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J0POTME IPY3bAl!

Bl iepxuTe B pyKax Halll CTapblil ZOOPBIiT )KypHA «3a HayKy», KOTOPBIN
Terepb Oy/ieT BBIITYCKAaTbCsA B HOBOM ¢opMare. V3gaHue n3MeHnI0ch

He TOJIbKO BHEIIHE, HO U IIPEX/Jie BCEro BHyTpeHHe. B3sAB Bce nmydinee, 4To
6b1710 B «3H» 10 cUX 1IOp, MBI pelm cienaTb ero 6ojnee nHGoOpMarm-
OHHO HACBIIIIEHHBIM VI Pa3HOOOpa3HbIM, 2 OCHOBHOE BHYMaHIe OOPaTUTh
Ha CerofgHANHIo0 X13Hb MOTV — ero Hay4uHble JOCTVIKEHNA, HOBALUU
B 00pasoBaHuy, npoekTsl. KoHeuHO, He OyeM n36eraTb ¥ OCTPBIX BOIIPO-
COB, IPO06JIeM, C KOTOPBIMY CTAJIKMBAETCs BbICIIee oOpasoBanue B Poccun
Boobie 1 ®ustex B yacTHOCTU. Haa rimaBHas sajgaya — II0Ka3aTh, KK
pa3sBUBaeTCs BY3 B COBPEMEHHBIX YCIIOBMAX, B TOM YMC/I€ B MUPOBOM KOH-
TEKCTE, ¥ HACKOJIPKO YCIEITHO OH OTBEYAET Ha BbI3OBBI BPEMEHN.

B sTOM HOMEpE MBI pacCKa)keM BaM O CUCTEME OXJIXKIECHNUA IS KOM-
IBIOTEPOB OYAYIIEro 1 HOBOJ METOAVKE JUATHOCTYKY PaKa, B CO3aHUN
KOTOPBIX IprHNMam ydacTue yuenole MOTI. [Tokaskem, kak paboTaer
nabopaTopusa MaTeMaTIYeCKOIO MOZIe/IPOBAHNA HE/IMHEITHBIX ITPOLIeCCOB
B ra30BBIX cpefax u 6asosas kadenpa Pusrexa B DVIAH nm. I1. H Jlebe-
nesa. [ToxBeeM HayuHBIe MTOIY IPOLUIOTO FOfa M IOIPOOyeM 3ar/IAHYTh
B Oyayiee. [lamyiM cI0BO BBIJAIOIIMIMCS BBITYCKHIKAM YHUBEPCUTETA
M T€M, KTO TOJIPKO HaYMHAET CBOJI ITyTh B HayKe. A Halll I7TaBHbII MaTepu-
aJI OCBATUM Hacneuio Benmkoro Hukomaa CeMeHOBa, KOTOPOMY B 3TOM
rofy McHomHmnoch 6 120 net. M aTo faneko He Bce. Bac xpeT eme MHOTO
MHTEPeCHOI, TO3HABATEe/IbHOIL U TT0/Ie3HON MHpOopMaIun.

[TpuaTHOTO UTeHMA!

Pedaxuus scyprana «3a nayxy»
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SAHAYKY 2 HOBOCTUHAYKK

[Llesamas nnanema
(uzobpaxcenue Caltech)

CBATO MECTO

OfaHow 13 cambix 06CYMKOAEMbIX TEM OCTAETCA
OTKPbITWE HOBOW NnaHeTkl ConHeyHoM cucte-

Mbl, KOTOPaA, N0 NPeABAPUTENbHBIM OLIEHKaM,
npeBbillaeT Maccy 3emnm B 10 pa3 u HaxoamTcA
B 20-40 pa3 ganblue oT Hee, 4eM HenTyH. Moka
06HapyHWTb HebecHoe Teo yaanoch TobKo

C MOMOLL|bI0 KOMTBIOTEPHOMO MOAENMPOBaHHA.
YBIOETb €ro B TENECKON MOXHO OyAET He paHblue
4eM Yepes NATb NeT. [0 Ha 3TOM NnaHeTe AnUTCA
okono 20 000 3emHbIx neT. Mo3toMy npuaeTca
MofoMaaTh, MOKa OHa MOACMAET NObAMMKE K HaMm
1 k ConHuy. [lesATan niaHeTa (Opyroro Ha3BaHwA
Y Hee MoKa HeT), B Cly4ae eciu runoTesa o ee

© AP Photo/Andrew Harnik
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0QHOWM M3 CaMblX FPOMKMX Hay4-
HbIX HOBOCTEW NOCMeAHEro Bpe-

MEHM CTasno 3aABneHe y4eHbIX 13
Hay4How Konnabopaumm LIGO 06
OTKPBITUM MPaBUTALIMOHHBIX BOJH,
CYLLIECTBOBAHWME KOTOPbIX ObINO
npe/cKa3aHo AHLLTENHOM ellle
100 net Ha3ag. WccnepnoBatensam
YAanoch 3aperncTpupoBaTh rpa-
BUTALIMOHHO-BOSTHOBOW BCMJIECK,
MOPOMAEHHBINA CIIMAHNEM OBYX
YepHbIX Ablp ¢ Maccamm 29

1 36 CONHEYHbIX Macc B Aanexom
ranaKkTUKe Ha pacCToOAHMM NpU-
MepHo 1,3 MnpA CBETOBBLIX JIET.
Mo cnoBaM y4eHbIX, Tenepb Hac
HOET HOBbIM 3Tan MUcCneaoBaHum
Kocmoca.

CyLLLECTBOBaHWM NOLTBEPAMTCA, 3alIMET MECTO
cBeprHyToro [nyToHa, KOTOPbIA HECKOMBKO NET
Ha3af NMLLIMACA CTaTyca NiaHeTbl.

MapuH ConbAumy v ero Konnery n3 MaccayyceTcKoro TEXHOMOrMYECKOM0 MHCTUTYTa
(CLLIA) co3panu HoBbI MeTaMaTepman, HeBUANMBIA ANA PaaMOBOSH. 3Ta CTPYKTYpa
npeacTaBnsAeT coboi MeHbIN LUTbIPb C MHOMECTBOM KyOUHECKMX W LIMTIMHAPUYECKX
CTPYKTYP, OTZENEHHbIX BCTaBKaMM M3 NiacTuKa. CneumnansbHo nofobpaHHoe pacctosHie
MEK[IY 3TVMM CTPYKTYpamu Mo3BOSIUT MM MPOMYCKaTb 31EKTPOMAarHUTHbIE BOSHbI Ha
onpeaeneHHbIx YactoTax. Eciv 13 nonobHov NpoBonoKM CO3AaTh Kyb, TO MOXKHO CKPbITh
06BEKT OT Ny4elt paapoB, YraiaB Ty YacToTy, Ha KOTOPOM OH paboTaerT.

SABASATb COJIUTOH

Ouznkum 13 Ounnasgum n CLLA cosganm
Y3/10BbI€ COMUTOHHBIE BOSTHBI B KOHEH-
cate bo3e — 3MHLITEMHA. 3T0 cocToAHME
BELLIECTBA, [1/1A MOJYYEHNA KOTOPOr0 HYHHO
OXNlafuTb MaTepuio, CoCToALLYI0 13 6030-
HOB, [10 CBEPXHU3KMX TeMMepaTyp. Hoy-xay
MO3BONT U3Y4MTb CTAOMNBLHOCTb U B3aNMO-
AEVCTBME Y3/10BbIX COMMTOHOB B KBaHTOBbIX
MnonAx, a B AanbHewnLIem — y3HaTb 0 noBe-
AEHNMN KBAHTOBbIX CUCTEM U1 KX NMPUPOSE.

Tononozuyeckas cmpykmypa KBAHMoB0-
MeXaHUYeCK020 Y3/108020 COUMOH.
Wnmocmpayus: D.S.Hall et all., Nature Physics, 2016




«MATKME BOJIOCbIn
YEPHBIX JIbIP

CrueeH XokuHr, 3Hapto CrpemmHrep u Man-
KonbM [leppu NpeanoMmnm peLeHmne
MH(HOPMALIMOHHOIO NapaaoKca YepHbIX AbIp,
MPEnosomHKmMB, YTO Y MOCNEOHMX BCE e MOryT
BbITb «BOSIOCHI». 3T0 YTBEPHKIEHWE OTBEPraeT
3HaMeHWTYyI0 TeopeMy Yunnepa «ob oTcyT-
CTBMM BOSIOC», COMIAaCHO KOTOPOW Nloban UH-
dopMaLma 06 06bEKTE, NONABLLEM B YEPHYIO
abipy, TepAetcA. Oy3nKM NpeanonaratoT, Yyto
MHbopMaLWA 06 06BEKTE MOMKET BOODLLIE HE
rnonagatb B YepHylo Ablpy, 3a[1epHMBanCch Haf
FOPU30HTOM COBLITUI M 0bpa3ys HeKue BO3-
MYLLIEHWA, UMEHYEMBIE «MAKIMI BOSIOCAMM».

MpopbiB B 06nacTu 30-nevatn
COBEPLLMAM yyeHble U3 NHCTUTyTa
pereHepaTvBHoM MeauLmHbI (CLLIA).
OHu pa3pabotanu buonpuHTep, Ha
KOTOPOM BO3MOMHO MPOU3BOANUTH
TKaHW ANA TpaHcmnaHTaumm. Kak
YTBEPHKOAIOT aBTOPbI M306peTEHNS,
HOBbII annapaT No3BOJIAET PeLUMTL
BCE OCHOBHbIE NPOB/EMBI HbIHELLIHIX
61ONPUHTEPOB, KOTOPbIE He MOryT
MPOV3BOAMWTL TKaHU OMpefeNeHHoro
pa3Mepa ¥ NPOYHOCTU. KoHeYHbI

BuonHkeHepbl 13 YamBepcumTeta [skoHca XonkumHca (CLLA) cMornm BelpacTwTb U3
CTBOJIOBbIX KINETOK, MOMYYEHHBIX 13 KOMM YENI0BEKA, MO3 Pa3MepoM C MyXy. TaKoi
MWHU-MO3r byLeT 1Cronb30BaTbCA AN1A NPOBeAeHNA N1abopaTopHbIX UCMbITaHWI
Pa3/IMYHBIX S1EKAPCTB. 3T0 MO3BOAUT NOAHOCTHIO UCKIOUNTD OMbIThl HAA HUBOTHBIMU
W CyLLIECTBEHHO COKPATWTb PacXoAbl.

MPOLYKT NONY4aeTCA BECbMa XPYNKMM
W CTPYKTYPHO HecTabusbHbIM. [ToMm-
MO 3TOr0, UMeIDLLIECA BUONPUHTEPHI
HecnocobHbI BOCMPOM3BOANTL TaKWe
bonee TOHKME CTPYKTYpbI, KaK KpoBe-
HOCHble cocyabl. A 663 KpOBEHOCHOM
CUCTEMBI KNETKM CO3[aHHbIX TKaHEM U
OpraHoB He CMOryT Nosly4aTb Hun3-
HEHHO HeobX0AMMble NUTaTeNbHbIe
BeLLlecTBa v kucnopog. PeleHne

JUIAHOBOIO
MOKOJIEHUA
JJIEKTPOHUKM

HoBblIi fBYMEpHBIA NOYNpoBoA-
HVKOBbI MaTepuan, OTKPbITbINA
WHMeHepamu 13 YHUBepcHTeTa
wrata {0ta (CLLA), oTKpbiBaeT
NyTb K CO3AaHMI0 CreayioLLie-

0 MOKOMEHWA KOMMbIOTEPHOM
3MeKTPOHVKK. OH No3BomT

He TOMbKO NOBLICUTL CKOPOCTb
paboTkl MPOLIECCOPOB U CMapT(o-
HOB, HO ¥ CHW3WTb NOTPebeHMe
3MEKTPO3Heprmn. Matepuan
npeacTaBAAeT cOboM OKCUA
onosa (Sn0), KoTopbii 0bnagaeT
BONbLIMM BLICTPOLEACTBMEM,
4eM, HanpyUMep, KPEMHUEBIN
nonynpoBoaHuK. Takov Matepuran
TaKKe MOXKHO VCM0/b30BaThb A/1A
C03[aHuA HOBOIO TUMa TPaH3M-
CTOPOB — KITIOYEBbIX 3/IEMEHTOB
BCEX 3MEKTPOHHbIX YCTPOICTB.

yyeHble N03anMCTBOBaNN y feTen

1 OMOX03AeK. HoBble opraHbl OHK
«nenaT» B GopmouKax. [epeq neva-
ThI0 TKaHW CO30AETCA CreLmanbHbIN
MaKeT 13 BUOCOBMECTVMBIX MO~
MepHbIX MaTepwuanos. OH no3sonAeT
yaepvBaTh GopMy nevataeMoro
06beKTa 10 3aBepLLeHNA NpoLeaypbI.
[inA peLuenna Bonpoca orpaHuye-
HWA pa3MepoB CO3[1aBaEMON TKaHW
1ccnenoBarenv NpUMEHUI crewm-
alnbHYI0 CUCTEMY MUKPOKaHasoB, Mo
KOTOPBIM K KIeTKaM AOCTaB/ATCA
nuTaTenbHble BELLECTBA W KUCIOPOS.

BANAR
lpogeccop Awymow Tusapu

deMoHCMpupyem HoBbIl

nonmynpoBoOHUK

Hew3BecTHan 06beMHas HaHOCTPYKTYpa, 06HapyHeHHasA poccUcKUMI yueHbIMK 13 HAN di-
3uyeckmx npobnem nMm. @. B. JyKiHa, COCTONT M3 HECKOMBKWX «3TarKe», TAHYLLMXCA BOO/b
MOBEPXHOCTM NapanfesibHbIX MOSbIX KAHANOB C YETLIPEXYTOMbHBIM NOMEPEYHBIM CEUYEHHEM.
TonwmHa CTEHOK 3TWX KaHamNOoB COCTABAAET OKOMO 1 HM, LUMPWHA NPUBAM3UTENBHO paBHa

25 HM, a [INIMHa KaHanoB A0X0AWT 10 HECKOMBKMX COTEH HAHOMETPOB. YiKe Mo NpeaBapuTeb-
HOMY aHanu3y Kopob4aTol rpadeHOBOM HAHOCTPYKTYPBI MOMKHO OLIEHWTL MEPCMEKTUBLI e
WCMOMb30BaHUA Ha NMPaKTVKE: CBEPXUYBCTBUTENBHbIE OATHMKM, BEICOKO3P(HEKTUBHBIE KaTanu-
TUYECKME AYeKK, COpBeHTLI HOMbLLION eMKOCTV AnA 6e30MacHOr0 XpaHeHWe BOLOPOAA U T. .




SAHAYKY 2 HOBOGTUMOTH

MawwvHHoe o6yueHune
M aHanu3 faHHbIX "UCEBHAH

2 9
? =he Poccwiickan BeHuypHan Komnanua (PBK) 1 doHp Phystech Ventures o6baBMnm o co3-
o 49 AaHvy BeHdypHoro doHaa Phystech Ventures Il, KoTopeiit 6yaeT MHBECTMPOBATL B poC-
o N o o
- CUICKME TEXHOJIOMMYECKME NPOEKTHI MOCEBHOM CTaAuMK, COOTBETCTBYIOLLIME NPUOPH-

o

TeTaM HalmnoHanbHomM TexHonormyeckoin nimnumatveel (HTW). Lienesoit o6beM doHaa
CcOCTaB/IAEeT 2 Mpf pybneit. Ha nepeoHayanbHom 3tane PBK nHeecTupyeT B GoHA
m-l-qubln TUB AP 600 MnH pybne, a ocTanbHble CPeACTBa BHECYT YaCTHbIE MHBECTOPLI. UTp?CJ'IEBOVI doKyc
$oHOa — MPOEKTHI B Chepe HOBbIX MaTepyanoB, aaanTVBHbIX TEXHOMOTUM, CEHCOPUKM,
HOBbIX MCTOYHMKOB 3HEPTUM, S3HEPro3hGEKTUBHOCTH, BOMBLLIMX AaHHBIX, MHHOPMALIMOH-

Yuerbie us MOTU v cotpyn- HbIX TEXHONOMMI B 06/1aCTV 6@30MaCHOCTV U AELIEHTPaNN30BaHHBIX PUHAHCOBLIX CUCTEM,

HUKM KOMMaHWM «AHOEKC»
C03Aanu Ha nnathopme

Coursera obpa3oBaresb-
HbIM KYpC, OCBOMB KOTOPbIN

MOMKHO NONY4MTL aBCOMITHO Y’l«leﬂb[ﬁ ¢yu()a]v[eﬂma]1bﬂ020

HOBYI0 Cneunanmiaumio

«MalLMHHOe 06y4YeHne nﬂaﬂa < oo >, eC]Iu OH

W aHanu3 gaHHbIx». Yutaiot

ero BefyLLye creLvani- 6 HAcm Oﬂmee BpeM}I

CTbl UCCIIEA0BATENBCKOM

oy Yondex Dt Facoy He umeern MeXOYHAPOOHBIX

npenoaasartenmn WKonbl

aHanu3a faHHblx, BMK MI'y KOHmaKmOG, -
v OUBT MOTW. [na cry-

nextoB MOTU obyyeHve Ha OH COBepLMBHHO MOYUHO

cneumanm3aunmm noaHOCTbIo

becnnarHoe. [InA aKkT1BaLmm yqeﬂbla Hé nep6020 yPOBH}Io

Kypca NULLIMTE Ha ALK
mooc@phystech.edu. Huxonaii Kyopssues, pexmop MOTH

B LUOPAX

16 nexuumit

npoLUno B paMKax npoekTta «Ouatex.Yutankan.
BblaepKKM U3 caMblX MHTEPECHBIX — Ha CTp. 62

anunca g [

MekayHapoaHbilii |
1 3 5 XBKaToH CAMbIE LINTUPYEMbIE B MUPE

DeepHack.Q&A

HaACOB smom

CornacHo peiTuHry, ony6MKoBaHHOMY MeKOYHAPOAHOM KOMMaHWew
Thomson Reuters B AHBape 3T0ro rofa, ABa pyKoBoaMTeNA nabopa-

HHIKO/IbHUKOB Topuin MOTN — Banepuin QokuH 1 Banum Hepe3os, a Takxe YeTbipe

MPUHAM y4acTue BbINyCKHMKa ®un3texa KoHcTaHTH HoBocenos, Muxann JlykuH, AHgpei
1 6 O B 3UMHeW 0nMMNagHoM ['eM 1 AnexkcaHap banaHamH BOLLIM B CMIMCOK CaMbIX LMTUPYEMbIX

wkone 2016 ropa yueHbIx Mypa. Beero B pertHre 3126 Yenosek 13 21 0bnactu HayKu.




HOBUJIER Y «TPOBJIEMY

16 anpena oTMevaeT 40-neTHUI 16unen darynbTeT NPO6IeEM QU3MKK 1 SHEPrETUKM.
T 3a 370 BpeMA QD3 (Mnm, KaK ero LUYTA Ha3bIBAKOT COTPYAHUKM M CTyAeHTs MOTH,
«[pobnemsi») nogrotoBun 6onee 2500 BbICOKOKNACCHbIX CNELMANICTOB NO TaKWUM
HarpaBneHWAM, KaK TepMOALEPHaA 3HEPreTUKa, GU3nYecKe 0CHOBLI 1a3epoB,
Nna3MeHHbIE U KOCMUYECKIE TEXHOMOMM, TEXHOMOM M HOBLIX MaTepuanos. Cpeau
BbIMYCKHWKOB (aKynbTeTa acTpodu3mK, obnanatens Meaany um. A. b. 3enbgosuya
AnA Monofbix yyeHblx (1994) v 3onoton Meganu capa Xappu Maceu (2014) EBrennia
Yypasos 1 naypeart npemuu [pe3naeHta PO ana Monoabix yyeHbix (2015) Bnagummp
Crerainos. B pamMkax npasgHoBaHuA 06vea NoMUMO TOPHKECTBEHHOM YacTu

B KoHLiepTHOM 3ane 3annaHnpoBaHbl TypHUp «410? ['ae? Korma?», 3Kckypcum no
Dun3Texy, Hay4HO-TexHUYecKanA KoHdepeHLmMA 1 MHoroe apyroe. C nogpobHbIM nna-
HOM MepOnpUATUI MOXKHO 03HAKOMUTLCA Ha canTe MOTI B pa3gene BbIMyCKHMKOB.

d; /k

[0J10C HAYYHOM POCCHH

MOTW, HAY BLL3 v CronTex 3amycKaloT COBMECTHbIN NPOEKT Ha 6a3e UH-
dopMauwmoHnHoro areHTcTBa TACC — Russian Scientists Newsfeed, KoTopblii
MO3BOJUT aKTVBM3MPOBATL PACNPOCTPAHEHNE 3a PyOEHKOM POCCUIMCKIX
HaYy4HbIX HOBOCTEW.

HE 110-4EJI0BEYECKH —

B MOTW npoLunu yre BTOpble OTKPbI-
Thle COPEBHOBaHWA M0 POBOTOTEXHMKE,
KOTopble BK/I04anu B cebA BoceMb
Pa3NMYHbIX AMCUMMAKMH. B cocTA3aHMAX
MPUHANKM y4acTWe bonee CTa YesoBek,
npoLeawux NpeaBapuTenbHLINA oTHop.
B kauecTBe BCTYnNMTENBHOMO 3K3aMeHa
Haao bbino cobpaTk poboTa.

WMEHEM OEAEPALIVA

Mo pe3ynbTatam KOHKYpCa Ha COMCKaHwe
$WHaHCOBOV NOAAEPHKKM Hay4YHbIM paboT-
HWKaM, JOCTUILLIMM BbICOKWX Hay4HbIX pe-
3y/bTaToB B 06/1aCTV MaTeEMaTUKK, KOTOPbIN
6bin 06bABNEH MUHICTEPCTBOM 06pa30Ba-
HWA 1 Haykn PO B okTABpe 2015 roaa, Tpu
cotpyaHvka MOTW nonyumnm cratyc dege-
panbHbIx Npodeccopos. 310 Anekcen benos,

Anppew Panropoackuin n PomaH Kapaces.
Tenepb ®u3TeX 3aHUMAET NMOUPYIOLLYIO
HE B3"ETMM’ TAK TOMNABAEM Mo3uLMI0 B CTpaHe No Ymcny GefepanbHbix

npoeccopoB MaTeMaTUKM.
NHrkerepbl MOTY npefctaBuny Ha BoicTake «PoboTn3auma BoopyrKeHHbIX

Cun PO» nepBbI B CBOEM poe B MCTOPUM POCCUIMCKOM apMUK NOLBO-
[OHbIM NnaHep. ABTOHOMHbIM HE0BWUTAEMbIN NMOABOMAHBIA annapar, co3faH-
HbI1 nabopaTopueit aBTOHOMHbIX cucTeM MOTU, — 3HeproaddeKTUBHbI
MeXaHW3M nepeaBuHeHnA. OH MNaHUPYeT, HIPAA Ha 3HAUYNTENBHYIO
rny6uHy, a 3aTeM BCn/biBaA. Cdhepa NpvMeHeHNA 1306peTeHns J0BOSILHO
06LUMpHa: OKeaHorpaduyecKkye UCCne[oBaHWA (onpeaeneHne KapTu-
Hbl 1 CBOWCTB TEYEHWM, NOJEN, aKYCTUYECKMX XaPaKTEPUCTUK MopeW
W T. N.), 3KONOrMYECKMI MOHUTOPUHT (0BHapYHKEHME 30H XMMUYECKOr0
1 PaMaLMOHHOO 3arpA3HEHNA), MOHUTOPUH NOABOAHbIX
TPY6OMPOBOAOB ¥ CKPLITHOE 0BHAPYHKEHME [BMMHKYLLIMXCA
NoABO/HbIX 06BEKTOB. McMbITaTeNbHBIN 06pa3eL] MOHET
paboTaTh aBTOHOMHO 6,5 CYTOK NpY BO3MOMKHOM [anbHO-
¢tV xofa 280 K.
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YYEHBIE U3 MOTH
MPEJLJIOHUIU
AJITOPUTM,
[103B0JIAHOLLIMA
bbICTPEE U TOYHEE
UCCJIEA0BATb IHK

MexgyHapogHaA rpynna
yyeHbIX 13 ['epMaHun, AMeprKm
v Poccum, npu yyactum
3aBefyloLLero Kageapow
MoCKOBCKOMO (U3MKO-TEXHU-
4ecKoro nHctuTyta (MOTH)
Mapka bopogoBsckoro, npeano-
¥KINIa aNnropUTM, KOTOPbIV aB-
TOMaTU3upyeT 1 caenaet bonee
3(¢$EKTMBHBIM MOWCK MEHOB.

llodpobHee yumaiime
Ha cmp. 24

r'asera.ru

WCCJIEJOBAHUE: ArPECCUA MPUBOMT K MOABJIEHUI) HOBbIX

HEPBHbIX KJIETOK B MOSTE

Ipynna Heitpobronoros 13 Poccum m CLUA npu yqactum cotpynHmko MOTU akcnepyMeH-
TanbHO NOATBEPAMIA BAMAHME arpeccum Ha 06pa3oBaHMe HOBbIX HEPBHBIX KNMETOK B MO3re.

RJIAMAT HA IPYTUX TJIAHETAX

Anercandp PoduH, capwiud Hay HbIl
COMPYOHUK 1a6opamopuu UHGPaKpacHol
CNeKMmPOCKONUU NIGHeMHbIX ammocgep
B8bICOK020 paspewerua MOTY, 8 nepedaye
«BoopyxceHHeIM 271a30M»:

«Ha camoM fiene gare B bymylleM, Korga
OTMYCK rae-H1byab B OKpecTHocTAX 0nuTepa
BYAET TaKM e 00bI4HBIM [1ENM0M, KaK Cerof-
HA — Ha COUMHCKOM MAAMKeE, MMaBHbIM TYpUCTH-
YECKMM LIEHTPOM BCE PaBHO OCTaHETCA 3eMniAy.

IlonyAsipHas
MexaHuka

110 MAHOBEHWHO MbICJIX

Tumyp bepaanues, 3a8edyroujuli
nabopamapuell NPUKIGoH.IX
KubepHemu4eCKux cucmem
MocroacKo20 u3auKo-mexHuYe-
CKO20 UHCMUMYyma, pyKogodu-
menb npoekma GalvaniBionix:
«[lnA ynpaBneHuna npaTe3amu

Mbl pa3pabaTbiBaeM TEXHONOMMIO,
KOTOpaA NoACTPanBaeTCA Noja
VHOVBMOYaNbHOCTb YENOBEKay.

Tacc

WH®OPMALWNOHHOE
ATEHTCTBO POCCUN

B MMTW PASPABOTAJIU
118 ATPOXMMMU
ROMIbIOTEPHYH) MOZIE/Ib,
[PEJICKASbIBAIOLLYHO
AKTUBHOCTb MOJIEKVI

YyeHble 13 MOTU 1 MI'Y nog pyo-
BOACTBOM flHa /BaHeHKoBa BriepBble
pa3paboTani KOMMbIOTEPHYI0 MOZEb,
M0o3BONAIOLLYIO NPeCcKa3bBaTh arpo-
XVMUYECKYIO aKTVBHOCTb — Hannuve
Moe3Horo BO3AENCTBUA Ha pacTe-
HUA — NpoCTbIX MoneKyn. C ncronb-
30BaHVeM He3aBICHIMOrO TECTOBOMO
Habopa v pe3yNbTatoB COBCTBEHHOMD

KOT<@$ LUPEOAVUHIEPA

MUBOW HAYYHO-NONYNAPHBIN XYPHAN

bOPOMEH KPYYE IPAMEHA

PHYS '#.0RG

YYEHbIE BbIACHWJI, YT0 HY-

Yuenble 13 CLUA, Kitaa n Poccum
CMHTE3MPOBa ABYMEPHbIA KpUCTa/N
6opa — 6opodeH. OH 0bnapaeT Bbl-
COKOM MPOYHOCTbIO, NPOBOAMMOCTHIO
W APYrUMM YHVKaMbHBIMM CBOIACTBA-
MM, KOTOpble MOTYT NPUIOANTLCA

MpW CO30aHNN HAHO3EKTPOHHBIX
YCTPOWCTB 11 HOTO3/IEMEHTOB.

lodpobHee yumaime
Hacmp. 11

TPUZ bOPA MOTIOLLAET 99.99%
WHMOPAKPACHOI0 U3IYYEHUA

KonnekTne aBtopos 13 MOTW, YHrBepcuTeTa
wrara KaH3ac u Wccnefosatensckow na-
bopaTopum BoeHHO-MopcKoro ¢noTa CLLA
MPOAEMOHCTPMPOBAN BO3MOXKHOCTb MOSTHOMO
MOrMOLLEHNA 3N1EKTPOMArHUTHOMO M3Ty4eHNA
C MCMONb30BaHWMEM aHW3OTPOMNHOIO KpKCTana
HWUTpKAa bopa.

engadget

[POTOTUN HEUPOCETV M3 MNACTUKOBBIX
MEMPUCTOPOB

VccnenoBaHna BbIo NoKasaHo, uTo
Mofie/b 00N1aAaET BbICOKOI Mpe[icKa-
3aTe/IbHOM CoCoBHOCTIO.

YueHble 13 Kypuatosckoro nHctutyta, MOTH, lapMckoro yHrBepcu-
TeTa (Mtanwma), MI'Y n CaHkT-leTepbyprckoro rocyH1BepcHTeTa Co-
30anu HeMpoCeTb Ha OCHOBE HELOPOrMX MOSIMMEPHbIX MEMPUCTOPOB.




B HPEMJIE TAJIAHTJIUBBIM
M0J10J1bIM YYEHBIM BPYHUIU
I [PE3UAEHTCKUE NPEMUU

A BOT 10, 4eM 3aHuMaeTcA Bnagummp Creraiinos,

B CBOM 34 rofia y*e [I0KTOp PU3MKO-MaTeMaTmye-
CKWX HayK, YBUOETb U OLEHWUTb MOTYT, MOXanym,
TOMbKO cneumanumctsl. Ero Meton pacyeta no3sona-
€T Ha MHOrve rofbl Briepes TOYHO MPeACKasbiBaTb,
KaK M3MEHATCA CBOICTBA TOMO MM MHOMO MaTep-
ana, v BbICYMTaTb, CKOJIbKO, HAaNMpUMEp, MPOCYHKUT
KOpnyc AOEPHOro peakTopa Min ene3obeToHHan
KOHCTPYKLMA HOBOMO OMa.

Urmepaeio ¢ B. Cmeaatinogeim

H3BECTHA

JHCTPUM HA JIOPOrE: 4T0 JEATb BECMMJIOTHOMY
ABTOMOBWIO?

Komnatwa Cognitive Technologies, 0cHoBHOM pa3paboTumk CUCTEMB
MCKYCCTBEHHOIO MHTENNeKTa ans becnnotHoro KamA3a (npoekt
noaneprar OLIM «MccnenoBanma n pa3paboTku Mo MPUOPUTETHBIM
HanpaBneHUAM Pa3BUTMA HaYYHO-TEXHOJIOrMYECKOTO KOMI/IEKCa
Poccum Ha 2014-2020 rofsi»), noAsesia UTory COLMONOrnMYecKoro
uccnej0BaHMA, NPOBEAEHHOM0 cpeay rpar/aaH Poccum npu nonaepH-
ke HATY MUCKC n MOTU B KoHue 2015 — Havane 2016 romos.

Y10 NoKasanu pesynbTaTkl MccnenoBaHma? Mpemae Bcero —
HamepeHMe POCCUIACKMX rparaaH 06A3aTb MCKYCCTBEHHBIA MHTENIEKT
MVHMMM3UPOBaTH 0OLLIEE YMCI0 NOCTPAJABLUMX B aBapUM.

Moyt 71% pecnoHOeHTOB 6blM rOTOBbLI HANPaBMTL aBTOpPo6OT
B KIOBET, YT0ObI HE 3aaB1Tb PYruX NI0AEN, CYYalHO BbiLLEALLINX
nepes] HAM Ha MPOE3HKYI0 YaCTb, HECMOTPA Ha TO YTO 3TO MOMKET NMpK-
BECTU K HEMVHYEMBIM Ero MOBPEMHIEHNAM U KPUTUYECKMM [11A HU3HM
1 300p0OBbA TPABMaM Maccammpa.

PUAHOBOCTHI

YYEHBIE U3 MMTH HALLJIW CTIOCOB
bbICTPO MPOBECTH «MEPEMUCHY
MUKPOM/I0PBI

YueHble 13 MOTU co3gany MeToamKy bbiCTpoi
OLLEHKM YMCIEHHOCTM U FEHETUYECKOrD pasHo-
00pa3mA pa3nnyHbIX NpecTaBuTeNen MUKpodopsl
B Y€/T0BEYECKOM OpraHm3Me, Mcronb3ya
CBOe0bpasHble «KnioyeBble coBa» B Mx [HK.

YYEHBIE BbIAGHAJIU NPUYUHY
CTAGMJIbHOCTH YHUKAJIbHBIX
XUMUYECKMX COEAMHEHUU

MpUYMHY CTaBUNBHOCTM Pa3AIMYHBIX XUMUYECKIMX
COEAMHEHUI, YCTOAYMBBIX NPU IKCTPEMASTBHBIX
[aBNEHNAX, HO pacnafaloLLmxcaA B 06bI4HbIX YCro-
BMAX, BbIACHWAM y4eHble 13 MOTH, onybnmKoBaB
cTatbio B *ypHane Physical Chemistry Chemical
Physics. [oHMMaHWe Toro, KaKk 3Tv coeaMHeHMA
CTAHOBATCA CTabUNbHBIMM NPV BLICOKUX AaBNEHN-
AX, ABNAETCA 33[ja4el NepBOCTENEHHOM BaHOCTH
LA MNaHETONOr MK, MEXANCLUMMIIMHAPHON HayKu
006 YCTPOICTBE N/aHET, 0TMeYaeT npecc-ciyba
MOTIW.

labpuene Canex, Hay4HbIN coTpyaHUK MOTH,
1 Aptem OraHoB, 3aBeqlyloLLMi 1abopaTopuet KoM-
MbIOTEPHOM0 AM3aiHa Matepranos B MOTU v npo-
deccop CKonTexa, NOCTPOMAM MPOCTYI0 MOZENb
1 CHOpMYNMPOBaNK OCHOBHBIE MPMHLMMLI CTabWIb-
HOCTW TaKMX BELLECTB, A0NOSHUTENBHO 06HOBUB
da3oBylo auarpammy coeauHenna Na m Cl ¢ no-
MoLLiblo jobasnenua Hosoro coeamuHenme Na,Cl
v aByx HoBbix CTPYKTYP Na,Cl. Mccnenosanms
MpoBOAMIMCH C NoMoLLbio anropmtMa USPEX B co-
YeTaHWM C KBAHTOBO-MEXaHWYECKMMM pacyeTamu.

Medical  press

YYEHBIE MPEA 0 WA MATEMATUYECKYIO MOAEJIb
1191 BbIbOPA ONTUMAJIBHOT O JIEYEHMA PAKA

YyeHble usTexa c konneramm n3 CaHkT-leTepbypra v M3panna npoaHannampoBanu
bonee 500 paHee onybIMKOBaHHbIX Hay4HbIX CTAaTew ¥ MPELNOKMAM NOAXOS K Bbl6O-
Py METOAMKM NleYeHNA 0HOM0 U3 PacrpOCTPaHEHHbIX BUALOB paKa.

[TodpobHee yumaiime Ha cmp. 22
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JNOCTUHEHUA
YUEHBIX MDTH

Ipymma 610p131MKOB, BKIIOYAIOIas IIpeCTa-
Buteneit MOTV, cmopenposaa npouecc
¢dbopMupoBaHusA TPOMOOB B apTepUAX, IPU-
YMHBI NHPAPKTOB U MHCYNbTOB. KittoyeByio
POJIb B MIX MOJE/IV UTPAeT pacCMOTpPEHMe
pocTa TpoMba OF0OHO HATPOMOXK/IEHUIO
¢urypoxk B urpe «TeTpuc» — gacTuibl maja-
I0T BHU3 Ha POBHYIO ITOBEPXHOCTD M/IN TIPK-
JIMNAIOT K BBIAE/IAIOIIMMCS U3 PACTYLIETO
CTyCTKa BBICTYIaM cO0Ky. OT/Inune oT Urpbt
B TOM, YTO 3aIIO/THEHHBIN C/ION He MICYe3aeT,
II03TOMY CO BpeMeHeM TPOMO CIIOCOOeH Ie-
PEKPBITD BCe JOCTYIIHOE €My IIPOCTPAHCTBO.
IlanHas paboTa MO3BOJIAET CMOJETUPOBATD
npoliecc 06pa3oBaHMs TPOMOOB B pasind-
HBIX yc1oBusAX. [IoHnMaHNe 9TUX Mexa-
HI3MOB II03BOJIAT IIPOTHO3MPOBATD I IIpe-
IOTBpAIIATh POCT TPOMOOB B apTepysIX.
Ho6aBum, 4To B Poccuy Ka>xablil ieHb
npoucxogut okono 1000 MHCYNIbTOB, IpuYeM
Cpey BBDKUBILVX B IBYX C/Tydasx U3 TPeX
VIHCYJIBT IPUBOAMT K MHBAIMIHOCTI.
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IIpoweouiuii 200 6vLn do-
CTNAamouHo NpooyKmuse-
HbIM 0715 ucciedosamernetl

Dusmexa, npuuem 006uUmMb-

A 3amemHulx pe3ynoma-
MO8 y0anocy cpasy no He-
CKONIbKUM HANPABTIEHUSIM.

UHMePeCHbIX U 3HAYUMDLX,
Ha HAul 83271510, 00CMUHce-
HUL, Kaxcooe U3 Komopoix

wiue nocneocmeus.

Ipynma ydenpix u3 MOTU u VIHCTUTYTa TeHETUKM U CeTIeK-
LMV TPOMBIIIJIEHHBIX MUKPOOPTaHM3MOB JICIIO/Ib30BaIN
HOJ/IOXKKY U3 BOJIOKOH Oe/IKa CIMApONHA (M3 HEro COCTOAT
Hay4by HUTK), YTOOBI 13 OTAE/IbHBIX KJIETOK BBIPACTUTD
(YHKIMOHA/IBHYIO CEPAEYHYIO TKaHb.

BrrpamyBaHue OpraHoB U TKaHE 3 KJIETOK ITallMIeHTa
pelaet mpo6ieMy OTTOP>KEHNUs TPAHCIUIAHTATOB U MOVICKA
foHOpOB. JI71s1 pocTa TKaHel HeoOX0oAUM Kapkac. MaTepuan
JUISL HETO JJOJDKEH OBITh HETOKCUYHBIM, 9/aCTUYHBIM, He
MPENATCTBOBATh POCTY K/IETOK U HE OTTOPraThCs Opra-
HI3MOM. PaHee yxe MCIIONIb30BaMM CIMJIPOVH B Ka4eCTBe
OCHOBBI [IJI1 UMIUTAHTOB — KOCTE, CYXOXKU/IUI U XPAIIEN,
HO cepfie4Has TKaHb — 0c00asi, OHa JO/DKHA CUHXPOHHO
COKpAIL[aTbCs ¥ IPOBOAUTD BO30yXK/leHNe. YUeHble II0Ka3a-
JIM, 9TO CIIMAPOVH, IOMTyYeHHBIN 113 TeHHO-MOAN(UIIPO-
BAaHHBIX IPOXKEBBIX K/IETOK, CIY>KUT IMIPEKPACHOM OCHO-
BOJ J/I1 BbIpAIVIBaHVA CEPAEYHBIX KJIETOK.

Mut omobpanu 10 Haubonee

6ydem umemv 0anexo uoy-



Komnextus yuennix ns MOTH, YauBepcurera

mrara Kansac u ViccenoBarenbckoii maboparopun
BOeHHO-Mopckoro ¢ora CIIIA npogeMmoHCcTpupoBan
BO3MO>XHOCTD IIO/IHOTO IIOITIOI€HMA 3/1€KTPOMAarHuT-
HOTO M3/Iy4eHNs C UCIIO0/Ib30BAHMEM aHM30TPOIIHOTO
KpUCTanIa HUTpuzaa 6opa.

Ceifyac 7151 TOfaB/IEHNA OTPAXKEHHOTO U3TYyIEHN A
Ha IIOIJIOIIAoIIee BEI[eCTBO HAHOCAT ClleljaTbHOe
HOKPBITIE TaK, YTOOBI OTPaXKeHHbIE BOTHBI «yOMBaIN»
apyr gpyra. Takme cucTeMbl KpaliHe YyBCTBUTE/IbHBI
K TeOMeTpuM. YYeHble II0Ka3a/I, 4YTO MOXKHO Cle/NaTh
UfieanbHO MOIVIOLIAOI NI MaTepyal IO-APYroMYy:

Ha OCHOBE aHM30TPOIHOrO KpucTanna. IIpu onpene-
JIEHHO]1 [/IVHE BOJIHBI U yTJIe MaJleHN: KPUCTAJII reKca-
TOHA/IBHOTO HUTpUAA 6opa normomaet 6oee 99,99%
SHEPIUM MaJAoIIeil BOTHBI.
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MesxgyHapogHas TPyIIIa YY€HBIX, BK/IIOYAOIas
Onera Tonctuxnaa 3 MOTMH, orcneguna nepeme-
IIeHMe 37IEKTPOHA B MOJIEKYJIE B P€aIbHOM BpeMe-
HU U TTI0Ka3aJIa, YTO MM MOXKHO YIIPaBJIATb.

B akcriepuMeHTe OBUIN MCIIONB30BAHBI MOJIEKYIBI
itoganetmiena. [loy mericTBeM MOIIIHBIX 1 OY€Hb
KOPOTKIMX JIa3€PHBIX VIMITY/IbCOB KOHPUTYpaIus
37IEKTPOHHOI 000IOUKY MOJIEKY/IbI MEHSI/IACh:

B Hell BO3HUKA/A «AbIPKa» — BAKAHTHOE MeCTO,
KOTOpas HauMHaia KomebaThbcsl, IepeMeIasch OT
OJHOTO KOHIIa MOJIEKYJIBI K [PYroMy. XapaKTepHoe
BpeMms nepeMelteHns — 100 aTToceKyH/I. Y4ueHble
U3Y4VM/IN CIIEKTPBI BBICOKMX FapPMOHUK, OTpaXkalo-
IIye COCTOSIHVIE 9/IeKTPOHHOM 000I0UKI MOJIEKY-
JIBL, I BOCCTAHOBM/IU JUHAMUKY IepeMEIIeHN .

[TepecTporika 37IeKTPOHHBIX 060/T0YEK MOJIe-

Ky/I — 3TO K/II0Y K IIOHVMAaHWIO XVIMIYeCKIX 1 6110-
XUMMUUYECKUX peaKIUil.
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AHM30TpOIHbBIE MaTepUabl IPEJOCTABAT OONb-
IIe TMOKOCTY IIpY pa3paboTKe MO0 AIOINX
YCTPOJICTB M CEHCOPOB, paboTarouyx B nHGpaKpac-
HOM JMalla3oHe.

©0000000000000000000000000000000000000000000000000000000000000000

Ipymnna y4yensix us CIIA, Kuras u Poccun (B ToM unmc-
ne npencrasurenu MOTU), cunresupoBana gBymep-
HBIII KpUCTa/T 60pa — JIVICT TOJIVIHOV B Of{VIH aTOM.
JIByMepHbIe KpUCTa/IIBL COCTOSIT 13 TeX XKe aTOMOB,
4TO U TPeXMepHble, HO 06/1aialoT 0coObIMU pusnde-
CKVIMU U XMMIYeCKMMIU cBojicTBamu. CaMblil 3HaMe-
HUTBIIT IBYMEPHBIII MaTepyuan — rpadeH, COCTOSIIT
13 aTOMOB yI7Iepopa. MeTtox nomyyenns rpadera —
«OTIIeT/IeH)e» YIIePOJHbIX TUCTKOB OT IOBEPXHO-
ctu rpapuTa — He paboTaeT s 60pa, CTPYKTypa
KOTOPOTO He COfIeP>KUT BhIPAYKEHHBIX C/IOEB. Y4e-
Hble HallIi Ipyroit cnoco6. bopoden (Tak HasBanmm
HOBBII MaTepual) pacTIIN Ha IOAJIOKKe U3 cepebpa.
OH aHu3oTponeH (MexaHU4ecKne 1 37IeKTPOHHbBIE
CBOJICTBA MaTepyaja 3aBJUCAT OT BBLIOPAaHHOTO Ha-
IIPaBJIeHs), ¥ 9TO IIEPBbII M3BECTHBIN JBYMEPHBDII
Marepual ¢ moflo6HbIMY cBolicTBaMu. bopoden
o6/aaeT BHICOKOII IIPOYHOCTDHIO U ITPOBOAMMOCTBIO

" MOJKET IPUMEHATDHCA B STIEKTPOHUKE U OIITUKE.

0 00000000000000000000000000000000000000000000000000000000000000
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Ousuku Muxaun Oeitrenbman (MOTU) u Jles
Nodde o6bsacunmm HeoObIaHbIN 3P PeKT B psase
HEepPCIEeKTUBHBIX CBEPXIIPOBOAAIINX MaTepPHUajIOB.

CBepXIpOBOANMOCTD OOBACHACTCA KYIEPOBCKUMMU
napamiu (CBsA3aHHbBIE COCTOSHMA [IBYX 9/IEKTPOHOB).
Omnu He B3aMMOJIENCTBYIOT C KPUCTa/IZIMYECKON
PeIIeTKOl, CBOOOIHO MepeBUTrasACh IO BEIeCTBY.
O6paser; MOXKeT IIepeiiTi B CBEPXIIPOBOJAILee
COCTOsIHUE IIPY TeMIIepaType, JOCTATOYHO HU3KOII
s GopMMUpOBaHMA KYIepOBCKMX nap. VIx nossie-
HIIe BBI3bIBAET IIPOBA/I B 9HEPIeTUIECKOM CIIEKTPE,
«ienb». Ecny mpoBa nmosABmics, a CBepXIpOBOAM-
MOCTY HeT, YIIOTPeOIIAI0T TEPMIH «IICEBJOIIEbY.
[Tpu panpHelIIEeM OX/IAXKIEHUY BEl[eCTBO CTAHOBMUT-
Cs CBEPXIIPOBOJHIMKOM C HEOOBIYHBIMY CBOJICTBA-
MIL: OHO XapaKTepusyeTcs KaK ICeBJOIeNbI0, TaK 1
«OOBIYHOI» CBEPXITPOBOJIALLIEH IIIe/TbIO.

[TosBNIEHNE TICEB/IOMIENN CBA3BIBAIOT C OTCYTCTBU-
€M CTPYKTYPBbI Bell[eCTBA. Y YeHbIe BbIBE/IV TEOPETH-

00 0000000000000000000000000000000000000000000000000000000000000000000000000000

[pymma poccmiicKMX y4eHbIX, BKIIOYAIOIasn
npepcrasuteneit MOTH, 06Hapy>i<1/ma, 4TO Ha-
NM4Ye OTpefielleHHbIX OaKTepuil B KUIIEYHIKe
MOXXeT OBITh CBSI3aHO C pa3BuUTIEM fAnabera 2-To
THIIA.

YdeHble IPOaHANMM3MPOBAJIN COCTAB KUIIeY-
HOJ1 MMKPOOMOTBHI Y HAL[MEeHTOB C CaXapHbIM
IrabeToM, 3[0POBBIX JT0fieil €3 XPOHMIECKIX
6ornesHeit 1 peabeToM — COCTOSIHIEM,
CIIOCOOHBIM MPUBECTY K Pa3BUTHUIO finabeTa
2-T0 THIIA, ¥ BBIABWIN XapaKTepHble M3MEeHEeHs
MUKPOOMOTBHL.

[TonyuyeHHbIe aHHBIE TPUOTVKAIOT YUYEHBIX
K TIOHVMAHUIO CTOXKHBIX PUYNHHO-CTIE]-
CTBEHHBIX CBs3€ll MEXX/Y M3MEHEHIeM IO/
OIIpefie/IeHHBIX BUIOB GaKTepuil, HapyIIeHNUAMY
obMeHa BelllecTB ¥ iuetoil. Kak ykasbIBaoT
aBTOPBI MICC/IETOBAHNSI, OHIM 13 BO3MOYKHBIX
MeXaHM3MOB B/IMSHUSI MUKPOOOB Ha inabeT
MO>XXeT OBITh IIPOBOLVPOBaHNE UMMYHHOI!
peakuyu. ITo onenkam BcemupHoii opranusa-
LY 3APAaBOOXPAaHEHNsI, B MIPe HACUNTHIBAETCS
OKOJI0 285 M/IH OO/IbHBIX AUabeTOM 2-TO THUIIA.

06bIYHBINA CBepPXNpPOBOAHWUK CBEpPXMNPOBOAHMK C rceBAoLLesbio

YeCKYI0 3aBUCUMOCTD IIOTHOCTY KYIEPOBCKUX Iap
OT IIVPVHBI CBEPXIIPOBOAAILEI MIenn. ITO BaKHAS
XapaKTepUCTHKA, TOCKOTIbKY OHa 00paTHO IpoIop-
IIVIOHa/IbHA MHAYKTUBHOCTY IUIEHKM (@ OMUChIBae-
Mble MaTepyaJIbl IOTY4al0T MIMEHHO B BUJIe IUICHOK)
B CBEPXIIPOBOJSAIIEM COCTOSHUY, HEOOXOMMbIX

IUISL CO3[JaHMs CBEPXIIPOBOAAILNX KYOUTOB, OCHOBBI
KBaHTOBBIX BbIUMC/INTENIbHBIX YCTPOJCTB.

©0000000000000000000000000000000000000000000000000000000000000000000000



MCCNEOVEMOE _

OHCUA
BELLECTBO

NASEPHEIA__
W3MYYATENb

Ydensle u3 maboparopun HaHO-
orrtyky 1 masmoHuky MOTHU
CO371a/Ii Ha OCHOBE OKCHJA
rpa¢)eHa CBepXIyBCTBUTENb-
HBbIIT 6110CEHCOP, KOTOPBIIT
H03BO/IAET OOHAPYXMBATh Ma-
JIble KOHLIeHTpauuy 6110/I0ru-
YeCKI BaKHBIX MOJIEKY/IAPHBIX
o6bexTos (PHK, MTHK, 6enku,
BKJTIOYAsI aHTUTE/IA VI AHTH-
TeHBI, BUPYCHI 1 OaKTepu)

Y MICCTIENIOBATD X XMIYeCKIe
CBOJICTBA. YueHble pa3pabaThl-
BaIOT OMOCEHCOPBI, VICIIO/Ib3Y-
IolIVe TIOBEPXHOCTHBIE TI/Ias3-
MOHBI — 3JIeKTPOMarHNTHbIE
BOJIHBI, BO3HMKAIOIIVE Ha Tpa-
HILIe IPOBOJHMKA U AV/IEK-
TPUKa B pe3y/IbTaTe pe3OHaHC-
HOTO B3aMMOJIEVICTBIA MEXAY
(hoToHAMU U NIEKTPOHAMIL.
[TapameTpbl 9TOTO pe3oHaHCa
3aBUCAT OT CBOJVICTB IIOBEPXHO-
CTH TaK, YTO JjayKe HUYTOXKHbIE
KOJIN9eCTBA «IIOCTOPOHHETO»
BeIlleCTBA 3aMEeTHO Ha HMX BJIN-
AI0T. B1IOCeHCOPBI B COCTOAHUM
OOHAPY>KUTD IIPUCYTCTBYE
TPWUINOHHBIX JIO/Ieil paMMa
IeTeKTPYeMOTO BellleCTBa

Ha IVIOLIAJIKe B KBaPaTHBIN
MIWUIMMeTp. JlaHHas TeXHO-
JIOTVSI MOXKET ITPOU3BECTH
PEBOIIOLNIO B CO3aHNN HOBBIX
JIEKapCTB M IIOMOYb (hapMaKo-
JIoTaM IPOBOAWTD aHA/IN3 B3al-
MOJIEVICTBUI IIOTEHIIVIATbHBIX
JTIeKapCTB C BO3OYAMUTELAMMI
6ore3Heil 11 30POBBIMM TKa-
HAMM BHE )XVIBOTO OPTaHM3Ma,
YTO ITO3BO/IUT OBICTpee U Ha-
JileXKHee OLIeHVBATh UX 3 dek-
TUBHOCTD ¥ TOKCMYHOCTb.

TPAGEHA

000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Ydensle 13 1a60paTOPUN UCKYC-
CTBEHHBIX KBAHTOBBIX CUCTEM
MO®TU, Poccuitckoro KBAaHTOBOTO
tenTpa, MMCuC u MOTT PAH co-
3manu nepsbiit B Poccun cBepxmpo-
BOMISALIN Ky6MT — OCHOBHOM
37IEMEHT OYAYIMX KBaHTOBBIX
KOMIIBIOTEPOB.

Ky6urtbl — 9T0 KBaHTOBbIE 00'D-
eKTbI, KOTOpbIe MOTYT HaXO[UTbCs
B CyNIepIO3MLINN ABYX COCTOSHUIA,
YTO CO3/IAeT MPUHIIUTINATIHBHO HO-
BbIe BO3MOXXHOCTH /11 06paboTKM
uHpOpMaLUNL.

ViccnemoBareny BBIOpanm CTPyK-
TYPY KyOUTOB, COCTOSIYIO U3
HECKOJIBKVIX J1K03e()COHOBCKMX

HAYANLHOE
COCTOAHUE

—

"
"

KOHTAKTOB: IByX CBEPXIIPOBOJIHN-
KOB, pasfie/IeHHBIX TOHKVM CI0eM
AV3NIEKTPYKA. DIeKTPOHBI MOTYT
«IIpOCAYNBATLCA» (TYHHENMNPO-
BaTb) CKBO3b AU3IeKTpuK. [TocTpo-
€HHbIe KYOUTBI MOTYT HAXOAUTbCS
B OCHOBHOM U BO30Y>KJIeHHOM
COCTOSTHUM, M3/Ty49aTh U MOI/IONATh
¢$hoTOHBIL.

KBaHTOBBIE OMTBI CMOTYT BBI-
HO/THATD BBIYUCTIEHN S, KOTOpBIe He-
JIOCTYIIHBI JJa>Ke CAMBbIM MOIIHBIM
COBPEMEHHBIM KOMIIBIOTEPAM.

® 00000000 c000c000000000000000000000000 0000

KOHEYHOE
COCTOAHWE

yepez N waros

+

Bl Benok-gpaiisep
B Ueneeoit 6enok

prnna Y4Y€HBbIX 13 Ha60paTOpI/II/I IIEPCIEKTUBHDBIX I/ICC}Ie)IOBaHI/Iﬁ[ MEM-

6panubIx 6enkoB MOTV u nx 3apybexxHble KOMIETU IPEeAIOKUIN METO,
KOTOPBIII IIO3BOJIUT YIPOCTUTH MOTy4YeHNe IIeHHBIX O€/IKOB.

CaMbIM IPOCTBIM U JlellIeBBIM METO/IOM IIOJTy4eHMs 6e/Ka sAB/IAeTCA
BBOJ] B KIIIEYHYIO [IaJIOYKY I'eHa, KOAVPYIOLIEro HYXXHBII 6€/IOK I eTo
nocrnexytomee Bbijienenne. C HEKOTOPBIMM OeTKaMy BO3HMKAIOT ITpo6ite-
MBI VccnemoBaren IpeIoxKIN TOAXO, A/I VX CUCTEMHOTO pelleHN .
[l 6enmka, KOTOPBIN HYXKHO ITOTYYUTh (1ie/1eBoit), ITOA0MpPaI0T IOXOXKMIIA,
HO JIETKO CHHTe3MPYeMblIii 60K (paiiBep). 3aTeM CO3[jal0TCs XUMePhI 13
JacTell Lie/ieBOro Oe/ka U ApaliBepa Mo aJITOPUTMY IIOUCK TbBa B Adpu-
Ke»: O€/IOK «/IeIAIT» Ha [Be IOIOBVMHBI Y ONIPEe/IAIOT, B KaKOJ OIOBIHE
BO3HMKAIOT TPOO/IeMBI, IOTOM 3Ty ITOTIOBMHY /AT IOIIONIaM U TaK flaiee.
Tak ymaeTcs ompeyiennTh, B KAKOM YYacTKe 11e7IeBOro Oe/rka BO3HMKIIA
npobnema.

I[Tpen10)KeHHBII TOAXOJ], MOXKET CYILeCTBEHHO CHU3UTD CTOMMOCTD
U IPOJIO/DKUTENBHOCTD MCCTIE{OBAHNIL.

® 0000000000000 00000000000000000000000000000000



SAHAYKY 2 ECTbMHEHVE

/2 Martsei Kupees

fl TAK BURY

3aHumamocst npoeHozamu — odesno HebnazooapHoe. Ho mpyoHo ycmosmo nepeo
uckyuieHuem ysHamo 6yoyusee. Ce0ii 8327150 HA He20 NPedCcmMasnaom eedyujue
yuervie MOTV — Anexceii Apcenun, Bnaoucnas Cudopernxo u Apmem Ozaros.

Kaxux npopvienvix
oocmuceHui

MONCHO OHCUOAMD
6 sauetl o6nacmu
HAYKU 8 3mMom 200y?

B mocreiHee Bpems MBI Bee vairie
C/IBILINM O HOBBIX BUPYCaX, HAllpU-
Mmep, D6orma, 3uka u T. . OcTarTcs
HepelleHHbIMI IPOOIeMbI paHHeI
AMATHOCTYKY PaKa U paspaboTKu
JIEKapCTB [JIs1 7Ie9eHNs1 OMBIIOTO
yycia 3aboneBanuii. Bee aTo cBa-
3aHO C CO3/IaHMeM BBICOKOUYBCTBH-
TE/IbHBIX U YOOHBIX B MICIIO/Ib30Ba-
HUY OMOCEHCOPOB, MPEX/Ie BCETO
rpadeHOBBIX, B 0061acTy pa3padoT-
KV KOTOPBIX HaO/II0aeTCst HaCTOs -
it 6ym. Ha maHHBI MOMEHT, Kak
[IPU3HAIOT MHOTIE KOJUIETH, 3TO
HanboJiee IepCIeKTUBHASA 00/1acTh
OpUMeHEeHsI HETaBHO OTKPBITHIX
IByMepHBIX MaTepuanoB. OXuaao
CO3[jaHVsI IPUHIUIINATBHO HOBOTO
K/Iacca CeHCOPOB, KOTOPBIE OCY-
IIECTBST IPOPBIB B MEIUIIMHCKON
AMArHOCTUKe 1 GapMaKOTOTHIA.

Kaxux
oocmuxiceHUl
8vl ycoeme

8 9MOM 200y om

MoOTH?

AJEKCEV APCEHMH, , -
K. ©.-M. H., SAMECTUTEJIb 1EKAHA 110 HAYYHOW ¥ UHHOBALIMOHHOW PABOTE

(MAKVJILTETA OBLLEW U NPUKJIAZIHOW ®U3UKK, BEYILUA HAYYHBIW COTPYIHUK
JIABOPATOPWUW HAHOONTHKMW U NNASMOHUKU MDTH

3a mpormenimmit rogq MOTU
BHEIIIHE OYeHb CUJIBHO IIpe-
obpasmcs. B atom rogy xay

OT MHCTUTYTA IIpeoOpaskeHNns
He CTOJIbKO BHEIITHET0, CKO/IBKO
BHYTpPeHHero. 3a IOoCTIeHIe
rozbI OBIIO MHOTO HIOJIOKNTEb-
HBIX MI3MEHEHMI, HO XBaTAJI0

" 1Ipo6eM, KOTOpbIe OKa3bl-
BAIOT CyIlleCTBEHHOE BIIVSIHIE
Ha Hay4YHbIe UCCIIEIOBAHMISL.
Xo4ercst, YTOObI TTOJIOKUTEIb-
Hble I3MeHEeHNsI HapacTaslu o
akcnoneHTte. KomdoprHas cpena
Y YBEPEHHOCTD B 3aBTPAIlIHEM
JiHe CIIOCOOHBI TBOPUTBD Uyfieca,
II03TOMY KA1y BBIJAIOLIVXCS
pe3y/IbTaToB OT HAIVX Hay4-
HBIX Tab0OpaTopuMit, KOTOpPbIE
[I03BOJIAIT HaM CTaTh 3aMEeTHBIMMU
Ha MIPOBOM YPOBHe.

Kaxyto uenv
6bL cmasume
Ha amom

200 nepeo
co60ii?

Ha nporsxennn He-
CKOJIBKVX JIET MBI yCIIeIl-
HO BefleM IIPOeKTBHI 110
pas3paboTKe ¥ CO3/JaHMIO
HaHOJ/Ia3epOB, HAHOPA3-
MEPHBIX OITHYECKUX
MEXCOEeIMHEHU IS
3/1eKTPOHUKM U BBICOKO-
YYBCTBUTEIbHBIX OITI-
4eCKMX 61I0CEHCOPOB.
PesynbraTel nyonuKy-
I0TCA B BeyIIMX Hay4-
HBIX )XypHasnax. B atom
TOY OTKPBIBA€M HOBBIN
MPOEKT TI0 pa3paboTke
KOMITAKTHBIX OfTHOdO-
TOHHBIX MICTOYHMKOB.
Ycnemnas peanusanus
3THUX NIPOEKTOB U eCThb
Mos1 IpodecCrOHaTbHAS
Lie7Ib Ha 9TOT TOf,.



APTEM OTAHB,
MPOMECCOP CKOJITEXA

W YHUBEPCUTETA LUTATA HbI0-HOPK,

MPOMECCOP PAH, PYKOBOJUTEJIb
JIAbOPATOPUM KOMIMbHOTEPHOI0
JV3AUHA MATEPUAJIOB B MDTH

Mon II0C/IE€JHME NCCIIENOBaHA

OTHOCATCA K 9BOTIIOI.U/IOHHOI7[

HeOeCHOI MeXaHMKe — S 3aHU-

MaloCh N3y4eHIeM BO3MOX-
HBIX VI3MEHEHUII B IBVDKEHNN
HeOeCHBIX TeJl Ha [/INTeIbHBIX
BpeMeHHbBIX MHTepBanax. [Ipo-
PBIB B 3TOJ1 00/1aCTV HAYKN

B 2016 rony y>e crmydmucA:
IpeficKa3aHye CyLeCTBOBAHNA
B COJTHEUHOM CCTEME ellle
opHoli na"eTsl. Popmynupys
JaHHYIO runoresy, bpayn u ba-
TBHITMH ONMPAJIVCh HA CPABHU-
Te/IbHO HefIaBHO HalifleHHbIe
PpelleHNs 3a/1auu TPeX TeJl.
XO0Ts aXXMOTaX BOKPYT 3TOM
pabotsr B CMMU noutn cTux,
CTIefyeT OXKU/aTh B O/IVDKali-
IIee BpeMs Hayaja cepbes-
HOW IVMCKYCCUY B HAYIHBIX
XypHanax. 9Ta Tema Oymer
IIPOAHAMN3MPOBAHA C Pa3HBIX
TOYEK 3peHMN, YTO CaMo 10
cebe mpuBeNeT K yrIy0/IeHnIo
HAIIX IPefICTaBIeHNUII O TOM,
KaKVM MOXXET ObITb IBVKE-
Hue HeGecHbIX Ten. Hageroch
y3HaThb MHOTO HOBOTO.

ITossBUTCS BO3MOX-
HOCTb UCC/IEIOBATD
IIOJTHOE IIPOCTpPaH-
CTBO BO3MO>KHBIX
XUMUYECKIX COe-
IUHEHUN B IIOMCKe
HOBBIX MaTepUasoB.

BAAAVCIIAB CHIOPEHKO, o
MPOMECCOP KAMEPbI TEOPETUYECHOW MEXAHUKM MOYTH, BEAYILUM HAYYHBI
COTPYAHUK UHCTUTYTA NPUKJIAZHOU MATEMATUKY UM. M. B. KEJIAbILLIA PAH

51 Haze10Ch, UTO
M®TU nopuu-
MeTCSI B MMPOBBIX
pEeNTHMHTaX U CMO-
KeT IpUBJIEYb
TYYIINX MUPOBBIX
YYEHBIX.

Yamre Bcero Hay4Hble
IIPOPBIBBI CITyYarOTCS

B pe3y/bTaTe CUHTe3a
METOLOB U IIPENCTaB/IEHNUI
Pa3HbIX HayYHBIX AMCLY-
wH. MHe KaXkeTcs, 9To
ceifyac TaKkoit 06mMacThio
AKTMBHOTO JICIIO/Ib30BaHNA
HOBEIINX TOCTVDKEHNI
Pa3HbIX HayK CTAHOBATCA
6norexnonmoruu. [Iporpecc
3/1eCh JOCTUTAETCA Ha
OCHOBE COYeTaHNs yCOoBep-
HIEHCTBOBAHMI TEXHUKU
9KCIIePUIMEHTA C TEM, YTO
MOSIBUJIOCH B TIOCTIEIHIIE
rogs! B IT-cdepe. [Tonararto,
4TO pyKoBoacTBo MOTU
CJieaso IpaBU/IbHBIN
BBIOOP, IIpeATpUHIMAs
0cobble ycumus 1o pa3Bu-
THUIO B HallleM MHCTUTYTe
MCCAeTOBAHMI 10 O10-
TEXHOJIOTVAM U papma-
Konorumn. BeposTHo, yxe

B O/IyDKaiiiee BpeMsi Mbl
YCIIBIIINM O IOCTVDKEHMAX
HAIINX KOJJIET, 3aHATBIX
3TUMU UCCTIETOBAHVAMIU.

ITpenckasatb

U BHEJIPUTD He-
CKOJIbKO HOBBIX Ma-
TepuasnoB, KOTOpble
CcMOI/IN OBl JIeYb

B OCHOBY HOBBIX
TEeXHOJIOTUIA.

Ceifyac s 3aHUMAIOCD TeM,
YTO Ha3bIBACTCS «IKCIIEH-
TpudeckuM 3pdexToM
Koszau — JIngoBa». 3toT
He0OeCHO-MeXaHIYeCKIil
a¢ddexT 6T OTKPBIT
aMepVKaHCKMMU Y4eHbIMU
B 2011 rogy u UCIONb3yeTCH
U1 06'bACHEHNSI IPOTUBO-
I0JIO)KHOTO HaINlpaB/IeHMs
OpOUTATIBHOTO ABVKEHNS
00BEKTOB B HEKOTOPBIX
9K30IIAHETHBIX CUCTEMaX.
Tak Kak cyliecTByolas
teopust DKJI-adbdexra

He OO'BsICHSIET B ITOTHOM
Mepe, HallpuMep, pe3yb-
TaThl YMCTICHHBIX SKCIIe-
PVMMEHTOB, I IIBITAIOCH ee
ycoBepuieHCTBOBaTh. OueHb
XOYeTCs 3aBepLINTh PaboTy
K OKTs16pI0 2016 ropa, Korga
VICTIOTTHUTIOCH 6bI 90 et
3aMe4aTe/IbHOMY y4eHOMY
Muxauny JlugoBy, ofHOMY
13 OCHOBOIIO/IOXKHJKOB
HOBOTO Hay4YHOTO HaIIpaB-
TIeHNsI — MeXaHUKIU KOCMMU-
94eCKOro MofeTa.



SAHAYKY 2 TEPO/HOMEPA

/2 Buktopua CTenbMax

w,v

BJIAIMMP CTEAMJIOB:

(RE RY KHU bUATBUr
AY YRV KAPBEPBD

Cywiecmeyem nu peuenm ycnexa u 603MOXCHO /iU NPeOCKA3AMb, KAKUMU
CB0UCMBAMU HAOETIUM CUCIEMY MOM UL UHOTL ee I/ieMeHm, — 00 ITOM HYPHATLY
«3a HayKy» pacckasan naypeam npesudeHmcKkoil npemuu 8 0671acmu HayKu U UHHO-
sayuti 07151 Mono0vx yueHvix 3a 2015 200, 3asomoenom O6veduHeHH020 UHCMUMYMA
BLICOKUX meMnepamyp u npogpeccop kageopovl PUUKU 6bICOKOMEMNEPAMYPHBLX
npoueccos paxynvmema monekynapHoi u xumuueckoti pusuxu MOTV Bnaoumup
Cmezaiinos.




m| ,
[PAQUT, UM 0bbI4HBIW 3KCTPUM

— Buw1 6viiu npedcmasenetivt

K npe3u0eHmcKoil npemuu 3a UuKs
pabom no cynepxomnoiomepHomy
MHOozZOMAacmMabHoMy MOOenuposa-
HUI0 MAMePUANos 6 IKCMpemany-
Hoix cocmoanuax. Kaxue umento
aKcmpemanvHvle COCIMOTHUS U3Y-
uarom 6 eauteii nabopamopuu?

— IlepBoe — paguanoHHbIE
noBpexeHns:. B xone peakmym
JieJIeHV s SHePTUsA BBIIe/ACTCA

B BUJIe TPEKOB TSKENIbIX MIOHOB.
ITU TpeKU He TONbKO Harpesa-
I0T MaTepuasl, HO M paspylaioT
ero ctpykrypy. [losTomy Teope-
THYEeCKOe OIMCaHMe TOJ0OHbIX
IPOILIeCCOB OTKPBIBAET Y Th

K TIOBBIIIEHNIO 9 (PEKTUBHOCTH
PeaKTOpOB.

Bropoit Tun 3afa4 — 310 B3a-
MMOJIeVICTBYIE MMITY/IbCHBIX JIa3ep-
HBIX ITYYKOB C BEIECTBOM, IIPUBO-
fislllee K TaK Ha3bIBaeMOIl abysnmm
MaTtepuaia nosepxaocTu. Kasa-
7I0Ch 6bI — COBEpPLIEHHO JipyTras
3ajia4a, OfHAKO B METOAMYECKOM
OTHOIIEHN} OHA MIMeeT MHOTO
o6111ero ¢ 3ajja4erl pacyera TPEKOB
B SI/IePHOM TOIUIUBE.

«VI3 mocnegHero» — M 3TO yXe
He TaK1e 9KCTpeMajIbHble COCTOsA-
HUS — MCCTIeIOBAHNUSA Ta30BBIX
TUJIPAaTOB U U3y4eHMe CBOJICTB
KOMIIO3UTHBIX MaTepyajIoB: O/~
MEpHBIX MaTpPUII, APMUPOBAHHBIX
YITIepOAHBIMYU HAHOTPYOKaMI.

— Ilosedenue kaxkozo mamepuana
youensem éac 6onvule 6cezo?

— CoBeplIeHHO YIUBUTEIbHbIII
MaTepyaL, IpudeM IOPaKaroLnii
He TI0BEJJeHEM B SKCTPeMasbHbIX
YCNIOBUAX, @ 6a30BBIMU XapaKTe-
pucTMKamm, — 3To rpadur. Ja-za,
He MOJIHBIII HbIHYe TpadeH, a rpa-
¢ut. MaTtepuas 3TOT XOTA U BCeM
VI3BECTHBI, INMPOKO UCIIOb3Y-
€MBII1, HO IO CMX IIOP [0 KOHI|a

He pasraflanubiil. Ero temneparypy

b ymato, umo ommeuenHvle 6 IMom
200y pabomvl aKkmyanvHvl mem, 4o
3adarom o6usuii 6eKmop paseumus
HAYKU U MeXHOI02UU 68 C60UX

oonacmsax ’ ’

IUIaB/IeHVIS 6€3yCIIeNHO IbITAI0TCA
ompenenntb ¢ 1963 ropa! Tonpko

B HallleM MHCTUTYTe Ha JJaHHbII
MOMEHT CYIIeCTBYIOT TP TPYIIIIBI
9KCIIepPUMEHTATOPOB, PabOTAIOINX
B 3TOI1 06/1acTU, — a Beb MBI HE
e[VIHCTBEHHBIE, KTO ero U3y4aer.
MuTpura B TOM, 4TO BCe IPOBEJIEH-
HbIe 9KCIIEPVIMEHTBHI pa3 OT pasa
JaIoT pasHble 3HadYeHus. [Tpuuem
aTa pasHuua goxogut go 1000 rpa-
IyCOB.

— Mano noxosxe Ha omuoKy
npubopos...

— Ipadut — camblit Tyrommas-
KU MaTepyaj Cpeix OHOKOM-
IIOHEHTHBIX. DKCIEPUMEHTBI 1A
U3Yy4eHMA MPOLECCOB IJIaBJIEHNA
B rpaduTe JOBOIBHO TPYAOEMKI,
MIOCKOJIbKY BC€ OCTa/IbHOE IIOIpPO-
CTY IIJIABUTCA PaHbIIE.

Busyanuzayus pacdema 31eKmpoHHoU
CMpPYKMypsI NI0MHOU nIa3mbl
(noKa3aHs! u30nN0BepxXHoCMU
3/1eKMPOHHOL nlomHocmu

cmames Norman, Saitov, Stegailov,
Zhilyaev; Phys. Rev. E; 2015)

— Kaxk mosxcHo npeodonemv smu
ozpanuuenus?

— C noMo1ibIo Bce Tex e Obl-
CTPBIX MMITY/IbCHBIX 9KCIIepYMEH-
T0B. OCHOBHBIE METO[BI — JIa3ep-
HBII1 HATPeB 1 HarPeB C IOMOIIbI0
TOKa. YTO TO/IBKO He IMBITAINCD
CeNIaTh CCIeIOBATE/IN, YTOOBI
U30aBUTHCS OT BO3HUKAIOLINX
PacxoXJeHuN B pesyabTaTax
M3MepeHMII: TOBBIIIA/I TOYHOCTD
npn60poB, N36ABJIANMNCH OT HABO-
JIOK, HO O6O0JIbIIINe PACXOXK/IEHNUS

B IETEKTVMPYEMO TEMIIEpPAType
IUIaBJIEHVS OCTABAJINC.

— U komnvromepnas mooenv
1036071UA HATIMU eOUHCTBEHHO
8epHoe 3HaueHue?

— He coscem. Bo-nepshIx, pe-
3y/IbTaT, OYydM CJIOKHBIM IS
MHTepIpeTalny, CHa4asIa 3acTal
Hac BpacIIoX. Bo-BTOpBbIX, Mbl
(paboTa 6bl1a BBIIIONHEHA C y4a-
CTHeM acnupaHTa Bragummpa —
Huxurel Opexosa, HOTy4YMBLIETO
Mmeganb Poccuiickoir akameMun
HayK — Ped.) 04eHb OCTOPOX-

HO OTHOCUMCS K IOTTyYEHHOMY
pes3ynbTaTy, TaK KaK X/leM HOBbIX
9KCIIEePYMEHTAIbHO IOTYYeHHBIX
maHHBIX. [JocTaHOBKA TaKOTO
9KCIIepMMEHTA yXKe Ha CTafuu 06-
CY>KJeHMSI METOMIMKY C KOJUIeTaMI
U3 HalIeTo MHCTUTYTA.

— B uem nce cexpem zpadpuma?

— Ilporeccyl aB/IeHNA B HeM UAYT
Ype3BBIYAITHO [IO/ITO, CTAHOBUTCS
BO3MOYKHBIM IIeperpeB MaTepuaa
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Ha MUKPOCEKYH/JHbIX BpeMEeHaX,

1 IO3TOMY B YC/IOBUSIX MMITY/Ib-
CHBIX 9KCIIEpYIMEHTOB IIO/Ty4eHue
VICTVHHOTO PaBHOBECHOTO 3HAYEHVISI
TeMIIepaTypbl I/IaBIeHNA BeCbMa
3aTPyHUTENBHO.

HA BbICILEM YPOBHE

— Kax évi cuumaeme, nouemy u3
147 pabom, npedcmasnennvix Ha
couckanue npemuu, émecte ¢ 08yMms
Opyzumu evI6panu umeHHo 6auy?
— Jlymaro, 9TO OTMeYeHHbIE B 3TOM
rofy paboThI aKTya/IbHBI TEM, YTO
3a/Ial0T OOV BEKTOP PasBUTHA
HAYKJ U TEXHO/IOTMY B CBOUX 06-
nacTsAx. VI MeTobI, HaJj KOTOPBIMMU
paboTalo s, M METOLBL, [IPENCTAB-
JIeHHbIe ABYMsI fpyruMu $uHa- _ .

/MCTamu, IIpUMEHNMBL K Pa3HbIM Ha MexcdyrapodHom cemuHape «Multi-scale structure & properties of Bulk Carbon Materials»
obnactam TeOpUM U MPAKTUKMN. (lpesdeH, 2015)

— Ha uepemouuu B8bl KOCH)Y/TUCb

menmvi pedopm 6 poccutickoii Ha- “ B camoii uoee onucamo eeuiecmaeo, uUcxoo0s
yxe. Hackonvxo, Ha 6aw 632110, u3 6a3osvix npuHUUNOs, TUUHO 07T MeHS

OHa xonxypeumocnoco6na ceuvac ecmv Umo-mo 361601)61316116(11014466 ’ ’
HA MUPoO60OM pvlHKe U 6 KAKOM

Hanpaenenuu eii He06x00umo 06u-
2amvcs oanvuie?

— Ceifiyac Hayka B Poccuu cHOoBa
I, 1/(ns A%) Vioons A/MS

BOLIA B YMCTIO IPYOPUTETHBIX 3asucumocmu
o 3 -
Hanpas/enusi pasutust. C Toro 10 100 cxopocmu gporma
N/aGeHuA
MOMEHTA, KaK s TOIbKO-TO/IbKO B Hee B 26Pa (1) .
® 5GPa(L) v_subscript (npu
TIPUIIIETT, M IO CETOfHSLIHETO THS S Toen i 620 dByX PASTAHbX
ITOMEHSTIOCh OYeHb MHOTO€, 0COOEH- § somx :n()”) opueHmayusx)
HO C TOYKY 3peHsI PUHAHCHPOBa- U Yacmomel
HIs TAIAHTIMBON Montofexu. Ctajo 20M02eHHOl
6071bI1Ie MHTEPECHBIX BO3MO>KHOCTEIA, Hykteayuu pacniaea
J om obpamHoli
NIePCOHAJIBHBIX U HEe TOJIBKO TOCY-
memnepamypbl
JApCTBEHHBIX IPAaHTOB, IPOTPaMM 3N PAZUYHbIX

nopzepxku. KoHkypeHTocriocobHa
7L OHa Ha MMPOBOM pbIHKe? OffHO-
3Ha4HO fa. HecMoTps Ha Kpu3ucHI, ee
HOTEHIMA/T PAacTeT M pealn3yeTcs.

— O uem 6vl 2080punu ¢ npesude-
MoMm nocrne uepemMoHUU HAZPaic-
OeHus?

3HaYeHUli 0as/ieHusA
8 Mamepuare.
CnnowHsle NUHUU —
pe3ysibmamsl
annpoKcuMayuu no
npeodoNceHHbIM

8 cmamoe
aHAUMUYECKUM
¢opmynam. (Cmamesa
Orekhov, Stegailov;

K /T, K
— K coxanenuto, BpeMeHn Ajist He- 10° . .
IPUHYXEHHO 6ecelbl He ObIIO. 0.0002  0.00022 0.00024  0.00026

Carbon; 2015)



L3

Y nocmepa amecme ¢ acnupaHmom [pueopuem CMUPHOBLIM Ha MEXCOYHAPOOHOU
cyneproMnblomepHol KoHgepeHyuu ISC-HPC (Oparkgypm, 2015)

OH 3aan Bcero oguH BONIPOC, KO-
TOPBIIT, 4€CTHO NPU3HAKCDH, MEHA
YOUBUII — O TOM, KaKJe TUIIbI
AIEPHOTO TOIUIVBA MBI M3y4aeM.

— Hcnonvsyromca nu yxe samu
Hapabomku Ha npaxkmuxe, u Ka-
Kue mozym Gvimv 6HedpeHvt

6 Onucaiiwee 6pemsa?

— Iloka MbI He IpOM3Be/NIN HUKA-
KOJI IIPOMBIILJIEHHOV UV 3HEpre-
TU4YecKkol pepomntonuu. Ceityac Mbl
paboraem ¢ PocaToMoM 110 KOH-
TPaKTYy, HallpaBJIeHHOMY Ha pac-
4yeT CBOJICTB MaTepUaJIOB, MICIIO/Nb-
3YIOLIVXCA B SANEPHOI SHEpreTHKe.
YxypueHne MexaHM4IeCKNX
CBOJICTB TOIIMBHBIX Tab/IeTOK

B TB3OJIax peakTOpOB BBIHYXJaeT
IPOM3BOAUTD UX 3aMEHY 33/JO/IT0
10 TIOTHOTO BBITOPAHUS HeTLs-
mierocs BemlecTsa. Mbl HafjeeM-
s, YTO IpOrpecc B MOHMMAaHUNU
MUKDPOCTPYKTYPHBIX MEXaHU3MOB
HaKOIUIEH!A pafiMallIOHHBIX I10-
BpeX/IeHNil B OyAyIeM II03BOIUT
CO3[1aBaTh TOIIMBO CO CTPYKTY-
POIi, CIOCOOHOI «3ameYnBaTh»

0O0JIBIIYIO YaCTh BHYTPEHHNX
TOBPEXIEHMIA.

JIVYLLIEE U3 SAHATUA

— Kax nonyuunocwv, umo eauieii
npodgeccueii cmana pusuxa? Yene-
YeHue 0emcmea, 6nuUAHUE yulme-
neti, pooumerneti?

— Bcero nmonemHory: oter GpusuK,
metcTBO B [lyOHe, 3aMeyaTenbHble
IIefIaroryi, KOTOPbIe YBIeK/N U3N-
KOI1 ellle B IIKObHBIE TOnbl. [ToToM
a nocrymun 8 MOT. ..

—A nouemy umeHHo MoOenuposa-
Hue n06edeHUsI MAMepuanos?

— TyT, KOHeYHO, ecTb HOMS CIy-
qasi, HO eC/IYl TOBOPUTD O HECTIY-
4ayiHOM, MHEe OYeHb HpaBU/Iach
MMOCTaHOBKa 3amaun. B camoit upee
OIINMCATh BEIeCTBO, MCXOAS U3
6a30BbIX IPUHIIUIIOB, TUYHO /IS
MEHS eCTb YTO-TO 3aBOPa’kKMBa-
foiiee. K ToMy ke B Hale BpeMs
MIPOMCXOJUT «MaTepyuanbHasi»
PEeBOIONA — HAIPUMeEpP, B I10-
BCEHEBHO >KM3HI MbI BUINM,

Ha rorgepenyuu, 2011 200

4TO OCHOBOJI IPAKTUYECKY BCETO
CTaJIM IUVTAaCTUKY. MBI HajieeMcs,
4TO B pe3y/bTaTe PasBUTH Ha-
IIMMY CYJIAMY BBIYMCTTUTETbHBIX
MeTO/I0B, OCHOBAHHBIX Ha (pyHpa-
MeTa/lbHbIX PU3NIeCKNUX IPUHLIN-
Iax, HaM yAacTcs O4eHb s dex-
TUBHO CO3/1aBaTh U BHEAPATD
HOBbIe MaTepyasbl B MHXEHEPHYIO
HIPaKTHUKY.

— Ecmo u 'y 6ac meuma?

— MHe 651 XOTeIOCh, 4TOOBI Ta 00-
JIaCTh, KOTOPOU A 3aHUMAIOCh, BbI-
I/1a Ha HOBBIN YPOBEHb Pa3BUTUA
3pech, B Poccun. Ilotomy 4TO ecThb
OIIpefie/IeHHbIIl TPOOeT, KOTOPbII
HeoOXOIVMO 3aIIOTHUTh: HAIINCATb
COOTBETCTBYIOLINE YIeOHNKM, BOC-
IIATaTh HOBbIE KaJpBbl.

— Umo 6vt 6vt nosxcenanu mem,
KMo monvko HauuHaem ceoil
nymo 6 Hayke?

— He Hy»HO 604TbCsI HAYIHOI
Kapbepbl: 3TOT BU/J, 3aHATHII OVH
U3 CaMBIX Ty YIINX, JOCTYITHBIX
Jes1oBeKy. M



SAHAYKY 2 KPYIHBIMTT/TAHOM




/2 [apbAa CtenaHeHKo

bUOGEHCOPHAS
TECT-CUCTEMA,

ONPEAENAWIAA KOHLEHTPALIAKO KOHKPETHbIX
BEJIKOBbIX MOJIEKY/1 B HWAKOCTH

OBJIACTb NMPUMEHEHMA

IuarHocTuka 60esHeit:
Ha/li4yie HEKOTOPBIX MOMIEKYII
yKa3bIBaeT Ha HAYA/I0 VI

pasBuUTHE 3200/IEBAHNISL

AHanns InUIeBbIX
IIPOZIYKTOB U JIEKAPCTB:
MOBBIIIEHIIE MUY IIOHV>KEHE
KOHIIEHTPALMY OIIpefieIeHHbIX
BEIIECTB MOXKET CUTHA/IM3MPOBaTh
0 HM3KOM KadecTBe TOBapa.

OKOIOTYECKIUIA MOHUTOPVHI.

YHUHAJIbHBIE CBOHCTBA

- lect-cucrema, ocnosannasn
MIPUMEHEHUN MarHUTHBIX
CTHLI, TO3BOJISIET BHIABUTH
€BBIX YCTIOBUAX He TOMBKO
€/IKa, HO V1 OCTOBEPHO
b €70 KOHIIEHTPAIMIO.

BTOPbI PASPABOTHH

Maxkcum Hukurun,
11 mabopaTopueit
texHonoruit MOTU;

r Anexceit Opnos,
4HbIA coTpyaHuK IO® PAH




SAHAYKY™ O UTKPHN(

CHFHATIM3ALIMA OT PAKA

Ipynna uccnedosameneti u3 MOTH emecme ¢ konneeamu u3 Cankm-Ilemepoype-
CK020 20CY0apcmeeHH020 NeOUaAmputeckoz0 MeOUUUHCK020 yHueepcumema u Apu-
anvckoeo yHusepcumema Vspauns onybnukosana 6 International Journal of Cancer
onucanue H08020 N00X00a K JieHeHUr paka mouesozo ny3vips. OH 3akmouaemcs

8 UCNONIb30BAHUU MAMEMAMUYECKUX MOoOeneli, KOmopbvle NO360NTI0M PeUitims 06e
8aXcHble 3a0a4u: BbIABUMD 00/Iee ONACHYH PA3HOBUOHOCY PAKA U NePCOHUPUUUDPO-
8amp sieueHue 0715 Kan 0020 KOHKPemHoz0 nayueHma.

O
MPOCTO «PAKAN HE bbIBAET
«Paxa» KaK OffHOI1 60/Ie3H He Cyllle-
ctByeT. Ecnu 6b1 3710KadecTBeHHbIe
HOBOOOpa30BaHVIsA ObIIN y BCeX 60/Ib-
HBIX OJYHAKOBBI, JIX MOXXHO OBI/IO OBl
JIEYNTD OIVHAKOBBIM 006pasoM, 1 yde-
HBIM C Bpa4yaMi1 IOTPeOOBanoch Obl
paspaboTarb BCEro OIMH METOJ IS
OOpBOBI C OHOI 13 I/TABHBIX IIPUYIH
cmepTHOCTI B Mytpe. Ho «pakom»
Ha CaMOM JleJie Ha3bIBalOT OTPOMHOE
YICIIO pasHBIX 60TIe3Hel, IpuyeM
VIX JIeJIeHVIE T10 JIOKA/I3ALI —
«PaK XeTyAKa» WA «PaK MOYEBOTO
ITy3BIPs» — TO>Ke BECbMa YCTIOBHO:
JiaKe Y OHOTO IAI{/eHTa Oy XO/Ib
MOXKeT OBITb chOpMUpOBaHa U3
Pa3HBIX K/IETOK, KOTOpbIE OT/INYAIOT-
¢s1 OYKBaJIbHO BCEM, OT OMOXVIMIY
JI0 BHEIIIHETO BUJA.

2?2

IIpoTuB paka C/I0KHO 1, BEPOAT-
HO, QPaKTUYeCcKy HeBO3MOXKHO Hail-
TU OfIHO YHUBEpPCa/IbHOE JIeKap-
CTBO MM BaKLMHY. [lake yganeHue
OIIYXO/U XUPYPIUYECKUM NIy TeM
WY YHUYTOXKEHMeE ee ITYYKOM JO-
HU3UPYIOLETO U3/Ty4YeHNA HE €CTh
naHaiesa. OgHaKoO 3TO He 3HAYUT,
YTO paK NPUHLUMUINAIBHO YCTOM-
YJB KO BCeM BHELTHUM BO3JIeil-
cTBusM. [To6ennTh ero Mo>xxeT
KOMOVHAIVISI METOJJOB U IIPABU/Ib-
HBIIT BBIOOP TOVI M/IM MHOJ TaKTUKU
B K&KJOM KOHKPETHOM CITy4ae.

BbIABJIEHME CTAIUM

ITo cTaTncTHKE, pAKOM MOYEBOTO
Iy3bIps TONbKO B Poccun 3a60-
nesBaet npumepHo 12 500 manu-
€HTOB B TOfj, IIpyyeM O0/IbIIIast UX

/2 Anexceit TUMoLLIEHKO

JaCcTb — MY)KUMHBI CTapIIEero BO3-
pacra. Eciim mpo6riema BbIsIB/IsI€ TCS
Ha paHHel CTafiuM, KOIZa OIIyXO/Ib
TOJIbKO HaYMHAET PacTU B M-
TeJINaIbHOM CTI0€, JIeUeHe JaeT
HaWTyy4lllyie pe3y/IbTaThbl U IalyieH-
TBI MEHBIIIE BCETO PUCKYIOT CTOMK-
HYTbCsA ¢ MeTacTasamu. Onyxors,
yCIHeBIIast IPOPACTY B MBIIICYHBIN
CTI0J1, JaeT ropasno MeHee 61aro-
IPUATHBII IPOTHO3 — Yepes IATh
JIeT BbDKMBaET He 0ojiee IOTOBIHBI
HAI[IEHTOB, Y KOTOPBIX OBLIO BbI-
ABJIEHO 9TO 3a00J/IeBaHNe.

YT06bI TPaBUIBHO TOCTABUTD
IVMAarHo3, Majio ONpeeNINTb IPpaHu-
IIbI OITyXOJI, HY>KHO €llie BBLIBUTD
TUII 00Pa3yIOIVX ee KIeTOK, JKeya-
Te/IbHO — B Havajle jedeHusd. Pak
OOBIYHO BO3HMKAET U3 SIUTENN-



aJIbHBIX K/IETOK, KOTOPBIE yTpaun-
BAIOT CIIeLIMa/TN3alNI0, HAYMHAIOT
6EeCKOHTPOIBHO JIeTUTHCs, 0bpeTa-
10T HECBOJICTBEHHYIO VM TTOJBIIXK-
HOCTbD 1 CO BpeMeHeM IIPOHUKAIOT
B MBIIIEYHYIO TKaHb. [Ipomuecc me-
PEepPOKIEHMS KI€TOK IIPOMCXONUT
He OfHOMOMeHTHO. [IpeBpaienne
SMUTENNATIBHOI KJIETKU B PAaKOBYIO
Ha4MHAeTCS C TAK Ha3bIBA€MOTO
SMUTENNAIBHO-Me3eHXMMATbHOTO
Iepexoyia, KOTOPBIIl HAIOMIHAET
obpaleHHbII BCIATH IPOLIECC
crienmaay3auny KJaeTKy, Iocre
KOTOPOTO OHa IlepecTaeT pearu-
pOBaTh Ha IOfjaBaeMble eif M3BHe
OMoXMMMYecKyie CUTHAIBI U He
MO>KeT 3aMeJJIAITh VI OCTaHABIN-
BaTb CBOE JIeJICHIE.

IIpomenmme snuTeNnaabHO-
Me3eHXVMa/IbHBIII [IePeXOf] KIIeTKI
CUHTE3UPYIOT O€/TOK, I3BECTHBDII
KaK SINTeMa/bHBIN (GaKTOp poCTa,
u 6enku cemericTBa Snail — Bce oHM
BKJ/IIOYEHbI aBTOpaMy HOBOIT MOJie-
JIV B 9UCTIO BOKHBIX OMIOMapKEPOB.
Cra/juio 5ke MIHBa3VBHOTO paKa,
KOI/[a OITyXOJ/Ib HAYMHAET PacTu
B MBIILIEYHOM C/I0€, MOXKHO Y3HaTb
o 6enky Shh — B HOpMme oH urpaer
Ba)KHYIO POJIb Ha CTafyu aMOpuo-
Ha/IbHOTO Pa3BUTHA U IIOMOTAET
KJIeTKaM 3apOofblliia IproOpeTaTh
IpaBWIbHYIO Clienyanu3aanuio. [1pn
pake MOYEBOTO Iy3bIPs OH CUHTe-
3UPYeTCs OIyXO/IEBBIMI K/IETKAMU
B nospHelt craguu. [Ipoanannsu-
pOBaB cOOpaHHBbIIT paHee fPyTu-
M MCCTIEIOBATE/AMI MaTepUal,
y4eHbIe IIPUIIIN K BLIBOZY, YTO
faHHbIe 0 mosiBneHny Shh Bkyre
¢ nadopmarueit 06 n3MeHEHUN
KOHIIEHTpAINu 3TOro 6eyka Bo Bpe-
MeHJ MOTYT yKa3aTb Ha [OsIB/ICHVIe
MBIIIIEYHO-MHBA3MBHOTO PaKa.

RAK?

B cBoeM mccnenoBaHnm yueHble
aKTVBHO MCIIONIb3YIOT TEPMUH
«MOJIEKY/IAPHBIIL Iy Th» —
molecular pathway. 9to mocneno-

YacTnyHbIN
mn

JInuTenbHan
KNeTKa

MeseHxmManbHas
KNeTKa

basanbHan MembpaHa

M ———————————>

«——————————————————— M3

© Pa3pyLLAIOTCA MEXKIETOYHbIE KOHTAKTbI

o KNeTKa CTaHOBUTCA MOABUKHON

o KIeTKa NoABWHa U crocobHa
BHEAPATbCA B TKAHWN

[Mpouecc npedpaujeHusA KnemKu anumesus 8 Me3eHXUMasbHyio u obpamro. Cnpasa
NOKA3aHA cNOCOBHOCMb ME3eHXUMGIIbHOU KIemKU NPOHUKAMb 8 SKCMPAUes/To/IAPHbIL
MampuKc (unu, npouje 2080pA, MeJCKIemoYHyio cpedy). IMeHHO NoBbilLeHHAs
N00BUNCHOCMb MAKUX K/IEMOK U2paem Ha PyKy pacnpocmpaHeHulo paKa

BaTeJIbHAs Cepys Iepefadn
BA)KHOTO /I KJIETKM CUTHA/MA OT
OfIHOII TOUKM B ApyTyo. Kinerka,
K TIPYIMEPY, MOXKET CTOTKHYThCA
C HEKVMMU MOJIEKY/TaM! U3BHe,
3TV MOJIEKYJIBI CBAXKYTCH C 3aKpe-
IUICHHBIMU Ha MeMOpaHe CHapyXu
CIIeMaTbHBIMU PellenTOpaMu,
peLeNTOPbl M3MEHAT COCTOSHNUE
0e/IKOBBIX MOJIEKYII Y>Ke BHYTPU
KJIETKY, 9TV O€/IKM MepeiiyT
B aKTUBHOE COCTOSIHME, TIOTOM
aKTUBUPYIOT ApyTue OeNK, a Te,
B CBOIO O4epe/ib, IPOHUKHYT
B AJPO KIETKY U TaM CHUMYT
010K C OIIpefle/IeHHBbIX Y9aCTKOB
IOHK, paspemmus cuHTe3 MoJie-
KYJI, KOJVPYeMBIX OIIpefie/IeHHBIM
reHoM. MoJeKy/bl BHYTpU K/I€TKI
MOTYT G/IOKMPOBATH UM, HATIPO-
TUB, YCKOPATDb CMHTE3 PYT IpyTa,
OfIHa MOJIEKY/Ia MOXeT aKTUBUPO-
BaTb VUIU NIOJAB/IATh aKTUBHOCTD
Cpa3y MHOTMX JJPYTUX MOJIEKYIL,
OHM CITIOCOOHBI IepeMelaThCsA 13
OJIHOJI YaCTH KJIETKM B IPYTYIO
VY JTaXKe 3aIyCKaTh IMpOoIiecc
CaMOYHUYTOXXEHNA: IPOU3BOJ-
CTBO (pepMEHTOB, pacLIeIIIAIONINX
K/IeTKY U3HYTPH.

HeckombKo cUrHa/IbHBIX Iy Tl
MOTYT HepeceKaTbCs: eCM OfVH

6ermoK A 3ajlefiCTBOBaH B Ilepefiade
CUTHAJIa ¥ OT perenTopoB b k 6en-
Ky B, 1 ofHOBpeMeHHO ABNAeTCA
KaTa/JIn3aTOpPOM B HEKOV XMMMU-
yeckoll peakuun. Takxe B ponn
3B€HbEB CUTHAJIPHOM LIETTOYKI
MOTYT BbICTyHIaTh MoneKynbl PHK
VN JjaXKe TeHbl — (pparMeHThI
JHK. Ilepeceuenne curHanbHbIX
myTeit 06pasyeT OMOXMMUYECKYIO
CeTb, OTBETCTBEHHYIO 3a yIIpaB-
JleHne paboTolt KJIETKN: ee Jiefle-
HUeM, OOpeTeHIeM TOI VT MHOIA
crenanu3anuy, nepeMelleHneM
U peaklMell Ha BHEIIHMeE pasfpa-
JKUTENN — [eMICTBIIE€ TOPMOHOB
VTV KOHTAKT C IPYTUMU KI€TKaMI.
PasBuTne paka, o coBpeMeH-
HBIM IIpefICTaBJIEHNAM, CBA3AHO
B IIEPBYIO OYepe/b C HapyIIeHNeM
yrnpasiAomux cereil. VM usmene-
HUA B KONMMYECTBE PeLeNITOPOB,
pearupyoInx Ha SIIUTeTNaTbHBIN
daxTOp pocTa, — MpU3HAK Ce-
pbe3HOro c60s B CUCTeMe yIIpaB-
nenus. OTK/IOHEHN B KOJIMYECTBE
6enka pl6 — ToXe 3aKOHOMepHOe
sBJIEHIE, TIOCKO/IbKY 9TOT 6€/10K
YIIPaBIIAET XOGOM KJI€TOYHOTO
LUMK/Ia; MyTalU B KOGVPYIOLEM
€r0 reHe XapaKTepHBI /11 MHOTUX
3710Ka4eCTBEHHbIX OIyxoeii.

23
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/2 Anva KyopsBuesa

YCHOPEHHAA AEIIM®POBKA AHK

3asedyrowuii kagpedpoti buournpopmamuxu MOTV Mapk bopodosckuti u vinyck-
Huk Quamexa Anexcanop Jlomcaodse 6 cosmecmuom npoexkme yuervix Poccuu, CIIA
u lepmanuu co3oanu Hoswviil memod pabomut ¢ [[HK, xomopuoiii nos3sonsem moutee

U bvicmpee HAX00UMb NONHBLYL HAOOP 2eHO6 6 2eHOME U AHATUSUPOBAMb HOBbLE

nocned08amenvHOCU.

IIpennoxeHHbI AITOPUTM —
BRAKER1 — coegunser B cebe
IpeMYILeCTBa Hanbosiee IPOJIBY-
HYTbIX MHCTPYMEHTOB 151 pabOThI

TpaHcKkpunuma Cninancuur

OHK

_ >
! TpaHcnAuma

3penana PHK

I He3penaa PHK

C TeHOMHBIMM JAHHBIMM, aBTOMa-
TUSUPYS ee 1 fenas 6onee adpdex-
TiBHON. OH ompenesnseT, KaKkue
obmactu B IHK sBisaroTca renamu,
a KaKue — HeT, a TakKe Hauboee

CWHTE3 BE/IKA B KNETKE

3K30H (exon) — KoaupylLMiA
yuactok PHK

WHTpOH (intron) — He KopavpyloLLmii
yyacTok MatpuyHon PHK

benok

Cxema nepedayu HacnedcmeeHHOU UHPOPMayuU 8 Kemke

BepOATHOE pa30yieHe TeHOMa Ha
KOJVPYIOIie ¥ HeKOfiUpYyIoliye
ob6mactu. Bce 9T0 103BO/IsAET 3HAYN-
TE/IbHO YIIPOCTUTD PacInppOBKY
IHK, Benp 11 3TOM Nponenypst
HeoOXOfIIMO OTOPOCUTD He KOIM-
pyrolye 6eoK y4acTKM, COCTaBIA-
romye 0Komo 90% Bcell MOTIEKYIIBI.
Jnd co3gaHus NporpaMmbl
PaspaboTINKN CKOMOMHMPOBAIIN
y>Ke CYIIeCTBYIOIINE aITOPUTMBbIL:
Hemenxnit AUGUSTUS, nyxpato-
yiics B 06y4eHUM TPEHNPOBOY-
HOJI BBIOOPKOIT aHHOTUPOBAHHBIX
TE€HOB, ¥ CAMOTPEHUPYIOLINIICA
GeneMark-ET, paspaboraHHbIi
Bopoposckum u Jlomcaase. 3atem
BRAKERI cpaBHUIN B #eiicTBUK
C CaMbIM IOIY/IAPHBIM Ha CEerofi-
HALTHUI IeHb aJITOPUTMOM —
MAKER?2. [In4 TecTMpOBaHKA
B3SUIM IIMPOKO MCIONb3yeMble

‘



¥ MaKCYMaJIbHO MOIPOOHO TeHe-
TUYECKY OIJICAHHBIE OPIaHMN3-

MBI — MYILIEK-AP030GII, KPYIIBIX
4yepBell, Pe3yXOBUKI 1 TP XKL
B nrore BRAKERI npenckasan
MECTOIIOIOKeHVE TeHOB Ha 10%
touHee MAKER?2. [Ipu stom npu-
MepHO€ BpeMs, KOTOPO€e OH 3aTpa-
4MBaeT A 00ydeHMs U IpeficKa-
3aHNA T€HOB Ha TeHOMe J/IMHOM
120 MMITMOHOB ITap OCHOBAHUM
Ha OJJHOM IIpOLIeCCOPE, COCTABIAET
npuMepHo 17,5 yaca. 9to xopoumii
pe3y/bTaT, YIUTbIBAsA, YTO BpeMs
MO>KeT OBITb 3HAYNTETbHO YMEHb-
LIEHO 3a CYeT UCIIONb30BAHNA
Hapasule/IbHbIX IIPOLIECCOPOB.

PABOTA T0JIbHO HAYATA

BRAKERI gaeT BO3MOXXHOCTb
a¢ddexkTnBHO paboTaTh C reHOMa-
MU HOBBIX OPTaHI3MOB, YCKOPSS
AHHOTAIMI0 TEHOMOB U TIO/Ty4YeHMe
KPUTHYECKY Ba>KHbIX 3HAHMIL.

O6 akTya/IbHOCTY IIpefiCKa3aHNsA
T€HOB TOBOPSIT IIepPBble Pe3y/IbTaThl
rro6anbHOro mpoekTa «1000 ye-
JIOBEYECKUX TeHOMOBY, 3aITyIeH-
Horo B 2008 rony npu copeiicTBumn
75 mabopaTopuit ¥ KOMITaHWIL.

Ha panHb1 MOMeHT 6aropapst
eMy 0OHapy>keHO 60/IbIIOE KO-
JIMYeCTBO IOC/Ief0BATeIbHOCTEN

MPAMAA PEYb

Mapk bopoposcknit,

3aBeqyrowuii kadempoit
ononndopmarnku MOTU:

«30 neT Ha3ap, Koraa A TONbKO Ha4MHan 3TUM 3aHUMaTbCA,
6b110 CEKBEHWUPOBAHO BCEM0 HECKOMBKO COTEH HYKNEOTU-
noB (6yks) y E. Coli, ogHaKo 3afaya aHHOTALMM FEHOB YKe
Ha3peBana. Mbl pa3paboTanu anropuT™, 0CHOBaHHbIN Ha
YaCTOTHBIX XapaKTepUCTUKaX HyKNeoTLoB. Ecnu B3ATh
npuMep 13 6onee NOHATHOI 06NAcTU — A3bIKa — COYETaHWE B aHIIUICKOM fA3bIKe GYKB
«th» BCTpeyaeTcs ropasfo yalLe, YeM «htx. [o3toMy MCnonb30BaTh YacToTkl Nap, TPOeK
OYKB ¥ T.[. UIMeeT CMbIC/T ANA PacLUMPPOBKM reHoMa.

MMeHHo TaKow anropuTM fer B ocHoBy self-training nporpammel GeneMark-ES,
Boieawen B ceeT B 2005 rogy. C Toro MoMeHTa GeneMark-ES ckavanu yixe bonee

3000 nabopaTopuii No BCeMy MUpy.

PE€AKUX T€HHbIX BApMAaHTOB — 3a- 9TOM OCTAaHAB/IMBATHCA HA JOCTUTI-

MeH B reHax, HeKOTOpble 13 HUX
IIPUBOJAT K CEPbe3HbIM CO0SIM
B 4e/I0OBEYECKOM OpraHmame. ITo
CYILIIeCTBEHHO IPOABMHYIIO YYEHBIX
Ha ITyTU K PeIeHNI0 TPOOIeMbl
AMATHOCTYUKY paKa, 6omesHel cepa-
I, fuadeTa U T. 11

Meton BRAKERI TeM BpeMeHeM
OKa3aJICs Ype3BBIYAITHO BOCTpe-
6oBaH. COOTBETCTBYIOLIYIO KOM-
IBIOTEPHYIO IIPOrPaMMy CKadain
1900 pasnu4HbIX LIEHTPOB U JIa-
6oparopuii o Bcemy mupy. [Ipu

HYTOM y4eHble He COOMPAIOTCA.
IIndpa 1 B Ha3BaHMM IIPOTPAMMBI
yKa3bIBaeT Ha IPOJO/DKAIOLIYIOCH
paboTy IO yCOBepILIEHCTBOBAHIIO
codra. «Ceityac Mbl TPyAUMCS HaJ
nporpammoit BRAKER?2, koropas
OyzieT CBsi3aHa C CYIeCTBYIOLMMA
6a3aMu OeIKOB ¥ CMOXeT Oortee
TOYHO IIPefiCKa3bIBaTh a/IbTePHA-
TMBHBIE BapUAHTHI T€HOB TaM, Ifie
uH(pOpMaLMA 10 TPAHCKPUIITAM
OTCYTCTByeT», — CKasanx Mapk
bopoposckuit. W

JUIA CMIPABKH

Monekryna [IHK KogmpyeT 6enoK ¢ NoMoLLbio
yeTbipexbykeeHHoro wudpa (A, C, G, T). OHK cambix
MpOCTbIX HaKTEPUIA COCTOMT U3 HECKOMBKUX MUANIMOHOB
6YKB — B TaKuX 6aKTEPUAX MPOUCXOAMT CPABHUTENBHO
HEMHOI0 MPOLIECCOB, [J1A1 OCYLLECTBIEHWA KOTOPbIX

UM Hy*HO HebonbLUoe pasHoobpa3ue reHoB. CaMble
KopoTkue [JHK 06bl4HO y baKTepuit-napasntos —

OHM NOMb3yHTCA HeNIKaMu X03AeB W He CO3galoT
cobcTBeHHble. Yenoseveckan [HK cogeput 3,2 Mnpg
6YyKB. YueHbIM-61onoram Bpy4Hylo 06paboTaTh Takoe
KONWMYeCTBO MHPOPMaLMK He NOA CUAY, NO3TOMY

B COBPEMEHHOW 610M10rMM UCMIONb3YHTCA MeToAb
aHanu3a bonblumx gauHbIx (Big Data).
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X0J101MJIbHHK
JUIA NPOLIECCOPOB BYAIYILET O

/2 Iiobosb AuTioppuesa

Hccnedosamenu uz MOTH nawnu pewieHue npobremol nepezpesa

AKMUBHBIX NAASMOHHBIX KOMHOHEHMO8, HE0OX00UMbBIX 07151 nepedauu OaHHbIX

8 ONMO3NEKMPOHHBIX MUKponpoueccopax 6yoyuiezo, komopoie 6yoym pabomarmuo
8 decsTmKU Molcsiu pa3 Ovicmpee COBPEMEHHDLX.

DneKTprUYecKue MeJHbIe MeXKCO-
eIVHEeHNA B MUKPOIIPOL[eCcopax
y>Ke He IT03BOJIAIOT HapalBaTh
UX IIPOM3BOAUTENBHOCTD, TAK KaK
¢$yHZaMeHTa/IbHO OTPaHMYeHBI 10
IpoITycKHOI cioco6HocTn. ITpo-
OeMy pellaeT 3aMeHa 3JIEKTPOHOB
Ha (GoTOHBL. B mepcnexTuse 310
JacT BO3MOXKHOCTb IlepefjaBaTh
Oosblre 06bEMBI JAHHBIX MEXAY
ApaMy IpoLjeccopa MpaKTUIecKu
MTHOBEHHO I MacIITabupoBaTh
UX IIPON3BOAUTENBHOCTD IIPO-
HOPIVIOHA/IBHO KOINYECTBY Afiep.
B coBpeMeHHBIX CylIepKOMIIBIOTE-
pax J1si CBSI3Y MEX]Ty BBIYMCIIN-
Te/IbHBIMY y3/1aMI1, HOLaMI, yoKe
YCIELIHO NIPUMEHSAIOT ONTIYeCKye
BO/THOBOJBI. OgHAKO M3-3a OM-
dpakuuy GoTOHHBIE KOMIIOHEHTHI

He/b3s TaK e JIeTKO YMeHbIIaTh,
KaK 3/IeKTPOHHBIE. VIX pasmep He
MO>KeT ObITH MeHbIIIe BeINYNHDI,
IpUOIN3UTETBHO PABHOMN [/TNHE
BOMHBI cBeTa (~ 1 MUKpOMETD,
vnau 1000 HaHOMeTpOB), B TO
BpeMs Kak pasMep TpaH3uCcTopa

B CKOPOM BpeMeHU CTaHeT MEHb-
ute 10 HaHOMeTpoOB. YTO fenaTn?
Kak BapuaHT — mepeiitit oT 06b-
€MHBIX K TOBEPXHOCTHBIM BOJIHAM,
TaK Ha3bIBaeMbIM IIOBEPXHOCTHBIM

I/Ia3MOH-TIOJIAPUTOHAM. DTO IIO-
3BOJIUT «CXKAaTb» CBET [0 HAHOMAC-
mTaboB. [JJaHHYI0 3ajiauy ceifdac
pelIaioT B HayYHbIX LIeHTpax Mo
BCEMY MIUPpY. YCIENIHO 3Tol pabo-
TOM 3aHMMAIOTCA ¥ POCCUIICKIE
y4eHble U3 1abopaTopuy HaHO-
ONTUKU ¥ IJITA3MOHMKM LIEHTPa
HaHOPa3MePHOI ONTO3TEKTPOHN-
ku MOTMU.

[maBHBIM IpeNATCTBMEM
Ha 3TOM ITyTY ABJIAETCA IOITIOoNle-

Imo omxpvieaem wupoxKue nepcneKmuenl
UCNOTb308AHUS AKIMUBHBIX NTIA3SMOHHDIX
KOMNOHEHMO08 8 ONMO3TeKMPOHHDIX
npoueccopax 6yoyuiezo



HII€ ITOBEPXHOCTHBIX I/Ia3MOH-I10-
JISIPUTOHOB B META/IIe, K/II0Y€BOM
MaTepuase mwiasMoHuku. [lorepn
MO>XHO KOMITEHCHPOBATbh, 3aKa-
41Bast OOTTHUTENIBHYI0 SHEPTHIO
B IIOBEPXHOCTHBIE I/IA3MOH- IO/ -
puroHbl. OfHAKO HAKAYKa CO3/aeT
JIOIIO/THNUTE/IBHOE TEeTIOBbI/ie-
JIeH1e, KOTOpOe BelleT K POCTY
TeMIIepaTypsl He TONbKO CaMMX
I/Ia3MOHHBIX KOMIIOHEHTOB, HO

¥ BCero mpoteccopa. Yem Bolue
IOIVIOLeHNe B MeTaslte, TeM 60/Ib-
1Ie TOTepy U TeM 6ojiee MOLTHAS
Tpebyercs Hakayka. B cBoro ove-
penb 9TO MOBBILIAET TEMIIEPATYDPY,
4TO CHOBA BeleT K POCTY ITOTePb

¥ OC/IOXKHSIET CO3aHIe YCUTEeHNS,
KOTOpOe JO/DKHO KOMIIEHCUPO-
BaTb IIOTEPH, @ 3HAYNT, TpebyeTcs
enie 60JbIIas MOITHOCTh HAKAYKI.
[Tormy4aeTcst UKL, B UTOTE KOTO-
pOro TeMIiepaTrypa MOXKeT BO3-
PacTy HaCTOBKO, YTO KPUCTAIII
IpOL[ecCOpa MPOCTO PAa3PYLUUTCSI.
ITO COBCEM He YOUBUTENBHO, BENb
IUIOTHOCTH TEIJIOBOI MOLTHOCTH

C eAVHUIIBI TIOBEPXHOCTI TAKOTO
I/Ia3MOHHOTO BOTHOBOJIA C KOM-
IeHCcalyel MOTePb COCTABIIAET
6onee 10 kBt/cm?, 4To B iBa pasa
IPeBBIIIAeT MOIHOCTD N3/TyYeH s
y nosepxaoctu Conunal

Ovutpuit epsauus u Auppeit
BuirHeBblit, COTpyaHMUKY Tabopa-
TOPMY HAaHOONITVKY U I/IA3MOHM-
kKt MOTU, Hauim crocob pe-
IIeHVA 9TOl pobeMsl. B cBoeit
paboTe OHU MCCTIe[OBAIN TeHepa-
IIVIO TeIl/Ia ¥ €TO OTBOJ, 3 aKTUB-
HBIX I/IA3MOHHBIX KOMIIOHEHTOB
¢ KOMIIeHCalnMe IIoTepb 1 Ipofie-
MOHCTPUPOBAIN, YTO, HECMOTPSI
Ha 60/IblIIVe H)KEKI[MIOHHbIE
TOKM, MICIIOTTb30BaHVe BBICOKOA(-
(eKTUBHBIX TepMOMHTepdeiicoB
(c/moeB TemIoNpOBOASAIIX Ma-
TepUaJIOB, HAXOAAIINXCI MEeXAY
YUIIOM U CHCTEMOI OX/IaXK/[eHNA

InAs nonsomsa

Y
~

i CHCTEMA OXNaMAeHNA

e e e s |~

PGCH,DQ(}Q/'IQHU@ memnepamypel 8 0NMO3J/IeKMPOHHOM Hune ¢ cucmemol oX/1axncoeHus

1 obecriednBaOINX OecrpensT-
CTBEHHBIII OTBOJIa TeI/Ia) T03BO-
JIUT OXJIaXKJATh BHICOKOIIPOU3-
BOJIXTE/IbHbIE ONITO3/IEKTPOHHBIE
YUIIBI, MCIIO/Ib3Ys OOBIUHBIE JI/IS
CErONHALIHETO IHS CUCTEMBbI OX-
MaXX/IeHNA.

ITo pesynbpTaTaM 4MCIEHHOTO
Mopenupobanusa Qenaaus u Bum-
HeBBbIi1 c/le/Iay BBIBOJ: €C/N
OIITO3/IeKTPOHHDII YMUII C AKTUB-
HBIMM ITA3MOHHBIMU BOJIHO-
BOZIAMM Pa3MeCTUTD B BO3/lyXe,

TO €Tr0 TeMIlepaTypa HOBBICUTCS
Ha HEeCKOJIKO COTEH I'PajJiycoB
Lenbcus, 4To IpuBeaeT K Hepa-
60TOCIIOCOOHOCTH YCTPOIICTBA.
«IIpy 9TOM MBI OOHAPYKWIIN, YTO
Bapuanys TeMIepaTypbl Ha CAMOM
yuie He npesbimaeT 1 K, a sHa4uT,
TeMIlepaTypa KaK IIJTa3MOHHOTO
BOJIHOBOJI, TaK M CaMOro YMIIa
oIpefenAaeTCs UCKIIOYNUTETbHO
TEMIO00OMEHOM C OKPY Kalollei
cpenoii», — roBopuT JImMutpuit
@epanun. Viccnegoparenn noka-
3aJI1, YTO MHOTOCJIOIHbIE TEPMO-
uHTepeNichl HAHO- ¥ MUKpPOMe-
TPOBOJ TOMIIVHBI B COUeTAHUU

C IIPOCTBIMU CUCTEeMaMI OX/IaXKJe-
HUA CIIOCOOHBI YMEHBIIUTD TeMIIe-
paTypy 4mIa C HECKOTIbKUX COTEH
mo npubmsuTenpHo 10 rpagycos
Llenbcus, OTHOCUTENBHO TEMIIE-
paTypbl OKpY>Kalleil cpefbl. ITO
OTKpBIBaeT IINPOKIE ITepCIeK-
TUBBI MICTIO/Ib30BaHUA aKTUB-

HBIX I/IA3MOHHbIX KOMIIOHEHTOB
B OIITO9/IEKTPOHHBIX IIPOLIECCOPAX
OyAyIero: oT CynepKoMIIbIOTEPOB
0 KOMITAKTHBIX 3/IEKTPOHHBIX
YCTPOJICTB.

HecMmoTps Ha feMOHCTpanuio

B KOHIIe NIPOLIIOrO TOfia IIEPBOTO
IPOTOTHIIA NIPOL[ECCOpa C ONTH-
YeCKMMM MEXCOeJUHEHUAMN,

Ha IYTYU CO3[aHNs BBICOKOIIPOU3-
BOJUITETTbHBIX OITOI/TEKTPOHHBIX
MUKPOIIPOLIECCOPOB OCTACTCA
LIeJIBII PAAJ ellle He pellleHHbIX
(byHIaMeHTa/IbHBIX U TeXHOJIO-
rM4ecKux npobiem. «Brepenu
6ornbiras pabora 1o paspaboTke
U peanm3anyy cxeM KOMIIeHCa-
LUV TIOTePb U YCUJIeHN A OBEpX-
HOCTHBIX I/IA3MOH-TIO/IAPUTOHOB,
paboTaIMX B HEIIPEPHIBHOM
peXuMe Ha TeMIlepaTypax BbIIe
KOMHATHOM ¥ TO3BOJISIOIINX
IOCTNYD 9HeProapPeKTUBHOCTH,
CPaBHMMOII C 93HeproappeKTus-
HOCTBIO (OTOHHBIX KOMIIOHEHTOB.
ITo mpuopuTeTHas 3a7a4da Bcell
00J1aCcTy UCCIeOBAHNA 1 HaLlIel
nmabopaTopun B YaCTHOCTH, —
ropoput Jmutpuit Pegauus. —
Y Hac ecTh BCe OCHOBAHUSA OXKU-
laThb BBICOKOIIPOM3BOUTE/IbHBIE
OIITO3/IEKTPOHHBIE IPOL[ECCOPDI
C HaHOpa3MepPHBIMI IJIA3MOHHBI-
MU KOMIIOHEHTaMI yxe B O71u-
>xanmme 10-15 ner».

2]
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JINSEPHAA ILIAPMROBAA PYHRA

/7 Buktopua CrenbMax

YYEHBIE NPOJEMOHCTPMPOBAJTA HOBbIH METO.] CBEPXTOYHOM [PABUPOBKM 10 CTEKNTY

C nomowbro yyuiieHHoti KOMOUHAUUU YiHe U3BeCHHbIX MeN0006 NIa3epHOLl 2pasu-
posKU uccnedosamenim y0anoch NOLyUUmMs Pe3yivmarn, Haxo0TusUtics, ¢ Mmouxu
3peHus KNaccu4eckKol onmuKu, 3a 2panvro 603MONCHOCTEN TA3ePHO20 TIy4a.

I:lML\JlbIE MOPMbl
Ipynmna yuennix u3s MOTH,
XD um. H.H. Cemenona, MI'Y
n TIX®D onmcana MeTOf, IIO3BO-
JIAIOIINI HAHOCUTD Ha IIOBEPXHO-
CTU OYeHb TOHKNE IVTHUY, Jya-
METP KaXKJJ0Ml TOYKM KOTOPOIL [0
11 pas Menblile, 4eM JI/I/HA BOJIHbI
Jla3epHOro ayda. [lo6UThCs TaKoro
pesy/IbTaTa yjanoch 3a cueT QoKy-
CUPOBKM CBEPXOBICTPOTO /1a3epa
Yyepes3 CTeK/ISIHHYI0O MUKpocdepy.
To4HOCTDb U NITABHOCTD NVHUI
B JJAHHOM C/Iy4ae obecrie4nBa-
eTcst 6rarofapsi nepeMenieHnIo
JIMH3BI BMecTe ¢ j1azepoM. Vto-
TOBO€ pa3pelleHye TByXMePHOro
I/I306pa>l<eHI/[H coctaBmio 100 HM,
YTO MEeHblIle J/INHBI BOTHEI Ta3epa
B BOCEMb pas.

Merop npencrasisier co60it
KOMOVHAIVIO TIOCTIEHUX TOCTH-

JKEHWIT B 0071acTV HaHeCEeHMA
U300pakeHNIT C HOMOIIBIO Ta3epa.
IIpu 3TOM OH ABIAETCA CPABHU-

TE/IbHO JIeLIEeBBIM U 9 (HEeKTUBHBIM.

Hamn6ornee BocTpe6oBaHa TEXHOMO-
rus OyzieT B MUKpOQIION/uKe: HO-
BBII IIAT B MUHVMATIOPU3AINN CXeM
fienaeT ux 6oree JOCTYIHBIMMU JJI
6nodusndecknx n GpuUaNKo-XUMM-
YeCKUX UCC/IeTOBaHUIA.

BbIATH 3A MPELESTbI

IIpyMeHseMblii B JAHHO TEXHO-
nornu peMTOCeKyHIHBIII asep
MIVPOKO UCIONb3YeTCA A/ HOMY-
YeHM [IBYX- U TPEXMEPHBIX CTPYK-
TYp BBICOKOTO paspentenus. ITpo-
671eMa B TOM, YTO BO3MOXXHOCTU
nasepa, Kak JII000V ONITUYECKON
CHUICTEMBI, OTPAaHMYEHBI: B KaKOM-TO
MOMEHT A paKUVOHHBIN pefe

nm
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um

U306padiceHue MOHOC/IOA NOUCMPEHOBbLIX Chep, NOTyYeHHoe C NOMOUbI0 AMOMHO-
CL/I08020 MUKPOCKONA Npu pasHelx yaenuyeHusx (Afanasiev et al., 2015 2.)



He TI03BOJIsIeT ellje 6orble cdho-
KyCMPOBATb JIy4 U MOTYIUTD (VN
PasINYNUTD) ellle MEHBIINIT 0ObeKT.
OO6BIYHO 5TOT MUHMMYM HAaCTUTAET
00'beKTBI A¥aMeTPOM IIPUMEPHO
BJjBOE VIV BTPOE MEHbIIe, 4eM
JUIVHA BOJIHBI /1a3epa.

Ha ceropHsuIHMIt AeHb IyCTD Ya-
CTUYHO, HO NIPEORO0JIeTh 3TOT Ipe-
fien Bo3aMoxkHo. Eci o6paboTarh
HOBEPXHOCTbh MeTa/INIeCKIUMIU
HAaHOYACTUL[AMIY WV MOHOC/IOEM
MUKpocdep U3 AUINEKTPUIECKOTO
Marepuaa, TO MOKPBITIE HaYHeT
paboTaTh KaK MHOXKECTBO OT/e/Tb-
HbIX JIVH3, JOIIOJIHUTE/IbHO IIpeod-
pasys UCXORHBII JTy4.

JlazepHbin
NMNyNbC

=

bnuxHee none

NPAMAA PEYb

Anekcanpp lllaxos,
acnupant ®OIID,
OJVIH U3 aBTOPOB MeTofa:

«bbina paspaboTaHa TexHONOrUA rPaBUPOBKM
CTeKNa nasepoM Yepes Npo3payHble MUKpPOLLAPK-
KM C paspeLueHneM, 3Ha4UTENIbHO NPeBOCXOAA-
LLMM OMNTUYECKNIA Npeaeny.

ABTOpBI HOBOTO METOJA IIpefi-
JIOKV/IN BMECTO HETIOJBYDKHOTO
CITOIITHOTO /1051 MUKpocdep
IOKPBIBATb CTEK/IO X BOJJHBIM
pactBopom. ITocre aToro craHo-
BUTCSI BOSMOXKHBIM 3aXBaTUTh
OfIHYy 3 HUX B OIITHYECKYIO JIO-
BYIIKY U IlepeMeIaTh BCen 3a
JIy4OM J1a3epa, MoJ0OHO MapUKy
Ha KOHIIe CTEPXKHS B PyUKe.

IIpn aTOM OnITMYECKME CBOJI-
CTBa MUKpPOC]epbI TAKOBBI, YTO
B MeCTe ee COIPUKOCHOBEHMS

C MaTepuaaoM paboTalT TaK Ha-
3bIBaeMble 9 (HeKThl OIVKHETO
II0JIA, I SHEPTUsA JIa3epHOro JIy4a
MaKCUMaJIbHa.

[ina
deMoHCMpayuu
HOB020 Memoda
nasepHol
2pasuposKu
uccnedosamenu
HAHEC/IU Ha CMeK/0
QH2AulCKy0
abbpesuamypy
Uvemumyma
Xumuyeckoli
¢usuku (ICP).
Taxkum obpazom
Y4eHble NoKa3asu,
Ymo mexHosioaus
nosgosisem
nosy4ams
CBepxXmoyHsie
usobpaxceHus
nobol 3adaHHOU
yepe3 KomMnslomep
KoH@ueypayuu

Ontuueckasn
NoByLIKa

Mukpocdepa

HAJ1 MPOEKTOM PABOTAJIU

Buktop HaaTtouenko,

. X. H., 3aBeqyioLLmmn
nabopatopuen, 3aMecTUTeNb
ovpekTtopa MX® PAH;

Anekcanpgp Lllaxos,
acnupant O0MO MOTH,
MHKeHep-uccneposatens X0
PAH;

ApteM AcTadnes,
K. ¢.-M. H., CTapLUMI HayYHbIN
coTpyaHuK NXD PAH;

Anekcangp lynun,
Hay4HbIN coTpyaHuK XD PAH

ITpu oco6bIM 06pazom mofo-
OpaHHOM peXxyMe paboTsl 1asepa
HEePBUYHOE N300paXKeHIe UMeeT
Tydlilee pasperieHue 1 «<MHBepTH-
POBaHHYIO» CTPYKTYPY — COCTOUT
U3 HepOBHbIE IIVPOKMX BBIITYK/IO-
creit. [IpeBparnTh Ux B r1agKue
YTy O/IeHVIsI MEHBILETO [uaMeTpa
YAAeTCsI C IOMOLIBIO TPaB/IeHUS
mienoubto mpu 90 °C. 3To nmocrnep-
HUTI 3Ta1 06paboTKIM.

HA MPAKTUKE

PaHee n3BecTHBIE CIOCOOBI IOy~
YeHMsI HAHOPa3MepHBIX M300pare-
HUIT 60JIee TPY0EMKH, 3aTPaTHBI
¥ IAI0T MeHee CTaOM/IbHbII pe-
3y/IbTaT. MeToq, IpeI0KeHHbI
TPYIIION MOCKOBCKMX Y4€HbIX,
OTKPBIBA€T HOBBIE IIEPCIIEKTHUBBI
I/ MTHAUBYJYaIbHOTO IIPOEKTUPO-
BaHMsI BICOKOTOYHBIX IPHOOPOB
U CX€M i1 MUKPOTUPOJHA-
MUYECKVX VCCIIEIOBAaHMIL. YoKe

Ha [IepBOM 3Talle OH I103BOJIAeT
MIONTy4aTh paspenlieHne CTPYKTY-
pet He MeHblIe 150-250 HM. IIpn
9TOM UTOTOBbIE CXEMBI, COCTOSALINE
U3 Xemo6O0B, UMEIOT paspelleHne
meHee 100 HM, UTO CTas0 OYEeHb
3HAYMMbIM JOCTVKEHMEM U OT-
KPbUIO HOBBI€ BO3MOXKHOCTY /1A
pelleHnA NpUKIagHbIX 3amad. M



SAHAYKY 2 [TIABHOE

CUJIA

JIEUCTBUA

15 anpens nayunoiil mup 6yoem ommeuamo 120-nemue co OHS POHOeHUS BbI0atoUle-
20cs yueHoezo, 00Hoz0 u3 ocHosameneii MOTHU Hukonas Cemernosa. EOuncmeeH bl
omeuecmeenHuili naypeam Hobenesckoli npemuu no xumuu, oH 0Cmasusn nocue
cebsT noucmuHe o2pomHoe Hacneoue, KOmopoe He NPocmo UCNONb3yemcs cetitac,
a NOCMOSTHHO HAX0OUM HO60€ NPUMeHeHU.

«O Hukonae HukomnaeBmae MOXXHO
TOBOPUTH O€CKOHEYHO, — OTMeYa-
eT BJOBa yY4EHOTO, JOKTOP XVMMU-
yeckux Hayk JIupus llep6akosa-
CemenoBa. — OH co3paTesb
TeOpMM IeTTHBIX PeaKIMil U Teo-
puM B3pbIBa, OCHOBATETb HOBOM
HayKM — XUMMIYeCKOil PU3VKY,
BBIJAOLMIICSA 00IeCTBEHHBIN
IesATeNb, TEOPETUK CO3[aHVs aTOM-
HOTO OPY>KMf, aKTVBHBI YIaCTHUK
INaryomckoro gBiokeHns. Hay4ynsie
uHTepechl CeMeHOBa ObIIN He-
BEPOATHO MHOTOTPaHHBI — €ro
VICCTIeIOBAHYIS CETONHS MPOJOIKa-
I0T pyTUe y4eHble, OTyJas 3a 9TO
Ho6eneBckue npemun».

Pa6oTbr CeMeHOBa 11 €T0O yYeHN-
KOB JIO CUX TIOP OKa3bIBalOT 60/b-
II0e BAMsIHNE Ha HAyKY: pa3sBUTIE
HOTy4MIa MaKPOKMHETUKA XYM -
YeCKUX peaKLnit, ObIIi CO3TaHbI
Teopus rOpeHN A KOH/IeHCYPOBaH-
HBIX 9HEPreTNYeCKIX MaTepuanioB
U TEOPUS CaMOBOCIIAMEHEH S
U B3pbIBa B KOHJEHCUPOBAHHBIX CI-
CTeMax, 3a7I0>KeHbI OCHOBBI TEOPU
peaxuuu B TBepnoi dase. Mpen
Y4€HOT'O UCIIO/Ib3YIOTCS B 3[[paBo-
OXpaHeHMM U 060POHHOIT cdhepe,

MaTepuajoBefieHN 1 SHepreTUKe.
bnarogaps emy B ToM uncine cdop-
MHPOBaH COBPEMEHHbII MUPO-
HOPSA/IOK, KPaeyToNbHBIM KaMHEM
KOTOPOTO SIB/IAETCA ANEePHOE
CHiep>KMBaHIUeE.

VIMeHHO 32 3TO OTKpBbITHE
Hukonait CeMeHOB ObUI yIOCTOEH
Hob6enesckoit npemun. B 1928 rony
OH OTKPBI/I 11 OIUCAJI IPOLIeCcC
Pa3BeTB/ICHHDIX L[ETTHBIX peaKIuii,
XapaKTepU3yeMbIX 9KCIIOHEHIIN-
aJIbHBIM YCKOpPEeHIeM U IOCTIe-
AyIOLIMM BOocllJIaMeHeHMeM. B Te
Ke TOJIbl eMY yIa/loCh II0Ka3aTh
PajiMKaIbHbII MEXaHU3M LeITHOTO
mporecca 1 060CHOBATb €ro K-
YeBble YepThl. ITa paboTa OTKpbLIA
nepey, y4eHbIMY MIMpOYaiIne
BO3MO>XHOCTH [ yIIpaB/IeHNA
XMMMUYECKMMU IPOLlecCaMu.
«CeMeHOB ITOHSJI, YTO I
BO3HMKHOBEHUS L[ETTHON peaKuu
HY>KHO JOCTUTHYTb KPUTUIECKON
KOHIIEHTPAIVM PafiuKanoB, YTOObI
CKOPOCTb X 00pa3oBaHMA Ipe-
BBICHJIA CKOPOCTH I'nbenn, — pac-
CKa3bIBaeT WIEH-KOPPECIOHIEHT
PAH Bnapgnmup Pasymos. — Vges

/2 Muxaun PexTuH

0Ka3ajach O4eHb IIOJOTBOPHOIL.
Kak nos»xe BbIsICHUIOCH, ITpOIjec-
CbI, KOTOpPBIe IIPOTEKAIOT BOKPYT
HAac, UYT He 110 IPOCTOMY MeXa-
HM3MY CTOIKHOBEHMS U pacIaa,
a C co3TaHMeM aKTUBHOM YaCTUIIBI,
BCTYHAIOIIEN B peakuy o6pa-
30BaHNs JPYTUX aKTUBHBIX Ya-
CTUILI-pafyKanoB. JTo OblIa upes,
OIMCBHIBAIOIAsl MHOTOYVC/IEHHbIE
IPOLIECCHI B OKPY>KaoIl[eM Hac
MUpe».

B 1106071 LilenHO peaKLuu npu-
CYTCTBYIOT TPM IIpoliecca: MHU-
[Uanys ey, ee IPOofjo/DKeHNe
u 06ppIB. Tak, M3ydeHne peakium
00OpbIBa He TONIBKO MMeeT BaXKHOE
Hay4YHOe 3Ha4YeHMe, HO U CIacaeT
XusHn mofeit. Hanpumep, B max-
Te Ipy 6O/IBLION KOHIJEHTPALun
MeTaHa eCTb PUCK CIy4ailHO
YUPKHYTb KACKOI O KYCOK YIS
U BBI3BATh TOpeHNe. Bo3Hukmas
UCKpa IPEBPATUT METAH B pajin-
KaJI MeTaHa U MOBJIeYeT 3a co60it
1elHo1 mpolecc. YToObI 3TOTO
He JIONIYCTUTh, Ba)KHO 3HATh,
KaKoJl MHTMOUTOP HEOOXOANMO
BO06aBUTD, YTOOBI IPEMATCTBOBATD
BOCIITAMEHEHMIO, TMKBUNPOBATD
pamuKa.
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ATOMHOE OPY U E

Kak cnenyer u3 BOCIIOMMHAaHUI
[Onna Xapurona, emre B mpef-
BOEHHbIE TO/Ibl B BO3TIaBIsAe-
moM Huxomaem CeMeHOBBIM
VHcTuTyTe XMMn4eckoit GpusuKn
BO3HMKJIO HOBOE Hay4YHOE Ha-
IpaBjieHNe, HalleJIleHHOe Ha U3Y-
JeHue 0COOEHHOCTeN AflePHOTO
B3pbiBa. B 1940 rony CemeHOB
HaIlpaBWI PYKOBOJCTBY CTPaHbI
IIICbMO, TZie YKa3al Ha Heo6Xo-
BVIMOCTD CO3/1aHMS ATOMHOTO
opyxus. Torga oTBeTa oH He HO-
Jy4MJI, HO y>Ke 4epe3 TpU rofia
MHCTUTYTY, KOTOPBIil TOTHKO Bep-
Hy/Cs U3 9BaKyanun B KasaHb,
HOPYYM/IN IPOU3BECTH PaCUeThl,
CBsI3aHHBIE C 3MepeHNeM He0O-
XOZIMMBIX KOHCTAHT U OL[€HKOII
MOpXKAKLIErO BO3AENCTBUA
spepHoit 6oM6b1. Hukomaik
CeMeHOB HENOCPECTBEHHO KY-
pPUpPOBaN KOHCTPYKTOPCKOe 010po,

S TR 1

KOTOpO€ 3aHJMaNoCh peann3any-
el aTOMHOT 0 IIPOEKTa.

PexxuM cTposkaiiieit cekpert-
HOCTU, KOTOPbIi1 OKPY>KaJl 3Ty
paboTy, CTa/l IPUYMHOI TOTO, YTO
nHpOpMaLMA O MHOTVIX HAYYHBIX
mocTikeHnsax CeMeHOBa cTajia
JIOCTOSIHYEM O01IeCTBEHHOCTH
TOJIbKO HefgaBHO. VIMEHHO OH,

K IpUMePY, IPeAI0KIIT METOTUKY
peTuCTpanuu siiepHOI peakun
IIpY B3pbIBE aTOMHOI 60OMOBI,
KOTOpas MCIO0/NIb30Baach BIUIOTh
M0 TIOCTIE[IHETO UCTIBITAHUA Afiep-
HOT'O OpY>XMsA B Halllell CTpaHe

B 1990 ropy.

BayxHOI1 cTaa MHUIIMATHBA
Huxonas Hukonaesnya no Bo-
IPOCY IPOTMBOATOMHOM 3aLUTHI.
«HaxoxpeHne crenyudunyaeckoit
1 3¢ PeKTUBHOI 3aLUTHI OT ATOM-
HBIX 60MO sAB/IsIETCST TPOOIEMOIT
eiBa /i He 6071ee BaXKHOIL, 4eM
po6emMa U3rOTOBJIEHN AaTOMHBIX

JUIA CMIPABKY

MaryoLucKoe [BUMKEHME YYEHBIX (QHTTI.
Pugwash Conferences on Science and World
Affairs) — mBuKeHue y4eHblX, BbiCTynato-
LLMX 338 MUP, Pa30pYHEHNe 1 MerayHapoa-
Hylo 6e30MacHoCTb, 3a NPeAoTBpaLLeHMe
MUpPOBOM TEPMOAAEPHOW BOWHBI U Hay4HOE
COTpyAHM4ecTBo. MNaryoLucKkoe ABUHKeHNE
3apogunock B 1955 roay, korga 11 Bce-
MWPHO WM3BECTHBIX YYEHbIX, B TOM YMCe

A. InHwrenH, ©. onvo-Kiopw, b. Paccen,
M. BopH, 1. Y. bpumkmen, J1. Undenbs,

J1. Nonwnr, k. PoTtbnart, BLICTYNUAM ¢ Ma-
HU(ECTOM, B KOTOPOM MPU3BaNK CO3BaTb
KOHdEepEeHLMI0 NPOTMB UCMONb30BaHNA
ALEPHO 3HEPT UM B BOEHHBIX LIENIAX.

60M6, — mmmcan CeMeHOB B IICbMe
Ha ums CranmHa. — Y>Ke OKOJIO IOo-
JIyTOfa 51 pasMBbIILJIA0 Hafl BOIIPO-
COM BO3MO>KHBIX ITyTeil CO3TaHNS
MPOTMBOATOMHOM 3aIUThl. MHe
CTaJl ACeH NPUHLINII, KOTOPBIi
HAJIO TIOJIOKUTD B OCHOBY». Tak

B CCCP popmiach rocygapcTBeHHast



IporpaMma 1o BOIIPOCaM 3alUThl
OT aTOMHOT'O OPY>XUA B TPAXKAAH-
CKJX U BOGHHBIX OpTaHM3AIMAX.

Vmenno Hukomnait CemeHOB
CTaJ1 OOHVIM 13 IJIaBHBIX Opra-
HU3aTOPOB SfIePHBIX IIOIUTOHOB
B Cemurmanatuacke u Ha HoBoii
3eMJIe, a TAKXKe YYaCTHUKOM
16 ycnbITaHMIT ATOMHOTO OPY>XKMA —
Ha 3eMJIe, TI0J, BOTION 1 B BO3TyXe.

Ba>kHO OAYEpPKHYTH, YTO B 00-
JIaCTY TEXHONOTUHU AJePHBIX UCIIBI-
TaHUI, U3TOTOBJIEHNA allIlapaTypbl
JUTSL HUX, CO3/jaHmst pranIecKux
meTtonuk CCCP mrenr opurnaanmb-
HBIM IIyTeM. VI mponoxmn ero
B IIepBYI0 ouepenb VIHCTUTYT Xu-
MIYeCKOIT PUBVKY IIOJ, PYKOBOJ-
cTBOM aKameMuka CemenoBa. Vim
ObLIN [IPOBEJEHbI MICCIEOBAHNS
OTIpefieieHNsT SHEPTOBbIfIe/IeHUA
10 JaHHBIM M3MEPEeHUII Imapame-
TPOB CBeTsIIEeNCs 06/TACTH, OIIeHKI
9HEepPIUM B3pbIBa IO IaB/I€HNUIO HA
($poHTe yaapHOI BOJHBI, OIIpe-
IeneHus TVHAMVKI PasBUTHSA
LIEITHOJ peaKUM ¥ HEITPOHHOTO
BBIXO/]a B3pbIBA.

Huxonait CemeHOB OHNMaAII,
YTO MMEHHO CO3JJaHle IPOYHOTO
AapepHoro nmaputera Mexxgy CCCP

e
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3onomas medane um. H. H. Cemerosa
Poccutickol akadeMuu HayK

u CIITA — K104 K CTaOMIBHO-
cTv U rapanTusa mupa. [Ipu atom
oH B cocTtaBe generauyun CCCP
y4acTBOBAJI B IIEPETOBOPAX II0 3a-
MIpeLeHNI0 MCIIBITAaHUI SIePHOTO
OpPYXUAL.

PAKETbI HA TBEPZIOM TOMNJIMBE

B xoHue 1950-x rofios nepeg oTe-
YeCTBEHHOJ HayKOJ U IIPOMBbIII-
JIEHHOCTDBIO BCTaJIa 3aJla4ya CO37a-
HUA MEXKOHTUHEHTA/IbHBIX PAKeT
Ha TBEP/IOM TOILIMBE. VI KiII04eByI0
pOJIb B MX pa3paboTKe ChIrpann
cnenuanuctol VIXD,

«ITop, 061MM PYKOBOACTBOM
Hukonas Hukomnaesnya 6b11 pas-

O H. H. Cemeros 8 nabopamopuu. 1940-e 200b..

BEPHYT OYeHb INPOKUI GPOHT
paboT 0 CUHTE3y U VICCTIeOBAaHNIO
BBICOKO9HEPreTMIeCKIX MaTepu-
a7I0B NIOTEHIMA/TbHBIX KOMIIOHEH-
T0oB BB 11 mopoxos, — Bcriomu-
HaJ 4ieH-KoppecnoHaeHT PAH
Teopruit Manenuc. — 3t1o 6pUM
He IIPOCTO HOBble COeVIHEHNUs, HO
U HOBBIE K/IACCHI BEIIECTB, paHee
He TIONaJiaBIINe B cepy BHUMA-
HUA. 3a4acTylo gaxke puoIusu-
TEJIbHOTO NPefICTaB/IeHNA 00 uX
CBOJICTBAX He ObIION.

ITpuopurer CemeHOB Bcerzia
OTHABaJ TEOPETUIECKUM MCCTIeHO0-
BaHMSAM, KOTOpBIE 3aTeM HOATBep-
XKJJAJIVICh SKCIIEPUMEHTOM (TOrza
kak B CIIIA, x mpumepy, ynop
Zelasicsl TO/IbKO Ha SKCIIepUMeH-
TBI). 9TO BO MHOTOM IIpefonpefe-
Mo 6/IeCTALINIL yCIIeX MPOeKTa.
3a KaKye-TO HeCKOJIbKO JIeT ObLIN
paspaboTaHbl pelenTypbl TOIUIMBA
IIepBOrO IIOKOJIEHN X CO3[]aHO
IPOU3BOJACTBO €T0 KOMIIOHEHTOB.
ITpu sToM cdepa npuMeHeHNs
TBEPJOTO TOIIMBA ObI/Ia CylIje-
CTBeHHO pacuypena. OHo cTano

VICTIONIb30BAThCS J/IsI PaKeT MOp-
ckoro 6asupoBanus, cucteM [TPO
n IIBO, pakeT «BO3[yX-3eMJ/Ls1».

& 06cyxcdeHue 2eHepanibHO20 NJIGHA CMPOUMebCMBa
YepHozonosku. Hukonati CemerHoa 8 nepaom psdy (cnpasa)
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JHEPTETUKA

«9QHepreTMKa UrpaeT oIpesesAo-
IIYIO pOJIb B IpOTrpecce LUBMU-
N3alyy, — FOBOPUT Bragumup
PasymoB. — Ha nporsxenun
BCEJl UICTOPUM Pa3BUTUA OCHOB-
HBIM VICTOYHMKOM IIEpBUYHO
SHepruu Bcerja OblIa  0CTaeTCs
xummndeckas sHeprus. K npumepy,
B 2015 rogy ob1ee MUpoBoOe 110-
Tpeb/ieHNe IePBUYHBIX S9HEPrope-
CypcoB cocTaBuio 5,85-10A21 JIx.
N3 Hux 90% npuxopmnnoch Ha XK-
MIYECKYIO SHEPTUIO, M3B/IEYEHHYIO
u3 HepTH, IPUPOJHOTO rasa, yris
u 6notomus. [ToaTomy MOXXHO
YTBEPKaTb, YTO B TOV V/IV MHOMN
Mepe BCA SHEpreTMKa OCHOBAaHa
Ha TEOPVM LieITHBIX IIPOLIECCOB,
KoTOpyo paspaboran Hukomait
CemenoB. Vcxops us aToro Tpya-
HO II€PEOLIeHUTD 3HaUeHNe TO
TEeOpUN».

AJIbTEPHATUBHOE
YIJIEBOZI0PO/IHOE ChIPbE

E1ue oga 06/1acTh, KOTOPOIL 3aHNU-
Mmancsi CemeHOB, — 3bdekTrBHOE
JICIIOIb30BaHNe MeTaHa B KauecTBe
aJIBTePHATUBHOTO YITIEBOZOPOJ-
HOTO cbIpbs. HecMoTps Ha 3Ha-

-l

JloHdoHckul yHusepcumem. 1965 .

Ha uepemoruu apy4eHus [Junnoma noyemHou cmeneHu Honoris causa.

YNUTETbHBIN IPOPBIB, VI CETOLHS,

B XXI Beke, aTa np06neMa oCTaert-
Cs1 Cepbe3HbIM BBI3OBOM JI/IS1 HAYKIA.
MertaH — upeanbHOe ChIpbe [

XMMWYECKOT IIPOMBIIITIEHHOCTH.
/13 Hero MO>KHO OBITIO OB TOTyYaTh
o0ble OpraHNYecKye BelecTBa:
OT IIOIMMEPOB M KPACUTETIEN O
nexapcTB. IIpenAaTcTBIEM CITY>KUT
JIIIb OTCYTCTBME KAaTaMN3aTOPOB,
CITOCOOHBIX OCYIIECTBIISTD ITH
npeBpalieHus 6e3 601bIINX SHep-
TeTUYeCKMX 3aTparT.

CeropHs B IPOMBILIUIEHHOCTI
JUIs TIOZTyYeHNUsI MeTaHO/Ia YICIIO/Tb-
3yI0T TeXHOJIOTMIO, OCHOBAaHHYIO Ha
BBICOKOTEMIIEPaTypHOM IIpeBpa-
meHny MetaHa B cuaTes-ras (CO +
H,), KOTOpbIit 3aTeM UCTIONMb3yeTCs
JUIS KaTQ/IMTUIeCKOTO CYHTe3a
CH,OH n gpyrux npomykTos.
OnHako 3TOT Cr1oco6 BCe MeHbllle
YZIOB/IETBOPSIET 9KOHOMUYECKIM
¥ 9KOJIOTMYECKUM TPeOOBaHUAM
COBPEMEHHOCTIL.

CaMblil TOAXOAALIMIL CIIOCO6

YTWIN3ALUM MeTaHa — KaTaJIuTH-
JeCcKoe OKVC/IeHEe MOJIEKY/IAPHBIM
KICTIOpofoM. VI3yuaTh ero Mexa-

Hu3MbI Havyanu Hukomait CemeHOB
u Hukonait 9Manyainb. VIx paboTs

dbakTIYecKy cTanu OTIpaBHON
TOYKOJ B pa3BUTHM COBEPILIEHHO
HOBOJT 00/macTn Katanusa. OHa
aKTMBHO Pa3BMBAETCS M CTOUT
Ha OCTpYie COBPEMEHHOI XVMMUML.
CaMble ONTUMUCTUYHBIE 0K -
IaHVs YIEHDIX CETOfIHA CBA3aHBI
C KaTa/lN3aTOpaMy Ha OCHOBE
MeM U 30710Ta. «Y>Ke MPeIIoKEeHbl
MPOLECCHI, TO3BOoIsAOIMeE 9 dek-
TUBHee Pea30BbIBATD YITIEPOT-
HbI IIOTEHIIMAT MaJIOfieOVTHBIX
Y HETPaJUIIMOHHBIX UCTOYHUKOB
B Ta30XMMUIYECKUX M SHEPTeTH-
YeCKMX Npoleccax, — OTMeYaeT
3aBeyoluii TabopaTopuen
OKUCIIeHNA yrnesogoponos VX
uM. H. H. Cemenosa Brnagumunp
ApyTioHOB. — VIX BHefipeHMe facT
TOMTYOK /11 SKOHOMIYECKOTO U CO-
I[VI/IbHOTO PAa3BUTHA PETUOHOB,
CHM3UT YPOBEHb 3arpsA3HEHNUA aT-
Mocepsl yITIeBOLOPOaMH 1 TIPO-
IOYKTaMU X CTOpaHM, HOBBICUT
HaJIe>KHOCTb SHEPrOCHAOKEHUA
yOa/IeHHbIX PETHMOHOBY.

311PABOOXPAHEHUE

HMccnemoBanns LeTHBIX peaKLnii,
KoTopble mposogua Hukomnan
CeMeHOB, OKa3au O0JIbIIOe BINA-
HIIe VI Ha MeUIVHY. « MeXaHN3Mbl
OYeHb MHOTUX 00Ie3Helt, ¢ KO-
TOPBIMU YeJIOBeK OOpeTCs, ToXKe
IPOTEKAIOT II0 IIeITHOMY MeXa-
HU3MY, — OTMedaeT Bragumup
PasymoB. — PasButne pakoBoii
OIIyXO/M, K IIPUMEPY, — 3TO TOT Xe
npouecc. IIpasaa, TaM y4acTByIOT
ApyTue pafgyKaabsl — O1omornye-
CK1e. OTO OJHO 13 HaIlpaB/IeHUIl
OMOIOTMYEeCKNX HAYK».

OpnuH 13 mocaenoBare-
neit CemenoBa — Hukomnaii
OMaHyas/1b — paboTasn Hajj KuHe-
TUKOI 00pa3oBaHMsA OITYXOJIEBBIX
KJIETOK U OOIMMM 3aKOHOMEPHO-
CTAMU UX pocTa. brarogaps stomy
y Hac B cTpaHe B 1960-1980-€ rozst
OBLI CUHTe3MPOBAH Lie/IbliT PN
IPOTUBOOIYXO/IEBbIX IIPENapaToB:



AMOYHOI, pyOOKCII, HUTPO30Me-
TrMo4eBuHa. Pa6oter CeMeHOBa
n OMaHy3/IA, 110 CYTH, 3apOAIN
HOBO€ HaIlpaB/IeHI€ B OHKOJIOTWH,
B KOTOPOM CeTOfiHA paboTaIOT COT-
HU y4YeHbIX. A TIpenapaThl, CO3JaH-
Hble Ha OCHOBE UX 1fiell, IOMOLTIN
yoKe JeCATKAM ThICAY JIIOfIENL.

MU3TEX MW HAYYHDIE LIKOJIbl

He meHee, a MoXxeT ObITD, O0JIEE
BA)KHBIM Pe3y/IbTaTOM JleATelb-
HocTu Hukonasa CeMeHOBa cTajIo
OTPOMHOE KOMMYECTBO MOCIIEfO-
BaTesIel, KOTOPBIX OH OCTaBUII
nocre ce6s1. OfHUM 13 UTOTOB €TI0
PaboThl, B YaCTHOCTH, CTAJIO IMOSAB-
nenue B YepHoronoske Haydynoro
nentpa PAH. CemeHos c camoro
Hayaja IVTAHMPOBAJ CO3aHIe He
MPOCTO IKCIIEPUMEHTAIbHON 6a3bl
IS IPUKIaHBIX pabot VXD,

a TO/IHOIIEHHOT0 HayYHO-JICCIeflO-
BaTe/IbCKOTO LIEHTPa, IJie B TeCHOI
CBsI3Ke Pa3BUBAINCH ObI XUMM-
qeckas Qpusnka, GpusnKa, XUMUA

" 61OIOT L.

[Tpu saTOM, OYAy4IM YIEHBIM C MU-
POBBIM MMeHeM, OH Bcerja JoBe-
P MONOABIM. PykoBoguTenamu
nmaboparopuit B YepHOTromoBKe
ObLIV JTIO[Y, BO3PACT KOTOPBIX
efiBa nepeBanni 3a 25-26 nert. Vx
npo3Banyu «CeMeHOBCKUII Ie TCKUI

lpe3uder#m AH CCCP axkademuk M. B. Kendwiw u suye-npe3udesm AH CCCP akademuk
H. H. CemeHoa. 1950-e 200bi

casi». VI aTOT «geTckuii cai» cTanl,
IOXKaJlyii, CAMBIM YCIIELTHBIM B MU-
poBoIi HayKe. Ero «BBITYCKHMKI»
Amnatonuit Ipemus, Jles Crecuxk,
Teopruit Manenuc n Anekcangp
MepxaHoB, Anexkcangp lInnos
BBIPOC/IY B BBbIJJAIOLINMXCA MCCIe-
ToBaresiell, OCHOBATeNell KPYTHbIX
Hay4HBIX IIKOJL

Hy n xoHe4HO, Henb3A He
CKa3aTh O TOM, YTO UMEHHO
Huxonait CemeHOB Hapsany
c [Terpom Kanuueit crosan y ucto-
KOB co3/1aHMs1 MOCKOBCKOTo
(bUBMKO-TeXHNIEeCKOTO MHCTH-
TyTa. /IBa BRIJAIOIIVIXCS YYEHDIX,
IBa HOOENEeBCKMX /laypeaTa U IBa

BPYYEHME HOBENIEBCKOM MPEMUU

Bnepable CeMeHOB 6bI1 HOMMHMPOBaH Ha HobeneBcKyto npemuio ewe B 1946 rogy, a ero
HoMuHaTopoM ctan Cupun XuHwensya. Beero e go 1950 roga Hukonai Hukonaeeumy
BblABUranca Ha Harpagy natb pa3! W nonyuun ee B utore B 1956 rogy c nerkom pyku
3aBeqytoLero Kageapoi xuMnm CTOKronbMCKOIA BbICLLEH TeXHUYECKOM KONk Jlapca
CunneHa. TeKcT ero 3asBkuM macun: «HacToALMM No3Bonio cebe peKoMeHOoBaTb, YTO-

66l Hobenesckas npemus 1956 roaa bbina npucy:aeHa noposHy npodeccopy capy
XuHweneyny, Okcdopg, v akapeMuky CeMeHoBy, MocKBa (B TOM MM MHOM NOpPALKE), 38 UX
BbIJAIOLLMECA TPYObl B 0611aCTV KMHETUKM peakLmMi, B 0COBEHHOCTM 3a IKCNepUMeHTaNb-
Hble M TEOPETUYECKME 0OBACHEHMA LEMHBIX PeaKLii B raax».

[vnnom naypeata Hukonaw Hukonaesmy nonyumn u3 pyk kopona LLseuuu yctasa IV.
«fl o4eHb Npu3HaTeneH LLBeackoi akapeMuu Hayk, npucyamsLLei MHe HobeneBckyto
npemuio, — ckasan Hukonan CeMeHOB B 0TBETHOM cfioBe. — J3TOT aKT, 04EBUAHO,
MperK[ie BCEro HaJi0 pacLieHnBaTh KaK NpuU3HaH1e onpefeneHHbIX Hay4HbIX 3acnyr
du3nkoxuMmnkoB PoguHbl. [pUcyKaeHWe LWBeJCKMMM KONNIeraMu MHe U capy XMHLLenByay
noyeTHol HobeneBcKoii NpeMum CMMBONM3UPYET rYMaHHELLYI0 MAEI0 — UAE MVPHOIO

COTPYOHWYECTBA YYEHbIX BCEX CTPaH».

Apyra pabotanu B mabopaTropun
A. ®. Vodde B Jlennnrpaye
Y IIPUJIOXKVIIN MAcCy YCUIUI I
POXXJIEeHMS HOBOTO YHUKAJIbHO-
ro Bysa. Eme B cepegune 1930-x
romoB Huxkonait HukomaeBuy,
4yTasg IeKIuu B JIeHMHTpaickoM
(U3NKO-TeXHNYIECKOM MHCTUTY-
T€, TOBOPUJI O HEOOXOAMMOCTI
pedbopmbl o6pasoBanms. «Mou
CTYHEHTBI He I0/DKHBI XOAUTb
Ha MOM JIEKIIVY, He0OXOAMMO,
4TOOBI OOJIbIIIAs YaCTh UX Bpe-
MeHM ITPOXO/IM/Ia B HAYYHBIX
nmaboparopusax», — OTMeYas OH.
Tax 3apoxxpanace uges Oyayuero
MockoBcKoro ¢usrexa.
[IpensecTHUKOM MOTU
B 1946 rogy cran HOBBII (aKy/Ib-
teT MI'Y — ¢usnko-rexHmde-
CKMIL. ITO Ha3BaHMeE IPUAYMaTT
CeMeHOB, 11 IT03)Ke OHO IepeLIo
Ha Becb MHCTUTYT. Kak oTHens-
Hb1l1 By3 MOT 6b11 0OcHOBaH
B 1951 rony, 1 Hukonait CemeHOB
CTaJI HAyYHBIM PYKOBOIMTENIEM
OJIHOJI U3 IeBATH CIel1aTbHO-
CTe MHCTUTYTa — «XUMMUYECKas
¢usnka». Korga sxe B 1957 rogy
B MOTHU 651111 06pa3oBaHbl ep-
Bble YeThIpe aKynbreTa, Hukomaii
HukomaeBnd BO3ITIaBUI €AVHYIO
6a30By10 Kadeapy XMMUIECKO
¢usnkn. m
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SAHAYKY D TTIABHOF -

/2 Egrenus 3aiiLesa

\
\

\

- PEAKLIMA

OHOMHUI (COBMECTHO
¢ H. CemeHOBBIM) Teopuio
pa3BeTBICHHBIX L[EITHBIX
peaxIiuit monokeHneM 06
9HEpreTUIeCKOM L[eTHOM
pasBeTBJICHUM, YTO [IO3BOINIO
YIPaB/ISATh XUMUIECKIMMA
IpOlLieCcCaM: YCKOPSTD UX,
3aMefl/iATh, OfIaB/IATh,
0OpbIBaTh Ha /10001 XKemaeMoii
cTaguu (TermoMepusanyis).

BIAHWE PABOT
HKOJIAA CEMEHOBA

/
v

037171 TEOPUIO LICITHBIX PEeaKIINIL.

TKPbII AB/IEHVIE SHEPLETIIECKOT' O
Pa3BETBIIEHNA ueneﬁ[ B XVIMMNYECKIX
peaxIuax.

OBMECTHO C AJIEKCAaHAPOM
IIInnoBrIM YCTaHOBUJI PO/Ib
9HepreTM4YecKNX IIPOLeCCOB
B Pa3BUTUM LENHBIX PeAKLINI
IIPpU BBICOKMIX TEMIIEpPATYpPAX.

dbopMynMpoBa U0 CyIIeCTBOBAHNIA
LIEITHOM peaKLNIL.

BeJl TEPMMH «IIelHasA peaKus».

1913 1. 06HapY>XNJI, YTO B HEKOTOPBIX

b OTOXMMIYECKUX peaKIMsaxX

HOI/IONIeHVIe OHOTO GOTOHA IPUBOIUT

K B3aVIMOJEVICTBMIO COTEH TBICAY MOJIEKYJT =
VICXO/THBIX BEIIECTB.

3y4asl TOMOT€HHBIN KaTajn3
Yl MEXaHV3M LIEITHbIX PEAKIINIA.

1928 ropy npm muccnegoBaHum
OKJIC/IEHVS1 BOOPOZa OOHAPYKII
BEPXHMI NIpeie/l BOCITIAMEHEH 1A
Y OO'BSACHMII ATO SABJIEHVE KaK Pe3y/IbraT
00pBIBa IIeTell B 3aMKHYTOM 0ObeMe
IIpY TPOVIHBIX COyHAPEHNAX JACTHUIL.

a3paboTasl OCHOBbI TEOPUIL LIETTHBIX
peaKLuIL.

1916 rogy npeamnonoXuI, YTO aKTUBHBI
YacCTULBI MMEIOT AaTOMAPHYIO IIPUPOLY.

PEeIIOKIII TOC/IENOBATENIBHYIO CXEMY
peakuuy MOJIEKY I BOLOPOJa U X/I0pa
(Hepa3BeTB/IeHHAs LleTTHAS PEeAKIIVIS).



Taa OOJHUM U3 COS}IaTeHeI‘;I COBET-

CKVIX aTOMHOJ 11 BOZOPOZHOIT 60MO.

1939-1941 romax COBMECTHO
¢ SIlxoBoM 3ebOBMYEM BIIEpBbIE
OCYILeCTBMJI pacyeT LIeTTHOM peak-
LU IelIeHNA ypaHa.

9acTBOBAJ
B VICCTIE[OBAaHUN
IIpeBpallleHNI
aTMocdepHOro
a30Ta B IPOoLeccax
ropeHus

U B3PbIBa,
IIOKa3as [eIrHOM
XapakTep 3TUX
peaKLmil.

POBEJI CIEKTPOCKONINYECKIE
UCCIENOBAHMA Ta30BbIX
IIJITaMEH ¥ BIIEPBbIE OIpele/NI
KOHIJ€HTPaLII}0 aTOMOB
ITUIPOKCUIIA B BOJOPOSHOM
D71 aMEFL.

f SKCTIEp Y M e H RalBHbIG
PaboTHI MOCITY>KW/IU OFHUM
U3 IEPBBIX IOATBEPKAEHNI
HEKOwOPHIXII0/I0MKe HIMI
Teopy HelmbIX Pea iy if.

TaJ1 OFHVM 13 CO3JIaTesell aTOMHOI 6OMOBI.
as3paboTas Teopuy 3aKUTaHVA HaKaJIeHHON
MOBEPXHOCTbIO, TEI/IOBOTO PACIPOCTPaHEHM

JIAMUHAPHOTO I/TAMEHU B ra3ax, peJiesioB
pacIpocTpaHeHNs NJlaMeHM, TOPeHMS
KOH/IEHCHPOBAaHHBIX BElLeCTB.

nepBble ¢ IOnnem XapuTOHOM OCYLIECTBU
pacyeT KMHETUKM IeTTHOI peaKLMM JelleHIA
B BOJHOM PacTBOpE ypaHa.

agpaboray MaTeMaTUYeCKUIT armapar
JUISI OIIMCAHIS LIETHBIX TIPOLIECCOB.

03711 psij; paboT B 06/1aCTU KMHETUKIA
Y MEXaHM3Ma IIeMHbIX PeaKInIi.

as3paboTas LeNHYI0 TeOPUIO
KUAKO(PAZHOTO OKUCTIEHNS

OpPTaHNYECKUX BEIIECTB.




SAHAYKY 2

[ IABHOE

bOPUC LLIYb:

(CLENAB BCEIC
[bITOB, CEME
ABCOMOTH

ABW)

/2 Banepwii Poit3eH

APY TPUG [bIX
U5 CUSHAT]
bHY I,

SbILL ALY RGH TEOPA

JTiooeit, komopuie nuuro obuyanuco ¢ Huxonaem CemeHo8viM, 0cmanocy Hanepeuem.
Ooun u3 Hux — Bopuc 1lly6, dokmop xumuueckux Hayx, pykosooumens omaoena
KuHemuku u kamanusa Uncmumyma xumuuecxoti pusuxu um. H. H. Cemenosa.
IIo cnosam bopuca Pysumosuua, Huxonati Huxonaesuu 6vin HeopouHapHoii
nuuHocmoto. Hecmomps na éce 3acnyeu, oH 6v11 omxpoim 07151 00useHUs U, 6y0yuu
MAnaHmMaUe cam, 6e30UUb04HO Y2adbléan Mananm 6 opyeux.

~VUEHBIE YACOB
HE SAMEYAIOT

— Kaxum ev1 sanomnunu Huxo-
nas Cemenosa? Kaxoii y nezo 6vin
cmunv pabomoi?

— Hukomnait Huxonaesnd 6601
OYeHb MHTEPECHDBIM Y€/I0OBEKOM,
IPEKPACHBIM YYE€HbIM, YMEIOIUM
IOCMOTPETH B CYThb IIPOO/IEMBI.
YnuBKTeNIbHO, KaK Cfle/IaB BCETO
Hapy IpOCTHIX ONbITOB, CeMeHOB
co3yanm abCOMOTHO IPABUIbHYIO,
BbIZatoNIyIocs Teopuio. OH ObII
Ta/JlaHTIMBBIM afIMUHUCTPATO-
poM Hayku. M mpocTo Xxopommm
pykoBopuTteneM. Kak-To «go6pbie
JIIOV» TI0>KAIOBA/INCDh €My, YTO
COTPYAHUKM YaCTO OIa3/ibIBAIOT Ha
paboTy, ¥ IpeIOKIIN IOCTABUTD
TYPHUKETBI C KAPTOUKAMU LA
yueTa BpeMeHu. OH Kareropude-
CKU OTBEPT 3Ty UAEI0, CKa3aB, 4TO
ydeHble He paboTaloT MO TPpaduKy.

Ha cemnnapax mMonozple mabopas-
THI MOI/IY 3aI[POCTO BO3PaXKaTh
€My, aKaJIEMIKY, ¥ TOBOPUTbD, YTO
TOT A6COIIOTHO HIYETO HE MTOHM-
MaeT. Ho MMeHHO Takas cBO6omHas
aTMocdepa, 110 ero MHeHMIO, OblTa
IIOLIOTBOPHOIL.

— Kaxkue eedyujue yuenvie 6 Ha-
cmosuiee 8pems nPoOONHAOm
uccneoosanus, nauamoie CemeHo-
8vim?

— Ilo cyTu, Bce MbI pOJOTKa-
€M, BeCb KOJJIEKTVB MHCTUTYTA.
Otpen ropeHus, OTeNn KMHETH -

KU U KaTa/jnsa, OTHe] KMHETUKA
XUMUYECKNX U OMOIOTUYECKUX
IIPOIIECCOB, OTAEN CTPOEHNS Be-
mecTBa. VI oueHb MHOTHE KCCITe-
[OBATe/N U3 SPYTUX MHCTUTYTOB
ABJIAIOTCA €T0 IIOCIeNOBaTENAMI,
XOTs Jla’ke He OTOXKIECTBIIAIOT
ceba u cBor pabory ¢ HUM. OT
HaIlleTo MHCTUTYTA B Pa3Hble

rofbl OTMeXXeBannch: VIbXD

uM. H. M. OMaHyand, MHCTUTYT
Tanbpose — MHIIIX®D, uucTUTYT
XMMWYEeCKOJ KMHeTUKN Y TOPeHNS
B HoBocubupcke, rae paboramm
nepBble yueHUKy CeMeHOBa —
BoeBopacknit u LIBeTKOB, a Tak)ke
VHCTUTYT XMMIYECKOV GU3NKI B
Apmennn. ITomnmo sToro 6maropa-
pst Hukonaro CeMeHOBY ObLI CO3[jaH
HayKorpaz YepHoronoBxa.

— Hackonvko cunvio omkpol-
must Hukonas Cemenosa nosnus-
JIU HA COBPEMEHHY10 HAYKY?

— Hy>xHO 0TMeTHNTB, YTO Lien-
HbIe peaKI[uiu ObIIN U3BECTHBI U 1O
CeMeHOBa, HO BaXKHO TO, YTO OH
BIIepBbIe CO3/ja/l TEOPUIO pa3BeT-
BJICHHBIX IIeITHBIX peakiuit. OHa
MI03BOJIIET ONUCHIBATh OTPOMHOE
KO/MYeCTBO MPOLEeCCOB: AflePHbIE
peakiun, oKucIeHe IoMMepOB,
B3pbIBbI, TopeHne. Kpome Toro, um



ObTa cO3laHa Teopus TeIIOBOTO
B3pbIBa. 1o cyTu, Lenble oTpacin
IIPOMBIIITIEHHOCTY He MOI/IN ObI
CylIecTBOBATh 03 3TN Teopuiu,
3TO ObII OTPOMHBIIA LIAT J/IA BCei
HayKI.

HUBAA PEARLIUA

— Mosxcno nu ckazamv, 4mo
pabomur Cemenosa 3anycmunu
«UenHy10 peaKuuio» 8 cospemen-
Hoti pu3uueckoli Xumuy u MHozue
u3 e20 uoeil pa3éuearomcs 00 cux
nop?

— 9T0 oueHb npaBUIbHAsA HOp-
MynupoBKa. s mo6oro 1emHoro
Ipolecca HeoOXOVMMO TpH CTa-
AV MTHULIMAIVA LTI, ee Ipo-
no/mKeHe u 06psiB. OKasanocs,
YTO IO TO ONVCAHNE TIOAXOINT
OIPOMHOE KOJIMYeCTBO MPOLIECCOB:
HO/MMMepU3alys U OKUCTIeHNe
HO/IMMEPOB, OKIIC/IeHMe [a30B,
B3PbIBBI (BK/IIOYast aTOMHBIE), TaXKe
POCT pakoBbIX K1eTOK. [IpsambiM
yueHnkoMm CeMeHOBa ObIT aKa-
memuk Hukomnait 9manyanb. OH
IIPEIIIONOXIIT, YTO POCT PAKOBBIX

KJIETOK SIBJISIETCSI LIeITHBIM IIPOLiec-
coM. V1 4TO6BI TOKABUTD €T0, HYX-
HO MCIIOTTb30BAaTh TOT K€ IIPOIfecc,
YTO U JIJIs TIOfIaB/IeHNST OKUCITeHS
HONMVMEpPOB. ITO Te CaMble aHTH-
OKCUJIAHTBI, 0 KOTOPBIX Celfyac Bce
mmyT. JJake caM 3TOT TEPMUH
M3HAYaJIbHO TMOSBWICS B XMUU
MIOJIIMEPOB, XOTS TeIepb IPOYHO
BOIIIeJI B MeVIVHY. Peakiiys okuc-
JIEHVA )XKMIPOB TOXKE ITOCTPOEHA Ha
LIETTHOVI peaKIny B KUK dase

U aHTMOKCHaHTax. B cBoe Bpemsa
s1 3aHUMaICst GOTOCTAOMIN3ATO-
pamMu OMMMepoB. JTO BellleCTBa,
KOTOpBbIe II03BOJIAIOT He I0ITYCKATh
Pasno>XeHNA IONMMMEPOB 32 CYeT
CBETa, YTO TOXE SBJIAETCS LIETTHBIM
IIPOIIECCOM.

— Ecnu 6pamov yposHem eviuie
u ouenueamvo 6xnad Huxonas Ce-
MeH064a 6 XUMUHECKY10 KUHEMUKY
8 UesI0M, 10 MOMCHO /U CKA3amb,
YUMo OH A67IAEMCT 0OHUM U3 CO3-
oamerneii 3moii HAyKu?

— Jla, MO>XHO CKa3aTh, YTO OH
ee 1 co3fan BMecTe ¢ Cupunom
XunwensynoM. UTo Takoe KnHe-

#_H. H. CeMeHoB Ha HoHpepeHuuU

Bbopuc LWYB,

PYKOBOAMTESb 0THENA
KMHETUKW U KaTansa
WHcTUTYTa XMMYecKon
du3mnkm uM. H. H. CeMeHoBa

THKa BooOIIe? ITO 3aBUCUMOCTD
XMMMYeCKOTO Ipoliecca OT BpeMe-
Hu. EcTb ypaBHeHMe AppeHnyca,
olpefiensoliee TeMIIePaTypHYIO
3aBUCUMOCTb KOHCTAHTbI CKOPO-
CTU XMMWIYECKOI PeaKkyu, HO 3TO
elrje He KMHeTHKa. JInmb ¢ pabo-
tamu CeMeHOBa, KOTOPBIiL OBLI IO
06pa3oBaHNi0 GU3UKOM 1 06T
CBEXXJM B3ITISI/IOM Ha XMMIYeCKue
po6/IeMBbl, KNHETVKA BbIJE/IIACh
B OTZENIbHYIO HayKy. [Top xumm-
4ecKol Gpu3MKoIT BOOOIIIe paHblile
HOHMMaJIU TOJBKO KMHeTHKY. Ceii-
Jac HEKOTOPbIe y4eHble, BK/II0Yast
MeHs, IpUAepKUBAIOTC 6oree
HIPOKOTO OTIpefe/IeHIsT: XUMIde-
ckas pusnka — 970 QUMK XUMU-
YeCKMX IIPOLIeCCOB. A 9TO rOpaszio
60mee cnoxxuble Bemy. M

BbIZAIOLLMECA YHEHDIE,
WU3BECTHBIE YYEHUKH
HUKOJIAA CEMEHOBA

AxapgemMuku B. B. Boesoackui,

10. H. MonuH, 10. B. LiseTKos,

H. C. Enukononos, B. H. Kongpatbes,
M. B. Angumos, A. . MeprkaHos,

A. E. lnnos n MHorue apyrue.
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Ovina co30ang npazcmuuecr(u 00Ho8pe
alca()emwccmu 'C. M. Basunosvim u L

)Y NHEUUUX HAYUHO-
 OVAH u ewje HeckonvKo

pévix npenodasameret
UL, MAKUX KAK
KOMOUHAYLOHHOE paccesHue ceéema (F C. ]Ia:u&”" pe, /1. V. Manoenvuimanm), :
appexm Basunosa — Yeperxosa (Hobenesckas npemus 1958 200a: I1. A. Yepenkos,
N. E. Tamm, V. M. @panx), paspaboma moMUuHECUEHMHbLX UCTOUHUKOB ceema

U Memo006 CHeKMpanbHo20 AHANIU3A BeULECNE, A MAKdHe CO30aHUe Ome1ecteeHHbLX
HAYYHBIX WKOTI 8 0071ACMU ONMUKU U cnexmpocnonu?{f




HOBBI MPUHLLAN

HasBanne «KBaHTOBasA pajno-
¢usuka» kagenpe ObIO IpU-
CBOEHO B 1968 rony 1 oTpaxkano
HIPUHIVIINMATBHO HOBBIV 9TaIl ee
PasBUTHUA B CBA3M C POPMYIN-
poBkoii B ®VIAHe akagemMuxamu
H. I. bacossiM u A. M. IIpoxopo-
BBIM HOBOTO IIPMHIIUIIA TeHEePaIN
9/IeKTPOMAaTHUTHBIX BOJIH U CO3/ja-
HJIEM Ha 3TOJ OCHOBE KBaHTOBBIX
reHepaTOpOB pajino- 1 ONTHYe-
CKOTO [INaIla30HOB — Ma3epoB

u nasepoB (HobeneBckas npemus
1964 ropa comectHo ¢ Y. Tayn-
coM). ITO JOCTATOYHO OBICTPO
IPUBEIO K BOSHUKHOBEHUIO HOBBIX
obracTeil HAyKM — JIa3epHON
¢bu3nKM, KBAHTOBOIT 97IEKTPOHVKH,
HEJIMHEHOM OIITUKMY, Ta3€PHON
CIIEKTPOCKONNY, PU3VKY B3aNIMO-
HeVICTBYIS JTa3€PHOTO U3/Ty4YeHNs

¢ BenjecTBOM. OfHOBPEMEHHO 3TO
JIaJI0 OTPOMHBIN UMITY/IbC OYPHO-
MY PasBUTHIO IPAKTIYECKN BCEX
(dyHIaMEHTaIBHBIX 1 TIPUKJIaHBIX
Halpas/IeHnit POTOHVKY U J1a3ep-
HBIX TEXHOJIOTMIA, a TAK>Ke CieIajio
BO3MO>KHBIM JICIIO/Ib30BaTh JIa3ephbl
s nokauyu JIyHsl, 30HAMPO-
BaHMsA aTMOC(epBI ¥ KOHTPOJIA
030HOBOTO CT105 3eM/I!, OTKPBITIO
Iy TY IIPUIO>KEHMIT JIa3epoB B O110-

NPAMAA PEYb

Huxomnmait KomaueBckmii,
nupexktop OVIAH,
yeH-KoppecnoHaeHT PAH:

«OWAH n MOTU cBA3bIBaET MHOMONETHEE M NI0O0TBOPHOE
coTpyaHnyecTBo. Cuctema ba3oBbix Kadeap, Kotopas bbina
MCTOpMYECKM pa3BuTa Ha Ou3Texe, OKazanach None3HOM

1 B3aMmoponosiHAeMon Kak ans MOTU, tak u ans OUAHa.

N umeHHo Kadeppa KBaHTOBO pagmodu3MKKM Beeraa bbina
LA Hac 0[HOM U3 KnioyeBbiX. CeroHA Mbl CUNIbHO OMOIOAMAM COCTaB Kageapbl U paccym-

TbiBaeM, 4YT0 HOBOE NOKOJS1IeHne COTPyAHNKOB 6y,|19T C 4eCTbl0 HECTU ee 3HaMA».

JIOTUM, MEOULVHE VI NVIATHOCTUKE
3a60HeBaHI/H7[, II03BOJINJIO CO30AaTh
JTa3€pHbIE€ CTAaHAAPTDI YaCTOThI

" BpEMEHU.

bYPHOE PASBUTUE

B HacToAIEee BpeMs IpaKTude-
CKJI BO BCEX BeAYIIUX MUPOBBIX
HayYHBIX Y HayYHO-TeXHO/IOTYe-
CKMX LIEHTPax IPOMCXOAUT Oyp-
HOe pa3BuTHe QyHJaMEeHTaIbHO
¥l IPUK/IAIHON (POTOHVIKY, ONITUKM
U CHEKTPOCKOIINY, A TAKXKe Tasep-
HbIX TexHosoruit. «Hapsany ¢ orpom-
HBIM IIPOTPECCOM VICCIeOBaHMIT

B 00/1aCTV MUKPO- ¥ HAHOPOTOHU -
KU, OIITYKY TeTePOCTPYKTYP U Me-
TaMaTepUaa0B, KBAHTOBOV OITHUKA
" KBAHTOBOJ MHPOPMATUKY 3TO

Acnupanm Unea CemepuKos 3a pabomoli Ha ¢eMmoceKyHOHoU 2pebeHke

00BACHAETCS TeM, YTO POTOHM-

Ka sIBJISIETCA B OCTIEf{HIIE TObI
OIHMM 13 Hayboree JMHAMUYHBIX
VHHOBAIIVIOHHBIX HallpaB/IeHNI
9KOHOMUKY PasBUTHIX CTPaH 1 06-
JlajiaeT OTPOMHBIM IIOTE€HIINAIOM
JUISL POCTa, — TOBOPUT 3aBEYI0-
it kademppoit mpodeccop Bramu-
mup JlebeneB. — COOTBETCTBEHHO,
Ype3BbIYaTHO MHTEHCUBHO BO BCEM
MIUpe pa3BUBAIOTCS ceifyac KBaH-
TOBBIe IH(POPMALVIOHHO-KOMMY-
HUKAI[VIOHHbIE TEXHO/IOTUY, B TOM
qyCciIe KBaHTOBasi KpUIrorpadus,
OIITHYECKIEe CYCTEMBI TAMATH,
3aIlnCK ¥ XpaHeHus MHpopMaLuy,
a TaK)Xe TeXHOJIOTMY, OCHOBAHHBIE
Ha COBPEMEHHOI MOTYyIIPOBOIHM-
KOBOJ1, OpTraHNY€eCKOI U rM6pM;1—
HOJI (OpraHo/HeopraHN4YecKo)
($hOTOHMKE ¥ OIITO3TIEKTPOHUKE.
[TpuopuTeTHOE BHUMAaHNUE YAE/A-
eTCsl TAKUM 00/1acTsAM GOTOHUKI,
KaK CO3/laHVe BBICOKO3(PeKTuB-
HBIX (POTOBOIBTANYECKIX STTeMeH-
TOB JIJI1 COJTHEYHOJT SHEePreTUKI

¥ 9HeprocoHeperaroyx UICTOYHN-
KOB OCBeIL[eHNsI, B TOM YHCTIe CBe-
TOM3/TYYAIOIVX [OTYIPOBOJHIKO-
BBIX, OPTaHMYECKNX Y TUOPUTHBIX
CBETOJIMOfIOB V1 TPAH3UCTOPOB,

a TaKKe rMOKUX AucIieeB. bomb-
IIasi COLMaNbHO-9KOHOMMYeCKas
POJIb BO3/IaraeTcsti Ha IMpOMBIII-
JICHHBIE JIa3epBl U J1a3ephl B Me-
IOULIVHE U TUaTHOCTUKe 3a0071e-
BaHUIL. AKTya/lbHa pa3paboTka
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TEXHOJIOTUY CO3[JaHNA MUKPO-
AVCIIIeeB, KOMMYHUKAIVIOHHBIX
TIepeK/IYaTesIeN C CeNeKUNEN 10
JUTMHAM BOJIH ¥ IPOCTPAHCTBEH-
HBIX MOJY/IITOPOB CBETA, HAlIIEM-
HBIX ¥ OKOJIOITIA3HBIX JVICII/IEEB,
YCTPOJICTB BBOZIa ¥ 06paboTKM
OIITUYECKOIT MHPOpMALIIL».

Bce aTo TpebyeT mogroToBKM
BBICOKOKBaMMUIMPOBAHHBIX
Hay4HBIX KaJpOB, CIIOCOOHBIX
3aHMMATbCS HAyYHO-UCCIIEI0BA-
TE/IbCKOIT pabOoTOI! IO LIMPOKOMY
KPYTY aKTya/IbHBIX ITPO6IIEM CO-
BPEMEHHOI ONTUYECKOI 1 KBAHTO-
BOIT Ppu3uKu. 3ajady MOATOTOBKI
TaKMX MOJIOAbIX CIIeLIaIVICTOB,
obnmaaomyx GyHaaMeHTaTbHbIMI
3HaHMAMU U YyMeHVeM paboTaTb
B YKa3aHHBIX 00/IACTAX, U CTABUT
nepen co6oit kKadeapa KBAHTOBOI
pamouanKu.

OHa TOTOBUT 3KCIIEPYMEHTATO-
POB VI TEOPETHKOB B 00/IACTU COBpe-
MEHHOJ KBAaHTOBOVI U HEJIMHEITHO
OITVKY, KBAaHTOBOI NH(pOpMATH-
KV ¥ KBAaHTOBOJ Kpuntorpaui,
nas3epHoit GPUSVUKM, MUKPO- ¥ HAHO-
(bOTOHMKY, CIIEKTPOCKOINY CBEPX-
BBICOKOT'O IIPOCTPAHCTBEHHOTO
1 BpEMEHHOTO paspelenns, Gpu-
3MKV B3aVIMOJIEVICTBYISI M3y 4eHIS
C BEI[eCTBOM, ONTO3/IEKTPOHMKIL,
KBaHTOBOJ (MV3MKI aTOMHO-MOJIe-
KY/IAPHBIX U 9K30TUYECKUX CUCTEM.
«A BOT cOOCTBEHHO pafinou3nKOIt
Kadenpa, HECMOTPsI Ha Ha3BaHMe,
IPaKTUYECKY He 3aHMMAeTCs, —
OTMeYaeT ee 3aBefyoLuit Ba-
mumup JlebeneB. — ITO MPOCTO
JaHb TPAUILINY, OTPAXKAIOLIAA

i Auppeit Bamenko,
CTapIUNii HAYYHBIN COTPYAHMUK OTAENA
nomuHecueniun GMAH:

«Cemyac A 3aHMMaloCb OpraHM4YecKMMM CBETOAMOAAMM,
TECTUPYIO AN1A HWX HOBbIE MaTepuaribl — 3T0 CErofHA JocTa-
TOYHO MOJHOE HanpaBneHune. Mbl NbiITaeMcA NOHATL CBA3b XM-
MWYECKON CTPYKTYPbI MONEKYN C XapaKTePUCTUKAMM CBETOAU-
0[10B, KOTOpble 13 HUX nony4atotca. Cumtalo, yto MOTU paet

04eHb KayecTBeHHOe obpa3oBaHue. [1a, Ha DusTexe TAXKenan yuebHanA nporpamMMa, v 4ToObI
e BbIepyKaTb, HYMHO [eVNCTBMTENbHO MHOr0 paboTatb. Ho 3T0 NOMOIMO MHe CTaTb YYeHbIM.
Mocne TpeTbero Kypca A yKe Tpyamnca B HayuHor rpynne B ®UAH. Motom 3awmtvn au-
nnoM. W acnmpaHTCKyio NpaKTUKY ToXe Npoxoami Ha Kadeape KBaHTOBOM PaanodusunKmy.

10T axT, yto B PVIAHe cHavana
ObUIN CO3TAHBI KBAHTOBbIE TeHE-
paTopsl pafno-, a He ONTUYECKOTO
IManasoHay.

Beicokast Hay4Has KBanuguKa-
1Yl TIO3BOJIVJIA MHOTYIM BBIITYCK-
HMKaM Ka(eIpbl 3aHATD BEAYIIe
MIO3ULMIA B POCCUNCKUX U 3apy-
Oe>XHBIX Hay4YHBIX IleHTpax. B Ha-
CTOsilIee BpeMsI OHU COCTABIIAIOT
KOCTAK oTnmeneHus ontuku OVIAH,
YCIIEIHO paboTaIOT B OTHere-
HUSIX KBAaHTOBO panodusnku
u ¢usuku tBepaoro tena GVIAH,
B MHCTUTYTax 061eit GpusnKu
PAH (MIO®AH) u ciekTpockonuu
PAH (MCAH), a Tak>Xe BO MHOTUX
BeJYIIMX POCCUIICKUX 1 3apyOex-
HBIX HayYHBIX LIEHTPaX U YHUBEP-
CUTETaX.

NYTb B bOJIbLIYI0 HAYKY

CeropHsa Ha Kadenpe paboTaer
11 corpypuukos. Bce onu, BKIO-
vas gupexropa PVMAH,4nrena-xop-

kk Boicoas HayuHas KeanuPuxauus
10360/1UNA MHO2UM 8bINYCKHUKAM
Kageopvt 3anamo 6edyuijue no3uyuy
8 poccutickux u 3apy0exicHvIX HAYUHBIX

yenmpax gy

pecnionsienta PAH Huxonas
KomaueBckoro u 3aBefyromiero
kadenpoit, mpodeccopa Bragumu-
pa JlebeneBa, AB/IAIOTCA €€ BBITYCK-
Hukamu. Kak roBoput gupexrop
OVIAH, «<HecMOTpsI Ha OYeHb
0O0JIBIIYI0 HATPY3KY, KOTOpas
JIOKUTCS Ha JII000T0 PYKOBOJUTENS
KPYIIHOJ OpTraHM3aLNi, A IPOJoI-
JKAr0 YUTATh IEKIUY Ha Kadenpe.
JIBe B OCEHHEM CEMeCTpe U OFHY,
110 KBaHTOBOJ NH(pOpPMATHKE,

B BECEHHEM».

[l nepBoKypcHMKOB Kadenpa
IPOBOJIUT O3HAKOMUTE/IbHbIE
skckypcun B PVMIAH n Poccnit-
CKMI1 KBaHTOBBII LIeHTp B CKOJI-
koBo (RQC), B 3HaYMTENLHOI
Mepe CO3aHHBII II0 HUIIMATIBE
U TIpY aKTVBHOM y4acTUU BBI-
IIYCKHVKOB Kageapbl KBAHTOBOI
pagno¢usnkn. CTyeHTOB BTO-
pOro Kypca >/eT LKL JIEKI Uil
«BBefieHne B CIIEeLMaNbHOCTDY.

Ha TpeTbeM Kypce napanenbHO
upet obydeHne o6ueu3NIecKuM
OVICUIUIMHAM U IPaKTH4YecKast
9KCIepUMeHTa/IbHAsA IOATOTOBKA
B Kadelpa/IbHBIX y4eOHO-HayYHbIX
nMabopaTopusX, PacoNnOKeHHBIX
Ha tepputopuu MOTU B r. [lonro-
IPYZHOM. A HauMHas C YeTBEPTOTO
Kypca 9KCIIepiMeHTaIbHasI UK
TeopeTnyeckas paborTa IpaKTu-
YeCKM IIOTHOCTDIO TIepeMelaeTcs



B OVAH. «CHauanma Mbl IPUXOJUM
TyJa Ha 2-3 JHA B HEfENI0, —
BCIIOMUHAET acnypanTKa [ynrpHapa
BuinsikoBa. — Bei6upaem ma6o-
PaToOpuMIO ¥ HOTUXOHBKY BHUKAEM
B Hay4YHYI0 paboTYy, BBIIOMHAEM
Kakue-To 3afanHusA. Ho TyT Bce 3a-
BMCUT OT ciay4as. VIHorzma eI cpasy
B/IMBAEIIbCs B 6OJIBILON SKCIIepH-
MEHT, @ IHOTZA JAIOT IOKA/IbHYIO
3ajiayy, C KOTOPOJI ThI TIOTHOCTBIO
MO>Kelllb CIPaBUTbCsA caM. Koneu-
HO, TIOHAYaJTy O4YeHb CI0XKHO, HO
IpY TO/DKHOM YCepAUM afalTUpPY-
eIIbCA OBICTPOY.

B mporpammy BXOJASAT U cIierjua-
NM3MpOBaHHBIE Kypchl Poccmiicko-
ro KBaHTOBOTO LieHTpa B CKOJIKO-
BO. Kpome Toro, IeHTp perynsapHo
IPOBOAYT KOH(epeHINN U KOJIIO-
KBUYMBI, HA KOTOPBIX COOMPAIOTCS
IpefCcTaBUTeN TYYIINX HAyIHBIX
KOJ/IGKTVBOB IUIAaHETHI U TPU3HAH-
Hble JIMIEPhl B CBOMX 00/1acTAX
3HaHMIA.

Kadenpa corpygamudaeT ¢ MHO-
TUMM BEAYIMMM YHUBEPCUTETAMM
Y HayYHO-UCCIIEIOBATE/TbCKI -

M1 IeHTpaMu mupa: Harvard
University (USA), Brookhaven
National Laboratory (USA), Max
Planck Institute of Quantum Optics
(Germany), University of Paris-
Saclay (France), Sophia University
(Tokyo, Japan), University of
Electro-Communications (Tokyo,
Japan), Industrial Technology
Research Institute (ITRI, Chinese).
brnaropaps 3ToMy Ta/laHT/INBbIE
CTYAEHTBI ¥ ACIIMPAHTHI OMTY4aIOT
BO3MOXXHOCTb ITPOXOfIUTb CTaXKU-
POBKM 32 PyOeKOM.

Kak npusHaloTca Buepaninme
CTYAEHTBI, IO/Ty4eHHOe Ha Kade-
fipe o6pa3oBaHMe JaeT XOPOIINI
«O3KTpayH/I» /IS 3aHATHIT HAYKOIL,
1oMmorasi ObICTPO OCBAaUBATBh JIIO-
601t HOBBIII ¥ OOIIMPHBIIT HAYIHBII
MaTepuail. VIMeHHO B 9TOM 1 3a-
K/TI0YaeTCsl OffHa 13 T/IaBHBIX 3a/a4
6a30BbIX Kadenp.
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Jlabopamopus cmaxdapmoa Yacmomel

CBEXAA KPOBb

B nocnegHme rofpl pyKOBOJICTBO
Kaezpbl IIOCTABIIO 339y
OMOJIOXKEHIs IIPeNofaBaTe/IbCKo-
ro cocraBa. «CTyIeHTbI 3a4aCTYI0
rOpasfio Aydlle BOCIPUHUMAIOT
MOJIOJIbIX ITperofiaBaTeeif, — ro-
BopuT Brnagumup JlebeneB. —
Kpowme TOr0, MBI CTPEMUTINCD
CO3JjaTh HEKMII pasyMHBIl 6amaHC
OTIBITHBIX COTPY/IHUKOB 1 MOJIO-
IeXM, KOTOpas Y HUX YIUTCSI».

B pesynbrare Ha Kadesipe aKTMBHO
IPUBJ/IEKAIOT K IIPeIoflaBaTe/IbCKO
paboTe acCIMpPaHTOB U TeX, KTO
TOJIBKO-TO/bKO 3AIIMUTI KaHAN-
marckue guccepranuu. CHavana
OHU BeflyT 1abopaTopHble paboTHI,
IIOTOM CEMUHAPBI, @ B IIepCIIeKTUBE
YMUTAIOT IEKLIMU — TaK MOJIOfIbIe
COTPYAHMKI ITIOCTENIEHHO IIOIPy>Ka-
I0TCsI B 06pa3oBaTe/IbHbII IpolLecc.
IIpu sTOM 711 HUX CTapalTCA CO-
371aTh U JOCTOHbIE MaTepuaibHble
ycnoBus. «KoHe4HO, 3aHMMATbCs
IIperoflaBaHyeM He KaK/bII MOXeT
Y XO4eT, — OTMe4aeT PyKOBOJY-
Te/b Kadenpsl. — MbI HarrpaB-
JIsIeM CTY[,eHTOB U aCIVIPAHTOB

B aKTMBHO paboTarolye HayuYHble
TPYIIIBI U Tab0OpaToOpuy, KOTOpPbIe
MOTYT NOJepP>KaTh VX MaTepyab-
HO 13 CPEJICTB HayYHBIX I'PAHTOB

U IPOEKTOB, IIOTy4YeHHbIX HA KOH-
KypCHOIT ocHOBe. PykoBozncTBO

¥ BeyIVe IIperofaBaTeny Kade-
Ipbl OTAAIOT cebe OTYEeT B TOM, UTO
OOJIBIIMHCTBO CTYAEHTOB 1 aCI-
panToB MOTU — petn u3 oTHO-
CUTETIbHO HeOOTaThIX ceMeil, Tak
YTO IPY OTCYTCTBUY (PVHAHCOBOII
HOZIEPKKY 113 HAYYHBIX TPAHTOB
pebsiTam mpupeTcs mogpabaTei-
BaTb. A 5TO HEBEPOSATHO TPYAHO
COYeTaTh ¢ MOTHOLIEHHBIMM 3aHs-
TUAMY HAYKOW».

HAYKA U TEXHUKA

CeropiHsa C/I0KHO TOONUTBCSA cepbes-
HBIX HayYHBIX JOCTVDKEHUII 6e3
COBPEMEHHOTO JJOPOTOCTOAIETO
Hay4YHOro o6opynoBaHus. B atom
IIaHe Kadenpa cTapaeTcs UATH

B HOTY CO BpeMeHeM. Yero Tonbko
CTOUT YHUKaJIbHAsA 1ab0paTopus 1o
JIa3epHOMY OXJIAXK/IEHIIO aTOMOB,

B KOTOPYIO OBI/IY B/IOKEHBI OYeHb
cepbesHble cpeficTBa. B aToi1 1a60-
paTopyM yCIIeNIHO paboTAIOT MHO-
THe CTYAEHTbI, aCIVPAHTbI Y BbI-
nyckHuku Kagenpst. B ®VAHe
MIMEeTCs TAKOKe Psfi XOPOILIO OCHa-
I[eHHBIX 000pyAoBaHeM Tabopa-
TOpUIt B 0671aCTVE HAHOPOTOHUKY

¥ KBAaHTOBOJI OIITUKY, A TAKXKe
«lleHTp KOIEKTUBHOTO MO/Ib30-
BaHIsI», Tie COOPaHO YHUKAIbHOE
o6opynosanue. K croBy, mogo6HbIit
LeHTp uMeeTcs U Ha PusTexe.
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CoTpygHMKY U BBITYCKHUKI
Kadeapbl MOTYT FOPAUTBCS Cepbe3-
HBIMJ HayYHBIMU IOCTVDKEHVSIMU
B CaMbIX pa3/INYHbIX HallpaBie-
HMAX ONTUYECKO I KBAaHTOBOM
¢usykn u B nocnegHue roppl. Tak,
HaIlpyMep, COBCEM HeJJABHO I'PYIIa,
B KOTOPYIO BXOJUT CTapLUMil Hay4-
HBIi1 COTPYJHUK OT/ENA IIOMIHEC-
nenuuu ®VAH Anppeit BameHko,
CTaJIa IaypeaToM IIpeMuy IIpaBu-
TenbcTBa MockBbl 3a 2015 oy 3a
paspaboTKy B 06/1aCTV OpraHuye-
CKMX CBETOU3/TYYAIOLINX [IVIOfIOB.

«JIBa KpyIHBIX OT/IeJIeHN
OVAH — otmeneHne onTuKmu
U OTZe/IeHNe KBAHTOBO paino-
bUBUKY — IIe/IeHanpaBIeHHO
3aHUMAIOTCS ICCIENOBAHVAMMI
B 00/1aCTV COBpEMeHHOI! (POTOHVIKI
U OIITOSTIEKTPOHUKY, JTa3epHOI (pu-
3VIKM, OIITVIKY HOBBIX KOMITO3MTHBIX
CTPYKTYP ¥ MaTepUaIoB, Ta3epHO-
O OX/IXK[IeHUA U IPeLVI3MOHHON
aTOMHOII CIEKTPOCKOINY, — TOBO-
put Hukomait KonageBcknit. — 910
IIe/IBII CIIEKTP a0COTIOTHO COBpe-
MeHHBIX 3a/ia4. VIX aKkTya/IbHOCTb
HOAITBEP>KJAETCA TeM, YTO 32 I10-
cienHue et 15 B aToi obmactu
6b1710 TTIOTy4eHo HeckonbKo Hobe-
JIeBCKUX ITpemMuil. MHoro xopomnx
Hay4HO-VICCTIeIOBATeIbCKUX paboT
B 00/TaCTV ONTVKM M CIIEKTPOCKO-

MY KOH/IEHCHPOBAHHOTO COCTO-
SIHUSL, HAHO- Yl MUKPOCTPYKTYP
IPOBOANTCS U B OTAe/eHNN PUSUKK
tBeproro tena GVIAH».

«Hapsny ¢ HaygHbIMU 1aboparo-
puamu B @PVIAHe B MOTH nepas-
HO OBI/IO CO3JaHO HOBOE XOPOIIO
OCHAIIIeHHOE IOfipasfie/ieHne —
nabopatopust TexHomornit 3D-e-
4aTy YHKIVIOHAIbHBIX MUKPO-
CTPYKTyp», — FOBOPUT Bragumup
Jle6enes. B pabote arToit maboparo-
pUU aKTUBHOE yYacTie IIPYHIMAIOT
MOJIOfIble Hay4Hble COTPYAHNKIL,

a TaKoKe aCIMPAHTBI Y CTYIEHTHI
6a3oBoii kadenpnl «KBaHTOBas
papno¢usnka» GOIID. [Ipyroi
IpYIMep YCIELIHOTO COTPYHM-
4ecTBa B ITOC/IEHIE TOfbI — CO-
BMeCTHas Hay4Has paboTa Kade-
npol «KBaHTOBasA pagmodusmka»
DOIID ¢ xadenpoit «ImeKTpo-
¢usnka» OOIID. B pesynbrare
TIO/TyYEHHBIX HA KOHKYPCHOIA
OCHOBe VI BBIIIOJTHEHHBIX B paMKax
(emepabHOI 11€71€BOI IPOrPAMMBI
«Hay4Hble 1 HayYHO-TIeArOrN-
YecKye KaJ[pbl MHHOBAIMIOHHO
Poccymm» mHa 2009-2013 rogbr
IIPOEKTOB 1 KpynHoro rpanta PHO
(2014-2016 rT.) yAam0oCh NpMBIeYDb
K HayIHO-JICC/IEOBATENBCKOI
paborTe 1o aKTyaTbHO TeMaTy-

Ke M CYIL|eCTBEHHO MOJiepyKaThb

($MHAHCOBO MOJIOABIX COTPY/SHUKOB,
ACMMPAHTOB U CTYAEHTOB (P1aHOB-
ck1x 6a30BbIX Kadenp.

COBEPLUEHHO TOYHO

Emje ogHO HampaBiieHe mog-
TOTOBKY CTY/ICHTOB U Hay4HOII
paboThI COTPYAHUKOB Kadenapbl —
CTAHZIapPTBI YaCTOTBI ¥ BpEMEHI,
KOTOpBIE MEIT OTPOMHOE 3Ha-
JeHIe, KaK B pyHZaMeHTaNbHOM,
TaK M B IPUK/IAJHOM acIIeKTax.
Celfyac Takue ONTHYECKNE CTaH-
[apTBhI IeJIAI0T Ha Y/IbTPaXO/IOf-
HBIX aTOMaXx V/IU MOHAX. B Ha-
crosauee Bpems B OVIAH Takue
MICCTIeOBAHMSI IPOBOJSITCS Ha
MOHaX amoMuHuA. Bor u cerop-
Hs 37ech KT pabora. OgHaKO
CTYJEHTHI 1 aCIIMPAHTbl HAXOJAT
BpeMsi, YTOOBI paccKas3aThb O CBOUX
HayYHbIX UCCTEOBAHNUAX.

Kak npusnaercs crygent Tu-
Modeit [lImakoBckuii, Ha Kadenpe
KBaHTOBOI1 pafino(U3NKI OH OKa-
3aJICA IIOYTH C/Iy4ailHO, HO HUYYTh
He >kajeeT 06 3ToM. «CTaHIapThI
JaCTOTHI I BpeMEeH! — 3TO OY€Hb
CTaOMIBHBII OCHWIIATOP, — 00D-
scHseT Tumodeit. — OHU UCTIONB-
3YIOTCS B HaBUTAL[UY, IOTOMY 4TO
CITy THUKM KOOPAVHUPYIOTCS IO
Ha3eMHbIM 4acaM, a Jajiblile yxKe
Balll HABUTATOP OPUEHTUPYETCS

OCHOBHbIE HANPABJIEHWA NMOAr0TOBKM CMELMAJICTOB HA KAMEIPE KBAHTOBOM PALHOMUSUKY:

« KBaHTOBaA 0NTMKa, KBaHTOBaA MH¢OpMaTMKa, KBaHTOBadA

KpunTorpadus

« HaHoontuka, HaHOd)OTOHVIKa, HaHOM/1Ia3MOHUKA; oNTU4ecKue,
N1a3MOHHbIE N rw6pqub|e HaHOBO/IHOBOAbI

 OnTWKa n CMEeKTPOCKONUA MUKPOCTPYKTYP U HAHOPa3MepHbIX

CUCTeM, TBEPAOIo Tesia U NOBEepPXHOCTU

« JlazepHan pu3mnKa 1 B3aUMoZeNCTBUE U3NYHEHNA

C BeLlecTsoM
* HennHenHana ontvka u CnexKTpocKkonuAa

« (DeMTOCEKYHAHAA OMTHKA U CMIEKTPOCKONMA
« OpraHuyecKas, HeopraHuyeckasn U rubpuaHas GoToHWKa

M ONTO3/1IEKTPOHUKA

» PeHTreHoBCKan onTuKa u PEeHTreHoBCKaA aCTPOHOMUA ConHua

» On3mnka YNbTPaXo/104HbIX aTOMOB, CJTOXKHbIX U 3K30TUYECKUNX

dTOMHO-MOJ1IEKYNAPHBIX CUCTEM

© J'IaaepHoe ynpaeJjieHMe KBaHTOBbIMKA CUCTEMAMU
CO MHOIMMM CTeneHAMU CBOﬁOﬂ,bI

U COBPEMEHHaH npeun3noHHaA CnexkTpocKkonua

« Co3gaHue CBEPXTOYHbIX CTAHAAPTOB 4YacCTOTbl U BpEMEHU

« DU3KKa NONYNPOBOHMKOBLIX FETEPOCTPYKTYP M MaTepuancs

(KBaHTOBbIX TOUYEK, KBAHTOBbIX AIM U [Ip.)

O HOMI'IbIOTepHOG moaennpoBaHue, akCnepuMeHTanbHoe
M TeopeTnyeckoe uccnenosaHne HaHoMaTepuasnos

« Pa3paboTka 3anieMeHTHOM 6a3bl GOTOHHBIX

W CBETOU3NTy4aoLWnX YCTPOVICTB HOBOI0 MNOKOJIEHMA

(OLED » gp.)



10 MECTOHAXOXX/JeHVIO CITy THUKOB.
Yacsl, ¢ KOTOPBIMU MBI paboTaeMm,
IpefCTaB/AIOT C06011 YCTPOIICTBO,
IJie Y Bac ecTbh j1a3ep, KOTOPBbIit
HACTpaMBaeTCs MOJ TePeXO/bl
B aTOMax. Bcs TexHoOMOIMA CocTOUT
B CO3[JaHMM CTIO>KHOII 0OpaTHOII
CBASY MEXJY OCUMULITOPOM
VI CUCTEMOI».

Bce pebsita mpusHaioTcs, 4TO
B Havajie 00yYeHNUs CIOXKHO
BBIOpaTh Kadeapy OCO3HAHHO.
«Tbl IPUXOAMIID Ha HEPBBIIT KYpC
¥ IOHAYa/Ty He TIOHMMaelllb, YeM
OT/INYaeTCs KBAaHTOBAsI MEXaHMKa
OT 9/IeMEHTAPHBIX YaCTUL], —
BcrioMyHaeT IynpbHapa Bumns-
koBa. — OOHAKO B IJIaHE CMEHDI
Kadenpbl Wiy 1abopaTopun y Hac
B M®THU Bce abcomoOTHO feMOo-
KpaTu4Ho. S cama Ha IlepBoM
Kypce BpiOpana Kadenpy npobnem
¢usukn u acrpodusnkn. OpHaKo
CO BpeMeHeM IOH/Ia, YTO OoIblie
XoTea Obl 3aHMMATbCS KCIIePU-
MEHTOM, 4eM Teopueil. IlosBonmna
Brnagumupy Cepreeuuy (JIebene-
By. — Ped.) 1 ckasasa, 4TO X04y Ha
Bay Kadenpy. MeHs oTmycTmmm
6e3 Kakux-1mbo mpobem».

XOPOLLAA bA3A

Cucremy 6a30BbIX Kadeap MOX-
HO CYMTAaTh BU3UTHON KapTOy-

kot MOTU. Nnes nx cosganmsa
Obl/1a 3aJI0>KEHA C CAMOT'O OCHO-
BaHuA MHCTUTYTA. Hut oguH By3

B IIOCTIEBOEHHDIE TOIbI HE MOT
06ecreynTh BHICOKNIT YPOBEHb
00pa3oBaHys MO AVCUUIUIMHAM,
CTOSAIIIMM Ha OCTpMe HayKN. A BOT
B HUM — «6asax» — 6puIM 1romu,
KOTOpbIe paboTas Hafl pa3BUTHEM
Hanboree aKTyabHbIX HayYHBIX
HaIlpaBjIeHMit 1 TexHonoruit. OHn
¥l CTaJIM TIpENofiaBaTe/AMM 6a30BbIX
Kadezip, Ha KOTOPBIX IIPOXOAAT 00-
y4YeHMe CTYIEeHTHI CTapIuX KyPcoB
Pustexa. Ha mepBbIxX Tpex Kypcax
M®TU saxnagbBanca GyHAaMEHT

3HCn€pUM€Hm no uccnedoB8aHuk ussiy4eHud 00UHOYHbIX de¢ei{moe 8 KBAHMOBOU AMe

3HaHMIT B 00/macT GU3MKM 1 MaTe-
MAaTUKM, @ HAYMHAS C YeTBEPTOTO
Kypca IIpolecc 00y4eHys1 OCHOBaM
TOJ MJIM IHOM CIIeLIa/IbHOCTH
IIPaKTIYECKY ITOTHOCTBIO IIepe-
Melasics B 6a30Bble OpraHu3aLun
(MHCTUTYTBI AKaieMuy HayK Win
B Belyllyie HAYYHO-TeXHOIOIMYe-
CKJie IIeHTPBI CTPaHbI) U OCYIIeCT-
BJLSJICSL COTPYHMKaMy 6a30BbIX
Kadenp. PakTIyecKy B TAKOM BIIE
crcreMa 6a30BbIX Kadenp JoXKMIa
JIO HAIlIUX THEN.

«DU3UKN 1 MaTeMATUKI,
paboTaromiye B yHUBEPCUTETAX
Y TEXHUYECKVX By3aX Ha [IOCTOSH-
HOJI OCHOBE, — YacTO CIICIVaINCThI
O4eHb BBICOKOTO YPOBHSI, — paccKa-
3biBaeT Bragumup Jlebenes, — HO
PAI M3 HMX B CIITy OOJIBIION TTefia-
TOTMYECKON HAarpy3Ky IIOCTENIEHHO
CTAHOBSATCS 6OJIbIIIE TTPETofiaBa-
Te/IAMIY, 4YeM aKTUBHO HeJICTBYIO-
MMM y4eHbIMI. B pesynbraTe
HeMaJIblif IIPOLIEHT LITATHBIX
YHUBEPCUTETCKIUX IIpenofiaBaTeseit
B 3HAYUTENTBHOI Mepe CTAaHOBSTCS
OTOPBAHHBIMM OT COBPEMEHHO
¥ OBICTPO MEHSIOLIENICS HayYHOI
JKM3HU, KOTOpasA B HallleVl CTpaHe,
B CYJTY CTIO>KVBILIVIXCS YCTIOBUIA

U TPaULINIL, IO CUX TIOp Hambosee
MHTEHCUBHO TPOTEKAET B aKajle-
MIYECKVX MHCTUTYTaX ¥ Hay4YHO-
TEXHOJ/IOTMYECKIUX [[eHTPaX.
OcHoBHast nzest Pusrexa u 6a30BbIX
Kadepp, 3a/I0>KeHHa ellle Co3aTe-
JIIMM MHCTUTYTA, COCTOSI/IA B TOM,
4TOOBI CTYAEHTOB YUVJIN JIIOMIN,
KOTOpbIe B HACTOSIINIT MOMEHT aK-
TYBHO 3aHMMAIOTCSI COBPEMEHHOII
(dyHZaMeHTa/IbHOI Y TIPUK/IAIHOM
HayKoi1. [ToaTomy ¢ camoro Hagama
BO3HMKHOBeHMs1 DusTexa maxe
oOyueHye Ha MIaJLINX Kypcax oc-
HOBHBIM JJVICLIUIUIVHAM B 0071aCTH
buU3MKY ¥ MaTeMaTUKI IIPOBOMM-
JIOCh He TOJIbKO IITATHBIMU IIPETIO-
JlaBaTe/IsIMMU, HO ¥ COBMECTUTETISIMI
13 6a30BBIX OpraHU3aINiL, a Ha
crapumx kypcax Ousrexa obpaso-
BaTeJIbHBII IIPOLIECC IPAKTUYECKN
HIO/THOCTBIO TIepeMeltacs B 6a3o-
Bble OpTaHU3alI. ITO NPUBEIIO

K TOMY, 4TO y>Ke IIepBble BbIITYCK-
Huky Ousrexa 6bUIM OTHUMM U3 Ca-
MBIX MOTMBJPOBAHHBIX U CYJIBHBIX
Y4eHBIX U MH)KeHepOB-(PI31KOB

B Hallleli cTpaHe. Bpems nokasarno,
4To co3fanHas B MOTHU cucrema
6a30BbIX Kadenp, 6e3ycoBHO, cebs
HOJIHOCTBIO OIpaByasa». i
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Jlabopamopus
MAMmemMamu4eckozo

MOOenUPOBAHUS HeTUHETIHbIX
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Npoueccos 6 2a306vix cpedax
paccuumana, kak naoan
Tyneycckuti memeopum
U Kakum obpazom
npousouinio coyoaperue
komembol Illymetikepa —
Jlesu ¢ IOnumepom.

Ho enasnas ee 3adaua —
u3yueHue u peuieHue
npobrem aspoouHamuxu.
Kak pabomaem
nabopamopus, yeuoum
C60UMU 21A3AMU.

FlowModellium — Ttax elrje Ha3bIBAIOT
3Ty /1abopaTopuio — ObUIa CO3aHa

B paMKax «MerarpanTa» B 2011 rogy
cpasy Ha JiByX QakynbreTax B [loy-
ronpypaoM u JKykosckom. Heo6-
XOAVIMOCTD B Hell BO3HMK/IA B CBSI3U

C pa3sBUTVEM HAIIpaB/IeHNA 110
A9POKOCMOCY, KOTOpOE SIBJIAETCS Off-
HUM 13 MarucTpanbHbIx gy MOTIL
Konnektus 3aHMMaeTcs co3jaHneM
BBIUVCTIUTEIBHOT'O KOMIIZIEKCA TI0
MaTeMaTN4eCKOMY MOZe/INPOBAHNIO
3a/1a4 BBICOTHOJI TUIIEP3BYKOBOIA
aspogyHaMukn. Oco6eHHOCTD paspa-
6aTpIBaeMOr0 KOMIUIEKCA IIPOrpaMM
3aK/TI0YaeTCA B TOM, YTO OH COYeTaeT
BBICOKOTOYHBIE Y1 9KOHOMUYHBIE BbI-
YYIC/INTENbHBIE A/ITOPUTMBI C BO3MOXK-
HOCTBIO y4eTa peasbHbIX QU3NYEeCKIX
3¢ exToB.

IToyemy aTo Tak akTyanbHO? OfHOI
U3 OCHOBHBIX 3314, KOTOPasi CTaBUT-
Cs1 Ha CETOIHAIIHNII IeHb BO BCEM
MUpe, SIBJISIeTCS MOJIeTIVIPOBaHNe
BO3BpalljaeMbIX KOCMIYECKIX alllia-
paToB. VI ecnu Haeit cTpaHe, of06-
HO rocyfiapcTBaM 3amaja, yaacTcsa
IpYBJIeYb YaCTHbIE KOMIIAHUY B a39PO-
KOCMIYECKYI0 0071aCTh, MbI CTAaHEM
607ee KOHKYPEHTOCIIOCOOHBIMIL.

/% ExatepuHa [leiiHexa

[0 NYTH

YMEHbLUEHKA
COMPOTUBJIEHMS

Konnekmus na6opamopuu o6cyxcdaem BO3MONCHOCM®b paccHumeliBame C/10MCHbIe
mexHoJioau4eCKue npouyeccesl, CBA3AaHHbIe C npe@cHa3aHueM mepMO@UHGMULIECKUX nomokKoe
U menJjiogslX Ha2py30K

3amecmumerns
3asedyrowezo nabo-
pamopueli Bnadumup
Tumapes pacc4umei-
saem napamempbl
obmexaHus cnyckae-
M020 KOCMUYeCcK020
annapama muna
«Cot03». YucnerHoe
ModesuposaHue
no3aosnisem nped-
CKa3ame mensiogele
Ha2py3Ku Ha annapam
U NPABUJILHO CNPOeK-
muposame menso3a-
WumHoe noKpelimue



Pyrosodumens nabopamopuu Cepeell YmioicHUK0B
¢ omnudueM oKor4qun MOTU @ 1983 200y. 3awumun
doKkmopckyto duccepmayuto no meme «ucneHHoe
uccnedosaHue meyeHull 2030, UHUYUUPOBAHHbIX
CBepX38YKOBbIM JBUJCEHUeM meJl 8 amMocpepe»

8 1997 200y. «A3porocMoc — 00Ha u3 obnacmell,
Komopesle bydym 8 bnuxcaliwue decamunemus
04YeHb CMpeMUMesIbHO Pa3BUBAMbCH, — 2080pUM
oH. — CoomsemcmaeHHo, bydym paspabamel-
8ambCA HOBbIe NPOeKMbl MHO20PA308bIX KOCMU-
YecKux annapamos, 0pUeHMUPOBAHHbIX HO COMbIE
pasHble 3adayqu. Mol oxcudaem, ymo ckopo cmaHem
B03MOJICHBIM BbICOKOMOYHOE YUC/IeHHOoe Modesu-
posaHue obmeKaHus 8cell KoHuaypayuu cnycKae-
MbIX KOCMUYeCKUX annapamog U Ux onmuMajsibHoe
npoeKmupogaHue. TeM cambIM CywecmaeHHO yMeHb-
WumCcA Koslu4ecmao nompebifseMbix pecypcos U npu
KOHCMPYUpPOBAHUU, U NPU CaMOM 3anycKe»

Ha sxpare — ; \ Jlabopamopus cModenuposasna nadeHue TyHayccKo-
Modeste Y : o | 20 Memeopuma u Npocyumasna, KaK pacnpocmpa-
cnycKaemozo : * ! ’ d  HAnace yoapHasa 8o/HA nocie 83pwiBa HebecHo20
annapama mena 8 ammocgepe 3emnu

Anexcandp YukumixuH deMoHCMpuUpyem 2unep3syKosoe meyeHue, a
UMeHHO nepexod om JIAMUHAPHO20 NOMOKa K mypbyneHmHomy. Omms-
2usaHue MoMeHma 06pa308aHuA Buxpell 0acm B03MOXCHOCMb CHU3UMb
CONpomUuB/IeHUe U mensiosble Hazpy3Ku

Bnadumup lapanxca, /lodmuna Kydpsasuesa u Anexceli beno-
Kpeic-Qedomoa (creea HANPABo) 3aHUMAKMCA NOCMpPOeHUeM
pacyemHsIx cemokK BoKpy2 mesi CoHcHol gopmbl. B daHHbIU
MOMeHM 0UeHUBAeMCs Ka4ecma0 CemKU, NOCMPOeHHOL

¢ nomouybio pazpabomarHozo umu Memoda M
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PASAEJI UMYLLIECTBA

Ipynna cmydenmos-aumysuacmos uz MOTH pewuna npuyuumo xumenet
Loneonpyonozo cobupamv mycop pasdenvHo. Kax u éce npoekmul, 3a komopoie
bepymcs gusmexu, IMOmM 6blCOKOMEXHONOZUYEH U AMOULUO3EH.

Havanocs Bce, kak B cTapble
Hobpble BpeMeHa, co cbopa MaKy-
MaTypbl. « MBI IPUKMHYIN, CKOTBKO
IpUMEepPHO OyMary exxeMecsaHO
BbIOpacbIBaeTcs Ha Pusrexe, —
pacckaspiBaeT OfYH 13 OCHOBA-
Tenel npoexTta Huknura Huknmi-
KUH, — U MIOHSA/N, YTO Ludpa
OyzmeT orpoMHoIt. Tak ¥ BBILLIO.
MaxynaTypsl B pOTHOM UHCTUTYTE
MBI cObpay 6071ee TOHHBI». ITO
Ob110 TONBbKO Havano. Huknra

¥l IBO€ €TO TOBAPUILElT Pelnn
B3ATbCA 32 IPOO/IEMY yTUIN3ALNN
Mycopa Bcepbes U HaJaIm paspa-
0aTBIBaTh CUCTEMY pPasfelbHOTO
cbopa otxonoB. «IlepBas rumore-

3a, KOTOPYIO XOTe/N IIPOBEPUTD,
He OyZ[yT /I IOV Ty TaTb, 4YTO
KyZa BbIOpaceIBaTh. MBI MOBeCUIN
Ha KOHTeIHepHI sIpKe TaOINIKIA,
pasMecTiv THPOPMALIMIO B COLIU-
aJIbHBIX CETAX, U CICTeMa 3apabo-
Tanal» — ropoput Hukura.

KCTATH

Ha ceropHAwHM aexHb B [onronpyaHoM
yCTaHoB/EHO 14 KoHTelHepoB AnA cbopa
MNacTUKOBbIX byThINOK. [1Ba U3 HUX —
Ha Tepputopun MOTU. Hutenm ewe

25 OMOB U3BABWAM ¥eNaHWe NOCTaBUTb
TaKue KOHTEMHepbI y cebs Bo ABopax,
3aMM1CaBLLUMC B 3/IEKTPOHHYIO 04Yepefb.

Ha Bonpoc nouemy pemmm
3aHVIMATbCs IMEHHO pasfie/ib-
HBIM COOPOM, Befib BCE MOMBITKY
IPVMBUTD 3TY KY/IbTYPY B HallIei
CTpaHe 3aKaHYVBA/IVCh IIPOBAJIOM,
¢du3sTexXn yBepeHHO 0TBevaloT: «Te,
KOMY He y/Ia/loCh PellNTb Ipobie-
MY, IIPOCTO IIOXO Npo6oBamt. Mbl
paboraeM, 11 y HaC BCe MOMy4aeTCs.
Co BpeMeHeM Y JIrofiet BbIpabaThl-
BAeTCs NIPUBBIYKA, TOABJIAIOTCS aK-
TUBJCTBI, KOTOPBIE TOXKe IOMOTAIOT
IIPOEKTY, arUTUPYIOT WM (pUHAH-
cupyiotT. Benen 3a Humm nopxitoda-
€TCsA KaTeropys JIOs/IbHBIX JIIOAeTL.
3a HUMM UAYT CKenTuKN. Jla, Hy>KHO
BpeM:1, YTOOBI VX yTOBOPUTD, HO
¥ OHJ B KOHEYHOM UTOT€ CHAIOTCSA».



Certgac cuctemMa IPOXOANT CTAIIO
tecTupoBaHuA. OTpabarsIBaIOT ee
Ha cOOpe IUIaCTMKOBBIX OYTHIIOK.
BI)II[CHCH]JI YeTbhIpe K/II0YEBbIX
COCTAB/IAIOLINX IPOLecca, KaX-
JIBIiT I3 KOTOPBIX METOLOM P06

¥ OLIMOOK ONTUMUSUPYIOT 110 XOLY
peanusanuy npoexkTa. ATo UH-
dbopmanmonHas pabora c Hace-
JIeHNEM; CO3[JaHNe CIIeNaTbHBIX
KOHTeJIHEPOB ¥ pacIpefieieHne 1x
II0 TOPOJY; BBIBO3 MYCOPA; TIPef-
BapuTeIbHasA 06paboTKa Oy THUIOK
nepey; OTIIPaBKOIl Ha Ilepepaba-
TBIBAIOIINII 3aBOf. «JI1a TOTO
4TOOBI CICTeMa IIPMHOCKIIA JOXO,
MbI 3aHMMAaEMCA OHTI/IMI/ISaLU/Ief/l
U3[epPXKeK Ha KaXX/OM 13 9TAIIOB,
BHENPpAA CO6CTBeHHbIe MHIKEHEDP-
HbIe, 97eKTpoHHbIe U [T-paspa-
60TKIM», — PaCcCKa3bIBAlOT aBTOPBI
IPOEKTA.

HecMorTpsa Ha KaXXyIyrocs Mpo-
CTOTY, 3TOT IIPOEKT IMOTpebo-
BaJI HEJIO>)KMHHOM VH>XE€HEPHON
cMmekanku. CrennanbHO 111 HETO
6bU1 paspaboTaH caiT, Ha KOTO-
PpOM BefieTcs CTaTMCTMKA HAIOJI-

3BOJNIOLMA KOHTEVHEPOB

TR 17 e

KOMAH/IA NPOEKTA

By

l0puia 3axapos,
anropuTMbl
W AaT4YMKM

AntoH OepopetKo,
MHMKEHEepHble
3agaum

HAEMOCTU KaXK[JOrO KOHTEIHEPa
U IPOTHO3MpPYeTCA JaTa BbIBO3a
mycopa. IIng oTcinexXxuBaHUs
HAaIlOJTHeHMA ObII CO3/JaH JeBalic,
KOTOPBIl yCTAaHABIMBAETCS

B KOHTeJIHep U IepefjaeT JaHHble
Ha cepsep. [Ipn aTOM pazpabor-
YMKaM IPUIIIOCH IpeofioneBaTh
cepbe3Hble CJIO)KHOCTH, CBA3aH-
HbI€ C HEMIOJ,TOTOB/IEHHOCTBIO
MMIIOPTHBIX KOMIIJIEKTYIOLUX

K POCCUICKMM IIOTOHBIM YCIIO-
BuaAM. IIpy noHmxeHun remuepa-
TypsI c60it ganu conapsl. Ceitqac
KOMaHIa aKTMBHO paboTaeT HaJ
ycTpaHeHueM mpobnem. «IIpu-
IIJIOCh 3a71e3aTh BITTyOb XKeJle-
3a», — rooput Huknra.

KoHTeiinep 1
[0Nro U Heynob-
HO BbIrpyKaeTcs
LBYMA I0AbMMU,
Heyno6HO BO3MTb,
HeynobHo cKnaam-
poBatb, HeyAobHo
npeccoBarb

KoHTeiiHep 2
BbICTPO, HO Heyao6-
HO BbIrpYMaeTcs
O[THUM YEJIOBEKOM,
Heyao06HO BO3UTD,
Heyno6Ho cKna-
[MPOBaTh, yNo6HO
npeccoBatb

KouTevinep 3
ObICTPO U yao6HO
BbIrPYMaeTcA
OHVM YENOBEKOM,
Heyno6Ho BO3UTb

W CKNaJMpoBarthb,
ynobHo npeccoBartb

KoHTeiinep 4
BricTpo 1 ynobHo
BbIFpy*KaeTcA
OQHMM YeNIOBEKOM,
YA06HO BO3UTD,
yAobHo cKknagm-
poBaTb, yaobHo
npeccosartb

AnTOH UniowwmH, Hukura
OpraHu3aLMOHHbIe HUKMLIKKH,
BOMpockl M vacTuy-  IT-paspaboTku
Hoe UHaHCMpOBa- UM U3alH

HWe NpoeKTa

CymecTByeT 1 «HapOJHBII
KOHTPO/b». Kurenu romos,
BO JJBOPaxX KOTOPBIX YCTAHOB/ICHBI
KOHTelHepHl, pororpadupyior
VX U TIPUCBITAIOT U300paskeHN s
gyepe3 WatsApp, Viber, Telegram
u BKonTakre. B 06Men nm npepo-
CTaB/IAIOT OOHYCHI OT IIAPTHEPOB:
MarasyHa KpeaTMBHBIX TajcTy-
KOB awesometies.ru u rmatgop-
MBI AVMCTAHLIMOHHBIX O/IMMIINA]
ya-geniy.ru. OcHoBarenaMu
3TUX IIPOEKTOB TOXKE SBIIAIOTCS
¢dusrexu.

3aKaHUMBAIOT CO3/JaTe/N CYUCTe-
MBI 11 pa3pabOTKy MOOMIBHOTO
KOMIIJIEKCa COPTUPOBKI/TIep¢o-
paumm ¥ IpeccoBaHmsA IIACTUKO-
BBIX OYTBUIOK. «V/I3Ha4aIbHO 9TO
ObI1 OOBIYHBIN YepTeXX Ha Oymare,
a cerryac y»e MpaKTUYeCKN pea-
NIN30BaHHOE pelleHne. 3aKyIIeHb
Bce HeoOxoimMoe 060pyzioBaHIe
U pacXofHble MaTepuabl VIoyT
MOHTaX 11 cOOpKa KOMIIIEKCa.
Ero momHoCTI Oy/eT XBaTaTh
JUIA TOTO, YTOOBI KA4eCTBEHHO
nepepabaTbIBaTh MIACTUK, 00-
pasymouuiica cpasy B 5-6 ropo-
Jlax, IO YMC/IEHHOCTY O/IM3KMX
K JonronpyaHoMy!» — roBoput
Huxnra Huknmkns. [loctoanHo
upeT pabora U HaJ yaydlleHueM
XapaKTePUCTUK KOHTETHEPOB.
Mexziy IepBBIM U IOCTIe[HIM
BapMAaHTOM — TEXHOJIOTMYeCKas
HPOIACTb.
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SAHAYKY 2 MOMHBIBIEPEN

2 Oenop Kutawos

(TnaaMOuHbI yun.
Umero Takue dyayt - - -
B Mpougceopax
KOMTBH0TEPOB Yepes

20 et

Baokwor.
o [unskaxaoro npdexta
I UCCTIeA0BEHS
UCTOJIb3YH0 OTARIILHYHO
BAMUCHYI0 KHUXKY,
KoTOopas nossoJiget
cueTeMaTUaMpoBaTL
uHbopmaumo

Hoyrdyk.
~ OcHoeHoi

padouuit

UHCTPYMEHT

Cranutpyrowin CUHXPOHHBIA YeuATe T
OIUKHENOTILHBIN OrTiA 7 lock-in amplifier) — noseosger
mukpoekor (CBEOM) = = otaengts curnan co CBOMa
M03B0JISET UBMEPSTH JIOKAJILHO EES] ot wyma

KBAZpAT HAMPIKEHHOCT! i

5J1eKTPUYCKOr O MOJTS : \ "

CBETOBLIX BOJIH g Y

~ Tlepectpanpaeubiii nazep
TEIEKOMMYHIKAUMOHHOTO

[UaNa30Ha ATIUH BOJST —

UCTOUHUK UBTYYeHUS

e CEOMe

a0



JIMUTPUA OETAHUH, 26 NIET

BAMKHEWLLWE JOCTUMEHUA

European Materials Research Society Young Scientist Award (2012 r.),
menanb PAH nns crygenTtos Bysos (2011 r.).

NNIOBUMBIE KHUTU

Pacckassr Xopxe Jlynca bopxeca, Opux Mapus Pemapk «HepHblit 06emck»,
Opxan [Tamyk «Mens 30ByT KpacHblit», Jle ToncToit «BoitHa 1 Myp»,
JKionp BepH «TanHCTBeHHBIIT OCTPOB».

NIOBUMBIE OWUJ1bMbI

«JToxaszarenbcTBO» (2004 1.), «IIpectmx» (2006 r), «Pusnka B OIOBMUHE
necaroro» (1971 r.).

NOYEMY MOTU?

Creuenne o6crositennbcTB. Kak roBopu ogus Moit mpusitens: «S1 cioma

He IOCTYIaJI, MeHs IpocTo B3smu». 51 6601 B MOTH Ha cOopax

Ha MeX/IYHapOJHYIO OJIMMIIMANY, ¥ B KaKOJ-TO HeHb Mbl BCe IPOCTO OTHECIN
TOKYMEHTBI B IPMEMHYI0 KOMUCCUIO.

OBPA3EL, A4 NOAPAHAHUA

Crapatoch IOHEMHOTY CMOTPeTb Ha BCeX JIIOfieil 1 OpaTh jTydllee.

*KU3HEHHbIN OEBU3

HeBn3os HeT. JKU3Hb ropasfio ClI0O>KHee, ¥ HeJlb3s ee TaK yIIPOLIaTh.

LIENb B -KU3HU

Xorenoch ObI 0CO3HATH B KOHIE, YTO HE HAIIPACHO €€ IIPOXKIIL.

MOE BYAYLLEE OTKPbITUE

Kak H1 cTpaHHO 3TO MOXXeT IIPO3BYYaTh, HO B JTabOpaTOpuy HAHOONITUKY

u w1a3MoHuky MOTV MbI He OTK/IaibIBaeM Ha Oyfyliee U IeaeM yxe
CerOofHs Cepbe3Hble OTKPBITHA B 00/1aCTV HAHOPA3MEePHOI ONTO/IEeKTPOHNUKN
¥l CO3JIaHMsA BBICOKOIIPOU3BOANTENbHBIX ITPOLECCOPOB OYAYIIETo.

A YEPE3 20 NIET

Haperoch pyKoBOANTD LIeHTPOM Wy 6OJIBILOIN TabopaTopueit, KoTopasi 651
pa3BuBasa B 60/MbIINX MaciITabax Te MeN, Hajl KOTOPbIMY Mbl HadMHAeM
paborarb ceropts. Ho mpum 3TOM X0OTe/10Ch ObI OBITH IIPEKIe BCETO
ICCTIeTiOBaTeTIeM, a He PYHKI[MOHEPOM.

MUP YEPE3 20 NIET

B 06011 MOMEHT MOXXeT IIPOM30ITY Hay4Has PeBOJIOLNA, 1 Hallle
IpefCTaBIIeHIie O TOM, KaK BCe JO/DKHO BBIIVIA/IETh, KapIMHA/IbHO
nsMeHnTCA. Ecnm >ke HUYEro Takoro He CIy4UTCS, MUP, yMao,

et depes 70 6yzeT 04eHb IIOXOXK Ha TOT, KOTOPBIIT II0OKa3aH B puUIbMe
«Ocoboe MHeHMe» ¢ Tomom Kpysom. OnTuka NIpOHMKHET HOBCIOAY:
IpO3pavHble AUCIUIEN U TOTIOTPaMMBI, KOMIIBIOTEPHI, yIIPaB/IieMble B3MaXOM
PYKH, ITIOBCEMECTHOE MCIIO/Ib30BaHMe CKAHEePOB CeTYaTKY I/1a3a M T. II.

Bo mMHOTrMX mpodeccuAx mopelt 3aMeHAT po6oThl. CTOUT TaKKe YHOMAHYTH
PO BBIYMCTIEHMA M KOMIbIoTepbl. CKopee BCero, abComoTHO Bee MeperijieT
B «00/TaKO», OCTaHYTCA JIVIIb CMapT(OHbI, KOTOPbIe OYAYT HOLK/IIOYATHCS
K MOHMTODY U VIHTepHeTy 11 MMeTh BCTPOEHHbIE CEHCOPHI /I YIIPaB/ICHNA
KeCTaMU ¥ TOIOCOM, @ BCe BBIUVC/ICHVA Y JAaHHbIE OYAYT I/ie-TO JaleKo

OT IOJIb30BaTeIel], B JaTa-IIeHTPax.
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/2 Cepren Jlyrosoit
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BAYEC/IAB MYXAHOB:

(HA MU3TEXE HAC JIPECCUPOBAJIH
TAK, KAK HUTAE B MAPED

Cezo0ns suinyckruxkos MOTV mosicHo ecmpemump 6 11060m Kpyn-
Hom yHusepcumeme mupa. OOUH u3 mex, KMo crmoum Ha nepeoo-
801l co8peMeHHOLI HAyKU, — Pusuk, kocmonoz Bauecnas Myxatos.
On cman nepevim POCCULICKUM YHeHbIM, NOTYHUBUAUM NPeCTIUNC-
Hyto npemuro BBVA, — 3a meoputo popmuposanus eanaxmuk no-
cpedcmeom K6aHmMosbix Grykmyayuti. Imy Hazpady oH pasoenun
co Cmuserom Xokumeom.

O . "
MOA PABOTA HACAETCA TEPBbIX, 04EHD MAJIEHBRUX J10JIEM CEKYH/1bI NNOC/IE PO JIEHMA BCENEHHOW, korma onpenemmach

ee IOC/IeAyIoLast CTPYKTypa. Toraa Bce MpOUCXOAUIO O4eHb OBICTPO. 371eChb MO>KHO IIPOBECTI
QHAJIOTHIO C POXK/ieHeM peOeHKa, Y KOTOpOro M3Ha4aIbHO OYeHb MHOTOe 3a/1okeHo B [THK.

MbI XOTEJ NMOHATD, KAKME NPOLIECCHI MPUBEJI K NOABJIEHWIO TAJIRKTUK. 11 BosHMK1a 1mes o TOM, 4TO KBAHTO-
Bast Qpu3NKa, KOTOpast 0OBIYHO BaXKHA [/Is1 aTOMOB, MOIVIA /1 B TAHHOM CJTy4ae UIPaTh KaKyIo-
TO pornb. Hap 31011 Teopueit s1 Hauan paborath B 1979 rofy, a OKOHYATe/IbHbIE Pe3y/IbTaThl
ObUIN OIyO/IMKOBaHBI B Mae 1981-ro.

KOrIA BCENEHHAA TOJIbKO OBPASOBAJIACh, Bce ramakTmkym, KOTOpbIe MBI Cel4ac BUUM, YMEIAINCh
B CIIMYEYHBIT KOPOOOK. PaccTostHms MeX/y 06beKTaMy ObUIN KOIOCCATBHO MaTeHbKIMI,
MeHblIIle, YeM MacCIITabbl, KOTOpble TOCTUTHYTHI Ha ycKoputene. V mpu takux macurrabax
KBaHTOBas MEXaHIKa OYeHb Ba)KHa. VIMEHHO OHa, KaK 0Ka3aJIoCh, UTPaJia PeIIaoNyIo poib
B IIPOLieCCe CO3[JAHNsI 3aPOJIBILIET, U3 KOTOPBIX BIIOCIEACTBUY CPOPMUPOBAIICH TATAKTUKIA.



TAJIAKTUKU — 3T0 HEOQHOPOAHOCTH B PACTPEAE/IEHUW BELUECTBA. Ho myist Toro 4to6b6l OHM 06pasoBa-
JIUCh, HEOOXOAMMBI OBUIM HayaIbHble HEOLHOPOLHOCTI. VI BOT 9T1 HaYa/bHbIe HEOHO-
POJHOCTH M TIOSIBU/INCH 32 CYET KBAHTOBOI (QUSMUKIL.

BCE KOHKYPUPYIOLWE TEOPUM O6PA30BAHMA TANIAKTUK AKCNEPUMEHTOM NOJHOCTBIO OTBEPTHYTB. danTasupo-
BaThb MOXKHO BCe YTO YTOZHO. A BOT KOTZIa BBI IPOBefieTe HAOMIONEHNS U OKaXKeTCsl, 4TO
JIOTafIKV COBIAJAIOT C 0O'bEKTUBHO MOJTyYeHHBIMU JJAHHBIMY, TOTAA U3 paHTA3UM U POX-
faetcs uctuHa. Hamr pesynbTar ObIT HOATBEPKIEH SKCIEPUMEHTA/IbHO Ha YPOBHE OO0JIblie
gyeMm 5 curma.

BO3PACT HALLEH BCENEHHOH — 13 Munmmapios 700 MUTIMOHOB 7IeT.

B 80-X F'0AAX KOCMOJIOr A BbIJIA NIO/YTEOJIOMMYECKOH HAVKOM, a Tereps mpeBpatuach B MOMHOLEHHYIO
¢usuky. VI usmMepeHns TaM HaCTOIBKO >Ke TOYHBIE, KaK, CKaXkeM, B (pu3nKe 91eMeHTapHBIX
vgactui. Ceildac A1 KOCMONIOTMM CK/IAfIbIBAeTCs Xopoutast cutyauns. OXXnaaeTcs MHOTO
MHTEPECHDIX 9KCIePMMEHTOB, HalpMMep, 3aIyCK B KOCMOC LIECTYMETPOBOTO Te/IeCKOIIa,
a mporpecc B acTpodusuKe 3aBUCUT OT HOBBIX MOIHBIX Te/IECKOIIOB.

KOr/IA KOMAELLLCA B HOBOW TEME, ipyruem mpakTMYecKy BCTIEMyI0, Macca BpeMeHN! YXOfUT Ha To,
9T00BI Pa3obparThCsl, B IPaBUIBHOM JIJ HAIIPAB/ICHUI BVDKEIIbCSI.

M®TU — MOLLHOE YHEBHOE 3ABEJIEHUE C BOrATHIMU TPAZIMLIMAMU. B mon Bpemena oby4enne ¢pyHmaMeH-
TaJIbHBIM HayKaM Ha ®usTexe ObIIO ropasyio aydlle, 4eM B 1060M MecTe 3a pybexxom. Hac
TaK IPeCCHPOBAIN ¥ HATACKMBAJIN, YTO TAKOTO 5 MIPOCTO HUTME B MUpe He BUJIEN, Jaxe
B [IpuHcTone. Tpu rofa nsyuenns gyHgaMeHTaNbHbIX Belllell, Tpu rofa 6a3oBbIx Kadenp,
AUIUIOM U ellle TPY TOofia /I 3alUTHI AMccepTanyu. ITo ObUIa ONTMMAIbHAA CUCTEMA,
HO /IS TOTO YTOOBI B Hell BBDKUTD, Ha/i0 ObLIO 1efiCTBUTENbHO paborath. Te, KTO He BBI-
ilep>X1BaJI, 04€Hb OBICTPO BBIIAJAIIN.

HAM YWTAJI JIEKLIMM AKOB 3EJIbJIOBUY. D0 65110 uTO-TO yHMKaNbHOE. OH Ha Ma/NbljaX yMYyAPSAICA

HO/Ty4YaTh OTBET, Ha KOTOPBIN IO OOBIYHO TPATAT MACCY CIOXKHBIX BBIYMCIEHUI.

POCCHVCKAA MU3MKA B LIENIOM NOKA BCE ELLE KOHKYPEHTOCMOCOBHA. Ho, ¢ ipyToit CTOpOHBI, 5 He BIXKY,

4TOOBI TEHIEHI[MA ObIIa IOIOXUTETbHOIL.

fICAM OMPEAENALD, 4TO MHE IEJIATb U YTO MHE MHTEPECH0. B sToM cMbiciie apmuHuCTpanus 3gech (B lep-
MaHuu. — Ped.) Hukorga Hu4ero He JuKTyeT. OHA 3aHMMAETCs TEMU BelllaMy, KOTOPBIE eil
TIOJIOYKEHDI, U HE MBITAETCS CTaTh HAYAIbHUKOM Hal IIpodeccopamu.

JIOBOE NPU3HAHME TBOEA PABOTBIMPUATHO. S0 x0pormas mpemus (BBVA. — Ped.) kak B TiTaHe Tpe-

CTUKA, TaK U B IIJITaHE MaTe€PUaTbHON COCTAB/IAIOIIEN.

NYMAO, 4TO TAKUX JIOJEA, KAK CTMBEH XOKWHT, B MPUPOAE 10 HETO HE CYILECTBOBANO, 11 He sHato, GynyT
nocie Hero. OH JO6M/ICA 6/1eCTAIVX HayYHBIX Pe3y/lbTaToB. XOTA TOMBKO Ha TO, YTOOBI
COCTaBUTb OJHO IPENIOKEHNE, Y HETO yXOauT 10 MUHYT. B TaKMX yC/IOBUAX Y€TOBEK YMY-
npsAeTcs paborarb 1 mucath. Y CTuBeHa XOKMHIA KaKas-TO HEBEPOATHAA TIOOOBD K KVU3HUL.

CEVYAC A PABOTAID HAJl TEMOW, KOTOPAS BOJIHVET BOJIbWUIMHCTBO KOCMOJIOI0B, — ripoucxoskiieHne TeMHOx
sHeprun. Kpome Toro, Mbl paboTaeM Hajj BOIIpocaMy 00beJTHEHN BCeX B3aMO/EICTBUIL.
HenaBHO MBI HallMCa/IM CTAaThbIO, B KOTOPOII IOMBITAEMCS 00 beVIHUTD KamnOpoBOYHbIE
Teopun ¢ rpasuranyeii. B
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/2 Kcenus LiBeTkoBa

ECTh JI }KMU3Hb
[10GJIE HEDTH?

Hegmpv mopeyemcs Ha MHO207IEMHUX MUHUMYMAX, 6 NPABUMENbCée ULLYmM nymu
onmumusayuu 6100xema, a AHATUMUKY 2060PAM, YMO UeHbl HA HepHOoe 3071010
bonvule HUK020a He NOOHUMYMCS HA YPOBEHb «MyuHbix» iem. mo amo 3Hauum
0ns Hawell cmpanwl? Cnpawiueaem y mex, Komy ectib 4mo ckasame.

3axonuunace nu Hemsanas anoxa?

PYCJIAH IPUHBEPT

Kowner HedTs1HOT 3110XM — 3TO, KOHEYHO, MeTadopa.

Ho s gymaro, 4TO B 3HaUNTENbHOI MEpPe CIIPaBE/INBO
yTBep>KZieHue, YTOo HePTb yxke He OyzieT TaKoli JOporoit, Ka-
KOJI OHa ObI/Ia ellle apy JIeT Hasaf. AJIbTepHATUBHBIE MICTOY-
HVIKV SHEPTVY MOIHO Pa3BMBAKTCA, XOTA 9TO HE 3HAYUT, YTO
yepes 5 win 10 neT Heq)Tb COBCEM JCUYE3HET — HET, HO SICHO,
4TO ee CTOMMOCTD Yo>Ke HIKOTI/Ia He Oy/ieT TaKoil BLICOKOIL.

MWXAWU JIEOHTBEB

9ro rrynocts! HayuHo-TexHIYeckuii mporpecc B Kakoi-To
HEePCIIeKTUBE, MOXKET OBITD, Vi IOIOPBET HEPTAHYIO SHEpre-
THKY. VI3BecTHA e (ppa3a MeH/eneeBa 0 TOM, YTO «CKNUTATb
He(Th — BCe PABHO YTO TOINTH €YKy aCCUTHALVAMIL».
Kownen HeTAHOII 510XV MOXKET OBITD CBSI3aH C OTKPbI-
TUEM YIIPAB/IAEMOI'O TEPMOAAEPHOI'O CMHTE3a, HO HMKAK

He C [Ie/ICTBYIOLIEl a/IbT€PHATVBHON 9HEpreTUKO. PakT

B TOM, YTO HI3KJeE LIeHbl Ha HeTb YOUBAIOT I ee: CBOVM
CyIL|eCTBOBaHVEM OHa 00s3aHa CK/IIOUNTENTbHO CBEPXBbICO-
Koit cronMocTy 6appesis. CerofgHsA HI OfVH 13 CTaTyCHBIX
MUPOBBIX 9KCIIEPTOB He JaeT IIPOTHO3a Ha CHYDKEHVIE CIIPO-
ca Ha He(pTbh, €CTb TOJIBKO Pa3Hble KOHIIETILVN YBe/IMYeHNA
TEeMIIOB cIipoca. [Iputom uto pecypcHas 6asa, 6e3ycioBHO,
ucromaetcs. V anpTepHaTNBa 3TOMY — TPYAHOZOCTYIIHbIE
U TPYFHOM3B/IEKaeMble PeCypPChL.

[EBOPI KOYAPAH

ToBOPUTH O KOHI[E «HEDTAHOI IMOXN»,

10 MOEMY MHEHMIO, MpeXXIeBpeMEeHHO. Mbl BI-
e/ IajieHye IieHbl Ha HeTh 0 5 gora-
POB 3a 60UKY, IIOC/Ie Yero Havascs pesKuil
poct. OCHOBHOIJI UCTOYHMK POCTa CIIpOCa

Ha HeTb — TpaHcnopT. IToka B Mupe cy-
I[eCTBYET CBBIIIe MIIINAPAAa aBTOMOOIIElE,
OTPOMHOE KOJIYeCTBO CaAMOJIETOB, Kopabeit
U T. i., TOBOPUTD O fOMUHMpoBaHuM BUDS,
I10-BU/IMOMY, PAHOBATO, XOTs TEH/I€HIVS
oueBupHa. C 1971 no 2008 rop mons nmorpe-
0715eMOJi TPAHCIIOPTOM HeTU COKPATUIACh
¢ 80 mo 59%, HO 1 59% — 3TO OYEeHb MHOTO.

CEPIEA KYPKOB

Hymarto, 4TO B omoxaiimue 10-15 j1eT He 3aKOH-
4yntcs. [laxke B TAKMX PasBUTBIX CTPAHAX, KaK
CIIA n ctpanbl EBpornsl, ganeko o TOro Mo-
MEHTA, KOT/[a BCe TIepecAAyT Ha 97IeKTPOMOo6Ou-
U, Belb IS HUX HAZIO CO3IaBaTh MHPPACTPYK-
TYypy. DTOT Tpoljecc 3aiiMeT rofbl. KonedHo,

B OypyleM, CKopee BCero, CTyYnTCS Tepexof
Ha JIpyT1e TUIIBI SHEPTYM, HO He HafIo 3a0bIBaTh
4TO He(pTh — ITO He TONbKO SHEPTVIAL.



Pycnau lpunbepr,
pyroBoauTenb UHcTuTyTa
3KoHoMMKK PAH

Muxaun JleoHTbes,
BULIe-NPe3naeHT
Kopnopaumu «PocHedTb»

YYACTHUKM KPYIII0r0 CTOIA

/8 >
lesopr KouapsH,
npogeccop Kadeapbl PU3nKm
reocuctem MOTU

Cepreit Kypkos,
LVIPEKTOp M0 Pa3BUTMIO FPYNMbl KOMMaHUM
P-ceHcopc, 3amecTuTent 3aBeayioLLero
Kadeapou 3NeKTpOXMMUYECKUX
MuKpocucteM MOTU

Ymo mosxcem u 00/134cHA nPeoIoHums
Poccust na mupoeom puirike kpome Hedpmu?

[EBOPI KOYAPAH

ITOT BOIIPOC MeHee 04YeBzieH. Bo MHOrOM pyKoTBOpHast
merpamanus 3a mocnegume 30 et oropocuna Poccuio
manexo Haszaj. Ilo-BUAMMOMY, OHUM U3 IOKOMOTH-

BOB, CIIOCOOHBIX BBIBECTY CTPAHY M3 TYIMKA, SIBIAETCS,
Hayka. 371ech ellle COXPaHWIVICh 11 OCTATKM HayYHBIX
IIKOJI, ¥ KBanuuimpoBaHHble Kagpsl. [Tpn fomkHO
IIOCTAaHOBKeE Jiefta Poccua MoKeT 1 JO/DKHA 0Ka3aThCs
KOHKYPEHTOCIIOCOOHA Ha MMPOBOM HayYHOM pBIHKE.

B 3HaunTeNHHO MEHBIIIE CTEMIEHN 9TO OTHOCUTCS K PhIH-
Ky TeXHO/IOIrnit. 51 3aTpysHAI0Ch Ha3BaTb KOHKPETHbIE
0061acTit, B KOTOPBIX MOXKHO OBITO ObI OXKUAATH OBICTPOTO
npopsiBa. Ha ypoBHe npieit, BbICKa3bIBaeMbIX 11 pa3paba-
THIBaE€MbIX B ITyO/IMKAIMAX OTEYeCTBEHHBIMY YYCHBIMI,
MBI ITOJj9aC HI B 4YeM He YCTyIIaeM 3aIlafHbIM KOJJIeraM.
OpHako foBefeHNe IO TOTMIeCKOro KOHI[a MHOTYX PaboT
XpOMaeT 13-3a HeXBAaTK/ COBPEMEHHOT'0 000PyAOBaHMS.

CEPIEM KYPKOB

Poccus Beerna cmaBuIach CBOMMIU Y4€HBIMI, Y HAC ITOKA
OCTaJICs XOPOLINIA 3ajie/I, HayYHas LIKOJIA, TIepeles-
mag emge u3 CCCP. YV Hac ectb 60nbime IT-koMmaunmy,
JZEpBI phIHKa, Takue Kak Abbyy, «IHaexc», « AKpOHUC».
Bce 9T0 maeT HaM HafIeX/Ibl Ha TO, YTOOBI 3aHATH JOCTON-
HOe MeCTO B IIOC/IeHe(PTAHOI 9pe — ape, KOTOpasi, Ha
MOJI B3IJIAM, CBsA3aHa ¢ mpuMeHeHueM I T-perrennit. Oun
[QIOT TUTAHTCKMIL IPUPOCT KAIIUTAIN3ALUY aKTUBOB.

B yacTHOCTM, MBI BCe Yallle CbIIINM TaKMe C7I0Ba, KaK
«ybepusaLys», «0IOKIEH-TEXHOIOTUI» — 3TO BCe KaK
pas 06 aToM. Bepro, 4TO y Hac XOpoIIIe IIaHChI Ha TAKNUX
PBIHKaX, Kak 6Mo1HpOpMATIKa, HEIIPOTEXHOIOT N,
CHICTeMBI TIOAePXKKY IPUHATUA pellleHNit, 6eCIIMIOTHbIe
texHonmoruy. Ecimv HaM yaacTcs cTaTb KOHKYPEHTHBIMI

B 3TUX cepax, TO MOABATCA U MOJePKMBAIOILVIE pelle-
HIIS, KOTOPBIE JaTyT JOIOMTHUTEIbHBIN POCT 9KOHOMUKIL

MUXAUI JIEGHTBEB

Poccus B 3TOM cUTyany MOXXET IIPEJIOKUTD BCe
CBOM HeBellleCTBeHHbIe pecypchl. Ho rmaBHOe —
OHa JIO/DKHA Ipef/IaraTh XX He Ha BHEIIIHEM,
a Ha BHYTPEeHHEM pbIHKe.

Poccus Bcerpa obmamana cnoco6HOCTBIO
K OCBOECHUIO YHUKA/IbHBIX 3HAHUI U YMEHWII
(He TMpPaXMPOBAHUIO IIPOU3BOACTBA). B 06011
obnacTy, HaUMHAA C CaMO YHUBEPCAIbHOI, Ha-
npuMep MateMatuku. Ho i1 sToro Heo6XoammMo
OfiHO — Tlep(eKIMOHNCTCKAsl HayKa 1 00paso-
BaHMe. A 371eCb MBI ABVDKEMCSI, KaK MHe KaXKeTcs,
B oOpaTHOM HampasjeHun. JInbepanpHoe pedop-
MMpOBaHIe HayK! 1 00pa3oBaHMs O3HAYALT OT-
ka3 oT nepdexiyonnsma. KonmposaHye MupoBo-
TO OIIbITA B CAMOM €T0 IIPYMUTIBHOM BapuaHTe
HIKOMY He HY)KHO.

PYCJIAH [PUHBEPT

Poccust yoxe pefaraeT Ha MUPOBOM PbIHKE TO,
4TO BOCTPeOOBAHO: BOCHHYIO TEXHUKY, PaKeTHbIE
IBUTATENN, MAIIMHOCTPOUTEIBHYIO TIPORYK-

LIVIIO JI/Is1 aTOMHOVI IIPOMBIIIIEHHOCTY, XOPOLIVie
BEpTOJIETHI U Ipy30BMKM. HO HaM HY>KHBI HOBbIE
OpeHIbL, IPOEKThI, KOTOPbIE MOIIV OBl CTATh KOH-
KypPeHTHBIMIU B I7106anbHOM MaciiTtabe. S gymaro,
MBI JJO/DKHBI COCPEIOTOYNTHCS Ha CTPONUTENBCTBE
BBICOKOCKOPOCTHOJI Maructpamy EBpona — Asus,
KOTOpasi CYI[eCTBEHHO YIIPOCTUT JIOTYICTUKY
MEeXTy ABYyMs 4acTsAMU cBeTa. Kpome ToOro, Mbl
Mor/Iu Obl 3apabaThIBaTh OO/IbIINE JEHBTY HA
koonepauyy ¢ Kutaem. Conpsi>keHHOCTb 3TUX
IBYX IIPOEKTOB Aaja Obl ¥ 9KOHOMUYECKNUIA, U I10-
mtdeckuit a¢dext. OCO6eHHO C y4eTOM HOBBIX
MMPOBBIX peani.

86



JAHAYKY =2 (ObPASOBAHIE

/2 Kcenna AnamoBuy

PA3IOH J10 COTHA

Y 6edyusux poccutickux yHusepcumernos — y4acmnukos
IIpoepammur «5-100» — ocmaemcs éce mervuie speme-
HU, 400l BOUMU 8 MUPOBYIO SNUMY — COMHIO 2IABHBIX
MeHOYHAPOOHBIX 00pA308AMENLHBIX PelimuHe08. Mo He
CaMouesnv, Ho OpUeHMUpP, O OOCMUNEHUS KOMOPO2o,
npuoemcs cepve3Ho nopabomams Hao co60il U pa3eumo
HedoCcmarusue KOMnemeHyUU, UMeruLUecst y HolHeuHUxX
nudepos cnucka. Iloka 60n1vuUHCMe0 6y306 daxe He NPu-
OU3UNUCY K nepeoti comHe. VInmpuea Haxansemcs.
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JIHLLE HE MPUAYMAELLb

Lenp mpoekTa mpocTa: MUHUMYM
IIATh YHUBEPCUTETOB M3 YMCIIA
YYaCTHMKOB ITpoeKTa (a aTo 21 By3,
KOTOPBIIT IT06ea1T B KOHKypce
IpOrpaMM Pa3BUTHA) [JOIKHBI

K 2020 rogy BoviTH B TO1-100
JIY4ILINX By30B MUPa B TPeX CaMbIX
aBTOPUTETHBIX ME&XXIYHaPOJHBIX
peittunrax. 9ro: Quacquarelli
Symonds, Times Higher Education
u Academic Ranking of World
Universities. 3auem — Bompoc ayc-
KyCCHOHHBIT. OHM TOBOPSAT, 4YTO
3TO He MoKasarenb. [Ipyrue, 4To

peiiTHIY He 060 beKTUBHBL TpeTbu:
KW 6e3 HUX, 1 ellle TPOXXIBEM».

Tem He MeHee, 1 3TO IpU3HA-
eT IOJaBJIAILee OOMBIINHCTBO
YYaCTHMKOB PO} eCcCrOHaTbHOTO
coo011ecTBa, Ty4IIero crocoba
OLIeHKM Ka4ecTBa pabOTHI BY30B JI0
CMX TIOp He mpupyMaHo. «Bripodem,
IJIaBHOE JJaKe He PENTUHIN, — TO-
BOPUT IIPOPEKTOP IO HAyIHOII pa-
60Te ¥ CTpaTern4ecKOMy pasBUTHIO
MO®TU Tarup Aymes. — IltaBHOe,
YTO y4YacTye B 9TON IIpOrpaMme
HIO3BOJIUT IIOBBICUTH KOHKYPEHTO-
CIIOCOOHOCTD HAIINX BY30B».

JPYTM HAYHA

YueOHble 3aBefieHNUsA BefyIue
MIUpPOBBIE PEITUHIY CPAaBHUBAIOT
I10 HECKOJIbKIM HaHPaB}IeHI/IHMI

YYACTHURM MPOEKTA 5100

1. Bantuitckui genepanbHbIi yHUBEPCUTET
uM. MMaHymna KaHTta

“ Inasnoe, ymo yuacmue 6 amoii
npozpamme no3e0aum nosviCumb
KOHKYPeHmMOCcnoco6HoCmb HAUUX 8Y306 ”

Ka4yecTBO IIPeNofaBaHMs, HayuyHas
paboTa 1 MHAEKC LUTUPYEMO-

ctu, MHPPaCTPyKTypa, pabora

C MHOCTPaHHBIMU CTyAEeHTaMI

U IIpeTofiaBaTeAMH, PeyTalusa

y paboToparerneii. bonbiie Bcero

Y POCCUIICKMX YHUBEPCUTETOB
«IIpOCeNaeT» HayKa.

— Hayunble my6nukaumy u uyu-
THPYeMOCTb — OffHO U3 CTTabbIX
MECT POCCUIICKMX BY30B, — OTMe-
9JaeT PErMOHaIbHBIN IUPEKTOP T10
Bocrounoit Esporne u LlenTpanbHoO
Asum Quacquarelli Symonds 3os
3aiiieBa. — Bo3MOKHO, [Ie7I0 B TOM,
4TO Ha 3amajie HayKoii TpaJyuiu-
OHHO 3aHVMMAa/INCh YHUBEPCUTETHI,

a B Poccun 1o HeaBHero BpeMeHnn
BCe Cepbe3Hble UCCTIeOBAHNA ObIIN
OTZIaHBbl AKaJIeMUy HayK.

YacTuaHO, TaKas cuTyanus
CBA3aHA C TeM, YTO OTe€4YeCTBEHHasA
HayKa C/IMIIKOM JIO/ITO BapyjIach
B COOCTBEHHOM COKY. MHorue
poccuiicKyie Hay4qHble XXypHasIbl
3a rpaHMIlell IPOCTO He 3HAIOT I,
COOTBETCTBEHHO, HE YYUTHIBAIOT
U COCTaB/IEHUN PETUHIOB.

ITpu aTOM HalIM MUCCIEfOBATENN

He IyO/MUKYIOTCS B 3apyOeXXHbBIX
JKYPHAJIaX 1 He IIePEeBOJAT CBOY
paboThI Ha aHTIMITICKUIL A3bIK. [T0-
3TOMY Jla>Ke CaMblil aBTOPUTETHDIN
Y4YeHBII MOXKeT OCTAaTbCs B TEHNU
MHOCTPaHHBIX Kojuter. Eie ofny
IpUYMHY Ha3bIBaeT pekTop Hamm-
OHAJIbHOTO MCCTIEJ0BATE/IbCKOTO
ApepHoro yausepcurera MVOU
(TOXe yJacTHMKA IPOTPAMMBbI)
Muxann CTpUXaHOB.

— Hamre coobiecTBo, B TOM
qIIC/le HayYHOe, — TOBOPUT OH, —
TOCTAaTOYHO MHEPTHO. VIHOCTpaH-
HBIE MCCTIEROBATENN JOCTATOYHO
aKTMBHO pearupyoT Ha PU3bIBbI
PEITMHTOBBIX ar€HTCTB 1Ty O/IMKO-
BaTb CBOM ucciefoBanys. Hamm
JKe TeXHIYeCKIe BY3bl, IIPOCTO
B CIUTy CBO€I criennuKy, OCTa-
TOYHO 3aKpbIThIe. acTb paboT
BefieTCs 110 3aKa3aM MuHucTep-
CTBa 0OOPOHBI U APYTUX TOCYAAP-
CTBEHHBIX CTPYKTYP, I03TOMY MBI
IIPOCTO He MOXKeM ITyO/IMKOBaTh UX
pe3y/nbTaThl.

ITo muenuto Tarupa Aymesa,
3aIMK/INBATHCSA HA HUTHPYEMOCTH
BOOOIIE HE CTOUT.

10. HoBoCMOBUPCKMI FOCYAapCTBEHHBIN YHUBEPCUTET
11. PoccUCKMIA yHUBEPCUTET ApY*KObI HApOA0B

o~ PWN

7.

9.

. Boicwan wKona skoHoMuKM

. [lanbHeBoCTOYHBIN hefepanbHbI YHUBEPCUTET

. KasaHckwii (TpuBomnckmin) deaepanbHblii yHUBEPCUTET
. MOCKOBCKMI PM3NKO-TEXHUHECKUIA MHCTUTYT

. HaumoHanbHbIM UccnenoBaTensCKUM TEXHONOMMYECKUI

yHuBepcuteT «MUCKUC»
HaumoHanbHbIv uccnefoBaTeNibCKUA AREPHbIA YHUBEPCUTET
((MMG)M»

. Hurkeropopackui rocynapcTBeHHbIN YHUBEPCUTET

uM. H. U. NlobaueBcKoro
MNepBbii MOCKOBCKUIA rocyAapCTBEHHbIN MeAULIMHCKUIA
yHuBepcuteT uM. U. M. CeyeHoBa

12. CaMapcKui rocyaapCcTBEHHbIN a3POKOCMUYECKUIA YHUBEPCUTET

13. CaHKT-INeTepbyprckuii rocyaapCcTBEHHbINM 3NEKTPOTEXHUHECKUI
YHUBEpCUTET

14. CaHkT-TleTepbyprcKui NONUTEXHUYECKUIA YHUBEPCUTET
lNeTpa Benvkoro

15. Cnbupckmi depepanbHbiv yHUBEPCUTET

16. ToMCcKwiA rocyaapCcTBeHHBIN YHUBEPCUTET

17. TOMCKMIA NONUTEXHUYECKUIA YHUBEPCUTET

18. TioMeHCKMiA rocynapCTBeHHbIA YHUBEPCUTET

19. YnuBepcutet UTMO

20. Ypanbckuin deaepanbHbiv yHUBEPCUTET

21. 10kH0-YpanbCKuii rocyapCTBEHHbI YHUBEPCUTET

—
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— MbI JO/DKHBI AyMaTh He
0 popMaIbHbIX IIOKa3aTeNAX, —
OTMeYaeT IPOPEKTOP IO HAYYHOM
paborTe 1 CTpaTern4ecKoMy pas-
Butuio MOTH, — a 06 ycunenun
Hay4YHOI1 ¥ 06pa3oBaTe/IbHOI CO-
CTaBJIALINX, 00 MHTepHAIVIOHA-
nmusanuy Bysa. Llutupyemoctb —
3TO y>K€ BTOPMYHBIN II0Ka3aTeb,
KOTOPBIII He COBCEM TOYHO OTpa-
JKaeT JelicTBUTeNbHOCTD. K mpu-
Mepy, Y HallleTo By3a OHa OffHa UX
CaMBbIX BBICOKMX Cpeiyl POCCUICKUX
yHuBepcuTeToB. KoneuHo, Mbl
CTPEMMMCA K €€ YBETMIEHNIO, HO
3TO OTHOCUTE/IbHbBIN KPUTEPUIA.
Ymop MplI fiefaeM Ha CyT€BOM
HaIlOJIHeHUM. ITO — Cepbe3Had pa-
6oTa 110 6yayLeMy pasBUTHIO By3a.
Bes nmpopaboTaHHOIT ZOPOXKHOI
kapTel MOTV mpocro He yganoch
OBl TONYyYNTD PUHAHCHPOBaHNE.

JEHBI'Y — HE [TIABHOE, HO...

Y4yacTHMKaM IIPOeKTa ecTb, 3a
4T0 60pOThCs. CriennanbHO s
HUX NIPaBUTE/IbCTBO BBIJE/INTIO
IOIONHUTENTbHOE PUHAHCUPO-
BaHue — 60,5 MIpx pyOeit Ha
2013-2017 roppl. [Ipnyem 6ropmxer

IIPOrpaMMBl YJa/IOCh COXPAHUTb,
HEeCMOTPS Ha MHOTOYMC/ICHHbIE
Ipe/IOKeHNs ype3aThb 9Ty CTAThIO
Pacxofi0oB B HEIIPOCTHIX 9KOHOMM-
9eCKMX YCTIOBYAX.

M®TV, HapA#Y ¢ HECKONIBKIMU
LPYTVMMY By3aMM, HOJTY4UT OAVH
U3 CaMBIX KPYIIHBIX TPAaHTOB Ha
pasBuUTHe — 1mo4TH 1 MMIIMapy,
py6neir. Ho B MuHo6pHaykn
CUNTAIOT, YTO JIEHbTY 3/IeCb — He
IJIaBHOE:

— BasxHBI He CTOBKO 0O'beMBI
($uHaHCHPOBAHNUA, CKOTIBKO HOfIXO-
JibI K PacIpefie/IeHIIO CPECTB, —

TOBOPUT 3aMeCTUTE/Ib MMHUCTPA
06pa3oBaHys U HayKy AJIeKCaHAP
Knmnmos. — Hamm By3bI BomK-

HBI OPMEHTNPOBATbCs Ha bortee
CU/IbHBIE YHUBEPCUTETHI M OPaTh
Ha 3aMeTKY, C IOMOIIbIO YETO Te
HOBBIIIAIOT CBOIO KOHKYPEHTOCIIO-
COOHOCTb.

KoneuHo, Ha mpaKTMKe 3THX Je-
HeT XBaTaeT B 06pe3. YHMBepCUTe-
TaM IIPUILIOCHh IPOBECTY CEPhe3-
Hble MI3BMEHEeHNs, KOTOpble TpeOyIoT
yBenndenns pacxopos. Hampumep,
4TOOBI COOMIOCTI YCTAaHOBJIEHHBIE
IpOHOPLUYN — OAMH Ipernojasa-
Tesb Ha 10 CTy/IeHTOB — By3aM
HY>KHO OBUIO YBE/INYUTD IITAT.
ITpuaem 10% mpenopaBaTenbcKoro
COCTaBa JIO/DKHbI OBITh MHOCTPAH-
HaMu. A 3T0 — HEOOXOAUMOCTD
IVIATUTb KOHKYPEHTHbIE 3apIUIAThI
C Y4€TOM B3JIETEBLINX KYPCOB.



[TpuBeub 3apyOeXKHBIX CHeLaI-
CTOB OKa3aJIOCh HEIPOCTO U 13-32
CJIO>KUBIIENCS TTOIUTUIECKOM
006CTaHOBKIL.

HE U30BPETAA BEIOCUNEL,

IToyemy >xe, HECMOTpS Ha TaKue
CJIOKHOCTH, By3aM Ba)KHO y4acTye
B 9TOI1 Iporpamme? Ilotomy uTo —
3TO peasIbHbIN IIAHC Pa3BUTH
COOCTBeHHbIe Hay4HbIe Tab0paTo-
YN U UICCTIefOBaTeNbCKIe LIEHTPhI.
ITocne gonroro nepmopa, Korza Ha
HayKy BBbIJE/IANNCH CyLIMe IPOILN,
ceifyac NPUXOAUTCSA BOCCTAaHABIIN-
BAaTb 9KCIEepPUMeHTa/IbHbIE YCTa-
HOBKI, @ TO ¥ CO3/]JaBaTh TeXHIYe-
CKyI0 6a3y ¢ HyJIA.

— B paMKax 3TOlt TporpaMMbl
MBI y>Ke OTKPBUIV HOBBIE Tabopa-
TOpPUY, — OTMeYaeT IPOPEKTOP
MO®TU Tarup Aymies. — Cpenn

M®mTW B rPYNNE JIWAEPOB

18 n 19 MapTa yHuBepcuTeTbI-yyacTHUKM [poekTta 5—100 npeactasunu
DOCTUrHYTbIe pe3ynbTathl 3a 2015 rog Ha 3acegaHunm CoBeTa No NOBLILLEHUIO
KOHKYPEHTOCNOCO6HOCTM BedyLLMX YHMBEPCUTETOB Poccum cpein MUPOBbIX Hay4HO-
obpa3oBarenbHbIx LeHTpoB. Mo utoram pabotsl CoBeT pasgenwn By3bl Ha Tpu
rpynMbl A4N1A NpefoCTaBeHna AononHUTeNbHbIX cybemaun B 2016 rogy B pasMepe
900 mnH py6new, 500 MnH pybneit n 150 MaH pybnei cooteeTcTBEHHO. MOTU
BoLwen B rpynny amaepos lpoekTta 5-100, kotopele nonyyart no 900 MnH pybne.
Ciona e sownu MUOW, UTMO, BLL3, MUCKC, KOY n HI'Y.

Cpepau pocturkennin Oustexa B Hay4yHo-06pasoBaTenbHO AeATenbHocTH Coet
OTMETUN NYHAMKaLMK YUeHbIX MHCTUTYTa B TaKUX Hay4HO-PeLieH3MpYeMbIX
¥ypHanax, Kak Science, Nature, Advanced Materials, Chemical Reviews. Take
B npoLunoM rogy MOTU Bowwen B LLlaHxancKkuin npeaMeTHBIN PEUTUHT No PU3mKe
(ARWU) Ha nosumumm 101-150. 3a Bpems yuacTusa B lpoekte 5—100 B UHCTUTYTE
6b110 OTKpbITO 35 HOBLIX labOpPaTOpUIA, @ HOPMaNM30BaHHbIN UHLEKC LIUTUPYEMOCTU
BbIpOC B ABa pa3a (no cpaBHeHuto ¢ 2011 rogom) — ¢ 0,7 Ao 1,4 nyHKTa.

HIX eCTb KaK QyHJaMeHTaJIbHBIE,
TaK U OpuKIagHsle. V Hama nquu-
PYeMOCTb pacTeT U 3a CYeT ITUX,
HOBBIX JTA0OPATOPUIT B TOM YHCIIE.

Y4acrtue B mporpaMme I0/DKHO
CTaTh CBOEOOPA3HBIM TPAMIUIN-
HOM, KOTOPBI1 IOMOXXET By3aM BbI-
pacTUTh COOCTBEHHYIO HAYKY M...
3apaboTaTh JieHer. B 3apyOesxHOIt
HPaKTUKe UMEHHO TIPUK/IA/{HbIE JIa-
6OpaTOpuM IPUHOCAT YHUBEPCUTE-
TaM CPeJCTBA, KOTOPBIE TI03BOMISIOT
IPOBECTH BakKHbIe QyH/IAMeH-
TaJIbHBIE MCCIefoBaHus. IloaTomy
TaM COXPAHIETCs OIpe/ieTIeHHOe
COOTHOIIIEHIE Tab0paTOpuit — TeX,
KTO PellaeT TeKyliue 3aadnl 1 Tex,
KTO 3aHMMAETCs PasBUTHEM HAyKI
B I7I06A/IbHOM CMBICTIE.

JIOMUHT 11 HAYRM

EcTb 1 KOpOTKMIL Ty Th K BOXJIE-
JICHHOMY MeCTY B PeITUHIaX.
Hanpumep, NOATAHYTb OUTHPY-
€MOCTb MOXKHO 11 6€3 CO3JJaHNsA
TOPOTOCTOAIMX HAYYHBIX IIEeHTPOB
U TIOJTOTOBKY Ka4eCTBEHHBIX JIC-
crefoBaHMiL. JlocTaTOuHO MPOCTO
Hovalle IUTUPOBATh CAaMIUX ce0s1 —
OJIHO 9TO y>Ke MO>KeT 00eCIIednTh
YHUBEPCUTETY PE3KMIT CKAaYOK
BBepX. Ho o mpuHIumnax fair play

B TaKOM C/Ty4ae IIPUAETCS 3a0bITh.
W xoTs1 XypHasbl, B KOTOPBIX

oOHapy>xmBaeTcs 60/pIas KOs
HO{0OHBIX PabOT, UCKTIOYAIOTCS U3
cricka Scopus, IepepacyeT 6ajoB
B pelITUHIaxX He BefeTcs. VI By3bl,
HOTY4MBIINE BBICOKOE MECTO
6marofapst HAKpy4eHHOI IUTUPY-
€MOCTH, COXPaHAIOT CBOE IIPeNMY-
IIIeCTBO Nepes OCTAIbHBIMA.

Vimenno nostomy ®ustex
BBIOpAJI IO/ITYI0, HO YeCTHYIO
mopoxky. ITocne nmposana 90-x,
KOI'7Ia B HayKe He OBbUIO HY KafIpOB,
HI CPefiCTB eJTHCTBEHHOE, YTO
0CTaBaJIOCh YHUBEPCUTETaAM— 3TO
IPUHIAIBL U 6a30Bble LIEHHOCTH.
B MOTMU sror npuHunI 6611
IIPOCTBIM: IIPENOfjaBaTh HO/KHBI
peasibHble yueHble, KOTOpble 3aHMU-
MAIOTCs IIEPEeOBBIMI Pa3paboT-
kamu. [ToaTomy cospaHme nabopa-
TOPUI U NIPUBJIeYEHNE K HAYIHO
paboTe B HMX HOBBIX KapOB OBbIIIO
€[IMHCTBEHHO MJelHO BEPHBIM
peleHueM.

Ha, 3T0 JONIMit Iy Th, KOTOPBIN
norpebyeT BpeMeHU U YCUINIL.
Ho nmMeHHO Takas KponoTIuBast
paboTa mo3BonuT B OymymeM
MIOJIYYUTDb CEPbE3HBIN IPUPOCT
KayecTBa POCCUNCKUX UCCIefO-
BaHU. B KOHIIe KOHIIOB, BPAJ, N
MpaBUTENbCTBO Poccum rotoBo
TPaTUTb MIIIMAPABI IIPOCTO HA
CTPOYKY B peiiTuHre.

a9



OBATE/IbHbIE TEXHOMGRNAR
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BbiLiLMHA IMCTAHLIMID

B MOTI peanusosan nepeuiii yuebHbili KOHCMPYKMOp naxema noaHOPOPMarmHvLX
OUCMAHUUOHHBIX KYPCo8 «Boicokomextonozuutvle cucmemut» u «Kubepremuxa 2.0».
B cocmase xaxdoz0 kKypca KoOHcnekmol, 6U0eOMAMepUanvl, UHMepaKmueHole
K6eCmbl N0 UHNUHUPUHEY U NPUKIAOHOMY MOOeUPOBAHUI0. B pexcume «oHnATIH»
MOJCHO 0CB0UMb MAMEPUATI MAUCEPCKOTL NPOZPAMMDbL, NOBbICUMb K8ATUPUKALUIO
unu npotimu yemy6neHHy0 nepenoozomosKy.

IjHA BCE C/IYYAW JKU3HU
Temarudeckme MporpaMMbl KypcoB
copMmpoBaHBI Ha CTBIKE CPasy
HeCKO/MbKuX HayK. Cpeay HUX: 00-
[ast TEOPUA CUCTeM, KMOepHeTHKa,
NIPUK/IAJHONM CUCTEMHBI VIHXKM-
HYPVHI, HAyYHBIIl MEHEIPKMEHT,
OpraHM3alysA U YIpaBJIeHKe Npef-
npusatuaMy, Software & Computer
Engineering. Ha BrIxope, mmo cmo-
BaM pa3pabOTUNKOB, CyLIATeTb
MOTy4YUT HabOp 3HAHUIL, HE0OXO-
AVIMBIX Ji/I1 pabOTBI B YCIOBUAX TaK
Ha3bIBAEMOI YMHONM SKOHOMMKIL.
ITonesHbl OHM, B YACTHOCTH, MOTYT
OBITH pa3pabOTYMKaAM 1 IIO/Ib30BA-
Te/IAM TEeXHIYECKUX U MHPOpMa-
LIMOHHBIX CUCTEM, CIIEIMaINCTaM
U PYKOBOJUTENAM BbICOKOTEXHOJIO-
IMYHBIX IpeanpuATuil. «Kaxmgoro
y4ameroca Ha OusTexe MbI pac-
CMAaTpyBaeM KaK IIOTeHLMATbHOTO

I7IABHOTO KOHCTPYKTOPA CIIOXHBIX
CHCTeM WM KaK KaHJMJaTa B aKa-
IeMVKM, WV KaK apXUTeKTopa
OynyLero Mupa», — rOBOPUT
OJIMH 13 aBTOPOB KypcoB Bauecnas
Konppatbes.

Yeunuammn aByx (paxky/IbTeToB
(OPTK n ®AKMN), Tpex kadenp
n LleHTpa JOMIOTHUTENTBHOTO
o6pasoBanus cOpMUPOBAHbI TPK
Pa3HBIX II0 COTEPIKAHNIO, 00beMy
Y MHTEHCUBHOCTY BapMaHTa MOATO-
TOBKI. «CHICTEeMHBIE ApXUTEKTYPbI
U TIPOLeCChI BBICOKOTEXHOJIOT Y-
HOJI IeATEeNbHOCTI» — UHTETPU-
poBaHHas HayKa Ha 06ase Teopyn
CHCTeM, KUOEPHETVKM 1 YIIpaB-
JIeHV ], TIPUK/IAIHOTO CUCTEMHOTO
VHKVHUPUHTA, OPTaHU3aUNI
U IIpaBJIeHN BBICOKOTEXHOJIO-
TUYHBIM IIPOU3BOAICTBOM. Bropoit
BapMaHT — VHTEHCUBHBIN Kypc

/2 TanvHa YnkyHoBa

!

HOBBIIIEHN A KBaIMPUKALNU
«Kubepnernka 2.0», KOTOpBbIit
TIO3BOJIAET OCBOUTDH METOIOIO-
TUIO OPTaHM3ALMM U yIIpaB/IeHUA
CHICTEMaMIU IeATe/IbHOCTH U ee
IIPYMEHEHMs 711 BbICOKOTEXHO-
JIOTMYHBIX IIPEATIPUATHUIL, COBPe-
MEHHBIX U1 TIEPCTIEKTUBHBIX CUCTEM
MeHe/pKMeHTa. V] HakoHell, rubKas
MOJy/IbHasA IPOTpaMMa YIyOieH-
HOII IepenoAroToBKyu « CUCTeMHBI
KOHCTpYKTOp 2.0». OHa BK/II04YaeT
6onplire 10 TeMaTMYECKUX MORY-
71eil, HOCTPOEHHBIX 110 PUHINITY
«Y4uM U TIOKa3bIBa€M, KaK JIe/laTh».
VIX MO>XHO KOMIIOHOBATb MEX[Y
c000il B pa3IMYHBIX BapuaLuax
760 B3ATb B IIOJTHOM 00beMe.

JIWYHBIE HACTPOMKY

Ilns crypeHTOB dakynbreTa
PaAMOTEXHUKY U KUOEPHETUKN



OpMEHTHPOBaHHaA Ha PU3TEXOB
Bepcns Kypca «KubepHernxa 2.0»
BK/IIOUEHA B MaruCTepCKMil AUIIOM
¥ Pa3BMBAETCS Y)Ke HECKOIBKO

neT. Yyaruecs: Apyrux ¢akynbre-
TOB MIMEIOT BO3MOXXHOCTb B3AThb

(1 6epyT) 3TOT KYpC 110 BHIOOPY.
JIMCTaHIIVIOHHO IPUOOIIUTBCA
MOTYT I Te, KTO K Pusrexy BooO1e
OTHOLIEeHVs He nMeeT. I1o oKkoHua-
HUV 00y4eHNsI M BBITAyT CepTH-
(uKaThl yCTaHOB/IEHHOTO 00pasiia.
Temm ocBoeHMs IpOrpaMMBbl Kypca
CITyLIaTe/Ib BBIOMPAET CaMOCTOSI-
Te/IbHO MICXOJsI U3 CBOero rpaduka,
HO I He Hapyllas yCTaHOB/IEHHbBIX
KpacHBIX MMHUI. O6y4aTbcs MOX-
HO MHJVIBUJYa/IbHO VIX B TPYIIIIE,
JUIA KOTOPOJT pa3pabaThIBalOTCA
crienanbHbIe 3aIlaHNA U yueOHbIe
Tpaekropunu. Hanpumep, B Te-
KyllleM IIOTOKe COPMUPOBAHO
[IBEHA/ILJaTh TPYIII YUCTIEHHOCTHIO
1o 10 gemoBek. B kakmoM Takom
BUPTYa/JIbHOM KJIacCe Ha3Ha4YeH
CTapoCTa, 00/MafaOIUIl TPAaBOM
VHJVMKATUBHOM OL|eHKN. 3ammcaThb-
Cs1 Ha KYPC MOXKHO B /1I060€ BpeMsl.
ATTecTanus NpoBOAUTCA IO UTO-
raM BBIIIOJTHEHNA 3a/JaHNUIL.

JlicTaHIMOHHOE O0yUeHe Bep-
Ho «cucTteMe Pusrexar. [laBHbI
MIPMHLINAII — COYeTaHye IPOJBU-
HYTOV TEOPUM U aKTya/IbHON
IPAKTUKIU U3 IIePBbIX pyK. [Ipnyem
B IaHHOM CJTy4Yae BO3MOXKHOCTEN

KOMMEHTAPMM CITYLLATEIER

maructp OPTK,

r. lJonronpypHblit:

«Kypc npogeccopa KoHppaTbeBa 6bi 04eHb
MHTEPECHBIM, AOCTYMHLIM M HAMAOHLIM!

A oTKpbIN ANnA ceba MHOro HoBOro!»

K. ¢.-M. H., T. MOCKBa,
BbITyCKHUK MOTU:

«3aH1Maloch NpeAnpUHMMaTENbCKO
LEeATeNbHOCTbIO, HbIN YCNexu 1 Heyaaum.
MpoWas UHTEHCUBHBIN Kype «KnbepHeT-
Ka 2.0», 0c03Han, YTo MOMKHO 6bl BbIo coie-
natb no-gpyromy. Yao6Ho, 4to K Matepuany
Y anrperTaM Kypca MOHO BO3BPALLIATECAY.

K. T. H., I. KpacHosApck:

«TeM, KTo yKe paboTaeT, Kypc no3Bons-

eT CUCTEMAaTU3MPOBaTh Pa3po3HEHHbIE
npeacraBneHnAa 06 ynpaB/fieH\n opraHu3a-
LIMOHHBIMM cuCTeEMaMM. 3T0 3aKnagbiBaeT
Cpre3HbIl7I noTeHumnan ana passuUtmA
OpraHM3aLmii U pocTa COTPYLHUKOB».

CTaHOBUTCS TOPA3ZIo OOIbIIIe.
«Crymiarenmt, — orMedaeT BsdecaB
KoHppaTbeB, — MOTyT, He IIOKMas
JlonronpynHoro, OTEHIMATbHO
y4acTBOBATb B pea/n3alii IpOeK-
TOB B /IE060i1 TOuKe I1aHeTsl. Kak
3TO 6bITI0, K IIPUMEPY, B IIPOEKTaX
YIIY4LIeHNsI CUCTeMbI TEXHOIOT -
YeCKIIX IPVICOEAVHEHNIT KOMITAHIN
«Poccetn» B Cankr-IlerepOypre,

V3Y4eHMY OIIbITa (PUHCKUX SHep-
TOKOMITAQHNII, MOJeTVPOBaHNMN
KOPIOPATVBHbIX APXUTEKTYP LS
KoMIaHun « TpaHcHeTbIHEPro».
CrrymiaTeny 1 caMu IIpefIaraoT
MHOTO OPUIVIHAJIBHBIX TEM Y4eOHbIX
KBECTOB ¥ IIPYMEHEHNUI MeXXyHa-
POIHBIX JIeKayl CUCTEMHOTO VHXXM-
HupuHra. Jlexasna 3fecb — 3T0 TUIO-
BbI€ OIIOPHBIE MOJIe/N K «O0Y4eHNI0
IeiCTBUEM» — UepapXUyecKue,
IPOLIeCCHBIE, KnbepHeTU4YecKe,
rubpupHble. Tak, apxuTeKTOpamMn
Oynmylero Myupa B Ka4ecTBe 00beK-
TOB aHa/IM3a MIPEJIaraoTCs CKa3Kn
Ilymxuna, kapTuHbl PenuHa, nomms
6a/IbHOTO I/IaThs, IIPOV3BOZCTBO
Maek Pusrexa, KOCMUYECKIE MIIC-
cuy, 6ydper dusrexa, PLM — cu-
CTeMBI ! yIIpaBJIeHVe KI3HEHHbIMI
LIVK/IaMU TEXHUYECKIX 0O'bEKTOB,
3ammch H@POBOrO KOHTEHTA B Te-
TIeCTY[IUY, LIeHTPbI OIIePaLIOHHOTO
IIPeBOCXOJICTBA, KeJIChbI IIPOrpPaMM
MBA. Pa3pab0oTKy HEKOTOPBIX KBe-
CTOB IIepepacTaloT B CBOETO pofia
HIMaprajIKy, a Iydile cKa3aTb — Ha-
BUTATOPBI OT HBIHEIIHUX YIEHUKOB
OyZyIIMM yYeHVKaM, BBIPacTaloT

B Hay4uHble myOmmKauum. Vcrnonb3so-
BaHJe UTPOBBIX GOPM — Ba)KHBII
KOMITOHEHT 00y4eHns. A 1m¢ppoBble
TEeXHOJIOTVM TTO3BOJIAIOT YIOOHO
(uUKCHpPOBATh ¥ TPAHCTVMPOBATh
pesynbTathl. [IpakTyka okasbl-
BaeT, YTO M1 HOBOTO IOKOJIEHNS
(U3TEXOB TAKOII ITOJIXOJ peanbHO
paboraer.

TEMATHYECKMH MNAH KYPCA «KWBEPHETUKA 2.0n (NPUMEHEHNA 11 BbICOKOTEXHOMIOM MUHbIX MPEAMPUATUA):

MeTtoponorus

1. KnioyeBble NpoLieCChl MHMMHUPUHIA M SKOHOMUYECKOM [eATeNIbHOCTM
2. 0606LLeHHOe NpeanpuATUe U BKU3HeC-Mogenu
3. [bpuaHble MOAENU CUCTEM AEATENBHOCTH

« Llenenonaranue

» brsHec-npovLeccel, NPoeKThI
« OpraHv3aumroHHbIM An3anH
« CucTeMbl ynipaBneHuns

4. MeHeKMEHT U3MEHEHWH, ynpaBjieHNe MU3HeHHbIMU LIUKITaMX,

«KnbepHeTuKa 2.0»

5. MexaHu3Msl ynpaBnieHUA Npon3BOACTBEHHbIM NoBefeHNneM

MpaKTukK

6. TexHonoru4eckue NpUcoeanHeHNA K Hdpa-

CTPYKTYype
7. UHHUHUPUHT

8. YMHoe npon3BoacTBo
9. TexHu4ecKoe 06CyHMBaHWE U PEMOHTLI 060pY-

[0BaHMA

10. CucTeMbl MEHe AXKMEHTA Ka4ecTBa, beperknun-

BO€ NMPOU3BOACTBO, ONepalOoHHbIe yiy4LleHnA

11. IHeproMeHe AXKMEHT

12. KoHCTpYKTOp CUCTEM YMHOIA BeATENBHOCTU
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OU3TEX.
YUTAJIKA

YATAEM

Ve Banepun Ponzen

[10 HETBEPTAM

Dusmex, Haxodsico 6 [JoneonpyoHom, HemMHO20 OMOPBAH O BHeUHe20 MUPA.

C 00HO1i cOpPOHDL, MO NO3607IA€M CHYO0eHMAM COCPEOMOUUMbCS Ha Yueoe,

¢ Opyzoti — npusooum k momy, umo MOTV cpasHumenvHo Mano useecmen
wupoxoti oouecmeerrocmu. Ymobvt ucnpasumo cCumyayuio, 8 MOCKO8CKOM
Kopnyce uHcmumyma cmapmosan npoekm «dusmex.Qumanka», 6 pamxax
KOMOPo2o Kaxoviii uemaepe cmyOeHmvl U ACHUPAHMbL UHCIMUMYMA BblICMYNa-
10M ¢ HAyuHO-NONyAApHLIMU Nekyusimu. Temamuxa camas pazHoobpasHas —
oM KOMNbIomepHo2o oudatina mamepuanos 00 uccnedosaruii Mapca u ocHos
6uoxumuu. Bom evidepicku nuuib U3 HEKOMOPbIX 8bICMYNTIEHUT.

MPOCTON CJI0XHbIA MMP
[OR1. KAK Al NEPECTAJ1 BOATLCA
W T0JIHOBIIT XAQC

AVH AKONAH

— B pusuxe g usmepenus
Xaoca MUCIIONIb3YIOT BeNNYNHY,
KOTOpast Ha3blBaeTCA SHTPOIMEN
crctembl. YeM 60sbIie 3HTPO-
U, TeM MeHee YIOpsAZodYeHa
cucrema. B coctosganun paBHo-
Becls SHTPONM MaKCUMaslbHa.
Bonpumanom B XIX Beke 6b11a
TOKa3aHa Tak Ha3blBaeMas
H-teopema, KoTOpas IMacuT, 4TO
B 3aMKHYTOJ CHCTeMe SHTPOINS
CO BpeMeHeM BCerfia BO3pacTaer.
Ha npakTuke ato Hecer
3a co60i1 BIIOTHE TIOHSITHBIE
nocnencteus. Ecnmu Mbl, Hanipu-
Mep, BO3bMeM IIIapUK C TeyeM

Yl B3BOPBEM €r0 B yIJTy KOMHATBI,
TO Ta3 4epe3 HEKOTOPOe BpeMs
pas3/IeTUTCA 110 BCEl KOMHATE,
3aI0/THUB PAaBHOMEPHO €€ BCIO.
Takum ob6pa3om, sHTpoIMS rasa
YBEIMYUTCS IO MAaKCUMyMa H...
Ia, B 0611eM-TO, 1 Bce. CKOIBKO
ObI MBI HY XK/Ia/IV, Te/INIl HUKOT-
Zla He cobepeTcs 0OPaTHO B Ky4y
B yITIy KOMHAThL. To ecTbh IIpo-
[[eCChl B HallleM MUpe HeobOpa-
TUMBI: U3 KOHEYHOTO COCTOSTHUS
MBI HUKaK He MOXXEM y3HaTh
Ha4Ya/IbHOE, TaK KaK KOHEYHOe
COCTOsIHIE OfMHAKOBO JI/IsI BCEX
HAYa/IbHBIX COCTOSTHMUIA.



— IIpodeccronansl peiHKa CIIop-
TMBHBIX JOCTVDKEHMII LIy TAT, 4TO
COpEBHOBAaHMA CeNYac UAYT He
MEX]ly CIIOPTCMEHAMM, a MeX-

Iy pa3paboTYMKaMu IporpaMm
TpeHMPOBOK. YTOOBI MCCIeoBaTh
CIIOPTCMEHA HEeIOCPECTBEHHO
BO BpeMs 3aHATUIA, IPUJETCA
HOBECUTh Ha HErO Ky4y IprbOpOB:
M3MepUTeNN IY/IbCa, JaBIeHN,
YPOBHS caxapa B KPOBY — M ellje
>kenmaTenbHo MPT-anmapar. B ta-
KOM OOMYHAVMPOBaHNM JOCTUYb
BBICOKMX IIOKa3aTesneit (Vym X0Ts
ObI IPOCTO CABMHYTHCA C MECTA)
HepeasIbHO. A BOT C IIOMOII[bIO
MaTeMaTI4eCKOl MOJeIN MO>KHO
paccumMTaTh MHTEpeCyoLIye MoKa-
3aTe/ Ha KOMIIBIOTepe: y4eHble
3apaHee CHMMAIOT IIapaMeTPBI CO
CIIOPTCMEHA B COCTOSHUM TTOKOSA
¥ COCTABJIAIOT yPaBHEHNS, U3

-/

— Ilonoxxum, criennanucTy 1o Ma-
IIVTHHOMY 00Y4YeHII0 He0OXO0IMMO
MIOCTPOUTD a/ITOPUTM, HalIpUMepP

KOTOPBIX 3aTeM MO>KHO U3BJIeYb
HY>KHbIE IIapaMeTPBl B COCTOSTHUN
¢usndeckort Harpysku. Mope-
JIMPOBATh MOKHO CaMble pasHble
IIPOIIeCChI: HATIPUMeD, AbIXaHMe

B KJIeTKaX MbILIL GpyTOOMMCTA

BO BpeMs Oera 10 06pa3soBaHMsA
TpoM60B. Mofienm MOryT OBbITh
Pa3HOI pasMEPHOCTH U Y4U-
TBIBATb 0OJIBIIIOE KOTNYECTBO
IapaMeTpoB — HaIpuMep, CTe-
IeHb YIIPYTOCTY COCY/IOB, €C/N MBI
IeraeM pacdeT /IS COCYAUCTO
ceT. MaTeMaTu4eCcKy CMOJIENN-
POBaHHBIe CTPATeTM J/IsI TPEHU-
POBOK — y>Ke PyTUHa [T CIIop-
TuBHONM MHAYCTpUN. Ilokasarenu
BeJIMKOTO OeryHa YcaiiHa bonra,

K IIPUIMeEPY, IIOYTY COBIAJAI0T

¢ TpapMKOM KpUBOII ONITYIMA/IBHO-
ro Temma jyist 6era Ha 100 MmeTpoB
B KaXK/IbIi1 MOMEHT BPEMEHI.

BUKTOP HAHTOP
MALLIVHHOE OBYYEHHE:
HAK AJITOPUTMbI YYATCH
IIPEICKASBIBATb BYIVILIEE
M AENATb PABOTY

3A YENOBEKA

CKOJIbKO Y€TIOBEK NPULET Ha CIIefly-
0IYI0 TeKuuio «Pustex. Ynurankm»,

Y4IUTbIBATb B Ka4€CTBE€ JOIIOTHM-

TUMYP TAMIJI0B
MATEMATHYECKVE MOLE/IH
B MEULIVHE ¥ CIOPTE

KOMMEHTAPHM CITYLUATENER

Amu Bep6epos:

«f o4eHb pag, 4To B nocnefHue
roabl B MockBe 3amyckaeTtca
MHOr0 OHNanH- U odnanH-npo-
€KTOB, HanpaBJeHHbIX Ha nonynsa-
pu3aumio Hayku, — Geek Picnic,
«Hayka.BkycHo», «[locTHayKa»,
«Yeppaak», Science Slam u Tak
nanee. bnaropapa «®ustex.
Yutanke» A y3Han o «3anpe-
LLIEHHbIX» XMMUYECKMX coeau-
HeHUAX, KNeToYHbIX aBToMartax,
npeacKasaTeNbHbIX CNOCOBHOCTAX
po6oToB. Jlioau no-pasHoMy pac-
cnabnstotca nocne paboyero AHA,
£ BOT /06110 3aTIAHYTb BE4YEPOM
Ha TaKylo NIEKLMIO, Y3HaTb YTO-TO
HOBOE».

Hapexpa byiinosa:
«Kanb, 4o npo «Ousrex.
YuTanky» Maro KTo 3Haer.
Mpo MaLwmHHOe obyyeHne

IPOTHO3YPYIOLINIT YCTIOBHOE 3HaYe-
HIe TIATEeKeCTIOCOOHOCTH KaX/0TO
HOBOTO K/IMeHTa OaHKa I10 y>ke
CYIeCTBYIOLIMM AaHHBIM O JPYIUX.
Ha nepBeiit B3], 4eM 6071b-

Te/IbHOTO NapaMeTpa a3y JIyHsl, TO
IpecKa3aHye TOMbKO yXYAUINTCA.
A ecnu Takux «BayKHBIX» (PAKTOPOB
OyneT JOCTaTOYHO MHOTO, OHU MO-
TYT 3a/IaBUTD IeICTBUTE/ILHO 3Ha-

XopoLuo noayyunock. He 1o

uT06bI A MHOTO MOMHKNA U3 Kypca
LUKO/bHOW MaTeMaTWKK, HO BCe
paBHO NOHATHO. CTpacTHo XAy
MPOAOMKEHNA MPO pearbHble

».
1I€e IIPM3HAKOB Mbl BO3bMEM, TEM 4yMble: BpeMs IIPOBENEHNA IEKINMA, rRosH
6onbIe MHPOPMAIM B pe3ybTaTe  CTPOTOCTb OLIEHKM JTeKIIMOHHOTO
nony4yum. Ho manexo He Bcerma npenMerta, 6nusocTb k npasgaukaM.  AHOHChI
yBeNnM4Y€eHMe KONUYECTBA IPMU3HAKOB  1103TOMY 3a9acTyro IpeicKa3saHms BIIVKAMLIMX HEHUMWZ

maet myqmmii pesynbrat. Hampu-
Mep, €CIU IIPU NPENCKa3aHuM,

Y/Iy4IIaIoT BEIOpachIBaHNMEM He-

HY>KHbIX IPU3HAKOB. https://mipt.ru/events/
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HAYKY 2 NIAVIDXAK

/% [apba CtenaHeHKko

MOOCH Ha BbIBOP

Ionyuamv 3HaHUA celivac npocmo: eKa4aewb Komnviomep (cmapmeon, naanuiem,
danee no cnucky) u nonyuaeuiv. B 1106om yoooHom 0715 mebs mecte MOKHO NOCTLYUAD
UYL NOCMOMpPems eKyulo, NOUUmMamo Hayunyt numepamypy. Jléepo 6 60nuie6HbLil
MUP HOBbIX B03MONCHOCHEL OMKPBIBAIOM OHATH-KYPCbl, KOMOPble NPUHAMO HA3bLEAMb
MOOC-nnamgpopmamu (om anenutickoeo MOOC — massive open online course).
IIpedcmasnsem 0630p camvLx NONE3HBIX U UHMEPECHBIX U3 HUX.

YHUBEPCAPUYM

universarium.org
MexBy30BcKas IUIOIafKa
37IEKTPOHHOTO 00pa3oBaHu.
CBou IporpaMmbl Ji7isI Hee
npegoctasnawt MOTU, MI'Y
uM. M. B. JlomoHocoBa, HVIAY

© Ilnroc

06yueHue cTpouTtcs
1o MOAYNbLHOMY
nnaHy: BUAeoNeKLus,
€aMOCTOATENbHaA
paboTa, AoMaluHee
MWNOU, MITY um. H. 9. baymana, 3apaHue n tectupo-

D

© Munyc

YyebHble Kypchl 3any-
CKaloTCA He no onpe-
JeneHHbIM JataM,

d B 3aBMCUMOCTHU OT
HanoJIHAeMOCTU — KaK
TONIbKO KON4ecTBo Chy-

2t J/HNBEPCGAPUIM

P3Y um. I. B. [InexaHosa. BaHue warenen goctmrHet 5000
TED OTHPLITOE
ted.com 0bPA30BAHUE

Konnexumus us 6onee yem 1000 He-
6onpunx (0 20 MMHYT) BBICTYIITIEHMIT
¢ koH¢pepenunit TED, koTopble MoxeT
IIOCMOTPETb /MI00071 YKeTaroInit.

© ITnrocer

« Kawayto Hefienio noABNAIOTCA HOBbIE BICTY-
nneHus

« Bugeoponvkm conpoBoxaeHbl cybTUTpamMm
Ha aHITIMMCKOM fA3bIKE, @ MHOTUe nepeBege-
Hbl 6onee 4yeM Ha 20 A3LIKOB MUpa

« CBo# Youtube-kaHan

« Bo3MoKHOCTb CnyLLaTh ayaMo-nogKacTbl
yepes iTunes

© Munycol

* Ponnku He 06beanHeHbI B Kypehi

« OTcyTCTBYET B3aMMoenCTBIE CO CyLlaTe-
nAamMu

openedu.ru

Hanmonanpnas mnatdopma
oHaiH-o6pasoBanns. Ha ce-
TOHAIIHNI IeHb TOCTYIIHO
63 Kypca OT BOCbMU BeAYIINX
By30B Poccum, Takmx Kak
MOTHU, MI'Y, CII6I'Y, UTMO,
CII6ITY, HIY BIIS, YpdY

u HUTY «MUCuCp.

© Ilmochr

* Kypc MoxKeT 6bITb 3aCUmMTaH B An-
nnoMe ntoboro Bysa Poccum npu
cornacmMm agMUHUCTpaLMK BY3a

© Munycol

« CepTudmKarsl,
NOATBEPHKAAIOLLME MPOXOKAEHME
0byyeHunA, nnatHole

edx.org

becrnarnas o6paso-
BaTe/bHas1 1atdop-
Ma, CO3JIaHHas CO-
BMecTHO [apBapacknm
YHUBEPCUTETOM

n MaccauyceTcKuM
TEXHOJIOTMYECKUM
urcTuryToM (MIT).

© ITnrocer

« Bo3moHOCTb No-
NY4MTb HOBYIO NPO-
deccuio, ocBovB
onpegeneHHbIn Habop
n3 3-9 KypcoB

« Bo3MoHoCTb Bbibopa
CYMMbI NOEPTBOBAHMA
3a Nosy4eHne cepTu-
duKaTa o npoxoae-
HWUM Kypca

© Munycsl

« OTCYyTCTBME MOBUNBHBIX
NPUNOKEHNH

« [pakTnyeckmn nonHoe
0TCYTCTBME KYpCOB
C PYCCKUMM
cyb6TMTPaMu



coursera

coursera.org

MupoBoii mupep oHMaH-00yve-
HYIS, COTPYAHUYAIOLINIL C YHU-
BepcuTeTaMy Bcero mupa. He Tak
IaBHO 3[1eCb IOABVJIVCH IIOTTHO-
CTBIO PYCCKOA3BIYHBIE KYPCHI,
HEKOTOpBbIE 113 HIX BeyT yYeHbIe
MOTMN. Kaxaplil Kypc B Cpesi-
HeM INTCcA oT 4 1o 12 Hepenb.
ITo oxoHYaHWUM O6OIBIINHCTBA
KyPCOB MO>KHO IOTy4YUTb OPUIN-
aJIbHBIIT cepTUdUKAT.

© ITnrochr

* HTEpPaKTMBHOCTb 3aHATUMN: MHO-
rue NeKuMn pa3buTbl Ha HECKOMbKO
yacTe, nocse Kamgon U3 KoTopbIxX
CTyOEeHTaM NnpefnaraeTcA 0TBETUTb
Ha BOMPOC N0 NPOC/TyLIAHHOMY
Matepuany

« Hannume MobUnbHbIX NpUNOXKEHUI
onai0S u Android

« Hannume KypcoB co cBobogHbIM ro-
CELLEHNEM, KOTOpbIE HE OrpaHUYEeHbI
onpegeneHHbIM cpokoM. Bee marte-
puansl B JaHHOM CJly4ae HaxomATcA
B CBOHOHOM JoCTyne, a cyLaTeny
MOrYT 3aHWMMaTbCA B Nioboe BpeMA
¥ B NloboM Temne

« Bo3MOKHOCTb NONYYMTL HOBYIO
npodeccuio, 0CBOMB ONpeaeneHHbIN
Habop 13 3-9 KypcoB

« Hannuwe Kypcos c cy6TuTpamm
Ha PYCCKOM M MHOMMX OpYrvX A3blKax

* IHTYUTUBHO NOHATHbIN UHTEpdENC

» Bo3MoHOCTb Noy4unTh 0puLManb-
HbIN cepTUPUKaT

« Hannume $popymoB ana obuienus
C OpYrUMM cywwatenamm

* NmeeTca nopagka 700 pasnnyHbIx
KypcoB

© Munycor

« CeptduKarTel, NoaTBEpPHKAAIOLMNE
NPOXOMAEHWE 06yYeHUA, NNaTHbIE

« OCHOBHOM f3bIK NpenofjaBaHnA —
aHITIMNCKUI

« OTCYTCTBME KMBOMO 06LLEHMA C Npe-
rnopfaBatenaMm

MITOPENCOURSEWARE

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

OHJIAHH-KYPCbI MACCAYYCETCKOrO
TEXHOJIOrM4ECHOI0 UHCTUTYTA

ocw.mit.edu/

MHcTUTyT BBIK/IaZbIBaeT Ha
CaliT B OTKPBITOM JIOCTYIIE
3aIMCH BCEX CBOUX JIEKLII.
ITOT pecypc He ABJIACTCA
MOOC B TpafuLIMOHHOM
CMBICTIe, TaK KaK OTCYTCTBYET
obpaTHas CBA3b C yYeHUKAMI.

© ITmroc

Hanuune bonbLuoro KonnyecTsa pas-
HO06Pa3HbIX NEKLMI U MaTepUanoB
L)1 CaMOCTOATENBHOMO U3YyYeHUA

© Munyc
OTcyTCTBUE MHTEPAKTUBHOIO
B3anUMO/IeiCTBUA

WubAcCITY

udacity.com
O6pasoBarenbHas maTdop-

Ma, CIIeLMaIM3UPYIOLIAsCs

Ha Computer Science. OcHOBHbIE
HaIpaB/eHys o0ydeHys: web-
[V3aiiH, aHA/IN3 JaHHBIX Y MO-
OVIbHBIE TIPUTOXKEHNS. YIIOP
JieflaeTCs He Ha TeOpuIo, a Ha
npakTuky. Cpeny npemnopiasa-
TeJIell — COTPYAHUKM BeRyINX
IT-xommanmit: Google, AT&T,
Facebook, Salesforce, Cloudera.
Kaxpplit Kypc pasourt Ha He-
CKOJIBKO 3aHATUM, COCTOSIINX
n3 10-15 TeMaTn9ecKux ponmKoB.

© ITnrochr

» [IpaKTMKOOPMEHTUPOBAHHOCTb

« Hannume MobunbHbIx
MPUIOKEHNIA

« Bo3MorkHOCTb paboTaTtb
B 0naiiH-perunmMe, NpesapuTesib-
HO 3arpy3vB HECKOJTBKO YPOKOB

« Hannuwe pycckux cybtutpos
B HEKOTOPbIX Kypcax

« CBoit Youtube-KaHan

© Munychbr

* He cnuwukoM pasHoobpasHbii
aCcCOPTUMEHT KypcoB

« lonyyenvie cepTndMKaTa ToNbKO
nocne NPOXOXAEHUA NNaTHOro
BbIMYCKHOIO 3K3aMeHa

g
intuit.ru

Kpynsneitmmit poccuitckmit
VHTepHeT-YHUBEPCUTET

C BO3MO>KHOCTBIO TTO/Ty4eHS
BBICILIETO ¥ BTOPOTO BBICIIIE-
ro 06pa3oBaHMs, a TaKXe
podeccuoHaNbHOI Iiepe-
HOZITOTOBKM V1 TIOBBILIIEH
KBa/IMPUKALNY, CYLIeCTBYIO-
muii ¢ 2003 ropa. Pecypc
HOSABWJICS PaHbIIIe BCEX aH-
I7I0A3BIYHBIX I1aTdopMm. V3
BCeX POCCUIICKMX 06pa3oBa-
Te/IbHBIX OH/IAlIH-PECYpPCOB
obmamaer caMoit 60JIbIION
6a3011 KypcoB.

© ITnrochr

» f3bIK NpenogaBaHna —
PYCCKUM

« OTCyTCTBME KaKoW bbl
T0 HY BbI0 NNaTbl

« OTCyTCTBME OrpaHNyeHuit
Mo CpoKaM — BCe MaTepuanbl
BbINOEHbI B CBOOOAHBI
[OCTYN KPYMbIA rof

» Bo3MoHoCTb nonyymnTh
oduLManbHbIN cepTUdUKaT

© Munycsor:

« HeapyecTBeHHbIA MHTEpdEnC

» HepjoctaToyHan
MHTEPAKTUBHOCTb
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/% BaguM BepLumhuH

~ KBAHTOBbIATEHEPATOP

B 1954 200y 8 CCCP 6vin co30aH nepsviii 6 Mupe zeHeparmop paouosonH,
UCTMOYHUKOM U3TTY4eHUsT 8 KOMOPOM Obiiiu MOsleKyibl ammuaka. Poounace
cosepuieHHO HOBAsT 0071ACMY HAYKU — KBAHIMOBAS INEKMPOHUKA. ABmopbl
omkpoimust nossxce nonyuam Hobenesckue npemuu. A HAUUHATIOCH 8Ce C PeuleHUs
YMUAUMAPHOU 3a0a4 U — NOBbIUEHUS MOYHOCMU PAOUOOOHADYHEHUS.

O
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.A 0bMEHAJ1 BACOBA
HA CUHXPOTPOH

Bce Ha9amoch ¢ MOMBITOK «IIPUPY-
YUTb» MUUIMMETPOBBIE PA[IIOBOI-
HBI. JTY 3a7ady y4eHble IIbITA/INCh
peLnTh BO BTOPOI ITo/1oBrHE 40-x
TOJIOB, CPa3y MOC/Ie OKOHYaHNA
Bropoit MupoBoOIf BOIHBIL YK
TOTfa CTaJIO ICHO, YTO Pa/INoJIO-
KaTOpbl, paboTas B AUaa3oHe
6071ee KOPOTKUX BOTH, HAMHOTO
TOYHee OIIpefie/IAIN MECTOIIOIO-
JKeHUe 00BEKTOB B IIPOCTPaH-
ctBe. Ho 3pecp pagnodusnkn
CTONIKHY/IUCH C HEOXKMJAHHOMI
npo61emMoit — B Ipolecce paboThl MUHMATIOPHbIE
PazivoNIaMIIbI i1 MA/UIMMETPOBOTO IMaNla30Ha Ha-
CTO/IBKO CM/IBHO Pa3orpeBaInch, 4TO TaKye Mpuoopsl
HpaKTIYeCKM Cpas3y BeIxofumu us crpos. Heobxo-
AMMO ObIIO IPUAYMATh HOBBIII IPUHIINUII TeHEePaL N
paaMon3IydeH s, IpY KOTOPOM JCYes/ia Obl >KeCcTKast
3aBUCUMOCTb MEX/Y JIMHOI PafilllOBO/IHBI U pasMe-
POM pajyOIaMIIbL.

B 1947 ropy 6ynymmit akagemuk Bragumup Bekcrep
Ha OCHOBE OIIMICAaHHOTO UM B 1944 rogy 3akoHa, obe-
CIIEYVBAIOLIETO CTAOVIBHOCTD YACTHUI] B Pe30HAHCHOM
nuKmdeckoM yckopurene («IIpuuium aBTodasu-
poBK»), moctpon nepbiii B CCCP cuHXpoTpoH
(pe30HaHCHBIN YCKOPUTENb 3apsKeHHbBIX YaCTHII).
[Tpubop npencrassan co60i 3IEKTPOHHYIO YCTAHOBKY
C BaKYyMHOJ1 KaMepOJ1, BBITAHYTOI B BUJie KOJIbLIa,

B KOTOPOJT YaCTHUI[BI YCKOPS/IICH 1O CKOPOCTH, O/1n3-
KOJ1 K CKOPOCTH CB€Ta, a TPAeKTOPUIO VX IBVKEHNA
3aflaBa/i HECKOTIbKO MOIHBIX 97IEKTPOMAarHNTOB.

[To3HAaKOMUBIINCB C 9TOV YCTAHOBKOIA, Oy YLV
akageMuk u naypeat HobeneBckoit mpemun Ajex-
canzp IIpoxopoB chenan npenonoXxenne, YT0 IpUH-
LIMII CMHXPOTPOHA MOXKHO JICIIO/Ib30BaTh U [/ CO37a-
HIs TeHEepaToOpa CAaHTVMETPOBBIX ¥l MUIIMMETPOBBIX

pannoBoiH. Pa3fo6bIB HYXKXHBII
MAarHuT OT IIPOCTEIIIero yCKOpuTe-
JIs1, MICCTIEfIOBATE/Ib C HECKOTIbKVIMMU
KOJIZIETaMJ CAMOCTOSITE/IbHO I10-
CTpOWI HeOOBIION CMHXPOTPOH.

K peanmsanym npoexra mpu-
BJIEK/IV M CTYZleHTa MOCKOBCKOTrO
MH)KeHepHO-(PM3NIeCcKOoro MHCTUTY-
Ta (OyAyllero akajeMuKa u jgaypea-
ta Hobenesckoit nmpemun) Hukonas
bacoBa, KOTOpOro nocje 3alnuThL
pumioma IIpoxopos mpurmacun
Ha paboTy B CBOIO Ta6OPaTOPUIO.

B xuure «IIpeBpalienns rumep-
6omonpa nuxenepa lapruna» Vpuna
PanyHckas mmcana 06 atom tak: «B Mockse pacnipene-
JIeHe BBIITYCKHUKOB-(U3MKOB B T€ OJbI HAIIOMIHAJIO
HEYTO CpefiHee MEX/Y TeTePEBUHBIM TOKOM U PbI-
LapckuM TypHUpoM. COllepHUKM — TPeACTaBUTENN
MICCTIEOBATENIBCKUX MHCTUTYTOB Y KOHCTPYKTOPCKIUX
010p0O — Cpa)ka/Ch 3a KaKJOTO BBIITyCKHMKA. [oBO-
PAT, 4YTO OfHAXK/ABI 1 [IpOoXOpOB TOMWICA B KOPUAOpe
MO, y nBepeit, 3a KOTOPbIMY pellanach Cyabba ero
auiuioMHrKa bacosa, u coobpakas, Kak Obl 3aI0ITy-
9NTD €ro Ha paboTy k cebe B mabopartopuio... [oBo-
PAT, U 51 AyMai0, STOMY MO>KHO BEPUTbH, OH JOYMAJICS
o6bMeHATh bacoBa Ha cuHXpoTpoH! Pernt nogaputhb
MWOU cuXpoTpoH, HageAach, uTo MVOV nogaput
emy bacosa...»

MOMOIJIA HECTAHAAPTHBIE METO/IbI

VI3 OTBITOB C CHHXPOTPOHOM, BIIPOYEM, HUYETO He
HOMy4nI0ch. Torfa Hadam «IIpOCBeYNBaTbh» PAL-
OBOJTHAMM pas3/IMyHble Ta3bl, U3ydas IPY IOMOLIN
pagyocnexTpockona agp¢eKT ux nornoumenns. Bos-
HIMKJIA UJies] — eC/IY aTOMBI Vi MOJIEKY/IbI MOTYT IIOITIO-
I[aTh PA/MOBO/IHbL, 3HAUNUT, OHY CIIOCOOHBI U U3/TyYaTh
ux! A 4T065I co3aaTh 9 Pexrusublt CBU-reneparop,
BMECTO OTPOMHOTO CHXPOTPOHA HY>KHO IIONIP060-



BaTb JICIIONIb30BATh MOJIEKY/IbI i aTOMBI BelleCTBa U
TaKMM 00pa3oM IIOJTyYUTb €CTECTBEHHBIII TeHePaToOp
PaAVOBOIH. )

ViccnepoBareny poBenyt HeOOXOAMMBIE PacyeThl,
HapyCOBa/IM MIPYHIUINATIBHYIO CXeMy OyZy1iero
npubopa, W1 paboThl TeHepaTopa BhIOPAIN MOIEKY/IbI
aMMMaka...A fajblie Ha9aauch CIOKHOCTIL.

Tak, HanprMep, ec/u 0ObIYHbIE TIPUOOPHI AN THIBA-
I0TCS1 OT BHEIIHNX JICTOYHIKOB, TO B C/Ty4ae C MOJIEKY-
JISIPHBIM T€HEPATOPOM MCTOYHMKOM IIMTAHV HO/DKHBI
ObUIM CTATh CaMy MOJIEKYJIBI, IPeBpalarolye coo-
CTBEHHYIO HEpIMIO B pajnoBO/NHbL Kak 1x 3acTaBUTD
3TO Ae/aTh? 3aTeM MOJIEKY/IbI JO/DKHBI ObUIN IIOIA/IaTh
B T€HEpaTop B BUIe HAIIPAB/IEHHOTO IIy4Ka, IIpY 3TOM
He CT/IKMBATbCA APYT C APYTOM, a TAKXKe C MOJIEKy/IaMI
Bo3ayxa. Kak atoro goburbcs? st paboThl reHeparopa
Tpe6oBasICs BaKyyM, a /I €T0 CO3/IaHVIs — MOLIHBII
BaKYyMHbI1 Hacoc. BakyymHas cpefja BHyTpyU FeHepaTo-
pa O/DKHA ObL/Ia HEIIPEPhIBHO HACBILIATHCS MOIEKY/IaMM
ammuaka. Kak coBMecTuTb 062 Iporecca Ha IpakTuKe?
PenmTsb 3TV 1 MHOTHE [IpyTHie IIPOOIEMBI YAAIOCH, TIPU-
OerHyB JMIIb K HECTAaHAAPTHBIM METOIAM.

Hccnedosamenu nposenu Heob6xooumvle
pacuemul, HAPUCOBATU NPUHUUNUATILHY 10
cxemy 6yoywezo npubopa, 0ns1 pabomot
2eHepamopa vlOpanu MoneKyIvl AMMUAKA. ..
A Oanvuie HAYATUCD CTIOHCHOCHU

BMecTo MOIIHOTO Hacoca, HalpuMep, ObIT MCIIOIb30-
BaH )XMAKWIT 30T, KOTOPBIM OXJTaXK/Ja/Ii IIOBEPXHOCTh
reHepaTopa, MOJIEKY/Ibl aMMIaKa BTATUBAJINCh BHYTPb
VI IPOCTO NpuMep3anu K Heit. ITpu aToM Bo3ayx yaa-
JISUIN, HA000POT, OYeHb C/TAObIM BO3IYLIHBIM HACOCOM,
KOTOPOTO BIIOJIHE XBATasIO.

YT10OBI OTAEMUTD C/Tabble MOTIEKY/IBI OT CHIBHBIX,

VX HIOfJaBa/I/ B CIIELMATbHYI0 COPTUPYIOLIYIO CHCTEMY
C CI/IDHBIM 37IeKTpyuecKuM 1ojieM. Crabble MOTIEKYIIbI
OHO O0TOPAChIBAJIO, @ CUIbHBIE, HAOOOPOT, IPUTATUBA-
JIO ¥ OTIPABJIAIO B 0O'bEMHBII PE30HATOP J/IsL CAHTH-
MeTpPOBBIX BOJIH. d

ITponeTast CKBO3b pe30HATOP, MOJIEKY/IbI HaUMHATIN
U3/Ty4aThb KBAaHTBI 3/IeKTPOMAarHUTHOI SHeprum (13-3a
9TOro 3 deKTa MONIEKY/IAPHBIN TeHepaTOP TaKkKe
Ha3bIBAIOT KBAHTOBBIM).

ITpoxopoB ¢ bacoBbIM cymenu Mopo6paTh TaKyo
¢dbopmy pesoHaTopa, KOTOpast MOITIa CO3JjaBaTh BbI-
COKYIO CTaOM/IBHOCTD YaCTOTHI KOTIEOAHWIT MOTIEKYT

aMmuaka. IIpy 9ToM HY>KHO OBIL/IO ellie U 3aCTaBUTD
ITy4OK MOJIEKY/I ABUTATbCSA CTPOTO BIOb CH/IOBBIX
9NIEKTPUYECKNX JIVHUI, YTOOBI CBECTY K MUHUMYMY
B/IMAHVE CAMOTO Pe30HATOpa Ha YaCTOTY KO/MeOaHmMIL.
HakoHel1, Hy>XHO ObI/IO OCHACTUTb PE3OHATOP aHTEH-
HOJI I/IA1 TPAHCIIALUY 97IeKTPOMATHUTHOTO M3TydeHN,
HaKOINMBIIErOCs B reHepaTope.

TUNWYHbIA BAHTUH

B 1954 rogy pa6ota 1o cosganuto npudopa 6ui1a
3aBepllieHa, Haua/lach HaCTPOJKa U TeCTUpPOBaHye
OT/ebHBIX y3710B. C KOPITyCOM ITpo6/1eM He BO3HMKIIO,
a BOT [J03aTOPBI, peryIupyolne Mofayy rasa B pajuo-
CIIEKTPOCKOIIBL, BAPYT MOKPLIINCH Kopposueit. Okasa-
JIOCh, YTO JI/Is1 aMMIaKa OHM COBEPIIEHHO He FOfATC.
IToToM HEO>XXMAAHHO HAYa/MNCh 3IEKTPUUECKIE «IIPO-
601» 13-3a OCTATOYHOTO 3arpsI3HEHNsI, BO3HMKABIIETO
Ha anieKTpogpax. [Ipuitoch npuayMpIBaTh HOBYIO
TeXHOJIOTHIO VX OUMCTKH, UCIIO/Ib30BATh CUCTEMY
M3MepEeHNA YacTOThL U IPyIe yCTpolicTBa. loBopAT,

B 3TOT nepuof, ITpoxopos ¢ bacoBpiM NpOCTO >XMIn

B 1ab0paTOpUIL.

V BOT HaKoHel] HacTas leHb
VICTIBITAaHWI MOJIEKY/IIPHOTO
rereparopa. Kak aro 6s1710,
Vpuna PagyHcKas onuchbIBaeT
B KHure «KBaHTBI I My3bI»:

«— PuckHem? — cripocun
IIpoxopos.

bacos Tonpko kuBHYI. [IBUI-
>keHMe pykn. CTpesika BOJIbT-
MeTpa IOACKOYN/IA eIlle Ha
HECKOJIBKO TBICSTY BOJIBT. Buepa mpu aToM Hensz0e>xHO
BO3HMKasI Ipo6oit. Ho Tenepsb Bce OBIIO CIIOKOITHO.

B KoTopHII1 pa3 MeA/IeHHO BpallaeTcs pyyka Ipubo-
pa. M onATbh KpuBas CTAHOBUTCSA MPAMOV M HAYMHAET
u3rubathcs BBepX. BApyr Ha ee BeplunHe BO3HUKAET
y3Kas IOTO0CKA.

ITpoxopos u bacos nepernanynuce. Heyxenn?!

Bce Tak >ke METOAMYHO [IBVDKETCA PyKa, Bpalaromias
PYKOATH Iprbopa. MeIeHHO YBeIM4MBAETCS U pac-
mMpsieTcs MoaocKa. V BOT B ee cepefiyiHe OTYETINBO
BUJIEH TIOSICOK.

— TunuyHbI 6AaHTUK, — CKa3al OfVH.

— Paboraet, — 0TO3BasICA BTOPOIL.

Tax popuicss MONEKY/IAPHBIN TeHepaTop, IOPa3N-
Te/IbHBIIT IIPUOOP, CepALieM KOTOPOTo OBIT He MOTOP,
He LIIeCTePHM, He KaKye-Hubyab fpyrue fetanm. [nas-
HYIO pO/Ib B HEM UTPA/IVl HEBUAVMBIE TJIa3y MOJIEKYJIbL
aMMMIAaKa, KOTOpBbIe [e/Ia/i TO, YeTO HMKTO HUKOIZA
oT HuX He Xpan. OHM U3nydany pafuoBOITHb. B
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SAHAYKY 2 HAYYHBIE PASOBJIAYEHIA

Ve AnHa [13apaxoxoBa

HE A0 BPATE /\{

Moscem nu nazywika ne6umuposamo?
Pasymno nu npednonazamo, 4mo ecmo
83AUMOCBA3b MeHOY KOUUECTBOM

NUPAaMmos u enobanvHviM nomenieHuem?
Ymenvwarom nu Hademvole nosepx 00ysu
HOCKU WAHCHL NOCKONb3HYMbCSA HA NIb0Y?
Yuenvie Pusmexa kommeHmupyom

«ZPOMKMG» OMKP blmus
Koriee.

B aToM HOMepe MBI pasbypaeM ypaBHeHVe
¢dusmka [Iaupa Ipaitmca (David Grimes) n3 Oxc-
dopackoro yHnBepcuteTa. OHO AKOOBI O3BOMISACT BHIYMCIATD,
4epe3 Kakoe BpeMsA OyfieT pacKpbITa TaifHa, 0 KOTOPOIl 3HAIOT OOJIbIIIe OffHOrO
genoBeka. Kak crenyer us crarbu «On the Viability of Conspiratorial Beliefs»,
ony61KoBaHHOI B XypHane PLoS One, 3T0 ypaBHeHMe CTaBUT IIOJ COMHEHUE
Mo6ble Teopuy 3aroBopa. IIpocTo moromy, 4To paHO MM MO3IHO (M CKOpee
paHo, YeM IT03JHO) IIpaB/a BCIUIBIBET Hapy)XXy. VI BBHIIIAAUT ypaBHEHNE TaK:

B HeM yuntbiBatorcsa Tpu dakTopa: N(t) — 4mcio 3aroBopiu-
KOB, t — BpeMs, IIpollIeflIee C MOMEHTA COKPBITS IIPaB/bl,

Y =1 — p — BEPOATHOCTD TOTO, YTO 3aTOBOP HE PACKPOIOT.
CormacHo BbiBofaM [paiiMca, yeM 60JIbIIIe /TIOfIeil 3a1e/iCTBO-
BaHO B COKPBITUM IIpaBAibl (21000), TeM ObICTpee KpyIHbIE
3arOBOPBI CTAHOBATCA HecoCToATenbHBIMU. K mpumepy,

'''''' 2 ViR €C/IY B peaM3aluyl MMUTALMY BBICAJKY YeTI0OBeKa Ha
R . I s Jlyny B 1965 rony npuaumanu ydactue 410 000 coTpyn-
cececssccecssccecsssccosss e HIKOB NASA, To 06 9TOM y3Ha/I1 OBl CIIYCTSI TPU rofa

M CEMb MECHIIEB.
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AHJIPEW PAUTOPOICKUK,

JI0KTOP COU3UKO-MATEMATHSECHMX HAVK,
3ABE AVIOLLIAV KADE PO/ IMCKPETHOM
MATEMATHHM ®UBT, PYKOBOZWTE b OTAENA

TEOPETUWYECKUX Y NPUKNIAHBIX UCCJIEJOBAHUM
(AHAEKCAN, [TIABHbIA PEJAKTOP X YPHAJIA MOSCOW
JOURNAL OF COMBINATORICS AND NUMBER THEORY:
— Tema koHcTIMpONIOTMK, HECOMHEHHO, OUY€Hb
IpuBJeKaTe/NbHasdA. V IOTOMY IMOHATHO, 4TO CTAaThA
obpeueHa OBITH UTUPYEMOIl KaK CTOPOHHMKA-

MU, TaK ¥ IPOTUBHMKAMU Teopun 3aroBopa. Ecim
TOBOPUTb I10 CYLIECTBY, TO CTaThsI He BBIEPXKI-
BaeT HMKAKOI KPUTHUKY HI C MAaTeMaTUIeCKOI,

HU C UCTOPUKO-(PUIOCOPCKOI TOUKY 3peHnst. Xyke
TOTO: 9TO IIOTHAsI PO aHALYIS, Ha KOTOPYIO 1 Bpe-
MS-TO TPaTUTb >Kanib. Bcsa MaTeMaTnka Tam, rpy6o
TOBOPSI, CBOBUTCS K TOMY, YTO €C/Iii BEPOSTHOCTD
Heygauy (IIpOBaja 3aroBOpa) B TeUeH)e OJHOTO JHS

PpaBHa KaKOMY-TO (, TO BEPOATHOCTDb TOI'O, UYTO 3a

JileHb 3arOBOP He PacKpoIOT, paBHa 1-q, a cTajo ObITh,
BEPOATHOCTD TOTO, UYTO 3aTOBOP He PACKPOIOT 3a

100 gHeit (HapuMmep), aTo (1-q)~100, oTKyzA, HAKO-
Hell, BEpPOATHOCTD PacKpbITHA 3aroBopa 3a 100 gHeit
pasHa 1-(1-q)A100. [Teckats, ecnu gaxke q = 0,01,
TO €CTb, Ka3aJI0Ch Obl, BEPOATHOCTh MaJIeHbKas,
’ 10 BCe paBHO 1-(1-q)A100 > 0,63, 4To y>ke 60/bIIIE
1o71oBUHBL Ho 3TO JKe TpuBMalbHOE YIpaXKHe-
HIe JI/IS1 ITKOJIbHYKA VMIM CTYZIeHTa, HauMHAIoIIe-
o U3y4aTh Teopuio BeposTHoCTell. [TybnukoBarh
TAKOE... Hy, 4 fa)Ke He 3Hal0, KaK 3TO MIMEHO-
BaThb! B TO >ke BpeMs OTKypa Bce 3TV MPEAIIOChUI-
ku? Hanpumep, OTKy/Aa U3BECTHO, YTO COOBITIS,
COCTOSIIIVE B TOM, YTO 3aTOBOP PacKpoioT 1 sHBa-
PA, ¥ B TOM, YTO €T0 PacKpoIoT 2 SHBaps, He3aBu-
cuMbI? Ho Beib TO/IBKO B 3TOM C/Ty4ae BEpOATHOCTHU
IIepeMHOXKAIOTCS ¥ IIOTYYAI0TCA BRIPKEHUA TUIIA
(1-q)A100. Janpiie 1 TOBOPUTD HE O YEM.

JIEOHW.1 NAHKPATOB,

JIOKTOP ®@U3UKO-MATEMATUYECKMX HAVK,

BEZVILIUM HAYYHBIA COTPYHUK JIABOPATOPUU

10U A0 AUHAMUKY U CEACMOAKYCTURW MDTH,

ASSOCIATED RESEARCHER OF THE UNIVERSITY

OF PAU (FRANCE:

— C Moel TOYKM 3peHM, IOTIBITKA CO3/JaHNA
MaTeMaTU4YeCKIX MOJiesieil B MICTOPYU U COLIO-
JIOTMY HY>KHO IIPUBETCTBOBATDb M BMECTE C TeEM
HOfIBEPIaTh XKEeCTKOM KpuTnke. IlomHOIEHHBIE
TEOpUM He CO3[AI0TCA B OFVMH MOMEHT, 9TO
TOJITUIL ¥ KpOIIOT/IMBBIN Ipolecc. Kak nucan
Brnapuvup Vinbud Jlennn: «IIponecc nosnanuA
UfIeT OT He3HaHMs K 3HAHUIO, OT 3HAHM HEloJ-
HOTO, HETOYHOTO K 3HaHMIO 60J1ee IIOJTHOMY, 60-
Jtee TOUHOMY». [T0oaTOMY aHHYIO pabOTy MOXKHO
CUNTATh NIaTOM Ha ITyTH K IIOTHOLIEHHOJ MaTe-
MaTU4ecKoii uctopun. BosMoxxHo, B Oypyiiem
MBI CMOXKeM C(hOPMY/IVPOBATh JIAA COLMATbHBIX
OVCUUITIVH aHA/IOT 32aKOHA COXPAHEHMsI S3HEPIUIL.

OpHako ecy TOBOPUTD IO CYIIECTBY, TO
MaTeMaTu4decKas MOJIeNlb, IOCTPOEHHAs B 3TOM
CTaTbe, IPOCTEHbKAs U MIMeeT KpajiHe OTrpaHu-
4eHHYI0 00/1acTb IpUMeHeHus. PaciipocTpanenne
uHpOpMaLy B 001IeCTBEe 3aBUCUT OT OTPOMHOTO
Ko/IM4ecTBa napametpos. IIpencTaBbTe cebe, 4TO
BbI 3[jaeTe KHUTY O TOM, 4YTO aMEepPMKAHIIbI He
obu Ha JIyHe. Y Bac eCTb TOYHBIE UCTOYHVKY MH-
¢dopmauym n3 HACA, KOMMEHTapum y4eHbIX, HO...
KHJTA BbIIIIA TUPaXXOM 500 9K3eMIIAPOB. Y3HaeT
IV O Helt XOTb KTO-HK1Oynb? Bpsy .
YuuTbIBaeT 11 TaKyue HIOAHCHI aBTOp cTarbu? Her.

Omn cBoguT Bech mpouecc K pacnpepnenennto Iyac-
coHa. ITouemy nmeHHO K HeMy? OTKy/a Mbl 3Ha€eM,
YTO pacIpOCTpaHeHNe Mfell MIPOVCXOAUT TaKUM
obpasom? Ho pabory nucan ¢pusmk, oH He IPUBBIK
(hopMaIbHO ONMCHIBATH IIOCTPOEHHBIE MOJEIIL.
B pesynbTare momy4aeTcs WIMIOCTPALA TEOPEMbL
Xaycmop®a 13 MaTeMaTI4eCKO JIOTMKIL: U3 JIO>KHOI
HOCBUIKM MO>KHO HOJTy4YUTbD JIF000i1, B TOM YNCTIe

U BEPHBIIA, pe3y/nbTaT.

69



A ___ e

JAHAYKY =2 PASBOPNOSETOB

[10TOM Yo
410()

“TI0BE/IA HAZL PAKOM
]

B xuno

Yot YUHCTOH YIUICOH, a UMEHHO TaK 3BajIn
HAIIIETO TepPOsi, IO TOTO KaK €ro Hale/vIn
CYIIepCIIOCOOHOCTSIMM, BeJl HUYEM He IpuMe-
YaTeIbHYIO, XOTA M BeCbMa Jja/IeKylo OT IIpK-
HATBIX 00IIIeCTBOM YCTOEB, KU3Hb. Pabora,
mobuMas JeByIIKa, IVIaHbI Ha Oyxyiiee. Bee
MEeHAeTCs, KOIfja Y MICTepa YIICOHA IMarHo-
CTUPYIOT paK B ITOC/IeiHel cTaguu. B aTot
MOMEHT B UTPY BCTYIIAIOT IIpefiCTaBUTENN He-
Koero [lemapramenTa X, Japymolye HaleXXgy
Ha UCLIeTIeH e,

B wcusnu

K coxaneHnio, CoOBpeMeHHOIT HayKe Bpsifi 1
YIACTCS COXPAHUTD XKXVM3HDb TAKOMY IIAIIMEHTY.
Ha cerogHANIHNIL IeHb B M€ U3BECTHO
nopsifika 100 BUmoB paka, u Bce OHM 061aza-

/2 Esrenva 3aiiuesa

YTO HE TAK C Z3ZNYJIOM C HAYYHOM TOYKM 3PEHUA?

CbIBOPOTHA, MYTALIMM, MbITKK

B xuno

Yuensle [lenapramMenTa X BBOJAT [IsAIyny CHIBOPOTKY,
KOTOpas MOf, BO3ZEICTBMEM CTpecca BbI3bIBAeT MyTal[ UM,
CIIOCOOCTBYIOIIME OSABIEHNIO CYTIePCIOCOOHOCTel. A 4TOOBI
CIIPOBOLMPOBATb CTPECC, Fepos MIOfIBEPraloT IIBITKAM.

-
B »cu3snu

I0T CBOeil crienn¢uKoit 1edeHns. Yersepras
(mocmegHsAA) CTafVs paKa XapaKTepusyeTcs
IPOLIeCCOM MeTacTasupoBaHmsa (0bpasoBa-
HJfeM BTOPUYHBIX 3/I0Ka9eCTBEHHBIX OIYXO-
neit). PaspacTasich, OIIyXOJIb 3aTparnBaeT Bce
6orblire u 60sbllIe TKaHeN 1 OpraHos. ViTor
BCer/ja OfMH — JIeTa/IbHBII UCXO.

~ KCTATH -

CoBceM HepaBHo uccnegoBateny M3 OHKonormye-
cKoro LeHTpa uM. M. [1. AHpepcoHa B Texace (CLLA)
MpeanoXunmM MoaMd1LMpoBaTb PoAOHaYaNbHUKOB
MeTacTas. 3Tu KneTku 0651aaaloT cnocobHOCTLI0 BO3-
BpaLLaThCA B NEPBMYHYI0 ONyXonb. Ecnm 3acTaButh
UX CUHTe3UpOBaTk U BbAeNATh Hapyxy TNF-a —
CUrHanbHbIY 6eN10K (paKTop HEKpo3a onyxonew anb-
$a), MOKHO 3aMeANINTb POCT UMEHLLIMXCA OMyXonek
1 NpenATCTBOBaTb Pa3BUTMIO HOBbIX (BTOPUYHBIX).

/0

AEE— i

Ha cerogHsiuHmit leHb M3BECTHO, YTO CTPECC, 0COOEHHO B 60/Tb-
HIVX KOJIMYECTBaX, BbI3bIBAET B OpraHM3Me HeHallpaBIeHHbII
MyTareHe3 (IIposiB/IeHUe MYTalMil, KOTOpOe He/lb3sl KOHTPOINPO-
BaTb). OKOJIO YeThIpeX JIeT Ha3aJl yYeHBIM YAaI0Ch II0Ka3aTh, KakK,
ucnonbsysa cucremy CRISPR/Cas9, nunn «Kpucnep», MO>XHO Ipo-
BOJIUTD peaKTHPOBaHe FeHOMa YelloBeKa. B keTky opranmnsma
BBOJIATCA fIBe ITa3MuAbl (KonblLeBbix Monekyn JHK mpokapnorn-
YeCKVX OPTaHM3MOB, CIOCOOHBIX K aBTOHOMHOMY Pa3MHOXEHUIO).
I[TepBas BkIo4aeT B cebs aBa rena: guideRNA u Cas9. Bropas
COJIEP>KUT «TeH-3aIIATKy» (I'€H, KOTOPbII MBI XOTYM BCTaBUTh

B I'€HOM IIOfOIBITHOrO). [Ipeo6pa3oBaBIINCh B OpraHu3Me B COOT-
BercTByIomyto rui-PHK n 6enmok Cas9, cucrema mpucTymaer K pa-
6ote. Iupn-PHK ykasbiBaer pepmenTy Cas9, B KaKOM MecTe Clie-
myet pe3atb JJHK opranmusma. ITocre 3Toro BKaro4aeTcs npouecc
penapauuu [THK (cnenyanbHble pepMeHTHI «0OHAPYKMBAIOT»
paspsiB B nemt JJHK n «3amronsiBaoT» ero). B ponmn «3ammaTkm»
BBICTYIIAeT I'eH, IOMEIeHHbIII HAMU BO BTOPYIO IUVIa3MULY.




O0HUM U3 21A8HBIX KUHOCOOBIMUTLL 31020 2004
ycnen cmamo [[o0nyn — aKpaHusayus ouepeoHozo
MapBenosCKoz0 KOMUKCA ¢ MAKCUMAIbHO NPUOTIU-
IEHHBIM K PeanbHOCMU 2epoem, NpespamusuiuUmcs
8 c8s13u ¢ amum 6 anmuceeposi. OH HeypasHoBeuleH,
CKTIOHEH K azpeccuu u 8000uje 8ederm Henpasusi-
Holil 00pa3 wusnu. Kax nakasanue — cmepmerns-
Hast 6one3Hv. C Komopoti — 671a20 4mo 8 cka3-

Ke — Oepymcst cNpasumvCsi CheyuanvHvle OpeaHbi.
Manexu nu demoHcmpupyemvie wydeca om UCMUHbI?

IIpobyem pasobpamucs.

PASBUTBIE MU3UYECKUE
BO3MOXHOCTH

B xuno

Cyneprepoit OT IpUPOJbI WA TIOT,
BO3JI€/ICTBIEM BHELIHNUX CIUJI BCETTA
CTaHOBUTCA 06MasjaTeieM YHUKAIb-
HBIX QU3MYECKNX BO3MOXXHOCTEIL.
JaAIIyn He MCK/TIOYEHNE.

B »cu3nu

3a Bce Hamy CrI0OCOOHOCTH, OYAb
TO OBICTPBIN Oer 1N cuia yaapa,
OTBEYaIOT TeHbl. 3Had, KaKle
VIMEHHO, UCIIO/Ib3Ys COBPEMEHHBIE
METO/[bI, MbI MOYKEM aKTUBUPOBATH
ux. OMHNM 13 BOKHENIINX ITapa-
MeTPOB SBJISIeTCA YCUIIeHMe a9po0-
HOTr0 MeTabo0/1M3Ma B MBIIIIAX, 32
KOTOPO€ OTBEYAEeT r'eH IPUTPOIIO-
tiHa EPO. OH perynupyer pasBu-
TV€ 9PUTPOLUTOB, KIIETOK KPOBU:
yeM ux 6osblie, TeM O0blie
KIC/IOPO/a MTOTY4aI0T TKaH!U U TeM

AKTUBHEEC B OpFaHI/I3Me BbIIC/IA-
eTcst 9Heprus. Eie ofnH croco6

Kampbl u3 ¢punsma [apnyn
(20th Century Fox, Marvel Entertainment,
pex. Tum Munnep, 2016 r.)

PETEHEPALIUA OPTAHOB

B kuno

Ioxxanyii, ofHOI U3 ITTABHBIX
COCTaB/IAIOINX ycrexa [Jaamya

B JII000IT CXBaTKe SIB/ISIETCS €T0
(eHOMeHa/IbHAsA CHOCOOHOCTB K pe-
reHepanyy. HaBepHska BceM 3a11oM-
HWWICS CI0KeT (U/IbMa, KOTTIa Halll
repoit beccTpalHo oTpesan cebe
KucTb pyku. Kasamocs 651, mocie
TakKoro [Isaryn y>x TOYHO JO/KeH
OBbIT OCTAaTbCS] MHBAIUIIOM, HO HET,
pyKa CHOBa OTpOC/Ia, IpuieM 6e3 Ka-
Koit-160 notepu pyHkumm. VnTe-
peceH caM Ipo1iecC BOCCTAHOB/IEHVIST
yacTy KoHeyHOCTH. CHavYaIa oTpac-
TaeT 3a4aTOK, KOTOPBII BIIOC/IEN -
CTBIY YBeIMYMBACTCS B pasMepax

¥ HAKOHell, IprobpeTaeT MPNUBbIY-
Hble 4epThl. [IpoeMOHCTpUpOBaH-
HBIII IPOLIeCC HAIOMIHAET TAKOBOI
y BCeM M3BECTHOIT ca/laMaH/pBl.

—

B smcu3nu

KomaHpia yueHbIx 13 YHUBeEp-
CUTETCKOro Koyremka JIoH-
noHa (UCL) packpbura TaitHy
YCIEIHOTO BOCCTaHOB/IEHVIS
cajlaMaH/IpaMI YacTel Teja.
[ noppepykaHNs KJIeTKaMu
CIIOCOOHOCTM K pereHepanmm
HEOOXOIVMa IIOCTOSIHHASA
aKTMBHOCTb MOJIEKY/IIPHOTO
nytn ERK (extracellular signal-
regulated kinase). Buernnee
BO3[IelICTBIE Ha KJIETOYHBIN
peLienTop aKTUBUPYeT I10-
CIIeOBATENIbHOCTD MOTIEKY/T
(ERK-11yTb), 10 KOTOPBIM
CUTHAJI TTepeaeTcs K ARpPY
KJIETKY, COflep>KallieMy reHeTH-
JecKyro nHpopmaryo. Bripo-
YyeM, ITepeBeCT ITO 3HAHNE

B IIPaKTUYECKYIO IVIOCKOCTb
I0Ka He YAA/IOCh HUKOMY.

YBEININTD COflep>KaHme KUCIIO-
poja B MBIIII[aX— YCUIUTD POCT
COCY/IOB, 32 KOTOPBI OTBEYaeT TeH
VEGF — ¢akrop pocra sHROTEN NS
cocyzioB. [Ipyroit HeOTbEMIEMO
COCTaBJIAIONIEN yCIIeXa ABJIAETCS
yBe/IN4YeHye MbIIIEYHO MaCChI,
B 9TOM HaM nomoxket red IGF-1
(vHCYNMMHOMOMOOHBINT haKTOP
pocTa nepsoro tuna). CupaBuThcs
e ¢ 60/IeBBIMY OLIYIEHUAMNU
MO>KHO IIpY IIOMOIY MaHUITY/Is-
LIUII C TeHaMU TOPMOHOB 9HKeda-
JIMHA U SHAO0pdUHA.

OpHako 0NTOBpeMeHHbIe
3¢ deKThI reHHOIT Tepanuy Ha
TAHHBII MOMEHT HEeU3BeCTHBI
U MOTYT OKa3aTbCsl BECbMa HEOXM-
manHbIMU. K IpuMepy, ycTaHOB-
JIEHO, YTO TUIIePIKCIIPeCcCchs reHa
EPO MmoxkeT ABUTbCA NPUYMNHOI
HapylLIeHNs CIlepMaToreHesa I,
KaK CJIe[ICTBYE, PENPOJYKTUBHOM
¢yukuym. bynem HageATbCA, 4TO
[aHHBIX IPO06JIeM HallleMy Tepolo
BCe TaKM yfjacTcsA n3bexxarnb. M
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(o] EBrenui MNenesuH,
Hukonan Marepa

< YyacmHuku 3umHeli
o/1uMnuadHol wronel — 2016

O [Tod2omosKa K 20C3K3aMeHy
no gu3sure. KoHcynemayus

< Paboyuli suzum
denezayuu u3
UccnedosamenscKo2o
yeHmpa 2opoda
HOnux (Forschungsz-

& MexcdyHapodHbil
XxaxkamoH Deep-
Hack.Q&A

entrum Jiilich,

lepmarus) 8o enase O «/lenb “Murpora”»
¢ npedcedamenem (Bedywjezo
cosema dupeKkmopos npou3sgodumens
yeHmpa npogeccopom Poccuu
Bonegzaneom 8 N0/1ynpoBoo-
Marsapdom (Prof. Dr. HUK0B0U ompacnu)
Wolfgang Marquardt) Ha Qusmexe

O Pexmop MOTU Huronali Kyopasues u nOMOWHUK
[pe3uderma Bnaducnas CypKos 3anoxcunu
NuCLMO 8 Kancysy 0CHoBaHusA bydyuje2o yyebHo-
n1abopamaopHo20 Kopnyca yugposelx mexHono2ul
Qusmexa

& Bu3sum pyrosodumens MHcmumyma
cnoxcrbix cucme (Institute of Complex
Systems (ICS-8) & Peter Griinberg Institut
(PGI-8) AHdpeaca Oggerxolizepa

& BMOTU npownu
OmKpoimele
COPEeBHOBAHUA
no pobomomexHuke

O

MexcdyHapodras
KOH(epeHyuA
Hay4yHO-
MmexHUYecKux
pabom «Cmapm
8 HayKy»







NENCTBYE [IAXE
CAMOr0 KPOXOTHOr0
CYILECTBA NNPUBOANT

K U3MEHEHMAM BO BCEN
BCEJIEHHOM.
HAKONA TECTIA




