202191743 Al

(19) EBpa3unckoe 2 202191743 13 A1l
naTeHTHoOe
Be4gOMCTBO
(12 OIMMUCAHUE U30BPETEHUS K EBPAZUIICKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. G21B 1/05 (2006.01)
2021.12.31 G2IB 1/15 (2006.01)
HO5H 1/10 (2006.01)
(22) [ata nonaum 3aaBku
2015.10.30
(54) CHUCTEMBbI 1 CITOCOBbI ®OPMUPOBAHUA U NOAJAEPKAHUA
BBICOKOD®®EKTUBHON KOH®UT YPAIIUU C OBPAIIEHHBIM IMOJIEM
(31) 62/072,611 (72) Waobperatens:
(32) 2014.10.30 Bunaep6aysp Muxub, Fapare Jyceduy,
poaysp p Y Y;
(33) US IMyrBuncku Cepreii, Fota Xupocu (US)
(62) 201790940; 2015.10.30 )
(71)  3aseurens (74) nNpeacrasutens:
TA3 TEKHOJIOIKU3, MHK. (US) Mensexes B.H. (RU)
(57) Ilpeanoxennas BbicokodddexTnBHas KoHurypauus c¢ obpawennsiM nonem (FRC) Brmouaer B

ce0sl LeHTPaJIbHYI0 €MKOCTh ISl yAEP)KaHUs, JBE JUaMETPabHO MPOTHUBOIOJIOKHBIE (OPMHUPYIOIIUE
CeKLUH TeTa-MMHYel C OOpallleHHBIM II0JEeM, CBSI3aHHBIE C YNOMSHYTOH EMKOCTBIO, W IBE KaMephl
JIMBEPTOPOB, CBSI3aHHBIE C (POPMHUPYIOIIMMHI CEKIMAMH. MarHuTHas cUCTeMa BKIIIOYAET B Ce0s KaTyIIKH
KBa3UIIOCTOSIHHOT'O TOKA, PAcCIIOJIOKEHHbIE aKCHaJIbHO BHOJb KOMIIOHEHTOB FRC-cucTeMsl, 3epkasibHbIe
KaTyIIKd KBA3WIIOCTOSIHHOTO TOKa MEXIy KaMepoi yhepaHus W (OPMUPYIOIIUMH CEKUUSAMH, H
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JIOTIOJTHUTENBHO BKJIIOYACT B Ce0s1 HHYKEKTOPHI IIyYKOB HEUTPAIBbHBIX aTOMOB, HHXXEKTOPBI TAOIETOK HITH
KT, CUCTEMBbI T'CTTCPUPOBAHUA, OCCBLIC TNNIABMCHHBIC NMYIIKW U 3JICKTPOAbI, CMCIAIOIINE MMOBEPXHOCTHU
MOTOKA. MIH>XEKTOPHI ITyYKOB MPEANIOYTHTEIEHO HAKIIOHSHBI K CpeHei II0CKOCTH KaMephl. B nmporecce
pabots! mapameTpsl FRC-11a3mel, BKITIoYast TEpMHYECKYIO SHEPTHIO T1a3Mbl, 00IIHME KOJINYECTBa YaCTHI,
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2420-569862EA/022
CUCTEMBl ¥ CIIOCOEB ®OPMMPOBAHMS ¥ IOINNEPXAHMSI BEICOKOS$SEKTHBHON
KOH®UTYPAIIMM C OBPAIEHHBM IIOJIEM

OBJlacTe M300peTeHMd

[0001] OmnmucreBaeMele 3OeCb BapMaHTH OCYIECTBJIEHMSI OTHOCATCH B
OCHOBHOM K CHCTeMaM IJId MarHMTHOT'O YyIepXaHusda ILJla3Mel, a 0oJiee
KOHKPeTHO - K cucTtemMaM u crnocobawm, KOTOPHE CIIOCOOCTBYIOT
bopMMPOBaHMID ¥ IIOOIOEPXAaHMIO KOHOUIYpaluui ¢ obpalleHHBIM IIoJIeM C
IPEeBOCXOIHOM YCTOMUMBOCTLIO, a TaKxXe YIepXaHMI YacCTUll, DHEPIUU U
IoTOKa.

MudpopMaliyd 00 YPOBHE TEXHUKU

[0002] KoHOurypaumsa c obpameHHHM oJgeM (FRC) OpMHaAIJIEXUT K
KJIAaCCyY TOIOJIOTMM MATHUTHOTO YyIepXaHMA IIJa3MBl, M3BECTHHX Kak
KOMIIaKTHHEE TOPOUIH (KT) . OHa OEeMOHCTPUPYET npeobjiamanine
[IoJiIoMIOaJIbHEIE MaTHWMTHEE TI0JIA M oO0OJlaZaeT HYJIEBHMM WM  MaJIEIMU
caMoTeHepUpyeMEMM TOopOoMIAaJbLHEMM [oJamMu (cM. M. Tuszewski, Nucl.
Fusion 28, 2033 (1988)). IlpeuMymecTBaMM TaKOW KOHOUIypalUU
ABJIATCA ee IpocTas OJS IIOCTPOeHMSa UM I[OoNOIepXaHusd I'eOMeTpusd,
eCcTeCTBEeHHEMN HeoT'paHUUYeHHHMN OUBEPTOP oJis OCYIIECTBJIEHN A
SHEPTOBHIIEJIEHMS U 30JIoyHalleHMs, a TakKxXe oueHb BHCOkoe [ (B -
OTHOIIeHNE CpenOHeTro OaBJIeHUA [1J1a 3MEl K cpenHemy OaBJIEHUIO
MarrHMTHOTO TIIOJIS BHYyTpM FRC), T.e. BHCOKafd ILJIOTHOCTE MOIHOCTH.
CBOMCTBO BHCOKOTO [ BHTOOHO IJd SKOHOMMUHOM pa®oTH U OJId
IpUMEeHEeHUSI YCOBEPIMEeHCTBOBAHHEX AaHeMTPOHHHX TOIJIMB, TaKux, KkKak D-
He® m p-Bll.

[0003] TpaIMUMOHHEM croco®  popMmupoBaHmMsa FRC  MCIOJIB3YyeT
TeXHOJIOTUN O-nuuua c oBpalle HHEM [IOJIEM, namwmen ropAa4due
BHICOKOILJIOTHHE ILJIa3Me (cM. A. L. Hoffman m J. T. Slough, Nucl.
Fusion 33, 27 (1993)). PasHOBUIHOCTBID DSTOI'0 SABJLIeTCHS CIOCOD

IIepeHoCa M 3aXBaTa, B KOTOPOM IlJlasMa, cCcO3DaraeMad B «KUMCTOUYHUMKE»

TeTa—IIMH4Ya, B foJbiei MJIn MeHbIlIeM CTelleHMN HeMeIlJIEHHO
BH@paCHBaeTCH nus3 OIOHOTI'O TOoplia B KaMepy YOEPXaHNA. BaTeMm
HepeHOCMMHﬁ IIJIa3sMOonmn 3aXBaTEBaeTCHAd MeXIOy OIBYMA ITOOYHEIMI

3epkajlaMM Ha Topllax KaMepe (cM., Hamopumep, H. Himura, S. Okada,

S. Sugimoto, m S. Goto, Phys. Plasmas 2, 191 (1995)). Kak TOJIBKO



2TOT ILJIa3MOMI OKa3HBaeTCda B KaMepe YyIepXaHMa, MOXHO I[IPUMEHATH
pasJjiMuHEle CIOCOOH HaT'peBaHMA UM BO30DyXIOeHMS TOKa, TakKue, Kak
VHXEeKUIN A nydka JyacTUll (HeMTpaJibHHX W HeMTpaJM30BaHHHX) ,
Bpamamnmrecsa MAaTHUTHHE II0JIS, BHCOKOUACTOTHHM MJIM OMUUECKMM HaTpeB
M T.O. O9To pas3neseHre (QYHKUMM MCTOUHMKA UM YIepXaHusa JaeT
KJIIOUEBEEe  MHXEHEPHEEe IIpeuMylleCTBa OJA I[IOTeHUMAJIbHEX  OyOyInUxX
TEePMO A EePHBIX pPeaxKkToOpoOB. FRC OokKa3aju CBOD UCKJIIOUUTEJIbHYIO
YCTOMUMBOCTD K BHEIIHVM BO3IEeNCTBUAM, [IPUCIIOCOBIIAEMOCTE K
OVMHaAMUUECKOMY  QOpMMPOBAHMUD, [IepPeHOCY ¥ MHTEHCUBHEM  COOBTUAM
3axXpaTa. bBoJjiee TOTO, OHM HOEMOHCTPHUPYIT TeHIOEeHUMID IOIYyCKaThb
IpenrnouTUTeJIbHOE COCTOSHMe IJla3Me (CM., HanopuMmep, H. Y. Guo, A.
L. Hoffman, K. E. Miller, m L. C. Steinhauer, Phys. Rev. Lett.
92, 245001 (2004) ) . 3a rocJlengHee oecaTuiieTme OOCTUITHYT
3HAUUTEJILHEM MIpoTpecc B Pal3BUTUM OPYIUX CIHOCOOO0B (QOpPMHUPOBaHUA
FRC: I[IOCPenCTBOM O0BeIVHEHN I chepoMakoB C IIPOTUBOIIOJIOXHO
HalpaBJIEHHEMM CIMpaJIbHOCTAMM (CM., HalpuMmep, Y. Ono, M. Inomoto,

Y. Ueda, T. Matsuyama, m T. Okazaki, Nucl. Fusion 39, 2001

(1999)) wm nocpelCTBOM BO30OYXIeHMSA TOKa BpallallMMUACS MaTl'HUTHBEMA
nojgsamu (BMII) (cm., Hanpumep, I. R. Jones, Phys. Plasmas 6, 1950
(1999) ), kKoTOpHEe Takxe obecneuMBalT NOMNOJHUTEJLHYID YCTOMUMBOCTE .

[0004] HemaBHO OBUI CyMEeCTBeHHO nopaboTaH MeTOH CTOJIKHOBEHUSA
1 oO0BbeIMHeHMs, MOPpemnJIOXeHHHM VYXe »naBHO (cM., HamopuMmep, D. R.
Wells, Phys. Fluids 9, 1010 (1966)): nBa OTHeJIbHHX TeTa-INMHUA Ha
IIPOTUMBOIIOJIOXHEIX Topllax KaMepH YyIepXaHMS OIOHOBPEMEHHO I'eHepUPYIT
M YCKOPLAKT OBa ILJlasMoMIa I10 HalpaBJIeHUD OpyI K IPYyTy Ha BHCOKOM
CKOPOCTHM, KOTOPHE 3aTeM CTaJIKMBaKTCHA B lLIeHTpe KaMepH YIepXaHud U
ofBemIuMHAKTCSI, o0pal3lysa cocTabHyw FRC. Ipum paszpaboTke U YCIENHOM
IIPOBEeIeHMr OIOHOTO M3 HauboJjiee KpyINHOMaCHTa®HEIX K HaCTOAMEMY
BpeMeHM DBKcHepuMeHTOB ¢ FRC, OOBUHEM CIOCO® CTOJKHOBEHUS U
obLenrMHeHMa IIoKasall, YTO IaeT YCTOMUMBHE BHCOKOTeMIepaTypHHe FRC
Cc OoJILMKMM BpeMeHeM XU3HM ¥ OOJIbIOM IIJIOTHOCTBIO IIOTOKAa UYacTHIL
(cMm., HampuMmep, M. Binderbauer, H.Y. Guo, M. Tuszewski et al.,
Phys. Rev. Lett. 105, 045003 (2010)).

[0005] FRC cocToAT M3 Topa CWMJIOBHX JIMHUM 3aMKHYTOTO IIOJS
BHYTPM CelapaTpUCH U KOJIBLEBOT'O I'PaHUUYHOTO CJIOS Ha JIMHUAX

OTKPEITOT'O IIOJIA TOJIBKO CHapyxMmM oOT cCcellapaTpPUCH. PpaHMQHbm cJIon



CXOINTCA B CTpyU 3a npenejaMmn IOJIVHEL FRC, obecrieurBasd
€CTeCTBEHHHM OUBepTOop. Tonojormua FRC cCcoBmHamaeT C TOIOJOTUEN

IJIasMel 3epkKajl ¢ ofpalleHHEM I[oJjieM. OOHaAKO CYIeCTBEeHHOE pasjnuuue

3akjoyaeTca B TOM, uTO FRC-mjasMma umeeT [ okosio 10, CoOcTBeHHOE
ciiaboe  BHYTpPEHHee  MalHUTHOe  IIoJie oBecrieunBaeT OIpeneJIeHHYI
MECTHYII I[ONYyJALMI0 YacTull, obJjajalmux OolIpeaeJIeHHOM KMHEeTUUeCKOM
SHepIMeM, T.e. YacTul C OoJbIIMMKM JIAPMOPOBCKMMM pPaluycaMu IIO
CpaBHEHMI C MaJieiM pamuycoM FRC. QUeBMOHO, UTO MMEHHO STU CHUJILHEE
KMHeTHuecKkMre 520PpeKTH BHOCAT 10 MeHbIIeM Mepe UYaCTUUHBM BKJIAO B
o0y YCTOMUMBOCTE paspaboTaHHHX B IIPOIJIOM M COBpeMeHHHxX FRC,
TaKux, Kak rnoJiydyaeMule B DKCIEPVMEHTE 1o CTOJIKHOBEHUI U
ODBEeOVMHEHUO.

[0006] B o»kcHepuMMeHTax C TUIOMYHEMM FRC, paspabOTaHHEMM B
OPOIJIOM, OOMMHMPOBAJIM KOHBEKTHBHEE TIOTEpPHU, IIPM DTOM YyIepXaHUe
DHEePTUM OIPemnelIajloChk [IepPeHOCOM dYacTull. YacTUUe IUOOYHIOIMPYIT U3
OTpPaHMUeHHOTO celapaTpucor obbeMa TIJIaBHHM 00pasoM paIualJibHO, a
INOTOM  IIPOUCXOOAT  UX axKcuaJibHEE norTepnu B TPaHWUHOM  CJIoe.
COOTBETCTBEHHO, yIepxaHue FRC 3aBuUCHMT OT CBOMCTB ofJjlacTen
CUJIOBHX JIMHMM, KaK 2BaMKHYTOT'O, TaK ¥ OTKPHEHTOI'O IIOJIg. Bpemda
oupdysmMmM dYacTUll Hapyxy W3 o0weMa, OUEepUeHHOTO CcelapaTpucon,
cocTaBJIgeT T1~a2?/DL (a~rs/4, roe rs - LeHTPaJIbHEM paonyc
cenapaTpMUCH), a DI - XapaKTepucTuuecCKur kosdduumeHT nuddy3mu,
TakoM, kak Di~12,5 pie, IIPUUEM pPie IpelcTaBJageT coboM TupopalInyc
MOHOB, OIlleHMBaeMbl B [IPUKJIAOHBAEMOM M3BHEe MaTHMTHOM IIoJjle. B
DKCIEPUMEHTaxX C FRC, paspaboTaHHEIMM B T[IPOILJIOM, BpeMda  Tii
yIepXaHrusd uYacTUl ITPaHMUHOTO CJIOA II0 CYIecTBY IIpedcTaBJgeT cobom
BpeMsa OCeBOTo Ipobera. B yCTaHOBUBIIEMCH COCTOSAHUM OajilaHC MexXnoy
paivaJIbHEIMM WM OCEeBHMM T[IOTEepSAMM UYacTHII OaeT IJVMHY TpalueHTa
[JIOTHOCTM Yy CelapaTpMCH, cocTabjagomyin O~ (Ditii)l/2. BpeMeHHHEe

MacmrTadw YyIepkaHMsd uYacTull B FRC cocTaBagioT (TuTi) /2 mus  FRC,
pa3paboTaHHEX B IIPOIJIOM, KOTOPHE MMET CYHNeCTBEeHHYK ILJIOTHOCTL VY
cerapaTpUCH (cMm., HallpHUMep, M. TUSZEWSKT, "Field Reversed
Configurations,™ Nucl. Fusion 28, 2033 (1988)).

[0007] IpyI'MM HeOOCTAaTKOM M3BECTHHEX KOHCTPpYkLUM FRC-cucTeMm

OrLIa HOTpe@HOCTb B VMCIIOJIBE 30BaHMM BHEIIHMX MYy JIb TUIIOJIEN IJIA



KOHTPOJIA HeyCTOMUMBOCTEN BpaleHms, TaKMUx, Kak KeJIOOKOBHE
HeyCTOMUMBOCTK IHIpM nh=2. TakuMm oOpas30M, TUIMUHEE IPUKJIaIOLBaeMHe
M3BHE KBaIpyIlOJIbHEE [10JI4 oBecrneuynBalu TpebyeMoe MaT'HUTHOE
BOCCTaHaBJIMBaKIilee oaBJieHMe oJis OCTaHOBKU HapacTaHUud DTUX
HEeyCTOMUMBEX PEeXMMOB. XOTA BSTOT MeTOO IMNOOXOIUT IJIS KOHTPOJIA
YCTOMUMBOCTY TEepMUUECKOM OCHOBHOM ILJIasMEl, OH CO3JaeT Cepbe3HYI0
npodiemy s FRC C foJibmen KMHEeTUUYEeCKOM SHepIuen I
YCOBEPIEHCTBOBAHHEIX TUOPUIHEIX FRC, roe 3aceJieHue
BEICOKOKMHE THU e CKVMHU yacTUllaMA c opbuTaMm BOJIBMUX pammyCcoB
coueTaeTcs C OOHUHOM TepMMUecKOM ILjla3MoM. B »TuUX cUCTeMax
VMCKaXeHM s OCEeCHMMETPUUYHOTO MaTHUTHOTO IoJig n3-3a TaKUx
MYJILTUIIOJILHEX IIOJIeM TPUBOOMUT K MCKJOUMTEJLEHO OOJIbIMM IIOTepAaM
OBIC TPBIX JaCcTUI] 3a cyeT BeCcCTOJIKHOBUTEJILHOM CTOXaCTUUeCKOM
onbdys3mun, 4ABJIGOMEeNCcsa CcJelICTBMeM YTPAaThH CcoxXpaHeHMSa KaHOHMUEeCKOTO
KMHEeTUUEeCKOTO MOMEHTaA . Taxum oBpaz3oM, HOBOEe pemeHue,
3aKjoyanmeecss B TOM, UTOOH o00ecleuMTh KOHTPOJL YCTOMUMBOCTMU 0e3
MHTeHCUOMKauuM  omuddysmm  JIOOBEIX  YacTHIL, ABJIAETCA BaXHBIM  IOJIA
[IOJIYUYEHM S IperMyllecTBa O0O0JIee BEHCOKOT'O TeXHUMUYECKOT'O IIOTeHlIMala
STUX KOHIEIUUM YCOBepmeHCTBOBaHHEIX FRC, He MCCJeOOBaHHHX paHee.

[0008] IlomTOMYy, B CBEeTe BHIIEM3JIOKEHHOTO XeJaTeJIbHO YJIYUIMUTb
yaepXaHre U TIIOBHCHTL YCTOMUMBOCTE FRC, uTOoOH MCHOJIL30BaThL FRC,
paboTanmyre B YCTAHOBMBIIEMCA  COCTOAHUU, Kak IOYyTb K LeJIoMY
MHOXECTRBY IIPUJIOXEHUMV, BKJIOUAsS KOMIAKTHHE MCTOUHMKM HEeMTPOHOB
(mys IPOM3BOLOCTBA M30TOIIOB MeIOMUMHCKOTI'O Ha3HaueHu4d,
BOCCTaHOBJIEHUE OoTPaboTaHHOTO AOEepHOTO TOILJIMBA, nccJieIoBaHUM
MaTepMraJyIoB, HEeWTPOHHOM paiuorpadumM ¥ ToMOTpaduu), KOMIIAKTHEE
VMCTOUHVKM (GOTOHOB (IJIS XUMMUECKOTO IIPOM3BOICTBaA U XUMUUECKOMU
oBbpaboTkuM) , CHUCTEMEl IOJS pa3nejeHusa U oborameHusd, a Takxe
aKTMBHEIE 3O0OHE pPeaKTOpPOB OJS CHMHTe3a JIETKMX 4GOep C  LeJbo
BEPaAOOTKM SHEepIUM B OYyOVIIEM.

PacCKpETHE M300peTeHrs

[0009] BapraHTH OoCVyleCcTBJIEHN A IOaHHOTO n300peTeHMnd,
NpenJIOXeHHEe 3IOeCh, HalpaBJIeHH Ha pas3paboTKy CUCTeM U CIOCOo0OB,
KOTOPHE obJjlervanT bopMHPOERaHNUE u nomepXxaHue HOBEIX
BHICOKOZOPEKTUBHEX KOHQUI'ypaluuM C oOpalleHHHM II0JIEM (FRC). B

COOTBETCTBUU 2TON HOBOM napaauIrMom BHICOKOZbdeKTMBHOM FRC



HacToAmasag CUCTeMa CcodueTaeT OIPOMHOE KOJMUECTBO HOBHX MOV U
CpenoCcTB IJAd pe3Koro yhayuleHmd FRC-yoepXxaHMd UYacCTMUIl, DSHepIUM U
IIOTOKa, a Takxe obecrnedueHMre KOHTPOJA YCTOMUMBOCTM 0Oe3 HeTaTUMBHBX
MOOOUHHX 50PPeKTOB.

[0010] [IpenyiaraeMasd 3neck FRC-cucTeMa BKJOUaeT B CcelB4
LIeHTpalJIbHYyI0 eMKOCTb OJIA YyIOepXaHMsa, OKPYXEHHYK IBYMA IUaMeTpaJibHO
IIPOTUBOIIOJIOXKHEMA  QOPMUPYIOIUMM CeKUMAMM TeTa-INIMHUel ¢ ofpaleHHBEM
IoJieM ¥ IBe KaMepe IUBEPTOPOB BHe (OPMUPYIMUX CeKLUM, IpUUYeM
KaMepH OMBEPTOPOB npelHas3HadeHH OJIs KOHTPOJIA IIJIOTHOCTM
HeMTpaJlbHEX YacTHul, ¥ 3arpa3HeHUd IOpuMecsaMM. MaTrHMTHas CcucTeMa
BKJIOUaeT B cebdg paO 3epKallIbHEX KaTyllek KBa3UIIOCTOAHHOTO TOKa,
KOTOPHE HaXOoOATCHd B OCEBHX IIOJIOXEHUAX BIOJIb KOMIIOHEHTOB FRC-
CHCTEeMEH], IpUYeM 3epKaJibkHEEe KaTyIKM KBa3MUIIOCTOSHHOTO TOKa
HaxoOAaATCd Mexny JIOEM TOPLOM KaMeph yIepXaHMsS WM COCEeIHVMMU
bopMUPYIMVMIA CeKLUMAMNA, u 3epKaJibkHEe npoBKH, comepxamme
KOMIIaKTHHE 3epKaJibHEE KaTyIKA KBa3MUIIOCTOSAHHOTO TOKa MeXxIOy
KaXxIbMM M3 (OpPMMPYIMNMX CeKIMM WM IMBEPTOPOB, KOTOPHE CO3JalT
OOIIOJIHUTEJIbHEE HalpaBJAKIMEe I[I0JIS IJIA HalleJMBaHMA I[IOBEepPXHOCTEM
MaTHMTHOT'O IIOTOKa K »OUBepTOopy. OdopMuMpyKlMe CeKUMM BKJIIOUYAKT B
cebd MONYJIBHEIE MMIIYJIbCHEE OQOpMMPYKIIME CHUCTEMB, KOTOPHEE HOeJakT

BO3MOXHEM GopMupoBaHMe FRC Ha MeCcTe, a 3aTeM ee YCKOpeHue U

MHXeKIMI (= cCcTaTudeckoe OQpopMMpoBaHMe), JmbOO QopMMpPOBaHUE U
YCKOpeHMe OIHOBPEeMeHHO (= IMHaMmuueckoe QOopMHUPOBAaHMUE) .

[0011] FRC-cucTemMa BKJIIOUAEeT B cebsa VHXEKTOPEH IIYUYKOB
HeMTpaJIbHEX aTOMOB UM  MHXEKTOp  TabJleToK. B omHOM BapuaHTe
OCYIECTBJIEHUSA VIHXEKTOPH IYy4YKOB HaKJIOHEeHH oJis VHXe KN
HeMTpaJlbHEX dYacTUl K CcpelHelM IIJIOCKOCTHM. Hajluume  MHXEKTOPOB

IIYUKOB, HAaAKJOHEHHHX K CpelHelM IIJIOCKOCTHM, IIPU OCEBHX IIOJIOXKEHMIX
Oy4ykoB BOJIM3M CpelHeM IIJIOCKOCTM YyJydllaeT CBA3b «IIyUYOoK-ILJla3Ma»
naxe Torma, korma FRC-masMa cCcokpallaeTcsd WM MHEM — 00pas3oM
aKCHMaJIbHO CXMMaeTCsa BO BpeMs IIeprMolda MHXeKIMM. B cocTaB BXOIOAT
eme ¥ CHUCTEMH TeTTEPUPOBAHMSA, a TakKXe OCEeBHe IIJIJa3MEeHHHE IIYIIKHA.
[IpenyCMOTpeHE TakKXe  CMellalle  BJIeKTPONE OIS BJIEeKTPUUEeCKOI'O
CMelleHMS OTKPHTHEX [IOBEPXHOCTEM IIOTOoKa.

[0012] B npouecce paboTH TmJofajJibHBEE IIapaMeTphl  I[LJIa3MH,

BKJIUAKIME B Cebd TepMUUeCKYy DHepIUo ILJa3Mbel, oflKre KOJIUUeCTBa



yacTHull, paiuyc ¥ IJMHY ILJa3MH, a TakKXe MaTHUMTHH IIOTOK SABJIATCH
IpakKTUUYeCcKy IIOCTOSAHHEIMM 0Oes crana, B TO BpeMd KakK IIYUKU
HeMTpaJlbHEX YaCTHl MHXEeKTHPYIT B IIJIasMy, a TabjJeTku obecrneumBaiT
IIOTIOJIHEeHME HaOJjieXallyx YacCTHUll.

[0013] B aJIbTEPHATMBHOM  BapMaHTe oCcylleCcTRBJIEHUS BMECTO
MHXeKTopa TabjieTok ofecledueH MHXEKTOP KOMIaKTHOIo Topouma (KT)
nJsg ofeclieueHUd IIOINOJIHEHMS HaJleXalMxX YacTHl, [IYyTeM MWHXeKIUU
chepoMaKoOnoOOgOOHOM I1J1a3MH .

[0014] CucreMsl, CIIOCOOH, IpU3HaKU u opeuMymecTBa
nz3obpeTenus OyOyT WIM CTaHyT OUeBUOHBEIMM IOJIS CleluuaJlucTa B
obJjiacTu TeXHUKU noce V3YyUeHUS HMXe CJIe OVIOmMX yepTexen wu
IIOOPOBHOTO ONMCAaHUA . llonpaszymMeBaeTCcHd, yTo 2TO omnMcaHue
pacnpoCcTpaHsaeTCcsd Ha BCe TakKMe OOIOJHUTEJILHHE CIOCOOH, MPU3HaAKU U
IpeuMymecTBa, KOTOpPHEe HaxoOAaTca B 2 paMKax oObeMa [IPpUTA3aHUM
n300peTeHMda M TOIONamalT [IOoO 3BalUTy [NOCPelCTBOM IIpuilaTaeMou
bopmysiEl mM300peTeHMA. TakXke IHoOpas3yMeBaeTCs, UTO HU300peTeHMe He
oTrpaHUMBaeTCHd TpeboBaHVEM 06a3aTeIbLHOTO HaJIMumn g BCex
IOOPOOHOCTENM BO3MOXHEHX BapMaHTOB OCYUEeCTBJIEHMU.

KpaTKOG OIIMICaHNe qepTexeﬁ

[0015] IIpuilaraeMele UYepTexu, KOTOPHEE BKJIOUEHHE B HOAaHHYD
3a8BKYy KaK €e YacTb, WUINCTPUPYIT IIPpellouTUTeJSIbHEY B HacToAlee
BpeMA BapMaHT OCYIEeCTBJIeEHMA M  Hapdoy C  OofWKMM  ONMCaHUeEM,
M3JIOXEHHEIM BHIIE, u MOOPOOHEM O CaHUeM NIPEenIouUTUTEeJIEHOTO
BapMaHTa OCYIECTRBJIEHNA, IIPUBOOMMEM HIKEe, CJIYyXaT OJS T[IOSACHEHUSA
IIPUHLIMUIIOB OaHHOTO M300peTeHud M OOyUeHUS STUM IPMHINUIIaM.

[0016] omr. 1 WIIOCTPUPYET YyIepXaHMe UYacTUl B IpeljlaTaeMou
FRC-cucTeMe B BHCOKOZ(0OeKTMBHOM pexume FRC) 10 CpaBHEHUVID C
OBOHUHEIM peXxrMoM FRC ¥ [0 CpaBHEHMIK C OPYITMMM DSKCIEepMMeHTaMu C
OOrUHEMM FRC.

[0017] OQur. 2 wIIOCTPUPYeT KOMIIOHEHTH IIpenjaraemon FRC-
CUCTEeMEl ¥ MAaTHMTHOM TomooJioTuu FRC, [noJiydaeMoV B IpedjaraeMomn

FRC-cucreme.

[0018] Qur. 3A wWUOCTPUPYyeT 0as0ByK CXeMy pPacCIOJIOXEeHN
npenjaraeMomn FRC-cHucTeME Ha BUIE CBEPXY, BKJIIOUA A
[IpenlIouTUTeJIbHOE PacIioJIOXeHK e [IYUKOB HeMTpaJbHHX yacTull,

SJIEKTPOIOOB, ITIJIaSMEeHHEX IIynmek, SePKaJIbHEX HpO@OK n VMHXEeKTOpa



TabJIeTOK.

[0019] dur. 3B WJJIOCTPUPYEeT LHeHTPallbHY EeMKOCTb oJis
yOepXaHMA Ha BUMIOEe CBepxy M I[IOKa3HBaeT I[IyUKM HeWTpPaJIbHHX UYacTH,
PAaCIIOJIOXEHHEE I[IOH MeHBIMM YIJIOM, dYeM I[IpAMOM K IJIaBHOM OCH
CYMMETPUM LEeHTPpaJIbHOM eMKOCTHM IJid yIOepXaHUS.

[0020] dur. 3C WILJIIOCTPUPYET LEeHTpalIbHYIO eMKOCTb oJjisg
yaepXaHMsa Ha BUIEe CBepxXy U IOoKasHBaeT IIYyUKM HeMTpaJbHBX UYaCTUII,
PACIOJIOXEeHHHEe I[IOA MeHBNMM YIJIOM, UYeM I[IpAMOM K TJIaBHOM OCHU
CUMMETPUM LIeHTPpaJIbHOV eMKOCTM MOJId YyIepXaHus ¥ HallpaBJIeHHHE C
BO3MOXHOCTRID MHXEKIMM YacTHUl K CpelHeM IJIOCKOCTM IeHTpaJlbHOM’
EMKOCTHM IJI yIOepXaHWs.

[0021] dur. 4 WIJIIOCTPUPYET CXeMaTUUueCcKoe n300paxeHne
KOMIIOHEHTOR CUCTEMH MMIIYJBECHOTO NUTaHUA OJI9 QOpMUPYKIMUX CeKIUN.

[0022] Qdur. 5  WUIRCTPUPYET M30MeTpUUeCKOoe  M300paXxeHue
OTHEeJIEHOTO QOpPMUPYHIIETC MOIOYJISA MMIIYJIECHOT'O IIUMTaHUA.

[0023] Qdmr. 6 WUIRCTPUPYET M3OMEeTPHUUECKOe WM300paxeHMe y3Ja
bopMupynIUx TPYO.

[0024] OQur. 7 WUIIOCTPUPYET M3OMETPUUEeCKOe U300paxeHUe B
YAaCTUUYHOM CeUeHUM CUCTEMH I[IYyUKOB HeMTPaJIbHEX YaCTUL UM KJIIOUEBHX
KOMIIOHEHTOB.

[0025] dur. 8 WICTPUPYET U30OMeTpuUeckoe  M300paxeHUe
CPeICTE TeHepMpPOBaHMUA IIyUKOB HeWTpaJIbHHX YacTull Ha Kamepe
yIepXaHnsd.

[0026] Odur. 9 WIINCTPUPYET M3IOMETPUUECKOe MU300paxeHUe B
YAaCTUUYHOM CeUeHUM IIpPellouTUTEeJILHOTO PacloJIOXKeHusa cucteM Ti- wu
Li-TeTTepupoBaHMUA.

[0027] Oour. 10 WLIRCTPUPYET MI0OMeTpHUUeCKOoe M300paxXeHMe B
YaCTUMUYHOM CeUeHMM IIJIa3MeHHOWM MymKM, YCTAHOBJIEHHOM B KaMepe
IoVBepTOpa. TakKxXe IIOKaA3aHE COOTBETCTByKIIaAs Mal'HUTHas 3epKajlbHasd
npoBa M BJeKTPOINHHM Yy3eJl OUMBepTopa.

[0028] dur. 11 WIJIOCTPUPYEeT NpennouTUTENIEHY cxXeMy
PacCIIOJIOXKEHMSI  KOJIBLEBOI'O BJIeKTpona CMelleHMsa Ha OCeBOM Tople
KaMepH yIOepXaHUd.

[0029] OQur. 12 WUIRCTPUPYET B3BOJOIMID palnyca MWCKIKJIaeMOI'O
noroka B FRC-cucTeMe, TIIOJYYEHHOT'O MCXOOHA U3 pAda HaPYXHHX

OIVMaMaT'HMTHEX KOHTYPOB B IBYX (]_)OpM_T/IpyIOH_[MX CeklUMIx TeTa-IIMHUEeM C



oOpalle HHEIM roJieM u MaTHUTHEX 30HIOB, 3aneJlaHHBX BHYTPHU
LIeHTPaJlbHOM MeTaJlJIMUeCKOM KaMepH yHOepXaHMA. BpeMsa u3MepseTcsa C
MOMEHTa CHUHXPOHUBUPYEMOTO ofpalleHMsa [OJIE B MCTOYHMKAX  IJIA
bopMmpoBaHMA, a paccTofdHMe 7z 3aZaeTcsa OTHOCUTEJNIBHO OCeBOM
CpenHeM IIJIOCKOCTHM MallHE .

[0030] Odur. 13 (a)-(d) WIIOCTPUPYIT -OaHHEE, I[IOJIyUEeHHEE B
pe3yJbTaTre HENOINEPXBAEMOTO pazpdana B XapaKTepHOM He
BHICOKOBDOPekTUBHOM PpexuMe FRC Ha npenjaraemolr FRC-cucreme. Kak
OYHKLNM BpeMeHM IIOKa3aHH: (a) pamuyc MCKJIKUYaeMOI'0 IIOTOKa B
cpenHeM 1iockocT; (b) 6 xXopo JMHEMHO-MHTETPAaJIbHOM IIJIOTHOCTU U3
HaxoOAmeTrocsd B CpelHel IIJIOCKOCTM MHTepbepoMeTpa IJA ONpelelleHUId
comepxaHusa COz2; (c) paIMalbHBEE OPOOUIM pacHpelelJIeHVs IIJOTHOCTH,
VHBEPTUPOBAaHHEE 1o AbeJo, 1o IOAaHHEM MHTepbepoMeTpa 0JId
olnpenejieHus conepxaHmsa COz2; um (d) IoOJHasg TeMllepaTypa ILJIa3MH
nCcxonsa u3 DajlaHCca OaBJIEHUA.

[0031] Odur. 14 wWUIIOCTPUPYET OCeBHEe IPOQUIIM MCKJIIIUaeMOI'O
IIOTOKa B BHOpaHHEE MOMEHTH BpeMeHM IJIS OOHOTO M TOTO Xe paspdla
u3 mnpenjaraemor FRC-cucTeMbl, [IOKasaHHOM Ha dur. 13.

[0032] dur. 15 wumocTpUpyeT M30MeTpUUYecKoe M300paXeHUe
OTKJIOHAKIMX KaTyIeK, YCTAHOBJIEHHHEX CHapPyXM KaMepH YyIOepXaHUS.

[0033] dmr. 16 WMIJIOCTPUPYET KOoppessaumMy BpeMeHU XM3HUM FRC u
OJIUTEJIbHOCTY MMIIYJIbCOB MHXEKTUPYEMHX I[IYUKOB HeMTpaJIbHBEIX YacTHIL.
Kaxk nokazsaHOo, 0o0Jiee OJIUTEJBbHBE MMIIYJIBECH IIydKa JakT OoJibllee BpeMS
xm3HM FRC.

[0034] Qur. 17 WLIOCTPUPYET MWHIMBUIOYAJIBHEIE U COBOKYIIHHE
BOBIeCcTBUS pasHEX KOMIIOHEHTOB FRC-cucTeM: Ha paboune
XapakTepnucTuky FRC ¥ OOCTUXEeHME BHCOKOROOEKTMBHOTO pPeXyma.

[0035] Qdmr. 18 (a)-(d) WLIOCTPUPYIT HOaHHHE, I[IOJIYUYEHHHE B
pe3yJbTare He HellOOOepXUBaeMOT'O pazpsana B XapakTepHOM
BHICOKODbOPekTHMBHOM pexuMe FRC Ha Openjaraemol FRC-cucrteme. Kak
OYHKINMM BpeMeHM IIOoKa3aHH: (a) pamnyc MCKJIKUaeMoI'0 IIOTOKa B
cpenmHeM 1JiockocTu; (b) 6 xopd JMHeMHO-UMHTeIpaJlbHOM IIJIOTHOCTU U3
HaxoOAmeToCd B CpelHeM IIJIOCKOCTM MHTepdepoMeTpa IJS OINpPelelleHUId
comepxaHusa COz; (cC) paIMalbHEE NPOQUIIM paclpelelJIeHMs IIJOTHOCTH,
VHBEPTUPOBAaHHEE 1o AbeJio, 1o OaHHEM MHTepbdepoMeTpa 014

omnpenejieHua conepxaHma COz; u (d) [OJHadg TeMIepaTypa ILJla3ME



MCXOOd M3 PaBeHCTBa OaBJIEHUM.

[0036] Qdmr. 19 WUIRCTPUPYRT VYIepXaHMe II0TOoKa KaK QYHKIMO
TeMllepaTyphl (Te) DIEKTPOHOB. 3TO ITaeT Ipaduueckoe IIpencTaBJIeHMe O
BHOBb yCTaHaBJIMBaeEMOM pexume MacuTadbMpoBaHNA, KOTOPHM
[IPEeBOCXOOUT WM3BeCTHHE, IJII pPa3psaAloB B BHCOKODOOEKTHMBHOM pPeXMMe
FRC.

[0037] OQur. 20 wmwaoCcTpUpyeT BpeMsa XM3HM FRC, COOTBEeTCTBYyKIE
OJIMHEe VMIIYJIbCa He HAaKJIOHHHX WM HaKJIOHHBEIX MHXEKTHUPYEMBEX I[IYyUKOB
HeMTpaJlbHEX YaCTUII.

[0038] Ha o&mr. 21A wm 21B wuinaocTpupyeTca ©Oaz3oBasg CxeMa
PacIoJIOXeHV I MHXeKTOopa KOMIakKTHOTo Topomma (KT).

[0039] Ha dur. 22A mu 22B MWIJIOCTPUPYETCS lLeHTpallbHad eMKOCTb
0JI yIepXaHud M IIOoKa3aH YCTaHOBJIEHHBM Ha Hee MHXekTop KT.

[0040] Ha Oo&mr. 23A wm 23B wmiaocTpupyeTcda ©Oas3oBasg CxeMa
PacCIOJIOXEHMA COTJIACHO aJIbTEPHATHMBHOMY  BapMaHTy  OCYIEeCTBJIEHUA
vHxekTopa KT, MMenmero CBA3aHHYK C HUM IIPOJIETHYK TPYOKY.

[0041] CiiegyetT OTMETUTE, gTo UepTexu HeoO4d3aTeJIbHO
BHIIIOJIHEHE B MacmTade M UTO DJIEMEHTH aHaJIOTMUHHBIX KOHCTPYKLUUN WK
dyHKLUMM B ofmeM ciydae OOO3HaAuUeHH OIMHAKOBHMM IIO3MLMAMM Ha BCeXx
yepTexax B LeJdax wWwuimocTpauun. CilengyeT TakKXe OTMeTUThb, 4To
UepTeXy IIpelHa3HaueHB TOJIBKO Jid OOJIeTUeHMSI OIMCaHUS pa3JIMUHBX
BapMaHTOB OCYWEeCTBJIEHMA, O KOTOPHX 3O0eChk MIOEeT pedb. Ha uepTexax
He o0043aTeJIbHO OIMCHBAaeTCd KaxIOul acleKT OpenjlaraeMblx 3IecCh
umev, " UepTexu He OoTpPaHUUMBAT o00beM TMPUTA3aHUM  COIJIacHO
bopMyJie M300peTeHUsd.

[IOOPOBHOE OIIMCAHME

[0042] HacTosamme BapMaHTH oCyleCcTBJIEHUS, IpenJjIoXeHHEE
3O0eChb, HalpaBJIEHH Ha pas3paboTKy CHUCTeM ¥ CIOCOB0OB, KOTOPHE
oBervanT bopMUPOBaHUE u nonmepXxaHue BHICOKOB3DOEKTUBHEIX
KOHOUTYpalui c obOpameHHBM ooJeM (FRC), mnpumaBasg MM IIPeBOCXOOHVYIO
YCTOMUMBOCTL, a Takxke I[IPpeBOCXOIHOe YyIepXaHMe UYacTHll, DSHEepPIUM U
IOTOKa, IO CpaBHeHMI C OoO0nuHEMM FRC. Taxkme BHCOKOZOOekTUMBHEE FRC
oBecneunBanT nIyThb K LeJJOMy MHOXEeCTBY  I[IPWUJIOXeHUM, BKJIOU A A
KOMIIaKTHEIE VCTOUYHUKHA HEeMTPOHOB (mns [IPOU3BOLCTBA M30TOIIOB
MEeIMLIMHCKOT'O Ha3HaueHMHd, BOCCTAaHOBJIeHMEe OTpaboTaHHOT'O AI0epHOI'O

TOIJIUBA, UCCJIeOOBaHUM  MaTepHuaJioB, HeMTPOHHOM paIuorpadum u
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TOoMOTpPadum) , KOMIIAKTHEE MCTOUHUKM  (QOTOHOB (mJsa  XMMMYeCKOTO
IPOMBBOACTBA M XMMMUecKkoM o00paboTku), CHUCTeMH IJIS paslejileHus
M30TOINOB M oborameHMda, a TakKXe aKTMBHEE 3SOHE pPeakKTOpOoBR OJ4d
CHMHTe3a JIETKMX Aoep C LeJIbl BEHPaOOTKM SHepI'uM B OyOyIeM.

[0043] YUToOH OLIEHUTL, CYHNECTBYEeT JIM PEeXMM yIepXaHusa B FRC,
IPeBOCXOOAMUY WM3BECTHHE, MCCIeOOBaHE pa3JIMUHEE BCIOMOTATeJbHEEe
cucTeMel U paboume pexXuMBl. STU YCUIIMA I[IPUBEJIM K BaXHBEIM HayUHBM
OTKPEITUAM u pas3paboTke napalyITMbBl BHICOKO2bheKTUBHOM FRC,
ONMCHBaAEMOM 3IeChb. B COOTBETCTBUM C STOV HOBOM HapaIuUIMOM IaHHBIE
CUCTEeMEl M CIIOCOBH coueTalnT OI'POMHOE KOJMUEeCTBO HOBEIX MUIeW U
CPenOCTBR OJI4 Pe3KOoTo YyJyulleHMda yhnepxkaHmd FRC, Kak MWUICTpUpYeTCcd
Ha Oour. 1, a Takxe of0eclIeuMBawT KOHTPOJb YCTOMUMBOCTU 0es
HeTaTUBHEIX [NTOOOUHEX 20PeKTOB. Kak mnompobHee paccMaTpuUBaeTCHd
Hxe, Our. 1 WLIINCTPUPYET yIepXaHue uyacTui, B FRC-cumcTeme 10,
ONMCHBaeMO¥ Hmxe (cM. our. 2 u 3), padoTawnmel B COOTBETCTBUU C
BEICOKOBDQOEKTUBHEIM pexmrMoM FRC mnpu  QopMMpOBaHMA UM HDOOOepXaHUU
FRC, 1o cpaBHeHMK C paboToOM B COOTBETCTBUM C OOBUHEIM PEeXVMOM IIpU
popMHpPOBaAHUM M HnonomepXxaHuy FRC M IO CpaBHEHUID C YIepXaHMeM
yacTUl, B COOTBETCTBMM C  OOBUHEIMM peXvMaMu  (oOpMMPOBaAHUA U
ronnepXxaHmda FRC, MCIIOJIL 3y eMEIMU B OIPYyTUX DKCIIEepMMEeHTax . B
HacTofdlleM PacKpHTUM OyOyT IIpMBeleHH of0llee U IIOOpOOHOEe OIMCaHue
HOBHIX OTIOEJIbHEX KOMIIOHeHTOoB FRC-cucTeMel 10 M crnoco®oB, a Takxe
MX COBOKYIIHEIE 20OEKTH .

Onmcanme FRC-cucTeMBl

BarkyymMmHasd cHUCTeMa

[0044] Qdmr. 2 wm 3 TIOKa3HBaKT CXeMaTuuecKoe u300paxeHNre
npenjaraemor FRC-cucremel 10. FRC-cucremMa 10 BrJouaeT B cebsda
LEHTPAaJIbBHY EeMKOCTB 100 oJs yIoepXaHns, OKPYXeHHYIO OBYyMS

IoVaMeTpaJIbHO IIPOTUBOIIOJIOXHEMY QopMUPpYRLMMKM cekuuavm 200 Tera-
OVMHUeM C ofOpalleHHEM II0JIeM, M BHe o¢opMupylmux cexkuum 200 1OBe
kaMeprl 300 OMBEPTOPOR IJS KOHTPOJSA IJIOTHOCTM HeWTPAaJIbHHEX YaCTHIL
M  3arpAaA3HEeHUA  IIPpUMMEeCAaMU. [ToenmaraemMmasa FRC-cucrTemMma 10 OwlIa
[IOCTPOEeHa TakK, UYTO OHa IPHUCIOCOBJIeHa K CBEPXBHCOKOMY BaKyyMy WU
paboTaeT OpM TUIMYHHX HadaJlbHBIX JOaBJeHuax 1078 wopp. Takue
BakyyMMeTpMUECKMe  IaBJIeHUA TPeOYIT MCIIOJIE30BATH CTEIKOBOUHEIE

q_)J'[aHLI,BI CHapeHHOﬁ OTKRa4YKM MeXnOy CTEIRY EMEIMI KOMIIOHEHTaMM,
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MeTaJlJIMUeCKMe  KOJIbLEeBEEe  YILJIOTHEHU, BLHICOKOUMCTEE  BHYTPEHHUE
CTEeHKMN, a Takxe TImaTeJIbHOEe HauaJlbHOe KOHIOVLIVOHMPOBaHME
IIOBEPXHOCTEN BCeXxX JeTajleM Iepel cOOpkKOM, TakKoe Kak QusmMdeckasd U
XUMMUEeCKasa OUMCTKa C I[OCJHeOy VMMM BaKyyMHOM CYIKOM B TedeHMe 24-
x yacoB opu 250°C M OUMCTKOM TJIECHNMM paspiaIoM B BOIOPOIE.

[0045] OQopmmpyomue cekuun 200 TeTa-nmMHUYeM C OOpalleHHBEM
noJjieM IpelcTaBJIAT Ccofo¥ CcTaHIapTHHE TeTa-MNIMHUM C ofpalleHHBM
nojem (FRTP), xX0Ta M C YCOBEPIEHCTBOBAHHOM (OopMMPYIMEN CHUCTeMOM
VMIIYJILCHOTO TIMTaHMusA, IIOOPpoOHO paccMaTpuMBaeMoM HMWxe (cMmM. dur. 4-
6). Kaxmasa odopMupyrmasa cekliua 200 BHIOOJHEeHa M3 CTaHIOaAapTHHEX
HellpO3PauHEX KBapLeBHX Tpy0 IIPOMBIIJIEHHOT'O KadecTea, OoOJlalaklux
Takou OCODEHHOCTEL, Kak HaJmuye BHYTPEHHeN byTepoBkU ns
CBEPXUMCTOTO KBaplla TOJIMHOM 2 MUILIMMeTpa. Kamepa 100 ymepxaHUSA
BHIIOJIHEHA M3 HepXaBeKlel cTaju, ofecleuMBas MHOXECTBO palMalibHEBIX
M TaHTeHUMAaJIbHEIX OTBEPCTHM; OHa TakKXe CIYyXMT B KadeCTBe CpeIdCTBa
COXpaHeHMsa IIOTOKa BO BPEMEHHEX paMKaxX DKCIEPMMEHTa, OIMUCHEHBaeMOI'O
HIXe, ¥ Ool'paHuuMpBaeT OHCTPEE MaTHUTHEE I[IePeXOOHEEe IIPOLeCCH.
BakyyMel CO3IDalTCd M IIOOOEePXUBAKTCA B HOpenejax FRC-cucremer 10 c
IOMOImEBID Habopa 0Oe3MacJIAHEX CIOMPaJIbHEX (QOpPBaKYyMHEX HaCOCOB,
TYPOOMOJIEKYJIAPHEIX HaCOCOB M KPUOHACOCOB.

MaruurHasa cucreMma

[0046] Ha dur. 2 u 3 WUIKCTPUPYeTCSa MaTHUTHasda cucTema 400.
Ha dur. 2 cpeu IpOoUMX KOHCTPYKTUBHEIX ocoBeHHOCTEMN
WIIOCTPUPYRTCA [OPpOodUIIM MarHMTHOTO IIOTOKa M IJoTHocTu FRC (kak
OYHKUMM PpadMalJibHEX ¥ OCeBHX KOOPAOMHAT), CBOMCTBeHHEle FRC 450,
cosmaBaeMoM 1ocpencTeBoM FRC-cucTeMel 10. 39TM OpodmM [IOJIydalnTCd
MeTOIOM IOIBYMEPHOTO UMCJIEHHOTO MOIOEJINPOBAHN A [IOCPelCTBOM
MaTHUTOTUIPOOMHAMUYECKOTO (MIT'IT) TeHepaTopa XoJna C
MCIIOJIb30BaHMeM KoOIa, pas3paboTaHHOI'C MOJIS MONEJIMPOBAHMA CUCTEM U
criocobor, coorBercThyRmNx FRC-cucreme 10, M XOpOWO COIJIACYTCHS C
SKCIIEPUMEeHTAaNbHEIMY HaHHEMM UW3MepeHuM. Kak BuUIOIHO Ha dur. 2, FRC
450 COCTOMT M3 Topa CWUJIOBHX JMHUNM BaMKHYTOT'O IIOJIS BO BHYTPeHHEM
npocTpaHcTBe 453 FRC 450 B mnpenejiax cenapaTpuUCH 451 M KOJIBLEBOTIO
TpaHUuHOTO cJjoga 456 Ha JuHuAx 452 OTKPHETOT'O IIOJIA CHapyXM OT

cenapaTpuce 451. TI'pa"HuuHem cJjou 456 cxomurca B cTpyu 454 3a
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Openejamu OJIMHEL FRC, of8ecrneurBas eCTeCTBEHHEM IMBEPTOP.

[0047] TulaBHas MarHamMTHasad cuctema 410 BrIouyaeT B cebg pan
kaTtymerk 412, 414 m 416 KBa3MUIOCTOSAHHOT'O TOKa, KOTOPHE HaxXOOATCH
B OCEBEIX IIOJIOXKEHMAX BIOOJIb KOMIIOHeHTOB FRC-cucrtemul 10, T.e. BIOJIb
kaMeps 100 ymepxaHus, odopMupyiommux cerkuumt 200 m gmBepTopor 300.
Karymkn 412, 414 u 416 KBaBUIIOCTOSHHOTO TOKa 3allTaHB
[IOCPEeIOCTBOM MMIIYJIbECHEX MCTOUHMKOB I[IMTAHMA KBAB3UIOCTOSHHOTO TOKa
1 cosznmalnT 0a30BHEe MaTHUTHBE II0JIS CMemeHMS C MHIOYKIMeM IPUMMEePHO
0,1 Tm B kaMepe 100 yzmepxaHusa, oopMupyRIMx cekuuax 200 wu
nueepTopax 300. Ilomumo kaTymer 412, 414 m 416 KBas3UIOCTOAHHOTO
TOKa TIJlaBHad MaT'HMTHasa cucremMa 410 BrJodaeT B cebd 3epKalJlbHHE
KaTyIKU 420 KBa3UIOCTOSAHHOTO TOKa (mMTaeMele IIOCPEenCTBOM
VIMITYJIECHHX WMCTOYHMKOB TIIMTaHMA) MeXny JOEM ToplioM KaMepsn 100
yIoepXaHUusa W COCeIHMMM OQopMMpylIMMM cekiuamu 200. 3epKaJibHHEE
kaTymku 420 KBa3MIIOCTOSHHOT'O ToOKa ofecrneuuBanT KO3QOUIIMEHTEH
OTpaXxeHVsad MaTlHMTHOTO 3epkajla 1no 5 u obecrneuMBawT BO3MOXHOCTH
He3aBUCKMMOTO BO3OyXIeHMS IOJS KOHTPOJA OIpMIaHMSI pPaBHOBECHOM
bopMel. Kpome TOTO, MEeXOy KaXOeMM M3 QopMupylmux cexkumm 200 u
oueepTOopoB 300 pacHIoJIOXeHH 3epkajibHble OpoOku 440. 3BepkajibHBEE
OpoOKU 440 comepxarT KOMIIaKTHEE 3epKaJibHbEe KaTyIKU 430
KBa3UIIOCTOSHHOTO TOKa WM 3epkKalJibHee NOpoOouHHe KaTymku 444,
BepkaJibHEEe kKaTymky 430 KBaA3MIIOCTOSHHOI'O TOKa EBRJKYAKT B cebd Tpu
KaTyIKM 432, 434 u 436 (MMTaeMee [IOCPEeOCTBOM  MMITYJIbCHEIX
VCTOUHMKOB IIMTaHMA), KOTOPHE CO3OalT OOIOJIHMTEeJIbHEE HallpaBJIgolMe
IoJia IJIsS HalleJiMBaHuAa IoBepxHocTeM 455 MarHMTHOTO TIIOTOKa IO
HalpaBJIEHMIO kK KaHaJy 442 wMaJioro »OMaMeTpa, OPOXOoOAleMy CKBO3b
3epKajlbHEle MOpoOOUHHE KaTymku 444. 3epKaJilbHHEe TIPODOOUHEE KaTylKU
444, wkoTOpele OOBMBAKLT KaHall 442 wMaJioTo IOIuaMeTpa U [IUTanTCH
[IOCPEenCTBOM MMIIYJIECHEX CHMJIOBEX LC-CcxeM, CO3OalT CHUIIBHEE I[I0JIA
MarrHMTHOTO 3epkKaJla ¢ MHOYKIMer no 4 TJjg. HazHaueHMe BCeM 5STOoU
KOHCTPYKIMM M3 KaTyleK 3aKJodaeTCd B TOM, 4YTOOH IIJIOTHO YBSA3HBATH
¥ HaIpPaBJATE [MOBEPXHOCTM 455 MarHMTHOTO I[IOTOKa M TeKymMe K TOpIy
crpyn 454 r1mjasMel B OoTHaljieHHHe KaMepel 310 mguBepTopor 300. U,
HaKOHell, CHapyXxu kKaMeprel 100 yOoepXxaHMsa pPacIOJIOXKeH HaboOp «aHTEeHH»
460 Ha OCHOBE OTKJIOHAKIMX KaTylmek (cm. dmur. 15), npuuem IO OBe C

Kaxmoon CTOPOHEL cpenHeIZ ITIJIOCKOCTHM, KOTOPHE IIMTAKRTCA IIOCPeICTBOM
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VCTOUHMKOB IMTaHMA IIOCTOSHHOT'O TOKa. KoHOuI'ypaumsa aHTeHH 460 Ha
OCHOBEe OTKJIOHAKIMX KaTyllek MOXeT OHTb BHIIOJIHEHa Tak, UYTOOH
oBecrneunThb KBa3MUCTaATUUYECKOT'O MaT'HUTHOE OUIIOJIBHOE VI
KBaIpyIOJIbHOE IIoJie C MHOyKIMerm npuMmepHo 0,01 T @#Ojad KOHTPOJIA
HEeYCTOMUMBOCTEM  BpalleHVa U/UIM  KOHTPOJIS  BJIEKTPOHHOTO  TOKa.
AHTeHHE 460 Ha OCHOBEe OTKJIOHAKRIMUX KaTylleK MOTYT TUOKO
obecneurBaTb MaTHMTHEE II0JIS, ABJAmMecd JMO0O CHUMMEeTPUUHBMM, JIMOO
aCcHUMMe TPUYHBEMI OTHOCHUTEJIBEHO cpenHemn [IJIOCKOCTHU MallVHH, B
3aBUCHMMOCTHM OT HalpaBJIEHMA NPUKJIIAOEBAaEMBEIX TOKOB.

dopMUDYKIIME CHUCTEMBE MMIIYJIECHOI'O MNHUTAHMUA

[0048] Qdopmupyrmyre cucTeMbsl 210 MMIYJBCHOT'O NUTaHMUS paboTalT
IO MNPMHLUIIY MOOIMOUIMPOBAHHOTO TeTa-IIMHYAa. VIMelTCSa OBe CHCTEMEH,
Kaxias M3 KOTOPHX IMTaeT OIOHY M3 dpopMmupybomux cekumnt 200. Ha our.
4-6 WMIUIOCTPUPYITCSA TJIaBHEE COCTAaBJAKMME OJOKM U pPacloJIOXeHMe
dopmupyiomrx cuctem 210. Cucrtema 210 ©QopMMpPOBaHMA COCTOUT U3
MOOYJILHOM KOHCTPYKUUM UMIIYJILCHOTO MOIMTaHMA, KOTopas COCTOUT U3
OTHOEeJIbHHX OJIokOB (=MonmyJed) 220, KaXIbHM M3 KOTOPHX BO30yXKIaeT
nonHabop KaTymek 232 (=nmonmBecok) y3Jja 230 TI[OIOBECKM, KOTOPHE
OOBUTH BOKPYT O(OpMMPYKMMX KBapleBHX Tpy® 240. Kaxnoem MonoyJb 220
COCTOMT M3 KOHIOEHCATOPpOB 221, MHIOYKTOPOB 223, OHCTPOOEMCTBYIIINX
CUJILHOTOUHHIX IIepekrJiouaTesyer 225 ¥ CBA3aHHBX C HUMMKM CXeM 222
3anycka um 224 cbpoca B3Bapsana. Kaxnmas odoopvmpyoomasa cucTemMa 210
3arnacaeT eMKOCTHYKR 5SHepruMo B Ouanaz3zoHe 350-400 kIx, KoTopasd
obecneunBaeT no 35 I'BT MoOmHOCTM mOJd OQOPMMPOBaHUSA U YCKOPeHMUS
FRC. KoopomHupoBaHHAaA paboTa BDTUX KOMIIOHEHTOB oocTHUIraeTcd
IOCPelICTBOM M3BECTHOM CHCTeMH 3allycka 222 u yOpabJjieHus 224,
KOoTopasad ofOecleuMBaeT CHMHXPOHM3AUMK MeXOy O(QOPMUPYIIMVMM CUCTEMaMU
210 Ha kaxnmon odopMmmpyomey cekliuy 200 M MMHMMM3VPYET HEeYCTOMUUBYIO
CUHXPOHMBALMK IIepPeKJIoUeHNsa, OT'paHuuuMBas €e IOeCAdTKaMy HaHOCEeKYH]I.
[IpeMymeCcTBOM 2TOM MOIOYJLHOM KOHCTPYKIMM sfABJsSeTcd Iubkas pabora:
FRC wmoxeT OHTL (QOopMMpOBaHa Ha MecTe, a 3aTeM YCKOpeHa U
VHXEeKTHMPOBaHa (= cTaTuMdeckoe QOpMMPOBaHMe), WIM COopMMpOBaHa WU
YCKOpPEeHa OIOHOBPEMEHHO (= IMHaMMUeCKoe (QOpPMMPOBAHME) .

MHXeKTOPH MMYUYKOB HEMTpAaJIbHEIX YaCTUI]

[0049] Tlyuxkm 600 HeWTpaJbLHHX aTOMOB pa3BepTHBaT B FRC-

CHrcTeMe 10, UyTOOE ODECIeunuTh Hal'PeB BO3OyXIeHMe TOKa, a TaKxe
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pPa3BUTE OabJieHMe OBCTPHX dYacTull. Kak nokazaHo Ha dur. 3A, 3B u
8, OTHOeJIbHEIe TpPaKTH IIYUKOE, comepxamme cucrteMel 610 wm 640
VHXe KLU IyUYKOB HelTpaJibHEX aTOMOB, PacCIIOJIOXEHEL BOKpPYT
LeHTpaJibHOM KaMmephl 100 ymepXaHMSa UM MHXEKTHUPYIOT OBICTPHE YacCTHULLE B
m1asMy FRC TaHTeHUMaJIbHO (M IIEepIeHOUKYJISPHO WM I[IOH MIPAMBIM yIUJIOM
K OCHOBHOM OCHU CHMMETPUM LeHTpallbHOM emxocTu 100 OJjs yOoepXaHUS)
C HEKOTOPHM IlapaMeTpoM I[IpMLEJIMBaHMA, TakK YTo leJieBasd 30Ha
3axBaTa JeXuT B I[pelejax cenapatpuchH 451 (cm. our. 2). Kaxnoas
cucTeMa 610 wu 640 MHXEKUMM  CIIOCOOHa  MHXEeKTHUPOBAThb  IIYyUKU
HeMTpaJIbHEIX UYacCTUIl MOMHOCTBI no 1 MBT B mnasmy FRC ¢ sHepTusaMu
JyacTUl, B OMana3oHe Mexnoy 20 m 40 x3B. Cucrtemu 610 m 640 OCHOBAaHH

Ha MHOT'OOEHPOUYHEX MCTOUHMKAaX BEIODEJICHW A IIOJIOXIM T eJIb HEIX VMOHOB n

IIpengycMaTpmMBanT MCIIOJIE3OBaHNMe PeOMeTqueCKOﬁ @OKYCMpOBKM,
VMHEPILMOHHOTI'O OXJIaXIOeHNA VIOHOBHEIOEJIAKRIMNMX pemeToK n
HM@@epeHHMaHBHOﬁ OTKa4YKM. TIToMMMO VICIIOJIB30BaHMA Pas3JIMYHEX

VICTOUHMKOB IlJIa3Mel cucTemel 610 m 640 pasaMyanTcd ITJIaBHEM OOpas30M
10 COOTBETCTBUIO MX O(PUIUUECKOM KOHCTPYKLMM COOTBETCTBYIIMM MeCTaM
X YCTaHOBKM, IIPelOoCTaBJIAAd BO3MOXHOCTU WMHXEKLMM COOKY U CBEPXY.
TUINIMUYHEIE KOMIIOHEHTHE D2TUX MHXEKTOPOR IIYUKOB HeWTpPAaJIbHHEX UYaCTHIL
WIIIOCTPUPYIOTCHA, B YacTHOCTM, Ha Our. 7 mma cucrteM 610 MHXeKUUU
cboky. Kak mokazaHoO Ha dur. 7, Kaxmad oTmeJbHasg cucTeMa 610
VMHXEKIVM [IYUKOB HeMTpaJIbHEX dYacTul, cOokKy BkJIoUaeT B cebsa
UCTOUHMK 612 BBICOKOUACTOTHOM (BU) [JIasMel Ha BXOIOHOM  TOpIlle
(3aMeHdgeMblM OYTOBBEIM MCTOYUHMKOM B cucTeMax 640) C MaT'HMTHBM
sKpaHoM 614, HakpHBaKMMM 32T0T Topel. C MCTOUHMKOM 612 ILjIa3MEe
cBA3aH 0OJIOK 616, BKJIOUaAIMM B celd OINTHUUYECKUM MCTOUYHMK MOHOB U
yCKOop4oIMe CeTKM, a 3SalopHHM kJalaH 620 pachooJiokeH Mexnoy OJIOKOM
616, BKJIOUaIMM B cebd ONTUUECKUM MCTOUHMK MOHOB U YCKOpJKOIMe
CEeTKM, ¥ HeWTpalu3aTopoM 622. OTKIOHAKIWI MaTHUT 624 M CpPedcTBO
628 cOpoca MOHOB PAaCIOJIOXEeHHE MexXOy HeUTpaJlM3aTopoM 622 u
HalleJIMBAKIKYM  YCTPOMCTBOM 630 Ha BEIXOITHOM TOpIE. Cucrema
OXJIAXIOEHUS COINEPXUT IBe KPUOTEHHHEX XOJOIWJIBHHEX  MallMHB, IOBEe
KPUOTEHHEX IaHeJMn 634 UM KOXyx 638 C OXJIaXOeHMeM XUIKMM a30TOM.
5Ta yHMBepcalJlbHasd KOHCTPpYKUMA obecneurBaeT paboTy B [IUPOKOM
OIrarnaszoHe IrapaMeTpor FRC.

[0050] AJNbTepHaTMBHOM KOHOUIypalLuMel IJda UMHXeKTopoB 600
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IIyUKOB HeWTpaJIbHEX aTOMOB ABJAETCH KOHQUIypalusa, obecleumBamlasd
TaHTeHUMAJIbHYD MHXEKLUMIO OHCTPHEX YacTul B FRC-mjasMmy, HO 0L
yryoM MeHbme 90° OTHOCHUTEJIBHO IJIABHOM OCUM CUMMETPUU LeHTPaJlbHOM
eMrocTr 100 mia yOoepXaHMA. OTM TUIE OPMEeHTalMM MHXEeKTOPpOB 615
IIy4dKOB IIOKa3aHH Ha our. 3C. KpomMe TOr'o, MHXEKTOPH 615 OYyUuKOB
MOTYT OBTH OPMEHTHPOBAHE Tak, UYTO MHXEKTOPH 615 NOyukoB Ha Jobou
CTOpPOHE CpeIHeM IIJIOCKOCTM LeHTpaJibHOM emkocTu 100 mnjag yOoepXaHUS
ByOoyT MHXeKTUMPOBATL CBOM YacCTHIE K CpelHel IJIoOCKoCcTu. WU,
HaKOHell, OCeBoe IoJIOXeHMe 32TUx cucTteM 600 OyUKOB MOXHO BHOPATH
BImxe K cpenHeM ILJIOCKOCTH . ClyZi aJIb TepHaTUBHEE BapMaHTH
OCYIEeCTBJIEHUS MHXEKLNVM BOILIOMAalT «OoJjlee ILEeHTPUPOBAHHHMY» BapMaHT
IIOTIOJIHEHNM A, KOTOPHM ofecHeuMBaeT JIyUullyld CBA3b IMOYUKOB U Bojee
BHICOKYK D0OeKTMBHOCTE 3axbBaTa MHKEKTUPYEMEX OBCTPEX  dYacTHUll.
[loMmMO DTOTO, B 3BaBUCUMOCTM OT YyIJla M OCEeBOI'O IIOJIOXEeHMS DTO
PacIoJIOXeHNE VHXEeKTOPOB 615 IYyYKOB oBecnieunBaeT BoJee
HEeIOCPeACTBEHHEM ¥ He3aBUCHMEM KOHTPOJIE OCEBOTO YIOJMHEHUS U
OIpYyI'Mx XapakTepuctuk FRC 450. HanopuMmep, MHXEKUMA [IYUYKOB IIOXH
MaJlbEIM  yTJIOM A OTHOCUTEJIBHO TJIABHOM OCHM CUMMETPUUM YIOMAHYTOM
eMKOCTM [pMBeneT K co3maHuion FRC-mjiasMel C  YBEJIMUEHHBIM OCEBEHM
YOJIMHEeHVEM U IIOHMXEHHOM TeMIlepaTypol, ToI'da Kak nomnbop «Bojee
[IEePIeHOUKYJIAPHOTO» YyIyla A IIpMBeIeT K ILJla3Me, KOoTopad Kopoue B
OCeBOM HallpaBJIeHUM, HO Tropdduee. Takum oOpasoM, yIroJ A MHXEKUUM U
MECTOIIOJIOXKEHNE MHXEKTOPOB 615 MOYUKOB MOXET OHBTH OITUMM3VPOBAHO
OJI9 Pas3JMUHBIX lejieti. B IOomIoJIHeHMe, Takoe peryJarpoBaHmMe yIJla
YCTaHOBKU u MECTOIIOJIOXKEHU I VHXeKTOPOR 615 IIy4KOB MOXET
ofecrneumTs OYyUYKM  TIOBBIIEHHOWM  BSHEepTUU (uro B OofOmWeM cCJiydae
BlaronpuATHee IOJI9 BO3IeMCTBUA  OOJbNel MOMHOCTBI C  MeHBIVM
PacxXOXIOeHNEeM IIYUKOB), KOTOPHE IOJIKHE OBTE MHXEKTHMPOBAaHEL B 0OoJiee
cylafbele MaT'HUTHEE I10JI4, dYeM ObUIM OB HeOOXOOMME B IIPOTMBHOM Cllydae
OJ18 3axBaTa TaKUx IOYyYKOB. I[lpMuMHa DTOTO CBS3aHa C asuMyTaJlbHOM
COCTaBJIAKIEN BHEepIHM, KOTOopasd oIpelellseT MacmTad opbuT OHCTPHX
MOHOB (KOTOPHM OKa3HBaeTCAd I[OCTENEeHHO YyMeHbIAkMMMCSa I[IO Mepe
YMeHbBIIeHU S yIJla MHXeKUIUM OTHOCUTEJIBHO TJIABHOM OCU CHUMMETPUU
YIIOMSAHYTOM €eMKOCTM IIpM I[IOCTOSHHOM DHepIMM IIYUYKOB). KpoMe ToTO,

HaAKJIOHHaAd MHXeKIMA K cpenHeIZ IJIOCKOCTM M C OCeBEIMM IIOJIOXEHVMAMNM
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IyUYKOB, OJM3KMMM K CpelHel IJIOCKOCTH, VYJyullaeT CBA3b «IIYUOK—
iasMa» naxe Tornma, korpa FRC-1rasMa cokpallaeTcd WM MHEM
obpasoM CXMMaeTcd B OCEeBOM HalpaBJIeHUMM B TeueHMe IIepuola
VHXEKLNUNA .

MaxexTop TabjieToK

[0051] UToOH oO0ecHneumMTh CPEOCTBO IOJIS MHXEKUIMM HOBHX YaCTMI]
M JIydlero KOHTpoJIg ofmero kKoJuuecTBa yYacTuiy, B FRC, Ha FRC-

cucreme 10 wmcrooJabsyeTcd 12-TUCTBOJILHEM MHXekTop 700 TabjeTok
(cMm., Hampumep, I. Vinyar et al., "Pellet Injectors Developed at

PELIN for JET, TAE, wu HL-2A", Proceedings of the 26th Fusion
Science m Technology Symposium, 09/27 to 10/01 (2010)). odumr. 3

WIIJICTPUPYET CXEMY pPacIoJIoXeHMd WHXekTopa /00 TabieTok B FRC-

cucTeMe 10. IMIMHOpUYeCKHUE TabJIeTKHA (D~1 MM, L~1-2 MM)

UHXeKTVpYyITCTS B FRC CO CKOpOCThIO B nuanasoHe 150-250 xwm/c.

Kaxnmasga oTHmeJsibHada TabjeTKa COmEepPXUT IPUMEPHO 5x101° aTOMOB
BOOOPOIa, UYTO CPaBHMMO C OOMMM KOJUUeCTBOM uYacTul, B FRC.

CucrTeMrl IeTTepHupOBaHMUS

[0052] XOopomo M3BECTHO, uTo HelTpaJibHEMN Ta3000pa3HuM
TaJloTeH  [ABJIAeTCA Cepbe3HOM NOpobileMOM BO BCexX YyIepXMBaolUX
cucTeMax. Ilpollecchl OOMeHa 3apfalaMM U PEeUUMPKYJIALUUM (BECBOOOXIEHUS
XOJIOODHOTO MaTepuaja IpuMecel M3 CTeHKM) MOT'YT OKasHBaTh HaryfHOe
BO3OEMCTBME Ha yIepXaHue DHepruM U uyacTuil. Kpome Toro, Jmodasd
3HauMTeJIbHasg I[JIOTHOCTE HeWTpallbHOTO Tas3a Ha I'paHulle WIKM OKOJIO
Hee IIpuUBeIeT K HeMeIJIeHHHM II0TepsaM II0 MeHbIlel Mepe S3HaUUTeJIbHO
CoKpamaKMM BpeMsa KM3HM MHXEKTUPYEMBIX (BEICOKOBHEPTETUUECKUX )
JyacTHl, Ha opbuTax OoJpIMUMX  OpdbuT (TepMrH «opbOuTa  OOJBIOTO
pamuyca» OTHOCUTCS K YacTullaM, WMenIMM OPOMTE B paMKax TOIIOJIOTUU
FRC maM 10 MeHbllel Mepe paluychH opbuT, KOTOPHEe Topa3no ©OoJble,
yeM JIMHeMHHM MacmTa® TI'palMeHTa XapaKTepUcTUUecKOTOo MaTHUTHOTO
oJIg), W BDTOT QaKT HABJISeTCsa NaryOHBM OIS BCeX DHEPIeTUUYeCKUX
OPUJIOXKEHVM TI1JIa3Me, BKJIOUYAs TepMOAOEpPHHM CHMHTEe?3, WM3-3a pa30TlpeRa
Iy4dkKa.

[0053] KOoHIMUMOHMPOBAHME IIOBEPXHOCTEN ABJIAEeTCS CPpelCcTBOM, C
IIOMOMELID  KOTOPOTO MOXHO OOpoThbCcAa C IHDaryOHHEMM  BO3OEMCTBUAMU

HeﬁTpaHbHOPO I'asa " HlevleceIZ mJjim  yMeHBIaTkE STU BO3OEMCTBUS B
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yOepXuBaKmey cucreMe. C D2TOM LeJbl B OpeljlaTaeMoM 3mOecb FRC-
cucreMe 10 wmMconoJaes3yoTca cucTeMel 810 m 822 ocaxXxOeHMSI THMTaHa U
JIUTUSA, KOTOPHE IIOKPHBAKT OOpalleHHBe K ILJla3Me IIOBEPXHOCTU KaMephl
100 ymepxaHua (MM eMKOCTM IJiAd yIOepXaHusa) u guBepTopok 300
meHkavr Ti  w/mwam Li (TOJmMMHA  KOTOPHIX COCTAaBJIAET IOeCATKU
MUKPOMETPOB) . OTM IOKPHTUA HAHOCATCHA MeTomaMy OCaXIeHMSa U3
napoeoi oase. TBepouit Li m/mam Ti ucnapdorcd U/ UM CyOJIMMUPYIOTCS
¥ HaOBUIAITCSA Ha OJuszjiexamme IIOBepPXHOCTH, oBpa3zysad TIOKPHETHUSA.
VcTouHMKaMM ABJAITCSA SAIOepHBEe [IeuM C HalpaBJISdnIMMM CcolljlaMu 822 (B
ciaydae Li) wmiam HarpeThHe chephH TBEePOOTI'O BelleCTBa C HaIpaBJISOIYMA
BaHmaxaMmu 812 (B cayyae Ti). CucTems nOJsa wucHapeHmsa Li, Kak
nIpaBWUJIO, paboTanT B  HEIPEPHBHOM  pPeXUME, B TO BpeMsa Kak
cybauMmaTopsl Ti B OOJBNMHCTBe cJydae paboTainT B IIepepHBax Mexny

paboTor C 1JIa3MoM. PabGoume TeMmnepaTyph DTUX CHUCTEM I[IPEeBHMAanT

600°C mjg mnoJjydeHMd OOJBIMX CKOPOCTeM ocaxmeHrs. UYToOH IOCTUUL
[IPMEMIIEMOTO MMOKPBEITHU A CTEHOK, HeOOXOOMMEL MHOXECTBEHHEE
CTpaTeTrMueCKM JIOKAJIM30BaHHHE CHUCTEMH MKCIapeHud /MM CcyOJarMallln.
Ha our. 9 nompofOHO WUIIRCTPUPYETCH MIPedlloOUTUTEJIbHOE PacllioJIOXeHMe
cucreM 810 wm 820 rerrepuporaHua B FRC-cucremMe 10. IIOKPHTHUA
OeICTBYIT Kak TeTTeprpyKlMe IIOBEPXHOCTM U 20OeKTHMBHO OTKauUMBAT
HeVTpaJlbHEIE aTOMBl M aTOMapHHE MOHE B II€JIOM, a TakXe MOJIEeKYJISPHHE
MOHHE ¥ HeMTpaJibHEEe MoJiIekyJitl (H m D) B LeJIOM. 3TU TIOKPHTUSA TakKxe
CHMXAIT coIepXaHMe IPpYIMX TUIMUHBEX IIpMMecel, TakKue, Kak YyIJepol
Y KUCJIOPOHI, OO He3HAUMTEJILHHEX YPOBHEM.

BepkaJjipHEIE IPOOKHU

[0054] Kak ykaszsaHO BHIIE, B FRC-cucrtemMe 10 [OpUMEHSAITCHA
HaOoOpH 3epKaJibHEX KaTymek 420, 430, wm 444, noxa3aHHEX Ha our. 2
u 3. IlepBelM Hadop 3epKaJlbHEIX KkKaTymek 420 HaxXOOMUTCH Ha IBYX
OCeBEX Toplilax kKameph 100 yIoepXaHMA M He3aBUCUMO BO30yXIaeTCHd OT
yIepxmuBalommux kaTymek 412, 414 u 416 TJaBHOWM MAaTHUTHOM CHUCTEME
410. TlepBelM Habop 3epKaJIbHHX KaTymek 420 cHnocoBCcTByeT TJIaBHBIM
oBpa3zoM yIHOpaBJeHUK U OceBOMy pacrnojoxenmo FRC 450 Bo BpeMmd
obwenuHeHUsa u obecHneuMBaeT KOHTPOJL IIPUIOAHMA PAaBHOBECHOM (QOPME
BO BpeMsa TIHonmepxaHusa. IlepBer Habtop 420 3epkKallbHHX KaTyllek

cozmaeT MaTHMTHEE IIOJIS C HOMMHAaJBHO OOJblen T/[H,JIVKLH/[eﬁ (HpI/IMepHO
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0,4-0,5 Tia), uUyeM y LEHTPaJIbHOTO YIEPXMBAKIIET'O II0JIZ, CO3IaBaeMOT0
LIeHTpaJIbHOM YyIepXuBawomel kaTymkon 412, BrToporm Habop 3epKaJlbHBEX
kaTymek 430, KOTOPHM BKJoOUaeT B ceba TPpM KOMIAKTHEE 3epKallbHbe
kaTymkm 432, 434 m 436 KBaA3UIOCTOSHHOTO TOKa, HaxoOMTCS Mexnoy
bopvmpyomyvm  cekuuavm 200 m guBepTopamm 300 M BO3OyXIOaeTCHd
[IOCPpenCcTBOM OO0meI0 MMIYJIECHOT'O MCTOUHMKA [OIUTaHUSA. 3epKaJibHEE
kaTymkm 432, 434 um 436 BMecTe C 0OoJlee KOMIIAKTHBMM MMITYJIb CHEIMMA
3epKaJIbHEIMM NPOOOUHEIMM KaTymkammu 444 (mMTaeMBIMM [IOCPEeICTBOM
EeMKOCTHOTO MCTOUHMKA [IMUTAaHMA) M QUBUMUECKMM CcyXeHrem 442 oOpasyioT
3epkajibHHe Opodku 440, KOTOpHe ofecHeuMBalT Y3KUM TPakKT C HU3KOMU

SJIEKTPOIIPOBONHOCTEI T'a3a M Mal'HMTHEIMM TIIOJIAMM C OUEHB BEICOKOM

MHOYKTMBHOCTEK (B 1OuanasoHe 2-4 T HOpu BpeMeHax HapaCTaHUMA
npuMepHo 10-20 wMc). Haubojlee KOMIIAKTHEE UMIIYJIBECHEE 3epKalJlbHbe
kaTymku 444 wyMenT KOMIIAKTHHEE palualibHble pasMephH — pPacCTOUeHHOe
OTBepCTMe OuamMeTpoM 20 CM M aHaJIOTMUHYK OJVHY — I[I0 CPaBHEHUK C

IIJIOCKOM KOHCTPYKIMEMN, IIpelyCMaTpUBaKIlel BHCBepJIeHHEEe OTBEpPCTUS C
[UIIOCOBHIMM METPUUECKMMM IOIIyCKaMM OTpaHMuMBanmmMx kKaTymek 412, 414
n 416. HaszHaueHMe 3epKaJlbHHEX HpoOok 440 MHOTO3HauHO. (1) KarTymkm
432, 434, 436 m 444 T1UIOTHO YBA3HBAKT M HApPaBJIAKT IIOBEPXHOCTU
455 MaT'HMTHOT'O IIOTOKa M Tekylme K Topuy cTpyu 454 1JasMel B
OoTIhaJIeHHEIe kaMeper 310 OMBEPTOPOB. 370 nonpasyMeBRaeT, uTo
BHIIYCKaeMble YaCTMLE OOCTUTAKRT IMBePTOpOoR 300 HamjexamuMm oOpas3oM,
M UTO MMenTCcsa TIoBepxXHoCTM 455 HenpepHBHOT'O IIOTOKa, KOTOPHE
cyenyioT u3 objgacTu 452 JIMHUM OTKPHTOTO IIOJA LeHTpalbHoM FRC 450
Ha BCeM IIyTM K »OuBepTopaM. (2) Odusmueckme cyxeHmsa 442 B FRC-
cucteMe 10, uUepe3 KOTOPHE YIOMAHYTHEe KaTymku 432, 434, 436 mn 444
OamT BO3MOXHOCTE IIPOXOIOMUTE IIOBEPXHOCTAM 452 MaTHMTHOTO IIOTOKa WU
crpysaM 454 mjaswH, 3aTPYOHAT TeueHMe HeWTpaJlbHOTO Tasa U3
[JIa3MeHHEX IIymllek 350, KOTOpHe CHIAT B Oueepropax 300. IMTomoOHEM
Xe obpa3oM, cyxXeHra 442 npeloTBpamalnT ofpaTHOEe TedueHMe Tasa oT
bopMupyoommx cexumm 200 k agmBepTopam 300, TemM cCcaMBIM @YyMeHbIas
KOJIMUECTBO HeMTpaJIbHEIX YacTHUll, KOTOPHE IIPUXOIUTCS BBOIUTL BO BC
FRC-cuctemy 10 B HauaJie 3anycka FRC. (3) CTporo ocerBhHe 3epkajia,
oBpaszyeMele KaTymkammu 432, 434, 436 wu 444, yMeHbIAKT OCEBHE
[IoTepu 4YacTul u, TeM CaMBM, CHMWXAKT CIOCOOHOCTBL dYacTHul K

HapaHHeHbHOﬁ HMCD@YBMVI 10 CHMJIOBEIM JIMHMAM OTKPETOI'O IIOJIA.
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OceBrle IIJIaBMEHHEIE IIYIIKU

[0055] TloTokm muasMel M3 nymek 350, yCTaHOBJIEHHHEHX B KaMepax
310 OMBEPTOPOB 300 npelHas3HaueH: ojs YIIy4dlIeHU A padboumx
XapaKTEepPUCTUK YCTOMUMBOCTM M TIIYUYKOB HeMTpaJIbHEX dYacTull. IymKHy
350 yCTaHOBJIEHHEL IIO0 OCHM BHyTpu Kamep 310 mmeepropoB 300, kak
NpOWJIJIIOCTPUPOBaHo Ha Odur. 3 um 10, m coszjanT IJasMy, TeKylyil
BIOOJIbE OTKPHTHX JMHMM 452 mnoToka B auBepTope 300 M Mo HalpaBJIEHMIO
K LEeHTpY KaMepH 100 yIOepXaHUA . [Iymxm 350 paboTanT  IpuU
BHICOKOILJIOTHOM T'a30BOM paspsale B KaHajJe U3 TIakeTa mamd u
IpenHa3HaUeHH OJIS T'eHepUPOBaHMSA HECKOJBKMX TECHAY aMIlep IIOJIHOCTBIO
VMOHMBUPOBAHHOM ILJJa3MH B TeueHme 5-10 mMc. IIymkm 350 BKJI0OUALT B
cebs UMNOYJLCHYID MaTHUMTHYID KaTyllKy, KOTopad cCcoIJlacyeT BHXOIOHOM
[IOTOK  ILJIa3Mel C XejJlaeMeMM pasMepaMu IJlasMel B kaMepe 100
yIOepXaHWs . TexHUMUeCKMe IapaMeTpe Oymek 350 xXapaKTepusyonTCcHd
KaHaJloM, MMeK MVM BHEemHUM OuamMeTp 5-13 ¢cM M BHYTPEHHUM OMaMeTp IO
npuMepHo 10 cM, M ofecHneuMBalT pazpaiHell Tok 10-15 xA npum 400-
600 B mocpelCTBOM BHYTPEHHEI'O MATHMTHOTO IIOJIA IMIyNKM, MWMEKIeTo
MHIYKLIMIO B OMana3oHe oT 0,5 mo 2,3 Ti.

[0056] TloTokM IJIa3MEL U3 IIYIIEK MOTYT IIPOHU3HBATE Mal'HUTHHE
[IOJIA 3epKaJibHHX IIpobok 440 m Teub B opopmupyomywn cexkuuio 200 wu
kamMepy 100 yOoepxaHUA. S30beKTMBHOCTEL IIepeHOoCca ILJla3Mbl Uepes
3epKajibHHEe TNpobkm 440 yBeJMUMBaAeTCAd C YMEHBbIIeHVMEM PaCCTOSHUA
Mexny nOymkamu 350 m npobkamm 440, a TakXxe C pacliMpeHMeM U
yKopoueHreM mnpobok 440. B mOpueMJIeMHX YCJOBUAX, KaxXIad M3 IIylek
350 MOXeT HOCTaBRJATL HNPUOIUIUTEJEHO 1022 MPOTOHOB B CEeKYHOY uepes
3epKajibHEle Tpobkm 440 C MHOYKTUMBHOCTBL 2-4 TJI TIpM  BECOKUX
TeMIIepaTypaxX MWMOHOB M 3JIEKTPOHOB, COCTaBJIAKIMX IpuMepHo 150-300
5B u npmMepHOo 40-50 5B, cooTeeTCcTBeHHO. Ilymkm 350 obecneumBanT
3HAUMTEJILHOE [IONOJIHEHME TpaHuUUHOTO cJjosa 456 FRC wum  yJydleHHOEe
ofmee yoepXaHMe UYacTUl, nocpencrtsom FRC.

[0057] UTOOH OOIOJIHUMTEJILHO IIOBHICUTEL ILJIOTHOCTDL ILJIa3MBI, MOXHO
OpUIO OB MCIIOJIE30BaATE Iras3ocelapaTop JsA OTIOHa LOOMIOJIHUTEJIEHOTO
raz’a B IIOTOK IuUIasMel M3 nymkm 350. 3SToT MeTOon oOecClleuMBaeT
yBeJIMUueHMre IIJIOTHOCTM MHXeKTHUPpYyeMOM ILJla3MEl B  HEeCKOJIBKO pas.
T'azocenapaTop, YCTaHOBJIeHHEM B FRC-cucrteme 10 Ha ofOpameHHOM K

oMBepTOpPaM 300 CTOPOHE 3epKaJIbHEX npoOOoK 440, yiydmaeT
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IIONIOJIHEHME TpaHM4YHOTO cJjosa 456 FRC, odopmmpoBaHue 450 m JIMHeWHOe
CBA3EBaHNME ILJIa3MEL.

[0058] 3amaradch BCeMU peryamnpy eMEMI napaMeTpaMu,
PacCMOTPEHHEIMYM BHIIe, a TakKXe YUMTHEBAasA BO3MOXHOCTE paO®OTHE JIMIIL C
OIHOM WJIM IOBYMS IIyllKaMmy, JeIKO I[OHATL, UYTO IOCTYIeH MUPOKUM
CIIEKTp paboumMx PeXMMOB.

CMmeraranmue SJIeKTPOOEL

[0059] DyekTpUUuecKoe CMelleHMe OTKPHTHX I[IOBEPXHOCTEM II0TOKa

MOXeT ODeCIIeunThb PranoralibHEIE IIOTeHIIMaJlE, KOTOPEE IIPMBOOAT K

asuMyTaJlbHOMY IOBWXeHMI, ExB, obecrneumMBawnimeMy MexaHM3M yIIpaBJIeHUSd,
AHAJIOTUUHEM IIOBOPOTY PYKOATKM, IJIA YyIpaBJeHUS BpalleHMeM JIMHeMHOMN
IJla3Mbel OTKPHTOTO II0JIg, a TakKxke ©(akTMUeCcKOM aKTHMBHOM 3o0HOM 450
FRC [IOCPEeLCTBOM paspLEBa CKOPOCTHU. UTOOBH OOCTHUUL 3TOTO
ynpaBJeHrsa, B FRC-cucreme 10 T[IpMMeHSOTCS pPas3JIMUHEE 3BJEKTPOIH,
CTpaTeIMUyeCKM pPa3MEeNeHHBEEe B pPasJIMUYHBIX 4YacTax MamvHe. Our. 3
WILJIOCTPUPYET DJIEKTPOIE CMEIEHU S, PacIiOJIOXEHHEIE B
[IPEenouTUTEeJIbHEIX MECTOIIOJIOKEHUAX B Ipelejiax FRC-cumcTemer 10.

[0060] B mnpuHLMIEe, CymecTBYRT 4 Kjlacca BJEKTPOIOB: (1)
TOUeUHEe »JiekTponel 905 B kamepe 100 yIOepXaHUs, KOTOPHE BCTYIIAKT
B KOHTAKT C KOHKPETHBMU CUJIOBEIMU JIMHUAMM 452 OTKPHTOT'O IIOJIS Ha
rpaHulle FRC 450, ob6ecneuMBas JIOKAJBHYD 3apAnky; (2) KOJblEeBHE
syekTpontl 900 wmexny kKaMmMepou 100 yHmepxaHusa ¥ OQOpMUPYOIYMA
CeKLMAIMA 200, npelHas3HaueHHBe oJis a3UMy TaJIbHO— CUMME TPUUHOM
3apA0KM YyIOaJIeHHEX OT TIpPaHMIH cJioeB 456 T1[oToka; (3) 1akKeTH
KOHLUEHTPUUEeCKUX nBJekTponoB 910 B nueepTopax 300 1mjgag 3BapdOkKu
MHOXECTBEHHHEX KOHIIEHTPUUECKMX cJoeB 455 mnoToka (BCJemCcTBME UeTO
BHIOOPOM CJIOEB MOXHO VYIIPaBJIATE IIOCPEICTBOM PEeETYJIMPOBaAHMA KaTylleK
416 C UeJdbl PeryJMPOBaHMA MaATHMTHOTO IIOJIS OMBEPTOPORBR TakK, UYTOOH
3aBepmaThk XeJjlaeMee cJou 456 1oToka Ha JOJDKHHEX BsJekTponax 910) ;
M, HakoHel, (4) anomu 920 (cMm. dumr. 10) caMmMx IIJIJa3MEeHHHEX IIyIIeK
350 (KOTOpHE IepeXBaTHBAKRT BHYTPEHHMEe OTKPHTHE I[IoBepxXHOCTHM 455
[IOTOKa OKOoJIO cenapaTpuce FRC 450). Ha owmr. 10 m 11 mokas3aHH
HEKOTOPEE TUIINUYHEE KOHCTPYKLUMM HEKOTOPHX BJIEKTPOIOB.

[0061] Bo BCeXx cIyyasax, 3TU DIJIEKTPOLOH BO3OYXIATCA

InocpelCTBOM VMITYJIECHEX VCTOUWHMKOEB IIMTAaHMA WJIM VMCTOWUHMKOB IIMTaHWMA
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IIOCTOAHHOTO TOKa IMpM  HaOpSKeHMax  OpuMepHo no 800 B. B
3aBUCUMOCTM OT PpPasMepoB DJEeKTPOIOB M MeCT, TI'IHe Te IepeceKawnT
IIOBEPXHOCTHM IIOTOKA, OKAa3HBBaeTCHd BO3MOXHHM IIO0TpebjleHrMe TOKOB B
KMUJIOAaMIIEpHOM OMalla3oHe.

HenonnepxmuBaemas pabora FRC-cucTembl — OOBIYHEIL DEXUM

[0062] CraHpmapTHOe OQopmMmMpoBaHMe IJla3Mel B FRC-cucteme 10
cilenyeT xXopomo paspaboTaHHOMY MeToly TeTa-IIMHYUa C oOpalleHHBEM
TIOJIEM. TUNIMUHEM Ipollecc 3anycka FRC HauuMHaeTcs BO3OYXIEeHUEM
kaTymexk 412, 414, 416, 420, 432, 434 um 436 KBa3UIIOCTOSHHOTO TOKa
0Jiss paboTH B YCTAHOBMBIIEMCS COCTOAHUM. 3aTeM LelM UMIIYJbLCHOM
MOIIHOCTU bopMMP YU X CUCTEM 210 VIMITYJIE CHOT'O OUTaHuLg,
OpenHas3HaueHHHEe IJIS CO3IOaHMg BHCOKOUACTOTHOM TepMMUEeCKOM I1JIa3MH,
BO30YyXIanT KaTyYIKNU 232 BO30YXIEHUA VIMITYJIE CHOT'O OEICTPO
oBpamaeMoT0  MaT'HUTHOTO [oJIA, cosznaBasa BpEMEHHOE oBbpaTnMoe
cMemeHne npuMmepHo -0,05 T B QopMuMpyommx cexkumax 200. B sToT
MOMEHT B JIBa OQ(opMMUMPYKIMX OOBeMa, OT'paHMUYEeHHHX Kamepamu 240 B
bopMe KBaplleBHX Tpyd (ceBepHOM U XHOM) dopMupylmmx cerkumm 200,
VHXEeKTUPYIT 3apaHee 3alaHHOEe KOJMUEeCTBO HeMTpaJIbHOTO Ta3a HIpu 9-
20 psi uyepe3 MHOXECTBO a3UMyTaJIbHO-OPMEHTUPOBAHHHX IPOIYBOUHHX
KJIallaHoB BO @GJaHllax, HaXOLAWMXCHA Ha BHeEMHUX Toplax QOpPMUPYIINX
cekuut 200. BaTeM M3 Hadbopa aHTEeHH Ha IIOBEePXHOCTM KBapPLEeBHX TPy
240 TDeHepupylT TIOJI€ Ha  MaJleIXx BHEHCOKMX  UYacToTax (~ CcoTHH
KMJIOTEepll) , co3maBas IIpeldBapUTeJIbHYI MOHM3alLMio B dopMe obJjacTen
JIOKAJILHOM HauvaJIbHOM MOHUI3AUMM B IpenejlaXx CTOJOOB HeMTpaJlbHOTO
raz’a. 3a DSTuM cJjelyeT IIpMMeHeHMe TeTa—-KOoJbIeBOW MOOYJIaLUuM K
TOKY, BO30yXOamwmeMy KaTymkMy 232 BO3OYyXKIEHUS MMIIYJBCHOTO OHCTPO
oBpamaeMoT0 MATHMTHOTO  IIOJIH, uTO OPUBOOMT kK OoJjiee  ofmen
IpendBapuUTeJIbHOM MOHMB3AlMM CTOJIOOB Tal3a. B 3akjodeHMe 3allMTHBAaT
OCHOBHEIE VMIIYJIbCHEE MCTOUYHMKM TIIMTaHMA OQopMMpyKmux cucrteM 210
VIMITYJIECHOT'O IMTaHMA OJIS BO30YXIeHMS KaTymeK 232 BO30yXIeHUA
VIMITYJIECHOTO OBCTPpO oOOpamaeMOoT'0 MaTlHUTHOTO IIOJIS, CoO3daBad IIoJie C
NIpAaMBEIM  CMENEHVMEM WM MHIOYKTMBHOCTEI nmo 0,4 Tia. 3ToT 3Tamn MOXHO
IPOBOIMTEL B TaKOM I[IOCJIeIOoBaTeJILHOCTM BO BpPeMeHM, UYTO II0 BcCcen
IOJIMHe KBaplebBHx TpyO 240 paBHOMEPHO TIeHEPUPYETCSA IIOJIe C IIPSMBEIM
CMelleHVEeM (cTaTnyeckoe bopMmpoOBaHME) W oocTUITaeTcd

rnocjienoBaTeJlbHa4d InepucraljlbTmudeCKaA MOIOYJIIALMA I10JI4 BIOJIb OCHI
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dopmupyrmMx TpyoOok 240 (IMHaMMUeCKoe (QOPMMPOBAHME) .

[0063] Bo BceM »TOM Ipolecce (opMUPOBaHMA DaKTUUeCKOe
oBpalleHre IIOJIA B ILJlasMe I[IPOMCXOIMT OECTPO B IIpenejylax IIPpUMMepHO b5
MKC. MHOTOTMI'aBaTHa4d VIMITYJIbCHa s MOIIHOCTE, [IOOBOOMMA A K
bopMrpyeMoM ILJla3Me, JerKo cos3maeT Tropaume FRC, KOTOpHEe 3aTeMm
VHXEKTUPYIOTCS Mu3 dbopMmupyimyx cekuurt 200 HOoCpelCcTBOM IIPUMMeHEeHUS
JImbo [ocjiefoBaTeJIbHO oCymeCTBIISEeMOMN BO BpeMeHUr MOIOYJIALUN
MaTHUTHOTO oJIig B nepenHeMm IOJIYIIPOCTRAaHCTBE (MaTHUTHASA
nepmucTajJbTHKa), JubOo BpeMeHHO YBEJIMUEHHHX TOKOB B IOCJeOHeM
KaTymke ¥3 HabopoB 232 KaTyOleK OKOJIO OCEeBHX BHEMHUX TOPLOB
dbopmupyiomux Tpy® 210 (popMMpoOBaHMEe OCEBOTO I'palMeHTa MaTHUMTHOTO
noJig, KOTOpEM ofOpameH B OCEBOM HalpaBJeHMM K Kamepe 100
yIoepXaHns) . Obe bopMHUpYIIIME FRC (ceBepHas u oKHa4g) ,
COOPMMPOBAHHEIE TaKyMM O0pa30M M YCKOPMBIIMECS, I[IOTOM PAaCIMUPHAKRTCH B
kamMepy 100 vyoepxaHusa, ¥VMeomyln OOJbIMUNM IMaMeTp, I'Ie kKaTymkyu 412
KBa3UIIOCTOSHHOTO TOKa CO3JamwT I[IoJIe C TIIPpSAMBEIM CMENeHUeM  IJIA
yhopaBJIeHVMd pPalMaJIbHEM pPacliMpeHMrMeM UM oO0eclieueHMSa pPaBHOBECHOTO
BHEIMHETO MalHMTHOI'O IIOTOKA.

[0064] Kak TOJILKO ceBepHasa nu IOXHAa g bopMHUpYLIIMIE FRC
OpuOHBAT B OKPEeCTHOCTEL CpemHeM IIJIOCKOCTM Kamepn 100 yIoepxaHusd,
57  FRC crankuBawnTca. OCeBHe KUHeTHUeCKMe SHepI'uM BO BpeMd
CTOJIKHOBEHMS CeBEepHOM U xHOM dopMupyimyx FRC OoJblied UYacThbio
TepMaJIM3yYITCA, IIOCKOJIbEKY FRC, B KOHEUHOM CuUueTe, OOBEOUHAKTCH B
enunuyio FRC 450. B kamepe 100 ymepxaHMs BO3MOXeH OoJbmoM HaBoOp
MEeTOIOOB MOMATHOCTUKM ILJIa3MBl MOJIS M3YUeHUs paBHOBecurt FRC 450.
TunmuHele paboume vyciaoBusa B FRC-cucTteme 10 pmaoT cocTaBHy© FRC cC
pamnycaMmu celnapaTpuchH nopuMepHo 0,4 M M OCeBOM IIPOTSXKEHHOCTLIO
IpMMepHO 3 M. [JOMNOJIHUTEJIBHEMKY XapaKTepUCTUKaMM ABJISOTCS BHEMHME

MaT'HMTHEIE I1OJIA C VMHIOYKTMBHOCTEIO IIPMMEPHO O, 1 T, IIJIOTHOCTMU

mIasMel IpruMepHo 5x101° M3 M DOoJIHOM TeMlepaTypoM Ila3Mel o 1 k3B.
Be3 kakoM-JMOO TOONOEepPXKM, T.e., OPYU OTCYTCTBUM HarpeBa W/wWiau
BO3OYXIEeHMS Toka C IIOMOMbLI MHXEKIVY I[IYUKOB HeMTpaJIbHBEX YaCTHIl
WM JOPpYyTMX BCIOMOTATeJIbHEIX CPpelICTB, BpPeMs XU3HU »Tux FRC, T.e.
coBCcTBeHHOEe BpeMda BHIEPXVBAHUA XapaKTepUCTUUeCKOM KoHUI'ypalluu,

OTpaHNdYMBaeTCA BeJIMUYMHOM IIPVMMEPHO 1 mc.
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SOKxcrnepuMeHTaJIbHEIE JaHHBE HeNoJJepXuBaeMolr paboTe — OOBYUHEI
pexmum

[0065] Ha our. 12 nokaszsaHa TUIMUHAS DSBOJOLUUA BO BpPEMEHU

pPainyCa raoe MCKJIIOUaeMOoI'O IIOTOKa, KOTOpBIﬁ alllIpoKCrMIMpyeT palllyC s
cernapaTpMUCH, IJIS WIJIOCTPALMM IOVMHAMMKM IPOMCXOLOANETO B TeTa-IMHUE
npouecca ooOwenuHeHmusa FRC 450. 00a MHIMBMAOYAJBHHEX ILJla3MoMOa
(CeBepHHM ¥ IOKHEI) CO3IalnTCcsa OOHOBPEMEHHO, a IIOTOM YCKOPSoTCH,

BHIXOA nus COOTBETCTRYIIMUX bopMUPYIOIMMX CeKILUM 200 co
CBEPX3BYKOBOM CKOPOCTBIO Vz~250 KM/C, ¥ CTaJIKMBATCS OKOJIO CpelHeM

mjockocT npm z=0. BO BpeMa CTOJIKHOBEHUA ILJIa3MOMOHE IIpeTepleBanT
OCeBOe CcXaTMe, 3a KOTOPHEM CcCJenyeT OrRCTpoe palMaJIbHOe U OCeBOe
pacumpeHmne, Ipexne uYeM, B KOHIE KOHIOB, OOBEeOIMHUTLCHI, o00pasyd
onHy FRC 450. O HaIMuMM Kak palMaJlbHOM, Tak M OCeBOM OMHAMMUKU,
CBUIOETEJILCTBYIT NOOPOBOHEE M3MepeHnd npoomig [IJIOTHOCTH "
TOMOTpPadmMsa Ha OCHOBe OoJioMeTpa.

[0066] [IaHHBIE, I[IOJIYYEHHHE B pPe3yJibTaTe HeNOIIepPXBaeMOTI'O

paspsana, FRC-cucTeMel 10 mokaszaHbe KakK QYyHKUMM BpeMeHM Ha Oour. 13.

FRC wuHULUMpyeTCa B MOMeHT t=0. PaImMyC MCKIKUYaAeMOT'O IIOTOKa B
CpeImHe¥ BIOJIb OCM IIJIOCKOCTM MalMHE IokKazaH Ha our. 13(a). 2Tu
OaHHBE TIOJIYUeHB M3 MaTPpULE MAaTHUTHEX SOHIOB, KOTOPHE pas3MelleHH
YyTh—-UyTh M3HYTPM BHIIOJHEHHOV M3 HepXaBeWlel CcTajM CTeHKM KaMephl
yOepXaHusa U M3MepAanT OoceBOoe MalHUTHOe IIojile. CrajibHad CTeHKa
ABJIAETCSH XOPOUWMM CPEeICTBOM COXpPaHeHMS IIOTOKa BO BPEMEHHHEX paMKax
paszpana.

[0067] Ha dur. 13 (b) IIoKasz3aHbl JMHEeMHO-MHTeTpaJlbHEe
[JIOTHOCTHM, IIOJIydeHHEe K3 paboTawnmero o 6 xopIaM MHTepbepoMeTpa
OJI9 oIpenejieHusa comepxaHusa COz/He-Ne, pacnojioxeHHoro B z=0. C
yueToM BEPTUKAJIEHOTO rnepeMeneHmnsa (y) FRC, N3MePSAEeMOTO
mocpelcTBOM OoJIOMETPHMUECKOM ToMoTpaduM, MuHBepcuda IIo Abejo nmaerT
opoduiM paclhnpenejyieHrsa IUJIOTHOCTM coIyiacHo Qur. 13 (c). IocJe
HEeKOTOPOTO OCeBOTO U palualbHOTO KoJjebaHusa B TeueHue nepeom 0,1
MC, ycTaHaBIuBaeTCcsa FRC C HEKOTOPEM <«IIOJIEIMY» IPpOQUMIIEM IIJIOTHOCTH.
3TOT nIpodmiib ABJIAEeTCH OOCTaTOUHO IIJIOCKUM, C CyIeCcTBEHHOM
IJIOTHOCTBIO Ha OCHK, Kak TpedbOylnT pPaBHOBeCHS B TUIWUYHEX IIJJOCKUX

FRC.
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[0068] Ha odmur. 13(d) nokaszsaHa IIOJIHAd TeMIlepaTypa I1JIa3MH,
BEHIBEIEeHHA A nCcxXonda nus3 paBeHCTBA OaBJIeHUN u MIOJIHOCTBI
COOTBETCTRByKIAA pPacCedHM  IIO ToMricoHy " CIIEeKTPOCKOINUEeCKUM
U3MepeHMAM.

[0069] AHaM3 BCer'o0 MacCCHBa JaHHBX MCKJIOUaeMOoI'o IIOTOoKa
yKasEBaeT Ha TO, 4YTO dopMa cemnapaTpuchH FRC (npubiamxaeMas OCEBHMU
IpodMIIAMI) [IOCTEIIeHHO SBOJIDLIMOHUPYET oT KpyTOBOM K
SJJIUIITUYECKOM . 3OTa SBOJIOLMSA, IokasaHHasa Ha dur. 14, corjacyerTcs
C TIOCTEIIEHHEIM MaTHUTHBEM Ilepes3aMeHKaHMeM C IepexXomoM OT nByxX FRC k
omHOM. B caMoM meJie, TpyOHe OLEeHKM I1I03BOJIAIT MIPEeOloJIOXUTL, YTO B
STOM KOHKPETHOM CJIydae BO BpeMia CTOJKHOBEHMSI IIepe3aMBEKanTCH
nprMepHo 10% MaT'HMTHBEIX IIOTOKOB IOBYX IIepBOHaudaJlIbHEIX FRC.

[0070] ImamHa FRC MOHOTOHHO COKpalmaeTcsa C 3 M OO IpMMepHO 1
M B TeueHMe BpeMeHM xm3HKM FRC. 32T0 CoOKpalleHMe, BMIOHOe Ha Our.
14, n1npennojaraeTr, 4YTO IIpM YyIOepXaHuu FRC JIOMMHUMPYKT TJlaBHBM
oBpasoM KOHBEKTHBHEE [NOTepM HHepIuM. I[IOCKOJIBKY TaBJIeHME I1JIa3ME
BHYTPM CellapaTpUCH YMeHbIlaeTCsa OHCTpee, UeM MaTHUMTHOE IaBJIeHUe
CHapyXyu, HaTsSKeHMe CUJIOBHX JMHMM MaTHMTHOTO TIIOJIS B TOPLEBHX
ofJlacTAxX IIPUBOIOUT K oOceBoMy cxaTuio FRC, BoOCCTaHarRJIMBaAAd OCEBOe U
pairajibHOe paBHOBecHe. [Jjg paspAana, paccMaTpMBaeMor'o B CBA3U C

dur. 13 m 14, oTMEeTMM, UYTO MATHMTHEM IIOTOK, oOfmee KOJUUESCTBO

YyacTull ¥ TerJioBas sHeprusa FRC (nopumepHo 10 MBG, 7x101° wacTuu, wu
7 X, COOTBETCTBEHHO) yMeHbMalnTCcsa, Ipydo ToBOpd, Ha IIOPAIOOK
BeJIMUMHHE 3a I[IepBYID MWIJIMCEeKYHIOY, KOoTI'Ia BHABJIAETCH MCUe3HOBEHNE
praBHOBecua FRC.

IlonnepxmuBaeMasi paboTa - BECOKOSQPeKTHUBHEIN pexuM FRC

[0071] Ha dur. 12-14 mnpuBelIeHH IIPHMMEPH, XapaKTepUs3yolye
pazpymeHre FRC 06e3 kakoM-JubO TMOOIEpXKM. BMecTe ¢ TeM B FRC-
cucTeMe 10 MIPVMMEHSAKTCAS  HECKOJIBKO  MEeTOIOOB O0JIS  OaJbHeumero
yIaydmeHusda yIepxaHusa FRC (BHYTpeHHelM aKTMBHOM SBOHH M TI'PaHUUHOTO
CJIod) IJA IOOCTWXEHMS BHCOKOB(QPEeKTHMBHOTO pexmMa FRC U DOOOepXKU
KOHOUTYPALIUA .

IIyuky HenTpaJIbHEIX YaCTUI]

[0072] CHauaJla OHCTpPHE HeWTpaJibHEEe UYaCTHIIH (H) B BUIe

IIYUYKOB MHXEKTHPYITCHA M3 BOCBMM MHXEKTOPOB 600 ITYy4dKOB HeﬁTpaJ’[beIX
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YacTHl I[IepHeHOUKYJIApPHO Bi. IIyuky OHCTPEX HeWTpaJIbHHX UYaCTHIL
VHXEeKTUPYIOTCA C MOMeHTa OObeIVMHEeHMSA CeBEPHOM M IOXKHOM (QOPMUPYIOMNMX
FRC B kamMepe 100 ynepxanusa B omHy FRC 450. BeECTpPEE MOHH,
cosnaBaeMble IJIABHEIM 00pa3oM IIOCPelCTBOM oOOMeHa 3apdlaMy, WMEKT
BeTaTpPOHHEE OPOUTH (C T[EepPBUYHBEIMM paguycaMy B pPaMKax TOIIOJIOIUN
FRC W 10 MeHbIeN Mepe S3HaAUMTEJIbHO [P € BEII AIOIMMIM
XapaKTepUCTUUECKUM JIMHEeMHHM MacmTa® IpadreHTa MAaTHMTHOTO IIOJIg),
KOTOPHE CIIOCODCTBYIOT a3My TaJlbHOMY TOKY FRC 450. ITocJie
NPOXOXIeHUS HeKOTOopo¥ noJu paz3pana (depes 0,5-0,8 MC Ha CHMMOK),
OOCTATOUHO OoJibMlad TMONYJALUMA OBHCTPHX MOHOB 3HAUMTEJBHO YJIydllaeT
CBOMCTBa BHYTPeHHelM YCTOMUMBOCTU M yIepxaHusda FRC (cM., HaOpuMmep,
M. W. Binderbauer um N. Rostoker, Plasma Phys. 56, part 3, 451
(1996) ). KpomMe TOTro, M3 I[EPCIEKTUMBH I[IOOOEPXKM BHTEKaeT, UYTO
OYyUKM M3 MUHXeKTOopoB 600 NOYUKOB HeWTpaJIbHBIX UYacTUI ToXe SABJISATCH
[IEPBUUHEIMM CPenNCTBaMM BO30OYXIEHMA TOKa M HaT'pebalT FRC-mjazMy.

[0073] B pexume 1masmel FRC-cumcremer 10 OBICTPEIE  MOHEL
3aMeIJIAITCA B IIepBYK OuUuepenb Ha BJEKTPOHax IJIa3MeH. B TeueHMe
pPaHHeM uYacTM pal3pdala TUIIMUHBEE YyCpeIHeHHHe [0 opbuTaM BpeMeHa
3aMenJieHusa OBCTPHX MOHOB cocTarjdawT 0,3-0,5 MC, UYTO OPUBOOUT K
SHaAUMTEJILHOMY  HaI'peBY FRC, B IIepByKD ouepelb, DJIEKTPOHaMM .
BEICTPEIE MOHEL COBepmakT OoJiblIMe palMallbHEle DKCKYPCH HapyxXy OT
cenapaTpMUCH, IIOTOMY UTO BHYTPeHHee MaTHUTHOe TIoJle FRC 1o cBoen
IpMupome MMeeT MaJlylo MHIYKLIMD (B cCcpengHeMm, nOpuMepHo 0,03 Tiao giasa
BHEMHETO OCeBOTO IoJig ¢ uHOykumeyt 0,1 TJi). BoiCTphHEe MOHBE OBJIM O
[IOOBEPXEHE IIOTepsaM IOIpu oOMeHe 3apsaagaMu, eciu OH IIJIOTHOCTB
HeMTpaJlbHOTO Ta3a CHapyXu OT cellapaTpMUcCH Obla CJAMMKOM OOJILIION .
[losTOMYy TeTTepupOBaHMe CTeHKOM UM IpyT'Me MeTOOH (Takue, Kak
npenycMaTpuUBawniIme VCIIOJIL 30BaHue [Jjla3MeHHOM OIYIIKA 350 "
3epKaJlbHEIX TIpobok 440, KOTOpHE, IIOMMMO BCETO IIpOYeIro, BHOCHAT
BKJIAm B KOHTPOJIb rasa), MCIIOJIbL 3y EMEIE B FRC-cucremMe 10,
IEeMOHCTPUPYIOT TeHIeHUIMID K MMHYMMU3AUUM TPaHWUHHEX  HeMTpaJbHBX
yacTull, M obecneumMBapnT TpebyeMoe HapacCTaHMe ToOKa, OOyCJIOBJIEHHOTO
OLICTPEIMM MOHAaMM .

Wuxekimusa TabJIeToK

[0074] Korma B npenesax FRC 450 BrpacTaeT 3HauMTeJIbHAA

TIOITYJIALIMA 6I:>ICTpE:IX VMOHOB " npnm STOM TeMIIepaTy PR SJIEKTPOHOB
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ABJIAIOTCA I[IOBHIIEHHEMM, a BpeMeHa XuzHM FRC yeBejmueHHBEMM, B FRC
450 MHXeKTHUPYIT 3aMOpOXeHHbBle TabjeTku H wmiam D m3 mHXekTopa 700
TabJIeTOK, yTOOH HDOOOepXaThb ofllee KOJIUUeCTBO dYacTul, B FRC,
Tpebyemoe myja  FRC  450. [IpennojylaraeMele  BpPEMEHHEE  MHTepPBAaJbl
abugaumm ABJIAITCS OOCTATOYHO KOPOTKUMM, UTOOE OOeCleuMThb MCTOUHUK
3HAUUTEJILHOTO KoJiMuecTBa dYactuu mjga FRC., 32Ta  CKOPOCTHL TakKxe
MOXeT OHTb YBeJMUYeHa 3a CcueT YBeJIMUeHMd ILJiomaldM IIOBepXHOCTH
VHXEKTUPYEeMOTO KyCouka IIyTeM pas3JjlaMHBaHMg OTIeJIbHOM TabJIeTKM Ha
MeHBbIIME dpaTrMeHTH, KoT'oa OHU HaxoOoAaATCcs B cTBOJIax VI
VHXEKIIMOHHHX Tpybax wuHXekTopa /00 TabjleToK M OO TOTIO, KaK OHMU
nonamainT B kKaMepy 100 yoepxaHusa - 2Tall, KOTOPHM MOXHO BOILJIOTUTLH
IyTeM YBeJIMUeHUSI TPpeHMS Mexny TabJjeTKoM UM CTeHKaMM MWHXeKLUMOHHOM
TPpyOE 3a CUeT yMeHBIIeHMA paluyca u3rmba TI[IOCIedHeT'0 CeTMeHTa
VHXEeKIVMOHHOM TPpyOH HeNOCPpeOCTBEeHHO Iepen BXOIOOM B kamepy 100
yIOepXaHWs . IlyTeMm V3MeHeHM [IOCJIEIOBATEJIbHOCTHU n CKOPOCTHU
CTpeJibOH us 12 CTBOJIOB (MHXEeKLMOHHEIX TPpyOOK) , a TakKxe
bparMeHTalUUM, MOXHO HaCTPOUTE cucTeMy 700 wumMHXekIMM TabJIeTOK Ha
oBecrieueHre KaK pa3 XeJlaeMOoT'0 YPOBHSA TOOIOEPXKM ofmero KOJIMUeCTBa
JacTull. B CBOK ouUuepenb, STO CIOCOOCTBYET COXPaHEHMI BHYTPEHHETIO
KMHETMYECKOTO n»arJjieHuMs B FRC 450, a Takxe HoOlepxXmuBaeMoM paboTEH
1 BpeMeHu xu3HM FRC 450.

[0075] Kak TOJIEKO I[OIOBEPTHYTEHE abJalUMM aTOMBl BCTPeYalnTCd CO
3HAUMUTEJILHEIM KOJMUEeCTBOM IJjlasMel B FRC 450, OHM CTaHOBATCHA
[IOJIHOCTBI MOHMBUPOBAHHHMM. I[lIOoTOM IOoJIydyaKmascs B pe3yJibTaTe UYacThb
XOJIOOHOW ILJIa3Mbl HaTrpeBaeTcd IIPM CTOJKHOBEHMM C COOCTBeHHOM FRC-
[1J1a3MoM . SHeprU4, HeoOxoaomuma s oJs CoOXpaHeHusa xeJiaeMom
TeMrepaTypel FRC, B KOHEUHOM CUeTe, I[IOOBOIUTCHA WHXeKTopamu 600
[IYUYKOB. B »sToOM CMHCJIE, vHxekTOopel 700 TabJIETOK  BMECTE C
nxekTopammu 600 IYUKOB HeWTpallbHEIX UYacTull o0pal’3yiT CcucTeMy,
KoTOpasd COXpaHdeT YCTaHOBUBIIeeCHd COCTOAHUE FRC 450 "
MIONIepPXBaeT ee.

HmxexTop KT

[0076] B kKauecTBe aJlbTEPHATUBE MHXEKTOPY TabJIeTOK MIpPenJIoXeH
VMHXEeKTOP KOMIIaKTHOT'O Topouna KT, IDJjaBHEM o0pa30M, OJS IIOIIOJIHEHUA
IJla3sM B KOHOUIYpaumax C obpamleHHEM IoJjieM (FRC). HMuxexTop 720 KT

COOEepXrT IIJIaSMEHHYIO IIYIKY IJIA KOaKCHaJIbHOM HaMaTHMUEeHHOM I1Jla3MEl
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(IIIIKHIT) , koTopad, KaK TIokaszaHo Ha Oour. 21 BrJIwyaeT B cel4
KOaKCHaJIbHEE LUMJIMHIPUYECKME BHYTPEHHMM UM BHENHUM DJeKTPOOH 722 u
724, KaTymky 726 CMeleHMs, PacIlOJIOXKEHHYI BHYTPM BHYTPEHHETO
BJIeKTpOona, U DJEKTPUUECKMM pas3pre 728 Ha KOHIE, IPOTUBOIIOJIOXHOM
paspany VHXeKTOopa 720 KT. Tas VHXEeKTUPYEeTCA yepes
Ta30MHXEKLUVOHHOe OTBepcTMe 730 B NPOCTPAHCTBO MEeXIYy BHYTPEHHUM U
BHEMHVM BJIeKkTpolaMu 722 wu 724, a chepomMakornomobHasa IJiasMa
TeHepUupyeTCcsa OTTyHa IIOCPEeNCTBOM paspdla M BHEHTECHSIEeTCHS U3 IIYIKU
cuson JlopeHua. Kak MokasaHOo Ha dur. 22A um 22B, HOapa MHXEeKTOPOB
720 KT cBg3aHEl Cc eMmkocTei 100 1Osd yOepXaHMaS OKOJIO M C
IPOTUBOIIOJIOXHEIX  CTOPOH  CpelHeM  ILJIOCKOCTUM  eMKOCTHU 100 gmas
yoepXxaHusa OJjasa uExekuuu KT B 1jla3My LeHTpalbHoUM FRC  BHyTpH
eMkocTr 100 miusa yhoepxaHusa. PaspsalHEE KOHUH MHXeKTOpoB 720 KT
HalnpaBJIeHE K CpelHel IIJIOCKOCTM eMKocTu 100 1Omsa yOepXaHUS [I0%
HEeKOTOPHM YIJIOM K [OPOIOJBHOM ocu eMrocTu 100 1»njua yIoepXaHus
AHAJIOTMYHO MHXeKTopaM 615 NyuyKOoB HeWTpaJIbHEIX YacCTHUIl.

[0077] B aJIb TepHaTUBHEIX BapmUaHTax OoCVyIeCcTBJIEHUS, Kak
nokasaHo Ha Owmr. 23A um 23B, wuHxexTop 720 KT BRJIHUaeT B Cebda
IPOJIETHYIO TPYOKY 740, npencTaBJIAnIyo cobom VIJIMHEHHYIO
UWIIMHIPUYUECKYID TpyOKYy, CBASAHHYK C pPaspdOHBM KOHIIOM MHXEKTOpa
720 KT. Kak wuszo00OpaxeHO, IIpoJieTHasa TpyOka 740 BrjodaeT B cebda
KaTymky 742 T[OpoJieTHOM TpPyOKM, PAacCIOJIOKEHHEE BOKPYID TPyOKM U
pasHeceHHHE BIOOJIE Hee B OCEBOM HalpaBJeHMM. BIOOJbL OJMHE STOM
TPpYyOKM M300paXkeHO MHOXECTBO IMAaTHOCTHMUECKMX OTBepcTun 744.

[0078] [penMymecTBaMM  MHXeKTopa 720 KT ABJISIOTCSA : (1)
yIpaBJIeHVe U pPeryJiMpOoBKa OO0mMero KOJUYEeCTBa YacTHLl, IPUXOOAMMUXCSH
Ha MHXeKTUpyeMel1 KT; (2) Terlas IJlasMa ocaxnaeTcsa  (BMeCTO
KPMOTEeHHEX TabJIeTOK); (3) CUCTeMy MOXHO 3BKCIIYaTUPOBATE B PEXUME
C HEKOTOPOM UYacCTOTOM IMOBTOPEHMs, UYTOOH 00eClNeuuTh HelpepHBHOEe
IIONOJIHeHMe; (4) cucTeMa TakXe MOXeT BOCCTaHaBJIMBATHL HEKOTOPHMN
MaTHUTHEM TIOTOK, IIOCKOJIBKY MHXeKTUpyeMeHe KT HecyT BJIOXEHHOe
MarHUTHOe IIoJle. B OOHOM BapMaHTe OCYLeCTBJIEHUA, IIpeldHa3HadYeHHOM
014 BKCIIEePUMEHTAJIEHOTO VCIIOJIE30BaHUA, BHYTPEHHUN oraMeTp
BHEIHeTO BJeKTpola cocTaBJIgEeT 83,1 MM, a BHEmHWUM IMaMeTp
BHYTPEHHETIO BJIeKTpona cocTaBigeT 54,0 MM. [IOBEepPXHOCTE

BHYTPEeHHEeI'O DSJIEeKTpOoOa 722 InNpenliodyTrMTeJIbHO TIOKPEHTAa BOJ'H:)@_)paMOM,
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YTOOE COKPATUTL I[IOCTYIJIeHMe 3alpA3HAKRNIUX IpMMeceV C B3JeKTpona
722, Kaxk MN300paXeHo, BHYTPU BHYTPEHHET'O BJIeKTPoOna 722
YCTaHOBJIeHa KaTyllka /26 CcMeleHMd.

[0079] B MIOCJIETHUX DKCIIEPUMEeHTAax OBLIa OOCTUITHYTa
CBEPX3BYKOBasg CKOPOCTBL Iepexoma KT mo ~100 xMm/c. [pyrue TUIMUHBEE
mapaMeTpH  IJIa3MH  ABJISITCA  CJIeOYOIMMA ; IIJIOTHOCTEL  BJIEKTPOHORB
~5x1021 M3, Temneparypa BJeKTPOoHOB ~30-50 5B m ofmee KOJIUUECTBO

vyacTuy, ~0,5-1,0x101%, Brhcokoe KMHeTHMUeCKOe IaBJIeHMe, OoKas3hHBaeMoe
KT, ob6ecneurBaeT IIPOHMKHOBEHME MHXSKTUPYEMOM IJIasMH TUIyOOKO B
FRC m ocaxOeHMe 4YacTHUl, U3HYTPU OT CerlapaTpMuCH. IlociyienHMe

OKCIIEPVMMEHTEL IIOKaszaJlM: IIOIIOJIHEHME UYacCTMI B FRC IIpmMBeJIO K TOMY,

uro ~10-20 % ofOmero koJuMuecTBa dYacTul B FRC, ofecleuMBaeMbIX
vHXxXekTOopaMu KT, yCIemHO IeMOHCTPUPYIRIMMKY IIOINOJIHEHME, JIEeTKO MOXHO
[IEPEHOCUTE 0Oe3 pas3peBa IJas3mu FRC.

OTKJIOHAKIIME KaTYIKU

[0080] UYToBOH @moOoCTMUL BO3DYXIEeHMSI TOKa B YCTAHOBMBIIEMCS
COCTOSAHUMA u COXPaHUThb TpebyeMu VMOHHEM TOK, KeJlaTeJIbHO
IpenoTBpallaTh MM 3BHAUMTEJIBHO YMEHBIIATh HAallpaBJIEHHEE BBEepPX CIIMHE
DJIEKTPOHOB, 00y CJIOBJIEHHEIE CMJIOM TPEeHMS MexIOy D2JIeKTpoHaMM U
MoHaMM  (SABJIAKNIMENCS pesyJibTaToM IIepeHoca KOoJMUecTBa IBVXEHWUHd,
BOBHUKAKIMETO I[IPU CTOJIKHOBEHUM MOHOB M BJIEKTPOHOBR). B FRC-cucrTeme
10 mMcnoJsb3yeTcs HOBHM MeTon ofOeclleueHMs paspelBa B paclpelnejeHUuM
2JIEKTPOHOB IIOCPenCTBOM IPpUKJIAOEBaEeMOTO V3BHE CTaTUUYECKOTO
MaTHMUTHOTO IUIIOJIBHOTO WJIM KBAaOPYIIOJBHOTO IOJAd. 39TO IOCTUI'aeTCH
[IOCPEenCTBOM BHEMHMUX OTKJIOHAKIMX KaTymek 460, wn300paXeHHHX Ha
dur. 15. PammajlbHOEe MaTHMUTHOE II0JIe, I[IOIIEPEeUYHO IIPUKJIAOEBaAEMOE U3
OTKJIOHAKMKMX KaTymek 460, MHOYLUMPYET OCEeBOe DRJIEKTPpUUeCKOoe II0JIe BO
Bpamawmecsa FRC-1m1asMe. Pel3yJbTUPYRIIMM OCEBOM BJIEKTPOHHHM TOK
B3aMMOIeNCcTBYeT c panrajbHBEM MaTHUTHEM [IOJIEM, co3naBasd
a3’UMyTallbHY® Pas3pHBHYKLD CUITY Eg=—0w£<|BrP>, BOBIEMCTBYIIYID Ha
SJIEKTPOHE. UTOoOB ofecHeunuTh aOeKBATHHEM pPas3pEB B paclpenejleHun
SJIEKTPOHOB IOJIS TUIMUHHX YCJoBUuM B FRC-cucrteme 10, Tpebyemoe
NIpMUKJIaOEBaeMOe MaT'HMTHOE  OUIIOJIBHOE (M KBaIPYIIOJILHOE) rnoJie
BHYTPM ILJIa3MBEl OOJIDKHO MMETEH MHIOYKTMBHOCTE JMmb Hopsaagka 0,001 Tia.

COOTBEeTCTBYyKIlee BHeMHee MaT'HUTHOE IIOJIeé C MHIYKTUBHOCTEIO IIPVMIMEPHO
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0,015 Ta gaBjggeTCda OOCTATOUYHO CJabeM, UYTOOE He BHSI3EBATLH Oy TUMEE
noTepu OBCTPHX 4YacCTUL, WM OKasl3HBaThb WMHOE HEeTaTUMBHOE BJIMSAHME Ha
yoepxaHue. OQaKTMUeCKM, IIPUKJIAOEBAEeMOe MaTl'HUTHOEe IUIIOJIBHOE (MIIM
KBaIpyIOJIbLHOE) IIoJIe BHOCUT BKJIaln B IOIOaBJIEHME HeyCTOMUMBOCTEeM. B
coueTaHUM C TaHTeHUIMaJIbHOM MHXeKLMeM IYUKOB HeMTpaJbHBX UYacCTUll U
OCeBOM MHXeKIMel ILJIasMBl, OTKJIOHAKmMe KaTymky 460 obecrneunBawT
IOOIIOJIHUTEJILHEY YPOBEHL KOHTPOJIS B CBSA3UM C COXPaHeHVeM TOoKa U
YCTOMUMBOCTLIO.

BepkaJjipHEIE IPOOKHK

[0081] KOHCTPpYKLUMA MMIIYJbLCHEX KaTymek 444 BHYTPM 3epKaJlbHHX
npotoxk 440 pomyckaeT JOKaJIbHOE TEeHEepUPOBaHME CUIBHHEX MaT'HUTHEX
nojeu (2-4 Ti) C HOOMOmBK HeOOJBIMOM eMKOCTHOM S2HepITMUM ([IPpUMMEepHO
100 xIx). HOna ©bopMMpOBaHMSA  MaTHUTHHX IIOJIEN, TUIIMUHEIX  [IPU
paccMaTpuBaeMmon pabore FRC-cucTeMn 10, BCe CHMJIOBHE JIMHMM IIOJIS B
npenejiax obbeMa (OPMUPOBaAHUSA MNPOXONAT CKBO3b CyxeHus 442 vy
3epKaJibHEIX TIpobok 440, Kak mOpennojiaraeTcsa IIpYM HaJMuMM CUJIIOBHX
JMHVM MAaTHMTHOTO IIOJIS, IIOKAa3aHHHX Ha OMI'. 2, M KOHTAKT ILJIa3MH CO
CTeHKOM He MOPOUCXOOMT. IloMMMO STOTO, 3epKaJibHHe MOpodkm 440
COBMECTHO C MaT'HUTaMy 416 OMBEPTOPOB KBA3UIIOCTOSHHOT'O TOKa MOXHO
OTperyJiMpoBaThk TakK, UYTOOB HalpaBJIAThE CUJIOBHE JIMHUM IIOJIS Ha
sJekTpons 910 IOIMBEepTOPOB, WM BHPaABHMBATE CWMJIOBHE JIMHUM IIOJIS B
(He IoKa3aHHOM) KOHOUIYpalMM OCTPEX TOPILEBEX BECTYIIOB. IlOCJIenHAasd
[IOBHMMAET YCTOMUMBOCTL U IIOHOABJIAET IIapallleJIbHYI TellJIONPOBOIHOCT
2JIEKTPOHOB .

[0082] Camm 3epkajibHBEe OpoOkm 440 ToXe BHOCAT BKJAO B
KOHTPOJIbL HeMTpaJlbHOTO Tasa. 3epkalJibHble NOpobku 440 obecHneumBaioT
Jyullee MCIHOJIL30BaHMe Tasoobpal3HoTo OerTepusd, IpOOyBaeMoIro B
KBaplleBHe TpPyOE BO BpeMa ooopMuMpoBauHMsa FRC, T[OCKOJBLKY o0OpaTHHM
IIOTOK Tasa B IuBepTopw 300 3HaUMTEJILHO YyMeHblleH ©OJarojapsa MaJou
CIIOCOBHOCTU NPOOOK MIPOIycKaTk Ta3 (CToJb MMU3epHoM, kak 500 j/c).
BoJqiemasd dYacThk OCTATOYHOTO IMIPOOYBAaeMOTI'O Tas3a BHYTPU OQOPMUPYRIUX
Tpy® 210 OHCTPO MOHMBUpPYyeTCcHA. KpoMe TOI'O, BEHCOKOIUJIOTHAas ILjla3Ma,
TeKylas CKBO3b 3epKalJibHee TIpobkm 440, obecneumBaeT 30QeKTUBHYDL
MOHM3alLMI HeWTpaJIbHEX YacTMll, a 3HauuT ¥ 20OeKTUBHEM Tal30BHU
Bapbep. B pesyJbTaTe, OOJIBIIMHCTBO HelTpaJlbHHX YyacTHlL,

PELUVPKYJIMPYeMEIX B nuBepTopax 300 m3 rpaHuuHoro cjod 456 FRC, He
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BO3BpamawnTCcsa B KaMepy 100 ymepxaHuga. Kpome Toro, HeMTpaJlbHEE
YaCTULH], CBA3aHHHE C padoTomn [1JIa3MEHHBIX Iymex 350
(paccMaTpuBaeMom HMxe), OyIoyT B OOJBIIMHCTBE CBOEeM 3aKJodyaTbCsa B
nueepTOpE. 300.

[0083] M, HakoHell, 3epKaJibHbee TNNpoOxM 440 CKJOHHH YJydllaThb
yIoepXaHre TI'paHMUHOTO cJjod FRC. [lpr  ko»00MLIMeHTax OTpaXeHMsa
3epkajla (npobka/yroepxuBapilMe MarHUTHBE II0JIA) B IOManasodHe 20-40 u

npy navHe 15 M MexOy CeBepHOM U IOKHOM 3epKaJibHbMKM Opobkamm 440
BpeMsa T YIOepXaHusd dYacTUl TIPaHMUYHOT'O CJIOS yBeJIMUMBaeTCsa Ha

[IOPANOK BeJIMUMHE. YBeJMUeHMe T JIETKO VYJydllaeT YyIOepXaHue UYacCTHIl B
FRC.

[0084] [pennosiarad, yTo oBycJilaBJIMBaeMue panrajabHOM
onbdysmuern (D) T[oTepM YacTMI U3 OoTpPaHUUMBaeMOT'O celapaTpucon

obweMa 453 OGaljlaHCUPYKTCS OCEBEMM IIOTEPAMU (TI) M3 TPAHUUYHOT'O CJIOH
456, nomaydaeM (2nrsLs) (Dns/®)=(DnrsLsd) (Ds/T11), OTKyIOa CcJelyeT, UYTO
IOJMHY TpalMeHTa IJIOTHOCTM Yy celapaTpMUCH MOXHO IIepelrcaThk B BUIe
0= (Dtni) /2. Bpmech rs, Ls M ns — B5TO paiuyc celapaTpuch, OJMHAa
cermapaTpMCH M ILJIOTHOCTL VY CellapaTpMChH, COOTBETCTBEHHO. BpewMmd
yIoepxXaHnsa JacTHUI] B FRC cocTaBJfgeT
W= [Trs2Ls<n>]/[ (27rsLs) (Dns/8)=(<n>/ns) (t1tn) /2, 1ome 1t1=a?/D u npwu
5TOM a=rs/4. OU3UUECKM, YyBeJMUeHMe T|| BeleT K YBeJUUEeHHOMY O
(YMEHbIIeHHOMY TpallleHTy IIJIOTHOCTHU u napamMeTpy opemba Yy
cerapaTpMCH), a BHaAuUMT - UM K YMEeHBIIeHHHM I[oTepsaM udacTul, B FRC.
OBmee yBeJIMUeHMe IlapaMeTpa VYIepXaHMsa dYacTul, B FRC  OOBUHO

HeCKOJIBKO MeHBblIe, ueM KBaIlpaTHMUHOE, IIOCKOJIBRY Ns YBeJIMUMBaeTCHA
BMeCTe C Tii.

[0085] 3HaunuTeJIbHOEe YyBeJIMdeHMre T TakKxe TpebyeT, UTOOH
TpaHUUHEM cJioM 456 ocTaBajicd IO OOJIbIIOMY CUeTy YCTOMUMBEIM (T.e.
YyTOOBL npu n=1 He BBLJIO XKeJIOBKOBOM, PYKaBHOM MJIIN MHOM
MarHUTOTUIPOIMHAMUUECKON HEeYCTOMUMBOCTHU, THUIMUHOM IJIS OTKPBITHX
CHUCTeM) . VIcIioJib 30BaHMe rJla 3MeHHEIX [Iylmekr 350 obecrieumMBaeT
OPennouTUTEJIbHYID  YCTOMUMBOCTE Ha TpaHulle. B STOM  CMEICJIE,
3epKaJlbHEE ingelele):dzi 440 u JiasMeHHEe OYIKU 350 ofpas3ynT

9(1)(1)GKTT/IBHVIO CHUCTeMY KOHTPOJIA T'PAaHMIIHL.
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IllmasMeHHEIe IIYIIKIU

[0086] TIlmasMeHHHEe Oymky 350 [ODOBHMAKT YCTOMUMBOCTE CTPYMU
454, BHIIyCKaeMex U3 FRC, [IOCPeICTBOM JIMHEMHOTO CBSA3HBAaHUA.
[I;masMEl, MCIYyCKaeMble U3 ILJIa3MeHHEX IIyiaek 350, ofbpasyoTrca 06e3
[IPUBJIEUEHU S KOJMUYeCTBa a3MMyTaJIbHOTO YIJIOBOTO  IOBWXEHUS, uTo
nokasajio cebd TIMOJIe3HBEIM IIPUM KOHTPOJE HEeYyCTOMUMBOCTEM BpalleHMS B
FRC. A ecau Tak, To nOymku 350 gBjagoTca >0PeKTHMBHEM CPeIdCTBOM
KOHTPOJIA YyCTOMUMBOCTM FRC ©6e3 HeoBXOOIMMOCTHM YCTapeBmero MeTona
KBAIPYIOJbLHOM cCcTabuiam3auum. B pes3yjbTaTe ILJla3MeHHble Oymky 350
oamoT BO3MOXHOCTbBb MIOJIYYEeHU S npeuMyIecTBa BEIT'OJIHEBIX >20beKTOB
OBIC TPBIX YaCTHII VI oocTyria K pPexmuMy YCOBEPMEeHCTBOBAHHOM
TUOPUOHOM KMHeTHuueckoM FRC, KakK IOOUepKUBAETCH B STOM PACKPHBITUN.
CilemoBaTeJIbHO, IIJIa3MeHHHEe NOymKyM 350 T[IO3BOJAKRT BKCILJIYaTUPOBaATh
FRC-cucrteMmy 10 mIpM ToKax OTKJOHAKIMX KaTyOek, IMIOOXOOANMX KaK pas
IOJI9 pas3phBa B pPaclIpelelIeHUMM B3BJEKTPOHOB, HO SBJAKIMXCS MEeHBIVMUA,
yeM Te, KOTOPHE BH3HBaAJIM OH HEYCTOMUMBOCTE FRC U/MIM HOPUBOOUIINU
OB K MHTeHCHMBHOM OUOQY3MM OBICTPHX UYaCTHIIL.

[0087] Kaxk  ymooMmMHaJIOCh B PacCCMOTPEHHOM  BHIIE pasmee

«BepkaJipbHEIE IPOOKM», ecJiu OH MOXHO OHJIO B3HAUMUTEJILHO YBEeJMUUTH
T, TO TIojaBaeMas M3 Iylmek IJja3Ma OwJia OB  CONOCTaBUMOM  CO

crkopocTeio (~10%2/c) moTepb YaCTMI, B TPAHMUHOM CJIOe. BpeMsa XU3HU
mojiyyaeMom U3 IymekxK IIJla3MBEl B FRC-cucrTeme 10 HaxXxooIuTCd B
MUWJIJIMCEKYHIOIHOM -IOMalla30He. B camMoM 1eJje, PacCMOTPMM ILJla3sMy U3
OymeK, MMEeKIyln IJIOTHOCTE Ne~1013 cM™3 U TeMIepaTypy MOHOB IIPUMEPHO
200 »B, 3BakKJOUEHHYK MeXIy TOPLUOBHMM 3epKaJlbHEMM OpobOkamm 440.
ODmomua L 3axBaTa ¥ KOBOIUIMeHT R OTpaXeHMsa 3epkajla COCTaBJIART
npuMepHo 15 M m 20, cCcooTBeTCTBeHHO. CpelHsad OJIMHaA CBODOOHOTO
npobera MOHOB OJjlaromapd KYJIOHOBCKMM CTOJIKHOBEHMAM COCTAaBJISET
Aii~6x103 CM, a [IOCKOJIBKY A:iilnR/R<L, M OHEL HaxXoOaTCH4d B
Tra30IMHAMMUECKOM pexXxumMe. BpeMs yIepXaHMd IIJIJa3Mel B D2TOM pPeEXUME
cocTaBJiderT nﬂ~RL/2Vy%2 MC, T'me Vs — CKOPOCTHL MOHHOTO 3ByKa. g
CpaBHeHUS, KJIaCCHUUYECKOE BpeMsa yIoepXaHMs VIOHOB IS DTUX
napaMeTpoB ILJIa3MBEl COCTaBJAJIO OH Tc~0, 57i: (1nR+ (1nR)%3)~0,7 mMc. B
IIPMHLNMIIE, aHOMaJlbHasd IIollepeuHas IUGPy3Msa MOXET COKpaTUThL BpeMs

yIoepXaHr4a IJlasMel. BMecTe ¢ TeM, eCJM IPenlIoJIOXUTL, UYTO B FRC-
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cucremMe 10 wmMeeT wMecTO OOMOBCKAad HM@@VBMM, TO OLEeHOYHOE BpeMA

[IOIIEPEYHOTO yIOepXaHUsa OJd I[Jla3Mbl M3 IIYIIEeK COCTaBJIAET TI>Tgd~2 MC.
CliemoBaTeJIbHO, OYIKKM MOIJIM OB OOECIeUMTh 3HauUMTeJIbHOE IIOIIOJIHEHUE
IpaHuyHOoTO cJod 456 FRC u yJyudlleHHOe O0Ollee YyIepXaHMe YacTUll B
FRC.

[0088] IloMMMO STOTO, IIOTOKM ILJIa3MbBl M3 IIyIIeK MOXHO BKJOUATDH
npuMepHo Ha 150-200 MMKpPOCEKYHI, UYTO II0O3BOJISET MCIOJbL30BaTh UX
IpM B3alycke, I[IOCTylIaTeJIbHOM IIepeMeleHurM U o0bemmHeHuMmu FRC cC
nonamaHveM B KaMepy 100 vyoepxaHusda. FEcauM BrJIOUeHME IPOUCXOOUT
IPMMEPHO B MOMeHT ©T~0 (MHMIMaluMad OCHOBHEIX MCTOUHMKOB INIMTaHUS
FRC), To 1uIasMe M3 IIylleK CHoCOOCTBYIT HNomaepxaHuio FRC 450,
[IOJIYyUYeHHOM TEenephb rmocye OIMHaMUUYECKOT O bopMUpPOBaHUSA u
obbevHeHVda. OOBeOMHeHHBEe ofmMe KOJMUYEeCTBa YacCTHUL M3 QOPMUPYIUX
FRC m m3 nOymek [ABJISKTCH YIOOBIETBOPUTEJILHBEIMM IIJIA 3axBaTa IIydKOB
HeMTpaJlbHEX YacTull, HaTpeBaHMA IJla3Mbel M IJUTEJILHOM TIOOIepPXKM.
Ecim BKJKUYEHME IIPOMCXOOIMT B MOMeHT t B 1gmamnasoHe -1-0 mMc, TO
[JIa3MEl M3 IIyNIeK MOT'YT IIPUBECTM K 3BallOJIHEHMK KBapleBHEHX Tpyo 210
Jjas3MoM WMJIM K MOHM3aluuM Tasa, IIPpOoOdyBaeMoTo B KBaplleBhHe TpPyOH,
TeM caMbeM »Oollyckasa ¢opMmporaHMe FRC IpM yYMeHBIIEHHOM WM Boofme
HyJIeBOM 00BeMe IIpolyBaeMoI'o TI'asza. [locjlenHee  YCJIOBME  MOXET
norpeboraTh OOCTaTOYHO XOJIOOHOM bopmupyoomen [1Jj1a3Mel, UTOOH
obecrieunTb OHICTPYIO onddy 33U MaTHUTHOTO r1oJis c oBpaTHEM
cMelleHreM. EciIM BKJIOUeHMEe IPOUMCXOOMT B MOMeHT t<-2 MC, TO IMIOTOKM
IJIasMbel MOTYT SaloJIHUThL OpuMepHo 1-3 M3 JMHeMHOTO ofObheMa II0JIL
obiacTeln GopMMPOBAHMA U YyIepXaHMa OoopMHpyomMx cekuurt 200 wu
KaMepy 100 yoepxaHMs C lLeJIeBOM IIJIOTHOCTLID B HECKOJILKO eOMHUIL Ha
1013 cm3, mocTaTouHOM OJd OOecClleUueHMS CO3IaHMS IIYUKOB HeMTPaJibHBX
vacTul, no npubetmsa B FRC. Iocie sTOorT0O, OQopMmupyomre FRC MoTIsiM OH
CcOoOpMMPOBATBECA U TIIOCTYIATEJBHO I[IE€PeEMEmAaTsECad B  Pe3yJibTUPYIRIY
JjIasMy EeMKOCTU IJId yIepXaHusa. TakuM ofpasoM, IIJIa3MeHHBE IIYIIKU
350 obBecneumBaioT OoJblloe pa3HooOOpasme pabourx YCJIOBUM U PEeXMMOB
HACTPOWKM IlapaMeTpOoB.

DJIEKTPUUYECKOE CMENIEHUE

[0089] KoHTpoOJIE pamrajlbHOT'O IPOQUIIA SJIIEKTPUUECKOTO IIOJIA B

I'PaHMYHOM CJIoE 456 PasJIMYHEIMI criocofaMm BHIOOEH OJIA yCTOﬁqMBOCTM
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FRC u yIepXaHna B Heu. [locpencTBOM  HOBEHX, obecrneurBamlx
CMelleHre  KOMIIOHEHTOB, pa3sBepHyTHX B FRC-cmcreme 10, MOXHO
[IPUKJIaOEBATH MHOXECTBO 3a0JIarOBPEMEHHO IIOOT'OTOBJIEHHEIX
pacrnpenejieHUN BIIEKTPUUECKUX [IOTEHIIMAJIOB K Tpylmne OTKPHETEIX
IIOBEPXHOCTEN IOTOKa IO BCeM MallMHe M3 ofjacTel ITaJIeKO CHapyXu OT
LleHTpaJIbHOM of6JacTu yIepxXaHMs B KaMepe 100 ymepxaHusa. TakuM
oBpas30M, MOXHO I'eHepMpOoBaTh palMalJlbHBEE »SJIeKTPUUEeCKMe IIOJId Uepes
TpaHUUHEM cJio¥ 456 B HeloCpeOCTBeHHOM OamszocTM kK FRC 450. IloToMm
ST paOMaJibHEE DJIeKTPUUECKMe IIOoJIA MOOUGUUUPYIOT  a3uMyTaJIbHOeE

BpalleHMe TpaHuUUYHOTO cJjiogd 456 u  OoCymecTBJIART €TI0 yIepXaHue

[IOCPEeICTBOM  pPa3phHBa CKOpOCTH, ExB. Jroboe onddepeHIMaJIbHOE
BpalleHMe MexIy TpPaHMUHBEM cJjioeM 456 u  axkTuBHOM 30HOM 453 FRC
MOXHO 3aTeM IlepenaTb BOBHYTPpb Ijasmel FRC 3a cueT paspeBa. B
pesyasTaTe KOHTPOJIb TPAaHUUYHOTO cJIod 456 OKa3HBRaeT
HEIOCPEOCTBEHHOE BJMAHME Ha aKTHMBHYyK 30HY 453 FRC. Kpome ToOTO,
[IOCKOJIBKY CBOOOIHas BSHEPIMA IIpM BpPalleHMM IIJIa3MEl TaKXe MOXET
ABJIATLCA IOPUUMHOM  HeyCTOMUMBOCTEN, 2TO0T MeTonm obecrneuMBaeT
IpsAMOEe CpPencTBO OOphOH C 3apoXIeHMEM M POCTOM HEeYCTOMUMBOCTENM.
[loopxonmdmee TI'paHMUHOe cCMelleHue B FRC-cucreme 10 obecneumBaeT
50PEeKTUBHEIN KOHTPOJIb IIepeHOCa M RBpalleHMS CUJIOBHX JIMHUM OTKPETOTO
IoJisi, a Takxe BpalleHMsda aKTMBHOM =230HE FRC. MecToHaxoxmeHUEe U
bopMa paszJMUHHEX IpeldyCMaTpMBaeMHX 2JekTpomoB 9200, 905, 910 m 920
ofecreuMBalT KOHTPOJIL pPa3HHX TPYIN [HoBepxHocTel 455 mnoToka, a
TakXe KOHTPOJIE IIPM Pa3HHX M HEe3aBUCHUMMHX I[IOTeHLMaJlaXx. TaKuM
0o0pasoM, MOXHO peaJiM30BaTh MUPOKUM CIEeKTP Pas3HBX KOHOUIYpaLun
SJIEKTPUUECKUX TIOJIeM M HaOpsSXKeHHOCTeM, KaxXIuM pas ¢ OTJIMYAIYMCS
XapakKTepuUCcTUUeCK M BO3IOeMCTBMeM Ha paboume HapaMeTpH I1J1a3MH .
[0090] KimoueBoOe  NpeMMyIlleCTEO BCeX SBTUX  HOBEX MEeTOINOB
CMelleHMsa COCTOMT B TOM, UTO Ha IHoBeleHMe ILJJa3MH B AKTHMBHOM 30HE
¥ Ha TpaHuile MOXHO I[IOBJMATE M3 MECT, HaXOIOAMMXCH HOaJIeKO CHapyXM
oT FRC-rj1asmer, T.E. HeT HeoBXOoIMMOCTHU BReIEeHUSA KaKUx—Jmobo
dMBUUECKMX KOMIIOHEHTOB B KOHTaKT C IleHTpaJlbHOM Topsauey I1JIasMou
(uro mMMeJio OB Cepbes3HBEe IIOCJHENCTBMA IJIA IIOTEPb BHEPIMM, IIOTOKa U
yacTHull) . OTO OKasHEBaeT OCHOBOIIOJIaTaKiee BHIOIHOE BO3IeMCTBMEe Ha

paéoqme XapaKTeprCTMKNU " BCe IIOTeHIaJIE HEIE IIPMIIOXEHN A mnoen
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BEICOKOBD(QOEKTUBHOTO pexuMa FRC.

OKCHepHMMEHTAJIbHEIE  JaHHLIE - paboTa B  BECOKOSQQEKTHUBHOM
pexiume FRC

[0091] MuxexkuMsa OBCTPHX YacTUL I[IOCPEeOCTBOM IIyUKOB M3 IIYyIeK
600, wmcHyckamomMx IOIYUKM HeMTpaJbHHX uYacTHull, MUIpaeT BaXHYID pPOJIbL B
ofeclieueHNM BECOKOBbOexkTUBHOTO pexuma FRC. Our. 16 MIIOCTPUPYET
2T0T dakT. VzoOpaxeH HaOOP KPMBEX, IIOKAa3HBHBaAKIMX, KaK BpPpeMsa XU3HU
FRC koppelMpyeTcsd C IJIUTEJIbBHOCTBI MMIIYJIBCOB IIYUKOB. Bce mOpyrue
paboume YCIOBUA IMOOOEPXMBAKTCA HEM3MeHHEMM JIS BCeX pal3pganos,
OXBaTHBAEMEIX STUM MUCCIJIeOOBaHMeM. JaHHBEE YCPeOHAKTCHd I[I0 MHOTUM
CHMMKaM ¥ TIOBTOMYy oOTofOpaxarnT TUIMUHOEe ToBeleHVe. COBEepPIeHHO
OUEeBMIOHO, UTO YBeJIMUeHHasa OIUTEJIbBHOCTE I[IYUKOB OaeT «OOoJiblle
XuBymme» FRC. HM3yueHre 5TOTO dpakTa, a TakKke OpYyIUX pe3yJbTaToB
OVMATHOCTUKM B TeUueHMe HTOTO MUCCIeOOBaHUsAa BHABJSET, UTO I[IYUKU
YBeJIMUMBAT YCTOMUMBOCTL M YMeHbalnT I[IoTepu. Koppesdluusa Mexnoy
OJIUTEeJIbHOCTRIO MMIIYJIBCOB IIYUKOB M BpeMeHeM XuU3HU FRC He gaBjsgeTcd
COBEPIIEHHOM, I[IOCKOJIbKY 3axBaT IIYUKOB CTaHOBUTCHA HesdOeKTUBHHM,
KOoT'la pasMepH ILJIa3MBEl MeHbIle OIpemeJIeHHEX, T.e. Korma (u3ndeckKue
pasMeps FRC 450 cokpamaloTcda WM He BCe MVHXEeKTUPYEMBEE JIIyUKHU
rlepexBaTHBaKnTCA u 3axXBaTHBAKTCA. CokpalleHue prasMepoB FRC

IIpoOnCXoOouT B IIEPBYIO ouepelb n3—3a TOTO, gTo UVCTEIE I1oTepn

SsHepTuu (~4 MBT OpPpMMepHO Ha IOJIIIyTH depes pas3parn) u3 FRC-rasMe

BO BpeMA praspdnoa HeCKOJIBEKO foJiklle, ueM obmasa MOIIHOCTE,

nomeponuMasa B FRC MMOCpPenCTBOM IIYUKOB HeMTpaJlbHBEIX uyacTul (~2,5 MBT)
I0JIS KOHKPETHOI'O DKCIEPMMEHTAJIBHOTO 3allycka. PacIoJIoXeHMe IIYUKOB
B MecCTe, HaxomgameMcs OJMxe K cpedHeM IIJJockocTM eMrocTtu 100,
MOXEeT IIPUBECTM K TEHOEHUUM YyMeHBIIeHUWs 5STUX [IOTepb U IIPOIOJIeHUSd
BpeMeHU Xu3HU FRC.

[0092] Qur. 17 WIOCTPUPYET BO3OEMCTBUA Pa3HHX KOMIIOHEHTOB
Ha JOCTMXEeHMe BHCOKOROPeKTHMBHOTO pexmMa FRC. 3meck IIOKa3aHo
CEMEVCTBO TUIIMUHHX KPUBHX, oOToOpaxawmmux BpeMsa Xxu3HM FRC 450 kak
byHKRLUMIO BpeMeHM. Bo Bcex cJyudadax IOpedycMaTpuBaeTCsa I[IOCTOAHHAaAI,
HeOoJibllad I[IO  BeJIMUMHE  MOIHOCTL  IIYUYKOB (mpumMmepHo 2,5 MBT)
VMHXEKTUPYETCS Ha OPOTAXEeHUMM BCeM IJIMTEJILHOCTM KaxXIoT'o paspsala.

Kaxnasda KpriBad ABJIAETCA xapaKTepHoﬁ OJIS OTJIMYalmercs KoMOMHaLUM
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KOMIIOHeHTOB. Hamnpumep, patora FRC-cucrteMel 10 06e3 KakKUX—-JUOO
3epKaJIbHEX OpoOok 440, I[imasMeHHHX IOyllek 350 MM TeTTepUpOBaHUMA
Biaromapa cucTeMaM 800 TreTTepupOBaHMA [IPUBOOUT K  OHCTPOMY
IIOABJIEHMI HEYCTOMUMBOCTM  BpalleHMsa UM yTpaTe Tonojorum FRC.
BBemeHre TOJIBKO 3epKaJibHEIX OpoOok 440 3BaZepXuBaeT I[IOABJIEHUE
HeyCTOMUMBOCTEY U yJydmaeT yOepxXaHue. VCIOJB30BaHME COBOKYIIHOCTH
3epKaJIbHEX npodok 440 wum 1wIasMeHHoOM nymky 350 IOONOJHUTEJLHO
yMeHbIlaeT HeyCTOMUMBOCTM ¥ YyBeJIMUMBaeT BpeMsa Xu3HM FRC. U,

HakoHell, BBeleHMe TeTTepupoBaHusa (Ti B »TOoM cjydyae) BIoGaBOK K

nymke 350 u npobkam 440 pmaeT HawjyullMe pe3yJbLTATH — B IIOJIydaeMoM
FRC HeT HeyCcTOMUMBOCTEN, u OHa OIEMOHCTPUPYET caMmoe
IPOOOJIKUTEJIEHOE BpeMsa K3HU . ns STOMN SKCIepPUMeHTaJIbHOM

OIeMOHCTpalun ACHO, uTo BCH COBOKYIIHOCTE KOMIIOHEHTOB oaer
Hamjayumnit sodbexkT M obecneurBaeT OYUKM C HaAWJIYUNMMM PacueTHBMU
YCJIOBUAMHA .

[0093] Kak roxKasaHo Ha dur. 1, HOBHIM oBHapyXeHHHM
BHICOKODbODekTUBHEM  pexuMm  FRC OIeMOHCTPpUPYeT Pe3KOo  YIYUIIeHHOEe
[IOBENEHMEe IIpKU IlepeHoce. dur. 1 WUIIRCTPUPYET WM3MEeHEeHME BPEMEHU
yoepxaHmda yvacTull B FRC-cuCcTeMe IIpM Iepexome M3 OOHUHOTO pexyrMa B
BHICOKOZb0DekTUBHEM pexuM FRC. Kak MOXHO YBMIETLH, YIOMSAHYTOe BpeMd
B BHCOKORb0OeKTMBHOM pexmume FRC yBeJIMUMJIOCE ©OoJjiee uyeM B 5 pas.
Kpome Toro, omr. 1 KOHKPEeTUIMPYET BpeMfa yIepXaHMsa uyacTul, B FRC-
CHUcTeMe 10 1o OTHOLIEHNUIO K BpeMeHU yIepXaHnd JyacTul] B
BKCIepUMMeHTax ¢ m3BecTHEMM FRC. UTO KacaeTcd 5STUX OPYI'MX MallMH,
TO BEICOKOBbOekTUBHEM pexuM FRC y FRC-cucremel 10 mMeeT yOepxaHMe,
KOZQOUMIIMEHT YBEJMUEeHMS KOTOPOT'O HaXOOUTCS MexOay b5 M 3HadeHMEeM,
OauskuM k 20. HakoHell — M 2T0 BaxXHee BCeIl'0 - IIpupoIa MacmTabHOM
VHBapMaHTHOCTHU yIepXaHusa mja FRC-cucTemel 10 B BEHCOKOZ(QOEKTMBHOM
pexrMe FRC pe3kKOo OTJMUaeTCd OT BCexX WM3BEeCTHHX M3MepeHuM. Illepen
YCTaHOBJIEHVMEM BEHCOKOZ0PekKTMBHOTO pexmMa FRC B FRC-cumcreme 10,
BEIBOOMJIU pasJIMuHEEe SMIIMPUUYECKUE 3aKOHEL MacmTadnupoBaHUA nus3
OaHHEX, UYTOOH CIPOTHO3MPOBATL BpeMeHa VYIepXaHMsa B DSKCIepUMeHTax

¢ wum3BecTHEMM FRC. Bce »TM OpaBuWija 3aBUCAT IJIABHEM 00pasoM OT
oTHOmeHus RZ2/p:, Tme R - paanmyC HYJS MaTHMTHOTO IOJIA (HecTporas

Mepa Ou3MUecKOoTo MacmTaba MallMHE), a pPi — JapMOPOBCKUM paluyc
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MOHa, OlleHMBAaEeMEl B I[IpMKJIaIHBaeMOM M3BHe IIoJile (HecTpoTrasd Mepa
IPpUKJIAOEBAEMOT'O MaTHUMTHOTO IIOJIA) . M3 dur. 1 4CHO, UYTO IJUTEJIEHOE
yIoepxaHue B o0ObpuHOM FRC BO3MOXHO JIMIL OIpM OoJbIMX TabapurTax
MaMMHE M/UMJIM  CUJILHOM MAaTHUTHOM IIoJle. Pabora FRC-cucremul 10 B
OOBIUHOM  pEeXuMe FRC oTpaxaeT TeHIeHIVIO cJlenoBaHmMA OOBIUHEIM
npaBuJiaM, KkKakK YyKasaHo Ha dur. 1. BMecTe C TeM BHCOKODOOEeKTUBHEIM
pexyM FRC 3HAUUTEJILHO IMIPEeBOCXOOUT YIIOMAHYTHM pPeXMM M IIOKa3hBaeT,
UyTO Topasmo Jyullee YyIepXaHue OOCTUXUMMO U 0e3 0OoJibIMxX TabapuToB
MamlMHE MJIVM CUJIBHEIX MATHMTHEX I10JieM. M3 dur. 1 Takxke SCHO: BaxHee
TO, UYTO BHCOKODOOEKTUBHEI pexuM FRC @[O0 CpaBHEHMIO C OOBUHBIM
PEXMMOM IMPUBOOUT K OOJIBIIEMY BpeMeHM YIepXaHMd IIpU COKpalleHHBIX
pasMepax IJlasMel. AHAJOTUUHEHE TeHIeHIVM 3aMeTHHE TakKxke IJIS BpeMeH
yOepXaHMsa TIOTOKa M DHepIMM, KaK OIMCHEBaeTCHd HMWXe, KOTOpHe B FRC-
cucteMe 10 ToOXe yBeJIUMUMIMCH - B 3-8 pazs. ClIemoBaTeJIbHO, KpPYIIHHM
OOCTIDKEHVEM BHCOKOBDOEeKTUBHOTO pexmMa FRC 4ABJIAeTCS BO3MOXHOCTL
VCIIOJIL30BaHMA HeOOJILIOM MOMHOCTM IIYUKOB, MeHee CHMIIbHBX MaTHWTHHX
IoJiey M MeHbmMX TabaprMTOB IJSA IOOOEPXKM M COXpaHeHud paBHOBECUM
FRC B FRC-cucreme 10 wum ©Oyoymmx O0o0Jiee MOUmHEX MallMHax. 9TUM
YCOBEPUEHCTBOBAHUAM CONYTCTBYIOT MeHBIIMe 3aTpaTH Ha 3SKCIUIyaTaluo
M COOpYyXeHMe, a TakKxXe IIOHMWXeHHafd TexXHHUUecKasa CJIOXHOCTL.

[0094] IOyjs  paJibHenmeIo CpaBHeHUS, IOaHHBIEe XapakKTepHOT'O
pazpsana B BHCOKOROOeKTHMBHOM pexuMe FRC B FRC-cucTeMe 10 Moka3aHH
Ha O®umr. 18 kak OQyHKLUMSA BpeMeHM. Ha Our. 18(a) wuszobpaxeH painyc
UCKRJIIOUaeMOTO IIOTOKa B CpemHeM IIJIOCKOoCTM. [JIS 5STUX pPasIBUHYTHX
BPEMEHHEIX pPaMOK IIpoBOOAmasd CTaJlbHasd CTeHKa OOoJiklle He [ABJIAeTCHd
XOPOIWIMM CPemCcTBOM COXpPaHeHMSs IIOTOKa, a MaTlHMTHBEE 3SO0OHIOB WM3HYTPU
OT CTeHKM [ONOJIHEHH 3SO0HIAMM CHapPyXM OT CTEeHKM J4 Haojlexalero
yueTa MaTHUTHOM IUOOy3UM IIOTOKAa CKBO3b CTaJb. IO CpaBHEHUID C
TUIIMUHEIMMY padbourMM [apaMeTpamMry B OOHUHOM peXrMe, IIOKas3aHHEMMU Ha
dur. 13, pexuMmM padoTh, COOTBETCTBYKIMM BHCOKOZOPEKTUBHOMY pPEXUMY
FRC, IOeMOHCTpUpPYET BpeMsd XM3HM, yBellMdeHHOe OoJiee ueM Ha 400%.

[0095] Ha our 18 (b) IoKkasaH XxXapaKTepHHM Tpaduk cjemna
JMHEeMHO-MHTeTIpaJlbHOM IIJIOTHOCTM C €TI0 MHBEepTUMPOBAHHEIM [0 AbeJin
OOIIOJIHEHMEM, a Ha our. 18(c) - npoduiam ILJIOTHOCTM. IIO CpaBHEHMI C
OOBUHEIM pexumoM FRC, nokazaHHOM Ha O®ur. 13, 1wi1asMa 4BJSeTCHd

BoJjiee CTaTMUYHOM Ha BCEM IMNPOTAXEHNMIM VIMITYyJIBECa, WYTO CBUIOETEJIECTBYET
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O BecbMa YycCcTouMumpBoM paboTe. [lmkoBasg TILJIOTHOCTE Ha  CHMMKAax
BHICOKOB(QOeKTUBHOTO pexmumMa FRC TakXe HEMHOI'O HWXEe, UTO SABJISAETCH
cllencTBUMeM OoJiblieM (¢ KO20PULUMeHTOM VYBeJIMUeHUS OO 2) IIOJIHOM
TeMIlepaTypsl I[IJIa3Me, KaK IIokaszaHo Ha our. 18 (d).

[0096] IJys COOTBeTCTRYKINEIO paspala, IPOUIJIOCTPUPOBAHHOTO
Ha  Owur. 18, BpeMeHa yIepXaHusa  5BHepIuu, JyacTul ¥ IIOTOKa
cocraBjasaoT 0,5 Mc, 1 Mc M 1 MC, COOTBETCTBEHHO. B MOMEeHT HauaJa
oTcueTa 1 MC TIIPpM BXOXIEHMM B pas3pdal, akKKyMyJMPOBaHHAs DHepPIUud
[JIa3MEl CcOCTaBJsgeT 2 KX B TO BpeMsd, KaK IIOTepuM COCTaBJIAKT
npuMepHo 4 MBT, uUTO »OejlaeT 2TOT lLejleBo¥ Habop apaMeTpoB BecbMa
INOOXOOAMMUM IJIS MIOOOEPXKM IIYUKOB HeMTPpaJIbHHX YacCTHIIL.

[0097] Ha Qwur. 19 Bce IpeuMymecTBa BHCOKOBOPEKTHMBHOT'O
pexvMa FRC M[OIOHTOXeHH B (QOopMe BHOBL YyCTaHaBJIMBAEeMOM MacCHTabHOM
VHBapUMaHTHOCTHU DKCIIEPUMEHTAJIBLHOTO yIoepXaHMs [IOTOKAa B

BHICOKOB®(0beKTUBHOM pexmume FRC. Kakx MoxHO yBUIOeTh> Ha Our. 19, Ha
OCHOBAHUM WM3MEepeHUM, I[IpOBeldeHHHX OO M Iocje MoMeHTa t=0,5 wmc,

T.e. korma t<0,5 mMc m t>0,5 mMc, MacmTabv yIepXaHMs IIOTOKa (u,
aHaJIOTMYHO, YIepXaHMsa 4YacCTHUl M YIOepXaHud DHepruu), Ipybo ToBopH,

3aBMCAT OT KBaIpaTa TeMIIepaTypPH SJIEKTPOHOB (Te) OJIA4 3aIlaHHOTI'O

pamnyca (rs) cellapaTpUCH. Clife) cTpoToe MacmTadupoBaHue
[IOJIOXUTEJIBHOM ~ MOWNMHOCTBI  coIviacHo  Te (a He  oTpULATEJBLHON
MOIHOCTHIO) IIOJIHOCTHIO [IPOTUBOIIOJIOXHO TOMY , KOTOpOe

OEeMOHCTpUpPYyeTCa OOHUHBEIMM TOKaMaKaMM, I'Ie yIepxXaHue, KaK IpaBUJIO,
00paTHO IMIPOIOPLMOHAJIBHO HEeKOTOPOM MONHOCTM COIJIACHO TeMIIepaType
SJIEKTPOHOB. IIpodBJIeHME DTOM MacmTabHOV MHBAPMAHTHOCTU ABJISEeTCH
IpAMBEIM  CJIEOCTBMEM COCTOSHMSA BHECOKOROPEKTMBHOTO pexrmMa FRC mu
IIONyJALUMM MOHOB Ha opbuTax OoJbmMX paIuycoB (T.e. opbuTax B
MacmTade TomnoJjorumu FRC uM/MIM IO MeHbIleld Mepe JIMHEeMHOM MacmTabe
TpaleHTa XapaKTepMCTUUEeCKOT'O MaTl'HMTHOTO TIoJdg). Ilo ©OoJbmoMy
cueTy, 2Ta HOBasda MacmTabHas VHBapMaHTHOCTb CymeCcTBEeHHO
BJIaTONIPUATCTBYET BEICOKMM  pabourM TeMIIepaTypamM U IIO3BOJIAET
[IOJIYUUTE PeakKTOPH OTHOCHUTEJILHO HeOOJIBIIMX pPasMepoB.

[0098] Tpun HaJIU4UYUU NIperMyIllecTE, KOTOPHE maem
BEHICOKOR (OO K TUBHLIM P exXmmMm FRC, OOCTWMXMMO nonmepXxaHue W

CTaTHUUYEeCKOe COCTOAHUE FRC, Bo3OyXIDaeMoe IIydKaMM HeWTpaJibHHX
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yacTul, KOTOpOe MOXeT OBTh I[NOOOepXaHO C  I[IOMOWBI  MHXEKLUN
Hajlexamux TabJjleTOk, & 9SBTO 3HauuT, YTo IJloDaJlbHEE IlapaMeTpH
IJlasMel, TakKue, KakK TepMuueckad DHepIMa IJIasMe, paluyc ¥ OJMHa
IJlasMel, a TakXe MaTHUTHHM [IOTOK, I[OONepXUBaKnTCAd Ha OOOCHOBAaHHBIX
YPOBHAX 06e3 CymecTBEHHOTI'O clama. [HJa CcpaBHeHMs, Ha Our. 20
[IOKasaHH OaHHBEe Ha I'padpmke A, I[IOJYUeHHBEe B pes3yJibTaTe pas3p4dla B
XapaKTepHOM BECOkKOZOOekTMBHOM pexume FRC Ha FRC-cucrteme 10 kak
OyHKLUMA BpPeMeHM, U Ha I'paduke B OJd OPOEKTUPYEMOTI'O XapaKTEPHOTIO
BHICOKO®®beKkTHUBHOTO pexuMa FRC Ha FRC-cucteme 10 Kak QyHKIMSA
BpeMeHu, Ipu »ToM FRC 450 nomnepxmeaeTcsa ©Oes clalla Ha BCeM
OPOTSXKEHVM MMIOYJbCa IIydKa HeWTpaJlbHEX dYacTull. [OJId TOoJIyJYeHUId
Tpadrka A OyUYKM HeWTpaJlbHEIX YacTUI C CYyMMapHOM MOMHOCTBI B
orarnasoHe IIpuMepHOo 2,5-2,9 MBrT wuHXekTHMpoBasM B FRC 460 1npwm
OJUTEJIBHOCTU aKTHMBHEIX MMIIYJIECOEB IIYUKOB IIPMMEPHO 6 MC. Bpewmsa
XUBHM IJIa3MeEl  Kak OMaMarlHeTHKa, OoToOpaXeHHOe Ha I'paduke A,
COCTaBJIAJIO IIpUMepHO 5,2 Mc. BoJjiee HOBEE @HOaHHBEE IIOKa3HBAKRT, UYTO
Opu  OJUTEJIBHOCTM  aKTMBHEIX  MMIIYJIECOB  I[IYUKOB IIPMMEPHO 7  MC
OOCTWXVMMO BpeMd XM3HM I[IJla3Me  KakK »OraMal'HeTuKa, COCTaBJIAnIee
IpUMEPHO 7,2 MC.

[0099] Kak oTMeuaJioCh BmIle B CBA3M c Qur. 16, Koppendumda
MeXOy IJUTEJIbHOCTBI0 MMIYJIBCOB I[IYUKOB M BpeMeHeM xu3HuM FRC He
ABJIAETCH COBEPIIEHHOM, [IOCKOJIbKY 3axBaT [IYyU4KOB CTAaHOBUTCHA
HendQEeKTUBHEM, KOT'Ia pPa3Mephl IJIasMe MeHbIle OIIpPeneJIeHHHX, T.e.
KoTrma busnueckue pasMepH  FRC 450 cokKpamamTcad M He BCe
VHXeKTHUPYeMble IIYUKM IIepeXBaTHEBAKTCHA UM 3axeaTeHBaoTCcHa. CoKpalleHUE
pa3Mepok FRC mOpoucxoOuUT B IIEPBYI oUuepelb WM3-3a TOI'0, YTO UMCTHE
norepu sHeprum (~4 MBT OpMMepHO Ha IMOJIIyTU depes3s pa3pdan) mus3 FRC-
IJla3Mel BO BpeMd pa3pfdla HeCKOJIBKO 0OoJiblle, dYWeM of0mas MOIHOCTE,
noagronuMas B FRC MHOCpPenNCTBOM MYUYKOB HeMTpaJlbHHX dYacTull (~2,5 MBT)
0JI1 KOHKPETHOI'O DKCIEPMMEHTAaJIbBHOT'O 3allyCckKa. Kak oTMeuasioCh BHIIEe
B cBA3u c Our. 3C, HakJOHHAS MHXeKIMA M3 nymerk 600, cCcTpelsommx
OydkKaMy HeWTpaJIbHHEX dYacTHll, K CpeIHel ILJIOCKOCTM YJydllaeT CBSA3b
«IIy4YoK-IlJIasMa» Iaxe Tornma, korma FRC-ImiasMa cokpalaeTcsd WM MHBM
ofpas3oM CXMMaeTCss B OCEeBOM HallpaBJIeHUM B TeueHMe Ilepuona

VMHXeKINnN1 . KpOMe TOT'O, Hanojexamada NDOONUTKa TablleTKkaMy IIO3BOJIUT
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nonmepxaTk TpebyeMyrn IIJIOTHOCTE I1JIa3MH.

[0100] Ha rpadmke B npencraBJjieH pesyasTaT 5TarioB
MOIeJIMPOBaHuA, [IPOBeIeHHEX c VCIIOJIb 30BaHMEM IOJIMTEeJIbHOCTU
AKTHBHEIX MMIIYJIECOB IIYUYKOB IIPUMMEPHO 6 MC U OOmey MOMHOCTU IIYy4YKOB
3 nymek 600, cTpeldomMx IIyuKaMy HeMTpaJIbHEX YacTUll, HEeCKOJBLKO
npeBbmaBmer npuMmepHo 10 MBT, OpM STOM IIyUKM HeMTpaJibHBX UYaCTHUIL
OpUBEeOYyT K MHXeKUMM OBHCTPHX (H) nam muddys3MoOHHHX (D) HeMTpallbHHEX
YacTHl, C DSHepTrMeM YacTHull OIpuMepHo 15 k»B. OKBUBAJEHTHHM TOK,
VHXEKTUPYEME KaxIbhM M3 IIYUYKOB, COCTaBJIsgeT OpuMepHo 110 A. s

Tpadmuka B yroJ MHXEKUMM I[IYUKOB OTHOCUTEJILHO OCHM YCTPOWCTBAa
cocTaBJay HnpuMepHo 20°, a nejeBo¥ pamuyc - 0,19 M. YToJl MHXEKLUNA

MOXHO M3MeHAT:L B IIpenejax OuanasoHa 15°-25°, I[Iyyku cJjenyerT
HalpaBJATE B a3MMyTaJIbHOM HalpaBJIEHMM TakK, UYTOOB TOKM OBJIM
rapaJijieJib HEIMI . PaBHOIEVCTBYKIA S HOKOBEIX cuil, a TakKxe
PaBHOIOEMCTRBYMAasa OCeBHEX CWJI, BO3HMKAKIKX B pe3yJbTaTe IIYyUYKOB
HeMTpaJlbHEX YacTUI C HeKOTOPHM KOJMUeCTBOM IOBMXEHUS, OyoyT
MUHMMM3UPOBATLCA. Kak M IOpu IoJdydeHuM TIpaduka A, OwcTpee (H)
HeTpaJlbHEEe YacCTULE MHXEKTUPYITCS M3 MHXeKTopoB 600 [OyUKOB
HeMTpaJlbHEX YacCTMIL C MOMEHTa, KOoT'Ia CeBepHad M kHasg QopMMupylmMe
FRC campanTca B KaMepe 100 ymepxaHma B onHy FRC 450.

[0101] OTars MOIeJIMPpOBaHMA, IO CJIYXMBIIME OCHOBOM oJjisg
[IOCTPpOeHMA TI'paduka B, OpendycMaTpuUBallM MCIOJb30BaHME MHOT'OMEPHEIX
aJITOPUTMOB pPemeHMsa IIOCPeOCTBOM MaTHMTOTMIAIpOIMHaMMueckoro (MI')
TreHepaTopa XoJa oJs IOJIYYEeHU S [1J1a 3MEl u pPaBHOBEeCUS B
COOTBETCTBMM C M3BECTHHMM MeTOoIaMu, IIOJIHOCTBLI0  KMHETHUUECKUX
aJITOPUTMOB pemeHns MEeTOIOM MounTe-KapJo oJjis COCTaBJIARMNX
VMHTEeHCHBHEIX IIYUKOB u BCeX IpOoLIeCCOB paccedHus, a TaKxe
MCIIOJIL30BaHMEe CUCTEeMBl yPpaBHeHUM IJIS BCeX CeMeMCTB ILJIa3MH C 1LeJIbIo
MO eJIMPOBaHMUSA VHTEepaKTUBHEX [IPOILIECCOB [IOTEPE . TpaHCIOpPTHHE
KOMIIOHEHTH  SMIMPUUYECKM KaJMOpPOBaHH WM  OTMEUEHH  perepaMmu II0
OTHOUIEHUID K DKCIepUMMeHTaJlbHOY 0a3e IaHHHX.

[0102] Kak 1okaszaHO IIOCpPencTBOM TIpaduka B, CpOkK CIyXOH
OIVMaMaTHETHMKOB B YCTaHOBUBIIEMCH cCcocTodgHUM FRC 450 ©OyneT paBeH
OJIMTEeJIbHOCTY MMIIYJIbCa IIydKa. BMecTe C TeM, BaXHO OTMETUTHL, UTO

KJIIOUEeBOM KOppeJIF[LU/IOHHBIﬁ I‘pa(l)I/IK B I1nokas3eBaeT, uTo RKRoI'da IIYUKUM
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OTKJIUAKT, ILJja3Ma wuin FRC HauMHaeT clIalaTb B B3TOT MOMEHT, HO He
paHblle. STOT Clal aHaJlIoOTMYyeH HabjowlaeMoMy IIpU pa3pdlax, KOTOpPHE
He CTUMYJIMPYIRTCS IIy4dKaMu, — BEPOATHO, II0 MCTEUeHMM I[opganka 1 McC
[IoCJie MOMEHTa OTKJIUEeHMS, — M IIPOCTO OoTpaXaeT XapaKTepUCTUUYecKoe
BpeMA yIOepXaHMsSa  ILJIa3Mel, BO3OyXKIaeMOM IpolieccaMu COOCTBEHHHX
[IOTEPE .

[0103] XoTsa wm300peTeHMe HOOINyCcKaeT pal3JIMUHEHE MOOMOUKALUM U
aJlb TepHaTMBHEE (QOPMH, JIMIIE KOHKPETHEE eTro I[IpMMEepH IIoKa3aHB Ha
yepTexax UM IHoOOpoOHO OINMCaHBE BHIIe. BMecTe C TeM, CcJenyeT IOHAThH,
UTO M300peTeHMe He OTPaHMUMBAETCHS PACKPHTHMM KOHKPETHEMM QOopMaMM
VI criocobamm; HaobopoT, n300peTeHne crenyer CUMTaTh
OXBaTHBAKIMM  BCe MOIMOUKALINN, SKBMBAJIEHTH U aJIb TEPHATUBEHI,
HaxoOamyecs B paMKax cylmecTBa M o0beMa IOIPUTA3aHUM OIpujlaraeMon
GOPMYJIEL M300peTeHUd.

[0104] B BHIIEM3JIOKEHHOM OIMCaAHMM KOHKpeTHas COBOKYIIHOCTL
[IPM3HAKOB T[IPUMBOIUTCHA JIMIIB B 1&JIX IIOACHeHMHA, OOeclleuMBaKnIero
[IOJIHOE TIIOHMMaHMe IOaHHOTO WM300peTeHMA. BMecTe C TeM CIHelMaJluCT B
OaHHOM o0O0JIaCTM TexXHUKM IIOMMEeT, UTO ST KOHKpPEeTHHEe IIOOPpOOHOCTH He

ABJIAITCA 0O04g3aTeJIbHEIMM OJI4 BOIJICIIEHMA  OaHHOTI'O MBO@peTeHMH Ha

IpakKTUKe.
[0105] PaszjmuHEle OPUBHaAKM M3  XapaKTepHBX  [IPpUMEPOB U
3aBUCHUMEBIX IyHKTOB bopmy JIBl n300peTeHnud MOXHO OOBEIUHATE

criocobamyr, He IepeuMncJISeMEMM KOHKPETHO M B SBHOM BUIe, C LEJBI
obecrieueHusd LOOIIOJIHU T €JIb HEIX [IOJIE3HEIX BapMaHTOB OCYIIECTBJIEHU A
NPUMHIUIIOB  OTaHHOTO M300peTeHud. Takxe ABHO  BUIHO, yTO BCe
OVala30HE BHAUEHUM WM YKa3aHug TPyl O00LeKTOB PAaCKPHBAT KaxIoe
BOBMOXHOE IIPOMEXYyTOUHOEe BHaUeHMe WM KaXOBM IPOMEeXYTOUHHM OOBLEeKT
C ULeJblo  OBHUHOTO onmMcaHm4, a Takxe C ULeJIbl  OT'paHMUeHUd
3agBJIAEeMOTO OOBEeKTa M300peTeHUrd.

[0106] [MpeJIOXEHEl CHUCTEMBl M CIHOCODE T'eHEepUpOBaHUA U
nonomepxaHmua FRC, padoTanmmMx B BHCOKOZOOeKTMBHOM pexuMe FRC.
IOHATHO, UYTO BapMaHTH OCYIEeCTBJIEHMA, OIMCaHHBE 3I0eChb, IIPUBEIeHH
C LeJIbI TIOACHEHMA M He IOOJIKHE CUMTAaThECHAd OTPaHMUMBAKIMMKY OOBLEKT
n300peTeHuda. g choeumaaucTa B 00JacTM TeXHUKM OYyIOyT OUEeBUIOHEH
pPas3JIMUHEEe MomudMKALIUY, NIPUIIOXEHN A, 3aMeHEH, KOMOMHaALNMA,

YCOBePIeHCTBOBaAHMA, CIIOCOOH IIOJIY4UYEeEHNMA, HaXonoAdAnmecAd B PaMKax
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obbeMa MNOPUTA3aHUM WIM CymecTBa JaHHOTO WM300peTeHusa. Hanopumep,
yuTaTeslb OOJDKEH IIOHATH, UYTO KOHKPETHEM I[IOPANOK M COBOKYIIHOCTH
TEeXHOJIOTUYECKUX onlepaluuit, OIMCAaHHEE 30ech, ABJIATCA JIMIIE
WIUIOCTPaTUBHEIMM, €CJIM He VYKas3aHO MHOe, a Mu300peTeHMre MOXHO
OCVYIIECTBUTE C MCIOJIb30BaHMEM OTJIMUAKIMXCA WM  TOIOJIHUTEJIBEHEX
TEeXHOJIOTMUYECKUX Oollepaluil, WIM IPpyT'o¥ COBOKYINHOCTM JMOO IopsaIka
TEeXHOJIOTUMUECKUX  OollepaluM. B kauecTBe ele OOHOTO  IHIpuMepa,
OTMETHM, UTO KaxXIOhM IPpM3HAK OIHOTO BapMaHTa OCYUEeCTBJIEHUS MOXHO
codueTaThb ¥ COIJIACOBHBATL C IOPYIMMM [OpM3HaAKaMM, I[IPUBEIOEHHEIMU B
OPYTUX BapMraHTax OCYIEeCTRBJIEHNU A . [lpr  xeJjaHUU, MOXHO TaKxXe
IpenyCcMOTPeTh HaJlMuMe IIPU3HAKOB U IIPOLIECCOB, M3BECTHHX OOBUHBM
creuuagmucraMm. IlloMMMO 2TOTO, OUEBMIOHO, UYTO - IIPM XeJIaHuM -
[IPU3HAKU MOXHO BHOCHUTD VI VCKJIIOUATE . COOTBETCTBEHHO,
M300peTeHrue He OTI'paHMUMBaeTCd HUUEM, KpOMe TOI'0, UYUTO M3JIOXKEHO B
npuijaraeMoy QopMyJie M300peTeHMs M ee DKBUBAJIeHTaX.

B oIOHOM acHekTe HacCTOAllero M300peTeHMA IIPenJIOXeH CIoCoD
TeHepHUpOBaHMUA u nonmepXxaHmusa MaTHUTHOTO [10J14 C IIOMOIILIO
KOHQUI'ypauum C oOpameHHEM ooJeM (FRC), Brouawomui B ce®d D>TallH:
bopmupoBaHmMe FRC BOKpYyI' IJIa3MEL B KaMepe YyIOepXaHMA UM HNoOIepXaHue
FRC Ha wWiIM IOPMMEPHO Ha IIOCTOAHHOM 3HaueHMM O0e3 crHoama I[OyTeM
VHXeKLUVM [IYyUKOB OBHCTPHX HeMTpaJibHEIX aTOMOB M3 MVHXEKTOPOBR IIYUKOB
HeMTpaJIbHHX dYacTul B FRC-mJja3My I[IOI HEKOTOPHM YIJIOM K CpelHel
[LJIOCKOCTM KaMepH yIOepXaHMAa UM MHEXEeKUMI ILJIa3MeEl KOMIIAKTHOI'O Topouna
B FRC.

ComylacHO OHOHOMY BapMaHTy OCYIMEeCTBJIEHMA CIOCOO0 HOONOJIHMUTEJILEHO
BKRJIOUaAEeT B ceb4d oBTal T[eHEepUpOoBaHMA MATHMTHOTO IIOJIA BHYTPHU
YIIOMSHYTOM KaMepe C IIOMOWBI KaTyleK KBa3UIIOCTOAHHOTO TOKa,
IPOCTHUPAKIUXCSA BOKPYT 2TOM KaMepH.

ComylacHO OHOHOMY BapMaHTy OCYIMEeCTBJIEHMA CIOCO0 HOOIOJIHMUTEJIBEHO
BKJIOUAET B CebAa nBTal TeHEePUMPOBAHMA 3ePKaJIbHOTO MATHUTHOTO IIOJIA B
nopenejlax OPOTHUBOIOJIOXHHEX TOPLOB YIOMAHYTOM KaMepel C IIOMOMLBI0
3EePKaJIbHEIX KaTylleK KBA3UIOCTOAHHOTO TOKa, MIPOCTUPAKIMUXCHA BOKPYT
IIPOTUBOIIOJIOXHEX TOPLIOB BTOM KaMepH.

CorJjiacHO elme OOHOMY BapMaHTy OCVYIIeCTBJIEHU A sTarl
bopvmpoBaHusa FRC BrioduaeT B cebd QopMupoBaHMe QopMupywmenr FRC B

bopMupyome CcekUMM, CBA3aHHOM C TOPLOM KaMeph yIOepXaHusa, U
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yCKopeHue odopMupyiomern FRC k cpenHeM IIJIOCKOCTHM YIIOMAHYTOM KaMephl
ninga ¢opmmpoBaHma FRC.

CorJjiacHO eme OIOHOMY BapMaHTy OCVYIIeCTBJIEHU A sTarnl
bopvmmpoBaHusa FRC BriodaeT B cebsa dopMMpOBaHME BTOPOM GopMUpYyHLIEN
FRC BO BTOpOM OdopMMpylmel CeKLMM, CBA3aHHOM CO BTOPHM TOPLOM
KaMepH YyIepXaHUsd, U YyCKOpeHMe BTopoM dopMupykmel FRC kK cpeXHeM
IIJIOCKOCTHM VYIIOMSAHYTOM KaMephl, TIe OBe oOdopMupykmmue FRC camMBawonTCH
nina dopmmporaHma FRC.

CorJjtacHO eme OIOHOMY BapMaHTy OCYIIEeCTBJIEHU A 2Tarl
bopMUpOBaAHUA FRC BKJIOUAET B ceb4a OIOHO "3 bopMupoOBaAHUA
bopMupyromer FRC ¢ OIOHOBPEeMeHHHM YCKopeHMeM QopMmupyiomert FRC
cpenHeM TIIJIOCKOCTM YIOMSAHYTOM KaMepH U OQOpMMPOBaHMA OGopMHpYyHIeMn
FRC ¢ nocienyomyM ycCKopeHMeM ¢popMupyviomeyd FRC Kk cpelHelM ILJIOCKOCTHU
STOV KaMepH.

CorJlaCHO OOHOMY BapMaHTY OCYIECTBJIEHUA CIOCOO IOOIOJIHUTEJILHO
BKJIOUaeT B cebs 5»Tall HalpaBJIeHMSA [IOBEPXHOCTEM MaTHMTHOTO IIOTOKaAa
FRC B OMBepPTOPH, CBA3aHHHE C ToplaMM QOPMUPYKRIUX CEeKIUN.

CorJlaCHO OIOHOMY BapMaHTY OCYIEeCTBJIEHUA CIOCOO IOOIOJIHUTEJILHO
BKJIOUaeT B Ccebs 5sTall HalpaBJIeHMA [IOBEPXHOCTEeM MaTHMTHOTO IIOTOKa
FRC B OMBepTOp, CBA3aHHEM C TOPLOM QOPMUPYIINEN CEKIUM.

CorJjiacHO ele OIOHOMY BapMaHTy OCVYIeCTBJIEHU A crioco®
OOIIOJIHUTEJIEHO BKJIOUaeT B cebsa »Tal HalpaBJIeHUMS I[IOBEPXHOCTEN
MaTrHMTHOTO IoToka FRC BO BTOPOM IOMBEPTOP, CBSA3aHHHNM C TOPLOM
YIIOMAHYTOM KaMeph HalpOoTUB (QOopMUPYNIEeV CeKLMUM.

CorJjlacHO OOHOMY BapMaHTy OCYIEeCTBJIEHUA CIOCOO IOOIOJIHUTEJILHO
BKJIOUaAET B ceb4d 5Tall TIeHepUpOoBaHMAa MATHMTHOTO I[IOJIA B IHOpenejiax
bopMUPYIOMNX CeKLUM 7 OMBEPTOPOB C IIOMOIILIO KaTylmekK
KBasUIOCTOSHHOTO TOKa, MNIPOCTHUPAKMUXCA BOKPYT OQOPMUPYIIMX CeKIUM
¥ OUBEPTOPOB.

CorJlaCcHO OOHOMY BapMaHTY OCYIECTBJIEHUA CIOCOO IOOIOJIHUTEJLHO
BRJIOUaEeT B Cceb4 BTal T'eHEePUPOBAHMA 3epPKaJLHOT'O MaTHUMTHOTO IIOJIL
MeXny OQOpMUPYIMMKY CEeKLUMAMM U IOUBEPTOpaMM C I[IOMOUILI 32ePKaJibHBIX
KaTylleK KBAa3UIOCTOAHHOTO TOKa.

CorJjiacHO eme OIOHOMY BapMaHTy OCVYIIeCTBJIEHU A Ccrioco®
OOIIOJIHUTEJIbHO BKJIKUaeT B ceB4d 5Tall I'eHepUPOBaHMA MaT'HMTHOI'O IIOJIA

SEPKaJIbHEX HpO@OK B IIpelejlaX CYXeHNMA MeXnoy @Opl\MpVIOH_IMW CeKIOMmAMIM
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" OIMBepTOpaMm C [IOMOIILIO 3epKaJIbHEIX NIPOOOUHEIX KaTylmekx
KBAa3UIOCTOAHHOTO  TOKa, OIPOCTUPAKIIMXCA  BOKPYI  CYXEeHMI  MexXny
bopMUPYIOMIMMKY CEKLUMAMU UM OUBEPTOPaAMM.

CorJjiacHO elme OOHOMY BapMaHTy OCVYIIeCTBJIEHNA crioco®
OOIIOJIHUTEJIBHO BKJIOUaeT B ceba o5BTal IeHepUMPOBaHMA OOHOTO U3
OUIIOJIBHOTO MAarl'HMTHOI'O IIOJIA M KBaIPYIOJBHOI'O MarHMTHOI'O IIOJIA
BHYTPU YIIOMAHY TOM KaMepH C IIOMOIIBIO OTKJIOH AN X KaTylek,
CBABaHHEIX C BTOM KaMepou.

CorJjlacHO OIOHOMY BapMaHTy OCYIEeCTBJIEHUA CIOCOO IOOIOJIHUTEJLHO
BKJIOUaeT B cebsa »Tal KOHOMIMOHMPOBAHUA BHYTPEHHUX I[IOBEpPXHOCTEM
YIIOMSAHYTOM KaMepH, O(OopMUPYIRIUX CeKIUWM M OUMBEPTOPOB C IIOMOMLIO
CUCTEMEl TeTTEPUPOBAHNUL.

CorJjtacHO eme OIOHOMY BapMaHTy OCYIIECTBJIEHU A cucTeMa
TeTTEPUPOBAHKA BKJIOUAET B CcelAa OIOHY M3 CHUCTEMBl OCaXIeHMA TUTaHa
¥ CUCTEeMH OCaXIOEeHUI JIUTUL.

CoTJlaCHO OOHOMY BapMaHTyY OCYIECTBJIEHUA CIOCOO IOOIOJIHUTEJILHO
BRJIIOUAET B ceb4a aTarn 0CeBOU MHXEKIIUN IJila3Mel B FRC wus
YCTAHOBJIEHHEIX B OCEBOM HAalpaBJIeHMM ILJIa3MEHHEIX IIyIeK.

CorJjlaCHO OIOHOMY BapMAaHTY OCYIEeCTBJIEHUA CIOCOO IOOIOJIHUTEJILHO
BRJIOUAET B CceOd 5Tall KOHTPOJIA paIraJiIbHOT'O IIPOQUIIA SIEeKTPUUEeCKOI'O
[IoJIA B T'paHMUYHOM cJjioe FRC.

CorJjlacHO ele OIOHOMY BapMaHTy OCVYIeCTBJIEHMA 5STall KOHTPOJIA
pamuaJibHOTO IIPpOoOUIIA SBJIEeKTPUUECKOTO IIoJigd B I'paHUuHOM cJjioe FRC
BKJIOUAET B cebsa HaJIOXEeHUe pacrnpenesjieH1A BIIEKTPUUECKOTO
IoTeHIMaJjla Ha TPYININYy OTKPHTHX I[IOBEPXHOCTelM oTokKa FRC C [OIOMOMBIO
OTKJIOHAKINX SJIEKTPONOB.

Bo BTOpPOM acIleKTe HaCTOAWeI'd M300peTeHMd NpelJIOXeHa CHUCTeMa
0JI9 TeHepUMpOBaHMA UM IIOOOepXaHMA MaTHMTHOTO IIOJIA C  IIOMOILIO
KOHQUIT'Ypauuu C  oOpalleHHEM  IIOJIEM (FRC), comepxamasa  KaMepy
yIoepXaHusda, [IEPBYIO 7 BTOPYID OMaMeTPaJIbHO IIPOTUBOIIOJIOXHEE
bopmmpyromyre FRC cexumM, CBA3aHHEE C KaMepoW yIepXaHUsd, IIpUUeM
bopMupyIIlad CeKUMAI COOEPXUT MOOYJILHEE OQopMMpYyHIMEe CUCTEME IJIg
TeHepupoBaHua FRC ¥ nocTynaTeJlJbHOTO IepeMemleHusa FRC k cpenHeM
IIJIOCKOCTM KaMepH yOepXaHMA, IIePBHML M BTOPOW OMBEPTOPH, CBSA3aHHHE
C IIEPBOM UM BTOPOM OQOPMUPYKIMMM CeKUMAMM, I[IepBYyK M BTOPYK OCEBHEe

IJIasMeHHEIe IIYIIKV, CDYHKI_U/IOHaJ'IbHO CBA3aHHEE C IIepBEIM ¥ BTOPEM
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IVBEpPTOpPaMM, IIE€PBOV M BTOPOM O(OPMUPYRNIMMM CeKLUMAMM U KaMepou
yoepXaHusd, MHOXECTBO MHXEeKTOPOR IIYUKOB HeMTpaJlbHEIX aTOMOR,
CBABaHHEX C KaMepoM yIepXaHUS UM OPUEeHTUPOBAHHHX C BO3MOXHOCTLIO
VMHXEKUUM I[IYy4YKOB HEeWTpPaJIbHHX aTOMOB K CpeOHEM IIJIOCKOCTM KaMepEHl
yoepXaHMs OO MeHBbIMM yIJIOM, uYeM OpAMOM, K IIPONOJILHOM OCU KaMepH
yoepXaHus-d, MarHMUTHYID CUCTEMY, comepXxamyrn MHOXECTBO  KaTyIek
KBa3MIIOCTOAHHOTO TOKa, PAaCIOJIOXEHHEX BOKPYI KaMephl yIepXaHud,
IepBOM U BTOPOM  QOPMMPYRIMX  CeKUMM U TIIepBOTO ¥  BTOPOTO
OIMBEPTOPOB, TIepPBHEM u BTOpPOMU HaboOpPH 3epKaJibHEIX KaTylmex
KBasUIOCTOSHHOTO TOKa, PAacCIOJIOXKEeHHHEe MeXOy KaMepoW yIOepXaHUS U
IepBOM ¥ BTOPOM O(opMUMPpYKRNIMMM CeKLUMAMM, W TIIepBhHe ¥  BTOPHE
3epKaJibHEE npoOKH, PAacCIIOJIOXEeHHEIe MeXIy IepBOMU u BTOpPOM
popMUPYIOIVMMY CEKUMAMM W IIEPBHM ¥ BTOPEM IUBEPTOpPaMM, CUCTEMY
TeTTepUpOBaHUA, CBSA3aHHYK C KaMepoM yIepXaHMsS U IIepPBHM ¥ BTOPHM
OMBepTOpaMu, OIVH Wi BoJee CMealmmx BJIEKTPOLOOB ojisa
BIIEKTPUUECKOTO CMEMEeHWS OTKPHTOM I[IOBEPXHOCTM IIOTOKa TeHepupyeMou
FRC, opuyeM YIOMSAHYTHM OIMH MJIM 0oJlee CMeMalmlMx SJIeKTPOIOB
PAaCIOJIOXEHE BHYTPM OIHOTO WM 00Jiee M3 KaMepH YyIepXaHusd, IIepBOU
M BTOPOM OGOopMMPYKRIUX CEeKLUMM U [IepBOTO M BTOPOTO IMBEPTOPOR, IBEe
iy 0oJlee OTKJIOHAKIMX KaTylleK, CBfA3aHHEIX C KaMepo¥W yIepXaHusd, u
vHxekTop KT, CBA3aHHHM C KaMepol yIepXaHWd.

CorJjilacHO OIOHOMY BapMaHTyY OCYIEeCTBJIEHMA CHUCTEeMa BEHIIOJIHEHa C
BO3MOXHOCTEIO TI'eHepupoBaHMAg FRC u nonmepxaHusa FRC Ha WM IIPUMMEPHO
Ha TIIOCTO4HHOM 3HaueHum ©Oe3 cClala, B TO BpeMAa KakK IIYUKU
HeVTpaJIbHEIX aTOMOB MHXeKTUpPyTCca B FRC.

ComJlacHO  elle OIOHOMY  BapMaHTy  OCYIECTBJIEHMA  3epkaJibHad
npoBka COINEepPXUT TPeTUM ¥ YeTBEepPTHEM HaOOpH 3epKalJIbHHEX KaTyllek
MeXIY KaXIBEMM M3 [IepBOM U BTOPOY QOPMUMPYKMMX CeKLUUM U IIepBOTO U
BTOPOTO IOMBEPTOPOB.

CorJlacHO  elle OIOHOMY  BapMaHTYy  OCYIECTBJIEHMA  3epkaJjibHad
npodbka IOOIIOJIHUT eJILHO CONEPXUT Habop 3epKaJibHEIX IPOOOUHEIX
KaTymek, OOBUTHX BOKPYI CYXeHMS B KaHalle MeXxIy KaXIEMM W3 IIepBOM
Y BTOPOM QOpPMMPYKRIMX CeKUMM M IIepBOTO M BTOPOTO IOMBEPTOPOB.

CorJjlacHO elle ONHOMY BapMaHTy OCYIECTBJIEHMA YIJIMHEeHHad TpyOda
IpeIcTaBJIgeT COOOM KBapleByl TpyOy C KBapleBOU QyTepOBKOM.

CoTJlacHO OIHOMY BapMaHTy OCYIeCTBJIEHUS OQOPMUPYIIME CUCTEME
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ABJIARTCA QOPMUPYKIIMMKY CUCTeMaMM MMIIYJIECHOT'O IIUTAaHUA.

CorJjlacHO ele OOHOMY BapMaHTY OCYIECTBJIEHMA  QopMUPYIIME
CHUCTEMEL comepxar MHOXECTBO OJIOKOB OIUTaHuA 1z yIIpaBJIeHU A,
CBASBAHHBIX C OTOEJIBHEIMM Yy3JlaMM M3 MHOXeCTBa Y3JIOB IIOOBECKM IJI4
BO30OyXIOeHuda Habopa KaTylleK OTIOeJIBHEX Y3JIOB M3  YIOMAHYTOTIO
MHOXECTBa Y3JIOB [IOOBECKM, OOBUTHX BOKPYID YOJMHEHHOM TpPyOH IepBOM
Y BTOPOMV GOpMUPYINMUX CEeKIUN.

CorJjlacHO OIOHOMY BapMaHTy OCYIEeCTBJIEHUS OTOeJIbHEEe OJIOKU U3
YVIIOMAHYTOTO MHOXeCTBa OJIOKOB IIUTaHMA U YIpaBJeHMI CcomepxarT
CUCTeMy 3allyCKa M yIpaBJIeHUID.

CorJjlacHO OIHOMY BapMaHTy OCYIECTBJIEHMA CHUCTEMBl 3allycka U
VIpaBJIeHVI OTHOEJILHEX OJIOKOB M3 YIOMAHYTOT'O MHOXECTBa OJIOKOB
OIUTaHUA M YIOPaBJIEHMA BHIIOJIHEHE C BO3MOXHOCTLI CHUHXPOHM3ALUUNM IJIA
oBecrieueHNd CTaTUYIeCKOTIO dpopMMPOBAHMA FRC, npuyaeM FRC
bopmupyeTCHd, a 3aTeM MHXEKTUPYETCH, VI OVHaAMUYECKOT'O
bopMUPOBAHUA FRC, puyeM FRC OIODHOBPEMEHHO bopMHrpyeTCH u
[IOCTYIIaTeJIbHO IIepeMellaeTCA.

CorJlaCHO OIOHOMY BapMaHTY OCYIEeCTBJIEHUA YIIOMAHYTOE MHOXECTBO
VMHXEKTOPOB IIYUKOB HEWTPAaJIbHEX aTOMOB COINEPXUT OIMH WM OoJiee
VMHXEKTOPOB IIYyYKOB HeWTpaJIbHEIX aTOMOB C MCTOUHMKaMM BY 1jas3Mmel U
oIvH wuiu 06o0Jlee MHXEKTOPOR IIYUKOBR HeVTpaJlbHEX aTOMOB C OYyTOBHEMU
MCTOUHMKAMMA .

CorJjlacHO elle OOHOMY BapMaHTy  OCYIECTBJIEHMI  YIOMAHYTOE
MHOXECTBO MHXEKTOPOB IMIYUKOB HeUTpaJlbHEX aTOMOB OPUEHTHPOBAHO
TakKk, UYTO TPaKTH MHXEeKLUMM HallpaBJIeHH TaHI'eHIMaJbHO kK FRC ¢
11eJIeBOM 30HOM 3axBaTa B Ipelnejax cenapaTpuchH FRC.

CorJjlacHO OIOHOMY BapMaHTy OCYIIECTBJIEHU I cucTeMa
TeTTEPUPOBAHKA COOEPXUT OIOHY WM 0BoJjiee M3 CUCTEME OCaXIEeHUA
TUTaHa M CUCTEMEl OCAXIEeHUA JIUTUA, KOTOPHE IIOKPHBAKT OOpalleHHEE K
[jiasMe  [IOBEPXHOCTM  KaMepH  YIOepXaHMd M [IepBOTO M BTOPOTO
OMBEPTOPOB.

CorJlacHO OIOHOMY BapMaHTyY OCYIIECTBJIEHMA CMelanlre 3SJIEeKTPONE
BRJIOUAKT B cebd omMH wiau 0OoJiee M3 OOHOTO wmiaM 0o0oJiee TOUEUHEX
BJIEKTPONOB, PACIOJIOXKEHHEX BHYTPM KaMepH yIOepXaHMAa OJIS KOHTaKTa C
CUJIOBBIMM JIMHMAMM OTKPEITOI'O IIOJIA, HabOopa KOJBLEBEX SJEKTPOLOB

MeXIy KaMepOﬁ YOEPXaHMA U HepBOIZ " BTOpOﬁ @Opl\MpVIOH_IMMJ/I CeKIMAMN
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OJIS asVMyTaJIbHO-CHUMMEeTPUYHOM 3apAlkyM yHOaJIeHHEIX OT TIPaHUUE CJIOEB
[IOTOKa, MHOXeCTBa KOHILIEHTPUUECKMX VYIJIOKEHHEX B I[IaKeT 3JIeKTPOonoB,
PaCIIOJIOXEHHEIX B [IEPBOM M BTOPOM  IOUBepTOpax nJjidg 3apAnKU
MHOXECTBEHHEX KOHIEHTPUUECKUX CJIOeB IIOTOKa, a TakXe AaHOIOB
[IJIa3MEHHEIX IIYIIeK OJIA [IepexBaTa OTKPETOI'O IIOTOKAa.

B TpeTbeM acllekKTe HacCTOoALeI'o M300peTeHMd IIpelJioXeHa CHuCTeMa
OJId TeHepUPOBaHMA UM IOOOepXaHUA MaTHUMTHOTO IIOJIA C  IIOMOIBIO
KOHQUITYypauuu C  oOpalleHHBEIM  IIOJIEM (FRC), comepxamasa  KaMepy
yoepxXaHus, IepByo 7 BTOPYI OaMeTpaJiIbHO IIPOTHUBOIIOJIOXHEE
bopmmpyrommre FRC cexkluy, CBA3aHHBE C KaMepol yIOepXaHWsa, IepBHU U
BTOPOM HOMBEPTOPH, CBA3aHHEE C IepBOM ¥ BTOPOW O(OPMUPYIOIVMA
CeKUMAaMM, OIOHO MM O0oJjiee M3 MHOXeCTBa I[LIJIa3MEeHHHX IIYIIeK, ONHOI'O
M 06oJiee CMemalnlrx 2JeKTPOOOB U TIepBOM ¥  BTOPOM 3epKaJlbHHX
OIpoBOK, IIpUUEeM YIOMAHYTOE MHOXECTBO ILJIA3MEHHEX IIYIIeK BKJIOUAET B
ceb4ga IHNepBylw ¥ BTOPY OCeBHE IJIa3MeHHHE OIYIKY, QYHKIMOHAJBLHO
CBA3aHHEE C TIEepBEIM ¥ BTOPHM IOUBEPTOPaMM, IepBOM U BTOPOM
bopMMpYyIIIVMMM  CeKUUMAMM M KaMepoM yHOepXaHMSa, IIpYM 2TOM YIOMSIHYTHE
OOMH MM 0OoJiee CMelanlMxX SJeKTPOIOB PAaCIOJIOXEHE BHYTPM OINHOT'O
i 06oJiee U3 KaMepH YIOepXaHMs, TIIepBO¥ ¥ BTOPOM QOPMUPYIIINX
CEeKUMM M IIepBOTO M BTOPOI'O IMBEPTOPOB, M IIPU DDTOM IIepBasd u
BTOpasd 3epKajlbHHEe I[IPOOKM pPacIOoJIOXeHH MexXIy IIepBOM UM BTOPOU
bopMMpyOIIMMM CEKLUMAM ¥ I[IEePBEIM M BTOPHM IMBEpTOpaMM, CHUCTEMY
TeTTepUpoOBaHMa, CBA3aHHYI C KaMepoM yIepXaHMSd U IIepPBLHM ¥ BTOPHM
IVBEpPTOpaMM, MHOXECTBO MHXEKTOPOB IIYUKOB HeWTpaJIbHHX aTOMOB,
CBABaHHEX C KaMepol yIOepXaHUSA ¥ OPUEHTUPOBAHHHX IIeplleHOUKYJISPHO
OCM KaMepH YyIepXaHMd, MaTHUTHYID CUCTeMy, COIOepXallyld MHOXECTBO
KaTylleKk KBa3UIIOCTOAHHOT'O  TOKa&, PacCIIOJIOKEHHEX  BOKPYI'  KaMepEHl
yaoepXxaHrsa, TIepBOM ¥ BTOpOM OQopMMPyKRIMX CeKUUMM M TepBOTO U
BTOPOTO HOMBEPTOPOB, IMEpPBHM ¥ BTOPOM HaBOPH 3epKaJlbHHX KaTyllek
KBasUIOCTOSHHOTO TOKa, pPacCIOJIOXKEeHHHe MeXIy KaMepoW yIOepXaHUS U
IIepBOM M BTOPOW OQOPMUPYKRMMMM CeKUMAMU, U KHXekTop KT, CBA3aHHBMN
C KaMepoM yIepXaHUs, IIPU STOM CUCTEeMa BHIIOJJHEHA C BO3MOXHOCTHIO
reHepupoBaHma FRC m nommepxaHua FRC Oez chnama, B TO BpeMd Kak
Iy4YKM HeMTpaJlbHEX 4YacCTUl MHXeKTUPYITCS B ILJIasMy.

CorJjlacHO OIOHOMY BapMaHTY OCYIIECTBJIEHMA CHUCTEMa BEHIIOJIHEHA C

BO3MOXHOCTEIO T'eHepupoBaHMA FRC M nonmepxaHua FRC Ha MIM IPMMEPHO
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Ha TIIOCTO4HHOM 3HaueHuu ©Oes3 cCHana, B TO BpeMa KakK IIYy4YKHU
HelTpaJIbHEIX aTOMOB MHXeKTUpyWTCS B FRC.

CorJjlacHO ele OOHOMY BapMaHTy  OCVYIEeCTBJIeHMS  3epKaJibHasd
npoBkKa COOEepPXUT TPeTUM ¥ UYeTBEepPTHM HaOOpH 3epKalJIbHEX KaTyllek
MeXIOy KaXIOHMM M3 IIePBOM M BTOPOM QOPMUPYIMUX CeKLUUM UM IIepBOTO U
BTOPOTO IOMBEPTOPOB.

CorJjlacHO elle OOHOMY BapMaHTy  OCVYIIeCTBJIEHMA  3epKaJibHasfd
npobka OOIIOJIHUTEJILHO COOEPXUT Habop 3epKaJibHBIX NIPOOOUHEIX
KaTymek, OOBUTHX BOKPYI CYXEHMS B KaHalle MexIy KaXIEMM U3 IIepBOM
¥ BTOPOMV GOpMUMPYIRIMX CeKUIMM UM IepBOTO M BTOPOTO IOUBEPTOPOB.

CorJjiacHO OOHOMY BapMaHTy OCVYIIeCTBJIEHN A cucTeMa
OOIIOJIHUTEJIEHO COIOEPXUT II€PBYI M BTOPYI OCeBHe ILIJIasMeHHEEe IIYIIKHK,
OYHKUMOHAJIEHO CBS3aHHHE C IIepBHM M BTOPHM IMBEPTOpaMy, IepBOY U
BTOPOM GOopMUPYIRIUMM CEKILMAMU M KaMepol yHOepXaHMUd.

CorJjiacHO OOHOMY BapMaHTy OCVYIIeCTBJIEHN A cucTeMma
OOIOJIHUTEJIBHO  COOEPXUT ObBe MWiIM 0OoJjiee  OTKJIOHAKNIMX  KaTyllekK,
CBA3aHHEX C KaMepou yIOepXaHWUId.

ComjlacHO elle OIOHOMY BapMaHTy  OCYIeCTBJIeHMA QOpMMPYKIla s
CeKLMA COOEPXUT MONOYJIBHEE QOpMUPYIIME CUCTEMB OJIS I'e€eHepMPOBaHMUA
FRC m ee HOCTyHaTeJIbHOT'O IlepeMelleHuS K CPelHeM ILJIOCKOCTM KaMepHl
yoepXxaHus.

CorJilacHO OJHOMY BapMaHTy OCYHMEeCTBJIEHMA CMelaplue 3SJIeKTPONOE
BKJIOUAT B ceba oIMH MM O0oJiee M3 OOHOTO MWK 0o0Jiee TOUeUHHIX
BJIEKTPOLOOB, PACIIOJIOXEHHEX BHYTPM KaMephl yIepXaHuda IJid KOHTaKTa C
CUJIOBEIMM JIMHUAMM OTKPETOI'O IIOJI4, Habopa KOJBLEBEX SJIEKTPOLOB
MeXIy KaMepo¥ yIepXaHMsa UM [IepBOY M BTOPOM (OPMUPYIMUMM CeKIUAMU
OJ8 asyMyTaJIbHO-CHUMMEeTPUYHOM 3apAnKM YyOaJIeHHEIX OT TPaHUIE CJIOEB
[IOTOKa, MHOXeCTBa KOHIEHTPUUECKUX VYIIOXKEHHEX B IIakeT SBJeKTPOIOB,
PAaCIIOJIOXEeHHEIX B IIepBOM U BTOpPOM  OUBepTOpax oA 3apPAOKU
MHOXECTBEHHEX KOHIIEHTPUUECKMX CJIOEB IIOTOKa, a TakxXe aHOIOOB

IJIasMeHHEIX IIylleK IOJIA IIepeXBaTa OTKPEHTOI'O IIOTOKa.
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$OPMYJIA MBOEPETEHNA

1. CucTema IJiS TeHepUPOBaHUA U HNOOIepXaHUS MaTHUTHOTO IIOJIS
C TIOMOIBK KOHOUI'ypaluM C ofOpalleHHBM IroJieM (FRC), conepxamasd

KaMepy yIOepXaHUSd,

IIepBY M BTOPYK IMaMeTpaJIbHO [IPOTMBOIIOJIOXHEE GopMUpYyMME
FRC cexuum, CBA3aHHBE C KaMepon yIepXaHuid,

IIEPBEIM ¥ BTOPOV IOUMBEPTOPH, CBASaHHHE C IepBOM ¥ BTOPOU
bopMUPYIIIVMA CEKLVAMMA,

IepBYK ¥ BTOPYK OCeBHEe IIJIa3MeHHEEe TIIYMKMY, OYHKUIMOHAJIBHO
CBA3aHHEE C TIIepBEIM ¥ BTOPHM IOUMBEpPTOPaMM, IepBOM U BTOPOM
bopMrpyIIIMMM CeKUIMAMM M KaMepoM yIoepXaHusd,

MHOXECTBO MHXEeKTOPOB IIYyUKOB HeWTpaJlIbHEIX aTOMOB, CBSA3aHHHX C
KaMepon YyHOepXaHMS U OPUMeHTUPOBAHHHX K CpelHel IJIOCKOCTM KaMepH
yaoepXaHu4,

MaTrHUTHYI CHUCTEMY, CBSA3aHHYK C KaMepol yIOepXaH’sa, IIepPBON U
BTOPOV QOPMUPYIMMMM CeKUMAMM UM IIepPBEIM M BTOPHM OMBEPTOPRaMH,
IpruyueM MaTHUTHas CHUCTeMa BKJIUaeT IIepBEHE UM BTOPHE 3epKajlbHHE
npoBxu, PAacCIOJIOXKEHHEE MeXOy JIepBOM ¥ BTOPOM  QOpMUPYMIUMN
CeKUMAMM ¥ IEPBEIM M BTOPHEIM IMBEPTOpPaMM, U

IepBHM ¥  BTOPOM  MHXEKTOPH  KOMIAKTHHX  TOPOUIOB (KT),
CBS3aHHEE C KaMepoM yIepXaHMsd II0I YIJIOM, HallpaBJIEHHEIM K CpeIHeM
IIJIOCKOCTHM KaMepH YIepXaHWs, I[IPpUUYeM IIepPBHEM UM BTOPOM MHXEeKTOPH KT
PACIIOJIOXEHH  OMaMeTpaJIbHO  IIPOTUBOIIOJIOXHO, Ha  IIPOTUBOIIOJIOXHEIX
CTOpPOHax OT CpenHeM IIJIOCKOCTM KaMepH yIepXaHUd.

2. Cucrtema 1o n. 1, OpuueM MaTHMTHasd CHCTeMa BKJIOUAeT B
ce®d MHOXECTBO KaTyllek KBasUIOCTOSHHOTO TOKa, PaCIOJIOXEHHHX
aKCHraJIbHO B IIOJIOKEHMAX BIOOJE KaMepH YIepXaHWs, TI[epBOY ¥ BTOPOM
bopMMPYIIIMX CeKUUM M MNepBOTO M BTOPOTO OMBEPTOPOB.

3. CucTemMa no m. 2, OpMUYeM MaTHUTHas CUCTeMa OOIOJIHUTEJILHO
CONEPXUT IepBHM HaboOp 3epKallbHHX KaTylleK, PacClOJIOXKEHHEX MeXIy
TOoplLlaMM  KaMephl yIOepXaHMsa M I[IepBOM U BTOPOM  QOPMUPYIIVMU
CEKILUAMA .

4, CucreMa oo IH. 3, IIpUYeM 3epKajlbHad TI[IpobkKa COOEPXUT
BTOPOM HaboOp 3epKaJjlbHHX KaTylleK, PacCIOJIOXEHHEX MeXIy KaXIbM/ U3
IIepBOM ¥ BTOpPOM QOPMUMPYKIIMX CeKUMM U I[IepBOTO0 ¥  BTOPOTO

INBEPTOPOB.
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5. CucrtemMa 1o 1. 4, OpuuyeM 3epkajibHas OpoOKa OOIOJHUTEJIBEHO
COOEPXUT Habop 3BepKaJIbHBX [IPOOOUHEIX KaTylleK, OOBUTHX BOKPYT
CyXeHMS B KaHajle MeXIy KaXIbMM M3 [IepPBOM M BTOPOM QOPMUPYIIINX
CEeKUMM U [IepPBOTO M BTOPOTO IMUBEPTOPOB.

6. CucremMa o II. b5, IIpMUueM 3epKaJibHHE I[IPOOOUHEE KaTyIKU
IpenCcTaBJIAT COOOM KOMIIAKTHHE MMIIYJILECHEE 3epKaJibHEEe KaTyIKHU.

7. CucremMa ©no . 1, IOONOJHUTEJNBHO colepXallasd CHUCTEMY
TeTTepUpoOBaHMa, CBA3aHHYI C KaMepoMW yIepXaHMd U IIepPBLHM ¥ BTOPHM
OVBepTOpaMu.

8. CucTema O II. 1, HOONOJIHMUTEJILHO cCcolepXallas OOVH wWiu Oojee
CMellanmux  BJIEKTPONOB 0JId BIIEKTPUUECKOTO CMeleHN A OTKPHEITON
IIOBEPXHOCTHM IIOTOKa TeHepupyemon FRC, npuueM YIOMAHYTHM ONUH WU
DoJlee CMellanmUX DJIEKTPOLOB PACIOJIOXEHE BHYTPM ONHOTO WM 0OoJiee
13 KaMepH yIepXaHusd, I[IepBOM ¥ BTOPOM OQOPMUPYKRIMX CeKUUM U
[IepBOT'O UM BTOPOI'O IOUBEPTOPOB.

9. Cucrema 1o . 1, IOONOJHUTEJIBEHO colepXallas OBe WM 0ojiee
OTKJIOHAKIMMX KaTyleK, CBSA3aHHHX C KaMepoW yIepXaHWA.

10. CucTeMa TIIO II. 1, OOIIOJIHUTEJIEHO  CcoIepXamas MOHHBEMN
VMHXEKTOp TabJIeTOK, CBSA3aHHHY C KaMepol yIepXaHWA.

11. CumcremMa 1o no. 24, nOpuueM opopMMpyKIlad CeKUUAI COOEPXUT
MOIYJIbHEIE bopMmpyIOILMEe CUCTEME 0JI4 TeHepUpPOBaHUA FRC n
IIOCTyHIaTeJIJbHOTO IepeMelleHrs FRC K cpeIHeM IJIOCKOCTM KaMepH
yIepXaHnsd.

12. CucreMa IOJid T'€HEPMPOBAHUA U [NOONEPXaHMs MaTHMTHOI'O IIOJIA
C TIOMOIBK KOHQUI'ypaluM C obpameHHBEM noJem (FRC), comepxamasa

KaMepy YyIOepXaHNH,

[IepByK ¥ BTOPYKL IOMaMeTpalJlbHO IIPOTHMBOIIOJIOXHEE QOpMUPYRIME
FRC cekxluuM, CBA3aHHBE C KaMepoM yIepxaHusd,

IIEepBEM ¥ BTOPOV IOUMBEPTOPH, CBSA3aHHHEe C IepBOM ¥ BTOPOU
GOPMUPYIIIVMKY CEeKLUMAMHA,

MHOXECTBO MHXEeKTOPOB IIyUKOB HeWTpaJlIbHEIX aTOMOB, CBSA3aHHHX C
KaMepoM yIHOepXaHMS U OPUMeHTUPOBAHHHX K CpelHel IIJIOCKOCTM KaMepH
yIoepXaHud,

MaTrHUTHYI CHUCTeMy, CBSA3aHHYK C KaMepol yHOepXaHUs, IIePBON U
BTOPOM QOpMUPYKRIUMM CEKLUMAMU UM I[IEePBHM M BTOPHM IMBepPTOpaMM,

OoIoVMH  WJIN DoJiee CMelalmmnx SJIEKTPOIOOB IOJIA SJIEKTPUYECKOT'O
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CMelleHMS OTKPHTHX I[IOBEPXHOCTEN IIOTOKa TeHepupyemom FRC, mnpuuem
YIOMSHYTEM OIOMH WM 0OoJiee CMellakmMX DJeKTPOOOB  PaCIOJIOXEHH
BHYTPM OINHOTO MM 0OoJjiee M3 KaMepH YyIOepXaHMs, I[IepBOM U BTOPOM
bopMMpYyIIIMX CeKLUM M IIepBOT'O M BTOPOT'O OMBEPTOPOB, U

IIEpBEII U  BTOPO¥  MHXEKTOPHE  KOMIIAKTHHEX  TOPOUIOB (KT),
CBsS3aHHEE C KaMepoM yIepXaHMsd I[I0I YIJIOM, HallpaBJIEHHEIM K CpeIOHeM
IIJIOCKOCTHY KaMepH YIepXaHWs, IIpUUYeM IIepBHEM M BTOPOM MHXEeKTOPH KT
PacCIIOJIOXKEHE  OMaMeTpallbHO  I[IPOTMEBOIIOJIOXHO, Ha  [OPOTHUBOIIOJIOXHEX
CTOpPOHax OT CpenHeM IIJIOCKOCTM KaMepH yIepXaHUSd.

13. CucremMa 1o . 12, npuueM cCMellapmye SJeKTPONH BKJIOUAT B
cebs omuH wiM 00Jlee U3 OIOHOTO WM 00Jlee TOUEUHEX 5BJEKTPOILOB,
PaCIIOJIOXKEHHEIX BHYTPM KaMepH YyIOepXaHMa OJIs KOHTaKTa C CUIIOBHEMU
JIMHVAMY ~ OTKPHTOI'O  IIOJIL, Hafopa  KOJBLEBEX DBJIEKTPOLOB  MeXIOy
KaMepon YyIepXaHMsa ¥ IIepBOM M BTOPOM (OPMUPYIIUMM CeKUMAMM OJIS
a3UMyTaJIbHO-CUMMETPUUHOM 3apsaOKM  YyIOaJIeHHHX OT TPaHMLE CJIOeB
[IOTOKa, MHOXeCTBa KOHLUEHTPUUYECKHUX VYJIOKEHHHX B IakeT DBJIeKTPOLNOB,
PacCIIOJIOXKEHHEX B IepBOM ¥  BTOPOM IOMBepTOpax  OJj4g 3apA0KU
MHOXECTBEHHHX KOHLIEHTPHUUEeCKUX CJIOeB IIOTOKa, a TakXe aHONOB
[JIa3MEHHEIX IIyIleK IJIA [epexBaTa OTKPHTOI'O I[IOTOKa.

14. Cucrema o mn. 12, nOpuueM MaTlHUTHad CHUCTeMa BKJIOUAET B
cebsa MHOXeCTBO KaTyIleK KBal3UIOCTOAHHOTO TOKa, PaCIOJOXEHHEX
aKCHaJIbHO B IIOJIOXEHMAX BHOOJIL KaMepH yIepXaHusd, IIepBOM U BTOPOM
bopMypyIOIIMX CeKUUM ¥ MNepBOTO M BTOPOTO OMBEPTOPOB.

15. Cucrema 1o II. 14, oprueM MaTHUTHAaSA cucTeMa
OOIIOJIHUTEJIBHO COOEPXUT TIepPBEM Habop 3epKaJibHHX KaTyIEeK,
PACIOJIOXKEHHHX MeXIy TopllaMy KaMeph yIepXaHMsa U TIepBOV U BTOPOU
GOPMUPYIIUMA CEKLMAMA .

16. CucremMma 1o II. 15, IpryueM MaTHUTHAaA cucTeMa
OOIIOJIHUTEJIEHO COLEPXUT IIepPBHE UM BTOPHE 3epkKajlbHble NPOOKM, IIpUUEM
IIepBEHE M BTOPHEe HaOOPH 3epKalJIbHHEX OPpoBOK cComepXaT BTOpPOM Hadop
3epKaJIbHEIX KaTylleK, PAacCIOJIOXKeHHHX MeXIy KaXOEMM U3 IIepPBOM U
BTOPOM GOpMUPYKRIUX CEKIUM M IepBOTO M BTOPOTO IMBEPTOPOB.

17. Cucrema o mn. 16, IIpuueM IIepPBHEe U BTOPHE 3epKaljlbHHE
IpPOOKU OOIIOJIHUT eJIbHO cComepXar Habop 3epKaJibHEX IIPOBOOYHEIX
KaTymek, OOBUTHIX BOKPYI CYXeHMS B KaHalle MexXIy KaXIbEM/ U3 IIepBOM

Y BTOPOY GOpMUPYIIMX CeKLMM ¥ IepPBOT0 M BTOPOTO IUBEPTOPOB.
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18. CucremMa 1o mno. 17, OpuueM 3epkajlbHbBEe IIPODOOUHEE KaTyLIKU
IpenCcTaBJLT COOOM KOMIIAaKTHHE MMIIYJILCHEE 3epKaJibHBEEe KaTyMKH.

19. Cucrema no mn. 12, nopmueM IepBad U BToOpasa OQopMUpyKIINE
CeKUMM CcomepXaT YIOJIMHEHHYID KBapLeByKR TpyOy.

20. Cucrema no n. 19, npuueM odopMHpyKRIlas CeKUUSA COIEPXUT
dopMMUpYIOIME CUCTEMB WUMIIYJIECHOTO TIMTaHMsa, CBAS3aHHHEe C KBaplleBOM
TPpyBOoM.

21. Cucrema no mn. 20, nOpuueM QOpMHUPYIIIME CUCTEMH COIOepXaT
MHOXECTBO OJIOKOB INIMTaHUA M VIPaBJeHUSI, CBS3aHHEIX C OTIOEeJIbHBEMU
y3JlaMM M3 MHOXEeCTBa VY3JIOB IIOOBEeCKM IJIA BO3DyXIeHUda Habopa
KaTylleK OTHEJIBHEX VY3JI0B U3 YIOMAHYTOI'O MHOXeCTBa Y3JIOB IIOIOBECKMU,
OOBUTHX BOKPYT YIJMHEHHOV TpyOB I[IepBOM U BTOPOM (OPMUPYIOMMX
CEeKIUM.

22. CucreMa 1o mn. 21, OpUUeM OTHOeJIbHHE OJIOKM M3 YIOMSHYTOTO
MHOXeCTBa OJIOKOB INIUTaHMUA M yIpaBJIeHUS CcomepXaT CUCTeMy 3allyckKa U
yIIpaBJIeHUSA .

23. CucTema 1o II. 22, TIPUYEM CUCTEMH 3allyckKa U YyIpaBJIeHUS
OTIOEeJIbHEX OJIOKOB M3 VYIOMAHYTOI'O MHOXeCcTBa OJIOKOB IMUTaHUA U
yIhpaBJIeHU A BEIIIOJIHEHH c BO3MOXHOCTEIO CUHXPOHU3ALUUN 0JId
oBecIrieueHMsa CTaATUYECKOT'O QpopMmupoBaHmua FRC, npm koTopoMm FRC
bopmMupyeTcH, a 3aTeM VHXeKTUPYEeTCH, NI OVHaMUUYEeCKOT'O
bopmmpoBaHma FRC, npu xoTopoM FRC OIDHOBpeMeHHO OQOopMHMPYyeTCHa U
[IOCTyaTeJIbHO IIepeMemaeTCs.

24 . CucreMa 10 . 12, npruyuem YVIIOMAHYTOE MHOXEeCTBO
VHXEKTOPOB IIYUKOB HeMTPpaJIbHHX AaTOMOB OPMEeHTUMPOBAHO TakK, UTo
TPaKTH MHXEKLUMM HalpaBJIeHH TaHTeHIMaJIbHO k FRC Cc ULeJleBOV BO0OHOMU
3axBaTa B IIpenejiax celapaTpuceH FRC,

25. Cumcrema 100 II. 12, IOONOJHUTEJILHO coIepXamasa MOHHEM
VMHXEKTOp TabJIeTOK, CBSA3aHHHY C KaMepol yIoepXaHWA.

26. CumcTema 1o TII. 12, »OOIOJHMTEJBHO cCcoIepXamas IBe WK
BoJiee OTKJIOHAKIMX KaTylMeK, CBA3aHHHX C KaMepoW yIepXaHWUSd.

27. Cucrema 1o . 12, »OOINOJHUTEJBHO COIOepXallasd CUCTEMY
TeTTepUpoOBaHMa, CBA3aHHYID C KaMepoM yIOepXaHMa UM IIepBEM M BTOPHEM
OVBepTOpaMu.

28. CucreMa IO II. 12, IOOHNOJHUTEJILHO CcoOepXallas IIepBYLD U

BTOPYIO OCeBEE IIJIaSMeHHEEe IIYyIKM, (]_)yHKLU/IOHaJ'[bHO CBA3aHHEHE C II€PBEM
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M BTOPHM IOUBEPTOpPaMM, I[IePBOM U BTOPOM O(OpPMUPYRIMMM CeKUUMAMU U
KaMepon yIOepXaHWUSd.

29. CucreMa OJjg TDeHepHMPOBaHMA M INOOOepXaHMA MaTHMTHOI'O I10JI4
C TIOMOIBK KOHOUI'ypaluM C obpalleHHBM IroJieM (FRC), conmepxamasd

KaMepy yIOepXaHUAd,

[IepBYy M BTOPYL IMaMeTpalJIbHO IIPOTUBOIIOJIOXHEE QopMUpYyIIMeE
FRC cexuum, CBA3aHHBHE C KaMepou yIepXaHusd,

IIEepPBEIM ¥ BTOPOV IOUMBEPTOPH, CBA3aHHHE C IepBOM ¥ BTOPOU
bopPMUPYIIIVMA CEKLVAMU,

[IepByK M BTOPYK OCeBEEe ILJIa3MeHHEEe [IylKY, OYHKIMOHAJBHO
CBA3aHHEE C TIEepBEIM ¥ BTOPHM IOUBEPTOPaMM, IepBOM U BTOPOM
bopMHpyIIIMMM CEeKUIMAMM M KaMepo¥ yIoepXaHusd,

MHOXECTBO MHXEeKTOPOB IIYyUKOB HeWTpaJlbHEIX aTOMOB, CBSA3aHHHX C
KaMepoM yHOepXaHMS U OPUMeHTUPOBAHHHX K CpelHel IJIOCKOCTM KaMepH
yIoepXaHusd,

MaTHUTHYI CHUCTEMy, CBSA3aHHYK C KaMepol yIOepXaHM’sa, IIePBON U
BTOPOM GOopMMPYKRIUMM CEKLUMAMU M [IEePBHM M BTOPHM IMBepTOpaMy, U

IIEepBEIM ¥  BTOPOM  MHXEKTOPHE  KOMIIAaKTHEX TOPOULOB (KT),
CBA3aHHEE C KaMepoM yIepxXaHMsd I[IO0I YIJIOM, HalpaBJIEHHHEM K CpelHeM
IIJIOCKOCTM KaMepH YIepXaHWs, I[IpUUeM IIepBEM M BTOPOM MHXeKTOPH KT
PacCIOJIOXKEHE  OMaMeTpallbHO  I[IPOTMBOIIOJIOXKHO, Ha  [IPOTUBOIIOJIOXHEX
CTOpPOHaxX OT CpelHeM IIJIOCKOCTM KaMepH yIepXaHMUSd.

30. Cumcrema 0o Im. 29, OpuUUYeM OTHEJbHEE OQopMMpYyHIMe CeKLUN
U3 TIEPBOV M BTOPOM OQOPMUPYIIMMX CeKLUM coOepXaT YIJMHEHHYID Tpyoy
M C YIOJMHEHHOM cCBsf3aHa dopMMpylllas CcUCTeMa MMIIYJILECHOTO MNMUMTaHMUA.

31. Cmcrema no n. 30, npuueM popMMPyKIMe CHUCTEMH COIepXaT
MHOXeCTBO OJIOKOB IMUTaHUSA U YyIpaBJIeHWs, CBS3aHHEX C OTIeJIbHEMU
y3JlaMM M3 MHOXEeCTBa Y3JIOB IIOOBEeCKM IJId BO3DyXIeHUS Habopa
KaTylleK OTHEJIBHEX VY3JI0B U3 YIOMAHYTOI'O MHOXeCTBa Y3JIOB IIOIOBECKMU,
OOBUTEIX BOKPYT YIJMHEHHOM TpPyOH M3 IIepBOM M BTOPOM OGOPMUPYIIMX
CEeKIUM.

32. Cucrtema 1o n. 31, nOpuueM OTHEeJIbHEE OJOKM U3 YIIOMAHYTOT'O
MHOXeCTBa OJIOKOB NIUTaHMUA M YyIpaBJIeHUs CcomepXaT CHUCTeMy 3allyckKa U
yIIpaBJIeHUSA .

33. CucremMa IO II. 32, IpPHUYEM CUCTEeEMH 3allycka U YIPaBJIEHUS

OTHOeJIbEHEIX OJIOKOB nus YIIOMAHYTOTI'O MHOXeCTBAa OJIOKOB IIMTaHNA "
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yIpaBJIeHnA BEIIIOJIHEHE C BO3MOXHOCTEIO CHMHXPOHM3aLIUN IoJisd
oBecIrieueHMd CTaATHUYECKOTO QopMmupoBaHmua FRC, npmu koTopoM FRC
bopmupyeTCH, a 3aTeM MHXeKTHUPYeTCH, W OIMHaAM/YEeCKOTO

dbopmupoBaHmua FRC, mnpm xKoTopoM FRC OOHOBpeMeHHO OQopMMpyeTCd U
[IOCTyIIaTeJIbHO IIepeMellaeTCa.

34. CucremMa IO II. 29, IOONOJHUTEJIEHO coIepXallad OIUH WK
foJlee CMemanlMxX BSJEKTPONOER IJIA BJIEeKTPUUYECKOT'O CMEIEeHUS OTKPHTHX
I[IOBEPXHOCTEM IOTOKa TeHepupyeMoi FRC.

35. Cmcrema no n. 34, nOpuueM OIMH MM 0oJiee CMemalmlux
BJIEKTPONOB BKJIKUAKT B Cceb®d OOMH WM O00Jlee M3 OIHOTO MM 0OoJiee
TOUEUHEIX DBJIEKTPOIOB, PACIOJOXEHHEX BHYTPM KaMepH YyIepXaHUS OJig
KOHTaKTa C CWJIOBEMM JIMHMAMM OTKPETOI'O IIOJI, Habopa KOJbLEBHX
BJIEKTPONOB MeXIy KamMepomn yIepXaHnsa n IepBOMU u BTOpPOM
bopMUPYIOIMMA CeKLUMAMA 0JIsd a3UMy TaJIbHO— CHUMME TPUUHOM 3apAIKU
YIOaJIEHHEIX OT TIpaHMUE CJI0EB I[IOTOKa, MHOXEeCTBa KOHIUEHTPUUYeCKUX
YJIOXKEHHEIX B IlakeT BJEeKTPOLOB, PACIOJOXEHHEX B IIepPBOM M BTOPOM
oVBepTOpax IJig 3apAlKM MHOXECTBEHHHX  KOHLEHTPUUECKUX  CJIOeB
[IOTOKa, a TaKXe aHOIOB ILJIa3MeHHEX IIYIeK OJd IlepexBaTa OTKPHTOI'O
[IOTOKA.

36. CucTteMa IO IoI. 29, IOpMueM MaT'HMTHasa CUCTeMa BKJIoUaeT
MHOXECTBO KaTylleK KBa3UIIOCTOAHHOT'O TOKa, PAaCIOJIOXKEHHBX aKCHaJIbHO
B TIOJIOXEHMSAX BIOJIb KaMepH yHOepXaHUsd, IIepBOM M BTOPOY QOPMUPYIMUX
CeKlUi ¥ IIepBOTO M BTOPOTO OMBEPTOPOB, M IMepBHEM Hab®op 3epKaJibHHX
KaTylmeK, PaclOJIOXEHHHX MeXOy TopllaMy KaMepH yIepXaHUsd U TIepPBOV U
BTOPOM GOpPMUPYIMUMA CEKIMAMA .

37. CucremMma 1o II. 36, IpryueM MaTHUTHAaA cucTeMa
OOIIOJIHUTEJIEHO COLEPXUT IIepPBHE UM BTOPHE 3epKaljlbHbBle IPOOKM, IIpUUEM
COINEPXUT BTOPOM Habop 3epKallbHHX KaTylleK, PacClOJIOXKEHHEX MeXIY
KaXOEMM M3 TI€pBOM ¥ BTOPOM QOPMMPYKIIMX CeKUUMM U I[IepBOTO U
BTOPOT'O IOUBEPTOPOB.

38. Cucrema 1o II. 37, IpryueM 3epKajibHadg npodka
OOIIOJIHUTEJIEHO COHOEPXUT Habop KOMIIAKTHEIX MMIIYJIECHEX 3epKaJlbHEIX
IPOOOUHEX KaTyllek, OOBUTHEHX BOKPYID CyXeHUS B KaHajJle MeXDy KaXIbMM
13 IepBOM U BTOpOM O(QOpMMPYKMMX CeKUMM M IIepBOTO0 ¥ BTOPOTO
OVBEPTOPOB.

39. Cucrema 10 . 29, npuyeMm YIIOMAHYTOE MHOXECTBO
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VHXEeKTOPOB IIYUKOB HeUTpaJlIbHHX aTOMOB OPMEeHTUMPOBAHO TakK, UYTO
TPaKTH MHXEKLUMM HalpaBJIeHH TaHTeHIMaJlbHO kK FRC C LeJleBOM BOHOMU
3axXBaTa B NIpenejiax cenaparpuce FRC.

40. CucremMa 0o II. 29, »OONOJHUTEJBEHO CcoIepXamas WOHHBEN
VMHXeKTOop TabJieTok, CBSASAHHHY C KaMepol yIepXaHWA.

41. CucTteMa 10 IoO. 29, »OONOJHUTEJBHO cCoIepXamas IBe WIn
BoJiee OTKJIOHSKMMUX KaTyllekK, CBSI3aHHHX C KaMepoM yIepxXaHMd.

42 . CucrteMa 1o oO. 29, »OOIOJHUTEJILHO CoIOepXalasd CUCTeMYy
TeTTEPUPOBAHMSA, BHIIOJHEHHYID C BO3MOXHOCTBI IIOKPHEHBATE OOpalleHHHE
K ILJla3Me I[IOBEPXHOCTM KaMepH YIepXaHMa W TIIepBOTO M BTOPOTO
IMBEPTOPOR CJIOEM TeTTepHpyllero MaTepuaa.

43. Cucrtema no nm. 1, 12 um 29, nOpuueM IepBHM ¥ BTOPOH
MHXKeKTOpH KT OpPMeHTHMPOBAHH 100 YIJIOM, KOTOPHM MeHblle Ha IIPMMepHO
or 15° mo 25°, uem 90°, K HOPOOOJBHOM OCH KaMepH yIepXaHusd, U IO
HaOpaBJIEHMIO K CpelHeM IIJIOCKOCTM KaMepH yIepXKaHUS.

44, Cucrtema no nm. 1, 12 wu 29, NOpuueM IepBHEHM ¥ BTOPOM
MHXeKTOpPH KT BHIIOJIHEHE C BO3MOXHOCTBK MHXEKTHPpOBaHMA Ij1asM KT B
FRC mnasMy B pexmuMe C HeKOTOPpOM YacTOTOM IIOBTOPEHMUS.

[Io DOBepeHHOCTHU
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