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ceOsl LEHTPAIbHYI0 €MKOCTb ISl yAEPXKaHUs, JABE JHAMETPAIbHO MPOTUBOMOJIOKHBIE (OPMHUPYIOIIUE
CeKIIMM TeTa-NIMHYEH C OOpalleHHBIM MOJIEM, CBS3aHHBIE C YINOMSIHYTOW €MKOCTBIO, W JIBE KaMephl
JIMBEPTOPOB, CBSI3aHHBIE C (POPMHUPYIOIUMHU CEKIMAMH. MarHuTHas cUCTeMa BKITIOYAeT B Ce0sl KaTyIIKH
KBA3UIIOCTOSHHOIO TOKA, PACIIOIOKEHHbIE aKCHAIIBbHO BAOIb KOMIOHEHTOB FRC-crcTeMsl, 3epkaibHbIe
KaTyIIK{ KBa3WIIOCTOSIHHOTO TOKa MEXIy KaMepoW yiepikaHus W (OPMHUPYIOIMIMMH CEKIMAMH, H
3epKajJibHbIe MPOOKH MeXIy (OPMHUPYIOUIMMH CEKUIMSIMH M JuBepropaMu. PopMupylomye CeKIuH
BKJIIOYAlOT B ce0sl MOAyibHbIE (DOPMHUPYIOIIHE CHCTEMBl HMITYIbCHOTO IHMTaHMS, ITO3BOJISIOIIUE
OCYIIECTBIIATh CTaTHYECKOE M AMHaMuueckoe (opmuposanue, a Takxke yckopenne FRC. FRC-cucrema
JIOTIOJIHUTENNBHO BKIIIOYAET B CE0sl MHXKEKTOPHI My4YKOB HEHTPabHBIX aTOMOB, WHXKEKTOPHI TaOJIETOK,
CHCTEMBI F€TTEPUPOBAHUS, OCEBbIC NIA3MEHHBIE ITYIITKH U 3JIEKTPO/bI, CMEIIAIOIINE TOBEPXHOCTH ITOTOKA.
WHXeKTOpBI IyYKOB IIPEANIOUYTUTENEHO HAKJIIOHEHBI K CpeIHel INIOCKOCTH KaMepsl. B mporecce paboTs
napameTpsl FRC-1u1a3mel, BKIIIoUas TEPMUYECKYIO SHEPTHUIO TIa3MBbI, OOIIHE KOINYECTBA YaCTHII, PaIIyC
¥ 3aXBaTbIBa€MbI MATHUTHBIN MOTOK, OAAEPKUBAIOTCS HA WM IPUMEPHO Ha TIOCTOSHHOM 3Ha4€HHUU 6€3
Crajia BO BPeMsI MH)KEKIIMH ITyYKOB HEHTPaJIbHBIX YaCTHII.
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CUCTEME M CIIOCOBE $OPMUPOBAHUA U TIOIIEPXAHUA
BEICOKOD$$EKTMBHON KOHSUT'YPALMM C OBPAIEHHEM I[IOJIEM

OBJlacTe M300peTeHMd

[001] OmnmceHBaeMee 3IeChb BapPMAHTE OCYUEeCTBJIEHMSA OTHOCATCSH B
OCHOBHOM K CHCTeMaM IJIf MaTlHUTHOTO YyIepXaHuda ILJIa3Mel, a 0oJiee
KOHKPETHO - K CHUCTeMaM U crnocotaM, KOTOPHE CIOCOOCTBYKT
bopMrpoBaHMIO M TMOONEePXaHMIO KOHOUITYpalLuM C ofpalleHHBEM II0JIeM C
IPeBOCXOOHOM YCTOMUMBOCTLID, a TakXe yIepXaHUI YacTHUll, DHEepTUU U
I[IOTOKA.

[pennocHnky nso0bpeTeHMUs

[002] KoHQuIypauus c oOpalleHHEM IoJieM (FRC) OpuHaIJIeXuUT K
KJIaCcCy TOMNOJIOTMM MATHUTHOTO YIepXaHMs ILJla3Me, M3BECTHHX Kak
KOMIIaKTHHEE TOPOUIEL (KT) . OHa OEeMOHCTPUPYET npeobjamanine
noJiounajibHEEe MaTHUTHHEe TIoJId M ob6JjalaeT HYJEBHMM WM MaJbMA
CaMOTeHepPUPYEMEMY TOPOMOAJILHEMM HoJaMM (cM. M. Tuszewski, Nucl.
Fusion 28, 2033 (1988)). IlpeuMymecTBaMy TaKOW KOHOUIypaluu
ABJIAITCHA €e IIpocTasd IJsa TI[IOCTPOeHMA U IHOOOEepXaHUSA TeoMeTpusd,

eCcTeCTBeHHBEN HeOI‘paHML_TeHHBIﬁ OIMBEPTOP OJIA OoCymeCTBIJIEHNA

SHEPTOBHIOEJIEHMS U 30JIoyHalleHMsd, a TakKXe oueHb BEICOKoe [ (B-
OTHOIIeHNE CpenOHeTro OaBJIeHMA [1J1a 3MEl K cpenHeMy  IaBJIEHUIO
MarrHUMTHOT'O IIOJIA BHYTpu FRC), T.e. BHCOKaf ILJIOTHOCTHL MOIHOCTM.
CBOMCTBO BEHCOKOTO [ BHITOOHO mOJIg DSKOHOMUUHOM pPaboTH U OJ4
IPpUMEeHEeHUSI YCOBEPIMEeHCTBOBAHHEX AaHEMTPOHHBX TOIJIMB, Takux, Kak
D-He?®* m p-Bll.

[003] TpaIMUMOHHEY croco® dopMmupoBaHmMa FRC MCHOJL3YyeET
TeXHOJIOTUN O-nuuua c oBpalle HHEM [IOJIEM, namwmen ropAa4due
BHICOKOILJIOTHHE TIJIasMel (cM. A. L. Hoffman m J. T. Slough, Nucl.
Fusion 33, 27 (1993)). Pa3HOBMIHOCTLIO DSTOI'0 SABJISeTCS CIOoCoBd
[IeEpeHOCa M 3axBaTa, B KOTOPOM IljlasMa, coO3IaBaeMasd B «KUCTOUHUKE»
TeTa-MIMHYa, B BoJsbmen VI MeHbIen CTEINEHU HeEMEJIEHHO
BHOpaCHBaeTCd M3 OIHOTO Topla B KaMepy VyIepXaHusa. 3aTeMm
IepeHOCUMBIN rJjia3MOuTI 3axBaTEHBaeTCH MexIoy OBYMS TP OYHEIMU
3epKkajlaMM Ha Topllax KaMeph (cM., Hamopumep, H. Himura, S. Okada,

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



TOJIBKO STOT IJIa3MOMI OKa3HBaeTCd B KaMepe VYIepXaHMd, MOXHO
[IPMMEHATh Pa3JIMUHBE CIOCOOH HarpeBaHMA UM BO30yXIEeHMA TOKa,
Taxkue, Kak MHXEKIU I noyuxra uyacTull (HeMTpaJibHHX I
HeUTpallM30BaHHEX) , BpallalllMecs MaTHMTHHE II0JIS, BHEHCOKOUYACTOTHHM
WM OMMUECKUM HaTpeB M T.O. 2TO paslejeHue OGYyHKUMM MCTOUHUKA U
yIoepxaHmusAa maer KJIIOUEeBEIE VHXeHEepHEEe npeuMylmecTBa njida
IIOTEHUMAJIBHEX OYOYIIMX TepMOANEPHEX peakTopob. FRC mokaszaiuM CBOKL
VCKJIIOUUTEJIEHYIO YCTOMUMBOCTD K BHEIHMM BOBIENCTBUAM,
IIPUCIOCOOIIEeMOCTE K IOUMHAMUUECKOMY OQOPMMPOBAHMI, I[IEPEHOCY U
VHTEHCHBHEIM COOHTMAM 3axBaTa. DBojiee TOro, OHM IOEMOHCTPUPYIOT
TEeHIOEeHUMI OOIYyCKaThb [IPeNIOoUTUTEeJIbHOe COCTOSHMe IJlasMe  (CM.,
HanopuMmep, H. Y. Guo, A. L. Hoffman, K. E. Miller, um L. C.
Steinhauer, Phys. Rev. Lett. 92, 245001 (2004)). 3a nociuenHee
necaTujeTre OOCTUTHYT S3HAUMUTEJILHBEM IPpOoTpecc B Pa3BUTUM OPYITUX
criocobonB odopMuporaHMsa FRC: HmocpelnCcTBOM OOLeIMHEeHUMSA COepoOMakKoB C
IIPOTUEBOIIOJIOKHO HAIpPaBJIEHHEIMM CIMPAaJIbHOCTAMM (CM., HaopuMmep, Y.

Ono, M. Inomoto, Y. Ueda, T. Matsuyama, m T. Okazaki, Nucl.

Fusion 39, 2001 (1999)) M IIOCPemOCTBOM BO3OYXIeHUI TOKa
BpallalyMUCSa MaTlHUMTHBEIMM — [DoJigMu  (BMII) (cM., Hanpumep, I. R.
Jones, Phys. Plasmas 0, 1950 (1999)), KOTOPHE TaKxe

ofecrneumnBanT OOMNOJHUTEJNbHYD YCTOMUMBOCTL .

[004] HemapBHO OBUJI CYImECTBEHHO nOopaboTaH MEeTOH CTOJIKHOBEHMA
u O0ObBemIMHEeHUs, TPemJIOXEeHHHNM YyxXe m»maBHO (cM., Hamopumep, D. R.
Wells, Phys. Fluids 9, 1010 (1966)): @OoBa OTHOEJILHHX TeTa-IIMHUYA
Ha IIPOTUBOTIIOJIOXHEIX ToplLlax KaMepH yIoepxaHs OIOHOBPEMEHHO
TeHepUpyRT M YCKOPSAKT OBa ILJasMoMIa I[10 HalpaBJeHMI IOpYyT K IOPpYyTYy
Ha BHECOKOM CKOPOCTHM, KOTOPHE B3aTeM CTAaJIKMBATCS B LIeHTPpe KaMep:
yoepXaHmsa UM OoO0BeIUMHAKTCA, o00pasysa cocTabHyrw FRC. Ilpu paspaboTke
¥ YCIENHOM I[IPOBeIeHUMM OIHOTO M3 Haubojlee KpYIHOMacCmTaOHEX K
HaCTOAMEMY BpeMeHU DKCIIEPUMEHTOB C FRC, OOLIUHLIM crioco®
CTOJIKHOBEHMSA UM OOBEIMHEHMSA TIIoKazaJl, UyTO OaeT YCTOMUMUBELIE
BHICOKOTeMIepaTypHee FRC ¢ OoJIBIKMM BpeMeHeM XU3HUM U OOoJILIION
IJIOTHOCTRLIO IIOTOKa dYacTull (cM., Hanopumep, M. Binderbauer, H.Y.
Guo, M. Tuszewski et al., Phys. Rev. Lett. 105, 045003 (2010)).

[005] FRC cocToAT M3 Topa CHMJIOBHX JMHMM 3aMKHYTOT'O IIOJIA

BHYTPM cCellapaTpPMCH W KOJIBIHEBOI'O TIT'PaHMUYHOI'O CJIOA Ha MaI'HMTHEIX



JIVHUAX OTKPHTOTO IIOJIA TOJIBKO CHapyXuM OT CelapaTPpMUCH. I['PaHWUHBEN
CJIOM CXOOMTCS B CTPpYyM B3a IOpemejaMuM IJuHH FRC, ofecneumuBad
€CTeCTBEHHHM »OUBepTop. Tomnojsiorusa FRC coBIaZaeT C TOIOJIOTUEN

IJIasMEl 3epkajl ¢ ofOpalleHHEM I1oJieM. OIOHAKO CYIeCTBEHHOE pasjiuuue

zakjouaeTcs B TOM, uTo FRC-Iwiasma uMeeT [ okoJsio 10, CoBCcTBeHHOE
ciafoe BHYTPEHHee MaTHUTHOe IIoJle ofeclieuMBaeT OlIpenNeJIeHHYI
MECTHYII I[IONYJIALMIO YacTHull, ofJajalmux OoIpelelIeHHOM KMHEeTUUeCKOM
sHepTHueM, T.e. UYacTul, C OOJbIMMU JIaPMOPOBCKMMM pPaauycaMy TIIO
CpaBHEeHMI C MaJieM paiuycoM FRC, QOueBMOHO, UYTO MMEHHO DBTHU
CUJILHEHE KMHeTHnueckyre 5ObekTH BHOCAT IO MeHbIleM Mepe YaCTUUHHMN
BKJIAO B ofmy®  YCTOMUMBOCTE pa3paboTaHHEIX B IIPOUJIOM U
coBpeMeHHEX FRC, Takux, KakK IoJiydaeMele B DKCIEPMMEHTE IO
CTOJIKHOBEHMIO M OOBEOUMHEHUD.

[006] B »skcHepuMeHTax ¢ TUIMUHEMKM FRC, pas3paboTaHHEMM B
[IPOLULJIOM, IOOMMHMPOBAJIM KOHBEKTHUBHEE IIOTEPM, IIPM STOM yIepXaHHUe
SHEPI'UM OIpPeleliIAJIOCh IIePeHOCOM dYacTull. YacTHLe OUOOYHIUPYT U3
OTPaHMUEHHOTO celapaTpucod obbeMa IJIaBHHM 00pasoM paluaJibHO, a
[IOTOM IIPOUCXOOAT MX aKCHaJlbHbBle IIOTeprM B I'PaHUUYHOM CJIoe.
CooTBEeTCTBEHHO, YyIepxaHrue FRC 3aBMCUT OT CBOMCTB ofbJjlacTen
CUJIOBEHIX JIMHMM, KaK 3aMKHYTOI'O, TakK ¥ OTKPHEHTOI'O IOJiId. BpewMmsa
onddy3mUM YacTHUl, Hapyxy uU3 obbeMa, OUepPUeHHOTO CcelapaTpucol,
cocraBygeT T1~a?/DL  (a~rs/4, THe rs - LUEeHTPaJlbHEM panuyc
cerapaTpMuCH), a DI - xXapaKTepUCTHUUeCKuM Ko2pPulireHT IUddys3mUM,
TakoM, Kak Di~12,5 pie, NpUUEM pie HNpelcTaBJAeT cobo¥ TupopalIunyc
MOHOB, OlleHMBAEMHlM B IIpUKJIaIHBaeMOM M3BHe MaTHUTHOM TIIojie. B
BKCIlepuMeHTax ¢  FRC, pa3paboTaHHEMM B IIPOULJIOM, BpeMsa  Ti
yIOepXaHVSa YacTUIl TPaHUMUYHOTO CJOA IO CYMeCTBY NpelcTaBiIsgeT cobomn
BpeMsa OCeBOI'o Ipobera. B yCTaHOBMBIIEMCSHS COCTOSAHUM OajlaHC Mexny
paorajibHEIMM M OCEeBEMM I[IOTEepsAMM dYacTHUl HaeT IJIMHY I'palleHTa
IJIOTHOCTU Y CelapaTpucCH, cocTaBjgomyio O~ (DiTy)1/2. BpeMeHHHEe
MacmrTadw yoepXaHrs dYacTuil B FRC cocTaBagioT (tuti) /2 maa FRC,
pa3paboTaHHEX B IIPOWJIOM, KOTOPHE MMERT CYIMEeCTBEHHYK ILJIOTHOCTL Y
cenapaTpuce (cM., HanopuMep, M. TUSZEWSKI, "Field Reversed
Configurations,™ Nucl. Fusion 28, 2033 (1988)).

[007] OpyrMM HeOOCTATKOM M3BECTHHX KOHCTPpyKLMM FRC-cucTeMm



Opla TMOTPe®HOCTHL B MCHOJL30OBAHMM  BHENHUX  MYyJILTHUIIOJNEW  OJId
KOHTPOJIA  HeyCTOMUMBOCTEeM  BpalleHMd, TaKMx, KaK  XeJIOOKOBEE
HeyCTOMUMBOCTKY HOpM nh=2. TakuMmM oO6pasoM, TUIMUUHEE [IPUKJIIAILBAaEMEE
M3BHe KBaAIOpPYIOJBHEE TII0JIg ofecreuuBaju TpebyeMoe Mal'HUTHOE
BOCCTaHaBJIMBaKIlee oaBJieHMe oJis OCTaHOBKM  HapacTaHUA DTUX
HEeyCTOMUMBHEX pPeXyMOB. XOTHA STOT MeTON IM[IOOAXOOUT IJIS KOHTPOJIA
YCTOMUMBOCTU TEepMUUECKOM OCHOBHOM ILJIa3MBl, OH CO3IaeT Cepbe3HVYo
npodiemy s FRC C foJiblen KMHEeTUYEeCKOM SHepIuen I
YCOBEPIIEHCTBOBAHHEIX TUOPUIHEIX FRC, Ine 3aceJieHue
BHICOKOKMHETUUECKMMM dYacCTHllaMM C opbuTamMu OOJIBIMX pPaInyCoB
coueTaeTcsas C OOHUHOM TepMMUeCKOM ILJla3MoM. B 92THUX CcHUCTeMax
VCKaXeHM s OCEeCHUMME TPUUHOTO MaTHUTHOTO IoJig n3-3a TaKUx
MYJILTUIIOJILHEX II0JIeM TMPUBOOMUT K MCKJIOUUTEJILHO OOJBLIMM IIOTEepIM
OHICTPHIX  YaCTHIIL 3a cueT BeCcTOJIKHOBUTEJILHOM CTOXaCTUUYeCKOM
oInbdys3mur, gBJIGOMEeNCcd CJIeOCTBUEM YTPAaTH COXPaHeHMS KaHOHUUEeCKOTO
KMHEeTUUEeCKOTO MOMEHTaA . Taxkum oBpaz3oM, HOBOEe pemeHne,
3akJjoyanmeecss B TOM, UYTOOH OO0eCHeuMTh KOHTPOJb YCTOMUMBOCTHU 0es
MHTeHCUOMKaAuUM OUddysmm  JIOOHX  UdaCTUII, ABJIAETCHA BaXHBIM IOJIA
[IOJIYUYEHM S IpeMMylleCcTBa ©Oo0Jiee BHECOKOI'O TEeXHMUeCKOT'O IIoTeHIMalla
STUX KOHIENUMM YCOBepHmeHCTBOBaHHEX FRC, He MCCJIeOOBaHHHX paHee.

[008] IlomTOMy, B CBeTe BLHIIEMBJIOXEHHOTO XeJlaTeJIbHO YJIIYUIMTH
yaepXaHre ¥ IIOBHCUTL YCTOMUMBOCTE FRC, uTOOB MCIOJL30BAThL FRC,
paboTamnmyue B YCTaAaHOBMBIIEMCS COCTOSHMM, Kak IOIYTb K ILIeJIOMYy
MHOXECTRY MPUJIOXKEHMUM, BKJIOUAS KOMIAKTHHE MCTOUHMKY HEeWTPOHOB
(mys MIPOM3BOICTBA M30TOIIOB MeIVMLIMHCKOT O HasHauveHMud,
BOCCTAaHOBJIeHMe OTpaboTaHHOTO MAIOePHOTo TOILJIMBa, MCCIeIOoBaHUM
MaTepMraJyioB, HEeWTPOHHOM pamuorpad¢mumu m ToMoTpadmuy), KOMIIaKTHHE
VMCTOUHUKM GOTOHOB (IJI XUMMUECKOTO IIPOMBBOACTBA UM XUMWUECKOM
oBpaboTkM), CHUCTEMH -OJS pasldelleHrMa M ofborameHus, a TakKxe
aKTMBHEIE 3O0HEH pPEeaKTOpPOB NOJAd CHMHTe3a JerkKux 4GIOep C LeJbo
BHPAaOOTKU BHepIMU B OyIOyIleM.

PackpHTHe MB00peTeHMUsT

[009] BapraHTH OCyleCcTBJIEHUSA IOaHHOTO n300peTeHMUd,
IpenJIOXKEHHEE 3IOeChb, HallpaBJIeHH Ha pas3paboTKy CUCTEM UM CIOCODOB,
KOTOPHE oBJIeTyvaKnT bopMUpoOBaHME 7 onepxaHue HOBHIX

BHICOKORDOEKTUBHEX KOHOUI'ypauui c oOpameHHEM 1oJemM (FRC). B



COOTBETCTBUM D2TOM  HOBOM IapalIuMIMOV  BHCOKOZ(ObekTMBHOM  FRC
HacToAmas CHUCTeMa CcoueTaeT OTPOMHOEe KOJMUEeCTBO HOBHX MIOEN U
CpPenoCTB IOJA pes3Koro yiyulleHUMd FRC-ymepxaHMd YacCTHUL, 5BSHeEPIUU U
[IOTOKa&, a TaKxe oBecrieueHMe KOHTPOJIA YCTOMUMBOCTHU tes
HeT'aTUBHEX I[TODOOUHHX 20PeKTOB.

[010] IIpemjaraemMasa 3mecb FRC-cucrTeMa BkJKUaeT B ceb4da
LHeHTPaJIbHY eMKOCThb oJis yIoepXaHus, OKPYXeHHYIO OBYyMS
OIVaMeTPaJIbHO IIPOTUBOIIOJIOKHEMY GOPMUPYIOIIUMY CeKUMAMY TeTa-IIMHUeN
Cc oOpalleHHEIM IIOJIEM U IBe KaMepH IMBEepPTOPOB BHe QOPMUPYKIUX
Cekuuy, IOpUUeM KaMephH IMBEePTOPOB IIpedHal3HaueHH OJIS KOHTPOJIA
IJIOTHOCTM HeUTpaJIbHEX YacTHUI M 3alpA3HeHMd IpuMecaMu. MarHUTHAaLD
cucTeMa BKJKUYaeT B cebd pal 3epKalJIbHHX KaTyllek KBa3UIIOCTOSAHHOTO
TOKa, KOTOPHE HaXOOATCH B OCEBEX IIOJIOXEHMSAX BIOJIE KOMIIOHEHTOB
FRC-cucTeMB, OpMUEM 3epKaJlbHEE KaTyMKM KBa3UIIOCTOSHHOTO TOKa
HaxoOAaATCd Mexny JIOEM TOPIOM KaMepH YIepXaHud WM COCeIHUMU
bopMUPYIMMMIA CeKLMAMHA, u 3epKaJlbHHE npoBKu, comepXxamye
KOMIIaKTHEE  3epKaJlbHBlE KaTyMKM KBa3UIIOCTOSAHHOT'O TOKa  MexXny
KaxIeMM M3  QOpPMUMPYIIMX CeKUUMM ¥ IMBEPTOPOB, KOTOPHE CO3JaklT
OOIOJIHUTEJIbHEE HalpaBJIgKMMYe I[IOJIA OJIA HalleJMBaHMSA IIOBEPXHOCTEN
MaTHUTHOT'O IIOTOKa K OUBEPTOPY. dopMMpyKIMe CeKLUMM BKJIIOUAT B
cebd MONYJIBHEIE MMIIYJIECHEE QOPMUPYKIME CUCTEME, KOTOPHE IejaklT
BO3MOXHEM ¢QopMMpoBaHre FRC Ha MecTe, a 3aTeM ee YCKOpeHUe U
VHXeklIMio (= cTaTtuyeckoe QopMMpoBaHMe), Jubo popMUpOBaHUE U
YCKOpPEeHMe OIHOBPEMEeHHO (= IOMHaMMuecKoe QopMHUPpOBAaHMUE) .

[011] FRC-cucTeMa BKJIIOUaEeT B cebsa VHXEKTOPH  I[IYUKOB
HeMTpaJIbHEX aTOMOB UM MHXeKTOop TadjleTok. B OOHOM BapHuaHTe
OCYIEeCTBJIEHUSA VIHXEKTOPH [IYYKOB HaKJIOHEeHH oJis VHXEeKIVN
HeMTpaJlbHEX dYacTUl K CcpelHeM IIJIOCKOCTM. Hajluure UMHXEeKTOPOB
IIYUKOB, HAKJIOHEHHHX K CcpelHeM IIJIOCKOCTHU, IIPM OCEBEX II0JIOXEHUIX
IIYUKOB BOJIM3M cCpelHeM IIJIOCKOCTM VYJyullaeT CBA3b «IIYyUOK-ILJIa3Ma»
oaxe Tor'ma, Korma FRC-rJlasMa CoOKpalaeTCd WM MHBEM @ 00pas30oM
aKCHMaJIbHO CXMMaeTCHd BO BpPeMfa IIeprola MHXEeKIMM. B cocTaB BXOOAT
eme UM CHUCTEMH Te€TTEPUMPOBAaHMA, a TaKXe OCeBHE ILJIa3MEHHHE IIYIKU.
[lpenyCMOTpPEeHH TakXe CMellanlye BJEeKTPONE OJS BJIEeKTPUUYEeCKOT'O
CMelleHM S OTKPHITHEX I[IOBEPXHOCTEM IIOTOKa.

[012] B 1npouecce paboTe, 1UioDaJIbHEHE IlapaMeTpH I1JIa3MH,



BKJIOUAKIME B Cebfa TepMUUeCKYK HDHEPIMKD IIJlas3Mbl, o0IMre KOJIUUeCTBa
yacTHull, paiuyc UM IOJMHY ILJJa3MH, a TakKXe MAaTHUTHHEM [IOTOK ABJISIOTCSA
IpakKTUUYECKM IIOCTOSHHBEIMM ©e3 crama, B TO BpeMsa KaK IIy4dkKu
HelTpaJlbHEX YaCcTULL VHXEKTUPYIT B jasMmy, a TabJIeTKU
oBecrieurBalT IIOIOJIHEHME HalJleXallMX YacTull.

[013] CUCTEeMH, Crioco0Btl, [IpU3HaKM u npeuMylmecTBa
nzobperTeHmus OyoyT WJIM CTaHYT OUEeBUIHBEIMM ©IOJIS CclelMaJucTa B
oBJlacTM  TexXHUMKM IIoCJle MBYUEeHMS  HUXeCJIeOYIMUX  uUepTexel U
IIOOPOBHOTO ONMUCaHUA. lNompasyMeBaeTCHd, uTo 2TO omnMcaHme
PacrIpoCTpaHsaAeTCd Ha BCe TaKMe OOIIOJIHUTEJILHBE CIOCOOH, MIPU3HAKU
U TIpeuMylmecTBa, KOTOPHE HaxXoOATCAd B paMkax obbeMa IIPUTSA3aHUN
n300peTeHrs U IIoANajalT 100 3alluTy IIOCPedCTBOM IpujlaraeMou
bopMyJIEL M300peTeHUsa. Takxe IHoOpasyMeBaeTCsda, UTO UM300peTeHMe He
OTpaHNUYMBaeTCH TpeOOBaHMEM 0643aTeJILHOTO HaJnumn g BCeX
noIgpoB®HOCTENM BO3MOXHEX BapMaHTOB OCYMEeCTBJIEHUS.

KpaTxkoe ommcaHmMe uepTexen

[014] [IpuaraeMele UYepTexy, KOTOPHE BKJIOUEHE B JaHHY
3adBKY KaK ee YacTb, WUINCTPUPYIT MNPeAOlloUTUTEJILHHEM B HacTosAlmee
BpeMsad BapMaHT OCYIEeCTBJIeHUMA M Hapgdoy C ofmMM  OIMCaHMeEM,
V3JIOKEHHEIM  BEHIIE, u INOOPOOHEIM  OIMCaHMEeEM  IIPenlIoUuTUTEeJIbEHOT'O
BapMaHTa OCYLeCTBJIEHUS, IIPUBOOMMEIM HWXe, CJyXaT IJA IIOACHEeHUA
IIPMHILUIIOB OaHHOT'O M300peTeHMd M OOYUeHMA STUM IPMHINMIIaM.

[015] Omr.l wWIOCTPUPYeT yIepXaHMe UYacTUl B OIpeajaraeMomn
FRC-cucTeMe B BHCOKO®(OeKTMBHOM pexume FRC) 1[I0 CpaBHEHUI C
OOBUHEIM peXxrMoM FRC M IO CpaBHEHMIK C IPYTMMM 3KCIepMMeHTaMu C
OOBUHEIMM FRC.

[016] dUT.2 WIJIIOCTPUPYET KOMIIOHEeHTH IOIpenjaraeMoi FRC-
CUCTeMEl M MAaTHMTHOM TomnoJjorumu FRC, nojiydaeMo¥ B OpeljaraeMou
FRC-cucrewme.

[017] dur.3A wanpcTepHupyeT ©0a30BOe CXEeMy PacIOJIOXKeHUA
npenjaraeMom FRC-cHucTeME Ha BUOE CBepxXy, BKJIOUA S
OpeniIouTUTeNIbHOES PacIroJIOXeH e IYyYKOB HelTpaJlbHHX YaCcTHIL,
DJIEKTPOOOB, ILJIa3MEHHHX I[IYIIEK, 3epKaJIbHHX NTPpOoOOK U MHXEeKTOpa
TabJIeTOK.

[018] dur. 3B WJJIOCTPUPYEeT LHeHTPallbHY EeMKOCTb OJis

YOEPXaHMA Ha BMIOe CBepPpXYy WM IIOKa3bBaeT IITYWUYKU HeﬁTpaJ’IbHHX yacTlu,



PAaCHOJIOXEHHEHE I[IO MeHBIMM yIJIOM, UYeM IIpSAMOM K TJIaBHOM OCHU
CUMMETPUM LIEHTPpaJIbHOM eMKOCTM OJIA yHOepXaHMUId.

[019] dur. 3C WJJIOCTPUPYEeT LHeHTPallbHY EeMKOCTb oJis
yIOepXaHMA Ha BUIEe CBepxy M I[IOKa3HBaeT IIYyUKM HeUTpaJIbHHX YacTHUl,
PAacCIoJIOXeHHEe IO MeHBIMM YIJIOM, uYeM IOIpsAMOM Kk ITJIABHOM OCH
CUMMETPUM LEeHTPaJIbHOM eMKOCTM OJS YIepXaHMs M HallpaBJIEHHEE C
BO3BMOXHOCTRI0 MHXEKLUMM YacCTHUl K CcpelHel I[IJIOCKOCTM LeHTpaJIbHOM
EMKOCTH IOJI yIOepXaHM.

[020] dur.4 UJIJIOCTPUPYET cxXeMaTuueckoe n300paxeHmne
KOMIIOHEHTORB CUCTEMH MMIIYJLCHOTO MNUTAaHUA OJI4 QGOPpMUPYKMMUX CeKIUM.

[021] dur.5 WILJIIOCTPUPYET M30MeTpUUECKOE n300paxeHue
OTHEeJIEHOTO QOPMUPYRIIETO MOIYJISA MMILYJIECHOT'O IIUMTAaHUA.

[022] dur.6 WLINCTPUPYET M3OMeTPUUEeCKOoe M300paxeHUe Yy3Ja
bopMupynIUx TPYO.

[023] dur.7 WIIRCTPUPYET M3I0OMETPUUECKOe M300paxXeHre B
YAaCTUUYHOM CeUeHMM CUCTEMH IIYUYKOB HeWTpPaJIbHHX YaCTUL UM KIIUEBHX
KOMIIOHEHTOB.

[024] dur. 8 WIJIIOCTPUPYET M30MeTpUUeCcKoe n3o0paxeHue
CPeNCTB TeHepMpOBaHUA [IYUKOB HelMTpaJlbHEIX YacTHUL Ha KaMepe
yIepXaHndg .

[025] Omur.9 wWIOCTPUPYET M3OMETPUUECKOoe Uu300paxeHre B
YaCTUUHOM CeUeHUM [IPenlIouTUTEeJIEHOT'O PAacloJioXeHUsa cuctem Ti- u
Li-TeTTepupoBaHmUA.

[026] OQur.l0 WUIIOCTPUPYET M3OMETPUUECKOEe MU30OpaxeHMe B
YAaCTUMUYHOM CeUeHMM ILJIa3MeHHOM IIymKM, YCTaHOBJIEHHOW B KaMmepe
oVBepTOopa. TakKXe IIOKa3aHH COOTBETCTByKIlasd MaTHMTHAasS 3epKaJibHasd
npoBa M BJIeKTPOINHHM Yy3eJl OUMBepTOopa.

[027] our.11 WIJIOCTPUPYET NPennouTUTENIEHY cxeMy
PacCIIOJIOXKEHUS KOJIBLEBOT'O BJIeKTpola CMelleHusa Ha OCEeBOM Tople
KaMepH yIOepXaHWUsd.

[028] Odur.l2 WUIRCTPUPYET HSBOJOLUUILD palMyCa MWCKIIYaeMOoI'o
noroka B FRC-cucTeMe, I[OJIYYEHHOI'O MCXOOS M3 pAda HapPYXHBEX
IVaMaTHUTHHX KOHTYPOB B IOBYX OQOPMUPYIIMX CEeKUMAX TeTa-IIMHUEeM C
oOpalleHHEM  IIOJIeM ¥ MaTHMTHEIX 30HIOB, 3aleJIaHHBIX BHYTPMU
LeHTPaJIbHOM MeTaJlJIMUueCKOM KaMepH yIepXaHusa. BpeMa M3MepsaeTcd C

MOMEHTa CHHXPOHMINMPYEMOI'O O@paﬂleHMH I1OJIA B MCTOUHMKax IJIA



bopMmpoBaHMA, a pPacCTOsSHMEe Z 3BadaeTcsa OTHOCUTEJIBHO OCeBOM
cpenHeM IIJIOCKOCTM MallMHH .

[029] OQur.13 (a)-(d) wWLIOCTPUPYKT IOaHHBE, IIOJIYUEHHHE B
pe3yJbTaTre HeOOOepX1BaeMOT O pasp4ana B XapaKTepHOM He
BHICOKODbObekTUBHOM pexuMe FRC Ha npemaraemo FRC-cucreme. Kak
OYHKLMM BpeMeHM IIOoKa3aHH: (a) paIuyc MCKIKnYaeMoI'o IIOTOKa B
cpernHeM IJIOCKoCTM; (b) 6 xopn JIMHEMHO-MHTEeTIpPaJIbHOM IIJIOTHOCTU U3
HaxonAmeTrocsd B CpedHel ILJIOCKOCTM MHTepbepoMeTpa IJd onpelelleHUS
comepxanus CO2; (C) pammajbHHe OPOOUIIM paclpenelJieHMS IIJIOTHOCTHU,
VHBEPTUPOBAHHEIE 110  AbeJo, 1o IOaHHEIM MHTepbepoMeTpa  IOJiA
onpenejieHus comepxaHuga COz; u (d) IOJHas TeMllepaTypa ILjla3Mel
ncxonsa u3 DajlaHca OaBJIEHUSA.

[030] Odmr.l4 wWUIIOCTPUPYET OCeBHEe HNPOOWIIM MCKIIYaeMOI'O
[IOTOKa B BHOpaHHHE MOMEHTH BPEMeHM OJIS OOHOTO M TOTO Xe pasl3pdala
13 mnpenjaraemor FRC-cucTeMBl, IOKas3aHHOM Ha ¢ur.13.

[031] dur.15 WIJIIOCTPUPYET M30MEeTPUUECKOE n3o0paxeHue
OTKJIOHAKIMX KaTylleK, YCTaHOBJIEHHEIX CHAPyXu KaMeph YyIepXaHUS.

[032] Qdur.lée wWUIIIOCTPUPYET KOPPeJAUMM BpeMeHU XU3HM FRC wu
OJIUTEJIbHOCTU MMIIYJIECOB MHXEKTUPYEMBX I[IYUKOB HeMTpPaJIbHEX YaCTUII.
Kaxk rmnokazaHo, 0oJiee OJIUTEeJIbHHE UMIIYJBLCH I[Iy4YKa -HDaoT OoJibliee
BpemMmda xm3HU FRC.

[033] dur.l7 WLIOCTPUPYET MVHOVMBUIOYAJILHEIE WM  COBOKYIIHBEE
BOBIeNCTBUS Pas3HBEIX KOMIIOHEHTOB FRC-cHuCTeMsl Ha paboune
XapakTepucTuky FRC M DOCTHMXeHME BHCOKOZOOEKTUMBHOIO pPexXMrMa.

[034] OQur.18 (a)-(d) wWIILCTPUPYIT IaHHBE, IIOJIYUYEeHHHE B
pe3yJbTaTre He HellOOOepXUBaeMOTO pazpsana B XapakTepHOM
BHICOKOBROPekTUBHOM pexuMe FRC Ha nopemjaraemol FRC-cucTemMe. Kak
OYyHKLMM BpeMeHM IIOoKa3aHbH: (a) paIuyc MCKJIoYaeMoI'o IIOTOKa B
cpernmHeM ILJIOCKOCTM; (b) 6 xopn JIMHEMHO-MHTEeTIpPpaJIbHOM IIJIOTHOCTU U3
HaxoIAmeToCcsad B CpeOHeM IJIOCKOCTM MHTepbepoMeTpa IJid ONpelelleHUId
comepxanusa CO2; (c) pamralJbHHe OPOoOUIM pachapenelsieHMS ILJIOTHOCTH,
VHBEPTUPOBAaHHEIE 110  Abewo, 1o OaHHEIM  MHTepbepoMeTpa  IOJiA
omnpenejieHus comepxaHuga COz; ® (d) IDOJHasa TeMllepaTypa ILla3sMel
UCXOOS M3 paBeHCTBa IaBJIEHUN.

[035] Our.19 WIIOCTPUPYIT YyIepXaHue IIOTOKa KaK QYHKIM

TeMrlepaTypsl (Te) BIEKTPOHOB. 3TO TaeT I'paduuecKoe NpencTaBJIeHUe



o) BHOBBb YCTaHaBJIVMBaEMOM  PEXVME MacmTabMpoOBaHMUA, KOTOPHM
[IPEBOCXOOUT WU3BECTHHE, IJIS Pa3paAO0oB B BHCOKOBOOEKTUMBHOM pPeXUME
FRC.

[036] dur. 20 mWOCTPpUPYeT BpeMd XusHM FRC, COOTBeTCTBYKIE
OJIMHEe UMIIyJIbCa He HAaKJIOHHEIX ¥ HaKJIOHHEX MWHXEKTUPYEMHX I[IYUKOB
HeMTpaJIbHEIX YacCTUIl.

[037] CilegyetT OTMETUTH, yTo yepTexu HeoBsa3aTeJIbHO
BHIIIOJIHEHE B MacmTade M UTO SJIEMEeHTH aHaJJOTMUHHX KOHCTPYKUMNM WMJIU
byHKLIMM B ofmeM cJydae 0003HAUEHH OIMHAKOBHMM I[IO3ULUMAMM Ha BCexX
yepTexax B LeJax WumocTpauuu. ClenyeT TakKXe OTMETUTB, UTO
UyepTeXy IIpelHa3HaudeHB TOJIBKO IJIA OOJIeTUyeHMS OINMCaHUS pPa3JIMUHBEIX
BapMaHTOB OCYMEeCTBJIEHUSA, O KOTOPHX 3IOeChk MIeT pedb. Ha uyepTexax
He o0043aTeJIbHO OIMCHBaeTCd KaxXObell aclekT OIpeljaraeMbHx 30ech
umey, U UYepTexy He OoTI'paHMuMBalT o00bBeM OIPpUTA3aHuM COTJIAaCHO
bopMyJie M300peTeHUd.

[NompoBHoOe omnmcaHue

[038] HacTosmme BapMaHTH oCcymecTBJIEHUS, IpenJjIoXeHHEEe
30eChk, HalpaBJIeHH Ha pas3paboTKy CUCTEM U CIHOCOOOB, KOTOPEHE
oBJieryanT dbopMMpOBaHME u nonmepxaHue BEHICOKOBOOEKTUBHEIX
KOHOUTYpaluuy C oOpameHHEIM Iojem (FRC), mnpmumaBasg MM IPEeBOCXOIHYIO
YCTOMUMBOCTEL, a Takke IIPeBOCXOOHOe YIepXaHMe YacTUll, DHEepIUM U
[IOTOKa, I[IO CpaBHeHUI C OOpMWHEMM FRC. Takxkue BEHCOKOSOOeKTUBHEE
FRC ofecneumpanT IIyTb K L&JOMY MHOXECTBY IPUIIOXEHUM, BKJIOUASL
KOMIIAKTHEE MCTOUHMKM HEeMWTPOHOB (OJJa HOpoM3BOAOCTBAa M30TOIIOB
MeIMLIMHCKOT'O Ha3HaueHMsd, BOCCTAHOBJIeHMEe oOTpaboTaHHOTO HAIOepHOTO
TOIJIMBa, MCCJIeNOBaHUNM MaTepMualJioB, HEeWTPOHHOM paluoTrpadum u
ToMOTpPaduM) , KOMIIAKTHHE MCTOUHMKM (GOTOHOB (OJIg XUMMUYECKOTO
IPOMBBOACTBA M XUMMUECKOM o0paboTKM), CUCTEeMBE OJS pas3delieHud
M30TONOB W oborameHMs, a TaKXe aKTMBHBEE 30HHE PeaKTOpPOB IJIg
CUHTEe3a JIeTKMX fAOep C LeJibl BEHPabOTKM BSHepI'MM B OyOyIeM.

[039] UTOOH OLIEHUTH, CYIECTBYET JIM PeXVM yIOepXaHus B FRC,
IPEeBOCXOOAMUN M3BECTHHE, MCCJIeOOBaHH pas3JIMUuHbBe BCIOMOTaTeJIbHEEe
CUCTEME ¥ paboume pexXxuMbl. OTH YCUIIMSA IIPUBEJIM K BaXHBM Hay4YHBEM
OTKPHITUAM U paspaboTke napanmiMe BHICOKOZbdeKTUMBHOM FRC,
ONMCEHBaeMOM 3Oechb. B COOTBETCTBMM C 5STOM HOBOM IIapaIUIMOM

OaHHEIE CHUCTEeMBl M CIOCOOB CcoueTanT OTPOMHOE KOJIMYECTBO HOBEIX
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umey M CpencTB IJ4 PeskKoTo VyiayulleHua yIepxaHusa FRC, Kak
WILJIIOCTPUPYETC A Ha ¢our.1, a TaKxe oBecrnieunBamnT KOHTPOJIb
YCTOMUMBOCTM ©e3 HeTaTMBHHX I[I0OOUHHX 5dderkTor. Kak nompobHee
paccMaTpuBaeTCcda HUXe, O(ur.l MWIIOCTPUPYET yIepXaHMe 4YacTUl B
FRC-cucreme 10, ommceBaeMoM HWXe (cM. our. 2 u 3), paboTawnmey B
COOTBETCTBUM C BEHCOKOD(POEeKTUMBHEM pexumMoM FRC mnpu opMHUpOBaHUA U
nonnmepxanuy FRC, 1o cpaBHeHMIO C padoTol B COOTBETCTBUM C
OOBUHEIM PEeXMMOM IIPpM (QOpPMMPOBaAHMM M HOogmepXaHum FRC wu 110
CpaBHeHMIOD C yIepXaHMeM dYacTUI B COOTBETCTBMM C  OOBUHBEMMU
pexuMaM QOPMMPOBAHUA M HomiepXaHusa FRC, MCHOJb3YEMBEIMM B OPYTUX
DKCIIEPUMMEHTaxXx. B HaCToOAmMeM pPacKpPHTUM OyIyT IIpMBeIeHH o0O0mee U
nonpo®HOe ONMCaHMEe HOBEX OTIOEJIbBHHX KOMINOHeHTOB FRC-cucTeMmel 10 m
CIIOCODOB, a TakKXe MX COBOKYIIHEE 30OeKTH.

Omncaumne FRC-cucTeMH

BarkyyMmHasd cHCTeMa

[040] dur.2 wm 3 I[OKa3HBaT CXeMaTHUYeckoe U300paxeHuUe
npenjaraeMmorn FRC-cucTemel 10. FRC-cucrteMma 10 BrJIoUaeT B cebd
LEHTPAaJIbHYK E€MKOCTBb 100 oJga  yoepXaHwusd, OKPYXEeHHYID  IBYMHA
OYaMeTPpaJIbHO I[IPOTUBOIIOJIOXKHEIMY QopMUPYIRIIMMKU cekuuamMu 200 TeTa-
oyHYelr C ofOpalleHHBEM IIoJIEM, M BHe OQopMupyommux cekumum 200 OBe
kaMepsl 300 IMBEPTOPOB MJIS KOHTPOJSA IIJIOTHOCTM HeMTpaJbHBEX YaCTUII
M 3arpds3HeHua nOpuMecamu. llpenynaraeMas FRC-cucrema 10 Ovula
[IOCTPpOeHa Tak, 4YTO OHa IMIpucrnocodjlieHa K CBEPXBHCOKOMY BakKyyMy U
paboTaeT NPM TUIMYHLHIX HadvaJlbHHEX »HaBJeHMIx 1078 Topp. Takue
BaKyyMMeTpUUECKMe HOaBJIeHUS TpeOylonT MCIOJIB30BAaTh CTHEHKOBOUHHE
bJIaHIIE cIlapeHHOM OTKauKM MeXxmay CTEIKY € MEIMU KOMITOHEHTaMM,
MeTaJlIMUeCKMe  KOJIbIEBHE YILJIOTHEHMSI, BHICOKOUMCTEE BHYTPEHHNE
CTEHKU, a TaKxe TIaTeJEHOE HayvaJlbHOe KOHIOMLUMOHVPOBAaHNKE
IIOBEPXHOCTEN BCex IeTajleM Iepel cOOpKOM, Takoe kKak (ulnueckasd U

XVMIMYeCKaAd OUMCTKa C IIoCJIeIYIMVIMKM BaKyyMHOﬁ CyLHKOIZ B TeUeHUe

24-x yacoB npu 250°C M OUMCTKOM TJIEeIMM paspaIoM B BOOOpOIe.
[041] Qopmvupylmme cexumm 200 TeTa-OuHUYeM Cc ofpaleHHBM

[I0JIEM IIPenOCTaBJAT CcoOOM cCcTaHOapTHHE TeTa-IMHUM C oOpalleHHBEM

nojem (FRTP), XOTH M C YCOBepmMeHCTBOBaAHHOM QopMMPYKMEeN CUCTeMOMn

VIMITYJIbLCHOT'O IIMTAaHMS, T[OOPOoBHO paccMaTpuBaeMoM HMXe (cM. our.4-
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6) . Kaxnmasa o¢opmupyrmasd cexkumsa 200 BHIIOJHEHaA M3 CTaHOapPTHHEX
HENPO3PauHEX KBapLEBHX TPpyO IIPOMHIIJIEHHOT'O KadecTBa, ofJlamamlmx
TakoM OCOOeHHOCTH, Kak HaJluuue BHYTpeHHeM  (QYTEepOoBKM U3
CBEPXUMCTOTO KBaplla TOJIMUHOM 2 MuJImMMeTpa. Kamepa 100 yoepxaHUs
BHIIOJIHEHA nu3 HepXaBewmen cTanu, obecrneunBasda MHOXECTBO
paIMajibHEIX UM TaHTeHIMAaJIbHHX OTBEepCTUM; OHa TaKxXe CJAYXUT B
KauecTBe CpeIOcTBa COXpaHeHus TIIOTOKa BO BPEeMEeHHHX  paMKax
DKCIIEPUMEHTA, OIIMCHBaEMOTO HIXE, u OoTpaHMUMBaEeT OBIC TPHE
MaTHUTHHE nepexooHHEe IPOLIeCCH. BaxkyyMH coszmamnTcid u
nonnepxueawnTcsa B HOpeneygax FRC-cucremer 10 ¢  nomombilo Habopa
fes3MacJISHEX CHOUPAaJIbHHX (QOPBaKyyMHHX HaCOCOB, TYpPOOMOJEKYJISPHEX
HaAaCOCOB M KPMOHACOCOB.

MaruurHad cucrTeMma

[042] Ha omr.2 m 3 WUIOCTPUPYETCS MaT'HUTHasa cucTtema 400.
Ha our.2 cpenu IPOYMX KOHCTPYKTHBHBIX ocobeHHOCTEM
WIIJIOCTPUPYIRTCHA NPOOMIIM MarHMTHOTO IIOTOKa M IoTHocTu FRC (kak
OYHKIUMM palMaJiIbHEX M OCeBHX KOOpPIMHAT), CBOMCTBeHHHe FRC 450,
cosmaBaeMoM nocpencTtBoM FRC-cucTemel 10. 2T OpodMIM IOJIYYATCH
MEeTOIOM OBYMEPHOTO UMCJIEHHOT'O MOIeJIMPOBaHMA [IOCPEenCTBOM
MaTHUTOTUIPOOMHAMUUECKOT'O (MT"IT) T'eHepaTopa XoJuia C
MCIIOJIb30BaHMEeM KoIa, paszpafoTaHHOTO IJiA MOIEJMPOBAaHUA CUCTEM U
criocoBor, cooTeeTcTBylmux FRC-cucremMe 10, M XOpOoWO COIJIACYTCSA
C BKCIEePUMMEHTAJILHEIMYM OaHHBEMM M3MepeHMM. Kak BuUOHO Ha ¢ur.2, FRC
450 cocTOUT M3 TOopa CUJIOBHX JIMHUM ZaMKHYTOTO II0JIS BO BHYTPEHHEM
npocTpaHcTBe 453 FRC 450 B nOpenejsax cenapaTpuckl 451 wu
KOJIBIIEBOTO TI'pPaHMYHOTO cJjosga 456 Ha  MarHUTHHX  JMHMAX 452
OTKPHTOTO IIOJIA CHapyXu OT cenapaTpucu 451. T'paHUUHBEM cJjou 456
cxoourca B cTpyu 454 3a npepmeyaMu OJmHE  FRC, ofOecneuuBasa
eCTeCTBEeHHEV IOVUBEPTOP.

[043] TuaBHas MaTHMTHasa cucrteMa 410 BriwuyaeT B cebd p4an
kaTymerk 412, 414 m 416 KBa3UIIOCTOSHHOTO TOKa, KOTOPHE HaAXOIATCH
B OCEBEIX IIOJIOKEHUMAX BIOOJIb KOMIIOHEHTOB FRC-cucrtemer 10, T.e.
BOOJIE KaMeph 100 ymepxaHuda, GopMMpyomMx ceklUuy 200 M OUMBEPTOPOB
300. Karmymkm 412, 414 m 416 KBal3UIIOCTOSHHOTO TOKa 3alMTaHH
[IOCPEnCTBOM MMIIYJIbCHEX MCTOUHMKOB IIMTaHMA KBaA3UIIOCTOSHHOI'O TOKa

M coszmamlT 0Oa30BHE MaTHUTHEE II0JIA CMeNeHUS C T/IH,JIYKLH/Ieﬁ IIPVMIMEPHO
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0,1 Tun B xaMepe 100 vymepxaHudg, o¢opMupyoLmMUx cerkUuax 200 wu
nueepTopax 300. IoMmmo kaTymek 412, 414 m 416 KBa3MUIIOCTOSAHHOTO
TOKa IJlaBHasd MaT'HUTHasa cuctemMa 410 BrImoUYaeT B ceOsa 3epKallbHEE
KaTyIKu 420 KBa3UIOCTOAHHOTO TOoKa (mMTaeMee [IOCPEenCTBOM
VIMIIYJIbCHBIX MCTOUHMKOB MUTaHMA) Mexny JIoOHM TopluoM Kameps 100
yIOepXaHusd WM cocemHMMM OopMupylmmMy cekumaMm 200. 3epkallbHBEE
kaTymk 420 KBasUIOCTOAHHOTO ToKa ofecrneuuBamnT KO2QPUIMEHTEH
OTpaXeHMsa MaTHMTHOT'O 23epKajla O0o 5 m ofecrneuMBamRT BO3MOXHOCTH
He3aBUCHMOTO BO3OYXIeHMS MOJI KOHTPOJA MIpUIaHMS PaBHOBECHOM
bopMEl. KpomMe ToT0O, MexOy KaxXIbMKM M3 bopMUpyIIMUX cekumyi 200 u
oueepTopoB 300 pacroJioXeHE 3epkKaJibHEHe HpoOku 440. 3epKalJlbHEE
IpoBKU 440 comepxat KOMITIaKTHEE 3epKaJlbHEE KaTyYIKU 430
KBas3UIIOCTOSHHOTO ToOKa WM 3epkKallbHEle NIpoOOUHEEe kaTymky 444,
SepkalibHEIe KaTymky 430 KBa3UIIOCTOSHHOTO ToOKa BRKJIKOUaALT B cebsda
Tpu kKaTymku 432, 434 m 436 (IIMTaeMele IIOCPEeOCTBOM WMITYJIbCHEIX
VICTOUHMKOB NIUTaHuLg) , KOTOPHE co3mamnT IOIIOJIHUT eJIb HEE
HaOpaBJAKMME IIOJIA IJIA HalleJIMBaHMA IIoBepxHocTer 455 MaTHUMTHOTO
[IOTOKa II0 HallpaBJIeHMK K KaHaJy 442 MajioTo IuMaMeTpa, IIPpOXOoOdleMy
CKBO3b 3epKaJibHbBle IIpoOouHbEle KaTymku 444. 3epkalilbHBEE [IPOOOUHEE
kaTymku 444, KOTOpHe oOBMBawT KaHajl 442 wMaJioTo »OuaMeTpa U
OIUTAaTCA  [IOCPEeOCTBOM  MMIIYJIbCHEIX CUJIOBHX  LC-cxeM, co3mamnT
CUJILHEE TIOJIS MalHMTHOTO 3epkajla C MHOykIMen nmo 4 Ti. Has3HaueHUe
BCeM BTOoM KOHCTPYKLMM M3 KaTylleK 3akjioyaeTcad B TOM, UTOOH
[JIOTHO YBARHBATL UM HaOpaBJIATH HNOBepxXHOCTM 455 MarHMTHOTO IIOTOKA
M TekymnmMe kK Toply cTpyu 454 mnjgas3Mmel B OTHaJleHHBEe KkKaMeph 310
oueepTopoB 300. W, HakoOHell, CHapyxu kamMepe 100 yHoepxaHUd
pacrnoJioxeH Habop «aHTeHH» 460 Ha OCHOBe OTKJIOHAKIMX KaTylek
(cM. our.15), mnpuueM MO OBe C KaXIOW CTOPOHH CpelHeM IJIOCKOCTH,
KOTOPHE TMTAKRTCHd TIIOCPEeICTBOM MCTOYHMKOB [IMTAHMSA IIOCTOSHHOTO
TOoKa. KoHOuIypalMd aHTeHH 460 Ha OCHOBe OTKJOHAKIMX KaTyIek
MOXeT OHTBH BHIIOJIHEHA TakK, UYTOOH OOECHeuMThb KBa3UCTaTUUECKOTO
MarrHMTHOEe OUIIOJIbHOEe WMJIM KBAIPYIIOJLHOE II0Jile C MHIOYKINVENW IPUMEepPHO
0,01 T miIg KOHTPOJIA HeYCTOMUMBOCTEM BpalleHMS U/UJIUM KOHTPOJIA
DJIEKTPOHHOTO TOKa. AHTeHHE 460 Ha OCHOBE OTKJIOHAKIMX KaTylek
MOTYT TMOKO of0ecrneurBaThk MaTlHUTHHE IIOJIA, apjgomuecsd  Jmbo

CrIMME TOPVMYHBEIMM , JInBo acCrViMMe TPMYHEIMI OTHOCHUTEIJIBEHO CpeHHeﬁ
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[JIOCKOCTM MallMHE, B 3aBUCHMMOCTHM OT HallpaBJIEHUS [IPUKJIAOEBAaEMBIX
TOKOB.

QOpPMUDYKIIME CHUCTEME MUMIIYJIECHOI'O IIHUTAHUA

[044] JdopmMumpywomMe cucTeMbl 210 MMIYJBECHOT'O NIUTaHUA padoTawnT
[IO0 MNPMHLUUIIY MOOIMOUUMPOBAHHOTO TeTa-IIMHUYa. JVMelnTCcd IOBe CUCTEMH,
Kaxmas M3 KOTOPHX OUTaeT OIHYy U3 o¢dopMupylmmux cexkuut 200. Ha
dur.4-6 UIJIOCTPUPYITC S TJIaBHHE cocTaBJIgKIIMEe BJIOKU u
pacrnoJjioxeHre ¢popMmupylmmux cucrtem 210. Cucrtema 210 dopMHMPOBaHUA
COCTOMT M3 MOIOYJILHOM KOHCTPYKLUMM MUMIIYJILCHOTO IOIMTAHMSI, KOTOopasd
COCTOMT M3 OTIEeJILHHX OJIOKOB (MoznyJel) 220, KaXIHM M3 KOTOPHX
BOo30yXIaeT IMNoIHaboOp KaTymeK 232 (IIoOBecoK) yaJa 230 [nomBeckwH,
KOTOpHEe OOBUTH BOKPYT OQOPMMPYIMMX KBaplleBHX Tpy® 240. Kaxooi
MOnyJib 220 COCTOMT M3 KOHIeHcaTopoB 221, WMHOYKTOPOB 223,
OEICTPOOENCTBYIONMX CUIILHOTOUHEIX IIepekjouaTeyel 225 M CBSA3aHHHX C
HMMM CXeM 222 3anycka u 224 cbpoca B3Bapdna. Kaxiad (opMuUpyRmas
cucrteMa 210 BamacaeT eMKOCTHYK BDHepTuil B OuanazoHe 350-400 x]Ix,
KoTOpad obecneuuBaeT no 35 I'BT MomHOCTM 10Jid QOPMUPOBAHUSA U
YCKOPEeHUA FRC. KoopmomHMpOBaHHAA padoTa 5TUX KOMIIOHEHTOB
OOCTUTaeTCsa IIOCPelNCTBOM M3BECTHOM CHUCTEeMHE 3allycka 222 u
yIpaBJIeHU A 224, KOoTOopad oBecrieurMBaeT CUHXPOHM3ALMID  MeXIy
bopMmupyoomyMm  cucTemMaMmu 210 Ha Kaxnpol dbopumupyiomer cekumuy 200 u
MUHVMUBUPYET HEeYyCTONUUBYIO CUHXPOHU3aLNI [IEPEeKJIIOUEeHN S,
OoTpaHMUMBasg ee oecsaTKaMu HaHOCEKYHI. [TpeuMyIeCcTBOM 2TOM
MOOYJILHOM KOHCTPYKLUMM gBJIgeTcs T1tubras pabora: FRC MoxeT OHTH
bopMupoBaHa Ha MecTe, a 3aTeM YCKOopeHa U MHXeKTMpOBaHa (=
cCTaTHUuyYecKoe dbopMupoBaHUE) , VI chopMMpORBaHa u YyCKOpeHa
OOHOBPEMEHHO (= IMHaMMUecKoe (QOpMMPOBAHME) .

HHXeKTOPH IIYUKOB HEMUTpAaJILHEIX YaCTUI]

[045] TIyukm 600 HeMTpaJlIbHEIX aTOMOB pa3BepTHBanT B FRC-
cucteMe 10, 4UuTOOH OOecleuMTh Hal'PeB UM BO3DYyXIeHMe TOKa, a Takxke
PasBUTh HOaBJieHMe OBHCTPHX dYacTull. Kak nokas3aHo Ha our.3A, 3B u
8, OTHmeJIbHBIE TpPaKTH I[IY4UYKOB, colepxamme cucrteMel 610 m 640
VIHXEe KU [IYYKOB HeTpaJbHHX aToOMOB, PacIioJIOXEHH BOKPYT
LHeHTpalJlbHOM KaMeph 100 yIoepXaHMS M MHXEeKTUPYIT OHCTPHE YaCTULL
B IJjiaszMy FRC TaHI'eHUMAJIbLHO (M TIIepPHeHIUKYJISPHO WJM 101 IIPSMBM

YIJIOM K OCHOBHOM¥ OCHM CHMMMETPUM LeHTpallbHOM eMkocTu 100 mis
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YIepXaHMd) C HEeKOTOPHM lapaMeTpoM IIpULeJMBaHMia, TakK 4YTo LejieBad
30Ha 3axBaTa JeXuT B I[penejlax celapaTpuce 451 (cMm. our.2).
Kaxnmasa cucremMa 610 m 640 MHXEKLUMM CIOCOOHa MHXEKTHUPOBATL IIYUYKU
HeMTpaJIbHEIX YacCTMI MOWHOCTBI no 1 MBT B mjaszsmy FRC C sHepruamm
JacTull, B OMana3oHe Mexoy 20 m 40 ksB. Cucremel 610 m 640
OCHOBAHH Ha MHOTONBPOUHEIX MCTOUHMKAX BHIOEJIEHUA IIOJIOXUTEJIbHEX
MOHOB u npenyCcMaTpUBaKnT MCIIOJIE30BaHMe TeoMeTpUuueCcKom
OOKYCHMPOBKM, MHEPLMOHHOTO OXJIAXIOEHMSA MOHOBHIOEIIAKINX PEIEeTOK U
nbdbepeHUMAIbLHOM OTKauKM. MoMmmo MCIIOJIb 30BaHMU A pPa3JIMUYHEIX
VCTOUYHMKOB ILJIa3MEl cucTeMel 610 m 640 paszanuanTcsda IJIaBHEM oO0pa30oM
II0 COOTBETCTBUI UX OQU3UUECKONM KOHCTPYKIMM COOTBETCTRYIINVM
MecTaM UMX YCTaHOBKM, IIPeNOoCTaBJIAAd BO3MOXHOCTHM MHXEKLUUM COOKYy WU
CBepxy. TUIMUHLE KOMIIOHEHTH 2TUX MHXESKTOPOBR IIYUKOB HeWTpaJlbHHX
JacTUll, WIIRCTPURYITCS, B YacTHOCTM, Ha Oour./7 pusa cuctem 610
MHXeKIMM CcOOKy. Kak nokasaHo Ha o¢our.7, kKaxhas oOTHeJIbHas cucTeMa
610 MHXeKUVM IIYUYKOB HeUTpaJIbHEX YacTul, cOOKYy BKJoOUaeT B cebd
MCTOUHMK 612 BHCOKOUacTOTHOM (BU) TI[Jla3Mel Ha BXOIHOM ToOplle
(zaMeHAeMB OYTOBHM MCTOUHMKOM B cucTeMax 640) < MaTHMTHHEM
SKpaHoM 614, HakKpHBawMM 5TOT Topel. C MCTOYHMKOM 612 ILJIa3MH
cB43aH OJIok 616, BRJOUAKIMY B ced®d ONTHMUECKMM MCTOUHMK MOHOB U
yCKOopAKIM/Ee CeTKM, a BalopHBEM KjallaH 620 pacloJoXeH MexIy OJOKOM
616, BKJIOUaAKIVM B ceb®d ONTHUUECKUM MCTOUHMK MOHOB U YCKOPAKINUE
CeTKM, ¥ HeMTpalus3aTopoM 622. OTKJOHAKMMM MaTHUT 624 ¥ CpeICTBO
628 cOBpoca MOHOB PAacCIIOJIOXEeHHE MexXOy HeuTpalM3aTopoM 622 wu
HalleJMBaKMMUM yCTpoMcTBoM 630 Ha  BHEHXOOHOM  TOople. CucremMa
OXJIAXIOEHUS COINEPXMUT IOBe KPUOTEHHBEX XOJIOOMJIBHEIX MAallMHBE, IBE
KPMOTEHHEX IaHeJM 634 U KOXyX 638 C OoXJIaXIeHMeM XUIKMM a30TOM.
STa yHUMBepcallbHas KOHCTpYKUMA ofbeclieureaeT padboTy B MIMPOKOM
OraraszoHe IrapaMeTpor FRC.

[046] ANBTepHaATUBHOM KOHOUIYpalumel HOJIA MHXeKTOpoB 600
IyUYKOB HeWTpaJIbHEIX aTOMOB HABJAETCH KOHOUIypauus, obecheunpBammasd

TaHT'eHIIMaJIbHYIR MHXEeKIMIO GBICTpBIX yacTtul, B FRC-1m1asmy, HO IIOn
YITUJUIOM MeEHBIIe 90° OTHOCHTEJILHO IJIaBHOM OCH CHIMMe TPV LI,eHTpaJ'IBHOfI

eMkocTr 100 miga yOepXaHMAa. OTU THUIE OPUEeHTALUUM MHXEKTOPOB 615

[IYUYKOB IIOKaszaHe Ha o¢ur. 3C. KpoMe TOI'o, MHXEKTOPH 615 IIYUKOB
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MOTYT OHTH OPMEHTUPOBAHH TakK, UTO MHXEKTOPH 615 OyuykKoB Ha Jiodon
CTOPOHE CpelHeM IIJIOCKOCTHM LeHTpalJlbHOM eMrkocTu 100 mjd yoepXaHUA
ByoyT MHXEeKTMPOBaATHL CBOM YacCTHIUH K CcpeOHelM ILJockocTu. U,
HaKOHEI], OCeBOe IIOJIOXKeHMe 5Tux cucrteM 600 IYyUKOB MOXHO BHOPAaTh
OImxe K cpenHemn [LJIOCKOCTH. CLyZ| aJlb TepHaATHUBHEE BapMaHTH
OCYIEeCTBJIEHUI MHXEKINWM BOILIOmMalnT «0oJee LeHTPUPOBAHHHMY» BapMaHT
IIOIIOJIHEHM S, KOTOPHM ofeclieuMBaeT JIYUllyld CBS3b IIYUKOB U 0oJiee
BHICOKYID 5»OPeKTMBHOCTE 3axXBaTa MWHXEKTHPYEMBIX OBCTPEX YaCTHII.
[lToMMMO 53TOTO, B 3aBMCHMMOCTM OT VYIJla M OCEBOTO IIOJIOXEHUS DSDTO
PacIoJIOXeHN e VHXEKTOPOB 615 IYYKOB oBecnieunBaeT BoJee
HelOCPEeOCTBEHHEM U HEe3aBUCUMHM KOHTPOJIL OCEeBOTO YIJMHEeHUI U
oIpyI'mx xapakTepucTuk FRC 450. Hanpumep, MHXeKLMS IIYUKOB IIOI
MaJIeIM  YTJIOM A OTHOCUTEJILHO TJIaBHOM OCKH CUMMETPUM YIIOMAHYTOM
EMKOCTHM TIPpMBeIeT K co3JaHu FRC-1mjIa3Mel C yYBEJIMUEHHBEIM OCEBEM
YVIJVHEeHMEeM ¥ TIIOHWXEeHHOM TeMIepaTypoM, Torma KkKak nombop «Bojee
[EPIIEHIUKYJIAPHOTO» YyIJla A NIpuMBEIOeT K ILJlasMe, KOoTopad KOpoue B
OCeBOM HallpaBJIeHUM, HO Topduee. TakuM oOpasoM, YIOoJ A MHXEKLIUU
n MEeCTOIIOJIOXEHNE VHXEKTOPOB 615 [IYUYKOB MOXeT OHITH
OINTUMM3MPOBAHO IOJIA  PAa3JIMUHHX 1LeJlel. B  1nmonoJjiHeHue, Taxkoe
peryJupoBaHue yIJla YCTAHOBKM M MECTOIIOJIOKEHUSI MHXEKTOPOB 615
IIYUKOB MOXeT OO0ecCleuMTh IIYUKM IIOBBIIEHHOM »HepIuM (UTo B ofmeM
cayuyae  OJjaronpuaTHee OJsS  BosIeMcTBUA  OOoJbllel  MOMHOCTBI C
MEeHBIIMM PacxXOXIeHMEM IIYyUYKOB), KOTOPHE OOJIKHE OBTH MHXEKTUPOBAHH
B OoJjiee cJjlabele MaT'HMTHEE TII0JIS, YeM OvUIM OB HeOOXOIOMMHE B
IPOTMBHOM CJlydae NOJISd 3axBaTa Takux I[OIy4dKOB. I[IpyMuMHa DSTOTO
CBA3aHa C asuMyTaJIbHOM COCTaBJIAKIEeM SHepI'MM, KOoTopas olIpenejyderT
MacmTad® opbuT OHCTPHEX MOHOB (KOTOPEM OKa3HBaeTCsa IIOCTEeIlleHHO
yMeHbMIalMMUMCS II0 Mepe YMEHBIIEHMSA YyIJla MWHXEeKIMM OTHOCUTEJIbBHO
TJIABHOM OCH CUMMETPUNM YIOMAHYTOV eMKOCTHM IIPpM IIOCTOSHHOM SHEepIUM
IIyUKOB) . KpoMe TOT'0O, HAKJIOHHAafA MHXEeKUMS K CpeldHeM IIJIOCKOCTU U C
OCEBHMM IIOJIOXEHMAMM IIYUKOB, OJNM3KMMM K CpeOHeM IIJIOCKOCTH,
yJydlmaeT CBA3b «IIYUOK-ILJIa3Ma» HOaxe Tor'ma, Korma FRC-rmasma
CoKpamaeTCsa WIM WMHBEM O00pa30M CXMMaeTCHd B OCEBOM HallpaBJIEHUM B
TedyeHMe Iepurolla MHXEKIUM.
HaxexTop TabJeToK

[047] UYToOH 0O0OeCHeurTh CPenCcTBO IJIS MHXEKUMM HOBBX 4YaCTHUIL
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M JIydlleTO KOHTPOJIA o0fWero KoJuuecTBa dYacTull B FRC, Ha FRC-
cucrteme 10 wmcronoabsyeTcsa 12-THUCTBOJIBHHM MHXeKTop 700 TabjleTok
(cM., HamnpmuMmep, I. Vinyar et al., "“Pellet Injectors Developed
at PELIN for JET, TAE, um HL-2A"”, Proceedings of the 26th Fusion
Science um Technology Symposium, 09/27 to 10/01 (2010)). our.3
WIJIOCTPUPYET CXEeMYy PacIOJIOXeHUSa UuHXekTopa 700 TabieTok B FRC-
cucTeMe 10. IMIMHOPpUUEeCKME TabJIeTKU (D~1 MM, IL~1-2 MM)

UHXeKTUpylTCca B FRC CcO CKopocTblo B nuanasoHe 150-250 wwMm/c.

Kaxnmasa oTneJibHag TabjJeTKa COomepxuT nOpuMmepHo 5x101°  aTomoB
BOONOpPOIOa, UTO CPaBHMMO C OOIMM KOJMUeCTBOM UYacTuil B FRC.

CucTeMel IeTTepupOBaHUS

[048] Xopomwo  M3BECTHO, UTO  HeWTpaJIbHHEM  Tas000pasHBEM
TajloreH 4BJISeTCS Ccepbe3HOM IIpobJeMoM BO BCexX YISPXMBAIUX
cucreMax. [IpoueccH oBMeHa 3apagaMm n PEeLUUPKYJI SN
(BEICBODOXIEeHMS XOJIOOHOTO MaTepualla IIpuMeceM M3 CTeHKM) MOTYT
OKa3HBaTh NarydHoe BO3IOEMCTBME Ha yIepXaHue DHepITUMM M YacTUll.
Kpome Toro, Jgobas 3HauuTeJlbHas IJIOTHOCTHL HeWTpaJIbHOTO TI'ala Ha
TpaHulle MM OKOJIO Hee IpMBeleT K HeMelJIeHHBIM I[IOTepsaM 10 MeHbIen
Mepe 3HAUUTEJILHO COKpallamlyM BpeMsa KN3HU VHXEKTUPY EMBIX
(BEICOKODHEPTIEeTUUECKNX) UYacTHUL Ha opbuTax OOJbIMX OpOUT (TepMUH
«opbmuTa OOJBIWLOTO pamMyca» OTHOCUTCA K dYacTHUllaM, MMeKIVM OpOUTEH
B paMkKax TomnoJjoruy FRC wmiIM 1[I0 MeHbIey Mepe paauychH opodur,
KOTOPHE ropa3mo foJbime, yeM  JIMHEeMHHM  MacmTatd TpaamMeHTa
XapaKTepuCcTUUYeCKOT'0 MAaTHMTHOTO IOJIA), WM 2TOT (QaKT SBJISAETCHA
naryobHeEM OJIS BCeX DHepTeTHUeCKMX IMIPUIIOXEeHMM IIJIa3Mbl, BKJIOUASD
TepMOAIEPHEM CHMHTE3, M3-3a pasorpeBa IIyuKa.

[049] KoHIMUMOHMPOBaHME IOBEPXHOCTEeM SABJISeTCId CPpeICcTBOM, C
IIOMOImMEBI0 KOTOPOTO MOXHO OOpOoThbcsa ¢ HaryOHBIMM BO3OeMCTBUAMA
HeUTpaJlbHOTO Tasa M IIpuMece¥ WIM YyMeHbIlaTh STM BO3OEeMCTBUA B
yIoepxuBawmen cucrtemMe. C 2TOM leJiblo, B IOpenjaraeMol 3mech FRC-
cucreMe 10 wmcnosbp3ylTcad cucTeMel 810 m 822 ocaxXmeHMS THUTaHa U
JIUTUSA, KOTOPHE IIOKPHBAKT OOpalleHHBE K ILJIa3Me I[MOBEPXHOCTM KaMephl
100 ynmepxaHuda (MM eMKOCTM IJA yIOepXaHusa) © nuBepTopob 300
mwleHkam Ti wm/uiam Li (TOJIIMHaA KOTOPHEIX COCTAaBJIAET HOEeCHATKU

l\MKpOMeTpOB) . oTHU TIOKPHETIMA HaAaHOCATCA MeTOoIoaMM OCaXIeHMAd W3
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IapoBOM bastl. TBepOe Li u/Uim Ti MCIIapAnTCsa n/Uim
CYyOIUMMPYITCHA M HaANBJIAKRTCA Ha OJM3Jjiexalle IIOBEPXHOCTHM, o0pas3y4d
IIOKPHETUA. VICTOUHMKaAMM HABJIAKTCA fAOepHHEe I[IeuM C HalpaBJISOIYMU
comyamMm 822 (B ciaydae Li) wmiaM HarpeThHe chepsl TBEepHOT'O BelleCTBa
C HampabBJagomyMu OaHIaxamu 812 (B cayuae Ti). CucTeMs 10Js
ucnapeHus Li, Kak OpaBuJo, padoTanT B HEIPEpPHBHOM pPeXuMe, B TO
BpeMsa KkKak cyOamMaTophl Ti B OOJBIIMHCTBE CJydae padoTainT B

IepepsBax Mexnoy paboTol ¢ Ijla3Mol. Paboume TeMIepaTyph STHUX

CUCTeM  IIPEeBHIIAKT 600°C oJis [IOJIYYEeHHU S BOoJIbMMX CKOpoOCTeM
ocaxIeHNAd. YToOH OOCTUUD IpUeMJIEMOTO [IOKPHTUA CTEHOK,
HeOOXOOMMEl MHOXECTBEHHEE CTpaTeIMueCKM JIOKaJIM30BaHHBE CHCTEME
ucrnapeHrs wu/munam cybaumManmuu. Ha o¢ur.9 noapo®HO WILICTPUPYETCS
IPEenIouTUTEeJIEHOe pacliojioxeHue cucTeM 810 m 820 IeTTepUpOBaHUA B
FRC-cucreme 10. [TOKPEITUA OeCTBRYIT Kak reTTepupyomme
IIOBEPXHOCT ¥ 20OeKTMBHO OTKauMBalT HelWTpaJlbHEEe aTOMH U
aToMapHBEe MOHH B 1LI&JIOM, a TakKxXe MOJIeKYJIAPpHBE MOHH UM HeWTpaJbHHEe
MoJiekyJitl (H m D) B LeJIoOM. 3TUM [OKPHTHA TaKXe CHMWXKAKT COIepXaHue
IPYTUX TUIMYHEIX I[IpMMecel, TakMue, KakK YyIJIepod ¥ KUCJIOPOL, IO
He3HauUMTEeJIbHHX YPOBHEMN.

SBepkaJjipHBIe IPOOKHU

[050] Kak vykazaHo Beme, B FRC-cucreme 10 [OpUMeHSITCSA
Ha®OpH 3epKaJibHHX kaTymek 420, 430, m 444, noka3aHHHEX Ha OuUI.2
n 3. IlepBeM Hadop 3epKallbHEIX kaTymek 420 HaxoOuMTCcad Ha IOBYX
OCEeBEIX Toplax kaMeph 100 yOoepXaHMSA M He3aBUCUMO BO30yXIaeTCs OT
yoepxmuBaommMx raTymerk 412, 414 m 416 TJIaBHOM MaATHUTHOW CUCTEME
410. TlepBHlM Hadop 3BepKaJIbHEIX KaTymek 420 crnocodcTByeT IJIaBHBM
oBpa30oM VYIPaBJEHUMI M OCeBOMy pacnojgoxeHun FRC 450 Bo BpewMmdA
obwenuHeHUsa U obOecleurBaeT KOHTPOJL NIPMIOAHMSA PaBHOBECHOM (QOPME
BO BpeMd IonmepxaHusa. IlepBe Habop 420 3BepkKallbHHX KaTylek
cosmaeT MaTHUTHHE II0JIA C HOMMHAJILHO OoJiblleM MHIOYKLMEeM (IPpUMMepHO
0,4-0,5 Ti), ueM N LIeHTPpaJlbLHOTO YIOEePXUBAKIEeTO roJid,
Cco3IaBaeMOTO ILeHTpallbHOM YyIepXuBawomelr kaTymko¥ 412. BrTopon
Hab®op 3epKaJIbHEX KaTymek 430, KOTOPHM BKJOUaeT B cebd Tpu
KOMIIaKTHEE 3epkaJibHbele KaTymky 432, 434 m 436 KBa3UIIOCTOSHHOTO

TOKa, HaXOoIMTCHA MeXIy @OpM_T/IpyIOH_[MMM cekuuaMmu 200 wm OIVMBEPTOpPaMM1
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300 m Bos3OyXmaeTcsd IMNOCPeICTBOM OOMero WMMIOYJILCHOTO MCTOUYHMKA
NIUTaHug. 3epkKaJibHBle KaTymku 432, 434 wm 436 BMecTe C OoJee
KOMIIAKTHEIMM MMIIYJIECHEIMM 3ePKaJIbHEMM [OPOOOUHEIMM KaTymkamvu 444
(IMTaeMBMU IIOCPEenCTBOM eMKOCTHOTO MCTOUHMKA OUTaHUA) u
dusuueckuM cyxeHueMm 442 oBpasyioT 3epKaJibHbee OpoOku 440, KOTOpPHE
ofecrneumMBamnT Y3KUNM TpaKT C HU3KOM B3JIEeKTPONPOBOOHOCTRID Taza U
MaTHUTHBEIMM IIOJIIMM C OUEeHb BECOKOM MHIOIYKTMBHOCTBIO (B IMalas30He
2-4 Tjn nOpu BpeMeHax HapacTaHusa TOpuMmepHo 10-20 wmc). Hawmbojee

KOMITaKTHEIE VIMITYJIBECHEIE 3e€pPKaJIbHEEe KaTYIIKNM 444 yMelnT KOMIIAaKTHHE

paImuajibHEIE pPa3MepH — PacToOUeHHOe OTBepcTuMe nuamMeTpoM 20 cM u
AHAJIOTMYHYID OJMHY - II0 CPaBHEeHMI C IJIOCKOM KOHCTPYKILUEN,
npenycMaTpUBamIen BEICBEPJIEHHEIE OTBEepPCTUS c TLJTIOCO BEIMM

MeTPUUECKMMM OOIIyCKaMM OoTpaHMumMBammmx katymek 412, 414 wm 416.
HasHaueHMe 3epkKaJibHBEIX Opobok 440 mMHOorTo3HauvHOo. (1) Karymkm 432,
434, 436 m 444 1UJIOTHO YBASHBAKT U HaOpaBJIAKLT IIoBepxHoCcTM 455
MaTHMTHOT'O IIOTOKa W TekKymme K Toply cTpyu 454 1jasMel B
oTnaJleHHEle KaMephl 310 OMBEepTOPOB. 3T0 HnompasyMeBaer, uTo
BHIIIY CKaeMble YacTUUE  OOCTUIAT OVEBEPTOPOB 300 HalJiexallyM
ofpasoM, M UTO UMMEKTCH I[IOBePXHOCTM 455 HelpephBHOT'O IIOTOKA,
KOTOPEE CJenylT K3 objlacTu 452 JIMHUY OTKPHTOIO I[IOJIA LIeHTPpaJIbHOM
FRC 450 Ha BCeM IIyTM K IOuUBepTopaM. (2) Odusnueckue cyxeHus 442 B
FRC-cucreme 10, uUepe3 KOTOPHE YIOMAHYTHEe KaTymku 432, 434, 436
n 444 pamoT BOBMOXHOCTBL I[IPOXOIOUTH IIOBEPXHOCTAM 452 MaTrHMTHOTO
noToka " cTpyaMm 454 mnjasMel, 3aTpyIOHART TeudeHMe HeMTpaJIbHOTO
raza M3 IJIa3MeHHBEX Oymek 350, KOTOpHEe CcuUOAT B IOuBepTopax 300.
[lomoBHEM Xe 00pasoM, CcyxXeHMsa 442 npemoTBpamalT oOpaTHOe TedeHUe
Taz’a oT odopMmupylmux cexkuun 200 x guBepTopaM 300, TeM caMbM
yMeHbIlasgs KOJMUECTBO HeWTpPaJIbHHEX YacTHull, KOTOpPHEe MIPUXOAUTCSH
BBOIUTE BO BCK FRC-cucrtemy 10 B HauaJe 3Banycka FRC. (3) CTporo
OCeBEEe 3epKaljla, obOpas3yeMee kaTymkamm 432, 434, 436 wu 444,
YMEHBIAKnT OCeBHE norepu  dacTuil W, TeM  CaMblM, CHMXAKT
CIOCOBHOCTE UYacCTUll K HapalllesilbHOWM 1Iuddy3MM IO CUIJIOBHM JIMHUAM
OTKPLEITOT'O IIOJIA.

OceBErle IIJIa3MeHHBIe IIVIIKHU

[051] ToTokm I1ja3Mel M3 IOylmek 350, YyCTaHOBJIEHHHX B KaMepax

310 OMBEPTOPOB 300 npenHasHadeHs  OJI4 YIydlleHuda  paboumx
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XapaKTepUCTUK YCTOMUMBOCTM M IIYyUKOB HEWTPAJILHHX UYacTHull. [IymKu
350 yCTaHOBJIEHH I[IO OCKM BHyTpM kaMmMep 310 mmeeprTopoB 300, kak
OPOMJUIIOCTPUPOBAHO Ha ¢ur.3 m 10, m cosmanT IJla3My, TeKYIY
BOOJIb JIMHUM 452 OTKPHTOIC IIOJIA B IMBepTope 300 M O HaOpaBJIEHUO
K UeHTpy KkaMmepe 100 vynmepxaHmsa. Ilymxun 350 paBoTabT Opu
BEHICOKOILJIOTHOM TI'a30BOM pas3pfAle B KaHajle U3 IakeTa manb wu
npenHa3HadeHH OJId TeHEPUPOBaAHUSA HECKOJIbKUX TEIC Y aMIiep
[IOJIHOCTBLI0 MOHMBMPOBAHHOM ILJIa3Mbel B TeueHuMe 5-10 wMc. IIymkm 350
BRJIOUAT B cebd MMIIYJIBCHYK MaT'HUTHYKR KaTyllKy, KOoTopasd coIJlacyeT
BHIXOIOHOM IIOTOK IIJIa3MH C KeJlaeMBIMM pasMepaMy IJla3MeH B kKaMmepe 100
yoepXxaHusa. TexHMUeCKMe IapaMeTpr IOylek 350 XapaKTepu3ywonTCcs
KaHaJioM, WMelmyM BHEMHWY »OuaMeTp 5-13 CcM ¥ BHYTPEHHUM OMaMeTp
no npumepHo 10 cM, U obecneumBalT pas3panHem Tok 10-15 kA 1pu
400-600 B mnocpeICTBOM BHYTPEHHETO MATHUTHOTO IIOJIA  IIYINKH,
VMemero MHOYKIMIO B IOManaszoHe oT 0,5 mo 2,3 TJ.

[052] TloTokM TIas3sMe M3 IIyIIeK MOT'YT IIPOHM3EBATE MaTl'HUTHEE
[IOJIA 3epKaJibHBIX Opodok 440 m Teusr B OpopMupyomyn cekuuwo 200 wu
kaMepy 100 ynepxaHusa. OS0OeKTMBHOCTE IIepeHOoCa IlJIa3MBEl Uepes
3epKajJibHEEe OIpoOkm 440 ypelMuMpBaeTCHa C yMeHBIIEHMEM pPacCCTOSAHUA
Mexny nymkaMy 350 m nopooOxkamm 440, a TakXe C pacCllMpeHMeM WU
ykopoueHueM NpoOok 440. B OpMeMIIeMEX YCJOBMAX, KaxIasd M3 IIyleK
350 MoOXeT TI[OCTaBJIATL IPUOIM3UTEJbHO 1022 OIPOTOHOB B CEKYHIY
yepes 3epkalibHBEe Npodku 440 ¢ MHOYKTUMBHOCTBID 2-4 TJ HOpM BECOKMX
TeMIIepaTypaxX MOHOB M D2JIEKTPOHOB, COCTaBJIAKMUX OpuMepHOo 150-300
5B m npumepHo 40-50 5B, coorTeeTcTBeHHO. Ilymkm 350 oBecrneunpBapnT
3HAUUTEJIEHOE IIONOJIHEHME T'paHUUHOTO cJiosga 456 FRC u  yJydlleHHOe
ofmee ymepXaHMe UYacTul, nocpencrtsom FRC.

[053] YUToOH IOOIOJIHMTEJIBHO IIOBEHICUTEL IIJIOTHOCTE ILJIa3MBI, MOXHO
OpUIO OB MCIIOJIE30BATE I'a30ocellapaTop OJA OTIOHa OOIIOJHUTEJIBEHOIO
raza B IIOTOK IulasMe w3 Oyumku 350, 310oT MeTOon ob0ecleunBaeT
yBeJIMUeHMe IIJIOTHOCTM MHXEKTUPYEMOM TIJia3Mel B HeCKOJIBKO pas.
TazocenapaTop, YCTaHOBJeHHHM B FRC-cucrteme 10 Ha oOpameHHOM K
oueepTopaM 300 CTOPOHE 3epKaJIbHEIX npoBoK 440, YIydmaeT
[IOIIOJIHEHME TpaHMYHOTOo cJjoga 456 FRC, ¢dopmuporaHme 450 m JMHEeMHOe
CBA3BBaHME I1JIa3MEl.

[054] 3amaradchb BCeMU pPerymupyeMeMI napaMeTpaMu,
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PACCMOTPEHHEMM BHIIE, a TakKXe YUMUTHBASA BO3MOXHOCTE pabOoOTH JIMIIBE C
OOHOV WM OBYMA [IyllKaMM, JeTKO I[IOHATE, UYTO »OOCTYIeH MIUPOKUM
CIeKTp paboumux pPeXMMOB.

CMmemaramne SJEKTPOOE

[055] DJSnexTpuueckoe CMelleHMe IIOBEPXHOCTEeM OTKPHTOTO I[IOJIA

MOXeT 0BeClIeunThb PaimalibHEIe IIOoTeHIalJlkl, KOTOPEIE IIPMBOOAT K

a3UMy TaJlb HOMY OBIVDKEeHMIO, ExB, obecrneurBaKniIeMy MexXaHU3M
yhpaBJIeHU S, AHAJIOTUMUHEI IIOBOPOTY PYKOSATKHU, oJia yHIOpaBJIEHUA
BpalleHMeM JIMHEMHOM IJIasMbl OTKPHTOIO IIOJIL, a Takxe (QaKTUUeCKOM
akKTMBHOM 30oHOM 450 FRC [OCpeICTBOM pasphBa CKOPOCTM. UTOOH
OOCTUUb 3TOTO  YIpPaBJIEHUSA, B FRC-cucTemMe 10 IPVMEHSAITCHI
PasJIMUHEIE BJEKTPOINE, CTPaATETMUYECKM pPas3MelleHHEe B  pPas3JIMUHBEIX
JacTax MallHH . dur.3 WILJIIOCTPUPYET BJIEKTPOOE CMENEeHU S,
PAaCIIOJIOXKEHHEIE B TIIPENNOUTUTEJIBHEX MEeCTOIOJIOKEHUAX B Ipenejax
FRC-cucTemMu 10.

[056] B npumHLMIIE, cCcymecTBy©RT 4 KJacca BDJIeKTPOIOB: (1)
TOUEeUHEEe DJIeKTpome 905 B kamepe 100 ymepXaHMA, KOTOPHEE BCTYIIAKT
B KOHTAKT C KOHKPETHHMM CWJIOBBEIMU JIMHMAMKM 452 OTKPHTOI'O IIOJIA Ha
rpaHulle FRC 450, obecrneumMBas JIOKaJIbHYI 3apdOKy; (2) KOJBILEBHE
syexkTpons 900 wMexmy kaMepor 100 yHoepXaHuMs ¥ QOPMUPYIIVMH
cexkuuavm 200, npenHasHaUeHHBe IJIS  a3UMyTalJlbHO-CUMMETPUUHOM
3apA0KM  yHOaJIeHHEX OT TIpaHuMUe cJjoeB 456 1moToka; (3) HOakeTH
KOHLEeHTPUUEeCKUX BJiekTponoe 910 B zmguBeptTopax 300 1mjsa 3apdnoku
MHOXECTBEHHHEX KOHIIEHTPUUECKMX cJioeB 455 mnoToka (BcJIeICTBUEe UYeTro
BHIOOPOM CJIOEB MOXHO YIIPAaBJATH NOCPENCTBOM PETYJIMPOBAHMA KaTyIek
416 Cc Uedbl pPeryJMpOBaHMA MATHMTHOTO IIOJIS OMBEPTOPOBR Tak, YTOOH
3aBepmaThk XeJlaeMble cJioM 456 MoToKa Ha IOJDKHEIX BJekTpomax 910);
M, HakoHel, (4) axmomer 920 (cM. ¢omr.10) camMmMx IIJIa3MeHHHX IIYyIIeK
350 (KOTOpHE IepeXBATHEBAKT BHYTPEHHME I[IOBEPXHOCTU 455 OTKPHETOI'O
IoJIA OKOJIO cenapatpuckl FRC 450). Ha omr.10 m 11 nokasaHH
HEKOTOPEE TUIINUYHEE KOHCTPYKLUMM HEKOTOPHX BJIEKTPOIOB.

[057] Bo BCex cIJyyafax, 3TU DIIEKTPOLOH BO3OYXIamwTCH
[IOCPEenCTBOM  MMIIYJIECHEIX  MCTOUHMKOB  IIMTaHMA WM  MCTOUHMKOB
IUTaHUSg I[IOCTOSHHOT'O TOKa IIPpM HallpSKeHMAX IOpuMepHo no 800 B. B

3aBUMCVMMOCTHM OT pPasMepoB 2JIeKTpoIoIoB WM MeCcT, TIT'oDe Te IlepeceKalT
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[IOBEPXHOCTK IIOTOKa, OKa3EBaeTCd BO3MOXHEM I[IO0TpelJjleHMe TOKOB B
KMJIOaMIIEPHOM IOMalia30He.

HenonnepxuBaemass paborTa FRC-cucTeMbl — OOBRYHEI DEXMUM

[058] CranmapTHOe OQopMMpoOBaHMe IIa3Mel B FRC-cucrteme 10
cJlenyeT XOopolo pa3pafoTaHHOMYy MeTony TeTa-IIMHUa C OOpalleHHEM
nojeM. THUIOMUHEIM IOpollecc 3alycka FRC HaumHaeTcda BO30yXIeHUEM
kaTymex 412, 414, 416, 420, 432, 434 um 436 KBa3UIOCTOSHHOTIO
TOKa IOJiA paboTH B YCTAHOBMBIIEMCS  COCTOSHUM. BaTeM Lenu
VIMITYJIbCHOM MOIHOCTU bopMUpyMUX cucTeM 210 MMNOYJILCHOTO NUTaHUA,
IpenHa3HadYeHHHE 0JId CO3IaHmsd BEHICOKOUYACTOTHOM TepMUUECKON
IJlas3Mel, BO3DYXIAKnT KaTylKM 232 BO30OYXIEHMSA MMIIYyJIECHOT'O OBCTPO
ofpamaeMor'c  MalHUTHOI'O  IIOJIA, cozmaBasd BpeMeHHOe o0oO0paTuMoe
CcMelleHMe IpuMepHo -0,05 Tin B ¢QopMupyomMx cerumax 200. B sToT
MOMEHT B IBa (OopMMPpYyKRINX OO0BeMa, OI'paHMUeHHEX KaMepamu 240 B
bopMe KBaplieBEHX Tpyd (CeBepHOM U XHOM) dopMupyiommx cerkumm 200,
VHXEKTUPYIOT 3apaHee 3agaHHOe KOJMUEeCTBO HEWTPaJIbHOTO Tasa IIpu
9-20 psi (QyHTOB Ha KBaIOpaTHEN IIOVIM ) Jepes  MHOXECTBO
a3VMMyTaJIbHO—OPUEHTUPOBAHHEX [IPOOYBOUHEX KJlallaHOB BO (QJjaHLax,
HaxoOAIMXCHA Ha BHENHMX Toplax ooopMupylmux cexkuuy 200. 3BaTeM U3
HabOopa aHTeHH Ha I[IOBEPXHOCTM KBapLeBHX TpyO 240 IeHepUpyKT IIOJIe
Ha  MaJlBElX  BBICOKMX  dYacToTax (~ COTHM KWJOTepl), coznaBad
IpelBapUTeJIbHYID MOHM3aLuio B dGopMe objlacTeM JIOKaJIbHOM HadaJlbHOM
MOHMBaUMM B IIpelejlax CToJIOOB HeMTpaJlbHOTO Ta3a. 3a »TUM CJeayeT
IpMMeHeHre  TeTa—-KOJIbIEeBOM MOOYyJALUM K  TOKY, BO3OyXIaKnleMy
KaTyIKA 232 BO3OYXIEHUS VIMITYJIE CHOT'O OBEICTPO obpamaeMoTo
MaTrHMTHOTO I[IOJI, UYTO IMIPUMBOIOUT Kk OoJee oOmeM OpeldBapUTesIbHOM
MOHM3alUuM CTOJIOOB Ta3a. B  3BakjoyeHMe, 3alUTHBaKT OCHOBHEE
VIMIIYJIbCHBElE MCTOUHMKM [IMTAaHMA QOpMUPYHIMX cucTeM 210 MMIIYJIECHOTI'O
OIVUTaHUg OJA BO30DyXIOeHUs KaTylek 232 BO30OYyXIEHUS MWMIIYJIECHOTO
OeICTPO oOfOpallaeMOI'0 MaTlHMTHOT'O IIOJIf, COo3maBad IIoJile C IIpAMEM
CMelleHVeM M MHOYKTHMBHOCTBK Ho 0,4 Tij. 3TOT »Tall MOXHO IIPOBOIUTEH
B TakKoM TIOCJIeOOBaTEJILHOCTM BO BpPEeMeHM, UTO IO BCeM IJMHE
KBaplepBHxX TpyO 240 paBHOMEPHO TeHepUupyeTcHa IoJie C IIpAMEM
CMelleHV EeM (cTaTnyeckoe bopmMmpoBaHUE) VI ooCTUT'aeTCcd
mocjienoBaTeJibHaAA I[IepUCcTaJlbTUUYeckad MOOYJALMA IIOJIA BIOOJIB OCH

bopmupymKx TpyOok 240 (DMHaMMUeCKoe QOpMMPOBaHME) .
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[059] Bo BceM »ToOM Ipollecce (QopMUPOBaHUA (QaKTUUeCKOoe
oBpalleHre II0JIA B IJIa3Me I[IPOUCXOIUT OEICTPO B Ipelejyiax IIPpUMEepHO 5
MKC. MHOTOIMI'aBaTHAaA VIMITYJIbECHAa g MOIIHOCTE, [IONBOOMMA A K
bopMMpyeMOM ILJIasMe, JeTI'Ko co3maeT Tropsaure FRC, KOTOpHE 3aTeM
MHXEeKTUPYITCA U3 QopMuUpylmMx cekumm 200 MocpenCcTBOM IIPMMEHEHMA
hisZiele) [IOCJIeDOBATEJILHO oCyImeCcTRBJIIAEeMOM BO BpeMeHU  MOIYJIALUU
MaTHUTHOTO TIOJIA B nepenHeMm IOJIYIIPOCTRAaHCTBE (MaTrHMUTHASA
nepmucTajJbTrKa), Jubo BpeMeHHO YBeJIMUEHHEX TOKOB B IIOCJenHel
KaTymke M3 HabopoB 232 KaTyIleK OKOJIO OCEBHX BHEIMHMX TOPILOB
dopmupyiomux Tpy® 210 (popMMpOBaHME OCEBOTO T'palMeHTa MaTlHMTHOTO
IoJIsi, KOTOpPHM ofpameH B OCeBOM HallpaBJleHMM K Kamepe 100
yIoepXaHns) . Obe bopMHUpYIIME FRC (ceBepHasda u oKHa4g) ,
COOpPMMPOBAHHEIE TaKMM OO0pasOoM UM YCKOPMBIIMECS, IIOTOM pPacCHlMUpSRTCS
B kamepy 100 yIepxaHudg, ¥VMeomyln OOJbIMY »OIMaMeTp, I'IOe KaTyIKU
412 KBa3MUIIOCTOSHHOTO TOKa CO3OakT II0JIE€ C MNPAMEM CMEMeHUeM IJIS
yhnpaBJIeHVa pPalMaJibHBEIM pacliMpeHreM M OOeclledeHMs pPaBHOBECHOTO
BHEIMMHETO MaTlHMTHOT'O IIOTOKA.

[060] Kak TOJIb KO ceBepHasa ¥  OXHada bopMUpYIMIE FRC
OpuOHBAT B OKPECTHOCTHL CpenOHel IJIOCKOCTM Kameph 100 ymoepxaHUs,
s FRC cTaskuBaiTCcAa. OCeBHEe KUHeTUUEeCKMEe SHepI'MM BO BpeMd
CTOJIKHOBEHMS CeBepHOM M IOKHOV ¢opMupylmmux FRC OoJblied dYacThbio
TepMalin3yonTCca, IIOCKOJbKYy FRC, B KOHEUHOM cCcueTe, OOBEOUHAKTCH B
enunyio FRC 450. B kamepe 100 yomepxaHMsda BO3MOXeH OoJIbIOM HaB®OP
MEeTOINOB IMATHOCTHUKM ILJIa3MH IJIS M3yUueHUSI paBHOBecuir FRC 450.
TunmuHele paboume ycjoBua B FRC-cucteme 10 makloT cocTaBHy FRC c
pamnycaMmM cenapaTpuce OpuMepHo 0,4 M M OCEBOM MIPOTIXEHHOCTBLI
OIpMMEepPHO 3 M. [OMNOJIHUTEJBHEIMM XapaKTEepUCTHUKaMM SABJISITCS BHEMHNME

MaT'HMTHEE TIIOJIA C MHIOYKTMBHOCTER JIIPMMEPHO O,l T, IIJIOTHOCTU

mIasMel IpuMepHo 5x101° M3 u [IoJIHOM TeMIepaTypor IJlasMel mo 1 K3B.
Be3 kakom-JmOO TMONNEPXKM, T.e., IIPpU OTCYTCTBUM HarpeBa U/WiIu
BO3OYXIEeHMA ToKa C IIOMONbI WHXEKIMM I[IYUKOB HeWTpallbHBEX UaCTHUIl
WV JOPYTHUX BCIOMOTATEJLHEX CPelCTB, BpeMd XM3HU 2Tux FRC, T.e.
coBCcTBeHHOEe BpeMsa BHIEPXKUMBAHUSA XapaKTepUCTUUECKOM KOoHOUI'ypaluu,
OTpaHMUMBaeTCsa BEeJIMUMHOM MIpUMMepHOo 1 McC.

9KCHepMMeHTaﬂbHHe I aHHEIE HeHOﬂﬂerMBaeMOﬁ paéoTH ~ OOBIYHEI
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pexmm

[061] Ha our.l2 mnokaszaHa TUIMUHASA BSBOJIOIMS BO BpPEMEHMU

painyca Iad MCKJIIOUAEeMOT'O IIOTOKa, KOTOPHM allpOoKCUMMPYET paanyc
r's CelapaTpPMUCH, OJ4 WLIIOCTPpaluM OMHAMMKM I[IPOMCXOIOAMEeIro B TeTa-—
IMHYe npoliecca OBBeIVHEHNU A FRC 450. OBa VHOUBUOY aJIbHBIX
mlasMouma (CeBepHHM M IOKHHIM) CO30alnTcad OOHOBPEMeHHO, a IIOTOM
YCKOPAITCS, BHXOIOS M3 COOTBETCTBYWIMX bopMupyomMUx cekummt 200 co

CBEPX3BYKOBOM CKOPOCTBIO Vz~250 &M/C, ¥ CTaJKUBATCS OKOJIO

cpernmHeM IJIockocTM Ipu z=0. BO BpeMsS CTOJKHOBEHUS I1LJla3MOUIELI
npeTepreBanT oCeBOe cxaTue, 3a KOTOPHM crenyer OrICTPOE
pairaJIbHOe M OCeBOe pacllupeHMre, IOpexlie uYeM, B KOHIle KOHIOB,
00LeIMHUTLCSA, 00pas’ysa omoHy FRC 450. O HaIMuMM Kak palnajbHOM,
Tak ¥ OCeBOM IMHaAMMKM, CBUIETEJLCTBYIT [IOIPOOHHE M3MEepeHUM
OpodmiIsg MJIOTHOCTM M TOMOTpadMsa Ha OCHOBe BDOJIOMeTpa.

[062] IIaHHBE, T[IOJIYYEHHHE B pPe3yJibTaTe HEeloOIepXUuBaeMOoT'O

paspsana, FRC-cucTtemul 10 rokaszsaHbe Kak OQYHKIVM BpPeMeHM Ha our.l13.

FRC wmHMUMMpyeTcd B MOMeHT t=0. PaIuMyC MCKJIOUaeMOT'O IIOTOKa B
cpemHe¥ BIOJIb OCM IIJIOCKOCTM MallMHH IIoKasaH Ha o¢ur.l3(a). 3Twu
OaHHEE IIOJIYYEHH M3 MaTpMUE MATHMTHEX 3O0HIOB, KOTOPHE pas3MelleHE
YyTb-UyTh M3HYTPM BHIIOJJHEHHOM M3 HepXaBelmel CcTajli CTeHKU
KaMepH YyIOepXaHMd W MW3IMEPdT O0CeBoe MarlHMTHOoe IoJie. CraJjibHasd
CTeHKa ABJIAeTCA XOpOoUIMM  CPemCTBOM  COXpaHeHud IIOTOKAa BO
BpPEeMeHHHX paMKax paspdana.

[063] Ha our.13 (b) [IOKAa3aHH JIMHeMHO-UHTeTpaJlbHue
IJIOTHOCTHM, IIOJIydeHHEe M3 paboTawnmerl'o IO 6 xoplaM MHTepdepoMeTpa
IJIS omnpenejieHrs conepxaHusa COz2/He-Ne, pacnojoxeHHoro B z=0. C
y4eToM BEPTUKAJILHOT'O [epeMeleHn g (y) FRC, U3MEePAEeMOT O
IOCPENCTBOM OOJIOMETPUUECKOM ToMOTpaduy, mMHBepcud O Afesn maerT
opoduiM paclhpenejieHMs  ILJIOTHOCTM  comjlacHo o¢our.l1l3(c). Iloce
HEeKOTOPOTO OCEeBOTO M paIuallbHOTO KoJjieBaHua B TeueHue neprou 0,1
MC, ycTaHaeBJMeaeTcid FRC C HEKOTOPHEM «IIOJIEIM» MIPOOUIIEM IIJIOTHOCTU.
3TOoT HOpoduIE ABJIAEeTCHd OOCTATOYHO  IIJIOCKUM, C CyIleCTBeHHOMU
IJIOTHOCTBK Ha OCH, KaK TpelOynT PaBHOBECHA B TUIMUHEX IIJIOCKUX
FRC.

[064] Ha o¢ur.13(d) mnokaszaHa I[OJHad TeMllepaTypa ILJla3MH,
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BEIBEIOEeHHAas MCXOOsa nu3 paBeHCTBa oaBJIeHUM u TMTOJIHOCTEIO
COOTBETCTBYyKIass pPacCesgHUMK IO TOMIICOHY W CIEeKTPOCKOINYeCKUM
V3MEPEHMAM.

[065] AHaJgM3 BCer'0 MaCCHBa [»OaHHBX MCKJ0UYaeMOoI'Oo IIOTOoKa
yKas3eBaeT Ha TO, uYTo ¢QopMa celapaTpuce FRC (mpubimxkaeMa s
OCEeBEIMU MNPOoOMUIIAMM) IIOCTEelleHHO DBOJIOIMOHMPYET OT KPYTOBOM K
SIJIUIITUUYECKOM . OTa »BBOJOLUMA, IIokas3aHHas Ha ¢our.ld, corJjlacyercs
C IIOCTEeIleHHHM MaTHUTHEM IIepesaMblKaHMeM C IIepexoIoM OT OByX FRC

K OmOHOM. B camoM gmeJjie, TIpyOwe OleHKM IIO3BOJISIT IIPeOloJIOXUTE,

dTo B STOM KOHKPETHOM cJiydae BO BpeMA CTOJIKHOBEeHMA
IIepesaMbeIKanTCAd IIPVMIMEPHO 10% MaT'HVMTHEIX IIOTOKOB IBYX

nepBoHauUaJIbHEIX FRC.

[066] IamHa FRC MOHOTOHHO CcoOKpamaeTcsa C 3 M OO IpUMEpHO 1
M B TeueHMe BpeMeHM Xxu3HM FRC. 3TO COKpalleHUe, BMUIHOE Ha
our.l14, mnpenmnojlaraeT, 4YTO NpKU yIepXaHuM FRC IOMMHUPYKT TJlaBHBM
oBpa30M KOHBEKTMBHEE IIOTEPU D2HEPIMM. [IOCKOJIBKY IaBJIEHUE ILJIa3MH
BHYTPM CelNapaTpUCH YMEeHBIIaeTCcd OvCTpee, UYeM MaTl'HUTHOEe IaBJIeHUE
CHapyXHu, HaTSXKeHMe CUJIOBHX JIMHUM MaTHMTHOTO IIOJIS B TOPLEBHX
ofJlacTaAxX NPUBOOUT K OcCeBOMy cxaTuio FRC, BOCCTaHarJIMEBaAd OCEeBOE U
pamuaJibHOe paBHOBecHe. [Jd paszpdala, paccMaTpMBaeMoI'oO B CBA3U C
bur.13 m 14, oTMeTMM, UTO MATHMTHHEM IIOTOK, oOOfIee KOJUUECTBO
YacTull ¥ TerJioBas sHeprusa FRC (npumepHo 10 MB6, 7x101° uvacTui, u
7 kI, COOTBETCTBEHHO) YMeHbIAlTCHa, IpPydo TITOBOpPHA, Ha IIOPAIOK
BeJIMUMHE 3a I[IepBYyK MUJJIMCEKYHOY, KOTI'Ia BHABJSAETCS MCUe3HOBeHME
praBHOBecua FRC.

IlonnepxuBaeMasi paboTa - BECOKOSQPEeKTHUBHEIN pexumM FRC

[067] Ha owur.l2-14 npuBeleHB IIPUMMEPH, XapaKTepusyolue
pazpymeHue FRC 06e3 kakoM-Jamubo momomepxXxku. BmecTe ¢ TeM, B FRC-
cucrteme 10 T[OIPUMMEHATCHS HeCKOJLKO MeTOOOB IJIA OaJlbHeMmeIro
yayudmeHusa yoepxaHusa FRC (BHYTpeHHeM aKTHMBHOM 3BOHH UM I'PaHUUYHOTO
CJIo4) IJId IOOCTWXEHMS BHCOKOBOPEKTHMBHOTO pexuma FRC M TIOOIEepXKU
KOHOUTYPALIUA .

IIyuky HenTpaJIbHEIX YaCTUI]

[068] CHauaJla OBICTPHEE HeWTpaJlbHEEe dYacTulue (H) B BuUIOe

ITY4YKOB VMHXEeKTHPYITCHA ns BOCBEMM VHXEKTOPOB 600 ITYUKOB
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HelTpaJlbHHX YaCTUIL [EPIIEeHINKYJIAPHO B.. [Iyuyku OBIC TPHIX
HeUTpaJlbHHX YacTUl MHXEeKTHPYITCS C MOMeHTa oO0beIMHeHUMS CeBepHOU
1 ©oKHOM dopMmmpykmmx FRC B kamepe 100 ynepxaHusa B onHy FRC 450.
BriCcTpEle MOHB, CO3O0akBaeMble IJIaBHBEM OO0pa30M I[IOCPelCcTBOM OOMeHa
3apsangaMM, M¥MelT OeTaTpPOHHHE OPOUTH (C [IEepPBUYHBEIMKM paguycaMi B
paMrax TOIIOJIOTUN FRC VI 1o MeHbIIe  Mepe 3HaUUTEJILHO
[IPEeBHIMAKIMMMY  XaPaKTepPUCTUUECKUM  JIMHeMHBM MacmTad® I'padMeHTa
MaTHMUTHOTO IIOJIS), KOTOPHE CIOCOOCTBYIT asuMMyTalJIbHOMY TOKY FRC
450. TlocJie MNPOXOXIeHMSI HEeKOTOpOM HoJM pas3psma (uepe3 0,5-0,8 mMc
Ha CHMMOK) , OOCTaTOYHO foJbmas MIONYJIALMS OHICTPHIX  MOHOB
3HAUUTEJBHO yIydmaeT CBOMCTBa BHYTpeHHeN YCTOMUMBOCTHU u
yoepxaHusa FRC (cMm., Hanpumep, M. W. Binderbauer um N. Rostoker,
Plasma Phys. 56, part 3, 451 (1996) ). Kpome TOTO, nu3
[IEPCIEKTURH IOIOOEPXKM BHTEKaeT, UYTO IIYy4YKM W3 MHXeKTopoB 600
IIYUKOB HeWTpaJIbHHX UYacTHUIl ToXe ABJIAKTCHA IIePBUUHBIMY CpedCTBaMA
BO3OYXIEeHUA TOKa M HarperawnT FRC-masmy.

[069] B pexume I1J1a 3MEL FRC-cucTeMr 10 OHICTPHE  MOHH
3aMeJIAITCA B IIEepPBYKD OdUepelb Ha DJIeKTpoHaXxX IJa3Mel. B TedueHue
PaHHEeM dYacTHu paspdala THUIMUHHE YCpelOHEeHHBEe II0 opbuTaM BpeMeHa
3aMenJieHusa OBCTPHEIX MOHOB coctTaiggonT 0,3-0,5 MC, UYTO NPUBOIOUT K
3HauUMTEeJIbHOMY HarpeBy FRC, B IIepByl oOuepenb, BJIEKTPOHAMNA .
BEICTpPEIE MOHH COBeplaloT OOJIbliMe palMaJibHbBle DBDKCKYPCHEH Hapyxy OT
cerapaTpMuCH, I[IOTOMY UYTO BHYTPeHHee MaTHMTHOe IoJle FRC 1o cBoeM
opupole MMeeT MaJlyld MHOYKLUMIO (B cpelHeM, OpuMepHo 0,03 T mig
BHEMHET O OCeBOTO IoJiga ¢ umHOoykuuen 0,1 Ti) . BoicTphle MOHB ObUIM OB
[IOOBEPXEHE TIOTepAaM IIpu ofOMeHe B3BapadaMu, ecJau OB IIJIOTHOCTB
HeMTpallbHOTO Tasa CHapyXy OT celapaTpUCH OBJIa CJIMIKOM OOJILIION.
[losToOMy TeTTeprpOoBaHMe CTeHKOM M JIpyIMe MeToOe (TakMue, Kak
npenycMaTpuUBawnimme VCIIOJIL 30BaHue IJjla3MeHHOM IYIKY 350 "
3epKaJIbHEIX MOpo6ok 440, KOTOpPHE, IIOMMMO BCeT'O IIPOYEeTrO, BHOCHAT
BKJIaD B  KOHTPOJIb rasa), MCIIOJIE 3y EMEIE B FRC-cucTemMe 10,
IEeMOHCTPUPYIOT TeHOEeHUMI K MUHMMM3AUUM TPaHWUHHX HeWTpaJlbHBEX
yacTul M ofeclledMBanT TpebyeMoe HapacTaHue ToKa, OOYCJIOBJIEHHOIO
OBLICTPEIMM MOHAaMM .

Wuxekiinusa TabJIeToK

[070] Korma B npenenax FRC 450 BeEpacTaeT 3HauuTeJIbHasA
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[NONyJIALUMS OBICTPEIX MOHOB M TIIPpM 3TOM TEMIIEPATYPH BJIEKTPOHOB
ABJIAIOTCA IIOBBIIEHHEIMM, & BpeMeHa XM3HKM FRC yBeguueHHEMM, B FRC
450 MHXeKTUPYT 3aMOPOXeHHEe TabjeTky H miam D m3 mHXekTopa /700
TabJieToOK, UTOOB HOOOepXaTh ofllee KOJUUeCTBO uYacTul, B FRC,
Tpebyemoe misa FRC 450. IlpennojiaraeMele BPEMeHHEE MHTEPBAJIH
abyaaumnm ABJIATCSA OOCTaTOUHO KOPOTKUMU, UTOOH 00eCIIeunThb
MCTOUHMK 3HAUMUTEJIbHOT'O KoJiMuecTBa dYacTull njsg FRC. 3Ta CKOpPOCTB
TakXe  MOXeT OHITH yBeJnJueHa 3a cueT yBeJMUeHMS  ILJIomanmn
[IOBEPXHOCTHY MHXEKTUPYEMOT'O KYyCOUKa IIyTeM pasJjlaMBlBaHMS OTIeJIbHOM
TabJIeTKM Ha MeHbIMe @Qpal'MeHTH, KoT'Ia OHM HaxXoOATCd B CTBOJIax
WV MHXEKIMOHHHX Tpybax wuHxekTopa /00 TabjleTok M IO TOTIO, Kak
OHM TIollajailnT B kKamepy 100 vyOoepxaHus - 5Tal, KOTOPHM MOXHO
BOILJIOTUTEL MIyTeM YBeJUUeHUS TpeHMa MexOy TabJleTKoM UM CTeHKaMM
VHXEeKIVMOHHOM TpyOH 3a cueT YMeHblleHUd paluyca M3rubda IocjelHeTo
cerMeHTa MHXeKIMOHHOM TpyOB HelNoCPeOCTBEHHO IIeped BXOIOM B
kaMepy 100 ynepxaHuda. IlyTeM M3MeHeHMS IIOCJIeIOBaTEJIbBHOCTU WU
CKOPOCTM CTpeJIbOB M3 12 CTBOJIOB (MHXEKIMOHHEX TpPyOOK), a Takxe
bparMeHTaLUUM, MOXHO HAaCTPOUTE cucTeMy /700 mMHXekUMM TabJIeTOK Ha
oBecrieueHue Kak pas KeJlaeMoT'o YPOBHHA IO EePXKIA oBmero
KOJIMUeCcTBa dYacTull. B CBOKW ouepelb, BTO CIHOCODCTBYEeT COXpPaHEeHMI
BHYTPEHHETO KMHETUUECKOT'O oaBJIeHMA B FRC 450, a TaKxe
IonnepXnBaeMoy pad®oTH M BpeMeHM Xm3HM FRC 450.

[071] Kak TOJIBKO IMOIOBEPTHYTEHE abjldaluMM aTOMH BCTPEeUalnTCsa CO
3HAUMTEJILHEIM KOJIMYeCcTBOM ILjlasMel B FRC 450, oOHM CTaHOBATCSA
[IOJIHOCTBI MOHUBUPOBAHHEMM. I[lOTOM IOoJiydyakmascsa B pesyJbTaTe
JacThb XOJIOOHOM I1Jla 3MEl HarpeBaeTcsd npu CTOJIKHOBEHUU C
cobcTBeHHOM FRC-myasmol. DHeprusa, HeobBxonouMmasd OJIS COXpPaHeHUS
xeJlaeMom TeMIIepaTyPH FRC, B KOHEUHOM cuerTe, IIONBOIONTCHA
vHxekTopaMr 600 nyukoB. B 3ToM CMeICIIe, UMHXeKTOpH /00 TablleTok
BMeCcTe C MUHKekTopaMu 600 OYUKOB HeWTpaJIbHBEX UYacTUl oB0pa3yioT
CUCTeMY, KOTOpas COXpaHSeT YyCTaHOBUBIeecsa cocTogHuMe FRC 450 u
MONIepPXUBaeT ee.

OTKJIOHAKIME KaTyIKU

[072] UTo®H OJOCTMUYUL BO30OYVXKIEeHMS TOKa B YCTAHOBMBIIEMCS
COCTOSgHUU U COXPaHUThb TpebyeMb VIOHHEI TOK, KeJlaTeJIbHO

InpenoTepallaTb nJin SHaAUMTEeJIEHO YMeHBEIIaThb HallpaBJIEHHEE BBEPX
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CIIMHE 2JIEKTPOHOB, O0OYCJIOBJIEHHEE CUJIOM TPEeHMA MeXOy 3JIeKTpoHaMM
¥ MOHaMM (4BJIAKNMEeNCcS pesyJIbTaToM IIepeHoCa KOJMUeCcTBa IBWKeHMUSd,
BO3HUKAKIETO I[IPM CTOJKHOBEHUM MOHOB WM DJIEKTPOHOB). B FRC-
cucrtemMe 10 MCHOOJB3YEeTCsS HOBHM MeTon of0eclnedeHMS pa3peBa B
paclrnpenejieHUuM  SBJIEKTPOHOB IIOCPEeOCTBOM IIPMKJIANOEBAEMOI'O  M3BHE
CTaTUUYECKOT'O MaT'HMTHOIT'O OUIIOJILHOT'O MM KBaOpPyIOJIBHOTO IIOJIS. 3TO
OOCTUT'aeTCH MIOCPEenCTBOM  BHENHUX OTKJIOH AN X KaTylekK 460,
n300paxeHHHXx Ha our.l5. PaImajbHOe MaTHMTHOE IIoJie, IIOIIepeuHO
IpUKJIAOEBaeMoe M3 OTKJIOHAKIMX KaTymek 460, MHIYLIMPYET OCeBOoe
SJIeKTPUUEeCKoe IIoJle BO Bpamawnmelcs FRC-mjiasMe. Pe3yJlbTUPRYIOMNUMA
OCEeBOM DJIEKTPOHHHM TOK B3aVMMOOEMCTBYET C palXallbHEM MaTHWTHBEM
[IOJIEM, cozmaBad a3UMMYyTaJIbHYKR Pa3pPHBHYKL  CUIIY Eg=—0w£<|BrP>,
BOBIEMCTBYIIYD Ha 2JIeKTPOHE. UTOOHB 00ecCleuMTh aleKBATHHEM pPa3pPLB
B pachnpelnejieHUM BSBJIEKTPOHOB IOJIS TUIIMUHHEX YCJIOBUM B FRC-cucTeMe
10, TpebyemMoe NIPUKJIAOEBaEMOE MaTHUTHOE OUIIOJIBHOE (mmm
KBaIpyIlOJIbHOE) TIIoJIe BHYTPM ILJIa3MH IJOJDKHO MMETH MVHIOYKTHMBHOCTB
Jumb nopgaaka 0,001 Tia. CoOOTBETCTBYKIIEE BHENHeEe MAaT'HUTHOE IIOJIE C
VMHOYKTHUBHOCTBEL HOpuMepHOo 0,015 Tin gaBigeTcd »DOCTaTOYHO CJalbelM,
UTOOH HEe BHBHBATL OIYyTUMHE IIOTepM OHCTPHX 4YaCTUL WJIM OKa3HBaTh
MHOE HeTaTUBHOE BJIMAHNE Ha yoepxXaHue . daKTUUECKH,
OpUKJIagHBaeMoe MaTHMTHOE OUIIOJIbHOe (MM KBaIpyloJIbHOE) IIoJIe
BHOCKT BKJIAO B IIOoIaBJIeHMe HeyCcTOMuMBOCTeM. B coueTaHuUM C
TaHTeHUMAJbLHOM UHXeKLMelM I[IYUKOB HeMTpalJlbHBEIX YacTHu, UM OCeBOM
VHXeKIVel I1JIa3MHl, OTKJIOHSAKMNE KaTymKM 460 obecneurBanT
OOIIOJIHUTEJILHEY YPOBEHL KOHTPOJIS B CBSA3M C COXPaHeHMeM ToKa U
YCTOMUMBOCTRIO.

BepkaJipHEIE IPOOKHU

[073] KOHCTPYKLUMS MMIIYJBCHBEX KaTymeK 444 BHYTPM 3epKaJibHEX
npotok 440 pomyckaeT JIOKaJIbHOE T'eHEepUPOBaHUE CUIBHEIX MaTHUTHHX
nojen (2-4 Ti) C HOOMOmMBI HeOOJIBIIOM eMKOCTHOW »2HepIHUHU (IPpUMMEepHO
100 xIx). Insa ¢opMMpOBaHMA MATHUTHHEX I[IOJIel, TUIINUHEIX  IIPpU
paccMaTpuBaeMor patoTe FRC-cumcTeMmun 10, BCe CUJIOBHE JIMHUM II0JIS B
npenejiax obweMa QOPMMPOBAaHMA IIPOXONOAT CKBO3b CyXeHusa 442 vy
3epKaJIbHEIX TIpobok 440, Kak MOpenrnojlaraeTcsa OPpM HaJMUMU CUJIOBEIX

JIMHUY MaTHUTHOTO I10JIA, IIOKas3aHHEIX Ha (]_)I/II‘.Z, I KOHTaKT ILJIa3SMEL CO
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CTeHKOM He TIPOMCXOIUT. IloMMMO 2TOTO, 3epKallbHee Opodbku 440
COBMECTHO C MarHuTammv 416 OUMBEPTOPOB KBAa3UIIOCTOSAHHOT'O TOKa
MOXHO OTPEeIryJIMPpOBaTE Tak, 4YTOOH HAIPaBJIAThb CWJIOBHE JIMHUKM II0OJIS
Ha »JekTponsl 910 IMBepTOPOB, WJIM BHPaBHMBATL CWMJIOBHE JIMHUM I10JIA
B (He TIOKas3aHHOM) KOHOUI'YpaluM OCTPEX  TOPLEBHX  BECTYIIOB.
[locJjieoHas  IIOBHMAeT YCTOMUMBOCTDL M IOHOaBJIAeT IapalUleJIbHY
TEelJIONIPOBOOHOCTEL 2JIEKTPOHOB.

[074] Camm 3epkalibHHe HOpoOku 440 Toxe BHOCAT BKJaI B
KOHTPOJIb HeMTpaJIbHOTO Taska. 3epkajibHhe Opodku 440 obeclneunBaioT
Jydllee MCIOJIbL30BaHMe TI'as3000pa3Horo IeWTepud, IOIpoOyBaeMoTo B
KBaplleBHe TpyOH BO BpeMa o¢opMmupoBaHma FRC, I[IOCKOJIBKY oOOpaTHHM
IIOTOK Taszsa B IuBepTophH 300 3HaAUMTEeJILHO yMeHblleH OJarojapd MaJlon
criocobHoCTM IIpPOoOOK IMIPOIycKaThb TIas (cToJb MulepHoM, kKak 500
Jg/c). BoJbllag YacTk OCTATOUHOTO MNPOOYBaeMoI'o Tasa BHYTPH
bopMUPYIOMNX TPy O 210 OBICTPO MOHUBUPYETCA. Kpowme TOTO,
BHICOKOILJIOTHad IlJla3Ma, TeKylasd CKBO3b 3epKaJibHHe Npobkm 440,
obecrneurBaeT »0QPEeKTUBHYID MOHMI3ALMUI HEeMTpPaJIbHHX YacCTMIl, a 3HaUuUT
nu 20be K TUBHEIM T'a30BHM faprwep. B pesyisTare, OOJIBIIMHCTBO
HeUTpaJlbHHX  YacTHll, PEeLUPKYJIIMPYEMEIX B  OuBepTopax 300 wus3
IpaHMuHOTO cJjod 456  FRC, He BO3BpamawnTca B KaMmMepy 100
yoepxaHus. Kpome TOT0, HeMTpaJlbHBEE UYacTHIBE, CBA3aHHHe C paboTomn
[1JIa’3MeHHBIX IymeK 350 (paccMaTpUBaeMom HUXE) , OynoyT B
OOJILIIMHCTEE CBOEM 3akKJouaTbCd B OuBepTopH 300.

[075] ¥, HakoHel, 3epkajibHEe OPOoOKM 440 CKJIOHHH YJIYUIaTh
yIoepXaHre TpaHuuyHoTo cJjod FRC. Ilpu KoO30OMLIMEeHTax OTpaXeHUId
3epkajia (npobka/yIepXuBapomye MaTHMTHEE II0JIS) B OuamnasoHe 20-40
M OpM OJMHe 15 M MeXOy CeBepHOM M OXKHOM 3epKalIbHHMM IpoOKaMM

440 BpeMd T YIOepXaHMAd dYacCTul I'PaHMYHOI'O CJIOA YyBeJMdMBaeTCd Ha

IOPAIOK BEJIMUMHE. YBeJMUeHMe T JIeTKO YyJydllaeT yIepXaHMe YacCTHUIL
B FRC.

[076] Mpennosarad, yTo oBycilaBJIMBaeMue paivaJibHOM
nddy3mert (D) HDOTepM dYacTHUL M3 OTPaHMUMBAeMOTO CellapaTpUCOon
oO0beMa 453 0OajlaHCUPYTCHAd OCEBHMU IIOTepaAMM (T)) W3 IPaHUYHOT'O
cJjo4g 456, noJjiydyaem (2mrsLs) (Dns/d) = (DnrsLsd®) (Ds/T1) , OTKYyIa

cilenyeT, 4To MJIMHY TIT'palMeHTa IIUJIOTHOCTM Yy CellapaTpPpMCE MOXHO
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nepenucaTrs B Bume 0= (Dti)l/2. Bpecb rs, Ls M Ns — 5BTO pamuyc
cenapaTpuUCH, OJIMHa CcelapaTpucE UM IJIOTHOCTL Yy  CelapaTpUCH,
COOTBETCTBEHHO. Bpemsa yIepXaHns yacTUL B FRC COCTaBJIgeT
= [mrs2Ls<n>]/[ (2mrsLs) (Dns/8)=(<n>/ns) (t1t1) /2, r1one 11=a?/D wu nOpu
3TOM a=rs/4. OduUsMUecKHM, YBeJMUeHMe T BeleT K YBeJUMUeHHOMY O
(yMeHBbIIeHHOMY IrpalleHTy [JIOTHOCTHU u napaMeTpy opemba NS
celapaTpPMCH), a 3HauuMT — UM K YMeHBbIIeHHBEM I[IOTepsaM dYacTull B FRC.
OBmee yBeJIMUeHMe IapaMeTpa yIOepxaHusda dYacTul, B FRC 0BOBUHO

HeCKOJIEKO MeHbIle, YeM KBapaTMdHOe, IIOCKOJIBEKRKY Ns YyBeJIMdMBaeTCHd
BMeCTe C Ti.

[077] 3HaunUTEeJIbHOe YyBeJIMueHMe T) Takxe TpebyeT, UTOOH
TpaHUUHEM cJio 456 ocTaBajicad IO OOJILNIOMY CUeTy YCTOMUMBHM (T.e.
YTOOBL npu n=1 He BBLJIO XKeJIOBKOBOM, PYKaBHOM WA MHOM
MarHUTOTUIPOIMHAMUUECKOY HeyCTOMUMBOCTM, TUIMUHOM OJIS OTKPBITHX
CHUCTeM) . VicrioJib30BaHue rJjla3MeHHBIX Iylmekr 350 obecrieumMBaeT
OpennouTUTeJIbHYID VYCTOMUMBOCTE Ha  T'paHulle. B »sTOM CMHCIE,
3epKaJibHEE ingelele):dzi 440 " rjla3MeHHEEe I[IYIKNA 350 ofpas3ynT
50PEeKTUBHYK CUCTEMY KOHTPOJS I'PaHMIH.

IlmasMeHHEIe IIYIIKU

[078] IlnasMmeHHBle nOymky 350 T[IOBHMAKT YCTOMUMBOCTE CTPYM
454, BHIOyCKaeMux 3 FRC, [IOCPeOCTBOM JIMHEMHOTO CBSA3HBAHUSA.
[l;ma3Mel, MCIOyCKaeMee M3 IIJla3MeHHBxX Oymek 350, ob6pasyworca 06e3
IIPMBJIEUEHM S KOJMUEeCTBa asuMyTaJlbHOTO YIJIOBOTO OBWXEHMS, UTO
noxkasajio cebs IIOJIe3HBIM IIPUM KOHTPOJIE HEeYCTOMUMBOCTEV BpalleHMS B
FRC. A ecam Tak, To nOymku 350 gBagoTcad 20PeKTHMBHBEIM CpPeICTBOM
KOHTPOJIA YyCTOMUMBOCTM FRC ©es HeOOXOIMMOCTM YCTapeBIeIo MeToma
KBAIPYIOJLHOM cCTabuin3auur. B pesyiabTaTe ILJa3MeHHHe oymky 350
oamoT BO3MOXHOCTB IIOJYUEeHUHd IIPeUMMYyIecTBa  BHITOIOHEX 520QEeKTOB
OBICTPHIX  YacTHI WM JOCTyIla K pPexuMy YCOBEpPIeHCTBOBAaHHOM
TUOPUOHOM KMHEeTHUYeCKOM FRC, Kak [IONUYEepKUBaAETCH B 2TOM
PaCKPETUN . CiemoBaTeJIbHO, [Jia3MEeHHHE IYIKA 350 IIO3BOJIST
DKCIUIyaTupoBaTe FRC-cucTemy 10 HOpM TokKax OTKJIOHAKIMX KaTyleK,
IIOOXOOANMX KaK pa3 JIS paspeBa B pPaclpelel]lIeHUM 3JIEKTPOHOB, HO
ABJIAKIMXCSA MEeHBIIVMMM, UYeM Te, KOTOPHEe BH3HBaJM OH HEeYCTOMUMBOCTD

FRC /Wiy OPpUBOOMIM OH K MHTEHCUBHOM OudOy3MM OBICTPHX YaCTUIL.
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[079] Kaxk  ymoMmMHaJoCh B pPacCMOTPEeHHOM  BHIIE paslele

«3epkrajIbHEIE MIPOOKM», eCJM OB MOXHO OBJIO 3HAUMTEJILHO YBEJIUUNTH
Ti, TO TIojaBaeMas M3 IIylekK Ijla3Ma OwJla OB COIOCTaBMMOM CO

ckopocThio (~10%2/c) moTepb YacTHl B TI'PaHMUYHOM CJIOe. BpeMms XU3HU
omojiyyaeMom ™3 IOymek I[asMel B FRC-cmcreme 10 HaxooMTcd B
MUWIIJIMCEKYHIOIHOM IOMalasoHe. B caMoM [Jejie, pacCMOTPUM ILJIa3My U3
OymekK, MMEKRIYyl IIJIOTHOCTL ne~1013 cM3 M TeMmMmepaTypy MOHOB
npuMepHo 200 3B, 3aKJIOUEHHYID MeXOy  TOPLOBHMM 3epKaJlbHBEMU
npobkamm 440. JiamHa L 3axBaTa M KOo2Q0UIMeHT R oTpaxeHMS 3epkajla
cocTaBJART nOpuMepHo 15 M m 20, cooTBeTCTBeHHO. CpelHad OJMHa

cobomHoTOo Ipoberra MOHOB OJaromapd KYJOHOBCKMM CTOJIKHOBEHUAM

cocTaBJfgeT Aii~6x103 cM, a MHOCKOJIBKY Ai:ilnR/R<L, WMOHE HaxXOOATCH B

I'asoIMHaMMYEeCKOM peXVMe . BpeMH YIOepPpXaHMAad IIJIasMEl B STOM pPeXVMe

cocTaBiIseT Tga~RL/2Vs~2 Mc, TIme Vs — CKOPOCTH MOHHOTO 3ByKa. IJs

CPaBHEHNA, KRJIaCCHUUEeCKOe BpeMA YOEPXaHNA VIOHOB OJIA OTHUX

napaMeTpoB ILJIa3ME COCTAaBJAJIO OH Tc~0, 5T. (InR+ (1nR)%2)~0,7 mMc. B
OPMHLMIIE, aHoOMaJIbHasda IIolepeuHasa Ouodysmsa MOXeT COKpaTUThL BpeMd
yIoepXaHr4ga I1Jla3Mbel. BmMecTe ¢ TeM, eCyu IIPpellIoJIOXUThL, dYTo B FRC-

cucreMe 10 mMeeT MeCcTO OOMOBCKAad HM@@VBMM, TO OLIEHOUYHOE BpeMA

IIOTIEPEUYHOTO yHOepXaHMA IOJIA IIJIasMbel M3 [OyIleK COCTaBJIAET TI>Tgd~2 MC.
CilemoBaTeJIBHO, YK/ MO TJIN LI obecrieumThb 3HAUUTEJILHOE
[IOIIOJIHEHME TpaHMUHOTO cJjiogd 456 FRC m yiyumeHHOe oOOmee yIOepXaHNe
vacTul, B FRC.

[080] IloMMMO STOTO, IIOTOKM IIJIa3MH M3 IIYIIeK MOXHO BKJIOUATH
npMepHo Ha 150-200 MMKPOCEKYHI, UYTO II0O3BOJIAET MCIOJB30BATE WMX
OpM 3allycke, I[IOCTyIaTeJIbHOM IIepeMelleHu U oO0weamHeHun FRC cC
nonagaHveM B KaMepy 100 yoepxaHuMsa. EcCIM BKIOUEHME IPOUCXOIUT
IPMMEPHO B MOMeHT t~0 (MHMUMaUMA OCHOBHEX MCTOUHMKOB IIMTaHUA
FRC), To 1muIasMe M3 IOymeK CHocoBCcTBy©T nomaepxaHuwo FRC 450,
IOJIYyYeHHOM Tenephb rmocye OIVMHaAMUYeCKOTO bopMUpPOBaAHUSA u
OoBBeIVHEHN A . OBBenVHEHHEIE obmue KOJIMYEeCTBAa YaCcTUI] "3
dopmupyromyx FRC m M3 OyIek [ABJIAKOTCS YIOOBJIETBOPUTEJIBHBIMU — IIJIA
3axBaTa IYYKOB HeMTpaJbHHX JyacTull, HarpeBaHUA Jlas3Mel WU
OJIUTEJIbHOM MOOOepXKM. EcCaM BRJIKUEHME I[IPOMCXOIMT B MOMeHT t B

Oralia3oHe -1-0 MC, TO I1JIa 3MEI ns IIymekr MOTWYT IIpmBeCTM K
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3alOJIHEHMI KBapLeBHX Tpy® 210 mjgasMoy WIM K MOHM3aluuu Trasa,
IponoyBaeMor'o B KBaplieBhle TPYOH, TeM CcaMbM LOONyCcKad QopMMpOBaHME
FRC mpm yMeHBIIEHHOM WJIM BOOOme HYJIeBOM O00BbeMe IIpOoOoyBaeMoIo
raza. llocjenmHee YCJOBME MOXeT MHOTpeBoBaThk OOCTATOYHO XOJIOIHOM
bopmmpyoomen IJI1a3MHI, UTOOH ofecCreunTsb OHICTPYIO ooy 3m0
MarHUTHOTO IIOJIA C OOpaTHBEIM CMelleHMeM. ECaM BKJKUYEHME IPOMUCXOOUT
B MOMeHT t<-2 MC, TO NOTOKM ILJIa3ME MOT'YT 3allOJIHUTL IIpuMepHO 1-3
M3 JIMHeMHOTO ofObeMma T1IoJig ofJjacTel OQOPMMPOBAHMA U yIOEepPXaHUS
bopMupyoommx cekuut 200 m kaMepy 100 yIoepxaHud C leJIeBOU
IJIOTHOCTBID B HECKOJIBLKO eamHmi Ha 1012 cm 3, pocTaTouHOM IJIid
ofecrieueHrsa CO3OaHUA MIYUKOB HeWTpaJIbHEX YacCTUIl OO0 T[IPpUOHTHUSA B
FRC. TIlocme »TorTO, OQopMupylmme FRC Morsm OB COOPMHUPOBATHECHA U
[IOCTYIIaTEeJIbHO IIepeMellaThbCd B Pe3yJbTUPYRIYD IIJIasMy eMKOCTM IJiA
yoepXxaHuda. TakuM oOpas3oM, IJlasMeHHbBle Oymiku 350 ofecneudmBanT
BoJiblmoe pa3HooOpasme paboumMx YCJIOBUMM ¥ PEeXMMOB HAaCTPOMWUKU
napaMeTpoB.

DJIeKTpHUYeCcKoe CMeENeHHue

[081] KOHTpOJSIE paIMaJIbHOTO IMIpOodMIId SJIeKTPUUYeCKOT'O IIOJIA B
TPaHUYHOM cJioe 456 PasINYHEMA criocobamm BHII'OIEH o4
YCTOMUMBOCTHA FRC " yIepX)aHns B HelM. l[locpencTBOM  HOBEHX,
ofecrneuMBamwIMX CMelleHe KOMIIOHEHTOB, pPal3BepHYyTHX B FRC-cucreme
10, MOXHO HNpPMKJIAOEHBATbHL MHOXECTBO 3abJlalOBPEMEHHO IIOIT'OTOBJIEHHEX
pacrnpeneljieHn  BJeKTPUUeCKMX I[IOTEeHIMAaJIOB K  TPYINIe  OTKPBTHX
IIOBEPXHOCTEM IOTOKa I[I0 BCel MamMHe U3 ofbjJacTel »OaJIeKo CHapyXu
OT LleHTpaJIbHOM o6JacTu yaepXaHus B KaMepe 100 ynmepxaHusa. TakKuMm
oBpas3oM, MOXHO I'€HepUpOBaTh paldMaJibHHE 3JIEeKTPUUeCKMe IIOJId dUepes
TpaHWUHEM cJio¥ 456 B HeNoCpeOdCTBeHHOM OnmszocTM k FRC 450. TloTom
STU pPaOMaJibHEE 3BJeKTPpUYeCcKMe IIOJIA MOOMOUUMPYIOT as3MMyTaJibHOe

BpalleHMe TpPaHMYHOTO cJjod 456 mM OoCymecTBJAKRT eT'0 yIepXaHue

[IOCPEenCTBOM pa3peEBa CKOPOCTH, ExB. JIiwboe  muddepeHUMATIBEHOE
BpalleHMe MexOy TIpPaHMUYHBEM cJjioeM 456 m akTuBHOM 30HOM 453 FRC
MOXHO 3aTeM IllepelaThk BOBHYTpLb IJiasMel FRC 2a cueT pazpeBa. B
pesyasTaTe KOHTPOJIb TPAaHUUYHOTO CJI04d 456 OKas3HERBRaEeT
HEIOCPEOCTBEHHOE BJIMSAHME Ha aKTMBHYK 30HY 453 FRC. Kpome ToOTO,

IIOCKOJIBEKY CcBoOOIOHAad SHepI'rA IIpY BpalleHMM IIJIasMeEl TakKXe MOXeT
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ABJIATHLCA IIPUUMHOM HeyCTOMUMBOCTEM, 2TOT MeTon obOecleurBaeT
IpsaMoe CpelcTBO OOphOH C 3apoXIeHMEeM M POCTOM HeyCTOMUMBOCTEM.
[loopxonmdamee TI'paHMUHOe cCMemeHMe B FRC-cucreMe 10 oO0OeclednBaeT
20deK TUBHBIM KOHTPOJIb lepeHoca u BpalleHM A CUJIOBBIX JIMHUM
OTKPEITOT'O oJid, a TaKxe BpalleHM A AKTUBHOM 3OHEL FRC.
MecToHaxoXOeHre M ©QopMa pasJIMUHEIX [IpelyCMaTpUBaeMEIX DBJIEKTPOOOB
900, 905, 910 wm 920 ofbecneumMBamT KOHTPOJbE pPas3HHEX IPYIl
noeepxHocTer 455 moToka, a TakXe KOHTPOJE TIIPM Pas3HHX U
He3aBMUCHMEIX IIOTeHLMaJlax. TakuM oOpaszoM, MOXHO peaJlM30BaTh
IMPOKUM  CIEeKTP Pas3HHX KOHQUIYPpalLMM SBJIeKTPUUEeCKUX IIoJIeM U
HaOpsSXeHHOCTEM, KaXIeM pas3 ¢ OTAMYAKIMMCS XapaKTepucTUueCKUM
BO3IelcTBMEeM Ha pabdouMe HapaMeTphl I1JIa3MH .

[082] KimoueBoe TINperMymecTBO BCeX HBTHMX  HOBEX MeTOIOB
CMelleHMS COCTOMT B TOM, UTO Ha NoBedeHMe I1IJJa3ME B aKTHMBHOM 30HEe
¥ Ha TPaHMuIle MOXHO IOBJMATE M3 MEeCT, HaXOOANMXCH OaJIeKO CHapyXwu
orT FRC-11aswe, T.E. HeT HeoBXOoIMMOCTHM BBeOeHMS KaKuUuxX-—-Jmbo
dMBUUECKNX KOMIIOHEHTOB B KOHTAKT C LeHTpaJlbHOM TopsaueMr ILjla3MoMn
(UuTo mMMeJio OB CepbesHHE IIOCJIEeNCTBMA IJIS IIOTEpb DZHEepIUM, IIOTOKa
M YacTull) . OTO OKalHBaeT OCHOBOIOJATawnlee BHIOOHOE BO3OeNCTBUE
Ha paboure XapaKTEepUCTUKM M BCe IIOTeHILMAaJIbHEE IIPUIIOKEHUSA WIeU
BEHICOKOB0OeKTUBHOTO pexmumMa FRC.

SOKcHnepuMeHTaJIbHRE HOaHHEle - paboTra B BECOKOSQPEKTHMBHOM
pexume FRC

[083] MuHXekUMA OBICTPHIX YaCTHUIL IIOCPEeOCTBOM IIYUKOB M3 IIyIEK
600, wMcHoyckaommMx IIYUYKM HeMTpaJIbHBIX YacTHll, MIpaeT BaXHY POJIbL B
obeclieueHU BEHCOKODQOeKTUBHOTO pexmMa FRC. dur.l6 WMIIIOCTPUPYET
70T O¢QakT. MVz3o00paxeH Habop KPUBHX, I[IOKa3HBaKIMX, KakK BpeMsd
Xx3HM FRC koppeMpyeTcd C IJIUMTEJBHOCTBI MMIIYJILCOBR IIYUKOB. Bce
opyrme paboume VYCIOBMA TOONEPXMBAKTCH HEeW3MeHHBEIMM OJS BCeX
pPaspAaloB, OXBAaTHBAaEMBIX 2TUM MCCJemoBaHMeM. JlaHHHE YCPeIOHSKTCHI
10 MHOTVMM CHMMKaM U II0O2TOMY OTOOpaxalT TUIMUHOE IIOBEIeHUE.
COBEPmMEHHO OUYEBUIHO, UYTO YBeJMUeHHasd IJIUTEeJIbHOCTE IIYyUYKOB HaeT
«OoJiblie Xxupymme» FRC. U3yueHme 5TOTO OQHakTa, a TakKxe »OpyIUx
PesyJIbETaTOB IOMATHOCTUKM B TeEeUeHMe D3TOT'0 MCCJIeOOBaHMSA BHABJIIAET,
uTo [IyUYKM  YBEJUUUBAKT YCTOMUMBOCTDL 7 YMeHbBIIanT noTepu.

KOpp@J’[HLLMH MeXngy IOJIMTeJIBHOCTEBEIO MMIIYJIECOB ITY4YKOB n BpeMeHeM
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x3HM FRC He 4BJISeTCH COBEPIIEHHOM, TIIOCKOJIBKY 3axBaT IIYUKOB
CTaHOBUTCH Hesbbek TUBHEM, Korna pasMepH 1J1a3Mbl MeHbIIe
onpeleJjleHHHX, T.e. KoTga o¢uauueckue pasmepel FRC 450 cokpamaionTcs
¥ He BCe UHXEeKTUPpYyeMHe IIYyUKM I[IepexXBaTHBATCA UM 3axBaTHBalTCH.

CokpameHre pas3MepoB FRC OpoucxXomMT B INepBYK oduepenb M3-3a TOTO,

UTO UMCTHE II0OTepM »Hepruu (~4 MBT [OpUMEPHO Ha IOJIIYTH dYepes
paspan) wmu3 FRC-mjgas3Mel BO BpeMsa pal3psala HEeCKOJBKO ©OoJblie, UeM

ofmas MONHOCTL, IOoOBOoIMMas B FRC IIOCpPedCTBOM IIYUKOB HEWTPAaJlbHBIX

yactul, (~2,5 MBT) 1OJd KOHKPETHOT'O 3KCIEepPMMEeHTAaJIbLHOTO 3allyCKa.
PacmnoJjioXeHre IMIYUYKOB B MeCcTe, HaxXomOdmeMcsa OJIMxe K CpelHen
mIockocT eMmMrocTm 100, MOXeT MIPUBECTM K TeHIOeHUUM YMEHBIEHUH
STUX [IOTEPE M HNPONJIeHMA BpeMeHM Xus3HU FRC.

[084] Qur.l7 wWIIOCTPUPYET BO3NEVCTBMA pPa3HHX KOMIOHEHTOB
Ha IOOCTMXEHMEe BHCOKOBOOeKTUBHOTO pexmMa FRC. 3meck [TOKa3aHO
CEMEVCTBO TMIIMUHEX KPUBEX, OTOoOpaxawomux BpeMsa xu3HM FRC 450 kak
byHKUMIO BpeMeHM. Bo Bcex ciydadx I[pelycMaTpMBaeTCsda IIOCTOAHHAaA,
HeOoJibllag [0 BeJIMUMHEe MOWMHOCTL I[IYUKOB  (IpuMepHO 2,5 MBT)
VHXEKTUPYETCS Ha NPOTSKEHUM BCelM OIUTEeJBHOCTM KaXOoI'o pas3psiala.
Kaxmasa KpuBasg [ABJSAETCH XapPaKTePHOM OJisS OTJMYalllelcad KOMOMHAaLUU
KOMIIOHEeHTOB. Hamnpumep, patora FRC-cucremel 10 6e3 KakKuUX-JUOO
3epKaJibHEIX OpoBok 440, mja3MeHHHX Oylmek 350 uiM IeTTepUpOBaHUA
Binaromapsa cucTeMaM 800 TIeTTepMpOBaHMA I[IPUBOOUT K  OHCTPOMY
IIOABJIEHUID HEYCTOMUMBOCTM BpalleHMsa M yTpaTe TonoJjorum FRC.
BBeneHMe TOJIBKO 3epKaJlbHEX Ipobok 440 3amepXuBaeT I[IOABJIEHUE
HeyCTOMUMBOCTEN u yiIydmaeT yIoepxaHue . VcrioJsib30BaHue
COBOKYIIHOCTM 3epKaJIbHEX Opodok 440 wum 1wIa3MeHHoMm nymku 350
OOTIOJIHUTEJILHO yMeHbIlaeT HeyCTOMUMBOCTM M YBeJIUUMBAET BpeMd
xus3HM FRC. U, HakKoOHell, BBeIeHMe TeTTepupoBaHmusa (Ti B 5BToM
ciaydae) BmoBGaBok K nymke 350 m npobrkamM 440 pmaeT HaWJydlme
pes3yJabTaTH - B HOoJiydaemol FRC HeT HeyCTOWMUMBOCTEM, M OHa
IeMOHCTPUPYET caMoe TPONOJIKUTEeJIEHOe BpeMsa KU3HM. U3 3Tou
SKCIIEPUMEeHTANIbHOM  IOeMOHCTpaluM  SCHO, UYTO BCA COBOKYIIHOCTBH
KOMIIOHEHTOR JaeT Haujlyuummn¥ sodexT m obecneumMBaeT OYUKM C
HaWJIydllMMY PaCUeTHHEMU YCJIOBUAMIA.

[085] Kak roxKasaHo Ha our.1, HOBHIM oOHapyXeHHHM
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BHICOKOROPEeKTUBHEM pexuM FRC OeMOHCTPUPYET Pe3KOo VYJIYyUlleHHOe
[IOBENEHME IIpU IlepeHoce. OUr.l WLIIRCTPUPYET W3MEeHEeHME BpPEMEHU
yoepXxaHmda dacTul, B FRC-cucTeMe OpM IHepexole U3 OOBUHOTO peXuMa
B BHCOKO2(0beKTMBHHM pexmuM FRC. Kak MOXHO YBUIETH, YIIOMAHYTOE
BpeMsa B BHCOKORQbekTMBHOM pexuMme FRC yBelInMumiock OoJjiee ueM B b
pa3. Kpome TorTO, OUI.l KOHKPETHU3IUPYET EBpPeMd YyIepXaHMd YacTUL B
FRC-cucrteme 10 1[0 OTHOMEHMIO K BpeMeHM yIepXaHMsa dYacCTHul B
BKCIepUMMeHTax ¢ m3BecTHEMM FRC. UTO KacaeTcda 5TUX OPYI'MX MallVH,
TO BEHICOKODOdeK TMBHEIM PEexnUM FRC N FRC-cucTeMul 10 MeeT
yIoepxXaHue, KO30PULMEeHT YBEJIMUEHMS KOTOPOT'O HaAXOIUTCHA Mexnoy 5 u
3HaueHueM, Oau3kuM k 20. HakKoHell — M 3TO BaXHee BCETO — IpUpona
MacmTabHOM MHBAPMAHTHOCTM yIepXaHusa 10Jsa FRC-cucrtemer 10 B
BEICOKOBD(QOEeKTUBHOM pexrMe FRC pesKo oTinUuaeTCsa OT BCeX M3BECTHHX
usMepeHu. Ilepel yCTaHOBJEHMEM BHCOKOZOOEeKTMBHOTO pexumMa FRC B
FRC-cucreme 10, BEIBO OMJIU pasJInuHEe SMIIMPUYECKUe 3aKOHEL
MacmTadnpoBaHUAI nus3 OAaHHEBIX, UTOOH CIPOTHO3UPOBATH BpeMeHa

yIOoepXaHrd B BKCIepuMMeHTax ¢ u3BecTHEMM FRC. Bce 3T IIpaBuia

3aBUCAT TJIABHBEIM O00pasoM OT OTHoOmeHMs R?/p:i, Tme R - paIuyc HYJd

MaT'HUTHOTI'O IIOJIA (HeCTpOI‘aH Mepa @MSMT{eCKOI‘O Macumrada MaH.H/IHBI), a

pr — JIapMOPOBCKMM paIuyC MOHa, OlLeHMBAEeMBl B I[IPUKJIAOBEBaeMOM
M3BHe II0oJIe (HecTpoTrad Mepa [IPMKJIaIHBaeMOT'0 MalHMTHOTO IIOJIA) . M3
bur.l dcHO, UTO IJUTEeJIbHOe YyIepXaHMe B OOHUHOM FRC BO3MOXHO
JUME OpU OOJIBMMX TadaprTaxX MallMHB U/UJIM CUJILHOM MaTHMTHOM IIOJIe.
Pabora FRC-cuctemel 10 B oOOHUHOM pexuMe FRC oTpaxaeT TeHIeHINIO
CJleDOoBaHMsA OOBUHEM IIpaBWJiaM, Kak yKasaHo Ha our.l. BMecTe C TeM
BHCOKODbbekTUBHEM pexuM FRC 3HaAUMTEJIEHO MPEeBOCXOOUT YIIOMSAHYTHM
PEeXMM M IIOKasHBaeT, UYTO TIopas3no Jiydllee yIepXaHUMe OOCTWXMMO U
Be3 OoJpmMx TabapUTOR MallMHE MJIM CHUJIBHHX MaTHMTHHX [DoJier. W3
dur.l TaxXxe SACHO: BaXHee TO, UTO BHCOKOZOOeKTHMBHHIM pexmM FRC 10
CpaBHEHMI C —OOBUHEIM pPEeXMMOM IPUBOOUT K OOJIBIIEeMYy BpeMeHU
yIoepXxaHmus npu COKpalleHHEIX prasmepax I1J1a3MEL. AHaJIOTUUHEE
TeHIeHIIMM 3aMeTHE TakKXe OJId BPpeMeH yIepXaHUAa IIOTOKa UM SHepIuH,
KaK OINCHBaeTCd HMWXe, KOTOphe B FRC-cumcremMe 10 TOXe yBeJUUWIIUCH
- B 3-8 pas. CylemoBaTeJIbHO, KPYIIHEM IOOCTIDKEeHMEM

BHICOKO20HEeKTUBHOTO pexmuMa FRC ABJIAETCSH BO3MOXHOCTE
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VICIIOJIb 30BaHU A HeBoJILION MOIIHOCTH [Iy4YKORB, MeHee CUJIbHBIX
MaTHUTHEX I[I0JIe¥ M MeHBMUX TabapuTOB OJIA HNOOIOEPXKKM M COXpaHeHUA
paBHOBecuy FRC B FRC-cucTteMme 10 m Oynymmx ©OoJiee MOMHBEX MallMHAaXx .
STUM YCOBEPIEHCTBOBaHUAM COIIYTCTBYIOT MeHbIINe 3aTpaTH Ha
SKCIUIyaTaluuin UM COOpyXeHMe, a TakXe I[IOHWXeHHasd TexXHuUUYecKasd
CJIOXHOCTE .

[086] Iy JajibHeumeTro CpaBHeHUH, OaHHBEIE XapaKTepHOTO
paspsgana B BHCOKODOOEKTUMBHOM  pPEXMME FRC B FRC-cucremMe 10
IOKasaHH Ha our.l8 kak oOQyHKUMSA BpeMeHM. Ha ¢our.l8(a) wmsobpaxeH
painyc MCKJIOUYaeMoI'o IIOTOKa B cpemdHeM IJIocKocTM. [JIS DTHUX
PasIBUHYTEHX BPEMEHHEX pPaMOK I[IPOBOIAMAas CTaJlbHad CTeHKa OoJiblle
He 4BJISEeTCH XOPOIMM CPeIOCTBOM COXPaHeHMA IIOTOKa, a MaTlHUTHHE
30HIOE M3HYTPM OT CTEHKM IOIIOJIHEHH BOHIaMM CHapyXM OT CTEHKM IJIA
Hajlexamero yuyeTa MaTrHMTHOM ouddys3mmM IIOoTOKa CKBO3L CTaJlb. IO
CpaBHEHMK C TUIMUYHEIMM pabouMMM TIapaMeTpaMyM B OOBUHOM pPexXuMe,
IoKa3aHHBEMA Ha our.13, pexmm paboTE, COOTBEeTCTBYIIUNA
BHICOKOB(QOEKTUBHOMY pexuMy FRC, IOEMOHCTPUPYET BpeMa XKU3HU,
yBeJiMueHHoOe OoJiee ueM Ha 400%.

[087] Ha our 18 (b) IoKkasaH xXapaKTepHHM TIpaduk ciaena
JMHEeMHO-MHTeTIpaJlbHOM IIJIOTHOCTM C eI'0 MHBEPTUPOBAHHBM II0 Abeo
OOIIOJIHEHMEM, a Ha ¢our.l8(c) - OpoduiaM IJIOTHOCTHM. [IO0 CpaBHEHUI C
OOBUHEIM pexuMoM FRC, MokKaszaHHOM Ha our.l3, 1JjasMa SABJSAEeTCH
BoJee CTAaTUUHOM Ha BCEM IIPOT SXeHUNU VIMITYJIBCa, uTo
CBUIETEJILCTBYEeT O BecbMa YCToMumMBOM paboTe. IIMKOBaAg ILJIOTHOCTL
Ha CHMMKax BHCOKO®QOeKTMBHOTO pexuMa FRC Takxkxe HEeMHOT'O HUXe,
UTO 4ABJISETCS CJeICcTBUeM OoJiblel (¢ KOo2(OMUMeHTOM YBEeJIMUEeHMS IO
2) TOJIHOM TeMIepaTypH IIJIa3sME, KakK I[I0oKa3aHo Ha omur.18(d).

[088] s COOTBETCTBYKIMETIO Ppa3pala, IPOMILJIOCTPUPOBAHHOTO
Ha our.18, BpeMeHa yIepXaHusa  3HepIuu, JacTMul, M  I[IOTOKa
cocrapjaawnT 0,5 Mc, 1 Mmc m 1 MC, COOTBETCTBEeHHO. B MOMeHT Haualla
oTcueTa 1 MC IOpM BXOXIEHMM B pas3pdal, aKKyMyJMpOBaHHas BSHEPIUA
[JIa3MEl COCTaBJIgeT 2 K/ B KTO BpeMsd, KaK TIIOTeEPM COCTaBJIAKT
npuMepHo 4 MBT, UTO OejlaeT 2TOT leJieBoM Habop IapaMeTpOoB BecbMa
IOOXOOAMMUM IJIS MOOOEPXKM IIYUKOB HeMTpaJIbHHX UYaCTHIIL.

[089] Ha ¢mur.19 BCe nOpeMMylleCTBa BEHCOKO®(QOEKTUMBHOT'O pPeXyrMa

FRC momHToOXeHH B  GopMe BHOBL yCTaHaBJMBaeMOM  MacmTaOHOM
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VHBAPUaAHTHOCTHA DKCIEPUMEHTAJIEHOTO yIoepXxaHmd [IOTOKa B
BHICOKOB®(0OeKTUBHOM pexuMe FRC. Kak MOXHO YBUIOEeTb Ha ¢our.l19, Ha
OCHOBAHUM M3MEepeHUM, IPOBeIOeHHEX IO M Iocjie MoMeHTa t=0,5 wmc,
T.e. korma t<0,5 Mc m t>0,5 mMc, MacmTabw yIOepXaHud IIOTOKa (u,
aHaJIOTUYHO, yIOepXaHusda dYacTuUll, U YyHOepXaHVsd 5BHepIuu), TpyBo

I'OBOPA, 3aBMCAT OT KBadpaTa TeMIIepaTypel SJIEKTPOHOB (Te) OJ1d

3adaHHOTI'O paomyca cellapaTpUCHL. 3TO CTporoe MaCMTaGMpOBaHMe
[IOJIOXUTEJIbLHOM MOIIHOCTEIO COTJIaCHO Te (a He OTpMHaTeHbHOﬁ
MOIIHOCTEBIO) IIOJIHOCTEIO IIPOTHMBOIIOJIOXHO TOMY , KOTOpOe
IOTEMOHCTPHMPYETCA O OBUHBIMIA TOKaMaKaMl1, roe yoepxXaHue, KakK

OpaBuJio, o0B0paTHO MOPOINOPLMOHAJLHO HEKOTOPOM MOMHOCTM COIJIacHO
TeMIlepaType BJIEKTPOHOB. [MposgarjieHue STOMN MacmTabHoOM
VHBaAPUaHTHOCTHA ABJIAETCHA P AMEBIM CJIeICTBUEM COCTOSHUSA
BEICOKOBQOEKTUBHOTO pexrMa FRC ¥ HOOOYyJIALUMM MOHOB Ha opbuTax
foJIbMMX PpaguycoB (T.e. opbuTax B MacmTabe Tonojorum FRC m/miau
IO MeHblleV Mepe JIMHeMHOM MacmTabe TI'palleHTa XapaKTepUCTUUeCKOTO
MaTHUTHOTO IIoJig) . [lo ©oJbploMy CUeTy, 3Ta HoBagd MacmTabHas
MHBAPMAHTHOCTL CYIIECTBEHHO OJIATONPUATCTBYET BHCOKMM padoumMm
TeMIlepaTypaMm u Io3BOJILET NOJNIYYUTH pPeaxKToOpPL OTHOCUTEJILHO
HeOOoJIbIIUX Ppa3MepoB.

[090] Tpn HaJIMUUM IpeuMymecTs, KOTOPHE maer
BHICOKO2bOeK TUBHEIM PexXUM FRC, OOCTIWKMMO nonmepxaHue W
cTaTuyueckoe cocToaHme FRC, Bo3OyXKDaeMoe IIyUyKaMM HeWTpaJlbHBX
JyacTHll, KOTOopoe MOXeT OHTbL [DOOOepXaHO C IIOMOIBK MHXEKIUU
Hamgjexamux TabJjleToK, a STO 3HauuT, UTo TJioOaJIbHEE IlapaMeTpH
[JIasMel, Takue, KakK TepMrMuecKas DHepI'rsd IIJIa3Me, oO0mMe KOoJIMUecTBa
yacTull, PpaiuyCc W OJIMHa IJla3Mel, a Takke MaTHUTHHM IIOTOK,
NOOOEePXUBAKTCA Ha OOOCHOBAHHEIX YPOBHAX 0e3 CYIMeCTBeHHOTO clala.
IOna cpaBHeHUSd, Ha o¢ur.20 T1oka3aHH JaHHBEE Ha TI'paduke A,
IIOJIYUEHHEEe B pe3yJibTaTe pas3pdala B XapaKTepPHOM BHCOKOBOOEeKTUMBHOM
pexume FRC Ha FRC-cucreMme 10 Kak QyHKIMSA BpPEeMeHM, ¥ Ha I'paduke
B @IJjig OpOeKTUPYEMOTO XapaKTepHOTO BHCOKOBOOeKTHMBHOTO pexmMa FRC
Ha FRC-cucremMe 10 xkak o©OyHKUMA BpeMeHM, Opu »5ToM FRC 450
nognepxmBaeTcd ©0e3 chama Ha BCeM IIPOTIXeHMM MMIyJIbCca I[IydKa

HeMTpaJIbHEIX uYacTHull. HJd I[DOJyUYeHMsa TI'paduka A OYUKM HeMTpPaJlbHEX
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YacTUl C CyMMapHOM MOMHOCTBK B IOMala30He OpuMepHO 2,5-2,9 MBT
nHXekTVpoBan B FRC 460 mOpM OIJIUTEJIBHOCTM aKTUBHBEX MMIIYJIECOB
[IyU4KOB I[IPMMEPHO 6 MC. BpeMda XM3HM IIJla3MeH KakK IOUaMalHeTHKa,
oToOpaxeHHOe Ha TI'paduke A, COCTaABJAJIO IIpPpMMepHO 5,2 Mc. BoJee
HOBLHIE OaHHBEE  IIOKa3HBaAKLT, uTo Opu  OJUTEJIBHOCTU  aKTMBHBIX
VMIIYJIbCOB IIYUYKOB IIPMMEPHO 7 MC OOCTWXMMO BpeMS XU3HM ILJIa3Mb Kak
oVaMaTHeTMKa, COCTaBJIAKIlee MNIPUMEPHO 7,2 MC.

[091] Kakx oTMeuaJlIoCk BHIIE B CBA3M C ¢our.l6, KoppeJgdums
MeXIOy IJUTEeJILHOCTB MMIIYJIBCOB IIYyUYKOB M BpeMeHeM Xus3HM FRC He
ABJISeTCH  COBEPIEeHHOM, [IOCKOJIBKY  3axBaT IIYyUYKOB CTaHOBUTCH
HendOeKTUBHENM, KOI'Ia pa3Mephl ILJIa3Me MeHBIlEe OIpeleJIeHHEX, T.e.
KoT'na OQu3ndeckme pasMepel FRC 450 cokpamawTcsas M He  BCe
VHXeKTHPpYeMble IIYUKM [IepexXBaThBalTCA M 3axbBaTHBawnTCA. COoKpalleHUe

pasMepoB FRC OpOMCXOOUT B I[epBYK OoUepenb M3—-3a TOTI'O, YUTO UMCTEHE

norepu oSHeprum (~4 MBT OpMMepHO Ha INOJIIIYTHM UYepes pas3pdn) us3
FRC-mjia3sMel BO BpeMda paspdla HeCKOJIbKO  OoJiblle, ueM of0masa

MOMHOCTE, IIoOBOOVMaA B FRC IIoCpel CTBOM ITY4YKOB HeIZTpaJ'IBHBIX

yactuy, (~2,5 MBT) 1OJi9d KOHKPETHOI'O BKCIIEPMMEHTAaJIBHOT'O 3allyCcKa.
Kak oTMeuaJioCk BHIIe B CBA3M C ¢ur. 3C, HaKJOHHasag WHXEKUUS U3
nymek 600, cTpejdommMx IIydKaMy HeWTpaJbHEX YacTHull, K CcpenOHen
[JIOCKOCTHM YJIyullaeT CBA3b <«IIYUOK-ILJIa3Ma» Jaxe TorI'Ia, Kkorma FRC-
[JjiasMa CcoKpallaeTCcd MM MHEM 0o0pas3oM CXMMaeTCd B OCEBOM
HalpaBJIEeHMM B TeueHMe Iepuola MUHXKeKUuM. KpoMe TOTro, HamJjexamas
IOONMTKa TabjJeTkaMM I[IO3BOJUT IIOoOIepXaThk TpedyeMyln IIJIOTHOCTB
[1JIa3MH .

[092] Ha Trpaduke B npencTapJieH pesyasTaT 2TalloB
MOIeJIMPpOBaHMA, MIPOBeIeHHEIX c VICIIOJIE 30BaHUEM OJIMTEeJILHOCTU
AKTUBHEIX MMIIYJILCOB IIYUKOB IIPUMMEPHO © MC M ofmeM MOmMHOCTM IIYUKOB
3 nymek 600, cCcTpeJdomMx OyYKaMM HeMTpaJIbHBEX UYacTHull, HeCKOJLKO
IpeBHmaBme npuMmepHo 10 MBT, OpM 5TOM OYUKM HeUTpaJlbHHEX UYacTHIL
IpUBEnYT K VHXEKIIUN OBIC TPBIX (H) VI IOy 3MOHHEIX (D)
HeUTpaJlbHEX  YaCTHIL C SHepIHeM  YacTUl  [IPUMEPHO 15 k3B.
OKBUBAJIEHTHEM TOK, MWHXEKTUPYEMBM KaXIhM M3 IIYUKOB, COCTAaBJIAET

npuMepHo 110 A. [Oiadg Tpaduka B yTroJl MHXEKUUM IYUKOB OTHOCUTEJLHO

OCH YCTPOMCTBAa COCTAaBJAJ HOpuMepHo 20°, a uejeBor pammyc - 0,19
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M. YTOJ MHXEKLUVM MOXHO WM3MEHATH B IIpenejlax aOuanasoHa 15°-25°.
[IyykM cCJlenyeT HalpaBJIAThE B a3MMyTaJlbHOM HallpaBJIEHUMM TaK, UYTOOEH
TOKM OBUIM IHapaJijieJIbHEMM. PaBHoOOeMcTByKmas OOKOBHEX CMJI, a TaKxe
PaBHOIOEMCTRYKIMAsa OCEBEX CWJI, BO3HMKAKIMX B pPes3yJbTaTe IIYUKOB
HeMTpaJIbHEIX YacTHI C HEKOTOPHEM KOJMUEeCTBOM IBMXeHUS, OyaoyT
MUHYMM3UPOBATLCA. Kak ¥ nOpu nojdydeHuu rpadmra A, OwbCTpee (H)
HeMTpaJlbHEEe UYacTULBE MHXEKTUPYITCS M3 MHXekTopoB 600 IIYyUYKOB
HeMTpaJlbHEX JaCTHIL c MOMeHTa, KoTma ceBepHasda u IOKHA A
dbopmupyiomre FRC camBawnTca B kKamepe 100 yrmepxaHmus B oOoHY FRC
450.

[093] STars MOImeJIMpOBaHMA, [IOCJIYXMUBIIME OCHOBOM oJis
[IOCTPOeHMsa TIpadrka B, OpemycMaTpMBaJM MCIIOJb30BaHME MHOT'OMEPHHX
aJITOPUTMOB PpPeMeHUd [IOCPelCTBOM MaTlHUTOTMIOpOIMHaMnuyeckoro (MI'I)
TeHepaTopa XoJuia oJis [MOJIYYEHU S r1J1a 3MEl n PaBHOBECUSA B
COOTBETCTBMM C M3BECTHEIMM METOIaMM, IIOJJHOCTBK KMHETUUECKUX
aJITOPUTMOB pemeHmns MeTonoM  MoHTe-KapJio nJjis COCTaBJISARMNX
VHTEHCHBHEX [IYYKOB WM BCexX IIPOlLIeCCOB pacCesdaHMUsd, a TakKxe
MCIIOJIL30BaHMe CUCTEMBE YpPaBHEHMM JIS BCexX CeMeWCTB IIJIa3Mbel C
LEeJBo MO eJIMPOBaHMA VMHTEePpaKTUBHBIX [IpoLIeCCOB [IOTEPE .
TPaHCIOPTHEE KOMIIOHEHTE SBMIMPUUEeCKM KaJIuOpOBaHEL U OTMEeUeHH
pernepaMy II0 OTHOmEHUI K DSKCIePUMMeHTaJbHOM 0a3e MaHHHX.

[094] Kak 1nokazaHO IocCpencTBoM TIpadura B, Cpok CIyXOH
IMaMaTHETHMKOB B YCTaHOBMBIIEMCS cocTosgHumM FRC 450 OymeT paBeH
OJIMTEeJIbHOCTY MMIIyJIbCa IIydka. BMecTe C TeM, BaXHO OTMETUTHL, UYTO
KJIOUEeBOM KOPPEJISLUMOHHEM TI'pad¢uk B I[IoKal3HBaeT, UYUTO KoTI'a IIYUKU
OTKJIOUAKT, [asMa uim FRC HauMHaeT choalaTbk B 3TOT MOMEHT, HO He

paHblle, OTOT Clal aHaJIoOTMUeH HabmooaeMoMy IIpm paszspdnax, KOTOPEHEe

He CTUMYJIMPpYRTCA IIydKaMKr, — BE€ePOATHO, IIO MCTEUeHNM IIOpAIKa 1 Mc
I1I0CJIe MOMEHTa OTKJIIOYEHNA, - u IIpocCcTOo oTpaxaeT
XapaKTeprUuCTnuYeCKoe BpeMA YOEPXaHMA I1JIa3MH, BOBGYDK,]IaeMOﬁ

npoleccaM COOCTBEHHEX IIOTEpPh.

[095] XoTsa wm300peTeHMe OONYCKaeT pasJIMdHble MOOMOUKALUU U
aJlb TEPHATMBHEE (QOPME, JIMIIb KOHKPETHEE €TI0 I[IPMMEPH IIOKa3aHH Ha
yepTexax U INOOpoOHO ONMCaHH BHIIe. BMecTe C TeM, CJleOyeT I[IOHAThH,

dTo M306peTeHme He OoTrpaHNdYMBaeTCHAd PaCKPEITEMI KOHKPETHEMNM
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popMaMM MM CcroocobaMr; HaobopoT, WU30DpeTeHUe CJenyeT CuMTaThb
OXBaTHBAKIMM BCe MOIMPUKALIM, SKBUBAJIEHTH U  aJIbTepPHAaTUBH,
HaxoOAmyecs B paMKax CcylecTBa UM obbeMa IPUTA3aHUM OpuiiaTaeMomn
GOPMYJIEL M300peTeHUA.

[096] B BHIIEM3JIOXEHHOM OIMCaHMM, KOHKpeTHas COBOKYIIHOCTH
[IPM3HAKOB [NPUBOIOUTCHA JIMIIL B LeJiAX I[IOSCHEeHusda, ofecleurBawnleIro
[IOJIHOE IIOHMMaHMe IOaHHOTO u300peTeHMA. BMecTe C TeM, CHelraJiUMCT
B IaHHOM 00JIacCTM TexXHUKM IIOVMeT, YTO STU KOHKPEeTHHE II0OPpOOHOCTHU

He 4BJIATCHA O0A3aTeJIbHEMU OJIS BOIJICIMEHMS OTaHHOI'O MBO@peTeHMﬂ Ha

IpakTUKe.
[097] PazjuMuHele OPM3HAKM M3 XapaKTEPHEX IIPUMEPOB U
3aBUCHMEBIX IIYHKTOB bopMy JIEL n300peTeHNs MOXHO OOBENVHATE

criocobamr, He IIepeurciIsieMBIMM KOHKPeTHO M B SBHOM BUIe, C LE&Jb
oBecrieueHMsa OOIOJIHUTEJILHEX  TIOJIE3HEIX BapMaHTOB  OCYIIECTBJIEHUSA
IPUMHIMIIOB JaHHOTO mM300peTeHUsaA. TakKxe SABHO BMIOHO, UTO BCe
OVanas30HBE 3HaUYeHUM WM YyKasaHMsa TPpYyIn OoOBLeKTOB PaCKPHBAT
Kaxmoe BO3MOXHOE IPOMEXYTOUHOE 3HaUeHue VI KaxXOnI
IPOMEXYTOUHEM OOBEeKT C 1LeJiblo OOHUHOTO OIMCaHMi, a Takxke C ILeJbio
OTPaHUUEHNUA 3adBJIAEeMOTO OO0BEeKTa U300peTeHUsd.

[098] [MpenJyioXeHEl CHUCTEeMB M CIOCOOH T'eHepMpOBaHMA U
nonmepxaHusga FRC, paboTammyx B BHCOKO®OOeKTUMBHOM pexuMe FRC.
[IOHATHO, UYTO BapMAaHTH OCYIECTRBJIEHUA, OIMCAHHBE 30eChb, IIPUBEIeHEH
C LeJIb TOACHEHMSI UM He IOOJIKHEL CUMTATbCHA OTPaHMUMBAKRIMMU OOBEKT
n300peTeHnda. M4 clhHeuuaaucTa B o00JacTM TexXHUKM OyOyT OUeBUIHEH
pa3JIMUHBE MOOUPUKALINN, NIPUJIOXKEHNU A, 3aMeHEH, KOMOMHAaLWNU,
YCOBEPIIEHCTBOBAHUSA, CIOCOOH I[IOJYUEHMSI, HaxXoOAllMecsa B paMKax
obbeMa MIPUTA3aHUNM WM CyNecTBa ITaHHOTO u3o00peTeHusa. Hanopumep,
umyTaTeslb IOOJIKeH IIOHATL, UTO KOHKPETHEM I[IOPSO0OK M COBOKYIIHOCTDL
TeXHOJIOTUUECKUX omepauui, OTIMCaHHEE 30ecCh, ABJIATCSA JIVIIG
WIJIOCTPATUBHEIMY, €CJIM He YyKasaHO MHoe, a mu300peTeHue MOXHO
OCYIIECTBUTEL C MCIOJbL30BaAHMEM OTJIMUAKIINUXCA WM OOIOJIHUTEJIEHEX
TeXHOJIOTUUECKUX Oollepalul, WM IPYTOM COBOKYIIHOCTM JMOO MHopAadka
TeXHOJIOTUUECKUX  Oollepalui. B kKauecTBe elle OOHOTO IIpUMePa,
OTMETHMM, UYTO KaXIBM IPM3HAK OOHOTO BapMaHTa OCYMEeCTBJIEHMS MOXHO
coueTaTh MM COIUVIACOBHBATL C IPYTMMHU I[IpM3HaKaMyM, IOIPUBEOEeHHEMM B

OIPYITHUX BapMrMaHTax OCyHmeCTBIJIEHNMA . HpM XeJlaHnM, MOXHO TakKxe
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IpenyCMOTPeTh HaJlMuMe IIPM3HAKOB M IIPOLEeCCOB, WM3BECTHEX OOBUHLM
crienuagmMcraM. IlloMuMMo 5TOTO, OUEBMIOHO, UYTO - [OPM XeJlaHum -
[IPM3HAKU MOXHO BHOCHUTB VI MCKJIIOYATE . COOTBETCTBEHHO,
n300peTeHre He OorI'paHMUMBaAEeTCHd HUUEeM, KPpOMe TOT'O, UYUTO M3JIOKEHO B
npujiaraeMoy dopMmyJie M300peTeHUS UM ee DKBUBAJIeHTaX.

B oOHOM acIekTe HaCTOAWEeI'0 M300peTeHMAa IPenJjioXeH CIOoCco0
TeHepUpOBaHUA u nonmepxaHmsa MaTHUTHOTO oJiga C TIOMOIILIO
KOHOUTYpauumu c obpameHHBEM noJjeM (FRC), BrJoUakmui B ce®d BTarllb:
bopmupoBaHua FRC BOKpYID ILJIa3Mel B KaMepe YIOepXaHMd U IOOOepXaHMUA
FRC Ha WM OPMMEPHO Ha I[IOCTOAHHOM 3HaueHMM ©O0e3 cloaga IIyTeM
VHXEKIUY TIYUYKOB OHCTPHX HeWTpallIbHEIX aTOMOB M3 MHXEKTOPOB IIYUKOB
HeTpaJIbHEIX dYacTull B FRC-mjIa3My I[IOO HEKOTOPHM YIJIOM K CpeOHeHn
[LJIOCKOCTM KaMepH yIOepXaHUA.

CorJjtacHO OIOHOMY BapMaHTy OCVYIIECTBJIEHN A crioco®
OOIOJIHUTEJIBHO BKJIOUaeT B CcebAa 2Tall TeHepUMpPpOBaHMA MaTHUTHOT'O
[IOJIA BHYTPM KaMephl C IIOMOIBI KaTylleK KBa3UIOCTOAHHOTO TOKa,
IPpOCTUPAKIMXCA BOKPYID KaMePH.

CorJjiacHO OIOHOMY BapMaHTy OCVYIIeCTBJIEHU A Ccrioco®
OOIIOJIHUTEJIbHO BKJIOUAaeT B Ccebd 5Tall T'eHepUMPOBAaHUA 3epKaJIbHOT'O
MaTrHUTHOTO IIOJIA B IOpelejylaxXx I[IPOTUBOIIOJIOXHEIX TOPLOB YIOMAHYTON
KaMepE C IIOMOIBbI 3epPKaJIbHEX KaTylleK KBa3MIIOCTOAHHOI'O TOKa,
IPOCTUPAKIVXCSA BOKPYT IIPOTHBOIIOJIOXHEX TOPLOB 2TOM KaMepH.

CorJjtacHO eme OIOHOMY BapMaHTy OCYIIeCTBJIEHU A aTarl
bopmmpoBaHmsa FRC BrJouaeT B ceba dopMupoBaHMe odopmupyimer FRC B
bopMmmpyroomer CceKlMM, CBA3aHHOM C TOPLOM KaMepH YyIepXaHusd, U
yCKOpeHHre ¢Qopmupyimertr FRC &k cpelHeM IIJIOCKOCTM KaMepH OJIdg
bopvupoBaHmua FRC.

CorJjlacHO OOHOMY  IOOIOJIHUTEJILHOMY BapMaHTy OCYIECTBJIEHUI
sTan GopMuporRaHusa FRC BriodaeT B cebd dopMMpOBaHME BTOPOM
bopMupyromer FRC BO BTOpoM OQopMuUpyRIeN CceKlIuM, CBAI3aHHOM CO
BTOPEM TOPILIOM KaMepH YyIOepXaHMsa, M YCKOpeHMe BTOpOM dopMMpYyHIeM
FRC x cpemHeM IUJIOCKOCTM YIOMSAHYTOM KaMepH, TI'IAe IOBe QOopMUpPYKIMME
FRC camBawnTca nnd o¢opMmuporaHmsa FRC.

CorJjlacHO elle OOHOMY OOIIOJIHMTEJIBHOMY BapMaHTy OCYIEeCTBJIEHUI
sTan dopmMmporaHmda FRC BriouaeT B cef4d OOHO M3 QOpMMPOBAHUA

bopMupyromer FRC < OOHOBPEMeHHHM YckopeHreM o¢opmupywmer FRC k
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CpelHeM IIJIOCKOCTM YIOMSAHYTOM KaMeph U GOopMMpPpOBaHUSA QOopMUpPYKMeN
FRC C IOoCenylomyM YyCKOpeHMeM (opMMUpYyImen FRC k cpenHen
IIJIOCKOCTM 3TOM KaMepH.

CorJjiacHO OIOHOMY BapMaHTy OCVYIIeCTBJIEHNA crioco®
OOIIOJIHUTEJIEHO BKJIOUaeT B cebd oDTal HalpaBJIeHMS IIOBEPXHOCTEN
MarHMTHOTO IHoToka FRC B IOMBEPTOPH, CBA3aHHBE C  ToplLaMu
bopMUpYIOIIVX CEeKLMUM .

CorJjtacHO eme OOHOMY BapMaHTy OCYIIEeCTBJIEHU A crioco®
OOTIOJIHUTEJILHO BKJIOUaeT B cebd 5Tall HalpaBJieHUS I[IOBEpPXHOCTEMN
MaTHUTHOT'O IoToKa FRC B OUBEPTOP, CBA3aHHHMN C TOPLIOM
bopMUpVyIOIEeY CeKIUM.

CorJjtacHO eme OOHOMY BapMaHTy OCYIIECTBJIEHU A Ccrioco®
OOTIOJIHUTEJILHO BKJIOUaeT B ce®da 53Tall HalpaBJieHUS [IOBEepPXHOCTEMN
MaTrHUTHOTO IMOoTOka FRC BO BTOPOVM IOIUMBEPTOP, CBSAS3aHHHM C TOPLIOM
YIIOMSAHYTOM KaMepH HaOpOoTUB QOopMUPYKRIeV CeKLMWM.

CorJjtacHO eme OOHOMY BapMaHTy OCVYIIEeCTBJIEHU A Ccrioco®
OOIOJIHUTEJIbHO BKJIOUaeT B cebAa 5Tall TI'eHepUMPpOBaHMA MAaTHUTHOT'O
IoJIs B HOpemejax QopMUPYKRMMX CeKLUMM ¥ IMBEPTOPOB C IIOMOILBIO
KaTylex KBas3UIIOCTOAHHOTO TOKa, NIPOCTUPAKIMUXCA BOKPYT
bopMMpPYIOIIMX CeKLUUM M IUBEPTOPOB.

CorJjiacHO elme OIOHOMY BapMaHTy OCVYIIeCTBJIEHN A crioco®
OOIIOJIHUTEJIBHO BKJIOUaeT B cef4d 5STall TIeHepUMPOBaHMA 3epKajiIbHOTO
MaTHUTHOTO IIOJIA MeXOy O(OpMUPYKIMMM CeKUMAMM W IUuBepTopaMu C
[IOMOWIBI0 3epPKaJIbHEIX KaTyIleK KBa3UIIOCTOAHHOIT'O TOKa.

CorJjtacHO eme OIOHOMY BapMaHTy OCYIIEeCTBJIEHU A crioco®
OOIOJIHUTEJIbHO BKJIOUaeT B CcebAa 5Tal TeHepUMpPpOBaHMA MaTHUTHOT'O
[IOJIA 3EepKaJIbHHX OPpoOOK B IIpemejiaxXx CYyXeHMI MeXny GopMUPYIVMIMA
CeKUMAMM ¥ IOUBEpTOpaMM C I[IOMOWLI 3EePKAJIBHEIX I[IPOOOUHEX KaTYIEK
KBAa3UIOCTOAHHOTO TOKa, I[IPOCTUPAKIMXCA BOKPYI' CYXEHMA MexXny
bopMUPYIOIIVMMKY CEKLUIMAMU UM OUBEPTOPAMU.

CorJjtacHO eme OOHOMY BapMaHTy OCVYIIEeCTBJIEHU A Tarl
nonmepxaHmsa FRC OOIIOJIHUTEJILHO BRJIIOUAET B ceb4a aTarn
VHXEKTUPOBaHMA TabJIeTOK HeMTpallbHEIX aToMOB B FRC.

CorJjiacHO eme OIOHOMY BapMaHTy OCVYIIeCTBJIEHU A Ccrioco®
OOIIOJIHMTEJIbHO BKJIOUaeT B cef4a BTal IT'eHepUupoBaHMA OIOHOTO M3

OUIIOJIBHOT'O MaTl'HMTHOI'O IIOJIA WM KBaIPYIIOJIBHOT'O MaT'HMTHOTI'O IIOJIA
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BHYTPM KaMepH C TIIOMOmBI OTKJIOHAKMMX KaTyleK, CBA3AHHHX C
KaMepou.
CorJjiacHo eme OIIHOMY BapuaHTy OCYyMEeCTBJIEHUSA crioco®

OOIIOJIHMTEJIbHO BKJIOUAaeT B CcelAd 5Tall KOHOULUMOHMPOBAHMA BHYTPEHHUX
IIOBEPXHOCTEN KaMepH, OGOopMUPYHIMX CeKUMM U OUBEPTOPOBR C IIOMOULIO
CUCTEMEl T'eTTepPUPOBaHUA.

CorjiacHO eme OOHOMY BapMaHTy OCYIIeCTBJIEHU A cucTeMa
TeTTEPUPOBaAHKA BKJIOUaAeT B Ccefd OOHY M3 CUCTEMH OCaXIeHMA TUTaHa
M CUCTEeMH OCaXIOeHUI JIUTULD.

CorJjiacHO ele OOHOMY BapUaHTy OCYIIEeCTBJIEHU I Ccrioco®
OOTIOJIHUTEJILHO BKJIOUaeT B cebs 2Tal OCEeBOW MHXEKUMM IJIa3MH B FRC
M3 YCTAHOBJIEHHEHX B OCEBOM HAIPAaBJIEHUM I[LJIa3MEHHHX IIYIIEK.

CoryiacHO eme OOHOMY BapUaHTy OCVYIIECTBJIEHU A Ccrioco®
OOIOJIHUTEJIBHO BKJIOUAeT B cefd BTall KOHTPOJA PaIMaJIbHOTO Ipoduiidg
BJIEKTPUUECKOTO IIOJIA B I'paHMUHOM cJjoe FRC.

CorJjlacHO elle OIOHOMY BapMaHTy OCYHEeCTBJIEHMI DSTall KOHTPOJIA
pamuaJibHOTO HOPpOodMiId DIEeKTPUUEeCKOT'O I[I0oJId B I'paHMUuHOM cJjioe FRC
BRJIOUAET B ceb4a HaJIOXEeHKe pacrnpenejieHmnA BIIEKTPUUECKOT O
IIOTeHIMaJjla Ha TpPYyNIy [HOBEPXHOCTEM OTKPHTOTO HoJjia FRC C HoMombio
OTKJIOHAKIINX SJIEKTPONOB.

Bo BTOPOM  acCIleKTe HacCTOoAWeI'0 U300peTeHMAd  OpenJioXeHa
cucTeMa [OJId TeHepupoBaHMAa U IIOoOOepXaHMd MarHMTHOI'O IIOJIA C
IIOMOmMEBI KOHOUI'ypauuu C obpameHHEM 1oJeM (FRC), conepxamasa
KaMepy VYyIepXaHMd, I[IepByKn UM BTOPYKR IMaAMeTPaJIbHO IIPOTUBOIIOJIOXHELE
bopmmpyromme FRC ceklUMM, CBA3aHHHE C KaMepoW yIOepXaHusa, IIpUueM
bopMupyIIlad CEeKUUA COOEPXUT MOOYJILHEHE (OpMUPYIINLME CUCTEMEL IJIA
TeHepupoBaHusa FRC M NOOCTyHNaTeJILHOTO TIepeMemeHus FRC kK cpelHen
ILJIOCKOCTHU KaMepH  yIOepXaHud, IIepBHI U BTOPOMU OVUBEPTOPEL,
CBA3aHHEE C TIepBOM ¥ BTOPOM OQOPMMPYIRIMMU CeKUUAMM, [IepBYK U
BTOPYID OCeBHE IIJIa3MeHHBEe [OYIKY, (QOYHKIMOHAJILHO CBA3aHHHE C
IepBEIM ¥ BTOPHEM IUMBEPTOpPaMM, IepBOM ¥ BTOPOM (JOPMUPYIIUMA
CEeKIMAMM UM KaMepoW yHOepXaHMA, MHOXECTBO MHXEKTOPOB IIYyUKOB
HelTpaJlbHEX aTOMOB, CBA3aHHEIX C KaMepou yIoepXaHuAa u
OPMEeHTUPOBAHHHX C BO3MOXHOCTBI MHXEKIMM [IYUYKOB HeWTpaJbHEX
aATOMOB K CpeOHeM ILJIOCKOCTM KaMepH yIOepXaHUS I[I0I MEeHBIUM yIJIOM,

ueM HpHMOﬁ K HpO,]IOJ'IbHOIZ OoCHU KaMepPHE YOEepXaHnA, MaT'HUTHYIO
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CUCTEMY, COIOEepXallyld MHOXECTBO KaTylIleK KBAa3UIOCTOAHHOTO TOKa,
PaCIIOJIOXEHHEIX BOKPYT KaMepH  yIepXaHud, IIepBROM U BTOPOM
bopMMpyIIIMX CeKLUUM U I[IepBOTO0 UM BTOPOTO IUBEPTOPOB, IIEPBHM U
BTOPOMU HaOOPH 3epKaJIbHEX KaTylek KBas3UIOCTOAHHOTO TOKa,
PacCIOJIOXEeHHEE MexXxOy KaMepo¥ yIepXaHMsa U IepBOM U BTOpPOM
bopMMpyLIIUMM  CeKLUMAMM, W I[IepPBEEe M BTOPHE 3epKajlbHEE IIPOOKM,
PACIIOJIOXEHHHEe MeXOy IIepBOM UM BTOPOM QOPMUPYIMUMM CeKUUAMU U
[IEPBEM M BTOPBM IOUBEPTOpaMM, CUCTeMYy TIeTTepUMpOBaHMA, CBA3AHHYI
C KaMepo¥V yIOepXaHusS U IepBBEM ¥ BTOPHM IOMBEPTOPaMy, OOUH WU
BoJiee CMeanmx DIIEKTPOLOB oJid DIIEKTPUUECKOTO CMelleHU g
IIOBEPXHOCTM OTKPHTOTO TIIOJIA TeHepupyeMow FRC, OpuueM YIIOMSAHYTHMN
OOMH MM 0OoJiee CMENAaKnMMX SJIEeKTPONOB PacCIIOJIOKEHE BHYTPM OIHOTO
i ©OoJjlee M3 KaMepH yIepXaHUsd, TIepBOV M BTOpOM QOopMMPYMMX
CeKlMi ¥ TepBOTO ¥ BTOPOTO IOUBEPTOPOERB, oepe wiu  BOoJjiee
OTKJIOHAKIMX KaTyllekK, CBA3aHHEX C KaMepoM YyIepXaHWs, U MHXEKTOpP
MOHHHEIX TabJIeTOK, CBA3aHHHN C KaMepoW yIepXaHWUSd.

CorJjlaCcHO OIOHOMY BapMaHTy OCYIECTBJIEHMA CUCTEeMa BHIIOJIHEHA C
oBecIlieUueHreM BO3MOXHOCTHU IeHepupobaHud FRC um nonmepxaHmda FRC Ha
WY HIPMMEPHO Ha IIOCTOAHHOM 3HaueHMM ©Oe3 clazma, B TO BpeMda Kak
Iy4YKM HeMTpaJIbHEIX aTOMOB MHXeKTHpPyITCsS B FRC.

CorJilacHO OIHOMY BapMaHTy OCYIWeCTBJIEHMA 3epkajibHad OIpoOKa
COOEPXUT TpeTu’ U UYeTBepPTHM Ha®oph 3epKalJlbHHX KaTylleK MexIy
KaXOEMM M3 IIepBOM ¥ BTOPOM QOPMMPYIIMX CeKLUUM ¥ I[IepBOTO U
BTOPOTO IMBEPTOPOB.

CorJjlacHO OIOHOMY BapMaHTy OCYIEeCTBJIEHMA 3epKajlbHad I[IpobOKa
OOIOJIHUTEJIBHO COHOEPXUT HalOop 3epKaJIbHEX [OIPOOOUHEX KaTyIek,
OOBUTEIX BOKPYT CyXeHUS B KaHalle MexXOy KaXOeMUM U3 TIIepPBOW U
BTOPOM GOpMUPYKRNUX CEeKIUW UM IePBOTO M BTOPOTO IUBEPTOPOB.

CorJjlacHO elle OOHOMY BapMaHTy OCYWMECTBJIEeHMA YIOJMHEHHAd
TpyOa IpencraBJigeT cobon KBapLeByo TpyoOy C KBaplleBOM
by TepoBKOM.

CorJjlacHO e€le OOHOMY BapMaHTy OCYHIEeCTBJIEHUI (QOopMUPYIMNME
CUCTEMEl ABJIATCA QOPMUPYIIMMKY CUCTeMaMM MMIIYJIECHOTO NUTAHUA.

CorJjlacHO elle OIOHOMY BapMaHTy OCYHIEeCTBJIEHUd (OopMUPYIIME
CUCTEMEl CcomepXaT MHOXeCcTBO  OJIOKOB NOUTaHMA W yIpaBJIeHUd,

CBA3aHHEX C OTIOEJIBHEMM Yy3JilaMM V3 MHOXECTBa Y3JIOB IIOIOBECKM IJIA
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BO30yXIOeHMUsa Habopa KaTylleK OTHOEJIBHEX VY3JI0B U3 YIOMAHYTOTO
MHOXeCTBa Y3JIOB IIOOBECKM, OOBUTEHX BOKPYI' VYIJMHEHHOM TpPYOH
IIepBOM M BTOPOM QOPMUPYIMUX CEKILUN.

CorJjlacHO elle OIOHOMY BapMaHTy OCYIEeCTBJIEHMA OTHOeJIbHBE OJIOKMU
13 YIOMAHYTOT'O MHOXeCTBa OJIOKOB NMUTAHUA ¥ YIPABJIEHUA COLepXaT
CUCTeMy 3allyCKa U YyIpaBJIEeHUA.

CorJjlacHO elle OIOHOMY BapMaHTy OCYIEeCTBJIEHMS CUCTEMEl 3allyCckKa
M yHOpaBJIeHUsS OTHEJIbHHX OJIOKOB M3 YIIOMAHYTOI'O MHOXeCTBa OJIOKOB
OUTaHUA UM yIpaBJIeHMS BHIIOJIHEHH C BO3MOXHOCTBI CHMHXPOHMUI3ALUUM OJIS
oBecrieueHNd CTaTUYECKOTO popMUpPOBAHMA FRC, npuyeM FRC
bopMupyeTcs, a 3aTeM VHXeKTHPpYeTCHd, W OVHaMUYIeCKOT'O
bopMUpPOBaHUA FRC, npudem  FRC OIOHOBPEMEHHO bopMmupyeTCcd U
[IOCTYIIaTeJIbHO IIepeMellaeTCA.

CorJjlacHO elle OOHOMY BapMaHTy OCYIWMECTBJIEHMA YIIOMAHYTOE
MHOXECTBO MHXEKTOPOB IMIYUYKOB HeWTpallbHEHX aTOMOB COHOEPXUT OIUH
nnu 0oJiee MHXEKTOPOR IIYUKOB HelTpaJlbHEX aTOMOB C MCTOUYHMKaMu BY
JlasMel M OOMH MM 0oJiee UMHXEKTOPOB IMIYUYKOB HeWTpPallbHEIX aTOMOB C
OYyTOBEIMM MCTOUHMKAMI .

CorJjlacHO emme OOHOMY BapMaHTy  OCYIWEeCTBJIEHMA  MHOXECTBO
VMHXEKTOPOB IIYUYKOB HeMTpaJlbHEIX aTOMOB OPMEeHTUPOBAHEL TakK, UYTO
TPaKTH MHXEKUMWM HallpaBJIeHH TaHTeHIMaJlbHO k FRC C LejleBOM BOHOM
3axBaTa B Ipenejlax cenapaTpuch FRC.

CorjiacHO eme OIOHOMY BapMaHTy OCYIIeCTBJIEHU A cucTeMa
TeTTEPUPORBAHUSA COINEPXUT OHOHY MM 00Jlee M3 CUCTEME OCaXIEHUHA
TUTaHa M CUCTEMEl OCaXIeHWsa JIMTUSA, KOTOPHE IIOKPHBAaKT OOpalleHHHE
K IJIasMe IIOBEPXHOCTM KaMepH YIepXaHMs U IIepBOoT'0 U BTOPOTO
IOIVBEPTOPOB.

CorJjlacHO eme OOHOMY BapMaHTy  OCYWMEeCTBJIEHMA  CMENalye
BJIEKTPONE BKJIOUAKT B Cceba oOMH wmiaM 0oJiee M3 OOHOTO WM 0Oojiee
TOUEUHEIX DJIEKTPOLOB, PACIOJIOXEHHEX BHYTPM KaMepH YOepXaHUsa IJId
KOHTaKTa C CWJIOBHMM JIMHMAMM OTKPEITOI'O II0JI, Habopa KOJIbLEBHX
BJIEKTPONOB  MeXIOy KaMepom  yIOepXaHUSA n IepBOY U BTOpPOM
bopMrpyIIIMMM  CeKUMAMM OJIS  asMMyTaJIbHO-CHUMMEeTPUYHOM  B3apaOKu
YIOaJIEHHEIX OT TIpPaHMLE CJIOeB I[IOTOKa, MHOXeCTBa KOHLEHTPUUECKUX
YJIOXKEHHEIX B IIakKeT DJIEeKTPONOB, PAaCIOJIOKEHHHX B I[IepBOM M BTOPOM

OIMBepTopax IJIA SapAO0KN MHOXEeCTBEHHEIX KOHLIEHTPMUYECKIMX CJIOEB
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I[IOTOKa, a TakKXe aHOIOB ILJIa3MEHHEX IIyleK IJI4d IIepexBaTa OTKPHTOTIO
IIOTOKaA .

B TPeTEEM  acIleKTe HacToAmeIro n300peTeHud NpelJIOXeHa
cucTeMa IOJa TeHepHMPOBaHMA WM IIoOOepXaHMAa MaTHMTHOTO IIoJIA C
IIOMOmMEID KOHOUI'ypauuu C obpameHHEM 1oJem (FRC), conepxamasa
kKaMepy yIepXaHUsa, I[IepPBYID M BTOPY IOMaMeTpallbHO IIPOTUBOIIOJIOXHEE
bopmmpyromme FRC ceKlMM, CBA3aHHBE C KaMepol yIepXaHWus, IIepBHEMU U
BTOPOM IMUBEPTOPH, CBS3aHHEE C IepBOM ¥ BTOPOM QOPMUPYIMMMA
CeKLUMAMM, ONHO MM DoJiee M3 MHOXeCTBa I[IJIa3MEeHHBX IIyIeK, ONHOTO
i 06oJiee CMemanmyx 2JeKTPOOOBR M IIepBOY UM BTOPOM 3epKaJlbHBEX
OIpoBOK, IIpHUUYEeM YIOMAHYTOE MHOXECTEBO ILJIa3MEHHEX IIYIIeK BKJIOUAET B
ceb4ga IHepBYD M BTOPYK OCEBHEe IIJIa3MeHHBEe OIYIKM, QYHKUMOHAJLHO
CBA3aHHEE C IepBEM ¥ BTOPHM IMBEpPTOPaMM, I[IepBOM U BTOPOU
bopMMpYIIIMMM CEeKLUMAMM UM KaMepoW YIepXaHWs, IIPpU STOM YIIOMSIHYTHE
OOMH wuJu 0OoJiee CMENAaKnMMX SJIEKTPOINOB PacCIIOJIOKEHE BHYTPM OIHOTO
i 0OoJjlee M3 KaMepH yIepXaHusd, TIepBOV M BTOpPOM (QOpMMPYMMX
CEeKIMM ¥ IIepBOTO ¥ BTOPOTO IMBEPTOPOB, U IIPpM DBTOM IIepBad U
BTOpas 3epKajlbHEe [OIPOOKM pPAaclOoJIOKEHE MeXxOy IIepBOM UM BTOPOU
bopMUpYIOMIMMKM CEKLUMAM M II€PBEM M BTOPHM IMBEepTOpaMM, CUCTeEMY
TeTTepUPOBaHUA, CBA3aHHYK C KaMepoW yOepXaHMs UM [IePBEM M BTOPHM
IMBepTOpaMy, MHOXECTBO MHXEKTOPOB IIYUKOB HeWTpaJIbHEIX aTOMOB,
CBS3aHHEX C KaMepoW yIepXaHUS UM OPUEHTUPOBAHHHX IIepPIeHIUKYJISPHO
OCH KaMepH YyIOepXaHMda, M MaTHUTHYID CUCTeMy, COIepXallyld MHOXEeCTBO
KaTymek KBasMUIIOCTOAHHOTO TOKa, PAaCIOJIOXEHHEX BOKPYI KaMepH
yOepXaHMsa, I[IepBOM ¥ BTOPOM OQOPMMPYKIIMX CeKLUMM U I[IepBOT0 U
BTOPOTO IMBEPTOPOR, TIEPBHM UM BTOPOM HaBOPH 3epKaJIbHHX KaTyllek
KBasUIOCTOSHHOTO TOKa, PaCIOJIOXKEeHHEEe MeXOy KaMepoM YyIOepXaHUs U
IepBOM ¥ BTOPOM O(OpPMUPYKRIIMMM  CeKUMAMH, opM 5STOM CHUCTeMa
BHIIOJIHEHa C oOf0ecleueHMeM BO3MOXHOCTU TIeHepupoBaHuad FRC wu
nogmepxaHusa FRC ©6e3 chnama, B TO BpeMa KakK I[IyUKM HeWTpaJbHEBIX
YacTHUL, MHXEKTUPYITCA B ILJlasMy.

CoTJlacHO OIOHOMY BapMaHTyY OCYIEeCTBJIeHMSA CUCTEMa BHIIOJIHEHa C
BO3MOXHOCTEID TeHepupoBaHua FRC wu nonmepxaHmsa FRC Ha WM
[IPMMEPHO Ha IIOCTOAHHOM 3HaueHMU 0Oe3 clala, B TO BpeMd KakK IIYUKU
HelTpaJIbHEIX aTOMOB MHXeKTUpylTCca B FRC.

ComJjlacHO OIOHOMY BapMaHTy OCYIeCTBJIEHMI 3epkKajibHad IIpobOKa
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COONEPXUT TPEeTUM ¥ UeTBEePTHM HaOOPH 3epKaJIbHEX KaTylleK Mexnoy
KaXOEMM M3 I[IepBOM M BTOPOM QOPMUPYKIIMX CeKUUM W I[IepBOTO U
BTOPOT'O OUBEPTOPOB.

CorJjilacHO elle OOHOMY BapMaHTy OCYLEeCTBJIEHMA 3epKaJibHad
npodka  OONIOJIHUTEJIBHO  COIEpPXUT  HaOoOp  3epPKaJIbHEX  [IPOOOUHEIX
KaTymek, OOBUTHX BOKPpYyI' CYXeHMA B KaHajle MexXOy KaXIbMK U3
IepBOM ¥ BTOPOM OQOPMUMPYHIMMX CeKUMUM M IIepBOTO M  BTOPOTO
IOVBEPTOPOB.

CorJiacHO OOHOMY BapUaHTy OCyWeCTBJIEHU A cucTeMa
OOIIOJIHUTEJIEHO CONEPXUT IIePBYID M BTOPYK OCEBEHE ILJIa3MeHHEEe IIYIIKY,
OYHKUIMOHAJIEHO CBSABaHHHE C IIEepPBEIM M BTOPHM IMBEPTOPaMM, IIepBOU U
BTOPOM GOpMUPYIRIUMM CEKIMAMU M KaMepol yIOepXaHMUId.

CorJiacHO OOHOMY BapUaHTy OCYyWeCTBJIEHUA cucTeMa
OOIIOJIHUTEJIEHO COHEPXUT OBe WM 0OoJiee OTKIIOHAKIMX KaTylek,
CBA3aHHHEX C KaMepou yIOepXaHWUSId.

CorJjiacHO OOHOMY BapUaHTy OCYWeCTBJIEHUA cucTeMa
OOTOJIHUTEJILHO CONEePXUT MVHXeKTOP MOHHHX TabJieTOK, CBSAS3aHHHM C
KaMepon yIOepXaHWULd.

CoIJjilacHO elle OOHOMY BapMaHTy OCYIEeCTBJIeHMA GopMMpyola g
CEeKUMSA COIEPXUT MONYJIbHEE QOopMUPYHIME CUCTEMBE IJIS IeHepUMPOBaHUSA
FRC 1 ee MNoCTyHaTeJIbHOTO IIepeMelleHMs K cpeldHeM ILJIOCKOCTU KaMepH
yIepXaHndg .

CorJilacHO ele OOHOMY BapMaHTy OCYIECTERJIEHMS CMelanlye
BJIEKTPONE BKJIOUAKT B CcebAa OOMH WM 0oJiee M3 OOHOTO wmiIM 0ojiee
TOUEUHEIX D3JIEKTPOIOOB, PAaCIOJIOXEHHHX BHYTPU KaMeph yIepXaHusd OJIA
KOHTaKTa C CWJIOBEMM JIMHUAMM OTKPHTOTO I[IOJISA, Habopa KOJbIEBHX
BJIEKTPONOB  MeXIy KaMepom  yOepXaHUA n IepBOY U BTOpPOM
bopMrpyIIIMMM ~ CeKUUMAMM OJIS  asMMyTaJlbHO-CHUMMETPUYHOW  BapanKu
YHOaJIEHHEIX OT TpPaHMuIE CJIO0eB I[OTOKa, MHOXeCTBa KOHIEeHTPUUeCKUX
VJIOKEHHEIX B IakKeT DJIeKTPOIOOB, PAaCIOJOXeHHHX B IIe€PBOM M BTOPOM
IVBepTOpax IJSa 3apa0kM MHOXECTBEHHEX KOHIEHTPUUECKUX CJIOEB
IIOTOKa, a TaKXe aHOIOB IIJIa3MeHHHX IIyMeK IJA IepexBaTa OTKPHTOTO

IIOTOKa.
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$OPMYJIA MBOEPETEHNUA

1. CucreMa TI'eHepUpOBaHMSA U IIOOOepPXaHMs MalHMTHOI'O I[IOJIg C
[IOMOIEBK KOHOUT'ypaluMu C oOpameHHBM rojiemM (FRC), conmepxamas:

KaMepy yIepXaHu4d,

[IepByK ¥ BTOPYK IOMaMeTpaJIbHO IIPOTUBOIIOJIOXHEE QOpMUPYIIME
FRC cexumMu, CBA3aHHBE C KaMepou yIepXaHud,

IIepBEM M BTOPO¥ HOMBEPTOPH, CBSA3aHHHEe C IepBOM U BTOpPOU
GOPMUPYIIUMA CeKUMAMHA,

[IepBYyK UM BTOPYK OCeBHe IJIa3MeHHbBe [IyIKM, OYHKUMOHAJBLHO
CBA3aHHEE C IIepBHM ¥ BTOPEM OMBEpPTOpaMy, I[IepBOM ¥ BTOPOU
bopMMPpYIIVMM CEeKLUMAMM M KaMepol yIOepXaHUH,

MHOXECTBO MHXEeKTOPOB IIYyUKOB HEWTPAaJIbHHX aTOMOB, CBS3aHHHX C
KaMepoM yIOepXaHMsS U OPUEeHTHPOBAHHEIX C BO3MOXHOCTBLI MHXEKIUU
IIyYKOB HeVTpaJlbHEX aTOMOB K CpeIHeM IIUJIOCKOCTM KaMepH YIepXaHUSI

100 YTJIOM, OTKJIOHEHHEIM OT HOpMaJI K HpOJIOJ'H::HOIZ oCHr KaMepPEHI

yIoepXaHrs Ha IOpuMepHo oT 15° mo 25°, u

MaTHUTHYID CHUCTeMy, CBS3aHHY C KaMepoy yIepXaHWUsa, I[IepBOM U
BTOPOM OQOPMUPYIMUMM CEeKUUMAMM UM I[IepPBHM M BTOPHM IMBEepPTOpaMM, IIpU
STOM MaTHUTHAaA CUCTeMa BKJIIUaeT IepBYKD U BTOPYK 3epKaJibHEE
nIpooKu, PACIOJIOXEHHEEe  MeXOy IepBOM M BTOPOM  bOopMUPYIIOMUMA
CeKUMAMM U [IEepPBHM M BTOPEM OUBEPTOpaMM,

npuyueM, OpM OGOPMMPOBaHMM cucTeMo¥ FRC B kaMepe yIepXaHUS
CHUCTEME], FRC 4aBJdeTCcsa TIIOIOIepXMBaeMoM CHCTEeMOM B pa3HeCeHHOM
IIOJIOKEHVM CO CTeHKOM KaMeph YyIepXaHMsa ¥ Ha WIM IIPMMEPHO Ha
IIOCTOSAHHOM 3HaueHuM O6e3 chnama, B TO BpeMsa KaK [OyUKM HeWTpaJlbHHX
aTOMOB MHXEKTUPYIOTCHA M3 YIOMAHYTOI'O MHOXECTBa MHXEKTOPOB IIYUKOB

HeﬁTpaJ’IbHBIX aToMoB B FRC nonm y1mJjow, OTKJIOHEHHEIM OT HOPpMaJlM K

NPOIOJIBHOM OCHM KaMeph yIepXaHMs Ha IOIpuMepHo oT 15° mo 25°, m mo
HanpaBJIeHUI K CpeldHeM IIJIOCKOCTM KaMepH yIOepXaHUSA.

2. CucreMa IO II.l, OOIOJHUTEJBHO COHOepXallad ONOMH WM OoJiee
CMelalUX SBJIEKTPONOB IJA DBJIEKTPUUECKOT'O CMEMEeHMA IIOBEPXHOCTU
OTKPEITOTO IOJIA TeHepupyeMon FRC, mOpuueM YIHOMAHYTHM OIOWH WU
BoJlee CMemanlMxX 5SJEeKTPONOB PAaCIIOJIOXKEHE BHYTPM ONHOTO MM OoJiee
13 KaMeph yIepXaHusd, I[IepBOM ¥ BTOPOM OQOpPMMPYHIMX CeKUUM U

IIepBOIT0C M BTOPOIOC IMBEPTOPOB.
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3. CucremMa oo 1mn.l, OpuueM IlepBas M BTOpas »OUaMeTpallbHO
IIPOTUBOIIOJIOXHEIE bopMupyIOmLME FRC CeKLun comepxar MOIYJIbHEE
bopMUpVYIIIMEe CUCTEMH IJA TeHepupobBaHMA FRC M ee HNOCTYyNaATEJIBHOTO
IIepeMelleHUsa K CpelHeM IIJIOCKOCTM KaMepH yIOepXaHU.

4, CucrTeMa nOJjd TIeHepUMPOBaHMA M NOOOEepXaHMA MaTlHUTHOIT'O IIOJIA
C TIOMOIBK KOH(UI'ypalum C obpameHHBEM IoJieM (FRC), comepxamasd:

KaMepy yIOepxXaHusd,

[IEPBYK M BTOPYID IOUMAMETPAJIbBHO I[IPOTUBOIIOJIOXHEE QopMUPpYyKIIME
FRC cexumMy, CBA3aHHBHE C KaMepou yIepXaHud,

IIepBEM M BTOPO¥ HOMBEPTOPH, CBSA3aHHHEe C IepBOM UM BTOPOU
GOPMUPYIOIUMM CEeKLUMAMHA,

MHOXECTBO MHXEeKTOPOB IIYyUKOB HEWTPAaJIbHHX aTOMOB, CBS3aHHHX C
KaMepoM yIOepXaHMsS U OPUEeHTHPOBAHHEIX C BO3MOXHOCTBLI MHXEKIUU
IIyYKOB HeVTpaJlbHEX aTOMOB K CpeIHeM IIUJIOCKOCTM KaMepH YIepXaHUSI

100 YTJIOM, OTKJIOHEHHEIM OT HOpMaJI K HpOHOHbHOﬁ oCHr KaMepPEHI

yIoepXxaHrs Ha OpuMepHo oT 15° mo 25°,

MaTHUTHYI CHUCTeMy, CBS3aHHY C KaMepoy yHOepXaHWUsa, IIepBOM U
BTOPOM QOPMUPYKMUMM CeKUMAMY U [IePBHM M BTOPHM OMBEPTOpPaMM,

OOoMH wiM 0OoJiee CMellanlyxX HBJEeKTPOIOB IJId BJIEeKTPUUECKOTO
CMelleHMsA IIOBEPXHOCTEM OTKPHTOTO II0JIg TeHepupyemor FRC, npuuem
YIIOMAHYTHIM OOMH WM 0oJiee CMemalmyx SJIeKTPOIOB  PacIlloJIOXeHEH
BHYTPM OOHOTO MM O60Jiee M3 KaMeph YyIepXaHusd, IIepBO¥ U BTOPOU
bopMHpPYIOIMX CeKUUM M [IepBOTO M BTOPOTO IUBEPTOPORB,

opuyueM, OpU OGOPMMPOBaHMM cCucTeMo¥ FRC B kaMepe YyIepXaHUS
CHUCTEME], FRC 4aBJdgeTCsa TMIOOIEepXMBaeMOM CHCTEMOM B pa3HeCeHHOM
IIOJIOKEHVM CO CTeHKOM KaMepH YyIepXaHVsa ¥ Ha WIM IIPMMEpPHO Ha
IIOCTOSHHOM 3HaueHuM O0e3 cHama, B TO BpeMsa KaK [OyUKM HeWTpaJlbHHX
aTOMOB MHXEKTHPYIRTCSA M3 YIOMAHYTOI'O MHOXEeCTBa MHXEKTOPOB IIYUKOB
HeVTpallbHEIX aToOMOB B FRC mom yIJIOM, OTKJIOHEHHEIM OT HOpMalM K
NPOIOJIBHOM OCHM KaMeph yIepXaHMs Ha IOIpuMepHo oT 15° mo 25°, m mo
HanpaBJIeHUI K CpeldHeM IIJIOCKOCTM KaMepH yIOepXaHUSA.

5. CumcreMa 1o .4, IOpuueM CMellaomye SJeKTPONH BRJIUAKRT B
cebda omMH wmiIu 6o0Jiee M3 ONHOTO UMM OO0oJiee TOUEUHHX BSJIeKTPONOB,
PAaCIIOJIOXKEHHEX BHYTPM KaMepH yIepXaHusa IJIA KOHTakTa C CWUJIOBEMMU

JIMMTHVIANMI OTKPEITOT'O I10JI14, Haéopa KOJIBEIIEBEIX SJIEKTPOIOOB MeXnoy
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KaMepol yIepXaHud ¥ IIepBOM M BTOPOM QOPMUPYINVMM CEeKUMAMU OJIA
a3VMyTaJIbHO—CUMMETPUUHOM  3apgOKM yIaJIeHHBEX OT TPaHMLBE CJIOEB
[IOTOKa, MHOXECTBa KOHIEHTPUUECKMX YJIOKEHHHX B IIakKeT 3JIEKTPOIOB,
PacIIoJIOXEeHHBIX B [IEPBOM U BTOPOM IOMBEpPTOpPax s 3apAaOKu
MHOXECTBEHHHX KOHIIEHTPUUECKUX CJIOEB IIOTOKaA, a TakKXe aHOIOB
[JIa3MEHHHX IIyIIeK IJI4 IIepexBaTa OTKPHTOI'O IIOTOKAa.

6. Cucrema 1o n.l wm 0.4, nOpuuyeM MaT'HUTHad CHUCTeMa
BKJIOUAET B cebd MHOXeCTBO KaTyIleK KBa3UIIOCTOSHHOTO TOKa,
aKCHMaJIbHO pPaB3HEeCeHHHEX B IIOJIOKEeHMAX BIOOJIb KaMeph YyIOepXaHWsd,
[IepBOM ¥ BTOPOM  QOPMMPYIMMX CEeKLUMM ¥ IIepBOTO UM BTOPOTO
OMBEPTOPOE.

7. CucTeMa IO II.6, IIpuUYeM MaT'HUTHas CUCTeMa OOIIOJIHUTEJIBHO
COOEPXUT IIePBHM Had®op B3BepKajIbHEX KaTylek, PaclOoJIOKEeHHBX MexXxny
TOpllaMM  KaMephH  yIOepXaHMs ¥ IIepBOM ¥ BTOPOM  GOpMUPYOUIMMMU
CeKLUMUSAMMA .

8. Cmcrmema 1o 1.7, OpuUUYeM MaTHUTHaAsS CUCTEeMa OOIOJIHUTEJILHO
COOEPXUT IIEPBYK U BTOPYI 3epKaJilbHHE IIPOOKU.

9. CmumcTeMa o .l wiM 1.8, IIPpUUEM IIEPBHEM ¥ BTOPOM HaBOPEH
3epKaJIbHEX MPpoBOoK coIepXxaT BTOPOM Habop BepKalIbHHX KaTylleK Mexny
KaxIuMM U3 IIepBOM ¥ BTOPOM (OpPMUPYIIMMX CEeKLUMM UM IIepBOTO0 U
BTOPOTO IMBEPTOPOB.

10. Cuctema 10 1.4, »OOINOJHUTEJIBHO cCoIepXamasd IIepByn U
BTOPYI OCEBEE IIJIa3MeHHHE IIylKM, (QYHKIMOHAJBHO CBSA3aHHEE C II€PBHM
¥ BTOPHM IMBEepPTOpaMM, IIepBOM M BTOPOM QOPMUPYIIMMM CeKLUMIMU U
KaMepon yIOepXaHWUHd.

11. CucreMa @OJa TeHEPUPOBAHUA UM MNOOIePXaHWUS MaTHMTHOTO IIOJISA
C TIOMOIMBK KOH(UI'ypaluM C obpameHHHM oJeM (FRC), comepxamasd:

KaMepy yIepxXaHWsd,

IIEPBYKD ¥ BTOPYK IOMaAMEeTPaJIbHO [IPOTUBOIIOJIOXHEE (QOopMUPYKRIME
FRC cexluMu, CBA3aHHBE C KaMepoM yIepXaHud,

IIepBEM M BTOPOV NOUBEPTOPH, CBSA3aHHHEe C IepBOM U BTOpPOU
GOPMUPYIOIIUMKA CEeKUMAMUA,

[IEPBYK ¥ BTOPYK OCEBEE ILJIa3MeHHEEe I[IYIKM, (QYHKIMOHAJBHO
CBA3aHHBE C TIIepBEIM WM BTOPHM OMBEepPTOpaMM, IIepBOM U BTOPOM
bopMUPYIRIIMMM CEKUMAMU ¥ KaMepo¥ yIepxXaHWud,

MHOXECTBO IMHXEKTOPOB IIYUKOB HeIZTpaJII::HBIX aTOMOB, CBA3AHHEX C
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KaMepon yIepXaHUsd U OPUEHTHMPOBAHHHX C BO3MOXHOCTBI MHXeKIUU
IIyUKOB HEWTpPaJIbHHX aTOMOB K CpeOHeM IUJIOCKOCTM KaMepH YyIoepXaHWUs
IoO YIJIOM, OTKJIOHEHHHM OT HOpMaJlXM K TIIPOIOOJIBHOM OCU KaMepH
yIOepXaHrsa Ha OpuMepHo oT 15° mo 25°, u

MaTHUTHYI CUCTeMy, CBSA3aHHYK C KaMepoM YyIepXaHHUd, IIepBOM U
BTOPOM QOpPMUMPYKIMMKM CeKUMAMM U [IePBHM M BTOPHEM OMBEPTOPaMH,

opudueM, OpM OQOpPMMPOBaHMM cucTeMo¥ FRC B kaMepe YyIepXaHUS
CHUCTEMH], FRC saBjdeTCcsa HDOOIepXMBaeMOM CHUCTEMOM B pPa3HeCEHHOM
IIOJIOKEHUM CO CTeHKOM KaMeph YyIepXaHMsa ¥ Ha WIM IIPMMEPHO Ha
IIOCTOSHHOM 3HaueHMM O0e3 cHama, B TO BpeMs KaK IIyUKM HeUTpaJlbHHX
aTOMOB MHXEKTHUPYIOTCS M3 YIOMAHYTOTI'O MHOXEeCTBa MHXEKTOPOB IIYUKOB

HeﬁTpaHbHHX aroMor B FRC nonm y1nJjoM, OTKJIOHEHHEIM OT HOPpMaJiM K

NPONOJILHOM OCHM KaMephl yIepXaHus Ha OpuMepHOo oT 15° mo 25°, m 1o
HalpaBJIeHMIO K CpelHel IIJIOCKOCTM KaMepH yOepXaHWUHd.

12. Cucrema no n.4 wmimm n.ll, npuueM OTHOeJIbHEHE U3 IIE€PBOM U
BETOpPOMN bopMUpYyOIMX Cexkumnm conmepxart YIOJIMHEHHYIO TPYyOy u
bopMMPYIOIYIO cucTemy VIMITYJIb CHOT'O OUTaHusa, IOOKJIIOYEHHYIO K
YIJIMHeHHOV Tpyobe.

13. Cucrema 1o n.l2, npuueM OQopMMpyKIMe CUCTEME COIepXaT
MHOXEeCTBO OJIOKOB IMTaHMA M YIpPaBJeHMS, CBA3aHHHX C OTOEJIbHBMU
y3JlaMM M3 MHOXeCTBa Yy3JIOB IOOBeCKM IJd BOo30yXIOeHMs Habopa
KaTylmeK OTHeJIbHHX VY3JIOB M3 VY3JIOB IIOIBECKM, OOBUTHX BOKPYT
YIOJIMHEeHHOW TpYyOH NepBOY M BTOPOM GOPMUPYIRIMX CEeKIIUN.

14. Cumcrema no mn.l3, mOpuueM OTHEJIbHEE OJOKM M3 YIOMSHYTOTIO
MHOXeCTBa OJIOKOB NMUTaHUA U yNpaBJIeHMS COIepXaT CUCTeMy 3alycka U
ypaBJjieHUsd .

15. Cumcrema 1o n.l4d, nOpuueM CHUCTEMH 3allyCKa W YIPaBJIEHUS

OTOeJIbEHEIX OJIOKOB ns3 YIIOMAHYTOTI'O MHOXeCTBa BJIOKOB IIMTaHMA n

YIIpaBJIeHUA BEIIIOJIHEHEI C BO3MOXHOCTEIO CHUHXPOHM3ALUNU oA
oBecrieueHNd CTaTUYEeCKOT'O bopMupoBaHUA FRC, npmyeM FRC
bopmupyeTCHd, a 3aTeM MHXeKTHpYyeTCHd, WJIIN OIMHaAMUUECKOT'O
bopMHUPOBAHUSI FRC, pruueM FRC OIODHOBPEMEHHO bopMHpyeTCH u

[IOCTyTIaTeJIbHO [IEpPEMENaeTCH.
16. Cucrtema mno n.ll, »OONOJHUTEJBHO CoIepXamasd OIOWH WK

DoJiee CMealomrx SJIEKTPOIOOB IOJIA SJIEKTPUUYECKOT'O CMEIeHN A
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IIOBEPXHOCTENW OTKPHTOTO MOJIA TeHepupyemom FRC.

17. CumcTema 10 .16, OpuueM VIIOMAHYTEM OOMH WM 0OoJiee
CMEMAaKIMX 3JIEKTPOIOR BKJKLUAKT B ceb®dg oOuMH WM ©oJiee M3 OIOHOTO
iy  0oJIee  TOUEUHHEX DJIEKTPOOOB, PACIOJIOXKEHHHX BHYTPU KaMeph
yIoepXaHusa OJS KOHTaKTa C CWJIOBHMM JIMHMAMM OTKPHTOI'O IIOJIS, Habopa
KOJILIEBHX D2JIEKTPOIOB MeXIy KaMepoW VYIepXaHMs U IIepBOM UM BTOPOM
bopMUPYIOIVMNA CeKLMAMA nJisg a3VMy TaJlbHO— CUMMeE TPUUHOM 3apAanKu
yIOaJIeHHEIX OT TI'PaHMUBE CJIOEB IIOTOKa, MHOXECTBa KOHIEHTPUUECKUX
YJIOKEHHEIX B IIaKeT BJIEKTPONOB, PACIOJIOXEHHEX B II€pPBOM M BTOPOM
ouBepTOpax IOJg 3apdaOKyM  MHOXECTBEHHEX  KOHIEHTPUUECKMX  CJIOEB
[IOTOKa, a TaKXe aHONOB IlJIa3MEeHHHX IIYIIeK OJA IIepexBaTa OTKPHETOIO
[IoToKa.

18. Cucrema no n.l7, mnOpuueM MaTHMTHasd CHUCTeMa BKJIOUaeT B
cebsda MHOXECTBO KaTylleK KBa3UIIOCTOAHHOTO TOKa, aKCHaJIbHO
pa3HeCeHHHX B IIOJIOXEHMAX BIOJE KaMeph yIOepXaHMs, IIepBOM ¥ BTOPOM
bopMUpyIOMMX CeKUMM ¥ IIepBOTO UM BTOPOTO IMBEPTOPOB, U IIEPBHM
Habop B3epKaJIbHEX KaTylleK, PacCIlOJIOXKEHHEX MeXOy TopliaMi KaMep:tl
yOepXaHUsa U IIepBOM M BTOPOV GQOPMUPYIIUMY CEKIMAMA .

19. Cuctema mno n.ll, mnOpuueM MaTHMTHad CUCTeMa BKJKOUAET
MHOXECTBO KaTyleK KBal3UIIOCTOSHHOTO TOKa, akKCHaJIbHO pa3HEeCeHHEX B
IIOJIOXEHM X BOOJIbE KaMephl YyIepXaHMs, IIepBOM U BTOPOM (QOPMUPYIOMNMX
CeKUUV M IIepBOTO M BTOPOTO IUBEPTOPOR, IIEPBHM HaOOp 3epKallbHEX
KaTylleK, PAacCIOJOXEHHEX MexXIy ToplaMy KaMeph yIepXaHUS U IIepBOM U
BTOPO¥ OdopMUPYIIMMM CeKLUMAMM, U IIepPBYH U BTOPYID 3epKallbHHe
OpoOKM, IIpUUYeM COOEPXMT BTOPOM Habop 3epKalJIbHHX KaTylek Mexoy
KaxIuMM U3 TIIepBOM ¥ BTOpOM (OoOpMUPYIIMX CEeKLUMM UM IIepBOTO U
BTOPOTO IMBEPTOPOB.

20. Cucrema no n.9 wmwm 1n.l9, nOpuueM 3epKajibHHE IIPOOKU
OOIOJIHUTEJIBHO CcoIepXaT Habop KOMIAKTHEX MWMIIYJbCHEX 3epKaJlbHHEX
KaTymek, OOBUTEHX BOKPYID CYXeHMS B KaHaJle MexIy KaXIbMM M3 IIepBOM
M BTOPOM QOPMUPYIIMX CeKLUUM UM IepBOT0 M BTOPOIO IVMBEPTOPOB.

21. Cucrema mno n.4 wmim n.ll, nOpuueM YIOMSAHYTOE MHOXECTBO
VHXEKTOPOB IIYUKOB HeMTpaJIbHHX aTOMOB OPMEHTHMPOBAHH TakK, UYTo
TPaKTH MHXEKLUMM HalpaBJIeHE TaHTeHLUMaJlbHO K FRC C LeJlIeBOM 3OHOM
3axBaTa B IIpepnejiax celapaTpuce FRC.

22. Cucrema 1o JmwboMy m3 nm. 1, 4 wmwinm 11, »OOHNOJHUTEJLHO
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comepxamasd MHXEeKTOP  MOHHBIX TabJIETOK, CBA3aHHHM C KaMepomn
yIepXaHWs .

23. Cucrema 1o JwoboMy wn3 nom. 1, 4 wmwim 22, »OOHOJHUTEJLHO
comepxamasa CHUCTeMy TEeTTEPUMPOBAHMSA, BHIIOJIHEHHYK C BO3MOXHOCTHIO
[IOKPHEATE OOpalleHHEe K ILJla3Me IIOBEPXHOCTM KaMepH YyIepXaHUs U
[IEPBOTO M BTOPOTO OUBEPTOPOBR CJIOEM TeTTEPUPYKIETro MaTepuala.

24. Cumcrema o Jwobomy m3 mono. 1, 4, 11, 12, 16, 18 wmmm 22,
IprMyeM MaTl'HUTHad CHUCTeMa OOIIOJIHUTEJIBHO COOEPXUT OBe MWK 0OoJee
OTKJIOHAKIMX KaTylek, CBA3aHHHX C KaMepoyu yIOepXaHMa C KaxIon
CTOPOHE CpenHel IIJIOCKOCTM KaMeph yIOepXaHWUd.

25. CucremMma 1o 1.24, nOpuyeM MaTlHUTHad CHUCTeMa IOIIOJIHUTEJIBHO
COOEePXUT Habop KOMIAKTHEX MMIIYJIECHEX 3epKaJlbHEX KaTylleK, OOBUTHX
BOKPYT CYXeHMsS B KaHajle MexOy KaXOeMM M3 IIepPBOM ¥ BTOPOM
bopMUPYIOMMX CeKUUM UM IepBOTO M BTOPOTO IMBEPTOPOB.

26. CucTeMa IOJI TEHepMpPOBaHMA U MHOOIEepXaHMS MAaTHUTHOTO IIOJIA
C IIOMOIBI KOHQUIypaluM C obpameHHHM nojieM (FRC), comepxamasd:

KaMepy yIOepXaHusd,

IIepPBYD ¥ BTOPYK IOMaMeTPaJIbHO IMIPOTMBOIIOJIOXHEE (QopMUPYIIMe
FRC cekxlMM, CBA3aHHBHE C KaMepol yIepXaHud,

IIepBEIM M BTOPO¥ MOMBEPTOPH, CBA3aHHHE C IepBOM ¥ BTOPOU
GOPMUPYIOIIUMKA CEKLMAMUA,

MHOXECTBO MHXEKTOPOB IIYUKOB HEeMTpaJIbHEIX aTOMOB, CBS3AHHEIX C
KaMepoM VyIepXaHMs U OPMEeHTUPOBAHHHX C BO3MOXHOCTLID MHXEKIIUM
IIYUKOB HeMTpaJIbHEIX aTOMOB K cCcpeldHeM IIJIOCKOCTM KaMeph YyIepXaHWUs

100 YIUJIOM, OTKJIOHEHHBEM oT HOpMaJIn K HpO,HOJIbHOIZ OCH KaMepPE

yIOepXaHVsa Ha OpuMepHo oT 15° mo 25°,

MATHUTHYIO CHCTEMY, CBSASAaHHYHD C KaMepoW YIepXaHWsd, I[IepBOM u
BTOPOM GQOPMUPYIVMM CEKIMAMM ¥ IIE€PBHM M BTOPHM IUBEPTOPAaMMA,

cucTeMy TeTTepupOBaHNA, BHITTOJIHEHHYO c BOBMOXHOCTLIO
[IOKPHBATL oOOfpaleHHHe K IJla3Me I[IOBEePXHOCTM KaMeph YIOepXaHus U
[IepBOTO ¥ BTOPOTO IMBEPTOPOB CJIOEM TEeTTEepHMpYyKRIero MaTepuana, U

HabopP KOMIIAKTHEIX VMITYJILCHEIX SBepKaJIbHEIX KaTylleK, OOBUTHX
BOKPYT CYXeHMsS B KaHaJle MexIy KaxXIeMy U3 I[IepPBOW U BTOPON
bopMmpyomMx CeKLUMM ¥ MMepBOTO ¥ BTOPOTO IMBEPTOPOB,

npuueM, TIIpy GopMUpoBaHUM cucTeMoV FRC B KaMepe yIOepXaHUSd
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CHUCTEMEH], FRC saBJdeTCsa [DOOIepXMBaeMOM CHCTEMOM B pPa3HeCEeHHOM
IIOJIOKEHUM CO CTeHKOM KaMeph YyIepXaHMsa ¥ Ha WIM IIPMMEPHO Ha
IIOCTOSHHOM 3HaueHMM 0e3 cHama, B TO BpeMs KaK I[IyUkM HeWTpaJlbHHX
aTOMOB MHXEKTHUPYIRTCSA M3 YIOMAHYTOI'O MHOXECTBa MHXEKTOPOB IIYUKOB
HeMTpaJlbHEIX aToOMOB B FRC mnom yIJioM, OTKJIOHEHHEIM OT HOpMalM K
NPOIOJIBHOM OCHM KaMeph yIepXaHMs Ha IOpuMepHo oT 15° mo 25°, m no

HallpaBJIEHNMIO K Cpe,JIHeIZ IIJIOCKOCTHM KaMePHl YyIepPXaHMA.

[Io DOBEpPEeHHOCTU
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