU
HEKOTOPBIX KPATEPOB HA CKJIOHAX
Bonpmoro CelpTa COCTOAT U3 €le 60-
jiee 0OOraImeHHON KPEMHHUEM TOPO-
JIbl — I'PAHUTA, KOTOPBIH MOT 00pa30-
BATBHCA IIPU KPAMHE BBICOKOM CTEIIEHU
KPpUCTAJIU3ATUH UJIU IICPCITJIABKC
paHee 0Opa30BAHHBIX 6A32/IBTOB.

HccnenoBaTein CIe/IaIu BBIBO/, YTO
BYJIKAH ITPOIIE HECKOJIBKO CTAAUI
passuTud. CHa4Ya1a U3 LEHTPA U3BEP-
razach 6a3aJpTOBAS JIABA, KOTOpPas
€ro u o6pazosana. ITo mepe xumuue-
CKHX M3MEHCHUH U U3THUIHHUSI MarM
MPOUCXOAUIN OOPYIIEHUS BEPIIUHEI
BYJIKaHA, U3BCPKCHUS HA CKJIOHAX.
MapcuaHCKHUE BYJIKAHBI HE TOJBKO
OI'POMHBI, HO U CJIOKHBI.

N nonAayT TENAbIe AOXKAMN
BaxHO HE TOJABKO TO, YTO €CTh HA
Mapce, HO 1 TO, 9erO Ha HEM HeT. KBapig

pacrpoCcTpaHeH Ha 3eMJIe, HO KpanuHe
penok Ha Mapce. 3HAa4UT, U TPAHUTA,
B COCT4B KOTOPOI'O OH BXOZIUT, TOXKE HE-
MHOTO. TAKIKE HET CBU/ICTE/IbCTB HAJTH-
Y1ST METAMOP(UYECKUX TTOPOJ, TAKUX
KaK CJIaHEL LI MPaMOP, O6PA3yIOIINX-
€51, KOIZIa U3BEPIKEHUSA UJIH OCA/IOYHbBIC
MOPO/IBI HOABEPTAIOTCA ACUCTBHUIO BbI-
COKOI'O JABJICHHST WX TEMIICPATYPHI.
Bugumo, Ha Mapce He 6blIO TEKTO-
HUYECKUX JABHKCHUH, 061a/TaI0MHX
JOCTATOYHO CHUJIbHOM 9HEPTETUKOM,
4TOOBI OIIYCKATb OPOJbI HA GOJIBIIYIO
IJIyOHHY, I7I€ OHH MOIJIM HATPEBATLCA U
CIABIHBATDHCS, 4 3ATEM OIISITh BBITAJIKH-
BATh X HA [IOBEPXHOCTB.

V 3eMin GOJIBIIME 3aI14ChI KAPOO-
HATHBIX ITOPOJ], TAKUX KaK U3BECT-
HSK, KOTOPBIF OCAK/JACTCS B TCITBIX,
HACBINICHHBIX YIJICKHUCJBIM I'da30M
okeaHax. Ecnu YYCHBIC-TIJIAHCTOJIO-
I'M CYUTAIOT, YTO MapcC KOTJa-TO 6BII
TCIIJIBIM M BJIAKHBIM, OHH JOJIKHBI
OPCAIIOaATATD HATUYUC MOITHBIX
IJIACTOB KapOOHATHBEIX nTopox. Ho
OHHU HE OOHAPYXEHBL. DTO TOBOPUT
O TOM, YTO OKE€aHBI MOIJIH OBITH XO-
JIOAHBIMH, CYIIECTBOBATHL KOPOTKOE
BpCMA, OBITH IIOKPBITHI JIBJOM HUJIN
€Ie KaKUM-JIUO0 0Opa30M IPENAT-
CTBOBATb (POPMHUPOBAHUIO KAPHO-
HATOB. Be3pecymas nbljib COAEPKUT
HEOOJIbIIIOE UX KOJIMYECTBO, HO OHU
CKOpee 06PA30BAIMCH IIPU HENTOCPE/-

CTBEHHOM B3aHMOJICUCTBUH C BOJIS-

HBIM IAPOM B aTMOC(]EpPE, 4 HE B KUJ-
KOM BOJIE HA IMMOBEPXHOCTH. JIpyras
Pa3HOBU/JHOCTD CBA3aHHBIX C BOJAOI
TOPHBIX HOPOJ, — IJIMHBI, KOTOPHIE
TOXXE€ OYECHb PEJKH HAa Mapce, 4TO
CBUJETENBbCTBYET B IIOJIb3Y TOT'O, UTO
IJIAHETA B OCHOBHOM OBIJIa CyXas.
OJIMBUH U IHPOKCEH, KOTOPBIE 6OAT-
Cs1 BOJBI, 3/I€Ch TAKXKE MIHUPOKO pac-
NPOCTPAHEHHL.

B aTOM cMBICHIE TO, UTO YBUIECI SPirit
B Kparepe I'yceBa, 6pU10 601€€e XapaK-
TEPHO A1 Mapca, yeM OOHAPYKEHHOE
Opportunity Ha MepuJIuaHHOM ILIATO.
Ho peno B TOoM, 4TO MepuananHoOE
IUIATO — HE €IMHCTBEHHOE MECTO, YbH
U300paKEHUSA, TIOJIyYCHHBIE C OPOU-
ThI, YKA3bIBAIOT HA IIPUCYTCTBHE O3€P.
Kpartep Xaoc Apam (guamerp 280 Km)
MMEET BBIBOJHOW KAaHAJ, COJACPXKaA-
mur rematut. I[1o ero qHy pasépoca-
HBl TUT'AHTCKHE OOJIOMKH, KOTOPBIE
KaK OyJITO OBLIU BBIOPOIIEHBI HAPYKY
CTPEMUTEIBHBIM IIOTOKOM ITOA3EMHBIX
BO/, YTO IIPUBEJIO K OOPYIIEHUIO KPOB-
su. B BOJiE, 3aIIONIHABIICH KpaTep, 06-
Pa30BATIHCH CJIOM OCAJOYHBIX HOPO/,
B COCTABE KOTOPBIX ObLJI FEMATHUT.

B ponmmnax MapuHepa TaKKe BUJHbI
TOHKHE 3POJUPOBAHHBIE CJIOU IIO-
pOZ, Ill€ OH IPUCYTCTBYET, UYTO YKA3bI-
BA€T HA OCAXK/JCHHUE B CTOSYEH BOJE.
B sxBaropuanbHOM 06/1aCTH TOPHBIE
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NOpOABI 60raTel Cyab(daTaMu — BEpP-
HBIA IIPHU3HAK y4aCTHUA BOJBI B OT-
JIOJKEHHU 0CaJKOB. O3epa MOIVIH UC-
NapATbCA, 3aMEP3ATDh U IIEPECHIXATh.
Kpome ob6nacrTert JpeBHUX O3€p HaA
Mapce ecTb 006J1aCTH, U3PE3AHHBIE
4aCTOU CETKOW KAHAJIOB, BHCIIHUI
BUJl KOTOPBIX 'OBOPHUT O TOM, 4TO
OHH OBITH CO3/JaHbI TIMBHCBBIMH U I1O0-
BEPXHOCTHBIMH BOgaMu. HekoTOopbIe
HUCCIENOBATENN NPEAIIONATAIOT, YTO
O6IIMPHOE IPOCTPAHCTBO HA Mapce
3aHMMaJI OKEaH: Hd CHUMKAX U TOIIO-
rpapuyeCKuX KapTax BUJHBI IPU-
3HAKU OEPEroBOM JIMHUHU U MOJIOTIOT'O
OKEAHHYECKOI'O HA.

Bce aTH OTKpPBITUA YOEAUTENBHO
MOATBEPKAAIOT (PAKT CYHIECTBOBAHUA
BO/JIbI, BpCMA OT BPCMCHU 3AITIOTHAB-
el U30JIMPOBAHHbBIC O61aCTH. YTO 3a-
CTABWJIO BOAY HAKAIUIMBATbCA U OCTA-
BATbCA B 3TUX MecTax? COrjIacHO
IJIABHOU TUIIOTE3E, 3TO OObACHAETCA
COBMECTHBIM BO3JECHCTBUEM I'€OTEP-
MaJIBHOT'O HAIrpeBa, 60IbIOro KOIU-
4eCTBA COJIEN (KOTOPBIC CHHKAIOT TEM-
nepaTypy 3aMEP3aHUd) U 3aUTHOIO
JIEJAHOIO MOKPOBA. CTOJIKHOBEHUSA
C KPYIIHBIMH METCOPHBIMU TEIAMHU
TAKKE MOIJIM U3PEIKA yTONIATh U Ha-
rpeBaTb aTMoc(epy.

Hpes o TOM, 4TO KOTJ4-TO IIAHE-
Ta ObLJIA ITIOXOXKA HA 3EMIIIO, KAXKETCH,
ycrapesaeT. KapThl MUHEPAIBHBIX pe-
CYPCOB yOEAUTENBHO JOKA3bIBAIOT, YTO
JPEBHAA IIOBEPXHOCTD, HA KOTOPOH JJO
CHUX ITOP COXPAHHJIUCH ByTKAHUICCKUEC
TTOPOABI, MAJIO TIOABCPIJIACH BJIUAHUIO
BOJBL Jlake Ha MepUJNaHHOM IIJIATO
0a3aJIbTOBBIC IIECKU, JICKAIHUE TIOBEPX
O3€PHBIX OTJIOXKECHUM, YKA3BIBAIOT HA
TO, YTO 34CYXH 3/1€Ch IPOAOJIKAIOTCH
yKe 2 unum 3 Mapg. aet. Caennl 03ep
U IOXOXKUX HA PEYHYIO CEThb KAaHAJIOB
CYIIECTBYIOT, HO BOAA MOIJIA T€Yb 1O
HUM TOJIBKO B TEYEHUE KPATKOI'O II€e-
puozaa BpeMeHU. BO3MOXXHO, 60JIbIIYIO
4aCTh BDEMEHHM OH4 ObLIA 3aMOPOXKE-
HAa, HO HHOI'/1A JIEJ] TA4J1, A IOTOM OIIAATh
OBICTPO 3aMeP3aIL JJO CUX IOP yUYEHbBIC-
IUTAHETOJIOI' U JIOMAIOT I'OJIOBY HaJ| TEM,
KaK TaKOH 6€3BOJHBIA MUP MOT OBbITh
TAKUM BOJHBIM B OIIPCAC/ICHHBIX MC-
CTaX U B HEKOTOPBIE IIEPHO/BIL.

Matepa HUAQ — OB6AQCTb HA BEPLLUMHE TMIAHTCKOrO BYAKAHA boAbLLon ChIPT,
KOTOP QS COAEPXKMT KOK CTAPbIE 6A3AABTOBbIE AQBbI (FOAYObIE), TOK 1 MOAOAbIE
AQLINTOBbIE KOHYCbIl I AQBOBbIE MOTOKM (KPACHbIE). [TleCHYAHbIE AOHDI
(OpaHXKEBbLIE) — CMECH ABYX TUMOB MOPOA,. ByAKOHM3M HO Mapce C XMMMnYeCcKom
TOUKM 3PEHMS OKA3AACS BOAEE CAOXKHBIM, HEM OXKUACAN YYEHbIE,

MAaaHeTa AOATUX
CE30HHbIX UIBMEHEHUN
IIpomtoe Mapca Bcerga IIpUBJICKAIO
BHUMAHHNC YUYCHBIX. A HOBBIC JAHHBIC
34CTABWIH UX C €lle 60JbIIUM JHTY-
3UA3MOM IPUHATHCA 34 U3YYEHUE €TO
COBPEMEHHOU AKTUBHOCTH.
Bo-nepBbIX, IOABUIACH MACCA CTO-
POHHHUKOB TOT'O, 4YTO B HEJABHEM
IpouIoM Mapc OblJI I'€OJIOIUYEeCKU
AKTUBEH. BONBIMIMHCTBO KPYIIHBIX
BYJIKAHOB U JIABOBBIX IIOKPOBOB CTAPbI
U JATUPYIOTCA IEPBOM IOJOBUHOM
UCTOPHHU IIJIaHETHL. HO OTCYTCTBHE Me-
TEOPUTHBIX KPATEPOB B HIOTOKAX JIABbI
B TAKUX OOJIACTAX, KaK ATabacka, CBU-
JETENbCTBYET OO0 UX MOJOLOCTHU (11O
reOJIOTUYCCKUM MepKaM). [Ipogykram
U3BEPKEHNUH BCETO HECKOJIBKO MUJIIN-
OHOB JIET. McC1enoBaTenn NbITaaIUuCh
OGHAPYXKUTDb MECTA BYJIKAHUYECKON
U IeOTEPMAJIbHON AKTHBHOCTH HA
IIOJIYYCHHBIX B HOYHOC BPCMA UH-
(PPaAKPACHBIX U30OPAKEHUAX, HO TAK
HHUYETro 1 He yBuaenu. Kaxercsa, Mapc
OCTBLI JO TAKOH CTEIEHU, YTO BYJIKA-

HU3M Ha HEM OYEHBb CJIa0, XOT Bpe-
MEHAMH JI1ABA U3JIMBAECTCA HA IIOBEPX-
HOCTbD.

Bo-BTOpHIX, CA€1aHO BAXXHOE OT-
KPBITHE, YTO Mapc ABISAETCA KOJIOC-
CAJIbHBIM PE3E€PBYAPOM 3aMOPOKECH-
HOW BOJBI, PACIIPE/IC/ICHUE PECYPCOB
KOTOPOM HE 3ABUCHUT OT KJIMMATHUYEC-
CKUX u3MeHeHU. Ha oboux nostocax
ObL/IM OOHAPY’KEHDBI 3AJIEXKU JIbAA U
O0TaThIX JIbJOM OTJIOKCHUH, TOIIIN-
Ha KOTOPBIX JOCTUI'AET HECKOIBKUX
KUJIOMETPOB. MH(pakpacHbIE U3Me-
pEHUSA TEMIIEPATYPBHI, IIOJYYECHHDBIE
B 70-x rT. XX B., IOKA3aJI1, YTO CEBEP-
Has HOJIAPHAsA MAIKA JIbAA OTIMYACTCSA
10 XUMHUYECKOMY COCTABY OT IO’KHOH,
IOBEPXHOCTHAA TEMIIEPATYPA KOTO-
pO# JOCTUTAET TOYKM 3aMEP3AHUA
YIVIEKMCJIOTBL. HO MOKET JIM 11OJ1 3aMO-
POXEHHON YIVIEKHUCIOTON CKPBIBATb-
cs1 OOBIYHBIN J1e]] U3 BoAbI? HepaBHue
U3MEPEHHUS TEMIIEPATYPBI IPHOOPOM
THEMIS 06HApYKUIU €TI0, IPOCTyIa-
IOIIUM HAPYKY B HEKOTOPBIX MECTAX
JOKHOU MOJIAPHOM IIANIKU.
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ANOAAOHOBA NATEPA — MNP OTSHKEHHBIN, HO HU3KU BYAKOH, M3BEPIABLUNN
AQBY PA3HOIO XMMNYECKOro CoCcTaBa. OH MOT GbITb UICTOYHWKOM MENAQ,
OBHAPYXKEHHOTO MAPCOXOAOM Spirit Ha 350 KM tOXKHEeEe. ByAKQHMYECKME MOPOAbI
HECYT CAEAbI BOAHOW 903U, TAIOKE KOCMUYECKMI ANNAPAT OGHAPYKMUA B STOM
OOACCTM COBPEMEHHbIE OMOA3HW.

[Ipuboprl Gamma Ray Spectrometer
n High Energy Neutron Detector, ycTa-
HOBJICHHBIE HA 60pTYy Mars Odyssey,
U3MEPAINU HOTOKH IraMMa-Jyden
U HEHUTPOHOB, BOZHUKAIONUX IIPU
CTOJIKHOBCHHAX KOCMHUYCCKUX JIY‘ICIZ
C aTOMaMHU B IpyHTE. Pacnpenenenue
SHEPIUU I'AMMA-JIY4YEd U HEUTPO-
HOB OTPA’XKAE€T XUMHUYECKUI COCTAB
IPpyHTA 4O ITyOHMHBI HECKOJIBKUX ME-
TpoB. Hanpumep, BOZOPOJ, NOIIOm A~
€T HEUTPOHBI, HEJOCTATOK KOTOPBIX
O3HAYA€T HAJTUYHUE HOAIIOBEPXHOCT-
HOI'O BOJOpoOAa (BepoAaTHO, H, nin
H,0). B obnacTax Mexay noJIcaMu
U mupoTor 60° copepKaHue BOJBI
B I'PYHTE cocTaBageT 6oiee 50%.
Taxas BBICOKAsl KOHLIEHTPALUA JIbJa
HE MOIJIa 06Pa30BATHCA IPOCTO NIPHU
1udy3un BOAAHOI'O Iapa U3 ATMOC-
¢epsbl B mopel rpyHTA. CKOpEE BCETO
JIe, AKKYMYJIMPOBAJICS IIPH BbIIIAJIC-
HHWHW CHETI'a UJIU MHEA.

Ha6mogaeMble HA CPEAHUX MIHUPO-
TaX HEOOBIYHBIC (DOPMBI TAKIKE BbIIA-
IOT IPUCYTCTBUE JIbJA. B 0601X nosy-

mapusax Mexay mupotamu 30° u 50°
€CTb O6JIACTH C AYECUCTOI CTPYKTYPOH,
KOTOpas MOIIa O6pa30BATHCA IPU HUC-
MAPEHHUHU JIb/IAd U3 HATPETOr'O I'PYHTA.
3a/1€K1 HEU3BECTHOI'O MATEPUAJIA TOJ-
IUHOM 1O 10 M OOHAPYKEHBI B YIVIYO-
JICHUAX HA XOJOOHBbIX, O6p9.H_lCHHI)IX
K IOJIIOCAM CKJIOHAaX. BO3MOXHO, 3TO
OCTATKU OObIYHOIO cHera. OIHUM U3
Hanbosee 3HAYUTEAbHBIX OTKPBITUI
CTaJIM HEOOJIBIINE CBEKHE OBPATr'U HA
CPEIHUX MUPOTAX, BEPOATHO, IPOJIE-
JIAHHBIC BECCCHHUMU BOJIAMH B ITPOIICC-
Ce TasHUSA TIPUIIOBEPXHOCTHOI'O JIbJA
WA CHEKHOTO ITIOKPOBA.

Bce OTKPBITHSA TOBOPST O TOM, YTO
Ha Mapce, Kak 1 Ha 3eMJie, OblI JIETHU-
KOBBIN IIeproJl. HaKJIOH OCH BpaleHU s
IUTAHETHI K IJIOCKOCTU OPOUTDI MEH -
eTca npuMepHO Ha 20° ¢ mepruogoM
125 ToIC. 1eT. KOrja HaKJIOH OCH HaAU-
OOJIBIIU Y, ITOJIIOCA CTAHOBATCS CAMBI-
MM XOJIOAHBIMM MECCTAMM HA IIJIAHETE.
CHera 6OJIbIIE BHITIA/IACT, YEM HCITA-
PAETCA, YTO IPUBOAUT K HAKOIIJIEHUIO
Jpja. Korna HaKJIOH OCH YMEHBIIAET-

Csl, IIOJIIOCA ITOJIYYaIOT OOJIBIIE COJI-
HEYHOI'O CBETA U TEILJIA [0 CPABHEHUIO
CO CPEIHMMU IHPOoTAMU. Bojga nepe-
TEKAET OT IIOJIOCOB K 3KBATOPY. Ecin
MOBEPXHOCTD ITIOKPBITA CHEI'OM, TO OH4
CTPYUTCS TOHKMMU 3MENKAMU. B Hatre
BpEMs HA CPEJHUX MHUPOTAX TEILICE,
U CHEXHOI'O NOKPOBA B OCHOBHOM
HeT. Ecim Teopus JIEAHUKOBBIX IIEPU-
OJJOB BEPH4, TO OYEPEAHOI HACTYIIUT
yepes 25—-50 ThIC. JIET.

Mapc — 1mIaHeTa ¢ O4€Hb HEOOBIY-
HBIM I'€OJIOTUYECKHUM CTPOECHHUEM,
C YAUBUTCIIBHO TUHAMWYHbBIM HACTO-
AWM U HCIIOHATHBIM, JAKC MMaPaJOK-
CAJIbHBIM IIPOIUILIM. Bynkanudeckue
MOPOJBI 3[I€Ch TAKHE KE PA3HOOOPA3-
HBIC, KAK U HA 3eMJI¢, 4 IPOABJICHUA
PabOTHI BOABI IPEACTABICHDI IIOJIHOC-
TbIO. Ha 3ape cBO€i HICTOPUM IJIAHETA
HCIBITHIBAJJIA CHUJIBHBIC HABOJHCHM A
M, BO3MOXKHO, Hd HEW JTAXKE MU JTOXK-
U, XOT4 €€ JAPEBHUE MOPOJbI COXPa-
HUJIM MUHEPAJIBI, KOTOPBIE OBICTPO
Pa3pyLIMIMCh OBl BO BIAKHOU Cpeje.
Ceilyac KIMMaT CyXOM U XOJIOJHBIH,
HO OTKPBITUA, CACAAHHBIE 30HJOM
Opportunity Ha AHE APEBHETIO MODs,
CBUJICTEIBCTBYIOT O TOM, YTO KJIUMAT
meHsanacd. JKujkas Boga HE MOIJIA CO-
XPaHUTHCA B COBPCMCHHBIX YCIIOBUAX,
HO OBparu 06pa3oBaJIUCh HEJABHO,
U 3TOT MPOLECC ele OyaeT Npogos-
JKATBCHL.

Paznoo6pasue yCca0BUH, MEHAIO-
IUXCSA B IPOCTPAHCTBE U BpEME-
HU, — OJJMH U3 Haubosiee obHAC-
JKUBAKOIHUX APIYMCHTOB B IIOJb3Y
CYIICCTBOBAHUA KUBBIX OPTAHHU3MOB
Ha Mapce: Koe-TJi€ MOIVIA CIOKUTbCA
O1aTONIPUATHBIE YCIOBUA IS 3aAPOXK-
JIEHUA KU3HU. [lepruogudecku Boaa
34I10IHsIA 03epa. MOXET ObITh, ITO-
o BPEMEHHU OBUIO JOCTATOYHO, UTO-
OBl BOBHUKJIHU JKHUBBIC OPTraHU3MBI,
KOTOPBIE €€ MOI'YT LENIATbCA 32
JKU3HDb, BIIA/1a4 B 3UMHIOIO CITAYKY HA
BPpCMA HACTYIJICHUA XOJIOJOB U OT-
TAWUBAS IIPU YIYYIICHUHN KIUMATHYIC-
CKMX YCJIOBUU. BO3MOXHO, B OCTATKAX
CHEXHOT'O IMOKPOB4, OBPArax U JApy-
I'MX MECTaX BO BpeMsl Oyaymux 6ec-
MHUJIOTHBIX MOJIETOB MOXKET OBITh 06-
HApyKEeHA KU3HD. W
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[opAOH KenH

OWEV 1%
NPOAOAKAKOT OXOTY
30 6030HOM XUrrca,
KOTOPbIN MOMOXKET
yOeAnNTbCS

B CYLLLECTBOBOHWM
OAHOVIMEHHOTO
MNOAS,
HAOAEASOLWEro
MQACCOW KAKAYHO
4YACTUYKY
BceAneHHoW,

SA2AKN wice

HOTI'H€ JIIOAX 3HAIOT, 4TO Ta-
KOe Mmacca. Becem sAcHO, 4TO
CJIOH OOJIBIIIE U TAXKEJIEE MY-
paBbs. JJaske B OTCYTCTBUE I'PABUTAIIUN
TUTAaHTCKUH 06/1a/1aT€/Ib XO60TA UME-
€T 6OJIBIIYIO MACCY: €O TSIKEIICE CIIBU-
HYTb C MECTA U PA30rHATb. OUEBU/IHO,
CJIOH 60j1€€ MACCHUBEH, IOTOMY UYTO
COCTOUT M3 3HAYUTEIBHO OOJBIIETO
4H1CIa ATOMOB, YeM Mypasend. Ho yem
JKE€ OIPEJICISIIOTCSI MACCHI OT/IE/IbHBIX
aTOMOB? YTO MOXKHO CKa3aTb O MACCE
JEMEHTAPHBIX YACTHIL, U3 KOTOPBIX
OHHU cocToAT? OTKyAd OHA bepeTcs?

V npo6aeMbl MaCChI €CTh /IBA HE-
3aBUCHMBIX acIiekTa. IIpexae Bcero
XOTEJIOCh OBl IOHATH, KAK BOOOHIE IO-
apyasieTcss macca. OKa3bIBAECTCH, B €€
BO3HUKHOBEHUH YUACTBYIOT IO Kpani-
HEM MEPE TPU PA3TUYHBIX MCXAHU3-
Ma, KOTOPBIE OYAYT ONHUCAHBI HUXKE.
[1aBHYIO POJIb B (PU3UYECKUX TEOPUAX
MAaCChl UI'PAET TAK HA3BIBAEMOE II0JIE
XUrrca, skoObl IPOHU3BIBAIONICE BECh
peanbHbI MUP. CYUTACTCH, YTO dJIC-
MEHTAPHBIE YACTUIIBI OOPETAIOT MACCY
B PE3Y/IBTATE B3AUMO/ICHCTBUS C 9TUM
nosieM. Ecitm OHO ecTb Ha caMOM JieJie,
TO COITIACHO TEOPUH JJOJIZKHA CYIIECTBO-
BATh CBA3AHHAS C HUM YaCTHIA — OO30H
XHUITCA, 32 KOTOPBIM YUYEHBIE OXOTSITCS
C IIOMOMIBIO YCKOPUTEIECH YACTHIL.

Kpome TOoro, yueHsl€ XOTSIT 3HATb,
IIOYCMY PA3JIUYHBIM BHUJAM 3JICMCH-
TAPHBIX YACTULL COOTBETCTBYIOT CTPO-
TO OIIPCACICHHBIC 3HAYCHUA MACCHI,

MIpUYEM CaMas TsXKeaasg 4acTUILA Ha
11 mopAAKOB MACCUBHEE CAMOM JIET-
KOM. BO CTOJIBKO 7K€ pa3 CJIOH TAXKenee
CAMOI'O MAJICHBKOI'O MYPaBbs (CM. PUC.
na cmp. 30).

Yro Xe TaKkoe macca?
B 1687 . Mcaak HpIOTOH ITHCAJI B CBO-
HUX 3HAMEHUTBHIX «Hagamax»: «macca
€CTb M€P4 BEUIECTBA, YCTAHABIUBAC-
Masd IPONOPIHUOHAJIBHO IIJIOTHOCTU
U oo6beMy ero». Takoe 6a3oBoe onpe-
JICJICHUE BIIOJIHE YCTPAUBAJIO YICHBIX
B TCYCHHUC IBYX BCKOB. OHu IIOHUMAJIH,
YTO HAayKa CHA4aIa JOJIKHA OIMCATD,
KaK ZEHUCTBYIOT 3aKOHBI IPUPOJIHL,
4 YK IIOTOM pa3duparbCs, IOYEMY BCE
MPOUCXOAUT UMEHHO T4K, 4 HE MHAYE.
B nmocnegHue roapl aKTyaJabHBIM /IS
(PU3UKOB CTAJI BOIIPOC «IIOYEMY CYLIE-
CTByeT Macca?». [IoHnMaHue 3HAYCHUA
U MIPOUCXOXKICHUA MACCHI JOTIOTHUT
U pacmupur CTAHAAPTHYIO MOAEIIb
(PUBNKH IEMEHTAPHBIX YaCTHUIL, KOTO-
pada OonucChIBACT UX BBZII/IMO[[CI;ICTBI/IH.
DTO TAKKE IIOMOXKET PA3PECUIUTD 3d-
raJJKy TEMHOTO BEILECTBA, KOTOPOE
COCTABJIACT OKOJO 25% BceneHHOM.
COBpEMEHHBIC NIPEACTABICHUA
O MACCE Iropasio CIOXKHEE, YEM OIpe-
Jgenenue HploToHa, U 6a3UPYIOTCA HA
CrangapTHON Mojenu. B ee ocHoBe
JIEKAT MATEMATUYECKAsL (PyHKIIUA,
KOTOPAas HA3BIBACTCA JIAr PAHKUAHOM
U IIOKA3BIBAECT, KAK B3aUMOJECUCTBY-
0T PA3JIUYHBIC YacTUIbl. Caenysa p
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MPaBUJIAM PEIATUBUCTCKOU KBAHTO-
BOM TEOPHH, C IOMOUIBIO JIATPAHKHU-
aHa (PU3UKH MOI'YT PACCUYUTATD IIO-
BEJICHHE 3JIEMEHTAPHBIX YaCTUL] U,
B YaCTHOCTH, OIIUCATh, KAK OHU O6pa-
3YIOT IIPOTOHBI U HEUTPOHBHI. U K 311€e-
MCHTAPHBIM, U K COCTABHBIM YadCTH-
aM IIPUMEHUMO YpaBHEHUE F=ma,
CBA3BIBAIOLICE CHITY, MACCY U IIPUOO-
peraemoe €10 ycKkopeHue. PyHKIusa
JlarpaH’ka MOMOr'aeT HaM BBIYHCIUTD
3HAYCHHUE, KOTOPOE CJIEIYET UCIIOIb30-
BaTb B KAYECTBE 772, T.€. MACCY YACTULLBL
Ho oHa BXOAWT HE TONIBKO BO BTOpoi
3aKkOH HproTona. Hannpumep, cornmacHo
YACTHOM TEOPHUH OTHOCHUTEIBHOCTH,
HC UMCIONINC MACCHI YACTHUIIBI B BAKY-
yMe IBUXKYTCA CO CKOPOCTBIO CBETA,
4 9aCTULBI C MACCOM JIBUXKYTCA MEJ-
JICHHEE, IIPUYEM, 3HAd MACCY, MOKHO
paccyYUTaATh UX CKOPOCTB. bosee Toro,
IrpaBUTALUA ICHCTBYET HA MACCY A0CO-
JIIOTHO TAK K€, KAK Hd 9KBUBAJICHTHYIO
€l 3Hepruio. Beanuyuna m, paccyu-
TAHHA4sA C NOMOIIBIO JArPaHKHUAHA,
HJICATIBHO HMOAXOJUT HA POJIb MACChI
BO BCEX 0€3 UCKIIOUCHUS (PUBNUECCKUX
YPpaBHECHHUSIX.

DyHAAMEHTAIBHBIC YACTUIBI UMCIOT
CTPOr'O OIPEAECIECHHYIO MACCY IOKOs
(4acTHLBI C HYJIEBOM MACCOM MOKOSA
Ha3bIBAIOTCA 6€3MACCOBLIMM). [TonHas
MacCa CIOKHOI YaCTHULBI COCTOUT U3
CYMMBI MACC IMOKOA COCTABIAIONIUX
€€ YACTHULI, 4 TAKXKE UX KUHETUYECKOMN
QHCPI'UU ABHIKCHHUA U NOTCHIINUAJIb-

OB30P: ®U3NKA MOAEN XUITCA

HOW 3HEPI'UU B3aUMOJCHCTBUA. CBA3b
SHEPIUH M MACCHI OIIMCBIBAETCS M3-
BECTHBIM YPABHCHUEM DUHINTEHHA:
E=mc*, re c — CKOPOCTbD CBETA.

I[IpuMepoM 3HEPTUHU, AAIOIEN
BKJIAJ] B MACCY, MOKET OBITb XOPOIIO
3HAKOMBIM HAM BH/JI BEIIECTBA — IIPO-
TOHBI U1 HEUTPOHBI, U3 KOTOPBIX CO-
CTOSIT ATOMHBIE AAPA. DTU YACTHUILBI
COCTABIAIOT 4—5% MACCBl U 9HEPIUU
Bcenennoit (em. epesxy na cmp. 31).
CornacHo CTaHAAPTHON MOJEIH,
NPOTOHBI U HEUTPOHBI OO6PA30BAHDI
KBAPKAMH, KOTOPBIE CBA3AHBI MEXIY
cOo6071 6€3MaCCOBEIMHU I'TTIOOHAMH.
XOTs 3JIEMEHTHI KaXKJI0I'O NPOTOHA
KPYZKAT B HEIIPEPBIBHOM BaJIbCE, MbI
BUJHUM €r0 KaK €JUHBII OOBEKT CO
CBOUCTBECHHOI €My MaCCOU, KOTOpas
paBHA CyMME MACC M SHEPTUH COCTAB-
JIAIOIINX €I'O JIEMEHTAPHBIX YACTHULL.

W3 ypasuenun CTaHAAPTHON MO-
JIeJIN CIIEAYET, YTO MOYTH BCSA Macca
MPOTOHOB U HEUTPOHOB OOYCIOBIIE-
Ha KMHETHUYECKOM dHEPIUEd KBAPKOB
U IJIIOOHOB (OCTAJIbHOE — MACCHI 110-
KOs1 KBAPKOB). TakuMm o6pasoMm, 4—-5%
BCEM BceseHHON Uau NoYTHU BCE 3HA-
KOMOE€ HaM BEHECTBO COCTOUT M3
SHEPI'UM JABUKEHUS KBAPKOB U IIIOO-
HOB B IIPOTOHAX U HEUTPOHAX.

MexaHnsm Xurrca

B ortnuyne oT N1pOTOHOB U HEUTPO-
HOB TAKHE€ 3JIEMEHTAPHBIC YACTULIBI,
K4K KBAPDKH U 3JIEKTPOHBI, HEJC/IH-

® Macca - NpYBbIYHOE CBOMCTBO BELLECTBA, HO AAS YYEHbBIX OHO BO MHOTUX
OTHOLUEHUSIX OCTAETCSl 3Aarapkon. Npexae BCero — KAk 9AEMeHTapHbIE Ya-
CTULbI NPUOBPETAKOT MACCY U MOYEMY €€ 3HAYEHME Y KAXKAOM U3 HUX CTPOTO

onpeAeneHo?

m OTBETbl HO 3TU BOMPOCHI MOMOryT TEOPETUKAM 30BEPLUUTL M PACLLUUPUTD
CTOHAQPTHYIO MOAEAb GUINKN SAEMEHTAPHbBIX YACTUL,, KOTOPAS ONUChIBOET
HYHAOMEHTAABHbBIE 3AKOHbI MPUPOABI. PaclumpeHHas CTAOHAQPTHAS MOAEAb
NMOMOXKeT PA3raAATb 3Araaky TeMHOro BelleCTBd, KOTOpOe COCTABASET Npu-

BOANINTEABHO 25% BCeAneHHOoNM.

m COrAQCHO TEOPUN, SAEMEHTAPHbBIE YOCTULLBI NPUOBPETAOT MACCY, B3AU-
MOAEWCTBYSI C KBAHTOBBIM MOAEM XUITCA, MPOHWM3bIBAIOLLMM BCIO BCEAESHHY!O.
OKCMNEPUMEHTbI HO YCKOPUTEASIX HACTUL, MOMOTYT YYEHbIM YOEAUTLCS B CYLLE-

CTBOBOHWNM 2TOIO MOASI.

Mbl. OTKyJa y HUX 6€PYTCA MACCHI
MIOKOS — IJIaBHAd 3arajKa IPOUC-
XOXKJIE€HUA MacChl. COTJIACHO COBpeE-
MEHHOM (PU3UYECKONH TEOPHUH, MACCHI
(dYHIAMEHTAJIbHBIX YACTULL ABJIAIOT-
Csl PE3YABTATOM UX B3aMMOACHUCTBUSA
¢ monem Xurrca. Ho mouemy 310 none
NPUCYTCTBYET BCIOAY BO BcesieHHOI?
IToyeMy B KOCMUYECKUX MACIITA6aX
€ro HANPsXKEHHOCTDb HE PABHA HYJIIO,
KaK 'y 3JIEKTPOMATHUTHOIO nojad? Yro
TaKOeE 1oJjie Xurrca?

ITone Xurrca — 3TO KBAHTOBOE
noJie. 34eCh HET HUYErO YAUBHUTECIb-
HOT'O: BCE 3JIEMEHTAPHBIEC YACTUILLBI
NPENCTABIAIOT COOOU KBAHTHI CO-
OTBETCTBYIONIUX KBAHTOBBIX IOJIECH.
DIEKTPOMATHUTHOE IIOJIE TOXKE SABJIA-
€TCA KBAHTOBBIM, 4 COOTBETCTBYIOIAS
€My JIEMEHTAPHAA 4aCTULA — (POTOH.
Tax uyTO ojie XUrrca B KaKOU-To Mepe
He 6oJiee 3araIOYHO, YEM JIEKTPOHDI
U CcBET. M BCe K€ eCTh y HEr'O TPU OCO-
OEHHOCTH.

IlepBas M3 HUX YUCTO «TEXHUYEC-
CKasg». Bce noisa XxapakTepUusyloTcs
TAK HA3bIBAEMBIM CIIMHOM, T.€. OIIpeE-
JICJIEHHOU BEJIUYUHOM YIJIOBOT'O MO-
MEHTA COOTBETCTBYIOIIUX YACTHILI.
Hanpumep, y 37IEKTPOHOB OH COCTAB-
aseTr 1/2, a 'y OONbIIMHCTBA YaCTHLI,
CBSI3AHHBIX CO B3aUMOJCUCTBUAMU
(ckaxkeM, y (pOoTOHOB), paBeH 1. CriuH
6030Ha XUITCA PABEH HYJIIO, IO3TOMY
OJJTHOMMEHHOE II0JIE MOKET BXOJHUTD
B JIATPAHKUAH HEOOBIYHBIMU CIIOCO-
0aMHu, YTO, B CBOIO OY€PE/Ib, OOYCIOB-
JIMBAET OCTAJIbHBIC €O OCOOCHHOCTHU.

Bropoe yHukanbHOE CBOMCTBO I10JIS
XuUrrca no3poaseT OObsICHUTD, IIOYe-
MY €I'0 HAIIPSIPKEHHOCTD BCIOJY OTJINY-
Ha OT HyJIs. JI1o6as1 cucTeMa, BKJIIoYast
BceseHHYIO B IEJIOM, CTPEMHUTCA K CO-
CTOSAHUIO C CAMOU HU3KOW 3HEPIUCH,
CJIOBHO 14D, CKATBIBAIONIUIICS HA JTHO
BIAUHBL [I719 OOBIYHBIX TOJICH Ha-
OLO6HE JIEKTPOMATHUTHOI'O CAMOE
HHM3KOE 3HEPreTHYECKOE COCTOAHUE
COOTBETCTBYET HYJIEBOU HANPAKCH-
HOCTH IIOJI, T.€. €r0 OTCYTCTBHIO.
Ecnu xe moJie OTINYHO OT HYJHA, TO
COAEPKAMAACA B HEM dHEPTUSA yBe-
JIMYMBAET OOINYIO SHEPTUIO CUCTEMBL.
OIHAKO B CiIy4ae noysd XMUITca dHep-
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CBOHCTBA HEYROBUMON YACTHULI XHITCA

KAK MOAE XUITCA CO3AAET MACCY

«[lyctoe» MpoCTPAHCTBO,
3AMNOAHEHHOE MNOAEM XUITCA, MOXOXKE
HQ MASK, MOAHBIV AETEN.

MPOHU3bIBAY PEAABHOCTb

DHeprus 06blYHbIX MOAEN (HAMPUMEP SAEKTPOMATHUTHOE)

MUHUMOABHO MPY HYAEBOW HAMPSPKEHHOCTU MOAS (CAeBQ). BceneHHas
HOMOMMHQET AP, KOTOPbIN CKATLIBAETCS M OCTAHOBAMBAETCS HO AHE

BMAAWHbBI, TA€ HAMPSHKEHHOCTb PABHA HYAIO. 3Hepr|/m MOASI Xurrca

MUHUMOABHA MPW HAMPSHKEHHOCTU MOAS, OTAMYHOWM OT HYAS1 (CrIPABQ).
TakMm 06pPA30M, B COCTOSIHUM C HOMMEHbLLEN SHeprnen BceneHHas

MPOHN3AHA NOAEM XUITCA.

SHeprus SHeprus

A A

Cuna
ﬁgi;TpOMQI’HMTHOI’O S ong
Xuvrrca

B3AUMOAENCTBUE C APYTUMU YACTULLAMU
AnarpaMmmbl PeMHMAHA M306PAXKAIOT B3AUMOAENCTBNE 6O30HA
Xurrca ¢ Apyrumm 4acTmuamuy. AMarpaMmMma Q npeacTaBAseT
NCNYCKAHME NAW MOTAOLLEHME BO30HA XUITCA YaCTMLEN

TUNA KBAPKA UAM BAEKTPOHA. Ha ArarpaMme b noka3aH
COOTBETCTBYOLWNI Npouecc AAS W- A Z-6030HA.

W- 1 Z-6030HbI TOKXKE MOTYT OAHOBPEMEHHO B3AMMOAENCTBOBATH
C ABYMS1 6O30HAMM XUITCA, KAOK MOKA3OHO HO AUArpaMme c,
KOTOP a1 n306paxaet Takxe W- nam Z-paccesHme 6030Ha

i ]
{q W- nAn Z-6030H

KBARK MAM SAEKTPOH _L'

YacTtnua
Xurrca

YacTtmuya, nepecekarLas obAacTb
NPOCTPAHCTBA, MOXOXA HA
NMPOACBLA MOPOXEHOTO.

lh
b

AETU OKPY>KAKOT TEAEXKKY

C MOPOXEHBIM 1 3AMEAANSIIOT €€
ABWKEHME. B pesyAbTaTe oHa
npuobpeTaeT «MAaCCy».

NMOPOXAEHUE ABYX SBAEHUN

ABQ PA3AUYHBIX IBAEHUS — MPUOBPETEHNE MACCHI
yactuuen (ceepxy) 1 BOSHUKHOBEHWE BO30HA
Xurrca (CHM3Y) — BbI3BAHbBI OAHVIM 1 TEM Xe
B3AVMOAENCTBMEM. DTOT GAKT BYAET MCMOAB3OBAH
NPy aKCNePUMEHTAOAbHOM NPOBEPKE MEXAHN3MA

Xurrca.
o

© 7 Mone
Xurrca

Bsanmoaencteme

J
DAEKTPOH \i /

~
~

Sa
Yactmua O
Xurrca

Xurrca (rpy6o roBopsl, CTOAKHOBEHME C HUM). B3anmoaencTems,
NPEACTABAEHHbIE AMATPAMMAMU A, b 1 C, OTBEYAIOT 30
BO3HMKHOBEHME MACC YacTul,. Kpome Toro, 6030HbI Xnrrca
B3AMMOAEMNCTBYET COMU C cobom (CM. d 1 e). MOXXHO n3oBpasnTb
1N BoAee CAOXKHbBIE MPOLECChl, COEANHSIS BMECTE KoMK
SAEMEHTAPHbIX AMATPAMM. B3aMMOAENCTBUSI, M30BPAXKEHHbIE
Ha AMarpammax d v e, oTBe4atoT 3a GopMy rpada sHepPrum

(cMm. cBepXy CAeBQ).

B mupe nayku
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rus BceneHHOM MUHUMAJIbHA, KOT/1a

€ro HANPAKEHHOCTDb HE PaBHA HYIIIO.
Taxkum 06pa3oM, /11 OOBIYHBIX IO
JIHO BIAZMHBI COOTBETCTBYET HYJICBOU
HAIPSAKEHHOCTH; JJId ITOoad XUITCa
B LIEHTPE BHAJAUHBI (IIPU HYJEBOH
HANPAXKECHHOCTHU) UMEETCH IPUTO-
POK, a4 cCaMble HU3KUE TOYKU 0Opasy-
10T POB (cm. cmp. 29). [Togo6GHO 1mapy,
BceeHHas «CKaTbIBACTCS» B KDYI'OBOE
yIJIyOJa€eHHuE, KOTOPOE COOTBETCTBYET
HEHYJIEeBOMY 110110. IToaToMy B ecTe-
CTBEHHOM COCTOSIHHUH C CAMOH HU3-
KO 3Hepruen Bcenennas noscioay
NPOHU3AHA ITOJIEM XHUITCA.
[TocneaHAd OTIUYUTEIbHASL YEPTA
o1t XUITCA CBA3aHA C OCOOCHHOCTA-
MH €I'O B3aUMOJAECHUCTBUA C APYIUMHU
yactuamu. OHU BEYT Ce651 TAK, Oy~
TO UMEIOT MACCY, IPONOPLUOHAIBHYIO
HAIIPAXEHHOCTU MHOJIA, YMHOXEHHOMN
Ha CUJy B3AUMOJECHUCTBUA. MaCChl CBA-
3aHBI C TEMH YWICHAMU JATrPAHKHUAHA,
KOTOPBIE OTHOCATCS K YACTHULLAM, B34-
MMOJEUCTBYIOIUM C IT0JIEM XHUITCA.
OJIHAKO MOKAa Mbl HE MOKEM TOYHO
CKa34Tb, CKOJIBKO CyHIECTBYET BUJOB
nosier Xurrca. Xorsa CranaaprHas
MOJ€eNb TPeOyeT, YTOOBI BCE MACCHI
3JIEMEHTAPHBIX YaCTUL] OBIIH OOY-
CJIOBJICHBI OJJHUM IIOJIEM XUITC4, Ha-
CTAJIO BPEMS 3AMEHUTD €€ OOJIee MOJ-

MNepsoe

3 >
10 CemMencTso
’IO i Bropoe
10 _‘___..—-""f-/ !-_F, cemencTBo
Tpetbe
‘____.-" ,-"‘" / cpemehcmo
I/ICTVIH.HSI'{
Yap (fHHbIVI ‘ W-
gym)a PACWBBIIA
M}OOH

Tay- emo//
/ :

BESMACCOBBIE
BO3OHbI

OEPMNOHbI

BO3OHbI

Maccbl YyacTnuy, CTOHAQPTHOM MOAEAM OTAUYAIOTCS
HA 11 NOPSIAKOB M BO3HUKAKOT BAQroAapst
B3AVIMOAENCTBUIO C MOAEM Xurrca. [1o-BUANMOMY,
CYLLECTBYIOT MO KPAMHEN Mepe NsiTb BUAOB GO30HOB
Xurrca. [TOCKOAbKY MX MACChI HE N3BECTHBI, HO

UAAKOCTORALMN YKA3AHbI BO3MOXKHbIE 3HAYEH WS,

HOU Teopuei. [J1aBHbIE IPETEHICHTHI
Ha POJIb ITOCJAEAHEN — PACIIUPEHUSA
CraHaapTHOM MOJEJIM, U3BECTHBIE KAK
CynepcuMMETPUYHBIE CTAHAAPTHBIC
mozenu (CCM). B Hux Kax/aas 4acTu-
na CTaHgapTHOM MOJEIU UMEET TAK
HAa3bIBACMOI'O CyleprapTHepa (IIOKa
€lle He OOHAPYKEHHOI'O) C TECHO CBS-
3aHHBIMU CBOUCTBAMMU (CM. «3aps HO-
8011 3pbL», <Bmupe nayrxu», Ne9, 2003 2.).
B CCM HEOO6XOUMBI 110 KPAHHEH MEPE
J1BA PA3JIMYHBIX BHUJA IOJCH XUITCA,
B3aMMO/JICUCTBUE C KOTOPBIMHU HaJl€-
JIACT KAXKAYIO yacTuny CTaHIapTHOMN
MO/ICIU MACCOM. DTHU OIS TAKKE IIPU-
JIAIOT 94aCTh MACCHI (HO HE BCIO) CyIIEp-
naprTHepam. JIsa 1o Xurrca IpuBo-
JAT K IIATU PA3HOBUJHOCTAM OO30HOB
XUITCA: TPU U3 HUX IJICKTPUUECKU
HEUTPAJIbHBI U JiBA 3aPAKEHBL. MacChl
HEUTPUHO OYEHDb MAJIbI IT0 CPABHEHUIO
C MACCAMU JIPYTI'UX YACTULL U MOI'YT BO3-
HHUKATb U3 3TUX B3AUMOJCHUCTBUN KOC-
BEHHO MJIU OBITh CBA3AHHBIMH C €LIEC
OJIHUM, TPETBUM BUJOM IOJI1 XUITCA.
VY TEOPETHUKOB €CTh HECKOJILKO I1PH-
YUH CYUTATh, 4TO CCM-KapTUHA B3a-
UMOJICHICTBUIT XUITCA OKAXETCA Mpa-
BUJIbHOW. BO-1IepBERIX, 6€3 MEXAHU3MA
Xurrca W- u Z-6030HbI, KOTOPBIC IB-
JIAIOTCA MOCPEAHUKAMU B CIA6BIX
B3AWMOJICHICTBUSAX, OBITN ObI 6€3MaC-

COBBIMH, KaK (POTOH (C KOTOPBIM OHH
CBSI34HBI), U C1260€ B3AMMOJICUCTBHE
OBLIIO 6Bl TAKWM K€ CHJTbHBIM, KAK 3JICK-
TpoMarHutHoe. COrnacHO TEOPUH,
MEXAaHU3M XUITCA IIpUaacT Maccy W-
U Z-6030HAM BECbMa CHIEU(PHUUCCKUM
ob6pazom. ITpenckazanuss, OCHOBAHHbBIC
Ha 3TOM IIOJIOKEHUH (HAIIpUMED, OT-
HoueHus Macc W- 1 Z-0030HOB) ObLIN
MOATBEPIKACHDBI SKCIIEPUMEHTAIBHO.

Bo-BTOpPBIX, BCE JPYIUE ACHEKTHI
CTaHJapTHOU MOJENN 6bLIM XOPOLIO
MPOBEPEHDL, 4 B CTOJIb NOAPOOHOH,
B3dUMOCBA3AHHON TEOPUHU TPYAHO
U3MEHUTD OJIHY 4aCTh (HallpuUMep,
noJsie XUITCa), HE 3aTPAruBas OCTAJIb-
Hoe. HanpuMmep, pe3ynpTaT usMepe-
HUM cBOUCTB W- 11 Z-6030HOB IPUBEJT
K TOYHOMY IPEACKA3AHUIO MACCHI
BEPXHEI'0O KBAPKA 33/10JI'0 10 TOT'O, KaK
OH ObUI IOJIYYEH 3KCIIEPUMEHTAJILHO.
Ecau 661 MexaHU3M XHUIrca ObLI Jpy-
UM, 3TO U APYTHE NPEACKA3AHUA OKA-
3JIMCh Obl HEBEPHBIMU.

B-Tperbpux, mexanusMm XuIrrca mje-
AJIbHO NOJAXOAUT IJiA OObACHCHUSA
MNPOUCXOKAECHUA MACC BCEX YACTHIL
CranpaptTHoi mojenu, W- u Z-6030-
HOB, 4 TAK)X€ KBAPDKOB U JICIITOHOB.
AJIBTEPHATUBHBIM TECOPUAM 3TO, KAK
npaBuIo, HE ygaerca. Kpome TOro,
CCM npeaaraer CTpyKTypy, IIO03BO-
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KOCMHYECKA HHBEHTAPH3ALKY

JISIONLYIO BBIPA6OTATh €IMHOE TOHU-
MaHHME BCEX CUJ IPUPObL. HakoHerr,
CCM nomoraeT O6’bACHUTH, ITOYC-
MY dHEPTETHUYECKAS BIAJTUHA 15
Bcenennoit numeer popmy, HEOOXO-
JIUMYIO JUIsI MeXaHu3Ma Xurrca. B 6a-
30BOU CTaHAAPTHOH Mozenu popmy
BIIA/JTUHBI HECOOXO/AUMO BBECTH KaK
HOCTYNAT, TOrga Kak B CCM OHa BBIBO-
JIUTCSI MATEMATHUYECKH.

MpoBepka Teopun

EcTecTBEHHO, (DU3UKU XOTAT yOEAUTD-
Csl, 4YTO MACCA SIBJISIETCSL PE3YJIBTATOM
B3aMMO/JICHCTBUS C PA3JIUYHBIMU I10-
JAMH XUITCA. MOXKHO IPOBEPUTDH TPU
KJIIOUEBBIE OCOOEHHOCTH. BO-TIEPBBIX,
CJIEIYET MMOUCKATh OO30HBI XUITCA:
€CJIM UX HE CYIIECTBYET, TO OO'bsICHE-
HHE HEJIb351 CYUTATh IPABUJIBHBIM.
Certuac (pU3HUKU UINYT 6030HBI XUITCA
Ha TeBarpoH-Konnanaepe 8 Hanuno-
HaJIbHOM J1abopaTopuu Pepmu.

Bo-BTOpPBIX, KAK TOJIBKO 6O30HBI
Xurrca 6yayT OOHAPYKEHBI, MBI CMO-
K€M HaOJIO/ATh, KAK OHU B3aMMO-
JIEUCTBYIOT C IPYTUMHU YACTUILAMHU.
CBOTICTBA TAKUX B3AUMOJICUCTBUH 3a-
JIAIOTCS YIIEHAMU JIATPAHKHUAHA, OIIpe-
JICTSIIONMMH MACChI yacTull. [Toaromy
UX HAJIMYHE MOKHO IIPOBEPUTH IKC-
MEPUMEHTAJIbHO, T.K. CHUJIBI B3AUMO-
JIEHCTBUS U MACCHI YACTUI] OTHO3HAY-
HO CBSI3AHBI.

B-Tperpux, pa3JuuYHbBIM HA60-
pam nosnern XUrrca, moABISION M
B Crangapraou moaenu u CCM, 1OoIK-
HBbI COOTBETCTBOBATD PA3HBIE HAOOPHI
0O030HOB C YHUKAJIbHBIMU CBOUCTBA-
MU. YUEHBIM TPEOYIOTCA KOJUIAKe-
pBI, O6ECIIEUYNBAIONINE TOCTATOYHYIO
SHEPIUIO CTOJKHOBEHUM, YTOOBI T1O-
JIYYUTDH PA3JIUYHBIE OO30HBI XUITCA,
U JIOCTATOYHYIO HHTEHCUBHOCTD, YTO-
ObI CO3/1ABATH UX B OOJBIINUX KOJIUYEC-
cTBax. KpoMme TOro, OHu JJOJIKHBI ObITh
OCHAIIEHBl OYEHb XOPOUIUMU JIETEK-
TOPAMU JUISL AHAJIN32 1Oy YOI XCS
B PE3yJIbTATE YACTHII.

TTOMCK OCJIOXKHSAETCS TEM, YTO ITPU-
XOJIUTCSI UCCJIEZIOBATD MIUPOKUI 1Ha-
M2a30H MAaCC, TIOCKOJIBbKY MBI ITOKA HE
MOKEM TOYHO CKa3aTh, KAKHE MACCHI
JIOJIKHBL OBITh Y 0030HOB XUITCA. p

TeopMﬂ MOASI XUITCA OOBSICHSIET,
KAK DAEMEHTAPHbIE YACTALLbI,
HOVIMEHbLUMNE «KUPMUYNKNA»
BceaeHHoOM, npuobpeTtatot
Maccy. Ho MexaHnam Xurrca — He
€AMHCTBEHHbIN NCTOYHVK MOCChI-
3Heprnm Bo BceAneHHOoM (NoHaTUE
«MACCQO-3HEpPrus» 06beANHIET
MQCCY W SHEPTUIO, KOTOPbIE
CBS13AHbl DOPMYAON DNHLITEMHA
E=mc?).

MpunbansmnteasHo 70%
MOCCbI-aHeprnm BceneHHom
COCPEAOTOYEHO B TAK HO3bIBAEMOM
TEMHOW SHEPIUK, KOTOPAS
HENoOCPEeACTBEHHO HE CBSI3AHA
C 4YACTULLOMW. [AQBHbI MPU3HAK
CYLLECTBOBAHMS TEMHOMN
SHEepPrn — yCKOpEHMe pacLlunpeHus
BceaeHHow. Mpurpoaa TeMHOM
SHEPrn — OAMH U3 CAMbIX CAOXKHbIX
BOMPOCOB COBPEMEHHOW GUINKM
(cm. «Kocmmyeckast 3araaka»,

«B Mupe Hayku», N212, 2004 r.).

OctanbHble 30% MACCbI-aHEPTM
BceAeHHOM CyLeCTBYIOT B BUAE
BELLECTBA, YACTUL, C MACCOWN.
Cambit 3HOKOMbIN BUA BELLECTBA —
MPOTOHbI, HENTPOHbI 11 SAEKTPOHBI.
113 HYX COCTOUT NPUMEPHO OAHC
LLIeCTasl BCEro BELWECTBA, T.e.

4-5% Bcei BceneHHoM. BOAbLLIAS
4OCTb STOM MACChlI OBYCAOBAEHO
SHEepPrnemn ABMKEHNS KBAPKOB

VI TAKOOHOB, KPY>KALLMXCS BHY TP

MPOTOHOB N HENTPOHOB.

MeHbLUMIA BKAOA B BELLLECTBO
BceAeHHOM BHOCSIT HEMTPUHO,
KOTOPble O6PA3YIOT TPU FPYMMbI

BCEAEHHA4
TeMHas aHeprus

TemMHOe BeLLeCcTBO
Buammoe BelecTso
HentpnHo

Maccy-aHepruio BceneHHo 06pasyoT FACBHBIM
06pPa30M YeTbIpe TUMA MATEPUU: TAMHCTBEHHAS
TEMHQAS SHEPTUS], KOTOP OIS 3ACTABASIET
YCKOPSITbCS pACLUMPEHne BceneHHom;
HEBUAMMOE TEMHOE BELLECTBO, KOTOPOE Mbl
MOXEM OBHAPY>KMTb MO rPABUTALMOHHOMY
B3AVMOAEWCTBUIO; BUAMMOE BELLECTBO

1N PA3ANYHbIE BUABI HEATPUHO.

1 MMEIOT YPE3BbIYAMHO MAAEHbBKYHO
Maccy. AOCOAIOTHbIE MACCHI
HEWNTPUHO eLle He N3MEPEHDI,
HO, MO UMEIOLLMUMCS AQHHBIM, UX
BEPXHUIN MPEAEA HE NPEBbLILLAET
0,5% macchl BceneHHoW.
OcTtaBLumecs 25% MaAcCChl-aHEPTU
BceAeHHOW COCTABASIET HEBUAKMOE
HOM TEMHOE BELLLECTBO (TEMHAS
Marepwusl), O CyLLLEeCTBOBOHUN
KOTOPOrO CBUAETEABCTBYET €70
rPABUTALLMOHHOE BAUSIHIMS HO
HABAIOACEMBIE HOMU OBBEKTHI.
oK HEM3BECTHO, YTO MPEACTOABASIET
COBOW TEMHOE BELLLECTBO, HO YXKe
€CTb XOPOLLUME KAHAUACTbLI HO ero
POAb, O BKCMEPUMEHTHI MO NPOBEPKE
PABANYHbBIX TEOPUIN UAYT MOAHBIM
XOAOM (CM. «[ToCKu TEMHOro
BeLecTBa», «B mupe Hayku», N7,

MNMpoToH
L

HWKHMI
KBAPK

BepxHuin
KBAPK

[AtOOH

BOAbLIAS YACTb BUAMMOM MACCHhI
COCPEAOTOYEHA B MPOTOHAX U HEMTPOHAX.
KadkABI M3 HUX COCTOUT 13 BPAILLAHOLLXCS]
BHYTPW HUX KBAPKOB 1 TAKOOHOB. [10YTN BCSI
MACCA NPOTOHOB Y HEMTPOHOB OBYCAOBAEHA
SHepruemn ABMKXeHs KBAPKOB 1 FAOOHOB.

2003 r.). TeMHOE€ BeLLEeCTBO AOAXKHO
ObITb MOCTPOEHO N3 MACCUBHbIX
4aCTUL,, MOTOMY YTO MOA AEVCTBUEM
CUA TSIrOTEHMS1 OHO OBPa3yeT
CTryCTK/ PO3MEPOM C FAAQKTUKY.
PasHoo6pasire AOBOAOB MO3BOASIET
HAM 3AKAKOYUTb, YTO TEMHOE
BELLECTBO HE MOXET COCTOSTh 13
06bIYHbIX YOCTUL, CTAHAQPTHOM
MOAEAN.

[AQBHBIV NPETEHAEHT HA
3BAHWE YACTULbI TEMHOTO
BELLLECTBA — CAMbIN ASTKUIA
cynepnaptHep (ACTT). OH
NOSIBASIETCS B PACLUMPEHNSIX
CTOHAQPTHON MOAEAM, HO3bIBAEMbIX
CynepcruMMeTPUYHbIMM
CTaHAQPTHBIMU MOAEASIMU
(CCM). Cyas no Bcemy, macca
ACT1 NPUBAUBUTEABHO PABHA
100 Mmaccam NPOTOHA.

B mupe nayku
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DH3NKA

TeopeTndeckre pacCcyXJJCHUSI U aHa-
JIN3 9KCIIEPUMEHTAJIbHBIX JIAHHBIX I10-
3BOJIAIOT JIMIIb I'PYOO OLIEHUTD, KAKOH
MACCBI CJIEAYET OKUIATD.

VyeHble MOITIH OOHAPYKUTb OO30HbI
XUITC4, KOTOPBIE JOJZKHBI ObITh KAK MU-
HUMYM B 120 pas TssKenee npoToHa, Ha
BOJIBIIOM 3JIEKTPOHHO-TIO3UTPOHHOM
Komnanaepe (LEP) B CERN. OgHako ux
TAK U HE YAAJI0Ch 3aPETUCTPUPOBATD.
Ilepen 3akpertueMm LEP B 2000 1. Ha
npeese 3HEPIUU U HHTEHCUBHOCTH

B 6nmkanmume HECKOMBKO JIET €IMH-
CTBEHHBIM KOJUIAUJEPOM, KOTOPBIN
MOT OBl JATh IIPAMOE HNOATBEPKICHUE
CYIIECTBOBAHUS HO30HOB XUITCA, OY-
Jet TeBaTpoH. DHEPIUU CTOJIKHOBEHUN
B HEM Oy/ICT IOCTATOYHO, YTOOBI OOHA-
PYKUTH 6030H XHUITCA, €CJIN YAACTCS
JOCTUTHYTb TPEOYEMOU MHTEHCHUB-
HocTH Jiy4da. Ha 2007 1. 3a1u1iaHupoBaH
Cc60p JaHHBIX HA BOIBIIOM aIpOHHOM
kosnanpepe (LHC) B CERN, 3Heprus
KOTOPOI'O B CEMb Pa3 BBIIIEC U KOTO-

Ha LEP konnanaepe BbIAO MOAYHYEHO KOCBEHHOE
NOATBEP)KAEHME CYLLEeCTBOBAHKS BO30HOB

OBLIO TIOJIYYCHO KOCBCHHOC ITOATBCPXK-
JIEHHE CYHIECTBOBAHUA 6030HA XUITCA:
HUCCJIEOBATENN IPOBEIU MHOXKECTBO
TOYHBIX U3MEPEHUH, PE3YIbTATHI KO-
TOPBIX TOIIOJIHUIN CBCACHUA, CO6p2.H—
Hble Ha TeBaTpoHE U HA KoJnanjgepe
B CT3H(MOPACKOM IIEHTPE JTUHEHHBIX
yckopurTesnei. Becb Habop JaHHBIX XO-
POIIO COINIACYETCA C TEOPHUEU TOJIBKO
B TOM CJy1y4daec, CCJIU YYUTBIBAIOTCA HC-
KOTOpPBIE B3aUMOJECUCTBUS YACTHUILL C
CaMBIM JIETKUM 6030HOM XHITCA, 1 €C-
1 OH He Tsxenee 200 Macc mpOTOHA.
TaxkuM 06Pa30M, MBI IIOJIy4aE€M BEPX-
HUI IIpeJIesl MaCChl 6030HA, YTO ITIOMO-
raeT COKPATUTD JHUAIIA30H IIOUCKOB.

OB ABTOPE:

lfopAoH KenH (Gordon Kane) — cneumn-
QAWCT MO TEOPUU DAEMEHTAPHbLIX YA~
cTuL, Aaypeart npemun Banckonda,
npodeccop dGM3nKM MUYUTAHCKOTO
yHuBepcuteta. OH nM3yyaeTt cno-
cobbl NPOBEPKM N pACWMNPEHUS
CTOHAQPTHOM MOAEAN GUBMKM HOCTUL,
KenH saHnmMmaeTcsa GU3nNKom noAen
Xurrca n cynepcrMMETPUYHbIM pac-
wmnpeHnem CTOHAQPTHOM MOAEAMN,
a TAKXXEe COMOCTABAEHMEM TEOPETU-
YECKMX N DKCNEPUMEHTAABHbBIX KOCMO-
AOTUHECKMX ACHHBIX.

Xurrca.

PBIIT pacCYUTAH HA TOPa3/ 0 60Ib-
LIyI0 UHTEHCUBHOCTD, 4eM TeBaTpPOH.
OKUAAETCA, 9YTO OH CTaHET (PabPUKON
6030HOB XUITCA U OYACT NIPOU3BOJUTH
MHOKECTBO 4aCTHUIL B JIcHb. Ecim LHC
OyJeT paboTaTh KaK 3aIJIAHUPOBAHO,
TO COOP HY>KHBIX JAHHBIX U UX UHTEP-
npeTauus 3auMyT napy JeT. s nmpo-
BEJICHUSA 3KCIIEPUMEHTOB, KOTOPBIC
MO3BOJIAT OKOHYATEIbHO YOEJUTHCA
B TOM, 4YTO MaCCa OO6YCIOBICHA B3aMMO-
JIEUCTBUEM C NONAMHM XMUITCA, IOTPE-
OyeTCsd HOBBIH 3JIEKTPOHHO-TIO3UTPOH-
HBIA KOJUTAUZEP B JOIOJHEHUE K LHC
(B KOTOPOM CTAJIKUBAIOTCS IIPOTOHBI) U
TeBaTpoHy (B KOTOPOM CTAJIKUBAIOTCSA
NPOTOHBI C AHTUIIPOTOHAMM).

TemHoe BeLwecTBo

Hab6moneHnus 32 0030HaMU XUITCA HE
TOJIBKO IO3BOJIAT Pa306paTbCs B IPO-
UCXOXKJAEHUHN MACCBl, HO U IIOMOI'YT
pasragaTh 3araJjky TEMHOW MAaTEPUM.
Kinoueson yactunen CCM-Teopun,
CBA3AHHOM C TEMHOMN MaTEPUEH, AB-
JIAETCA JIErdYaumum cynepunapTHep
(JICIT). BoanpmuHCTBO cynepnap-
THEPOB OGBICTPO PACHALAETCA HA Cy-
NEePIapTHEPBI C MEHBIIEH MACCOMH,
MNpUYEM LE€Ib PACHAJOB 3aKAHYNBA-
ercsa JICII, KOTOPbIF yCTONYMUB, T.K. HE
CymecTByeT OoJjiee JIErKUX YaCTHIL,
Ha KOTOPBIE OH MOT Obl PACHACTbCA.
(CyneprnapTHEP HE MOXKET PacnacTb-

CsA TOJBKO HA 9aCTUIIBI CTAHAAPTHON
MOJICIN; IO KPAaUHEN MEepe OJUH U3
MPOJAYKTOB pacIaza JOJIKEH ObITh Cy-
nepnapTHepom.) HacTuusl-cynepnap-
THEPHI JOJKHBI ObIJIM BO3HUKHYTH Ha
paHHEM 3Tane boapmoro B3peIBa, HO
3aTreM OBICTPO pacnactbes o JICI,
NPETEHAYIOMErO Hd 3BAHUE OCHOBBI
TEMHOU MATEPUHU.

Bo3onbl XHUITCA TAKIKE MOI'YyT HEIIO-
CPEACTBEHHO BJIHATH HA KOJIUYECTBO
TEMHOU MaTepuu BO BeceneHHon. Mbl
3HaeM, 4yTO KosnmdecTBO JICIT cerogus
JIOJIDKHO OBITh MEHBIIIE, YEM CPA3Y I10-
csie bosbimoro B3peisa, 1OTOMY 4TO HE-
KOTOPBIE U3 HUX MOIJIU CTOJIKHYTHCS U
AHHUTUJIMPOBATH B KBAPKH, JICIITOHBI
1 (POTOHBL, 4 CKOPOCTb AHHUTUJISIITUN
MorIa 66ITh 60sbIe 11s1 JICIT, B3aumo-
JIEUCTBYIONMX C 6030HAMU XHUITCA.

Kak ObIJIO YHOMSAHYTO BBIIIE, /1BA
OCHOBHBIX CCM-nionig XUITCa JamoT
Maccy yactuuam CTaHAapTHON MOJEe-
JIM U 4aCTh MACCHI TAKUM CyHepIiap-
THepaMm, Kak JICIT. OcTanbHyIO Maccy
OHU NPUOOPETAIOT YEPE3 JIOMOJTHU-
TEJIBHBIC B3AUMO/ICHCTBUS C IPYTUMU
HOJIIMHU XUITCA MJIA UX AHAJIOTAMHU.
B 06mux 4yepTax TEOPETUYECKUE MO-
JIeJIN 3TUX IIPOLIECCOB yXKE pa3pado-
TaHBbI, HO IOJJPOOHOCTH MBI HE Y3HAEM,
IOKa HE cobepeM MH(POPMAITUIO O Ca-
MUX cynepunaprtHepax. OXupaercs,
4TO TAKUE JJAHHBIE OYYT IOJIYYECHBI
Ha LHC nnu jaxe Ha TeBaTpoHe.

MaccChl HEUTPHUHO TAKKE MOT'YT ObITh
PE3YIBTATOM B3aUMOJCIHCTBUH C JJOIOJI-
HUTEJIbHBIMHU NONAMU XUTITCA. PanbIie
CYUTATIOCH, YTO HEHTPHUHO HE UMEIOT
MAaCCBL, HO B 1979 1. TeOpeTHUKN npe-
CK43aJIM, YTO OHM BCE-TAKU O6JIANAI0T
YPE3BBIYANHO MAJION MACCOW, 4 33 IIPO-
IIJIOE AECATUIIETHE HECKOJIBKO CEPbE3-
HBIX 9KCIIEPUMEHTOB HO/ITBEP/IUIN 3TU
npejckasanus (em. Paseara maiiot
COTHeUHBIX HeUIMPUNHO», B mupe Ha)-
Ku», Ne9, 2003 2.). HenTpUHO B MUJLJIU-
OH P43 JIETYE JICKTPOHA, 3aHUMAIOIIIE-
'O BTOPOE MECTO CPEJIU CAMBIX JIEIKHUX
qacTull, [IOCKOJIbKY OHHU AJIEKTPHUYECKH
HEUTPAJIbHBI, TECOPETUUYECKHU OIHCATh
BO3HUMKHOBCHUE UX MACC CIOKHEE, YEM
B CJIY4A€ 3aPAKEHHBIX YACTUIL. B Maccy
Ka’K/10TO BU/IA HEHTPUHO BHOCST BKJIAJ,

32 B Mupe Hayku
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DHINKA

HECKOJIBKO IIPOLIECCOB, U 11O TEXHUYE-
CKMM IPUYHUHAM (PAKTUYECKOE €€ 3HA-
YECHME I10JIyYACTCA U3 PEIICHUS YPaB-
HEHHs, 4 HE IIPOCTO IIyTEM CJIOKCHUS
YJICHOB.

Taxum 06pa3oM, Mbl pa3obpaIn TPU
Iy TH HOSABJIEHU A MACCBl: OCHOBHOM, XO-
POIIO 3HAKOMBIF HAM BH/JI MACCHI (MaCCa
NIPOTOHOB, HEUTPOHOB, 4 3HAYUT, K1 ATO-
MOB) OOYCJIOBJIEH JBUYKECHHUEM KBAPKOB,
COCTABJIAIONIMX IIPOTOHBI U HEUTPOHBL
Macca npoTOHA Obl1a ObI IPUMEPHO Ta-
KO JKe Jake 6e3 ot Xurrca. OJQHaKo
MACChI KBAPKOB U AJIEKTPOHOB IOJITHOC-
TBIO OOYCJIOBJICHBI IIOJIEM XUITCA: 6€3
HET'O OHU ObLJIX OBbI PAHBI HYJIO. M, HAKO-
Hell, 6OJIBIIAS YACTh MACCHI CYIICPIIap-
THEPOB, 4 3HAYUT, U MACCA YACTULL TEM-
HOW MATEPUH, €CJIM OHA ICHICTBUTEIBLHO
COCTOMT M3 JICTYAUIINX CylIepIapTHE-
POB, O6YCJIOBJIEHA JOIOJIHUTEIbHBIMHI
B3aUMO/ICHCTBUSIMU.

B sakmioyenue pacCMOTPUM HPO-
O6J1EMY CEMEUCTB 4acTHL,. 32 IOCIE/-
HUE TOJABEKA (PU3UKU IOKA3AIH, YTO
MHD, KOTOPBIH MBI BUJHM, IIOCTPOCH
BCEr'0 U3 MIECTH YACTHUIL: TPU YACTULLBI
BEIIECTBA (BEPXHUE KBAPKU, HU)KHHUE
KBAPDKH U 3JECKTPOHBI), 1BA KBAHT4,
CO3/1AI0IIUX CUJIbl B3AUMOJECHUCTBUN
((OTOHBI U I'TIOOHBI), U OO30HBI
XUITCAa — 3aMEYATEIBHOC U YUBU-
TEJAbHO IIPOCTOE onucanue. OgHaAKO
U3BECTHHI €III€ YETBIPE KBAPKA, IBE Yd-
CTULIBL, TOAOOHBIE JEKTPOHY, U TPHU
BUJIAa HEUTPUHO. Bce OHM O4YEHDb KO-
POTKOXXUBYIIHE UM CJIA00 B3aUMO-
JEUCTBYIOMHUE C APYIUMHU MIECTHIO
JacTunamu. MTak, pa3jindaioT TPpU
ceMencTBa: 1) BepXHUM (14) U HUKHUH
(d) KBapKH, 3JICKTPOHHOC HEUTPU-
HO, 3JIEKTPOH; 2) O4aPOBAHHBIN (C)
U CTPAHHBIA (§) KBAPKH, MIOOHHOE
HEUTPUHO, MIOOH; 3) UCTUHHBIN (1)
U KPACUBBIN (D) KBAPKH, TAy-HEUTPH-
HO, TAay-JICIITOH. B3aumMoaencTsus 4a-
CTHULL KaKJOT'O U3 CEMEUCTB UJCHTHY-
HbI ¥ OTJIMYAIOTCA TOJBKO TEM, YTO BO
BTOPOM CEMENCTBE OHU CUJIBHEE, YEM
B IIEPBOM, 4 B TPETbHEM — CHUJIBHEE, YEM
BO BTOPOM. ITOCKOIBKY MaCChI YaCTHULL
06yCIJIOBICHBI TOJIEM XHUITCA, YACTULLBI
JOJIKHBI B3aUMOAEHUCTBOBATD C HUM
O-PA3HOMY.

CneioBaTenbHO, TPOOIEMa CEMEHUCTB
CBA3dHA C ABYMH BOIIPOCAMH. 3a4eM
CYIIECTBYIOT TPHU CEMEHUCTBA, €CIU
Ka’KETCsA, YTO OJHOI'O BIIOJIHE XBATAET
JUIg OMUCAHUA BUJUMOI'O HAMU MHUPA?
[Toyemy 9acTULBI PA3HBIX CEMEHCTB
OTIUYAIOTCA 110 MACCE X UMEIOT UMECH-
HO T€ MACChI, KOTOPBIE Y HUX €CTh? HeT
HHUYETO YAUBUTEABHOTO B TOM, 4TO
(PU3MKHU NBITAIOTCH IIOHATD, IOYEMY
B IIPUPOJE UMEIOTCA TPU ITIOYTHU UJEH-
THUYHBIX CEMEUCTBA YaCTHUIL. OHU XOTAT
JIO KOHIIA pa306paTbCa B 3aKOHAX IIPHU-
POZIbl, OCHOBHBIX €€ YaCTHUIAX U CUJIAX.
Ham HyXHaA Teopusd, B KOTOPOH BCE
YACTULBI U OTHOLWIECHUA UX MACC I10-
ABJIAIOTCA 6€3 KAKUX-TUO0 IIPpEABAPU-
TEJIbHBIX MPEJIIOIOKECHUN O BEJINYU-
HE MaCC U 6€3 IIOATOHKU IaPAMETPOB.
Eciin Hanmu4ue Tpex CEMENUCTB CYyIIe-
CTBEHHO, TO 3TO — KJIIOY, 3HAYECHHUE KO-
TOPOI'O OKA HE OCO3HAHO.

Pesiome

CranpaprtHag mojaenb u CCM moryr
NPUHATH HAOIIOAAEMYIO CTPYKTYDPY
CEMENCTB, HO HE MOT'yT OO'bCHHUTD €E.
VrBepxkpaaerca He 1O, 4yTo CCM euwye
e 00BACHUMIA CTPYKTYPY CEMEUCTBA,
4 TO, YTO OHA B000Ue He MONHCENL FTO-
ro cgenare. LIeHHOCTh TEOPUU CTPYH
HE B TOM, YTO OH4 MOJXKET MPEAJIO-
JKUTb KBAHTOBYIO TEOPUIO BCEX CUIJL,
a4 B TOM, YTO OH4 MOXKET OOBbACHUTD,
YTO TAKOE DJIEMEHTAPHBIC YACTULLBI,
IOYEMY CyHIECTBYIOT TPU CEMEUCTBA
U IIOYEMY PA3HBIE CEMENCTBA IO-
PAa3HOMY B3aUMOJCHCTBYIOT C IIOJIEM
Xwurrca. OHa IONyCKaeT BOSHUKHOBEC-
HUE NOBTOPAIOMUXCA CEMEHUCTB, KO-
TOpBIE HE OYAYT UICHTUYHBL X pas-
JIMYM A OITUCBIBAIOTCA CBOMCTBAMU, HE
34TPAruBalOUUMHU CUJIbHEBIE, C/1A0bIE,
3JIEKTPOMATHUTHBIC U TPABUTALIHOH-
HbI€ CUJIBI, HO BIUAIOIIUMH HA B3aH-
MOJICUCTBUE C MTOJAMU XUITCA U CO-
OTBETCTBYIOIIMMU TPEM CEMEUCTBAM
C pa3/MIU4YHBIMH MaccaMu. Teopus
CTPYH JAOIYCKAE€T MHOTO PA3JIMYHbBIX
CTPYKTYP CEMEHUCTB, U MOKA HUKTO
HE 3HAET, I0YEeMY IIPUPOAA BpIOpaa
Ha6JII04AEMYIO HAMH, 4 HE KAKYIO-HH-
O6yab APYTYIO (cm. Jlanduagdm meo-
puu cmpyn», «B mupe nayxu», Nel2,

BO3MOXHO, YTO MPU CTOAKHOBEHNM
NO3UTPOHA BbICOKOW SHEPTUN U
SAEKTPOHA B AeTekTope L3 BoAbLIOoro
DAEKTPOH-T03UTPOHHOrO KoAramaepa
(LEP) B CERN BO3HWMK 6O30H XUrrcal.
AVHUM MPEACTOBASIKOT CAEAbBI HOCTUL,
3eneHble 1 GUOAETOBbIE KAMAWN A
30A0TbIE TMCTOrPAMMbI U30OPAKAIOT
KOAMYECTBA SHEPTUN, MOTAOLLLEHHOMN

B CAOSIX AETEKTOPA OT YAETAIOLLMX N3
peaKkLmMm YacTul, TOAbKO OObeANHAS
MHOXXECTBO TAKMX COOBITUN, GUNKM
MOTYT 3AKAIOHYUTb, MPUCYTCTBOBOAMN

AV ©030HbI XUITCO B HEKOTOPbIX 3
PEAKLMN AN BCE COBbBITUS ObIAK
NMPOU3BEAEHbI APYTUMWN PEAKLMSTIMU,
KOTOPbIE AULLB UMUTUPOBAAN CUTHAADI
OT 60O30HOB XUrTCal.

2004 2.). JanHbIle O MaCCax KBApKa,
JIENTOHA U UX CYIIEPIAPTHEPOB MO-
MOI'yT HaM I71yOxKe IpopadboTaTrh Te-
OPHIO CTPYH.

[Ipomio HEMAJIO BPEMEHU, IIPEXK-
JI€ YEM y4YEHBIE HAYaIU Pa3bupaTbCsa
B IpUPOJe MacChl. be3 CrangapTHON
Mozenu (PU3UKU JIEMEHTAPHBIX Ya-
CTHULL U PA3BUTHA KBAHTOBOM TEOPUHU
MOJA A ONUCAHUA YACTHUL, U UX
B3aUMOJICHCTBUN (PU3UKH HE MOIJIH
Jla’Ke MPABUIBHO C(POPMYIUPOBATH
BONIPOCHL. M XOTSA NPOUCXOKICHUE
M BEJIMYHMHBI MACC IIOKA OCTAIOTCA
34raJIKOH, CTPYKTypa, HEOO6XOAUMAs
I8 UX MOHUMAaHUS, IOXOXKE, YKE
HaieHa. PEHOMEH MaCChl HEBO3MOXK-
HO ObLIIO OCMBICJIUTD A0 NOSABJICHUSA
CrangaptHoi mojenu, CCM u Teopun
cTpyH. IIoka He ACHO, JaAyT JIM OHU
MCYEPIBIBAIOIIKUE OTBETHL. Tak uin
MHAYEe, MACCA CTA/Ia OOBIYHON TEMOU
UcCcaeIoBaHuH B pusuke yactuil. M

B mupe nayku
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[I0bANIbHOIO
OTEMNERHS

Po6ept CokonoB

Y1o6bl N3GEXATb
AOQABHENLLETO
HArpeBa
atMochepsl,
MOXHO 3QKAYMBATb

YIAEKNCAbBIV TA3 MOA,
3eMAID. 30A04A HE
N3 AErKmx, HO Urpa

CTOUT CBEeM.

balwHm Aecopbuym HA AAXUPCKOM
ra30A06bIBAOLLEM MPEAMPUSITUN B
nyctbiHe Caxapa. SAECh YIAEKUCAbIN
ra3 XMMNYECKMN OTAEASIKOT OT
MPUPOAHOTO ra3d, HAMPABASIEMOTO
Ha esponenckue poiHku. 3atem CO,
30KAYMBAIOT MOA 3EMALKD HO TAYOUHY
2 KM,




KNUMATONOTHY

3 KQXK/IOTO MIJLIMOHA MOJIE-
KYJI, BABIXACMBIX YUuapsiMom
lexkcnimpoM, 280 6bLIN yIIe-

KUCIBIM razoM (CO,). Cerogns B Kax-

JIOM HAIIIEM BJIOXE ABYOKHCH YIJIEPO/A

cocTaBygeT yKe 380 MOJIEKYI U3 MUJI-

JIMOHA, U KAXK/ABIA I'OJT €€ 10/ YBEJIN-

YHUBACTCA HA IBC MOJICKYJIBL.

HUKTO HE 3HAET, KAKOBHI OYYT IO-
CJIE/ICTBUS TTOBBIINICHHU ST ATMOC(EPHON
KOHIICHTPAIUHU YITICKUCIOTO ra3a:
YEeJ0BEYCCTBO MPOBOAUT HEYIPAB-
JIIEMBIN 3KCIIEPUMEHT B MaCHITA0aX
naaHeTel. Kak nugsectno, CO, cno-
COOCTBYET HATPEBAHUIO ATMOC(EPHI,
YTO, B CBOIO OYEPE/Ib, TPUBOAUT K ITO-
BBIIIEHUIO YPOBHA MHUPOBOIoO OKCaHa
U YBCJIMYCHUIO KUCJIOTHOCTH BO/IBIL.
Bompoc B TOM, KaK B PE3yJIbTATC ME-
HAETCS TTO6ATBHBIN KIUMAT, KAaKHUE
3KOJIOTUYECKHUE CUCTEMBI IIPU 3TOM
CTPAJIaIOT U KaK BCE 3TO CKA3BIBACTCS
Ha 3/JOPOBbE U OJATOCOCTOSTHUM JIIO-
ner. Ceryac yeyjoBedyecKui paxkrop
HACTOJIBKO GBICTPO BO3/ICHCTBYET HA
KJIMMAT, YTO YYEHBIE IIPOCTO HE yCIIe-
BAIOT OILICHUTD, HACKOJIBKO CEPhE3HEBI-
MU MOT'YT OBITH IIOCICACTBMA.

Ecnu BBISICHHUTCSA, YTO CHHU3HUTDb TEM-
Il POCTA KOHIICHTPAIIUN YIJTIEKHUC-
JIOTO I'a3d MOKHO 0€3 0COOO0T0 TPy/a,
HEOOXOJUMBIC MEPBHI JJOJKHBI OBITh
NPUHATBI HC3AMCOIUTCIIBHO. B Ipo-
THUBHOM CJIy49a€ YCJIIOBCUYCCTBY IIPU-
JIETCS MPHUCIIOCAOINUBATHCA K HCU3-
OEKHBIM ITOCJIEICTBHM.

Ecin cokpameHune BEIGPOCOB yIJIe-
KHCJIOTO T'a3a CTAHET /ST OOmecTBa
MIPHUOPUTETHOMN 3a1a4€H, TO B 6y IyIeM
MOJKHO OYZAET CYIIECTBEHHO CHU3UTH
PHCK 3KOJOTUYECKOHN KATACTPODHI.
JI7s1 9TOTO HEOOXOJUMO CIE/IOBATH
CPa3y HECKOIBKUM CTPATETHAM: CO-
CPEOTOYUTBCA HA 60s1ee 3(PPEKTUB-
HOM HCITIOJIb3OBAHHUU SHCPITHUU U HA
3AMEHE HUCKOIIAEMOT'0 TOIIINBA (YT'OJb,
HEMTb U IPUPOJHBINA I'a3 — IVIABHBIC
UCTOYHHUKH «PyKOTBOPHOM» IByOKHUCH
yIJIEPO/Id B ATMOC(hepe) BO3OOHOBIISIE-
MBIMHM UCTOYHHUKAMHU 3HEpruun. Kpome
TOT'O, MOKHO YJIABJIMBATD YIJICKHUCJIBIA
Ia3 1 KOHCEPBUPOBATH €I'O B MO/3EM-
HBIX XPAaHUIUIAX. BoBCce He 0643a-
TEJIBHO BBINTYCKaTh CO, B aTMOchepy,

KOTOpada a0 CUux mnop 6b1/12 TTIABHBIM
MOTUJIBHUKOM BPEJHBIX BBIOPOCOB,
T.K. IPOAYKTBI CTOPAHUSA CAMHU YA A/~
IOTCS1 YEPES BBIXJIOIIHBIE TPYOBI U IbI-
MOXO/IbL.

OJIHAKO €CTh M XOPOUIasi HOBOCTb:
TCXHOJIOTUA YJIABJINBAHUA U XPAHC-
HUS IBYOKHCH YIJIEpOJA YIKE CYIIe-
CTBYET, 4 HPENATCTBUSA, MEIIAIONIHE €€
TIPUMCHCHUIO, BITOJIHC IIPCOJTOJTUMBL.

YaasaneaHue CO,
Ecin aBTOMO6GUIDL HOTPEGAIET 8 11
6en3nHa Ha 100 KM, TO, YTOOBI IPO-
exarb 16 THIC. KM, IPUXOAUTCS MTOKY-
natb 1280 1, T.e. 1 T 6eH3uHa. [Ipu ero
CTOPAaHUU BBIACIACTCS IPUMEPHO 3 T
YIVIEKHUCJIOTO I'a3d, YXOAALIETO Yepes
BBIXJIONIHYIO TPyOy. Ynasnusatb CO,
JIO TOTO, KK OH INOKUHET MAIIUHY, U
BO3BpPAIaTh HA ABTO3AIPABOYHYIO
CTAHIIUIO IPAKTUYECKU HEBO3MOX-
Ho. 'opasfo nerye npegcTaBuTh cede
ynasausaHue CO,, BBIPA0ATBIBAEMOI'O
CTALIMOHAPHOM 3JIEKTPOCTAHIIUEH, HA
KOTOPOU CKUT'ACTCSA YI'OJIb.
HeyauBHUTEIBHO, YTO CETOHA YIaB-
JIUBATb U 3aXOPOHATDH YIJIEKHCJIBIA
ra3 NbITAIOTCS HA JIEKTPOCTAHLUAX,
ABIAIOMIUXCA UCTOYHHUKOM OJHOU
YETBEPTHU BCEMHUPHBIX BLIOPOCOB IBY-
OKMCH yrjiepoja. bonpmas aj1ekTpo-
CTAHIIUI MONHOCTBIO 1 ThIC. MBT,
paboTaoomas Ha yrjiae, IPpOU3BOJUT
6 MJIH. T T'a32 €XEroJjHO (3KBUBA-
JICHT BBIXJIONA 2 MJIH. aBTOMOOUJICIT).
Of1ee BCEMUPHOE TPOU3BOACTBO
CO, (akBUBAJEHT padboThl 1 THIC.
OOJIPIIUX 3JIEKTPOCTAHLIUI) B MO-
caeayIomue AECATUNIECTUA yABOUTCH,
T.K. CIIA, Kurtan, Uuaua n gpyrue
CTPAHBI CTPOAT HOBBIC AJIEKTPOCTAH-
nuu (em. cmp. 38). IIOCKOJIBKY B 6JI1H-
JKanmuye 25 JIET NMOABATCA HOBBIC pa-
60TaIOIME HA YIJIE IPEANIPUATHS, UX
JIy4Ill€ CIIPOEKTUPOBATb TAKUM OOpa-
30M, YTOOBI YIVIEKHCJIBII I'd3 CPA3y OT-
(bunapTpoBEIBaICA. CEroHs HEPre-
TUYECKUE KOMIIAHUHU MOI'YT BBIOPATh
OJUH U3 IBYX TUIIOB CUCTEM BBIPAOOT-
KM 3HEPruu. CUCTEMBI TPETHEI'O THUIIA
HAXOAATCA B CTAJUU Pa3pabOTKU.
TpaauLIMOHHBIE YTOJbHBIE IIAPOBBIE
JIEKTPOCTAHIIMU ITOJTHOCTBIO CKUT'a-

IOT YT'OJIb B BO3JYXC 34 OJUH 3TAIl: BbI-
JEJISAIONIEECs TEIUIO IIPEBPAIACT BOAY
B IIAP BBICOKOI'O JABJIECHUsA, KOTOPBIH
BpalllaeT NMapoBYIO TYPOUHY C I'€HE-
paTopoM, BEIPA6GATHIBAIONIUM 3JICK-
TPUYECTBO. B NCXOQHOM BEPCUU CU-
CcTeMBI (Paboyder JomaJKe yIrOJIbHbIX
3AEKTPOCTAHLUNA NPOIJIOrO CTOJE-
THUA) CMECHh OTXOAAIMUX I'd30B IIOCJIE
YAQAICHUA U3 HCC CCPBI BBIXOJUT IIPU
ATMOC(HEPHOM /1ABJICHUU YEPE3 BbI-
COKYIO TPyOy. 15% BbIOPACBIBAEMOI'O
ra3za CoOCTaBIAET YITIEKUCIIBIH I'a3, BCE
OCTaJIbHOE — 430T M BOJASHOM I1ap.
YT1O6BI NPUCIOCOOUTD TEXHOJIOTHIO
K otaenacHuio CO,, MOXKHO 3aMCHUTD
JBIMOBYIO TPYyOy HNOI'TTOTHUTEIbHOU
OamHen, B KOTOPOH OTXO/ASIIUE I'a3bl
BCTYHAIOT B KOHTAKT C K4Il€JIbKAMU
XUMUKAJINUHA (AMHHOB), BLIOOPOYHO
IIOTJIOIIAIOMIUX JBYOKUCH YIJIEPOJA.
Bo BTOpOM peaKIIMOHHOMN KOJOHHE
(B 6amHe JecOpOIIUU) KHUJKOCTD,
cojeprKkamasg aMHUHBI, HATPEBAETCH,
OCBOOOXKJAE€T KOHLLEHTPUPOBAHHBIN
CO, 1 BOCCTAHABINBACT XUMHUYCCKUH
MOIJIOTUTEb.

Jlpyras «yrojapHas» CUCTEMA I10JIY-
YEHUA SHEPIUU HU3BECTHA KAK KOM-
OUHUPOBAHHBIN ITUKJI I'A3U(PUKATTIN
yIisa. B HEM yroJib CHa4aia 4aCTU4YHO
CJKUTAIOT B KaMepe rasuduranuu
B IIPUCYTCTBHUU KUCJIOPOJA I TOTO,
4TOOBI TOJYYUTh CHHTE3-T'a3, COCTOS-
U B OCHOBHOM M3 CMECH BOJJOPOAA
M OKUCH yrjiepoja (YrapHOI'O rasa).
Ilocne ypaneHus COEAUHEHUN CEPBI
U JPYI'UX IPUMECEH CMECh CUHTE3-
ra3a ¢ BO3lyXOM CXKUT'A€TCs B Ia30BOM
TypOuHE, IPOU3BOAAIICH IEKTPHU-
gecTBO. [Ipexae yem nonacTeb B JIbI-
MOBYIO TPyOy, rOpsiYre BBIXJIOIIHBIC
raspl, IOKUJAIOIHE I'A30BYIO TypPOU-
HY, HCIOJb3YIOTCS JIJIs IPEBPAICHU
BOJZBL B I1AP, KOTOPBIM BpalaeT JI0Ia-
CTH NAaPOBOU TYPOUHBI, BIPA6ATHI-
BAIOILCI JJOTIOJTHUTEIBHYIO SHEPTUIO.
J1J1 yIaBauBaHUSA yITIEPO/JA B TAKOM
YCTAHOBKE K CHUHTE3-Ta3y JOOABIAIOT
nap, 4To6sl I1pPeoOpPa30BaATh HOJb-
LIYIO YaCTh YT'aPHOI'O I'a3a B YIVICKHUC-
JIBIA I'a3 U BOJOPOJ. Ilepes cxxuranu-
€M OCTAIOIIEroCs ra3a, COCTOAIEIO
I7aBHBIM O6pa3oM M3 BOJOPOAA, )
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CO, OT(MUIBTPOBBIBAIOT U IIPOU3BO-
JAT JIEKTPUYECTBO B Ia30BOM U I1d-
POBOM TYPOMHAX.

Tperuit 1oAX0A COCTOUT B CKUTA-
HUH yIJIg B KUCIOPOJE, 4 HE B BO3JyXE.
OJMH M3 BAPUAHTOB — HUCIIOIb30BATh
KHUCJIOPOJ, B CUCTEMAX C OJJHOITAITHBIM
COKUTAHHEM, YTOOBI B OTXOAALIECH I'a-
30BOM CMeCU HE ObLIO 430Ta, 4 OCTa-
BaJICA TONBKO CO, N BOAAHON map,
KOTOPBIE JIETKO Pa3JelInuThb. B KoM6u-
HUPOBAHHOM LIUKJIE I'a3U(PUKALNHU
YIJIsL MOKHO CKHI'ATbh B KHCJIOPOJE
cuHTe3-1a3. [Ipr 3TOM HMCKIIIOYAETCA
peakuusa N1peob6pa3oBaAHUA U BbIJE-
JA10TCA TOJNBKO CO, M BOAAHOM map.
OJHAKO KOHCTPYKIJMOHHBIE MATEPU-
AJIBL, CIIOCOOHBIE IPOTUBOCTOSTD BbI-
COKMM TEMIIEPATYyPAM, COIIPOBOXKIA-
IOIMM I'OPEHUE B KUCJIOPOJE, €UIe HE
CO3/aHBbl.

HenpocrTble peweHus
VaaBiMBaHUE YITIEKMCJIOTO ra3a He
TOJIBKO IIOBBIIIAET CJIAOKHOCTD U CTOU-
MOCTb, HO TAKXKE CHUKACT 3(PPEKTUB-
HOCTDb U3BJICYCHHUSA SHEPI'UU U3 TOILIH-
Ba. JIpyruMu CJIOBAMU, I YCIIEITHOT'O
COXPAHEHUA YITIEPOACOAEPHKAIUX I10-
OOYHBIX ITPOIYKTOB HEOOXOTUMO JIOObI-
4d U CKMI'AHHE OOJIBIIETO KOJIMYECTBA
yIJIsL. 32TPaThl MOTYT OBITh YACTUYHO
BO3MEILCHBI, €CJIH NPEATIPUATHE OLHO-
BPEMEHHO OT(MHUIBTPYET CEPOCOJIEP-
JKAIIME rAa3000PA3HBIE IPOJAYKTHI U CO-
XPAHUT UX TaAK XKe, Kak CO,, 3KOHOMA
TAKUM OOPA30M 3HAUYMUTEIbHYIO YACTh
PAaCXO0B HA YAAJIECHUE CEPBDL.

OB30OP: 3AXOPOHEHUE CO,

YTOOB MAKCUMHU3UPOBATD IIPUOBLIb
32 BECh CPOK IKCIUIYATALIUH JIEKTPO-
craHuuu (60 et u 6osee), clenyer
HE 3206BIBATH O 3aTPATAX HA COOIIO-
JCHUC HC TOJIbBKO COBPCMCHHBIX, HO
U OyAYHIUX 3KOJOTMUYECKUX HOPM.
HOHOIIHI/ITCJII)HI)IC pacxobl HA YIABJI-
Banue CO, a1 NPEeAIPUATUI C KOM-
MJIEKCHBIM ITUKJOM Ia3uuKanuu
YIJI51, BEPOSATHO, OYYT CYIIECTBEHHO
HUIKE, YEM JJId TPAJUIIMOHHBIX JJICK-
TPOCTAHLUN. YIAJICHUE YITIEKUCIIOTO
ra3a NpH BBICOKHUX MABJICHUAX, KAK
B CJIy4ae C CUHTE3-TA30M, OOXOAUTCS
JIEIIEBIIC, T.K. HE TPEOYET YCTAHOBKU
I'POMO3JKOT0 060pyARoBaHUA. OTHAKO
cerofHsa (PyHKIMOHUPYIOT JIMIIb HE-
CKOJIBKO 3KCIIEPUMEHTAJIbHBIX O6Pa3-
LIOB, TAK YTO BBIOOP TAKOM CXEMBI I'a31-
(PUKALMU YPEBAT JONOTHUTEIbHBIMHU
pacxo[aMu Ha pe3epBHOE OOOPYLOBa-
nue. Cj1eJ0BaTEIbHO, YTOOBI KAK MOXK-
HO JOJIBLIE HE PACXOAOBATDH CPEJCTBA
Ha 60pwOy ¢ BeI6pocamMu CO, B aTMO-
cepy, cieayeT BeIopaTh TPAJUITHOH-
HYIO 3JIEKTPOCTAHIIUIO, PAOOTAIOUYIO
HAa yIJIe, KOTOPYIO B 1aJIbHEHIIEM MOXK-
HO OYJET OCHACTUTb OOOPYAOBAHUEM
JIIA YIABIUBAHUA yriepoaa. OqHaKO
€CJIM KBOTBI Ha BBIOPOCHI TAPHUKOBBIX
ra30B ITOSBSITCS B TEYCHUE OIHIKAIIIC-
ro AECATHUIICTHA, Tydlle NPUOErHYTh
K CXEMe C razuuKanuein yris.

YTOO6BI IIPEACTABUTD, KAKUE PACXO-
Jbl B CBSI3U C IIEPEXOAOM K CTPATETUU
VIAABJIUBAHUA YITICKHUCJIOTO I'a3a I1o-
HECYT IIPOU3BOJUTEIH YIJISA, XO35€Ba
3JIEKTPOCTAHIIUNA U JTOMOBJIA/ICIIbIIbI,

B YAQBAMBOHUE YIAEKUCAOTO ra3d U 30KAYKA ero B reoAormyeckmne Gopmm-
POBAHUS AASI AOATOCPOYHOTO XPAHEHUST MOTAKM Bbl 3AMEAAUTL MPOLLECC HA-

KonaeHuns CO, B atmocdepe.

B Heo6XoANMMO pa3pPabOTATh AELIEBbIE TEXHOAOTUN OTAEAEHUS ABYOKUCY
YIAEPOAQ HA SAEKTPOCTAHLMSIX U HAOKOMUTb OMbIT 3AKAYKM €€ HA TAYOUHY He
MeHee 800 M, 4TOObI B AOGAbBHENLLEM N3BEXXATH OMNACHbIX YTEYEK.

B YIAEKNCABIN rA3 UICMOAb3YETCS AAS MOBBILLEHMS OTAQUM ChIPO HEGTU HA CTA-
PbIX HEDTSIHBIX MECTOPOXAEHMSIX. OUYUCTKA MPUPOAHOTO ra3a N MPOMbILIAEH-
HOE NMPOU3BOACTBO BOAOPOAQ MO3BOASIIOT MOAYYUTL AelleBbin CO,. MNMepsble
MPOEKTbI, KOTOPbLIE CBSI3bIBAIOT 3TV OTPACAU MPOMbBILUAEHHOCTU, CTUMYAUPYIOT
PA3PABOTKY NPOLLEAYP XPAHEHMSI ABYOKUCU YTAEPOAQ.

HEOOXO/JMMO OLIEHUTD TPeOyeMBbIE 3a-
TPAThl. DKCHEPTHI NOLCUUTAIU, YTO
JONIOJTHUTEIbHBIE CPEACTBA HA YIaB-
JIMBAHUE U XPAHEHNE TOHHDI YITICKUC-
JIOrO ra3a Ha NPEANPUATHU C KOM-
MJIEKCHBIM LIUKJIOM ra3dudUuKanuu
YIJISL COCTABAT NPUMEPHO $25. (s
TPAJUIMOHHON MMAPOBOM 3JIEKTPO-
CTAHILIAH 3TA HU(MPA MOKET OKA3ATbCS
BJBOE 60/bLIE. B 060UX CiIydadax CyM-
Ma CTAHET MEHbIIE, KOI'ZIA NOSABUTCS
HOBAA TEXHOJIOI'U.)

[TpOU3BOAUTEIN YIJI, XO35I€BA IJICK-
TPOCTAHIUNA U JOMOBJIAAE/bIBI I1O-
YYBCTBYIOT YBEJIUYECHHUE CTOMMOCTH
no-pa3HoMy. ITocTaBIIUKaM MCKOIA-
€MOr'O TOIUIUBA NPUACTCA IIATUTD 32
YAABJIMBAHUE U XPAHCHUE YIJIEKHUC-
JIOT'O T'a32 IPUGIM3UTENBHO 1O $60 32
TOHHY YIJIfl, YTO YTPOUT €€ CTOUMOCTD
7151 BJIAAEJIbIA 3JIEKTPOCTAHIUU.
ITociepHuit CTONKHETCA C 50%-HbIM
MOBBIIICHUEM CTOMMOCTH 3HEPI'UU,
OTJAaBAEMON B 3HEProcucremy (IIpu-
MEPHO Ha 2 1eHTa/KBT-4 cBepx 6a-
30BOHM CTOMMOCTHU 4 1eHTa/KBT-19).
JoMmoBnazenen, KOTOPhIA ITOKyIIaeT
3JIEKTPOIHEPTHIO, BHIPAOATHIBAEMYIO
TOJBKO YIOJBHBIMU 3JIEKTPOCTAH-
LHUAMU, U IUIATUT B CPEJHEM OKOJIO
10 nenToB/KBT-4, nCcOpITaeT NOBBI-
LIEHUE LIEHBI JICKTPUYECTBA HA OJHY
OATYIO (€CJIU NPEANONOKUTD, YTO
JOTIOJTHUTEbHBIC 2 EHTAa/KBT-9 32
yAAaBJIMBAHHUE U XPAHEHUE HE OyayT
COIIPOBOXKJATHCA YBEJIUMYCHUEM I1J1a-
TBL 34 IIEPpEJAYY U paACIpPEAeIcHUE
SHEPTHUN).

MepBbIV N NOCAEAYIOLLNE
warun

IIpOMBIIIJIEHHBIE JIUJIEPBI HE JTOXKH-
JIAIOTCS NOCTPOMKH HOBBIX 3JIEKTPO-
CTZlHI_II/Iﬁ, A MCIIBITBIBAIOT TEXHOJIOTUH
VAABJINBAHUA U XPAHCHUA YITICKUCIIO-
I'o ra3a Ha CyHIECTBYIOIMUX ITPEAITPU-
ATUAX IO NPOU3BOLCTBY BOJOPOJA
U OYUCTKE IIPUPOJHOIO I'a3a (METaHa)
A1 OTOIJICHUA U Bb1p216OTKI/I HCP-
TUU. DTHU MIPOU3BOACTBCHHBIC IIPO-
LECCBI CONPOBOXKAAIOTCA BbIICICHUEM
CO, B OIpPOMHBIX KOJTMYECTBAX. B ycra-
HOBKAX JI TPOMBIIIIJICHHOTO ITPOU3-
BOZCTBA BOAOPOAA, PACIIOJIOKEHHDBIX
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bYAYWAS INEKTPOCTAHUKA HA HCKONAEMOM TONRHBE

3BYKOBbIE

I_I epeHecemcs B byayluee
1 PACCMOTPYM FOpPOA OKOAO
BAEKTPOCTAHLMN C ras3ndurkaLmen
YIAS MOLLLHOCTbIO 1 ThiC. MBT, KOTOPQSI
B TeyeHne 10 AeT yAQBAMBAAO
YIAEKUCABIV Ta3. fopoa noAyyaeT
BOAY 13 HEIAY6OKOro BOAOHOCHOIO
CAOS1, He 3ATPOHYTOrO 3aKka4Kon CO,.
PeAbCOBOSsI AOPOra TPAHCIOPTUPRYET
YFOAb HO 9AEKTPOCTAHLMIO,
Q AVIHUN SAEKTPOMNEPEAQYM OTBOAST
BbIPCABGATHIBAEMOE DAEKTPUYECTBO.

3a nepsble 10 AeT paBOThI
SAEKTPOCTAHLMN BBINO COBPAHO OKOAO
60 MAH. TOHH CO,, Pa3MeLLLEHHOTO
B MOPUCTBIX MOA3EMHbIX CAOSIX.
YrAEKUCABI T3 ObIA BBEAEH Yepes
CKBOXKMHbI B ABE TAYOOKME dopmaLmm,
COAEPXKALLME PACCOA U PACTNOAOXKEHHbBIE

AVHUM SAEKTpONnepeAayn

2 KM

BOAHBbI

NoA HENPOHULIAEMbIM KYNMOAOM HA
rAyBuHe Boaee 2 KM OT MOBEPXHOCTU.
HaxoasLwmncs noa AGBAEHUEM
«CBEPXKpUTUYeCKM» CO,H MAOTHOCTHIO
0.7 |<r/M3 30HMMAET MoYTK 90 MAH.
v°. B o60vix dopmrpoBaHmsx 10%
06beEMA COCTABASIOT NOPELI, TPETb
KOTOPbIX 3AMOAHEHA YIAEKUCABIM TA30M
(cm. puc.). ABe TpeT BBEAEHHOro rasa
ObIAV 3AKAYAHbI B BEPXHIOK GOpMALMIO
TOALLUMHOM 40 M, O OAHY TPETb HAMPABUAN
B HVXKHIOKO GOPMALMIO TOALLMHOM 20 M.
B pe3yAbTaTte MoAHAS (FOPU3OHTOABHAST)
MAOLLOAb MOPUCTON FOPHOW MOPOAbI,
MPOMUTAHHOW CBEPXKPUTUYECKNM
YIAEKNCABIM FA30M, B KODKAOM dopmaLmn
COCTABASIET OKOAO 40 M2,

O6parnte BHUMAHUE, 4TO
rOPU3OHTAAbBHbBIE U BEPTUKAABHbIE

YKenesHas popora

DAEKTPOCTAHLMS

CAOV NUTbEBOW
BOAbI

CKBOXKMHA AAS
3akaykm CO,

HenpoHuuaemsbln
KYMOA

MNMopuctag
dopmams
(paccon)

CO,, XPAHUMbIN
B MOPUCTbIX CAOSIX

MOCLUTABbI U3OBPAXKEHMS PAZAUYAIOTCS.
TAYONHA KOKAOW MHXKEKLIMOHHOM
CKBQKNHBI M AAMIHO X FOPN3OHTAABHBIX
NPOAOAKEHUIM HO CAMOM AEAE NMPUMEPHO
POBHbI Y COCTABASIIOT OKOAO 2 KM.
CneunaAmncTbl CTAHLMN CENCMNYECKOTO
KOHTPOASI CAEAT 30 PACNOAOKEHNEM
CO,, 30HAVPYS 3EMAIO 3BYKOBbLIMU
BOAHAMW. 30 NEPBOE AECSATUAETUE
PABOThl SASKTPOCTAHLMN OHU MHOTOE
Y3HOAM O MECTHOWM F€OAOTUM, HOBAIOACS,
KAK YTAEKUCAbIVI TA3 PACNPOCTPAHSIETCS
B MOA3EMHOM «pe3epsyapen.
HakonaeHHas MHopMaLMs NOMOXKET
pPeLnTb, MPOAOAXKATL AU 3AKAYKY
BbIGPOCOB CTAHLMW B CTAPbIE CKBAXKMHBI,
BypPUTb HOBbBIE K TEM XK€ GOPMALMSIM AU
NEPEKAIOYNTLCS HO APYTME MOA3EMHbBIE
oBAaCTU.

C rasneukaLmen yrasa 3AKAYMBAHME C02
MAKPOCKOMNWUYECKOE
Komnpeccop NPEACTABAEHUE
Toy6onposoa 3AKAYAHHbIN YTASKMUCABI
Co, ra3 B CBEPXKPUTNHECKOM

COCTOSIHUM
PACNPOCTPAHSETCS Yepes
BGOABLLYIO HOCTb MOPUCTON
necyaHom ¢opmMaumm, Nopsbl
KOTOPOW BbIAM KOTAQ-TO
30MOAHEHbI PACCOAOM.
[Teperopoakn 13 TBEPAOrO
CAQHLA B MecKke NoMoratot
paccensaTtb NAaBy4Mn CO,.

MecymHka

[OPU3OHTAALHOS
HACTb CKBAXKMHbI

MUKPOCKOMUYECKUN BUA

YFAEKUCABIN A3 HE TOABKO 3AHUMAOET NOPbI
B MeCKe B CBepXKpUTMyeckom ¢pase, Ho

1 PACTBOPSIETCS B OCTAIOLLEMCSI PACCOAE.
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KNUMATONOTHA

Cymma = 1070 MAPA. TOHH
YIAEKNCAOTO ra3al

386 —

142 —

542 —

Mpowaoe:
1751-2002 rr. (252 ropa)

Cymma = 735 MAPA,. TOHH

e

8 -,
226 — Il Heotb
M o3
M Vrons
501 —
T

Byaywee (NporHo3):
2003-2030 . (28 AeT)

BbIBpOCHI YTAEKNMCAOTO ra3a OT CXUTAHWNS KAMEHHOTO YIASI HO SAEKTPOCTAHLMSIX,
KOTOPbIE MPEANOAQraeTCs MOCTPOUTL B OAVXKANLLME 25 AET, 30 BECb CPOK UX
3KCAAYATALMU BYAYT COMOCTABMMbI CO BCEMU BBIGPOCAMM 30 MPEABIAYLLNE
ABQ C MOAOBUHOWM CTOAETUSI. AEBbIN CTOABMK MOKA3bIBAET COBOKYMHbIN BbIGPOC
YTAEKNCAOTO ra3a OT CXXUTAHUS YTAS, HEDTU U MPUPOAHOTO ra3a AAS BCEX
MPUMEHEeHUI (BKAIOHASI TOOHCNOPT 1 060rpeBs 3aaHuin) ¢ 1751 no 2002r.,

A CNPABA NOKA3AHbI BbIBPOCH CO, 30 CPOK KCAAYATALMM SASKTPOCTAHLMN HA
MCKOMNAEeMOM TOMAMBE, KOTOPbIE, KAK MAQHUPYET MeXXAYHAPOAHOE AreHTCTBO

SHEpPreTmku, BOMAyTB CTpom A0 2030T. 11

PEANOAQraeTcs, 4to paGoTatoLLme Ha

YIA€ SAEKTPOCTAHLMM BYAYT AEMCTBOBATHL B TEHEHME 60 AET, A SAEKTPOCTAHLMN HA

rase —sTedyeHne 40 AeT.

OB ABTOPE:

Po6ept Cokonos (Robert H. Socolow) —
npodeccop MALIMHOCTPOEHNS N KOC-
MNYECKOMN TEXHUKU MPUHCTOHCKOTO
yHuBepcuteta. OH npenoaaerT B LUko-
A€ TEXHUYECKUX U MPUKACAHBIX HOYK
1 B LIkoAne oBLEeCTBEHHBIX N MEXAY-
HAPOAHBIX OTHOLWEHUM M. Byapo
BuabcoHa. ®unsnk no o6pa3oBAHMIO,
COKOAOB SIBASIETCS BEAYLLMM NCCAE-
AOBATEAEM MO Teme «CHMKEHME Bbl-
BPOCOB YIAEPOACQ?», MOAAEPIKMBASMOWN
KOMMAHWaIMK British Petroleum v Ford;
PAB6OTA HANPABAEHA HA TAOBAAbHOE
YNPOBAEHNE KPYroO6OPOTOM YIAEPO-
AQ, HO PO3BUTME BOAOPOAHOM SKOHO-
MUKW 1 COKPALLEHNE AODBIYN MCKOMA-
€MOro YrAS.

Ha 3aBOJAX IO OYUCTKE HEPTHU U IIO-
JIYYEHHUIO dMMHAKA, YITICKHUCJIBIN I'a3
VAANAIOT U3 HAXOAAIMICHCA O] BBICO-
KUM AasiaeHuem cmecu CO, ¢ BOJO-
pOIOM, IIPUYEM JIBYOKHCH YIJIEpOa
BBIITYCKaeTCs B aTMocdepy. Ha 3aBo-
J1aX IO OYUCTKE IPUPOJHOTO I'a3a U3
Hero yaanaior CO,, 4To6bl METAH, T10-
CTYNAIOMUIH B TAHKED CO CKMYKECHHBIM
MNPUPOAHBIM I'd30M, HE COLEPKAT XO-
JIOJHOM TBEPAOM YIVIEKHUCIOTHI (CyXOU
JIe1), KOTopas MOXKET 3A0HUTh CUCTEMY,
1 4TOOB!I KOHIIeHTpanusa CO, He npe-
Bplmasa 3% (TpeOOBAHUE CETU PaC-
NPEAEICHU IPUPOJHOTO I'a3Q).

Centuac B HEPTErazoBou Npo-
MBIIIJIEHHOCTH PACCMATPUBAECTCA
HECKOJIbKO IIPOEKTOB YJI4BJIUBAHUSA
YIJIEKHUCJIOTO T'a34d, NOCTYNAIoUEro
U3 NCPCYUCICHHBIX UCTOYHUKOB.
IIpou3BOACTBO BOJOPOJA U OUYUCT-
K4 IPUPOJHOIO Ia3a — INEPBbIC MATrn
K IIOJIHOMACIITA0HOMY yJIABJIMBAHUIO
YIJIEKHUCJIOTO I'a3a Ha 3JEKTPOCTAH-
IUAX.

PocT cnpoca Ha UMIIOPTHYIO HEPTH
B HEKOTOPBIX CTPaHAaX, HAIIPUMEDP,
B Knrae, npusesn K MCHOJIb30BAHUIO
YIJISA B KAYECTBE ChIPbA 111 IPOU3BO/-
CTBA CUHTETUYECKOT'O TOIIMBA, 3AMe-
HSIOMIETrO OEH3UH U COISAPKY. C TOUKH
3pEHUA U3MEHECHUA KIUMATA — 3TO
mar Hasajg. Eciu y4ecTh BBIXJIONEI
ABTOMOOMIJIEN U BBIOPOCHI 3aBOJJOB
IO IPOU3BOACTBY TAKOTO TOIJIMNBA,
TO MOKHO CKa3aTb, YTO IIPU €I'O CXKU-
raHUU B aTMOC(EPY ITONAJAET BIBOE
GOJIbLIE YIVIEKUCJIOIO I'a3d, YeM IIPHU
HUCIONb30BAHUHN 6eH3UHA. [Ipu no-
JIYYEHUH CHUHTETHUYECKOTO TOIIUBA
B HEI'O NEPEXOJUT JIUIb IIOJTOBUHA
yIJIEPOAA U3 YIJIA, 4 BCE OCTAJIbHOE
BBIOPACBIBACTCA B 3aBOJCKYIO TPYOY.
3aBO/] IO IPOU3BOJCTBY TOILJIMBA MOXK-
HO CIIPOEKTHPOBATb TAKUM OOPA30M,
4TOOBI BEIOpAChIBaeMbIi CO, yIaBIn-
BajICA. B 6yaymem aBTOMOOGHIN 6yAyT
NPUBOAUTBHCA B IBUKCHUE JIEKTPUYC-
CTBOM MJIA HE COAECPXKALIUM YIJIEPOJA
BOZIOPOJIOM, IIOJTyYa€MBIM HA 32BOJAX,
OCHAIIECHHBIX O6OPYJOBAHUEM [JIs
YJIaBJIMBAHHUA JBYOKHUCH yIJIEPOAA.

DIIEKTPOIHEPIUIO TAKIKE MOKHO I1O-
JIy4aTh U3 GOMACCHL: 3¢PHOBBIX KYJIb-
TyP, OTXOAO0B A PEBECHOI U OYMaKHOU
NPOMBIIIJIEHHOCTU M T.1II. Eciu npe-
He6peUb UCKOIIAEMBIM TOIIJIMBOM, HC-
MOJIb3YEMBIM IIPH COOPE U OOPABbOTKE
ypOXKasi, TO OOMEH MEXY aTMOcde-
pow u 3emien Oy/1eT COATAHCUPOBAH,
T.K. KOJJMYECTBO YIJIEKUCJIOTO Ia3a,
BBIZEJIIEMOT'O TPAAULIMOHHON 3JICK-
TPOCTAHLIMEI HA OCHOBE GHOMACCHI,
MOYTHU PABHO €r0 KOJUYECTBY, yAalsd-
eMOMy U3 aTMOocdepbl IpU POTOCUH-
TE€3€ B Ipolecce pocTa pacreHud. Ho
€CIu GUOAIEKTPOCTAHLIMU OCHACTUTD
OO0OPYLOBAHUEM /IS yAABAUBAHUSA
YIJIEKMCJIOTO T'a34, 4 OUOMACCY U3 CO-
OpaHHOM PACTUTEIBHOCTU HUCIOJIb-
30BaTb MIOBTOPHO, TO B UTOI'€ MOKHO
3AMETHO CHHU3UTb KOHLCHTPAILHUIO
CO, B BO3AyXxeE. K coXxaNeHUIO, HU3-
Kad 3PPEKTUBHOCTb (POTOCUHTE3A
OTPAHUYMUBAET BO3MOKHOCTD OYUCT-
KU aTMOCOEPHI, T.K. TPEOYET CIUIIKOM
OOJIBIIUX YYACTKOB 3E€MJIM IS BbIPA-
IMUBAHUA JEPEBbLEB U 3€PHOBBIX KYJIb-
Typ. OJHAKO HOBBIE TECXHOJIOTUH MO-
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KNUMATONOTHA

I'yT U3MEHUTb CUTyaluIo. BepoaTHo,
KOTZ1a-HUOYb CTAHET BO3MOXXHBIM
U 60nee 3POEKTUBHOE YAATIECHUE YIJIE-
KUCJIOTO I'd34 3€JIEHBIMU PACTEHUAMU
U HENOCPEACTBEHHOE YIAJICHUE €TI0 U3
aTMOCQEPHI (HalIpUMeED, IPONYCKAHH-
€M BO3/lyXd HaJ, XUMUYECKHUM IOIJIO-
TUTEJIEM).

XpOHeHne YrAeKUCAOro rasa

ViaBauBaHUE YIVIEKMCIOIO I'a3ad —
JIMIIb IIOJIOBKHA PadoThL Ec/in aHEpre-
THUYECKAsA KOMIIAHUA IIOCTPOUT yIOJIb-
HYIO 3JICKTPOCTAHIIUIO MOIIHOCTBIO
1 TeIC. MBT, pacCYMTAHHYIO HA YJIAB-
nuBanue CO,, MHXKXEHEPAM IIPUAETCH
327[yMaTbCS O TOM, I/I€ IPATATH 6 MJTH.
TOHH I'a3d B I'OJl HA IIPOTSIKEHUHN BCE-
'O CPOK4A 3KCIUTYyATALMHN. YYEHBIC I10-
JIAraloT, YTO B OOJIBIIMHCTBE CIy4acB
HauboJIeE yAAYHBIM MECTOM CTAHYT
MO/I3EMHBIE I'yOUaThIE OCAIOYHBIC T10-
POAbL, TOPBI KOTOPBIX 3AIIOJIHEHBI PAC-
COJIOM (COneHO Bojon). [Togxonamue
YYaCTKHU JOJIKHBI JIEXKATh ITOPaA310
HUKE JTI0O0r0 UCTOYHUKA TUTHEBOM
BOZbI, T.€. 11O KpariHer Mmepe B 800 moT
NOBEPXHOCTU. [laBJICcHUE HA TAKOH Iy~
ouHe B 80 pa3 60J1bIIE ATMOCHEPHOTO,
YEro BIHOJHE JOCTATOYHO, YTOObI CO,

[MopPUCTOCTb FEOAOTMYECKOM GOPMALLMM BOAM3M OT CKBOXKMHBI (TOHKAS TOY6 Q)
ANSI BBEAEHWS YTAEKMCAOTO ra3a HA y4acTike Kpedba B AAKMPCKOW MyCTbiHE
MOKA3AHA PA3HBIMU LIBETAMM: KPACHbIN V1 XKEATBIV MOEACTOBASIIOT OBAQCTN
BbICOKOWM MOPUCTOCTIN YHACTKA TOALLMHOWM 20 M, O CUHUIM YKA3bIBOET OBAACTU
HU3KOWM NOPUCTOCTU. VIHXKeHepbl British Petroleum ncnoAb30BAAU rpyOYIO KAPTY
reOAOTNMYECKNX CAOEB, KOTOPAS ObIAQ MOAYHEHA B PE3YALTATE CENCMUNYECKOMN
SXOAOKALMMN, YTOObI PELLNTD, TAE AYYLLE BCETO PA3MECTUTL CKBAKUHY.
CKBQYKMHHBIN SAEKTPUYECKUIN AQTYUMK AOA BOAEE MOAPOBHOE ONMUCAHVE
MOPUCTOCTU (M30OPAXKEHO LIBETHBLIMY OYCUHKAMI), YTO MO3BOAVAO BbISIBUTH
MOPUCTOCTb B MPEAEAAX HECKOABKUX CAHTUMETPOB OT CKBAXKMHBI. VIHXeHepbl
MCMOAb30BAAN OOAEE TOYHbBIE AQHHbIE, YTOObI HAMPABUTL BYPUABHYIO YCTAHOBKY

K YHOCTKOM C BbICOKOW MOPUCTOCTbIO.

IepeIesl B CBEPXKPUTUUIECKOE COCTO-
AHHE, B KOTOPOM €I'0 IJIOTHOCTDb MOY-
TH paBHA INIOTHOCTHU paccoiia. MTHorxa
B (DOPMUPOBAHUAX C PACCOJIOM MOXKHO
OOHAPYKUTB CBIPYIO HEPTD U IPUPOJI-
HBIH I'a3, NONABIIUE TyAd MUJJIUOHDI
JICT HA3a/1.

Konn4aecTBO yITIEKUCIOro rasa, OT-
NPABJIEHHOTO INOJ 3€MJIO, MOXHO
BBIPAXKATb B 6appeniax, T.€. B CTAH-
JAPTHBIX €JUHUIAX 0O6'bEMA, UCIIOJIb-
3yE€MBIX B HE(DTAHOU IIPOMBIIIJICHHO-
ctu (1 6appens = 159 ). Kaxkapi roa
Ha YI'OJIbHOU 3JEKTPOCTAHIIUH MOII-
HOCTBIO 1 ThIC. MBT Haj0 6yaer co-
XpaHATb 50 MJIH. 6appeseid CBEpXKpPHU-
THYECKOTO YIJIEKMCIJIOTO Ia3a (OKOJIO
100 ThIC. 6appesieit B JieHb). 3a 60 er

PabOTHI IOJ, 3EMJIEH IIPUJETCA Pa3Me-
CTUTD 3 MaIpA. 6appenei (0,5 KMS) COs.
MecTopOXKIeHUE, CHOCOOHOE BBIAATD
3 mupl. 6appeseit HeTH, B MIECTD Pa3
OOJIbIIIC HAMMEHDIIETO U3 TAK HA3bIBA-
€MBIX T'HT'AHTCKHUX (BCEI'O UX HE 6oee
500). TakuM 06pa3oMm, Kaxaas 00Jb-
masg MOGU(PUIUPOBAHHAA YIOJIbHAs
NEKTPOCTAHIUA JOKHA ObITH CBA34-
Ha C TMI'AaHTCKUM XpaHuauineM CO,.
Ha ceropguamuui geHsb 2/3 n3 1 ToIC.
MIpA. 6appene HedTH, ZOOBITON BO
BCEM MHUDE, IOCTYIIMJIO UMEHHO C I'H-
TAHTCKHUX MECTOPOXKJACHHUIM, TAK 4TO
Yy IPOMBIIIJIEHHOCTH €CTbh 6OJIbIION
ONBIT PpabOTHl B MACIITA6aX, HEOOXO-
JUMBIX JUJIg XPAHEHUS yITIEKHUCIOTO
rasa. >
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ANbTEPHATHBHBIE CKEMbI XPAHEHUS CO,

SOXBOHGHHbIVI YIAEKUCABIVI T3 MOXET COXPAHSITLCS HE TOABKO B UCTOLLLEHHbIX
HEeOTSHbIX 1 FA30BbIX MECTOPOMKAEHUSIX 1 MOA3EMHbIX GOPMALMSIX C PACCOAOM, HO
1 B CAOSIX MUHEPOAOB, KOTOPBIE MOTYT OGP A30BbIBATL KAPBGOHATHI, B YTOAbHbIX MACCTAX

1 B TAYOUHAX OKEAHA.

MUHepPaAbI, KOTOPbIE MOTYT MPEBPALLATLCS B KAPOOHATLI, B MPUHLMME,
CMOCOGHbI CBSI3bIBATH AQYKE GOABLLE YTAEKMCAOTO ra3a HA MOBEPXHOCTN 3EMAN,
4yem GOPMUPOBAHMS C PACCOAOM MOA 3eMAEN. OKUChb MATHUS, COASPXKALLASNCS
B ABYX PACMPOCTPOHEHHbBIX XXEAE30-MATrHMEBBIX MUHEPOAQX, 3MEEBMKE U OAUBUHE,
coeanHsitorcs ¢ CO,, 06pa3ysi O4eHb YCTONYMBLIN KAPOOHAT MArHUs. TAGBHAS 30AQHA —
30CTABUTb ABYOKMCb YIAEPOAC BbICTPO PEATMPOBATL C BOABLLMM KOAUYECTBOM
3TOV MOPOABI, BO3MOXHO, PO3MOAbBIBASI €€ B MEAKMIA MOPOLLIOK, YTOObI YBEANYUTD
MOBEPXHOCTb, HO KOTOPOW UAYT XMMUYECKNE PEAKLMNN.

[TOBEPXHOCTL MOP BHYTPU YITOAbHbIX OPMUPOBAHUI AACOPBUPYET METAH. BO BpeMms
FOPHbIX PABOT HOCTb STOTO rA3Q MOXET BBICBOOOXAATHCS, HOCTO BbI3bIBASI MOA3EMHbIE
B3PbIBbl, YTO MPUBOAMUT K TMGEAU LLUAXTEPOB. YIAEKUCABIV TA3 MOA AQBAEHUEM MOXHO
6bIAO Obl BBOAUTL B HEPA3PABATEIBAEMbIE YTOAbHBIE CAOU, TA€ OH MOT Obl 30MEHSITh
cob0oM AACOPOUPOBAHHBIN METOH, KOTOPBIN MOXHO 6bIAOC 6bl COBMPATL M MPOACBATL

KAK TOMAUBO.

3AKAYNBAHME YTAEKMCAOTO ra3a B OKEAH BbI3bIBAET CMOPbI. CTOPOHHUKN XPAHEH WS
B FAYOMHOX OKEAHA YKA3bIBAIOT, 4TO ATMOChepHbIN CO, HEMPEPbLIBHO NOCTYNAeT
K MOBEPXHOCTN OKEAHJ, TAK YTO BO3AYX M OKEAH MOAAEPXKMBAKOTCS B XMMUYECKOM
paBHoBeCUU. 3aMeAAeHrEe POCTA ypoBHS CO, B BO3AYXE YMEHbLUUT KOAUYECTBO ra3a,
POCTBOPSIOLLETOCS B MOBEPXHOCTHBIX CAOSIX BOAbI. [TO3TOMY 30KAYMBAHMUE YTAEKUMCAOTO
ra3a B rAy6UHbBI OKEAHA NepeMeCcTUT HEKOTOPOE ero KOAUMYECTBO U3 MOBEPXHOCTHbIX
BOA B CAMbIE TAYOUHHbBIE CAOU, YMEHbLLAS 9KOAOTUYECKOE BO3AENCTBNE OKOAO
MOBEPXHOCTU, TA€ PACMOAATAEeTCs1 GOABLLAS HOCTb MOPCKOW XN3HW. [TDOTUBHNKIN
OKEOHNYECKOTO XPAHEHMSI CChIAQIOTCSI HO MEXAYHAPOAHOE MPABO, 3dLLMLLAOlLIEE
OKEOHbl OT HEKOTOPbIX BUAOB UHAYCTPUAABHOTO MCMOAB3OBAHWS, U YMOMUHAIOT
O TPYAHOCTSIX KOHTPOAS 30 MEPEMELLEHUTIMUN YTAEKUCAOTO FrA30 MOCAE €ro 3AKAYKMU.

ITepBBIMU MOTUJIBHUKAMU JJ14 YIJIE-
KHUCJIOTO I'a3a CTAHYT y4aCTKU, KOTO-
pBIC YKE HAXOAATCA B OKCIUIYATALIUH.
Cpelu HUX — CTAPblE MECTOPOXKIECHHUA
He(TH, B KOTOPBIE MOXXHO BBOJUTD
YIJIEKHCJIBIA I'a3, YTOOBI HOBBICUTD
OT/a4y ChIPbs. TaK HA3BIBAEMBIH IIPO-
11€CC UHTEHCUPUKAITUU OT/1a4U HeD-
TU OCHOBAH Ha TOM, YTO IOJ JaBJIC-
HueM CO, XMMHUYECKU U (PUUIECKHU
BBITECHACT TPYAHOJOCTYIIHYIO HE(PTH,
OCTABLIYIOCS B IOPAX I'€OJIOTMYECKUX
CJIO€B MOCJE HEPBBIX CTAAUN BOOBI-
un. KoMnpeccopsl 3aKa4uBaIoT yIje-
KUCJIBIYA I'a3 B CBIPYIO HEPTh, KOTOPAs
B XOJJ¢ XMMUYECKUX PEAKIIUNA U3Me-
HAETCA U 34TEM IIEPEMENIACTCA CKBO3b
MOPUCTYIO HOPOAY K HEPTEAOOBIBAIO-
UM CKBaXMHaM. B wactnocTH, CO,
MOHM’KAET KOHTAKTHOE ITIOBEPXHOCT-
HOE HATSAKEHUE CBIPOU HePTHU (BUJ
MIOBEPXHOCTHOI'O HATAKEHUSA, OIIpE-
JEJIAIONIETO BEJIMYUHY TDEHUA MEKIY
HedTHIO U NOPOJOH). TAKMM 06PaA30M,
YIJIEKHUCIBIN I'a3 IOMOI'A€T BAOXHYTb
B CTapble HEPTAHDBIE MECTOPOKICHUS
HOBYIO )KHU3Hb.

B orBeT HAa NOAJEPKKY OpUTAH-
CKHM IPABUTEIbCTBOM YCHJIUH 1O
CcO0pPY U 3aXOPOHEHUIO YITIEKUCIOIO
rasa He(PTAHBIC KOMIIAHUM MIpEJIa-
ral0T HOBBIE IIPOEKTHI YIaBINBAHUSA
Ha 3JIEKTPOCTAHIUAX, PAOOTAIOMUX
H4 IPUPOJHOM I'a3e, U NOBLIIICHUSA
OTHa4u HEMTHU HA YIACTKAX, PACHO-
JIOKEHHBIX 110, CEBEPHBIM MOPEM.
B CIIIA Bmaie1bIibl TAKUX MECTOPOK-
JECHHUIT yoKE€ CETOAHSA MOT'YT IIOJy4aTh
NpUOBLIb, JaXe €CAU UM IPULET-
cs naatuThb or $10 1o $20 3a ToHHY
YIJIEKHUCJIOTO I'a34, 3aKa4UBAEMOIO
B CKBa’XUHY. OJJHAKO €CJIM LEHBl Ha
He@TDh HO-NIPEXHEMY OYIyT PacTy,
CTOUMOCTDb BBOJUMOTO CO,, BEpOAT-
HO, TOXKE ITOBBICUTCH.

VinaBauBaHMUE YIJICKUCJIOTO I'a3d Ha
HEMTAHBIX U I'A30BbIX MECTOPOXKIE-
HUAX, BEPOATHEE BCEro, OyleT UATH
OOK O OOK C PA3BUTHEM €TI0 XPAHEHHUA
B OOBIYHBIX I'€OJIOTMYECKUX (POPMHU-
POBAHUAX, 3AIIOJIHEHHBIX PACCOJIOM,
T.K. TAKHME CTPYKTYPBI BCTPEUAIOTCA
ropasjgo uame. 'eosoru HageoTCA
HaNTHU JOCTATOYHO NPUPOJHBIX €M-

KOCTEH /I XpaHEeHUsd O6O0JIbIIEH Ja-
CTH YIVIEKUCJIOTO I'a3d, KOTOPBINA BbI-
JEJIUTCS IPU CKUT'AHHUU HCKOIIAEMOT'O
Tonausa B XXI B.

Puck xpaHeHus

J1151 KasKJOrO XPaHU/IUINA CYIIECTBYET
J1BA BUJJA PUCKA: IOCTENEHHAs 1 BHE-
3aIIHas yTeuKka. B pesynbrare nocre-
MEHHON yTEYKHU YACTh HAPHUKOBOI'O
rasa npoCcTO BO3BPALIAETCSA B ATMO-
cpepy. A BOT 6BICTPOE OCBOOOXK/ICHHE
6onpbmux 06beMoB CO, MOXKET IO-
BJICYDb I'OPA3A0 XYJUINE ITOCIENCTBUSL.
XpaHuaume JOMKHO OBITh TAKUM,
4TOOBI IOCTEIICHHAA yTE€YKA IIPOUC-
XOJ WA MEJJICHHO, 4 BHE3aIIHasA OblIa
YPE3BBIYANHO MAJIOBEPOATHOM.

XOTA YIVIEKUCIIBIA I'a3 OOBIYHO 6€3-
OIACEH, OOIBIION U OBICTPHIN €I'O BbI-
OpPOC MOKET OOEPHYTBHCS KATACTPO-
¢oit. B 1986 1. B KamepyHe IpOU301UIO
y2KACHOE IIPUPOAHOE OCICTBUE: yIJIE-
KUCJIBIA I'a3 BYJIKAHUYECKOI'O IIPOMC-
XOKJICHHUS MEIJICHHO IIPOCAYNBAJICS
CKBO3b IHO 03epa Huoc, pacnonoxeH-
HOr'o B Kparepe. OJHaXKAbl HOYBIO
PE3KOE ONPOKMUBIBAHUE OCHOBAHUS
o3epa NPUBEIO K OCBOOOXKACHUIO
200 TBIC. TOHH JIBYOKHCH yIJIEPO/A.
I'a3 cTexk BHM3 yepes aBe JoanHbI (CO,
TXKenee Bo3ayxa), u 1700 cenbCKkux
JKUTEJICU TOTUOIN OT yAYLIb.

ITocTENEHHBIEC YTEYKHU HE OMNACHBI
JUIS1 )KU3HHU, OJTHAKO CHUXKAIOT 3(]-
(PEKTUBHOCTD YIABJIMBAHUSA YIJICKHC-
JIOTO r'a3d, IPU3BAHHOI'O YMEHBIIUTD
€ro BJIUAHHUE HA Kaumart. [ToaTtomy
UCCIEAOBATENN U3Yy4aIOT YCIOBUA,
NPUBOJAIINAE K MEJJICHHBIM yTCUKAM.
VYITIEKUCIBIN T'a3, MJIABAIOIMUI B pac-
coJie, OyJET NMOJHUMATBHCH, IIOKA HE
JOCTUTHET HEIIPOHULIAEMOI'O T'€0JIO-
TUYECKOT'O CJI0A-KYIIOJIA.

JIBYOKHCB yIJIEPO/IA B IOPAX IIOPOABI
MOZOOHA COTHAM BO3JYIIHBIX IIAPH-
KOB, HAIIOJIHEHHBIX I'€JIUEM, 4 TBEPJbII
KyIIOJI HOXOX Ha CBOJ LUpKa. Hlapuk
MOXET YCKOJb3HYTb, €CJIM B KYIIOJIEC
€CTh PA3PbIBbI UJIM €I'0O OBEPXHOCTD
HaKJIOHeHA. ['eosoram npugeTcsa uc-
K4aTb Pa3pPBIBBI B KYIIOJIE, YEPE3 KO-
TOPBIE MOTI' 6Bl YXOAHUTD I'a3, 4 TAKXKE
ONPENEIATh BEJINYUHY JABJICHUA 34-
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KNUMATONOTHY

Ka4KH, KOTOPOE MOIJIO 6bI PA3PYIIUTD

KyIIOJL

He cnepyeT 3a6p1BaTh U 06 OUYEHb
MEAJIEHHOM I'OPU30HTAIBHOM HOTOKE
YIJIEKHUCJIOI'O I'a3d, HAIIPABJACHHOM OT
TOYEK €r'o 3aKa4KU. HaCTO 0OCaOYHBIE
(HOPMHUPOBAHUSA NOXOXKH HA OI'POM-
HblE TOHKUE O6AMHBL. Ecau yriaexkuc-
JIBII I'a3 BBOJUTCS BOJIU3U CEPEIUHBI
TAKOI'o 6JIMHA, UMEIOLETO JIMIIb HE-
OOJIBIIION HAKJIOH, T'a3 MOXKET HE J[0-
CTUTHYTb KPas B TCYECHUE [JECATKOB
ThHICAY JIET. Miccie1oBaTEN HAICIOTCH,
4TO K TOMY BPEMEHU OOJbIIASA YACTh
ra3a paCTBOPUTCS B PACCOJIC MJIM OKa-
JKETCA 3aXBAYCHHOI IMMOPAMH.

Jlaske ec/Iy reoIOru4eCKUe yCJIOBU s
6HaFOHpI/I$ITHI)I, HCIIOJIB3OBAHHUEC I
XpaHeHUsI GOPMUPOBAHUI, B KOTO-
PBIX €CTb CTAPbI€ CKBAKHUHBI, MOXKET
ObITh IpOGIEMATUYHBIM. Hannpumep,
B mrare Texac nmpocsepiieHo bojee
MMUWJIJIMOHA CKBAXHMH, MHOT'HC M3 HUX
OBIIN 3AJTUTBI IIEMCHTOM M OCTaBJIC-
HbI. B npuHIIMIE, KUCIOTHBIA PACCOI
¢ CO, MOXET HAUTHU NyTbh OT MECTA
3dKa4YKU K 320pOIIEHHON CKBAKMHE,
Pa3’bpeCThb EMEHTHYIO IIPOOKY U IIPO-
COYUTDHCS HA IOBEPXHOCTD. YTOOBI U3Y-

MNoA3EMHOE XPAHEHWE YTAEKMCAOTO ra3a OCYLLECTBASIETCSI CETOAHS B TA30BOM
npoekTte AH CaAQX B AAXKMPCKOW MyCTbiHE, ChlIpO MPUPOAHBIN Fa3, AOOLIBAEMbIN
HO 3TOM yyacTke dupmamu British Petroleum, Statoilu Sonatrach, copepxmnt
CANLLKOM MHOTO COy AASI KOMMEPYECKOTO MCMOAB3OBAHMS, TAK YTO N3BbITOK
YACASETCS XUMNYECKMMU MOTAOTUTEAIMU (ABE Napbl 6aLLeH AeCopbLmmn

B LIEHTPE 30BOAQ), CXKMMOETCS 1 3ATEM BBOANTCS NMOA AGBASHNEM B GOPMALMIO

C PACCOAOM HO ABYXKMAOMETPOBYIO TAYOMHY. 3AKAYKA MOA 3EMAIO MPOOU3BOANTCS
CO CKOPOCTbIO, KOTOPAS AULLb B LLIECTb PA3 MEHbLLE TOW, KOTOPAS NOTPEOOBAACCH
Obl HO TMIOBATTHOW SAEKTPOCTAHLUM C TA3UOUKALMEN YTAS.

YUTh ITOT MEXAHHU3M, UCCJIC/JOBATCIIH
MMOJIBEPTAIOT IIEMEHT ACHCTBHUIO paC-
cosa 1 6epyT IPOOBI CTAPOrO LIEMEH-
T4 U3 CKBAKUH. B KapOboHATHBIX (pOp-
MHUPOBAHUAX TAKOM BUJ PA3PYIICHU S
MECHEE BEPOSITCH, 9YEM B IICCYAHUKE, T.K.
Kap6OHATHl YMEHBINAIOT AKTUBHOCTD
COJIECHOM BOJBI.

I[IpaBUTENbBCTBA PA3HBIX CTPAH
JOJIKHBI PEIIUTH, KaK JOITO CJIECOY-
€T 0O0CIYKUBATb MOTHMIbHUKU CO,.
CTporo crneays 3KOJIOTHUECKON TH-
K€, BAACTH MOTJIH 6Bl OTKA3ATHCH
YTBEPXKAATh MPOCKT XPAHUIHUINA,
B KOTOPOM YIJIEKHUCJBINA I'a3 6yIeT CO-
aepxxarbes He 6osee 200 net. OfHaKo
OIOOPUTH €0 BCE K€ MOXKHO, €CJIN
MMOHAJEATHCS, YTO Yepe3 JIBA CTONC-
TUS OyZIET U300PETEH rOpa3lo ay4d-

MHUH C1IOCOO6 OOPLOBI C YIVIEKUCIBIM
Tra30M.

bamxaiimuye HECKOJIBKO JIET CTAHYT
KPUTHYECKHUMU U1 PA3PAOOTKHU Me-
TOJOB YJIABJIMBAHUA U KOHCEPBALIUU
YIJIEKHUCJIOTO T34, T.K. BBIPA6aThIBa-
€TCs MOJIUTHUKA, KOTOPAs JEJIAET CO-
KpalieHue BBI6pocoB CO, BBITOHBIM.
Kpome TOro, Ha4uHaeTCA JTULCH3H-
POBAHHE YYACTKOB, NOAXOANINUX /I
MOTHJIBHUKOB. TAKMM 06pa30M, OBBI-
meHue 3(PEPEKTUBHOCTH BBIPAOOTKHU
U UCHOJB30BAHUA SHEPIUU, IIEPEXO]]
K MCIIOJIb30BAHHUIO BO30OHOBIISIEMBIX
UCTOYHUKOB 3HEPTUH, COBEPIICHCTBO-
BAHHUE SAICPHOM SHEPIETUKU U MEPO-
NPUATUN MO yIABJIUBAHUIO U XPaHE-
HUIO CO, MOMOTYT 3aMETHO CHU3UTH
PHCK IVI06AJIbHOTO nIoTerieHus. |
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A>KOH XOpHepP,
KeBuH [NaaAMaH,
APMaH ae Prikae

KAK GTATb
[HTAHTOM?

OBI
JUHD33BPOB
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AN TOro 4T0Obl AOCTUNYb OKOHYATEABHBIX PA3MEPOB Brachiosaurus, OAHOMY 113 CAMBIX KPYMHbIX
AMHO3ABPOB MOHAAOCBUAOCHE MopsiaKa 20 AeT, a Microraptor, KOTOPbIN BGbIA PA3ZMEPOM
C UbIMAEHKQ, —TOpa3A0 MeHbLUE. YYeHble HAYyYUAUCH U3MePSITb BO3PACT

BbIMEPLLUX XKMBOTHBIX MO FOAUYHBIM AMHUSIM B UICKOMNAEMbIX

KOCTSIX, O TAKXE NyTEM U3MEPEHUS CKOPOCTN POCTA

KOCTHOW TKOHW Yy COBPEMEHHbIX )KMBOTHbIX.
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Up JUHO33ABPOB OBLJI MU-

poMm BenukaHoB. Taxk,

Tyrannosaurus rex pa3me-
paMu He ycTyna ahpruKaHCKOMY CJIO-
HY, a Brachiosaurus 1 OCTaJIbHbIC I'U-
TFaHTCKUE 32yPONOABI ObLIIM HAMHOT'O
KpyIIHEE JIIOO0TO U3 HbIHE KHUBYIIUX
HA3€MHBIX JKUBOTHBIX.

1o HEJJaBHETrO BPEMEHU ObLIO HE-
MOHATHO, K4K NPABUJIBHO OLICHUTD
BO3PACT JUHO3aBPa. BOJBIMUHCTBO
MaJIEOHTOJIOTOB MOJIATaJIO, YTO MOC-
KOJIbBKY OHH OTHOCATCA K PENTUIIUAM,
TO U PACTYT TAK K€ MEJJICHHO Ha IPO-
TSKEHUU BCEH )KU3HU. CIIeJOBATEIBHO,
JIOTUYHO OBLIO MPEJIONOKUATD, YTO
JPEBHUE AIEPDBl JOXKHUBAIU JO CO-
JIMJHBIX JIET, IPABAa, HE ACHO, JO Ka-
KUX UMEHHO, IIOCKOJIbKY HU OJIHO U3
COBPEMEHHBIX IIPECMBIKAIOMUXCH HE
JOCTUTA€T TAKUX PA3MEPOB, 4 IOTOMY
CPaBHHUBATDb HE C UEM.

B 1842 1. aHI/IMACKUI ITAJIEOHTOIOT
Puuapn OysH (Richard Owen) npuay-
MaJI TEPMUH Dinosauria — Tax OH Ha-
3BaJI KPYNHBIX BBIMEPIIUX CYIIECTB,
MPUHALJICKABIIUX K MAJIOYUCIEHHON
rpymnie pentunaun. Ilpudyem ydeHbIn
MMeEJI B BUJLY TOJIBKO HA3€EMHBIX JKH-
BOTHBIX (B OTJIMYUE OT OOUTABIIUX
B MOPSX UXTHUO3ABPOB U IIJIE3HUO-
34BPOB, U3BCCTHBIX HAyKE C HA4Yasa
XIXB.). B ommnymne oT COBpEMEHHBIX
NPECMBIKAIOMUXCS, Y HUX ObUIO HE
J1B4, 4 IATb KPECTLOBBIX ITO3BOHKOB,
4 UX KOHEYHOCTHU PACHONATAIUCh HE
IO CTOPOHAM OT TYJIOBMINA, 4 CHU3Y.
HecMoTps HA 3TH OTIIMYUA, CUUTAI

OyaH, AaHATOMUYECKHUE OCOOEHHOCTH
UX KOCTEN — (popMma, CYCTaABBI U Xa-
paxTep MPUKPEIIEHU MBI — I'O-
BOPUJIMN O TOM, YTO ITO BCE K€ PEII-
THJIUH, TO €CTh XOJOJHOKPOBHBIE
JKUBOTHBIC C 3aMCAJICHHBIM MeTabo-
an3MoM. CO3/TaHHBIN UCCIEIOBATE-
JieM 06pa3 3aKPENMJICS, U BIUIOTH /10
60-x r1. XX B. IUHO32BPOB IIPE/ICTAB-
JIAIU MCIIJIUTCIIBHBIM U, HCYKJITIOKUMU
CO3/JaHUSIMU, KOTOPbIE HE CIICIIA BbI-
pacTanu 0 OrpOMHBIX PA3MEPOB.
Hccnenosarenu JaBHO 3HAIH, YTO
KOCTb PACTET IIPUMEPHO TAKHM XK€E 00-
Pa3oMm, KaK IEPEBO, 00PA3YsI TOJIMUHbBIC
KOJIbITAd, HO JIUIIb BO BTOpOI;I IIOJIOBU-
He XX B. OHM HAYAJHU HUCIIOJb30BATh
3THU U JIPYTrUE OCOOEHHOCTU CTPOEHUS
OCTOBA JIJI51 OIPEIETICHUSI MEXAHU3MOB
pocTa JOMCTOPUYCCKUX )KUBOTHBIX.

KocTtn paccKkasbiBAOT NPABAY
B ckenetre AMHO3aBPOB KAK/IBII I'OJT
0OpPa30BBIBAJICS HOBBIN CJIOM KOCT-
HOM TKaHU, NMTOXOXHUH Ha I'OJIMYHbIC
KOJIBI]A HA CTBOJE AepeBa. OJTHAKO HA
3TOM CXOJICTBO 3aKaHUYMBACTCA. Ecau
CIIUJINTDB JICPCBO U COCYUTATDH JINHUU,
MOJKHO HPOCIAEAUTH BCIO UCTOPHUIO
pocTa n pa3BUTHUA pacTeHUA. Hopas
JIpEBECUHA OOpPaA3yeTCss CHAPYXKHU,
4 BHYTPH OCTAIOTCSI OMEPTBEBIIHEC
ciou. B xocTu ke Bce Ha060poT — ee
CEPAIIEBUHA TPEJICTABIISICT COOOM KHU-
BYIO CTPYKTYpY. KIeTKku, Ha3pIBaEMBIC
OCTEOKJIACTAMH, PACTBOPAIOT BHY-
TPEHHIOI KOCTHYIO TKaHb U BBICBO-
OOX/IAIOT COJICPIKAIIIHECS B HEH Bele-

OB3OP: BbICTPO BbIPACTU AO TMITAHTCKUX PASMEPOB

® AO HEAOQBHETO BPEMEHM HE CYLLECTBOBAAO CNOCOBOB ONMPEAEANTL BO3PACT
AVNHO3ABPOB U BbIICHUTb, HOCKOALKO BbICTPO OHU POCAMN.
B MHOrme KoCtu 3T1X XMBOTHBIX UMEKOT AUHUW HOPACTAHUS, HOMOMUHAKOLWME

roAnYHble KOAbLIA HO CrnAe AepeBd.

B VIccAaepyst AVHUU U ApYTYMe OB6pPA30BAHMS BHYTPU KOCTU, YHEHBIE AOKO3OAM,
4YTO AMHO3ABPbLI POCAN BLICTPO — MPUMEPHO TAK XKe, KAK COBPEMEHHbIE NTULLbI
n MAeKonutaruime, 1 CoBCcemM He TaK, KAK penTnAnn.

B CTpEeMUTEAbHbIN POCT FOBOPUT O TOM, YTO MCKOMAEMbIE CO3ACHMS OOACAOAN
BbICOKVIM YPOBHEM METABOAN3MA — MPUBAUIUTEABHO TAKUM e, KAK Y TEMAO-
KPP OBHbIX )KBOTHbIX, O HE KAK Y XOAOAHOKPOOBHbIX.

CTB4 7151 IOBTOPHOI'O UCIIOJIb30BAHUS,
B PE3yJbTATE B CEPALICBUHE AIMHHBIX
KOCTEM, TAKUX KaK 6€1pO HJIU I'OJIEHD,
00pa3yroTCs MyCTOTH. BHYTpEHHSAA
4aCTb KOCTH, U KOCTHOMO3IOBOH
KaHaJI, CIYKUT TaKXKe U PaOpUKOU
IO IPOU3BO/ICTBY KPACHBIX KPDOBSHBIX
KJIETOK (cm. cmp. 45). Hopas ke TKaHb
OTKJIAJBIBA€TCA CHApyxKU. [Ipnuem
POCT AJUHHBIX KOCTEH MPOUCXOLUT
TAKXKE HA KOHLAX Anadusos. Tem Bpe-
MEHEM BHYTPH KOCTHOMO3I'OBOI'O Ka-
HaJIa OCTEOKJIACTBI PACTBOPAIOT KOCT-
HbI€ O0PAa30BaAHUSA, CPOPMUPOBAHHDBIC
HAa 3ap€ JKU3HU OCOOH, A IPYT'HE KICTKU
06pa3yIOT BTOPUYHYIO TKAHb HA BHY-
TPEHHEHU NOBEPXHOCTHU IOJIOCTU WA
JK€ MIPOHUKAIOT B HAPY’KHBIC CJION KO-
CTHU, IPEOOPA3OBLIBAL €€ CTPYKTYPY.

JaHHBIE IpOLECCH (PAKTUYEC-
KM YHHYTOXKAIOT IIEPBOHAYAIBHYIO
KOCTb, IO3TOMY HEBO3MOKHO IIPOCTO
PAaCHUINUTD YACTh CKEIETA JUHO3ABPa
1, IOJACYHUTAB YHUCJIO «I'OJJOBBIX KOJIEIT»,
OIPENENUTb €rO0 BO3PACT. YUECHBIC
TIONIJINU UHBIMU MY TAMMU. B YACTHOCTH,
B3SJIMCh 34 UCCJIEAOBAHUE OCTAHKOB
MOJIOJBIX OCO6€M, B KOTOPBIX €IIe
COXPAHUJIHUCHh TKAHU, PA3PYIICH-
HBIC V B3POCJIBbIX. HOZ[C‘{I/ITQB JIUHHNHA
U CPAaBHUB UX KOJIHUYCCTBO C TCMHU,
YTO MMEIOTCH B KOCTAX CTAPbIX JKH-
BOTHBIX, MOXXHO OIIPpCACIUTD, KAKHC
CJIOH U 32 CKOJIBKO JIET KM3HU B HUX
OTCYTCTBYIOT. ECJIM K€ CDABHUBATD HE
C YeM, MOKHO OIIPEJEINUTD KOJTUYECT-
BO HAIUIACTOBAHHUH IIYyTEM «OOPATHO-
ro NOJACYETA», UCXOAA U3 PACCTOAHUSA
MCXKAY COXPAHUBIIUMUCA TUHUAMUA.

HenaBHO y4deHbIE IPUMEHUIIN JTAH-
HBI METOJ| B XOJI€ U3YUYECHUA OCTO-
B4 CAMOI'O U3BECTHOI'O JUHO34B-
pa, T. rex. B Mysee CKaqIUCTBIX IOp
Vaupepcurera mrara MoHTaHa Xpa-
HUTCSI MHOXECTBO (PpATrMEHTOB CKE-
JICTOB 3TUX MNMI'aHTCKHUX IIJIOTOAIHBIX
JKMUBOTHBIX, B TOM YHCJIE 7 OTHOCH-
TEJIbHO XOPOIIO COXPAHUBIIUXCA 3a]1-
HUX KOHEYHOCTEMN.

I/ICCHCZ(OBQTCIII/I CHAJIN C HUX IIJIN-
(Bl — TOHUYANIINUE TVTACTUHKH, KOTO-
pBIE MOXKHO PACCMATPHUBATD MO MH-
KpockonoM. Ha cimnax xocreid 7. rex
YAAJIOCh OOHAPYXUTD JUIb OT 4 10
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SHAWN GOULD (illustrations); JOHN R. HORNER, KEVIN PADIAN AND ARMAND DE RICQL S (photograph)

YHTAEM N0 KOCTAM IHHO3ABPOB

8 IMHUM HAPACTAHUA, [IPUYEM TE, YTO
PACIOJIAraJIMCh OJIMIKE K LIEHTPY, ObLIN
TIJIOXO BU/JTHBI M3-32 PA3BUTHUA BTOPUY-
HOM KOCTHOM TKaHU. Eme 6onee yau-
BUTEJIBHO TO, YTO KOCTHOMO3TOBOM
KaHaJ Y 3TUX JIMHO3ABPOB HACTOJb-
KO IIHPOK, YTO JIISL Er0 OOPA30BAHUS
JIOJIXKHO 6BIIIO PaccOCaThCs /10 2/3 uc-
XOJHOT'O KOCTHOI'O BEMIECTBA. BBIIO
TAKKE OOHAPYKEHO, UYTOY HEKOTOPBIX
ocober 6/IMKE K HAPYKHOM NOBEPX-
HOCTH KOCTH PACCTOSHUE MEXKY JIH-
HUSIMH PE3KO COKPAIATIOCh, IPUYEM
TO K€ CAMO€ HAOII0A/I0Ch U PAHEE,
B TOM 4YUCJIE Y PACTUTEIBHOSJHOTO
YTKOHOCOI'O AUHO3aBpa Maiasaura.
DTO CBUJIETENBCTBO TOI'O, YTO NIEPUOT,
AKTUBHOI'O POCTA 3aKOHYMJICS U JKU-
BOTHOE JJOCTUIJIO CBOEI'O OKOHYATE b~
HOI'O pazMepad.

C 11oMOIIbIO METOLA OOPATHOTO O~
CUYCTA YUYCHBIC ITOJTYIYUJIN CICAYIONINC
JlaHHbIe: 7. ¥ex CTAHOBUJICS B3POCJIBIM
K 15-18 rogam, K 3TOMY BPEMEHHU BbI-
coTa ero 6ejipa cocTassiia 3 M, JUIMHA
Tena — 11 M, a BeC — OoT 5 10 8 T (aHaA-
JIOTUYHBIC PC3YJIbTATHI OJJTHOBPCMCH-
HO ITOJIY4UJI TaKXKe I'peropm DpuKcoH
(Gregory M. Erickson) u ero kosjaeru
u3 YHusepcurera mrara daopujaa.
TToxoske, 4TO pPa3BUBAJINUCh MOHCTPBI
OBICTPO, IO KpaMHEH Mepe, ropasio
ObICTpEE, YEM JIIOOBIC JIPYTHE COBpPE-
MCHHBIC UJIX BBIMCPIINC PCIITUITU.

Hanpumep, Dpukcon u Kpucropep
Bbpouy (Christopher A. Brochu) us
YHuBepcuTeTa ANOBBI ONIPEAETN-
JIU CKOPOCTb POCTA 'HTAHTCKOI'O
Kpoxkojauna Deinosuchus, KOTOPbI
JKMJI B MEJIOBOU IEPUOJ IPHUMEPHO
75—80 muH. 1eT Ha3aa. CAUTACTCS, IYTO
3TU I'UI'AHTCKUE PENTUINU JIOCTUTA-
au quuHbl 10-11 M. Mccnenya nuHun
HapaCTaHUA HA POrOBOU OpOHE, 3a-
MUIAIOMEN UX HICIO, TAJIEOHTOIOI U
ONPEETUIN, YTO JIJISI 3TOI'O UM TPEOO-
BaJIOCh 50 1IeT — B 3 pa3a 60JIbIIE, YEM
HYKHO ObLIO 1. rex, 4TOOBI JOCTHYb
AHAJIOTUYHBIX pa3MepoB. OT4yacTH
CKOPOCTb POCTA HAWIEI'O JUHO34ABPa
MOYXHO CPaBHHUTDb C TEM, KaK HAOHUPa-
€T BeC appUKAHCKHUI CJIOH, KOTOPBIN
K 25-35 rogam Becut 5—-6,51. T. rex
pOC uyTh O6BICTPEE. >

BKocmx AVNHO3ABPOB MMEIOTCS AUHUN HOPACTAHMSI, B YEM-TO CXOAHbIE

C FOANYHBIMU KOABLIOMU B APEBECUHE, HO HTEPMNPETUPOBATL X TRYAHEE.
[MAOTHOE BELLEeCTBO KOCTN COCTOUT U3 TAKUX MUHEPAAbHbIX BELLLECTB, KaK dpocdar
KOABLLMS 1 BEAKOB, O TAKXKE KOAAQFEHd, KOTOPbIE AOCTABASIKOTCSI HO MECTO
POCTA NO KPOBEHOCHBLIM COCYAQM. KOrAQ COCYAUCTBIE KAHAABI HOYUHALOT
V3HYTPW 3AMOAHSATLCS KOCTHOM TKOHBIO, OTKAOAbIBAIOLLENCS KOHLLEHTPUYECKUMU
CAOSIMU, TO OBPABYIOTCS TAK HO3bIBAEMbIE OCTEOHbI. B 6eAPEHHON U APYTUX
AAVIHHBIX KOCTSIX AOABHENLLNT POCT MPOUCXOAUT HEMOCPEACTBEHHO MOA
MAE€HKOW, HOAKOCTHULLEN. B TO e BpeMs KASTKM, HO3bIBOEMbIE OCTEOKAQCTAMM,
PACTBOPSIOT CTAPYIO KOCTb U3HYTPU. OCTEOHbI MOTryT OOPA30BLIBATLCS BTOPUYHO
BHYTPW Y>ke CHOPMUPOBABLLENCS KOCTU, MPW STOM CTAPOE KOCTHOE BELLLECTBO
PA3PYLIAETCS M OTKAOABIBAETCSI HOBOE. YYEHbIe HE MMEOT BO3MOXKHOCTU
OMNPEAEAUTL BO3PACT XXMBOTHOTO MO LWAUDY KOCTU, HO MOTYT MOAYYUTb TAKYIO
VHOOPMALMIO, NCCAEAYS KOABLA U APYTME OCOBEHHOCTN CTPOEHMUS.

KpoBeHOCHble
COCYAbI

HaakocTHULIAO

KomnakTtHoe
BELLECTBO KOCTU

OcTeoKkAQCTbl
pacTBOpSItOT
KOCTb

OcTeoH

[oANYHBIE AVHWM HApPACTAHUS

AVHUN HAPACTAHUS

Ha doTtorpadmm nokasaH WAnG
B6epAPEHHON KOCTU HEKPYMHOTO
MAOTOSIAHOTO AMHO3ABPA
Troodon, HO KOTOPOM BUAHbI
FOANYHBIE OTAOXKEHMS]
(0603HAYEHbI CTPEAKAMM).

OHM TECHO NPUAETAIOT BANKE

K HOPY>XHbIM CAOSIM KOCTU,
KOTOPbIE BbIAV CHOPMUPOBAHbI
no3aHee, KOrAQ POCT
YKMBOTHOTO 3AMEAANACS].
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Maiasaura
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MPAPUKM CKOPOCTU POCTA MOKASBLIBAKOT, YTO ACHKE CAMbIE KPYMHBIE AMHO3ABPbI
AOCTUTOAM CBOUX TMIOHTCKUX PA3BMEPOB MeHee YeM 3a 20 AeT.

JanpHEUIIUE UCCAETOBAHUS T10-
Ka3aau, 4To 1. rex HE UCKIIOYCHUE
cpenu JUHO3aBPOB, 60JIE€ TOTO, OH
pOC a’Ke HEMHOTO MEJJIEHHEE, YEM
Jpyrue ruraHTel. Anymya Yuncamu-
Tiopan (Anusuya Chinsamy-Turan)
13 KeldnTayHCKOro YHUBEPCHUTETA
B IOxHOI ADpHKe OOHAPYXKUIIA, YTO
TpaBOSAOHBIA Massospondylus no-

NEPBLIE NTHIbI

CTUTAJ 2—3 M IIPUMEPHO 3a 15 JeT.
DPUKCOH, a Takxke Tarpsana TymaHosa
n3 [1a1€eOHTOJIOIrNYECKOIO UHCTUTY-
T4 B MOCKBE IIPUIIINA K BBIBOAY, YTO
HEKPYITHBINA 1€PATONC (POraTblf AU~
HO3aBDp) Psittacosaurus CTAaHOBUJICS
B3POCJIBIM K 13—15 rogam. YTKOHOCHIH
Maiasaura BXOIWII B IEPUOJ, 3PETOCTU
yKe K 7—8 rojlaM U K 3TOMy BPEMEHU

NpeBpaNaICa B 7-METPOBOI'O I'MI'dH-
Ta. OJHAKO OIPOMHBIE 3AYPOHO/BI
(MOJO6HBIE OPOHTO3aBpaAM) OIIEPE/IU-
JIM BCEX OCTAJbHBIX: MapTuH 3anaep
(Martin Sander) u3 BOHHCKOTO YHU-
BpepcuTeTa B [epMaHUM JOKA3all,
4TO OPraHU3M Janenschida MOJIHOC-
TbIO C(OOPMUPOBBIBAICA K 11 rogam,
XOTsA NIPOJOJKAI PACTU U JaJIbIIE.
Dpenepuk Pum6no-bann (Frédérique
Rimblot-Baly) co cBouMu KOJLIEraMu
n3 VII [TapuKCKOTO YHUBEPCUTETA
omnpejenunna, 9YTo Lapparentosaurus
BBIPACTAJI IO OKOHYATEIbHBIX Pa3Me-
pos k 20 rogam. Kpucruna Pomxepc
(Kristina Curry Rogers) n3 Myses Ha-
YKH B MUHHeECOTE OOHAPYKHIIA, YTO
Apatosaurus (601€€ U3BECTHBIA KaK
Brontosaurus) CTAHOBUJICA B3POCbIM
K 10 rogam, npu6aBiss B BECE IO 5,5 T
B TO[.

BHyTpu KOCTEN

TUIUYHAS JUIMHHASI KOCTB IUHO3aBPa
COCTOUT B OCHOBHOM M3 TaK HA3bIBAC-
MO (pUOpOIAMENIAPHON TKAHU: OHA
MMEET BOJTOKHHUCTYIO TEKCTYPY U 00-

|_| O3BOASIIOT AU HOBbIE CBEAEHWS MOAYYUTb AOMOAHUTEABHYHO
MHGOpPMaALMIO 06 SBOAIOLMN NTULL M AMHO3ABPOB?
Movyemy, HaNPUMEP, NTULLBI FOPA3AO MEAbYE AUHO3ABPOB?
MN3MeHNAQCH AU CKOPOCTb UX POCTA? Mbl UICCAEAOBAAM
KOCTHbIE TKAHW Confuciusornis, AOVCTOPUYECKOM NTULLbI MOXM
POHHETO MeAd (125 MAH. AET HO30A), OGHAPYXKEHHOM HO
Tepputopum Kutas 1 CTosen Ha POAOCAOBHOM APEBE CPasy
30 APXEONTEPUKCOM, MEPBLIM 13 N3BECTHbLIX HOM NEPHATbLIX.
Confuciusornis 6bIA PA3MEPOM C BOPOHY, BHYTPEHHSSI
YACTb €ro KOCTU (KAK 1y APYIMX AMHO3QBPOB) COCTOSIAQ U3
ObICTpOPACTYLLEN PUOPOAAMEAASTPHON TKAHWN, OAHAKO BAMKE
K MOBEPXHOCTN OHA 3AMEHSIAQCH MEAAEHHOPACTYLLMMM
0BPA30BAHNSIMM — MPU3HAK TOTO, YTO MOCAE KOPOTKOrO PbIBKA
B IOHOM BO3PACTE POCT 3AMEAASIACS. Mbl COABHUAN 3TN
AQHHbIE C KOCTHBIMU TKAHSIMM HEKPYMHOTO XMULLHOTO AMHO3ABPA
Troodon, AOCTUTABLLENO OKOAO 1,5 M B AAVHY, — €70 N3Y4aA
AsBua Bappuyumo (David J. Varricchio) n3 Ynmeepcureta
LWTATA MOHTAHA. PE3yAbTATh UCCASAOBOHMS TOBOPSIT O TOM, YTO
OH MOCTOSIHHO M BbICTPO POC.

Kak MOXXHO 3aKAKHYMTL HO NpuMepe Confuciusornis,
Y NCKOMAEMBIX MTULL NEPUOA MHTEHCUBHOIFO POCTA B OHOCTU
ObIA HEAOAOT, H4TO 1 NPUBEAO K X MUHNATIOPU3ALNN.
YMEHbLLEHVE PA3MEPOB OKA3AAO CYLLECTBEHHOE BAUSIHME
HO AOKOMOLLMIO, MOCKOABKY Mepbsl, KOTOPbIE UMEANCH 1N HO
NePeAHNX KOHEYHOCTSIX BAMKANLLMX POACTBEHHMUKOB MTULL
CpeAl AMHO3ABPOB, B 3TOM CAyHYAe CTAHOBUANCH MPUTOAHBIMMN
ANS OCBOEHWS NoAeTA. MAAEHbKME CyLLEeCTBA BbicTpee
XAOMQIOT KPbIABSIMU, YEM KPYMHBIE; KPOME TOTO, Y MEAKOM
0COBU HArpy3Kka HA KPBLIAO (COOTHOLLEHME BECA TEAD

K MAOLLLOAN KOBIABEB, MOKA3bIBAIOLLLEE, KOKOW BEC MPUXOAUTCS
HO €AVHULLY NAOLLAAM) MPOMOPLNOHAABHO MEHbLLE N BoAee
BbIFOAHQO C TOYKM 3PEHUS ABPOANHAMUKM.

OAHOKO COBPEMEHHbIe NTULLbI AOCTUFAIOT CBOETO
OKOHYATEABHOTO PA3MepPa BbICTPO, OBBIYHO 30 HECKOABKO
HEAEAb AN MeCsILEB. YTO MUBMEHNAOCH? BEPOSITHO, 3aMEeAAMB
B XOAE 9BOAIOLIMN CKOPOCTb POCTA, MNTULLbI NMO3AHEE CHOBA €€
YBEAVYUAU U CTAOAU PA3BMBATLCS BGbICTPEE CBOUX BbIMEPLLIMX
NpeAKOB. HECKOABKO AET HO3OA AHYLLYO YAHCAOMU-TIOPAOH,
COTPYAHMLIA KEMNTAyHCKOro YHMBEPCUTETA, CO CBOUMM
KOAAEraMU N3YYUAQ KOCTHbIE TKAOHW MCKONAEMbIX MTUL,
MO3AHEro MeAOBOTO MEPUOAQ, CTOSILLMX B DBOAIOLIMOHHOM
psaay nocae Archaeopteryx n Confuciusornis. 9170 ObiAU
NPEACTABUTEAN NPUMUTUBHOW rpynnel Enantiornithine,
6eckpblAble Patagopteryx, Helpsitowmne Hesperornis
M HANOMUHABLUME Kpaydek Ichthyornis (CM. Bpe3Kky HQ
CcTp. 48-49). OHU TOXKE POCAN MEAAEHHEE, YEM AMHO3ABPbI,
OAHAOKO BUAbI, HOXOASLLMECS BAMKE K COBPEMEHHbIM
NepPHATbIM, OBACACAN TKAHSIMU, YKA3bIBAIOLLMMW HO BoAee
ObICTPLIV POCT, YEM Y COMbIX NEPBbLIX NTUL,

Ha py6exxe MeAOBOTro 1 TPETUYHOTO MEPUOAQ, MPUMEPHO
65 MAH. A€T HO3aA, NTULLLI CTAAW PACTN 3HAYUTEABHO
BbICTPEE — HOCTOABKO, YTO BCE COBPEMEHHbIE BUAbI, ACHKE
CTpAyC, AOCTUrAIOT PA3MEPA B3POCAON OCOBUN MEHEE YeM
30 roa (HaNpuMep, BOpoben — BCEro 3a CeMb AHEN). AnLLb
n3yyeHne BAaCTUTEAEN HEOA PAHHErO TPETUYHOTO NEPUOAC
MO3BOAUT HOM Y3HATb, O6PEAN AU COBPEMEHHbBIE MTULLbI
MPUBLIYKY K 6bICTPOMY POCTY MOCTEMEHHO UAM KE STO BbIA
PEe3KMIN CKAYOK B PA3BUTAN.
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SHAWN GOULD (illustrations); JOHN R. HORNER, KEVIN PADIAN AND ARMAND DE RICQL S (photographs)

JINHO3ABPLI POCAH HHAYE, YEM PENTHIHH

" CocyancTble
KOHOABI

DubporamerrsapHas
KOCTHOS TKOHb

- CocyaucTble
KAHAABI

AAMeAASPHO3OHAABHAS
KOCTHQAS TKOHb

pasyeTcs BOKPYI PBIXJIOM, XaO0THUY-
HOI CETU KOJIJIATC€HOBBIX BOJIOKOH,
MPOHU3AHHON KPOBEHOCHBIMH COCY-
JamMu. TakOU TUIl TKAHU XAPAKTEPEH
I KOCTEH KPYNHBIX IITULL U MJIE-
KOMHUTAIOMHUX, JOCTUTAIONIUX CBOUX
MaKCHMaJIBHBIX Pa3MEPOB ObICTpEE,
4yeM OObIYHBIE penTunuu. C Apyrou
CTOPOHBI, CKEJIET KpOKoaunaa chop-
MHUPOBAH IIPEUMYIIECTBEHHO U3 Jia-
MCIIJIHpHOBOHQ.JIbHOfI TKAHHW — IIJIOT-
HOT'O, BHICOKOMHUHEPATNU3OBAHHOI'O
KOCTHOT'O BCIIECTBA, BOJIOKHA B HCH
PAaCIONIOXKEHBI 60OI€EE YHOPALOUYEH-
HO, 2 KDOBCHOCHBIX COCY/IOB MCHBIIIC
M OHHU TOHbIIE. bojee Toro, TNHUU
HAPACTAHUA B KOCTAX KPOKOJMIIA PAC-
MOJIATAIOTCA TECHEE, YEM Y IMHO3aBPa,
4TO TOBOPHUT O TOM, YTO 1 POCJIM OHHU
MeJJICHHEE (CM. 8pe3 66epPxY).
Pogonbdpo Amnpuno (Rodolfo
Amprino) us TypuHCKOro yHUBED-
curera B Utanuum ormeuyan B 40-X IT.
XX B., 9TO TUII TKAHU, U3 KOTOPOU

Maiasaura

[ o . |<ocw| AVHO3COBPOB HA LIAUDE BBITASIAAT MOYTU TAK

AAAvrarop

dopMuUpPYETCAa KOCTb B KOHKPETHOM
MECTE U Ha JIOOOM 3TAlle PA3BUTHA,
3aBUCUT IIPEXKIE BCEIO OT CKOPOCTH
€€ pocTa B JaHHOM TOuKe. Hamnuune
bubponamMe/IApHON TKAHH, HE3A-
BUCHMO OT TOTO, TJIc U KOI/Ia OHA 06-
pa30BaJIACh, CBUACTEIBCTBYET O TOM,
YTO KOCTb PACTET OBICTPO, B TO BPEMSI
KaK JIAMEJIJIIPHO30HAIbHAA TKAHD
(popmupyeTcss MeJiJIEHHEE. Y OJJHOTO
U TOI'O K€ )KUBOTHOT'O B PA3HOE BpeE-
Ms MOTYT OOpPa30BBIBATLCA 06a THUIIA
TKaHU, U TOT, KOTOPBII NIpeobiagacT
Ha IIPOTAXKCHUUN BCECH JKM3HH, TOYHEEC
BCEIr'0 YKA3bIBAECT HA CKOPOCTD PA3BHU-
THS OPraHU3MA.

Ecnu y 1uHO3aBpOB (pubposamen-
JIApHAA TKaHb (POPMUPYETCS HA IPO-
TSKEHHU BCEI'O IIEPUO/IA POCTA BILJIOTh
0 TOCTHKEHUS pa3Mepa B3POCIOU
ocobu, TOy IPyrux pEnTUINI BCKOPE
OCJIE POXKIECHUS IPOUCXOJUT IIEpe-
X0/l K O6pPA30BAHUIO JIAMEIIAPHO30-
HaJbHOH KOCTHU. ClIeJOBATENbHO, )

e, KAK M KOCTU KPYMHBIX ATUL, 1 MA@KOMMUTAIOLLMX
(BBePXY). Y TUX XKMBOTHbIX, B OTAMYME OT PENTUANI (CAEBQ),
obpasyetcs GUOPOAAMEAATPHAS TKAHb, KOTOPAST CAOSIMMU
pPACTET HO ONOPHOM CETKE MUHEPAAbHO-KOAAQTE€HOBbIX
BOAOKOH. VX KOCTHOSI TKAOHb OBbIYHO CHABXEHO COCYAOMMU,
OBUNAME KOTOPbIX YKO3bIBAET HO BBICTPOE 06PA30BAHME
TKOHEW N, COOTBETCTBEHHO, HO MIHTEHCUBHbIN POCT. KOCTU
AOCS N OAANTATOPA, N30BPAXKEHHbIE HO doTorpadmsx,
MPUHAAAEXKAT 3PEABIM OCOBSM. 10 HANPABASHUIO K HAPY>KHOWN
MOBEPXHOCTU KDOBEHOCHbIX COCYAOB CTOHOBUTCSI MEHbLLE, H4TO
OTPAXKAET 3AMEAAEHME POCTA. HO CHUMKAX KOCTEN MOAOAbIX
AVHO3aBpPa Maiasaura 1 CTpayca BUAHbI MHOTOYUCAEHHbIE
COCYAMCTbIE KOHAAbI, YTO CBUAETEABCTBYET OO OKTMBHOM
POCTE, A NATTEPH, XAPAKTEPHBIN AAST DUOPOACMEAASIPHOM
TKAHW, ewe He CHOPMUPOBAACSI.

OB ABTOPAX:

A>XXOH XopHep (John R. Horner), KeBuH
Maanan (Kevin Padian), ApMmaH ae
Pukae (Armand de Ricgles) BoT yxe
6onee 12 AeT COBMECTHO MCCAEAYIOT
KOCTU AMHO3ABPOB. XOPHEP SIBASIETCS
KYPATOPOM MO NAAEOHTOAOTU B My3ee
CKOAUCTBIX TOP U pereHT-npodecco-
POM MAAEOHTOAOTUN B YHUBEPCUTETE
wrtaTta MoHTaHa. MaAMAH — Npo-
deccop UMHTErPATUBHOW BUOAOTUN
M KYPOATOP MOAEOHTOAOTMYECKOro
My3sest B KOAMDOPHUNCKOM YHUBEPCU-
TeTe B bepkan. Ae Pukae —npodeccop
PPAHLY3CKOro KOAAeAXKa B [Mapuxke,
rA€ OH 30HKMAET MOCT 30BEAYIOLErO
KabeApPOn NCTOPUYECKOW 1 SBOAKOLM-
OHHOWN BUOACTUN. BO3rAGBASIEMAS UM
rpynna HOUMOHAABHOTO LEHTPA HAYY-
HbIX ccAaepoBaHMIM B VII TapmKCcKom
YHUBEpPCUTETE NCCAEAYET POPMUPOBA-
HME KOCTU N APYTUIX TKOHEN CKEAETA.
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POCT KOCTH W JBONIOLHA NTHL

ARCHOSAURIA
DINOSAURIA

THEROPODA
= AVIALAE

FE

Confuciusornis
60 cm

Brachiosaurus
25m

Troodon
2M

KpokoanAbI
3-5m

Archaeopteryx
60 cm

Coelophysis
3M

YMeHbLUEHME PA3MEPOB TEAT
nyTeM YKOPOUYEHUS NepUoAd
BbICTPOro POCTa

COCyAVICTbIX KAHAAOB
CTAHOBUTCS1 HECKOABKO
MeHbLUe, YTO TUMNYHO
ANST MEAKUX XKMBOTHbIX

DUBPOACAMEAASIPHAS
KOCTHQS TKOHb;
BbICOKQSI CTeMNeHb
BACKYASIPU3ALMM;
ObICTPbIN POCT;
60AE€e BbICOKUM
6030AbHbIN YPOBEHL
MeTaboAn3mMa

AOMEAAIPHO30HAABHAOS
KOCTHAS TKAHb; HU3KASI
CTeneHb BACKYASIPU3ALLN;
MEAAEHHBIV POCT;
OTHOCUTEABHO HN3KIIA
6030AbHbIN YPOBEHb
MeTaboAM3MA

JUHO34BPbI CTPEMUTEIBHO YBEIUYHU-
BAJIUChb B pPa3MeEPaAX A0 TEX MOP, IIOKA
HE JOCTUI'AJIM OKOHYATEIbHBIX apa-
METPOB — MHAYE HUKAK HEJIb351 OObsIC-
HUTDb IPEOOIAJAHUE B UX CKeleTe (PU-
OpOIAMEISIPHON TKAHU.

Dpukcon, Popxepc u CkoTT Mep6m
(Scott A. Yerby) ns CrandopacKkoro
YHHUBEPCUTETA UCIIOJIb30BAJIH JPYIOU
CIIOCO6 M3y4YEHMs MPOIECCA POCTA
JPEBHUX AIIEPOB. OLICHUB MACCY TEJIad
PAa3JIMYHBIX BHUJIOB JUHO34BPOB, OHHU
MNOCTPOUIH I'PadUK €€ U3MCHEHUA
BO BPEMCHHU U CPABHUJIU IIOJTYy4YECH-
HbIE€ KPUBBIE POCTA C AaHAJIOTUYHBIMHU
JaHHBIMHU JIJI JPYTUX IPYIIl IIO3BO-
HOYHBIX. OKa34JI0Ch, YTO JUHO3ABPbI
pOCaHu OLICTPEE, YEM JIIOOBIE COBPE-
MEHHBIE PENTUINHU, MHOTHE U3 HUX
PAa3BUBAJIUCh IPUMEPHO C TAKOH K€
CKOPOCTBIO, KAK HbIHE )KUBYIIIHE CYM-
garbple. KpoMe TOro, camble KPyIIHbIC
BH/IBI U PACTYT OBICTPEE BCETO.

OJHAKO JAaHHOE OTKPBITHE HE CTa-
J10 HeoxkuiaHHocTeio. Ten Ketic (Ted
J. Case) u3z KanupopHUHCKOro YHU-
BepcuTeTa B JIOC-AHJKEIECE T0KA3al,

4TO B IPE/IEIAX TIOOOH I'PYIIIBI TO3BO-
HOYHBIX, Oy/1b TO PBIObI, 3MHOBO/IHBIC
U T.JI., AOCOJIIOTHASI CKOPOCTh POCTA
HAau60sIee KPYITHBIX BUJIOB BBIIIIC, YEM
MenKuX. Ham nHTEepeCHO 6B1JIO Y3HATD,

Caomnkoct, COOpPMUPOBAHHBbIE

B PA3ANYHOE BPEMSI, BbISIBASIFOTCS]
NPV NOMOLLM 3E@AEHOTO, XEATOTO

1 OPAHXKEBOTO GAYOpPECLEHTHOTO
KPP QACUTEAEN, BBOAMBLLMXCS KPSIKBAM
pa3 B HepeAtn. OKpACKA TOYHO
MOKA3bIBAET, KOTAQ U KAKUE TKAHU
06PA30BLIBAAUCS.

KOI'ZIa B IIPOLIECCE IBONIOLUHN JUHO-
34aBPbI CTAJIH CTPEMHUTEIBHO yBEJIH-
YHUBATbCA B pa3Mmepax. g 3TOro Mel
OTMETUJIN NIPEIIIONATAEMbBIE CKOPO-
CTH PpOCTA HA KJ1aJJorpamMme (rpadpude-
CKOM H300PAKEHHUM 3BOJIOLIMOHHOT'O
JpEBA), OCHOBAHHOM HA COTHAX HE3a-
BUCUMBIX XaPAKTEPHUCTUK PA3TTHYHBIX
4acTeHr cKeseTa. Mbl IOOABUJIN K CXE-
M€ NPEAIIOIAraeMblE CKOPOCTH POCTA
MTEPO3aBPOB — JIETAIOIINX PEIITUINH,
COCTOAIIUX B OJIM3KOM POJACTBE C AH-
HO3aBPAMH, KOTODBIE YBEIUYUBAIUCD
NPUOIN3UTENIBHO TAKXKE, KAK KDOKOJU-
JIBl 1 UX UCKOIIAEMBIE POJCTBEHHUKH, B
TOM YHCJI€E sAmepulipl. B rpacdpuk 6s11mu
BHECEHBI TAKXKE TUIBL, IOCKOJIBKY OHU
MPOU3OLUIIN OT AMHO3ABPOB U (pop-
MaJIBHO BXOJAT B TY JK€ I'PYIIITY, KDOME
TOT'O, B UX KOCTSIX IPUCYTCTBYIOT TE
JK€ TKAHH, YTO M y UX NPEAKOB. JKak
Kacran (Jacques Castanet) CO CBOMMU
corpyaHukamu u3 VII ITapuxkckoro
YHUBEPCUTETA BBOJUIU KPAKBAM
CIICLIMAJIbHBIE PACTBOPDI, OKPAIIHUBA-
IOIME PACTYIIUE KOCTU. MCIIOoNb3ys
MOCJIEIOBATEIBHO PA3/IMYHBIE 11BETA,
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POCT KOCTH H 3BONHUHA NTHL

BOABLLICS CTEMEHb BACKYASIPU3ALINN,
OTPAXKAKOLLAISI BOABLLYIO CKOPOCTb POCTA

|<ocmb|e TKOHW AMHO3ABPOB U PENTUANN N3HAYAABHO

OYeHb OTAMYOAUCH APYT OT APYra. KOCTN NepBbIX POCAU
BbICTPEE — MPUMEPHO C TAKOW XKE CKOPOCTLIO, KAK Y HbIHELLIHMX
NTUL, N MAEKOMUTAIOLLMX. MepBble NTnubl (Avialae) CyLeCTBeHHO
YMEHbBLUNANCH B PpA3MeEpPe BAAroaapst CHUKEHWIO TEMMOB POCTA
KOCTW, XOTS1 OHW BCE XK€ POCAM BbICTPEE, YEM NMPECMbIKAIOLLMECS.
MNo3aHee, KOrAQ HOYAAM BO3HWKATb COBPEMEHHbIE rpy bl ATHL,
(Aves), POCT CHOBA YCKOPWACS, B PE3YABTATE OCOOb PA3MEPOM

OHU CMOTJIH €KEHE/ICTPHO N3MEPATH
CKOPOCTb POCTA KOCTEH ITTULL (CM. DUC.
6H13)). BOCIIONBb30BABIINCH JAHHBIMU
MaATCPpUAJIAMH, MBI IIPUIIJIN K BBIBONY,
4TO BCE 6€3 UCKIIOUCHUS JUHO3ABPEI
U IITEPO3ABPHI POCIM KyZa ObICTPEE,
4eM Jpyrue pentuwinu. Kpome Toro,
MMO/ATBEP/IMIIOCHh OTKPBITHE, C/ICTAH-
Hoe KacTaHOM M IIepBOHAYAIbHO Ka-
caBUIeeCs MTHIL: YEM MEJIbYe OCOOD,
TEM MEIJICHHEE OHA PACTET — COIVIAC-
HO 3aKOHOMCPHOCTAM, BBIBC/ICHHBIM
Tenom Keticom (Ted J. Case), uMEHHO
TAK U JIOJIKHO OBITb.

HeTpaAULMUOHHbBIE penTUuAnmn
HccnegoBanmue KOCTENM JUHO3ABPOB
pPacckazano MHOTOE OO UX IBOJIOIHH.
IIpu6an3uTenbHo 230 MIJIH. JIET HA34/1,
B Ha4aJIe TPUACOBOTO MEPHOAA, 00~
IUNA TIPEJOK AUHO3ABPOB, ITEPO3AB-
POB U GJIM3KUX UM I'PYIIT OTACIUIICS
OT KPOKO/IMJIOB U €I'0 POAICTBEHHHUKOB.
BeTBp, naymas K 1MHO3aBpaMm, CTaaa
YCTOMYMBO PA3BUBATHCA.
OnpepeneHue CKOpPOCTU pocTa
JIAHHBIX CYIIECTB /1aJI0 6OJIEEC YETKOE

peCTaBIEHUE 06 OCOOECHHOCTAX UX
MeTab0oNINU3Ma: 4eEM OOJIbIIE SHEPIUHU
TPATUTCSA HA PA3BUTHE U pa3pylie-
HHE KOCTEH U JPYIUX TKAHEH, TEM
ObICTpEE OHU OYAYT pacTu. TakuM 06-
pasoM, (PaAKT, YTO AUHO3ABPHI JOITO
U MHTCHCHUBHO YBCJIWUYHNBAJINCH B PA3-
Mepax, IIOKa HE JOCTUT'AIU 3PETIOCTH,
O/IPA3YMEBAET, UYTO OHU 061a/1a/1N
OTHOCHTEIBHO BBICOKHM 6432 TbHBIM
ypoBHeM MeTabonusma. CKopee Bce-
I'O OH OBbIJ1y HUX TAKHM XK€, KAK y HbI-
HCIMHUX IITHUIL U MJICKOIIMTAIOIIHUX,
4 HE KAKY COBPEMCHHBIX PEIITUJINH.
BeposaTHO, OHU OBbIIU TENJIOKPOBHBI-
MH, 4 HC XOJIOJJHOKPOBHBIMH. O,HH’J.I(O
TPYLHO YCTAHOBUTb HEKOTOPLIE J€-
TaJIM: KAKOBA U HACKOJIBKO IOCTO-
STHHA OblJa TEeMIIepaTypa UX Tena,
HACKOJIBKO OHU HYKJAJIHUCh B TE-
MJIOOOMEHE C OKPY’KAIOIEH Cpeloi
u T.J1. [Toxoxe, 4TO O6UTATENN «I1ap-
K4 IOPCKOI'O IEPHOJa» ObLIU elie 60-
JIe€ HECTAHAAPTHBIMH CYILECTBAMH,
4EeM MOXKHO OBbLIIO IPEJIONIOKUTD. [TO
KpanHEN Mepe, OHU ABHO HE MOXO M-
JIM Ha OOBIYHBIX penTuaui. i

C rOAY6$1 AOCTUFAET PA3MEPOB B3POCAOIO OPraHM3MA He 3a
MecsiLpl, O 30 HeAeAU. Bce 3HOKOMbIE HOM NepHATbIe, B TOM YUCAE
1 CTPAYC, BbIPACTAIOT MEHEE YEM 3 roA, A BOABLIMHCTBO U3 HUX

1 TOPA3AO BbICTpee — Hanpumep, BOpober BCEro 3a CemMb AHEN.
PocT nepBbix NTUL, CTAA 3AMEAASTHCS B FOBEHUABHOM BO3PACTE,
T.€. KOK PA3 B TOT NEPUOA, KOTAC OH BblA HOMBOAEE UHTEHCUBHBIM
Y UX NPEAKOB-AMHO3ABPOB. DTO NPUBEAO K CYLLECTBEHHOMY
CHWKEHWNIO PA3MEPOB B3POCAbIX SKMBOTHbIX.

AONOAHUTEABHASA AUTEPATYPA:
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B Age and Growth Dynamics of
Tyrannosaurus rex. J.R. Horner and K.
Padian in Proceedings of the Royal Society
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No. 1551, pages 1875-1880; September 22,
2004.

m Growth in Small Dinosaurs and Pterosaurs:
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Berkeley); September 2004. Cm. Ha canTte
www.ucmp.berkeley.edu/museum/ucmp-
news/2001/5-01/dinosaur1.html
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HHOOPMALHOHHBIE TEXHONOT UM

[5pun CTUKC

[oon3BOAUNTEAN
NHTETPAABHbIX CXEM
«KPECTSIT» CBOMU
N3AEAUNS BOAOU

BO VIMS$1 CKOPOCTMW,
MEHbLLETO pa3Mepa
1 CTOMMOCTMW.
AMUHB?..

MURPOINEXTPOHHOE

K[elexue sogol

J1eT Ha3az PJIOPEHTUH-
CKUH (PU3UK [IKOBAHHHU
barrucra AMuuu no-

MECTHJ Ha TIPENAPAT KaICIbKY KH/I-
KOCTH, 4YTOOBI YIYYIIUTh KA9YECTBO
M306PAKCHUS B OKYIIPE MUKPOCKO-
na. CerojiHgd MHHOBAIIMOHHAA UJESA
BbIJAIOMICIOCA UTAJbAHIA HANIJIA
NPUMEHECHHE B IIOJYIIPOBOAHUKOBOM
NPOMBINIJIEHHOCTU. CBOCOOpA3HOE
«KpEMIEHNE» MUKPOYUIIOB I10]] TOHKOH
TIJICHKOM BO/JBI ITIO3BOJIACT YMCHBIIUTDH
JICMCHTBI MHTCI'PAJBHBIX CXCM 1O
pa3MepoB 6GUOJIOTUYECKUX BUPYCOB.
Heo6bI4HOE TEXHOJOTUUYECKOE pe-
MIEHUE B CTUJIE PETPO O3HAMECHOBAJIO
106uneil HanboIee 3HAYUTEIBHOIO
TEXHUUYECKOTO JOKYMEHTA IOTyIIPO-
BO,HHHKOBOIZ IPOMBIIMIJICHHOCTH.
COpOK J1€T HA3aJ COY4YpPEAMUTEIDb

MNocAe MMMepPCUOHHOM AUTOrpadbUmn
HO MOAYMPOBOAHNKOBOM MOAAONKKE
OCTAAOCH M300PAXKEHME
MUKPOCKOMMYECKOTO My3blPbKA,
VICKO3MBLLEE SASKTPUYECKME Lienu.

KoMIlaHuu [ntel Topaon Myp ony6iu-
KOBQJI CBOU TPAKTAT «YBEJIUYECHUC
KOJIMYECTBA KOMIIOHEHTOB B MH-
TErpaJibHbIX CXeMax» (Cramming
More Components onto Integrated
Circuits). Ilpeackasanue Mypa o ToMm,
4TO KAXKIBIH 10J] (B 601€€ NO3JJHEM
BAPUAHTE IPOTHO3a — KaXKJbl€ [Ba
roja) KOJUYECTBO TPAH3UCTOPOB
B MHUKPOYMIAX OyAEeT YIBAUBATbHCH,
NPEBPATHUIOCH B CBAIICHHBIN KAHOH.
IToaBuCcsa HErMaCHBIA NOCTYJIAT:
€CJIM IPOU3BOAUTEIBHOCTb MUKPO-
YHIIOB [IEPECTAET IKCIOHECHIIUATIBbHO
pacTH, 3HAYUT, /I MUKPOSJIEKTPOH-
HOI NPOMBIIJIEHHOCTU HACTYIIAIOT
YEpPHBIE THU.

Ecnm 651 He BOIMIEO6HAS CUJIA BOMBL,
3anoseJb Mypa 6pl1a Obl HApyIIeHa
B 2002 1., KOT/1a U3TOTOBUTEIN UHTE-
IPpaJbHBIX CXEM, Ka3aJI0Ch, CTOJIKHY-
JIMCh C HEIIPEOAOTHUMBIM IPENATCTBU-
€M, MEMAIOMUM pa3paboTKe HOBOI'O
MIOKOJICHU MUKPOYUINOB. Paszsurue
CAMBIX CJIOKHBIX B MUPE ONITHYECKUX
KaMep, HEOOXOAUMBIX )11 (POTOJIHN-
TOorpaduu, 3a110 B TyIIUK. OOBEKTHB
NPpOELUPYET MAOIOH JIEKTPOHHON
CXEMBI HAa CBETOYYBCTBUTEIbHBIN
CJIOH, MMOKPBIBAIOM M KPEMHUEBYIO
MOJAJOXKKY, KOTOPYIO NO3JHEE PaA3-
pPE3a10T HA OTACIABHBIEC YANBL. 3aTEM
34CBEUYCHHBIC OOJIACTH YAAIAIOT C I10-
MOIIIBIO PACTBOPHUTEA U XUMUYECKHU
BBITPABIMUBAIOT B KDEMHUU PA3BOJAKY
CXEMBI.

50 B Mupe Hayku

okmaGpy 2005

IMAGE CREATED BY ASML TWINSCAN ™ XT:11501, COURTESY OF ASML



MICHAEL YEUNG Boston University

HHOOPMALHOHHBIE TEXHOROTHH

CaMBbIi IPOCTOM CIOCOO YMEHBIIUTD
pa3Mephl JIEKTPOHHBIX 3JIEMEHTOB
U IMOBBICHUTDH IIJIOTHOCTH UX PA3MC-
IICHUA B UHTET'PAJIBHOI CXEME — UC-
OJIb30BATh CBET C MEHBIIEH JJIMHOMN
BOJIHBL. MHKE€HEpaM NPUIIIOCH IIPE-
OOJICTb MHOXKCCTBO IIPUHITUITUAJIb-
HBIX U TEXHOJIOI'MYECKUX TPYJHOCTEH,
YTOOBI CO3/1ATh IPUOOP, PA6OTAIOM U
Ha JUIMHE BOJIHBI 157 HM. 714 mepexopa
K HOBOMY IOKOJIEHUIO (POTOIHUTOrPA-
(UUECKON TEXHUKU TPEOYIOTCS HOBBIC
JIa3epbl, TEHEBBIE MACKHU (TpadapeThl
C Ppa3BOJKAMM CXEM), IPOEKIIMOHHbBIC
JIMH3BL U (POTOPE3UCTUBHBIC MATEPU-
aspl. [TpoussoguTean 060pyJOBAHUA
TAK U HE TIPUJIYMAJIA HAJICKHBIN CIIO-
CO6 U3rOTOBJIECHUSA JTUH3 U3 (PTOPU-
CTOI'O KaJbLMA C MAJIBIM KOJIUYECTBOM
1e(EKTOB U IIPUEMJIEMOI BETUMYUHOU
ONTUYECKOH abeppanuu. <Y HaC ObLIN
6osbmIME IPOOBJIEMBL C KAYECTBOM
MAaTEPUAIOB U NPOLEHTOM HNPOU3-
BOJCTBEHHOTO OpaKa», — OTMEYAET
Ixxopisk F'om6a (George A. Gomba), py-
KOBOJMTEJIb IPOI'PAMMBI 11O Pa3padoT-
K€ IEPCHEKTHUBHBIX INTOIPAPUIECKUX
TEXHONOTUM B IBM Microelectronics.

Jletom 2002 1. HA KOH(MEPEHIINY,
OPraHM30BAHHON KOHCOPIIUYMOM
Sematech, HameTHIICS NPOPLIB. bepH
Jlun (Burn Lin), ICIOJTHUTENbHBIA
JUPEKTOP KPYNMHEHIMEN KOMMIA-
HHU 11O IIPOU3BO/ICTBY MUKPOYHIIOB
Taiwan Semiconductor Manufacturing
Company, JOJKEH ObLI C/IENATh /10~
KJaJ, 06 MCIIOJNIb30BAHUU UMMEP-
CUOHHOI'O METO/A C IPUMCHEHU-
€M BA3KOI'O TEXHMUYECKOIO MaCJa
B 157-HAaHOMETPOBOM AUTOTPAPUH.
OpHAKO, BRICTYyNAdA, OH CHA4YaJaa JO-
Ka3aJ1, YTO HA TAKOU JIJIMHE BOJIHBI JIU-
TOorpadus padboTatb He OyJIET, 4 3aTEM

MMKPOCKONMUYECKNM TA30BbIN
ny3blpek, CMOAEANPOBAHHbIN

C NOMOLLbIO KOMMbIOTEPQ,

MCKOXKAET CBET, POKYCUPYEMbI HO
MOBEPXHOCTU MOAYMPOBOAHMKOBOW
MOAAOXKM, Y CHUDKAET KOYECTBO
M30B6PKEHUS, NPOELMPYEMOro HA
GOTOYYBCTBUTEABLHBIV CAOW. [TpOBAEMO
YACTMYHO PELLOETCS Aerasaumen
BOAbI.

O6BbACHUIL, IOYEMY IPOMBIIUIEHHOCTH
caeyeT O6paTUTh NPUCTATBHOE BHU-
MaHHE H4 COYETAHNE UMMEPCUOHHBIX
METOJIOB C (poTOMUTOrpadPrUUIECKON
TEXHHUKOU MPEBbIAYIETO TOKOJICHUS,
B KOTOPOU MCHOJb3YETCS U3JIyYCHUE
193-HAaHOMETPOBOTO J1a3€epa.
HMMMepPCUOHHAA TEXHOJIOI'UA O3B0~
JIET C IOMOLIBIO CTAPOT'O NPOBEPEH-
HOTr0 O60PYAOBAHUSA JOOUTHCA JAXKE
JIYYIIUX PE3YIbTATOB, YEM OXKH/IACTCS
OT TEXHHUKU HOBOI'O IOKOJIEHUA. Boja,
npo3payvHas Jid 193-HaHOMETPOBOTO
CBETA M HENPO3padyHasd Ai1d 157-HaHO-
METPOBOI'O, HO3BOJIACT IOBBICUTD PA3-
pEIIEHUE NPOELHUPYEMOrO HA NOAJIONK-
Ky M300PAKEHHUA 34 CUET YBEIUYCHUS
4MCJIOBOM anepTyphl. Kpome Toro, Boga
YBEJIMYUBAET ITTyOUHY PE3KOCTH, T.€
JUAIIa30H PACCTOSTHUI OT KAMEPBIL, IIPU
KOTOPBIX IIPOCLIPYEMOE H300PAKECHUE
OCTAETCA IPUEMJIEMO YETKUM. [11y6rHa
PE3KOCTH — YPE3BbIYAHO BAKHbII I1a-
pameTp, NOCKOIbKY MaJICUINAs HEPOB-
HOCTb IOBEPXHOCTH MOJJIOXKH OT-
PHULIATEIBHO CKA3BIBACTCA HA KAYECTBE

OJIYYAEMOT'O UBOOPAKEHUSL.
Brictrynnenune bepna Jlmna npo-
3By4aJIO cMeJIo. Ecmu umMepcruonHas
193-HanoMmerposas nurorpadpus oy-
JET ONUPATHCSA HA CyNECTBYIOMUE

TEXHOJIOTHUH, TO JJIS €€ BHEAPEHUA HE
HOTPEOYETCS NECATUIETUN, KAK IPU
MEPEXO/IE HA MEHBIIYIO JJIMHY BOJIHBL
Bnpouem, HUKTO HE 3HACT, HAUJCT JIN
HOBBIF METO/I IPOMBIIIECHHOE IIPHUME-
HeHue. Kanenbku BOJbI, NONAJAI0IIIe
Ha MOAJIOXKY, MOI'YT CUJIbHO HABpE-
JUTb. MUKPOCKOIIMYECKUE MTY3bIPbKU,
06paszyronuecs, KOrja NoJJI0KKa Iepe-
MEINAETCA O OOBEKTHBOM CO CKOPOC-
TbIO 0,5 M/C, MOT'YT IIPUBECTU K BOZHUK-
HOBEHHMIO JI€(PEKTOB U30OPAKECHUSL.

B nexabpe 2002 1. Sematech opranu-
30BaJI KOJUIOKBUYM /I CIIEIIUAIUCTOB
MOJIyIIPOBOAHUKOBON IIPOMBIIIJIEHHO-
CTH, I'7I€ OBUI COCTABJICH CIIMCOK IIPO-
6J1€M, CBA3AHHBIX C UMMEPCUOHHON
surorpadueid. B nmponecce obcyxae-
HU ObLIO BBIABICHO JECATb CEPbE3HBIX
NPENATCTBUH, CTOABIIUX HA IIyTHU BHE-
JPEHUs HOBOMU TEXHOJOIMH. CIIEKTP
MOCTABJICHHBIX BOIIPOCOB ObLII YPE3BbI-
YAMHO MHUPOK: OT MOJAEIMPOBAHHUSA I10-
CJIEACTBUM BO3JCUCTBUSA BOJbI HA JINH-
3y U (DOTOYYBCTBUTEIBHBIN CI0U JO
CBEPXTOYHOI'O U3MEPEHU €€ (PU3nUe-
CKHMX XapaKTepUCTUK. Koadppunuent
NPEIOMJICHUA BOABI — BAKHCHUIINN
mapaMeTp g O PEEICHU YUCIOBOM
AepPTypPbl — ObLI U3BECTEH JIJIA JJIUHbI
BOJIHBI 193 HM C TOYHOCTBIO BCETO p
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HHOOPMALHOHHBIE TEXHONOT UM

JIO IBYX 3HAKOB IOCJIC 3ATATOM. «MBI
MPUIIJIM K BBIBOJY, YTO HAM HEOOXOU-
MO 3HATb 3TY BEJIUYHHY C TOYHOCTBIO
JIO IIATHU, 4 TO U IIECTH 3HAKOB ITOCJIC 3a-
sTOM», — oTMeTHa Yourep Tpariibyna
(Walter J. Trybula), onuH U3 yupeaure-
JIET KOHCOpInyMa Sematech.

,H]IH U3YUYCHUA NNOBCOACHUA IIY-
3BIPBKOB I'da34 B BOZE Obla CO3JaHa
crnenuaabHag Ipynmna UCCiaejoBa-
Tener. COTpyAHHUKH 1a60PaATOPUU
JIMHKOJIbHA NPU MaCCAav4yCETCKOM
TEXHOJOIMYECKOM HUHCTUTYTE J10-
CTHUIJIM CEPBLE3HOTIO yClleXa, U3ydas
34MOPOKEHHBIE HAHO- U MHUKPOCKO-
NUYECKUE y3bIPbKU ra3a. OKa3aaocCh,
4TO YUCTAA AECTA3UPOBAHHAA BOAA
BIIOJIHE OTBEYAECT TEXHUYECKUM TPE-
OOBAHUSAM.

B urone 2003 1. Apyrou cumMno-
3UyM Sematech 1O UMMEPCHUOHHON
JATOrpauU NPUBJIEK NPUCTATb-
HOE BHUMAHHUE K pabOTE UCCIETOBA-
TEJNbCKOI'O LeHTPa /BM B AlbMajIcHE.
3a MeCTb MECALIEB MOACIUPOBAHUSA
U 3KCIIEPUMEHTOB OBIJIM HAMU/JCHBI
NIPUHIIUIIUAJIBHBIC PCIICHUA BCCX
JACCATU OTMCUYCHHBIX PAHCC TCXHMU-
4eCKHUX IpobieM. «Bce, Ha nepBbIi

OTBOA BOABI

DOTOYYBCTBUTEABHbIN
CAOM

B3I/IA0 HCIIPCOJOITUMBIC TPYAHOCTU
OKa43aJIUCh BIIOJIHE PA3PEUIINUMBbL», —
oTrMeTn Duapio I'pensui (Andrew
Grenville), pykoBoauTeIb IPOrpaM-
MBI Sematech 1o pa3paboTKe cTpare-
I'Md UMMEPCHOHHOU NUTOrpaduu.
K nexa6pio 2003 r. komnanus ASML,
NPOU3BOAUTEND (POTONUTOrPAdU-
YECKOTI0 OOOPYJOBAHUS, NIPEATIO-
JKHJIa PBIHKY ONPOTOTHUII UMMEPCH-
OHHOT'O OOOPYJIOBAHUS, 4 K KOHITY
2004 1. IBM nipou3BeJjia 3KCHEepHU-
MEHTAJIbHYIO IIAPTHIO MUKPOIIPO-
LIECCOPOB C JIEMEHTAMH PA3MEPOM
90 M. ITorpykeHue B JKUJIKOCTD Ha-
psAAy C TEM, YTO CHELIUATUCTBI-IN-
TOTpadbl HA3BIBAIOT «XUTPOCTAMMN>
(HanpuMep, CABUT (Pa3bl CBETOBOU
BOJIHBI), IO3BOJIACT «I1€YaTATb> HA
MOJAJIOXKKE J€Taln, KOTOPbIE B HE-
CKOJIBKO pa3 MCHBIIC JIMHBI BOTHbBI
usnydeHus 193-HaHOMETPOBOIO J1d-
3epa. MMMmepcuonHas aurorpadus,
BCPOATHO, MOJAYYUT NPOMBIIIJICH-
HOoe npumeHeHnue B 2009 1. K tomy
BPEMEHHU PACCTOSTHUE MEXKAY TPaH-
SUCTOPAMHU B UHTCTPAJIBHBIX CXCMAX
COKPATHUTCA A0 45 HM — 3TO MCHBIIIE,
4eM pasmep Bupyca renatura C.

[a30BbIM AQZEP HO CMEeCK aproHa n ¢ptopa

Boaa cnoco6cTBOBAIA HA yIAUBIIC-
HHE OBICTPOMY BHEAPEHUIO HOBOU
TEXHOJIOTUH U IIOMOIJIA IOJTYIIPOBOJ-
HHUKOBOMU IPOMBINIJICHHOCTH, KAK U
npex/je, CJIeLOBaATh 3aBeTaM Mypa.
TTosgsBIEHNE UMMEPCUOHHOTO METOA
CTABUT KPECT HA 157-HAHOMETPOBOM
aurorpaduu, B pa3paboTKy KOTOPOU
YK€ BJIOJKCHO CBBITIE $2 MIIP/L.

O)KI/IHQ.CTCH} YTO NPUMCHCHUC M-
MCPCHUOHHBIX TEXHOJIOTUN O3BOJIUT
BBIITYCTUTD B 2011 I HOBOE ITIOKOJICHHE
MUKPOYHUIIOB C PACCTOTHUEM MCXKTY
TpaH3ucTopamMu 32 HM. [lng sTOoro
noTpedyeTcss CO3aTh HOBBIE JTMH3BI
U XUMHYECKHUE JOOABKHU, KOTOPbIE
yBenu4uaT KO3(M@PUIIUEHT IIpeIoMIIe-

MU UMMEPCUOHHOM AUTOTPAdGUM

B 301300 MeXAY OObeKTUBOM

1 GOTOYYBCTBUTEAbHBIM CAOEM HO
MOBEPXHOCTU MOAYMPOBOAHUKOBOW
MOAAOXKKM HOMPOBASIETCS

MOTOK BOABI. B pesyastate
MOBbILLAESTCS PA3PELIAIOLLLAS]
CMNOCOBHOCTb 1 YBEAUYMBOETCS
TAYOUHAO pe3KoCTU. NMoAAOXKKA
nepemMeLLaeTcs NoA AMH30M, M BOAC
C MPO3KCMOHUPOBAHHBIX OBAACTEN
OTCACHLIBASTCSI.

Moaa4a BOAbI

MOAYNPOBOAHUKOBASI
NMOAAOXKKO

MOABUKHAS MAOLLAAKA
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HHOOPMALHOHHBIE TEXHOROTHH

PaspeuwatoLas cnocobHOCTb
AUTOrPAPUYECKOW YCTOHOBKM
MOBBILLAETCS], KOTAQ 3A30P MEXAY
AMH30W 11 MOAYNPOBOAHNKOBOW
MOAAOXKKOWM 3AMOAHSIETCS BOAOW. Ay4n,
MPOXOASILLME YEPES AUH3Y MOA OCTPbIM
YTAOM, OTPAXKAKOTCS OT BO3AYLLHOMO
3030pa (prcyHok cresa). CBETOBAS
BOAHQ, BXOASILLAS MOA TEM XKE YTAOM

B BOAY, MPEAOMASETCS U AOCTUTAET
HOKAALHOW TOYKW (PUCYHOK

CcrpaBQ). IMMEepPCUOHHbBIN METOA
TAKXKE MO3BOASIET YBEAUYUTL TAYOUHY
PEe3KOCTU, T.e. ANANA30H PACCTOSIHUI
OT OGBLEKTMBA, MPU KOTOPbIX
N300PAKEHNE OCTAESTCS AOCTATOYHO
4YeTKUM.

HUS BOABI, YTOOBI MOKHO OBIJIO HUC-
TOJb30BATH 6OJIEE BHICOKHUE YUCTIOBBIC
anepTypol. Ha BCTpede HHXKEHEPOB-
onTUKoB B maprte 2005 r. bproc Cmut
(Bruce W. Smith) us Pouecrepckoro
TEXHOJIOTHYECKOIO HHCTUTYTA 3a-
ABUJI, YTO TBCPJOUMMCPCHUOHHAA
auTorpadus, Ipu KOTOPOMH candu-
pOBasi JTMH34d HENOCPELCTBEHHO Ka-
caeTcsa POTOYYBCTBUTEIBHOI'O CJIOS,
MO3BOJUT COKPATUTb PACCTOAHHUE
MEXAY TPAH3UCTOPAMHU JIO 25 HM YIKE
k20151

Ecnu cobuiTusa OyAyT pa3BUBATbCA
IO TAKOMY CLEHAPHUIO, TO HETPALH-
LIUOHHAS TEXHOJIOI'U, Pa3padaThiBa-
emast KoMInaHuew Intel, 6ynet obpeue-
Ha. B Tak HaszpiBaeMou suTorpadpuu
B JKECTKOM YJIBTPA(PUOIETE HUCIIONb-
3y€TCA CBET C JJIMHONM BOJHBI 13 HM.
/KecTKoe U3JIydeHHEe OTPAXKACTCA OT
HECKOJIBKUX MHOI'OCJIOMHBIX 3€pKaJ,
YMEHBIIAIOMUX pa3Mep U3006paxke-
HUS, IPOCLIUPYEMOI'O Ha IOJIOKKY.
JINH3BI IPU TAKOU JUIMHE BOJIHBI CTa-
HOBSTCS HEMPO3PAYHBIMH.

M3HA4aJIBbHO NIPEAHONATATI0Ch, YTO
JKECTKAA YIbTPAPHOIETOBAS IUTOTPA-
(duA TO3BOMUT YMEHBIIUTD PA3MEPDI
JICMCHTOB MHTCI'PAJIBHBIX CXCM 1O
100 HM, HO TOABJIECHUE UMMEPCHUOHHO-
o METOJA U IPYTUX TEXHOJIOIHYECKUX
YCOBEPHICHCTBOBAHUIN OTOJBUHYJIO
€C IPOMBIIIIJICHHOC IIPUMCHCHHUC HA
HEOIIPEAEJICHHBIA CPOK. ITo MHEHUIO
CIELUATHUCTOB, TEXHOJIOI' U, pa3pada-
ThIBA€MAsl UH)KCHEPAMU [nlel, HUKOI-
J1a HE JOPaCTET JO NPOMBIIIIEHHOTIO

AMH3bI

dPokyc
(boKaAbHOSI
TOYKQ)

BO3AYLLHbLIN 330D
v

nOAyFIpOBOAHI/IKOBOS'I MOAAOXKKA

NPUMECHEHUSA U3-34 CBOCHU BBICOKOM
CTOUMOCTH M IPOOGJIEM C JIa3E€PAMU
U MCHOJb3yEMBIMU MATCPUAJIAMU.

V nurorpaduu B JKECTKOM YIbTPA-
duoIeTE €CTh BCE MAHCHI OKA34Th-
Cs1 HAa OOOUYMHE U Pa3/IeIUTh CY/1bOY
PEHTIEHOBCKOU JTUTOrpaduu — TEX-
HOJIOI'HH, KOTOPYIO B CBOE BPEMS IO/~
HUMaJIA HA INUT KoMnaHus /BM. Torga
noTpe60BaIOCh CHHXPOTPOHHOE,
WA MATHUTOTOPMO3HOE, U3JIy4CHUE,
u IBM BMecTe C YIIPABJIEHHUEM IIE€P-
CIIEKTUBHBIX UCCICTOBAHUI U Pa3pa-
60TOK MUHHUCTEPCTBA 060pOHBI CIITA
(DARPA) moTpaTU/IA HA UCCIEJOBAHNSA
60mee $1 maps. ITOCKOMBKY IPH KECT-
KOH yIbTPpadUuOneTOBON TUTOr padpun
JUIMHA BOJIHBI HAXOJUTCH B PEHTIE-
HOBCKOM /IMAIIa30HE, €€ HA3bIBAIHU
MATI'KOM PEHTIEHOBCKOU IIPOCKITMOH-
HOU nuTorpaduen Jo Tex mop, NoKa
YIOOMUHAHUE O PEHTTEHOBCKOM H3-
JIyYEHUHU HE CTAJIO ACCOLIMUPOBATBHCA
C IIPOBAJIbHBIM IIPOEKTOM /BM.

M Bce xe npencraBurenu Intel
YBEPEHBI, UTO KECTKAA YJIbTpaAPU-
osieToBasg NUTOrpadus CTAaHET BOC-
TPpeO6OBAHHOM, KAK TOJIBKO PACCTOA-
HHUE MEXAY TPAH3UCTOPAMU CTAHET
MmeHbpuie 50 HMm. «Hama TexHonorus
€II€ MNOCJHYKUT MHOTUM IOKOJICHU-
am», — cuuraer ITurep CunbBepmMaH
(Peter J. Silverman), ICIOTHUTEIbHBIH
JUpEKTOp Intel 110 pa3zpaboTke 060py-
JOBaHUA. BipoueM, aHATUTUKU IIPEJ-
PEKAIOT KOHEL, TPAANUIIMOHHBIX (hOPM
ONTUYECKOH JIMTOTPAPUU C TEX Ca-
MBIX IIOP, K4K PA3MEP 3JIEMEHTOB MH-

BAQXKHbBIN

HOAyI'IpOBOAHI/IKOBGS'I MOAANOXKKA

KPOYHUIId YMEHBIIUJICA 1O IOJOBUHBI
MUKpOHA (500 HMm). MMMepcroHHasA
JIMTOrpauss, HECOMHEHHO, IPOIJIUT
JKU3HDb CTAPOU NIPOBEPEHHOM TEXHO-
JIOTHUH, BO3MOKHO, B yIIepO JIUTOrpa-
(duU B )KECTKOM yIbTpaduonere.

PazMepnl 3J1IEMEHTOB MHTEIPAJIb-
HBIX CXEM I'OZ] OT I'0Jld YMEHbIIAIOTCH,
U Pa3pabOTYUKHU IOCTENEHHO TEPSAIOT
KOHTPOJIb HAJ| 3JEKTPOHAMH, IIPOXO-
JAIIAM 4€PE3 TPAH3UCTOPBL. XOTH BO
MHOTHX CJIy4adX PEHICHUE CIOKHEM-
MUX TEXHUYECKUX IPOOIEM OKA3bIBA-
€TCA HA YIUBJICHUE NPOCTBIM. Karis
OOBIYHOI BOABI ITO3BOJISIET I'A30BBIM
JlazepaM Ha OCHOBE (PTOpA U APTrOHA
«I1€44TaTbh» HA IIOJIYIIPOBOJHUKOBOM
MNOAJIOMXKKE 3JIEMEHTBI PA3MEPOM B YET-
BEPTh IJIMHBI BOJIHBI 193-HAHOMETPO-
BOT'O U3J1y4eHHUs. [TO-BUIMMOMY, 3aKOH
Mypa yTpaTuT CBOIO CHJIY JIMIIb TOTAA,
KOI'JJA 3JIEKTPOHHBIMH KOMIIOHEHTAMH
CTAHYT OTJICIbHbBIC ATOMBI. M

AOMNOAHUTEABHAS AUTEPATYPA:

B Feasibility of Immersion Lithography.
Soichi Owa et al. in Optical Microlithography
XVII. Edited by Bruce W. Smith. Proceedings
of SPIE, Vol. 5377; 2004.

B The Lithography Expert: Immersion
Lithography. Chris Mack in Microlithography
World; May 2004. AoCTynHO No appecy:
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AHAPEC AGCOHS,
CyHenakKanma

NAPKUHCOHM3MO

HO KAETOYHOM®
N TEHEeTUYECKOM
YPOBHSIX, BCEASIOT
HOASXAY HOYL
MNPOPbIB B ASHEHNN
3TOrO TSIKEAOTO

poy

bHOTEXHONOTHH

OJIE3Hb, O KOTOPOW NMOUJET

peub, BIIEPBBIC OblId OMHUCAHA

B 1817 T. aHIJIMIICKUM BPA4OM
Joxenmcom ITapkmHCcOHOM (OH Ha-
3BAJI €€ «JPOXKATEIbHBIA MaPAINY»)
U ABJIACTCA OMHUM U3 CAMBIX PACIIPO-
CTPAaHEHHBIX HEUPOJETCHEPATUBHBIX
paccrporicTs. [To nanaeiMm OOH, map-
KMHCOHU3MOM CTPAJAIOT 4 MJIH. JKUTE-
nen 3emnu. B CeBepHOM AMEPHUKE €10
6oneroT ot 500 THIC. 1O 1 MJTH. YEJTOBEK,
IIPU 3TOM KaXKJbIHA IOJ] IUATHOCTUPY-
eTcs 50 ThIC. HOBBIX ciaydaes. K 2040 .
BCJIE/] 34 CTAPCHUEM HACCTICHUA 3EMIIN
3TH LUMPBI MOI'YT yABOUTHCA. Hamie
BCEro NAPKUHCOHU3M U JIPYT'UE HE-
pOJETEHEPATUBHBIE PACCTPOUCTBA
(Takue, Kak 60J1€e3Hb ANbIIEerMeEpa)
BCTPEUYAIOTCA Y JIOJAEH ITOKUIOTO BO3-
pacra ¥ HApAQy C OHKOJOI'HYECKUMU
3200JICBAHUAMU 3AHUMAIOT JINUPYIO-
IIUE ITIO3ULIUH CPEU IIPUYHH CMEPTH.
Ho napKUHCOHU3M — OOJIE3Hb HE TOJIb-
KO CTAPUKOB: IUIIb Y 50% MMaIMCHTOB
IIEPBBIE €€ CUMIITOMBI OTMEYAIOTCS
rocsie 60 JIeT, y OCTAJIbHBIX — I'OPa3/i0
paHbIIE. A C yCOBEPIIECHCTBOBAHUEM
METOJAOB JUATHOCTHUKU IOABJIAECTCS
BCE OOJIbLIE CBUAECTENBCTB TOT'O, YTO
HEJYT MOPaXAET U JIOACH MOJIOXKE
40 er.

/1o cuX NOp YYEHBIM M KJIAUHUIIU-
CTaM HE yJaJO0Cbh HAUTHU CHOCOODI
3aMEIJIEHUA NATOJOTUYECKOTO IPO-
necca, a TeM 60Jiee €ro OCTAHOBKHU
WU IPEJOTBPpalecHUA. XOTA O0JIE3Hb
[TapKWUHCOHA U TIBITAIOTCA JICYUTD (CY-
LMECTBYIOT KaK MEAUKAMEHTO3HBIC,
TAK U XUPYPIrU4ECKUE METO/BI), CIIE-
IMHUATUCTAM YAACTCA JIUIIb YACTUYIHO
YCTPAHUTD €€ CUMIITOMBI, HO HE CAMy
npudnHy. OTHAKO B IIOCTIECTHNUE T'OJbI
MOSABUJIMCh MHTEPECHBIE PA6OTHL, I1O-
3BOJIAIONIME HAJEATHCS, YTO OYAyT
HAMJIEHBI HOBBIC CITOCOOBI JICYCHUS.
B gacTHOCTH, B XO/I€ UCCJIEJOBAHUA
ponu 6EIKOB B BOBHHKHOBECHUU nap-
KMHCOHU3MA ObLJId yCTAHOBJICHA I'e-
HETHUYECKAS NOJOIIEKA OOPA30BAHUSA
AdHOMAJIbHBIX 6CJIKOB, ACCOUMPOBAH-
HBIX C IAHHBIM PACCTPOUCTBOM.

Kak cnegyer U3 nepBOHAYAIbHOTO
Ha3BaHUA OOJIC3HH, €€ XAPAKTEPHDI-
MU CUMIITOMAMU CIYXKAT ABUT'ATCIIb-

HBIC PACCTPOUCTBA: APOXKAHUE (TpE-
MOP) IAJbLEB PYK, HUKHEN YEITIOCTHU
U A3bIKA, I'OJIOBBI M BEK, 3AME/JICH-
HOCTb M OOEIHEHHUE PUCYHKA [JBU-
JKEHUI, CKOBAHHOCTD TYJIOBHINA, 34-
TPYAHEHHOCTDb B HAYAJIE 1 OCTAHOBKE
JBUIKCHUS, HAPYHICHUE KOOPAUHALIUU
U 1p. Y HEKOTOPBIX OOJIbHBIX BO3HU-
KaIOT IPOOJIEMBL C PEYBIO, CHOM, MOYE-
UCITYCKAHHUEM.

Takue HapyHIeHUs1 OOYCIOBJIEHBI
IrU6€/IbI0 HEPBHBIX KJIETOK, B IIEPBYIO
ouepesb yTpaTod NUIMEHTCOLEPKA-
IUX HEUPOHOB YEPHOI CyOCTAHIINH,
BbIpa6aTBIBAIOMUX JO(PaMUH. DTH
HEUPOHBI CIY’KAT OCHOBHBIM KOMIIO-
HEHTOM 0a3aJIbHbIX I'AHIVIUEB, CIOXK-
HBIX CTPYKTYP B IJTyOHHE I'OJJIOBHOT'O
MO3I'd, OTBEYAIOINX 32 KOOPANHAIUIO
U TOHKYIO PETYJIALMIO JBUKECHUI (CM.
ecmasiy na cmp. 56). Bcamom Hagase
3260J1€BAHHUA, KOI/ld YHCJIO YyTPAY€CH-
HBIX JO(PAMUHEPIUYECKHUX HEHPOHOB
HEBEJIUKO, MO3I PAa60TAE€T HOPMAJILHO,
HO C BBIXOJIOM M3 CTPOs 6OJICE MO0~
BUHBI CHIELIMAJIM3UPOBAHHBIX KIETOK
UX HEXBATKY OPI'AHU3M YKE HE MOXKET
KOMIICHCUPOBATb. CTPYKTYPBI MO3I'4,
OTBEYAIONIHNE 32 IBUKCHUA (TATaAMYC,
0a3aJIbHBIC TAHIJIUH U KOPA I'OJIOBHO-
ro MO3ra), IEPECTAIOT PadoTATh KAK
€lMHAasA CUCTEMA, U TOI'ZA HACTYIIAET
CUTYyalMs, AHAJIOTUYHAA TOU, 4TO Ha-
OII0[AETCS B KDYITHOM a43pPOIOPTY IIPU
BBIXO/I€ U3 CTPOS. CUCTEMBI KOHTPOJIA
IOJIETOB: ONO3AAHUsA, 3AJACPKKH, HE-
CTBIKOBKH 1, HAKOHEL, ITIOJIHBIH Xa0C.

«[lnoxue 6eAkn»

YV MHOTI'UX 6OJIBHBIX, yMEPIIUX OT Iap-
KUHCOHU3MA, IIPH BCKPBITHH B YEPHOM
Cy6CTaHIIMM OOHAPYXKUBAIOTCA 6€JI-
KOBBIE€ CKOIJIEHUS (OHU HA3bIBAIOTCS
TeJabLAMU JIeBU 1O (paMUIUN HEMELL-
KOI'O IIATOJIOTOAHATOMA, OTKPBIBIIET'O
ux B 1912 r.). AHaJIOrTUYHBIE OOPA30Ba-
HUSA XAPAKTEPHBI TAKXKE /19 60NIE3HU
AnprreriMepa M Xopeu I'eHTHHI'TOHA.
SABAAIOTCA MU 3TU KJIACTEPHI NPU-
YUHOM JECTPYKTHUBHBIX U3MCHECHUM
WUJIU, HAIPOTHUB, BBIIOIHAIOT 3AMUT-
Hble (DYHKIUH, YACPKUBAS AaHOMAJIb-
HBIE, TOKCUYHBIE JIJII HEMPOHA Oel-
KH{ OT PAaCIpPOCTPAHEHUS IO BCCH )
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OBNACTH TONOBHOTO MO3TA, NOPAMAEMBIE NPH NAPKHHCOHH3ME

Kopa roAOBHOro Mosra

XBocTtartoe
IAPO

Ckopayna

Y TAHTAUN

BAaeaHbIN
wap

Ba3aAbHbI

YepHas
cybCcTaHLmS

Tanamyc

KJIETKE, — HE COBCEM SCHO. B o6om
ciay4dace OONBITUHCTBO YYCHBIX CXOOAT-
CAa HA TOM, YTO BBIACHCHUC IIPUYUHDBI
KJIACTEPU3ALIUH OCJIKOB IIOMOXKET PaC-
KPBITh TaHY 00J1e3HU [TapKUHCOHA.
LeHTpanbHOE MECTO BO BCEH 3TOU
UCTOPUHU 3aHUMAIOT [BA BHYTPUKJIEC-
TOYHBIX IIPOLECCA: IPOCTPAHCTBEH-
Has YIIaKOBKa 6EIKOB U UX THUMUHA-
nus. BeJIKu CUHTE3UPYIOTCH B KJIETKE
B BU/IC ITOJIMUMEPHOMN IICTIOYKHU U3
AMHMHOKHCJIOT, COCJUHAIOIUXCS JPYT
C JPyroM B COOTBETCTBHH C UHCTPYK-
IUAMH, 3AIIMCAHHBIMHA B I'€HAX. ITo 3a-
BEPIICHUH CUHTE3a OEIKOBAS MOJIE-
KyJIa CBOPAYUBACTCA B KOMIIAKTHYIO

MoTopHas 30Ha
KOPbI

CTBOA FTOAOBHOTO MO3ra

TPEXMEPHYIO ITIOOYIy NPU yIACTUU
OCOOBIX MOJIEKYJI — IIAIIEPOHOB. DTHU
JK€ MOJIEKYJIBI BHOBb YIIAKOBBIBAIOT
OCJIKH, YTPATUBIIUE JOJKHYIO KOH-
durypanuio.

Eciy o TeM WM UHBIM IPUYUHAM
MAaNIePOHHAA CUCTEMA BBIXOJHUT U3
CTPOsA, TO HENPABUJIBHBIM O6Pa30M
YJIOKEHHBIE OEJIKU CTAHOBATCSA MUIIIC-
HBIO JIJI TAK HA3bIBAEMOU YOUKBUTUH-
NPOTEACOMHON cuUCTEeMBl. CHa4dasa
K 6€JIKOBOH MOJIEKYJIE C AaHOMAJIbHOI
KOH(MOPpMAUEH NPUCOCIUHACTCSA
He60IbIION O€I0K YOUKBUTHH (IIPO-
1E€CC HA3BIBACTCSA YOUKBUTHHUIMPO-
BaHueM). Been 3a mepBoii yOMKBUTH-

OB30P: AHOMAAbHbBIE BEAKU U MAPKUHCOHU3M

B [TOPKNHCOHM3M, OAHO M3 CAMBIX PACMAPOCTPAHEHHbBIX HEBPOAOTUYECKMX
PACCTPOWCTB, HE MOAAQETCS ASHYEHUIO: MATOAOTMYECKUM MPOLLECC HE YAQETCS
HU 30MEAAUTL, HN OCTAHOBUTL, HX MPEAOTBPATUTL. ABA CYLLECTBYIOLLNX HbIHE
MoAXoAQ (MEANKAMEHTO3HBIN U XUPYPIMYECKNIM) AULLB CTAQXKUBAKOT CUMIMITOMBbI,

HO HE YCTPAHSIIOT MPUYNHY.

B /IAeHTUOUKALUS OHOMAABHBIX GEAKOB U MYTAHTHbBIX TEHOB, CBSI3AHHBIX C PA3-
BUTNEM NAPKNHCOHU3MA, AQEeT Y4eHbIM M BPAYAM HOAEXAY HA TO, YTO YAQCTCS
pPa3paboTaTb COBEPLIEHHO HOBbIE MOAXOAbI K ACHEHUIO CTPALLUHOIO HEAYTA.

® OCHOBHYIO POAb B BO3HUKHOBEHWMU MATOAOTM UTPAET BLIXOA U3 CTPOSI CUCTEM
YMAKOBKM BEAKOB 1 YAQAEHUSI TEX N3 HUX, KOTOPbIE YNAKOBAHbLI HEMPABUABLHO.
OyYeHb BAXKHO, YTO YCTAHOBAEHA reHeTn4YeCcKkast MOAOMAEKA TAKUX HOpYLUe-

HUW.

BO/\bLIJe BCEro CTPaAQtoT
KAETKN YEPHOW CyBCTOHLMN,
KOTOPbIE KOHTPOAMPYIOT
NPOW3BOAbHbBIE ABVXKEHWS]

M HOCTpOoeHue. BHavane
NOCAEACTBUS TMOEAN HEVPOHOB
B 3TOM OOGAACTU KOMNEHCUPYIOT
APYre HePOHbI, HO KOTAQ AOASI
YTPAYEHHbIX KAETOK AOCTUraeT
50-80%, HE3ATPOHYTbIE
OBAACT FOAOBHOTO

MO3ra He CMPABASIOTCS

¢ neperpyskon. C a1oro
MOMEHTQA YACTU TOAOBHOTO
MO3ra, TOXKE€ BOBAEYEHHbIE

B PErYAILMIO ABUTATEABHOM
QKTUBHOCTW, B TOM Y/CAE
OCTAABHAS YACTb 6A3AABHOTO
TAHIAMS], TAAGMYC U KOPA
FOAOBHOrO MO3rd, NepecTatoT
POB60OTATE COTAQCOBAHHO,

1 ABVDKEHWSI CTOHOBATCS
HEKOHTPOAUPYEMbBIMM.

HOBOI1 «OyCUHOM» IPUCOCAUHACTCS
BTOpAad — U TAK JO TEX IOP, IIOKA Ha
KOHIIE OOPEYEHHOIT HA THOEIIb OEJIKO-
BOI1 MOJIEKYJIBI HE OOPA3YETCs LIENOY-
Ka (CBO€OOpA3HAA «dCPHAA METKA»).
OHAa CIIy>KUT CUTHAJIOM JIJIA IIPOTEACO-
MBI («<MYCOPIIIMKa> HEPBHOM KJICTKHN)
K PpacCIIENICHUIO aHOMAJIBHOTO 6€JIKa
Ha COCTABJIAIONIME €O AMHUHOKHUCIO-
ThL. B 2004 1. 32 mcciiejoBaHME 3TOM CH-
CTEMBI OBIIM YIOCTOCHBI HOGeneBCcKoi
NPpEMHUHU 110 XUMHUHU ABpaaM ['epmko
(Avram Hershko) u Aapon LluxaHosep
(Aaron Ciechanover) u3 MHCTUTYTA
«TexHHnOH» B M3paunie, a TaKXe ame-
PHUKAHCKMI OMOXUMHUK HMpBuH Poy3
(Irwin Rose) u3 KanudopHUHCKOTro
YHHUBEPCUTETA.

3a nocyIeIHUE HECKOJIBKO JIET CTAJIO
6o0Jiee UM MEHEE SICHO, YTO O6OJIE3Hb
[TapKUHCOHA PA3BUBACTCS B PE3YJIb-
TATE HAPYIEHU B pabOTE MAIIEPOH-
HOU U yOUKBUTHH-IIPOTEACOMHON
cucreM. [To-BUAUMOMY, 1€JI0 O6CTOUT
caenyomum oopasom. Kakoe-to no-
BPEXKJICHUE B HEHPOHAX YEPHOH CyO-
CTAHLIUU 3AIyCKAET LIEJBIH KACKa[
PEAKIUH, IPUBOAAIUX K IOABICHUIO
GOJIBIIOrO KOJIMYECTBA HEIIPABUIBHO
YIIAKOBAHHBIX 6€JIKOB. OHU OOPaA3yIOT
KJIACTEPHIL, YTO BHAYAJIE JAKE JACT HE-
KOTOPBIE IIPEUMYIIECTBA KJIETKE, I10-
CKOJIbKY aHOMAaJIbHBIC OCJIKU ICPIKATCS
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BHOTEXHONOTHH

BMECTE, 4 HE PACIIPOCTPAHAIOTCS 110
HEH, BBI3BIBAA MOBPEX/ACHUA. 3ATEM
B JIEJIO BCTYNAIOT HMIAIIEPOHBIL, IPUBO-
Jisi e 6€JIKU B HOPMY, 4 T€ U3 HUX, KO-
TOPBIE UCTIPABUTD HE YACTCS, pacIe-
HJSIOTCS YOUKBUTUH-TIPOTEACOMHON
cucremor. Koryia aHoMaibHBIX 6EJIKOB
CTAHOBUTCS CJIUIIKOM MHOT'O, KJIETOY-
Hasl «OUUCTUTEIbHASI MAIIUHA» IIEPE-
CTAET CIPABJIATHCA C PA6OTOM, IIane-
POHOB HE XBATAET, TOKCUYHbBIC OCIKU
HAKAIMJHUBAIOTCS, U B KOHIIE KOHIIOB
HEUPOHBI NOI'HOAIOT.

DTa runoTesa Xopoma TeM, 4TO, IO
MHEHHIO YYEHBIX, OO'BSCHSIET IIPUPOLY
obeux popm 60s1e3HU [TapKUHCOHA.
[Ipeanonaraercs, 4To 95% OONbHBIX
CTPAaAa0T BTOPUYHBIM HAPKUHCO-
HU3MOM, BO3HUKAIONIUM B PE3YIbTATE
CJIOKHBIX B3AUMOJCUCTBUN MCKIY
TEHETUYECKUMHU U CPEIOBBIMU (PaAK-
TOpaMu. Eciin yesnoBek ¢ npeipacro-
JIO)KEHHOCTBIO K MAPKUHCOHU3MY I10-
a/1aeT B HEOGIATONPHUSATHBIE YCIOBUS
(HanpuMep, JUIUTEIbHOE BpEMS Ha-
XOJIUTCS B KOHTAKTE C ECTUIU/IAMHU;
CM. 6CMABK) HdA IMOLL CMPAHULE), TO
HEUPOHBI YEPHOM CYOCTAHLIUU CTPA-
JIAIOT Y HET'O B OOJIBIIEH CTEIEHU, YEM
HEVPOHBI JIIOJICH, HE UMCIOIUX IIPE/JI-
PAaCIIOIOKEHHOCTH, M B HUX HAKAILIN-
Ba€TCs 6OJIBIIE OETKOB C aHOMAJIBHON
KOHpopManuen. vV 5% OCTaNIbHBIX
OOJIBHBIX TAPKUHCOHU3MOM B OCHOBE
MATOJOTHUHU JIEKAT YUCTO T'€HETUYE-
CKHe€ (PAKTOPHI (IIEPBUYHBIN MAPKUH-
COHU3M). Pe3ynbTaThl NCCAECIOBAHUH,
IPOBEJICHHBIX 34 ITOCJIE/ITHUE BOCEMb
JIET, YKA3bIBAIOT HA HAJUYUE CBS3U
MEK/1y MyTAITUSIMU B '€HOME OOJIbHBIX
1 0Opa30BAHUEM OEJIKOB C AaHOMAJIb-
HOU KOH(pOopMaLuei uinu c60eM B pa-
00TE 3AMMUTHBIX MEXAHU3MOB KJICTKH.
DTO HAanboIeE BIIEYATIISAIONEE IOCTH-
JKEHHE B U3YYEHUU IIPUPO/IBI 6OTIE3HU
[TapKUHCOHA 32 MHOTHE I'O/IbL.

leHeTMYyeCKne OCHOBbI

B 1997 r. Muxasnp [Tonumeponynoc
(Mihael H. Polymeropoulos) us
HanuoHaNbHBIX UHCTUTYTOB 3/10-
POBbA UACHTUMULIIUPOBAT MyTALIHUIO
B I'€HE, KOJUPYIOMEM O€IOK MO/ Ha-
3BAHHEM O.-CUHYKJICUH, y YIECHOB UT4-

JIBAHCKUX W I'PEYECKUX CEMEH, CTPa-
JaBIIMX HACAECICTBEHHON (POpPMOU
NAPKUHCOHMU3MA. MyTanuusa HacJle-
JOBAJIACH IO AyTOCOMHO-JOMUHAHT-
HOMY THIY, T.€. [JJI1 BOSHUKHOBCHUS
60JIe3HU OBIJIO JOCTATOYHO OJHOU
MYTAaHTHOM KOIIMH I'eHa (II0JIy4E€HHOM
OT OTLA MJIM MAaTePK). MyTanus B reHe
O-CUHYKJIEMHA BCTPEYACTCH KPANHE
PEAKO: NOJIA HECYIUX €€ OOJIbHBIX
COCTABJIACT JIMIIb 1% OT 4mncia BCex
CTPAJAOMUX MAPKUHCOHU3MOM. Ho
caM (paKT OOHAPYKEHUA CBA3U MEXKY
HaJIMYUEM MYTAHTHOrO 6ejka u 60-
JIe3HBIO [TApKUHCOHA BBI3BAJI 6OJIBIION
MHTEPEC B HAYYHBIX KPyrax. OT4yacTu
3TO 6BLJIO CBA34HO C TEM, UTO B TOM K€
rofly BBIACHUJIOCDH, YTO O-CUHYKJICUH
(HE Ba’KHO, MYTAHTHBIN MJIM HOPMAJIb-
HBI) OTHOCUTCS K KATETOPUU OEJIKOB,

CIIOCOOHBIX K OOPA30BAHHUIO KJIACTE-
poB. OTCIO[]a HATIPAIIUBACTCSA BBIBOJ;:
Pa306paBIINCh, KAKUM O6PA30M MY-
TALUAd IPUBOJUT K NAPKUHCOHU3MY,
MO’KHO PACKPBITh TAHHY OOPA30BaAHUS
Tesiel JIeBu B JO(PpaMUHIIPOAYLUPYIO-
MUX KJIETKAX YEPHOHN CYOCTAHIIUU
npu 6oje3uu [TapkuHcoHa.
0-CHUHYKJIEMH — 3TO HEOOJbIION
OEJIOK, COCTOSIIUK BCero us 144 amu-
HOKHMCJIOT. ITonaraioT, 4TO OH yd4a-
CTBYET B OOMEHE CUTHAJIAMU MEXKAY
HEHMPOHAMU. MyTALIMH B €I'0 I'€HE ITPU-
BOJAAT K MUHUMAJIbHBIM U3MEHEHUAM
B AMMHOKUCJIOTHOU IOCIEJOBATEb-
HOCTHU Oenka. B Hacrodmee Bpems
UACHTUPUIUPOBAHB HECKOIBKO
TAKUX MYTAalMH, [B€ U3 HUX IIPUBO-
JAT K €IUHUYHBIM aMUIHOKHUCIOTHBIM
3aMeHaM. OIBITH HA APO30(QUIaX, p

BHHOBHUK - OKPYXAHUAS CPEAA

rVII'IOTe3O O POAM B BO3HUKHOBEHWN 6OAE3HU [TAPKMHCOHA HEBAQrONPUSITHBLIX
BHELLHWX GOAKTOPOB LIMPKYAUPOBAAC B HAYYHBIX KPYTAX HE OAHO AECSITUAETUE.
OAHOKO NOATBEPXKAEHWE €1 BbIAO MOAYHEHO AULLL B HAYAAE 1980-X IT., KOTAQ YWUABSIM
AaHrctoH (J. William Langston) n3 MIHCT1UTyTa No nay4yeHrunto 6oAe3Hn NMapKMHCOHA

B CaHHmBeNAE, WT. KAAUPOPHMS, OBHAPYXKUA, HTO Y MOAOABLIX HOPKOMAHOB BYKBAABHO
Yepes HeCKOABKO AHEN MOCAE MPUEMA OAHOTO U3 CUHTETUYECKMX BAPUAHTOB rePOUHA
(YaMHO-yanT) NOSIBUANCH CUMMTOMbI, XOPAKTEPHbBIE AASI NIAPKMHCOHN3MA. OKA3AAOCH,
4TO NAPTUS HAPKOTUKA BbIAC 3ATPSIBHEHT BELLLECTBOM, I'YOUTEABHBIM AASI HEMPOHOB
YepHoK cybCTaHLMK. [ToCAE KypCa TePannmn y HEKOTOPbIX 13 HOPKOMOHOB KOHTPOAb
HOA OTAEAbHBIMU ABVXKEHWSIMU BOCCTAHOBUACS], COCTOSIHUE K€ BOABLLUMHCTBA HE

N3MEHNAOCD.

B TeueHne caeAyoLMX HECKOABKMX AET YYEeHbIe MbITAANCH HONTN APYT1e BELLECTBA
CO CXOAHbBIM pAemncTBreM, 1 B 2003 . HOLMOHOABHBIM UIHCTUTYT MO U3YYEHMIO BAUISIHNS
OKPY>KAIOLLLEV CpeAbl HO COCTOSIHNE 3A0POBbS BHIASAUA HO 9T PABOTLI $20 MAH.
CeroAHs BbISIBAEHO HECKOABKO CAYHOEB PA3BUTISI MAPKUHCOHM3MA B PE3YALTATE
AAUTEABHbIX KOHTAKTOB YEAOBEKA C PA3AUYHBIMW NECTULIMACMU, FEPOULNACMU U
PyHrumaamm. Tumotun MpuHamarep (J. Timothy Greenamyre) 13 Ynueepcuteta
SVMOPM MOKA3AA B OMbITAX HA YKMBOTHbIX, YTO MPW KOHTAKTE C MECTULMAOM
POTEHOHOM, KOTOPbIN BEIPAGATLIBAETCS U3 HATYPAABHbBIX MPOAYKTOB U YHACTO

HekoTopble NecTULMAbI, B TOM YNCAE
M3rOTOBAEHHbIE TOABKO 13 MPUPOAHbBIX
BELLLECTB, MOTYT BbI3bIBATb Y XXMBOTHbIX
CUMMTOMBbI, XOPOKTEPHbIE AASI OOAE3HN
[TOPKMHCOHA.

NPUMEHSIETCS B OPTraHNYECKOM CEAbCKOM
XO39MCTBE, BO3MOXHO 06pPO30BAHME
BEAKOBbIX ArPEeraTos, ryOGUTEAbHbIX AASI
AOPAMNHMPOAYLIMPYIOLLNX HEMPOHOB

1 KAETOYHbIX OPTAHEAA, BbIPABGATHIBAIOLLMX
3Hepruto. Kpome 1oro, y MOAOMbITHbIX
YKUBOTHBIX HOBGAIOACQANCH ABUFATEABHbIE
pPACCTPONCTBA.

[TOMMMO «MPOBOKATOPOB»
NAPKNHCOHM3MA CYLLECTBYIOT 1 BELLLEeCTBA,
OKQA3bIBAKOLLME NPOTUBOMOAOXKHOE
AevcTere. CneuyaAnCTbl MOAQratoT,
4YTO HEKOTOPbIM 3ALLUTHBIM 3bdEKTOM
OBACACHOT HUKOTUH U KO EeUnH. Ho CcTounT An
6ecnpepbIBHO NUTb KODE NAM BbIKYPVBATH
MO NAYKE CUTAPET B AEHb PAAN MPU3PAYHOM
HOAEXAbI M306eXKATb MAPKUHCOHU3MA?

B mupe nayku
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KAK NEYAT NAPKHHCOHU3M CETOJIHA

PAYM UCTIOAb3YIOT ABO OCHOBHBIX MOAXOAC K ASYEHWNIO MAPKUHCOHW3MA.
Y KOXKAOTFO €CTb CBOU MPENMYLLIECTBA U HEAOCTATKU, OAHAKO O06A AMLLb
CMSIrYaOT CUMMTOMbI 3060AEBAHMUS, HE YCTPAHSISI €F0 MPUYNHBI.

AEKAPCTBEHHAS TEPAMNNS

CeroaHs NPUMEHSIIOTCS AEKAPCTBEHHbIE CPEACTBA, UMUTUPYIOLLME AECTBME
AODAMUMHA, BELLECTBA — METABOANYECKME NPEALLECTBEHHNKN AODAMUHA (HANPUMEP,
AEBOAOMA) M MPenapaThl, BAOKMPYIOLLME paspyLleHmne AodamuHa. Kpome Toro,
MICMOAb3YIOTCSl AEKAPCTBA, AEUCTBYIOLIME HO HEKOTOPbIE HEAODAMUHOBBLIE CUCTEMBI
FTOAOBHOTO MO3rd, CTPAACHIOLLME NPU MAPKUHCOHU3ME, TAKNE, B YOCTHOCTU, TAE
HENPOMEANATOPAMM CAYXKAT ALLETUAXOAUH U TAYTAMAT. MHOTME 13 HUX MOMOTatoT Ha
HAYAABHbBIX CTAAMSIX 3ABOAEBAHMS, HO MPY AAUTEABHOM NMPUEME BbI3bIBAIOT MOGOYHbIE
apdekTbl. OCHOBHOW N3 HUX — HEMPEACKA3YEMbIE MEPEXOALI OT HOPMAABHOIO
COCTOSIHWNS K MEPUOACM 3ATOPMOXKEHHOCTU, TREMOPA N PUTUAHOCTU. Kpome Toro,
BO3HNKAKT AUCKUHE3NN, OCOBEHHO CUABHO BbIPAXKEHHBIE Y MOAOABIX MALIMEHTOB.

CTUMYASIUNSA TAYBUHHbBIX CTPYKTYP MO3TA
B Hauyane XX BeKka y4eHble OBGHAPYXXUAK, YTO PA3PYLLUEHNE
HEBOABLLOIO YACAQ KAETOK CTPYKTYP MO3rd,
OTBEYAIOLLMX 30 OHOMOAbHYIO ABUTATEABHYIO
QKTUBHOCTb, YMEHbLUAET Tpemop. M xoTs noaoBHas!
onepauust ConpPOBOXAAETCS MbILUEYHOMN
CAQBOCTbIO, BOABHBIE MPEANOYUTAIOT A€4b MOA,
HOXX, YEM XXWTb C MOCTOSIHHO TPSICYLLUMMUNCS
pyKkamu. B 1938 r. Xmpyprv NpoOBEAM ONepaLmio Ha
6A30AbHbIX TAHTAMSIX, KOTOPAS AQAC
MOAOXKUTEABHBIN PE3YALTAT. OBHAPYXXUAOCH, HTO
YCTPAHEHWE TMNEePAKTUBHBIX AN HEMPABUABHO
3 pearvpyoLwmx Ha CUrHAA KAETOK MPUBOAMUT
. \ K HOPMOAM3ALMK PABOThl OCTAABHbIX OTAEAOB
! Mo3ra. K Hec4acCTbio, XMpypruyeckoe
BMELLATEALCTBO HE CTOAO peLleHnem
BCEX NPOBAEM. ECAM NpU BTOM
3ATPArMBAAUCH O6A MOAYLLAPUS
VAWM MECTO PA3PYLLEHMS
NOAKOPKOBBIX CTRYKTYP GbIAO
BbIOPAHO HE COBCEM TOYHO,
MOTAM BO3HUKHYTb TAKME
Cepbe3Hble OCAOKHEHMSI,
KAK HapYyLUeHne peyun
U KOTHUTUBHBIX GYHKLUNN.
B 1970-x rr. OGHAPY>KMAOCH,
YTO BbICOKOYACTOTHAS
BAESKTPOCTUMYASILIMS OTASABHbBIX
YacCTen rOAOBHOIO MO3rd UMUTUPYET UX
PA3PYLUEHWE, HE BbI3bIBAS MPW STOM HUKAKMX
NOBGOYHbIX 2PDeKTOoB. CEeroaHsI METOABLI CTUMYASILIUM FOAOBHOIO MO3ra B PA3HbIX
BAPUAHTAX UCMOAb3YIOTCSI AASI AEYEHUSI MHOTUX HEBPOAOTMYECKUX PACCTPONCTB
(cm. crateio «Yyaeca marHuToTepanumm», «B mupe Haykun», N°12, 2003 1.). BOAbHbIM
NAPKUHCOHWU3MOM B OAHY M3 CTPYKTYP BA3AABHOIO rAHMAMS (BA€AHBIV LLIAP NAK
CyBTAAAMUYECKYIO OBACCTD) BBOASIT SIAEKTPOA, MOACOSANHEHHbIN K FeHepaTopy
SAEKTPUYECKUX UMMYALCOB, KOTOPbIA UMMNAQHTUPOBAH B OBGAQCTb FPYAHOM KASTKM.
AAUTEABHOCTb UMMYABCO COCTABASIET 90 MUKPOCEKYHA, AMMANTYAQ — TPU BOABTA,
4aCTOTA — 185 UMMNYALCOB B CEKYHAY. [EHEPATOP MOAAEXKUT 3AMEHE KOXKABIE MSITh AET.
[TocAe TOro KaK pa3paboTYMKK STOTO METOAA, AAUM beHabua, (Alim Benabid) u MNeep
Moanak (Pierre Pollak) 13 peHoBAbCKOro yH1BepcuteTa BO GpaHLmMmM, COOBLLNAN,
4TO MOAOBHAS CTUMYASILIMS MPUBOANT K 3HAYUTEABHOMY YMEHbLLEHMIO TPEMOPA U
PUTMAHOCTU, METOA BbILLEA HO OAHO M3 MEPBLIX MECT B A@4EHUN MAPKMHCOHU3MA.
VIHOrAQ HO GOHE CTUMYASILIMM YACBAAOCH CYLLECTBEHHO CHU3UTb AO3Y MPUHUMAEMBIX
NPEenApATOB 1 AOXKE BOOBLLLE OBXOAUTLCS 63 HNX. BnpoyeMm, CTUMYASLNSG TAYOUHHbBIX
CTPYKTYP FrOAOBHOIO MO3ra HE MOXKET OCTAHOBUTL MATOAOTMYECKU MPOLECC U He
peLlwaeT NpPoOBAEM, CBSIBAHHBIX C YTPATOW KOFTHUTUBHBIX GYHKLMIA, PACCTPONCTB pPeyn
1 4yBCTBA POBHOBECHUSI.
Cpeayn HepeLlLeHHbIX MPOBAEM OCTAETCS U TAKAS!: IBASIETCS AW BASAHbIN LLAP
1 CYBTAOAOMUYECKASI OBAQCTb ONTUMOABHBIMU AASI TOAOBHbBIX BOSAENCTBUIN? HesIcHO
TAKXKE, KAKME UMEHHO SAEKTPUYECKNE U XMMUYECKME NPOLLECChl OTBEYAIOT 30
CMsITYeHne CUMNTOMOB, CHUTAAOCH, HYTO CTUMYASILNS TAYOUHHBIX CTRYKTYP MO3ra
BbI3bIBAET TOT XXe 9P PEKT, HTO U XMPYPrmyeckoe BMELLATEAbCTBO, A UMEHHO — pa3pyLuaeT
KAETKU. OAHAKO HEAQBHO BbISICHUAOCH, YTO 3TA MPOLEAYPA NPUBOAMT K MOBbILLEHWIO
YACTOTbI UMMYABCALUN.

DAEKTPOA

i
NMIACHTIP!
{ NPOBOAHMK
MIMNAQHTUMPOBAHHbIN
reHepaTop

HEMATOAAX U MBIIIAX ITOKA3aJIH, YTO
€CJIM MYTAHTHBINA O-CUHYKJIEHH 00-
pasyeTcs B HEUPOHAX YEPHOU Cy6-
CTAHLIMUM B GOJIBIINX KOJIMYECTBAX, TO
MPOUCXOAUT UX JETCHEPALNA U BO3-
HUKAIOT JBUr'ATEJIbHBIE PACCTPOUCTBA.
OO6HAPYKEHO TAKKE, YTO MYTAHTHBIE
O-CUHYKJIEHHBI HE yIIaKOBBIBAIOTCS
HaJJIeXamuM o6pa3oMm U 06pasy-
10T KJacTepnl — Teabna Jlesu. Kpome
TOr'O, OHU IOJABJIAIOT JACATECIBHOCTD
YOUKBUTUH-TIPOTEACOMHOM CHCTEMBI
U YCTOMYUBBI K IPOTEACOMHOM Jierpa-
Jauuu. HeraBHO O6HAPYKMIIOCH, YTO
MIPU HAJTUYUHU B TEHOME U30bITOYHBIX
KOIIMI HOPMAJbHOTO I'€HA O-CHHY-
KJIEMHA TAKXKE PA3BUBACTCA OOJIE3HD
[TapkuHCOHA.

B 1998 1. Antonckue yuenble ECUKyHU
Munyno (Yoshikuni Mizuno) us
Vuupepcurera JIxxyHrenno u Hobyécu
MIumuny (Nobuyoshi Shimizu) us
Yuusepcurera Kerto npenrudunu-
POBaJIM €lIe OJUH I'€H — OH KOAUPYET
O€CJIOK IIAPKUH, MyTallUd B KOTOPOM
NPUBOJUT K HACJIECACTBEHHOMY I1ap-
KUHCOHM3MY, HO Ipyroro tumna. Takas
MyTalusa OOBIYHO BCTPEUACTCA Y JIIO-
JIeH, 32601eBIIUX B Bo3pacTe /10 40 s1eT,
U 94EM MOJIOXKE ITALIMEHT, TEM BBIIIE BE-
POATHOCTD, YTO B OCHOBE 3200JICBAHUS
JIEXKAT MyTalys B reHe napkuxa. Te,
KTO IOJIy4aIOT MyTAHTHBIC KOIIUH I'€HA
U OT OTLA, U OT MATEPU, OO6A3aTEILHO
3260/1€BAIOT, HO K I'PYIIE PUCKA OT-
HOCATCA U JIIOAW, HECYIIHE JIMIIb OJHY
KOMNHUIO MyTAHTHOI'O T'eHa. MyTauuu
B I'€HE MAPKMHA BCTPEYAIOTCS Yalle,
4eM B I'€HE O-CUHYKJIEHMH4, OJHAKO
TOYHBIE LU(PPbI HEU3BECTHDL

B Monekyne napKuHa UMEIOTCS He-
CKOJIBKO JJOMECHOB, X4PaKTEPHBIX U JIJ151
MHOTUX JPYIUX 6€JIKOB. OCOObIA UH-
TEPEC NPEACTABIAIOT TAK HA3bIBAEMBIC
RING-1OMEHBI; COJIEpPsKAINE UX 6eJl-
KM YYaCTBYIOT B PACILEIVIEHUU JIPY-
rux 6enkos. MMeromuecss Ha CerogHs
JaHHBIE ITO3BOJIAIOT NPENIONOKHUTD,
4TO TH6EIb HEHPOHOB IIPU JAHHOM
(dopMe MAPKUHCOHU3MA IPOUCXOANT,
B Y4CTHOCTH, BCJICICTBUE HAPYILICHUS
YOUKBUTHHUIUPOBAHUA — COCTABHO-
ro KOMIIOHEHTA CHUCTEMBI YJaJCHHUSA
AHOMAJIbHBIX 6€EJIKOB. B HOpME map-
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KHUH NIPUCOEAUHAET YOUKBUTHUH K HE-
MIPaBUJILHO YIIAKOBAHHBIM 6€JIKaM, 6€3
3TOTO OEJIOK HE NOJYYAET «4YEPHYIO
METKY» M HE paspymaercsa. HegaBHo
MBI OOHAPYKUJIU, YTO OCJIOK O], Ha-
3BaHUEM BAGS, NIPpUCYTCTBYIOM U
B Tenblax JIeBU, MOXET CBA3BIBATHCS
C MAPKUHOM U 6IIOKHPOBATH €r0 pado-
TY, PE3YIABTATOM YE€roO CIYKUT THOCIIb
JI0(pbaMHUHEPIrUYECKUX HEUPOHOB.

HNHTEPECHO, YTO Y HEKOTOPHIX
OOJIBHBIX, HECYIIUX MYTALUIO B I'€HE
MapKUH4, B HEHPOHAX YEPHOU CyO-
CTAHLIMHU OTCYTCTBYIOT Tenbla JIepu.
DTO O3HAYAECT, YTO, IIOKA IPOUCXOJUT
YOUKBUTHHUIUPOBAHUE, OCIKOBbIC
arperarel He 0Opa3yIoTCa. A OTCIOA4,
B CBOIO O4Y€pPEb, CAECAYET, YTO, KOTI-
J1a AaHOMAJIbHBIE OEJIKU HE JEPKATCA
BMECTE, 4 PACHPEACAAIOTCA IO BCEH
KJIETKE, BOZHUKAET Xa0C. [TOCKONbKY
y JIIOJICH C MYTAIIUECH B T€HE MMAPKUHA
MAaPKUHCOHU3M PA3BHUBACTCA B MOJIO-
JIOM BO3PACTE, MOKHO NPEIIIONIOKUTD,
YTO Y HUX OTCYTCTBYET 3aIIUTHBIN Me-
XAaHMU3M, 00€CIICUUBAIOM U KIIACTEPHU-
3aIUIO TOKCUYHBIX OCIKOB.

B nmocnenHee BpeMs NOSIBUIUCDH
coobmeHus 06 UACHTUPUKALUHN
LEJI0TO psAfia JPYIUX T'€HOB, UMEIO-
IMX OTHOWIEHHUE K NAPKUHCOHU3MY.
Taxk, B 2002 r. BunueHio bonudaru
(Vincenzo Bonifati) u3 MeguIuHCKOro
1eHTpa dpa3ma B Porrepgame obHa-
PYKWJI MyTaLUIO Brene Df-1 y 41eHOoB
HECKOJIBKUX I'OJUIAHACKUX U UTAJIbAH-
CKMX ceMmel. Kak u MyTauus B I'eHe
MAaPKUHA, OHd OTBEYAET 32 BO3HUKHO-
BEHME ayTOCOMHO-PELECCUBHOU (POP-
MbI 6071€3HU [TapkuHCcOHA. BoigBiieHa
TaKKe MyTauus B rene UCHLI y 60J1b-
HBIX, CTPAAAIOMUX HACJIEACTBEHHOM
(popMOIT NAPKUHCOHU3MA. A HE/1AB-
HO B JKypHaJe Science OnyOIUuKOBa-
Ha CTAThd O MyTauuu B reHe PINK-1,
CIEACTBUEM KOTOPOM MOXKET CTATh
HApPyLIEHUE META00ONUYECKUX IIPO-
1IECCOB U I'MO€E/Ib HEUPOHOB YEPHOM
cybcrannuu. Coobmiaercss 06 UjieH-
TU(MUKALNH €IIe OJHOIO I'€Ha 0J06-
HOTO TuUMNa, LRRK2, unu gapaapuHa
(4TO HA A3BIKE 6ACKOB, Y KOTOPBIX 3TOT
reH OOHAPYXKEH, O3HAYAET «TPEMOP»).
K coskaneHuIo, BCs IIeNOYKa COOBITHI

OT BOBHUKHOBCHUA MYTAITUN JO PA3-
BUTUS 3A00JICBAHU S YYCHBIMH ITOKQ HC
BOCCO3/4aHaA.

HoBble NnoAXoAblI K A@4eHUIO
CeropHs BCE yCUIUA YYCHBIX HAIPAB-
JIEHBI HAa MOUCKHU JIEKAPCTBEHHBIX
CpEeJCTB, KOTOPBIE BO3ACHCTBOBAIH
Obl HAd AKTHUBHOCTD MOJIEKYJI (Yy4acCT-
HHUKOB MATOJIOTHUYECKOT'O IIPOIIECCA)
TAKHUM 00pPa30M, YTOOBI HE TOJIBKO
CMATYJINCh CUMIITOMBI 60JIE3HHU, HO
U OCTAHABJIMBAIUCD ICTCHEPATUBHDIC
MPOLECCHI, OTBETCTBEHHBIC 34 €€ IIPO-
IpecCUPOBAHUE.

ViKe IOJIy4YEHBbI 1BAd KPAMHE MHTE-
PECHBIX pe3yabTaTa. Tak, ONBITEL HA
JKMBOTHBIX IIOKA34JIH, YTO [OBBIIICHUE
KOHIICHTPALIMH IMIAIIEPOHOB B KJIETKAX
YEPHOU CyOCTAHIIMU IPUBOJUT K 6J10-
KMPOBAHHUIO HEUPOAEIEHEPATUBHOT'O
JEUCTBUSA MYTAHTHOI'O O.-CUHYKJIE-
HHA. A B XOJI¢ 3KCIIEPUMEHTOB C HC-
MOJb30BAHUEM JIPO30(DHUIIBI KAK MO-
JICJIBHOM CHUCTEMBI YCTAHOBJICHO, YTO
BEIIECTBA, OBBIIIAIOMNE AKTUBHOCTD
MIAIICPOHOB, NPOJJIEBAIOT JKU3Hb HEH-
POHOB. OOHAPYKEHO TAKXKE, YTO NPHU
MOBBIIIEHUHN COAEPKAHUA HEMYTAHT-
HOI'O IAPKMHA B KJIETKAX CHUXKAETCS
JEUCTBUE HENPABUIbHO YIIAKOBAH-
HBIX 6€JIKOB. BO3MOKHO, CO BpEMEHEM
yaacTca pa3padboTarb NIPEnaparsl,
CXOJIHBIE C IIAIIEPOHAMH, KOTOPBIE
BO3AEHUCTBOBAJIM Obl HA AHOMAJIbHbIC
MPOLECCH B HEUPOHAX U IIPENOTBPA-
aJU UX TUOENb, UIU C NOMOIIBIO
T€HHOU TE€PANUU 3aIyCKATh CUHTE3
HY>KHBIX HIAIIEPOHOB.

[Tapa/uieIbHO Pa3BUBAETC U IPYTOe
HaIllpaBJICHUE, OCHOBAHHOC HA BBEJC-
HUHU B TOJIOBHOI MO3I' OOJIbHBIX HEM-
POTPONHBIX (PAKTOPOB, CIIOCOOCTBY-
IOIUX POCTY U AUPDEPEHIIUPOBKE
HEUPOHOB. OHHU HE TOJILKO OOJIEr4aioT
COCTOAHME OOJBHOT'O, HO M 3AIIUINAIOT
HEHMPOHBI OT BPEJHBIX BO3JCHCTBUN
U JaKE€ BOCCTAHABIMUBAIOT YK€ MO-
BPEXK/ICHHBIC KJICTKU.

Tak, OIBITHL, IPOBEJACHHBIC HA KU-
BOTHBIX, IIOK434/I1, YTO CEMEHUCTBO
OCJIKOBBIX (PAKTOPOB I1OJ, HA3BAHUEM
GDNF (ot aurn. glial cell line-derived
neurotrophbic factor — HEUPOTPOI-

HBIA (PAKTOP, IPOUCXOAAIUI U3 JIH-
HUU ITIMAJIBHBIX KJIETOK), IIOBBIIIAECT
YCTOMYHBOCTD K IIOBPEKACHUAM [JO-
(aMUHEPIrUUECKUX HEHPOHOB U CY-
IMECTBEHHO CMATYA€T CUMIITOMBI
6onesnu. Crus I'mnn (Steve Gill) us
rocruTanda Ppenxert B bpucrone or-
BAKMJICA HA CMEJIBIA SKCIIEPUMEHT: OH
UHBEIUPOBAT GDNF 6OJbHBIM IaP-
KUHCOHU3MOM. [IJI1 3TOTO ObUI BBEACH
KaTeTep B JIEBOC M IIPABOE I1OJIOCATOC
TEJIO, KyZJd B OCHOBHOM IIOCTYIIAET /10~
(daMuH, CEKPETUPYEMBIHA HEHPOHAMU
4epHOH cybcTaHuuu. GDNF nH(py3HU-
POBAIN C ITOMOIIBIO HACOCA, UMILIAH-
TUPOBAHHOI'O B OPIOIIHYIO IIOJIOCTb.
KonunuecrBa GDNF B €MKOCTH Ha-
€OCa XBATAJO HA MECAL], HOBYIO IIOP-
LUIO IIPEnapaTa BBOAUINA C IIOMOIIBIO
LIIIPUIA.

IIpeaBapUTENbHBIC PE3YIBTATHI UC-
MBITAHUH, IPOBEJCHHBIX HA HEOOIb-
IIOM YMCJIEC NALIUEHTOB, YKA3a1 Ha
CMATYEHHUE CUMIITOMOB, 4 ITIO3UTPOH-
HO-3MHUCCHUOHHOE CKAHUPOBAHUC
HOATBEPANUIIO YACTUYHOE BOCCTAHOB-
JIEHUE TIOIVIOMIEHUA JO(PAMHUHA B IIO-
JIOCATOM TEJIE U YEPHOM CYOCTAHIIUU.
OngHaKO nociejyipomue 6ouee Mac-
IITAO0HBIE UCIIBITAHUA OKA3AJIUCh HE
CTOJIb OOHAJEKUBAIOIMMU. M BCe ke
B MEJMIIMHCKOM NPAKTUKE HEPEAKHU
cJly4dau, KOI/ia IIEPBBIC HOIBITKH IIPH-
MEHEHMS HOBBIX METOJOB TE€PIICIU
Heygauy. Tak, npenapar jgesonoja p

OB ABTOPAX:

AHApec AocaHo (Andres M. Lozano)
1 CyHenA Kaama (Suneil K. Kalia) pa6o-
TQIOT HOA M3Yy4YEHNEM PA3HBIX ACMEKTOB
6oAes3Hn MapknHcoHa. AocaHo, nc-
naHeLw, Mo NMPOUCXOXAEHWNIO, MOAYHYUA
AOKTOPCKYIO CTEMEHb B YHMBEPCUTETE
Ot1aBbl. CeroaHs oH — npodeccop
1 30BEAYIOLLMA OTAEAOM CTEPEOTAK-
cnyeckom n GYHKLMOHAABHOW HEN-
poxupyprnm 3anapaHoro frocnutaas
TOPOHTO 1 B TOPOHTCKOM YHMBEPCUTE-
Te. KaAana, HepQBHO 3ALLUTUBLUMIA AO-
KTOPCKYIO AUCCEPTALMNIO, 30HUMAET-
C$ UICCAEA0BAHMEM POAU LLANEPOHOB
B BO3HWKHOBEHWM NAPKUHCOHN3MA.
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OHAYAJy HE 1aBaJI HUKAKOTO MOJOKUTEIBHOIO 3(pdeKra,
a CETOJHA ABJIAETCA OJHUM U3 OCHOBHBIX JIEKAPCTBEHHBIX
CPEJCTB, UCIIOJIb3YEMBIX JIJIS JICUEHU S TAPDKUHCOHU3MA.

He cTosaT Ha MeCTE U UCCAECJOBAHUA B OOIACTH I'€HHOM
Tepanun. Ixeddpu Kopnoysep (Jeffrey H. Kordower) us
YHKATCKOT'O MEAUIIMHCKOI'O IPECBUTEPHUAHCKOTO LIEHTPA
cB. JIyku B Pame u ITatpuk O6umep (Patrick Aebischer) us
HMucTuryTa HEeBponoruu B PegepajbHOM TEXHOJIOIMYE-
CKOM MHCTUTYTE B IIIBEHIIAPUNU CKOHCTPYHUPOBAIN BUPYC,
Hecymui red paxkropa GDNF, 1 BBEIU €r0 B JOPAMUHIIPO-
JYLHUPYIOMUE KJIETKU IIOJIOCATOI'O TEIA YETBIPEX OOE3bsH,
OOJIbHBIX MAPKUHCOHU3MOM. Pe3yIbTaThl IPEB3OUIIN BCE
OKMJAHUS: IBUT'ATE/IbHBIE PACCTPOMCTBA Y JKMBOTHBIX 110U~
THU UCYE3/IU, HUKAK Hd HUX HE NOJECUCTBOBAIU UHBbEKIIUHN
MPTP, BemecTBa, TOKCUYHOI'O JIJIs1 JOMPAMUHEPTUYCCKUX
HEUPOHOB YEPHOH CyOCTAHLMU. BBEJCHHBIN I'eH (DyHKIIU-
OHUPOBAJI BOPI'AHU3ME U «CHAOXKAJ» €O OCJIKOM B TEYCHUE
LECTU MECALEB, MIOCJIE YETO IKCIEPUMEHT ObLI OCTAHOB-
JIEH. BOOJyIIEBIEHHBIE TAKUMHU PE3YJIbTATAMHU, YYECHBIE U3
KoMmnanuu Ceregene B CaH-JlMero UCIONAb30BAIN AHAJIO-
TUYHBIN OAXO[ /IS JOCTABKU B OPI'AHU3M IPYTOTo OeIKa
u3 cemencTsa GDNF-HeipTypuHa. McbITaHUA HAXO4ATCA
MOKA Ha JJOKJIMHUYECKOH CTAIUU, OJHAKO YYEHBIC HAJCIOT-
Cs1 UCIIBITATDb HOBBIHA OCJIOK U HA YEJIOBEKE.

Kpuc Bankuesuu (Krys Bankiewicz) B corpyanudectse
¢ xomnanuen Avigen (Can-OpaHIMCKO) ITIOKA3aJ B OIIBITAX
Ha )KMBOTHBIX, YTO BBEJICHUE B O6JIACTD IOJIOCATOTO TEIa
reHa, KOAUPyIomero (epMEHT O], HA3BAHUEM JEKAPOOKCH-
J1a32 APOMATUYECKUX AMHUHOKUCIIOT, CTUMYJIMPYET BBIPAOOT-
Ky 10(aMUHA. Y KPBIC U O6€3bAH IIPH 3TOM CMATYAIOTCA CUM-
ITOMBI 3260JI€BaHUsA. BCKOpE NPeAnonaraeTcs IpoBeAcHUe
COOTBETCTBYIOIINX KJIMHUYECKUX UCIIBITAHUHI HA YETOBEKE.

Marikin Kanur (Michael Kaplitt) ns KopHeaackoro yHu-
BEPCUTETA NBITAETCA UCIOJb30BATh I'€HHYIO TEPAMIUIO
B JPYI'UX LEIAX — AJIs «OTKJIIOYECHUS» TEX 0O1ACTEU I'OJIOB-
HOI'O MO3I'd, KOTOPBIE IIPOSABIAIOT U3JIMIIHIOIO AKTUBHOCTD
MIPU CYIECTBEHHOM YMEHBIIEHUH KOJIMYECTBA JOMDAMUHA,
BBICBOOOXK/AEMOTO YEPHOU CyOCTAHIUEN. B YUCIO TaKUX
o61acTel BXOAUT I'HIOTANAMHUYECKOE AAPO 6A32IbHOTO
ranmus. (B orcyrcrsue fodaMruHa HEUPOHBI CUHTE3UPY-
IOT IJTyTaMaT, OAUH U3 BO30yIUTEIbHBIX HEHPOMEIUATOPOB,
YTO HIPUBOJUT K F'UIIEPCTUMYJIALIUNN €TO MUILIECHEN U K [IBU-
raTeJIbHBIM PACCTPOMCTBAM.) KalInT IJIaHUPYET IPOBECTH
UCIIBITAHUS HA YEJIOBEKE, HCIIOIb3ys BUPYCHBIA BEKTOP /I
AIPECHON JOCTABKM I'€Ha cKAPOOKCHIIA3BI [Ty TAMHUHOBOM
KUCJIOTBL DTOT (DEPMEHT UI'PAET KJIIOUEBYIO POJIb B CHHTE-
3¢ y-aMUHOMACAAHOU KUCI0Th (TAMK), HHTHOUTOPHOI'O
Heripomeaunaropa. Ecte Hagexaa, yro F'AMK npenorspa-
THUT I'HIIEPAKTUBALINAIO KJIETOK, OTBEYAIOMYIO 34 YpE3MEP-
HYIO JBUI'ATEJIBHYIO aKTUBHOCTD. /I JOCTABKU BEKTOPA
UCIOJIB3YETCHd TPYOKA TOJIIMHOM C YEJIOBEUYECKHUH BOJIOC,
BBOJUMAsI B MO3I' UEPE3 KPOUIEYHOE OTBEPCTUE B TEMEH-
HOU o6yacTu yepena. Bupyc, OKazaBmUCh B MO3re, CHA6-
JKaeT KONUAMU I'€Ha HEMPOHBI THIIOTAJIAMHYECKOTO SA/1pa.

TAMITOLPA

BENKH H bONE3Hb NAPKHHCOHA

KOMAEHWE B TOAOBHOM MO3re HeMPABUAbHO YNAKOBAHHbIX
6eAKoB (06PA30BAHME TeAeL, AeBM) CHUTAETCSI «BU3UTHOM
KAPTOYKOM» 6OAE3HM MNapKMHCOHA. OAHAKO yYEeHble A0 CUX MOP

YNAKOBKA BEAKOB B HOPMAABHbIX KAETKAX

B HOPMAOABHbIX

KAETKAX MPCBUABHYIO
NPOCTPAHCTBEHHYIO
YKAQAKY 6EAKOBbIX
MOAEeKyA o6ecneumnsatoT
CAOXHbIE KOMMAEKCHI —
«anepoHsbl», Koraa
6EeAKM YNAKOBLIBAKTCS
HEHOAAEXKALLNM OB6PA30OM
(@) AV B pesyAbTaTe
KAKWNX-TO BO3AEUCTBUN
YTPAYMBAIOT HOPMAABHYIO
NPOCTPAHCTBEHHYIO
KoHdUrypaumio (6),
LLANEePOHbI UCMPABASIKOT

CUTYALMIO.
BeAok He moxeTt
ﬂ NPOBUABLHO YNAKOBATLCS

Pn6ocoma

CUHTE3NpYyEeMbI
6enok

l MpaBnAbHO
YNAKOBAHHbINM 6EA0K

]

Bbeaok
yTpaumsaet
NPABUABHYIO
NPOCTPAH-
CTBEHHYIO
KOHpUrypaumio

WanepoH

bl A
BeAOK BCe-TAKU He MOXET NPUHSTL
NPABUAbHYIO KOHOPMALUIO

MpaBUABHO
YAOXEHHbIN 6EA0K

MNapknH

YOUKBUTUH

EcAn WwanepoHHas cuctema He
pabotaert, To 6eAoK ocTaeTcs
YAOXEHHbBIM HENPABUABLHO (B)

N NPOTEACOMA (C4YUCTUABLLMK?
KASTKWN) PACLLENASIET €50, NPexXAe
4YeM OH ycrnesaeT NpU4YnHnTL
KAKOM-AMG0 Bpea,. [MponcxoanT aTo
CcAeApyOLWMM 06pa3oM. BHavyane
6EeA0K NMOA HO3BAHNEM «MAPKUH?
MNOCAEAOBATEABHO MPUCOEANHSIET
K HEMPOBUABHO YAOXKEHHOMY BEAKY
MOAEKYAbI YOUKBUTUHA. Lienouka

13 YOUKBUTUHOBbBIX «OYCUHD»,
CBUCAIOLWLAS C KOHLA 6eAKa, NoadeT
CUTHAA NPOTEACOME K AEVCTBUIIO,

N 1A APOBUT BEAOK HO MEAKUE
OCKOAKWN — AMUHOKUCAOTbI, KOTOPbIE
KAETKA MOXKEeT UCMOAb30OBATL MO
CBOEMY YCMOTPEHWIO.

AMUHOKMCAOTO —T
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BHOTEXHONOTHH

He 3HQAIIOT, BBIMOAHSIIOT AW 3TU CKOMAEHMS 3ALLUTHBIE GYHKLMN
(OHU KOHLLEHTPUPYIOT TOKCUYHBIE AAST HEMPOHOB BEAKM,
NPEAOTBPALLAS UX PACNPOCTPAHEHNE MO BCEM KASTKAM) UAK,
HAMPOTMB, CAYXXAT MPUYMHOM TMBEAN HEPBHbIX KAETOK. B Ao6om
CAyYae SICHO, YTO Y UICTOKOB BOAE3HM HOXOAMNTCS HEMPABUABHAS
YMNAKOBKO GEAKOB.

4YTO NPOUCXOAUNT C BEAKAMU MPU NAPKUHCOHU3ME

Y 6OAbHbIX TAPKUHCOHU3MOM MPOTEACOMHAS CUCTEMA HE paGoTaeT. B atom
CAy4ae HEMPABUABHO YNAKOBAHHbIE BEAKMU HOKAMAMBAIOTCS B KAETKE,
MOCKOABKY LUIAMNEPOHbI HE YCMEBAIOT MPUBOAUTL UX B HOPMY, O MPOTEACOMbI —
PACLLENASATb HO YOCTHU, N B KOHLLE KOHLLOB HENPOHbI NOrMbatoT. K Takomn
GHOMOAWNW NMPUBOASIT, B HOCTHOCTU, MYTALMMN B ABYX TEHAX, OAMH U3 HUX
KOAMPYET 6EAOK O-CUHYKAEUH (CAEBQ), APYTron — NAPKUH (Crpasa).

MyTQHTHBIN 6EAOK O-CUHYKAEWH MyTQHTHbIN 6EAOK NAPKUH

Lw (&
-
‘@
Mpoteacoma @
o @ "

— YOUKBUTUH

HenpasnAbHO
ﬂ YAOXKEHHBIN 6EA0K

| | 7
= -
el

| lpynna MyTaHTHbIX

Mpoteacoma
6enKkos

ﬂ Ckonaexne
CHOMOAbBHbIX

Tenbue
Nesn

Mornéwas
KAETKO ﬂ

Morn6was
KAETKA

Tenbue
Nesn

BonesHb MNapKMHCOHA MoXeT
BbI3BATb O4YEHb PEAKAS MyTALMS
BreHe 6eAKka O-CUHYKAENHQA.
MyTaHTHBIN 6enok NprobpetaeT
TAKYIO NPOCTPAHCTBEHHYIO
KOHGUrypaumio, Npu KOTOP O
NpPOTEACOMA HE MOXET ero
pacwenutb (@). AHOMOAbHbIE BEAKU
COoBUPaIOTCS B KAQCTEPDI — TAK
HO3blBAEMble TeAbLa AeBu (6). He 06pasytoT TeAel, Aesu,
BHAYaAE 3TV KAGCTEPbI AQIOT KAETKE N KAETKA BbICTPO nornéaet
HeKoTopble NPEenMyLLECTBA, U OHA 6).

nornéaet no3sxe, 4em B TOM CAyHae,

KOTAC HEMPABUABHO YNAKOBAHHbIE

BEAKN PACMPEAEASIOTCS MO BCEMY

HEVPOHY (B).

MyYTOHTHBIV NAPKUH He
MOXET MPUCOSANHATD
YBUKTUBUH K HEMNPOBUABHO
YNQAKOBAHHLIM BEAKAM

1 B PE3YALTATE OHU
n36eratoT pacLenAeHns
npoteacomamu (@). Takmx
6EAKOB CTOHOBUTCS B
KAEeTKe BCe BOAbLUe, OHU

KogupyeMblid 3TUM I'€HOM O€JIOK HE TOJIBKO «yCMUPIACT>
CJIMIIKOM aKTUBHBIC HEUPOHBI, PACIIOJIOKCHHDBIC B JAHHOM
06J1aCTH, HO, BO3MOXXHO, IPOHUKAET U B JPYI'HE MECTA, KO-
TOPBIE TOXKE BEAYT C€6 HECIIOKONHO.

TMoxxkanyit, HauboJsee KapPKast JUCKYCCUSI PA3BEPHYJIACH
BOKPYT BO3MOKHOCTH 3a4MEHBI HIOI'HOMUX KJIETOK HOBBIMU
IyTEM TPAaHCIIAHTALUHU. [Ipy 3TOM IIPEJIIONarajJoch Uc-
IIOJIb30BATh SMOPHOHAIBHBIE CTBOJIOBBIE KJIETKU M CTBO-
JIOBBIE KJIETKHU B3POCJIOIO OPTraHM3Ma, 3aIIPOrPAMMUPO-
BAHHBIC HA NIPEBPAIIECHUE B JODAMUHIPOLYLUPYIOUIHE
HEUPOHBL. MCTOYHUKOM dMOPHOHAIBHBIX CTBOJIOBBIX KJIE-
TOK JJOJIKHBI CJIy>KHUTb SMOPUOHBDL, IOJIYYCHHBIE B IPOOUPKE
Iy TEM UCKYCCTBECHHOT'O OIIOJOTBOPECHM A, — CETOIHA TAKOM
IIOJXO/] BBI3bIBACT PE3KOE HENPUATUE B CUITY €TO HEITHUY-
HOCTH. MCTIOJIb30BAHME CTBOJIOBBIX KJIETOK B3POCJIOTO OP-
FAaHU3Ma CUYUTAETCA OOJIEE IPUEMJIEMBIM, OJHAKO C HUMU
TPYAHO PabOTATh.

HecMOTpsA HA 3HAYUTENBHBIE YCIIEXU B UAECHTU(PUKALIUN
MOJIEKYJIAPHBIX IPOLECCOB, MOOYXKAAIOMUX Heaudde-
PEHLUPOBAHHBIC KJIETKH CUHTE3UPOBATDH JO(MAMHUH, HE-
U3BECTHO, JACT JIU TPAHCIUIAHTALUA JOJIKHBINA 3D PEKT.
J10 CUX IIOP BCE KIIMHUYECKUE UCIIBITAHUA C IIPUBJICUCHUEM
TIIATEIBHO PA3PA0OTAHHBIX METOJUK IIPOBOJUIHUCH C UC-
IIOJIb30OBAHUEM MATEPUAIA, B3ATOI'O OT IU10A4. IIpy TOM 4TO
COTHH TBHICAY TPAHCIUIAHTUPOBAHHBIX JO(PAMUHIIPOAYIU-
PYIOIINX KJIETOK YCIEIIHO NPHKUBAIUCD, [IOJTOKHUTEIbHBIE
(PYHKIIMOHAJIbHBIC U3MEHECHUSA ObLIN B JTy4IIEM CIydae yMe-
PEHHBIMHU U K TOMY K€ HECTAOUIbHBIMH, 4 KDOME TOT'O, Ha-
OJIIOIAITUCD CEPBE3HBIE TOOOYHBIE 3(PMEKTDI, B YACTHOCTU
JUCKUHE3NS (HEIPOU3BOJIbHBIE, HEPET'YISPHBIC JBUKCHUS,
OT KPATKOBPEMEHHBIX 1O MEAJCHHBIX BPAMATCAbHBIX).
O IIOJIHOLIEHHBIX UCIBITAHUAX HA YEJIOBEKE MOXKHO OyIeT
I'OBOPHUTD TOJIBKO TOTJA, KOIJld CTAHYT ICHBI IPUYHUHBI HE-
JOCTATOYHOU 3(PPEKTUBHOCTH TPAHCIUIAHTAILIMU U YCTPA-
HEHBI TOO60YHBIE 3(P(PEKTHL

Tem BpeMEHEM NPOJOJIKAIOTCA PA0OTHI IO YCOBEPILIEH-
CTBOBAHUIO METOJOB JICYCHUS, OTIIUYHBIX OT CTUMYJIALIUNA
IJIYOUHHBIX CTPYKTYP MO3I'd, a MMEHHO — IIOABEICHUE UM-
IYJIbCOB 3JIEKTPUUECKOTO TOKA. HECKOIBKO MeCALeB Ha3a/1
Credan Manbhu (Stéphan Palfi) us rocnurans @peaepuka
JKonmo npu nenrpe CEA B Opcu COOOIINIL, YTO MATKASI CTU-
MYJIALMASA HOBEPXHOCTH I'OJJOBHOT'O MO3ra OOJIEIYaeT CO-
CTOSTHHUE MTABUAHOB C CUMIITOMAMHU 60/1€3HH [TapKUHCOHA.
Certyac BO PpaHIMU U IPYIUX CTPAHAX UJAET IIOATIOTOBKA
K KJIMHUYECKUM UCIBITAHUAM 3TOI'O METOA.

HTak, HECMOTPS HA TO, YTO MHOI'OE B 3THUOJOTUU U Ma-
TOoreHese 60Jie3HU [TApKMHCOHA OCTAETCSA HESACHBIM,
YCIEXH, JOCTUTHYTBIE 34 OCJAECAHUE IOl B U3YYCHUU
3TOM MATOJIOTHHU HA KJIETOYHOM, MOJIEKYIAPHOM U I'€HE-
TUYECKOM YPOBHAX, BCEAAIOT OOJbIINE HALCKIBL B cOo-
4YeTAaHUU C TPAJULIMOHHBIMUA METOAAMHU JICYEHUS HOBBIE
OJXO/Jbl, HECOMHEHHO, O0JIEr4aT COCTOSSHUE MHOI'MX
OOJIBHBIX M NPEJOTBPATAT NPOIrPECCUPOBAHUE MYUH-
TEeJIbHOTro Heayra. W

B Mupe Hayku
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BILL PROUD (photograph); DIGITAL MANIPULATION BY SLIM FILMS

APXEONOTHA

UIIb HE3HAYUTEJIBHBIA OTPE-

30K UCTOPHHU YEI0OBECYECTBA

M3BECTEH HAM MO INHUCbMEH-
HBIM UCTOYHHMKaM. O 601bIIEH XKe ee
YaCTU MBI MOXEM CYIUTDb IJIABHBIM
00pa30M IO JAHHBIM d4PXCOJIOTHUU.
KponoTinuBo UCCIENOBAB PYUHEL, 4p-
TE(MAKTBI U OCTAHKH, YYEHBIM y14710Ch
PEKOHCTPYUPOBATH KAPTUHBI KU3-
HM YEJIOBEYECTBA, CYIECTBOBABIIECTIO
TBICAYHU U AKE MUJIIMOHBL JIET HA34/.
OJHAKO ropasjio CJIOKHEE OKA3aJIOCh
BBIABUTD IIPOLIECCHI, TOPOXK/ABIINE
U (pOPMHUPOBABIIHE 3THU COOOIIE-
cTBa. MccaenoBarenu no-mpexHemy
MBITAI0TCA NOHATD JJIMHHYIO LEIIOYKY
NPUYUH, CIEJCTBUI U CIy4aMHOCTEH,
NPOTAHYBIIYIOCSA OT HAIIMX YeJIOBE-
KOOOPA3HBIX IIPEAKOB, JKUBIINUX 4 MJIH.
JeT Ha3aJ (3TO ObLIM HEOOJNbIINE
CTa/a IPAMOXOAAIIUX IPUMATOB, HE
MMEBIIUX KAMEHHBIX OPYAHUIL U €/1Ba
JIM YMEBIIHUX XOPOMIIO I'OBOPUTD), —
U 1O COBPEMEHHBIX HAPOJAHOCTEH
U KyJIbBTYD.

C NOABIECHUEM KOMITBIOTEPOB apXe-
OJIOT'M HA4YaJIM IIPOBOJUTD IKCIEPHU-
MEHTBI 110 MOJE/IMPOBAHUIO, IIBITAACDH
pa3o6paTbCs B IPEBHEHINEN UCTO-
puu yenosedecTsa. JIOrnka BeCbMa
MPOCTa: BBl UMUTHPYETE MIPOLLECCHI
pocCTa NONYNSALUN U UCIOJIb30BA-
HHsA PECYPCOB, 3d4TEM CPABHHMBACTEC
BBIBO/JIBI KOMIIBIOTEPHOU MPOTPaM-
MBI C A4PXEOJIOTUYECKUMHU JAHHBIMU.
B 70-x IT. 6pU12 IPEANPUHATA OJHA U3
MEPBBIX NOJOOHBIX PA6OT, p€Yb UAET
06 U3BECTHOM HUCCJICJOBAHUY I'MOEIN
KJIACCUYCCKOU IIUBUJINU3AIUN MANS,
koTopad ¢ IV 1o IX B. Hamemn 3pol JO-
MHUHHMPOBAJIA HA OOMUPHOU TEPPUTO-
pUH, IPOTAHYBIICHUCA Yepe3 MEKCUKY
u LlenTpanbHyio AMEpUKY. YYEHbIC U3
MaccagyCceTCKOro TEXHOJIOIUYECKO-
o UHCTUTYTA CTPEMUJINUCDH BBIABUTD
B3aUMOCBA3M MEXKAY TAKUMU II€pe-
MEHHBIMH, KaK 00Iasd YUCICHHOCTD
HACEJICHUS U TEMIIBI BO3BEACHUA KYJIb-
TOBBIX COOPYXEHHUN. HO MOCKONBKY
B UCCIEJOBAHHUU UCHOJb30BATHUCH
COBOKYIIHBIE JJAHHBIC, OHO HE [JaBaJIO
HUKAKOH MH(MOPMALIUK O IPOCTPAH-
CTBEHHBIX 3dKOHOMEPHOCTAX, HAIIPHU-
MEDP, O TOM, B KAKUX PAHOHAX CEIbCKO-

XO3AUCTBEHHAA ICATCIBHOCTD MAlA
ObL1a HAUOOJIEE IPOAYKTUBHOIL.
OAHAKO B MOCJIEHUE TOABI MOAB-
JIEHUE A3BIKOB IIPOrPAMMUPOBAHUA
HOBOT'O TUII4 1aJI0 TOJIYOK K 60s1€ee jie-
TAJIbHOMY MOJEIUPOBAHUIO JPEBHUX
0611eCTB. OObEKTHO-OPHUEHTHUPOBAH-
HBIE A3BIKH IIPOIPAMMUPOBAHUA (Ta-
KME KaK, HalIpUMeEp, Java) HO3BOJIAIOT
HUCCIEJOBATEIIAM CO3aBATb MOJEIH,
KOTOPBIE HMUTHPYIOT COBOKYIIHOCTD
B3AUMOJEUCTBYIOMUX APYT C JPYIrOM
XO3AHUCTBEHHBIX CJUHULL, IPEACTABIIA-
IOIIUX OTAEIbHBIE CEMEMHDBIC 3€MJIEB-
JIaJCHU S, PACIIONOXKEHHBIE HA HEKO-
TOpOH TeppuTopuu. Ilonodnas cxema
JA€T BO3MOXHOCTDb IIPOCJIEKUBATD
BO3HHKHOBEHHE COIO30B, 4 TAKXKe 06-
MEH peCcypcamMu WU MHMOPMAIIUEH.
TIporpaMMUCTBI MOI'YT 34JaBATh PsiJL
OTPAaHHUYECHUH, ONIPEAEIAIOMNUX Xa-
paKTep AEATEIBHOCTH BUPTYAIbHBIX
XO3AHCTB, KOTOPBIE, OHAKO, OOIaaloT
CIIOCOOHOCTBIO U K CAMOOOYUECHHUIO.
Hammu cxeMbl BOCCO3JAI0T JIPEBHEH-
MIYIO UCTOPHUIO I0ro-3anajaa CeBepHON
AMepuKH, B OCOOEHHOCTH paHoHa
«4ETBIPEX YIVIOB», TIE CXOAATCH TEP-
puTOpuHU MTATOB ApuU3oHa, Hpio-
Mexkcuko, Konopazno u fOra (cm. pesxy
Ha cmp. 68). JTaHHBIH PETHOH, POINHA
JPEBHUX MHJCUCKUX HAPOJHOCTEM ITy-
3610 (MHOTZAA HA3bIBAEMBIX AHACA3M),
obJ1aiaeT OAHOU M3 3HAMEHUTENUIINX
APXEOJIOTMYECKUX JIETOINCEN B MUPE,
B OCOOCHHOCTH 32 TBICAYECJICTHUH IIe-
pHOJ, IPEAIIECTBOBABIIUN OABIIE-
HUIO 3/1eCh UCIaHLEeB B X VI B. Kyabrypa
my36710 JOCTUIJIA BEPIIHUHBEI CBOET'O
passutusd B XI-XII BB., 3/1eCh 6BUIN TTO-
CTPOEHBI YHUKAJIbHBIC HA3€MHBIE U I1€-
LIEPHBIE FOPO/A, ONHAKO K KOHILY 3TOT'O
nepuo/ia ny3610 HEOKUJAHHO MTOKU-
HYJIA CBOH ITOCEJICHU A U MUT'PUPOBAIN
HA IOT' B LICHTPAJIbHYIO ADU3OHY, 3aa/l-
HbIN HbI0-MEKCUKO U CEBEPHYIO YaCTh
JIOMUHBI peknu Puo-I'panne.
AHanM3UPys TOJAUYHbBIC KOJIbIA HA-
JEHHOU IIPU PACKONKAX JPEBECHUHBDIL,
APXEOJIOI'M MOI'YT AOCTATOYHO TOYHO
JAaTUPOBATb BPEMS IOCTPOHKH I1OCE-
JeHun. Kpome Toro, mo cnuiam aepe-
BBCB, IBUIBIIC 1 OCOOECHHOCTSAM MECT-
HOI I'€OJIOI'MH NaJICOKJIHUMATOJIOTH

MOI'yT OIPEAENATh TEMIIEPATYPHBIN
PEXKUM U KOJIHMUYECTBO OCAZAKOB B TOT
WJIM MTHOU IIepro/J. B HacTodmee Bpems
Yy HAC €CTh [1Ba IPOEKTAd UMUTAIIMOH-
HOI'O MOJEJIMPOBAHHUA, OCHOBAHHOT'O
Ha UCIIOJB30BAHUU XO3IHUCTBEHHBIX
CAVUHUI, C TOMOIIBIO KOTOPBIX MBbI
MBITAEMCA PEKOHCTPYHUPOBATb pacce-
JIEHHUE MHJICHUIIEB NTY26JI0 U XapaKTep
3C€MJICIIOJIB30OBAHHUA B JOJTMHEC JIoHr-
Xayc B ApU30OHE U B IICHTPAJIbHOU
4acTH 1maaro Meca-Bepae. JJanHbie
HUCCICAOBAHUA ITO3BOJIAT HAM JIYyYIIC
TIOHATD )KU3Hb IPCBHUX UH/CUIICB ITy-
3610 U, BO3MOKHO, IIPOJBIOT CBET HA
NPUYMHY TAMHCTBEHHOMN KATACTPO-
(pBI, TOTTTOTUBIIEN UX ITUBUIIN3AIIUIO
oxosio 700 yieT Ha3az.

BuptyaabHasa uctopus

Jonuna Jlonr-Xayc, paCKUHYyBIIAd-
¢ Ha 180 KB. KM HAa CEBEPO-BOCTOKE
Apusonsbl, 6bl1a 3aC€JICHA UHACHIA-
MU 11y36J10 NpUOINU3UTENBHO € 1800 T.
10 H.3. U BILJIOTH 710 1300 1. H.3. VK€ Ha
NPOTSKEHUU LIEJIOTO CTOJETUS TAM
BCAYTCA MHTCHCHUBHBIC APXCOJIOT'U-
JecKkue paboThl. 3a nocjieHue 25 1er
VH9aCTHUKHU MCKIUCITUIIJIMHAPHBIX
rpynm, Bosriaasnagembx Jxxedpu
Ounom (Jeffrey Dean) us na6oparo-
Py UCCICAOBAHUA I'OJUYHbBIX KOJICIT
JAPEBECUHBl ADU3OHCKOTI'O YHUBEDP-
CUTETA, B AETANAX PEKOHCTPYUPOBA-
JIX IPUPOJHBIC YCIOBHUS TEX BPEMEH.
OCHOBBIBASICh HA AHAJIN3E 3AaKOHOMEP-
HOCTE! BBIIAJEHUSA OCAAKOB, (PIYKTY-
AIIMHA YPOBHSA MOA3CMHBIX BOJI U ITU-
KJIMYHOCTH 3PO3UU U OOPA3OBAHUSA
OTJIO)KCHI/II;I7 YYCHBIC OITICHUJIN ITOTCH-
LUAJIBHYIO YPOXANHOCTD KYKYPY3bI
C KaXKJOTO I'eKTapa JOJIHUHBI 34 KaXkK-
apiriroz ¢ 400 go 1450 1.

Hama monens gonunsel JIonr-Xayc
OCHOBAaHA HA UMUTHPYIOLIECH BUPTY-
AJIbHBIC XO35HUCTBEHHBIC COMHMUIbI
KOMIIBIOTEPHOI MPOTPAMME, CO3/IAH-
HOH [Ixkomya DnmTeitHoM (Joshua
Epstein) u Po6eprom DKCTEIIOM
(Robert Axtell) U3 UHCTUTYTOB
bpykunrca n Canra-®de. Mbpl Ha4a-
JIL C TOTO, YTO IIEPEHECIU HA DJICK-
TPOHHYIO KapTy JOJHUHBI HH(POPMA-
IIUIO O IPUPOAHBIX YCIOBUAX TOTO P

B Mupe Hayku
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APXEQNOTHA

BPEMEHU, 3A4TEM B CJIYIaHHOM IIOPAAKE
Pa3MECTUIIN HA HEH XO34UCTBECHHBIC
E€IMHMILBL, KAXK/IOU U3 KOTOPBIX ObLI
33/1aH pAJ] TAKUX XAPAKTEPUCTHUK, KAK,
HaIIpUMEDP, NOTPEOHOCTH B MHUINEBBIX
npoaykrax. Heo6xoiumble CBEECHUS
ObLJIM IIOJIYYEHBI HA OCHOBE 4PXEO0-
JIOTUYECKUX HUCCACIOBAHUM, 4 TAKXKE
IO PE3YIbTATAM 3THOTPA(PUUIECKUX
JAHHBIX O COBPCMCHHBIX ITPCACTABU-
TEJNAX NIy30JI0 U APYIUX I'PYIIIL, JKU-
BYIIMUX HATYPaJbHBIM XO3AMCTBOM.
McxogHas MOZEb IPEAIIONArana, YTo
CPENHECTATUCTUYECKOE CEMEHUCTBO
COCTOSIJIO U3 IISATH YEJIOBEK, KAXKbIN
UX KOTOPBIX yHoTpeOIAI B UMY I10
160 KI' KYKypy3bl B I'OJl, IPUYEM HC-
MMOJIb30BATH MOXKHO ObIIO UMb 64%
MNOTEHLIUAIBHOTO YPOXKaAA (C YYETOM
yimep6a OT I'PbI3YyHOB, HACEKOMBIX
M T.IL), d HA XPAHEHUE OCTABAJIOCD JIO
1,6 TBIC. KI' KYKYPY3HOT'O 3€pHA.

B nporpamme ObLIH 3a7105KEHBI TPO-
CTBIC IIPABUJIA, YIIPABJISIONIHE JKU3HBIO
BUPTYAJbHOI'O IIOCEJIEHUA. B yacTHO-
CTH, ECJIN OKUJAEMBIIN YPOXKAN B COBO-
KYIIHOCTH C 32I14COM 3€PHA OKA3bIBAJI-
Csl HHDKE 06'beMa, HEOOXOAMMOIO A1
CYHIECTBOBAHUA CEMbH, XO34UCTBO Ie-
pEMEIANOCh HA APYTOM y4aCTOK B JO-
nanHe. Korpa goups gjocrurana 15 ger
U IIPCATIOIaraaoCh, YTO OHA BBIXOJAUT
3AMYX M IIOKU/AET POJUTEIbCKUN
JIOM, CO3/1aBaaCh HOBAA «(pepMar;
CEMbd JOJKHA YKUTHb HE JaJIc€ OJHO-
o KMJIOMETPA OT CBOUX MOJEN U KAK
MOJKHO OJIMKE K UCTOYHUKAM BO/IbI
u .4 IIporpamma no3poJsisana 3aJaBaTb

U HEKOTOPBIE JPYIU€ NEPEMEHHBIC,
TAKHUE KAK POKIAEMOCTD, IPOJOIKU-
TCABHOCTD JKU3HU U IP.
MozennpoBaHHE ITOKA3aJI0, YTO Pac-
MOJIOKEHUE U PA3MEPBI HOCEIEHUH,
A TAKXKC BPEMCHHBIC KOJICOAHUS YUC-
JICHHOCTH HACCNECHUA (CM. 8De3Ky Ha
cmp. cnpasa) B 3HAYUTEIILHON CTEIICHU
OIIPCACIAIUCh NTPUPOJHBIMUA YCIIOBUA-
MU. BupTyasbHble IOCEICHUA PACIIO-
JIATAJIMCh IOYTHU B TEX JKE MECTAX, UTO
U NO/IJIMHHBIE JIOM4, OOHAPYKEHHbIC
U JATUPOBAHHBIC APXEOJIOI'AMH B [JO-
nuHe Jlonr-Xayc. OQHAKO UCXOQHAA
MOZEJIb OTIIMYAJIACh OT PEAJIBHOCTH
B OJHOM CYIIECTBCHHOM OTHOIICHUM:
COINIACHO MPOrpaMMe, YUCJIECHHOCTD
HAaCeJICHUA JOJIKHA Oblila ObITh IIPHU-
MEPHO B IIECTD PA3 6OJIBIIE, YEM TA, YTO
MOJIy4Y€eHA U3 APXCOJIOTNYECKUX HCTOY-
HUKOB. OJHAKO KOI/Ia MBI BHECJIH MO~
MPAaBKYy HA CTENEHb NPOAYKTUBHOCTH
3EMJICJC/INSA C YUYETOM YPOXKAMHOCTH
JOPEBHUX COPTOB KYKYPY3bl U HM3ME-
HUINU POXKIAACMOCTD U ITPOJOJIKHUTCIIb-
HOCTbD )KM3HHU, TO NIPEACKA3bIBACMAs
IJIOTHOCTDB HACCJTICHUA IMOAO0IIIA I'O-
pasno 6MKe K PAKTUIECKOM.
I/ICCIIC,IIOBQ.HI/IH TAKIKC BBIABUIU IpPA-
MATHUYCCKUC ITOCICACTBUA YXYAIICHUA
NPUPOAHBIX yCJ0BUM B KOHLE XIII B.,
KOT/la JJINTEJIbHAA 34CyXa COBIIAIa
C IIAICHUEM YPOBHS I'PDYHTOBBIX BOJI.
KosimgecTBO BUPTYAJIbHBIX XO3AUCTB
ynano ¢ 6onee yem 200 B 1250 1. npu-
MepHO A0 80 yepes nonaseka. OJHAKO
APXCEOJIOTUYECKUE JAHHBIE TOBOPAT
0 TOM, yTO nocie 1300 r. gonmua JIoHr-

OB30OP: BUPTYAAbHAS APXEOAOTUA

® C MOMOLLbIO COBPEMEHHbIX KOMMbIOTEPHBIX MPOrPAMM, 6EPYLLMX 30 OCHOBY
BUPTYOAbHbIE XO39MCTBEHHBIE EAVHMLLbI, APXEOAOTM CO3ACAU MOAEAU, HOMASIA-
HO MOKA3bIBAIOLLME, KAKOE BAUSIHME MPUPOAHbIE YCAOBUS OKA3AAN HO UCTOPUIIO

MHAENLLEB MYy26A0 Ha toro-3anaae CLUA.

B MOAEAM MOKA3bIBAKOT, YTO TAMHCTBEHHOE MCYe3HOBEHMe HaceAeHWs Meca-
BepAe 1 APYrUX MECT HEeAb3s1 OBBLSIICHUTE OAHOM AULLL CYPOBOMN 3ACYXON, CAY-

ympLuencs B koHue Xl B.

B YTOObl OLEHUTb POAb ARYTMX GAKTOPOB, MOBAUSIBLUMX HA XWN3Hb MHAENCKNX
NAeMeH, NCCAeAOBATEAN CTPOIT HOBble MOAEAN, KOTOPbIE AEMOHCTPUPYIOT
NMOCAEACTBUS OXOTHUYbETO NMPOMbBICAQ, 3ATOTOBKN APOB, A TAK)KE TAKNE KYAb-
TYPHbIE MPOLLECChI, KOK TOPTOBAS M OBMEH MOAQPKAMMU.

XayC NPakTUYECKHU COBEPIIEHHO OITy-
crena. [IpupojiHbIE YCIIOBUS B TO BPEMSI
BITOJTHC MOTTIU 6Bl O6ECIICYUTD KU3Hb
HEOOJIBIION T'PYIIIIBI, OJJHAKO K TOMY
BPEMEHM BCE MH/ICHIIBI ITy36J10 JIMOO M0~
ru6JU, MO0 YIIIN U3 3TOH MECTHOCTU.
MBI MOKEM JIUTTb 3aKIIOYUTD, YTO, O
BCEH BEPOSITHOCTH, COKPAIIICHUE YHC-
JIEHHOCTH HACEIEHU S ObLJIO OOYCIIOBIIE-
HO €I11€ KAKUMU-TO (DAKTOPAMU — COLIH-
OTIOJIUNTUYCCKUMU, U/ICOIOTUICCKUMHU
WU IPUPOJHBIMU, — HEC YITCHHBIMHA
B HaIIeH Mojenu. Bo3MOXKHO, TOO/
BBI3BAJT ATTUJICMUU, UJIU OCTABIIUCCS
I'PYIIIBLIIOAEI HE MOIVIM 6051€€e NOAAEP-
JKHBATb CBOH KYJIBTYPHBIC WJIH PCIIUTH-
O3HBIE UHCTUTYTHI U IIPUHSIN PEIICHHUE
MOKUHYTh JIOJTUHY.

OT 3eMASIHOK K «G0AbLUMM
AOMOM?»

B KOMIJIEKCHOM 3KCIEPHUMEHTE, Ha-
4aTOM B MHCTUTYTE CanTa-Pe, moae-
JIMPYETCA APEBHSASA UCTOPUA I0I0-34-
nagnoro Konopapgo. bonpmas 4acTb
paroHa M3HAYAJbHO IIPEACTABIIANA
COOOM OTKPHBITBIEC IPOCTPAHCTBA, 34-
POCIINE MOJIBIHBIO, KOC-TAE MOKPLITHIC
PENKUMU COCHOBBIMH U MOKIKEBEJIO-
BBIMU JieCaMU. JIIOAU 34CENUNHU 3THU
MEeCTa IPUGIU3UTEIBHO OKOJIO 600 T,
B IIEPHOJ, KOTOPBIA apX€OJIOTU Ha-
3pIBAIOT 11l 3IIOXOM IJIETEHUA KOP3UH.
CeMbH NEPBBIX ITOCEJICHLIEB OOUTAIN
B JKMJIMIIAX, HAIIOJIOBUHY 3aITy6JICH-
HBIX B 3€MJIIO — HUJKHHUE YACTU CTCH
IUIABHO NEPEXOAMIIN B KPasl HEITIyOO-
KUX AM. 3EMJISHKU ObLIM CTPYIIIAPO-
BAHBI B MAJICHbKUE ITIOCEIKU, KOTOPBIE,
B CBOIO O4Y€pe/ib, OO'BEIUHSINCH B HE-
OOJBIITHE OOIMUHBL. MsICO, JOOBITOE HA
0XOTeE, OBLJIO TAKOM )K€ BAYKHOM YACTHIO
UX PALIMOH4, KAK U HPOAYKTHI 3eMJIC-
Jgenus. IlepBonpoxoaes XKaaa yCIex,
32 HUMH OCJI€JOBAJIM HOBBIE MUT'DAH-
TBI, 3d CYET UX IIPUTOKA YUCJICHHOCTD
HA4CEJICHUS OBICTPO POCIA, 4 BMECTE
C HEM MEHAJICA M XAPAKTEP ITOCEJICHU.
C xonna VIII B. 34€Ch HAYAIU ITOAB-
JIATBCS IEPEBHU C COTHSAMU JKUTENEH,
a KKOHIY IX B. HEKOTOPBIEC ITOCEIKHU
CTAJIN €lIe KPyIIHee. Mbl CTPEMUJIMCh
MOHATD, IOYEMY JIIOJU MOCEIUIHUCD
MMEHHO TaM M TOrJa. beijno au 1o
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JIOHCTOPHYECKHE BINETHI H NAJEHKA

|<0M|-|b|orepHcm MOAEAb BOCMNPOU3BOAUT PACMOAOXKEHHYIO HO CEBEPO-BOCTOKE LUTATA APU3OHA AOAMHY AOHT-Xayc,
rA€ MHAEMLBI My30A0 XUAK NpuMepHO € 1800 T. A0 H.2. A0 1300 T. H.3. IMUTUPYS NPOLECChI 3EMASAEANS N XAPAKTEP
MOCEAEHWS], YYEHBIE MbITAOTCSI OOBSICHUTL, MoYeMY OKOAO 700 AeT HA3aA MHAENLI MTY3OA0 HEOXKUAOHHO MOKUHYAU AOAUHY.

1170 ropa

BbICTPAMBAS MOAEAL, NCCAEAOBATEAN BBEAWN B HEE ACHHbBIE,
KacaloLWmMecs NPUPOAHbBIX YCAOBUN — KOAUYECTBA OCAAKOB, KOAEBAHWS
YPOBHSI MOA3EMHBIX BOA U T.A., MPUBSI3CAB UX K SASKTPOHHOM KapTe
AOAMHBI. [POrPAMMA B MPOU3BOABHOM MOPSIAKE PA3MECTUAC HO
KAPTE OTAEAbHbIE XO3SIMCTBA U MPOCAEXKMBAET X NepeMeLLeHMs]
B MOUCKAX 6BOAEE MOAXOASLLEN 3EMAU AAS BbIDALLMBAHMS KYKYPY3bl.
Moaenb oTMe4aeT CKONAEHME HOCEAEHMS BAOAb CEBEPO-3AMAAHOM
rPAHULLI AOAUHBI K 1170 T. H.3., YTO COOTBETCTBYET BbISIBAEHHOMY
QAPXEOAOTaMU PEAABHOMY PACMPEAEAEHUNIO MOCEAEHNIN (BBEPXY
CAEBQ). XOTS1 BUPTYAAbHbIE MOCEAKM CTOSIT Ky4Hee, YeM HaCTosIwme,
MECTOMOAOXEHNE CAMOTO KPYMHOTO MOCEAEHWS B MOASAU AVLLb HO
100 M OTCTOWUT OT COMbIX OOABLLMX B AOAVMHE PA3BAAMH, HO3bIBAEMbIX
AoOHr-Xayc, 1.e. «AAVHHBI AOM» (BBEPXY).

K1270 1. 2p031s NAXOTHOM MOYBbI 3ACTABASIET BOOOPAXKAEMbIE
XO3SMNCTBA MOKNHYTb IOXKHYIO HOCTb AOAMHBI, YTO OMSITh K& COoBNAaAdeT
C OPXEOAOTNYECKNMU AQHHBIMY (TOCepeanHe CAeBq). B nocaeaytowme
roAbl, OAHAKO, PACXOXAEHUST MEXAY BUPTYOABHOWN 1N PEOAABHOW )KU3HbBIO
YCUAMBAIOTCS. B MOAEAM NOpeaeBLLEe HOCEAeHWE NepexmBaeT
3ACYXY: B AGVICTBUTEABHOCTU XK€ BCE OBUTATEAN AOAVHBI MCYE3AN
K 1305 1. (BHM3Y CAeBQ). YHEHbIE BHECAM B MPOrPAMMY HEKOTOPbIE
KOPPEKTUBbI — U KOAMYECTBO BUPTYAABHbIX XO35MCTB NPUOANIUAOCH
K AENCTBUTEABHOCTW, OAHAKO NocAe 1300 . X YUCAO BCE PABHO HE
coBnaaaeT (BHM3Y). BOZMOXHO, BbDKMBLUME NHAENLLbI Ty3OA0 MOKUHYAN
AOAVNHY BCAEACTBNE HEKNX COLMOMOANTUYECKNX NAU MAEOAOTNYECKIMX
dakTopos.

1305 roa

240,
B PeanbHas cutyaLms
I Moaenb

160

801

KoanyecTso cemen

800 900 1000 1100 1200 1300
foa

B Mupe Hayku 65



APXEQNOTHA

OB ABTOPAX:

Tumotu Koaep (Timothy A. Kohler),
Axopax lammepmaH (George J.
Gumerman) n Po6epTt PenHoAaAC
(Robert G. Reynolds) MCNOAb30OBAAM
CBOW PO3HOCTOPOHHKME TAAQHTbI 1 3HA-
HUS AAS PELLIEHUS NPOBAEMbBI MOAEAU-
POBAHUS ApeBHUX OobLLecTs. KoAep -
npodeccop kadeppbl AHTPOMOAOTNM
YHUBEPCUTETA LUTATA BALLMHITOH 1 HO-
YYHbIN COTPYAHMK APXEOAOTMYECKOTrO
LleHTPa KOHbOHAO Kpoy B KopTtese, wtaT
Konopaao, — 6oaee 20 AeT npopa-
60TaA Ha toro-3anaae CLIA, npexae
BCEro B toro-3anapHom Konopapo
M CEBEPHOM YACTU AOAUHbBI peku
Prno-fpaHae B wrarte Hbto-MeKkcuko.
faMmmepMaH, 1.0. Npe3naeHTa LLUKOABI
AMEPUKAHCKMUX NICCAEAOBAHUI B CAH-
Ta-Qe, 3aHMMaEeTCs apXxeoAornen
HO toro-3anaae yxe 6oaee 30 net
1 OnNyBANKOBAA 6oAee 20 KHUT Ha 3Ty
Temy. PEMHOAAC — Npodeccop BbI-
YNCAUTEABHbIX CUCTEM YHUBEPCUTETA
YaMHA ¥ HAYYHbI COTPYAHUK My3es
AHTPOMOAOTUN NPU MUYUTAHCKOM
yHuBepcurtete B AHH-Ap6op. OH Ha-
MUCAA ABE KHUMM M MHOXECTBO CTATEN
MO KYAbTYPHbIM QATOPUTMAM. ABTOPbI
BbIPAXKAKT BAAroAQPHOCTb 3Q MOA-
AEPXKKY HAQUMOHOABHOMY HAYYHOMY
doHay CLUA.

CJICACTBUCM 9KOHOMHWYCCKUX ITPCUMY-

MIECTB JAHHOW MECTHOCTU? Mau BO3-
HHUKJIA IOTPEOHOCTD B KOJIEKTUBHOM
o060poHe?

Bce cenenus 6bUIM IOKUHYTBI OKO-
710 900 T, Korga 6OABITUHCTBO UH/ICH-
1E€B Y2010 YIUIO C HACUYKEHHBIX MECT.
ToMy MOTJIO OBITH /IBE BO3MOKHBIE
NPUYHUHBL: HCYE3HOBECHUE OKPECTHBIX
JIECOB U 4Yepea XOJOJHBIX U 3aCyHI-
JIMBBIX J1€T. (B HOpMe KMMaThuyecKue
YCJIOBHUSA 3[€Ch BAPbUPYIOT OT TEILJIOU
CYXOM ITOT'O/1bI JIO TIPOXJIA/THOM U BJIAK-
HOM, 4 XOJIO/ M 34CyXa CO34aI0T 3Ha-
YUTEIbHBIE IPOOIEMEI JIJISI MECTHOT'O
3EMJICJICIINS, KOTOPOE UCIIOJIb3YET €CTE-
CTBEHHBIE OCAJKH, 4 HE HCKYCCTBEHHOE
opomeHue.) B X—XI BB. yCnoBUsA 114
CEJIbCKOXO3ANUCTBECHHOM JEATECIbHO-
CTH YIYYIIUIHUCH KAK B 9TOH MECTHO-
CTH, TAK U II0 BCEMY CEBEPY PEIMOHA, U
YUCJICHHOCTD HACEJIEHUS CHOBA Ha4aJIa
MEJIJIEHHO BO3PACTATh. B 3TOT nepuon
BCe 6OJIbIlIEE 3HAYCHUE IIPUOOPETAIO
pasBecHUE OJJOMAITHEHHOM UH/ICHKH.
BonpmMHCTBO MIOAEH NO-NIPEKHEMY
JKWJIO B HEOOJIBIINX ICPEBYIIKAX, CIPYII-
MMMPOBAHHBIX B OOIIMHEL, LIECHTPAJIbHBIC
MOCEICHUA KOTOPBIX K KOHILY XI B. cTa/11
KpyIIHEE ¥ MHOro4ucieHHee. IToxoxe,
YTO HA XAPAKTEP 3aCTPOUKH MHOTHUX U3
HHX OK432JI1 BJIMAHUSA CJIOKHO OPrdHU-
30BAHHBIC IIOCEJIKU UHIEHUIIEB ITy36J10
B KaHbOHE YaKO K IOT'y OT 9TUX MECT, Ha

MNellepHble ropOoAQ BO3HUKAM B
Meca-Bepae B cepepnHe Xl B., koraa
VIHAELAM Ny36A0 NOTPEOOBAANCH
60oAee HOAEXKHbIE YKPENAEHMSI.
OaHako k 1300T. 3T NOCEAEHNS BbIAM
MOKMHYTbI.

CeBEpPO-3aI1aJiec COBPEMEHHOI'O MITATA
Hpro-MeKCHUKO. B HEKOTOPBIX CEICHUAX
KonopaJo BCTpeYaroTcs: TaK HA3bIBAC-
MBI€ «OOJIBITUE JIOM2» — CTPOCHHA B HC-
CKOJIBKO 3TAKEM C MHOI'OYHCIEHHBIMHU
KOMHAT4MM, KOTOPBIE IIOXOKH CKOPEE Ha
HOCTPOMKHU B YaKO, 4eM HA MECTHBIN AP~
XUTEKTYPHBIA CTUJIb. B cepeaune XIB.
Ha JJAHHOU TEPPUTOPHUH NOABIAIOTCS
Y4aCTKH, OTOPOKEHHBIC YACTOKOJIOM, —
BO3MOJKHO, p€Yb UJIET OO0 OOOPOHUTEb-
HBIX COOPYKCHUAX, IOCTPOCHHBIX J1JIA
CONPOTUBJICHUSA SKCIIAHCUH CO CTOPO-
HbI YaKO, KOTOPOE, BIIPOYEM, OKA32JI0Ch
B KOHCYHOM CUCTC HCYJAYHDBIM.

«bonpmue JomMa» nepecTaim CTpo-
UTb OKOJIO 1135 1, KOrma Ha4amsach Cy-
poBas 3acyxa, IPOAIUBIIANACS 45 JICT.
JloBeAECHHBIE /IO OTYASTHU A JTIO/IUA CTAJIA
KpaliHe )KECTOKUMH, BO3MOKHO, JIEJIO
JOXOJMJIO JaKE N0 KAHHUOAIU3MA.
TTIJI0THOCTD HACEJIEHU A HECKOJIBKO CHU-
3MUJIACH, OJIHAKO XaPAaKTEP MNOCEICHUN
COXPAHMJICA IPEKHUM: BOKPYT LIEHTPA
OBIIMHBI I'PYIIITHPOBAJINCH HECKOJIBKO
Hebonpmux AepeseHb. K konny XIII B.
OGOJIBIIMHCTBO HAMOOJIEE BA’KHBIX I10-
CEJIKOB IEPEMECTHUIIOCH B MECTA, O0JIee
MNPUTOJHBIE JJI1 OOOPOHBI — B YCTbs
KAaHBOHOB UJIM B PACCCIIUHDBI;, IIPpU-
MCPOM MOTYT CIHYXHUTb 3HAMCHHUTBIC
NEemEPHBbIE TOPOJd B HAIIMOHAJIBHOM
napke Meca-Bepae. Kak 1 mosciony Ha
TEPPUTOPUHN CeBEpPHOIo IOro-zanajaa,
JIXOOW UCYEC3JIM M3 9THUX MCECT B KOHIIC
XIII B., KOI/1a ITOCJIEIHUE U3 HUX, CITACa-
SACh OT HC6.TI3I‘OHpI/I$ITHI)IX KJIMMaTHu4e-
CKHX YCJIOBI/Iﬁ U [APUBIICTO HACUJINA,
6erxanau B YCThA KAHBOHOB HA IOI' 1 HA
BOCTOK. OJJHAKO NPUYUHBI PE3KOI'O
HUCYC3HOBCHUA HACCJICHUA 1O CUX ITOD
OCTAIOTCA OAHOM U3 KJIACCUYECCKUX AP-
XCOJIOTUYECKUX 3aI'aJJOK.

Hama mozmenb OXBaTbIBACT PANMOH
101 aapo0 B 1800 KB. KM K CEBEPO-3a-
najay OT HalJMOHAJIbHOTO napKa Meca-
Bepae. Mebl pasaenunn BUPTYaJIbHBIN
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TIMOTHY A. KOHLER, C. DAVID JOHNSON AND JASON A. COWAN Washington State University

APXEONOTHA

gapgmadT Ha 45 THIC. KBAJPATHBIX
Y4aCTKOB CO cTopoHOou 200 MeTpPOB
U 3214714 IIOTCHIIUAJIbHYIO yPOXKaTi-
HOCTB KYKYDPY3BbI I KOXKJIOI'O U3 HUX
C y4E€TOM THIA IIOYBBI, BBICOTBI HAJ,
YPOBHEM MOPS U KOJIHUYECTBA OCA[-
KOB B rof. (Kapsa Ban Becr (Carla Van
West), COTPpYAHHK LEHTPA CTATUCTU-
YECKHUX MCCJIeJOBAaHUA B TycoHe, mrat
ApH30HA, PACCYUTAIA €KETOLHYIO
YPOKANHOCTD O BCEH UCCJIEIYEMOU
MECTHOCTH B PaMKaX paboOThl HAJ
JUCCEPTALHMEN HA CTENEHD JOKTOPA
dunocopuu B YHUBEPCUTETE MITATA
Bammumnarron. Buagasie Mmbl paccmatrpu-
B JIMmb repuoz ¢ 900 no 1300 1. Kax
U JIJI1 MOZEJIN TOJMUHBI JIOHT-XayC, MbI
3aJAJ11 CJIy9afHOE PACIPEIETICHUE XO-
34HCTB IO TEPPUTOPUH, IPUYEM OHHU
JIOJIZKHBI ObJIM HAXOJUTHCH B MECTAX C
Haunbosee II0/IOPOJHON MOYBOH WU
PALOM C HUMHU, IIPU YCJIOBHHU, YTO 3€M-
JIM HE OBbLIM HUKEM 3aHATHI PAHEE.
Kapruna pacnpezeneHus nocesue-
HUI1 B OOIIMX YEPTAX COBNAJAJIA C UX
UCTUHHBIM PACIIOJIOKECHHUEM, IIOJ-
TBEPKACHHBIM APXCOJOTNYECKUMU
HUCCJIEJOBAHUAMU. 34TEM MBI BBEJIHU
B IIPOI'PAMMY JOIOIHUTENBHOE YCJIO-
BHE: IIPU BBIOOPE MECTA /151 TIOCETICHUS
BUPTYaJIbHBIC MH/CHUIIBI JOJIKHBI ObLIN

ICNOAb30BAHWE AECOB APEBHVIMM OOUTATEASIMU
Meca-Bepae NoKa3aHO HO KOMMbIOTEPHOM MOAEAN,
OMMCHIBAIOLLLEN 3AroTOBKY APOB MHAEMLLAMM My30A0.
MoaeAb NPEANOAAraET, YTO B MOCEAKAX (OHM MPEACTABAEHb!
HQ KapTe KPACHbIMU, XEATBIMU 11 6EALIMU TOYKAM)

COKUraAM no 1,1 T APEBECHHbBI HO YHEAOBEKA BToA. BO5OT. H.3.
(cAeBQ), KOTAQ BMPTYOABHOE HOCEAEHWE eLLLE HEBEAUKO,

YUHUTBIBATD JOCTYIIHOCTD BOJBI (pasy-
MHOC IIPCATIOTIOKCHHUC B ITOJTYITYCTBIH-
HOUW MECTHOCTH) — M PE3YJILTATHI CTd-
JIM elnie OJIMIKE K peasibHOCTH. HakoHery
MBI CKOPPEKTHPOBAIN MOJE/b TAKUM
00pa30M, YTOOBI OHA IPUHUMAJIA BO
BHUMAaHHUE IOCTENEHHOE UCTOILCHUE
IIOYBBI B YCJTIOBUAX HATYPAJIBHOTO
XO35IUCTBA, KOTOPOE 3ACTABJISIO ObI
3EMJIEZICTIBLIEB IEPUOANYECKU UCKATD
HOBBIC YYACTKM 3eMJIU. CTEIIEHDb CO-
BIIAJICHUA C APXCOJTIOTUYCCKHUMU JTAH-
HBIMHU CTaJI4 CIIIE BBIIIE.

W BCe )K€ HU B OJTHON M3 HAIIIUX MO-
JIeJIer HE IPOU3OLIJIO TAKOr'O ApaMa-
THUYECKOI'O HCYE3HOBECHHUA HACEJICHUS,
KOTOPOE B PEAJIBHOCTH CJIIYYUJIOCH
B parione Meca-Bepae B konne XIII B.
Kaxkwue ke Npu4rHbI MOIJIU IPUBECTHU
K Katactpode? OauH u3 GakTopoOs,
HEC YYTCHHBIX B HAIIICX MOJICJIH, — PaC-
NpeieJICHUE TOBEPXHOCTHBIX BOJ, KO-
TOPOE, BEPOATHO, MEHAJIOCh 11O MEPE
u3MecHeHuA Kaumara. B konne XIII B.
BCE JICPEBHU UH/ICHIIEB ITy26JI0 KOH-
LEHTPUPOBATUCH BOKPYT' UCTOUHHU-
KOB, M [IA’K€ BDEMEHHOE UX IIEPEChIXa-
HHE MOIJIO O6EPHYTHCS KATACTPOQOIL.
Bosee TOrO, HCYE3HOBEHUE HACEIIE-
HHSA HA UCCJIEYEMOM TEPPUTOPUHN (U
Ha cesepHOM [Oro-samaje B 11€JI0M)

MNPUOIHU3UTEIBHO COBIIAIO C HAYAJIOM
MaJIOr'O JIEAHUKOBOI'O IIEPHUO/A, [JJIUB-
merocs nNpuébau3uTenabio ¢ 1300 o
1850 1. Ero BauAHUE HA 3TH OOJIACTH
MOKA €IIl€ OCTAETCS HE COBCEM ITOHAT-
HBIM. 3EMJIH, O KOTOPBIX MJIET PEYb,
PACIIOJIOKEHBI BBICOKO HAJl YPOBHEM
MOPS OKOJIO CEBEPHOM I'PAHULLBI KYJIb-
TUBUPOBAHUS KYKYPY3bl B Ty 3IIOXY,
MO3TOMY J1a2KE€ HE3HAYUTENbHOE CHHU-
JKEHUE TEMIIEPATYPHI BO BPEMS POCTA
U PA3BUTUA PACTCHUN WJIM COKPAIe-
HUE BETETATUBHOTO IIEPHOJA MOIJIO
HNMCTDH CAMBIC TAMKCJIbIC ITOCICACTBHA.

Pabora, npoBojgdamasnca B Ha-
cTodll€ee BpeMsa ACOUPAHTAMHU
YHUBEPCUTETA MTATA BAMIMHITOH
Issupom JxxonconoM (David Johnson)
u /Ixxeconom Kosanom (Jason Cowan),
IIO3BOJIMJIA COCIATH BA’KHBIN BBIBO/I:
HACTYIINJI MOMCHT, KOT/JA JKUBYIIIHC
Ha Tepputopuun Meca-Bepage nn-
JIEUIBI ITy36J10 HAYAIU UCIIBITBIBATH
OCTPYIO HEXBATKY APOB. [I?’KOHCOH
n KOBaH NpeAnoNOXUIN, 9YTO KaX-
JI0€ XO34MUCTBO Cxurano 1,1 T gpese-
CHHBI HA YCJIOBCKA B 'O/l — IIPUMECPHO
CTOJIBKO K€, CKOJIBKO B ITakucTaHe Ha
TOU K€ NIUPOTE U BBICOTE HAJl YPOB-
HEM MOpA. MoAe/IMpPOBAHUE ITOKA-
3aJ10, 4TO 32 700 s1eT Ha 60JBIION P

HO BOAbLLIEN HACTU PANOHA UMEETCS1 BOABLLOE KOAUYECTBO
CyXux AepeBbeB (cepbie obnacTi). OAHAKO Yepes 250 AeT,
HQA MPOTSHKEHUM KOTOPbLIX BCE BOAEE MHOTOYNCAEHHOE
HOCEeAEeHVEe NOCTOSIHHO COBUPAAO BAAEXKHVK (CMIPABQ),
TEPPUTOPUM, OKPYKAKOLME MOCEAEHNS], OKO3AANCH AULLEHDI
CYXOM APEBECUHBI, OCTAAACH AL XMBAS PACTUTEABHOCTb
(MOKA3QHQ 3eAEHbIM LIBETOM).

B Mupe Hayku
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TEPPUTOPHUHN BOKPYT MOCEICHUI BCE
JIEPEBBS JIOJIKHBI OBIIN OBITh YHHU-
UTOXKECHBI (CM. 8DE3KY Ha 1npeovioyuyeli
cmpanuye). B Hacrosmee BpeMsa Mbl
padoraeM HaJl CO3JaHUEM IIPOTPAMM,
MOJICIUPYIOMUX JIOJITOBPEMEHHBIC
MOCJIEICTBUSA OXOTHl HA OCHOBHBIX
IPOMBICTOBBIX KMBOTHBIX JJAHHOTI'O
pEruoHa — OJICHEH, KPOJIMUKOB U 3aii-
11eB. [IpeiBapuTe/IbHbIE UCCIIETOBAHUS
OIIPE/ICJICHHO YKA3bIBAIOT HA TO, YTO
B PE3YJIBTATE JIEATEIBHOCTU YEIOBE-
K4 ITOYTH BCE OJIEHU B OKPECTHOCTAX
JIOJI>KHBI ObJIA OKA32ThCSl YHUYTOKEH-
HBIMH, YTO MOIJIO ObI OO'BSICHUTD, I1O-
4eMy € Hayaaa X B. B PAIJMOHE UHJCH-
11€B 1Ty30JI0 CTOJIb OOIBIIOE 3HAYCHUE
npuoodpeIa HHICHKA.

O HO U3 BAXKHBIX HPEHUMYIIECTB
KOMIIBIOTEPHOT'O MOJETHUPOBAHUS
COCTOHUT B TOM, YTO OHO MO3BOJISIET
IKCHEPUMEHTUPOBATh — POCKOIID,
HE/JIOCTYIIHASI UHBIMHU CPEJCTBAMU
B HCTOPHUYECKUX HAYKAX, B TOM YUCJIE

TAUHCTBEHHOE HCYESHOBEHHE

B A4PXCOJIOI'HH. YUEHBIE MOT'YT IIOCTE-
TMEHHO JO6ABIATDH JCTAJIH B CBOU MO-
JIeJIN, IPOBEPASA BO3ICUCTBUE HOBBIX
NPUPOAHBIX U COLMANBbHBIX (PAKTO-
POB, YTOOBI yOEIUTHCSI, COOTBETCTBYET
JIM BUPTYaJIbHAsA UCTOPHUA APXCOTIOTU-
YECKUM JaHHBIM. B HacTosamee Bpe-
MA MBI OTOJIBUHYJIIN «HOIIOHI:ITHI:IIZ»
BPEMEHHOMN /IMANIa30H B IPOIJIOE 10
600 I. ¥ U3y4aeM PACIIBET U 3aKAT JIPCB-
HHUX [OCEJIEHUHN UHAEHIIEB Yy36J0.
B Apxeonorun4eckom LeHTpe KaHbOHA
Kpoy B Koprese, mrar Konopazno, He-
JTABHO 3aBCPIIUJIUCH HOBBIC ITOJICBBIC
HNCCIEAOBAHMA, BKIIOYABIIHEC O6IHI/Ip—
HYIO IIPOr'PAMMY IPOBEPKU JATUPOBKHU
6onee yem 3300 rocesnieHu, HaU/ICH-
HBIX HAd MHTEPECYIOUEH HAC TEPPUTO-
puu. OTa paboTa 3HAYUTEIBHO PACIIN-
pwia HA CBCACHUA OTHOCUTCIBHO
pacnpeneneHnsa NOCEICHUI B PA3INd-
HBIC BDEMEHA U /1412 60J1e€ TOAPOOHbBIE
KapThl, KOTOPBIE MOKHO CPABHUBATD
C PE3YAbTATAMHN MOJETUPOBAHMA.

Tem Bpemenem Kenner Konbm
(Kenneth Kolm), rugponor us
YHUBEPCUTETA MTATA BAIMHTITOH
U COTPYAHHUK KOMNIaHUU BBL, Inc.,
u llon Cmut (Schaun Smith), acniu-
panT I'opHOpPYAHOII IKOJIBI KOJTOpaso,
COBMECTHBIMM YCHUIMSAMHU CO3AAI0T
MOJENb, NO3BOJAIOMYIO OLLEHUTD
BJIUSIHUE KOJEOAHUN TEMIIEPATYP
U KOJIUYECTBA OCAKOB B UCCIEYE-
MOM pafioHE HAa MECTHBIEC HCTOYHUKHU
U pyubd. O6bEJUHUB PE3YJIbTATBI UX
paboThl C HAIEH NPOrPAMMOM, MBI
CMOKEM IOHATD, KaK IIepepacupeje-
JIEHHE BOJHBIX PECYPCOB BJIHSIO HA
U3MCHEHUS MECT OOUTAHUA NIOLCH
U UX XO3ANUCTBEHHYIO AEATEIbHOCTD.
MBI TaK)KE€ HAMEPEHDBI y4ECTD BIMAHHUE
TEMIIEPATYP HA YPOXKANHOCTL. M, Ha-
KOHEII, CAMOE YBJICKATEIbHOE B HALIEM
SKCIIEPUMEHTE: MBI NBITAEMCA MOJE-
JIMPOBATb HEKOTOPBIE COLIUAIbHbBIC
U KyJIbTYPHBIE (PAKTOPBL, POPMHUPO-
BaBIIIHE OOIECTBO UH/ICHIIEB ITy36I10.

BKOHLLe Xl B. BCE& CEBEPHbIE TEPPUTOPUM COBPEMEHHDIX LUTATOB FOTA 1 KOAOPOAO BbIAM 3ACEAEHBI 3EMASAEABYECKVMMN
HOPOAQMU, K YCAYTOM KOTOPbIX ObIAM 1 MAOCKOTOpPbS1, U AOAUHBI pek (CAeBa). OAHOKO K HOYAAY XV B. MHAEWLLbI
Mya6A0 NOKMHYAM CEBEPHYIO YHOCTb TEPPUTOPUM M OBOCHOBAANCH NPEVIMYLLECTBEHHO B PEYHBIX AOAMHAX, TA€ BO3MOXHO

NPPUrALMOHHOE 3eMAepeAme (CrpaBQ).
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APXEONOTHSA

MoaeAnpyem KyAbTypy

OIWH U3 TMOHEPOB MOJCINUPOBA-
HUA B apxeosnoruy, [xum /lopan (Jim
Doran) n3 DCcCEKCKOTO YHUBEPCUTETA
B AHITINM, ONHAXK/bI 3aBHJI, UTO «CCIIH
U BO3MOKHO CO3/1aTh BCEOObEMIIIOIYIO
MOJEJIb, TO JIUIIb TPYJOM MHOI'MX JIIO-
Jed Ha NPOTAKEHUN MHOTUX JECATHU-
netun». UccaetoBaHmus, ONTUCAHHBIC
B IJAHHOM CTATbh€, HE UCKIIOYEHHUE.
KynpTypHBIE AJITOPUTMBI — OCHOBA
MOJEIUPOBAHUSA COLUATIbHBIX U KYJIb-
TYPHBIX IPOLIECCOB — BO3HUKJIU OJ1ar0-
naps ycunnam Kenra ®@nennepu (Kent
Flannery) n3 MUYUIaHCKOI'O YHUBEPCH-
TETAa B AHH-APOOpPE MO CO3JAHHUIO CXE-
Mbl BOBHUKHOBEHMUSA CEJIbCKOI'O X031~
CTBA B ApeBHEN nCcTOpUHU LIeHTpaIbHON
Amepuku. GaeHHEPH NPEATIONIOXKMIL,
4TO MEPEXO OT OXOTBI U COOUPATEIIb-
CTBA K IPUMUTHBHOMY 3€MJICJCIUIO
B MEKCUMKAHCKOM JonnHe Oaxaka Ha-
YaJICA B TOT MOMEHT, KOI'/I4 JIIOAU Hay-
YWIMCh IUTAHUPOBATb MEPOIIPUATHA 1O
BO3/ICJIBIBAHUIO ITOJICH 1 COOPY YPOXKASL
OpumH u3 Hac (PErHONAC) NCIOIB30BA
mogenb reHHEPH, B351B 34 OCHOBY JJaH-
Hble 06 OCTATKAX APEBHUX PACTCHUM,
OOHApYXEHHBIX B Iemepe B Oaxake,
M3BCCTHOM IIOJ Ha3BaHUEM I'Buia
HaxsnuTs. [10 3aMBICITY YYECHOT O, KaK/10€
XO3SUCTBO PaA3PabaThIBAJIO COOCTBEH-
HBIE 3EMJIEICTBYCCKUE CXEMBI, HAUOO-
Jiee 3(P(PEKTUBHBIE U3 HUX IIOCTEIICHHO
NEPEXOJUIN B «IIPOCTPAHCTBO BEPDI»,
I7le UHAUBUAYAJIbHBII OIIBIT 06061 AII-
cs1, popMUpPyd OOIIHE NIPABUIIA, KOTO-
PBIMH C TEUEHUEM BPEMEHH HAYMHAIN
PYKOBOJCTBOBATBLCA U JPYyI'HE XO3AM-
CTBEHHBIE CYO'BEKTHI BUPTYAIbHOI'O
MHpPa. Mojenb HAIIAAHO IPOAEMOH-
CTPUPOBAJIA COBOKYITHOE U3MECHCHHEC
IUIAHOB ACATEIBbHOCTH, KOTOPOE BIIOJI-
HE CONOCTABUMO C APXCOJIOTNYECKUMHU
JAHHBIMHU O IEPEXOE IIJIEMEH K LIese-
HAIPAaBJICHHOMY BEJICHHIO CEIbCKOT'O
XO34MCTBA.

Pertnonpac u 3usan Ko6tu (Ziad
Kobti) n3 BUHA30PCKOIO YHUBEPCH-
TeTa B OHTAPUO BKJIIOYUIH B MOJE/b
Meca-Bepae KyJabTypHBIE aITOPUTMBI,
4TOOBI BBIACHUTD, YTO IIPOU30OUJET,
€CJIM POACTBEHHBIE I'PYIIIBL, BEAYIIHE
OT/EJIbHBIC XO35AUCTBA, HAYHYT OOMe-

HHBATbCA KYKYPYy301. AHTPONOJIOT
Mapmasn Canunce (Marshall Sahlins) u3
YHUKaIrCKOIO YHUBEPCUTETA HA3BaIa Td-
KOE SIBJICHUE «OO0OIEHHON PEITUTIPOK-
HOCTBIO», 4TO O3HA4YA€T OOMEH IOIAPKa-
MM MEKYy OJIM3KUMU POACTBEHHUKAMU,
HE O Pa3yMEBAIOIINHI IIOJIHOI'O BO3ME-
LIEHUA CTOMMOCTH (MBI JK€, HAIIpUMED,
He TpebyeM, UYTOObI HAIIIU ICTH PACILIA-
YMBAJIUCH C HAMU 32 UI'DYLIKH, OACKIY
Uy yueby B KoJuIeKe). B xone akc-
MEPUMEHTA BUPTYAJIbHBIC XO34UCTBA
CJIELYIOT ONPEACICHHBIM KYJIBTYPHBIM
AIrOPUTMAM, pelasd, C KEM U3 POJ-
CTBEHHUKOB OHU I'OTOBBI B3aUMOJEH-
CTBOBATD. [IpHU 3TOM yUUTBHIBAETCA IIPO-
LIJIBIA OIIBIT HAUOOJIEE BBIT'OAHOIO JJIs
06€eHNX CTOPOH COTPyAHMYECTBA. Korna
BOOOPAKAEMBIM CEMENCTBAM YAAETCS
CO31aTh OOOOUIEHHBIE TIPEICTABICHUS
O HAWJIYYIIMX BAPUAHTAX OOMEHA, ITO
3HAHHUE NEPEXOJUT B IPOCTPAHCTBO
BEPBL, I7I€ CTAHOBUTCA JOCTYIIHBIM 4JIe-
HaM JIPYTUX XO3AUCTB.

C mOMOIIBIO MOJIEJIN MBI OOHAPY-
JKHJIM, YTO HAJUYHUE NOJOOHBIX POJ-
CTBEHHBIX CBA3€HU OOBIYHO IIPHUBOAUT
K IOBBIIICHUIO OOLIEH YUCIEHHOCTH
HacesleHuda. MOXHO NPEAIOIOXKUTD,
YTO B3a4MMOIIOMOIILb IIO3BOJIAIA JIIOAAM
JIETYE CIIPABJIATHCS C IIPEBPATHOCTS-
MU CEJIbCKOXO3ANCTBCHHOM JAEATEIb-
HOCTH. B psife 3KCIEPUMEHTOB MBI
OrPaHNUYMBAIA BO3MOXKXHOCTD KJIAHOB
nepemMenaTbca Ha O6OJIbIIUE PACCTOA-
HU B IIOUCKAX O0JI€€ IPUT'OJHBIX MECT
JUIS )KM3HH, YTO OTPA’KAET OHACHOCTH,
MOACTEPETAIOIHNE OTACABHOE CEMEI-
CTBO, OKa3bIBAIOLIEECS BO BPAXKACOHOM
COLIMAJIBHOM OKPY>KEHHHU. B TAKHX CH-
Tyanuax o6beM OOMEHA B IIpeeIax
KaXJJOM POJCTBEHHOM I'DYIIIBI PE3KO
YBEJIUYUBACTCS, OAHAKO CBA3U MEXKAY
OOHIMHAMM HUCUYE3AIOT, B PE3Y/IbTATE
4ero HOomyJIAlrsa B LEJIOM OKa3blBa-
eTcs 6oJiee yA3BUMOM A1 KaIIPU30B
npupogpl. K ToMy ke Kj1acTepusanus
XO3ANCTB 34TPYJHACT 3aTOTOBKY IPOB
U OXOTY, IIOCKOJIbKY 3€MJIM, OKPY7KAIO-
M€ OOUMHBI, OBICTPO UCTOMLAIOTCS.

Hamy sKCIIepUMEHTBI IO MOJETHUPO-
BAHMIO €IIE HE HACTOJIBKO COBEPIIEH-
HBI, YTOOBI OPEAECIUTb TOUHYIO COBO-
KYIIHOCTb PUYHH, IPUBOJAMBIINX K

MEPUOANYECKON arpEraliuy HACEACHU
B parioHe Meca-Bepe uim K MacCOBOMY
ucxony )KI/ITCIICI;I7 CIIYYUBIICMYCA MCKTY
1260 1 1280 1. OfHAKO KOMITBIOTEPHbBIE
MOJEJIU CBUIETENBCTBYIOT O TOM, YTO
JIIOJIN, KUBIIIHE B TUX MECTAX (1, BEPO-
ATHO, TAK)KE HA OCTAJIBHOU TEPPUTOPHU
cesepHOro IOro-3amnaza), CTOIKHYINMCh
B XIII B. cCpasdy € HEJIBIM PAAOM TPYAHO-
cre. HeratuBHbIE TEHICHITAW, BUJIUMO,
JINIIb YCUJIUBAJIHICh C TCYCHUCM BPCMC-
HU: HAIIpUMEP, YCUJIEHHAS BBIPYyOKa
JIECOB CKOPEE BCETO CIIOCOOCTBOBAJIA
HUCYC3HOBCHUIO UKUX ITPOMBICIOBBIX
JKUBOTHBIX 1 HCKOTOPBIX BA’KHbBIX BU-
JIOB Cb€JOOHBIX PACTEHUH, TAKUX KAK
COCHOBbIC OpemKU. OCKYJICHUE PaAIIM-
OH4, B CBOIO OY€PE/Ib, YCUJINIIO 3aBUCHU-
MOCTbB OT KYKYPY3bl 1 OOMEHA €10, A TAK-
JK€ OT JOMAITHEN UHJECUKH, KOTOPYIO,
BEPOATHO, KOPMHJIU TOM JKE KYKYPY30M.
ITo Bcew BUAMMOCTH, B YCJIOBUAX I'OJIO-
J1a OOGMEH 3€PHOM CJIY>KIJI €IIIE€ K OCHOB-
HBIM 3JIEMEHTOM, CIJIAKUBAIOIINM CO-
ITHUAJIBHYIO HANIPAKCHHOCTD, B TAKOM
cirydae caM (PAKT BbIKUBAHMA COOOIIIE-
CTBA OKA3BIBAJICA B PUCKOBAHHON 32BU-
CHUMOCTH OT HPEBPATHOCTEN BEICHUSA
CEJILCKOI'O XO3AMCTBA.

XOTs CO3/1aBAEMBIC HAMH BUPTYalb-
HBIC MUPBI B 3HAYUTEIBHOU CTEIICHU
YIPOMIAIOT PEAJBHOCTb, OHU BCE JKE
MO3BOJIAIOT BOCIIPOU3BECTH U IIPOCIIE-
JIUTHb HCBCPOATHO CJIIOKHBIC 3aKOHOMCP-
HOCTHU. B 4acTHOCTH, OKA34JI0Ch, YTO
XO3AUCTBCHHAA JICATCIBbHOCTD JIIOJICI
HEPEJKO OKA3BIBACT NAryobHOE BO3ACH-
CTBUE HA OKPYIKAIOLLYIO CPE/LY, YTO CTa-
BUT IIOCJICAYIOIMC ITOKOJICHMA B BCCbMa
3ATPYAHUTCIBHOC TTOJIOXKCHUC, A B 1OJI-
TOCPOYHOM IIAHE — 1 BOBCE IO/ yI'PO3Yy
BbIMUPaHUSL. [T0OGHBIE SKCIIEPUMEHTDI
HE TOJIBKO OTKPBIBAIOT IIEPE, HAMHU TaH-
HBI 12JIEKOI'O IIPOILJIOT'O, HO M CIIOCOOHDI
YKa3aTh IIyTH COXPAHECHUA IPHUPOTHBIX
pecypcoB. Hanmpumep, Moaenu, UMUTH-
pYyIOIIHME NOCJICACTBUASA UCUE3HOBEHUS
JIECOB B parioHe Meca-Bepje, MOryT nmo-
MOYb IIPU Pa3pabOTKE IJIAHOB OXPa-
HBI JICCOB B PA3BHUBAIOIIUXCA CTPAHAX.
Birarogaps KOMIbIOTEPHOMY MOZIETIHPO-
BAHUWIO YPOKH, U3BJICUCHHBIC U3 OIIbITA
JPEBHUX COOOMIECTB, MOI'YT OBITb IIPHU-
MEHEHBI B COBpEMCHHOM Mupe. i

B Mupe Hayku



CBer.orHs, I(d)l(AO_AHQBHO PACCENBAIOLLUI TEMY VI MPAIK;,: STO
FPUBBIYHO, BYAHUYHO V1 HEOBXOAUMO AAS YEAOBEKA B AIOBYIO SMOXY.
AOAV IOCTOSIHHO GbIAV BbIHY K AEHELOBPALLATECS K OCBETUTEABHBIM

NpUBoPAM 1 AYMATb O-TOM, KOK COXPAHWTb X HEsIpKoe, MepLatoLLee
nAams. LLAO BpeMS, BEKA CMEHSAVICH BEKAMM, A BMECTE C HIAMM
MPOVCXOAVAM USMEHEHWS 1 B CMOCOBAX MOAASKOHMS CBETA.




APXEONOTHA

AeHuc )Kypasaes, AOPaH XPLUAHOBCKMMN

na svner GBEM!

€T HUKAKMX COMHEHMH, YTO IIEPBOHAYAJIBHO JIOLU

B KA4E€CTBE OCBETUTEJIBHBIX IPUOOPOB UCHOJb-

30BAJIM 1AM KOCTP4A, O YEM CBUJAECTEIbCTBYIOT
OCTATKU JPEBHUX OYATOB, KOTOPBIE, HECOMHEHHO, BBIIIOJI-
HANA PYHKIUIO HE TOABKO OTONHUTEIBHOIO, HO OTYACTHU
U OCBETUTEJIBHOIO NpUoopa u (akena. ITepBOOLITHBIN
4EJIOBEK, IIOJIYYUB B CBOU PYKU 6OKECTBEHHBIN OI'OHb, CMOT
HE TOJIBKO O60I'PETh U HAKOPMUTD CEO51, HO 1 BIIEPBLIE OCBE-
THJI MPA4YHBIE CBOZABI CBOEH NEIEPHI.

Ouar u pakea
HccnenoBarensiMu O6HAPYKEHO MHOKECTBO U3006PAKEHUI
(PaAKEIOB I'PEYECKOIO U PUMCKOI'O BDEMEHH, XOTA OHU CAMU
110 ITIOHATHBIM IPUYHUHAM 10 HAC HE AOILIN. OCOOBIX U3ME-
HEHUM B KOHCTPYKLIMH 3TOT'O IPOCTEUIIEIO OCBETUTEIBHO-
ro Npruoopa NPAKTUYECKU HE IIPOMU3OULIO, 33 UCKIIOUYCHUEM
COOCTBEHHO IT'OPIOYUX MATEPHUAIOB. OCHOBHOM HEJOCTATOK
(dakena — KOIOTb, IOITOMY YK€ APEBHUE I'PDEKH 3ayMbl-
BAJIUCh O BEHTHJIALIMMU IOMEMIEHUHI U CTPOUJIN HEKUE JIbI-
MOXO/Ibl. «C/IE/TaHHBIN U3 MEJIU CTBOJI (PUHUKOBOIO Jiepe-
B4, YCTPOCHHBIN HAJ IAMITAI0M U JOXOJAAIINUN 1O KPBIIIH,
BBITATUBAET KOIIOTb HAPYXKY», — IUCAJ APEBHEIPEYECKUN
UCTOpUK [TaBcanuii. g OTBO/IA IbIMA U3 TOTIMBIINXCA I10-
YEPHOMY JJOMOB CYIIECTBOBAIN CIICIUAJIbHBIE OTBEPCTHUSA.
O 3HaYeHUH (paKeIIa B KM3HU JPEBHETPEUECKOIO OOIIECTBA
MOJKET CBUZIETENBCTBOBATD U TOT (PAKT, UTO B APUHAX BO BpE-
Msl CBAIEHHOTO INpa3aHuka Benukux [Tanadguneit ycrpa-
MBAJIM COCTA3AHUA B JIAMIIAZAOLPOMUM — 6€ere ¢ (paKenramu,
B KOTOPOM J1JIg ITOOEbI HYKHO ObLJIO HE TOJIBKO IPHUOEKATD
NEPBBIM, HO ¥ COXPAHUTD MBLIAIONINUIT OTOHb. B KynbType
Jpesnero Bocroka daxespl Urpaau ocooyio posnb. Lapb
Basunona Xammypanu, 1ojjlo6HO CBOMM HPEAIIECTBEHHHU-
KaM, Ha4aJl CBOE IIPABJICHUE C OObABICHUS «CIIPABEAINBO-
CTW», T.C. IPOIMEHUA BCEX JOATOB. CTOA HAa BEPIIMHE 3UKKYPa-
Ta, OH 32KET «307I0TOM (PaKeJI», BULA OTOHb KOTOPOT'O, JKUTEH
OKPECTHBIX I'OPOJOB U JI€PEBEHD TAKKE 3AKUTI'AIHA (PAKEJIbI

U HepelaBaiv PaJJOCTHYIO BECTh 110 BCeH cTpane. Kerary, Ta-
KOI'O POZIA CBETOBAS CUTHAIU3AL U AKTUBHO IIPUMEHSIACH U
B BOCHHOM /I€JIE BO BCEX CTPaHaX JJpEBHErO MUP4, OIIOBELAs
BHYTPEHHHE PAHOHBI O BPA’KECKOM HAaJCHUH.

DaKeIbl IOMOI'aIX PEHIATh IPOOIEMbI OCBELIEHUA U B 00-
Jlee TO3/IHEE BPEMS, BILJIOTh 10 CpeHEBEKOBbs. CIPOC HA
HHUX ObLJI BCETa BBICOK. TaK, KOHCTAHTHUHOIIOJIbCKUE MOHA-
XM B V B. CHELIUAJIbHO HU3IOTABIUBAJIN UX HA IIPOJAKY, 4 I10-
JIyYE€HHBIE ICHBbI'Y BKJIAJbIBAJIM B 3AKYIIKY HUTEHU 1 IPOYErO
HEOOXOMMOTI'O ChIPba. «KHHIa 31apxa» — COOPHUK 3aKOHOB
JUJISL KOHCTAHTHUHOIIOJIBbCKUX TOPI'OBLIEB U PEMECTIEHHUKOB
KOHIA IX B. — (PUKCUPYET, YTO YACTb JOXOd, IPUHOCUMOI'O
3pracTupueM (MacTEPCKOIT), OTUUCIIAIACh HA IPUOOpETE-
Hue (PaAKeNOB. 4

KpyrAbI CBETUABHUK PUMCKOTO BPEMEHW.
Bropast nonoBmHA | —nepBasi NOAOBMHA Il B. H.2.
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APXEQNOTHA

S

Pumckme «Kpyrable» CBETUABHWNKM, MOKPbITbIE XAPAKTEPHbLIM
ANAS TEPBbIX BEKOB HALLEWN 3Pbl KOACHbLIM AQKOM. HOMAEHbI B
PA3ANYHBIX TOPOAOX CeBepHoro NpunyepHomopesl. |-l BB. H.3.

MepsBble AaMIbI

HCronb30BAHUE IVIMHAHBIX OOOXKKEHHBIX COCYAOB CIIE-
LUAJbHOU (POPMBI B KAYECTBE OCBETUTEIBHBIX IIPUOOPOB
Ha4aJ10Ch BJIeBanTe B KOHLE III TBHIC. 10 H.3. HEeMHOTO 11031~
HEEe, B MO3JHEMUHOUCKUN NIEPHUOJ], OHU MOJTYYHUIHN PaAC-
npocrpanenue u Ha Kpure. ApXeosoru 06HapyKUBAIU UX
B HE3HAYUTEJIbHBIX KOJIMYECTBAX IIPU PACKOIIKAX PA3IUY-
HBIX I'PEUYECKUX ropofos B cnoax X—VIII BB. 1o H.3. B 60-
JIee MO3/JHUX IJIACTAX OHU BCTPEYAIOTCA OYEHDb YaACTO, YTO
CBUJZICTEIBCTBYET O TOM, YTO OHU HAYAJIH IIPOU3BOAUTHCH
maccoso ¢ VII B. 1o H.3.

OB ABTOPAX:

Xypasaes AeHuc BarepbeBuy, CTApPLLMIA HAYYHbIM COTRYA-
HVK TOCYyAQPCTBEHHOTO MIcTopuryeckoro mysest. Cneumaamct
no apxeoAornn n nctopum CepepHoro NpryepHOMopbS
QHTUYHOTO BPEMEHU, MCTOPUN OCBELLEHNS U OCBETU-
TEAbHbIX MPUBOPOB. MHOTO AET BEAET APXEOAOTMYECKNE
packonku B KpbiMy. Buue-npe3naAeHT MeXAYHAPOAHOM
ANXHOAOTMYECKOM accoumaumm. ABTOpP M COABTOP TPEX
MOHOTrpaAdUM 1 OKOAO 200 HAYYHBIX U HAYYHO-MOMYASPHbIX
cTaren.

XpwaHoBCcKuUn AopaH. CotpyaHUK My3ses 1. OATEH
(Wsenyapus). CneumaAmcT Nno NpobAEMAM rOPOACKOM NAC-
HVPOBKM PUMCKOTO BPEMEHU M UCTOPUM OCBELLLEHUS C APEB-
HENLWNX BPEMEH MO HACTOsILLLEE BPEMS. PABOTAA B APXEOAO-
rmyeckmx akcnepmumax 8 Octum (Utaamsa) n Aentmc-MarHe
(AnBus). TAGBHBIN MHUALMATOP CO3AQHUST MEXAYHAPOAHOM
AMXHOAOTUYECKOM accouUnaLmm. ABTOP 1 COABTOP 4 MOHO-
roadunm n 6onee 30 ctarten.

B kadecTBe TOIUIMBA B CBETHJIBHUKAX HUCIIOJIb30BAIUCDH
JKUBOTHBIN JKUP U MACJIO (B IIEPBYIO OYEPEb OJTUBKOBOEC).
YCTpOUCTBO M KOH(PUI'YPALIUSA OCBETUTEIbHBIX IIPUOOPOB
34BUCEJIM OT PA3JIMYHBIX BUJJOB FOPIOYUX MATEPUAJIOB. TaK,
CBETUJIbHUKU, 34IIPABIAEMBIC )KUBOTHBIM JKUPOM, BCEI/A
OBbLIM OTKPBITBIMH, U (PUTUJIb, U3TOTOBJICHHBIA U3 PACTU-
TEJIbHBIX BOJIOKOH, CBOOOHO IJIABAJI B )KMPE, 4 MHOI/A EI'O
3aru6aan Ha CTEHKY CBETHIbHUKA. OO 3TOM CBHU/ICTEIIb-
CTBYIOT CJIE€/bI IIJIAMEHH, OOHAPYKEHHBIC HA MOAB/IAIONIEM
OOJIBIIMHCTBE 3K3EMIUISAPOB. YaCTO CBETUIBHUKH UMEIN
TOJICTBIE CTEHKH, 60JIEE TOI'O, MHOI'HC JICITHBIC JIAMIIbI ObLIN
PacCcYUTAHBl UMEHHO HA JKMBOTHDBIN XKUP. MOKHO IPUBECTHU
JIIOOONBITHBINA IPUMED: IIPU PACKOIKAX «BAPBAPCKUX»> I10-
CEJIEHUI U MOTUJIBHUKOB BOKPYT JIPEBHEIPEYECKOTO I'OPO-
a XepCcoHeCa CBETUJIBHHUKOB ObLIO OOHAPYKEHO KPaliHE
Mas10. HeT HUKAaKUX COMHEHMIH, YTO 3TO CBA3AHO C IIPUBEP-
JKEHHOCTDIO 3TUX IIJIEMEH K MHBIM THIIAM OCBETHUTEJIbHBIX
IPUOOPOB — OTKPHITHIM IVIOIKAM, JJIs1 KOTOPBIX UCIIOJIb30-
BAJICS JKUBOTHBIH KU, YTO, BUJIUMO, OO'bACHATIOCH HE TOJIb-
KO JPYyrod KyJbTYPHOH TPagULMEH NO3AHUX CKU(POB, HO
U CPABHUTEJIBHO BLICOKMMU 1LIECHAMH HA OJIMBKOBOE MACIIO,
KOTOPOE 3aNPABIAIOCh B CBETUJIbHUKHN AHTUYHOI'O TUIIA.

HecMOTpsA HA CPABHUTEIBHO HEGOIIBIINE PA3MEPHL, B 3d-
BUCUMOCTH OT TOJIIUHBI (PUTU/IA CBETHJIIBHUK MOI TOPETh
oT 30-40 MUHYT O 2—3 4aCOB, JaBAd CPABHUTEJIBHO HE-
MHOTO CcBeTa. TeM He MEHee COBPEMEHHBIE SKCIIEPUMEHTBI
IIOKA3aJIU, YTO IIPHU JBYX 3AKKCHHBIX CBETUIbHUKAX BIIOJI-
HE MOKHO YHUTATD.

B ¢BA3M ¢ HECTIOKHOCTBIO U3TOTOBJICHUS, 110 BCEX BUJU-
MOCTH, CBETUJIbHUKH IIPOU3BOJIHJIMCDH TAM XK€, I7I€ U KEpa-
MHKAQ, U IPAKTUYECKU HE TPEOOBAIU JONOTHUTEIBHOTO
o6opynoBanud. CIeqUaaIu3uPOBAHHBIC MACTEPCKUE I1O
U3TrOTOBJICHHUIO OCBETUTEIbHBIX IPUOOPOB MOSABUIINCH
TOJIBKO B JUIMHHUCTHYECKOE BPEMs, XAPAKTCPHBIN IIPU-
MEp — HIUPOKOMACHITA6HOE IPOU3BOJACTBO CBETUIBHUKOB
Ha 11oJiyocTpose KHua B Manon Asun.

Haunbosiee pacipOCTPAHEHHBII THUI PAHHUX I'PEYECKUX
JIaMII — 3TO OTKPBITBIE CBETUJIBHUKHU C BTYJIKOU B LIEHTPE
(KOHUYECKOU WJIN HUIHHIPHUYECKON (DOPMBI). DTA BTYJIKA
JI€1A/1aCh JUISA MaJIblid PYKH, IPUCYTCTBUE KOTOPOIO 0b6e-
CIICYUBAJIO CBETUIBHUKY OOJBIIYIO YCTOUUYHUBOCTD IIPU
IIEPEHOCKE, UJIN U1 MOACTABKU, HA KOTOPOW OBLIO JIerde
3aKPENUTD JIAMITy (CM. puc. Ha cmp. 73). Bonpmasa 4acTb
CBETUJIBHHUKOB UMEJIA PYUYKU (CM. puc. Ha cmp. 75), bopma
KOTOPBIX Y4aCTO 3aBUCEIA UCKJIIOYNUTEIBHO OT MO/bI, IOXKE-
JIAHUIT 3aK4a34YMKa MJIM BKyca macTepa. Tak, B JpeBHeErpe-
YECKOM BA30IIMCU MBI HAXOAUM U300PAKEHUS KCHIIUHBI,
JepyKamer CBETUJIIBHUK C TOPU3OHTAJIbHON PYYKON (AT-
TUYECKUI KPACHO(MUI'YPHBIA KyBIIUH V B. O H.3., My3€H
MeTrponionureH), uiu I'epmeca, HeCymero jamny ¢ Bep-
TUKAJbHOU PYYKOM (KOJOKOJOBUJHBIN KpaTep, My3€i
Barukana). Takue ke no (popMe CBETUABHUKU MOIJIH U3-
TrOTABIUBATBHCA U 6€3 BTYJIOK. BOJIBIIMHCTBO CBETHIBHUKOB
VI-V BB. 10 H.3. 6bJIM HU3KMMH U BMENAJIU CPABHUTEIBHO
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He60IIBIION 06beM Macid. CO BDEMEHEM BMECTHIIMIIE CBE-
THUJIBHUKA CTAHOBUJIOCH INTYO:KE (COOTBETCTBEHHO, OO'bEM-
HEE), A CTEHKH 3aAKPBIBAJIN €TI0 BCE OOJIBIIE U OOJIBIIIE.

C pacrpoCTpaHEHNEM B SJUTHHUCTHYICCKOE BPEMSI TEXHUKH
IITAMIIOBKH B CpOpMC TEXHOJIOTIUA U3IrOTOBJICHUA CBCTHUJIBHH-
KOB COBEPIICHCTBYETCS, © UX HAYMHAIOT YKPAIIATh IIBETAMH,
PO3ETTAMH, PA3HOOOPA3HBIMH NATBMETTAMU. [IOBEPXHOCTD
CBETHIBHUKA CHAPY>KU TOKPBIBACTCS GJICCTAIITM JIAKOM Yep-
HOT'O WJTH KPACHOTO ITBETA. THOI/IA TAKOE 5K€ TIOKPBITHE JICTd-
CTCA U USHYTPU — JIJIA TOI'O, 9TOOBI MACJIO HE BITUTBIBATIOCH
B IOPUCTYIO ITIUHY (CM. PUC. Cnpaa).

CBeTUABHUKN PUMCKOIroO BpeMeHH

PacuiBeToM INMIMHAHOI'O CBETUJIBHUKA CTaJ1a A110Xa PUMCKOM
umnepuu. IIpespaneHmne KOJIOCCAIBHBIX JaXE IO COBpPE-
MEHHBIM MEPKAM TEPPUTOPUIM B €IMHBIN PBIHOK CTHUMYJIN-
POBaJIO HE TOJABKO (POPMUPOBAHUE BKYCOB U TPATUIIUH,
HO U TTOSIBJICHUE NEPBBIX MOIIHBIX MH/YCTPUATIbHBIX I1CH-
TPOB MO NPOU3BOACTBY KEPAMMHUYCCKOIN NPOAYKIIUH, CIIO-
COOHBIX 34IIOJIOHUTh CBOMMH HEXHUTPBIMU U3/ICTUAMHA BCE

YepHOAQKOBbIE CBETUABHMKM ObIAM M3rOTOBAEHBLI B AGUHAOKX.
OnbBusl, YkpaunHa. V-l BB. AO H.2.

[1eppBOOLITHLIN YEAOBEK, MOAYUMB B CBOU PYKN BOXKECTBEHHbIN OTOHb, CMOT
He TOAbKO 0B0rpeTb M HOKOPMUTL cebsl, HO 1 BNepBble OCBETUA MPAYHbIE

ApeBHerpeyveckme OTKPbITbleE CBETUABHMUKIN, M3TOTOBAEHHbIE
HA TOHYAPHOM Kpyre. BTYAKQ B LLEHTPE 9TUX CBETUABHMUKOB
MIMEAQ COOTBETCTBYHOLLLEE YTAYOAEHNE U3HYTPU 1 OBAErYaAd
NepPEeHOCKY CBETUABHUKA. [ePBOHAYAABHO TAKME
CBETUABHUKM NONAAQAM B CeBepHoe lNMpunyepHoMopbe 13
NOHUMNCKMX FOpOAOB MAAO A3UIK, HO 3ATEM BbIAO HOAOXKEHO
COBCTBEHHOE MPOU3BOACTBO. VI-V BB. AOH.2.

CBOAbI CBOEW MneLlepsl.

CpennszeMHOMOpPbE. He ciryualfHO UMEHHO € 3TOT'O MOMEHTA
BO IVIABY YIVIA CTABUTCS KOMIIAKTHOCTDb CBETUJIBHUKA 1 JIET-
KOCTB B U3I'OTOBJICHUH, YTO CHHKAJIO €I'O CTOUMOCTD U 06-
JIEr'4asio TPAHCIIOPTHUPOBKY. B MUPOBOM MMIIEPHH TOBAPHI,
M3rOTOBJICHHBIE B UTanuu, 'pennn u Erunre, ¢ JIErKkOCTbIO
JOCTABJISJIMNCDH BE3ACCYIUMH PUMCKUMH TOPIOBLAMU HA
Kpan OMKyMeHbl, B KpbiM 1 Ha KaBkas.

IIUTKX CBETUJIPHUKOB YKPAIIAJIHUCh PA3JIMYHBIMU U30-
Opa’kEHUAMU — OT JCAHHUI OOXKECTB 0 INIaAUATOPCKUX
00€B U 3POTHUYECKUX CLEH (CM. puc. Ha cmp. 75). DTO Ha-
CTOAIAA JHIITUKJIONECUA AHTUYHON )XKN3HU. Ha namrmie u3
Xepconeca u3obpakeHa obHakeHHad Benepa, koTopon
CTOAIMH TIepe]i HEM DPOT HNOAAET MEY U HIJIEM. DTOT CIO-
JKET TECHO CBA34H C CUMBOJIOM OJIUTHYECKOU IIPOr'PAMMBI
0 Lesaps, Bcerga npeacTapaaBmero Benepy ocnosa-
TenbHULEn poaa lOnues. 1o Bcet BUAMMOCTH, KTO-TO U3
XEPCOHECUTOB TAKUM OOPA30M AEMOHCTPHUPOBAJI CBOIO IO~
JIMTHYECKYIO JIOATBHOCTb PUMCKOMY JUKTATOPY, AABIIEMY
XepCcoHeCy HE3ABUCUMOCTb.

Kaenmo

Ha cBeTUIBPHUKAX M3BECTHBIX MACTEPCKUX CTABHUJIOCH KJICH-
MO MacTepa. HenerajipHOEe KOIMMMPOBAHUE YYKOH, ITONYJISp-
HOH TOProBOM MapKH — OTHIOAb He n300peTenue HoBoro spe-
MCHH, ¥ B PUMCKUX IIPOBUHIMAX HEPEAKO IIPOJABAIHCH >
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|_|OI'IQB HQA PLIHOK, AOGOWM YEAOBEK MOT
BbIOpATh CeBE CBETUABHUK MO BKYCY,
HACTPOEHUIO N HOBHAYEHWIO. 13 KOP3WH,
CTOSIBLUMX BOKPYT TOProBLA, MOXHO
ObIAO U3BAEYL AAMIMY, YKPALLIEHHYIO
n3o06pakeHnem 6o)kecTsa (OAMMMNNNLLbI
MWPHO COCEACTBOBAAM C €rMNeTCKMMm
6oramu, NyaemcKkom MeEHOPOW
NAN XPUCTUOHCKOW CBSILLEHHOMN
MOHOIPAMMOM), XXMIBOTHOTO UAM
GPVBOABHOW CLIEHKM, KOTOPAS

N CErOAHSI MOXKET 3ACTABUTL
MNOKPACHETb HENCKYLLEHHOIO
3puTens. Mo BCen BUAMMOCTH,

B MACTEPCKOW MOXHO BbIAO

M 30KA3ATb CBETUABHUK C AOObIM
N30BPKEHNEM.

C NOMOLLbKO 3AKIKEHHbIX OAKENOB NEPEAABAANCH KAK POAOCTHbLIE BECTH,
TAK Y COOBLLEHMST O HANAAEHUM BPArA.

KPUBBIE JIAMIIBI C IJIOXO IIPONEYATAHHBIM PUCYHKOM, HA KO-
TOPBIX TOPJO CTOAJIO KJIEHMO, HAIIPHUMED, CEBEPOUTATTUHACKUX
MACTEPCKUX HJIA IPOCTO 6E€CIOPALOYHBIN HA00P OYKB. DTO
JIETKO MOKHO IIPOCJICAUTh HA OCHOBAHMM TAK HA3bIBACMBIX
Firmalampen, INPOKO PACIIPOCTPAHEHHBIX HA TEPPUTOPUN
COBpPEMEHHBIX PymbIiHMM 1 Bosrapun.

[MMUHSAHBIE JIAMIIBI ObUIN B KaK/IOM JKHJIOM JJOME, MACTEP-
CKO, JIABKE: UX BBIBCIIUBAIN IIEPE]], BXOJOM, B IOPTUKAX,
CTABMJIM B HUIIIM B CTEHAX MU IIPOCTO HA 3€MJIIO, YV IBEP-
HBIX IIOPOT'OB. PUMCKMIT NICTOPUK AMMHAaH Mapue/IiH OT-

bocnopckre MHOropOXKKOBbIE CBETUABHUKIA,
MaHTMkanen. | B. AOH.3.

MEUAJI, YTO OCBEIMICHUE AHTHOXWH HOYBIO 1O CHUJIE HE YCTY-
ITaJIO THEBHOMY CBETY. PadyMeeTcs, CBETUJIBHUK 3aHUMAJI
CBOE 31KOHHOE MECTO M B PUMCKUX ITyOIUYHBIX JOMAX —
JIyIIaHapaX, 9aCTO MTOMHUMO JIOXKA SBJISSICH €ITUHCTBCHHBIM
YKpPaIIeHUEM CKPOMHOTO HHTEPbEPA.

KaHnaeAa6pbI

B xadecTBE MapagHbIX OCBETUTEIBHBIX IPUOOPOB, KOTO-
PBI€ UCIIOIb30BAIUCH B OBITY TOJIBKO BEPXYIIKOH OOIIECTBA,
CJIYKUIA OPOH30BbIE KaHAEAAOPEL. OOBIYHO TAKOU KaH/IE-
JII0p HM3rOTOBJIAJCA B BUJE MHOI'OI'DAHHOI'O CTEPKHA HA
TPEX JIbBUHBIX JIAIIAX, Y4CTO OH BEHYAJICA MOHUHUCKON Ka-
IIMTEJIBIO CO CTOAIIEI Ha HE (PUT'YyPKOH UJIN IOACTABKOI,
Ha KOTOPOU MOXKHO OBLJIO KPENMUTD CBEYY UJIU NIOCTABUTD
OOBIYHBIN IJIMHAHBIN CBETHJIBHUK. MHTEPECHO, YTO MPU-
MHUTHUBHBIE KaHAEAAOPHl UCIIOJIb30BAIUCH U BAPBAPAMH,
HaIIpUMep capMaTaMu. Yale BCEro OHU ObLIN JKEJIC3HBIMU,
BBIKOBAHHBIMHM MECTHBIMU MACTEPAMHU, KOTOPBIE €ABA JIU
MEPEKMBAIN 32 KPACOTY CBOMUX U3JCIINI.

Heracumein ceet

PasymMmeeTcs, OrOHb OCBEIIAJI HE TOJIBKO JKUJIOU JOM. MOXKHO
MPENNIONIOKHUTD, YTO B XpaMaX I'OpeJl HEraCUMBbIF OTOHb
B YECTb PA3IUYHBIX OOKECTB. «A 30JI0TOU CBETHUJIBHUK 1151
6orunu csenan Kamnmmmax. HanogmHUBIIN MaCJIOM JIAMIIA /Y,
A(pUHSHE OKU/IAIOT TOT'O JKE JIHS B CJIEYIONIEM I'O/1y; MaCIa
JKE B JIAMITA/IC XBATAET HA BCE BPEMSI OT CPOKA JIO CPOKA, IPU
TOM JIAMIIA/IA TOPUT U JTHEM U HOUbIO» (Paus., I, XX VI, 6-7).
AnTapb U CBETUJIBHUK HEOJJHOKPATHO YIIOMUHAJINCh BME-
CTE€ JJPEBHUMHU ABTOPAMHU. MCIIONB30BAINCH CBETUIBHUKHU
U B 00psi/1ax, MOCBAIIEHHBIX IT0/I3EMHBIM 60I'aM, IPUMECH -
JINCh OHHU U B KOJJOBCTBE. OT3BYKOM ITOCJIEJHETO CTaJIa
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apabCKag CKa3Ka Mpo JaMny AJTaIIMHa — JOCTATOYHO MPO-
CTO IOTEPETD CTAPBIA MEAHBIN CBETHJIBHUK, YTOOBI OTTYAA
MNOABUJICA BCEMOTYIINH JIUKUHH.

Kpome Toro, CBeT JIaMIIbl IIPOBOXKAJI YMEPIIETO B IIOC/IEC/-
HUI YT, TYCKJIBIM MEPLIAHHUEM OCBEIAS JOPOI'Y B BEYHOCTb.
Jlaske BeCTaIKaM, KOTOPBIX 32 HapyLIeHUE 06€Ta JEBCTBEHHO-
CTH 32°KUBO 3aMYPOBBIBAJIM B MOTHJLY, BMECTE C HEOOJIBIIUM
3aI1aCOM €/1bI M BOJIbl OCTABJISJIM MEPLIAIONLYIO JIAMITY.

Aamnon cuntTarocb OAHOM
J17151 OCBEIIEHU S OOIIECTBEHHBIX ITIOCTPOECK M XPAMOB HAPSIY
C (paxkesaMu ¥ OOBIYHBIMHU JIAMITAMH MOTJIU UCTIOTIb30BATHCS
MHOTI'OPOKKOBBIC CBETUIBHUKY (CM. PUC. 6HU3Y Ha cmp. 74).
CpaBHUTENBHO HEOOBIION OO'EM BMECTHIIUIIA JIJISI MACTIA B
COYETAHUU C HOJIBIIUM KOJIMYECTBOM POXKKOB, B KAXK/JOM U3
KOTOPBIX ITbLIAJI HEOOJIBIIOHN SA3bIYOK IIJIAMEHH, TPEOOBaJ
MOCTOSTHHOTO TTONIOJTHEHUST MAC/ISIHBIM JKUPOM. DTO MOXKET
KOCBEHHO CBU/ICTEIBCTBOBATD B ITOJIb3Y CAKPAIBHOI HAI'PY3-
KU, KOTOPOH MOT Ha/Ie/ISIThCSI OCBETUTEIBHBIH IIPUOOP C HE-
CKOJIBKHMHU POKKAMU. B TO 7k€ BpeMs HeJIb3s1 HE BCTIOMHHUTD
OJIHY M3 U3BECTHBIX AMUTPAMM PUMCKOI'O MACTEPA CATHUPBL
Mapuuana (XIV, 41), rae paeTcsa HECKOJIBKO Apyras BEPCUs
HA3HAYEHU I MHOTOPOKKOBBIX CBETHIBHHUKOB:

Xomb oceeuyaro A 6Cro NUPYULKY CEOUMU OZHAMU

C MHONCECMBOM DbLACY, OJLA HUX, NAMNOLL CHUMAIOCD

OOHOI.

CTeKASIHHbIe AOMMOADI

B mo3JHEAHTUYHOE BPEMS NIPOCICKUBACTCA TEHICHIIUA
orpy6nenus GopM INIMHAHBIX CBETUIBHUKOB, 4 TAKXKE UX
JeKxopa. M3nenus, BBIXOAUBIINE U3 PyK MACTEPA, HAIIOIHS-

MHOropOXKOBbIN CBETUABHMK, HOMAEHHBIN B OAHOM M3
MOCEAEHWIN HO TEPPUTOPUN COBPEMEHHOTO TAMAHCKOTO
NOAyOCTpOBA. IV-V BB. H.3.

[y©60 N3roTOBAEHHbIE 6OCMNOPCKME KoMK, UMEIOLLINE
MIMMOPTHBIN NPOTOTUM, C U30BPKEHNEM YHEAOBEYECKOTO
AL, Hamaedbl B MaHtikanee. IV B. H.9.

JIMCh HOBBIM J[yXOM — IYXOM XOJIOJHOI, 6€31YITHOM CTUIH-
3anuu. Bce 6bUIO PACCYUTAHO HA MACCOBOE IPOU3BOJICTBO
U COBIT, HA CIIPOC CO CTOPOHBI CAMBIX HIUPOKUX CJIOEB HA-
CEJIEHHU C X HEXUTPBIMU 3aIIPOCAMHU.

BpOH30BbBIE TIOCTPBI — J1aMIaA0(POPbl BU3AHTUUCKOT'O
BPEMEHH C MHOI'OYHMCJICHHBIMH POXKKAMU, OKAHYHUBAIOL Y-
MUCSI TOPU3OHTAJIBHBIMU KOJIBLIAMHU, — IBHO IPEAHA3HAYA-
JIMCh AJ18 YCTAHOBKU CTEK/IAHHBIX JIaMIIaj. MMEHHO B 3TO
BPEMS UCYE3ACT IIPEXK/E CTODb BA’KHAA B KYJILTOBOM O0Ops-
Jie pOJIb IMUHAHBIX 1aMIL [To ciosam [1asia CuneHuuapus
(563 1), BenmuKoenue nHrepbepa co6opa Cs. Codpuu B CTO-
nauie BuzanTuiickon nMmnepun, KoHcTaHTuHONONE, CO-
CTABJISAJIN CTEKJIAHHBIC JIAMIIBL, B TOM YHUCJIE PE3HBIC, 4 BU-
3aHTHUUCKUUA UCTOPUK PeodriakT CUMOKATTA, OITHUCBIBAA
OXOPOHBI uMneparopa Tusepus II B 582 r., BCHOMUHAJL,
KaK BCIO HOYb JJIMJIOCH II€YAJIbHOE IIEHUE IICAJIMOB <«IIPU
3AJKKECHHBIX JIAMIIAJAX>.

Voxe ¢ IV B. B IIMPOKOE O6PAIEHUE BO BCEX IPOBUHIIUAX
HEOObATHON PUMCKON HMIIEPUU BXOJAT CTEKISHHBIC KyOKU
C KOHUYECKUM WJIH HUIUHAPUYECKUM TYJIOBOM, KOTOPBIE
OpITOBaIM 10 VI B. O6 UX NPUMEHEHUHU KAK OCBETUTE/Ib-
HBIX IPUOOPOB I'OBOPAT HAXOAKH TAKOI'O POAA JIAMIIAJl CO
CJIelaMM MACJIa HA CTEHAX, 4 TAKXKE U300PAKEHHU 10106~
HBIX COCYZIOB, I[I€ OHM IOABEIICHBI HA KOHIAX UYJEUCKOTIO
CEMUCBEYHUKA — MEHOPBL. C CaMOro Ha4ajld 3TH U3JE/IUA
HE yCTYNAJIH B HONYJAPHOCTH ITIMHAHBIM CBETUIbHUKAM.
B HHUX HaJIMBAJIU BOAY, 4 IOBEPX HEE — CJIOU MAC/IA, B KOTO-
PBIit OIIyCKaaIU (PUTHUIIb.

C xoH1a VvV B. u f10 VIII B. cpe/inl OCBETUTENBHBIX ITPUOO-
POB CTa] JOMUHUPOBATD TUII JIaMIIAJbl C ITOJychepude-
CKMM HWJIM UJIUHAPUYECKUM HIHPOKUM TYJIOBOM U y3KOU
HOJKKOI1, KOTOPAs BCTABIAIACH B tammagodop. Cyzas mo p
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AernHOW CBETUABHIK, OBHAPYXXEHHbIN B ropoAe Kenbl

HA TOMOHCKOM MOAYOCTPOBE, DTOT CBETUABHUK MOXKHO
6bIAO ICMOAB3OBATb M KOK MOACTABKY AAS BOCKOBOM

CBeYU, 3AKPEMNAIEMOWN B LLEHTPAABHOE OTBEPCTUNE, U KAK
BMECTUAULLE AAST DUTUABHOTO CBETUABHUKA, 3AMOAHSIEMOE
YKMBOTHBIM KUPOM.

HONEHUAMM». CBEYM ObUIN PA3HBIC — OObIYHBIE, CTOUBIINE
JleleBie, ¥ 60Jiee JOPOrue, CO CIEUaIbHBIM IIOKPBITHEM,
UHOTIJA AK€ YKPAMEHHbIE XPUCTHAHCKUMU CUMBOJIAMU.
Tosap npozpaBaIcs Ha BEC.

OKoHuaTebHasg N00E1a CBEYEH HA PBIHKE OCBETUTEIIb-
HBIX IIPUOOPOB B BU3AHTUICKOM OOIIECTBE CKOPEE BCETO
MOIJIAd IPOU3OHUTH HU3-34 NOTEPU UCTOYHHUKOB BHCIIHUX
IIOCTABOK OJIMBKOBOI'O M4CJId B XOJ€E 3aXBATHUYECKUX I10-
XO0B Apabckoro xanudara. Iloreps Buzanrued cBoux
A(PPUKAHCKUX BJIAJEHUI — JAaBHHUX OCHOBHBIX 9KCIIOPTE-
POB OJIMBKOBOI'O M4CJ/d — BIIOJIHE MOIJIA CKJIOHUTDb Yally
PBIHOYHBIX BECOB B II0JIb3y BOCKOBBIX CBEYCH.

Cyzg 110 BCEMY, CIEIMATIbHOCTD CBEYHHMKA (KMPYJIapUs)
B BU3AHTHHCKOM I'OPOZE 6bL/1a HIUPOKO PACIIPOCTPAHEHA U,
MO-BUMMOMY, JaBaJIa HEIJIOXOM JOXOA. Kupyrapui npouns-
BOJMJI M IPOJABAJI CBEYU PA3HOI'O BUJIA, KAYECTBA, CTOUMO-
CTH, A TAKIKE 3AHUMAJICA IIEPEIUBAHUEM CJIOMAaHHBIX. Korna
auakoH CredaH, KyIIMBIIUY «32 OOJIBIINE JCHbI > B JTABKE
CBEYHUKA JOPOT'UE CBEYH, IOCKOJIb3HYJICA U CJIOMAJ UX, OH
«BEPHYJI OOJIOMKH B 3PracTUPU»>. ICTIOIb30BAHUE CBEYEH
CTAPAINCH J€/IaTh 6€30TXOAHBIM: BOCKOM KK LIECHHBIM CbI-
PbEM JOPOKUIU U, COOPAB B XPAME OI'dAPKH U OIUIABUBIINH-
Cs Ha Kpad MOJCBEYHUKA BOCK, BHOBb ITYCKaJIM €0 B IIEpe-
pPadoTKY.

CMpPQOA CBEYEN HE CMYLLOA OBUTATEAEN CPEAHEBEKOBbLIX 3OMKOB,
MUPCKOE CYLLLECTBOBAHME ObIAO MPEAKOANEN K BEYHOM XXUN3HN,

BCEMY, MMEHHO TAKHE OCBETHUTEIbHBIE ITPUCIIOCOOICHUS
UMeN B BU/Yy CUPUICKUH XpoHucT Hemy CTUIAT, KOT/IA
MHUCAJI, YTO AHACTACHUI, I'PAJJOHAYATBHUK DJICCCHI, B KOHIIE
V B. IPHUKA3aJI PEMECIICHHUKAM HaKaHYHE KaK/JOTO BOCKpe-
CEHDBS NO/IBCIINBATD HAJ] IABKAMH KPECTBHI C MATHIO 3a7KKCH-
HBIMH «CBCTHUIAMM>.

Ceeyaropeaad...

[TageHne NpOU3BOACTBA TPAAULIMOHHBIX I[NIMHAHBIX CBE-
TUJIBHUKOB I'OBOPHUT O NPEOOIAJAHUHN C SIOXH PAHHEIO
CpeHEBEKOBbS HOBBIX CIIOCOOOB OCBEILECHUSA, YBEPEHHO
TECHUBIIUX CTapble. [TOMUMO CTEKIAHHBIX JTAMIIA]] TAKYIO
POJIb MOIJIU CBII'PATb TOJABKO CBEYH, KOTOPBIE TIOCTEIICHHO
HAIIJIM CBOE HAUOO0JIEE MU POKOE IPUMEHEHUE CPESU OCBE-
THUTEJIbHBIX IPUOOPOB. MHOI'O BOCKOBBIX CBeY€El TPE6OBA-
JIOCh B LIEPKOBHBIE IIPA3JHUKU, BO BDEMS TOP’KECTBEHHBIX
COOBITUI, IOXOPOH, IPMAPOK, COOUPABIINX MACCY JIOJEH.
K npumepy, korga reno Cumeona CruimnTa B 459 1. rOTOBHIIN
K 3aXOPOHEHHUIO, «...I'OPBI HE ObLJIO BUJHO OT TOJIIBL, CBEYEH,
(duMHaMa U TOPAIIUX JAMIIA/», 4 3ATEM HABCTPEUY Tpayp-
HOM HPOLIECCUU BBIIIEJ BECh I'OPOJ «..CO CBEYAMH U IIE€C-

HOMOAHEHHOW CBETOM.

CBETUABHUK C peAbedHbBIM M30BPAKEHNEM NTULLBI.
XepcoHec. V-VIBB. H.2.
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APXEONOTHSA

Tak HO3bIBAEMbIE PyBHATLIE CBETUABHUKIA, STOT TUN
OCBETUTEAbHbIX MPUBOPOB BbIA O4EHb PACTPOCTPAHEH

8 CeBepHOM [PUYEPHOMOPBLE, TAE€ OHM, BO3MOXKHO,

1 MPOM3BOANAUCE, HEKOTOPBIE YHEHbIE MOAQIAIOT, HTO AUHN,
MAYLLME OT LLEHTPAABHOIO OTBEPCTISI, CUMBOAN3MPDYIOT
COAHEYHbIE Ay4L,

I[Tocnepymomue BEKa HE NPUHECIU BUIHUMbBIX HOB-
ECTB B KOHCTPYKLHUIO OCBETUTENBHBIX NIPUOGOPOB.
Hapsurasmeecs MpadHoe €BpONnencKkoe CpeTHEBEKOBLE
BIIOJIHE OOXOAUIOCH (PAKETAMHU U CBEYAMU, IPUUEM I1O-
CJEHUE Yallle ObLJIM CAJIbHBIMU. MCXOAAMUN OT TAKUX
CBEYECH CMpPa/i HE CMYIIAJ CPETHEBEKOBBIX OOUTATEICH
3aMKOB U TOPOJCKUX JJOMOB, BCSI MUPCKas1 JKU3Hb KOTOPBIX
OblJIa JIMIIb IPEIIOJAUEH K BEUHOI )KU3HU, HAITOJTHEHHON
APKHUM CBETOM...

ApeBHss Pycb

B IpeBHent Pycu OCHOBHBIM OCBETUTEIBHBIM IIPUOOPOM
CIYKHJIA 32°KKCHHAA JIYYUHA, 3aKPCIJICHHASA HA IO/~
CTABKE, IPUMEHSJIUCH TAKKE OTKPBITBIE CBETUIBHUKY,
34II0JIHSIEMBIE KM POM. B 60raTeix joMax MOIJIH OBITh
OPOH3O0BBIC JIAMIIBI MJIU IIPUBO3HBIE MHOT'OSIPYCHBIE CBE-
THUJIBHUKH — JIIOCTPOHBI. BOCK, TPAJUIITMOHHO CIYXHUB-
NI BAKHBIM 3KCIIOPTHBIM TOBAPOM, OBLT TAKKE MU POKO
pacnpocTpaHeH Ha Pycu, BeJib OOPTHUYECTBO OBIIO O/I-
HUM M3 BAXKHCHIINX 3aHATHUI HAaceneHu. Kak ciencresue
BOCKOBAsI CBE€Yd OCBEMIAJIA U JIOM OOraToro ropoKaHu-
H4, U XpaM. B 6osee nno3iHEE BpeM s 3A5K)KEHHYIO JTYYUHY
BCTABJIAJNA B CICIIUAJBHBIC MOJACTABKN — KOBAHHBIC U3
JKEJIE3a CBETILBI, KOTOPBIE OCBENIAJIH J1AKE OOSIPCKUI JIOM.
HecoBepieHHbIEe OCBETHUTENBHbBIC TPUOOPHI MHOT'OKPAT-
HO IIPUBOJHUIHN K IOXKAPaAM B IIOJHOCTBIO JECPEBAHHBIX
ropojax. Tak, pycCKHe JIETONUCH NECTPAT YIOMUHAHU-
AMHU O TOM, KaK, HAIIpUMEDP, «<MOCKBA OT OJJHOU CBCYKH
cropena».

HoBoe Bpems

Ha nopore crosano HoBoe Bpems, KOIra ¢ U300PETECHUEM
ra30BBIX I'OPEJIOK, KEPOCUHOBBIX JIAMII, 4 34TEM U JICK-
TPUYCCTBA NIPUHIIUIINAJIBHO U3MCHUJIIACH BCA CUCTCMA
OCBEIIEHUS, 4 IPEKHUE OCBETUTEIbHBIE TPUOOPBI KAHYIN
B JleTy. Bipouem, 10 CETOAHANIHETO JHA IOy PHBI CBEYH,
He6O0IbIITNE JJAMITIAJKH, 3aIIOJTHACMBIC MACJIOM, 1d 1 KTO 13
HAC HE LIEJI HOYbIO HA MEPLAIOIMI OrOHEK, CKYJHO OCBE-
MAIOMIUH IPOCTPAHCTBO BOKPYT ceOs... M

Peoaxuyus evipaxcaem 61a200apHocms
Tocyoapcmeernromy Hcmopuueckomy my3ero
uuuro Bacunuio Mowyzoeckom)y

3a npeoocmaesaernuvie Ppomozpagpuil.

HAYYHDBIA NPOEKT

BTequme MOCAEAHUX AECSTU AET OCYLLIECTBASIETCS
COBMECTHbIN POCCUNCKO-LUBENLLAPCKUIM NPOEKT,
MOCBSILLEHHBIN U3YYEHUIO QHTUYHOTO 1 CPEAHEBEKOBOTO
OCBeLLEeHMS. B 1998 1. HO OHIAMNCKOM $13bIKE ObIA
ony6AMKOBAH NepBbit ToM Koprnyca CBETUABHUKOB,
XPAHSILLMXCS B [OCYAQPCTBEHHOM VICTOpUYECKOM
My3ee — OAHOM U3 KPYMHENLLUMX My3eeB MUPA. STO TOM,
OXBATbIBAOLLMI MATEPUAABI U3 ADEBHETO XepCcoHeca
(Ha TeppuUTopPUM COBPpeEMeHHOTro CeBACTOMOAS B Kpbimy).
OCTOAbHbBIE TOMA AOAXKHbBI BbITb OMYBAMKOBAHbI
B OAVKAMLLEE BPEMSI HO PYCCKOM 1 GHIAMNCKOM S13bIKOX.
B HacTOSILEE BpeMs CO3AAHA MeXAYHOPOAHAS
accouyauust CneLaAmMcToB B OOAACTU U3YHEHMS
OCBELLEHNS OT APEBHOCTU A0 HOLLKX AHEN (Infernational
Lichnological Association), CO LWTAB-KBAPTUPOM
B T. HnoH (LLBenuapus), 06beAVHSIOLLAS YYEHbIX 13
30 cTpaH Mupa. MNpe3naeHToM accoumaumm n3bpaHa
Apwuis Kapuebepu (CTOKIOAbM), BULLE-MPE3NAEHTOM —
AeHunc )Kypasaes (Mockea). B LLsenuapum
B MOCAEAHUE rOAbI
NMPOLUAO HECKOABKO
BbICTABOK, CMELMAABHO
MOCBSILLLEHHbIX NCTOPUU
CBETA B OHTMYHOCTW.,
YAVBUTEABHO, HO HO
MEePBbIV B3TASIA PSIAOBOM
MATEPUAA MPOANBAET
CBET He TOABKO HA
NCTOPUIO OCBELLEHMS
SKUABIX U OBLLLECTBEHHbIX
3AQHUN, HO N pQET
VIHTEPECHEeNLYIO
MHPOPMALMIO
O PEMECAEHHOM 3
NMPOW3BOACTBE, TOPIOBbLIX
MyTSIX U BEPOBAHUSIX
APEBHEro o6LLeCTBaA.

LANMI'S FR
IN THE
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HeBNQUMOe

OHUMAaHUe MPOLECCOB, MPOUCXOAAIMX BHYTPU
KJLeTKM, CIIOCOGHO MOAHATD Y€/10BEYECTBO Ha HO-
BY10 CTYNE€Hb IIPOTUBOCTOAHUA MHOTUM OMACHBIM
3a6oneBaHUAM. OLUH U3 KN11I0UEBBIX 3TATIOB Ha
MYTW K 3TOMY — 1a60paTopHbIE UCCNEA0BAHUA

Ha XMBOTHHIX. K coxanexmnio, TpoBOAUTCA OH ITO
TMPUHLMUITY «I€PHOTO AlMKay. B mocnepxue ropst
KpyIHeline Mupossie apmaleBTUYECKNE KOM-
maHuK paboTaloT HaJ TEM, YTOOB €10 OTKPHITD.

PaspaboTka 1 co3aaHne COBpeMeHHLIX JleKap-
CTBEHHbIX ITPENapaToB BO BCEM MUPE 3aHUMaeT
0KO0JI0 ceMU-BOCbMM NeT. O HaKo HOBbIE OMaCHLIe
3a60neBaHNA, 71 KOTOPLIX €llle He CYLeCTBYET
crienudMIecKon Tepanum, AMKTYI0T Heobxoan-
MOCTb MaKCUMajlbHO COKPATUTb 3TOT cPoK. Ho
KaK 3TOT0 AO6UTLCA, €CIU ITPU UCCTIER0BAHUN
XWBOTHBIX U3Y4YaEeTCA IMUIb UX PeaKLuA Ha Ipe-
mmapar, a He CJ10)XXHble MOJeKyApHbIe TPOLeCcCH,
npoucxopamme B oprainsme? Ilponcxogutr nn
perpecc OmyXoau B C/ly4ae OHKOJOTUYECKUX
3a6boneBannit? JlocTaBasfeTCs 1K 1€KAPCTBO

B OITYXO0Jlb WJIN )€ YCBauBaeTCA B ;PYTOM MecTe?
Ha s™u v pap Apyrux BONMpPOCOB CTapalTca faTbh
OTBET UCCJIE[i0BATEIN BCETO MUPA, B TOM YUCIIE
W pocCcUiicKue yueHsle.

O degepanvHoi ueneson HOYYHO-TeXHNYE KON NPorPaMMe
«MccnegosaHmna n pa3paboTkn NO NPUOPUTETHLIM HONPABNGHUAM PA3BUTUA

Hayku 1 TexHukn Ha 2002-2006 rogui».

3 UHTEPBbIO TEHEPANbHOTO UPEKTOPA TOCYAAPCTBEHHOTO yupexaerus “TocyaapcTBeHHAN UpEKIUs
11e71€BOW HAyYHO-TeXHWUYecKon mporpamMmel” AHzapes [leTpoBa skcnepTHOMY KaHany Opec.ru

«®daKTuyeckn paHbure GLII0 pABHOMEPHOE paclpefieNieHne TexX CPeACTB, KOTOPble UMeNUCh, Ha Gu-
HAHCUPOBAHMWE HAYKU [0 CYLECTBYOLUM BAKAHCUAM W BOJUKHOCTAM. [Io3TOMY 3 deKTUBHOCTL Obina

HU3Ka — HU ¥ KOro n3 paboTaiomux He GbI10 CTUMYA YTO 6bI TO HU OO MEHATD, IOTOMY YTO, KaKOii 61l

HU NOJlyYascs pe3yibTar, OH He BANUAJ Ha 06beMbl puHaHCcMpoBaHUA. Y 3T0 ABNAETCA OAHON U3 IIPU-
YUH He3)(GeKTUBHOTO UCIONb30BAHUA CPEACTB Ha HAyKy. To eCcTb BOMPOC He B 06beMe ITUX CPEACTB,

a B TOM, UTO Te JIIOAN, KOTOPLIE UCTIONb3YIOT 3TU CPEACTBA, He BUAAT CBA3U MEXAY 00beMOM CPEACTB

W pe3ynbTaToM... Ta cuTyanus, KoTopas CloXunach B HayKe, B 00N1bLIO Mepe CIIOXWIAaCh KaK pas u3-3a
TOTO, YTO BOBPEMs He Obnn cHOPMYANPOBAHEL KOHKPETHEIE IPUOPUTETHI, KOHKPETHbIE MHAUKATOPEL,

nenun, a Takxe CTUMYILL N CIoco6st OO PEHUA ITPU UX AOCTUXEHUN. HOBTOMy BO3HUKHOBEHWNE CUCTEMbL

KOHKYPCOB — 3TO, HA MOi B3T/IAZ, TEPBLIN LIAT B POCCUIICKOI cucTeMe GUHAHCUPOBAHUA HAYKW, KOTAA
VUUTHIBAETCA B TOW UIN UHOW Mepe 06beKTUBHAA YacTb B pabore... ECTb MPUOPUTETHDIE ANA CTPAHBI
HampasieHUuA. ITO Te HallPaBleHUA, KOTOPHIE BaXHbI /1A 3KOHOMUKU, U Te, KOTOPbLIE BKIIIOYAIOT B Ce6
KPUTUYECKUE TeXHOJIOTUU 1A TOTO, YTOOBI IKOHOMUKA Pa3BUBANACHY.
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3090Y4Q: NPOHUKHYTL
B KNETKY

PV pelIeHUY NOA00HBIX 324 06LIYHO OBOJIbHO
YCIIELIHO UCIION1b3YI0TCA METO bl PEHTIeHOB-
CKOW, yNbTPa3ByKoBOit u AMP-Tomorpadun.
OpHaKo ¢ UX ITOMOIbI0, KK MTPaBUIIO0, MOXKHO
Habn10aTh TONbKO AUHAMUKY MOpdonoruye-
CKUX U3MeHeHWUN B OpPraHn3Me 1 HEBO3MOXHO
TOJIYYUTb CBEAIeHUA O TOM, UYTO IIPOUCXOAUT HA

MOJIeKySApHOM ypoBHe. Ha ceropHamHmuit aeHs KJIeTKaMW, B KOTOPbIE GBI BBEZEHHl COOTBET- TparcrenHas

Haubosee MEPCIEKTUBHBIMU METORAMY, JAI0LU- CTBYIOINE TeHbI, CTAOUIIEH B TEYEHUE HEOTPAHN- ¢“y°peMc”"'py'°”*a"
MblWb. MeTop

MW MIPeACTaBleHNe 0 MOIEKYNAPHBIX MpoLeccax, yeHHOro BpeMeHn. Mcmonb3osanue FP-mapKepos bayopecienLM

nossonseT HabnwpaTh
B3aMMOIJ.El7ICTBME

ABNAITCA OIITUYECKUE. II03BOJIAET UCCJ1el0BATb PA3BUTUE IIEPBUYHBLIX

OITYXOJIEBLIX Y3J10B U METACTA30B B peXUMe

MapKUpPOBaHHOI
Ocoboe mMecTo Cpeau HUX 3aHUMaeT (bnyopec- P€eanbHOI'o BpEMEHU, HE r[pm6eraﬂ K yMmepuisne- KNeTKH,
LleHTHLI MeTO/l, OCHOBAHHLI! Ha BTOPUYHOM HUIO XXUBOTHHIX. BriCOKaA YyBCTBUTENBLHOCTD hayopecuupyloueit

KPacHbIM LiBETOM,
C APYrMMU TKAHAMU
TPaHCreHHOM MbllK,
¢dnyopecumpyiowumn
3eNeHbIM LBETOM.

W3yYeHNW MOJIEKYIL IOCJle [IOTTIOWEHUSA KBAHTa
cBera. dnyopecueHTHANA pErUCTPALUs OTAENb-
HbIX MOJIEKYTIAPHBIX COGLITUI HA YPOBHE KIETKU
W3y4eHa [aBHO, CETOAHA e UAET aKTUBHAA
paboTa o BHEAPEHUIO LAHHOT0 METOAA B IKC-
TIePUMEHTEHL Ha 1a00PaTOPHLIX KUBOTHEIX. [[11
3TOr0 HEOOXOANMO Pa3paboTaTh CIeLNATIbHEE
COefMHeHUs, IPOHUKAIOWNE BHYTPb KUBOTO
OpraHu3Ma u criocobHble OAABATh CUTHANEL

0 POUCXOAALMNK B HEM MOJEKYIAPHLIX IIPOLeC-

LEeTEKTUPOBAHMSA, 00YCI0BEHHAS CUIIbHON
(bnyopecueH1neil 1BETHHIX 6€IKOB B XKUBLIX
OpraHM3Max, ¥ XOpOLIee TPOCTPAHCTBEHHOE
paspelreHne n306paxKeHwnit JaeT BO3MOXHOCTD
Ha6110aTh paHHUIL OTBET ONMYXOIU HA JleKap-
CTBEHHY0 TE€PaIunio, KOrfa He TOJbKO pasMep
OITYXOJIN, HO IIOPOL 1 €€ HANUNE HEBO3MOXKHO
ormpefenuTs 06EIYHHIMU MeToAaMu. IIpu momoumn
CIelManbHbIX TeHETUYECKUX MAHUITY AL

B JXUBYI0 KJETKY BBOAAT e HHO-NHXEHEePHbIE

cax. Takxe Tpebyercs co3aHue IPUHLUTIUATLHO
HOBBIX ONITUYECKUX YCTPOUCTB ANA AeTEKTUPOBA-
HUA MOR06HBIX cUrHanos. B Poccuu atoit mpo6ne-
MOW aKTUBHO 3aHUMAIOTCA yueHble n3 UHcTUTyTa
6voxumun um. A.H. Baxa (MockBa) n AncTuryTa
npuknaaHoit dbusuku (Hwxuuit Hosropog)
Poccuiickoit akapemMun Hayk. OHM y4acTBYIOT

B COBMECTHOM IIPOeKTe B pamkax denepanbHoit
11e71eBOi HayYHO-TEeXHUYECKO ITPOrPaMMbl
«MccnenoBaHus n pa3paboTKu 0 MPUOPUTETHLIM
HaIpaBleHUAM Pa3BUTUA HAYKU U TEXHUKU».

NHcTpymeHT:
Ppnyopecunpyrowme 6enkn

anbonee MHOr006€1aI0UM UHCTPYMEHTOM

B MONIEKYNAPHO-KIETOYHON 6UONOTUK CTANN
uBeTHbe hnyopecuupytomue 6enkn (fluorescent
proteins — FP). C Hayana 90-x IT., Koraa 6b10
OTKPHITO YHUKAJIbHOE CBOWCTBO FEHETUYECKUX
MapKepoB KOLUPOBATH APKO OKPALIEHHBIN
bnyopecuupytommnii 610K mpu IIOMOLN OFHOTO
reHa, OK0JI0 TPEX THICAY HAYYHBIX KOJNJIEKTUBOB
B CBOUX UCC/IE[0BAHUAX CTA/IV UCIIONb30BATh
WX ANA YTOYHEHUA OUOXUMUYECKUX IIPOLECCOB,
TIPOUCXONALUX B ONIPEAeNIEHHbIX KIIETKAX.

Haubonee mepcrnekTusHas 061acTb IpUMeHEHUA
KJIeTOMHLIX CEHCOPOB Ha 0CHOBE LUBETHHIX hny-
opecuupyommux 6enKoB — IKCIIePUMeHTaNbHAA
0HKON0TUA. CUHTE3 TaKnX 6eNKOB OMYXO0J1eBEIMU

KOHCTPYKLUM (I1a3MUAHL), TO3BONAOIUNE
CNe[UTDb 33 TeM, KaKue MOJIeKYAPHbIE IPOLEeCCH
B Hell poncxopAaT. OfHOBPEMEHHO C U3MEHEeHU-
€M [TapaMeTpoB (HallpuMep, CTafUN KII€TOUHOTO
LMKA) B KJIeTKe HAYUHAIOT CUHTE3UPOBAThCA
crielnuanbHbe 6€KY, OTBETCTBEHHbIE 33 BKILIO-
YyeHWe MeXaHW3MOB aromnTo3a (3amporpaMmmpo-
BAHHOW r'nbenu knetok). [lpusHakom ero Havana
CTQHOBUTCS CUHXPOHHLI CUHTE3 CIIeManbHbIX
W bnyopecuupyommux 6€nKoB.

Merop GnyopecueHUUN IPUMEHACTCA ANS
UCCNe0BaHUA PA3BUTUA OITYXO0JIU, MeTacTa-
31pOBaHUSA, aHTNOTeHe3a (Pa3BUTUA HOBBIX
COCY[0B) Y OTBETA Ha JIEKAPCTBEHHYO Tepa-
nuio. OH TO3BONAET BHIABUTb MHOTOYUCTIEHHbBIE
MWUKDPOMETACTa3bl B IETKUX, IEYEeHU, OYKAX,
IIeBPaNbHO MeMbpaHe, a TakKe BU3yanu3u-
pOBaTb eAMHNYHbIE QIYOPecUUPYIOLUE KIETKY,
KOTOpLIE He MOTYT 6bITh 16 TEKTUPOBAHLL [IPY TT0-
MOLIW CTAHAAPTHHIX MeTOAUK. dnyopecueHuus
6eCTUMYCHO MBIIIY, B MOAXKENYAOUHYI0 Xenesy
KOTOpPOW ObIna UMIIAHTUPOBAHA YenoBeveckasn
OITYXO0Jb, lajla BO3MOXHOCTD B PeabHOM Bpe-
MEeHW BU3yanu3upoBaTh POCT NEPBUYHON OIY-
X0nU 1 06pa3oBaHUe METACTATUYECKUX V37108

B CeJsle3eHKe, TeYeHU U APYTUX OpraHax. ITn
ZaHHble 6B UCTIONb30BAHEL /18 KONUYECTBEH-
HOi OL}eHKM POCTa MUKPOMETACTA30B B IIEYEHU
W KeNyLKe, TaK KaK MoNyYeHHbIe U300paxeHus
6B UAEHTUYHb KapTUHe, Habnopasumenics
IIPY BCKPHITUU OPIOMIHOMN MOJIOCTU KUBOW MBILIN.
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Cxema
3KCﬂepMMEHTaﬂbH0ﬁ
YCTaHOBKM
hnyopecueHTHOro
ToMorpada Ha BosHax
(OTOHHOW NNOTHOCTH,
co3aaHHoro 8 NP
PAH, ana nonyyenus
n306paxeHui
hnyopecumpyioumnx
onyxoneﬁ MenKunx
NabopaTopHbIX:
KUBOTHBIX{

Aasep

L

MerTop M03BONAET BECTU HEIIPEPLIBHLI BU3Y-
aJbHbIl MOHUTOPWUHT POCTA U PaCMPOCTPaHeHNA
omyxonn 6e3 MpUMeHeHWUs aHeCcTe3nu uimn obe-
3 BUKUBAHUA UBOTHBHIX.

[IpuHuUIINANbHOE OTINYNE U HECOMHEHHOE 0CTO-
WHCTBO (yopecueH1un — 0TCYTCTBUE He06X0-
IVMOCTU OIIOIHUTEJILHOTO BBEAEHWUA KOHTPA-
CTUPYIOLNK areHTOB, GEePMEHTOB UW CYyOCTPATOB.
B uTore Ha 0CTOBEPHOCTb BU3YANU3ALUN HE BIIU-
AT 0COGEHHOCTN PacIpefieNeHns ITUX aTeHTOB

B OPTaHW3Me, @ TaK)Ke OTPaHUYeHUs, CBA3AHHLIE

C BO3MOXXHOW TOKCUYHOCTbHIO U UX B3aUMOZENCTBU-
€M C TepaneBTUYECKUMU IIPenapaTaMu.

TpexmepHoe nsobpaxeHne
ONOTKAHM

cunus uccneposarenei usz UHcruryra 6uoxm-
mun uM. A.H. Baxa HanpasieHbl Ha IIONyYeHNE
TPEXMepHOT0 U306paXKeHUs, KOTOPOE MO3BOINILO0
GBI KONIMYECTBEHHO OTCJIEXUBATD IIPOLECCH,
TMPOUCXOLALME BHYTPU KUBOTO OPraHn3Ma.
CrieyuanucTst 3 naboparopuu husndeckoit 6uo-
XUMUU UHCTUTYTA YOEKAEeHHl B IEPCIIEKTUBHOCTU
TAKOW PabOTHL, OHU IOBOPAT O «CEPLE3HOM 3a7ene
B U3YYEHUU CIIEKTPAIbHBIX (IYOPECLEeHTHLIX
CBOWCTB 1|BETHHIX 6€JIKOB, a TaK)Ke 0 TECHOM
B3aUMOZENCTBUN MEXLY YIEHLIMU-OHKOJIOTAMM,
6VOXUMUKAMU, OBUOTEXHOJIOTAMU U DUINKAMUY.

B pa3paboTke hu3nyecKkux METOAOB UCCIIEA0BA-
HWUI U TPUOOPOB ANA MTOCTPOEHUA ONITUYECKUXK
n306paxeHnit GUOTKAHEN KIIOUEBY10 PONib
WUTpaeT HWKEeropoackun UHCTUTYT MpUKnafHo
dusukn Poccuitckont akapemun Hayk (AIIO PAH).

Hueropopckue nccienoBaTeny B TedeHue He-
CKOJLbKUX JIeCATWIIETUN Pa3pabdaTbiBanm METOALL
W MHCTPYMEHTHI, T03BONALUE PA3NNYaThb 06b-
€KTHI B MYTHO (Hempo3payHoit) cpeae. Ouu omu-

YNpaBAEHME LLArOBbIMU ABUFATEASIMI

DotopeTekTop
C yCUAUTEAEM
1 GUABTPOM

Yenantenb «—— feneparop fy  feHeparop f, + Af — Cmecutens 1

}

Cwmecutens 2

| y 1 Af
AUM —

panuch Ha pa3paboTKu BOEHHOMN HayKu 60-70-X I'T.
IIPOLIJIOTO CTOJIETUS, CBSA3AHHBIE C UCTIO/1b30BaA-
HUeM n1a3epa. YueHble BCero Mupa, paborasume

Ha 000POHHYI0 IIPOMLILIIEHHOCTb, CTPEMUNIUCH
WCIT0/1b30BATh MOIHOE HAIIPABJIEHHOE U3NyYeHne
J1a3ePHBIX UCTOYHWKOB B OIPEAEJIEHHBIX 1A~
[Ia30HAX ANWH BOJIH /15 06HAPYKEHUA (10Kauum)
IIOZBOZHIX JIOZ,0K Ha 6071bLION IIyOUHE UM XKe
CaMOJIETOB, CKPHITHIX 061aKaMu. CycTa HECKONBLKO
LeCATUIIETUIA TEXHOIOTUN PACCEKPETUNMN, U OKa-
3aJ10Cb, YTO MOy YE€HUE U306paKeHUs 06BEKTA,
HaXOAALErocs BHYTPU OPraHu3Ma (Harmpumep
OIyX0JN), ONpefienseTca GakTUIECKN TEMU Xe
busnyeckuMn TpUHLUIIAMU U GOPMYNAMK, UTO

W 06HApYKEHNe TOBOAHLIX 10A0K. CeropHsa

3TO HaNpaBJleHWe U3BECTHO KaK OIITUYECKUit
GUOUMUIKUHT — IIOCTPOEHUE U300PAKEHUA
6WOTKaHeN, KOTOPbIe HEBO3MOXHO HabM0aaTh
CHapYXW. BUOUMUIKUHT HaeT YenoBeKy BO3MOX-
HOCTb 3ar7IAHYTh BHYTPb OpPraHu3Ma 6e3BpeHbIM,
6e36071€3HEHHBIM W HETPAaBMATUYHBIM CIIOCOOOM,
YBULETb 00LEKT B MYTHOM cpepe.

HayuHbie paspaboTKu HUKETOPOACKOTO UHCTH-
TYTa 0Ka3anuch BOCTPe6OBAHHEIMU MEAUKAMU —
I paboT 1o paHHe! AUATHOCTUKE OHKOJIOTUYe-
cKux 3aboneBaHuit. OMTNYECKNE KOTEPEHTHbIE
ToMorpadst yaocroeHs 'ocynapcTBeHHOM
mpemun B 1999 rogy. IIpn6opst M03BONAIOT MONY-
YaTb U306paeHUs BHYTPEHHEe! CTPYKTY PHI [0-
BEPXHOCTHHIX OMOTKAHEN! (CAU3UCTHIX 000710YEK,
TKaHel Ir1a3a u KOXu) ¢ TPOCTPAHCTBEHHBIM
paspelleHNeM OKOJI0 LeCATU MUKPOH, YTO B Iep-
CIIEKTUBE NTIOMOXET B CO3[laHUU HENHBA3UBHOW
OIITUYECKO 6uomcum.

Ceropus corpynuuku UII® PAH paboTatoT Haz
HOBBIM TPUOOPOM — hyOpecleHTHLIM TOMO-
rpadom. OH M03BONAET 3arNAALIBATH B XUBO
OpraHW3M Ha Iy6UHY B HECKOJIBKO CAHTUME-
TPOB, I/le MPOUCXOAUT CUJIbHOE PaccesHUe 30H-
IMPYIOLWero cBeTa ANUHHOBONHOBOTO BUAUMOTO
W 61MKHEro nHGPaKpacHOro Auana3oHos (aau-
HH BOAH 650-1300 HaHOMEeTpPOB IIpUHAANEXKAT
TaK Ha3blBAEMOMY Te€PaNeBTUYECKOMY OKHY IPO-
3PaYyHOCTY, B KOTOPOM ITOTJIOEHUE CBETA MUHU-
ManbHo). [TockonbKy 6MOTKAHU HENPO3PAHEL,
TO n306paxenue Gayopecuupyomero o6beKTa,
HAaXOAAILErocs aXxe Ha IMyOuHaX B HECKOLBKO
MWLIUMETPOB, TONYYAETCA PA3MBITHIM.

[Ina ynyvmennsa mpocTPaHCTBEHHOTO pa3peure-
HUA IIPU JI0KalLMU B MYTHOW CPeZie POCCUINCKUMU
YueHbIMU B 70-€ T'T. 610 MTPEAJI0NKEHO UCIIOIb-
30BaTbh BPEMEHHYI0 MOAYIALNIO aMIUIUTYAbL
CBETOBOrO MyyYka. CyCTA MHOTO JIET K 3TOMY Me-
TOAY 06PaTUNNCh AMEPUKAHCKUE UCCTIef0BATENN,
JaBlUIVe eMY KpacuBoe Ha3BaHue «ToMorpadus Ha
BOJIHaX GOTOHHOMN MNOTHOCTW». OCOOBI MHTEPEC




Hupas
06€3BMKEHHan
HAapKO30M Mblllib
HaxoAuTCA B Nose
cneuunanbHoro
mukpockona Olimpus,
no3sonsioLero
“3y4atb 6uonoruio
OTAE/IbHbIX KNETOK
BHYTPYU KMBOTO
opratusma. Hanbonee
3 heKTUBHO METOA
ucnonb3yetca Ans
M3y4eHus KIeToK,
HaXOAAUMXCA

B KPOBOTOKe.
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MpeACTaBaseT 00beanHeHne BONH GOTOHHOM
MI0THOCTYU U ayopecueHLun crielinduaecknx
MOJIEKYJL, CUT'HAJl KOTOPLIX MEHAETCA CUHXPOHHO
C 30HAUPYIOWUM U3YYEHNEM U 06pa3yeT Tak
Ha3biBaeMbie QyopecleHTHbIe BOLHE GOTOH-
HO IJIOTHOCTU. VX IleTeXTupoBaHue u faeT TOT
CaMBIN cUrHaz, UHGOPMUPYIOLMiL 0 HAIUYNY, TTO-

JI0OXKEHUW U pa3Mepax OMyX0Nu BHYTPU GUOTKAHM.

CoBpeMeHHBIN MPU6OP A1 ONTUUECKOTO 61O~
WUMWUJKUHTA BOJKEH PEKOHCTPYUPOBATb TPEX-
MepHbIe U306paXXeHUA C BBICOKO CKOPOCTbIO

(B pexxume peanbHOro BpeMeHm). ITo HE06X0AN-
MOe€ yCoBue A8 PabOTH C TALUEHTAMU B KIIU-
HUKe WIN C 3KCTIEPUMEHTAIbHEIMU X UBOTHLIMU
B nabopaTopun. KoMmbioTepHble aNropPUTMLL

InA GEICTPOV PEKOHCTPYKLUNU MOXKHO CO3-
LaTb, TONbKO AETAIbHO IIOHUMAs pU3ndecKue
TMPUHLUITHL PACIIPOCTPAHEHUSA CBETA BHYTPU
BEIeCTBA U ero B3aUMOZENCTBUA C 61onorun-
YEeCKUMU CTPYKTypaMu. Yuensie nu3 NI1d PAH
COBMeCTHO ¢ Gusukammu u3 FocynapcTBeHHOTO
omrnyeckoro nucturyra uM. C.1. Basunosa

B Cankr-Tletep6ypre pa3paboTanu anropuTmsl,
M03BONAKINE BOCCTAHABIUBATL TPEXMEPHEIE
n306paxeHuns 6GUOTKAHe! C MULIUMETPOBLIM
MPOCTPAHCTBEHHLIM PAa3PEUIEHNEM B CYUTAHHBIE
MWHYTHL.

Co3panuem ycTaHOBOK AnA GNyOpecLeHTHOr 0
OGUOMUAKUHTA 3aHUMAIOTCA MHOTME MUPO-
BbIEe I/lePbl HAYKOEMKOT'0 MPUOOPOCTPOEHUSA.
OpHako poccuitckue mpubopoCTpouTenn
omepeannu paspaboryukos us General Electrics,
Olimpus v Kodak - xoMmmaHwit, ipu6opsl KoTo-
PHIX CHUMAIOT INLIb IIIAaHAPHbIE ABYMEPHbIE
n3obpaxenns. Hag cozpanuem romorpados,
ZaLUX TPeXMepHOe n3obpaxeHmne, Ha CErop-
HALIHWUI feHb kpome UII® PAH paboTatoT cre-
uuanucts u3 Massachusetts's General Hospital
(Bocron, CIIA) n kommanuu Siemens.

(dnyopecueHumna 8 6opube
C UHdeKupnen

JlyOpecLeHTHbIE METOALI TAKXKe MOTYT OBITh
Kpainte 3bGeKTUBHEL TPU pa3paboTKe HOBLIX
croco60B leYeHns Pa3sAnIHbHIX UHYEKLML.

JIns MHOTUX OTacHBIX 3a6071€BaHMNIA CYLIECTBYIOT
71a60paTOPHbLIE LITAMMbBL — KOJLOHUWN MUKPOOpTa-
HU3MOB, Ha KOTOPHIX BEAAYTCA OCHOBHBIE UCCTIe-
nosaHuA. [Ipy momMomu crieiuanbHbIX FeHHO-UH-
)KEHEPHBIX MAHUITYJIALUNA B LITAMM BBOAUTCA I'eH
11BETHOTO (yopecumpyiomero 6eaka, KOTopsin 3a-
TeM BCTPAaUBAETCA B FeHOM HaKTepuu uim Bupyca.

Hampumep, mepes uccnenoBaTeniMu CTOUT 3afa-
ya: pa3paboTarb 1€KapPCTBEHHYO TePaNnio Ana
60pb6LI ¢ canbMOHEeNNe30M. B na6opaTopHsbiit
LITAMM CalbMOHEN bl BBOGUTCA TEH 1JBETHOTO
tbnyopecuupytomero 6enka, mocne Yero Ha
71a60PaTOPHEIX XXUBOTHLIX, KOTOPLIM lA€TCA 3a-
paKeHHas U1, OTCNIEXUBAETCA MEPEMElleHNe
6akTepwnit. [Ipu 3TOM MOXKHO TPOCNIE[UTD MECTO-
HaxoXjeHune Gnyopecuupyommux canbMoHe N
yepes yac, uepes CyTKu u T.4. Ecnu B mpo6upke
CaNbMOHENNY YHUYTOXUTb ;OCTATOYHO ITPOCTO,
TO B KMBOM OPTaHW3Me C Hell CIIPaBUTbCA He
TaK-To erko. [fouemy? OTBET Ha BONPOC €T
¢bnyopecueH1umnA: TPU BBEAEHNU J1eKaPCTBEHHO-
ro IpernapaTa MOXHO YBUAET, e CBETALINECS
CasbMOHEIL HAYUHAIOT TMOHYTh, a Ie HeT.
TakuM 06pa3oM, CTAHOBUTCA MIOHATHO, KaK HYX-
HO MOANGULUPOBATD 1€KAPCTBEHHOE CPEACTBO,
YTOOHI OHO POHWKIIO B T€ TOYKU, KOTOPbIE ANA
pOGHOTO ITpenapara oka3anuch HeJOCTYITHEIMU.

OmMCcaHHBIN METOJ TT03BONAET HABI0AATh
IIPOLECC B XKUBOM OpraHusMme. Beab ycrnenrtsie
WUCIILITAHUA TePANEeBTUYECKUX IIPENapaToB Ha
71a60PATOPHLIX KUBOTHHIX [A10T HAZEKAY HA
3bbeKTUBHOE eYeH e Yen0BeKa.

EnEHA VKVCOBA

BHewHui BuAa
JKCNEepPUMEHTaNbHO
YETaHOBKMN
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METEONPOrHO3 —

Oe30nacHOCTL CTPAQHUI

L

IUBUTb HAaC CEroOAHA HETOYHLIM ITPOIHO30M IT0-
TOf bl JOBOJIbHO-TAKU CJLOXHO. BcioMuHaerca
CTapbin aHeKAO0T: «['MAPOMETLEeHTP HUKOT A He
omnbaercs. OH NULIb TYTAET BPEMA U MECTOY.

TIpUYNHBT ONINOOYHBIX TPOTHO30B KPOIOTCA B HEL0-
CTATOYHOM HUHAHCUPOBAHUMN U TOCTOAHHOM COKPa-
1IeHUW Ha3eMHOW CeTU a3PoJlornieckux Habio-
IeHWN!. YCTaHOBUTb Ha BCEW MOBEPXHOCTU 3eMIN
e[MHY10 CeTb HabI0AeHN PAKTUIECKU HEBO3-
MOXHO, 0COOEHHO CJI0XHO 3TO CAeNaTh B TPYAHOLO0-
CTYTIHBIX TPUTIONIAPHEIX PailoHaX U Ha TPOCTOPax
OKeaHOB. AJIbTepPHATUBHLIM PelLIeHUEM ITPO6IEMbI
MOXET CTaTb CUCTEMA KOCMUYECKOTO MOHUTOPUHTA.
CkaHunpoBaHue 3eMNU KOCMUIECKUMU aIlllapaTaMu
TI03BONINT MOy YaTh MOAPOOHY IO OIIEPATUBHY1O
MHGOPMALMIO C PA3HBIX LINPOT.

Haubonee npoayKTUBHLI METO, — aHANU3
WU31y4eHnsA aTMOC(epHl U IIOBEPXHOCTU 3eMIn

B Pa3HbIX MAla30HAX CIIEKTPa: OT yabTpaduo-
JIeTOBOTO 10 MMKPOBOJIHOBOr0. Mup mepez Hamu
NpefCcTaeT B BUAUMOM inana3oHe (A1uHa BONH
ot 0,4 1o 0,7 MKM), KOTOPLI B CIIEKTPE U3y Ye-
HUA 3aHUMaeT COBCEM He3HAUNTENbHY10 A07110.

OCHOBHBIMU TapaMeTPaMM ITPU pacyeTax MorOALl
CILyXKaT TeMIIePaTypa U BIaXHOCTb Ha Pa3IUYHBIX
BbICOTaX. ATMOC(hepHbIe ra3bl (TTaphl BOALL, 030H,
VTJIEKUCIIBIIA Ta3, Majible PUMECH) TIOTTI0WAI0T U3-
JIyYeHUE WU UCITYCKAIT €T0 Ha CTPOTO ONPefiesleH-
HBIX IMHAX BONH. B undpakpacHoii (Tennosoit) 06-
7acTy crieKTpa (0cobeHHo B 0671aCTH OT 2 10 15 MKM)
HaXOJATCA MOJI0CHI MTOTJIOWEHNA U U3NYIeHUA
OCHOBHbIX aTMOC(epHbIX ra30B. [0 UHTEHCUBHOCTN
W3Ny4YeHUA B CMIEKTPa/IbHBIX IMHUAX MOXHO CYMTb
0 KOHLEHTpaLUu ra3a U TEMITEPATYPE, a IO CIeK-
TPY — ONPEAENNTb UX 3aBUCUMOCTD OT BLICOTHI (BHI-
corHbie mpodum). [ina xopourero mpeackasaHus
TIOTO7IbI TIOTPELIHOCTb OPe/ieleHNA TeMITePaTy Pbl
HosKHa GbITh He Bbiwte 1°C, a BIAXHOCTY — He BhILIE
10%. Kpome TOro, BLICOTHbIE ITPOGUAN AOTLKHLL
ObITb ZLOCTATOYHO NTOAPOOHLIMY, T.€. UMETb BLICOKOE
IIPOCTPAHCTBEHHOE paspeureHue (1-2 km).

1A MonyYeHUA TaKUX Npopunen y anmnapaTypst
LOJIXKHO OBLITL OYEHb BEICOKOE CIIEKTPaNbHOE
paspeureHmne (THICAYHBIE A0V MUKPOHA B UH-
(bpakpacHO” 061aCTI) W BEICOKASA YYBCTBUTENb-
HocTb. Ha 3eMie Takue mpuBOpH CyIeCTBYIOT,

a BOT B KOCMOCe UX ITOKa HeT.

NHppakpacHoii
dypove-cnekTpomeTp

a3paboTKa KOCMUYECKOTro pnubopa — mpouecc

LJIUTENbHBIN U CILOXHLIW. ATIIapaT LOJXKEeH
0TBEYaTb TPEOOBAHUAM HAZLEXKHOCTU, CIIOCOHHO-
CTU BHIAEPXKUBATDb IEPETPY3KU, aBBTOHOMHOCTH,
601b1I0T0 pecypca paboTH U T.J.

depepanbHoe rocyAapCTBEHHOE YHUTAD-

Hoe mpepnpuarune «Mccneposarenbckun

neHTp uMenu M.B. Kenpriura» coBMecTHO

¢ Cankr-IleTepbyprckuM rocyaapCTBEHHHIM
YHWUBEPCUTETOM, THCTUTYTOM KOCMUYECKUXK
nccnepnosanuit Poccuiickoi akafeMumn Hayk

v HayuHo-uccnenoBaTenbCKUM 11eHTPOM
«IInanera» pa3pabaTHBAIOT TEXHONLOTUIO AUC-
TQHUMOHHOTO 30HUPOBAHUA MIOJIEN TeMIIepaTy-
DB, BIAXHOCTU 1 aTMOC(hePHBIX KOHLeHTPauui
OCHOBHLIX MaJlbIX T'a30B, @ TaKXe 3aHUMA0TCA
CO3,aHUeM ITPOTOTUIIA KOCMUYECKOTO UH-
tpakpacHoro ¢pypbe-crekrpomerpa (UKDC).
[Ipubop No3BONAET MONYYATb UCXOAHYIO
nHbOpPMaLUIo ANA COCTaBlEHUA TPOrHO3a
moroas. Ero pabora ocHoBbIBaeTCs Ha u3Me-
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pernax nHGpakpacHoro U3NYIeHUA B [uarma-
30He CIeKTpa OT 5 10 15 MKM C 0¥eHb BLICOKUM
(0,001-0,01 MKM) CcIleKTPanbHLIM pa3pelIeHUEM.

dypbe-creKTpoMeTp — 0YeHb CIIOXKHLI TPUb0pP,
COCTOAIUN U3 HECKONbKUX 6710K0B. 06 3TOM
MOXHO CYAUTb IO CHUMKY MaKeTa OAHOTO U3 ero
y3710B — MOAYNA MHTepdepoMmeTpa.

Mopynb unTepdepomerpa U3MepseT ClIeKTpab-
HY10 APKOCTb. VHppaKpacHbiit 06beKTUB HOpMU-
pyeT Ha GpoTopaTuynke nsobpaxenune o6beKTa.
[Ins Toro 4To6bl IPU6GOP NMeN Tpedyemoe
MPOCTPAHCTBEHHOE pa3pelieHne Mo MOBEPXHOCTU
3emnu (mpumepHo 30x30 KM C BHICOTH OPOUTHL
800 KM), ero moJje 3peHUA A0JKHO OBITh J0BOJILHO
y3kuM (oxono 40 munnupaanax). CeeTopenurens
paszenser mocTymaionee n3iydeHne Ha iBa mo-
ToKa. CnoXHas MexaHWueckKas cucTema C yromi-
KOBBIMU OTPAXKATENAMU U3MEHAET ONITUYECKY1O
Pa3HOCTb X0Of,a [TOTOKOB, 3 CYET Yero Ha GoTo-
naruvke GopMmupyerca uHTepdepeHNOHHAA
KapTuHa (uHTepdeporpamMma). UTo6k IONYIUTD
CIIEKTD U3JLyYeHUs, ee HYKHO II0ABEPTHY T
CJI0)HOI MaTeMaTuyeckoit obpaborke. B mopyne
nHTephepoMeTpa CylecTBYeT U OMOPHLIN
WU3yyaTenb — MONYIPOBOLHUKOBLIN 1a3ep co
CTPOTO OIIPEeZieNIeHHOM [INHO BOJIHBEI, KOTODLI
T03BONAET OMPeAeNATb AINHY BOLHE GUKCUpYe-
Moro u3nyuyenus. oTopaTunk mOMmUMO BHICOKO
(bOTOUYBCTBUTENLHOCTY [OKEH UMETh LINPOKYIO
CIIEKTPANbHYI0 YYBCTBUTENLHOCTD (5-15 MKM)

W He BHIIENATH Temna. B Poccum Takue mpubopet
ToKa He mpoussopATrca. Co3paHneM YHUKaNbHOTO
TOJLyIIPOBOJHUKOBOT'O CEHCOPA 3aHUMAeTCA Ha-
YUHO-IIPOU3BOACTBEHHOE 06befunermne «0pron».

Yrnosble
oTpaxarenu

OnTuka
pectepeHTHOrO
KaHana

CeeTopenutens

Nazep
pedepeHTHOrO
KaHana

Mopnynb ckaHepa (MOAYNb HaBe,eHUA) HAIIPaB-
JIleT MT0J1e 3peHUsA TPU6Hopa Ha HYKHYIO TOUKY

C TIOMObIO 3epKana, IPUBOAUMOTrO B iBUXKEHUE
1IaroBLIM ABUraTeJleM II0 OTlpefieleHHOM ITPo-
rpaMMe, KOTOPY10 MOXHO U3MEHATb, lepefiaB

¢ 3eMnn ompefieneHHb Habop Komaxz. B kocmo-
Ce KpaiHe Ba)XHO KOHTPONUPOBATb CTAOUIBHOCTD
ITapaMeTpoB MPU60OPa, AA Yero NpeaycMoTpe-
Ha ero caMoIpoBepKa Uau caMoKannbposka.
[Tepuopnyecku mone 3peHUA Mpubopa Hampas-
NIAETCA Ha «XOJOAHDI» KOCMOC U Ha 3TalOHHBIN
n3nyvarenb. «X0N0LHbI» KOCMOC AaeT BO3MOX-
HOCTb IPOBEPATH HYJ1€BOW CUT'HAJL, @ ITaNOHHLIN
W3JyyaTenb OMOTaeT ONpe/ieNIUTb, He U3Me-
HWUJACh 1M YYBCTBUTENBLHOCTb TPU60Pa, 1 Ipn
HEOOXOAUMOCTY BHECTU HEOOXOUMbIE TOMIPABKU.
Ha 3eMne ponb «X0710[,HOT0» KOCMOCA BHIIIONHAET
Mozienb a6COMIOTHO YePHOTO0 TeNa, OXNaXAeHHAA
710 TEMITEPATYPbl XUAKOTO a30Ta.

BopToBO#, @ 3HAUNT, MaNl0rabapuUTHBLI, IIOTPe-
6711011 MaJ10 3HEPTUY, ITAJIOHHBIN U3JyYaTeNb
HAaXOAWUTCA B IpoLecce co3panus. Ito byner
MOZeNb a6CONITHO YEPHOTO0 TENA C BEICOKON
CTenmeHbl0 YepHOTH (He MeHee 0,995). Takoe

TEJl0 MPaKTUUeCKN He 0TpaXaeT majaomuii Ha
HEro CBeT, KOTOPbI 3aNyTHIBAETCA B €70 ITPAHAX
W IIOJIOCTAX, IIOTJI01AETCA U He BEIXOAUT HAPYXKY.
JIpyras yHuKanbHas 0COHEHHOCTD, TO3BONAIOL AN
WCII0N1b30BaTh YePHOE TEJl0 B KAUeCTBE ITAJI0H-
HOT'0 UCTOYHWKA, — U3JlyYaTeNbHble CBOICTBA.
IIpu n3BecTHOW TeMIepaType TEIN0BOW IIOTOK

W ero pacrpejieneHue Mo CreKTpy paccunTbIBa-
10TCA C 04eHb BLICOKOI TOUHOCTb0. Ho 14 TOrO,
YTOGH CAle1aTh YepHOe Te0 ITAIOHHbIM UCTOY-
HUKOM, HE06XO[UMO U3MEPATD U MIOALEPIKUBATD

OCHOBHbIE

MNosopoTHoe
3epKano

Papunatop
TepMoCTaTupoBaHua
nasepa

06bekTHB

Ananor
X0NoAgHOro
fatynka

y3bia MOAYNSA
uHTeptepomerpa



€ro TeMIIePaTypPy C BEICOKOW TOYHOCTHIO (10
0,1°C). Takxe BaXKHO, 4TOOLI TeMIEpaTypa 6bina
OZMHAKOBOW Ha BCEW TOBEPXHOCTY TeJla N OTCYT-
CTBOBAIU TEMIIEPATYPHbIE TPAZANEHTHL.

INEKTPOHHLI MOAYIb — CILOXKHBIA MHOTOQYHKIN-
OHaJbHHI! 60pTOBOM KOMITblOTEp. OH ynpaBnser
TIOMBVKHLIMU YaCTAMU ITpubopa — n3Mepser

W epeaeT Ha 3eMiio CiyxebHy0 uadopmanmio,
HaIpuMep, TEMIIEPATYPY PA3IUIHLIX YacTeil
ycraHoBKu. Ho rnaBHOe HasHAYeHUe 371eKTPOHHOT0

MOAyNA — MpeBpalleHue Nokasanui GoTopaTunka

B CITEKTPHI U3y YeHUA aTMocepsl. B HazeMHOM
BapuaHTe 0CHOBHAA Harpy3Ka JIOKUTCA Ha Iepco-
HaJlbHBIN KOMITbloTep. KocMuyaeckuit BapuaHT Moay-
75 pa3pabarsiBaeT MoCKOBCKWIL FOCYAAPCTBEHHEIN
TexHUYeCKUil yuusepcutet um. H.3. BaymaHa.

Bricokas 4yBCTBUTENBLHOCTb Qypbe-CcIek-
TPOMEeTpa ;0CTUTAETCA 32 CYET OXJAXKAEHNA
NMPUEMHWNKA U3NYYeHUA 0 TEMIIEPATY P
XUAKOTro a3ota, mpumepro —200°C. Ha opbure
POJb X0J10AUIbHUKA BHITONIHAET PaiuaTop,
paccenBaloWUi U3NNIIHEE TETJI0 B KOCMOC
(remmeparypa Kocmoca cocrasnser —-269°C).
Ha 3emne ponb pedpuxeparopa 6yaer urpats
TEPMOC C KULKUM a30TOM.

Hempocras 3aaaya — kanubposKa ammnapaTypey, T.e.
IpeBpalleHmne Mpubopa B BLICOKOTOYHLIN N3MEPU-
TeJIbHBI UHCTPYMEHT. JlaTyuku uHdpakpacHoro
W3NyYeHUs TPeOYIOT I1yH0KOro 0XNaxAeHUA 10
-200°C. Ecnu paboTaTh B 0OLIYHEIX KOMHATHBIX
YCN0BUAX, HA HUX CPA3y e CKOHAEHCUPYeTCA
BJlara 1 06pa3oBaBLIUIACA NHEW U3MEHUT [IOKA3aHUA
mpubopa A0 Hey3HaBaeMoCTU. MCKaXeHNs BHOCUT

W BO3AYX, HAXOAAWMNNCA MEXLY UCTOYHUKOM U ITPU-
e€MHUKOM U3nyyeHus. [loaromy mpu6op Heobxoam-
MO KanubpoBaTh B BAKYYMHOM! KaMepe, B KOTOPON
BOCCO3[A0TCA YCI0BUS, OIM3KUE K KOCMUYECKUM.
Takas ycraHoska ects B LlenTpe um. M.B. Kenppiura,
OHA UCTIONb3YETCA ANA UCTILITAHWI HE6OMBIINK KOC-
MUYECKUX aIlNapaToB v B 6yAyieM GYzeT ocHaleHa
TEXHUYECKM CJIOHBIMW STANI0OHHEIMU UCTOYHUKAMU
W IPUEeMHUKaMU UH(PaKPaCHOT0 U3NYYeHUA.

HauroHanbHLIN HGOPMAUMOHHLIR USHTE NO HOYKE 1 MHHOBAUMAM Sciencerf.ru

Hosuin npoekT

Aes MOA0OHEIX YCTPOCTB CETOAHA NOMYNAPHA BO
BCEM MUPE: W €BPOIEN1H, U aMEPUKAHILLI TJIAHU-
PYIOT 3aIyCK Ha 0p6UTY Qypbe-CIeKTPOMETPOB,
CXOXUX C Ipn60poM, pa3pabaTeiBa€MEIM POCCHiA-
CKUMU yueHbIMU. B EBpome mpubop Ha3biBaeTcs
IASI, 8 AMepuke — CrIS. Poccuitckuin ananor
3HAUUTEJIbHO JIeT e W lellieBle, YTO MO3BOJAET
UCIIONb30BATb €TI0 Ha MaJlbIX CIYTHUKAX.

ViKe CymecTByeT TeXHONOTNA, TO3BOAAI0MAR
MOYYaTh BHICOTHBIE TPODOUAN TEMIIEPATY P

W BNAXHOCTY IO IAHHBIM N3 KocMoca. 0aHako
UX TOUHOCTb U pa3penieHne mo BLICOTe HeoCTa-
TOYHBI U YCTYTAIOT Ha3eMHbIM a3P0JI0TUYECKUM
HabnoaeHusM. [Ins nonyyerus 601ee TOUHBIX
CBeJIeHMNiA C TOMOIbI0 KOCMNYECKNX TpU6opos
HOBOTO TTOKOJIEHUSA, K KOTOPBIM OTHOCUTCA
bypbe-crieKTpoMeTp, HEO6XOAUMO [IPEOA0IIETD
VUMEHHO 3TOT ITOPOT.

Pa3paboTKOM TEXHONOTUY ANCTAHINOHHOTO
30HAUPOBAHUA aTMOCHEPLI C UCTIONIb30BAHUEM
nHbpakpacHoro Gpypbe-CrneKTpoMeTpa yueHse
3aHUMalTCA B paMKkax PefepanbHont 11eneBo Ha-
YYHO-TeXHUYeCKOW mporpaMmst «ccnenosanus
W pa3pabOoTKU IO TPUOPUTETHLIM HATIPABIEHUAM
Pa3BUTUA HAVKU U TEXHUKNY.

CreHp
TennoBaKyyMHbIX
ncneiTannit LenTpa
uM«<M.B. Kengbiwa



HaupmoHANbHLIN MHPOPMAUMOHHLIN UEHTO NO HOYKE U MHHORAUMAM Scigncerf.ru

HayyHBIN TPOEKT, HaXOAAWWIACA Ha CTHIKE
Pa3HOPOAHBIX HAYYHBIX 33734 (KocMUueckoe
npubopocTpoermne, usnka arMmochepsi, METEOPO-
710TUA), ToTpe6oBan 06beANHEHNA BEAYIUX Ha-
YYHO-TeXHUYEeCKUX cul cTpanbl. KocMuueckyto
oTpacnb mpepcrasnfer Mccnenosarenbckuit
neHTp umenun M.B. Kenpbiuta, akagemMnueckue
KPyru — MHCTUTYT KOCMUYECKUX UCCTIef0BAHUN,
B3t - CankT-IleTepOyprekuii rocyaapCTBeH-
HbI yHUBepcuTert, Pocruppomer — Hayuxo-uc-
CnefoBaTeNbCKUIL LeHTD «IInaneTay» — ronoBHON
TI0 KOCMUYECKOMY MOHUTOPUHTY.

«Hap upeeit mpubopa HALIN CIIEUNATUCTH
TPYAATCA aBHO, — TOBOPUT OTBETCTBEHHbII
PYKOBOZLUTENL PAOOTH, AOKTOP TEXHUIECKUX
Hayk ®enukc 3aBenesny. — OgHako npobaemon
CTHIKOBKU PE3YJ1bTaTOB U3MEPEHUI, a TAKKe Ipe-
o6paszoBanus nHGopmanuu 8 Gopmy, yaobHy0
IJ15l MOTEHUNAIbHBIX IOTPEOUTENeN!, MBIl 3aHU-
Manuch He0CTATOYHO MOAPO6HO. BriurpanHsiit
JIOT TIO3BOJIUT HaM BOCIIOJIHUTD ITPO6EJ1, PeNIuTh
BOIIPOC UCII0J1b30BAHUA PE3YILTATOB KOCMUYe-
CKUX U3MEPEHW B UHTepecax UIMPOKOro Kpyra
notpebureneit — Pocruapomera, MnHob60poHs,
MUYC, 3K0on0ornyecknx cnyx6, cnyx6st TeppuTopu-
anbHOrO yIpaBneHua. Byner peuieHa akTyanbHas
3ajjaua — IMKBUAALMUA PAa3pLiBa MEX Y POU3BO-
INTENAMU U TOTPEOUTEIAMN KOCMUYECKON UH-
dopmaumn. Kpome Toro, 370 mo380nunT 0rpo6boBaTh
TEXHOJIOTUI0 B HA3€MHbIX YC0BUAX U CPABHUTD
Pe3ybTaTh C HE3aBUCUMBIMU U3MEPEHUAMM.

®depepanbHOe rocyiapCTBEHHOE YHUTAPHOE
npepnpuarue «llentp Kenprinra» 3anumaerca
co3naHueM Haubonee TPYLOEMKOI U LOPOrOCTOSA-
men anmnapaTypHou YacTu TexHonorun. He meHee
BaXKHbI aCIeKT paboTHl — MolyYeHune npoduneit
TeMITePaTyPH U KOHLeHTPalnii ra30B Ha OCHOBE
W3MEPEHHHIX CIIEKTPOB U3y YeHUA. ITa 3afava
OTHOCUTCA K KJ1aCCy MaTeMaTudecku HeKOpPeKT-
HBIX 3a7iaY, 711 ee pelIeHuns yueHsie u3 CaHKT-
IleTep6yprcKoro rocyAapCTBEHHOTO YHUBEPCHU-
Tera (pykoBogurens — npodeccop 0. Tumodees)
N MIHCTUTYTa KOCMUYECKUX UCCTIefl0BAHUI
(pyxoBopuTens — KaHAMAAT QU3.-MaT. HayK

A. Topopeukuit) paspabaTsBaioT pusnko-marema-
TUYECKWe MOfIeIN U POrPaMMHOe obecrieyeHune
IJ1A TIpeBpalleHUA MONYYeHHBIX CIIEKTPOB B ITPO-
(bunn Temmeparypsl, BAAXHOCTU U T.7. [pynna u3s
HayuHno-nccnenosarenbckoro nexTpa «Ilnanera»
(pyxoBopurens —npodeccop A. YcneHckwit) pas-
pabaTbiBaeT METOALI M MPOTPAMMHO-MaTeMaTUYe-
cKoe obecmeuerme GLICTPOro PacyeTa U3NyYeHns.

Ha koHeuHo# cTagum paboTsl ¢ 0[HOTO U3
MEeTeO0pOoJIOruYeckux MONUTOHOB (CKopee
BCEro B I. [lonronpyAHoM) 6YAYT 3aMyLeHbl
PaANO030HAbL, KOTOPbIE IPOBEAYT U3MEPEHUA

TeMIIePATyPHl U BLAXKHOCTU. OfHOBPEMEHHO
6YAYT U3MEpPEeHbI CIIEKTPLl HUCXOAAILETO U3-
JlyYeHUA aTMOC(EPH! U IO HUM BOCCTAHOBJIEHEL
BBICOTHbIE TPOGUNYU TEMIIEPATY PHI, BIAXHOCTN
W COflepXKaHUA Manbix aTMOChHepHLIX ra3oB.
CormocraBneHne pe3ynbTaToB TO3BONT OLEHUTD
30 beKTUBHOCTb X TOUHOCTb HOBOW TEXHOJLOTUN.

be3sonacHocTL

erofjHA 3HAUNTeNbHAA YacTb MeTeONHpOPMaLun
nmocTymaeT B Poccuio mo MexayHapoAHbIM KaHa-
JlaM, YTO CTaBUT Hally CTPAHY B OTPefleNIeHHY 10
3aBUCUMOCTDb OT MEXZAYHaPOAHbIX OpraHu3aLuii.
[Tonyyerue Poccueit cob6cTBEHHO rnobanbHON
MeTeouHGOpPManun MO3BONUT He TOJbKO BHECTN
ZOCTOWHBIW BKJaZ B MEXAYHAPOAHOE COTPYAHU-
4eCcTBO, HO U 06eCIeYnThb ONpefieNeHHY 0 He3a-
BUCUMOCTb CTPAHHI OT BHElITHeW KOHBIOHKTYPHL.

Jlomonxenune HabIOAEHUN HA3EMHON! CETU
a3PONIOTUYECKUX CTAHLUI CITYTHUKOBLIMMN
30HAUPOBAHUAMU BECbMA AKTYaLbHO BBUAY OT-
CYTCTBUA MOCNEAHWUX HaJ, aKBATOPUAMU OKEAHOB
(2/3 3eMHOW MIOBEPXHOCTU) U B TPYAHOLOCTYII-
HBIX PAllOHAX, & TAKXKe IPAKTUYECKU HE UMEeT
a7bTEPHATUBLL C TOYKW 3PEHUA IKOHOMUYECKOMN
b dexTnBHOCTN. TONbKO 3aMYCKU PAiUO30H,0B
6e3 yuera nx 06CNYKUBAHUA €XKe[HEBHO 006X0-
narca 6omxery PO B 500 ThIC. py6nent.

HoBas TexHO0IMA UMEET ellle OfHO 0UeHb BaXHOE
IIpUMeHeHWe — 9Kojlorndeckoe. dypne-crekTpo-
METp, IOMUMO BbICOKOKQUECTBEHHLIX U3MePeHN
MeTeoNapaMeTpOB aTMOChepL T03BONUT KOHTPO-
JIMPOBATH ee 3KOJI0TNYecKoe COCTOAHUE, B TOM
yucjle BeCTU IOCTOAHHbIE MOHUTOPUHT COZlePiKa-
HUA B Hell TAPHUKOBLIX ra3oB. [locnenHee 06cTos-
TEeNbCTBO IPUOGPENIO 0CO6YI0 aKTYaNbHOCTD IOCIe
nmoamucaruns Poccueit Knorckoro mporokona.
BripoueM 3T0 TeMa OTA€NILHOM CTATHU.

TATLAHA BAPXATOBA



KHHKHOE 0bO3PEHHE

CAMOE 2N12BHO O COBpEMEHHOIi Hayke

JIA TCX, KTO XO4YCT Y3HATDb OT HpOCbCCCI/IOHQ.JIOB O MOCICAHUX OO~
CTHXKCHHUAX HAYKH, HO HC UMCCT BPCMCHU /I YTCHUA TOJICTBIX

($HOMMAHTOB, U3ATENBCTBO «Bek-2» (I Ppsa3nHO MOCKOBCKOM 06/1aCTH)
OTKPBLJIO CEPUIO HAYYHO-TIONY/IAPHBIX Opomnop «Hayka cerogusa». x
ABTOPBI — BEAyLIUE CIELUAJIUCTBI B CBOUX OOIACTAX UCCAECJOBAHUA
U IIPH 3TOM OIIBITHBIE MONIYJIAPU3ATOPSLL. [IepBbIe YeThIpE OPOIIIOPHI

n
gn ACT‘:; nt]'I YCMEX IIOCBAIIEHBI AHTPOIOJIOTHUU U aCTpOCpHBHKC'
"] panmmnmauuu 19

a EyToactan

B yIO6HBIX KHHKCUKAX «KAPMAHHOT'O» (hopMaTa 06beMOM 64 CTpa-
HHUIIBI TEKCT PA30UT HA KOPOTKHUE IVIABBI C OTACAbHO BBIHECECHHBIMU
B «OKH4» BaKHEUIIUMU YTBEPXKAECHUAMHU. He60NbIMON pazMep U JeT-
Kasg CTPyKTypa 06jerdaior. IIpu 3TOM Hay4YHBIH YPOBEHD IIEPBLIX Ye-
TBIPEX OPOILIIOP BECbMA BBICOK U TPEOYET OT YUTATEIA OIIPEAEICHHOM
3PYAULIUM (XOTA CYry60 ClieIUaIbHbIC TEPMUHBI BHIHECEHBI B KDATKUH
TOJIKOBBIN CJIOBAPH B KOHIIE KHUT'H). ABTOPBI HE IPOCTO PACCKA3bIBA-
FOMOCEKCYANU3M IOT O HAYyYHBIX HOBOCTAX, 4 BBOAAT YUTATE/A B IPOOTIEMY «C HYJIA».

H 3BONIOUMA ITOo3TOMY KHUIKKH OYAYyT UHTEPECHDBI U BIIOJIHE JOCTYIIHBI OYEHD IIIH-
POKOH ayiUTOPHU: HIKOJIBHUKAM, YUHUTEIAM, )KYPHATUCTAM U €CTe-
CTBOMCIIBITATEJIAM BCEX HAIIPABICHUH.

3a nocseanue 15 1et Nof06HbIE CEPUU HAYYHO-TIONYIAPHBIX 6PO-
LIIOP HE U3JABAINCH, XOTA JO 1990 r. Takasa popMa OOIEHUA yUECHBIX
C JI0603HATENBHON AyJUTOPUEN OblJIa OYEHDb XOPOIIO PA3BUTA, Ha-
IIpUMEp, NOAUCHBIE cepuu «HOBOE B )KU3HU, HAYKE, TEXHUKE» U3]a-
TENbCTBA «3HAHUE», BBIXOAMBIIHNE 110 BCEM OCHOBHBIM OOGJIACTAM HC-

CJIETOBAHUM.
Bes npeyBenndeHmnsa MOKHO CKAa3aTh, YTO KPYTO30P HAYYHO-TECXHHU-
YECKOW MHTEJIMTEHIINN B 3HAYUTCJIBHON MEPE MOAJCPKUBAIN 3TU

bytrosckas M. A. BAOCTb, NOA
U PENPOAYKTUBHBIN yCrEX.

Bytosckas M. A. [oMOCeKCyaAn3m
" 2BOAKOLMS. HCIOPOI'C KHUKCYKH, HAIMMUCAHHDBIC JIYIITUMHU CIICITUATIUCTAMU CTPA-

HBbI.

Hapeemcs, 4TO BO3POsK/ICHHBIH B HAIIIE BPEMS JKAHP «MUKPOJIHUTPAK-
HBIX» KHUT OK2>KETCSI CTOJIB JKE BOCTPEOOBAHHBIM B CPE/IE POCCUIICKOM
WHTEJIMTCHIINH, KAK 9TO ObLJIO BCET/A.

u3yuaem kabany

KHHra kpynHeimero reépaucra XX B. I Hlonema (1897-1982) oTKkpbIBaeT
rnepej pyCCKOA3bIYHBIM YHUTATEIEM BAXKHEUIIUN U IPUTOM MaJIOU3BECT-
HBIM IJIACT MUPOBOM KYyJIBTYDPBI. BriepBbl€ BHIXOAUT B CBET TPYJ, 110 UICTOPUU
u penoMmeHonorun Kad6aabl. ABTOP HE TOJIBKO aHAJU3UPYET KA0OamucTuye-
CKHE KHUI'H, HO U IPOCJICKMUBAET HCTOPHIO PA3ZBUTUSA CBPEHCKUX MUCTHYECKUX
YYEHUU HA IPOTAKECHUU ITIOYTHU ABYX ThICAY JIET. IIl0JIEM TO-HOBOMY OLICHUBAET
CBOCOOPA3HOE HATIPABJICHUE YEJIOBEYECKOM MBICIU, KOTOPOE OAHU CYUTAIN HE
0oJiee 4eM CyeBEPHUEM, IPYTHE OOOKECTBIIAIN, TPETBU OOAIUCh. OH IOKA3bIBA-
eT, yTo Ka66aia cyTh CI1aB MUQPOIOIUU U (PUIOCO(MUH U BIIOJIHE BIIMCHIBACT-

Cs1 B MUPOBOH KYJIBTYPHBIN KOHTEKCT. BblIBUT A HA NEPBBII IJIAH MUQOIOIU-
YECKYIO COCTABNAIOMYIO, HlogeM NOAXOAUT K OO'BEKTY U3YUEHHUSA CKOPEE KAK

Lloaem I OCHOBHbIE
(pHIIOIOT, OZJHAKO TAKOM METO/] IO3BOJISIET EMY OCTATHCS HA MMO3UITUSAX HAYYHOH TEUEHWSI B ©BPEMCKON

O06BEKTUBHOCTH. Muctuike. — M., 2005.
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O nepcneKkTMBaxX MICCAEAOBAHUIN B OBAACTU UICKYCCTBEHHOFO MHTEAAEKTA U UX BO3MOXXHOM
MPAKTUYECKOM NPUMEHEHNN Y3HOAW 3PUTEAN MPOrPAMMbI «O4YEBUAHOE — HEBEPOSITHOE? N3 BECEAbI
npodeccopa Cepres [NeTposmya Kanmupl ¢ KOHAMAOTOM GU3UKO-MATEMATUYECKMX HOYK, TACBOW
KOMNAaHnn ABBYY AaBnAOM EBreHbeBUYEM SIHOM.

pykorsorhbii [ld3 1M




OYEBHJIHOE - HEBEPOAITHOE

CKYCCTBEHHBIM MHTEJJIEKT BPA/J I KOTLa-T160

OCBOOOIHUT YETOBEUECTBO OT HEOOXOJUMOCTH

MBICIUTb. BMeCTE € TeM, B35IB HA CEOS1 BBIIIOJIHE-
HUE HEKOTOPBIX CKYYHBIX (DYHKIUI, KOMIIBIOTEP IIOMOKET
JIIOASAM U36ABUTBHCA OT PYTHUHBL, IIO3BOJIMB YAEIATb 6O/bIIE
BPEMEHH NOAJTUHHOU JKU3HU U TBOPYCCTBY.

CosaarteAm pasyma

[Tpo6ema co3/1aHNUA UCKYCCTBEHHOT'O MHTEJIJICKTA B CBOEM
(PHUIOCOPCKO-aTUYECKOM ACIIEKTE YBJICKAJIA IICUXOJOIOB
U nucaTenen-(aHTacToB EIie 3a/J0JT0 JJO TOTo, KaK ObIN
OCYIIECTBICHBI IEPBLIC TPAKTUYCCKHUC MIATH B 3TOM Ha-
MpPaBJICHUU. Bpaj 1u «Tpu 3aKOHA POOOTOTEXHUKU» CTa-
HYT B OIM>Kainiee BpeMs TEMOU MAPIAMEHTCKUX 1€6aTOB,
OJTHAKO CET'O/THS YK€ HEIb3s51 HEJIOOIICHUBATD TTPUKIIATHO-
T'O 3HAYEHUS KOMITBIOTECPOB U CIICIIHAJIBHOT'O MPOTPAMM-
HOT'O O6ECIIEYCHHUS, TAKOTO KAK OIEPAIMOHHAS CUCTEMA
Windows, nporpammsl 1C unu OCR-cucrema FineReader.
K YHCITy CAMBIX 3HAMCHATCIbHBIX <<H06CLI HUCKYCCTBCHHO-
IO pa3yMa» MOKHO OTHECTH CIIOCOOHOCTB PACTIO3HABATD
06pasbl, MPUQTHI, PYKONUCHBIE TEKCTDHI. CIICAYIOIMNM -
T'OM CTAHOBHUTCS PACHTH(PPOBKA PCUH, BOCIIPHUITHE, AHATN3

pemaTb MHOI'ME IPO6JIEMBL, KOTOPBIC PAHBIIE KA3aIUCh HE-
IIPEOJOJIMMBIMU 11O IPUYHUHE CIA00U TEXHUYECKOI OCHA-
IMEHHOCTH.

Pa3paboTKu B O6IACTU UCKYCCTBEHHOI'O Pa3yMa B TOH
WUJIA UHO CTENEHU 6A3UPYIOTCA HA UCCAEJOBAHUAX YEJIO-
BEYECKOI'O MHTEJUIEKTA, KOTOPBIH BCET/A 3aHUMAJI 1 IICUXO-
JIOTOB, U (PUIIOCO(OB, U nucarened. [JIoaToMy npeameToM
0COO0M TOPAOCTU KOMITAHUN ABBYY CUNTAETCS €€ ITTABHBIH
«TPOUCTBEHHBIN» IIPUHIIMII, KOTOPBIH JIEKUT B OCHOBE 3PU-
TEJIbHOI'O BOCIIPUATHUS BCEX KUBBIX OPI'AHU3MOB, CIIOCOO-
HBIX BUJIETD, — LIEJIOCTHOCTD, LICJICHAIIPABJICHHOCTD 1 41411~
THUBHOCTB BOCIIPUATHA. Briepsbie OH ObLI C(OOPMYIUPOBAH
Anexcangpom JIpBosrdyem HIaMUCOM U C TEX NMOP 3aJ0KEH
B KOPEHb BCEX CUCTEM PACIIO3HABAHM A, PA3PA0ATBIBAEMBIX
KOMITAHUEMN.

M3BeCTHA TAK HA3bIBAEMAS TPEXYPOBHEBAS MOJEb ITIO3HA-
HUS OKpy2Karomero Mupa. Ilepsblid, (pU3HYECKUN YPOBEHD
BOCHPUATUA — TOT, HA KOTOPOM CYLIECTBYET MATEPUA/Ib-
HBIIT OOBEKT. PUZUUECKOE OTOOPAKEHNUE MATEPUATIBHO-
ro Teja NePelaeTcs JIOASM U )KUBOTHBIM 4€pE3 OIlyIIe-
HUSl — 3PEHHE, OCA3AHUE U OOOHAHUE — B BUJE OTJEJIbHBIX
NPU3HAKOB, CBOMCTB U KAa4eCTB npeamera. Ha gananom

lICKyCCTBEHHbBIN MHTEAAEKT HAYMHQAETCS C LLIEAOCTHOIO BOCMPUSTMSI MUPQA.

U TIOCJIEIYIONast O6pabOTKA MOHOJIOT'OB MJIH JIUAJIOTOB JIIO-
OO CIOKHOCTH U HA JIIOOOM A3BIKE (CM. L 080pAUUE KOM-
novtomepur», <Bmupe nayxu», Ne9, 2005 2.). KoMIbpIOTEpHBII
TIEPEBOJ] TEKCTOB TAK)KE OTHOCHUTCS K YHCJY HACYIIHBIX
3a/1a4, CTOSAIUX NIEPE/T YUYEHBIMU U CHEIUATUCTAMU B 00-
JIACTH IPOT'PAMMHUPOBAHMUSL.

MaLnHA yYnuTcsa y 4eAoBeKda

MOKHO CKa34Th, YTO IJIaBHAS 33/1a49d UCKYCCTBEHHOI'O MH-
TEJJIEKTA — 3AMEHUTD Y€JIOBEKA B HEKOTOPBIX OOIACTAX €I0
JIEATEAbHOCTH, TPEOYIOMNX IPUHATHA OIITUMAJILHOI'O pe-
meHud. K TaKuM BUAM «CaMOCTOATEIBHOIO ITOBEJCHUSA>
KOMIIBIOTEPA CJICAYET OTHECTH, B YACTHOCTH, PACIIO3HABA-
HHUE TEKCTOB. YUEHBIE yoKe OOJIee MATUAECATH JIET PAOOTAIOT
B JJAHHOM HaIIPaBJIE€HHUU. MOXKHO JJa2KE YTBEPKAATD, UTO 3TA
OTPAC/Ib HAYKU U TEXHUKU UMEET TOUYHYIO ATy POKIACHUA:
seToM 1956 I. OTIBI-OCHOBATEIN KHOEPHETUKHU — MapBUH
Munckui, I;koH MaKKapTU U JPyrue — COOpaJucCh BMECTE,
4TOOBI OOCYAUTD NEPCIEKTUBLI CBOUX PA3PA0OTOK. UMEHHO
TOI'JA BIIEPBbIE ObIM IPOU3HECEHBI CJIOBA «<UCKYCCTBCHHBIH
UHTEJUIEKT>.

B mameii crpane eme B KOHIIE 40-X I'T. IPOIIJIOTO BEKA Ta-
JIAHTJIMBBIM YYEHBIM AJleKceeM AHJpeeBruYeM JIAIyHOBBIM
OblJ1a CO3/]aHA JIAOOPATOPH S, KOTOPAs 3aHUMAJIACh AHAJIH-
30M A3BIKOB. C T€X IIOP BBIYUCIUTEIbHAA TEXHUKA IIPEO6-
Pa3UJIaCh 1O HEY3HABAEMOCTH, OABUIACh BOZMOXKXHOCTD

3TAIIE )KUBbIE CYIIECTBA €IIE HE PACIOIATAIOT IIOJTHOU UH-
dopmanyeit 06 HHTEPECYIOMEM UX ITPEAMETE, OHU BUJAT
JIMIIb HEKOTOPBIE €TO KAYECTBA. 34TEM IPOUCXOJUT OYCHD
BAXKHBII IIPOLECC KAACCU(PUKALNHI — UIECHTUPULHUDPYETCA
COBOKYIIHOCTDb OIIYIIEHUH, OTHOCAIUX IIPEAMET K OIpe-
JIEJIEHHOMY KJIACCY, TO €CTh OCYLECTBIACTCS NIEPEXO] OT
YACTHOI'O K 0611eMy. Jo HOCIEAHErO BDEMEHH BCE ITOIIBITKH
CO3/1aHUA UCKYCCTBEHHOU CUCTEMBI BOCIIPUATHA MUPA HA
3TOM 3TAIE U OCTAHABIUBAJIKCD.

Komnanusa ABBYY Brepsble IONPpO60BaId NEPEUTH HA
CIENYIONNHI YPOBEHb — K MOJICIMPOBAHUIO CO3HAHUA. Ha
TOM CTYIICHH XKUBAA CUCTEMA (A B JAHHOM CJ1y4ae KOMIIbIO-
T€P) BBIABUIAET I'UIIOTE3Y O TOM, YTO NPEJACTABIACT COOON
IPEIMET, 10 CUX IIOP BOCTIPUHHUMAEMBIN KAK COBOKYIIHOCTD
OTZENbHBIX IPU3HAKOB. 3aTEM CHUCTEMA LIEJICHATIPABJICH-
HO JIOK43BbIBA€T WX OIPOBEPrad€T CBOE MPEAIIOIOKECHHE.
Paszpadorannas cucrema FineReader IO3BOJISAET BOCIPO-
U3BECTU IOJHBIN IMKJI YEJIOBEYECKOTO BOCIPUATHA — OT
(PU3UIECKOTO OTOOPAKEHU ST OO'BEKTA /IO €I'O KOHIIEIITYa Ib-
HOT'O, LIEJIOCTHOI'O OHUCAHUSL.

Kaapbl pewwaioT Bce

Ceronnsa B ABBYY tpyaarca cspie 500 denoBek. OpUCh
KOMIIAHUW HAXOJATCA B ITATU CTPAHAX, B TOM uuce B CIIIA,
B CUIMKOHOBOM JJonuHe. bonee noJIOBUHBI CIIEITUATTHCTOB
3aHATHI B OT/ICJIC UCCIICIOBAHUH — 3/1CCh U IPOT'PAMMUCTEL, P

B Mupe nagku
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JIABHQ EBTEHBEBHY AH

KaHAMAQT GUBUKO-MATEMATUYECKMX HAYK, MPEACEAQTEAL COBETA
ANPEKTOPOB KOMNAHUK ABBYY Software House. )Kuset n patotaet

B Mockse.

B PopnAcs 3 utoHs 1968 .

m B 1990 roay OKOHYMA GAKYABTET OBLLEN MPUKACAHOW GUNKIA
MOCKOBCKOro rocyAQPCTBEHHOTO GUINKO-TEXHNYECKOTO MHCTUTYTA.,

m Aaypeart [peMumn poCCUNCKOro MPABUTEABCTBA B OBAACTU HOYKM

M TEXHUKI 30 LKA PABOT MO NCCAEAOBAHMIO, PA3PABOTKE N BHEAPEHUIO
B~OTPACAN SKOHOMUKM KOMMbIOTEPHbIX TEXHOAOTMIA, O UMEHHO 30 CO3AQHME
1 BHEAPEHME CUCTEMBI pACNO3HABAHMS ABBYY FineReader.

B B CBOGOAHOE BPEMS YBAEKAETCS SKCMEPUMEHTAMM B OOACACTU UCKYCCTBO
AENCTBUS N APYTNX COLIMO-KOMMYHUKOATUBHBIX TEXHOAOT A,

W JIMHI'BUCTBL, 1 HAYYHBIE COTPYIHUKU. [IprueM 601bIION
NPOLIEHT UHKECHEPOB U HAYYHBIX KOHCYJILTAHTOB KOMIIA-
HHUHU B CBOE BpeMs 3aKOHYMIN PU3TEX, KPOME TOI'O, 3/1€Ch
paboraioT BeIyCKHUKH BMuK 1 Mexmara. B cocras komna-
HUHU BXOAUT TAKKE OOJIbIIAsA IPYIIIA IMHIBUCTOB. [Tonactp
BABBYY HE TaK IPOCTO — NIPETEHAEHT JOJIKEH CAATH CBOE-
O6pa3HbBIC BCTYIIUTEIbHDBIC 3K3AMEHDL, YEM-TO HAIIOMHUHAIO-
M€ TE, YTO CyECTBYIOT B PusTexe. B KayecTse IPpUEeMHOI
KOMMCCHUH BBICTYIIAET CIyK06a IO paboTe C MEPCOHATIOM,
KOTOpAas 3aHUMACTCA «PACHO3HABAHUEM MHTEJICKTOB>.
CoMCKaTeIO NPEJ/IaracTCs MeCTb 3a/d4, B OCHOBHOM JIO-
TMYECKHUX U, KaK IPABUJIO, HE UMEIOIMINX OTHOMIEHHUS K Oy-
JAyIEeN CHeUuaabHOCTH. [TOJOOHBII TECT — HNOMBITKA OIle-
HUTbH YMCTBEHHBIN OTEHIUAJI NpeTenaecHTa. HekoTopnlie
U3 BOIIPOCOB JOCTATOYHO U3BECTHBI: IIPO YEPHBIE U O€bIE
IIAPBbI, IIPO MYJAPEIOB B KOJIIAKAX, PYTUE MEHEE PACIIPO-
CTPAaHEHBL HUKTO HE OIPAHMYMBAET YEJIOBEKA BO BDEMEHH,
OH MOXET JyMaTbhb XOTb [IBd 44Cd, XOTb HIECTh — IJIABHOE,
4TOOBI OH HAIIIEJI BEPHOE penieHue. B oTen uccieoBanuin
U pa3pabOoOTOK NPUHUMAIOT JIIOACH, KOTOPBIE CIIPABHIINCD
C TATBIO WX MECTHIO 33/1a4aMM M3 IIECTHU.

ITo cnoBaM OJHOI'O M3BECTHOI'O AHITIMUCKOTO KOHCYJ/Ib-
TAHTA, yCIEX JTI0O60r0 Aena, 6yab TO IPEANPUATUE, UHHOBA-
s, PUpMa, 3aKII09AETCA B (POPMYJIE: WIIOAU, JIIOAH, JIIOLH,
MApPKETHHI, TEXHOJOTIUA». JJaBu1 SIH pacCKa3bIBACT, YTO,
BIIEPBBIC YCJIBIIAB 3TY (DOPMYIUPOBKY, ObLJI B HEJOYMEHUU:
HEyKEIU TEXHOIOI'U, HAYYHbIC Pa3pPabOTKU, TOJbl UCCIIC-
JIOBAHUI — U BCE ITO HA HocaejHeM mecte? Ho 3aTem yoe-
JIMJICS, YTO IOPAAOK IIPABUJIEH, 4 €IIE MO3KE — YTO BEPHDI
U BECOBBIC KATCTOPUU.

Jlesio B TOM, 4TO 110644 TEXHOJIOIMYECKAs HHHOBALIUA
MOXKET PEATU30BATHCA JIMIIb [IPU HAJIMYUHU CIIELIUAJIMCTOB,
CIIOCOOHBIX C/IENATh €€ ycnemHon. Y, kak cuuraer /1. A4,
CBOMMH JOCTHKCHHSIMU KOMITAHUS ABBYY 06513aHAa UMCH-

HO JIIOJAM, KOTOPBIX €MY B CBOE€ BPEMS ITIOCYACTINBUIOCH
BCTPETUTDL. DTO U KOHCTAHTUH AHMCHMMOBUY, U Cepren
AHpapeeB, 1 MHOTUE JIPYTHE.

Bropoe mecTo B Marudeckoit (popmysie 3aHUMAET Map-
keTuHr. Korjga Ha 3ape 90-X I'T. KOMIIAHUA HAYHWHAJIA CBOIO
JIeATENBHOCTD, KOHKY PUPOBATD IIPUXOJUJIOCH TOJILKO C CO-
OTEYECTBECHHUKAMHU. B TOT nepeIOMHBIN JIJ1 HAIIEH CTPa-
Hbl MOMCHT 3aITaJJHbIC CUCTEMBI €IIIC HE yCIIE/IM BBIMTHU Ha
POCCHIICKMH PBIHOK, 4 TENEPb UM 3aXBATUTDH €TO YK€ HE
cyxaeHo. Ckopee Ha060pOT: FineRedder TECHUT HA MUPO-
BOM PBIHKE CBOEI'O ITIABHOT'O KOHKYPEHTA — IMPOAYKIIHIO
KOMIAHUH Scansoft, 4To B MIOJIHOU MEPE JOKA3bIBAECT CHIIY
TEXHOJIOI'UHA — TPEThEN COCTABJIAIONICH yCIeXa.

YnUtartb — 3SHAYUT, MbICAUTD
[Ipo6yeMa pacnoO3HABAHUA KOMIBIOTEPOM HNUCbMEHHBIX
JIOKYMEHTOB OTHOCHTCS K O6JIACTU UCKYCCTBEHHOI'O MHTEI-
JIEKTA, IIOCKOJIBKY TPEOYeT BOCIIPUATHA HE TOJIDBKO JTUHEH-
HOT'O TEKCTA (KaK KOMOMHAILIUHM YEPHBIX CUMBOJIOB Ha O€JION
OyMmare), HO U CMBICJIOBBIX 06Pa30B. B coobmenusx, nomny-
YEHHBIX 110 (PAKCY, B CJIOBAX HEPEAKO HEKOTOPBIE OYKBbI
«CKJIEEHBI> MJIH, HA060POT, «Pa30PBaHbl> fedrcom. 3ajada
3JIEKTPOHHOI'O «4UTATEJISA» COCTOUT B TOM, UTOOBI HE TOJIBKO
Pacno3HABATb OTAEbHBIE 3HAKHM, HO U IOHUMATb UX 3HAYE-
HHUE, HACHTU(HUIUPOBATD CKAHUPYEMBIEC OO'BEKTBI, YTOOBI
IIOJIYYHUTD B KOHIIE KOHIIOB «4UTA0€IbHbBIN» JOKYMEHT.
Paspaboranubiil ABBYY A3bIK CTPYKTYPHBIX OIMCAHUI
IO3BOJIAET MAIIUHE BOCIIPOU3BOJUTD BECh LUK YETIOBE-
YECKOI'O BOCHPUATHUSA OT (PUIUYECKOI'O OTOOPAKEHUSA OO'b-
€KTa /IO €ro KOHLENTYaAbHOI'O, LIEJJOCTHOI'O OCMBICJICHUA.
MOJKHO CKa34aTh, UTO cucTema FineReader, B HACTOsIIEE Bpe-
Ms BHEJpAEMas B HAIICH CTPAHE UL PEHIEHU IPOOJIEMBbI
C MMJIJIMOHAMU HAJIOTOBBIX JEKIapaliui, HanboJiee 61M3Ka
K IIOHATUIO «<UCKYCCTBEHHBIN UHTEJJICKT>.
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KOHTEeKCT KaK COCTABASIOLLLOS
LLeAOCTHOCTU O6pa3a
KoMmnanus, KoTopou pykosoauT Jasuy SIH, 3aTpoHya B CBO-
X UCCIIEJOBAHUAX BECbMA BAXKHYIO IIPOOIIEMY: IS IIPABUIIb-
HOT'O BOCHIPUATHA TEKCTOB MAIIMHA JJOJDKHA OOIa1aTh YEM-TO
6OMIBIIIM, HEKEIJIN IIPOCTO HAGOPOM BCCBO3MOKHBIX CTPYK-
TYPHBIX 3JIEMEHTOB, COCTABJIAIONUX [1€YATHBIC HJIU PyKOIIUC-
Hble OyKBbL 1o MHeHUIO [1. fIHA, UCCIIEIOBATEIN JTUIIb KOCHY-
JINCH TAK HA3bIBAEMOT'O TPETBET'O YPOBHA OTOOPAKCHUS, UJIN
YPOBHS CO3HAHHU S, HO ITIOKA HE IIPEOJOJIEIIH €TI0, T.c. HE HAy Y-
JIX CUCTEMY IPUHUMATD PEIIEHUE OTHOCUTEJIBHO TOI'O, KAKHE
YACTH OO'BEKTA BBIJEIATD B KAUECTBE CTPYKTYPHBIX JIEMCH-
TOB, — 9TO IOKA OCTAETCA IIPEPOTI'ATUBON YETOBEKA.
OCHOBBIBASICH HA IIPUHIIUAIIC LIEJIOCTHOCTU TEKCTA, ABBYY
CUUTAET KOHTEKCTYAJIbHOCTb BA’KHOM COCTABJIAIONICH, 4 T10-
TOMY 3aKJIaZIbIBACT €€ B CBOU CUCTEMBL. KOHTEKCT 1 TUIIEPTEKCT
JIE)KAT B OCHOBE KOHCTPYHPOBAHHSA PA3YMHOI'O EPEBOAA.
OnHAaKO KOMIAHUA HE 3aHUMAETCS HEMIOCPEICTBEHHO TEX-
HOJIOI'MSIMM MAIIHHHOI'O IIEPEBO/IA, CTABS IIEpe]] COO0I boree
LMHUPOKYIO U OOMIYIO 32[ja4y — CEMAHTUYCCKUI AHAIN3 €CTe-
CTBEHHBIX A3bIKOBBIX MOTHUBOB. MOXKHO CKa34Tb, 4TO 3TO I1O-
MBITKA KJIACCU(PULIPOBATD IOHATHA OKPY>KAIOIIEIO HAC MUPA
JUUI CO3JAHMSA TAK Ha3bIBAEMOI'O CEMAaHTHUYECKOI'O YHUBEPCY-
Ma — CBOCOOPA3HOM CTPYKTYPHOM MOJEIN 3HAHUM O MUDE,
OTOOPAKAIOMICH A3BIK KAK HOCUTE/Ib UH(MPOPMALIUY, A TAKKE
HAIIOJTHEHHOM U IPYTUMU, BHEA3BIKOBBIMU CBEICHUSAMHU.

Puzzle AAS KOMMNBbIOTEPA

KakoB npuHIUII paboThl CUCTEMBI FineReader? OHa BUTUT U30-
OpakKEHHUE OT/ICTBHOIO 3HAKA, 3ATEM CAMOCTOSITE/IbHO BbI/IBUT'A-
€T TAIOTE3bI O TOM, YTO ITO TAKOE, UCTIOIB3YS IIPH TOM, B YACT-
HOCTH, KOHTEKCT U JIPyTUE MIPU3HAKU U306pakeHust. Criesan
MPEAIONOKEHUE OTHOCHUTEIBHO TOT'O, YTO 32 OO'bEKT IIEPE/] HEX,
CHCTEMA, OCHOBBIBASICb Hd CBOEM CTPYKTYPHOM, IIETOCTHOM
MPE/ICTABICHUN O CUMBOJIE JAHHOT'O THUIIA, ITBITAETCS JJOKA3ATh
WJIX OIIPOBEPIHYTH COOCTBEHHBIE I'MIIOTESBL. L]eeHanpapieHHas
MPOBEPKA CBOUX I'MIIOTE3 IPOUCXOIUT UMEHHO Ha TPEThEM
YPOBHE BOCIIPUATUS, O KOTOPOM I'OBOPUJIOCH BBIIIIE.

[Touemy e HENb3s CAENATh HA0O0POT, T.€. TONBITATHCS CHAYA-
JIa BBIJICJIUTH OO'BEKTHI, 4 IOTOM X PACHIO3HATE? JIEJI0 B TOM, YTO
MPAKTUYECKH HEBO3MOKHO COOPATh U3 (PPArMEHTOB CIOKHYIO
1IEJIOCTHYIO KapTHUHY. [IpOBOANIICS SKCIIEPUMEHT, B XOZI€ KOTO-
pOro N3006paKEHUE UCCIIEYETCS IO YACTSAM Yepe3 OTBEPCTHUE
ByMCTE GyMary. ITIONBITKU MOT'YT IJINThCA GECKOHEYHO JIOINTO,
IOKa HAOJIIO/IATENb HE NOJIYUUT ITO/ICKA3KY B BUJIE KOHTEKCTA WJIN
TUIIOTE3BI, CYKAIOMIEH pAMKH HOUCKA. JIa’ke U/1eaIbHO CKOHCTPY-
UPOBAHHAS CUCTEMA HE CMOXKET PACIIO3HATH N306paAKEHUE OE3
KOHTEKCTA, TO €CTh 6€3 11EJIOCTHOI'O BOCIPUATHS. BO3MOKHO,
B 3TOM 3AKJIIOUACTCSA TIPOOIEMA COBPEMEHHOM HAYKH, KOTOPAs
YPE3MEPHO YITTYOIAETCS B U3YUEHHUE JICTAJIEH, UTHOPUPYS LIETIOE.

A Mexy TEM O0IIast KAPTUHA MUPA TOPA3/10 UHTEPECHEE
U JIIOZISIM, U OOIIECTBY, U ToTpebuTe 0. i

Mamepuan noozomosus JAmumpuii Koncmanmumnoe

npma ABBYY
(NepPBOHAYAABHO i Hopume xommorep anmama: 1
OHA HO3bIBAAOCH
Bit Software) 6biAa
Cco3paHa B 1989,
Koraa AaBuA SIH
YYUACS HA 4-M
Kypce MOCKOBCKOro
rOCYAQPCTBEHHOIO
OUBNKO-TEXHMYECKOTO
VMHCTUTYTA. [TepBbIM

|
|

HAMPABAEHWUEM = REE‘%"'
AESTEABHOCTU HOBOW E!Eem » 7.0

KOMMAHWU CTAAC

PA3PABOTKA CUCTEMbI SIAEKTPOHHbBIX CAOBAPEN Lingvo.
[lo cBMAETEALCTBY $IHA, TOFTAQ HE BbIAO U PEYM O TOM,
4TOObl 6POCUTL HAYKY, — ACBUA C 3-TO KAQCCA MEYTAA
CTATb GUBMKOM, KOK U €ro POAUTEAN. HO B KOKOW-TO
MOMEHT OH MOHSIA, YTO HOCTAAC MOPA OKOHYATEABHO
PELNTb, YEM 3AHUMATLCS B XKM3HW, M MOCBSITUTL paboTe
BCE CBOE BPEMS U CUABI.

OCHOBHOW KypPC MATEMATUKN 1 TEOPETUYECKOM
GUBUKM, KOTOPBIN AEXKNT B OCHOBE MOATOTOBKM CTYAEHTA
PuraTexa, CTAA OTAUYHOM CTAPTOBOWN MAOLLOAKON AAS
PABOTE MOAOAOW KOMMAHUU. HO, MO MHEHMIO AaBMAQ
EBreHbeBuya, PUaTeX YHUKAAEH ELLe U TEM, YTO YUUT
FACBHOMY — PeLLaTb ABCOAOTHO AIOObIE 3AAQYM, ACHKE
Te, KOTOPbIE KAXKYTCS HEBBIMOAHVMbBIMU, KOMAHAQ
3HTY31acToB ABBYY BbIAG YOEXAEHA B TOM, YTO €11 BCe
Mo MAEYY, a MOTOMY HEe BOSIAQCH BPATHCS 30 CAMbIE
GAHTACTNYECKME N CAOXKHbBIE MPOEKTHI,

[TocAe CO3AQHUS SAEKTPOHHbBIX CAOBAPEMN
M306pPETATEAM B3SIAUCH 30 PA3PABOTKY CUCTEMBI
ONTNYECKOro PACMO3HABAHKS TEKCTOB. [porpamma,
KOTOP Qs MO3BOASET CKOHEPY BBOAWTb TEKCThI
B KOMMblOTEeP 6e3 MOMOLLU MALLUVHUCTKK, CNOCOBHO
peLwunTs NpoBAEMY 0B6PABOTKM MUAANAPAOB
AOKYMEHTOB BO BCEX CTPAHAX MUpa. Nepennch
HOCEAEHWS, HOAOrOBblE AEKAQPALLNY, BCEBO3MOXKHbIE
GOPMYASPbI B MEHCUOHHbBIX OHAAX, OAHKOBCKME
MHBOMCbI, MHOTOYMCAEHHAS AOKYMEHTALLNS
B AOOOM OpPUCE N T.A. — MEXAHWU3M, YNPOLLAOLLNN
M YCKOPSIIOLLMIM NPOLLECC X CO3AQHUS M OBPABOTKM,
KOTOPbIN CTAOA BECOMbIM BKAOAOM B AEAO MOBEABI HOA
KOHLLEASIPCKOW PYTUHOWN.

Pa3paboTkn B OBAACTU MICKYCCTBEHHOTO MHTEAAEKTA
HEe MPU3BAHbI 3AMEHUTb KPEATUBHYHO AESITEABHOCTD,
HOOBOPOT, OHU MO3BOASIT CAEAATL €€ Bonee
CBOBOAHOW 1 MOAHOW, N36ABKB OT MOHOTOHHOIO
TPYAQ. [TOMOLLb KOMMBIOTEPA AQET HEAOBEKY
BO3MOXXHOCTb MAKCUMOABHO «PA3rPY3UTh» CBOKO
NAMsITb, OCBOBOOAUTb €€ OT MEAOYEN AAS BOABHOTO
MOAETA MbICAM 1 TBOPYECTBA. KCTATK, HO SK3AMEHE,
BbISIBASIIOLLLEM KOAVMYECTBO YCBOEHHbIX 3HAHWM,
CTyAeHTaM PUaTexa paspeLlaeTcsl MOAb3OBATLCS
30MUCSIMU, CAPABOYHUKAMU U YHEBHNKAMM, YTOOBI OHM
HE OTBAEKAAUCH HO MOUCK M BOCCTOHOBAEHWNE B MAMSITA
HEOBXOANMON MHOPMALMK, A COCPEAOTOUYNAUCH HA
MPABUABHOM PELLEHNM 3aAQ4N. Tem Boaee 4To 6e3
OnpeAEAEHHbIX 3HOHUN, CNOCOBHOCTEN N AOTUYECKOrO
MbILUAEHWNS HEBO3MOXXHO HAMTU BEPHbIN MOAXOA, ACXKE
€CAU YHEBHVIK MOA PYKOW.

B mupe nayku
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Cepren Tntos

GENMb... GEMb? GEMb!

Grid — TA\OBOABHAS
MHOPACTRYKTYPA
ANS MPOU3BOACTBA
MHPopMaALMN?
[pgaeT wwg -
World Wide Grid.

BKOHHC MPOIIOrO BEKa BO3HUKJIIO
TIPUHITUIINAJIBHO HOBOC ITOHUMA-
HHE BO3MOKHOCTEN KOMIIBIOTEPOB U
KOMITBIOTEPHBIX CETEH — KOHIICITITUS
rpup (Grid), KOTOpast PENoaaraeT
7100abHYIO UHTErPALUIO UH(pOpPMA-
ITMOHHBIX 1 BBIYHCIUTCIIbHBIX PCCYP-
coB. I1o cyTH, 3TO BBIIIOJTHECHUE CJIOXK-
HBIX KOMITBIOTCPHBIX 33/1a4, HAIIPUMCPD
BBIYUCJICHUH, «dyepe3 UnTepuer». [
3TOT'O CETO/HS CO3/1AI0TCSI HOBBIC
CTAHAAPTBL IS HAJIEXKHOT'O, COBMECTU-
MOTO, JIEHIEBOIO U BCEIIPOHUKAIONIETO
JIOCTYIIA K OT/EAbHBIM KOMITBIOTEPAM,
KJacTepaM, CyHEPKOMIIBIOTEPHBIM
EHTPAM, XPAHUIUIITAM UH(HOPMAITIH,
CETSAM U HAYIYHOMY HHCTPYMEHTAPUIO
(em. dnobanvrasn cems: BbIHUCICHUA
6e3 epanuly, <Bmupe nayxu», N7,
2003 2.).

I'pya, Kak cucTeMa pacpeie/I€HHBIX
BBIYHCJIEHUH, OCOOEHHO 3((PEKTHUBHA
J1J151 KOMIIJICKCHBIX 32/1a4, KOTOPbBIC PaA3-
OUBAIOTCS HA MHOECTBO KYCOYKOB,
PENIAEMBIX aBTOHOMHO JIPYT OT /IPYTa.
JlercTBUTENBHO, HA CBOEM [1K BBl MO-
JKETE PENIaTh 33/1a4M JIMIIb TTOCIE/10-
BATEJIBHO, 3aTPAYNBAs IIPH 9TOM OIIpE-
JIEJIEHHOE BpeMs. XOPOIIO U3BECTHO,
OJTHAKO, YTO COBPEMEHHBIE KOMIIBIOTE-
PBI UCTIOJIB3YIOTCSI B CPEJTHEM BEChMA
HEWHTCHCHUBHO — 4aCTO JUIIb HA 10%
WJIU JJA’KE MEHbIIIE. [T03TOMY €Ciu Bi1a-
JIEJIBIBl KOMIIBIOTEPOB JJOTOBOPSATCS
MEX/y COO0I O B3AaMMHOM MX UCIIOJIb-
30BAHUH, TO 32]Ja4U MOKHO OYJIET I1e-

penaTp napauleabHO Ha MHOI'HE CBO-
OOIHBIE PECYPCHI U ITOJIyYaTh OTBETHI
ropasfgo o6sicTpee. KoHeuHo, 3To ujaea-
JINCTUYECKAS KApTUHA. Ha Ty TH K TAKO-
MY «CBETIOMY OyZlyIIEMY» CTOUT MHOKE-
CTBO TEXHOJIOI'MYECKUX M COLIMAIBHBIX
npobnem. OCO6EHHO €CIH CTPEMHUTBCS
K BHEJIPEHUIO 3TOM KOMNbIOTEPHOM
MHHOBAIIUU B IIOBCEJAHEBHYIO KHU3Hb.
Ho y»xe eCcTb 061aCTU YEJIOBEYECKOM
JEATEIBbHOCTHU, TI€ KOHLENIUA TPUJ,
OKa32J14Ch B BBICOKOH CTENIEHU BOCTPE-
OOBAHHOU: IPUMEHEHNE KOMIIBIOTEPOB
B HAyYHBIX UCCJIEJOBAHUAX, IPEXK]EC
BCETO CBA3AHHBIX C (DU3UKOH BBICOKHX
SHEPIUM, UCCICJOBAHUAX JTIEMEHTAP-
HBIX YACTULL U (DYHJAAMEHTAIbHBIX B34d-
UMOJCUCTBUI.

B cOBpeMEHHBIX 3KCIEPUMEHTAX
B 061aCTU (PU3UKU BBICOKHUX SHEPrUH
TBICAYU JIIOACH U3 PA3HBIX CTPAH MHUPA
JIOJIKHBI UMETD JOCTYII K SKCIIEPUMEH-
TAJbHBIM JIaHHBIM. C JPYTOX CTOPOHEI,
HEOH6XO/IMMO 0Opa6ATHIBATh HEBU/IAH-
HBIN Jlocesie 06'beM HHPOPMAIINH, 110~
JIy4a€MOU B OKCIIEPUMEHTAX, YTOOBI
34TEM aHAJU3HUPOBATH €€ U OTKPBbI-
BaTb HOBBIC 3JIEMCHTAPHBIE YACTULLBI
U B3auMoaencTsud. K npumepy, rogo-
BOU NPUPOCT 3KCIEPUMEHTAIbHBIX
JAHHBIX, KOTOPBIE OYAyT HOCTYIIATh
HayuHag ¢ 2007 I. ¢ KaXKA0M U3 YEThI-
PEX 3KCIEPUMEHTAJIbHBIX YCTAHOBOK
Boapmoro agpoHHOTO KOJ1anaepa
(BAK), coopyKaeMOro B HaCcTOAIECE
BpeMd B EBponeiickoM HeHTpe 1o (u-
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3uke yactul, (CERN) B JKeHese, cocTa-
BUT 710 10 [TeTadaiir B roa (1 IleTabaitr
= 1024 Tepabarra = 1024x1024 I'ura-
Oarira). Pusukam ¢ 1998 1. cTano ACHO,
4TO €IMHCTBEHHOMN Pa3yMHOI, OT-
BEYAIONIEH IMOCTABJICHHBIM 33/1a4aM,
KOHIIENIIMEN NOCTPOEHUS BBIYUCIN-
TEJIBHOU MH(PPACTPYKTYPHI JJIs1 ITUX
IKCIIEPUMEHTOB SIBJISCTCS KOHIIETIIUS
TpH/I.

KomnpeiorepHasa cucrema BAK —
BEJIHUKOJENHBIA UCOBITATEIbHBIHN
HOJUTOH JIJISl TPU/I-TEXHOJNOTUM.
Heo6xoaquMoCTh COTPYJHUYECTBA
MHOTHX J1a00OpaATOPUH U OO'bE/TNHE-
HUS PAZHOOHOPA3HBIX PECYPCOB — 3TO
MUMEHHO TO, YTO 60JI€€ BCErO COOT-
BETCTBYET KOHIlENIUHU rpuja. Heuro
MOXOXEE MPOU3OIIIO0 HA pydexe
80-x 1 90-X I'T. IPOLJIOTO CTOJICTHUSA.
Torpna B CERN CO3/1aBaJICSI HOBBIHA
YCKOPHUTENb JIEKTPOHOB U MO3UTPO-
HOB — LEP. I (pu3ukam CTaJ0 SICHO,
4TO U3YYEHUE HOBBIX IKCIIEPUMEH-

XPAHUAMLLO
MHbOopMaLMK

NepCOHAAbHbIE

KOMMbIOTEPDI

TAJbHBIX JAHHBIX C 3TOTO YCKOPUTC-
JIsL TOTPEOYET MOCTOSHHOTO OOMEHA
pE3yAbTATAMU AHAJIU3A U JPYTUMU
JAHHBIMH MCXKY JECATKAMU HUCCJIC-
JOBATEIBCKUX I'PYII, PACKUIAHHBIX
o BceMy Mmupy. Heo6xonmumo 6n110
co3/71aTh 3POEKTUBHYIO TEXHOIOTIUIO
IJIOOAJIBHOT'O OOMEHA TEKCTOBOM HMH-
dpopmarnmeit. [1ys pemeHus 3Toun 3a-
J1a4¥M pa3zpadoOTUYUKAMHU TEXHOJOI'UU
B CERN 0Obl1a BeIOpaHa CEThb Iepeiadu
JAaHHBIX MHTEPHET, CO3/TaH IIPOTOKOJI
nepefadyu TEKCTOBOU MH(OPMALUHU
bitp 1 yHUBEPCANbHBIA A3BIK 3AIIUCU
sTon nHdopMmauuu himl. B pesynpra-
1€ B CERN 6bli1a CO3[jaHa BcemMupHas
naytuna World Wide Web (www), 6€3
KOTOPOM CENYAC HEBO3MOXKHO IIPEJ-
CTABUTDb C€0€ COBPEMEHHDBIN MUP.
Kakum sxe 06pa30M BBIIIAAUT CEMYAC
padoTa NOJb30BATENA B CPEJE rpuj?
CHayaJia OH BUJIUT CIIECIUAIbHbIA UH-

Tep@derc — BOpOTa B IPUJL, 3d4TEM OH
dopMynIHpyeT 3a4a9y U OTHPABIACT

MOopPTATMBHbIE
KOMMbIOTEPbI

€e Ha PACCMOTPEHUE PECYPC-OPOKEPY
— CIEIHAJIbHOMY KOMITBIOTEPY, HAXO-
JAMCMYCA HA TIOCTOAHHOM JIC)KYPCTBC.
OcHOBHas (DyHKLIMA PeCypc-OpoKepa
COCTOUT B TOM, YTOOBI, OIICHUB Ma-
paMeTphl 3aJaHUsA, HA OCHOBE HUH-
dopmanuu O CBOOOJHBIX peCypcax
ONTHUMAJIbHO BEI6GPATH KOHKPETHHIC
pecypcol (HanmpuMep, BBIYUCTIUTEb-
HbIC KJIACTEPHI) JIJI BBIIIOJIHEHUSA 3a-
Jagu. [Tocse BBIITOTHEHUS PA6OTHI pe-
3YJIbTATbhL BBIYMCJICHUI BO3BPANIAIOTCA
K I1OJIb30BATENI0. KOHEYHO, Ceryac 3TO
BCE IIPOUCXO/IUT OECIIIIATHO, HA OCHO-
BE CBO60,HHI)IX B3AMMHBIX TOT'OBOPCH-
HOCTEH BJIAJICIBIICB KOMIIBIOTCPHBIX
pecypcoB. OOBIYHO OHH SIBISIOTCS
YJIEHAMHU OJJHOM HAYYHOMW I'DYIIIIBI,
MYCTb U OYE€HDb OOJBIION, KAK B C/Iydae
sKcnepuMeHTOB Ha BAK. B 6ynymem
Oy/IyT UCIIOIB30BATHCS CUCTEMBI yUe-
Ta IPEAOCTABIAEMBIX PECYPCOB U IO~
TPEOIAEMBIX KOMIIBIOTEPHBIX YCIYT —
YTO-TO BPOJE OUJJIMHI'A MOOMJIBHOI )

e
/|
I KAGICTEpPbI

CcynepKoMMbloTePSI

|

CynepKkoMMbioTePbI
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TEXHHYECKHE HIOAHCI

CBA3H, 1 UCITIOJIbBOBAHUC I'PU/I-CUCTCM
CKOpee BCEro 6yJeT IJIATHBIM.
IIpyuMeHeHME I'PUA-TEXHOJOIUI HE
OTPAHMYCHO NPOEKTAMU, CBA3AHHDI-
MU ¢ pusukor. OHU HUCHONb3YIOTCS
U B JPYyrux oOO6JaCTAX 3HAHUH, HA-
NPUMEDP B MCAUIIMHE: YCIICITHO ITPH-
MEHAIOTCS B €BPOIIEUCKOM IIPOEKTE
MammoGrid nns pa3spabOTKHU HOBBIX
METO/IOB 6OPBOBI C PACTPOCTPAHEH-
HBIM 3200JIEBAHUEM PAKOM MOJIOYHON
JKEJIE3bl Y )KEHIIUH. B 3TOM npoekre
IIPpU NOMOIIY I'PUJI-TEXHOJOIUH OOe-
crieyuBaeTcsd 3PPEKTUBHBIA JOCTYII
MCCJIEJOBATEIIEN K OTPOMHOMY O6'b-
€MY JIAHHBIX €XXErOJIHbIX 00CIE/I0BA-
HUHA MUJIJIMOHOB KEHIIIMH EBPOITBIL.
OAHUM U3 KPYIHEHIINUX B MUPE
MPOEKTOB B 3TOU OOJIACTH ABJIACTCS
npoeKT Enabling Grids for E-sciencE
(EGEE) — eBpOIIEHCKUM IIPOEKT CO3/1a-
HUA VIOOATBHOU I'PUA-UHPPACTPYK-
TYPBL 1719 KOMIIBIOTEPHOU IOJ1EPXK-
KM I/ICCJ'ICI[OBQHI/Iﬁ B CAMBIX PA3HBIX
006/1aCTAX HAyKHU. B pesynbrare ero
ocymecTBiacHud B 2004-2005 1T. yue-
HbIC, PA6OTAIONUE B AKA/IEMHUYECKUX

CMNEUNAABHOE
NMPEANOXEHUE

MHCTUTYTAX U B IPOMBIIIJIEHHOCTH,
MOJAYy4YaIOT JOCTYII K 3HAYUTEIbHBIM
pecypcaM BBIYMCAUTEIbHON TEXHUKHU
BHE 3aBUCUMOCTH OT TOI'O, I/I¢ OHU Ha-
XOAATCA. YUTATENb MOKET IOCMOTPETD
Ha 3Ty YHUKAJIBHYIO IVIOOATBHYIO UH-
(PpacTyKkTypy, noceTus caT CERN.
Poccuiickne HayYHbIEC OPTAHU3ALIUU
AKTUBHO Y4YaCTBYIOT B IIPOEKTE EGEE.
C aToM enpio B 2003 1. 6bL1 HOAIHCAH
MEMOPAH/YM O CO34AHUN KOHCOPLINY-
ma PIOUT (Poccuitickuil rpuji 11 UH-
TEHCUBHBIX OIIEPALMU C JAHHBIMU —
Russian Data Intensive GRID, RDIG)
PYKOBOAHUTENAMU BOCBMU KPYIIHBIX
HAY4YHBIX HHCTUTYTOB: MHCTUTYTA (PU-
3UKU BBICOKUX 3Heprun (IIpoTBuHO),
HMHCTUTYTA MATEMATHYECKUX IIPOOIIEM
o6uonoruu PAH (Ilymuno), MucTUTyTa
TEOPETUYECKOM U SKCIIEPUMEHTATILHON
dusuku (Mocksa), O6’b€AUHEHHOTI'O
UHCTUTYTA A0ECPHBIX UCCIAECIOBAHU
(Jdy6nHa), UHCTUTYTA NPUKIAJHOHN
maremMaTuky uMm. M.B. Kesgbima PAH
(Mocxksa), HUH aaepHoi puszuku MI'Y
(MockBa), ITeTep6yprckoro UHCTUTYTa
apepnon pusuku PAH (Fatunna) u PHIL

AN BUBAUOTEK!

«Kyp4aTOBCKUIT UHCTUTYT> (MOCKBQ).
Koncopuunym PIUT" — onuH 13 ABEHA -
1IATH PETrUOHAJbHBIX OO’bEITUHEHUN
B IIPOCEKTE EGEE.

B nacrosiee Bpemsa B MHPPACTPYK-
Type EGEE pa6oraet 6onee 100 cai-
TOB. lIIeCTh U3 HUX TOOYEPEAHO 6EPYT
Ha cebsl OIEPATUBHOE PYKOBOJCTBO
IVIO6AJIBHOIM HH(MPACTPYKTYPOU pac-
NPEACICHHBIX KOMIIBIOTCPHBIX PC-
cypcoB. Kak oTmMedaioT KOOPAUHATOP
KoHcopruyma PIUTI" Bauecnas UnbuH
W PYKOBOJUTEJIb I'PYIIIIBI IIOAICPKKH
I'PUJI-CEPBUCOB B Poccum AleKCaHap
Kprokos, poccurickuit canit HUUAD
MI'V ¢ 25 anpensa 2005 1. Ha HEIETIO
BIIEPBBIE B351JI HA C€OsA 3TU OOA3AHHO-
ctu. Ceryac OH yCHEMHO BBIIIOIHAET
UX HA PEryJsapHOU OCHOBE HAPAAY
C IPYTUMH YETBIPbMS IOJJOOHBIMHU
E€BPOIEUCKUM CAUTAMMU.

O,IIHQKO P BCCX 3TUX YCIICXAX HC-
JIMIIHE OyJeT OTMETHTD, 4TO Poccusa —
CAVUHCTBCHHAA W3 PA3BUTBHIX B HAYY-
HO-TEXHHUYECKOM OTHOHIEHHUH CTPAH
B MHUPE, HC UMEIOIIAA HA IAHHBIII MOMECHT
HALIMOHAJIbHOM IPOI'PAMMBI 11O rpy/l. M

AWW.SCIaM.TU

Bbl MOX«eTe nonyuntb NOA60PKY HOMEPOB XypHana “B mupe Haykn”

3a 2003 1 2004 rr. BECITJTATHO!

[NpegnokeHne orpaHNYeHo.

eXXKeMECAYHbIN HAYYHO-MHPOPMALMOHHBIN XKYPHOAA

AOMOAHUTEABHYIO MHGOPMALINIO
Bbl MOXKETE NMOAYHUUTE MO TEAEDOHAM:

105-03-72 « 727-35-30
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CNPOCHTE IKCNEPTOB

omye2o Gonum
20n08?

Jon Mapkyc (Dawn A. Marcus),
npodeccop OTIEeIEeHUA aHEeCTe-
3HOJOTUH MEeIUITUHCKOH IIKOJIbI
IIUTTCOYPICKOIO YHUBEPCHTETA:

— l'onosHble 601 BOCIPUHHUMAIOT-
CA YEJIOBECKOM HCXOOANIMMH HCIIO-
CPEACTBEHHO OT MO3I'd, XOTA HA CAMOM
JleJIe OHU BO3HHUKAIOT B PE3YIbTATE
pasapa’keHus OJIM3JICKAIUX CTPYK-
TYP: KOXKHU, CYCTABOB, MBIIIIII, HEPBOB
MJIM KDOBEHOCHBIX COCYIOB. MO3rosas
TKaHb, 3AKJIOUYCHHASA B 3AIMIUTHYIO
060JIOUKY yepena, He 061agaeT 6oie-
BOU YYBCTBUTEIBLHOCTDIO.

KAMHUIUCTBI AEIAT BCE I'OJIOBHBIC
6011 HAa BTOPUYHBIC U NEPBUYHBIC.
BrOpuYHBIE TOJTOBHBIE OOJIH Yallle
BCETr'0 CONYTCTBYIOT OCHOBHOMY 3260-
JICBAHHIO U MOTYT OBITH CJICACTBHUEM

3aIEMJICHUS HEPBA WU MHMEKINUHU
B [TA3YXAX JIMICBOI 4aCTH Yepemna (CU-
HYCUTA UJIM TAMIMOPUTA).

OJHAaKO GOJNBIIUHCTBO I'OJOB-
HBIX O0OJIEd OTHOCATCA K IEPBUY-

HbIM. MccnegoBarenu CUYUTAIOT,
4TO K 3TOHU KATETOPUMU OTHOCATCA
00/I1, IPUYMHA KOTOPBIX — IIOBBI-
IIEHHOE BHYTPUUYEPENIHOE JaBJe-
HME UWJIH MUT'PEHb. OGBIYHO OHU Ha-
YHUHAIOTCA, KOI/ld AaKTUBU3UPYIOTCS
00JIEBBIE LIEHTPHI MO3r'd, CTUMYJIN-
pyomue BbIpabOTKY HEHPOTPAHC-
MHUTTEPOB, TAKUX KAK CEPOTOHUH
U HOP3NUHEPPHUH. DTU BEIIECTBA
NPUBOAAT K PACIIMPEHUIO MEHUH-
I'MaJbHBIX KPOBEHOCHBIX COCY/JOB,
CHA6XAIOMHUX MO3T, U, COOTBECT-
CTBEHHO, K YBEJIUYEHHUIO TOKA KPO-
BU. COCyAbl, pACIIUPAACD, CO34AI0T
JaBJICHUE HA HEPBHBIC OKOHYAHMUA,
nepejanme, B CBOIO OU4EPEb, CUT-
HaJIbl TDOMMHUYHOMY HEPBY, 11O BET-
BAM KOTOPOI'O OOJIEBBIE MMIIYJIbCHI
MNOCTYHNAIOT K PA3JIMYHBIM O0JIACTAM
TOJIOBBI U JIUIA.

OJHO3HAYHOI'O K€ OTBETA, B UEM
NPUYHUHA TOJOBHBIX 6OJIEH, HET.
IIyCKOBBIMU MEXAHU3MAMU MOT'YT
OBITb, HAIIPUMEDP, TOPMOHAJIBHBIE U3-
MEHEHUA B TECYEHUE MEHCTPYAJIbHO-
ro LUK/, YBEJIUYEHUE (PUBUIECCKUX
U 3MOLIMOHAJIBHBIX HATPY30K, CTPECC
U1 6ECCOHHUIA.

a

BceaeHHas?

XOPOLLO AN HACTPOEHA BCEAEHHAA?

Bckope nocAe BOAbLLIOTO B3pbIBA B CUAY 30KOHOB KBAHTOBOM MEXAHMKIM B MAOTHOCTM SHEPMM
BceAeHHOM BO3HUKAM XaoTudeckme GAYKTyaLmmM. OHMU HONMOMUHOAK 3BYKOBbIE BOAHBI, U STOT
«3BYK», TYAEBLUMI B KOCMOCE 14 MADA. AT HO3QA, OTMEYATAACS B PEANKTOBOM U3AYYEHN.

Ha npoTsiykeHn MHOTUX AET YYEHbIE MBITAAUCH CO3AQTb MCKYCCTBEHHBIE AHTUTEAC, KOTOPbIE
MOTAM Bbl KOPPEKTUPOBATL OLUMOKM UMMYHHOW CUCTEMBI.

B MUPE CUMBOAOB

AOAN OTAUHQIOTCS OT APYINX >KMBbIX CYLLLECTB, B YHOCTHOCTU, N TEM, HTO CMOCOGHbI CO3A0BATH
1 MOHVMAOTb COMbIE PA3HBIE CYMBOAbI. VIX MICMOAB3OBAHKME MO3BOASIET HOM NEePEAOBATb
MHOOPMALMIO OT MOKOAEHUS K MOKOAEHMIO U MOCTUIATb MHOTOE AQHKE B OTCYTCTBME
HenocpeACTBeHHOro onbIta.

PAHHAS 2BOAIOLNSA XKMBOTHbIX

ELLLle HECKOABKO AET HO3AA HUKTO HE COMHEBOACS, YTO BUAQTEPOAbHbIE XKMBOTHbIE BMNEPBLIE
MOSIBUAMCH MPUMEPHO 555 MAH. A€T HO30A. HO pe3yABTATHI MOCAEAHMX UICCAEAOBAHUN
MO3BOASIKOT FOBOPUTL O TOM, YTO OHW MOSIBUAKCH, MO KPAMHEN Mepe, Ha 50 MAH. AeT PaHbLLE
KEMBPUNCKOro B3pPbIBA.

AHEBPW3MbI AOPTbI HA3bIBAIOT «6ECLLYMHBIMU OXOTHUKAMM», T.K. UX PA3BUTUE HE
COMPOBOXAQETCS SIBHBIMU CUMMTOMOMMU. HaLLe BCEro OCTPAs PEXyYLLAs BOAb MOSIBASIETCS
TOABKO TOTAQ, KOTAQ OrnacHoe pAa3pACTaHME yKe PACCAOUAOCH NAK PA30PBAAOCH.

B Mupe Hayku
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NOJINHCKA

XXypHaA «B MUPE HAYKW»

FAE KYNATb TEKYLWME HOMEPA:
H B NePEABMKHBIX KNOCKAX
«MeTpONOANTEHOBEL OKOAO CTAHLMI
MEeTpo;

H B KMOCKe «AEAOBbIE AOAUY,

1-1 TlBepcKkas-SIMckast yA., 1;

m B knockax MIY, MMIMO, PYAH, MNP3A;
H B KMOCKOX I. 38A€HOMPOAQ;

m B CaHiT-Netepbypre, 3AO «HEBA-TPECC»,
Ten. (812) 324-67-40;

OOO «3aHeBcKkas npeccan

TeA. (812) 275-07-21

m B HoBocubupcke, APTIN «Crnbmpb»,

TeA. (3832) 20-36-26;

m B HokHeMm Hoeropoae, «Pocneyars»,

TeA. (8312) 35-15-92,

35-72-42, 19-76-05; «llaHc-npecc»,
TeA. (8312) 31-31-14, 31-31-16;
«PervMoHaAbHas1 Mpeccay,

TeA. (8312) 35-88-16

m B Knese, KSS, Ten. (044) 464-02-20.

Bce HoMepa XYPHAAOB MOXKHO KYNUTb B PEACKLIMM XXYPHOAAC MO appecy: YA. Paano, Aom 22, a takxxe B OO0 «Eautopuan YPCC» no appecy:
npocnekTt 60-AeTns OKTA6pPS, A. 9, 0. 203, TeA./Ppakc (095) 135-42-16.

Kak opopmMuUtb NOANNCKY/3AKA3 HA XXYPHAA «B Mmnpe Hayku»:

1. YKa3aTb B GAQHKE 3aKA3a/MOAMMCKN TE€ HOMEPA XKYPHTAAOB, KOTOPbIE Bbl XOTUTE MOAYYUTb, U BOLL MOAHBIA MOYTOBLIN GAPEC.

2. ONAQTUTb 3aKA3/MOAMUCKY B OTAGAEHUN COEPOAHKA (AAS1 YAODCTBA OMAQTHI UICMOAL3YITE KBUTAHLMIIO, OMYyBAUKOBAHHYIO HIKE).

3. BbIcAQTb 3AMOAHEHHBI BAQHK 3AKA3A/MOAMUCKM BMECTE C KOMMUEN KBUTAHLUMM 06 onAaTe no aapecy: 105005, . Mockea, yA. POAMO, A. 22, peACKLMS XKYPHAAQ
«B M1pe Haykm». BAQHK NOAMMCKM MOXHO OTMPABUTL MO SAEKTPOHHOM noyTte distr@sciam.ru, nav no ¢akcy: 105-03-72.

NMoANMCKY MOXXHO 0DOPMUTE CO CAEAYIOLLLErO HOMepd.

BAGHK NOANUCKU

O ¢ xouy noanucatbcsl Ha 6 HOMEPOB
KYPHAAQ «B MUpe HayKku» n nAavy

py6. ____ Kkon.

[ 9 xo4y moanucartbcs Ha 12 HoMepoB
XYPHAAQ «B MUpe Hayku» 1 nAayy

py6. ____ Kkon.

LleHa 3a 0AVH HOMEp XXYPHOAQ MO NoANMCKe
B 2005 r. 65 py6. 00 kon.

B 2006 roay CTOMMOCTb MOANUCKN HO
noayroaue cocraeut 540 py6. 00 kon.,
Ha roa - 1080 py6. 00 kon.

KOHTAOKTHbIE AQHHBIE

®.N.0.

NHpexc

O6AaCTb

[opoa

Yavua

Aom Kopn. K.

TenedoH

AATa POXAESHMUS

BAGHK 30KA30 NPEAbIAYLLMX
HOMepoB

[ 91 3akasbiBAO CAeAyiOlMe HOMepa
KYPHAAQ «B Mupe Hayku» (OTMeTUTb
rQAOYKOW):

ON1/_ ON7/____
ONe2/__ ON8/____
ONe3/___ ON9/____
ONe4/___ ON10/____
ONes/___ ON1/___
ONe6/_ ON12/___

Bcero SK3EMIIASIPOB.

[ 91 3aKa3bIBAO MOAHBIN KOMMIAEKT «B Mype
Haykn» 3a20___ T

LieHa 30 0AMH HOMEP XXYPHOAd MO NOANUCKe /. /20, LieHa 30 OAVH HOMEP XYPHAAC
B 2006 r. 90 py6. 00 kon. 65 py6. 00 Kon.
:'________________3;\0_; """""""""""""" ': OPOPMUTb
«B MUpe HayKu» .
| PaCHETHbIA CHET 40702810100120000141 | MOATMCKY MOXHO:
. B OAO «BHeLuToproaHk» r. Mockea BK 044525187 . H O KATAAOTAM “HP?CCC'
. KoppecnoHaeHTCKMIA cyeT 30101810700000000187 . Poccum», noanmcHom
. WMHH  7709536556; KM 770901001 . nHaeKc 45724; «Pocneyars»,
. . NOANUCHOM MHAEKC 81736;
1 | n3AaHUM opraHos HTA,
| | NOAMUCHOM
. dammamg, M.0., appec NAATEAbLLMKA . MHAGKC 69970;
1 1 B MOAMUCKA HA YKpOHE
1 Bua naarexa Aara Cymma 1 MO KATAAOTY MOAMMCHBIX
1 [MoAMUCKA HA YKYPHOA 1 M3AQHWIM areHTcTa KSS,
! «B Mmpe HayKm» ! noAnMcHom nHaekc 10729
! Ha HOMEPOB ! B Yepes PeAaKLMIO
: MAQTEABLLNK : (ToAbKO Mo Poccun),
. . NEePEYNCANB ASHBIU
! . Yepes COepObAHK NAM MO
1 \ rnoyte, OTNPABMB KOMMKO
| 3A0 «B MMOE HAVIW» | KBUTAHLMM (C YKO3AHMEM
: PCIC‘-IeTHbII?Ip quTy 40702810100120000141 : G)'M'Oe" chz:ngo ogpe%?
X B OAQ «BHeLTopr6aHi» r. Mockea BUK 044525187 T MHASKCA MOAMCHMK
KoppecnoHAEHTCKMIA cHet 30101810700000000187 B PEAQKLIO NO MNo4Te,
! MHH  7709536556;  KMM 770901001 ! no ¢akey: (095) 105-03-72;
! ! 727-35-30 uAM no e-mail:
: : distr@sciam.ru.
. . MOAMMCATLCS MOXHO CO
. damnams, N.0., appec NAATEALLLMKA X CAGAYIOLLErO HOMEPA,
. | B KBUTOHLLM OBS3ATEABHO
| Bua naatexa Aata Cymma | YKQ3QTb HOMEP, C KOTOPOTro
! MOAMMCKA HA XXYPHAA I~ MOMAST NOAMMCKA.
1 «B MUpE HAyKW» CX BAGHK NOAMMCKM MOXHO
1 HO HOMEpPOB B351Tb B AOGOM HOMEpe
! 1 SKYPHOAQ, MOAYYNTL
! MAaTeAbLLMK ! B PEACKLIMM WAV HO CaitTe
:_ _____________________________________________ _: www.sciam.ru.
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