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B OCCBOM HaIIPaBJICHUAX M YIPABJICHHUEC OCCEBBIM IIOJOXKCHUCM IJIa3Mbl FRC BIOJIb OCH CUMMCTPUU
kamepbl miasMel FRC. CucremMsl U CHOCOGBI HCIONB3YIOT aKCHAIBHO HEYCTOHYMBBIC PaBHOBECHUSI
FRC mns obecriedeHust paananbHONW CTaOMIBHOCTH, CTAOMIM3UPYS WIM YIPAaBIss MPU 3TOM OCEBOI
HecTaOMIbHOCThIO. CHUCTEMBI M CIIOCOOBI 00ECIIEUUBAIOT YIPABJICHUE C OOpaTHOM CBS3bIO OCEBBIM
nonokeHreM 1iasMbl FRC HE3aBHCHMO OT CBOWCTB CTaGMIBHOCTH DPAaBHOBECHS IUIA3MBI IMIyTEM
BO3/ICIHCTBHS Ha HANpSDKCHUs, TPHKJIaJbIBacMble K HaO0OpY BHEINHHMX KaTYIICK, KOHIICHTPUYCCKHX C
IUTa3MOM, U C UCHOJIb30BAaHUEM METO/a HEJMHEIHOTO YIIpaBIeHHUsL.
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CUCTEMBI 1 CIOCOBBbI CTABWIN3AIUHA ITOJTOXKEHMUA IIJIA3MbI FRC

ObmacTb H300peTeHnst

[0001] OOBexT u300peTeHus, ONMUCAHHBIA 371eCh, OTHOCHTCS B LEJIOM K CHCTEMaM
MarHUTHOTO yIep>KaHUs IJIa3Mbl, HIMEIOIMM KoHpurypamuio ¢ oopanieHHbM nosieM (FRC), u
0oJice KOHKPETHO K CHCTEMaM M criocobam, KOTopsie obuierdaior crabmimiammio mia3mel FRC
KaK B paJuajJbHOM, TaK U B OCEBOM HAIIPaBJICHHSX M yIIpaBJICHHUE MonoxeHueM Iuiasmel FRC
BJIOJIb OCH CHUMMETPHH KaMephl yaepxkanus miazMmbl FRC.

IIpeanocbliiku n300peTeHust

[0002] Kondurypauus ¢ obpamennsim nosieMm (FRC) npunaanexuT Kjiaccy TOMONOTUN
MarHUTHOTO YIEp)KaHMs IUIa3Mbl, HU3BECTHbIX Kak KommakTHbie Topouast (CT). Omna
XapakTepu3yercss MPEeUMYILECTBEHHO NOJOUIANbHBIMA MArHUTHBIMH TIOJIIMH U 00Jajzaer
HYJEBBIMH HJIM MallbiIMH CaMOT€HEPHUPYEMBIMU TOPOUAATBHBIMU moisMu (cM. M. Tuszewski,
Nucl. Fusion 28, 2033 (1988)). [IpeumymniecTBaMu Takoi KOHOUTYPAIIMH SBISIOTCS €€ MPOCTast
reoMeTpust UIsl yAoOCTBa IOCTPOCHUS M OOCITY)KUBAHHS, CCTCCTBEHHBIH HEOTPAHHMYCHHBIN
JUBEPTOP AU OOJErdeHus BBIBOJA HHEPIMH U 30JI0yJaleHus U o4eHb Bbicokoe [ (B - 31O
OTHOLLEHHE CPEJHEro NaBJIeHHs IIa3Mbl K CPEJHEMY [ABJICHHUIO MarHUTHOTO MOJs BHYTPH
FRC), 1. e. BbICOKas IUNIOTHOCTb HEepruu. lIpupona Beicokoro f ABnseTcs NPeuMyLIeCTBEHHON
JUIsE DKOHOMUYHOM pabOThl M JUIsl UCIONIB30BAHUS MEPENOBBIX, aHEUTPOHHBIX BUAOB TOIJIUBA,
takux kak D-He® u p-B!!.

[0003] VerpoiictBa FRC sBnsitOTCS 3aKpBITBIMH, BBICOKOBAKYYMHBIMU YCTPOHCTBaMH,
3a/IeMCTBYIOIMME MAarHUTHOE TI0JIe JUIS  yJIEP’KaHWsI BBICOKOTEMIIEPATypHOM ILIa3Mbl, B
YaCTHOCTH, C 10 FeHepaluy SHEPTHH TePMOSAEPHOro cuHTe3a. CocTaBiIAoLas MarHUTHOTO
nojsi 00s3aTeNIbHO JOJDKHA CO3JaBaTbCsi MHTEHCUBHBIM TOPOMAAIBHBIM TOKOM B IUIa3Me,
KOTOPBIA B3aWMOJICHCTBYET C MAarHWUTHBIM ITOJIEM, CO3/IaBA€MbIM BHEIIHMMH KAaTYIIKaMH K
wiasme. B otnuune ot Apyrux ycTpoicTB MarHUTHOro yaepxauus ycrpoictsa FRC He nmerot
BHEIIHUX KaTyIIeK I CO3JaHMs TOpouaaibHoro moiis. Tumuynas rasma FRC HanomuHaer
UIMIICOM]T BpAIEHHs C €ro OChK0 BAOJb OCH BHEIIHEH KaTylKH. ['paHHLa 3JUIMICcOoMza
npejcTaBisier  co0oi  cemaparpucy  IIa3Mbl, KOTOpass  OrPaHUYMBAET  KOMIIAKTHYIO
TOPOUIATIFHYIO TIJIa3MY C €€ OChI0 CHMMETPUH BJIOJIb OCH BPAICHUS JUTUIICOM/IA.

[0004] N3-3a oTcyTcTBHS TOpouAansHOro MarautHoro nosst miasma FRC noasepxena
HApYyLICHUSIM OCEBOM CHUMMETPHM, YTO MOXET IPHUBECTH K YBEJIUYCHUIO IOTEPh IHEPIUH,
IUIOTHOCTH M YJEpXKaHUs, €C/IU HE NMPEANPUHUMAIOTCS HUKAaKME KOPPEKTUPYIONIME JEHCTBHS.
Camas ocHOBHas HeCTaOWIBHOCTH CBsi3aHa ¢ TeM ¢akToMm, uTo B 1uiazmMe FRC Tok mmazmsl

[IPpOTCKACT B IIPOTHUBOIIOJIOXKHOM HAIIPABJICHUNU K TOKY BHEIIHEH KaTylmKH, 49TO I'€HCPpUPYET



2

KpPYTALIUI MOMEHT, KOTOPbIM paboTaeT B HaNpaBJIEHUH AJIA BHICTABICHHS METJIU TOKA IJIa3MBbI C
BHEUIHUM TI0JieM (HAKJIOHHAs HECTaOWIBbHOCTh). Jlpyrue HapyIIeHHs OCEBOM CUMMETPHUH
OTHOCSITCS. K OCH BpALICHUS IUIA3MBI, CMEIIAIOIMICHCS pPagualbHO (paJgHaibHBIA CHABUT),
smmanTudeckod  nedopmaruu  y3kod vactw FRC  (BpamarensHbli pexuM), KOMOWHALIUU
paIuanbHOTO CIABUTa M BpaIIEHUs (PEKUM OUEHUs ), MUKPOTYpPOYIEHTHOCTH IIJIa3Mbl U IPYroMYy.
DTHX HapYLICHUI 0CEBOM CUMMETPHUH, TAK)KE NU3BECTHBIX KaK HEYCTOMYMUBOCTH ILJIa3MbI, CIEIyeT
u30erarb, YTOOBI UMETh XOPOILIEe YIACPKAHUE MACCHI U SHEPTUH TUIa3MBbl.

[0005] OpHo w3 pemeHud, MNOpenjaraeMblx IJIs JAOCTH)KEHUs CTaOWIM3aldd B
paanaIbHOM HANpaBJIeHHH, OCHOBAHO Ha TOM dakTe, uTo paBHOBecue FRC comepxut pelnenus,
B KOTOPHIX TIOJIO)KCHHE IUTa3Mbl JHOO YyCTOMYMBO B OCCBOM HAINpPABJICHUU 33 CHYCT
HCYCTOMYMBOCTH B TMOMCPECYHOM WM pPaJUAILHOM HANPABICHUH, MO0 YCTOWYHBO B
paauaIbHOM HAMpPAaBIICHUH 32 CUET OCEBON HEYCTOMUYMBOCTH, HO He B 000UX OJHOBPEMEHHO. B
NEPBOM TOPSJIKE PaBHOBECHE, B KOTOPOM MOJOKEHHUE IJIa3Mbl MOMEPEYHO YCTONYMBO, UMEET
JKEJIATeITbHOEC CBOWCTBO OBITH OCECUMMCTPUYHBIM 32 CYET OCEBOM HEYCTOHYHBOCTH.
HecTaOmiipHOCTBIO OCEBOTO TIOJIOKECHHUSA, OJTHAKO, MOJKHO aKTHBHO YIIPABISTH, UCIIONIB3Ysi HAbOp
BHEIIHUX OCECHMMETPHYHBIX KaTyLIeK, YTOObl JOCTHYb CTAOWIM3alMM KaKk B OCEBOM, TaK U B
paanaIbHOM HANPaBIICHUSX.

[0006] B cBete BBIIICU3IIOKEHHOTO, TAKUM 00pa3oM, HKEIAaTEIbHO 00ECIICYUTh CUCTEMBI
U C1I0co0Bl, KOTOpBIE 00JIErUaloT YIpaBIeHUE OCEBBIM I0JI0keHHEM I11a3Mbl FRC criocobom, He
3aBHCSIIUM OT CBOWCTB OCEBOM CTaOMIBHOCTH €€ pPaBHOBECUS. OJTO BaXHO, MOCKOIBKY
paBHOBECHE, BO3MOYKHO, JOJDKHO MPOXOAUTH MEXKAY aKCHAJIbHO YCTOWYHBBIM U HEYCTOWUYUBBHIM
paBHOBecHsIMHM Ha pa3HbeIX ¢azax paspsga FRC, Hampumep, ecinu cCleHapuii oceBou
HECTAOMIILHOCTH BPEMEHHO TEPSAETCS ¥ BOCCTAHABIMBACTCS BO BPEMsI pa3psijia IIa3Mbl.

CymnHoctb n3o0peTrenust

[0007] Hacrosiuue BapHaHThl OCYLIECCTBICHUS, TIPEICTaBICHHbIE 3/1€Ch, HAPaBJIEHBI HA
CUCTEMBI U CIIOCOOBI, KOTOpHIE 00JeryaioT cradmmmsaiuio miazmel FRC kak B paguanbHOM, Tak
U B OCEBOM HANpAaBJICHUSX U YIPABICHUE OCEBHIM TOJIOKeHHeM Tria3Mbl FRC Bombs ocu
CUMMETPUHU KaMepbl yiaepikanus Tuiasmbel FRC He3aBUCHMO OT CBOMCTB OCEBOM CTaOUIBHOCTU
paBHoBecus mnasmbl FRC. B mepBoM mnopsiike paBHOBECHE, B KOTOPOM MOJIOKEHUE TIA3MbI
MOMEPEeYHO WM PaJuajbHO  YCTOMYMBO, HMEET  JKeJaTeJbHOE  CBOWCTBOM  OBIThH
OCECUMMETPUYHBIM 32 CUET OCEBOM HEYCTOMUMBOCTU. HecTaOMIBHOCTHIO OCEBOTO TIONOKEHUS,
OJIHAKO, aKTHBHO YIPAaBISAIOT, HCIOJAB3YyS HAOOpP BHEUIHMX OCECUMMETPUYHBIX KaTyIIeK,
KOTOpPBIC YIIPABJISIOT OCEBEIM MOJI0keHueM rma3Mbl FRC.

[0008] BapuaHnTbl OCYHIIECTBICHUS, MPEJCTABICHHbBIE 37€Ch, HCIOIB3YIOT AKCHAIBHO

HeyctoduuBble paBHoBecust FRC, urobel oOecrneunTh paJuaibHYHO0  CTaOMIM3AIUIO,



CTAOMIIN3UPYS WIM YOPaBIss MPU ITOM OCEBOH HECTAOMIIBHOCTHIO. Takum myTeM MOXET OBITh
JOCTUTHYTa CTa0MIM3alMs KaKk B OCEBOM, TaK U B pagualbHOM HaIpaBlieHUsX. MeToaonorus
YIIPaBJICHUS TMPEIHA3HAUCHA Ui U3MCHEHHUS BHEIIHETO WJIM PABHOBECHOT'O MAarHUTHOI'O MOJIS,
yto0Bl caenate miasMy FRC paauanbHO WM TONEPEYHO YCTOMUMBOM 3a CYET OCEBOM
HEYCTOMYMBOCTH, a 3aT€M BO3JEHCTBOBATh HAa TOK KATyII€K pagUuaJbHOTO TOJs, YTOOBI
OIIEpaTUBHO BOCCTAHOBUTH MoioxkeHue mnasmbl FRC k cpepneil miiockocTi, MUHUMUZHPYS TIPU
ITOM MEPEOTKIOHCHUE W/WIM KOJICOAHHS BOKPYI CPEOHEH IUIOCKOCTH KaMepbl YACp)KaHUs.
[IpeumyiiecTBO 3TOr0 peleHus 3aKIYaeTcss B TOM, YTO OHO YMEHBIIAET CJIOKHOCTh
HCTIOTHUTENBHBIX MEXaHU3MOB, HEOOXOIUMBIX [UIs yrpaBieHus. 110 cpaBHEHHIO ¢ OOBIYHBIMHU
pPCLICHHSIMA C  MHOTOYMCIICHHBIMH  CTCIICHSMH  CBOOOJABI ~ METOAOJIOTHS  BapHaHTa
OCYILIECTBJICHUS], IPEJCTABJICHHOTO 3/1€Ch, YMEHBIIIAET CIOXKHOCTD 10 3a/1auyl YIIPaBJICHUS BIOJIb
ocu Bpatienus miazmel FRC, nmeronieli ofHy creneHs CBOOOIBI.

[0009] Cucremsl u cmoOcOObl, OMUCAHHBIE 3/1€Ch, C MPEUMYILECTBOM OOECHEUHBAIOT:
yIpaBjeHUE ¢ O0OpaTHOM CBsI3bI0 OCEBBIM IoJioxkeHHeM InazMbl FRC nyrem BozjeiicTBusi Ha
HAIPSOKCHUS, TIPUKIIAABIBACMBIC K HA0OPY BHEIIHUX KaTYIICK, KOHIICHTPUYCCKUX C TUIa3MOM;
yhnpaBieHue ¢ oOpaTHOH CBsA3p0 oOceBbIM mnojoxeHnemM FRC ¢ ucnonp3oBanueM MeTtona
HEJIMHEWHOrO YIpaBJEHHs; U YOpaBieHHE ¢ OOpaTHOW CBS3bIO OCeBbIM MosiokeHHeM FRC
HE3aBHCHMO OT CBOMCTB CTaOMJIBHOCTH PABHOBECHS IUIa3Mbl. JTa HE3aBHUCHUMOCTH SIBJISETCS
IIPEUMYIIIECTBEHHOM, TIOCKOJBKY PpaBHOBECUE, BO3MOXKHO, JOJDKHO IIPOXOIUTH MEXIY
aKCHaJbHO YCTOMYMBBIM W HEYCTOMYMBBIM DPAaBHOBECHUSMH Ha pasHbIX (pazax paspsaga FRC,
HanpUMep, eciu CLeHapuil 0CeBOW HECTAOMIBHOCTH BPEMEHHO TEPSEeTCsl U BOCCTAHABIMBAETCS
BO BpEMs pa3psijia IIa3MBbl.

[0010] Cuctemsl, crocoObl, MPU3HAKU U IPEUMYIIECTBA TPUMEPHBIX BapPHAHTOB
OCYIIECTBIIEHUST OyIyT WM CTaHYT OYEBHAHBIMHU CIEHUAIMCTY B OOJACTU TEXHUKU TIOCTE
U3YYeHHUs CIHeAYIOUMX uyepTexeidl u moapoOHoro omucanus. [lpenmonaraercs, 4To Bce Takue
JIOTIOTHUTEbHBIE CIIOCOOBI, MPU3HAKH M IPEUMYIIECTBA JOKHBI ObITh BKIIOYEHBI B IpeE/esiax
9TOTO OMHCAHUS U 3aNUINCHBI MpuiaraeMoil Gopmysoi nzodpereHus. Takke npesmoaraeTcs,
y10 hopmyrna u300peTeHus He OorpaHUYMBaeTCs TpeOOBaHUEM JAeTalneil MPUMEpPHBIX BapUAHTOB
OCYILIECTBIIEHUS.

Kparkoe onucanue ueprexei

[0011] CompoBoauTenbHBIC YEPTEKH, KOTOPHIE BKIFOYEHBI B BHJIC YaCTH HACTOSIIETO
OIMCAaHUsl, WLIIOCTPUPYIOT MPEAIIOYTUTEIbHBIE B HACTOSIIEE BpEeMsl IPUMEPHbIC BapHAHTbHI
OCYIIECTBJICHUS M BMECTE C OOLIMM OIMUCAaHHEM, MPHBEICHHLIM BBIIIE, U MOAPOOHBIM
ONHUCAaHUEM WIIIIOCTPATHUBHBIX BAapHMAHTOB OCYIIECTBIICHUS, NPUBEIACHHBIM HWXKE, CIIyXKaT Ui

O0OBSICHEHHS M OOYUEHHUSI IPUHIIMITAM HACTOAIIETO H300PETEHUS.
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[0012] durypa 1 wmtocTpupyer yaepkaHue udacTtuil B Hactosied cucreme FRC B
Beicoko3(ppextuBHOM pexxume FRC (HPF) B cpaBuenun ¢ o0bruabiM pexumvom FRC (CR) u B
CPaBHEHHH C IpYTMMHU O0O0BIYHbIMH dKcniepumenTamu FRC.

[0013] ®Purypa 2 WLTIOCTPUPYET KOMITOHEHTHI HacTosAwed cucteMbl FRC n MarHutHyo
tonosioruto FRC, mpouszBoaumyro B HacTosend cucreme FRC.

[0014] ®Durypa 3A wmmocTpupyeT 6a30BYI0 CXEMY PaCcHOI0KCHUS HACTOSIICH CHCTEMBI
FRC, ecnu cmoTperh cBepXy, BKIOYAs MPEANOYTHUTEIBLHOEC PACIOJIOKEHHE IIYYKOB
HEUTpalbHBIX YaCTHI, DJIEKTPOAOB, IIIa3MEHHBIX IMYLIEK, 3€pPKaJbHBIX NMPOOOK W HHKEKTOpa
TabJIEeTOK.

[0015] durypa 3b wumocTpupyeT LEHTPAJIbHYIO €MKOCTb JUISl YAEpXKaHUs, €CIHU
CMOTPETHh CBEPXY, M IIOKA3bIBACT IYYKH HEUTPAIbHBIX HaCTHL, PACHOJIOKEHHBIC I10J YIJIOM,
NEePHEHAUKYIAPHBIM K INIABHOW OCH CUMMETPHUH, B LIEHTPAIbHON €MKOCTH IS YA KaHUA.

[0016] durypa 3B wnmmrocTpupyeT LEHTPaJbHYI0 €MKOCTb ISl YIAEp/KaHHUA, €CIU
CMOTPETH CBEPXY, U MOKA3BIBACT YUKW HEUTPAIBHBIX YACTUIl, PACIIOJOKEHHBIE 10]I MEHBILIUM,
4eM IPSAMOM YIVIOM K IVIaBHOM OCH CHMMETPUM B IICHTPAJIbHON €MKOCTH JUIS yJEp’KaHus, U
HalpaBJICHHbIE AT MHXEKIUM YacTUL] K CpeiHed IUIOCKOCTH LEHTPaJbHOM €MKOCTH AJs
yIepKaHUsL.

[0017] @urypa 4 WUTIOCTPUPYET CXEMY KOMIIOHEHTOB CHCTEMbl MMITYJIBCHOTO MUTAHUS
JUTsE OPMUPYIOIIHX CEKITUH.

[0018] durypa 5 wIOCTPUPYET HU30METPUUECKUNA BHUJI OTAEIBHOTO (POPMHUPYIOLIETO
MOJyJIsl UMITyJIbCHOTO MUTaHMS.

[0019] ®urypa 6 wuocTpupyeT U30METpUIECKU BUJT y371a GOPMHUPYIONUX TPYO.

[0020] ®urypa 7 wLTIOCTPUPYET H3OMETPHUCCKUI BHJI C YACTHYHBIM Pa3pe30M CHCTEMBI
IyYKOB HEHUTPAIBbHBIX YACTUL U KJIIOUEBBIX KOMIIOHEHTOB.

[0021] durypa 8 WIIOCTPUPYET HM3OMETPUYECKUM BHJ PACHOJIOXKEHHUS ITYYKOB
HEUTpaJIbHBIX YACTHI] Ha KaMepe y/Aep KaHUsL.

[0022] durypa 9 wumIOCTpUPYET H3OMETPUYECKUM BHJ C HaCTUYHBIM pa3pe3oM
NPEANIOYTUTENILHOTO PACIIONOXKEHHS CUCTeM TeTTepupoBanus Tiu Li.

[0023] Purypa 10 witocTpHpyeT H3OMETPUUYECKHMH BHUJI € YacCTHUHBIM pa3pe3oM
MJa3MEHHOW  TNYIIKH, YCTAHOBIIGHHOM B  JMBEPTOPHOM Kamepe. Takxke IOKa3aHbl
COOTBETCTBYIOIAsl MArHUTHAS 3€pKajIbHas MPoOKa U cOOpKa AUBEPTOPHOTO FIEKTPOJIA.

[0024] Qurypa 11 wurocTpupyeT NPEANOYTHTENBHYIO CXEMYy PacIOJIOXKEHHUS
KOJIbIIEBOI'O CMEILAIOILE0 JIEKTPO/a HA OCEBOM TOPLIE KaMEPBI YAEpKaHMUSL.

[0025] Gurypa 12 WUTIOCTPUPYET IBOTIOLNIO Pajinyca HCKIOYAaeMOro MOTOKa B CUCTEME

FRC, mony4yeHHYI0 W3 CepUM BHEIIHUX JAMAMarHUTHBIX KOHTYPOB Ha JABYX (POPMHPYIOIIMX



CEeKLMAX TeTa-MUHYEH C OOpallleHHBIM MOJeM K MarHuTHBIX 30HJOB, 3aJ€laHHBIX BHYTPH
LEHTPAJIbHOW METAJUIMYECKOH KaMmepbl Yyiep)KaHus. BpeMs u3Mepsiercs OT MOMEHTa
CHHXPOHHM3MPOBAHHOTO OOpamieHuss 1oias B (QOPMUPYIOIIMX HCTOYHUKAX, a PACCTOSHUE Z
3aJ1a€TCsl OTHOCUTENBHO OCEBOM CPEAHEN MIIOCKOCTH MAIlIUHBI.

[0026] durypa 13 (a) - (r) WUTIOCTPUPYIOT JaHHBIE OT HEMOAAEPKUBAEMOr0 paspsia B
TUIIMYHOM HE BbICOKO3(dekTnBHOM pexkume B Hacrosiuedl cucteme FRC. Ilokasaner kax
GYHKIMM BpeMEHH: (2) paaMyC HMCKJIYAaeMOTo IOTOKAa Ha CpeaHel IwiockoctH, (0) 6 xopa
JUHEWHO-UHTETPUPOBAHHONW  TUIOTHOCTH W3  HAXOMAIIErocss B CPeAHEM  MIOCKOCTH
uHTepdepomerpa s onpenenenus copepxanus CO», (B) paguaipHble NPOoQHIN TUIOTHOCTH,
WHBEPTUPOBAHHBIC 110 AGCITIO 110 TaHHBIM MHTEpdEpomMeTpa s onpenencaus cogepxanus CO»
u (r) o011as TeMIieparypa 1mia3Mbl HCXOs U3 Oajanca AaBICHUS.

[0027] durypa 14 wumocTpUpyeT OCeBble HNPOPHIN HCKIYaEMOro MOTOKa B
BbIOpaHHBIE MOMEHTBI BPEMEHHU JUIsl OJIHOTO U TOTO e paspsaa Hactosimed cucteMbl FRC,
nokazanHou Ha @urype 13.

[0028] Durypa 15 wumocTpupyeT H3OMETPUHCCKUN BUJI OTKJIOHSIIOMIMX KaTYIICK,
YCTaHOBJIEHHbBIX CHAPYKHU KaMEPBI yAepKaHUsI.

[0029] ®urypa 16 numroctpupyeT Koppeasuuu Bpemenu xusHu FRC u nnurensHOCTH
UMITYJIbCOB UHXCKTHPYEMBIX ITyYKOB HEUTPaJbHBIX "dacTull. Kak mokaszano, 6ojee JUIMTEIbHBIC
HMITYJIbCBI ITYy4KOB co3at0T Oouiee ponroxusymue FRC.

[0030] Purypa 17 umnocTpupyeT OTAEIbHBIE U COBOKYIHBIE 3(P(EKTHl Pa3IUYHBIX
KoMIOHeHTOB cucreMbl FRC Ha paboume xapaktepuctuku FRC u  poctuxkenue
BBICOKO3()(hEKTUBHOTO PEKUMA.

[0031] ®Durypa 18 (a) - (r) WLTIOCTPUPYIOT AaHHBIC U3 TUITMYHOTO BHICOKOA(PEKTUBHOTO
pexxuma, HerojajepxkuBaeMoro paspsaa B Hactosueld cucreme FRC. Ilokazanbl kKak (yHKUUH
BpEMEHH: (a) pajuyc HCKIIOYAeMOIo IOTOKa Ha cpelHeil rutockoctH, (0) 6 Xopa JHMHEHHO-
WHTCTPUPOBAHHON IIOTHOCTH M3 HaXOJAIIErocsl B CPeTHEH IMIOCKOCTH MHTEpdepoMeTpa s
onpenencHust coaepxanus CO, (B) paauanbHbie NMPoGUiIN IUIOTHOCTH, WHBEPTUPOBAHHBIC TIO
Abeno 1o maHHbIM HHTepdepomerpa s onpenenenust cogepkanus COz u (r) oOwas
TeMIeparypa ria3mMsl U3 0anaHca AaBlIeHUSs.

[0032] Durypa 19 wmmmocTpupyeT yAepKaHHE TOTOKa KakK (DYHKIHIO TeMIepaTypsl
anektpoHoB (T¢). OHa nmaer rpaduueckoe NpeACTaBICHUE O BHOBbh YCTAaHOBICHHOM PEKHME
MaciuTabupoBaHUs, IPEBOCXOISIIEM APYIHE, IS pa3psiioB B BHICOKOAI(PPEKTHBHOM pEKHUME.

[0033] ®urypa 20 wuntoctpupyet BpeMst xu3Hu FRC, cooTBeTCTBYIOLIEE ATUTEIBHOCTH
UMITyJIbCa HEHAKJIIOHHBIX M HAKJIIOHHBIX MHKEKTUPYEMBIX ITyUKOB HEUTPAIbHBIX YACTHII.

[0034] ®urypsr 21A u 21b wuocTpUpyrOT 6a30BYI0 CXEMY PaCIONOKEHUS HHKEKTOpa



koMrakTHoro Topouaa (CT).

[0035] ®@urypsl 22A u 22b WLIIOCTPUPYIOT LEHTPAIbHYIO €MKOCTb Ul YIEpyKaHus,
II0Ka3bIBasi yCTAaHOBJICHHBIH Ha HeM uHxekTop CT.

[0036] @urypst 23A wu 23b wuoCTpUpyIOT 0a30BYH0 CXE€MY PAaCIOJIOXKEHUS
albTepHATUBHOTO BapuaHTa ocymecTBieHus uHxkektopa CT, uMmeromero cBsi3aHHYIO C HHM
npeiidosyro TpyOy.

[0037] durypa 24 npencraBiuser c¢o0Oi CXEeMy, WUIIOCTPUPYIOUIYIO MEXaHU3M
yIpaBIeHHs 0ceBBIM MosokeHueM miasmbl FRC B npenenax emxoctu (CV) mis yaepKaHus.

[0038] durypa 25 mpeacrarmsger coboil OJOK-cxeMy oOmield cXeMbl yNpaBICHUS CO
CKOJIB3SIIIUM PEXXKHMOM.

[0039] ®urypa 26 npeacrasuser coboil COCTaBHON TpaduKk NPUMEPOB MOJCIMPOBAHUS
YIIPaBJIEHUS] OCEBBIM MOT0XKEHUEM CO CKOJIB3SIILUM PEXXUMOM.

[0040] durypa 27 mpeactasiser coboil cocTaBHOH rpayK NPUMEPOB MOJEIUPOBAHUS
YIPaBJICHUS OCEBHIM ITOJI0KEHHEM CO CKOJIB3SIIUM PEKUMOM.

[0041] CaexyeT OTMETUTD, YTO YEPTEHKU HE 0053aTCITHLHO BHITIOIHEHBI B MacIITabe U 4To
IEMEHTBl TOJOOHBIX CTPYKTYp WIH (YHKIMA OOBIYHO MpeAcTaBle€Hbl OJMHAKOBBIMH
CCBUIOUHBIMH TO3HMLUAMH Ul WUIIOCTPAaTUBHBIX LieJed Ha Bcex depTexkax. Crnenyer Takxke
OTMETHTh, YTO YEPTEKHM IPEIHAZHAUCHBI TOJNBKO ISt OOJICTYCHMS OIMCAHMS PA3THYHBIX
BapMAaHTOB OCYILECTBJICHUS, OIIMCAHHBIX 3/1€Ch. UepTeku He 00s13aTEIIbHO ONMUCHIBAIOT KA bl
acCMeKT NPUHIUIIOB, PACKPBITHIX 3[1€Ch, U HE OTPaHUYUBAIOT 00bEM (POPMYITBI H300pETEHMUS.

[MoapoOHoe onucanune

[0042] Hacrosiiue BapuaHThI OCYIIECTBICHHS, NIPECTABICHHBIC 3/1€Ch, HAIIPABIICHBI HA
CHUCTEMBI U CIIOCOOBI, KOTOphIe obnerdaioT cradmim3anuio miazmel FRC kak B pajnanbHOM, TaKk
U B OCEBOM HAIlpaBJIEHHAX U YIIPABJIEHUE OCEBBIM IMojokeHHeM Iiasmbl FRC Bpone ocu
CUMMETPUU Kamephbl yaep:kaHus ruiasmbl FRC He3aBUCHMO OT CBOHCTB OCEBOW CTaOMIIBHOCTH
paBHoBecus MazMel FRC. XapakTepHble NpuMepbl BApUAHTOB OCYIIECTBJICHHUS, OMMCAHHBIX
3/1eCh, MPUMEPHl KOTOPBIX HCIIOJIB3YIOT MHOTME U3 ATHX JOMOJHHUTEIBHBIX IPU3HAKOB H
NPUHLUIIOB KAaK OTAENbHO, TaK U B KOMOMHALMHU, OyAyT Terepb OmucaHbl 0osiee NogpoOHO co
CCBUIKOHM Ha MpuiiaraeéMblie 4epTeku. ITo MOoApOoOHOE ONUCaHHUE NPeHA3HAYEHO JHIb A/ TOTO,
4TOOBl OOBACHUTH CHEHMATUCTY B OOJACTH TEXHUKM JIOTIOJIHUTENIbHBIE JI€Talu  JUls
OCYIIIECTBJICHUS] Ha ITPAKTHKE MPEANOYTUTENbHBIX AaClEeKTOB HACTOSIMIMX IPUHIUIIOB, U HE
[peAHAa3HAYeHO Ul orpaHuueHus oObema u3oOperenus. [loaTomy KOMOMHAIMK MPU3HAKOB U
9TANoB, PACKPHITHIX B CIEAYIOUIEM I1OJPOOHOM OIMCAHMH, MOT'YT HE HOTpPeOOBaThCSA IS
OCYIIECTBJICHUSI HA IMPAKTHKE H300pETEHUS B CaMOM HIMPOKOM CMBICIE M BMECTO 3TOTO

O0BICHAIOTCS JIUIIb I TOTO, 9TOOBI ACTAJIBHO OIUCATh THUIHUYHBIC MPUMEPHI HACTOAIINX



MIPUHIIMIIOB.

[0043] Boxnee Toro, pasjiMyHbIE NPU3HAKU TUIIMYHBIX IPUMEPOB M 3aBUCHMBIE ITYHKTBI
dbopMyIel H300pETCHHSI MOTYT OBITH CKOMOMHHUPOBAHEI CLIOCOOAMU, KOTOPBIE KOHKPETHO U SIBHO
HE TEPEUUCIEHBl, A1 00ecrneueHus] AOMOJHUTENbHBIX TOJE3HBIX BAPUAHTOB OCYILECTBICHMS
HacToAMX NpuHIUNOB. KpoMe TOro, 4erko yka3aHO, YTO BCE€ NPHU3HAKU, PACKpPHITHIC B
onucanuu w/umu (opmyse H300peTeHHs, IPEIHA3HAYCHBI OBITH PACKPBITBIMU OTJCIBHO H
HE3aBUCHMO JIpyr OT Jpyra JUIsl IIeNiM [EPBOHAYAILHOTO DPACKPBITHS, a TaKXKe I LEIH
OTpaHMYEHUS 3aABISIEMOro TpeaMeTa H300peTeHHs HEe3aBHCHUMO OT COCTaBOB IPHU3HAKOB B
BapHaHTax OCYUIeCTBIeHUsA w/unu Qopmyne uzodpereHus. Taxke YeTKO YKa3aHO, YTO BCe
JUala3oHbl 3HAYCHUM WM [PU3HAKM TPYHI OOBEKTOB PACKpHIBAIOT KaXJI0€ BO3MOXKHOE
POMEXYTOYHOE 3HAUYCHHUE WM IPOMEKYTOYHBIH OOBEKT I MEIH I[ICPBOHAYATHLHOTO
PacCKpBITHS, a TaKKe AJIs LeJIU OTpaHUYeHUs 3asBIIEMOT0 MpeaAMeTa H300peTeHusl.

[0044] OOpiunble pemeHus HeycToWumBocTeldk FRC  o0biuHO — oOecneuuBaroT
cTabMIM3aLMI0 B OCEBOM HAIIPABJICHHUM 33 CHET HEYCTOMYMBOCTH B PaJMalIbHOM HalpaBICHHUH
WIM CTa0MJIBHOCTh B Pa/IMaIbHOM HAINpPaBJIEHUM 33 CUET OCEBOM HEYCTONYMBOCTH, HO HE
CcTaOUIIPHOCTh B OOOUX HAIpaBICHUAX OIHOBPEMEHHO. B mepBoM MoOpsaKe paBHOBECHE, B
KOTOPOM TIOJOKEHHUE IUIa3Mbl MONEPEYHO WM PaJAHaIbHO YCTOMUYMBO, UMEET >KelaTellbHOe
CBOMCTBO OBITH OCECHMMETPHYHBIM 33 CYET OcCeBOM HeycTonumBoctH. (€ ydeTrom
BBIIICU3JIOKEHHOTO BapUaHThl OCYLIECTBIICHUS, IIPE/ICTABICHHBIE 3/1€Ch, HAIIpaBJICHbl Ha
CHUCTEMBI U CIIOCOOBI, KOTOpBIE 00JeryatoT crabunusanuio miazMel FRC kak B paguanbHOM, Tak
U B OCEBOM HAampaBlEHUSAX M YIIpaBjieHHE OCEBbIM NojoxkeHueM Iuiasmbl FRC BHosae ocu
CUMMETpUU Kamephb! yaepkanus rurasMbl FRC He3aBHCHMO OT CBOMCTB OCeBOW CTaOMIIBHOCTH
paBHoBecuss Tuta3Mbl  FRC. HecTaOWIBHOCTBIO OCEBOTO TMOJOKCHHS, OJIHAKO, AaKTUBHO
VIPaBISAIOT, UCIONB3YS HA0Op BHEIIHHX OCECHUMMETPHYHBIX KATYIIEK, KOTOPblE YIPABISIIOT
oceBbIM mnosiokeHueM IwiasMbl FRC. CucreMpl u crniocoObl 00eCIeurBaIOT YIIPaBIEHUEM C
00paTHOM CBSI3bIO0 OCEBHIM MOJOKeHHEM Tia3Mbl FRC He3aBHCHMO OT CBOWMCTB CTaOMJIBHOCTH
paBHOBECHS I1JIa3Mbl IyTEM BO3/ICHCTBUS HA HANIPSKEHUS, IIPUKIIAJIbIBaEMble K Ha0Opy BHEIIHUX
KAaTYyIIeK, KOHLEHTPUYECKHX C IUIa3MOM, M C UCIOJb30BAHUEM METOJa HEIMHEHHOTO
yIpaBIeHHUs..

[0045] BapmaHTBl OCYIIECTBICHUS, MPEJCTABICHHBIE 37€Ch, HCIOIB3YIOT aKCHAIBHO
HeycTodunBble paBHOBecus FRC, 4to0ml  oOecmeunTh  pagMalibHYI0  CTaOWJIBHOCTB,
CTAaOMITU3MPYS WM YIPABISS TP ITOM OCEBOU HECTAOMIIBHOCTBIO. TakuM IyTeM MOXKET OBITh
JOCTUTHYTA CTaOMIIM3alMs KaK B OCEBOM, TaK U B paHalibHOM HarpaBlieHUsX. MeTtogonorus
yIpaBieHUs NpeIHa3HaueHa JUIsi U3MEHEHUsI BHEIIHEro WJIM PaBHOBECHOI'O MAarHUTHOTO IOJIf,

yToObl caenare miazmMy FRC pagmanbHO WM TIOTIEPEYHO YCTOMYMBOM 33 CYET OCEBOMU



HEYCTOMYMBOCTH, a 3aTeéM BO3JEHCTBOBATh HAa TOK KAaTyIIeK paJuaJbHOIO IOJsd, YTOOBI
OIIepaTUBHO BOCCTaHOBUTH NoiioxkeHue 1masMbel FRC k cpepneil miiockocT, MUHUMUABHPYS IIPU
3TOM MEPEOTKIOHEHUE W/WIM KOjeOaHWs BOKPYI CPEJHEH INIOCKOCTH KaMephl YACp)KaHus.
IIperMyIiecTBO OTOrO pEIIEHUs 3aKIOYaeTcs B TOM, YTO OHO YMEHBINAET CIOKHOCTb
UCTIOJTHUTENIBHBIX MEXaHH3MOB, HEOOXOAMMBIX [Uid ympapiaeHus. I1o cpaBHEHUIO ¢ OOBIYHBIMH
peLIeHUSIMH  C  MHOTOYUCICHHBIMH  CTCHCHAMH  CBOOOJABI ~ METOHOJIOTHSI  BapHaHTa
OCYLLECTBJICHUS, IIPEACTABICHHOTO 3/1€Ch, YMEHBIIAECT CIOKHOCTD [0 3a[a4M YIIPABICHUs B/I0Jb
ocu Bpamenus mia3mel FRC, nMeronieit oauy crereHb cBOOOBI.

[0046] KomOunamms ¢opM KojeOaHHil B TOKaX KaTyIIeK, MOMOJHEHHS M MOUIHOCTH
IIy4Ka HEHTPAJIBbHBIX 4YaCTHL], KOTOpas I[PHUBOJUT K AKCHAIBHO HEYCTOMYMBOH ILIA3ME,
ONIPEACIISIET CLUEHAPUM YIPABJICHHS IUIA3MOW, KOTOPBIM YCTAaHABIMBAET IUIA3MYy B aKCUAJIbHO
HEyCTOHUMBYIO cuTyanuto. CueHapuil Mo)keT ObITh NPEIBAPUTEIBHO 3allpOrpPaMMHPOBAH C
UCIIOJIb30BaHUEM MPEALIECTBYIOMINUX 3HAaHMM O MOAEIMPOBAHUAX WM JKCIEPUMEHTAX, WU
YIIPABIATHCS ¢ OOPATHON CBA3BIO JUIS TIOACPKAHNS PABHOBECHS, KOTOPOE SIBISCTCS aKCHAIBHO
HeycTounBbIM. [lo0XKEeHNEM II1a3MBbI CJIEAYET YIIPaBIsSITh BO BPEMS pa3ps/i0B HE3aBUCUMO OT
CBOMCTB CTaOMJIBHOCTH PaBHOBECH:, HAIIPUMEP, CXeMa YIPABICHHs J0JKHA padoTaTh 1100 s
aKCHAJIbHO YCTOWYMBOH, JTMOO Uil aKCHaJbHO HEYCTOMYMBOHM IIasMbl, BIUIOTH A0 IpeJena.
Camas akcuaJbHO HEYCTOMUMBAs IUIa3Ma, KOTOPOH MOKHO YNPAaBIATb, UMEET BPEMs pOCTa,
CPaBHMMOE CO CKUH-BPEMEHEM €MKOCTH.

[0047] Ilpexxne ueM mepeliTM K cHCTeMaM M cmocobaMm, KOTOpbIE OOJIEryarT
crabunuzanuio mwiasmel FRC kak B paguianbHOM, Tak M B OCEBOM HAlpaBJICHUAX U YIPaBICHUE
oceBbIM TosioskeHueM Iasmbl FRC Biose ocu cummerpun kameps! ynepkanus miasmsl FRC,
npeiaraeTcst  oOCyXJeHHue cucteM U crnocoOoB  (POPMHUPOBAHUS U TOJJICPIKAHHS
BbicOKO3(hdexkTuBHBIX FRC ¢ mnpeBocxomHoil cTaOMIBHOCTBIO, a TaKKe € MPEBOCXOIHBIM
yIaepXKaHUEeM 4YacTUL, SHEpPrud M I0TOoKa Mo cpaBHeHHIO ¢ oObyHbIMH FRC. Takue
Bbicokod(ppekTuBHbie FRC ofecrneunBaior myTh I8 1EJOTO psijia NPHUMEHEHUM, BKIHOYAs
KOMIIAKTHbIE UCTOYHUKH HEHTPOHOB (IS MPOW3BOJICTBA MEJMIIMHCKUX M30TOMNOB, JTHKBUAIMH
SAEPHBIX OTXO/OB, MCCIEIOBAHUS MaTepualioB, HEHTpOHHOM paauorpaduu u TOMOrpadum),
KOMITAKTHBIE UCTOYHUKHU (POTOHOB (11 XMMHYECKOTO TMPOU3BOACTBA U 00pabOTKM), CUCTEMBI
pasziencHus U o0OTallleHHs N30TONOB, & TAK)KE aKTUBHBIE 30HBI PEAKTOPOB U1 CHHTE3a JIETKHX
anep Anst Oyylero MNOKOJICHHs YHEPTUH.

[0048] PaznuuHble BCIOMOTaTeIbHbBIE CUCTEMbl U PEKUMBI Pa0OTHI ObUIN HCCIIEIOBAHBI,
4yTOOBI OIEHHUTH, CYIIECTBYET JIM IPEBOCXOAALMH npyrue pexum yxaepkanus B FRC. Drtu
YCUIIUSL TIPUBEJIM K IPOPBIBHBIM OTKPBITHSIM M pa3padOTKe MapajurMbl BbICOKOI(PPEKTUBHOMN

FRC, onucannoil 31eck. B COOTBETCTBHM € ATOM HOBOM MapaJurMoOi HACTOSUIUE CHUCTEMBI U
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crocoObl KOMOMHUPYIOT MHOXECTBO HOBBIX HAEH W CPEACTB Uil CYUIECTBEHHOTO YIyUIIEHHUS
yaepkanuss FRC, kak mokazano Ha @urype 1, a Ttaxke ans oOecrieuyeHHUs YIIpaBICHUS
cTabUIBPHOCTHIO Oe3 HeratuBHBIX MOO0YHBIX ¢ dekrToB. Kak Gosee moapobHO obcyxkmaeTcs
Huke, Gurypa 1 uzobpaxaer yaepxkanue yactuil B cucreme 10 FRC, onucannoil Hike (cMm.
®urypsl 2 u 3), paboTaronieid B COOTBETCTBUHU ¢ BhIcOKOd(pdexTuBHbIM pexxumoMm FRC (HPF)
it dopmupoBanus U nopnepxkanus FRC, mo cpaBHeHHIO ¢ pabOTOW B COOTBETCTBUHM C
o6branbIM pekuMoM (CR) st popmuposanus u nogaepxanus FRC, a taxke 1Mo cpaBHEHUIO C
yAep)KaHUEeM YacTHIl B COOTBETCTBHHM C OOBIYHBIMHM pPEXKMMaMu Jis (GOPMUPOBAHUA U
noanepxkanus FRC, ucrnonas3yeMoit B Ipyrux sKcnepuMeHTax. B HacTogImeM pacKpeITHH OyayT
OMKCAHBI U JCTAIU3UPOBAHBI WHHOBAIIMOHHBIC OTICIIbHBIC KOMIOHEHTHI cucteMbl 10 FRC wu
Croco0BI, a TAKXKE UX COBMECTHBIC 3(PEKTHI.

Cucmema FRC

Baxyymnas cucmema

[0049] Durypst 2 u 3 uzobpaxator cxemy Hactosimei cuctembl 10 FRC. Cucrema 10
FRC Bxirouaer B ceOsi neHTpaibHYIO eMmkocTh 100 juist ylaepskaHus, OKpPYKEHHYIO JBYyMs
JMAMETPaJIbHO MPOTHBOMOJOXKHBIMU  (opMupyromumMu  cekiusamMu 200  Tera-nmuHYed ¢
oOpalleHHbIM IoJieM, a BHe (opmupyoomux cexkuuil 200 nse nuBepropHbie kKamepsl 300 ans
KOHTPOJISI INIOTHOCTH HEUTPAIbHBIX YaCTHI] M 3arps3HeHust npumecsiMu. Hacrtosmas cucrema 10
FRC Op11a nmocTpoeHa st 00€CIeueHHs] CBEPXBBICOKOTO BaKyyMa M pabOTaeT MpU TUIIUYHBIX
6azoBeix gaBneHusx B 10® Topp. Takme BakyyMMeTpUUecKHE [aBJ€HHA TPeOYIOT
UCTIONB30BAHUS  CTBIKOBOYHBIX (pJIaHLIEB C JBOMHOW Hakaykod MEXAYy CTbIKYeMbIMH
KOMIIOHEHTaMH, METAJUIMYECKUX YIUIOTHUTENBHBIX KOJELl, BBICOKOYMCTBIX BHYTPEHHUX CTEHOK,
a TaKKe TIIATEJBHOrO TEPBOHAYAIHLHOTO KOHJMIIMOHMPOBAHUS TOBEPXHOCTEH BCEX YacTei
nepea cOOpPKOM, Takoro Kaxk (uznyeckas M XUMHUYECKas OYUCTKA ¢ Mocheayromei 24-4acoBoit
BaKyyMHOM cymkoil npu 250°C u OYMCTKOI TEIOMIMUM pa3psiioM B BOIOPOE.

[0050] ©opmupyrouue cexuu 200 TeTa-nuHYed ¢ 0OpanIeHHbIM MOJEM IPEACTaBISIOT
co0o0il  cranmapTHele TeTa-muH4YM ¢  oOpameHHeiM Tonem (FRTP), xots u ¢
YCOBEPIIICHCTBOBAHHONW  (GOpMUPYIONIEH CHUCTEMOW HMMITyJBCHOTO TMHUTaHUS, TIOJAPOOHO
oOcyxnaemoii Huke (cMm. Qurypsl 4-6). Kaxnas dopmupyromas cexius 200 BbINOIHEHa U3
CTAHJAPTHBIX HEMPO3PAYHBIX KBAPLEBBIX TPYO MPOMBILMIJIEHHOTO KJIACCA, KOTOPbIE OTINYAIOTCS
JIBYXMMJUIMMETPOBON BHYTpeHHEH (yTepoBkoii u3 cBepxuuctoro ksapma. Kamepa 100
yJlep’KaHMsl BBITIOJIHEHA U3 HEPIKABEIOIIEH CTaau Asl 00eCcredeHns MHOYKECTBA PaJidalIbHbIX U
TAQHTCHIMATIbHBIX OTBEPCTHH; OHAa TaKXkKe CIYXKHT B KAauecTBe KOHCEpBAaTOpa IOTOKAa Ha
BPEMEHHOM MaciTabe 53KCIEPUMEHTOB, OINMCAHHBIX HKXKE, W OrpaHHYMBACT ObICTpbIC

MArduTHbLIC ICPEXOAHBIC IIPOLCCCHI. BaKyYMbI CO3MA0TCA U HNOLAACPKHUBAKOTCA B TPCAciax
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cucteMbl 10 FRC ¢ nmomompro Habopa 0Oe3MacisHBIX CIHMPaIbHBIX (OPBAKYYMHBIX HACOCOB,
TypOOMOJIEKYJISIPHBIX HACOCOB U KPUOHACOCOB.

Maenumnas cucmema

[0051] MaruautHas cucrema 400 npowmmoctpupoBaHa Ha Purypax 2 u 3. Gurypa 2
IOMHUMO JIPYTHX NMPH3HAKOB, WIIOCTPUPYET NPOMUIN MarHUTHOrO NoToka ¥ InoTHocTH FRC
(kak QYHKIUU paauaibHOM M oceBoll koopaunat), otHocsmmecs kK FRC 450, nmpousBoaumoit
cucremort 10 FRC. Ortu npoduin ObUIM IOJIYYEHBI C MOMOIIBIO JIBYMEPHOIO PE3UCTHBHOTO
YUCIEHHOTO X0JutoBcKoro MI'J[-MoaenupoBanus ¢ MCIIOB30BAaHUEM KOJa, pa3pabOTaHHOTO JJIs
MOJEIUPOBAaHUS CHCTEM M crmocoboB, coorBercTByommx cucteme 10 FRC, um xopomo
COIVIACYIOTCS C U3MEPEHHBIMU dKCIIEpUMEHTaIbHBIMU JaHHbIMU. Kak BugHo Ha ®urype 2, FRC
450 cocTout U3 TOpa 3aMKHYTHIX CHUJIOBBIX JMHMU BO BHyTpeHHel dactu 453 FRC 450 BHyTpu
cenapaTpuchl 451 M KOJBLEBOTO I'PaHUYHOIO CJI0s 456 Ha HE3aMKHYTBIX CUJIOBBIX JTHHHSAX 452,
cpa3dy ke 3a mpefenaMu cenapaTpuchl 451. I'pannuneli cioil 456 cinuBaercs B cTpyHn 454 3a
npeaenamvu JunHB FRC, obecrieunBast €CTECTBEHHBIN AUBEPTOP.

[0052] I'maBHasg marHuTHas cuctema 410 Bkitouaet B ceOst psia karymek 412, 414 u 416
KBa3UIOCTOSIHHOTO TOKA, KOTOPBIE PACIIONOKEHBI B KOHKPETHBIX OCEBBIX IMOJIOKEHUSX BIOJb
KOMITIOHEHTOB, T. €. B0db KaMepsl 100 yaepxanus, ¢popmupyommx cekuuid 200 1 auBepTopoB
300 cucremnr 10 FRC. Karymxu 412, 414 u 416 KBa3UIIOCTOSHHOTO TOKAa IHUTAIOTCS OT
UMITyJIbCHBIX ~MCTOYHMKOB IIUTAHMSI KBa3MIIOCTOSHHOTO TOKa U CO3/1al0T  0a30BbIC
NoAMarHuuMBaromye noiust BeauuuHod npumepHo 0,1 Tn B kamepe 100 ynpepxanus,
dopmupyronux cekuusax 200 u gusepropax 300. B nononnenue k karymkam 412, 414 u 416
KBa3UIIOCTOSIHHOTO TOKAa IJIaBHas MarHuTHas cuctema 410 Bkmiowaer B ce0si 3epKajibHbIC
karymku 420 KBa3uUIMOCTOSIHHOTO TOKa (3alWTaHHBIE OT HMMITYJIbCHBIX HCTOYHHKOB) MEXKIY
KaxapM TopuoM Kamepbl 100 ynepkaHus u cocegHuMu Qopmupyrommmu cexuusimu 200.
3epkasibHble KaTyWKH 420 KBa3HUIIOCTOSHHOIO TOKa 00ecne4uBaoT KOd()GUIUEHThl OTpakeHUs
MarHUTHOTO 3€pKajia BIUIOTh O 5 W MOTYT ObITh HE3aBUCHUMO BO30OYXKIECHBI I KOHTPOJIS
dbopmbl paBHOBecusi. Kpome Toro, 3epkanbHbie MpoOku 440 pacronokeHbl MEXKAY KaXJI0W W3
dopmupyronx cekunid 200 u  gusepropamu 300. 3epkanbHble npodku 440 coaepxat
KOMITIaKTHBIE 3€pKajbHble KaTyIIKH 430 KBa3sUIOCTOSHHOIO TOKa M KaTyllku 444 3epKajbHOU
npoOku. 3epkanbHble KaTymku 430 KBa3UITOCTOSHHOTO TOKAa BKJIIOYAIOT B ce0si TPH KaTyIIKH
432, 434 w 436 (3anuTaHHBIE OT HWMIIYJbCHBIX HCTOYHUKOB), KOTOPBHIE CO3/ArOT
JOTIOJIHUTEIIBHBIC HANpAaBIIAIONIME MO Ui (OKYCHPOBKH IOBEpXHOCTeH 455 MarHuTHOrO
[I0TOKAa K KaHaimy 442 majioro auamerpa, NpOXOAdlleMy udepe3 Karyliku 444 3epkaibHOU
npoOku. Karymku 444 3epkanqbHOi NMpoOKU, KOTOPHIE HaMOTaHbl BOKpYT KaHaja 442 majioro

AunaMeTpa MW IMUTAOTCA OT LC-cxemsl HUMITYJIBCHOI'O IIMTaHHuA, CO3Jar0T CHJIBHBIC ITOJIA
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MAarHuTHOTO 3epKayia BILIOTh 10 4 Ti. [lens Bcel 3TOM cXeMbl pactoioKeHUs KaTyIEK COCTOUT
B TOM, YTOObI IUIOTHO CBSI3bIBaTh W HANPAaBIATh IOBEPXHOCTH 455 MarHWTHOIO IOTOKA H
TEeKyIMe K Topuy cTpyu 454 1miasmsl B otganeHHbsle kamepsl 310 nusepropos 300. Hakonerw,
Habop «aHTeHH» 460 oTKIOHAIOUMX KaTymek (cM. durypy 15) pacmonoskeH cHapy»Xu Kamepbl
100 ynepxaHud, Mo Be C KaKAOH CTOPOHBI CpeJHEH IIOCKOCTH, W 3allUTaH OT MCTOYHMKOB
IIUTAHUS [IOCTOSTHHOTO TOKa. AHTEHHBI 460 OTKJIOHSIOIIMX KATYLIEK MOTYT OBITh BBIIOJHECHBI
TaK, 4TOObl 00ECIIEYUTHh KBAa3MCTAaTUYECKOEC MArHUTHOE IMIIOIBHOE WIIM KBAJPYIOJIHHOE I10JIC
BenmuuHOM mpuMmepHo 0,01 Tn ays ynpaBieHus BpamiaTelbHBIMH HEYCTOMUHWBOCTAMH W/WIH
YIOPAaBICHHEM TOKOM DJIEKTPOHOB. AHTeHHBI 460 OTKIOHSAIOIUX KaTyIIeK MOTYT THOKO
ofecrieynBaTh MarHUTHBIC NOJS, KOTOPHIC JMOO CHMMETPUYHEI, JTMOO aHTHCUMMETPHYHBI
OTHOCHUTEJIBHO CPEJAHEHN IUIOCKOCTH MAIIMHBI B 3aBHCHMOCTH OT HaIIPaBJIEHHUS I10/1aBacMbIX
TOKOB.

Dopmupyrowue cucmemvl UMRYTbCHO20 NUMAHUSL

[0053] Dopmupyromue cuctemsl 210 UMITYJIBCHOIO IUTaHUsT pabOTAIOT 10 NMPHUHIMITY
MOIU(PHULIMPOBAHHOIO TeTa-NMHYa. IMEIOTCs JIBE CHCTEMBI, Ka)K/1asi U3 KOTOPBIX IUTAET O/JIHY U3
dopmupyronmx cekuuii 200. Ha ®@urypax 4-6 WIIIOCTPUPYIOTCSA OCHOBHBIE COCTaBIISIOILUE
650kM U pacnonoxenue Gopmupyromux cuctem 210. Gopmupyromas cucrema 210 cocroutr us
MOJ1yJIbHOM KOHCTPYKLMHU HMITYyJIbCHOTO IHUTaHMs, KOTOPask COCTOMT W3 OTJCIbHBIX OJIOKOB
(Monyiieit) 220, kaxIpiil U3 KOTOPBIX BO30YxKaaeT noaHadop karyiiek 232 y3ina 230 noasecku
(= pemHeit), KOTOpele OOBUTBEI BOKPYT (popMUpPYIOLIMX KBapueBbX TpyO 240. Kaxaslii Moaynb
220 cocToUT M3 KOHAEHCATOpoB 221, HHAYKTOPOB 223, OBICTPOASHCTBYIOMIUX CHIBHOTOYHBIX
niepexIiouateneld 225 u CBA3aHHBIX C HUMHM CXEMBI 3arycka 222 u cxeMbl 224 copoca. B o0reit
CIOXKHOCTH Kaxknas ¢opmupyromas cucrema 210 xpanut ot 350 mo 400 x/[x emkocTHOH
9Hepruu, koropas odecrneunsaer 1o 35 I'Br mouiHocTu ans popmupoBanus u yckopenus FRC.
CxoopauHUpoBaHHAas paboTa 3TUX KOMIIOHEHTOB JOCTUraeTCsi C MOMOLIbIO U3BECTHOU CHCTEMBI
3arycka M yrpaBieHus 222 u 224, xoropas IO3BOJSET CHHXPOHU3UPOBATH BpPEMS MEXIY
dopmupyronumu cuctemamu 210 Ha xaxnoit gopmupyronieit cekiuu 200 1 MUHUMM3HUpYET
MOTPEIIHOCTh CUHXPOHU3ALMH [EPEKTIIOYEHUs 10 AECATKOB HaHOceKyHa. [IpenmyiecTBo 31oil
MOJYJIbHOM KOHCTPYKLMH 3aKirodaercs B ee ruokoit padore: FRC Moryt ObITh copMUpOBaHBI
Ha MECTe, a 3aTéM YCKOPEHbl M WHXXECKTHUPOBAaHBI (= cTaTudeckoe (GHOPMHUPOBAHHE) WITH
c(hopMHUPOBAHBI U YCKOPEHBI B OJIHO U TO K€ BpeMs (= quHaMuueckoe (GOPMUPOBAHHKE).

Hudicekmopvl nyuko8 HeumpanibHblx 4acmuy

[0054] Ilyuxkum 600 HelTpanpHBIX aToMOB pasMemeHsl Ha cucreme 10 FRC
obecrnieueHns HarpeBa U BO30YXKIEHMsI TOKa, a TAKXKeE JIs Pa3BUTHA J1aBICHUS OBICTPHIX YaCTHIL.

Kax mokazano na ®@urypax 3A, 3b u 8, oTienbHbIe TUHUY MMYYKOB, coepxiaume cucteMnl 610 u
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640 MHXEKTOPOB MYYKOB HEWTPAIBHBIX aTOMOB, PAaCIOJO0KEHBl BOKPYI HEHTPATBHON KaMephbl
100 yzmepxaHust W HHXEKTHPYIOT OBICTpBIE HacTULBI TaHreHuuanbHo B Iwiasmy FRC (u
NEPIECHIUKYJIIPHO WM 1I0J YIVIOM, HEPIEHIUKYJSPHBIM K IJIABHOH OCH CUMMETPUU B
ueHTpanbHoi emkocTu 100 115 ynep)kaHusi) ¢ IPULENBHBIM ITapaMeTPOM, UTOOBI IieJIeBas 30Ha
3axBaTa Jie)Kaia XopoIlo B npeaenax cernaparpuchl 451 (cm. @urypy 2). Kaxnas cucrema 610 u
640 MHXEKTOPOB CIOCOOHA MHXKEKTHUPOBATh IIyYKH HEHTPAJIbHBIX YACTULl MOIIHOCTBIO BILIOTH
1o 1 MBt B itazmy FRC ¢ aneprusimu wactun ot 20 g0 40 k3B. Cucremst 610 u 640 ocHOBaHbBI
Ha MHOTOABIPOYHBIX HCTOYHMKAX BBIJIEIECHUS IOJOKHUTEIbHBIX HOHOB M  HMCHOJB3YIOT
reOMEeTPUYECKYI0 (POKYCHUPOBKY, HHEPIHOHHOE OXJAXIEHHE CETOK BBLACICHUS HOHOB U
muddepeHMaIbHyl0 Hakauky. [IOMHMO WCHOJB30BAHUS PA3JIUYHBIX HCTOYHHKOB ILIa3MbI
cuctembl 610 u 640 B mepByIO OodepeAb PA3IMYAIOTCS MO CBOCH (PU3UYCCKOW KOHCTPYKIIHH,
9T00Bl COOTBETCTBOBAaThH CBOMM COOTBETCTBYIOLIMM MeCTaM YCTaHOBKH, oOecreuuBas
BO3MOXHOCTH OOKOBOH M BepXHEH HHXKEKUHMH. THUNHYHBIE KOMIIOHEHTBI 3THX HH)XEKTOPOB
ITyYKOB HENTpabHBIX YaCTHI] IIOKa3aHbl, B 4acTHOCTH, Ha Durype 7 st cucreM 610 GOKOBBIX
umxekTopoB. Kak mnoxazano Ha ®urype 7, Kaxkmas orhenbHas cucrema 610 mydxos
HENTpadbHBIX YAacTULl BKIOYaeT B cebsd uctouHuk 612 BY-mna3Mel Ha BXOAHOM Tople (OH
3aMEHSETCsl AYTOBBIM HCTOYHUKOM B cucTeMax 640) ¢ MarHUTHBIM 3KpaHoM 614, 3akpbIBarONINM
3TOT Topell. ONTHYECKUH MCTOUYHUK HMOHOB M YCKOpsIOUIUEe CeTKU 616 CBsA3aHbI C UCTOYHUKOM
612 ma3mel, a 3anopHbii KinanaH 620 pacronaokeH MEX/y ONTHYECKMM MCTOYHUKOM HOHOB U
YCKOpSIOIMMU ceTKaMu 616 u HeliTpanuzatopoMm 622. OTKIOHAIOWKNA MarHuT 624 u cpeacTso
copoca 628 MOHOB PACHONOXKEHBI MEXIY HEHTpamu3aTropoM 622 W HaUEIUBaIOIIUM
ycrpoiictBoM 630 Ha BbIXO/HOM Topre. CucreMa OXJIaXK/IEHUSI COJIEPKUT JBE KPUOTCHHBIC
XOJIO/IMITbHBIC MalMHEBI 634, 1Be Kpromnanenu 636 u koxyx 638 LN2. Dta rubkas KOHCTPYKIIHS
M03BOJIsIET paboTaTh B LIMPOKOM JiManazoHe napamerpoB FRC.

[0055] AnbrepHatuBHas KOHGUTypauus Uis HHXEKTopoB 600 mydykoB HEHTpalbHBIX
aTOMOB COCTOMUT B MHKEKIIMU OBICTPHIX HacTHUI[ TaHTeHIMaabHO B rmasMy FRC, Ho ¢ yriom A,
MeHbIIUM 90°, OTHOCHTENBHO TJABHOW OCH CHUMMETPHH B IEHTpalbHONH emkxocTu 100 mmst
yJepKaHUs. DTU TUITBl OPUEHTAIIMN UHKEKTOpOB 615 myukoB nokaszansl Ha urype 3B. Kpome
TOTO, UHXKEKTOPbI 615 MydKOB MOTYT ObITh OPUEHTHPOBAHBI TaK, YTOOBI MHKEKTOPHI 615 mydkos
Ha JI00OW CTOpOHE CpegHel IoCcKocTH ueHTpanbHoil emkxoctd 100 s yaepikaHus
MH)XXEKTHPOBAIM CBOM YaCTHLBI K CpelHel IuiockocTH. HakoHel, OceBOe IOJOXKEHUE 3TUX
cucteM 600 mydKkoB MOXKET OBITh BHIOpAHO OJIKE K CPEAHEH MIIOCKOCTH. DT adbTEePHATHBHBIC
BapUaHTBl OCYILECTBJICHUS HWHXKEKIMU 00nerdaroT Oojiee LEHTPUPOBAHHBIA  BApHAHT
IOTIOJIHEHH S, KOTOPbII 00eCIeunBaeT TYULIYIO CBSI3b IIYYKOB U 00Jiee BBICOKYIO Y3PPEKTUBHOCTD

3axXBaTa HHXKCKTUPYCMbIX 6BICTpI>IX qyacTul. KpOMC TOro, B 3aBUCMMOCTHU OT yIJla U OCCBOI'O
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MOJIOKEHUSI ITO PACIOJOKEHHE HHKEKTOPOB 615 MydKOB MO3BOJSAET OCYIIECTBIATH Oosee
IIPSIMOE M HE3aBHCUMOE YIIPABJIEHUE OCEBBIM YIJIMHEHUEM U JAPYruMH xapakrepuctukamu FRC
450. Hampumep, HHKEKIMS MYyYKOB T0J HEOOIBIIUM YITIOM A OTHOCHTENIBHO TJIABHOW OCHU
CUMMETPHUHU eMKOCTH co3aacT miaasmy FRC ¢ Oonee aiuHHON 0ceBON MPOTSKEHHOCTHIO U OoJee
HU3KOH TeMImepaTypoi, B TO BpeMsl Kak BbIOOp OoJiee MepneHauKyIsIpHOTO yria A MpHUBeneT K
aKCHAIBHO 00JIee KOPOTKOW, HO Ooiree ropsiuei miasme. Takum oOpa3oM yros A MHKEKIUH U
MECTOIOJIOKECHUE WHKEKTOPOB 615 MmydykoB MOT'YT OBITH ONTHUMH3UPOBAHBI JUIS PAa3HBIX LIEINCH.
Kpome Toro, takoe peryaupoBaHHE yIJla U PACHOJOKEHHE HHXEKTOPOB 615 MydyKOB MOXKET
MO3BOJIUTh TYYKH MOBBIIIEHHON JHepruu (YTo B 1eJoM OoJjiee BHITOJAHO Ui BBIBEICHUSI
OoNbIICH MOIIHOCTH C MEHBUICH PACXOAMMOCTBIO ITydKa) OBITh MHKCKTHPYEMBIMH B OoJjiee
cy1abble MarHUTHBIC TIOJISL, YEM B IIPOTHBHOM ciiydae ObL10 ObI HEOOXOAMMO AJIs 3aXBaTa TaKUX
NYYKOB. DTO CBSI3aHO ¢ TeM (haKTOM, YTO UMEHHO a3uMYyTallbHas COCTAaBJISIOINAs 3HEPTHU
onpezenseT Macitad opOUT OBICTPHIX MOHOB (KOTOPBIM MOCTENEHHO YMEHBIIIAETCS, TOCKONbKY
yroJl MHXKEKIMM OTHOCHTEJIBbHO TJIABHOM OCH CHMMETPUM €MKOCTH YMEHBIIAaeTcs Ipu
IIOCTOSIHHON »Hepruu myudka). Kpome TOro, HakjiOHHas MHKEKIUS K CpPEJHEH IIJIOCKOCTH C
OCEBBIMH TOJOXKEHUSIMH MYYKOB BOJNM3M CpelHEH IUIOCKOCTH YAydllaeT CBsA3b MYy4YOK-IUIa3zMa,
naxke koraga mnasMa FRC cxxumaercs wiM UHBIM 00pa3oM akCHAJbHO CYKaeTcsi BO BpeMs
NIEPUO/IA UHKEKIUH.

[0056] Kax mnoxazano Ha ®urypax 3I' u 3/I, npyras anbrepHaTHBHAs KOHQUIypalus
BKJIIOUAET B ce0s BHYTpEHHHE OUBEPTOPbl 302 B HONOMHEHUE K MHXKEKTOpaM 615 HaKkIOHHBIX
ny4koB. BHyrpennue nusepropsl 302 pacnonokeHsl Mexay GopMupyomuMu cekuusmu 200 u
kameporr 100 ynep)kaHusi U BBINOJTHEHBI W pabOTAIOT TPAKTUYECKH AHAJOTUYHO BHEIIHUM
qusepropam  300. Buyrtpennue mueptopsl 302, KOTOpBIE BKJIIOYAIOT B ce0s OBICTpHIC
[EPEKIIIOYAIONINEe MarHuTHbIE KaTyIIKH, A(QEeKTUBHO HEaKTUBHBI BO BpeMs Ipolecca
dbopmupoBaHusi, 4YToObl MO3BOMUTH (opmupyrowuM FRC mnpoxoauts uepe3 BHYTpPEHHUE
musepropsl 302, xorpa dopmupyromue FRC mocTynarenbHOro mnepeMenialoTes K cpeaHen
maockoctrn  kamepsl 100 ynepxkanusi. Ilocme mpoxoxnenus dopmupytomein FRC uepes
BHyTpeHHue nuBeptopsl 302 B kamepy 100 yaepkaHus BHYTpEHHUE AMBEPTOPBI aKTUBUPYIOTCS
JUis paboOThl MPAaKTUYECKH AHAJIOTUYHO BHELIHUM JMBEPTOpaM M H30JMpYyHT Kamepy 100
yaepxkauus oT hopmupyromux cexiuii 200.

Huowcexmop mabremox

[0057] YroGer obecreuuTb CPeICTBO AT MHKEKLMH HOBBIX YaCTUI{ U JIYUIIEro KOHTPOJIS
3ammaca uvactun FRC, B cucreme 10 FRC wucnons3yercss 12-tucrBosibHbiit umxkexkrop 700
tabnerok (cM., Hanpumep, I. Vinyar et al, “Pellet Injectors Developed at PELIN for JET, TAE,
and HL-2A,” Proceedings of the 26th Fusion Science and Technology Symposium, 09/27 to
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10/01 (2010)). durypa 3 WLIIOCTPUPYET CXEMY pacnojokeHus uuHxekrtopa 700 tabneTox B
cucreme 10 FRC. Hununapuyeckue tadnerku (D~1 mm, L~1-2 mm) umkexktupyrorest B FRC co
ckopocTeio B auamnazone 150-250 km/c. Kaxnpas ormensHas TabieTka COACPKHUT NPUMEPHO
5x10' aromoB BOJOPO/Ia, YTO CONMOCTABUMO ¢ 3anacoM yactull FRC.

['emmepupyrowue cucmemvi

[0058] Xopowio H3BECTHO, YTO HEHUTPAJbHBIM TaJOMIHBIM Tra3 SBISETCA CEPhE3HOU
npobnemMoil BO Bcex cuctemax yaepkanus. [Ipomeccsl ofMeHa 3apsgaMu U PELUPKYISIIAN
(BBICBOOOX/ICHUSI XOJIOJHOTO MPUMECHOTO MaTepuata U3 CTCHKH) MOT'YT OKa3bIBaTh MaryOHOE
BO3/IEICTBHE HA yAepkaHHe dHepruu u vactuil. Kpome Toro, mobas 3HauuTeNbHAS TUIOTHOCTH
HEUTpaJbHOrO Ta3a Ha TPaHUIE WM BONM3M Hee MpHUBENET K OBICTPHIM MOTEPSAM HIU TIO
MEHBIICH Mepe 3HAYNATCIBHOMY COKPAIICHUIO BPEMEHH JKM3HH HHXCKTHPYEMBIX YaCTHII
0oJip10oi OpOUTHI (BHICOKON 3HEpruu) (OoJbinasi opOdUTa OTHOCHUTCA K YacCTHIAM, WUMCIOIIIM
opbutsl Ha Mmacmtabe tonosnorud FRC uam mo MeHblled mepe pagnychl OpOMTHI, HAMHOTO
MPEBBILIAIOIINE MACIITad XapaKTepHON AJUHBI MPaJUEHTa MarHUTHOTO MOJs1) - GaKT, KOTOPbIH
HAHOCUT YyImepd BCEM DJHEPTETHYCCKUM TPHUMCHCHHMSM IUIa3MBbl, BKIIOYAs CHHTE3 depes3
JIOTIOJTHUTEIIBHBIN HAarpeB ITy4Ka.

[0059] KonaumoHnpoBaHue MOBEPXHOCTEN SABJISAETCA CPEACTBOM, C IOMOILBIO KOTOPOTO
OTpULIATENILHOE BO3JEHCTBHE HEMTPANbHOTO Ta3a U MpUMeced MOKET KOHTPOJIUPOBATHCS WIIH
ObITH yMEHbIIEHO B cucreMe yaepkanus. C sroi uenbio cuctema 10 FRC, mpencrasienHas
311ech, ucrosb3yer cucreMsl 810 u 820 ocaxieHUs TUTaHa W JIUTUA, KOTOPHIE MOKPBLIBAIOT
oOpalleHHbIE K IIIa3Me MOBEPXHOCTH KaMephl (nin eMkocTr) 100 juist yiepxaHus U AUBEPTOPOB
300 u 302 muienkamu (TOMIUMHONW B necsatku MukpomerpoB) u3 Ti w/mmu Li. IokpbrTus
MOYYarOTCsl MOCPENICTBOM METOJOB OCakJeHUs U3 mnapoBoit ¢asel. TBepaple Li w/mmm Ti
BBIMIAPUBAIOT W/WIK CYOJIUMMHPYIOT W paclbUBIIOT Ha OJn3nexkanue TOBEPXHOCTH [T
(GOpMUPOBAHUS TOKPHITHHA. VICTOYHHKAMH SBJSIOTCS ATOMHBIC I€YM C HAMPABJISIOIIHMA
coramu 822 (B cnyuae Li) unu Harperbie cdepbl U3 TBEPAOTO BELIECTBA C HANPABISIOLIUM
Oannaxom 812 (B cnyuae Ti). Cuctemsl BoinapuBanus Li oObruHO pabOTalOT B HENPEPHIBHOM
pexxuMe, B TO BpeMmsi Kak cyomuMaropsl Ti B OCHOBHOM pabOTaiOT TMEPUOTUUYCCKUA MEXTY
paboroit ¢ mazmoii. Paboune Temmeparypsl 3Tux cucteM npesbimaoT 600°C nis momydeHus
GonpIuX CKOpocTed ocaxacHus. [ oGecriedeHust XOpoIIero MOKPHITHS CTCHOK HEOOXO0IUMO
MHOKECTBO CTPAaTErHYECKH PACIIONIOKEHHBIX CHCTeM BbIapuBaHus/cyonumanuu. ®durypa 9
JETAIU3UPYET MPENIOUTUTENBHOE pacHolioKeHue rerrepupyromux cucreM 810 u 820
ocaxknenus B cucteme 10 FRC. IlokpeITust AeHCTBYIOT Kak TeTTEPUPYIONIME MOBEPXHOCTH U
3¢ PEKTUBHO OTKAUUBAIOT aTOMHBIE M MOJICKYJIsipHBIe TUaporeHHbie Buasl (H u D). Tlokpeitus

TAKXKC YMCHBUHIAKOT JApPYIruc¢ THIIMYHLIC IIPUMECHU, TAKUC KaK YIJIEpoA HW KHUCIOPOLd, A0
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HE3HAYUTENIbHBIX YPOBHEH.

3epkanvhvie npooxu

[0060] Kak ykazano Beiue, cucrema 10 FRC ucnonpzyer HaOOpb! 3epKaIbHBIX KaTYIIEK
420, 430 u 444, xak nokazano Ha Purypax 2 u 3. IlepBbiii HabOp 3epkanbHBIX Karymiek 420
pAacIoyoKeH Ha JBYX OCEBBIX Topuax kamepsl 100 yaepiKaHHsg ¥ HE3aBUCHMO BO30YXKIaeTcs OT
yaepxkuBatomux karymek 412, 414 u 416 rnasuoit maruutHo# cucremsl 410. Ilepsriii Habop
3epKainbHBIX Karymiek 420 B TEpBYIO OuepeAb IMOMOTacT YHIPABICHUI0O U aKCHUAIBLHOMY
pacnonoxennto FRC 450 Bo BpeMs ciustHus B obecrieynBaeT ynpapieHue GopMOl paBHOBECHS
BO BpeMms moazepxkanus. [leppriii Habop 420 3epKadbHBIX KAaTYIIEK CO3JaeT HOMHHAJILHO OoJee
cuibHble MarHuTHeie noss (mpumepno 0,4-0,5 To), yem UEHTpaiIbHOE TIONIE YIEpIKaHus,
CO3/1aBacMo€ IICHTPANBHBIMH YACpKUBAOIMMH Karymrkamu 412. Bropoii Habop 3epKalIbHBIX
katymek 430, KoTopblif BKIIOYAaeT B ce0si TPU KOMIIAKTHBIE 3epKajbHble KaTyluku 432, 434 u
436 KBa3UIIOCTOSHHOIO TOKa, pacloloXeH Mexay dopmupyomumu cekuusmMu 200 u
qusepropamMu 300 1 Bo3OyKJIaeTcst OOLIUM UMILYJIBCHBIM MCTOYHMKOM IHUTaHUS. 3€pKaJbHbIE
karymku 432, 434 u 436 Bmecte c 0Oosiee KOMIIAKTHBIMHM HMMITYJIbCHBIMU KaTylikamMu 444
3€pKaJIbHOW NpPOOKH (IMHUTAOLIMMUCA OT €MKOCTHOIO HCTOYHUKA NHMTaHUs) U (PU3UUECKUM
cyxkeHueM 442 oOpa3yroT 3epkaibHble MpoOku 440, koTopble oOecneunBalOT Y3KHM KaHad C
HU3KOW Tra30lpOBOJIHOCTHIO C OYEHb CHJIBHBIMM MAarHuTHbIMU mosssMu (oT 2 no 4 Tiu c
BpeMeHaMu Hapactanus 1npumepHo 10-20 wmc). Haubosee KOMIIAKTHBIE HMMITYJIbCHBIC
3epKajbHble KaTylmKy 444 UMET KOMIIAKTHbIE paJualIbHbIE Pa3Mepbl, BHYTpEHHUH auametp 20
CM M aHAJIOTUYHYIO JUIMHY, [I0 CPAaBHEHHIO C BHYTPEHHUM AUAMETPOM NOPsAKA METpa M IIOCKON
KOHCTpYKIIMeH yaepxuBaronmx karymek 412, 414 u 416. Haznauenue 3epkanbHbIX npobok 440
MHoro3HauHo: (1) xarymxu 432, 434, 436 u 444 nIOTHO YBS3BIBAIOT M HANPABISIOT
MOBEPXHOCTH 452 MarHUTHOTO MOTOKA U TEKYILUHE K KOHLY CTpyd 454 mia3Mel B OTJAJICHHBIE
nusepropHble kKamepbl 300. DTo rapaHTHPYET, YTO BLIXOASAIIME YAaCTULIBI JOCTUTalOT AUBEPTOPOB
300 namnexxanyM oOpa3oM, U YTO CYHIECTBYIOT IMOBEPXHOCTH 455 HEMpephIBHOIO IOTOKa,
KOTOpBIE MPOCHEKUBAIOTCS OT 00sacTH 452 He3aMKHYTBIX CHJIOBBIX JIMHMH 1eHTpaibHOil FRC
450 na BceMm nytu a0 ausepTopoB 300. (2) Gusnueckue cyxenus 442 B cucreme 10 FRC, yepes
KoTOpble KaTymku 432, 434, 436 u 444 obecrieunBarOT MNPOXOXKIEHHE MOBEpXHOCTEH 452
MarHUTHOTO TIOTOKAa M CTPyH 454 miia3msel, CO3/1al0T MPEMSATCTBUE I MOTOKAa HEUTPAThbHOTO
raza u3 rnasMeHHbIX mnymek 350, kotopele HaxomsaTcs B auBepropax 300. AHaJIOTHYHBIM
obpazom cyxenus 442 npenoTBpamaoT o0paTHOE TeUeHHE ra3a oT hopMupyoumx cexuuit 200
k ausepropam 300, TeM camMbIM yMEHbIIAs KOJIMYECTBO HEWTPAJIbHBIX YaCTHULl, KOTOpBIE
HeoOxoaumMo BBOJUTH BO Bcio cucteMmy 10 FRC, xorna maumnaercs 3anyck FRC. (3) Ctporo

OCEBBIC 3€pKajia, co3aBaembie Karymkamu 432, 434, 436 u 444, ymeHbIIAIOT OCEBBIC MOTEPU
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YacTUL] M, TEM CaMbIM, YMEHBINAIOT NapaljieNbHY0 AUPQPY3UI0 YacTULl Ha HE3aMKHYTBIX
CUJIOBBIX JIMHMSX.

[0061] B anmprepHatuBHON KoH(puUrypaiuu, nokazanHoid Ha ®durypax 31" u 3/, mabop
HU3KONPOOMIBHBIX OOKUMHBIX KaTymiek 421 mnpexacraBnsger coOOH TONOXKEHUS MEXKIY
BHYTpeHHUMU auBepTopamu 302 u popmupyromumu cexiasamu 200.

Ocegvle niazmennvle NywKu

[0062] [ToToku mra3mel u3 nymek 350, yCTaHOBJIEHHBIX B AMBEPTOPHBIX Kamepax 310
musepTopoB 300, mpenHazHayeHbl IS YIYYIIEHHs CTaOMIBHOCTH U d(PQPEKTHBHOCTH IyYKOB
HelTpanbHbIX yacTull. Ilymku 350 ycTtaHoBIeHbl Ha ocH BHYTpH Kamepsl 310 aguseptopos 300,
Kak 1okazaHo Ha Purypax 3 u 10, u co3galoT 1WIa3My, IPOTEKAOLIYIO BIOJIb HE3aMKHYTHIX
nuHuH 452 noroka B auBeprope 300 u k nentpy kamepsl 100 yaepxkanus. [Tymku 350 paborarot
OpU BBICOKOIUIOTHOM Ta30BOM paspsjie B KaHajle U3 IakeTa a0 ¥ NpeaHa3HayeHbl AJs
TeHepaluy HECKOIbKHX KWJIOaMmIep MOJTHOCThIO HOHU3MPOBAHHOM Ia3mbl B TeueHue 5-10 mc.
[Mymku 350 Briro4arOT B ceOs UMITYJIBCHYIO MAarHMTHYIO KaTyIIKy, KOTOpasi COTJiacyeT
BBIXOJIHOM TIOTOK IUIa3Mbl C TpeOyemMbIM pa3mepoM Iia3mbel B Kamepe 100 yuaepxanus.
Texnuueckue mapaMeTpbl nyniek 350 XapakTepusyroTcs KaHaJOM, HMEKLIUM BHEMIHUH
auaMeTp oT 5 10 13 cM U BHYTpeHHUH AMaMeTp BILIOThH A0 npuMepHo 10 cM, 1 obecnieuuBaroT
Tok paspsana 10-15 kA npu 400-600 B ¢ BHyTpeHHUM MarHMTHBIM fosieM Itymku ot 0,5 1o 2,3
To.

[0063] IloToku MuIasMpl MyIIEK MOTYT [POHUKATh B MAarHUTHBIE MOJSA 3€PKaJIbHBIX
npodok 440 u BTekate B Qopmupyomyo ceknuo 200 u xamepy 100 ynepxaHus.
D¢ dexkTnBHOCTL IEepeHoca IIa3Mbl 4epe3 3epKajibHylo MpoOky 440 yBenuuuBaercss ¢
YMEHBINIEHUEM PACCTOSHHUS Mexay mymkod 350 u npobOkoit 440 w 3a cuer ymmpeHus u
ykopoueHus: npoOku 440. B mpuemneMbIX ycnoBHAX Kaxzaas mymka 350 MOXKET AOCTaBISThH
npubmusuTensHo 107 MpOTOHOB B CeKyHAy 4epes 3epKaibHble mpobku 440 or 2 mo 4 T ¢
BBICOKMMHM TEMIIEpaTypaMi MOHOB U 3JIEKTpOHOB mpumepHo oT 150 1o 300 3B u mpumepHO oT
40 no 50 »B cootBerctBenHo. Ilymku 350 obOecneunBarOT 3HAYUTEIHHOE ITOTIOJTHEHUE
rpannyHoro ciost 456 FRC u ynyuiienHoe obuiee yaepxanue yactur FRC.

[0064] UYToOBbl [OMOJNHHUTENBHO YBEIUYUTh IUIOTHOCTH IUIa3Mbl, MOXHO ObLTO Obl
UCIIONB30BaTh Ia30CenapaTrop, YToOb! BYTh JAONOJHHUTEIBHBIN a3 B IOTOK IUIa3Mbl U3 IyIIEK
350. DTOT METOA MO3BOJISET B HECKONBKO Pa3 YBEIMYUTh INIOTHOCTh MHKEKTHPYEMOH ILTa3MBL.
B cucreme 10 FRC razocenaparop, ycraHOBJIE€HHbBINH Ha cTOopoHe ausepropa 300 3epKayibHBIX
npobok 440, ynyduiaer nonojiHeHue rpannytoro ciost 456 FRC, ¢popmuposanue FRC 450 u
JIMHENHOE CBSI3IBAHUE MJIA3MBI.

[0065] VYwuureiBass Bce IMapaMeTpbl HACTPOWKH, PACCMOTPEHHBIC BBIIE, a TaKXKe
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NpUHUMas BO BHHMAaHHE, YTO BO3MOXKHA padoTa TOJBKO C OJHOM MM 00euMH MyLIKaMH, JIETKO
TIOHSTh, YTO JAOCTYIICH MIUPOKHUH CIIEKTp pabouux peKUMOB.

Cuewarowue 21eKkmpoovl

[0066] ONeKTpUYECKOE CMEIEHUE HEe3aMKHYTBIX [MOBEPXHOCTEH TMOTOKAa MOXET
obecreunTh paguaibHble MOTEHIIHANbI, KOTOPblE PUBOIAT K a3UMyTalbHOMY JBHKeHUI0 ExB,
KOTOpoe oOecreynBaeT MEXaHW3M YIPaBJICHHS, aHAJIOTMUHBIM IOBOPOTY PpYYKH, Ui
VIIPABJICHHS BPALICHUEM TUIa3Mbl ¢ HE3aMKHYTHIMU CHJIOBBIMH JIMHUSIMH, & TaKKe (PAKTUYCCKOU
aktuBHOM 30HEI 450 FRC uepes casur ckopocTu. st BRITOJIHCHHS 3TOTO YIIPABJICHUSI CHCTEMa
10 FRC ucnonp3yeT pa3auyHble 3JEKTPO/IbI, CTPATErMYECKH Pa3MEIIEHHBIE B Pa3IMYHBIX YaCTsIX
MamuHbl.  @Durypa 3  u300paxaer cMelaloUIMe  BJIEKTPOAbl,  PACIOJIOKEHHbIE B
IIPEIIOUTHTENBHBIX MecTax B npeenax cucremsl 10 FRC.

[0067] B mpunmune, cymiectByer 4 kiacca 35eKTpooB: (1) Toueunsie nekTpoast 905 B
kamepe 100 ynmep:kaHus, KOTOpble KOHTAaKTUPYIOT C OTIAEIbHBIMU HE3aMKHYTHIMU CHJIOBBIMH
nuHusMu 452 Ha rpanune FRC 450 nns oGecneueHus: nokanbHON 3apsaiaku, (2) KOJbliEBbIE
anektposibl 900 mexny kamepor 100 ynepkanus u dopmupytommmu cekiusima 200 s
3apsAJIKM JTATbHUX TPAHUYHBIX CIOEB 456 10 a3uMyTaJIbHO-CHMMETPUYHON cxeme, (3) makeTh
KOHLIGHTpUYECKHUX 31ekTpogoB 910 B nueepropax 300 nns 3apsiKd  MHOTOYHMCIEHHBIX
KOHIIEHTPUYECKUX C10eB 455 MoTOKa (BCIEICTBUE YEro BLIOOP CIOEB YNpaBisieM MOCPENCTBOM
peryJIMpoBKY Karymiek 416 asisi peryjMpoBKM MarHUTHOTO TIOJIS JUBEPTOPOB, YTOOBI 3aBEPIIAThH
tpeOyembie cion 456 MOTOKa HAa COOTBETCTBYIOHIMX 2JieKTpojax 910) u, HakoHer, (4) aHOABI
920 (cm. Durypy 10) camux ruasMeHHBIX mymiek 350 (KOTOpble MEepexBaThIBAIOT BHYTPEHHHE
HEe3aMKHYThIE MOBepXHOCTH 455 notoka BOmmM3u cenaparpucsl FRC 450). @urypsr 10 u 11
MOKA3bIBAIOT HEKOTOPHIE TUIIMYHBIE KOHCTPYKI{UU JIJI1 HEKOTOPBIX U3 HUX.

[0068] Bo Bcex cimydasix 3TH 3JIEKTPO/bI BO30YKIAIOTCS MMITYJIBCHBIMH MCTOYHHUKAMHU
MATAHUS WJIA HCTOYHUKAMH TIUTAHUS TIOCTOSHHOTO TOKa TMPU HANPSHKEHUSX BIUIOTH [0
npumepHo 800 B. B 3aBucuMocT OT pasMepa 3eKTpojia U TOro, KaKHe MOBEPXHOCTH IMMOTOKA
MePeCceKaroTCsi, TOKH MOTYT MOTPEOIATHCSA B KUJIOAMITEPHOM JHarna3oHe.

Henoooepocusaemas paboma cucmemol FRC - Obviunsiil pescum

[0069] CrannaptHoe ¢dopmupoBanue miazmbl B cucreme 10 FRC crmemyer xopomro
pa3paboTaHHOMY METOAY TeTa-MHHYA ¢ OOpalleHHBIM nonieM. TunuaHeI nporecce 3anycka FRC
HauYMHAeTCsl BO3OyxkeHueM karymek 412, 414, 416, 420, 432, 434 u 436 KBa3uMOCTOSTHHOTO
TOKa JJisi paboThl B yCTaHOBUBINIEMCS cocTosHuM. 3areM RFTP-nenu muMmitynbcHOTO muTaHus
dopmupyronmx cuctem 210 UMIYJIbCHOTO MUTAHUS BO3OYKAAIOT KATYIIKH 232 MMITYJIHCHOTO
nuTaHus OBICTPO 00palaeMoro MarHUTHOTO IMOJS JJISi CO3JaHUsl BPEMEHHOro OOpamieHHOro

cMmelenus BeauunHoi npumepno -0,05 Tin B ¢popmupyromux cexuusx 200. B ator momeHT
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3aJIaHHOE KOJIMYECTBO HEeWTpanapHOro raza npu 9-20 psi (PyHT/KB. [110MM) HHKEKTHPYETCS B JBA
dbopmupyrommx obvema, onpenensieMbix kamepamu 240 kBapieBbIX TPyO (CEBEPHOM U FOKHOI)
dopmupyronmx cekuuit 200 gepe3 HaOOp a3uMyTaIbHO OPUEHTHPOBAHHBIX IPOIYBOUYHBIX
KJIalTaHOB Ha (praHax, pacmoyIOXKEHHBIX Ha BHEIIHUX Topuax ¢opmupyromux cexuuid 200.
3arem He0OJbLIOE KOMNYECTBO (~ cOTHU Kunorepu) BYU-nons renepupyercss oT Habopa aHTEHH
Ha TOBEPXHOCTU KBapLEBHIX TPYO 240 mus co3paHus NpeiBapUTEIbHOM MOHU3AIUU B (Gopme
JIOKAJIBHBIX 00JIACTCH MOHM3ALMHU 3aTPABOK B IpPEACiax CTOIOOB HEHTPAIBHOTO Tasza. 3a 3TUM
ClelyeT NMpUMEHEHHE TeTa-KOIbIeBOM MOAYISIMU Ha TOKe, BO30YXKIalolleM KaTymku 232
UMIYJBCHOTO TNHTaHUA OBICTPO 00pamiaeMoro MarHMTHOTO IIOJNs, YTO HPUBOAUT K Oosee
rno0anpbHOM MPEABAPUTEIIFHON WOHM3AaMKM CTOJMIOOB Ta3a. HakoHenm, OCHOBHbIE OaHKU
UMITYJIbCHOTO nuTaHus popmupyrommx cucreM 210 UMIYyIbCHOTO NHTAHUS 3a)KUTAIOTCS IS
BO30YXKAEHHUs KaTymieKk 232 HMIYJIbCHOTO OBICTPO OOpaliaeMoOro MAarHUTHOTO MO Jis
CO3JaHUs TMPSIMOCMEIIEHHOTO MOJsA BeMWYuMHOU BIUIOTH 10 0,4 Ti. 3ToT 3Tam MoKeT ObITh
CEKBEHHUPOBAH 110 BPEMEHM TakK, YTOOBI NPSIMOCMEIIEHHOE I10JI€ T€HEPHPOBAIOCH PABHOMEPHO
no Bceil jmHe Qopmupyrommx Tpyo 240 (craruueckoe (OPMUPOBAHWE), WIIH TaK, YTOOBI
nociefoBaTeNibHas — MEepUCTANIbTUYECKAss MOAYJIALMS MOJAsS  JOCTUTalach BIOIb  OCH
dopmupyronux Tpy6 240 (ruHamuyeckoe GOpMHPOBAHUE).

[0070] Bo Bcem aToMm mporiecce GopmupoBanust (paKTHICCKOE 0OpaIeHNe OIS B I1a3Me
IIPOUCXOAUT OBICTPO, B IIpejenax IPUMEPHO 5 MKC. MyipTUrHraBaTTHas. HMITYJIbCHas
MOILHOCTb, MOoJlaBaeMasi B (pOpMUPYIOLIYIOCS IIa3My, Jerko co3aaer ropsuve FRC, kotopsie
3aTeM ypamsworcs w3 gopmupyrommx  cekumid 200  mocpeacTBOM NpHUMEHEHHs MO0
NOCJIEA0BATENBHON BO BPEMEHU MOJYJIALIMA MAarHUTHOTO IOJIA B ME€PEIHEM NOJIYNPOCTPAHCTBE
(MarHuTHas TEPUCTAIBTHKA), JIMOO BPEMEHHO YBEIMYCHHBIX TOKOB B IOCJIEHUX KaTyIIKax
HabopoB 232 karywiek BONM3M OCEBBIX BHEIIHUX TOpLOB Gopmupyooumx Tpydo 210
(popmupoBaHuEe OCEBOro rpajgdeHTa MarHUTHOTO IIOJS, KOTOPHIH HANpaBJieH aKCHaJbHO K
kamepe 100 ynepxanus). [Ie (ceBepnas u wookHas) ¢popmupyromue FRC, chopmupoBanusie
TakuM 00pa3oM U YCKOpPEHHBIC, 3aTeM pacimpsroTcss B kamepy 100 yaepskanus Oonbuiero
nuaMeTpa, rjae Karymku 412 KBa3uUIIOCTOSIHHOTO TOKa CO3JAl0T MPSIMOCMEILEHHOE TOJe s
yIpaBleHus: paaralbHbIM PacIIMpPeHUeM W 00ecIieueHHs PAaBHOBECHOTO BHEIIHEr0 MarHUTHOTO
MOTOKA.

[0071] Kak Tonbko ceBepHas u 1vkHas Gopmupyronie FRC nmpubpiBaloT B OKPEeCTHOCTH
cpeanei wiockoct kameps 100 ynepxanus, 3tu FRC crankusarorcs. Bo BpeMst CTOJIKHOBEHUS
OCEBbIC KHHETUYECKHE SHEPIHMM ceBepHOH U toxkHOH (opmupyiomux FRC Oospuieit gactsio
tepmann3yrores, mockosbky FRC B xoHeunom utore cimBatorcs B oaHy FRC 450. Bosnbmoi

HAabOp CpENCTB JMAarHOCTUMKM IUTa3Mbl JOCTyneH B kamepe 100 ynepkaHus A HU3ydeHUS
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paBHoBecuii FRC 450. Tunuuneie padoune ycnosus B cucteMe 10 FRC cosnaioT coctaBHbIE
FRC ¢ paguycamu cenaparpucsl npumepHo 0,4 M ¥ 0CEBOIl IPOTSKEHHOCTHIO IIPUMEPHO 3 M.
I[OHOIIHI/ITCHLHLIMI/I XapPaKTCPUCTUKAMHU  ABJIAKOTCA BHCIHHUC MATrHWTHBIC 110JIA BCJIIMYHMHOMN

npumepHo 0,1 Tn, miaoTHOCTH miaasMel mpuMmepHo 5x10Y M3

U o0las TemmnepaTypa IUIa3Mbl
BIUIOTH 10 | K9B. be3 kakoro-nmu6o noanep)xanusd, T. €. 0e3 HarpeBa U/UIU BO30YKIACHHUS TOKa
NIOCPEICTBOM MH)KEKLIMU IyYKOB HEUTPAIBHBIX YAaCTHIL MM JPYTHX BCIIOMOraTeIbHBIX CPENCTB,
Bpems ku3Hu 3Tux FRC orpanuumBaercs mnpumepHo | Mc, COOCTBEHHBIM XapaKTEPHBIM

BpPEMEHEM CI1aJ1a KOH(DUTYypaALIHH.

DrcnepuMeHmaibHble OaHHble HeR000epHCUBaemMou pabombl - 0ObIUHBIE DEHCUM

[0072] urypa 12 mnoxa3piBa€T TUMNUYHYKD BPEMEHHYIO SBOJIOLHIO paauyca
UCKJTIOYAaEMOT0 TI0TOKA, fAad, KOTOPBIM alpPOKCUMHPYET PpaAMyC CEHapaTpUcChl s, YTOOBI
NPOMJUTIOCTPUPOBATh TUHAMUKY Mpouecca causHus Tera-nmuHuel FRC 450. /IBa (ceBepHblil U
IOKHBIM) OT/JENbHBIX [IJJa3MOM/Ia CO3/AIOTCS OJHOBPEMEHHO U 3aTeM YCKOPSIOTCS U3
COOTBETCTBYIOIINX (opMupyromux cekiuii 200 co CBEpX3BYKOBOIH CKOPOCTHIO, Vz~250 KM/C U
CTAJIKMBAIOTCS BONM3M cpefHed miuockoctu npu z=0. Bo BpeMs CTOJIKHOBEHHS IJIa3MOU/IBI
C)KMMAIOTCSl aKCHAJIbHO, € MOCTEAYIOIIUM OBICTPBIM paJuaibHBIM U OCEBBIM PACIIUPEHUEM,
nepe/i OKOHYaTeNIbHBIM ciinsiHueM ¢ oOpazoBanueM FRC 450. Kax pajuanbHas, Tak U oceBas
muHamuka cnusHEs  FRC 450 moaTepkmaercs MOAPOOHBIMH  M3MEPEHUSAMHU  TTPOGUIIs
IUIOTHOCTHU U TOMorpadueil Ha oCHOBe OooMeTpa.

[0073] JlaHHBIE M3 XapaKTEpPHOro HemoxalepkupaemMoro paspsga cucrembl 10 FRC
nokazanpl kak QyHkiuu BpemeHu Ha @Durype 13. FRC 3amyckaercs mnpu t=0. Pamuyc
UCKJTIOYAEMOro MOTOKA Ha OCEBOW Cpe/iHeH ITOCKOCTH MalluHbI Noka3ad Ha durype 13(a). Otu
JaHHBIE TTOIYUYEHbI U3 MacCUBa MarHUTHBIX 30HI0OB, PACIIOIOKEHHBIX HETIOCPEACTBEHHO BHYTPH
CTEHKM KaMepbl yJepXaHWs U3 Hep)KaBeIoUleld CTajy, KOTOpble W3MEpPSI0T OCEBOE MarHuTHOE
nosie. CtanpHas CTEHKA SIBISIETCS XOPOIIMM KOHCEPBATOPOM IMOTOKAa HA BPEMEHHBIX MaciiTadax
3TOrO pas3psiia.

[0074] JluHeliHO-UHTErPUPOBAHHBIE IJIOTHOCTH IMOKazaHbl Ha Durype 13(6) ot 6-Tn
XOpJI0BOTr0O UHTEpepomeTpa A onpenenenus conepxkanust CO2/He-Ne, pacnonoKeHHOro npu
z=0. C yuetrom BeptukaimsHoro (y) cMmemienuss FRC, wu3MepeHHOr0o C TMOMOIIBIO
GomomeTpudeckoir ToMorpaduu, uHBEpcHs Mo Abemo gaet mpodwin mIoTHOCTH 1Mo durype
13(B). ITociie HEKOTOPOTO OCEBOTO M paguanbHOro Konebanusi B Tedenue nepeeix 0,1 mc FRC
YCTAHABIIMBACTCS C IOJIBIM MpOQUIeM IDIOTHOCTH. DTOT NpOo(UIb TOBOJBHO IUIOCKHHA, €
CYIIECTBEHHON IUIOTHOCTBIO HAa OCH, KaKk TOro TpeOyroT paBHOBECHS THIHMYHBIX JIByMEPHBIX
FRC.

[0075] O6was remnepaTypa 1ura3Mbl 1okaszana Ha durype 13(r), nosyuena u3 Oananca
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JABJICHNS U MOJHOCTBIO COTJIACYeTCs ¢ TOMCOHOBCKMM PAacCCESIHUEM U CIEKTPOCKOTIMYECKUMU
M3MEpEHHUSIMHU.

[0076] Anammu3 Bcero maccMBa MCKIIOYaeMOro IIOTOKAa YKa3bIBaeT Ha TO, 4TO (opma
cenapatpucbl FRC (nmpubamxeHHas oceBbIMH NPOPUIIMUA UCKITFOYAEMOTO MOTOKA) MOCTETIEHHO
IBOJIIOIIMOHUPYET OT KPYrOBOM K AJUIMOTHYECKOH. JTa IBOMIONMS, NMOKa3aHHas Ha Purype 14,
COIVIACYETCsl ¢ IOCTEIICHHBIM MAarHUTHBIM IE€PE3aMBIKAHMEM C IHIEPEXOJOM OT ABYX K OJHOHN
FRC. [eiictBUTEnbHO, TPyObIC OLICHKH IO3BOJISIOT MPEAINOJAraTh, 4YTO B 3TOT KOHKPETHBIM
MOMEHT npuMepHO 10% MarHUTHBIX MOTOKOB ABYX NepBoHaudainbHbiX FRC nepe3ampikaroTcs BO
BpPEMsI CTOJIKHOBEHHUS.

[0077] Hdnuna FRC wenpepblBHO cOKpamiaeTcss OT 3 10 mpuMepHO | M B TEUYCHHUE
Bpemenu xu3Hu FRC. Oto cokpaienue, suaHoe na ®urype 14, no3poniser npeanonararh, 4To B
OCHOBHOM KOHBEKTHBHas HOTeps sHeprun aomuHupyet yaepxanue FRC. [lockonbky naBieHue
IUIa3Mbl BHYTPH CeENapaTpUChl YMEHbLIAeTCs OBICTpEe, YeM BHEIIHEee MarHuTHOE [aBJIEHHE,
HATSHDKEHNE CUJIOBBIX JIMHUH MarHUTHOI'O I0JIs1 B TOPLEBBIX 00JacTsax cxxumaer FRC akcuanbHoO,
BOCCTaHaBJIMBasi OCEBOE U pajHalibHOE paBHOBecue. Jlis paspsizia, pacCMOTPEHHOT0 Ha Purypax
13 u 14, MarHUTHBIA MOTOK, 3amac YacTHIl H TerioBas dHeprus (mpumepHo 10 MBt, 7x10"
yactull U 7 kJx coorBeTcTBeHHO) FRC yMeHBIIaIOTCS NpUMEPHO Ha MOPSAAOK MO BETUYMHE B
NEPBYIO MUJUTMCEKYHIY, KOT/a BBIABIsAETCS HcUue3HOBeHHe paBHOBecHs FRC.

[MonnepxuBaemas padoTa - BBICOKOI(P(HEKTUBHBIN PEXKUM

[0078] IIpumepsl Ha Purypax 12-14 asnsrorces xapakTepHbiMu Juist criajatonx FRC 6e3
Kakoro-nmub6o nojiepxkanus. Onnaxo B cucreme 10 FRC pa3BepHyTO HECKOIBKO METOJIOB ISt
nanpHenmero ynyumenus yaepxkanus FRC (BHyTpeHHeH aKTHBHOW 30HBI U TPAHUYHOTO CIIOS)
J10 BBICOKO3((HEKTUBHOTO PEXKUMA U TIOAJIEPKAHUA KOHPUTYpaLHH.

Ilyuku nHetimpanbHblx yacmuy

[0079] Bo-nepBbix, Obictppie (H) HelfTpaabHble YacTUIBI  MHXKEKTUPYIOTCS
NEepHEeHAUKYISIPHO B, B Iyykax u3 BOCBMHU HMHXEKTOPOB 600 myuykoB HEWTpaJbHBIX YACTHULI.
[Tyuku ObICTPBIX HEHTpABHBIX YACTULl HH)KEKTUPYIOTCS C MOMEHTA, KOTJa CEBEpHasl M HOKHAs
dopmupytonue FRC ciuBatores B kamepe 100 yaepskaaus B ogay FRC 450. BeicTpbie HoHBI,
CO3/1aBacMble B OCHOBHOM I[€pe3aps/IKoi, MMEIOT OeTaTpOoHHbIE OpOUTHl (C MEPBUYHBIMH
paguycamu Ha mactrabe toronorud FRC winm mo MeHsIed Mepe HaMHOTO OOJIBLIMMH, YeM
MacmTad XapakTepHOH JUIMHBI TIpagdeHTa MarHUTHOIO II0JIsE), KOTOpBIE YBEIHYHBAIOT
asumytansHbii Tok FRC 450. ITocne HexkoTopoit gomu paspsaaa (nocine 0,5 no 0,8 Mc Ha CHUMKE)
JIOCTaTOYHO OOJbIIasi TOMYNANHS OBICTPHIX HMOHOB 3HAYMUTEIBHO YJIy4IllaeT CBOMCTBA
crabuibHocTd u yaepxanust BHyrpeHHUX FRC (cm., manmpumep, M. W. Binderbauer and N.

Rostoker, Plasma Phys. 56, part 3, 451 (1996)). Kpome TOro, ¢ TOYKM 3peHHUsS IOJHACPKAHUS
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Ny4YkKd OT HHXKEKTOpoB 600 NydYyKOB HEUTpaldbHBIX YaCTHII TaKKe SBIAIOTCI OCHOBHBIM
CpEeACTBOM [yl BO30YXKIeHUs TOKa 1 Harpesanus 1uia3mel FRC.

[0080] B pexume mnazmel cuctembl 10 FRC OpicTpbie HOHBI 3aMEIIISIOTCS B OCHOBHOM
Ha DJIEKTPOHAaX IIa3Mbl. B TedeHne paHHel yacTu paspsaa TUIHYHBIE YCPEAHEHHBIE [0 OpOuTe
BpeMeHa 3aMe/ITIeHHs ObICTPhIX HOHOB cocTaBistoT 0,3-0,5 Mc, UTO NPUBOIUT K 3HAYUTEITHHOMY
narpeBy FRC, npexze Bcero anekrpoHamu. beicTpble HOHBI COBEPLIAIOT OOJIBIINE PaualibHbIC
OKCKYPCHl HApYXXy OT CEmapaTpuchl, MOCKOILKY BHyTpeHHee MaruutHoe nosiec FRC mo cBoeit
npupoje sBisercs caadeiM (mpumepro 0,03 Tin B cpeaHeM 1 BHemHero oceBoro mojst B 0,1
Tn). beictpble MOHBI ObUTH OBI YA3BHUMBI K IOTEpPSAM IEpe3apsaKd, eclId Obl IUIOTHOCTH
HEUTpaJIbHOrO ra3a ObUIa CIHMINKOM BBICOKOW CHApYXH OT cenapaTpuchl. Takum o0paszom,
reTTepUpPOBAaHUE CTEHOK M APYrue METoJlbl (Takue Kak IiazMeHHas nymka 350 u 3epKajibHbIe
npodku 440, KOTOpBIE BHOCAT BKJAJ, IOMUMO MPOYEro, B YIpPaBIEHUE I'a30M), pa3BEPHYThIE B
cucteme 10 FRC, kak mnpaBmiao, MUHUMH3HUPYIOT TI'PaHUYHBIE HEHTpalbHbIE YaCTHULBI H
obecrieunBarOT TpeOyeMoe HapaCTaHUE TOKA OBICTPBIX HOHOB.

Huorcexkyus madbremox

[0081] Koraa 3HaunTenbHas MOMyasauust ObICTPBIX HOHOB BhIpacTaeT BHYTpH FRC 450 ¢
Oosee BHICOKMMH TEMIEpAaTypaMu JEKTPOHOB U Oojiee JIUTEIbHBIMU BpeMeHaMu ku3Hu FRC,
3amopoxeHHbie Tabuietku H wim D mmkekrupytoress B FRC 450 n3 umxexropa 700 Talnerox
s nojepxanus 3amaca dactul] FRC B FRC 450. Oxunaemble BpeMeHHBIE paMKU aOJsiuu
ABJIAIOTCA TOCTATOUHO KOPOTKHUMH, YTOOBI 00€CHeUnTh 3HAUNUTENbHBIN UCTOYHHMK yacTull FRC.
OTa CKOpPOCTb TaKK€ MOXET ObIThb YBEJIMYEHA 3a CYET YBEIHYEHHs IUIOLAAU [OBEPXHOCTH
HUH)XEKTUPYEMOI 4acTH IyTeM pa3OueHust OT/eNbHON TabneTky Ha 6osiee Melkue pparMeHThI BO
BpeMsi HaXOXJCHUS B IWIMHJpPAX WM HHXKEKIMOHHBIX TpyOax umxkekrtopa 700 TalbneTok u
nepea BxoxoMm B kamepy 100 yneprkaHusi, Tar, KOTOPbIA MOXXET OBITh OCYILECTBJICH MyTeM
YBEJIMUEHHUS. TPEHHsI MEXAy TaOJIeTKOM M CTeHKaMd HHXKEKUHOHHOW TpyObl MOCPEICTBOM
3aTSHKKU pajyca u3ruda rociie/THEro CerMeHTa NHXEKIMOHHOM TPpYOBI MPsIMO TIEpe]T BXO/I0M B
kamepy 100 ynepkanmsi. 3a c4eT M3MEHEHUS TOCTEAOBATSIBHOCTH M CKOPOCTH 3a)KUTaHUs 12
LWIMHAPOB (MHXEKIMOHHBIX TPYOD), a Takke (pparMeHTaLuu, MOKHO HAacTpouThb cucremy 700
UHXXEKLUU TabneTok i obecneueHHs Kak pa3 TpeOyemMoro ypoBHs IMOAJEpXaHMs 3araca
yacTulil. B cBoro ouepe/ip, 3T0 MOMOraeT NoJAepKUBaTh BHYTPEHHEE KMHETUUECKOE JaBJICHUE B
FRC 450 u camonoiaepxuBatotuiics pexkum u Bpemst sxxu3au FRC 450.

[0082] Kak TONmpKO MMOABEp:KEHHBIE aOISIUKM ATOMBI CTANKHBAIOTCS CO 3HAYUTEIHHOM
wiasmoi B FRC 450, oHu CTaHOBATCSA MOJHOCTBIO HOHU3MpOBAaHHbIMH. [lomywaromuiics B
pe3ynbTaTe KOMIIOHEHT XOJIOJHOW IJIa3Mbl 3aT€M CTOJIKHOBHUTEJIBHO HAarpeBaeTcsi COOCTBEHHOM

nnazmoit FRC. Dueprusi, HeoOxoaumas uis moanepxanus tpedyemoit temneparypsl FRC, B
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KOHEYHOM HTOre mnocrapisercss uHxkekrtopamu 600 myukoB. B 3toM cmeicie uHxkekTopbl 700
tabneTok BMecTe ¢ HHXekropamu 600 my4KoB HEHTPATIbHBIX YaCTH 00pa3yiOT CUCTEMY, KOTOpast
[IOJICP)KUBAET YCTaHOBUBILIEECs cocTosiHuE U nopaepxkusaer FRC 450.

Hnowcexmop CT

[0083] B xauecTBe aJbTepHATHBBI HHXKEKTOPY TalJIETOK NpemiaraeTcss HHXXEKTOP
komnaktHoro topouaa (CT), B OCHOBHOM /i NONOJHCHHSA IUIa3Mbl KOH(UTYpaLUld C
obpanienubiM nosiem (FRC). Mmxexkrop 720 CT comepHUT HaAMarHMYCHHYIO KOAKCHAIBHYIO
miasMennyo nymky (MCPG), xoropas, kak mnokazaHo Ha ®urype 21, BkIodaer B ceOs
KOAKCHUAJIbHbIE HUIMHAPHYECKUE BHYTPEHHUM M BHEIIHHH HNEKTpoAsl 722 u 724, KaTymIKy
CMEIICHUSI, PACTIONIOKCHHYIO BHYTPH BHYTPEHHETO JICKTPOJA 726 U 3NIEKTPUUECKUM pa3phiB 728
Ha KOHLE, IMPOTHUBONONOXHOM BbIIycKy uHkekropa 720 CT. T'a3 umxextupyercss uepes
otBepcTHe 730 MHXKEKIMH Tra3a B MPOCTPAHCTBO MEXKIY BHYTPEHHUM M BHELIHUM 3JEKTPOIAMU
722 u 724, v ma3Ma Tuna cpepomaka reHepupyeTcsl U3 HEero myTeM pa3psiia U BBITAJIKUBAETCA
u3 nywmku cuioi Jlopenna. Kak nokazano Ha @urypax 22A u 22b, napa urxexkropos 720 CT
cBszaHa ¢ emkocThio 100 i yaepxkaHus BOJIM3M U 110 IIPOTHUBOJICKAIMM CTOPOHAM CpEHEH
nnockoctd emMkoctd 100 mns mmkekuuu CT B nentpansHyro mnasmy FRC B npenenax cocyna
100 nns ynepxanus. BeimyckHoil koHen nHkekTopos 720 CT HampaBileH K CpeJHEH IIIOCKOCTH
emkoctu 100 ans yaep:kaHusi moja yrjiomM K mpojosibHoi ocu emkoctu 100 s yaepxkanus,
AHAJIOTMYHO MHXKEKTOpaM 615 1ydkoB HEHTPAIbHBIX YACTHUIL.

[0084] B anprepHaTUBHBIX BapuaHTax ocylectBieHus uHxekrop 720 CT, kak nokaszaHo
Ha Durypax 23A u 23b, BxitoyaeT B cebdda apeiidoByro TpyOy 740, comepkallyro BBITAHYTYIO
IIINH/IPHYECKYIO TPYOY, CBSI3aHHYIO C BBITYCKHBIM KOHIIOM uHxekTopa 720 CT. Kak nokasaHo,
npeiidosas Tpyba 740 Brirowaer B ceOs Karymku 742 apeidoBoil TpyObl, pacrosioKeHHBIE
BOKPYI' M aKCHaJIbHO PAaCIOJIOKEHHBIE BAOJb TPYObl. MHOXKECTBO JUArHOCTHUECKUX OTBEPCTUN
744 n300paXKeHO BIOJIb AJTHHBI TPYOHI.

[0085] TTpeumymiecTBa urxexTopa 720 CT: (1) KOHTPOIL U PETYTUPOBKA 3ariaca JacTHI]
Ha umkektupyembrii CT; (2) Teruias mmazma ocakaaeTcsi (BMECTO KPHUOTECHHBIX Ta0seTok); (3)
chucTeMa MOKeT paboTarb B peXHME YacTOThl MOBTOPEHMS, YTOOBI 0OECIEYUTh HENpephIBHOE
nornoJyiHeHue; (4) cucreMa TakXKe MOXET BOCCTAHAaBJIMBAaThb HEKOTOPbII MarHUTHBIH MOTOK,
nockonbky uHxekTupyemble CT HecyT BCTpOGHHOE MarHutHoe moje. B BapuanTte
OCYIIIECTBIICHUS Ul JKCIEPUMEHTAJIBHOTO HCIIONb30BAaHUs BHYTPEHHUN IUAMETP BHEUIHETO
371eKTpoAa cocrasiseTr 83,1 MM, a BHEHIHUI JUaMeTp BHYTPEHHEro 3eKTpoja cocrasisier 54,0
MM. [lOBEpXHOCTH BHYTPEHHErO 3JIEKTpoAa 722 MNpenroYTHTENIBHO IIOKpbITa BOJIb(ppamom,
yTOOBl YMEHBIIUTH MPUMECH, BBIXOJAIKE W3 dekTpoaa 722. Kak moxaszaHo, karymka 726

CMENIEHUS YCTAaHOBJICHA BHYTPH BHYTPEHHETO dJIeKTpoaa 722.
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[0086] B HemaBHHMX OKCIEpUMEHTax OBIIa JOCTUTHYTA CBEPX3BYKOBAs CKOPOCTh
nocrynarensHoro nepemerienus CT BrutoTs 10 ~100 km/c. JpyruMu THIHYHBIMU [TapaMeTpaMu
I1J1a3MBbI SIBJISTIOTCS CIIEYIOIIME: TIOTHOCTD 3JIEKTPOHOB ~5x10%! M, Temneparypa s1nexTpoHoB
~30-50 5B u 3amac uwactun ~0,5-1,0x10'°. Bricokoe kunernueckoe nasiexne CT mo3Bosser
MHXKEKTUpyeMoil ma3sme mponukath miyboko B FRC wu  ocaxpate wuacTulibl BHYTPH
cernaparpuchl. B HemaBHuX skcnepumenTtax nonojHenue yactun FRC pano Takoil pesysbrar,
gyro ~10-20% 3amaca wyactun, FRC, oOecneunBaemoro wumxektopamu CT, ycmenHo
JEMOHCTPUPYIOIIUMH TIOTIOJHEHHE, MOTYT OBITH JIETKO TPOBEJAEHBI 0€3 HapyHIEHHUsS IUIa3Mbl
FRC.

OmKnonA0WUe KAMYUKY

[0087] Jlns pmocTwkeHUs BO30Y)KICHHMS TOKAa B YCTAHOBUBIIEMCS COCTOSSHHM U
noanepKaHuss TpeOyeMoro TOKa HOHOB JKeNaTelbHO MPefoTBpaliaTh WM 3HAYUTENBHO
YMEHbILATh HAlPABJICHHBIC BBEPX CIIMHBI 3JIEKTPOHOB, OO0YCJIOBICHHBIE CHJION TPEHHS MEXIY
AJIEKTPOHAMM U MOHaMU (SIBJISIOIEHCS pe3yJbTaToM IIEPEHOCa UMITYJIbCA HOHHO-3JIEKTPOHHOTO
cronkHoBeHus1). Cuctema 10 FRC ucnonp3yer MHHOBAIMOHHYIO METOAUKY AJisi oOecredeHUs
JMIEKTPOHHOTO pa3phiBa Yepe3 MPUKIAAbIBAEMOE U3BHE CTATHUYECKOE MATHUTHOE JUMOJIBHOE WIIH
KBaJIPYIIOJIBHOE 110JI€. DTO JIOCTHIAETCsl [MOCPEJACTBOM BHEIIHMX OTKJIOHSIONIMX KaTyuiek 460,
uzoOpaxeHHbix Ha Qurype 15. IlonepeuHo MNpuilOKEHHOE pPaJUAIBHOE MArHUTHOE IOJE OT
OTKJIOHSIOMMX KaTymiek 460 HHAYHUPYET OCEBOE JJIEKTPUUYECKOE IM0JIe BO Bpallarouieics
nnazMe FRC. PesynpTupyromuil 0CeBOH TOK 3JIEKTPOHOB B3aUMOJEHCTBYET C paauaIbHBIM
MarHUTHBIM TIIOJIEM, CO3/aBas a3uMMYTANbHOE PAa3PBIBHOE BO3JCHCTBHE HA ANIEKTPOHBI Fo=-
oVeo<|B>>. Jlns tunumuneix yciosuit B cucteme 10 FRC TpebGyeMoe NpHKIaIbIBAEMOE
MarHUTHOE JIUIOJIbHOE (MM KBaJPYIOJILHOE) I0J€ BHYTPU IJIa3Mbl JOJDKHO OBITH JIMIIb
nopsiika 0,001 T g obecriedeHust a/IeKBATHOTO AJIEKTPOHHOTO pa3pbiBa. COOTBETCTBYIOIIEE
BHeIHee moie BenununHor npumMepHo 0,015 T sBasercs mocTaTOuHO CJ1a0bIM, YTOOBI BBI3BIBATH
3aMEeTHBIE MOTePU OBICTPBIX YACTUILl WJIM MHBIM 00pa30oM OTPHLATENLHO BIMATH HA yIAEp)KaHUE.
DaKTUYECKH, TMPHUKIAJbIBAEMOE MArHUTHOE JMIONbHOE (MW  KBaJpPYIOJbHOE) IIOJie
CMOCOOCTBYET IMOJABICHUIO HEYCTONYMBOCTEH. B KOMOMHAIMN ¢ TaHTCHIIMATLHON WHXKEKITHEH
IIy4YKOB HEWTPaJbHBIX YACTHI[ U OCEBOM MHIKEKIIMEW TJIa3Mbl OTKJIOHsMOIME Karymku 460
ofecreunBarOT JOMOJHUTEILHBI YPOBEHb KOHTPOJNS B OTHOIICHUU TIOJJACPXKAHUS TOKA U
CcTabUIBPHOCTH.

3epranvrvle npooKu

[0088] KoncTpykiuss UMIYJIBCHBIX Karyiiek 444 B mpenenax 3epKajibHBIX MpoOok 440
JIOIIYCKAET JIOKAJIbHYIO I'€HEpaIMI0 CUIIBHBIX MarHuTHbIX nojed (ot 2 go 4 Ti) ¢ noMoribio

Heboboi (npumepHo 100 x/{x) emxocTHOil 3Hepruu. st popMUpPOBaHUS MATHUTHBIX MOJIEH,
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TUMMYHBIX 1751 Hactosuleir paborel cuctembl 10 FRC, Bce cumoBbie JTUHHM B Tpeaenax
dopmupytoiero odbema MPOXomsIT uepe3 cyxeHus 442 y 3epkaibHbIX MpoOok 440, kak 310
MPEITONIaraeTCs CHIIOBBIMH JIMHHSMH MAarHuTHOTO rosisi Ha durype 2, U KOHTAKT MJIA3MBI CO
cTeHKOU He mpoucxoauT. Kpome Toro, 3epkaibHble NpoOku 440 COBMECTHO C TUBEPTOPHBIMU
MarHutaMu 416 KBa3UMOCTOSHHOTO TOKa MOTYT OBITh OTPErYJIMPOBaHbl TAK, YTOOB! HANPABIATH
CWJIOBbIC JIMHUU Ha JUBEPTOPHBIC 3JeKTpoAbl 910 wiM BBICTABISUIMCH CWJIOBBIC JIMHUU B
KOH(Urypanuu TOPLEBBIX BBICTYNOB (HE moka3zana). [lociemusas yiydmiaeT yCTOWYMBOCTh U
MOJIaBJSIET MAPAIIENBbHYIO TEIUIOPOBOAHOCTH SJIEKTPOHOB.

[0089] 3epkanpubpie mpoOku 440 camu Mo cebe TaKKe CIIOCOOCTBYIOT KOHTPOJIIO
HEUTPAIBHOrO ra3a. 3epkainbHbie NpoOKu 440 MO3BOJISIIOT JIyYIlEe MCIOIB30BATH JACUTCPUCBBIN
ras, BAyBacMbiil B KBapueBbie TpyOsl BO Bpems (opmupoBanust FRC, mockoibKy MOTOK Tasa,
TeKkyluii obpatHo B auBepTopbl 300, 3HAuUMTENBbHO YMEHbLIaeTcs Onarozaps Majiol
CHOCOOHOCTH MPOOOK MPOMyCKaTh ra3 (Takoi Masnoi, kak 500 i1/c). bonbiias yacTh OCTaTOYHOTO
raza, mpojayBaeMoro BHyTpH (opmupyromux tpyo 210, OpicTpo monmsmpyercs. Kpome Toro,
BBICOKOTUIOTHAs IUTa3Ma, MPOTEKaoImas dYepe3 3epkaiabHbie mnpodbku 440, obecreumBaet
3¢ PeKTUBHYIO MOHM3ALMI0 HEHTPaNbHBIX YAcTHIl, a CIeA0BaTeNbHO, d()(EKTUBHBIA Ta30BbIi
Oapbep. B pesynpTaTe 60IBIINHCTBO HENTPaNbHBIX YaCTHUI, PELUPKYIUPOBAHHBIX B AUBEPTOPAX
300 u3 rpanuusoro ciost 456 FRC, He Bo3Bpamaercsa B kamepy 100 ynepxanus. Kpome Toro,
HENTpaJIbHbIC YAaCTHIBI, CBSI3aHHBIE ¢ padOTON IutasMeHHbIX myniek 350 (kak oOcykaaercs
HUXKe), OyAyT B OCHOBHOM yAepKUBaThCs B quBepTopax 300.

[0090] Hakonen, 3epkaibHbie npoOku 440 MMEIOT TEHASHLMIO YJIy4dllaTh YAEp)KaHHe
rpanngHoro ciosi FRC. C kospdunuentamu orpakeHus 3epkana (mpoOka/MarHUTHBIC MOJIS
yaepxkanus) B auanazoHe oT 20 no 40 w mnpu jumHE 15 M MEXAy CEBEPHOM M FOKHOU
3epKajgbHbIMU npoOkamu 440 Bpems T yAepKaHUS YaCTHLl IPAHUYHOIO CIIOSI YBENUYHBAETCS Ha
TIOPSJIOK BEJIMYHMHEL. YITydIICHUE T| JISTKO yBETUUMBaeT yaep:xkanue gactuil FRC.

[0091] Ilpennonaras, 4to o0ycioBJIEHHBIEC paguanbHoi auddysueit (D) nmotepu wactui
U3 OrPaHUYEHHOro cenaparpucoii odbema 453 ypaBHOBELIEHBI OCEBHIMH TOTepsaMH (T|) U3
rpaHUdIHOrO cjiost 456, MoxHO monydnth (27rsLs)(Dny/d)=(2nrsLsd)(ny/t|), OTKyna mimuHa
rpajleHTa IIOTHOCTH CeTapaTpHChl MOXKeT OBITh Tepermcana xak d=(Dt))"2. 3neck 15, Ls 1 ns -
3TO pajuyc cernapaTpuchl, /UIMHA CENapaTpHUChl U IUIOTHOCTh CEMapaTpUChl COOTBETCTBEHHO.
Bpewms yaepxanus gactur, FRC cocraBnser tn=[nts’Le<n>]/[(27trsLs)(Dny/8)|=(<n>/ns)(tot)) 2,
rae t1=a’/D ¢ a=rJ/4. ®usnueckyu yiyulleHWe T| TPUBOAMT K YBETHUYEHHIO O (yMEHBIICHHIO
rpaJueHTa IJIOTHOCTU W TapaMeTpa Jpedda cemapaTpuchl) W, CIEI0BATEIbHO, CHUKEHHIO
notepb yactull FRC. O0mee ynyumnenue ynepxkanus yactuil FRC 00bI9YHO HECKOTBKO MEHBIIE

KBaApaTH4HOIO, [IOCKOJIbKY s YBCIINYINBACTCA C T)|.
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[0092] 3HaunTenpHOE yIyUdLIEHHE T TAaKXKe TpeOyeT TOro, 4ToObl TpaHUYHbIN ciioi 456
OCTaBajICsi MO OONBIIOMY CYETY YCTOWYHMBBIM (T.. 4TOOBI mpu n=1 He OBUIO XEeT0OKOBOM,
pykaBHo# wmiu japyroit MIJI-HecTaOMIIBHOCTH, XAapaKTEPHOM M OTKPBITBIX CHCTEM).
Hcnonp3oBanue 1miasMeHHbIX Iymek 350 oOecrieuuBaeT 3Ty HPEIIIOYTUTEIIBHYIO TPAHHUYHYIO
HecTabUIBbHOCTE. B 3TOM cMbIcie 3epkanbHble TpoOKku 440 n mnazMeHHas mymka 350 o6pasyror
3G HEKTUBHYIO CUCTEMY KOHTPOJIS IPaHUIBL.

Inazmennvle nywru

[0093] IiazmenHbie nymwku 350 ynydmanT cTadWIbHOCTD BeIXOASINX cTpyi 454 FRC
NOCPEJICTBOM JIMHEHHOTO cBsA3bIBaHUS. I1nazMbl mymiek, ucrnyckaeMple M3 MIa3MEHHBIX MYILIEeK
350, renepupyercs 0e3 a3MMyTaJIbHOIO MOMEHTA MMITYJbCa, YTO OKa3bIBAETCs IOJE3HBIM JUIs
yhpasieHus BpaiareabHpiMu HecTabmibHocTAME FRC. Takum obpazom, nymku 350 sBisitorcst
9 (}EKTUBHBIM CPEJIICTBOM JUIsl  yrpaBicHUs ycroiiumBocThio FRC 63 HeoOXoamMocTu
UCMONB30BaHUsl Ooyiee cTaporo MeToja KBaApyNoJbHOW crabmnmsanuu. B pesynbraTe
Ia3MeHHsle Nymkd 350 MO3BOJISIOT UCMOAB30BaTh MPEUMYLIECTBA OJArONpUATHBIX 3h(HEKTOB
OBICTPBIX YACTUI[ MJIM IOJIYYUTh JIOCTYI K PEXKHUMY YCOBEPIICHCTBOBAHHOW TMOPHIHOM
kuHerndecko FRC, kak u305keHO B 3TOM pacKpbIThH. Cle10BaTENIbHO, IIa3MEHHBIE ITYIIKH
350 mozBonstor cucteme 10 FRC paGotath ¢ TOKaMu OTKJIOHSIOMMX KaTylIeK, HOAXOASIINMU
KaK pa3 A 3JEeKTPOHHOTO pa3pbiBa, HO HIKE IOPOTa, KOTOPBIH BBI3BAJI Obl HECTAOMIIBHOCTh
FRC w/nmm npusen 05 K MHTEHCUBHOMN (P dy3un ObICTPHIX 4aCTHIL.

[0094] Kak ynmoMuHaI0Ch BBIIIE B pa3jieie «3epKajbHas IIpoOKa» BbILIE, €CIU Obl MOXKHO
ObUTO 3HAYUTEJIPHO YBEJIMYMTH T|, TO MOjaBaeMas M3 ITyIIeK Iuia3Ma Obuta Obl CpaBHHMA CO
CKOpOoCTBIO moTephb (~107%/c) wacTui rpaHuYHOTO 104, BpeMms KU3HH TONydaeMoit U3 TyIieK
iasmel B cucteMe 10 FRC Haxomurcss B MHJUIMCEKYHIHOM JuariazoHe. JleHCTBHUTEBHO,

PACCMOTPMM ILIA3My MYIIKH C IWIOTHOCTHIO Ne~10'% oM™

U TeMIeparypoii nonos npumepsno 200
5B, yaepkuBaemy0 MEXAy TOPIICBBIMH 3¢pKalibHbIMU TipoOkamu 440. Jlnuna 3axBara L u
koddouimeHT R oTpakeHHs 3epkana COCTaBISIIOT NpumepHo 15 M u 20 COOTBETCTBEHHO.
Cpennsisi yiMHa cBOOOAHOro mpodera MOHOB M3-3a KYJIOHOBCKUX CTOJIKHOBEHHH COCTaBiseT
Li~6x10° cM, u, mockonbKy A#lnR/R<L, HOHBI yIep:KUBAKOTCS Tra30JAMHAMHYECKOM PEXHME.
Bpemst yaep:kaHus I1a3Mbl B 3TOM PEXHUME COCTaBIsIeT Ted~RL/2V~2 Mmc, rae Vs - ckopocTh
MOHHOIO 3ByKa. J{n1s cpaBHEHUs, KJIACCHYECKOE BpeMsl YIEpKaHUS HOHOB JJIsl 3THUX HapaMeTpOB
1m1a3Mel cocTaBnsaio 06l Te~0,5Ti(InR+(InR)**)~0,7 mc. Anomanbnas nonepednas guddysus
MOKET, B IIPUHLIUAIIE, COKPATHTb BpeMs yaepxaHus niaazMbl. OQHAKO, €CIIU PEATIOI0KUTH, YTO
B cucreme 10 FRC umeer mecto ckopocts nugdys3un boma, To orieHOYHOE BpeMsi IIONEPEYHOro

yAEp)KAHUSA Ul IIa3Mbl W3 IIYIIEK COCTaBJIAET T1>Tgd~2 MC. CnefoBaTenbHO, IMYHIKU

obecrieunu Obl 3HAUUTEIBHOE MOMOJIHEHNUE rpanuvHoro ciost 456 FRC u ynydmenHoe obuiee
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yaepxxanue yactui FRC.

[0095] Kpome TOro, OTOKH IIIa3MBI ITyILEK MOT'YT ObITh BKJIIOUEHBI IpuMepHO Ha 150-
200 MHKpOCEKyHJ, 4YTO TIIO3BOJSET UCHOJIL30BaTh MUX IpU 3allyCKe, I1OCTYIATEIbHOM
nepemenieHny U causaun FRC B kamepy 100 ynepxkanus. Ecnu Bxiarouuts npumepHo B t~0
(uHnuupoBanue ocHoBHOro 6anka FRC), nuasma nmymiex moMoxeT NoAAepKUBaTh HACTOSIIIYIO
auHamMudeckn copmupoBannyo u ciauBiuyocs FRC 450. O0beauneHHbIe 3amacsl YacTHII 3
dopmupyronmx FRC u M3 mymiek yaoBIETBOPUTENIBHBI U 3aXBaTa ITyYKOB HEHTPAIBHBIX
YaCTHILl, HarpeBaHMsl MJIa3Mbl U JUTMTEIBHOTO NojepKaHus. Eciu BKIIOUUTH NpH t B TUana3oHe
or -1 nmo 0 mc, mma3mMa nIymeK MOMKeT 3amoJIHUTh KBapieBbie Tpyonl 210 miasMol wim
MOHU3HPOBATh Ta3, BAYTHIA B KBapueBbie TpyObl, yto mno3BoisieT cdopmuposats FRC ¢
YMEHBIICHHBIM WM Ja)Ke, BOZMOXKHO, HYJICBBIM BAYTHIM razom. [lociennee MoxeT moTpedoBaTh
JOCTaTOYHO XOJIONHOW (opMupyromel Mmiaasmel, 4ToObl oOecneduts ObICTpYIO Aupdy3HIO
MarHUTHOTO NOJs ¢ OOpaTHBIM cMellleHueM. Ecau BKIIOUUTh Opu t<-2 MC, MOTOKU III1a3Mbl
MOTYT 3aIlOHUTh 06BEM CHIOBBIX AuHMHA oT 1 10 3 M> o6nacreil GopMUPOBAHHUS U yAePKAHHSA
dbopmupyronux cexkumit 200 u xamepy 100 ymepskaHusi ¢ UEICBOM IUIOTHOCTBIO IUIA3Mbl B

Heckodbko emuaun Ha 100 oM

, JOCTaToOuyHOM sl obOecleueHus: HapacTaHHUs MYYKOB
HelTpanpHbix wactuy 1o npudsitus FRC. 3arem  ¢opmupyromme FRC wmoryr ObITh
c(OpMHPOBAHBI M IIOCTYMATEIBHO IIEPEMEUICHBI B PE3YIbTHPYIOIIYIO IUIa3My €MKOCTH st
yaepkanusd. Taxum oOpa3oM, IUIa3MEHHbIE ITylIKH 350 o0ecreuuBalOT MIMUPOKUM CIEKTP
pabouux YCIOBHH U PEKUMOB IIAPAMETPOB.

Dnekmpudeckoe cmeljeHue

[0096] Ympasnenue npoduineM paguaibHOrO 3JEKTPUUECKOTO IOJs B I'PAHUYHOM CJI0€
456 BBITOAHO pa3IUYHBIME Ccrioco0amu it crabuinbHOocTH M ynepkanus FRC. bmaromaps
WHHOBAalMIOHHBIM CMELIAIOIIUM KOMIIOHEHTaM, pa3BepHyThiM B cucremMe 10 FRC, MoxHO
NPUKJIA/IbIBATh MHOXKECTBO 3a0JIarOBPEMEHHO MOIMOTOBIEHHBIX paclpeeNeHuil AMEeKTPUYECKUX
MOTEHITMAJIOB K TPYINE HE3aMKHYTHIX TOBEPXHOCTEH TIOTOKA MO BCEH MamuHe u3 oliacteit
JIaJIeKO CHAPYXKU IEHTPaILHOUM obnactu yaepxanus B kamepe 100 ynepxxanusi. Takum oOpazom,
paauabHble HIEKTPUYECKUE MOJSL MOTYT OBbITh CT€HEPUPOBAHBI Yepe3 TPAaHUUYHBIN cloil 456,
pacronoxkeHHbll cpa3y ke 3a FRC 450. DTtu panuanbHble >JEKTPUYECKUE IO 3aTreM
MOIU(UIMPYIOT a3uMyTajJbHOE BpAlllEHUE TPaHUYHOrO ciosi 456 M OCYIIECTBISAIOT €ro
yaepxkanue duepe3 ciaBur ckopoctd ExB. JlrobGoe muddepennmansHoe BpamieHHe MEXIY
TPaHUYHBIM cj10eM 456 u akTuBHOMU 30HO# 453 FRC MoxeT 3ateM nepeaBaTbCs BHYTPh TIa3Mbl
FRC nocpenctBom capura. B pesynbrare yrpaBieHue rpaHUYHBIM Cl10eM 456 HEroCpeICTBEHHO
Bo3eHcTBYeT Ha akTHBHYIO 30HY FRC 453. Kpome TOro, nockosbpky cBOOOIHAsE 3HEPrusi Ipu

Bpani€HHU 11J1Ia3Mbl TAKXKE MOXKET ObITh HpI/I‘{I/IHOﬁ HCyCTOI:I‘IPIBOCTGﬁ, 9TOT MCTO obecrieunBacT
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MPSAMOE CPENICTBO JI YIIPABJICHUS BO3HUKHOBEHUEM U POCTOM HeycToWunBocTed. B cucteme 10
FRC wmamnmexamee rpaHuuHoe cmemieHue oOecrieunBaeT 3(G(EKTUBHOE — YIIPaBICHHE
TPAHCIIOPTUPOBKOM ¥ BPAIICHUEM HE3aMKHYTHIX CIJIOBBIX IMHHUHM, a TaKXKe BpamlCHUEM
aktuBHOM 30HBI FRC. Pacnonoxenue u ¢gopma pa3nuuHbIX 0OecTeueHHBIX eKTpoaoB 900,
905, 910 u 920 no3BoNSIET YNPABIATh PA3TMUYHBIMU TPYNIIaMHA TOBEPXHOCTEN 455 MOTOKA U IIPH
pasHBIX M HE3aBHCHMBIX NOTEHHMANAX. TakuM 0Opa3oM, MOXKET OBbITh PEaM30BaH UIMPOKHIA
CIIEKTP Pa3HBIX KOHQUTYpALUN NICKTPUUCCKUX TOJICH U HAMPSHKCHHOCTEH, KaXK1ast U3 KOTOPBIX
UMEET pa3Hoe XapaKTepHoe BIUsHUE Ha Y(HPEKTUBHOCTD TUTa3MBl.

[0097] Kiro4yeBbIM IPEUMYIIECTBOM BCEX ATHUX HMHHOBALIMOHHBIX METOJOB CMENIECHHUS
SIBIISICTCS TOT (PAKT, 4TO HA MOBEICHUE TUIA3MbI AKTHBHOW 30HBI M TPAHUIIBI MOKHO BIUSTH U3
MECT Aajieko cHapyxu twiasmbl FRC, T. e. Her HEOOXOAWMOCTH TPUBOAHUTH KaKHE-THOO
¢buzuyecKkue KOMIIOHEHTHI B KOHTAaKT C LEHTPadbHOM Tropsuelt minazMoul (4rto umeno Ol
CEpbe3Hble MOCNEACTBUS [UIsl MOTEPh SHEPTUU, NOTOKA U YaCTHUILl). DTO UMEET CYIIECTBEHHOE
OnarorpusTHOE BO3JEHCTBHE Ha HPQGEKTUBHOCTP U BCC IMOTCHIMAIBHBIC TMPUMCHCHHUSI
KOHIISTIIINH BBICOKOA(D(PEKTUBHOTO peKUMA.

DxcnepumeHmaivHble OanHble — paboma 8 eblcOK03hdexmusHom peacume

[0098] MHxexuust ObICTPBIX YAcTUL Yyepe3 Mydyku u3 nmymek 600 myuykoB HEMTpalbHBIX
YacTHUI] MIpacT BaXXHYIO poJib B oOecreueHUd BhICOKOdPdexTHBHOrO pekuma. Purypa 16
WUTIOCTPUPYET 3TOT dakT. M300paskeH HaOOp KPUBHIX, MMOKA3BIBAIONINX, KaK BpeMs xu3au FRC
KOppenupyer ¢ JUIMHOM HUMIOYJAbCOB NYYKOB. Bce ocTanmpHple paboune  yCcIOBHS
MOJJIEPKUBAIOTCST HEU3MEHHBIMU JUIsI BCEX pa3psilOB, OXBAaThIBAEMBIX JTUM HCCIEIOBAHUEM.
JlaHHBIE YCPEIHSAIOTCS MO0 MHOTMM CHHUMKAaM M 03TOMY OTOOPaKalOT THITMYHOE IOBEJCHHUE.
CoBepIlieHHO OYEBUAHO, 4YTO 0OJee MPOJOIDKUTENBHAS JIMTENLHOCTh IyYKOB cO3/1aeT Oosee
nonroxkusymye FRC. PaccmarpuBas 3TH JaHHBIE, a TAKXKE APYIHE TUarHOCTHUECKUE JIaHHbIE B
XOJIE ATOT'0 UCCIEOBAHUS, MOKHO BUJETH, YTO MYYKH MOBBIIIAIOT CTAOUIBHOCTh ¥ YMEHbBIIAIOT
notepu. Koppensius Mexay JUTHHON UMITYJILCOB IMY4YKOB U BpeMeHeM ku3au FRC He sBisiercst
COBEPUICHHOH, MOCKOJIbKY 3aXBaT IYyYKOB CTAHOBUTCS HE3(P(EKTUBHBIM HUXKE ONPEAESICHHOTO
pasmepa IU1a3Mbl, T. €. o Mepe Toro, kak FRC 450 cxumaercs B GU3MYECKOM pa3Mmepe, He Bce
MHKEKTHUPOBAHHbIE MyYKU MEPEXBATHIBAIOTCS U 3axBaTbiBatoTCs. Cokpamenue FRC npoucxoaut
TJIaBHBIM 00pa3oM BBHUAY TOro (¢akra, 4yTo YHUCTHIC TOTepH JHepruu (~4 MBT npumepHo Ha
noJITyTH 4epe3 paspsia) u3 mwiazMbl FRC Bo BpeMs paspsijia HECKOJIBKO MPEBBIIIAIOT OOIIYIO
MOLIHOCTH, moaaBaemyio B FRC wepe3 myuku Hedrpampubix uactun (~2,5 MBT) s
KOHKPETHOI'O 3KCIIEPUMEHTAJIIBHOIO 3allyCcKa. PacrnosoxkeHue NyykoB B MeECTE€, HaxOIALIEMCS
Oomke K cpenHed miockocTH emkoctH 100, mpuBeno Obl K YMEHBIICHUIO STHUX TOTEPh M

po iicHUIo BpeMenu xku3Hu FRC.
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[0099] ®urypa 17 WUTIOCTPUPYET BO3ACHCTBUS Pa3HBIX KOMIIOHEHTOB Ha JOCTHKEHUE
BbICOKO3((exkTuBHOrO  peskuma. OnHa  1OKa3pIBaeT  CEMEHCTBO  TUIIMYHBIX  KPUBBIX,
n3obpaxaromux Bpems xku3Hu FRC 450 kax ¢pynkuuio Bpemend. Bo Bcex cirydasix OCTOSHHOE,
HEOOJIBIIOE KOJUYECTBO MOIINHOCTH MNYy4YKOB (mpumepHo 2,5 MBT) wumxextupyercs Ha
NPOTSKEHUH BCEH UIMTENIBHOCTM KakKIoro paspsaa. Kaxknas KpuBas NPEACTaBISIET Pa3sHYyIO
KoMOuHarmio komnonenTos. Hanpumep, pabdora cuctemsr 10 FRC 6e3 kakux-inbo 3epKaibHbIX
npobok 440, mnazmeHHbIX nymek 350 wid reTrepupoBaHHs M3 rerrepupyronmx cucrem 800
NPUBOAUT K OBICTPOMY BO3HHKHOBEHHIO BpAllaTENIbHON HECTaOUIBHOCTH M MOTEPE TOMOJIOTUU
FRC. JlobGaBnenne TONBKO 3epKadbHbIX IIpoOok 440 3amepKuBaeT BO3HUKHOBEHUE
HEYCTOWYMBOCTEH W YBCIMYUBACT yAepkanue. lcmoib3oBanne KOMOMHAIIMU 3CPKAIBHBIX
npobox 440 u muazmeHHod nymkd 350 AONONHUTENBHO YMEHBINAET HEYCTOWYMBOCTH H
yBenuuuBaeT Bpems xku3Hu FRC. Hakoneu, no0GasieHue rerrepupoBanus (Ti B 3TOM ciyyae)
BA00aBOK K nymike 350 u npoOkam 440 naer Hammyylliue pe3ynaspTarsl - pesyasTupyomas FRC
HE HMEET HEYCTOMYMBOCTEM W TIPOSABILAECT CaMO€ JUIMHHOE Bpems ku3Hu. M3 sron
OKCIIEPUMEHTAJIbHON JIEMOHCTpPALMU $CHO, 4YTO IIOJHAsE KOMOWHAIMsT KOMIIOHEHTOB J1aeT
Hauayuinni 3pdext u odecrnednBaeT Myyky ¢ JyUIIHMU LEeNEBbIMU YCIOBUAMH.

[0100] Kak noka3zaHo Ha durype 1, HETaBHO OTKPBITHIH BBICOKOI((EKTUBHBIH PEKUM
JIEMOHCTPUPYET 3HAUUTENBHO YIYUYIIEHHOE TPAHCIIOPTHOE NoBeAcHue. Purypa 1 wnmoctpupyer
M3MEHEHUE BpeMeHH yjaepxkanus gactuil B cucreMe 10 FRC mexay OOBIUHBIM pPEXUMOM H
BBICOKOA((EeKTUBHBIM pexuMoM. Kak BUAHO, B BEICOKOA()(DEKTHBHOM PEXUME OHO YIYUIIHIIOCH
B Oonee 5 pa3. Kpome Toro, @urypa 1 peranuszupyer Bpems yaepskaHus yacTul B cucreme 10
FRC otHOCHTENbHO BpEMEHH yJepXkaHHMs 4acTUIl B OOBIMHBIX dkcrepumeHTax FRC
MIPEJIIECTBYIONIETO YPOBHS TEXHUKH. UTO KacaeTcst 3TUX JPYruxX ManiiuH, BEICOKOA((HEKTHBHBIN
pexxuM cuctemsl 10 FRC ynyumaer yaepxkanue or 5 po mouytu 20 pa3. Hakowen, u 4ro
HauOonee BaKHO, XapakTep MaciirtabupoBaHus yaepkanus cuctemsl 10 FRC B
BBICOKOA((EKTHBHOM pEeXHME PE3KO OTIMYACTCS OT BCEX H3MEPEHHUM NPEIIIeCTBYIOLIETO
ypoBHs TexHUkU. Jlo ycTaHOBiIeHHUS BbiCOKOd(dexTuBHOro pexuma B cucreme 10 FRC
pasjinyHble SMIMPHYECKUE 3aKOHbl MacIITaOMpOBaHHS MOJAy4yald M3 JaHHbIX  JJs
IIPOrHO3UPOBaHMsl BPEMEH ynepkaHus B 3kcrnepumentax FRC mpemmectByromiero ypoBHs
TexHUKH. Bee 5T TpaBuia MaciiTabUpOBaHMs 3aBUCAT B OCHOBHOM OT oTHomieHus R%/pi, rie R
- pamuyc HyJIsS MarHMTHOro 1o (HecTporas Mepa (PU3HYECKOro macimrada MailuHbl), a Pj -
JIAPMOPOBCKHMH pajiniyC MOHA, BBIUUCICHHBIN B NPUKJIAAbIBAEMOM U3BHE I10Ji€ (HECTporas mepa
IPUKJIA/IIBAEMOT0 MarHuTHOro noisi). M3 ®urypsl 1 sACHO, YTO JUIMTENBHOE YyJEpXKaHHUE B
00b1yHBIX FRC BO3MOXHO JUIITE MpU OONBIIOM pa3Mepe MAIIMHBI W/WIH CUJIBHOM MarHUTHOM

nosie. Pabora cucremsr 10 FRC B o6riyHOM pexume FRC mmeer TeHIEHIUIO CIIEOBATh TEM
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npaBujaM MacIITabupoBaHus, Kak mokazaHo Ha Purype 1. OmHako BBICOKOA(D(EKTHBHBIN
PEXKUM SIBIIIETCS 3HAYUTEIBHO IPEBOCXOASAIMM U [IOKA3bIBAET, YTO TOPA30 JIydlllee YIAepKaHUE
MOXET OBITh JOCTUTHYTO 03 OOJIBLIOro pa3Mepa MalllMHBI MM CHIBHBIX MAarHUTHBIX IHOJICH.
Yro emte 6onee BaxkHO, n3 Gurypsel 1 Takxke sicCHO, YTO BHICOKOID(DEKTUBHBIN PEKUM MPUBOJIUT K
VIYUYLIEHHIO BPEMEHH YJEp)KaHUS € YMEHBIIEHHBIM pa3MEpOM IUIa3Mbl MO CPAaBHEHHIO C
OOBIYHBIM PEKUMOM. AHAIOTUYHBIC TEHACHIIUH TAK)KE BUAHBI JUIsl BPDEMEH yJIepKaHUsI I0TOKA U
HEPTUH, KaK ONHMCAHO HUKE, KOTOPHIC TAKXKE YBEIMUMUIUCH Oojice ueM B 3-8 pa3 B cucteme 10
FRC. Takum o0Opa3oM, IpOpbiB BBICOKO3(M(HEKTHBHOIO peXXUMa ITO3BOISIET HCIOJB30BATh
HEOONBIIYI0 MOIIHOCTh IMYYKOB, Oojee ciadble MArHUTHBIC TOJMS M MEHBUIMM pa3Mmep it
nojuepkanus u yaepxkanusa pasHoBecuid FRC B cucreme 10 FRC n Oynymux mammnax 6osee
BBICOKMX JHEpruil. JTUM YIYUYLICHHUSIM COIYTCTBYET MEHbIIasi CTOMMOCTb 3KCIUIyaTallud H
CTPOUTENILCTBA, a TAK)KE YMEHbIIEHHAs! MH)KEHEPHAs CIOXKHOCTb.

[0101] [dna maneHeimero cpaBHeHusi durypa 18 moka3piBaeT JaHHBIE U3 THIUYHOTO
pa3psna BeicokodddexkruBHoro perknma B cucreme 10 FRC kak ¢yakumio Bpemenu. durypa
18(a) n3obOpaxaer pajuyc HCKIOHAeMOIo IIOTOKAa Ha cpejaHel Imiockoctu. [nst stux OGonee
JUIMTETIBHBIX BPEMEHHBIX MAacIITa0OB NPOBOAAIIAS CTallbHAs CTEHKa OOJbllle HE SBISETCS
XOPOIIUM KOHCEPBATOPOM MOTOKA, U MAarHUTHBIE 30HIbl, BHYTPEHHUE K CTE€HKE, JOMOIHSIIOTCS
30HJAMH CHApYXH CTCHKH, YTOOBI JOJDKHBIM 00pa3oM YYHUTHIBATH AUPQPY3MI0 MArHUTHOTO
IIO0TOKa uepe3 cTaib. [10 CpaBHEHUIO C THITMYHBIMU XapaKTEPUCTUKAMH B OOBIYHOM PEXHUME, KaK
nokasaHo Ha @urype 13, pexum paboThl, COOTBETCTBYIOIUN BBICOKOI(PPEKTUBHOMY PEXHUMY,
JEMOHCTpUpYET yBenuueHHoe 6osee yeM Ha 400% Bpems KU3HH.

[0102] Tumuunsli rpaduk criena JMHEHHO-UHTETPAJbHOW IUIOTHOCTH IIOKa3aH Ha
Ourype 18(6) ¢ ero UHBEPTHUPOBAHHBIM MO AOEIIO JOMOJHEHHEM, MPOQUIN TUIOTHOCTH - Ha
@urype 18(B). [1o cpaBHenuto ¢ 00bruHbIM peskxuMoM FRC, kak nokazano na @urype 13, razma
Oosble TOKOUTCS Ha MPOTSHDKEHHU BCEro HMIIYJIbCa, YTO CBHJETENbCTBYET 00 OYeHb
ctabunpHOW  pabore. [IlukoBas MJIOTHOCTH TaKKe HEMHOTO HIDKE HA  CHUMKax
BBICOKOA((EKTHBHOTO PEKMMA - 3TO CJIECJCTBUE OOJee BHICOKOW 00IIeH TemrepaTypsl IIa3Mbl
(BILIOTH 110 2 pa3), Kak nmokazano Ha @urype 18(r).

[0103] st cOOTBETCTBYIOILErO paspsiia, NpouwuIocTpupoBaHHoro Ha @urype 18,
BpEMEHA YJIEpKAHUSI DHEPTHM, 4YacThUll M IoToka cocrtapisitor 0,5 mMc, 1 mMc u 1 wmc
COOTBETCTBEHHO. B MOMEHT Hadana orcyeTra B 1 Mc IPU BXOX/EHUHU B pa3psij HaKOIJIEHHAs
9Heprus 1mia3mbl coctaBisieT 2 KK, B TO BpeMsl Kak IOTepU COCTaBISAOT puMepHo 4 MBT, uto
JIeNIaeT 3TY LEeJib OYE€Hb MOAXOMALICH 1T MOAAEPKAHUS [IyYKOB HEHTPaJIbHbBIX YaCTHIL.

[0104] Durypa 19 cymmupyeTr Bce NpEeHMYIECTBAa BBICOKOI(D(PEKTUBHOIO pexuMa B

BHJC HCAABHO YCTAHOBJICHHOIO J3KCIICPUMCHTAJIIBHOTO MaCHITa6I/IpOBaHI/I${ YACPIKAHUA TIOTOKaA
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BhIcOKOD b exTuBHOTO pekuMa. Kak moxkHo Buaeth Ha durype 19, Ha OCHOBE H3MEpEHUI,
npoBeaeHHbIX A0 W mocne t=0,5 mc, 1. e. t<0,5 mc u 0,5 mc, ynepkanue noroka (u
aHAJIOTHYHBIM 00pa30M yJIepKaHue YacTUIl U yJepKaHUEe PHEPTUN) MACIITAOUPYETCsl IPUMEPHO
C KBaJpaToM TEMIIEPATYpPbl NIEKTPOHOB (7.) I 3aJaHHOTO pajuyca Cenaparpucsl (Is). ITO
CUJIbHOE MAacIITaOUpOBaHUE C MOJIOKUTENBHOU CTENeHb0 T, (a HE ¢ OTPULIATEIbHON CTENEHBIO)
IOJHOCTBIO TIPOTUBOIMOJIOKHO TOMY, KOTOpPOE€ NpOSBIAeTCS OOBIYHBIMM TOKAaMaKaMH, TIJie
yIep)KaHUe, KaK NpPaBWIO, OOPAaTHO MPONOPIHMOHAIBLHO HEKOTOPOH CTCICHH TEMIICPATypPhI
3NICKTPOHOB. [IposiBiieHNE 3TOr0 MacITaOMPOBAHUSL SBISCTCS MPSIMBIM CIIEJACTBUEM COCTOSIHUS
BBICOKOD((EKTUBHOTO PeKUMA U OOIBIION OpOUTHI (T. €. opOUT Ha MacmTadbe Tonosorun FRC
U/WIM N0 MEHbLIEH Mepe XapakTepHOM MaciuTalde JUIMHBI TpaJueHTa MarHuTHoro nomus). Ilo
CyTH, 3TO HOBOC MacmITaOMPOBAaHHE CYHICCTBEHHO OJArompusITCTBYET BBICOKHM pPabOUYNM
TEMIIEpaTypaM U 00ECIIeYnBaET OTHOCUTEIBbHO HEOOJIBIIHE 110 pa3Mepy PEaKTOPHL.

[0105] brnarogaps HAIMYHIO NMPEUMYILECTB BBICOKOI(D(EKTUBHOTO peXUMa TOCTUKHUMO
nogaepxanue FRC unu ycraHoBHBLIEECS COCTOsIHME, BO30y)KIaeMoe MydyKaMHM HEHTpalbHBIX
YACTHUIL U C UCIIOJIb30BAHUEM HAJUICKAILEH MHKEKINUU TabJIeTOK, YTO O3HAYAET, YTO III00AJIbHbIE
napaMeTpsl IJIa3Mbl, TaKUE KaK TEIIOBas 3HEPIUs IUIa3Mbl, OOI1E KOJIMYECTBA YAaCTULL, PanyC
U JUIMHA IUIa3MBbl, a TaKyK€ MarHUTHBIN MOTOK SIBISIOTCS MOAAEPKUBAEMBIMH Ha MPHEMIIEMBIX
ypOBHsAX 0e3 cymecTBeHHOro cnaga. Jns cpaBHenus ®urypa 20 mokas3biBaeT AaHHBIE Ha
rpaduke A, MOIXy4EeHHBIC B pE3yiabTaTe pa3psa B THIIMYHOM BBICOKOI((PEKTUBHOM PEKUME B
cucreme 10 FRC kak ¢yHkius BpeMeHu, a Ha rpaguke B - Ui CIIpOEKTHPOBAHHOTO pa3psia
TUITMYHOTO BBICOKOA(dexTuBHOro pexxnma B cucreme 10 FRC kak ¢ynxius Bpemenu, rae FRC
450 nmonnep:xupaercs 0e3 cnaja Ha NPOTSKEHUH JJIUTEIbHOCTH UMITYJIbCA ITYYKOB HEHTPaAIbHbIX
yactull. s rpaduka A Mydykd HEHTpaslbHBIX 4YacTHUIl ¢ OOIIEH MOIIHOCTBIO B JIMAra3oHe
npuMmepHo 2,5-2,9 MBT Obutn mmxexktupoBanbl B FRC 450 mis nnuTenbHOCTH HMMITYIBCOB
AKTHUBHBIX ITyYKOB B MPUMEPHO 6 Mc. J[naMarHuTHOE BpeMs KHU3HU IUIa3Mbl, H300payKEHHOE Ha
rpaguke A, coOCTaBIsLIO MpUMEpHO 5,2 Mc. bosee mno3aHue HaHHBIE [OKa3bIBAIOT, YTO
JUaMarHUTHOE BpeMs KHU3HU IUIa3Mbl NPUMEpPHO 7,2 MC HOCTMXKHMO C JJIMTENBHOCTBIO
UMITYJIbCOB AaKTUBHBIX MMYyYKOB MPUMEPHO 7 MC.

[0106] Kak ormeueHo Bbiie B oTHomIeHHH Durypsl 16, xoppensius Mexay JUIMHON
UMITYJIbCOB ITIy4KOB U BpemeHeM xu3Hu FRC He sBisieTcsi COBEpIIEHHOM, IOCKOJIBKY 3axBar
IIy4KOB CTAHOBUTCS HEI(P(DEKTHBHBIM HUXKE OIPEAEICHHOTO pa3Mepa IUIa3Mbl, T. €. 110 Mepe
toro, kak FRC 450 cxumaercss B (U3HMIECKOM pa3Mepe, HE BCE HMHKEKTUPOBAHHBIC IYyYKH
nepexBaTbiBalOTCss U 3axBaThiBatoTCsl. CokpamteHne wim cnaga FRC mpoucxoauT riaBHBIM
o0pa3om BBUAY TOTO (pakTa, 4TO YUCThIE TIOTEpH FHEepruu (~4 MBT npumepHO Ha NOJITYTH Yepe3

paspsan) u3 1wuasmbel FRC Bo Bpems paspsia HECKOJBKO IPEBBIIAIOT OOIIyI0 MOIIHOCTS,
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noxgaBaemyro B FRC uepe3 myuku HeWTpanbHBIX dYactun (~2,5 MBT) a1 KOHKpETHOro
IKCIIEPUMEHTANBHOTO 3amycka. Kak ormedeHo B orHouieHun durypsl 3B, HaKIOHHAsA HHKEKIUA
1yuykoB u3 nymek 600 myukoB HEHTpaJbHBIX YACTHL K CPEAHEH IIIOCKOCTH YIIyYILAeT CBS3b
MyYKOB C IUIa3MoM, maxe korma miasmMa FRC cxumaercs wid WHBIM 00pa3oM aKCHalIbHO
CyXaeTcsi BO BpeMs Iepuoja MHkKeKiuu. Kpome Toro, Haajexamas MOANUTKA TaOneTKaMu
OyzeT noaepKUBaTh HEOOXOIMMYIO INIOTHOCTD I1JIa3MBI.

[0107] TIpaduxk B sBusiercss pe3yJbTaroM MOACIUPOBAHUMN, BBINOJHECHHBIX C
VCIIOJIb30BAHUEM JUIMTEIBHOCTBIO HMMITYJBCOB AKTHUBHBIX ITyYKOB TNPHUMEPHO 6 MC U 00mIen
MOIIIHOCTH MYy4YKOB U3 nynrek 600 myukoB HEHTpaabHBIX YacTUIl 4yTh Oojee 10 MBT, mpu sTom
IyYKU HEUTpaNbHBIX HAaCTHUIl JOJDKHBI MHXKEKTHpPOBAaTh HelTpaibHble yacTuibsl H (wm D) c
HEpruei yacTul npuMepHo 15 k3B. DKBHUBAICHTHBIM TOK, WHXEKTHPYEMBIM KaXKIbIM W3
ny4ykoB, cocTaBisgeT npumepno 110 A. ag rpadukxa B yron WHXEKUMH HOYYKOB K OCH
YCTPOMCTBA cocTaBsil npuMepHo 20°, paanyc mumend - 0,19 M. Yron HHXeKUUH MOXET ObITh
U3MeHeH B npefenax 15°-25°. Iyuku 1omKHBI HHKEKTUPOBAThCs B ITapajlyIeIbHOM HallpaBIEeHUH
azuMyTalbHO. Uucrasg OokoBas cuijia, a TAaKXKe YHCTas OceBas CHila OT MHXEKIUHU HMITYJIbCOB
NYYKOB HEHTpaJbHBIX YaCTHI] JOJKHBl ObITh MHHUMHU3UpOBaHbl. Kak u B cinyuae rpaduka A,
Obictppie (H) HelTpanpHble YaCTUIl HHXEKTHPYIOTCS H3 HHXEKTopoB 600 my4koB
HEUTpaTbHBIX YaCTHI[ C MOMEHTA, KOT/la ceBepHas u roxkHas ¢opmupyromue FRC cimBarotcs B
kamepe 100 ynepxanus B onny FRC 450.

[0108] MogenupoBaHusi, HpH KOTOPBIX OCHOBa Jns rpaduka B ucnons3yer
MHOroMepHsle xosutoBckue MI'JI-pemarenu it GOHOBOM TUIa3Mbl M PaBHOBECHS, MOJHOCTHIO
KMHETUYECKHE penraTesan Ha ocHOBe MeTona MonTte-Kapiao /g dHepreTu4eckux KOMIIOHEHTOB
IIyYKOB U BCEX MPOLIECCOB PacCesiHMS, a TAKIKE MHOKECTBO CBSI3aHHBIX YpaBHEHUH NepeHoca s
BCEX BUJOB IUIa3Mbl AJ MOZIEIUPOBAHUS NPOLECCOB MHTEPAKTUBHBIX NOTEPh. KOMIOHEHTHI
MEpPEeHOca IMIUPUYECKH OTKATMOpPOBAHBI W TIIATEIBLHO CPAaBHUBAIOTCS C IKCIIEPUMEHTABHOM
0a30ii TaHHBIX.

[0109] Kak moka3aHo Ha rpaduke B, nuaMarHuTHoe BpeMsl >KU3HU YCTAHOBMBILIETOCS
coctosHuss FRC 450 Oyzaer MIUTENIBbHOCTBIO UMITYJIbca yYKOB. OJTHAKO BaXKHO OTMETUTH, YTO
KJIIOUEBOM KOppeAMoHHbIN rpaduk B nmokassiBaeT, 4To Korja my4ky BbIKIHOYEHBI, J1a3Ma WU
FRC naumnaeT cmanath B TO BpeMs, HO He paHbiie. Criaa OyneT aHaJTOTHYHBIM TOMY, KOTOPBIN
HabroaeTcs B pa3psgax, KOTOpbIe HE aCCUCTUPYIOTCS IIyYKaMH - BEPOSITHO, Ha MOPSAIOK 1 Mc
110CJIE BPEMEHU BBIKJIFOUEHUS IIYYKOB - U [IPOCTO ABJSETCS OTPAKEHUEM XapaKTEPHOI'O BPEMEHU
3aTyXaHHUA IIJ1a3MBl, BBI3BAHHOT'O NPOLIECCAMU BHYTPEHHUX MTOTEPB.

Cmabunuzayus niazmvl U ynpasieHue 0CeeblM NOJI0ICEeHUEM

[00110] O6patumcs Temepr K CcHCTEMaM U CIocodaM, KOTOpble 00Jerdaor
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crabmm3anuio masmel FRC kak B paguanbHOM, TaK M B OCEBOM HAlpaBJICHUSAX U YNPaBJICHUE
oceBbIM mosokeHueM Iasmel FRC Brosis ocu cumMMerpun kameps! yiaepskanus miaasmel FRC.
@urypa 24 noxasplBacT YIPOILEHHYIO CXEMy Ul MIUIIOCTPALMU WJUIIOCTPATUBHOTO BapUaHTa
OCYILIeCTBIEHUS MexaHnu3Ma 510 ynpaBiaeHust OCEBBIM MOJIOKEHHEM. Bpamaromascs miazma 520
FRC, nokazannas B npenenax kamepsl 100 ynepyxanus, iMeeT TOK 522 mia3Mbl U HalpaBlIeHHUE
524 oceBoro cmerenus. PaBHoBecHoe 1ojie (He [MOKa3aHO) co3jgaeTcs B mpeaenax kameps 100
KOMIIOHCHTaMH  CUMMETPUYHBIX  TOKOB, TakUMM Kak, Hanpumep, Kkarymku 412
KBa3HUIOCTOSHHOTO Toka (cM. @urypsl 2 u 3). PaBHOBecHOe IoJie HE CO3/aeT YHCTOW CHIIBI B
HanpaBieHUH 524 0ceBOro CMEIIEHUs, HO MOXKET ObITh HACTPOEHO Ha co3AaHue Jubo
MOTICPEYHO/PaIMAIBHO, JIM0O aKCHANbHO YCTOWYMBOM Iia3Mel. Jlis  meneil  BapuaHTa
OCYIIECTBJICHUS, IIPEACTABICHHOIO 3/I€Ch, PAaBHOBECHOE I10JIE HACTPOCHO Ha CO3/JaHHE
nomnepeyHo/paguaneHo ycroitunpoi masmel 520 FRC. Kak oTMedanocs Bblllie, 3TO MPUBOAUT K
OoceBOM HecTaOWUIBHOCTH W, TakuM oOpa3oMm, oceBoMmy cMenieHuo miasmel 520 FRC B
HaripaBieHuu 524 oceoro cMmenieHus. [lockonbky 1urazma 520 FRC nepememiaercs akcuaibHO,
oHa wuHayuupyer Tokd 514 u 516, xoTopbie SBISIOTCS AHTUCUMMETPUYHBIMHM, T. €. B
NPOTUBOMNOJOKHBIX HalpaBIEeHUsX B cTeHKax Kamepbl 100 ynepxaHMs Ha KaXA0il CTOpoHE
cpeaneit miockoctu kamepsl 100 ynepkanus. Ilnazma 520 FRC 6yaer uHaynupoBaTh 3TH THIIbI
COCTAaBJISIIOLIMX TOKA KaKk B €MKOCTH, TaK M BO BHEIIHUX KaTyllIKaX. OTH aHTUCHUMMETPHYHBIC
cocrapisirone 514 m 516 TOKOB CO37al0T pajMalibHOE I10JIe, KOTOPOE B3aMMOJCHCTBYET C
TOPOUJANIBHBIM TOKOM 522 miia3Msl, CO3/aBas CUILY, KOTOpask MPOTUBOAEHCTBYET MEPEMEILEHUIO
mia3Mel 520 FRC, u pe3ynpTatoM 3TOH CHIBI SBJISETCS TO, YTO OHA 3aMEAJISIET OCEBbIE
CMeleHHs IIasMbl. OTU TokM 514 u 516 mocTeneHHO paccenBalOTCs CO BPEMEHEM BBUJLY
conpotusiieHus kamepsl 100 yrepxanust.

[00111] Karymxku 530 u 531 panuanbHOro Iosis, pacroioXeHHble BOKpYr kamepsl 100
yaepXKaHusg Ha KaXIOW CTOpOHE cpelHell IIOCKOCTH, O0eCHeYHBAarOT JOMOJIHUTENbHBIE
COCTABJISIIONINE PAJMAIBHOTO TIOJSL, KOTOphbIe 00ycioBiaeHs Tokamu 532 u 534,
WHAYIMPOBAHHBIMU B MPOTHUBOIONIOXKHBIX HampasieHusx B Karymikax 530 u 531. Karymku 530
¥ 531 paguanbHOro HoJsi MOTYT COEPkKaTh HAOOP OCECUMMETPUYHBIX KaTYIIEK, KOTOPbIE MOTYT
ObITh pa3MelleHbl BHYTpU WM cHapyxu emxoctd 100 ans ynepkanus. Karymwku 530 u 531
pauanbHOrO TIOJisA, KAK MOKAa3aHO, PaclojioKEHbl CHapyxku emkoctd 100 mmist yneprkanus,
aHajgornyHo karymkam 412 (cm. @urypsl 2 u 3) kBa3UnocTossHHOTO Toka. Kaxkmast u3 xartyiiex
530 u 531 wnm HaOoOpoOB KaTyIIEK MOXET HECTH JPYroll TOK, HEXeJIW KaTylKH Ha
IIPOTUBOIIOJIOXKHOW CTOPOHE CpPENHEH IUIOCKOCTH, HO TOKM SIBJSIIOTCS aHTUCUMMETPHYHBIMH
OTHOCUTEIBHO CpeaHen miockocTh eMmkocth 100 gns yaepkaHuss M CO3AAKOT CTPYKTYPY

MarHuTHoro noiss ¢ B:#0, B,=0 Bnons cpennei minockoctu. Karymku 530 u 531 paguansHOTO
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NoJii  CO3JAl0T  JIONOJHUTENbHYI0  COCTABJIIONIYK) — paAMaJbHOTO  MOJs,  KOTOpasd
B3aUMOJICHCTBYET C TOPOUJAIBHBIM TOKOM 522 1u1a3Mbl, co3aBast oceBylo cuily. OceBasi cuia, B
CBOIO OUepeb, IEPEMEIACT MIa3My 00paTHO K cpeHei iockocTH kamepsl 100 yaepxanusi.

[00112] Mexanusm ympapiaeHuss 510 Bxirodaer B ceOs CUCTEMY YIpaBIeHUS,
BBIMTOJIHEHHYIO C BO3MOXXHOCTBIO BO3JEHCTBHS Ha TOK KaTylleK paauajbHOrO IOJs, YTOOBI
OIIEPATUBHO BOCCTAHABIMBATH IOJIOXKCHUE IUIA3Mbl K CPEIHEH IUIOCKOCTH, MUHUMHU3UPYS IIPH
TOM NEPEOTKIOHCHUE H/WIM KOJCOAaHUS BOKPYr CPEAHCH IUIOCKOCTH MammHbl. Cuctema
yIOpaBICHHS BKIIOYAeT B cebs mpoueccop, GyHKINOHATBHO CBA3aHHBIA ¢ KaTymkaMu 530 u 531
paauaIbHOro TOJs, KaTymkamu 412 KBa3UIOCTOSHHOTO TOKa, HMX COOTBETCTBYOUIMMHU
UCTOYHUKAMU THUTAHUS W JPYTUMH KOMIIOHCHTaMH, TaKUMH KakK, HAIpUMEP, MArHHUTHBIC
NATYUKH, TPEAOCTABIIIONINEC W3MEPEHHUS TIOJIOKCHHS IUIa3Mbl, CKOPOCTH IUIa3MBl H TOKa
aKTUBHBIX KaTyimiek. Ilpoiteccop MoOxeT OBITh BBIMOJHEH C BO3MOXHOCTBIO BBITOTHEHHS
BBIUKCICHUM U aHAIM30B, OMHCAHHBIX B HACTOSIIECH 3asiBKe, U MOXKET BKIOYaTh B cels WU
OBITh KOMMYHHKATHBHO CBSI3aH C OJHUM HJIU 00Jice 3alIOMUHAIONIMMHU YCTPOHWCTBAMH, BKITIOYAs
HEBPEMCHHBIN MallMHOYMTAECMBI HOCHTENb. OH MOYKET BKJIIOYATh B Ce0sl CHCTEMY Ha OCHOBE
npoLeccopa Wil MUKPOMPOLECCopa, BKIIIOUAs CHUCTEMBI, UCIMIONb3YIOMINE MUKPOKOHTPOJUIEPHI,
KOMIIBIOTEPBI C COKpallieHHbIM HabopoMm komann (RISC), cnenuanu3upoBaHHble HHTETPAIbHbBIE
cxembl (ASIC), norumdeckue cxeMbl W JIO0YIO JIPYTyIO CXEMy WM IIPOLIECCOP, CIIOCOOHBIM
BBINTOJIHATE (DYHKIMHM, ONMCAHHBIC 3/1€Ch. BBINICNPUBEICHHBIC NPUMEPHl SBISIOTCA JIMIID
WUTIOCTPAaTUBHBIMU U, CJEJOBATENbHO, HE NpeJHa3HAUYEeHbl i1 OrPaHUYEeHHsS KaKUM-THOO
00pa3oM OIpeeNeHHs W/UITH 3HAYeHUS] TEPMHUHA «ITPOLECCOP» WIH KKOMITBIOTEPY.

[00113] Oyukmum mporeccopa MOTYT OBbITh pEaM30BaHbl €  HCIOJIh30BAaHHEM
NPOTPaMMHBIX TIPOIICAYP, AalMapaTHBIX KOMIIOHEHTOB HJIM WX KOMOWHAIMA. ATapaTHbIe
KOMITOHEHTBI MOTYT OBITh pEaJM30BaHbI C UCIIOJIb30BAHUEM PA3UYHBIX TEXHOJIOIMH, BKIIIOUAs,
HaTnpUMep, HHTErpajibHbIe CXeMbl UM OTIENbHbIE JJIEKTPOHHBIE KOMIOHEHTHI. [IpoiieccopHbIit
050K, Kak MpaBUJIO, BKJIIOYaeT B ce0d CUMUTHIBAEMOE/3aIMCHIBAEMOE YCTPOWCTBO XpaHECHMS
JIAHHBIX U, KaK MPAaBHJIO, TAKKE BKIIOYACT B C€0s anmapaTHOe W/MIIHM IPOTPaMMHOE o0ecTieueHHe
JUIsL 3aTTUCH W/WJIM CYUTBIBAHUS YCTPOUCTBA XPaHEHHUS HaHHBIX.

[00114] IIpoueccop MOKET BKIOYATh B Ce0sl BHIUUCIUTENBHOE YCTPOUCTBO, YCTPOUCTBO
BBOJIa, OJIOK OTOOpakeHUs W uHTEpdeiic, HanpuMep, s aoctyna k MaTepuery. Kommbrotep
WM TIPOLECCOP MOXKET BKIJIIOUaTh B ce0s MHKpoIpoueccop. MUKpPOIPOIECCOp MOMKET ObITh
MOJKIIOUEH K IIMHE CBsizu. KoMmbioTep WM mpoLeccop TakKe MOXKET BKIIoYaTh B ceOs
3a[lOMHMHAIONIEE YCTPOMCTBO. 3allOMHHAIONIEE YCTPOHCTBO MOYKET BKIIOYaTh B  cebds
OTepaTUuBHOE 3armoMuHaromee ycrpocteo (O3Y) M IMOCTOSHHOE 3alOMHHAIOUIEE YCTPOMCTBO

(I13Y). KomnproTep WM TIPOIECCOP TAKXKE MOXKET BKIIOUATh B CeOSl YCTPOMCTBO XpaHCHUS
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JAHHBIX, KOTOPOE€ MOXXET OBITh JKECTKMM JUCKOM WM CBHEMHBIM HAKOMHUTENEM, TaKHUM Kak
JMCKOBOJI T'MOKHUX JMCKOB, ONTHYECKHI ITUCKOBOA M TOMY HOJOOHOE. YCTPOHCTBO XpaHEHUs
TaKXKe MOXET OBITh JIPYIMM aHAJIOIMYHBIM CPEJACTBOM JUIS 3arPy3KH KOMIIBIOTEPHBIX IIPOTpaMM
WIIM APYTHX KOMaHJ B KOMIOBIOTEP MIIM TTPOLECCOP.

[00115] TIpomeccop BBINONHIET HA0OP KOMaHI, KOTOPhIE XPaHATCSI B OAHOM WX Oojiee
JJIEMEHTAX XpaHEHHs, Uld 0O0pabOTKM BXOAHBIX JAHHBIX. DJIEMEHTHI XPAHEHHS TAKKE MOTYT
XPaHUTh JAHHBIC WIH APYTYI0 MH(POPMALUIO MO KEJAHUIO WM 110 HEOOXOAUMOCTH. DJICMEHT
XpaHEeHUs MOXKET OBITh BBINOJIHEH B BUJE UCTOYHHKA UH(OPMAIMU UM GU3UYECKOTO DJIEMEHTa
NaMsATH B IIpeAeax BhIYMCIUTEIbHON MalIMHBIL.

[00116] 3anauga ynpaBieHUS IOJIOKEHUEM AKCHAJIbHO YCTOMYMBON WJIM HEYCTOWYHBOU
kondurypaumn FRC ¢ ucrons3oBanveM NPHBOAOB KATYIICK PaJHaIbHOTO TOJIS PEIICHA C
UCIMONB30BaHUEM BETBH TEOPUH HETUHEHHOro YINpaBJIEHUs, W3BECTHOH KaK YHpaBJIEHUE CO
CKOJB3AIINM pexXxuMoM. JIuHelHas QyHKIMS COCTOSHUN CHUCTEMBI (TOBEPXHOCTb CKOJBXKEHMS)
BBICTYIIAET B POJIM CHUTHAJIA OLIMOKU ¢ TPEOYEMBIM aCUMIITOTUYECKU CTAOUIIBHBIM (CKOJIB3SIIINAM)
nosesieHneM. CKoJb3411asi IOBEPXHOCTh pa3padoTaHa ¢ MCIOJIb30BaHUEM TEOPHH JIsryHOBa IS
NPOSIBJIIEHHS ACHUMOTOTHYECKOM YCTOMUMBOCTM B ILIMPOKOM [HAla3oHe JUHAMHYECKHX
napamerpoB FRC. Ilpeanaraemas cxema ynpaBieHHs 3aT€M MOKET ObITh UCIIOJIb30BaHa KaK AJA
aKCHaIbHO YCTOMYMBOM, TaK M HEYCTOMUYMBON IUIa3Mbl 0€3 HEOOXOJMMOCTH IIEPEHACTPONKH
[IapaMeTpPOB, HCIOJb3YEMBIX Ha IIOBEPXHOCTU CKOJIBKEHHUS. IJTO CBOWCTBO  SIBIISIETCS
NPEUMYILIECTBEHHBIM, MOCKOIbKY, KaK YIOMUHAJIOCh paHee, PaBHOBECHE, BO3MOXKHO, JOJDKHO
MPOXOAUTh MEX/Y aKCHAJIBHO YCTOHUYMBBIM M HEYCTOHUMBBIM PaBHOBECHUSAMM Ha Pas3HbIX (hazax
paspsina FRC.

[00117] Kondurypamus cxembl 500 ympaBienus mnoxazana Ha @Durype 25. Ouabtp
HIDKHUX YacTOT OrPaHMYUBAET YacTOTbI IEPEKIIOUEHHUs B Iperenax TpeOyeMoil LIMpUHBI
NoJI0CH! yrpasienus. Ilpeanonaraercst Haauuue HUQPPOBOro KOHTypa yrpasieHHs, TPeOyIOLIEero
JMCKPETU3AIlMKM U TIepe/lay CUTHaja C OJHOM 3a/iepKKol auckperuzanuu. CHurHan onrmoOKH
(TIOBEPXHOCTh CKOJILXKEHHMSI) IPEJICTaBIsET cOOON NHHEHHYyI0 KOMOMHAIlMIO TOKa KaTyllek,
TMIOJIOKEHHUS TUIa3Mbl M CKOPOCTH IU1a3Mbl. [1oio)keHHe U CKOPOCTH I11a3Mbl OepyTCs U3 BHELIHUX
MarHuTHbIX H3MepeHud. TOkM B cHCTeMaxX aKTHUBHBIX KaTylleK MOIYT OBbITb H3MEpEHSI
CTaHJAPTHBIMHU CITOCOOAMU.

[00118] Toxm kaTymiek ¥ TMOJOXKEHHE TUIa3Mbl HEOOXOJMMBI JJist OCYIIECTBICHHS
yIpasiieHus nojoxenneM. CKopocTh ruia3Mel Tpebyercs it ynyduieHus 3G(eKTuBHOCTH, HO
OHa He sBuseTca oOs3aresnbHON. HenuueitHas ¢yHKUMs 3TOro curHaiga OMMOKM (3aKOH
YIpaBiICHUS] peJ€) TEeHEpUpyeT MAWCKPETHbIE YPOBHH HAINpPSDKEHUA JUIS  KaXIOM Mapsbl

HUCTOYHHUKOB ITUTAHUA, TOJAKIIOYCHHBIX K CHMMCTPHUYHBIM KaTyUIKamM CpeHHeﬁ IJIOCKOCTH.
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CuMMeTpuuHbIe KaTyUIKH CpeIHEeH IIJIOCKOCTH NMTAXTCsl HAMpPsUKEHHEM pene OJMHAKOBOH
MHTEHCUBHOCTH, HO IIPOTUBOIIOIIOXKHOTO 3HaKa. DTO CO3/1a€T COCTABIAIOLYIO PaAualIbHOIO OIS
JUIsL BOCCTAHOBJICHUS IIOJIOXKEHUS TUIA3Mbl K CPEHEH IIJIOCKOCTH.

[00119] Ytobsl NPOAEMOHCTPUPOBATH OCYLIECTBUMOCTh CXEMBl YIPABICHUS, I
MOJEIMPOBaHHs JAMHAMHUKH IIJa3Mbl HMCHOJB3YeTCS MOJENb KECTKOM mnasMmbel. Mozens
UCIIOJIB3YET IeOMETpHIO MarHuta. PacrpenencHue TOKa IUIa3Mbl COOTBETCTBYET AKCHAJIBHO
HEYCTOWYMBLIM PaBHOBECHUSIM C BPEMEHEM POCTa 2 MC, KOTJia pacCMaTpUBAIOTCS TOJIBKO IUIa3Ma
u eMmkocTh. IIpennonaraercs, 4To UCTOYHMKHM NMUTaHUS pPabOTAIOT C JUCKPETHBIMH YPOBHSIMHU
HarpskeHust, 00bI9HO ¢ marom 800 B.

[00120] ®Purypa 26 10Ka3bIBa€T HECKOJIbKO MOJACIMPOBAHUN YIIPaBJICHUS IUIa3MOH,
KOTOpPBIC BBIICISIOT OTHOIICHHS MEXKIY HPHKIIAALIBACMBIMHM HANPSOKCHUSMH K KaTyIIKaM H
BpPEMEHAMH YCTaHOBJICHHUS IMOJIOKEHHS IUIa3MBbl, a TaKKe TpeOyeMbIM MHUKOBBIM TOKOM KaTYILEK
U CKOPOCTSMH JUHEHHOTO U3MEHEHUs, YTOOBl BEPHYTh K CPEJHEH MIOCKOCTH IIa3My, KOTOpas
Obl1a cMEleHa B OCEBOM HampabiieHHH Ha 20 cM. DTU HpuUMepbl MOJICIUPOBaHUS YIIPaBICHUS
OCEBBIM IIOJIOKEHUEM CO CKOJIB3SIIMM PEKUMOM BbINOJIHAIOTC 1pu 0,3 Ti ¢ ucnonbp30BaHUEM
YeThIpEX Map BHEHIHMX OOpe3HbIX Karymiek. [lokazaHel yeTbipe ciiydas, COOTBETCTBYIOILUE
UCTOYHMKAaM MHTaHWUs C AUCKPETHBIMM YPOBHSAMHU HampsbkeHus c¢ maroM 200 B (cruiomHoit
kBajpar), 400 B (crommnoi kpyr), 800 B (ciuomnoit tpeyroiabHuk) u 1600 B (1osblii
KBajpar). [lis Bcex deThlpex CilydaeB HIMpPUHA I10J0CHI yIpasieHus cocTasisger 16 xl'n, a
yactota guckperusauuu 32 kl'm. Ilokasansl monoxkeHue mia3Mbl (BepXHHUU Tpaduk), TOK B
caMoil BHELIHEH nape KaTyuek (CpeiHHil) U CKOpPOCTb JIMHEHHOIO M3MEHEHHS TOKa KaTyIeK
(HnxHMR). CMEIEeHHIO IIa3MBbl Pa3peIIeHo PacTH HEYCTOMUMBO, ITOKa OHO HE JIOCTUTHET 20 cM.
Ha sTom sTamne npuMeHseTcst yrpaBjieHue ¢ 00paTHOH CBS3bIO.

[00121] Pe3ynpTathl MOAEIHPOBAHUS IOKA3BIBAIOT, YTO:

1. UtoObl BepHYTH IIJIa3My K CpelHEH IJIOCKOCTH B T€YEHHE 5 Mc (Clebl CIUIOMIHBIX
KBaAPaTOB), JOCTATOYHO CKOPOCTH pa3roHa katymku B 0,5 MA/c ¢ tpeboBanuem nuranus B 200
B.

2. YtoObl BEpHYTH IJIa3My K CpeaHel MIOCKOCTH B TeueHue 2,3 Mc (Crielbl CIUIOIIHBIX
KPYTOB), IOCTATOYHO CKOPOCTH pa3roHa KaTynikd B 1 MA/c ¢ tpeboBanuem nutanus B 400 B.

3. UtoOsI BEpHYTH MJIa3My K CPEIHEH TUTOCKOCTU B TeueHHe 1,3 Mc (Ciepl CIIONHBIX
TPEYTOJILHUKOB), TOCTATOYHO CKOPOCTH pasroHa KaTymku B 2 MA/c ¢ TpeboBaHWEM NTUTAHUS B
800 B.

4. YtoObl BepHYTh IIa3My K cpenneil miockoctd B TeueHue 1,0 Mc (ciempl MOJIBIX

KBaJIPaToB), JOCTATOYHO CKOPOCTH pa3roHa Karyuku B 4 MA/c ¢ Tpeboanuem nurtanus B 1600

B.
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[00122] TIluxoBele TOKM IJs BceX OOpPE3HBIX KaTyIIeK MJisg TPEThEro ciyuas,
PaccMOTPEHHOTO BhIIIE (Cliydail cKopocTH pasrona B 2 MA/c), takxke nokasansl Ha urype 27 B
3aBUCHMOCTH OT TIOJIOKEHUsSI OOpe3HON Karymku. I[IpuMepsl MOISIMPOBAHUS YIIPABICHHUS
OCEBBIM IOJIOKEHUEM CO CKOJIB3SIIKMM PEeXUMOM BoINonHsA0TCS npu 0,3 Tn ¢ ucnoas3oBaHUuEM
YeThIpeX Iap BHEIIHUX OOPE3HBIX KaTYIIeK C MCIOJIb30BAHUEM HMCTOYHHMKA NMUTAHHS C Tpems
yposusimu (+800 B, 0, -800 B), mmpunsl monocsl ympasiaeHus B 16 kI'm u yactors
muckperu3aiuy B 32 k[, UToObl BEepHYTH IUIa3My K CPEAHCH IUIOCKOCTH B TeueHue 1,3 mc,
TpeOyeTcss CKOpOCTh pasroHa Katymku B 2 MA/c. IlukoBbeiii TOK, TpeOyeMbIl BO Bceil mape
KaTyliek, cocraBusger MeHee 1,5 kA. daxtuyeckas TpeOyemas dYacToTa TEPEKIIOYCHHS
(npumepno 2 k['11) 3HAYUTEIHHO HIXKE IIUPUHBI ITOJIOCH CUCTEMBI YIIPaBICHUSI.

[00123] Cucrema ympaBiICHHS TaKXKE MOXKET OBITh pEaM30BaHA HA IICICBOM
MOBEPXHOCTH, KOTOpas sABIseTcs (YHKIUEN TOIBKO TOKA KaTylleK M CKOPOCTH IUIa3Mbl, Oe3
MOJIO’KEHHUS IJIa3Mbl. B 3TOM ciiydae KOHTYp yIpaBlieHHUS OCEBBIM MOJOKEHHEM obOecredynBaeT
TOJILKO CTAOMJIM3AIIMI0 OCCBOW IUHAMWKH, HO HE YIPABICHHE. DTO O3HAYACT, YTO IUIa3Ma
HAXOJIUTCA B MCTACTAOWJIBHOM CHUTYallMM U MOXET MCJICHHO Apei(oBaTh BIOJIb CBOCH OCH.
3ateM yIpaBieHHUE MOJOXKEHHEM 00eCleYrBaeTcs ¢ UCMONb30BAaHUEM JOMOJHUTENbHON METIH
o0paTHOI CBSI3U, KOTOpas YOpaBiseT 3a30paMu IUIa3Mbl MEXAY CemapaTpUcoil Ila3mbl U
€MKOCTbIO, @ CJIEJIOBATEJIbHO, OJHOBPEMEHHO BBINIOJIHAET YIIpaBICHUE (OPMON U MOJIOKECHUEM
IJ1a3MBl.

[00124] [pyrum yCTpOMCTBOM yIEpKaHHS IUIa3Mbl, B KOTOPOM HCIOJIB3YIHOTCS
AQHAJIOTMYHBIE CUCTEMBI YIIPaBJIEHUS, ABIsETCS TOKamak. [ moaaep:kaHus ynepsKkaHus Mia3Mbl
TOK IJIa3Mbl B TOKaMake JIOJDKEH TOJICPKUBATHCS MEXKAY HIDKHUM U BEPXHHM IIpPEJIeiiaMHu,
KOTOPBIE TPUMEPHO MPOTOPIUOHAIBHBI TUIOTHOCTH IUIa3Mbl ¥ TOPOWJIAJTLHOMY  TIOJTIO
COOTBETCTBEHHO. [[ysi paGoThl MpU BHICOKOW IMJIOTHOCTH IUIA3Mbl TOK IJIa3Mbl JOJDKEH OBIThH
yBelnYeH. B To ke BpeMs MOJOUJANBHOE IMOJIE JOJDKHO TOANEPKUBATLCA KaKk MOXKHO criabee,
yT00BbI K03 (dUIMEeHT 0e30MmacHOCTH q ObUT BBHIE ¢=2. DTO JIOCTUTAETCS 33 CUET Y/UTHHCHUS
TJIa3MBI BJIOJIb HAMPABJICHUS OCH MAIIIMHBI, YTO TO3BOJISIET HAJIAKUBATH OONBIIION TOK TIA3MBI (a
ClIeIOBATENbHO, OOECMeurnBaTh BBICOKYHO IJIOTHOCTh IUIa3Mbl) 0€3 YBEIHUEHHUs TPAHUYHOTrO
MarHUTHOTO TMOJsi OoJbile ero mnpeaenoB O€30HacHOCTH. DTH YIUIMHEHHbIE [UIa3MBI
HEYCTOMUYMBBI BJIOJIb HATPABJICHHS OCH MalllMHbI (M3BECTHOIO Ha >KaproHe TOKAMaKOB Kak
BEPTUKAJILHOE HAIpAaBICHUE), a TakkKe TPeOYyIOT MEXaHU3MOB CTAOWJIM3AIMU  TLJIA3MBL.
VYpaBneHrue BEPTHKAIGHBIM MMOJOXKEHHEM IUIA3Mbl B TOKAMAaKaX TAKKe BOCCTAHABIMBAETCS C
WCIIONIb30BaHMEM Ha0opa KaTylIeK paJuagbHOro II0Jisl, MO3TOMY OHO CHJIBHO HAallOMUHAET
npobsnemy ympasieHust nojokenrueM RFC. Onnako npuumHbl, TpeOyrolne cTabmiIvu3aluy B

tokamake 1 FRC, pazmuunsl. B mmazme Tokamaka BepTUKaJIbHAs HECTAOMIIBHOCTH - 3TO HITpad,
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KOTOPBIN CIeAyeT 3aIUIaTHTh, YTOOBI paboTaTh IpH OOJIBIIOM TOKE ITa3MBbl, JIs 4ero Tpedyercs
VAJUHEHWE IUIa3Mbl JJisi pabOThl C CUIIBHBIM TOpouAaibHbIM mnosieMm. B cmyuae FRC
HECTaOMIBHOCTh IUIa3Mbl - 3TO MmTpad, KOTOPBIA CIEAyeT 3aIUIaTUTh, YTOOBI TOIYYHUTH
NOTIEPEYHYI0 CTAOMIBHOCTh. TOKaMakM HMEIT TOPOMAAIBHOE TOJe, KOTOPOE CTaOMIM3UPYET
KOH(HUTypanuo, IOITOMY UM He HY»KHA NonepeyHas cTabuin3amnus.

[00125] WiuttocTpaTUBHBIC BApHAHTBI OCYLIECTBIICHUS, IPEACTABICHHBIE 3/€Ch, OBLIH
OIMCAHBI B IIPeIBApUTEIIbHOM 3asBke Ha mateHT CIIA Ne62/255258 v npenBapuTebHOI 3asBKe
Ha maTeHT CIIIA Ne62/309344, xoTopbie BKIIOUEHBI B HACTOSIIIMHA TOKYMEHT 110 CCBIIKE.

[00126] OnHako, WITFOCTPATUBHBIE BAPUAHTHI OCYIIECTBICHUS, MPEACTAaBICHHbBIC 3/1€Ch,
[pCHA3HAYCHBI JIMIIb B KAuyeCTBC WUIIOCTPATHBHBIX NPUMEPOB M HUKOMM 00pa3oMm He
OTPaHHYUBAIOIIUX.

[00127] Bce mpu3Haku, 3J€MEHTBI, KOMIOHEHTHI, (DYHKIHUM U ITalbl, OMUCAHHBIC B
OTHOLICHHUHU JTIOOOr0 BapuaHTa OCYHIECTBIEHUS, IPEACTABIEHHOTO 3/IECh, PEeIHA3HAYEHbI ObIThH
CBOOOJIHO KOMOMHHPYEMBIMM U 3aMCHSICMBIMH COOTBETCTBYIOLUIUMH U3 JIOOOTO JIPYyroro
BapuaHTa OCyIICCTBICHUA. Ecu HEKOTOPBIN TIPU3HAK, JICMCHT, KOMIIOHCHT, (DYHKIIUS WUJIH ITall
OMKCaHbl B OTHOLIEHUM TOJBKO OJHOTO BapHaHTa OCYLIECTBIEHUS, TOTJA CIeAyeT MOHHUMAaTh,
4TO TOT MPHU3HAK, JIEMEHT, KOMIIOHEHT, (PYHKLHSA WK 3Tall MOTYT UCIOIb30BaThCS C JIIOOBIM
JIPYTUM BapUaHTOM OCYIECTBJICHUS, ONMCAHHBIM 3JI€Ch, €CJIM SIBHO HE YKa3aHO HMHOE. JTOT
a03all, TakuM 00pa3oM, CIYKUT AHTCUECJACHTHOW OCHOBOM M INUCHMEHHOW IOJCPKKON JUIs
BBeJeHUs (opMynbl M300peTeHHs, B J000€ Bpems, KOTopas KOMOWHUpYET MpU3HAKH,
AJIEMEHTBI, KOMITIOHEHTbI, (YHKLHMHU M OTanbl W3 Pa3HbIX BAPHAHTOB OCYILECTBIEHHS MU
3aMEHSIET TPU3HAKH, DJIEMEHTHI, KOMIIOHEHTHI, (YHKIUU U OTalbl K3 OJHOTO BapuaHTa
OCYIIECTBJICHUSI COOTBETCTBYIONIUMHU H3 JPYTOro, JaXX€ €ClU CIIEYyIOIlee OMHMCaHHe SBHO HE
YKa3bIBAET, B KOHKPETHOM ClIy4ae, YTO TakWe KOMOWHAIMH WM 3aMEeHbl BO3MOXHBI. SIBHOE
MEPEeYUCIieHHe KKIOW BO3MOXHOH KOMOMHALIMM W 3aMEHBI  SBJISIETCS  YPE3MEpPHO
O00OpEeMEHHUTEILHBIM, OCOOCHHO YYHTBIBASl, YTO JIONTYCTUMOCTHh KAXKJOW TaKOoW KOMOWHAIINU W
3aMEHBI Oy/IET JIETKO TIOHSTA CIICIHAJIMUCTaMU B JaHHOM OONACTH TEXHHUKH TIOCJIC MPOUYTCHUS
ATOr0 OMUCAHMS.

[00128] Bo mHOrux ciydyasx 0OBbEKThl OMHUCBIBAIOTCS 3AECh KAK CBSI3aHHBIE C JAPYTHMU
oOwnextamu. CreyeT MOHMMAaTh, YTO TEPMUHBI «CBSI3aHHBIN» U «COEAMHEHHBIIN (WK JTH00BIE UX
(hOpMBI) HCTIONB3YIOTCS 3/IECh B3aMMO3aMEHSIEMO U B O0OWX CIIydasiX SBJISFOTCS OOUIMMH IS
0003HAYEHHS TIPSIMOTO CBSI3BIBAHHS JBYX OOBEKTOB (0€3 Kakux-iu00 HE3HAYUTEIbHBIX
(Hanpumep, MapasUTHUECKHUX) MPOMEKYTOYHBIX OOBEKTOB) M KOCBEHHOTO CBS3BIBAHHS JIBYX
00BeKkTOB (C OJHMM WM O0Jiee HE3HAYUTEIBHBIMHU MPOMEKYTOUHBIMH OoOBbekTamu). Tam, rae

00BEKTHI TIOKA3aHbI KaK HCMTOCPCACTBCHHO CBA3AHHBIC BMCCTC WJIM OITHCBIBAIOTCA KAaK CBA3aHHBIC
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BMecTe 0€3 OmucaHHusi Kakoro-iubo NMPOMEKYTOYHOIO O0BEKTa, CleAyeT MOHUMAaTh, HYTO 3TH
O00BEKTHI TAKIKE MOTYT OBITH KOCBEHHO CBS3aHBI BMECTE, €CJIH KOHTEKCT SIBHO HE AUKTYET HHOE.

B oxHOM acmekTe HacTOSIIEro M300peTeHHs IPEAyCMOTpPEH Crocod crabunm3anuu
niasMel KoHQurypamuu ¢ odpamerssiM noneM (FRC), conmepskammii »Tansl: GpopMupoBaHuUs
marauTHoro noxst FRC Bokpyr Bpamaromieiicst Tuia3Mbel B KaMepe yaepKaHus ¢ 00pa3oBaHUEM
wia3mbel FRC, pacnonoskeHHOM BJ10JIb IMPOJOJILHON OCH KaMmephl yiaepsKaHus BOMU3U CpelHei
IUIOCKOCTH Kamephl yjaep:xkanus, u crabunmzanuu masmsl FRC B paauanbHOM HalpaBlICHHH,
NEePNEHANKYIIIPHOM TPOJOJBHOM OCH, € pacnojoxkeHneMm miasmel FRC ocecumMMeTpu4HO
OTHOCUTEJIBHO MPOAOJIBHOM OCH M B OCEBOM HANPAaBICHUM BIOJb MPOJOJBHOM OCH IS
pacniosioxkenust wiazMel FRC ocecuMMeTpUYHO OTHOCHTENIBHO CPEIHEH TITIOCKOCTH.

B oxHOM BapuaHTe OCYHIECTBICHHS CHOCOO JOTOIHUTEILHO COACPKHT ATAll TeHEPAIHU
NPUKIAAbIBAEMOTO MAarHMTHOTO TMOJA B MpeAeliax KaMepsl C IMOMOIIBI0  KaTyHIeKk
KBA3UIOCTOSHHOTO TOKa, MPOCTUPAIOLIUXCS] BOKPYT KaMephI.

B eme oaHOM BapwaHTE OCYIISCTBICHUS JTanm cradwmm3anuu mwia3Mel FRC B
pajvajbHOM HalpaBICHUM BKIIIOYAET B ce0s HACTPOWKY NPUKIIAIBIBAEMOTO MAarHUTHOIO I10JIS
JUIsl UHOYLHPOBAaHUS pauaibHONU CTaOUIBHOCTU U 0ceBOi HecTaOunbHOCTH B mazme FRC.

B eme onHOM BapuaHTe OCYIIECTBIEHMsI 3Tam oceBOM crabunuzaumuu mmiasmsel FRC
BKJIIOUAET B c€0sI CO3/IaHUE IIEPBOIO U BTOPOT'O PaiMalibHBIX MAarHUTHBIX IOJIEH, IPUYEM IIEPBOE
U BTOPOE pajJMajbHbIE MarHUTHBIC 110Js1 B3auMoeicTByoT ¢ FRC s oceBoro nepeMenicHus
nnasMbl FRC mns pacnonoxenus mnazmbl FRC ocecHMMETpHYHO OTHOCHTENBHO CpeaHEN
IIJIOCKOCTH.

B oaHOM BapHaHTe OCYIIECTBICHMS MEPBOEC M BTOPOE PATUANbHBIC MArHUTHBIC ITOJIS
SBIISIIOTCS @aHTUCUMMETPHUYHBIMU OTHOCHTEIIFHO CPE/THEH TUIOCKOCTH.

B emie ogHOM BapuaHTe OCYUIECTBJIEHUS MEPBOE U BTOPOE padalibHbIE MArHUTHBIE MOJIS
reHepupyroT Onaroaaps TOKaM, HWHIYIUPOBAHHBIM B IMPOTHUBOMOJIOXKHBIX HAMPABICHHUSIX B
NIEPBON U BTOPOU pajivalibHBIX KaTyHIKaX, PACIIONOKEHHBIX BOKPYT KaMEphl yIepKaHUS.

B onHoM BapuanTe ocyiiecTBiIeHus 3tan crabuiamnzanuu miazMel FRC Bkitouaer B cebs
MOHUTOPHUHT TIOJIOKEHUS TUTa3MBI.

B eme ogHOM BapHaHTE OCYILIECTBIEHUS 3Tall MOHUTOPUHIA TIOJOKEHHUSA IIa3Mbl
BKJIFOYAET B c€0si MOHUTOPHHT MarHUTHBIX U3MEPCHU, CBsI3aHHBIX C iasMon FRC.

B eme ogHOM BapuaHTE OCYHIECTBIJICHHUS CIOCOO COJEPKUT 3Tall M3MEPEHHs] TOKa B
MIEpBOI ¥ BTOPOH paiMaibHbIX KaTyLIKAX.

B eme omHOM BapuaHTe OCYLIECTBIEHMSI CIOCOO JIOIOJHHUTEIBHO  COAEPHKHUT
JIOTIOJTHUTEILHO COJIEPIKAIIUI ITAarl MOHUTOPUHTA ckopocTH 1utazmel FRC.

B eme oaHOM BapuaHTe OCYLIECTBICHHUS CHOCOO JIOTIOJIHUTENBHO COACPKUT
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nogaep:xanve FRC Ha nnu npyMepHO Ha MOCTOSHHOM 3HaueHMM 0e3 chaja MyTeM HMH)KEKIIMU
IIy4KOB OBICTPBIX HEMTPAJIBHBIX aTOMOB M3 MH)KEKTOPOB IIyYKOB HEMTPAIbHBIX YACTHI] B IUIA3MY
FRC nox yriom Kk cpefHel IUIOCKOCTH KaMephl yIEp/KaHUsl U MHKEKLUH 1171a3Mbl KOMIIAKTHOTO
topouna B FRC.

B eme oaHOM BapuaHTe OCYHIECTBIEHHMS CHOCOO MOMONHUTEIBHO COAEPKUT ITarl
IeHEpaly 3€PKAIBLHOTO MarHUTHOIO IIOJIA B IIPEACIIaX HMPOTUBOIOJIOKHBIX TOPLOB Kamephl €
IIOMOILIO  3€PKAIBHBIX KaTYIIEK KBA3UIIOCTOSHHOIO TOKA, IPOCTUPAIOILUXCS BOKPYT
IIPOTUBOIOJIOKHBIX TOPLIOB KAMEPBHI.

B onxHoM BapmaHTe ocymecTBieHus stan ¢dopmupoBanus FRC Bxirouaer B ceds
dopmuposanne popmupyronieii FRC B ¢popmupyromnieil cexinm, CBI3aHHONW ¢ TOPIIOM KaMephl
yaepkanus, u yckopenue ¢opmupyromeii FRC k cpemHell TIHOCKOCTH KamMepsl s
dopmuposanus FRC.

B eme ogHoMm BapuaHTe ocyluecTBieHHs 3Tan (opmupoBanus FRC Bxitouaer B cebs
dopmupoBanue Bropoii popmupyromeit FRC Bo Bropoit hopmupyroieii cekimu, CBI3aHHON CO
BTOPBIM TOPIIOM KaMepbl yJepykaHus, U yckopeHue Bropoil ¢opmupyromein FRC k cpenneit
IUIOCKOCTH KaMmepsl, rae Ase Gopmupyromue FRC cnuparores ¢ obpasopanuem FRC.

B oxHoM BapuanTe ocymecTBiaeHHs 3Tan (popmupoBanHus FRC Bkmrodaer B ceds ogHO
u3: ¢popmuposanus Gopmupyroniei FRC Bo Bpems yckopenus popmupytomeir FRC k cpexneit
IJIOCKOCTH KaMmepbl uiu gopmupoBanue gopmupytouieii FRC ¢ mocneayommum ycKkopeHueM
dopmupyromeit FRC k cpenneil N10ckocTH KaMepsl.

B eme oaHOM BapuaHTe OCYHIECTBIEHHS CIOCOO JOMOJIHUTENBHO COAEPXKHUT ITall
HarpaBJICHUs MOBEepXHOcTedl MarHuTHOro noroka FRC B auBepTOpbI, CBSI3aHHBIE C TOPIAMU
NepBON U BTOPOH (POPMUPYIOMINX CEKITUI.

B eme ogHOM BapHaHTE OCYILECTBJIEHHS CIOCOO JOMOJHUTENBHO COAEPKUT ITall
KOHJIMIMOHUPOBAHUSA BHYTPEHHHMX IOBEPXHOCTEH KaMmepbl, (OPMHUPYIOLUMX CEKUUH U
JIMBEPTOPOB C TIOMOIIIBIO TETTEPUPYIOIEH CUCTEMBI.

B osHOM BapuaHTe OCYIIECTBICHUS TeTTepUpYIONas CucTeMa BKIOYaeT B ce0s 0/1HO U3:
CHUCTEMBI OCAXKIECHUS TUTAHA U CUCTEMBI OCAKACHHUS JTUTHSL.

B erie o1HOM BapHaHTE OCYLLECTBIEHUS CIIOCOO TOMONMHUTEIBHO COJEPKUT 3TAl OCEBOH
uHxekuuu miasmel B FRC 13 akcnanbHO yCTaHOBIECHHBIX IUIA3MEHHBIX ITYIIEK.

B eme oaHOM BapHaHTE OCYIIECTBJIEHHUS CIOCOO JOMOJHUTENBHO COACPKUT ITall
yIIpaBJIeHUs MPoQUIIeM paguabHOTO 3JIEKTPUUYECKOro 1oJst B rpaHudHoM ciioe FRC.

B opHOM BapuaHTe OCYLIECTBJICHMs JTall yHpaBlICHHS HPOQHUIEM pPaguaiIbHOIo
JJIEKTPUUECKOrO Mot B rpaHndHOM cioe FRC Bkmouaer B ce0s MpUIIOKEHUE PaCIIpeeICHUs

DIEKTPUIECKOTO MOTEHIMANA K FPYIe He3aMKHYThIX noBepxHocTell motoka FRC ¢ nmomomnibio
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CMENIAIOIIUX YJIEKTPOAOB.

Bo BropoM acmekre HacTOSILIEro I[pPeAyCMOTpEHa CcucTeMa J[Uid TIEHEpaluu M
cTabunM3anuy MarHUTHOTO T0JIs ¢ KoHurypaimei ¢ oopamenasiM rosieM (FRC), coneprxkaras
KaMepy yAepKaHUsl, IEpBYIO U BTOPYIO JUaMeTpaabHO NMPOTUBONONOXKHBIE (opmupyromue FRC
CEKLMU, CBSI3aHHBIE C KaMepoWu ylep)kaHus, npudyeM (opMmupyromas CeKUHs COAEPKUT
MOJyJbHbIE (opMmupyomue cuctembl Uit TeHepanuun FRC u nocTynaTenbHOro nepeMerneHus
FRC k cpeaHe#l MmiIoCKOCTH KaMepbl yACpKaHHs, TIEPBBIA W BTOPOU JMBEPTOPHI, CBI3AHHBIC C
nepBod ¥ BTOPOil (POPMUPYIOIIMMHU CEKITUSIMU, NIEPBYIO U BTOPYIO OCEBbIE MJIa3MEHHBIE MYIIKH,
(YHKIIMOHAIBHO CBsI3aHHBIE C TIEPBBIM M BTOPHIM JUBEPTOpPAMH, TMEPBOM U  BTOPOU
GOPMUPYIOIUMHU  CEKIIUSMU M KaMEPOH  YACpXKaHUS, MHOXECTBO WHXCKTOPOB ITYYKOB
HEHUTPAIBHBIX aTOMOB, CBSI3aHHBIX C KaMEPOU ylep:KaHUus W OPUCHTHUPOBAHHBIX IS MHXKCKIUU
My4YKOB HEUTPaAJIbHBIX aTOMOB K CPEIHEH IJIOCKOCTH KaMmepbl YAEp>KaHUs MOJ MEHBIIHM, YeM
NpsIMOM YIJIOM K NPOAOJBHOH OCH KaMephl YAEP:KaHHsS, MarHUTHYIO CHCTEMY, COAEPKANIYIO
MHOKECTBO KaTyIIEK KBa3MIIOCTOSHHOI'O TOKa, PACIOJIOKEHHBIX BOKPYT KaMephl yJepKaHu,
1epBoi U BTOPOU (OPMHUPYIOMINX CEKLMH M IIEPBOTO U BTOPOrO JMBEPTOPOB, MEPBBINA U BTOPOi
HabOp 3€epKalbHBIX KaTYIIeK KBAa3WUIMOCTOSHHOTO TOKa, pPACMOJIOKEHHBIX MEXKIy KaMmepoi
yAep:KaHUs U TIEPBON U BTOPOH (HOPMUPYIOIIUMHU CEKLHUSIMHU, H MEPBYIO U BTOPYIO 3€pPKajbHbIE
MpoOKH, PaCITOIOKEHHBIC MEK/Y MEPBOH M BTOPON (POPMUPYIOIMIMMH CEKLHUSIMH U TEPBBIM U
BTOPBIM JIMBEPTOPaMH, TETTEPUPYIOLIYIO CUCTEMY, CBSI3aHHYIO C KAMEPOH y/ep KaHUS U IIEPBLIM
U BTOpPBIM JUBEPTOPAMHU, HEPBBI U BTOpOM HAOOp KaTylIeK pajuaibHONO MAarHUTHOTO MHOJI,
BBITNIOJIHEHHBIX C BO3MOXHOCTBIO F€HEPALIMU IIEPBOr0 U BTOPOr0 paauaibHbIX MarHUTHBIX MOJEH
B IIpejiefiaX KaMepbl, W CHCTEMY YIpaBlIeHUs, (PYHKIIMOHAIBHO CBA3aHHYIO C KaTyHIKaMH
KBA3UIIOCTOSTHHOTO TOKAa M TIEPBOM M BTOPOM KaTylIKaMH pPagUaJIbHOTO MarHUTHOTO TI0JI,
pUYeM CHCTeMa YIPaBJIGHHS BKIIOYAaeT B cebs IMPOLECCop, CBA3AHHBII C HEBPEMEHHBIM
3allOMHHAIONIUM  YCTPOHMCTBOM, COAEpPKALIUM MHOXKECTBO KOMaHJ, KOTOpblE MpH HX
UCTIOJHEHUM  3aCTaBIIIOT TPOIECCOp HAcTpaWBaTh MarHUTHOE TII0Jie, TeHepupyeMoe
YIIOMSAHYTBIM MHOXKECTBOM KaTyIICK KBa3UIIOCTOSIHHOIO TOKa M MEPBOW M BTOPOH KaTyIIKaMH
paauanpHOro mons, s crabunmzanuu mnasmel FRC B paauansHOM — HallpaBlICHUH,
NEPIEHANKYIAPHOM  MNPOJOJBHOM OCH  KaMmepbl, ¢ pacrnojoxkennem 1uasmel  FRC
OCECUMMETPUYHO OTHOCHUTENIBHO NMPOJI0JIBHON OCH M B OCEBOM HAINPABICHHUH BJOJIb MPOAOIBHON
ocH 17151 pacniofiokeHus miasMbl FRC ocecHMMETpUYHO OTHOCUTENHHO CPEHEH TIOCKOCTH.

B oxHOM BapuaHTe OCYIIECTBIEHMS TIETTEPUPYIOLAs CHUCTEMa BBIIIOJIHEHA C
BO3MOxkHOCTBhIO renepauuu FRC u noppepxanuss FRC Ha wnu npuMepHO Ha HOCTOSHHOM
3Ha4YeHUH 0e3 craja, B TO BpeMs KakK [Iy4YKH HEWTpaJbHBIX aTOMOB HHXeKTHpYyroTcs B FRC.

B eme oxgaoM BAPHUAHTC OCYHICCTBJICHUS TICPBOC U BTOPOC paJlualIbHBIC MATHUTHBIC IMOJIA
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SIBJISIFOTCSA @aHTHCHMMETPUYHBIMU OTHOCUTENBHO CPEAHEN TUNIOCKOCTH.

[00129] XoTs BapuaHTHl OCYIIECTBICHUS BOCIPUUMYHUBEI K Pa3IMYHBIM MO/U(UKALIAM
U aJbTCpHATUBHBIM (popMaM, HUX KOHKPETHBIC IpUMEpbl OBbUIM IOKa3aHbBl HA YEpTEekax M
noapoOHo onucansl 3Aeck. CleayeT NOHUMAaTh, OJHAKO, YTO ITH BapHaHThl OCYLIECTBICHUS HE
JIOJDKHBl OTPaHUYMBATBCSl KOHKPETHOM packpbITO (GopMoH, a, HAo0OPOT, 3TH BapHaHThI
OCYLICCTBJICHHUS [IOJDKHBI OXBATBIBATH BCC MOAM(UKAIMM, 3KBHBAICHTHI M albTCPHATHBBI,
HOANANAIONNE NOJ CYTh packpeitus. Kpome Toro, moObie npusHaky, (YHKIHH, 3TANBl WIA
JJIEMEHTHI BapUAHTOB OCYILIECTBIEHHUS MOTYT OBITh H3JIOXKEHBl WM A00aBieHbl B (HOpPMYITY
u300peTeHus, TakkKe KaK W OTPHULATEeNbHBbIE OrPaHUYEHUs, KOTOPbIE ONPEAETIT 00beM
uzo0peTeHuss GopMybl U300pETEHUS IO MpU3HAKAM, (PYHKIUSAM, 3TalaM WA JJIEMEHTaM,

KOTOPBIC HC HAXOIATCA B IPCACIax 3Toro o0beMa.
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POPMYJIA UBOBPETEHUSA

1. Croco6 ynpasienus niasmoit koHpurypamuu ¢ oopamensasim nojem (FRC) B npenenax
KaMepbl yAEpyKaHUs, COIEPKALIMMI ITaIlb:

HacCTpOMKM  IPHUKJIAABIBAEMOTO  MAarHUTHOTO  TOJs, TEHEepUpPyeMOro  KaTylIKaMHu
KBa3UIIOCTOSTHHOTO TOKA, MPOCTHPAIOIIMMHUCA BOKPYT Kamepsl yAep)KaHus, A1 WHAYLHPOBaHUSA
paauanbHOM ctabuinbHocTH B 11azme FRC B npesienax kamepsl yaep:kanus, 11pu 3tom miazma FRC
pacIoyio’keHa OCECUMMETPUYHO OTHOCUTENIBHO IIPOJOJIBHON OCU Kamepbl YyAEp:KaHHs, U JUls
UHYLIHPOBaHUS OCEBOU HECTAOMIBHOCTH, IpU 3ToM IutazmMa FRC pacnonoxeHa aHTHCUMMETPUYIHO
OTHOCUTENIBHO CpeHEH MIIOCKOCTH KaMephl yAepKaHusd, 1

ICHEPAlMM 1IEPBOTO M BTOPOI0 pPAAMAIbHBIX MACHUTHBIX IIOJIEH II€pBOH M BTOPOH
pazMaabHBIMU KaTyIIKaMu Ui B3auMmoJelcTBUsl ¢ MarHUTHBIM nojemM FRC Bokpyr miasmsl FRC
JUI1 MHAYLHMPOBaHUS oceBoM ctabuinbHOCTH B Iu1a3mMe FRC, npu stom mnaszma FRC pacnonoxena
CUMMETPUYHO OTHOCHTEIBHO CpeAHEN TIOCKOCTH.

2. Cnoco0 mno mn.l, mpuyeM 1nepBoe M BTOPOE pajvalibHbIE MarHUTHBIE [1OJIS
B3anmojieiicTByioT ¢ FRC mms oceBoro mepemernienust miazmel FRC ¢ pacrionoxxenuem rmia3mbr
FRC cuiMMeTpHYHO OTHOCUTEIBHO CPEIHEN IIOCKOCTH.

3. Cnoco0 mo m.2, mpuyeM IepBO€ W BTOPOE paJHalbHble MarHUTHBIE MOJS SBISIOTCS
AHTUCUMMETPUYHBIMU OTHOCUTEIBHO CPE/IHEN TNIOCKOCTH.

4. Crioco0 1o 1.3, nmpu4eM IEpBOE U BTOPOE PajMalIbHbIE MAarHUTHBIC IOJISI TEHEPUPYIOT
Onmarozaps TOKaM, MHAYLUMPOBAHHBIM B IPOTUBOIIOJIOKHBIX HAIPaBICHUAX B NEPBOM M BTOPOM
pauaibHBIX KaTyIIKaX, PacOJ0KEHHBIX BOKPYT KaMephl YAep KaHusl.

5. Cnoco6 mo mobomy u3 mm.l1-4, mpudem stan crabunmzanuu miazMel FRC BrimiouaeT B
ce0st MOHUTOPHHT TOJIOKEHUS TUTa3MBbl.

6. Croco® mo 1.5, mpuyeM 3Tall MOHUTOPHHIA IOJIOKEHHS ILIa3Mbl BKJIIOYaeT B ce0s
MOHUTOPHHI MarHUTHBIX U3MEPEHUH, CBsI3aHHBIX ¢ M1a3moit FRC.

7. Crocob nmo maroboMy U3 M.5-6, JIOMOJHUTENBHO COJEpXkKallui 3Tar U3MEPEeHUs TOKa B
MEPBOM U BTOPOH Pa/IMATIbHBIX KaTYIIKAX.

8. Crocod mo m.7, NOMOJHUTEIbHO COAEPXKAIUMH 3Tall MOHHUTOPUHIA CKOPOCTH IUIAa3Mbl
FRC.

9. Cnoco6 mo mobomy u3 1i.1-8, JOMOTHUTENHHO COACPKAIIMKA TTOJICPKAHUE TUTa3MBI
FRC Ha min npuMepHO Ha IOCTOSHHOM 3HAa4YeHHU O€3 CIIajia MyTeM MH)KEKIUHU ITY4YKOB OBICTPBIX
HEUTpaJbHBIX aTOMOB M3 MHXEKTOPOB IIYYKOB HelTpasibHbX yacTull B Iwia3my FRC mox yrimom k
CpelHeN IUIOCKOCT KaMepbl YIEpyKaHUs M WHXKEKLUUHU [UIa3Mbl KOMIIAKTHOIO TOpPOMJA B IUIA3MY
FRC.

10. Cmoco®6 mno 1.9, JONOJHUTENBHO COJACpPKAUIMN HTall TEHEpaluu 3e€pKaTbHOTO
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MarHUTHOTO TONS B Mpefenax IMPOTHUBOIOJIOKHBIX TOPLIOB KaMepbl 3e€pKaJbHBIMU KaTyHIKaMu
KBa3UIOCTOSTHHOT'O TOKA, MPOCTUPAIOLIUMHUCS BOKPYT POTUBOIOJIOAKHBIX TOPLIOB KaMEPHI.

11. Croco6 no mo6omy u3 mi.1-10, npryem stan popmuposanus FRC Bxmouaer B ceOs
dbopmuposanne Qopmupyromeit miazmel FRC B dopmupyromel cekimu, CBA3aHHOM C TOPIOM
KaMephbl yaepkaHus, U yckopeHnue dopmupyromeit mnazmel FRC k cpennelt miiockocTi kaMepsl s
obpa3zoBanus mia3msl FRC.

12. Crioco6 mo .11, npuuem 3ran Gopmupoanust FRC Bxirogaer B cebsi popMupoBanwe
BTOpOi (hopmupyromeli miasmMel FRC Bo BTOpoi (opMupyromel CeKLHH, CBI3aHHON CO BTOPBIM
TOPIIOM KaMepbl yIep’KaHHs, U yCKOpeHHe BTopoil ¢opMmupyromed miasmel FRC k cpeaneit
IUIOCKOCTH KaMepbl, T11e B¢ ¢opmupyromme miazmel FRC cnuBaroTcs ¢ oOpa3oBaHHEeM IJIa3MBbI
FRC.

13. Cnoco6 no mwobomy u3 nn.9 u 10, npuueM 3tan popmupobanus miasMel FRC Bkirodaer
B ce0s o1HO u3 hopMupoBanus Gopmupyromieil miasmel FRC Bo Bpems yckopenus dhopMmupyromeit
wra3mel FRC k cpeaneil mrockoctt kamepsl wiu opMmupoBanus dopmupyromeit iasmel FRC ¢
MOCIEAYIONNM yeKoperueM popmupyrormieit miazmel FRC k cpetHel TI0CKOCTH KaMephl.

14. Cnoco6 mno mn.12, JONMONHUTENHHO COAEpPXKAIMUNA 3Tall HaANpaBlEeHUs MOBEPXHOCTEH
MarHutHoro mnoroka miasMel FRC B auBepTOpbI, CBsi3aHHBIE C TOpLAMH MEPBOH U BTOPOH
(hOPMUPYIOIINX CEKIIHIA.

15. Cnoco6 mno moOoMy wu3 1m.l-14, #OmoJHUTENBHO — coAEpKalUil  ATan
KOHJAULIMOHUPOBAHUSI BHYTPEHHUX MOBEPXHOCTEN KaMephl, ((OPMHUPYIOLIUX CEKINI U JUBEPTOPOB C
MOMOLIBIO TETTEPUPYIOIEH CUCTEMBI.

16. Crioco0 mo .15, mpuueM reTTepupyronas CucTeMa BKIIOYaeT B ce0s OJTHY U3 CUCTEMBI
OCKICHHS TUTAHA M CUCTEMBI OCAXK/ICHUS JIUTHS.

17. Crioco6 o nobomy u3 ni.1-15, 10noTHUTEIBHO CONEPIKALUN ATal OCEBOW MHKEKIHU
ruia3msl B 1o1azmy FRC u3 akcuaabHO YCTaHOBJIEHHBIX T1A3MEHHBIX MTYIIEK.

18. Crnoco® mo mrobomy u3 mm.1-17, MOMONHUTENBHO coOjAepXKalluil 3Tam YIpaBlICHUs
npodueM paauaabHOTO IEKTPUUECKOTO M0 B rpaHudHOM ciioe mia3mel FRC.

19. Cnoco6 no n.18, npuuem 3Tan ynpapieHus NpoduieM paauaibHOTO 3JIEKTPHYECKOrO
nojis B TpaHWYHOM cioe MiasmMbl FRC Bikiouwaer B cebsi MPUIIOKEHHE paclpeaeneHus
DJIEKTPUYCCKOTO TOTCHIMANAa K TPYIIC HE3aMKHYTHIX TOBEpXHOCTeH motoka turasmMel FRC ¢
TIOMOIIbIO CMEIIAIOIIUX IEKTPOIOB.

Ilo noBepeHHOCTH
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