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B 'eopruesckom 3asne BornbLuoro KpemneBckoro
ABopua cocTosnock BpyYeHne [ocynapCcTBeHHbIX
npemuvi Poccurickori @epepavmm 3a 2009 r.
locynapctBeHHas npemusi PO criyxut

BbICLLMM MPU3HAHNEM 3acyr BesiTenevi Haykm

W KyJIbTypbl repes 06LeCTBOM U rocyapcTsoM,
M MpUCyXX[aeTcs 3a BbigaroLymecs paborTsl,
OTKPbITUSI U JOCTVXKEHUS, PE3YTIbTaThbl KOTOPbIX
CYLLECTBEHHO 060raTuiv OTE4YECTBEHHYO

M MUPOBYIO HAyKy M OKasasin 3Ha4nTesibHoe
BJIMSIHWNE Ha Pa3BUTHE HAY4HO-TEXHUHECKOIO
nporpecca. Npemusi HoCUT repcoHasbHbIV
XapakTtep v MpuUCYX[aeTcs, Kak rnpasuiio,
OOHOMY COMNCKATEITO OAHOKPATHO.

B atom rogy nipucyxgenve ocynapcTBeHHbIX
rnpemuvi B 0671aCTV HayKu U TEXHOSI0MUI
BbI/TNIIOCH B HACTOSILMY TPUYMGD CUOUPCKOU
HayKu: iBe U3 Tpex rpemusi rnosyYnim
HOBOCMOUPLbI, COTPYAHUKN CUOUPCKOro
otaenenHns PAH.

BeicLueri rocynapctBeHHoOV Harpagovi 6b1im
oTMeYeHbl 4.¢.-M.H. H. A. BuHokypoB (VIHcTutyT
saaepHoui puaukm CO PAH) — 3a goctvkeHus

B 0651acTV pa3paboTKu 1 co3aaHus 1a3epoB

Ha cBOOOAHbIX S/IEKTPOHAX, N aKageMunK

B.H. NapmoH (MIHcTuTyT Katanmsa

CO PAH) — 3a KpyrnHbiIvi BKnag B pasButme
TEOpUKN M MPaKTUKN KaTalMTUHECKNX METOLO0B
r11y60KOVi NepepaboTku YriieBogopoOaHOrO Chlpbsi
M MCIOJIb30BaHUs1 BO30OOHOBIISIEMbIX PECYPCOB.
CerogHsi Ha cTpaHuvLax HaLlero XxypHana

MbI MPeocTaBisieM C/I0BO

camum naypearam

H.A. BUHOKYPOB

. Ha BbieTpbix

IAEKTPOHAX

Jlasepbi Ha cBOBOLAHbIX S/1IEKTPOHAX — MOLLHbIE
UCTOYHUKU KOIEPEHTHOIrO U3J1yHEHUS, BOSHUKAIOLLEro
1Py ABYXKEHUM 3aPsXKEHHbIX YacTul B epuogn4eckom
MarHUTHOM rosie 1 6JIM3KOro K CUHXPOTPOHHOMY
nanyydenuio. [naBHasi 061acTb MPUMEHEHNs

Takux yCcTaHOBOK — UCCIIE[0BaHns B cghepe
marepmanoBeneHs, XuMum, Kpuctasiorpaguu,
OU3NKU TBEpLOro Tesia, MOJIeKYISIPHON 6UOI0rmn

CTPOMCTBA JIJIst TPe0OPA30BAHNST SHEPTUH JJIEK-

TPOHOB, JABVWXYIIUXCS MOUTU CO CKOPOCTHIO

CBETa, B 9HEPTUIO 2JIEKTPOMATHUTHOTO U3JIyye-

HUS MOJYYNJIN Ha3BAHWE A3ePO8 HA CB0O0OHDIX
anexkmponax (JICI).

OGIenpu3HaHHBIM JJOCTOMHCTBOM 9TOTO YCTPOICTBA,
BBIJIEJITIONIETO €T0 CPel APYTUX JTa3€POB, SBJISIETCS BO3-
MOKHOCTD MTOJTYYeHUST MOHOXPOMATUYECKOTO U3JTYIeHUS
Ha J11000i1 AJIMHe BOJHBL B GECIPELEAEHTHO IUPOKOM
nuamnazone ot 0,1 am 10 1 MmMm. [Ipu 5TOM BO3MOKHA OTHO-
CUTEJIbHO ObICTpast TepecTpoiiKa Jlasepa ¢ OAHON JJIMHBI
BOJIHBI Ha JIPYTYIO B UHTEPBAJIE JIO IECSITKOB MIPOIECHTOB.

Krro4eBble crioBa: na3epbl Ha CBOOOHbIX 3MEKTPOHAX,
YCKOPUTENU 3apsXKeHHbIX HYaCTUL, CUHXPOTPOHHOE U3NyYeHne
Key words: free electron lasers, charged particle accelerators,
synchrotron radiation
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BNHOKYPOB Hukonart AnekcaHgpoBuy — JOKTOP
PU3MKO-MaTeEMaTUHECKNX HayK, MPodeccop, 3aBeayoLLnii
naboparopven VIHCTUTyTa SaepHON hr3nkn

um. .. Bygkepa CO PAH (HoBocnbupck).

Cneupanuct B 0651acTy (hM3NKN U TEXHWKM NIa3epoB

Ha cBO6OAHbIX anekTpoHax (JIC3). MNog ero pykoBoACTBOM
co3paHbl He Tonbko Bce JICO B HoBOCUBUPCKOM Hay4HOM
LieHTpe, HO 1 camblvi ManorabapuTHbi B Mupe JICO ana
MHcTuTyTa atomHon aHeprum B Kopee.

Bonee pecatn net npepcraenser Poccuio B oprkommTeTe
MeXAyHapoaHbIX KoHepeHuuin no JIC3.

JNaypeaT MexgyHapoaHown npemun rno nasepam Ha CBO6OAHbIX
anekTpoHax (1991), Mpemun nm. KomntoHa (1995)

n FocypapcTeeHHon npemumn P® (2010).

HarpaxpeH opaeHom Opyx6bl (2007).

ABTOp 1 coaBTop 0KOso 200 Hay4HbIX My6nMKaumi,

B TOM yncne 150 — B MexayHapoaHbIX N3gaHuax
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[Tportecc nzydenus aJIeKTPUUECKUM 3aPSIZIOM 3JIEKTPO-
MATHUTHOI BOJHBI MOXKHO MPE/ICTABUTH KAK OTPHIB YaCTH
€ro JIEKTPUYECKOTO TI0JI. JTO O3HAYAET, YTO B IIyCTOM
MTPOCTPAHCTBE U3JIYYAIOT JIUIIIb 3aPSIIbL, IBHKYIIINECS C yC-
KOPEHHEM, B TO BPeMsI KaK 3JIEKTPOH JIBIKETCST MO MPSIMOI
JIMHUU C IOCTOSIHHOU CKOPOCTbI0. YTOOBI OH HAYaJ U3JIY-
JaTh, HAJIO 3CTABUTH €TO IBUTATHCST BOJTHOOOpasHo. Obec-
MEYUTHh TAKOe JIBUJKEHIE MOYKHO, HAIIPUMED, € TIOMOIIHIO
CTATUYECKOT0 AJIEKTPUYECKOTO UM MArHUTHOTO TIOJIEN.

Eue B 1947 1. coBerckuii pusuk B.JI. [unsbypr npeio-
JKIJT UCTTOJIB30BATD TEPUOIUYECKOE TIOJIE [IJIsT YCUIJIEeHUST H-
TEHCUBHOCTU U3JIy4eHUst ObICTPOIi 3apPSIKEHHO YaCTULLbI
U PACCUUTAI TTAPAMETPBI TAKOTO M3TydeHs. [1o3ke OBIT0
CO37IaHO YCTPOIMCTBO 10/l HA3BAHUEM OHOYLAMOP, CO3/AI0-
1ee Mepruoiieckoe MarHuTHOE TI0JI€ JIJIsi OPraHu3aIi
0CO00TO IBUKEHNST JIEKTPOHOB IO BOTHUCTON TPAEKTOPHH
BJI0JIb [TPOJIOJILHOI ocu iprbopa. BosHuKarotee mpu aTom
yCHUJIEHUE DJIEKTPOMATHUTHOTO U3JIy4YeHUs COCTABJISIET
cyTh paboTs JICI, a caM yCHIUTETD JIEKTPOMATHUTHOTO
M3JTyUYeHVist COOCTBEHHO 1 SIBJISIETCST Ta3ePOM Ha CBOOOTHBIX
AJIEKTPOHAX.

Takoe HazBaHME MOKHO OOBSICHUTD TEM, UTO B Jla3epax
JAPYTUX TUIIOB UCHOJIB3YETCs] U3JTydeHUe dJIEKTPOHOB,
CBSI3aHHBIX CO CBOMM aTOMOM, WJIX B TIOJIYTIPOBOJTHUKOBBIX
Jgazepax — ¢ kpucrtamiom. Oanako u B JIC a1eKTPOHBI
He COBCEM CBOOO/IHBI, TaK KaK OHU COBEPIIAIOT BHIHYK/ICH-

MepBas o4epefpb yctaHoBkM ¢ JICO,
3anyLleHHasda B anpene 2003 r.,

B OT/INYME OT NOSIHOMAacCLUTabHOro
BapuaHTa UMeeT e4UHCTBEHHbIN
KaHan TPaHCNopTMPOBKU
3N1EKTPOHOB

Hble KostebaHust B oy isiTope. Pabota ito6oro sasepa oc-
HOBaHa Ha SABJIEHUH BBIHYKIEHHOTO U3 TydeHus1, 00y CII0B-
JIEHHOTO COOTBETCTBYIOIIEH CHHXPOHU3AINEN OT/IeTbHBIX
n3iydareseii (3JeKTPOHOB, aTOMOB, MOJIEKYJT) BHEIITHEH
ycunauBaeMoit BosiHoit. B JICO cunxpoHusaims mpomucxo-
JIUT 32 CYET MPOJIOJIBHON TPYIITUPOBKH 3JIEKTPOHOB.

K cosxanenuio, aJIeKTpOHHBIN K02 DUIIEHT M0JIE3HOTO
neiicteust JICO (110151 aHEPTUE HJIEKTPOHOB, MTpeobpasye-
Mas B 9HEPTHUIO 9JTeKTPOMAarHUTHOTO U3Jy4eHNs ) BEChMa
HEBBICOK — He GoJree 1 %. ITO CBA3aHO KaK pa3 ¢ HapyIIeHN-
€M YCJIOBUS CUHXPOHU3Ma JIs1 3aME/IJICHHBIX 9JIEKTPOHOB
TyJKa.

[Tukmmyeckas mojavya U3IyYeHUs C BBIXO/A YCUIIUTE-
JIS HA €T0 BXOJ MOJKET MPUBOANUTH K CAMOBO30YKAEHUIO
YCUJIUTEJS, TIpeBpalas ero B remepatop. B caydae JICO
YCUITATEITh IPE0OPa3yeTCs B FEHEPATOP € TIOMOIIIBIO 0nmu-
4ecK020 pe3oHamopa — AByX 3ePKaJl, PACIIOIOKEHHBIX CIeBa
7 CIIpaBa OT OHAYJSATOpA Ha ero MPOAOTIBHOMN OCH. JJeK-
TPOMAarHWTHAS BOJIHA IUPKYJIUPYET MEXKIY 3€pKajaMu,
YCUJIUBASICH ITPU KAXKIOM ITPOXO/Ie Yepes OHYIITOp (M1J1sT
KOMTIeHCAIINH TU(DPAKITHOHHON PACXOANMOCTH N3TyUCHUS
3epKaJia yacTo JIeJIAI0T BOTHYTBIMU ).

Poct nHTEHCMBHOCTU U3JIyUYEHUST TAKOTO T€HEPATOPA,
BIIPOYEM, UMEET CBOU IPe/iesibl, 00y CIOBIECHHbIE, HAIPU-
Mep, TPAKTUYECKU MTOJTHON TPYHITUPOBKON 3J€KTPOHOB
BO BTOPOII MTOJIOBUHE OH/LYJISTOPA.

I )

OHpynaTop 3acTaBnsieT
3NEKTPOHbI ABUraThCA
no BONMHO06pa3Hoid
TpaekTopumn

BxopsLyas
3/1eKTPOMarH1THas BofHa

Bxoasaiwmit
3/IEKTPOHHbINA My4O0K

KAK JIC3 YCUJIUBAET CBET

MpeactaBum, 4T0 B OHAYNATOP BXOAAT MOHOXPOMATHYECKAS
3NeKTPOMarHUTHaA BOJIHA ASIMHOMA A M NYYOK GbICTPLIX INeEK-
TPOHOB, PAaBHOMEPHO pacnpeAeseHHbIX BAOJb NPOAONbHON
ocu npubopa n ABMKYLUMXCSH CO CKOPOCTbIO VV, NOYTH PAaBHOM
CKOpoCTH CBETa.

Kaxxpablii 3neKTpoH ABUXXETCA B OHAYNATOpE BAOJNb Cha-
60BONIHUCTOI TpaexTOpun. [Ins cunbHOro (Pe30HaHCHOro)
B3aMMOMEiiCTBUA 3NEKTPOHA W 3NEKTPOMarHUTHOM BOJIHbI
Heo6xoauMMo o6ecneyuTb BbINOJIHEHUE YCJIOBUA CUHXPO-
HU3Ma: Npu NPOXOXAEHUM OAHOr0 Mepuoaa TPaeKTopuM
3NIeKTPOH A0JKEH 0TCTAaBaTh OT BOJIHbI POBHO HA €€ JJINHY
A (B cuny orpomHbIX CKOpOCTEii BEIMMMHA A 04EHb Mana).
Ecnu 3Heprua 3NeKTPOHOB W [NINHA BOJIHbI TaKOBbl, YTO
YAOBNETBOPAETCA YC/IOBUE CMHXPOHWU3MA, TO NMPOUCXOAMUT
nepepacnpeaeneHne 3HepPrun 4acTuu.

CHayana cpefHsAs 3Heprusi 3NeKTPOHOB He MEHsAeTcs,
HO MPOUCXOAUT €e MoAaynAuMa, N Ny4oK pasbusaercs

-12 0 -12 0

Ha Bxoze B oHAynsaTop
BCE YaCTULbl UMEOT
O/IMHAKOBYO CKOPOCTb W
paBHOMEPHOE NPOA0SIbHOE
pacnpefeneHue

B cpenHeit 4actu
OHLYNATOPA 0AHM OH
YacTULbl TEPSIKOT 3HEPTUIO,
Jpyrue — npruobpeTarT;
X NPOJ0NbHOE
pacnpefeneHune HaynHaet
MeHATbCA N3-3a pa3nn4insa
B CKOPOCTAX

TENIbHOr0 CABUra YyacTu,
o6pasytotcs 06nacTu ux
YNNOTHEHNS 11 Pa3pexeHns
(86131 —1/4 n +1/4 cooT-

Yeunennas
3M1eKTPOMArHNTHas BOSHA
ccccscnse .)
MpuHUMNuansbHas cxema
yCTponcTBa nasepa
OtpaGoTanHbie Ha CBOBOMHbIX 3NIEKTPOHAX
ANEKTPOHbI (nce)

Ha CNOM TONLMHOI A/2 ¢ YepeayOWMMCA 3HAKOM OTKNO-
HEHNA 3HepruM oT Ha4anbHON BENMYNHDI.

OAHaKO YacTuLbl C MEeHblueli JHepruei NeTAT MeAneHHee,
a ¢ bonbweii — 6bicTpee. B pesynbrate «6biCTpbie» CHOMN
AOrOHAOT «MeAJIeHHble», YTO0 NPUBOAUT K MOAYNALUM
NAOTHOCTN 3NIEKTPOHOB NPUMEPHO C NEPUOAOM A.

Bo BTOpOIi NONOBUHE OHAYNATOPA NOBTOPSIETCSA TO XKE camoe:
3aMeqisieHne 1 YCKopeHue Yepeayowwuxcs crnoes, Ho ToJb-
KO Tenepb 3HEprui0 TepAaroT CAOM ¢ 60NbLIE NIOTHOCTLIO
yacTuly, a npuobpetaloT cnoum — ¢ mMeHbwei. Mpn atom
CpeaHsAs 3Heprusi 3NeKTPOHOB NafaeT U B COOTBETCTBUM
C 3aKOHOM COXPaHeHMs 3Hepruy MOLYHOCTb 3JEeKTpoMar-
HUTHOW BONHbBI pacTteT. Bot Takum o6pasom JICI yeunusaer
3NeKTPOMarHuTHOe W3sy4eHue, UCNonb3ya 3Hepruro Obi-
CTPbIX 3/1IeKTPOHOB

-12 0

Bo BTOpOI1 NONTOBMHE
[ynaTopa 13-3a 0THOCK-

B oHaynaTope nof AeNCTBMEM
MOMyTHOWN 3N1EeKTPOMarHUTHOM BOJIHbI
MEHSIETCS CKOPOCTb 3/1EKTPOHOB,
YTO OTPaXaeTcs Ha UX NPOOOJSIbHOM
pacnpegeneHum

A — AnvHa BOSHBI;

Z — npoJoJibHasi KoopauHara
3NEKTPOHA;

V — CKOPOCTb 3/1eKTPOHa

BETCTBEHHO)
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2 < OHpynsTop > 2

2 ( Onpynsrop ) 2

CraHpapTHble cxeMbl ycTaHoBKM ¢ JICO Ha 6a3e
3MIEKTPOHHOIO HaKONUTENS (BBEPXY) U YCKOpUTENS-
pekynepartopa. CTpenkamu nokasaHa TpaekTopusi
OBVXEHWUS 9NTEKTPOHOB. 1 — BbICOKOYaCTOTHbLIN
pes3oHaTop, 2 — 3epkana oOnTUY4eCKOoro pe3oHaropa,
3 — UCTOYHUK 3MEKTPOHOB HU3KOW 3HEPruW,

4 — nornoTuTesNlb 3amMeAsIeHHbIX SNEKTPOHOB

MOrOHLLUKYW INEKTPOHOB

Ans xopoweii pa6orbl JICA Tpebyercs BbICOKOIHEPreTH-
YeCKMii INEKTPOHHBIA NY40K C ManbiMU NonepeyYHbIMM
pasmepamMu U Heb6onbwuUM pa36pocom N0 CKOPOCTAM.
Takue Ny4KM MOXXHO MONYYUTb TOJNIbKO HA 3NEKTPOHHbIX
yCKOpUTensax, ABNAKWUXCA CaMOil CNOXHOI, rabaputHoii
1 poporocrosueil 4acTbio yeTraHoBoK ¢ JIG3. Pasmepbl
COBPEMEHHOr0 3IEKTPOHHOr0 YCKOPUTENs MOryT COCTaBNATL
COTHU METPOB, a ero 3HepronoTpedbnenne — AECATKM Mera-
BatT. M3-3a Huskoro anekrponnoro K JICI xenarenbHo
BO3BpallaTh IHEPru0 0TPa6OTAHHbIX 3/IEKTPOHOB B YCKO-
patowyto cuctemy. B ycranoskax ¢ JIC3 ucnonb3yrotca Asa
TMNA ycKopuTenei.

K ogHOMY M3 HUX OTHOCATCS LUMPOKO MCNONb3yeMble B (hyH-
AaMEeHTaNbHbIX Hay4HbIX UCCNEA0BAHNAX I/IEKTPOHHbIE
HaKonuTenH, B KOTOPbIX 3NIEKTPOHbI AABUXXYTCA BAONb 3aM-
KHYTOl TpaekTopuu (op6utbi). Mpu 3TOM 3NEKTPOH MOXKET
0CTaBaTbCA B HAKONMUTESNE HECKOJIbKO YacoB (BPeMS XXU3HK
OrpaHM4eHo paccesHueM Ha MONeKynax 0CTaToO4Horo rasa,
KOTOpbIA Bcerfga ecTb B BAKYYMHOI Kamepe HaKonutens).
Takue yckoputenu NnpuMeHSI0TCA B IKCnepuMeHTax no tu-
3MKe 3/1IeMEeHTapHbIX YacTuL U QNS reHepayuy peHTreHoB-
CKOro U3ny4eHus.

Mpu ncnonb30BaHUM HAKONUTENS NY4OK INEKTPOHOB, OTAAB-
WK YacTb 3Heprum B onaynartope JICI, npoxoaut yepes
NOBOPOTHbIE MarHNTbl YCKOPUTENS U CHOBA BO3BpaLlaeTcs
B JIC3 ans noBTOpHOro ucnonb3oBaHus. MocKonbKY npu

Onpynstop JIC3 3-1 o4epean

Onaynsatop J1IC3 2-i ovepean

Ongynstop JIC3 1-1 o4epean ) 2

Cxema (BBepXy) 1 06LUmMIA BMA (CnpaBa BBEPXY) p

nonHomMacLuTabHoun yctaHoBkn C1MOMPCKOro LieHTpa
POTOXMMUYECKNX UCCNELOBAHNA. 3aMKHYTbIMU JIMHUAMMU
Ha CXeMe NnokasaHbl 3/IEKTPOHHO-OMTUYECKME KaHasbl
TPaHCMOPTUPOBKM 3/1EKTPOHOB (CTPENKU yKasbiBatoT
HanpagsneHue)

B3aUMOAEHCTBUN C U3NY4EHNEeM B OHAYNATOpPE OAHU Ya-
CTULbI YCKOPAKOTCA, a Apyrue — 3aMefnaIoTca, Kaxnablii
npoxop 4epe3 JICI npuMBOAUT K HapacTaHMIO 3HepreTnye-
CKOro pasbpoca anekTpoOHHOro nyyka. Xota cpeaHss noreps
JHEeprum U3ny4arowWwmmm NeKTPOHaMN BOCNONHAETCA BbICO-
Ko4yacToTHbIM (BY) pe3oHaTtopom ¢ NpoAosibHbIM INEKTPU-
YeCKNUM NoJiem, pacTywuii IHepreTM4ecKuii pasopoc yactuy
OrpaHuyYMBaeT CPeAHIO MOLHOCTb n3ny4enus JICI Ha 6a3e
HaKONuTeNs HeCKONbKMMMN BaTTamu.

Inga nosbiwenus mowHocTH usnyyeunus JiG3 B 1978 r.
A.H. Ckpunckuii n H.A. BUHOKYpOB NpeanoXxunu npume-
HUTb TaK Ha3biBaemblii yckopurenb-pexyneparop (YP).
Mpn ucnonb30BaHNM TAKOr0 YCKOPUTENSA NY4OK NEKTPOHOB
YCKOPAETCA B HECKONbKMX cTOsIux Apyr 3a gpyrom BY-
pe3oHartopax, OTAAeT 4acTb CBOEI 3HEprun B OHAyNATOpE
JIG3, nocne 4yero 3amennsercs B Tex e BY-pe3onaropax,
BO3BpaLjas IHEPruio, 3aTpavyeHHyld Ha ero yCKOpeHue.
Mpumenenve YP nossonser nony4atb 6onblune cpepHue
TOKM 3NIEKTPOHOB 1 CYLLECTBEHHO CHU)KAET PaAuaLNOHHY 0
0NacHOCTb YCTAHOBKMU.

CoBpeMmeHHble N1a3epbl Ha CBO6OAHDIX 3NIEKTPOHAX, UCNOSb-
syowue YP, reHepupyoT u3nyyeHue co cpepHeil MoLHOC-
Tbto 6onee 10 kBT. TeopeTnyecky 060cHOBaHA BO3MOXHOCTD
NPUMEHEHUS TaKNX YCTAHOBOK AJIAl MONYUEHUS N3NYHEHus
€0 cpeaHei MowHocTbH0 Gonee 100 kBT

Onpynstop J1C3 2-i4 o4epesn Ouaynsatop J1C3 3-it o4epeam

Onaynsatop J1C3 1-it o4epean 1 — cuctema yckopstoLLmx
BY-pesoHartopos, 2 — 3epkano
ONMTUYECKOr0 PE30HATOPA,

3 — CTOYHWK 3N1EKTPOHOB HI3KOW JHEpriu,
4 — NOrnoTuTeNb 3aMeaneHHbIX

91EKTPOHOB, 5 — NOBOPOTHbIA MarHuT

CncTema yckopsroLLnx
BY-pesoHaropos

3epKano onTu4eckoro
pe3oHatopa
ang J1G3 2-i1 o4epean

OuaynsTop J1C3

Onaynsatop J1C3
2-ih 04epean

1-11 04epeamn

e i

Ha nonHomacLlutabHoM yCTaHOBKE, FEHEPUPYIOLLIEN U3NyYeEHNe

ana Cubmpckoro LeHTpa (hOTOXMMUYECKNX NCCNENOBaHUIA, MaHupyeTcs
umeTb Tpu JICI Ha 6a3e egnHOro yckoputensa-pekyneparopa. Pexxum paboTbl
YCTaHOBKM PErynmpyeTcs MPOCTbIM NEPEKTIOYEHMEM MOBOPOTHBIX MarHUTOB
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Eifi060T1ai0 TTciaiey

g Uncturyta aaepuoii pusnku CO PAH cosznanue
yCKOpHUTeJel 3apssKeHHBIX YaCTUI] IBIASIETCSA OJHON
U3 OCHOBHBIX W TPAAUIMOHHBIX TEMATHUK, IOATOMY €T0
ycroitunsblii narepec k paspaborke JICI npu Hasuuum
TaKOHN MOTITHO# 6a3bl BIIOJTHE TIOHSITEH.

PaboThl M0 CO3aHUIO JIa3ePOB Ha CBOOOIHBIX JIEKT-
poHax HavalIu IPOBOAUTHCA B uHCcTUTyTE ¢ 1977 I., KOT-
na A.H. Ckpunckuit u H. A. BunokypoB mpemioxuim
moaudukamuio JICI (onmuueckuil xkiucmpon), 3Ha4n-
TEJIbHO IIOBBICUBINYIO yCUJIeHHE IPrOOpa 10 CPABHEHUIO
C KJIACCHYECKOli cxeMoii. B mpoiiecce paspaboTKu HOBbIX
JICO B U De Briepsbie B Mupe 3apaboTaj OHILYIATOP
Ha TIOCTOSIHHBIX MAarHUTaX C PEryJIUPOBKON aMILTUTYIbI
MArHUTHOTO TOJISI TPU TIOMOIIH U3MeHEHUsT pabouero
3a30pa, a CIyCTs] HECKOJIBKO JIET TIOSIBUJIUCH THOPUIHBIE
OH/IYJIITOPBI HA IOCTOSTHHBIX MarHuTax. Kak nepemen-
HBIT 3230P, TaK U THOPHIHAST KOHCTPYKITHST OHIYJISITOPOB
ceifuac cTaiu OOMIEPUHITHIMU M TPUMEHSIOTCS Ha BCEX
HNCTOYHUKAX CUHXPOTPOHHOTO U3JIY4Y€eHUSI.

PeammzoBannasg B 1988 r. opurnnasbaas KOHCTPYKITUS
OHJLYJIITOPA OOJIBINON [IJIMHBI B ONITHYECKOM KJIMCTPOHE
na nHaxonurese BIIIII-3 okasamace HACTONBKO yIauHOM,
YTO HEOAHOKPATHO MCIIOTH30BAJIACH TI035KE B PA3TUUYHBIX
OTEYECTBEHHBIX M 3apyOEKHBIX YCTAHOBKAX, a HaM I03-
BOJIMJIA TIOJIYUUTh U3JIydYeHre PEeKOPAHO KOPOTKON (I
JICD) pmmunsl Boabl 0,24 MKM B yJabTpahmOTIETOBOM
auanasone u HebbiBaso yakoro (10°9) crnexkrpa. Keratn,
ATOT peKopz ipoaepskacs bomee 10 jer.

Basxneitimum staniom passutust JICI B HOBOCMOMPCKOM
Axkazemropojke crana opranusanust CHGHPCKOro TeHTpa
dboToxumuueckux ucciaepoBanuii Ha 6aze Mucruryra
xummudeckolt kunetnku u roperus CO PAH, kotopwrit
B HadaJje JeBSIHOCTBIX I'OJI0B BO3TJABJSJI aKaJeMUK
10.H. Mommun.

B wHCTHTYTE K TOMY BpeMeHHM TaBHO paboTasa 1abopato-
pust mazepHoit poroxmmun oz pykosozactBoM A. K. Ilet-
POBa, COTPYZHNKHM KOTOPOW aKTHBHO MOJJIEPIKAIN HIEI0
KOJIIEKTUBHOTO WICTIOJIB30BAHWS YICHBIMHU Pa3INIHBIX
CIIEIUAIbHOCTEH U3JTyYeHUST MOIITHOM JTA3€PHON YCTAHOBKH
Ha GBICTPBIX BJIEKTPOHAX, CIIOCOOHOM JIErKO BapbHPOBAThH

€ro mapaMeTpbl B IMUPOKKX npenenax. HeeMoTpst Ha us-
BECTHBIE TPYAHOCTH MEPEXOAHOTO JCCATHIETUsI 1 OJ1aro-
Jlaps 9HTY3Ua3My yYaCTHUKOB 1poekta, JICI 1-it ouepenn
¢ JUTMHAMU BOJIH B inarnasone 120—240 mxm Obi 3amy e
B 2003 r. Ot™meuy, uTo ero cpeansist momHocts 500 B siB-
JISETCS. MUPOBBIM PEKOP/IOM JIJIsI ICTOUHUKOB U3JTyYCHIS
B TeparepiioBOM /[UAIa30HE YaCTOT.

Tox nazan navyasn paborars JICD 2-ii ouepean. Ha atom
Jla3epe TTOJTyYeHO KOTePEHTHOE U3JTyIeHHe C ITTMHAMY BOJTH
B ananazone 40—80 MM ¢ HarboIbIell B MUpe cpelHeii
MoOIIHOCTBIO — 0K0J10 500 Bt. B aTOM roxy nznyuenne JICO
2-i1 ouepean CTAMO JAOCTYIIHO YYEHBIM IS TIPOBEIEHUS
HKCIIEPUMEHTOB B PAa3JMUYHBIX 00JIACTAX HAYKH.

TenepupyemMoe ycTaHOBKOI Jla3epHOE U3JIyYeHe TT0 Ka-
HAJy C CyXUM a30TOM JIOCTABJISCTCS K ITOJIb30BATETHCKUM
CTAHIIUSIM, HA KOTOPBIX OHO UCIIOJIb3YETCsI COTPYAHUKAMU
aKa/leMUIeCKNX MHCTUTYTOB 1 HoBocubOupckoro rocyaap-
CTBEHHOTO YHUBEPCUTETA JIJIsI TIPOBEICHIS UCCJIeI0BAHII
10 pUBKMKE TBEPAOTO TeJIA, XUMHUK 1 OUOJIOTHHN, B TOM YHCJIE
Ha HaHOCTPYKTypHOM ypoBHe. Celiuac paboTaer ImecTb
TaKUX 9KCIIEPUMEHTAIBHBIX CTAHIIUIA.

CI10JIb30BAHUE MOIIHOTO CyOMUJLIUMETPOBOIO

M3JTyYeHUs C TIepecTpamBacMOl JITTITHON BOJIHBI

B KaueCTBe YHUKAJIbHOTO MCCJIEI0BATEIBCKOTO

MHCTPYMEHTA OTKPBIBAET 1epe/] YIeHbIMU TIPIH-
IIUTTIATBHO HOBBIE BO3MOKHOCTH U TIePCIIEKTHBBI. CKaskeM,
corpyanukamu tpex uncrtutyros CO PAH cosmectno
paspaboTaH METOJ «MATKOH abasaiuu» 17 NCCaef0Ba-
HUST OMoJIOrnYecKux Makpomostekys (Hanpumep, JTHK),
UCTIOBb3YIONIMH MAaJIOCTh SHEPrUn (hOTOHA CYyOMUILITNMET-
POBOTO N3TyYeHs. DHeprus GoToHa HACTOIBKO Maja, 4To
M3JTydeHe He PaspyIIaeT UCCAeMyEeMY0 MOJIEKYJTY 1 GoJiee
TOTO — COXPAHSIET ee OUOJOTHYECKYIO AKTUBHOCTD.

Ha Gmmkaiiimee Oymyiee mraHupyeTcs ganbHeiiee
TIOBBITIICHYE MOTITHOCTU U3JTyYeHUS JI€HCTBYIOIIIX JIA3€POB
1 pa3Meliienre Ha yctanoske JICO 3-it ouepesiut ¢ yiuHaMu
BOJIH B OJIMsKHEM MHMpaKpacHOM janarnasoHe 5—30 MKM.
[11aHOB B 9TOIl MHTEPECHOI U IEPCIEKTUBHON 06JacTh
MIO3HAHUST BCET/IA MHOTO.

BYAVLIEE HE BCIOMHUTD

bnaropapa BbICOKOI APKOCTU WU3NY4YEHUA U3 ANINHHOIO
oHAyNATOpa Ha aneKTpoHHOM Hakonutene BIMI-3 ypanoch
NPOBECTU UMKN YHUKANbHBIX 3KCNEPUMEHTOB N0 U3Y4EHUID
BAUSAHWUSA KBAHTOBLIX (hNYKTyauUuii Ha ABMXKEHWE ORHOr0
UMPKYNMpYIOLWEro B HakKonuTene 3NeKTpoHa. bbino noka-
3aH0, YTO 3TO ABMXXEHME TAKOBO, KaK ecnu 6bl 0HO 6b1NIO
BbI3BAHO AEACTBMEM CAY4ailHOW CUMbl, U CX0Xe C 6poy-
HOBCKMM ABV)XEHWEM Manoi YacTuubl B XuaKocT. O0aHaKo
NPUYKUHBI CAYYaWHOCTU ITUX NPOLECCOB KapAMHANbHO
pasnuyaTcs.

TpaekTopusi 6pOYHOBCKOro ABMXEHUS HE ABNAETCA UCTUHHO
CIy4aiHOoM, NOCKOJIbKY NPY 3HAHUN HA4YaNbHbIX CKOPOCTEN
MOJIEKYN XXUAKOCTH B NPMHLUNE MOXXHO paccuuTaTh 1 ABU-
)XeHue camux MONIeKyn, U AABMXKEHMEe 4YacTuLbl Noa uX yaa-
pamu. «GnyyaiHoCTb>» GPOYHOBCKOr0 ABWXXEHUS CBA3aHA
C HaWMNM HE3HAHMEM ITUX MUKPOCKONMYECKUX NapaMeTpoB
cuctembl. B cnyyae ABMXKEHNA INEKTPOHA Bce Heobxoau-
Mble AN pacyeta napameTpbl U3BECTHbI, HO NPU 3ITOM
ABMXXEHMUE INEeKTPOHA NPUHLUUNNANBHO HenpeacKa3yemo.
MpoBeaeHHble 3KCNEPMMEHTbI AAKOT OAUH U3 HEMHOrMX
NpMMepoB UCTUHHO CNY4aNHOro Npouecca, KOTOPbIii, B Yac-
THOCTM, AOKA3bIBAET NPUHLUNMANbHYIO HEeNpeAcKa3yemocThb
6ynywero, AeMoHCTpUpyA, 4T0 «bor urpaer B Koctu»
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