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Caesa — meaecxkon BICEP2

TeOpl/lﬂ OViHLwWITEiHa rpeackasbsiBaeTt, 4TO Tesia, ABVXYyLLunecs C repemMeHHbIM yCKope-
Huewm, 6y,qu n3aJjiydatb rpaBuTaunOHHbIE BOJIHbI. paBuTayMOHHbIE BOJIHbI SIBSIIOTCS
PacripoCTpPaHSALLNMNCSA CO CKOPOCTbIO cBeTa riepeMeHHbIMU NoJIIMU NPpuJiInBHbIX rpaBu-
TaLWOHHBIX CyJl. Takasi BOsIHa, naaasi, Harnpumep, Ha I'IpO6Hble YyacTuubl, Pacrio/iIoKeHHble
rneprieHanKyJsisapHO HarpaBJ/IeHUIo ee pacripoCcTpaHeHus, Bbi3blBaeT repvoandeckme
N3MEeHEeHUs PacCTOsIHUSA MexXXay YacTrlamu. OpgHako faxe B cJiydae rmraHTCKnux cucrem
HebecCHbIX Ten nasiydeHve rpaBntaLMlOHHbIX BOJIH 1 YHOCUMasi UMW SHepPIrnsg HUYTOXHbI.

AHTapKTU4YecKas ceHcaums

B mapte 2014 roga actpodusnkm, BO3MOX-
HO, 06HaPYXWM AaBHO Pa3blCKMBAEMbIN
cnep Gu3n4eckoro BneHns, KOTopoe 6onee
CTONETNS YCKOMNB3as0 OT HMX, MPUYEM MOPOIA
OyKBanbHO M3-No4 Hoca. Peyb naeT o rpa-
BUTALMOHHbIX BOJIHAX, TOYHEE, PENINKTOBBIX
BOJIHAX, OCTaBLUMXCS OT Hayana BceneHHom.
OTneyaTok eaBa pasnnynm, cam OH HaXOAMUT-
CS1 Ha OPYrom OTrneYaTke — PeMKTOBOM U3-
Ny4yeHun, 3aneyarnesLlem aetanm bonbLioro
B3pbIBa. OTKPbITUE CAENAHO B OLHOW N3 Ca-
MbIX HEOObIYHbLIX 0BCepBaTopuii 3emnu, pac-
MOJIOXEHHOM Ha aHTApPKTUYECKOW CTaHUuMn
«AMyHaceH — CkoTT», B paMkax MexayHa-
poaHoli nporpammbl Mapsapn-CMUTCOHOB-
CKOro ueHTtpa actpodpmsmku «Background
Imaging of Cosmic Extragalactic Polarization»
(BICEP). KpariHe cyxas xofnogHas aTtMoc-
depa cnocobCcTBYET BbICOKOW TOYHOCTMU
nNPnGopPHLIX HabNIOAEHNA — BOT NoYyemy B
aHTapKTMYeckmx nbaax pabotaeT He OOuvH
acTpodusndeckmii getektop. Npunbdop BICEP
npeaHa3HayeH 4ns UCCNeA0BaHWS PENINKTO-
BOIO N3My4eHNst, Yol GOTOHbI NYTELLECTBYIOT
rno BceneHHow ¢ Tex nop, kak OHa cTtana npo-
3payHoON (CM. «XUMMIO N XXN3Hb», 2006, N2 11).
OH n3mepsieT nonspusaumo aTnx GOTOHOB,
KOTOpas, B YaCTHOCTW, 3aBUCUT OT rpaBuTa-
LIMOHHbIX BOJTH, MOPOXAEHHbIX BceneHHom B
nepsble 10 ¢ nocne ee nosienexus. 4o cux
rnop, MsAs Ha 9Ty NOASpPU3aumio, NOMy4eH-
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HYIO PYrMM METOAaMu, HanpumMep ¢ NOMo-
b0 opbuTanbHom obcepBaTopuin «IMnaHk»,
acTpodU3MKM TONBKO AaBan OLLEHKY BEpPX-
HeW rpaHnLbl BESIMYMHbI NOSIIPU3aLLMOHHOO
addekTa OT PENNKTOBLIX MPaBUTALMOHHBIX
BOJIH. HabnoaeHns xe 3 AHTapkTuabl oanm
TOYHOE 3Ha4YEHNe, TO ECTb HENMOCPEACTBEHHO
Oblna n3mepeHa nonsapuaaums ot rpasu-
TaUMOHHbIX BOJIH, 4TO Aasio BO3MOXHOCTb
dunsnkam-TeopeTrkam UcnbiTaTb HACTONA-
LLYIO TBOPYECKYIO 3MdOpUIo: B KBAHTOBOM
KOCMOJIOMMK CYLLECTBYET MHOXECTBO CLie-
HapueB 00bACHSIOLLMIX Pa3fiMyHble Bapraumm
MHTEHCMBHOCTU PENINKTOBOW rpaBuUTaLyn.
Tenepb Ha4YHETCA COpeBHOBaHME B MOJy-
YEHNN BKCMEPUMEHTAJIbHBIX PE3YybLTaToB,
noao6HbIX TeM, 4To A06bIN konnekTvs BICEP.
C npyroi CTOpOHbI, Cpagy e nocse nepebix
COODOLLEHWI C aHTapPKTUYeCKol acTpodu-
3nyeckor obcepBaTopun CTanm BO3HUKATb
ckenTnyeckme KommMmeHTapun. Yate Bcero
NPUBOAAT MPUMEPHI UHBIX 9K30TUYECKMX
acTpodur3NYeCKNX NPoLLeCCoB, CNOCOOHbIX
06bacHUTE 3 dekT. OcobeHHo BypHO 00-
CY>XO2I0T HOBOE KOCMOJIOMMYECKOE OTKPbITUE
Ha npocTopax MIHTepHeTa. Yero ctout oanH
dakT, 4TO N3MEepeHHOEe 3Ha4YEHNe 0Ka3anochb
ropasno 60sblue To BepXHen rpaHunLbl, HTO
nana obceparopus «lMnaHk». HaBepHoe,
aBTOPbI PaboTbl YHTYT 3Ty KPUTUKY NPU NOA-
rOTOBKE Hay4yHOI CTaTb O CBOEM OTKPbITUM
— MOKa YTO O HEM MOXHO CyaMTb MO NpPecc-
pennsam, KOMMeHTapuaM 1 Nyéankaumsam

B HEPELEH3MPYEMbIX UCTOYHUKAX BPOAE
arxiv.org, roe rnosiBAsSeTcsa no HEeCKOJbKY
3NIEKTPOHHbIX CTateln B AeHb. PasymeeTcs,
npoBepKa, OCMbICNIEHNE, KOMMbIOTEPHOE
MOJENVNPOBaHNE 1 UCMONb30BaHNE AAHHbIX
BICEP notpebytoT onpefeneHHOro BpeMeHu.
Ckopee Bcero, nepeble 00LLENPU3HAHHbIE
pesynbTatbl 1 MOAENN NOABATCS HE paHee
YeM yepes roa-aga, koraa 6yayT BbIMOSHEHbI
1 Apyrme n3aMepeHuns.

ApoXb NnpocTpaHCTBa-BpEeMEHU

paBUTALMOHHbIE BOJIHbI, 3TW 3arafoyHble
MOPOXAEHUS MOt BCEMUPHOro TAroTe-
HUS1, BOSHMKN CTOJieTMe Hasap Ha Uc-
Nofib30BaHHOM MOYTOBOM KOHBepTe. Tak
HebpexHOo DMHLITeH 3anMcbiBan naoewu,
cnyyanHo npuweawmne B ronosy. Korga
co3pgarenb Teopun OTHOCUTENIbHOCTM 00-
Hapyxun popmMyny onsa rpaBUTaulMOHHBIX
BOJIH, HUKTO HE COMHEBAJICS, YTO BCKOpE
3KCNepuUMeHTaToOpPbl OTKPOIOT HOBbLIE
YANBUTENbHbIE CBOMCTBA NPOCTPaHCTBa-
BpemeHun. OfHaKo Kpenkuii opeLlek «rpa-
BUTaLIMOHHOIO Npnbos BceneHHom» Hukak
He noagasancs ycunmsam ydyeHbix. Mpasaa,
n3pepnka nosBAsINCb CEHCALMOHHbIE 3a-
aBneHns o6 o4yepeaHOM OTKPbITUN. YBbI,
HM OJHO W3 HMX HE HaLLNOo NOATBEPXAOE-
HUS, KaKk 1 COOBLEHNS 0 MHOTUX OPYrux
yyaecax, CBS3aHHbIX C rpaBuTauunent: pas-
JINYHBIX NPOSIBNEHUSAX NIeBUTaLUN, aHTU-
rpaBuTaLMm N BCAYECKMX «rpaBmuanax».
Mexay TeM KONMYeCTBO NOMbITOK OTKPbITb
«P0Xb NMPOCTPAHCTBEHHO-BPEMEHHON
MaTpuubl» HE YMeHblUaeTcs, ckopee,
HaobopoT. Bo3HukNO nonyodpuymnanb-
HOe HanpaB/ieHUe 3KCMepuMeHTaNbHOM
aCTPOHOMUN — rPaBUTALLMOHHO-BOJIHOBAS
acTpodum3mnka, 1 aTa HoBast 0b6n1acTb yBe-
PEHHO JenaeTt nepBble Wwarn, onnupaschb
Ha MHOIOYMUCNIEHHbIE KOCBEHHbIE AaHHbIEe
0 rpaBuTauMoHHoOM konebaHum Kocmoca.

Korpa-To Bbligaowmiics dpaHLy3ckuin
martematuk n Hatypdunocod NMeep CUMOH
Nannac, oTcTamBas XecTkylo CBA3b Mexay
BCEMM /IEMEHTAMM MUPO34aHUs1, 3aMeTU,
4YTO Jaxe B3Max Pyku BAUSIET Ha ABUXKEHWE
3Be3a. CoBpeMeHHbI prank mor bbl cka-
3aTb NO-APYromMy: «BamaxHuTe pykon — u
no Bcew BceneHHor noberyTt rpaBuTaum-
OHHbIEe BOJHbI». TeopeTuyeckun aTo Tak, HO
VX PErMCTPaLMS COCTaBASIET TPYOHENLLYIO
TexHuyeckyio npobnemMy, Befb aHeprusa
rPaBUTALMOHHBIX «MPUIMBOB» U «OTINBOB»
Ha 40 NopsaKoB YCTyNnatoT TEM Xe 9/1eKTPO-
MarHUTHbIM BOJIHaM!

KakoBa npupoga BOMH rpaButaunm?
BcnomHuMm, 4TO, cornacHo obuein Teopumn
OTHOCUTENBHOCTU, TArOTEHNE BO3HUKAET
13-3a UCKPUBIEHNSA MACCUBHbIM TEJIOM
npocTpaHcTBa-BpeMeHn. Ecnvm npeacraButb
MPOCTPaHCTBO B BUAE YNPYron Pe3viHOBOW
MAEHKN C IMKaMU OT MaCCUBHBIX «LLIAPUKOB»
3Be3[, TO UX konebaHuns BbI3OBYT BUOpaLMIO
Bcen nneHkn. O6pasHO 3TO MOXHO Ha3BaTb
BOJIHOBOW psiObi0 MPOCTPaAHCTBA-BPEMEHMU.
[Jaxe Takas npocTteinwas «pe3mHonne-
HOYHasi» MoAeslb NOKa3bIBAET, YTO HAC He-
OLLYTUMO packaymBaeT «rPaBUTaALMOHHbIN



npuboin». NMpaena, He BCAKOEe NepemMeLleHmne
3Be3[, MOXEeT BbI3BaTb rpaBUTaLMOHHOE
n3nyyeHne. Hanpumep, ona ncnyckaHus
BOJIH MPaBMTaLIMM He FTOANTCS BpaLleHme no
CUMMETPUYHOI opbuTe. B aToM cnyyae UeH-
TPOCTPEMUTENBHOE YCKOPEHWE TakXXe CTPOro
CUMMETPUYHO, 1 Ero rpaBUTaLMOHHOE Nose
OCTaeTCs 0QHOPOAHBIM, TaK YTO BOSIHbI rpaBu-
TaLMW BO3HUKHYTb HMKaK HEe MOTyT. ABOT eC/iv
B3ATb KOPOMBIC/O C ABYMS! O4EHb 60MBLLNMMU
Maccamm 1 packpyTuTb B TOYKE PaBHOBECUS,
TO rPaBUTALMOHHOE MOJIE TaKon BUHAPHOM
(ABOMHOMN) CUCTEMbI HAYHET N3MEHATbLCS
NPOMNOPLMOHANBHO YacTOTe BPaLLEHUS N OT
KOpPOMBbIC/Ia BO BCE CTOPOHbI MOBGEXUT Npo-
CTPaHCTBEHHO-BPEMEHHas psibb.

MonbITKW HabnoaeHNa

Onsa Habniopgarens rpaBuUTaLMOHHas BOSHA
npeacTaBnasieT BO3MYLLEHME NPUIIMBHBIX CUJ1,
TO €CTb TOYHO TaK Xe, Kak cua NpUTsSXKeHNs
JNyHbl N ConHua 3acTaBnsieT BCy4MBaTbCs
BOJHYIO NMOBEPXHOCTb 3emnn, obpasys ne-
puoapuyeckmne Npunmebl U oTMBbLI. MNpoxoast
Mexay ABYMsi TeflaMu, OHa MX efie YI0BMMO
COBUrAET N pa3fBUraeT ¢ OnpeneneHHon
yacTtoTon. lMNpocTeiiee npucnocobneHne,
KOTOpOe Morno 6bl 3adUKCMPOBaTL TauH-
CTBEHHYIO rpaBUTaLMOHHYIO Psibb MPOCTPaH-
CTBa-BPEMEHU, — 3TO OOLIKHOBEHHbIV Fpy3 Ha
NPY>XMHHOM noaBece, cBO60AHO Konebnio-
LUMINCS C HEKOTOPO COOCTBEHHO YaCTOTON.
Ecnv oHa coBnageT ¢ 4aCcTOTON rpaBuTaLmoH-
HOIA BOJTHbI, BOSHMKHET pe30HaHc. B kauectse
NPOOGHbIX MPY30B Ha NPYXMHKE Yalle BCEro
MCMNONb3YOT rPOMaAHbIE MHOFOMETPOBbLIE
AIOMUHUEBbBIE LWIMHAPbI TONLMHOM OKONO
meTpa. B opyrom BapuaHTe ycTaHaBnvBaoT
MacCuBHbIEe 3epkana, konebaHns KOTopbIX
M3MEPSIKOT C NMOMOLLBIO NTA3EPHbIX MHTEPdE-
POMETPOB.

AXnoTax BOKPYr novcka rpaBuTaLMOH-
HbIX BOJTH MOAHSAICS B KOHLLE LLUECTUOECATBIX
rof0B MPOLUSIOro BeKa, KOraa amMmepukaH-
ckumii pnauvk Ixosed Bebep onybnnkosan
CEHCaLMOHHbIE [aHHble, CBUAETENbCTBY-
jowme o0 CyL,ecCTBOBaHUN KOCMUYECKMX
BOJIH TArOTEHUS. AJIIOMMHMEBbIE UNANHOPDI
MCMoNb30Ban MMEHHO OH. Bebep 6bin
aBTOPUTETOM B CBOeWN 0651acTW, NO3TOMY
Hay4HbIi MMP BOCMPUHS €ro COobLLEeHNE C
NOJIHO CEPLE3HOCTLIO, & MCKOMbIE BOJIHbI
CTanu Ha3blBaTb EM0 MMEHEM.

BonHbl Bebepa nblTannck 3aperncrpu-
poBaTb MHOIMe, B TOM YACIE BblAAIOLWMIACS
POCCUNCKNIN GU3NK, YNEH-KOPPECNOHOEHT
PAH B.B.BparuHckuii. OgHako H1 TOYHOE
KonupoBaHue obopynoBaHus Bebepa, Hu
HOBbIE€ CUCTEMbI AETEKTOPOB HE NPUHECTN
Kaknx-nnbo 3Ha4YMMBbIX pe3ynstatoB. K Tomy
Xe TeopeTnyecKkme pacyeThbl, NPOBEAEHHbIE
Bnapnmupom Bopucosnyem, nokasanu, 4To
aMnInTyaa rpaBUTaLMOHHbIX KonebaHui,
AKoObl 3adukcmpoBaHHbix Bebepom, B
MWIMOHBI Pa3 NpeBbiLLana TEOPeTUYECKYIo
BEJINYMHY, CNeyIOLLYI0 N3 TEOPUN TAroTe-
HUS DNHLITENHA.

Bebep yTBEPXKAAN, YTO rPABUTALLMOHHBIE
BOJIHbI NPULLAW N3 3aKPLITOrO MblIIEBLIMU
obnakamu agpa MneyHoro MyTu, o KoTopom

Torga 6bi1o Mano 4YTo n3sectHo. CerogHs
Mbl 3HaeM, 4TO TaM OeNCTBUTENIbHO CKPbI-
BAlOTCH MMraHTCKMe YepHble Oblpbl — KaH-
OnaaThbl B rpaBUTaUMOHHBbIE KOoJlancapbl.
BbInv npeanonoXeHns, HTO OHM MNOrNoLAT
COTHW, a TO U TbiCAYM BNIM3NexaLlmx 3sesq,
BblOpacbiBas Npuv 3TOM 4aCTb 3HEPIUN B
BUAE rpaBUTaLMOHHOrO nanyyeHus. OaHa-
KO camMble nocnegHne acTpoHOMUYeCKne
[aHHbIe OTPULIAIOT NOAO0OHbI KOCMUYECKWUIA
KaHHNGanNM3aMm, XxoTa YepHas aplpa Tam, no-
X0Xe, ecTb. Taknm 06pa3om, gaxe ToHHas
HacTpoKiKa Ha LEHTP Hawemn ManakTuky H1-
4yero He gana, XoTsl OTAENbHbIE aCTPOPU3U-
K1 O CUX MOP NMPOA0JIKAIOT SKCMNEPUMEHTbI
Ha aeTekTopax «Be6epoBCKOro» Tmna.
Hapo otmetuTb, 4TO camMm npodeccop
Bebep, co3HaBas Tparmam cutyaumm (npes-
JIOXEHHas UM nporpamMmma npogoskanacb
6onee necaTu neT, NpuyemM oaviH AeTeKTop
Obln1 oTNpaefeH Ha JIyHy), aaxe nog orHem
KPUTUKN — a ero 06BUHSNM N B MeToauye-
CKMX OLINOBKax, U B TEOPETUYECKUX HECTbI-
KOBKax — HMKOrAA He Bblpaxkan COMHEeHUs!
B MOJTY4YEHHbIX UM pe3ysnbTaTtax. HaydHoe xe
Cco00LLLEeCTBO C HUM He cornacunocb. Kak
6bl TO HM ObINO, MMeHHO Bebepa cunTatoT
OTLOM-0OCHOBAaTENIEM COBPEMEHHOM rpaBu-
TaLMOHHO-BOJIHOBOW aCTPOHOMMMU.

Muccus LISA v gpyrue

CerogHs MHOIrMe KOJEKTUBbLI HXEHEPOB
n ¢unaunkos B CLUA, Utanuu, LLsenuapun,
lepmMaHuM 1 opyrmx cTtpaHax ycrewHo npo-
EKTUPYIOT 1 CTPOSIT CUCTEMBI AATYMKOB rpa-
BUTaUMK, HANPUMepP, Ha OCHOBE NIa3epPHbIX
nHTepdepomeTpoB. B Poccum Takyto aH-
TeHHy npoekTupytoT B HL, «QynkbiH» npu AH
Pecnybnukn TatapcTtaH. MpuHunn aeicTens
nasepHbIX MHTEPHEPOMETPOB aHANOrMYEH
TOMY, 4TO UCNONb30Bann MankenbCOH 1
Mopnun B onbiTax No NOUCKY 3PUPHOro Be-
Tpa: ABa NepeKpeLLMBAIOLLMXCS Jly4a CBETA.
Mpu nepeceyeHnn nasepHbIX y4en BO3-
HUKaeT MHTepdEepPeHUMOHHaa KapTuHka,
KOTOpas 3aBUCUT OT OJINHbI NYyTU, NPONAEH-
HOro 3TMMU Niydamu. Ecnm Ha Takyio cuctemy
HakaTuT rpaBUTaLMOHHas BOJIHA, TO Mo, ee
BO30ENCTBMEM HAYHET MEHATLCH AJINHA NYTH
nyya. CHayana oHa CTaHeT KOpo4e B OAHOM
HanpaBAeHUN N OJIMHHEE B APYrOM, 3aTeM
BO3HUKHET MPOTMBOMOJIOXHAA CUTyauus:
KapTUHKA N3MEHUTCSH. YactoTa ee usmeHe-
HWs ByoeT COOTBETCTBOBATL HaCTOTE BOJIHbI.
JNasepHble MHTepdepomMeTpbl 061aaatoT de-
HOMEHAaJIbHOWM YYBCTBUTENIbHOCTbLIO 1 MOTYT
pPEerncTpmMpoBaThb BOJIHbI B LUMPOKOM HYaCTOT-
HOM OmanasoHe. B aToM 1 nx cnabocTb — He-
006x0aMMO TLLATESIbHO KanubpoBaTb Nprnbop,
4TOObI OTMECTU BCE OCTasIbHbIe KonebaHus,
BbI3BaHHbIE, CKaXKEM, MPOE3XKAIOLLMM MUMO
TPaHCMOPTOM WM N3MEHEHUAMM TEMMNEPa-
Typbl. MNMockonbky 6a3a nHTepdepomeTpa
n3mepseTcsa KMIoMeTpamMu, BbiNOJIHUTb
YCIOBUSI CHUXEHNSA MOMEX HENETKO.

Ho yyeHble He cobupaloTcs ocTaHaBnn-
BaTbCS HA JOCTUTHYTOM U MAAHUPYIOT CO3-
[aTb YHUKasbHYIO KOCMUYECKYIO DGnoTUANIO
M3 HECKOJIbKMX aBTOMaTM4E€CKNUX 30HO0B,
OCHAaLLEHHbIX rpaBuaeTeEKTOPaAMM Ha OcC-

HOBE Na3epHbiX NHTepdepomeTpoB. Peub
MOeT o MexayHapogHom npoekte HACA un
EKA, nonyyuBiem HasBaHue LISA (Laser
Interferometer Space Antenna). OH npepg-
nonaraet B 2020 roay 3anyck Tpex CnyTHU-
KOB, KOTOpble co30aayT NHTEPdEPOMETP C
Me40M NSATb MUJJIMOHOB KMJIOMETPOB. Tak
MOryT ObITb HE TOJIbKO AETASIbHO NPOBEPEHbI
COBpPEMEHHbIE AaHHble muccun BICEP no
KOCMOJIOrMYECKNM rPaBUTaLMOHHbLIM BOJI-
HaM, BO3SHUKLUUM MPU POXAEHUN HALLEro
MMpa, HO U BbISIBIEHO MHOIO MHTEPECHOT O,
npovcxoamsLlero 14,82 munnvapna net Ha-
3ap (camas NnocneaHss OUEHKa) B ANMLEHTPE
BonbLuoro B3pbiBa.

Bnpoyem, Hagexabl rpaBUTaLMOHHO-
BOJIHOBOM aCTPOHOMWU HE CBSA3aHbl UC-
K/TIOYNTENIBHO C KOCMOCOM. B pasnnyHbix
nabopaTopusix CTPOST KPUOTEHHbIE AeTek-
TOpbI, HANPUMEP B BUAE METaNIMYECKNX
cdep MeTpoBOro aMamMeTpa, oxnaxaaemble
npakTU4eckn Ao Temneparypbl abconioT-
Horo Hyns. MNpepnonaraeTtcs, 4TO Ha Bbl-
COKMX YacToTax Takne OEeTeKTOpbl MOTyT
NPEB30MTM NO YYBCTBUTENIbHOCTU Camble
COBEpPLUEHHbIE N1a3ePHbIE YCTAHOBKM.

Mexnay Tem MeTaranaktuky He 3ps B
WYTKY Ha3blBaloT «nabopatopuenn ons
6enHbIx». KocMoc nopoii npenoctaBnsieT
YYEHbIM YHUKAJIbHblE BO3MOXHOCTU AN
1ncenefoBaHns nNpoueccoB, HEAOCTYMHbIX
HW B Kakmx naboparopusix. Npumepom Mo-
ryT CNYyXWUTb PaANONybCapbl HENTPOHHbIX
3Be3[,. XapakTepHble pasMepbl HENTPOHHOM
3Be3bl COCTaBASAOT AECATKN KUTOMETPOB, a
CpenHsa NNoTHOCTb NPUBMXaeTCs K NoT-
HOCTM aTOMHbIX SiAEP, NPWY 3TOM KyOryeckunii
CaHTUMETP BECUT ThICAYM TOHH. Macchbl Bcex
M3BECTHbIX HEMTPOHHbLIX 3BE34, 6N3KN K
macce ConHua. MNpu Takoi NAOTHOCTU Hel-
TPOHHbIE 3Be3bl 06/120a10T YYAOBULLHOMN
HanpPsXXEHHOCTbIO NONs TAroTeHus. lMoatomy
ecnun noaobHble paguonynscapbl OyayT Bpa-
LLATbCS CO CKOPOCTLIO B ThICA4M 060POTOB 3a
CeKyHAy, TO NOTEPSIIOT OCEBYIO CUMMETPUIO,
1 BO3HUKLLIEE HECUMMETPUYHOE TeNOo ByaeT
13ny4atb BOJIHbI rpasuTaumn. Eule 6onee
MOLLHBbIM MCTOYHMKOM FpaBUTaALMOHHbIX
KonebaHnn fonxHa ObITe ABOMHAA cucTemMa
HENTPOHHbBIX 3B€34. ACTPOHOMaM BCTpeYa-
I0TCS Takne GpeHOMEHbI, Aenaiowme CoTHU
060pOTOB B CEKYHAY NMPU CKOPOCTK ABUXE-
HWS, 6NN3KON K TPETN CBETOBOA!

MN3-3a KpoweyHoro paamepa HemNTPOH-
Hble 3Be3bl O4EHb MNOX0 BUOHbI, AAXE B
60onbLUne TENECKONbI, HO BO MHOMMX Cly4Yasix
HabnpalTCa Kak UCTOYHUKN PEHTre-
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Kapma noaspusayuu peauxmogoeo uzayuenus,
nocmpoennas meaeckonom BICEP2.

Tlpu omcymcmeuu peauxmoevix 2pagumanuoHHbIX 6011
Kapmuna 0vLaa 0bt 20pazdo menee ApKoli

HOBCKOrO M3y4eHNs B TECHbIX CUCTEMAxX
DBOVHbIX 3BE3/, NN NYNbCUPYIOLLME paamo-
WNCTOYHUKK (Nynbcapsbl). Mo COBPEMEHHBIM
npeacTaBfeHnsaM, 60NbLIMHCTBO HEl-
TPOHHbIX 3BE37, 06pa3yeTcs nNpu B3pbiBax
CBEPXHOBbLIX. Hapsay ¢ 4epHbIMU Apipamu
HEeNTPOHHbIE 3Be3bl ABNSAIOTCH KOHEYHOMN
cTtaguen aponounn 3se3n 60MbLLION Mac-
Cbl. HYale Bcero rpaBuMTaLMOHHbIE BOJHbI
MCNYCKaloT ABOMHbIE 3BE34HbIE CUCTEMBI,
KOTOpbIX MHOroO B MeTaranaktuke. C no-
MOLLbIO KOCMUYECKUX FPaBUTALMOHHbIX
TENecKonoB—mHTEPHEPOMETPOB YHEHbIE
HaZeTCHa 3aperncTpmMpoBaTb BOJIHbI TS-
rOTeHUsi, BO3HUKLUME MPU NOTNOLWEHNN
YepHbIMU AblpaMy 0ObIKHOBEHHbIX 3BE3[,

OpHako pekopAcMeHamMu B UCMNYyCKaHuu
rpaBUTaLLMOHHbIX BOJIH [OMKHBI ObITb CUCTE-
Mbl N3 YepHbIX Ablp. Macchel Takux cucTem
MOFYT MPEBbLILLATL MACChl TEX XK€ HEUTPOH-
HbIX 3Be34 B Munnnapapl pad. OcobeHHo
MHTepecHble 3D dEKTb BO3HNKAIOT B Clly4ae
ObICTPOBPALLAIOLLNXCS HEPHBIX AbIP.

MOLLHEALWNM NCTOYHNKOM KonebaHuit
NPOCTPaHCTBa-BPEMEHN MO Bbl CTaTb
MHOXECTBEHHbIE CUCTEMbI N3 CBEPXMAC-
CUBHBbIX YePHbIX AblP, CKananBaloLwmxcs
B A4pax CUJbHO B3aUMOLENCTBYIOLLNX
ranaktuk. Hanpumep, korga-Hnbyap Haw
MneyHbin MyTb CTONKHETCHA C cocenHen
TymMaHHOCTbIO AHOpPOMeAb!, LeHTPasibHbIe
YyepHble Oblpbl 06Pa3yloT eAnHYI0 CUCTEMY
1 Ha4yHYT cONMXaTbCsl, pacxonys 3Hepruio
Ha rpaBUTALMOHHOE U3NyYeHne.

MoxeT ObITb, CO BpeMEHEM acTPOPU3nKn
HanayT 1 cnocobbl GpuKcaunm KOPOTKUX,
OYeHb MOLLHbIX BCMIECKOB rpaBUTaLIOH-
HbIX BOJIH, BOSHMKAIOLLMX NPW BCMbILLIKAX
CBEPXHOBbIX 3B€3/,

BonHbl HOBOpOXAEHHO BceneHHOM

Cpenun cambIX MHTEPECHBLIX NCTOYHUKOB
rpPaBUTALMOHHOIO U3Ny4EHUS BbIOENSETCSH
KOCMOJIOMMYECKUN POH PENMNKTOBLIX BOJIH
TaroteHuns. IHTepec K HUM CBSI3aH C TEM,
4710 B 80-x rogax XX Beka B KOCMOJIOrMn
cnyyunachk pesosiioums: 6bin NepecMoTpeH
CLLeHapuii HavyaNbHbIX 3TAaN0OB Pa3BUTUSA
BceneHHoli. MNMocne Bonblioro B3pbiBa
BceneHHas Havyana pacwmpaTbesa. 9710
[AaBHO NPU3HAHO BCEMU PU3UKAMU, OAHAKO
heTtanu BecbMa 3Ha4MMble 1 06CyXaaloTcs
0o cux nop. B 1947 rony A.l'amoB npen-
NOXWN Mogenb ropsven BeceneHHom, Ko-
TOopas paclmpsieTcs No agnabaTnyieckomy
3aKOHY: KOra BCe N3MEHEHWNE BHYTPEHHEN
3Heprun ngeTt Ha coseplleHne paboThl, a
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TennoobmMeHa C OKpyXatoLlel cpenon HeT.
OT1a Teopus npeackasana PennkTtoBoe u3-
Jly4eHne, HO He CMOrTa OnMcaTb HEKOTOPbIE
0co6eHHOCTM CTpoeHus BceneHHon u, B
4YaCTHOCTW, aHU3OTPOMMIO 3TOMO U3NTYHEHWS.
Kpome TOro, B Hel okasanacb JIOByLUKA:
npv NpeackasaHHOM CKOPOCTU pacLumpe-
HUS BceneHHasn aomkHa pa3gpoduTbes Ha
MHOXecTBO (nopsaka 10°°) NpuYMHHO He
CBSI3aHHbIX ApYr C Apyrom dparmeHToB. To
€CT, Ha MHOXeCTBO BceneHHbIx, kaxaas co
CBOMMM 3akoHaMu. B nonbiTke nsbexarb
atoro B 1979 rogy A.A.CTapobUHCKUI (HbiHE
akagemuk PAH, a Torga — Hay4HbIA COTPYA-
HUK MIHCTUTyTa TeopeTndeckon epunsnkm AH
CCCP um. J1.4.JlaHpay) npennoxun Teopuio
MHpASUMKM, cornacHo KoTopon BceneHHas
Ha HayanbHOM 3Tane, eule A0 NOosBIEHUS
BELLECTBA N U3JYYEHMUS, paclunpsaeTcs
ObIcTpee, 4eM B Mopenu lamosa. Bekope
CBOIO MOAESNb NHMAALMM NPeanioxXun n AnaH
'y, paboTtaBLnii Torga B MaccavyceTckom
TEXHONOMMYECKOM MHCTUTYTE. Takon nogxon,
MO3BOJINI PELLNTL HEKOTOPbIE NPOBIEMBI, B
YaCTHOCTM OTKPbUT NYTb K TOMY, 4TOObI Ha-
o6nogaemasi BceneHHas 6bina ogHOPOAHON,
TO ecTb 4TOObl BE3J€e B HEWN AENCTBOBaN
OOHU 1 Te Xe 3aKoHbl. OKoHYaTeNbHYIO
dopmy Teopus nHdnaunun npnobpena
6narogaps padotam A..JlnHaoe (KOoTopblit
Torga pabotan B PU3MYECKOM UHCTUTYTA
AH CCCP wnm. N.H.J1lebepeBa, a HbilHe — B
CrteHdopackom yHuBepcutete). OH xe B
1986 roay npenoXxmn TEOPUIO XaoTUYECKOMN
MHONAuMKn. B Hen, B 4HaCTHOCTK, pa3Hble
BCEJIEHHbIE BCE-TakM BO3HUKAIOT, HO Kaxkaas
13 HUX BosiblLE, YeM paaunyc Habntogaemon
BceneHHoln. IHbnauws B aTon Teopumn nget
o4eHb ObICTPO: 3a 10-%° cekyHabl BceneHHas
M3 NPaKTUYECKN TOYKM JOCTUraeT OFPOMHOI0O
pasmepa. CTapobUHCKNIA Xe, MOMVMO BCEro
MpoYyero, paccynTan CrnekTp PenKTOBbIX
rpaBUTALMOHHBIX BOJTH, KOTOPbIM NMOTy4aeTcst
npu nHobnauun. Cnepl 3TMX Camblx PENNK-
TOBbIX BOJIH U YBUAENUN UCClefoBaTenn B
obcepBaTopumn Ha lOxHom nontoce. Ecnun
Obl yOanocb M3 MoJiy4eHHbIX AAHHbIX N3-
Bf1IeYb MHPOPMALMIO O CNEKTPE PESINKTOBBIX
rpPaBUTaLMOHHbBIX BOJH, NOSIBUIAch 6bl BO3-
MOXHOCTb NogobpaTtb napameTpbl TeopUmn
CrapobuHckoro — Nyta — JlnHae v Bolbpatb
COOTBETCTBYIOLLYIO Moaenb. O ToM, kakoe
3HaYeHne nMeeT cama Moaenb MHPNAUNN,
1 B YeM CyTb cnyymBluencs B 80-x rogax
pPEBOMIOLMN B KOCMOJSIOTUM MOXHO CYAUTb
no ¢pparmenTy n3 kHurv A. . Jinnpe «Particle
Physics And Inflationary Cosmology», 13-
nanHor B 1990 roay B LLsenuapun:
«MHPNAUMOHHAA KOCMON0rMa NPoaon-
XaeT ObICTPO pa3BmBaTbcs. Mbl BUAUM
CYLLECTBEHHbIE M3MEHEHMS HALUNX CaMblX
0BLMX KOHLIENLMIA, KaCatoLMXCS SBOSIIOLN
BceneHHol. Bcero Heckonbko neT Hasag
GO0NbLUMHCTBO aBTOPUTETOB HE UCTLITLIBAIO
HWKaKnX COMHeHWI, 4To BceneHHas poaunacb
B OQHOM-eAVHCTBEHHOM BosbLIoM B3pbiBe
10—15 mnpa. net Tomy Hasan. Kasanocbh
04eBUAHbIM, HTO MPOCTPAHCTBO-BPEMS ObINIO
YeTbIPEXMEPHBIM C CAMOr0 Hayasa 1 4To OHO
TakoBO Mo Bcen BeceneHHom. Cuntanock, 4To

ecnu BceneHHas 3aMKHyTa, TO ee pa3mep He
MOXeT MpeBbilaTh 0603puMyto YacTs( 1028
CcM), 1 He nosaHee Yem 4Yyepes 10" net aTa
BceneHHol coxmeTcs n ncdesHet. Ecnu, ¢
LpYyroi CTOpOoHbI, BceneHHasn oTkpbiTas nnm
nsiockasi, To oHa 6eckoHeuHa, 1 No odLemy
MHEHWIO, ee CBOWCTBA B /1000 TOUKe Te Xe,
4TO 1 B BUAMMOM HYacTu. Takast BceneHHas Oy-
[DEeT CyLLEeCTBOBaTb BEYHO, HO NOC/e pacnaja
MPOTOHOB, KaK Npeacka3aHo 06beAMHEHHOM
Teopwver cnaboro, CUNbHOrO 1 aneKTpomMar-
HWTHOrO B3aUMOAENCTBUIA, B Hell He OyaeT
6apunoHHON MaTepum, cnocobHor nopaep-
XWUBaTb XN3Hb. B 0bLiem, npegnonaranoch
[Ba CLEHapust: «ropsidnii KOHEL» C rmbenbio
MMpPa NPy CXaTUK U «XONOAHbI KOHEL» B BUOE
6eCKOHEYHOro My3bIpst NPOCTPAHCTBA.

Tenepb Xe npeacraBngeTcs, 4to Bee-
JIeHHas CyLeCTBYeT BE4YHO 1 6eCKOHeYHoe
4YMCIIO pa3 MOPOXAAET BCE HOBLIE N HOBbIE
OrpOMHbIe 061aCTN, B KOTOPbIX HU3KO3HEP-
reTM4yeckne 3akOHbl, ynpasnsiowme no-
BEEHMEM 3JIEMEHTAPHbBIX YaCTuL, U Aaxe
pa3MepHOCTb NPOCTPAHCTBA-BPEMEHM
MOFYT pasnuyatbcs. Mbl HE MOXEM CKkalaTb,
OyAeT NN XN3Hb CYLLLEeCTBOBaTb BEYHO B
KaXka0M Tako 061acT, HO Mbl TOYHO 3HaEM,
YTO XW3Hb OyAET NOABNATLCH BHOBb M BHOBb
B pa3HbIx 0bnactax BceneHHon, npuHumas
BCE BO3MOXHbIE POPMbI. TakOe N3MEHEHNE
B HalMX NpeacTaBieHnsx o rnobanbHom
CTPyKType BceneHHom 1 0 Hallem mecTte B
Hel 0Ka3bIBaETCA rMaBHbIM CIIEACTBUEM, Bbl-
TeKaoLLMM N3 UHPMSLMOHHO KOCMOJIOTUN».

Y10 XXe kacaeTcs He OPEBHUX, a COBpe-
MEHHbIX PaBUTALMOHHBIX BOJTH, TO BOMPOC
006 nx cywecTtBoBaHunM octaetcsa. Het
NPsSIMbIX 40Ka3aTeNbCTB CYLECTBOBAHMUS
«rpaBUTaLMOHHOro nNpmnbos BeceneHHol», To
€CTb HEMOCPEOCTBEHHOW 3KCMEPUMEHTASTb-
HOW perncrTpaumm rpaBUTaLMOHHbIX BOJH,
haxe nocne ycnewHor pabotsl BICEP. Hapo
4YEeCTHO MpPU3HaTb, YTO EC/IN B UTOTE rpaBu-
TAUMOHHbIE BOJHbI HEe ByayT 0OHapyXeHbI
nPSAMbIMU METOAAMU, NOJOOHBLIMY TEM, HTO
nbiTasca Ucnonb3oBatb Bebep, aTo cTaHeT
TAXENbIM yAapoM A1 BCEN COBPEMEHHOM
dusnkm. MNMop yrpo30ii OKaXKETCS HE TONTbKO
dyHAAMEHT 06LLENPUHATON rpaBUTaLMOH-
HOV napaamrMbl, BOMIOLLEHHOM B 0bLLein
TEOPUUN OTHOCUTENIBHOCTU, HO U MHOTO-
YUNCJIEHHbIE «albTEPHATUBHbIE» TEOPUN
TaroteHns. Beab BCe OHM Tak unan nHadve
npeackasbiBalOT CyLWECTBOBAHNE BOJH
TArOTEHUS NPU PacnpoCTPaHEHNN rpaBu-
Taumm co CKOPOCThbIO CBETA.

HecmMoTps HM Ha 4TO, pe3ynbTaTthl, NoNy-
yeHHble BICEP, ykpenunu yBepeHHOCTb B
CYLLEeCTBOBaHUM BOJIH TArOTEHMS Kak OQHO-
O N3 MaBHbIX CNEeACTBUIA 3AHLLITENHOBCKOMN
Teopuu rpaBuTaLLMm. TEM HE MEHEE KOHCEep-
BaTMBHO HACTPOEHHbIE PU3VKU CYUTAIOT,
4YTO HUKaKMe, Aaxe camMble BECOMbIE KOC-
BEHHbIE aPryMEHTbI HE 3aMEHSAT «MPSAMbIX»
NMPOBEPOYHbLIX MUCCUIA, MOJOOHBIX MPOEKTY
LISA. A 310 3HauuT, 4TO0 HOoBeneBckol npe-
MUKW MPUOETCS XOATb eLLe HE MEHee OBYX
DEecaTUneTun. ..
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M. uT. Ipyk

Jliok cmoTpen BHM3. Tam Bbino nycto. OH 3Har, YTo BETEP HECET Mo
BbIOUTOMY acdansTy 06pbIBKM FA3ET U MyCOp, HO OTCoAA UX OblIo
noYyTn He BUAHO. VI BOHM OT MOMOVKM He 4yBCTBOBaNOChb. He Tak
4TOObI YK COBCEM HE YYyBCTBOBA/IOCH... K 3anaxy e CBOero najsro
OH JABHO MNPVBBIK.

OH cMOTpen BHU3, a BbICYHYBLUMINCS 13 KapMaHa Lwapd KoNoTun
ero no Hore. LLlapd peprancs u kpyTuncs, Ho 6bU10 SIeHb yOpaTh ero
B kapMaH. [la n 3a4em? Pa3Be He BCe paBHO?

Curaper He 6b1n0. Tonbko 6b14oK. OamH. U kopobok crnnyek. Mony-
nycTton. Jllok B3aoxHyn. LLlapd cTykHyn ero no Hore ewle pas. Jliok
npocneamn B3rnsaa0M 3a NOAHSBLUMMCS B BO3yX ra3€THbLIM JINCTOM U
YBUAEN, YTO MO KPOMKE CTEHbI K HEMY MON3ET YenoBek. Takom xe, kak
OH cam. JTIoK 3aMHTepecoBancs — A0MNON3eT nam copeeTca? Myxumk
[0MNon3 u cen psooMm.

— lMpwBeT, — ckasan oH. — [laBHO cnanb?

Jhok noxan nnedamun. Kakas pasHmua?

— A 9 4aCTO TyT CUXy, — COOOLUMI MYXUWK N NPEACTaBUACS: —
JKeHéEk.

— Jliok, — otBeTUN JlIoK. — A 51 NepBbI pas.

— A, — noHnmatoLLe NpoTaHyn XXKeHek. — Jonro nona?

— He. — Jliok nonpaswn konnak Ha ronose. — BeICTpo.

— A 9 ponro nons, — B3A0XHYN cobeceHMK. — XopoLuas Luarnka,
Tennag. [oe B3an?

— Tam, — J1IoK MOTHY/ rONI0BOM B CTOPOHY NMOMOWKN. — B ToM roay
ewe Hawen. Tennas. OTcTupbIBa.

OH BCNOMHUA, KaK JONMO pasaymbiBan — nogobpars konnak uim
BbIOPOCUTB. YK 60/1bHO TOT BbIN rPsi3HbIA. [yman-ayman, NoToM Noao-
Opan. M uenbiii rog, Ha Hero HapaaoBaTbCs HEe MO — XOPOLLO, ronoBa
He Mep3HeT. M no4Tn He naykaeTcs.

— A 5 BOH 6€3 wwanku, — coobLumn XXeHek, kak OyaTo 3Toro 1 tak
He ObIN0 BUAHO. — 3aT0 Y MEHSI NepyaTku eCTb.

— Hy na, nepyatkn, — XMbIKHY JTIOK, — 3T, KaK UX, MUHE... Tbdy,
MUTEHKN.

— MuteHkn — y 626, — HaCcTaBUTENLHO 3aMeTun XKeHEK. — Y kpa-
cuBbIX. A Wwapd y Teds ecTb? Y MeHst BOH TOJICTbI KaKoM.

LLlapd onsatb CTyKHYA €ro no Hore. JIIoK OTMaxHyncs.

— EcTb, — yka3an oH Ha lapd. — B Tom mecsiue nogodpan. Tonbko
YTO-TO HEe HOCUTCA. TO AyLuwT, TO XONoAHO. B kapmaH cyHy BMecTe C
KONIMakOM — KOJNak BblBaNMBaeTCs. A Konnak-To xopowwnin. U wapod

BbIOPOCUTL Xanb. BoH, onaTb n3 kapmaHa BbiBanuncs. Kak 6bl He
ynan. lJa XxpeH ¢ HUM.

JKeHEK NpuLLYYPUCA 1 OLLeHMBAOLLIE NOCMOTpen Ha wapd. Mopkis
BETpa 3akpyTu raseTbl BHU3Y. LLlapd 3apepranca. OH moTancs u3
CTOPOHbI B CTOPOHY W THYA JTtoka BHM3. J1OK 3aKypui — OH He 0C060
cnewwun. Hapo 6bl npeanoxmTs cobeceaHunKy, Aa xasb kak-1o. Camo-
My Masio. M Tak C NTOM NOMbITKM CAMYKY 3aXer. A KOPOOOK BbIPOHWJI.
Tyna, k rasetam. Hy 1 nec ¢ Hum.

— Xo4eLb? — CNpoCcui OH, CTapasiCb MPEOA0NETb XaaHOCTb.

— He-a, — otBeTun JKeHEK. — Y MeHs aoma uenas nadka ecrb.
Henauaras. N 3axuranka.

— Ay 1ebs n pom ectb? — oToponen Jok.

— Hy... —XeHék cmyTunncsa, — AOM He A0M, a TaK — Lenbli 3Tax
B JOPEBOJIIOUMOHHON TpexaTaxke. 1o cHoc. )KnnbLoB BbICENNN. ..
KocTep pasxeyb MOXHO — MNePeEKPbITUSA AEPEBAHHbIE, CTEHbI TOXE.
lpencsa — He xouy.

— Ayero ctoga nones? — He noHsin JItok. OH aymarn, My>XuK no ToMy
>Xe NoBoay, 4TO U OH.

— HpaButcs MHe, — ynblbHyncs XXeHeék. — CMoTpu, KnacCHO
KaKk — BCe BUAHO. BoH — Hebo, BOH — Mope. A ra3eTbl — OHU Kak
yaiku. JletaioT. O, — OH NPOBOAWA B3MISAOM MOPXAOLLNIA INCT, —
CMeLLHas ra3eTka, MoAHATLCS XO4ET, a HUKaK, MPOMOoKI1a Bcsi 6eaHasi. .

«[Mo4YTn KaK Mbl ¢ TO6OM», — nogyman JIoK, HO BCNyX He ckasal.

— Hoc Tebe k10 pa3bun? — noHTEpPecoBasiCA OH BMECTO 3TOrO.
— [lo cnx nop BOH kanaer...

— A, — oTMaxHy”ncs cocef, — Aypak Kakom-TO BHU3Y NMPULLENIIICS.
Hy Tak s emy Toxe Hexuno Hasanan. Cioga He nobepeTtcs.

Xonopgano. OHW AaBHO yXXe NPYXUMannChb Apyr K Apyry, CTapascb
COrpeThCs.

— Cnblwb, — npeanoxun XeHek, — a nowm ko MHe? Tenno Tam.
Jasan?

— ATyna? — JTIOK KNBHYN BHU3.

— A Typa... — Cocep, 3agymancs. MNanbupl y HEro nocuHenn. — A
yto Tyna? Cnonsem ceinvac, nenos-T1o. laset 3aogHoO HabepemM Ha
pacTonky. 1 kopobok TBOW OThiLLEM. [oroam TONbKO...

OH HarHyncs, BbiTawmn wapd 10 1 U3 kKapMaHa, TO M U3-MOA,
Jhioka v webipHyn BHU3. Nopanblue. Jlioky nokasanoch, 4To wapd
M3BMBAETCS W CTapaeTcs YKYCUTb HOBOMO 3HaKomoro. Vinn yaaputs
XBOCTOM — rOJ1bIM M PACTUTIOLLEHHBIM Ha KOHLLE. OH MOMOTaU1 rOI0BOW.
Benas ropsiuka BpemeHHo caana no3vumn. [lanHe cyero en —cytpa
Tpe3BbIi. [yCTb HE COBCEM, HO BCE XE...

— 3auennbcs, — NOSICHWN XKeHEK, BbITMpast pykn. — [1a n BOHAET
OT Hero. He wyBcTBYeLUb, 4TO Nn? Ecnun xovelb, 1 Tebe CBOI oTaaMm.
MoTom. Korga cnesem.

W oHn nononanu. MNoyemy-To Tenepb J1oky 661110 CTpaLLHO CopBaTb-
cs1. Kak OH cnyckancst no 6utbiM KMpnuyam, OH He NOMHWA. MNansTo
nopBas OKOHYaTENbHO, LanKy 4yTb He notepsa. OHX NOCTOSN NOA,
CTEHOW, 1, MAAsa Ha NonypacchInaBLUYyOCs Knaaky, JIiok nonsitancs
NOHSTb — a Kak OH BOOOGLLIe CMOr Tyaa B300parbCs.

Mowen menkui cHer. NopblB BETPaA LUBLIPHYN B HUX radeTsl. YT0-To
TKHYNOCb JTIOKY B HOTWU.

«Kowwka», — nogymaJi OH 1 HarHysncs.

LLlapd nexkan Ha acdassTe, NbiTasiCb 00BUTLCA BOKPYT €ro G0TUHOK.
JKeHEk nepenepHysn nnevamm, npuaasmn wapd HOrom 1 OTLLBLIPHYI.

— lMownn, — ckas3an oH. — 9 Tebe CBOM OTAaM.

OHV NOBEPHYNMCH M MOLLAN. JTIOKY BCE XOTENOCh OMSIHYTHCA — HE
nons3eT 1 3a HUMK Wapad, HO YKeHEK Hayvan pacckasbiBaTb KAKOM-TO
aHeKoT, OH 3acnyLuancs 1 3abbin. Bnepeaw vx xxaano tenno, Heno-
yaras nayka cumrapeT 1 KUMNATok.

[Boe yxogunu. TpeTtuin cngen Ha acdansTte, KONoTs Mo HEMY FOfibIM
KPacHbIM XBOCTOM, 1 3106HO cMOTpen um Benea. bexarb Hano. M no-
ckopee. [loka oH He BepHyncs. BoT ckoTuHa, BOT NoA/ias TBapb, Takoe
neno emy copaan! [Maraqok pa3bu, Ha NanbLibl HACTYMNA U XBOCT YyTb
He cnoman! MNuraa kakas — BbIPAANTLCS B 3TY APSAHbL HE MOCTECHSCH
1 M0 CTEHE NPUNo3TY He NoneHnscs!

B oTnndme oT YenoBeka OH NpekpacHO Buaen 6enble Kpbuibsa Ha
PA3HOM NaAJILTO 3a CMHOWN NPULLIENbLA.

«XUMUS N Xn3Hb», 2014, N2 4, www. hij.ru



Boaa nnaHer

Kangonpar
dUINKO-MaTEMATUYECKMX HAYK

C.M.Komapoe

Hawa 3emns o4eHb cyxas: [ons BOAbl HA €e NOBEPXHOCTU CO-
ctaBnsieT nuwb 0,023% OT Macchl NMiaHeTbl. Ay BHELLIHUX NaHEeT,
Nexatlmx 3a nosicoM acteponos, oHa goxoaut oo 40%. Bonee
TOro, cyas no coctaBsy ConHua, B NPOTONJIAHETHOM ANCKE BOAA
Oblia CTOMb Xe PacnpoCTPaHEHHbIM BELLLECTBOM, KakK CUANKaTHI,
cnaralowme KaMeHUCTble nnaHeTbl. [loyemMy Xe Ha BHYTPEeHHUX
nnaHeTax ConHeYHON cnctemsbl Tak cyxo? MNonckn oteeTa Ha 9TOT
BOMPOC BeAyT B HA4Yano BPEMEH, KOraa He Oblflo eLLe HY MaHET,
HKU camoro ConHua.

Oo6nako

B 1755 roay Immanyun KaHT Hanucan «[Jante mHe matepuio, 1
A MOKaxy BaMm, Kak U3 Hee J0/mKeH o6pa3oBaTtbecs Mup». U no-
Kasan: Haw mMup chopmmuposasncsa 13 obnaka 4acTul, KOTopoe
YNOTHWAOCE NOA AENCTBUEM CuUnbl TaxkecTw. B 1796 roay, nocne
0oOHapyxXeHst acTPOHOMOM Bunbssimom leplienemMm MHOXecTBa
TYMa@HHOCTE, O HEKOTOPbIX MOAPOBHOCTSX 3TOro NPoL,ecca pac-
ckagan MNeep CumoH Jlannac. CornacHo ero pacyetam, npu cxa-
Tnn 06nako, N3 KOTOPOro POXAaeTcs 3Be3a, BpaLlaeTcs Co BCe
60/IbLLIVM YCKOPEeHneM. B peaynbTtaTe ero paspexXeHHas BHeLLHAS
YyacTb CNIIOLWMBAETCS, a Koraa LLeHTpobexHas cuna Ha aKkBaTope
CTaHOBUTCS PaBHOW CUJ1E TAXECTU, MayLen OT LeHTpa BpalleHns
(roe n 6yneT HaxoamMTbCs 3Be3aa), 061ako NpUHMMaeT dopmy
YyeyeBuLbl. BelecTBo Ha BHELLIHEM Kpae NepecTaeT y4aCcTBOBaTb
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B JaNbHEeNLLEeM CXaTuUK, 0CTaBasiCb Ha MecTe 1 06pa3ys ra3oBblil
Aunck. 3atem oH opobuTCs Ha KOJbLA, U BELLLECTBO KaX40r0 KOMb-
Lla cTaHOBMTCA nnaHeTon. MMnoTes3a ata y4eHbIM NoHpaBuiach
1, XoTa Obina HecnocobHa 0OBACHUTL MHOTME ABNEHNA, nerna B
OCHOBY COBPEMEHHOW TEOPUN GOPMUPOBAHMS 3BE3A, U MITAHETHBIX
cucTeM. dkcrnepumeHTanbHoe ee 060CHOBaHWE NpenocTaBuIn n
NPOAOMKAKT NPEeAOCTaBNATL TENECKOMbl, KOTOPbIE NO3BONSAOT
pasrmsaeTb MHOXECTBO AeTaneln B CTPOEHUM NPOTO3BE3OHbIX U
NPOTOMNAAHETHbIX AMCKOB.

JeTtann cTpoeHus NpoTo3Be3aHbIX 0671aKkOB pacCcMaTpuBaloT
npumepHo ¢ 70-x ronoB XX Beka, a ceinyac 06Hapy>XeHO HECKOBbKO
COTEH NPOTO3BE3AHBLIX 0612KOB Ha Pa3HbIX CTaausX pa3suTust. Mx
M3YHaloT C MOMOLLIbIO HOBEMLLNX NPUOOPOB, HANPUMEpP TakuXx, Kak
KocMumyeckumin tfeneckon EKA «epluenb», BbiBeAEHHbIN Ha 0OpouTy B
2009 rony. OH paboTaeT B AanbHEM MHPPAKPACHOM 1 CyOMUNIn-
METPOBOM AiMana30Hax — XONOAHbIE YACTULLbl MEX3BE3AHOM MbIfn
XOPOLLUO BUAHbI B 3TUX 06nacTax cnektpa. CamMblii COBPEMEHHbIN,
nocTpoeHHbili B 2013 roay npubop — pagmonHTepdepomeTp
AJIMA (Atakama Large Mirror Array) KOxHol1 eBponelickoi obcep-
BaTtopuun. OH cocTonT N3 66 pagmoTeneckonos, Pa3dpocaHHbIX
no NycTbiHe ATakama 1 CBA3aHHbIX B €ANHYI0 CETb. [JaHHbIX, CO-
OpaHHbBIX 3TUMU Y MHOTUMW OPYrMKn Npubopamu, yxe BroJsiHe
[0CTaTO4YHO, YTOObI CTPOUTL BNOJIHE aeKBaTHbIE KOMMbIOTEPHbIE
MOLENN NAYLLMX B TakKMX AMCKax NPOLLECCOB. A B KOMMbIOTEPE
MOXHO BHMMAaTENbHO paccMaTpmBaTh BCE TOHKOCTY 6€3 MOMOLLM
[oporocToswmx npubopos. Hanpumep, cnegutb 3a GU3NKO-XK-
MNYECKUMU peakumsmmn B obriake 1, MeHsIS ero CocTaB, MOHAT,
Kakue xe nnaHeTbl nonayyarca. (O BbisBIEHHOM MHOroobpasum
MUWUPOB — YrnepoaHbiX ¢ HeEDTAHbIMK peKkamMn B rpaduUTOBLIX
6eperax ¢ anMasHbIMWN yTecamMu; BOAHbIX, MOKPbITbIX CUHUMU
oKeaHaMu UM yCbiNaHHbIX OCNenuTenbHOo-6enbiM1 KanbUnTo-
BbIMU XpebTamu, — «XUMUS 1 XN3Hb» pacckasbiBasa B ManNCKoM



Homepe 32 2012 roa.) A MOXHO UCCNeaoBaTb KUHEMATUKY CaMOro
oucka, Habnaatb, Kak B HEM MOSIBASIOTCS 3apoabilun MiaaHeT
— NJaHeTo3MManu, CIMBaoLLMECS NMOTOM B KPYrMHble HeGecHblIe
Tena. OgHako cHavyana Hy>HO co34aTb CaM NPOTO3BE3AHbIN ANCK
13 Mex3Be3Horo obnaka.

BoT kak BbIMMSANT CBEXENOCTPOEHHAs MateMaTnyeckasi Moaenb
obpa3oBaHMa HEKPYMNHo, MeHblue CosnHua, 3Be3abl (Masahiro
N. Machida, Takashi Hosokawa «Monthly Notices of the Royal
Astronomical Society», 2012, 431, 2, 1719—1744; doi: 10.1093/
mnras/stt291).

McxoHO uMeeTcst Mex3Be3aHoe ra3oBo-nbiieBoe 061ako, 3a-
NOJSIHEHHOE BOOOPOAOM M HEKOTOPBLIMW MOSIEKYNSIPHBIMU COEAM -
HEHUSAMU (CM. «XUMUIO U XU3Hb», 2013, N2 2) — BOAOM, yrapHbIM
rasom, yrnekumcibiM, aMMnMakomM, MeTaHOM, apoMaTUYECKMMMU
yrnesoaopogamMu 1 4pyrumm opraHm4eckumMmu BeLectsamMmm pas-
HOW CTeneHn CNoXHOCTU. Hannune yrnepoaa noackasbiBaeT, YTO
3T0 061aKo, No KpaliHen Mepe, YHaCTUYHO, — pPe3ynbTaT B3pbiBa
HeKoW 3Be3bl, MOCKONbKY Yrepon B MICX0OQHOM BceneHHom oT-
CyTCTBYET, OH 06pa3yeTcsl Npy TEPMOSAEPHOM CUHTE3E B 3BE3[-
HbIX Heapax. Toraa B obnake ecTb U Apyrne NpoayKTbl 3BE3AHOIO
HYKJIEOCMHTE3a — TSXKesble 3/IEMEHTbI BIJIOTb 40 XeJle3a, a Takke
NpoAyKTbl B3pbiBA MATEPUHCKO CBEPXHOBOM — PaanoakTUBHbIE
35IeMeHTbIl. TUX aNeMeHTOB TeM 6oJibLue, YeM Kk 6osiee No3gHeMy
NMOKONEHWIO NPUHAANexana nopoamsLLas o6nako 3sesga. Obnako
He CTOUT Ha MeCTe, HO OBMXKEeTCA B onpegesieHHOM HarnpaBJieHnn
1 Bpawaetcs. [Noa gencrenem cBeta Apyrmx 3Be3[, BELLECTBO
VMOHM3NPYEeTCs — 3HauuT, y o6siaka UMEeeTCs 3JIeKTpu4eckoe
nosne, a Takxke MarHUTHOE, BEAlb ABUXEHWE 3aPSKEHHBIX YacTuL,
HensBeXHO NopoXaaeT ero.

06nako OTNNYAETCH HEMAON CTaBUIILHOCTLIO, KOTOPYIO 0becne-
4YMBaloT ABE I'IpOTVIBO60pCTByIOIJ_I,I/Ie CUNbl — rpaBuTaunga n Tensio-
BOE OBMXXEHME CaratoLLmx ero yactuy,. Nockonbky TennoobmMeH
C MeX3Be3HbIM KOCMOCOM 3aTpyAHEH (OH UAET TOJIbKO 3a CHeT
N3ny4yeHns, KOTOPOE Kak NPUXoamT K 06naky oT 3Be3A, TaK U yxo-
LT OT HEro NPV Nepen3nyyeHn KBaHTOB SHEPTUN), NX OUNNS
MOXeT OJINTbCst 6ECKOHEYHO A0ro. HapywmnTb e ee cnocobHO
BHelLLUHee 06CTOATeNbCTBO, HANpUMep B3PbIB Kakoi-TO Heaane-
Ko 3Be3abl. OH MOPOXAAET YAaPHYIO BOSHY, HA GPOHTE KOTOPOIA
MJOTHOCTb BELLECTBA MHOIOKpPaTHO Bo3pacTaeT. B pesynbrate
MOXeT BO3HUKHYTb CFYCTOK BELLEeCTBa, rpaBMTaLms KOTOPoOro
OKaXXeTCH BbllLe, YeM KMHeTn4eckaa aHeprma cnaratowmx HacTtuLl,.
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MPOBJIEMbl U METOZ1bl HAYKU

Kpome Toro, n camo o6n1ako HEOLHOPOAHO: Kak MokasbiBaloT
HabnOeHUs, NPY cpeaHer NNOTHOCTU MeX3Be3aHbIX 0061aKoB,
M3MEPSEMOI ThICHYAMMN HaCTUL, HA KYOMYECKMIA CAHTUMETP, B HUX
MMEIOTCS YMOTHEHMS — TaK Ha3blBaeMble r100Y/bl C MIOTHOCTbIO
B COTHM pa3 6onblueit. M3 Taknx obpas3oBaHuii yxxe MoryT ¢dop-
MNPOBAaTbLCH 3BE3/bI.

[ns nocTpoeHns MoLenn SNOHCKME UCCeoBaTenm B3sn
obnako ¢ Temnepatypoii 10 K n nnotHocTblo 600 ThicsY HacTuL,
B Kybu4yeckomMm caHTuMeTpe. YTobbl 061ako Havyano CXXnMMatbes
noj, AencTBnemM COOCTBEHHOM CUIbl TAXECTU, €ro Macca A0JKHa
npesocxoanTb npenen boHHopa — 366epTa, NPeasoXeHHbIN B
1955 roay Hemuem Ponbdom 366epToM U aHMNYaHUHOM YU-
nbssiMomMm BoHHOpOM. B peanbHOCTU peyb MOET He O mMacce (ee
MOXHO BblOpaTh /11060, B YaCTHOCTM aBTOPbLI pacyeTa B3snm 1,05
COJIHEYHBIX), @ 0 pagnyce cdepbl, N0 KOTOPOW 3Ta Macca pac-
npegeneHa ¢ yka3aHHOW N0THOCTbIO. OH Mony4yaeTcss paBHbIM
6100 a. e. (0gHa acTPOHOMMYECKAA eONHNLA — PAANYC 3EMHOM
opbuThl). Ina cpaBHeHus: nosic Konnepa, roe cobpannck octar-
KM MaTtepuvana, noweauwero Ha co3gaHne ConHeYHol CUCTEMBI,
mnmeeT paguyc 30—50 a. e., a o6nako OopTa, oTKyAa npuneTarT
nonronepuoanydeckue kometbl, — 50— 100 Tbica4 a. e., UM NOYTU
0OMH cBeTOBOW rof,. CKOpOCTb BpalleHUs obnaka B3sivM paBHOM
10-® o6opoTam B cekyHay, Ui OKOJI0 04HOro 060poTa B MUSITIMOH
net. MNpy 3TOM OTHOLLIEHWE 3HEePrM BPALLLEHWUS K rfpaBUTALMOHHOMN
coctasuno 0,01 — uccnepoBaHUs aCTPOHOMOB AAlOT cpeaHee
3Ha4veHue 0,02 npu pasbpoce B npegenax ot 10* oo 1,4. OTHoLwe-
HME MarHUTHOW 3HEPrn K rpaBUTauMoHHoM 6bino 0,06. B ueHTp
NOMECTUNW 3apOoAblLlLl 3BE3/bl MACCOM B ThICSHHYIO A0S0 MaCChl
ConHua. BoT pe3ynbrathl pacyeTa.

r

1500 a. e.

Tax cxaonvieaemcs npomoseesonoe obaaxo. Cnycms 220 moicsy aem nocae Havaia
corcamusi NoAsAPHbIe CMPYU 0CHULAIOM MAKCUMAALHO MOUHOCTI U 8bIHOCSIMN Gellje-
cmeo daqexo 3a npedeavi obaaxa (a). Buympu o0aaxa o6pasytomces 30Hb1 pasnoii n.iom-
Hocmu. Yxce obednennas nadenuem éeusecmea 6 yenmp 00.1acms HU3KOI nAomHocmu
— cihepuneckas (6); 6nympu nee, cycamas cmpysamu, OUCK000paznas 00.4acms 6bIcoKoil
naomuocmu (8), ee epanuya coomeemcmeyem 70 moicauam uacmuy, 6 Kyou1eckom
canmumempe. A ewe 2ay6ice pacnoaoxcen max Ha3vieaemulii ncegdooucK, Komopblii
o0pazyemcs ne 3a cuem epauienus, a no dpyeou npuqune. Hacmoswuii duck, cghopmu-
posanHvLii 6pauieHueM seujecmea, 20pazoo Menvuie (2), @ Ha paspese cHpyu NOKA3aHbL
AUHUU MAHUIMHO20 N0, Komopble 00pasyiom euxps. Cmpyu HA4UHAIOMCS UMEHHO ¢
epaujarouie2ocs ucka (0): cmpeaxamu noKa3anvl 6eKMopa CKOPOCMU HAcnuLy, 6 cmpy-
AX, a AuHuAMU — mazHumuoe noae 6 Hux (Masahiro N. Machida, Takashi Hosokawa
«Monthly Notices of the Royal Astronomical Society», 2012, 431, 2, 1719—1744; doi:
10.1093/mnras/stt291)
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MepBble 68 TbiCAY NeT Nocne Havyana cxaTus HUYero cyule-
CTBEHHOIO HE NPOUCXOAUT: YacTuubl obnaka nepemeLLalnTcs
B NPOCTPAHCTBE U MOCTENEHHO YBENYMBAIOT MAOTHOCTb B
LLeHTpanbHoOM YyacTn. Ho 3aTemM Ha4YMHAOTCA KAQ4ECTBEHHbIE U3-
MEHEHUS: MPaKTUYeCcKn MrHOBEHHO NOSIBNSIETCA BpaLLaloLWMncs
NNOTHbIM anck ¢ maccoi B 0,2 conHeuHbIx. MpnynHa ero obpa-
30BaHUSA — 3aKOH COXPaHEHWS YITIOBOr0O MOMEHTa ABUXEHUST; MO
Mepe TOro kak B Hero nagaeTt marepuan u3 Bce 6osiee ganbHUX
obnacrteii obnaka, BpaLleHne yCKOPSIETCS, a NJIOCKOCTb BpaLle-
HWS1 CTabUNN3NPYETCH NePNEeHaNKYNSPHO OAHOMY HanpaBeHNIO.
OHO 1 cTaHeT B OyayLL,EM OCblO BpalLleHWs 3Be3Abl U BCel nna-
HETaApPHOW CUCTEMbI; CaM Xe OMCK OKaXXeTCst OCHOBOW npoTonna-
HETHOro Amcka. Ho noka 4yTo BeLLLECTBO 13 OKpyXatoLLero obnaka
KOHUEHTpUpyeTCcs B ANCKE U, NPOXOAs CKBO3b HEro, nagaeT B
ueHTp. MNoTHOCTL BeLEeCcTBa B LLEHTPe CTAaHOBUTCS BCE Bbille,
M BOT CNycCTa 73 ThiCAYM NIET NOC/IE Hayana cxaTus nosiBnsieTca
npoTto3ee3na. B 6nuxanwme 20 Toicay neT macca amcka éyaet
60sbLLE MaCChl 3BE3/1bl, @ MTOTOM — U YXKE HaBCEraa — OHa OKaXeT-
CS1 [MTaBHbIM UIPOKOM, UMEHHO ee rpaBUTaLMOHHOE MoJie Tenepb
crabunmsnpyet anck. (PaHee OH oepxancs 3a CHET BpaLLeHus 1
JaBneHns Nagarowero rasa.)

OpHako mexay obpaszoBaHueM amcka n GopMnpoBaHMEM NPo-
TO3Be3/bl MPOUCXOAMUT eLLe OOHO COObITUE: B MOMEHT 70,5 Thicsau
NeT Ha rpaHnue Anucka HadymHaloT GOpPMMPOBATLCS NOSSPHbIE
CTpyW, YHOCSILLIME BELLLECTBO NPOYb OT MPOTO3BE3AHOIO o6naka.
MpuynHa Ux NOSIBNIEHMS, KaK YKa3blBalOT aBTOPbI paboThbl, A0 CUX
nop He sicHa, Tem 6onee 4TO pasnuMyaloT Asa Buaa CTpyii — Obl-
CTpble N MeAJIEHHbIE, OQHAKO Teneckonbl GUKCUPYIOT UX Npak-
TU4eckun B kaxxaom obnake, roe obpasyetcs 3se3aa. B kauectse
paboueli NpuHaTa rmnoTesa, Y4To nagawLwme n3 obnaka Ha omck
YacTuUpbl YCKOPSOTCA 1 X BblOpackiBaeT NPoYb BOOb OCY Bpa-
LEeHNsi. 9TOMY CNOCOOCTBYET M MarHUTHOE NoJie, IMHNN KOTOPOro
BbIXOOAT MoA, YrNIOM U3 LeHTpa BpalleHns gucka. BeicoTta, Ha ko-
TOpyto ObET CTPYS, CO BpeMeHeM MeHsieTcs. CrycTs 25 Thicay net
nocne ob6pas3oBaHMs NPOTO3BE3Abl OHA AJOCTUIAET rPaHuLLbl UC-
XOLHOrO 06naka 1 BbIXOOUT B MEX3BE3AHOE MPOCTPAHCTBO. A eLle
yepes 75 TbICAY NIeT MakCUMasbHbIN AMaMeTp CTpyu (OHa nMmeeTt
dopMy curapbl) cpaBHMBaETCA C AnamMeTpoM obiaka, BbiCoTa Xe
NPEBbILLAET €ro B HECKOJIbKO pad (MpakTuyecku cTpys nobusaet
[0 MecTa pacnonoxeHusi obnaka Oopra). Yron Ha rpaHuLe obnaka
nocturaet 130°, TO eCTb CTPYS CYLLLEECTBEHHO OrpaHNYMBaET Ty ero
4yacTb, KOTOpasi MOXeT NOCTaBNATb Matepuan Ha 3se3ay. bonee
TOro, CTPyM YHOCSIT BELLECTBO MNPOYb, NPEAOTBpaLLAs NageHne
Ha 3Be3y Bcero obnaka.

B nepvoa mexny ¢popmMmnpoBaHmMem amcka 1 3se3abl MOLLHOCTb
CTPYW TONbKO HapacTaeT, 3aTeM Ha HEKOTOPOE BpeMsi CTabunman-
pyeTcs n, no mepe obeaHeHns obnaka, HadmHaeT nagate. Moge-

Pacnad npomonaanemnozo ducka. Cnavaaa éeuiecmeo 6 6oavuiom koautecmee nadaem
Ha 36e30y, a ee uziyHenue, 2AA6HbIM 06pa3oM datvhuil yavmpaguoaem u penmeen,

6bI3bI6ACT (homoucnapenue eHewnux Hacmei Oucka (a): 6euecmeo OUCKa CAUMKOM
nA0mHoe, ¥MoGbL Ay MO2AU CKBO3b HE20 NPOIMU U 6b136amb ucnapenue enympu. B
M0 e BPeMS HACMULBL NbLAU YKPYRHAIOMCA U 0CE0alom 6 UeHMpAaabHol wacmu oucka
(6). Koeaa o6sem nadaroue2o seugecmea yMeHsuumcs 00 KpUmu4ecko2o 3Ha4enus,
CUabHOe homoucnapenue u3 6HympenHeii vacmu OUcka o¥uuiaem om 2a3a 6auXcatiuyio
K 36e30e o6aacmo (8). Iladenue sewecmea na 36e30y npexpawaemcs, u Ha4unaem-
¢ cmpemumeavHbiil pacnad oucka. Ilocie moeo, kax éeco 2a3 ucnapumes, é ducke

0CMAAUCH AU KPYNHbIe 4ACHULbL U NAAHEMbL; 6CI0 MEAKYIO Nbl1b 6bIME0 3d CHem
Oaesaenus ceema uau yeaexao 36e30Hvim éempom (2). Tenepo duck cman neguoumoim
045 acmponomos («Annual Review in Astronomy and Astrophysics», 2011, 49, 67—117;
doi: 10.1146/annurev-astro-081710-102548)

-

JIMPOBaHME NOACKA3bIBAET, HTO MEAJIEHHbIE CTPYM BbINETAIOT C MO-
BEPXHOCTW OKONI03BE3AHOMO ANCKA, a ObICTPblIE — C MOBEPXHOCTU
camoli NpoTo3Be3abl. Bcero xe st CTpyn cnoCo6HbI yHECTU NPU-
MEPHO MOJIOBUHY TOrO BELLECTBA, H4TO 6bl1I0 B UICXOOHOM 06Nake.
JanbHenwas ero cyabba oCTaeTcsl HESICHOW: pacceeTcs i OHO
Nno MeX3Be34HOMY MPOCTPAaHCTBY WX, CBA3aHHOE rpasuTaumnen
3Be3bl, CTAHET €€ CNYTHUKOM. He6e3bIHTEPECHO OTMETUTD, YTO,
cornacHo HabnaeHMaM KOCMUYecKoro Teneckona «fepienb»
(http://arxiv.org/abs/1012.4570v1), 3T CTPyM YHOCAT OrPOMHOE
KONMYECTBO BOAbl, COAEPXKALLENCSH B NPOTO3BE3AHOM Ob6nake:
KOHLEHTPaLNa BOASHOro napa (n3mepseMas OTHOCUTENbHO
cogepxaHnsg Booopoaa) B CTPYSX B AECATKN ThiCAY pa3 BbILLE,
Hexenun B octalowemMcst aucke. CBA3aHO M 3TO C TEM, YTO BOAA
B IUCKE HaxoamTcs 60sbLUe 4YacTbio B 3aMOPOXEHHOM COCTOS-
HUW, UNN OEACTBUTENBHO CTPYM NCCYLLAIOT 3BE3LHYIO CUCTEMY,
rnoka He SiCHO.

CTpyn, NpensTcTBYS NageHnio BOOb OCU BPALLEHUS, NPUBO-
OST K TOMY, 4TO BECb NEPEHOC MaTepuana n3 obnaka Ha 3Be3ny
MAEeT TONbKO 4Yeped amck. B pesynbrate ero macca nepecraer
pactm — No AaHHbIM aCTPOHOMOB, OHa cocTtaensieT 0,02—0,1
OT COJIHEYHOM. PacyeT AnoHCKUX nccnenosatenein no3sonsger
y3HaTb nogpobHocTu. Tak, Macca amcka B X Mogenv oepxuTcs
Ha ypoBHe 0,2 COnHeYHbIX A0 TeX NOpP, Noka Macca NPoTO3BE3abl
He CpaBHSIETCS C Maccol ocTaBLuerocsi obsaka, a 3aTem HauMHaeT
nagarb 1 K KOHLy npoLiecca coctasnseT 0,1 conHe4vHon. M Bce 910
BpEeMSs OMCK CNYXUT NyTENPOBOAOM A8 Nepenpasky BelecTsa
obnaka B 38e3ay. B Havane dpopmmnpoBaHms NpOTO3BE3Abl CKO-
pOCTb NafeHns Ha Hee BelecTea cocTarnseT 10-° conHeuHbIx Macc
B rof, n tak npogosmkaetcs okono 100 Teicay neT. 3atemM CKOPOCTb
nageHus cHmxkaetcsa Ao 107 conHeyHbIx Macc B rod. Bnpouem,
BpPEMS OT BPEMEHN NPUTOK OKa3blBaeTCHA 60obLUe OTTOKA, AMCK
neperpyxaeTtcsi, TepsieT rpaBUTaLMOHHYO CTabUIbHOCTb, U Ha
KOPOTKOE Bpemsi 06bEM BbINaAAOLLEro U3 HEro marepuana Ha
3BE34y pe3Ko BO3pacTaeT: 9TO MOXHO 3aMETUTb MO 3Ha4uTe b
HOMY, HO HEMPOLO/IKNTENBHOMY YBEIMYEHUNIO €€ SPKOCTU, HTO
1 HabnoaalT aCTPOHOMBI, HANPUMEP, Y XOPOLLO MM U3BECTHOM
cuctembl FU OpuoHa. Cuntaetcs, 4To B npoLecce cBoero obpa-
30BaHVA 3B€34a UCMbITLIBAET AECATOK Takux COObITUIA.

3Be34a B 9T0 BPEMS €LLLE He 3aropenach — AaBEHNS U TeEMMe-
paTtypbl He XBaTaeT AJ19 3anycka TepMosaepHoro cnHtesa. OgHako
BELLLECTBO, NaZas Ha 3Be34y, CUIbHO HAarpeBaeTCs 3a CYET Tpe-
HUS N HA4YMHAET CBETUTLCS. OTa CBETUMOCTb O4EHb BbICOKa — B
nepsble 50 ThicsY NeT OHa AOCTUraeT NPUMEPHO AECATUKPATHOIO
3Ha4eHus no cpasHeHuo ¢ ConHueMm. 3atem, No Mepe cokpaLue-
HUS NagalloLWero Ha NPOTO3Be34y NOToka, CBETMMOCTbL NagaeT. A
KOrga NAoTHOCTb BELECTBA B 3BE3e 0OKa3blBAOTCH A0CTATOYHO
BbICOKOW, B HEN HAYHETCSH TEPMOSAEPHbIN CUHTES U HAKOMJIEHHOE
BeLLEeCTBO OyAeT ropeTb Ha MPOTSXXEHUN MUNMAPAOB NeT. K aTomy
BPEMEHU, MO AAaHHLIM MOAENN, U3 UCXOOHOro obnaka Maccom B
1,05 conHeyHbIx 06pa3oBanack 3ee3aa maccom 0,5 CoONHEeYHbIX,
NPOTONAAHETHBIN ANCcK Maccow 0,1 CONHEYHBIX, OT UICXOOHOIO 06-
nakaocraetcs ewe no4t 0,1 CoONHEYHON Maccehl, a BCE OCTanibHOe
YyNEeTENO NPOYb, YHECEHHOE NOJIAPHBLIMUY CTPYSIMU.

Ounck

CnycTa 500 Tbics4 NET NOcne Havana nageHus pecypcel obnaka 3a-
KaHYMBAIOTCS: OHO OO NMOSIHOCTLIO BbINaAaeT Ha OKONI03BE3AHbIN
OWCK M NMOTOM Ha 3Be31y, MO0 YHOCUTCH CTPYSIMU B MEX3BE3AHOE
NPOCTPaAHCTBO, Noknaasa npeaens cdepbl boHHopa — 9606epTa.
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Mocne 3TOro Ha4YMHAETCH UCTOPUS NPOTOMJIAHETHOIO Aucka, u
npocnegnTb 3a NpeBpaLLeHnsIMn BELLLECTB MOXHO C NMOMOLLLbIO
TeneckonoB. Ceexwne gaHHble Takmx HabnoaeHnn cobpaHbl B
0630pe [xoHataHa Yunbamca n Jlykaca Cuaua n3 rasarickoro
yHuBepcuTeTa («Annual Review in Astronomy and Astrophysics»,
2011, 49, 67-117; doi: 10.1146/annurev-astro-081710-102548).

Ounckn HabnopaloT B MHGPaKpacHOM 1 paanogmanas3oHe.
MpuynH TYT ABe. Bo-nepBbiX, UMEHHO TakMe Ny4n nydlle BCero
NPOXOAST CKBO3b OCTATKM MCXOAHOr0 06naka. A BO-BTOPbIX, AMUCK
HarpeT HepPaBHOMEPHO, N UMEHHO MO TEMJIOBOMY U3TyHEHMIO
MO>XHO CyAuUTb O MPOUCXOAALLMX B HEM NpoLEeccax: BbinageHne
BeLlecTBa Ha 3Be34y, doTomcnapeHne OT ee CBETa U CBETa APYrnX
3BE€3[, 1 CKy41BaHWE BCEACTBME PAaBUTALMOHHOIO B3anMoaen-
cTBUSA. [laHHble MHOrOIETHUX HAabMoAEeHNIA NOKa3bIBAIOT TaKylo
XPOHOJI0rM0 COObLITUIA.

B ncxogHom aucke, KOTOpbIA chopMmMpOoBaCS Npu Cxatum
obnaka, NNOTHOCTb BELLECTBA BbICOKA: BECb CBET, UICXOAALLNN OT
NpOoTO3BE3Abl, NOMoLaeTcs Ha paccTosaHnn 20 a. e. OT ee LeHTpa.
BeLLecTBO e 3TO COCTOUT ABYX KOMMOHEHTOB: ra3a, npexae Bce-
ro BOAOPOAA, M Mbifin, KOTOPOW B CTO pa3 MeHbLLe, Yem rasa. Mbinb
— 9TO MaBHbIM 06Pa30M YaCTULLbI CUINKATOB PAa3MEPOM MEHEE
0eCaTon oNn MUKPOHa, rpadmnToBble 3epHa U CKOHAEHCUPOBaB-
Linecs NOAVLMKINYECKUE YrineBoaopoabl. XONOAHbIE MbUINHKN
MOKPbITbl IbAOM U3 HANINMLLUMX HA HUX MOJIEKYST BCEBO3MOXHbIX
raszos 1 xuakocten. lNMog nencrenem ynbtpadroneTtoBoro um
PEHTreHOBCKOro U3Ny4eHNn 3Be34bl ra3 MIOHN3NPYETCH, HaMepP3-
LIne Ha Nblflb NEeTy4Me KOMMOHEHTbI, HArPEBLUNCh, MCMAPSIOTCA U
Takxe MoHn3mpytoTca. Mo naee, nog, AeCTBMEM CBETA 3BE3AbI
1 3TN MOHbI, N HEUTPasbHbIE MOJIEKYJIbI Fa3a AO/MKHbI Obl yNeTeTb
npoYb, HO, A0 TEX NOP, MOKa CKBO3b ANCK NAET NOTOK BeLecTsa C
napgatouiero obnaka, aToro He nponcxoaut. Ml pnntes aTot nepmog,
HebbLICTPOro NageHnsa octatka o6eaHeHHOro obnaka HeCKOSbko
MWSIIMOHOB N1ET. A BOT KOraa 061ak0 HaCTOSIbKO UCTOLLUMUTCS, YTO
CKOPOCTb NafeHnNs BeLLLECTBa Ha 3Be34y M CKOPOCTb €ro 0TTOKa
B BUAE 3BE3QHOI0 BETPA CPABHSIOTCH (MO OOHWM OLEHKam 3TO
10-°—10-° conHe4HbIX Macc B rog, a no apyrum —10-8), cpasy xe
BO3HMKAET PACC/I0OEHNE ONCKA HA BHELLHIOO U BHYTPEHHIO Ya-
CcTU. BHyTpEHHM gnuck cTpemuTtensbHo, 3a 100 Thicsd neT, C O4HOM
CTOPOHbI UCNAPSIETCS, a C ApYror — nagaeT Ha 3Be3ay, pacyumilas
OT ra3a npoCTPaHCTBO PaANyCOM B HECKOJSIbKO aCTPOHOMMUYECKMX
eanHuy, (roe, cob6CTBEHHO, 1 6yayT GOPMMPOBATLECH OCHOBHbLIE
nnaHeTsl). B pesynsrate n3nyyeHne npoHmKaeT Bce ryoxe v ry6-
Xe BHYTPb Ancka, GakTn4eckm BbiIMeTas Npoyb Bce 60sbLue rasa.
B aTOM npouecce y4acTBYIOT U BHELLHWE 3BE3Abl: NX U3JTy4eHne
TakXe MOHU3VPYET U HAarpeBaeT ras, U TOT y/IETAEeT NPOYb YXe C
BHELLHEN NOBEepPXHOCTM aucka. HanbonbLuyio onacHoOCTb npes-
CTaBNSIOT MOLUHbIE FONYyOblE MMraHTbl: €CAINM OHM pacnonaraioTcs
cnuwkom 6n13Ko, B Nnpeaenax AecsaTon Aonm CBETOBOro roga ot
NPOTO3BE3bl, UX N3JTY4EHNE MOXET NONPOCTY CAYThb NPOTONIa-
HETHbIV ONCK (3TOT Npouecc N300paxeH Ha 3acTaBke K CTaTbe:
MOLLIHasA 3Be3a, Noka3aHHas B MPaBOM BEPXHEM Yy cayna ANCK
y GnuKHe NpoTo3BE3Abl, 2 PACNONOXEHHAS AaNbLLUE OT Hee Npo-
TO3BE34a MOXET CHOPMMPOBAT MJIAHETHYIO CUCTEMY). Bnpoyem,
00bIYHO COCeHME 3Be3bl CAYBalOT He Honee AeCATON ero 4acTu.

MHo npouecc NnporcxoamT C NbiMHKamn. ManeHbkue nbiivHKK
NIerko yBNeKarlTCHA NOTOKOM YNEeTaloLLEero Npo4b OT 3Be34bl rasa,
a [jaBneHuve cBeTa ux eLle n noarankmeaet. Og4HaKo Npy 3TOM Mbl-
JINHKM CTaNKMBAKOTCA APYr C APYrOM U CIMNATCA, YEMY CUJTbHO
CcnocobCTByET NOKPbIBAKLWNIA UX nen. A 4em 6osblue pasmep
NbIIMHKA, TEM MEHbLLE OTHOLLEHNE €€ NMOBEPXHOCTU K 00beMY,
TO €CTb TEM MEHbLLIE MNAPYCHOCTb. 0O3TOMY NO MEPE YKPYNMHEHUS
NbIIMHKM TOPMO3STCS Y CBA/IMBAIOTCA NOGAMXKE K LLEHTPY AUCKa.
Kasanocb 6bl, AOMKEH NOAY4UTLCS naeanbHO MNAOCKUA TOHKUI
ONCK, HO 9TOMY NPENSATCTBYET TYpOYNEHTHOCTb, KOTOPasi Bbl3bl-
BaeT NepeMELLEHNS 1 KPYMHbIX YacTUL, nonepek ancka. Mpoueccy
CMNaHns YaCcTUL, NPOTUBOAENCTBYET MX APOONEHME NPU CIIULLKOM
3HEPrNYHBIX CTONIKHOBEHMSX. DTO CO3aaeT Npobnemy nepexona ot
MUKPOHHBIX MbIIMHOK K 06beKTaM METPOBOro pa3mMepa: kasanochb

MNPOBJIEMbI U METOZ1bl HAYKU

Obl, N3-3a ApobeHns OHM He MoryT obpasoBaTbes. Mpobnema oo
CUX NOP He paspelleHa; ecTb NPeanosioXeHNs, YTO 3apoablLLm
nnaHeT GOPMUPYIOTCS B LONTOXMUBYLLMX BUXPSIX TN YTO YCII0BUS
ona cbopa MesikMxX HacTuL, B KpyrHble 06ecneynBatoT Kakme-To
rpaBUTALMOHHBIE HEYCTONYMBOCTU. JONOANMHHO XE N3BECTHO:
BCE NblNVHKM padmepoM MeHee 100 mkm 3a 10 TbicaY NeT OT Ha-
yana pacnaga gucka nmbo ckneuBaloTcs B 6onee KpynHble 00-
pasoBaHus, MO0 yneTalT U3 ANCKA NPOYb.

K ToMy BpeEMEHW, KaK BHYTPEHHSS YacTb ANCKa OYMLLAETCS OT
rasa, o6bem BeLLleCcTBa B HEM OKa3blBaeTCH NPaKTUYECKN HU-
YTOXHbIM — €ro Macca nagaet C AeCATON A0AN COIHEYHOM A0
COTbIX €e nonen. B cpegHeM ocTaBLLErOCs Matepuarna xsaTaet Ha
dopmupoBaHme NaTu KONUTepoB, HO YaLle BCero — He 6onee 4em
Ha 0OHY-ABe Takux nnaHeTbl. B ConHeyHoM cnucteme, Hanpumep,
CyMMapHasi Macca niaHeT COCTaBASET NOATOPbLI Macchl KOnuTte-
pa. Becb pacnag gncka 3aHMMaeT OT CUlbl MUJIJIMOH NEeT, XOT4
NopoW 3aTArMBaeTcs U Ha AecsTb MUIIMOHOB. B KOHLE KOHLIOB
HUKaKnX BUOANMbIX CnenoB AMcKa BOKPYr 3Be34bl HEe OCTaeTcd,
NMOCKOJIbKY BCS Mblfib cOBpanach B NiaHeTax, NiaHeTO3UMansx u
B MeHee KPYMHbIX 06J'IOMKaX, KOTOpPbIE MHTEePECHbI OXOTHMKaM 3a
3K3omnnaHeTamu.

JIuHug cHera

M BOT Tenepb Mbl Npubnnxaemcs K 3aragke soapl. lMpoto3eesa-
Hoe 06nako cocTouT U3 rasa u neinn. OBnako xonoaHoe, U Ha
MOBEPXHOCTb YacCTuL, HAMEepP3aloT MOJIEKYJIbl TEX BELLECTB, YTO
nmetoTca B o6nake. Kpome Toro, nockosbKy 061ako B 3Ha4YMTESb-
HOW CBOEN YacTu — MPOAYKT B3pbiBa KAKOM-TO CBEPXHOBOW, B
COCTaB MbUIMHOK BXOAAT pasfinyHble TsXesble MeTansbl, BKJto4vas
ob6pa3oBaBLUMECH HEMOCPEOCTBEHHO B MOMEHT B3pbiBa pagmno-
aKTUBHbIE 3JIEMEHTbI.

Mpwv napeHnn Ha 3Be3ay 3Ta Mbiflb HANPEBAETCS Kak 32 CHET Tpe-
HWSA, Tak N N3ly4eHMEM NPOTO3BE3Obl, M OCEBLUME HA HEW NeTy4mne
BeLlecTBa ucnapstoTces. Cyapba aTX NETYy4MX KOMMOHEHTOB HESICHA:
C OJIHOW CTOPOHbI, OHW, TONIKaeMble n3ny4yeHnem 1 obnaaas noBbl-
LLEHHOW KMHETUYECKOW SHEPINEN (MEPOI KOTOPOI U CIYKUT TEMMNE-
paTypa), A0KHbI Obl yNieTaTb NpoYb, a C APYro — NoTOK NaaatoLLero
B 3BE3/Y BELLECTBA 3TOMY NPEnsATCTBYET. Buanmo, yctaHaBnnea-
€TCs AMHaMMYeCcKoe PaBHOBECKE, KOTOPOE NOAAEPXMBAET HEKOE
NOCTOSIHHOE pacnpefefieHne NETYYNX KOMMOHEHTOB MO 06beMy
oucka. Mpu pacnage e NpPoTONIaHeTHOro aucka, korga noTok
najaroLLero BELLLECTBA CCSKAET, CBET 3BE3bl HAUMHAET BblAyBaTb
NIeTy4mMe KOMIMOHEHTbI, M OHW NIETAT NPOYb A0 TEX MOP, NOKa He A0-
CTUIHYT JIMHUW CHEra: 30Hbl ANCKA, [ae TEMMNeparypa NoBEPXHOCTU
MbIIMHOK MEHbLLIE TEMMepPaTypbl CybaMMaLmmn TOro Uian MHOrO KOM-
MOHEHTA 3TOro ra3a. Tam COOTBETCTBYIOLLMIA TIETYYNIA KOMIMOHEHT
nosiy4aeT BO3MOXHOCTb HaMep3aTb Ha MOBEPXHOCTb MbUINHOK U
NpoYnX TBEPAbIX TEN. BCe 3T0 NpMBOAMT K HEPABHOMEPHOMY Pac-
npeneneHmnio BewecTsa no NpoTonIaHeETHOMY AMCKY.

Camas nepBasi «</IMHUS CHera» HaxoamMTcs B6M3uM OT 3Be34bl 1
onpenenseTcs ncnapeHnemM Hambosee TyronaaBkoro BeLecTsa,
NPUCYTCTBYIOLLENO B COCTABE MbINN B 3HAYUTESIBHOM KOJIMYECTBE.
310 rpaduT, ncnapsowmncsa npu Harpese Ao 4600 K, 4To HeHa-
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MHOro MeHbLUe Temneparypbl noeepxHoctn ConHua — 5500 K.
To ecTb rpaduTOBbIE NMIAHETO3VMANM MO Bbl (C TOUKM 3pEHUS]
dursnyeckon xmmmnmn) cpopmMmnpoBaTh NIAHETY B HENOCPEACTBEH-
HOW BnM30CTM OT cBeTuna, Yero B COIHEYHOW CUCTEME He Ha-
6nopaetca. Cnegyowas nMHUa onpeaensetcs cybnumauuneni
Camoro pacrnpoCcTpaHEHHOr 0 BELLECTBA, COCTABASIOLLErO NbUIMHKN
Mex3Be3aHOoro obnaka, — ANOKCUAA KPEMHUS: B BAKYyMeE OH Ha-
YMHAET MHTEHCMBHO ncnapatbes npu Harpese 0o 1600 K. Banxe
3TON NNHUK (ecnun 3abbiTb NPO rpaduT) NAaHeT OblTb HE MOXET,
BO BCSKOM CJly4ae, AOAr0 OHW HE NPOXWBYT, BECb CTPOUTESIbHbIN
Marepman anst HUX 6bICTPO yneTaeT Ha nepndepuio NIaHETHOO
ancka. TpeTbs NIMHMS Hambonee MHTepecHa Ans HAaC — 3TO JIHWS
KoHAeHcaumu Boapl. OHa cooTBeTcTBYET Temneparype 145—170K B
3aBUCMMOCTW OT AaBIeHNs BOASHOMO napa B aucke. Cervac nnHms
TaKoro — HaCTOSILLLEr0 — CHera HaxoauTCs B Nosice aCTeponaoB
Ha paccTosHun 2,7 a. e. ot ConHua: A0 Hee acTepouabl kKame-
HUCTbIE, Janblle — BOASHUCTLIE. Banxe kK Mapcy pacnonoxeHa
30Ha Cyxoro fibga — yrnekncnoii ras aamep3saet npu 190 K. 3ony
BOAbl N YIIEKUCIOrO rasa NepekpbIBalOT Yr1eBOA0POAbl — OT
napadurHoB, CTAHOBSALLIMXCS TBEPALIMU B 0OLLLEM-TO NPU Harpese
HUXe TOYKM KMNeHUs Boabl (2 370 B paioHe opbuTsl BeHepsbl) 40
NMHUM KoHaeHcaumn metaHa — 111 K (rae-1o mexay CatypHom
1 YpaHom). CneaytoLlas BaxHasi CHEroBasl iMHUS — yrapHoro
rasa — nNpoxoauT B paioHe opbuTel HenTyHa, a fanee cneayoT
NMHUN 3aTBEPAEBAHNS a30Ta U BOAOPOa.

M BOT Tak nonyyaeTcs, 4To Yem 6nmxe K 3Be3ne dopmupyeT-
Csl NlaHeTa, TEM MEHbLLE Ha Hel OyaeT NeTy4ymx BELeCcTB — 3a
npeaenamMv CHeEroBOWM SIMHUN OHW MOTYT BCTPEYaTbCs TOSIbKO B
CnepoBbIX KOMNMYECTBax. B npuHUmMne netyyne afnemeHTbl, TOT Xe
KMCNOPOA, MOXET NPUCYTCTBOBaTb U HeOaneko OT 3Be3dbl, HO
B COCTaBe TYronjiaBkux BELLECTB, TEX XE OKCUAOB. HaBepHoe,
aHanorn4yHas NCTopus NO3BONSET COXPaHUTb U BOOAOPO/, B BUAE
rmaopuaos.

BnepBsble NMHUIO CHera U3 yrapHoro rasa Habnoganm acTpoHo-
Mbl FOXHO eBponeickon 06cepBaTopurm C MOMOLLBIO YXKE YNOMS-
HyToro npnbopa AJIMA (areHTcTBO «AlphaGalileo», 18 uions 2013
roaa). isysanun oHm opanxesoro kapavka TW fmapsl — monoayto
3Be3ay Bo3pactoM 10 MUNNMOHOB neT, BeCbMa 61I1M3KyH0 N0 CBOUM
napameTtpam k ConHuy. Habnopate NMHUIO cHera HenpPocTo —
NeAsiHble 4acTuubl CNpATaHbl BHYTPU OUCKa, U UX He BUOHO, a Ha
€ro BUAMMOM NOBEPXHOCTU JIE[, UCNAPSETCH NOA CBETOM 3BE3L.
MoaTomy yyeHble cneamnu 3a monekynon N,H™: oHa nanyyaert
CBET B MWIIMMETPOBOM AMana3oHe, KOTOPbIN OTANYHO NPOXOAUT
CKBO3b MblfIb AMCKa. 3Ta MONEKYNa OXOTHO pearnpyeT C yrapHbiM
rasom 1 NPUCYTCTBYET TOJIbKO B TOM 4aCcTW ANCKA, rae Takoro rasa
HeT, TO eCTb OH BECb BbIMEP3 Ha NOBEPXHOCTM YacTuL, Nbinn. Kak
0Ka3a0Ch, IMHNS CHEra yrapHOro ra3ay 9Toi 3Be3bl HAXOAMTCS
Ha paccTosHun 30 a. e. OT Hee, B COOTBETCTBUWM C TEOPUERN Npo-
TOMMAHETHbIX ANCKOB.

Bopa

JIHWS cHera OTHIOAb HE CTOUT Ha MeCTe, O YeM CBUAETESbCTBYIOT
pe3ynbTaTbl YACNEHHONO MOAENNPOBAHNSA — OHW OMUCaHbI, Ha-
npumep, B ctatbe Pebekkn MapTtuH n Mapuo Jlueno n3 6antun-
MOPCKOro Hay4HOro MHCTUTYTa KOCMUYECKOM aCTPOHOMUM, NO4-
rotoBneHHowm B nione 2012 ropa (http://arxiv.org/abs/1207.4284).
CHauana, Korga BHYTPEHHSIS 4acTb AuMcka elle He ocBoboannach
0T rasa, IMHUS CHera NocTeneHHo ABMXeTCs K 3Be3ae. MpuunHa
B TOM, 4TO N0 Mepe ocnabneHns naywero K Hel noToka Bele-
CTBAa YMEHbLLIAEeTCs TpeHMe B OMCKe U COOTBETCTBEHHO najaeTt
Bbl3BaHHbIA UM HarpeB. B CofiHeYHOW cncteMe MUHUMAbHbIN
paanyc nMHUM BoasiHOro cHera coctaBnseT 0,6 a. €., TO eCTb B 3TOMN
30He Oka3blBaeTCs He TOJIbKko 3ems, HO U BeHepa, oTcToswas
oT ceeTuna Ha 0,72 a. e. 3arem, Npu 04MCTKe AMcka OT rasa 3a
cyeT poTomcnapeHns, korga HauMHaeT npeobnagartb HarpeB OT
3Be34bl, MIMHMS ONATb COBUTAeTCs K HapYyXHbIM cnosiM. [MoaTomy
B 3aBMCUMOCTM OT TOr0, Ha KakoM aTane pacnaza gucka chopmMmm-
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poBanacb 3emMssa 1 CBOMM NONIEM TArOTEHNSA CyMena yaepXxunsarb
MCNapsoLLYyOCa OT Harpesa BOAy, NOJly4aloTCs ABE MOAENUN —
CYXOM 1 MOKPOW 3emnn. Bokpyr aTnx Moaenen n noMatoT cenyac
KOMbS MIAHETONOIN.

B npoTtonnaHeTHOM o6nake BoAbl LOBO/IbHO MHOMO: TaK, CBEXME
HabnoaeHns 3a TW Mmapbl 06HapPY>XMAN CTONbKO BOAbI, YTO ee
XBaTaeT Ha HECKOJIbKO ThiCSY 3eMHbIX OkeaHoB (http://arxiv.org/
pdf/1110.4600.pdf). OgHako chopmMmnpoBaTb 3eMio N3 CYyXUX
nnaHeTo3umManen okasblBaeTCs He Tak NPOCTO, Kak KaxeTcs. Ecnu
nonbITaTbCs CO34aTb CyXMe MIaHeTo3nManu 4o TOro, Kak JMHUS
CcHera npu ABmxeHun K ConHLy npoLuna 4epes HNX, TO BbISCHUT-
CSl, 4TO Ha 3TO HEe XBaTaeT BPEMEHU: CJINLLIKOM ropsivas nbuib HE
X04eT cobupaTbCs B KpynHble 06pa3oBaHus. Ecnvxe nonbitatbes
coenartb 370 NOTOM, KOrAa IMHUS CHera yrnaeT k Konutepy, To He
XBaTUT CTPOUTENBHOIO Marepunana, NOCKOJbKY HYy>HbIE AN 3TOro
Mblib U ra3 yxe yneTar 3a npenesnbl 3eMHOM opouTbl. MNonbITkm
BbICYLUNTb BIAXHbIE NAAHETO3VUManu 4o TOro, Kak OHU CAVAUCH
B MJIAHETY, YCNEXOM TakXe He yBEHYanMCb — BCE PaBHO BOAbI
OCTaeTCs CAMLWKOM MHOro. B nouckax Bbixoga nccnegosarenu
pewmnnn yrnybutbCs B caM NPOTOMNIAHETHbIV ANCK, TeM 6onee 4To
YNOMSHYTbIE pe3ybTaTthl Tesieckona «feplienb» NnpsaMo ykasblea-
I0T: BOA4A B OCHOBHOM COLEPXUTCS B BUAE KPYMHbIX NTEASHbIX U
obnepeHeBLUVX YacTUL, B cepeamHe aucka. O6bIYHO cumMTaeTcs,
YTO B HEM CYLLECTBYIOT JOCTATOYHO MOLLHbIE TYPOYSIEHTHBIE NO-
TOKW, KOTOPbIE MEPEMELLNBAIOT BELLECTBO MO BCe TosLle, obe-
crnedvBas paBHyto TEMMepaTypy B cepeamnHe 1 no kpasm. OgHako
3TV NOTOKM MOTYT BbITb HE CTOJIb CUJIbHBIMW — TENIECKOMbI B rNyOb
Juncka CMOTPETb HE MOTYT, U OOBEKTUBHbIX JAHHBIX 00 MAYLUNX
TaMm npoueccax HeT. Ecnn xe nepemelinBaHve HENONHOE, TO B
cepenmHe GopMUpPYOTCS MEPTBbIE 30HbI, KOTOPbLIE MEHSIOT NONSA
Temneparyp. Pac4et MapTuH 1 JInBno, NnpoBeAeHHbIV Ans 3TOro
cny4yasi, nokasarn, 4To JIMHWUS BOASIHOrO CHera nepecrtaeT nepe-
cekaTb opouTy 3emnu.

B 1x mogenun BO3HUKAET eLle OAMH MHTEPECHbI pesynbTar: B
MepPTBOM 30HE COBCEM PSAOM CO 3BE340M NOSBASETCA ELLE OAHA
06nacTb, rae HacToNbKO XONMOAHO, YTO BOoAAa He ucnapsietcs. B
cny4ae rpaBmTaLMOHHON HEYCTOMYNBOCTU U KaTaCcTPOPMHeCKOro
nageHns BHyTPEHHEN 4acTu amcka (0 4em pedb Lna Bbille), 9T1a
obnacTb BMECTe CO BCel BOAOW nafgaeT Ha 3Be3ay. Ho HeycTol-
YNBOCTN MOXET U HE CIy4UTbLCS, U TOraa B Hell chopMupyeTcs
ropsi4Mi INUTEP — NaaHeTa Toro caMmoro TMna, ¢ KOTOPbIX U Hava-
Jlacb 3K30MnaHeTHas aCTPOHOMMS: 06PaLLAOLLIASCA BOKPY CBOEN
3Be3bl 32 HECKOJLKO AAHEN No opbuTe, B NATb—aecaTb pa3 6onee



6nn3komn, 4em Mepkypuii. Cellvac cumTaeTcs, 4TO Takas njiaHeTa
dopmumpyeTca Ha nepudepun, a notom gpendyeT k 3se3ge. MNo-
NbITKa 06BbACHUTbL CYXOCTb 3EMIN MNO3BONSET B3MSHYTh HA NPO-
6nemy no-gpyromy: oHu Bcerga 6biam Ha CBOMX MecTax, MpoCcTo
B ConHeyHom cnucteme He cHOPMUPOBASIUCD.

Kak 6bl TO HM 6bI10, rMNOTE3a BAAXHOW 3eMnn — OTHIOAb HE
rnasHas (a npepnonoxexue B.H.JTapuHa, 4T0 BOAa NOSIBNAETCS B
pesynbTarte pacnaga OKCMA0B 1 r’MAPUAO0B YXE Ha BNosiHe chop-
MUpoBaBLUercs 3emie, 1 BOBCE Mao KTO NPMHUMAaEeT BCepbes),
npeobnapaet xe rmnotesa 3emnun cyxon. N torga He ocTaeTcs
HMKaKOro MHOro MexaHmama ee 0OBOAHEHUS, KDOME KakK [0-
CcTaBka BOAb! (M APYrnx NeTy4mx KOMNOHEHTOB) U3-3a HblHELLHEN
CHEeroBow nuHun. Tam, Ha nepudepun CONHEYHOM CUCTEMBI, B
KOMeTax CoCpenoTOHeHbl COTHM U3 YNOMSAHYTbIX TbiICAY BOAHbLIX
OKeaHOB (OcTasibHble MoV Ha GopMUpoBaHue atMocdepsbl Nna-
HeT-rMraHToB). [MaBHbLIM e NCTOYHNKOM 3eMHO BOAbI MPW TaKOM
NOAX0AE OKa3blBaETCS aCTEPONIHO-KOMETHas 6omMb6apaMpoBKa,
CIy4MBLIAACS CMYCTa NonMunnuapaa net nocne obpasoBaHus
ConHeyHol cuctemsl, a TouHee, 4,1—3,2 munnmapna net Tomy
Hasap,. Mouyemy oHa npon3oLuna, YTo AecTabunmsmposasno opouTbl
HebecHbIx Ten nosica Konepa v/unu obnaka Oopta, HEM3BECT-
HO, HO cneapl 650M6apPANPOBKM OTIIMYHO BUAHBLI HA MOBEPXHOCTU
Mapca v JlyHbl.

He uncknioyeHo, 4To NogobHOE sIBIEHME aCTPOHOMbI Ha-
61100al0T B pexXnMe peansHoro spemenun. B mapte 2014 ropa
B KOxHOI eBponeickolii obcepBaTtopun 06HAPYXWAN Y 3BE3bI
Beta XuBonucua nosic n3 yrapHoro rasa, pacnosiOXEHHbI Ha
pacctosiHum B 100 a. e., 4TO B TpK pa3a bonblue, Hexenn opbuta
HenTtyHa (areHTcTBO «AlfaGalileo», 6 mapta 2014 roga). C yuetom
BO3pacTa 38e34bl (20 MUANIMOHOB. NET) HMKaKOro yrapHoro rasa
TaMm OblTb HE AOMXKHO, NMOCKOJbKY OH pacnagaeTcs oT GoToanc-
coumaumm 3a COTHIO JIeT. 3Ha4YnT, aeT NOCTOSHHbIN NOTOK rasa.
Otkyna? EcTtb ABa npeanosioxeHuns. Nnn acTpoHOMbI YBUAENN
YHUKaNIbHOE COObITUE B XXM3HU 3BE3bl — OYKBaNbHO Ha X rNa3ax
CTOJIKHY/IUCb ABa OOMbLUMX MAAHETHbIX Tena nogobHbix Mapcy,
1 13 nx 06IOMKOB BbINETEN BECb 3TOT YrapHbIii ra3. inu xe ato
BMOJIHE PYTUHHbIE CTOJIKHOBEHUS KOMET APYr C ApyroM. YacTtoTa
TaKNX CTONKHOBEHWIA [LOMKHA ObITb BENNKA — Pas B NATb MUHYT.
B aTOM cny4yae KOMETbI B CTOJIb TECHYIO FPYMNny COOMpPaeT HeOT-
KpbiTas nnaHeta maccon B CatypH. ViccnegosaTteny HageTcs B
Onvxkariee BpeMs pasrsaneTb eLe 1 OPraHnky, NoNaaaloLLyto
B KOCMOC MPW TakKnX CTOSIKHOBEHNSX.

KomeTbl Hawen CNCTEMbl — HE €AUHCTBEHHbIN BO3MOXHbIN
MCTOYHMK BOAbI U MPOYUX NeTy4umx BewecTs. OnpeneneHHon no-
NynspHOCTBIO Nonb3dyeTca naesa A.A.bapeHbayma n3 MHctutyta
npo6nem HedTM 1 rada PAH o neproanyeckmnx 6ombapampoBkax
CUCTEMBI FAJTAaKTUYECKMMU KOMETaMU (MOAPOBHOCTN MOXKHO HANTK
B aBTOopedepare ero 40KTOPCKOM guccepTaummn, NnoaAroToBAIEHHON
B 2007 roay). CornacHo aTon rmnoTtese, coBepLuas 06opoT BO-
Kpyr ueHTpa Manaktnkun, 3emns BoINOAHAET CMOXHbIE ABUXEHUS:
nepecekaeT rajakTU4YecKylo MIOCKOCTb, Nonagaet B o6nacTtu
3B€34000pa30BaHNs UK NPeoaoNIEBAET CTPYIMHbIE TEYEHME B
ranakTu4yeckux pykasax. lNpm aTom nepnoanyeckn Mol nonagaem
B 0011aCT1 C CYLLECTBEHHO MOBbILLIEHHON MAIOTHOCTBIO HEGECHbIX
Ten pasHoro poaa, ¢ KOTOPbIMU BO3MOXHbI CTOJIKHOBEHMS. Hau-
60nee onacHbl NPOXOXAEHUS PYKABOB (HAMOMHUM, YTO MneyHbIl
MyTb NPUHAANEXUT K YHNCAY SMIMNTUHECKUX FraNakTUK, NPeacTas-
NAIOWNX MNAOCKNA ANCK, BPALLAIOWMNCS BOKPYT LieHTpa. Juck He
CMJIOLLIHON, @ COCTOUT U3 PYKaBOB C MOBbLILLIEHHOW NMIOTHOCTLIO
3Be34 1 Mex3Be3gHoro raza. ConHeyHas cuctema HaxoamTCs Ha
nepudepun ranakTuyeckoro gucka.) No mHenuio bapeHbayma,
pyKaBa HacCblILWEeHbl HE TONbKO ra3oM, Mbliblo AW 3BE30aMU, HO
N MENKMMUN HEBGECHBIMU TENAMU, HANPUMEP ranakTUYeCcKUmMm
KOMeTaMu, TO eCTb TakuMW, KOTOPble He CBA3aHbl HU C OOHON
3BE34HON cUCTEMON. VX HUKTO HE BUAEN, HO HAUYErO YANBUTESb-
HOro B NPeAnosIoKeHnn o0 Takmx Tenax HeT. Hanpumep, B 2013
roay acTpOHOMbI HaLLMM CPasy ABE MMaHeTbl, CYLLECTBYOLWMNE
BHE Kako-nnobo 3Be3aHoN cuctemsbl (areHTcTBo «AlfaGalileo»,

NPOBJIEMbl U METObl HAYKU

9 okTa6ps 2013 roga). Ix Mmaccel 4OBONLHO BENVKM — 5 1 12 macc
lOnuTepa, HO 3TO MeHbLLE, YeM Macca MeJibjanLllel 3Be3abl —
KOpuyHeBoro kapnuka (12—80 macc lOnutepa). bonee Toro, y
BTOPOW MnaHeTbl, PACMNOJIOXEHHOW B 061aCTV aKTUBHOIO 3BE3-
noobpasoBaHus, Obl HalOEH aHanor NPOTOMIAaHETHOrO ANCKa,
TO €CTb OHa GOPMMPYETCH MO TOMY e CaMOMY MEXaHN3MY, HTO U
3B€34a, a UMEHHO BO3HMKAET NPU CX0oMNbIBaHUM obniaka rasa, Co-
OTBETCTBYIOLLETO yc/0BUIO BoHHOpa — 366epTa, ToSIbKO 061aK0
MIMEET MEHbLUNI pa3Mep 1 COOTBETCTBEHHO OHO 601ee NIOTHOE,
4yeM nNpoTo3Be3aHoe. BnonHe MoxHO cebe npeactaBuTs 06pas3o-
BaHME TaknUX KOMMAKTHbIX 06/1aKOB NMPU CTONIKHOBEHWW YAAPHbIX
BOJIH B MeX3Be34HOM obnake. Ho Torga HUYTO He MeLlaeT npes-
CTaBUTb M 0O6pasoBaHMe MeNIKMX 0OBbEKTOB B elle 60s1ee NIOTHbIX
yyacTtkax obnaka.

Mpoxoas Yyepes pykasa, Hawa niaHeTa NoaBepraeTcsa KOMeT-
HOMY IMBHIO: 32 1—5 MNNAMOHOB NeT BbiNagaeT OT AECATU ThiCAY
00 MunnnoHa komet gnametpom 100—2500 M. Bnpoyem, opyrve
nccnenoBarenu yTBepPXaatoT, 4TO pasMep ranakTuyeckmx KOMeT
MOXET UCUYNCNSATLCS N AECATKOM-APYIMM KNIOMETPOB. O4eBMaHO,
YTO TakKWe JIMBHWU MPUHOCAT Ha 3eMJI0 1 BOAY, W YINIEKNCAbIN ras,
1, N0 MHeHuio bapeHbayma, HedTb.

OTa rmnoTesa He Nosb3yeTcs 60JbLLOM NONYNSPHOCTLIO, 0OHAKO
dakT nepnoan4ecknx BbIMMpaHuini, nogo3puUTenbLHO CoBnaaalo-
LLMX C NEPMOONYHOCTbIO NPOXOXAeHUS pykaBoB (19—37 munnno-
HOB NeT) nnm obnacrei 3se3noobpasosaHns (40—80 MNAMoHoB
NEeT) oTpuuaTe TpyaHo. B niobom cnyyae npoxoxaeHus yepes
obnacTtu ¢ 6onee NAOTHLIM PACMONOXEHNEM HEOECHBIX TEN MOTYT
nectabunnanposatb COOCTBEHHYIO KOMETHYIO CBUTY COSTHEYHOM
CUCTEMBI, @ OHA HACYUTLIBAET OT COTEH MUIMAPA0B A0 OECAT-
KOB TPUINIMOHOB KOMETHbIX saep. Takasa aectabunmsauus n 6e3
ranakTM4eckmnx KOMeT CNoCOBOHa OTO3BATbLCS KOMETHbIM JINBHEM.
Bnpouem, ecTb ngen, 4To KOMETbI HE TONIbKO BOAY NPUHECHN Ha
3emMnio, HO 1 BHeCn 6oJiee CyLLECTBEHHbIV BkNaa B GopMmMpoBa-
HWE NOBEPXHOCTW HALLIE NNAHETbI, TOSIbKO OH HE O4€Hb 3aMETEH.

MpepnnoxeHHas bapeH6ayMmoM HedTb C HEOGEC — U3 YMCa TaknX
Heo4YeBUOHbIX CNeaoB. Jeno B TOM, YTO KOMETbI — He acTepouabl,
OHU CIINLLIKOM HEMPOYHbI, MO3TOMY HE MOryT 06pa3oBaTh XOPOLLO
3aMeTHbIN KpaTep. STO U NyTaeT OXOTHMKOB 3a X cnegamu. Tak,
rMNOTETUYECKYIO KOMETHYIO 6OMBapAMPOBKY NO3AHEro apunaca
npuxoauTCs BCEM MUPOM 0O0CHOBbLIBATL 3@ CHET HAXOOKWN MeSlb-
YarLLnX YaCTUYEK, PACCESIHHbIX MO MOBEPXHOCTN 3EMAN, U TO 3TOT
dakT NpM3HaloT OTHIOAb He BCe. CMenble ermneTckue reosoru
YTBEPXAAIOT, 4TO OHM-TAKM HALLAW cnep ynasLen 23 MunanoHa
neT ToMy Ha3ag komeTbl (areHTcTBO «AlfaGalileo», 8 oktabps 2013
roaa). 3To KaMHM N3 OMNIABIEHHOIO AVOKCUAA KPDEMHUS, KOTOPbLIE
HaxoosT B parioHe Keburpa, 4To Ha IoXXHOW rpaHuLe mexay Jluenei
1 Eruntom. Vix ¢ BaBHMX BPEMEH MCNONB3YIOT A5 U3rOTOBIEHNS
ykpaweHuii, a o6pa3oBaTbCs OHU MOMN NPU aTMOCHEPHOM
B3pblBE, BbI3BABLUEM HA OOMbLION NOLWAaaM HarpeB necka oo
2000°C. Ewe oonH npeTeHaeHT Ha B6eccneHblil B3pbiB KOMETHI
— TyHrycckum deHomeH. Bugumo, ons nomcka cnegoB gpeBHNX
KOMETHbIX 60MBapAMPOBOK, KOTOPbIE MO3BONAT YCTAHOBUTb, KOTAa
1 NPK Kaknx 06CTOATENLCTBAX HA HALLY NIAaHETy CBanuiach BOAA,
TpebyioTCs 3psaaHOe YNOPCTBO Y M3BOPOTIMBOCTb YMa.
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MecTopoXaeHus

Cc HeDOecC

OpHa una 3arapok 3emnm — obpasoBaHune
MECTOPOXAEHUN TAXENbIX MeTanNoB.
BelectBO MONOOONM NnaHeTbl pacnnas-
JIEHO, N B HEM NPOUCXOOUT cTpaTudurka-
umMs — TsXKenble 3/IeMeHTbl cobuparoTcs
B LEHTpe, a Nierkne BCMnbiBalOT HABEPX.
Moatomy, ckaxem, MECTOPOXAEHUN Xe-
nesa, Mmeam, HUKens BGM3m NnoBepPXHOCTU
nnaHeTbl 0XMaaTb Bpoae Obl He cneayeT:
BCE MCXOOHOE Xeneso, MeAb, HUKESb,
ypaH u MHOrMe gpyrue OoJiXHbl nexartb
B A4pe B BUAE YNCTbIX 3N1E€MEHTOB U B
HXKHUX CNOSIX MQHTUN, ECNN PeYb UOET O
coeauHeHnsax — okcuaax, cynbpuaax n
Tak ganee, a BblLle PacnosioXeHbl OKCUabl
6osee nerknx 31IeMeHTOB BPOAE KPEMHUS,
aniomMmmHng, kanbunga. OgHako MecTo-
poOXAOEeHUSa TaXenblx meTannoB B61n3n
NOBEPXHOCTUN €CTb, BONee Toro, OHWU xa-
OTUYHO pa3MeLLLeHbl BHYTPU 0Caa04HOM
nopoapl. leonornyeckasa Teopus KOHCTa-
TUpyeT pakT pacnosioXeHNs CKONAEHNN
TAXENbIX METANNOB HAa NMOBEPXHOCTH,
NMPOrHO3UPYET, rae cneayeT Ux nckatb, a
MPUYNHY NOSIBNEHUS MPUNUCHIBAET BIIo-
MOHO-MHTPY3MBHbIM NpoL,eccamM BblHOCA
PYAHbIX TEN N3 MarmMaTn4yeckoro oyara B
OCaf0YHbIV YEXOI.

Ipyras saragka — ¢ 0cafo4YHbIMU
nopoaamMn: 3Heprum, NOCTynawoLLen Ha
3emio, He XBaTuT, 4TOObI CO3aaTb X 3a
cyeT BbiBETpMBaHuUS. Nocyntaem. Mou-
HOCTb 0Cafo4YHbIX Nopo4 AocTuraet 5
KM, @ B CpeOHEM — 2,2 KM; CYMMapHbI
06bem — 1,125 mnpa. kmé. Mx obpasytoT
Mecok, rMnHa N U3BEeCTHSK. ecok — Ha
90% cocTout 13 yactuy, SiO, pasmepom
0,1—1 MM, nHoroa B Ux coctaBe ecTb
Lpyrve okcuabl 1 BeLLecTBa, KOTOpble
NPUAAI0T NECKY KPACHbIN, YEPHBbIN, 6enbIin
VNN XenTbin useT. bonee cnoxeH coctas
MVHbI; ee 06pasytoT YacTuupl kBapua Sio,
(30—70%) n kopyHaa ALO, (10—40%)
pa3mepom He 6onee 0,01 mm, a Takxe Boga
(5—10%), koTOpPas NpuAAET en NNacTny-
HOCTb. I3BECTHAK — 3TO 0CaA04Has MOpo-
[a, cocrosiwas ns yactuu kanbumta CaCo,.

leonormnyeckas Hayka yTBepxaaeT, 4To
necok 1 rmuHa o6pa3oBanncb B pe3ysb-
TaTe ONMTENBHOMO NMpoLecca paspyLe-
HUS1 KOPEHHbIX MarmMaTu4yecknux nopoga, B
OCHOBHOM rpaHuTa. Nonpobyem oLeHUTb
aHepreTuyeckue sarpatbl, Tpebyemblie
015 pa3MenbYEHNs Takor OrPOMHON Mac-
Cbl rpaHuTa, KoTopas Heobxoanuma Ans
nonyveHns 900 maH. kv® (unm 9:10% cmd)
necka v ruHbl. na NnpocToThbl Oyaem
cuyuTaTtb, YTO U3 0QHOro ob6bemMa rpaHmnTa
obpasyeTcsa aBa obbema necka u ruHbl.
M3 FOCTa mcnbiTaHU KaMHen Ha UCTU-
paHne 1 pes3ynbTatoB TakmMx UCMbITAHUN,
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KOTOpPbIE NPUBOAAT KOMMaHUN, TOPryloLme
MPaMOPHbLIMU N FTPAHUTHBIMW AAUTaAMU
O CTPOUTENbCTBA, HETPYAHO MOMYYUTb,
4yTO Ha uctupaHne 1 cm® KkaMHga TpaTuTca
224 x[x. 3Hau4nT, HA UCTUPaHNE BCEX
4,510%°cm® necka v MyHbI U3 rpaHnTa HYXKHO
3atpatuTb 1:10% kOx. Mpuyem aT1o adpdek-
TUBHBLIM METAIMYECKMM UHCTPYMEHTOM.

YT106bI HONEEe NOSIHO OLUEHUTb BO3MOX-
HOCTW NpUpPOAbI N0 NepepadboTke rpaHnTa,
MOCMOTPUM, KaKUMU 3HEPreTU4eCKUMMU
MOLLHOCTAMM pacnonaraeT Hawa 3emMns.
M3BECTHO, 4TO 3Heprus, NocTynaioLlas Ha
noBepxHoCTb 3emnu, Ha 99,98% onpene-
naetcs nanydeHmem ConHua. MoLHOCTb
COJIHEYHOI O N3JTyYEHUS, OOCTUTAIOLLErO
3emnn, coctasnset 1,27-107 Ox/c. Ecnu
BCIO 3TY MOLLHOCTb MOXHO Obl1io Obl Mo-
TpatuTb Ha pa3mansiBaHue 4,5102cm®
rpaHuTa B NecoK u MuHy, Nnpupoae no-
TpeboBanock Obl 25 Tbicay net. OgHako
npupoaa He mMorna noTpaTtuTb Ha 9TO
BCIO nosiydaemyio oT ConHua aHepruio,
MOCKOJIbKY OHAa TPaTUTCH B OCHOBHOM Ha
noaaep>XxaHue NoCTOSAHHOM TeMneparypbl
nnaHeTbl U ucnapeHue Boabl. Ha Takue
MOLLIHbIE MPOSIBNEHNS CTUXNIA, Kak BETep,
BOJIHbI, TEYEHUS (2 OHU UTPAOT BaXHYIO
poJib B BbIBETPUBAHUM, 3aBepLlas pas-
pyLUEHWE NOPOALI M PA3HOC €€ OCKOJIKOB),
naeT no pasHbiM oueHkam 1—0,1% napa-
lowen Ha 3emMio CONTHEeYHOW 3HepPrun.
Bpsa nm Ha camMo namensyeHmne nopog —
COrNacHO OCHOBHOMY MEXaHU3MY 3TO Ha-
rpeB, Pe3koe OxJaxaeHune 1 3amep3aHune
B MOJIY4MBLUNXCS MUKPOTPELLMHAX BOAbI,
4YTO BbI3blBAET OTKasbiIBAHUE YaCTULL, —
TpaTuTcsa 6onblie. Toraa cpok pa3mona
BO3pacTaeT CTOKPaTHO, A0 2,5 MUIMOHOB
net, unn 7,9-10¥ c.
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Tax mo2ym cmaaxueamosc Komemot
6 cucmeme bema XKueonucua

Ho peno B ToM, 4TO Npupoaa He TpatuT
3HEPruio Ha paspylleHne KaMHel Kpy-
MbIMN CYyTKaMu, a O6X0)J,I/ITCFI KpaTKknmMun
oTpeskamu BpeMeHu. Ecnvm netom B camyio
60/IbLLYIO XXapy COJIHLE HarpeBaeT NoBepX-
HOCTb rpaHuTa 40 TeMnepartypbl 0KOJ0
100°C, paspyLllieHns He NMPOUCXoamT, Kak
Obl 0ONro He nporpesancsa rpaHuT. OHO
CNy4ynTC4, Korga Ha rps4yto noBepxHOCTb
ynageT xofiogHas kanas BoAbl: NOBEPX-
HOCTb MHTEHCUBHO OXNaauTCcAa U B NepByto
X€e CeKyHAy MoKpoeTcs oT Tepmoypapa
ceTkol MukpoTpelwmH. CnegoBartesibHO,
Ha BCe pas3pyLLEHNEe Noce NpeaBapuTesb-
HOro Harpesa TpaTuTCcs He 6oniee CekyHabl
B KaXabl NMBEHb. Ecnun cuntaTtb, 4TO OHU
Cclly4aloTcA Ka)K,D,bIVI JEeHb, NoJslydaeTcd, 4To
paboTol No paspyLLEHUIO NPUpPoaa 3aHsATa
365 cekyHp B roa. (Heckonbko nuBHEN B
[EHb HUYErO HE MEHSIOT, MOCKOJIbKY MO-
BEPXHOCTb KaMHA B UHTepBane Mexay
HMMM HE ycneBaeT HarpesaTbes.) U Torga
pasmon 3aHmmaeT yxe 220 munnvapaos
JIET, 4ero ObITb HE MOXET.

Takum 06pas3om, yTBEPXOEHNE O TOM,
YTO NECOK M IM1HA 0CaA04YHOMo Yexna Ha-
e nnaHeTbl 06pa3oBannCh B pesynbTare
DJINTENBHOIO NPoLEecca paspyLleHns rpa-
HUTA, BEPHO TOJIbKO OT4aCTU, He Bosee Yem
Ha Heckonbko npoLueHToB. Kak xe obpa-
30BaJINCb B 0CAA04HOM Yexse ocTallbHble
Nnecok 1 rmuHa? CkaxeMm npsamMo: Ux Morin
NMPUHECTUN KOMETbI. MNMeHHO OHn cogepxar
CMEep3LUYIOCS NEPBUYHYIO KOCMUYECKYIO
MNbi/lb, MaBHbIM o6pasoM YyacTtuubl ANOK-
cupa KpeMHus. Kpome Hux, B KOMETax eCTb
BOOJa, MeTaH, aMMuak, yrﬂeKVICﬂbIVI ras,
CONW N MHOINE APYrve BELEeCTBa: COCTaB
KaXKA0MN KOHKPETHOM KOMETbl 3aBUCUT OT
BPEMEHU N MECTa e€ 3apOoXAeHUSA 1 opoun-



Tbl. [NaBHbIE e KOMeTHblE GOMbapaMNPOB-
KM Cy4aloTCs Npu NPOXoXAeHUn 3eMnn
yepes pykasa lanakTuku, Koraga KOMeTbl
nagatroT 4yTb 1M HE KaXAaylo Hedeno B
TeyeHne nonymMmmnnanoHa net. 3a Bpems
CBOEro cylwecTsoBaHua (4,5 mnpa. ner)
3emns ncneitana He meHee 155 uuknos
Taknx 6omMGapanNpPOBOK.

Korpa pacnnaeneHHasa 3emns ewe
HEe umMena rpaHuTHo-6a3anbToBon 060-
JIOYKKN, KOMETbI Najann B XUAKYIO mar-
My. Nmelowencsa B HAX METAHOBbLIN neg,
nnaBuaCa U NCNAPSNCs, NOCNE Yero ero
MONeKynbl No4 AeNCTBMEM BbICOKOWN
Temnepartypbl pacnaganmcb Ha COCTaB-
nqowme — yrnepog n sogopoa. Ecnu
aToOMbl BOOOPOAA U3-3a CBOE JIETy4ECTU
nokuaanu nnaHeTy, TO aTOMbl yrnepoaa,
OKasaBLUMeCs B MarMe, MOMn BCTynathb B
XMMUYECKYIO Peakumio C okcnaamm metan-
noB 1 GopMmnposan Tam kapbuapl. iHave
roBopsi, BKpanieHus kKaporaos PasnnyHbIX
METaI/IOB MOryT OKa3aTbCs crieaamm 6om-
6apavpoOBKM U NPEACTaBAAIOT COO0M TOT
3anac CoOeAHEHNI, KOTOPbIE NO3aHee OyayT
BbIHECEHbI N3 MarmMaTmM4eCckoro o4ara B oca-
[OOYHBIA 4EX0S C MOMOLLBIO ra3006pasHbIX
VN XNOKMX PACTBOPOB — TakK HAa3blBaEMbIX
bNIONOHO-NHTPY3UBHbIX MPOLLECCOB.

Korga nnaHeTta ocTbina u nossunacb
Kopa, BOASIHOW nef, U KOCMUYeckas nbiib
13 KOMET nonagany yxxe Ha TBepA0e BeLle-
CTBO. Ha OoTHOCUTENBHO TENolM NoBEpPX-
HOCTM 3eMNN, HE NOKPbLITON eLle MAMKUM
0Caf04HbIM YEXJIOM, BOASIHOW nep Tasn, u
nony4yeHHasa nNpu 3ToM BoAa C NPMMECHIO
XJI0PMO0B LWENOYHbIX METAIOB LA Ha
obpasoBaHue rugpocoepsl. OcTanbHble
NeasHUCTbIE KOMMOHEHTLI SAep KOMET
(CH,, CO, n opyrue), He Mesa BO3MOX-
HOCTU 3adUKCMPOBATLCS Ha TBEPLAOW NO-
BEPXHOCTWU, yneTy4mBanmcb B atMocdepy.
BombapanpoBkn 3emnu kometamu Obinn
CTOJIb MIHTEHCUBHBIMU, YTO YXXe B NEPBOW
yeTBEPTU apxes (4 mnpa. net Haszan) Mu-
POBO OKeaH MOKPbI NOYTN BCIO MOBEPX-
HOCTb HalleWn NNaHeThI.

Monapas B BOAbLI OKeaHa, KOMEThI
BCM/bIBaN, Kak OOblYHbIE NIbAVHBI, N Ha-
YnHaNM TasTb, BbICBOOOXAAS COAEPXKAB-
LLIYIOCSI B HUX KOCMUYECKYIO Mblfib. MoxeT
nokasarbCsl, YTO KOMeTa HMKaK He MOXeT
ynacTb B OKeaH M nnaBaTb Mo HEMY, Bedb
M3BECTHO, YTO OHA AOJIKHA B30PBATLCH U3-
3a Harpesa Npuv ABUXEHWM B aTMocdepe,
KOTOpas K TOMy BPEMEHU NoABUTCA. TyT
Ha[0 BCMOMHUTb, YTO CKOPOCTb ABUXEHMS
ranakTm4eckom KOMeTbl orpoMHa — o 200
KM B cekyHay. OHa MFHOBEHHO NMPOH3aeT
atMocdepy 3eMnn 1 HarpeBaeTCcs TONbKO
oT yaoapa. Ha ckonbko yacTen packonercs
KomeTa, 0COBEHHO ecnn ee pasmep —
[EecsTOK KMJIOMETPOB, BbilLle OBepecTa,
Kak 6yneT HarpeBaTbCst C UCXOAHOW TeM-
neparypoin KOCMUYECKOro Xoioaa — He-
M3BECTHO. HO BO3MOXHOCTb TOrO, 4TO OHa
OTHIOAb HE MOJIHOCTbIO NCMAPUTCH Nocne
yoapa, a MMeHHO pacKONETCS, UCKYaTb
HUKaK HENb3S.

Mpn TasHUM YaCcTb KOCMUYECKOW Mblan
KOMET, B TOM 4YMCJI€ OKCUAbl KPEMHUSA 1
ANIOMUHNSA, KOTOPbIE HE PACTBOPUINCHE B
BOAE, KaK 9TO NPOM30LWI0 C xopuaamm
LENI0YHbIX METaI0B, ONYyCKaNNCh Ha
OHO okeaHa. Npu 9TOM Wna cenapauus:
KPYMHbIE YaCTULbl ONyCcKanucb BbicTpee
Menkux. Tak Ha AHe nocnegoBaTenbHO
oTknagbiBancek 60nee nan MeHee 0gHO-
pOAHbIE MO COCTaBy C/IOM Nnecka v MnHbI.
Yepes HeEKOTOPOE BpeMS, B Naneos3oe (0T
570 po 235 MnH. neT Ha3aad), okeaH OTCTy-
N C NOBEPXHOCTU COBPEMEHHOW CyLLIN, U
YyepeayoLmecs nnacTbl B 0CaA04HOM Yex-
Jle eCTECTBEHHO MEpEeLLN B HACNeACTBO
COBPEMEHHbIM KOHTUHEHTaM. 3amMeTum,
410 NPy GOPMUPOBAHMM OCALOUYHOIO HEX-
Na TONbKO 3a CHET NPOAYKTOB paspyLleHns
rPaHUTHbIX MOPOA HUKAKOW CIOUCTOCTU HE
Ob1510 Obl.

CoBpeMeHHas Hayka NpU3HaeT: B oca-
OO4YHOM Yexne 3emMnu no KpamHen mepe
OJOWH CNOW MKHbI (MOLLHOCTbLIO 1—6 cM™m)
MMeeT KOCMMYeckoe npomncxoxaeHue. OH
JIEXUT Ha CTbIKE OTIIOXEHUI ME30305 U
KarnHO305 NPUMEPHO 65 MUAIMOHOB NeT
— 3HAMEHUTLI KOHEL, 3pbl ANHO3aBPOB.
XapakTepHas ero 4yepta — MOBbILLEHHOE
B 30 pa3 cogep>xxaHne npuausi o CpaBHe-
HUIO C COCEQHMMM CNOSIMWN N3BECTHSKA.
A vpnanii, N0 COBPEMEHHbIM MOHATUAM,
MOr NONacTb B OCaA04HbIN Yexon 3eMnn
TOJIbKO N3 KOCMMYECKOro NPOCTPAHCTBA.

Ecnn npuHATb, 4TO MMetowmecs B oca-
[OYHOM YexJIe CNON MMEIOT KOMETHOE NPo-
MCXOXAEHME, TO TaKoe Xe NPOUCXOXAEHNE
LOMKHO MMETb 6ONBbLUIMHCTBO MECTOPOX-
OEeHNN KaK MeTanoB, Tak U HEMETaN10B:
nx obpasoBasna KOMeTa, B KOTOPOI Obina
Nbinb, oboralleHHas COOTBETCTBYIOLNM
3/1IEMEHTOM.

dopmumpoBaHMe MECTOPOXAEHWUI NO-
Ne3HbIX NCKOMAaeMbIX MO0 MATU Kak
MWHUMYM MO TpeM nyTam. Bo-nepsbix,
3TO yXX€ ynomuHaslmecs GaiongHo-nH-
TPY3MBHbIE MPOLECCHI BbIHOCA PYAHbIX
KOMMOHEHTOB B OCAaA04YHbIN 4exon u3
MarmMaTmM4yeckoro pyaoHOCHOro o4a-
ra. Bo-BTOpbIXx — HenocpeacTBEHHAs
MMNAaHTaunsa KOMeT B OTHOCUTENbHO
MSTKUIA 0Cag04HbIN 4yexon. B-TpeTbux —
obpas3oBaHne MeECTOPOXAEHUI U3 KOMET
«0Cafo4YHbIM» CocoboM. Y BCcex Tpex
cnocoboB ecTb 06Las YyepTa: NEPBUY-
Hoe popMMPOBAHMNE MECTOPOXOEHUN
NPONCXOAM0 NPAKTUYECKN HA BHELUHEN
NMOBEPXHOCTU CYLLECTBOBABLUErO Ha TOT
MOMEHT 0CaZ04HOro Yyexna. A 3atem Bce
MECTOPOXAEHMSA OblIN 3acbiNaHbl Npu
ovepeHbIX KOMETHbIX 6oMbapaNpoBKax,
Kak 6bl NOrpyXascb BHYTPb MiaHEeThI.

K coxaneHuio, n3-3a HeGonbLIOWN pas-
HWLbI B yOE/bHOWM NAIOTHOCTU 1 pa3mepax
YyacTuL, 06pasyloLLMX 0CaO04HYI0 Mopoay
(necok v MuHyY) n nonesHble uckonae-
Mbl€, YeTKOM cenapaunn Mexay aTumu,
a6CoNIOTHO PA3IYHBIMM MO XMMUYECKOMY
COCTaBy 4acTMLaMWN MOTJI0 U HE MPOUCX0-
AnTb. NMoaTomy B 60MBLUNMHCTBE Clly4aeB

A MOYEMY Bbl U HET?,

pearnbHble MECTOPOXAEHNSA B TON N NHON
CTeneHu 3anoJIHeHbl MyCTOM NOPOAOWN, KO-
TOpYo Npu Ao6bi4e OTNPaBASIOT B OTBAJIbI.

A BOT kak 06pa3oBbIBANINCb MECTO-
POXAEHUS roploymx nckonaemblix. Mpu
TagHun I'IﬂaBaIOLLI,eVI B OKeaHe KOMETbl Ha
[HO CHavana onyckancs necok, KOTopbin
obpasoBbiBan niockuii xonm. Ceepxy Ha
3TOT XOJIM M3 Necka ocenan Cnom rMnHbl.
MeTaHOBbLIN nea Npyv B3anMOOENCTBUN
C BOZOM (a oHa Nog, KOMETHOW NbOUHOMN
XonogHaa n HaxoamTcd non oaBsieHNEM B
necaTkn atmocdep) OOKEH NAaBUTbLCS
N npesBpawaTtbCa B Kpuctannorngparbl
MeTaHa. byayyn HEMHOro Taxenee Boapl,
OHWM ONyCKaloTCA Ha AHO MeaJieHHee, YeM
Mecok, 3acbinas BMECTE C HAM TOJIbKO YTO
CO34aHHbIN TaM X0JIM, KOTOPbI ByaeT cny-
XNTb NOAOLLBOM Nnacta GopMMpPyeEMOro
MEeCTOpPOXAeHNs meTaHa. N nocnegHee
— Nerwuvi Ha NoAOLLBY CON KPUCTANNOoMm-
[para MeTaHa 3acbinanam 4yactuubl MnHbI,
13-3a MasblX Pa3MepPoB NX BPEMS OCaXx-
neHva B 10 Teicay pa3 60sblue BpeMeHU
OCaxAeHns 4acTuL, necka.

Y10 kacaetca obpaszoBaHust HedTH 13
KpUCTannornapartoB MeTaHa, 3amMeTum
cnepyouee. B ocagoyHom yexne 3emnun
Ha rmyouHe 5 KM Temneparypa cocTaBnsieT
okono +150°C, a pasneHne — nog 1000
atmocdep. Bo3MOXHO, 3Tux ycnosum
AOOCTAaTO4YHO ONnda npeBpaleHna MmetaHa
M3 pacnaBLUMXCS KPUCTaNIOrmapaTos B
6onee cnoxHele yrnesogoponbl. Kpome
TOro, MECTOPOXAEHUSA HEDTU, KaK 1 APYrnX
Nnone3HblIX MCKOMaeMblX, MOIMnN 06[)830-
BaTbCA M NPU UMMNJAHTALUM METAHOCO-
aepxXxawnmx KoMmeT B OTHOCUTENNbHO MArKUn
ocafouHblin yexon 3emnun. KuHetnyeckas
3Heprus KOMeT Npu 9TOM NpeBpaLlanach
B TEMIOBYIO — TEMNEpaTypy 1 JaBneHne.

Kak MOXHO NpoBepUTL Takylo rmnoTesy?
Hapo nocraparbCs HANTU CBA3b MeEXAy
pacnonoxeHmnem rnone3HbIX Nckonaembix
1 MecTaMu NageHns KOMET (Tak Ha3biBa-
eMblMu acTpobnemamu), nMbo nonckatb
obLue YepTbl Yy Necka, MuHbl N YacTul,
KOMeTHOW nbinn. Bnaro nocnegHmne ckopo
[omKHa 06bITh akcneanums EKA «PozeT-
Ta», kKoTopas B HosI6pe 2014 rona BelcaguT
crnyckaemblii annapart Ha komeTe Yypiomo-
Ba — [epacuMeHko.

Kangupat TeEXHUYeCKMx Hayk
A.A.Bupwepr,
WHCTUTYT XMMMYeCKom Gusnkm

um. H.H.CemeHosa PAH
birshert.an@yandex.ru
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TpeTbe
namepeHue
Ang OyTbINIKN

W3 nnactvkoBori
Tapbl MOXHO
caenarb Cbipbe
7151 TPEXMEPHOr0o
npuHTEpa

AreHTCTBO
«NewsWise»,
5 mapta 2014 ropa.

B 3 a py 6 e X H bl X n a6 opaTopMw”n8ax
PEXMEPHBIV NPUHTEP NeYaraeT BELLW, UCNOJIb3YS B KA4ECTBE PACXOOHOM0 Matepuana
nnacTukoBble cTepxHU. CToaT oHm oT 36 0o 50 ponnapos CLUA 3a knnorpamm. Oka-

3bIBAETCH, NOKYNaTb TakMe CTEPXXHW BOBCE HE 00513aTeNbHO: MX MOXHO CAENaTb CaMOMy.

WccnepoBarenn n3 MuamraHcKoro TEXHOMOrM4eCKoro YHMBepcuTeTa BO maBe C J0-
ueHTom xowya MNupcom cobpanm ncnonb3oBaHHbIe OyThinkm n3-rnog mosnoka (8 CLLIA nx

[EenaloT U3 MOINITUNEHA BbICOKOW NIOTHOCTM), MOMbISIW, Pa3pe3asiv Ha KyCKuy, MPOonycTuav

yepes 0DUCHBIN n3mMenbinTenb Bymary, a NMOTOM CNEKIN MOSYYMBLLYIOCS KPOLLIKY C MO-

MOLLIbIO CrieumansHoro yectponctesa — RecycleBot — B ctepxHu ana npuHtepa. Ha Bcex

aTanax OHW CYUTANIM PACX0bl HA SHEPIUIO, M NMOYYNIIOCh, YTO Takne CTePXHM 06Xo0aaTCs

B [1ECHATb LIEHTOB 32 kunorpamm. [Npu aToM 3aTpartbl 3HEPrn okasanmck Ha 70% Huxe,

4yem ecnm Bbl 3TU BYThIKM COBPANM NO MasbiM rOPOAAM W OTNPABWAN HA NepepaboTKy B

06/1aCTHOM LIEHTP. A y>XX MO CPABHEHMIO CO CTEPXKHAMM U3 MEPBUYHOIO Chipbs 3KOHOMUS 3Heprin coctaBnseT 90%. Mo MHeHWo

YYaCTHMKOB UCCNEA0BAHMS, UX MAEA NMOMOXET HanaauTe GU3HEC B CNabopasBuTbix CTPaHax: eCiv TaMOLLHME OOMXWN CTaHyT

cobmparb NNaCTUKOBbI MyCOP M NPeBpaLLaTh ero B CTPEXHM 151 TPEXMEPHbIX MPUHTEPOB, OHWU CMOTYT U AEHBIM MOAYYUTb, N

coenarb nnaHeTy ynie. OCTanock TONMBKO OPraHN30BaTb MEXAYHAPOOHbIV PbIHOK CTEPXKHEN.

AnekTpuyeckoe
OKHO

U3 gnucenennaa
BoJsIbppama
caenanm
COJIHEYHbIVI
B3/IEMEHT,
nponyckawLmni
CBeT.

AreHTCTBO
«AlphaGalileo»,
10 mapTa 2014 ropa.

B 3 apy 6 e X H bl X n a6 opaToDpwuUm8ax
PO3PayHbIii CONMHEYHbIV 3/1IEMEHT — UHTEPECHOE YCTPOMCTBO, KOTOPOE B NPUHLMMIE NO3BONAET 406LIBATL 3N1EKTPYU-
YECTBO CO BCE MOBEPXHOCTU 34aHNSA, @ HE TONLKO C KPbILWW. VIMEHHO Takol 8N1eMEHT 1 CAeNanun nccneqosaresny ua
OAHOCJIOMHOro AMceneHnaa sonbdpama.

370 BELECTBO — aHasor rpadeHa: 13 Hero TakKe MOXHO M3roTOBUTb ABYMEPHLIV MaTtepuasn TOAWMUHON B OAUNH 1N
HECKOJIbKO MOJIEKYIAPHBIX CNIOEB; KAX /bl CNON COCTOUT U3 CETKM BOSIbPAMOBLIX aTOMOB, Ha[, U Mo KOTOPOM Pacnosio-
XEHbl aTOMbI CeneHa. B oTnnyme oT rpadeHa aekTPoHHbIE CBOMCTBA ANCENIEHNAA BObdpamMa rnos3sossioT UCMob30BaTh
ero ans npeo6pa3oBaHna COSIHEYHOrO CBETA B /1eKTPUYECTBO. Takol MOCKUI BOb®PaMOBbIi HOTOAMOA U cAenanm
GU3MKM N3 BEHCKOro TEXHONOMMHYECKoro yHuBepceuteTa 8o rmase Tomacom MionnepoM. yop Tak TOHOK, 4TO NponyckaeT
CKBO3b cebs 95% COJSIHEYHOro CBETA, a MOJIOBKHY MOMOWEHHOro NPEeBPaLLAeT B 31eKTPUYECTBO, TO eCTb 3P deKTUB-
HOCTb 3/1eMeHTa OKasblBaeTcs 2,5%. Y anbTepHaTUBHbBIX OPraHUYECKUX COSTHEYHbIX 3/1EMEHTOB KO3 MULIMEHT yXe Bbille
N NPUBANXAETCH K NPUrOAHOMY A1 BHEAPEHUS B MPOMbILLIEHHOCTb YPOoBHIO 10%. OfHAKO CTabUIIbHOCTb OPraHNYecKUX
[OVOL0B OCTaBIAeT XeNaTh nyywero. A BOT ceneHng Bosbdpama 61arogaps CBOEMy KpUCTaIMYECKOMY CTPOEHMIO 1
NPUCYTCTBUIO B OCHOBE COEAMHEHNS TYrOMNIaBkoro MeTassia Ha CoNHEYHOM CBETY 0KasblBaeTCs ropasao ctabusnbHee.

McenepoBartenin paccYnTbIBaIOT, YTO MX AMOA, NPUIOAUTCS NPY CO34aHUN CTEKNSAHHLIX GacanoB HOBOro MOKOSIEHNS,
KOTOPbIE CTAaHYT He TOJIbKO MPOMNycKaTb CBET, HO U BbipabaTbiBaTh 3/1eKTpUYecTso. Bonpoc, Buammo, kak sceraa, 6yaer
B LIEHE TaKoro 9/IEKTPMYECTBA, HO NMPU M3BECTHOW MOJIMTUYECKON BOJIE, BOMJIOLLEHHON B HOPMATUBHbIX AOKYMEHTax, v
npu passepTbiBaHM MAcCOBOMO NMPOM3BOACTBA, BCE MOXET 0Ka3aTbCsl He Tak YX M0X0 AJ1 CTOPOHHUKOB COJIHEYHOW
3HEPreTuKN B ropoae.

JdepeBsiHHas
neHa

BcneHeHHoe
J1EPEBO COXPaHUT
TenJs10 v rNo3BOJINT
yrakoBaTb
npoAyKTbI

AreHTCTBO
«AlphaGalileo»,
7 mapta 2014 ropa.

B 3 apy 6 e X H bl X n a6 opaToDpMwUm8ax

KYCOYKM 1 BCMEHUTb — BbIAAET eLLe NyyLle. TEXHONOorus, KOTOPYIo NpUayMani yde-
Hble 13 PpayHrodepoBCKOro MHCTUTYTa MCCNELOBAHUIA APEBECUHBI B BpayHLLBeiire BO
rnase c npodeccopom Ponbkepom Tose, No3BoNSET 3aMEHNTL MPUPOAHBIM MaTEPUASIOM
BCMEHEHHBIE MIACTUKM, MPUMEHSIEMbIE AJ151 TEMI03aALUMTbI CTEH U KPbILL 34aHWIA. TOYHEE,
nBe TexHonorun. CornacHo 0gHON, NOTYYEHHYIO U3 MEJIKO Pa3MOSIOTON OPEBECKHbI CY-
CrMEH3MI0 BCMIEHMBAIOT ra30M, a MOTOM OHa 3aTBEPAEBAET B pPe3YJibTaTe peakumy Mexay
CaMUMU KOMMOHEHTaMK APEBECKHBI. BTOpasi xe npesycMaTrpuBaeT Harpes, Npu KOTOPOM
nob6aBfieHHbIE B CYCMNEH3MIO YaCTULbl TBEPAOro BELLIECTBA Pa3faraloTcsl, Bbloenss ras,
nofo6HO TOMY, Kak 3TO AeNAET Pa3pbiXSINTENb TECTA NPY BbINEKaHWM Npora.
B npuHumne TBEpAas TENIOM30A9UMSA N3 APEBECHbLIX BOJIOKOH (HE NyTaTb C MUMHEPAJSILHOM BaTON) y>Ke n3secTHa. OaHako co
BpEMeHeM 13-3a konebaHuii TeMneparypbl Y BIXXHOCTM OHa paspyLUaeTcs. MicnbiTaHusi nokasanu, 4To HoBasi GpayHLuBeirckas
TENNON30IALMS NINLLIEHA TAKUX HEAOCTATKOB M MO CTabUNIbHOCTU HE XyXXe NeHonnacTa.

ﬂlepeso 1 camo no cebe Hernoxas Tennonsonsaums. Ecnmxe ero paamonoTb B Menkme

HoBbih paTumnk
AN aHppouga

Co3spaaH MuHna-
TIOPHbIN AaTYNK
U151 UBMEPEHUS
aBJIeHVIs B MOYe-
BOM ry3bipe.

AreHTCTBO
«AlphaGalileo»,
7 mapta 2014 ropa.
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B 3 a py 6 e X H bl X nao6 opaTopwnax
I—I ocCre nepesioma CrmHbl y HEKOTOPbIX MALMEHTOB BO3HMKAET NpoGieMa C MOYEBbIM My3bl-
peM: 13-3a NOBPEXAEHMWS HEPBA NEPECTAET NOCTYNaTb CUMHAS O TOM, YTO OH HarOJIHEH.
370 BeLET KYPE3MEPHOMY POCTY AABIIEHMS U CTABUT XM3Hb NauyeHTa nof yrpoay. Npobnemy
MOXHO PEeLUNTb, ECNN NPOCNEANTb 32 AaBNEHNEM. Tak 1 AenatoT, NOMeLLas B TENO nauu-
€eHTa KaTeTep C AaT4YMKOM U 3arOJHSASE MOYEBOW Ny3bipb GU3NONOrMYECKMM PacTBOPOM. Mo
pesynsTatam N3MepeHUst MeauKM ONpeaensioT, TpedyeTcs NauMeHTy onepawmst v MOXHO
060MTNCH IEKapCTBEHHBIMU Npenapatamu. O4eBUOHO, YTO 3TO KpaHe HeyA0OHOE peLLeHe.
VccnepoBateny n3 HoOpBEXCKOr0 MHHOBALMOHHOIO LeHTpa «SINTEF» Bo rmase ¢ AHrenu-
HoW KnayceH MHOro net paboTanu Hag, CO34aHNEM MVHUATIOPHOIO Aaryvka, CrnocobHOro
3aMEeHUTb KaTeTep, U HaKOHEL, AOCTUMM Luenu. Jativk MeeT pa3mMep B MUIIIMMETP, U €r0 MOXHO NMOMECTUTb MoA, KOXY C
MOMOLLBIO UFOJIKK. [oKa 4TO OH CBSI3aH C MOBEPXHOCTbIO MPOBOAKOM, HO BCKOPE MOSIBUTCS HOBasi MoandvikaLms, nepepaioLLas
paguocurHan, KotTopbii MOXHO 6yaeT noBuTb cMapTdoHOM. NepBble NCMbITaHUS gatinka nponayT B rocnutane CuHHaaca
B anpene 2014 roga. ViccnegoBateny HageTCs, YTO AaT4MK NPUrogamMTCs U Ans peweHns gpyrmux 3agad. Hy a B nepcnek-
TVBE MOSIB/IEHNE TaKOro AAT4MKa MOXET CTaTb OYEPEOHbIM LLAXKOM K CO3aHNI0 COBEPLLEHHbIX MPOTE30B, MO3BOJISIOLLMNX
peann3oBaTtb AaBHIOK MeYTy GaHTaCTOB — MOCTEMNEHHYIO 3aMEHY CTapeoLLMX OPraHOB YEI0BEKA SNIEKTPOMEXaHNYECKUMM
YCTPOWCTBaMu, TO ECTb NEPEXos, K 0OLLECTBY aHAPOWAOB.




TpaBosgHbIX
Ha nyra

Okocnctemy
crnacaet
pa3Hoobpasue.

AreHTCTBO
«AlphaGalileo»,
7 mapta 2014 ropa.

B 3 a py 6 e X H bl X n a6 opaToDpwmsa x

PaBOSIAHbIE MOTYT HE TONbKO CNACTU TYHAPY OT MPULLILIX KYCTAPHUKOB (CM. «XUMUIO 1 XU13Hb», 2014, N2 3). OHu no-

MOralT COXpaHsTb OMopasHO0bpasne 1 B HAXOOALLMXCSA NOL, BAUSIHMEM YeJl0BEeKa 9KOCUCTEMAX YMEPEHHbIX LUMPOT.
Y7106kl YBENMYUTL BbIXO, BUOMACCHI, YENOBEK MNOCLINAET Nyra 1 Nons yaobpeHnsaMn, KOTopble PacnpoCTPaHSAOTCA U Ha
OVKME 9KOCUCTEMbI, HE BKITIOYEHHbIE B XO351IMCTBEHHbLIM 000POT. Pe3ynbTat, 4To Ha nose, YTo Ha AUKOM Nyry, OOVH U TOT
Xe: MNoNy4ymB AOMNONHUTENLHOE NUTaHNE, ObICTPOPACTYLLME TPaBbl YCKOPSIIOT CBOE Pa3BUTME 1 MOAABSIOT HU3KOPOCbIE.
MocnenHnm OoCTaeTcs Mano COJIHLA, M OHU YaxHYT, Mcye3asl B KOHLLE KOHLLOB N3 9KOCMCTeMbl. OfHAKO BbICOKOPOCbIM
TpaBam TpebyeTcsa OonbLUe NUTaHUS U BOAbl, NO3TOMY BO BPEMS 3aCYXM OHM U MOTMOHYT NnepBbiMU. ECnv K TOMy BpeMeHu
3aCyX0yCTOMUUBBIE KAPJINKN YXKE BbIMEPN, YT BOOOLLLE MOXET OMNYyCTETb.

Ho Takoro pa3sutms cobbITUn MOTYT HE OOMYCTUTL TPABOSAHbIE. Kak nokasdan MexayHapoaHblA 9KCMEPUMEHT, NPOBO-
OuBLUMIACS B adPUKAHCKOM CaBaHHE, CeBEePOaMEPUKAHCKON MPeEpUn 1N Ha LLIBENLAPCKMX BbICOKOrOPHbLIX yrax, obunme
TPaBOSOHbIX CTAOUNN3NPYET SKOCUCTEMbI: OHM NOEAAI0T NPEXAe BCEr0 BbICOKOPOC/IbIE TPaBbl, 0CBOOOXAASA XNIHEHHOE
MPOCTPAHCTBO A1 HU3KOPOCbIX. ATOT (PakT eLle pa3 NoaYEPKMBAET, CKOJb BaXHO NogaepXaHve npupoaHoro 6uopas-
HOO0pPasusa ana CTabunbHOCTU NJIAHETAPHON 3KOCUCTEMBI: KaXA0MY BUAY B HEV ONPeAeneHo CBOE YHUKANIbHOE MEeCTO.

Camobernbii
rugporenb

Yepssk

w3 rugporens

c nobaskamu
MOXET rnon3tu/

«Advanced Materials»,
4 mapta 2014

roaa; doi: 10.1002/
adma.201306137

B 3 apy 6 e X H bl X n a6 opaTopuMm4ax

yepBsika U3 rMaporess, B COCTaB KOTOPOro BK/OYEHbl Monekysbl fjodamuHa. Y
3TUX MONEeKyJ ecTb MHTepecHas 0COOEHHOCTb: OHU NO-Pa3HOMY B3aUMOLENCTBYIOT
C MoHaMK Xene3a B 3aBUCMMOCTU OT KMCIOTHOCTU cpepbl. Tak, B KUC/Ol cpeae
C MOHaMu cBfi3aHa b ogHa 6okoBas uenb godamMmnHOBOM Monekynbl. Ecnu xe
pacTeT WeNoYHOCTb, K Xenesy noaTarvealoTcs ewe Tpu 6okoBble uenu. 9T0 Bbl3bl-
BaeT MexaHn4eckue HanpsxeHus, N 4epBsak narnbaetcsa. YTobbl 3aCTaBUTbL YepBsika
LEeBeNnUTbCS, BHYTPb €ro OTAESNIbHbIX CEFMEHTOB NMOMECTUNMN XeNe3Hble CTPEXHN U
MPUAOXKUIN 3NEKTPUYECKNIA NOTEeHLNan, KOTOPbIA BblAENWU B r’MApOresb NWOHbI. B
pes3ynbTare Npy U3MeHEHNN KUCOTHOCTM OKPYXatoLen cpebl Y YepBsika CXXUmMaamchb
TOJIbKO T€ CerMeHTbl, rae Obln MOoHbI Xenesa. MpaBuibHO pacnpenenve MOHbI MO Teny
yepBssika, MOXHO ob6ecneyunTb noboe nameHeHne ero opmbl. B obLiemM, o4eHb no-
X0Xe Ha nepeaenaHHbl KynaeT aHrMUIRCKOM NecHu: y MNerrv XXnn CMblWAEHbIN FNCT,
OH BbINON3aTb YMES Ha CBUCT...

LoueHT Jln yTBepXaaeT, 4TO eCTb BO3MOXHOCTb 06paTnMo MeHATb pacnpeaesieHne NOHOB Xenes3a 1 TakuM 06pa3om
3acTaBUTb YepBsika MHOMOKPaTHO MeHATb GOPMY, MHBIMU CIOBaMU, N3BMBaTbLCS 1 NON3TK. Moka 4To Yepssik bptoca Jln
[BUraeTcs 04eHb MeaJIEHHO, HO 9TO NpeanosiaraeTcs UCNPaBUTb 3a CHET NCMONb30BaHUA MOHOB Mean U TuTaHa. EcTb
MHEHMeE, YTO Takme YepBsaKM NOMOTYT AOCTaBATbL JlIekapCcTBa B TPYAHOAOCTYMHbIE MeCcTa Ye10BE4YECKOro opraHnama.

ﬂlou.eHT Bpioc JIn n3 MnymraHckoro TeEXHONOrMYECKOro yHMBepcuTeTa caenan

OT cnoxHoro
K MpocTOMYy

C rTomoLLbo
PETPOIBOMOLIMMN
MOXHO HaI3aNTb
BUOCHHTE3 A0POIVIX
BELLECTB.

AreHTCTBO
«NewsWise»,
21 mapta 2014 ropa.

B 3 a py 6 e X H bl X nao6 opaTopwnax

l_I eTblpe rona Hasag npodeccop BpaiaH BaxmaHH 13 YHMBepcuTeTa BaHaepbunbara npeanoxun MeTon peTpo3BosioLmn:
WATW MO NYTW OT CNOXHOr0 COeAMHEHMS K MPOCTOMY, 4TOObI 3aCTaBUTb MUKPOOPraHN3M CUHTE3MPOBATh BELLECTBO,
HY>KHOE 4enoBeky. Tenepb 3TOT NOAXOL NPUBES K YCNEXY — OTHOCUTENbHO AelleBOMY BUOCMHTE3Y AnAaHO3UHA, AENCTBY-
towero BelecTsa npenapara ot CMAa. BoT kak paboTtaeT Takon noaxoA. 1na Havana Obii1 onpenesnieH caMblin 651IM3KNin
K KOHEYHOMY BELLEeCTBY NPeaLlecTBEHHUK U HangeH depMeHT, CNOCOBHLIN BbINONHUTL Takoe NpeBpaLleHne. YyeHble
cuHTe3npoBanu dparmeHTbl JHK, kogmpytoLme aToT depmMeHT, a 3atem 06paboTanm nx Tak, HToObl BbI3BaTb MHOXECTBEH-
Hble MyTauun. 3Tn GparMeHTbl BHEAPUIN B KNETKN KMLLEYHOM Nanoykn. SKkCneprmMeHTanbHbix 6akTepunin pasgenmnm Ha
MHOXECTBO rpynm, Aann UM pa3mMHOXUTLCS, HapaboTaTb GepMEHT, a MOTOM C ero NOMOLLbIO NMPOBESNV NpeBpaLLeHne. Tak
BbISIBUJIN LUTAMM C CaMblM NPOAYKTUBHBIM GEPMEHTOM.

OTy onepaumio NOBTOPWAKN ABaxapl C TEM, 4TOObl AOVTU A0 CAMOro NPOCTOro BELLECTBA-NPEeALLIECTBEHHNKA. B ntore
yAanoch nony4mTb Tpy GepMeHTa, OCYLLECTBASIBLUMX LeNOoYKy peakumii, — UHCTPYMEHT Afis G1ocuHTe3a [4opororo Be-
LLeCTBa 13 NPOCTOro caxapa, AMAe30KCMprB03bl. «5 cuMTalo, YTO C MOMOLLBIO NPEAJSIOXEHHOIO NOAX0AA MOXHO BbICTPO
Hay4MTbCS CUHTE3UPOBATbL JI060E OpraHMYeckoe BELLECTBO 13 MPOCTLIX CaXapoB, MPUYEM B 3HAYUTESbHBIX KOIMYECTBAX>,
— roBopuT npodeccop baxmaHH.
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ournal of the American College of Nutrition», opuumansHbIn opraH AMEpPUKaHCKOro Konneaxa nuTaHus, NpeacTaBun

J yuTaTensiMm KOMMEHTAPUI O XMPHOM nuLe. TpyaHO NOBEPUTL, HO B HEM HE TOBOPUTCS, YTO XXUBOTHbIE XUPbl — abCco-
JIIOTHOE 3110.

Co BTOpPOW NONOBUHbLI XX BEKa, COOBLLLAEeTC B KOMMEHTapuu1, NpeobafgaeT rmnoTesa, CBsA3blBaloLLLas NoTpedneHne Ha-
CbILLEHHbIX XXMPOB C NOBbILLEHHLIM PUCKOM CEPAEYHO-COCYANCTLIX 3a00neBaHni. Co BpeMeHeM OHa BOLLIA B YACIIO MaBHbIX
[OMM MUTaHWS, XMBOTHBIE XMPbl CTANIM UCKIOYATbL U3 paLMoHa, a JloasiM C NOBbILLEHHbIM COAEPXAHNEM XOJIeCTEPUHA B
KPOBW — NPONMChLIBANN CTaTuHbI, ero yaansiowme. OgHako yxe B 2010 rogy MeTaaHanna, To eCTb 06paboTka ony6IMKoBaH-
HbIX PE3YNbLTAaTOB MHOMMX NUCCNELOBaHWNIA, MOKa3as, YTo 9Ta ToYKa 3PEeHNst Ype3MePHO KaTeropnyHa. HepgasHue nyGnnkaumm
YKa3bIBalOT, Y4TO MMaBHble (GaKTOpbl, Bbi3blBAOLLME CEPAEYHO-COCYANCTbIE 3a601eBaHNsl, — 9TO padUHMPOBAHHBIN caxap,
TPaHC-XMpPHbIE KUCNOTbI, KOTOPbIE COAEPXATCS B 3aMEHUBLLEM CNMBOYHOE MACNo MaprapuHe, a Takxe Kpaxman u nepe-
paboTaHHbIE YINMEBOAbI C BbICOKMM MMKEMUYECKUM MHAEKCOM. «Hal cyn 06BUHMA 1 NPUrOBOPUIT HE TOMO YesnoBeka», —
MeTadopryecKkn NOABOAAT UTOI aBTOPbI 3asIBIEHMS.

CoOTBETCTBEHHO BO3HMKAET BOMPOC K CTAaTUHOBOM Tepanuu, kotopas ctana MogHo ¢ 2001 roga. 9T BeLecTBa CHXaloT
COJEPXaHME «MJIOXOr0» XONeCTepmHa HU3KOM NNOTHOCTU. OaHAKO CTaHOBUTCS BCe 60bLue MyBMKaumii, B KOTOPLIX OTMEYEHO,
YTO TOJIbKO CHUXEHME KOHLIEHTPALMM Takoro XONecTepuHa B KPOBU MOXET OblTb KOHTPMPOAYKTUBHBLIM /151 NPODUNAKTUKA
cepAeyHO-CoCyanCTbIxX 3aboneBaHunii. CTOMT 0TKa3aTbCs OT AO0rM U MOCMOTPETH LUMPE Ha NPO6/IEMY HACBILLLEHHBIX XXVMPOB 1
PONN XONecTepuHa B OpraHn3me.

Beinyck nogrotosun kaHgmpat dusnko-maremarmyeckmnx Hayk C.M.Komapos
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CBepXnpoOBOAHUK

Anexkcen Konmoropos
BWHreMTOHCKNIN YHUBEPCUTET,
CLLA

Kak Ha4yaTb HOBYIO TEXHMYECKYIO PEBOJIIOLIMIO 1 CTaTb HOBeneBckmm naypeatom? OguH
13 04eBUIHbLIX CNOCOO0B — HANTW MaTepuan, CBEPXNPOBOASALLMNIA NP KOMHATHOW
Temneparype. Jo cux nop y4eHble Npmubamxanncb K 3To meyte, nepebupas n Mo-
Andvumpysa n3BecTHble BELLECTBA, OAHAK0 A0 LEeNn OCTaeTcs eLe NoATopbl COTHU
rpagycoB. Ho BOT BNEPBLIE YAANOCh CHAa4Yana BblCHMTATb, YTO HEN3BECTHOE paHee
BELLECTBO MOXET OblTb CBEPXMPOBOAHMKOM, @ MOTOM CUHTE3MPOBATh ero 1 ybeamTbes,
4yTO pacyeT 6bis BepeH. He ncknio4eHo, 4To UMEHHO Takon, a He SMMNUPUYECKUIA Cnocob
rnovcka npmBeaeT B KOHLLE KOHLO0B K AOCTUXEHMUIO «ropsYer» CBEPXNPOBOAUMOCTU.
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KeaHTOBas MexaHuka
1 CBEpPXNpPOBOAUMOCTb

B koHUe XIX — Havane XX Beka Obl/10 OTKPbITO
MHOXECTBO YHUKAJIbHbIX SBIEHNIA, NEepeBeEp-
HYBLLMX KJTACCUYECKOE NMOHMMAHME OKPYXKa-
towero mmpa. O6bscHeHWe Takux Habnto-
[eHun, kak GoToanekTpuieckmnin adpdexT n
OMCKPETHBIN CNeKTp aToMoB, NoTpebdoBaso
€030aH1s1 KBAHTOBOW TEOPUKN 1 3aCTaBUIIO
npu3HaTb, YTO NOBEAEHMNE MaATEPUN HA
MWKPOCKOMNYECKOM YPOBHE MOOYMHSAETCS
3aKkoHaM, NPOTMBOPEYALLMM MHTYUTUBHBLIM
npeacTaBfeHNsiM MakpomMmpa.
CBepxnpoBOAMOCTb — OAMH N3 CaMblX
HEeobbl4YHbIX KBAHTOBbLIX 3 HEKTOB: ee Nerko
HaboaaTh MakpOCKONMMYECKM Kak aBCONtoT-
HO HYJIEBOE 3/1EKTPUYECKOE COMNPOTUBEHNE
1 NOJNHOE BbITA/IKMBAHNE MAarHUTHOIO NOns

XynoxHuk C.[lepraueB



13 Matepuana npy HU3KUX Temneparypax
(adpdekT MencHepa). Takoe naoeanbHoe
NnoBeAEeHME BELLLECTBA OCTaBAIOCh 3araakomn
noyTn noneeka. Xenke KammepnuHr-OHHec
OTKPbIISIBIEHME CBEPXNPOBOAMMOCTM B 1911
rofy, PeHOMeHOorM4eckoe onvcaHmne opa-
Tbst DpuLy, 1 XaiHL, JIOHOOHLI NPenJIoXUIN B
1935-M, a NnepByio YCNELLHYIO MUKPOCKOMK-
YECKYI0 TEOPMIO BbIABMHYN 22 rofa crycTs,
B 1957-m, IxoH BapayH, JleoH Kynep v JIxoH
Lpnddep (BKLL). Teopus BKLL 06bsicHuna,
Kak popMMpyeTCca CBEPXNPOBOASLLEE CO-
CTOSIHUE NPV B3aMMOAENCTBUM 3NEKTPOHOB
C K0/1e6aHUSIMU KPUCTUIIMYECKON PELLIETKN
(poHOHaMM) B O4HOM TUMNE CBEPXMPOBOLHU-
KOB, M3BECTHbIX Tenepb kak GOHOHHbIE NN
npocto BKLL-cBepXxnpoBOAHVKM.

B 9TOM COCTOSIHUM 3NEKTPOHbI coeau-
HSIIOTCS B Tak Ha3blBaeMble€ KyNnepoBCKue
napbl 1 06Pa3yI0T KBAHTOBBINA «KONIEKTUB»
(koHpeHcaT bose — JIHLWWITENHA), KOTOPbIN
NepeHOCUT TOK COBEPLLUEHHO 6e3 noTepu
3Hepruun. Y10 3aCTaBnsieT YacTuLLbl C OONHA-
KOBbIM 32PA40M NPUTAMMBATLCA B GOHOHHBLIX
cBepxnpoBogHukax? MNMpeacraesbTte, YTO,
nepemMeLLascsb no KpucTannay, aNeKTPoH
OCTaBSIET 32 COOOWM «XBOCT» MOSIOXKUTENBHO-
ro 3apsaa ot 4edbopMMpPyeEMON peLLeTku, a
OpYron 9NEeKTPOH, ABUMAIOLLMIACA B MPOTUBO-
NONOXHOM HanpasfeHun, npegnoymTaet
0OCTaBaTbCs B TakOM konee. 310 1 NpMBOAUT
K NOSIBNEHMIO KYNEPOBCKOM Napbl.

K coxanenutio, Teopusa BKLL He moxeT
npenckasbiBaTb TEMMNepaTypy nepexona
B KOHKPETHbIX MaTepuanax. 9Ty nNpo-
6nemy pewwmnn akagemuk IM.9nmawbepr
B 1960 roay, 0606wmB Teopumn BKLL n
3/1€eKTPOHHO-GOHOHHOIo B3ammoaen-
CTBUS A1 HOPMaJbHbIX METaNNO0B, Npea-
noxeHHyto akagemmkom A.B.Murganom
B 1958 roay. Kasanocb, 4to TENEpb
HaKOHeL-TO MOXHO OyaeT yCKOpUTb
pa3paboTKy HOBbIX CBEPXMPOBOAHMNKOB
1 pacyeT NPMAET HA CMEHY METOAY Hayu-
HOro Tbika. OgHAaKO TOYHOE BblYNCNEHNE
CBEPXNPOBOASALLNX CBOMCTB HA OCHOBA-
HUM Teopun Murpana — dnuawbepra
Obl110 HEBO3MOXHO A0 pa3paboTKu Takmx
KBAHTOBbIX METOAOB, Kak Teopust GyHKL-
oHana nnoTHocTw (TPIM), n octaBanock He
no Cunam CambIM MOLLHBIM KOMMbIOTEPAM
npakTn4eckm oo koHua XX cronetus. bonee
Toro, B 1986 roay Kapn Mionnep v leopr
BeaHopL, OTKPbIIM COBEPLUEHHO HOBbIV BUL,
CBEPXMPOBOLHMKOB C BbICOKOW TemMnepa-
Typovi nepexoda (T.), He oN1CbIBAIOLLNIACS
B pamkax Teopumn BKLL. Mpuyem Tam, roe
HUKTO He oxupan, — cpegu CNOXHbIX
OKCMAO0B. DTO CTaNO BbISOBOM, KOTOPbIA
39KCneprUMeHTaTopbl 6pOCUIN TEOPETUKAM.

AKcnepuMeHT NPOTUB TEOPUN

Y1006kl ONpenennTsb, 6yaeT v AaHHbIA Ma-
Tepuan CBePXnpPOBOAHNKOM, HEOOX0ANMO
HayaTb C TOYHOrO ONMMCaHUA aHepreTuye-
CKMX COCTOSIHWIA BNIEKTPOHOB B KpUCTan-
nax. No 3akoHamM KBaHTOBOW MeXaHWKWN
3NEeKTPOHbI B aTOMax MOTyT HaxoaMTbCs

TONbKO Ha OMpPeAeNeHHbIX Pa3PELLEHHbIX
YPOBHSIX C 3HEPrNsIMN CBA3W A0 OECATKOB
KaB. (9nekTpoH-BONLT — chneumnanbHas
efvHuua, npuMmeHaemas ons namepe-
HUS QHEPIUIA OTAENbHbIX 3N1IEMEHTAPHbIX
4yacTul; OOMH 3NEKTPOH-BOJSILT COOTBET-
cTBYyeT paboTe, KOTOPYIO HAAO 3aTpaTuTb
09 nepeHoca 9/1eKTpoHa B aneKTpocTa-
TUYECKOM MOoNe Mexay To4kamu C pas-
HUUEN NoTeHUnanoB B OANH BOJIbT, YTO
cootBeTcTByeT 1,6.10° " Ix. — MMpumev.
pea.) MNpun 06pa3oBaHNKN KPUCTaNIMYECKON
pEeLLEeTKN ONCKPETHBIE aTOMHbIE YPOBHMU
pasmbiBalOTCs, 06pas3ys pas3peLleHHble
(ana NnpebbiBaHMS B HUX 9NIEKTPOHOB)
30Hbl. Byayun depmmoHamum, anekTpo-
Hbl HE MOTYT Hax0AUTbCS B OAMHAKOBbIX
KBAHTOBbIX COCTOSAHUAX, NO3TOMY MUWHU-
MasibHasi 3HePrus CUCTEMbI LOCTUIAETCS,
Korga BCe MMEIOLLMECH 3NEKTPOHHbIE CO-
CTOSIHNS BHYTPW 30HbI 3aMOJTHAOTCHA CHU3Y
BBEPX. ECnn cambiii BLICOKMIA YPOBEHD,
3anoJfIHEeHHbIV NpU HyNeBOn TemMnepary-
pe, He COBMNaaaeT C KpaeM paspeLleHHOn
30HbI, OH Ha3biBaeTcs ypoeHem depmu, a
cam marepman okasblBaeTCsd MeTasnsiom,
NOTOMY YTO 3NEKTPOHbI UMEKOT BO3MOX-
HOCTb NPUHMMAaTb SHEPIUIO OT BHELUHErO
3NEeKTPUYECKOro nons, nonagarb Ha He-
3anoJIHEHHbIV YPOBEHb B CBOEN XE 30He
1 BCNeACTBME 3TOr0 NEPEHOCUTh TOK.
MoBepxHOCTb PepMUn MMEET CNOXHYIO
dopmy, KOTOopas 3aBMCUT OT HaNpPaBeHNS
B KpucTannmyeckom pewetke. OkasbliBaeT-
C$l, MHOT e CBOMNCTBA MaTepPUanoB 3aBUCAT
OT MNJIOTHOCTU 3NIEKTPOHHbIX COCTOSHWUN
(N3C) Ha ypoeHe Pepmu.

B cTpemneHnm K MMHUMYMY SHeprum
KpUCTannbl cTapatoTcs n3berarb 60NbLUNX
MN3C, 4TO BO MHOrMX Cay4asax NPUBOAUT K
CTPYKTYPHbIM (NanepaiCOBCKUM), MarHuT-
HbIM (beppo- N aHTUGEPPOMArHUTHLIM),
WM CBEPXMPOBOASALLMM NEepexoaam, Ko-
TOPble NOHWXAIOT SHEPruI0 Ha HECKOJIbKO
mMaB/aTtom. Takum o6pa3om, NOUCK CTa-
OUNbHBIX CBEPXNPOBOAHMKOB TPeByeT Teo-
PETUHECKUX U BbIMUCUTENBHBIX METOAOB,
CMOCOBHbIX PA3INYNTL BO3MOXHbIE CTPYK-
TYPHbIE 1 3NEKTPOHHbIE Ha30BbIE COCTOSHUS
C NonHow aHeprue nopsiaka 10° aB/atom n
C To4HOCThIO A0 10 aB/atom.

Takaa TOYHOCTb, HEOOXoAUMas Ons
TEOPETUYECKOro pacyerta, — ogHa 13
NPWYMH, NO4eMy BCE HOBblE BUAObI CBEPX-
NPOBOAHUKOB OblIM OTKPbITbI 9KCNEPUMEH-
TasbHO W 3a4acCTylO0 He TONbKO Cly4YalniHo,
HO 1 BOMpPEKW NMpuUHUMNam noucka. Tak,
006006LLEeHNEM IKCMEPUMEHTANIBHOIO Orbl-
Ta, HaKOMJEHHOro kK koHuy 70-x rogos,
cTanu wecTtb npasun bepHara Matmnaca
n3 KanudopHunckoro yHmeepcuteta B
CaH-[wnero: npegnoyvTante marepuansl
C BbICOKOW (KyOW4YEeCKOI) CUMMETPUEN,
Bblcokon MN3C, gepxutecb noganblue oT
KMcnopoaa, n30A9TopoB, MarHeTn3ma u...
TEOPETUKOB. VccnenosaHus, NpoBeneH-
Hbl€ B NOCNEAYIOLLME roAbl, MOKa3anu, 4To
nepsble NATb NPaBUA NOSIHOCTBIO Pacxo-
[OSTCS C PeanbHOCTbIO: CBEPXMPOBOAHUKMN

MPOBJIEMbl U METOZ1bl HAYKU

C cCaMOW BbICOKOW Ha AaHHbIA MOMEHT
TemnepaTtypon nepexoga 138 K — ato
[OMMPOBAHHbIE C/IONCTbIE OKCUOHbIE N30-
NATOPbI U3 Yncna oTkpbITbix B 1993 roay
E.B.AHTUnoBbiM 1 C.H.MytunnHeim (MY
M. M.B.JloMmOHOCOBA) PTYTHbIX KynpaToB,
acBepxnpoBoamMocTb (He BKLL) B nocnea-
HEM NOKOSIEHUN MaTePNanoB, OCHOBAHHbIX
Haxenese, CBA3aHa, N0-BUAMMOMY, UMEH-
HO C MarHeTM3MoM, a TOYHEE, CO CMUHO-
BbIMU NyKTyauusiMn. Takne «kenesHble»
cBepxnpoBogHukm Hawnu B 2008 roay
ncenegoatenn TOKMNCKOro TEXHONOMM-
4eCKOro MHCTUTYTa BO MaBe ¢ Xvaeo Xo-
COHO; OHM NPeaCTaBNaoT cOO0N CNoncTbie
CTPYKTYpPbl N3 peaKo3eMelbHOro OKCUAa,
aTOMOB Xene3a 1 3/1IEMEHTOB NATON rpynnbl
Mepuoaunyeckor Tabnuupl. Cenyvac pekopa,
B 9TOW rpynne NpuHaanexmT CoeanHEHMNIO
GdOFeAs ¢ pobaskamu dpTopa — Temne-
paTypa CBepxnpOBOASLLErO Nnepexoaa y
Hero 55 K. lNo3gHee cBepxnpoBOOUMOCTb
HaLAMy COeAVHEHNI Xee3a C 9IeMeHTa-
MW LIECTOM rpynnebl, Tak, y FeSe — 8 K npu
HOPMaJIbHOM AABMIEHUN.

A BOT NPUBECTU SIPKME NPUMEPBI, ONPO-
BeprawoLne nocnegHee npaBsuo, HacyeT
TEOPETMKOB, AENCTBUTENBHO HENPOCTO.
Hanbonee n3BecTtHoe npennonoxeHne
Huna AwkpodTa 0 CBEpPXNPOBOANMOCTU
BOAOPOAA NPY KOMHATHOW TeMnepaType
— NoA OrpPOMHbIMU AAaBAEHUSAMU — A0
CUX NOp He MOATBEPAUNOCH, HECMOTPS
Ha aKTUBHYIO 9KCNEPUMEHTANbHYIO pa-
60Ty B aTOM 0BNacTn. [iga peakmx cnyyas
npenckasaHu, BNocnencTesum nog-
TBEPXOEHHBIX 3KCMepuMeHTaTopamum,
— CBEpXNpPoBOAMMOCTb Npu BONbLUNX
DaBNEeHNAX B U3BECTHbIX CTPYKTypax
kpemHus (K.Ox. Yenr n M.J1. KoyaH, 1984,
KanndopHuinckuii ynusepcuteT B bepknn)
n nntusa (Ox.B. H1UToH n H.Y. Awikpoodr,
1999, KopHennoBckuini yHMBepcuTeT).
Pa3paboTka Xe COBEPLIEHHO HOBbIX
CBEPXMPOBOAALLNX MATEPMANOB «C HYNSA»
ocTaBanacb 6e3ycneLlHon A0 Cero oHa n
cnyxuna Temon gns wyTtok. Hanpumep, B
cneumnanbHOM AOKNaae Ha KOHdepeHunmn
«100 net cBepxnpoBogmmocTn» B 2011
rony MapeuH KoyaH noBepan cnywiare-
Nn§M, 4To OH Npeackasan B 2007 rogy oT-
KPbITUE SAMOHCKUMWN YYEHBIMU XENE3HbIX
CBEPXMNPOBOAHVKOB: €ro npeackasaHmne
COCTOSJ1I0 B TOM, 4YTO Clefylwmn He-
0ObIYHbIA CBEPXMPOBOA-HUK HaWAyT
MMEHHO B AnoHuKn. A aBTOpPblI HEAABHEN
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CcTaTby B XypHasne «Physics» 0T 7 okTabps
2013 ropa (doi: 10.1103/Physics.6.109) B
M3BeCTHOM adopuame «TpyaHoO genatb
npeackasaHunsi, ocobeHHo 0 Byayuiem»
3aMeHWIN NocneaHne CNoBa Ha «0 CBEPX-
NPOBOAHNKAX».

CTabuMNbHOCTb CTPYKTYP

Mo nHtepec Kk 3ameyarenbHOMy de-
HOMEHY CBEepXNpoBOAMMOCTM, Kak N y
MHOTUX LLIKOJIbHUKOB TOFO BPEMEHMU, Obin
Bbl3BaH OTKPbLITMEM BblCOKOTEMMNEpPA-
TYPHbIX CBEPXNPOBOAHMKOB B 1986 rony.
Moctynue B MOCKOBCKUIN GUSNKO-TEXHU-
YeCKNI MHCTUTYT, 91 BbiOpan kadeapy du-
3UKN HU3KUX TeMnepartyp npu MHCTuTyTe
dusunyeckmx npodnem um. M.J1.Kanuupl.
B nocnepyowme 15 net a9 nayvan mar-
HUTHbIE MAEHKN U YrNepoaHble HaHOMa-
Tepuansl, pa3dpabartbiBan moaenu ans
OMNncaHnsa MeXXaToOMHbIX B3auMOLENCTBUI
C NOMOLLbIO HEMPOHHBIX CETEN, a TakxXe
nckan HoBble MaTepuasbl, KOTopble 6bi10
Obl MIHTEPECHO CUHTE3NPOBaTb. TOT OMbIT
B pa3HbIx 061acTax GUIMKN 1 MaTepuanos
okasasics nosie3HblM, Korga nosiBuiach
BO3MOXHOCTb BCEPbE3 3aHATLCS paspa-
©0TKOI CBEPXMPOBOAHMKOB.

Heno B ToM, 4TO OTKpbITME OHOM AKU-
muuy B 2001 rogy cBepxnpoBOAMMOCTU C
pekopaHon ans BKLU temneparypoii nepe-
xoaa 39 K B HM4eM He npumMeyaTesibHOM
onbopuae MarHms NpoAeMOHCTPMPOBasIo
eLe pas: matepuasbl C He0ObIYHLIMU CBOW-
CTBaMW MOTYT HaxoAMTbCSA Y HAC NpPsMo
noa Hocom. OgHako HOBas BOJIHA Teope-
TUYECKUX NpeackasaHnin B nocnenyowme
roApl, yBbl, He NpuBEa K CO34aHNI0 HOBbIX
CcBEPXNpPoBoAHMKOB. B 2004 roay s Havan
paboTtaTb Ha dakynbLTeTe MaTepmanos B
YHuBepcuteTte Obioka (CLUA) n npuwen
K yOexaeHuio, 4To NonynsipHble Ha TOT
MOMEHT CTpaTernn no BbIIBIEHNIO HOBbIX
KaHOWAATOB B CBEPXMNPOBOAHUKU MMEKOT
Cepbe3Hble HEOQOCTATKN.

K Tomy BpemeHn chopmMmpoBanocs asa
noaxona. Mepsbin ObI cOCpeaoTodeH
Ha NMOUCKe KPUCTaNINYEeCKMX CTPYKTYP C
HaWYYLWNMN CBEPXMNPOBOASLLMMUN CBOM-
cTBamMu 6e3 COOTBETCTBYIOLLLEr0 aHanmaa
CcTabunbHOCTN Taknx cuctem. B pamkax
BTOPOro npeasarasocb NCKaTb CBEPXMNPO-
BOOVMOCTb B U3BECTHbIX NN Npeanonarae-
MbIX MaTepuasax Ha OCHOBE 3MMMPUYECKNX
npasun nMb6o BecbMa NPUBANXKEHHBIX
MeTOoO0B.

OpHako Hawu pacyeThl, BbIMOMHEHHbIE
B YHuBepcuteTe [bioka, nokasanu, 4To
CcTabnNbHOCTb U CBEPXNPOBOAMMOCTb
MarepuanoB CBsi3aHbl HAMHOIO CUJIbHEE,
Yyem npegnonaranock, N B 6ONbLUMHCTBE
Cny4asix He MOryT COCYLLEeCTBOBaTh. To, 4TO
ONHaMmnyeckas HeCTabubHOCTb CTPYKTYP,
BbI3BaHHAs C/INLLIKOM CUJIbHBIM 3/1EeKTPOH-
HO-MOHOHHbLIM B3aUMOOENCTBMEM, NPU-
BOOMT K MICKaXXEHUSIM PELLETOK, a He K BO3-
HVWKHOBEHMIO CBEPXNPOBOANUMOCTH, BbINo
xopowo n3eecTtHo. OgHako oka3asnoch,
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4YTO U TEpMOAMHamMuyeckasa ctabunb-
HOCTb, OMNpPeaensoLas, MOXHO N BOoOLLEe
CMHTE3MpPOBaTh BELECTBO HYXHOro CO-
cTaBa U CTPOEHUSA, aHTUKOPPEnMpyeT Co
CBEPXMPOBOASALLMMN CBOMCTBAMU. Taknm
06pa3om, Mbl MPULLIM K BbIBOAY, HTO XOPO-
L0 060CHOBaHHbLIE TEOPETMYECKNE NpPeS-
ckasaHusl 06513aHbl BKJOYaTh AeTabHble
aHanM3bl 0601X 3TUX CBONCTB.

Hanbonee To4HbIE NCCNenoBaHNS CBEPX-
NPOBOASLLMX CBOMNCTB B pamMkax Teopum
BKLLI ocHOBbIBaIOTCH Ha BbIYUCEHWN DYHK-
LM Anmawbepra; OHa ONNCLIBAET B3aMMO-
OencTBue BCeX 3N1EeKTPOHHbIX COCTOSAHUIA
okoJo ypoBHst Pepmun 1 Bcex HOHOHOB B
KpucTtanne. NMonHbIn pac4eT aTon GYHKUMN
[axe B MPOCTbIX CTPYKTYPax C HECKONbKUMM
aToMaMmu B afIEMEHTAPHO svelike TpebyeT
[EeCATKOB ThICSY 4acOB paboTbl KOMMbIOTE-
pa. Npwn aTOM KpUTUHEckasa Temneparypa
13-3a CBOEW 9KCMOHEHLUMANIbHOW 3aBUCU-
MOCTU OT CWUbl 3NEKTPOHHO-(POHOHHOIO
B3aMMOLENCTBMS OLEHMBAETCS BECbMA
HETO4YHO.

OnpepneneHne TepMOANHAMMUYECKOWN
CcTabunbHOCTU NpeacTaBnsieT coboi He
MeHee CnoxHylo npobnemy. Hanpumep,
ONS pacyeTa OCHOBHbIX 3HEPreTUYECKMX
COCTOSIHMIA B CUCTEME [BYX KOMMOHEHTOB
HYXHO pacCMOTpPeTb BCE€ BO3MOXHble
CTEXMOMETPUN U NS KaXA0W ONTUMMU3N-
poBaTb pa3Mep AYENKN U pacrnonoxeHne
aToMOB. Tak Kak KOHLLEHTPaLIMS MOXET ObITb
NPaKTUYEeCKN Kakomr yrogHo, a Koim4ecTso
aTOMOB B fl4eiKe NPON3BOJIbHO BOMbLUNM,
onpepeneHne Hanbonee cTabunbHbIX
CTPYKTYP HE rapaHTMpoBaHo. [1Be 4acTto
MCNOJIb3yeMbIE CTpaTerMm OCHOBbLIBAIOTCA
Ha WmMpokomacTabHoM nepebope yxe
M3BECTHbIX CTPYKTYP M Ha onTuMmnaaumm
CTPYKTYP «C HYNs1» NMPW MOMOLLM CNOXHbIX
anroputMoB. lNepBbIli N10axo[ 0CHOBLIBAET-
Csl HA TOM HaBNAEHNN, YTO CTPYKTYPHbIE
MOTMBbI UMEIOT TEHAEHLMIO MOBTOPSATLCS B
NPUPOLAE U UX YUCIIO HE CTOJIb YK BENNKO.
OTOT METOA 3aMeHbI 3IEMEHTOB B U3BECT-
HbIX CTPYKTYpPax 4OCTAaTO4HO 3 DEKTMBEH U
NPVBE K PAAy UHTEPECHbIX NpeacKasaHnin
B rpynnax lrepabpanaa Cepepa ns Macca-
4yCeTCCKOro TEXHONOMMYECKOro NHCTUTYTa
n CredaHo Kyptapono 13 YHuBepcuteTa
Obtoka. OgHako, xenas OTKpPbITb COBEP-
LLIEHHO HEOObIYHbIE CBOMCTBA, HYXHO CHSATb
orpaHn4eHne Ha BO3MOXHble KoHburypa-
LMK 1, cneaysi BTOPbIM NyTEM, HANTK eLle
HEN3BECTHbIE CTAOWIIbHBLIE CTPYKTYPbI, 4TO
TpebyeT 601bLIOro 06bema BbIHUCTEHUIA.
Pa3paboTka 1 NnpuMeHeHre Takux MeTo40B
oNTMMN3aLUnK, KakK 3BOJIIOLMOHHbLIA anro-
PUTM AN «CAyHalriHbIA» NOUCK NO3BOANN,
B 4aCTHOCTU, ONPEaeNnTb HEKOTOPbIE 9K30-
TWUYHbIE COCTOSIHUS MaTepun nog, 6onbLLn-
MU aasneHnsmuy B rpynnax Aptema OraHosa
(YHunBepcuteT CToHN-BpyK, CM. «XnmMuio n
Xun3Hb», 2011, N2 10) n Kpuca MNukkapaa
(yHuBepcuTeTCKkui konneax B JIoHaoHe).

B cBOMX nepBbiXx UCCNeAOBAHUAX B
aTOl 06nacTu 9 obHApPyXMn eLe Hens-
BECTHYIO OMHApPHYIO CIIONCTYIO CTPYKTYPY,

COCTOSILLYIO BCEr0 U3 YeTbipeX aTOMOB, 1
nokasasn, 4To B cucteme Li-B oHa moxeT
ObITb CTAOMNM3NPOBAHA UV OABIEHNEM,
nnn nob6aBneHneM nepexonHbix MeTan-
noB. K 2007 rogy BO3HUKINO ybexaeHue,
4YTO, HECMOTPS Ha OrPOMHOE KONNYECTBO
ny6nukaumin o 6opuaax MeTannioB, 3T0T
Knacc maTepuanoB TauT B cebe MHOro
CIOpPNpuU30B, KOTOPbIE MOFYT ObITb pac-
KPbITbl C MIPUMEHEHWEM YJTYYLLEHHBIX a/Iro-
puTMoOB noucka. K pabote Hap, aTon naeen
yaoanocb npuctynutb B 2008 roay, korga s
nony4mn 60bLLION rPaHT OT BPUTAHCKOIO
MccneposaTtenbCckoro coseta no MHxe-
HepHbIM 1 dursnyecknm Haykam (EPSRC)
Ha co3paHue rpynnbl B Okchopackom
YHUBEpPCUTETE.

B mown nnaHbl BXxoanno o6beanHuTb
LIMPOKOMACLUTAOHbIN 1 3BONOLMOHHbIN
NOWVCKW AN CUCTEMATMYECKOrO Uccnenosa-
HNS BCEX BUHAPHbBIX COEANHEHNIA METAJIIOB
¢ 6opoM. Bop 6bin BbiIBpaH kak 6a30BbIN
3JIEMEHT, MOTOMY 4TO 3TOT MeTanionsg
cnocobeH o6pa3oBbIBaTb HEOObLIYAHO
CNOXHbIE€ CTPYKTYPbl, CBONCTBA KOTOPbIX
MOryT ObITb NOACTPOEHbI A,06aBKOW pa3-
NNYHbIX MeTannoB. CovyeTaHne CUJIbHbIX
KOBaJIEHTHbIX CBA3EN B OOHO-, ABYX- U TPEX-
MEPHbIX CETSAX 6opa C MeTaNINYeCcKuMmn
CBOICTBaMMN OCOBEHHO NpUBREKATENBHO,
MOCKONIbKY MMEHHO 3TN XapaKTePUCTUKN
BaXXHbl KaK AJj19 TBEPAOCTM (OT/INHNTENBHOIO
cBowicTBa 60pnaoB), Tak 1 A CBEPXNPO-
BOAMMOCTU. ECnn npoBecTn aHanoruio ¢
xene3obeToHoM, 6op urpaeT posb apma-
Typbl, a MeTann — 6eToHa.

Pacuyet 6opupos

K 2009 rony MHe yganocb paspabo-
TaTb aBTOMaTU3UPOBAHHYIO NporpamMmy
Module for Ab Initio Structure Evolution
(MAISE, Moaynb Ans 9BOJIIOLWOHHOIO
pacyeTa CTPYKTYpbl, UICXOAS U3 NEepPBbIX
MPUHLUMMOB), KOTOPas NO3BONAET UAEH-
TndnumpoBatb cTabuiibHble CTPYKTYPHI,
MCMONb3ys 3BOJIIOLMOHHBIA MPUHLMAM.
Kak n B npupoae, Hanbonee ctabusbHble
CTPYKTYPbI B CO3aHHO NONyNsaUnn nme-
10T O0Jiblle LAaHCOB BbIXWUTb N Nepeaartb
CBOW XapakTepHble YepTbl NOCeayOLLINM
rnokosieHnsaM. B To e Bpems s Hayan co3-
haHne camon 6oNbLIOK TeOPeTUHEeCKon
6a3bl gaHHbIX Ana 60puaooB MeTannos,
KoTopas Tenepb coaepxnt 12 000 coeau-
HEHUWN C MOCYUTAHHBLIMU 3HEPrnuAMU Ha
KBaHTOBOM ypoBHe. KoMOuHaLms LInpoko-
MacLuTabHOro 1 HanpaBfeHHOro MeToA0B
rnovcka cpaay e npuseena Kk HeOXuaaHHbIM
Haxoakam.

BmecTte ¢ konneramm n3 Boxymckoro
yHuBepcuteta (fepmaHuna), KoTopble
MHTEPEeCcOoBaNnChb YyNpoYHEHNEeM cTanei
coeanHeHnsamMmn 6opa, Mbl 0OHaAPYXNIN
6nun3kme Kk ctabunbHoctTn Fe-B dasbl co
CTPYKTYpamu, HabnogalowmmMmucs paHee
B ApYyrux cuctemax. Takme pesynbTathi
BCTPEYaloTCa Hepeako n He NpmMBoOAAT
HU K YeMy uHTepecHomMy. OgHako B Mno-



cnepyowmx tectax MAISE creHepupoBan
0Be COBEPLIEHHO HOBble CTPYKTYPHI,
CTabuibHblE NPU HOPMASbHbIX YCIIOBUSX,
019 HEN3BECTHbIX HA TOT MOMEHT CTeXu-
omeTpuii: FeB, n FeB,. 310 Gbio NOMHOMN
HEOXMOAHHOCTbIO, Y4MTbIBas, HACKObKO
XOPOLO n3yyeHa a1a GuHapHas cucre-
Ma, rae Ao cux nop 6buin 3amMeyeHbl ABa
cTabunbHbix 6opraa — FeB v Fe,B. Moen
nepBoi peakuunein 6b110 NPeANONoXeHNE,
YTO Mbl, CKOPEE BCEr0, BUANM CUCTEMATN-
Yyeckyto owmnbky OT NPUBIMXKEHHOIO BUAA
MCNONb3YEMbIX BbIP2XEHUI AN pacyeTa
3Heprun. B nocnepyoowme Hegenn Mol
nepenpoboBann HECKOJIbKO anbTepHa-
TMBHbIX METOA0B pacyeTa, HO ABE HOBbIE
dasbl yNoOpHO OCTaBa/INCb CTabWSIbHBIMU.
B a10 Bpemsa mosa ctygeHTka LnHa Lax
ocBamBana MeTopn BblYUCIIEHUS CBEPX-
NPOBOAALLMX CBONCTB NOA, PYKOBOACTBOM
moen konnern PokcaHbl MapxuHe, n g
npeanoxun e nonpobosars FeB,. Korna
LLInHa nokasana noCYMTaHHY HECKOJIbKO
pas3 TemnepaTtypy CBEPXNPOBOASLLETO
nepexopga 15—20 K, ctano noHATHO, 4YTO
Mbl HaTKHYJIMCb Ha 4TO-TO COBEPLLUEHHO
HeTpuBManbHoe. 1eno B TOM, 4TO NPaKTu-
YeCKu BCe HEAABHO OTKPbITbIE «Kefe3Hble»
CBEPXMNPOBOAHNKM HE OMNUCHIBAIOTCH TEO-
puen BKLL, a Halwm pacyeTbl yka3biBanm Ha
00ObI4HYI0 HOHOHHYIO CBEPXMPOBOAMMOCTb
y aToro 6opuaa xenesa.

Kak yacTto 6bIBaeT B Takux ciyyasx, ny-
OnMKaumns HeoXnAaHHbIX Pe3ynbLTaToB B
«Physical Review Letters» 3aHsna Hemano
BPEMEHN — CTaTbs BbilWna B Hosiope 2010
roga. MeHs xe My4umn BONPOC: NOYEMY 3TH
TEepMOANHAMMYECKN cTabunbHble @asbl
HUKOrAa He OblIv NOJsyYeHbl 3KCNEPUMEH-
TanbHO? MoxeT ObITb, Nepexony B 31 ¢pasbl
NPensaTCTBYIOT KNHETUYECKME DaKTOPbI,
MrpatoLLme BaXkKHYy0 Ponb B GOPMMPOBaHUN
60pnaoB NPV BbICOKMX TeMmnepaTypax?
Henb3sa nu HanpaBnTb CUHTES B XEaeMOM
HanpaBneHnun?

MbI NnpoBenu AONOAHUTENbHBbIE BbIYUC-
neHns n onybnukosann BTOpyto paboTy,
nokasbiBaroLLlyto, 4To FeB, ctaHoBuTCA 6GO-
nee ctabuiibHbIM N0 OABAEHNEM VAN NMPU
CcMeLmnBaHnn ¢ Xxpomom. Npur aTom okasa-
nocek, 4to cTpykTypa CrB,, n3sectHas Gonee
copoka neT, Obina pelleHa HenpaBubHO.
B nocneayoleri pabote ¢ konneramm 13
Kntas mMbl aKCnepmMeHTanbHO NoATBep-
amnu, yto cTpyktypa CrB, Takas xe, Kak
npeackasan MAISE ans FeB,.

bopupgHas
CBEepXnpoBoANMOCTb

ToT akT, 4TO BbIYUCIIEHUSA MOMOMN Npa-
BUJIbHO YCTaHOBUTb CTPYKTYPY USBECTHO-
ro coegmnHeHuns, 6bl1 o4eHb obHaaexmnBsa-
ownumMm. Ho moxem nn mbl CUHTE3MpOoBaThb
COBEPLLEHHO HOBbLI MaTepuan, aa eLle co
CBEpPXNPOBOASALLMMU cBONCTBaMU? A 00-
patuncs K AByM rpynnam, MMetoLmmM BO3-
MO>XXHOCTb CMHTE3NPOBATb MaTtepumasbl Noa,
HecTaHOapPTHLIMU YCIOBUSIMU: YOAPHBIMA

CXaTusimu (B HEPHOroJI0BCKOM VIHCTUTYTE
dunaukm TBEepaoro Tena PAH) v HanbineHn-
eM naeHok (B Boxymckom yHuBepcuteTe).
K coxaneHuio, 3Tm nNonbITKM NpUBENn K
bOPMUPOBAHMIO TOJIBKO YXE N3BECTHbIX
da3. C tpetben rpynnon B Okcdopae g
COCTbIKOBAJICS COBEPLUEHHO Clly4alHO:
YyenoBek, 3aMeTUBLLNI MEHS HA OCTaHOBKE
aBToOyCa 1 NPeaIOXNBLLNI NOABE3TN OO
YHMBEpCUTETA, OKasancs npodeccopom B
06nacTn cuHTE3a MaTepmnanos Noj BbiCO-
KUMKW AaBneHnsamun. 9 onucan CBou naen
3a HECKOJIbKO MUHYT, U Mbl HANPaBUANCh
npsiMo B ero naboparopuio, a 4epes He-
L1110 OHW yXXe NMONy4nn Nepsblin 06paseLl.
YBbI, AaBfEHNSA B HECKOJIbKO ruranacka-
nen, 4OCTUraemMoro B ero yctaHoBKax,
0oKasanocb HeAO0CTaTO4YHO AJ19 CO34aHus
NpeacKa3aHHbIX MaTepranos.

HakoHey s ob6paTtuncs k Hatanum un
Neonnpy AybpoBuHCKkUM B BaiponTckom
yHuBepcuteTe (fepmaHns), n OHW 3aunH-
TepecoBanvcCb 3ToN 3agayen. VIx rpynnbl
MMeloT 6oraTtbii onbIT NonyyeHns das nog,
[aBIEHVEM OT HECKOJIbKUX ruranackanemi
B MHOIOCTYNEeHYaTbIX yCTAHOBKaXx [0 COTEH
rmranackanel B asiMadHbIX HaKOBaSIbHSIX.
B TeyeHuwe roga oHWM NPOBENN MHOXECTBO
3KCNEPUMEHTOB U CyMENN BbIAENUTb HEe-
60bLLOE KONMYECTBO HYUCTLIX KPUCTAIOB
FeB,. BoiicHnnocs, 410 matepuan ¢op-
MupyeTcs nog, AasneHnem Boiwe 8 Ma n
ocTaeTcsl CTabusbHBIM (2 MOXET ObITh, Me-
TacTabusbHbIM, 3TO MPOBEPUTHL HE YAANOCh)
NPV HOPMaJsibHbIX YCOBUSIX.

YT0 e Mbl y3Hann na 3Ton cepumn aKcne-
PUMEHTOB, MPOBEAEHHBLIX MOVIMU KOJI/IEraMMU
naFrepmaxun, benbrm, Utannumn @paHupmn?
FeB, nevcTBuTesIbHO KpUCTaIIN3MPYeTCH
B HOBOW CTPYKTYpe, TO4YHO Npeacka3aHHOM
3BOJOLMOHHBIM METOAOM, U AENCTBUTENb-
HO NepPexoamT B CBEPXMPOBOASLLEE COCTOS-
Hue! B ononHeHve K 3ToMy, UCcrnefoBaHns
MEXaHNYECKNX XapakTepPUCTUK nokasanu,
YTO OH MOMaJaeT B KAaTEroOpuio CBEPXTBEP-
[ObIX MaTepmanos, — HaNMLO YHUKaIbHOe CO-
yeTaHve OByX «CynepcBomncTB». IHTepecHo
0TMEeTUTb, 4TO BMeCTe ¢ FeB, rpynna nony-
yusa ewie oAvH HOBbIV matepvan, Fe,B.,
C OrPOMHOMN 3/1IEMEHTAPHON A4YENKON B 72
aroma. Hawm nocnegyiowme Bbl4UCAEHNS
BbISIBUIM METacTabunbHOCTb 3ToW da3ebl,
Tak 41O, Aaxe ecnun Obl Mbl paCCMOTPENU
CTPYKTYpbl TAKOro pa3mepa, npeackasaHme
BO3MOXHOCTU €€ HGOPMUPOBAHUSA BbIMSIAE-
110 6bl NPOCTO ICHOBUAEHNEM.

CeepxnpoBoasiwuii nepexon, 6bin 00-
HapyxeH npu 3 K, CyLLeCTBEHHO HUXe
pacyeTHOM OLEeHKM. Bo3MoXHas npuunHa,
KaK Mbl OTMeYanu B Hallel nepBon Teo-
PETMYECKOW CTaTbe, B TOM, YTO YPOBEHb
depMmn HaxoauTCs Ha kpato 6oNbLIOro
nuKa B NJOTHOCTU 3NIEKTPOHHbIX COCTOS-
HUi. Mpu oTKNOHEHUN ypoBHa Pepmu B
HEenpaBWJIbHYIO CTOPOHY — M3-3a NorpeLu-
HOCTM BbIYMCIEHWNIA NN U3-33 HEDOSbLUNX
nedekToB B 06pasue — CBEpPXMNPOBOAN-
MOCTb AENCTBUTENbHO MOXET ObITb Noaa-
BJIEHA A0 TEMMEepPaTypbl B ThICAYHbIE AOMN

MNPOBJIEMbl U METOZibl HAYKU

rpagyca. HabnwoneHne nepexona okoso
3 K 6b1/10 BNOSIHE YOOBNETBOPUTENBHBIM,
ropasfo BaxHee Obln BONPOC: NPaBUiIbHO
I Mbl peackasan GOHOHHbI MEXaHN3M?
S npeanoxun nostopuTb cuHTe3 FeB,,
ncnonb3dys apyron nsoton 6opa, — 3To
CTaHﬂ,apTHbIVI CI'IOCO6 BbIFdBJIEHUA MeEXa-
Hn3ma BKLL B 06pa3oBaHnmM KynepoBCKNx
nap. Tak kak macca atomMoB onpegensieT
4acToTy KonebaHui peLleTkn, a 3HauuT, 1
CUIY 9N1EeKTPOHHO-(OHOHHOIO B3aMOAEN -
CTBUS!, UCMONb30BaHNE M30TOMOB MPUBO-
OUT K COBUIY KPUTUYECKOW TeMnepaTypbl.
VIMEHHO 3TO 1 BbINIO 3aPErNCTPUPOBAHO B
HOBbIX 0OpasLax: TeMneparypa nepexoaa
meHsanack Ha 0,06—0,12 K, yto 61m13ko K
rpy6oii oueHke N30TOMNHOro adpdekra B
TakoM coeamHeHun — 0,05 K. MpaBunbHoe
npeackasaHne CBEPXNPOBOASALLENO Me-
XaH13ma no3BoJsISeT NPensIoXnTs Cnocood
noBbILLeHNs T, B NoCnefytowmx aKkenepu-
MeHTax. JonnposaHve FeB, anektpoHamu
npwv no6aeneHnn kobansTa UM HUKEesA Mo-
XeT cOBUHYTbL ypoBeHb Pepmu B vk M3C n
3aMETHO NMoAHATL TeMneparypy nepexoaa.
34€ecb YMECTHO BCMOMHUTb, YTO NepBble
OKCuOHbIE N XXene3Hble CBePXNPOBOOHUKN
TOXE MMeNn HenprmMedaTenbHble T 1 nx
pekopaHble Temnepartypbl Oblin B UTOre
DOCTUMHYTbI C NMOMOLLbIO BCEBO3MOXHbIX
0o06aBoK.
OTKpbITUE, O KOTOPOM paccka3blBaeTCs
B 9TON CTarbe, — TOJIbKO OAUH N3 NepBbIX
NPUMEpPOB TOro, Kak B ByayLlemM CTaHyT
paspabaTbiBaTb HOBblE MaTepuasnbl C He-
06bI4YHBIMI CBOMCTBaMU. Ecnu cBepxnpo-
BOAMMOCTb MPWY KOMHATHOW TemMnepatype
DEeNCTBUTENBHO BO3MOXHA, OHa, ckopee
Bcero, 6yneTt nocturHyTta B He-BKLL-
mMartepuanax. [1ns nx pasapaboTkm BbIMUCN-
TeNlbHbIMN METOAaMN HaM HY>XHO CHa4dana
NMPUIATN K KOHCEHCYCY: 4TO onpeaensiet
3TO KBAHTOBOE COCTOSIHNE B HEPOHOHHbIX
CBEPXMPOBOAHMKAX? AKTUBHASA BbIYNCIN-
TenbHasa pa60Ta BeAeTCcd TakXe no noncky
HOBBbIX KaTannM3aTopoB, TEPMO3NEKTPUKOB,
3IEKTPOLHbIX MaTepuanos ans Garapei.
TeopeTnyeckne 1 BbIMUCINTENBHBIE METO-
[Obl CTAHOBSATCSA BCe 3 DEKTUBHEE N TOHHEE,
1 9TO OAEeT NOBOA AN ONTUMUCTUYECKNX
NPeanosIoXeHNN: BEPOSITHO, SKCMNEPUMEH -
TanbHas paboTa B caMbiX pasHbIx 061acTsX
dur3MKM 1 xMunm Bckope ByaeT ynpolueHa
KOHKPETHBLIMW NPeAcKasaHUsMMU.
Moppo6Hee o nporpamme MAISE
MO>XHO Npo4nTaTb 30ECh.
http://maise-guide.org
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[PA3HbIN HOYTOYK,

Un

TaHbI «<YUCTONY

TEXHOJIOTUN s

B.B.MaHIOWKWH

ManeHbKkui oTyeT
OONbLUOK KOMNaHUU

OO6LWEeCTBEHHOCTb, 06ECNOKOEeHHas Hapac-
TalLWMMn BbIBpocaMn yrinekncnioro rasa
B atmocdepy, kak npasuno, GpokycmpyeTt
CBOIO TPEBOrY Ha AEATENbHOCTM KOMMAaHUN,
KoTOpble gob6bIBAlOT U nepepabaTbiBaloT
Cblpbe, 3aHMMAaKTCHA SHEPreTUKOW N KPYI-
HOTOHHaXHbIM MaTepUabHbIM NPOUN3BOLA-
CcTBOM. [1pn 3TOM Mano KTo 3a4yMbIBaETCS
00 3KOJIOMMYHOCTM HOYTOYKOB, cMapTdO-
HOB, MJIAHLLETOB N APYrnX ragXxeTos, Nno-
narasi, BepOSiITHO, YTO ECNN 3TN MaNleHbKne
YCTPONCTBA U MOTYT YEM-TO 3arps3HUTb
OKPYXKaIoLLYO Cpeay, TO JiMLb N36bITOYHO
nHdopmMmaumen.

Tak niv 310? [laBaiiTe 06paTuMcs K canTy
OOHOro U3 NIMAEPOB NHPOPMALMOHHBLIX TEX-
Honoruii — koMmnaHum Apple. Ha ctpaHuue,
MOCBSALLEHHOW 3KONOrNn U 3P PEKTUBHOCTU
3HepronoTpebneHns ee NPOAYKTOB, MOXHO
npoynTarb, 4to Apple co3naet cBom HOyTOY-
K1 1 TenedoHbl HACTOSIbKO SHeProaddpek-
TUBHbBIMU, HACKOJIbKO 3TO BO3MOXHO. [axe
camble HeadDEKTUBHbBIE U3 €€ NPOAYKTOB
BTPOE Ny4ylle CTPOrux CTaHO4apToOB 3HEpP-
ronotpebnexHusa Energy Star 6.0, koTopble
COCTaBnsAoT 25 KMNOBATT-4aCoB B rog, 41
HoyTOyKka. Ecnv noBepuTb 3TMM 3asiBNIEHN-
SIM 1 NepecynTaTb Ha BaTTbl, TO NONYYNTCS,
410 MacBook noTpebnsaeT MeHbLLe 0gHOro
BaTTa 9HEpPrum B Hac — B CTO pa3 MEeHbLLE
00ObI4HOI CTOBATTHOW TAaMMNOYKMN Hakanmea-
HWs. Bneyatnsiowle, He npaesaa nu?

EcTb TONbKO O0AHA CTpaHHOCTb. B He-
60nbLIOM OTYETE (TPWU CTPaHULLbI) TOW Xe
KoMnaHum Apple ckazaHo, 4To, Hanpumep,
15-gormoBbIn MacBook Pro ¢ petuHa-
ancnneem 3a BpemMsl CBOEN XN3HU (YeTbIpe
roga) BbibpackiBaeT B atmocdepy 690 kr
YIMEKNCIOro ra3a. 310 TO XXe CaMOoe 3Hepro-
notpebneHne, BoIpaXXeHHOE B KorpaMmMax
CO,. C nomoLupto NpocToro koadouumeHTa
3TUN KMNOrpaMMbl MOXHO NMepeBecTn B
KMnoBaTT-4achbl 3N1EKTPO3HEPrum, NpPo-
M3BEOEHHOW Ha 3nekTpocTaHumn. Takue
KO3pPUUMEHTbI pacCYnUTbLIBAIOT Creum-
a/lbHble OpraHM3aummn No MeXayHapoaHbIM
npoToKosiam, Takum, B HACTHOCTM, Kak
Greenhouse Gas Protocol. Nx ncnonbaytoT,
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4TOObI BLISCHUTL, Kak BANSIET NPOU3BOA-
CTBO Ha okpyxatowyto cpeny. MNoHATHO,
4YTO A1 Pa3HbIX UCTOYHUKOB 3HEPTUN N
pasHbIX CTPaH KO3 DULMEHTbI OKa3blBa-
I0TCA pasnnyHbiMu. Hanpumep, B AMepurke
npu NOy4EHUM KNNOBATT-4aca SHeprum
NPOM3BOANTCSA OKOJIO NOAyKunorpaMmma
yrnekucnoro rasa. B Kutae, roe Haxogutcsa
©ornbLuasi HacTb 3aBOAOB MO NPOU3BOLACTBY
3NEKTPOHUKWN, KOIDPUUMEHT COCTaBnaeT
okosio 0,87 kr/kBT-4. B Mupe xe «cpegHss
Temneparypa no 6onbHULE» — okono 0,44
kr CO,/kBT-4. 31a undpa nonyyvaercs
0T4acTU M3-3a Pa3BUTbIX NOCTUHAYCTPU-
aNbHbIX CTPaH, cnepawmx 3a BpegHbIMu
Bblbpocamu (ABcTpus — 0,16; PpaHums —
0,09; Hopeerusa — 0,02), a oTyacTn n3-3a
CTpaH He NPON3BOASALLIMX CAMOCTOATENIbHO
3NEKTPOIHEPIUIO CXXMIaHNEM NCKOMAEMOro
TOMNMBA, HO, TEM HE MEHEE, BKITIOYEHHbIX B
CTaTUCTWNKY, MOTOMY YTO CKOJIbKO-TO 3J1EK-
TPUYECTBA OHW BCE-Taku NOTPeONSIOT, Bbl-
OpacbiBas NPV 3TOM MU3EpPHbIE KOIMYecTBa
CO, (Avrona — 0,23; 9¢wuonna — 0,12;
KoHro — 0,003).

Tak BOT, ecnu nepecuutats 690 kr CO, B
KM0BATT-4acbl N0 3TUM KO3pULMEHTaM,
TO rnasa Ha n106 HayMHatoT neadTb. Jaxe ¢
KOHCEpPBATUBHbIMU KUTANCKUMMN KO3IDDU-
uneHTaMmu Mol nonydaem 800 kBT-4, nnm
200 kBT-4 B roa, no4ty B AecaTb pas 60/b-
e, yem ctangapt Energy Star.

Bnpoyem, He Bce Tak npocTto. N3 ana-
rpammbl (puc. 1) cnenyet, 4TO NbBMHAs
nons aHeprun, 75%, yxoouT Ha NPon3Boa-
CTBO Makbyka, a He Ha ero akcnayartaumio.
OpgHako MMEHHO 3HEPruio, PacxoayemMyio
npu MCNONbL30BAHUN 3TOrO YCTPOWCTBA,
yunTbiBaeT ctaHgapt Energy Star. A oHa

MpouseoacTeo, 75%

MNepepa6oTka, 1%
TpaHcnopTuposka, 5%

Akcnnyaraums, 19%

1
3a epems ceoeli ncuznu (wemoipe 200a) 15-0roiimosolii
MacBook Pro c pemuna-ducnaeem eviopacsieaem

6 ammoceepy 690 ke yeaexucaoeo 2aza.

KBoavmasn wacmo smux ev16pocoé cessana
CBeCbMAIHEP2O3AMPAMHBLM NPOU3B00CHIEOMHOYMOYKA

cocTtaBnseT Bcero 19%. Npu cymmapHom
aHepronoTpebnexHmn B 200 kBT-4/rog, aTo
38 kBT-4/rogm, 4Tto 3amMeTHO Gonblie 25
KBT-4/rog no crangapry.

Y 3TOI ABHOI HECTLIKOBKN MOTYT ObITb
[0Ba 06bsICHEHMS: NGO CYLLIECTBYIOT Kakme-
TO AONONHUTENbHbIE BbIOPOCHI YINEKNCIIOrO
rasa, He CBsi3aHHbIe C 3aTpaTtamMm 3NeKTpo-
3HEepruu, 4To ManoBePOATHO, NMBO KoMMa-
HUS 3aHWXXAET 3aTpaTbl SHEPTUN HA MPON3-
BOACTBO. Beab ecnu npegnonoxuTb, 4TO
peanbHbI Pacxod 3HePrnm Npu NCNosb3o-
BaHWM HOYTOYka — 20 kBT-4/roa, T0, 4TO6bI
nonyynTb BblenpueeneHHble 800 kBT,
[ons Npou3BoACTBaA B 9Hepro3arparax
[oMXHa OblTb 0KONO 87%, a He 75%, kak
HanmcaHo B oT4yeTe. Brnpoyem, npoBeputb
npaeaonoao6HOCTL 3TOr0 NPEAnoNOXeHNs!
He NpencTaBnsaeTcs BO3MOXHbIM, MOTOMY
YTO OMNUCAHMUIO TEXHONOIMM NPOM3BOACTBA
HOyTOyKa M CBSI3aHHbIM C 3TMM 3aTpaTtam
3HEPrun He YOENEeHO HU CTPOYKM.

Mbl ganekun ot Toro, 4To6bl 0OBUHATL
KOMnaHuto Apple B HaMepeHHOM COKPbITUMN
nHpopmaummn. OHa, No cyTu, N1LWb cnenyeT
obwemrpoBoMy TpeHay. Ecnv nonbitatbes
OTbICKaTb AaHHbIE 06 3Hepro3aTparax, CBsi-
3aHHbIX C NPON3BOACTBOM MUKPO3EKTPO-
HWKW, TO CaMOli akTyanbHol nybnukaumnei
0OKa3blBaeTCs CTaTbsl, HANMCaHHas SPMKOM
Yunesmcom B 2004 roay, rae aBTop aHanu-
31pyeT KOMMbIOTEP, COENAHHbIA B KOHLE
90-x. A anst MHOrnx 6onee COBPEMEHHbIX
TEXHONOMMN TakMxX UccnegoBaHni NpocTo
He CYLECTBYET.

Tak BCe e HACKOJbKO 3KOJIOMMYHO Mpo-
M3BOACTBO HOYTOYKOB 1 ainagos? YTobbl
OTBETUTb Ha 3TOT BOMPOC, HYXHO caenarb
MOMHbI aHaNM3 NPOU3BOACTBA, UCMNOJIb30-
BaHUS U yTUAN3ALMN KaxOon u3 getanemn
COBPEMEHHOr0 KOMMboTepa. ATO NPOUn3-
BOJCTBO BKJIlOYaeT B cebs AecaTKM, a MHO-
roa v COTHM CTaamin, NPakTUYEeCKN Kaxaas
MPVIMEHSIET BbICOKME TEXHOIOMMU, MHOTUE
13 KOTOPbIX K TOMY Xe 3acekpeyeHbl. Takoe
1ccnenoBaHme nog, Cuiy Tosbko 60JIbLLON
rpynne aHannMTUKOB, oGnagalowmx K ToMy
xe 6ecrnpeueneHTHbIM AOCTYNOM K pas-
JNINYHOIo poaa nHdopmMaummn o NPomM3Boa-
CTBEHHbIX Mpoueccax.

Mbl MOXEM OLLEHUTb CUTyaumIo He 6onee
4eM B NePBOM MPUBSVXKEHUN, N TO NILLb B
4acTu NPON3BOACTBA CAMOW BbICOKOTEXHO-
JNIOTMYHON, @ 3HAYUT, U CaMOW 3Hepro3arpar-



HOM AeTann COBPEMEHHbIX KOMMbIOTEPOB —
npoueccopa. OCHOBLIBASCb HA YTOMSIHYTOM
Bblwe aHanm3e 2004 roga, Mbl caenaem
MPUMEPHYIO MPUKNAKY SHEPreTn4eckux m
MartepuasbHbIX 3aTpaTr Ha Kaxaon ctagum
1 B 3ak/oyeHne nonpobyem gatb 0OLLyto
OLLeHKY HOyTOyKy, ONMCaHHOMY B Havane,
MCX0A5 U3 AOCTYMHbIX AN HAaC umdp.

OT necka A0 KpeMHus

KnioyeBas netanb COBPEMEHHOIO 3nek-
TPOHHOrO YyCTpOMCTBa — MUKPOMPOLEC-
COp, OCHOBA KOTOPOro — noanoxka nu3
YNbTPa4YnUCTOro Kpemuus. MNMoatomy npo-
M3BOACTBO MPOLLECCOPOB HA4YMHaETCH C
MOSyYEeHNs KPEMHMS.

KpeMHuin — BTOpOWM MO pacrnpocTpa-
HEHHOCTU 3/IEMEHT B 3EMHOW KOpe nocne
kmcnopoga. Ha ero gonto (no macce) npu-
xoautcs 27,7% 3eMHon kopbl. B npupoae

Kpemnuii uzeaexarom uz npupoonozo
Kkeapua — wucmozo Si0,

Cbipbe

(o] Sio, AnekTpoabl

AnekTpoayroeas
nevb

Xupxui
KpeMHuI

KpemHuuin

ApoGnexne

OH 00ObIYHO BCTpe4YaeTCd B BUAE CNOXHbIX
CUnmMKaTtoB, TO eCTb COGD,VIHGHVIVI oKcunaa
KpeMHUA C oKCnagamMmm MeTannoB, COCTaB-
naowmx 0o 90% maccbl 3eMHOI Kopbl, a
Takxe, 6onee penko, B Buae uncroro SiO,,
KBapLua. ToTt xe ANokKcung KpeMHud, ToJIbKO
MENKOKPUCTaNINYECKUN, — OCHOBHOM
KOMMOHEHT 0bObI4HOrO necka. M3 Hero un
nosiy4atot erMHMVI A9 NPOMBbILLTIEHHOCTU.

B cyLHOCTIW, MpOLLEeCC NONy4eHUs KpeM-
HUNA N3 Necka HaNnoOMUHAaET BbIMN1aBKy 4yryHa
13 XEeNe3HOW pyabl: KPEMHUI BOCCTaHaB-
nvBaeTcs U3 guokcuaa bnarogaps KOKCy B
AYroBbIX 3N1EKTPUNYEeCKNX nevax:

Cmecb necka ¢ KOKCOM nocTynaeT B
Kpartep neun, Harpesaetcs no 2000°C anek-
TpU4eckon Oyror, oOpasyoLencs Mmexany
YrnepoaHbiMn anekTpoaamu. MNpu Taknx
Temneparypax yrnepog, Kokca n anekTpo-
[0B B3aMMOLENCTBYET C OKCUAOM KPEMHUS,
npespaLLascb B ra3006pasHblii MOHOOKCHS,

4

Bom max ev12as0um mexnuveckuii uau memaaaypeuye-
ckuii kpemuuii ¢ wucmomoti do 99,9%.

Ymoobi 6bimb npu2ooHbIM 045 INeKMPOHUKY,

emy npedcmoum daavHeiwas oHUCHKa

OuuLLEeHHbIe ra3oBble
BbIOpOCHI

dunuTpbl

Ytunusauusa
Tenna

Aunokcup KpeMHus

3

Ilpouecc noayuenus KpemHus noxodic Ha 6bIN1A6Ky
yyeyna u3 yceaesHoii pyoet. Toavko 6 nepeom cayuae
6 2.1eKMPO0y206YI0 NeUd 3a2pyHcarom Kokc emecie
¢ NPUPOOHBIM K8APUEBbIM NeCKoM

yrnepona, u BOCCTaHaBNMBaET NeCOK [0
3/1IEMEHTHOIO KPEMHUS:

Si0, +2C - Si+ 2CO.

PacnnaBneHHbI KDEMHUIN CTEKAET Yepe3
cneumansHoe OTBEPCTME BHM3Y neyn. Mo-
cJle NePBUYHOM OYMCTKM OT LUaka 1 ra3oB
KPEMHWIO JAOT OCThITb, @ NOTOM AP06sT. Ha
BbIXOZIE B 3aBUCMMOCTM OT UCMOJIb3YEMbIX B
NpPon3BOACTBE METOA0B O4NCTKM NOJTy4aeT-
CS KPEMHWI NB0 TexHn4eckon (95—98%),
nm6o metannyprudyeckon (98—99,9%)
YUCTOTBI.

OTa cTagms, camas apxandHas v rpybas,
MOXET noka3aTbCsl LOBOJIbHO 3HEpProsa-
TpaTHOW: BCE-Takun neyb, BbICOKAs TEM-
neparypa... Ho B pacuyeTe Ha kunorpamm
Nnosly4aemMoro KpeMHUS OHa Oka3blBaeTCs
OJHOWN N3 caMblX 9KOHOMMUYHbIX — BCEro
13 kBT1-4 npwu BbIXOAE KPpeMHUSA 90%. U aTO
CBOWCTBEHHO MOYTU BCEM CTapbiM MHAOY-
CTpuanbHbIM MeTOAaM MPOMBILLIEHHOIO
Npon3BOACTBA, TakMM, Kak MeTanayprus
NN gaxe npoun3BOACTBO 3IEKTPUHECKUX
nnn 6eH3NHOBLIX ABUraTenein. 3arpaymeas
[OBOJIbHO MHOMO SHEPTMM, OHU BbINYCKAOT
OrpOMHOE KONNYECTBO MPOAYKUMUN, NYCTb
1 He 0cobo yncTon, 6e3 CBEPXCNOXHOMN
MMKPOCKOMUYECKOM CTPYKTYPbI. OHa CIyXUT
[ONro, ee nerko ytunnauposars. K coxane-
HWIO, TAKNX CTaAMI B COBPEMEHHOM NPOU3-
BOJCTBE MMKPOMPOLLECCOPOB O4EHb MAJIO.

AeBatb AeBaToK

Bonblwylo YacTb KPEMHUS TEXHUHECKON U
MeTannyprm4eckom YNCTOTbl UICMOSb3YIOT B
KayeCcTBe KOMMOHEHTa Npu NPOn3BOACTBE
CnnaBoB, Takmnx, HaNpumep, kak Geppocu-
NMun (C XXene3om) nam CUIYMuH (C anio-
MUVHMEM), a TaKXXE B KQYECTBE NlerpyioLLemn
[o6aBku N moamdukaTopa CBOMCTB Npu
NPOV3BOACTBE YyryHa, 6POH3bI U CTanem.
Tonbko HeEBGONbLLYIO HYaCTb MeTanypruye-
CKOro KPEMHUS O4MLLAIoT, 4TOObI Aasnblue
MCMnoAb30BaTh B NOYNPOBOAHMKOBOW NPO-
MBbILLUSIEHHOCTMW.

Boo6Lue, KpUCTanIM4ecknin KpeMHU Bbl-
COKOW YNCTOTbI NOAPA3AENSAIOT HA KDEMHUIA
COJIHEYHOrO Ka4eCTBa 1 KPEMHUIN 3NEKTPOH-
HOro Ka4eCcTBa — B 3aBUCMMOCTW OT NpeaHa-
3HaveHus. CONHEeYHbI KDEMHWUI COOEPXUT
6onee 99,99% KpemHus Mo BeCY 1 NOET Ha
NPoOW3BOACTBO COJIHEYHbIX BaTtapeii. Han-
6onee YACTbI — 3NEKTPOHHBIN. KpeMHuii
¢ yuctoToii 6onee 99,999% mMcnonb3yOT
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0191 UI3roTOBNEHNS SNEKTPOHHbIX NPUBOPOB:
MHTErpasbHbIX MUKPOCXEM, YAMOB NaAMSTH
1 npoueccopoB. CoaepxaHne NpuMecein B
TakOM KPEMHUM MOXET PasHUTLCS, HO ANs
NpPOM3BOACTBA NPOLLECCOPOB NOCAEAHUX
MOKOJIEHUI HY>XEH CaMbll YNCTLIN KPEM-
HWIA, B KOTOPOM COAep>XaHne OCHOBHOIO
BellecTBa coctaBnsgeT 99,9999999% (Tak
Ha3blBaeMble AEeBATb AEBATOK).

Kak pobutbcs Tako ymonompayu-
TENbHON 4YMCTOTHLI? MeTannypruyeckomy
KPEMHWIO NMPEACTOUT NPONTU O0AMNA NyTb
npeBpaLLeHnii, Npexae 4emM OH CMOXeT
npeTeHAoBaTb HA MECTO MOAJIOXKKN B WH-
TerpanbHbix cxemax. Ho Bce no nopsaxy.

i3Menb4eHHbIM B NOPOLLOK METaNNypru-
4YeCKUI KPEMHWIA B CreLmanbHOM peaktope
0o6pabarbiBalOT X/IOPUCTbIM BOOOPOAOM NpU
300°C n nonyyatoT Tpuxnopcunar SiHCI,:

Si+ 3HCI — SiHCI, + H,,.

Ha aTton ctagun BbIXO4 NOJIE3HOIO
npoaykTta coctanget okono 90%, a
notpebneHne 3SNeKTPO3HEPrUM Ha
npesBpalleHne Knaorpamma KpemMmHus B
TpuxnopcunaH — 50 kBT-4.

TpuxnopcunaH — neTy4ee BELLECTBO, OH
KMnnT BCcero nuwb npun 31,8°C. 910 paet
BO3MOXHOCTb OTOrHaTh €ro napbl U O4u-
CTUTb X TEM X€ METOAOM ANCTUNASLMN,
KOTOPbIV NICMONBL3YIOT MPU NOTYYEHUN MHO-
rMX YNCTbIX BELLECTB: CN1pTa, BOALI U T. A. B
OTOMHaHHOM Mape yXe No4YTN HET BPeOHbIX,
3NeKTpMYeckn akTuBHbIX Npumecen (Al, P,
B, Fe, Cunnn Au) — MeHblLLEe 0gHOro atoMa
Ha Munavapa atomoB kpemHus. OcTtaeTca
TONIbKO BbIAENUTb OYULLLEHHbIN KPEMHUN
obpaTHO u3 cunaHa. U Tyt aHanormm ¢
06bI4HOM NEeperoHKolr 3akaH4YnBalTCS.
BmecTo oxnaxaeHuns HarpeTblii TPMxXnop-
CunaH CMeLLMBaT C BOAOPOAOM U BOC-
CTaHaBNNBAIOT:

SiHCI, + H, — Si + 3HCI.

Cmecb cnnaHoB 1 BOAOPOAA OMbIBaeT
KPEMHUNEBbLIE CTEPXHW (NGO KPOLLIKY B KN-
nsawem cnoe), Harpetble oo 650—1300°C,
Ha KOTOPbIX 1 OCaxAaeTcsi CBOOOAHbIN
KPEMHUIN C YUCTOTOW BNJIOTb A0 AEBATU Ae-
BATOK. 3Ta TEXHONOMNS NOJSTy4Mna Ha3BaHme
CumeHc-npoLecc, Nockonbky Obinia paspa-
60TaHa B CBOe BpeMsi KOMMaHuen Siemens.

Peakums npotekaeT B 60MbLUMX BaKyyM-
HbIX kamepax B TedeHne 200—300 yacos,
B pe3ynbrate 06pasyloTcs 6pyckun ynsrpa-
YUCTOrO NOSIMKPUCTANNINYECKOTO KPEMHNS
onametpom 150—200 mm. Ha aton ctagum
BbIXO[, COCTaBASET INLLb YyTb 6onblue 40%,
a 3atparbl 3Heprm goxoaat Ao 250 kBT Ha
K1orpamMm Noay4eHHOro npoaykTa. MatoHe

5
A 6om pe3yabmam
Cumenc-npouecca — Kpemuuii
¢ wucmomoil deesamv 0eeAMoK
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cyuTas TOoro, 4YTo XJIOPOBOAOPOA, UCMOJb-
3yeMbI B 3TOM npoLecce, Aa v camm cuna-
Hbl — S40BUTbIE BELLECTBA M OTXOAbI TAKOro
NPON3BOACTBA CTAHOBATCS 9KOJIOrMYECKON
npo6aemMoin. A 3Ha4YNUT, K IHEPrEeTUHECKMM
3aTparam Hago NpubaBuTb ELLE N SHEPIUIO,
HeoOXoaMMyto Ans yTuam3aumm OTXO40B U
04MCTKY ra3006pasHbIX BLIOPOCOB.
AnbtepHaTBbl CUMEHC-NPOLECCY Cerof-
HS noka HeT. CyLLecTBYIOT ero Moanduka-
LK1, UCMNOMBL3YIOLLME Pa3NIOXEHNE CunaHa
SiH,, TeTpaxnopcunaxa SiCl, nnn gpyrux
ranoreHnao0B KPEMHUS, Takux, kak dtopug,
SiF,. OHK GbIBaOT yAOGHLIMU A1 yAASIEHNS
HEKOTOPbIX cneumduyecknx NnpumMecemn um
6onee BbIrOAHLIMW MO CpaBHEHUIO ¢ Cn-
MEHC-MPOLLECCOM C TOYKM 3PEHNSI BHEPIO-
€MKOCTU 1 MaTepuranoemMkocTn. Hegocrartok
1X B TOM, 4TO ApYru1e ranoreHnabl KPEMHUS
eLle 6onee BpeHbl, M 3TO ONSATb-TakM Npu-
BOAMT K AOMOJSIHUTENbHBIM PACX0AaM 3HEp-
M1 Ha YTUAN3aumio 3arpsa3HEHNIA, a cunax
XOTb W 3KOSIOrMYHEE, HO MeHee yaobeH ¢
TEXHONOMMYECKON TOHKN 3PEHUS.

OObeanHeHne KpUcTannoB

CnepytoLLas ctaams — rnoslydeHne MOHOKpU-
CTaNINYECKOr0 KPEMHUS BbICOKOW YMCTOThI
MeToAoM Hoxpanbckoro. Meton oTKpbin
NoNbCKUA XMMUK AH Yoxpanbckuin B 1916
roay. MNpuyem OTKPbIA NO BOME Cnyyas:
YPOHWA B pacniaBfieHHOE OIOBO PYYKY U
CTan BbiITaCknBaTb. A BMECTE C PyyKOW 13
pacnnasa Havasna BblITArMBATLCS ONIOBSIHHASA
HUTb, NPULENMBLIAACS K METaNNINYECKOMY
nepy. HYoxpanbCkunii NoCTaBU 3KCNEPUMEHT,
HO HEe C NepoM, a C KyCOYKOM os1oBa. Ap ekt
MOBTOPWCS, @ 3aCTbIBLUAS ONIOBAHHASA HUTb
1IMena MOHOKPUCTASINTMHECKYIO CTPYKTYPY.
BbipawmnBaHne MOHOKpPUCTanNnos
MeToA0M HOoxpanbCKOro nponcxoanTt
cnenywouwmm obpasom. [pobneHblit no-
NVKPUCTANNNYECKUA KPEMHUI (LUNXTY)
3aKnaablBaloT B KBAPLIEBbIN TUresb, U3 yCTa-
HOBKM OTKQ4MBAIOT BO34YX, HArHETaloT B HEE
VMHEPTHbIV aproH, a 3aTeM HarpeBaloT TUreNb
0o 1500°C, 4ToGbl KpeMHWIA pacniaBuICs.
Tenepb MOXHO OnyckaTb 3aTPaBOYHbIN
MOHOKPUCTaN KPEMHUS, 3aKPErnIeHHbIN Ha
noasecke. Kak ToOfIbkO OH KOCHETCS NOBEPX-
HOCTM pacnfaea, ero Ha4MHaT MeaNEeHHO
BbITArMBaTbh B 06paTHOM HanpasneHun. Pas-
Mep 06pasyloLLerocs kpuctanna 3asucuT
OT Temneparypbl pacniasa 1 CKOPOCTU, C
KOTOPOW Mbl BbITAaCKMBAEM 3aTpaBky. B pe-

3yJibTare Nnony4atnTCs CBEPXYNCTLIE LNIINH-
Apuyeckue CINTKN MOHOKPUCTaINYECKOM
CTPYKTYPbI AMamMeTpoMm A0 45 cMm.

Mo paHHbIM Yunbsimca, nosiyd4eHne Mo-
HOKPUCTannoB MeToaoM HYoxpanbCckoro
TpebyeTt 250 kBT-4 Ha knnorpamMm MOHO-
KPUCTa/INYECKOro KpeMHUS Npuv noTepsx,
COCTaBfAIoLWMX MPUMEPHO NOJIOBUHY UC-
XOOHOI0 KPEMHUSA.

MpenBapuTenbHbie UTOTU

Tenepb U3 MOHOKPUCTAJINIOB 3N1EKTPOHHOM
YNCTOThI NPEACTOUT U3FOTOBUTL KDEMHUE-
Bble NOAJOXKW Ans MMKpocxeM. CHavana
M3 C/IMTKOB BbIPE3aOT YaCTU, MPUIrOOHbIE
ON1st 9TUX Lenieit No CBOUM CTPYKTYPHbIM,
reoOMeTPUYECKUM N 3NEKTPODUINYECKMM
cBoicTBaM. 3aTem mMx KanmbpyloT nopg
onpeaeneHHbli gnaMmeTp 1 HapesaloT Ha
nAacTUHblI guameTpom Ao 45 cm n Ton-
LLMHOW B HECKOJIbKO COT MUKPOMETPOB.
MocnegHuUn WTPUX — MExXaHn4yeckas u
XMMUYeckas nonmpoBKa, YTobbl NOBEPX-
HOCTb Oblna rnagkon, 6e3 nedekToB n
LuepoxoBaTtocTei (He 6onee 1 MKm).
CKObKO SHEPrMM Mbl MOTPATUIN HA BCEX
OMUCaHHbIX CTaamsaX? MPOCTbIM CNOXEHNEM
3[eCb He 0O0NTUCK: pakTUYeckme cymmap-
Hble 3Hepro3arparsl Bceraa 6yayT 6onbLue.
MockonbkKy Ha Kakaol CTaanmn MaTepuan Te-
psieTcs, B KOHEYHOM CHETE Ha U3rOTOBNIEHME
OJHOro KunorpaMmma noaJjioXeKk TpaTtuTcs
noytn 23 kr keapua n 2130 kBT-4 anekTpo-
aHeprun. 911 UNdpPbI, B3ATbIE MHO 13
cratbu Yunesimca, gatmpytotcs 2000 rogom.
Ho npouecc n3rotoBneHns KpeMHUEBBIX
NoAJ1I0XKeK C TEX MOP NPAKTUYECKN HE U3Me-
HWICS, U, CYMTas, YTO B OAHOM KOMIMbIOTEPE
vcnonbayeTtcs npumepHo 110 cm? (okono 15
rpamMMOB) NOAJIOXKM, Mbl MOy4aeM BMOJSIHE
3HaAYNTENBHYIO BENMYMHY B 38 KBT-4 aHep-
rMun, 3aTpPa4YeHHON Ha MNOJlyYEHNE KPEMHU-
€BbIX NOAJIOXEK [N OOHOr0 KOMMbIOTEPA.
Mpwn aToM cam Yunbsimc oueHuBaeT
oLwmnbKy B cBOEW oueHke npumepHo B 30%,
Tak 4To aTa umdpa B ntodoM cnyyae He 60-
Jlee 4eM OpPUEHTUPOBOYHAs. Ho 1 3To yxe
Hemano. OHako rnaBHOE BCE eLLE BMNEPEa.
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Boipawueanue kpucmasnaoe memodom Yoxpanvcrozo —
npouecc npocmoii: 6 ¥CuOKul KpemMHuil 6HOCAM 3ampag-
Ky, a 3amem oeHy Me0aeHHO ee BbIMALUBAIOM
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NMpoun3soacTBO NpoLEeccopoB

Mpon3BoaCTBO MUKPOYUMOB C CyOMU-
KPOHHbBIMW pa3mepamMu 31EMEHTOB —
OOMH N3 caMbIX CIIOXHbIX NMPOLECCOB B
COBPEMEHHOW NPOMBbIWIEHHOCTK. ITa
TexHosorus sobpana B cebst MHOXECTBO
DOUNBNKO-XMMNYECKUX MAHUNYNALUNA ~
TpebyeT HAHOMETPOBOI TOYHOCTU, KOTO-
pas LOCTUXMMA TOJIbKO NPy aBCOoNOTHOM
CTEPUNBHOCTU NPON3BOACTBEHHOIO
nomeuieHns. B uexy cobniogaetcsa Tak
Ha3blBaeMasi 9N1eKTPOHHasa rurueHa: B
paboueii 30He, roe obpabaTbiBalOT NOY-
NMPOBOAHUNKOBLIE NNIACTUHbI, U Ha onepa-
UMAX BblpallMBaHUS KpucTanna B nnTpe
BO34yxa He O0NXHO ObiTb 6onee nNaTu
nbiAMHOK pasdmepom 0,5 mkm. [ina cpas-
HEeHWS: CTaHOAPTbl YACTOTbI XMPYPrNYECKNX
ornepaunoHHbIX OMYCKaT coaepXaHue B
ThiCA4M pa3 6ONbLIEro KOIMYECTBA MbIIN.

Ynn — 9TO He NPOCTO KPEeMHMeBaAs
nnacTuHKa, a CNoXHas MHOrocnolHas
MoNynpoBOAHNKOBAS KOHCTPYKLWS, BO3-
BEEHHAs Ha KPEMHMEBOW MOAJNOXKE.
Mpon3BOACTBO YMMOB COCTOUT Boee YeM
13 TPEX COTEH onepaunii, 1 OOuH NPoun3-
BOACTBEHHbI LMK MOXET ONNTbCA OO0 He-
CKOJIbKMX HELENb (O TOM, Kak AenatoT Yunbl,
yuTanTe B NOABEPCTKE K 3TOW CTaTbe).
[MpakTnyeckn Ha Kaxaon ctagmm UCnosb-
3YI0TCS BpeAHble XMMUKaTbl, CBEPXTOYHOE
o6opynoBaHune N aHeprodarpaTHble Gpu3n-
yeckune MeToAbl, Takne, kak ly4eBoe TpaB-
NieHne 1 noHHas nmnnaHtauus. Mpuyem
3T onepauum NOBTOPSIIOTCS OS5 KX A0ro
13 napbl 4ECATKOB C/IOEB, COCTABSIOLLNX
npoueccop. MNnoc 3aTrpartbl 3HEPTUN Ha
CBEPXMOLLHYIO CUCTEMY BEHTUNSALUUN N
dunbTpaLMm, 06ecneynBaloLLyO CTEPUIb-
HOCTb.

HeyavButenbHO NOSTOMY, YTO Macca
TonnaMBa, HeO6XO0AMMOro s NPOn3BOa-
CTBa OOHOro npoLeccopa, B ThicA4Yn pa3
6onblle Macckl camoro yuna (Bcero napa
rpammoB). O6Lume Xe 3aTparbl 3HEPrun B
COTHW ThiCSY pa3 6osbLue, YeM Ha 0ObIYHOM
NPON3BOLACTBE, CKaXeM, NacTnka uim me-
Tanna, U3 KOTopbIX B AanbHENLLEM OenatoT
Kopryca KOMMbIOTEPOB.

Mo gaHHbIM MCcneaoBaHW AECATUNETHEN
[aBHOCTU, Ha NPOU3BOACTBO 1 cM2MNoNynpo-
BOJHWKOBOW CXEMbl YXOAUT 0Kono 2 kKBTy
3NEKTPO3HEPIK. AP0 NPOLLECCOpPa — OKO-
10 2 cM?. Ho, BO-NepBbIX, NpoLIeccop — 3T0
MHOrOC/0iMHas NoynpPOBOOHNKOBASA KOH-
CcTpyKuMs, cogepxawasa ao 20 cnoes, no-
3TOMY NPEeAJIOXKEHHYI0 Ldpy HEOOX0ANMO
YBENYUTb XOTS Obl pa3 B NsATb. Bo-BTOpPbIX,
3a gecaTb neT MaclwTtab 3N1eMEHTOB Npo-
LLeccopa yMeHbLUMICS Ha nopsigok. B Ha-
Yyasie OBYXTbICSIHHbIX pa3Mep TpaH3ucTopa
cocTaBnan okosno 0,2 MKM, ceiidac — 22 Hm,
B IECHATb Pa3 MEHbLUE. DTO 3HAYMT, YTO Ha
TOW Xe NNoLaam KpucTania TpaH3MCTopPOoB
cTano B CTO pa3 6onbLue. MoHATHO, Y4TO 3TO
He NOBbICWIIO 3aTPaThbl SHEPT UM HU B CTO pas3,
HW Jaxe B LeCaTb, HO pasa B ABa-Tpu, Ha-
BEPHOe, Mormo. MNoHATHO Takxe, YTo 6naro-

[aps 9ToMy pasmepbl Camoro 4pa MOXHO
Obl/10 yMEHbLLUWTb, OAHAKO 3TU pacyeThbl BCe
paBHO AatoT 3Hepro3arparbl 0kono 40 kBT-y
Ha NPOM3BOACTBO OAHOIO NPOLLECCOPHOIO
aapa BECOM, MOXET OblTb, MEHbLLIE YETBEP-
TMrpamma. 31 200 MBT-4 anekTpoaHeprum
Ha KnnorpaMm nNpoaykta — CpaBHUMbI C
3Hepruen, NPon3BoAMMON 3a TOT Xe Yac
MONHOLEHHOW 31EKTPOCTaHLMEN.

HanowmHio, 4To gaxe B paboTtax, Ha KO-
TOpbIE S ONUPAKOChb, MOrPELLUHOCTbL Obina
nopsiaka 30%. A TyT 51 BBEN eLLe HECKOJIbKO
MHOXMWTENEN, N0 NOBOAY KAXAOro U3 KOTO-
PbIX MOI CU/IbHO OLUMBUTLCS Kak B Ty, Tak
1 B OPYryIO0 CTOPOHY, NO3TOMY MOU Lndpbl
0Ka3bIBAIOTCS, MATKO FOBOPS, HETOYHBLIMM.
Ho, kak 91 yxe roBopwu, aT0 NnLLb NPUKMAKA,
jaioLas npeacrtaBiieHne 0 TOM, CKOMbKO
3HEPrUN Mbl AENCTBUTENBHO TPATUM Ha NPO-
M3BOACTBO KOMMbLIOTEPOB. Tenepb ocTaeTcs
TONBbKO CYMMMPOBATb UMdPbI, 4TOObI Nony-
YUTb KAPTUHKY, OMMChIBAIOLLLYIO PEASIbHOCTb
B NEPBOM MPUBANKEHNN.

UToro

MTak, CKOJIbKO XX€ 3HEeprum Mbl pacxogyem
Ha NPOM3BOACTBO OAHOro Makbyka? Ero
cepaue, YeTblpexbsaaepHblii Npoueccop
Intel Core i7, ob6xoautca Ham B 150 kBT-y;
npoueccop BuaeokapTbl — ele okono 30
KBT-4; 16 6 onepatnBHoOI NnamMaTn n 2 6
BMAeonamsaTh, To ecTb okoso 40 ymunos
no 2 cm? kaxnabii, — 160 kBT1-4. Cama
KomnaHus Apple B cBOeM OT4eTe NuLLET,
4TO Macca MUKPOCXEM B UX HOYTOyKe CO-
crasnseT npumepHo 200 rpammos. MycTb
npoueccop — 20 r, namatb okosno 30 T,
BuaeokapTta — ewe 50 r, octaetca 100.
OT0 OOoNXHbI ObITb MaTepuMHCKas nnara u
ocTaNibHble MUKPOCXeMbl. [ycTb nopsioka
MOJIOBUHbBI 3TUX FPAaMMOB COOTBETCTBYET
caHTUMeTpaM KBaapaTHbIM NOJYNPOBO-
OHUKoOB — nony4daetcs ewe 100 kBT-u.
Bcero — 440 kBT-y.

Tenepb NPOCYMMUPYEM BCE OCTallb-
Hoe. [Mpon3BoaCTBO KPEMHUEBLIX NOAJI0-
ek — 40 kBT-4; npon3BoaCTBO NevaTHbIX
nnat — 15 kBT-4; HOBeWwWwMn gucnnen
Retina co CBepxBbICOKMM pa3peLLleHnemM
(monyctum, pasa B ABa 3aTtpaTHein, yem
3NEKTPOHHO-NTy4YeBas TPyoka AecAaTuneTHen
[AaBHOCTW, Ha KOTOpPY!to yxoamno 70 kKBT-4) —
okono 150 kBT-u. XKecTkne ouckun 1 npoyune
netann — 120 kBT-4. SHeprus, 3aTtpavyeH-
Hasl Ha NoJlyd4eHne UCXOAHbIX MaTepuanos
(cTtanb, aNOMUHWIA, NNACTUK U T. A.), OKOJI0
20 kBT-4 Ha kr, — 40 kBT-4 Ha 2 kr HoyTOYKa.
C6opka, KoTopasi HaBepHsika CTana npoLLe 1
nerye 3a npollegiuve 0ecsatb eT, — OKOJI0
40 kBT-4. ELLle o4yeHb 6onbLUIOM BKa AaeT
rnoJsiydeHne XxmMmkaTos 1 060pyaoBaHus,
MCMOJb3yeMbIX MPU NPOM3BOACTBE NONY-
MPOBOAHNKOB N KOMIMbIOTEPOB, — OKOJIO
300 kBT-4 Ha 0aNH KOMMbIOTEP (34ECh 51 HE
MbITAlOCh NEPecUYNTLIBaTh AaHHbIE, B3ATbIe
13 paboTbl Yunbsimca, NoTOMY HTO HUKAKUX
KpUTEPMEB OJ1s1 TaKOro nepecyeta y MeHsl
HEeT, N HaJelC b, YTO CpeaHne 3HaYeHus

TEXHOJIOTUN U NPUPOAA

0N 0Tpacnn He CUAbHO U3MEHUINCHL 3a
npowealmne rogpl). 3arpaTbl Ha ynakoBs-
Ky, TPAHCMNOPT, AOKYMEHTALMIO N Npoyune
CBSI3aHHbIE NPOLECChl MOXHO, HABEPHOE,
YMEHbLUNTb COOTBETCTBEHHO C YMEHbLLIE-
HMEM MacCbl KOMMNbIOTEPA — MPUMEPHO
45 kBT4. B cymme, no moum nogcyeTtam,
Ha npomn3eoacTeo ogHoro MacBook Pro ¢
avcnneem Retina 3atpayvBaeTcs npymMepHO
1200 kBT-4 06LLer aHeprun.

M Beab Mbl eLLLE HE Y41 3HepPruio, 3aTpa-
YMBAEMYIO HA YTUIN3ALMIO TaKMX CIIOXHbIX
OTXOOOB, Kak cTtapble HOyTOyku. lMNpouecc
3TO TPYAHbIA U HEBLIFOAHbBIN, MO3TOMY CTa-
pble KOMMbIOTEPLI MO0 XPaHAT, MO0 yBO3ST
B CTpaHbl TPETLErO MMpa 1 CBaIMBAIOT Ha
OrpOMHbIX cBankax. Ecnun xe npubaButb
pacxofpl 3HEePrnm Npu UCMNob30BaHUN U
yTUAM3aumun, Noay4nTCs, HABEPHOE, YTO-TO
okono 1500 kBT-4 3a yeTbipe roaa >Xu3Hu Ho-
yToyKa, nnu 375 kBT-4 B rog, (kCTtaTn roBops,
B 15 pa3 6onble ctangaprta Energy Star).

Hy 4TO MOXHO ckasdatb? Mbl nonyynnm
undpy, OT/IMYHO COBNAAAIOLLYIO C AAHHBIMU
13 9MNMA0BCKOro 0TYETA, ECNN KNAOrpamMmbl
CO, nepecuunTbiBaTh B KMIOBATT-4aChl MO
cpegHemnpoBomy koaddunumeHTy (0,44 kr
CO,/ kBT4). N 3T0, C OAHOI CTOPOHBI, FOBO-
puUT B N0NL3Yy KOMMNaHun Apple, Beab OHY 60-
nee-MeHee NpaBaMBoO ykasann XoTs Obl 3Ty
uncpy. C opyron CTOPOHLI, €CNN 3TO Aeit-
CTBUTENBHO Tak, TO AOAS UCMOSb30BaHWS,
TPaHCNOPTUPOBKN 1 YTUAM3aLMKN, KOTOPbIM
NOCBSILLEH BECb 3TOT OTHET, COCTaBNSET HE
25%, a Bcero nuib 7%. OcTanbHble 93% —
3TO NPOMN3BOACTBO, O KOTOPOM HE CKa3aHOo
ObINI0 HM CNoBa.

Ecnn xe nepecuutaTtb ¢ KOadpuumneH-
Tammn ana Kutaa (0,87 krCO,/ kBT4), TO
cymMmapHsble Bbibpockl coctaBat 1300 kr
YIMEeKMNCNoro rasa. [lns cpaBHeHus: MalumHa
B roga (npo6er 10 000 km) BoipabaTbiBaET
4yTb 60JIbLLE TOHHbI YIIEKMCIOrO rasa.

Tak 4TO XOTb COBPEMEHHAS NEKTPOHMKA
1 NPON3BOAMUT BreYaT/ieHNe 3KONOrMYHOMN,
BrieyamieHve aTto 06MaH41BO. Ee nponseosa-
CTBO TPEBYET OrPOMHBIX 3aTPaT 1 BO3MOXHO
nvwb Gnarogaps AeLeBor 3Heprnm, KOTo-
PYIO Mbl Oly4aeM OT CKUraHus yrns, Hedbtu
nrasa. KoHe4Ho, BaLl HOYTOYK HE AbIMUT Kak
napoBo3. Ho 3T0 BOBCE He 03Ha4aeT, 4TO OH
6e3onaceH A5 OKpyXatoLLen cpeapbl.
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Kak genarot

Yyunbol?

[Mpon3BOACTBO KPOLUEYHbIX YNMOB, AAIOLLMNX XU3Hb HOYTOYKY, — OAHO U3
caMbiX CJI0XHbIX 1 n3oLpeHHbIX. OHO cocTouT boJsiee Y4em 13 TPEX COTEH
onepauuii, n OANH rMPon3BOLACTBEHHbIN LINKJT MOXET AJINTLCS 4O HECKOJIbKNX
Heaesb. Kak BbirnsanT 3TOT MPOLIECC B YrPOLLEHHOM BUAE?

HaHocum cnoii kpemHus

MepBoe, 4TO HEOOXOANMO CAeNaTb, — CO3-
[aTb Ha MOBEPXHOCTN KPEMHUEBOM MOAIOX-
kn gnametpom B 30 CM AOMONHUTENBHBIN
CNnon. ATOMbI KPEMHUSA HapawmBaloT Ha
NOANOXKY METOA0OM 3MUTAaKCUWN: OHWU MO-
CTEeNeHHO 0CealoT Ha KPEeMHUEBYIO NO-
BEPXHOCTb 13 ra3osoi ¢assbl. [pouecc npo-
TeKkaeT B BakyyMe, HUYEero JINWHEro 34echb
HeT, NOSTOMY B pe3ynbTare Ha NOBEPXHOCTYU
obpasyeTcs TOHYalLWKMIA CNoK YncTenwe-
ro KPEMHUS C TOW Xe KPUCTaNINYeCcKon
CTPYKTYPOI4, YTO U KPEMHMEBAS NOAJIOXKKA,
TOJILKO €eLLe YnLLe. VIHbIMK cioBamu, Mbl o~
Jly4aeM HECKOJIbKO YAYYLLEHHYIO MOAOXKY.

HaHocum 3awlwmTHbIN cnon

Tenepb HA NOBEPXHOCTWN MOANOXKW HAAO0
€034aTb 3aLMTHbIA CNOW, TO €CTb NONPO-
CTy OKUCNNTbL ee, 4ToObl oOpasoBanach
TOHuYanWwasa nneHka okcuaa kpemuus Sio,
Ee dyHKUMS 04eHb BadkHA: OKCUOHASA NieHKa
B AanbHeliweM OyaeT MellaTtb anekTpuye-
CKOMY TOKY yTekaTb ¢ niactuHbl. Kctatu, B
nocnegHee BPeMsi BMECTO TPAANLIMOHHOIO
aonokcuaa kpemHmsa komnanus Intel cta-
na ncnonb3osaTb high-k-ananekTpuk Ha
OCHOBE OKCWAOB M CUNIMKATOB radHus, y
KOTOpPbIX 6051ee BbICOKAsi MO CPaBHEHMIO C
OKCUA0M KPpeMHUS ONadneKTpuieckas npo-
HuuaemocTb k. Cnoili high-k auanektpuka
OenatoT NpUMEPHO B ABa pasa ToJLLe, YeM
Cnoii 06bi4HOro SiO,, 3a CYET CyXeHus Co-
cegHux obnacTei, Ho Gnaroaaps aTomy nNpu
CPaBHUMOW eMKOCTM TOK yTeuku yaaeTcs
YMEHbLLUMTb B CTO pa3. 3TO N03BOJSIAET NPO-
[0KaTb MUHMATIOPM3aLMIO MPOLLECCOPOB.

HaHocum cnom potopesucra

Ha 3awuTHBIN Cnor okcnaa KpeMHUs He-
06x04MMO HaHecTn oTope3ncT — no-
NMMEPHbIN MaTepua, CBOMCTBA KOTOPOro
M3MEHSIOTCH NOA BO3AENCTBUEM U3Ny4e-
HUS. Yalle BCero B 3TOM POAU BbICTyNnawT
nonumMmeTakpunarel, apuacynbhoadbupbl n
deHndopmanbaerngHblie CMOosbl, KOTOPbIE
paspyLualoTcs Nog, BO3AENCTBNEM yNbTPa-
duroneTa (3TOT NPOoLLECC Ha3biBaeTcs POTO-
nutorpduent). Ux HaHOCAT Ha BpaLLaIoLLyio-
CS NOAOXKY, ONPbLICKMBAsA €e asp030J1eM
yNOMSHYTOro Beuwiectsa. B npuHunne
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MO>HO Tak>e NCMNOoJIb30BaTb 3/IEKTPOHHbLIN
NyYy (9N1eKTPOHHO-NYYEBYIO NUTOorpaduio)
U MATKOE PEHTreHOBCKOE U3ny4yeHune
(peHTreHoBcKylo nuTorpaduio), nogbupas
K H/AM COOTBETCTBYIOLLME HYBCTBUTESIbHbIE
BelecTBa. Ho Mbl paccMOTpuUM Tpagmum-
OHHbIN npouecc doTonuTorpadun.

OGnyyaem ynsrpadpuonetom

Tenepb Nognoxka rotoBa K KOHTaKTy C
yNbTPadUONETOM, HO HE MPSIMOMY, a 4epPe3
nocpeaHuka — GoTomacky, KoTopas urpaet
ponb TpadapeTa. No cytn, poTomacka —

3TO PUCYHOK OyAyLLEN MMKPOCXEMbI, TOSIbKO
YBEJIMYEHHbII B HECKO/LKO pa3. YTobbl
CNpoeLmpoOBaThb ero Ha NOBEPXHOCTb NOA-
JIOXKMW, UCMOJIb3YIOT CreumanbHble JIMH3bI,
yMeHbLuawlme nsobpaxeHne. 3to gaet
nopasnTenbHYIO YHeTKOCTb M TOYHOCTb NPO-
eKumm.

YneTpaduroneT, Nnpoxoas Yepes Macky u
JNINH3bI, NpoeunpyeT nsobpaxeHue dyay-
e cxeMbl Ha NOANOXKY. Ha ¢poTomacke
6yaywme paboyme y4acTkn MHTErpanbHON
MWKPOCXEMbI NMPO3payHbl ans ynerpadu-
ofieTa, a NaCCUBHbIE Y4aCTKM — HA0OOPOT.
B Tex mecTax Ha noasoxke, rae AOJIXKHbI
ObITb PACMONOXEHbI aKTVBHbIE CTPYKTYPHbIE
3nemMeHTbl, 06nydYeHne paspylwaet ¢oTo-
pes3ncT. A Ha NACCUBHbIX y4acTkax pa3py-
LIeHne He NPOUCXOANT, MOTOMY YTO Tyaa
yneTpadunoneT He NnonagaeT: TpadapeT OH
1 ecTb TpadapeT. Xummnyeckasa peakums,
KOTOpasi NPONCXOOUT B C/I0E NoJ, BO34EN-
cTBUEM ynbTpaduroneTa, O4eHb NOxoxa
Ha peakuuio B NJeHKe, NMPOUCXOASLLYIO BO
Bpems doTorpadurpoBaHms. PaspyLueHHbIn
HOTOPESNCT NErko pacTBOPSIETCH, MOITOMY
ybpaThb C NOANIOXKN NPOAYKTbI PA310XKEHUS
HecnoxHo. Kctatu, ons co3gaHust ogHOro
npoveccopa 6biBaeT Heobxoammo oo 30
pasnmyHbiX GOTOMACOK, MO3TOMY 3Tan no-
BTOPSIIOT MO MEpe HAHECEHUS CNIOEB ApYr
Ha gpyra.

CnoBapuk

[na Tex, k1o PUCKYET 3anyTaTbCyd B NOAJNI0XKaX, YnMnax, npoueccopax n Kkpucrtannax,
npneBognm ManeHbKUMn CNnoBapukK TepMNHOB.

IMoanoxka — kpyrnasi MOHOKpPUCTa/IMYECKas KPEMHMEBAS niacTuHa amameTpom ot 10 o
45 cM, Ha KOTOPOI BbIPALLMBAOT MOYNPOBOAHUKOBbLIE MUKPOCXEMbI METO0M 3MUTAKCUN.

Kpuctann, ynn, nurerpanbHass MUKpOCXeMa — He CBS3aHHas C APYrMMM HacTb NOAJIOXKKMN
C BblpaLLEHHON Ha HEN MHOMOCIONHOM CUCTEMOW TPaAH3MCTOPOB, COEAMHEHHbBIX MEOHBIMU
KOHTaKkTaMu. B panbHenwemM ncnosib3yeTcs kak OCHOBHAs 4acTb MMKpOMnpoLeccopa.

JluraHpg (nervpyrowyasl npuMecs) — B ClyHae NnonynpoBOAHNKOBbLIX MATEPMASIOB BELLLECTBO,
aTOMbl KOTOPOro BCTPanBalOTCA B PELLETKY KpUCTasia KpEMHUS, USMEHSIA ero NPOBOANMOCTb.

MNMpouyeccop, MUKpornpoLeccop — LEHTPaNbHbI BbIYNCANTESNbHbIN 3/IEMEHT COBPEMEHHbIX
KOMMboTePOB. COCTOUT 13 KPUCTaNa, MOMELLLEHHOMO Ha KOHTAKTHYIO NIOLLAAKY Y 3aKPbITOro
TENNOOTBOASALLEN KPbILLKOWN.

@oromacka — nonynpo3payHas niacTmHa ¢ PUCYHKOM, CKBO3b KOTOPbLIA NMPOXOAUT CBET
npu o6ny4eHnn poTopesuncTa.

@PoTope3ncT — NoNMMEPHbIA CBETOYYBCTBUTESbHBIA MaTtepuan, CBOMCTBA KOTOPOro, Ha-
npyMep PacTBOPUMOCTb, U3MEHSIOTCA MOCEe BO3AENCTBUSA HA HEFO OMPEAENEeHHOro Tuna
M3Ny4YeHus.

3nurakcnss — 3aKOHOMEPHbI OPUEHTUPOBAHHBIV POCT OAHOMO KpUCTania Ha NOBEPXHOCTU
apyroro. B naHHOM ciydae cnoBo «kpucTtani» ynotpebnsaeTcsi B CBOEM OCHOBHOM 3HAYEHUN.
CyLuecTByeT MHOXECTBO METOA0B MOJyYEeHUs1 yNOPSA0YEHHbBIX KPUCTANI0B, OCHOBAHHbIX Ha
anuTakcuanbHOM HapalMBaHUK.



TpaBum
WTtak, pucyHok Gyayuiein cxembl CO BCe-
MU 9N1eMeHTaMn pa3mMepoM BMAOTb A0
HECKOJIbKMX HAHOMETPOB NEepPeHeceH Ha
NOBEPXHOCTb Nognoxkn. ObnacTtu, rae 3a-
LUMTHBIV CNIOM Pa3pyLUnscs, Tenepb JOKHbI
ObITb BbITPaBeHbl. [py 3TOM NaccuBHbIE
y4acCTKM He NOCTpagatoT, NOCKONbKY OHU
3aWmuLeHbl NOAMMEPHbIM crnoeM GoTo-
pes3ncTa, KOTOPbIN He pa3pyLLUWIICH Ha npe-
oblaywen ctagun. O6nyyeHHble 061acTm
BbITPABAMBAIOT MO0 XMMUYECKMMU pea-
reHTamu, NMbo GrUanyeckMMmmn MeTogamu.
B nepBom cnyyae, 4TOGbl pa3pyLnTb
CNoW Anokcmaa KPpeEMHUS, NCMONb3YIOT
COCTaBbl Ha OCHOBe PTOPUCTOBOAOPOA-
HOW KMCNOTbl U ¢dTOopmaa aMmMoHus. XXuna-
KOCTHOE TpaBfieHne — AeNno XOpoLlee, HO
ecTb Npobsiema: XUAKOCTb Tak M HOPOBUT
3ateyb NopA, CAON pe3ncra Ha CocenHUx
MacCuBHbIX y4acTkax. A B pe3ynbrate ae-
Tanu BbITPABNIEHHOIrO PUCYHKA MO pa3mepy
okasblBaloTcs 60sbLUE, YEM NPpeayCcMoTpe-
HO Mackown. MoaTtomy npeanoyYTUTENbHEE
CyXxon punsnyeckmin MeTog, — peakTMBHOE
VOHHOE TPaBiieHNE C MOMOLLbIO Nia3Mbl.
[na kaxaoro marepvana, nogsBepraemMoro
CYXOMYy TpaBfieH1to, NoAdMpatoT COOTBET-
CTBYIOLWMIA peakTUBHbIN ras. Tak, KpeMHUn
1 ero coeguHeHus TpassaT Xnop- n GTopco-
fepxauei nnasmoii (CCl, + Cl, + Ar, CIF, +
Cl,, CHF,, CF, +H,, C,F,). MpaBnaa, y cyxoro
TpaBfEHNst TOXE UMEEeTCH HefOoCTaToOK —
MEHbLLAs N0 CPABHEHUIO C XNOKOCTHbIM
TpaBfeHNeM CENEKTUBHOCTb. K cHacTbio, Ha
3TOT C/ly4al eCTb YHMBEPCabHbI METOO, —
MOHHO-Ny4eBoe TpasneHne. OHO NPUroaHo
ona noboro marepuana uam codetaHus
marepuanos 1 061anaeT HanBbICLLEN Cpean
BCEX METOAOB TPaB/IEHMSA pa3peLuatoLLen
CNOCcOOHOCTbLIO, NO3BOSIASA NOJly4aThb ane-
MEHTbI C paamepoM MeHee 10 HM.

Jlernpyem
Tenepb HacTano BPEMS MOHHOW UMMNAH-
Taumn. OHa NO3BONSET BHEAPUTbL Npak-
TUYECKN NMIOOblE XMUYECKME SIEMEHTHI B
HEOOXOAMMOM KONMYECTBE Ha 3aJaHHYI0
rnybuHy Ha NPOTPaB/IEHHbIX Y4aCTKax, rae
oBHaxwnnacb kKpeMHueBas nogyoxka. Lieno
3TONM onepaumm — N3MEHUTb TN MPOBO-
OMMOCTU U KOHLUEHTPaUMI0O HOCUTENEN B
obbeme NoNynpoBOAHUKA AN1st NOJyYeHUs
HY>KHbIX CBOWCTB, Hanpumep — Tpebyemoi
naaBHOCTU p-n-nepexoaa. Camble pacnpo-
CTPaHEeHHbIe flervpyowme npumMmecu ons
KpeMHus — aT1o docdop, Mbllbsk (0be-
CMneyvYmnBaloT 3NEKTPOHHYIO MPOBOAVUMOCTb
n-tvna) n 6op (AbIPOYHYI NPOBOAMMOCTb
p-T1na). NoHbl UMNNaHTUPyeMbiX 31€eMeH-
TOB B BUAE NMa3Mbl PA3roHsIOT A0 BbICOKMX
CKOPOCTEN 3NEKTPOMArHUTHLIM NONEM U
6oMbapanpytoT UMK NOASIOXKY. DHepruy-
Hbl€ MOHbI MPOHUKAIOT B HE3aLWWLLEHHbIE
y4yacTkn, norpyxascb B 06paseL, Ha rmyouHy
OT HECKOJIbKMX HAHOMETPOB A0 HECKOJIbKNX
MWKPOMETPOB.

Mocne BHeopeHUs NOHOB OTOPE3N-
CTUBHbIV CNOW yaansioT, a Noay4eHHYIo
KOHCTPYKLMIO OTXWUraloT Npu BbICOKOMN
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Temnepartype, 4ToObl BOCCTAHOBUIACH
HapyLleHHas CTPyKTypa noaynpoBOAHMKA
1 MOHbI NIUraHga 3aHanu y3ibl Kpuctanin-
4yeckon pelweTkn. B uenom nepsbin Cnon
TPaH3MCTOPOB rOTOB.

Aenaem okHa

MoBepx NONy4EHHOrO TPaH3nCTopa He06X0-
OVMO HAHECTW N30SIVPYIOLLNIA CIIOR, Ha KO-
TOPOM TEM Xe MeToaoM dpoTonutorpadum
BbITPABANBAIOT TPU «OKHa». Yepes HuX B
banbHenwem 6yayT cO34aBaTbCsA KOHTaKTbI
C ApYrMMu TPaH3NCTOPaMu.

HaHnocum meTtann

Tenepb BCIO MOBEPXHOCTb MAACTWHbI NMOKPbI-
BaIOT C/I0EM Meau C MOMOLLbIO BaKyyMHOIO
HanbleHns. MegHble MOHbI NPOXOASAT OT
MONOXMTENbHOrO 91eKTPoaa (aHoaa) K OT-
puuaTenbHOMY 9M1eKTpoay (katomy), posib
KOTOPOro urpaeT noajioxka, 1 cagaTcs Ha
Hero, 3anoJsiHaa OKHa, CO3[aHHble C No-
MOLLbIO TPpaBNeHUS. 3arem NOBEPXHOCTb
NONVPYIOT, yoansis NULLIHIO Meab. MeTtann
HAHOCSIT B HECKOJIbKO 3Tanos, 4Tobbl CO3-
[aTb MeXCoeaHeHUs (X MOXHO nNpeacTa-
BUTb Kak COeAVIHUTESbHBIE MPOBOAA) MEXAY
OoTAeNbHbIMKU TpaH3ucTopamu. Packnagka
TakKnx MB)KCOG,EI,VIHEHVIVI onpependeTcd

apXNTEKTYPOI Mukponpoueccopa. Takum
06pa3om B COBPEMEHHbIX MpoLeccopax
yCTaHaBNMBAIOTCA CBA3U MeX Ay MPUMEPHO
20 cnosimun, GOPMUPYIOWLMMU CITIOXHYIO
TpexmepHyto cxemy. KonnyecTtso crnoes
MOXET MEHATbCA B 3aBUCMMOCTW OT Tuna
npoueccopa.

Tectupyem

HakoHeL, Halla niacTMHKa rotoea K TeCTMpo-
BaHWIO. [MaBHbIN KOHTPONEp 30eCb — 30HO0-
Bbl€ rOJIOBKM Ha YCTaHOBKAax aBToMaruye-

CKOW pa3bpakoBku niacTuH. MNpukacasick
K MIACTUHKAM, OHU N3MEPSIIOT 3NeKTpuYe-
ckme napameTpbl. Ecnv 4To He Tak — no-
MeyaloT 6pakoBaHHbIE KPUCTaIbl, KOTOPbIE
3arem oTtbOpachkiBaloT. Kctatn, Kpuctaniom B
MUVKPO3NEKTPOHNKE HA3bIBAKOT EOVHNYHYIO
VMHTErpanbHyto MUKPOCXEMY NPOUN3BOJIbHOM
CNTOXXHOCTHN, Pa3MELLLEHHYIO Ha NOJTyNpPOBO-
OHVKOBOW NnacTuHe.

Pexem

Janee nnactuHbl pasaensiioT Ha eaNHNYHbIE
Kpuctannbl. Ha ogHon noanoxke gname-
Tpom 30 cm nomelaeTcs okono 150 Mukpo-
CXeM pasMepoM npumMepHo 2x2 cMm. ns
pasgenenus nnactuHy nubo HagpesatT
aMasHbIM PE3LOM WM Na3epHbIM JIyHOoM,
a NoTOM pasnambiBalOT MO rOTOBbIM HaA-
pesam, nmbo cpasy pa3pes3aloT aIMasHbIM
OVICKOM.

Mpoueccop roTos!

Mocne 3TOro coegunHAIT KOHTAKTHYIO
naowanky, o6ecneymBaloLLyo CBA3b NPo-
Lieccopa ¢ 0CTasibHOM CUCTEMOMN, KpucTann
M KPBbILLKY, OTBOASLLYIO TEMJIO OT KpUcTanna
K Kynepy.

Mpoueccop rotos! Mo MmouMm (HaBepHsKa
OY€Hb HETOYHbIM) MPUKNAKAM, Ha N3rOTOB-
JleHne 0gHOro COBpeMEHHOIo NpoLieccopa,
Takoro, HaNPUMep, Kak YeTbIPEXbAAEPHbIN
Intel Core i7, He0OX0AMMO 3aTPaTUTL OKOJIO
Mecsua paboTbl CBEPXCOBPEMEHHON da-
Opukun 1 150 kBT-4 anekTpoaHepruun. Mpu
3TOM Macca KPEMHUS N XMMUKATOB, pac-
X04yeMbIX Ha OAMH KPUCTaN, UCYNCNAETCH
MakKCUMyM rpammamm, Meau — OONSMMU
rpaMmma, 3010Ta Aias KOHTakToB — MWUIIN-
rpaMmmamu, a nuraHgoB Bpoae docodopa,
MblLbsIKa, 6Opa — M TOrO MEHbLLE.

B.B.lMaHOWKH
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B 3epkane

NaTeHTHOU CTaTUCTUKHU

J1OKTOP 3KOHOMUWYECKUX HAYK

B.l.3uHoOB,

AOKTOP XMMNYECKNX HayK

r.B.3pnux

Cnpocute niobOro: Kkakme cTpaHbl
TexHonormyeckn Hambonee pa3BuThbI?
N He3samepnnTenbHO Nonyynte OTBET
Ha ypoBHe ouwyueHnin: CLUA, AnoHus,
repmanus, OxHas Kopes, Bennkobpu-
TaHus... Ho eCTb N1 KONMYECTBEHHbIE
OLLEHKMN, KOTOPbIE MOTYT 3T OLLYLLLEHNS
noakpennTb?

OueHunBaTb YPOBEHb TEXHONOMMYECKO-
ro pas3BuUTUS CTPaH MOXHO MO-PasHOMY.
OpHako ecTb XOPOLUNIA KPUTEPUIA, NpU-
MEHMMbIA KO BCEM rocyaapcTBam, — KO-

ctatucTtuka EPO otyacTv oTpaxxaeTt Mnpo-
BYIO CMTyauMio B LienoM. Kakosa xe oHa?

B 2013 rogy EPO 3apeructpmnpoBasno
265 690 3aaBoK Ha nateHTbl. Jlngepbl —
EBponelickuii coto3 (35%), CLUA (24%),
AnoHua (20%), Kutan (8%) n OxHas
Kopes (6%). Cpean eBponeincknx cTpaH-
3asaBuTeNen ¢ 60bLWNM OTPLIBOM NUAN-
pyet lepmanus (12%). 3a Hel cnepytoT
dpaHuua (5%), Weenuapus (3%), Hu-
nepnangpl (3%) n Bennkobputanms (2%).
Foe xe 3peck Poccua? Hawm 232 3aaBku
Ha NaTeHTbl COCTaB/SIOT MEHbLLE OAHOW
necaton npoueHTa. NMOHATHO, noyYemy
Poccuio Henb3s yBuaeTb Ha guarpamme 1.

KTo nopaet 3asiBkn Ha nateHT? JibBu-
Hasa pons (65,5%) ncxoanT OT KPYMHbIX
Kopropauuin. MNpuuyem ata gonsa rog ot
roga Hapacrtaert. [peanpuaTna Menkoro
1 cpepHero 6usHeca, a Takke MHOVBU-
ayanbHble n3obpertarenn nogatoT 29%
3asBOK, YHMBEPCUTETbI N FOCYOAaPCTBEH-
Hble Hay4YHO-MCCnenoBaTesibCkme opra-
Hu3aummn — Bcero 5,5%. Pacnpegenernue
BeCbMa KpacHopeuuneoe. B camom pene,
6eccMbICNneHHO TpeboBaTb NaTeHThl OT
YHUBEPCUTETOB M UCCNEA0BATENLCKUX UH-
CTUTYTOB, KOTOpble paboTaloT B 06n1actu
dyHOAMEHTaNbHON Hayku, cOo3aatowen
3apenbl 4ns HoBbIX TexHonoruin. OHn pa-

JIMYECTBO NATEHTOB UK 3a5IBOK, MOAAHHBIX
Ha NOJly4YeHMEe NATEHTOB B TEYEHME roaa,
a Takxe nx cogepxaHme. Muposble 6a3bl
NaTeHTOB AAI0T LLUMPOKMNE BO3MOXHOCTMU
[0S aHanu3a, NoCKOoJbKy coaepar rnon-
HYI0, EC/IN HE MCHEPMbIBAIOLLYIO MHDOPMa-
umio. MosHyo NOTOMY, YTO KaXX bl NATEHT
o6a3aTenbHO NybnmkyeTcs, 4ToObl ObITh
LOCTYMHbIM B N1t060I Touke Mupa. B npo-
TMBHOM Cy4ae npoueaypa naTeHToBaHms
1 OXPaHUTENbHAA PYHKLUMS NATEHTOB ObLIN
Obl HEBO3MOXHbI.

[agaliTe ona Hasana NnocCMoTpuUM, Kak
BbIMSANT MUPOBOE TEXHONOIMYECKoe

2013 2012 OvHamuka
CLLA 64967 |63198 |+2,8%
AnoHusa 52437 |51791 |+1,2%
lepmannsa 32022 |33850 |-54%
Kutai 22292 19182 |+16,2%
OxHas Kopest 16857 14791 | +14,0%
dpaHums 12417 12285 |+1,1%
LLIseiuapwmsa 7 966 8129 -2,0%
HupepnaHabl 7 606 6489 +17,2%
Bennkobputanus | 6 469 6 666 -3,0%
é‘é’gxig‘;""”b' 27425 |26563 |+3,2%
Apyrue ctpanbl | 15232 | 15529 |-1,9%

Apyrve
CTpaHbl,

FepmaHnus,
12%

6%
A ®paHums,
5%
LlBetinapus,
3%
Hupepnaunppi,
__..//." 2
sl BennkoGpuTanus,
2%
pyrue cTpaHb!
EBpocolosa,
10%

CLUA, 24%

pasBuUTUE B 3epKasie NaTeHTHOW CTaTUCTU-
ku. B mapTe atoro roga EBponenckoe na-
TeHTHoe BeaomcTeo (EPO) onybnvkosano
o4yepenHoOr rogoBOM OTYET, B KOTOPOM
npeacTaBneHbl CBEAEHUS: CKOJIbKO 3a-
SIBOK Ha NATEHTbI MPUHSATO €BPOMNEenCcKMMmn
nateHTHbIMU cnyx6amm B 2013 roay, kakue
CTpaHbl 1 3aBUTENN BHOCAT HanbobLUWiA

1

U3 duazpammot 6udno, umo bo.1ee no.106UHbL 6CeX NAMEHMHBIX 3a:60K, npunumaemsix ¢ Eepone, npuxodumes
na doaro CIIIA, Snonuu, Kumas u FOxcroii Kopeu. Cpedu esponeiickux audepos — I'epmanus u @panyus.
Ecau cpasnums noxasameau 2013 u 2012 200a, mo éuono, umo Kumaii, FOxcnas Kopes u Hudepaandot
Pe3Ko Hapawueaiom namenmuyro akmuerocmo, a Iepmanus, lleeinapus, Beauxoopumanus u dpyzue

(8 uucao komopwix 6xodum Poccus) — cruxcarom

BKJ1a[, B NATEHTHY aKTUBHOCTb, B KaKMUX
TEXHOJIOrMYeckux obnacTax Hanbonee
aKTMBHbI 3aABUTENN.

Cpasy oTMeTMM, 4T0 85% BCEX NATEHTOB
EPO npuxoamuTtcsa Ha gonio ctpaH EBpo-
neickoro coto3a, CLUA, 94noHuu, lOxHol
Kopen n Kntas. MOHATHO, 4TO 9TW CTPaHbI
NaTeHTYIoT 30OPETEHMS N TEXHONOMNUN HE
TONbKO Ha CBOEN TEPPUTOPUN, HO CcTapa-
I0TCSt MaKCMMasIbHO 3aLLMTUTL CBOW Npasa
1 B OPYrnx pasBuTbIX CTPaHax — TaKOBbI
npasuna, KOTopble ANKTYeT rnobanbHas

YuuBepcureTsl,
rocyaapcTBeHHble
Hay4HO-UccnefoBaTeNnbckue
WHCTUTYTBI,
5,5%
Mpepnpusatus
cpepHero
v mManoro
6usHeca,
usobperarenu,

29,0%

KpynHbie koMnaHum,

65,5%

2013 2012
KpynHble komnanumn 65,5% |62,5%
CpenHuin n menkuin 6usHec, 29.0% |30,9%
n3obpertarenu
YHuBepcuteThl,
rocynapcTBeHHbIE 55% |6.6%
Hay4HO-nccnenoBarenbckne
NHCTUTYTbI

3KOHOMUKa. BoT noyemy B EBponeiickoe
naTeHTHOEe BE4OMCTBO NOCTYNatoT 3asiBKM
13 pasHbIX CTPaH Mmpa, Bktovas Poccuio,
npuyem 6onbluas 4acTb — M3 Nepednc-
JIEHHbIX Bblwe cTpaH. NoaTtomy rogosas
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boavwe 6cezo 3an60x na namenmol 6 Mupe nodarom KpynHbvle Kopnopauuu. Ha doaro YHuUeepcumemoe u eocy@ap-
CMGEHHbIX Hayuno-ucmeaoeame/lbcxux 0peanu3auu12 npuxo@umcu coecem HemHo20. Hecau doas nepevix noCMmoAHHO

pacmen, mo 00451 NOCACOHUX — CHUNCACCS
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General Electric
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Jludepom cpeou

Kopnopauuii, nooasuux

Goavuie 6ce20 360K

Ha namenm 6 2013 200y,

cmana i¥CHoKopelickas

Komnanus Samsung.

Bcezo oce 6 mon-25

nonaau 11 eeponeiickux

Komnauuil, 8 ANOHCKUX,

3 amepuxanckux, 2

H0CHO-KOPEIiCKUX U 00HA

u3 Kumas

JIEKN OT NPOU3BOACTBA, rAe, COOCTBEHHO,
3TU NATEHTbI N HYXXHbI. TEXHONOMMYECKNMI
paspaboTkamu BO BCEM MUPE 3aHMAIOT-
CSa uccnegoBatenbCkme noapasneneHuns
KPYMNHbIX Kopnopauni n apounnposaH-
Hble C HUMU UHCTUTYTbLI. C nomMoLLbio
NaTeHTOB OHW CTONIBAT TEPPUTOPUIO 1
3apaHee okKynuMpyloT yayLime HUWN Ha
MWPOBOM PbIHKE. Y KOpnopaumi ecTb cne-
LnanbHble BbICOKOMPOdECCMOHanbHbIe
naTeHTHble CNyX0bl U pPecypchbl, 4TOObI
MAaTuUTb 32 NAaTeHTbl N UX NOAAEPXAHNE.
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HAYKA U OBLLECTBO

Kakne kopnopaunn Nnpon3BoasaT Hau-
6onbllee KonmM4ecTso nateHTos? B 2013
rogy, kak, Bnpo4yem, n B 2012-m, ¢ 605b-
LUIMM OTPbLIBOM IMAMNPYET IOXXHOKOPENcKas
KoMnaHna Samsung — 2833 3aaskn! Ha
OVUCTaHUMK, HO OOBOJILHO POBHOW rpyn-
now, cnepyloT eBponenckne Siemens,
Philips, BASF, Robert Bosch n Ericsson,
toXXHokopenckasa LG, anoHckasa Mitsub-
ishi, amepukaHckne General Electric n
Qualcomm.

M3 BHYLLNTENBHOMO NepeYHsi KOMMNaHUN,
npencTaBneHHbIX Ha anarpamMmme (puc. 3),
SICHO, 4YTO peyb NaeT O OeNCTBUTENbHO
KPYMHENLLINX MUPOBBLIX KOpMNopaumsx,
npoAyKLUMS KOTOPbLIX NMPUCYTCTBYET eaBa
JIN He BO BCex cTpaHax Mupa. Mx HasBaHus
Ha Cnyxy, B TOM Yncne ny poccusH. Kakyto
POCCUIACKYIO KOPMOpaLMo MOXHO 6blsio
Obl NOCTaBUTbL B 3TOT pan? HaeepHoe,
NepPBbLIM MPUXOAUT B ronoBy «fasnpom».
Ho ero HeT Hu B TONn-25, Hu B TON-50... N
B caMOM pene, nateHTHbin Ton-50 npe-

Hanbornbllee KONM4eCTBO 3asiBOK Ha
MaTeHTbl, MOYTN TPETb, COCPEAOTOYEHDI B
DEecaTn TexXHONOrmyecknx obnacTsx (Cm.
Tabnuuy). Npr aTOM yBEPEHHO MNONPYIOT
anekTpoTexHuyeckoe obopynoBaHue n
MeanumMHCKne TexHonorum. Esponernckume
CTpaHbl — nepBble B BOCbMWU N3 AECATU
obnacTeil.

OT1a Tabnuua MHTepecHa elle n Tem,
YTO B HEM MPOCMATPUBAOTCS NMPUOPUTETHI
KOMMAaHWM pasHbIX CTPaH Ha EBPOMNENCKOM
pblHKE (OHW HarNsAHO NPEeACTaBEHbI
Ha puc. 4 n 5). U xota EBpocoio3 n CLUA
ObIOT MO BCEM MJOLLAASAM, KaK U MOJIOXKEHO
cTpaHawm, roe cocpenoToyeHa 6osiblias
HayKa, NPeanoyYTeHNs BCE-Taku BUOHbI.
[na eBponenckmx KOMnNaHmm npuopu-
TETHbl QHEpPreTMka N MalMHOCTPOEHME,
MeOULMHCKNE TEXHOSIOMMU U TPAHCMOPT.

AnekTpomexaHnyeckoe
060pynoBaHe, aHepreTuka

Lindposas
/4CBA3b

TpaHcnopT -

TeM He MeHee COTPYOHUKM YHMBEpCUTe-  BPATWIICS B MOCNEAHWE roabl B 3aKPbIThIA  fgrarenn,”
TOB V1 CAMV YHUBEPCUTETHI MHOTAA naTeH-  KNYO C MOCTOAHHBIMM YieHaMu, KoTopble :“gj:'{;' y KomnbioTepHbie
TYIOT CBOM pa3paboTku, HO B LefioM 310 ML MEPEMELLAOTCs BHYTPW CriMcka 1o = A\TexHonoruu
ckopee uckovyeHne, Yem npaeuno. He  BBEPX, TO BHM3 HA OAHY WKW HECKONBKO 50004000
cnyyaiiHo B 2013 roly oMM nopan Ha 17%  MO3ULIMIA, YTO 1 MOHSITHO — rOf, Ha roj, He 30
MeHbLLE 3asBOK, YeM B 2012-M. NPUXOANTCS. = .
dapvayestiika 7 Cpencrea
-. n3mepeHus
Ne TexHonornveckas o6nactb, Espona | CLUA AnoHus KHP OxHas .‘- . #
Ton-10 Kopes % Ty
BuoTtexHonoruu Me,ElMLlI/IHCKVIe
1 |Snextporextnka, 4876 |1598 |2570 241 |683 Toman oo
annaparsl, SHepreTvka oprawecKas s
2 MepnumHckmne TexHonornm 4427 4144 1074 76 219
3 Lindposas cBa3b 339 2006 1131 1342 | 702 4
4 KoMnbloTepHble TeXHOornm 2816 3099 1328 325 812 Bom max evieasoum pacnpedeaenue namenmos EPO
5 TpaHcnopT 4368 | 841 1621 74 118 6 2013 200y no decsamu 0CHOBHBLM MEXHOA0LUMECKUM
6 CpepncTtBa namepeHus 3611 1506 1037 97 136 06AQCIAM B CTpANAN, RoOGIONUM Gossae “ef 0
na namenmot. FOxucnas Kopes u Kumaii
7 ToHKas opraHnyeckas XMumms 3509 1422 628 129 101 (c 6vicmynom 6 cmopony yughposoii cea3u) — 6 uermpe
8 [Buratenn, Hacocbl, TYyPOUHbI 3006 1134 995 43 85 duazpammot. Espona audupyem npaxmuuecku 6o ecex
9 BMOTEXHONOTMM 2827 |1560 |454 90 109 ceKmopax, umo, 61poteM, Heyousume.15Ho — petv 6ce-
10 | dapmauestika 2626 1759 331 100 110 maxuudem o cmamucmuxe Eeponeiickozo namenmnozo

eec)omcmea, mo ecmb 0 eeponelicxwu DblHKe
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AnekTpomexaHu4eckoe o6opyaoBaHye,
3HepreTuka

Tpatcnopt :t\;‘ Lincdposas ceszb
2
3
[pvratenu, s
5
Hacocel, KomnbioTepHble
TYPGMHbI TeXHON0rMK
2500
2000
1
dapmauesTika 500 Cpencrsa
13MepeHus
BuoTexHonorum Meauuutickie
TEXHONOrM
ToHKas opraHMyeckas XuMus

Ha 3moii duazpamme npedcmasaeno pacnpedenenue
namenmos EPO 6 2013 200y no decamu ocHogHbiM
MeXHOA02UMECKUM 004ACMSM U e6PONeliCKUM CIPAHAM
¢ Hauboavueli nameHMHoN AKMUBHOCBINIO.
(LLIseiiuapus c 6vicmynom 6 cmopoy usmepenui,
Huoepaandvi ¢ 6sicmynom é cmopory meoununol u
Beaukxobpumanus pacnoaoxcenvi 6 yenmpe). Buono,
umo Iepmanus namenmyem 6oavuue, wem opyaue
esponelicKue CpaHbl, IO 60 8CeX MEXHOA02UHECKUX
obaacmsax. Ee npuopumembui — 3.1eKmpomexuuyeckoe
o00opydosanue u 3nepeemuka, mpaxHcnopm, MeounuH-
CKle MeXHOA02UN U MOHKAS 0D2AHUYeCKaAsl XUMUS

KomMnbloTEPHbIE TEXHONOMMMN NHTEPECYIOT
MX B MEHbLLIEV CTENEHU, a uMdpPOoBad CBA3b
1 BOBCe Ha nepudepun nHtepeca. An4a
komnaHuii CLLA abconioTHbI npyoputet
Ha eBPOMelnCKOM pbIHKE TakXe NexuT
B 0612CTU MEOUNLNHCKMUX TEXHONOMNIA:
3aecb, kak 1 B CLUA, xoTaT 6bITh 340pO0-
BbIMWU U XUTb gonro. Cnegywowmmm no
3HAYMMOCTU BbICTYNAIOT LMdpPOBas CBS3b
1 KOMMbIOTEPHbLIE TEXHONOMMK, 4TO BMOJI-
He 06bSICHMMO, BeAb OHW 3apPOAMINCH B
CLUA, n Tam xe cocpefnoTovyeHbl KOpno-
pauumn, nuanpyloLwme B 3TUX OTPaCsX.
OcTanbHble TeEXHOMOrnyeckme obnactu
CoeaunHeHHbIM LLITaTtaM MHTEPECHLI B
MEHbBLLIEN, HO PaBHOW Mepe. Y KOMMNaHumn
a3mMaTCKuX CTPaH TOXe CBOW NMPMopUTETHI

Ha pblHkax EBponbl. [OHATHO, 4TO AMOHUSA
NAaHNPYET 3KCNOPTUPOBATh SIEKTPOTEX-
HWYECKOE U MEeAMLIMHCKOE 000pya0BaHue,
NnO3TOMY B MEPBYIO o4Yepenb NaTeHTyeT
KOHKYPEHTOCMOCOOHbIE TEXHUYECKNE pe-
LEHNS B SHEPreTUKE N MaLLMHOCTPOEHUN,
HO He B 6MOTEXHONOMMN N dapMaLLEBTUKE,
KOTOpble 60JbLUE HYXHbI ANS APYIUX, He-
E€BPONENCKMX PbIHKOB. TOYHO TakK Xe BMA-
Hbl NpMopPUTETHLI KOMNaHui KOxHon Kopeun
B EBpONE — KOMNbIOTEPHLIE TEXHOOMNN,
uMdpoBas CBSA3b N INEKTPOTEXHNYECKOE
obopynoBaHue. YTo xe Kacaetcs Mean-
LIMHCKMX TexHonoruii, 1o B lOxHoi Kopee
SIBHO HE CYMTAIOT LenecoobpasHbiM Npu-
BO3UTb X B CTapbiii CBeT.

Ho BOT npuoputeT umdpoBOn CBA3N
B MaTeHTax, NMOJIY4EHHbIX KOMMaHUSAMMN
Kntas, Boirnggut HeoxmnpaHHo. OgHako
€Cnn NpoaHanM3npoBaTb AOKYMEHTHI
EPO noBHuMaTenbHee, TO BCe CTaHeT
SICHO. Huawei, kpynHenwas kutanckas
KOMMaHus B chepe TeNneKOMMYHUKALNNA,
ocHoBaHHas B 1987 rogy, no ymicny na-
TeHToB (1077) 3aHsana oauHHaguaToe
MECTO B penTuHre. Bce atm nareHTbl Kak
pa3 n nexar B 06nactu UnMgpoBoi CBA3N.
MoaTomMy roBopuThb B JAHHOM Clly4yae o
HaLMOHaNbHOM NPUOPUTETE HE COBCEM
KOPPEKTHO. CKkOpee MOXHO roOBOPUTb O
MOLLHOM W1 akTUBHOM nupgepe B Kutae,
KOTOPbIA CBOMMU MHOTOYUCTIEHHBIMMN
nateHTaMmmn pan Takol BCMJIECK B TEXHO-
norunyeckon obnactum «Lndposas cBA3b».

EPO He npnBOAUT aHaNOrMYHyto CTaTun-
cTuky ans Poccum, ons Hawnx 232 nateH-
TOB. [laBanTe NpUKNHEM, Kako OHa Morma
Obl ObITb. Kaganock Obl, YTO HAC B NEPBYIO
oyepenb O0/KHbl MHTEPECOBATb TEXHO-
JNlorMyeckme peLleHns B o6n1actu foodbium
1 nepepaboTkn cbipbs. HO 9T0 He Tak.
Haww BegyLive kKoMnaHnm npeanoymTaoT

1 2 3 4 5
MepuumHckne  dnekTpoMexaHu4Yeckoe Lndppoeas KomnbloTepHbie TpaHcnopt
TexHonorum oﬁopyp,osauue, SHepreTuka CBA3b TexXHosnorum
10588 10 307 9101 9059 7244
2+ 2% € +4% 8 -7% £+5% £ +5%
6 7 8 9 10
Cpeactea ToHkas JBuratenu, HacocChbl, dapmauesTuka BuoTtexHonoruu
n3mepeHus opraHuyeckas Xxmmus TypGVIHbI
{} o
6640 6 131 5411 5396 5381
+0% 0-7% 0 -8% o - 14% 0-4%

6

Ha pucynke noxasano, cko1vko 3as160K Ha namenmot nodaro 6 2013 200y 6 decsimu Auoupyouux mexnoa02u4eckux

obaacmsax. Cmpeaxamu o6o3nauenst pocm u nadexnue namenmuoli akmusnocmu no cpastenuro ¢ 2012 zodom.
Buoro, umo medununckue mexnonoeuu, 3HepeMUKa U MAWUHOCIPOCHUE, A MAKHCE KOMNLIOMEPHbIE MEXHOA02UN
nPo00ACarom Hapawueams 3adet, a 60m uHmepec k GUOMeXHOA02UAM, KUDPOBOU C6:3U U hapMateemure
oxaadesaem, npuyem K apmauesmuxe — é Haubo.1vuteii cmenenu
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nokynartb 3apybexHoe o6opynoBaHue u
TeXHOJI0rnm, a He pa3pabdarbiBaTh 1 NATEH-
TOBaTb CBOW. VX naTteHTHash akTUBHOCTb
HEMnponopLMOHasnbHO MaJsa rno cpaBHEHUIO
c o6bemMamu NPON3BOACTBA M 3KCMOpTa UX
npoaykumun.

Hanpumep, y Hawero abconioTHOro
nuaepa, OAO «a3npom», Bcero 1205 na-
TeHToB (no gaHHbiM Orbit Ha 17.02.2014),
13 Hux 1198 (6onee 99%) — 9TO NaTEHTHI
P®, n3 koTopbIX OENCTBYIOT TOJIbKO 640.
[ns cpaBHeHus, y komnaHnu Exxon Mobil,
MMeloLLer B4eTBEPO H0JIbLLYIO KanuTanm-
3aumio, 4em «fasnpom», NaTeHToB OosbLue
B 40 pa3 — 28697, n3 Hux 378 nateHTOB
P®. MHaue roBops, Exxon Mobil 3akpbina
MCMNONb30BaHMe LUEenoro psaa TeXHoNor-
YECKNX PELLEHNI Ha TeppuTopun Poccunn.

Ho maBaiTe BEpHEMCS K EBPOMENCKOMN
nateHTHoW ctatuctuke. CpaBHeHue
KONn4yecTBa 3asiBOK Ha NaTeHTbl NO pa3-
Nn4HbIM obnactam B 2013 n 2012 rogy
MO3BONSET OLLEHUTb ANHAMUKY NATEHTHOWN
aKTUBHOCTU (puc. 6). OTMETUM CHUXEHNE
B obnactm 6uotexHonormm — Ha 4%, B
umndppoBon cBa3M — Ha 7%, B TOHKON
opraHunyeckomn xmummn — Ha 7%, B obna-
CTu pa3paboTkn aBuraTenen, HaCoOCoB U
Typ6uH — Ha 8%, a B hapmMaLeBTUKE — HA
uenbix 14%.

BoT Tak BKpaTtue BbIrMAAUT MUpOBas
TEXHONornyeckas kapra CKBO3b Npuamy
MaTeHTHbIX 3a8BOK. M Ha aTOM KapTe y
Poccuu, yBbl, MmecTa HeT. Ha atom ¢doHe
YOAUBUTENBHO 3BYy4YaT Hecylmecs ¢ ca-
MO0 Bepxa Aeknapauum u 3aBepeHus,
4710 B OAmxaliwem 6yayLuemM OCHOBHbIM
3KCMOPTHbLIM NpoaykToM Poccuu ponxHa
cTaTb MHTENNEKTyanbHas COOCTBEHHOCTb.
Ja v Bun3Hec aToT, ECNU BAYMATbLCS, KAKOWN-
TO CTPaHHbIA C rOCY0APCTBEHHOWM TOYKU
3peHuns: ecnu npoaany Ha 3anag, NnLUeH-
3110, TO MOTOM Havanu NoKynaTb 3anagHyto
npoayKuUUio, NPOVU3BEOEHHYIO MO Hallen
JINLLEH3MK, B CTOMMOCTbL KOTOPOI 3alumTa
LueHa nuueHsun. U roe seinrpbiw? Mpo-
[aBaTb HaJ0 TOBapbl, KOTOPbIE NPUHOCAT
Henamepumo 6onblunii goxon, obecne-
ynaloT paboyme MecTa u HaLMOHAJbHYIO
6e30nacHoOCTb. M He ctonT 0co60 060b-
LAaTbCS BHELUIHMM PbIHKOM, Beflb BNe3Tb B
YK€ 3aHATbIE HULLIM YPE3BbLIYANHO TPYAHO.
Tem BaxHee cTonbuTbL Byaywive HUWK,
TO eCcTb Aymarb 0 Oyaywem. A ons 3Toro
HY>XHbl HOBbLIE Pa3paboTKu N NaTEHTHI,
OpYyroro nyTu HeT.

HwkTO He npoaaeT cBexue naTeHThI.
CHavana Ha10 N3 HUX BblXaTb BCE M0 MakK-
CUMYMY, CHSITb CNIMBKK, cHOPMMPOBATh
PBIHOYHbIN CAPOC Ha NPOAYKUMIO, 3aHATb
HOBYIO HULLY Ha pPbIHKE, @ NOTOM, Korga
rnogocneeT 4To-TO HOBOE, MOXHO U NMpPo-
[aTb TNLUEH3NIO APYrM CTpaHaMm. Taknum
kak Poccua. CobcTBEHHO, Mbl 3TUM U 3a-
HMMaeMCs — MOKynaeMm yxe yctapeBLimne
TEXHONIOrMM N 3aBOAbl NOA KoY. MyTb
BO3MOXHbI, ero npoLunm AnoHunsa B 50-x
rogax npownoro Beka n Kutam B 80-x.



[encTBUTENBHO, HA KYMJIEHHbIX TEXHOJ10-
rmax 1 3aBogax MOXHO co3aatb 6asy. Ho
[anblle HaAo0 HaYMHATb COBEPLUEHCTBO-
BaTb €e CBOMMM CUIaMun 1 TanaHTamu,
4TOObI OGbINIO YTO NATEHTOBATD.

OTCcyTCTBME 3HAYMMOr0 KONnyecTea
POCCUNCKNX NAaTEHTOB B MUPOBOW KOMWIIKE
rOBOPUT O MHOFOM 1 pa3Hom. [MmasHoe 1
camoe BaxHoe — B Poccum He BUAHO Npo-
MBILLSIEHHOCTW, KOTOPasi BKNaAbiBaeTcs B
HOBblE Pa3paboTkn N MMeeT NEPCNEKTUB-
Hbl€ TEXHMYECKNE PELLEHNS 151 NaTEHTO-
BaHWS 1 NOCNEAyoLEero NCNonb30BaHNS
Ha MMPOBOM pPbIHKE. MNaTeHTbl HyXHbI, YTO-
Obl OPUANYECKN 3ALLNTUTE COOCTBEHHYIO
HOBYIO MPOAYKLMIO. A KOraa COOCTBEHHOW
MPOAYKLUMN HET (KPOME Cbipbsi), TO 1 Na-
TEeHTbl BPOAE Kak HE HYXHbI.

Bo-BTOpLIX, B POCCUN HET CUCTEMBI,
KoTOopas nogaepxusana 6bl 1 Nnoowps-
Jla aBTOPOB MPWU NaTeHTOBAHUM HOBbIX
TEXHMUYECKMX peweHnn. B npexHue
COBETCKMEe BpemeHa odopMieHme aB-
TOPCKOr0 CBMAETENbCTBA B HAYYHO-UC-
cnepoBaTeNbCkOM OpraHM3aunmn nu gaxe
B YHMBepcuTeTax 6610 AeN10M 0BbIYHBIM
M MPUSTHBIM, MOTOMY YTO 32 KaXA0€e N30-
OpeTeHne aBTOPbLI NONyYany BO3HaArpax-
LeHune, MPEMUN 1 rasioyKy B MOCY>KHOM
cnucke. 3ta cuctema paboTana He TOJIbko
B Hay4HbIX OpraHmM3aumsix, By3ax, oTpacne-
BbIX UHCTUTYTaXx, HO 1 HA MPOMBbILLIIEHHbIX
npeanpuatTuax. KeanmouumnpoBaHHble
naTteHToBedbl, KOTOPbIE OblIV B KaXaomh
opraHusauumn, npodeccnoHanbHO 3a-

O nmnoanuucke

PekBu3uTtbli:

Monyyatens nnatexa: AHO LleHTp «Haykallpecc»,

MHH/KMNMN 7701325151/770101001 Bank: AKB «PocEBpobaHk»
(OAO) r.MockBa, Homep cueta: N2 40703810801000070802,
k/c 30101810800000000777, BUK 044585777

HasHnauyeHue nnatexa: noanmcka Ha >XypHan

«XnmMunsa n xXm3Hb—XXI Bek»

HUManncb 0POPMIEHMEM OOKYMEHTOB,
a CTyOeHTaM TEXHONOrM4Yecknx By30B
06a3aTenbHO YMTanu cneumnabHbIn Kype
O NaTeHTOBaHUW.

KoHe4yHOo, BpemMeHa M3MEeHWINChb, HO B
npexHen npakTuke, HECOMHEHHO, Obinn
yOayHble peLLeHNs, KOTOpble MOMOrK Obl
1 B HAaWu gHW. Tenepb Mbl MIHTErPUPOBaHbI
B MMPOBYIO 3KOHOMMKY, 3HA4YUT, AOMKHbI
urpatb nNo obwum npasunam. MNMpasuna
Xe TakoBbl, YTO MATEHTYIOT HE paau cna-
Bbl UM BO3HArpaxaeHns aBTopos, a ong
NoJsly4eHNsI MOHOMOJbHBIX MPaB Ha PbIHKE
npu Npogaxe HOBOro NPoAykKTa n Makcu-
MasibHOWM NpubbIIN 3a BpeMS OeNCTBUS
nareHTa.

OLHaKo KOHKYPEHTOCMOCOBHbIN Npo-
OYKT He NosiIBNSIETCS BOPYI, OT 03apeHus
TanaHTAMBOro n3obpetarens. 3To Bceraa
pesynbTaT MHOMONIETHMX HAaYYHbIX 1 Map-
KETUHIOBbIX UCCNeoBaHUI, Ha KOTOPbIe
yXoauT Hemano cpeacTts. Yem Gonblie
BJIOXEHO, TeM BOMbLUE LLIAHCOB HA yCrnex
Ha pblHKe. OTO NMPaBMIO MHOIFOKPATHO
NnoATBEPXAEHO NpakTukor. OcHoBaTeb-
HO BKaAblBaTbCs B pa3paboTKy HOBbIX
NPOAYKTOB MOTYT KPYMHbIE HAUMOHASIbHbIE
KopropaLumu, pacnonaratoLme Co6CcTBEH-
HbIMU MCCeAoBaTENbCKMMU NOJpas-
neneHnamMun. MMIMeHHO OHu BbICTynakoT
JIOKOMOTMBAMW HALMOHANbHOW 3KOHO-
MUKN 1 BnagetoT 75% Bcex nateHToB. 06
9TOM KPaCHOPEYMBO rOBOPUT MaTeHTHas
craructmka EPO n Bcex opyrmx nateHTHbIX
BEAOMCTB MMpa.

HAYKA U OBLLIECTBO

KpynHble kopnopaunu y Hac ectb —
«[asnpom», «Jlykonn», «HopHukenb». A
NaTeHTOB — MOYTU HeT. 3HauuT, n Gyny-
LLero HeT, MOTOMY YTO MaTeHTbl, C OAHOM
CTOPOHbI, — 3TO NPaBOBOI AOKYMEHT, C
Opyron — nokasaresb MHBECTULMIA B UC-
cnenoBaHus 1 pa3paboTky, MHBECTULMI
B OyayLuee.

Bnpouem, cTatucTnka — BeLLb XUTpas.
B Helh BCerga MOXHO OTbICKaTb 4TO-
HMOYAb NO3UTUBHOE. Tak BOT, ecnu nepe-
cuMTaTb KONIMYECTBO 3aIBOK HA MaTeHThI
EPO B 2013 rogy Ha MUIMOH HaceneHus
CTpaHbl, TO Mbl CO CBOMM MNOKa3aTenem B
1,6 okaxeMmcs He Tak yx ganeku ot Kutas
c ero 3,0. Ecnu, KOHe4YHO, 9TO KOro-To
yTeLunT.

HarnomuHaem, 410 Ha Hall

XYypHas ¢ 1oboro Homepa

MOXHO roanncartbCsi B PeaakLmiy.
CroumocCTb nognuckm

Ha BTopoe nosyroave 2014 roga

c aocrtaskowi no P® — 870 pybnei, npun
rnosiydeHnn B peaakumm — 540 pybnen.
OO0 371eKTPOHHbIX r1aTexax

cm. www. hij.ru.

CnipaBku rno tene@poHy
(495)722-09-46.

OO0 apxuBe

ApxuB «XuMumn v xm3Hu» 3a 45 net — ato
6onee 50 000 cTpaHuL, pacckasblBalo-

unx o Hayke, O TOM, Kak ee fesiaroT, KTo

ee fenaet v 3a4emM, a Takxke aHToJI0rus
¢paHTacTukmn n cobpaHne BesIMKOIernHbix
pucyHkoB. CtommocTts — 1350 pybneii ¢
Y4eTOM [0CTaBKU.
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KnetoyHasa

TeXHOoJiIorng npoTme

MOPLLUH

KaH,ELI/I,EI,aT MeONLMHCKNX HayK
A.N.30puHa,
KaHounoat Bronornyeckmnx HayK

B.J1.3opuH

B oktsi6pe 2013 rona OAO «MIHCTUTYT CTBOJIOBbIX K/IETOK YEeJI0BEKA» OpraHn30Basio
B MockBe KOHEePeHUNo, Ha KOTOPOV roBOPUIN O MHOIMMX COBPEMEHHbIX npernapa-
Tax v TexHosorusix. B Tom 4ucse v 06 yHuKkasibHOM ripernapare HeOBacKysireHe (CM.
«XuMuio v xu3He», 2013, Ne 12). Mbl He Morin He paccka3aTs eLe 06 0AHON HOBOM
TEXHOJI0rNU, 8A4PECOBAHHOMN XEHLUMHAM. 3TO OMOJIOXEHNE KOXM C MOMOLLbIO ee
COBCTBEHHbIX KNETOK — punbpobacToB. Bripoyem, noyemy Tos1bKo XeHLymHam? Bo-
nepBbiX, NPakTUka rnokasblBaeT, YTO Y KJIMHUK KPACOTbl MOJIHO KIINEHTOB-MYXYMH,
XOTb HEKOTOPbIE U CYUTAIOT 3TO CTPAHHLIM. A BO-BTOPbLIX, 3TY TEXHOIOMNIO MOXHO

MCIOJIb30BAaTk [J1s1 YCTPAaHEHUs Py6GLIOB.

Tpu cnosi KOXxu

Koxxa 4enoseka COCTOUT U3 TPEX CNOEB (pUC.
1). Hapy>HbIlh — MHOIrOCNONHBIN OPOroBe-
BaKOLNA aNnaepMunc, CpegHuii — aByx-
CnorHas nepma v BHyTPEHHUA — rmMno-
nepma, cogepxallas rnasHbiM o6pa3om
XMpOBble kKneTkn. B aepme Haxopatcsa
TakXXe KPOBEHOCHbIE N NnmdaTnyeckue
COCYAbl 1 HEPBHbLIE OKOHYaHUS.

MaBHOe ons Hac — 3TO Aepma: cpen-
HUI Cnon, GOPMUPYIOLLNIA CTPYKTYPY
KOXW N ee OCHOBHble CcBOMCTBa. KneTtkn
AEepPMbl HAXOAATCH B MEXK/IETOYHOM Ma-
TpUKCEe — NAOTHOWN CETN U3 BOJIOKOH KO-
nareHa v anactmHa, NPOHN3bIBAOLLLEN re-
neobpasHyto cpeny. KonnareH n anactuH
3HaAKOMbl BCEM N3 PEKIAMHbIX POJINKOB,
O[HaKO He BCe 3HaloT, 4TO Aepma Coaep-
XUT CEMb PA3NNYHBbIX TUNOB KoNareHa. B
MaTpUKCe NPUCYTCTBYIOT 1 Apyrue 6enku,
CTPYKTYPHbIE U CUIHAMNbHbIE: MINKOMPO-
TeUHbI (GPUOPUNNNH, NAMUHUH), TNKO3a-
MWHOIMMKaHbI (rManypoHoOBasi KucnoTa),
depMeHTbIl, GakTopbl POCTa U LLUTOKUHBI,
MeaumaTtopbl BocnaneHus... Bce oHn
BbipabaTbiBaloTCa dubpobnactamu.
3T MHOrOMYHKUNOHANbHbIE KNEeTKN —
rMaBHbIE repou HaLIEero NOBECTBOBaHUS,
NO3TOMY pacCKaxeM O HUX noapobHee.

M3BECTHO, 4TO B AepMe B3POCAOro
YyenoBeka HaAXoOAATCSH MYNbTUMOTEHTHbIE
CTBOIOBbIE KJIETKN, HAYEM HE YyCTynaio-
Lme TeM, KOTopble NPUCYTCTBYIOT B KOCT-
HOM MO3re 1 MHOTMX Apyrmnx opraHax. lo-
3TOMY KOXY pacCMaTpuMBaIOT Kak OauH 13
OCHOBHbIX X UICTOYHWKOB, afibTEPHATUB-
HbIX KOCTHOMY MO3ry. CTBOIOBbIE KNIETKN
AepMbl N0CNef0BaTeNbHO NPEBPALLAIOTCA

30

B Pa3HbI€ TUTMbI aKTUBHbIX p1OP06IaACTOB,
npuyemM BCe TUrMbl MPUCYTCTBYIOT B KOXE
ofHoBpeMeHHOo. CHayana 13 CTBOJSIOBbIX
KNeTOK MOosy4yaloTcs KNeTkn — npealle-
CTBEHHMKN GUBPOoO6aCTOB NEpPBOro TUna,
MOTOM BTOPOrO M, HAKOHEL, TPEeTbero
(MA1, MA2, MA3 Ha puc. 2; MA o3HavaeT
«MUTOTUYECKN aKTUBHbIE», TO €CTb CMO-
cobHble aenuTbes). OHK, B CBOIO o4epepb,
npespaLlalTcs B 3pesbie GrudpobdbnacThbl,

Koxa

Anuaepmuc

BasanbHas
memOpaHa

ManunnapHbIi
cnou

HOepma
PeTukynsipHbiil
cnow

Mnopepma

Cmpoenue koxcu. Buewnuii caoit, snudepmuc,
00pazo6an Kaemxamu KepamuHouumamu, Komopoie
evipabamoiéarom u opeanusyrom Koatazenvt IV u VII
Muno8 u 2AUKoNpomeunsl (AAMUHUHbL U NEPACKAH).
basaavnas memopana npouno cészvieaem snudepmuc
¢ 0epMOll — <KAPKACOM» KONCU, COCIOAUUM

U3 KOAAA2EHOBBIX U INACIUHOBIX 8040KOH, 800HO20
2eas u kaemok ghubpodaacmos. Buympennuii caoti,
yepe3 KomopbLii nPoXo0um pazeumas cocyoucmas cem,
aumpamuueckue cocyovt u Hepevl, obecnevusaem
MEXAHUMECKYI0 ONOpY U MepMOopezyAauuIo Koycu

a Te — B OKOH4YaTeNbHO AnddepeHuUmpo-
BaHHble GnbpouunThI (pUC. 2).

OcHoOBHas 3agaya CTBOJIOBbIX K/ETOK
n pubpobnactos MA1, MA2, MA3 —
0ennTbCsa N NoOAepPXMBaTb KIETOYHYIO
nonynsauuio AepMbl. 3penble 1 NoCTMU-
TOoTU4eckne (nepecTtaBlUNe OEeNNTbCS)
dunbpobnacTbl NPOM3BOAAT KOMMNOHEHTbI
MEXKNeTo4YHoro martpukca. Mx 6nocuH-
TeTnyeckas «<MOLLHOCTb» YPe3Bbl4aNHO
BeNuka: oaHa anddepeHuUnpoBaHHas
KNeTka B akTMBHOM COCTOSIHMM CNOCOOHa
npoussecTn 4o 3,5 MUINMOHOB MOoNekyn
KonnareHoB B cyTkun! OgHako B 0ObIYHOM
COCTOSIHUWN OHM Fropasao MeHee akTUBHbI.
MoaTomMy 4TOOLI AOOUTLCS OOHOBNEHUS
M pereHepaumn KOXu, o4eHb BaXHO Ha-
Y4UTbCH CTUMYNMpPoBaTb GUOPOOIACThI.
MHTepecHO, YTO COOTHOLLIEHNE MUTOTUYE-
CKM aKTUBHbIX G1UOP061ACTOB K 3pEsbIM B
KOXe BCerga noCToAHHO 1 cocTaBnsaeT 2: 1
HEe3aBMCUMO OT BO3pacTa.

Camblil 3Ha4YMMBbIN s KOXN 6enok —
3TO KonnareH | Tuna, Ha Hero NPUXoanTCs
80—90% ee cyxoro Beca. Bcero konnare-
HOB CE&Mb TUMOB, NpuyemM GunbpobnacThbl
obecneymBaloT npaBuUibHOE NUX COOT-
HoweHue. Kntoyeble konnarensl — |,
1 'V, oHn 06pas3yioT BONOKHA U OpraHnay-
10TCS B 6OJIbLLME NOMNEPEYHO CBSA3AHHbIE
CTPYKTYpPbI, DOPMUPYS TPEXMEPHYIO CETb,
KOTOpasi BO MHOrOM onpeaensiet buome-
XaHn4eckue cBomcTBa Koxn. dnbpobna-
CTbl NPOAYLIMPYIOT HE TONBLKO KOJIlareH u
Apyrne KOMNOHEHTbI MaTpUKca, HO U dep-
MEHTbI, Y4acTBYIOLLUNE B pacLlensieHnn
3TUX KOMMOHEHTOB, — OHWU HEOOX0AVMbI
Onst o0OHOBNEHUsA MaTpukca.

KoHe4yHo, nommumo dunbpobnactos B
nepme ecTb U Apyrue Knetkm — anu-
noepmMarsbHble, 3HAOTEeNManbHble, Hel-
panbHble U KNEeTKN reMono3TU4ecKo-
ro NPOMCXOXAEHUs, U BCE OHU TECHO
B3aMMOLENCTBYIOT Mexay coboli. Ho
KJIIOYEBYIO POJib B perynsunm egusmo-
NIOrMyeckmnx napameTpoB KOXK urparoTt
MMeHHO ¢dunbpobnacTbl. OHM HE NPOCTO
dOopPMUPYIOT N OBHOBASIOT MaTPUKC, HO
M PeryanpyioT Npouecchl BocnaneHus,
3aXWUBNIEHME paH, CUHTE3UPYIOT CUr-
HaNbHbl€ MOEKYJIbl, KOTOPbIE BAUSIOT Ha
obpasoBaHue cocynoB, metabonnawm, a
TakXe NoAAepPXNBAOT UMMYHUTET KOXM U
BbIMOJIHAIOT MHOXECTBO APYrnX OYHKLMNA.
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KoHeuHasa ctapusa

[Ba Buaa crapeHus

Camoe pacnpocTpaHeHHoe 3abnyx-
OEeHNEe — 4TO KOXY CTapsiT TONbKO roAbl.
Mexay TeM ecTb ABa OCHOBHbIX Tuna
CTapeHust KOXW: BHYTPEHHee (XPOHOJO-
rmyeckoe) n BHewHee, nnu doTtocrape-
HVe, — pes3ynbTar BO34eNCTBUSA HakTopoB
oKpyxaltoLLeln cpefbl, OCHOBHOW U3 KOTO-
pbix — Y®P-06nyyeHune.

Crapeliowan ¢ rogamm Koxa, KOTopyto
Oepernn OT COoNHUA, CTAaHOBUTCS TOHbLUE,
OnenHee, CHMXAIOTCA €€ 3NaCTUYHOCTb U
YNPYyrocTb, NOSBASAOTCS TOHKNE MOBEPX-
HOCTHble MOPLUMHBI. CONHLE AEeNCTBYET NO-
OpyromMy: Koxa yTonwiaeTcs, rpybeert, cra-
HOBUTCS OOJEE CyXOM, B Hell dopMUpytoTCS
rnyooKne MOPLLMHbI W OTAENbHbIE YHACTKM C
TEMHOW NMUrMeHTaumen — Tak Ha3blIBaeMbIM
COJIHEYHBIM NIEHTUIo. PoTOCTapeHmEe MOXET
NPOV30ITM ropasno paHbLLE XPOHOornye-
CKOro — He 3ps B XIX Beke gambl TLATeIbHO
npsTanu nuua oT CoJIHUA NoA wnsnamm
1 30HTUKaMN. M ecnu XpoHoNormyeckoe
cTapeHue, yBbl, HeM306exHo, To ¢poTocTa-
peHne HanpsiMylo 3aBUCUT OT BPEMEHMU,
NPOBEAEHHOrO Ha COSHLIE 1 B CONApUsX, a
TaKXe OT reHETUYECKM NPEAONPeAENIEHHON
cTeneHn nurMmeHTaumm koxum. OcobeHHo
CTPafatoT OTKPbIThIE Y4aCTKM (ML, Lies,
PyKw), NOCKOJIbKY BHELLHME (baKTOpbl HaKna-
[ObIBAIOTCA HA XPOHONIOMMYECKMIA MPOLIECC U
YCKOPSIOT €ro.

HecmMoTps Ha pa3Hble NPUYKUHBI, MO-
CNeAcTBUS HA MOJIEKYJIIPHOM YPOBHE B
obounx cnyyaax cxoaHble. Mpexae Bcero
9TO YMEHbLLEHNE COAEPXaHUS KosinareHa,
OCHOBHOT0, KaK Mbl MOMHUM, CTPYKTYPHO-
ro KOMMOHEHTa KOXW. NepemMeHbl Npounc-
XOOAT pasuTenbHble: Y NOXUIbIX Ntoaei
(80 neT un cTaplue) konnareHa He TOJbKO
BbipabaTbiBaeTCa NPUMEPHO Ha 75%
MeHbLUe, 4eM y MoJioapix (18—29 neT), HO
1 YPOBEHb €ro Aerpagaumm noBbILLaeTCs
Ha 75%. MapannenbHO CHMXAETCs KOn-
yecTBO konnareHos | v lll Tnos.

Ona niobutenei no3aropartb: OAHO-
KpaTHoe Bo3aencTane YP-nyyen Ha Koxy
B CpeaHuX o3ax (40 ee nerkoro nokpac-
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penbie pubpobdnacTbl
(MUTOTMYECKM HEaKTUBHbIE)

A MA3

MocTmMuTOoTUYECKME
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Tlpespawenue cmeoao6wix K1emok depmol.

3peavte u nocmmumomuueckue uopodracmor
NPOU3600SMKOMNOHEHIMbIMENCKACIOMHO20 MAMPUKCA,
Heobxo0umble 045 M01000CMU U HOPMAILHOU pabomot
Kodcu (6 mom uucae Koaiazen)

HEHUS1) CHUXAET NPOAYKLMIO KonnareHa
Ha 80%, NnpuyemM BEpPHETCS OHA K HOpMe
TONIbKO Yepes aBa-Tpu aHa. Ecnn xe
NOACTABAATb KOXY COJIHLY PErYASPHO, TO
npoM3BOACTBO KosnareHa noaaBnseTcs
OYeHb HAZONIO U CO BPEMEHEM U3MEHE-
HUS MOTYT CTaTb HEOOPaTUMbIMM.

KonnareHa c rogamu v nog AencTBnem
COJIHLA HEe TONMbKO CTAHOBUTCH MEHbLLUE
— W3MEHSIIOTCSA ero CTPYKTypa 1 opraHu-
3aums (puc. 3). 3-3a aToro HapyLuaeTcs
OMOPHbIN Kapkac Koxu n obpasyTcs
MOPLLMHbI. Haao cka3ats, 4To Ha yyacTkax
KOXW, KOTOpble NOoABEPrannuchb ANTENb-
HoMy Yd-BO34ENCTBMIO, pa3BMBalOTCA
ewe n cneundunyeckme N3MeHeHus,
CBSI3aHHblE C HapyLLUeHeM 0bpa3oBaHUs
3N1aCTMHOBLIX BOJIOKOH (Tak Ha3blBaeMblii
31acTo3).

KonnareH BbipadarbiBaloT dpndpobna-
CTbl, @ 3HAYUT, MUMEHHO OHWN OTBETCTBEH-
Hbl 32 Te PyHAAMEHTaNIbHbIE MPOLECCHI,
KOTOpble Hac Tak oropyatot. Pnbpobna-
CTOB C BO3pPACTOM CTaHOBUTCH MeEHbLUE
npuUMepHoO Ha 35%, HO BOMPOC He TOJIbKO

«Monopas» koxa (18—29 ner)

WUHTaKTHLIN
KonnareH

o
MexaHuyeckoe
pacTsxeHue
¢ubpobnacTos

&
YBenuueHue
CUHTe3a
npokonnareHa

[es3opraHusauusa
KonnareHa .

O
CHuxeHue
MeXaHU4ecKoro
pacTsaxeHus
¢ubpobnacros

o
CHuXeHue
CUHTe3a ”~
npokonnareHa &
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Pacnoaoxcenue gudpob.aacmos u koraazenosvix
60.10K0H 6 M04000I U CIMAPOIl Kodce

NPOBJIEMbl U METObl HAYKU

B Konu4yecTee. MameHseTca Takxke Mop-
donorus enbpobaactos, cnocobHOCTb
0ennTbcs, 6ONbLUNHCTBO NX XY>XE BbIMNos-
HSAIOT CBOU NPOU3BOAUTENbHBIE PYHKLMN.
B peaynbTtate HapyLuaeTcsa 6anaHc mexay
CUHTE30M U1 Aerpagaumein MexkneToYHo-
ro MaTpukca, NoHmxXaeTcsa comaepxaHue
konnareHa. Koxa CTaHOBUTCS TOHbLUE,
CHWXAeTCs ee rmaparaums u ynpyrocTb,
06pasyoTCs MOPLLUMHBI.

Kak Tonbko He GOPIOTCA C 3TUM Bpadn-
kocmeTonoru! Llenb y HUX ogHa: CTUMyun-
poBaTtb pnbpobnacTbl AePMbI K aKTUBHOW
paboTe 1 BOCMONMHUTL YyTPaYEHHbIN 00beM
MEXKJIETOYHOro MaTpukca. JenaioT BHy-
TPUKOXHbIE MHbEKLMM Pa3NNYHBIX Npena-
paToB, POACTBEHHbIX MO BUOXUMUYECKOMY
COCTaBy MEXKJIeTOYHOMY BELLECTBY (3TO
MOXeT OblTb, HanNpuUmep, rmanypoHoBas
Kncnota). Bo3oencTyloT Ha KOXy nase-
POM — MPU 3TOM NMPOUCXOANT A03UPOBAH-
HOE MUWKPOMOBPEXAEHME CNOoeB AepPMbl,
KOTOPOE aKTUBUPYET pereHepaunio. MNpu-
MEHSIOT TaK>Xe PaaMOBOJIHOBYIO Tepanutio,
nepmabpasuio 1 opyrue MeTofbl, KOTopble
3acTaBnsioT GubpobnacTbl B3ATLCH 3a
paborTy.

Poccuiickaqa
KJIeTO4YHaqa TexHonorus

MprHUMNManNbLHO MHOM NOAX0M NCTMONb3Y-
€T pereHepatveHas meavumHa. OHa npea-
rnonaraet NpuMBHeCEHWe B TKaHW npenapa-
Ta, KOTOPbIA caM BOCCTaHaBNMBaeT 3TU
TKaHW, U 3anyckaeT B HUX COOCTBEHHbIE
HU3NOoNorMyeckne MexaHm3mol 1 pereHe-
pauuio, nnu genaet To 1 apyroe cpasy.
Koxa — ynobHas Mmoaenb ans pa3pabdoT-
KN N BHEAPEHUS KNEeTOYHbIX TEXHONOMNIA.
Bo-nepBhbIx, C HeW nerko padoTaTtb, U Npak-
Tn4eckas rnonb3a, BO BCEX CMbIC/Iax C/0Ba,
NIeXUT Ha NoBepxHOCTU. Bo-BTOpPbIX, 3TO
NIerko TpaBMUPYEMBbIV OpraH, K TOMy Xe
KOXa CO BpeMeHeM CTapeeT 1 «MopPTUTCS»
OT COMHUA, a 3Ha4nT TpebyeT BOCCTaHOB-
neHus. Yxe cywecTtByoT addEKTMBHbIE
GuoTexHonornyeckme noaxoasl. Hanpu-
Mep, 4191 BOCCTaHOBEHUS KOXW Npu pas-
JINYHBIX 3BaX YCMNELUHO UCMOJb3YIOT rnpe-
napar «Apligraf» (CLLA) — NCckyCCTBEHHO
BblpallleHHbIN B cneuvanbHon cpene
3KBMBANIEHT KOXMU. B ero cocrtas BxoaaT
anNIoreHHble KepaTUHOUUTLI (anforeHHble
— 3HAYUT JOHOPCKNE; KEPATUHOLUMTHI, Kak
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nokasaHo Ha puc. 1, COCTaBnSOT OCHOB-
HYIO Maccy anuaepMmnca) n gepmMalbHble
durbpobnacTbl. APPEKTUBHOCTb Npena-
pata npoBepeHa 6onee 4yem B 250 Thics-
yax KAMHMYEeCKnx HabnoaeHui. Jpyron
amepukaHckmi npenapart, «Dermagraft»,
COLEPXMUT TOJNTbKO aslfIOreHHbIE AepManb-
Hble pnbpobnactel (6onee 50 Tbicad Ha-
6nioaeHnin). A B KOMMIEKCHOM Ne4eHunn
TSXKENbIX 0XXOrOB XOPOLIO cebs NposBu
npenapar «Epicel» c cobcTBEHHBIMU KEepa-
TuHouutamu nauymerTta (CLUA, npumepHo
2 TbiCS4N HAaBNOOEHWIA).

B 1994 rony amepukaHckas KOMMaHus
«Isolagen» (cen4ac oHa HasbiBaeTcs «Fi-
brocell Science») Bnepsble npeasioxuna
HOBbIN CNOCO6 KOPPEKLUUN MOPLUNH —
BBEAEHME B KOXY NaLMEHTA ayTONIOMNYHbIX,
TO eCTb €ro COOCTBEHHbIX pnbpobdnacTos.
Okas3anochb, 4TO B3SITbIE Y NAUMEHTA 1 pa3-
MHOXEHHbIE B KYJbType KJIETKM OEepPMbl
in vitro akTUBHO CUHTE3UPYIOT KOMareH
N Apyrve KOMMOHEHTbl MEXKNETOYHOro
marpukca. Ho rmaBHoe — nocne TpaHc-
nnaHTauum B 4epMy UX CUHTETUYeckas
aKTMBHOCTb COXpPaHSAeTCs.

B 1999 rony «Isolagen» onybnunkosana
pe3ynbTaTbl MaclTabHOro KIIMHUYECKOIO
nccnenoBaHus, nposeageHHoro B 1995—
1999 ropgax. B Hem yyacTtBoBanu 1450
MauMEHTOB C BbIPaXXEHHLIMW MOPLLMHAMMN
Ha nuue. bbino nokasaHo, YTo MeTo, 6e3-
onaceH (cpok HabnoaeHun 48 mecsaues)
nadpddektuseH. Noaxe, 8 2003—2008 ro-
Jax, KoMnaHus NPoBena PaHgoMU3npPo-
BaHHble cnenble nnauebo-KoOHTPONMpy-
emMble KIIMHNYEeCKMe nccnenoBaHms (Bce
TpeboBaHnsA nokasaTebHOM MeauuUyHbl!)
¢ ydqacTtuem 6onee 800 nauneHToB. 1ge-
HaguaTb MecsueB HabnogeHUn cHoBa
noaTeepannn 6e30nacHOCTb TEXHONO-
TN N TO, YTO MOPLLNHBI ENCTBUTENBHO
YMEHbLUAITCS MOYTM HanonoBuHy. Mpu
3TOM 9P PEKT COXPAHAETCH O4YEHb A0NTO.

YyeHble VIHCTUTYTa CTBOJIOBbIX KJIETOK
yenoBeka Hayanm 3aHMMaTbCsa OaHHON
npo6nemoii B 2003 roagy. B utore 6bina
co3gaHa poccunckas TexHonorus (ee
odunymnanbHoe Ha3BaHue — SPRS-
Tepanus), cxogHasi C aMepPUKaHCKON, HO
MMEIoLLAs pag, CYLLECTBEHHBIX OTINYUA.
OdurumranbHO OHa paspelueHa K npu-
MEHEHMIO OJ151 KOPPEKLMN BO3PACTHLIX U
pPYBLIOBBLIX MUBMEHEHMUI KOXW B KIIMHMKAX
Poccumn ¢ niona 2010 ropa. log cnyctsd
komnaHug «Fibrocell Science» Takxe
nonyymna ogobpeHne aMepuUKaHCcKo-
ro AreHTcTBa Nno KOHTPOJIIO KayecTBa
MUKW U NeKapCTBEHHbIX NpenapaToB
(FDA) Ha ncnonb3oBaHue aHaNOrMYyHoOm
TEXHONIOTMN ANS KOPPEKLNM MOPLLMH B
ob6nact HocorybHbIx cknagok. B uenom
noyTW 3a ABajLaTb N1eT N POCCUNCKME, n
aMepuKaHCKNE yYeHble MPOBENN HEMAOo
KJIMHNYECKUX UCCNef0oBaHUN, KOTOpblE
NOATBEPANNN, HTO METOA AENCTBUTENBHO
[AeT O4YeHb xopoLlune pesynbtatbl — UM
[OBOJIbHbBI BCE MaLMEHTbI U Bpayu.
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Pacckaxem nogpobHee 0 nNpoLenype.
Y naupeHTa n3-3a yxa (Tam Koxxa MeHbLUE
Bcero noepexgaaetcsa YPD-nyqamu) 6epyT
KyCOYEK KOXW ONamMeTpoM 4 MM U n3
Hero nony4yatroT KynbTypy GrbpobnacTtos.
Yxe ynoMnHanocb, 4To B KOXE KaXaoro
YyenoBeka, He3aBNCMMO OT BO3pacTa, Npu-
CYTCTBYIOT CTBOJIOBbIE MY/IbTUMOTEHTHbIE
KNETKN, a TaKXe KIETKN-NPEALLECTBEHHN-
K1 punbpobnacTtos. B kynbType oHUM cno-
COOBHbI 00pa30BbIBaTb KOJIOHNN — KJIOHbI,
cocTtoswme n3 50 n 6onee prdpobnacTos,
pa3BMBLUNECS U3 OOHOW KNEeTKN-Npea-
LUECTBEHHULbI. DTO O3HAYaET, YTO He-
obxoammoe konnyectso pudpodnacToB
nonyyaetcs u3 HebosbWoro pparMeHTa
KOXWM yenoseka noboro sospacta. Mbl
HE npeyBennYynBaeM, Korga roBOpumM o
ntobom Bo3pacTe: B Koxe 95-neTHero ye-
noeeka cogepxurtcsa ao 14% mMutoTnieckn
aKTUBHbIX pndpobdnacTos!

Kak okasanocb, Npu KyJbTUBMPOBaHUM
KNETOK MOXHO MOJIy4UTb OYEHb NHTEPEC-
HYIO MHOVBUOYANbHYIO XapakTePUCTUKY
KOXW — TaK Ha3blBaeMyto 9PPEeKTUBHOCTb
KonoHueobpasoBaHua ¢ubpodnacTos
(9KOd). dbakTnyeckm 3To OTHOLLIEHME
BbIPOCLUMX KOJTOHWI K YNCNY MOCESHHbIX
KNeTok. Ha oCHOBaHMM 3TON BENVYUHEI, B
nepecyeTe ee Ha Maccy B3TOro obpasua
KOXW, MOXHO MOJIy4nTb NpeacTaBfiieHne
O KOJINYECTBE CTBOJIOBLIX KJIETOK U Kjle-
TOK-npeaLwecTBeHHKoB dprnbpobnactoB
B KOXe. OTa BeNMYMHa UHANBUAYyanbHa
LS KaXO0ro 4YenoBeka, OHa He 3aBUCUT
OT BO3pacTa, M NO HEN MOXHO CyauTb
O pereHepaTtopHOM MOTEHLMaNe Koxu,
TO eCTb 0 crnocobHocTn pudbpobnacToB
NnoAAePXNBaTb CAMOPErYNALMIO TKaHU U
BOCCTaHaBANBaTb €€ NPV NOBPEXAEHUN.
YuyunTbiBas 9TOT Nokasartesb, A8 KaXO0ro
rnauMeHTa MOXHO BbICTPOUTbL MHOVBUAY-
anbHylo NnporpaMmmy OBGHOBNIEHUNS U BOC-
CTaHOBJEHUS KOXM.

Mpwu BbipalmBaHum erudpodnacTtoB No
0ocoboi TexHonorum (oHa paspaboTtaHa B
MHCTUTYTE CTBOMOBLIX KNIETOK YENOBEKA U
HasbiBaeTCs «[1lacnopT KOXu») N3 pasHbix
TunoB ¢pubpobnactos (MA1, MA2, MA3 —
CM. pUC. 2) 1 KONOHWM BbipaCTatloT pa3Hble
(puc. 4). dubpobnactel MA1 06pasyoT
MAOTHbIE KOMOHMKN, U 4eM UxX Bonblue,
TEM BbILLE Y JAHHOMO 4YesioBeEKA NPOSnN-
depaTtmBHbI NoTeHuman pubpobnacTos,
a cTtasio ObiTb, TeM 6OJblLLE OCHOBAHWUIA
npeanooXunTb, HTO KOCMETONOMMYECKNe
npouenypbl 4anyT AN HEr0 XOPOLIWiA
pesynbtar. 1 Ha060pPOT, YEM MEHbLUE
MOTHBIX KOJIOHWIA, TEM HUXE Y AaHHOIo
yenoseka nponndepaTtnBHbIN NOTEHLUN-
an ¢pmnbpobnactoB. Bcem 3Hakoma Takas
cuTyaums: oga naumeHTa ogHoOro n Toro
Xe BO3pacTa NPOXoaaT OOHN U Te Xe Npo-
LLeaypbl, TOTOM OAMH B MOJSIHOM BOCTOpre,
a [pyrom xasnyeTtcs, YTO TOJIKY HUKaKOro.
«[MacnopT KOXn» NoMoraeT NPoOrHo3npo-
BaTb pe3ynbTart, BbISCHUTb, KOMY JIErKO
OyneT NoNy4nNTb OTNNYHBI 3D dEKT, a KOMY
TpebyeTcs COBEPLUEHHO OCOObLI MOOXOA.

Korpa n3 kycouka KoXu OenakwT UH-
ovBuayanbHbI NpenapaT aas oMono-
XeHUs, oTOMpaloT TONIbKO akKTUBHbIE
dnbpobnacTbl, COXPaHMBLUME BbLICOKYIO
CMOCOBHOCTb K AENEHUIO U CUHTE3Y BaX-
HbIX OIS KOXM KOMMNOHEHTOB. KneTtkun, He
CcnocobHble OENNTLCS, BO BPEMS Kyib-
TUBMPOBaHUS yganatT. W BOT Bonpoc,
KOTOPbIA BOJIHYET BCEX, KOrAa peyb naeT
O KJIETOYHbIX TEXHONIOTUSX: HE MOTYT NN
Takne aytodnbpobnactbl cTaTb CAYyCKO-
BbIM KPIOYKOM A1 HOBOOOpa30BaHNIN?
HeT, He moryT. Co6CTBEHHbIE KNETKMU
KOXW 4YenoBeKa nocsjie TpaHcnaaHTaumm
VHTErpMpPYIOTCS B AEPMY U, HAXOOSACb NOS,
CTPOrMM KOHTPOJIEM MUKPOOKPYXEHUS,
CTaHOBATCS 0ObIYHOWN COCTaBNSAOLLEN ee
KNIETOYHOW nonynsunn. AHann3 obpas-
LLOB KOXW, KOTOpbIE AeNanu B TeYeHne

PasnunyHbie TUMbI KONIOHUI

andoysHbie

CMeELUaHHble
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Dubpobaacmot Koxcu,

nocesiHHble HA NUMAMEAbHYI0 Cpedy

6 uawke Ilempu, o6pasyrom koaonuu pasnoeo suda.
Yem Goavue naomHbIX K0AOHUI, 6bIPOCUIUX

u3 ghubpodaacmoe MAI, mem evtute y Koxcu
danno20 Hea06exa cnocoOHoOCHIb K peceHepayuu



OBYX NeT KJIMHUYECKNX NCCea0BaHUN,
HE BbISIBUJ1 MUTOTUYECKO akKTUBHOCTHU
TPaHCMIAaHTUPOBAHHbIX KNETOK — OHU HE
DEeNnaTcs, a TONbKO CUHTE3UPYIOT HYXHbIE
KOXeE BELLEeCTBA.

MTak, rotoBylo KynbTypy COBCTBEHHbIX
dnbpobnacToB naumeHTa BBOOAT EMY B
KOXY (B BEPXHWIN CTION AE€PMbI) C MOMOLLIO
TOHKMX Urn ansg mesotepanuu. HdenaioT
3TO B ABa npuemMa C UHTepBasioM B Me-
csiy,. CoGCTBEHHO, YXe B KYJIbTYpE KNeTKN
aKTUBHO BblipabatbiBaloT konnareHs | n lll
TUMOB, 9NaCTUH N APYrne KOMMNOHEHTbI
MEXK/IETOYHOro MaTpukca, npuyem ob-
pasoBaHue 3Tnx 6enKoB NPaKTUYECKN HE
3aBMCUT OT BO3pacTa 1 nona.

Pesynbtar BugeH yepes 10—14 gHew no-
CJ1e OKOHYaHMSA NPOLeAyp: KoXa CTaHOBUT-
cs 60s1ee ynpyrom, anacTUYHON, yny4iia-
IOTCS LUBET N KOHTYPbI NIMLLA, YMEHbLLAIOTCS
KOSIMYECTBO U rybuHa MOPLUMH, a Takxke
BbIP2XEHHOCTb MUIMEHTHbIX NSATeH. Ewe
OOMH BaXHbI Nokasartenb — yBennymea-
€TCS TOJILMHA KOXM (Yepes rof, B CpegHeEM
Ha 65%). P PekT coxpaHAeTCcs Kak MUHN -
MyM [Ba roga u HapactaeT BO BPEMEHMN.
Yepes MecsL, Ha «XOpoLo» U «OTINYHO»
oueHmnBaloT apdekT 88% naumeHTos,
yepes 3, 6, 12 n 24 mecsues — 100%.
MoOpLWMWHbI YMEHbLIAIOTCA Yepes3 MecsL,
Ha 14%, a yepe3 12 mecsaueB — Ha 46 %
MO CPaBHEHUIO C UCXOAHbBIM COCTOSIHUEM.

YTOo NponcxognuT € KNneTkamMu, KoTo-
pble NpUBHECHN B KOXY? Yepes mecsay,
dnbpobnacTbl BUOHbI B KOXE HEOONbLLN-
MW FPynnamMm, Y4TO N NOHSITHO: KJIIETOYHbIN
marepuan BBOOAT MOPUUOHHO, N KNETKN
Tak MOPUMSIMU 1 OCTaIOTCH, HE MUTPUPYS
no AepMe 1 He OeNnscb. B MeXkNeToyHoMm
MaTpuKCe YEeTKO BUAHbLI HOBbIE Konfare-
HOBbIE BOJIOKHA, NOATBEPXAAOLLMNE, YTO
TpaHcnaaHTUpoBaHHble GubpobnacTbl
paboTatoT. AHaNorM4yHas KapTmHa CoxpaHsi-
eTcsayepes 3, 61 12 MecsLeB — 3T0 3HAUUT,
YTO TPaHCMIAaHTUPOBaHHbIE GUOPOBNACTbI
aKTMBHbI 1 rofg, cnycTs. Yepes 24 mecsaua
rpynnbl nbpobaacToB Takxke perncTpm-
PYIOTCS1, OHM MOXOXW Ha Te, KOTopble Obln
BUAHbI CPa3y Nocfie TpaHCcnaaHTaumm, un
NPoOAyKUMS KonnareHa npoaosixaeTcs.
ToNbKO yXe He MpoMcxoauT «co3pesa-
HUS1» KONareHOBbIX BOJIOKOH. 1o BCcen
BUONUMOCTWN, TPaHCNNaHTUPOBAHHbIE
dunbpobnacTbl NOMHOCTbLIO UHTENPUPY-
IOTCS B KOXY WU CTAHOBSATCS €CTECTBEHHOW
COCTaB/ISIOLLEN ee OObIYHOWN KNETOYHOM
nonynasumMm — COOTBETCTBEHHO X aKTUB-
HOCTb 3aBMCUT OT NOTPEOHOCTEN KOXMN.

OT KpacoTbl K MeauunHe

KoHeuyHo, Takylo TEXHONOMMI0O MOXHO
NPUMEHATb HE TONbKO A obpeTeHus
MOJIOAOCTU, HO U B N1e4eBHO-KOCMeTu-
yeckux uensx. Hanpumep, y niogei c
aTpodunyeckummn pybuamm nocTakHe:
3TV HEPOBHOCTU, KOTOPbIE OCTaIOTCH MO-
cne yrpesoii Cbinu 1 TPYAHO NOALAI0TCS

neyeHuto. Takme pybubl UMEIOT creL-
NPUYEeCcKyl0 CTPYKTYPY: NCTOHYEHHbIN
3NNAEePMUC U TOHKUIA cnot pnbpPo3HOM
TKaHW, PacrosIOXeHHbI nog 6a3anbHon
MeMbpaHoi 1 B 6onee rnyboKnx Crosx.
TkaHb COCTOMT B OCHOBHOM M3 MJIOTHbIX
MY4YKOB FOPU3OHTASIbHO PACMOJIOXKEHHbIX
KONNlareHoBbIX BOJIOKOH N HEBONbLIOIo
KkonunyecTtea prnbpobnactoB. EcnvBeBecTn
COOCTBEHHYIO KynbTypy dunbpobnactos B
pybeL, 1 oA Hero, a Takxke BOKPYr B HOP-
MaJibHYIO KOXY, TO B 9TO 30HE BOCMOJI-
HAeTCs NoNynsuns KIeTok U BOCCTaHaB-
NINBAETCH MUKPOCTPYKTYpa KOXM — OHa
yTonuwaeTcs, ynydwaeTtca ee penbed.
KnuHuneckune nccneposaHunsl, NpoBeneH-
Hble «Fibrocell Science» Ha 99 nauneHTax
c aTpoduyeckumm pybLamm nocrakHe,
rnokasanu OBYKpaTHOEE ynyylleHne no
CPaBHEHUIO C KOHTPONEM.

«Fibrocell Science» npegnonaraet pac-
LUINPUTb NPUMEHEHME MOAOOHBLIX TEXHOJO-
TN ANs KOPPEeKUnn Takux TSXKenNbIX ae-
bEKTOB, Kak MOCTOXOroBble pybLbl, pyoLbl
roJIOCOBbIX CBA30K, W Aaxe ANs Jlie4eHuns
pPenKnx reHeTn4ecknx 3abonesaHnin, npu
KOTOPbIX BO3HMKAET AeDULMT KonnareHa
(cknepooepmus n 6ynnesHbln anuaep-
Monm3). B nocnegHux cnyyasix KomnaHms
nnaHnpyeT NUCMOJIb30BaTb FrEHETUYECKN
MoamduumMpoBaHHble ayTopmnbpobnacThl
KOXMW.

B MIHCTUTYTE CTBOSIOBbLIX KNETOK YEeno-
Beka paspaboTanu 1 yxe 3anaTteHToBam
€eLLe O HY CXOXYIO TEXHOIOMMI0 — BOCCTa-
HOBJIEHWE TKAHE NapOa0HTa C MOMOLLLIO
cobCTBEHHbIX GMOPOOBIACTOB NAUMEHTA,
MOJTYYEHHbIX N3 CIM3NCTOMN 0B0I0YKK MO-
noctu pta (gecHbl). B BoccTtaHOBNEHUN
CNMM3NCTOI pTa HyXAaeTcs MHOXEeCTBO
nogen. Ecnn yctpaHeHne MOpLLMH — Xe-
natenbHasi, HO He obs3aTtenbHasa npoue-
aypa, To BCe, 4TO KacaeTcs NosIoCTu pTa,
HENocpeaCTBEHHO BANSET Ha 300POBbE
yenioBeka, a METOA0B, KOTOPbIE XOTb Kak-
TO NOMOraloT, O4EHb HEMHOTO. M03TOMY Ha
BOCCTAHOBJIEHME NAPOAOHTA C MOMOLLbIO
durbpobnactoB Bo3lnaraloT OonbLUME Ha-
nexapl.

MHCTUTYT CTBOJIOBbLIX KJIETOK YeN0BEKA
paspaboTan 3Ty TEXHONOINIO COBMECTHO
c LleHTpanbHbIM Hay4YHO-UCCNEepoBa-
TENbCKMM MHCTUTYTOM CTOMAaToJiormm
M YEeNIOCTHO-JINLLEBOWM XNPYPIrun, 1 OHa
Takxe paspelueHa K npuMeHeHuto Pocs-
npaBHaa3opom ¢ aekadbpsa 2010 ropna.
B ocHoBe ee Bce Ta xe cnocobHOCTb
dnbpobacToB — rNaBHOrO KIETOYHOro
KOMMOHEHTA COEANHUTENIbHOW TKaHU
OECHblI — NPOV3BOAUTL KOJlareH v gpy-
rMe BeLLECTBA MEXKIIETOYHOIO MaTpukca.
BOOKOHHBIV Kapkac NAaCTUHKM OECHbI Ha
60% cocTouT N3 KonnareHa — MMEeHHO OH
obecneunBaeT ee NPOYHOCTb U cneundn-
YeCkylo CTPYKTYpY. Mpn MHOrmMx 3abonesa-
HUAX OECEH, HANPUMEP NPU XPOHNYECKOM
NapoAoOHTUTE MW NOCSE NMMIaHTaLMN
3y60B, y 4enoBeka pa3smBaeTca AebnunT

MNPOBJIEMbI U METObl HAYKU

[ECHbl — OHa UCTOHYaeTCcs, obHaxaloTCs
KOpHM 3yba. Ecnn BBECTM B 30HY Aedek-
Ta KyNbTUBUPOBAHHLIE COOCTBEHHbIE
dunbpobnacTbl, NONYYEHHbIE N3 2—3 MM
obpasua AeCHbl, OHA YTOJLLAETCS U TydLUIe
nokpbiBaeT 3yObl. KNneTo4yHblii MmaTepuan
Takxke BBOOSAT ABa pasa C NPOMEXYTKOM
B Hepeno. OdPeKT 3aMeTeEH yxe Yepes
MECSILL M COXPaHSAETCS Kak MUHUMYM oA,
Mpn HEOBXOANMOCTU TEPaANUD MOXHO
MOBTOPUTD.

KcTtatn, BO3MOXXHOCTb MOBTOPHOW Tepa-
nMmM — eLle ogHa 0COBEHHOCTb TEXHOJIO-
TN NPUMEHEHNS KYJIBTYP ayTONOMMYHbIX
durbpobnacToB (kak AECHbI, TaK U KOXN).
YacTb KNeToK, NoMy4YeHHbIX 13 06pa3LoB
TKaHEen, MOXHO 3aMOPO3UTb N XPaHUTb
B KpobOaHKe HeorpaHMYeHHOE BPEMS, a
NOTOM MUCMNONb30BaTh 3TN GUOPOBIACTBI
0151 NPON3BOACTBA KIETOYHOMO Npenapara
B TEYEHME BCE XN3HUN YeNoBeKa.

MccnepoBaHmnsa No BOCCTAHOBEHMIO
TKaHelr napogoHTa Noka He 3akKOHYEHb,
MOSTOMY TEXHOJIOMMS ELLE HE NMPUMEHSIETCS
B KMHuKe. OCHOBHas Lenb cenyac — no-
JIY4NTb Kak MOXHO 60J1e€e BbIPaXEHHbIE U
[ONrOBPEMEHHbIE pedybTaTthl. ITO CTa-
HET BO3MOXHbIM, €CIM UCMONb30BATb,
Hanpumep, Ty Xxe nonynaumio Gmnbpo-
61acTOB OEeCHbI eLle 1 ais BOCCTaHOB-
NleHns TBepablX TKaHelr napogoHTa, To
ecTb kKocTu. B ocHoBe npen cnocob-
HOCTb KJ1I€TOK — MPEeALECTBEHHNKOB
dnbpobnacToB AECHbI NOA, AECTBUEM
onpegeneHHbix daktopoB anddepeH-
umpoBartbCcs B KOCTb. MiccnepoBanusa
rnokasasnu, YTO eCnn TKAHENHXEHEPHbIN
KOHCTPYKT, COCTOSILLMIA N3 OCTEONnacTum-
4eckoro Marepuana ¢ nocaxeHHbIMM Ha
Hero ¢punbpobnactamu AeCHbl Yenoseka,
nogcaanTb B 30HY gedekTta, To Yepes
HEKOTOPOE BPEMS Ha 9TOM y4acTke obpa-
3yeTCsl KOCTHas TKaHb. OTO YPE3BbIHANHO
nepcrnekTMBHasa TEXHONOMUS, U Mbl NO-
CcTapaemcs pacckasartb O HEN B OTAEIbHOW
nyénnkauunm.
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Y100bI ObITH
KpacuBOM...

...Hazo ObITb B KypCe HOBEWHLLNX AOCTUXEHWNI BUNOO0-
rum v meaunumHbl. Kpacota BO MHOrom onpenensercs
340p0BbEM OPraHu3ma, Ho obpeTeHne KpacoTsl ornsia-
ymMBaeTcsl NMopoVt faxe Jyylle, 4emM BOCCTaHOBJIEHNE
370p0Bbs. HeynuButesnsHo, 4TO Ha nepeaHeM Kpae
Hayku Bcerzia HaxoasiTCsl BaXHbIe HOBOCTU [J151 TEX, KTO
CTPEMUTCS K [TPEKPACHOMY.

B Ce 3HaloT, 4YTO TaKOe aHTUOKCUAAHTbI: NONEe3HbIE BE-
LeCcTBa, KOTOpble NPENATCTBYIOT akTUBHBIM hOopMam
Kucnopona noptTuTb GMOMONEKYIbl, BPeANTb 300POBLIO U CO-
KpalaTe MonoaocTb. Ho yeM pasnuyaloTcs aHTUOKCUOAHTbI U
Kakne n3 HUx camole 3 eKTUBHbIE?

YyeHble u3 YHuBepcuTeTa Holokacna (BennkobputaHus) ycta-
HOBWJIN, YTO CMHTETUYECKOE COeANHEHME Mo, Ha3BaHMEM TUPOH
ornepexaeT no 3alUTHBIM CBOMCTBAM TakMe 3HAMEHUTLIE HaTy-
pasibHble aHTMOKCUAAHTbI, Kak PECBEPATPOS U KYPKYMUH. OnbIThl
NPOBOANNUCH in Vitro, Ha KNeTkax BHe opraHmama, 1, KOHEYHO,
noka paHo roBOpPUTbL O HOBOV NaHaLLee — TUPOH ELLLE He NPOLLEN
BCE HeobXoaMMble NPOBEPKM HA TOKCUYHOCTb. 10 MHEHMIO aB-
TOPOB PaboThbl, CTOUT UCCIIEA0BATb aHTMOKCUAAHTHbLIE CBOACTBA
NPUPOAHBIX BELLECTB, MMEOLLIMX CXOOHYIO CTPYKTYPY. BO3MOXHO,
NoTeHLManbHOE NIEKAPCTBO YAACTCS HANTU CPean HUX.

TUPOH C XMMMNYECKOM TOYKM 3PEHNS — OMHATPMEBas Conb 4,
5-purnagpokcu-1,3-6eH3onamcynbdokuncnotbl. OH, BO-NepBbiX,
racuT aKTUBHblE GOPMbI KUCNOPOAA, BO-BTOPLIX, XeNaTUpPyeT NOH
Xenesa, B-TPETbMX, CNOCOOEH MPOHMKATL B MUTOXOHAPUN — opra-
HeJbl, KOTOPbIE OTBEHAIOT 332 SHEPrOCHAOXEHWE KIETKN. DHEpreTun-
Yyeckoe NPOV3BOACTBO B KIIETKE, Kak U B MaKpOMUPE, «rPSI3HOE» —
B MUTOXOHAPUSX BO3HMKAET MHOMO aKTMBHbIX POPM KMCNOPOAa,
1 eCTb MHEHME, 4YTO X HaZL0 3aLLMLLATE B NEPBYIO O4YEPEeb, ECNN
Mbl XOTUM BOPOTLCS CO CTAPEHMEM U PaKoM. [epCcnekTUBHbLIMU
CHMTAOTCS aHTUOKCUAAHTbI, MOXOXMNE HA YOUXMHOHBI, NN kodep-
MeHTbI Q, paboTatoLpe B MUTOXOHAPUAX. OHU MMEIOT B Ha3BaHUN
OykBy Q; POCCUNCKMM NIOBUTENSIM HAYKN XOPOLLIO 3HAKOMbI «MOHbI
CkynadyeBa» SkQ, Ha koTOpble Bo3naraloT 60nbLUME HaAeXabl B
6opbOe Co cTapeHnemM, — NPOM3BOAHbIE NMIACTOXMHOHA.

BpuTtaHckne nccnegosatenm cpaBHMAn TMpPoH ¢ MitoQ —
nepBbIM aHTUOKCUAAHTOM, CMeumanbHO CKOHCTPYMPOBAHHbLIM
015 TPOHUKHOBEHMS B MUTOXOHAPUM, @ TakXe C pecBepa-
TPONOM N KYPKYMUHOM (MX NPUPOAHbIE UCTOYHUKN — COOT-
BETCTBEHHO KPACHOE BUHO U KOPEHb KYPKYMbl apOMaTHOM)
1 ¢ N-auetunnumcrtenHom. B kayecTtse MOAENbHON CUCTEMBI
ncnonb3oBanm GprubpobaacTel YeNoBeEKA — Te CaMble KNEeTKN,
OT paboTbl KOTOPbLIX 3aBUCUT YNPYrOCTb KOXM (CM. CTaTblo
«KneToyHble TEXHONOMM NPOTUB MOPLLUH» B 3TOM e HOMEpE).
DrnbpobdnacTbl, BbipallleHHbIE Ha MUTATENLHOW cpeae, 06y4anm
ynerpaduronetom A B G13nMonormieckon gose (y 4enoseka oHa
Bbl3Bana OGbl MOKPACHEHWE KOXW) unn obpabaTbiBany MOLLHbLIM
okucnuTeneMm — nepekncbio Bogopoaa. KoHueHTpaumm aHtmn-
OKCWAAHTOB Noabupanu Tak, 4ToObl OHU 3aLLMLLANM OT TMBenn He
MeHee 95% KJeTokK; Ha0 3aMeTUTb, YTO AN TUPOHA OHA Obina
CpaBHUTENBHO BbICOKO — 3 MM.

3aTo B 3TOl KOHUEHTpauun OH npeaoTepallan He TOJIbKO
CMEepPTb KNEeToK, HO U MyTaumn. TMPOH NOAHOCTLIO, Ha 100%,
3awyT1n OT NoBpexaeHui ynstpapuonetom n H,O, MUTOXOH-
npuvansHhytlo HK — pasHuupl ¢ KOHTPONEM He Obl1I0 3aMEeTHO.
Kypa ckpomHee BbicTynua MitoQ kak npoTus ynstpaduoneta
(17%), Tak n npoTnB nepekncu (32%). Y pecseparpona okasa-
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nmcb 22%, y kypkymunHa 8 un 20, y T-auetmnuuctenHa 8 n 16%
COOTBETCTBEHHO. ELLe nHrepecHee, 4T0O HEMNOBPEXAEHHOW B
nPUCYTCTBMM TUPOHA ocTanack n aaepHas JHK (MitoQ —18%
3awmThl, pecBepartpon — 38, kypkymMunH — 35%). 3710 6bIS10 clop-
NMPU30M OJ151 Y4EHbIX: U3 06X COOBpaXeHnrn NpeacTasisioch,
YTO NPUPOLHbIE aHTUOKCUAAHTbLI CMIPABATCS JIy4LUe, Beb OHU HE
«MPUBA3AHbI» K MUTOXOHLPUAM, @ HAXOOATCH B LMTONNA3Me U,
cnepoBartesibHO, UMEIOT K 4Py NpsiMon focTtyn. MexaHnsm geni-
CTBUS TMPOHA NOKa He BMOJIHE ICEH, HO aBTOPbI NpeanonaraoT,
470 ero addexkTBHaAdA 3aLumTa oT ynerpaduroneTta A ceadaHa c ero
CMOCOOHOCTLIO XeNaTUPOBaTh Xene3o, KoTopoe ynsTpaduronet
BbICBOOOXaeT 13 OenKkoB.
A.O.Oyewole, M.-C.Wilmot, M.Fowler, M.A.Birch-Machin. Compar-
ing the effects of mitochondrial targeted and localized antioxidants
with cellular antioxidants in human skin cells exposed to UVA and
hydrogen peroxide. The FASEB Journal, 2014, 28, 1, 485—494; doi:
10.1096/fj. 13-237008

B 0J10Cbl — YKpalleHMe KaxXaoro yenoseka. PyCcTHO
CTaHOBUTCA, KOrga ¢ BO3pacTtoM HanoMmHaHMeEM o
MbILLHOM LUEBENIOPE OCTAOTCA TOSILKO B3A0XM OKPYXKAOLNX: «AX,
Kakas 6bina rpmea! Kyaa ke Bce noaesanocb?»

YyeHble AaBHO HAa4YaNM nckatb cnocod 60pbLOLI C 06/bICEHVEM.
EcTb nasepHas tepanus, pasninyHble IeKapCTBEHHbIE METOAbI,
HO, noxanyn, Hanbonee addekTMBHA 1 NONYNSPHA Nepecaaka
BONOC. PONNMKyAbl — BONOCSAHbIE NYKOBULbI — WU3BMEKAIOT
y naumeHTa 13 KOXMU 3aTblJIOYHOWN 30HbI, IAe BONOCHI MEHbLUE
CTpagaloT OT BO3PACTHBLIX U3BMEHEHUI, U NepecaxmBaloT Ha TEMS.
OTO0 AECTBUTENBHO MOMOraeT CNpSATaTh NbICUHY. AHANOMMYHbLIM
cnocobom MOXHO co3aatb 6onee ryctble 6poBU UM PeCHULbI
(npasga, NOTOM NPUAETCA NOACTPUraThb UX KaxXAbl Mecsl, Bedb
BOJ1IOCbI Ha roJioBe pacTyT ObicTpee). OgHaKko Co BDEMEHEM U Ha
3aTblIKe BO/IOC CTAHOBUTCS HE CAMLLIKOM MHOI0, Aa U Ka4eCTBO
«MCXOOHbIX MaTepunanos» Asa onepauum yxe He To. MOXHO uc-
Nnosb30BaTb BOJIOCHI C TeNa, HO OHU He BblpacTaloT AJIMHHBIMM.
Mccneposarenu MeyTaloT O «KNOHMPOBaHMW BONOC» — B GONAn-
Kyflax HageHbl CTBOJIOBbIE KJIETKW, M €CTb Hagexaa, Y4to U3 HUX
NoNy4nTCS BbipaLMBaTh HOBblE PONMKYNbLI AN nepecagkn. A
BOT €C/v 6bl NONyYaTh X U3 APYrvX KNETOK, KOTOpble UMEIOTCS Y
naumeHTa B LOCTATO4YHOM KOJIMYECTBE, CKaXeEM, U3 KIIETOK KOXMN!

Yxe Oblnn ycreLwHble SKCNePUMEHTbI Ha XKMBOTHbIX, HANPUMepP
MblLUMHbIE GONNMKYNbI BbipaWmMBany B Yalwkax letpu, a 3atem
BXWUBASAN UX MbilwaM. M Bpoae 6bl BCe Noy4anocb, HO BOT C
4YenoBEeYECKMMU KNeTKaMm pesynbTaT bl OTPULATENbHbIM.

BpuTtaHckne n amepukaHCKne y4eHbole nod pyKkoBOOCTBOM
reHeTmka Anxensl Kpuctnano na Konymbuinckoro yHmeepcuteTa
B Hbio-Mopke 1 Konnna [Jxaxogsl, cneumanucta no Kneto4Hoii
6uonornm n3 lapeMckoro yHMBepcuTeTa, KynsTMBUPOBaNu ye-
JI0OBEYECKME KOXHbIE KNeTKU B Yalukax [eTpu n Hawam ycnosug,
npu KoTopbix dopmupyoTca Gonnukynbl. Knetkm gepmel —



cpenHero cros KoXm pa3mHoXxatoTcs kak 6bl B 3D-dopmare: oHm
BbIC2XMBAIOTCS HE HA AHO, @ Ha KPbILLKY YaLUKW B Kansx cpeabl,
coaepxallen aMMHOKUCNOTLI U caxapa. ABTOpbl paboTbl Npesa-
rnofiaraloT, 4TO B Ka4ecTBe perynupytoLiero dakropa, KoTopbii
NoOACKAa3bIBAET KNIETKAM, YTO HYXXHO popMupoBaTb GONANKYbI,
BbICTynaeT cuna TsxecTn. OHN BbISCHUIN, YTO TakOW «NoaBe-
LLIEHHBI» cNOCO0 n3MeHseT akTMBHOCTL No4TK 880 reHoB. 3TOro
0Kasanocb JOCTATO4HO, 4TOOLI 3anyCTnTb 06pasoBaHme Gonn-
Kyna! Meilwkam nepecaxmBann 4en0BEYECKYIO KOXY, a MOTOM B
Hee BXMBIISANN NOJIyHEHHbIE NOCE MHKYBaLMM KOMOYKM KNETOK,
1 4yepes WecCTb HepeNb GoNnKybl yCneLwHo passnsaincs.
Ycnex noka Henb3s Ha3blBaTb MOJHbIM. HOBbIE pONNnKybl He
MMEIOT CallbHbIX XeNnes, N B HAX OTCYTCTBYIOT 3peSible MenaHoun -
Tbl — KJNI€TKM, KOTOPbIE OTBEYAIOT 3a CUHTES BOJIOCSHbIX MUTMEH-
TOB, MHBbIMW CNOBaMWU, 3a LIBET BONOC. K TOMy Xe honnunkynbl U3
yalku MeTpu He ob6nagaloT CTONPOLLEHTHOM «BCXOXECTblo». HO
XOTS 3TY METOAMKY €LLLE HENB3S MPUMEHSATL B KIIMHMKAX KPacoThl,
Ha NCKYCCTBEHHO BblpaLLeHHbIX He/TOBEYECKMX BOSIOCAX MOXHO,
HanpumMep, NPOBEPSATL AENCTBME NIEKAPCTB OT OO/bICEHMS.
Claire A. Higgins et al. Microenvironmental reprogramming by
three-dimensional culture enables dermal papilla cells to induce
de novo human hair-follicle growth. «Proceedings of the National
Academy of Sciences of the United States of America», 2013, 110,
49, 19679— 19688, doi: 10.1073/pnas. 1309970110

€T B Mupe cnpaseanneocti. OanH 4enoBek, CKOJIbKO HU
H CUOUT Ha ANETE, HNKaK HE MOXET COPOCUTBL JINLLIHWNIA BEC,
APYron CNOKOMHO CbedaeT NUPOXHOE-APYroe U OCTaeTCs XyabIM.
PaHee cuntanoch, 4To 3a HECNPaBEAIMBOCTL OTBEYAET FEHETMKA,
CKaxeM, pa3nnyHasi akTMBHOCTbL pepMeHTOB MeTabonuama. Tenepb
SICHO, YTO HaO0 Y4UTLIBATL eLle U MUKPOOMOM KMLLIEYHMKA — CO-
06LLIECTBO MUKPOOPraHM3MOB, KOTOPbIE HE MPOCTO OBUTAKOT BHYTPU
Hac, HO aKTMBHO OOMEHMBAIOTCS CUrHANIAMWN C OPraHN3MOM-X03s1-
MHOM, @ N0A4ac 1 ANKTYIOT EMY CBOIO BOSIIO (CM. «XUMMIO 1 XXMN3Hb>,
2013, N2 8).

B nocnepHee Bpemsi NOSBMIOCH MHOIMO paboT, NOCBSILLLEHHbIX
BJINSIHUIO KULLEYHOM MUKPOdNopbl Ha Xxynoby u nonHoty. U3-
BECTHO, 4TO Y TOHKMX U TONACTbIX JIIOAEN, a TaKXe APYrnx MIEKo-
nuTaloLmx, COCTaB MMKPOGIOPbI ApaMaTNYeCKn pasnmyaeTcs.
Ho raoe TyT npuyunHa, a rae CheacTsme — HENPOCTOWM BOMPOC.

Mceneposatenu nog pykosoactsom xeddpun lopaoHa m3
YHuBepcuteta BawumHrtoHa B CeHT-Jlynce B3san o6pasubl
MUKPODIOPbI Y YETLIPEX Nap MONOAbIX XEHLUNH-OIN3HELOB,
NPUYEM B KaxJ0W nape ofHa cectpa 6bina CTPOMHONM, apyras
nonHon. 3Tn o6pasubl CKAPMINBANIN MbILLAM CO CTEPUSIbHBIM
XENyA0YHO-KULLIEYHbLIM TPAKTOM, TaK H4TO «4efiloBeveckne» bakre-
pumM ycnewHo 3acensnu cBoboaHble Tepputopun. OLHM MbILLKK
nosyyanu 06bI4HbIA KOPM AJ1S1 TPLIZYHOB, C HU3KMM COAEPXaHNEM
>XVPOB 1 BICOKMM — PACTUTENIbHOM KNeT4aTKn, Apyrme — pauu-
OH, aHaNOIMMYHbIN 300POBOMN YENOBEYECKOWN MULLE, HEXUPHDIN,

s

TEMATUYECKUIA MOUCK

6oratblin oBOLLLAMU U PPYKTaMU, TPETLU, HAOBOPOT, NOTPEBNANN
MHOIO XVPOB 1 Mano OBOLWEN-PPYKTOB. Takad NOCTAHOBKA 9KC-
rnepuMeHTa No3BOJISANAa BbIACHUTb, Kak BNSIOT HA BEC MNOA0MNbIT-
HbIX 3BEPbKOB KULLEYHbIE MUKPOOPraHNU3Mbl 1 Kak — NUTaHWUE.

Mwukpodnopa CTpOWHbIX XEeHLIWH aenana u molwen 6onee
CTPOMHBLIMU MO CPABHEHMIO C UX TOBapULLLEAMW, 3acesieHHbIMN
MUKPODNOPON NOMHbIX 6M3HELOB, AaXe Korga Te u gpyrue
MbILV NNTANUCb 0aMHaKkoBo. K ToMy xe y obnagarenem «CTpon-
HAWMX>» BakTepuin oNnTUMM3npoBasncs oOMeH BelecTB. YToObl
noATBEPAUTL 3TOT MHTEPECHbLIN Pe3ysbTaT, y4eHbIE NOCENNAN
CTPOVHbIX MbILLEK BMECTE CO CKJIOHHbIMU K NonHoTe. MNpu Takmx
YyCNoBuMsiX 0OMEH MNKPODIOPOM MPONCXOOUT ECTECTBEHHO, Tak
Kak MbILIX YacTO NOEAAT SKCKPEMEHTLI Apyr gpyra. Hekpacu-
Bbli 06bl4ai, HO NONE3HbIV: NCCeaoBaTeNn yCTaHOBWUN, HTO
HakTepmnanbHbIi KONIEKTUB, XapaKTEPHbIA ONS XyAblX MbILUEN,
KOJIOHN3MPOBAJT KULLEYHMKM MOJSHbIX (0COObIX yCNexos 40OUINCS,
B 4aCTHOCTU, NpeacTaBuTenn poaa Bacteroides). ABOT Ha060poT
He Nony4yanocb, MMKPOdIOpa NOJIHLIX MbILLEN HE NPUXMUIAChb B
XYAbIX FPbI3yHaXx.

Ho ecnu Bce Tak 3amevaresibHO, MOYEMY B Pa3BUTbIX CTPAHax He
HabnaaeTcs aNMaeMnii CTPOMHOCTU? YTo MeLuaeT 6akTepusm,
HOPManmaylLWwmMm MeTabonmam, pacnpoCTPaHATbLCS, Kak pac-
npocTpaHseTcs nobdas kmwedHas nHpekuma? OTBeT okasancs
TPUBMASIbHBIM: «XOPOLLUNX» BaKTEPUI HE YCTpPanBaloT NULLEBLIE
npeanoyYTeHns, XxapakTepHble 4511 MHOMMX NOosHbIX ntoaein. OHm
3acensanm KMWeYyHNK dKCnepMeHTasbHbIX MblLLIEN, TONbKO Koraa
TE Noy4ann HU3KOKaSIOPUIAHYIO NMULLY, a paunoH, 6oraTtbil Xmpa-
MU 1 6eaHbIN pacTUTENbHLIMKW NoNMcaxapuaamMmm, KonoHn3auum
npenaTcTBOBa.

Kctatn, B mae 2013 roga Bneyatnsiowme pesynsrarbl onyoam-
KOBasa rpynna eBponemnckmnx y4eHoix. Mo nx gaHHsIM, BCEro oamMH
BWA KMLLIEYHbIX 6akTepuii, Akkermansia muciniphila, 9d¢ekTnBHO
perynupyet MeTabonm3Mm y MbILEN, NPeoTepaLLas He TObKo
OXMpPEeHUe, HO 1 pa3BuTHe anabeTa BTOpPOoro Tuna. K coxanenuto,
1 3TN BakTepun NPUXMBaAIOTCA C NEPBOro rnpuema He B NioOOM
KULLEYHWKE, HaNnaauTb KOHTAKT MeXAy MUKPOOpraHn3mMamu 1
MaKpoOopraHM3MoM yaaeTcs He Bcerga.

BeposiTHO, yXe CKOpo Bpaym-aMeTosnoru, a 3a HAMK 1 Bcsiue-
CKMe rypy noxyaeHus BMECTE CO CNUCKaMM Pa3pELLIEHHbIX U 3a-
NMpeLLEHHbIX MPOAYKTOB CTaHYT Bpy4YaTb NauveHTam npenapartbl
6akTepuii, HOpManU3ylLLMX OOMEH BELLLECTB. A MoKa, MOXET
OblITb, BKJIIOYMTb B ANETY XNBOW NOTYPT UM NPOCTOKBALLY?

V. K. Ridaura et al. Gut microbiota from twins discordant for obesity

modulate metabolism in mice. «Science», 2013, 341, 6150, 1241214,

doi: 10.1126/science. 1241214.

A.Everard et al. Cross-talk between Akkermansia muciniphila and

intestinal epithelium controls diet-induced obesity. «Proceedings of

the National Academy of Sciences of the United States of America»,

2013, 110, 22, 9066—9071, doi: 10.1073/pnas. 1219451110.

MoarotoBunmn
E.KneweHko, C.®dponosa
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Cka3kun
0 Omo-
pe3oHaHce

BbuopesoHaHcHas Tepanus — 280 TbiCsi4 CCbI/IOK B IHTEP-
HeTe, buope3oHaHcHas anarHoctuka — 610 Teicsi4, HeYTO
BereTope3oHaHcHoe — 165 Teicsy4. OpuumanbHas Meanum-
Ha 3TV MeTobl HE NPU3HaEeT, UMK, KOTOPLIM Mbl [10Ka3bl-
BaJin CChIJIKU, COBETOBA/IN 3aHSITbCS YeM-HUOYAb APYrvM,
a MeHee BOCIMUTaHHbIE — ro4YnTaTb y4ebHuk. B IHTepHeTe
€CTb Kputn4eckmne cratbn. MexaHn3Im ,qeﬁcnaml HesiCeH,
aBTOPbl METOAA HNYEro BHITHOIO HE roBOPSIT, KOPPEKTHas!
npoBepka MeToAa He rnpoBoaniack. B cratesix npusoasrcs
OnucaHysi HAYNHKU «rIpubopoB» — MbITIUB HE/TI0BEHECKUI
pasym, BOOPYX€EHHbIVi OTBEPTKOM! — v BUAHO, YTO 3TO MY-
nskn. B pekname npnbopos nonagarotcs ¢ppass! BpoLe «rno
3asiB/IEHNSIM HEKOTOPbIX y4EHbIX-(U3NKOB, OLHOMOJIIOCHbIV
TOK OKa3bIBaeT rybuTesIbHOe BANSIHUE Ha OpraHnu3M, Crio-
Cco6CTBYeT MyTaLmy KJIETOK, KOTOpasi, B CBOIKO o4epessb, Mpo-
BOLIMPYET pakoBble 3abosieBaHusi». C caita Ha caliT kovyeTt
ppasa o ToM, 410 3TV NPUOOPbI MPUMEHSIIOT B KOCMOCE 1 4TO
OHW eCTb B rnpaBnTesibCTBEeHHbIX J1e4eOHbIX opraHun3auusax
(kak 6yATo nocrnenHee 4To-To A0Ka3bIBAET).

lTockosibKy BOMpPOC HaxoaumTcs B cpepe Kak pusnku,
TaK v MeauLMHbI, XOTeJ1I0Cb Obl YCIbILLaTb MHEHVE JII0AEN,
A0Ka3aBLUNX Ha MPaKTNKe KOMMNETEHTHOCTb B MPUMEHEHUN
¢usukn B meanunHe. VI He Ha ypoOBHE MUCI0J/1b30BaHUs
roToBbIx MPuOoOpPOB, a Ha ypoBHEe pa3paboTky METOLOB U
MPUMEHEHUST OHbIX B MeANLIMHE C A0Ka3aHHbIMU Pe3Y/b-
Tatamu. Mbl 06paTunnce K 3aBeayioLemy naboparopueri
Meaunko-pu3nyeckux nccnenoBaHnii Mockosckoro o6-
J1aCTHOI0 Hay4YHO-nNCCJ1e[0BaTesIbCKOro KJIMHNYeCcKoro
nHctutTyTa um. M.®.Bnagmumupckoro (MOHWVIKU) noktopy

TexHn4Yeckux Hayk .A.PoratkuHy (cm. ero ctatbio 8 B N2 9

«Xumum n xn3Hmn» 3a 2013 roa).

Bbl cnbiwianym o metogax GMopesoHaHc-
HOW Tepanuu u GMOpe3oHaHCHOW aua-
FHOCTUKN?

[a, B Hawel naboparopuun 00 CUxX Nop
XUWBYT HECKOJIbKO Takmx npubopHMKOB.
Korga-T1o Mbl 3HakoMUnAnck ¢ nx pabo-
TOW, 3arfsHYAN BHYTPb, pa3obpanuchb
B yCcTponcTBe, nonpoboBanu Ha cebe,
MoO3KCNepUMEHTUPOBaNN C BpadYamMu, nx
MCNONb3YLWNUMN, Nopaccnpawmeanm
pPa3paboTYMKOB U UHXEHEPOB-3NEKTPOH-
LLIMKOB (PUPM-U3rOTOBUTENEN.

3HauuT, Mbl N0 agpecy. Toraa 4To Xxe Ta-
Koe Ouope3oHaHCcHas Tepanua?

O6bIYHO BMOpPEe30HaHCHYI0 Tepanuio
(BPT) ee CTOPOHHUKM ONpenensitoT Kak
Pas3HOBUAHOCTb puamoTepanum (MeToasl
Tepanuu C UCNoJIb30BaHNEM AENCTBYIOLLMX
dunsnyecknx GakTopoB: ynbTpasByka,
3/IEKTPUYECKOro Toka, MarHUTHOro Nons
n ap. — lNpumed. pes.). No 3ameicny aB-
TopoB, BPT nogpasymeBaeT BO3OENCTBMNE
Ha TKaHW 1 OpraHbl 31eKTPUYECKMM TOKOM
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MN 9NEeKTPOMarHUTHbIM U3NyY4EHUEM
TakoW YaCTOTbl, KOTOPAs NPMBOAUT K NoAa-
BJIEHUIO MATONOMMYECKUX KonebaTenbHbIX
npoLeccos B opraHuame. OTcioaa, Bnan-
MO, 1 C/TIOBO «PE30HAHC» B HA3BaHWN, XOTA
B Pp13MKe pe30HaHC — NPOoLLEeCC yCuneHns
amMnnuTyabl konebaHuii, a He nopasne-
HUs. Ho oeno He B Ha3BaHWK, a B TOM, Kak
BbIOPATh YaCTOTY M MOXHO 1N TaK IEYUT.
Cospatenv BPT roBopsT, 4TO KNEeTKN 1 op-
raHbl N31y4aloT NEKTPOMarHMTHoe noJse,
4acTOTa KOTOPOro MEHAETCA NPW NaTono-
run. Ecnu npubop BPT peructpupyet Bce
3TV NONA, OTAENAET HOPMY OT NATONOIN,
CUrHas NatosnorM4eckom 4acToTbl MIHBEP-
TUPYET N NOJAET U3Ny4YeHue (Unm ToK)
Ha NauueHTa, TO UCXOAHble KonebaHns
noaaenanTcs. MOXHO gaxe He U3MepsTb
NnoJfsi KOHKPETHOro naumeHTa, eciim OHU
OOVHaKOBbI AN151 BCEX I0AEN N Pas3nNnNyHbI
TOJSIbKO A9 Pa3HbIX NaToON0rmii.

A kak onpepenuTb, Kakne 4acToTbl —
HOpMa, a Kakue — natonorusa? 3To Kakoun

'Mockoéckas eopodckas aezenoa — npuKoOCHoBeHuUe K HOCY OPOH30601i 06HAPKU HA CAHNUU
Mmempo «IL1ouads pegoarouuu» npuHoCUm yoaiy — no cymu, He MeHee 060CHO8AHHA, HeM
Guopesonancnas mepanus

e 06beM Hay4HbIX UCCIeA0BaHUIi Haao
6GbIJIO NPOBECTU ANA KaXA0ro opraHa,
KaXA0# KNeTK1 U KaXaoi natonorumn?

K cyacTtblo, uccnenoBaHus 34eCh HE HYXKHbI.
ABTOpSI ewwe Ha 3ape BPT noctynmposanu,
YTO rapMOHMNYeCckne konebaHns — HopMa, a
HerapMoHW4Yeckre — nartonorvs. Buammo,
CJI0BO «rapMOHUS» Y HUX aCCOLIMMPOBASIOCH
C 9CTETMYEeCKOolr rapMoHunen, ¢ HOPMOW.
lapMoHuyeckne (CnHycoupanbHble. —
lMpumey. ped.) konebaHna NpPoxoasaT B
LKone no ¢pusuke, a 4To no Teopeme Pypbe
no6oe HerapMoHuyeckoe konebaHve pac-
KNaAblBAETCSH HA CYMMY FrapMOHUYECKNX
COCTaBnsAlOWMX U, HA0OOOPOT, CyMMa rap-
MOHNYECKNX KONIEOaHNIN OT pa3HbIX OPraHoB
M CUCTEM JACT Ha BbIXOAE CyMMapHble
HerapmoHuyeckune konebaHuss — 31O 3a
npeaenamMm WKONbLHOro Kypca puanku.
9Toro Bpaynm ob6bIYHO HE 3HAIT, U UM
MOXHO pacckasblBaTb Npo dunsTpaumio
rapMOHUYECKUX N HEFAPMOHNYECKUX,
naTonornm4yecknx n HeNaToNoOrM4EeCKunX.



MOo>XHO Oblfio 661 06CYANTH BO3MOX-
HOCTb PErncTpaumm 3TUX U3NyYEHUN,
WYMbl M BHEWHNN GOH, HO FNaBHbIN
BOMNPOC — OENCTBUTESIbHO JIN TKAHU U
KNETKM M3NYy4aloT YTO-TO OCMbIC/IEHHOE,
4YTO MOXHO UCMONb30BaTh B ledeHnn. [a,
3NEKTPUYECKUI TOK U SIEKTPOMArHUTHOE
M3JlyYeHnEe CO34alTCA ABUXYLLNMUCS
3NeKTpMYeckuMn 3apsgamn. B TkaHsax m
KneTkax ABvXKyLmecs 3apsiabl — 3TO UOHbI.
MapamMeTpbl U3Ny4YeHUs, KOTOPbIE OHMU
C03[al0T CBOMM OBUXEHWEM, ONpeaens-
I0TCS HanNpPaB/IEHMEM OBUXEHWS 3apsa0B,
4acToTON Nx koNebaHnn 1 MOMEHTOM
Havana ggmxeHus. CymmapHoe none —
cymma Bcex konebaHuin, n pa3nennTb ero
Ha OTAENbHbIE TKAHW, OPraHbl UK KNEeTKN
HEBO3MOXHO. Bce MoHbI BO BCEX KneTkax,
B KPOBU, B IMM®e, B MEXKIIETOYHON XU~
KOCTU, ABUXYTCS Xa0TUYHO, 1 PaKTUYECKN
MOXHO 3aperncTpmpoBaTb ULb OOUH
OOLLMIA LLIYM — 3N1EKTPOMarHUTHbIA HOH.
Tonbko 04YeHb 60MbLUINE MACCUBbLI MOHOB
KNETOK, OPraHN30BaHHbIE N CUHXPOHU3N-
POBaHHbIE B €AMHbI MEXaHN3M OBUXXEHMS,
HanNpUMep NPU COoKpaLLEHNM CepaEYHOMN
MbILWLbI (Monspu3aums/penonsapusaumsa
Muokapga. — [lpumed. pea.), MoryT na-
BaTb ABHbIN, XOTA U C1abbliA, HO OCMbICIEH-
HbIl anekTpuyecknin curHan. OH ncnosnb-
3yeTcs B anekTpokapamorpadum (9KI).
OpHako gns MOHOB B MO3re, XOTs Tam
OBVXXEHME MOHOB CMHXPOHHO Npu BO36YX-
DEHUN HEMPOHOB, CUTHAN YK€ HACTOJbKO
3allyM/IeH pa3HOM 4acToTon konebaHun
1 pasHon ¢as3on n3-3a pasnM4yHom Npo-
CTPaAHCTBEHHON OPUEHTaUMN HENPOHOB,
YTO B 3anMCK 3NeKTPo3HLedanorpamMmel
(93l perncTpmpyroTCs nLLb YaCTOTHbIE
puTMbl — anbda, 6eTa, ramma, xapakTepu-
3yloLume obLee COCTOSIHNE BO30YXXAeHWS/
TOPMOXEHUS KOPbl FTOSIOBHOMO MO3ra u ee
Y4aCTKOB, HO HE OTAENbHbIX KNETOK. M aTo
HE «rapMOHNYECKME HaCTOTbI», @ CNEKTP
4acTOoT, HaAEXAbl Xe Ha OeTallbHY UH-
dopmaumio, Ha pacM@PpPOBKY MbICNEN
no curhany 33l He onpaepanuck. N ato
HECMOTPS Ha TO, 4YTO B rosioBe paboTatoT
CUHXPOHHO ThICAYM HEMPOHOB C 0buen
NPOTSAXEHHOCTbIO HEPBHbIX OKOHYaHWI
B COTHM METPOB U KUIOMETPbI, @ B HUX
CBEpPLUAOT OCMbIC/IEHHbIE KolebaTenbHble
OBVKEHNS MMpUaabl MOHOB. YTO yX roBo-
PUTb MPO U3NTy4EHNE OT OTAENbHbIX KITETOK
nnm 6akTepuii...

To ecTb Jaxe ecnuv U CyLWEeCTBYIOT OCO-
Oble ABUXEHUS NOHOB, TO BbIYJIEHUTb UX
3NeKTPOMarHUTHoe u3ny4yeHue Ha ¢poHe
LIYMOB BCero opraHm3ma HeBO3MOXHO.
p,a N NnogaBuUTb U3Jly4eHUe He 3HAUYUT
OCTAQHOBUTb UX ABUXEHUe U BblJIeYUTb
nauueHTa. A 4To Takoe GMope3oHaHCHas
avarHoctuka? OHa nbiTaeTcs ANarHocTu-
poBaTb 60/1€3Hb N0 U3Ny4eHuio?

C Hel geno ewe xyxe. BPT xoTb kak-To
cBsi3aHa ¢ GU3NKON, XOTS Obl BHELLHE Ha-
nomuHaeT duamoTtepanuio. BPM xe Hn4ero
obLLero ¢ Haykon He MeeT.

BooOLe-To BHelLLHee Noaooue He leynT.
A uyTo roeopsit cospartrenu BP[] o ceoem
meToAe? [LoJIKHbI )K€ OHM YTO-TO Npo-
N3HOCUTb?

OHW roBOPSAT NPO YaCTOTHbIN pe3oHaHc,
HO B NJ1aHE PErncTpaunm aNieKTpm4eckoro
CONPOTUBIIEHUS KOXWU YenoBeka. HAKoObl
Ha HOPMaJibHbIX YaCTOTax CONPOTUBIIEHNE
O[IHO, a Ha NaToJIOrNYEeCKNX — Opyroe,
MeHbliee. 1 MOXHO AnarHoCTUpOBaThb
nartosornio MO YMEHbLUEHNIO CONPOTUB-
JIEHMSA KOXW MO CPaBHEHUIO C OpYyrumMu
yacTtoTamu.

A 310 He Tak?

AKTMBHOE COMNPOTUBMIEHNE KOXN — 3TO
COMPOTUBIIEHMNE MNOCTOSAHHOMY TOKY. OHO
HE 3aBNCUT OT YaCTOTbl, HUKAKOW HYaCTOThI
3[eCb HeT. PeakTBHOE Xe conpoTuBe-
HMEe KOXM 3aBUCUT OT 4acTOTbl U Onpe-
0enseTcs eMKOCTbioO B COOTBETCTBUN C
3akoHamMu dunamkn. OHa onpenenseTca He
naTonornyeckumm YactoTamm, a pmsmnye-
CKMMW CBOMCTBAMM KOXUW — MJIOTHOCTBIO,
TOJILUMHOW, BNAXHOCTbIO, TEMNepaTypon
1 Tak ganee.

B kypce ¢unsnkm y CtyoeHTOB-MEONKOB
€CTb TakoW BOMPOC: «ANeKTPoConpoTMB-
JIEHNE KOXN 3aBUCUT OT: @) UHTEHCUBHOCTU
canootaenenust; 6) MUHTEHCUBHOCTU MOTO-
OTAENEHVS; B) CTENEHN KPOBEHAMNOHEHWNS
LEPMbI; I') KOHLEHTPaUMN CONEN B TKaHe-
BOW XNAKOCTU; A) TONLWMHbBI SNUOEPMUNCA;
€) uenocTHocTn anmpgepmmca. Kakom nyHkT
34ecb oWwmnboYHbIN?» N3 camon popmy-
JINPOBKW BUOHO, YTO Ha COMPOTMBIEHNE
BAUSIIOT HECKOJIbKO HaKTOPOB, HNUKAK He
CBsi3aHHbIX C 3aboneBaHnamu. Jdanee,
90% conpoTUBNEHMS KOXW cocpenoToYe-
HO B 3aNUaepMnce, B pPOroBOM 1 POCTKOBOM
cnosax, ato okoso 100 kOm. OcTanbHOMn
OpraHn3Mm, BCe TKaHW 1 OpraHbl, UMET
conpoTumeneHne He 6onee 1 kKOm, Ha aBa
nopsgka mMeHble. N3mepsas anekTpo-
COMNPOTMBJIEHUE KOXU, Mbl NU3MEPSEM
CONpOTUBIIEHNE ANuaepmmca.

FoBOPSAT, YTO 3/IEKTPOCONPOTUBIIEHUE
Ouonornyeckn akTUBHbIX Touek (BAT),
CBfi3aHHbIX C TEM UJIN UHbIM OpPraHom,
MEHSIeTCs, ecqiu B 3TOM opraHe 3abone-
BaHue. MOXHO 3TUM MeToAO0M NPOBOAUTL
AVNarHocTuky?

JeicTBuTenbHO, B HEKOTOPLIX Bonee cpea-
HEBEKOBbIX Bapuaumsix Ha Temy BP/, Bcno-
MUHAIOT PO «aAMarHOCTUKy no donnto», Npo
meTon HakaraHu, npo conpoTtusneHne BAT
1 NX CBA3b C opraHamun. Ho BAT — noHsaTne
HE eCTeCTBEHHO-Hay4YHoe, B aHaToMum "
HU3NONIOrMM Bbl UX He HanaeTe. 3TO TOYKN
BbIXO4a SHEPrn UM, LMPKYIVPYIOLLEN MO
MepuauaHam, KoTopble CBA3bIBAOT BCE
HalLm opraHbl. ITO He HayKa, a PeNNrMo3HO-
dunocodcekas JOKTprHA. MOXHO, KOHEHYHO,
MOroBoOpuTbL O penurin n eunocodun, HO
Bbl Xe CrpaluvBaeTe MeHs1 MPo MeanLMHY
1 or3nky? 1a, MOXHO AMarHoCTMpoBaTbCA
M NNeYNTLCS MO KaHOHAM, Hanpumep, KuTam-
CKOW HapOoAHOM MeanumHbl. Kaxabiin cam
BblOMpaeT cebe 1 penurmio, 1 MeauuUpHy.

PACCJIEAOBAHUE

Ho v pe3ynbtar 6yaeT COOTBETCTBYIOLLMINA.
Ecnn nocmoTpeTb ctatnctuky Becemmp-
HOW OpraHn3aunmn 30paBoOXpPaHEHUS, TO
BUOHO, rO€ MEHbLUE CMEPTHOCTb, Bbllle
N371e4MBaEMOCTb, MEHbLUE INUOEMUN,
[OnbLUe NPOAOIKUTENBHOCTD XU3HN — B
Kntae nnn, ckaxem, B EBpone. Ecnu Obl
HapoaHas kutanckas MeguumrHa pabortana
adpPeKTBHEE HAYHHOW €BPOMENCKON, TO HE
B EBpone 6b111 6bl Ty4LIME CTAaTUCTUYECKME
rnokasarenu, Kkutamckme 60nbHULLI He 3a-
kynanu 6b1 B EBpone n CLLIA coBpemeHHoe
MeavumMHckoe 0bopyaoBaHve, He OTNpaB-
nanm 6bl Bpayei yantecs B EBpony n apyrmue
pasBUTbIE CTPaHbl, @ HEKOTOPbIE KUTANCKNE
dapmaLeBTbl HE NoAAeNbiBan Obl HOBbIE
3anagHele nekapcrtea. lNopasnawowee
60NbLUMHCTBO MEOULMHCKMX CTPax0BbIX
KOMMAHWI HE OMNaYMBaloT OMArHOCTUKY U
nieyeHe meTogamu niobor HapoaHOM Me-
aumHbl. Komnanus «PocHo», ona npumepa,
3TO NPSIMO ykasbiBaeTB M. 12.1.7 noroeopa.
Hy xopowo. A kak xxe BP[, ycTtpoeHa, no
BalleMy MHEHUIO, Ha caMoMm paene?
3HaeTe, n3gaBHa CyLWeCcTBOBaAN Takme,
ondTb Xe HapoAHble, MeToAbl ANarHo-
CTUKM, KOTr4a UCNoab3yeTcsd cucrema
BOMPOCOB N OTBETOB «Aa» N «HET»,
npuyYemM oTBeT BbiOMpPaETCcsa CnyyYanHo.
MoxHo noa6pacbkiBaTb MOHETKY, MOXHO
ncnonb3oBatb MAadTHUK U3 30J10TOro
KONeyka Ha HUTKe, pamMKy fo3oxoaLa
nnn ragatb Ha pomawike. CerogHsa aTo
BP, HO ¢ KOMNbIOTEPOM, CBETOAMNO-
namu, nposogamu. 3agaeTcs BONpoc
KOMMbIOTEPY: eCcTb nn 3aboneBaHue
neyeHn? M komnbloTep cnyvyanHbiM 06-
pas3oM BblAAET OTBET «4a» UAN «HET».
Mpwu oTpuuaTenbHOM OTBeTe BbiOUpa-
eTCcs Qpyror opraH, rnpu noaoxuTesb-
HOM — 3aJaeTCcs YTOYHSAOLWNA BONPOC,
ckaxeMm: «39T1o oHkonorua?» N tak noka
He HapoecT. B kayecTBe Xe cny4yanHoro
napameTpa B P/l BbicTynaeT akTMBHoE
3/1eKTPUYECKOE COMPOTUBIIEHNE KOXU
NMOCTOAHHOMY TOKY, namepsaemMmoe n n3-
MeHdemMoe MeTalJIM4eCKUM LLLYyNnoM npu
HagaBJIMBaAHNN UM Ha KOXY.

A xak aTo paboTaeT B MeguLUHE?

B meguumHe 310 He paboTaeT, peanbHOM
ONArHOCTUKM Npnbop HEe NPOU3BOAUT.
Bam namepsaoT conpoTtmeneHne annaep-
Muca, KOTopoe B CTO pa3 6osbLie Conpo-
TUBIEHUS BCEro OCTaJIbHOro OpraHmama.
M3I0OMUHKA 3TO TEXHONOrMM — Hapa-
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BAIMBaHME LLYMNOM Ha KOXY B npouecce
M3MEPEHNIA, packadnsaHmne n Bo3byxae-
HME TOYKM, KaK MULIYT aBTopbl. ECnn Obl
NPOCTO U3MEPSNIOCb CONPOTUBIIEHNE, TO
Mo OA4HOW ero Bean4mHe (OgHOMY HUCHY)
HUKaK Hesb3s 6b110 6bl ANArHOCTUPOBATb
COTHMU U ThICAYM HO3010rnM4eckmnx dGopm
3a601eBaHN — HNKAKOW TOYHOCTN N3Me-
PEHMI He XBaTuUT. Ha akpaHe komnbloTepa
BbIOMPAETCS MYHKT MEHIO, COOTBETCTBYIO-
LA oprany, 3aboneBaHunio N T. 4. LLlynom
NIErkKO 1 NAaBHO HAXMMAIOT Ha KOXY U
CMOTPAT NokasaHusa namepeHuni. Janee
BbIOMpPAlOT APYron MyHKT, U CHOBA Npwu
HaOaBNMBaHMM NPOBOAMTCS U3MEPEHME.
PaHO nnn nosgHO coNpoTMBIIEHNE yna-
net Ha 20—30% — noBpexaeHue npu
Ha[aBIMBaHUK LLYNOM MNOTOBbLIX Xenes,
MeMOpaH KeTOK POCTKOBOIO CJ10 KOXMW,
[a 1 BCEro anngepmmca npuBOANT K
YBENIMYEHUNIO YBNIAXHEHUS annagepmMmmuca n
€ro poroBoro Ciosi, pacCTBOPEHMUIO Conen
Ha NOBEPXHOCTM POrOBOrO C/I0St KOXWU W
COOTBETCTBEHHO K YBEJINYEHUIO SJIEKTPO-
MPOBOAHOCTU. J1aTyHb, N3 KOTOPOW caenaH
Lyn, CTUpaeTcs Npu HagaBAMBaHUN Ha
KOXY U MeTannm3npyeTt poroBoi Cron
KOXM B MECTe KacaHusl, yMeHbLUas ero
conpoTmeneHmne. JlaTyHHble n 6POH30BbIE
cTatyn 61ecTaT B Tex MecTax, KOTOpbIX
MOCTOSIHHO KacalTcs nogn, — MeTann
MCTUPAETCS, Er0 YaCTULLbl MEPEHOCATCS HA
KOXY pyK (poTo 1). MNpu BEIGOPE KAKOro-To
MyHKTa MEHIO CONPOTUBNIEHME YNALEeT —
3TO M CHNTAIOT MOJIOXKUTENbHBIM OTBETOM.

Ho npu6op mMoxeT BbigaTb cOBCEM ab-
CYPAHbIA AuarHo3s?

MoxeT, ecnu aeiicTBoBaTh coBCEM 6e3-
OYMHO, HO 3a npubopomM cuanT Bpau.
MaumeHT Ha 4YTO-TO Xanosancs, u npea-
naraemble Bpa4yoM BONpPOCkl He ByayT 3a-
BeOOMO abcypaHbiMU. Kpome Toro, MOXHO
BapbMpoBaTb CUJTYy U HACTOTYy HaXuma
Ha LLymn, TO ecTb yNnpaBnsiTb CKOPOCTbIO
HacTynaeHns NoBpPeXOeHnin n conpo-
TUBNIEHMEM.

Camoe nHTepecHoe, 4To AuarHos 30echb
He NpuHUMNuaneH, oH A0JNXeH ObiTh
Wb He 3aBegoMo abecypaeH, XoTs Obl
oT4yacTu npasgononobeH. Ecnn naum-
EHT yXXe Xoaun K ApyromMy Bpauyy, nydluie,
4TOObl ANArHO3 HEMHOIO OTAMYanNcsa oT
TOro, KOTOPbIV NAUMEHTY CTaBU/IN PaHee.
Toroa nauueHT nosyvyaeTt oO6bACHEHME,
rno4yemMy OH [0 CUX NOP He BbINevynncs, —
auarHo3 Obls1 HeBepHbii! Ho paxe npu
nepBMYHOM 0O paLLLEeHUN K BpaYvy AnarHo3
B 6LOPE30HAHCHbIX TEXHOOMNSAX — BELLb
BTOPOCTENEHHas.

Mouyemy?!

OO6bIYHO AMArHO3 HYXEH, YTOObI FPaMOTHO
BblIOpaTb MeTOZ, fieueHusl. A 30eCb METOL,
OOVH 1 TOT Xe anga noboro guarHosa —
BaM NpenoxXar B Ka4ecTse iekapcTaa npu
NoBoM packiiafie HEKYI «3apPsKEHHYIO»
roMeonaTnyeckyto KpYrnmnHKY (romeonarsl
FOBOPSIT «KPYMNKY»).
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MHe KaXeTcCHd, 3TO Noxoxxe Ha Konpoe-
cTBO. Y10 3TO 32 TeXHONOrMA?

A 9T0 Tak Ha3blBaemMasi COBPeEMEHHasa
3/1eKTPOHHAsA romeonaTtus, CyLLecTBy-
owasn pyka 06 pyky ¢ bPL,. Cnoa «uH-
dopmauus», «<3anncb 1 KONMPOBaHNE NH-
dopmaumn», «<MHPOPMaLIMOHHbBIE MOTOKN»
Tenepb y BCex Ha cnyxy. HekoTopsble nogn
C BOCXMLLLEHMEM OTHECYTCS K TOMY, YTO Ha
roOMeOonaTN4eCKyo KPYnmnHKY KoMnbloTep
WM MHOE 3IEKTPOHHOE YCTPOMCTBO 3anu-
weT nHdopmMaumio, kotopast byaoeT cpoa-
HU MHOpMaLNM O HYXHOM JlekapcTee
(KOTOpPOro, BO3SMOXHO, U B NPUPOAE HEe
CYLLECTBYET), U KOTOpas nx ByaeT neunTsb,
€CNW OHW 3TY KPYNMUHKY ByayT NpMHUMaTh
BHYTpPb. Kak rosopsat aeatenu ot P, oHmn
CO34al0T Ha HEWN «3NEKTPOHHYIO KOMUIO
HY>XHOro nekapcTBa». M 3gecb, No nx yse-
PEHUIO, TOSIBKO MHMDOPMAaLMS, HET HUKAKOM
xumun! Moatomy He BYAET U HUKAKUX NO-
604HbIX 3pPEeKTOB (a kakme NodoYHbIE -
dexTbl OT MaNEHbKOW CaxapHOM KPYMNUH-
Kkn). OOHUM CNOBOM, rOMeonaTus, TONbko
3/1IeKTPOHHAas. 3anmcb NPoM3BOaUNTCS
Ha npubopax C TakKMMn XapakTeEPHbIMU
MeTaNIM4ecknmm vyawedkamu (poTo 2),
npoBOAAMU NUTaHNS 1 6aTaperikamMm OH He
obpemeHeH. Mo cnosam co3gartenemn, oH
paboTaeT oT aHeprum Kocmoca. CTpaHHO,
YTO OHM HE FOBOPSIT «OT TEMHOW SHEPINM».

HaBepHoe, n3-3a mpayHbix accounaumin?
MoxeT 6bITb. OAHaXabl 1 CIPOCUI NPO-
[aBLa Ha BbiICTaBKe B OKCMNOLUEHTPE B
MockBe: «Pa3 HeT nuTaHua y npubopa,
TO OH OyneT paboTaTb BEYHO, 3TO BEYHbI
nBurarens?» [leBylika 4eCTHO OTBeTUNA:
«[da, Mbl yXe OaBHO U300penun BeYHbIn
nBurartesnb, kak Bbl roBopute. Ho aTo He
camMoe BaXXHOE 1 MHTEPECHOE Halle U30-
OpeTeHne. ITO epyHaa, MPOMEXYTOYHbIA
atan. CaMmoe NHTEpPEeCHOE y Hac — 3TO ero
npUMeHeHne ANg Hawmx dHepromHdop-
MaLUMOHHbIX MEOVULIMHCKNX TEXHONOT N>,

2
Tlpubop 015 3anucu ungpopmanuu
HA 20MEONAMUHECKYI0 2PaHyy

Mpoeepsan nn odpnunanbHO KTO-TO,
Korgpa-1o v rge-t1o, CKkaxem, no JInMHuu
MuHucTepcTBa 34paBOOXpaHEHUS, KOp-
PEKTHOCTb 3TUX MeTOA40B ANArHOCTUKU
N Tepanuun ¢ TOYKU 3peHund MeAMLlMHbI?
Ecnu pa, To KakoBbl OblNIN pe3ynbTraThbi?
Ecnu HeT — novyemy He nNpoBepsanncb?
Bep,b 3TO U UHTEepeCHO, U nMmeeT KOM-
MepUYeCKUN CMbICJT — eCNn A AJ0Kaxy,
4YTO KOHKYPEHT wWapnartaH, TO nouayT
JIe4YNTbCH KO MHe.

TyT Tpu BONpOCa, OTBEYY MO NOPSAOKY.
Ecnun roBoputb 0 npubopax, To opu-
unanbHo Bce npubopbl MeauLNHCKOro
Ha3Ha4YeHusa O0NXHbl MPOXOANTb K-
HUYECKME UCNbITaHus. Ham pesynbTathl
Taknx odpunumanbHbIX UCMbITAHUN HE
M3BECTHbI. Ho ecnv oHu 1 6binn, TO, o4e-
BMAHO, ObINIO HANNUCaHO, YTO OHW NOJO-
XUTenbHbl. Bonee Toro, MnHNUCTEPCTBO
3paBOOXPaHEeHNst B CBOE BpeMs aaxe
yTBEPXAAN0 METOANYECKME PEKOMEH-
noaumm no npumeHenunio 6P, Hanpumep,
ONa «BbIABNEHUS NUL,, YNOTPEBNAIOLWNX
HapkoTuyeckme BeuwiecTea» (MeToam-
yeckmne pekomeHgauum N2 2001/98,
YyTBEPXAEHbI MEPBLIM 3aMECTUTENIEM
MWHUCTPA; B HACTOosLW,Ee BpeMs aToT
O0OKYMEHT HETPYOHO HamTu Ha camTtax
cneunanncTtoB no 6MopesoHaHcy, oa-
Hako Ha cante MmnH3gpasa Ham ero He
yoanocb obHapyxuTb). MpeacraensaeTte,
Kakoe none gnsg TBOpYecTBa Bpaya-
anarHocta! Haxan HyXHbiM 06pa3om
Ha LWyn, U naumeHT — HapkomaH. Mnn
HEe Ha)xan — N He HapKoMaH, XOTs Bce
BEHbl B Ablpkax. Ho B MnHucrtepcrtee
OflHaX bl M 9KCTPACEHCOB npeanaranm
JINLLEH3NPOBATL U Y3aKOHUTb UX METOAbI
neyeHus. Bngnmo, «k10-TO KOe-rge y
Hac nopori» nognucebiBaeT bymarn 6e3
He3aBUCMMON NpodeccuoHanbHOM
akcnepTn3bl. He roBops yxe 0 KOM-
MepYeckow Bbiroae, kak Bbl ee Ha3Ba-
nn. OTO POBHO Ta Xe CuUTyauus, 4To 1
C HaWyMeBLUNMUN HELABHO NIMNOBbLIMU
ancceptaunamu. B megmunHe nHorpa
CJIOXXHEE YCTaHOBUTb UCTUHY, HEXENN
B ApYrnx obnactsax Haykm, o0CO6EeHHO No
3 PeKTUBHOCTM Tepanmn, — OENCTBYET
0O4YEeHb MHOro ¢pakTopoB. B yacTtHOCTH,
romeonaTtus — mM3BevyHoe nose 6paHu.
MpoBepsanacb nn MnHsgpasom ee adp-
$HEKTUBHOCTbL?

Kacaemo xe «nonayT 1e4nTeCs KO MHE» —
3TO TOXe BecbMa HernpocTtas Tema. Ecnn
Obl MOXHO 6blI0 NPOCTO NOWTU K Bpavy
M BblNIeunTbCA pa3 un Haecerga! MoxHo,
[a, HO 3TO TONIbKO €OMHUYHbIE Cllyyau,
edNHNYHbIe Bpain U eanHnYHble 3ab0-
neBaHusa. BONbLUMHCTBO Xe NauneHToB,
nonagawowmx Ha BPT-BP[, — xpoHukn.
OHM yxe noxoaunu no Bpadvam, UM Mano
KTo nomor. OgHa 13 NpUYnH, NOANUTbI-
BaOLLMX 3TU TEXHONOINN, — ANt MHOTUX
3aboneBaHunin Nnoka HeT CTaH4APTHbIX
CpPEeACTB NeyYeHns C BbICOKOM apheKTrB-
HOCTbIO. Ml HECYaCTHbIE NAUWEHTLI MAYT K



MAHHCTEPCTBO SAPABOOXPANERWAA
POCCHIFCKOH ®ETEPATTHH

METO BhABJIEHMS JIMAL,
YHOOTPEEIIMIOHIAX HAPKOTHYECKAR
BENIECTBA

MRYQRUIACKNY YRATAHNE 28 200478

TecTHpoBaHMA  HAPKOTHHECKMX BEINECTB OCHOBAHO HA WX TEHASHUMH HACTHYHOIO
HKCHPOBAHHA B OPraHH3Me, JaMEINeHHOH YTHITHIALHA H HE MOMTHOM BEIBEJSHHH, H HANHYHA
atpdberTa mamaTi. DT0 DOATBEPHOACTCA PAAAHYHBIMH METOIAMH JHATHOCTHKH B OPraHHiMe
HAPKOTHYECKUX BewlecTs M ux metaGonntor. Hanpumep, mMMyHoxpoMaTorpaduueckuii MeTox
NO3BONAET ONPENEINTL MX HATHYHE BIUIOTh 00 5-7 CyTOK OT MOMEHTa ynoTpebaeHnn, XpoMaTo-
M2CC-CIEXTPOMETPHHECKHIA METON - 40 HECKOILKHX MECALEE OT MOMEHTa YIoTpeSneHns.

Mpencragnexsii B UIEKTPOHHOM MEQHKAMEHTOIHOM CENIEKTOpe TOMEONATHYECKHA pPsij
HADKOTHYECKHX BEILECTE COPASMEDPEH OOPEIENeHHBIM KOHUSHTPAIHAM, OCTABHIMXCA H HE
BHIBEAGHHBIX M3  OPraHHIMA  HAPKOTHKOB. 310 OO3BONAET, M3MEPAN  (OKAalaTen
anekTponpoBoancctH  Ha TH  oprammiMa, BeMBIATE CPOKH  YTHIH3ALME  HADKOTHKOB,
CiejoBarensHo, ¢ MOMOIBIY BHECOKOYYBCIBHTENEHOIO Metoga BPT MoxHo He TOnbKO BEIABHTH
takT ynoTpefinensa HapKOTH4ECKHX BewecTs (Haubonee TOMHO B TEYEHHE NOCTENHErO roaa),
HO H Hanuuue GakToB ynoTpebieHns B OTIATEHHOM NPOILIOM, C YKATAHHEM OPHEHTHPOBOYHOIO
CPOKA MOCHEAHEro yNoTpeSnenns, OAHOKPATHOCTL KM MHOTOKPATHOCTL 3TOT0 ynoTpedaenns.

Dpazmenm «Memoduueckux pexomenoauuil...», ymeepxcoennvix Munzopaeom PD. Pesysomamot,
NO.1yMeHHble HECEPbe3HLLM MEMO000M, MOZYM UMENtb 6eCbMA CepbesHble NOCAe0CMaUs

BEYHOMY [BUraTeslio U UHPOPMALMOHHBIM
TabneTkam: a BOAPYr NOMOXEeT?

Korpa KoppeKTHOCTb 3TUX MEeTOA0B NPOo-
Bepsiach B Ballel nabopaTtopumn, KakoBbl
Oblnn pe3ynbraThbl?

B Halum 3apaqm BXoauT NpoBepKa HOBbIX
MEeTO[0B 1N NpnubOpPOoOB Ha NpeaMeT uUx
COOTBETCTBUSA NpeactaBneHnsMm Gusnkm
1 ecTecTBO3HaHUA B Lenom. Ecnu HeT
BHATHOro ¢o1U3n4eckoro npuHumna ne-
yebHOro gencreua npudopa, ecnm HeT
TEOpPEeTUHECKNX NPEeanocChISIOK, NaToreHe-
TU4eckoro o60CHOBaHUS, TO He cneayeT
MCNbITbIBATb €ro Ha naumeHTax. Ho MoXHO
nonpoboBaTb Pa3odpaTbCsi B KOHCTPYKLNN
npubopa, B CyTV METoAa, NOHATb, ECTb N
TaMm paumoHanbHoe 3epHo. Mbl paboTanu ¢
Bpadyamu, ncnonb3osaswmmm 6P, — Tpun
pasHbIX Bpaya, Tpy pasHbix npndopa. Cta-
BUNW AMArHo3 MHe — MNOJIy4uIn TpU pas-
HbIX AMarHo3a B TedeHune 4Yaca. Mpuyem,
MOHUMas, 4TO S YTO-TO MPOBEPSIO, OHU
CTaBWJIM CaMble pacnsibliB4aTble ANarHosbl,
noaxoasipe nodomMy HenoBeky B BO3pac-
Te okoso 50 neT: He Bce B NOpsiaike C 3y-
6aMun, CHUXEHHas 3/1aCTUYHOCTb COCY/I0B,
BO3MOXHO MepeyToMiieHne, BO3MOXHO
HebonbLUIOoe HapyLLIeHe 0OMeHa BELLLECTB
nnu aucbakteprnos. Mbl pasdbupanncb 1 B

KOHCTPYKLMAX NPUOOoPOoB, YTOObI NOHATD,
4YTO OHW N3MEPSIOT. [OBOPUAN C NHXEHE-
pamu dmpm-nponssogutenen. HMKTo na
HUX W He MbITancsa Bcepbe3 ybeanTb Hac
B BEYHOM JBurartene u 3anmcm nHopop-
Mauum, OHM TOYHO 3HaNM YCTPOWCTBO U
npuHUMN aenctema nnn 6e3nencTensa
X OeTulia, CMESACh Hag NPUHSABLUMMMN
nnaue6o-gmMarHoCTuKy (TEPMUH OOHOIro
M3 co3paTenen) 3a HOBYIO MEONLIMHCKYIO
TexHonornio. Hy n pasymeeTcs, Mbl Nerko
NnpoBeEpPUN «NepeHoCc nHdopmMauum» Ha
rOMEOonaTUYECKYIO KPYMNNHKY 1 ee neveb-
HbI 3 dekT.

Ha nauueHTax?

HeT, koHe4YHO. NMoMHUTEe, Kak-TO Mbl 6e-
cenosann 06 aHTUMUKPOBHOM AencTemn
cepebpa (CM. «XMMUIO U XN3Hb», 2012,
N2 10). MNMepeHocum «nHoOpMaLmio» O
N0BOM aHTUBMOTUKE Ha KPYMUHKY U faem
3TO «JIeKapCTBO>» BAKTEPMSIM Ha MPOBEPKY.

U uTt0?
HobeneBckyto NPEMUIO Mbl HE MOSTYHUNIN.
BakTepun BbXunun.

Xopowo, ¢ BPT, BPl1 u aneKTpoOHHON
romeonaTtuen noHaTHo. Ho B UHTepHeTe
BCTPEYaloTCH eLle TepMUHbl «Beretope-
30HaAaHCHOEe TeCTUpoBaHUE» N «BereTo-
pe3oHaHCHasi AuarHocTuka», COoTBeT-

CTBeHHO 65 Tbica4 ccbiiok u 100 Thicauy.
B pekname AeMOHCTPUPYIOTCS NaTeHThI,
HO HbIHY € BblaaHbl NAaTEHTbl U HA B€4Hble
asurartenu. A no cytm gena — 9T0 TO Xe
camMoe U HeYToO nHoe?

910 BPT u BPA, pasHoBunagHocTb BP/,.
OpraHnam nauyieHTa oTBe4YaeT Ha BONpo-
Cbl, @ OHW MOryT ObITb NOGLIMK. Hanpu-
MEep, MOXHO CAPOCUTb, Kakoe JIEKapCTBO
HY>XHO 6osibHOMY. KnageTe nonepemMeHHo
Ha CTON (UNU B crneunanbHbI «Meauka-
MEHTO3HbIN CENEKTOP» — Te Xe MeTan-
NIN4ecKue Yalleyku) pasHble Tabnetku
— HacTodawme, npegnaraemole opuum-
aNbHOW MeguUNHON, — N cripalunBaeTe
rno oyepeam: «3Ton Haao nednTbca?» Her.
A aTon? A aToin?.. Tak OCyLLEeCTBASETCS
MHAMBUAYaNbHbIM NoA00p NekapcTB B
BPT (Hnyero ctpalwHoOro, ecnu nekap-
CTBO Jaxe He OT 3Toro 3aboneBaHns, Bce
paBHO NOTOM Bpa4y Ha3Ha4YaeT He ero, a
«3anuweT» MHPOPMaLVIO Ha KPYMNUHKY).
Tak xe npepnaranocb B yNOMSHYTbIX
BbllLE METOANYECKUX peEKOMEHOaUnaxX
TECTUPOBATb U HA HAPKOTUKN. HO TYT ecTb
npobnema: 4Tobbl paboTaTh C HAPKOTUKA-
MU, HYXKHO CreuvanbHOoe pas3peLlleHuve.
MoaTomy Ha Halueykm npubopa knaayTcs
He caMu HapKOTUYeCcKkMe npenaparsl, a
NX roMeonaTtu4yeckme pasBeneHus unm
NX 3NEKTPOHHbIE KOMNK, 3anNnCaHHbIE
paHee Ha KpYMnuHKY, 1 NOTOM 3apaeTcsa
KJIl0O4EeBOI BOMPOC: 3TO ynoTpebnan?
A 3T10? ECTecTBeHHO, CONPOTUBNEHNE
paHo Uan NO34HO ynageT, U gnarHos
OyneT 3aBUCETb OT TOro, YTO Jiexasno B
3TOT MOMEHT B yawleyke. Ecnn Bpay He
BUANT, Y4TO NIEXMUT B Halleyke, To npudop
npu nogdope nekapcTs cpabaTbiBaeT Ha
BCE, YTO YrogHO: NyroBuLy, ropoLlmnHy,
OyCUHY, — MOXeTe camMu NMpPoBepuTb.
3aboneBaHns TECTUPYIOTCH CXOAHbLIM 06-
pasom, Mo opraHHbIM TECT-Npenaparam
— (parmeHTam, pacteopam, NopoLLKam
NnaTosIoOrM4ECKN N3MEHEHHbIX BUOTKaHeNn.

B UHTepHeTe MOXHO BUAEeTb MHOIO
MOJIOXUTENIbHbIX OT3bIBOB NaLMEHTOB.
EcTecTBEHHO, HUKTO He npoBepsan,
CYLLECTBYIOT Jiu 3TN NauMUeHTbl B Aen-
CTBUTEJNIbHOCTU, KPOME TOro, y no-
cetutenein Kawnupoeckoro n Yymaka
HacMOpK npoxoaun 6e3 BAUSHUSA rvnM-
HO3a — MPOCTO NOTOMY, YTO HACMOPK
paHo N1 No3aHo npoxoauT. OgHaKo He
BANSET Iu Ha 6onbHOro cam ¢pakT Toro,
4YTO UM 3aHUMaEeTCH Bpay, 3aHMMaeTcs
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nepcoHanbHO, IaCKOBO pa3roBapuBa-
eT, ynOTpeGnaeT YMHbI€ c/ioBa, 4TO-TO
nHauBuayanbHo nopodbupaet? To ectb
He AeﬁCTByeT n ewe U HeKoe Mmex4ye-
noseyeckoe nnaue6o?

[a, ToNbkO 3TO HAa3bIBAETCH HE MEXYENO-
Beyeckoe nnauebo, a ncuxonormyeckas
KOMMOHeHTa neyeHusi. OHa ecTb Npu Jio-
60M neyeHnn. Hal opraHMam — He MPOCTO
HabOop KNETOK M OPraHoOB, OH YNpPaBnaeTcs
Ha MHOMMX YPOBHSAX. BbiCwinii ypoBeHb
perynsumm — LeHTpanbHas HepBHasi Cu-
cremMa. NcnxoamMoLMoHanbLHoe COCTOsIHNE
4yenioBeka, ero HaCTPOW, AMOLIMOHASIbHbIN
KW3HEHHBIN OH, a TakXe KOHTaKT C Bpa-
YoM, CTeneHb IOBEPUS — BCE 3TO BANSET
Ha paboTy opraHuama. MNMoHATHO, Y4TO Npwn
no6om 3aboneBaHnn CTUMynauUnsa aes-
TENIbHOCTU COOTBETCTBYIOLLMX CUCTEM,
HanNpuMep MMMYHHOI CUCTEMbI MpU BU-
PYCHbIX 3a60neBaHusx, 6yaeT cnocobcTBo-
BaTb fle4eHuto. Heposepue K Bpady 4acTo
yrHeTaeT BHYTPEHHUE CUJbl OPraHnM3ma,
TOPMO3UT AEeATEIbHOCTb €ro CUCTEM,
4TO CHMXAeT 3PPEKTUBHOCTb IeUYEHUS.
foBopsT, BCe 6011€3HM — OT HEPBOB, 3TO
npeyBennyeHne, HO 0N Npasabl 30eCb
ecTb. [lcuxocomarmyeckass KOMMNOHEHTA
0BHapy>X1BaeTCs NPaKTUYECKN NP NtoBOM
3abonesaHun. B kHure «[Mnauebo n Tepa-
nus» (asTop — npodeccop W.M.JlanuH)
roBOPUTCS, 4TO MPM HEKOTOPbLIX BUAAX
NeKapCTBEHHOM Tepanum nnauebo-addekT
B NleyeHun coctasnsn oo 80 % ot obuero
nedebHoro adpdexTal

He ycunuBaeTcsa num DEeucTBUe «Mmex4e-
sijoBe4yeckKoro nnaue60» TeéM, 4TO Bpay
aTOT Tebe AOBOJIbHO Aoporo obowencs
N 4TO AAHHble 06pa6a'r|=|BaeT KOMMNbIO-
TepHas nporpamma? Ho noatomy sim Bce
MHOro3Ha4mTesibHO NOBTOPHAIOT MaJNo-
OCMBICJIEHHbIE CJIOBA «KOMMNblOTEpHada
AvarHocTuka»?

Mpo AeHeXHbI KOMNOHEHT B NCU-
xocoMmaTtuke 3aboneBaHuin 9 HUYero
onpeneneHHoro ckasarb He Mory. Boa-
MOXHO, 4151 KOrO-TO onfara ycnyr spaya
NCUXONOrMYECKN BaxHa U KOMPOpPTHa,
4TO ycunueaeT nevyebHblh addekT. A
KTO-TO NPW OLHOW MbICAN, 4TO NpUAET-
Cs NOTPaTUTb NNLWLIHUE OEHbIU, NOJY-
yaeT uHdapkT. HoO NpoO KOMNbLIOTEPHYIO
OVNarHoCTMKY KOe-4TO cka3daTb MOXHO.
C 04HOV CTOPOHbI, COBPEMEHHOE OCHAa-
LweHne npubopamMu NOBLILLAET A0BEPUE
K Bpayy. MNpeacraBbTe ABa BapuaHTa:
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OOVH N TOT Xe OO0KTOP NMPUHUMAET Bac
B KabuHeTe, r4e HNYEro HeT, TOJIbKO
CTOJ1, HA KOTOPOM CTOUT 0aHa 6onbLuas
CNpuHUO0BKaA (Knn3ma, no-npocTtomy),
a apyron ero KabMHET OCHALLEH MO
nocnegHeMy CnoBy TEXHUKW. B kakom
cnyyae poBsepue K Bpady bynet 6onbLue?
Ho B cnyyae 6uope3oHaHca npuMeLIn-
BaeTCs ele 1 nonbitka cOUTb C TONKY.
PacnnbiBYaTbili TEPMUH «KOMMbIOTEPHAS
JuarHoctumka» 61mM3ok npodeccuoHanb-
HOMY TEPMUHY «KOMMbIOTEPHAsA TOMOrpa-
dus». 1o kak «CoeperaTenbHblii 6aHK» K
«BbaHk coepexeHunit» — pasHble 6aHKK, HO
CXOXECTb Ha3BaHUN MOXET ,e30PUEHTN-
poBartb. [pnem He COBCEM XYNbHUYECKNIA,
HO Ha rpaHu. KTo xe He BEpPUT CErogHs B
CUy KOMMbOTEPOB?
WU ewwie oamMH BONpOC, €CAM NO3BONUTE,
npo NCUXoNIornio Tex, KTo npumMmeHsaeT
nopoGHble MeToAbl U Npubopbl. Cpean
HUX eCTb, HaBepHOe, NMPOCTO XYJIUKMU,
KOTOpPbIM HarmJieBaTb Ha BCe, KpomMme [o-
xopa. Kto-Tto, nmewowmii ocrtaTtkm co-
BecTu, yroBapusaeT cebs, 4TO NnpsiMoro
BpeAa He NPUHOCUT, a KOCBEHHbIN, — YTO
OONbHOV He NeYnTcs, ero He KacaeTtcs.
[AencTBnTenbHO, rpaxaaHe Hecnm Mae-
pPoOAn AeHEeXKU [00POBOJIbHO, B OT/INYue
OT rocyAapcTBa, Kotopoe 6epeTt Hanoru
NpUHyAuTENbHO. He ucknioyeHo, 4To ecTb
Bpayun, KOTopbie, He 3Hass UHCTUTYTCKOMN
$pu3nkun, nCKpeHHe BepAT, 4To nieyar. He
MOXEeT JIn Bpay U3 Bopoxa 6eCCMbIC/IEH-
HbIX AAaHHbIX BblJ1aBIMBATb TO, YTO OH,
HaOnoaas nauveHTa, yxe owytun? He
AEeNCTBYET NI TYT MEXaHU3M, KOTOPbIV
UCMNONb3YIOT MCUXOJNIONU, UHTEPNpeTUpys
AaHHbIe TECTOB CBOOOAHBIX accoumvaLuii,
Popliaxa nnu tecta Jliowwepa?
[a, 970 BO3MOXHO. PO OTKPOBEHHbIX
Bpayen->XynmkoB roBOpuUTb He Byaem. 1o
HE UHTEPECHO, U NX, K CHACTbIO, MEHbLUNH-
cTBO. OnbIT e Moero obLLeHMs C Bpadamu,
KoTOpble ncnonbadytoT 6P, n BClo 3Ty npo-
4yi0 Mypy, Noka3biBaeT crnenytollee. 310
noan, 6e3ycnoBHO OPUEHTUPOBAHHbIE B
nepBylo o4epenb Ha JIYHbIA 3apaboToK 1
camoyTBepxaeHne. Tonbko npeacraBbTe:
nobas aMarHocTvka nntoc ntoboe Meamka-
MEHTO3HOE fieHeHne 1 Jtoboe «1ekapcTBO»
NCKNIOYNTENIbHO B €ro pykax — HuKyaa
Oonblle, HU K KaKOMY ApYyromy crneum-
anuncTy, Aaxe B anTeky, He HaJo0 Nockbl1aTh
nauuneHTa. Bce MoOXHO coenatb NpaMo B
kabuHeTe 3a oamH npuem. U Bce a10 aOe-
naet oH oguH! BPAY. OH neunT. He Hy>XHbI

PACCJIEAOBAHUE

6onee Hukakme gpyrne KabuHeTbl, Bpayun
1 KnHukK. U Bce pacxonbl Ha nevyeHne
nauneHT OCTaBNSIET B OOHOM MECTE (CMeto
HaNOMHUTb, 4TO 06bIYHO B 06CNEOBAHN U
JIeYEHMM YHaCTBYIOT CreumanmncTbl pa3HblxX
npodwunei, naboparopHbie CNyo6bl, NPo-
LlelypHble CECTPbI — O4HOM0 YHUBEPCasib-
HOrO Bpa4a HerT).

MHorune Bpaum BepsT, 4TO NOMOrarT
nauneHTy. OHKM 3HalOT 1 Npo nnauebo,
1 Npo noboyHble apPeKkTbl peasnbHbIX
JIeKapCTB, U NMPO BCE OCTaNIbHOE — Y HUX
ecTb MeguumHckoe obpasoBaHume. Ho
OHW MOHMMAIOT, YTO YacTo oduumanbHas
MeamumMHa NoOMOoYb HE MOXET, M BepyTcs 3a
neno. Mpubop BPA-BP — Tonbko noBog,
Ons o6LeHNs ¢ nauneHToM. narHos oHm
CTaBSAT He M0 NoKa3aHusaM 3Toro Npubopa,
a no TOMy BreYaT/IEHNIO, KOTOPOE Y HUX
cKkiaablBaeTCs Npu ONnpoce naumeHTa Bo
BpPEMS AMarHocTukn. Bo Bpems guarHo-
CTUKM OHW HEe MonyaT, a BegyT npodec-
cunoHaneHylo 6ecepny, paccnpawusas,
yTo BonuT, roe, Kak, korga 3aboneno, u,
KOHEeYHO, Noboin NnpodeccruoHasnbHbIN
Bpay 3a 15—20 MUHYT OOBEPUTENBHOIO
0OLLEHNS NPY OTKPOBEHHbIX, Pa3BEPHYTHIX
oteBeTax B 80—90% cnyyaeB noctaBut
MpPaBWbHbIN AMarHo3. inn, kak MUHUMYM,
04YEePTUT KPYr BO3MOXHbIX 3a6oneBaHni
(1060 HEYECTHbIN UKW B3ATLIN C NOTOSIKA
OTBET COOLET MX C TOJIKY — MPOBEPEHO).

A panbwe — ob6blYHaAs romeonartus:
HaBEPHOE, MHOIMe roMeonarbl BEPST, 4TO
nomoratoT noasam. Hekotopble «63spam-
CTbl», KCTaTW, €CNKN YyBCTBYIOT, YTO 3260~
JleBaHMe cepbe3HOe, MOryT MOCOBETOBATb
MOWTW K Bpayy, B CMbIC/E, K CNELVanncTy.
Ho ons 60nbLUMHCTBA NAULMEHTOB BaXHee
y4yacTme — ec/im eCTb BHYTPEHHUE CUJbl
y OpraHu3ma, eCcTb Y4TO akTMBU3NPOBATb.

MHormne xpoHuyeckne 3aboneBaHus
NposiIBNSOTCA BOMHOOOpasHo. Pa3bl 060-
CTPEHNS CMeHSATCS pasamMm peMnccun,
ynydweHus. Bel nongeTte K Bpayy BO Bpe-
Ms 060CTPEHMS, CKYLLIAETE 3aKOJI40BaH-
HYIO KPYMUHKY, NOcneayeT yay4lieHue!
Ho korga BHYTPEHHWE CUbl y OpraHnama
3aKoHYaTCs, yaydleHns MoxeT 6onbLue
N He HacTynuTb. ECTb Takon npuHUnn y
Bpayer — «He HaBpeau». 9 6bl go0b6aBmn
eLle 1 4S9 NauVEHTOB: He HaBpeam caMo-
My cebe!

BecenoBan
J1.A.AlLKUHa3MN
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CuJIbHOIO Xax4ovi TOMSICb, BOPOHA KyBLLWH yBUAANa,
B Hem riy6oko Ha AHe Bbli10 HEMHOIO BOAbI.
Eio xenasi yHsITb 6€3MEPHYIO XaXay, BOPOHA
ZJonro crapanack noaHsiTe Bnary nobsvixe K Kpasim;
Ho, yBunaB, 4yto cuioio 3aeck He A0OUTLCS yAauu,
HeronoBaHbsi nonHa, nTyua Ha XUTPOCTb UAET:
KameLukn B Bony 6pocasi, oHa 4oXAanach, 4Tobbl ctana
Buiwe B cocyne Boaa, v 6e3 Tpyaa Harnuaack.
39710 Hac y4uT TOMY, 4TO pa3yM HafeXHEee CUsbl:
Jaxe v nTnya c ymom e no6beTCsl CBOE.
330n. BopoHa v KyBLUNH

XXn3Hb N0 NOHATUAM

BaCHﬂ, OTKpbIBalOLL@A CTaTbiO, HANMCaHa Ha OCHOBaHUN NCTOPUN,
pacckasaHHo rpedecknm nctopukom dyknamaom (IV B. o H. 3.).
dyknaoma nnucan, 4To Xapkum AHEM yBUOENn BOPOHA PAaoOM C
OynnoMm, Ha AHe KOToporo Obli10 HEMHOro BoAbl. BopoH xoTen
HaNWTBLCH, HO He Mor AOTAHYTLCA. Toraa NTuua ctana 6pocatb B
Aynno KamMelwkun, noka ypoBeHb BOAbl HE NOAHANCA HACTOJ1IbKO,
4YTO BOPOH cMor nonuTk. K aToMy pacckasy notom obpaiianmcb
MHOrue, B TOM uncne ApuctoTtesib 1 330M, NoaobHble Ckasku B
xo4y 1y Hapoaos NoBosXbS, HO OHM NOBECTBYIOT O BOPOHe. [a
MY HalLMxX COBPEMEHHMKOB B 3anace eCTb MHOXECTBO UCTOPUI
00 yanBuTeNnbHOM co0Bpa3nTenbHOCTU XMBOTHBIX. JTloam Bekamu
H3.6!'IIO,EI,&J'IVI 3a HUMW B Pa3J/INYHbIX CUTYaLUMUAX N yKpennaJncb B
MbICJIN, YTO XMBOTHbIE PAa3yMHbI, XOTA4 N HE B Takomn cTeneHu,
Kak 4yenoBek. B Hay4Hyto cpeny NpeacTaB/i€HNE O TOM, YTO Y XU-
BOTHbIX D,eVICTBMTeﬂbHO €CTb 3a4aTKN MblLLJIEHUA, BBE ‘-Iapnb3
HapsuH. OH nucan: «A3 Bcex 4enoBe4eckux cnocobHocTen
pasyM, HECOMHEHHO, CTaBUTCS Ha NEPBOE MECTO, HO NNLLb He-
MHOIrme MoryTt oTpuuaTtb, 4TO pa3HULLa Mexay NCUXNKOW YenoBeka
1 BbICLLUNX XNBOTHbIX, Kak Obl OHa HX Oblfia BENnKa, 3T0, KOHEYHO,
pasHuLa B CTEMEHN, & HE B KAYECTBE».

B Hayke nioboe yTBepxaeHue TpebyeT nokasaresibCTB. YTobbl
A0Ka3aTb Pa3yMHOCTb XXMBOTH biX, H340 UCCnenoBaTb UX NCUXNKY, a
chenarb 3TO MOXHO JINLLb OAHUM COCOHBOM — N3yyasi NoBeAeHNE.

Cepoxpuiaas uaiika yceouaa,
4Mo npuUManKa écezoa
6 Menbuiel KopoOke

OcCHOBY NOBEOEHNS U XMBOTHBIX, U YESTOBEKA COCTaBASAIOT TPU
KOMTMOHEHTa. OTO Npexae BCEr0 MHCTUHKTbl — BPOXAEHHbIE,
XapakTepHble 419 BCErO BMAA U CTEPEOTUMHbBIE MO UCTONHEHUIO
NoBEJEHYECKME aKTbl, KOTOPbIE NPUCNOCA0NMBAIOT XMBOTHOE K
YCNOBUSIM cpeapl, TUMMYHBIM 4719 AaHHOro Bnaa. Kaxaas ocobb
MOXET YCOBEPLLUEHCTBOBATbL 3TW AEACTBUS, YTOObI JTydLLle aaanTun-
poBaTbCs K TO 06CTAaHOBKE, B KOTOPOM OHa XuBeT. MNpouncxoamt
3TO NOCTENEHHO, B pe3ynbrarte 0byyeHus. KnoyeBoe CNoBo 34eChb
«MOCTENEHHOo». [oBTOpEHbE — MaTh y4eHbsi. B npupoae xneoTHoe
YYUTCS HA COOCTBEHHOM OMbITE, Nepebrpas BO3MOXHbIE BAPUAHTbI
peLeHns NpobiemMbl, NOKa He HANOET HY>KHbIN, UKW NEPEHUMAET
onbIT y COOpaTLEB MO BMAY.

PaHblUe cuMTanock, 4To MHCTUHKTaMU U 0O6y4eHneM NoBeaeHne
>KVMBOTHbIX M OTPaHNYMBAETCS, & MbILLNIEHNE CBOMNCTBEHHO UCKJTIO-
YNTESIBHO YENOBEKY N HEOTAENMMO OT €ro TPYAO0BOWM 1 PEYEBON Ae-
ATENbHOCTU. MbILLIEHME YENOBEKA UMEET YPE3BLIYANHO CIOXHYIO
CTPYKTYPY, BKIIOYAET Pas3/iMyHbIE Onepaumn, 3 KOTOPbIX IMaBHYIO
posb urpatoT 0606LLeHne u abcTparmpoBaHmne, To ecTb CNoco6-
HOCTb MbICIEHHO 06LEANHATL NPEAMETHI U ABNIEHNS MO 00LMM 15t
HWX CYLLLECTBEHHbIM NPU3HaKaM 1 Npm 3TOM abCTparmpoBaTbLCs OT
NPW3HaKOB BTOPOCTENEHHbIX. B pesynsrate 0606LweHns Gopmn-
pYeTCs NOHATME, TO ECTb OTBJIEYEHHAS, CUCTEMATU3NPOBaHHAsA
nHpopMaums o Hanbosee CyLLECTBEHHbIX U OBLMX NPU3HaKax
Kfiacca npegMeToB unn gaBneHnin. Hanpumep, Mol 3Haem (Mnu
[OJKHbI 3HATbL), HTO TAKOE LLAP W KaKOBbl EM0 CBOMCTBA, U NMOHATNE
O LUape He 3aBMCUT OT TOro, ECTb BOKPYI HAaC naeanbHO Kpyrble
npeameTbl v HeT. MOoHATUS — OCHOBHas popMa MbILLNIEHNS, HA
MX NCMONIb30BaHNN OCHOBaHa PeYb.

Y XMBOTHBIX PEYM HET, HO MOHATUS OHM dopmMupytoT. CTporme
Hay4Hbl€ 40Ka3aTeNbCTBA MbILLIEHNS XMBOTHbIX UCCNef0oBaTeNmn
Hayanu nosly4aTb OKOJNO Beka Hasapn,. B 1913 roay 3ooncmxonor n
npumartonor Hapexna HiukonaesHa JlagbirmHa-Kotc npnobpena
LIMMMNaH3e, ABa C NOJSIOBMHOM roga mn3ydana ero noBefeHue u
3aTem onybmnkoBasa cTarTblo, B KOTOPOM yTBEpXAana, 4To LWMM-
rnaH3e cnocoOHbI HE TObKO K 0OYYEHUMIO 1 OPECCUPOBKE, HO N K
0600LLEeHMI0 N abCcTparmpoBaHMio, TO €CTb OCHOBHbLIM OnepaLmsam
MbiwneHus. B 1914 rogy Hemeukuii ncnxonor BonbdraHr Kenep
nocenuncs Ha TeHepude, obopyaoBan TaMm naboparopuo 1 B
TEYEHME WECTN NET U3yyan CNnocobHOCTU WMMMNaH3e [o0bIBaTb
NPVMaHKy C MOMOLLbIO OPYAUIA B HEMPUBbLIYHBIX YCIOBUSIX. Tak OH
nccnenoBan ewe ogHy COCTaBMSIOLLYIO MbILLIEHUS — CNOC06-
HOCTb MPOAHAIN3NPOBATbL HE3HAKOMYIO CUTYaUMIO N HAATU BbIXOS,
C NepBOro pasa, He Nnepebupas BapmnaHTbl. OTCyTCTBME Nepebopa
BapWaHTOB B CJlyyae, Korga HET roTOBOro PELUEHNs, OTINYaEeT
MbILLIEHME OT OBYHEHUS.

OpHako naes 0 ToM, YTO MbILLIEHME NPUCYLLE HE TOJSTbKO NI0ASAM,
npuBuBanachb ¢ TPyAoM. 10 HeAaBHErO0 BPEMEHM NPUHSTO BbINO
CyYmTaThb, 4TO NOBEAEHWNE XNBOTHbIX ONPEAENAETCSA UCKITIOUYNTENb-
HO pednekcamn. Mexay Tem cam CO34aTeNlb HAyku O BbICLUEN
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HepBHOM geaTtenbHocT (BH/I) B KOHLE XU3HM NpugepXmBancs
apyron Toukm 3peHus. W.IM.Masnos nosTopsa onbiThl B.Kenepa n
npuLlen K BblBOAY, H4TO He BCe aBneHus BH/ yknaabiBaoTcs B No-
HATWS YCNOBHOIO pedrekca: «...Akoraa 06e3bsiHa CTPOUT BbILLKY,
4yTOObI AOCTaTh MA0A, 3TO YC/IOBHLIM PEDIEKCOM HE HA30BELLb.
OT0 eCTb CNyyaii 06pa3oBaHUSA 3HAHWS, YNABIMBAHUSA HOPMaSTbHOM
CBSI3M BELLEN, 3a4aTKM TOr0 KOHKPETHOMO MbILLIEHMS, KOTOPbLIM
Mbl OpyayeEM».

MpaBuno aKoOHOMUMN

WTak, B OCHOBE NMOBEAEHMUS XMBOTHbBIX U YENOBEKA NeXar UH-
CTUHKT, oby4yeHne n MblluneHve. B kaxaom noseaeH4Yeckom
aKkTe OHW CMELLaHbl B pa3HOoM Nponopummn, npuyemM B AENCTBUSX,
BHELLHE CXOOHbIX, MOTyT Npeobnanartb pa3Hble KOMMOHEHTHI.
JapBrHOBCKMIA BbIOPOK, 06UTalOLWMIA Ha fananarocckmx ocTpo-
Bax, MMTAETCA HACEKOMbIMMW, KOTOPbIX Naso4KON BbIKOBbLIPU-
BaeT M3-nopa Kopbl. Tak NOCTynaloT BCe NpeacTaBuTenn Bnaa,
no-ApyroMy OHW NPOKOPMUTLCSH HE MOrYT, U1 B OCHOBE 3TOro
NnoBeAEHNSA NEeXUT NMHCTUMHKT. A BOT COBCEM Apyras cutyauus. B
naboparopum MaccadyceTckoro yHMBepcuTeTa Coliky roToBUm
K akcnepumeHTy. Cnagena oHa B NyCTOM KIeTKe Ha YACTOM raseTe
ronofHas, a BOKPYr BansfioCb MHOro pa3®poCaHHbIX, BbIMJIoO-
HYTbIX OCTaTKOB NULLM. ITa 3amedaTesnbHas NnTuua otopeana ot
raseTbl NOAOCKY, C MOMOLLIO K/IOBa W nan Cloxuna ee BABOe,
NPOCYHyNa CKBO3b NPYTbs KIETKN U cTana noarpebartb k cebe
KOpPM. BHellHe Takoe noBeaeHMe O4eHb MOX0Xe Ha NoBeaeHne
Bblopka: 06e NTuLbl NCMONb3YI0T opyave Ansa 0o0blun KopMa.
OaHako B €CTECTBEHHbIX YCNIOBUSAX COMKM NanoykamMu HUKOraa
He nonb3yioTcs. MTuua Bnepsble nonana B Takylo CUTyaumio,
HO ObICTPO COPMEHTMPOBANACh U UCMOSb30Bana AOCTYMHbIE
cpencTsa, 4Tobbl AoCTaTh eny. AT0, 6€3YCNOBHO, MbILLIEHNE —
peLueHre abCcoNoTHO HOBOM 3a4a4um C NEPBOro Xe pasa. Bokpyr
3TOW reHManbHOM NTULLLI CUAENN APYTrne CONKU, TOXE B KNeTKax,
Ha raseTkax 1 ronogHole. YBMAEB, 4TO AEeNaeT Ux coceaka, Bo-
ceMb NTuL, N3 ABeHaauartu nocnenosany ee NnpuMepy 1 ctanu
noarpedatb KOpM. ITO yxe nogpaxaHue, obyyeHne B YACTOM
Buae. Kctatm, o6patmte BHUMaHNE Ha 9TO COOTHOLLEHWE: N1LLb
OfHa NTuua aoraganach, 4To HYXHO AenaTb, U TOSIbKO BOCEMb U3
OBeHaauaTtn ctanu e nogpaxars. Korga Mbl 6ynem roBopuTb O
TOM, Ha KaKne YMCTBEHHbIE MOABUIA CNOCOOHbI NPeaCTaBUTENN
TOrO UM MHOTO BMAA, cneayet NOMHUTL, YTO peyb UAET UMEHHO
006 oTaenbHbIX 0cobsx. He Bce npeactaButeny Buaa CnocoOHbI
K 0By4eHMI0, a K MblLLNIEHMIO TeM Bonee.

Ho BepHeMCS K MOBEAEHUNIO XUBOTHbIX. OLeHnBaTb ero MoryT
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Kowxa 6 npooaemnom auwure Toproaiixa.
Hcramy 6bix00 eii npuxodunics mMemooom «mvika»
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TOJbKO CMEeUVanncTbl, MOTOMY YTO BbICOKOAAAMTUBHbIE U HA Nep-
Bbl B3MNSA4, «pa3yMHble» AEACTBUS HA CaMOM LeNle MOryT oka3aTb-
CSl PE3Y/ILTATOM NPELIECTBYIOLLErO 0OYHEHNS NN BPOXKAEHHOM
MHCTMHKTUBHOM peakumn. BopoHa M3BeCTHa CBOMMMW NHTENNEKTY-
aNbHbIMW BO3MOXHOCTSIMM, O HMX Mbl TOrOBOPUM YyTb No3xe. Bo-
OPY>XEHHbIE 3TMM 3HAHWEM JIOAN CMOTPST, Kak OHa pa3MaymBaeT
B JIy>)KE OKAMEHEBLUWI Cyxapb, 1 BOCxmLLaloTcs ee ymom. OgHako
OPHUTOJOM 3HAIOT, HTO BPAHOBbIE HAYSMHAIOT pa3MaynBaTh NMLLY
Ha NSATOW-LUECTON HEAENE XU3HM AaXe B TOM Clyvyae, Korga OHU
BOCMNUTLIBAIOTCS B HEBOJIE U HE UMEIOT BO3MOXHOCTW Nogpaxarb
poautensaMm. Tak YTo pa3MadnmBaHue Cyxaps — 3T0 HE NPOSIBNIEHNE
MbILLNIEHMS, @ TUMMYHOE NHCTUHKTUBHOE NoBeaeHue.

AHanNn3npys NoBeAEHNE XMBOTHbIX, BCEFAA HYXXHO MOMHUTb,
YTO UX OENCTBUSA MOTYT UMETbL B CBOE OCHOBE MCUXOOrMYECKYHIO
CMoCcoBHOCTb 60ee HU3KOrO YPOBHS, HEXENN aKT MbILLIEHUS.
AHrnnicknin 6uonor n ncuxonor Koxwsu Jinong MopraH cgop-
MyMpoBan «NpPaBuio0 9KOHOMUW», HA3BaAHHOE TakXe KaHOHOM
MopraHa: «To nnm nHoe JencTBME HM B KOEM CIlyHae Hesb3s UH-
TEPNPETNPOBAThL Kak Pe3ysbTaT NPOSIBNEHNS KAKON-NNMBO0 BbICLLEN
MCUXNYECKON PYHKLIMN, ECSIN EMO0 MOXHO OOBSCHUTL HA OCHOBE
HaNMuNS y XMBOTHOMO CMOCOBHOCTHN, 3aHMMatoLLEen 601ee HN3KYIO
CTYMNEHb Ha NCUXOSIOMMYECKON LLKaNE».

AHanuaupym aTo

MepBble faHHbIE O MbILLEHUW XMBOTHbIX Obl/IM NONTy4YeHbl Gnaro-
haps HabnaeHsaM B NpUpoae, KOTopble NPOBOAMAN 300J10TH
1 atonorn. CoBpeMeHHbIE TEXHMYECKNE CPeACTBa NO3BONSIOT
coenatb 9T HabnaeHns 6onee CMCTEMATUYECKMMU, HO B Ha-
cTosiLee Bpemsi 6OSbLUYIO POSb UrpatloT 1abopaTtopHble SKcne-
PUMEHTbI 1 CONOCTaB/IEHNE MONYHEHHbIX PE3YNILTATOB C AAHHbLIMU
HabnmoaeHWn. 3apady, KOTopyto peltan BopoH Pykmanaa, Bpems
OT BpEMEHU NpeasiaratoT pa3HbiM BPaHOBLIM NTULLAM (rpayam 1
HOBOKAJIELOHCKMM BOPOHaM). MprmMaHKy NOMELLAIOT B y3KUI Lp-
JIVHAP, B KOTOPbI HAIMTO HEMHOIO XMAKOCTU. MNTNLI NTOHUMAIOT,
YTO KJIIOBOM OHU HE JOTAHYTCS, U CPa3y HAYMHAIOT KMAATh B BOAY
KkameLukn. OgHa HoOBOKaneJOHCKas BOPOHa Aaxe peLuvna 3anad-
KY C COOOLLAOWLMMUCS COCYAaMU: YTOObI BbITALLMTL OPEeLLeK 13
OZHOro UMNMHApPa, Haao 6610 KMAATL KAMELLKM B Apyron. 3Ha-
yuT, pacckas Pyknamaa He MUd — [0Ka3aHO SKCNEPMMEHTASIBHO.

B na6opatopuu yaobHO n3y4yarb Takoe NPOSIBAEHME MbILLIEHNS
XUBOTHbIX, KaK OpyauiiHas nesatenbHOCTb. IMEHHO STuMK mc-
cnenoBaHUaMM 3aHMMarnCcs B cBoen nabopatopun Ha TeHepude
B.Kenep. LLInmnaH3e B Bonbepe npeafiaranv 4OCTaTb NPUMaHKY C
MOMOLLbIO MOCTOPOHHMX NPEAMETOB — OPYAMIA. 334341 NOCTENEH-
HO YCNOXHSINNCb, BOT YC/IOBUE CaMO TPYOHO: 32 pPeLLeTKOl Bu-
cuT 6aHaH, OH BUAEH, HO HEOCTYNEH; MO, NOTONKOM 3aKpernnieHa
nasnka, a B BOJSlbepe CTOAT LMK, HANOJIHEHHbIE KAMHAMUW. KaMH1
MOXHO ObIN0 BbITOXWUTb, U3 ALLIMKOB MOCTPOUTL MMPaMuAy, CHSATb
nanky u ¢ ee NOMOLLbO AocTaTb 6aHaH. LLnmMnaH3e no knuuke
CynTaH ycneLuHo ¢ 3TUM CNpaBuICs.

BoobLue, WrMnaH3e peLlany O4HY 1 Ty Xe 3a4advy pasHbIMU
cnocobamu, MHOraa BECbMa OpuUrMHanbHbIMWU. Hanpumep, koraa
Kenep Bxoaun B Bonbep, 06e3bsiHa MHoraa 6pana ero 3a pyky, noa-
BOAMNA NoA, NPUMaHKy 1 noacaxuveana k cebe Ha nneyun. Jpyroi
LIMMNaH3e caM B30UMpasncs Ha nnedn skcnepumeHTtaropy. OavH
pa3 obe3bsiHa 0TBA3aNa BEPEBKY, KOTOpas GuUkcMpoBana ABepb,
npokaTunacb Ha 3TOMN ABEPU U C €€ NMOMOLLBIO AO0TAHYNacb A0
NIaKoOMCTBa.

MeTtoauvka Kenepa 3akntoyanack B TOM, 4TOObI npepnaraemas
3a/1a4a Gbina Bcerga HOBOM ANsi XXMBOTHOMO Y MENa CTPYKTYPY,
DOCTYMHYI0 A1 aHan13a, T0 eCTb M MPUMaHKa, U NpeamMeThbl, C No-
MOLLbIO KOTOPbIX €€ MOXHO A0CTaTb, HAXOAWAUCH Ha BuAy. Takas
opraHn3aums 9KCnepuMeHTa NPUHLMNNANBHO OTAnYanachk oT
OnMbITOB C NPOBNEMHbIM ALLMKOM TopHaalika. YCTponcTBo, nony-
YyMBLLEE MMS CBOEro U3obpeTarensi, aMepmuKaHCKOro ncmxonora
OpBappa Jlv TopHaaiika, CTano ogHUM U3 NepBbIX 1abopaTopHbIX
annaparoB, pa3paboTaHHbIX A1 UCCNeA0BaHUS HAyYeHus. ITo
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LEeACTBUTESTbHO SLLIMK C PELLEeTYATON CTEHKOW, B KOTOPbIN 3anmpanu
ronoAHYyo KOLLKy. [0 Apyryto CTOPOHY peLueTky cTaBunm 6noaue
C KOPMOM, HO, 4TOObI BbIATM HApY>y, HaA0 Oblf0 OTKPbITL ABEPb.
[nsi 3T0ro KoLKe NPUXOAUIOCH HAXNUMATb Ha pbldar Un TSHYTb
3a LLernouKy, a MHorAa BbIMOJSHATE HECKOJIbKO MOCIeA0BaTe N IbHbIX
nencTeuii. BepeBkn, coeguHsBLUIME pblHaryi ¢ ABEPHbIMKY 3aMka-
MU, HaXoOWSICb BHE MONS 3peHus, 3a AePEeBSIHHbIMU CTEHKaMMU
ALWMKa, NO3TOMY MPUYMHHO-CNIEACTBEHHYIO CBSI3b MEXAY HUMU
KOLLIKa MOCTUYb HEe MOra 1 AeincTBOBaNa Hayrag, MeToaom npobd
1 owmnbok. B koHLE KOHLIOB, nepebpaB MHOXECTBO BapMaHTOB,
3Bepb CJlydaliHO coBepLuasn HyXHble OEeNCTBUS 1 3anoMUHaN UX
nocnenoBartesibHoCTb. OnbITHas KOLKa 0CBOOOXAaNach U3 sLumKka
04eHb ObICTPO.

B oTAnyme oT KOLLKK, KOTOPOIA MPUXOAMIOCH Nepedbunpars Bapu-
aHThbI, WnmnaH3e Kenepa Mornv npoaHann3npoBaTtb BCe YCII0BUS
3a7a4u 1 peLlany ee ¢ NepBoro pasa, 6e3 cnenbix Npod v OLLNOOK.
Takoe peLueHne rnosyYnno HasBaHMe «MHCANT», YTO 3HAYUT «MPO-
HUKHOBEHWE» U «03apeHne». Ha camom aene o3apeHue — npo-
LLleCC MHOroCTyneH4aTbli. >)KMBOTHOE A0IKHO OLEHUTL B3aMMHOE
pacnosioxeHne NpuMaHkn n opyrnx npegmeTos, onpenenntb
KOJIN4YECTBEHHbIE NapamMeTpbl HE06X0ANMOro OPYAMS U COCTaBUTb
MbIC/IEHHbIV NaH OENCTBUI, KOTOPOMY OHO NMOTOM crieayeT. U
Koraa o6e3bsiHa COOPYXaeT U3 SILLMKOB BbILLKY, C KOTOPOI OHa
CMOXET Masikoi JOTAHYTLCS A0 JIaKOMCTBA, TO Nasiky BCe BpeMsi
LEPXMUT B PyKe, TO eCTb 3HAET 3apaHee, YTO NnaJsika el noHanoobuTcs.

OTanbl peLeHns NHCaANTHOW 3aJa4m CoBMagaloT ¢ aTanamu
npouecca MbILLEHNS YenoBeka, KOTopble BbloesNsisl COBETCKUM
ncuxonor A.P.Jlypusi: opueHTMPOBKA B YCNOBUSIX 3a4a4u, Bbipa-
60oTKa 0bLLEen cTpaTernn ee peLleHns, noadop COOTBETCTBYIOLLMX
CpencTB 1 ornepawmii M COrnocTaBfieHNE MoJTyYEHHbIX Pe3ysibTaToB
C VICXOAHbLIMU YC/IOBUSIMU 33241,

MHcaliTHble 3a4a4m, KOTopble MOryT ObITb pPeLLeHbl C NePBOro
pasa, CTann yHMBEPCasbHbIM WHCTPYMEHTOM [J1si U3y4eHus! 3a-
4aTkoB MbiLLeHus. Ceiivac noaoOHbIe paboTbl NPoBOAAT B LieHTpe
n3yyeHmsa npumaTtoB umeHn Bonbdpravra Kenepa B IHCcTUTyTeE
3BOJIIOLMOHHON aHTpononornn Makca lNMnaHka. O MHOroneTHMUx
MCCNEeA0oBaHUsIX aMepUKaHCKMX y4eHblx 13 LieHTpa nayyeHus ve-
noBekoobpa3sHbix 06e3bsH Great Ape Trust «<Xnmmsa 1 XunsHb» yxe
nucana (2012, N2 8). YyeHble gokasanum, 4To LwmmnaHse 60HO60
MOryT 06LLATLCS C YENOBEKOM Ha S13blKe CMMBOJIOB (JIEKCUIpamMM),
Kaxaplii N3 KOTOpbIX 0603HAYaeT onpeneneHHOe CNoBO, U MOHU-
MaltoT 3By4alLlyto peyb YyenoBeka. LLinmnaHse KaHaun, KoTopbil Ha-

YUUIICA MOHMMATb YCTHYIO PeYb, CyLLIAas pa3roBopbI 0Ae, MoOXeT
BbIMNOJIHATL JOCTATOYHO CIOXHbIE NPOCLOLI: MPUHOCUT N YHOCWT,
4YTO HAOo, AenaeT YKo UrpyLIedHOoM cobadke, paclLHYpPOBLIBAET U
CcHUMaeT BOTUHKM ¢ akcrnepumeHTaTopa. Ceityac B LieHTpe xunset
yXe TpeTbe MnokoJieHne 60H060, NOHMMAIOLLMX JIEKCUTPaAMMHbII
aHIMNINCKMIA, BIPOYEM, UX YPOBEHb BNafeHUs A3bIKOM He BbiLLIe,
4yeM y ABYXNeTHero pebeHka. Takxxe 3aMeTUM, 4TO CNIOCOBHOCTLIO
K A3blKy 06/1a0a10T He Bce 06e3bsHbl LIeHTpa, a vLlb HeKoTopbIe.

BonbLioii OpaTt cnegut 3a To60M

3a npoweallee cToneTue MHOrnme nccnegoBaTteny NoBTOPSaN
onbiTbl Kenepa, pa3smBas nx B TOM UM MHOM HanpaB/ieHUN.
Bnarogaps ux ycunmsam HanmymMe 3a4aTkoOB MbILUNIEHUS Y XW-
BOTHbIX YX€& HE BbI3bIBAET COMHEHUI. DTU AaHHbIE OKa3anu
OrpOMHOE BAUSAHUE Ha cyabOy KOFHUTUBHBIX UCC/IEA0BaHWIA.
OC0B6EeHHOCTb UX COBPEMEHHOro 3Tana COCTOUT B TOM, 4YTO
3KCrnepuMeHTasibHble pe3yNibTaTbl CONOCTABASIOT C JAHHLIMU O
NOBEAEHUM XUBOTHLIX B ECTECTBEHHbIX YCNOBUSX. NoBeaeHne
XMBOTHbIX B Ta60OpaTopum OTIMYaeTCs OT TaKOBOro B NPUPOAE.
Hanpumep, B nabopatopumn opyamsiMm nosib3yloTcs npeacra-
BUTENN BCEX BUAOB 4eN0BekKooOpasHbiXx 06e3bsH, a Ha BOJe B
3TOM 3aMeYeHbl TOJIbKO LUMMMAaH3€e, CyMaTpaHCKNe OpaHryTaHbl
M ropunnbl.

OrpomMHyio poJsib B pa3BuUTM HaBNOOEHWIA Chirpana aTosorus,
Bo3Hukwas B 1930-e rogbl Hayka 0 BUAocneundmnyeckom no-
BeJEeHUN YenoBeka 1 XMBOTHbIX. B 1960-e rogpl 6putaHckas
nccnegosartenbHuua JxeriH Nynonn, HelHe BCEMMPHO U3BECTHbIN
NPMMaTosIor 1 3TOJON, Havyana n3yyaTb NOBeAEHNE LUIMMMAH3E B
€eCTeCTBeHHbIX yc/ioBumsx B HaumoHanbHoMm napke lombe-Ctpum B
TaH3aHuK. B nepBbie e roapl o0Ha 06HapyXua, 4To LIMMMaH3e B
npMpoAe akTUBHO NCMOMNb3YIOT B KAYECTBE OPYAUIA pa3Hble Npea-
METbI, MPUYEM OPYANS M HY>KHbI HE TOJbKO )15 L0ObIBAHMS MLLIM.
Monopown camew, Maiik 3axoTesn CTaTb IMOEPOM B FPYrne, HO'y HEro
HWYEro He NoJly4anocCh, Ha ero AEMOHCTPALMIO CUITbl HUKTO Aaxe
BHUMaHWS He o6 paLlasn. Ho Koraa oH MCNOMHWI BECb MOJTOXEHHbIN
puTyan, rpemst AByMs MyCTbIMy G1A0HaMM OT KEPOCKHa, 3TO NpPo-
M3BEJI0 HEM3MaaMMoe BriedatieHre. Npaeaa, aTy AeMOHCTpaumio
NMPULLIOCH NPOBOAUTL B TEYEHME YeTbipex MecsLeB, 3ato Marik
ocTaBasiCd MIMAepPoOM B rpynne A0 KOoHUA AHen. BoT yxx aencrem-
TENbHO «Pa3yM HageXHee Cuslbl».

ELle ogHa BO3MOXHOCTb KOFHUTUBHbBIX UCCIeA0BaHUIA — Onbl-
Thl B MPMPOAHBIX YCNOBUSIX. )KMBOTHbIE HAXOAATCS B MPUBLIYHOMN
obcTaHoBKe 1 BeayT cebsl eCTeCTBeHHO, 04HaKo npeasaraemMas
MM 3aJa4a He O0JKHA BXOAUTb B UX OObIYHbIA MOBEASHYECKNI
peneptyap. CnoXxHO HaTW XMBOTHbIX, 6€3pasnnyHbIX K Npu-
cyTcTBMIO Yenoseka. CneunanmcTbl tabopatopum GrUanonoriv n
reHeTUK NoBeaeHns kKadbeapbl BbICLLEN HEPBHOW OEATENBHOCTUN
6rnodaka MY nmenn M.B.JlomoHOCOBa UCCNIEA0BaIN KOTHUTUB-
Hble BO3MOXHOCTU CEPOKPbLUIbIX Yaek Larus glaucescens, XuBy-
wmx Ha octpose Tonopkos (0aviH U3 ocTpoBoB KomaHaopCcKoro
apxunenara B bepnHroBom Mope). 3To oxpaHsemas TepputTopus,
1 Yankun He 6oaTca nogei. B nepuoa rHe3gosaHmsa Kaxxaas napa
Yaek 3aHMMAaET CBOM Y4aCTOK U TLWATENIbHO OXPaHSET €ro OT No-
cararenbCTB cocenen. JoMmHupyeT B nape Bceraa camel, v nep-
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BbIM K MPVYIMaHKe NoaxoamuT UMEHHO OH, MOSTOMY 3KCNEPUMEHTHI
npoBoOAVAN C camLamMmn. NoOMETMB yHaCTKN, MOXHO KaXxayto NTuLy
HaMTW Ha NOCTOSIHHOM MECTE 1 TaM Xe Npeafiaratb el pa3Hble 3a-
naun. O pesynbrarax 3TUX UCCNeNoBaHNA Mbl PACCKaXeM aanee.

BoamoxHoCcTV Habnoaatenel paclumpuio WMpokoe npume-
HeHve Buaeosanucu. Ee Beayt B 3oonapkax u B naboparopum
BO BpeMs akcnepumeHTa. Mpn HabnoaeHUSX 3a XMBOTHLIMU B
€CTEeCTBEHHbIX YCNOBMAX KAMEPbI CTaBAT B ONpeaesieHHbIX MECTaX,
Hanpumep y TepMUTHKKA, K KOTOPOMY NPUXOAAT KOPMUTLCS LLIMM-
naH3ae (CM. «XMMWIO 1 Xn3Hb», 2011, N2 7).

C 2000 no 2013 rop yeLuckne nccnenoBarenu nog pykoBoa-
ctBoM M.A.BaHuatoBow, BeayLero npyumaronora 4exum, npoBo-
ounun BuaeoHabnioaeHne 3a ropunnamm Mpaxckoro 3oonapka.
fopunbl Tam XUBYT rPynmnoi, KoTopasi UMEET Takyto e CTPYKTY-
Py, Kak B NpMpoAe: rMasHbI cameL,, CamMupbl MOMOIOXE, KOTOPbIE
3HalOT CBOE MECTO, HECKOJIbKO CaMOK, a TakxXe nogpoCTKu 1
NOCTENEHHO NOSBASBLUMECS AETEHbIWN. B nx Bonbepe kpyrnocy-
TOYHO paboTanu YeTbipe BUAeoKaMepbl. AHaNN3 BUAEO3anNucen
NO3BOJWA YBUAETH MHOIO NPUMEPOB MCMOJIb30BAHNS PA3NINYHbIX
npeaMeToB, KOTOPble MO 6bl OCTaTbCA HE3aMeYeHHbIMU. B
CTeHe BONbepa eCTb OKOLLUKO, Beayllee B Npenaparopckyto, a B
NPOTMBOMOJIOXHOWM CTEHE NpenapaTopckon — ApYroe OKOLLKO, B
kapaHTuH. Korga B kapaHTUH NPUBE3M HOBYIO 00E3bsiHY, ropui-
Jibl TONMWUIUCL Y BHELLIHEr0 OKHA, YTOObI ee pa3rnsaaeTs. OgHUM
npekpacHbIM YTPOM [MlaBHasd caMka CoCTasumia nog OKOLLKOM
nupamunay 13 AByXx sLLMKOB 1 cTana Habnoaatb ¢ kKomdopToMm. Tak
ALLMKM NOCNYXUNM CPELACTBOM /151 YAOBETBOPEHMS 00€3bsSHbEN
nobo3HaTeENbHOCTU. VX Takke MCnonb30Banm Kak opyxue npu
KOHDNNKTaX, rHe3[0, NOAHOC U «TPUOYHY» AN CaMOpPeEK1aMbl.
Ponb cTyneHeli ncnonHann Takxe KOp3uHbl 1 MsY. MNpruMaHKy
[ocTaBanu npytmkamum u nankamun. Becero nccnepgosarenn Ha-
cumTanu okosno 20 cnoco60B NPUMEHEHUS MPUCYTCTBYIOLLMX B
BOJIbEPE NOCTOPOHHUX NpeamMmeToB. OcoboM NONynAPHOCTLIO
Nnonb30Banachb CTPyXka: ropuinbl Aenanm n3 Hee NoayLuky, a
KOraa HeOXMOAaHHO BbiNan CHEr, Knaaum Ha noJj Bonbepa ans 3a-
LWnThl OT X0no4a 1 ceipocTu. Monogas camka Moiis Harpebana
CTPYXKY cebe nof, HOrM U1 Lapkana Ha 3TUX Kydkax rno 3acHe-
XXEHHOMY nony, kak B ranowwax. Mowns n gpyras obe3bsiHa, Taty,
He3aBMUCUMO Apyr OT Apyra Aoraganncb, YTO CTPYXKKOM MOXHO
3aKpbITb GOTO3NEMEHT B POHTaAHYMKe ¢ Bogon. Moiia niobuna
MbITbCSl, HO BoAa B GOHTaH4YMK NOCTynana go3npoBaHo, a npu
3aKpbITOM HOTO3NIEMEHTE HENPEPLIBHO TEKS1A TOHKOW CTPYNKOM.
Tak NOCTOsIHHAsA BUAEOPErMCTPALMS XMBOTHBIX B FPYMnax, CXo4-
HbIX C €CTECTBEHHbIMW, pacLuMpuna Hawm npeacTaBneHns oo
OpPYAMNHON AeATENbHOCTU XUBOTHbLIX 1 AOKa3ana ee peanbHoe
npucnocobuTenbHOE 3HAYEHNE.

KT0 eLle Ha Takoe cnoco0eH?

Tak Nony4Ymnochb, YTO 4enoBekooOpasHbie 006e3bsAHbl cTanum
nepBbIM 06bEKTOM U3YYeHMsT KOTHUTUBHBIX BO3MOXHOCTEN XN-
BOTHbIX. B HacTosLee BpeMsa QyHKLMN MO3ra B Kakon-To Mepe
M3YYeHbI Y XULLHBIX U TPaBOSIAHbIX Pbl6 (OHM He BneLLyT cnocob-
HOCTSIMK), aMbUbUii, Yepenax 1 SwepuL,; BpaHOBbIX, NOMyraes,
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Bopona, komopas nayuuaace pasaunams HaGopol
DA3HBIX U 00UHAKOBBIX MPEY2OAbHUKO8, PA3AUMAEN U CepOeUKU

rony6en, Yaek 1 Menkmux BOPOObUHbIX MNTULL; BbICLLMX U HUSLLMX
NPUMATOB, XMLLHBLIX M/IEKOMUTAIOLLMX, CZIOHOB, Ae/TIbPUHOB, ANKMX
1 n1abopaTopHbIX MPbI3YHOB.

Huswmne 06e3bsiHbl HMKOrAa A0OPOBOSLHO MANKy B PyKU HE
BO3bMYT, XOTS X MOXHO 3TOMY Hay4uTb. [10-BMAMMOMY, UMEHHO
3a cyeT 00y4eHns y CTapLUnX 1 NoAAepXKaHWs HaBbIKOB B NPUPOe
CYLLLECTBYIOT MONYAALMN HUILLIMX 0OE3bSIH, KOTOPbIE NMOJIb3YOTCH
opyavamu. KanyumHel, Hanpymep, pa3brBatoT KaMHEM OpPeEXU.

JOenbduHbl cnocobHbl K BLICOKOMY YPOBHIO 0606LLEHMIA, UC-
NoJsIb30BAHMIO OPYAMIA U YCBOEHWIO NPOCTENLLErO aHanora Yeno-
Beyeckoro a3blka. OHM aaxe y3HatoT cebs B 3epkane. CnoHbl ToXe
Y3HAIOT CBOE OTPAXEHNE U UCMNOJL3YIOT TyMObl U Naku, 4TOObI
DOTSAHYTLCS [0 Xenaemoro npeameTa.

Y10 KacaeTCcs XMLLHbIX MJIEKOMUTAIOLLMX, B TOM Yncie cobak, TO
OHW Ha NepPBbI B3NS HE CTOMb YMHbI, KaK KKETCS X XO351EBAM.
VX MHOrOMY MOXHO Hay4uTb, HO OHU HE B COCTOSIHUM PELUNTb
3aja4n, B KOTOPbIX HAAO MOATAHYTbL NMPUMAaHKy 3a BEPEeBKy, a
CBSA3b BEPEBKW C TAKOMCTBOM He o4eBuaHa. OHU HE CNOCOBHbI K
BbICOKOMY YPOBHIO 0000LLEHMS, TO €CTb HAYYMBLLMCH, K TPUMEDY,
BblGMpaTb 60MbLUYI0 U3 ABYX GUryp, OHU HE NMEePEHECYT 3TOT Ha-
BblK HA rPynMbl, COCTOSILLME U3 PA3HOMO YMCNa 3NEMEHTOB. MM
TakXe TPYOHO HAaxXOoA4UTb MPUMaHKY, KOTOPYIO 3aropaxusaioT OT
HUX LUIMPMOYKOW 1 NPSAYyT B 06bEMHYI0 durypy. NMoTom LUMpMoUKy
ybupaloT, a nepep, rmasamu rofofHoOro 3seps aAse purypbl: 06b-
eMHas 1 nnockas. YTo0bl 4OCTaTb NTAKOMCTBO, HAZL0 CO06Pa3UT,
4YTO NPUMaHKa, NPONasLUas 13 Noss 3PEHUS], HE UCYE31a COBCEM,
a cnpsitaHa, YTo OHa BNE3ET He B ABYXMEPHYIO PUrypy, a TOJIbKO
B 00beMHyI0. Takylo 3aa4vy XULLHMKM C NEPBOro pasa He peLualor,
HO MX MOXHO 3TOMY 06YUnTb.

[0 HeLaBHEro BpEMEHU CHNTANOCh, YTO XULLHBIE MJIEKONMUTA-
IOLLME HE CMOCOOHbI K UCMONb30BaHNIO OPYAMNIA, HO STU NPEeACTaB-
NIEHUNs1 MOCTENEHHO MeHsIIoTCs Gnarogapst BUAEOHAOMIOAEHNSIM.
OpHy Takylo BMAEO3anuChb caenanv B aBcTpanuiickom LieHTpe
n3yyeHus anHro. Cobakum NbiTanucb AOCTaTb NPUMAHKY, Noase-
LLIEHHYIO MOoJ, MOTOIKOM UX KNETKW. )KMBOTHbIE 6pOAUIM NO KIETKE,
noka ogHa cobaka He noarawmna 3yb6amu cton. TyT Xe Ha Hero
BCKOYMNA opyras, HO A0TAHYTbLCSA HE CMOrNa, NOTOMY 4TO CTON
CTOSIN AaNeko OT NpumaHku. Moasuratb ero eLe pa3 no4yemy-To He
CTanu, OAHAKO B KOHLLE KOHLLOB AVHIO YAA/I0OCh COPBATh MPUMAaHKY.

BTopas 3anuck caenana Ha kyxHe. Cobaka nopoabl Ournb O4eHb
XOTesia NoNacTb Ha KyXOHHbIV CTON, @ 3anpbIrHyThb C NOa He Mor-
na. Torga oHa NO4OABWUHYNA CTYN, Y BCE MONYy4nnock. TpyaHO Ha
OCHOBaHUW ABYX MPMMEPOB CYAUTb O KOTHUTUBHbBIX CIOCOBHOCTAX
XULLLHWKOB, N1 3TOrO HYXHbI AOMNONHUTENbHLIE PA3HOCTOPOHHUE
1nccnenoBaHus.

MTnybm mo3run

MbICnUTENbHbIE CMOCOOHOCTU MaekonmnTarwmx 3aBNCAT OT OT-
HOCUTENBHOIO pa3Mepa nx Mo3ra n CJIOXKHOCTU CTPOEHNA KOpPbI.
Moar ntuy, npunHUMnNmManbHO OTAINYaeTCAa OT MO3Ira MJjiekonnTato-



LLINX HE TOJIbKO BHELLIHUM CTPOEHNEM (OH MPaKTUYECKM JIULLEH U3-
BWJIMH), HO M BHYTPEHHEN CTPYKTYPOM. Kak 1y MAeKONUTaIOLLNX,
MO3r Yy pa3HbIX BUAOB HAXOAMTCS HA PAa3HOM YPOBHE pPa3BUTUS.
[lns OLEHKN ero CNOXHOCTM MCNOJb3YIOT NONYLIAPHbIA NHOEKC
MopTMaHa — OTHoLWEeHMe Beca 60MbLUNX MONyLlapuii K Becy
CTBOMIA MO3ra NTULbl U3 OTPSAa KypooBpasHbiX aHanorMyHoro
Beca. CTBON MO3ra 06beguHSIET caMble CTapble OTAEeNbl FoyloB-
HOro MO3ra: NPoAO0JroBaThii MO3I, BApOJSIMEB MOCT U CpeaHUi
Mo3r. KypoobpasHble NPUHSATBLI 32 TOYKY OTcYeTa Kak oavH n3
OpEeBHENLINX OTPSO0B C MPUMUTUBHBIM MO3roM. Y Kyp 1 ronybei
mnHpekc NoptmaHa Bcero 3—4, y BpaHOBbIX OH gocturaet 18,y
nonyraes apa — 28.

HecmoTpsa Ha OTCYTCTBME NepeaHnx nan, NTuubl NOMb3yloTCs
OpYANSIMA 1 [axe UX N3roTaBIvBaIOT, AEACTBYSI HOraMum 1 KJTIIOBOM.
JInpypyioT B 3TOM 06/1aCTM BPAHOBbIE U KPYMHbIE NMonyrav — NTULbI
¢ 60nblWNM 1 TOHKO AnddepeHuMpoBaHHbLIM MO3roM. HoBoka-
NefoHcKas BOpoHa, HanpumMep, B NPUPOAE OOCTAET U3-N04, KOPbI
HACEKOMBbIX, UCMOb3YS YEThIPE BUAA NANI0OHEK N KPIOYKN, KOTOPbLIE
BbIKYCbIBAET U3 JIMCTLEB APEBOBUAHOIO pacTeHuns naHgaHyca. B
naboparopum BopoHa BeTTr corHyna KpioHok N3 MeTainyeckom
NPOBOJIOKN, TO €CTb UCMOJIb30Bana COBEPLUEHHO HEMPUBbIYHbIN
mMartepuasn 1 HoBble MeTOAbl ero 06paboTKN: B eCTECTBEHHBIX YC-
JIOBUSIX 3TN NTULbI HUYero He crmbatoT. Ecnn Bettn npegnaranm
Ha BbIBOP HECKOMBbKO 3aroTOBOK, OHa HEMPEMEHHO MoAroHsNa KX,
4TOObI yIobHee 6bino AobpaTtbesa Ao kopMma. Mccnegosartenm no-
flararoT, YTo 3Ta CynepnTuua Aep>XUT B rosloBe MbICNEeHHbI 06pas3
Heobxogumoro opyausi. (MoapobHo 06 nccnegoBaHMM HOBOKA-
JIeOHCKMX BOPOH M CPaBHEHUM X KOTHUTUBHBIX CMOCOBHOCTEN
CO CMOCOBHOCTAMN MAEKOMUTAOLLMX «XUMUS U XN3Hb» Nrcana
B N2 12, 2013.) CxomHyto 3agady nNpenioxnnn rpadam, Kotopble
B NMPUPOAE Opyaust He UcnonbayioT. Mpaun pewnnm npobnemy ¢
nepBOro pasa, TOJIbKO KPIOHOK crmdann He Tak, kak HOBOKase-
[LOHCKMNE BOPOHBI.

AdpukaHckue cepble nonyrawn Psittacus erithacus no 3ByKy
onpeaensioT, NyCT KOHTENHEP UM NOJIOH. DKCNEPUMEHTATOP
BCTPSIXMBa CTakaH4yMk, CTaBU/ €ro nepepn nonyraem, u ntuua
onpoKnapiBana CTakaH4YMK InLLb B TOM Clly4ae, Koraa Tam rpeme-
510. 9TO HaM 3a4ada KaxkeTcsi MPOCTOoi, a BOoOLLE, 3TO YPOBEHb
TpexneTHero pebeHka. Cobakm ¢ Hell He CnpPaBNATCA, MHOMMe
npuMaTbl TOXE.

BpaHoBble okasanncb cnocobHbl K CUMBOSIM3AUMK, TO €CTb K
YCTaHOBJIEHUIO CBA3EN MEXAY AENCTBUSAMU, ABIEHUSIMU, MOHATU-
SIMM C OQLHOWN CTOPOHbI U HEKMMU UCXOAHO 6e3pasnnyHbIMK st
cybbekTa 3HakaMu — ¢ apyroii. B oaHOM 13 onbITOB BOPOHE Npef-
naranv AiBa CtakaH4yuka, OAvH 13 KOTOPbIX Obls 3aKPbIT KPbILLEYKOM
C ABYMSI OANHAKOBbLIMW TPEYrofIbHMKaMM, a Ha BTOPOW KPbILLIEYKE
OIVH TPEYroJibHNK B6OJbLLON, APYroi ManeHbkuii. M B Kakom xe
CTakaH4ynke N1akoMCcTBO? OTO 3aBUCENO OT TOr0, Kakas KapToyka
NEeXUT Mexay ctakaHdmkamu: S (same) unm V (various). BopoHa
ObICTPO 0Oy4mnack 3TOM NPEMyOpPOCTUN U, KOFOa TPEYrofibHUKN
Ha KpbILLKaX 3aMEHUNN Ha CEPAEYKM, BCE PABHO peLuana 3agady
NpPasBuIbHO.

MHCcalTHble 3a4a4m «40CTaHb MPUMaHKy», KOTOpbIE NpeasiaraoT
>KMBOTHBIM [/151 OLLEHKW MX KOFHUTUBHBIX CIOCOBHOCTEN, CYLLECTBY-
0T 1 ANS NTULL, HO, MOCKOJbKY OHM HE MOTYT B3SIThCS 3a Nnasiky, NTun-
Lam npegnaratot NoATArMBaTb NPUMAHKY, MPUKPEMIEHHYIO K HATU.
TecT COCTOMT N3 HECKOJIbKMX 33424 Pa3HOr0 YPOBHS CIIOXKHOCTU.
Cneuvanuctbl nabopatopum prU3nonorum v reHeTUKN NoBeAeHNs!
npoTecTUpoBasv Takum 06pasom NTuL, pa3HbiX BUAOB. B Haunpo-
CTeNLIEeM BapmaHTe TaKOMCTBO Ha HATOYKE CBMCASIO C XXEPOOYKN, B
6os1ee CNoXHbIX MoABELUNBAIN AOMNONHUTESIbHBIE HUTU, HAKITOHHbIE
VNN NepekpeLLeHHbIe, a CaMblid TPYAHbLIN BApUaHT NpeacTaBnss
coboi ABe NpuMaHKu 1 ABe HUTU, OAHa U3 KOTOPbLIX CoOeauHEHa C
NPUMaHKoN, a Apyras — HeT. BOpoHbI cnpaensinnck Co BcemMun 3a-
[ayvamu, a KNecTbl Y CUHULbI-Na30PEBKN — MNTULBI CO «CPEAHNM»
YPOBHEM OpPraHn3aunm Mo3ra — He CMOIIN B CITOXHbIX CIy4asx
npoCcneanTb CBA3b MEXAY HUTBIO U MPUMAHKON.

MPOBJIEMblI U METObl HAYKU

Y CepoKpbIbIX Haek C OCTPOBa TOMOPKOB MEXMOAyLIAPHbIN
mHaekc MopTmaHa kak y Kypuupsl. IM npyuxogmtcs 4onro «BTon-
KOBbIBaTb», 4TO NMPUMaHKa, NosIoXKEHHas B KOPOOKy, He nponana
6e3B03BpaTHO, ee MOXHO 13 3TON KOpobKK gocTaTb. HekoTopble
YCBaMBaAIOT 3TY UCTMHY TOJIbKO C TPUALLATOr0 — COPOKOBOIO pasa.

OpHako Yavky cnocoOHbl K 0600LWEHNAM, MOHUMAIOT KaTero-
pun «BONbLUE» N «MEHBLLE», UX MOXHO Hay4nTb JOCTaBaTb PbiOy
13 KOpPOOKM BONbLUEro M MeHbLLIero pa3mepa, U oHu aenarloT
npasubHBIN BIOOP Aaxe B TOM Cily4ae, eC/v 3KCNEePUMEHTATOP
3aMEHSIET MPUBbIYHbIE KOPOOKM BeApamMu. A BOT NEPEHECTN npa-
BWJIO HA HOBYIO KaTeropmio OHM HE B COCTOSIHUW: TECT Ha BbIGOP
60/bLUEN KyHKN KYOMKOB OKa3acs AJ15 HaeK CIINLLIKOM C/IOXHBIM.

[Mpwn BCen CBOEN «MPOCTOTE» CEPOKPbIILIE YarKM YPESBbIYANHO
yCMELUHbIE NTULBI U NPEKPACHO NPUCNOcCabnnearoTcs K toObIM
obcTosTensCcTBaMm. MMUTaOTCS OHU TEM, YTO ECTb B HIMHYUW: MEPT-
BbIMW JIOCOCSIMW Ha HEPECTUNLLLE, COSPEBLUMMM ArogamMm, Naga-
JblO Ha NexoéuLLe MOPCKMX KOTUKOB, OTOpOCaMu pbiOOSTIOBELIKNX
CYyA0B 1 MexoBbIx depM. OHM aTakytoT MENKMX NTUL, OTOMPAIOT Y
HUX 0OObINY 1 BOPYIOT arua. Yalikm Boo6OLLE XOPOLLIO NEPEHOCHT
COCeACTBO YeI0BEKA U MOTYT BbIBOAUTbL MNTEHLOB B MOPOLACKOM
cpene. OHY NoNOUAK KPbILIN: CTOUT OOHOM Nape TaM YyrHe3auTb-
Csl, KaKk y Hee HeMEeJIEHHO NOSBNSAIOTCA cocean. Ha BO3BbILLIEHWMN
NTULbI 3ALNLLEHBI OT HA3EMHbIX XULLHMKOB. 32CEIEHHOCTb KPbILL
pacTeT C KaxablM rogoM.

B03MOXHO, CEKPET ycnexa CepokpbUIbIX Yaek B TOM, YTO OHU
npekpacHo oby4yatoTcs, mMaas Ha cocepa. B ryctoHaceneHHol
KOMOHWUN, Fae Kaxaas napa 3aHMMaeT HeOObLLUOKM y4aCTOK 1 BCE
OpYyr 3a opyrom cnegsat, NTuubl, NPUOOPETLUNE LEHHbIE HABbLIKM,
CTaHOBSITCSt UCTOYHUKOM MHGOpMaLmMK AN OCTaNbHOro coobLue-
CTBa. OKCNePUMEHTATOPbI C 60bLLMM TPYAOM 0BYHUIN HECKOSb-
KMX Yaek JOCTaBaTb U3 KOPOOKM CNpsiTaHHYIO pblOy, a Ux coceaum,
BHMMAaTENbHO HabNo4aBLUME 3a MPOLLECCOM, MOTOM peLuanu aTy
3a[a4Ky C NepBo NOMNbITKN, MHOraa ¢ TpeTbein. OueBnaHo, 6onee
BbICOKWNI aAanTaLMOHHbIA NOTEHLMAN HEKOTOPbIX NTUL, 3aBUCUT
He TOJIbKO OT CIOXKHOCTWN MO3ra, HO 1 OT CNOCOBHOCTM yCBanBaTb
onbIT cBOMX copoamyenn. CoupnanbHble NTULLI 0ByYaloTCa NyTem
HabGNOEHNS, OOVNHOYHbIE — HET.

OKCTPEHHOE pelleHne BHe3anHo BO3HMKAaLWMX 3a4a4 — 3TO
TpeboBaHme Xun3Hn. OHO 0ka3aoCb HACTONLKO MOLLIHLIM 1 BCE-
06LWMM, 4TO CNOCOOHOCTU K MbILLNIEHNIO CPOPMUPOBANNCL HE
TONbKO Yy NMPUMATOB, HO U Y APYIYX FPYMM XMBOTHBIX C Pa3HbIM
cTpoeHnem Mmo3ra. O BO3MOXHOCTAX MHOMMX U3 HUX Mbl eLle
MOYTU HUYETO HE 3HAEM

Mo matepmanam nekummn npodeccopa kadeapbl BbIC-
wen HepBHOW pgeaTtenbHoctn MIY nm. JlomoHocoBsa
3.A.30puvHOI, NpOYMTaHHOM Ha LiKone «CoBpeMeHHas
Buonorus n uotexHonorny Gyayuiero» B 3seHUropoae
28 aHBaps 2014 ropa. Pepakums 6narogapuT 3a NOMOLLb
3.A.30opuHy 1 T.A.0O60308BY.
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TO
BeAeT Hac,

oroa Mmbl Begem ceoa?

B nipowunom rogy nobeantenem nmtepaTypHO npemmm
«[MpocBeTutens», y4pexaeHHon . 5. SuMuHbIM u pOHAOM
«[InHactus», B pasaesne « TO4YHbIe N eCTECTBEHHbIE HAYKN»
cran Amutpwnii XKykos ¢ kHuroi «CTou, KTo Beget?» (M.:
AnbrnvHa-HoH-¢pukwH, 2013, B 2-x T.). ABTOp 3HaKOM Y-
Tarensim «XuMum n XnM3Hu» — OH rnucaJs ass Hac ob onTu-
MaJsibHbIX CTPATernsix NoOBeAEHUs npu cTpecce, 0 TOM, 4T0
YM U XapakTep KPbIC HE COOTBETCTBYIOT UX HE3ACJTY)KEHHO
Hu3ko penytaummn (2001, N@ 11; 2002, N@ 2). Mbi He Mornin
rPOVITY MMMO TaKoro CobbITHS VI TOMELLAEM PELIEH3MNIO Ha
9Ty 3aMeqaTesibHYyIO KHUTY.

B kHure Omuntpus XXykoa «CToi, KTo BeaeT? buonorus noseae-
HUS YenoBeka 1 Apyrux 3sepein» cobpaH OrpOMHbIN Hay4HbIA Ma-
Tepuasn, XopoLlo nepepadoTaHHbIN 1 NPENOAHECEHHbIN YATATENIO
B JTAKOHMYHOM U JOCTyNHOM ¢popme. [NpoynTas ee, Bbl MONyYUTE
OTBETbI HA BOMPOCHI: NOYEMY B KaXA0MN KOHKPETHOWN XN3HEHHOWN
CcuUTyauum NposiBASIETCA Ta UM nHasa Gopma NoBeAEHUS, KTO «py-
KOBOAUT>» HallMM noeegeHmnemMm m nodemy nosegeHme 4yenoseka
MO>XHO MOAENNPOBATb Ha XXMBOTHbIX?

[MepByto rMaBy OTKPbIBAET KPATKNIM 9KCKYPC B UCTOPUIO HGOPMU-
poBaHMst BUONIOrMHECKOro NoAXoAa K UCCNEA0BaHNIO MOBEAEHUS
YenoBeKa 1 XMBOTHbIX. 3aTeEM aBTOP MNOABOAUT YnTaTENS K Onpe-
LEeNEHMIO TaKNX CIOXKHbIX CYLLHOCTEN, BbIAENSIOLLMX YeNl0OBEKA N3
LlapCTBa 3BEpe, Kak MOHATUINHAs peyb, HDAaBCTBEHHOCTb, HyBCTBO
tomopa. K cnosy ckasaTb, HyBCTBO lOMOpPa, NPUCYyLLLEE CaMOMY aB-
TOPY KHUIMM, MPOSIBASETCS Kak B MpUMepax 1 KOMMEHTapusX, Tak 1
B Noa00pe NAMIOCTPALMIA, — KHUMA YNTAETCS NIErko 1 ¢ 601bLINM
MHTEPECOM.

Tpy GYHKUMN NINYHOCTUN — KOTHUTUBHAs (NO3HaBaTelbHas),
addekTnBHaAs (3MOUMOHaNbHas) n MOTopHas (gBurarenbHas),
TECHO CBSi3aHHble MexAay co00l, 0ObACHSIOT MHOIME Halun
MOCTYNKW, N NpeaCTaBieHne O HUX NO3BONAAET CYAUTb O NCu-
XMYECKNX NpoLeccax, NPOUCXOASLLNX B OpraHn3mMe Yenoseka n
XXMBOTHbIX. ABTOP MOKa3bIBAET, YTO BCE TPU OYHKLMN HAXOOATCSA
noA NMOCTOAHHBIM KOHTPOJIEM HENPOryMoOpasbHOW CUCTEMBI
opraHuama, npu4em aas NposiBieHNS BCAKOrO NOBELEHYECKOrO
aKTa BaXKHbl KaK HEPBHAs, Tak 1 r'yMmopasibHas COCTaBAsoLWas.

BTopas maBa KHUIrm nocesieHa noagpobHOMY aHanmnay rymo-
panbHON perynaummn noBegeHns. dta rnaBa 0CO6EeHHO nonesHa
ONS Ha4MHaoLWmMx 6MOOroB: OHa B AOCTYMHOM U cxXaTtor popme
3HAKOMUT HAC C TaKMMMW NOHATUSMU, KaK FOPMOH, peuenTop,
3HOOKPUHHAA cucTeMa OpraHuama, npUHLUN ropMOHaIbHOMN
perynauum. PazobparbCcs B OrpOMHOM MacCUBE Hay4HbIX pakToB
nomMoraroT Tabnnupsl n cxemMbl. Bnarogaps y>xe Tonbko 3TOW rnaee
KHUIY MOXHO pEKOMEHA0BaTh LUMPOKOMY KPYry YntaTenen.

B TpeTbel rmaBse nogpobHO paccka3aHO O BUTANIbHbIX U CO-
LMasibHbIX MOTPEBHOCTAX Kak OCHOBE BCSIKOro MOBeAEeHUS. ABTOP
obpallaeT BHUMaHMe Ha HeobX0aMMOCTb NOCTOSIHHOIO pas3apa-
>XEHWSI CEHCOPHBIX CUCTEM — PabOThl 3pEHNS, Cayxa n T. . — npu
dopMNpPOBaHMM BUTaNbHbIX MOTPEOHOCTEN opraHnama. B cBasu ¢
3TUM XO4ETCH NOAYEPKHYTh, YTO B YIbTPACOBPEMEHHbLIX BUBAPUSX
LS coaepXaHus 1 passeneHns 1abopatopHbIX XXMBOTHBIX — Tak
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HasbiBaeMbIx SPF-BuBapusax (ot aHm. Specific Pathogen Free —
BNBAPWI, HE COAEPXKALLMIA NATOreHbI A4J151 XMBOTHBIX) — hakTU4eckm
nobueatoTcs aeduumta CEHCOPHOro NPUTOKA, 1 3TO MOXET NOBNM-
ATb Ha pe3y/bTaTbl SKcnepuMeHToB. B SPF-BMBaprv ManoBeposiTHO
pacnpocTpaHeHne MHEKLMM, 0OHAKO NONHaA N30N5LMSA OT 3BYKOB
1 3anaxoB HEBO3MOXHA B €CTECTBEHHOW cpefie 00UTaHus, a 3Ha-
YUT, U FOPMOHaNbHbIE MEXaHN3Mbl, GOPMUPYIOLLNECS Y XXMBOTHbIX
B TaKMX «TEM/INYHbIX» YCIIOBUSX, HE OTPaXaloT UCTUHHOM KapTUHBbI
rOPMOHO33aBMCUMbIX NOBEAEHYECKNX N3MEHEHNIA.

Bonbluas 4yacTb NepBoro Toma nocBsLLeHa CTPeccy U ropMo-
HaNlbHbIM MeXaHNn3MaM BO3HUKHOBEHUSI BONE3HEN, CTPECCOM
00yCnoBNEHHbIX, — B 3TOM 061aCTUN NexXart U Hay4YHble UHTEPECHI
camoro aetopa. HeT HeoBXxoANMMOCTU OOBACHATL, NOYeEMY 3Ta
TemMa kpariHe BaxHa. B kHure nogpobHO pacCcMOTPEHbI pasnmy-
HblE€ acrnekTbl, CBA3aHHbIE C NMOHATUEM CTPEeCCa, 1 NOAKPENsIeHbI
MHOMOYNCAEHHBIMU MPUMEPAMUN U3 XN3HU HeSI0BEKA M XXMBOTHbIX.
[.AKyKoB nNogyepknBaeT COBPEMEHHbIN aCnekT onpeaeneHns

O A Xykos

GTOM,

Buonorua
NOBEAEHHA KTD
Yenoeexka
W OpYrux
%% BEJIET?
|




Onu Goabuie noxoxcu Ha Hac, 4em Mol oymaem

CTpecca, AOMNONHALWNIA KJlaccuieckoe, NpeanoxeHHoe aHCoM
Cenbe, a UMEHHO HEOBXOAMMOCTb HOBU3HbLI U3BMEHEHUI B OKPY-
xawouwen cpene ona GopMnMpoBaHNS CTPECCOPHON peakunm.
MpY MHOrOKPaTHO NOBTOPSIOLLIMXCS COOLITUSAX AaXe HEraTUBHOMO
XapakTepa 4YeNloBeK M XMBOTHOE CMOCOOHbI aAanTUpPOBaThCs K
HUM. MOCTOSIHHBIN CTPECC CTAHOBUTCS MPUBbLIYHLIM, OPraHN3M
nepecTaeT Ha HEro pearMpoBaTth. 1 370 BaXHO NOMHUTbL NPy MoAe-
JIMPOBaHNN CTPECCA Y KMBOTHbIX: KaXA0AHEBHO NOBTOPSIIOLLNECS
CTMMYJIb MOTYT BbI3BaTb aAanTUBHOE NoBeaeHme. ABTOp NoapoodHO
pacckasbiBaeT O POSIY OCHOBHbIX FOPMOHAJIbHBIX COCTaBSIOLLLX
cTpecca — kopTukonnbepuHa, AKTT, agpeHanvHa, adpdekTbl KO-
TOPbIX 3aBUCAT HE TOJIbKO OT 403bl PACCMATPUBAEMBbIX BELLLECTB,
HO 1 OT CUJIbI AEACTBYIOLLLErO CTPECcCa.

MpencTaBnsATCA NOrMYHBIMU PACCYXAEHMS aBTOPA O KOPPEKT-
HOM MCNONb30BaHUK nabupuHtTa Moppuca ons nccnepoBaHus
MEXaHM3MOB NaMSTV Y BOAOJIIOOUBBIX BUAOB XUBOTHbIX. («XnMuUsi
1 XW3Hb» He pas nucana o nabupuHte Moppuca — 310 6acceiiH
C 3aMyTHEHHOW, HEMPO3paYyHOM BOAOW, rAe XMBOTHOE O0JIXKHO
HarTM NNatopMy, Ha KOTOPOWM CMOXET OTAOXHYTb. 10 TOMy, KakK
CKOPO MbilLb UK Kpbica 0OHapyxueaeT nnatdopmMy npu NoBTO-
PEHUSIX OMbITa, MOXHO CYyAUTb O paboTe ee namaTn. — lpumed.
pea.) Hanpumep, y cepbix KpbIC MACIOKOB KOMMOPTHAsS MOTUBALMSA
MOXeT NPeBaINPOBaTh HA, HEraTUBHO MOTUBaLMEN cTpaxa. Vim
HPaBUTCS NNaBaThb, U BNOJIHE BO3MOXHO, YTO OHW NOAONIY HE Ha-
X0OsAT NnatdopmMy, NOTOMY HYTO HE CIIULLKOM K 3TOMY CTPEMSITCS.
X0opoLLo paccka3aHo 0 MOAENSX, MOCTaBEHHBIX B YCIIOBUSIX HEKOH-
TPOJIMPYEMOIO CTPECCA Y XUBOTHbBIX U BbI3bIBAOLLIMX MATONOMM,
aHanornyHole 60Ne3HSAM YenoBeka, NPexae BCero TPEBOXHOCTb
1 Aenpeccuio.

LLlecTyio rnaBy 0CO6EHHO PEKOMEHAYIO TEM, KTO MHTEPECYeTCA
NCUXONOrMen: oHa 3HaKOMUT Hac ¢ GOPMMPOBAHMEM TOrO MU
MHOrO NCUXONOrMYeCcKoro Tmna y Jloaen 1 XUBOTHLIX. JTa Masa

Y uepnvix motmer aunuu C57BL/6J na pone daumeavhozo coyuarvrozo
cmpecca paseueaemcs denpeccusHonodooHoe nogederue

KHUIN

JIOMMYECKN BbITEKAET N3 NPeablAyLLEN, MOCKObKY B HEWM NOKa3sa-
HO, KakumMm 06pa3omM MHAMBMAYyasbHbIE 0COOEHHOCTU MOBEOEHUS
(ncmxonorunyeckue Tunol «A» 1N «b», cTpemsawmeca cooTBeT-
CTBEHHO M3MEHUTb OKPYXKAIOLLLYIO Cpeay MMb0o NpnucnocobmnTbes)
NPOSIBNSIOTCSH B KOHKPETHOW CTPECCOPHOM cuTyaummn. MogpobHO
pa3bupatoTcsa ropMoHanbHble cocTaBnstowme ocobeHHocTen
NOBEOEHYECKOro penepTyapa y npencraBmteneit 060mx ncmxo-
JIOMMYECKNX TUMOB.

BTopow Tom NocBsiLLEH HE MEHEE YBEKaTesbHbIM TEMaM — CO-
LManbHOMY MOBEOEHMIO YENOBEKA M XXMBOTHBIX, & TaKXe 0COOEH-
HOCTSIM FEHAEPHOro NoBeAeHMs. YuTas rmaBy O NOBEAEHYECKMX
OTINYUSX MEXAY MONaMU, MOXHO C HEM-TO COMlaLaTbCs U He
cornawarbcsl. 9, Kak XeHLUMHa, HanpuMep, He cornacHa C TeM,
YTO «TOJIbKO MY>XXHYMHA MOXET NPU3HaThb, 4TO Obln Henpas». Ho kak
3KCMepUMEHTaTop (M3yyas NoBeAEHNE CAMOK M CaAML,OB MbILLEN),
1 CKOPEE COrNaLlyCh, YTO XEHLLMHbLI MEHEE YCTONYMBBI K CTPECCY,
0COBEHHO B HEKOHTPOIMPYEMOW CUTyaumn. ABTOP BbiCKa3as CBOKO
TOYKY 3PEHUS, BECbMaA HEOEILIHTEPECHYIO, OOBSACHSAS, NOYEMY
yenoBek (M XMBOTHOE) BeOeT cebs Tak, a He nHade B onpene-
JNIEHHOM 0BCTaHOBKE N Kak rOPMOHbI 1 GEPOMOHbBI PErYNINPYIOT
coumanbHoe 1 NonoBoe nosegeHne. MoXHO MHOMO rOBOPUTL U
CMopU1Tb NO 3TOMY MOBOAY, M KaxAbli OYyAET B Y4EM-TO NpaB MO0
He npaB. MHe, onaTb-Takn Kak 9KCNepMMEHTaTopy, XOTeNoChb
Obl 06paTUTL BHMMAHNE Ha BXXHOCTb OEBATOM rMaBbl — «PUTMbI
XNBHEOEATENLHOCTW», KOTOPOW OTBEAEHO O4EHL CKPOMHOE YMCI0
cTpaHuu,. MogennpoBaHne aKCNepuMeEHTa C YY4ETOM LMpKaan-
@HHbIX U UMPKaHHYasbHbIX (CYTOYHBIX M FOO0BbLIX) PUTMOB aKTMB-
HOCTM Y XXMBOTHbIX — 00S3aTENbHOE YCOBUE YACTOThI OMbITOB.
370 HEOOXOOMMO YyuuTbIBaTh, Korga paspabareiBaeTcs An3anH
No60oro NOBEAEHYECKOr0 3KCMEPUMEHTA, HanpMumep Korga mc-
cnenoBaTenv MNIaHNUPYOT CPaBHUBATL Pa3HbIE MPYMMbl XXMBOTHbBIX
— KOHTPOJIbHYIO FPYMMY 1 rpynny, NOABEPrHYTYIO KakoMy-11nbo
BO34eNCTBUIO. [pKn 3TOM S cumTalo 06s3aTeslbHbIM BbINOJIHEHNE
OCHOBHOI0 YCN0OBMS — 06€ rpynmbl A0/MKHbI TECTUPOBATLCS B OOHO
1 TO Xe BPEMS CYTOK, B OAVH U TOT Xe Ce30H roga. JImwb Takum
06pa3oM MOXHO BbIsBUTb 3¢dPeKT MMEeHHO BO3OeliCcTBUS, a He
rOPMOHOB, USMEHSIOLLIXCS B TEYEHME CYTOK.

B 3akntoyeHne xotenockb 66l OTMETUTL LUMPOKYIO 3pyaNLMIO
aBTopa, YMEHME NOATBEPANTL CBOIO MbIC/b MPUMEPaMM HE TOJTbKO
13 CNeunanm3anpoBaHHON HAYYHOM NNTEPaTypPbl, HO TaKXe N3 KHUM
POCCUMNCKNX U 3apyOEXHbIX NMUTEPATYPHbIX KNaccukoB. OueHb
yO006HO, YTO CCbIIKM HA UCTOYHUKM YKa3aHbl Ha KaXaol CTpaHu-
LLe, a HE B KOHUE KHUIMM. MHOXECTBO KpacCOYHbIX NTIOCTpauni
n ¢poTorpaduin yoa4Ho OONONHSAIOT TEKCT N AenatoT KHUY nNpu-
BnekarenbHon. «CToN, KTO BeaeT?» — NnpekpacHbI Noaapok ans
KaXX[0ro, KTO MHTEPECYETCS NOBEAEHMEM HESIOBEKA U XXMBOTHbIX.

JokTop 61oSIOrM4eckmx Hayk
A.D.ABrycTMHOBUY,

CTapLUNN HAY4YHbIN COTPYOHUK

WHcTutyTa umtonormm n resetunku CO PAH,
HoBocunbupck

doro aBTOpa
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BopbOa
CcoO

K..Muxawmnnos

HacToawmm TeKCT — nonbITka peueH3nu
OYeHb Pa3HOCTOPOHHEN KHUIMM UCTopuKa
Hayku n asonoumoHucta tO.B.Hankosckoro
«B kpyre 3HaHus». OHa BkntovaeT 120 cTa-
TEN ANd pasNnNyHbIX SHUMKIONEAUIN, YacTb
13 KOTOpbIX onybankoBaHa Bnepsble. Te-
MaTunKa KHUTM LIMpoKa — 3TO M HEKOTOpPbIe
acnekTbl OTEYECTBEHHOW ncTopumn (nep-
coHa AnekcaHgpa Hesckoro, CmyTa, no-
KopeHune Crubupwu, anHactus PoMaHOBbIX U
T. MN.), 1 BONPOChI TEOPUM BUOIOrMHYECKOA
3BOJIOLNN, U AaXKeE HEMHOXKO NOSINTUKO-
counonormnn B UCTOpn4eCKkoM acnekrte
(ouepku «Blopokpartusa», «Jdemokpatns»).
KoHeuHo, natb 0630p Bcex 120 crateii B
pamMKax 0gHON peueH3nn HEBO3MOXHO, HO
s1 nocTaparoCb NPOAHaNM3MpPoBaTh Camble
rNaBHbIE.

TekCTy SHUMKIONEAUYECKNUX CTa-
Ten npepwecTByeT «[lpeayBenom-
neHne». OCHOBHOI NpuHUMN paboThl
aBTOpa, NocnenoBaTesibHOr0 y4eHuka
A.A.Jliobuwesa, — oTX04, OT UCTOpM4E-
CKUX Y1 ODNONOrMYecKnx LabnoHOB, YECTHbIN
n Herlpeﬂ,B3F|Tbll7l aHan3 NCTopn4ecknx
MatepuanoB 1 6UONOrMYECKNUX TEOPUIA.
B aToM acnekTte aBTOp OTTaSIKMBAeTCs OT
«HOPMaJibHOM Haykn», KoTopasi paboTaeT
cama Ha cebs 1 Ha 0OLIECTBEHHbIN 3aka3
1 KpariHe BpaxaebHa K MHaKOMBICIUIO.
He mory cornacutbes ¢ HO.B.YainkoBcknm
B €ro CTporon xapakrtepuctuke. loxo-
Xe, OH cMelmnBaeT COOCTBEHHO Hayky
M 0ODULIMO3HYIO HayKy, YrOXAAloLLYI0 He
CTOJIbKO O6Ll_l,eCTBeHHOMy MHEHUIO, CKOJ1b-
KO MHEHUIO BnacTel, Kak LEeHTPasbHbIX,
TakK U pernoHalibHbIX. MHe KaXxeTcd, 4TO
odunumos Bcerga bl U OLHOBPEMEHHO
BCerga cyuiectsoBana bonee nnm meHee
HOpMasibHasi, B 3aBMCUMOCTW OT CTEMEHU
MAOEO0I0rMYeckoro npecca, ncropuyeckas
HayKa; MPOCTO HEKOTOPbLIE HE OYEHDb Yroa-
Hble BNacTaM MaTepuarbl y4eHble 0000 He
aduvwmpoanu... 1 sHuuknonegmnyeckme
1U30aHus, No KparHen Mepe B COBETCKOe
BPEMS, TPAXMPOBAIN ODULMO3HYIO TOHKY
3peHUs], KOTopasi HaCTo MeHs1acb, 0COOEH-
HOo B 1920—1930-e roabl. B cBoe Bpems
MEeH4A I'I03a6aBVIJ'IO, 4TO B NepBoOM n3gaHnn
«Manoi CoBETCKOM 3HUUKIIONEOUN» BHY-
TPEHHWI NacnopT Obln Ha3BaH UHCTPYMEH-
ToM Oypykya3Horo nopaboLlueHusi, a yepes
rnapy neT cTporas nacnoptHasa cucrema
6bina BBefeHa n 8 CCCP.

MeTtopn asTOpa 3aknoyaeTcs (1) B BbISB-
NEeHUV Napasnneneii, N03BONAIOLUNX yBUAETb
OBLUHOCTL IBNIEHWIA, (2) B BblYIEHEHUM Sapa
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10.B.YarkoBckuii.
B kpyre 3HaHus.
Mocksa:
ToBapuLLLECTBO
Hay4HbIX N34aHUN
KMK, 2013.
(fotoBuTCS BTOpPOE
n3gadue.) |

SIBNIEHMS, B OTnM4mMe OT ero nepudepun.
Lna poctuxeHnsa nocnegHero npegnara-
eTcs: (2a) He nyTaTb CBOM NPUCTPACTUs C
dakTnyeckmmn gosogamu, (26) Beibnparb
cornacylowmecs ceefeHmns, (28) oepxarb
B MOMEe 3PEHNS CNEKTP MHEHUI U (2r) He
noaaBatb KPUTKKY YyXXUX MHEHWUI Kak oo-
KasaTenbCTBO CNpaBeasIMBOCTU CBOeN
Teopun. CneanyeTt 4eTKO OCO3HaBaTb 06-
paTHY 9BPUCTUKY HOPMaJIbHOM HayKWu,
NPy KOTOPOM aKCUOMOW CAYXWUT TO, YTO Ha
caMOM Jefe HYXXaeTCs B l0Ka3aTebCTBe.

MHorume o4yepkm cneayet paccmarpusaTb
Kak paclUMpeHHoe AoMOoJSIHeHWE K «0puULm-
aNbHbIM» TEKCTAM COBPEMEHHbIX SHLMKIIO-
nean4eckux usgaHui. B atnx 4ONoAHEHNSAX
0COo0bIli aKUEHT CAenaH Ha HeKylo HeTpa-
OVUMOHHOCTb, AaXe CKaHOaslbHOCTb, Ha
daKTbl M TONKOBaHNS, KOTOPbIE NOrpedeHsbl
B MacCe NCTOPMKO-apXUBHbIX Nybnukaumii
1 BPOAE KaK UTHOPUPYIOTCS «HOPManbHOM
HayKol» BBMAY HECOOTBETCTBUS «OOLLe-
CTBEHHOMY 3anpocy».

BoTt, Hanpumep, nepcoHa AnekcaHppa
HeBCKOFO, CUJIbHO OTNlakKMpoBaHHaAdaA n
Lapckon, n cosetckom uctopuen. Ero
nobenbl Hag, 3anagHbIMK 3aBOoeBaTENAMM
M3BECTHbI BCEM, @ BOT HE O4EHb KPACKBYIO
60pbLOY B Mexaoycobuuax ¢ pycckmmm
KHA3bSIMW C NMOMOLLIbIO OPABIHCKUX BOMCK
1 C HOBropoauamm no npocbbe opasiHLEB
yalle NpuHSTO 3aManymeatb. bonee Toro,
no mHeHuto t0.B.YalikoBckoro, ecnu 6bl
KHA3b AnekcaHap He 60poscs CoO CBOMM
6paTtom AHOpeem 3a BaCTb NPY MOMOLLN

TaTapo-MOHI0M0B, a, HA0OOPOT, BLICTYNN
Obl COBMECTHO C HUM U1 KOXHbIM KHA3EM
JaHnnnom Mannuknm npoTne OpAbIHCKOro
HawecTBusa B 1250-e roapl, 6biTb MOXET,
1 He noTpeboBanncb Obl HN KynnkoBckas
6utBa (1380), HK «cTOAAHME Ha Yrpe»
(1480). 3ameuy, 4TO B COBPEMEHHbIX BY-
30BCKMX y4ebHMkax no ncrtopum Poccun
nepcoHa AnekcaHgpa HeBckoro Tpakrty-
eTcs no-pasHomy. B «kpaTkmx kypcax»
ckopee npuaepxuBatoTca opuunosa n
OrpaHMyYMBalOTCsA ykas3aHMeM Ha TO, YTO
KHSA3b NMOHWUMas HEBO3MOXHOCTb 60pPLObI
C opAblHUaMun B TO BpeMsi. HanpoTus,
HENMUENPUATHYIO OLEHKY 3TOMN NEPCOHbI
1 yKasaHue Ha coBMnageHne MHTepecos
OpAbl M NpaBOCNaBNA MOXHO HANTN B KHU-
re J1.C.Bacunbesa «BceobLiasa ncropums.
Tom 2. Boctok n 3anaa B CpenHue Beka»
(Mocksa: KAY, 2013. 2-e naa,.).

B unkne oyepkoB o CmyTe («JIxxeagmMmnT-
puii I»,«CmyTa», «dunapet» n 0cobeHHO
«PunbknHa rpamoTa») MeHs Bonee Bcero
rnopasuna opurmHanbHas TpakToBKa aBTO-
pPOM nocneaHero BolpaxeHus. Mo MHEHMIO
KO.B.YaitkoBckoro, Tak Ha3blBanv NocnaHns
natpvapxa @unapeTta (KOTopbIl TOraa eLe
dopmanbHO He Bbl1 NaTprMapxom) n3 ctaHa
Jxeomutpus Il B nogaepXxKy NosabCKUX
okkynaHToB B 1609—1610 rogpl. 91K Oo-
KYMEHTbI OblIN 1K0Obl YHUYTOXEHbI NOCe
BO3BpalleHus dunapeta U3 NOJIbCKOro
nneHaB 1618 rogy, 1 nvwb ABa NOCNaHWS B
MonbLUy COXpaHUANCh B NOJIbCKMX apX1BaXx.
Ho Bce-Taku Bepcus O LieneHanpasieHHOM
YHUYTOXEHUN OOKYMEHTOB, Pa30C/aHHbIX



Mo MHOMVIM PYCCKMM ropoAam, KaXeTcst MHe
He cnuwKoM ybeauTenbHol. [laxe camblit
6ernblil aHanM3 COBPEMEHHOW Hay4HOW ne-
puoamkn, Hanpumep XXypHana «Poccunckas
ncTopus» 3a NocnegHve rogpl, yoexagaet
B HaNN4MKN 4yaOBULLHOIO o6bemMa coxpa-
HUBLLWXCS apPXUBHbIX AOKYMEHTOB NEPBOWA
yeTBepTn XVII Beka, HauMHasa c netTonucemn
Tnna «XpoHorpada» n <Hosoro netonucua»
1 paspsaaHbIX KHUM 1 3aKkaH4mBas rpamoTa-
MW rOPOLOB U 3EMCKMX OMOSTYEHWIA.

K aToMy umkny npMmbIKaeT o4epK anHa-
CcTn POMaHOBBIX, CTOJSIb XXE€ HECTaHAAPT-
HbI. 10 MHEHWIO aBTopa, He CAULLKOM
yb6eanTensHOMy, ANHACTUS Npeceknach
KaKk MmHuMym npu EkatepuHe Il, Tak kak
Masen | 6bin ee BHEOPAYHBIM CbIHOM. dTa
TOYKa 3PEHMS BbiCKasbiBanacb 1 paHblue,
O[HaKO [0Ka3aTeNnbCTBa OTCYTCTBYIOT. 0
YHarkoBCKOMY BbIXOOMUT, HTO MY>XCKast IMHMA
PomaHOBbIX 3akOH4YMna npasneHne B 1762
rony — MeTp lll 6bin BHykoM MNeTpa l, a ero
XeHa, oyayuiasa EkatepumHal ll, Kk PomaHoBbIM
nPAMOro oTHoweHnsa He nmena. OgHako
BEPCMS BbIMSANT HE O4eHb YyOeamnTensHo
— [A0CTaTO4HO BCMOMHUTL CXOACTBO NOp-
TpeToB n xapaktepos Netpa lll v Maena l.

3nopeaHuvam NeTpa |, «reHManbHoro ag-
MWHMCTPATOPa N YMENOro MacTepOBOro»,
ABHO JINLLEHHOMO BCSIKOrO MOHATUSA O MO-
panu n 3aKOHHOCTU AaXe B €BPOMNENCKOM
NOHMMaHNN TOr0 BPEMEHMU, NOCBALLEHbI
oyepku «mebos», «Jocndein», <EBookms»
n «Cyspanbckuin po3bick». Cnegcreune
1718 ropa nbiTanoCh PackpbiTb MHUMbIA
3aroBOp BOKPYI NEPBOW XeHbl rocyaaps,
COCNaHHOI B MOHACTbIpb eute B 1697
rogy. Ee nio6oBHuk C.5.MeboB Bblaepxan
CTpaLUHbIE MbITKX, B 3arOBOPE HE MPU3Han-
CS1 1 B KOHLLE KOHLLOB Obl1 MOCAXEH Ha KOJl.
Ennckon Jocuden noa nbiTkon NnpusHancs
B paccblike NOAMETHbIX MNCEM W JIOXHBIX
npopoyecTBax 1 6bln konecoBaH. CBsA3aTb
3TOT «3aroBOp» C AeSIoM Liapesunya Anekces
Tak u He yganocb. OgHako B Halle BpeMsi
XecToKoCTb [eTpa | oTpruatoT, Noxoxe, Co-
BCeM HemHorue. Nadoc K0.B.Halikosckoro
HanpaefieH ckopee NPoTMB 0DULMO3HOIO
pomaHa A.H.ToncToro n COOTBETCTBYIOLLMX
KWHODUNBMOB, YEM MPOTUB «HEOOBEKTUB-
HbIX» ICTOPWKOB.

H0.B.YaikoBcknin nuweT, 4To BeacTBUs
PomaHOoBbIX, B epByI0 o4epenb NpodnemMbl
C NpecTonoHacNeameM rno My>CKOM IMHUN,
KaKk 6yaTo ObINM CBSA3aHbI C MPOKIISTUEM, KO-
TOPOe HanoxwmnaHa aTot pog MapvHa MHn-
ek nocne Toro, kak ee 4YeTbIpexIeETHUI
CblH 6b11 Ny6nnYHO noselleH B 1614 roay.
MHe kaxeTcs, YTO Takon naccax — naxe
CO BCeMU oroBopkamu — 6onee nopobaet
ny6anumnCTy, YHeM Y4EHOMY-NCTOPUKY.

BonbLioi 6nok o4epkoB CBA3aH C NO-
KopeHnem Cunbupu. ABTOp nogvepknuBaeT
HeonpaBOaHHO XECTOoKWe AeNCTBmS Kasa-
KOB-MEepBONPOXoaueB, Ha4mHas ¢ XVl Beka
1 no3gHee, 6paBLUMX HEMOMEPHbIN sicak
C MEeCTHOro Hacenenus (oo 12 coboneit ¢
OXOTHMKA), 3a/IOKHMNKOB («aMaHaToB») U

haxe pabos. B coBeTckoe Bpemsi 06 aToM
OENCTBUTENbHO He Nucanu, aenas ynop Ha
«'YMaHHOCTb» 0CBOeHMs Cnbupun. Ho BoT
6onbLuoli cbopHuk 2012 roga «Tam, BHYTPU.
lMpakTnka BHYTPEHHEN KONOHU3auun B
KYNbTYpHOM nctopum Poccun» (M., «<Hosoe
nmnTepaTtypHoe o603peHune»). B onybnunko-
BaHHOV TaM cTaTbe Mawkna XogapkoBCKOro
«B yem Poccusa “onepexana” Espony,
nnn Poccumsa Kak KonoHWanbHas numnepus»
NPSIMO YKa3aHOo, YTO [MaBHbIMW 3JIEMEHTA-
MW NonMTMKM MOCKOBCKOrO rocyaapcrsa
Ha I0XKHbIX U BOCTOYHbIX pybexax 6biin
«LLIePTb» (Mprcsra Ha N0A40AaHCTBO) N TE Xe
acak n amaHatbl. OObEKTUBHO OCBELLEHA
cutyaumsi ¢ ocBoeHnem Cmubupu 1 B nep-
BbIX rnaBax 60nbLuoi kHurm 0. CnésknHa
«ApKTnyeckume 3epkana» (Mocksa: «Hosoe
nmnteparypHoe 0603peHune», 2008).

B oyepke o CemeHe OexHére HO.B.Yan-
KOBCKMIA 6/1ECTSALLE MPUMEHW CBOV METOAbI
NCTOPUYECKMX U3bICKaHWI U yOeaNTEeNbHO
nokasaJi, 4To 9TOT NEPBOMNPOXOAEL, HUKOraa
He ornban YykoTky Ha CBOEM CyOHE, BbIXOOS
13 CeBepHoro JlepoBuToro okeaHa B TUXUIA.
Ho 5T0 06CTOATENLCTBO HUYYTL HE yManseT
3HavYeHnsa ourypol [lexHésa B nctopum
ocBoeHus Cnbupu.

Heckonbko 04epKOB NMOCBSILLEHbI PEBO-
nounn 1917 roga v MNpaxaaHCKol BOMHE.
M3 Hux, noxanyin, Hanbonee nHTepeceH
aHann3 UcTopun NpenocTaBneHns Hesa-
BUCUMOCTM DPuHnaHamm. Okasanochk, Y4To
6onbluesnku B NeTporpage He yooCyxu-
Mcb 0HGOPMUTL NPABUSIbHBIN JOKYMEHT,
OrpaHMYmNBLLNCH «BbIMMCKOM U3 NPOTOKO-
na» 3aceganun BUWKa npwn otcytcTBmun
camMoro nportokona. Hukakoro noctaHoB-
nernsa BUMKa nnn nekpeta CoBHapkoma
Ha 9Ty TeMy BoobLLe He cylwecTByeT. Ho
®OuHNgHaMA nonyynna GakTUYeckyto He-
3aBUCUMOCTb 1 Obina 6GbICTPO NpU3HaHa
MHOMMMM CTpaHamu, 410 Nomorno Poccun
HayaTb cenaparHble neperosopsbl ¢ lepma-
Huen. K cyacTtbio ans GUHHOB, UM yAanoCb
[OBOJNbHO BGBLICTPO — XOTSH U XECTOKMMMU
MeToAaMUN — NIKBMAMPOBATL KPAaCHOrBap-
[OEeNCKyI0 arpeccuio Ha CBOEN TEPPUTOPUN.
JanbHeiwan nctopus n3sectHa. PUHHbI
Obinn HacTonbko GnarogapHbl CoBeTCKom
BIaCTW 3@ CBOK HE3ABUCUMOCTb, YTO HE
nopaepxanu 6enorsapaenckoe ABMXeHne
B Poccun, xoTa nerko Mornm 3axeatuTb
Metporpag, Hanpumep, B 1919 roay. beno-
reapgerickmne xe nuaepbl Konyvak n eHn-
KWH, HECMOTPS! Ha Npockbbl KOoeHWYa, He
COY/IN HY>XKHBIM NPU3HATb HE3ABNCHMMOCTb
duHNaHoMN, 4TO OTYACTU U NPEAPELLMO
mncxon NpakgaHCKoM BOWHLI.

Heckonbko 0COBHSAKOM CTOSIT OYepKu
«blopokpatua» n «Jemokpatud». MNog
B6lopokpaTnein aBTop nogpa3yMeBaeT He
NPOCTO NPOCOKY FOCYAAPCTBEHHbIX CI1y-
Xawmx, a NoANTUHECKUI CTPON, OCHOBaH-
HbIA HA OECKOHTPOJILHOM MPAaBJIEHUN YU-
HOBHWKOB. BCe peBOIOLIMOHHBIE OBVXEHMA
B Poccum 6b1in oo cmnx nop 6e3ycneLuHsi,
Tak Kak NPUBOAMAN K HOBOW nobene 6to-

pokpatum. OkTabpbckas pesonouns 1917
roga B Poccum takxe ctana nobenoit HoBom
6lopoKkpaTUn U OTCTPaAHEHWEM OT BNacTu
Knacca cobcTBeHHUKOB. [No3aHee, BO Bpe-
MeHa npasneHusa Xpywesa v bpexHesa, Ha-
On110a10Cb HEKOE PaBHOBECUE CUST MEXAY
pPasnnYHbLIMU HacTaMKM caMoii BropokpaTnu,
410 0bBecnednno crtabunbHocTb B 1970-e
rogpl. HoBast noctcoBeTckas 6topokpaTust
HE YHUYTOXaeT COOCTBEHHMKOB, HO MO-
npexHeMy He yynTbiBaeT 6anaHc obuie-
CTBEHHbIX CWI1; MNJIOXO paboTaloT U «Coum-
anbHble NNPTbI», XOTS AaXe B COBETCKOe
BPEMS CYLLLECTBOBA MHCTUTYT «BblABMXKEH-
yecTtBa». [lemMokpaTnsa kak HapoaoBnacTne
noAYMHEeHOo BlopokpaTun gaxe B CTpaHax
«30J10TOr0 MuUMapna», He roBops yxe o
He cToJIb BoraTbix rocyaapcTeax ¢ Tpaau-
unamMmn bonee MnM MeHee OecrnoTUYecKomn
Bnactu. lna 6nmxaiiwero 6yayuiero Poc-
cuu, no MHeHnio KO.B.YalnkoBckoro, BaxkHO
[OCTUYb PaBHOBECUSI MHTEPECOB PasHbIX
cnoeB BlopokpaTun; ApYrnux OBUXKYLLMX
CUN, CTPEMSLUMXCS K YYHLLIEHNIO HALLEro
obLecTBa, aBTOp HE BUAUT.

MokHo ckazarb, 4Too4epkm KO.B.HalikoBckoro
Nno ryMaHuTapHbIM Haykam OTHOCUTESNIbHO
Pa3pO3HEHHbBI 1 HE NPEACTaBNAIOT LEeIbHOMN
KapTUHbI 9TUX Hayk. KpuTtukoBaTtb OT-
AeJibHble T'YMaHUTapHble NOCTPOEHUA
0.B. coBceM HeTpyaHo. B obnactun 6no-
JNIornuv 3aga4a peLeH3eHTa yCnoXHaeTcs,
NOCKOJIbKY GUONIOrMyeckmne nNoCTPOeHUs
H0.B.YaikoBcKkoro gaBHo 1 ryboko npo-
paboTaHbl, NO KpaHe Mepe Co BPEMEHU
BbIXO4a B CBET KHUTU «OQNIeMeHTbl 3BO-
nounoHHoW guatponukn» B 1990 roay, a
KpnUTMKa nx B ne4atn B OCHOBHOM HYaCTHas
M pyratenbHoOro ceoicTtea (Hambonee
nogpobeH 063op C.M.Mmaronesa, cMm.
http://macroevolution.narod.ru/glagolev.
htm). Becb kopnyc 61Monorn4eckux co-
YuHeHul KO.B. HUKTO NpoaHanu3npoBaTb
He yOOCYyXWJICH, 1 3TO BeCbMa rnevyasbHO.
Ectb nuwb peueHsunsa 0. Jllobapckoro
Ha kHury 1990 ropga, roe ee cogepxa-
HMEe paccMaTpuBaETCS C TOYKM 3PEHUS
Tunonorum («Bectink AH CCCP», 1991,
BbIN.3, ¢.142—146). K coxaneHuio, co-
BPEMEHHbIN YPOBEHb TEOPETUYECKOro
OCMBbICNIEHUSA B OTEYECTBEHHOW BLUONOrNA
OCTaBndeT XeJiaTb Jiy4dllero,; a Obl ckKasan,
4YTO Aaxe NPou30LEeN O0TKaT OT NO3ULUNA,
3aBoeBaHHbIX B Ha4ane 1990-x rogos...
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Monpo6yio NpeaensLHO KPaTko N3NOXNTb
9BOJIIOLUNOHHO-6nonornyeckne B3rmaabl
}0.B.YainkoBcKkoro, onvpasiCb He TONbKO
Ha PEeLEH3UPYEMYIO KHUTY, HO 1 Ha npe-
OpbloyLine ero COMMHEHMS, B HaCTHOCTU, Ha
«3uraaru asonoumn» (Mocksa, «Hayka un
Xun3Hb», 2010). 3ameuy cpasy, 4To aBTop,
KaK MU C ryMaHuTapHbiMW Haykamu, 6e3-
owMBOYHO HACTynaeT Ha «B0NEe3HEHHbIE
MO30/1M» COBPEMEHHOM BGuonorum, a ero
Nno3HaHMsa B 06nactu ucrtopuu 6uonornm
BbI3bIBAIOT 3aBUCTb 1 BOCXULLEHME.

ABTOp CTapaeTcs OYUCTUTb NOHATUE
O1ONOrMYeckomr 9BONIOLUN OT KOHLEenN-
LM eCTECTBEHHOro 0T60pa, KOTOPYIO OH
cymMTaeT ownboyHol. BMecTo aToro oH
BBOAMT MEPBUYHO-UHTYUTUBHOE U MNO-
3TOMYy HedOopMann3yemMoe NOHATUNE «ak-
TUBHOCTMW» — «O4HO N3 OCHOBHbIX CBOMCTB
marepum, BeayLmin dbakTop BCeX npoLec-
COB, B T. 4. 9BOJIOLMU, U, B YACTHOCTU, €€
TBOPYECKOE Hayasno», CTaBsa 3TO NMOHATME
HapaBHE C NOHATUSMM NPOCTPAHCTBA U
BpPEMEHWN. ABTOP HaxoauT Npu3HaHve ak-
TMBHOCTU — NPENMYLLECTBEHHO B HESIBHOM
dopme — B caMbIX pPadHbIX HanpasBneHNSX
hapBuHu3ma. PakTop 9BOJIIOLUN aBTOP
onpeaenseT Kak aNeMeHTapHYI0 NPUYNHY
VN 3IEMEHTAPHOE YCIOBNE NCTOPUYECKON
TpaHcdopmaumm opraHmamoB. K aBuxy-
WM dakTopam 3BOJIOLMM aBTOP HE OT-
HOCUT eCTECTBEHHbIV 0TOOP; MHOIME CTpa-
HULbI €r0 KHUI NOCBSLLEHbI PA3BEHYAHWNIO
3TOW, AENCTBUTENIBHO HE CaMOW yaa4yHOMN
C TOYKW 3PEHUS NOTMKM N AOKA3ATENbCTB,
KOHUENUMN, NPO4YHO 3aCeBLUEN He TONbKO
B LUKOJIbHBIX M By30BCKUX y4EOHMKAX, HO U
B rosioBax MHoxecTtBa 6uonoros. Knaccu-
4yeckoe AAapPBUHOBCKOE «BbDKMBAHWE Hau-
6onee NpMCNnoco6NeHHbIX» BbIMMSAWUT MO
HbIHELLUHM BpeMeHam TasTonorven. Hy na,
BbDKMAN — 3HA4YUT, XOPOLLO NPUCHOCO-
6neHbl, a He npucnocobunmnce 66l — Tak
1 He Bbxunn 6bl. Ho ycnoxHeHne popm
opraHmsauum X1UBOro TeEM He MeHee —
NPONCX0ANnT.

Kak n3eecTtHo, Teopuio lapBrHa HEBO3-
MOXHO NoaBeprHyTb «danscndukaummn» B
noHnmanuu K. Nonnepa, n B 3TOM CMbICE
MEeTOA00r HayKM MOXET 0TKa3aTb €1 B Ha-
Y4HOCTW. MOHSATME ECTECTBEHHOIO 0TH0PA,
0enyKkTmBHO BBeAeHHoe [lapBuHOM, npe-
Tepneno B nocnenyouwme 150 net MHoxe-
CTBO U3MEHeHWI. BnusiHne nsbvparensHom
CMEPTHOCTU (M3BBLITOYHOIO PA3MHOXEHWS)
Ha X0p4, 3BOJIIOLMM HE NOATBEPXAEHO, N HE
OYEeHb MOHATHO, KaK B NPUHLMNE MOXET
ObITb NOATBEPXAEHO NPUMEpPamMu Ha 60sb-
LINX OTPEe3kax BPEMEHU. A Ha KOPOTKMX
BPEMEHHbIX MPOMEXYTKax Mbl HabnoaaemM
KonebaHns N3MEHYMBOCTU (CABUM HaCTOT
BCTPEYAEMOCTU TEX UM MHbIX FEHOB), KOTO-
pbl€ MOXHO TPaKTOBaTb O4EHb MO-Pa3HOMY.
BbIXOAUT, 4TO TEPMUH «E€CTECTBEHHbIN
oT6op» NNOXON 1 HeTouHbl. 0.B. Yan-
KOBCKMI pe3Ko ero oTeepraert, Ho 6uonoru
Hay4YUINCb Kak-TO C HUM paboTaTb. A BOT
NOHATUE «aKTUBHOCTW» B YACTOM BUAE eABa
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1 ByaeT NPUHATO COBPEMEHHbBIM Hay4YHbIM
coo6LLEeCTBOM, NOCKOJbKY npeanoniaraeT
LenenosaraHme Co CTOPOHbI OpraHn3ma
n paxe 6uoueHosa (B «3KOCUCTEMHOM
KOHLENLMN SBONOLUMNN»), TO €CTb, MO CYTH,
ABNAETCH BAPUAHTOM CTOJIb PEAKOro B
HalLW AHW NaHTen3ma.

Ckopee BCero, 3BofouMsa naeT He no-
CTENeHHo, kak nonaran JapeuH 1 no3gHee
cuHTeTU4ecKaa Teopus asonoumn Man-
pa — CumMmncoHa, a BCcnbiwkamMu, kak 06
3TOM rOBOPUT M Halla anureHeTnyeckas
Teopwus agonoumn (A.C.PayTraH B nepeylo
oyepenb), N «MX» TEOPUS NPEPLIBUCTOrO
pasHoBecus. Ciofa e 0THOCUTCS 1 3aMep-
OXKEHTHbIN 3BOJIOLUNOHN3M, KOTOPOMY B
pPEeLeH31PYEMON KHUIE MOCBSALLEH OTAENb-
HbIll ovepk. (K coxaneHuto, 1 He obHapy-
xun B kHurax k0. B.HankoBckoro cpaBHeHUS
nepBbIX ABYX KOHLLENUWUi 1 Tpeteen.) Ona
Takoro poja BCMbILWEK, NN MakpoMy-
Tauuii, HeobxooMMO Pe3Koe yXyALleHne
YCNOBWUI XN3HN OPraHU3MOB, CTPECC, Bbl-
3bIBAOLLMIA MOBbILLEHNE CMEPTHOCTU, HO
OJHOBPEMEHHO — 1 06Pa30BaHME HOBbIX
CTPYKTYP, NepBOHAYaibHO HEYCTONYMBbIX
M HE CNOCOOCTBYIOLLNX BbIXXUBAHUIO, HO
3aTeM BCTPanBaOLLMXCS B OOLLYIO CUCTEMY
romeocTasa opraHnama. IKCNepPUMEHTHI
Takoro poaa AaBHO U3BECTHbI, HO UTHOPU-
PYIOTCSt HAYYHBIM COOBLLLECTBOM WM TPaK-
TyloTCS NpeaB3aTo. O4epk O cTpecce AaH
B NMPUIOXEHNN K PELLEH3UPYEMOWM KHUTE.

ABTOp aKTMBHO NPoOABUraeT NOHATUE
aunarponuku (ocobas cTaTbs B peLeH3npy-
emom kHure v kHura 1990 roga) kak y4eHms
0 pa3Hoobpa3nn n ero 3aKOHOMEpPHO-
cTax. MeTtoapl n3y4yeHnss 6MONOrM4ecKoro
pas3Hoobpa3usa NPUroaHbl, MO MHEHUIO
l0.B.YarkoBCKOro, n gna ncropuye-
CKUX nuccnenoBaHunii. NMoao6bHbIX MbiCnen
npuaepxuneaetca n ILH0.Jliobapckui,
NOCBATMBLUMIA CPABHUTENIbHOMY aHanm-
3y NCTOPUN CBOIO KHUTY «Mopdonorusa
nctopun» (Mocksa: KMK, 2000). Mo
t0.B.YarikoBckomy, cuctema 6uonoruye-
CKMX 0ObEKTOB [0/1XKHA CTPOUTLCS CKopee
B BUAE CeTn, 4eM JepeBa; N ero cuctema
uapcTB B 6uonorum (o4epk «Llapctea»)
OEenCTBUTENbHO BKIOYAET NepeceKkaoLwm-
ecs MHoxecTBa. OfHaKo Takne nepeceye-
HWS, K COXaneHunio, NpoTMBopeYaT KOpeH-
HbIM LLensiM BLUONOMMYECKON CUCTEMATUNKN
— B €CTECTBEHHOW CMCTEME MHOXeCTBa-
TaAKCOHbI LLO/MKHbI MOSTHOCTBIO Pa3NnyaTbCs
no NOAMHOXeCTBaM-TakCOHaM HU3LLEro
paHra (rpybo rosops, Asa poaa He AOKHbI
BKJIO4ATb 06LLME BUAbI) — W eaBa v 6yayT
NPUHATBI HAYYHBIM COOBLLLECTBOM.

MoHaTWe pedpeHa BBeAEHO B 610Normio
C.B.MerieHomn pa3suTo HO.B.Hankosckum.
MocnegHnii onpenenseTt ero Kak psag
HanNpaBfIEHHbIX PSAOB («3uraaru 3BOJIO-
LMK») UK KaK NOBTOPHOCTb NMPU3HAKOB B
psigax TakCoHOB. B «cTapbix» TepMuHax s
Obl Ha3Ban pedpeHbl pagaAMU U3MEHYU-
BOCTW, TO €CTb psigamMu napanienn3mon
1 KOHBEpPreHumin. MIMeHHo Ha oCHOBaHUN

pedpeHoB t0.B. cTponT CBOIO MHOromep-
HYI0 TaKCOHOMMUYeckyto ceTb. [pupoaa
pedpeHoB KpoeTcs, No MHeHuto HO.B., B
obLwei dpakTanbHOW CTPYKTYpe Mupa.
OpHako 60bLWMHCTBO pedpPEHOB HMKOrAA
HE ABNSIOTCS CYLLECTBEHHbIMU, ANATHO-
CTMYECKUMU NMPU3HaKkamm, peluaowmmmn
ONS BblAENEHNS TEX NN UHbIX TaKCOHOB;
NO3TOMY OHUW HE OYEHb MHTEPECHbI Npak-
TUKYIOLLEMY CUCTEMATUKY. DTY KONNN3UIO
HaJo Kak-TO paspeLuarb.

HekoTopble TEPMUHbLI, BBEAEHHbIE
10.B.YankoBCKMM, HE CINLLKOM YyOayHbl.
Tak, ons ectecTtBeHHOro 0T6opa B CMbIC-
le camoopraHusaumm, He CBA3aHHOM C
YCNEexXoM pPasMHOXEHUS, UNKN «BJIOYHO-
1Mepapxmyeckoro npuHumna» (B cMbicne
C.3.lWHong), aBTOp NPeanoxun TepMuH
«genekTyc». Mexay Tem genekrycamu BOT
yxe 6onee COTHU NET HA3bIBAKOT CMUCKU
CeMSsH, paccblnaemble 60TaHUYECKUMU
capamu ansi obmeHa. B kHure «3ursarm
3Bonoumn» KO.B. BBOOUT cokpalueHme KO
ONS NOHATUS «3KOCMCTEMHAs KOHLLeNums
3BooUMM» (C. 33), XOTA AaBHO M3BECTHO
6113koe cokpalleHne ITI — «anureHe-
Tnyeckasa Teopus asonounn». Noen 3T
}0.B.YalnkoBCKMIA B CBOMX KHUMAX NOYeMy-
TO He 0bcyxaaer.

B ouepke «CnyyariHocTb» HO.B.Harikosckuin
TLWaTeNbHO aHANN3NPYET NOHATUE Cllydan-
HOCTW, NOKasblBas, YTO MaTemarmyeckas
Teopust BEPOSITHOCTEN HUYEro HE FOBOPUT
Ham O NPUPOAE CAY4anHOCTU U BO MHOMMUX
cny4Jasx npMMEHEHNE TeEOPU BEPOSITHOCTEN
K 6ronormyecknm oobLeKTam HeJOMyCTUMO.
MHTepecHo obcyxaeHune KBasurmnepbonm-
YeCcKux pacnpeneneHnin B KHure «3uraaru
3BosouMM». TN pacnpeneneHns bonee
3HaKOMbl MHe Mof, Ha3BaHWeM pacnpeae-
nexHmi Umngpa — MangensbporTa.

B HacTosiulee BpeMs 60MbWLINHCTBO
NPaKTUKYOLLMX OMONOroB B TON UM UHOW
CTEeNeHn He NPUHMMAaET TeopPeTUYeCKnX
noctpoeHuin 0.B.4HankoBCKOro B 3TOM
obnactn. Ho 1o 06CTOATENLCTBO, HTO 3TN
Teopun aaxe He 06CyXaaloTCsl, Bbl3blBAET
Y MEHS1 OropyeHue.

B 3akfoyeHmne ckaxy: HoBas KHuUra
0.B.YarlikoBckoro, a paBHO 1 €ro npeabl-
ayuime Tpyabl, O4eHb MOJIe3Hbl Kak KaTta-
M3atop caMOCTOATENILHONO akTUBHOMO
MblLLNEHUs. YnTas ero KHUrm, HEBO3MOXHO
ocTaBaTbCs paBHOOYLIHbIM. XO4eTCH COo-
rnawartbcs Um cnoputb. A4ToObI CNOPUTD,
HaZ0 YMETb MPaBUIbHO MbICINTb, MHOIO
3HaTb M BblABUraTb YeTKME apryMeHThl.
MmeHHOo aTomy y4yat Tpyasl HO.B.

S rnyboko 6narogapeH MouM KoJisieram
I.10.Jllobapckomy n B.A.CrnivpuaoHoBy
3a COBETbl M 3aMeyaHusi, KoTopble s
ros1y4u npy o06CYXXAEHUN HEKOTOPbIX
acrekToB HaCTOSILLEro TEKCTA.



Mocxobekuit Dom Kruzu

C.B.Pa3suH, A.A.BbicTpuukuin
XpomatuH:

ynakoBaHHbIN reHoM (3-e nag,.)
BuHom. JTaBopartopus 3HaHu,

2013

MHDOPA-M, 2014

y4e6HOM M3JaHNUM PacCMOTPEHbI

CTPYKTYPHbIE U (PYHKLMOHANbHbIE

0COBEHHOCTN 3yKapMOTUYECKOrO
reHoma. MmaBHas M3 HUX — ynakoBka
AOHK B xpomaTtuH. MoapobHO onucaH
rMCTOHOBBI KOZ M ero BAUsSiHME Ha 3KCMNPEeCcCUto reHoB. ABTOPLI
OCHOBbIBAIOTCA HA HOBEMLLNX JAHHbIX 1 COBPEMEHHOMN KOHLLENLMM
006 opraHusaumm reHoma B XpOMOCOMHbIE TEPPUTOPUN.

LYo}

®paHk PaiiaH
Bupontouus
«JToMOHOCOBD?>,
2014

axHelwas kHMra o6 9BoJIto-
<< Bu.vwl nocne "3roncTn4YHoOro

reHa" Puyappga JokuH3a» —
rmacuTt noa3aronoBok. Bce xuBoe Ha
nnaHeTe, B TOM 4Yucne nioan, XnsyT B
cuMbrnose c BUpycamu, 3BONIOLMOHUPY-
10T BMECTE C HUMW 1 BbIXMUBaIOT Gnaro-
naps uMm. Bupycel, nx Nponu3BogHbIE U
TECHO CBSA3aHHbIE C HUMU CTPYKTYPbl COCTaBASIOT MUHUMYM COPOK
TPW NPOLEHTa YesloBe4eCcKkoro reHoma. Ho kak BMpycbl BCTPOUINCH
B YyenoBeyeckunii reHom? U kak paboTaeT ecTecTBeHHbI 0T6op Ha
YPOBHE «BMPYC-HOCUTENb»?

BHPCIHOLLAA

Butanuia Myxanbckuin
BBeneHune B reHeTuKy:
y4yebHoe nocobue
NHDOPA-M,

2014

FAETNEARFREAT

TAEAROGE AOEGERE

3/10KeHbl LMTONOrn4yeckne oc-
HOBbl HACNEACTBEHHOCTU, 3a- @
KOHOMEPHOCTN MEHAENeBCKOM m

reHeTUKN, XPOMOCOMHAs TEOPUS Ha- :

CNeacTBEHHOCTU, OCHOBbI MOEKYNsp- !

HOW reHETUKU N FEHHOW MHXEHepuu,

3aKOHOMEPHOCTU HacnegoBaHWs NPY OTAANEHHOW rMbpuansaunu,

nonunnoamm n mytareHesde. Ocoboe BHUMaHME yaeneHo pasnenam,

MOCBSILLEHHbIM reTepo3ucy 1 reHeTuKe Nonynsauuni.

CETb MATA3MNHOB

Bagum Monos

leHomuka !! Fiaw
c monekynsipHo-reretvieckumt — TEHOM MW KA

OCHOBamMun ! HO-
K, JTnbpokom, HETHYECKHMH
2014 OCHOBAMM

HUra NOCBSLLEHA aKTyalbHOWN

npobsemMe COBPEMEHHOWN re-

HETUKN — U3Y4YEHUI0 U pac-
LwndpoBKe reHOMOB (onpeaeneHnio
nonHonm cTpykTypbl AHK) XuBbIx
OpraHM3MoB, BKJIlOYas FreHOM 4eno-
Beka. MonHaa nHdpopmaumnsa o GyHaaMeHTaNbHbIX OTKPbLITUSX B
31O 06nacTn JOCTYyNHA B OCHOBHOM Y3KMM CHeLmnanMcTam no
nyeAnKaumMsaM B HaYYHbIX XXypHaiax, NpenMyLLeCTBEHHO Ha aHINIA-
CKOM 13blke. ABTOP pacckasblBaeT 06 OCHOBHbIX HanpaBaeHUsaX
reHOMHbIX MCCNea0BaHMN B MOCTTEHOMHYIO 9MOXYy, Ha4aBLUYIOCH
nocne 2001 roaa, koraa 6bin1 ony6IMKOBaHbI AAaHHbIE O CTPYKTYPEe
reHoma 4yenoBeka.

10.U.TpnwnH, E.A.MaHapbika,
H.E.MenbHukoBa
Buonornyeckas pereHepaums iy
BELLECTB: OCHOBHbIE NPOLECCHI,
cucTtemsl, obopynosaHve Hﬂﬂﬂ_f“[ﬁﬂﬁﬂ
NMO «¥Y HUKNTCKMX BOPOT», | 2 £LEHEPALINA y
2014 fufE]EqE;

Hura obobwaeT n cuctema-

TU3NPYET Pa3PO3HEHHYIO UH-

dopmaumio no npoueccam un
HecTaHgapTHOMY 0060pyAOBaHUIO
cucTem 6UONornyeckor pereHepa-
LN BeLWeCTB, akTUBHO Pa3BMBalOLLMXCA C KOHLLa NMPOLLUIOro Beka.
MHorune ctpaHbl pa3pabartbiBaloT HA UX OCHOBE CUCTEMbI XU3HE-
obecneyeHns aKkunaxem KOCMMYecknx oobLeKToB. B kHUre takxe
o6cy>Kp,aeTc;| BO3MOXHOCTb MCMOJIb30BaHUA NX B «3E€MHbIX>» LLeJIAX:
/151 OXPaHbl OKpYyXXatoLLen cpeabl, B MeAMUVHE, B XXMBOTHOBOACTBE,
B 3aLUUNTHBLIX COOPYXEHNAX ONA 3KCTPEeMaJIbHbIX CI/ITy8LI,I/II7], ana
peweHnda I'IpO6J'IeMbI NMMTaHNg HaceneHund.

9T KHUrM MOXHO NpuUodpecTu

B MOCKOBCKOM AOME KHUIN.

Appec: Mockea, HoBblit ApGar, 8,
Ten. (495) 789-35-91
UHTepHeT-mara3uni: www.mdk-arbat.ru
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Cocucku n capaenbkn

Yr1o 3a npoaykT cocuckmn? OTBET HA STOT BOMPOC HE TakK MPOCT, Kak KaXeTCs Ha NepBblii B3rNaa.
Knaccuyeckue peuenTtypbl COCUCOK U capAenek N3BeCTHbl, HO Marsno KTO U3 NPON3BOANTENEN NX CO-
OniogaeT, N03TOMY HET YBEPEHHOCTM B TOM, Kak MPaBWJIbHO HAa3biBaTb TaKylo MPOAYKLMIO.

C TpaanunoHHbIM Ha3BaHMEM TOXE He BCe icCHO. CnoBapu onpenensioT COCMCKU Kak MasieHbkue
KonGacku, NPUroTOBIEHHbIE N3 N3MENIBYEHHOIO BAPEHOMO MSICA XMBOTHbIX Unv nTu,. Capaenska, co-
rMacHO TEM Xe C/I0BapsiM, KOpOoTKas TosicTad cocmcka. HecMoTps Ha 3TO POACTBO, STUMOJIOMMYECKNIA
CNnoBapb PYCCKOro sidblka NPOM3BOAUT CJIOBO «COCUCKa» OT pPaHLy3CKOro «Saucisse», YTO 3Ha4mT
konbaca, a «capAenbky» — OT Nnonbckoro «sardela», 06pas3oBaHHOIO OT UTasnbsHCKoro «sardella»,
KOTOPOE BOCXOANT K NaTUHCKOMY «sardine». Komy-To oHa pbi6Ky HanoMHuna. Mommmo pasmTensHoro
CX0ACTBa C CapAMHON, capienbka OTANYaeTcs OT cocuckm rabaputamu, daplu B Heli 6onee rpyboro
nomona u xupHee. COCMCKU BbIMYCKAIOT KaK B HAaTypasibHOM, Tak 1 B UCKYCCTBEHHOW 060/104Ke, cap-
DeNbKn NPerMyLLLEECTBEHHO B HATypasbHOM.

McTopus coxpaHuna ofis Hac nmeHa naobpeTtatenen BEHCKOM COCUCKM 1 6aBapCcKkoi capaesnbku
— WoraHHa Jlanepa n 3enna Mo3epa. OguiH BnepBble CMeLLan roBsknii papLu Co CBMHbIM, APYroWn
3aT0JIKaN USMENBYEHHYIO TENSATUHY B CBUHbBIE KULLIKW, @ HE B FOBSAXbU, Aa €LLe NyKa C NeTPYLLKOM Tyaa
no6aeun. O6a anoxasbHbix cOBbITMSA NponadoLm B XIX Beke. MNpn 3TOM 3HATOKN OTHOCAT BO3HUKHO-
BEHME KONBACHbIX U3AENNIA K aHTUYHBIM BPEMEHaM. TpyaHO NOBEPUTb, YTO 3@ 3TO BPEMS HUKTO HE
cMeLlurBan ¢apLl pasHbIX COPTOB N HE 3KCNEPUMEHTUPOBAI C KULLIKAMU U CRELUSIMU.

«Y4YT0 3TO B HEeN?» [1nsa Havyana no3eonbTe untaty u3 Teppu MpartyetTa («MATbI anedaHT»): «Baiimc
paspesan COCUCKY U HEAOBEPUMBO YCTABWIICS B TapesKy. — YTo 370 B HEN? Takoe po30Boe? — Cnpo-
cun oH. — 3... Msico, Balla CBETNIOCTb, — OTBETWU1 C MPOTUBOMOJIOXHOIO KOHUa ctona MHuro. — A
roe cTpyktypa? [ne Besikme 6enble KYCOUKU, XENTble KYyCOYKM U 3eSIEHbIE KYCOYKM, KOTOPbIE, Kak Tbl
BCEraa Hageewbesl, ABNSTCA NPAHOCTAMN? — MNoHMMaeTe N, Balla CBETI0CTb, MECTHbIN rypMaH
HUKOrzaa He Hasgan Obl aHK-MOPMOPKCKME COCUCKN cocuckammn, MMp-MMxM. Hy, nnu, Beipaxasch
no-mMecTHOMY, konbackamu... B Y6epBanbae COCMCKM JOKHBI COCTOSATb UCKITIOUYNTENBHO N3 MSCA, B
NPOTUBHOM CJly4ae MSICHUK MOXET ObITb MOBELLEH».

He B3ppixanTe, niobutenn cocncok. OHM HE MOTyT COCTOSATb UCKITIOYUTENBHO N3 Msica XOTs Obl MOo-
TOMY, 4TO papLL NoNy4mTCs cyxoi. NMoaTomy B Hero Bceraa ,o6aBASOT XUP (Macno, cano, CIMBKA) U
XNAKOCTb — BOAY UM MOMOKO. Cnewumm Toxe JoSKHbI MPUCYTCTBOBATb, 0OLIMHO 3TO NepeL,, KOPUaHAP,
MYCKaTHbIA Opex, YHeCHOK. BCe KOMNOHEHTbI COCMCOYHO-capaeneyHoro dapLua TwarenbHO N3Merb-
4aloT N NepeMeLLMBaloT, 4TOObI NoNy4YMIack NAOTHAsA OgHOPOAHas po3osBas macca. OgHako dapL
B MPOLLECCE M3rOTOBNEHNSI COCMCOK 0OBapMBatOT 1 0OXaPUBAIOT, Y MSICO NPU 3TOM CepeeT. YTobbl
COXPaHUTb PO30BbIN LIBET, B COCUCKY 000aBNAOT dUKCaTop OKPackm HATPUT HaTpus. bes aTol conn
rOTOBSIT HECKOJIbKO COPTOB OeblX COCUCOK U CapAesniek, Ha caMoM aene 6eno-cepbix. BoamoxHa
Takxe ackopObMHOBas KMCNOTa Kak aHTUOKCUAAHT U KOHcepBaHT. BoT, cob¢cTBEHHO, 1 Bee. Janee
HaunHatoTcsa Bapuauun. COCUCKN C CbIPOM, coCcTaBasioWMM 5—7% oT obuwero obbema kondacku.
CoCuCKM MOJOYHbIE, B KOTOPbIX MOXET ObITb A0 2% CyX0 MOJIOYHOM CbIBOPOTKU. lnetnyeckme co-
cucku ¢ pobaBneHneM mMsica NTuLbl (MO MHEHWIO N'YPMaHOB, B COCMCKax 1 capaesibkax AoMnyCcKaTCs
WNCKJIOYUTENIbHO CBUHWHA U FOBSIANHA).

B CoseTtckom Cotose cocuckm nsrotasnmsanu no NOCTy, cornacHO KOTOPOMY MSACa B HUX A0JIKHO
ObITb He MeHee 50%, a B oeTckmx cocuckax — He MeHee 60%. Ceivac FTOCTbl He 06513aTenbHbI, UM Ha
cMeHy npuwinn TY, n daHTa3nio N3rotToBUTENEN YXe HUYTO He orpaHuymBaeT. B dapLlu Bmecto maca
[06aBNAT NEPEMONOTHIE XWJSbl U KOXY, COEBbI U NWEHWYHbI 610K, KNeTyaTky 1 MaHHYIo Kpyny,
MOJIOYHbIA BENoK Ka3euH, a Takxke kpaxman, CBa3biBaloLwwmii Boay. B xon naoyTt ycunutenu Bkyca,
3arycTmuTenu, NCKYyCCTBEHHbIE apOMaTN3aTOPbI, KOTOPbIX B HACTOSLLIMX COCUCKaX ObiTb HE JOKHO.

OpHako Npon3BoANTENM OOBACHSIOT MCMNOJIb30BaHME HEKOTOPbLIX KOMMOHEHTOB 3a00TOM O Ka4yecTBe
npoaykTa. BoT, Hanpmmep, kapparnHaH — cynbdaTtHbIn nonmcaxapug, KOTOPbI NOYHaoT N3 KPaCHbIX
MOPCKUX BOOOPOCNEN. ITO O4EHb CTapas nuwlesas nobdaBka, n3eectHas ¢ IX Beka. KapparmHaH 06-
pasyeT refiv, U MSICHMKM C ero NOMOLLbIO YBENNYMBAIOT 06beM roToBOro nsgenus. Vx pyratoT 3a aTo,
a OHM BO3PaxaloT, YTO KapparvHaH 3aMeHsIET XUpP, NOSTOMY AieniaeT Konbackl U COCUCKM MONe3Hee
Ons 300poBba. [laewb kapparvHaH BMecTo cana!l

A BKyCOapoMaTnyeckme CMeCcu, 3aMeHsiioLLMe HaTypasnbHbIe CREeLMn 1 NpuaatoLme NpoaykTy Sspkuii
MSICHOW BKYC 1 @pOMaT, OTHIOAb HE CKPbIBAIOT OTCYTCTBME HACTOSILLLErO MsICa: OHM NO3BONISIOT BCEraa
nony4arb CTaHAAPTHBIN BKYC, 4Er0o HEBO3MOXHO A0CTUYb, MCNONb3Yst HATYpasibHbIE CMELMN, KAa4ECTBO
KOTOPbIX 3aBUCUT OT BPEMEHU YOOPKM YPOXKas 1 NOrOAHbLIX YCNOBUIA.
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CbenobOHoe n Hecbepo6Hoe. Cocucka ynakoBaHa B 060104Ky, KOTopas ObiBaeT HaTypasibHOW UIn
MCKYCCTBEHHO. HaTypasbHyto fenatoT N3 NPOMbIThIX 1 0C0ObIM 06pa3omM 06paboTaHHbIX TOHKMX KMLLIOK
(4epeBbl). 11151 COCMCOK MCMOJb3YOT 6apaHby KMULLIKW, O CapAesiek roBsiXKbU U CBUHbIE. HaTyparnbHbie
0605104k Cbe00HbI, BbIAEPXMBAIOT JI0OYI0 TepMUYeckyto 06paboTKy, B TOM YMCe NPUroTOBIEHNE
Ha rpune, oT KOTOPOro UCKYCCTBEHHbIE 000JI04KM MPOCTO NONoNaloTCs.

Bnnxe Bcero k HaTypasbHbIM 6esikoBble 000/104KN U3 KoJinareHa, nosly4aemMoro N3 KOpoBbMX LLKYP.
MHorpa oHn cbeobHbl, MHorga HeT. Camble AelleBble — LLeNso103Hble («uennodaHoBbie»), Ho byay-
Lee NpMHaANeXxuT noanamMmuaHsiM konbacHbiM o6onodkam. OHM HenpoHMLLaEeMb! AJ1si Fa30B W Bnaru,
COCUCKMW B HUX XPAHATCH B HECKOJIbKO pa3 JoJbLue.
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Ha Bkyc, Ha uBeT. /ckaTb XOPOLLIYIO COCUCKY HUKOMY He BO36paHsaeTcs. MNpoaykT n3 ka4yeCTBEHHOIO
Mmsica, npoLueaLllero 06paboTKy, LOMKEH CTOUTb IOPOXE, HEM UCXOAHOE Chipbe, OAHAKO LIeHa cenyac
— He nokasartenb kadyecTBa. COCTaB yka3aH Ha 3TUKETKE, HO ee 00bIYHO HaKNeNBaOT HA BakyyMHbIE
YyNakoBKM, a Pa3BeCHbIE COCUCKN HE NnounTaellb. Koe-4To NoAcKaxeT Ha3BaHME: COCMCKN, Ha3BaH-
Hble C NPeTeH3MEN, HaNPUMep «Kyrnevyeckme» unn «bosspckme», n3rotosneHbl He no FOCTy, a no TY.
JeTckume cocrckmn AomKHbI coaepXKaTb TONbKO HAaTypasibHOE Chipbe, HUKaKUX KpacuTenen, MUHUMYM
KOHCEPBAHTOB W HATPUTA HATPUS. 3aTO OHW U XPAHSATCS MEHbLLE, YEM B3POCIble.

Ecnu Ha3BaHWe He OTMNYrHYI0, CMOTPUM Ha BHELLHWI BUA,. Y XOpoLlel cocucky 060s104Ka poBHas,
cyxasi, 6€3 MOPLLMH N XNPOBbIX MOTEKOB, @ CaMa COCUCKAa 1Nu capaenbka — HEeXHO-po3oBas. Ecnu
OHa sipkasi, B papLLe MHOro KpacuTesneii, a eCnm CAMLLKOM CBETNAs, B HEM MHOMO PacTUTENIbHOro 6esika
1 Maca NTuubl. Npy BO3MOXHOCTM NOLLynanTe COCUCKY: OHa AOJIXXHA ObITb YNPYrou.

JocTrxeHns COBPEMEHHOW NULLLEBO XMMWUM NMO3BONSIOT NOJIYYUTb MAAEHbKYIO YNPYryto Konbacky
Mo60oro coctasa, MO3TOMY Ha KyxHe He ocnabnsaite 6amntensHocTy. Mpexae Bcero paspexsre Ao0bIHy.
Ecnu cocucka pbixfias unu nomkasi, B HeEl Masio Msica U MHOro 3ameHuTenein. CoOCUCKM C BbICOKMM
cogepXxaHuem Kpaxmasna npu Bapke HabyxaloT. HekoTopble X03a1kn faxe AenaloT NPOAYKTY «Kpax-
MaJibHyt0 NPoBy»: KanatoT Ha CPe3 MOAOM U CMOTPST, HE MOCUHEET NU.

He nocuHeno, a Bce paBHO HEBKYCHO? M noMmmnMo kpaxmana Ao6aBok MHOro. N36bITok rniotamara
HaTpUs NpUaaeT NPOAYKTY KUCIIMHKY 1 AaXe LWUNET A3blK, pocdaTbl Co34a10T MblfIbHBIN NPUBKYC. B
KOHLLE KOHLLOB, OCTOPOXHO 9KCNEPUMEHTMPYS, Bbl HAAETe CBOM COPT COCUCOK UM Capaenex.

Yem nonesHbl cocucku? Bunbsam MNoxnebknH nucan, YTo 340p0BOM NULLEN HY>KHO CHUTATb HE CNeLm-
anbHO NOgo6PaHHYI0 MO CBOUM KOMMOHEHTaM eay, a ntioboe KyIMHAPHO rPamMoTHO NPUFOTOBIEHHOE
6nono. NoaToMy Ka4eCTBEHHAA CocMcka UM capaenbka nonesHa. [oToBUTb ee Nerko, COCUCKA 1
3a4yMblBaNnnCh Kak 611040 O6bICTPOro NMPUrOTOBAEHUS, OQHAKO HE CTOUT AenaTtb UX €40 Ha KaxAabli
OeHb. OHU BCe-TaKM XUPHBIE U KANOpPUIiHbIE. A 0 HEKAYECTBEHHBIX MPOAYKTax Mbl FOBOPUTL HE OyEM.

CKONbKO BapuTb M ¢ YeM nopaasartb? Mexay npoyrM, HEKOTOPbIE NoAM BCepbe3 06CYyXAaloT, CKOJIbKO
BapuTb cOocuCKy. OHa, Kak Mbl MOMHUM, Y€ BapeHas, €e MOXHO eCTb CbIpOl, LOCTAaTO4HO 6POCUTL
Konbacky B ropsivyio BOAY, U 4epes TpU MUHYTbI OHa nporpeeTcs. OfHaKko B iereHaapHoO COBETCKOM
«KHUre o BKyCHOV 1 300POBOI NnLLLE» COBETYIOT BapnTb cocuckn 5—10 MuHyT, a capaenskm 10—15.
OTa Xe KHUra pekoMeHayeT nogasarb COCUCKY WK CapaenbKy B «HaTypasbHOM BUAE», TO €CTb OT-
BapHylo 6e3 rapHupa, unm xe OTBapHYIO UM 06XapEHHYIO C KapTodesbHbIM MIOPE UK 3eNEHBIM
ropoLkoM. Ho gneTonorn CoBeTyIOT MeHee KanopuiiHbIe rapHUPbl, HAaNpUMeEpP KanycTty uan gpyrmue
oBOLUM. TPaAMLMOHHBIE COYCbl K COCUCKaM — ropyunLa Nav XpeH, a 3anmBeatoT UX, Kak 1 ApYre MACHbIe
6102, KpacHbIM BUHOM.

Y10 Takoe «okchopackue cocuckmu»? Okchopackme cocuckn — 6noao0 aHrmuincknx GepmMmepos,
CBUHOW dapLu, NepemMeLLaHHbli ¢ Menko U3pyBneHHbIM BHYTPEHHUM FOBSXKbUM XUPOM, TOSTHEHBIMU
cyxapsiMu, YePHbIM NMepLEM, COMbIO U APYrMMU NPSHOCTAMU. Ero o6aprBatoT Ha Macne, UCNoJb3yoT
Kak Ha4yMHKy Ans 6.IMHYMKOB Y MUPOXKOB, HO MM HUKOFAA He HAUNHSIOT KONNGACHYI0 0060104KY.

Aorun. AmepunkaHckuii dactdyn, 3anonoHmsLLMiA EBpony, cam cTaHOBUTCS Tpaamuuvein. He nytante
XOT-[0r, TO €CTb CaHOBUY C COCUCKOM (1 KeT4ynom!), c cocuckom B Tecte. B nocnegHem cnyyae kon-
6acky, kak 6GMHTOM, 0OMaTbIBalOT NOJIOCKOWM CIOEHOro UK cA0BHOro TecTa 1 3arnekatT B AyXOBOM
wkady. A ecTb elLe KOPH-[0r («KyKypy3Hasi cobaka»), cocucka, obnenseHHas Kykypy3HbiM TECTOM U
obxapeHHasi B Macne. Ee nogatoT Ha AepeBsHHOWN Nanioyke.

Tam, roe ectb «ropsiyas cobaka», AoJKHA ObITb U «x0noaHas». M oHa ecTb — Tak B HEKOTOPbIX €B-
pOonencKknx CTpaHax Ha3blBalOT KOHANTEPCKOE N3aenme n3 caobHOro nevyeHbsl, NPONOXEHHOIO pac-
TOMJIEHHbIM LLIOKOJIZ0M N OpeLLKaMu, BblaepXaHHOE HEeCKOJIbKO YaCOB B XONTIOANSIbHUKE, — CJIOEHbIA
BapUaHT NMUPOXHOIO «KapTOLLKa».

H.PyuykuHa
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[ocnoxa
TpeHora

EkaTtepuHa MeaBeneBa

C yTtpa nopaHbLue, Kak Bcerga, bnepte BbiroHana crago.
CTtapyxa rycblHs eXunach 1 Mmaxana KpblbsSiMU, HakIuKas
DOXAb, rycaiTa n MONOAbIE NYCOYKW CMELUMAN 33 FYCaKoM,
a TOT LWWeN, BaXHO NOMaxmBasi KOLENbKOM, N KOCUCS Ha
Bnepte. boraTtbie 8T0 6bINV N'YCK, MACUCTbIE, KaXObli HOCUI
B KOLLeJSibke 30J10TY0 MOHETY. Tak npurosapvsana 6abyLu-
Ka, n B getctee bnepte oanH pas npobosana 3Ty MOHETY
Halynatb. Monyymna knoBoM no noéy. M kak 06uaHo 6bis1o
y3HaTb, 4TO HUKAKOro 30/10Ta HET, U He KoLlleNek 3To, a
006bl4Has ckiaaka Koxu. A Ha nby ocTancs wpam-namMmsiTka:
He nes3b TyAa, Kyaa He MPOCST, HE UL TO, YEro HeT.

OHa wnenana 60cbiIMW HOraMu Mo Jiy>kaM 1 Harnesana.
Bapyr KTo-TO NOBTOPWA €€ NECEHKY Ha AyA04Ke. 3axoxoTa-
nnrycu, n bnepte ornggenack B NOMCKax TOro, KTO Tak Ha-
cmewun ee ctano. Heyxenm Mactyx? A rosopunu, 3amep3
B Nlecy 3uMoW 1 60nblLue He NOSIBUTCS.

OH ObI1 NOTPEenaHHkbIN, XPOMOW, HEMOHATHOrO BO3pacTa.
LleTtrHa ¢ npoceabio, a rmasa — yaMBUTENBHO SPKUE U MO-
noaple, NXoOun X1B0, YyTb BNPUMNPbLIKKY, MOXJ10MNbIBas KHYTO-
BULLIEM MO rPsI3HOMY, pa3dbuTomy carnory. Ero ctopoHunuce,
a OH C/TIOBHO 1 He 3amMeydart. OguH Kak NePCT — HWM CEMbU, HU
Ooma, Ho BYAITO M He TAroTUICS OAMHOYeCcTBOM. Pasroeapusan
CO CBOEe pbhxeli cobakon, Kypun BOHIOYMIA TecHon Tabak v
BCEraa nosiBfsCA HEOXMAAHHO, Kak 4epT 13 Tabakepkul.

— bneprte, rge Tbl Tam? — goHecnock U3 goma, n bnep-
Te yckopuna war. babyuika yxe npocHynacb, a kode He
CBapeH, BOAbl HAA0 NPUHECTU, NeYb PacToNnTb. A yX ecnu
6abyLuka yBUANT, C KEM pa3roBapmBaeT BHyYKa, Masku He
n3bexartb. Babyuika Tepnetb He morna MNactyxa. NHorga
Bnepte kasanock, 4To HabyLuka HeJoNOIMBAET MYXUMH.
XoTs, Hago oTaaTh el A0/IXHOe, OHa Oblna 0aMHAKOBO
CypoOBa M K MyX4YMHaM, U K XEHLMHAM, KO BCEMY poAay
4esI0BEYECKOMY, 3a UCKJIIOYEHMEM pa3Be YTO MNafEeHLEB
1 MOKOMHUKOB, Xasies nepBbix 3a 6eCNOMOLLIHOCTb, a BTO-
pbIX 32 NepeHeceHHyo MyKy cMepTu. XXuBbiM xe 6abdyLuka
Cnycky He aaeana, u bnepTe noctaBanocb B 0COOGEHHOCTH.

— Hobporo yTpeyka. — MacTyx npunoaHsI noTpenaHHyo
wnany.

B aToil wnsne oH HanoMmuHan bnepte rpnb-30HTUK, U
OHa Bcerga HeBosbHO ynbibanack. Ml coBcem He 6osinack
ero. Hy kak MoxHo 60saTbcs rpnba? begHsira, He MHOrne
XanyloT ero BHuMaHuem. Kak n mexs, nogymana bnepre,
Kak n meHsi. OHa 4yyBCTBOBanNa, 4To HpaeuTcs MacTyxy, oH
CMOTpES Ha Hee TOYHO Tak XKe, Kak paccmMaTtpusasl LBETYLLYIO
BepOy MM ManeHbkux, cnenbix WeHaT. Kak 6yarto bnepte
TOXe GecrnomollHasi U TporatesnbHas, manas ObinrHka Ha
6osbLLUON 3emne.

— Job6poro, — oTBETUIA OHA U NPOTSAHYa eMY JIENELLKY,
CcBOM 3aBTpak. o ctapon Tpaamumm Nactyx nonepemMeHHo
Opan yrouieHne y ropoackmnx xossiek. M nyctb HUKaKoro

L
F

Otbenah |/ Suu

i w,..@g;mnvy
“oT W 4
ﬁ;‘}% gt T

Jjewapy Jens 65{
s R

DAHTACTUKA

CcTaZa OH He nac, HO KOMy pa3 B MecsL, XaJb AaTb xneba,
cana, napy nykoeuu, 6e300MHOMY YenoBeky? bnepTe nHoraa
npunacana emy Kycok nupora ¢ ryCaTUHOM nnm mMenoByto
BaTPYLLKY, HO ceiiyac nocT, U OHM ¢ 6abyLLIKOW caMu nuTa-
loTCsl CKygHO. [la 1 He oxuaana oHa.

MacTyx YMHHO noknoHuncs. U, kak scerga, nogenmncs
HOBOCTAIMW, NO-CBOeMy oTbnaronapun. B 6anke yepem-
la 3a3eneHena, cobupai ckopee, noka He 3ausena. A
Ha cTapylo NPOCekKy He xoau, TaM MenBeas BUAENU, C
31Mbl WIaTaeTcd, Towmin, 3non. bnepTte cnywana ero u
pagoBanacb BCEMY — pPa3roBOPY C XUBbIM YEIOBEKOM,
COJIHUY, FYCUHOMY roroTy, Tenay. KoH4ynnacb 3uMHsas
HeBons. Ckopo 6abylika Ha4yHeT nocblinath B 1ec — 3a
6epe30BbIM COKOM, COCHOBbLIMU NOYKaMu, BY3NHHbIMU
BEHMKaMW ONs rycemn.

— Tbl rae xe 3umMoBan? — Crnpocuia oHa, CO4YBCTBEHHO
rNsas Ha N3MoXxaeHHoe nuuo Mactyxa.

— [Ja roe nonano, — wepbarto ynblOHyNca oH. — To 'y
newero B 6epnore, TO y 4epTa Ha nopore...

«To y lfocnoxu TpeHorn», Tak KOH4Yanacb NOroBopkKa, OHU
oba 3Hanm n oba npomonyanu. frocnoxy TpeHory He Obino
NPUHATO MOMWHATbL BCITYX.

— bneprTe, ¢ KeM Tbl pa3roBapuBaeLlb? — KpukHyna 6a-
oyLuka, n bnepTte, nocneLwHo KMBHYB lacTyxy, noMyanach
K aomy. MpunosgHunacbk oHa cerofHs, ox, bynet paboTa
TsKenon 6abyLLIKNHON nanke.

TeMHO, AyLLHO, 3aKPbITbl CTABHW, MepLIaeT namMnaaka B yrny,
03apsis CTporve rnasa u cxarble rydbl Ha MKoHe. YTpo nu,
Beyep — AomMa Bcerga nosaympak. bnepte 3Hana Ham3ycTb
pacnonoxeHne medenn nyTeapu, NoYeM 3psi CBEYN He Xrna
W, BbiCKakmBas B NyCATHMK Aa K Konoauy, noacnenoBaro
LLlypWiach Ha COJIHEYHbIN CBET.

— Onatb 6onTana npasgHo, — ykopuna 6abyuika n aep-
Hyna bnepte 3a kocy. — [enom 3aHumarnmcs, nenom. He
MycTOCN0Bb!

Bnepte B3noxHyna c obneryeHnem. [lybosas 6abyLukmHa
TPOCTb OCTanachk B crnasnbHe, 3Ha4uT, 6abyllka HacTpoeHa
MWPHO, a Noc/e ropsyero apomarHoro koge 1 BoBce Mno-
nobpeert, ecnu bnepTe He AONYCTUT ONIOLLIHOCTEN 1 ByaeT
MPUNEXHOMN.

— Cagutecb, 6abylika, — oHa NOA0ABMHYNA KPEeCso no-
B611Xe K OrHI0, — celyac 9 Nofaam Ball 3aBTpak.

BnepTte xunna oamHo4kon. B netctee y Hee Oblniv 3HaKOMbIe
neBoyku. MNMocne wkonbl oHW 3aberanu K bnepTte Ha vaii.
Mon, cTpornm 6abyLLIKNHBIM HAA30POM pPacCcaxmneannch Ha
NpPoSaBAEHHOM CTapOM OVBAHYMKE U LLYLLYKAINCb, MOCMe-
MBaNCb, B3BM3rMBaINn:

— On, bnepte, nayk non3set!
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— Tak 0TOOBUHBLTECH, — CMOKOMHO rosBopuna bnepre.
Cama oHa x0Tb 1 6osinack NaykoB, HO HE LIapaxanacb OT
Hux. MNogymaelwb, uanHeT 3a nane,. Mobonnt n 3axmneerT.
He Takune y>X oHM 1 900BUTLIE.

Cbinanacb M3BecTka C MoToJika, OTChIPEBLUME KOBPbI
naxau nieceHblo. 3aBapuBas Ha KyxHe 4an onsa nopg-
pyxek, bnepTte Hockom Tydnu oTbpackiBana xab, Harno
MOCENMBLLUNXCA NOA, KYXOHHbIM CTONIOM. IMoapy>XKn CHoBa
nogHumanu Buar. NocteneHHo ogHa 3a Apyron OHW nepe-
cTanm npuxoguTb. A e He paspeLuanocb XO0auUTb Ha NPO-
ryfiku, Kak Xoaunam, COMBLUINCH B CTakn, BCE AEBOYKN ee
Bo3pacTta. OHn masanu rybbsl B pO30BbLIN LIBET, 3aBMUBaAN
PECHMLUbI MO30JIOYEHHBIMUM WMNLAMW, NogKNaabiBanu B
KOpCax nnaToyku, 4Tobbl KasaTbCs NbilHee. A el 6bio
3anpeLleHo BCe, YTO AeNann OHU, U BCE, YEr0 OHU He
nenanun. Bce nonHocTbio. OHa morna nuuwb HabnwoagaTb
3a HAMU B UEePKBU UK B naBke. Moapy>Xku pocnuv n xopo-
wenun, 6eranu Ha TaHLbl U BbICKaK1uBanu 3amyx, a bnepte
cTupana, Bapuna, nekna, Beirpebana 3ony, ckobnmna
nobenanon, owmneiBana rycen n tonuna xmp, Habueana
noayLwKn U HoCUNa nx Ha pbIHOK. [0 noapyxek nn, TyT
Obl BbicnaTbes!..

Beuepamu Bnepte Banvnach C HOT, HO OCTaBaJICH ELLLE YPOK.
Ckpuneno kpecno, nokadvBanacb Ha cTeHe cropbseHHas
6abyLuKMHA TeHb, KPY>XXMOCb 1 NOANPLIrMBaNO BEPETEHO.
Bnepte wyBcTBOBaNa 6abyLIKWUH B3NS4, U HATKA TYT Xe
nyTanacb 1 pBanach.

— Bbe3pykas! — cokpylwanack 6abyLuka.

BnepTte ncnyraHHo B3gparveana: TPOCTb OCTaBfsina
XYTKME CUHSKN. Ho Brnna 6abylika peaxo. Haue B3abixana:
«lMpsixa n3 T1ebs, Kak N3 ryca koponesa», bpana BEpeTeHO,
nokasbiBana, kak Hago. Hutka, ToHkas n npoyHas, 6exana
MeX ee CKPIOYEHHbIMUM Nanbuamu, TaXeNeno BepeTeHo,
obpacTano WwepCcTaHbIM OPIOLLIKOM.

Kny6kn konmnmcb B ry60oKom KOP3rHE, U 3MMOL 6abyLuka
¢ bnepTte BA3anu Ha npogaxy nayTUHKM-LIANN 1 TONCTble
nywmncTble NnaTtkn. Banun cHer, okHa 3anoTeBasnn, NOKPbI-
BaJINCb 3aTennmBbiMn 6eno-ronybbiMm y3opamMmm, U Takme
e y30pbl BbiBs3biBana 6abyLuka, pakyLikn, BUHOrpaaHble
rpo3nbsl, CTONOUKKN, LLENOYKU, 3aBUTYLLIKK. Bo3mnuce B
KOpMYyLLKE CBUPUCTENWU, CTekneHena peka, n bneprte oT-
BJiekanacb, NornsapiBas Ha MeTeslb, U cpasy nyTancs y3op,
yberann HenocyLHbIE NEeTAN, U BMECTO aXXyPHbIX JINCTLEB
1 LBETKOB BbIXOOW/IN KPUBLIE, HENENbIE NTUYbW Nankbl, pBa-
Hble Nayybn CETU, CryTaHHble CUNKN. CHEXNHKM CTy4ann B
OKOLLKO, 3Bann Ha nNporysky. bneprte xgartanack 3a nNnaTok
1 NonyLwy6oK.

— Kypa? — tuxo roeopuna 6abyluka n3 CBOero kpecna,
1 BHy4Ka 3amupana.

— Morynatb.

— l'ynaoT npasaHbli Aa NeHUBbIN, — YekaHua 6abyLuka.
BcTaBana n, BceM BECOM OnMpasiCb Ha TPOCTb, XpoMana K
OKHY. — [OpOX He ApPOBEH, HACLINKM He AOoWNTLI, a ByaeT
Masno — crnpocwu, a1 Tebe eule paboTy ChbiLLly.

M BEYHbIM, HECKOHYaeMbIM enoM Oblna cTpsanHs. BEapo
N, OXAb, CXUratloT NI CONIOMEHHOE Yy4eno Uin 3aBMBatoT
6epeskn, yaoen bnepte oanH — cKOBOPOOKM Aa KOTENKN.
Kyna tebe rynaTtb, aypexa, 6e3 tebs obonagytcsa. Tak u
cocTapulbCcs 34eCb, HA 3aKOMYEHHOW, TEMHOW KyXHe,
Tak N yMpellb C HOXXOM B PyKe, C MOPKOBHbLIM COKOM MOA,
HOrTSIMM, C 3anaxoMm Jiyka 1 TaBpOBOro NMCTa B BONIOCAX.
Tocka, Tocka. [Mon3nm no cteHam TPEeLWMHbI, TEK PYKOMOW-
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HWK, CMOTpena OTKPbITbIM PTOM COJIOHKA-CBUHbSA. MayTnHa
onneTtana yribl, CKOJIbKO HX BbiMeTal, Ha APYron AeHb
nosiBnsacb CHOBA.

BoT 1 ceitvac Ha ToncTon 6enoi HUTKe Oen0oBUTO Cry-
ckancs nayk. 31o K nMcbMy, nogymana bnepte, B3oporHys,
HenpemMeHHO kK NucbmMy. OHa Obina cyeBepHa 1 60gn1acb
BCEr0 — MNOJIHOW NyHbl, MOTUJIBHOM KOCTOYKW, MaykoB C
KPECTOM Ha CMnHe, YEPHbIX KOLLUEK N KaMYLLKOB C AblPKOM,
BO BCEM € YyANOCb NMPUCYTCTBUE HEBEOOMBbIX 3/1bIX CUJI.
Ewe n conb npoceinana. O, 4To 3a BeCcTn 6yayT?

— Kak ynpaBuuwbcs, B nec nam, cnacuupeTta Habepu, —
nporosopuna 6abylwika, nonue kode. — Hawm-To nyykm
COBCEM 3a 31MY NPOXyaMINCh.

CnacuuBeT, ganbHue, TEHUCTbIE NIOLWWHbI, NOJAHSA CBO-
6oabl. Bnepte, caepxuBasg ynelbky, ctana gymarb O TOM,
Kak pa3BecuT naxyive OyKeTukm rno BCeM yrnam, nog npu-
TOJIOKOW, Ha Yepaake. babyllika roBOpuT, YTO OT MOJIN-LUEP-
CTOEenKM, HO BCE XXe 3HAIOT: 3TK YaxJsible 60N0THbIE LIBETOYKN
oTnyrnearoT He4YncTb. OCOBEHHO Ty, O KOTOPOW CTPAaLUHO
rOBOPWUTb BCIYX.

Korpa cnyyanocb 4To-TO AypHOe B ropoae, 6abyuika 4m-
Tana MosMTBY, 3ax/10NbiBasia CTaBHM U Xrna Cyxme BETOHKM
cnacuugeTa. [opbKoBaThblli TPABAHOW AbIM OKYTbIBaa KOM-
HaTbl, ycnokamBas, ytewan. HUKTo He BNON3eT yKpaaKown,
HWKTO HEe CTalLUT 3a HOT'Y C KPOBaTW, He Brpbli3eTCs B LUEIO,
cnun, bnepte, cnn. Monb, BNpo4yeM, ToXe He ntobuna aToT
3anax, U BUHOrpagHble, pakylleyHble, CHEXHbIe Lanu B
COXPaHHOCTM O0XUOAaNUCb HOBbIX Baaenuuy, U CKyaenm
r'YCUHbIE KOLLIENbKU, 1 Babyluka nockinana bneprte Ha noyuTy
C NyXJ1bIM KOHBEPTOM, C O4epPeaHbIM BBHOCOM B LLKOJY, rae
yamnca mnagwmnia 6pareu, lNpeH.

KoHeuyHo, 6abylika He cobupanacb B3BannBaTb Ha cebs
Takylo Howy. J1IBOe HEenocnyLHbIX BHYKOB, Aa eLle He-
pPOAHbIX €. HO CbIH XXEHWCS Ha BOOBULLE C MPUMNJI0A0M, a
NOTOM M YMEP C HEl B 0aHOYacke, a AETU HE YMEPN, AeTr
OCTaINCb 3a4EM-TO XUTb, U €I N1, CTapyxe, NPOTUBUTLCS
Bone [ocnoaHen.

A Beap oHa Tak cnaba 3a0poBbeM. BonbHble cycTaBhl,
TSXKKO XOAUTb, @ 3a AeTbMU He XO0OuUTb — Oerarb nNpuxo-
outcs. U rmasa cnabble, ene-ene CBATYI0 KHUTY YMTAIOT,
a 3a JeTbMn He B ABa, B YEThbIPE rna3a CMOTPU — U TO HE
ycMmoTpuwb. BegHaa ctapeHbkas 6abylika, OHa N30 BCEX
cun NblTanack caenatb U3 bneprte n ee 6parua AOCTONHbIX,
6naroyecTuBbIX moaer. Ho ecnun BHy4ka pocna nocnyLLUHOM,
TO BHYK OKasasicsi CTapyxe He no cunam. U yxe wectb unum
CEeMb JIET OH XWJ1 B 3aKPbITON LUKOSE, AaNeKko, Tak Aaneko,
4YTO Jaxe Ha KaHUKyJSibl He MOr npuesxartb. bnepte ¢ yma
cowna 6, AoBeanCh NOKNHYTL A0M 1 6abyLuky. A 6parel,
Ha XM3Hb He Xanosancs.

BnepTte akkypaTHO, KaXaylo HeEAENo Nucana eMmy CBou
HEMYyApPEHble HOBOCTU. «['ycak oGneTen BOKpPyr Aoma,
roBOpSAT, 9TO NpeABeLlaeT YblO-TO CKOPYIO CMepThb. 9
nekna NnMporn ¢ 6PyCcHUKON, TBOM NtobuMbie. Ha KyxHe
NpOTEKaEeT Kpbiwwa, 1 6abyLika HaHsana MacTepPOBLIX. Bbin
Obl Tbl 4OMA, NOYNHWA Obl cam». I3peaka npuxoann OTBET.
Kyuple, HebpexHble, 3ansiNaHHbIE YepPHUIAMU, NOCNaHNS
lpeHa HaYMHaNUCb HEM3MEHHO: «Jloporas cecTpeHka,
NPULLAV HEMHOTO AeHer». IHoraa oH BknaabiBan B MMCbMO
cur30€e ronybrnHoe nepo nan AyLncTyio 3070Ty0 OymMax-
Ky OT Kapamenbku, a UHOTAa BbIBANMBAICHA U3 KOHBEPTA
OrPOMHBIN CYLUEHbIN TapakaH, n bnepTe B3Bn3rveana ot



HEeOXnaaHHOCTU. M HMKoraa Obl He noBepuna, ecnv Obl eit
cKasanu, 4To TapakaH BIOXEH HaMepeHHOo. Y Bparua Obiuin
cBoeoOpasHble MOHATUS O LUYTKaX.

Babyulika pas B TpuMecTp nony4yana 1abesib C OTMETKaMW,
M XMypunacb, u ycepaHo Monunack, npusbieasa focnopa
nogapuTb pasym ee HenyTeBomMy BHyky. COTHU rycen no-
XepTBOBaNM KoLLebkamMu B Nonb3y NpeHa, nansupl bnepte
OblIN UCKONOThI FYCUHBIMWU MEPbSIMU, @ BCE HanpacHo.
Yuntcsa PeH n3 pyk BOH Ni0OX0, HACTAaBHUKU Bbipaxann He-
[OBOJLCTBO, 1 6abyLuka roBopuna B cepauax, 4To TiopbmMa
no Hemy nnayet. bnepTe ropesana, npeacrasnssa oparua B
TIOpbMeE. YX ny4iue 6 LOMON BEPHYICS.

M meuTa ee cbbinacb. BepHyBWNCE N3 necy, pymsiHas,
cyacTvBag, C 0Xankow cnacmuseTa 1 KOP3MHKOM YepeMLUn,
Bbnepte yBnpena Ha ctone kaseHHoe NnncbmMo. Baw MpeH —
rpybusH n HeBexaa, roBOPUIOCh B NMMCbME, NOBEAEHNE
€ro Tak OTBPaTUTENbHO U 3HAHNS TaK HUYTOXHbI, YTO HU 32
Kakoe 30/10TO Mupa LWwkona 6onbLUe He XeNnaeT aAepxarb y
cebs CTPONTUBOIO MabHULLIKY.

BcTtpeyanTe, OH OTNpaBnseTcsa 4OMOMN.

Ax, Kak HerogoBana 6abyLuka. A bnepte TMxo pagoBanace.
lpeH BO3BpaLLL@eTCH, MUbIV 6PAT, XXMBas POAHas ayLia.

CTonbko NeT Npoxunm Bpo3b. Kakum OH BbIpoc? YTO
nobuT Tenepb, 0 HeM MEYTAET, MOHPABUTCS N1 emy aoma?
Benb OH Xxun B CTONMUE, BUAEN KPACUBYIO, SIPKYIO XMN3Hb,
a 3[ecb — BeTLIALWWIA rOPOAOoK, No ynuuam 6poasaT rycu,
JleCc B OKHa 3arnsagpiBaeT, U ogHa NPUSTHOCTb — XpaMm Mo
BOCKpeceHbsiM. He 3aTtockyeT nnu?

B neHb ero npuespa bneprte ymasanacb, Ha4MHASA rycu-
HYIO TyLIKYy rpubamu ga opexamu, 3ameLumBas TeCTto Ass
NMUPOroB, HAYNLLASA BUJIKM Aa JIOXKM MECOYKOM. Tpuxabl
POHSANAa HOX — cheLwnT, cnewmnT gomoi bpareu. N Bnepte
CneLwmnT, rOTOBUTCA.

Ona 3Hana, 4To NOYTOBLIN ANMXAHC N3 CTONULLBI MPOHO-
CUTCH MMMO UX ropoaka nononyaHun. M Bce xe He paccum-
Tana, u, Korga kanutka ckpunHyna, bneprte nomeiBana non.
Bocas, BcnoTeBLlas, c NOA0TKHYTOW I0OKO, OHa BblneTena
Ha KpbbLO — 1 3amMepna. O6HATL? Pyky nogate? Moueno-
BaThb B WeKy? bnepTte He NnoMHWNA, Korga nocnegHin pas
nprikacanach K 4YesI0OBeKy, ee nyraja cama MbiC/ib 00 3TOM.

BpaTtey, nMHan HOrom OOPOXHbIA MELLOK U pasrsanbisari
Bnepte, 06nynneHHOE KPbINbLO, NYCUMHBIA NMOMET Ha CTy-
NeHsX, KopbiTa C BOAOW 1 MeLlaHKon. Bnepte cmyTunace n
pasBena pykamu, 6yATO N3BUHASCh 3a Takne Aekopauum un
cebs B rnaBHOM POSN.

M3 TwenywHoro napHULKy MpeH BbiMaxan B BbICOYEH-
HOro KpacaBLa, LUMPOKOMIEYero, CTaTHOro, ¢ TEMHbIMU
Kyopsamu v 6negHon koxern. OHO U NOHATHO — rae emMy
Ob110 3aropaTb, HaZ KHMXKaMU NPOCUXMBAS, C XanoCTbio
1 no60BbI0 Nnoaymana bnepte. U ewwe nogymana rpyctHo:
«OH COBCEM He MOXOX Ha MeHs». XOTS 4Yero rpyCTuTb, TyT
pazoBaTbCs HAAO.

— Tbl 1 ecTb BnepTe? — cnpocun oOH.

— A Tbl n ecTb [peH? — TOXe BONPOCOM OTBETUIA OHA.

OH nomonyan. Hepo6po ycMexHyncsa:

— He y3Haelwb ntobnmoro 6para? Tebs ToxXe He y3HaTb,
cecTpuyka.

M cHOBa OKWHYN ee HEeYITHbIM MaCieHbIM B3rnsg0oM C
HOT 1O rONOBHI.

— Tbl nO4eMy B 4epHOM? — cnpocun. — MoHalika, 4To
n? XoTs HET, MOHALLIKU Tak 106Ky He 3aaMpatoT.

«COBCEM He MOX0X Ha MeHs», — CHOBa NoaymMalsa oHa.
W ckazana Tnxo:
— lMNolipem, 5 NpoBOXYy Tebs K 6abyLLKe.

C npuesnom 6parua HNYero He NEPEMEHNNOCH B AomMe. Bee
Tak ke Bckunan ans 6adyLukm kode, Konuncs B KOP3UHE rycu-
HbIV NMyX, cyeTunack bnepre, BbINOMAHASA ThICAYY Pa3HbIX AEN.
ATpeH He penan Huyero. [1o3gHOo NoXWNCcs, N0O3OHO BCTaBan,
€1 32 TPOMX, C/TIOHSAJICA MO KOMHATaMm, IMCTa KHAMU, TPOrasn
MasTHMK CTapbIx 4acoB. «[JeTCTBO BCNOMUHAET», — AymMana
BnepTte. A korga oH paccmarpuBan NaykoB Ha CTeEHax,
6ydeT ¢ wepbaTbiMKM HYalKkamm, cTapble TycKible o6ou, en
CTaHOBWOCH CTbIgHO. He cTonuua, yx aa!l

Mx oM 6bln HEBENNK: FOCTUHASA, KYXHS! U BE CNasibHU.

— [oe xe emy noctenntb? — pactepsnace bnepte, n
6abyLuka noxana ninevyamu;

— Yero myaputb? [leTbMu Bbl AENUAU OOHY KOMHaTy. Ero
KPOBAaTb 40 CMX NOP CTOUT HAaNpPOTUB TBOEN. TONBbKO LUMPMY
BO3bMMU C YEPAAKA.

Tenepb, NepeogeBascb 3a WnpMon, bnepte kak 6yaTo
YyyBCTBOBana B3rngag Oparta. A OH NoCMeuBancs, 3ameyas
€€ CMYLLEHVE, N OMNYCKa rNasa B KHUXKY.

— Moppyxkny Tebs eCcTb? — cnpocun kak-10. — [No3sana
Obl B rOCTM Napo4Ky NOCMasnnBee.

— Ckanka pga npsifika Mov NoapyXku, — yCMexHynacb
Bnepte, BCMOMHUB Ni0OVMYI0 6aBYLLKNHY MOrOBOPKY.

A BOT CTapuHHble OpYXKK peHa 3as9BUANUCbL BCKOpPE No
ero npvesgae.

— NameHwnnca Tol, NpusiTenb, 340POBO U3SMEHUICH, —
rOBOPWIN OHU Hanepeboii.

— Ja n Bac He y3HaTb, pebaTta, — yxmbinancs MpeH. A
Bnepte ¢ yxxacom rnaaena, kak OHV TONYyT MO FPA3HbLIMU
canoramu, CbIMJOT Nenes, NonJeBbIBAIOT, HAMNOJHAIOT
KYXHIO KPEMKUM OyXOM MOTa, BbINMBKKU 1 Tabaka. «[oyyeT
6abyuwika, He BbIBETPIO», — OE3HaAEeXHO AymMana OHa.
KTo-TO, nogMUrHyB, [OCTan WKanuk, n bpartew, cnpocun 'y
BnepTte cTakaHbl.

— YepT C HMMK, COMAYT U YaLLKK, U OTbILLM 3aKyCKY, BDOAE
OoCTaBasica NMpPOr ¢ NOTPOLUKaMM, Bbl IOOMTE NOTPOLLKM,
npy3bsa?

Jpy3bsa cnpawmsanu Toxe:

— A NOMHULLb, KaK Mbl CTPOW/M NAOT N YyTb HE YTOMIN
B Kapbepax?

— A kak Tebs1 AMKne nyesnbl ncKycann?

— A kak TpaBy nanunu u gypadvHa lNenne cebe Horm
obxer?

Bnepte Bugena: peH HMYEro 3TOro HEe MOMHUT, NyTaeT
nmeHa npustenei. Nnoxo ckpbiBaeMoe npeHebpexeHne
M CKyKa CKBO3WU B ero rmasax. Ho oH 3Han ckabpesHble
NECEHKUN, N aHEKAOTLbI, N XUTPbIE KAPTOYHbIE UTPbl, 1 CBO-
paymnean umrapkm ocobbiM cnocobom, 1 Tak MeTko Bpocan
HOX. M eMy OXOTHO NPOCTUAN ero 3abbIBYNBOCTb. OHM
ObIMUAV, NeNV NOWIOCTU NOA rMTapy, Urpanm Ha OEHbIN.
Bnepte npucnyxusana um, yonpana o6beaku, oTkpbiia
HaCTeXb OKHO, a [peH nocmeunBancs 1 TacoBan KapThl, U
cbinan rpsasHeiMu nctopusimn. «O ga, Manb4uLLKm nobaT
BCe 9T0», — AymMana bnepte, cnas B yronke nof CypoBbIM
3aKOMYEHHbIM JIMKOM KaKOro-To CBATOrO.

Ei nouyaunca yeni-to B3rnaa. OHa nogHana rnasa.
Mactyx! U oH 3pecb! OH yX TOYHO HE MOr OblTb OETCKUM
npuatenem MpeHa. Bnepeble oHa Buaena ero noj, Kpbiwei
4YenIoBe4eCcKoro goma. Xotb Obl He y3Hana 6abyLuka!l
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MacTyx He yyacTBOBas B M1yMbIX MONYAETCKMX PA3roBOpaXx,
TOJNbLKO NOoNbIXMBan TPyokoM fa ocMmaTpueancs. HasepHoe,
€My 3axoTeniocb NOobbITh HA NMOAAX. Vinn HaA CTONMYHOro
roctst MOCMOTPETb, NOcAyLwarb HOBOCTU. A MOXeT, peH
3a3BaJsl ero HAPOYHO, YTOO YANBUTL APYXKKOB.

KoHeyHo, 6abyLuka ydyana HenpoLleHbix rocten. Ox n py-
rasnacb OHa, a NoABbINMBLLNK PEH YXMbINANCA U OeP3nI.
M uTo BbINO Aenartb CTapyxe, He CTaBUTb XXE 3TOro BEP3UIy
KOJIEHKaMM Ha ropox.

He cknapgpiBanockb y Hero ¢ 6abyLikoin. byaro Hapo4HO
ee goHumann.

To B cnanbHIO ee MPOHUK, rAe CyHOY4YOK C N'YCUHbIMU
neHbramun. HaBepHsika xoten no0bITb cebe Ha Tabak U Bbl-
nuBeky. A 6abyLuKe ckasdan, 4To NPOBEPsJ1, HA MecTe Nn ee
6awmakum. Mon, focnoxa TpeHora He Haluna canoXHuka v
Tenepb BOpyeT 00YBb Y MOYTEHHbIX FOPOXaH...

To B nognon noeaamncs. babylwka cepannack, YTO OH
NOAbECT 3anacbl — BapeHbs Aa COJIeHbs, cManel, rycu-
HbIA MawTeT B ropLloykax, — 3amMaxuBanach nanakomn, a oH
XOX0Tan v yguparsn, BO3BpaLLasiCb 3a NOJSIHOYb, KOr4a OKHa B
noMe Obinu yxe TeMHble 1 6abyluka, BbIMECTUB 3/10CTb Ha
6enHare bnepte, cnagko cnana.

lpeH TBOpPUN, 4YTO B3aymaeTcs, u bnepte nckpeHHe Boc-
XuLanach M. A OH C U3yMJIEHMEM NISAEN, Kak MOKOPHO Noa-
craBnsieT bnepte pyku nog nanky, 6ecnpekocioBHO OCTaeTCs
6e3 yxxnHa unm HeceT kpanuey OJ1s1 Nopkn. Bnepte Toxe yame-
JIANACh: HEYXENM Xe He Bce 6abyLUKM C BHy4KaMU Tak XNBYT?

Korga komnaHmnsa cHoBa cobpanach y [peHa, OH1 340pOBO
nepenumce.

— Tuwe, 6abyLlka MOXET NpunTn, — ymonsana bneprte,
a OHU yBepsnu, YTO HE NPUAET, HblHYE BCe cobpannce y
noyTMencTepwun, maney ee nponan. He nHa4ve locnoxa
TpeHora ysonokna.

— lMoyem 3Haewwb, 4To TpeHora? — cnpocwun peH.

— A nof OKHOM 4elynKy 3esieHy0 Hawnu n cnepg ot
XBOCTA.

— BpaHbe, cnefbl OHa XBOCTOM 1 3aMETaEeT.

— 3ayem oHU BoOOLLE XMBYT Ha cBeTe? Kakoi cMbicn B
3TUX YyaAMLLax? — ckasas KTo-To 6pe3rnumeo.

— A KaKoV CMbICN B IOAAX? — XMbIKHYJ [peH. — [nsayero
XMBET Ha CBeTe Hall cocen, MelwaHuH MNaoyk? [ns 4yero oH
poaunn aecaTepbix AETEN, TOACTbIX U MynbIX? A OHK BbIpa-
CTYT 1 pOANAT eLle no gecartky. Kuyemy ato? lNMpocTo xaxaa
pasMHOXeHUs. Tak 1 y XUBOTHbIX. Tak n'y TpeHor.

— A noyemy oHa Bceraa ABNsSeTcs B BUOE XEHLMHbI?

— $YlcHoe peno, NoTOMYy YTO NoA, AJIMHHBIMKU 0OKaMun
yOoOOHO NpsAiTaTh TPETLIO HOTY U XBOCT.

— A MoxeT, Hawa TUxoHsa Bnepte ToXxe TpeHorasi, BOH
Kakoe nnarbe, 4o nar!

M OHW, pa3ropsi4eHHble BUHOM W 3anpeTHol Becenoi,
cTanm Basartbca k bnepre:

— Mbl TOIbKO HOXKM TBOWU Nepecyntaem!

— Hy xoTb Tydenb nokaxu!

— PebaTa, oHa 6ouTcs, 4TO Mbl yBUOUM €€ XBOCT!

OAavH, camblii XMENbHOW, ynercs Ha rnofa n nonbiTancs
npuUNoaHaTL ee tobky. BnepTe pactepsanacs, a lpeH kyaa-To
nogesasncs, 3a NMBOM ybexarl, 4To /i1, N BCTYNUTbCA ObIo
Hekomy. U TyT BCTan Mactyx.

OH Huyero He rosopun. Monya HacTynun HOronm Ha pyky,
4yTO TAHYNack k bneprte. «A ero 6osatca», — noHana bnepre,
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Habnoaasa, Kak 6bICTPO TPe3BeloT, pa3dbupatoT Wwanku m
yX0OaT Npoyb MPEeHOBbLI APYXKN.

C Tex nop ecnv n BCTpeyancs 6parteL, ¢ HUMU, TO He AioMa.
W, omBHOEe poeno, gonbiThiBancy y bnepre, kTo Takon a10T
MacTyx.

— Tbl pa3se He NOMHULB ero? OH J06PbLIN YENOBEK.

— Jepxucb noganblue oT 3Toro Aobporo 4yenoseka, —
Benen [peH cepanTo.

Bnepte He Morna B3sTb B TOJK, MOYEMY OH Tak He0BO-
neH. Kak 6yaro pesHyeT. OHa ycMexHynacb 3TOW MbICIU U
noLuna 3aroHsTb ryce.

Hactynuno neto, wepapas nopa. 3eMnsHuka, rpnbbl, 1MNo-
BbI UBeT 1 4yabpeL, ons yas, 3Bepoboii 1 0JIbXOBbIE LUWLLKMN
Ons 6abyLKNHBLIX CYCTaBOB, BEHUKN Ha 3UMY rycsiMm. peHy
HaCKy4Mn ero ApyXku, 1 oH yBa3biBancs ¢ bnepre B nec.
Momoran gaxe. Cpesan HOXXoM 6epe30ByI0 Yary, Bbikanbl-
BaJ1 KOPHU LMKOPUS, TacKan TaxXesble KOP3WHbI C rpnbamu.
OHa papoBanace: «Tenepb B ABa pa3a 6osblie cobepem»,
a OH CMesAncs, ApasHN ee XNOMNOTYHbEN U T'YCUHOW NPUH-
LLecCcom, AMBUICS BEAbMUHbLIM Kpyram LUaMnrHbOHOB, YyTb
He Haesics BONMYbUX Arog, a ogHaxabl 3anayTtan, u3psaHo
nepenyrae CeECTpY.

— bypnTo He3pewHnn, — yamenanace bnepte. — B peT-
CTBE X MO COJIHLY BCEeraa Aopory Haxoamn.

OH KapTMHHO pa3BoaM pykamu, a OHa npoaoskana:

— MNonsHKy C pbXMKaMn He MOMHULLb, raaoynii KaMeHb
He 3Haellb, MOy BUCENbHMUKA NPOLLEN U He 3aMeTu. A
raoe Mbl Bcerga rnosiygHmyanu, Mosioko nunu? A kak notepsin
KOP3UWHKY 1 6abylika nokonotmna teba?

OH noxan nnevyamu.

— WM 910 326117 — ynaBLIMM ron0COM CNpocuna oHa.

Bnepte BcnomMmmnHana geTcTBO C TEMIOTON U Nto6oBbIO. A
IpeHy 6bI10 MHTEPECHEE HacTosee. inn paxe byayuiee.

— OceHblo BEPHYCb B CTOMULY, — OOHaX bl CKa3an OH. —
Moepelb co MHON?

— Yr0 ThI, 5 HE MOry 6pocuTb 6abyLLKy, — ucnyranacb
Bnepte. — N Tebe 3a4em yxoauTtb? Heyxenu TyT He MOXeLLb
HalTu cebe neno? [1a xoTb Obl NOMOran MHe, B3s5m 6 rycen
no6osnblue, OHM MPUHOCAT XOPOLLMIA [,OX0M,.

— l'ycu, poxon, — nepeapasHn oH. — MPeH-rycaTHUK, Tak
MeHs1 ByayT 3Batb, Aa? Mmynas Tel, bnepte. Janslie Hoca
CBOEro He Buaub. Heyxenn Tel He xoTena Obl yBUOETb
ApYryto Xxmn3Hb? MNonpoboBaTtb 4TO-TO HOBOE? Heyxenu Thl
pOXAeHa aNns Toro, 4Tob BCHO XM3Hb OOLLIKN ryCsiM BEPTETL?

Bnepte monyana. OHa HMKOrga He 3agymbiBasiacb 06
aTtom. [ge poauncs, Tam v NpUroannacs, oHa 6bina 3
Takmx nogen, aa, a peH 6bin, BUAHO, NepeneTHon NTu-
uen. M cepaue ee cxxmmanocb OT MbIC/IV O MPEACTOSLLEN
pasnyke...

Kak-To oHn cobupanu ronybuky Ha 6010TE U HaLNK
OCTPOBOK, MOPOCLUMIA POro3oM Aa OJfIbXON, nocpean Ton-
KOro mecTta. Pa3pyLUeHHbI MOCTUK OOrHUBa B BOAE, a 3a
0epeBbAMU BUAHENCH AOMUK.

— Crapas necHuny4oBka, — nporosopuna bnepte. — lo-
BOPAT, TaM XmBeT focnoxa TpeHora...

— y6oko TyT? — PEeH TKHyN Nankon B BOAY.

— MopsgoyHo, Aa NUSIBOK MOJIHO, BLICOCYT BCKO KPOBb
npexgae, 4em nepebepellbcsd. — OHa noexunacs.

BpaTteu cMoTpen 3aayMyMBO Ha NyCTble 3apOC/v ONbLLa-
Huka, yBuTble xmenem. N Bnepte cmoTpena. [eB4oHka-
MOJ104YHMLLA XBacTanack, 6yaro xoguna k focnoxe TpeHore



3a KONIA0BCKMMU 3e1bsiMU. HeTbipe napbl LUEPCTAHbLIX 4yI0K
Hagena, oT nuaBok. OHa nokasbiBana bnepte 6yTbINOYKY,
6ynTo 6bl KOCTOYKA TaM B MyTHOW BOAe Nnasana un 6necreno
4YTO-TO, HO BnepTte BUAEnNa, 4To AeB4OHKa BPET. [la 1 naxsno
M3 OYTbIIOYKM HE TaHbIM CHaA00beM, a MYCTbIPHUKOM
1 nonbiHblo. CTouno nn k TpeHore xoauTb 3a TEM, YTO Y
BCSIKOrO NJIETHS pacTeT.

— [OBOPSAT, OHA XeNaHUa NCNOJHAET. YTO Obl Tl NONPO-
cuna?

— CwmepTun pa3ee 4T0, — NpowenTtana bnepte. — Ecnn 6
cTana XXmn3Hb COBCEM HE MuUfa...

— A a9 nonpocun 6bl, — cepbe3HO ckazan lpeH, — Te-
TeHbka TpeHora, NOKaXXm MHE CBOWN XBOCTUK, C KUCTOYKOMN
OH Yy Tebs nnn 6e3?

— He wytun ¢ atnm! — ucnyranace bneprte.

— A 9 1 He Wy4vy, — XMbIKHYJ1 OH.

Ha y>xuH 66111 60661 1 BapeHad TenaTuHa. babyuika npoyna
MonuTBY. Trkanm yachl, TpeLlan OroHb B neyu. [peH Tepnetb
He Mor TULWHbI, BnepTte yxe noHana 310. BoT n cenyac, He
yCcneB NPoXeBaTb, OH COOOLLWI:

— A rocnoxy TpeHory HameaHu Buaenuv B ropoae.

Bnepte B3oporHyna n npoceinana 600kl C TOXKN.

Babylwika cepanTo nornagena Ha HUX 06oux:

— [NpekpaTtn noMmnHaTe 3Ty NnoraHb B gome. B petcree
A3bIK C MbIJIOM MOSI0CKaNn, 4a BCE HanpacHO, Tak 60TYHOM
1 ocTtancs. YariHuk Bckmnen, bnepte. Minn el ocnenna?

Bnepte nocnewHo Bckoyuna. A FpeH npogonxan:

— lMomHI0, B OEeTCTBE Mbl YN/ HA FOPOACKON CBaske,
cokpoBwuLLa nckanu. Nenne pasok nosesno, 3010TOE KOJIbLLO
Hallen BHYTPM CTapon nepyatku. A s oTbickan 6awmak. C
JNIEBOW HOMM N COBEPLLEHHO HOBbLIN. Yepes napy Heaesnb u
Menne nonanca 6awmak. Toxe NeBbll, C UTOJI0YKM, KOXa
ckpunena. Korga Mbl 06HapyXmnnm eLle napoyky, ceanka
nepecrana KasarbCH TakuM Y>XX NPUSATHbIM MECTOM.

— [a MoxeT, npaeble NOTEPSINCL NPOCTO, — NPEeAno-
noxwuna bnepte. — Nnn oT NokoMHWKa OQHOHOIOro Bbi-
6pocunu...

[peH ¢ yCMeLLKoM nokadan rosoBon.

— Bce 910 03HavaeT nnwb OAHO: y HaLler rocnoxu Tpe-
HOIMM TPETbS HOra — nNpasBag, a 3Ha4yuT, Bbllynuiacb OHa B
BWUCOKOCHbIN rof,. A Ha AHSX 1 CHOoBa Obls1 Ha cBasike, — Npo-
wenTan peH, n Bnepte noHesone npucnywanace. — U 9
CHOBA Hallen NeBbI balMak.. .

— Baw kode, 6abyuika, — ckaszana bnepte HepBHO.

— A Tbl 3HaelLb, 4To focnoxa TpeHora 6poanT B cymMmepkax
no ropoAy 1 3arnsabIBaeT B OKHA, U HA NnTe yoeraeT MosIoKo,
1 TPECKAIOTCHA Tapeskm, a AeTn NnnadvyT 1 3amkaloTcs, ecnm
YBUOSAT B OKHE €€ XEeNThIe [Ma3a C BEPTUKaIbHbIMU 3padkamn?

— Kak He cTbigHO nyratb cecTpy! — ycoBecTuna ero
6abyLuka.

M TyT 32 OKHOM TUXOHbBKO NPOLLENECTENO, C/IOBHO KTO-TO
XOTen OTONTU N 3aMeLlKancs, 3auenuncs tobkoi. bneprte
BCKPUKHYNa.

— CnbiwunTte? 310 Kpagetcs focnoxa TpeHora, — Npo-
rosopwn peH 3n10BeLLMM roIOCOM.

— 3710 BeTep, — ckasana 6abywka. — oy cnatb, 3101
Manbyuk. A Tbl, Bnepte, B36€ MO0 NEPUHY N NPUHECHK
rpenky. M nepectaHb opoxarb, Aypexa, OH Xe Tebs Apa3HUT.

lMepembiB NOCyAy, 3aracymB OrOHb M KPenko-HaKpernko 3a-
nepes ogepwu, bnepte npuwna B cnanbHio. bpartevw, BCTpeTun
ee B36yJOPaXEHHbIN.

— Tbl cnbiwana? Y1o-To ckpunuT B nognone!

— MbIlwn? — nporosopunia oHa, Pa3aeBasiCh.

— O nn! NoMHUWb, 9 Kak-To 3abpancs Tyaa, 6abyluka
pewmnna, 4To 3a BapeHbeM. A 60JIbHO HY>XXHbl MHE 3TV NJ1EC-
HeBenble 6aHkn. A nckan gpyroe... — OH OMSHYICS HA OKHO
n 3awentan: — [oBop4art, pasd B cTo net locnoxa TpeHora
3abupaeTcs B 4y>KO NOANON 1 OTKNaabIBaeT TaM anLo. BoT
S 1 pewnn npoeepuTb. He xBaTtano ewle, 4tob ata raguHa
BbIBENACH Yy HaC!

BnepTe cTpyxHyna He Ha WwyTKy. Takoe OHa chnbliwana
Bnepsble. N xoTb 6abyuika 30BeT peHa BpyHOM — BCe
PaBHO XYTKO. TPSCACh OT X0N04a B TOHKOM COpPOYKe, OHA
BbILLIA N3-3a LUMPMbI.

— K70 TEbE 31O CKazan?

— TBoiA Bo6pbLIN YenoBek, MacTyx, 1 BCTPETW ero HaMmep -
HW. aam, y MeHs kodepra nog, KpoBaTbio, — NOXBaCTasICH
peH. — MeHs Tak 3anpoCTO HE COXPELLb.

TyT rPOMBIXHYJI0 1 MOKATUOCh 32 ABEPbLIO. ByaTO KTO Wen
1 3aLenun noraHoe Begpo B ceHuax. bneprte B3BuarHyna,
KVHynach kK 6pary, npmxanacb k Hemy. OT ee pe3koro ABu-
XeHus noracna cee4a, n bneprte B yxace 3akpbina rnasa.
ManeHbkas, ManeHbkas A4eBo4YKka OHa Obina, HECMOTPS Ha
DJIMHHBIE KOCbI 1 FpyOble pykU, YTO C yTpa A0 Bevepa BapsT,
CKOBNAT, MECAT, TACKalOT TAXEN0e, OTMbIBAOT HeuncToe. Ho
Koraa npUXoamT HOYb, 3TW PYKM OLLEMEHESIO NPUKMMAIOTCS K
rpyou, n bnepte cHOBa [ecaThb NET, U TbMa NOACTYNAET BCe
6nunxe. ObixaHne MpeHa cnbllWHO e, bueHune ero cepaua. U
YbU-TO Kpaaywmecs warn. byaro cTyunT no nony AeTckmin,
TOLLLEHLKNI XBOCTMK. ByATO CTYyNaloT HETBEPAO0 TPU HOXKMN:
TOM-TOM-TOM, TULLIMHA W CHOBA TOMN-TOMN-TOM. Beunynunack
MasieHbkas TPEHOXKa 1 MPUHIOXNBAETCS, ULLET ropsyei
4eN0BEYECKON KPOBU, YTOObI HACOCATLCS M NOAPACTH.

Bnepte coTpsicana opoxb, 1 MpeH kpenye cxarn ee B 00b-
ATbSAX, TO 1N yCnokaueas, To M cobupasicek eule 6onbLue
Hanyratb.

— Cnblwmnwb? — npowenTtan oH. — TBapb MAET cloaa.
Ceityac orpeto ee Ko4eprom.

— Her, HeT, — ropsa4o npowenTtana bnepte, — He oTny-
CKal MeHs1, He OCTaBNsAr MeHsI OaHY B TEMHOTE!

TyT ABEPb UX KOMHATKM pacnaxHynacb, u bnepte He
yaepxana KpuK.

Ho koHeuHo, 370 6bina He focnoxa TpeHora.

Ha nopore ctosina 6abyluika, B HOYHOM KOPTE U Yenue.

— Yro Bbl AenaeTe? — Cnpocusa OHa C OTBPALLLEHNEM.

IpeH pasxan pyku, n bnepTte BbICKONb3HYNA, CnpsaTanach
noa, CBOUM ofesinioM, cropas ot cTbiga. Kak 6yaro ot 6a-
OYLLKMHOW CBEYU JIErNA HA HUX MPSI3HAs TEHb.

Haytpo Oparen, nepecenuncs Ha yeppak. Tak Benena
6abywwika. A bnepTe ¢ Tex nop He Mormna ycHyTb. Eil mepe-
LLMINCh TUXME TPEXHACTHbIE LLaXKKW. [1Be 6ECCOHHbIE HOY
OHa NpoBena, CX1Mas Ko4epry v He CBOAS B3rNaaa C ABepu,
a oHeM 3acbkinana Ha xony. Bce Banunock n3 pyk, bmunace
nocyaa, npuropana cTpsnHe, rycsata pasderanuce. babyuika
HerogoBana, oyboBoM TpOCTM Haxoaunach paboTa, n peH
noHa4vasny noCMeMBasncs, HO NOTOM YTO-TO APYrOe CKOJb3-
Hyno B ero rnasax. Ha TpeTbio HO4Yb ABEPb CKPUMHYNa, 1
B6pareL, NPOroBOpPUI HEFPOMKO!

— OT3blIHb, Y MEHS BCEr0 ABE HOMM 1 HWU OOHOrO XBOCTA.

BnepTe BbIpOHMNA KOYEPry U pa3pbiganach.

OH pepxan ee 3a pyKy, noka oHa He ycHyna. Ctan npu-
X0OUTb Kaxapli Bevep. M 6abyLuka Hy1 pasy He 3acTurma ux.
XoTsa nopo Bnepte mepewmnnce Wwarm, Ho ABepb HUKOraa
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He OTKpbIBasnacb, M MOCTENEHHO KOoLMapbl pactadasin, CJioB-
HO YTAHYJ1I0 X B OKOLLIKO CBEXWM JTIETHM BETEPKOM.

OTn HOuWM, pyka B pyke, nann bnepte owyuieHne 6e3onac-
HOCTU 1 Tenna. MpeH ObIN C Hel NackoB, He HacMeLUHWYan,
Jaxe Havyan noMorarb — TO BOAbl MPUHECET, TO NeYyb pac-
TONUT. BbIMEN BCEX MAyKOB N3 KYXHW, UCKYCAHHbIA XO04M,
HO 0OBOJbHLIN. OHa 32 9TO ucnekna NMpPor ¢ GPYCHNKON K
OYeHb yauBunach, korga peH nonpobosan v CKPUBUACS:
«Y4T10, 3TO BbIN MO NOOUMBIIN? — U noxan nneyamm: — Hy
NPOCTU, BKYCbl MEHSAKOTCS».

Bnepte Bce 60sbLUe NpMBA3bIBaNach K HEMY, a OH nepe-
CTan KypuTb B JIOME U CTapasics He CKBEPHOCNO0BUTb. OHM
yacTo 6biBany BMmecTe. K kaptam Bnepte He npukacanach
(rpex!), n F'peH Hayumn ee nrpatb B ragenku. M oHa Bcerpa
nobexpgana, NoTOMy 4TO Morfia 6ECKOHEYHO MSaeTh B €ro
rnasa. lNMopon lNpeH Tepancsa ot ee B3rMsAa, NOPoOn cep-
auncs. A nHorga nenan HeOXUOAaHHOE Pe3KOe OBUXEHME,
Bnepte nyranacb 1 moprana, 310 6bII0 HEYECTHO, HO OHa
He obuxanach, HeT.

Kak-TO OHM OTbICKaNN CTAPUHHYIO KHUTY MO XMPOMaHTUN
1 npuHanuce ragatb. OHM cupenu Tak 6an3ko. Manbubl
lpeHa naxnu TabakoMm. [peH Tporan ee nagoHb, n bnepte
3amMupana OT 3TUX MPUKOCHOBEHWA, HE MOHUMAs, 4TO C HEN
npomcxoauT. A MOTOM, KaXeTCs, NoHsAAa. A OH, HUYEro He
3amMeyvast, Boaus najbLEeM Mo ee pyke:

— 3710 nuHKA cepaua, Tbl Byaellb cHacTIMBa B N1t0OBU.

— 9 Hukorga He Byay cyactnmea, — ropopuna bnepte
0bBpeYeHHO.

Yepaak XxpaHua OCKOJIKU MPOLWION XU3HU: OETCKUN
KneTyarbin papTyyek («MIHTEpeCHO, MO U TBOI?»), CNO-
MaHHOro 4yepTta-n3-kopobkun («MomMHULWb, KaK Tbl Bosancs
€ro?»), UCTNeBLINE BbIKPOWKN, NOOUTBIE MOJLIO LLIATbI,
kodemonky 6e3 pydyku. OgHaxabl [PeH oTbicKan Ybn-TO
cBagebHble onexabl. «X0Tb pa3 yBuxy 1ebs B 6enom, Hy
nasari xe». MbilHOE NnaTbe C 30/104EHBIMU BbILLMBKAMU
CEeno Kak BAMTOE NOBEPX AOMALUHEN CTapEeHbKOM POObI.
peH pacnnen kocy bnepte, paccbinan BONOCHI NO Mje4yam,
3ameTun wpam Ha noy:

— OTkyna ato?

— He nomHunwb? Tel ewe apasHuncs: «<bnepre-BopoBka,
rycst obokpana». Ay 1e6s TOXe €CTb LUpaMm, s TOMHIO, Tbl C
LIENKOBULLbI yNas, HarnopoCa Ha BETKY.

M oHa noTsHyNnack K ero BOPOTHUKY, HO peH nepexsartumn
ee pyKy 1 Hu4ero He ckasan. Hagen Ha Hee darty. [Noasen
K MbIILHOMY 3epKany.

BHuM3y, B kOMHaTax, He Oblno 3epkan. babylika rosopuna,
OHV MOPOXAAI0T ropApIHIO 1 camontoboBaHue. Begpa ¢ Bo-
OOW, HAYNLLLEHHAA Meab, OKOHHbIE CTEKJ1A TOXE OTpaXanu,
1 BnepTte Buaena TonCTyO KOCY, LWUMPOKO pacCTaBieHHble
rnasa, 6enecble peCHULbI 1 CYPOBO CXaTble, HENPUBbLIYHbIE
K ynblOKe rybbl. A cervac B 3epkasie C/IOBHO 1 HE OHa YJbl-
Hanacbk CHACTAMBO 1 CUANA, KaK HACTOSILLLAs HOBOOpayHas.
Bpateu BCcTan psaom, ctaTtHbliA, B3POCHbIN, B HEPHON Optoy-
HOM nape, N Ha CekyHAay OHa npeacrasuna, 6yaro aTo ee
XEeHUx, a OH Nnepebupan ee BONOChI U XMYPUIICS.

— Kak Tbl yMyapseLwbca NpsaTarb CBOK KPacoTy? — Cnpo-
cun oH. — W 3auem?

Bnepte Hecmeno ynbibHynack. A ee oTpaxXeHne CNOBHO
nnakano, Nonana TPeLLMHKa No weke. 3epkano-To pas-
6utoe, obomnena bnepte. Ckopeli oTBEpPHYNach, copeana
dnepaopaHx, Haxnobyymna dyeney,. Ho Ta, B 30/10ThIX Bbl-
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LUMBKAX, C PaCnyLLeHHbIMU TSXEbIMU BOSIOCaMu, C Tpe-
BOXHbIM B3[ISI10M, CTasia CHUTLCS eli, npeagellas deay.
U 6epa npuwna.

B 10T AeHb BCe He nagnnock. Mbiwn narpeianu tydnu Bnep-
T€, U OCTAaHOBWINCb BOPYT YaCbl, M CTapyXa ryCbIHA y4yanna,
cHecna 3apas gga anua. Yto-t1o cnyuuntcs, gymana bnepre,
N cepaue ee KOI0TUIOCh OT AYPHOrO NPeaYyBCTBUS.

3a yXXnHoM peH 06bIkHOBEHHO 6onTan o TpeHore:

— Hwv oanH canoxHnK He MOXET CLUUTb el 00yBKy. U
6poauT TBapb NO ropoay, XBataeT PedAaTULLEK, N3 NX KOXU
WwbeT cebe Hawimakn. A Koxa TOHKas!, HexHas, balimaku
ObICTPO CTANTbLIBAIOTCS, CHOBA M CHOBA MPUXOAUTCS Bbl-
XOAUTb €M Ha OXOTY...

Bnepte cnywana, obMmupasn. OnaTb OH 3a cBoe. A Beap
obellan He nyraTb, OblN yXXe TakuM nackoBbiM. CHUNCS el
naxe... A Tenepb, BUAHO, CHOBa TpeHora NpMCHUTCA...

— He Toro bl 6ouwibes, Bnepte, — ckasana Bapyr 6abyLu-
ka, n bnepte B3gporHyna. — He xoTena a3bik Mapatb 06 3Ty
rPA3HYI NCTOPUIO, Aa, BUAHO, NPUAETCS, — npogoskana
6abyLuka 6pe3rnmBo. — [aBHbIM-AABHO XMW B HALLEM rO-
poae 6pat n cectpa. OHM NOCTYNUANCL CBATLIMW 3aKOHAMM
N corpeLumnam, cMmeLanu KpoBb. OT nx 650romeps3Kkomn CBasun
poauncs TpeHornii pebeHoK C XBOCTOM, U OHU OTHECN
ero Ha 601070 1 yTonunn. Ho TBapb Bbxma. Be3nyHHbIMK
HOYaMM OHa XOAMT B ropo, 1 kpaaeTt mnageHues. OHa He-
HaBMOUT MX 32 TO, YTO Y HUX [BE HOIN.

Bnepte neperngHynace ¢ peHom. OH Bbirngaen obu-
XEHHbIM, CNIOBHO 6abyLlka nepexsartunnia y Hero aiodrmyto
3abasy.

— A ewe, — 6abyLWKMHbI O4KN 3/10BELLE CBEPKHYIN, —
TpeHora 3arnsaapiBaeT B OKHA, HACKIIAET NOPOYHbIE MbICU,
CHbI 1@ HaBaxaeHus. Bce xaeT, 4To KTO-HMOyAb OCTYNNTCS
N pOOUT el TPEHOIOE AUTATKO. ..

lNpeH HepoymeHHO noaHsan 6poBu, a bnepte He 3Hana,
KyOoa aeBatbcs OT CTbiga. babylika Bce BMOUT, BCE 3HaeET,
6a0yLuka OyATO LLEeNyLLUT FOPOX: BCKPbIia HOrTeM CepPAEYKO
Bnepte v BLITPSIXHYNA HA NaA0Hb, HO OHO BbINO yXe nopye-
HbIM, YEPBMBbIM, 1 OCTaBaJIOCh TOJIbKO BbIKUHYTh €0 MPOYb.

Babyuika gaBHo cnana. [peH Kypun Ha KpblibLe, OH Obin
HENPMBbLIYHO MOJSIHANMB, CIOBHO peLlan B yMe CJIOXHYIO
3a4a4ky 1 He MOr HanTu oteeTta. bnepte gombiBana no-
cyny. Pykn gBuranmcb NpmBbIYHO, @ B FOJIOBE TAXKUM
MosioToM Byxanu cnosa. pa3Hbie Mbicn. Boromepsknia.
Cmeluanu KpoBb.

Ona B3gporHyna, notomy 4to peH BOpyr okasancs ps-
noMm.

— Bnepre, MHe... A oonxeH ckasarb Tebe...

OH nopowen coBcemM 6n3ko. JLOTPOHYNCcS Ao npsan ee
BOJIOC OKOJI0 LLIEKM.

OHa cmoTpena Ha 6pata B yxace. Tak oH Toxe? OHu 06a?

— Her, HeT, Mmonyn, He cMel! — oTToNKHyNna ero n ybe-
xana.

Houblo OH npuwen, kak 06b4HO. HO ABepb okal3anacb
3anepra.

— Cnvwb, Bnepte?

— HeT, — oTto3Banack oHa.

Ona cTosna 3a ABepblo, HE oTXoauna.

— Bnepte, MHe HyXHO npu3HaTbes Tebe. B xopoluem un
nnoxom. C yero Havatb?

— C xopoluero, — npowuenTana oHa.



OH ynblBOHynCS:

— A mobnio Tebq, bneprte.

OHa coaBneHHo OxXHyNa, v HacTynuna gonras, Aonaras TULWmn-
Ha. Y10 oHa genana 1am, B TEMHOW KOMHATYLLKE, MOMWIACh,
nnakana wiv nexana B 6ecnamarcTee? He goxaaBLUMCL OT-
BETa, OH 3aroBOPWII CHOBA, ObICTPO, NyTaHO, B3ax/eob:

— A He 6paT Tebe, bnepte, 1 Teb9 06MaHyn. TBor 6parel,
lpeH n He gyman Bo3BpawaTbecs gomoin. OH noaroBopun
eLe OBOWX M, Kak CTasnun nbabl, coexan ¢ nepBbiM Xe KO-
pabnem. A g MPOCTO 3aexas ckasaTb, HTOO Bbl €r0 He XAanu.
Ho Tbl Tak NackoBO Ha3Bana MeHs ero UMeHeM... VI HUKTo
HE 3aMeTuN NogMeHy... ITo OblNo 3a6aBHO — OPa3HUTb
CcTapyxy, niecTn Hebbinmupl 0 focnoxe TpeHore, HO NOTOM
S1 MOHSAN, 4TO HE Xo4y NyraTb Te6s N He XO4Y CMOTPETL, Kak
Tebsa nynaT nankon... bnepte, 11 yBe3y Te65 CUI0ON U3 3TOro
nayybero rHesga, C/blnilb?

OH TOnKHYyN ABepb, OHa oTBOpMIacb. Ha ckBO3Hsike OT
OTKPbLITOro okHa gpoxana ceeya. lNoctens bnepte Gbina
3acTenieHa, U Ha NoayLUKe nexan HaTesbHbIA KPEeCT.

B opyrux obcrtoarenbcTBax [peH 6bl NOCMEANCS, 4TO
TUXOHS BnepTe Bbl1e3na B OKHO. A Tenepb 3TOT MOCTYMOK
ckaszan 0 MHOrom. M OH 3Han ToNbKO OOHO MECTO, Kyaa
Bnepte Morna nonTn HoYbtO, oaHa, 6e3 KpecTa.

[ypak, aypak! [loyemy OH He cka3an en paHbLUe, Kakoro
YyepTa urpan c Hein? Bce Bpems 3abbiBasl, 4TO OHA CHMTaEeT
ero 6paroMm... Ml kakoro 4YepTa paccycosiMBaeT ceinyac, korga
Bnepte 6poauT BNOTbMax Ha 60/1I0TE U MOXET YTOHYTb, 0,0-
Bupasch 00 CTapoi NECHNUYOBKM.

Ee kpecT OH Hagen Ha Lweto, psaoM co cBouM. U, xnonHyB
OBepbto, NOKNHY OOM.

OH nopsaoYHO 3annyTan v y>ke Ha paccBeTe Bbilles K 03epLy
C nusiBKaMu, KOTopblx Tak bosnacek Bnepte. OTbickan 6poa,
canoram NuUsIBKU He CTpaluHbl. Ha ocTpoBke Hallen o6pbiBkU
nnartbsi U KPOBb, BUAHO, Bnepte nepepsiabiBana Horm. Kouku,
OJIbLLAHMK, OCOKa, narywara rnopckalT n3-nog Hor. N pas-
BaJIlOLLIKA CO CNenbIMU OKHaMM, Kpbilla npoBanunack, ABepb
B 3emJ1i0 Bpocna. PasymeeTcs, necHnyoBka Obina nycra.

A noTom, xonoges cepauem, OH 3aMeTUS NIEHTY, NOYTU
3aCOCaHHyl0 BHYTpPb 6OIOTHOrO OKOLUKA, pasgaBieHHble
KJTIOKBUHKM, CJIOMaHHbIE BETKM, BblpBaHHbI MOX. [danblie
3emMns Oblna HETPOHYTA, HUKakMX cnepdos. M aTo o3Havano
TOJIbKO TO, 4TO BnepTte He ywina, 4To OHa ocTanach TyT...

OH cnpen Ha 3eMne, Aepxai B pyKe rpsi3HyI0 IEHTY U nnakaJ.

— OHa He yTOHyna, 'peH, — ckasas KTo-TOo.

lonoc 6bin TUXWIA, TENNbIM U BKPaO4YMBbIA, [PeH BCKOUW
1 06epHYNCcS, OXnaas BCTPETUTL XENTbIN B3rNsg, c BepTu-
KanbHbIMM 3padykamMun. Ho 3a ero CNVHOM CTOSAN BCEro NMLUb
MacTtyx, n MpeH noamBwuncs, 4To cpasdy He y3Han ero rosoc.

— Tbl ee Buaen?

— Kak Tebs ceiyac, u gaxe 6aumxe, — kKnpHyn racryx.

Pbixas cobaka y ero Hor ckanunacb, C/IOBHO CMesinach.
lpeHy BOPYr BCMOMHWUIINCb HEXOPOLUWE CYXM, YTO XOOWUN
06 aTom yenoseke. «OH lMacTyx, a He OXOTHUK», — TakK ro-
Bopuna bnepte, oa, Ho rae ero ctago? Koro, ckaxmuTe Ha
MWUJIOCTb, OH naceT?

— Bort Takux rnyneiwen, kak Bol ¢ Bnepte, n nacy, —
ckazan actyx n ycMexHyncs, nokasbiBasi MEJSIKME OCTPbIE
3yObl. — [lymaellb, Bbl NepPBbIE SBUTMCb FOCNOXY TpeHory
npoeepatb? etun, cywme getn. Jlesete, kyaa He NpocsT,
ULLETE, Yero HeT. MaTb NpUCnnT AUTS U B KONOAELL YPOHUT,
a BMHOBaTa TpeHorasi Teapb. Kak 6yaro Te, y Koro age Horu,
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310 TBOPUTb HE CMOCOOHbI.

— HeBMHOBHbIE HE CKPLIBAIOTCA Tak YMenNo, — nepebun
ero peH.

— A TbI Obl He CKpbIBancs, 6yap y Teba XBOCT? — pa3Bece-
nuncs MNMacTtyx. — Hawm ropoxaHe 1 rop6arbix 4a XPOMbIX HE
6051bHO XanyioT. A TyT TPETbsl HOra. He nHave, ot nykasoro.
LleBOK ckonbko B 60JsI0TE eABa He yTomno, 1 Bce Tyaa Xe,
K HEl, 32 KOJIZOBCTBOM, 32 CHACTbeM M N0OO0BLIO. [la ecnu
6 TpeHora TyT 1 6bINa, TO pa3se 6 cyacTbemM Toprosana?
Tonbko 6enon. bnepte ogHa 370 NoHANA. A He Hawna HKU-
KOro — B TPSICUHY cobpanacs, ene ycnern...

— Kypa nowna bnepte? MHe HyXHO ee AorHaTb 1 00b-
SICHUTD...

— OmHa 3HaerT, 'peH. Nnun nyywe 3Batb TEHS HACTOALLNM
nmeHem? — Mactyx nogMnrHyn. — MHe NpuLLIoCs ckasarb
e npaBay o Tebe, CHATb KaMeHb C ee AyLUWn.

— WM yto oHa? — Tnxo nporosopun peH. — Bo3HeHaBu-
nena meHsa?

— bnepte He ymeeT HeHaBMAETb, — noka4van rosioBOMn
Mactyx. — He ua toro Tecta. Uam v oTbilum ee v yseau no-
banble otcioga. OHa xopoluas AeBoyka, [peH, 1 nopa yxe
€1 cTaTb CHACT/INBOMN.

Mactyx rnapen Mpeny Bcnepn,. Mwb, aypadku, roe TpeHory
nckartb yaoymanu. la oHa Ha 60/10TO HY HOTFOM, CbIPOCTU He
no6but. Ee noroso B ropoae, 1 oOH byaeT o6xoauTb AOM 3a
[OMOM, BbINCKMBAas, BbIHIOXMBAS, BblBaXMBas, kak pblbak
BbIBaXXMBAET LLYKY. PaHO nnm no3gHo oHa owmnbeTcs, Bbl-
nact cebsi. M Toraa oH yobeT ragviHy, eCnv oHa Toro 3aciy-
>KMBAET, EC/IN XOTb YaCTb CMJIETEH O HEW — Npasaa.

OH pokypun, CBUCTHYN coBaky U pa3MepeHHO 3aluaran
no 6onoty, Tyaa, K 6e33aWnUTHOMY CNSWeEMY ropoakKy,
roe HUKAM B nanucagHukax 30/0Tble Wwapbl, 6necrena Ha
KamyLUuKax YTPEHHSS poca, rae B Noanose, 3a ropLovykamm
C nawiTeTom, nosiBUAach rnepeas TPELMHKA Ha TYCK/IOM
cepoBaToM sriue. CTaBHM B AoMax Obln eLle 3akpbiThl,
M penKo rae BUCS AbIMOK Hapg, TPyOon, TONbKO cTapyxa B
yepHOM cTosnay 3abopa, rmaas Ha 4opory.

«Ynyctuna Tbl CBOIO BHY4YKY, — nogyman Nactyx 4oBosib-
HO. — Hekoro 60/bLUe TUPaHUTb».

Crapyxa CNnoBHO yCblxana 3Ty MbIC/IN 1 HeA00PO 3bIPKHY-
na emy Bcnen, a notoMm nobpena k gomy. Noacnenosaras
M rpy3Has, B XeNTOBaTOro Kpyxesa 4enue,oHa Lwna Bne-
peBasnky, onMpasicb Ha TPOCTb. [ockpunbIBann 60TUHKU,
wypwana obka.

Crapyxa ynbibanacs.

MacTyx Obln yXe CANLWIKOM ganeko, YToObl chbilaTh ee
waru.

Ton-Ton-Ton, U TUWIKHA, U CHOBA TOM-TOM-TOM...
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...BBICOKO€ COJAEpXaHKe KUCI0poaa B
aTMocdepe 3K30IIaHEThl HE 03HAYAET,
YTO Ha Heli eCTh XKNU3Hb, OH MOXET OBbITh U
abuoreHHbIM («New Scientist», 2014, 2962,
17, http://arxiv.org/abs/1403.2713)...

...apKTH4eckas 030HoBas apipa 2011 roma

KOPOTKME 3AMETKW CTaj1a IPUYMHOM PeKOPIHO HIU3KOTO COLEp-

xanust NO2 B crparocdepe Hag CuOMpbIO

-

TB NT-BONHA («Onruka atMocdeps! 1 okeaHa», 2014, 27,
1,40—45)...

B mMupe Opyanna, rae npasia — 3T0 JIOXb, MUP — 3TO BOIHa, U XXEPTBbI ...HAaHOYACTHUL[bI, IOMMAHHBIE B JIOBYIIKY

BOOPYKEHHBIX CTOJIKHOBEHUI MOABJIAIOTCSA BO BPEMsI MUPHBIX IIPOTECTOB, JIa3epPHOTO CBETA, BPEMCHHO HApYLIAIOT

Yype3BblYAHO BaxkHa 00paboTKa 001IeCTBEHHOTO co3HaHUsA. OT UTOTOB BTOPOE HadaJlo TCPMOIMHAMUKH («Nature
MH(POPMALIMOHHO BOMHBI B 3HAYMTEILHOMN CTETIEHM 3aBUCHUT, KaK O0LLIE- Nanotechnology», 2014, doi:10.1038/
CTBO MHTEPIPETUPYET IIPOMCXOIAIIIE COOBITHS, 2 HAYMT, U yCIIEX, ¥ CaMy nnano.2014.40)...

BO3MOXHOCTB KAKUX-JINO0 PELINTETbHBIX ISACTBUIA B pealbHOCTH. A JUTS

...PHK-kogupymommuii reH, akTUBHBII
00paboTKM 00IIECTBEHHOTO CO3HAHMS B MH(POPMALIMOHHYIO 3py UMEeTCSI

B INTIOPUIIOTCHTHBIX KJIETKax 4€JI0BCKaA,

LIMPOKUI HAOOP MHCTPYMEHTOB, OT OaHAJIbHBIX KOMMEHTAPUEB MO/ HO- pacrionoxen B yuactke JHK, yHacneno-
BOCTSIMM JIEHTbI UH(OPMALIMOHHBIX ar€HTCTB 10 MOTYy4ero TBUTTEpa ¢ ero BaHHOM oT Bupyca («Nature Structural and
COTHSIMM MWIJIMOHOB ITOJIb30BaTeIeH M MUIIMapaaMu coobmenuii. Ha Molecular Biology», 2014, doi: 10.1038/
3TUX UHOOPMAIIMOHHBIX MOJISIX PA3ropaloTCs CBALICHHBIE BOMHBI 1 BEIYT- nsmb.2799)...

Cs1 10 TIOJIHOTO UCKOPEHEeHUs MPOTUBHUKA. OKa3biBaeTcs, 0eBble aeii-

CTBUS B TBUT-BOMHE MOJTHUEHOCHBI, U, €AMHOXIBI YITYCTUB MHULIMATHBY, -.-4TOOBI ObeCTIeunTh B3aUMOJIEHCTBIE

YyeJoBeKa ¢ 00beKTaMU BUPTYATbHOM
peanbHOCTU, HEOOXOIUMO OIEHUTH
WHIVBUIYaTbHBIE TTApaMeTPhl (DUTYPHI
oreparopa, IS 9ero OH JOJKEH TIPU-
HSATb XOPOIIO «UUTAEMYIO» 1 HE BOCTIPO-
U3BOAMMYIO CIIYJYaifHO TTO3Y, HATIpUMED

BOCCTaHOBUTB KOHTPOJTb HAIl STUM IIPOCTPAHCTBOM UPE3BBIYAHO TPYIHO.
D10 crrenyeT U3 paboThI TpodeccopoB [1eKMHCKOTO TPAHCIIOPTHOTO YHU-
BepcuteTa ®3it CroH u FOH JIto («Chaos: An Interdisciplinary Journal of
Nonlinear Science», 11 mapta 2014 roxa; doi: 10.1063/1.4866011). Oxu
W3yJaJiv TBUT-OUTBY MEXITY CTODOHHHKAMU JIBYX BETBEi CMapT(HOHOB —

iPhone-4 u Blackberry, paspasusiiyiocs B nepsoii nonosune 2011 roaa. TOTHATH Bepx 06 pyKH («HayqHO-Tex-
11 3TOr0 NMpOaHAIM3UPOBAIA OTPOMHBIE MacCUBbI COOOIIeHU TBUT- HUYecKuit BecTHUK TTOBOMKbs», 2014,
Tepa (HalmoMHUM, UX MakCUMasbHas 1juHa 140 3HaKOB, YTO KCKJIIOYAET 1,159—162)...

COJIEPKATENbHYIO TUCKYCCUIO, a IMIIb AT BO3MOXHOCTb BBICKa3bIBaTh

coOCTBEHHOE MHEHIWE WJIM MMOBTOPUTH 4yxoe). Kak okazanoch, obie- ...IPY HAOMIONEHNH PABHOYIATCHHbIX
CTBEHHOE MHEHME ITOHAYaTy BeCbMa TMHAMUYIHO, HO BCKOPE ITOCJIE pa3- KPAacCHBIX M CUHMX OOBEKTOB JIIOJM MOTYT

BA3BIBAHNU OUTBBI GBICTPO MEPEXOIUT U3 XAOTHYECKOTO B YIOPSAIOUEHHOE BOCIDUHMMATH WX KK Pa3HOYIATICHHbIC;
COCTOSIHUE C OJHOI1 JOMUHUpYIOLLeil no3ulueil. B mpolecce nepexona KOTOPbIi GyneT KasaTbest Aajblie 1 Ha-
GOJIBIIIOE 3HAYCHHE MOXET UMETh ONHA-eIMHCTBEHHAS PEILUTHKA, TaK CKO”"KO’3aB“C“T°TMH°r“Xd)aéTOp°B’ Kak
cKa3aTh, QIYKTyalus, OTHAKO MOCje ITepexofa MHEHNE OTAENbHOTO SEE%:& T;glﬁB;gT?egi“ﬁg« CHCOPHbIC
YyeJIoBeKa yKe HUKOI'O He BOJTHYET: BCE YIaCTHUKM CIEIaIA CBOM BBIOOD. ’ T

Jlpyrast xapakTepHast YepTa — YJaCTHUKH JUCITYTa KeAloT He YCTAHOBHUTh ...C TIOMOIIIBIO TEHEPATOPa Xa0ca Ha OCHOBE
UCTUHY, a ITepeyOeInTh ONOHeHTa. Bripoyem, 1Mo 3aBepIeHUN OUTBHI, arrpakropa JIopeHIa MOXHO 3a1udpoBath
KOTIa o0IIecTBEHHOE MHEHME C(OPMUPOBAHO, BOSHUKAET HEYTO BPOIE HE TOJILKO TEKCT, HO ¥ U300paXeHHE, TIpe-

MTOJITIOJIbSI: 0053aTEIbHO OCTAHETCSI TPYIINa, KOTOpast 3TO MHEHUE He TIPH - BpaTUB €ro B OMHOPOIHLIA (oH («Hemn-
eMJIeT MU HacTauBaeT Ha cBoeM. Ho M3MeHUTh CUTYalnIO B CBOIO TIOJIb3Y HEeUHbII Mup», 2014, 12, 1, 54—358)...
MTOJIITOJIBITUKY YK€ HE MOTYT.
HccnenoBarenn HafeOTCsI, YTO UX paboTa MOMOXET IPAaBUIILHO CTPOUTD
CTPATErnio peKJIaMHBIX KOMITAHUI C UCMOJb30BAHMEM COBPEMEHHBIX
. JOJIKUTENTHLHOCTh HETPYAOCIIOCOOHOCTH 110
TEXHOJIOTUI, HE OCTaHABJIMBASICh HA UCIOJb3yEMOM HBIHE ITaCCUBHOM . :
6 oone3nu («British Medical Journal», 2014,
aHaJIM3€ TOrO OOILIECTBEHHOTO MHEHUS, YTO BHIPAKEHO TBUTAMMU. 348, doi: 10.1136/bmj.g2471)...

.. KCHIIWHBI >KWBYT JOJIbILIEC MY>KUMH, 3aTO Y
MPEKPACHOTO I10J1a BbIIIE CyMMapHasi Ipo-

C.AHodenec
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...Ha KOTHUTUBHYIO IEeSITebHOCTh KPBIC
MOYTH HE TMOBIMSUIN YCJIOBUS, MOIETUPY-
I0ILIMe KOCMUYECKUIA 1ToJ1eT, — 30-1HeBHOE
MOJBELIMBAHKE 32 XBOCT, KOTOPOE MMM-
TUPOBAJIO TUTIONMHAMMUIO B HEBECOMOCTH,
U ceaHChl TaMMa-u3nyyeHus («M3Bectust
PAH. Cepus 6uonoruyeckas», 2014, 2,
168—175)...

...HEKOTOpbIe BUIBl MOPCKUX CIU3HEH
comepkaT B CBOMX KJIETKAX XJIOPOTLIACTHI
CheIeHHBIX MU BOIOPOCIIEIT; 3TH CIN3HI
CIIOCOOHBI OJITOE BPEMsI XUTh 6e3 MUTIH,
HO, BOTIPEKH MePBOHAYATTEHBIM TUTIOTE3aM,
HE WCITOJIB3YIOT ISl 3TOTO (POTOCUHTE3
(«Proceedings of the Royal Society B»,

KOPOTKME 3AMETKHA
2014, 281, 1774, 20132493, doi: 10.1098/

rspb.2013.2493)... CoH Ha 3aka3

...B0o0Opasiie BeuHoii Mep30Thl U3 Cubupu
HalileH HeOObIUHBI TMTAHTCKUI BUPYC
Bo3pacToM 30 Thicsiy JieT («Proceedings of
the National Academy of Sciences USA»,

He ucxitodyeHo, 4To MHOTOKpaTHO BOCHETHIN (paHTacTaMu, HO OT
9TOTO He MEHee 3araJlouHbIii epCOHaX — TOPTOBell CHAMU — BCKOPE
BOIUIOTUTCSI B PeaIbHOCTD: CJIaaKue Ipe3bl 3apaHee OrOBOPEHHOTO

2014, 111, 11, 4274—4279, doi: 10,1073 COIEPXAHUS MOXHO OyIeT 3AKa3BIBATH Y CTICIHATHCTOB. Bo BesikoM
pnas. 1320670111)... cilydae, JOBOJILHO MPOCTOM CIIOCOO YIpaBIeHUsI COAEPXKAHUEM

CHA — C MTOMOIIBIO TUXKX 3BYKOB — UCIIBLITHIBAJ B TEYEHUE ABYX JIET
...13 KYJIbTYPBI HEMOJIOBBIX KJIETOK TMOJTY- aHrnuyaHuH Puyapn Baiicman u3 XepTdhopAIIMpcKoOro YyHUBepCH-
YeHbI 3aPOBIILIY PEIKUX PACTEHUIT Keapa teta (areHTCTBO «AlphaGalileo», 24 maprta 2014 roma). C moMolpio
CHOMPCKOTO C OIHONETHUM LIUKIOM pa3- 3HAKOMBIX IIPOrPAMMUCTOB OH co31ai npuioxenne Dream:ON s
BuTus (Jlecosenenme», 2014, 1, 51—56)... iPhone. DTO MPUIOXEHKE CIEINT 3a CIISLIMM YETOBEKOM 1 BPEMSI OT

BpeMeHU BKJIIOYAET TUXUE 3BYKHU, KOTOPbIE JOKHBI BHI3BATh KaKue-
TO aCCOLIMALINK. A TTOCJIe ceaHca MPOCMOTPa HaBeIEHHOTO CHA MpH-
JIOXXKeHUE BKITIOYAIO OYIMIIbHUK U ITPOCUITO YYACTHUKA SKCIIEpUMEHTA
pacckazaTh O TOJIBKO YTO BUAEHHOM, TTOKa OHO HE UCUE3JI0 U3 TaMSITH.

...00pabOTKa KOPHE MILIEHULIbI CYCTIEH3U-
eit makrobakTepuii, mpousBoasiux NO,
JieiaeT pacTeHust 0osiee yCTOMUMBBIMU K
3acyxe («[IpukiamaHas GMOXUMUS U MUKPO-

Guonorus», 2014, 50, 2, 189—192)... 3aBarona TIPUIOKCHUEC CKa4yaJ10 ITOJIMHUIJIMOHA YEJIOBEK, U B pacCIlo-

psixeHUM BaiicMaHa oKa3anich JaHHBIE O MAJLTHOHAX CHOBUIEHWIA.
...BAXHYIO POJIb B PACIIPOCTPAHEHUH DTa OrpoMHasi CTaTUCTHKA MO3BOJIMIA YCTAHOBHUTH, YTO METOJ
KOPOHABUPYCa, BHI3BIBAIOIIETO OIIMXHE- JECTBUTEILHO paboTaeT. Ecin uetoBeK 3aKa3bIBaJl ILISIK, TO EMY BO
BOCTOUHBIII PECIIPATOPHBIIT CHHIPOM, CHE 1 TIOKa3bIBaIY TPUHSTHE COTHEYHON BaHHBI, a €CJIY JaHAIadT
urpaiot BepOiozsl («Sciencer, 2014, 343, — OpraHU30BBIBANACH NIPOTYIKA CPeIy IepeBbeB U 1BeTOB. OIHO-
6178, 1422—1425)... BPEMEHHO ObLT 3aMKCUPOBAH U 3 EKT MOTHOIYHUS — B 3TH JHU

COH y YYaCTHUKOB 3KCIIEpUMEHTa OKa3bIBaJICS XyXe, a CHOBUACHUS
OBLIM CTPAaHHBIMM U IIyTaHBIMU. KpoMme Toro, ObLIO BBHISIBIEHO,
YTO HEKOTODbIE 3BYKOBBIE PSIIbI MPUBOIAT K Hanboee MPUSITHBIM
cHaM. Buaumo, ¢ uyyeHureM HaiiieHHOro 3¢ ¢ekTa 1 OyIeT CBsI3aHa

...y 3[I0POBBIX MOJIOABIX MYXUMH, MIPO-
xuBatouux B 3anagHoit Cubupu, ecTh
«UMHSISI» U «JIETHSISI» (DU3MOoIornuecKue
MIPOTpaMMBI PeTYJIsIuY IbixaHus («Duzn-

2

2

oJlorus uesoBekar, 2014, 40, 1, 106—112)... JajpHelias paboTa apropa uccienoBaHusl. «[locse xopoliero cHa y %
YeJIOBeKa U HACTPOEHUE XOPOILIEe, YTO MOJOXKUTENbHO CKA3bIBAETCS <

...MaTeMaTH4YeCKOe MOAEIMPOBAHUE T10- Ha ero paborocrnoco6HocTH. DaKTUYECKH, MBI HALIUTK CITOCO6 0be- 2
Ka3aJio, 4T0 CKOPOCTh IJIaBaHKsA OpaccoM CIIEYMBATD JIIOSIM CIAAKUI COH, U 3TO MOXET CTaThb OCHOBOM HOBOM g
BO3pACTacT NpU yMCHBIICHUN BPCMCHU Tepanuu, B YaCTHOCTH HAIIPABICHHOM Ha JIeYeHUe AYLIEBHBIX pac-
BBINTPAMIICHAA KOHETHOCTEN 110 CPaBHE- CTPOMCTB MJIU AEMPECCUBHOTO COCTOSIHUST», — FOBOPUT OH. 2
HHUIO C BpeMeHeM UX criubaHust «Jlokmaasl o
AKazeMui Hayk», 2014, 454, 6, 661—664).. z
A.MortbLisieB =

=

2
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H.O.KAJIUTUHY, Caukr-Iletepoypr: Xummomo-
Aoeus — obaacmyv 3HAHULL 0 ceolicmeax, Kavecmee u
DAUUOHANBHOM UCNOAb30BAHUL 20PIOMUX U CMA30YHbIX
Mamepuanos 6 mexHuke; mepmuH, 66e0eHHbLI 8 Co-
BEeMCKoe 8peMs, Ce200Hs He CAUUKOM PACNPOCIMPAHEH,
00HAKO He 8bluien U3 ynompeoaeHus.

AJLJIMHHUKY, snexrponnas nouta: Yeprusa 045
DPUCOBAHUS NPOBOOSUUX D0POJICEK HA NeYamHuoll niame
MOXCHO cOenamb mak: pacmeopume 12 ayemama cepebpa
6 2,5 ma 30%-Hoeo eudpokcuda ammonus, npuieiime
no Kanaam, nepemewiugas, 0,2 mMa MypasvuHol Kucio-
mol, 3akpoiime cocyd u ocmagbme Ha 12 uacoe, 3amem
OCMOPOACHO caelime U nPoguabmpyiime pacmeop; 4moosi
HApucosanHbvle 00PONCKU CMAAU CepeBpsaHbIMU, Hagpelime
naamy npumepro do 90 °C.

M.C.O3EPOBY, Mocksa: Macao u3 ceman maxa, K
CHACMbIO, He UMeem HAPKOMUUECcK020 Oelicmeus; no-
MUMO ynompefneHus 6 nuuy u mpaouyuoHHbIX npume-
HeHUil 6 KOCMemoao2UY U JCUBONUCU, MAKOBOE MACAO C
000a8K0I U00a UCHONL3YIOM KAK PEHM2EHOKOHMPACMHOe
seugecmeo u cpedy 043 00CMAasKu NPOMUBOONYXO0AEEbIX
npenapamos.

0O.B.KOBAJIEHKO, Camapa: Ilpocmoit, Ho ¢hyrkuyu-
OHAABHO NOAHBLI PUCOBANBUUK OPMYA OP2AHUHECKUX
COeQUHEHUII ¢ B03MOICHOCMBIO COXPAHEHUS KADMUHKU 8
eauieM KomMnblomepe ecmo, Hanpumep, no aopecy hitp.//
www.xumuk.ru/rhf/; 6000uje, maxKux npoepamm MHo20, 8
mom uucne 6ecnaamHbix, MaK 4mo He CHOUm My4Uumscs,
cocmaensis opmyasl u3 naio4ex @ pedaxkmope Paint.

JI.C.YCHY, Mocksa: H3deaus c onaiom mbimsv 80001
He MOAbKO MONCHO, HO U HYIICHO, MO YOepe2aem KameHb
Om MpeuwjiH.

T.II.UBAHOBOW, Bonokonamck: Kumaiickas peds-
Ka, oHa Jce 100a uau mapeeaanckas pedvka, — epynna
copmoe pedoku nocesnoti Raphanus sativus; 6vi6aem u
benoil, u po3060il, U KPACHO.

BCEM UYUTATEJIAM: Ipunocum uzsunenus 3a
owubky 6 Ne 2 na c. 35: noonuce noo ghopmynoii cnpasa
KOHeuHO Jice 00adcHa Obimb « Memuamepkanman».

ABTOPAM: [locbinas gpaiinbt Ha adpec pedakyuu, no-
Jeanyiicma, He npuKpenasiime ux K nycmomy nucomy —
Hanuwiume xoms OvL 6Kpamue, 4mo bl Xomume npeono-
JICUMb HAM U NO4eMY MO UHMEPECHO; (panmacmuueckue
DAccKa3bl 8 pe0aKyiiio NPUCbLIAmMb He Hado, Mbl Hcdem Ux
Ha KoHKypce (cm. pazden «IIpoexmors Ha www.hij.ru).
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ATOMbI, M@Y€EeHHbIe
Odbepaem XeBewu

npucyxaeHnem Hobenesckon npemmn no xmmum 3a 1943 rop, «3a

paboTbl MO MCMONL30BAHMIO M30TOMOB B KAYECTBE NHANKATOPOB Mpu

N3y4YEeHUN XMMUYECKNX NPoLEeccoB» Oblna ceA3aHa npobnema: Kakyto
CTpaHy npencrtasngaet naypear? Abepab XeBewwmn poansncs 1 asrycta 1885 roga
B bymanewTe (Torga — ABCTpO-BeHrpus) B cemMbe ynpasnsioLwero ropHoao-
ObiBaloLLelt komnaHuelt Jlanowa (Jlyuca) Busnua n EBreHnn, B gesnyectse
6apoHecchl LLoccbeprep. M otew, n matb NPONCXOOUIN U3 COCTOATESIbHbIX
cemeli. B 1895 rogy nmnepatop ®paHu Mocnd noxanosan npuasopHOMY
COBETHUKY Jlyncy Brnaunuy ABOPSIHCKUIA TUTYN, Nocne 4yero hbamunms YneHoB
cembu ctana Xesewu-busny, a 3arem ynpoctunace 0o Xeseww. byayuwnin
naypear B CBOUX NyGnnkaumsx no-HemeLKku Bcerga nucan von Hevesy. OgHako
€ro HMKoraa He Ha3blBaJI HEMEeLKMM XMMUKOM. Tak KTO e OH?

OTeL, XeBeLun NPONCXOANI N3 BEHIePCKNX EBPEEB, MPUHSIBLLMX KaTonye-
cTBO. CbIHa OH OTAAN B TMMHA3MIO KAaTONIMYECKOro MOHALLECKOrO OPAEHA, YSIEHbI
KOTOPOro npuHumMann obet 6e3so3me3aHoro oby4eHns oHowecTsa. MNocne
OKOHYaHuS rMMHasnn — byganewTckuii yHMBepcuTeT, Yepes rog — bepnnH-
CKUI TEXHMYECKNIA YHUBEPCUTET, KOTOPINV €ro TOXe He ycTpoun. Cnenyowmm
6611 @panbyprckuin yHueepcuteT B Bpalicray, roe B 1908 rony oH nonyyun
OOKTOPCKYIO cTeneHb. Heckonbko net Xeeewn pabotan B Liiopuxe B Pepne-
pasibHOM TEXHONOMMYEeCKOM UHCTUTYTe. 3aTeM aBa roga Obll aCCUCTEHTOM
B NHCTUTYyTE dDUrsnyeckon xummmn TexHn4eckoro yHmeepcuteTa LLsenuapun,
3atemM paboTtan B lepmaHmmny dpuua Mabdepa. B 1910 rogy nepeexan B AHmMMIO,
paboTan B nabopatopum IpHecTa Pesepdopaa, Tam noapyxuscs ¢ Hunbcom
Bopom. B MaH4yecTepe XeBeLun NOBTOPWI TPIOK, NMPOAENaHHbIn 3a 20 neT oo
aToro Pob6epTtom Byoom, — OH 3anoao3pui, 4TO B CTOJIOBOM OOLLEXUTUS AN
NPUroToBNEHNS HEKOTOPbIX 6104, Ucnonb3yoTcs 06beakn. Ho ecnu Byg, ana
NPOBEPKM NCMOb30Bas COMM INTUS U CMEKTPOCKOM, TO XEBELLW MPUMEHWUS cha-
60paanoaKkTMBHbIN Npenapar 1 9NeKTPOCKOMN 1 B O4HOM U3 651104, 0OHaPYXWJ
pagnoakTUBHOCTb. ATO ObLI0 NEePBOE B UCTOPUM NPAKTUYECKOe NPUMEHEHWE
MeTO4a MEYEHbIX aTOMOB.

MmeHHo Pesepdopa npeanoxun Xeesewmn 3agady, KOTtopas XOTb U Oka3a-
Nlacb HEBbLINOMHUMOM, HO NpuBena k Hobeneeckol npemun! B nabopatopun
Pezepdopaa nposoannmcbe MacliTabHble UCCNEea0BaHUA PaanN0aKTUBHbBIX
BellecTB. Toraa elle He 6b1J10 HETKOro NpeacTaBneHns 06 n3oTonax, No3ToMy
ncnonb3oBanv Takme o6o3HadveHus, kak RaB (?“Pb), RaD (2°Pb) n Tak ganee.
PacckasbiBaeT XeBeLuu: «MICTOYHVIK paams HAXOOUICS B YEXOCOBALLKOM rOpo-
ne Noaxnmcrane (HblHe 9x1moB B Yexun. — U.J1.): iUMeHHO 13 [obbiBaeMoi
Tam ypaHoBOW CMONSIHOW pyabl npodeccop magam Kiopu Bbigenuna a1ot
anemeHT. ABCTPUINCKOE NpaBuUTENbCTBO, Bragesllee pygHUkamm, niobesHo
npenocTtasuno npodeccopy Pesepdopay kak cam paguin, Tak U 0TX0A4pbl ero
nponseoacTea. OauH u3 HUx — paguii D ¢ nepuogom nonypacnaga 20 ner;
ObISI0 NOKa3aHo, YTO 3TO BELEeCTBO CBA3aHO C HOMbLIMMKN KONNMYEeCcTBaMU
CBMHLA. ABCTPUINCKOE NPaBUTENBCTBO nogapuno npodeccopy Pesepdopay
HECKOJIbKO COTEH KMI0rPaMMOB 3TOrO «pagnocBuHLa». OgHako n3-3aToro, 4to
paanoakTUBHbIV CBUHELL HAXOOWCS B OKPY>XEHUN 04eHb 6OMNbLLINX KOJTMYECTB
06bIYHOMO CBMHLA, KOTOPbIN NornowaeT nanydeHve pagus D, ncnonb3oears 310
BECbMa LIEHHOE Paan0akTMBHOE BELLECTBO 0Ka3an0Chb MOYTU HEBO3MOXHbIM.
OpHaxapl, B 1911 rony, Pe3sepdopa ckasan MHe B CBOe 006poxXenaTenbHOM 1
HedopManbHO MaHepe: «Mol Manbynk, eCim Tbl CTOULLL CBOENO XaloBaHbS,
TO NOCTapaeLlbCca OTAeNnTb paguii D oT Bcen aTo Macchl CBMHUA». HecmMoTtps
Ha TO, YTO 1 NPEeANPUHSAN MHOrOYMUCIEHHbIE CNOCOOLI oTaeneHus pagus D ot
CBUHUA 1 npopaboTan Haa 3Toi NpobIeMo NoYTY ABa roaa, y MeHs HAYero
He nosy4mnochk. IToT paaui D He xenan otaenaTtbeal»

OpHako aTa cuTyaums npueena XeBelwmn K OTKPbITUIO «MeToAa MeYeHbIX
aTOMOB», KOTOPbIN MPUMEHSIETCS BO MHOMMX 061aCTSAX HAYKU, TEXHUKU U Meau-
LMHBI (CM., HAaNpUMep, CTaTblo «TexHeumin: 4To HoBoro» B N2 12 3a 2008 rop,).
Kak nokasan Xeewn, RaD HEBO3MOXHO OTAENUTb OT CBUHLA, HO €r0 MOXHO
NnoJsly4YnTb B YUCTOM BUAE U3 CONM PaaVst UM N3 ero 3MaHaumm, To eCTb pajoHa.
B 10 Bpemsi camble 6osbLuMe B MMpe 3anackl pagus obiiv B IHCTUTYT paams
B BeHe. XeBewm B koHUe 1912 roga nepeexan B BeHy 1 coBmecTHO ¢ Ppe-
nepvikom MNaHeToM Havyan nccnefoBaHus No PaanoakTMBHBIM MHOVKATOPAM.




B BeHe XeBeLun nonyyun npaso YnTaTb NeKUMU 1 CTan npeno-
nasatenem B bynanewtckom yHuBepcuteTe. B 1915 roay oH 6bin
npr3BaH B aBCTPO-BEHIMEPCKYIO0 apMuio, NOCSIE OKOHYaHUSA BOMHbI
NPOAOMKUN NpenoaaBaHne, Ho BypHble cobblTus B cTpaHe (B 1919
rogy B bynanewwte nponsowuna peeosnouums, 6b110 06pa3oBaHo Co-
BETCKOE MpaBuUTENbCTBO) NOBYAMnM ero nepeexatb B KoneHrareH.
Tam oH Hauvan paboTatb B HCTUTYTE TeopeTnyeckom Gpusnkm y
Hwunbca Bopa n BmecTe ¢ HuaepnaHackum dusunkom Aupkom Ko-
cTepoM OTKpbU1 radpHMin. CnycTa WecTb JieT XeBelln BEPHYJICS BO
Ppainbypr B kavecTse npodeccopa GrU3nYeckon XMMmm, HECKONbKO
NeT oH npenogasan Takxke B KopHennbckom yHnBepcuteTe B CLUA.

[Mocne npuxoaa HaUMCTOB K BNacTu XeBewu cpasy Xe nogan B
OTCTaBKy, HO No Npocbbe PyKOBOACTBA YHMBEPCUTETA Corlacuics
OCTaTbCH eLe Ha rof, Noka ero CTyAeHTbl-apuiLbl HEe JoaenanT
anccepTaumn. Nocne aToro oH BepHyrics B KoneHnrareH k bopy. C
3TUM NEepPUOLOM CBA3aHa N3BeCTHasa AeTekTnBHas nctopus. dGu-
3ukn Makc doH Jlaya n Ixerimc dpaHk nepeaany CBOM 30/10Thble
Mefanu Ha xpaHeHve Hunbcy Bopy, onacasicb, 4TO HaUUCTbI UX
KOHdUckyoT. OaHaKko HeMLbl OkkynpoBanu KoneHrareH, n XeseLum
pewnn cnpsaTatb Ux Heobbl4HbIM 06pa3oMm. «B To Bpems, koraa Bo-
icka 3aBoeBarefnen wnm no ynuuam KoneHrareHa, — BCoMuHan
XeBewwu, — a ObIN 3aHAT, pacTBOpsas Meganu». PacteBop 3os0T1a B
LLapcko Boake 61aromnoslydHo NPOCTOsiT HECKOJIbKO NeT Ha Mosike,
nocne BOWMHbI XeBeLUM He COCTaBWIIO TPyAa BHOBb BbIAENUTbL 3TO
30J10TO, KOTOPOE OH Nepean B LLiIseuuio oisi NOBTOPHOro U3roToBie-
Hus meganein. A meganb camoro bopa, kak n megane ABrycta Kpora,
6bina nepegaHa B mapte 1940 roga B ®oHg noMmoLum @uHasHamm,
noaBepriiencs arpeccumn co ctopoHbl CCCP. O6e mepanu kynun

HEW3BECTHbIN, KOTOPbIM NOTOM nogapun nx Myseto HauMoHanbHOM
nctopum B Gpenepukcbopre, Tam OHU XPAHATCH U MO Ce AeHb.

C 1943 ropa Xesewwm xwun B CTokronbme, pabotan B UHCTUTYTE
opraHmyeckon xumuun. B 1949 rogy oH nony4un OoMXHOCTb Npo-
deccopa B [eHTCKOM yHMBepcuTeTe B benbrim, HO 1 Nocne OTCTaBkn
0CTaBaJICs aKTUBHbIM HAaY4YHbIM COTPYAHNUKOM CTOKrONIbMCKOMO YHU-
BepcuTeTa. [NocnegHue Mecsubl XU3HN TsaxXe000nbHOM XeBeln
npoBes B yHUBepcuteTckon bonbHuue Mpaiidbypra, rae ckoH4ancs
B 1966 roay. Takum obpasom, XeBelun Xui, ydnnacsa n pabotan B
BeHrpuu, Asctpun, LLesenuapumn, Avrnum, CLUA, JaHun, LLseunn,
Benbrun... Kakoli xe cTpaHe NpuHaanexuT 4ecTb cumMTaTb Hobenes-
CKOro naypeata cBoMM? Ha aHrnosi3bl4HbIX caiiTax ero HasblBaloT
BEHrepCcKo-LLIBeACKMM XMMNKOM, a Ha calite HobeneBckoro kKoMmu-
TeTa — BEHIePCKUM.

[MopaxaeT aaxe NPoOCTOE NepeyncneHme BoONpoCoB, B PELLEHNN
KOTOPbIX XEBELUW MPUHSAN aKTUBHOE YHacTue, UCMONb3Yst OTKPbITbIN
MM METOoA, MedeHbIX aTOMOB. TeMbl ero paboT, 0O KOTOpbIX XeBeLuun
pacckasan B HoO6eneBckon nekunmn «HekoTopble NpUMeHeHUs1 N30-
TOMHbIX UHANKATOPOB», — caMoanddy3uns B XNOKOCTSAX U TBEPObIX
Tenax, Teopust ANeKTPOIMTUYECKON AMCCOoLUMaLmnmn, aHannTnyeckas
XUMUS, PagMoaKkTUBHbIE NHOMKATOPLI B BMO0MMKU U MeguunHe,
MCKYCCTBEHHbIE PAANOHYKINABI, PaaoakTUBHbIN Gocdop, Npo-
HMLLAEMOCTb MeMOBPaHbl 3pUTPOLMTOB, NyTK pocdopa B OpraHn3-
me... Hepapom aTta nekuyst — ogHa n3 cambix COAEPXaTeNbHbIX U
60/bLUVX, ee TEKCT 3aHMMaeT 33 CTpaHuLbI.

N.A.JleeHCOH
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