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1. BBEAEHUE

IO6uneiinas L MexayHaponHasi 3BEHUIOPOI-
cKast KoH(pepeHLs o (PU3UKE TUIa3MBI U yIIpaBlisie-
MoMy TepMosinepHoMy cuHTesy (YTC) cocrosiiach B
r. 3BeHuropome MockoBckoili obnactu ¢ 20 1o
24 mapra 2023 rona.

Ha xoHdepenimu 0bU10 IIpencTasieHo 273 Hayd-
HBIX IOKJaga U3 69 pocCUiiCKMX M 8 MHOCTpaHHBIX
Hay4YHBIX LIECHTPOB, BEAyIINX UCCIeIOBAaHUS 110 (U~
31Ke TIJIa3MBbl, YIIPaBISIEMOMY TEPMOSIIEPHOMY CUH-
Te3y, MJIa3MEHHbBIM U JTydeBbIM TexHOJIorusiM. Ob111ee
KOJIMYECTBO 3aperMCTPUPOBAHHBIX aBTOPOB JOKJIa-
noB coctaBmiao bonee 900 yeroBex.

Ha xondepeHmm 06111 pencTaBiaeHBI JOKJIAABI
MO TSTH BaXKHENUIIUM HaIrpaBJICHUAM (I)I/I3I/IKI/I Jia3-
MBI

1. MaruutHoe yaep>XXaHHEe BBICOKOTEMIIEpaTyp-
HOM I1a3MBbl.

2. UHep1uanbHbIi TEPMOSIIEPHBIN CUHTES.

3. dusnyecKkre MpoOLEcChl B HU3KOTEMITEpaTyp-
HOM IIJ1a3Me.

4. dusnyeckre OCHOBBI IJIa3MEHHBIX U JIYYEBBIX
TEeXHOJOTUIA.

5. IIpoext ITER: mar B 3HepreTuky Oyay1iuero.

2. INTEHAPHBIE JOKJTAIbI

Ha xoH(pepeHIIMM COCTOSIOCH YeThIpe IIeHap-
HBIX 3aceJaHUsI, Ha KOTOPBIX OBLJIO 3aciylIaHo 16 00-

30PHBIX JOKJIAI0B O pe3yJibTaTax OTeYEeCTBEHHBIX U
MUPOBBIX UCCIEAOBAHUN MO aKTyaJIbHbIM HallpaBjie-
HUSM (U3UKU TJIa3Mbl, TEPMOSIIEPHOTO CUHTE3a,
TUTa3MEHHBIM 1 JIyYEBBIM TEXHOJIOTUSIM, U IO MPOEK-
TY MEXIYyHapOIHOTO TEPMOSAEPHOTO SKCIIEPUMEH-
tanbHoro peakrtopa ITER (ITER — International
Thermonuclear Experimental Reactor). Dtum Xe Ha-
MpaBJICHUSIM MCCIIeOBaHWI OblIa TTOCBIIIeHa pado-
Ta COOTBETCTBYIOLIMNX CEKIIUIT KOH(PEPEHIINU, Ha KO-
TOPBIX 00CYKIAMNCh 83 YCTHBIX 1 174 CTEHIOBBIX J10-
Knana. bBbuiM Takke TpencTtaBieHbl JOKJaabl MO
CMEXHBIM C (PU3UKOI TIJIa3Mbl HAYyYHO-TEXHUUESCKUM
npobaeMaM.

C 0030pHBIM JOKJIAAOM, MOCBSIIEHHBIM 50-J1eT-
HeMy 10011e10 KOH(MEPEeHIINY, BBICTYITIII COIIpeace-
nmatenrb OpraHM3allMOHHOTO KOMUTETa KOHMepeH-
muu B.A. UBanos (MO® PAH). B noxiane coobia-
JIOCh, YTO IIepBast KOH(epeHIIMs 10 (U3NKe IIa3Mbl
U YIIpaBIIeMOMY TEPMOSAECPHOMY CHUHTE3y ObLia
mpoBeaeHa oceHbIo 1973 rona B Pu3n4ecKoM MHCTH-
tyre uMm. I1.H. JIe6eneBa Akamemun Hayk CCCP. Op-
raHu3aToOpPoOM 3Toi KoHpepeHIInY O0blT HayuaHEIi co-
BeT N0 (pU3HKe BLICOKOTEMIIEPATYPHOI TIa3Mbl, CO-
3maHHBIN akageMukoM JI.A. ApuumoBudyeM (1909—
1973) B pamkax AH CCCP. B 1973 rony CoBeT BO3-
maBun npodeccop M.C. PabuHoBuu. B mnepBoii
KOHGepeHIIM yJacTBoBain okKojio 100 y4eHBIX U3
Poccun, Ykpaunsl, benopyccunu u npyrux pecrryo-
K, BxoguBiux B coctaB CCCP. OcHOBHEIE IIPO-
0J1eMBI, KOTOpBIe OOCYXIaauCh HAa KOH(EPEHIINH,
OBLIM CBSI3aHBI C MPOPBLIBHBIMU HCCICIOBAHUSIMU,
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BBIITOJTHEHHBIMA B KypyaTOBCKOM HMHCTUTYTE Ha
yCTaHOBKE TOKaMaK, Ha KOTOpO¥i Oblj1a IojlydyeHa pe-
KOpAHas IS TOTO BpEMEHU 3JICKTPOHHAasi TeMIIepa-
Typa 1u1a3Mbl okosto 10 MiTH TpamycosB. B 1o ke Bpems
B CCCP pasBuBaIuCh U IPyrue METOIbI YAECPXKAHUS
IUIa3MBbl, ¥ CTPOUJINCH YCTAHOBKH JIJISI ITOJTYYEHUS TO-
psiueii mia3Mbl: Z-TIMHYY, CTeJUIapaToOpPhl, OTKPHITHIE
JgoBymiku. C 1974 roma KoHdepeHLUU 10 (U3MKE
BBICOKOTEMIIEPATYPHOI IIJIa3M€ CTaId IIPOXOIUTh
€XKEeTOIHO B roponae 3BeHuropoae MOCKOBCKOI 00-
sgactu. KoHdepenuus 1974 roga ObLia ITOCBsIIEHA
namMaTtu akagemuka JILA. ApLUMMOBHMYA, KOTOPBIA
BHEC 3HAYUTEIbHBIN BKJIAI B Pa3BUTHUE MCCICOOBA-
HUU 110 (pU3MKe BBICOKOTEMIIEPATYpPHOM IIJIa3MBI U
yrpasiisieMoMy TepMosiiepHoMy cuHTedy B CCCP.
OprrkomuteT KoHpepeHINU obpatnicsa B [1pe3nnu-
ymM AH CCCP c¢ xomataiicTBOM O MpUIJIALICHUU
19 BUgHBIX YYEHBIX M3 BEAyIIMX HAyYHBIX LIEHTPOB
CIOA, Eporel, AmoHuM 11 YTEHUS JIEKIWMK U
MpeacTaBIeHUs] 0030pPHBIX JOKIAI0B 110 PyHIaAMEH-
TaJIbHOM (pU3HMKeE IJIa3MBbl, IIPOOIeMaM yIIpaBJIsieMO-
ro TEPMOSIIEPHOIO CUHTE3a, a TaKKe IMPUKIIATHBIM
acnekTaM (pU3MKH TUIa3Mbl. DTOT MPELEIeHT OTKPBLT
BO3MOXHOCTb Ha CJICAYIOIINX KOH(MEPEHIIMSIX TAaKKe
MIpUIJIAIaTh MTHOCTPAHHBIX YU€HBIX IJISI IIPEICTaBIIe-
HUSI HAaydHBLIX padoOT, BBIIIOJHEHHBIX B IEpPEIOBBIX
MHOCTPaHHBIX HAay4YHBIX LICHTpPaX, YTO MO3BOJIWIO,
HaumrHag ¢ 1998 roga, opraHM30BBIBATH 3BEHUTOPO/I-
CcK1e KOH(MEpEeHLIMU KaK MeXIyHapOIHbIE.

B aToM romy ucrnonHunocsk 120 et co aHs poxae-
HUS akageMukKa Muxania AjlekcaHapoBuda JIeoHTo-
Brya (07.03.1903—30.03.1981), Beinaroierocst pusm-
Ka-TeopeTHKa, YbW JJUUHBIC TPYIbl U TPYIbI €r0 yue-
HUKOB B paMKaXx ABYX CO3JaHHBIX UM HAayYHBIX IIIKOJI
no pagnodusrke M (PU3MKE TUIa3Mbl 3AJIOKWIN B
MacliiTabax MUPOBOI HAyKU TeopeTUIecKuii pyHaa-
MEHT 3TUX IUCHUIUIMH. JloKnamn, ITIOCBSIIEHHBII 3TO-
My 1o6uero, npencrasuwi B.C. JIucuna (HUL “Kyp-
YaTOBCKUI MHCTUTYT”). OCHOBHBIE (DyHIaMEHTab-
Hble pocTkeHust M.A. JleoHToBMYa BKJTIOYAIOT
MOJy4YeHUEe YCIOBUI HA TPaHUIIE XOPOIIO MTPOBOISI-
meit cpenpl (MOJYYMBIIMX Ha3BaHUE TPaHUYHBIX
ycioBuii JleoHTOBMYA), ypaBHEHME IJIs BOJHOBBIX
MoJe ¢ MEIJICHHO MEHSIOIIMMUCS aMIUIUTyIaMuU
(mapabonaunyeckoe ypaBHeHHe JIEOHTOBUYA), TCOPUIO
pacrpocTpaHEeHUsI PagyOBOJIH BIOJb IOBEPXHOCTU
3emuin u (coBMecTHO ¢ M.JI. JIeBUHBIM) TEOPUIO TOH-
KMX MPOBOJOYHBIX aHTeHH. B 1951 1. M.A. JleoHTO-
BUYY IIOpPY4alOT PYKOBOIACTBO TEOPETUUYECKUMU
KCCJIENOBAaHUSIMHU T10 TIpo0JIeMe yIpaBJIsIeMOTO Tep-
MosinepHoro cuHTe3a (YTC) B JlabopaTopuu u3me-
putenbHbIX TIpudopoB AH CCCP (JIMITAH), no3n-
Hee craBlueii MHCTUTYTOM aTOMHOI SHEPTUM WM.
M.B. KypuaroBa. B mepBbie roasl padotsl B MAD
M.A. JleoHTOBUY coO3daJl TEOPUIO HMHEPLMOHHOIO
CXKaTHS T1a3Mbl ¢ TOKOM. Ero maen o6 ypaBHOBeIN-
BaHWUU TOPOUAATIbHOTO PACTSIKEHUSI TIJ1a3Mbl C TOKOM
IIpU TIOMOIIY ITPOBOMISIIIETO KOXYXa M O CTaOuIM3a-
LM TUIAa3MEHHOTO IITHYypa CUJIbHBIM TOPOMAAIbHBIM

®U3UKA TUIA3MBI Ne 10

TOM 49 2023

1041

MarHUTHBIM IIOJIEM JIEXAT B OCHOBE YAep>KaHUS
IUIa3MBbI B CUCTEME “TOKaMak ™.

B.C. Jlucuiia Takke npencTaByI JOKIA, TTOCBSI-
IIEHHBI I00MJICI0 OPYroro BBIAAIOIIETOCS POCCU-
cKoro yuyeHoro. B aTom rony ncnoansercs 100 et co
IHSA poxneHus mnpodeccopa Bmammmupa HMiabpmua
Korana (11.06.1923—07.12.2013) — co3nmareiist Hay4-
HOM IIKOJIbI B TEOPUM U3JIydaTeJIbHBIX IPOIIECCOB B
ropsiyeii rnasmMe, IIPU3HaHHOTO aBTOPUTETA B TEOPUU
WU3JydeHUsI TUIa3Mbl UM KBAaHTOBOM MeEXaHMKe.
B.M. Korany npuHamiexXuT pa3padboTKa TeOpeTude-
CKMX OCHOB pacyeTa paguallMOHHBIX XapaKTEePUCTUK
ropsiueii riasMbl, CyIIeCTBEHHBIX JIJIsSl €€ JUarHOCTU -
K1 1 3HeprobamaHca. IM OBLIM BBIIIOJIHEHBI ITMO-
HepcKue paboThl TI0 TEOPUHN YIIUPEHUS CIIEKTPasib-
HBIX JIMHUM, pagualluOHHBIX MOTEPh SHEPTUU TIJ1a3-
MBI, TEOPUM TOPMO3HOTrOo u3nydeHus. [locienHue ero
paboTHI OBUIN TTOCBAIICHEI pa3padboTke “Kpamepcos-
CKOW 32JeKTpOAMHAMUKN” U pa3dopy KOHLENIUH
H. bopa, A. DitHInTeiiHA 1 APYTUX KJIACCUKOB HAYKU
B 00J1aCTU COOTHOIIEHUS MEXIY KJIacCUYEeCKOM U
KBAHTOBOI1 TEOPUSIMU U3JTyYESHMUSI.

b.B. Kyree (HUII KypuatoBckuii MHCTUTYT) C
comtacusi M. IpsizHeBMYA TIpeACTaBWI TUICHAPHbI
JIOKJIaM, Iae ObUIM PaCCMOTPEHBI UCTOPUST Pa3BUTUSI
chepuueckux TokamakoB (CT), a Takke MOaydeH-
Hble Ha 9THUX YCTAaHOBKaX BaxKHEHIIINE TOCTUXEHUS C
TOUKM 3peHMsI CO3JaHUsI KOMMEPUYECKOro TepMO-
sSiIepHOTO peakTopa. B mokname oTrmedanoch, 4TO
TepMOosIIepHBI peakTop Ha 0a3e CT oGnanaeT psigoM
MIPEUMYIIECTB, ITI0 CPABHEHUIO C TPATAUIIMOHHBIM pe-
aKTOPOM, KOTOPBIN MJIaHMPYETCS CO3maTh, WIS IO
ny™u JET-ITER—DEMO. s peakropa Ha 6a3e CT
Iepexon OT NMJIOTHOM AEMOHCTPAIIlMOHHOM YCTaHOB-
KM K CUJIOBOI MOXET OBbITh OCYIIIECTBJIEH TOJIbKO 3a
CUeT YBEJWUYCHUSI JIMHEMHBIX pa3MepoB YCTAaHOBKU
0e3 CyIIeCTBEHHBIX M3MEHEHUIX B NPUMEHSIEMBIX
TexHoJorusx. Vcrnonb3oBaHue BbICOKOTEMIIEpaTyp-
Hbix cBepxrnpoBogHukoB (BTCIT) B CT obecreuur
KaK BBICOKOE€ MarHMTHOE I10JIe, TAaK M KOMIIAKTHBIA
pa3Mep yctaHoBKU. I1o3TOMy MOXeT oKa3aThCs, UTO
co3narh syekTpocTtaHuurio Ha 0Oaze CT okaxkercs
OBICTpee M ACIICBiIe, YeM Ha 0a3ze TpaIuIIMOHHOTO
TokaMmaka. K HacTosiieMy BpeMeHHU I10Ka3aHO, YTO
sHepreTnyeckasi 3¢hGeKTUBHOCTh TEPMOSIAEPHOTO
peaKTopa 3aBUCHUT, INIAaBHBIM 00pa3oM, OT BEIpabaThI-
BaeMOI TEPMOSIIEPHON MOIIIHOCTH, a HE OT pazMepa
peakrtopa. [Toatomy kommianust Tokamak Energy Ltd
(United Kingdom) pa3paboTtaia KOMITAKTHBIN IIPO-
TOTHUII peakTopa Ha OCHOBE chepUIECKOTo ToKaMaKa
ST40 c cuIbHBIM MarHUTHBIM MOJIEM, B KOTOPOM YK€
OBLIa IOJIy4eHa TeMIlepaTypa IUIa3Mbl, IPEeBbIIIAI0-
mas 100 MUIJIMOHOB rpanycoB. B skcriepyMeHTax Ha
ST40 6bL10 TOATBEPXKACHO, YTO SHEPreTuYecKas ad-
(EeKTUBHOCTh C(PpeprUUeCKOro ToKamMaka 3HAYMTEeIb-
HO BO3pacTaeT C YBEJIMYECHUEM MArHUTHOTO IOJIS.
Oxmpaetcst, 9Tto ucroiab3oBane BTCIT mo3somut
yBenIn4IuTh MaruuTtHoe noJjie B ST40 oo 24 Tecna, 4to
MMO3BOJIUT YMEHBIIUTh pa3Mep UMHAYKTOpa ToKaMakKa
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M OCBOOOIUTH MECTO IS co3maHms 3¢POeKTUBHOMN
HEUTPOHHOI 3allIMTHI OyIYIIIEro peakTopa.

O030p pe3ybTaTOB TJ1a3MEHHbBIX UCCIIENOBaHUIA,
BBITIOJTHEHHBIX Ha ceprudeckKoM Tokamake [mooyc-
M2, 6b1 npencraBieH B.b. MwunaeBbiMm (PTU
M. A.®. HNopde). DKCriepuMeHTHl HPOBOIWINCH
MPU TOPOMJAIbHOM MarHuTHoM TioJie 10 0.9 Ti u To-
Ke 11a3Mbl 10 0.44 MA (90% ot MaKCUMaJTbHBIX IIPO-
eKTHbIX 3HaueHu1). BriepBble B pexXuMe ¢ HeUTpasib-
HOM MHXEKIINeH (ITy90K aTOMOB AeUTepUsi C SHEPIU-
eit 30 k3B u umnynbcHoI MomtHOCThIO 0.7 MBT) OBLT
MPOJAEMOHCTPUPOBAH HArpeB MOHOB A0 TeMIepaTy-
puI okoJio 4 x3B. Temriepatypa 1mrasMbel cocTaBMIa
1.5 k3B npu cpenHeill INUIOTHOCTU ILIa3Mbl 5 X
x 101 M3, B akcrieprMeHTaXx 10 6e3bIHAYKIIMOHHO-
MY BO30YXIEHUIO 3JEKTPUYECKOrO TOKa B TLIa3Me
3TOT TOK PETUCTPUPOBAJICS TIPU BBOJIE dJIEKTpoMar-
HUTHBIX BOJIH HUXHE-TUOPUAHOTO Auana3oHa 4Ya-
croT (2.45 I'Ti1) ¢ moMolIbIO KaK TOPOUIAIbHO, TaK
MOJIOUAATIbHO OPUEHTUPOBAHHOI aHTEHHBI-TPUJLIA.
Jonst BO30yxXHZaeMoro Oe3bIHIAYKIIMOHHOIO TOKa
npesbiciia 50% ot TmojtHoTOo ToKa pa3psna 0.25 MA.
HocTturHytble 3HaueHus 3¢ dekTuBHOCTU M = (0.2—
0.4) x 10” A M™% Br~! cpaBHUMBI C pe3yJbTaTaMu,
MOJIyYEHHBIMU Ha OOBIYHBIX TOKamakax. CKeHITuHT
It chepruyecKrux TOKaMaKoB, JEMOHCTPUPYIOIIMIA
CWIbHYIO 3aBUCUMOCTb BpeMEHU YyAepXKaHUsl dHep-
TMU OT MArHUTHOTO TMOJII U YMEPEHHYIO OT TOKa

GLB 0.43 pl.19
mwiasmel (T, ~ 1 » By'7), ObUT OATBEPKACH AJIS

MarHuTHBIX nojieit 1o 0.8 Tecna. Beum Takske mpen-
CTaBJICHBl Pe3YyJbTaThbl MOCJIEIHUX 3KCIIEPUMEHTOB
10 UCCJIETOBAHUIO BIMSHUS BO30YKIaeMBbIX alibhBe-
HOBCKMX MOJI Ha yaepXaHHe OBICTPBIX YacTHUI] B
naasMe cpepudeckoro tokamaka [mooyc-M2.

Btopoil nokian rpymnIsl UcciaenoBaTesneit, padbo-
TaloIIMX Ha ToKaMake InmoOyc-M2 (mokimamumk
H.H. BaxapeB, ®TU um. A.®. Modde), ObLI ITOCBSI-
IIIEH MCCIeIOBAaHUIO TpaHCIIOpTa U ITOTEpb MOHOB
BBICOKOII 3HEPIUMH BO BPEMsI pa3BUTHUS TOPOMOAJIb-
Heix anbpBeHOBcKuUX Mon (TAE). TAE saBasgercsa
KaHIMIATOM Ha pPOJib CAaMOM OMACHOM HEYCTOMYUBO-
CTH C TOYKM 3pEeHUS yaepKaHUSI ObICTPBIX YaCTUIL B
oymyminx TepMosinepHbIX ycraHoBKax. TAE Bo30yxX-
JalTcs MOoMNyJisiuueil aabga-4acTUl] ¢ SHEPrusiMU B
HEeCKoJIbKo M»B, KoTophle poxXnaroTcs B Ipolecce
TEPMOSIIEPHOM peakLMU CUHTEe3a JEUTEpUs U TPU-
tusi. PazButue TAE MoXeT MpUBOIUTH K KaTacTPO-
dpurYecKUM ITOCIASACTBUSM IS TJIa3MBbl, yIepXKUBae-
Mot B CT. OcHOBHAas OITaCHOCTH 3aK/II0YAETCS B TOM,
4YTO B3auMoAeicTBUE alb(BEHOBCKUX BOJH C OBICT-
pBIMM YaCTULIAMU MOXKET IIPOBOLMPOBATh MX aHO-
MaJIbHBIIA TPAHCIIOPT Ha Nepudepuio TUIa3MEHHOTO
IIIHypa, co3daBasl JIOKaJIbHbIE HAarpy3KuW Ha CTEHKY
TOKaMaka, a Takxke CHIKast 3(pheKTUBHOCTh HarpeBa
IUIa3Mbl U TeHepaluy TOKOB yBJIEUEHUS. DKCIIepr-
MEHTaJIbHble JaHHbIe ToKaMakoB I1o0yc-M u Io-
0yc-M2, a Takke MOIIeIMPOBaHUE B3aMMOICHCTBUSI
YacTUIl C BOJIHOM, OBLIM MCIIOJB30BaHbBI B HOKJIAE

I'PUIINHA, UBAHOB

IUIST aHajdW3a MEXaHM3MOB TpaHCIIOPTa OBICTPHIX
MOHOB; JIOKAJbHOCTU MOTEPb BO BPEMEHU U IIPO-
CTPaHCTBE; IIMPUHBI 00JIaCTU pe30HAHCa;, OCOOCH-
HOCTEI SBOIIOLIMH MOJBI BO BDEMEHU 13-3a B3aIMO-
JIEMCTBUS C OBICTPHIMU MOHAMHM M (POHOBOM IIIa3-
MOIi; 3aBUCHUMOCTU IIOTEPh OBICTPBIX YaCTUIl OT
AMIUIATYIBI MOIbI, TOPOMIAIbHOTO MAarHUTHOTO I10-
JISI, TOKa TIa3Mbl 1 OCOOEHHOCTEMN yaep>KaHUs ObICT-
pbix yactull npu TAE B KOMIaKTHBIX chepruIecKUX
ToKaMmakax. IIpoBeneHHBII aHaIM3 MO3BOJSIET OaTh
0J1aronpUsITHBINA MPOTHO3 IsI OYAYIIMX YCTaHOBOK
tuna CT.

IMnenapHsiii noknan M.B. lluxosuea (MAD CO
PAH) Ob11 mocBsieH pa3paboTKe aTOMapHBIX WH-
xektopoB B UAD CO PAH. B noxiiane oTMeyaioch,
YTO B HACTOsIIIlee BpeMsl MPOMU3BOAUTCS COOpKa
MPOTOTUIIA aTOMapHOIo WHXEKTOopa MJIsi Harpena
MIa3Mbl B yCcTaHOBKe “l'a3zommHamMmdyecKasl JIOBYIII-
ka” (I'’IJT). MolIHOCTh Mmy4yKa OBICTPBIX aTOMOB BO-
mopoda cocraBisieT 1.7 MBT mpu sHeprum aToMoB
15 x3B. InmurenpHOCTh MMITyIbca Imyuyka 30 Mc B Oa-
30BOM BapuaHTe 1 300 Mc 119 BapyaHTa MOHHOTO UC-
TOYHMKA C OXJIAXKIAEMbIMU DJIEKTPOIAMU HOHHO-OII-
TUYECKOU cucTeMbl. OTIMUYUTENbHAsS OCOOEHHOCTD
aTOMapHOI0 MHXEKTOpa — PEKOPAHbII TOK MepBUY-
Horo noHHoro nyudka 150 A. Takke BemeTcst pa3pa-
0OTKa MOHHOIO HCTOYHUKA C DBHEprueid MOHOB
100 k3B u Tokom mryuka 75 A. Tlociie HeiTpanusaTo-
pa aroMapHbIii MNy4yoK OyaeT MMeTb MOIIHOCTb
3.5 MBT nipu paborte Ha neitepun. Kpome toro, B
MAD CO PAH paspabaTbiBaeTcsl TpOEKT aTOMapHO-
IO MHXXEKTOpa Ha OCHOBE OTPULIATEJIbHBIX MOHOB BO-
nopona ¢ sHeprueil 500 k3B, KOoTOpBIiT MOXET OBITH
MPOTOTUIIOM aTOMAapHOTO WHXXEKTopa JJIsl Harpena
I1a3Mbl B HOBOM pa3pabaTbiBa€MOM TOKaMakKe C pe-
akTopHBIMHU TexHomorusasmu TRT.

B UnacTtnTyTe mpuknamHoii ¢usukn PAH Bemercs
pa3paboTka cuIbHOTOUHBIX DIIP-MCcTOUHUKOB Npo-
TOHOB [IJISI IMHEMHBIX YCKOPUTEIei. DToi TeMe ObLI
nocesimeH gokinan B.A. Ckaneirm (UT1® PAH). B
JIOKJIaJic OTMEYaoCh, YTO UCTOYHUKU UOHOB SIBJISI-
IOTCSI OHUM U3 KJIIOUEBBIX 3JIEMEHTOB JIIOOBIX YCKO-
puUTENIEN TSKENbIX 3apsKeHHbIX yacTull. C MoBblliie-
HUEM XapaKTePUCTUK YCKOPUTEIbHBIX CUCTEM pac-
TYT U TpeOOBaHUS K MHXEKTOpaM MOHOB. OIHUM U3
MEPCNEKTUBHBIX MCTOUHUKOB MOHOB SIBJISIETCS MC-
TOYHUK Ha OCHOBE pa3psiaa, Moaaep>KMBaeMOro B OT-
KPBITBIX MAarHUTHBIX JIOBYIIIKAX MOLIHBIM U3JTyYeHU-
€M TUPOTPOHOB B YCJIOBUSIX DJEKTPOHHO-LIMKIIO-
TpoHHOro pe3oHaHca (OILP). Wcnonab3oBaHue
Mo1tHoro CBY-uznydyeHusi CoBpeMeHHBIX TUPOTPO-
HOB C JJIMHAMU BOJIH MUJUIMMETPOBOIO Juana3oHa
obecrieunBaeT ToOAAEpXKaHUE pa3psila ¢ PEKOPIHO
BbICOKUM JJ11 DIIP MOHHBIX UICTOUYHUKOB YIEJIbHbIM
sHeproskiIanoM (1o 200 Br/cm?). D1o nos3sonser co-
3naBaTh U MOMIEPXKUBATh MJa3My C TLIOTHOCTBIO 10
10'* cM 3 u remniepaTypoii 50—100 3B, onrTuManbHOI
JUTS A¥ccoliMalii U MOHU3aluuy Bogoposa. B sakcne-
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pUMeHTaX ObUIM MOJyYeHbl HEIpEPBIBHBIE U HMM-
MyJbCHBIE IPOTOHHBIE M NEUTPOHHBIE MNYYKU C
ToKOM 10 500 MA 1 RMS HOpMalIn30BaHHBIM 9MUT -
TaHcoM Ha ypoBHe 0.2 T - MM - Mpaa. [IpogemMoHcTpu-
poBaHa BO3MOXHOCTb T€HEepPaLMy YUCTOTO MMPOTOH-
HOIO ITydKa IIpU A0Jie MPUMECHBIX MOJEKYISIPHBIX
noHoB MeHee 0.1%.

JI.M. Bacunak (OMBT PAH) BeicTynma c 1uie-
HapHbIM JOKJIaJ0M, MMOCBSIILIEHHBIM CO3JaHUIO MOIII-
HBIX BbICOKOA(M(EKTUBHBIX UCTOUHUKOB yJabTpadu-
OJIETOBOTO M3JIYYEHUSI U UX TPUMEHEHUIO ISl 00e3-
3apaXWBaHUs W OYMCTKM BOAbl U BO3AyXa OT
BpEIHbIX Ta30B 1 MUKPO- U HaHo4acTull. M3BecTHO,
yto YD-uznydenue BecbMa 3¢ GEeKTUBHO TS Ie3UH-
¢dexunu Boabl, BO3Ayxa M MOBEPXHOCTEH, a Takxke
JUJIs1 BO3OYKAEHWST (POTOXMMUYECKUX PeaKlIuii B BO3-
nyxe u Boae. B mokiame cooOliianoch, 0 CO3MaHUN B
OUNBT PAH momnbix (500 Bt 1 BhIIIEe) BHICOKOI(]h-
(hbeKTUBHBIX aMaJIbTaMHBIX JIaMIT HU3KOTO JaBJIEHUS
U UCTOYHUKOB NutaHus K Hum. KITJI mpeobpazosa-
HUSI DJEKTPUYECKOW BHEepruum B OaKTepUIIUIHOE
Y®-usznyyeHrue Ha JUIMHE BOJIHBI 254 HM COCTaBJISIET
okoiio 40%, pabouwnit pecypc — mo 12000 gacoB mipn
crnage MOIIHOCTY YMP-u3jydeHusl B KOHIIe Tlepruoja
SKCIUTyaTalluu Bcero Ha 15%. YcTaHOBKM Ha OCHOBE
9TUX MOIIHBbIX Y®-JaMIl TO3BOJSIOT MPOBOIUTH
o0e33apaxkrBaHME B TTOTOKE BOABI IPU OOJIBIIMX pac-
xoaax. [lepcneKTUBHBIM METOAOM OYMCTKU BO3IyXa
OT 3amaxoB U BPEIHBIX BEIIECTB sIBseTcs (hoTo-
COpPOLIMOHHO-KaTaIuTHUeCcKuii MeTon. OuMIilaeMbIid
BO3AyX 0OpabaThIiBaeTCsl yIbTPadUOIETOBBIM U3JY-
yeHWeM amajiblaMHbIX JaMIl ¢ JJWHAMU BOJIHBI
185 HM 1 254 HM, YTO MPUBOIUT K 0OPa30BAHUIO aK-
THUBHBIX YaCTULI: pagukaina rupokcuna OH, atomap-
Horo kucyiopona O, o3oHa O; u np. I[Ipoiieccel okuc-
JICHWS ¥ TpaHCc(popManny UIyT BHaYayie B 00beMHOI
yactTu ¢doTopeakTopa, 3aTeM BO3IyX MOJAETCS Ha
COpPOILIMOHHO-KAaTAIMTUUECKYIO CTYIEeHb, IJe HeIo-
OKUCJIEHHBbIE KOMITOHEHTbI aJcopOupyroTCs W J0-
OKMUCJISIOTCS B 00Jiee MEIJIEHHBIX Tpolleccax aKTUB-
HBIMU YaCTULIaMU U3 Ta30BOM (ha3bl, a TAaKXKe KUCIIO-
poloM Bo3ayxa. Takasgd KOMOWHaIIUSI METONOB U
MPOLIECCOB TMO3BOJISIET OOECIEeYUTh BBICOKYIO CTe-
MeHb OYMCTKM TIPpU HAJMYUM IIMPOKOTO CIIeKTpa
MpUMecei, TaKuX KakK, CepOBOJIOPOJ, MepKaIlTaHbl,
aMMMaK, JIeTyuue OpraHmyeckue CoeMHEeHUs U JIp.
ITpoBeneHbl 3KCHEPUMEHTHI TI0 OUMCTKE BO3/1yXa OT
MpuMecH cepoBoaopoaa. B mporouHom ¢potopeakTo-
pe MpsIMOYToJibHOM (DOPMbI C MOTMEPEYHBIM CEYEHU-
eM 176 X 220 cM 1 mmHOI 160 cM ITepHeHANKYISIPHO
MOTOKY Bozmyxa ¢ pacxomoM 5000 xy0.m/4dac ObLIA
ycTaHOBJIeHbI 24 Y®-mamnbl MouiHocThio 620 Bt
Kaxnas. Jlanee MOTOK BO3ayxa MPOXOIUIT Uepes KaTa-
JIMTUYECKUI OJIOK C 3aChINKOM U3 aKTUBUPOBAHHOTO
yris. B skcnepuMeHTax 3¢h(hEeKTUBHOCTh OYMCTKU
cocraBmia 98.5—99.9% tipu KOHIIEHTPAIIUH CePOBO-
nopoza Ha Bxoze oT 10 1o 80 mr/m>.
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B noxnane A.B. Apxannnkosa (MS® CO PAH)
ObUIU TIOABEASCHBI UTOTU 50-JeTHUX MCCIEIOBaAHUM
pelakcauyyd  CHJIBHOTOYHOTO  PEISITUBUCTCKOTO
anekTpoHHOoro Iryuka (POII) B miasme. Dkcrepu-
MEHTHI T10 pejlaKcalluy PeJISITUBUCTCKOIO (3HEPrus
3JIEKTPOHOB OKOJI0 1 M3B) 371eKTpOHHOTrO My4yka ¢
KMJI0aMIEPHBIM TOKOM B 3aMarHMYEHHOM ILIa3MEH-
HoM cTtosibe Hayanuch B UAD® CO AH CCCP B Haua-
e 1970-x rogoB. HauBeiciuii pe3yjbTar 10 mapa-
MeTpaM HarpeToi Iuiasmbl npu peiakcannu POI1
O6bLI1 focTUTHYT B P®D Ha ycranoBke I'OJI-3 nipu Toke
nyyka 20 KA U UIMTEIBHOCTU HMIYJIbCAa OKOJIO
10 mxc. Hapsimy ¢ 6ecCTOJIKHOBUTEIILHBIM HarpeBOM
M1a3MBbl, OBIJT MCCIIENOBAaH BaXKHBIN 3P eKT reHepa-
LM U3JTy9CHUS Ha TUTa3MEHHbBIX YaCTOTaX, BO3HUKA-
IOIIMI B pe3ylbTaTe MHTEHCUBHOIO IMy4YKOBO-ILIA3-
MEHHOIO0 B3aMMOJAECUMCTBUSI. B manbHelileM Mmexa-
HU3MBbI Te€HEpallMU U3JIy4YeHUsSI B XOAE pejlaKcaluu
IMydykKa HEPEISITUBUCTCKUX OBJIEKTPOHOB B ILIa3Me
ObUIM TMpeIIoXeHbl [Jisi OOBSICHEHUSI ITOTOKOB
paguou3IydeHHsI U3 COJIHEUHOIT KOpOHEL. B pe3yib-
TaTe WCCIEeNOBaHUI, IMPOBEASHHBIX Ha YCTaHOBKE
T'OJI-T1DT, Obl1a mojrydyeHa reHepanus 3JIeKTpoMar-
HUTHOTO U3Jy4yeHUs1 MoliHocThio 10 MBT nipu Muk-
POCEeKYHOHOI IUIMTEIBHOCTM Ha dYactorax 0.2—
0.3 TT'u (BepxHeruOpuaHbIi AUaa3oH 4acToT), pac-
IIPOCTPAHSIOLIETOCS B CBOOOMTHOM IIPOCTPAHCTBE B
BUJIe HAIIpaBJIECHHOTO MMOTOKA.

OCHOBHBIE IOCTVKEHHUSI B CO3MAHUU JIa3€PHBIX
WCTOYHUKOB YJIbTPAPEIITUBUCTCKUX 3JEKTPOHOB,
ramMma-u3JIydYeHUsI 1 YaCTULl BBICOKMX DHEPIruii ObUIN
npencrasiaeHsl B nokinane H.E. AnppeeBa (OMBT
PAH). B coobiieHun oTMeYaioch, YTO MHTEHCUB-
HBIE ITyYKM (DOTOHOB M YaCTUII B IMAIla30He SHEPTUid
MaciTaba IecsITKoB M coTeH M3 B gapisrorcsa addek-
TUBHBLIMY MHCTPYMEHTaAMM BO MHOTMX OOJIACTSIX MC-
clieoBaHUI, TaKMX KaK CO3MaHWE M AUAarHOCTHKA
BEIIECTBA B 3KCTPEMAJIbHBIX COCTOSIHUSIX B OKCIIE P -
MmeHTax o YTC, saepHasi pusrka U MaTepuaioBeie-
HUE, a TaKXKe B MEIMIMHCKUX U OMOPU3MIECKUX
MPWIOXEHUSIX. DBBIIM paccMOTpeHBl pa3IM4YHbIe
MPOLIECCHI J1a3epHO-TNIA3MEHHOTO YCKOPEHMUSI DJIeK-
TpoHOB. HammpumMep, KuibBaTepHOE YCKOPEHUE 3JICK-
TPOHOB B PEXHWME CAMOMOIYJISIIMU JIA3EPHOTO UM-
MyJibca, KOTOpoe JEKUT B OCHOBE CO3JaHUS TuiaT-
¢opMbl  ISI OMArHOCTMKM CXAaTOro BellleCTBA
MUIIEHU B PsAe KPYIHBIX JIAOOpATOpMii, BEIYIIUX
HCCea0BaHUs B 0071aCTU TEPMOSIIEPHOTO CUHTE3a C
WHEPLUOHHBLIM yaepxXaHueMm. bbuia paccMoTpeHa
KOHLIEILMS co3naHUsI 3P PEKTUBHBIX UCTOYHUKOB Y-
U3JIy4eHUs] U HEMTPOHOB Ha OCHOBE reHepaluu pe-
JIITUBUCTCKUX 3JIEKTPOHOB B peXUMeE MPSIMOTO Jia-
3epHOTO0 YycKopeHus1. OTMeUaioCh, UTO Jla3epPHbBIE CH-
CTeMbl TIeTaBaTTHOIO Kjacca MOIIHOCTU, KOTOpbIe
MOT'YT I'eHepHUPOBaTh KOPOTKME CYONMKOCEKYHIHEIC
1 (heMTOCEKYHIHBIE UMITYIbCHI, C(DOKYCHUPOBaHHBIE
0 YABTPApEIITUBUCTCKOM WHTEHCUBHOCTHU, SIBJISI-
IOTCSI XOPOIIMMM KaHAMIATaMU UISI CO3MAaHUST CUIb-
HOTOYHBIX ITYYKOB YJIbTPAPEISITUBUCTCKUX JIEKTPO-
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HOB B IMPOTSIKEHHOM T1JIa3Me € MJIOTHOCTbIO, OJIM3KOM
K KpUTUYECKOI. DTO OBLIO MOATBEPKIAECHO B 9KCHE-
puMeHTax, npoBeaeHHbIX B @MAH, B KOTOpBIX IT0-
JIMMEPHbIE a3pOrejii HU3KOH TIJIOTHOCTU UCIOJIb30-
BaJMCh IJIS CO3MaHUS TIJIa3MEHHBbIX MUllleHeil. B
9KCIIepUMEHTax ObllIa 3aperucTpUpoOBaHa reHepaLust
YIbTPAPENSTUBUCTCKUX 3JEKTPOHOB, raMMa-u3Jly-
YeHUSI U HEUTPOHOB C PEKOPAHBIMU 3(PPEKTUBHO-
CTSIMU TMpeoOpa3oBaHUsI SHEPIUM JIAa3€PHOTO UM-
MyJIbCa B DHEPrUi0 BTOPUUHBIX UICTOYHUKOB, HAIIpU-
Mep, OO0 2% DSHepruM JIa3epHOIO M3JIy4eHUs
npeoOpa3yeTcs B MOTOKU 3JEKTPOHOB C 3Heprueit
6oiee 7 MaB.

O peanuzanuu npoekra XCELS (eXawatt Center
for Exteme Light Studies) paccka3biBasioch B TOKJIaue
OT OoJbIIOro KoJuiekTuBa aBTopoB u3 MIT® PAH
(moximamunk WM.}O. Kocrtiokos). I[IpoekT HarpaBiaeH
Ha co3manue B Poccum mnccnemoBaTenbckoii mHppa-
CcTpyKTypbl — LleHTpa ucciaenoBaHUl 3KCTpeMaib-
HBIX CBETOBBIX TTOJIEH. SlnpoM MHGPacTpyKTypbl 10J1-
XKEH CTaThb MHOTOKaJIbHBIN (12 KaHalOB) MCTOYHUK
CBeTa C PEKOPAHOI Cy03K3aBaTTHOU MOIIHOCTHIO.
Baxxnoit ocooeHHocThIO ycTaHOBKM XCELS sBisieT-
Csl €6 MHOTOKaHaJbHOCTh, YTO MpeArojaraercss uc-
MOJIb30BaTh 11 POPMUPOBaHUS B obsacTu okyca
CJIOXHBIX paclpeieieHUil CBETOBBIX MOJieid, OINTHU-
MU3UPYIOIIMX pa3IuyHble MapaMeTpbl JIa3epHOTO
U3JTydeHUsI, HATIpUMep, MaKCUMAaJIbHYIO HaIIPSIKEeH-
HOCTb JiazepHoTo noJjisi. OCHOBHOM 3anavyeit nHdppa-
CTPYKTYDBI IBJIsieTCs ucciaeqoBaHue hyHIaMeHTalb-
HBIX TTPOLIECCOB B3aUMO/ICHCTBYS JTa3€pHOTO U3TyYe-
HUSl JKCTpeMajibHO BBICOKOW WHTEHCUBHOCTU C
BenrecTBOM. MOKHO HanesaThes, uyTo nmpoekT XCELS
MO3BOJIMT JOCTUYb HOBBIX pyOexkeil B (DU3UKE CUTTb-
HbIX 2JIEKTPOMArHUTHBIX TMOJIel, a TakKe MO3BOJIUT
HCCea0BaTh HEKOTOpble (yHIaMeHTaJlbHbIE MpPO-
1iecCchl. DTO TaKWe MPOILEeCChl KaK MpeoOdpa3zoBaHUE
CBeTa B MaTE€pUIO MOCPEACTBOM KBAaHTOBO-3JIEKTPO-
JIMHAMUWYECKUX KacKanoB, 3(deKThl Moaspu3aluu
BaKyyMa B CUJIBHOM TI0Jie, HallpuMep, YeThIPEeXBOJI-
HOBOE B3aMMO/JICHCTBHE, COOTBETCTBYIOIIIEE YIIPYTO-
My (hOTOH-(POTOHHOMY paccessHUIO, a TaKXKe UHTEH-
CUBHOE Jla3epHO-TUIa3MEHHOE B3aMMOJEHCTBUE,
MpUBOsIIee K 00pa3oBaHUIO MJIa3MEHHBIX CTPYK-
TYp, COCTOSIIIMX U3 BTOPUUHBIX YACTULI, HATIPUMED,
BJIEKTPOH-MO3UTPOHHBIX Map. [1o MHEHUIO aBTOPOB
JIoKJ1aja, YHUKaJIbHble OCOOEHHOCTU YCTaHOBKU
XCELS cnenaloT BO3MOXHBIM CO3IaHUE WCTOYHU-
KOB YaCTUIl U BTOPUYHOTO M3JIy4YeHUsI ¢ OGecrpelie-
JNIEHTHBIMU TTapaMeTpaMu.

Hoxman C.WU. InaspipuHa, E.M. ¥YpBaueBa u
C.U. bimaanukoBa (BHMUHWA wum. H.JI. [yxosna,
DOUAH u HUII KypyaTOBCKMiIT MHCTUTYT) ObUI MO-
CBSIIIEH BO3MOXHOCTSIM, KOTOPEIC OTKpBIBACT Ha-
GII0eHYE CBEPXHOBBIX 3BE3/1 C TOYKU 3PEHUS U3yde-
HMS KaK KPYITHOMAacIITaOHOU CTpyKTyphl BceneH-
HOM, Tak W YyHaJlcHHbIX ee 4JacTteil. Pa3Butue
ACTPOHOMHUU TMO3BOJIMIO OTKPHIBATh  BCHBIIIKU
CBEPXHOBBIX COTHSIMU 3a CYyTKM B aBTOMAaTUYE€CKOM

I'PUIINHA, UBAHOB

peXMMe, 9YTO 3HAUYUTEIHHO ITOBBICHIO TOYHOCTD I10-
JIydaeMbIX JAHHBIX, TaKMX KaK CIEKTPbI, KPUBbIC
0s1ecka, KOTOpble TakKe HecyT MH(MOPMAIIUIO O TI1a3-
MEHHBIX TTpolleccax B CBEPXHOBBIX 3Be37ax. DKCTpe-
MaJjibHbIE COCTOSIHMSI BEIIIECTBA B 3BE3/I€ MO3BOJISTIOT
u3ydaTb 3 HEKTHI, HEAOCTYITHbIE ISl TaOOPaTOPHO-
ro ucciegoBaHus Ha 3emie. B kauecTBe mpumepa B
JloKJ1aze ObLIM PacCMOTPEHBI TEPMOSIAEPHBIE CBEPX-
HoBble (SNIa), 6yarogapsi KOTOPbIM ObLJIO OTKPBITO
yCKOpeHHoe pacmupeHue BceneHnoii. Kpusas
OJjiecKa TaKMX CBEPXHOBBLIX MMEET OCOOEHHOCTD: a0-
COJIIOTHAsI CBETUMOCTh B MAaKCUMYM€E KOPPETUPYET C
IIMPUHON KPHUBOIi OJIECKA, YTO U IIO3BOJISICT UX MC-
M0JIb30BaTh B KOCMOJIOTUYECKUX MTPUJIOXKEeHUSIX. s
HEKOTOpbIX TUITOB cBepxHOBBIX (SNIa, SLSN) Bo3-
MOXHO OINpPEIENIUTh MX aOCOJIOTHYIO CBETHMMOCTD,
YTO TTO3BOJISIET UCIIOJb30BAaTh UX KaK “CTaHIapTHYIO
CBeUYy” B KOCMOJIOTMYECKUX MPUJIOKEHUSIX. Bembli-
k1 SNIa BO3HMKAIOT pU TEPMOSIEPHOM TOPEHUN
0eJIbIX KapJIMKOB B IBOMHBIX CUCTEMAaX: IIPU CIAUSHUU
3Be3[I, JIMOO U3-3a Pa3BUTUSI HEYCTOMYMBOCTE B pe-
3yJbTaTe aKKPELIMM BEIIECTBA C KOMIIOHEHTa ABOIi-
Hoii 3Be3nbl. DyHIaMeHTaJIbHASI TIpoOJieMa TaKMX
CBEPXHOBBIX CBsI3aHa ¢ (PM3UKOI TOPEHMS, €ro He-
YCTOMUYMBOCTSIMH, TYPOYJIECHTHOCTBIO, a TAKKe Tepe-
XOIOM B JeToHaluo. Takue CBEpXHOBbIE HE MOTYT
OBbITh MCITOJIb30BaHbl HATIPSIMYIO B KOCMOJIOTUHU TIPU
W3MEPEHUU PACCTOSTHUM OO0 yIAJIEHHBIX OOBEKTOB, 1
TpeOyoT KaauOpoBKH. Jpyroii Kiaacc CBEPXHOBBIX
(SLSN, cBepxMoOIlIIHbEIE HOBBIE), Y KOTOPBIX HA0JIIO-
JTal0TCsl Y3KHUe TUHUM B CIIEKTPe, ITO3BOJISIET IOCTPO-
WUTh MPSIMOM METON U3MEPEHUST paccTosTHUl. MeTton
CTPOUTCSI HA OCHOBE TOT'O, YTO B TAKMX OOBEKTAX CBE-
yeHue oIlpeaesisieTcss (ppoHTOM paguaTUBHONI ymap-
HOI1 BOJIHBI. DT CBEPXHOBBIC TOMUMO BKJIa/a B KOC-
MOJIOTUIO TIPEJACTABIISIIOT MHTEPEC 151 IPOBEPKU MO-
Jeneil pagualliOHHON TMAPOTNHAMUKMN.

CoBpeMeHHOMY COCTOSTHUIO CTPOUTEIhCTBA TOKA-
maka ITER Ob11 mocBsiteH nokian JI.H. XumyeHKo
u A.B. KpacunpHnukoBa (ITpoekthsiii nentp UTOP).
B noxkitane otmeuanock, yTo Ha mjaHHOM 3Tarie ITER
HaXOIUTCSI HA HanboJiee CJI0XKHOM 3Talle CTPOUTEIIb-
CTBa — 3Tane cOOpKM ToKaMakKa. 3HAKOBBIM JOCTH-
XXKEHHUEM SIBJISIETCS COOpKa MepBOro CEKTOPa BaKyyM-
HOM KaMephl CO CBEPXIIPOBOISIIIMMU KaTyIIIKAMU TO-
pPOMIAILHOTO MAarHUTHOIO MOJIsI; 3TOT CEKTOpP YyXe
npolren “nmpuTHUPKy MO MeCTy B IIaXTe TOKamMaka.
Drar cOOpKM ToKaMaKa KauyeCTBEHHO OTINYAeTCsI OT
MpeabIAyIINX 3TAIoB. 3JIeCh HOKHO CTBIKOBATHCS
00OpyIOBaHME N YACTU SANHBIX CHCTEM, BBITTOJTHEH-
HBIX B CTpaHaX C pa3jINYHOIl KyJIbTYpOil IPOU3BOI-
CTBa M HAaIMOHAJILHBIMU cTaHAapTaMu. CIyCTs IBa €
MOJIOBUHOM To/a ITocjie HaJaJjla 3Tara cOOpKHM ToKa-
maka, ITER cTolKHYJICS ¢ mepBOil cepbe3HOI Mpo-
0J1eMOi1: OBLIM BEISIBICHBI e (DEKThI B IBYX KITIOUEBBIX
KOMITOHEHTaX TOKaMaKa — B TEITUIO3AIIMTHBIX dKpa-
Hax U ceKTopax BaKyyMHOII Kamepbl. HecMoTpst Ha
TO, 4TO M3-3a nangemuu Covid-19 Temn cOopku TO-
KaMakKa HECKOJILKO 3aMeIJINJICS, BCE CTOPOHEBI MPO-
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JIOJDKAIOT BBIMIONHATH CBOM O0S3aTelIbCTBA. DTO B
MOJIHOI Mepe OTHOCUTCSI K POCCUMCKUM 00s13aTe/b-
cTBaM. 3a IpOIIEAIINiT Ieprod Ha IVIOLIAAKy COOpKU
ITER 06517111 TOCTaBICHBI 4 THPOTPOHHBIX KOMIIEKCA
JUISL CUCTEMBI JTOTIOJHUTEJIBHOTO HarpeBa ILJ1a3Mbl,
27 TpeiiiepoB pa3InuyHON KOMMYTUPYIOIIEH anrapa-
TYpBl JUISI TIOABOIA JJIEKTPOSHEPIMM K TOKaMaky,
3 YIIMHUTEBHBIX BEPXHUX MaTpyOKa M OMMETaJIN -
yecKHe IbeJecTallbl BaKyyMHOM KaMephl. bbuia 3a-
BepllieHa M oTnpapieHa Ha turomanky ITER cBepx-
npoBoAsIIas KaTyllika mojouaanbHoro moass PF-1,
KOTOpas SIBJSETCS OCHOBHBIM M3ACINEM B paMKax
poccHuiicKnxX 00s13aTenbCcTB. Yuactre Poccnm B mmpo-
exTe ITER mo3BosisseT UMeTh TOCTYIT K CaMBbIM “TIPO-
JIBUHYTBIM” TEPMOSIIEPHLIM TEXHOJIOTUSIM W OCp-
XaTb CBOI BBICOKMI TEXHOJIOTUYECKUIA YPOBEHb.

Bormpocam nipoektupoBanust B Poccuu Tokamaka
¢ peakTopHbiMM TexHonorusiMu (TRT) ObL1 mocBsi-
mieH gokian A.B. KpacunsHukosa, C.B. KoHoBajo-
Ba u O.A. Kamyka (Ilpoexthsiii uentp UTOP). B
JIOKJIaZie OTMEJaJIoCh, UTo TokaMak TPT pa3pabdaTsi-
BaeTCs KaK IMOJTHOMACIITAOHBII MTPOTOTUI OYAyLIETo
TEPMOSIIEPHOIO peakTopa, a TakKe TEPMOSIICPHOTO
WCTOYHMKA HEHWTPOHOB IS THOPUIHOTO peaKkTopa.
OcHoBHBIMU LeassMu co3nanust TPT aBnsitores: pas-
paboTKa U MHTeTpalvs B OMHOII yCTAHOBKE KJIIOUYE-
BBIX MHHOBAIIMOHHBIX TEPMOSIACPHBIX TEXHOJIOTHIA;
MPOBEJAeHUE MMOHEPCKUX UCCIIEAOBAaHUIA pabOThI TO-
KaMaKa B pexXrMe TOpPeHUsI TePMOSIIePHOM TLIa3MBbl,
IIPpXU KOTOPOM BBIXOJ TEPMOSIIEPHOI SHEPTUM MO OT-
HOIIIEHUWIO K BJIOXXEHHOI 3Hepruu B 1iazmy Q mpe-
BBICUT 1, c MHTEHCUBHBIM HarpeBoM ayibga-4acTulla-
MU B LIEHTPE IJIa3MEHHOIO IIIHYpa B IEUTEpUI-TPHU-
TUEBBIX OJKCIIEPUMEHTAaX; a TakXe WHTerpamus
TexHoJiornyeckux paspadotok ITER B poccuiickyro
nporpammy YTC. Poccuiickas ®Penepauyss uMeeT
MpaBO MCIIOJIb30BaTh B HALlMOHAJILHON TepMOsiep-
HOM IIporpaMMe BCe TEXHOJIOTUH, CO3MaHHbIC B paM-
kax nmpoekta ITER. ITporpamma mnccnengoBanmii, Ko-
TOpbIe MpeanosaraeTcs nposoauTsh Ha TPT, Bkitoua-
eT B ceOs KIII0OYeBbIe MOMEHTEI, HEOOXOOUMBIC IS
CO3IaHUs TPOMBIIIIJICHHBIX TEPMOSIIEPHOIO U TH-
OpPMIHOTO PEaKTOPOB: TeHepalus KBa3ucTallMoHap-
HOIO TOKa, pa3paboTKa KBa3UCTAalMOHAPHBIX pe-
aKTOPHBIX PEXMMOB B3aUMOICHCTBUS IIa3Ma—
CTeHKa, pa3paboTKa WHHOBAIIMOHHOTO MPOTOTHUIIA
KBa3UCTAllUOHAPHOIO OUBEPTOpa, WCCIIEeIOBaHUSI
MIPOTOTUIOB SKCIIEPUMEHTAIBHBIX MOIYJIeii O1aHKe-
Ta, U MHOTHE Apyrue 3agayu. BaxkHo, 4To pa3padboTka
nporpaMmmbl ucciaemoBanuit TPT BemeTcss mapain-
JIGILHO C OoIlpeaeieHneM HeoOXOAUMBIX IS €€ pea-
JIN3alMU TUaTHOCTHK.

IlnenapHbIit fOKJIad, MOCBSIIEHHBIN CTAaTyCy TO-
kamaka T-15M/I, o1 npenctasieH I1.I1. XBocTeHKO
OT MMEHU OOJBIIOr0 aBTOPCKOTO KOJUIEKTHBA CO-
tpynuukoB HWII KypuaroBckuii mHCTUTYT. Poc-
CUIICKOE TePMOSIICPHOE COOOIIECTBO C HETePIICHUEM
OXMAACT SHEPreTUYEeCKOro IIycKa M TIPOBEICHUS
MEPBBIX MJIa3MEHHBIX KCIIEPUMEHTOB Ha 3TOI ycTa-
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HOBKE, KOTOpBIEC IOJKHBI cOCTOSThCST B 2023 Tomy.
VYcranoska T-15MJI — Tokamak, OCHOBHOIT 0COOEH-
HOCTBIO KOTOPOTO SIBJISICTCSI COYeTaHUE HU3KOTO ac-
MEKTHOTO OTHOIIeHUs (A = 2.2) 1 BBICOKOTO TOPOU-
nanpHOro MarHuTHOro moJist (B = 2 Ti). K Hos6pro
2022 r. 6bUIM 3aKOHYEHBI pabOThI 110 MOTKIIOYEHUIO
BCEr0 2JIEKTPOTEXHWYECKOIO OOOpyIOBaHUS OT
aJIeKTpuYeckKoi moacraHuuu Ne 745 K sjekTpomar-
HUTHOIT cucteMe Tokamaka T-15MJI. IlposedgeHa
YCTaHOBKa B KaMepy 3alllMTHBIX I'Pa(UTOBBIX ILIM-
TOK. IT0JIHOCThIO CMOHTHUPOBAH U OTHIOCTUPOBAH Ba-
KYYMHBI BOJTHOBOIHBIM TPAKT JISI BBOJA MOIITHOCTU
TUPOTPOHA IIPEAbIOHM3AlNK, B KaMepy ToKaMakKa
BBeaeHa CBY-momiHocts 1 MBT B TeueHue 50 mc.
CosgaHa crucTeMa KOHTPOJISI paguallMOHHOI 00cTa-
HOBKM C perucTpanyeii MHTEeHCHUBHOCTU KECTKOTO
raMMa ¥ HEMTpOHHOTO U3JIyYEeHUIi, KaK B 30HE yCTa-
HOBKH, TaK " 3a ee npeneiaamu. [IpoBegeHa BaKyyM-
Hasl TOATOTOBKA pa3psiIHON KaMephbl, BKIIIOYas
OMMYECKHMII MporpeB KaMmephbl U 00pabOTKY CTEHOK
KaMephl TICIOIIUM pa3psaaoM. JuarHocTuyecKui
KOMIUIEKC YCTaHOBKHM IIpeIycMaTprMBaeT HAabOp pas3-
JIMYHBIX TMarHOCTUK, KOTOPbIE€ MO3BOJISIT IIPOBOIUTH
LIMPOKUI CIIEKTP (PyHAAMEHTAIbHBIX U IIPUKJIATHBIX
WCCJIeNOBaHUI B 001acTH (DU3UKU TOPSTICH TIa3MbI B
TOKaMakax.

3. MATHUTHOE VAEPXKAHUWUE
BbICOKOTEMIIEPATYPHOMU ITJIASMBbI

Ha cexiium “MarautHoe yaepXaHue BBICOKOTEM-
nepaTypHoi miasmbl” (Ipencemareilb CEKLIUU —
A.N. MeuiepsikoB) ObLUIO MpeacTaBjieHo 78 moKiia-
noB. TemaTuka NOKJIaJ0B CBsI3aHa, MPEXIe BCETO, C
HUCCeIOBaHUSIMU, TPOBOAMMBIMUM Ha NEeHCTBYIOLIMX
YCTAHOBKaX C MAarHUTHBIM yepXXaHWUEM ILIa3Mbl, Ta-
Kux Kak Tokamaku Inmobyc-M2, TYMAH-3M,
T-11M, crennaparop JI-2M, OTKpBITBIE JIOBYIIKU
I'JI, TOJI-3, 1 oTKphITasg JOBYIIKA C BUHTOBBIMU
nmpookamu CMOJIA. KpoMe TOro Ha ceKiuu ObLIT
npeAcTaBieH psa padboT ¢ pesyabTaTaMu 00paboTKU
SKCIIePUMEHTAIbHBIX JAaHHBIX, MOJIYUYEHHBIX Ha 3a-
kpoiBiieMcs B 2018 rony Tokamake T-10. Psag mipen-
CTaBJIEHHBIX PabOT ObLIT MOCBSIIEH MOJEIUPOBAHNIO
CUCTEM U TrarHocTuk Tokamaka T-15M/I, anepreTu-
YeCKMI MycK KoToporo oxunaercs B 2023 roxy. Kpo-
M€ 3TOTO, BIEPBbIE MOCe OOJIBIIOTro MepepbiBa ObLT
MpeacTaB/IeH JOKJIA yYeHbIX, pabOTaOIINX HA TOKA-
make KTM (Kazaxcran).

Cpenu JeicTBYIOIIMX YCTaHOBOK HauOoJbliiee
KOJIMYECTBO JOKJIAI0B MPEACTaBIsIO Pe3yJbTaThl,
MOJIydeHHbIe Ha cepuyeckoM Tokamake Imobyc-
M2. Ha 3T0i1 ycTaHOBKe Oblila IIpoBeaeHa MOJACPHU -
3allisi MATHUTHOM CUCTEMBI Y CUCTEMbI DHEPronuTa-
Hus. B pesynbsraTe B 2022 rogy Ha yCTaHOBKE TIPOBO-
JWINCh DKCIIEPUMEHTbl C MarHUTHBIM TMOJEM [0
0.9 Tecna 1 TokoM mia3mel 10 0.44 MA. Temnepary-
pa 2JeKTpoHOB nocturaia 1.5 kaB mnpu cpenHeii
IJIOTHOCTH 1a3Mbl 5 X 10 M3, Bbuin npoBeneHbl
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SKCIIEPUMEHTHI 110 HArpeBy MOHHOM KOMITOHEHTHI
IJIa3Mbl C UCMOJIb30BaHMEM JIBYX HEUTpaabHbBIX WH-
XKeKTOpoB. B clieHapum ¢ omHOBpeMeHHOIT paboToit
MH3KEKTOPOB OB ITOJIyUYeH PEKUM C “TIeperpeTbiMu’”’
noHamMu. B 1mmMpokoMm [gManasoHe IUIOTHOCTEi
IUIa3Mbl LIEHTpaJibHasl TemiepaTypa uoHoB (7; =
~ 4 k5B) mpeBbIlllIaNa LIEHTPAIbLHYIO TeMIIEpaTypy
271eKTpoHOB (7, = 1.6 k3B). AHa/IU3 pe3yIbTaTOB 13-
MepeHuit aHeprodaaHca IIa3Mbl MOKa3aJl, YTO MOH-
Hasg TEMIEePaTypoONpOBOIHOCTL HAXOIUTCS HA YPOB-
He HEOKJIACCMYECKMX 3HAYeHUI IJIsT PeKUMOB pa-
OOTHI C IBYMST MHXKEKTOpPaMMU.

IIpumenenne Ha Tokamake Imo0yc-M2 MHTEH-
CUMBHOIO HarpeBa ILIa3Mbl (HarpeB HEWTpaJbHBIMU
IMyYKaMH1 1 BOJIHAMM HIDKHETMOPUIHOIO AuaIia3oHa
4acTOT) BeAeT K BOSHUKHOBEHMIO B IUIa3M€ ITOITYJIsI-
LIUU BBICOKOYHEPTUYHBIX MOHOB. B 2022 roay Ha TO-
Kamake I1o0yc-M2 ObUI BBeIeH B ICHCTBUE KOM-
TMaKTHBIA aHamM3aTop aToMoB nepe3apsaaku CNPA-
09, KoTOpBIii perucTpUpyeT YacTULILI B Juaria3oHe
sHepruit 0.8—60 kaB B ciayyae meiitepus wim 0.8—
120 k3B B cirygae Bomopona. [1Ipudop nmeer 44 xaHa-
Jla 1 TIO3BOJISIET 32 ONUH pa3psia IMoJiydaTh IOApO0-
HBI SHEPIreTUYSCKUI CIIEKTP aTOMOB Mepe3apsiaKu.
B pamkax skcmepMMEHTaJIbHBIX KaMMIaHW ObLIN
IPOBEJEHbI U3MEPEHMS TOTOKOB aTOMOB B pa3psiiax
C HEUTpaJIbHOM MHXEKIIUEN U B OMUYECKOM PEXUME
Harpesa 1u1a3Mbl. [1osrydeHbBI 9HepreTUYecKre CeK-
TpBI aTOMOB nepe3apsaku. [IpomoirkaeTcss MOTEepHU-
3alus JeACTBYIOIINX TMarHOCTUK, a TAKXKe UIIET pa3-
paboTKa HOBBIX CHUCTeM AuarHoctuku. Hampumep,
Ha KOH(epeHIMU ObUIU TpECTaBIeHbI MePBbIE pe-
3yJIbTaThl HOBOM IMATHOCTUKU, pa3pabOTaHHOM ISt
TokaMaka IJ1o6yc-M2, koTopast mpemHa3HadeHa s
TOJIy4YeHUsI NeTalbHOI MHMOpMaLIMM O TIPOMUIX
KOHILICHTpallM1 U TeMIIepaTyphbl 2JICKTPOHOB Ha IIe-
pudepuu 1iazMbel. OHa UCIIOIbL3YET HAITYCK T'eius B
KpaeBylo IIa3My U OCHOBaHa Ha U3MEPEHU COOTHO-
ILIEHUA WMHTEHCUBHOCTWU W3JIyY€HUS JIMHUUA HEW-
tpanbHoro reaust (He I).

MHOT0O MHTEpPECHBIX Pe3yJbTaToOB, MOJYyYEeHHBIX
Ha OTKPBITHIX JIOBYIIKAX, OBLJIO IIPEICTABICHO Y4acT-
Hukamu koHdepenuuu nz MAD CO PAH. Ha or-
kpbiToit JioBylike CMOJIA uccienoBaH HOBBIN Me-
TOJ, TIOJABJIEHUSI IIPOMOJbHBIX ITOTEPh: AUHAMUYE-
CKOE MHOTompoOOYHOe yaep:KaHue Bpallalolieiics
T1a3Mbl B MATHUTHOM T10JIE€ C TEJTMKOMIATBHON CUM-
MeTpuei. beuin mpencraBiaeHBI pe3ylIbTaThl MCCIIe-
JIOBaHUS TEYEHMS MJIa3Mbl TIPU pa3IUYHbIX HaIIpaB-
JICHUSIX BpallleHUsl TUIa3Mbl B IIIMPOKOM Avaria3oHe
IJIOTHOCTEM, COOTBETCTBYIOIIEM U3MEHEHUIO JIUHBI
CBOOOIHOTO ITpoOera noHa OT OTHOTO Meproaa BUH-
TOBOTO MATHUTHOTO TIOJISI A ~ A IO TIOJHOM UIMHEI
BUHTOBOI MarHUTHOM cucTeMbl A ~ L. Bulo mokasa-
HO, UTO TIpY HampaBJIEHWU BpallleHUsI, OTBeYalolleM
YIy4IIeHHOMY yIIep>KaHUI0, IMoIaBJeHue TTOTOKa UC-
TEeKaoIIeH I1a3Mbl HaOIIOJaeTCsI BO BCEM OMANa30-
He TIoTHocTel. Ha rasommHamMmnyecKoil JIOBYIIIKE

I'PUIINHA, UBAHOB

(I'1JI), xoTopas SIBAsSIETCS OMHOM M3 KPYITHEMIIINX
OTPBITHIX JIOBYIIIEK C CyOTepMOSIIEpPHBIMY MapaMeT-
paMu IU1a3MHbl, CO3JaHa CUCTEMa PeruCcTpalui CIieK-
TPOB KOJUIEKTMBHOTO pacCesHUS WU3JIYYCHUS THUPO-
TpoHa. OCHOBaHHasi HA UBMEPEHUSIX TAKMX CIIEKTPOB
JIMAaTHOCTHUKA ITO3BOJISICT BOCCTAHABIMBATL (PYHK-
IO pacIIpeAeIeHMsI IOIMY/ISILN HAATSIUIOBBIX (TO-
pSlUMX) MOHOB, a TakKKe KOHTPOJMPOBaTh pa3BUTHUE
MUKpoHeycToitunBocteii B ttazme I'IJI. Mctounu-
KOM M3IyYeHUS UISI TUAaTrHOCTUKU CITY>KUT MOIITHBIA
(450 xBt/54.5 I'T'1) rupoTpoOH, U3JIydeHUE KOTOPOTo
nHXekTupyetcs B rmasmy ['JIJI B ieHTpaatbHOM ceue-
Huu JIOBYIIKU. [uporpoH usrorosieH B UT1D PAH.
N3mepeHune paccesTHHOro Ha (PIyKTyalMsIX TIa3Mbl
WU3JIy4eHUsI, OT(PUIBTPOBAHHOIO OT IIYMOB M IIOI-
BEPTHYTOTO COOTBETCTBYIOINIEH TU(ppoBOit 06padoT-
K€, IT03BOJISIET BOCCTAHOBUTDH (DYHKIIUIO pacIipeaesie-
HUSI MOHOB 110 3Hepruu. C ITOMOIIbIO 3TOi IMarHo-
CTUKM TpPOBEIEHBI IIEpBble WU3MepeHMs. Takas
JIMarHOCTHUYECKAas CUCTeMa IMO3BOJIMT U3y4aThb Yaep-
XKaHue ropssunx noHoB B I'/IJI. DTo 0coOeHHO BaxKHO
B CBSI3M C OTCYTCTBMEM aJIeKBAaTHOI TEOPETUUIECKOM
Mozeau 3Toro npouecca mist TJJT.

B moknamax ygacTHMKOB KOH(pEpeHIINN, paboTa-
omux Ha crejuiaparope JI-2M (MO® PAH), 6b1mn
MpeACTaBIIEHbI Pe3ybTaThl UCCIIENOBAaHUI IIPOLIEC-
COB camoopranm3anuu mia3msel. [lokazaHo, 4To mo-
ciie BbikJtoueHuss DI[P HarpeBa mpu oCThIBAaHUM
IUIa3Mbl IPOLIECCHl CAMOOPTAaHU3ALIMY UTPAIOT KITIO-
4eBYyIO POJIb B yIep>KaHUM T1a3Mbl. B aT0i1 (baze pas-
psiia caMoopraHu3alys ITIa3Mbl IIPUBOAMUT K yCTa-
HOBJICHUIO B IJIa3Me KAaHOHMYECKMX NpoduIeii 1aB-
JIeHUsI. DTO COOTBETCTBYET COCTOSHUIO, KOrIma
MMOTEPU SHEPTUU U3 IJIa3Mbl MUHUMAJILHBL. [1J1s1 3TOM
¢a3bl MoJIy4eH CKEWJIMHT IJIsi BpEMEHU YyOep>KaHUS
DHEPIMM W MOKa3aHO, YTO OH OJIM30K K CKEMJIMHTY
JUTST KBa3uCTallMOHApHOI (pa3bl. DTO CBSI3aHO C TEM,
YTO B KBa3UCTAallMOHAPHOM (ha3e BHEIIHEE BO3ICH-
CTBHME CO CTOPOHBI HAIPEBAIOIIIETO MUKPOBOJIHOBOIO
WU3JIyYeHUsI TIPUBOIUT K JTOIIOJIHUTEIIbHBIM MOTEPSIM
SHEPIUM M OTKJIOHEHMIO MpOoduiIeii HaBjIeHUS OT
KaHOHMYEeCKOro. B 3To xe BpeMs IIpolecChl camMo-
OpraHM3alyy CTPEMSITCS BEPHYTH IJIa3My B COCTO-
STHUE ¢ MUHUMAaJIbHBIMY noTepsaMu. J1ist pa3bl mociie
BeIkJTIIoOueHMs DI P HarpeBa mojiyueHa 3aBUCUMOCTh
MUHUMAJIbHOM MOIIHOCTU IIOTEPh OT 3HEProco-
IepxXxaHus 11a3Mmbl. I[loka3zaHo, 4TO mpu Bo3pacTa-
HUUM 3HEPTroCcoAepKaHMSI MOIIIHOCTD ITOTEPh BO3pac-
TaeT NPOIIOPLUMOHAIILHO KyOy 3HEprocojep>KaHus
IUIa3MBEL.

Cpenu paboT, IIpOoACIaHHBIX C MCIIOJIL30BaHUEM
0a3nl JaHHBIX ToKamaka T-10, mHTepec mpeacTaBiIsi-
et gokuan, caenanHbiii FO.H. InectpoBckuMm. B no-
KJIaJie TpeAcTaB/JicHAa KOHUEIINS SKBUBAJICHTHBIX
pa3psiIoB TOKaMaKa 1 cTeJlllapaTopa, UMEIOIINX OIU-
HaKOBBIe TeMIIEpaTyphbl 3JEKTPOHOB U MOHOB, IPU
OIHOM M TO¥ K€ INIOTHOCTHU 1u1a3Mbl 1 CBY-MorHo-
CTU, TTontoleHHoui npu D1 P-Harpese. DTa KOHLIETT-
L1s1 OblIa pa3BUTa paHee MO OTHOIIEHUIO K 9KCIIepU-
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TEKYIIEE COCTOSAHUE UCCIEJOBAHUM 11O ®U3UKE TJIA3SMBI

MEHTaJILHBIM UMOyJbcaM ToKamaka T-10 u crena-
patopa TJ-II. B npencraBieHHoO# Ha KOH(epeHLINH
paboTe pacCMOTpPEHBI MPUMEPHl 3KBUBaJICHTHBIX
SKCITEpUMEHTAJIBHBIX pa3psinoB creuiaparopa JI-2M
1 MoAeNbHBIX pa3pssnoB Tokamaka T-10. IToka3zaHno,
4TO 3MIupudeckast popmyna misd 3pGeKTUBHOCTU
HarpeBa, IOJIydeHHasI paHee Ha OCHOBE 3KCIIepH-
MeHTOB Ha Tokamake T-10 u cremmapartope TIJ-II,
cIIpaBemIMBa U 11 cTesuiapaTtopa JI-2M, 1 ee MOXKHO
OyzmeT IpUMEHSITh O Tokamaka T-15MJ1.

Heckonbko paboT ObLUIO MOCBSILEHO IPOEKTUPYE-
MBIM U cOo3IaBaeMbIM ycTaHOBKaM. Tokamak T-15M]]
(HN1I “KypuyaToBCKUIA UHCTUTYT”) YK€ IIOCTPOEH, U
B Oyxaiiliee BpeMsI OXHMIAETCS €ro 3HepreTuye-
ckuii myck. IToaToMmy MHOTo pa®boT OBIJIO TOCBSIIIIEHO
MOJIEIMPOBaHUIO pabouux pexumMoB T-15M/I u me-
TOJIOB HarpeBa IUIa3Mbl, a TaK:Ke€ TMArHOCTUYECKUM
cuCTeMaM 3TOro ToKaMaka. bbliu rpencraBiaeHbl pe-
3yJbTaThl MOJICIUPOBAHUSI OMUYECKOTO peXXrMa TO-
kamaka T-15M/I Ha nepBoii cTaguu padboThl C YMEHb-
IIEHHBIMY 3HAYeHUSIMA MarHUTHOIO mojsa B=1—
1.8 T u Toka ma3mel 1 okosio 1.5 MA. C ucronb3o-
BaHMEM CTaHOAPTHOI TPaHCIIOPTHOI MOIEIM KaHO-
HUYECKUX TIpodmieit OBUIM TIOJYyYeHBI Tpoduin
BJIEKTPOHHOI TeMnepaTyphl JJIsI pa3IUudHbIX 3HaYe-
HUii MarHuTHoro mnoJjs. IlomydeHHBIE mpoduIn
CPaBHUBAIMCH C 3KCIIEPUMEHTAJIbHBIMU HPOMUIISI-
MU TeMIIepaTyphl TIa3Mbl JJIsI OMUYECKOIO pexKuMa
tokamaka T-10. IToka3zaHo, 4TO IIpu BapbUPOBAHUU
MarHMTHOTO MOJISI M TOKa IUIa3Mbl B ONpeIeIeHHBIX
npenenax Tmnpodunu Temreparypbl s T-10 wu
T-15M]I mpakTU4eCKM COBITaAAIOT B Mpeaeax cpea-
HeKBagpaTudyHoro orkioHeHuss RMS (root mean
square) 6—8%. Coo0111a710Ch O MPOBOIMMBIX Ha yCTa-
HOBKe pabotax 1o BBoay CBY-u3znyyeHnss THpOTpO-
Ha B BaKyyMHYIO KaMepy, M1 O MOACPHU3AIUN CUCTEe-
Mbl MHXKEKIIMU HeHTpaJabHbBIX ITy4KOB. BenyTcs pac-
YyeTbl M pa3padaThIBalOTCS CXEMBI IUArHOCTUKU
MHOTOKaHAJIbHOTO PEHTTE€HOBCKOIO CIIEKTPOMETpPaA.
Taxoke ObLIa TIpeMIokeHa KOHLIETIINST TUarHOCTUKUA
TEIUIOBOTO T'eJIMEBOrO IIyJdKa, IIpeaHa3HauYeHHO 11
omnpeleNeHusI TeMrepaTyphl 1 INIOTHOCTH TJIa3MBI B
MPUCTEHOYHOI 00JIacTH.

IIponomkaeTcs pa3padboTKa TEXHOJOTUN TpUTHUE-
Boro nukia mis npoekra JJIEMO-THUH. Pazpaboran
noaxod K MOACINPOBAHUIO ITOTOKOB YaCTUIL B CUCTE-
Max TPUTHUEBOTO TOTNIMBHOTO IIMKJIA TEPMOSIIEPHOTO
MCTOYHMKA HEMTPOHOB Ha 0a3e ToKaMaKa, OCHOBaH-
HBIII Ha HempsMoM ob0benuHeHUM KomoB ASTRA,
SOLPS4.3 u FC-FNS. Peanusyetcs o6paTHas CBSI3b
MEXIy CUCTeMaMM OTKAaYKM U MHKEKIIMU B BUIEC U3-
MEHEHMsI M30TOITHOIO COCTaBa OCHOBHOI U JUBEP-
TOopHOI (TIpucTeHOYHOM) miaa3Mbl. B xome ASTRA
BMECTO 3JICKTPOHOB B YPaBHEHMSIX IIEPEHOCA YACTHUII
HCTIOJIB3YIOTCS MOHEL. DTO IIO3BOJISIET Oo0jiee KOop-
PEKTHO OLICHWBATh MapliajbHbIe BpeMeHa yaepxKa-
HMS B IIJIa3Me MOHOB OT pa3HbIX UICTOYHUKOB. BenyT-
csl pabOTHI II0 CO3MAaHUIO CTEHIOB IJISI OTPaOOTKU
TEXHOJIOTUI TEPMOSIIEPHOTO TOTNIMBHOTO IIMKJIA.
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Ha xondepeHIMM OBLIN TIPEACTABICHBI PE3yiib-
TaTbl TOCJACAHUX SKCIIEPUMEHTOB IO OMHYECKOMY
HarpeBy IIJIa3MBbI, IIOJIyYCHHBIE Ha Ka3aXCTaHCKOM
tokamake KTM (R =1 m, a, = 0.45 M, nuBepTOpHas
KOH(MUTypaluus ¢ BBITIHYTOCTBIO IIHypa k =1.7,
By=1T). Tokxamak KTM mnpencrasisier coboii cre-
LIUAIU3UPOBAHHYIO YCTAHOBKY, MNpeaHa3HAYeHHYIO
IIJISI UCCIIEIOBAHUSI KOHCTPYKIIMOHHBIX U (DYHKIINO-
HaJIbHBIX MaTepuaJioB, 3JIEMEHTOB U y3JI0B OYAyILINX
YCTaHOBOK TEPMOSIIEPHOTO CUHTEe3a. B HacTogmmit
MoMeHT Ha TokaMake KTM nocTurHyThI ciaeayonme
rapaMeTphl INIa3MEHHOTO pa3psiia B peskuMe oMUuye-
CKOTO HarpeBa: TOK Iuia3mbl /, = 500 KA, IJI0THOCTb

m1asmsl 1 X 10 M—3, umtenbHOCTB paspsina okoo 1 c.

ITo pesymbTaTaM padOTHI CEKIINU, MOKHO CIIEIaTh
BBIBOl, UTO YPOBEHb 3KCIEPUMEHTAIbHBIX padoT,
BBITTOJIHSIEMBIX HA POCCUIICKUX TEPMOSIIEPHBIX yCTa-
HOBKax, MO-MpPeXHEMY, 3aMETHO OTCTaeT OT YPOBHS
paboT, BHIMOJHSIEMBIX B TaKuX cTpaHax, Kak CIIIA,
Snonus, FOxnas Kopes, Kuraii, n B ctpanax EBpo-
€0103a. DTO CBI3aHO C yCTapeBIIel TEXHUYECKOI 0a-
30l YCTAaHOBOK M HU3KMM YPOBHEM TeKYIIero u-
HaHCUPOBaHUS PaboT, CBI3aHHBIX C TEPMOSIIEPHbI-
MU MCClielOoBaHUSIMU. TeM He MeHee, MOXHO
OTMETUTh U Psii BeChbMa 3HAYMMBIX UCCIIEIOBaHMIA,
MPOBENEHHBIX 3a MOCIAEAHUN IOl Ha POCCUKWCKUX
ycraHoBKax. K HUM oTHOCSITCST paOOTHI Ha TOKaMake
I1obyc-M2 u Ha OTKpbITHIX JoBymiKax MAD CO
PAH. Poccuiickue yyeHble, paboTaloline B 00JIacTu
MarHUTHOTO yIep>KaHUsl BbICOKOTEMIIEpAaTypHOU
TUIa3Mbl, BO3JararoT OOJIbllIME HaaeXAbl Ha HOBBIU
poccuiickuii Tokamak T-15MJI. YuactHuku KoHpe-
peHLInU, paboTaBIIMe B cCeKIMU “MarHutHoe yuep-
>KaHWE BBICOKOTEMIIEpaTypHOIi TJIa3Mbl”, OTMEYaAJIH,
yto ¢ 2021 roma HavajoCh HEKOTOpPOE yBEIWYEHUE
¢dUrHaHCUpPOBaHUS TEPMOSIIEPHBIX HWCCIENOBAHUIA,
BKJIIOYasi CTPOUTEIBLCTBO HOBBIX 3KCIIEPUMEHTAJb-
HBbIX M TEXHOJIOTUYECKUX YCTAHOBOK, KOTOPOE MOXKET
ObITh peaM30BaHO B X0j€ BbINoMHeHUs KoMrekc-
Hoii iporpamMbl Poccuiickoit @enepanyu “Pa3Bu-
TUSI TEXHUKU, TEXHOJIOTUIA U HAyUYHBIX UCCJIeIOBaHU I
B 00J1aCTH MCIIOJb30BaHUSI aTOMHOI SHEPruu Ha mne-
puon no 2024 roga”, B cocTaB KOTOPOIi BXOIUT BaxK-
Has 111 pabot 1o YTC nmopnporpamma “Pa3zpaboTtka
TEXHOJIOTHI yIIpaBIsieMOro TEPMOSIJIEPHOIO CUHTE3a
1 MHHOBAIIMOHHBIX TJIA3MEHHBIX TEXHOJIOTUI”.

4. I/IHEPHI/IAI[I)HBIVI
TEPMOAAEPHbBIV CHMHTE3

Ilo Tematuke cexmmm “HHepIMaTbHBIN TEPMO-
sinepHbIil cuHTe3” (mpenacenarenb cekiuu [LA. Bep-
ryHOBa) Ha KOHG(epeHUUU ObUIO TIPeaCcTaBICHO
23 mokiana (7 yCcTHBIX U 16 cTeHaoBBIX). MOXHO Tie-
PEYNCIIUTD HECKOJIbKO OCHOBHBIX HAITpaBJIeHUM HC-
clleIOBaHUI MO WHEePLUUATbHOMY TEPMOSIICPHOMY
cunte3y (MUTC). K HuUM oTHOCSITCS J1a3e pHBI TEpMO-
saepHbiii cuHTe3 (JITC), MolIHBIE CUIbHOTOYHBIE
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KOPOTKOMMIIYJIbCHBIE pa3psiabl, (pu3rKa BBICOKHMX
TUIOTHOCTEI SHEPTUM B IIa3Me, Z-TTUHYU, pusnde-
CKHe MpPOLECCHl B CUCTEMaX TUIIA IIa3MeHHBbIN (o-
KyC, YMCJI€HHOE MOICINPOBaHNE B YKa3aHHBIX 00J1a-
CTSIX, a TaKK€ CMEXHbIe IPOOJEMBbI, Ha KOTOPBIX
COCPEIOTOYEHBI YCUIIMSI POCCUMCKIX HAayYHBIX KO-
JIEKTMBOB, 3aJeiiCTBOBAaHHBIX B TaHHOH cdepe.

Ha 3acenanusx cexkiiuu ObUIO MpPEACTaBIEHO He-
CKOJIbKO JIOKJIAOB, TTOCBSIIIEHHBIX 3KCIIEPUMEH-
TaJIbHBIM UCCJIEIOBAHUSIM Ha MOIIHBIX 3JeKTpopas-
psiAHbIX ycTaHoBKax. [Ipexie Bcero, cienyer oTMe-
TUTb  pE3yJIbTaThl, TIOJyYeHHBIC KOJIJIEKTUBOM
TPUHHWUTHU Ha ycraHoBKe AHrapa-5-1. Ha atoit
YCTAHOBKE TIPU MMIUIO3UU BOJb(MPAMOBBIX MHOIO-
MPOBOJIOYHBIX COOpPOK oOpasyercsi Z-NWHY, KOTO-
pBIil  SIBJISIETCSI UCTOYHUKOM MMIYJIbCa MSITKOTO
peHTreHoBcKoro usnydenus (MPW) momtHocThIO MO
10 TBT ¢ iIMTENBHOCTHIO OKOJIO 8 HC. DTO 0becrieyn-
BAaeT IUIOTHOCTh MoUIHOCTU a0 1 TBT/cM? U mioT-
HOCTb 3Hepruu 10 10 xJI>x/cM? Ha MOBEPXHOCTH MU-
IIIEHM, KOTOpas COCTOslJIa U3 MaMIapoOBOW IMJIEHKU
TomHOM 0.6 MKM ¢ HaIlBIJIEHHBIM CJIOEM TalOJH-
Hus ToammHoi ot 40 no 80 HM. Ha 3Toi1 ycTaHOBKe
MPOAOIXKAIOTCSI padOThI O JaJIbHEUIIIEMY YBEIUYe-
HMIO MOIIHOCTM IoOJydaeMoro umiryaibca MPHU.
OKCNEPUMEHTAIBHO TTOKa3aHa BO3MOXKXHOCTb MOBbI-
1meHusT B 3 pa3a MMKOBOW MOIIHOCTM MMITyJIbca
MPMU (B nuamna3oHe sHepruii KBaHToB 0oiiee 100 3B),
BO3HMKAIOIIIETO MPYW MMILIO3UM BJIOXEHHBIX BOJIO-
KOHHO-BOJIb(PAMOBBIX COOPOK I10 CPaBHEHUIO C
OIMHOYHOI1 BOJIb(paMOBOIi COOPKOI TOI XKE& MaCChI
Py OJHOM U TOM Xe YPOBHE pa3psiiHoro Toka. [Tpu
3TOM OBIJIO OOHApyXXeHO, YTO MPOUCXOAUT CyIle-
CTBEHHOE YBEJIMYeHUE CHEKTPAIbHON IUIOTHOCTU
MOIIIHOCTU M3JydyeHUs1 Z-TIMHYa B AuUara3oHe IJIUH
BoH 20—40 A BGIM3M MakcuMyMa ummnyiabsca MPH.

Ha ycTtanoBke “AHrapa-5-1" mpoBeaeHBI 2KCIie-
PUMEHTBI II0 M3MEPEHUIO CIIEKTPaJIbHOI Ipo3pad-
HOCTHU BBICOKOTEMIIEPATYPHOI ILIa3Mbl TagOJIMHUS
(Gd), co3maHHOI1 00JIydeHHEM TIPU UMILJIO3UU BOJIb-
(¢ paMOBBIX MHOTOIIPOBOJIOYHEIX COOpPOK. B akcmiepu-
MEHTe OBLIO TOJIy4eHO, YTO KOI(POUINEHT IIPO-
nmyckaHusl miaasmbl MumieHu Gd + maiinap BOIM3U
MakCUMyMa MMIIyJbca OOJIydeHMsT MHOIOKPaTHO
YBEJIMUMBACTCS 10 CPABHEHUIO C KOA(PPUIIMEHTOM
MpOITyCKaHUs “XOJIOMHOIro” MaTrepuajia MUIIEHHU B
aMana3soHe IIMH BoiH 50—200 A. Kpome Toro, B BbI-
COKOTEMIIEpaTypHOI1 IJ1a3Me MUIIIEHN HaOII01aeTCs
y3Kasi gonoca MOIJIOIIEHUST B 00J1acCTU IJIMH BOJIH
65—70 A.

Ha 3acemanusix cexumu o0Cy>Kaanoch TeOpeTnye-
cKoe omnucaHue cBOHCTB Z-ttmHuyeir (MITY wum.
H.D. baymana). OTMe4aioch, 4YTO 3KCIIEPUMEHTaIb-
HO HabOJomaeMble CBOiicTBa Z-TMHYEil He MOTYT
OBITh MCUEPIIBIBAIOIIE OTTMCAHBI B paMKaX OAHOI MO-
nmenv. HavaabHast cragust IMHAMUKY T1a3MBI XOPO-
II0 OMNUCHIBAETCI B paMKaxX Tra30JMHAMUUYECKOTO
noaxonga. Cragusi CUJIBHOTO CXATUS TEPeTSIKKU

I'PUIINHA, UBAHOB

Z-nHYa KOPPEKTHO OIMCBHIBAETCS KWHETUUYECKO
MOJIE/IbIO, TO3BOJISIONIEH YYMThIBATh SHEPreTHYe-
CKOE pacmpenejcHUe HMOHOB. AHU30TpPONUST HeEli-
TPOHHOIO M3JIy4eHUSsI ITOJKHA paccMaTpUBaThCs Ha
OCHOBE NIMHAMHUKM OTIEIbHBIX BBICOKOIHEPIeTHUY-
HBIX 4Yactull. KoppekTHoe oOBbsICHEHHE CIeKTpa
YCKOPEHHBIX MOHOB TPeOyeT COBMECTHOTO MCHOJb-
30BaHUSl KMHETUYECKOIO OIMMCAHUsI, MaKPOCKOIM-
YeCKOM AWUHAMUWKHU IUIa3Mbl U 3JIEKTPOMATHUTHBIX
nosieii. Ho maxke B 3TOM citydae psiI mapaMmeTpoB MO-
e TpeOyeT YTOUHEHUsI, TH(hOpMaIus IJIsI KOTOPO-
ro MOXKET OBITh ITOJIydeHa Ha OCHOBE MOJACIMPOBA-
HUS TPACKTOPUIA OTIEIbHBIX YACTULL B HECTALIMOHAD-
HOM BJIEKTPOMArHUTHOM T10JIe Z-IT1HYA.

by cnenan 0030p u JaH TEOpETUUYESCKUM aHAIIN3
METOIOB HarpeBa IJIa3Mbl 10 TEPMOSIICPHBIX TEMITC-
paryp B Z-nuHuax (HUL “KypyaToBckuit MHCTH-
Ty1r”). IlOoKazaHO TpPEeMMyIIeCTBO HarpeBa MOHOB
IUIa3Mbl METOAOM CXXaTHUsl TJIa3Mbl MAarHUTHBIM TO-
JIEeM pa3psiTHOTO TOKAa IT0 CPAaBHEHUIO C METOJaMU
HarpeBa MOHHBIM ITYYKOM B CUCTEMAaX C MATHUTHBIM
yaep:KaHUeM WJIM HarpeBOM ILIa3Mbl M3JIyYeHUEM B
CUCTEMAax C MHEPLMOHHBIM YIEPXaHUEM.

B paMkax OBYMEpHOro OCECUMMETPUYHOTO
MIJI-MomenpoBaHUsI W3ydajloCh pa3BUTHE IIepe-
TSDKKU Z-TTMHYA C Y4ETOM KOPOTKOBOJIHOBBIX MaJIbIX
BO3MYVIIEHUI, T.e. C Y4ETOM Pa3BUTUS NBYMEPHOI
TypoyiaeHTHOCTU (PDALI-BHUND D). PacueTsl 110-
Kasajud, 4TO M3-3a pa3BUTUS TYpOYJIEHTHOCTU He
MPOUCXOAUT (HOPMUPOBAHUS MEPETIKKM C Heorpa-
HUYEHHO YMEHbBIIAIOIIMMCS PaguyCoOM M BBITEKAHU-
€M IUIa3Mbl U3 30HBI cxkaTtus. BMecTo 3TOro nmpouc-
XOJIUT TMepeMeIIBaHNe U 3aKPbITUE CTPYSIMU ILIa3-
MbI 30HHI cKaTus. B utore, gaBieHue, MIOTHOCTb U
MarHUTHOE II0JIE B 30HE CXKaTHsI HEe pacTyT Heorpa-
HUYEHHO IT0 Mepe CXaTUSI, a CTaOIM3UpyloTcs. 13-
3a OTCYTCTBUSI HEOTPAHMYEHHOIO CXaTUsl B IMepe-
TSDKKEe Z-TIMHYa, 3aXeyb IIa3My B IIEpeTsDKKe 3a-
TPYOHUTEIIBHO JaXe IPU MYJbTH-MeTaaMIePHBIX
BIIEKTPUUYECKUX TOKAX B pa3psiuax.

Brutn ipencraBieHbl pe3yIbTaThl MCCIeTOBAHUS
9JIEKTPUYECKOTO B3phIBA TUIOCKUX aATIOMUHUEBBIX
(oabr TONIIMHOIM 16 MKM ¢ ICKYCCTBEHHBIM IIEPHUO-
IUYEeCKUM pelibedOM, CO3MaHHBIX METOIOM Ja3ep-
HOTO I'PaBUPOBAHUS C 1IEJbIO YIIPaBIeHUs HEYCTOM-
yuBocTsiMu (PUAH). DKcriepuMeHTHl MOKa3aju,
YTO TIpeaBapWTeNIbHAsI JIa3epHas TpaBHUPOBKa IT0-
BEPXHOCTH (DOJILI'M B BUAE KaHABOK (1mupuHa 50 MKM
¢ mrarom 50 u 100 MKM) B HanpaBJeHUU, NapaJljieib-
HOM TOKY W TIEPIEHIMKYISIPHOM €€ COOCTBEHHOI
CTPYKTyp€, MPUBOIUT K 3aMETHOMY CIJIa>KUBaHUIO
HEOTHOPOIHOCTEI.

BrL0o nmpoBeaeHo 1abopaTopHOE MOAECIMPOBaAHUE
JIKETOB MOJIOABIX 3BE3[ Ha YCTAHOBKE IUIa3MEHHBIN
dokyc INP-3 B HULIL “KypyaTtoBcKuii MHCTUTYT”.
PesynbTaThl MOAEIUPOBAHUS MTOKA3LIBAIOT, YTO Pa3-
JINYKE B IIPOCTPAHCTBEHHOM CTPYKTYpE MIa3MEHHBIX
BBIOPOCOB IIPH pa3psilie B razax pa3HOro XMMHYECKO-
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TEKYIIEE COCTOSAHUE UCCIEJOBAHUM 11O ®U3UKE TJIA3SMBI

ro cocraBa (HEOH, Te€JIMi1 U TeJIMi C IPUMECHIO HEO-
Ha) MOTYT OBITh CBsI3aHbI C pazinureM 3(hHEeKTUBHO-
CTH OXJIAXKICHMSI MCCIIEAYEeMBIX Ta30B, KaK B CaMOM
IUIa3MEHHOM BBIOpOCE, TaK U B yIapHOI BOJIHE, BO3-
HUKAaIOIIEH IMPY ero IBUKeHUU Yepe3 (pOHOBBIN ras.
Bo3MOXHO, YTO OCHOBHOI IIPUYMHOM ITOSIBJICHUS
HEOOHOPOTHOCTEM B IUIa3MEHHOM CTYCTKE, KaK U B
cliyyae 0OBbEKTOB Xepoura—Apo, SIBASIOTCS pa3and-
HOTO poja HeYCTOMUYMBOCTU, KOTOPBIE Pa3BUBAIOTCS
py HamInuu 3PPeKTUBHOrO pagualliOHHOTO OXJIa-
XneHus. B ciydasix ¢ HECKOJIBKMMU ITIOTOKAMU B CO-
CTaBe OMHOIO BEIOpOCA CTOJIKHOBEHME YyIapHBIX
BOJIH, MOPOXIAaeMbIX KaXIbIM 13 CTYCTKOB, IIPUBO-
JIUT K BOBHMKHOBEHUIO YIUIOTHEHUM, YTO TAKXKE CIIO-
coOCTBYeT (POPMUPOBAHUIO KPYKEBHOI CTPYKTYpPBI
IU1a3MEHHOIO BEIOpOCa.

B noknamax, mnpeacTaBJI€HHBIX aBTOpaMM U3
DPUAH, ob6cyxxaanuch MepCreKTUBbI MCMOIb30Ba-
HUS yBeJMYEeHUs NaBjieHus1 3a (pOHTOM yaapHOit
BOJIHBI B [IOPUMCTOM BEILIECTBE MO CPABHEHUIO C 1aB-
JIeHreM 32 GPOHTOM yIapHOI BOJHBI B OMHOPOIHOM
BEIIECTBE SKBUBAJIEHTHO CBEPXKPUTUYECKOU MIOT-
Hoctu. OOcyxnajiach MepPCeKTUBHOCTh MpPHUMEHe-
Hus aToro adpdekra B mutieHsx JITC mist craxkuBa-
HUST HEOMTHOPOTHOCTEM, a TaKKe B KAUeCTBE a0JISITO-
POB LISl YCUJIEHUS CXaTHUsI.

Psn moxnamoB OB ITOCBSIIIEH (PU3UKE U TEXHOIO-
TMU WU3TOTOBJICHUSI U TPaHCHOPTUPOBKU MUIIEHEH
JITC (PHUAH). PacckasbiBaioch 0 pa3paboTKe TeX-
HOJIOTUM TOJYyYEeHUSI MaJOIUIOTHBIX MOJIUMEPHBIX
MUILIeHe#, MeToIax U pe3yabTaTax U3ydeHUs UX Mo-
PUCTOI CTPYKTYPHI ¥ CBOMCTB IIPU JIA36pPHOM 00JIy4e-
Huu. M3roraBnmBaioTcs MUILIEHU C YIIPOYHSIEMbIMU
CJIOSIMU M3 METAJUIOCOAEpXKalllMX HaHOMAaTepuasoB,
KOTOpBIE OOJiee CTOMKM MpU MEpeMEIIeHUIX U TIpU
OTKaYKe BAaKyyMHOM KaMephbl Ja3epHON yCTaHOBKMU.
ITpoBoauaoch MoAeIMpPOBAHUE OCHOBHBIX CTAIUA
peanm3anyy MeToaa paboThl CO CBOOOTHOM MMIIIE-
Hp10 (FST): pasrepMeTn3anim MUIIIEHHOTO KOHTEH -
Hepa (MK) 1 dopmupoBaHUs TBEPAOTO TOTLIMBHOTO
CJIOSI BHYTpU OECIIOABECHBIX O00JI0YEK, CBOOOTHO
JIBUXKYIIIUXCST B CIIMPaJIbHOM KaHajie ¢GopMHUpOBa-
Husl. Pe3ynbTaTsl MoaeIMpOBaHYsI TIO3BOJIUIIN OMIpe-
JIEIUTD PSiI ITapaMeTPOB, KPUTUIECKU BaXKHBIX IJIS
pabotel MeTonma FST: remriepaTtypy, IIpu KOTOpOii 00-
paTHas nuddy3us ra3a u3 000JI0UYKHU IMTPEHEOPEKUMO
Majia IjIsk ICCJIEAYyeMOro Kilacca IOJIMMEepPOB; TeMIIe-
paTypy pa3repMeTM3alnu, IpU KOTOPOl BO3MOXHO
yaajgeHue TorauBa u3 MK 6e3 paspyllieHuss 00010~
YyeK BHYTPEHHUM JaBJICHUEM.

HccrnenoBaHue CIEKTPOB MSIKOIO PEHTIEHOB-
CKOTO U3JIy4eHUs JIa3epHOM IJ1a3Mbl Pa3IMYHbIX Ma-
TEpHUAJIOB B IITMPOKOM CITEKTPaJTbHOM quamna3oHe (5—
100 A) mposommwancy comectHo PUAH u MOD
PAH na nasepHoii ycraHoBke “KameptoH-T”. AHa-
JIN3 TIOJTYYEeHHBIX 3KCIIEPUMEHTATBHBIX TaHHBIX TTO-
KazaJl, 4TO [JIs1 UCIIOIb30BaHMs JJa3ePHOI IIa3Mbl B
KayecTBe MCTOYHMKA M3JIYyYeHUsS B CIEKTPaJIbHOM
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obJractu “BomsTHOTO OKHA” (23—44 A) IS TIpUMEHe-
HUIi B 001aCTH OMOJIOTUU U MEAULIMHBI JIy4IllIe BCErO
MOAXOASIT MUIIIEHU U3 BOJb(paMa, TaHTajla WIN TH-
TaHa. /11 peKOHCTPYKIIMM N300pakeHUS TJIa3Mbl B
MSITKOM PEHTI€HOBCKOM OHana3oHe BIIEpBbIe ObIIa
HMCIOJIb30BaHa KOAUPYIOIIas ariepTypa.

B ®HMAH 6b11a pea1oKeH HOBBII CITOCO0 IT0JTy-
yeHUs1 KopoTkux (30 ¢c) Bemblek TepMOsSIASPHBIX
HeWTpoHOB Ha ypoBHe 10 3a BpICTpeN U CO3IAaHUS
CBEPXBSIPKOTO MCTOUYHUKA TepMosimepHbIX DD-Heii-
TPOHOB C OKMIAEMBIM IIMKOBBIM ITOTOKOM 0K0J10 108
1/(cM?c) Ha nmpoekTupyemoii ycranoske XCELS. Ta-
Kasg cxeMa OCYyIIeCTBMMa MpPU YMEPEHHO pEeIsITH-
BUCTCKOII ~MHTEHCUBHOCTM Jiazepa  MaciiuTaba
10'® Bt/cm?, KOTOpHIH (hOKyCHpYeTCsl B JOCTATOUHO
0oJbIION 00BEM MUKPOKIIACTEPHOI CpPEdbl; B 3TOM
ciydae nruamMeTp (OKYCHOTO IISITHA TOJIKEH OBITh ITO-
psaka 500 MxM.

HeckoabKo 10KJIamoB y4acTHUKOB KOH(MEepeHIINN
OBLIM MOCBSIIEHBI Pa3BUTUIO 9KCIEPUMEHTAILHBIX 1
BBIYMCJIIUTEIBHBIX METOAMK, a Takxke oOlleTeope-
TUYECKUM IIpoOjIeMaM, CBSI3aHHBIM C TEMaTUKOM
CEKIIVN.

B uenom, pabora cexumnu “HMHepuuaibHbIi Tep-
MOSIIEpHBIN CMHTE3” Oblla YCIIEITHOM 1 TIpOoIIIa Ha
BBICOKOM Hay4yHOM ypoBHe. IlpencraBiieHHbIE HO-
KJ1aabl OTHOCWIMCH K MOWCKOBBIM HaINpaBJICHUSIM,
CBSI3aHHBIM C MCCJISIOBAHUSIMU IIPOLIECCOB B MOIII-
HBIX KOPOTKOUMITYJIbCHBIX 3JIEKTPOPa3PSIIHBIX yCTa-
HOBKAaX M B YCTaHOBKAaXx JIa3€pPHOI'O TEPMOSIIEPHOIO
CUHTE3a.

5. DUSNMYECKUE ITPOLECCHI
B HUSKOTEMITEPATYPHOMU IIJNTASME

Ha xoHdepeHuMM B pamMkKax padOThl CEKIIUU
“@usndecKkre TMPOIECChl B HU3KOTEMIIEPATypPHOM
r1a3Me” (Tipencenarelib cekiuu FO.A. JlebeneB) ObLT
npexactasiieH 51 noknan, 26 U3 KOTOPBHIX ObUIM YCT-
HbIMU. 3acefaHus MPOBOJWINCH B CMELIAHHOM OY-
HO-3a0YHOM pexume. YHCI0 ydacTHUKOB CEKLIMU
3HAUYUTEbHO MpeBbIIIano TakoBoe B 2022 roay. I1pu
3TOM OOJIBIIIMHCTBO YYaCTHUKOB JIUUHO MPUCYTCTBO-
BaJIM Ha 3aCeIaHUSIX U TOJOXUIN CBOU PE3YJIbTaThI.

Ha cekmum TpaIulIMOHHO OBUIM TIPEICTaBICHBI
pe3yIbTaThl UCCIIEAOBAHUN B CIEAYIONINX OCHOBHBIX
HaIpaBJICHUSIX: BJIEMEHTapHbIC TPOLIECChI U KUHETH -
YeCKHe CBOMCTBA Ta30pa3psiTHO HU3KOTEMITepaTyp-
HO1 TIJTa3MBI Pa3JIMIHBIX TUTIOB 3JIEKTPUIECKUX pa3-
psinoB (BU-, CBY-pazpsinbl, D1 P-pa3psiibl, pa3psi-
ITBI TIOCTOSTHHOTO TOKA, IyTH, Pa3psIabl B SKUIKOCTSX),
pas3IMYHBIe TIPUMEHEHUS HU3KOTEeMIIepaTypHOM
IUIa3Mbl, UCCeA0BaHuEe TLIa3Mbl, BO3ZHMUKAWIIEH B
UMITYJIbCHBIX TIpolleccaX, (u3mka aTMochepHBIX
MTPOIIECCOB, a TaKKe NPOMBIIUICHHBIE U OMOMenn-
LIMHCKUE TIPWIOXEHUsI HU3KOTeMIIepaTypHOii Tias3-
MBI. Psin MOKJIagoB GbUT CBSI3aH C MPUKIATHBIMU ac-
IMeKTaMU HU3KOTeMIIepaTypHOIl T1a3MBl.
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Bce moximanmel MOXXHO pa3mefuTh Ha IBe OOJIBIIIIE
rpynmnbl. [lepBast rpymiia 10KIaa0B CBsI3aHa C 3KCIe-
pUMEHTAIBHBIMU  HUCCIICAOBAHUSIMU  pa3psiioB,
BKJTIOYAsT pa3pabOTKy HOBBIX M YCOBEPIICHCTBOBAHHE
CTapbIX METONOB NMArHOCTUKHW TUTa3Mbl. Bropast
TpyIIia TOKJIAI0B CBsI3aHa ¢ MOACIMPOBAaHUEM TTPO-
IIECCOB B TIJIa3Me€ M MOIEIUPOBAHUEM IIa3MEHHBIX
CHCTEM.

Tak, B HU1I “KypyaToBCKUi1 UHCTUTYT” TIPOBO-
JISITCSI MCCIISAOBaHMsI, HaIlpaBJICHHBIC HAa CO3IaHUE
OTEYECTBEHHOTO 0€33JICKTPOIHOTO IMJIa3MEHHOTO pa-
ketHoro asuraresst (BITPI). OnHa u3 KiIto4yeBbIX 3a-
Jlad 3aKJII0YAEeTCS B UCCIIEAOBAaHUU (PU3MUECKUX IIPO-
IeccoB, IMpoTeKamux B MarHUTHOM coruie BITP/I.
B nokiane coo011anock, 4To pa3padoTaH TMarHOCTH -
YeCKMI KOMIUIEKC Ui MCCIIeNOBaHUS IIa3MEeHHBIX
MPOLIECCOB B MarHUTHOM coIuie. [IpuBeneHBI pe-
3yJIbTaThl Pa3pabOTKU U TECTUPOBAHUSI TEH30pPE3U-
CTUBHOIO JATYMKA JJIT U3MEPEHUsSI TITU MOIIHBIX
BIIEKTPOPA3PSIHBIX nBurareneit. [IpuBoasitcs mnep-
BbI€ pe3yJbTaThl, IOJy4eHHBIC HAa YCTAHOBKE ISl
M3Y4YeHUs] B3aUMOACHCTBUS TUIa3Mbl C MaTepuaaMu
Ha ocHoBe BU-1CTOUYHMKA TeIMKOHHOTO THUIIA.

B MO® PAH npoBoagrcs 1abopaTopHble UCCIIe-
JIOBAHUSI, KOTOPbIE MO3BOJISAT IMTOHSITH (DU3UKY BBICO-
KOCKOPOCTHBIX MOTOKOB ILIa3Mbl, KOTOpBIE pPEru-
CTPUPYIOTCS U UCCIIEYIOTCSI B MarHuTocdepe 3eMitn
C TIOMOIIIbIO UCKYCCTBEHHBIX CITyTHUKOB. ComnocTas-
JIEHE€ WU3MCHEHMWII CTPYKTYPbl MAarHMTHEBIX ITOJICH,
TOKOB U 3JIEKTPOIMHAMUYECKUX CUJ B TOKOBBIX CJIO-
SIX, C OMHOM CTOPOHBI, U TMHAMUKH TTOTOKOB TIJIa3-
MBI, C IPYTrOif CTOPOHEI, ITO3BOJIMIO YCTAHOBUTD, UTO
CYIIECTBEHHYIO POJIb B OTPAHUYEHUH JTUTETBHOCTHU
ITOTOKOB UT'paeT BO30yXKIeHEe TOKOB 0OpaTHOro Ha-
MpaBjicHUsl Y OOKOBBIX KOHIIOB TOKOBOTO CJIOS].

IpoBemeHBI SKCIIEPUMEHTHI ¥ YUCICHHOE MOJIE-
JmpoBaHue cTpykKrypbl CBY-pa3psina, mommepxuBa-
€MOro CTOsIYeil MOoBepXHOCTHOI BoJyiHOH. Mcciaeno-
BaHMs HAITpaBJICHBI HA N3YYeHNE BO3MOXHOCTEM 1C-
MTOJTb30BaHMST TAKUX CUCTEM B KaUeCTBE TUTa3MEHHBIX
aHTEHH.

Psin uHTEpecHBIX pe3ybTaTOB ObLI MpeaCTaBIeH
corpynaukamu IO PAH. B yactHocTH, OBLIIa pac-
CMOTpeHa 3a7a4ya popMUPOBAHUSI UHTEHCUBHBIX Ka-
YeCTBEHHBIX ITYYKOB JIETKX MOHOB, KOTOpPas SIBISIET-
csl aKkTyaJIbHOM Ha TeKyllruiit MOMeHT. B ocHOBHOM,
TaKue My4ykKU MIPUMEHSIOTCS ISl UHXEKIIMY UOHOB B
yckoputenu. PazpabaTbiBaloTcsl CUCTEMBI, CIIOCO0-
Hble U3BJIEKATh ITyYKHU MOHOB C TIJIOTHOCTbHIO TOKA MO-
panka 1 A/cM?, M MCCIIenyIOTCsl pEXUMBI UX PabOThI
MpY pa3IMyHbIX BHEIIHUX YCIOBUSIX: JaBJeHUE Ha-
nmyckaemMoro rasza, momHocth CBY-usnydyenns nis
CO3MaHUs TUIa3Mbl M HarpeBa WMOHOB, T€OMETpUs
9KCTpakTopa. bojiee metajbHO ObLIM PaCCMOTPEHBI
HEKOTOpbIE aCMEKThI, 3aTPOHYThIE B TIJIEHAPHOM J10-
kiane aBropoB u3 UIT® PAH, mocBsiieHHOM CUIb-
HOTOYHBIM DIIP-ucTOUHMKAM MOPOTOHOB IJIs1 JIU-
HEMHBIX YCKOpUTEIel, MOCTPOEHHBIX C UCIOJIb30Ba-
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HUEM TUPOTPOHOB. B dYacTHOCTM OBLIM ONMCAHBI
SKCIEPUMEHTHI, B KOTOPBIX OBIJIM MOJyYeHbI HEeMpe-
PBIBHBIE M UMIIYJIbCHBIE IPOTOHHbBIC U ACUTPOHHBIE
nyakn ¢ TokoM 10 100—500 MA 1 RMS HopMmammso-
BaHHBIM SMUTTAHCOM Ha ypoBHe 0.2 7T - MM - Mpaj.

B ogHOM M3 nOKJIanOB MPUBOIUINUCH PE3YIbTAThI
KCCeA0BaHUS 3aBUCUMOCTH TTapaMeTpOB IIa3Mbl B
DI P-pa3psize ¢ MOIIHBIM HArpeBOM ILIa3Mbl TUPO-
TPOHOM OT JaBJIEHUSI HEUTpaIbHOTO ra3a (BoIopon 1
requit) U1 momHoctTu CBY-usnyyeHus B HIMPOKOM
IUana3oHe WX 3HayeHWi. 3HaHUe 3TUX 3aBUCUMO-
CTeil MOJe3HO ISl HAacTpoilku ncrtouyHuka DIIP Ha
JKeJlaeMbIii pexKuM paboThI.

B noxitane nz UHXC PAH u HUAY MU®U co-
00IIIaJIOCh O pe3yJbTaTax dKCIIEPUMEHTOB I10 MOJy-
yeHuio Bogopona B CBUY-pa3psine B pacTBopax 3Ta-
HOJIa IIpU aTMOC(HEPHOM JaBJASHUU. DTOT TUII pPa3psi-
Jla HauMeHee rcciiefoBaH, U B Poccuu Takue padboThI
BenyTcs Toiabko B MHXC PAH. WccnemoBanuchk Kak
duznuecKkre, Tak U XUMHUYECKHE XapaKTepUCTUKU
paspsiaa U IokKa3aHo, YTo 1Mo 3P(PeKTUBHOCTHU ITOJTY-
YyeHUs BOHOpOJA pa3psii COOTBETCTBYET JIyYIIUM
pe3yinbTaTaM Cpeay M3BECTHBIX M3 HAyYHOI JIUTe-
paTypHl.

B NCH CO PAH mnposoasaTcs JabopaTOpHbIE
SKCIEPUMEHTHI, HallpaBJeHHbIE HAa M3y4YeHUE ILIa3-
MBI aTMOCEpHBIX pa3psaoB Ha BeicoTax 20—100 km
HaJ YpOBHEM MOpS. DTU pa3psiabl ObUIM Ha3BaHBI
TpaH3UEHTHBIMIA CBETOBBIMHU SIBICHUSIMH, K KOTO-
PBIM OTHOCSIT KpacHbIE CHpaiThbl, IroJyOble CTpYH,
aibdbl U Tano. ITpoBeneHHbIE MCCASIOBAHUS TT0KA-
3aJIi, YTO IIpU JaBJICHMSIX BO3IyXa U a30Ta B OUara-
3oHe 0.01-3 Topp, co3maBast mja3My C ITOMOIIBIO
UMIYJIbCHO-TEPUOANYECKOTO OapbepHOTo pa3psiaa ¢
Pa3IUYHBIMU KOHCTPYKLUSIMU 3JIEKTPOIOB, MOXHO
dopmupoBarh IIa3MeHHBIe ITUM@Y3HBIE CTPYyH —
IMHAPUYECKUE CTpUMEPBI ¢ OPMOII OJIM3KOM K
¢dopMe CIIpaiiToB “cTo0YaTOr0” TUMA.

B CII6I'Y B TeueHmMe MHOTMX JIET ITPOBOIUTCS
U3y4deHUe SIBJICHUI, HAOMIOMAIOIIMXCS B IMbLIEBOM
IUla3Me, B YaCTHOCTM, M3y4aeTCsl BpallleHHe IIIa3-
MEHHO-IIBUIEBBIX CTPYKTYP B MArHUTHOM IIOJIE.
YcraHoBeHO, YTO B MAarHUTHOM T1oJ1e ¢Bhitie 0.1 T
B HeoHe (IIPOM3BEACHUE XOJUIOBCKMUX IapaMeTpPOB
®.T.0;T; = 1) pacrojioxxeHue YacTull B CTPYKType Te-
pectpauBaeTrcs. PanuaibHoe MEXX4aCTUYHOE PacCTo-
sHMe cokpamaercsa go 0.1 MM, a mpu JajbHenIeM
YBeJIMYEHU MArHUTHOIO IMOJIsI OHO HE MEHSIeTCs.
OTU U3MEHEHUSI KOPPEJUPYIOT C UBMEPEHUEM IUa-
MeTpa CTPYKTYpbl B MarHUTHOM I1ojie. Ilpu aTtoM B
NEPHEeHANKYJISIPHOM MarHUTHOMY IIOJIO CEYCHUU
¢dhopMUpYIOTCS KPYTM BMECTO FeKCaroHajJbHOTO pac-
MOJIOXEHUS YaCTULI.

Psan moxitamoB OB MpeACcTaBiIeH COTPYIHUKAMU
OUBT PAH. B ogHOM M3 HMX pacCMOTpPEHBI BO3-
MOXHOCTH 0000IleHNsI 3aKOHOB I10g00us JJIsI UC-
ciaenoBaHus a30BOil guarpaMMbl Ha ciiydail cu-
CTEM, CoAepKalllUX 3apsKEHHbIE KOMITOHEHTHI. [u1s
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TEKYIIEE COCTOSSHUE UCCIEJOBAHUM 11O ®U3UKE TTJIA3ZMBI

pPeICHMA 3aga4mn OBbLIY MCHOJb30BaHbI pa3pa60TaH—
HBIC XUMMNYECKMNE MOACIN OJId pdaa METaJLJIOB.

B npyroii pabore paccMaTpuBajiach ABYXKOMIIO-
HEHTHasl paBHOBeCHasl JIeKTpOHeTpalibHasl CUCTe-
Ma, COCTOsIIAsl U3 KJIACCUYECKUX MaKpPOMOHOB KO-
HEYHBIX pa3MepoB C 3apsiaoM Z > 1 M TOYEUYHBIX
MPOTHUBOMNOJIOXKHO 3apsSi>)KEHHBIX MUKPOUOHOB C €11~
HUYHBIM 3apsiaoM, B mnpubomnkennn Ilyaccona—
bosnbliMaHa B cpenHeit cchepudecKu-CUMMETPUIHOMN
sueiike Burnepa—3eiliTiia u B KOPPEISLIMOHHOM TMO-
Jnoctu. B paboTte paccunTaHa mojiHas SHEpTUS B3au-
MOJIeiICTBUSI BCEX YACTULL B CICTEME.

B noxnane nz UMM um. M.B.Kenneimmia PAH 6b11
MpOBeIeH aHAJIM3 SKCIIEpUMEHTAJIbHBIX M pacyer-

HBIX ITOTEHIIMAJIOB MOHU3auu | fvz) (aB) u3 ocHOBHO-
IO COCTOSTHUSI MHOTO3apSIAHBIX NOHOB CPEIHUX U TSI~
JKeJbIX 3JIEMEHTOB OT aproHa (Z = 18) no amepunus
(Z=95). DT naHHbBIE, pACCMOTPEHHbIE B CIIEIIAATb-
HBIX KOOpAWHATaX, BBISBISIIOT 3aKOHOMEPHOCTU B
3aBHCHUMOCTH OT aTOMHOIO HOMepa dJjieMeHTa Z u
yucia 3JIeKTpOHOB B MoHe N. OOHapyKeHHbIE 3aKO-
HOMEPHOCTH TIO3BOJISIIOT alIIPOKCUMHUPOBATh GOJIb-
II0€ KOJIMYECTBO TAOIMUYHBIX 3HAYCHUM IIPOCTHIMU
MOJIMHOMAaMMU.

B KDY pazpaboraHa camocorjiacoBaHHasI MaTe-
MaTuhyeckasi MoJieJib, MO3BOJSIONIasi PACCUUTHIBATh
OCHOBHBbIE€ XapaKTepUCTUKU cTpyiiHoro BU-paspsina
U TUIa3MEHHOM CTPYU U OTIPENeIsiTh TapaMeTphl CJIOS
MOJIOXKUTENbHOTO 3apsaa. Ilnasma Takoro paspsia
npu gasieHuu p = 13.3—133 Ila npumeHsiercs s
MoIUMUKALIMU TTOBEPXHOCTE pa3IMuYHbIX MaTepua-
JIOB, TaKMX KakK CTajlb, TUTaH, MOJUITUJIEH, KOXa,
MeX.

B pabGore, mnpencraBilieHHOW Y4YacTHUKaMu U3
NAD CO PAH u HI'Y, Ha ocHOBe YMCJIEHHOII MO-
nenu Obula uccienoBaHa JMHAMMKA 3aXKWMTaHUs
pas3psiia 3JIEKTPOHHBLIM IIydkKoM B ycTtaHoBke IJIJI
(razopmHaMu4ecKasl JIOByIIKa). bbuio paccumraHOo
pacrnpocTpaHeHMe TeIlla 3a CYeT KJacCUYeCKO
3JIEKTPOHHOU TEIJIONPOBOIHOCTU B HEOIHOPOIHOM
MarHUTHOM TIOJie, a TaKXe HapaboTKa Tj1a3Mbl Tell-
JIOBBIMU 3JICKTPOHAMM 34 CUET yAapHOM MOHU3AIINU.
IIpoBeneHo cpaBHeHUE pPe3yJbTaTOB MOIEIUPOBa-
HUS ¢ JAHHBIMU MHTEPGhEPOMETPUUECKUX U 30HI0-
BbIX U3MEPEHUA.

B noknane aBropoB u3z MDD PAH u CII6I'TY 6bI-
Jla TIpeIcTaBjieHa BKCIIEpUMEHTaJbHasi yCTaHOBKA
MJ1a3MOXMMHWYECKOTO CUHTEe3a KapOuaa Boiabdpama,
co3iaHHas Ha 6a3e IyroBOro Mjaa3MoTpoHa IepeMeH-
HOT'O TOKa CO CMEHHBIMHM 3JIeKTpodaMu (BoibdpaM,
rpaduT) B CMECH BOJOpPOJa M MEeTaHa. YCTAHOBIIEHO,
YTO B MATHUTHBIX IMpPoOKax oOpas3yeTcsi MOPOILIOK
KapOuma Boibgpama U rpaduT, IpUIEM KOJIUIECTBO
0o0pa3syollerocs MaTeprana HaXoaUTCs B IIPSIMOM 3a-
BUCHUMOCTH OT BpEMEHM HaXOXIECHUS IIpeKypcopa B
BBICOKOTEMIIEPATYPHOII 30HE IJIa3MOXMMUYECKOTO
peakropa.
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B uenoMm, pabora cexkuun “Pusndeckue mpolec-
Cbl B HU3KOTEMIEpaTypHOIl mija3me” Oblja yCIlell-
HOM, ymoOHOII oKa3ajach M OYHO-3a04Hasl (popma
npoBeneHMsI KoHPepeHINN. Pe3yrbsTaTel KOHMEpeH-
LIMM CBUIETEJBCTBYIOT O BHICOKOM YPOBHE DKCIIEPU-
MCHTAJIbHBIX M TEOPETUYECKUX HMCCIACOOBAHUM IIO
¢dM3MKe HU3KOTEMIIEPATypPHOI ILTa3Mbl, MPOBOIU-
MBIX B Poccum, KoTopble BO MHOTOM SIBJISIFOTCSI TTMO-
HEPCKUMMU.

6. PUSNMYECKHME OCHOBbI IINTASMEHHBIX
N JIYYEBBIX TEXHOJIOTM

Ha cexmium “@Pusndeckrie OCHOBHI IIJIa3MEHHBIX U
JIy4eBbIX TEXHOJIOTMM”  (Tpeacenarenb CEeKUMU
C.A. [IBuHMH) OBIIM 3aclyllaHbl 16 YCTHBIX U
37 cteHOOBBIX TOKIamoB. OOCYXIaanch pe3yabTaThl
WCCJIeNOBAaHUI, MPOBOAUMBIX B MHCTUTyTax PAH,
By3ax CHI' u npyrux BemyliuMx Hay4YHBIX LIEHTpax

Poccun.

Bbrutu 3aciyiaHbl 1OKIaabl, OTHOCSIIMECS K 1IN -
POKOMY CIIEKTPY pa3IWYHBLIX HaMpaBICHUM ILIa3-
MEHHbBIX TEXHOJIOTWIi: pa3BUTHE TEXHOJIOTUI cO3/1a-
HMsI HOBBIX BEILIECTB B TBEPIOil UM ra3oBoii pa3ax,
MoaupUKaIus IIOBEPXHOCTA MaTepUajioB, CO3IaH1E
IJ1a3MbI C ITIOMOIIBIO JIEKTPOHHBIX U MOHHBLIX ITy4Y-
KoB. Jlok1anpIBach pabOThI 110 pa3psiiaM B XXKUIKO-
ctsax, CBY-pa3psimam, mia3MeHHON a’poIrHaMUKe
N MHUIIMallu TOPpEHUS, a TAKXKE 110 [JIa3MEHHOM Me-
IUIAHE 1 BO3ICUCTBUIO IUIa3Mbl HAa OMOJIOTUYECKIE
00BEKTHI. 3HAYUTEJILHOE YMCJIO JOKJIAI0B ObLIO MO-
cBsuieHo reHepauuu CBY-BoJaH B pa3jiUYHBIX CU-
cTeMaxX M NPOXOXACHUIO M3JTydeHUS 4depe3 Bellle-
CTBO, a TaKXXKe YCKOPEHHUIO 3JIEKTPOHOB B 3JIEKTPO-
MArHUTHBIX I10JIAX. HCCKOI[bKO JOKJIad0B 6bIJ'lI/l
MOCBSILEHbl CO3JAaHMIO IUIAa3MEHHBIX 3JIEKTpPOpa3-
PSIIHBIX YCTPOMCTB JISI KOCMUYECKUX CIyTHUKOB,
reHepaluy HEMTPOHOB U YJILTPa(pHrOIETOBOTO U3y~
YyeHMs, a TaKKe IMAarHOCTUKE Iuta3Mbl. IlpumepHo
JIBE€ TPETU OOKJIAIOB MPEACTABISUIN PEe3YyIbTaThl 9KC-
NEPUMEHTAJIbHBIX VICCJ’[GI[OBEIHMIZ.

B paGorax Gogbuioro kowiektuBa usz UA® CO
PAH u HI'Y 0Ob11 uccienoBaH mpoliecc reHepaluu
TepareploBOro U3JIyYeHUs] CUJIbHOTOUYHOIO PeJISITU-
BHCTCKOTO 3JIeKTpoHHOTO I1yuka (POII) B 3amaruu-
yeHHOU T11a3zMe. OCHOBHOU MeXaHU3M TIeHepaluu
OCHOBaH Ha BO3OYXIEHUU BJEKTPOHHBIM ITYyYKOM
TUIa3MEHHBIX KoJieOaHUil W TIoCienyloleid TpaHc-
dopmaln 3TUX KOJiebaHUII B MOTOK 3JeKTpoMar-
HUTHOTO U3JIyYeHUsI C YaCTOTOI, COOTBETCTBYIOILIEH
00J1acTM BEpXHETMOPUAHBIX TLJIAa3MEHHBIX 4YacToT.
ITonyyeHo usnydeHue B auamnaszoHe vactor 0.15—
0.8 TT1 mpu KOJJIEKTUBHOM pelakcalluy 3JeKTPOH-
Horo my4ka ¢ rmapamerpamu 0.6 MaB/15 KkA/5 MKc B
IIa3Me TUIOTHOCTBIO (3—35) X 10 cm 3 B coneHoMze
C MHOTOITPOOOYHBIM MAarHUTHBIM nojieM 4.8/3.6 To.

B OMBT PAH npoBemeHbl MCCaeIOBaHUS I1a3-
MOXUMMWYECKOTO CUHTe3a rpadeHa B 00ObeMe IIpH M-
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poJIr3e YriaeBOAOPOIOB B INIa3MEHHBIX CTPYSIX ILIa3-
MOTpPOHA MOCTOSTHHOI'O TOKa MOIIIHOCTBIO 10 45 KBT.
B cMecu renus ¢ mobaBkoii mporaH-0yTaHOBOM cMe-
CcH OB TOCTUTHYT MaKCHMaJIbHbBII BhIXOH rpadeHa,
coJiepxkalllero Bogopo. B cMecu anieTuiieHa 1 a3oTa,
dopMupoBaics azoTcoaepKallnii rpadpeH npu 1aB-
neann 100 Topp. Ilpu BBemeHUM MeTaHa B IUIa3My
aproHa 1npu gaBjaeHuu B peakTope 350 Topp Ha BBIXO-
Jie HaOIIoaa10Cch 0Opa3oBaHue MajloaeEKTHBIX Ha-
HOCTPYKTYP C JIaTepaTbHBIM pasmepom 1o 2000 HM.

B noxianax n3 MI'Y nmenn M.B. JlomoHocoBa
00CyX1aJIOCh B3aUMOAEUCTBUE TUAPOAUHAMUYECKUX
BO3MYIIIEHUM C TUAPOAUHAMMYECKUMU TMOTOKAMMU,
BO3MYIIIEHHBIMU T'a30BbIMU pa3psiniaMu. beuin pac-
CMOTpPEHbl JMHAMMWKa CBEYEHUS HAHOCEKYHIHBIX
pa3psiIoB B CBEPX3BYKOBBIX ITOTOKAX BO3ayXa C yaap-
HbIMM BOJIHAMW W OCTbIBAaHUE 30HbI Pa3psIOB,
CKOJIb3S1IMX TI0 MIOBEPXHOCTHU AUJIEKTpUKa. B coB-
MeCTHBIX ucciaenoBaHusx MI'Y umenu M.B. Jlomo-
HocoBa 1 AO BHUM DM 0Obun monydeHbl IepBEIC
pe3yabTaThl N0 pa3paboTKe MOAEIN DJIEKTPUUECKOM
JIBUTATeJIbHOM YCTaHOBKHU, WCIIOJB3YOIllIeil B Kaue-
CTBe pabouero TeJjia ra3bl, COCTABJISIONIME OCTATOY-
Hy10 atMocdepy 3eMi. Moneab COCTOUT N3 YCTPO -
cTBa 3a060pa aTMOC(HEPHBIX TA30B U DJIEKTPUYECKOTO
JIBUTaTeJisl, CHOCOOHOTO CO3/1aBaTh TATY, KOMITEHCU -
pYIOIIYI0O a3pOJMHAMUYECKYIO CUIy TpeHus. s
MPOBEJECHUSI pacuyeTOB ObL1a MCITOJIb30BaHa INT0OAb-
Hasi Mojenb MHAYKTuBHOro BU-nBuraresns, a Takxke
3HaueHUs Koa(pduiumeHTa TpeHUs Ha CBEPXHU3KUX
BbIcOTaX. B mokiane, mpeactaBjieHHOM aBTOpaMu U3
HNY MBU u HUUSAD MT'Y, 6b110 IPOBENEHO TEO-
pPETHUUYECKOE ONUCAHUE MPOLIECCOB PACCESTHUS JIETKUX
MOHOB Ha OCHOBE JJAaHHBIX [0 CEUEHUSIM YIIPYroro u
HEYMNpyroro paccesiHus, UMEIIIUXCS B JUTepaType.
PaccMoTpeHO Kak oOTpaxeHue TMOTOKOB JIETKUX
MOHOB, TaK M MPOXOXJACHUE UX CKBO3b CJIOU IMOJIU-
KpuUCTaJIM4ecKXx oopa3noB. ABTopsl u3 MCHD PAH
u ToMckoro rocynapCTBEHHOTO YHHMBEpPCUTETa CHU-
CTeM YIIpaBJIeHUs U PATUO3JEKTPOHUKHU MTPEACTaBU-
JIN pe3yJbTaThl 9KCIIePUMEHTAIbHBIX UCCIIeNOBaHU
pa3psHOI cCUCTEMbl HA OCHOBE TJIAHAPHOTO MarHe-
TPOHHOTO pa3psjia C NOMOJTHUTEIbHON UHXKEKIUEH
9JIeKTPOHOB. MHXEKIMS 3JIeKTPOHOB OCYIIECTBJIS -
Jlacb ¢ 0OpaTHON CTOPOHBI pacHbUISIEMON MUIIIEHU
yepes LIeHTpaJibHOE oTBepcThe. Mcmonb3oBaHueE 10-
MOJIHUTEILHON MHXKEKIIMU 2JIEKTPOHOB B KaTOMHbIM
CJIOM MarHETPOHHOTO pa3psija MO3BOJWIO B 2—3 pa3a
YMEHBIIIUTh HUKHEE Mpeae/ibHOe paboyee naBieHUe
MarHeTpOHHOTO pa3psa.

Atopsl u3 AO T'HII “Lentp Kengbia” mnpen-
CTaBUJIM PACYETHO-IKCIIEPUMEHTATBHYI0O METOINKY
OIIEHKHU MapaMeTpOB TIJIa3Mbl, CO3MaHHON reHepaTo-
POM BJIEKTPOHHOTO IMyYyKa ¢ Tojayeil raza B pa3psii-
HBIIT KaHaJl B CMECH Ta30B cpemHero maBieHus. [1o-
KazaHo, 4YTO B IIIa3Me, CO3MaHHON 3JIEKTPOHHBIM
IMYYKOM B CMECH T'a30B CPEIHEro MaBJICHUST KIoue-
BYIO POJTb B peKOMOWHAIINY UTPAET TUCCOITMaTUBHAS
pekoMOuHanus yactull. B nokimane aBropos us HY
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“MBU” m HUL “KypuaToBCKH1iTt MHCTUTYT MCCIIE-
JIOBaHbI SMUCCUOHHBIE CBOIICTBAa MOIUGPULIPOBAH-
HOM NOBEPXHOCTH BOJIb(ppaMa C HAHOCTPYKTYpPOIL
THTA “TIyXx”.

Ha xondepeHnm Takke oo0cyKmaaach ImpooieMa
reHepauuu CBY-uznydyeHusi. bouin mpencTaBieHbl
paboThI, ITOCBSIIEHHBIE BOIIPOCAaM KOPPEISLIMOHHO-
ro aHa/IM3a IIIYMOBOM I'eHepalluy MJIa3MeHHBIX PeJIsi-
TUBUCTCKUX MHUKPOBOJHOBBLIX MCTOYHUKOB (M1OD
PAH) u skciepyuMeHTaIbHOMY UCCJIeTIOBaHMIO T11a3-
MeHHOTO0 pesiTuBucTcKoro CBY-ycummrenns ¢ mojo-
coii ycusieHust okoJio 1.5 I'Tir ¢ MakcuMalbHBIM 3HA-
yeHreM Koa(ddulimeHTa ycuaeHUsI Ha 4aCTOTE OKOJIO
3 I'Tuy (MO® PAH, HUILI “KypyaTOBCKMII MHCTH-
Ty, MI'Y nmenun M.B. JlomoHocoBa). Illupokas
I10JI0Ca YCUJICHUS 9TOM CXEMbI YCUJIMTEIISI paHee 1103~
BOJIMJIA IIPOAEMOHCTPUPOBATh IEPECTPOMKY YACTOTHI
ycunutens ot 2.4 go 3.1 I'Tu. Ha sneKTpoHHOM ITy4-
K€ C TOKOM 2 KA u 3Heprueii anektpoHoB 500 kaB
osu10 mmosrydeHo CBY-m3nygenne MmomrHocThio 100—
150 M BT 1 mmtenbHOCTBIO nMITyIbca 300 He.

B nokname OoJBIIOTO KOJUIEKTHBA aBTOPOB U3
MMM PAH, HUW nepcrieKTUBHBIX MaTEpUATIOB U
texHosnoruii, UTIM PAH n ®UAH 6»u1a nponeMoH-
CTPUMPOBaHA BO3MOXXHOCTh OCaXKI€HUSI TOHKUX TLIe-
HOK TYIOIUIaBKMX METAJUIOB Ha CTEKJIa 4epe3 Juva-
¢parMbl Ha yCTaHOBKE TIJIa3MEHHBI (hOKYC.

B UI1® PAH 6bL10 IPOBEAEHO TPEXMEPHOE MO-
JIeTMpoBaHUe MPOHULIAEMOCTH PEISITUBUCTCKU He-
IUIOTHOM IIa3MBbl IJIsI 9KCTPpEMaIbHO MHTEHCUBHBIX
JIa3epHBIX MMIYJIbCOB. MopaeanpoBaHue HPOBOIM-
JIOCh METOJIOM YaCTHIl B siYeiiKax, KOTOpOe Mpoe-
MOHCTPUPOBAJIO aHOMAJIbHO BBICOKOE MOINIOIICHUE
JIa3€pHOTO NOJIs AJ1sI ”THTEHCUBHOCTY M3JTy4YeHUSI BbI-
e 3 % 102* Bt cM ™2 mig avHbl BoaHbL 1 MkM. Co-
IJIACHO pacyeTaM, IOIJIOIIEHHE CBSI3aHO C M3Iydye-
HUEeM ramMMa-KBaHTOB U MOCJEAYIOIIUM Oo0pa3oBa-
HUEM 3JICKTPOH-IIO3UTPOHHBIX I1ap B CUJILHOM IIOJIE.
Hoxman aBropoB m3 HUY MBUM mn I'epmanHckoro
LICHTpa aBHAaLlMM U KOCMOHABTUKM OBLI ITOCBSIIIECH
Pa3BUTHUIO KOJIMYECTBEHHOM METOANKHM pacueTa IIpo-
¢duIIeil N30TONOB BOAOPOAA B OCPUIIJINM U YTIIEPOHIE
Ha OCHOBE paciin(pPOBKU CIIEKTPOB JIEKTPOHOB, OT-
paxeHHBIX ynpyro u Heyrnpyro. B HUII “KypuaToB-
CKMII MHCTUTYT  OBIJIa pacCMOTpPEHAa BO3MOXHOCTH
onpeneneHus Tsaru apurateis bITPI-100 mo jokaib-
HO M3MEpPEeHHBIM ITapaMeTpaM IUIa3MeHHOM CTpYH,
BBITEKAIOIIEd 13 HEro, TAKMM KaK SHEPrusi MIOHOB U
IUIOTHOCTb MOHHOTO TOKa, i1 U3MEPEHUSI KOTOPHIX
OBUI pa3paboTaH COOTBETCTBYIOIIMU AMArHOCTUYE-
CKuit KoMmIuiekc. PazHuiia Mexny 3HaUeHUSIMU TSTHU,
MMOJYYEHHBIMU C TOMOILIBIO TSITOM3MEPUTEIIHLHOIO
YCTPOMCTBA M PACCUMTAaHHLIMU HA OCHOBE M3MEpPEH-
HBIX MapaMeTpPOB ILUIa3MEHHOI CTPyUd, HAXOAMUTCS B
npenenax £10%.

Hoxnanpl, npenctaBieHHble KDY, KHUTY un
00O “ITmasma-BCT”, ObUIM MOCBSIIIIEHBI MaTeMa-
TUYECKOMY MopaermpoBaHuio BY-1mrasmMeHHOIT MoO-
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IN(PUKALINYA CBEPXBBICOKOMOJICKYJISIPHOTO TTOJTM3TH -
JIeHa 1 TipuMeHeHuIo crpyitHoro BUE-pas3psma oo
cOo3IaHUs KOMIIO3ULIMOHHOTO MaTepuaia ¢ Impume-
HEHMEM BOJIOKHUCTBIX MaTepuaioB. Llenbio mocnen-
HEro UCCIeAOBaHUS SIBJISUIOCH ITOBBILICHUE CMadu-
BAa€MOCTHU BOJIOKHUCTOTO MaTepualjia IyTeM MOOV-
dUKannM MOBEPXHOCTHU B MazMeHHoM cTtpye BUE-
paspsima. Takke wucciemoBanack BY-turasmenHas
MOIU(UKALIMS CTEKJIOBOJIOKHA.

MonennpoBaHWIO Ta30BBIX Pa3psgoB OBLIM I10O-
CBsllleHbl TpU nokjiama. B mepsom (MI'Y mmeHu
M.B. Jlomonocosa, PY/IH, ®HII HHWUHNCH PAH)
MOJIETUPOBAJIUCH 3JIEKTPOJAMHAMUYECKUE XapaKTe-
puctuku D1IP-pa3psaa B ruiasmorpoHe. Bo BTopom
ObLIa MOCTpoeHa miobanbHas Moaeab CBY-paspsina
¢ OOJIBIIION TUIOIIAIBIO AJIEKTPOJIOB, HA OCHOBE KOTO-
poii pacCMOTpPEHBI JIBa MEXaHM3Ma HAPYILLIEHUST CUM-
METPUU B pas3psifie, CBSI3aHHbIE C U3MEHEHUEM TOJI-
IIMHBI CJIO€B MPOCTPAHCTBEHHOTO 3apsiia y 2JIEKTPO-
OB M BO30YXIEHWEM ITOBEPXHOCTHOW BOJHBI C
a3uMyTaJIbHBIM HOMepoM m. Tpetuil noknan (UM
PAH) Ob11 mOCBSIIIIEH MOJIETMPOBAHUIO KAITWJLISIP-
HOTO pa3psiia B YaCTOTHOM pexXume padboThl. boib-
ol kouiektTuB aBTopoB 13 HUILL “KypuatoBckuii
uHctutyr”’, HUY MBU, HUY MOTHU u PYJIH
MpencTaBui pe3yJbTaThl UCCAEA0BaHUS OCOOEHHO-
cTeil pacripocTpaHeHUs! yIapHOU BOJIHBI, co3/aBae-
MO¥ CUJILHOTOUYHBIM 3JIEKTPOHHBIM ITyYKOM B TBEp-
JNIOTeJIbHOM MMILIEHUM Ha TpaHulle pasaena cpen.
DOUAH u UMM PAH mpencraBuiau DOKJIaObl, MO-
CBSILLIEHHbBIE MCClIeNOoBaHUI0 ocobeHHOocTel Mopdo-
JIOTUM pacruiaBa Ha MOBEPXHOCTU MeTajljia MpU BO3-
NeCTBUM MJIa3Mbl Ha YCTAaHOBKE TJIa3MEHHBbIN (ho-
kyc. BHUAY MUDU 6b11a paspaboTaHa METOIMKA
MPOTrHO3UPOBAHUSI HEUTPOHHBIX XapaKTePUCTUK Ma-
JIOrabapuUTHBIX YCKOPUTEJIbHBIX TPYOOK HOBOTO MO-
KOJIEHUS MO JTaHHBIM KCMIEPUMEHTOB C MPOOHBIMU
JneiTepueBbIMU MUIIEHSIMU. 1o naHHOI MeToauKe
OCYIIECTBJISIACh YCTElIHAs UHTEepIpeTalus pe3yib-
TaTOB 3KCMNEPUMEHTOB C MOHHBIMU Auomamu. Ho-
kian asTopoB 3 HUU mexannku MI'Y GBI TTOCBSI-
IIIEH UCCIEIOBAHUIO MPOTSKEHHBIX CUJIBHOTOYHBIX
SJIEKTPUUYECKUX OYyr aTMOC(HEPHOro AaBJIEHUS Ha
ycranoBke I1-2000. B ®I'YIT “POALI-BHUNDD”
OBbLIIO TEOPETUYECKU UCCIETOBAHO pacTeKaHUEe TOKa
B TOHKMX (DOJIbrax UM MIOCKUX TOKOBBIX CJIOSX B Ka-
yecTBe MPWJIOXKEHUS K 3aJadyaM Iepedpoca TokKa ¢
TTOMOIIBIO 3JIEKTPOB3PBIBHBIX pPa3MbIKaTeJICH.

ITna3zMeHHO#t MenuilHE ObLI TOCBSIIEH MTOKIaI
asropoB n3 MO® PAH, PYAIH u PHUMY um.
H.U. ITuporoBa. B HeM ObLIO McCIeOBaHO TIPUME-
HEHUE XOJIOJHOM IIa3Mbl aTMOC(EPHOTO TaBJICHUS
TPY JIEYEHUU OHKOJIOTMYECKUX 3a00IeBaHUA.

HBa noxknana aBropoB uz MI'Y umenu M.B. Jlo-
MOHOCOBa OBLIM MOCBSIIIEHBI U3YYEHUIO BO3-
NeiCTBUSI KOPOHHOTO pa3psiia Ha MOBEPXHOCTh 3a-
paxeHHOro rpubaMu 3epHa O3WMON MIIEHULbI U
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O6pa3OBaHI/IIO IJIa3MOnIao0OB IIpU BO3IECHCTBUU Ka-
IINJUUIAPHOTO paspsdaia Ha METaJlJIbl.

B MO®D PAH pa6GoThl B 006JIaCTU TLIA3MEHHBIX
TEXHOJIOTMI BemyTCsd IO MHOTHUM HaIlpaBJIEHUSIM.
by npoBeneHbl ONTUYECKUE U3MEPEHUS B IKCIIE-
PMMEHTaX 0 CUHTE3y MUKPO- U HAHOUYACTHIL C KOH-
TPOJIMPDYEMBbIM COCTaBOM M CTPYKTypoil B Iuia3Mme
MUKPOBOJIHOBOTO paspsiia. Paspsiibl MHUMLIMUPOBa-
JIMCh UMMYJIbCAMU U3JTy4YeHUSI MOIIHOTO IT'MPOTPOHA
B TOHKMX CJI0SIX TIOPOIIIKOBBIX CMeceii CO CBOOOAHOI
BEpXHEil MOBEPXHOCThIO. MCIOIb30BAIOCH UBJTyYe-
HUE TUPOTPOHA C IJIMHOI BOJHBI 4 MM, JJIUTEIbHO-
CThbIO UMIyJibca OT 1 1o 8 Mc npu MoirHoctu 100—
500 kBT1. ABTopamu uz MOP PAH u PYJIH ucche-
JIOBAJIOCh BIWSIHUE TTOaBaeMOro rasza (Bo3dyX, Ar)
Ha oOpa3oBaHue aKTUBHBIX (pOPM KHMCIOpOJa U a30Ta
B BOIHBIX PacCTBOpPaxX C MOMOIILIO MHOTOMCKPOBOTO
KOJIbLIEBOTO pa3psiia C UHXKEKIIMEeH ra3a B pa3psiAHbIX
npoMexyTtkax. [TpoBoaunuce ucciaeqoBaHUs Hapa-
OOTKU JOJTOXUBYIIUX KHUCIOPOA- U a30T-Colmepka-

mux peakTuBHbIX yactull (NO;, NO,, H,0,, HO-
NO) B nucTuIIMpOBaHHOI BoAe MpU €€ 00padoTKe
npssMbIM (0€3 IMAJIEKTPUYECKOIO Oapbhepa) ITbe30-
paspsinoM. MccnemoBanuch Takke WMHULIMALIMS U
pa3zBUTHE MUKPOBOJIHOBOTO pa3psijia, BOZHUKAIOIIE-
IO TIpU TIPOXOKICHUN MUIIMCEKYHIHOTO CBY-1mM-
myJbca TUPOTPOHA IIO TIOBEPXHOCTH KBapIlIeBOM
MOMIOXKH C BHEAPEHHBIMHU B He€ MUKPOUYACTULIAMU
MmeTtaia. beutn TipuBeneHbl pe3yabTaThl MUKPOBOJI-
HOBBIX U3MepeHuit nomnoieHuss CBY-uznyyeHus B
9TOM IIpOLecCe, OLIEHEHBI CKOPOCTH IBVKECHUS
¢poHTa pa3psima BIOJb IIOBEPXHOCTU IUIACTUHBI, U
noJjiydeHa 3aBUCUMOCTh TeMIIEpaTypPhbl MOMIOXKH OT
mmrtenbHocT CBY-umnyinbca. Takke ObUuIH mpuBe-
JIEHBI PEe3YJIbTaThl CIIEKTPaJIbHOIO aHaIl3a — Bpallla-
TeJIbHbIe U KoJjieOaTeIbHbIE TeMITepaTyphl MOJICKYIL.
Kpome Toro, 6b111 IpeacTaBieHEl pe3ybTaThl U3Me-
pEHUIT M3JIy4aTeJIbHBIX XapaKTePUCTUK MUKPOBOJI-
HOBBIX 0€33JIEKTPOIHBIX aPTOH-PTYTHBIX JAMIT HU3-
KOTO JaBjieHus B nuanaszone 10-2—2 Topp.

Pabota cexuimu B 11eJ1I0M ITOKa3asna, 4To B 00JlacTu
IUIa3MEHHBIX ¥ MYYKOBBIX TEXHOJOTUII BEOETCS aK-
THUBHAasl MCCIIeAOBaTelIbcKas paboTa, IIpuYeM 4MCIIO
paboT, MMEIOIUX TEXHOJOTMYECKYI0 HaIllpaBJICH-
HOCTb, pacTeT. Ha cexiuium ObUIM IIpeAcTaBIIEHBI J0-
KJIaJIbl 1O OOJIBLIIMHCTBY HallpaBJICHUI pa3BUTHUS CO-
BpPEMEHHBIX TexHoJoruii. Bce moxiamgbl OBLIM BbI-
IMOJTHEHBI Ha BBICOKOM YpOBHE M BBI3BaJIl MHTEPEC
caymareneii. Ilo cpaBHeHUIO ¢ KOH(pEepeHLUSIMHU,
KOTOpbIC MPOXOAWIM HECKOJBKO JIeT Ha3al, yBeIr-
YUJIOCH O0IIIee YHUCIO JOKIAA0B 1 TIPOMOPLIMOHAb-
HO YBEJIMYMJIOCH YHUCJIO JOKIAA0B, TIPEICTABIISIIOIINX
pe3yabTaThl 3KCIIEPUMEHTOB. 3aMeTHa aKTUBHOCTh
110 MOIACpHU3allUU 60ﬂbL[JI/IX OKCIIEPMMEHTAJIbHBIX
YCTAaHOBOK M ITOSABJICHUWIO HOBbLIX NMAarHOCTUK. I/IC—
clieqoBaTeNIM CTPEMSITCS K YBEIUYESHUIO 3(PPEKTUB-
HOCTU MCCJIEAOBaHUI. AHAIN3 TOKJIAAOB MOKa3biBa-
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€T, YTO IKCIEePUMEHTAJIbHbIE YCTAHOBKU CTAHOBSTCS
clIoXHee, YBEJIMYMBACTCSI MX pa3Mep.

7. ITPOEKT UTOP.
IHAT B DHEPTETUKY BYAYIIEIO

Ha cexmio “IIpoexkt UTOP. Illar B sHepreTuky
oynyuero” (nmpencenareib cekuuun A.B. KpacuiibHu-
KOB) B 3TOM Toay ObUIO IIpeacTaBlieHo 62 mokiajaa.
Jlokymanpl OBIJIM TTOCBSIIIEHBI COCTOSTHUIO PadoT IO
coznanuio cucteM ITER, pazpabaTtsiBaeMbIX U U3TO-
TOBJISIEMBIX B Poccru, v CBSI3aHHBIM C 3TUM 3aJadaM.

boabiioe ynciao padboT ObLUIO MOCBSIIEHO MHXKE-
HEpPHBIM pa3paboTKaM, BhIToJHsIeMbiM B HUN DDA
M. J1.B. Edpemona. Tam Benyrcst paboOThI MO He-
CKOJIBKMM HampaBJIeHUSIM.

Heckonbko M0KIam0B ObUIN TTOCBSIIICHBI pa3pa-
0OTKE M W3TOTOBJICHUIO OOOPYAOBaHMS CUCTEMBI
snekTpormmtanug it npoekTta ITER. JJokimamer Ob1-
JIU KaK O TeKYILeM COCTOSIHUM paboT B LIEJIOM, TaK U
00 OTHENbHBIX KOMIIOHEHTAaX O0OpYIOBaHUS: O T'M-
OpMIHOM KOMMYTALlMOHHOM almnapare, 3alldTHOM
pa3MbIKaTene, CUJIbHOTOYHOM  BBICOKOBOJIETHOM
MpeaoxpaHuTesIe, CUCTeME YIIpaBICHUs KOMMYTall-
OHHOI arnrmnaparypou.

B HUND®A BenyTcst paboThI 11O pa3paboTKe, U3-
TOTOBJIEHWIO TPOTOTUIIOB Y UCTIBITAHUSIM LIEHTPaJIb-
HoM cOopku auBepTopa. K HacrTosiieMy BpeMeHU
KOMIIOHEHTBI TIEHTPJIBHOU COOpKM OuUBEepTOpa
YCIIEIIHO MPOUIJIU UCTIBITAHUS HA HATPY3KY BBICOKH-
MU TEIUIOBBIMM IIOTOKaMM, a TIPOTOTHMIT COOpPKU
YCIIEIIHO MpOolleJl TUAPaBINYEeCKe UCTbITAHUSI Ha
pacxol BOJbl U JaBjieHUE, a TakKe HCIbITaHUWE Ha
YTEUKY TOpSTYero reusl.

B HUMN DDA BenyTcs TakKe IIPOEKTHBIE U DKCIIe-
pUMeHTaJIbHEIE paOOTHI 10 IIEPBOI CTEeHKE ToOKaMaKa
ITER. Jdoxnanbsl ObLJIM TOCBSILEHBI U3rOTOBJIEHUIO
MAaKeTOB TEePBOIf CTEHKHW, OCOOCHHOCTSIM MNaiiku 0e-
PUJIIMEBOM OOJIUILIOBKY Ha IIEPBYIO CTEHKY, YJIbTpa-
3BYKOBOMY KOHTPOJIIO Ka4eCTBAa CBAPHBIX U ITasTHBIX
COCIMHEHU KOHCTPYKIIMU MEPBOI CTCHKU.

B USI®D CO PAH y:xe MHOTO JIeT BeIeTCSI IIPOEKT-
Hasi paboTa U ITOAroTOBKAa K U3TOTOBJICHUIO 000PYyI0-
BaHUs auarHoctuueckux mnoptoB ITER, Bkirouas
IMOPTOBHIC 3amIyIIKK (ITOpT-11aru). PaboThl BKITIO-
YaloT MIPOEKTUPOBAHME U MHTErpalluIo 3KBaTOPUAJIb-
HOTO IMarHocTuyeckoro nopra Ne 11 u BepxHUX nua-
rHocTuyeckux noptoB NeNe 02, 07, 08. 3a npoien-
i rox OBbUI YCIEIIHO 3aBepllieH (OUHaJIbHBIN
MPOEKT MHTETrpalluu 3KBaTopuaabHoro rmopta Ne 11 u
HayaTa MOATOTOBKA K €ro M3roToBJIeHnI0. B mokia-
Jlax oOcyXaajgach ITOATOTOBKAa MPOU3BOACTBEHHBIX
mourHocTeit USAD® CO PAH K U3roTtoBicHUIO U
cOopKe 000pyIOBaHMS IJISI pa3MEILEHUS TUaTHOCTY-
YEeCKMX CHCTEM B COOTBETCTBUMU C IIpaBUJIaMU U Tpe-
6oBaHusiMu dpaHiy3ckoro koga RCC-MR 2007. B
YaCTHOCTU, UIET MpollecC KBaIM(UKALIUM CHEIN-
aJIbHBIX IIPOU3BOJICTBEHHBIX TEXHOJIOTUM, UCIIOIb3Y-

I'PUIINHA, UBAHOB

€MbIX B MpoIllecce U3TOTOBJIEHUS BAaKyyMHBIX U3/€-
it i ITER, kitaccuduumpyeMbix Kak 4acTb 00b-
eKTa SIIEPHOI DHEePTreTUKU.

NAD CO PAH Takxke siBasieTcst pa3padOTINKOM U
U3rOTOBUTEIEM 4YacTU JUAarHOCTUYECKUX CUCTEM:
BepTUKAJIbHAsI HEUTPOHHAsI Kamepa (BEpXHSISI U HUK-
H$IST), IMBEPTOPHBIM MOHUTOP HEMTPOHHOTO TMOTOKA,
aHaIM3aTop aTOMOB Mepe3apsiaky (BHYTPUBaKyyM-
Hasl 4yacTh). bbuiy mpeacTaBieHbl JOKAAAbl TT0 U3ro-
TOBJICHUIO MaKeTa IeTeKTOPHOTO y3J1a BepTUKATbHOM
HEWTPOHHOI KaMepbl U U3TOTOBJIEHWIO KOJUTMMAaTOpa
JUTS aHAJIM3aToOpa aTOMOB Mepe3apsiaKu.

B NA® CO PAH paspabaTbiBaeTcsd aTOMapHBIi
WHXEKTOP  METasJIeKTPOHBOJBTHOIO  AUaIa3oHa
SHepruii [jisd HarpeBa IIIa3Mbl, OCHOBAaHHBIM Ha
YCKOpPEHUM Y HEWTpaau3alny IMydKa OTPULIATEb-
HBIX MOHOB Bomopopa. s moaydeHusl ITydkKa McC-
MOJIb3YETCSI  BBICOKOYACTOTHBIM  ITOBEPXHOCTHO-
IUTa3MEHHBI MUCTOYHUK. BB mpenacraBieH OOKiam
10 aHanM3y U cpaBHeHU0 BU-gpaiiBepoB ¢ pa3nud-
HBIMM 3alllUTHBIMU 3KpaHamMu u BY-aHTeHHamu B
MYJIBTUCEKYHIHBIX UMITYJIbCAX.

B ®THU PAH B HacTos111Iee BpeMsI UIET pa3padoT-
Ka JUarHOCTUKH IUIa3Mbl 110 IIOTOKaM aTOMOB Iiepe-
3apgaKu. DTOT MeTod obecreuynBacT BO3MOXHOCTD
U3ydeHUs] KaK MOHHOI (YyHKIUM paclpenesieHusl,
TaK M COOTHOILIEHSI KOHLIEHTPALUiA U30TOIIOB BOJIO-
poma. Ha xondepeHnnu ObUT IIpeACcTaBlIeH TOKIaMI,
MOCBSIIIEHHBIII MPOSKTUPOBAHUIO CUCTEMBI YIIpaB-
JIEHUSI U cOopa TaHHBIX AJIs1 9TOM TUarHOCTUKU.

B ®TU PAH Takxke BeayTcs pabOThI IO cO3da-
HUIO TMAaTHOCTUKN TOMCOHOBCKOTO paCCESTHUS B V-
BEpTOpE TOKaMaKa-peakTopa. bbuin TpencraBieHbl
JIOKJIaJl O CTaTyce pa3paboOTKU CUCTEMBbI, a TAKXKe 10-
KJ1agbl O pa3paboTKe 3epKall I JUATHOCTUKU U O
MOJIEJIMPOBAHUM OCAXIEHUS TIpUMeceil Ha ONTUYe-
CKHE BJIEMECHTbI 1 MOACIMPOBAHNM BBICOKOYACTOT-
HOTO paspsifia IJisl YUCTKU 3epKal.

HUII “KypuatoBckmit MMHCTUTYT” mIpeacTaBui
JIOKJIaZl 0 pa3pabOTKe U U3TOTOBJIEHWU TIEPBOTO 3€P-
Kayia 11t muarHoctuku tiadMmel ITER mocpenctBoMm
CMEKTPOCKOIIMY BOIOPOAHBIX JIMHUM. B npyrom no-
KJage ObUI MPEmIoXeH CIMoco0 ObICTpOro pacyera
CUHTETUYECKUX M300pakKeHUl JIsT BUICOKaAMeEp
ITER, ocHallleHHBbIX ONTUYECKUMHU (PUIbTPaMHU B
BUIMMOM JWaria3oHe JJIMH BOJH. Takoil pacyeT He-
ob6xoauM 1J1s pa3paboTKU U MOAEIUPOBAHUS paOOTHI
JMArHOCTHKU T10 BOJIOPOIHBIM JIMHUSIM.

B I'HII P® TPUHUTMH npoBoasTcss 3KcOepu-
MEHTaJIbHbIE Pa0OTHI MO UCCIIeIOBAHUIO MOAUGUKaA-
LIMY1 TOBEPXHOCTU BOJIb(hpaMa U 3axBaTa IeUTepUst B
HEM TOocjie BO3IEHCTBUS UMITYJIbCHBIMU MOTOKAMU
ia3mbl. OOsyyeHue 0O0pa3loB MaTepuaIoB HUM-
MyJIbCHBIMU TTOTOKAaMM TIa3Mbl TTPOU3BOINIOCH Ha
KBa3WCTallMOHAPHOM CHJILHOTOUHOM TIJIa3MEHHOM
yckoputene KCITY-T. BriOpaHHBIE 3KCHepUMEH-
TaJbHBIE TTapaMeTpbl oTpaxanu ycioBuss ELM-co-
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oerTuii, oxkxnmaeMbiXx B ITER. B mokimane 6pu1i mipes-
CTaBJIEHBI PE3YJIbTAThl 9KCIIEPUMEHTOB.

OUAH u HUAY MUDPU npeactaBuiau psia g0-
KJ1aJ0B, MOCBSIIIEHHBIX UCCIIETOBAHUSIM BaKyyMHOI
IyT U MoIn(UKALMUA penbeda MOBEPXHOCTUA ITOL
BO3IEHCTBIEM IJIa3MEHHBIX MTOTOKOB. SBjIeHMe Ha-
HOCTPYKTYPUPOBAHUSI MOBEPXHOCTHBIX CJIOEB IPO-
SBIISIETCS B KA4ECTBE HOBOTO CBOMCTBA B3aMMOJIEN -
CTBUSI IUIA3MbI C TIOBEPXHOCTHIO U IIPUBOIUT K Gosiee
JIETKOMY MHULIMHUPOBAHUIO CAMOCTOSITENIbHBIX DJIEK-
TPUYECKUX Pa3PSAIOB Ha MEPBOI CTEHKE TEPMOSIIED-
HBIX YCTAHOBOK.

B poccuiickom ITpoektHom nieatpe MTOP mpo-
BOASITCSI paOOTHI IO pa3padoTKe CISAYIOLINX AUATHO-
ctuyeckux cucteM ITER: myuBepTOpHBIIT MOHUTOD
HEUTPOHHOIO IOTOKA, BEepTUKAaJIbHAs HEUTpOHHAas
KaMepa W aKTMBHasl CHeKTpocKomnus. bwuin 3aciy-
IIaHBl TOKJIAAbl, MPEACTABISIIONIAE PE3YAbTATHI 1O
MOJICJIMPOBAHUIO U3MEPEHUU TEPMOSIAECPHOIN MOILII-
HocTu Tokamaka ITER ¢ moMollbio HEHTPOHHBIX T1-
arHOCTUK, CO3TAaHUI0 UMUTATOPA CUTHAJIIOB KaMepPHI
JIEJIEHUS [UTSI TNBEPTOPHOTO MOHUTOPA HEUTPOHHOTO
MOTOKA, CO3aHUIO CHUCTEMbl yMpaBJIeHUs U cOopa
IAHHBIX BEPTUKAJIbHOU HEUTPOHHOM KaMephbl, pa3-
paboTKe NMArHOCTMKM aKTUBHAs CHEKTPOCKOTIMS,
BJIMSIHUIO JTOMYCKOB KOJJIMMATOPHBIX KaHaJOB Ha
pabdoTy BEepTUKAJIbHOU HEUTPOHHOU KaMephbl, MOAE-
JIMPOBAHUIO U3MEPEHUI aKTUBHOW CHEKTPOCKOIIU-
YeCKOll AUArHOCTMKM M pa3paboOTKe AUarHocTuye-
CKOI anmapaTyphbl IJIsI aKTUBHOU CHEKTPOCKOTIUH.

B IlpoektHoMm neHTpe UTOP pasBuBaeTcs ar-
napaTHO-MHMPACTpyKTypHasa IuiaTdopMa HHOOp-
MallMOHHO-KOMMYHUKAIlMOHHOTO MpOCTpaHCTBa
(AUIT UKIT) kak MHCTPYMEHT MHTEerpaiyu uccie-
nmoBaHuit B obnactu YTC. Dra murardopma obecrie-
YuBaeT LIS UCCIIe0BaTEIeii BO3MOXHOCTD y4acTHsl B
IUCTAaHLIMOHHBIX 3KCIlepuMeHTax B objactu YTC
HCCIeA0BAHUI: MOJyYyeHUEe U OTOOpaXkeHre HayqHO
nHdboOpMallMi, B TOM YMCJIE€ 3KCIIEPUMEHTAIbHBIX
JMaHHBIX, TEMAaTUUECKUX IMyOIMKaluii, CIIpaBOYHOM
uHbOpMalMK, NPOBeAeHNWE IUCTAHLIMOHHBIX COB-
MECTHBIX WCCIENOBAaHWI M MPEAOCTaBIEHNWE WHBIX
Hay4yHbIX U TEJIEKOMMYHUKAIIMOHHBIX CEPBUCOB IS
Y4acTHUKOB oTedyecTBeHHOro YTC-cooGmiecTtBa. B
JloKJ1aJie ObLIU MPOAEMOHCTPUPOBAHBI BO3MOXHOCTHU
pa3Butus AUITT UKII kak mHCTpyMeHTa MHTerpaluu
OTE€YECTBEHHBIX U MUPOBBIX Y TC-ucciaenoBaHuil ¢
YYE€TOM CTaHJApPTOB U MOJAXO0J0B, IPUHSTHIX B MUPO-
BOIi MpaKTUKe, B TOM Yuciie B MeXayHapoaHoi Opra-
Huzanuu ITER.

Onnoit u3 cocrasisiomnx AUIT UKIIT gasngercyd
POCCUMCKMI LIEHTP YAAJIEHHOTO YYaCTHUS B 3KCIIEPU-
MmeHTax Ha yctaHoBKke ITER, co3gaHHbIii B I[TpoekT-
HoM LieHTpe MUTOP. Ha ero ocHoBe NpoOBOIWINUCH
coBMecCTHBIe ¢ MexnyHaponHoii OpraHusanuei
ITER paGoThl mo oTpaboOTKe TEXHOJIOTUI Y MPUHIIN-
0B AYMICTAHIIMOHHOIO YYaCTHUs B 9KCIEPUMEHTE IIJIS
JIPYIUX Y4aCTHUKOB IIPOEKTa, B TOM YMCJIE IIPOBEae-
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HBI MCCIEA0BaHWE IIPOTOKOJIOB, METOAOB 1 KAaHAJIOB
rnepegadyr JaHHBIX Yepe3 CYLISCTBYIOLIUE OOIIea0-
CTYHIHBIE CETU C LIE/IbI0 BBIPAOOTKM CTPATETUM MO -
KJTIo4eHmd K cucteMe coopa maHHbBIX ITER 1 Tectm-
poBaHUE pa3IMYHbIX UHTEP(PENCOB yaaJeHHOro 10-
cryna Kk maHHbiM ITER. brmaromapsi atoii pabote
Poccuiickas Denepauus crtaja OGHON U3 TMEPBBIX
crtpad ydyactHull nipoekta ITER, obGecrneynBiimx
MpSIMOe HNONK/IIOYECHUE K TEXHOJIOTUYECKUM JaHHBIM
mwiontanku ITER.

Pabotra cexiuu Obuia ycneurHoii. OHa Imokasaa
CYIIIECTBEHHBII IIPOrpecc B HAYYHO-UCCIIeI0BATEIb-
CKUX U KOHCTPYKTOPCKUX padoTax B MNOOICPXKKY
npoekTta ITER B paMKax OTBETCTBEHHOCTM I10 I10O-
craBkaMm Poccuiickoit @eaepaniiu.

8. BAKJTIOYEHUE

1. L MexnyHaponHasi 3BeHUTOpoOACKasi KoH(pe-
peH1us 1o (hU3MKe MIa3Mbl U yIIPaBISIEMOMY TEPMO-
SIIEPHOMY CUHTE3Y SIBJSIETCS €IMHCTBEHHBIM €Xe-
TOAHBIM KPYITHOMACIITAaOHBIM HaydYHBIM (OPYMOM
YYEHBIX, pabOTaOIINX B 0071aCTU (PU3UKU TIJIa3MBbI 1
VIIPaBJISIEMOTO TEPMOSIIEPHOTO cuHTe3a B Poccuu n
crpanax CHI. Ona npoxonuna yxe B 50-ii pa3 u co-
Opana Ha cBou 3acegaHus 6ojiee 900 y4acTHMKOB U3
Hay4YHBIX LIeHTpoB Poccum m apyrux crtpan. Ymcno
poccuiickux (69) opraHu3anuii, mpeacTaBUBIINX T0-
KJaabl Ha KOH(pepeHIIMI0, 3aMEeTHO BO3pPOCJO IO
CPaBHEHUIO C TIPONLIBIM FOJIOM.

2. KondepeHius criocodcTBOBaia pelIeHIIO Ha-
VYHBIX IIpO0JieM II0 HampaBJIEHUSIM: MarHUTHOE
yAepKaH1e BHICOKOTEMIIEPATYpHOI IJIa3Mbl, MHEP-
UaIbHBIII TEepMOSIEPHBIA CUHTE3, (pU3MIEeCKUe
MpOLIECChl B HUBKOTEMIIEpaTypHOIi I1a3Me, pru3ude-
CKUE OCHOBBI TIJIa3MEHHBIX U JYYEBBIX TEXHOJIOTUIA,
peanuzauus MmexayHapoaHoro rmpoekra ITER. Exe-
TOTHO TTPOUCXOASIINIT 0OMeH MH(MOpMAIIUEH U OIThI-
TOM MEXIy yueHbIMU Poccum 1 cTpaH OJIMXKHETO 3a-
pyOeXbsI CIOCOOCTBYET YCTAHOBICHUIO U TTOAACPKA -
HUIO Hay4YHbIX KOHTAKTOB MEXAy HayYHbIMU
LIEHTpaMM, 3aHUMAIOIIUMUCS OJIM3KMMU TIpoOIeMa-
MU. DTO HOATBEPKIAETCS paboTaM1, COBMECTHO BbI-
MMOJTHEHHBIX COTPYAHMKAMU POCCUNCKUX 1 3apyOeK-
HBIX HAyYHBIX LIEHTPOB.

3. B Poccun B pamMKax KOMIUIEKCHOM TTPOTpaMMBbI
“Pa3BuTHE TEXHUKHU, TEXHOJOIUIA U HAYYHBIX UCCIIE-
JIOBaHUIi1 B 00JIaCTU MCITOJIb30BaHMUSI aTOMHOI SHEP-
ruu Ha niepuon 1o 2024 roga”, mocTeneHHO GOPMU-
pyeTcs HallMOHaJIbHasl poTrpaMMa 110 yIIpaBIISIeMO-
My TEPMOSIACPHOMY CHHTEe3y, B IUIAaHAaX KOTOPOM
MNpenyCMOTPEHO pa3BUTHE WCCICIOBAaHUN Ha He-
CKOJIBKMX JOCTAaTOYHO KPYMHBIX ycTaHOBKax YTC ¢
OXMAAeMBIMH IIapaMeTpaMM IUIa3Mbl, OJIU3KUMH K
YCJIOBUSIM TEPMOSIIEpPHOro peakropa. BaxkHbpIM pa3-
JIeJIOM HaIMOHAJIbHOI IporpaMMbl HOKHO CTaTh
CO3IaHMEe HECKOJbKMX CPEeOHUX IUIa3MEHHBIX yCTa-
HOBOK B YHUBEpCUTETaX JJisl Ha4yaJIbHOIO O0ydeHUs
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CTYIEHTOB U MTOATOTOBKH aCITMPAHTOB JIJISI pabOTHI €
BBICOKOTEMITEpAaTYpHOU IUIa3Moii. OT1o OyaeT cmo-
COOCTBOBATh COKPAILIEHUIO OTCTABAHUSI POCCUMCKUX
HAyYHBIX I1IEHTPOB, BEIyLIUX WCCICIOBAHUSI II0
VIIpaBJISIEMOMY TEPMOSIIEPHOMY CHHTE3Y U TEPMO-
SIIEPHBIM TEXHOJIOTUSIM OT UCCIICTOBAHMIA, BEIYIIX -
Cs B TEXHOJIOTUYECKHU JIMAVPYIOIINX cTpaHax. Heo6-
XOOUMO TaKKe, YTOOBbI IOC/IEeNOBAIM CJIEIYIOIINe
IIarv, KOTOPhIE B COBOKYIMHOCTU C(HOPMUPYIOT LIV~
POKYIO HAIIMOHAIbHYIO NpPOrpaMMy HCCIIeTOBaHMIA
Mo pyHIaMeHTaJIbHBIM U TTPUKJIaAHBIM HAaITpaBJICHU -
siM (DU3UKU TU1a3Mbl. BaxkHO nMeTh B BULY, UTO B pe-
3y/IbTaTe pean3aluy IIporpaMMbl MEKIYHAPOIHOTO
npoekTa ITER, pa3zpaboTraHHbIe HOBBIE TEXHOJOTUU
JIOJDKHBI OBITh OCBOEHBLI POCCUMCKMMU YYEHBIMU U
WHXEeHepaMM JUISI MX YCHEIIHOro IpUMEHEHUS B
pa3paboTKaxX POCCUMCKUX MPOMBIIIJIEHHBIX TEPMO-
SAEPHBIX PEaKTOPOB, YTO HEBO3MOXHO B OTCYTCTBME
HALIMOHAJIBHOM IIporpaMMbl 1O (pU3UKe ILIa3MBl
uYTC.

4. CoBpeMeHHBIII MHPOBOII YPOBEHb JIa3€pPHO-
TUIa3MEHHbBIX HMCCIeNOBaHUM TpeOyeT co3naHusl B
KPYITHBIX HAy4HBIX IIeHTpax Poccum, mo KpaiiHeid
Mepe, IBYX KOHKYPUPYIOIIMX MYJIbTUIIETaBAaTTHBIX
JIa3epHBbIX CUCTEM, HAaIlpaBJI€HHbIX HA pellIeHUE TIPO-
61embl JITC u cMexHbBIX 3aga4. Takske 1ieecoodpas-
HO CO3IaTh CETh U3 HECKOJBbKUX JIA3€PHBIX YCTaHO-
BOK C MEHBbIIIE MOILIHOCThIO, HA KOTOPHIX OBLIO ObI
BO3MOXHO IIPOBEPSITH HOBBIC UIEU U 3KCIIEPUMEH-
TaJIbHBIE CXeMBbI, a TAKXKE IIPOBOAUTH OTPAOOTKY HO-
BBIX AUarHocTuk. Tak adeKTuBHO paboTaloT HAy4-
HBIEC IIPOrpaMMBI TEXHOJIOTMYECKU Pa3BUTHIX CTpaH
Amnonnn, Kuras, CIIIA n EBponeiickoro cor3a. B
Poccun mpuHSATBIX K peanu3aluu J0JITOCPOYHBIX
IUIAHOB CTPOUTEILCTBA TaKUX JIa3€PHBIX YCTAaHOBOK
HET, ¥ 3TO BeeT K AaJbHeHIIIeMy OTCTaBaHUIO HAIIINX
Hay4dHbIX ucciaenoBaHuit o JITC oT yxxe 1OCTUTHY-
TOTO MUPOBOI'O YPOBHSI.

5. 3a mocJieMHUIA ToJl CHU3WJIOCh Ha TTOPSITOK YK C-
JIO TIPEICTaBJICHHBIX Ha KOH(MEPEHIIUM PaboT, BBHI-
ITOJTHEHHBIX POCCUMCKUMU YYEHBIMUA COBMECTHO C
YUYEHBIMU BEAYIIUX 3apyOeKHBIX HAYUYHBIX LIEHTPOB.
CoKpaTUIOCh B HECKOJIBKO Pa3 YUCIO POCCUMCKUX
YYACTHUKOB MEXIYHApPOMHBIX HAyYHBIX KOH(MEpeH-
LU, YTO HETaTUBHO MOBJUSIET Ha PabOTHI TIO poOC-
CHICKMM HaIIMOHAIBLHBIM IIPOTPAMMaM U TIPOSKTaM.
OprkoMUTETY HE yIaI0Ch IMPUTTIACUTh BETYIIINX MU-

I'PUIINHA, UBAHOB

POBBIX YYEHBIX IUISI IIPEACTaBiIeHUs OO30PHBIX IO-
KJ1aJI0OB Ha KOH(EePEeHIMHU, YTO CBI3aHO C U3BECTHBI-
MU NOJUTUYECKUMU coObITsIMU 2022—2023 TT.

6. HoJist mipencTaBieHHbIX Ha KOH(EepeHIIn pa-
00T, CBI3aHHBIX C HAYYHBIMM 3amadyaMU yIIpaBlise-
MOTO TEPMOSIZICPHOTO CUHTE3a Ha OCHOBE MATHUTHO-
ro yaep:KaHus Iu1a3Mbl, cocTaBuia 29%.

7. Han6ombimas mons (39%) npencraBieHHBIX Ha
KoH(pepeHINN padOT, MOCBAIIEHB (PYHIAMEHTAIb-
HBIM U IIPUKJIAAHBIM UCCISIOBAHUSIM B 00JIacTU pu-
3UKU MJa3Mbl. DTa OO0JISI HEMHOIO YBEJIMYMIIACh B
CpaBHEHUHU C MPOIUILIM TOJAOM, PacTeT MHTepecC K
5TUM WCCIeTOBAHUSIM Cpelu HaydHOIl MOJIOACKM.
DTO 00YCIOBIEHO CPABHUTEIBLHO HEOOIBIIVMU 3a-
TpaTaMM Ha OpTaHU3aIUIO0 TAKOTO pojia UCCIeIoBa-
HUIi, KOTOPbIE MOTYT OBLITh KOMIIEHCUPOBAHLI IIPU
MOJIy4EeHUM HEeOOJBIINX TPAHTOB U3 POCCUMCKUX
GOHIOB, a TaKKe 0oJiee OBICTPBIM MOJIYYEHUEM pe-
3yJIbTATOB IIPY UHTEHCUBHOM JIMYHOM YYaCTUU MO-
JIOZOrO YYeHOro Ha MaJjibIX YCTAHOBKAaX ITO CpaBHE-
HUIO ¢ KPYITHBIMU YCTAHOBKAMMU.

8. Jlons paboT mo peam3aluy AUAaTHOCTUYECKUX
KOMITJIEKCOB M CUCTEM JISI MEXIYHAPOIHOTO MPOEK-
ta ITER B pamkax orBercTBeHHOCTH Poccum, yBem-
YMJIOCH B 2 pa3a U coctaBmia 23% oT oO0lLlero yuncia
MpeNCTaBIeHHBIX HA KOH(MEPEeHIINU TOKJIaIOB.

9. Jlonst moKJIamoB, ITOCBSILIECHHBIX ITpobyieMam
HUTC, Bximouas ja3epHbIl TEPMOSIIEPHBIII CUHTES,
HEMHOTO CHU3MJIACh 110 cpaBHEHMIO ¢ 2022 TOIOM M
cocrasuia 9%.

OprkoMuTeToM KOHGEpeHLUU Wu3JaHa KHUTa
“L MexnayHapoaHast 3BEHUTOpPOACKasT KOH(PepeH-
LY MO (PpU3MKe TUIa3MBI U YIPaBISIEMOMY TEPMO-
sanepHoMy cuHTe3y”’. COOpPHUK TE3MCOB ITOKJIAIOB.
M.: 3A0 HTU ITJTIASMAUO®AH. 346 c. ISBN
978-5-6042115-8-8. MaTepuraiibl KOH(PEpEeHIINU TaK-
Ke  pasMellleHbl Ha  caiiTe  KoHdepeHUINU
http://www.fpl.gpi.ru/Zvenigorod/L/Zven_L.html.
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